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Abstract

3,4-Methylenedioxymethamphetamme (MDMA, Ecstasy) and other, so-called, designer amphetamines, have 

become popular drugs of abuse over the past number of years. Detailed knowledge of the synthetic methods 

employed by clandestine chemists towards their manufacture provides valuable information to drug 

enforcement agencies and may assist in the detection and seizure o f illegal underground laboratories. Further 

knowledge of the impurities that are formed as by-products o f illicit amphetamine manufacture enhances the 

ability of determining the synthetic route employed. The ability to identify impurities which arise from one 

particular route and no other (so-called route specific impurties), are of particular interest to the forensic 

chemist.

Many amphetamines, including MDMA, its butanamine analogue 2-A^-methylamino-l-(3,4- 

methylenedioxyphenyl)butane (MBDB) and 4-methylthioamphetamine (4-MTA), exert their 

pharmacological effects in humans by increasing extracellular serotonin concentrations in the brain. This is 

mediated primarily by their ability to inhibit the transmembrane serotonin transporter (SERT) protein, which 

is expressed on presynaptic serotonergic nerve terminals. A number o f drugs, which are highly selective 

serotonin reuptake inhibitors (SSRl’s), are clinically used in the treatment of depression. Chemical 

modification of MDMA, MBDB and 4-MTA may result in SERT inhibitors which possess increased 

selectivity and potency and may ultimately lead to new drug candidates with potential antidepressant 

properties.

Chapter 1 o f this thesis reviews the structure-activity relationships o f amphetamines, with emphasis on some 

of the more recently reported compounds. The synthetic methods used in the clandestine manufacture of 

amphetamine, MDMA and their analogues, together with their associated impurity profiles, is also discussed 

in detail. In addition, recent literature methods for the enantiospecific synthesis of amphetamines is 

presented.

Chapters 2 to 4 explore the synthesis and impurity profiling of several methylenedioxy and 

methylthioamphetamines. Compounds discussed in Chapter 2 include a number of derivatives of MDMA 

and MBDB bearing an amino functionality at carbon 1, carbon 2 or carbon 3 o f an alkyl side chain between 

two and five carbons in length. The syntheses of 4-MTA and related analogues with an amino functionality 

on carbon 2 o f alkyl side chains between three and four carbons in length, are discussed in Chapter 3. 

Chapter 4 explores the specific synthesis o f a number of forensically important, route specific, dibenzyl 

impurities of MDMA and 4-MTA.

Chapters 5 and 6 investigate the preparation o f a number o f novel derivatives of MDMA, MBDB and 4-MTA 

in order to explore, in future work, their ability to inhibit SERT. Chapter 5 explores the aromatic 

substitution, at position 6, of MDMA and MBDB, by a wide variety o f groups of varying sizes and electron 

densities. Finally, Chapter 6 focuses on the preparation of several, novel, TV-substituted derivatives o f 4- 

MTA and its isobutylamine analogue, where the aromatic methylthio substitutent has been replaced by an 

ethylthio group.
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CHAPTER 1

AMPHETAMINE TYPE DRUGS OF ABUSE: BACKGROUND, SYNTHESIS AND 

FORENSIC ANALYSIS 

I .l INTRODUCTION

“Amphetamine remains the chemist’s “Cinderella” molecule. No other compound has displayed 

such a plethora o f  pharmacological, biochemical and physiological effects, ... nor have many other 

molecules served as so versatile a starting base for the synthetic elaboration o f  a host o f  novel therapeutic 

agents

This description o f amphetamine ( 1)* remains as true today as it was in 1978. First synthesised in 

1887 and originally named phenylisopropylamine", amphetamine is a surprisingly simple molecule. With 

nine carbons and one chiral center, the molecule is dwarfed by the structural complexity o f most other classes 

of drugs. The pharmacophoric template, an aromatic ring separated by two carbon atoms from a basic 

nitrogen atom, occurs repeatedly in many classes of biologically active molecules such as morphine and 

strychnine.

(1)

Amphetamines are a major class of central nervous system stimulants, chemically and 

pharmacologically related to the catecholamines adrenaline (2) and noradrenaline (3)^.

OH

(2 )

Amphetamine has been used therapeutically in the treatment o f catalepsy, attention deficit disorders 

and obesity. However, its central stimulant actions have led to extensive abuse throughout the world. The 

abuse of amphetamines has resulted in a drastic reduction in their medicinal u se \ The manufacture, 

possession and sale of amphetamine and its derivatives are also strictly controlled under legislation. In the 

1970’s,‘‘ the United States laws comprised of a list o f each individual amphetamine that was under legal 

control. To circumvent the law, so-called “designer” amphetamines began to appear on the illicit market. 

Since the laws originally identified specific compounds, a slight change in the structure o f an amphetamine

The amphetamines, and other chemical structures in this thesis bearing chiral centers, are racemic where the 
chirality is unspecified.

OH
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derivative produced compounds not under legal control. Illegal underground laboratories were constructed to 

synthesise amphetamine and its derivatives in an attempt to keep up with an ever growing consumer demand. 

One of the most popular amphetamine derivatives that was to be produced were the 

methylenedioxyamphetamines, a group which is still one of the most widely abused drugs in the world.

1.2 STRUCTURE-ACTIVITY RELATIONSHIPS OF AMPHETAMINE

DERIVATIVES

A remarkable characteristic of amphetamine (1) is that relatively minor structtiral changes can alter 

the pharmacology of the molecule completely. Central actions of substituted amphetamines in humans range 

from sedation to stimulation to hallucinogenic effects'*. The pharmacological effects of amphetamines may 

be broken down into three main areas:

1. Amphetamines that release and inhibit the reuptake of catecholamines

2. Amphetamines that release and inhibit the reuptake of serotonin

3. Hallucinogenic amphetamines

1.2.1 Amphetamines that release and inhibit the uptake of catecholamines

Amphetamine is an acronym for Alpha-MethylPHenEThylAMfNE, also known as l-phenyl-2- 

aminopropane or phenylisopropylamine. C-2 of the isopropylamine side chain is a chiral center and thus 

racemic amphetamine consists o f a mixture of R-(-) (1) and S-(+) (1) enantiomers. The S-(+) enantiomer (1) 

is typically between 4 and 10 times more potent than the R-(-) enantiomer (1), depending on the assay used"*.

S-(+)-(i) R-(-Hi)

At the cellular level, amphetamine (1) exerts its pharmacological effects mainly by the release of the 

endogenous catecholamines dopamine (6) and especially noradrenaline (3) from nerve terminals. “Indirectly 

acting sympathomimetic agents” is the term used to describe compounds which cause the release of 

catecholamines from nerve terminals but do not themselves act as catecholamine agonists^. Amphetamine 

enters the nerve terminal mainly via the catecholamine transporter protein in the cell membrane and enters 

synaptic vesicles via the vesicular monoamine transporter in exchange for one molecule of catecholamine, 

which accumulates in the cytosol. The catechol is released into the synaptic cleft by a transporter protein^. 

At lower doses the alerting effect of amphetamine, its anorectic effect and a component of its locomotor 

stimulatory action are mediated by the release of noradrenaline from central noradrenergic neurons and the 

inhibition o f noradrenaline reuptake, with both enantiomers of equal potency in this effect®.

2
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Figure /. / ; Possible mechanisms o f  amphetamine 
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release o f  vesicular DA (c)-(d). Amphetamine may 

the synaptic cleft via DA T inhibition.

Some aspects o f locomotor activity and the stereotyped behaviour induced by amphetamine are 

probably a consequence of the release o f  dopamine from dopaminergic nerve terminals and inhibition of 

reuptake (Figure 1.1), particularly in the neostriatum, where the R-(-) enantiomer is more potent than the S- 

(+) enantiomer. Higher doses are required to produce these effects, correlating well with in vitro studies 

conducted on brain slices. With still higher doses, disturbances o f perception and psychotic behaviour occur 

due to the inhibition o f reuptake o f serotonin (5-hydroxytryptamine, 5-HT) (7) and release o f same from 

tryptaminergic neurons and dopamine from the mesolimbic system o f the brain. The S-(+) enantiomer of 

amphetamine predominates to produce this effect*.

(6) (7)

A surprisingly small number o f structural modifications are allowed to the structure o f amphetamine 

to lead to compounds that retain stimulant activity. O f the three isomeric ring-methyl substituted 

amphetamines, only the ortAo-methyl substituted derivative (8) shows activity, being one order o f  magnitude 

less potent then amphetamine itself^, /'ara-substitution o f amphetamine with a halogen such as chlorine 

(known as p-chloroamphetamine or PCA) (9) or iodine produces compounds with the ability to release 

serotonin rather than dopamine, while still possessing significant catecholamine releasing properties'^.

(8) (9)



As a general rule, no group or moiety can be placed on the aromatic ring that will allow retention of 

the simple catecholamine releasing activity o f amphetamine (1). Structures substituted at C-3 or C-3 and C- 

4 that do retain amphetamine-like stimulant activity appear to possess significant potency as serotonin 

releasing agents and serotonin reuptake inhibitors.

The types of substitutents that can be added to the amino group of amphetamine (1) and still retain 

the catecholamine release and uptake inhibition effects are limited, //-methyl substitution of amphetamine 

gives methamphetamine (10) (first synthesised in either 1888 or 1919)'°, which has nearly twice the in vivo 

potency of amphetamine. However the A^-ethyl and //-«-propyl derivatives possess about ha lf the activity of 

amphetamine". Tertiary amine derivatives are far less potent or inactive when compared to their secondary 

amine analogues'*.

(10)

Analogues oxidized at the benzylic carbon also retain catecholamine activity. Khat, or Abyssinian 

tea, consists of the fresh leaves of Catha edulis, a small tree cultivated in Ethiopia, East and South Africa and 

the Yemen. The leaves are widely consumed in African and Arabian countries, where they are chewed for 

their stimulant effects, traditionally alleviating hunger and fatigue and giving a sensation of general well 

being'^. Dried leaves contain up to 1% (-i-)-cathine ((+)-norpseudoephedrine)) (11), but young fresh leaves 

contain S-(-)-cathinone (12) as the principal CNS stimulant'^. S-(-)-cathinone has a similar potency to S- 

(+)-amphetamine in the release of noradrenaline from nerve terminals, whereas R-(+)-cathinone is about one- 

third as potent

( 11) ( 12)

Diethylpropion (13), the yV,iV-diethyl derivative o f cathinone, was used commercially in the 

treatment of obesity but was taken off the Irish market in 1995'“*. The drug is about half as potent as 

cathinone.

(13)

Extension of the isopropylamine side chain to an isobutylamine side chain drastically reduces 

amphetamine-like activity. The (+)-a-ethyl analogue (14) does not produce full substitution in rats trained to

4



discriminate saline from (+)-amphetamine and the (+)-a-ethyl analogue of methamphetamine (15) is about 

one tenth as potent as (+)-amphetamine'‘.

(14) (15)

The structure-activity relationships of rigid cyclic analogues of amphetamine (1) have also been 

explored. 2-Aminoindan (16) is a weak substitute for (+)-amphetamine in rats trained to discriminate saline 

from amphetamine‘s. Increasing the alkyl carbon ring by one carbon leads to 2-aminotetralin (17). This 

compound fully substitutes for (+)-amphetamine in trained rats, with a potency about one eight that of (+)- 

amphetamine. Expansion to a seven membered ring (18), provides a compound devoid of amphetamine-like 

activity‘s. The introduction of a double bond into the carbocyclic ring (19) gave a compound, the S-(-) 

enantiomer of which was half as active as (+)-amphetamine'^

x=l (16); x=2 (17); x=3 (18) (19)

1.2.2 Amphetamines that release and inhibit the uptake of serotonin

Figure 1.2 summarises the synthesis, storage, release, reuptake and metabolism of serotonin at 

serotonergic nerve terminals. The biogenic amine is synthesised from tryptophan, an amino acid that is 

preferentially taken up by serotonergic neurons (Figure 1.2). Tryptophan hydroxylase (Try H) converts the 

amino acid to 5-hydroxy tryptophan (5-HTP) which in turn is decarboxylated by aromatic amino acid 

decarboxylase (AADC) to serotonin (5-HT). Intracellular serotonin is stored within synaptic vesicles by a 

reserpine-sensitive transporter protein or degraded by mitochondrial bound monoamine oxidase-B (MAO-B) 

to 5-hydroxyindoleacetic acid.

Release of serotonin into the synaptic cleft can occur by two mechanisms: Ca** mediated

exocytosis of vesicle stores with the serotonergic plasma membrane, or release of cytoplasmic serotonin 

through the membrane bound serotonin transporter (SERT) protein. Extracellular serotonin exerts its 

pharmacological effects by activating post- or presynaptic 5-HT receptors. Removal of serotonin from the 

synaptic cleft is mediated by its metabolism via monoamine oxidase type A (MAO-A) or its reuptake back 

into the presynaptic terminal via SERT.

Until relatively recently, amphetamines that interact with serotonergic neurons comprised of only a 

handfiil of compounds. During the 1980’s, there was renewed interest in this class with the introduction and 

eventual widespread abuse of a group of ring 3,4-disubstituted derivatives - the 

methylenedioxyamphetamines.

Amphetamine itself is a weak serotonin releasing agent^ and exerts its serotonergic effects mainly 

by its interaction with SERT. The observation that C a^  ions are not required for amphetamine-induced

5



serotonin release suggests that exocytosis is not involved'®. SERT-bound amphetamine promotes the release 

o f intracellular serotonin via SERT and also inhibits the reuptake o f serotonin back into the nerve terminal. 

The result is an increase o f  extracellular serotonin concentrations. Subsitution o f amphetamine at the para 

position results in a significant increase o f extracellular serotonin. Two classical examples include p-chloro- 

(PCA) (9)'^ and p-methoxyamphetamine (PMA) (20). Nichols compared the ability o f PMA enantiomers to 

induce the release o f  [^H] labeled serotonin from prelabeled rat brain synaptosomes and found that the 

isomers had similar potency'*.

(9) (20)

Figure 1.2 : The fa te  o f  intracellular and extracellular serotonin at the serotonergic nerve terminal'^.
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Fenfluramine (21), a drug which was used in the treatment o f obesity, was taken off the Irish market 

in 1997'“'. The drug interacts potently with serotonin neurons and is equipotent to PCA (9) as a serotonin 

releasing agent (Figure 1.1).

Fenfluramine (21)
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In addition to PCA, substitution by other halogens also give compounds that are potent serotonin 

releasing agents. Early studies compared the/?-fluoro,/?-chloro, p-bromo andp-iodoamphetamines^'’’ . The 

member of the series that appeared most similar to PCA was p-iodoamphetamine.

Another selective serotonin-releasing agent is 4-methylthioamphetamine (4-MTA) (22). First 

synthesised in 1963^^ and studied for its anorectic properties, the drug reappeared in the literature in 1992 

when Huang compared 4-MTA to PCA (9) as a serotonin releasing agent^^. 4-MTA was shown to be twice 

as potent as PCA at inhibiting synaptosomal uptake of [^H] labeled serotonin and seven to ten times more 

potent than PCA at inhibiting synaptosomal uptake of [^H] dopamine and [^H] noradrenaline. PCA was not 

selective for inhibition of serotonin over noradrenaline and possessed only about twice the selectivity for 

serotonin over dopamine. 4-MTA on the other hand had a forty and thirty fold selectivity, respectively, for 

uptake inhibition of serotonin over dopamine and noradrenaline. 4-MTA also caused dose-dependent 

releases of [^H] serotonin from rat frontal cortex slices comparable to that induced by an equimolar 

concentration o f PCA^^. 4-MTA has also been reported to act as a potent MAO-A inhibitor with an activity 

greater than two orders o f magnitude than amphetamine (l)^”*, a weak inhibitor of the enzyme. MAO-A is 

involved in the breakdown of catecholamines including serotonin in the brain. Inhibition of this enzyme 

prolongs the effects of catecholamines released into the brain.

H3CS

4-MTA (22)

The most extensively studied 3,4-disubstituted compounds are those with a 3,4-methylenedioxy 

function (also known as a 1,3-dioxole ring). The most well known compounds of this series include 3,4- 

methylenedioxyamphetamine (MDA, “the love drug”) (23) and two A^-alkyl derivatives, 3,4- 

methylenedioxymethamphetamine (MDMA, Ecstasy, Adam, XTC, E) (24) and 3,4- 

methylenedioxyethamphetamine (MDEA, MDE, Eve, A^-ethyl MDA) (25) (Table 1.1). Extension of the 

isopropylamine side chain o f MDA (23) to a four carbon isobutylamine side chain gives the a-ethyl analogue 

2-amino-1-(3,4-methylenedioxyphenyl)butane (BDB, J) (26). 2-//-Methylamino-l-(3,4-methylenedioxy- 

phenyl)butane (MBDB, Methyl-J) (27), the /V-methyl analogue o f BDB (26) is the most well known of the a- 

ethyl methylenedioxydioxyamphetamine derivatives (Table 1.1).

MDA (23) was first reported in 1910^^ but it was not until 1959 that the clinical effects o f the drug 

were studied''. This study suggested that MDA had mild hallucinogenic effects as well as possessing the 

stimulant effects of amphetamine (I)"*. In 1978, the first reported study of the optical isomers of MDA was 

published^®. Interestingly, it was shown that the hallucinogenic effects o f (±)-MDA were attributable to the 

R-(-) isomer, while the S-(+) isomer possessed an amphetamine-like profile. Nichols demonstrated that 

MDA was also a potent releaser of serotonin from synaptosomes prelabelled with [^H] serotonin with no 

selectivity between isomers'*. Steele showed in 1987 that MDA was a moderately potent inhibitor o f [^H] 

serotonin uptake into rat brain hippocampal synaptosomes, with the S-(+) enantiomer being three times more 

potent than the R-(-) enantiomer^. This study also showed that MDA was a potent inhibitor of [^H] 

noradrenaline uptake into rat hypothalamic synaptosomes and had modest inhibitory eiTects against [^H] 

dopamine uptake into rat striatal synaptosomes* with the S-(+) enantiomer having twice the potency as the R-
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(+) enantiomer^’ . It is believed that the hallucinogenic effects o f R-(-)-M DA are primarily mediated by 

interaction with postsynaptic serotonin 5-HT2 receptors'*.

Table 1.1: The 3,4-methylenedioxyamphetamines

Compound No. Name R i R2

(23) MDA H H

(24) MDMA H CH3

(25) MDEA H CH2CH3

(26) BDB CH3 H

(27) MBDB CH3 CH3

The yV-methyl derivative o f MDA, MDMA (24) was first synthesized and patented in 1912^* 

although the patent was not official ly published until 1914^®. Contrary to the popular bel ie f  that the drug was 

patented as an appetite suppressant, MDMA was simply patented as a synthetic intermediate.

The in vitro pharmacology o f  MDMA and MDA are very similar, with the exception o f  the 

hallucinogen-like effects seen with MDA which are lacking in MDMA. jV-methylation o f  hallucinogenic 

amphetamines is known to decrease hallucinogenic activity by about one order o f magnitude with little 

change on compounds which have stimulant activity^“. In drug discrimination studies, R-(-)-M DA  

substitutes for (±)-MDA in hallucinogenic training dogs^', whereas R-(-)-M DM A does not̂ '̂ S-(+)- 

MDMA has been shown to be ten times less potent than (+)-amphetamine and h alf as potent as S-(+)-M DA  

in the inhibition o f [^H] dopamine uptake into rat striatal synaptosomes, with the R -(-) enantiomer being 

devoid o f  activity. S-(+)-M DA and S-(+)-M DM A showed similar abilities to inhibit the uptake o f  [^H] 

noradrenaline into hypothalamic synaptosomes, whereas R-(-)-amphetamine was four and eight times more 

potent than R-(-)-M D A  and R-(-)-M DM A respectively^.

Rudnick has studied the mechanism o f MDMA-induced Ca^-independent release o f  serotonin from 

serotonergic neurons'®. MDMA induces extracellular release by reversal o f  the transport system that 

normally catalyses accumulation o f serotonin to high levels within the neuron. For serotonin release via  the 

SERT protein, external Na"̂  and Cl" are required and the process is stimulated by internal K* (Figure 1.3). 

The stereospecificity o f  the actions o f  MDMA at SERT mirrors the higher potency o f  (+)-M DM A in 

behavioral studies.



Figure 1.3 : Uptake o f  serotonin from  the synaptic cleft mediated by SERT. Serotonin, Na and Cl are first 

co-transported across the plasma membrane (1—^2) follow ed by counter transport o f  K (3—>■4). As 

serotonin is protonated at physiological pH  (7.4), the net change in charge density across the membrane is

MDMA also promotes the efflux of serotonin fi'om cytoplasmic vesicular stores'*. The system of 

amine uptake into the secretory vesicles consists o f two components: (a) an ATP-driven H" pump, the 

vacuolar ATPase, which acidifies the vesicle interior, generating a transmembrane potential and (b) the 

reserpine sensitive vesicular monoamine transporter (VMAT), which couples efflux o f one or more ions 

to the uptake o f each molecule o f  serotonin (Figure 1.2). MDMA interacts directly with VMAT to induce 

serotonin efflux and inhibit influx. Efflux is effected by MDMA only at higher concentrations than those 

necessary to inhibit influx. Again, (+)-MDMA is more potent in this case than its enantiomer. The 

amphetamine also causes the dissipation of the pH gradient (ApH) across the vesicular membrane. 

Dissipation of ApH decreases serotonin accumulation and increases efflux. MDMA is a weakly basic amine 

and exists to an appreciable extent in its unprotonated form at physiological pH. Extracellular MDMA is 

thought to enter serotonergic nerve terminals by passive diffusion or by way of SERT and then diffuses 

passively into the synaptic vesicles in a process that consumes intravesicular H". Efflux o f serotonin is aided 

as a result by an internal pH increase and concomitant decrease in ApH. The effects o f MDMA on the 

storage vesicles results in an increase in cytoplasmic concentrations of serotonin. The amine is now available 

for efflux from the nerve terminal via SERT, a process which is also catalysed by MDMA.

The range o f substitutent modification that is tolerated on the nitrogen atom o f MDA appears fairly 

limited. The most well studied other <V-substituted compound in this family is MDEA (25), first reported in 

1980^^. In vivo the drug appears to have effects similar to those o f MDMA^*. In vitro studies have shown 

equipotency to MDMA on the uptake inhibition and release o f  serotonin, dopamine and noradrenaline^’’ 

with a decrease in dopaminergic effects compared to MDMA^’ '*®.

Apart from A^-hydroxy MDA (which possesses CNS activity comparable to MDA)"", no other N- 

substituted derivatives o f MDA have shown CNS activity in humans^*.

The isopropylamine side chain o f MDA can be extended to an isobutylamine side chain, resulting in 

the a-ethyl analogue BDB (26), first synthesised in 1986^’. A^-methylation o f BDB provides MBDB (27)^'. 

The origins o f the abbreviated form o f (27) is not immediately apparent but is derived from 2-/wethylamino-
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l - ( l ,3 -/7enzO(3/ioxol-5-yl)i)utane. In vitro studies of monoamine uptake and release from rat brain 

synaptosomes and brain slices show a similar pharmacological profile for MDMA and MBDB^. S-(+)- 

MBDB is three times less potent then R-(-)-MBDB at inhibiting [^H] noradrenaline uptake into hypothalamic 

synaptosomes. Although the actions of MDMA and MBDB at serotonin neurons are of comparable potency, 

MBDB is devoid of dopaminergic activity^’.

Shulgin has examined the pharmacological effects in humans of methylenedioxy derivatives bearing 

a five-carbon isopentylamine side chain (28)-(30) but none possessed MDMA-like activity"*^.

<°J
O ' - ^  h '^'r

(28) R=H
(29) R C H 3
(30) R C H 2CH3

Shulgin has also studied the effects o f changing the position of nitrogen along the 3-carbon 

backbone of MDA and MDMA"*^. a-Substitution of the carbon backbone gives rise to 1-am ino-1-(3,4- 

methylenedioxyphenyl)propane (ALPHA) (30a). This compound is reported to possess MDMA-like effects 

in humans at doses of up to 140mg with a short duration o f action of 3 hours. The A^-methyl analogue (M- 

ALPHA) (30b) is reported to be twice as potent, with a duration of action o f 6 hours'*^.

H.^XH3

0
(30a) (30b)

Studies have been performed to look at the structure-activity relationship of the dioxole ring of the 

methylenedioxyamphetamines. A recent X-ray analysis of the hydrochloride salt of MDMA revealed that the 

methylenedioxy ring is essentially co-planar with the phenyl ring"* .̂ First, one or two methyl groups have 

been added to the central methylene atom to afford ethylidenedioxyamphetamine (31) and 

isopropylidenedioxyamphetamine (32)'*'*.

NH2 H3C NH2

(31) (32)

(31) and (32) were tested for their ability to substitute in rats trained to discriminate saline from 

MDMA and were compared with MDA. (31) had half the potency of MDA whereas (32) was five times less 

potent. (31) and MDA were equipotent in inducing the release o f  serotonin whereas (32) was only one-tenth 

as potent. (31) was less potent than MDA and (32) was again one-tenth as potent in their ability to release 

[^H] dopamine'*^. The progressive methylation of the methylenedioxy function of MDA decreases potency 

with each additional methyl group added.

Expansion o f the dioxole ring of MDMA by one or two methylene groups gives 

ethylenedioxymethamphetamine (EMDA) (33) and propylenedioxymethamphetamine (34) respectively.
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One in v itro  study, (33) has shown comparable potency to fenfluram ine (21) in its dopam ine and 

serotonin releasing properties'*^. However, Shulgin reported that (33) had no clin ical effects when taken by 

humans'*". Com pound (34) show s a decrease in C N S effects w hen compared to MDA"**.

(33 ) (34)

In another study, oxygen atom s in the m ethylenedioxy ring o f  M D A  were replaced individually w ith  

m ethylene groups, y ield ing (35)-(37). The six-m em bered carbocyclic ring derivative (38) w as also  

synthesised and tested for activity'*’ .

Studies o f  the inhibition o f  uptake o f  [^H] serotonin into rat brain synaptosom es revealed that the 

presence o f  the oxygen atom s in (35) and (36) w as not critical for inhibiting serotonin uptake. Indeed, the 

carbocyclic analogue (37) proved to be the most active in th is series, although all the com pounds were 

relatively potent, with only three to four fold variation in activity'*’ . T hese com pounds were much less potent 

at inhibiting catecholam ine uptake; (35) and (37) were nearly equipotent and about three fold more active 

than (36) or (38).

(37) (38)

Table 1.2 details the IC50 values for the inhibition o f  [^H] m onoam ine uptake into rat brain 

synaptosom es and the ratios o f  the ICso’s (the concentration o f  am phetam ine required to cause 50%  

inhibition o f  serotonin uptake) for uptake inhibition o f  serotonin versus that o f  dopam ine and noradrenaline. 

The ratios provide an indication o f  the selectivity o f  the com pounds listed for serotonin versus dopam ine and 

noradrenaline uptake inhibition.

Another 3,4-disubstituted am phetam ine, 3-m ethoxy-4-m ethylam phetam ine (M M A ) (40) and its 

indane analogue, 5-m ethoxy-6-m ethyl-2-am inoindan (M M A I) (41) have shown very h igh selectivity for 

serotonin over catecholam ines for inducing the release and inhibiting the uptake o f  monoamines'**. For (40) 

the ratios o f  the ICso’s for inhibition o f  serotonin versus dopam ine and noradrenaline were 121 and 120 

respectively"*®’ compared to ratios o f  94 and 55 respectively for (41). For com pound (42) (M D A I), the rigid  

indane analogue o f  M D A , the IC50 ratios for serotonin versus dopam ine and noradrenaline were 12 and 3 

respectively^'.
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(40) (41) (42)

O f the compounds listed, the pam-substituted amphetamine 4-MTA (23) is one of the most selective 

and potent serotonin reuptake inhibitors, with a serotonin versus noradrenaline reuptake inhibition ratio of 

32:1. The 3,4-disubstituted methylenedioxy derivatives MDA (23), MDMA (24), MBDB (27) and MDAI 

(41) show little selectivity for serotonin versus noradrenaline uptake inhibition.

Table 1.2 : ICso values for the inhibition o f  [^H] monoamine uptake into whole rat brain synaptosomes^

Drug [^H] serotonin 

nM

[^H] dopamine 

nM ratio®

[^H| noradrenaline 

nM ratio'’

PCA (9) 182 424 2.3 207 1.2

4-MTA (22) 74 3,073 42 2,375 32

MDA (23) 478 890 1.9 266 0.6

MDMA (24) 425 1,442 3.4 405 1

MBDB (27) 784 7,825 10 1,233 1.6

MMA (40) 136 16,317 121 16,293 120

MMAl (41) 212 19,793 94 11,618 55

MDAI (42) 512 5,920 12 1,426 3

There are two possible positional ring isomers o f methylenedioxyamphetamines; 3,4 and 2,3- 

methylenedioxyamphetamines. Shulgin has reported one human study of the positional isomer of MDA, 2,3- 

methylenedioxyamphetamine (2,3-MDA) (43)^^ where it is claimed the drug produces “strong stimulatory 

effects” without the hallucinogenic side-effects o f MDA. However, in another study the indane (44) and 

tetralin (45) derivatives of 2,3-MDA failed as substitutes for MDMA in rats trained to discriminate MDMA 

from saline^^.

(43)

■NH-

(44)

NH

(45)

A number of ring-substituted derivatives of methylenedioxyamphetamines have also been 

synthesised and evaluated for biological activity. Bromination of MDA at position 6 of the aromatic ring 

(46) results in a less active hallucinogen with an amphetamine-like stimulatory activity^'*. Four ring- 

methoxylated analogues of MDA were previously examined as serotonin and dopamine releasing agents but 

none surpassed the parent compound in potency, nor did any exhibit significant selectivity for monoamine 

release"’’. This was probably due to the relatively polar ether substituents on the aromatic ring which made
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the com pounds too hydrophilic to have optim al CNS activity^^. In a recent paper, the three ring  m ethylated 

isomers were evaluated for their ability to  inhibit m onoam ine uptake^®. The results indicated that com pounds 

(47) and (48) are am ong the most potent serotonin releasing com pounds known (Table 1.3). Both 

compounds have shown high selectivity for serotonin versus dopam ine inhibition, exhibiting a preference of 

more than one hundred fold for the serotonin carrier while m aintain ing m oderate inhibitory activity at the 

noradrenaline carrier protein^^.

6 -M ethyl M DA (49) was much less active than its positional isomers, because the methyl group on 

the ring, through steric interactions, forces the isopropylam ine side chain into an unfavourable orientation.

Table 1.3 : ICso values for the inhibition o f  j^H] monoamine uptake into whole brain synaptosomes by ring 

methylated derivatives o f MDA (47)-(49f^.

T
< X Br

(46)

N H . NH-,

(47) R , = C H 3 ,  R2 = R 3 = H
(48) R2 = CH3, Ri = R3 = H
(49) R3 = CH3, R2 = R3 = H

Drug |^H| serotonin  

nM

|^H| dopam ine 

nM ratio“

|^H| noradrenaline 

nM ratio*’

4-M TA (22) 74 3,073 42 2,375 32

MDA (23) 478 890 1.9 266 0 .6

2-M ethyl-M DA (47) 93 1 2 ,000 129 1,937 21

5-M ethyl-M DA (48) 107 11,600 108 1,494 14

6-M ethyl-M DA (49) 783 28,300 36 4,602 6

 ̂ ratio IC50 value for serotonin versus dopam ine, ” ratio IC50 value for serotonin versus noradrenaline

1.2.3 Structure-activity relationships o f  SSRI’s used clinically in the treatm ent o f depression

The hum an SERT protein, whose gene sequence has been mapped to chromosom e I T q l l . l  to

17ql2, consists o f  630 am ino acids” . Human SERT is identical in length to rat SERT, sharing 92% 

sequence homology. SERT is one member o f  a fam ily o f  structurally  related N a V c r  dependent transporter 

proteins whose substrates include several neurotransm itters, including GABA, dopam ine and noradrenaline 

(the most closely related transporter protein family m em ber w ith 48%  am ino acid identity with SERT) and 

substrates w ith either neurom odulatory or osmoprotective functions, including proline, glycine and betaine^’’
58

Like other m em bers o f  the gene family, the secondary structure o f  SERT com prises o f  12

transm em brane dom ains (TM D ’s) each consisting o f  approxim ately 20 am ino acids, five intracellular and six 

extracellular loops with N- and C-term inal intracellular dom ains (Figure 1.4). The largest extracellular loop 

between TM D III and TM D IV com prises o f  several sites for N -linked glycosylation. M ultiple consensus 

sequences also exist in the intracellular loops for phosphorylation by protein kinases, the postulated sites for
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SERT regulation^’’ Faivre proposes the three dimensional arrangement o f SERT may be represented as a 

rectangular box o f transmembrane height, 83-85A with width and depth dimensions o f 41-47

Figure 1.4 : Schematic representation o f the 12 TMD human SERT protein. Extracellular N-linked 

glycosylation sites betM’een TMD’s HI and IV are depicted in blue, intracellular phosphorylation sites, 

labeled P, are shown in red.

exU'oceiSsdarfiKe

cysopiasmicface

Several SERT inhibitors (50a)-(50e) (Figure 1.5) are clinically used in the treatment o f a number of 

disorders including depressive illness^, obsessive-compulsive disorder, bulimia nervosa and panic disorder*'. 

The compounds are discriminatory for the inhibition o f SERT above noradrenaline (NET) and dopamine 

(DAT) transporters and are known as selective serotonin reuptake inhibitors (SSRl’s). (50a)-(50e) do not 

enter serotonergic nerve terminals and produce their pharmacological effects solely by their interactions with 

SERT, unlike MDMA whose serotonergic effects possess an intracellular component.

Figure 1.5 : Medically important SSR l’s (50a)-(50e). (50b), (50d) and (50e) are marketed as a single 

stereoisomer (shown below), (50a) and (50c) are marketed in their racemic forms although the active form o f  

both compounds is the S-enantiome/^' ((S)-(+)-MBDB is included for reference).

O
<

'CH,
O

S-(+)-MBDB (27)

CH

(±)-Fluoxetine (50a) S-(-)-Paroxetine (50b) p

NC. NH,

N -O

OCH,

(±)-Citalopram (50c) £-Fluvoxamine (50d) 1 S,4S-Sertraline (50e)
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Table 1.4 lists the selectivity of several clinically important SSRI’s for SERT above NET and DAT. 

Although citalopram is the most selective SERT inhibitor, paroxetine and sertraline are more potent 

inhibitors of the transporter.

Table 1.4 : IC50 values fo r  the inhibition o f  [^H] monoamine uptake by SSR I’s (50a)-(50e) into whole rat 

brain synaptosomes^^ ((±)-MBDB^‘ is included fo r  reference purposes).

Drug [^H] serotonin 

nM

[^H] dopamine 

nM ratio^

[^H| noradrenaline 

nM ratio’’

(±)-MBDB (27) 784 7,825 10 1,233 1.6

(±)-fluoxetine (50a) 10.8 3,160 293 85.3 8

S-(-)-paroxetine (50b) 0.44 540 1,227 22.2 50

(±)-citalopram (50c) 2.71 >10,000 >3,690 2,750 1,015

£-fluvoxamine (50d) 3.08 >10,000 >3,247 299 97

1 S,4S-sertraline (50e) 0.85 78 92 159 187

ratio  IC50 value for serotonin versus d o p a m in e ,r a t io  IC50 value for serotonin versus noradrenaline

Rupp has developed a pharmacophoric model for inhibitors of SERT which enables a differentiation 

between entactogenic, hallucinogenic, and stimulatory amphetamines, against clinically important SSRl 

antidepressants (Figure 1.6)“ .

Figure 1.6 : Pharmacophoric m odef^ fo r  serotonin reuptake inhibitors: a (distance from  the nitrogen atom 

to the electronegative group, X) ~ 9.2A; b (height o f  the nitrogen above the plane o f  the aromatic ring) ~ 

l.OA; X  = electronegative group; A1 = forbidden volume; A2 = volume with n- and/or n-electrons; A3 = 

aliphatic side chain.

A3

The model proposes the following structural determinants (Figure 1.6)^^:

• A basic nitrogen at an optimal distance o f 6.1 A away fi'om the center o f  an aromatic system. The 

nitrogen atom is protonated and in some cases allows intramolecular interactions which lead to 

stabilisation of the active conformation. The proposed active conformation o f citalopram involves
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hydrogen bonding between the tertiary amine nitrogen and oxygen atoms. Aliphatic substituents on the 

nitrogen atom that are larger than an «-propyl are unfavourlable.

• The height, b, o f the nitrogen atom is optimal at 1 .OA above the plane o f the aromatic ring.

• An electronegative region, X, located an optimal 9.2A from the protonated nitrogen atom enables a

tubular arrangement o f the system: X-aromatic-nitrogen atom. For example, X corresponds to the 

dioxole ring system o f MBDB and paroxetine, and the trifluoromethyl and cyano groups o f fluoxetine 

and citalopram respectively.

• Below the plane o f the pharmacophoric system may be an additional aromatic system which increases

the potency and selectivity of the ligand for SERT over NET and DAT. This region corresponds, for

example, to the 4-fluorophenyl systems o f citalopram and paroxetine. For NET inhibitors, this region 

corresponds to a prohibited volume where substituents are not allowed.

• Both aromatic systems are arranged optimally perpendicularly to each other. The topography of this

additional aromatic ring is important for the selectivity for SERT or NET over DAT.

• Region A2 constitutes an electron rich area along the aromatic system-nitrogen axis and is present in

most SERT inhibitors. For compounds whose center o f negative charge lies in this region, selectivity of

NET over SERT is observed. The benzene ring of amphetamine, which preferentially binds to NET, 

correlates with the A2 region. However, the negative charge center for the 

methylenedioxyamphetamines is in the region o f the dioxole ring system, corresponding to X in the 

proposed pharmacophoric model, explaining the higher affinity o f these molecules for SERT. (50a)- 

(50d) possess two electronegative pharmacophores at the X substituent and aliphatic ether oxygens (A2 

region). The entactogen A2 regions are devoid of excessive electronegativity and are thus less selective 

SERT inhibitors.

• Region A3 constitutes the area o f aliphatic side chain for highly selective SERT inhibitors. Entactogens

which possess limited volume in this area, such as MCA and MDMA are slightly less selective than

MBDB (Table 1.2).

• Substitution of region A 1 leads to a deviation o f the tubular molecular structure and loss o f inhibition of

SERT. This helps to explain the lack of SERT inhibitory activity observed with 2,4,5-trisubstituted

hallucinogenic amphetamines (see Section 1.2.4).

Several groups have studied the amino acids of SERT involved in ligand binding*®’ Amino acids 

from TMD’s I, III, X, XI, and XII** o f SERT are postulated to be directly involved in ligand binding*®. 

Recent studies have suggested that M et-180 interacts with the heterocyclic nucleus o f citalopram, and that 

Tyr-495 interacts coordinally with the cyano group, alkylamine side chain and ether oxygen*’. Barker has 

also proposed that Tyr-95 forms a hydrogen bond with the dihydroisoftiran oxygen o f citalopram** and is an 

important site for serotonin binding™. Asp-98 on TMD I is also involved in ligand recognition and plays a 

critical role in defming the permeation pathway o f serotonin through SERT*^. Recently, several amino acid 

residues which form a strip on the a-helix of TMD VII have been shown to be involved in ion translocation 

through the protein’ '.
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1.2.4 H allucinogenic amphetamines

In contrast to the monoamine releasing amphetamines, hallucinogenic am phetamines act as direct 

agonists o f  serotonin receptors, in particular 5-H T2a (containing 471 amino acid residues) and S-HTjc 

receptors (containing 458 amino acid residues)^^’ The gene sequence o f  the two receptors has been 

mapped to chromosome 7’ .̂ Both exert their pharmacological actions through coupling to specific Gq- 

proteins’ '̂ although different signal transduction mechanisms have been proposed^'*. Each membrane- 

bound receptor consists o f  seven transm embrane-spanning a-helices. The amino terminal o f  both proteins is 

extracellular and contains sites for A^-linked glycosylation, while the carboxyl-terminus is intracellular. 

Intracellular loops contain phosphorylation sites which are involved in receptor regulation. The largest 

intracellular loop. III, is responsible for interactions with G-proteins’ .̂

The classical hallucinogenic compound is mescaline (50), a phenethylamine. The com pound is one 

o f  the oldest hallucinogenic substances known to man and is the major active com ponent o f  the small cactus 

Lophophora williamsii, known as Peyote. M escaline (50) is the standard against which all other 

hallucinogenic amphetamines are viewed. The first hallucinogenic amphetamine to be evaluated was 3,4,5- 

trimethoxyam phetamine (TM A) (51) in 1955^® and has lead to the synthesis and biological characterisation 

o f  many hallucinogenic amphetamine derivatives.

In contrast to the monoamine releasing amphetamines in which an A^-methyl or A^-ethyl group may 

be tolerated, A^-alkylation o f  hallucinogenic amphetamines dramatically reduces or abolishes their activity

x J
OCH 3

M escaline (50) TM A (51)

Although mescaline (50), a phenethylamine with a 3,4,5-trimethoxy substitution, is the classical 

example o f  a hallucinogen, this configuration also seems to provide the lowest potency o f  the possible 

substitution patterns. M oving the 3-methoxy group to the 2 position and/or replacing the 4-methoxy group 

with a m ore hydrophobic group leads to highly active com pounds i.e. compounds with a 2,4,5-trisubstitution 

pattern in which the 2 and 5 substituents are methoxy groups'*^. Also, it has been shown that the addition o f  a 

methyl group at C-1 o f  the two carbon ethylamine backbone o f  2,4,5-trisubstituted phenethylamines 

increases the in vivo activity o f  these com pounds’’ . Table 1.5 lists a number o f  2,5-dim ethoxy-4-substituted 

amphetamines which have been tested in humans by Shulgin and their approxim ate human dose to produce a 

hallucinogenic effect'*^. As can be seen a wide number o f  substituents varying in electronic character are 

tolerated. The 4-trifluoromethyl derivative o f  this series is reported to be the most active’*.

In the 2,5-dimethoxy-4 -/7-alkyl series, optimum activity seems to  rest with the «-propyl group’®. 

Derivatives possessing polar substituents at position 4, (for example hydroxy and amino groups), were 

examined for their ability to bind to 5-HT2 receptors but all compounds lacked agonist activity*®. In contrast 

to the increasing potency o f  4-«-alkyl substituents, 4-alkoxy substituents decrease in potency on elongation 

o f  the aUcoxy alkylchain but increase in potency when the 2-methoxy group is placed at the 3 position o f  the 

aromatic ring (Table 1.5). On the other hand, 4-thioalkyl analogues increase in potency with elongation o f
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the alkyl chain'*^. For maximal activity it is believed that the substituent at position 4 must have a 

conformation that lies out o f the plane o f the aromatic ring"*. For example, in 3,4,5-trisubstituted compounds 

the buttressing of the adjacent methoxy groups is known to force the 4-methoxy group in a conformation that 

lies in a plane nearly perpendicular to the aromatic ring**. In the 2,4,5 series the 4-alkoxy group will tend to 

lie in a conformation that maximises the overlap o f the oxygen unshared electron pairs with the 7t-electrons of 

the aromatic ring, leading to the alkoxy group lying in the plane of the aromatic ring and reduced activity as a 

resulf*. In the case o f the 4-alkylthio analogues the sulfur atom is larger than the oxygen atom and has a 

different orbital structure. When the unshared electrons o f sulphur overlap with the aromatic 7t-eIectrons the 

alkyl group is not forced to lie in the ring plane. Also sulphur is less hydrophilic than oxygen, increasing 

their activity.

Table 1.5 : Human evaluation of2,5-dimethox}’-4-substituted amphetamines*^.

OCH

NH

R Name Human dose* (mg)

H 2,5-DMA 80-160

OCH3 TMA-2 20-40

OCH2 CH3 MEM 20-50

SCH3 p-DOT 5-10

SCH2CH3 ALEPH-2 4-8

CH3 DOM 3-10

CH2CH3 DOEt 2 - 6

Br DOB 1-3

I DOI 1.5-3

* Dose required to produce a hallucinogenic effect.

The most recent development in hallucinogenic amphetamine chemistry is the synthesis o f rigid 

systems, where the oxygen atoms at positions 2 and 5 are incorporated into heterocyclic rings.

It is reasonably well established that activation o f the 5 -HT2a receptor leads to hallucinogenesis. 

However, agonists that have a high affinity for this receptor invariably also bind to the 5 -HT2 c receptor*". 

Both receptors share a high overall amino acid sequence homology of 53% and are 80% homologous within 

the transmembrane regions in which the agonist binding site is thought to reside’ .̂ Site-directed mutagenesis 

studies have aided the understanding of the binding pocket topology and amino acid residues important for 

ligand recognition*^’ **’.

A number of studies have investigated the binding conformations o f the aromatic methoxy groups in 

2,5-disubstituted amphetamines. Dihydrobenzofiiran derivatives (52) and (53) were synthesised and 

evaluated for hallucinogen-like activity*^’ In these studies (52), which has a lone pair of electrons on the
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oxygen atom at position 5 syn to the isopropylamine side chain had dramatically attenuated hallucinogenic- 

like behavioral activity in rats*^. In (53), these electron pairs are directed anti to the side chain. (53) was 

equipotent to the flexible parent compound 4-bromo-2,5-dimethoxyamphetamine (DOB) (54) both in vitro
j  . . 8 6and m vivo .

OCH

NH-

OCH OCH

N H NH.

(52) (53) DOB (54)

Rigid benzoxepines (55)-(57) were also prepared to evaluate the possible active binding 

conformations of the 2-methoxy group at serotonin receptors*’. In that study, all three compounds had low 

affinities for the 5-HT2a receptor, indiciating that, in this case, when the lone pair o f electrons on the oxygen 

at position 2 were anti to the amino group a decrease in potency was observed.

NH,
(55) R = Br
(56) R = 1
(57) R = CF3

OCH,

As a result o f these studies, a series o f benzodifiiran amphetamine derivatives were synthesised and 

tested. In compounds (58) and (59), both oxygens at positions 2 and 5 on the aromatic ring are incorporated 

into two rotationally restricted rings, with the lone pairs of electrons on the oxygens at positions 2 and 5 syn 

and anti to the isopropylamine side chain respectively. In rats which are trained to discriminate lysergic acid 

diethylamide (LSD) from saline, (59) was found to be nearly equipotent to LSD**.

(58) R = H
(59) R = Br

In the proposed binding site model for 5-HT2a/2c receptors, two hydrogen bond donor residues in the 

receptor, possibly serine residues, lie on opposite sides of the receptor and form hydrogen bonds with the 

ether oxygen lone pairs of the agonists at positions 2 and 5 of the aromatic ring*^. It is believed that the 

increase in activity o f  (59) relative to DOB (54) is due to the fact that the lone pairs of electrons are fixed in 

an orientation favourable for forming such hydrogen bonds.

Aromatisation o f (59) has lead to the synthesis o f the fully aromatic benzodifiiran (60)*^' 

Sterically (60) is almost identical to (59) but electronically it differs dramatically. Racemic (60) is eight 

times more potent than (59) in its affinity for the 5-HT2a receptor. This may be due to the increased 

hydrophobicity o f the extended tricyclic aromatic nucleus in (60) relative to (59) and a resulting greater 

tendency to partition into the hydrophobic receptor site, or an increase in 7t-stacking interactions. (60) is the
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first amphetamine to surpass LSD in potency in a behavioral assay and the first compound with LSD-like 

activity to have an aromatic nucleus other than benzene or indole. Recently, stereospecific synthesis o f (60) 

has shown the R-(-) enantiomer to be more active than the S-(+) enantiomer®®, as is typical for 

hallucinogenic amphetamines'*.

R-(-)-(60) is the most potent 5-HT2a receptor agonist reported to date.

NH

(60)

1.3 AMPHETAMINE USE IN HIHVIANS

1.3.1 Origins of Amphetamine Abuse

Amphetamine (1) has been used in humans for the treatment of narcolepsy, attention deficit 

hyperactivity disorder (ADHD) and obesity. The clinical usefulness o f amphetamine is offset by its many 

unwanted effects including hypertension, tremors, risk o f exacerbating schizophrenia and risk o f dependence.

Between 1932 and 1946, the pharmaceutical industry developed a list o f  over three dozen generally 

accepted clinical uses for amphetamine including the treatment o f schizophrenia, morphine and cocaine 

addiction, tobacco smoking, head injuries, infantile cerebral palsy, radiation sickness, low blood pressure, 

and persistent hiccups among others'*. Many of these claims were fallacious and exaggerated. Amphetamine 

was promoted as being effective without the risk o f addiction. During this period, amphetamine and its 

derivatives, including the A^-methyl derivative methamphetamine, became available in both oral and 

intravenous preparations. In 1937, amphetamine became available in tablet form on prescription for the 

treatment o f narcolepsy and ADHD®'. These factors -  public interest, readily available information and 

multiple pharmaceutical forms of the drug -  set the stage for the subsequent abuse o f these drugs.

During the 1940’s and I950’s amphetamines were prescribed liberally as oral medications. The 

pattern o f oral amphetamine abuse involved patients gradually increasing the dose taken as a consequence of 

tolerance. Further expansion of the population at risk occurred during World War II when methamphetamine 

and amphetamines were widely used by the British, United States, German and Japanese military as 

insomniacs and stimulants to increase alertness.

Between the 1930’s and 1970’s in the United States, the public could obtain amphetamine-like drugs 

in a variety of over the counter nasal inhaler preparations. The fu-st such preparation was introduced in 1932 

for the treatment of nasal congestion^^. Abuse involved breaking open the inhalers and ingesting the drug 

directly. Inhaler use is suspected to have introduced hundreds o f thousands o f people to amphetamine 

abuse® .̂ The ability o f amphetamines to cause euphoria and psychic stimulation resulted in removal of 

amphetamine-like drugs from over the counter inhaler preparations in the United States in 1971.
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1.3.2 Origins of Some Designer Amphetam ine Use and Abuse

The Irish Government introduced The Medical Preparations (Control o f Amphetamine) Regulations, 

and (Amendment) Regulations in 1969 and 1970 respectively’^ The purpose of these regulations was to 

prohibit the manufacture, preparation, importation, distribution and sale of amphetamine and five related 

derivatives except under licence from the Minister o f  Health. The United States introduced similar 

legislation in the form o f the Controlled Substances Act in 1970^''. Prior to the Controlled Substances Act of 

1970 it was estimated that over 50% o f all amphetamines which appeared on the streets were being diverted 

from legal sources.

To circumvent the new laws enacted around 1970, numerous derivatives o f amphetamine began to 

appear on the illicit market. The United States laws consisted of a list of specific named amphetamines. 

Designer amphetamines were synthesised that retained the pharmacological activity o f controlled 

amphetamines but were not themselves listed in the regulations. Among these designer amphetamines was 

MDMA (24). MDA (23) was already listed under the United States Controlled Substances Act, 1970 but 

MDMA was not.

MDA and MDMA

MDA (23) MDMA (24)

Widespread abuse of MDA began in the 1960’s and early 1970’s when it was known as “the love 

drug”’ '̂ Depending on the enantiomer consumed, the ratio of sympathomimetic to hallucinogenic effects 

differs. However on the street MDA is sold in its racemic form.

Recreational use o f MDMA was first reported in 1972^’. MDMA was largely ignored by the

scientific community until the 1970’s when, as part of a larger study on mescaline analogues, the drug’s 

behavioral effects and lethal dose were examined in several animal species^*. The psychoactive properties of 

MDMA were first described by Shulgin in 1978 who stated that the drug evoked “an easily controlled altered 

state o f consciousness, with sensual overtones” and suggested that MDMA might be useful as a

psychotherapeutic adjunct^®. Indeed, during the late 1970’s and early 1980’s there was an interest by some

psychiatrists in using MDMA as a therapeutic agent because it was reported to reduce the inhibition o f their 

patients to speak openly during therapy sessions. Subsequently, animal experiments revealed MDMA- 

induced neurotoxicity and several unintentional fatalities were reported following recreational use'**'

In 1986, the Drug Enforcement Admimistration (DEA) in the United States classified MDMA as a 

Schedule I controlled substance under the Controlled Substances Analogue Enforcement Act, implying the 

drug has a significant potential for abuse, no medical value and its safety could not be guaranteed'®^.

In Ireland, MDMA was placed under legal control under schedule I o f the Misuse o f Drugs 

Regulations in 1988" '̂*. The drug is not mentioned by name in the legislation but is included in a generic 

form whereby not only MDMA but also derivatives likely to exhibit similar pharmacology are covered.
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Following its control, the recreational use o f MDMA has become widespread through North 

America, Australia and Europe'”̂ . Reports suggest that the number of people having used MDMA tripled 

from 1993 to 1998'°^

When used recreationally MDMA and indeed all other amphetamines are available in tablet form. 

Tablets containing MDMA are often found to contain other substances including MDA, MDEA, MBDB, 

amphetamine and caffeine'*^. MDMA is known on the street by many names, including Ecstasy, E, Adam 

and XTC. The typical dose ranges from 75-150mg but tablets containing up to 200mg o f drug have been 

reported’®’. Its onset o f action is about 30 minutes, with a duration o f action reported to be 2 hours. In vivo 

metabolic pathways in humans include jV-demethylation (leading to MDA), O-dealkylation, deamination and 

conjugation (O-methylation, O-glucuronidation, and O-sulfation)'®*. The drug is excreted largely unchanged 

in the urine. In vivo studies have shown a more rapid and extensive metabolism o f the S-(+) enantiomers of 

MDA and MDMA®’’

The drug is primarily consumed by young people in large entertainment environments and 

sometimes in small social settings. MDMA has human psychopharmacology and animal pharmacology that 

differs significantly from the pharmacology of psychostimulants such as amphetamine, or hallucinogens such 

as LSD or the methoxylated amphetamines'*’. Users o f MDA and MDMA have reported that the 

methylenedioxyamphetamines induce greatly enhanced feelings o f “closeness” and communication with 

other individuals"® as well as a sense o f calmness and physical well-being’ .̂ It has been proposed that 

MDMA and similar compounds belong to a new pharmacological class, named entactogens'". The word 

entactogen is derived from the Greek roots en (within), gen (produce) and the Latin root tactus (touch).

IMDEA

MDEA (25) has not become nearly as popular as its A^-methyl analogue. It has been found to be a 

component in a significant number o f tablets sold and purporting to contain MDMA"^. The drug first 

appeared as one of MDMA’s non-scheduled replacements in 1986"^. In the United States the drug was 

placed in Schedule I of the Controlled Substances Act o f 1989“ '*. When MDEA emerged as a drug o f abuse 

the compound was already under legal control in Ireland as it was covered under the legislation’s generic 

compounds.

MDEA (25)

The psychoactive properties and pharmacokinetics o f MDEA are said to be similar to those of 

MDMA, although the drug is slightly less potent, requiring a higher dose* "*̂.

MBDB

Seizures of tablets containing the a-ethyl analogue o f MDMA, MBDB (27) first appeared 

sporadically in Europe in 1994 and more commonly in 1995” .̂ A substantial increase in availability was 

observed in 1997. The drug is widely sold unknowingly as MDMA. Based on analysis o f seizures, only a 

small proportion o f tablets sold as MDMA contain MBDB, typically around 1 -2%, although this varies over 

time and between countries, ranging from almost 0% to 5%"^. Again, when MBDB emerged as a drug o f
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abuse no amendment to the Irish legislation'®^ was required as the drug was included imder the category o f  an 

‘W -alkyl-a-ethylphenethylam ine....substitution in the ring with an alkylenedioxy substitutent” '̂.

M B D B  (27)

The psychoactive effects o f  M B D B  have been described as generally similar to those o f  M DM A, 

with less euphoria**. A s a result, it is thought that the dependence potential o f  M B D B  is lesser than that o f  

M D M A “ .̂ The drug is excreted largely unchanged in the urine with the major m etabolic routes beuig N -  

dem ethylation to B D B , (9-dealkylation, O-methylation and subsequent congugation"^’

Racemic M B D B  was tested in 14 subjects, o f  both sexes, ranging in age from 35 to 60 years^'. 

E ffective doses o f  racemic M B D B  were in the range 150 to 200m g. An effect was noted in som e individuals 

within 20  minutes o f  administration. For most, it took 30 to 45 minutes before a clear change was observed, 

sim ilar to M DM A. The onset o f  action is said to be slower and more gentle than for M DM A. Its peak effect 

occurred after 1 to 2 hours with, a duration o f  action o f  about 5 hours.

4 -M T A

One o f  the most recent designer amphetamines to be abused is 4-m ethylthioamphetamine (4-M TA ) 

(22). Known on the street as “flatliners” or “S -5 ’s”, the compound was first reported from a drugs seizure in 

the Netlierlands in 1997“ '̂ '**. 4-M T A  is mainly abused in tablet form. Tablets seized in the Netherlands 

have been found to contain approximately 140mg o f  drug and those examined in the United Kingdom  

betw een 20 and lOOmg. K now ledge o f  4-M T A  is low  among users and tablets containing the com pound are 

generally perceived as a particularly strong and long lasting type o f  M DM A. Its slow  onset o f  action o f  up to 

2 hours may encourage users to take fiirther doses o f  the drug, assuming the first dose was inadequate, 

leading to possible overdose"®. The duration o f  action for the drug is reported to be up to 8 hours. Its 

m etabolic profile is unknown in man, but one study performed in dogs show ed the drug to be excreted  

largely unchanged in the urine"®.

H 3CS

4-M T A  (22 )

In 1999, the Council o f  the European Union, based on findings from the European M onitoring 

Centre for Drugs and Drug Addiction (E .M .C .D .D .A ), decided that 4-M TA  should be placed under legal 

control in all Member States^'’ The drug was finally placed under Schedule I o f  the 1971 United Nations 

Convention on Psychotropic Substances in March 2 0 0 1 An  amendment to the Irish M isuse o f  Drugs 

Regulations, 1988''*'’ was necessary to bring the drug under legal control, as the original legislation only  

allow ed for a-m ethyl phenethylamines bearing alkyl, alkoxy, alkylenedioxy or halide ring substituents but 

not alkylthio ring substituents®^.
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1.3.3 Adverse Effects of Designer Amphetamine Use

Acute effects

The stimulatory adverse effects of MDMA and related amphetamines reported shortly af^er 

ingestion include tachycardia, hypertension, dry mouth, diaphoresis, nystagmus, decreased appetite, urinary 

urgency, nausea, agitation, jaw  clenching (trismus), teeth grinding (bruxism) and decreased depth and rate of 

respiration’ ’̂ In one study, sub-acute (greater than 24 hours post ingestion) effects o f MDMA included 

drowsiness, muscle aches and fatigue^. Systemic adverse effects, associated with MDMA use, include 

arrhythmias and asystole, cardiovascular collapse, rhabdomyalysis, disseminated intravascular coagulation, 

hyperthermia, acute renal failure, cerebral infarction and hepatotoxicity requiring transplantation’’'

126, 127, 128, 129, 130, 131 doscs o f MDA C an  cause convulsions and hyperthermia. Untoward

neuropsychiatric effects o f MDMA have included acute (flashbacks, anxiety, insomnia, panic attacks) and 

sub-acute (drowisness, depression, anxiety) episodes. The acute adverse effect profile o f other 

methylenedioxyamphetamines and 4-MTA is lacking but is assumed similar to that o f  MDMA.

Deaths

There have been numerous case reports o f deaths resulting from the use of designer 

amphetamines, in particular MDMA. Very approximate estimates o f the risk of death occurring per 

consumption episode are in the order of 1 in 3 to 4 million"^. Most deaths are caused from complications of 

hyperthermia and dehydration. MDA has been implicated in a number o f  sudden deaths, most likely due to 

cardiac arrhythmias (the R-(-) enantiomer is arrhythmogenic in rats'*). The last MDA associated death was 

reported in 1990'^^. Deaths associated with MDEA have also been d o c u m e n t e d F i v e  deaths involving 

4-MTA have been reported (one in the Netherlands and four in the United Kingdom)^'. In one case, 4-MTA 

was the only substance found in the blood and urine o f the deceased'^'*. In the remaining cases, other drugs 

were also detected.

C hronic effects

Studies on the chronic use of designer amphetamines have focused primarily on MDMA. 

Neuropsychiatric effects have included long-term memory disturbance, depression and psychosis‘s^

One of the most worrying chronic side effects of MDMA, and a number o f related amphetamines is 

serotonin n e u r o t o x i c i t y M e t h a m p h e t a m i n e ,  PCA (9), MDA and to 

a lesser extent MDEA and MBDB have all been shown to be toxic to serotonergic neurons in several animal 

species. 4-MTA is reported not to possess neurotoxic properties^^. Evidence in primates has shown that, for 

MDMA, neurotoxicity is permanent. The dose of MDMA given in this study was close to that typically 

taken by recreational users, when differences in body mass and surface area are taken into account” . The 

dose-response curve for MDMA neurotoxicity in primates is s t e e p P r e v i o u s  studies o f  human MDMA 

users have used indirect markers o f brain serotonin neurons, such as cerebrospinal fluid concentrations o f  5- 

hydroxyindoleacetic acid (61) (the major metabolite o f serotonin) to show possible brain serotonin axonal 

injury. These studies have found selective decreases o f (61) in cerebrospinal fluid o f MDMA-exposed 

humans similar to those seen in animals with documented serotonin axonal injury''**. Positron emission 

tomography (PET) has made it possible to directly assess the status o f chemically-defined populations of 

neurons directly in the living human brain. The serotonin transporter protein is a structural element o f the
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serotonin neuron and is substantially decreased in animals given neurotoxic doses o f  M DM A. Using a ["C ] 

radiolabelled ligand that binds specifically to the serotonin transporter protein, it has been shown that in 

humans with a history o f  M DM A use, lasting decreases in ligand binding occurred, correlating with brain
. . 144 145

serotonin neurotoxicity ’

N
H

(61)

1.4 CONSUMPTION, TRAFFICKING AND SEIZURES OF AMPHETAMINES

1.4.1 Human Consumption

Am phetam ine and M etham phetamine

Abuse o f amphetamine and methamphetamine has been calculated to affect some 0.6%  o f the global 

p o p u l a t i o n W h i l e  in Europe amphetamine is the drug o f  choice, in South-East Asia and North America 

m etham phetamine is more popular. There are indications that, in contrast to trends observed in the early 

1990’s, the peak o f  amphetamine and methamphetamine use in W estern Europe may have passed. Their use 

in the United Kingdom, Europe’s largest market, rem ained stable over the 1996-1998 period with a 

significant decrease over 1997-1999 in Spain, Europe’s second largest market''*^. However, in eastern 

Europe strong increases in consumption o f  amphetamine and metham phetamine have been observed. In 

contrast to signs o f stablisation in North America and W estern Europe the abuse o f  methamphetamine, in 

particular, has grown rapidly in Asia'^“.

M ethylenedioxyam phetam ines

About 0.1% o f  the global population age 15 and above consume MDMA. Some 60% o f  global 

consum ption is concentrated in Europe. W estern Europe and North Am erica together account for almost 

85% o f  global c o n s u m p t i o n I n  line with am phetam ine and methamphetamine, abuse o f  the 

methylenedioxyamphetamines has stabilised in W estern Europe. In contrast, the United States has seen a 

steady upw ard trend in MDMA use, particularly in 1999 and 2000. Again, Asia has seen a rapid increase in 

M DM A use, particularly in China''*’ .

1.4.2 Drug Trafficking and Seizures o f Amphetamines

The main quantitative indicator for estimating the extent and pattern o f  trafficking is seizure 

statistics. Following a steady rise since seizures were first reported in the late 1980’s to mid 1990’s in the 

European Union, the number o f  methylenedioxyamphetamine seizures fell or stabilised in most member
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states in 1997 and 1998. The number o f  tablets found steadily increased to a peak o f  9.9 million in 1996 

before falling to 4.2 million in 1997 and rising again to 6.2 million in 1998’̂ '.

In 1999, the largest seizures o f  methylenedioxyamphetamine tablets world wide were reported, like 

in previous years, from the United Kingdom. The second largest annual seizure took place for the first time 

in recent years in the United States, followed by the Netherlands, France, Germany, Belgium, Spain, Italy 

and Ireland*^^. In total, 50 countries reported seizures o f  methylenedioxyamphetamines in 1999, up from 35 

in 1998 and 13 in 1990“ .̂ W hile western Europe reported 99%  o f  all m ethylenedioxyamphetamine seizures 

(in unit term s) in 1992/93, its share fell to 75% by 1999, reflecting the increasing spread o f  trafficking to 

other parts o f  the world'^^. The first reported seizure in Ireland took place in 1 9 9 l‘ '̂*. The quantity o f 

methylenedioxyamphetamine tablets seized annually in Ireland is highly dependent on a few exceptionally 

large seizures. While 605,000 tablets were seized in 1998 from a total o f  466 seizures, over 1,000 individual 

seizures yielded just 229,000 tablets in 1999 (Table 1.6)'^’ . One seizure o f  100,000 M DM A tablets in Dublin 

in 1999 accounted for 45%  o f the annual amount o f tablets seized'^^. Irish seizures are dwarfed when 

com pared to the United Kingdom, where over 6 million tablets were seized in 1999 (Table 1.6)'^^.

M BDB first appeared on the world market in Europe in 1994. Seizures reached a peak in 1997"^. 

In general, the quantities o f  MBDB seized have been small when com pared to MDMA. In the United 

Kingdom, 238 seizures o f  MBDB between January 1997 and June 1998 yielded over 83,000 tablets"^. In 

Ireland, 4,074 tablets were seized in 1996 and 1997 com bined"^. It has been reported that seizure rates o f  

M BDB in the United Kingdom are several times higher than in other European M ember States. The

N etherlands is suspected to be the prime source o f  MBDB in Europe"^.

The Netherlands is again suspected o f  being the main source o f  4-M TA^‘’ The drug is almost 

exclusively abused in Europe. As the first seizure o f 4-M TA took place in 1997, there is limited data on 

statistical trends o f  4-M TA seizures. There were no seizures o f  4-M TA in North Am erica up to the end o f 

1999^’. Four seizures totaling 56 tablets were reported in Australia in early 1999. About 37,000 tablets

containing 4-M TA were seized in Europe in 1998, including two seizures o f  25,260 and 10,000 tablets in the

United Kingdom and Belgium respectively^'. The seizure o f 25,780 tablets o f  4-M TA in the United 

Kingdom in 1998 was small in comparison to the 2.1 million methylenedioxyamphetamine doses seized the 

same year (Table 1.6).

Table 1.6 : Numbers o f tablets seized and total number o f seizures o f  methylenedioxyamphetamines* in 

Ireland and the United Kingdom, 1990-1999'^^’

Country 1999 1998 1997 1996 1995 1994 1993 1992 1991 1990

Number of tablets seized (thousands of doses)

Ireland 229 605 18 19 124 29 2 1 1 -

United

Kingdom

6,323 2,127 1,925 5,798 554 1,564 302 554 365 44

Number of individual seizures

Ireland 1,064 466 347 405 571 262 135 65 41 -

United

Kingdom

6,438 4,849 5,087 6,211 5,513 3,574 2,336 2,399 1,735 399

* includes MDA. MDMA, MDEA, MBDB
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1.5 CLANDESTINE DESIGNER AMPHETAMINE LABORATORIES

Strict legislation governs the manufacture and sale of illegal drugs. Due to a lack of legitimate 

supply sources, underground (clandestine) laboratories have been set up to fill the market vacuum.

One characteristic o f the illicit manufacture of amphetamines is their simple synthesis which has 

facilitated the set up o f a large number of clandestine laboratories. The level o f sophistication of the 

laboratories varies considerably, ranging from kitchens to high-tech laboratories with the latest 

pharmaceutical equipment‘s*.

“Recipes” for the manufacture of amphetamines are widely available through underground literature 

and especially through the Internet. Modem information technology plays a crucial role in the spread of 

clandestine drug synthesis, by offering any lay person answers to questions such as; what chemical 

precursors to use; where to get them; how to evade detection and how to set up a simple kitchen 

laboratory'^*.

“PiHKAL”, a book published by Shulgin and Shulgin in 1991 and often found in illicit laboratories, 

details the synthesis o f almost 200 designer amphetamines and phenethylamines‘‘̂ . The book offers 

encyclopaedic monographs of dosages, durations of action and syntheses and includes an account of the 

human effects o f most compounds listed. The volume is freely available to the public and is published on the 

Internet'^’ . There is justifiable concern that the availability o f “PiHKAL” may bring a whole range of new 

substances and precursors to the attention o f both consumers and illicit producers.

The main indicator for estimating the extent o f global illicit manufacture is data on the detection and 

seizure o f  clandestine laboratories. However, fewer detections do not necessarily imply less manufacture, 

which could well be concentrated in fewer but larger laboratories.

The manufacture of methylenedioxyamphetamines continues to be concentrated in western Europe, 

which supplies markets in many parts of the world, including North America and south-east Asia. In 1999, 

the Netherlands reported the detection o f 24 laboratories manufacturing methylenedioxyamphetamines, 

Belgium detected 4 and Germany and the United Kingdom one each’̂ .̂ Unlike the case o f amphetamine and 

methamphetamine, the production o f methylenedioxyamphetamines does not seem to have spread to eastern 

Europe to such a great extent. However the Ukraine appears to have emerged as a production site for 

synthetic drugs, with seven methamphetamine and three MDMA laboratories being discovered during the 

period 1997-1999'^^. The only clandestine laboratory manufacturing MDMA detected in Ireland was in 

Dublin in 1995‘s^

Detection of methylenedioxyamphetamine laboratories in the United States has occurred to a limited 

extent in recent years (2 laboratories detected in 1995, 6 in 1996, 10 in both 1997 and 1998) but in 1999 the 

number o f  discoveries increased to 14‘̂ .̂ A similar trend was noted in Canada. The number o f MDMA 

laboratories seized in Canada was between one and three during the early to mid 1990’s but increased to 

eight in 1999. Though MDMA seems to be increasingly manufactured in North America, Europe remains 

the primary source. In the United States, it has been estimated that 80% o f methylenedioxyamphetamines 

consumed originate from clandestine laboratories in the Netherlands and Belgium

During 1998-1999, five MDMA laboratories were found in Australia. However, the primary source 

of the drug in this region continues to be western Europe. Indonesia, which has become an important trans-
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shipm ent point for m ethylenedioxyamphetamines to south-east Asia and Australia, reported the detection o f  

one M DA/M DM A laboratory in 1999'^^.

1.6 SYNTHESIS OF AMPHETAMINE AND SOME DESIGNER ANALOGUES

1.6.1 Precursors of amphetamine and designer analogues

One o f  the essential conditions for the clandestine manufacture o f  any substance is access to a 

precursor that serves as the key building block for the synthesis. The precursor must fill a few basic 

conditions:

•  It has to have in its chemical structure some essential parts o f  the final molecule, so that it is possible to 

build the amphetamine through a relatively simple process, in a few steps, requiring few and easily 

available additional chemicals and relatively simple technology;

• The starting material should be cheap and easily available;

• The chemical structure o f  the precursor should provide for some flexibility in the synthesis. The number 

o f  alternatives that are available on legitimate chemical markets for a given precursor, the num ber o f  

end-products that can easily be made from that precursor, as well as the num ber o f  synthetic pathways 

that exist, or are possible, from a given precursor to a given amphetamine all contribute to the attraction 

o f  a starting material to clandestine operators. The methylenedioxyamphetamines. Figure 1.7 illustrate 

this versatility.

In the case o f  cocaine and morphine/heroin, one single starting material yields one end product. For 

the amphetamines in general, the relationship is a cascade in both directions: one key precursor may be

available from a number o f  sources and may serve as a starting material for several amphetamine end 

products; any end product may have several alternative precursors; and finally, synthetic pathways from a 

given precursor to a given end-product are numerous (Figure 1.7). Also, while the production o f  cocaine and 

heroin is dependent on large volumes o f  natural raw  materials only produced in certain geographical 

locations, manufacture o f  amphetamines requires lesser quantities o f  starting materials that are readily 

available. Lengthy and labour-intensive harvesting and extraction/isolation procedures, which are required 

for heroin and cocaine are not needed and risks associated with the protection o f  cultivation areas do not 

exist.
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Figure 1.1: Versatility o f methylenedioxyamphetamine synthesis

a) Several precursors for one end product

D riect precursors Indirect precursors 
(including raw m aterials)

Knd product

MDMA

1 -(3,4-methylenedioxyphenyl)- 
2-propanone (PMK)

t
piperonal ----------------

I
isosafroie

t
safrole

b) One precursor for several end products 

Precursor

3,4-methylenedioxyphenyl- 
acelic acid

piperonylic acid 

piperonyl alcohol

Raw m aterials
sassafras oil, 
camphor oil, 
ocotea oil

e.g. piperonal

End product

MDA, MDMA, MDEA, MBDB

c) Several alternative pathways from one precursor to one end product

Leuckart

Precursor

e.g. I -(3,4-methylenedioxyphenyI)- 
2-propanone (PMK)

Reductive amination End product

e.g. MDA

Oxime reduction

An increasing number of countries recognised the importance o f controlling precursors in the 1970’s 

and 1980’s. The international legal control o f trafficking of amphetamine precursors has become one o f the 

cornerstones of most drug control strategies'^*. Before 1988, there was no international system for the 

control o f precursors for amphetamine synthesis. This is in contrast to plant based drugs, such as heroin and 

cocaine where their precursors (coca leaf, opium, coca paste, morphine) have been under international 

control through the United Nations Single Convention on Narcotic Drugs since 1 9 6 l'^ . In 1988, under 

article 12 o f the United Nations Convention against Illicit Traffic in Narcotic Drugs and Psychotropic 

Substances 1988, four precursors o f  amphetamine and methamphetamine (phenylacetic acid (62), phenyl-2- 

propanone (P2P) (63), ephedrine (64) and pseudoephedrine(65)) were placed under international legal 

control'^*. In 1992, four precursors o f the methylenedioxyamphetamines (safrole (66), isosafroie (67), 

piperonal (68) and l-(3,4-methylenedioxyphenyl)-2-propanone (69)) were placed in Table 1 o f the 1988 

Convention (Figure 1.8). Table II o f the Convention lists a limited number o f other chemicals which are 

commonly used as solvents and general reagents in clandestine synthesis (e.g. acetone, diethylether,
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hydrochloric and sulfuric acids). The 1988 Convention provides, for the first time, the possibility o f  

gathering global data on precursor trafficking.

Key precursors are also covered at national level. In Ireland, the M isuse o f  Drugs (Scheduled 

Substances) Regulations, 1993 (S.I. 338 o f  1993) and am endm ents’̂ ', were introduced in accordance with the 

European Directive 92/10 9 / E E C A g a i n ,  the eight amphetamine precursors listed above are included in the 

regulations. The effect o f  these Regulations is to impose restrictions on the production, supply, importation 

and exportation o f  the substances concerned, which vary according to the extent to which the substances are 

likely to be used illicitly.

However, the nimiber o f  possible precursors is much larger than those listed in the 1988 

Convention. 3,4-M ethylenedioxyphenylacetic acid (70), a homologue o f  phenylacetic acid (62), is a 

precursor o f  the methylenedioxyamphetamines which is not included in the 1988 Convention, even though its 

use in clandestine synthesis is documented*’*.

Enforcing the 1988 Convention and national regulations have proven difficult. The large number o f  

legitimate uses, and the ft-equently large volumes o f  licit trade, tend to set practical limits on a particularly 

strict control system for precursors. (For example, ephedrine (64) and pseudoephedrine (65) are used 

clinically as indirectly acting sympathomimetics in cough and cold remedies. Piperonal (68) is used clinically

manufactured and traded by a large number o f  com panies worldwide. There are, therefore, various sources 

o f licit supply, enabling clandestine operators to adapt quickly to the introduction o f  stricter controls in major 

supplier and transit countries and place orders with several suppliers worldwide simultaneously.

Figure 1.8 : Precursors placed under the United Nations Convention against Illicit Traffic in Narcotic Drugs 

and Psychotropic Substances 1988 ((62) is in Table / /  o f  the Convention, (63)-(69) in Table I).

a) Amphetamine and methamphetamine precursors

COOH

(70)

as a pediculocide and in the manufacture o f  perfumes) Also, unlike most end products, many precursors are

OH

COOH

(62) (63) (64) (1R,2S)
(65) (1 S ,2 S )

b) M ethylenedioxyam phetam ine precursors

(66) (67) (68) (69)
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As a result, trafficking and diversion routes are highly flexible. Effective monitoring of movements 

o f  precursors is also complicated by the variety of shipping routes, through a number o f intermediaries in 

different countries, which are used to disguise the final destination of the shipments.

Safrole (66), a key methylenedioxyamphetamine precursor, is made from various plant materials by 

steam distillation via intermediary oils which are marketed world wide (Table 1.7). The other three 

methylenedioxy precursors listed in the regulations are either conversion products made from safrole (or 

directly from the essential oils rich in safrole) or may be directly synthesised from other starting materials.

Table 1.7 : Natural sources o f  safrole (66/^^'

Essential oil Source % content (safrole)

Sassafras Sassafras albidim 85-90

Camphor (brown) Cinnamomum camphor a* 80

Camphor (yellow) Cinnamomum camphora 10-20

Mace Myristica fragrans 0.2-2

Nutmeg (East Indian) Myristica fragrans^ 0.6-3

Nutmeg (West Indian) Myristica fragrans^ 0.1-0.2

Star Anise Illicium verum <1

* The oil remaining after crude distillation of camphor (yellow) oil, * Oil obtained from the aril or pericap of 

nutmeg fruit, * Oil obtained from kernel

1.6.2 Signiflcance of impurities and im purity profiling of designer am phetam ines

As larger and larger consignments o f clandestinely manufacmred amphetamines are being 

intercepted throughout the world, law enforcement authorities require enhanced capacity to identify the 

supply sources o f such drugs, the distribution patterns followed and any links between samples o f seized 

drug. Drug characterisation and impurity profiling (the systematic characterisation o f seized drugs by 

physical and chemical means) are valuable scientific tools used to support intelligence-gathering and 

operational work by law enforcement officers.

Characterisation and impurity profiling o f seized amphetamines are increasingly being used to 

complement routine investigative work by law enforcement officers. Chemical links may be established, 

material from different seizures may be classified into groups o f related samples and the origin o f samples 

may be identified. This information may be then used for evidential purposes or it may be used as a source 

o f more general intelligence to identify drug trafficking patterns and distribution networks. Impurity 

profiling may also assist in identifying output from new illicit drug manufacturing laboratories and in 

monitoring synthetic routes commonly used in illicit drug manufacture. Impurities which arise from a 

particular route of synthesis and no other (so-called “route specific” impurities), can provide very useful 

information on determining the exact synthetic route used. Finally, impurity profiling may provide 

supportive evidence in cases where there is a need to differentiate illicitly manufactured drugs from those 

diverted from licit sources.
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The reasons for the presence o f trace impurities in clandestinely manufactured amphetamines are 

manifold : impurities may be generated in situ as by-products of drug manufacture; they may be already be 

present in the starting materials, reagents and/or solvents and may be carried over either unchanged or in 

another form to the final product; or they may arise from reactions of impurities present in starting materials. 

Additional impurities may be present that are unrelated to drug manufacture, such as inadvertent, external 

contamination, the deliberate addition o f small quantities of certain substances to improve the “quality” or 

“saleability” of the end-product (for example, the addition o f flavouring agents) and the introduction of 

impurities through contaminated cutting agents or excipients during tablet formulation. Impurities may also 

be formed through the way the drug is stored. Conditions such as temperature, humidity and time may affect 

the nature o f the impurities present.

Impurities present may have harmful effects on the drug user. A few examples include the

following:

•  Between May and June 2000, over 35 people died in Ireland and the United Kingdom as a result o f

injecting heroin contaminated with Clostridium novii, a bacterium normally found in soil‘“ .

• A^-Methyl-4-phenyl-l,2,3,6-tetrahydropyridine (MPTP) (72), formed in the illicit synthesis o f the

reversed ester of pethidine (71), l-methyl-4-phenyl-4-propionoxypiperidine (MPPP) (73) has been found 

to be responsible for producing irreversible parkinsonism in those individuals who have taken MPTP- 

contaminated MPPP as a heroin substitute'®*.

• Strychnine has been found in one batch of MDMA tablets from the Netherlands''’’ .

Pethidine (71) MPTP (72) MPPP (73)

1.6.3 Illicit and licit synthesis of amphetamines and their associated impurities

1.6.3.1 Synthesis of phenyl-2-propanone (P2P) (63), a key precursor of amphetamine and 

methamphetamine

Phenyl-2-propanone (P2P) (63) is the most common precursor used in the illicit synthesis of 

amphetamine. P2P is also used in the synthesis o f methamphetamine. Scheme 1.1 illusfrates the common 

methods used in the illicit synthesis o f P2P'®*. Several syntheses of phenyl-2-propanone (63) are described in 

the literature'®^. O f the three methods outlined in Scheme 1.1, the most frequently used in the illicit synthesis 

of P2P relies on refluxing phenylacetic acid (62) and acetic anhydride with base, such as sodium acetate or 

pyridine. Another popular method begins with benzaldehyde (74). A Henry condensation reaction between
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(74) and nitroethane in the presence o f  base produces the intermediate nitrostyrene (76). Reduction o f  (76) 

with iron powder in acid yields P2P.

CHO CH3CH2NO2,
base

(74)

NOo

(76)

CH3C02CH,CH3,
CH3CH20Na

(77)

o r e .

(75)

Fe,
CH 3COOH H2SO4

(CH3C0)20, 
pyridine or 
CH3C02Na

O

P2P (63)

COOH

(62)

Schem e 1.1

The most significant impurity arising from the various methods o f  P2P synthesis is dibenzylketone 

(78), formed during the phenylacetic acid reaction with acetic anhydride and base. P2P and (78) can be 

separated by fractional distillation. If the two ketones are not separated and the mixture is used for the 

synthesis o f  amphetamine and methamphetamine, (78) will react in a manner analogous to that o f  P2P in 

subsequent reactions, giving rise to additional im purities’™.

(78)

There has been one report in the literature concerning acute lead poisoning o f  two users o f  illicit 

m etham phetam ine'^'. The source o f  the lead was attributed to the illicit synthesis o f  P2P, contaminated with 

lead, via the dry distillation o f  phenylacetic acid and lead (II) acetate. Subsequent synthesis o f  

m etham phetamine from contaminated P2P resuked in amphetamine containing lead as an impurity.

1.6.3.2 Synthesis o f  key precursors o f  the m ethylenedioxyam phetam ines M DA, M DM A and M DEA

The most common industrial m ethod o f  synthesising two o f  the methylenedioxyamphetamine 

precursors, isosafrole (67) and piperonal (68), begins with safrole (66) (Schem e 1.2)'^^. Base-catalysed 

alkene isomerisation o f  the terminal double bond o f  (66) yields isosafrole (67). Peroxide oxidation o f  the 

conjugated double bond o f  (67) followed by oxidative cleavage o f  the resulting glycol provides piperonal 

(68).
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1) HBr, 2) aniline 
or KOH, EtOH

(67)(66)

1)HCOOH, H2 O0 ,
2) H5IO6 
or
H2O2, *̂C4H9 0 H, V20‘CHO

(68)

Scheme 1.2

Sassafras oil, the main source of safrole (6 6 ), also contains a number o f other allylbenzenes such as

eugenol (4-allyl-2-methoxyphenol) (79), and 4-allyl-1,2-dimethoxybenzene (80) 163 , 164 , 173 Other significant

components include camphor (81) and a-pinene (82). All o f these compounds have been foimd as impurities 

in the synthesis of MDMA via safrole. The identification of these route-specific impurities in a sample of 

MDMA would immediately indicate that the most probable synthetic route used in its manufacture began 

with the precursor safrole.

H3 CO

HO

\ /
HoCO

H 3 CO

(79) (80) (81) (82)

The use of safrole in the synthesis o f MDMA carries certain dangers. The compound has been 

shown to be a hepatocarcinogen in humans. Its main metabolite, 1'-hydroxysafrole (83), is thought to be the 

culprit'^. This compound is a much more potent hepatocarcinogen than safrole itself Clandestine 

manufacturers using safrole as a precursor put themselves at risk from the possible carcinogenic effects of 

this compound.

OH

(83)

The precursor l-(3,4-methylenedioxyphenyl)-2-propanone (PMK) (69) may be synthesised by a 

number o f  different methods, many of which are analogous to the synthesis o f P2P (63) (Scheme 1.1)'*̂ ’ 

Replacing the amphetamine precursor benzaldehyde with piperonal (6 8 ), and phenylacetic acid with 3,4- 

methylenedioxyphenylacetic acid (70) in Scheme 1.1 produces the P2P homologue, PMK (69). Once again 

the most significant impurity to arise from these reactions is a dibenzyl ketone, in this case l,3-di(3,4-
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methylenedioxyphenyl)-2-propanone (84), from the reaction o f  (70) with acetic anhydride and base. This 

impurity is significant, as it is route specific and does not arise from any other synthetic route to PMK.

(84)

The third synthetic route used illicitly in the synthesis o f  PM K is a two step synthesis from

isosafrole (67)',4 2 , 174 , 175 Oxidation o f  the double bond o f  isosafrole with hydrogen peroxide and formic acid

followed by sulfuric acid dehydration o f  the resulting glycol (85) yields PM K (Scheme 1.3).

OH

O
<

O

H 2 O 2 , HCOOH, H2SO4 o

-------------
o o

(67) (85) PM K (69)

Scheme 1.3

In addition to (85), the initial oxygenation o f  the conjugated double bond o f  isosafrole produces a 

number o f  products, including mono- and diformate esters o f  (85) These additional products are all 

converted to PMK upon treatment with sulfuric acid'^"*.

1.6.3.3 Synthesis o f precursors of the MDMA analogue, MBDB

o
o

Little is known o f the synthetic methods used in the illicit synthesis o f  MBDB, M BDB first 

appeared in the literature in 1986^'. In this paper, piperonal was used as the starting material yielding the 

M BDB precursor I-(3,4-methylenedioxyphenyl)-2-butanone (PEK) (86) in four steps (Scheme 1.4), 

Reaction o f  piperonal with the Grignard reagent o f  brom opropane yielded the intermediate 1-hydroxybutane 

(87). Dehydration o f  (87) provided the butene (88), the four carbon analogue o f  isosafrole. PEK was 

synthesised from (88) in a manner analogous to the synthesis o f  PM K from isosafrole.

OH

CHO CH3CH2CH2MgBr

(68)

KHSO,

(88)

OH

< J
H2SO4

O

PEK  (86) (89)

Scheme 1.4
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1.6.3.4 Presursors of the amphetamine analogue 4-MTA

Again, little is known o f the methods used in the illicit manufacture of 4-MTA. One reported 

clandestine laboratory seized in the Netherlands provided evidence that 4-methylthiobenzaldehyde (90) was 

employed as the precursor*'^’ In the first reported synthesis o f 4-MTA in the literature, (90) was also used 

as the starting material‘s*.

(90)

1.6.3.5 Synthesis of amphetamines from their precursors

A large number o f methods for the licit and illicit synthesis o f amphetamines are reported in the 

literature'^*. In general, single-step techniques, which require little knowledge of chemistry, are those most 

likely to be used in clandestine laboratories. An experienced underground chemist may use the more difficult 

routes. The most common general methods for the synthesis o f illicit amphetamines include the Leuckart 

reaction, reductive amination, oxime reduction and nitrostyrene routes'’ ’̂ Unique routes to the illicit 

manufacture of certain amphetamines also exist and include the synthesis o f methamphetamine fi'om 

ephedrine and pseudoephedrine'^’’ and MDMA fi'om safi'ole'™'

Leuckart reaction

The reaction is depicted for the synthesis of amphetamine in Scheme 1.5. Reaction of P2P with formamide at 

elevated temperatures yields the intermediate A^-formylamphetamine (91). Hydrolysis o f the formyl group 

with acid (H2 SO4  or HCl) gives amphetamine. MDA (23) can be prepared in a similar manner beginning 

with the appropriate propanone (69)'^*. Reaction conditions vary widely"'". Reduction o f the A -̂formyl 

group of (91) provides methamphetamine. MDMA (24)*̂  and MBDB (27)'*̂ ’ have also been prepared by 

this method.

Replacing formamide with //-methylformamide gives the 7V-formyl-A^-methylamphetamine 

intermediate. Subsequent hydrolysis o f the formyl group this time yields m etham phetam ineM D M A  may 

also be prepared by this method fi'om the appropriate precursor'™.

NH
180-195°C CHO 90-125°C,

(91)P2P (63)

Scheme 1.5

Due to the many possibilities for condensation o f the precursor propanone with formamide, a large 

number o f impurities can be formed in the first step of the synthesis, many o f which are route-specific to the

36



Leuckart reaction. For amphetamine, a series o f  characteristic route-specific pyrimidines (formed from one 

m olecule o f  P2P and two m olecules o f  formamide) and pyridines (formed from tw o m olecules o f  P2P and 

one m olecule o f  formamide) have been identified, for exam ple (92) and (93) ' ^’’ In addition.

the secondary amine (94), tertiary amine (95) and tertiary amide (96) have been isolated  

impurities have been reported for the Leuckart synthesis o f  MDA'*^’

A nalogous

(9 4 ) R =  H
(9 5 ) R = CH 3

(9 6 ) R =  CHO

(92) (93)

An unusual dihydropyridone (97) has also been isolated from crude illicit amphetamine prepared by 

the Leuckart synthesis'**. Finally, the dibenzyl amine (98 ) was identified as an impurity in one study o f  the 

Leuckart synthesis o f  amphetamine. The com pound was derived from P2P contaminated with 

dibenzyiketone (78). Similar dibenzyl-type impurities have been identified from M D A  and M D M A  

synthesised from PMK contaminated with l,3-di(3,4-m ethylenedioxyphenyl)-2-propanone (84)'**’

(97)
(98 ) R =  H
(99 ) R =  CH 3

N oggle  compared the relative toxicity o f  amphetamine and methamphetamine with their 

corresponding a-benzylphenethylam ine impurities (98) and (99) by determining the LDso’s (dose required to 

produce 50% death rate) and CDso’s (dose required to produce convulsions in 50% o f  animals tested) in m ice 

for each o f  the four compounds**^. The CD 5 0  for the impurities was found to be significantly lower than its 

corresponding LD 5 0 . The C D 5 0  for amphetamine is equivalent to its LD 5 0 . The study indicated that the a- 

benzyl impurities caused greater C NS stimulation, as noted by convulsions, than amphetamine or 

methamphetamine. Another study has shown the developm ent o f  sym ptom ology o f  a serotonergic syndrome 

in rats injected with (9 5 )‘**.

Methamphetamine prepared according to the Leuckart reaction contains less impurities than 

amphetamine, as A^-methylformamide, (used in the synthesis o f  methamphetamine), has fewer possibilities  

for condensation with P2P than formamide'*’ .

The Leuckart reaction is a more difficult synthesis than other ketone based schem es. R efiuxing is 

necessary to form the A^-substituted intermediate and, subsequently, hydrolysis or reduction o f  the final 

product. Longer reaction times are needed, yields are lower, and chemical apparatus must be used'**.

R eductive  Amination

The reductive amination o f  P2P to amphetamine (Schem e 1.6) illustrates the reaction. 

Condensation o f  P2P and ammonia follow ed by reduction o f  the intermediate imine yields amphetamine.
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The synthetic route tolerates a wide variety o f reaction conditions’*’. Low pressure and low temperature 

aminations are among the preferred conditions encountered. A wide range o f reducing agents may also be 

used, including NaCNBH3 , Raney-Ni, HgCl2-activated A1 powder or foil, Pt and Ni plated Zn'* ’̂ 

Recoveries of approximately 90% can be achieved if optimised reaction conditions are carefully maintained 

and freshly prepared Raney-Ni used, in contrast to 50% yield from the Leuckart reaction’®'. In Scheme 1.6, 

ammonia may be replaced by a primary or secondary amine, giving rise to amphetamines bearing secondary 

or tertiary amines.

NH 3 , reducing agent, +/-H2

® 20-170°C, l-130atm. ^ ^ 2

MeOH, EtOH or EtOH/HjO 
P2P (63) amphetamine (1)

Scheme 1.6

Verweij reported the detection o f a clandestine laboratory manufacturing MDMA in the 

Netherlands'®^. The method employed involved the addition of PMK and methylamine to a suspension of A1 

powder freshly treated with HgCK in ethanol. In their book, Shulgin and Shulgin detail the synthesis of 

many amphetamines including MDA, MDMA, MDEA and MBDB, by the reductive amination route'*^.

The reductive amination method appears to produce fewer impurities than the Leuckart reaction. 

Impurities identified in MDMA synthesised via this route include the alcohol (100), MDA (23) and 

dimethyl MDA (101 ) ‘̂ *. MDA and A ,̂A^-dimethyl MDA most likely arise from methylamine containing traces 

of ammonia and dimethylamine as impurities.

(100) (23) Ri = R2 = H
(101) R2 = R2 = CH3

Impurities (94)'^’ and (95)‘®̂ have been identified in the illicit syntheses o f  amphetamine and 

methamphetamine respectively. Other impurities have also been detected*^’’ As these impurities also 

arise in the amphetamines synthesised via the Leuckart reaction, they cannot be considered route-specific.

The reductive amination of PMK using NaCNBHs is probably the most attractive method for 

MDMA synthesis. The route requires little knowledge o f chemistry, has a wide application, offers little 

chance o f  failure, produces good yield, is done at room temperature and does not require expensive chemical 

apparatus or glassware'*®. The use o f pyrophoric activated Raney Ni (or other active catalysts) and hydrogen 

(which requires a hydrogenation unit and increased pressure) are drawbacks to other reductive amination 

methods.

Oxim e Reduction

This reaction is only useful in the direct synthesis o f  primary amines, such as amphetamine and MDA. The 

reaction is depicted for the synthesis o f amphetamine in Scheme 1.7. Condensation of P2P with

38



hydroxylamine in the presence o f base followed by reduction of the intermediate oxime (102) yields 

amphetamine. The synthetic method has only rarely been used illicitly'^*.

reducing agent, e.g.
LiAlH 4 , Raney-Ni/H 2

P2P (63) (102) amphetamine (1)

Scheme 1.7

Again, great differences have been described for the reaction conditions*’’. Among the reducing 

agents reported, Na (amalgamated), Na, LiAlH4 , Raney-Ni/H2 , Ni, Fe, Ni plated Zn are the most commonly 

used” ’’ Electrolytic reduction has also been reported. The two most significant impurities to arise from 

this synthetic route are aziridines, (103) and (104)'” .

(103) (104)

Nitrostyrene route

This method involves a Henry-Knoevenagel condensation reaction between an aldehyde and a 

nitroalkane in the presence o f base to give the corresponding nitrostyrene derivative. Reduction o f the 

intermediate nitrostyrene yields the desired primary amine. Scheme 1.8 depicts the synthesis o f 

amphetamine via this route beginning with the precursor benzaldehyde (74) via 1-phenyl-2-nitropropene
(7 ^)177, 190^

reducing agent, e.g.
LiAlH., H,/Pd

benzaldehyde (74) (76) amphetamine (1)

Scheme 1.8

(76) is also a useful intermediate in the synthesis o f P2P, as discussed previously. Again many 

reducing agents have been used in the reduction of the nitrostyrene intermediate, including Pd, Ni, Na 

amalgum and LiAlH4 '^ .  The only two clandestine laboratories illicitly manufacturing amphetamine to be 

detected in Ireland in 1979, were found to be using the nitrostyrene r o u t e L i A l H 4  was used as the 

reducing agent. MDA synthesised illicitly via the nitrostyrene route has also been documented in the 

Netherlands'®''. Again LiAlH 4  was employed as reducing agent. Shulgin and Shulgin in their book of 

designer amphetamines and phenethylamines used the nitrostyrene reduction route in the synthesis of many 

primary amines and precursor ketones'*^. In the first and only illicit laboratory detected manufacturing 4- 

MTA in the Netherlands, the nitrostyrene reduction route was the method employed"’"* .
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Among the impurities detected in illicit samples o f  amphetamine produced by this method, the 

secondary amine (94), previously detected from both the Leuckart and reductive amination methods, is the 

most significant. Impurities arising from the nitrostyrene route to MDA have also been examined and 

include the imine (105)'®'*.

(94) (105)

Synthesis o f methamphetamine from ephedrine and pseudoephedrine

In the 1980’s, the United States began to shift from P2P to ephedrine as the key precursor for illicit 

methamphetamine synthesis. China is reported to be the major illicit source o f  ephedrine'^®’ which it 

extracts from the Ephedra plant species. Ephedrine originating in China is shipped via  western European 

countries (tlie Netherlands, Gennany, Czech Republic) or via  other Asian countries to its prime export site. 

North America. In 1994, for example, o f  the 1,000 tonnes o f  ephedrine and pseudoephedrine imported by 

various countries, 95 tonnes were seized and determined to be destined for illicit methamphetamine 

m a n u f a c t u r e F o r  the first six months o f  2000, the Government o f  China reported a total seizure o f  more 

than 17 tons o f  methamphetamine and more than 10 tons o f  e p h e d r i n e M o r e  recently, it has been shown 

that pseudoephedrine is partly replacing ephedrine in some counfries as, in practice, the compound is less 

strictly controlled internationally''*. As a result, China has begun the cultivation o f  a species o f  Ephedra 

plant, rich in pseudoephedrine'**.

A novel, alternative source o f  ephedrine and pseudoephedrine involves its extraction from over-the- 

counter decongestant inhalers'’ .̂

Various methods o f  illicit manufacture o f  methamphetamine from ephedrine have been detected and 

include the Birch reduction, Rosenmund hydrogenation and Emde route'™’ The Emde route is the most 

popular method. This two step synthesis involves the nucleophilic substitution o f  the hydroxyl group o f  

ephedrine (64) or pseudoephedrine with a chlorine atom using SOCI2 (the most popular reagent used), PCI5, 

POCI3 or PCI3, followed by catalytic hydrogenation with Pd/H2 (the most popular method) or W H j  (Scheme 

1.9)'^. Reaction o f  ephedrine with SOCU yields the chloro analogue in near complete inversion o f  

configuration at the carbon alpha to the benzene ring, yielding chloropseudoephedrine (106)'®*.

(-)- ephedrine (64) (106) 

Schem e 1.9

Pd/H,

(+)-meth amphetamine

While other methods o f  synthesis yield a racemic mixture o f  methamphetamine, the use o f  optically 

pure (-)-ephedrine or (+)-pseudoephedrine produces the more potent (+)-methamphetamine enantiomer.
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The most significant impurity to arise from the synthesis o f  methamphetamine via  the Emde route is 

l,2-dim ethyl-3-phenyl aziridine (107) (formed by loss o f  chlorine from (106) fo llow ed  by internal 

cyclisation) and the intermediate (106)'*“’ (107) is considered extremely toxic, producing tissue necrosis,

respiratory tract irritation and inflammation and a variety o f  blood disorders'®^.

N
I
CH3

(107)

Syn th esis o fM D A  and M D M A  from  safro le  via the b rom oprop ane route

The reaction is shown for M D M A  in Schem e 1. 10 . M arkovnikov addition o f  HBr across the double 

bond o f  safrole (6 6 ) produces the intermediate 2-brom osafrole (108). N ucleophilic displacem ent o f  the 

bromine atom with methylamine yields the product, M DM A (24).

HBr

safrole ( 6 6 ) (108) M D M A  (24)

Schem e 1.10

In 1991 N oggle described the forensic analysis o f  illcit M DM A synthesised from safrole . The 

safrole used had been steam distilled from sassafras root bark. Both the isolation o f  safrole and synthesis o f  

M D M A  were carried out in the same laboratory. Impurities identified from the seized crude M D M A  

included other constituents present in crude sassafras oil, (79)-(82), as w ell as a number o f  brominated 

com pounds. (109) and (110) arose from the Markonikov addition o f  HBr to eugenol (79 ) and 4 -a lly l-l,2 -  

dim ethoxybenzene (80) respectively'^^. ( I l l )  arose from an anti-M arkonikov addition o f  HBr to safrole'^^. 

Other compounds were also detected. (109) and (110) can also react with methylamine and so, compounds

(112) and (113) were detected as impurities. Finally, an unusual safrole dimer, (114), was identified. Its 

structure was determined by mass spectrometry.

H3 CO.

RO

,0
<o

Br

(109) R =  H
(110) R = CH3

( 111)

H iC O

H CH

(112) R =  H
(113) R =  CH 3 (114 )

Q

>
O
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Other methods of methylenedioxyamphetamine synthesis

Dal Cason details the sjoithesis o f M D A  from the substituted cinnamic acid starting 

material (115)“'̂ . Reduction o f the double bond o f (115) yields the carboxylic acid (116). M D A  may be 

synthesised from this intermediate via a Schmidt reaction (NaNa, H 2 SO4 ). Nucleophilic substitution of (116) 

with SOCI2 or PCI3 gives the corresponding acyl chloride (117), which may be converted to M D A  with 

NaNa, followed by hydrolysis (Curtis reaction). Finally, substitution o f the chlorine atom o f (117) with an 

amino group followed by a Hofrnann rearrangement o f the primary amide (118) also yields M D A .

<:j
Na(Hg) or Raney N i /  H i O

HO " O
<o H O ^O

( 116)SOCl-

(117) NaN

O

N HN a O C l/K O H  or 
K O B r/N a O H

( 118)

Scheme 1.11

Two methods for the synthesis o f M D M A  from M D A , have been documented. Formylation o f 

M D A  with either ethylchloroformate‘ *̂* or ethyl formate”*̂ , gives A^-formyl M D A . Reduction o f the formyl 

group with either Red-Al'^* or L iA lH /^ ’ yields M D M A . Alternatively, the primary amine o f M D A  may be 

directly alkylated with iodomethane, producing MDMA'®^. A ,̂A^-dimethyl and the trimethylated quaternary 

derivatives were additionally generated as impurities. The illicit preparation o f TV-substituted analogues of 

M D A  from M D A  itself would require that M D A  be further chemically modified. As a result, it is unlikely 

that the clandestine chemist would continue to manipulate chemically a controlled substance (M D A ) to 

produce an analogue (M D M A ) o f similar potency, monetary value and marketability‘*®.

M D A  may also be acylated and the resulting N-acetyl derivative (119) reduced, giving rise to 

M D E A  (Scheme \

LiA lH ,

H ' 'C O C H

M D A  (23) (119) M D E A  (25)

Scheme 1.12
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1.6.3.6 Enantiospecific synthesis o f  am phetamines

The classical method o f  obtaining pure enantiomers o f  an amphetamine is by fractional 

recrystallisation o f  the racemic mixture using an appropriate chiral acid^“°.

Enantiospecific synthesis has been developed as an alternative means o f  obtaining the required 

optical isomers. The synthesis o f  optically active open-chain amines from ketones by asymmetric 

hydrogenolytic transamination has been well documented^”'. N ichols has shown a general applicability o f  

this reaction to the synthesis o f  various ring-substituted l-phenyl-2-aminopropanes and various analogues o f  

mescaline^”". In 1986 , Nichols prepared the single enantiomers o f  MDA, MDMA and MBDB by this 

method^'. The reaction is shown for the synthesis o f  S-(+)-M DA (Scheme 1. 13). Reductive amination o f  

PMK (69) with (S)-a-methylbenzylamine and W-2 Raney N i provided the intermediate S,S-{-)-N -a- 

phenethylamine (120). Catalytic A^-debenzylation o f  (120) yielded S-(+)-MDA (23a). Enantiomerically pure 

MDMA was prepared by A^-formylation o f  the appropriate enantiomer o f  MDA followed by reduction^'.

(S)-C6H5CH(NH2)CH3

PMK (69)

(23a) S-(+)-M DA

Scheme 1.13

Effenberger described a stereoselective synthesis o f  S-(+)-MDA, MDMA, MDEA and MBDB from 

(R)-cyanohydrins^®^. The final steps o f  the synthesis o f  (S)-(+)-M BDB (27a) is outlined in Scheme 1.14. 

The (lR ,2S)-l,2-am inoalcohol (121) (an analogue o f  ephedrine (64) and pseudoephedrine (65)), formed as an 

intermediate in the asymmetric synthesis, was converted to the oxazolidinone (4S,5R)-(122) by phosgenation 

o f (121). Catalytic hydrogenation o f  (4S,5R)-(122) yielded optically pure (S)-(+)-M BDB (27a).

COClo, toluene

NEt-

(122)
Pd /  C, Hj, 
EtOH, NEt;

.N
CH

(S)-(+)-M BDB (27a)

,N
CH

( 121)

Scheme 1.14

Very recently, Nichols has described an interesting asymmetric synthesis o f  the hallucinogenic 

amine R -(-)-(60) (Scheme 1.15)^. A Friedel-Crafts aromatic acylation o f  the tetrahydrobenzodiftiran (123)
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with the acid chloride o f  optically pure, A^-trifluoroacetyl protected R -(-)-alanine, (124 ), provided the 

intermediate propiophenone (125). Reduction o f  (125) fo llow ed  by bromination o f  the aromatic ring 

afforded the amide (126). Aromatisation o f  the tetrahydrodifuran rings fo llow ed  by deprotection o f  the 

amino group yielded the desired end product, R -(-)-(60 ). The S-(+ ) enantiomer o f  (60) w as also prepared, 

using S-(+)-alanine as the appropriate amino acid starting material^”.

H O O C ^ N H ,

CH3

R -(-)-a lan ine

1) N E tj, CFjCO OEt, M eOH

2 ) (C 0 C1)2, CH 2CI2, pyridine

CIOC.
COCF3I

C H .

(124)

AlCl

( 123 )

COCF
I 1) E tjSiH , CF3COOH,

2) Br2,AcOH

CH
Br

(126)
1) D DQ , dioxane

2 ) N aO H , M eOH, HjO

NH-

CH

R -(-) -(6 0 )

COCF
I

N ,

CH

(125)

Schem e 1.15

1.7 SUMMARY AND OBJECTIVES

3,4-M ethylenedioxym etham phetam ine (M D M A , E cstasy) and other amphetamine-type compounds 

have becom e popular drugs o f  abuse over the past number o f  years. D etailed know ledge o f  the synthetic 

methods em ployed in their manufacture by clandestine chem ists provides valuable information to drug 

enforcem ent agencies and may assist in the detection and seizure o f  illicit laboratories with subsequent 

reduction in supply. Knowledge o f  the impurities that may arise from the synthesis o f  illicit amphetamines 

fijrther strengthens this investigative power for the determination o f  the synthetic route, w hich may have been 

used in the illicit manufacture o f  a seized batch o f  amphetamine tablets. The ability to identify impurities, 

which arise from one particular route and no other, so-called route specific impurities, are o f  particular 

interest to the forensic chemist.
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Much information has been assimilated concerning the pharmacology o f MDMA, its butanamine 

analogue 2-A^-methylamino-l-(3,4-methylenedioxyphenyl)butane (MBDB), and 4-methylthioamphetamine 

(4-MTA). However publications concerning the synthesis and pharmacological activities o f ring substituted 

derivatives o f MDMA, MBDB and 4-MTA are lacking. A number o f drugs, which are highly selective 

serotonin reuptake inhibitors, known as SSRI’s, are clinically used in the treatment of depression. Chemical 

modification of MDMA, MBDB and 4-MTA may result in compoimds producing increased selectivity and 

potency in the inhibition o f serotonin reuptake via the serotonin transporter protein (SERT) and may 

ultimately lead to new drug candidates with potential antidepressant properties.

The objectives o f this thesis are twofold:

1. To explore the synthesis and impurity profile o f a number o f amphetamine-type drugs o f abuse in a 

controlled laboratory setting. Compounds to be explored include;

• Several derivatives o f MDMA and MBDB bearing an amino functionality at carbon 1, carbon 2

or carbon 3 of an alkyl side chain, between two and five carbons in length. These compounds

are discussed in Chapter 2;

• 4-MTA and related derivatives with an amino functionality on carbon 2 o f alkyl side chains 

between three and four carbon atoms in length, discussed in Chapter 3.

• In addition. Chapter 4 explores the specific synthesis o f a number of forensically important 

route specific impurities of MDMA and 4-MTA.

2. To prepare a number o f novel derivatives o f MDMA, MBDB and 4-MTA in order to explore, in future 

work in this Department, their ability to inhibit the SERT protein.

• Chapter 5 explores the aromatic substitution at position 6 o f MDMA and MBDB by a wide

variety of groups of varying sizes and electron densities.

• Finally, Chapter 6 focuses on the preparation o f several novel A^-substituted derivatives o f 4- 

MTA and its isobutylamine analogue, where the aromatic 4-methylthio substitutent has been 

replaced by a thioethyl group.
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CHAPTER 2

SYNTHESIS AND IMPURITY PROFILING OF MDMA 

AND RELATED METHYLENEDIOXYPENYL DERIVATIVES

2.1 INTRODUCTION

The widespread abuse o f  amphetamines has meant that much effort has been devoted to examining the 

methods which underground chemists employ in m anufacturing these compounds.

This chapter presents a com prehensive study o f  the laboratory syntheses and impurity profiles o f  

methylenedioxyamphetamines and related methylenedioxy derivatives, focusing on the m ost frequently 

encountered illicit synthetic routes, outlined in Chapter 1. The objective is to provide a chemical impurity 

fingerprint for the major types o f  illegal amphetamines which would be usefiil for forensic scientists. The 

chapter is divided into three sections:

•  M ethylenedioxyamphetamine derivatives bearing nitrogen substituents on carbon 2 o f  the carbon 

backbone with a backbone chain length ranging from three to five carbons (R[ = methyl, ethyl, propyl) 

(127),

•  M ethylenedioxyamphetamine derivatives bearing nitrogen substituents on carbon 1 o f  the carbon 

backbone with a backbone chain length ranging from two to five carbons (R, = methyl, ethyl, propyl, 

butyl) (128),

•  M ethylenedioxyamphetamine derivatives bearing nitrogen substituents on carbon 3 o f  the carbon 

backbone with a backbone chain length o f  four carbons (129).

(127) (128) (129)

Each section is further subdivided into the synthesis and impurity profiling o f  key precursors, 

followed by the synthesis using illicit methods o f  the am phetamine derivatives o f  interest.

It is difficult to duplicate clandestine manufacturing m ethods in laboratory studies for the following 

main reasons:

•  The unavailability o f  authentic underground recipes,

•  The scale o f  reactions in controlled laboratory experiments is smaller than that used in clandestine 

laboratories and

• The need to take safety precautions in legitimate laboratories.
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As a result, the yields o f  impurities derived from the various synthetic m ethods detailed in this 

chapter and Chapter 3 (which examines the synthesis and impurity profiling o f  4-M TA and related 

derivatives) may not reflect accurately those obtained from illicit batches o f  seized am phetamines. However, 

the range o f  impurities identified through this work from the various synthetic m ethods m irrors those 

previously recognised in impurity profiling research. Furthermore, the emphasis o f  the w ork presented is on 

the detailed identification, by physical and spectroscopic means, o f  impurities, interm ediates and end- 

products. Many o f  the impurities have only previously been identified by mass spectrom etry and have never 

been isolated or synthesised specifically.

2.2 SYNTHESIS OF 3,4-METHYLENEDIOXYAMPHETAMINE DERIVATIVES 

BEARING AN AMINO FUNCTIONALITY ON CARBON 2 OF THE 

CARBON BACKBONE

2.2.1 Routes to be explored in the synthesis o f the key precursors, l-(3,4-m ethylenedioxyphenyl)-2- 

alkanones.

In order to synthesise the m ethylenedioxyamphetamines o f  interest for this chapter it was necessary 

to manufacture the required precursors. Based on the most likely synthetic methods an underground chemist 

would em ploy in the synthesis o f  methylenedioxyamphetamine derivatives bearing an amino functionality on 

carbon 2 o f  the carbon backbone, the most obvious precursors o f  interest were the l-(3,4- 

methylenedioxyphenyl)-2-alkanones (130). To prepare these precursors, a num ber o f  approaches will be 

explored (Figure 2.1);

•  A two-step synthesis via p-nitrostyrenes (131). This m ethod will provide the propanone and butanone 

precursors PMK (69) (R 2 =CH 3 ) and PEK (86) (R 2 =CH 2 CH 3 ).

•  A one-step synthesis o f  PM K and PEK from 3,4-methyIenedioxyphenylacetic acid (70).

•  The synthesis o f  PM K from isosafrole (67).

•  The multistep synthesis o f  PEK (86) (R 2 =CH 2 CH 3 ) and the analogous pentanone (abbreviated PPK 

(/liperonyl /^ropyl te tone)) (R 2 =CH 2 CH 2 CH 3 ) derivative from piperonal via the alkenes (132).

All routes to the synthesis o f  the alkanone precursors (130) will be examined for impurities.
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Figure 2.1 : Synthetic routes to be explored fo r l-(3,4-methylenedioxyphenyl)-2-alkanones, key precursors to 

methylenedioxyamphetamine derivatives (R/ = CH3, CH2CH3)

O

< JO

CHO

(68)

R,

(132)

COOH

(67) (70)

R, = CH3, 
CH^CH

R
■2

(131)
(130)

2.2.2 Synthesis and impurity profiling o f l-(3,4-m ethylenedioxyphenyl)-2-nitro-l-aIkenes.

A substantial amount of literature has been devoted to the synthesis o f  P-nitrostyrenes'**. The 

Henry-Knoevenagel condensation o f  aromatic aldehydes with nitroalkanes is the classical route to P- 

nitrostyrenes. The reaction is catalysed by base and involves the addition o f  the carbanion from a nitroalkane 

to the carbonyl group o f  an aromatic aldehyde. Many basic catalysts have been used, including NaOH, 

ammonium acetate, various A' -̂alkylamines'* ’̂ and dimethylamine HCl with a catalytic quantity o f  

potassium fluoride (KF)^°^. Texer-Boullet reported a fast and efficient synthesis o f  P-nitrostyrenes via the 

Henry condensation, without the use o f  solvent, using microwave radiation^® .̂ Other approaches include the 

direct nitration o f  styrenes with tetranitromethane*'^ or nitryl iodide^®*.

The desired 3,4-methylenedioxy substituted nitrostyrenes (133) and (134) were prepared in this 

work by the Henry-Knoevenagel reaction using piperonal (68) and either nitroethane (pKa = 8.57) or 1- 

nitropropane (pKa = 9.98) in the presence o f  base under different conditions. The bases used were 

cyclohexylamine"*^ (Method A) and a combination o f  dimethylamine HCl and a catalytic amount o f  

(Method B). Table 2.1 lists the nitrostyrenes synthesised and the yields obtained from each method.
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Table 2.1 : Yields and melting points o f nitrostyrenes(133) and (134) using Methods A and B*

R 1NO 2 , base

(68) (13 3 )-(1 3 4 )

Compound

No.

Ri R: Yield (% ) 

(M ethod A & B)

m.p. °C

(133) CH2 CH3 CH3 A : 52, B : 78 93-94 (lit. 97-98)“̂

(134) CH2 CH2 CH3 CH2 CH3 A : 33, B : 62 64-65 (lit. 64-65)“-

*Method A : cyclohexylamine; Method B : dimethylamine HCl, KF

The reaction mechanism for Method A is depicted in Scheme 2.1^°’. The acidic nitroalkanes (135) 

are easily deprotonated on the carbon a  to the electronegative nitro group by a number o f different bases, 

forming a resonance-stabilized anion (135a-135c). Nucleophilic attack by the carbanion (135b) on the 

carbonyl group of piperonal (6 8 ) results in the formation of a p-hydroxynitro intermediate (136) which 

readily undergoes base catalysed dehydration, giving rise to the characteristically yellow-coloured conjugated 

nitrostyrenes (133) and (134). The reaction mechanism for Method B is believed to be similar to Method A. 

A Dean-Stark trap is used to remove water from the reaction to promote the formation o f  the product. A 

catalytic amount of KF is widely used as a catalyst in Michael additions and Henry condensations^®^' Its 

use has several advantages; a strong base is not required, catalytic amounts o f  KF are sufficient, separation of 

the catalyst is straightforward, yields are generally higher and the reactions are often successfiil when other 

strong bases are ineffective.

I  +  /  
R— C— KR— c - r K R— C==N,

(135b)(135a)(135)

base

CH

(68)

(136) (133)-(134)

Scheme 2.1
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The mother liquors that remained after recrystallisation of (133) and (134) from Methods A and B 

were extracted and examined for impurities as described in the experimental section. The presence or 

absence of impurities was determined by thin layer chromatography (TLC) of the liquor extracts. 

Examination of the organic extracts obtained from Method B revealed that there were no impurities formed 

from the reaction, although a spot corresponding to piperonal (68) (unreacted starting material) was observed 

on TLC. However, apart from piperonal, two impurities were detected in each of the mother liquor extracts 

from both the synthesis of (133) and of (134) by method A. The pair of impurities observed from each 

reaction had identical Rf values of 0.47 and 0.54 (mobile phase : hexane/diethylether : 70/30). Isolation of 

the two impurities from both reaction extracts, followed by spectroscopic analysis, revealed that the two pairs 

of impurities were identical and were identified as piperonaldoxime (137) and piperonylonitrile (138) 

respectively. The yields, melting points and IR data for both compounds are shown in Table 2.2.

Both impurities were characterised by IR, proton and ‘̂ C-NMR spectroscopy. The IR spectra of both 

compounds showed typical oxime and nitrile bands (Table 2.2). In the ‘H-NMR spectrum of oxime (137), 

the singlet at 8.05 8, integrating for one proton, corresponds to the imine proton of the oxime. The broad 

signal, centered at 8.40 6, also integrating for one proton, is the hydroxy function of the oxime group. In the 

eight-signal *^C-NMR spectrum of (137), the imine carbon is observed at 150.03 ppm.

In the '^C-NMR spectrum of nitrile impurity (138), the carbon of the nitrile group is observed at 

104.95 ppm. The signal at 118.80 ppm, corresponding to C-1, is slightly shielded by the nitrile group and, as 

a result, is found fiirther upfield than expected.

Table 2.2 : Yields, melting points and IR data o f impurities (137) and (138) obtained from the synthesis o f 

(133) and o f  (134) via Method A *.

(137) (138)

Impurity

No.

Impurity (% yield) 

from synthesis of 

(130) (131)

m.p. °C IRv„,ax (KBr) cm '

(137) 3 'y
J 117-118 (lit. 114-116)“ '' 3227,3253 (OH), 1631 (C=N)

(138) 6 7 92-94 (lit. 92-94)'“'' 2226 (C=N)

* cyclohexylamine, nitroethane/l-nitropropane, glacial acetic acid, steam bath, 6hr.

The mineral acid catalysed rearrangement of nitroalkanes to hydroxamic acids, with subsequent 

hydrolysis to the corresponding carboxylic acids and hydroxylamine, has long been known^‘“’ Young

has shown that when a mixture of 1-nitropropane (139), ammonium acetate and glacial acetic acid was 

refluxed for 72hrs, propionic acid (140) was obtained in 26% yield together with hydroxylamine (141) 

(Scheme 2.2)^'^. The presence of hydroxylamine was demonstrated by adding benzophenone to the reaction 

and trapping hydroxylamine in the form of benzophenone oxime"
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NH 4 OAC, CHjCOOH
CHjCH^CHjNOo ---------------------------------------- ► CH 3 CH 2 COOH + N H 2 OH

H2O
(139) (140) (141)

Schem e 2.2

During the synthesis o f  (3-nitrostyrenes (133) and (134), the nitroalkanes present in both reaction 

mixtures partly decomposed, as outlined in Scheme 2.3, to the corresponding acids and hydroxylamine (141). 

The presence o f  water is necessary to initiate nitroalkane decomposition. Although no water was deliberately 

introduced into the reaction mixtures, there was probably enough present as an impurity in the glacial acetic 

acid to initiate decomposition. Any hydroxylamine formed was trapped by piperonal (6 8 ), yielding 

piperonaldoxime (137). Piperonylonitrile (138) was generated by dehydration o f  (137). (The synthesis o f  

aromatic nitriles from substituted benzaldehydes is well known^’ )̂. The formation o f  water as a by-product 

would further augment nitroalkane breakdown.

As no impurities were formed in the synthesis o f  the p-nitrostyrenes via Method B, nitroalkane 

decomposition did not appear to occur. Method B involved the constant azeotropic removal o f  water by 

toluene from the reaction to a Dean-Stark trap. With no water available, the breakdown o f  nitroalkanes was 

inhibited. With Method A on the other hand, there was no such water removal system in place, resulting in a 

build up o f  water in the reaction over time.

CHO

(68)

cyclohexylamine
HjNOH + RCOOH 

(141)
CH,COOH

RCH2NO2

(137) (138)

Schem e 2.3

2.2.3 Synthesis o f 5-alkyl-3-aryl-l,2,4-oxadiazoles

Young in 1985 published a one-pot synthesis o f  5-methyl-3-aryl-l,2,4-oxadiazoles from aryl 

aldehydes, nitroethane and ammonium acetate^'^. The discovery was made during an attempt to increase the 

yield o f the p-nitrostyrene (143), synthesised by the Henry-Knoevenagel reaction o f  2,5- 

dimethoxybenzaldehyde (142), nitroethane, and ammoniimi acetate (ratio 1:1.5:0.8 ) via a 3hr reflux in acetic 

acid, as described in the literature (Method A, Scheme 2.4). The yield was 70%^'“’. Young attempted to 

increase the yield o f (143) by altering the proportions o f  (142), nitroethane and NH4OAC to 1:40:8 and
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refluxing the mixture for 72 hrs (Method B, Scheme 2.4)^‘̂ . The major product from this second reaction 

was determined to be 3-(2,5-dimethoxyphenyl)-5-methyl-l,2,4-oxadiazole (144) (26% yield), with a small 

amount of the nitrile (145) also isolated (yield not stated).

OCH OCH3

Method A - ^  ^C H O

.0.

(143)

Method B —N

OCH,

n; y CH-,

(144)

+

OCH,
C^N

Scheme 2.4

The mechanism o f formation o f oxadiazoles is believed to be an extension o f the synthesis o f oxime 

and nitrile impurities described previously. The synthesis o f (144) is used to illustrate the mechanism 

(Scheme 2.5). Aryl nitrile (145) is formed as an intermediate during the reaction in a manner analogous to 

the formation of piperonylonitrile (138) discussed in the previous section. Addition o f hydroxylamine 

(derived from the decomposition of nitroethane) to the nitrile gives rise to the aldoxime (146). Acylation by 

acetic acid yields (147) which rearranges to the O-acylamidoxime (148). (O-Acylamidoximes are known 

precursors of 1,2,4-oxadiazoles^'^). Cyclisation of (148) with concomitant loss o f water yields the oxadiazole 

(144). Since additional water is produced in these later condensation steps, the fijrther conversion of 

nitroethane to acetic acid and hydroxylamine is sustained. The overall mechanism o f oxadiazole formation is 

dependent on the conversion of the nitroalkane to acetic acid and hydroxylamine.

OCH

CHO

-H ,0

OCH

■C =N

OCH3

(145)

NHoOH

OCH3

CH 3

OCH3

OCH3

OCH,
(146)

CH3COOH
-H ,0

OCt^

(144) (148)

NH ^ C ^  
O "^ CH3

(147)

Scheme 2.5

In an attempt to increase the yields o f l-(3,4-methylenedioxyphenyl)-2-nitro-l-alkenes (133) and 

(134), a clandestine chemist may logically assume that by increasing the amount o f nitroalkane and base
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present in the Henry reaction and/or refluxing the mixture for an extended period o f time, increased yields of 

p-nitrostyrenes would result.

In this present work, it was therefore decided to perform an analogous Henry condensation reaction 

to that described for Method B, Scheme 2.4 above using piperonal as starting material, cyclohexylamine as 

base and either nitroethane or 1 -nitropropane to determine whether the corresponding oxadiazoles would be 

formed as impurities (Scheme 2.6). The yields and melting points o f the 5-alkyl-3-(3,4- 

methylenedioxyphenyl)-l,2,4-oxadiazoles (149) and (150) obtained and ‘̂ C-NMR resonance assignments for 

the oxadiazole ring are outlined in Table 2.3.

5 ^ R

RCH2 NO 2 , cyclohexylamine O — ^ 4  

CH 3 COOH, reflux, 72hr

(68) (149) R = CH3
(150) R = CH2CH3

Scheme 2.6

Table 2.3: Yields and melting points o f  methylenedioxyphenyl oxadiazole derivatives (149) and (ISO) and 

‘^C-NMR resonance assignments o f  the oxadiazole ring.

Compound

No.

% yield oxadiazole obtained using: 

nitroethane 1 -nitropropane

m.p. (°C) ‘"C-NM R (ppm) 

C-3 C-5

(149) 50 33 1 1 1 - 1 1 2  (lit. 1 1 0 )-'*' 168.05 176.25

(150) - 23 60-62 167.87 180.41

The isolation o f two oxadiazole derivatives from the reaction o f piperonal and 1-nitropropane can be 

explained from a study o f the reaction mechanism. C-5 o f the oxadiazole ring and the alkyl substituent 

directly attached to this carbon are derived from the organic acid present during the reaction. In the case 

where 1 -nitropropane is employed as the nitroalkane, its decomposition results in the formation and 

subsequent accumulation of propionic acid in the reaction mixture over time. Acetic acid is also present in 

the reaction as solvent. Both organic acids compete in the O-acylation o f the aldoxime intermediate in the 

reaction mechanism, resulting in a mixture o f O-acetyl and O-propionyl amidoxime intermediates. 

Subsequent cyclisation of the O-acylamidoximes affords the observed oxadiazole derivatives.

Infi-ared, ‘H-NMR and ‘̂ C-NMR were employed to characterise the ozadiazoles. The IR spectra of 

both (149) and (150) exhibit two peaks between 1627 and 1590 cm '' corresponding to aromatic (C=C) 

stretching, with weak methylene (C-H of OCH2 O) stretching observed at 2770cm‘‘. In the 'H-NMR 

spectrum o f (150), the ethyl group is observed as a triplet (J=7.8Hz) and quartet (J=7.5Hz), at 1.43 and 2.94 5 

respectively. The sharp singlet at 6.02 6 , integrating for two protons, corresponds to the methylenedioxy 

group of the aromatic ring. H-5', centered at 6 . 8 8  5, is split into a doublet by ortho coupling to H-6 ', with a 

coupling constant o f 8.0Hz. Both H-2' (at 7.51 5) and H-6 ' (at 7.63 5) are shifted downfield by 0.5 and 0.6 5

53



respectively relative to the p-nitrostyrenes (133) and (134), due to the deshielding effect o f the oxadiazole 

ring system. In the ‘̂ C-NMR spectrum there are a total o f 11 signals. The two signals o f the ethyl group at 

C-5 are observed at 10.73 (CH3) and 20.22 ppm (CH2). Inversion o f  the signal at 101.49 ppm in the DEPT 

135° spectrum confirms it to be the carbon of the methylenedioxy (O-CH2-O) group. This signal is 

characteristic o f compounds bearing a methylenedioxyphenyl fiinctionality and is usually observed in the 

region 98-102ppm. In the DEPT 90° spectrum (which presents only the tertiary carbons o f a compound), a 

small peak is still observed at 101.49 ppm corresponding to the methylenedioxy carbon. This is a result of 

the slow relaxation time (T |) o f the carbon upon irradiation due to the two adjacent electronegative oxygen 

atoms. C-2' and C-5' are seen at 107.39 and 108.52 ppm, with the C-6 ' aromatic carbon, deshielded by both 

the ortho oxygen and oxadiazole ring system, observed at 120.83ppm. Five quaternary carbons are to be 

found in the region 122-181 ppm o f the '^C-NMR spectrum. The signal furthest upfield corresponds to C-1' 

o f the aromatic ring whereas the deshielded aromatic carbons o f the methylenedioxy ring are observed at

148.03 and 149.95 ppm. Based on published ‘̂ C-NMR decoupling experiments carried out on similar 

substituted oxadiazoles"'^, C-3 and C-5 can be assigned to the resonances at 167.87 and 180.41 ppm 

respectively.

Although the presence of oxadiazoles as impurities has not been observed in illicit 

methylenedioxyamphetamine manufacture, based on the work described above it is theoretically possible that 

such impurities may arise, given the appropriate reaction conditions.

2.2.4 Synthesis of the precursors PMK and PEK from p-nitrostyrenes

One o f the most straightforward methods for the illicit manufacture o f precursor ketones is from p- 

nitrostyrenes. In their book “PiHKAL”, Shulgin and Shulgin synthesise many amphetamine derivatives from 

the corresponding ketones by reduction of P-nitrostyrenes'*^. Yields are generally high and side reactions are 

rare.

Many methods have been developed to effect the reduction o f conjugated nitrostyrenes and 

nitroalkenes to their corresponding ketones. Examples include the treatment of the nitroalkene with 

CrCU/THF^'^ or Fe/AcOH'*^’ or the addition o f tributyltin hydride (n-BusSnH)"'® or a suitable 

trialkylborohydride^‘“ (such as lithium tetraethylborohydride (LiEtsBH) or lithium tri-^ec-butylborohydride 

(Li(5-Bu)3BH), followed by hydrolysis of the resulting nitronate.

The method o f Shulgin and Shulgin was employed in this work to reduce the P-nitrostyrenes (133) 

and (134), using Fe in AcOH (Scheme 2.7)'* .̂

Fe,AcOH

^ O ^ ^ ^  NO2 steam bath, 2 hr O

(133) R = CH3 (69) R = CH3

(134) R = CH2CH3 (8 6 ) R = C H 2 CH3

Scheme 2.7
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This method was chosen for its simplicity and the ready availability o f Fe and AcOH to the illicit 

manufacturer. The ketones were then purified by vacuum distillation. No impurities were isolated from the 

synthesis o f both PMK and PEK. The yields, boiling points and IR data for PMK (69) and PEK (86) are 

presented in Table 2.4. The ketones proved to be relatively unstable at room temperature and were either 

refrigerated or used immediately upon preparation.

Table 2.4 : Yields, boiling points and IR data o f PMK and PEK.

Compound No. Yield (% ) b.p. (°C/mmHg) IRv^ax (film) cm ‘

(69) PMK 85 130/3.2 (lit. 108-112/2)*'^ 1710 (C =0)

(86) PEK 94 119-120/0.7 (lit. 98/0.11)“- 1712 (C =0)

In the infrared spectrum o f PEK (86), the strong, distinctive band at 1710cm ‘ is due to carbonyl 

stretching o f the ketone group. Table 2.5 shows the five absorption frequencies observed in the infrared 

spectrum o f PEK that correspond specifically to the methylenedioxyphenyl ring system. The five bands are 

commonly observed, to a greater or lesser extent, in most o f the methylenedioxyamphetamine precursors, 

derivatives and related impurities discussed in this chapter. The weak absorption band corresponding to C-H 

stretching of the methylenedioxy ring is the most likely band not to be observed in the IR spectrum. Two 

absorption bands in the fingerprint region, at 926 and 813cm‘' in the spectrum o f PEK correspond to the 

1,3,4-trisubstituted aromatic ring pattern of PEK. The presence o f all five bands in an IR spectrum suggests 

the existence o f a 1,3,4-trisubstituted methylenedioxyphenyl ring system in the compound of interest.

Table 2.5 : IR bands o f PEK and frequency ranges o f other compounds bearing 1,3,4-trisubstituted 

methylenedioxyphenyl ring systems.

Absorption frequency 

(PEK) (cm ‘)

G roup absorption Normal group 

absorption range 

(c m ')

Normal group 

absorption intensity

2780 C-H stretching of 

O-CH2-O

2790-2770 Weak

1247, Asymmefric and symmetric 1275-1200, Medium-

1039 aryl alkyl C-O-C sfretching 1075-1020 Strong

927, 1,3,4-frisubstituted 945-920, Medium

800 aromatic ring system 835-795

The mechanism o f nitrostyrene reduction with Fe in acetic acid occurs essentially in two stages 

(Scheme 2.8). The first stage involves a number o f successive electron transfers from Fe and proton transfers 

from acetic acid, forming the nitroso (151) and TV-hydroxy enamine ( 152) intermediates. (152) tautomerises 

to its preferred tautomer as the oxime (153). The second stage o f the mechanism entails the acid-catalysed 

hydrolysis o f the jV-hydroxy enamine ( 152) intermediate. Enamines are good nucleophiles and an
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examination of the resonance structures shows that they have both a nucleophilic nitrogen and a nucleophiHc 

carbon. Protonation of the enamine at C-1', affording (154) followed by attack on the resulting iminium ion 

by water upon workup, gives rise to the A^-hydroxy carbinolamine intermediate (156). Successive losses of 

hydroxylamine and a proton from the oxonium species (157) affords the desired ketones (158).

H

I
NO. -H ,0

OH

( 151)

R

OH

( 153)

H ,0

OHH

( 152 )

I':) + « • «  

h ' "  ^ o h

( 154)

II

( 158) ( 157)

o —h

OH

(155)

•OH

( 156)

Scheme 2.8

2.2.5 Synthesis of PMK and PEK from 3,4-methylenedioxyphenylacetic acid

The synthesis o f phenyl-2-propanone (P2P) (63) from phenylacetic acid (62) is a method commonly 

used in the illicit manufacture o f amphetamine and methamphetamine. A review of the literature by Allen in 

1992 concerning the published synthetic methods to P2P found three routes that have been used in the 

synthesis o f P2P from phenylacetic acid'®^:

• Dry distillation from Pb(OAc)2 , Ba(OAc) 2  or Ca(0Ac)2. Yields from this method are reported to be
_200 p o o r  .

• Passage o f a mixture o f phenylacetic acid and acetic acid vapours over a heated catalyst o f Th02^^' MnO

or MnCOs deposited on pumice. Yields are reported to be satisfactory^*.

• Refluxing a mixture of phenylacetic acid, acetic anhydride and base (either NaOAc^^^ or pyridine).

One underground “recipe” book concerning the illicit preparation o f amphetamine derivatives 

describes the detailed synthesis o f P2P using Th02 and acetic anhydride and pyridine. The book discusses 

licit sources o f reagents and glassware, workup procedures and distillation of the crude product‘̂ .̂
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Frank in 1983 examined the synthetic methods underground operators were using to synthesise P2P‘®*. 

Over 75% of laboratories seized were found to be synthesizing P2P from phenylacetic acid, acetic anhydride 

and either NaOAc or pyridine. 5% o f laboratories were using Th02 or MnO.

Although impurities that arise from the synthesis o f PMK (69) via 3,4-methylenedioxyphenylacetic 

acid have been detected in samples o f MDA and MDMA, no formal study o f the synthesis o f PMK or indeed 

PEK has been published. It was decided in this work to examine the synthesis o f both precursors using the 

appropriate anhydride and pyridine with 3,4-methylenedioxyphenylacetic acid (70) as starting material. 

Refluxing a mixture of (70) (leq), pyridine (6eq) and either acetic or propionic anhydride (5.5eq) for 7hr 

afforded PMK or PEK respectively in modest yields of 55% and 65% (Scheme 2 . 9 ) The ketones were 

characterised by IR and NMR techniques and were shown to be comparable to authentic samples.

O O

(70) (69) R = CHj
(86) R = CH2CH3

Scheme 2.9

A number of impurities were also isolated and identified from the reaction mixtures of both ketones. 

An E/Z  isomer mixture of the O-acetyl enol of PMK (159) and l,3-di(3,4-methylenedioxyphenyl)-2- 

propanone (84) were isolated by flash column chromatography from the synthesis o f PMK. An E/Z  mixture 

o f the (9-propionyl enol, (160), was isolated from the reaction o f PEK. Unreacted starting material was also 

detected from each reaction but not isolated. The yields, melting points and chemical shifts o f the H-1' 

protons of the impurities are presented in Table 2.6. Due to the cost o f the starting material the reactions 

giving rise to the above impurities were carried out on a relatively small scale (5.5mmol).

(159) R = CH3
(160) R = CH2CH3

(84)

Table 2.6 : Yields and melting points o f  impurities (159), (160) and (84).

Com pound

No.

f/Z -Isom er

ratio*

'H -N M R (8) H-1' % yield from the reaction of 

PM K PEK

m.p. (°C)

(159) 25/75 E :6 .1 8 , Z :5 .8 4 12 - Oil

(160) 10/90 E : 6.13, Z ; 5.86 - 12 Oil

(84) - 3.58 (H-1) 6 - 78-79 (lit. 79)-“

* determined from peak areas and chemical shifts of the vinylic protons in the 'H-NMR specfra
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Allen investigated the synthesis and impurity profile o f  P2P in clandestine drug laboratories from 

phenylacetic acid and acetic anhydride in the presence o f  sodium acetate or pyridine and also from the dry 

distillation o f  phenylacetic acid and Pb(OAc)2 '̂ ®. A total o f  21 impurities were isolated from each o f  the two 

routes studied. Among the impurities identified from the phenylacetic acid/acetic anhydride reaction were a 

series o f  alkenes and aldol condensation products, derived from side-reactions o f  P2P and acetic anhydride. 

The E- and Z- enol acetates o f  P2P and dibenzylketone were also detected, which are analogues o f  (159),

(160) and (84). Smith, in an earlier paper, also discussed the synthesis o f  P2P from phenylacetic acid/acetic 

anhydride/pyridine and the enol acetate impurities o f P2P were again detected. These are analogous to the 

impurities identified from the synthesis o f  PMK by this route (outlined above).

Two possible mechanisms for the synthesis o f  P2P have been proposed and are also applicable to 

the synthesis o f  PMK and PEK from (70). The first mechanism is believed to involve the decarboxylation o f  

an a-acylcarboxylic acid intermediate in a process known as the Dakin-West reaction'^’ . The mechanism o f  

the synthesis o f  PMK is outlined in Scheme 2.10. In the initial step an acid-anhydride equilibrium is 

established between (70), acetic anhydride and (161). Removal o f  a proton from the acidic methylene o f

(161) by base followed by attack o f  the enolate anion (162) on a further molecule o f  acetic anhydride gives 

rise to another mixed anhydride (163). Removal o f  an acetyl group from (163) followed by decarboxylation 

o f the p-keto acid (164) yields PMK (69).

R, = 3,4-methylenedioxyphenyl

H
I

.C . /O H  
R,-^/

H II 
O

(70)

H

R
■ H  IIo
(69) PMK

base

0

•) ^ H

0
h

R, /
-H"

' H Ih  II
0  0

(161)

-CO.

o.

R i '
H

O

(164)

-COCH, ^  ( f )
F— ^  r / /

H II IIo o
(163)

S c h e m e  2 . 1 0

However another mechanism is also suggested that may involve a cyclic intermediate. The product 

formed is dependent on whether the cyclic intermediate is orientated head-to-tail or head-to-head. The 

synthesis o f  PMK by this mechanism is depicted in Scheme 2.11. A head-to-tail transition state o f  the mixed 

anhydride (161) with either a further molecule o f  (161) or acetic anhydride affords PMK. Alternatively, a 

head-to-head  transition state o f  two molecules o f  (161) would afford the dibenzyl impurity l,3-di(3,4- 

methylenedioxyphenyl)-2-propanone (84). The mechanism would suggest that if  an excess o f  acetic 

anhydride is not used, the formation o f  (84) would be increasingly favoured.
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The absence of (84) from the impurity profile o f PEK may be due to a steric effect. Increased bulk 

o f the tail region of the mixed anhydrides depicted in Scheme 2.11 may hinder the head to head cyclic 

transition state, resulting in the absence o f (84) from the impurity profile o f PEK.

H ead-to-Tail R] = 3,4-methylenedioxyphenyl

base
H H

R
(161)

O O

Ri /
-CO,

H
(69) PMK

R"? ~  CH3 or

o o

H ead-to-H ead

base
H H

(161

O O

H

R,'̂ I
H

H

(84)

-CO, o

o o

Scheme 2.11

While (84) is a route specific impurity for the synthesis o f PMK via 3,4- 

methylenedioxyphenylacetic acid (70), its detection would not be enough in itself to distinguish whether 

PMK was synthesised using the reagent combinations o f acetic anhydride/base or Pb(OAc)2 . (84) can 

theoretically arise when either reagent combination is used*̂ ®.

The mechanism o f formation o f the novel, (9-acyl enol impurities (159) and (160) results from keto- 

enol tautomerism of PMK and PEK, enhanced by the presence of base. Acylation o f the anion (165) by either 

acetic or propionic anhydride affords the E/Z  enol ester impurities (Scheme 2.12).

Allen determined that the E- and Z- enol acetates o f P2P were route-specific impurities o f the 

phenylacetic acid/acetic anhydride/base combination'®. Their identification in a sample o f P2P would rule 

out the synthesis o f P2P from Pb(0Ac)2. The same logic could be applied to the synthesis of PMK and PEK 

via these two methods.
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(69) R i = CH 3  

( 8 6 ) R , =  CH 2 CH 3

(1 6 5 )

R , =  CH 3 , CH 2 CH

R,

o
(159) R , = R 2  = C H 3

(160) R , = R 2  =  CH 2 C H 3

S chem e 2.12

The structures o f  all com pounds isolated were determ ined by IR, ‘H- and '^C-NMR and low  

resolution mass spectrometry (LRM S). Proton and '^C-NMR spectra o f  the dibenzyl impurity (84) are 

discussed in detail in chapter 4. T w o sets o f  signals were observed in the proton and ‘̂ C-NMR spectra o f  

compounds (159) and (160), corresponding to the £-and Z- isom ers. For (159), several N M R  techniques 

were attempted to determine unambiguously which isomer constituted the major conform ation in the mixture. 

A positive NOE was expected to be observed for the Z-isomer between the vinylic proton on C-1' and the 

methyl protons o f  C-3'. M oloney used the sam e technique in 1990 to distinguish between a mixture o f  the E- 

and Z- enol acetates o f  P2P^ '̂’. For compound (159 ) how ever, the results from the N O E experiment proved  

inconclusive in both CDCI3 and D M S 0-t4 .

House in 1968 showed that the proton N M R  peak for the vinylic proton o f  enol acetates may be 

used in assigning stereochemistry^^^. In the isomer with the vinyl proton and acetoxy function cis, the 

position o f  the vinyl proton resonance occurs more dow nfield by 0 .2-0 .3  ppm than when the acetoxy function 

and vinyl proton are trans. Am ong the com pounds evaluated were the E- and Z-enol acetates o f  P2P. In the 

case o f  the Z-isomer, the proton resonance for the vinylic proton occurred at 5 .80 6  compared to 6.15 5 for 

the £-isomer^^^.

Similar resonance positions and shift differences were observed in the spectra o f  (159 ) and (160)  

(Table 2 .6). A s a result, the E- and Z- isom ers for both com pounds were assigned. The molar ratios o f  each  

isomer were determined from the areas under the vinyl proton peaks.

£ -(1 5 9 )

Oro
V--0

Z -(159)

The infrared spectrum o f  (159) show ed a weak characteristic band at 2780cm '', corresponding to C- 

H stretching o f  the m ethylenedioxy group. Carbonyl stretching o f  the acetyl m oiety was observed at
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1745cm ’‘, its position due to the inductive effect o f  the neighbouring oxygen atom. The peak at 1681cm ‘‘ 

corresoponds to alkene stretching o f  the enol ester.

Four signals are observed in the upfield region o f  the proton N M R  spectrum, integrating for a total 

o f  six protons. The H-3' methyl signals are easily distinguished from the acetyl group. Coupling o f  the H-3' 

protons to H-1' splits the resonances o f  the methyl protons into doublets, with a coupling constant o f  l.OHz 

for each isomer. The Z-isomer doublet occurs at 2 .07 5 with the slightly more dow nfield E- resonance at 2 .10  

5. Two singlets, integrating for 0 .75H  and 2 .25H , and located at 2 .18  and 2.21 5 correspond to the acetyl 

protons o f  the E- and Z-isomers respectively. The m ethylenedioxy Z-isomer protons are found at 5 .92 5 with 

the protons o f  the £-isom er at 5 .94 5. A shift difference o f  0 .33 5 is found between the two H-1' vinylic 

proton singlets. The vinylic proton o f  the Z-isomer occurs at 5 .84 5, with that o f  the £-isom er H-1' further 

dow nfield at 6 .17  5. Further evidence for assigning the Z-isomer as the major conform er can be found in the 

aromatic region o f  the proton spectrum. A  multiplet o f  aromatic protons, in the region 6 .72-6 .79  5 and 

integrating for 5.25H , corresponds to H-2, H-5 and H-6 o f  the £-isom er and H-5 and H-6 o f  the Z-isomer. H- 

2 o f  the Z-isom er is located further dow nfield as a doublet at 6.93 5 with a coupling constant o f  l.OHz. This 

significant shift difference in the aromatic multiplet may be due to the effect o f  the acetoxy group on the 

proximal H-2 proton o f  the Z-isomer aromatic ring. Such a shift would not be expected from the E- isomer.

A HMQC experiment was performed to aid the unambiguous assignm ent o f  the '^C-NMR spectrum. 

A s a result the peaks at 17.09 and 20.55 ppm were assigned to the methyl (C-3') o f  the E- and Z- isomers 

respectively. The methyl carbons o f  the acetoxy group are represented at 21 .02  (£-isom er) and 21.13 ppm 

(Z-isomer). The two peaks at 100.92 and 100.99 ppm, which are inverted in the DEPT 135° spectrum, 

correspond to the m ethylenedioxy (C H 2) carbon o f  the Z- and E- isom ers o f  (159). A  little fiirther dow nfield  

the tertiary aromatic carbons are displayed. With careful examination o f  the HMQC spectrum it was possible 

to assign a number o f  neighbouring aromatic resonances. The signals displayed at 108.08 and 108.18 ppm 

correlate with the aromatic C-2 and C-5 carbons o f  the Z-isomer. The equivalent carbons o f  the £-isom er are 

found slightly more downfield at 108.21 and 108.90 ppm respectively. A  2 .4  ppm shift difference occurs 

between the E- and Z- vinylic (C -T ) carbon with the Z-isomer located at 116.03 ppm and £ -isom er at 118.41 

ppm. The dow nfield aromatic tertiary peaks at 122.27 ppm and 122.50 ppm correspond to the C-6 carbons o f  

the Z- and £-isom ers respectively. The remaining signals o f  the spectrum represent quaternary carbons. An 

HM BC experim ent was also performed to determine long range C-H couplings. Examination o f  the resulting 

spectrum displayed long range coupling between the methyl protons o f  C-3' and the sm gle carbon peak at 

145.03 ppm, revealing it to be the vinylic (C-2') carbon o f  both the E- and Z- isomers. C-3 and C-4 are seen  

at 146.42 and 147.60 ppm for the Z-isomer with the £-isom er signals observed at 147.06 and 147.57 ppm. 

The remaining pair o f  signals in the spectrum belongs to the acetyl carbonyl group, at 168.44 and 169.43, 

representing the Z- and £-isom ers respectively.

In the GC frace o f  the low  resolution mass spectrum, distinct peaks for both E- and Z-isomers were 

observed, with the £-isom er eluting slightly before the Z-isomer. The mass spectra o f  both com pounds were 

identical in alm ost every respect, the only difference being a slight dissim ilarity in the intensities o f  som e 

peaks. The m olecular ion peak o f  m /z  220 for the £ -  and Z-isomers occurred with a relative intensity o f  32  

and 40% respectively. A  base peak o f  m /z 178 was observed for both isomers.
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2.2 .6  Synthesis o f  l- (3 ,4 -m eth y len ed io x y p h en y l)-l-a lk en es

The third method o f  interest em ployed in the synthesis o f  m ethylenedioxyphenyl alkanone 

precursors is via  the oxidation o f  an appropriate 1,2-alkene. For the synthesis o f  the propanone precursor 

PMK. the appropriate alkene, isosafrole (67), is com m ercially available. H ow ever, in the case o f  the butene 

and pentene precursors o f  PEK and PPK respectively, the alkenes are not com m ercially available and must 

be synthesised.

Isosafrole (67)

A convenient two step method has been described by Nichols^' and Shulgin'*^ for the synthesis o f  

the butene precursor o f  PEK and was pursued in this work. Shulgin has also reported the synthesis o f  the 

pentene precursor o f  PPK, using the same method**^. Their methods are outlined in Schem e 2 .13 . A  

Grignard reaction between piperonal and either propyl or butyl magnesium  bromide afford the 1-hydroxy  

intermediates. (87) and (116) in near quantitative yields. The secondary alcohols are then dehydrated by 

heating with a catalytic amount o f  KHSO4 until evolution o f  water vapour has ceased. Vacuum distillation o f  

the mixture afforded the pure alkenes ( 8 8 ) and (167 ) as colourless oils.

OH

(87 ) R =  C H 2 CH 3  

(166 ) R =  C H 2 CH 2 C H 3

K H SO 4

(88) R=CH2CH3
(167 ) R =  CH 2 CH 2 C H 3

Schem e 2 .13

In many cases, the hydrolysis step o f  Grignard reactions is carried out w ith aqueous dilute HCl or 

H2SO4. In the case o f  alcohols (87) and (166), an aqueous solution o f  ammonium chloride was used instead 

o f  strong acid, due to the risk o f  dehydration under acidic conditions o f  the alcohols upon workup. The 

yields and relevant IR data for the secondary alcohols (87 )“*̂  and (166)^^^ are outlined in Table 2.7.

OH

R (87) R =  CH 2 C H 3

J | J  (166 ) R =  CH 2 CH 2 CH 3

5

CHO M g, RCH 2 Br

(68)
R =  CH 2 CH 3 , CH 2 C H 2 CH 3

62



Table 2 .7 ; Yields and IR data o f alcohols (87) and (166).

C om pound No. Y ield  (% ) IRv^ax (film ) cm  '

(87) 96 3370 (O H ), 2777  (OCH 2 O)

(166) 97 3368 (O H), 2777 (OCH 2 O)

The dehydration o f  secondary alcohols (87 ) and (166) was straightforward. A  gently stirred mixture 

o f  powdered KHSO4 (5 mol %) and the appropriate alcohol w as gradually heated in an oil bath to 150°C  

when the evolution o f  steam began. After about 15 minutes at 150°C, the formation o f  water vapour ceased. 

The dehydration o f  the alcohols was presumed to be com plete at this stage. Y ields, boilm g points and proton 

NM R  assignments o f  the H-1' and H-2' protons o f  ( 8 8 ) and (167) are outlined in Table 2.8

Table 2.8 : Yields, melting points and H-1' and H-2' ‘H-NMR assignments o f  alkenes (88) and (167).

R
(88) R = CH2CH3 
(167 ) R = CH 2 C H 2 CH 3

C om pound No. Y ield  (% ) b.p. (m m /H g) ‘H -N M R ( 6 ) 

H r  H-2'

( 8 8 ) 78 106/0.5

(lit. 1 0 0 - 1 1 0 / 0 .8 )''̂

6.28

d, J t r a n s ^  15.6Hz

6.08

dt, J „ a n s =  15.6Hz, 

J2,3=6.5Hz

(167) 82 129/0.75

(lit. 100-110/0 .3)“’^

6.28

^ 5  Jtrans~ 1 5 .6 H z

6.04

dt, Jtrans 15.6Hz, 

Jz,3'=7.0Hz

A number o f  papers have been published with exam ples illustrating the use o f  KH SO 4  as a 

dehydrating agent^^’’ In all cases the a lcohols to be dehydrated were o ils, w hich is a necessity under

the reaction conditions. H owever Schuster successfu lly  dehydrated the crystalline tertiary alcohol (168 ) with 

KHSO 4  by carrying out the reaction in chlorobenzene and refluxing the mixture for 12hrs, affording the 

hexenone ketal (169) (Schem e 2.14)^^°. Other solid  catalysts w hich have been used on occasion include 

anhydrous CUSO4 , P 2 O 5  and AljOs^^*. The mechanism o f  dehydration with KHSO 4  and other solid  catalysts 

has been studied but is poorly understood^^*.

(1 6 8 ) (169 )

Schem e 2 .14
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The alkenes (88) and (167) were isolated as trans isomers, determined by the proton NMR coupling 

constant betw'een H-1' and H-2' o f 15.6Hz for both compounds. The structures o f both alkenes were 

unambiguously determined by IR, ‘H and '^C-NMR spectroscopy.

2.2.7 Synthesis of PMK, PEK and PPK by oxidation and dehydration of alkenes

In 1954, Fujisawa and Deguchi published a paper describing a two step synthesis o f PMK from 

isosafrole The reaction involves initial epoxidation and hydrolysis of the double bond o f isosafrole

with aqueous hydrogen peroxide and formic acid, followed by acid catalysed dehydration o f the intermediate 

glycol (85). In addition, Shulgin describes the synthesis o f PMK by this method and exploits the technique 

further by outlining the synthesis of PEK and PPK (172) from the alkenes (88) and (167) respectively''^. In 

the first reported synthesis of MBDB, Nichols produced the required precursor, PEK by epoxidation and 

hydrolysis of the butene (88) followed by dehydration^'. The general synthesis o f alkanones PMK, PEK and 

PPK from the appropriate alkenes pursued in this work is outlined in Scheme 2.15.

H2 O2 , HCOOH

O

(67) R = CH3 (85) R = CH3
(88) R = CH2CH3 (89) R = CH,CH3
(167) R = CH2CH2CH3 (171) R = CH2CH2CH3

R

(69) R = CH3 
(86) R = CH2CH3 
(172) R = CH2CH2CH3

Scheme 2.15

The synthesis o f the ketone precursors PMK, PEK and PPK by the above method is generally 

performed without isolation o f the intermediate glycol. After epoxidation/hydrolysis of the alkenes is 

complete, all volatile materials are removed from the reactions under reduced pressure, leaving the crude 

glycols which are dehydrated without further purification. The resulting crude alkanones are purified by 

vacuum distillation.

In 1994, Clark carried out a detailed impurity profile on the crude glycol residue obtained from the 

epoxidation/hydrolysis step of isosafrole*^''. This elegant study uncovered a number o f intermediate 

impurities, the majority of which were mono- and diformate esters o f the glycol (85). Clark also 

demonstrated that the glycol (85) and associated impurities were all quantitatively converted to PMK upon 

freatment with sulphuric acid and as such were not appropriate impurity markers for the ketone*^''.
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Lukaszewski in 1975 briefly mentioned the occurrence of such intermediate impurities in the synthesis of 

(85)'’’.

However, it was thought worthwhile for the purposes of this thesis to attempt to isolate any 

impurities that do arise from this intermediate step in PMK synthesis. In his study Clark determined the 

structures of the intermediate impurities using only low resolution mass spectrometry'^'*. Further 

spectroscopic analysis of each impurity would aid in the unambiguous determination of their structures. 

Similarly, impurity intermediates from the crude residues of glycols (89) and (171) were also isolated and 

their structures determined.

In the epoxidation and hydrolysis of the alkenes described above, a mixture of formic acid and 30% 

aq. hydrogen peroxide is used as the oxidising agent. An immediate equilibrium is established between these 

two reagents on mixing, resulting in the formation of peroxyformic acid and water (Scheme 2.16). 

Peroxyformic acid is the actual epoxidising agent in the reaction. It has been shown that peracids have 

intramolecular hydrogen bonds of the type depicted for peroxyformic acid below^^ .̂

0 -- -H
I! \

+  HoOt ^ --------------------- I I +  H2OH

peroxyformic acid

Scheme 2.16

The Prilezhaev reaction is a rarely used name for the epoxidation of alkenes with a peracid to yield 

epoxides. In the case of isosafrole (67) for example, peroxyformic acid epoxidises the alkene double bond, 

giving rise to the intermediate oxirane (174). The mechanism of epoxidiation of isosafrole by peroxyformic 

acid and subsequent hydrolysis is outlined in Scheme 2.17. The hydroxy oxygen of a peracid has a higher 

electrophilicity compared to a carboxylic acid. Peroxyformic acid reacts with isosafrole (67) by transfer of 

that particular oxygen atom to yield (174) and formic acid. The reaction most likely proceeds via the non

ionic spiro transition state (173) (known as the Bartlett butterfly mechanism), where the electrophilic oxygen 

adds to the carbon-carbon 71-bond of isosafrole while the proton simultaneously migrates to the carbonyl 

oxygen of formic acid^^^’ The reaction is stereospecific, in that a trans alkene gives a tram  epoxide.

Due to the acidic conditions of the reaction medium (formic acid is present in a 16 molar excess relative to 

isosafrole), epoxide (174) then undergoes Sn2 acid catalysed ring opening via the protonated intermediate

(175). Protonation of the epoxide oxygen assists ring opening by providing a better leaving group (an 

alcohol) at the carbon atom undergoing nucleophilic attack. The nucleophile, in this case water, will attack 

primarily at C-I' as opposed to the adjacent carbon. C-1' is the more highly substituted carbon atom and 

bears a greater and more stable positive charge during the opening of the epoxide. Loss of a proton from

(176) affords the vicinal diol (85) as an inseparable mixture of diastereomers.

O
//

formic acid
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(67) peroxyformic acid (173) (174) formic acid

R R
I 1 +

H— C—OH - h "  H— C—OH2 H — C O
:o — H

H— CH— C—OH H— C—OH
I I
CH3  CH3  CH3

(85) (176) (175)

R = 3,4-methyienedioxyphenyl

Scheme 2.17

Compounds (89) and (171) have not previously been reported. The glycols were isolated by 

chromatography on silica gel. Table 2.9 details the yields, melting points, IR data and Rf values o f the 

isolated glycols. It was found that (89) and (171) melted over a wide temperature range, due most likely to 

the presence of a mixture o f diastereomers in both crystalline solids. The structure of the butane glycol (89) 

was unambiguously determined using a variety of techniques, including IR, proton and '^C-NMR, low 

resolution mass spectrometry and elemental analysis. (89) was isolated as an 80/20 mixture o f diastereomers. 

The IR of (89) and ‘H- and ‘̂ C-NMR resonances of the major diastereomer are now discussed.

Table 2.9 : Yields, melting points, Rf values and IR data o f glycols (85), (89) and (171).

OH
(85) R = C H 3  

(89) R = CH 2 CH 3  

(171) R = CH 2 CH 2 CH 3

Compound

No.

Yield

(% )

m.p. (°C) Rf (mobile phase) IRv„,ax (cm ')

(85) 29 Oil (lit.l01-102°C)-^'’ 0.I7(Et2O/Hex.;65/35) 3380 (OH), 2779 (OCH 2 O)

(89) 38 60-73 0.17(Et,0/Hex.:50/50) 3382 (OH), 2781 (OCH 2 O)

(171) 37 60-73 0.19(Et20/Hex.:50/50) 3348 (OH), 2774 (OCH 2 O)

As expected, a strong, broad peak corresponding to O-H stretching of the vicinal alcohols is the 

dominating feature of the IR spectrum of (89). A weak band located at 2781cm '‘ is due to C-H stretching of



the methylenedioxy group. Further bands at 1246, 1038, 930 and 812 cm"' are due to the 1,3,4-trisubstituted 

methylenedioxyphenyl ring system. Their assignments may be deduced by reference to Table 2.5.

In the 'H-NMR spectrum o f (89) in CDCI3, a triplet centered at 0.92 5 and integrating for three 

protons corresponds to the H-4' methyl protons. These protons are coupled to the H-3' methylene protons 

with J4',3'=7.5Hz. The H-3' multiplet is observed between 1.26 and 1.43 5. Further downfield the broad

3.53 5. The doublet at 4.32 5, integrating for one proton, corresponds to H-1' with a coupling constant to H-2’ 

o f 7.5Hz. The additional deshielding influence of the neighbouring aromatic ring causes a further downfield 

shift o f the H-1' proton relative to H-2'. The methylene group o f the dioxole ring is located as a sharp singlet 

at 5.95 6 with the overlapping H-5 and H-6 aromatic protons further downfield as a multiplet in the region 

6.74-6.79 5. Finally, the most downfield aromatic proton, H-2, is observed as a singlet at 6.84 5.

Glycols (85), (89) and ( 171) were not the only compounds to be isolated from the reaction residues 

of the epoxidation/hydrolysis step (Scheme 2.18). From each o f the three reaction residues, a series o f novel 

1-formate, 2-formate and 1,2-diformate esters of the corresponding glycols were also obtained as oils by 

flash column chromatography. Small quantities of the alkanones PMK, PEK and PPK were also isolated.

The isolation o f formate esters from the reactions could be rationalised by the acid catalysed 

esterification of the glycols by formic acid present in the reaction medium. Formic acid catalysed 

dehydration o f the glycols accounts for the formation o f PMK, PEK and PPK.

The 2-formate (177), 1-formate ( 178) and 1,2-diformate ( 179) esters o f glycol (85) were isolated as 

inseparable pairs of diastereomers in ratios of 80/20, 65/35 and 60/40 respectively. Esterification o f the 

butane diol (89) resulted in the isolation of a single diastereomer of the 2-monoformate ester ( 180) together 

with an inseparable 55/45 diastereomeric mixture o f 1-monoformate ester ( 181). Each diastereomer o f the

1.2-diformate ester (182) was successfiilly isolated by flash column chromatography. From the reaction 

residue o f pentane glycol (171), the 2-formate ester derivative (183) was again isolated as a single 

diastereomer. The alternative diastereomer was not detected. 1-Formate ester ( 184) was obtained as an 

inseparable pair of diastereomers in the ratio 65/35. It also proved possible to isolate specifically each of the

1.2-diformate ester diastereomers (185).

OH

(89)

resonance located at 2.95 5 and integrating for two hydrogens corresponds to the glycol protons. The glycols 

exert an expected deshielding effect on protons H-1' and H-2'. As a result, H-2' is observed as a multiplet at
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OR-,

{x/i
(177)-(185)

<:m '
(69) PMK, (86) PEK .(172) PPK

Com pound No. R i R2 R3

(177)

Xu

H CHO

(178) CHj CHO H

(179) CH3 CHO CHO

(69) CH3 - -

(180) CH2CH3 H CHO

(181) CH2CH3 CHO H

(182) CH2CH3 CHO CHO

(86) CH2CH3 - -

(183) CH2CH2CH3 H CHO

(184) CH2CH2CH3 CHO H

(185) CH2CH2CH3 CHO CHO

(172) CH2CH2CH3 - -

Scheme 2.18

Characterisation o f each compound using spectroscopic analysis and low resolution mass 

spectrometry proved satisfactory. A comparison o f the low resolution mass spectra of esters (177)-(179) and 

those published by Clark also proved to be a c c e p t a b l e T h e  IR and relevant H-1' and H-2' ‘H-NMR data of 

compounds (177)-(185) are illustrated in Table 2.10. Unambiguous assignment of protons H-1' and H-2' 

carbon atoms C-1' and C-2' in the proton and ‘̂ C-NMR spectra o f (177)-(185) was aided when necessary by 

additional 2-dimensional TOCSY and HMQC NMR experiments.

HCOOH
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Table 2.10 : Spectroscopic details o f  formate esters (177)-(185).

C om pound

No.

(film) cm"' 'H -N M R  (8) 

H - r  H -2'

(177) 3436 (OH) 

2782 (OCH 2 O) 

17 1 9 (C =0)

4.75 (0.8H, m)

5.62 (0.2H, d, J i.2'=5.5Hz)

5.17 (0.8H, m) 

5.94 (0.2H, m)

(178) 3437 (OH) 

2780 (OCH 2 O) 

1721 (C = 0)

4.57 (0.65H, dd,

J i.2'=7.2Hz, J , .h=3.0H z) 

5.53 (0.35H, d, J,.2'=7.5Hz)

3.88 (0.65H, m) 

5.22 (0.35H, m)

(179) 2781 (OCH 2 O) 

1722 (C =0)

5.77 (0.6H, d, J,.,2=7.2H z) 

5.92-5.95 (0.8H, m, H-1', 

H-2')

5.34 (0.6H, m)

(180) 3446 (OH) 

2781 (OCH 2 O) 

1721(C = 0)

4.74 (IH , d, Jr,2'=4.5Hz) 5.07 (IH , m)

(181) 3448 (OH) 

2780 (OCH 2 O) 

1721 (C = 0)

4.58 (0.55H, d, J,.,2'=7.0Hz)

5.58 (0.45H, d, J,.2.=7,0Hz)

3.75 (0.55H, dt, J2-,r=8.0Hz, 

J2',h=3.5H z)

5.01 (0.45H, dt, J r .,-7 .3 H z , 

J2,h=4.5H z)

(182a)* 2779 (OCH 2 O) 

1725 (C = 0)

5.82 (IH,  d, J,. ,2=7.5Hz) 5.31 (IH , dt, J2.,,.=7.8Hz, 

J2.,h=4.5H z)

(182b)* 2781 (OCH 2 O) 

1724 (C = 0)

5.93 (IH,  d, J, r=7.5Hz) 5 .26(1H , dt, J 2 M - 9 .OHZ, 

J2.,h=4.5Hz)

(183) 3436 (OH) 

2782 (OCH 2 O) 

1719(C = 0)

4.75 (IH , d, Jr,2'=4.0Hz) 5.16 (IH , m)

(184) 3442 (OH) 

2778 (OCH 2 O) 

1719(C = 0)

4.57 (0.65H, m)

5.56 (0.35H, d, J i.2'=7.0Hz)

3.83 (0.35H, m) 

5.09 (0.65H, m)

(185a)* 1725(C = 0) 5.80 (IH , d, Ji r=7.5H z) 5.37 (IH , m)

(185b)* 2778 (OCH 2 O) 

17 2 5 (C = 0)

5.92 (IH , d, Ji r=5.0H z) 5.33 (IH , m)

*  diastereomers which were successfully separated by flash column chromatography

The infrared spectra o f  these formate esters reveal the ester carbonyl in the region 1719-1725cm '^ 

For the monoformate esters, the strong absorbance band in the region 3436-3448cm '' corresponds to hydroxy 

0 -H  stretching. Except for the diformate diastereom er (185a), a weak absorbance band in the region 2778- 

2782cm"' for each compound is observed, signifying methylene C-H stretching o f  the dioxole ring.

Separation o f the diastereomeric mixture arising from the diesterification o f  the glycol moiety o f  

(171) to produce (185a) and (185b) was achieved by gravity column chrom atography and confirmed by
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proton NMR. The more polar diastereomer (185a) exhibits the C-5' methyl substituent as a triplet at 0.85 6 

(J5'4=7.3Hz). a  multiplet in the region 1.20-1.55 6 corresponds to the four methylene protons H-4' and H-3'. 

The strong deshielding effect o f the formate ester group on C-2' shifts the multiplet H-2' proton resonance to 

5.37 5. An even stronger deshielding effect is exerted on the H-1' proton due to the formate ester and 3,4- 

methylenedioxyphenyl groups attached to C-1'. This proton is observed as a doublet at 5.80 5 (Ji 2=7.5Hz). 

These two protons have moved considerably downfield compared to the resonances for H-2' and H-1' o f the 

glycol (171). (In the glycol (171) H-2’ occurs as a pair o f signals at 3.60 and 3.75 5 with the resonances at 

4.29 and 4.52 5 attributable to H-1'). The singlet integrating for two protons at 5.97 5 corresponds to the two 

methylenedioxy ring protons. The doublet at 6.79 5 is attributable to H-5 of the aromatic ring and is coupled 

to H-6 at 6.84 5 (J=8.5Hz). H-6 is further split to a double doublet by coupling to the H-2 resonance at 6.86 5 

(J=1.5Hz). Two singlets at 8.06 and 8.11 6, each integrating for one proton, are attributable to the protons of 

both formate ester moieties.

OCHO

(185a) and (185b)

The 'H-NMR spectrum for the less polar diformate ester (185b) is quite similar to that o f (185a). 

The H-5' methyl protons are located at 0.88 5 as a triplet (J5,4=7.3Hz), with the H-4' and H-3' methylene 

protons resonating as a multiplet in the region 1.20-1.55 6. While the H-2' proton is observed at a similar 

frequency to its equivalent in (185a) (a multiplet at 5.33 5), H-1' of (185b) is shifted a fiarther 0.12ppm 

downfield to 5.92 8 (a doublet with Ji r=5.0Hz) when compared to its (185a) counterpart at 5.80 5. The 

methylenedioxy and aromatic protons are nearly identical in chemical shift value and multiplicity o f signals 

to those observed in the spectrum o f (185a). Both formate ester resonances of (185b) are located at 8.06 and 

8.10 5 as two singlets.

The ‘̂ C-NMR spectra for (185a) and (185b) are similar. The spectrum o f (185a) is now discussed 

in detail. The most upfield signal at 13.64 ppm corresponds to C-5'. The signals at 18.17 and 32.52 ppm are 

attributable to C-4' and C-3' respectively. These peaks are inverted in the DEPT 135°spectrum. With the aid 

of an HMQC experiment, it was possible to assign the neighbouring C-2' and C-1' carbon atoms to 73.91 and 

75.94 ppm respectively. The third peak which is inverted in the DEPT 135° spectrum corresponds to the 

methylene moiety o f the dioxole ring and is located at 101.32 ppm. Again, it was possible with the aid to the 

HMQC experiment to unambiguously assign C-5 and C-2 o f the aromatic ring to the resonances at 107.61 

and 108.42 ppm respectively. C-6 is assigned to the peak fiirther downfield at 121.43 ppm. Three quaternary 

carbons present in the '^C spectrum can be readily assigned. C-1 is located at 129.75 ppm with the C-3 and 

C-4 carbon atoms fiirther downfield at 148.05 and 148.1 Ippm. These three signals disappear in the DEPT 

135° spectrum. Finally two signals which appear in the DEPT 135° and DEPT 90° spectrum can be 

attributed to the tertiary carbons of both formate groups. These signals occur at 159.73 and 160.31 ppm.

The low resolution mass spectra o f diastereomers (185a) and (185b) were essentially identical in 

both fragmentation pattern and fi"agment abundance (Scheme 2.19). The molecular ion peak of (185a) M" 

(CnHieOe) is seen at m/z 280 at an abundance of 25%. A number o f high abundance fragments are readily 

discemable. The hydroxy base peak fragment at m/z 151 may be accounted for by either a-cleavage o f the

OCHO

70



m olecular ion, giving rise to the monoformate fragment m/z 179 (64% ) followed by loss o f  CO or by fu'st 

elimination o f  the 2 -formate fragment from the molecular ion with concom itant loss o f  two hydrogen atoms 

(giving rise to the alkene fragment m/z 234 (19% )) followed by a-cleavage and loss o f  CO. a-Cleavage o f  

fragment m/z 151 accounts for the methylenedioxybenzene fragment m /z 123 (17%). Subsequent loss o f  

OCH 2 from the dioxole ring produces the fragment m/z 93 (49%). Further loss o f  CO accounts for the 

lightest significant ion fragment observed, C5H 5" at m/z 65 (24%).

OCHO

OCHO 

M"" 280 (25% )

OCHO I

m /z 179 (64% )

m / z \ 5  \ (100% )

m/z  123 (17%)

OCHO

Schem e 2.19

The desired aUcanones PMK. PEK and PPK were prepared without purification by direct 

dehydration o f  the crude glycol residues with a mixture o f  15% aq. H 2SO 4 and methanol. This reaction step 

also involves initial acid catalysed hydrolysis o f  the monoformate and diform ate esters present as impurities 

in the crude glycol residues, giving rise to further glycol which is subsequently dehydrated. The crude 

alkanones resulting from the dehydration step were examined for impurities before being purified by vacuum 

distillation. The alkanones obtained were identified by IR and proton N M R  specfroscopy and were 

comparable to previous samples. Table 2. I I  outlines the overall yields o f  alkanones obtained from both the 

epoxidation/hydrolysis and dehydration steps.
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Table 2.11 : Overall yields o f alkanones PMK, PEK and PPK obtained from the two step synthesis from the 

corresponding alkenes.

(69), (86 ), (172)

C om pound No. N am e R Y ield  (% )

(69) PMK CH3 52

(86) PEK CH2CH3 60

(172) PPK CH2CH2CH3 55

Dehydration o f  alcohols by sulphuric acid follow s an E l mechanism^^’’ The principal

process involves conversion o f  ROH to ROH 2 " and cleavage o f  the latter to R*̂  and H 2 O. For diols, water is 

lost from the carbon producing the most stable carbocation. Thus for g lycols (85 ), (89) and (171), water will 

preferentially be lost at C-1', giving rise to the charged intermediate (186) (Schem e 2 .20). The carbocation  

stabilizes itse lf under the reaction conditions by loss o f  a proton from C-2' and formation o f  a double bond 

between C-1' and C-2'. The resulting enol (187) tautomerises, affording the desired alkanones in modest 

yields.

OH

H" -H2O O

<
O

R

OH

(186)

O
<

O

R

O

(187)

Schem e 2 .20

A nalysis o f  the crude alkanones before vacuum distillation by TLC showed that all o f  the 

monoformate and diformate esters had, as expected, been converted to the corresponding alkanones. For 

PM K and PPK no further impurities were formed during the dehydration step. However, examination o f  the 

PEK residue by TLC showed an additional spot, below  the spot corresponding to PEK, at Rf 0.26 (m obile 

phase : hexane/diethylether : 60/40). The crude PEK residue was divided into tw o portions. One portion was 

purified by flash colum n chromatography in order to separate the product and impurity. The second fraction 

w as vacuum distilled to determine whether the impurity w ould distill over with PEK. Subsequent 

examination o f  the resulting distillate by TLC showed this did occur. D etailed spectroscopic analysis 

revealed the impurity to be the methylated diol (189).
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The formation o f  (189) can be rationalised as outlined in Schem e 2 .21 . For the dehydration o f  the 

butane glycol (89), three nucleopliles were present in the reaction medium: water, hydrogen sulphate (H S 0 4 “) 

ions and methanol (used as co-solvent). Both water and HSO4" ions are w eak nucleophiles and do not react 

with the carbocation (188). Methanol is a relatively stronger nucleophile than water or H S 0 4 ~ ions and can 

react with carbocations by an SnI reaction. N ucleophilic attack on the carbocation (188 ) by methanol 

follow ed by loss o f  a proton affords the methylated diol.

O C H 3<x>v
(188) (189 )

Schem e 2.21

(189) was isolated as an oil from PEK in a 4% yield. It is significant that (189) was not rem oved  

from PEK by vacuum distillation. The impurity may be carried through to other steps in the synthesis o f  

B D B  and M B D B  if  proper care is not taken to ensure its removal. (189) is a novel, route specific impurity o f  

PEK and its detection in a clandestine sam ple o f  PEK would be strongly suggestive that PEK was made by 

the alkene route.

IR, proton and ‘^C-NMR and low resolution mass spectrometry were used for structural elucidation  

o f  (189). The IR spectrum showed an OH stretch at 3468cm ‘‘.

B ecause the methylated diol was isolated as an inseparable mixture o f  diastereomers, an additional 

set o f  signals appears in both the proton and '^C-NMR spectra. The diastereom eric ratio w as determined to 

be 75:25 by 'H-NM R. Signals corresponding to the major diastereomer are discussed below .

In the proton N M R  spectrum the terminal methyl protons o f  C-4' are found as a triplet at 0 .90  5, 

with a coupling constant to the H-3' protons o f  J=7.5Hz. H-3' is observed as a multiplet, integrating for two  

protons at 1.28 6 . The broad singlet at 2 .98 5 corresponds to the proton o f  the hydroxy group. The oxygen o f  

the m ethoxy group shifts the methyl singlet downfield to 3.25 5. Further dow nfield, tw o neighbouring 

resonances, each integrating for one proton are observed. They correspond to H-1' and H-2' and are easily  

distinguishable. The more upfield signal is a multiplet, corresponding to the H-2' proton, w hile the doublet at 

3.81 5 is H -1’, with a coupling to H-2' o f  8.0H z. The usual m ethylenedioxy singlet can be found as the 

dominant feature o f  the spectrum at 5 .96 5. Finally, H -2, H-5 and H - 6  o f  the aromatic ring occur as a 

multiplet in the region 6 .72-6 .86  5.

The m ost upfield feature o f  the '^C-NMR spectnim  is attributable to C-4' at 9.81 ppm. A  little 

further downfield, the peak at 25 .02  ppm, w hich is inverted in the DEPT 125° spectrum, corresponds to C-3'. 

The resonance at 56.42 ppm, which is not inverted in the DEPT 135° spectrum but disappears from the 

DEPT 90° spectrum is assigned to the methyl o f  the m ethoxy group. D eshield ing influences o f  the oxygen  

atoms attached to C-2' and C-1' shift both carbons considerably dow nfield  to 76 .27  and 87.63 ppm  

respectively. It is interesting to note the extra deshielding effect o f  the m ethoxy methyl group at C-1' in 

comparison to the 1-monoformate ester hom ologue, (181) and g lyco l (89). In the ‘X  spectrum o f  (181 ) the 

corresponding C-1' signal occurs 9 ppm further upfield at 78 .92 ppm, w hile the C -I' carbon o f  the g lycol (89)  

occurs at either 77.31 or 77.45 ppm. The peak at 100.64 ppm, inverted in the DEPT 135° spectrum, 

corresponds to the methylenedioxy CH 2  carbon. C-5, C-2 and C - 6  o f  the aromatic ring are located at their

73



usual shift regions o f  108.00, 109.38 and 121.97 ppm respectively. The remaining peaks disappear in the 

DEPT 135° spectrum and correspond to the quaternary protons. C-1 is located at 133.46 ppm with C-3 and 

C-4 located at 145.78 ppm and 147.52 ppm.

The GC-LRMS chromatogram o f (189) showed two separate peaks corresponding both 

diastereomers. The mass spectra o f  both compounds proved almost identical. Proof that the methoxy group 

was bonded to carbon 1' was found with the base peak o f  the mass spectrum corresponding to the 3,4- 

methylenedioxybenzylic fragment m/z 165 (Scheme 2.22).

OCH

OH

m/z 224

OCH

m/z 165

Scheme 2.22

2.2.8 Routes to be explored in the synthesis o f  2-amino and 2-A'-alkylam ino-l-(3,4- 

methylenedioxyphenyl)alkanes.

Having synthesised the alkanone precursors, the next step is to synthesise the desired amines. 

Chapter 1 alluded to various possible methods employed by clandestine chemists for the synthesis o f  illegal 

amphetamines. Based on these methods, the most common routes that could be used to illegally manufacture 

various methylenedioxyamphetamine derivatives (190) were investigated (Figure 2.2).

Not every synthetic pathway may be feasible for the synthesis o f  a particular amine. Amines 

possessing isopropyl, isobutyl or isopentyl side chains may be synthesised from an appropriate alkanone 

precursor (R2=CH3, CH2CH3 or CH2CH2CH3). The presence or absence o f  an alkyl substitutent on the 

nitrogen o f  the amine depends on the synthetic route employed. The following routes, begiruiing with an 

appropriate alkanone (191), will be explored:

•  A two step synthesis o f  either primary or //-methyl amines via  the 7V-formyl intermediates (192) and 

(193), known as the Leuckart reaction.

•  A one step reductive amination leading to both primary and secondary amines (R3 = H, CH3, CH2CH3).

•  A two step reaction to primary amines via the intermediate oxime (194), known as the oxime route.

A fiirther route to primary amines that will be investigated is their synthesis from an appropriate 

nitrostyrene (195). Propanamine and butanamine derivatives were prepared by this method.

The synthesis o f  MDMA from safrole via  the bromo intermediate (108) was also investigated 

together with a second method o f  producing //-ethylamine derivatives (196) from the corresponding primary 

amine (R3 o f (190) = H) via  the A^-acetyl intermediate (197).
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Figure 2.2 : Synthetic routes to be explored in the synthesis o f  2-amino and 2-N-alkylamino-l-(3,4- 

methylenedioxyphenyl)alkanes.

R
R9 R

R.
R,'

H.C CHO (66)
(191) (192)

-N
CHO

(193)

(108)
OH

(194)

(196)(190)NO

(195)

R

R[ = 3,4-methylenedioxyphenyl

R^

-N .
H CH 2 CH 3

(197)

2.2.9 Impurity profiling of the Leuckart-W allach reaction o f  l-(3,4-m ethylenedioxyphenyl)-2- 

alkanones and formamide.

The reductive amination of an aldehyde or ketone by ammonium formate or an amine and formic acid 

was investigated in some detail by Wallach in 1891̂ ^®, some years after Leuckart’s discovery that reaction of 

formamide with aldehydes gave A'^-alkylated formamides^'’®. The reaction is knovra as the Leuckart-Wallach 

reaction, although it is most often referred to as simply the Leuckart reaction. The reaction is shown in 

Scheme 2.23 where the amine may be either ammonia or a primary or secondary amine (usually either 

formamide or A^-methylformamide). The only comprehensive literature review of the Leuckart-Wallach 

reaction was published by Moore in 1949^'".

R. Ri
/  I  /

H— N +  HCOOH -------------------► H— C— N +  COt +  H.O
\  I  \  ‘  ‘
R4 R2 R-4

Scheme 2.23

O
I I

R,- R9
+

The exact mechanism of the Leuckart-Wallach reaction is not ftilly understood. Luckasiewicz has 

suggested the formation of diformylated amino alcohols as intermediates, where reduction takes place via a
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radical mechanism^''^. Recently, Martinez reported an unusual product from the Leuckart reaction of 2- 

norbomanone, believed to result from an unprecedented intramolecular transamidation mechanism^''^. 

However, the mechanism depicted in Scheme 2.24, with the involvement o f an intermediate iminium ion, has 

become widely accepted. The carbonyl compound (198) is assumed to react with the amine (199) to give the 

unstable a-aminoalcohol (200) as intermediate, from which an iminium species (201) is formed by 

protonation o f the alcohol followed by dehydration (Scheme 2.24)^“' .̂ (201) is reduced by reaction with 

formic acid via the six-membered cyclic transition state (202) to yield the alkylated amine with carbon 

dioxide as by-product. Deuterated formic acid has been used to provide evidence o f a mechanism involving 

hydride transfer from the formate carbon to the electrophilic carbon o f the iminium ion̂ '*̂ '

Where formamide is employed as the amine source, formic acid may or may not be added to the 

reaction as a reducing agent^'". However, the reduced product, (203), is obtained in both cases. The 

temperature at which the Leuckart reaction normally proceeds, typically above I50°C, explains this 

anomaly '̂**. The high temperatures allow reversible hydrolysis o f formamide to occur, yielding ammonia and 

formic acid in the form of ammonium formate. Formic acid and, in particular, its salts are commonly used 

reducing agents. Ammonium formate is often used as an agent in catalytic hydrogen transfer reductions with 

palladium on carbon '̂*®’ When formaldehyde and formic acid are used in the reductive methylation o f an 

amine, this is known as the Eschweiler-Clarke reaction^^‘.

3̂ R3 + Ri RjII / I / Ĥ \ + /
+  H— N -------------- ► R,----C— N ------------- ► C = N

R| R2 \  I \  -H2O /  \
R4 R2 R4 R2 R4

(198) (199) (200) (201)

HCOOH

R2 R3 

^  H

//
c—o

o
(202)

Scheme 2.24

H— C— N +  CO2
I \

R2 R4 

(203)

H"

The synthesis of amphetamine and its derivatives by the Leuckart-Wallach reaction from an 

appropriate ketone is a well-known method used by clandestine chemists. Most o f  the amphetamine abused 

in Europe is synthesised by the Leuckart method^''*’ The Leuckart route to the synthesis of amphetamines 

involves two steps beginning with an appropriate alkanone. The first step is the formation o f an intermediate 

A'^-formyl amphetamine derivative via the Leuckart reaction. The second step involves hydrolysis o f the 

formyl group, producing the desired amphetamine. This section concerns the synthesis o f primary amine N- 

formyl derivatives of methylenedioxyamphetamines. The synthesis o f  jV-formyl-./V-methyl amphetamine 

intermediates by the Leuckart method will be discussed in section 2.2.10. Section 1.6.3.5 of Chapter 1
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discusses the synthesis o f 7V-formyl and A^-formyl-A'-methyl intermediates of amphetamine and 

methamphetamine and their structurally diverse array of possible impurities.

In the first step, 7V-formyl intermediates of alkanones PMK, PEK and PPK were prepared via the 

Leuckart-Wallach reaction by heating a mixture of the appropriate alkanone and formamide at 190°C for 5 

hours (Scheme 2.25)^“*’. It was important not to exceed this temperature for a number of reasons. Vigorous 

refluxing dramatically reduced the yields of A^-formyl intermediates. Also, the work up o f the reaction 

proved more complicated with the formation of emulsions on extraction and the isolation o f a black tar which 

was difficult to chromatograph. Furthermore, throughout the course o f the reaction, ammonium carbonate 

was formed as a by-product^'", which on sublimation resulted in the accumulation of the compound at the 

base o f the reflux condenser. With larger quantities deposited under more vigorous refluxing conditions, 

blockage of the condenser may occur, possibly resulting in a build up o f pressure in the reaction with risk of 

explosion.

On cooling the reaction was diluted with water and extracted with ethyl acetate. The extracts were 

washed with water, dried and volatiles removed in vacuo, resulting in a black oil. In the present work, 

isolation of the A^-formyl intermediates from the crude residues in modest to poor yields was achieved by 

flash column chromatography on silica gel (Table 2.12).

R

O

NHoCHO

190°C,5hr H '^ 'C H O

Scheme 2.25

(204) R = CH3
(205) R=CH2CH3
(206) R = CH2CH2CH3

Table 2.12 : Yields, melting points and IR data o f  the N-formyl derivatives (204)-(206).

Compound No. Yield (% ) m.p. (°C) lRv„,a, (cm ')

(204) 28 90-91* 3304 (NH), 1651 (C=0)

(205) 32 40-41^ 3279 (NH), 1663 (C=0)

(206) 21 oil 3268 (NH), 1660 (C=0)

* m.p. (R)-(+)-(204) = 100-102°C‘, m.p. (S)-(-)-(204) = I00-I01°C^‘. 
m.p. (±)-(205) unknown; m.p. (R)-(+)-(205) = 65-66°C"‘, m.p. (S)-(-)-(205) = 64-65°C^'.

Even under gentle reflux conditions at 190°C, the yields of yV-formyl intermediates (204)-(206) were 

quite poor. Sinnema states that, in the synthesis of amphetamine, about 50% yield would be expected via the 

Leuckart reaction from phenyl-2-propanone (P2P) (63)** .̂

Products (204) and (205) are known compounds. However, (206) has not previously been reported 

and so its spectroscopic details are discussed below. The ‘H and ‘̂ C-NMR spectra of (206) and indeed all N- 

formyl and //-formyl-A^-methyl derivatives discussed in this thesis exhibit two sets of signals. The C-N bond 

o f amides has a high proportion o f double bond character, which results in restricted bond rotation^^'’’̂ '̂. 

Thioamides, amidines, enamines, animoboranes and some alkenes also exhibit similar behaviour^^'.
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In the IR spectrum o f  A'-formyl pentanamine (206 ), the N H  stretching vibration occurs at 3268cm ‘‘. 

The overlap o f  the lone pair o f  electrons on the nitrogen with the carbonyl formyl group reduces the double 

bond character o f  the C = 0  bond. The less electronegative the atom sharing its lone pair o f  electrons, the 

greater the reduction o f  the ;i-bond o f  the carbonyl group. The net result is a low ering o f  the C = 0  stretching 

vibration frequency, in this case to 1660cm''.

O ' 6 H ' CHO

The proton N M R  spectrum o f  (206) exhibits tw o sets o f  signals, as discussed above. The spectrum  

was acquired at a temperature o f  27°C  in CDCI3, producing a rotamer ratio o f  60:40. The terminal methyl 

proton signals, H-5', o f  the major and minor rotamers are observed as two overlapping triplets at 0 .90  5 and 

0.92 S respectively, each coupled to the H-4' m ethylene protons with coupling constants o f  7.3 Hz and 7 .0H z  

respectively. A  multiplet in the region 1.27-1.58 6  and integrating for four protons corresponds to H-4' and 

H-3'. The H-1' protons are diastereotopic and so are m agnetically inequivalent as they reside adjacent to the 

chiral center at C-2'. Therefore, each proton has a different resonance frequency and so a set o f  signals 

corresponding to each should be observed. (Geminal coupling constants are normally negative (^J<0) 

because the spins o f  the bonding electrons o f  each proton to the m ethylene carbon are usually paralleP^®. 

H owever, due to the possibility o f  Jge„ being positive, gem inal coupling w ill be stated as a positive value 

throughout this thesis). Both diastereotopic geminal protons show  different coupling constants with H-2'. 

Each H-1' proton signal is split into a double doublet. The most upfield double doublet at 2 .56  5, 

corresponding to a signal o f  the minor rotamer, is rationalised by first gem inal splitting into a doublet 

(Jgeni=13.8Hz) follow ed by vicinal H-2' splitting (J2',i'=8 .3 Hz). The expected H-1' double doublets o f  the 

more abundant rotamer o f  (206 ) accidentally coincide. The resonance has coupling constants o f  Jgem=15.1Hz 

and J2',i'=6 .5 Hz. The other, less abundant, geminal proton double doublet signal is centered at 2 .76  6  with 

coupling constants o f  Jgem=13.8Hz and J2 j'= 5 .3 Hz. A 0 .77 5 difference in shift is observed between each  

signals for H-2' with the minor rotamer occurring more upfield as a com plex multiplet at 3 .44 5, w hile the 

major rotamer is found at 4.21 5, also a com plex multiplet. The large shift difference is probably due to the 

proximity o f  the H-2' proton to the carbonyl group through space and is dependent on the tw o m ost 

favourable three-dimensional spatial arrangements o f  substituents on C-2' and the nitrogen atom about the C- 

2 '-N  bond. Chemical shift ranges for amide protons occur betw een 5 and 6.5 5. A lso  in amides, the N H  

protons do not exchange as readily so coupling to vicinal protons is observed. Thus, the broad doublet at 

5.55 5 corresponds to the N H  proton o f  the more abundant rotamer, coupling to H-2' with J n h .h -2  = 8 .0 H z . The 

signal is broadened due to the electrical quadrupole mom ent o f  the *'’N  nucleus. A  singlet integrating for two  

protons at 5.91 5 correlates to the methylene group o f  the d ioxole ring o f  the less abundant rotamer, w ith that 

o f  the more abundant rotamer at 5 .92 6  overlapping with a broad signal corresponding to the amino group o f  

the minor rotamer. The 1,3,4-trisubstitution pattern o f  the aromatic ring system  is represented by tw o sets o f  

signals in the region 6 .57-6 .73 5. Protons o f  the less abundant rotamer occur at a higher shift. Two doublets 

corresponding to the formyl proton are found as the m ost dow nfield resonances in the spectrum at 7 .73 5 and 

8.11 6 , representing the minor and major rotamers respectively. The doublet at 7.73 6  is split m ost likely by 

the NH proton with J=12.0H z. The coupling constant is in sharp contrast to the more dow nfield  doublet
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where J=1.0Hz. This discrepancy may be due to the magnitude of the dihedral angle formed between both 

the NH and CHO protons through the NH-CHO bond o f both rotamers.

The ‘̂ C-NMR spectra for both rotamers are similar. The spectrum of the most abundant rotamer is 

now discussed m detail. At 13.76 ppm the most upfield signal corresponds to C-5'. Both signals at 19.09 and 

36.04 ppm are inverted in the DEPT 135° spectrum and are associated with C-4' and C-3' respectively. The 

peak at 40.51 ppm is also inverted in the DEPT 135° spectrum and represents C-1'. The most downfield 

signal o f the five carbon backbone of (206), C-2', is observed at 48.92 ppm. It is worth noting the large 

chemical shift difference of this signal relative to its minor rotamer counterpart located 5.41 ppm fiirther 

downfield at 54.33 ppm. Proximity of this carbon to the formyl group through space is the most lOcely 

cause. Again the distinctive peak o f the dioxole ring methylene carbon, inverted in the DEPT 135° spectrum, 

occurs at 100.79 ppm. C-2 and C-5 of the aromatic ring are observed at 108.07 ppm and 109.65 ppm with 

the less shielded C-6 at 122.24 ppm. The C-1 quaternary carbon is found in its usual position at 131.44 ppm, 

with C-3 and C-4 of the dioxole ring at 146.12 ppm and 147.57 ppm. Finally, the most deshielded carbon 

signal of the major rotamer, the formyl carbon, occurs at 160.03 ppm. Again, the corresponding signal of the 

minor rotamer at 164.01 ppm occurs, similar to the C-2' carbon, significantly further downfield relative to its 

major rotamer partner.

A close examination o f the Leuckart reaction reveals that many further possibilities exist for the 

condensation of methylenedioxyphenyl alkanones and formamide. Inspection o f the TLC’s o f the crude N- 

formyl residues showed this to be the case. The impurities, isolated from the Leuckart reaction o f PMK, 

PEK and PPK by flash column chromatography, are outlined in Figures 2.3, 2.4 and 2.5. In all three cases 

two pyrimidines and between four and five pyridines were isolated, with the pyrimidines being more polar. 

An additional secondary amine impurity, (221), was isolated from the reaction o f PEK and formamide. The 

most abundant impurities were the pyrimidines, occurring with a combined yield o f between 10% and 13%. 

The pyridines on the other hand were isolated in smaller quantities with the total combined yield of any 

reaction not exceeding 2%.

Pyrimidine and pyridine impurities arising from the synthesis o f amphetamine and methamphetamine 

by the Leuckart method have been well documented and are outlined in section 1.6.3.5 of Chapter 1. These 

impurities are in general highly characteristic o f the Leuckart reaction and arise only via this route. As a 

result, they can be used as route specific markers in forensic drug analysis. The impurities isolated in this 

work are discussed below together with their possible mechanisms o f formation.
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Figure 2.3 : Compounds obtained from  the Leuckart-Wallach reaction o f  PMK (3,4-MDP  =  3,4- 

methylenedioxyphenyl, 3,4-MDB  =  3,4-methylenedioxybenzyl).

O

NH,CHO

190°C, 8hr

(69)

H CHO

Impurities:

Pyrimidines

• R.N 'V ’ ̂J (207), (208)

Compound No. Ri R2
(207)'*’ 3,4-M DB H

(208)'*’ CHj 3,4-MDP

Pyridines

(209)-(213)

Compound No. R. R: R3 R4 Rs

(209)'*^ CHj 3,4-MDP CHj 3,4-MDP H

(2 1 0 )'*- CH3 3,4-MDP H 3,4-MDP CH3

(2 1 1 )'*’ 3,4-M DB H CH3 3,4-MDP H

(2 1 2 ) 3,4-M DB H CH3 3,4-MDP CH3

(213) 3,4-M DB H H 3,4-MDP CH3
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F igure 2.4: C om pounds o b ta in ed  fro m  the Leuckart-W allach reaction  o f  P E K  (3 ,4-M D P  =  3,4- 

m ethylenedioxyphenyl, 3 ,4-M D B  =  3 ,4-m ethylenedioxybenzyl).

o
(86)

NH2CHO

190°C, 8 hr - N ^
H CHO

(205)

Impurities:

Pyrim idines

l ’
(214), (215)

Com pound No. Ri R2

(214) 3,4-MDB CH3

(215) CH2CH3 3,4-MDP

Pyridines

(216)-(220)

Com pound No. R. R2 R3 R4 Rs

(216) 3,4-MDB CH3 CH2CH 3 3,4-MDP H

(217) CH2CH3 3,4-MDP CH2CH3 3,4-MDP H

(218) 3,4-MDB CH3 H 3,4-MDP CH2 CH3

(219) CH 2CH3 3,4-MDP H 3,4-MDP CH 2CH3

(2 2 0 ) 3,4-MDB CH3 H CH3 3,4-MDB

O ther im purities

(221 )
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F igure 2 .5  : Com pounds ob ta in ed  from  the L euckart-W allach  reaction  o f  P P K  (3 ,4-M D P  =  3,4- 

m ethylenedioxyphenyl, 3 ,4-M D B  =  3,4-m ethylenedioxybenzyl).

O

Impurities:

P yrim idines

l ’

I J
N

NH 2CHO

A v  0
(172)

190°C , 8hr

(206)

Compound No. R i R2

(222), (223) (222) 3,4-M DB CH2CH3

(223) CH2CH2CH3 3,4-MDP

P yridines

(224H 227)

Compound

No.

Ri R2 R3 R4 Rs

(224) 3,4-MDB CH2CH3 CH2CH2CH3 3,4-MDP H

(225) CH2CH2CH3 3,4-MDP CH2CH2CH3 3,4-MDP H

(226) 3,4-MDB CH2CH3 H 3,4-MDP CH2CH2CH3

(227) CH2CH2CH3 3,4-MDP H 3,4-MDP CH2CH2CH3

Pyrim idine impurities

Van der Art: published the first report o f  the isolation and characterisation o f  a pyrimidine arising 

from the illicit synthesis o f  amphetamine by the Leuckart method'*^. In 1993, Bohn reported the 

identification o f  methylenedioxyphenyl pyrimidine derivatives (207) and (208) from the synthesis o f  MDA  

from PM K  together with ‘H -N M R  and mass spectrum fragmentation patterns o f  both compounds'*^. 

Pyrimidines arising from the reactions o f  PE K  and P P K  have not been reported previously. Table 2.13 

outlines the yields, melting points, Rf and H -2 , H -6  proton N M R  data o f  the pyrimidines isolated in this work 

from the reactions o f  PM K , PE K  and PPK.
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Table 2.13 : Physical and spectroscopic data o f  Leuckart pyrimidine impurities.

(207) R, = H JL IL / ^ 2  = CH3

( 2 1 4 ) R i = C H 3  (215) R2 = CH2 CH3

(2 2 2 ) R, = CH2 CH3 , li J ,  (223) R̂  = CH2 CH2 CH3
N

1

Compound

No.

Yield

(% )

m.p. (°C) Rf (mobile phase) ‘H-NM R (6) 

H-2 H-6

from  PMK

(207)* 3 74-75 0.34 (Et20/Hex:95/5) 9 .1 3 ,s 8.58

d, J6,5=5.0Hz

(208)* 7 136-137 0.43 (Et20/Hex;95/5) 9.06, s 8.51, s

from  PEK

(214) 3 83-85 0.12 (Et20/Hex:50/50) 9.00, s 8.42, s

(215) 7 62-63 0.30 (Et20/Hex:50/50) 9.09, s 8.48, s

from  PPK

(222) 5 oil 0.22 (Et20/Hex:50/50) 9.01, s 8.48, s

(223) 8 oil 0.39 (Et20/Hex;50/50) 9.09, s 8.48, s

* although (207) and (208) are known compounds , their melting points have not been published.

The pyrimidines are derived from the condensation o f one molecule o f ketone and two molecules of 

formamide. Their formation is believed to follow the path shown in Figure 2.6‘*̂ . Nucleophilic attack by 

formamide at the carbonyl carbon o f a ketone affords the carbinolamine intermediate (228a). Acid catalysed 

dehydration followed by nucleophilic attack of a second molecule o f formamide at the acyl carbon of (228b) 

affords, after protonation, carbinolimide (228c). The key intermediate (229a) is formed by a second 

dehydration of species (228d). Base in the form o f ammonia abstracts a proton from an a  carbon o f (229a). 

When abstraction occurs at the carbon a  to the phenyl group, R, the resulting carbanion nucleophilically 

attacks the terminal formyl carbon of (229a) via path A, forming dihydropyrimidine (229b). Protonation of 

(229b) followed by dehydration affords the observed 4-alkyl-5-phenyl substituted pyrimidines (208), (215) 

and (223). Alternatively, proton abstraction o f (229a) at the y carbon gives rise to the 4-benzyl substituted 

pyrimidines (207), (214) and (222) via path B.

3N

1
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Figure 2.6 : Mechanism o f  formation o f  5-phenyl (path A) and 4-benzyl (path B) substituted methylenedioxy 

pyridines (R = 3,4-methylenedioxyphenyl, R ' = H, CH3 , CH2 CH 3  or CH^CH^CHs).
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The pyrimidines were characterised by IR, proton and ‘̂ C-NMR spectroscopy and low resolution 

and high resolution mass spectrometry. The base peak in all pyrimidine spectra corresponded to either the 

M" or M *-l ion.

The infrared spectrum of 5-methyl-4-(3,4-methylenedioxyphenyl)pyrimidine (214) displays a weak 

absorption band at 2778 cm '' due to the (OCH2O) group with (C=C) and (C=N) stretching represented by 

four sharp bands in the region 1579-1485cm'‘.

In the high resolution 'H-NMR spectrum, a singlet at 2.25 5, integrating for three protons, 

corresponds to the methyl group substituted at C-5. Deshielding o f the methylene protons between the 

pyrimidine and benzene rings shifts their proton resonance singlet downfield to 4.03 5. The distinctive 

singlet at 5.91 6 corresponds to the methylene protons o f the dioxole ring. A doublet with a coupling 

constant o f 7.5Hz resonates at 6.66 S and corresponds to H-5' o f the benzene ring. H-5' is coupled to the H-6' 

proton, itself a doublet (J6'5=8.0Hz) located a little further downfield at 6.72 6. The doublet at 6.70 5 

corresponds to H-2' which is meta coupled to the proton at H-6' (J=1.5Hz). The two remaining signals o f the
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spectrum correspond to the pyrim idine protons. Both peaks are readily assignable. As the H - 6  proton is a to 

just one nitrogen, its resonance signal occurs at a higher frequency (8.42 5) com pared to  H-2 (9.00 5) which 

is a to both pyrimidine nitrogen atoms.

5 '

N

CH3

(214)

‘̂ C-NMR for (214) reveals thirteen carbon signals as follows: 15.57 (CH 3 ), 41.12 (CH 2 ) and 100.92 

ppm (OCH 2 O). The latter two resonances are inverted in the DEPT 90° spectrum as expected. The 

characteristic 1,3,4-trisubstituted aromatic carbons are present at 108.24 (C-5'), 109.23 (C-2') and 121.82 

ppm (C-6 '). C-5' and C-2' resonances were determined with the aid o f  a HMQC experiment. Two adjacent 

quaternary resonances at 129.18 and 130.59 ppm correspond to C-1' o f  the aromatic ring and C-5 o f  the 

pyrimidine ring. Another pair o f  quaternary signals further downfield at 146.32 and 147.83 ppm and are 

indicative o f  C-3' and C-4' o f  the dioxole ring. Both the resonance at 156.63 ppm and at 157.52 ppm do not 

disappear in the DEPT 90° spectrum and by referring to the two-dimensional HMQC spectrum were 

successfully assigned to the tertiary carbons C-2 and C - 6  respectively. The deshielding effect o f  the 

pyrimidine nitrogens is readily seen when these two carbon signals are com pared to the aromatic tertiary 

carbons located up to 50 ppm further upfield. C-4, which suffers deshielding by the a pyrimidine nitrogen, is 

the most downfield resonance o f  the spectrum at 166.83 ppm.

Assigning the proton spectrum for the less abundant pyrim idine impurity o f  the Leuckart reaction o f  

PEK, (215), proved straightforward with the ethyl group observed as a typical triplet and quartet located at 

1.24 (CH2CH3) and 2.79 5 (CH2CH3) respectively (J=7.5Hz). The methylenedioxy (OCH2O) protons occur 

as a singlet at 6.04 5, integrating for two protons. In the benzene ring, ortho coupling to H-5' (J6',s'=8.0Hz) 

and meta coupling to H-2' (J6 , 2  = 10H z) splits H-6 ' into a double doublet, resonating at 6.75 5. However, H-2' 

is not in turn split by H-6 ' and so is observed as a singlet at 6.78 5, with H-5' at 6.91 6  split as expected into a 

doublet by H-6 '. A similar argument to that used for (214) for assigning the pyrim idine protons is also 

applicable in this case. Thus H - 6  resonates at 8.48 6  with the more downfield proton at 9.09 5 corresponding

(215)

to H-2.
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Pyridine impurities

Van der Ark was again at the forefront in the isolation and characterisation o f  tri- and tetra-substituted 

pyridine-type impurities arising from the illicit synthesis o f  amphetamine by the Leuckart method'*^’'**. Five 

pyridines were identified in total. Bohn later isolated, characterised and identified three 

methylenedioxyphenyl pyridines, (209)-(211), arising from the synthesis o f  MDA'*^. Several papers have 

reported the isolation o f  pyridine impurities from structurally diverse ketones via  the Leuckart reaction^^^’
254

The yields, Rf and HRMS data o f the fourteen weakly basic pyridines isolated from the reactions o f  

PMK. PEK and PPK are listed in Table 2.14. All pyridines were isolated as oils. Rf values for com pounds 

(216) and (217) were found to be identical on silica gel coated TLC plates but are different when neutral 

alumina coated plates were used.

Table 2.14 : Yields, R jo n d  H RM S data o f  Leuckart pyridine impurities.

Compound Yield Rf (mobile phase) M olecular HRM S (M^+H)

No. (%) formula Calc. Found

fro m  PM K

(209)"*^ 0.4 0.64 (Et2 0 /Hex:9 5 / 5 ) C 21H 17N O 4 348.1236 348.1243

o 00

0 . 6 0.75 (Et2 0 /H ex:9 5 / 5 ) C 2, H n N 0 4 348.1236 348.1242

(2 1 1 )'*^ 0.4 0.82 (Et2 0 /Hex:9 5 / 5 ) C 2 , H , 7N 0 4 348.1236 348.1212

(2 1 2 ) 0 . 2 0.89 (Et2 0 /Hex:9 5 / 5 ) C 22H , 9N 0 4 362.1392 362.1369

(213) 0.4 0.92 (Et2 0 /Hex:9 5 / 5 ) C 2 | H , 7N 0 4 348.1236 348.1203

from  PEK

(216) 0.3 0.30 (Hex/Acetone:90/10)* C 23H 21N O 4 376.1549 376.1582

(217) 0.3 0.37 (Hex/Acetone:90/10)* C 23H 2, N 0 4 376.1549 376.1531

(218) 0.5 0.36 (Hex/Acetone;80/20) C 23H 21N O 4 376.1549 376.1540

(219) 0.5 0.48 (Hex/Acetone:80/20) C 23H 21N O 4 376.1549 376.1560

(2 2 0 ) 0 . 6 0.73 (Et20/Hex:50/50) C 23H 21N O 4 376.1549 376.1555

from  PPK

(224) 0 . 2 0.57 (Et20/Hex:50/50) C 2 5 H 2 5 NO 4 404.1862 404.1865

(225) 0.3 0.62 (Et20/Hex:50/50) C 2 5 H 2 5 N O 4 404.1862 404.1875

(226) 0 . 6 0.47 (Hex/Et20:80/20) C 2 5 H 2 5 NO 4 404.1862 404.1829

(227) 0.3 0.54 (Hex/Et20:80/20) C 2 5 H 2 5 N O 4 404.1862 404.1837

* TLC performed on neutral alumina
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Figure 2 .7  : Mechanism o f  form ation o f  2,4-dialkyl-3,5-di(3,4-methylenedioxyphenyl) pyridines (209), (217) 

and (225) (R = 3,4-methylenedioxyphenyl).
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The pyridines can be considered formally as condensation products o f  two molecules o f  ketone and 

one molecule o f  formamide. Orientation o f  the ketones upon ring cyclisation determines to a large extent the 

structures o f  the resulting pyridines. Crossley and Moore reported that when benzyl ketones are treated with 

formamide under Leuckart conditions the methylene group may also enter into the reaction^^^.

The detailed mechanism o f  formation o f  pyridines (209), (217) and (225) is shown in Figure 2.7. 

Ammonia, produced in the reaction mixture as a result o f  formamide hydrolysis, abstracts an acidic benzyl 

proton from alkanone (a), affording a resonance stabilized enolate anion (b). Enolate (b) accounts for C-2 

and C-2 o f  the three pyridine ring systems. The enolate acts as a carbanion and nucleophilically attacks a 

second molecule o f  alkanone at the carbonyl carbon atom, producing aldol (c). Acid catalysed dehydration 

gives rise to the enone (d). With the formation o f  (d), C-4 and C-5 o f  the pyridine rings are now in position. 

Base catalysed proton abstraction o f  (d) followed by nucleophilic attack o f  the enolate (e) at the formyl 

carbon o f  formamide produces carbinolamine (f). Protonation o f  the hydroxy group with a further loss o f
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water affords the enamine (g) which is now  in a position to ring cycHse, g iving rise to a dihydropyridine (h). 

A third acid catalysed dehydration produces the pyridines (209), (217) and (225).

A similar argument accounts for the formation o f  pyridines (211), (216) and (224 ) (Schem e 2 .26). 

The first step is formation o f  an enone between the y-carbon o f  one ketone and (3-carbon o f  a second ketone 

(A ). In Figure 2 .7  it was the a  and (3 carbon o f  two ketones w hich were involved in enone formation. 

Enamine formation (B ) follow ed by a cyclocondensation (C ) affords the observed pyridines. A s step A o f  

the synthesis occurs at the y carbon o f  the ketone, R' is one carbon shorter than R in Schem e 2 .26. Thus for 

pyridine (211), formed from PM K, R=CH 3 whereas R'=H.

NH-

C

Q

O
-3 H 2 O

(211) R = a i 3 , R’ = H
(216) R = CI l2 CH3 , R’ = CH3

(224) R = CH2 CH2 CH3 , R' = CH2 CH3

Schem e 2.26

The pyridines described above possess an unsubstituted carbon a  to the nitrogen atom, the carbon 

being derived from the formyl group o f  formamide. However, for the remaining pyridines, both carbon 

atoms a  to the nitrogen are substituted, which precludes their origin from formamide. It was previously  

stated that under Leuckart reaction conditions, formamide may be hydrolysed to formic acid and ammonia. 

Upon hydrolysis, therefore, a second source o f  nitrogen becom es available in the reaction medium. Several 

reports have cited the isolation o f  the secondary amines (94) and (230) from the Leuckart reactions o f  P 2P ‘*’ 

and respectively. Their formation can be rationalised by two successive reductive aminations

between ammonia and two ketones with form ic acid acting as reducing agent and are the most likely  

structural tem plates for the remaining pyridines.

(94) (230 )

The symmetrical 2,6-dialkyl-3,5-diphenyl pyridines (210), (217) and (227) speculatively arise as 

outlined in Schem e 2 .27  v ia  a [5+1] addition mechanism. The imine (231) may be view ed as an intermediate 

in the formation o f  secondary amines described above. Formamide, form ic acid or form aldehyde (possibly  

formed by reduction o f  formamide or formic acid in situ) are the most likely sources o f  the C-4 carbon atom. 

Subsequent aromatisation affords the symmetrical pyridines. C-2 and C-6 o f  each pyridine correspond to the 

p carbons o f  both ketones whereas C-3 and C-5 corresponded to the a  carbon atoms.
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HC

Z -(231)

O

O
-R'X, H 2 O

R’ =  H, OH or N H j  
X =  unknown

R N R

(210) R = CH3 
(2 1 7 ) R = C H 2 C H 3  

(2 2 7 ) R =  CH 2 C H 2 CH 3

Schem e 2 .27

The imine (231) can exist both as E- and Z- isomers. The symmetrical pyridines depicted in Schem e  

2 .27 , were formed via  Z -(231). Formation o f  pyridines (213), (218) and (226) may be rationalised when  

(231) exists in the E- conformation, as outlined in Schem e 2 .28 . In this case the a  m ethylene carbon o f  one 

ketone and y carbon o f  the other alkanone becom e C-5 and C-3 o f  the pyridine ring respectively. A s a result, 

R' is one carbon shorter than R. Thus for pyridine (218), formed from PEK, R=CH2CH3 whereas R -C H 3.

£ -(2 3 1 )

-R"X, H^O

R N

(2 1 3 ) R =  CH3, R' =  H 
(218 ) R = CH 2 CH 3 , R' = 
(226 ) R =  CH 2 CH 2 CH 3 ,

C H 3

R' =  CH 2 CH 3

S ch em e 2.28

£ -(231 ) may also be written in the form represented in Schem e 2 .29. Pyridine formation in this case  

occurs when both y carbons o f  the imine are involved in C-C bond formation with the C -4 carbon. The y 

carbons in this case becom e C-3 and C-5 o f  the pyridine ring. A  sym metrical pyridine ring is formed, 

dibenzylated at carbons 2 and 6 . Interestingly, only one pyridine o f  this substitution pattern was isolated, 

(220), from the Leuckart reaction o f  PEK in 0.6%  yield.

£ -(2 3 1 ) (2 2 0 ) R'=CH 2 C H 3

Schem e 2 .29

The final pyridine to be accounted for is 3 ,5-d im ethyl-2-(3,4-m ethylenedioxybenzyl)-4-(3,4- 

methyIenedioxyphenyl)pyridine, (212), arising from the Leuckart reaction o f  PMK. W hile other pyridines
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identified in this work can be considered as formally arising from two molecules o f ketone and one molecule 

of formamide, (212) possesses one carbon more than expected. An analogous pyridine has been isolated by 

Van der Ark from the synthesis o f amphetamine via the Leuckart route’*'. Soine postulates that the 

additional carbon may arise from acetamide present as an impurity in formamide^^^. However, similar 

impurities have not been isolated from the Leuckart reactions o f PEK and PPK with formamide. The 

possible mode of formation of (212) is presented in Scheme 2.30 and is analogous to Scheme 2.28 where the 

C-4 fragment source has been replaced by a two carbon source.

R N

£-(231)

-R"X, H2 O

R N

(212) R = CH3, R' = H

Scheme 2.30

The IR spectra o f  all pyridines isolated were similar, with each exhibiting a weak band between 

2775 and 2778cm"’ corresponding to CH stretching o f the OCH2 O group. Within the region 1539-1609cm ‘ 

between two and three medium to weak bands are observed due to aromatic and heteroaromatic C=C and 

C=N stretching.

In the 'H-NMR spectra of pyridines bearing an a proton (H-6), a singlet integrating for one 

hydrogen is observed in the region 8.22-8.42 6. C-6 is represented in the ‘̂ C-NMR spectrum between 145.94 

and 149.49 ppm. Singlets integrating for two protons in 'H-NMR pyridine spectra within the region 3.75- 

4.16 6 correspond to the methylene moiety o f benzylic groups a to the pyridine nitrogen with the methylene 

carbon observed between 34.78 and 44.06 ppm. Symmetrical pyridines are easily recognisable from the 'H- 

NMR spectra where each proton signal integrates for an even number of hydrogens except H-4 which lies on 

the axis of symmetry. The ‘H and '^C-NMR spectra o f 6-ethyl-3-methyl-2-(3,4-methylenedioxybenzyl)-5- 

(3,4-methylenedioxyphenyl)pyridine (218) are now discussed.

5 '

(218)

The ethyl group at C-6 o f (218) is readily assignable m the proton NMR spectrum with a triplet at 

1.20 6 and quartet at 2.76 5, both exhibiting coupling constants o f J=7.5Hz. A singlet resonating at 2.21 5 

integrating for three protons corresponds to the methyl group at C-3. Due to the deshielding effect o f both 

the pyridine and methylenedioxyphenyl rings, the benzylic CH2 group is found at 4.10 5. Two singlets each 

integrating for two protons at 5.89 and 5.99 S represent the deshielded methylene groups o f both dioxole 

rings. A number o f resonances appear in the region 6.70-6.77 6 integrating for five o f the six
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methylenedioxyphenyl aromatic protons, with one o f  the aromatic H-5 protons resonating further down field 

at 6.85 5 as a doublet, ortho coupled to an aromatic H - 6  proton with J5 ’ 6=8.0Hz. The deshielding effect o f  a 

heteroatom is clearly seen with H-4 o f  the pyridine ring 0.3 5 further downfield as a singlet at 7.18 5.

Four o f  the most upfield carbon resonances in the ‘̂ C-NMR spectrum at 14.38, 18.22, 28.19 and 

41.65 ppm correspond to CH 2 CH 3 , the methyl group at C-3, CH 2 CH 3  and the deshielded benzylic methylene 

carbon respectively. The methylene carbons o f  each dioxole ring resonate at 100.72 and 101.07 ppm with C- 

5', C-5", C-2' and C-2" represented as two pairs o f  signals downfield at 107.98, 108.13. 109.21 and 109.65 

ppm. A fiirther pair o f  signals at 121.56 and 122.47 ppm which remain in the D EPT 90° spectrum 

correspond to C-6 ' and C-6 " o f  the methylenedioxyphenyl rings. A quaternary signal at 128.25 ppm 

represents either C-3 or C-5, but as C-3 bears a methyl group and C-5 is substituted by a 

methylenedioxyphenyl ring system, the resonance is most likely C-3. C-5 and both C-1' and C-1" carbons 

are found at 133.14, 133.94 and 134.07 ppm. The most downfield resonance which remains in the D EPT 90° 

spectrum corresponds to the C-4 pyridine proton. C-3', C-3", C-4' and C-4" o f  both dioxole ring systems 

occur at 145.77, 146.76, 147.46 and 147.56 ppm, with the m ost downfield resonances representing both 

carbons a  to the pyridine nitrogen located at 156.93 and 157.47 ppm.

O th e r  im purities

Bohn'*^ and Lukaszew ski'’  ̂ have also reported the isolation o f  an A'-methylated tertiary amine (232) 

from the synthesis o f  A^-formyl MDA (204) by the Leuckart reaction. Bohn showed that when the Leuckart 

reaction was performed with a mixture o f  formamide and formic acid instead o f  formamide alone, pyrimidine 

and pyridine impurities were not detected indicating that the presence o f  excess formic acid as a reducing 

agent inhibits aromatisation to form the heterocyclic compounds. H owever the open chain amines (230) and 

(232) were identified as impurities under these circumstances. (232) was not however identified in this work 

as a Leuckart impurity o f  A^-formyl MDA.

(221), the butane analogue o f  tertiary amine (232) was identified in this work as a further impurity 

from the reaction o f  PEK and formamide. Similar impurities were not detected from the PMK or PPK 

Leuckart reactions for unknown reasons. The impurity is believed to arise by a second Leuckart reaction o f  

A/^-formyl BDB (205) with PEK, affording tertiary amide (234) which is reduced with formic acid (Scheme 

2.31). With two stereogenic centers, symmetrical (221) was isolated as a 60:40 mixture o f  diastereom ers in 

0.8%  yield. Spectroscopic details o f  the com pound are outlined below.

CH ,
I

(232) R = C H 3  

(221)  R = C H 2 C H 3
5

CHO

h ' ^ ' c h o

PEK HCO O H
(221)

(205) (234)

Schem e 2.31
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The IR spectrum o f  (221 ) exhibits a medium intensity signal at 2781cm ‘‘. Although this frequency 

usually represents CH stretching o f  the OCH 2 O group, here its intensity is much stronger. In this case the 

band corresponds to CH stretching o f  the jV-methyl group and is a feature o f  compounds possessing a similar 

functionality in this thesis. N H  stretching is absent, as expected.

Both diastereomers o f  (221) are represented in the proton N M R  spectrum, although som e individual 

resonances are not visible due to coinciding chem ical shifts. Each o f  the major and minor diastereomer H-4' 

triplets are visible and occur at 0 .77 and 0 .79 5, both signals coupling to H-4' methyl protons with a coupling  

constant o f  J4  3=7.5H z. Within the region 1.25-1.38 6 both H-3' diastereomer signals overlap as a com plex  

multiplet. The sharp singlet integrating for an odd number o f  protons (three in this case) at 2 .28 5 must 

correspond to the A^-methyl group on the m olecu le’s axis o f  symmetry. Protons located on C-1' are adjacent 

to the chiral centers o f  C-2' and so are diastereotopic. Therefore, a set o f  signals corresponding to each  

proton is observed. Due to the presence o f  diastereomers, a further pair o f  signals also occurs. Thus for the 

major diastereomer, the double doublets centered at 2 .45 (Jge„i=^13.5Hz, Ji'2=7.5H z) and 2 .76 5 (Jgem=13.0Hz, 

Ji' 2'=5.0H z) represent both H -I' protons o f  the more abundant diastereomer whereas the resonances o f  2.43  

( J g e n , =  13.5Hz, Ji',2=8.5Hz) and 2 .80  5 ( J g e m ' ^  13.2Hz, J| 2=5.5H z) are representative o f  the less abundant H-1' 

protons. A  com plex multiplet exhibited at 2 .65 5 corresponds to both H-2' protons for both diastereomers. 

T w o aliphatic signals located dow nfield at 5 .89 (minor) and 5 .90 5 (major) correlate with the CH 2  m oiety o f  

the m ethylenedioxy grouping with the group o f  signals resonating in the region 6.58 to 6 .69  5 integrating for 

six  protons correspond to the aromatic protons o f  both diastereomers.

Finally, further proof o f  the presence o f  diastereomers was furnished by the GC-LRM S  

chromatogram and fragmentation patterns, where the less abundant diastereomer was eluted first and 

fragmentation patterns o f  both diastereomers proved alm ost identical.

2 .2 .10  Im purity p rofilin g  o f  th e  L euck art-W allach  reaction  o f  l-(3 ,4 -m eth y len ed ioxyp h en y l)-2 -

all<anones and A '-m ethylform ainide.

A^-methylformamide (or more com m only a mixture o f  A^-methylformamide and formic acid) is 

w idely em ployed in the illicit synthesis o f  A^-formyl-A'^-methyl intermediates o f  jV-methyl 

amphetamines'^* '*̂ ’*̂ ’̂*'*̂ ’̂ ’̂ . Subsequent hydrolysis o f  the A^-formyl group affords the desired secondary 

amines. It has been demonstrated that methamphetamine prepared from A^-methylformamide under Leuckart 

conditions contains fewer impurities as both starting material (P 2P ) and reagent has few er possibilities for 

condensation'**. A s a result, the most conspicuous impurities identified from the synthesis o f  the A'^-formyl- 

jV-methyl intermediates o f  methamphetamine'^^’*’ '̂̂ ’̂ and MDMA'*^ are (95) and (232) respectively. (232) 

may by formed in this case by thermal or acid catalysed amide hydrolysis o f  A^-formyl-A^-methyl M DM A, 

form ing M D M A, which undergoes a reductive amination reaction with a further m olecule o f  PMK.
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The synthesis o f the desired A^-methyl-7V-formyl methylenedioxyphenyl derivatives is outlined in 

Scheme 2.32 '̂* .̂ Yields, melting points and IR data are shown in Table 2.15.

R

O

CH 3 NHCHO, HCOOH
------------------------------------------------- »i

150°C,7hr O ' ^ H , C '  'CH O

(235) R = CH 3

(236) R = CH 2 CH 3

(237) R = CH 2 CH 2 CH 3

Scheme 2.32

Table 2.15 : Yields, melting points and IR data fo r  N-methyl-N-formyl compounds (235)-(237).

Compound No. Yield (% ) m.p. (°C) (cm )

(235) 46 OiP^^ 2780 (OCH 2 O), 1668 (CHO)

(236) 60 Oil 2781 (OCH 2 O), 1668 (CHO)

(237) 50 63-64 2793 (OCH 2 O), 1663 (CHO)

No impurities were detected fi-om the reaction mixtures apart from unreacted starting material as 

determined by TLC. The products were purified by flash column chromatography on silica gel.

The IR spectrum of A^-formyl-MBDB (236) is similar to its A^-desmethyl analogue (205), except for 

the absence of a secondary amide NH stretch.

Due to restricted rotation about the C-N formyl bond o f (235)-(237), previously seen with their N- 

formyl secondary amide analogues, both proton and ‘̂ C-NMR spectra exhibit two sets o f signals. Dawson 

demonstrated in 1988 that a combination o f NMR lanthanide shift reagents and molecular mechanics studies 

could be used to determine the absolute conformations o f the preferred rotamers o f N- 

formylmethamphetamine^^*.

The proton NMR spectrum of (236) is different in a number o f aspects to (205). The spectrum of

(236) was acquired at 27°C in CDCI3 , giving a rotamer ratio o f 80:20. The H-4’ signal o f the minor and 

major rotamers resonate as triplets at 0.85 (J=7.0Hz) and 0.87 5 (J=7.3Hz) respectively, with both H-3' 

signals exhibited as a multiplet between 1.52 and 1.66 5. H-T, normally observed as a complex o f double 

doublets, is represented in this case as a complex multiplet at 2.64-2.69 5. Both NCH 3  rotamer signals 

coincide at 2.74 8 , integrating for three protons. Deshielding o f  the NCH 3  moiety by the formyl group shifts 

its resonance fiirther downfield relative to a secondary or tertiary amine (2.28 5 for (233) above). As for the 

jV-formyl primary amides previously discussed, a large shift difference o f 1.10 5 is observed between both 

multiplets of H-2' for (236) (3.38 5 for the major rotamer compared to 4.48 5 for the minor rotamer). 

However in the case o f A^-formyl BDB, (205), H-2' o f the more abundant rotamer is shifted further 

downfield. For A'^-formyl MBDB (236) the opposite is the case, with H-2' o f the minor isomer more 

deshielded. The singlet corresponding to OCH^O for the minor rotamer resonates at 5.91 6  with the more 

abundant rotamer at 5.92 5. H - 6  is the only aromatic proton exhibiting a difference in chemical shift between 

rotamers, with both the major and minor rotamers represented as double doublets at 6.52 5 (J6 ,5 = 7 .8 Hz,
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J6,2=1-8Hz) and 6.63 5 (J6,5=8.0Hz, J6,2=l-5Hz) respectively. H-2 occurs as a doublet at 6 .57  6 (J2,6=2.0Hz), 

with H-5 also a doublet at 6.71 5 (J5 6=7.6H z). For (236) both signals corresponding to the yV-formyl proton 

occur as singlets, with the major rotamer less deshielded (7 .76  6) when compared to the minor rotamer (8 .02  

5). This is in contrast to A^-formyl M B D B , where again it is the formyl proton o f  the minor rotamer which is 

less deshielded.

2.2.11 H ydrolysis o f  the A'-formyl bond from  2-7V-formyl and 2-(A'-form yl-/V-m ethyl) 

m ethylened ioxyam phetam ine derivatives

Compared to esters, acid and base hydrolysis o f  amides takes place more slow ly and requires more 

forcing conditions with prolonged heating often necessary. It is generally agreed that m ost acid-catalysed  

am ide hydrolysis takes place by an A^c2 mechanism^^'. For the synthesis o f  amphetamine, refluxing the N -  

formyl intermediate with either dilute H2 S 0 4 '̂’’ or conc. H C l’ *̂'̂ ‘‘̂  is generally the m ethod em ployed with 

HCI being the reagent o f  choice. In order to hydrolyse the yV-formyl intermediates o f  the secondary and 

tertiary amide derivatives prepared to date, a mixture o f  the 7V-formyl compound and conc. HCI was refluxed  

for 3 hours according to the method o f  Renton^"*®. This procedure proved unsatisfactory with the com plete 

breakdown o f  the amide observed under the harsh conditions. It was also found that the A^-formyl 

intermediates were quite insoluble in aqueous acid.

A s an alternative, the yV-formyl intermediates were initially d issolved  in methanol (I part) follow ed  

by the addition o f  30% aq. HCI (4 parts) and the resulting turbid mixture was refluxed for 7 hours (Schem e 

2 .33). It has been previously shown that i f  crude TV-formyl amphetamine is taken directly onto the hydrolysis 

step without prior purification, the resulting amphetamine after acid-base workup contains the sam e spectrum  

o f  pyrimidine and pyridine impurities formed from the Leuckart reaction. These impurities remain 

unchanged during the hydrolysis step and due to their m ildly basic properties, are also extracted from the 

reaction mixture with amphetamine. Therefore the hydrolysis o f  crude A^-formyl derivatives was not 

considered in this section, so as to determine whether further impurities w ould be formed from the /V-formyl 

intermediates them selves.

A ll compounds, w hich were obtained as amber oils, were isolated by an acid-base extraction  

procedure. Analysis o f  the free bases by TLC revealed that no further basic impurities were formed during 

the hydrolysis step. Examination o f  the acidic organic phase show ed the presence o f  unreacted starting 

material, the amounts o f  which were not quantified. For storage and stability purposes, all products were 

converted to their corresponding hydrochloride salts. Table 2 .16  lists the yields o f  the resulting amphetamine 

free bases and the melting points o f  their corresponding HCI salts. For M DM A.H CI Shulgin has shown that 

its m elting point is not an acceptable criterion o f  identity or purity as the HCI salt can exist in an anhydrous 

or hydrated form with w ide ranging m elting points^’ .

30%  aq. HCI, M eO H

N
R'^ 'C H O  reflux, 7hr

(204)-(206) R' =  H 
(235 )-(237 ) R' =  CH3

Schem e 2 .33
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Table 2.16 : Yields, common abbreviations and HCl salt melting points o f  primary and N-

m ethyl amphetam ines.

Compound

No.

R R' Common

Name

Yield (%)* m.p. °C (HCl salt)

(23) CH3 H MDA 61 186-188 (lit. 187-1SS)"*-

(24) CH3 CH3 MDMA 76 146-148 (lit. 148-153)^^

(26) CH2 CH3 H BDB 58 157-159 (lit. 159-161)“*"

(27) CH2 CH3 CH3 MBDB 56 154-155 (lit. 156)“*-

(28) CH2 CH2 CH3 H K 42 195-197 (lit. 202-203)“*̂

(29) CH2 CH2 CH3 CH3 Methyl-K 65 155-156 (lit. 155-156)“*"

* calculated for the free base

For the inexperienced clandestine chemist, omitting the acid-base workup has a number of 

consequences. If the hydrolysis step is carried out with pure A^-formyl intermediate, incomplete hydrolysis 

results in the contamination o f the amphetamine with this intermediate. In this case, the A^-formyl compound 

would be a route specific impurity o f the amphetamine. By carrying out the acid-base extraction step, the N- 

formyl intermediate is removed as shown above. Omitting an initial purification o f the A^-formyl 

intermediate before hydrolysis, would result in possible contamination o f die resulting amphetamine with 

route-specific pyrimidine, pyridine and other basic impurities, even if an acid-base workup is performed. 

Maguire has shown that even vacuum distilling a mixture of crude MBDB (obtained from the reduction of 

crude A'-formyl BDB containing pyridine and pyrimidine impurities) does not remove all route specific 

impurities'^^. Hydrochloride salts o f impure amphetamines are often yellow or brown in colour and indicate 

that clandestine manufacturing methods were employed.

MDA, MDMA, BDB and MBDB are well known compounds. Specfroscopic details o f the 

isopentylamine analogues (28) and (29) have not been previously published and so the *H-NMR data o f  the 

free base o f (28) discussed below.

o 4^ 6  NH2
5

(28)

Assigning the ‘H-NMR spectrum was uncomplicated. A triplet integrating for three protons 

centered at 0.93 5 represents the terminal H-5' methyl protons, showing coupling to H-4' with J=6 .8 Hz. A 

complex multiplet between 1.36 and 1.45 5 integrates for six protons and correlates to the protons o f H-4', H- 

3' and the NH 2  group. Addition o f D 2 O to the NMR sample collapses this multiplet to four protons due to 

deuterium exchange with the amino group. A pair o f well separated double doublets is observed at 2.36  

(Jgeni=13.6Hz, Ji.2 '=8 .5 Hz) and 2.71 5 (Jgem=13.5Hz, Ji'2 = 5 .0 Hz), representing both diastereotopic H-1' 

methylene protons. The most upfield resonance in the upper section o f the spectrum is a multiplet integrating 

for one proton and corresponds to the hydrogen a to the primary amine at C-2’. The characteristic sharp 

singlet integrating for two protons and resonating at 5.91 5 defines the heavily deshielded OCH2 O protons. 

H- 6  is the most upfield of the three aromatic resonances and is split into a double doublet - ortho by H-5
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(J6 5=7.8Hz) and meta by H-2 (J6_2=1.5Hz). Reciprocal coupling by H-6 splits both H-2 (6.68 6, J=1.5Hz) and 

H-5 (6.74 5, J=8.0Hz) into doublets.

2.2.12 Synthesis of 2-A^-methylamino-l-(3,4-methylenedioxyphenyl)alkanes by A^-formyl reduction

Amides can be reduced to amines with LiAlH4  or by catalytic hydrogenation, although high 

temperatures and pressures are required by the latter. Even with LiAlH 4 , the reaction is more difficult 

compared to other reducable functional groups, and the reduction o f  other groups can occur without 

disturbing an amide function. Monosubstitiuted amides can be reduced with NaBH 4  and iodine^*” but not 

with NaBH 4  alone, or sodium metal in propan-l-ol‘*̂ .

For the synthesis o f  A^-methyl methylenedioxyamphetamines by reduction o f  the corresponding N- 

formyl derivatives, LiAlH4  is the reducing agent o f  choice although conditions may vary. Renton 

synthesised MDMA by refluxing A'-formyl MDA with LiAlH 4  in diethylether for 3 hours '̂*’ . The yield was 

not given. Nichols obtained the pure enantiomers o f  MDMA and MBDB by reducing their enantiomerically 

pure //-formyl derivatives for 4 hours under the same conditions as above with yields ranging from 76% for 

S-(+)-M BDB to 93% for R-(-)-M DM A'’’. However, these amide derivatives were prepared by formylating 

the enantiomerically pure primary amines with ethylformate, and not via  the Leuckart reaction. Shulgin used 

more drastic measures to reduce jV-formyl MDA by refluxing a mixture o f  the compoimd and LiAlH 4  in dry 

THF under an atmosphere o f  He for 96 hours, giving a 70% yield o f  MDMA'* .̂

The /V-formyl secondary amides (204)-(206) were reduced in this work by the method o f  Shulgin 

but it was decided to reduce the reflux time to 48 hours and substitute a nitrogen atmosphere for helium due 

to practical considerations (Table 2.17). Following quenching o f  the unreacted LiAlH 4 , MDMA, MBDB and 

Methyl-K were isolated as oils after acid-base workup and converted to their hydrochloride salts. 

Examination o f  the free bases by TLC showed the absence o f  basic impurities. Analysis o f  the acid wash 

organic phase obtained during the workup revealed the presence o f  unreacted A^-formyl starting material, the 

quantities o f  which were not determined. The poor yields obtained may be due to inadequate refluxing time. 

These results would not encourage a clandestine chemist to employ this method in the manufacture o f  

MDMA.

Table 2 .17 : Yields ofN-m ethyl amphetamines obtained from  the reduction o f  their N-fi)rmyl intermediates. *

L1A1H4, THF, N 2

N
H' "CHO reflux, 48 hrs

Compound No. R Common Name Yield (% )

(24) CH3 MDMA 25

(27) CH2CH3 MBDB 27

(29) CH2CH2CH3 Methyl-K 20

* calculated for the free base
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2 .2 .13  R ed u c tiv e  a m in a tio n  o f  l- (3 ,4 -m e th y le n e d io x y p h e n y l)-2 -a lk a n o n e s  w ith  N aC N B H s a n d  

a lu m in iu m  foil

Section  1.6.3.5 d iscusses som e aspects o f  the synthesis and im purity  p rofiling  o f  am phetam ines by 

the reductive  am ination  route. T he tw o m ost com m on reducing  agents em ployed  are  N aC N B H 3 and 

a lum inium  foil activated  w ith  H gC l2 (a lso  know n as alum inium  am algam ) A lum inium

am algam  is the m ost popular reagent m ain ly  due to its w idesp read  availability . Shulgin in h is book  explo its 

bo th  reagents, resu lting  in the synthesis o f  a w ide range o f  A^-substituted am phetam ines tha t w ou ld  be 

d ifficu lt to synthesise by  o ther c landestine  means'*^. B raun”  and Noggle^^^ successfu lly  syn thesised  a 

num ber o f  A'-alkyl and iV,jV-dialkyl derivatives o f  M D A  w ith  P M K  and  a variety  o f  A^-alkyl am ines using  

N aC N B H 3 in y ields ranging from  3 to  74% .

A lthough the use o f  N aC N B H s and A l-H g resu lts in po ten tia lly  quantita tive y ields o f  am phetam ines, 

know ledge o f  the ir reduction  m echanism s is essential to ach ieve good resu lts w ith a m inim um  o f  side 

reactions. A lum inium  am algam  is norm ally  p repared  from  alum inium  foil, cu t in to  strips (~ 10cm  x 1cm) or 

squares (Icm ^) and im m ersed, all at once, into a d ilu te (< 2% ) aqueous solu tion  o f  H gC l2 fo r about 30 m inutes 

until grey  or b lack  etches appear on the foil su rface”*̂ ’ T he aqueous so lu tion  is then  decan ted  and

activa ted  foil tho roughly  w ashed w ith w ater o r ethanol. T he ac tivated  foil m ust be used  im m ediately  due to 

its py rophoric  poten tia l on p ro longed  exposure to air. A lthough  m olecu lar H 2 is p roduced  as the m etal 

d isso lves in the reaction  m edium , th is is considered  a detrim ent to  the reduction  o f  the organic  species. T he 

reduc tive  m echanism  does no t involve m olecu lar H 2 but is a resu lt o f  an internal e lec tro ly tic  process. A s in 

the case o f  the L euckart reaction  (see Schem e 2 .24), iininium  ions are  an in term ediate  species o f  the reaction  

m echanism . E lectron  transfer from  the m etal to  the n itrogen  atom  o f  the im inium  ion resu lts in a  rad ical 

carbon  w hich abstracts hydrogen from  w ater p resen t in the reaction  m edium , resulting  in the form ation  o f  the 

desired  am ine and, eventually , a lum inium  hydroxide (Schem e 2 .34). T w o e lec trons are requ ired  fo r each 

im inium  ion reduced. M ercury  no t on ly  acts as a cata lyst po ison  to m inim ise rap id  d isso lu tion  o f  alum inium  

in the reaction  m edium  and abate evo lu tion  o f  H 2 , but also  preven ts oxide form ation on  the alum inium  

surface w hich w ould  result in inactivation  o f  the catalyst. A lum inium  am algam ation  p roduces a  cata lyst 

w hich lies som ew here betw een the exfrem es o f  the over-active m etal and the inactive m etal oxide.

R, ^  R3 R, R3 R3
\ ^ r / ^  \ /  I /

R
\ /
c - -N

/ • n \
R. >

Al* H O — H

H— C— N +  A1(0H)3

R , R 4

S ch em e  2.34

It is necessary  to  ensure com plete  rem oval o f  traces o f  m ercury  from  the ac tiva ted  alum inium  foil. 

S o ine  repo rted  that sam ples from  15 o f  25 m etham phetam ine labora to ries using the alum inium  foil m ethod  

w ere found to  con tain  m ercury  rang ing  from  trace levels (<  0 . Ippm ) to  1300 ppm^^*.
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Metal hydride reductions have not captured the imagination o f  clandestine laboratory chem ists like 

the remainder o f  the scientific com m unity and cannot be attributed to the lack o f  open literature on the 

subject, although Shulgin’s book, “PiH KAL”'*̂ , may change current opinion. When N aC N BH s is used as 

reducing agent, reductive amination is known as the Borch reduction^^®. The reducing properties exhibited  

by NaCNBHa is pH dependent, in that at pH 3-4 the reagent w ill reduce aldehydes and ketones to their 

corresponding alcohols in preference to iminium ion reduction^^*' H ow ever at pH 6-7, iminium ions are 

reduced much faster than carbonyl groups with the result that little or none o f  the unwanted alcohols are 

formed. Iminium ion reduction occurs via a hydride transfer m echanism  from cyanoborohydride anions 

(Schem e 2 .35). In the formation o f  the iminium ion intermediate protons are required. It is therefore 

necessary to provide a source o f  protons such as the use o f  a buffered reaction medium or the periodic  

addition o f  acid (methanolic or conc. HCl). A s water is also generated during the reaction the use o f  dry 

solvents (usually MeOH or EtOH) is necessary to maximise yields but not essential for reductive amination 

o f  lower N-alkylam ines with ketones. 3 A molecular sieves are used to absorb the water generated during the 

reaction and causes a further improvement in yield  and is particularly useful for ketones w hich slow ly form

immes

R,

-OH

H , - H ,0 R, R
\  /
C = N  + 

/  \
Ro

3

R4

N aC N B H j 
pH 6-7

Scheme 2.35

Both N aC N BH 3  and aluminium amalgam were used in the preparation o f  primary, N -  

methyl and A^-ethyl methylenedioxyam phetamine derivatives from PM K, PEK and PPK. Table 2 .18 details 

the yields obtained from each reaction.

Analysis o f  the results reveals that for A'^-methyl amines, the aluminium foil method g ives higher 

yields than the N aC N BH 3 method, but that yields successively  decrease for both methods on lengthening the 

carbon backbone. Conversely, the use o f  NaCNBH s results in greater yields o f  A^-ethylamine derivatives. 

The aluminium amalgam method appears to be more sensitive to the length o f  the A^-alkylamine side chain 

than N aCN BH s, due to increased steric influences. Primary amphetamines were not synthesised by the 

aliuninium foil method for safety reasons as the reaction is more vigorous with concomitant generation o f  

heat, an undesirable outcom e as the reaction generates hydrogen gas. Although a w ide variety o f  

amphetamines can be prepared using both reducing reagents, N aC N BH s has a wider applicability and results 

in higher y ields when synthesising tertiary amines or secondary amines bearing an yV-alkyl functionality
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longer than a methyl group or any non alkyl group. However, for jV-methyl amphetamines, aluminium 

amalgam appears to be the reagent o f choice.

Table 2.18 : Yields o f  methylenedioxyamphetamine derivatives* obtained from both reductive amination 

methods.

Al-Hg or NaCNBHj 

°  NH4OAC or R'NH2-HC1

Compound No. R R' Common

Name

Yield (%)

Al-Hg NaCNBHj

(23) CH3 H MDA - 83

(24) CH3 CH3 MDMA 93 89

(25)^= CH3 CH2CH3 MDEA 45 87

(26) CH2CH3 H BDB - 82

(27) CH2CH3 CH3 MBDB 67 59
(238)«.ifi« CH2CH3 CH2CH3 EBDB 29 47

(28) CH2CH2CH3 H K - 41

(29) CH2CH2CH3 CH3 Methyl-K 52 29

(30)-*- CH2CH2CH3 CH2CH3 Ethyl-K 18 32

* yields calculated as the fi'ee bases

The amines in this work were isolated via acid-base extraction. Examination o f the free bases by 

TLC showed no basic impurities were present. Analysis of the acidic organic phase washes revealed varying 

quantities o f unreacted starting material remaining from the aluminium amalgam reductions, amounts of  

which were undetermined. However the acidic organic phase washes o f MDA showed the presence of two 

impurities from the NaCNBHs reduction method, with the organic washes o f MDMA, MDEA, BDB and 

MBDB reactions revealing one impurity which was not starting material and which had a significantly lower 

Rf value than PEK. The less polar impurity observed from the organic washes o f MDA had an Rf identical to 

the MDMA and MDEA impurity.

The isolation o f all impurities concerned is outlined in the Chapter 7. Determination o f their 

structures was performed by specfroscopic analysis and comparison with literature compounds (Table 2.19). 

It is interesting to note that the secondaiy amine (230) was extracted from the acidic aqueous phase during 

workup. Although the unsubstituted ring analogue of (230) has been reported as an impurity in the synthesis 

o f amphetamine by the reductive amination method (reducing agent not specified)'*^, the isolation o f (230) 

by reductive amination o f PMK with NH4OAC has not been previously reported. Verweij studied the 

synthesis o f MDMA by the Al-Hg method and identified (100) among other impurities'^^. Bohn further 

identified the A'-methyl derivative of (230) as an impurity from the same reaction although a similar impurity 

was not isolated in this work'* .̂ (100) has not been previously identified as an impurity from the synthesis of
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MDA or MDEA. Furthermore, butanol (239) has not been reported to date as an impurity o f  BDB or MBDB 

by the reductive amination route.

0
(230)

O

o
(100) R = C H 3  
(239) R = CH2CH3

Table 2.19 : Impurities identified from  the acid  washes o f  amphetamines synthesised via NaCNBHj.

Organic wash Impurity isolated Yield (% ) IRVmax (cm ')

MDA (230)'*-' 14 3312 (NH)

(100)'^8. 1 3392 (OH), 2779 (OCHjO)

MDMA (100)-*' 1.5 3392 (OH), 2779 (OCH 2 O)

MDEA (>00) 6 3392 (OH), 2779 (OCH 2 O)

BDB (239)'''’" 2 3402 (OH), 2777 (OCH 2 O)

MBDB (239) 1.5 3402 (OH), 2777 (OCH 2 O)

The formation o f  secondary amine (230), isolated as a 75:25 mixture o f  diastereomers, may be 

explained by MDA, the product o f the reaction, undergoing a further reductive amination with another 

molecule o f  PMK. Once MDA is formed in the reaction, two sources o f  nitrogen are now available for 

reductive amination with PMK. To suppress formation o f  secondary and tertiary amines o f  this type, it is 

usual to have at least a five fold excess o f  amine starting material present in the reaction medium. It is most 

likely that only one amine impurity o f the type o f  (230) was isolated in this work due to steric considerations. 

Because this compound was also identified by Bohn as an impurity o f  the Leuckart reaction to form MDA, 

the compound is not route-specific'*’. However (230) was not isolated from the Leuckart reaction in this 

work.

The alcohol impurities were formed by a pH dependent reduction o f  the corresponding ketones, as 

explained earlier. Their IR spectra were characterised by a strong OH stretch around 3400cm''.

2.2.14 Synthesis and impurity profiling o f  2-ainino-l-(3,4-m ethylenedioxyphenyl)alkanes by the 

oxime route

A rarely encountered clandestine method for the synthesis o f  primary amphetamines involves a two 

step synthesis from an appropriate ketone via  an oxime intermediate. Allen, in 1989, carried out a literature 

review o f  the clandestine reduction methods o f  amphetamine laboratories and found a considerable number 

o f  reducing agents for the reduction o f oximes to amines documented'^®. To date there has been no report o f  

the synthesis o f  primary methylenedioxyamphetamines by this route.
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A number of methods have been cited in the literature for the synthesis o f PMK oxime from PMK, 

including refluxing a mixture o f the ketone and hydroxylamine HCl in pyridine/ethanor^ or sodium 

acetate/methanol^^*. Other methods have used l-(3,4-methylenedioxyphenyl)-2-nitro-l-propene (133) as 

starting material, by reduction of the nitrostyrene with Zn(BH 4 )2 ^™ or NH 4 C 1/Indium metaP’ ’. Clark^’  ̂

synthesised the oxime of PEK by refluxing a mixture o f hydroxylamine HCl, pyridine and ethanol as 

described by Braun” . This latter method was used below for the synthesis o f the oximes o f PMK, PEK and 

PPK in modest yields (Table 2.20).

Table 2.20 : Yields, melting points and syn/anti isomer ratios o f  oximes (240)-(242).

NH 2 OH.HCI, pyr

EtOH, reflux, 2hr O

(240)-(242)

R 

NOH

Compound No. R Yield (% ) m.p. (°C) synlanti ratio*

(240) CHj 60 86-87 (lit. 84-87)"" 0 / 1 0 0

(241) CH2 CH 3 69 57-58 (lit. o il)’"" 65/35

(242) CH2 CH 2 CH 3 73 Oil 50/50

* based on 'H and '^C-NMR chemical shift values of H-1' and C-1' benzylic atoms.

The proton NMR spectra o f oximes (241) and (242) exhibited two sets o f signals o f differing ratios 

(Table 2.20), corresponding to syn and anti geometrical isomers. Yadav recently synthesised a number of 

related oximes including PMK and determined the syn and anti isomer ratio based on 'H and '^C-NMR 

chemical shift values o f benzylic H-1' and C-1' atoms^^'. In the case o f syn oximes, benzylic protons were 

found to resonate at a lower frequency^’’. Other groups have used similar methods^^^. Therefore, chemical 

shift values o f H-1' and C-1' atoms for oximes (240)-(242) were used to assign syn and anti isomers. As no 

spectroscopic details were included by Clark for the PEK oxime (241)^’ ,̂ its infrared and proton NMR data 

are discussed below.

anti (241) syn (241)

In the IR spectrum o f (241), a broad band exhibited at 3245cm‘‘ corresponds to 0-H  stretching of 

the oxime group. C-H stretching of the methylenedioxy moiety and C=N stretching occur at 2780 and 

1609cm'‘ respectively.

The proton NMR spectrum o f (241) was complicated by the presence of two sets o f resonances 

corresponding to syn and anti isomers. The syn/anti ratio o f (241) was determined to be 65;35 by signal 

integration. With C-2' now a quaternary carbon, the H-3' and H-4' protons are represented by a pair of 

triplets and quartets. H-4' o f the syn and anti isomers are exhibited in close proximity as triplets at 1.01 and 

1.05 5 respectively. The deshielding effect of the oxime group shifts the syn H-3' quartet to 2.18 6  with the
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anti H-3' methylene protons 0.13 5 further dovrafield at 2.31 6 . Coupling constants for all four signals were 

identical (J=7.5Hz). A more dramatic shift difference of 0.24 5 is seen between the singlets corresponding to 

H-1', located fiirther downfield at 3.41 {anti isomer) and 3.65 6  {syn isomer). For the H-1' signals, it is the 

syn isomer which occurs further downfield in contrast to the H-3' signals, where the anti isomer is more 

deshielded. This is due to the relative proximity of both sets o f protons to the OH group. Pretsch has stated 

that the chemical shift difference between syn and anti protons o f the a-CH protons of oximes depends on the 

dihedral angle between the C-H and C=N bonds^^"*. Two singlets in very close proximity resonating at 5.92 

(anti isomer) and 5.93 5 {syn isomer) represent the deshielded methylene protons o f the dioxole ring with the 

H-2, H-5 and H- 6  aromatic protons of both isomers occurring as a complex multiplet within the region 6.67- 

6.76 5. The most downfield peaks of the proton spectrum are a pair of singlets at 8.43 {anti isomer) and 8.67 

5 {syn isomer) exhibiting a chemical shift difference of 0.24 5. Both peaks correspond to the heavily 

deshielded OH protons o f the oxime group. When the aromatic ring and oxime OH are syn, additional 

deshielding occurs due to the proximity o f the phenyl ring to the OH proton occurs, shifting the syn OH 

signal further downfield compared to the anti OH singlet.

The oximes (240)-(242) were then reduced with L 1AIH4 in refluxing THF for three hours, giving the 

expected amines MDA, BDB and K in 53, 50 and 34% yields as the free bases, isolated by flash column 

chromatography (eluent : methanol). Yields were unexpectedly poor for what appears to be a straightforward 

reduction. Examination o f the three crude amine residues by TLC prior to chromatography revealed two 

additional spots with substantially higher Rf values (0.46 and 0.74 (eluent : diethylether/methanol:90/10)) in 

the MDA residue (R f of MDA = 0.10) with one additional spot, also o f higher Rf, in each o f the BDB (R f =  

0.13) and K residues. Aziridines have previously been isolated as impurities from the synthesis of 

amphetamine by this method (see section 1.6.6 .5 o f Chapter 1)'^^. Following isolation by flash column 

chromatography and characterisation, impurities detected from this work were also shown to be aziridines, 

previously unreported in the literature. Aziridines (243) and (244) were isolated fi'om the crude residue of 

MDA with (245) and (246) isolated from BDB and K respectively. Substantial yields were obtained. 

Primary amphetamines prepared in this manner may be significantly contaminated by such unpurities as a 

result.

In general, two types of oximes undergo hydride reduction with ring closure to give aziridines; 

ketoximes that carry an a  or p aryl ring and aldoximes substituted with an aromatic ring at the p carbon. The 

synthesis of aziridines by reduction of oximes with LiAlH4 was first discovered by Kitahonoki in 1965^’  ̂and 

ftirther explored by Kotera^^^’ NaAlH2 (0 CH,CH 2 0 CH3 ) 2  (Red-Al)^” ’ and /-BuMgBr in toluene^*® 

have also been used in the conversion of oximes to aziridines.

Aziridines (244)-(246) were isolated exclusively in the cis configuration, indicated by a coupling 

constant of about 6.0Hz between H-2 and H-3, even though a syn!anti isomer mixture o f  oximes (241) and 

(242) were used in the reduction. Although the H-2 proton of (244) resonates as a multiplet in proton NMR, 

previous work has shown the unsubstituted phenyl analogue, synthesised in a similar manner as above, to be
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Table 2 .2 1 : Yields and spectroscopic data o f  aziridine impurities (243)-(246).

O

(
O

R 

NOH

LiAlH 4 , THF

reflux, 3hr

(23) MDA  
(26) BDB  
(28) K

Aziridines isolated

(243)

<
■y_3ŝ

H ^ H
H

(244) R = CH 3

(245) R = CH2 CH 3

(246) R = C H 2 CH2 CH 3

Compound

No.

Yield

(%)

(cm ') 'H-NM R (8 )

H-2 H-3

(243) 15 3310, 3240 (NH), 2778 (OCH2 O) 2.16, m 1.42, d, J3 ,2 = 3 .5Hz 

1.80, d, J3 ,2 = 3 .5Hz

(244) 15 3173, 3248 (NH), 2777 (OCHjO) 3 .17 ,m 2.35, br s

(245) 29 3183 (NH), 2796 (OCHjO) 3.19, d, J2,3=6.5Hz 2 .19 ,m

(246) 36 3167 (NH), 2793 (OCH 2 O) 3.18, d, J2,3=6.0Hz 2.24, m

Scheme 2.36 shows the formation o f  2-phenyl aziridines (244)-(246)^^^'^^^. The mechanism o f  

aziridine formation begins with nucleophilic attack by AIH4 ' on the oxime hydroxy group. A concerted 

elimination o f  a benzylic proton and OAIHs” group occurs, giving rise to the unsaturated nitrene (248). An 

uncharged aluminium species may also coordinate with the oxygen o f  (247) to facilitate elimination. For 

aziridine (243) (R = CH3 ), proton elimination from the methyl group occurs instead. Nitrene attack on C-1 o f  

(248) then occurs followed by C=C bond migration, giving rise to azirine (249). The azirine is reduced to the 

cis aziridine by attack o f  hydride mainly from the opposite side to the bulky phenyl group. Only one 

enantiomer is shown throughout the reaction mechanism.

Ph R Ph R Ph R
/  AIH4 \  /  \  /

/  -H, O  V )-  / 4
H N '^ O H  ■ H N '^O A IH , H V ^ N ;

(247) /  (248)

Ph R\ /
'c—c'

N
H

Ph = 3,4-methylenedioxyphenyl

AIH4

<  \ / /

(249)

Schem e 2.36
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The IR spectra o f  aziridines (243) and (244) exhibit two unusual weak bands corresponding to NH 

stretching at around 3315 and 3245cm ''. (245) and (246) displayed normal single band NH stretches at 3183 

and 3 167cm'* respectively.

Benzyl substituted aziridine (243) is readily distinguishable from the phenyl aziridines by 'H -N M R, 

with both diastereotopic H-3 protons resonating as distinct doublets at 1.42 and 1.80 5 (J=3.5Hz). Geminal 

coupling for aziridines, normally around IHz, was not observed. Protons o f  the benzyl methylene group are 

also diastereotopic and are seen further dovrafield due to the deshielding phenyl system as two double 

doublets at 2.59 and 2.70 6 . These exhibit geminal coupling (J=14.6Hz) and coupling to H-2 (J=5.5 and 

6.0Hz) respectively. As a result o f  a coupling to two pairs o f  diastereotopic protons, H-2 occurs as a 

m ultiplet at 2.16 6 . The NH proton located at 0.52 6  is heavily shielded being part o f  a three m em bered ring.

For phenyl substituted aziridine (245), the CH 3 protons are found at 0.89 5 as a triplet (J=7.3Hz) 

with two distinct multiplets, located at 1.10 and 1.25 5 and integrating for one proton each, corresponding to 

the methylene protons a  to H-3. H-3, a multiplet at 2.19 5, splits the more upfield H-2 proton at 3.19 8  into a 

doublet (Jcis=6.5Hz). The singlet integrating for two protons at 5.94 5 signifies the OCH 2 O group, with each 

aromatic proton represented as doublets at 6.74 (H-5', J=8.0Hz), 6.82 (H-6 ', J=8.0Hz) and 6.84 5 (H-2', 

J=1.5Hz) respectively. A broad singlet at 0.95 5 represents the N H  proton.

The *^C-NMR spectrum o f (245) was assigned with the aid o f  an HM QC experiment. CH 2 C H 3 

corresponds to the most upfield resonance at 11.36 ppm with CH 2 CH 3 at 21.42 ppm inverted in the DEPT 

135° spectrum. It is interesting to note the slight shielding effect exerted by the phenyl ring on C-2 (36.77 

ppm) compared to C-3 which is about 2ppm further downfield at 38.89 ppm. Such an effect is not seen for 

their corresponding protons where H-2 resonates 1.00 5 further downfield than H-3 in the ‘H -N M R spectrum. 

This phenomenon is also observed for the propyl substituted aziridine (246) but not for (244). The OCH 2 O 

carbon occurs at 100.77 ppm and is inverted in the DEPT 135° spectrum, with C-5', C-2' and C-6 ' exhibited 

at 107.77, 108.18 and 120.76 ppm respectively. C-1' resonates at 131.81 ppm with C-3 and C-4' o f  the 

dioxole ring further downfield at 146.21 and 147.27 ppm.

2.2.15 Reduction o f p-nitrostyrenes to primary am phetamines with LiAlH 4

Section 1.6.3.5 reviews the reduction o f  nitroalkenes to primary amphetamines. Verweij has carried 

out a detailed impurity profile by GC-MS o f MDA synthesised through reduction o f  l-(3 ,4- 

m ethylenedioxyphenyl)-2-nitro-l-propene by LiAlH 4 '̂ '*. Am ong the impurities isolated were PM K, PMK 

oxime, piperonal, piperonyl alcohol (247) and several condensation products o f  M DA with PM K and 

piperonal, mcluding (248).

(247) (248)

The nitrostyrene used by Verweij was found to be contaminated with piperonal, explaining the 

origin o f  some o f the observed impurities. N itroalkanes, oximes and hydroxylam ines are known
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intermediates o f nitrostyrene reductions with LiAlH4 ®̂‘', explaining the detection o f  PMK oxime. Although

impurities were not identified but the possibility o f  their formation does exist under the reaction conditions, 

leading to the conclusion that aziridine impurities are not route specific.

Nitrostyrenes (133) and (134) were reduced with LiAlH 4  in refluxing anhydrous THF for 8 hours

by TLC and shown to contain only the desired products, MDA and BDB. The organic acid washes were also 

analysed by TLC for neutral and basic impurities but none were detected. Both amines were further purified 

by vacuum distillation, affording colourless oils in yields o f  79% (MDA) and 69 % (BDB). The reduced 

yields were due to loss o f  product on vacuum distillation. Although in this case, no impurities were detected, 

many impurities may potentially arise, as shown by Verweij" '̂*. The use o f  pure nitrostyrene is essential to 

minimise impurity formation.

2.2.16 Synthesis o f M DM A by the brom osafroie route

The two step bromosafroie route from safrole was the method used for the first published synthesis 

o f  MDMA by E.Merck & Co, in 1912^*. section 1.6.3.5 o f  Chapter I provides details o f  the range o f  possible 

impurities arising from this route.

In this work, the intermediate 2-bromosafrole (108)^*' was prepared by the method o f  Noggle'^^. A 

mixture o f  safrole and 48% aq. HBr was stirred at room temperature for 7 days (Scheme 2.38). After workup 

a TLC o f  the crude product revealed the presence o f  substantial amounts o f  starting material at Rf 0.46 

(mobile phase : hexane), with a smaller spot corresponding to the product at Rf 0.29. Separation o f  both 

compounds by flash column chromatography was unsuccessfiil. Instead, the mixture was subjected to 

fractional vacuum distillation. Safrole, having a lower boiling point than (108), was first to be collected. 2- 

Bromosafrole was isolated as a colourless oil in 18% yield at 115°C/0.7mmHg.

this oxime was identified, it would be expected that aziridines may also have been detected. However such

(Scheme Workup o f  each reaction consisted o f  decomposing excess hydride followed by removal o f

volatiles in vacuo and acid-base extraction, resulting in the isolation o f  an amber oil. The oils were examined

LiAlH

THF, reflux. 8hr

(133) R = CH3
(134) R = CH2CH3

(23) R =  CH3 
(26) R = CH2CH3

Scheme 2.37

(66) (108)

Scheme 2.38

The reaction involves Markovnikov addition o f  HBr across the double bond o f  safrole. The addition 

is regioselective, in that 3 -bromosafroie has been detected as an impurity from the reaction by N oggle’’ .̂
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The mechanism involves two steps. Safrole first accepts a proton at the terminal alkene carbon from HBr, 

forming a carbocation at C-2'. Secondary carbocations are more stable than primary carbocations, thus 

explaining the preferential addition of hydrogen to the terminal carbon. This step is highly endothermic and 

is the rate limiting step of the reaction. Stabilisation o f the carbocation occurs by nucleophilic attack of a 

bromide ion, affording the desired product.

In the proton NMR spectrum of (108), H-3', deshielded by the electronegative bromine, is shifted to 

1.71 6 (d, J3_2=6.5Hz). The diastereotopic H-1' protons resonate at 3.00 8 and 3.16 § as double doublets, 

exhibiting geminal (J=l4.0Hz) and vicinal (Ji y=7.0Hz) coupling. H-2' is heavily deshielded and is found as 

a multiplet at 4.27 5 with the OCH^O protons further downfield as a singlet at 5.96 6. H-6 is found as a 

double doublet at 6.68 6 (J6,5=8.0Hz, J6,2=1.5Hz), with signals corresponding to H-2 and H-5 resonating 

further downfield at 6.72 (d, J2,6=l -OHz) and 6.78 5 (d, J5 g=8.0Hz) respectively.

MDMA is prepared from 2-bromosafrole (108) by nucleophilic displacement o f bromine with 

methylamine via an Sn2 mechanism. (108) is stirred at room temperature for 96 hours in an ethanolic 

aqueous solution o f methylamine (Scheme 2.40)‘̂ .̂ An acid base workup afforded the amine in 38% yield. 

Examination of the amine by TLC showed that no additional basic compounds such as tertiary amines 

(arising by nucleophilic substitution o f MDMA with a second molecule of (108)) were formed during the 

reaction. Analysis of the acid wash organic phase by TLC revealed the presence o f unreacted starting 

material. No additional compounds were detected. Omitting the acid base wash would result in the 

contamination of MDMA with (108), a route specific impurity. Omitting the initial purification o f safrole 

and (108) would result in further contamination o f MDMA with these compounds. If sassafras oil was used 

in place o f safrole, further contamination of MDMA would be expected as outlined in section 1.6.3.2 of 

Chapter 1. As a result, the bromosafrole route has the potential o f forming MDMA with a complex but 

highly characteristic impurity profile. MDEA could potentially be synthesised via the bromosafrole route by 

replacing methylamine with ethylamine in Scheme 2.40 but this was not explored. An analogous impurity 

profile to that o f MDMA is expected.

Br
(66) (108)

Scheme 2.39

Et0 H/H2 0 , r.t., 96hr

(108) (24)

Scheme 2.40

2.2.17 Synthesis of MDEA by acylation of MDA foJIowed by reduction.
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Shulgin'*^ and Braun^^ have prepared M DEA by acetylation o f  M D A  follow ed by reduction o f  the N -  

acetyl group with LiAlH 4 . The synthetic route has not been previously reported as a clandestine method for 

the synthesis o f  M DEA and is unlikely to be used when one considers that the method involves carrying out a 

ftjrther tw o synthetic steps on a starting material which is itse lf  pharm acologically active. H ow ever, due to 

the ever growing sophistication o f  the clandestine chemist, it w as decided to assess the impurity profile o f  

this method.

A m ides can be prepared from amines by reaction with acyl halides, anhydrides, carboxylic acids and 

carboxylic esters, although acyl halides and anhydrides are the m ost reactive. A^-acetyl M D A  (119)^^ was 

prepared by the addition o f  acetic anhydride at room temperature to a solution o f  M D A  in pyridine (Schem e  

2.41). The product was initially purified by acidification o f  the reaction mixture fo llow ed  by extraction. An 

examination o f  the extracts by TLC revealed one spot corresponding to the desired product. (119 ) was 

isolated as colourless crystals in 78%  yield.

A C 2 0

pyr, rt, Ihr H '^ 'C O C H j

(119 )

Schem e 2.41

N H ,

(23)

N H  and C = 0  amide stretching o f  (119) occur in the IR spectrum at 3294  and 1634cm'' respectively. 

Carbonyl stretching o f  A^-formyl M D A  in comparison occurs 17cm ' lower than N -acetyl M D A , due to the 

much reduced C=N character o f  the A^-acetyl group.

N o evidence o f  hindered rotation about the amide bond o f  (119) is observed in its proton or '^C- 

N M R  spectra, unlike those o f  A^-formyl substituted amphetamines discussed in Section 2 .2 .9 . In the 'H- 

N M R  spectrum o f  (119), a broad doublet, occurring near the m ethylenedioxy signal at 5 .60  5, corresponds to 

the NH amide proton and exhibits coupling to H-2' (J=6.5H z). A m ide protons are not readily exchanged, 

resulting in NH coupling to a  protons. Coupling influences o f  am ide protons may be studied by the addition  

o f  D 2 O and a trace o f  trifluoroacetic acid to the N M R  sam ple, resulting in the disappearance o f  the amide 

proton and simplification o f  vicinal proton splitting pattems^*^. A  singlet integrating for tw o protons at 5.91 

5 corresponds to the OCH 2 O group. Further downfleld, a typical 1,3,4-trisubstituted aromatic splitting 

pattern is observed with three resonances: at 6.61 (H -6, dd, J6_5=8.0Hz, J6,2=l-5Hz), 6 .67 (H -2, d, J2,6=1.5Hz) 

and 6.72 5 (H -5, d, J5,6=8.0Hz).

Reduction o f  the A'^-acetyl group was effected in an identical manner to the reduction o f  A^-formyl 

substituted amphetamine derivatives, (discussed in section 2 .2 .12 ), by refluxing the amide in a THF  

suspension o f  LiAlH 4  for 48 hours (Schem e 2 .42), follow ed by acid-base workup. M D EA  w as isolated as an 

oil in 28% yield, comparable to the reduction o f  A^-formyl M D A  to M D M A  (25%  yield).

LiAlH,4

H '^ 'C 0 C H 3  THF, reflux, 48hrs H '^ 'C H 2 C H 3

(119)

Schem e 2.42
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TLC analysis o f  the M D EA  free base showed that no additional basic com pounds were formed, with 

the product observed as a tailing spot with an Rf o f  0 .26 (m obile phase : methanol). Examination o f  the 

organic w ashes o f  the acidic phase during workup show ed substantial amounts o f  A^-acetyl M D A , the 

quantities o f  which were not determined. The poor yield obtained highlights the difficulty o f  amide bond 

reduction and the probability that, i f  M DEA were to be synthesised illegally by this route, an alternative 

reducing method would be em ployed.

2.3 SYNTHESIS OF 3,4-METHYLENEDIOXYAMPHETAMINE DERIVATIVES 

BEARING AN AMINO FUNCTIONALITY ON CARBON 1 OF THE 

CARBON BACKBONE

2.3.1 Syn th esis o f  the key precursors l-(3 ,4 -m eth y len ed io x y p h en y l)-l-a lk a n o n es

The continued interest in designer analogues o f  the M D A  type suggests the possibility o f  the 

appearance o f  additional hom ologues, derived by similar synthetic m ethods, using alternative starting 

materials. Shutz reported on the structure-activity relationships in rats and m ice o f  a range o f  1-am ino-1- 

phenylalkanes, using parameters such as blood pressure and relief o f  barbiturate necrosis^*^. It was 

concluded that, depending on the nature o f  the substituents, these substances were not unlike 

sym pathomimetic amines and, in addition, might possess interesting psychotropic effects.

Based on published data concerning the synthesis o f  1-phenethylamines^*'* and related 1- 

m ethylenedioxyphenyl derivatives ’ , l-(3,4-m ethylenedioxyphenyl)-l-alkanones were considered as the

m ost appropriate key precursors to the a-substituted m ethylenedioxyam phetamine analogues o f  interest, 

especially  when one considers that the appropriate aceto- and propiophenones are com m ercially available. 

H ow ever, it was decided to synthesise all ketones required by oxidation o f  the corresponding secondary 

alcohols. Synthesis o f  the required higher alcohols (87) and (166 ) from piperonal was described in Section  

2 .2 .6 . A lcohols (249)^*’ (R =C H 3 ) and (250)^*' (R=CH 2 CH 3 ) were synthesised in an identical manner in 97%  

and 95% yields respectively.

Smooth oxidation to the phenones (251)-(254) was effected with pyridinium chlorochromate (PCC) 

in CH iCIt (Table 2 .22). The ketones were obtained as colourless solids in good  overall yields. Workup and 

removal o f  chromium containing byproducts proved tedious, with ketone yields reduced as a result. N o  

organic impurities were detected on workup, but the possibility o f  inorganic contamination by chromium  

may exist without proper purification o f  the products.

PCC is a mild oxidizing agent and has proven the reagent o f  choice for the oxidation o f  primary and 

secondary alcohols to aldehydes and ketones. It is particularly suitable for moderate to large scale 

preparations. The reagent show s slightly acidic character. With com pounds bearing acid sensitive groups, 

the reaction may be buffered. Pyridine acts as a ligand in the oxidant by m odifying the oxidizing strength o f  

the chlorochromate anion. H eterocyclic chlorochromates show  a trend where their strength as oxidant is 

inversely proportional to the donor strength o f  the heterocyclic ligand^^^.
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Table 2 .22  : Yields and m elting p o in ts  o f  phenones (25I)-(254).

PCC

CH 2 CI2 , rt, 90m in

(2 5 1 H 2 5 4 )

C om pound No. R Y ield  (% ) m .p. (°C )

(251) CH3 94 86-87  (lit. 85.6-86.3)^*'*

(252) CH2CH3 72 35-36  (lit. 38-39)"'*^

(253) CH2CH2CH3 82 42-43 (lit. 47)"""

(254) CH2CH2CH2CH3 70 34-35 (lit. 42-44)^'"^

The mechanism o f  secondary alcohol chlorochrom ate oxidation involves two initial steps, shown in 

Schem e 2.43. A chlorochromate ester (255) is formed with subsequent proton loss, possib ly catalysed by 

water or the pyridine ligand. Chromium is reduced in the process from Cr(VI) to C r(lV ) oxidation state. A 

series o f  electron transfer reactions may also occur from chromium in either (IV ), (V ) or (V I) oxidation states 

to the C-1' alcohol carbon with subsequent transfer o f  hydrogen to the chromate species.

R2C— H C rO jC U H ^  R2C— H ___________ base R ,C = 0

OH '^ 2 0  O — C rO jC l -C r02C l

(255 )

Schem e 2 .43

A  strong C = 0  stretching band is the characteristic feature o f  the phenone IR spectra, occurring in 

the region 1662-1671cm ‘‘. Phenone carbonyl groups are not as polarized as their 2-alkanone analogues 

(PM K, PEK, etc.) due to the electron rich a  aromatic ring.

Proton NM R spectra o f  compounds (251)-(254) differ from their 2-alkanone analogues by the 

absence o f  a singlet integrating for two protons in the region 3 .50 5, corresponding to the m ethylene H-1' 

hydrogen atoms.

An alternative one step method for synthesising the desired phenones may involve a Friedel-Crafts 

acylation o f  3,4-m ethylenedioxybenzene with a suitable acyl halide and L ew is acid. H ow ever, this possible  

method was not explored.

2.3.2 R ou tes to  be exp lored  in the syn thesis o f  1-am ino and  1-A^-alkylamino l- (3 ,4 -  

m ethylened ioxyphenyl)alkanes.
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It is most likely that any clandestine chemist attempting to synthesise a  substituted 

methylenedioxyphenalkylamines would employ a method previously used in the synthesis o f MDA tj^^e 

amphetamines. As phenones are the most likely key precursors to these 1-amino and 1-alkylaminoalkanes 

(257), the following routes will be explored ( R 2  = C H 3 ,  C H 2 C H 3 ,  C H 2 C H 2 C H 3  and C H 2 C H 2 C H 2 C H 3  in all 

routes):

• A two step synthesis o f either primary or A^-methyl amines via the 7V-formyl intermediates (254) and 

(255) (Leuckart reaction).

• A one step reductive amination leading to both primary and secondary amines ( R 3  = H, C H 3 ,  C H 2 C H 3 ) .

• A two step reaction to primary amines via the intermediate oxime (256) (the oxime route).

Figure 2.8 : Synthetic routes to be explored in the synthesis o f  l-amino and l-N-alkylamino-l-(3,4- 

methylenedioxyphenyl)alkanes.

CHO

(255)

(254)OH

(256)

R] = 3,4-methylenedioxyphenyl 
R2  = methyl, ethyl propyl or butyl 
R3  = H, methyl or ethyl

(257)

2.3.3 Impurity profiling of the Leuckart-Wallach reaction of l-(3,4-methyIenedioxyphenyl)-l-

alkanones and formamide.

King in 1996 published the analysis of a sample o f 1-phenethylamine (258) obtained from a 

clandestine laboratory and determined its constituents by GC-MS^*^. Impurities identified included \-N- 

formylamino-l-phenylethane (259), 4-phenylpyrimidine (260) and both diastereomers of jV,A^-di(l- 

phenethyl)formamide (261). Based on the identification o f such characteristic impurities. King concluded 

that these compounds must have arisen via the Leuckart reaction. The exact reaction conditions are 

unknown. To date, there has been no published data concerning the synthesis o f 1- 

methylenedioxyphenalkylamines by the Leuckart reaction. This section explores such a possible synthetic 

method.
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(258) (259) (260) (261 )

A mixture of formamide and an appropriate l-(3,4-methylenedioxypiienyl)-l-alkanone, (251)-(254), 

were heated at 190°C for five hours in a manner analogous to that outlined in section 2.2.9. Each reaction 

was also worked up in a similar maimer and crude product residues examined for impurities by TLC. A total 

of five spots were detected by TLC for each of the four reactions performed. All five compounds were 

separated and isolated by flash column chromatography on silica gel, with a single chromatographic run 

sufficient for each reaction residue. Spectroscopic analyses (IR, ‘H and ’̂ C-NMR, LRMS and HRMS) o f the 

compounds revealed that each A^-formyl product residue (where R = H, CH3, CH2CH3 or CH2CH2CH3) 

consisted of, in order o f decreasing polarity, the desired A^-formyl-substituted amine as major product, a 

pyrimidine, two pyridines and an alkene derivative. The jV-formyl amines, pyrimidines and pyridines isolated 

in this work are previously unreported in the literature.

Figure 2.9: Compounds isolated from the Leuckart reaction o f methylenedioxyphenone derivatives. (For a 

given ketone starting material where R= H, CH3, CH2CFI3, or CH2CH2CH}, the R group o f  each impurity is 

also R).

R NH2CHO

190“C ,5 h r

N
R

(251)-(254) (262)-(265)

Impurities isolated:

<:xr̂^
(278), (67), (88), (167)

Table 2.23 lists the yields and IR data o f the required A^-formyl derivatives (262)-(265). As the 

length of the carbon backbone increases from two to five carbons, an increase in yield is detected.
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Table 2.23 : Yields Rj and IR data fo r  N-formyl alkylamines (262)-(265).

' N (262)  R = H
( 2 6 3 ) R  = CH3  

/ I I  (264)  R = C H 2 CH 3

(265) R = CH2CH2CH3

Compound No. Yield (%) Rf* (cni )

(262) 28 0.31 3271 (NH), 2780 (OCHjO), 1662 (CHO)

(263)"" 33 0.37 3280 (NH), 2777 (OCH2 O), 1637 (CHO)

(264) 38 0.43 3774 (NH), 2776 (OCHjO), 1660 (CHO)

(265) 55 0.55 3272 (NH), 2777 (OCH2 O), 1659 (CHO)

* mobile phase : (diethylether)

Restricted rotation about the amide C-N bond results in two sets o f  resonances in both the 'H and 

'^C-NMR spectra o f  the compounds. For (263), the rotamer ratio is 80:20 at 27°C in CDCI3 . The terminal 

H-3' proton signals occur as triplets at 0.89 (major rotamer, J=7.5Hz) and 0.92 5 (minor rotamer, J=7.5Hz). 

Signals o f  the H-2' methylene protons are isochronous and resonate as a multiplet at 1.81 6 . Deshielding by 

both the aromatic and jV-formyl groups shift H-1' signals to 4.28 (minor rotamer, m) and 4.85 5 (major 

rotamer, m). Two singlets, located at 5.94 and 5.96 6 , integrating for 1.6H and 0.4H respectively correspond 

to the methylene group o f  the dioxole ring with the deshielded amide proton located as broad singlets at 6 . 0 0  

(major rotamer) and 6.27 5 (minor rotamer). Aromatic protons H-2, H-5 and H- 6  resonate within the region 

6.70-6.82 6 . A doublet and singlet at 8.10 and 8.16 6  with relative integrations o f  0.2H and 0.8H represents 

the formyl proton o f  both rotamers with the minor rotamer exhibiting coupling to the amide proton with 

J=12.0Hz. Signals for H-1', NH, and CHO protons in the 'H-NMR spectra o f  amides (262)-(265) occur 

further downfield than their 2-A^-formyl amino analogues discussed in section 2.2.9.

In the '"C-NMR o f  (263), the major and minor C-1' resonances at 53.53 and 57.86 ppm are 

significantly more deshielded in comparison to the C-2' carbon o f  A^-formyl MDA (204) (44.77 and 49.61 

ppm for the major and minor rotamers respectively) due to the a  phenyl group.

Pyrimidine impurities

A number o f  papers have cited the isolation o f  4-phenyl and 4-heteroaromatic substituted 

pyrimidines from the Leuckart reaction o f  the appropriate phenone and formamide ’ ' ’ . The

mechanism o f  the formation o f  pyrimidines (266)-(269) is similar to that outlined in Figure 2.6, section 2.2.9  

except that, in this case a single option exists for cyclisation, giving rise to one pyrimidine impurity per 

reaction (Table 2.24).
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Table 2.24 : Yields, melting points and R f  data fo r  4-phenyl substituted pyrimidines

(266) R = H
(267) R = CH3
(268) R = CH2CH3
(269) R = CH2CH2CH3

Com pound No. Yield (% ) m.p. (°C) Rf*

(266) 7 116-117 0.18

(267) 7 72-73 0.16

(268) 8 Oil 0.12

(269) 8 Oil 0.22

* mobile phase : (diethylether/hexane ; 50/50)

The IR spectra of all pyrimidines exhibited weak bands at -2780 and 1665 cm‘‘ corresponding to 

CH stretching o f the dioxole ring and C=N heteroaromatic stretching respectively.

Characterisation of the monosubstituted pyrimidine (266) by 'H and '^C-NMR provided valuable 

information concerning the position of the methylenedioxyphenyl substituent and alkyl groups o f the higher 

pyrimidines. In the proton NMR of (266), the most upfield resonance, a singlet integrating for two protons at

6.05 5, corresponds to the deshielded methylene group of the dioxole ring. TOCSY and HMQC experiments 

proved useftil in assigning the six aromatic and heteroaromatic proton signals o f (266). Splitting patterns 

indicated the presence of two 1,3,4-trisubstituted ring systems. The doublet at 6.92 6 was assigned to H-5' of 

the methylenedioxyphenyl ring as the coupling constant o f J=8.0Hz is larger than typical pyrimidine ortho 

coupling (normally ~5Hz). H-5 of the pyridine ring was assigned to the double doublet at 7.60 5, exhibiting 

ortho coupling to H-6 (J=5.5Hz) and rrteta coupling to H-2 (J=1.5Hz). A TOCSY experiment showed that 

the signal for H-5' and the proton at 7.62 6 (d, J=1.5Hz) were on the same ring. The coupling constant value 

indicates meta coupling and the peak at 7.62 5 is thus assigned to H-2'. The TOCSY also showed both H-5' 

and H-6' correlating with a double doublet (J=8.0, 1.5Hz) centered at 7.64 5, which must correspond to H-6'.

1.05 § further downfield, H-6 o f the pyridine ring is represented as a doublet at 8.69, ortho coupled to H-5 

(J6,5=5.0Hz). Deshielding of both pyrimidine nitrogens shifts the doublet of H-2 to 9.20 S with J2_6=l-0Hz. 

Alkyl substitution of the primidine ring at C-5 reduces H-2 and H-6 to singlets.

Pyridine impurities

The synthesis of 2,4-diphenyl substituted pyridines (270)-(273) is outlined in Scheme 2.44. The 

proposed mechanism is similar to those outlined in Figure 2.7 and Scheme 2.26 for the MDA series of 

pyridines, whereby a condensation between formamide and two ketones occurs. The impurities were isolated 

in yields o f 0.4% for (270)-(272) and 0.5% for pyridine (273).
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NH-

C

R

(270) R = H
(271) R = CH3
(272) R = CH2CH3
(273) R = CH2CH2CH3

0,

>
O

Scheme 2.44

The unsubstituted diphenyl pyridine (270) provided the evidence needed for the proposed 

substitution pattern. The proton NMR spectrum indicated that the compound was not symmetrical. A 

TOCSY experiment was useful in determining the pyridine and methylenedioxyphenyl proton signals. The 

most downfield signal o f the spectrum was a doublet at 8.62 6 with a coupling constant of 5.0Hz. Vicinal 

protons on a pyridine ring exhibit different coupling constants depending on whether they are ortho and meta 

(J=5-6Hz) or meta and para  (J=7-8Hz) to the nitrogen. Therefore, the doublet at 8.62 5 was assigned to H-6 

o f the pyridine ring. A TOCSY experiment showed a correlation by this resonance to the double doublet at 

7.30 5. This signal is ortho split by H-6 (J=5.2Hz) and so is assigned to H-5. A smaller additional coupling 

constant o f 1.5Hz indicates meta coupling to a proton on C-3 o f the pyridine ring. H-3 was identified by the 

TOCSY experiment as the singlet at 7.73 5. The remaining aromatic signals correspond to both 

methylenedioxyphenyl rings, with the two singlets at 6.01 and 6.02 5 representing both OCH2 O groups. The 

aromatic region of the spectrum represents, in effect, three 1,3,4-trisubstituted aromatic rings. Alkyl 

substitution of the pyridine ring collapses H-6 to a singlet with the concomitant disappearance o f H-3 and H- 

5 protons.

A series of 2,6-diphenyl substituted pyridines, (274)-(277) were also isolated, with a mechanism of 

formation similar to that outlined in Scheme 2.27 for the symmetrical MDA pyridine impurities. The imine 

(279) is probably an intermediate in the synthesis (Scheme 2.45). Yields obtained ranged from 0.3% for 

(274) to 1.1% for (275). The origin o f the C-4 carbon fragment of these pyridines is unknown but may be 

formic acid (R' = OH), formaldehyde (R' = H) or formamide (R' = NH 2 ).

R' 

.-r  >:

(279)

-R'X, H2 O

Scheme 2.45

(274) R = H
(275) R = CH3
(276) R = CH2CH3
(277) R = CH2CH2CH3

Analysis of the proton NMR of 2,6-di(3,4-methylenedioxyphenyl)pyridine (274) determined the 

proposed substitution pattern. The ‘H-NMR data revealed a symmetrical compound, with all resonances 

integrating for an even number of protons except the most downfield signal at 7.71 5, a triplet (J=7.5Hz)
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integrating for one proton, assigned to H-4. A  TOCSY experim ent show ed correlation betw een this signal 

and the doublet at 7.53 S (J=7.3H z). This resonance w as assigned to the protons at H-3 and H-5 o f  the 

heteroaromatic ring. A  coupling constant o f  7 .3H z is also indicative o f  vicinal protons located meta  and para  

to the pyridine nitrogen. A s H-3 and H-5 are m agnetically equivalent, they split H-4 equally into the triplet 

observed at 7.71 8 . Protons a  to the pyridine nitrogen, usually indicated by a peak below  8.0 5, are absent. 

The singlet at 6.02 6 corresponds to the four OCH2O protons with H-5', H-6 ' and H -2’ observed at 6.91 (d, 

J5._6'=8 .0H z), 7.61 (dd, Jff 5= 8 .3 Hz, J6',2'= l-5H z) and 7.69 5 (d, J2,6'=2 .0Hz) respectively, integrating for a total 

o f  six  protons. 3,5-D ialkyl substitution o f  (274) collapses the H-4 triplet to a singlet.

A lk en e im purities

The identification o f  alkenes as impurities was unexpected because such com pounds did not arise 

from the Leuckart reaction studies o f  section 2 .2 .9 . However, a literature search revealed several groups 

have isolated alkenes as impurities from the reaction o f  phenones with formamide under Leuckart 

conditions^®^’

In 1982 Agwada published a paper concerning the Leuckart reaction o f  benzophenone and 

formamide^^’ . Am ong the impurities isolated was benzhydrol, the reduced form o f  benzophenone. 

Furthermore it was demonstrated that benzophenone was partially reduced to benzhydrol with excess  

potassium formate in o-xylene^'*’ . This study suggests that the hydroxy com pounds (280), depicted in 

Schem e 2 .46 , may be formed as transient impurities through reduction o f  the starting material by formic acid, 

formed from the breakdown o f  formamide. Dehydration o f  (280) under the reaction conditions afforded the 

/r<3M5-alkenes in yields ranging from 0.2%  for the ethene (278)"^* to 1.8% for the pentene (167). The alcohol 

impurity, isolated by Agwada, could not be dehydrated due to structural considerations and so  did not evo lve  

further in the reaction.

HCOOH

(251)-(254)

OH

(280)
-H 7O

R

O

<
O

R
(278) R = H  
(67) R  =  C H 3 
(88) R = CH2CH3 
(167 ) R =  CH2CH2C H 3

Schem e 2.46

2 .3 .4  Im purity profiling o f  th e L euckart-W allach  reaction  o f  l- (3 ,4 -m eth y len ed io x y p h en y l)- l-  

alkanones and A '-m ethylform am ide.

Synthesis o f  the desired novel l-(A'-formyl-A'^-methyl)phenalkylamines (2 8 1 )-(284 ) was performed  

in an identical manner to the method described in section 2 .2 .10 . Table 2 .25 outlines the yields and relevant
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IR data. The yields obtained, which are substantially lower than the MDA series, may be due to steric 

hindrance at the carbonyl carbon o f  the starting materials.

O H ,C ,_ ,C H O

,0
<

O

R CH 3 NCHO, HCOOH

150°C, 7hr

(251)-(254) (2 8 1H 284)

Scheme 2.47

Table 2.25 : Yields and IR data fo r  the N-formyl-N-methyl compounds (281)-(284).

Compound No. Yield (%) R (cm ')

(281) 31 H 2782 (OCH2O), 1666 (CHO )

(282) 26 CH3 2786 (OCH2O), 1674 (CHO )

(283) 17 CH2CH3 2780 (OCH2O), 1668 (CHO)

(284) 41 CH2CH2CH3 2777 (OCH2O), 1668 (CHO )

Due to restricted rotation about the C-N formyl bond o f  (281)-(284), previously seen with their N- 

formyl secondary amide analogues, both the proton and *^C-NMR spectra exhibit two sets o f  signals.

H3 C .,  X H O  
N

5

(282)

The proton NMR spectrum o f  (282) was acquired at 27°C in CDCI3 , giving a rotamer ratio o f  65:35. 

The H-3' protons are exhibited as close triplets at 0.94 (minor rotamer, t, J=7.0Hz) and 0.95 6  (major rotamer, 

t, J=7.3Hz). Both H-2' protons, split by H-1' and H-3', occur as multiplets at 1.89 and 1.98 5 with relative 

integrations o f  0.7H and 1.3H respectively. Deshielding by the amido group shifts the NCH 3  singlets to 2.61 

(1.95H) and 2.64 5 (1.05H). A 1.13 6  difference is observed between both H-1' signals, with the major 

rotamer resonating further upfield at 4.32 6 , compared to the signal integrating for 0.35H, located at 5.45 6 . 

Both OCH2 O proton singlets occur around their usual shift positions at 5.94 8  (0.7H) and 5.96 5 (1.3H), with 

the aromatic protons occurring as a multiplet within the region 6.74-6.81 5. Both signals corresponding to 

the A^-formyl proton occur as singlets with the major rotamer less deshielded (8.13 6 ) when compared to the 

minor rotamer (8.30 5). This is in contrast to its A^-desmethyl analogue (263), where it is the formyl proton o f  

the minor rotamer which is less deshielded.

No impurities were identified from the reaction mixture, apart from imreacted starting material, the 

quantities o f  which were not quantified.
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2.3.5 Hydrolysis of the yV-formyl bond from 1-N-formyl and l-(A^-formyI-A^-methyl)aminoalkanes

To effect hydrolysis of the jV-formyl intermediates, the compounds (262)-(265) and (281)-(284) 

were refluxed in a mixture of methanol and 30% aq. HCl for 7hrs (Scheme 2.48), as outlined in section 

2.2.11. The product amines were isolated by an acid-base extraction procedure. An examination o f the 

amines by TLC showed that no basic impurities were formed during the reaction. Likewise, the organic 

washes o f the acidic phase were also analysed for impurities. A TLC revealed the presence of unreacted 

starting material as the sole compound present, the quantities of which were not evaluated. Table 2.26 

presents the yields and melting points o f the isolated amines. HCl salts were formed as outlined in the 

Experimental Note of Chapter 7.

O H C .^ .R '

(262)-(265) R’ = H 
(281)-(284) R’ = CH3

Scheme 2.48

Table 2.26 : Yields and melting points o f  the HCl salts o f  I-amino and 1-N-methylaminoalkanes.

Compound No. R R' Yield (%)* m.p. (°C) HCl salt

(285) H H 73 215-217 (dec.)

(286)"^‘* H CH3 30 210-212 (dec.)

(31 )-'*■' CH3 H 67 198-199 (dec.)

(32) CH3 CH3 50 209-211 (dec.)

(287) CH2CH3 H 57 222-224 (dec.)

(288) CH2CH3 CH3 48 201-203 (dec.)

(289) CH2CH2CH3 H 48 226-227 (dec.)

(290) CH2CH2CH3 CH3 29 197-199 (dec.)

* calculated for free base

The table shows that for a given carbon backbone, a higher yield was obtained from the secondary 

amide (R'=H), relative to the tertiary amide (R -C H 3 ). This is most likely due to steric influences. Omitting 

the acid base workup could lead to substantial contamination of the amines with their corresponding amides. 

The amides in that case would be route specific impurities o f the amines. Omitting an initial purification of 

the amides arising from the Leuckart reactions may result in the primary amines being contaminated with the 

weakly basic pyrimidine and pyridine impurities identified previously in section 2.3.3.

King has reported the identification of l-amino-l-(3,4-methylenedioxyphenyl)propane (31), the a 

regioisomer of MDA in the Netherlands in 1994^’*'*. The compound was identified in tablets in a 1:2 ratio with 

MDA.

'N '

30% aq. HCl, MeOH 

reflux, 7hr
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The low resolution mass spectra of the l-amino-l-(3,4-methylenedioxyphenyl)alkanes are distinctly 

different from those of the 2-aminoalkane derivatives. The base peak o f the 1 -aminoalkanes is a relatively 

high mass ion resulting from a cleavage of the alkyl side chain, yielding the amino or A^-methyl substituted 

piperonal imine species (291). For the 2-aminoalkane derivatives (MDA, MBDB, etc.), loss of a 3,4- 

methylenedioxybenzyl radical predominates to afford a low mass imine (292) as the base peak.

Figure 2.10 : Base peak formation o f  (a) ]-amino-1 -phenylsubstituted and (b) 2-aminoalkanes.

2.3.6 Attem pted synthesis of 1-amino and l-/V-alkylaminoalkanes by reductive am ination.

Noggle"*^ and DeRuiter"** successfully prepared l-amino-l-(3,4-methylenedioxyphenyl)ethanes and 

propanes from their corresponding ketones by a one step reductive amination reaction with NaCNBHs and an 

appropriate amine. In the present work, using identical reaction conditions to those employed in section 

2.2.13 towards the synthesis o f 2-amino derivatives, an attempted synthesis o f (285) and (286) proved 

unsuccessful, resulting in the recovery of starting material (Scheme 2.49). Unfortunately, Noggle and 

DeRuiter did not state the yields they obtained from their syntheses. In light o f this result, the attempted 

synthesis o f higher amines was not considered.

ketones with NaCNBHs is poor, due to reduced formation o f iminium ion intermediates. They demonstrated 

that a combination o f NaCNBH3 and either Ti(IV)(OCH(CH 3 )2 )4 '̂*' or Ti(IV)Cl4 ‘̂*̂ dramatically improves

(a)

(291) (292)

<
O

O

o

NH 4 OAC or CH 3 NH 2 .HCI

NaCNBHj

(251) (285) R = H
(286) R = CH 3

Scheme 2.49

Mattson^®' and Bamey^”̂  have stated that, for hindered ketones or amines, reductive amination of

yields of amines from hindered ketones. It is believed that both Lewis acids act as water scavengers but may
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also be involved in the formation o f  amino-ketone adducts which are reduced to the desired amines by 

NaCNBHs. These modifications to the Borch reductive amination were not pursued in this work.

2.3.7 Synthesis and im purity profiling o f l-am ino-l-(3,4-m ethylenedioxyphenyl)alkanes by the 

oxime route.

The oximes o f  l-(3,4-methylenedioxyphenyl)-l-alkanones necessary for this route were prepared 

according to the method outlined in section 2.2.14. A mixture o f  ketone and hydroxylamine in ethanol and 

pyridine was refluxed for 2 hr. Table 2.27 lists the yields, melting points and syn/anti isomer ratios o f  

oximes (293)-(296). The ratios o f  syn  and anti isomers were determined from examination o f  the chemical 

shift values o f  H-2' and C-2' in the ‘H and '^C-NMR spectra respectively, as described in section 2.2.14.

Spectroscopic analysis o f  the oximes showed that oxime (293) displayed differing characteristics 

compared to the trends seen with oximes (294)-(296). In the IR spectrum o f  (293), O-H stretching is 

displayed at 3286cm‘‘ compared to ~3225cm ‘‘ for (294)- (296). For anti isomers o f  (294), (295) and (296), 

the H-2' methylene resonances are observed in the region 2.74-2.77 6 o f  their 'H-NMR spectra, with the syn 

H-2' proton more upfield, resonating within the region 2.51-2.56 5. The H-2' protons o f  anti (293) 

correspond to a methyl group and so are located at a lower chemical shift as a singlet at 2.24 5.

Table 2.27 : Yields, melting points and syn/anti isomer ratios o f  oximes (293)-(296).

NOH

NHjOH.HCl, pyr 

EtOH, reflux, 2hr

(293)-(296)

Compound No. R Yield (% ) m.p. (°C) syn/anti ratio*

(293) H 88 157-158 (lit. 156-157)^'"" 0/100

(294) CHj 88 101-102 (lit. 103.5-104.5)^“ 10/90

(295) CH2CH3 93 70-71 10/90

(296) CH2CH2CH3 82 59-60 10/90

* based on H and '■’C-NMR chemical shifts o f  H-2' and C-2' atoms.

Oximes (293)-(296) were then reduced to the corresponding primary amines with LiAlH4 in 

refluxing THF, as outlined in Section 2.2.14. It was anticipated that 2-(3,4-methylenedioxyphenyl)-3-alkyl 

substituted aziridines would be isolated as impurities. An examination o f  the crude products by TLC (mobile 

phase : methanol) revealed, that in addition to the product spot at Rf o f  -0 .2 5 , a spot with a significantly 

higher Rf o f  -0 .8 0  was present in all cases. The impurity and product were separated by flash column 

chromatography on silica gel.

IR spectra o f  all impurities were almost identical, with a medium N-H stretching band observed 

between 3397 and 3406cm''. The position is suggestive o f  an acyclic amine, rather than the NH stretch o f  an
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aziridine which typically occurs between 3150 and 3250cm '‘. The proton NMR spectra o f  each impurity 

showed no typical aziridine proton resonances.

A literature search revealed that aromatic ketoximes o f  the type (297) (Scheme 2.50) can rearrange 

to form secondary amines (299) through migration o f  the phenyl group when reduced with L1A1H4 in 

refluxing Electron donating substituents on the aromatic ring in the para  position

promote the rearrangement process, whereas electron withdrawing substituents have the opposite effect^® .̂ 

Alkyl migration has also been reported when /-BU2AIH (DIBAH) is used as reducing agent^°^. The 

rearrangement is believed to follow the mechanism outlined in Scheme 2.50. A 1,2-shift o f  the aromatic 

substituent to the nitrene (298) (an intermediate in oxime hydride reduction) occurs, affording an imine 

which is reduced further by an hydride anion to secondary amine (299).

R R h  r  r  h
I  A 1 H 4 '  I  A 1 H 4 '

Ar C , -----------------► A r ^ C — H

NOH >)l") / VA r ^  A r ^

(297) (298) (299)
Schem e 2.50

Further analysis o f  the NMR spectra o f  the impurities isolated in this section showed them to be 

secondary amines (300)-(303). ((300) has previously been reported in the literature from an unrelated

reaction"'®. (301)-(303) are novel compounds). No aziridines were isolated. Table 2.28 lists the yields o f  

each compound isolated. It is interesting to note, that the short chain oxime (293) afforded the highest yield 

o f  primary amine, with just 8% secondary amine recovered. For oximes (294)-(296), the yields o f  secondary 

amine were identical, at a highly significant 35%.

Table 2.28 : Yields ofprim ary and secondary amines from  the reduction o f  oximes (293)-(296). 

NOH

(293)-(296)

LiAlH4, THF 

reflux, 3hr

NH-

(285), (31) 
(287), (289)

(300)-(303)

R

From Oxime : Product No. R Yield (% )

(293) (285) H 79

(300)''" H 8

(294) (31) CH3 45

(301) CH3 35

(295) (287) CH2CH3 42

(302) CH2CH3 35

(296) (289) CH2CH2CH3 46

(303) CH2CH2CH3 34
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The proton and ‘̂ C-NMR spectra of (300)-(303) were straightforward to assign. For butanamine 

(302), the most upfield resonance in the ‘H-NMR spectrum at 0.95 5 (J=7.3Hz) represents the terminal 

methyl group. Two adjacent multipiets at 1.41 and 1.57 5, each integrating for two protons, correspond to the 

methylene protons a and p to the methyl group respectively. The nitrogen atom shifts the methylene protons

broad singlet at 3.34 5. The OCH2O group is represented as a singlet integrating for two protons at 5.83 6. 

H-6, H-2 and H-5 of the aromatic ring are represented in their usual splitting patterns at 6.03 5 (dd, 

Jg_5=8.3Hz, J6,2=2.0Hz), 6.23 5 (d, J2,6=2.0Hz) and 6.64 S (d, J5,6=8.5Hz) respectively. H-6 and H-2 are more 

upfield than usual due to the electron rich aniline nitrogen atom.

In the aliphatic region of the '^C-NMR spectra, the butyl group produced resonances at 13.86, 

20.28, 31.69 and 44.71 ppm with the latter three peaks inverted in the DEPT 90° spectrum. The methylene 

dioxole ring carbon resonance is found at 100.46 ppm. Significant upfield shifts are observed for C-2 and C- 

6. With the aid of an HMQC spectrum, C-2 was assigned to the peak at 95.82 ppm, with C-6 located at 

104.28 ppm. This is in sharp contrast to their usual resonance regions o f 105-110 and 120-125 ppm 

respectively and is attributable to the increased shielding provided by the nearby aniline nitrogen. C-5, which 

is not as shielded as H-2 or H-6, resonates in its usual region at 108.59 ppm. In contrast to C-2 and C-6, C-1 

is more heavily deshielded than usual, resonating at 139.38ppm. Both C-3 and C-4 quaternary carbons are 

found in their usual region, located at 144.41 and 148.32 ppm.

All low resolution mass spectra of the secondary amines contained a base peak of m/z 150, 

corresponding to the larger fragment resulting from a,p C-C bond cleavage.

2.4 SYNTHESIS OF 3,4-METHYLENEDIOXYAMPHETAMINE DERIVATIVES 

BEARING AN AMINO FUNCTIONALITY ON CARBON 3 OF A FOUR 

CARBON BACKBONE

l-(3,4-Methylenedioxyphenyl)-2-propanone (PMK) (69) is also known by the frivial name of 

piperonylacetone. However the structure that corresponds to this name is potentially ambiguous, as the 

prefix “piperonyl” has been used to indicate either the chemical entity 3,4-methylenedioxyphenyl (as in the 

term piperonylaldehyde for piperonal (68)), or the holomogous 3,4-methylenedioxybenzyl (as in the term 

piperonylalcohol for the corresponding benzyl alcohol). This latter terminology would equate 

piperonylacetone with the ketone l-(3,4-methylenedioxyphenyl)-3-butanone (304). Indeed, Aldrich lists 

(304) in its Flavours and Fragrances catalogue under the name piperonylacetone'^". Shulgin reported that an 

attempt to purchase PMK from a chemical supplier using the term “piperonylacetone” resulted in the delivery 

o f  (304) in error^'^’ An inexperienced clandestine chemist may potentially mistake ketone (304) with

a  to the amino group to 3.03 6, a triplet with J=7.0Hz, with the aniline proton slightly ftirther downfield as a

5

(302)
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PMK, resulting in the unintentional synthesis o f butanamines, with an amino functionality on carbon 3' o f the 

carbon backbone, instead of the MDA series of amphetamines.

O

(69) (304)

It was decided to subject ketone (304) to a number o f clandestine methods that are commonly used 

in the synthesis of methylenedioxyamphetamines fi'om PMK to determine the impurity profiles o f each route.

following routes will be applied to ketone (304) (Figure 2.11):

• A two step synthesis o f either primary amine (308) or N-methylamine (309) via the A^-formyl 

Intermediates (305) and (306) (Leuckart reaction).

• A one step reductive amination leading to both primary and secondary amines (308)-(310).

• A two step reaction to the primary amine (308) via oxime (307).

• Synthesis of the iV-acetyl derivative (311) from primary amine (308).

Figure 2.11 : Synthetic routes to be explored in the synthesis o f  3-amino and 3-N-alkylamino-I-(3,4- 

methylenedioxyphenyl)butanes.

2.4.1 Routes to be explored in the synthesis o f  3-am ino and 3-A'-alkyIam ino-l-(3,4- 

m ethylenedioxyphenyl)butanes.

Based on the clandestine routes explored towards the synthesis of MDA derivatives in section 2.2, the

O
HjC.^-CHO

(3 0 '' (306)

R

(305)

-CHO
N

(307) H.^X0CH3

R] =3,4-methylenedioxyphenyl (311)
(308) R2 = H
(309) R2 = CH3
(310) R2 = CH2CH3
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2.4.2 Impurity profiling o f the Leuckart-W aliach reaction o f l-(3,4-m ethylenedioxyplenyl)-3-

butanone and formamide.

A mixture o f  formamide and (304) was heated at 190°C for five hours in a manner analogous to that 

outlined in sections 2.2.9 and 2.3.3. After workup, examination o f  the crude A' -̂formyl intermediate (305) by 

TLC revealed a number o f  impurities which were isolated by flash column chromatography on silica gel. 

Figure 2.12 outlines the compounds isolated, including their respective yields. These novel compoiuids were 

fully characterised spectroscopically.

The N-formyl derivative (305) was isolated as colourless crystals from diethylether (m.p. 76-77°C). 

Its IR spectrum showed secondary amide bands at 3291 (NH) and 1659 cm‘‘ (C = 0  stretching), which were in 

similar regions to those o f  the A^-formylamines previously discussed in section 2.2.8. C-H stretching o f  the 

dioxole ring produced a weak absorption at 2780cm  ’.

Two sets o f  signals were found in both the proton and ‘̂ C-NMR spectra o f  (305) due to restricted C- 

N  amide bond rotation. The proton NMR spectrum was acquired at 27°C in CDCI3, producing a rotamer 

ratio o f  75:25. The terminal H-4' methyl protons o f  the major and minor rotamers resonate at 1.19 and 1.24 5 

respectively as doublets, coupled to the methine H-3' proton with J=6.8Hz and J=7.0Hz. Both H-2’ 

resonances are located within the region 1.66-1.79 5 as a complex multiplet, with the H-1' protons for each 

rotamer also present as a single multiplet at 2.49-2.67 5. Deshielding by the yV-formyl group shifts both H-3' 

resonances to 3.45 and 4.09 5, both multiplets with relative integrations o f  0.25H and 0.75H respectively. 

Both amide NH proton resonances are split into doublets, with the major rotamer signal further upfield at 

5.85 5 (J=4.8Hz) compared to the minor rotamer at 6.05 5 (J=9.5Hz). The methylenedioxy singlets are found 

in between the amide resonances, at 5.90 6 (major rotamer) and 5.91 5 (minor rotamer). Resolution o f  the 

spectrum was such that all peaks corresponding to the aromatic protons o f  each rotamer could be easily 

assigned. H-6 resonances were located at 6.59 5 (0.25H, dd, J5_5=6.7Hz, J2,6=l-7Hz) and 6.61 5 (0.75H, dd, 

J6,5=7.8Hz, J6,2=1-5Hz), with H-2 slightly further downfield at 6.64 (0.25H, d, J2,6=l-5Hz) and 6.66 5 (0.75H, 

d. J2,6=1.8Hz). The doublets at 6.71 5 and 6.72 5, both exhibiting coupling constants o f  7.8Hz, correspond to 

the aromatic H-5 protons o f  the major and minor rotamers respectively. Finally, the heavily deshielded 

doublet (J=12.0Hz) and singlet located at 8.03 5 (0.25H) and 8.12 5 (0.75H) respectively, correlate to the 

proton o f  the formyl group.
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Figure 2.12 : Compounds isolated, including yields, from  the Leuckart reaction o f  (304) and formamide (R 

= 3,4-methylenedioxyphenyl).

(304)

R

N

(312) 4%

NH2CHO

190°C,5hr

N
I

R

N

(313) 7%

N

(305) 58%

(314) 0.5%

R

R'

R

N

(315) 0.3?

R N ^  R

(316) 0.7%

Pyrimidine impurities

(312) (313)

Route specific pyrimidines (312) and (313) were isolated as solids. The LRMS molecular ions and 

C,H,N elemental analyses o f both compounds confirmed a proposed molecular formula o f  CnHiaNjOj. 

Their formation is assumed to follow a similar mechanism to that outlined in Figure 2.6, section 2.2.9. 

However, in this case, cyclisation occurs with either C-2' or C-4' o f  the carbon backbone, resulting in the 

formation o f (312) and (313) respectively.

Substituent positions around each pyrimidine nucleus were confirmed by proton NMR. For 

pyrimidine (312), the H-2 proton, which is flanked by two nitrogens, corresponds to the most downfield 

resonance at 8.97 6. H-6, a to one pyrimidine nitrogen, is located at 8.38 5 as a singlet. The singlet 

integrating for three protons at 2.45 5 is consistent with a methyl substituent a  to a pyrimidine nitrogen and as 

a result must reside at C-4. This leaves the methylenedioxybenzyl group which, by elimination, is a 

substituent at C-5 of the pyrimidine ring. A singlet integrating for two hydrogens at 3.88 5 corresponds to the 

benzyl methylene protons. The chemical shift value is in agreement with pyrimidine C-5 substitution.

Examination o f the pyrimidine proton resonances o f (313) provides evidence o f a 1,3,4- 

trisubstituted ring. H-2, the most downfield proton at 9.14 5 is split into a doublet through meta coupling 

with H-6 (J=0.9Hz). H-6 is split into a doublet at 8.57 S, exhibiting ortho coupling to H-5 (J=5.1Hz).
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Reciprocal coupling of H-6 to H-2 was not observed. The doublet further upfield at 7.07 5 exhibits ortho 

coupling to H-6 (J=5.1Hz) and must correspond to H-5. Therefore, monosubstitution of the pyrimidine ring 

by the methylenedioxyphenethyl group occurs, via elimination, at C-4. The ethylene protons of the 

substituent are located as a multiplet integrating for four protons between 2.96 and 3.05 5. A singlet at 5.91 5 

corresponds to the OCH^O methylene protons. A series of signals within the region 6.60-6.70 5 represents the 

three methylenedioxyphenyl aromatic protons.

Pyridine impurities

A proton NMR spectrum o f (316) is highly suggestive of a symmetrical pyridine. The most 

downfield signal, a triplet at 7.42 5 (J=7.5Hz), integrating for one proton, indicates the presence of a 

hydrogen atom at C-4 of the pyridine ring. The resonance is coupled to a doublet at 6.86 5 (J=7.6Hz), 

integrating for two protons. The coupling constant suggests vicinal coupling o f pyridine protons which are 

meta and para to the pyridine nitrogen atom. This signal is thus assigned to protons at C-3 and C-5. H-4 is 

more deshielded than H-3 or H-5 due to an increased shielding effect at the carbons /neia to the pyridine 

heteroatom, which results from nitrogen lone pair delocalisation into the ring. A multiplet within the region 

2.94-3.06 5 corresponds to a pair o f ethylene protons located between two methylenedioxyphenyl rings and 

the pyridine nucleus. By elimination, both phenethyl groups must be attached to the pyridine ring at C-2 and 

C-6.

The proposed mechanism of formation of (316) is analogous to those outlined for similar 

symmetrical pyridines in sections 2.2.9 and 2.3.3 and is assumed to occur via £-imine (317) (Scheme 2.51).

Scheme 2.51

For pyridine (315), H-4 and H-5 both resonate as doublets at 7.22 and 6.84 5 respectively, with 

equal coupling constants o f J=7.5Hz. The methylene singlet at 3.85 5 is consistent with a benzyl methylene 

group p to the pyridine nitrogen. An ethylene multiplet integrating for four protons at 2.98 6 has a chemical 

shift almost identical to an equivalent moiety in the ‘H-NMR spectrum o f (316), indicating attachment to the 

pyridine ring at C-6, a to the nitrogen atom. Deshielding by the a  nitrogen shifts the methyl singlet at C-2 to 

2.47 6. Both methylenedioxyphenyl rings are represented as two singlets at 5.90 and 5.91 5 (0C H ?0) and by 

a set of signals within the region 6.54-6.74 5 (aromatic protons).

(315)
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The formation o f  (315) is identical to the formation o f  (316), Scheme 2.51, except in this case, the 

imine (317) is in the Z configuration.

O
>

-SHjO

O

(314)

Scheme 2.52

A different mechanism is proposed for pyridine (314) (Scheme 2.52), whereby formation occurs via  

cyclocondensation o f two molecules o f  ketone and one molecule o f  formamide in defined orientations 

affording, unexpectedly, colourless crystals (m.p. 97-98°C). In its ‘H-NMR spectrum, H-6 and H-3 are 

represented as two singlets at 8.28 5 and 6.88 6 respectively. Alkyl moieties o f  the benzyl and phenethyl 

groups are located at 3.86 5 (singlet, 2H) and 2.96 5 (multiplet, 4H). Their respective chemical shifts indicate 

both groups substitute the pyridine ring at identical positions to that o f  compound (315), i.e. at C-5 and C-2 

respectively. A singlet integrating for three protons at 2.15 6 must correspond to the methyl group at C-4. Its 

chemical shift is 0.32 5 further upfleld than the methyl substituent o f  (315) which is a  to the pyridine 

nitrogen.

2.4.3 Impurity profiling o f the Leuckart-W allach reaction o f  l-(3,4-m ethylenedioxyphenyl)-3- 

butanone and yV-methylformamide.

Conversion o f  (304) to the novel yV-formyl-TV-methyl Leuckart intermediate (306) was achieved in 

an identical manner to the methods described in Sections 2.2.10 and 2.3.4. Compared to its a (283) (17% 

yield) and p (236) (60% yield) regioisomers, the yield o f  (306) obtained was substantially higher at 80%, due 

to more favourable steric factors.

A clandestine chemist with the objective o f  synthesising A^-formyl MDMA (235) ft'om PMK but 

unintentionally using the ketone (304) would instead end up synthesising the #-formyl-A'^-methyl 

intermediate (306).

CH3NCHO, HCOOH

150°C, 7hr
(304) (306)

Scheme 2.53

IR spectra o f  (306) and jV-formyl MDMA (235) are too similar for the purposes o f  differentiating 

between both compounds. Both spectra exhibit a carbonyl stretch at 1668cm '. The fingerprint regions 

proved to be o f  little diagnostic value for differentiation.

The proton NMR spectra o f both tertiary amides show characteristic differences. For (306), two sets 

o f  methylene multiplets, each integrating for two protons, are observed at 1.75 and 2.46 5, corresponding to
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H-2' and H-1' respectively. As A'-formyl MDMA has just one methylene between the /V-formyl group and 

aromatic ring, the more upfield resonance at 1.75 5, observed in the proton spectrum o f (306), is nonexistent 

in (235).

A '■’C-NMR spectrum o f (306) exhibits thirteen pairs o f carbon resonances compared to a total o f 

twelve pairs for jV-formyl MDMA. Three pairs o f signals are inverted in the DEPT spectrum o f (306). This 

compares to two pairs for A^-formyl MDMA.

A base peak o f tn/z 58 is observed in the low resolution mass spectra for both (306) and (235). 

However the most significant feature o f both spectral patterns is their differing molecular ion peaks of m/z 

235 and 221 respectively.

2.4.4 Hydrolysis of the A'-formyl bond of S-A'-formyl and 3-(A^-formyl-7V-methyl)amino-l-(3,4- 

methylenedioxyphenyl)butane.

Acid catalysed hydrolysis of amides (305) and (306) to their corresponding amines (308)^'^ and (309)^'^ was 

achieved by refluxing both compounds in a mixture of methanol and 30% aq. HCl for 7 hours (Scheme 2.54). 

Conversion of the fi-ee base amines to HCl salts was performed as outlined in Chapter 7.

OHC. .R  
N

30% aq. HCl, MeOH

O reflux, 7 hr
(305) R = H (308) R = H
(306) R = CH 3  (309) R = CH 3

Scheme 2.54

The HCl salt melting points of MDA (186-188°C) and MDMA (I46-148°C) differ significantly in 

comparison to amines (308) (122-123°C (lit. 131°C)^‘") and (309) (125-126°C (lit. 130°C)^‘̂ ) and may be a 

simple means o f differentiating between the compounds. ((308). HCl can exist in a number of hydrated forms 

with differing melting points'*’̂ . This may explain the discrepancy between observed and literature melting 

point values stated above).

Proton NMR spectra o f the free base amines (308) and (309) in CDCI3 differ from MDA and 

MDMA in the upfield region. The distinctive diastereotopic H-1' double doublets o f the propanamines are 

absent in both (308) and (309) and are replaced by a single multiplet integrating for two protons at -2.55 S. 

Both butanamine spectra exhibit an additional resonance at -1 .60  5 corresponding to the methylene protons 

at C-2', which is absent from the propanamine spectra.

Low resolution mass spectra of (308) and (309) display significant molecular ions o f m/z 193 and 

207 respectively in an abundance of -35% . Molecular ions o f MDA {m/z 179) and MDMA (m/z 193) are 

much smaller, in the region o f -5%  relative intensity. All four spectra display the low mass imine fragment 

(292) (see Figure 2.10) as base peak with the methylenedioxybenzyl fragment m/z 135 also prominent in all 

spectra.
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2.4.5 Reductive amination o f l-(3,4-m ethylenedioxyphenyl)-3-butanone with NaCNBHs and 

aluminium foil

Ketone (304) was subjected to reductive amination with either ammonium acetate, methylamine 

HCl or ethylamine HCI as nitrogen sources and NaCNBHa or aluminium amalgam as reducing agents, as 

described in Chapter 7 and section 2.2.13. Butanamine (308) was only prepared using NaCNBHs. Amines 

(309) and (310) were prepared using both reducing agents. (310) has not been reported previously in the 

literature. The amines were isolated via  an acid-base extraction procedure. Examination o f  the free bases 

arising from both reducing methods by TLC exhibited a single tailed spot o f  low Rf (mobile phase : 

methanol) corresponding to the desired product. No basic impurities were detected. Analysis o f  the acid 

organic washes from each reaction by TLC showed only unreacted starting material. The secondary alcohol 

analogue o f  ketone (304) was not detected.

Table 2.29 : Yields* o f  3-amino and 3-N-alkylamino-l-(3,4-methylenedioxyphenyl)butanes obtained from  

reductive amination with aluminium amalgam or NaCNBHi.

Al-Hg or NaCNBH O

NH4OAC orRNH-,.HCl
<

O
(304) (308)-(310)

Compound No. R Yield (% )

Al-Hg NaCNBH i

(308) H - 83

(309) CH3 86 94

(310) CH2CH3 57 83

* yields calculated as the free bases

Table 2.29 outlines the yields o f amines arising from both reducing methods which are comparable 

to the corresponding yields o f  MDA, MDMA and MDEA discussed previously (see Table 2.18). Therefore, 

if  a clandestine chemist unknowingly synthesised a butan-3-amine instead o f  a propan-2-amine using the 

same reaction conditions employed above, the change in expected yields would not be adequately significant 

to warn the producer that some parameter has changed in the manufacturing process.

2.4.6 Synthesis and impurity profiling o f 3-am ino-l-(3,4-m ethylenedioxyphenyl)butane (308) by the 

oxime route.

Oxime (307)"'^ was prepared from (304) by reaction with hydroxylamine as a colourless solid in 

80% yield. Anti (307) was formed exclusively, as determined by ‘H-NMR. The IR spectrum shows oxime 

OH stretching at 3245cm’'.
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The compound was reduced to amine (308) with LiAlH4  in refluxing THF. Examination o f  the 

crude free base by TLC showed a spot of significantly higher Rf compared to the product (mobile phase : 

methanol). Separation of both compounds by flash column chromatography afforded (308) in 77% yield. 

The less polar compound was isolated as an oil. Spectroscopic analysis identified the unknown as 2-(3,4- 

methylenedioxyphenethyl)aziridine (318), isolated in 14% yield.

EtOH, reflux, 2hr
(307)(304)

LiAlH4, THF 
reflux, 3hr

NH.
2 '

5 '(308) (318)

Scheme 2.55

An IR spectrum o f aziridine (318) displayed N-H stretching at 3239cm‘‘ with C-H stretching o f the 

methylenedioxy moiety as a weak absorption at 2778cm'*.

The proton NMR spectrum displayed characteristic features of a monosubstituted aziridine. A 

highly shielded exchangeable proton, located as a broad singlet at 0.60 6 corresponds to the amino proton. 

Both protons at C-3 of the aziridine ring are diastereotopic and so are magnetically inequivalent. 

Consequently, they are represented as two distinct doublets centered at 1.35 5 (J3,2=3.5Hz) and 1.76 5 

(J3 2 = 5 .5 H z). a  HMQC experiment confirmed both protons were attached to the same carbon (C-3). The 

methylene group a  to the aziridine ring is less deshielded than the (3 CH 2  protons (adjacent to an aromatic 

ring) and so, is assigned to the multiplet integrating for two protons centered at 1.64 5. 1.04 8 further

downfield at 2.68 5, the methylene group a to the phenyl ring resonates as a broad multiplet. H-2 o f the 

aziridine ring is represented as a multiplet at 1.95 5. The OCH 7 O protons are heavily deshielded and resonate 

at 5.89 5. H-6', H-2' and H-5' protons display their usual coupling patterns at 6.65 5 (dd, J6,5=8.0Hz, 

J62=1-5Hz), 6.69 5 (d, J2,6=l-5Hz) and 6.72 5 (d, J5,6=8.0Hz) respectively.

2.4.7 Synthesis o f A^-acetyl-3-ainino-l-(3,4-methylenedioxyphenyl)butane (311).

The synthesis o f MDEA from MDA via A^-acetyl MDA was discussed in section 2.2.17. It was 

concluded that the method is unlikely to be used in the manufacture o f  MDEA. For the sake of 

completeness, the 7V-acetyl derivative o f primary amine (308), namely (311), was synthesised according to 

the method outlined in section 2.2.17 and was isolated as a colourless solid (m.p. 93-95°C) in 78% yield. 

The objective was purely to synthesise the 7V-acetyl derivative (311) to complete the 3-butanone library of 

intermediates and impurities.
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N H t

' X r ^
(308)

Scheme 2.56

The IR spectra o f  both (311) and A^-acetyl MDA are similar. Secondary amide stretching o f  (311) is 

represented at 3262 (NH) and 1636 (C = 0) cm”'. NH amide stretching o f  vV-acetyl MDA occurs at a higher 

frequency at 3294cm ''. Significant differences exist between both spectra below 800cm‘‘ in the fingerprint 

regions.

The most significant difference between (311) and A^-acetyl MDA in their 'H -N M R  spectra is the 

presence o f  a m ultipiet at 1.70 6 corresponding to H-2' which is absent in the propanamide. Both double 

doublets corresponding to the diastereotopic H-1' protons o f  yV-acetyl MDA appear to have merged into one 

multipiet integrating for two protons centered at 2.56 5 in the proton spectrum o f  (311). Chemical shifts o f 

the remaining aliphatic and aromatic proton resonances o f  both com pounds are almost identical to those o f  N -  

acetyl MDA.

2.5 SUMMARY

A recurrent theme in forensic drug analysis concerns the possibility o f  locating sources o f  supply and 

manufacture o f  illicit drugs by means o f  diagnostic chemical or physical properties. In contrast to genuine 

drugs, illegal drug preparations are often contaminated due to a lack o f  quality control in clandestine 

laboratories. Impurities in these preparations are largely due to inadequate purification procedures and may 

originate from a variety o f  causes such as imperfect chemical handling, starting materials, side and 

subsequent reactions, intermediate products, diluents, laboratory dirt and from handling and packaging o f  the 

drugs. These impurities often represent a very small percentage o f  the total weight o f  the finished product 

and their analysis by instrumental methods usually requires a preliminary extraction procedure to isolate and 

concentrate the analytes from the drug-containing tablet or underground laboratory sample.

The most common literature methods for forensic drug analysis are by HPLC "̂*®, and GC-

j y ^ g i7 3 ,  1 8 5 ,3 2 1 , j1 6 , 3 1 7 ,3 1 8 , 319 ^  street Sample o f suspected amphetamine in tablet form or a sample o f  an

amphetamine from a clandestine laboratory is extracted into a suitable solvent for analytical investigation. 

Liquid-liquid extraction (LLE) o f  impurities from street drugs has until now been the m ethod o f  choice for 

sample preparation but the procedure suffers from lengthy handling times and the need to concentrate 

samples after exfraction"’̂ ®. Solid phase extraction (SPE)'’'^ and the related solid phase microextraction 

(SPME)^'"' have been shown recently to afford shorter extraction times and higher extraction efficiencies 

(im portant for detecting compounds o f  low concentrations such as Leuckart pyridine impurities).

Chromatographic patterns obtained from illegally produced drugs can contain valuable information 

about the drug and its method o f  synthesis, even if  the identity o f  only a limited number o f  the 

chromatographic peaks is known. Impurity identification o f  reaction by-products, starting materials and

H. -C O C H , 
N

AciO

pyr, rt, Ih r
(311)
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intermediates that arise from a particular synthetic method and no other (so-called “route specific 

impurities”) provides a unique analytical fingerprint. With specific knowledge o f the materials used for drug 

synthesis, law enforcement officials can monitor production and sale o f commercially available precursors 

and necessary reagents, possibly leading to detection of clandestine laboratories.

It has been demonstrated in this chapter that the identity and reaction pathways o f several 

methylenedioxyamphetamines and related derivatives can be determined by the detection o f impurities and, 

in particular route specific impurities, which could be used as key markers for analytical purposes. This 

work has attempted to isolate and identify impurities that arise from the most common clandestine methods 

o f methylenedioxyamphetamine synthesis.

Tables 2.30-2.32 summarises the impurities idenfified in the five most likely abused 

methylenedioxyamphetamine derivatives, MDA, MDMA (Table 2.31), MDEA (Table 2.30), BDB and 

MBDB (Table 2.32). Although the Leuckart method yielded more reaction by-products than any other route 

studied, several highly characteristic route specific impurities were identified.

In collaboration with the Department of Pharmacognosy, School of Pharmacy, University o f Dublin, 

Maguire has additionally compiled a mass spectral library o f the impurities identified in this chapter^®. Also 

included in this computer database are mass specfra o f starting materials, precursors, reaction intermediates 

and intended products. The analytical HPLC chromatographic separation o f groups o f compounds that arise 

as impurities from individual routes was also optimised, to facilitate the identification o f impurity peaks^^^. 

In this work, a trial preparation of MBDB.HCl was prepared by the Leuckart reaction via A^-formyl BDB for 

further analytical investigation by Maguire'^’. The salt was extracted via SPE and examined by both GC-MS 

and HPLC. By comparing the mass spectra o f impurity peaks arising from the SPE GC chromatogram with 

the mass spectral impurity reference library, it was quickly determined that the method employed in the 

synthesis o f the MBDB sample was the Leuckart method, as a peak corresponding to the route specific 

impurity TV-formyl BDB was detected^^^.

Table 2.30 : Potential impurities o f  MDEA identified in this work via three clandestine methods.

Compound No.* Red. Am.* - Red. Am. - N-Acetyl -

Al-Hg NaCNBHj LiAlH^

Precursors/Intermediates

(69) +++ +++ -

(84)^ a a a

(100)"' - +++ c,d -

(23) - - -b

(119)^ - - +++ c,d

*(69) PMK, (84) l,3-di(3,4-MDP)-2-propanone, (100) 2-hydroxy-l-(3,4-MDP)propane, (23) MDA, (119) N- 
acetyl MDA. ^ Previously unreported impurity. ** Reductive Amination. (+) impurity levels <1%; (++) 
impurity levels 1-5%; (+++) impurity levels >5%; (a) route specific impurity o f  PMK, significance o f  (84) in 
reactions discussed in Chapter 4; (b) impurities o f  MDA identified in Table 2.31 are potential impurities of 
MDEA if impure MDA is used in this route; (c) route specific impurity; (d) key route specific impurity for 
analytical purposes.
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Table 2.31 .Potential impurities o f  MDA and MDMA identified in this work by several clandestine methods.

M DA (Route) M DM A (Route)

Compound Leuckart - Red. Am." - Oxime - Nitrostyrene - Leuckart - Leuckart - Red. Am. - Red. Am. - Safrole
No.* NHjCHO NaCNBHa LiAlHj LIAIH^ NH2CHO CH3NHCHO Al-Hg NaCNBHj

Precursors/Intermediates
(69) -  e +++ - -  e - +++ ++ ++ -

(84) a a a - a a a a -

(204) +++ b,c - - - +++ b,c - - - -

(235) - - - - - +++ b,c - - -

(240) - - - -  e - - - - -

(66) -  e - - - - - - -  e +++ b,c

(108) - - - - - - - - +++ b,c

Reaction by-products
(207) ++ b,c - - - ++ b,c - - - -

(208) +++ b,c - - - +++ b,c - - - -
(209) + b - - - + b - - - -

(210) + b - - - + b - - - -

(211) + b - - - + b - - - -
(212)^ + b - - - + b - - - -

(213)^' + b - - - + b - - - -

(230) -  e +++ d - - - - - - -

(100) - ++ b,c - - - - - ++ b,c -  e

(243) - - +++ b,c - - - - - -

(244) - - +++ b,c - - - - - -

*(69) PMK, (84) l,3-di(3,4-MDP)-2-propanone, (204) TV-formyl MDA, (235) A^-formyl-A^-methyl MDA, (66) safrole, (108) PMK oxime, (207)-(208) Leuckart pyrimidine impurities, 
(209)-(213) Leuckart pyridine impurities, (230) A^,A'-di(l-(3,4-MDP)-2-propan)amine, (100) 2-hydroxy-l-(3,4-MDP)propane, (243) 2-(3,4-MDB)aziridine, (224) 3-methyi-2-(3,4- 
MDP)aziridine. ^ Previously unreported impurity. * Reductive amination. (+) impurity levels <1%; (++) impurity levels 1-5%; (+++) impurity levels >5%; (a) route specific 
impurity o f PMK, significance of (84) in reactions discussed in Chapter 4; (b) route specific impurity; (c) key route specific impurity for analytical purposes; (d) route specific 
impurity in this work but compound identified as an impurity from other route(s) by previous workers; (e) impurity not identified in this work but isolated previously via this route in 
previous studies.
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Table 2.32: Potential impurities o f  BDB and  M BDB identified in this work by several clandestine methods.

BDB (R oute) M BDB (R oute)

C om pound L eu ck art - Red. A m .'* - O xim e - N itro sty rene - L euckart - L eu ck art - Red. Am. - Red. Am. -
No.* N H jC H O NaCNBHj L 1AIH4 LiA lH j NH2C H O CH3NHCHO A l-Hg N aC N B H j

Precursors/Intermediates
(86) - +++ - - - +++ +++ +++

(205)'' +++ a,b - - - +++ a,b - - -

(236)^ - - - - - +++ a,b - -

(241) - - - - - - - -

Reaction by-products
(214)''' ++ a,b - - - ++ a,b - - -

(215)^ +++ a,b - - - +++ a,b - - -

(216)^^ + a - - - + a - - -

(217)'' + a - - - + a - - -

(218)'^ + a - - - + a - - -

(219)'^ + a - - - + a - - -

(220)'^ + a - - - + a - - -

(221)^ + a - - - + a - - -

(239)^^ - ++ a,b - - - - - ++ a,b

(245)^^ + - +++ a,b - - - - -

*(69) PEK, (205) jV-formyl BDB, (236) /V-formyl-yV-methyl BDB, (241) PEK oxime, (214)-(215) Leuckart pyrimidine impurities, (216)-(220) Leuckart pyridine impurities, (221) N- 
methyl-A^,7V-di(l-(3,4-MDP)-2-butan) amine, (239) 2-hydroxy-1-(3,4-M DP)butane, (245) 3-ethyl-2-(3,4-M DP)aziridine. Previously unreported impurity. * Reductive amination. 
(+) impurity levels <1%; (++) impurity levels 1-5%; (+++) impurity levels >5%; (a) route specific impurity; (b) key route specific impurity for analytical purposes.
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CHAPTER 3

SYNTHESIS AND IMPURITY PROFILING OF 

4-METHYLTHIOAMPHETAMINE AND RELATED DERIVATIVES

3.1 INTRODUCTION

4-Methylthioamphetamine (4-MTA) (22) only recently became the subject o f abuse when, in 1997, 

the first underground laboratory involved in its manufacture was identified in the Netherlands"^. Seizures of 

the drug reached a peak the following year, with over 25,000 tablets containing 4-MTA being confiscated in 

the United Kingdom^’. The popularity o f the drug has since decreased, but sporadic reports o f small seizures 

are still reported^'’

The methods used in the clandestine synthesis o f 4-MTA are largely unknown. Only one 

underground laboratory manufacturing the drug has been detected to d a te"’. Samples o f a yellow solid 

identified as l-(4-methylthiophenyl)-2-nitropropene (319), a possible intermediate in the synthesis o f 4- 

MTA. were found at the scene"’̂ .̂ It is known that MDA (23) was also being prepared in the same laboratory 

by the nitrostyrene route (see section 2.2.15). Clandestine methods o f amphetamine manufacture previously 

discussed in Chapter 1 would also be applicable to the synthesis o f 4-MTA.

(22) (319) (23)

4-MTA is structurally similar to MDA as both compounds possess an isopropylamine side chain. 

Several structural variations of MDA are pharmacologically active, with MDMA the most popularly abused 

analogue. Synthetic derivatives of 4-MTA, similar to those encountered o f MDA, have not been found in 

street samples. Indeed, such compounds have yet to be reported in the literature and their abuse potential and 

possible pharmacological activities are unexplored. It is possible that, with the growing sophistication of 

clandestine drug manufacture, analogues o f 4-MTA may become the focus o f synthesis and abuse.

This chapter aims to evaluate the synthesis and impurity profile o f 4-MTA via the methods explored 

in the previous chapter towards the manufacture o f MDA. The synthesis of a number of novel derivatives of 

4-MTA, (330)-(332), homologues of MDMA, BDB and MBDB respectively, will also be explored through 

similar clandestine methods.

(330) R = CH 3 ,R ' = CH 3  

1  J  N (331) R = CH 2 CH 3 , R '= H
H 3 CS N ' 'R ' (332) R = CH 2 CH 3 , R '= CH 3

This chapter is divided into two sections:

•  Synthesis and impurity profiling o f key alkanone precursors.

• Synthesis and impurity profiling of 4-MTA and related derivatives (330)-(332) from these precursors.
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3.2 ROUTES TO BE EXPLORED IN THE SYNTHESIS OF KEY PRECURSORS, 

l-(4-METHYLTHIOPHENYL)-2-ALKANONES

By analogy with MDA, the most likely precursors of 4-MTA and its derivatives bearing an amino 

functionality on carbon 2 of the carbon backbone are l-(4-methylthiophenyl)-2-alkanones (321) and (322). 

To synthesise the propanone (321), two routes will be explored (Figure 3.1):

• A two step synthesis via p-nitrostyrene (319) from 4-methylthiobenzaldehyde (90).

• A one step synthesis from 4-methylthiophenylacetic acid (323).

The synthesis of butanone (322) will only be considered from nitrostyrene (320).

Oxidation of an alkene followed by dehydration was not considered for the synthesis o f 4-MTA 

alkanone precursors, as oxidation of a 4-methylthiophenyl substituted alkene by a peroxide would result in 

concomitant oxidation o f the thioether to a sulphoxide or sulphone^^^’

Figure 3.1 : Synthetic routes to be explored in the synthesis o f  l-(4-methylthiophenyl)-2-alkanones (321) and 

(322).

HjCS

/ W C H O

i j
(90)

H.CS

R 

NO2

(319) R = CH 3

(320) R = CH2 CH 3

R = CH3, CH2CH3

X
H 3C S"^

’

COOH

(323)

R = CH 3

^  0
H 3 CS ^

(321) R = CH 3

(322) R = CH 2 CH 3

3.2.1 Synthesis and impurity profiling o f l-(4-m ethylthiophenyl)-2-nitro-l-alkenes.

The desired p-nitrostyrenes (319) and (320) were prepared via a Henry reaction o f 4- 

methylthiobenzaldehyde (90), with an appropriate nitroalkane and base, as described in Section 2.2.2.. Two 

bases were examined: cyclohexylamine (Method A) and (CH 3 )2 NH.HCiyKF (Method B). Kirkbride has 

recently described the synthesis of (319) in 78% yield employing «-butylamine as base in refluxing 

ethanol^^'. Table 3.1 outlines the yields and relevant ‘H-NMR data o f (319) and (320).
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Table 3.1 : Yields, m elting p o in ts  an d  H -I ' ‘ H-NM R da ta  o f  n itrostyrenes (319) an d  (320) v ia  M ethods A and  

B.

nitroalkane, base

(90) (319), (320)

C om pound No. R Y ield  (% ) 

(M ethod  A or  B )*

m .p. (°C ) ‘H -N M R  ( 6 ) 

H-1'

(319) CH3 A : 8 6 72-73 8.04, s

B : 82 (lit. 71-73)^^'

(320) CH2CH3 A : 6 8 Oil 7.98, s

B : 82

* Method A : cyclohexylam ine; M ethod B : (C H 3 ) 2N H .H C 1, KF.

(320) has not been previously reported so its IR and relevant proton N M R  data is presented below.

The infrared spectrum clearly show s the presence o f  a nitro group with corresponding symmetric 

and asymmetric stretching observed at 1324 and 1508cm '‘. The band at 1647cm'' refers to alkene (C=C) 

stretching. 4-M ethylthiophenyl derivatives discussed in this chapter are easily  distinguishable from their 

m ethylenedioxyphenyl hom ologues by IR, through the absence o f  several characteristic peaks, referred to in 

Table 2 .5 , section 2.2.4.

Resonances indicating the presence o f  an ethyl group at 1.28 (t, J=7.5H z) and 2 .88 5 (q, J=7.5H z) 

correspond to H-4' and H-3' respectively. A singlet resonating at - 6 .0  5 and integrating for two protons is the 

m ost characteristic peak in the proton NM R spectra o f  m ethylenedioxyphenyl com pounds (corresponding to 

the OCHiO protons). However, the signature peak com m on to all 4-m ethylthiophenyl compounds in this 

chapter resonates 3.5 6  further upfield at - 2 .5  5, as a singlet integrating for three protons. The peak  

corresponds to the methyl protons o f  the SCH 3 group. In the case o f  nitrobutene (320), this resonance is 

found at 2 .52 6 . Protons o f  the symmetrical p a ra  substituted phenyl ring belong to an A 2 B 2 ring system and 

are seen as two doublets at 7 .29 (J=8.0H z) and 7.36 S (J=8.5H z). The heavily deshielded H-1' vinylic proton 

is the most downfield signal o f  the spectrum, represented as a singlet at 7.98 5.

The reaction residues were examined for the presence o f  impurities according to Chapter 7. TLC 

analysis o f  the extracted residues o f  nitrostyrenes (319) and (320) from M ethod B show ed that, apart from 

unreacted starting material, no impurities were formed during the reactions. Examination o f  the extracted 

residues from Method A, revealed the presence o f  tw o impurities arising from each residue, both o f  which 

exhibited lower Rf values than 4-m ethylthiobenzaldehyde. The impurities were isolated as solids by flash 

colum n chromatography. Spectroscopic analysis identified the com pounds as oxim e (323) and nitrile (324). 

Both impurities arose from both reaction residues. The com pounds are believed  to arise through partial 

nitroalkane hydrolysis catalysed by mineral acid, affording hydroxylam ine w hich evolves further in the 

reaction mixture (see section 2 .2 .2 ).
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Table 3.2 : Yields, melting points and IR data o f  impurities (323) and (324), both obtained from  the syntheses 

o f  (319) and (320) via M ethod A*

NOH

H3 CS ^  H 3 CS'

(323) (324)

Impurity No. Impurity (% yield) 

arising from synthesis o f 

(319) (320)

m.p. (°C) IRv^ax (KBr) cm '

(323) 3 3 59-60 (lit. 62-63)^^^ 3272 (OH), 1634 (C=N)

(324) 4 3 107-108 (lit. IIO)'^" 2 2 2 1 (C=N)

* cyclohexylamine, nitroethane/l-nitropropane, glacial acetic acid, steam bath. 6 hr.

A 'H-NMR spectrum o f oxime (323) reveals the deshielded OH proton resonating as a singlet at 

8.05 6 . The CH=N proton is even more deshielded and is found as a singlet at 8.10 5. A peak at 149.87 ppm 

in the '^C-NMR corresponds to the imine carbon atom. A ‘̂ C-NMR spectrum o f  (324) reveals a peak at 

118.84 ppm representing the nitrile carbon, with C-1 further upfield at 107.60 ppm. Both peaks are absent in 

the DEPT 135° spectrum.

As nitrostyrene (319) is a solid, the possibility o f  impurity contamination with either oxime (323) or 

nitrile (324) is significant if proper crystallisation o f  (319) is not performed by the clandestine chemist. It is 

interesting to note that nitrostyrene (320) is not crystalline and as a result may discourage the possible 

clandestine manufacture o f  butane analogues o f  4-MTA via  this route. Separation o f  unreacted starting 

material and product would require vacuum distillation, rather than simple crystallisation.

3.2.2 Synthesis o f l-(4-m ethylthiophenyl)-2-alkanones from p-nitrostyrenes.

Kirkbride recently published a synthesis o f  l-(4-methylthiophenyl)-2-propanone (321) by refluxing 

a mixture o f  nitropropene (319), conc. HCl. iron filings and FeCls in water for seven hours^^'. After vacuum 

distillation, a poor yield o f  22% was obtained. The method employed in the synthesis o f  PMK and PEK 

using Fe powder as reducing agent in glacial acetic acid at steam bath temperature, outlined in Section 2.2.4, 

was also used in this section for the conversion o f  nitrostyrenes (319) and (320) to their corresponding 

alkanones (Scheme 3.1). Excellent yields were obtained (Table 3.3). Examination o f  the alkanones by TLC 

before vacuum distillation showed only one spot in each residue, corresponding to the desired product.

^  Fe,AcO H

H3 CS' steam bath, 2 hr ^

(319) R = CH3  (321) R = CH3

(320) R = CH2 CH3 (322) R = CH2 CH3

Scheme 3.1
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Table 3.3 : Yields* and IR data o f  alkanones (321) and (322).

Com pound No. Yield (% ) b.p. (°C/mmHg) m.p. (°C) IRv^ax cm ‘

(321)"^' 82 133/0.4 - 1709 (C=0)

(322) 96 116/0.25 38-39 1711(C=0)

* calculated post vacuum distillation.

3.2.3 Synthesis of l-(4-m ethylthiophenyl)-2-propanone from 4-m ethylthiophenylacetic acid.

4-Methylthiophenylacetic acid (323) has been recognized as a possible starting material in the 

production of 4-MTA^‘. However, as the compound is not as widely available as 4-methylthiobenzaldehyde 

and is considerably more expensive^'^, its predicted use in the clandestine synthesis o f 4-MTA is limited.

Propanone (321) was synthesised from (323) by refluxing a mixture o f the acid, acetic anhydride 

and pyridine for 7 hours (see Section 2.2.5). Analysis o f the crude product by TLC upon workup showed the 

presence of substantial amounts of unreacted starting material, the amounts o f which were not quantified. In 

addition to the product spot (Rf 0.37 (mobile phase : hexane/diethylether : 70/30)), two further spots were 

observed at a higher and lower Rf than (321). The compounds were separated by flash column 

chromatography. Spectroscopic analysis (IR, *H and '^C-NMR and LRMS) identified the impurities as the 

E/Z enol acetate of l-(4-methylthiophenyl)-2-propanone, (325), an oil, and l,3-di(4-methylthiophenyl)-2- 

propanone (326), a solid (m.p. 80-81 °C (lit. 79-80°C)^^*) (Figure 3.2).

In the IR spectrum o f enol acetate (325), carbonyl stretching o f the ester group is observed at 

I755cm '‘. Two sets o f signals are found in both the proton and '^C-NMR spectra o f (325) in a ratio o f 80:20. 

The more abundant isomer was determined to be in the Z- configuration, determined by the chemical shift 

values o f H-1' signals in the 'H-NMR spectrum^'^. An analysis o f the ‘H-NMR signals o f both isomers is 

found below.

Figure 3.2 : Compounds isolated, including yields, from  the synthesis o f  propanone (321) from  4- 

methylthiophenylacetic acid (323).

nr' o o
COOH

pyr, reflux, 7hr ^

(323) (321) 20%

H.CS H 3 CS

(325) 19% (326) 2%

SCH,

Three pairs o f singlets, each corresponding to methyl protons, are observed in the upfield region of 

the 'H-NMR spectrum. The most upfield pair at 2.07 and 2.09 5 corresponds to the terminal H-3' protons
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with the Z- isomer slightly more shielded. A second pair o f  singlets at 2.17 and 2.18 5 represent the acetyl 

protons o f  the E- and Z- isomers respectively with the thiomethyl group found further downfield, resonating 

at 2.46 (2.4H) and 2.48 5 (0.6H). A 0.20 5 shift difference occurs between the H-1' signals o f  both 

configurations with the Z- isomer displayed further upfield as a singlet at 5.89 5. The £-isom er H-1' signal, 

also a singlet, occurs at 6.19 5. A complex multiple! o f  signals within the region 7.17-7.18 6  corresponds to 

the aromatic protons o f  both isomers. A low resolution mass spectrum o f the isomer mixture reveals a single 

coinciding peak. The molecular ion o f  m/z 222 has a relative abundance o f  22%. The base peak is observed 

at m/z 180 and corresponds to the larger fragment resulting from ester cleavage.

The significance o f  the dibenzylketone impurity (326) will be discussed in Chapter 4.

3.3 ROUTES TO BE EXPLORED IN THE SYNTHESIS OF 2-AMINO- AND 2 - N -

METHYLAMINO-l-(4-METHYLTHIOPHENYL)ALKANES

It would be expected that similar routes used in the manufacture o f  amphetamine and the MDA series 

o f  amphetamines would also be employed in the synthesis o f  4-MTA (22) and related derivatives (330) 

(R 2 =CH 3 , Rj=H), (331) (R2 =CH2 CH3 , Rj=H) and (332) (R2 =CH 2 CH3 , R3 =CH 3 ). The following routes, with 

alkanone (321) (R 2 =CH3 ) or (322) (R2 =CH 2 CH3 ) as starting material, will be explored (Figure 3.3):

•  A two step synthesis o f primary and A^-methylamines via  the A^-formyl intermediates (327) and (328)

(Leuckart reaction).

•  A one step reductive amination leading to both primary and A^-methylamines.

•  A two step reaction to primary amines via  oximes (329).

4-MTA (22) and its isobutylamine homologue (331) will also be prepared by reduction o f  

nitrostyrenes (319) (R2 =CH 3 ) and (320) (R2 =CH 2 CH3 ) respectively.

Figure 3.3 .■ Synthetic routes to be explored in the synthesis o f  2-amino- and 2-N-m ethylam ino-l-(4- 

methylthiophenyl)alkanes (Rj=4-methylthiophenyl).

o
H 3 C CHO

(321), (322) (328)

CHO

(327) R . =  CH

NOH

(329)

R. = H

NO2 
(319), (320) (22), (330)-(332)
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3.3.1 Synthesis and impurity profiling of 2-yV-form ylam ino-l-(4-m ethylthiophenyl)alkanes by the

Leuckart-W allach reaction.

A mixture o f alkanone (321) or (322) and formamide was heated at 190°C for 5 hours. After 

worlcup, TLC analysis o f  the crude /V-formyl Leuckart products revealed, as expected, a num ber o f  additional 

spots as well as the product, all o f  which were o f  higher Rf than the product spot (m obile phase : 

diethylether). Isolation o f  each compound was perform ed by flash column chromatography. 

Chrom atographic separation on silica gel o f  compounds arising from the Leuckart reaction o f  butanone (322) 

proved difficult. A number o f impurities either co-eluted from the column, or their Rf values coincided on 

TLC. To further separate these compounds a second flash chromatographic run was necessary using either 

silica gel, or neutral/acidic alumina using an appropriate mobile phase.

A total o f  ten impurities were identified from the Leuckart reaction o f  propanone (321) (Figure 3.4). 

Route-specific pyrimidines and pyridines analogous to those isolated from the Leuckart reaction o f  PM K and 

formamide (see Figure 2.3, section 2.2.9) were also isolated from the Leuckart reaction o f  (321). Three 

further com pounds were identified, including tertiary amide (341), dihydropyridone (342) and 4- 

methylthiotoluene (343).

Nine impurities were recovered and identified from the Leuckart reaction o f  butanone (322) (Figure 

3.5). Again, two pyrimidines and five pyridines were recovered, analogues o f  those isolated from the 

reaction o f  PEK and formamide (Figure 2.4, Section 2.2.9), all o f  which are route specific. In addition, 

secondary amine (352) and tertiary amine (353) were recovered from the reaction mixture.

The mechanism o f  formation o f  the 4-methylthio pyrimidine and pyridine impurities are identical 

to their corresponding methylenedioxy analogues, discussed in Section 2.2.9. A part from pyrimidines (334) 

and (335) and 4-methylthiotoluene (343), all other unpurities detected are novel entities. Their molecular 

formulae have been confirmed by high resolution mass spectroscopy and elemental analysis, with low 

resolution mass spectroscopy where appropriate. Proton and ‘̂ C-NMR spectra o f  the 4-methylthio 

substituted, pyrimidines and pyridines were similar to their methylenedioxyphenyi analogues except, for the 

absence o f  (OCILO ) signals at -6 .0  8 , presence o f  SCH3 methyl singlets at -2 .5  6 and simplification o f  the 

aromatic region.
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Figure 3.4 : Compounds obtained from the Leuckart-Wallach reaction o f propanone (321) (4-MTP = 4- 

methylthiphenyl, 4-MTB = 4-methylthiobenzyl).

H3 CS
O

(321)

NHoCHO

190°C,5hr H 3 CS H CHO

(333) 52%

Impurities:

Pyrimidines

1'

I J
N

(334), (335)

Compound No. Yield (%) Ri Ri

(334)”  ‘ 0.5 4-MTB H

(335)"-' 2 CH3 4-MTP

Pvridines

R f  N R|

(336)-{340)

Compound No. Yield (%) Ri R: R3 R4 R5

(336) 0.3 CH3 4-MTP CH3 4-MTP H

(337) 0.4 CH3 4-MTP H 4-MTP CH3

(338) 0.5 4-MTB H CH3 4-MTP H

(339) 0.3 4-MTB H CH3 4-MTP CH3

(340) 0.4 4-MTB H H 4-MTP CH3

Other impurities

SCH

(342) 0.7%

H3 CS

CH.

H,CS
(343) 3.5%

CHO
I

N

(341) 2%
SCH,
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Figure 3.5 : Compounds obtained from  the Leuckart-Wallach reaction o f  butanone (322) (4-MTP = 4- 

methylthiphenyl, 4-MTB = 4-methylthiobenzyl).

H.CS

NH2CHO

O 

(322)

190°C,5hr H.CS
N

H ' 'C H O

(344) 37%
Impurities:

Pyrimidines 

R ,

(345), (346)

Com pound No. Yield (% ) Ri R2

(345) 1 4-MTB* CH3

(346) 2 CH2CH3 4-MTP"

Pyridines

R.
R4\  ̂ R2

R5 N R, 

(347)-(351)

Other impurities

H,CS SCH,

Compound

No.

Yield

(% )

Ri R2 R 3 R 4 R 5

(347) 0 . 2 4-MTB CH3 CH2CH3 4-MTP H

(348) 0 . 2 CH2CH3 4-MTP CH2CH3 4-MTP H

(349) 0 . 2 4-MTB CH3 H CH3 4-MTB

(350) 0 . 6 4-MTB CH3 H 4-MTP CH2CH3

(351) 0 . 2 CH2CH3 4-MTP H 4-MTP CH2CH3

(352) R = H 0.4%
(353) R = CH3 1%

Recently, Kirkbride has pubhshed the unambiguous synthesis of pyrimidines (334) and (335) and 

their methoxy analogues (Leuckart impurities arising from the clandestine synthesis o f PMA {para- 

methoxyamphetamine))^^’. (334) was prepared according to the method o f Koyama^^^ (Scheme 3.2). A 

mixrnre o f propanone (321), trisformaminomethane, /?-TSA, and formamide was heated for 8  hours, yielding 

pyrimidine (334) in 32% yield.

H.CS
O

CH(NHCHO)3 ,p-T SA  

NH 2 CHO, 150-160°C, 8 hr

(321)

SCH,

(334)

Scheme 3.2
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For the synthesis o f  (335), the Grignard reagent o f  4-m ethylthiobenzylchloride w as first prepared, 

fo llow ed  by addition o f  the intermediate to pyrim idine, yielding 4-(4-m ethylthiophenyl)-3,4- 

dihydropyrimidine (354). Oxidation with gaseous oxygen over 3 days afforded pyrimidine (335) in an 

overall y ield  o f  20%  (Schem e 3.3). It may be possible to synthesise m ethylenedioxyphenyl substituted 

pyrim idines by similar methods.

SCH SCH

pyrimidine

HN
CHCl

(354 ) (3 3 5 )

Schem e 3.3

The origin o f  route specific tertiary amide (341) is m ost likely from a further Leuckart reaction 

betw een A'-formyl-4-MTA (333) and propanone (321). The compound was isolated as an inseparable 65:35  

mixture o f  diastereomers. A high resolution mass spectrum confirms the proposed m olecular formula o f  

C 2 1 H 2 7 N O S 2 . A band at 1664cm ‘ in the IR spectrum is typical o f  jV-formyl carbonyl stretching previously  

observed for similar compounds.

CHO

The 'H-NM R spectrum was com plicated by the presence o f  signals due to both diastereomers and 

also by restricted C-N amide bond rotation. However, the spectrum provided evidence o f  a sym metrically 

substituted amide with the most dow nfield signals, a pair o f  singlets at 8 .18 (0.65H ) and 8.16 6  (0 .35H ), 

corresponding to the yV-formyl proton. Four doublets within the region 1.00-1 .24 5, integrating for a total o f  

six protons, correspond to the terminal methyl H-3' and H-3" protons. Two singlets located at 2 .44  and 2.45  

6  represent both SCH 3 m oieties o f  the minor and major isomers respectively. Over the region 2 .59-3 .06  5, a 

total o f  six  double doublets and one doublet are clearly seen, integrating for a total o f  four protons. As (341) 

is sym metrical, each diastereomer w ill contribute two double doublets corresponding to the diastereotopic H- 

r  and H-1" protons, integrating for a total o f  four protons per diastereomer. However, due to restricted 

amide bond rotation, a total o f  four double doublets w ill be observed for each diastereomer. A  mixture o f  

tw o diastereomers produces a total o f  eight double doublets. Two o f  the double doublets o f  (341) coincide, 

giving rise to seven double doublets in this case. The resonances exhibit gem inal coupling o f  ~13.5H z, with 

vicinal coupling to H-2' in the range 7 .0-8.0H z. Two multiplets at 3 .52 5 and 3.98 5, each integrating for one 

proton, represent the deshielded H-2' and H-2" protons, with the eight aromatic protons observed as a 

m ultiplet between 7.00 and 7.21 5.

In the ‘̂ C-NMR spectrum, the quaternary carbon peaks at 162.17 and 162.23 ppm correspond to the 

formyl carbon o f  the major and minor diastereomer respectively.
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Secondary amine (352) was isolated from the Leuckart reaction o f butanone (322). The 

symmetrical amine is diastereomeric and it proved possible to isolate each diastereomer by flash 

chromatography. (352) may have formed from the initial partial decomposition o f formamide to ammonia, 

reductive amination of ammonia with (322) followed by a second reductive amination o f the resulting 

primary amine with a fiirther molecule of (322).

H
N

(352)

The IR spectrum of both diastereomers is, as expected, almost identical. NH stretching occurs at 

3317cm '‘ in both spectra.

A proton NMR spectrum o f both diastereomers reveals the largest shift difference between any two 

signals to be 0.16 5, observed for H-4' and H-4" at 0.75 (t, J=7.3Hz) and 0.91 5 (t, J=7.5Hz). Both NH 

protons are found in a multiplet integrating for five protons within the region 1.28-1.43 5 together with the 

four H-3' and H-3" protons.

The base peak of the low resolution mass spectrum o f both diastereomers is m/z 236 and 

corresponds to the larger fragment resulting from C -l'-C -2 ' bond cleavage.

Perhaps the most interesting impurity to arise is the route specific dihydropyridone (342) from the 

reaction o f two molecules of propanone (321) and one molecule o f formamide. The compound was isolated 

as a colourless solid (m.p. 148.5-149.5°C). A combination of low resolution mass spectrometry and C,H,N,S 

elemental analysis confirmed the proposed molecular formula of C2 1 H 7 3 NOS2 . Van der Ark identified an 

analogous impurity from the Leuckart synthesis of amphetamine'*^ in 1977. Since then, no impurity of 

similar structure has been reported from the profiling of amphetamines.

SCH

H.CS

(342)

The proton NMR spectrum in CDCI3 exhibits three upfield singlets at 1.26, 2.46 and 2.47 5, each 

integrating for three protons. They correspond to the methyl group at C-2 o f the dihydropyridone ring and 

both SCH3 moieties respectively. The methylene benzyl group at C-2 resonates at 2.60 5 as a singlet. Both 

H-3 protons are diastereotopic and so are presented as two distinct doublets at 2.73 and 3.00 5, exhibiting 

geminal coupling of J=13.0 and J=13.5Hz respectively. A broad doublet centered further downfield at 4.90 5 

(J=6.5Hz) corresponds to the amino proton. A TOCSY experiment shows coupling o f this proton to the 

deshielded doublet (J=3.5Hz) at 7.25 5, which corresponds to the vinylic H - 6  proton. Addition of D2 O to the 

NMR sample collapses this signal to a singlet with the concomitant disappearance o f  the amine proton 

resonance. A series of four doublets, each integrating for two protons at 7.07 5 (J=8.0Hz), 7 .21 5 (J=7.5Hz), 

7.23 5 (J=8.0Hz) and 7.32 5 (J=8.5Hz) correspond to both A 2 B 2 para  substituted aromatic ring systems. The
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TOCSY experiment confirmed that protons represented by the doublets at 7.07 and 7.21 5 are on the same 

aromatic ring with the more downfieid doublets corresponding to protons o f second ring.

A HMQC experiment proved helpfiil in assigning the ‘̂ C-NMR spectrum, represented by a total of 

seventeen signals. Both SCH3 carbons are represented at 15.85 and 16.46 ppm, while the methyl group at C- 

2 resonating at 24.86 ppm. Both signals at 43.36 and 48.78 ppm are inverted in the DEPT 135° spectrum and 

correspond to C-3 and the methylene group attached to C-2 respectively. The peak, at 56.77 ppm disappears 

in the DEPT 135° spectrum and was assigned to the aliphatic quaternary C-2 carbon. Another quaternary 

peak at 110.55 ppm represents the vinylic C-5 carbon of the dihydropyridone ring. A series o f four signals at 

126.66, 127.18, 128.03 and 130.97 ppm corresponds to the eight aromatic carbons bearing protons o f each 4- 

methylthiophenyl ring. The peaks at 130.97 and 126.66 ppm correspond to carbons on the same ring and 

correlate to the protons resonating at 7.07 and 7.21 5. Likewise, the carbon resonances at 127.18 and 128.03 

ppm are correlated with the proton doublets o f 7.23 and 7.32 5 respectively. The four peaks at 132.61, 

133.09, 135.22 and 137.31 ppm which disappear in the DEPT 135° spectrum correspond to the para  

quaternary carbons of each phenyl ring. The peak at 147.34 ppm is not inverted in the DEPT 135° spectrum 

and is assigned to the vinylic C-6  carbon, with the heavily deshielded carbonyl C-4 carbon the most 

downfieid signal at 189.57 ppm.

The IR spectrum o f (342) in KBr displays a strong stretch at 1567cm'' which is believed to represent 

carbonyl stretching involved in hydrogen bonding to the NH proton o f another dihydropyridone molecule'*^. 

NH stretching occurs at 3238cm''.

Figure 3.6 : Mechanism o f  formation o f  dihydropyridone (342) (R=4-methylthiophenyl). 
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Although Van der Ark states that several plausible mechanisms o f  formation can be given for (342), 

none were elaborated upon'*^. The most likely mechanism o f formation is outlined in Figure 3.6. Base 

catalysed enolisation o f  propanone (321) by ammonia affords a resonance stabilised enolate, which acts as a 

carbanion and nucleophilically attacks a second molecule o f  (321) at the carbonyl carbon. The resulting 

alkoxide anion is protonated by water or formic acid. A ldol (355) then undergoes dehydration, giving rise to 

the conjugated enone (356). (357) is formed by a conjugate M ichael-type addition o f  formamide to (356), 

followed by proton abstraction to afford amidoketone (358). A further base catalysed enolisation can occur, 

this time with participation o f  the carbon a  to the 4-methylthiophenyl ring. Enolate (359) nucleophilically 

attacks the formyl amide carbon resulting in the formation o f  cyclic aldol (360). A further dehydration 

affords dihydropyridone (342).

One additional impurity identified from the Leuckart reaction o f  propanone (321) is 4- 

m ethylthiotoluene (343)''^’ . Impurities o f  this structure have not been previously identified from Leuckart 

reaction impurity profiles, as the m ajority o f  published profiles are perform ed after hydrolysis or reduction o f  

the A'^-formyl group, and not on the A^-formyl intermediate itself. If  such a structure was to arise from a 

Leuckart amphetamine synthesis, it is likely to be toluene, which may be mistaken as solvent derived (if 

indeed detected in the first place) and ignored as a result.

3 ^ ^ = ^ C H 3

(343)

A low resolution mass spectrum o f (343) showed the m olecular ion o f  m/z 138 as the base peak. A 

proton N M R spectrum exhibited the methyl and thiomethyl groups as singlets each integrating for three 

protons at 2.35 and 2.49 6 respectively. The A 2 B 2  aromatic ring system is exhibited as two doublets at 7.13 

(H-3 and H-5) and 7.22 8 (H-2 and H6), with coupling constants o f  8.0 and 8.5Hz. A '"’C-NM R spectrum 

presented six signals, two quaternary signals at 135.06 (C-1) and 134.71 ppm (C-4), two aromatic signals at 

129.58 (C-2 and C-6) and 127.37 ppm (C-3 and C-5) and two methyl signals at 20.87 (CH3) and 16.56 ppm 

(SCH3). NM R spectra were assigned unambiguously with the aid o f  HMQC and HM BC experiments.

The origin o f  (343) is obscure. GC-M S analysis o f  the starting m aterial confirmed that 4- 

methyithiobenzaldehyde was not present as an impurity. (343) must therefore have arisen from C -l'-C -2 ' 

bond cleavage. There is no precedence in the literature for such a Leuckart-influenced transformation. The 

com pound is unlikely to be the result o f  C -l'-C -2 ' cleavage o f  an alkene species as 3,4- 

m ethylenedioxytoluene was not detected from the Leuckart reaction o f  phenones in Section 2.3.3, a  route 

which produces methylenedioxyphenyl substituted alkenes as impurities.

3.3.2 Impurity profiling of the Leuckart-W allach reaction o f  l-(4-m ethylthiophenyl)-2-alkanones

and A'-methylformamide.

A mixture o f  either ketone (321) or (322) and A^-methylformamide/formic acid was heated to 150°C 

for seven hours in an identical manner to the method described in Section 2.2.10. A fter workup, a TLC o f
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the crude product revealed the presence o f  unreacted starting material as the sole impurity. Table 3.4 

displays the yields, Rfand relevant IR data o f  the novel tertiary amides (361) and (362).

H 3 CS

R

O

(321), (322)

CH 3 NCHO, HCOOH 

150°C, 7hr H3 CS ^  H 3 C CHO 

(361), (362)

Scheme 3.4

Table 3.4 : Yields. RfOnd IR data o f  tertiary amides (361) and (362).

Compound No. R Yield (%) Rf* (film) cm '

(361) CH3 73 0.27 1667 (CHO)

(362) CH2CH3 67 0.54 1671 (CHO)

* mobile phase : diethylether.

'H- and '^C-NMR spectra o f  (361) exhibits, as expected, two sets o f  signals due to hindered amide 

C-N bond rotation. At 27°C in CDCI3 , the thermoisomers exist in a ratio o f  75:25. In the ‘H-NMR spectrum, 

two doublets integrating for 0.75 and 2.25H at 1.16 (J=6.5Hz) and 1.29 6  (J=6.5Hz) represent the H-3' 

protons o f  the major and minor rotamers respectively. Both SCH3 signals are isochronous and occur as a 

singlet at 2.45 5, with the NCH3  methyl group singlets slightly more deshielded and resonating at 2.77 6  

(0.75H) and 2.79 5 (2.25H). A 0.98 5 shift difference occurs between both H-2' resonances, with the more 

shielded multiplet at 3.75 S representing the major rotamer. A multiplet at 4.73 5 corresponds to the H-2' 

proton o f  the less abundant rotamer. Three doublets located in the aromatic region, integrating for a total o f  

four protons correspond to the A 2 B 2  phenyl groups o f  both rotamers. The most upfield doublet at 7.00 5 

integrates for 1.5H, while a smaller doublet further downfield at 7.12 6  corresponds to the minor rotamer. 

Both doublets exhibit coupling constants o f  8.0Hz. The doublet at 7.18 6  (J=8.5Hz) represents two 

overlapping signals derived from both rotamers. Finally, the A^-formyl proton resonances are displayed as 

two singlets located at 7.80 5 (0.75H) and 7.94 5 (0.25H).

3.3.3 Hydrolysis o f the A^-formyl bond from 2-A'-formyl and 2-(yV-formyl-A'-methyl)aminoalkanes.

Table 3.5 lists the yields o f  primary and secondary amines obtained from the acid hydrolysis o f  N- 

formyl intermediates synthesised in the previous two sections. Analysis o f  the amine free bases by TLC after 

acid-base workup showed that no basic impurities were formed during the hydrolysis step. Examination by 

TLC o f the organic phases from the acid wash workup step revealed starting material as the sole compound 

present in all cases. Omitting the acid-base workup would contaminate the amines with route specific N- 

formyl intermediates. Omitting an initial purification o f  the A'-formyl intermediates arising from the 

Leuckart reaction, may result in further contamination o f  the amines by Leuckart signature impurities.
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Table 3.5 : Yields and melting points o f  the HCl salts o f  2-amino and 2-N-methylaminoalkanes (22) (4-MTA) 

and (330)-(332).

R 30% aq. HCl, MeOH R

H3 C S ' ' ' ^ ^  R '^^ 'C H O  reflux, 7hr R '^ ^ 'H

(333), (344) R’ = H 
(361), (362) R' = CH 3

Compound No. R R' Yield (%)* m.p. (°C) HCl salt

(22) 4-MTA CH3 H 85 187-189 (lit. 190-191)^-

(330) CH3 CH3 6 6 161-162

(331) CH2CH3 H 53 154-155

(332) CH2CH3 CH3 77 128-129

* calculated for free base

The IR and proton NMR spectra o f  the free base MDMA homologue (330) is presented below. NH 

stretching is observed at 3321cm’', with CH stretching o f  the SCH3 and NCH3 groups displayed as two sharp 

bands at 2847 and 2789cm"‘ respectively. The IR fingerprint region o f  MDMA and /V-methyl-4-MTA are 

markedly different. Characteristic sharp signals identifying a 1,3,4-trisubstituted methylenedioxyphenyl ring 

system (see Table 2.5) are absent. A sharp band located in the lower end o f  the fingerprint region o f  (330) at 

798cm"' represents a para  disubstituted phenyl ring system.

A proton NMR spectrum o f jV-methyl-4-MTA displays a doublet as the most upfield signal at 1.04 6  

(J3 ' 2 = 6 .0 H z), corresponding to the methyl H-3' protons. The NH proton resonates as a broad singlet at 1.35 

5. Two adjacent singlets at 2.39 and 2.47 5, each integrating for three protons, represent the methyl protons 

o f  NCH 3 and SCH 3 moieties respectively. MDMA exhibits one singlet in this region corresponding to its N- 

methyl group. The protons o f  C-1' are diastereotopic and are displayed as two double doublets, centered at 

2.57 (Jgeni=13.3Hz, J|’2 '=6 .5 Hz) and 2.67 5 (Jgem=13.0Hz, Ji 2 ’= 7 .0 Hz), with the multiple! o f  H-2' further 

downfield at 2.76 5. The characteristic methylenedioxy singlet resonating at -6 .0  5 is notably absent from 

(330). The splitting pattern o f  the aromatic protons o f  (330) is also simplified compared to those o f  MDMA. 

Two doublets, centered at 7.11 5 (J= 8 .6 Hz) and 7.20 6  (J=8 .6 Hz) and integrating for two protons each 

correspond to H-2, H-3, H-5 and H- 6  o f  the 4-methylthiophenyl ring.

The low resolution mass spectral base peak o f  both MDMA and 7V-methyI-4-MTA is m/z 58 and 

arises from the smaller fragments resulting from C-l'-C-2' cleavage. The larger benzyl fragments distinguish 

both mass spectra. A 4-methylthiobenzyl cation (m/z 137) is two mass units heaver than its 

methylenedioxybenzyl counterpart (m/z 135). Both cation fragments have relative abundances o f  27% and 

32% in their respective mass spectra.

3.3.4 Synthesis o f 2-amino- and 2-A^-methylamino-l-(4-methylthiophenyl)alkanes by reductive 

amination.
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Ketones (321) and (322) were subjected to reductive amination conditions, with either ammonium 

acetate or methylamine HCl as nitrogen sources and NaCNBHs or aluminium amalgam as reducing agents, as 

described in Chapter 7 and Section 2.2.13. The amines were isolated as their free bases in varying yields 

(Table 3.6). Examination o f all free bases by TLC after acid base workup showed the absence of impurities.

A dramatic decrease in yield was obtained in the synthesis o f yV-methylamines (330) and (332) 

compared to their methylenedioxy homologues MDMA and MBDB when Al-Hg was used as reducing agent 

(see Table 2.18). Yields of primary amines (22) and (331) were similar to the yields o f MDA and BDB using 

NaCNH 3 , but again a significant yield decrease occurred on synthesising their A^-methyl analogues compared 

to the synthesis o f MDMA and MBDB via NaCNBHj.

Table 3.6 : Yields o f  4-MTA and related derivatives by reductive amination using aluminium amalgam and 

NaCNBHj.

H.CS

R Al-Hg or NaCNBHj

O NH 4 OAC or CH 3 NH 2 .HCI H.CS

(321), (322) (22), (330)-(332)

Compound No. R R’ Yield (% )

Al-Hg NaCNBHj

(22) 4-MTA CH3 H - 80

(330) CH3 CH3 35 39

(331) CH2 CH3 H - 81

(332) CH2 CH3 CH3 23 29

The acidic phase organic washes from all six acid base workups were checked by TLC for the 

presence of impurities. Apart from unreacted starting material (amounts not quantified), no further impurities 

were detected from the Al-Hg reductive method. Unreacted starting material was also detected by TLC from 

the four acid organic washes arising from the NaCNBHs reductive method (quantity not calculated). 

However, a second spot was detected on TLC from the wash of (22) (Rf 0.26) (mobile phase : methanol), 

with two additional spots from the wash o f (331) (Rf 0.25, 0.20) (mobile phase : methanol). The impurities 

were isolated by flash column chromatography. Spectroscopic analysis and comparisons with impurities 

documented in Section 2.2.13 showed them to be wholly consistent with the novel symmetrical secondary 

amines (363) (from the reaction of (22)) and (352) (from the reaction o f (331)). Interestingly these basic 

compounds were not extracted with the product amines upon acid-base workup.

(363) R = R' = CH3  

(352) R = R' = CH2 CH3
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(363) was isolated in 19% overall yield as an inseparable mixture o f  diastereomers in a ratio o f  

75:25. Its IR spectrum displays NH stretching at 3284cm ‘‘. Both proton and '^C-NMR spectra show the 

existence o f  diastereomers by the presence o f  two signals for each proton and carbon atom. High resolution 

mass spectroscopy confirmed the molecular formula o f  C2 0 H 2 7 N S 2 .

Both impurity spots (isolated in yields o f  0.6% and 1.6% from the workup o f (331)) corresponded to 

each diastereomer o f  (352). Both diastereomers were also isolated as impurities from the Leuckart reaction 

o f  butanone (322) and formamide (Section 3.3.1) and therefore cannot be considered route specific. 

Although propanamine (363) was not identified in this work as an impurity from the Leuckart reaction o f  

propanone (321), it is doubtftil that the compound is route specific to the reductive amination synthesis o f  4- 

MTA. Several reports o f  analogous impurities have been cited from the Leuckart synthesis o f  

amphetamines'^^’’̂ ’ ’ *̂’'*’ . However, a similar quantity o f  (363) formed from the reductive amination 

reaction route is highly unlikely to occur from a Leuckart synthesis o f  4-MTA.

3.3.5 Synthesis and impurity profiling o f  2-am ino-l-(4-m ethylthiophenyl)alkanes by the oxime 

route.

The oximes (364) and (365) were prepared by refluxing a solution o f  ketone (321) or (322) with 

NH 2 OH.HCI in pyridine and ethanol for two hours. Table 3.7 outlines the yields and synlanti isomer ratios, 

determined by NMR chemical shifts o f  H -l' and C-1' atoms.

In ‘H and '^C-NMR spectra o f  syn oximes, benzylic protons resonate further downfield and carbons 

further uptleld than corresponding resonances o f  their anti oxime isomers^’ ’. The H-l' protons o f i j / i  (364), 

for example, resonate at 3.70 5, with C-1' observed at 32.90 ppm. This is in contrast to anti (364) where the 

corresponding resonances are found at 3.46 5 and 39.43 ppm respectively.

Although the OH proton is not visible in the proton NMR spectrum o f  (365), OH stretching is observed in its 

IR spectrum at 3220cm’'.

Table 3.7  .• Yields, melting points and syn/anti isomer ratios o f  oximes (364)-(365).

■ R NH 2 OH.HCI, pyr -  R

HjCS^ °  EtOH, reflux, 2hr NO

(364), (365)

Compound No. R Yield (% ) m.p. (°C) syn/anti ratio

(364) CH3 85 57-59 25/75

(365) CH2CH3 8 6 77-79 60/40

Oximes (364) and (365) were then reduced with LiAlH 4  in refluxing THF. Examination o f  the 

products showed three spots (Rf 0.19, 0.57, 0.72) on TLC from the reduction o f  (364) and two spots (Rf 0 .19,
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0.63) from the reduction of (365) (mobile phase : methanol). The products corresponding to each spot were 

isolated by flash column chromatography and identified spectroscopically.

Reduction o f  oxime (364) afforded 4-MTA (Rf 0.19) in 50% yield. Aziridines (366) (Rf 0.57) (12% 

yield) and (367) (Rf 0.72) (30% yield) were also isolated. The reduction o f (365) afforded primary amine 

(331) (Rf 0.19) in 30% yield together with aziridine (368) (Rf 0.63) (41% yield). (Table 3.8). Disubstituted 

aziridines (367) and (368) were isolated in the cis configuration.

Table 3.8 : Yields and relevant spectroscopic data o f  aziridine impurities (366)-(368).

H,CS

Aziridines isolated

R 

NOH

LiAlH 4 , THF

reflux, 3hr H 3 CS

R 

NH2

(22) R = CH3 
(331) R = CH2CH3

H

H
(366)

H 3 CS

(367) R = CH3
(368) R=CH2CH3

Compound

No.

Yield (% ) (cm ') ‘H-NM R(8)

H-2 H-3

(366) 1 2 3283 (NH), 2850 (SCH 3 ) 2.18, m 1.43, d, J3,2=3.5Hz 

1.81, d, J3,2=5.5Hz

(367) 30 3302 (NH), 2869 (SCH 3 ) 3.18, m 2.38, m

(368) 41 3308 (NH), 2871 (SCH 3 ) 3.22, d, J2,3=5.5Hz 2.24, m

Benzyl substituted aziridine (366) is distinguished from the disubstituted derivatives (367) and (368) 

by the presence o f two doublets in its ‘H-NMR spectrum at 1.43 and 1.81 § (J=3.5Hz for both resonances), 

which correspond to the diastereotopic H-3 protons of the aziridine ring. The benzyl methylene protons are 

also diastereotopic and resonate as two double doublets at 2.63 (Jgeni=14.5Hz, J=6.0Hz) and 2.74 6 

(Jgeni=14.6Hz, J=6.0Hz). A broad singlet at 1.10 5 corresponds to the NH proton.

The effects o f using alternative solvents and reaction temperatures on the impurity profile o f LiAlH4  

reduced oxime (364) to 4-MTA was studied by carrying out a series of experiments, outlined in Table 3.9. A 

clandestine chemist synthesising 4-MTA by the oxime route may employ alternative solvents to THF, such as 

diethylether, depending on availability. Reduction in THF at 6 6 °C, discussed above, is also included in the 

table for comparative purposes. All other reaction parameters remained constant for each experiment. 

Yields were determined via separation and isolation o f the products o f  each run by flash column 

chromatography.
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Table 3.9 : Effects o f varying solvent and temperature on the yields and impurity profile o f  4-MTA from the 

reduction o f oxime (364) by LiAlH^.

Solvent Reaction

Tem perature

4-M TA (22) 

(%)

Aziridine 

(366) (%)

Aziridine 

(367) (% )

Unreacted  

oxime (364) (% )

THF 0°C 13 - 4 71

THF 21°C 16 5 18 50

THF 35°C 36 10 24 18

Diethylether 35°C 81 1 3 5

THF 66°C 50 12 30 -

DME 66°C 45 13 33 1

1,4-Dioxane 66°C 46 16 31 1

DME 85°C 55 11 25 -

1,4-Dioxane 101°C 64 12 16 -

The maximum yield o f  4-MTA with minimum impurity formation was obtained with diethylether at 

its reflux temperature o f  35°C. When THF was used at the same temperature, 4-MTA was recovered in just 

36% yield, with significant formation o f  aziridines. Decreasing the temperature further reduced impurity 

formation, but also yields o f  primary amine. The effects o f  THF (discussed above), DME and 1,4-dioxane 

were examined at 66°C (reflux temperature o f  THF). No significant difference in yields o f  product and 

impurities were observed. Performing the reduction in refluxing DME (at 85° C) increased the yield o f  4- 

MTA to 55% with a decrease in the production o f  benzyl and phenyl aziridines (366) and (367). When the 

reduction was performed in refluxing 1,4-dioxane (at 101°C) a further increase in the yield o f  4-MTA to 64% 

was observed. However a dramatic decrease in the production o f  phenyl aziridine (367) also occurred fi-om 

-32%  at 66°C to 16% at 101 °C.

Several authors have also cited the suppressive effects on azirdine formation exhibited by 

diethylether compared to THF^’ ’̂̂ ^̂ . Landor postulated that formation o f  aziridines depends on initial 

nitrene formation (248) during oxime reduction (see Scheme 2.36, section 2.2.14) by elimination o f  

(H3AIO ) (Scheme 3.5)"’'’. Efficient solvation o f  the A l-0  fragment promotes its removal and therefore aids 

aziridine formation. THF and DME are ioiown to be better solvents o f  alkoxyaluminium hydride complexes, 

and therefore, give aziridines in better yields than diethylether.

Yields o f  phenyl substituted aziridines are consistently higher than their benzyl isomers due to a 

preference for proton loss at the benzyl carbon o f  intermediate (247) rather than proton loss from the R group 

(Scheme 3.5).

Ph R Ph  ̂ H
/  -OAIH3 \  /

H N ^ O A lH j  H

(247) ^  (248)

Scheme 3.5
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3.3.6 Reduction of l-(4-methylthiophenyI)-2-nitro-l-alkenes to primary amines with LiAIH4.

Nitrostyrenes (319) and (320) were reduced with LiAlH4  in refluxing THF for 8  hours, as described 

in section 2.2.15 and Chapter 7. The crude amines (22) and (331) resulting from the reduction were 

examined for impurities by TLC. A total o f four spots were detected from the TLC o f crude 4-MTA (22) (R f 

baseline, 0.21, 0.60 and 0.76) and two spots were detected from the TLC o f (331) (R f baseline, 0.51) (mobile 

phase : diethylether/hexane : 80/20). All compounds were isolated by flash column chromatography on silica 

gel. Their structures were identified by IR, ‘H and ‘̂ C-NMR and by comparisons with previously 

synthesised compounds.

Reduction of nitrostyrene (319) afforded 4-MTA in 80% yield (R f baseline). Aziridine (367) (R f 

0.21), alcohol (369) (R f 0.60), propanone (321) and oxime (364) (R f 0.76 for both compounds) were isolated 

as impurities. The reduction of nitrobutene (320) produced the primary amine (331) (R f baseline) in 74% 

yield together with aziridine (368) (R f 0.51) as the sole impurity (Figure 3.7).

The origin of 4-methylthiobenzylalcohol (369)^^^ is probably the result o f LiAlH4  reduction o f 4- 

methylthiobenzaldehyde, present as an impurity in nitrostyrene (319). The low resolution mass spectrum of 

(369) displays the molecular ion as base peak at m/z 154. An IR spectrum exhibits OH stretching at 3350cm 

with CH stretching of the thiomethyl group at 2863cm '. The OH proton is displayed at 1.91 5 as a broad 

singlet in the proton NMR spectrum, with two singlets further downfield at 2.47 (3H, s, SCIT;) and 4.62 5 

(2H, s, CHi). A multiple! centered at 7.25 5 and integrating for four protons corresponds to the aromatic 

protons. The peak at 64.81 ppm in the '^C-NMR spectrum, which is inverted in the DEPT 135° spectrum, is 

consistent with the chemical shift o f a benzyl alcohol methylene carbon.

Figure 3.7 : Yields o f  impurities isolatedfrom the reduction o f  nitrostyrenes (319) and (320) by UAIH 4.

H3 CS THF, reflux, 8 hr

L1A1H4

H 3 CS

R

(319), (320) (2 2 ) R = CH 3  80%
(331) R = CH 2 CH 3  74%

Impurities isolated from  UAIH4 reduction o f  (319) 

H 3 CS

(367) 3% (369) 1% (321) R = 0  0.2% 
(364) R = NOH 0.6%

Impurity isolated from UAIH4 reduction o f  (320)

(368) 7%
N
H
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Varying the reaction conditions, sequence o f  reagent addition and workup procedure when LiAlH^ 

is used in the reduction o f  conjugated nitroalkenes can result in the isolation o f  nitroalkanes, hydroxylam ines, 

oxim es, amines and carbonyl compounds^™’ Thus, the isolation o f  oxim e (364) is m ost likely the

result o f  hydrolysis o f  a partially reduced alkoxyaluminium intermediate species, (perhaps o f  the type (247) 

in Schem e 3.5 above), upon workup. The existence o f  such an intermediate w ould explain the origin o f  

aziridine formation, leading to compoimd (367). H ow ever, benzyl aziridine (366 ) was not detected as an 

impurity o f  the reduction. L ikew ise, the formation o f  aziridine (368), arising from the reduction o f  

nitrobutene (320), may be explained by a similar mechanism. The formation o f  propanone (321) may be a 

result o f  hydrolysis o f  intermediate (370) during workup, formed from evolution o f  intermediate (247 ) in the 

reaction, as outlined in Figure 3.8 . A  similar mechanism has been proposed to explain the specific reduction 

o f  oxim es to aldehydes and ketones with L iAlH 4/HMPA^'"’.

F igure 3 .8  : P ossib le  m echanism  o f  fo rm a tion  o f  oxim e (364) an d  p ropan on e (321) as im purities in the 

LiAlH 4 reduction  o f  n itropropene (319) (R =4-m ethylth iophenyl, R'=CHs).

^OAIH OAIH
NAIH

3.4 SUMMARY

Limited reports exist on the impurity protlling o f  4-MTA^^'. To correct this deficiency, a 

com prehensive impurity profile o f  a number o f  potential clandestine routes to 4-M T A , as w ell as som e 

related derivatives was performed in the laboratory. Starting materials, precursors, intermediates and by

products were isolated and their structures determined spectroscopically. Route specific impurities were 

established. The detailed analysis o f  4-M T A  related impurities is summarised in Table 3.10.

The detection o f  route specific impurities in a sfreet sample o f  4-M T A  w ould provide a signature or 

fingerprint, allow ing its route o f  synthesis to be determined. Kirkbride has recently unambiguously 

syntheised the pyrimidines (334 ) and (335), route specific impurities arising from the synthesis o f  4-M T A  via  

the Leuckart method^^’. Street tablets containing 4-M T A  were also extracted in the published study by solid  

phase microextraction (SPM E) and analysed for pyrim idines (334) and (335) by GC-M S'’̂ ‘. M ass spectra o f  

impurities arising from the GC chromatogram failed to match the mass spectral fragmentation patterns o f  the 

reference pyrimidines previously synthesised, indicating that the origin o f  the 4-M T A  was unlikely to be 

from the Leuckart route’’̂ '.

This chapter aimed to expand the work o f  Kirkbride, by making available a wider range o f  standard 

sam ples o f  impurities, precursors and reaction intermediates for comparison with impurity profiles o f  street 

sam ples o f  4-M TA . Maguire again com piled a com prehensive mass spectral database o f  all com pounds
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relevant to the synthesis o f 4-MTA^^^. Street samples o f 4-MTA can then be analysed by GC-MS in a 

manner similarly adopted by Kirkbride"’̂ ’, followed by comparison of the mass spectral chromatogram peaks 

corresponding to impurities with the reference library^^^. The presence or absence of route specific 

impurities can readily be determined.

Table 3.10 : Potential impurities o f 4-MTA identified in this work by several clandestine methods.

Com pound Leuckart - Red. Am .*- Oxime - N itrostyrene -

No.* NH2CHO Al-Hg L1AIH4 L1AIH4

Precursors/Intermediates

(321) - + - +

(326)^ a a a -

(333)'' +++ b,c - - -

(364)^ - - - + b

Reaction by-products

(334) + b,c - - -

(335) ++ b,c - - -

(336)^ + b - - -

(337)^ + b - - -

(338)^ + b - - -

(339)'' + b - - -

(340)^ + b - - -

(341)^ ++ b - - -

(342)^ + b,c - - -

(343)^ ++ b,c - - -

(363)^ - ++ b,c - -

(366)'' - - +++ b,c -

(367)-̂ - - +++ ++

(369)^ - - - ++ b

*  (321) l-(4-MTP)-2-propanone, (326) l,3-di(4-MTP)-2-propanone, (333) A'^-formyl-4-MTA, (364) oxime of 
(321), (334)-(335) Leuckart pyrimidine impurities, (336)-(340) Leuckart pyridine impurities, (341) A^-formyl- 
Â ,A'̂ -di( 1-(4-MTP)-2-propan)amine, (342) Leuckart dihydropyridone impurity, (343) 4-methylthiotoluene, 
(363) yV,7V-di(l-(4-MTP)-2-propan)amine, (366) 2-(4-MTB)aziridine, (367) 2-methyl-3-(4-MTP)aziridine, 
(369) 4-methylthiobenzylalcohol. ^ Previously unreported impurity. * Reductive amination. (+) impurity 
levels <1%; (++) impurity levels 1-5%; (+++) impurity levels >5%; (a) route specific impurity of PMK, 
significance o f (326) in reactions discussed in Chapter 4; (b) route specific impurity; (c) key route specific 
impurity for analytical purposes.
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CHAPTER 4

SPECIFIC SYNTHESIS OF KEY DIBENZYLKETONE IMPURITIES AND

RELATED DERIVATIVES

4.1 INTRODUCTION

It was discovered in Chapters 2 and 3 that, when key precursor ketones PMK (69) and I-(4- 

methylthiophenyl)-2-propanone (321) were synthesised from either 3,4-methylenedioxyphenylacetic acid 

(70) or 4-methylthiophenylacetic acid (323), route specific dibenzylketone impurities (84) and (326) were 

isolated in yields of 6 % and 2% respectively (Scheme 4.1, see also Sections 2.2.5 and 3.2.3). Detecting 

dibenzylketones or their derivatives in an impurity profile o f  an amphetamine is highly significant. The 

formation of dibenzylketones does not occur as a side reaction in any other known clandestine method of 

synthesising ketone precursors o f amphetamines. Therefore, the detection of such a contaminant in an 

amphetamine sample would immediately suggest that the substance was synthesised from a ketone but, in 

addition, that the ketone was synthesised via the phenylacetic acid route. Knowing the starting material that 

was used in the synthesis o f an amphetamine, a drug enforcement agency may be able to trace purchases of 

the acid from chemical supply houses and, perhaps, ultimately to the purchaser.

Due to the structural similarity between dibenzylketones and their respective propanone precursors, 

it would be expected that these compounds would undergo similar reactions to PMK and (321). Indeed, 

many papers concerning the impurity profiling o f amphetamine and methamphetamine have detected 

dibenzylketone derived impurities arising from Leuckart and reductive amination reactions, where 

contaminated precursor ketones have been used. Some authors have isolated these impurities and identified 

their structures through detailed spectroscopic analyses'™'” ’ ’*®. Methylenedioxy dibenzylketone derived 

substances have been detected by a number o f workers as impurities o f MDA and MDMA, most notably 

from the Leuckart route'^^’’*̂ . Similar impurities derived from other methods of synthesising MDA and 

MDMA have not been reported. Dibenzylketone (326) has yet to be considered in the literature as a possible 

impurity of 4-MTA.

A systematic study to determine the specific reactivity o f dibenzylketones (84) and (326) typically 

used in the clandestine syntheses o f the MDA and 4-MTA series of amphetamines employing a ketone 

precursor, would be informative. It would also lead to the isolation and fiill spectroscopic characterisation of 

the impurities. However, due to the high cost o f phenylacetic acids (70) and (323), it would not be feasible to

COOH

pyr, reflux, 7hr

(70) R| = R2 = 0CH 20  
(323) R, = H, R2  = SCH3

(84) R,, R,’ = Rj, R2 ' = OCH2 O 
(326) Ri, R2  = H, R2 , R2 ’ = SCH 3

Scheme 4.1
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isolate sufficient quantities o f  dibenzylketones arising from the synthesis o f  PM K and propanone (3 2 1 ) via 

this route in order to carry out such a study. The aims o f  this chapter are:

•  To devise a method to specifically  synthesise dibenzylketones (84) and (326).

•  Subject the ketones to the sam e clandestine routes that have been previously studied in Chapters 2 and

3 for the synthesis o f  amphetamines from an appropriate precursor and isolate any com pound form ed.

•  Perform a full specfroscopic analysis o f  all compounds isolated and identified.

4.2 SPECIFIC SYNTHESIS OF DIBENZYLKETONES (84) AND (326).

4.2.1 Synthesis o f  2 -n ltro -l,3 -d ip h en y lp ro p -l-en es  (375) and  (376).

D ibenzylketones (84)^^^ and (326)^^* are known com pounds, previously specifica lly  synthesised for 

purposes other than impurity profiling. Brydon synthesised the 4-m ethylthio derivative (326 ) by a circuitous 

route from p-methylthioacetophenone^^*. The general route em ployed by Kodukulla in the synthesis o f  

various dibenzylketones including (84) was considered the most convenient method for obtaining gram 

quantities o f  (84) and (326) in this present work"^. The method involves the synthesis o f  2 -n itro -l,3 -  

diphenylprop-1-enes (375) and (376), outlined in Schem e 4 .2 , follow ed by their conversion to ketones (84)  

and (326). This fmal step is discussed in the next section and is an alternative and m ore efficient synthetic 

method than that pursued by Kodukulla"^^.

CH 3 NOn, cyclohexylam ine

NO,

( 6 8 ) Ri =  R2  =  OCH 2 O (371) R, =  R2  =  O C H 2 O
(90) R | =  H* R2  = SCH 3  (372 ) R, =  H, R , =  SC H 3

(375) R ,, R[. =  Rj,  R 2 '=  O C H 2 O
(376) R ,, R j.=  H. R2 , R 2 '=  SCH 3

( 6 8 ) or (90 )

(CH3)2NH.HC1, KF, 
toluene

R

R-

NaBH4, 
IPA, CHCI3  

silica  gel,

NOo

(373) Ri =  R 2  =  OCHoO
(374) R , =  H, R 2  =  SC H 3

Schem e 4.2

A Henry condensation between nitromethane and benzaldehydes ( 6 8 ) and (90) afforded nitroethenes 

(371)^^'* and (372)^^^ in 92 and 84% yields respectively.

Selective double bond reduction was achieved with N aB H 4 , g iving the corresponding nitroethanes 

(373)^^® and (374) in excellent yields o f  91% and 89% respectively. The reduction o f  vinyl unsubstituted  

nitrostyrenes can be com plicated by the formation o f  dimeric nitroethanes as side products, a result o f  

M ichael addition o f  a transient resonance stabilised carbanion species formed during the reduction with a
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further m olecule o f  nitroethene. When silica gel is added to the reaction, this carbanion is preferentially  

form ed on the gel surface and accepts a proton in this environm ent before it has a chance to undergo M ichael 

addition^^’ . In this work, the presence o f  silica gel in the reaction com pletely suppressed dimer formation. 

Surprisingly, nitroethane (374) w as not found in the literature so its IR and 'H are now  discussed.

(374)

A n IR spectrum o f  (374) revealed typical symmetric and asymmetric N O 2 stretching at 1378 and 

1549 cm ''.

The most upfield 'H -NM R signal is a singlet integrating for three protons at 2 .46  5 , corresponding  

to the SCH 3 group. Both H-1 protons resonate as a triplet at 3 .27  6 (J|_2= 7 .3 H z) with a fiirther triplet 

dow nfield  at 4 .57 5 (J2,i=7 .3 Hz) correlating with the more deshielded H-2 protons. T w o doublets, each 

centered at 7.12 and 7.21 5 and both displaying coupling constants o f  J=8.0H z represent the four protons o f  

the aromatic A 2B2 system.

The saturated nitro com pounds were condensed by a further Henry reaction^”'* with aromatic 

benzaldehydes (6 8 ) and (90) to g ive the corresponding 2-n itro-l,3-d iphenylprop-l-enes (375)^^'’ and (376) as 

yellow  solids in satisfactory yields. Kodukulla achieved a 65%  yield  o f  (375) after refluxing the reaction for 

8 hours^"^. However in this work, a reflux time o f  24 hours w as necessary to achieve a comparable yield. 

(376 ) is a novel compound and so  its relevant IR and N M R  spectroscopy are now  presented.

N O 2 stretching is exhibited in the IR spectrum as tw o bands at 1312 and 1506cm '‘ with C=C alkene 

stretching observed at 1636cm  ‘.

The compound is asymmetric and so, tw o close signals, each integrating for three protons are found 

at 2 .46  and 2 .49 5, representing the six protons o f  both thiomethyl groups. Another singlet further downfield  

is assigned to the methylene H-3 protons. In the aromatic region a set o f  four doublets centered at 7.12  

(J=8 .6 H z), 7.22 (J=8 .6 Hz), 7 .24  (J=8.5H z) and 7.35 5 (J=8.0H z) correspond to the eight aromatic protons o f  

both A 2B 2 phenyl rings. A  TO C SY  experiment show ed that aromatic protons represented by the two most 

upfield doublets are on the same ring with the most dow nfield pair o f  doublets corresponding to protons o f  

the second ring system.

(376)

A total o f  thirteen carbon signals were identified in the '^C-NMR spectrum. Both thiomethyl groups 

are represented at 14.92 and 15.97 ppm, with the signal at 32 .58  ppm corresponding to C-3. This signal is 

inverted in the DEPT 135° spectrum. Four signals, each representing a pair o f  m agnetically equivalent 

aromatic carbons, are located at 125.98, 127.33, 128.08 and 130.24 ppm. C-4' and C-4" are more shielded
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than their corresponding para carbons and are assigned to 127.98 ppm and 133.05 ppm. The peak at 135. .19 

ppm remains in the DEPT 90° spectrum and represents the monosubstituted C-1 vinyl carbon. C-1' and C—1" 

occur further downfield at 137.07 and 143.02 ppm. Deshielding by the nitro group shifts C-2 to 148.52 ppnm.

The proposed molecular formula of C 17H 17NO 2 S2 for (376) was confirmed by low resolution maass 

spectrometry and elemental analysis.

4.2.2 Synthesis of l,3-diphenyl-2-propanones (84) and (326).

Kodukulla prepared propanone (84) from its corresponding substituted nitropropene (375) in t\wo 

steps, by first reducing the vinyl double bond with NaBH4 , affording a saturated nitroethane which w/as 

subsequently reduced further with CrCl2 . The overall yield was 20%^^^. In light of the successful one steep 

reductions of conjugated nitrostyrenes to ketones with Fe/AcOH previously cited in this thesis, it w/as 

anticipated that 1,3-disubstituted nitropropenes (375) and (376) would react in a similar manner (Scheime 

4.3). The reaction proved successful, with propanones (84) and (326) isolated in yields o f  77% and 72!% 

respectively (Table 4.1). The overall four step specific synthesis o f these ketones provided sufficient 

quantities o f product for further studies, summarised in the next section.

(84) R |, R {  = R2 , R2 ’ = OCH 2 O 
(326) Rj, R ,’ = H, R2 , R2 ' = SCH3

Scheme 4.3

Table 4.1 : Melting points, IR and relevant ‘^C-NMR data o f  dibenzylketones (84) and (326).

Compound

No.

Yield

(% )

m.p. (°C) (cm ') '^C-NMR (ppm) 

C-1, C-3 C-2

(84) 77 88-89 (lit.79)“ ^ 2778 (OCH2 O), 1719 (C=0) 48.06 205.29

(326) 72 80-81 (lit. 79-80)^-’* 1698 (C=0) 48.46 205.31

4.3 ROUTES TO BE EXPLORED IN THE SYNTHESIS OF DIBENZYLKETONIE 

DERIVATIVES OF INTEREST.

The routes to be applied to dibenzylketones (84) and (326) are summarised in Figure 4.1 and inclucde 

all o f the potential clandestine reaction methods previously studied in Chapters 2 and 3, where a ketone iis 

employed as starting material. The objective is to determine the reactivity o f  the ketones towards thie 

clandestine routes and assess the possibility of contamination o f clandestine reaction mixtures by routte 

specific derivatives of (84) and (326). All compounds isolated were analysed spectroscopically (IR, 'H anid

(375), (376)
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'^C-NMR, LRMS and additionally for novel compounds, HRMS and/or elemental analysis). The routes to be 

explored include:

• Two step synthesis of primary amine and 7V-methyl derivatives o f (84) and (326), via the A^-formyl

intermediates (378) and (379).

• One step reductive amination leading to primary and //-alkylamines (R3 = CH3 or CH2CH3).

• A two step reaction to primary amines via oximes (380).

• Synthesis o f A^-ethylamines (383) by reduction of A^-acetyl intermediates (381).

Figure 4.1 : Routes to be explored in the synthesis o f  intermediates (378)-(38I) and aminoalkanes (382) and 

(383) from  dibenzylketones (84) and (326).

R R.

R

CHO
(84), (326) (378)

CHO
(379)

R. = CH
R, = H

R
.N .NOH N

'C O C HH R H

(380) (382)

R) = R2  = 3,4-methyIenedioxyphenyl or 
R | = R2  = 4-methylthiophenyl

(381)

H C H jC H

(383)

4.3.1 Synthesis o f  l,3-diaryl-2-A^-formyIaminopropanes by the Leuckart-W allach reaction.

Bohn synthesised PMK from 3,4-methylenedioxyphenylacetic acid and subjected the crude 

propanone to the Leuckart reaction with formamide'*^. Among the impurities to be isolated was secondary 

amide (384). However, no indication was made regarding the amount of impurity recovered. Similar studies 

have yet to be performed in the synthesis of 4-MTA Leuckart intermediates.

In the present work, ketones (84) and (326) were refluxed with formamide in a manner identical to 

that previously applied in Chapters 2 and 3. After workup, an examination o f  the reaction residues revealed 

substantial amounts o f unreacted starting material remaining. In addition, two flirther spots were detected on 

each TLC. The compounds were isolated by flash column chromatography. Spectroscopic analysis 

identified the TLC spots of lower Rf as the expected products (384) and (385), with the less polar products 

agreeing with the pyrimidine structures (386) and (387) (Scheme 4.4). Table 4.2 outlines the yields, melting 

points and Rf values o f all compounds isolated.
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N H .C H O

1 9 0 X . 5hr

(84), (326)

H C H O ^  R 2 '

(384) R ,, R,' =  R 2 , R2 ' =  OCH 2 O
(385) R ,, R i’ =  H, R2 , R 2 ' =  SC H 3

(386 ) R i, R]' =  R2 , R 2 ' =  OCH 2 O
(387) R i,R ,'  =  h I r 2 , R 2 ' =  SC H 3

Schem e 4.4

Table 4.2 : Yields, melting points and Rj data o f  compounds isolated from the reaction o f  dibenzylketones 

(84) and (326) with formamide.

From  K etone C om pound No. Y ield  (% ) m .p. (°C ) Rf*

(84) (384)'*" 2 0 158-159* 0.35

(386) 7 88-90 0.74

(326) (385) 15 132-133 0.27

(387) 5 1 1 1 - 1 1 2 0.61

* mobile phase : diethylether; * no m elting point provided in ref. 185.

(385) has yet to be reported and so its IR and relevant N M R  data is discussed below . An IR 

spectrum o f  (385) exhibits typical secondary amide stretching bands. NH stretching occurs at 3326cm"’, with 

carbonyl stretching o f  the formyl group at 1658cm'*.

The proton and '^C-NMR spectra each display two sets o f  signals due to hindered rotation about the 

amide bond. At 27°C  in CDCI3, the rotamer ratio is 75:25. The ‘H -NM R  SCH3 proton signals o f  both 

rotamers are isochronous with one singlet integrating for six  protons observed at 2 .46  5. Protons o f  C-1 and 

C-3 are diastereotopic, residing a  to the chiral center at C-2. A s the com pound is symmetrical about C-2, 

each diastereomer w ill contribute two double doublets corresponding to m agnetically equivalent pairs o f  

protons from C-1 and C-2, giving a total o f  four double doublets. Tw o o f  the signals each integrate for 1.5H  

at 2 .74 (Jgem=14.1Hz, Ji_2 = 7 .0 Hz) and 2 .82 5 (Jgem=13.8Hz, Ji_2 = 6 .5 H z), whereas the double doublets 

corresponding to the minor rotamer integrate for a total o f  IH and resonate at 2 .66  (Jgem=14.0Hz, Ji 2 = 8 .5 Hz) 

and 2.87 5 (Jge„=13.8Hz, Ji,2 = 4 .5 Hz). D eshielding by the amide group shifts the H-2 multiplets dow nfield to 

3.70  (0 .25H ) and 4 .48  5 (0 .75H ). Coupling o f  the major rotamer NH proton to H-2 splits the amide proton 

resonance into a doublet at 5.35 8  (J=8.0H z), with the minor rotamer N H  proton fiirther dow nfield as a triplet 

at 5 .60 5 (J=10.8H z), exhibiting coupling to both H-2 and the formyl proton. The A 2 B 2  system o f  the minor 

rotamer is represented as tw o doublets at 7.05 (J=8.5H z) and 7.20 5 (J=8.5H z), with two equivalent major
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rotamer doublets located at 7 .10 (J=8.5H z) and 7.19 8  (J=8.0H z). R eciprocal coupling o f  the major rotamer 

formyl proton to the NH hydrogen splits the resonance into a doublet at 7 .48 5 (J=12.0H z), with the minor 

rotamer formyl proton occurring as a singlet at 8 . 0 1  5.

The low yields o f  A^-formyl products (384) and (385 ) indicate that unreacted diben2ylketones may 

also be significant impurities where contaminated propanones are em ployed as starting materials in the 

Leuckart reaction using formamide. D ibenzylketones (84 ) and (326 ) are quite unreactive under the 

conditions employed, when compared to PMK and l-(4-m ethylthiophenyl)-2-propanone (321), as no trace o f  

unreacted starting material was detected from their respective Leuckart reactions.

Significantly, a pyrimidine was isolated from the reactions o f  both dibenzylketones. Nimierous 

exam ples o f  pyrimidine impurities arising from the Leuckart reactions o f  ketones and formamide have been  

documented in Chapters 2 and 3, so  it was not surprising to identify such com pounds from this present work. 

Due to the symmetrical nature o f  ketones (84) and (326), it is possible to form just one pyrimidine from each  

ketone. Pyrimidines (386) and (387) may be form ally considered as “impurities o f  impurities” because their 

parent compounds, (384) and (385), from w hich they were derived, w ould them selves be classed  as 

impurities in Leuckart reactions o f  propanones PMK and (321). (386) and (387) may therefore be referred to 

as secondary impurities.

Pyrimidines derived from dibenzylketone impurities have not been docum ented in the literature. In 

light o f  the high yields o f  (386) and (387), relative to the yields o f  A'-formyl com pounds (384) and (385 ) it 

would be expected that such compounds would arise in sufficient quantities that their presence w ould be 

detected in crude Leuckart sam ples by GC-M S. Evidence for the proposed structure o f  pyrimidine (386) is 

now presented.

A combination o f  low  resolution mass spectrometry and C ,H ,N  elem ental analysis confirm ed the 

proposed molecular formula o f  C 19H 14N 2O4 . The low  resolution m ass spectrum displays the m olecular ion as 

base peak at m/z 334.

In the IR spectrum o f  (386), characteristic CH stretching o f  the d ioxole rings is observed as a weak

TOCSY, HMQC and HM BC spectra were generated, in addition to one dim ensional NM R  

experiments, to aid the unambiguous assigim ient o f  all proton and carbon signals. In the proton N M R  

spectrum, a singlet at 4 .04 5 integrating for tw o protons is characteristic o f  the m ethylene protons o f  a benzyl 

group positioned a  to a nitrogen o f  a heteroaromatic ring (see section 2 .2 .9 ). Two singlets, each integrating 

for two protons, at 5.90 and 6.05 5 correspond to the OCH2O hydrogen atom s o f  the m ethylenedioxyphenyl

(386)

signal at 2779cm '‘, with aromatic C=C stretching displayed as a medium intensity band at 1609cm"'.
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and benzyl rings respectively. Two 1,3,4-trisubstituted ring system s are evident from the splitting patterns o f  

six resonances between 6 .50 and 6 .90 5, each integrating for one proton. The double doublets at 6 .50 5 

(J=8.3H z, J=1.3H z) and 6.71 5 (J=7.8H z, J=1.8H z) correspond to H-6 ' and H-6 " respectively. H -2’ and H-2" 

are represented as two doublets at 6.61 and 6.73 8 , each exhibiting meta coupling to H -6 " and H -6 ' protons 

with equal coupling constants o f  J=1.5H z. H-5" and H-5' are displayed as tw o doublets at 6 . 6 8  and 6 .90 5 

respectively, both exhibiting ortho coupling constants o f  J=8.0H z. 1.64 5 further dow nfield at 8 .54 5, a 

singlet integrating for one proton is characteristic o f  a proton a  to one pyrimidine ring (H -6 ), w hile a further 

singlet at 9.13 5 is assigned to H-2, located between both pyrimidine nitrogen atoms.

The nineteen '^C-NMR signals are assigned as follow s. The peak at 40 .17  ppm is inverted in the 

DEPT 135° spectrum and corresponds to the benzyl methylene carbon. With the aid o f  HMQC and HMBC  

spectra, it was possible to assign the signal at 100.42 ppm to the OCH 2 O group o f  the m ethylenedioxybenzyl 

ring, with the corresponding phenyl resonance slightly more deshielded at 100.98 ppm. The HM BC  

spectrum showed long range C-H coupling o f  the benzyl m ethylene protons to carbon resonances at 109.15  

(C-2"), 121.47 (C-6 "), 131.20 (C-1"), 134.21 (C -5) and 165.69 ppm (C -4). From this data, in combination  

with the HMQC experiment, it was then possible to assign H-2" and H-6 " unambiguously in the proton 

spectrum. A TOCSY spectrum subsequently showed that the double doublet at 6 . 6 8  5 is on the same 

aromatic ring as and H-6 ", and was assigned to H-5". Referring back to the HMQC spectrum, coupling o f  H- 

5" was found to the carbon peak at 107.72 ppm, C-5". The remaining aromatic carbon signals bearing 

hydrogen atoms were allocated to 108.13 (C-5'), 109.15 (C-2') and 122.63 ppm (C -6 '), with C-1' assigned to 

128.71 ppm. Both pyrimidine C-2 and C - 6  carbons resonate in close proximity, but the HMQC spectrum  

show ed the more upfield peak corresponding to C-2 at 156.70 ppm, with C - 6  at 156.98 ppm. Finally, long  

range C-H coupling o f  the OCH 2 O proton signals to the dioxole ring quaternary carbons showed resonances 

at 145.78 and 147.21 ppm to correspond to C-3" and C-4", with C-3' and C-4' o f  the phenyl ring slightly more 

deshielded at 147.44 and 147.55 ppm.

4.3.2 Im purity profiling o f  th e  L euckart-W allach  reaction  o f  d iben zy lk eton es (84) and (326) w ith N- 

m ethylform am ide.

The Leuckart reaction conditions used in Chapters 2 and 3 in the synthesis o f  A^-formyl-^V-methyl 

intermediates were also em ployed in the present work to synthesise corresponding analogues from 

dibenzylketones (84) and (326) (Schem e 4 .5). Analysis by TLC o f  both crude products after workup showed  

tw o spots in each residue corresponding to starting material (higher Rf) and the desired product (low er Rf, 

m obile phase : diethylether). (388) and (389) were isolated by flash column chromatography.

(84), (326)

Ri' CH 3 NCH O, HCOOH Ri 

RV 150°C, 7hr

(3 8 8 ) R |, Ri' =  R2 , R2 ' =  OCH 2 O
(3 8 9 ) R ,, R ,' =  H, R 2 ,R 2 ' =  SC H 3

Schem e 4.5
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Tertiary amide (388) has been identified as an impurity o f  MDMA synthesised via  the Leuckart 

reaction from PMK, which itself was synthesised from 3,4-methylenedioxyphenylacetic acid** .̂ Proton 

NMR data was provided o f  the compound but no physical data (yield, melting point, etc.) was listed. The 

yields, melting points and IR data o f  tertiary amides (388) and (389) are listed in Table 4.3.

Surprisingly for a hindered ketone, the yield obtained o f  methylenedioxy amide (388) (58%) is 

greater than that obtained for the preparation o f jV-formyl MDMA from PMK under the same reaction 

conditions (46%, Section 2.2.10). Again, as unreacted starting material was detected on TLC from the 

reaction residue o f  (388), dienzylketone (84) would also be an expected impurity o f  A^-formyl MDMA 

prepared from contaminated PMK.

In contrast, a much lower yield o f  amide (389) was isolated compared to the synthesis o f  #-formyl- 

A^-methyl-4-MTA (361) from l-(4-methylthiophenyl)-2-propanone (321) o f  73% (Section 3.3.2). Significant 

amounts o f  unreacted dibenzylketone (326) were also detected by TLC from the reaction residue o f  (389), 

indicating that the ketone may also be a contaminant o f  jV-formyl-jV-methyl-4-MTA (361) if  the starting 

material was synthesised from 4-methylthiophenylacetic acid. Compounds (388) and (389) are route specific 

impurities.

Table 4.3 : Yields, melting points and relevant IR data o f  compounds (388) and (389).

Compound No. Yield (%) m.p. (°C) (cm ')

(388)'"' 58 118-120" 2781 (0 C H 2 0 ), 1661 (CHO)

(389) 29 Oil 1666 (CHO)

** no melting point provided in re f 185.

The infrared spectrum o f  novel amide (389) exhibits tertiary (C = 0) amide stretching at 1666cm''.

A proton NMR exhibits two sets o f  resonances due to restricted amide bond rotation. The rotamer ratio is 

80:20 in CDCI3 at 27°C. A singlet, integrating for six protons, at 2.45 8 represents the thiomethyl protons o f  

both rotamers. The A^-methyl protons are more deshielded and resonate further downfield as two singlets at 

2.63 5 (0.6H) and 2.80 5 (2.4H). A complex multiplet integrating for foiu" protons between 2.83 and 2.94 5 

represents the four diastereotopic H-1 and H-3 methylene protons from both diastereomers. A 1.28 5 

chemical shift difference is observed between the H-2 resonances o f  both rotamers, exhibited at 3.47 (0.8H) 

and 4.75 5 (0.2H) as multiplets. Similar shift differences o f  protons in equivalent environments were 

encountered previously (Sections 2.2.10, 2.3.4, and 3.3.2). Two pairs o f  doublets are found in the aromatic 

region. The pair corresponding to the eight phenyl carbon atoms bearing protons o f  the minor rotamer are 

centered at 6.99 5 (J=9.0Hz) and 7.12 5 (J=8.5Hz). The doublets corresponding to the major rotamer 

integrating for a relative total o f  6.4 protons resonate at 7.00 5 (J=8.6Hz) and 7.18 5 (J=8.6Hz). Strong 

deshielding effected by the formyl carbonyl group shifts the formyl proton signals to 7.51 5 (0.8H) and 7.85 

5 (0.2H), both singlets.

CHO SCH

(389)
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4.3.3 Hydrolysis of the A'-formyl bond from 2-A^-formyl and 2-(A'^-formyl-A^-methyl)amino-l,3-

diphenylpropanam ines.

Barron reported on the seizure o f a clandestine laboratory by the Drug Enforcement Agency where 

methamphetamine (10) was produced by the Leuckart method via acid hydrolysis of 7V-formyl- 

methamphetamine (390) (Scheme 4.6)'™. The phenyl-2-propanone (P2P) (63) used as precursor was being 

produced in the laboratory from phenylacetic acid (62). As anticipated, a-benzyl-iV-methylphenethylamine 

(99) was identified as an impurity in the seized methamphetamine. However, the mere presence o f (99) 

without knowing the method of synthesis o f P2P would immediately indicate that phenylacetic acid must 

have been the ultimate starting material in the synthesis. The compound could only be formed from 

dibenzylketone, an impurity of P2P.

COOH
AC2O

o
(62) (63)

CH.NCHO

HCOOH CHO

(390)

(10) (99)

Scheme 4.6

In this present work, iV-formyl secondary amides (384) and (385) were hydrolysed with HCl under 

the usual conditions. Hydrolysis o f (384) and (385) proceeded smoothly, affording primary amines (391) 

and (392) in yields of 74 and 84% respectively. The amines were separated from unreacted starting material 

by chromatography on silica gel and subsequently converted to their HCl salts. The identification and proton 

NMR data o f (391) has previously been reported, as an impurity arising from the synthesis o f MDA from 3,4- 

methylenedioxyphenylacetic acid by the Leuckart route, but the quantity isolated was not stated’*̂ .

(384) R i, R ,' = R2 , RV = OCH2 O
(385) R ,, R |' = H, R2, R2 ’ = SCH3

30% aq. HCl, MeOH 

reflux, 7hr

(391) R i, R i' = Ri, R2 ’ = OCH2 O
(392) R i, R ,' = H, R2 , R2 ’ = SCH3

Scheme 4.7

The reaction yields indicate that amines (391) and (392) may be significant impurities o f MDA and 

4-MTA, depending on the hydrolysis conditions employed and amounts of//-form yl intermediates (384) and

(385) present already as impurities of^-form yl MDA (204) and #-formyl-4-MTA (333).
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However when the same hydrolysis conditions were applied to A^-formyl-iV-methyl propanamines

(388) and (389), only trace amounts o f A^-methylamines (393) and (394) were detected by TLC (Rf 0.38 and 

0.28 respectively) (mobile phase : methanol). The larger spot on both TLC plates corresponded to unreacted 

starting material. It was observed during the reaction that, even at reflux temperatures, compounds (388) and

(389) appeared to be quite insoluble. The reaction medium was changed from an aqueous based system 

(general procedure 7.2.7, Chapter 7) to a less polar methanol/conc. HCl mixture, resulting in complete 

dissolution of (388) and (389) and higher yields o f hydrolysed products (Scheme 4.8). Upon workup, an 

examination of the reaction residues by TLC revealed the presence of small amounts of starting material, but 

substantial amounts o f the desired amines were also observed. Separation of the compounds by flash column 

chromatography provided the free base jV-methylamines (393) and (394) as oils in 84 and 76% yields 

respectively. Insufficient quantities of products were obtained for conversion to HCl salts.

(388) R, , Ri '  = R2 , R2 ' = 0C H 20
(389) R ,, R ,' = H, R2 , R2 ' = SCH3

MeOH, conc. HCl 

reflux, 7hr

(393) R,, Ri' = R2 , R2 ' = OCH 2 O
(394) R,, R |' = H, R 2 , R2 ' = SCH 3

Scheme 4.8

(393) has previously been identified as an impurity o f MDMA synthesised by the Leuckart route 

from contaminated PMK manufactured from 3,4-methylenedioxyphenylacetic acid‘*̂ . Proton NMR data of 

the compound was provided but no physical data or yields were made available'*^.

The difficulty in hydrolysing (388) and (389) means that these tertiary amides may or may not be 

the prominent dibenzyl impurities of contaminated MDMA and A'-methyl-4-MTA and their presence or 

absence will be strongly influenced by both the reaction conditions employed and workup procedure. Less 

favourable hydrolysis conditions would favour contamination o f an amphetamine by the A'-formyl-A'-methyl 

dibenzyl intermediate but if an acid base workup was employed, the amide impurity may be removed from 

the product amines. Employing more favourable hydrolysis conditions, even with an acid-base workup 

would remove unhydrolysed amides (388) and (389) but not the basic dibenzylamines (393) and (394), now 

present in potentially more significant quantities.

Compounds (392) and (394) are previously unreported in the literature. The IR, ‘H and *^C-NMR 

data o f (392) is presented below.

(392)

Only one very weak primary amine NH stretching band was visible in the infrared spectrum, located 

at 3340cm'*. The proton and '^C-NMR spectra were simplified by the symmetrical nature o f the compound. 

A broad singlet integrating for two protons at 1.45 6  corresponds to the amino group. Both SCH3 groups are

166



represented as a singlet at 2.47 5. The methylene protons at C-1 and C-3 are diastereotopic. However, the 

four protons are represented as two double doublets, each resonance representing two magnetically 

equivalent protons, one from each methylene group. The more upfield double doublet is centered at 2.51 6 , 

exhibiting geminal coupling of 13.5Hz and vicinal coupling to H-2 with J=8.5Hz. The more deshielded 

double doublet resonates at 2.79 5 (Jgem=13.3Hz, Jvic=5.0Hz). A multiplet at 3.22 5, integrating for one 

proton, represents H-2. Two doublets centered at 7.13 and 7.21 5, each exhibiting coupling constants of 

8.5Hz, are assigned to the aromatic protons o f both A2B2 phenyl ring systems.

The ‘"’C-NMR spectrum was straightforward to assign. The singlet at 16.15 ppm was assigned to 

both thiomethyl carbon atoms. Further downfield, the peak at 43.59 ppm is inverted in the DEPT 135° 

spectrum and must correspond to both C-1 and C-3, with H-2 located at 54.09 ppm. Both signals at 127.12 

and 128.77 ppm remain in the DEPT 90° spectrum and represent the eight aromatic carbon atoms bearing 

protons. C-1', C-1", C-4' amd C-4" are exhibited as two quaternary peaks at 136.06 and 136.35 ppm.

4.3.4 Attempted synthesis of 2-/V-methylamino-l,3-diphenylpropanes by yV-formyl reduction with

LiAIH4.

In Section 2.2.12 the synthesis o f MDMA via LiAlHa reduction o f  A^-formyl MDA was studied. 

Even after 48 hours in refluxing THF, the yield o f MDMA was only 25%, with substantial amounts of 

unreacted secondary amide starting material also detected. In this present work, the possible significance of 

yV-formyl MDA and A^-formyl-4-MTA contaminated with either (384) or (385) was considered. Both 

benzylamides were subjected to identical reduction conditions as those applied to the synthesis o f  MDMA 

and related amines from their A^-formyl intermediates (Scheme 4.9). However, analysis o f the reaction 

residues by TLC showed that no reaction took place, with unreacted starting material recovered. The result 

indicates that ^-methylamines (393) and (394) are unlikely impurities o f MDMA and 7V-methyl-4-MTA 

synthesised by reduction o f A'-formyl intermediates. Omitting an acid base workup of MDMA and N- 

methyl-4-MTA synthesised from contaminated A^-formyl intermediates would result in product tainted with 

both A'-formyl MDA and yV-formyl-4-MTA and dibenzylketone impurities (384) and (385).

LiAlH,

THF, reflux, 48hr

(384) R], R,' = R2 , R2 ' = OCH2 O (393) R ,, R {  = R2 , R2 ' = OCHjO
(385) R |, Ri' = H, R2 , R2 ' = SCH3  (394) R[, R ,’ = H, R2 , R2 ' =  SCH3

Scheme 4.9

4.3.5 Attempted synthesis of 2-amino and 2-N-methylamino-l,3-diphenylpropanes by reductive 

amination with NaCNBHs.

(391) and (393) have been identified as nitrogen containing impurities o f  MDA and MDMA 

respectively via the reductive amination route employing NaCNBHs as reducing agent‘*̂ . PMK, the starting
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material for the reaction, was itself manufactured from 3,4-methylenedioxyphenylacetic acid and was found 

to be contaminated with dibenzylketone (84). However, no indication was given as to the quantities o f  

nitrogen containing impurities isolated and quantities o f related non nitrogen containing side products. Kram 

identified the impurity dibenzylketone in samples o f  amphetamine and methamphetamine synthesised by a 

reductive amination route but no nitrogen containing derivatives o f  the ketone were identified’’̂ ®.

In light o f  these reports, dibenzylketones (84) and (326) were subjected in this work to reductive 

amination conditions using NaCNBHs as reducing agent and either ammonium acetate or methylamine HCl 

as nitrogen sources (Scheme 4.10). Examination o f  the four reaction residues by TLC upon workup showed 

that unreacted starting material was recovered in all cases. Formation o f  dibenzylamines (391)-(394) was not 

detected.

NaCNBH ,

(84) R |,R ,' = R2 , R 2 = 0 C H 2 0  
(326) R,, R,' = H, R2 , R2 ' = SCH3

NH 4 OAC or 
CH3 NH 2 .HCI

*
(391), (392) R 3  =  H 
(393), (394) R3  = CH 3

Schem e 4.10

These results indicate that the formation o f  amines (391)-(394) under the reaction conditions 

employed is improbable and that, if  such compounds do arise by the reductive amination route with 

NaCNBHs as reducing agent, the potential quantities isolated would be small.

4.3.6 Synthesis and impurity proflling o f  primary dibenzylam ines via the oxim e route.

The synthesis and impurity profiling o f  amphetamines by the oxime route via  a ketone derived from 

an appropriate phenylacetic acid, has not been documented in the literature. This section aims to address this 

issue with regard to the potential synthesis o f  MDA and 4-MTA from dibenzylketone contaminated 

propanone precursors. (84) and (326) were converted to their corresponding oximes (395) and (396) in good 

yields. Analysis o f  the crude products by TLC revealed that all o f  the starting materials had been consumed, 

providing the route specific oximes as sole products.

Table 4.4 : Yields, melting points and relevant IR data o f  dibenzylketone oximes (395) and (396).

NH 2 OH.HCI, pyr

O , EtOH, reflux, 2hr r , N O H
K2 K2 ^2 ^2

(84) R ,, Ri' = R2 , R2 ' = OCH 2 O (395) Rj, R;' = Rj, R2 ' = OCHjO
(326) Ri, R j’ =  H, R2 , R2 ' = SCH3  (396) R ,, Rj' =  H, Rj, R2 ' = SCH 3

Compound No. Yield (% ) m.p. (°C) IRVmax (cm ')

(395) 83 106-107 3251 (OH)

(396) 73 109-110 3229 (OH)
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Oximes (395) and (396) are novel com pounds and their molecular formulae were confirm ed by a 

com bination o f  low resolution mass spectrometry and C,H,N elemental analysis. The com pounds are 

asymmetric, a result o f restricted C -2 -N  bond rotation.

The 'H-NM R spectrum o f  (395) exhibits two singlets, each integrating for two protons at 3.37 and 

3.59 5. The more upfield singlet corresponds to the methylene protons anti to the OH group, in this case H-1. 

Both H-3 methylene protons are more deshielded due to the relative proximity through space to the hydroxy 

function and are therefore assigned to the singlet at 3.59 5. The dioxole ring methylene groups are 

represented as one singlet integrating for four protons at 5.95 5. H-6 ' and H-6 " are found as a m ultiplet in the 

region 6.62-6.66 5 with the resonances o f  H-5' and H-5" also overlapping between 6.73 and 6.77 5. The 

doublets o f  H-2' and H-2" are clearly resolved and resonate at 6 . 6 8  (J=1.5Hz) and 6.72 8  (J=1.0Hz). At 8.60 

5, this deshielded singlet was assigned to the OH proton. In the ‘̂ C-NMR, C-3 is more shielded than C -I. 

C-3 resonates at 31.62 ppm, with C-1 7.13 ppm further downfield at 38.75 ppm. The OCH^O carbon atoms 

are found at 100.44 ppm and 100.49 ppm and are inverted in the DEPT 135° spectrum. C-5' and C-5" 

resonate at 107.77 ppm and 107.80 ppm, with C-2' and C-2" slightly more deshielded at 109.05 ppm and 

109.26 ppm. Both C-6 ' and C-6 " resonances are isochronous and resonate as a single peak at 121.76 ppm. 

Six quaternary peaks remain to be assigned. C-1' and C-1" are located at 129.55 ppm and 129.78 ppm, with 

the deshielded C-3', C-3", C-4' and C-4" atoms found as a group o f  signals at 145.75, 146.01, 147.34 and 

147.36 ppm. The most deshielded carbon peak is C-2, resonating at 158.81 ppm.

Oximes (395) and (396) were subsequently reduced with LiAlH 4  in THF. An examination by TLC

(392), and also a second product o f  higher Rf (m obile phase : methanol). The isolation o f  aziridines by

by flash column chromatography. After detailed spectroscopic analysis, the com pounds o f  higher Rf were 

determined to be the novel aziridines (397) and (398). Table 4.5 outlines the yields, and Rf data o f  all 

compounds isolated.

(395)

o f the product residues fi'om both reductions revealed the presence o f  the expected primary amines (391) and

reduction o f  oximes has been discussed previously in Sections 2.2.14 and 3.3.5 and so it was anticipated that 

such substances could also arise in this case. Separation o f  the products from both reductions was achieved

R,

NOH

LiAlH4 R Ri'

Ri R2'
THF, reflux, 3hr „  , 

K2

(395) R , ,R , ’ = R2 , R2 ' =  0 C H 2 0
(396) R |, R[' = H, R 2 , R2 ’ =  SCH 3

(391) R i , R i '  =  R 2 , R 2 ' =  0 C H 2 0
(392) R „  R i' =  H, R 2 , R2 ' = SCH 3

+ (397) R „  R i' = R 2 , R2 ' = OCH 2 O
(398) R ,, R i' =  H, R ,. R 2 ' = SC H 3

Schem e 4.11
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If M DA, or 4-M T A , was synthesised via  the oxim e route from propanones that were them selves 

synthesised from an arylacetic acid, amines (391)-(392) and aziridines (3 9 7 )-(398 ) are potential impurities if  

the propanone precursors were contaminated with dibenzylketones (84) and (326). A s (397 ) and (398) are 

“impurities o f  impurities”, they may be referred to as secondary impurities. O xim es (395 ) and (396 ) favour 

conversion to aziridines more than their corresponding 1-aryl-2-propanoxim es, PM K oxim e (240) (Section  

2 .2 .1 4 ) and l-(4-m ethylthiophenyl)-2-propanone oxim e (3 6 4 ) (Section 3 .3 .5 ).

Table 4 .5  : Yields, m elting po in ts and Rj-values o f  com pounds ob ta in ed  fro m  the reduction  o f  oxim es (395) 

a n d  (396) w ith LiAlH^.

From  O xim e C om pound No. Y ield  (% ) m.p. (°C ) Rf"

(395) (391) 27 232-235  (dec.)* 0 .46

(397) 62 78-79 0.85

(396) (392) 17 248-252  (dec.)* 0.27

(398) 61 97-99 0.64

* HCl salts; * m obile phase ; methanol

Aziridines (397) and (398) were isolated as cis isomers, determined by the H-3 and H-2 'H -NM R  

coupling constants o f  6 .0  and 6 .5H z respectively.

(397 )

A n IR spectrum o f  (397) displays NH stretching at 3166 cm ‘‘, with a w eak band observed at 

2 770cm ‘‘ corresponding to CH stretching o f  the dioxole ring.

The NH proton is found as a broad singlet at 1.08 5 in the 'H -N M R  spectrum. A multiplet within the 

region 2 .36-2 .43 5 integrates for three protons and is assigned to the m ethylene benzyl protons and H -2. H-3 

is more deshielded and is split into a doublet at 3 .26 5 (J3 2 cis=6 .0 Hz). Protons o f  both OCH 2 O groups 

resonate downfield at 5 .88 and 5.94 5 with the more dow nfield resonance represented as a multiplet instead 

o f  a normal singlet. M ethylenedioxy carbon atoms are not free to rotate about O-CH 2 -O  bonds. Therefore 

each proton w ill occasionally resonate within a m agnetically inequivalent environment, resulting in splitting  

o f  the normal OCH 2 O singlet. Several examples o f  this phenomenon are to be found in Chapter 5. A ll six  

aromatic resonances are clearly resolved. H-6 ' and H -6 " are observed at 6 .52 (dd, J6 ,5 = 8 .0 Hz, J6 ,2 = l - 5 H z) and 

6 . 8 6  5 (d, J5 ,6 = 8 .0 Hz) with H-2' and H-2" located represented at 6 .60 (d, J2 ,6 = l - 5 H z) and 6 .90  5 (singlet). H- 

5' and H-5" are found as doublets at 6 . 6 8  and 6.78 5 with equal coupling constants o f  8.0H z.

An HMQC spectrum was necessary to aid the assignment o f  the ‘^C-NMR spectrum. The most 

upfield peak at 33.93 ppm is inverted in the DEPT 135° spectrum and is assigned to the m ethylene group 

attached to C-2. C-3 and C-2 are represented at 36.83 and 38.61 ppm respectively. The resonances at 100.68  

and 100.85 ppm are inverted in the DEPT 135° spectrum and correspond to both OCH 2 O carbon atoms. C-5'
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and C-5" resonate at 107.89 and 108.05 ppm, with C-2' and C-2" further downfield at 108.23 and 109.18 

ppm. The resonances at 120.91 and 121.42 ppm correspond to C-6 ' and C-6 ". Six quaternary carbons remain 

to be assigned. C-1' and C-1" are not as deshielded as the dioxole ring quaternary carbons and are thus 

assigned to 131.46 and 133.56 ppm. C-3', C-3", C-4' and C-4" are the most downfield signals o f  the 

spectrum, resonating at 145.69, 146.44, 147.43 and 147.46 ppm.

4.3.7 Synthesis o f 2-N-ethylainino-l,3-diphenylpropanes by reduction o f  A'^-acetyl interm ediates

(399) and (400).

The synthesis o f  MDEA by reduction o f 7V-acetyl MDA was discussed in Section 2.2.17. It was 

concluded that the clandestine manufacture o f  the //-ethyl amphetamine was highly unlikely via  this route. 

For completeness, the synthesis o f  A^-acetyl and A^-ethyl 2-amino-1,3-diarylpropanes was attempted from 

dibenzylamines (391) and (392), potential contaminants o f  MDA and 4-MTA respectively.

The route specific //-acetyl intennediates (399) and (400) were smoothly prepared from the 

corresponding amines (391) and (392) in satisfactory yields (Scheme 4.12). Both secondary amides are 

novel and their molecular formulae were confirmed by a combination o f  low resolution mass spectrometry 

and C,H,N elemental analysis. Table 4.6 lists the yields, melting points and relevant IR data for each 

compound.

(391) R ,,R ,' = R2 , R2 ' =  0C H 20
(392) R |, Ri' = H, R2 , R2 ' =  SCH 3

AcoO R R i '

pyr, r , . ,  hr H ' R, ’

(399) R i, Ri' =  R2 , R2 ' =  OCH2 O
(400) R ,, R ,' =  H, R2 , R2 ’ = SCH 3

Scheme 4.12

Table 4 .6 :  Yields, melting points and relevant IR data o f  amides (399) and (400).

Compound No. Yield (%) m.p. (°C) (KBr) (cm ')

(399) 65 133-134 3288 (NH), 2789 (OCHjO), 1643 (C = 0)

(400) 64 137-138 3294 (NH), 1647 (C =0)

The proton and ■'C-NMR spectra o f  (399) and (400) differ from their A'-formyl analogues by the 

notable absence o f  pairs o f  signals due to restricted amide bond rotation. The acetyl carbonyl group is not as 

electron withdrawing as a formyl carbonyl moiety, due to the electron donating properties o f  the acetyl 

methyl group and results in an overall reduction o f  the double bond character between the nitrogen and acyl 

carbon atoms. In the proton NMR spectrum o f  (399), the acetyl methyl protons are represented as a singlet 

integrating for three protons at 1.87 5. As C-1 and C-3 are adjacent to a chiral center, their corresponding
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protons are diastereotopic and are represented as two double doublets, each integrating for two protons. The 

more upfield doublet exhibits geminal coupling of 14.1 Hz with Jvic=7.0Hz. The second double doublet is 

located at 2.74 5 (Jgem^l4.0Hz, Jvic=6.0Hz). A multiple! at 4.31 6 corresponds to the deshielded H-2 proton. 

A broad doublet at 5.17 5 represents the NH amide proton and is coupled to H-2 with J=7.5Hz. Both OCH 2 O 

methylene groups are exhibited as a singlet integrating for four protons at 5.93 6. Resonances corresponding 

to the aromatic protons of H-6', H-6" (dd, J=7.8Hz, J=1.5Hz), H-2', H-2" (d, J=1.5Hz) and H-5', H-5" (d, 

J=7.5Hz) at 6.61, 6.67 and 6.73 6 respectively complete the spectrum. In the ’̂ C-NMR spectrum the acetyl 

group is represented by two peaks at 22.97 (CH3) and 169.00 ppm (CO).

Partial reduction o f the jV-acylated dibenzylamines was achieved with LiAlH4  in refluxing THF over 

24 hours, affording the novel A'-ethylamines (401) and (402) in 33 and 30% yields respectively (Table 4.7). 

The amines were separated from unreacted starting material by flash column chromatography. Both amines 

were converted to their HCl salts.

Table 4.7 .• Yields and HCl salt melting points o f  N-ethylamines (401) and (402).

LiAlH

THF, reflux, 24hr
COCH

(399) R, ,R| '  = R2 , R2 ’ = 0C H 20 (401) R,, R, ' = R2 , R2 ' = OCH2 O
(400) R,, R|' = H, R2 , R2 ’ = SCH3  (402) R[, R f = H, R2 , R2 ’= SCH3

Compound No. Yield (%) m.p. (°C) (HCl salt)

(401) 33 164-167

(402) 30 156-158

Omitting an acid base workup of MDEA or jV-ethyl-4-MTA, synthesised via an A^-acetyl 

intermediate from dibenzylamine tainted MDA or 4-MTA, would result in contamination of the product 

amines with a number o f impurities. MDEA, for example, would be contaminated with A^-acetyl MDA (from 

incomplete reduction of the intermediate), dibenzylamide (399) (from dibenzylamine contaminated MDA) 

and //-ethylamine (401).

The implications o f identilying (399) and (401) in an illicit tablet or sample o f MDEA by GC-MS or 

other means would be manifold. The A^-acetyl moiety o f (399) indicates that MDEA was probably 

synthesised via the reduction of TV-acetyl MDA. The nature o f the dimeric chemical structures o f (399) and

(401) means that PMK must have been employed in the manufacture of MDEA but also, that PMK itself was 

synthesised from 3,4-methylenedioxyphenylacetic acid. Such information may be useful to drug 

enforcement agencies so that sales of key precursors and reagents can be legally controlled, monitored or 

even prohibited.

As both (401) and (402) are novel compounds, the IR and proton NMR spectra o f (401) are 

presented below.
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In the IR spectrum a weak NH stretch is found at 3283cm''. CH stretching o f  the OCH2 O group is 

too weak to be observed. The most upfield signal o f  the ‘H-NMR spectrum is a triplet at 1.02 5 (J=7.0Hz) 

corresponding to the NCH2CH3 protons. A complex multiple! integrating for six protons within the region 

2.57-2.68 8  represents both pairs o f  diastereotopic H-1 and H-3 methylene protons, as well as the protons o f  

NCH2CH3. H - 2  is observed as a multiplet at 2.93 5. A broad peak stretching over 0.7 5 and centered at 3.73 

8  is assigned to the NH proton. The four methylenedioxy ring protons are exhibited as a singlet at 5.90 5, 

with the six aromatic protons observed between 6.60 and 6.73 8 .

In the low resolution mass spectrum, the base peak o f  m/z 192 represents the larger fragment 

resulting from a,P bond cleavage o f  the molecular ion, NT {m/z 327). The smaller methylenedioxybenzyl 

fragment {m/z 135) has a relative abundance o f  30% (Scheme 4.13).

CH^CH

m/z 321 (M )(1% )

,0
<o

C H -,;

CH2 CH3

' O

m/z 135 (30%) m/z 192 ( 1 0 0 %)

Scheme 4.13

4.4 SUMMARY

Table 4.8 summarises dibenzylketone derived impurities from several clandestine routes which are 

potential additional impurities o f  MDA, MDMA, MDEA and 4-MTA. As dibenzylketones (84) and (326) 

arise in such small quantities from the syntheses o f  PMK and l-(4-methyIthiophenyl)-2-propanone (321), 

both compounds were specifically synthesised. This exercise also proved useful to unambiguously identify 

(84) and (326) isolated from the synthesis o f  PMK and (321). Both dibenzylketones were then subjected to 

the synthetic methods commonly used in the manufacture o f  MDA, MDMA, MDEA and 4-MTA.

As the key dibenzylketone (84) was not identified as an impurity from the synthesis o f  PEK from 3,4- 

methylenedioxyphenylacetic acid, it is highly unlikely that methylenedioxy impurities described in this 

chapter would arise as contaminants o f  MBDB.
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The identification of route specific by-products in impurity profiles (outlined in Table 4.8) not only 

identifies the method of manufacture of the product amine from a precursor ketone, but also reveals that the 

precursor was synthesised irom a phenylacetic acid. The route specific impurities identified in Chapters 2 

and 3 from similar synthetic routes provide drugs intelligence only from the level of precursor propanone to 

product amine, not from starting material to product amine.

Pure samples o f each compound isolated in this chapter were fiuther chromatographically analysed 

by Maguire who expanded the mass spectral reference library o f substances created from compounds 

synthesised in the previous two chapters^^^. The library provides a valuable database o f possible impurities 

o f several methylenedioxyamphetamines and 4-MTA made by several clandestine routes and is a potentially 

valuable tool in forensic amphetamine analysis.

Table 4.8 : Potential dibenzylketone ((84)  and (326)) derived impurities ofMDA, MDMA, MDEA and 4-MTA 

from several clandestine routes.

Amine Leuckart-

NH2CHO

L euckart-

CH3NHCHO

Red.Am .-  

Al-Hg

Red. Am .*- 

NaCNBHj

O xim e-

LiAIH4

N -A cety l-

LiAlH^

MDA (84)

(384)*

(386)*^'

(391)’'”

(84) (84) (84)-

(395)*-

(391)-

(397)*-

M DM A (84)

(384)*

(84)

(388)*

(393)*

(84) (84)

MDEA (84)- (84 )- (84)-

(399)*-

(401)*-

4-M TA (326)''

(385)*

(387)*^

(392)^

(326)- (326)- (326)-

(396)*-

(392)-

(398)*-

* Route specific impurity. ^ Previously unreported impurity of this synthetic route. Route specific impurity 
in this work but has been reported as an impurity in a reductive amination route when NaCNBHs is employed 
as reducing agent. Previously reported in the literature as an impurity o f the reductive amination route 
when NaCNBHs is employed as reducing agent.
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CHAPTER 5

STUDIES IN THE SYNTHESIS OF 6-SUBSTITUTED DERIVATIVES OF MDMA

AND MBDB

5.1 INTRODUCTION

A search of the literature revealed a lack o f chemical and pharmacological investigation o f aromatic 

ring substituted derivatives of MDMA and MBDB. The focus of research to date has been largely limited to 

serotonin releasing and reuptake inhibitory properties o f a limited number o f ring substituted derivatives of 

the primary amine MDA (see Section j 2,2)'* '̂''^’̂ *’̂ ’̂̂ ''’̂ ^̂ . However extensive modification at C-4 of 2,5- 

dimethoxyamphetamine has been pursued towards the exploration for compounds possessing hallucinogenic 

eflfects'*'' '̂*'’’̂ ''*’̂ ^"’'''’'̂ '’' ’̂ ''̂ . It was decided, therefore, to explore the synthesis and chemistry o f 6-substituted 

derivatives of MDMA and MBDB (Figure 5.1) by various strategies for investigation o f their serotonin 

reuptake inhibitory capabilities in future work, to be undertaken in this Department.

F igure 5.1 : G roups to be exp lored  at position  six  o f  MDMA (Rj =  CH}, =  H) an d  M BD B (Ri =  C H 2 C H 3 , 

R 2  =  H ).

Ri R2

CH3 or CH2CH3 NO2, NH2

NHCOR (R  = CH3, CH2CH3, CH2CH(CH3)2, 

cyclopropyl, phenyl, benzyl)

Halide (F, Cl, Br, I)

CF3

CN

COOH

Phenyl

OR, SR (R = H, CH3, CH2CH3)

Alkyl (CH3, CH2CH3, cyclopropyl)

Vinyl

-C=C-R (R = H, CH2OH, CH2NH2)

COR (R = CH3, CH2CH3)
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5.2 N-TRIFLUOROACETYL PROTECTED MDMA AND MBDB

The preparation o f  several 6 -substituted derivatives o f  (24) and (27) was conveniently performed in 

this work by direct substitution o f  A^-trifluoroacetyl protected MDMA (403) and MBDB (404), followed by 

removal o f  the protecting group. Although it was unnecessary to protect the amino group in all substitution 

reactions studied in this work, chromatographic product isolation proved more straightforward when a 

protected amine was used.

The A^-trifluoroacetyl group has been the protecting group o f  choice in the preparation o f  a large 

number o f  amphetamine derivatives''^’̂ **̂ '*®’̂  and related tetrahydroisoquinolines^'*^. The amide is 

conveniently prepared from trifluoroacetic anhydride and base under mild conditions'*’’*̂ *®’̂ '*''. 

Trifluoroacetamide groups are exceptionally labile to basic hydrolysis and are readily cleaved at room 

temperature by K2 CO3 in aqueous MeOH"'* ’̂ For the selective //-trifluoroacetylation o f  a primary amine 

in the presence o f  a secondary amine, the more bulky yV-trifluoroacetoxysuccinimide has been used̂ "*̂ .

In this work, TV-trifluoroacetyl MDMA and MBDB, (403)-(404), were prepared in high yields by the 

method o f  Monte'*’. Multigram quantities o f  MDMA and MBDB were readily available via  the aluminium 

foil synthetic method discussed in Section 2.2.13. Table 5.1 lists the yields, relevant IR and ‘*F-NMR data 

for compounds (403)-(404).

Table 5.1 : Yields, IR and ‘^F-NMR data o f  (403) and (404).

CH 3
I

NHCH

TFAA, EtjN

DCM, 0°C, 15min, then rt, 2hr

(24) MDMA R, =  CH 3  (403) R, =  CH 3

(27) MBDB R, =  CH2 CH3  (404) R[ =  CH2 CH 3

Compound No. Yield (%) l R V n , a x  (cm ‘) 'V -N M R  (ppm)

(403)"'*'' 89 2897 (NCH3), 2780 (OCH2O), 1689 (NCOCF3) -7 0 .4 3 * ,-68 .78

(404) 92 2882 (NCH3), 2779 (OCH2O), 1689 (NCOCF3) -70.41 * ,-6 7 .6 5

^Signals corresponding to the more abundant rotamer.

(404) has not been reported in the literature, so the relevant IR and 'H-NMR data o f  (403) is now  

discussed.

The C = 0  o f  tertiary amides normally occurs in IR spectra in the range o f  1630-1680cm''. In this case, 

the strong electron withdrawing effects o f  the trifluoromethyl group increases this frequency to 1689cm'‘.

Two sets o f  signals were found in both the proton and '^C-NMR due to restricted rotation about the N- 

CO amide bond, caused by the three electron withdrawing fluorine atoms. 'The ‘H-NMR spectrum was 

acquired at 27°C in CDCI3 , producing a rotamer ratio o f  60:40. Two doublets located at 1.20 and 1.22 5 and 

integrating for 1.8H and 1.2H correspond to the H-3' methyl protons, with J3 '2 = 6 .8 Hz and J3 '2 = 7 .0 Hz 

respectively. Both H-1' protons o f  each rotamer are diastereotopic and so, four double doublets are observed
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within the region 2.67-2.82 5. Double doublets corresponding to the more abundant isomer resonate at 2.69 

(Jgem=13.9Hz, Jvic=7.5Hz) and 2.77 5 (Jgen,=13.8Hz, Jvic=7.8Hz), with the minor rotamer signals found at 2.68 

(Jgem=13.8Hz, Jvic=7.3Hz) and 2.81 5 (Jgcm=13.8Hz, Jvic=7.3Hz). The electronegative amide group shifts the 

A'-methyl proton singlets to 2.92 (1.2H) and 2.94 5 (1.8H). A 0.55 5 shift difference occurs between both H- 

2' multiplets, with the minor rotamer resonating more upfield at 4.1 8  5 relative to the major rotamer at 4.73 6 . 

Two adjacent singlets at 5.92 and 5.93 5 integrating for a total o f  two protons represent the OCH 2 O protons 

of the major and minor rotamers respectively. The aromatic region was adequately resolved so that the 

resonance splitting of both isomers could be clearly seen. For the major rotamer, H-6 , H-2 and H-5 are found 

at 6.61 (dd, J6,s=7.8Hz, J 6 ,2 = 1 .8 Hz), 6.67 (d, J 2 ,6 = 1 .5 Hz) and 6.72 5 (d, J5 ,6 = 7 .8 Hz) respectively. H - 6  o f the 

minor rotamer resonates as a double doublet at 6.58 5 (J6  5 = 7 .8 Hz, J6  2 = l- 8 Hz), with the doublets o f H-2 and 

H-5 further downfield at 6.62 (J2 ,6 =2 .3 Hz) and 6.73 5 (J5 ,6 = 1 .8 Hz) respectively.

CH 3
I  ^

N.
COCF3

(403)

In the case of (403), carbon atoms adjacent to the three '^F nuclides are split into 2rd + 1 (n = number 

of coupling '’F atoms = 3, /  = spin number = V2 ) or quartets. As the signal range bringing 'H atoms into 

resonance does not encompass the '^F nuclide range, '^C-'^F coupling is observed. In the '^C-NMR spectrum 

of (403), the quartet centered at 116.44 ppm corresponds to the COCF3  carbon of both rotamers, with a ^Jc.f 

coupling constant of 288Hz. The striking deshielding effect o f the three fluorine atoms on the COCF3 carbon 

is clearly seen when the resonance is compared with a chemical shift o f 21.47 ppm for the COCH 3 carbon of 

/V-acetyl MDA (119), a shift difference of 94.97 ppm. Longer range ‘̂ C-’̂ F coupling is also observed in the 

'^C-NMR spectrum of (403), with the amide COCF3 resonance o f both rotamers split into a quartet at 158.39 

ppm (^Jc,f=36Hz).

5.3 6-NITRO MDMA AND MBDB

1,3,4-Trisubstituted methylenedioxyphenyl derivatives are activated towards aromatic electrophilic 

substitution almost exclusively at C - 6  of the aromatic ring, para  to the methylenedioxy oxygen atom at C-3, 

even though ortho substitution at C-2 and C-5 would also be expected to occur. DaukSas postulates that the 

coplanarity of the benzene and dioxole ring systems stabilises the transition state of /?a/*a-substitution more 

than ortho substitution^"'^. The methylenedioxy ring has been shown to be quasiaromatic in nature, (404), 

which may increase activation at C - 6  and deactivate both ortho positions^"*^. The result is preferential 

electrophilic substitution at C-6 . ji-Electrons fi'om the oxygen atom at C-3 can be donated into the aromatic 

ring to form the resonance form (405), where the negative charge resides at C - 6  (Scheme 5.1).
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Scheme 5.1

In this work, 6 -nitro-A^-protected MDMA (406) and MBDB (407) were prepared according to the 

method o f Coutts (Scheme 5.2)’ ‘‘‘. The addition of catalytic amounts o f sodium nitrite to the reaction 

generates NO" and N0 2  ̂species and has been shown to accelerate aromatic electrophilic nitration^**’.

COCF3

65% HNO3 , NaNOj 

CH 3 COOH, rt, 2hr

CH3
I ^

COCF3

(403) R| = CH 3

(404) R, = CH 2 CH 3

NO-,

(406) R| = CH 3  8 8 %
(407) R, = CH 2 CH 3  83%

NHCH,

K2CO3,
H2 O, MeOH, 
rt, 48hr

(408) R| = CH 3  85%
(409) R| = CH 2 CH 3  25%

Scheme 5.2

Removal of the 7V-trifluoroacetyl protecting group proved straightforward^''^, providing the novel 

nitro amphetamines (408) and (409) as oils. Trifluoroacetamides are exceptionally labile towards base 

hydrolysis, as the carbonyl carbon is particularly electron deficient, due to the electron withdrawing effects o f 

four electronegative atoms (COCF3 ). As a result, the acyl carbon undergoes nucleophilic attack by mild 

bases. (408) and (409) were converted to their HCl salts according to the general procedure (Chapter 7).

Table 5.2 : Yields. IR data and HCl salt melting points o f  6-nitro MDMA and MBDB (* free base).

Compound No. Yield (%)* IRv„ax (cm ’)* m.p. (°C) HCl salt

(408) 85 3294 (NH), 1519, 1330 (NO,) 205-207

(409) 25 3343 (NH), 1520, 1331 (NO 2 ) 191-193

The proton NMR spectrum of (409) was straightforward to assign. The most upfield signal is a 

triplet integrating for three protons at 0.93 5 (J=7.5Hz) and corresponds to the H-4' methyl protons. Between



1.39 and 1.54 5, the N H  proton and H-3' resonate as a multiplet, also integrating for three protons. The N- 

methyl group is characterised as a singlet at 2 .37 5, with H-2' further dow nfield as a multiplet at 2 .65 5. Both  

diastereotopic H-1' m ethylene proton signals are overlapping as a multiplet within the region 2 .93-3 .02  5. 

The H-1' protons are about 0.5 5 further dow nfield than usual which is m ost likely due to resonance 

deshielding at C-1 o f  the aromatic ring. A  singlet at 6 .08 5, integrating for tw o protons, corresponds to the 

deshielded OCH 2 O m ethylene protons. The aromatic protons are represented as two singlets at 6 .76 and 7.47  

8 , with the more deshielded signal corresponding to C-5, ortho to the nitro group.

NO

(409 )

5.4 SYNTHESIS OF 6-AMINO MDMA AND MBDB

With ready access to 6 -nitro protected M DM A and M B D B , the most convenient method to synthesise 

both 6 -am ino derivatives is to reduce the nitro group follow ed by deprotection o f  the intermediate. Coutts 

prepared the 4-am ino analogue o f  the hallucinogenic phenethylamine l-(2,5-dim ethoxy-4-m ethylphenyl)-2- 

aminopropane (D O M ) in moderate yields by catalytic hydrogenation o f  the 4-nitro analogue with 10%Pd on 

charcoal and hydrogen gas '̂"*. In this work, the method o f  Coutts was adopted for the catalytic reduction o f  

nitro derivatives (406) and (407) to their corresponding amines in satisfactory yields. Concomitant loss o f  

the trifluoroacetyl protecting group was not observed. (410) and (411) have not been previously reported and 

their m olecular formulae were confirmed by low resolution mass spectrometry and elem ental analysis.

C H ,
I

N ^
CO C F,

NO2 
(406) R[ =  CH 3

CH

COCF
10%Pd/C, H

EtOH, rt, 48hr
NH-

(4 1 1 ) R

K2CO3,
H 2 O , M eOH , 
rt, 48hrN H C H

NH

(4 1 0 ) R , =  CH 3  63%
CH 2 C H 3  76%

(412) R, =  CHj 93%
(413) R, =  CH 2 CH 3  85%

Scheme 5.3
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The protected amines (410) and (411) were readily distinguishable from their nitro intermediates. In 

the IR spectrum of (411), for example, two NH bands corresponding to the aromatic primary amine are foimd 

at 3431 and 336Icm‘‘.

For (411), the NH 2  group o f both rotational isomers is also represented in the ‘H-NMR spectrum as 

a single broad peak centered at 3.68 5 and integrating for two protons. The lone pair of electrons on the NH 2  

group can be donated into the aromatic ring, giving a resonance stabilised hybrid where the extra aromatic 

electron preferentially resides at C-5. The result is an increased shielding effect ortho to the aniline group, 

which shifts the H-5 singlets o f both rotamers upfield to 6.27 (0.8H) and 6.28 5 (0.2H). This is in contrast to 

the nitro analogue (407) where H-5 resonates significantly further downfield at 7,50 (0.6H) and 7.55 5 

(0.4H). H-2 of the minor and major rotamers of (411) are displayed as singlets at 6.44 and 6.46 5

respectively.

In the '^C-NMR of (411), both peaks corresponding to C-5 have shifted upfield to 98.40 (major 

rotamer) and 98.60 ppm (minor rotamer) and are now more shielded than the OCH 2 O carbons o f both 

rotamers, which are displayed at 100.53 (major rotamer) and 100.68 ppm (minor rotamer). Both C-2 

resonances are found in their usual positions at 110.15 and 110.32 ppm, corresponding to the less and more 

abundant rotamers respectively.

Facile deprotection o f the amino intermediates'’'*̂ provided the desired novel amines (412) and (413) 

as oils in excellent yields. However, the attempted formation o f the HCl salts o f each compound proved 

unsuccessful.

The IR spectrum of (413) displayed a total o f three NH bands at 3437, 3350 and 3234 cm"' 

corresponding to symmetric and asymmetric stretching o f the aromatic NH 2  group and NH stretching o f the 

secondary NHCH3 alkylamine.

In the proton NMR spectrum, the three H-4' protons are displayed as a triplet (J=7.5Hz) at 0.95 5 

with the adjacent H-3' methylene protons exhibited as a multiplet in the region 1.38-1.56 5. A singlet 

integrating for three protons at 2.37 5 is assigned to the NCH 3  group. H-1' and H-2' occur as a multiplet 

between 2.45 and 2.59 5. An increase in electron density within the aromatic ring o f (413), caused by the 

aromatic NH 2  group, results in enhanced shielding o f the proximal H-1' protons. In contrast, the H-1' 

methylene protons of the 6 -nitro analogue (409) resonate -0 .4  5 further downfield. The three amino protons 

are displayed as one broad singlet centered at 2.96 5 with a sharper singlet integrating for two protons located 

further downfield at 5.82 5 corresponding to the protons o f the OCH 2 O group. H-5 is assigned to the more 

upfield aromatic singlet at 6.26 5 with H-2 resonating at 6.52 5.

The base peak of m/z 72 in the low resolution mass spectrum of (413) corresponds to the smaller 

fragment resulting from C -l'-C -2 ' bond cleavage, with loss of one o f the aniline H atoms from the larger 

fragment explaining the prominent peak at m/z 151 with a relative intensity o f 81 %.

2>NHCH

(413)
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5.5 SYNTHESIS OF 6-AMIDO DERIVATIVES OF MDMA AND MBDB

The 6 -amido derivatives o f  MDMA and MBDB (426)-(437) were produced in a straightforward 

manner from the 7V-trifluoroacetyl anilines (410) and (411) via  reaction with an appropriate acid chloride 

followed by deprotection o f  the protected amide intermediates (414)-(425)'"’̂ . Due to the vulnerability o f  the 

A^-trifluoroacetyl group to base, it was necessary to use the aprotic base EtsN under anhydrous conditions to 

catalyse amide formation. The greater hydrolytic susceptibility o f  the aliphatic trifluoroacetamide as 

compared to the aromatic amides allowed the selective base catalysed cleavage o f the protecting group under 

mild conditions"''^, leaving the aromatic amides intact.

Table 5.3 lists the novel alkyl and aromatic amide intermediates successfully synthesised in moderate 

to excellent yields together with their corresponding melting points.

Table 5.3 : Melting points ofN-trifluoroacetyl protected amides (4I4)-(419) and (420)-(425).

RiCOCl

Et3 N, CH2 CI2 , rt, 6 hr

CH3
I  ■’

N.
COCF,

NHCOR,

(410) R| = C H 3

(411) R| = C H 2 CH3

(414)-(419) R| = C H 3  

(420)-(425) R, = C H 2 CH 3

Cmpd.

No.

R2 Yield

(%)

m.p.

(°C)

Cmpd.

No.

R2 Yield

(%)

m.p.

(°C)

II n •X 3 R, = C H 2 C H 3

(414) C H 3 85 137-138 (420) C H 3 77 130-131

(415) C H 2 C H 3 81 111-113 (421) C H 2 C H 3 58 97-98

(416) C H 2C H ( C H 3)2 85 130-132 (422) C H 2C H ( C H 3)2 85 105-108

(417) Cyclopropyl 73 119-120 (423) Cyclopropyl 68 118-120

(418) Phenyl 84 115-116 (424) Phenyl 97 Oil

(419) Benzyl 74 132-133 (425) Benzyl 59 116-117

The molecular formulae o f  intermediates (414)-(423) and (425) were confirmed by elemental 

analysis. The molecular formula o f  (424) was confirmed by high resolution mass spectrometry.

The IR spectra o f  the protected amides usually exhibit four characteristic absorption bands, although 

the weak C-H stretching band o f  the OCH2 O moiety may be absent. Taking the propionamide (421) as an 

example, N-H stretching o f  the secondary aromatic amide is visible at 3254cm ‘‘. C-H stretching o f  the 

OCH 2 O methylene group is exhibited as a weak band at 2771cm''. Two absorption peaks are found in the 

amide C = 0 stretching region. The higher frequency band at 1697cm‘‘ corresponds to the trifluoroacetamide 

group, whereas C = 0  stretching o f  the secondary propionamide occurs at 1645cm‘‘.
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Proton and '^C-NMR spectra o f  the amides display two sets o f  resonances due to hindered rotation 

about the amide bond o f  the trifluoroacetamide group. The amide NH proton typically resonates between 8.0 

and 8.5 5 in the ‘H-NMR spectra. In the case o f  (421), the signal is displayed at 8.01 5 for both rotamers. 

The methyl protons o f the propionamide group o f  (421) resonate as two triplets at 1.13 (0.3 H, J=7.5Hz) and 

1.23 5 (2.7H, J=7.8Hz). Deshielding by the secondary amide carbonyl group shifts both NHCOCH2 CH3 

methylene signals to 2.35 and 2.45 5 as multiplets, with relative integrations o f  0.2 and 1.8H, corresponding 

to the minor and major rotamers respectively.

CH

COCF

NHCOCH^CH

(421)

Selective cleavage o f  the jV-trifluoroacetyl protecting group was achieved with K2 CO3 in aqueous 

MeOH '̂*  ̂ (Table 5.4). Yields o f  the previously unreported amines ranged from 38% for MBDB  

propionamide (433) to 96% for the MDMA benzamide (430). All but three o f  the amines were isolated as 

solids and were characterised by IR, proton and '^C-NMR, LRMS and elemental analysis. Full 

characterisation o f  compounds (430), (434) and (436) included accurate EI-HRMS determination. As an 

example o f  the series, the IR, proton and relevant '^C-NMR spectra o f  the cyclopropyl amide (429) are 

discussed in detail below.

Table 5.4 : Melting points o f  6-amido derivatives o f  MDMA and MBDB (compounds (426)-(437)).

COCF

K2CO3

NHCOR-,
MeOH, H-,0, rt, 48hr

NH CH ,

NHCOR,

(414)-(419) R, = C H 3  

(420)-(425) R, = CH2 CH3

(426)-(431) R, = C H 3  

(432)-(437) Ri = CH 2 CH 3

Cmpd.

No.

R2 Yield

(%)

m.p.

(°C)

Cmpd.

No.

R: Yield

(% )

m.p.

(°C)

II n X3 Ri = CH2CH3

(426) CH3 77 107-109 (432) CH3 67 92-94

(427) CH2CH3 82 108-110 (433) CH2CH3 38 97-98

(428) CH2CH(CH3 )2 61 103-104 (434) CH 2C H (C H 3 )2 64 Oil

(429) Cyclopropyl 75 152-154 (435) Cyclopropyl 59 129-131

(430) Phenyl 96 Oil (436) Phenyl 83 Oil

(431) Benzyl 73 117-119 (437) Benzyl 43 105-106
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The IR spectrum o f  (429) displays a typically weak N-H stretch corresponding to the primary 

alkylamine, at 3440cm''. This is in sharp contrast to the strong sharp N-H absorption band o f  the anilide 

group at 3304cm''. C = 0 stretching o f  the cyclopropylanilide moiety occurs at 1636cm''.

Signals correspondmg to the cyclopropyl ring are among the most upfield resonances o f  the 'H- 

NMR spectrum o f (429), due to the diamagnetic anisotropy o f  the three membered system. Each methylene 

group o f  the ring consists o f  a pair o f  diastereotopic protons which are magnetically inequivalent. However 

two magnetically equivalent pairs o f  protons exist between  both CH2  groups and are represented as two 

distinct multiplets at 0.76 and 1.05 5, each integrating for two protons. The fifth proton o f  the ring, a  to the 

carbonyl group, is found as a multiple! at 1.27 5. Also in this region, the NHCH 3 proton is displayed as a 

broad singlet centered at 1.19 5, with the terminal H-3' protons split into a doublet at 1.06 5 (J=6.5Hz). A 

singlet at 2.48 5 integrating for three protons corresponds to the 7V-methyl group. The more upfield H-l' 

proton signal, centered at 2.50 5 partially overlaps with the NCH 3 singlet and is quoted as a multiplet. The 

more downfieid diastereotopic H -l' and H-2' protons are isochronous and resonate between 2.81 and 2.86 5. 

Further downfieid, the OCH2 O protons are displayed as a singlet at 5.89 5, with the singlets at 6.53 and 7.50 

5 representing H-2 and the less shielded H-5 protons respectively. The aniline nitrogen is no longer an 

electron donor but rather the opposite, resulting in the deshielding o f  H-5. The remaining aniline proton is 

exceptionally deshielded, resonating as a singlet at 11.39 6 , due to a combination o f  both the a-phenyl and a- 

carbonyl fijnctionalities.

(429)

A total o f  fourteen peaks are found in the ‘̂ C-NMR spectrum. The most upfield resonance at 7.18

ppm is inverted in the DEPT 135° spectrum and represents both methylene carbons o f  the cyclopropyl ring.

The remaining carbon o f  the three membered ring resonates at 15.33 ppm. The most downfieid resonance o f  

the spectrum at 171.75 ppm corresponds to the deshielded acyl amide carbon.

5.6 6-HALO DERIVATIVES OF MDMA AND MBDB

5.6.1 6 -Fluoro M DM A and MBDB.

A major factor for the effectiveness o f  fluorine substitution in the design o f  analogues o f  biologically 

important molecules is the steric similarity o f  the C-F bond and the C-H or C-OH bond, which facilitates the 

acceptance o f  a fluorinated analogue by a biological recognition site^“**. On the other hand, the high 

electronegativity o f  fluorine often imparts altered physicochemical properties to the analogue that influences 

biological recognition. It is noteworthy, that four o f  the six commercially available selective serotonin 

reuptake inhibitors (SSRFs) contain fluorine at key structural determinants for activity (see Figure 1.5).
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Kirk has carried out extensive work on the synthesis and adrenergic pharm acology o f  ring 

fluorinated derivatives o f  several catecholam m es - com pounds structurally related to the 

methylenedioxyamphetamines^'**’ It w as found that aromatic fluorination led to an

increase in binding selectivity at adrenergic receptors. 6 - [ ’*F] labeled catecholam ines have also been  

synthesised for use as biological tracers o f  brain neuroactivity by positron em ission tomography (PET)^^^' 

Coutts has synthesised side-chain m onofluorinated analogues o f  amphetamine and PCA, where the terminal 

methyl group has been replaced with a CH 2 F moiety^^®’ T hese com pounds retain the ability to release 

dopamine and serotonin from rat brain regions.

Fluorinated derivatives o f  M D M A  and M B D B  may also possess interesting b iological properties 

and it was decided to synthesise the 6 -fluorinated derivatives due to the availability o f  the 6 -am ino protected  

amphetamines (410) and (411). The Scheimarm reaction is usually the best way o f  introducing fluorine into 

an aromatic ring and involves the diazotization o f  an aniline amino group to form (438), follow ed by 

formation o f  a solid diazonium tetrafluoroborate salt, (439), fo llow ed  by pyrolysis (Schem e 5.4)^®'' 

How ever, when the procedure was applied to (410 ) and (411), the reaction was unsuccessful, as 

tetrafluoroborate salt formation did not occur. Jara attempted to synthesise 6 -fluoro M DA by this method 

from the simpler starting material 3,4-m ethylenedioxyaniline (Ar =  3,4-m ethylenedioxyphenyl in Schem e 

5 .4), but this strategy also proved unsuccessful*^.

NaNO-i , N aB p 4  or , A
ArNH-, ------------^  A rN ^ N  A rN ^ N  BF 4 " -------------- ► ArF + N 2  + BF 3

(438) (439)

Scheme 5.4

A different method o f  introducing fluorine into an aromatic ring is to displace an existing group 

such as Cl"®̂  and N O 2 , which can behave as relatively good leaving groups, in a nucleophilic aromatic 

substitution type reaction^“ ' Fluorodenitration o f  nitroarenes is usually performed with fluoride in the

form o f  tetraalkylammoniumfluoride salts^*®, KF or in aprotic (e.g . DM F, D M SO ) or dipolar

aprotic solvents (e.g . sulpholane) at elevated temperatures^™. To increase the solubility o f  KF, phase transfer 

catalysts such as Krypttofix 222 and 18-Crown-6 have been used^^’”'’*'̂ **. In this work, a further attempt to 

synthesise the desired 6 -fluoro analogues o f  M D M A  and M B D B  involved the reaction o f  6 -nitro protected 

am ines (406) and (407) with KF in either DM F or DMSO''^^, but the reaction again proved unsuccessfiil. 

Fluorodenitration o f  comm ercially available 6 -nitropiperonaI (440) was also attempted by the sam e method, 

in the presence or absence o f  18-Crown-6, but no reaction occured'’̂ ’'̂ *̂ (Schem e 5.5).

d m s o

+ / -  18-C rown-6, 120°C, Ihr 

(440) (441)

Scheme 5.5

In light o f  these undesirable results, it was decided to begin the synthesis o f  6 -fluoro M D M A  and 

M B D B  with an aromatic starting material that had the fluorine atom and preferentially both oxygen atoms o f
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the methylenedioxy ring system in a 1,3,4 substitution pattern already in place. A chemical catalogue search 

revealed the availability o f  4-fluoroveratrole (442), which met the desired criteria. It was hoped that such a 

starting material would lead to the synthesis o f  6 -fluoropiperonal (441)^^*. The synthesis o f  the desired 

amphetamines from (441) could then be performed by methods previously discussed in Chapter 2. The 

preparation o f  6 -fluoropiperonal from 4-fluoroveratrole was successfiilly completed in three steps, as 

outlined in Scheme 5.6.

H 3 CO 

H 3 CO

(442)

(441) 94%

HBr

reflux, 4hr

HO

HO ^  F 

(443) 82%

BrCH2Cl, 
CS2 CO 3 , DMF, 

110°C,2hr

CHO C1,H C0C H ,, SnCL

CH2 CI2 , 0°C, 35min

(444) 52%

Schem e 5.6

In the first step, both methoxy groups o f  (442) were successfully removed with HBr. Corse 

synthesised (443) in an identical fashion, but employed HI in place o f  HBr^’ '. Demethylation o f  (442) with 

HI was also attempted in this work, but a poor yield o f  product (13%) was obtained together with substantial 

amounts o f  isomeric monomethylated fluorophenols. Upon workup, it was found that (443) is very water 

soluble and it was necessary to remove excess HBr in vacuo. However, due to the relatively low boiling 

point o f 4-fluorocatechol (443), it is essential not to evaporate the HBr too vigorously in vacuo by using 

excessive heat or product will be lost.

The mechanism o f demethylation by HBr is outlined in Scheme 5.7. Protonation o f  a methoxy 

oxygen gives rise to an intermediate where the methyl group is prone to nucleophilic attack by bromide. 

Loss o f  bromomethane followed by removal o f  the second methoxy group in a similar fashion affords (443).

Br“
HO.

(442)

HO'

(443) 

Schem e 5.7
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The IR spectrum o f  (443) reveals three 0 -H  stretching bands located at 3536, 3431 and 3307cm ''. 

Two singlets at 5.03 and 5.51 5 correspond to both phenol protons, w ith H-5, H -6  and H-3 further downfield 

as m ultiplets centered at 6.51, 6.64 and 6.78 5 respectively. The proton resonance splitting patterns were 

com plicated by additional coupling with fluorine.

Formation o f  the methylenedioxy ring was achieved in this work w ith CS2CO 3 and BrCH 2Cl^^. 

CS2CO 3 is often used as a macrocyclisation reagent for crown ethers and aza macrocycles and gives 

consistently higher yields than Li2C0 3 , N a2C0 3  and K 2C0 3 "°*. Brom ochlorom ethane was replaced with 

diiodom ethane in the present work, also in an attempt to increase the yield o f  (444), but only 13% o f  the 

desired product was isolated. All other reaction conditions rem ained unchanged.

For the generation o f  crown ethers from a ,  co-alkyl dihalides and dicarboxylic acids, CS2CO3 serves 

as both a base and cation^^^’ A  similar mechanism is proposed for the synthesis o f  (444) (Scheme 5.8). 

The methylene carbon o f  bromochloromethane is electron deficient and undergoes nucleophilic attack by a 

phenol oxygen, affording a protonated intermediate which is neutralised by carbonate. The bromide ion is 

removed by salt formation with C s \  Intram olecular cyclisation, giving CsCl as byproduct, followed by 

proton loss, affords (444) in moderate yields.

Cs H-)
ci-c-ci-c-o.HQ.

-CsBr

HQ' HQ' HQ'

(443)

-CsCl

(444)

Schem e 5.8

Surprisingly, a search o f  the literature showed that (444) has not been reported in the literature. An 

IR spectrum established that the methylenedioxy ring had formed, with a weak C-H absorption band at 

2775cm ‘‘. Further confirmation o f  dioxole formation was found in the ‘H-NM R spectrum, with a singlet 

integrating for two protons at 5.95 8 . H-5, H -6  and H-2 are exhibited as three multiplets at 6.45, 6.59 and 

6.70 5 respectively.

As a resuh o f  C-F coupling in the ‘X -N M R  spectrum, it was possible to unambiguously assign all 

seven carbon resonances. C-3 resonates as a doublet at 94.14 ppm, exhibiting ortho C-F coupling o f  29Hz. 

The peak at 101.73 ppm, a singlet, is inverted in the D EPT 135° spectrum and corresponds to the OCH 2O 

carbon. The doublet at 106.75 ppm has an ortho C-F coupling constant o f  24H z and must correspond to C-5. 

C -6  is also split into a doublet, exhibiting meta C-F coupling o f  lOHz. The C-1 quaternary carbon, even at a 

distance o f  four bonds from the para  fluorine atom, is split into a doublet with J c ,f= 3 H z . A second 

quaternary doublet at 148.16 ppm, with J=14Hz, m ust represent C-2. Finally, the most downfield signal at
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157.97 ppm is assigned to C-1 (J=239Hz). The fluorine atom resonates at -121 .34  ppm in the '®F-NMR 

spectrum.

The final step in the synthesis o f  6 -fluoropiperonal (441) involves the formylation o f  (444) at C-6 . 

Aromatic protons ortho to an electronegative group are relatively acidic and can be removed with strong 

base, such as «-butyllithium^’'*. Formylation o f  the lithiated intermediate with DMF results in benzaldehyde 

formation. However, (444) contains three potential ortho directing atoms for lithiation so this method would 

not be expected to give high yields o f  the desired benzaldehyde.

Kirk successfiilly ortho formylated 4-fluoroveratrole (442) to yield 6 -fluoroveratraldehyde using 

a,a-dichloromethyl methyl ether (CI2HCOCH3) and TiCU. However, the methylenedioxy ring is susceptible 

to cleavage by strong Lewis acids"’  ̂ and so, SnCl4  was used as an altemative'*^’"’̂ ,̂ affording 6 - 

fluoropiperonal (441) in excellent yield as colourless crystals (m.p. 77-78°C).

A possible mechanism is outlined below. It was discussed in Section 5.3, that the most favourable 

resonance form o f (444) is where the negative charge is in the para  position. Chloride abstraction o f  

CI2HCOCH3 by SnCU affords a positively charged species which elecrophilically attacks (444) at C-5 giving 

the intermediate (445)^^®. Aqueous workup results in nucleophilic attack o f  water on the a  methoxy carbon 

o f (445), with concomitant loss o f  HCl. This then produces the hemiacetal (446). Acid catalysed loss o f  

methanol from (446), gives the benzaldehyde (441).

.0
<
°>

C -O C H

SnCL 

Cl'^ "0 CH3

- H

OH
OCH

-HCl OCH H " P - - 4

<
-CH 3 OH O

(445) (446) 

Scheme 5.9

5

(441)

CHO

F

C = 0 stretching o f  the formyl group in the IR spectrum o f  (441) occurs at 1678cm''. In the proton 

NMR spectrum, the OCH2O methylene protons resonate as a singlet at 6.08 5. H-5, ortho to the fluorine 

atom, is split into a doublet with Jh,f=10.0Hz. Further downfield, H-2 is meta  split by the fluorine atom 

(Jh,f=5.5Hz). The formyl proton is heavily deshielded and is displayed as a singlet at 10.18 5. In the '^C- 

NMR spectrum, C-5 resonates as a doublet ( J c ,f= 2 9 H z )  at 9 7 .9 1  ppm. A second doublet with a smaller 

coupling constant (Jc,p=4Hz) corresponds to C-2 at 1 0 4 .9 7  ppm. The most downfield signal at 185.33 ppm is 

also a doublet (J=10Hz) and represents the formyl carbon atom. A combination o f  low resolution mass 

spectrometry and elemental analysis confirmed the proposed molecular formula o f  CgH5 p 0 3 .

The synthesis o f  6 -fluoro MDMA (451) and 6 -fluoro MBDB (452) from 6 -fluoropiperonal was 

performed by previously encountered procedures (Scheme 5.10). A Henry condensation afforded the novel
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fluoro nitrostyrene intermediates (447) and (448) as yellow  solids. The IR spectrum o f  (447) displays 

asymmetric and symmetric NO 2 stretching at 1512 and 1314cm"'. H-3' resonates as a singlet in the 'H-NMR 

spectrum at 2.40 5  with the O C H 2O protons further downfield as a singlet integrating for two protons at 6 .0 5  

5. The most upfield aromatic proton is H -5, a doublet (Jh ,f= 9 .0 H z) at 6 .6 8  5 , with H-2 further downfield at 

6 .8 2  8  (d, Jh ,f=6 .0H z). The vinylic H -1' resonates as a singlet at 8 .0 7  6.

0~ ^CHO

< J
R lC H iN O ;, KF, (C H j)2NH.HCI

toluene, reflux, 6 hr

(441) (447) R] =  CH3 52%
(448) R, =  CH2 CH3 60%

Fe,
CH3 COOH, 
steam bath, 2 hr

CH3 NH 2 .HCI, NaCNBH

MeOH. pH 5 -6 , rt, 24hr

2’ NHCH

(451) R| = C H 3 98%
(452) R| = CH2 CH3 8 6 %

(449) R, = CH3 77%
(450) R, = CH2 CH3 98%

Schem e 5.10

Reduction o f  the nitrostyrenes with iron in glacial acetic acid led to the novel fluoro ketones (449) 

and (450) in good yields. The IR spectrum o f  (449) displays C = 0  stretching at 1706cm‘‘. The methyl H-3' 

protons resonate as a singlet in the proton NMR spectrum at 2 .1 8  5. Two singlets resonating fiirther 

downfield at 3.62 and 5 .9 5  5, each integrating for two protons, represent the deshielded H -1' and OCH2O 

protons respectively. The doublets o f  H-2 and H -5 are almost overlapping at 6 .5 9  (Jh,f= 6 .5 H z) and 6.60 5  

(Jh,f= 8 .5 H z). C-2' is found at 2 0 5 .0 6  ppm in the ‘̂ C-NMR spectrum. High resolution mass spectrometry 

confirmed the molecular formulae o f  both ketones.

A Borch reduction provided the desired amphetamines (451) and (452) in excellent yields. Table 

5 .5  outlines the relevant IR and ‘®F-NMR data for the free base amines and melting points o f  their HCl salts.

Table 5.5 : IR, ‘^F-NMR data and HCl salt melting points o f  amines (451) and (452) (* free base).

Compound No. IRv^ax (cm ')* ‘‘'F-NM R (ppm)* m.p. (°C) (HCl salt)

(451) 3 3 2 9  (NH), 2 7 9 4  (NCH3) - 1 2 4 .4 6 181 -1 8 3

(452) 3 3 4 0  (NH), 2 7 9 4  (NCH3) - 1 2 4 .4 9 1 4 6 -1 4 9

A doublet in the 'H-NMR spectrum o f (451) at 1.04 5 (J=6.5Hz) integrates for three protons and 

corresponds to the H-3' protons. The NH proton is exhibited as a broad singlet at 1.70 5 with the //-methyl
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protons displayed as a singlet at 2.51 5. The diastereotopic H-1' protons are displayed as tw o distinct 

resonances at 2.51 and 2.70 5. However, in this case, both are represented as double double doublets. The 

m ost upfield H-1' proton exhibits usual geminal and vicinal coupling constants o f  13.6Hz and 6.6Hz 

respectively, with additional coupling to the fluorine atom with JH-r,F=1.5Hz. Likew ise, the more downfield  

H-1' splitting pattern is explained by Jgem=13.5Hz, Jvic=6.5Hz and Jh-i',f=1-5Hz. A m ultiplet at 2.77 5, 

integrating for one proton represents H-2', with the OCH 2 O m ethylene singlet fiirther dow nfield  at 5.93 5. H- 

5 is ortho to the fluorine atom and so is represented by the aromatic doublet with the larger C-F coupling 

constant at 6.57 5 (J=9.5Hz). H-2 resonates at 6.62 5 (Jh,f= 6 .0 H z). In the ‘^C-NMR spectrum, the A^-methyl 

carbon is displayed at 33.78 ppm. C ,H,N elem ental analysis o f  the HCl salt o f  (451 ) was within 0.17% o f  the 

theoretical values.

5.6.2 6 -C hloro M DM A and MBDB

Shulgin prepared the potent hallucinogenic amphetamine 2,5-dim ethoxy-4-chloroam phetam ine 

(D O C ) ft-om 2,5-dim ethoxyam phetam ine (2,5-D M A ) with liquid chlorine in CHaCOOH'*'. The same 

compound was synthesised by Coutts in a less hazardous manner in one step from 4-am ino-2,5- 

dimethoxyamphetamine via  a Sandmeyer reaction^'"'. The latter approach was adopted in this work for the 

synthesis o f  6 -chloro M D M A  and M BDB.

The Sandmeyer reaction is a convenient method o f  introducing a variety o f  groups including OH, I, 

Br, CN, N O 2 , Ar, SO 2 H, etc., onto an aromatic ring starting with an appropriate aniline, via  an intermediate 

diazonium salt in which the diazo group is lost as m olecular nitrogen. 6 -Chloro M D M A  (455) and M BD B  

(456 ) were successfully prepared as outlined in Schem e 5 .11, where the protected aniline intermediates (410) 

and (411) were converted^''' to the novel chloro intermediates (453 ) and (4 5 4 ) in satisfactory yields, follow ed  

by deprotection o f  the secondary amino group '̂* .̂

1) N aN O j, HCl, 0°C

2 ) CuCl, HCl, 60°C , then rt

CH3

C O C F,

(410 ) Ri = C H 3

(411) Ri = C H 2 CH 3

(4 5 3 ) R[ =  C H 3  62%
(4 5 4 ) R

K2CO3, 
M eO H , H 2 O, 
rt, 48hr

(455 ) R, =  CH 3  8 6 %
(456) R, =  CH2 CH 3  52%

Schem e 5.11
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The mechanism o f chloro dediazoniation is complex^^^’ but is believed to follow the

mechanism outlined in Scheme 5.12 where ArNH 2 represents both (410) and (411).

0 = N - 0

(457)

A r-N = N -O H

(460)
-HjO

A r~N =N  + 

(461) (462)

cr
( 1 )

A r-C l + -C u -C l 

(464)

r^+
0 = N -0 H -,

-H 7 0

(I)_ 
■:C1— C u -C l

A r - N - N = 0  -  
!

^  (459)

-H"

+
N = 0(̂458)

A r-N H ,

^  + (I)_
A r-N = N 7 C 1 --C u -C l 

(463) 
'-N 2 ,C u(Il)C l2

(II)
A r * " ^ ^  C l- rC u -C l

W

Scheme 5.12

Sodium nitrite (NaNOj) provides the source o f nitrite ions (457) in the reaction. In the presence of 

acid, (457) is successively protonated, providing the nitrosonium ion (458) which electrophilically replaces a 

hydrogen of the aniline amino group to form the A^-nitroso derivative (459). Tautomerisation of (459) to the 

hydroxydiazo species (460) in the presence of acid yields the key diazonium ion intermediate (461). HCl 

provides a source of chloride ions, which combine with copper (I) chloride to form the radical ion 

intermediate (462). This species nucleophilically attacks (461), forming the diazonium-copper (I) chloride 

complex (463). Decomposition of (463) by a radical mechanism, followed by a further reaction o f the aryl 

radical with Cu(lI)Cl2 affords the aryl chloride (464) and a Cu(I) chloride radical which is recycled. Copper 

catalyses the reaction by its ability to undergo interconversion between the +1 and +2 oxidation states.

Table 5.6 lists the yields and IR data o f the novel chloroamphetamines (455) and (456) together with 

the melting points of their HCl salts. Elemental analysis o f the salts confirmed their molecular formulae. 

The proton NMR spectrum o f (455) was straightforward to assign. The triplet at 1.05 8 (J=5.5Hz) represents 

the terminal H-3' protons with the NH proton displayed at 1.34 5 as a broad singlet. The #-methyl protons 

are exhibited at 2.43 5 as a singlet. One of the diastereotopic protons at C-1' is found to resonate at 2.57 5 as 

a double doublet (J=15.6, H=9.0Hz), with the second H-1’ proton overlapping with H-2' between 2.81 and 

2.87 5. A sharp singlet at 5.94 5, integrating for two protons, represents the dioxole ring methylene group 

while H-2 and H-5 of the aromatic ring are found at 6.69 and 6.82 6. As both protons resonate as singlets, 

the chlorine atom must be at position 6 of the aromatic ring.
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Table 5.6 : Yields and IR data o f  (455) and (456), and melting points o f  their corresponding HCl salts.

Compound No. Yield (% ) IRv^a, (cm ‘) m.p. (°C) HCl salt

(455) 86 3332 (NH) 200-202

(456) 52 3340 (NH) 179-180

The low resolution mass spectrum o f (455) confirmed the presence o f a chlorine atom on the 

aromatic ring. a-Cleavage o f the molecular ion gives two prominent peaks o f m/z 169 (24% relative 

abundance) and m/z 58 (base peak) (Scheme 5.13). Methylenedioxybenzyl fragments analogous to the m!z 

169 fragment of (455) often arise as characteristic peaks in the low resolution mass spectra o f many 6- 

substituted amphetamines in this chapter.

NHCH

m /z \6 9  (100%) W z58  (24%)

Scheme 5.13

5.6.3 6-Bromo MDMA and MBDB

It was shown in Section 1.2.4 that many o f the most potent hallucinogenic amphetamines 

incorporate a bromine atom into their aromatic ring systems. Bromination o f MDA at position 6 has been 

reported to attenuate the drugs hallucinogenic properties. However, its stimulant properties are retained^"'. 

Two of the most common aromatic bromination methods include:

• a Sandmeyer reaction, similar to the reaction of the previous section but employing HBr and CuBr '̂*  ̂

instead of HCl and CuCl and

• direct bromination o f an activated phenyl ring with elemental bromine'*^’®'*.

Nichols has employed the direct bromination method for the preparation o f numerous phenyl 

substituted bromo amphetamine derivatives*’’ Shulgin prepared 6-bromo MDA in a similar manner'*^. 

The reaction also proved successful in this work for the preparation o f 6-bromo MDMA (466) and MBDB 

(467) from //-trifluoroacetyl protected MDMA (403) and MBDB (404) via the brominated intermediates 

(464) and (465). (466) and (467) have not been previously reported in the literature. The protection o f the 

amino group is not necessary for successful bromination''^’ but it was found here that the reaction workup 

is more straightforward when MDMA and MBDB are used as their A^-trifluoroacetamides, ultimately 

affording purer products.
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CHj
I

COCF

CH,

3

Bro

CHoCOOH.rt, 12hr

(403) Ri = CH 3

(404) R[ = CH 2 CH 3

'COCF 3

(464) R, = C H 3  91%
(465) Ri = CH 2 CH 3 75%

R ,^ 2 ' NHCH.

K2CO3, 
MeOH, H 2 O, 
rt, 48hr

(466) R | = CH 3  84%
(467) R, = C H 2 CH 3  41%

Scheme 5.14

Although the IR, proton and '^C-NMR spectra o f (464) and (465) are almost identical to their 6 - 

chloro analogues (453) and (454), low resolution mass spectra readily distinguish the compounds. Proton 

NMR spectra shows that H-5 of both (464) and (465) are shifted -0.15 5 further downfield when compared 

to their respective chioro analogues.

Table 5.7 outlines the the yields and relevant IR data for the amphetamine free bases, together with 

the melting points of their corresponding HCl salts. Removal o f the protecting group from butane (465) 

proved difficult, with 6 -bromo MBDB (407) obtained in 41% yield compared to 84% for (466).

Table 5.7 : Yields and IR data o f compounds (466) and (467), including the melting points o f their 

corresponding HCl salts.

Compound No. Yield (%) IRVmax (cm *) m.p. (°C) HCl salt

(466) 84 3327 (NH) 2 1 0 - 2 1 2  (dec.)

(467) 41 3340 (NH) 171-173

Again, the proton and *^C-NMR spectra o f  (466) and (467) are very similar to their chioro 

analogues. In the ‘"’C-NMR spectrum of (466), two methyl carbons resonating at 19.54 and 33.91 ppm 

correspond to C-3' and NCH 3 respectively. The signal at 43.19 ppm is mverted in the DEPT 135° spectrum 

and is assigned to C-1', while C-2' resonates further downfield at 55.00 ppm. The peak at 101.54 ppm is also 

inverted in the DEPT 135° spectrum and represents the deshielded methylene OCH2 O carbon. Signals 

corresponding to C-2 and C-5 at 110.88 and 112.75 ppm are too similar in chemical shift for each to be 

assigned unambiguously. The remaining resonances, which disappear in the DEPT 135° spectrum, represent 

C-1 (114.86 ppm), C - 6  (132.00 ppm), C-3 and C-4 (at 146.82 and 147.17 ppm).
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5.6.4 6-Iodo MDMA and MBDB

An initial attempt to synthesise 6 -iodo M D M A  and M B D B  in this work involved a Sandmeyer 

reaction o f  the 6 -amino protected intermediates (410) and (411 ) by the method o f  Coutts, where the 

diazonium intermediate was treated with H ow ever, the reaction was unsuccessfiil with m ultiple

products formed. An improved version o f  the Sandmeyer procedure was em ployed by Grunewald w ho used 

Cul as a catalyst in addition to KI in the synthesis o f  brominated tetrahydroisoquinolines^'*^’ but when the

method was adopted in this work, multiple products were again formed and so an alternative iodination  

procedure was sought. Iodine is the least reactive o f  the halogens in direct aromatic substitution reactions. 

However numerous approaches have been developed to increase the electrophilicity o f  elem ental iodine 

through the concomitant use o f  a suitable oxidising agent^*'’ Sy demonstrated that a series o f  m ethoxy

amphetamines may be readily iodinated with l2 /A g 2 S 0 4  at room temperature"’*''. Protection o f  the amino 

group was not necessary. The reaction however fails w ith amphetamine and methamphetamine. N ichols  

exploited this method for the synthesis o f  rigid iodinated benzoxepine analogues o f  hallucinogenic  

phenethylamines*’ . S y ’s iodination method^*"* was successfiilly  adopted for this work towards the synthesis 

o f  6 -iodo M DM A (470) and M BD B (471), from (403) and (404 ) via  the protected intermediates (468 ) and

(469). The synthesis is outlined in Scheme 5.15

CHj 
I ^

COCF3

C H ,

^2’

EtOH, rt, 36hr

'C O C F,

(403) R | = C H j
(404) R | =  CH 2 CH 3

(4 6 8 ) R, = C H 3  6 8 %
(4 6 9 ) R

K2CO3, 
M eO H , H 2 O, 
rt, 48hr

R w  2 ' N H C H

(470) R, =  CH 3  62%
(471) R, = C H 2 CH 3  40%

Scheme 5.15

Protected amines (468) and (469) were isolated in m odest yields. The com pounds were difficult to 

separate from starting material by column chromatography due to the similarity in Rf values, resulting in 

decreased yields.

Galli has explored the mechanism by which several oxid ising agents increase the reactivity o f  I2 

towards aromatic iodination, including A g2 0 , A gC 1 0 4 , A gO A c and A g 2 S 0 4 *̂̂ . The preliminary m echanistic 

step for all A g(I) salts involves the formation o f  the electrophile T  (Schem e 5 .16). In the mechanism  

sequence, (405) represents the A^-protected intermediates (403 ) and (404 ) in Schem e 5 .15. F  reacts with the 

resonance form (405) at C - 6  affording a charged intermediate w hich expels a proton.
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Schem e 5.16

The proton and ‘^C-NMR spectra o f  (468) and (469 ) reveal the presence o f  rotamers due to 

restricted amide bond rotation. The ‘H-NM R spectra o f  both com pounds are ahnost identical to their 

corresponding bromo and chloro analogues, except that the H-5 aromatic protons are shifted even further 

downfield. For exam ple, H-5 o f  the iodopropane intermediate (468 ) resonates at 7 .22 (0.7H ) and 7.23 5 

(0 .3H ), in comparison to 6 .97 (0 .65H ) and 6 .99 5 (0 .35H ) for the bromo analogue (464). A  similar pattern is 

found in the '^C-NMR spectra o f  (468) and (464). C-5 o f  (468) resonates at 118.64 (major rotamer) and 

118.73 ppm (minor rotamer), compared to 112.65 and 112.77 ppm for (464). A  similar pattern is also found 

in the 'H and '^C-NMR spectra o f  the iodoamphetamines (470) and (471), where H-5 and C-5 are shifted  

dow nfield relative to their chloro and bromo analogues. Table 5.8 lists the yields and relevant IR data o f  

(470 ) and (471) and includes the melting points o f  their HCl salts.

Table 5.8 : Yields and relevant IR data o f  iodoamphetamines (470) and (471) with the melting points o f  their 

corresponding HCl salts.

C om pound No. Y ield (% ) (c m ') m .p. (°C ) H C l salt

(470) 62 3326 (N H ) 195-198 (dec.)

(471) 40 3337 (N H ) 193-196 (dec.)

5.7 6-TRIFLUOROMETHYL MDMA AND MBDB

The introduction o f  a trifluoromethyl (-CF3) group onto a strategic aromatic position can infer unique 

properties to drug molecules^**. The steric requirement o f  the fluorine atom resem bles that o f  a hydrogen 

(van der Waals radii: C p3=1.35A  versus CH3=1.29 A ). Substitution o f  a m ethyl by a trifluoromethyl group in 

a drug candidate usually allow s the trifluoromethylated analogue to be comparable in size^*’ and follow s 

sim ilar drug-protein interactions to the parent methyl compound. Strong covalent bonding o f  the C -F  bond 

( 1 16kcal/m ol) versus that o f  the C -H  bond (lOOkcal/mol) results in enhanced resistance to metabolism o f  

com pounds possessing a CF3 group in comparison to a CH3 group’*’ A lthough the CF3 group is strongly 

electronegative (3.5 versus 2.3 for CH3 (Pauling scale)’*), its enchanced lipophilicity relative to a methyl 

group can lead to easier absorption and transportation o f  drug m olecules within b iological systems^**. Two  

o f  the currently marketed S S R l’s, fluoxetine and fluvoxam ine, contain a CF3 group in their structures. 

N ich o ls has evaluated several trifluoromethyl substituted phenethylamine and amphetamine derivatives and 

has shown them to be highly potent 5-H T2 receptor agonists’*'



Several methods are available for the introduction o f  a CF 3 group onto an aromatic ring'’*̂ ’ 

N ichols and others have successfiilly synthesised aromatic trifluoromethyl substituted amphetamine and 

tetrahydroisoquinoline derivatives in good yields by refluxing a mixture o f  the corresponding aryl iodide with

methyl chlorodifluoroacetate (CF2CICO2CH3), Cul and KF in anhydrous DM F 78, 87 , 343 The method,

developed by Su"**, was adopted in this work for the synthesis o f  the novel amphetamines 6 -trifluoromethyl 

M D M A  (474) and M BD B (475 ) in reasonable yields from their corresponding A^-trifluoroacetyl protected 

aryl iodides (468) and (469) (Schem e 5 . 17).

CH3
I ^

CO C F,

CF2CICO2CH3

C ul, KF, D M F, reflux, 8 hr

C O C F,

(468) R, =  CH 3

(469) R| =  CH 2 CH 3

(4 7 2 ) R| =  CH 3  94%
(4 7 3 ) R , =  CH 2 CH 3  44%

2>NHCH3

K2CO3, 
M eO H , H 2 O, 
rt, 48hr

(474 ) R, = C H 3  65%
(475) R, = CH 2 CH 3  76%

Schem e 5 .17

Su has also proposed a mechanism for the trifluorom ethylation reaction (Schem e 5.18)^**. The 

presence o f  Cul is essential, as in its absence no product was formed. An equivalent o f  KF is necessary, as 

otherwise yields are dramatically lowered. A  copper salt (476) is initially formed between the 

trifluoromethylating agent and Cul, producing iodom ethane as byproduct. Successive losses o f  carbon 

dioxide and CuCl from the salt produces a diflurorocarbene radical, w hich with F“ derived from KF, is in 

equilibrium with CF3". In the presence o f  Cul, a further equilibrium is established between the 

trifluoromethyl anion and copper (I) iodide, forming the reactive trifluorom ethylating species, CFsCuI”, 

which reacts with the aryl iodide to g ive the trifluoromethylated products, with concom itant regeneration o f  

Cul.

CF 2 CICO 2 C H 3  +  Cul

CF^ClCO,Cu
-CO-i, CuCl

C F , C F,

CF2 CICO 2 CU +  CH 3 I 

(476 )

C ul
cFjCur

Arl

-C ul, r ArCF,

S chem e 5.18
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The yV-trifluoroacetyl protected intermediates (472) and (473) were fully characterised by IR, 

proton, '^C- and '^F-NMR, EI-LRMS and either HRMS (compound (472)) or elemental analysis (compound 

(473)). Some aspects of the ‘̂ C-NMR characterisation of (472) are presented below.

CH

COCF

(472)

The *^C-NMR spectrum proved interesting, with many carbon resonances split into quartets due to 

both the aromatic and amide CF3 groups. C-3' is assigned to both of the most upfield peaks at 16.57 and 

18.10 ppm, corresponding to the major and minor rotamers respectively. The A^-methyl carbons of the minor 

and major rotamers are both split into quartets, located at 26.06 and 29.27 ppm (‘*Jc,f= 4 H z  for each rotamer), 

a result o f C,F coupling from three fluorine atoms of the protecting group. The C-1' resonances are inverted 

in the DEPT 135° spectrum and are displayed at 34.86 (major rotamer) and 35.98 ppm (minor rotamer). C-2' 

is deshielded by the vicinal nitrogen atom and is found at 52.73 (larger peak) and 54.03 ppm (smaller peak). 

Both peaks at 102.02 (larger signal) and 102.12 ppm (smaller signal) are inverted in the DEPT 135° spectrum 

and correspond to the dioxole methylene carbon of both rotamers. C-2 and C-5 are readily distinguishable in 

the ‘̂ C-NMR spectrum as both C-5 resonances are split into quartets at 106.44 (major rotamer) and 106.66 

ppm (minor rotamer), both with J= 6 Hz, due to the ortho trifluoromethyl group. C-2 is too remote from the 

CF3  group for the resonance to be split and is displayed as a single peak at 110.54 ppm, representing both 

rotamers. Two pairs o f quartets exhibiting large coupling constants are found in the aromatic region. The 

more upfield pair at 116.44 (major rotamer) and 116.50 ppm (minor rotamer) both exhibit large coupling 

constants o f J=288Hz and correspond to the COCF3 carbon. The aromatic trifluoromethyl carbon is less 

shielded and is assigned to the second pair o f quartets at 124.27 and 122.29 ppm (major isomer) (J=273Hz 

for each resonance). Between these pairs, a fiirther pair o f  quartets located at 122.03 (major isomer) and 

122.29 ppm exhibiting smaller C,F coupling constants o f 30Hz is assigned to C-6 . Although C-1 of both 

rotamers is three bonds removed from the aromatic CF3 fluorine atoms at C-6 , C,F coupling still occurs. The 

C-1 quartets o f the major and minor rotamers are displayed at 131.40 and 130.83 ppm respectively (J=2Hz 

for both isomers). C-3 and C-4 are exhibited within their usual chemical shift region as three signals at 

146.40 (major rotamer), 146.63 (minor rotamer) with an isochronous signal at 150.34 ppm. The COCF3 

amide carbon, vicinal to the trifluoromethyl group, is the most deshielded carbon and resonates as a pair of 

quartets at 156.90 and 156.97 ppm (J=36Hz for both rotamers).

Analysis o f the C,F splitting patterns of (472) demonstrates that the C,F coupling constant value 

decreases by about one order o f magnitude on increasing the distance by one bond, o f a particular carbon 

atom from the trifluoromethyl fluorine atoms.

Removal of the protecting group from (472) and (473) provided the novel trifluoromethyl 

amphetamines as oils. Table 5.9 lists the IR and '^F-NMR data of (474) and (475) and melting points of their 

HCl salts. The salts were characterised by IR and elemental analysis.
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Table 5.9 : IR and I9F-NMR data o f  (474) and (475) together with the melting points o f  their corresponding 

HCl salts.

C om pound No. (cm  ') ’’F -N M R (p p m ) m .p. (°C ) H C l sa lt

(474) 3336 (NH) -5 7 .8 7 170-172 (dec.)

(475) 3344  (N H ) -5 7 .8 8 193-195

The 'H and '^C-NMR specta o f  6 -trifluoromethyl M D M A  (474) were straightforward to assign. The 

H-3' protons resonate as a doublet at 1.05 8  (J=6.0H z), split by H-2'. A  broad singlet at 1.36 5 corresponds to 

the N H  proton. Further dow nfield the characteristic sharp singlet at 2 .42 6 , integrating for three protons, 

represents the 7V-methyl group. The more upfield diastereotopic H-1' proton is split into a multiplet at 2 .63  5, 

w hile the second proton overlaps with H-2', resulting in a multiplet centered at 2 .85 5 integrating for two 

protons. D eshielding by both oxygens shifts the d ioxole m ethylene protons to 6.01 5, represented by a 

singlet integrating for tw o protons, w hile two further singlets at 6.81 and 7.07 5, each integrating for one 

proton, correspond to H-2 and H-5.

C,F splitting is again evident in the '^C-NMR spectrum which made it possible to unambiguously  

assign C-2 and C-5. C-5, p to the trifluoromethyl group, is split into a quartet at 106.50 ppm (J=6 Hz). C -2, y 

to the CFj group, is too far removed to be coupled and resonates as a singlet at I I 1 .40 ppm. C - 6  is a  to the 

CF 3 group and, as a result, exhibits a larger C,F coupling constant o f  30H z, located at 122.28 ppm. The CF 3 

carbon is strongly deshielded and is displayed as a quartet centered at 124.43 5 (J=277H z). Although C-1 

and C-5 are equidistant fi'om the CF3  group, the quaternary carbon resonates as a singlet at 133.68 ppm.

2 ' NHCH

(474)

5.8 ATTEMPTED SYNTHESIS OF 6-CYANO MDMA AND MBDB

The Rosenmund-von Braun reaction is a convenient method o f  converting aryl halides to their 

corresponding aryl nitriles using copper (I) cyanide as the cyanating agent"*’ . Reactivity is in the order I >  Br 

> Cl >  F. The difference in reactivity between iodide and chloride is sufficient to permit preferential 

cyanation o f  the iodide in the presence o f  both halogens. Similarly, the reactivity o f  brom ides and fluorides 

differ significantly’*̂ . Aryl bromides are most com m only used as they are more readily available and quite 

reactive. Aromatic halides are usually resistant to nucleophilic displacem ent unless electron withdrawing 

groups are present or the ring contains one or more double-bonded nitrogen atom s, as in pyridine. H ow ever 

CuCN is an exception to this rule in that aryl halides carrying alkyl, alkoxy, hydroxy, acyl, formyl, nitro, and 

amino groups have all been converted to their corresponding nitriles. The intermediate nitrile-copper(I)
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halide complex formed during the reaction is readily soluble in DMF, which as a result is considered the 

solvent o f  choice*”.

For this present work, the preparation o f  6 -cyano MDMA and MBDB was attempted via  a 

Rosenmund-von Braun reaction o f  6 -bromo-//-trifluoroacetyl protected amines (464) and (465)*®' 

followed by base catalysed removal o f  the protecting group. The novel TV-protected cyano intermediates 

(476) and (477) were obtained in excellent yields as colourless crystals. Their molecular formulae were 

confirmed by a combination o f  LRMS and elemental analysis.

COCF,

(464) R, = CH,
(465) R, = CH2 CH3

CuCN

DMF, reflux, 6 hr

Scheme 5.19

COCF,

(476) R i = C H 3

(477) R, = CH2 CH3

Table 5.10 : Yields, IR data and melting points o f  cyano derivatives (476) and (477).

Compound No. Yield (%) (cm *) m.p. (°C)

(476) 92 2224 (C=N),1694 (NCOCF3 ) 83-85

(477) 87 2230 (C=N),1682 (NCOCF3 ) 80-81

IR spectra o f  (476) and (477) confirmed the presence o f  the cyano group and also showed that the 

/V-trifluoroacetyl protecting group was unaffected by the reaction conditions employed.

The proton and '^C-NMR o f  both cyano intermediates displayed two sets o f  magnetic signals 

corresponding to the presence o f  a pair o f  rotamers. At 27°C in CDCI3 a rotamer ratio o f  70:30 was observed 

in the 'H-NMR spectrum o f cyano propane (476). The proton spectrum also displayed H-2 and H-5 as two 

pairs o f  singlets, confirming that the cyano group is located at C-6 . H-2 resonances are displayed at 6.67 

(0.3H ) and 6.78 5 (0.7H), with H-5 located further downfield at 6.94 (0.7H) and 6.97 5 (0.3H) due to the 

electron withdrawing inductive effect o f  the neighbouring cyano group.

In the '^C-NMR spectrum, the NCH3 carbon signals corresponding to the minor and major rotamers 

are split into quartets at 28.06 and 29.24 ppm respectively (Jc,f=4Hz for both isomers). Further dovmfield, 

the deshielded nitrile carbon resonances are displayed at 104.61 (major rotamer) and 105.00 ppm (minor 

rotamer), with the quaternary C-6 signals found at 117.81 (minor rotamer) and 118.00 ppm (major rotamer).

The mechanism o f the Rosenmund-von Braun reaction most likely involves a complex formed by 

interaction o f  the aryl bromide halogen atom with copper(I) cyanide'’*̂ . The complex formed then 

decomposes into the benzonitrile and copper(I) bromide (Scheme 5.20). The reaction is not affected by 

radical traps which eliminates the possibility o f  a radical type mechanism^*’ .
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2A rBr +  2CuCN (A rCN )2 CuBr +  CuBr 2A rC N  +  CuBr

Schem e 5 .20

R em oval o f  the protecting group in the present work proved problematic. H ydrolysis o f  (476 ) and 

(477) under the basic conditions em ployed in previous sections (K 2 CO 3 , H 2 0 /M e 0 H) generated a com plex  

mixture o f  products. N itriles when under the influence o f  base can undergo conversion to carboxam ides 

(RCO NH 2 ) and carboxylic acids^^®’ which may explain the observed result.

A lthough jV-trifluoroacetamides are easily hydrolysed with m ild base, harsher conditions are 

necessary to effect acid catalysed hydrolysis o f  the amide^’ .̂ King quantitatively rem oved an N- 

trifluoroacetyl protecting group from a substituted cyclopentylam ine by refluxing the com pound in a solution  

o f  anhydrous methanolic HCl^ '̂'. Although cyano groups can also be hydrolysed under acid conditions, water 

is necessary for the transformation to occur. It was considered in this work that the hydrolysis conditions 

em ployed by King may be applicable to the selective A-trifluoroacetyl hydrolysis o f  (4 7 6 ) and (477), leaving  

the cyano group intact. The reaction is shown in Schem e 5 .21. 6 -Cyano M D M A  (478 ) was successfu lly  

formed by this method and isolated in near quantitative yields, whereas, once again, hydrolysis o f  (477 ) was 

unsuccessful for unknown reasons, g iving rise to multiple products w hich were not characterised. Further 

attempts to synthesise 6 -cyano M B D B  (479) were not pursued.

The novel cyano amphetamine (478) was fiilly characterised by IR, ‘H- and '^C-NMR and LRMS. 

Conversion o f  the free base to its corresponding HCl sah afforded a colourless solid (m.p. 272-277°C  (dec.)). 

An elem ental analysis o f  the salt confirmed its molecular formula o f  C 1 2H 15CIN 2 O 2 .

It w as immediately obvious from the IR spectrum o f  (478 ) that the cyano group was intact, with a 

sharp absorption band at 2372cm ‘‘ corresponding to C =N  stretching. The NH stretching band is found at 

3332cm '‘.

5M  HCl/M eOH

reflux, 8 hr CN

COCF

'CN

(4 7 6 ) R, = CH3  (478 ) Rj =  CH3  98%
(4 7 7 ) R, = CH2 CH3  (479 ) Rj =  CH2 CH3  0%

Schem e 5.21

In the 'H-NMR spectrum o f  (478), the doublet at 1.06 5 (J=6.0Hz) is assigned to the H-3' methyl

protons. A  broad singlet integrating for one proton at 1.20 5 represents the NH amino proton. The three N-

methyl protons resonate as a singlet at 2.44 5. Two double doublets represent the pair o f  H-1' diastereotopic 

protons. The more upfield double doublet is centered at 2.69 5 (Jgem=l3.0Hz, Jvic=6.0Hz), w hile the other H- 

r  proton is less shielded, resonating at 2.93 5 (Jgem=13.0Hz, Jvic=6.0Hz). B etw een the H-I' resonances, H-2' 

is displayed as a muhiplet at 2.87 6 . The deshielded OCH2 O protons are found as a sharp singlet at 102.13 

ppm, with the singlets o f  H-2 and H-5 further downfield at 6.77 and 6.98 5 respectively.
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In the ‘^C-NMR spectrum, further evidence indicating the presence o f  a cyano group is found. The 

deshielded C =N  carbon signal is displayed at 104.91 ppm, with C - 6  further dow nfield at 118.30 ppm.

5.9 ATTEMPTED SYNTHESIS OF 6-CARBOXYLIC ACID DERIVATIVES OF 

MDMA AND MBDB

It was mentioned in the last section that cyano groups can be transformed to carboxylic acids v ia  base 

catalysed hydrolysis^^. In the present work, this method was adopted for the attempted synthesis o f  6 - 

carboxylic acid substituted derivatives o f  M DM A and M BDB v ia  the cyano intermediates (466) and (467). It 

was also anticipated, that under basic conditions, concomitant cleavage o f  the protecting group w ould occur. 

However, upon workup o f  each reaction, two unexpected novel tetrahydroisoquinolinones were isolated as 

colorless solids. Further examination o f  the reaction residues failed to detect the expected amino acid 

products.

Lactam formation most probably occurs via  cyclisation o f  the intermediate deprotected carboxylate 

(480). N ucleophilic attack by the secondary amine at the electron deficient carboxyl carbon results in an 

intermediate which abstracts a proton from water. A  loss o f  hydroxide affords the observed isoquinolinones 

(478) and (479) (Schem e 5 .22). A  generic search o f  the literature failed to find a similar chemical 

transformation. Table 5.11 lists the yields, m elting points, IR and '^C-NMR C-1 resonance peaks o f  the 

isolated compounds.

CH
I

N - .
CH
I
N.

COCF

NaOH

EtOH/H^O, reflux, 4hr. C - 0CN

H O t H(476) Ri =  CH 3

(477) R, ^ C H jCH
(480)

-O H “

-O H '

2 'C H ;CH
O

(478) R] =  CHj
(479) R| =  CH 2 CH 3

Schem e 5.22

200



Table 5 .1 1 : Physical and spectroscopic data o f  isoquinolinones (478) and (479).

Compound No. Yield (%) m.p. (°C) IRv„,ax (cm ') '^C-NMR (C-1) ppm

(478) 4 5 8 6 - 8 7 2 7 7 1  ( O C H 2 O ) ,  1 6 4 0  ( C = 0 ) 1 6 3 .3 7

(479) 2 8 8 4 - 8 5 2 7 7 1  ( O C H 2 O ),  1 6 4 2  ( C = 0 ) 1 6 3 .3 6

In the IR spectrum o f  (478), C-H stretching o f  the dioxole ring occurs at 2771cm ‘‘. Tertiary amide 

C = 0 stretching is displayed as a strong intensity band at 1640cm'

In the 'H-NMR spectrum, the methyl group attached to C-3 is displayed as a doublet ( J = 6 . 5 H z )  

resonating at 1 .1 6  8 .  Both H-4 protons are diastereotopic, being adjacent to the chiral center at C-3 and are 

displayed as two separate double doublets at 2 . 5 6  (Jgcn,= 1 5 .5 H z ,  Jv ic= 2 .5H z)  and 3 . 2 8  5  (Jgem=15.8H z,  

Jvic=6 .5H z).  The //-methyl proton singlet is shifted further downfield than is usual to 3 . 1 0  5, due to the 

deshielding effect o f  the lactam carbonyl group. H -3  is found as a multiplet at 3 . 6 7  5 integrating for one 

proton. The increased rigidity o f  the tricyclic system, compared to the acyclic methylenedioxyphenyl 

derivatives discussed to date, results in the methylenedioxy protons becoming diastereotopic. As a result, the 

normally sharp OCH2O proton singlet is displayed as a doublet at 5 . 9 7  5 with a geminal coupling constant o f  

2 .0 H z .  H - 5  resonates at 6 . 5 9  6, whereas H-8 is more deshielded due to the neighbouring carbonyl and is 

found at 7 . 5 2  6. C-4a and C-8a are displayed in the ‘̂ C-NMR spectrum at 1 2 2 .9 7  and 1 3 1 .2 8  ppm. C-1, as 

expected, corresponds to the most deshielded carbon signal at 1 6 3 .3 7  ppm.

Analysis o f  the El-LRMS mass fi'agmentation pattern proved fruitfiil in unambiguously defining the 

isoquinolinone structure (Scheme 5.23). A similar mass fragmentation pattern is observed in the spectrum o f  

(479).

CH
O

Path A

CH
O O

m/z 189 (8%)(478) w /z219 (85% ) m/z 2 0 4  ( 1 0 0 % )

Path B

C H

O

m/z 162 (58%)

Scheme 5.23

Loss o f  the C-3 methyl group from the molecular ion by a-cleavage, followed by removal o f  the N- 

methyl group affords the resonance stabilised base peak fragment o f  mass m/z 204 and imide fragment m/z 

189 (path A). Alternatively, a-cleavage between C-3 and C-4, followed by fragmentation at the amide bond
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results in another resonance stabilised fragment o f  m /z 162. Elim ination o f  the carbonyl group affords the 

m ethylenedioxybenzyl cation radical o f  m/z 134 in 65% relative abundance (path B).

Alternative methods o f  ring carboxylation such as treatment o f  an aryl bromide with «-butyllithium  

follow ed by reaction o f  the lithiated intermediate with dry ice*®were not pursued in this work.

5.10 SYNTHESIS OF 6-PHENYL MDMA AND MBDB

One o f  the m ost convenient and m ildest methods o f  preparing asymmetrical biaryl com pounds is 

known as the Suzuki reaction^’ ’̂ The reaction involves the coupling o f  organoboron com pounds

such as arylboronic acids'’’ ’̂ with an appropriate aryl, alkenyl or alkynyl halide (I, Br or Cl'*®̂ )

triflate and is catalysed by palladium com plexes such as tetrakis(triphenylphosphine)palladium(0 ) 

(Pd(PPh 3 )4 ) and Pd(0 A c)2 . The presence o f  base such as K 2 CO 3  or KOH is also a requirement o f  the 

reaction. A  wide variety o f  solvents is tolerated, including water. The reaction tolerates a broad range o f  

functional groups and proceeds generally regio- and stereoselectively. A lthough many arylboronic acids are 

now com m ercially available, they may be conveniently prepared from an appropriate aryl bromide by 

treatment with «-butyllithium and triisopropylborate"*®^.

The preparation o f  6 -phenyl M D M A  and M B D B  via  the Suzuki reaction appeared to be a suitable 

method o f  obtaining these novel com pounds, em ploying jV-trifluoroacetyl protected aryl bromides (464 ) and 

(465) as starting materials'*® .̂ Diarylamphetamine derivatives have not previously been documented in the 

literamre. The jV-protected 6 -phenyl substituted amphetamines (481 ) and (482) were isolated as colourless 

oils in good yields. Surprisingly, cleavage o f  the jV-trifluoroacetyl protecting groups did not occur under the 

basic reaction conditions. Som e aspects o f  the proton and '^C-NMR o f  (481 ) are discussed below . An 

accurate H R M S mass determination o f  (481) and (482) confirm ed their m olecular formulae.

CH
CH
I
N. COCF

COCF
phenylboronic acid

Pd(PPh 3 ) 4  (5 mol% ), 2M  aq. Na^COa, 
THF, reflux, 6 hr

(464 ) R, =  CH 3

(4 6 5 ) R, =  CH 2 CH
(481) R, =  C H 3  97%
(482) R, =  CH 2 CH 3  76%

K2CO3, 
M eO H , H 2 O, 
rt, 48hr

R w  2 - N H C H

(483) R , =  C H 3  8 6 %
(484) R , =  CH 2 CH 3  8 6 %

Schem e 5.24
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The proton NMR spectrum o f (481) displays two sets o f signals, a result of hindered rotation about 

the amide bond. The rotamer ratio was found to be 65:35 at 27°C in CDCI3. The spectrum confirmed that 

the Suzuki reaction had been successful, with the aromatic region o f the spectrum integrating for a total of 

seven protons. Both aromatic protons of the methylenedioxyphenyl system are readily distinguishable from 

the monosubstituted aryl ring protons at C-6 . H-2 and H-5 are found as a set o f four singlets between 6 . 6 6  

and 6.94 5. H-2" and H-6 " resonate as two pairs o f doublets at 7.21 (0.7H, J=6.5Hz) and 7.26 5 (1.3H, 

J=7.0Hz). Further downfield, the H-4" signals o f both rotamers are represented by a multiplet centered at 

7.33 5 and integrating for one proton. H-3" and H-5" o f both rotamers overlap resulting in a multiplet 

integrating for two protons at 7.39 5. The higher chemical shift values o f H-2 and H-5 relative to the phenyl 

protons at C - 6  is due to the increased electron density within the methylenedioxyphenyl ring arising from 

delocalisation of electrons from the dioxole ring oxygen atoms.

The postulated steps that constitute the Suzuki coupling process are shown in Scheme 5 ,2 5 ®̂*-''®̂ ’''“ . 

For Pd(PPh3)4 to become active, deligation o f the catalyst occurs to give the diphenylphosphinepalladium 

species (485). Oxidative addition of (464) or (465) (represented as ArBr) to the palladium(O) catalyst gives 

rise to the palladium(ll) complex (486). A metathetical displacement of the bromide substitutent in (486) by 

hydroxide ion (formed from the reaction of Na2C0 3  and H2O) takes place to yield the hydroxy palladium(Il) 

complex (487). It has been shown that arylboronic acids behave as Lewis acids in alkali, adding hydroxide to 

form a tetrahedral anion. The anion is 10  ̂ times more active than the neutral boronic acid in elecfrophilic 

reactions. It is this charged species, in this case PhB(0 H)3”, that is thought to react with complex (487), 

generating the diorganopalladium(ll) complex trans-(488). Cis-trans isomerisation o f trans-{488) followed 

by reductive elimination of the organic parmers from m -(488) furnishes the cross-coupling products Ar-Ph 

((481) and (482) in this case) and also regenerates the active palladium(O) catalyst (485).

PPhj
-2PPh3 I

Pd
Ar— Br

Ar— Ph
(485)

PPhO
PPh Ar— Pd— Br

Ar— Pd PhPd

NaOH

-NaBr
NaOH PPh

A r— Pd— OHNaOH

Scheme 5.25
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Smooth removal of the A^-trifluoroacetyl protecting groups o f (481) and (482) afforded 6-phenyl 

MDMA (483) and MBDB (4) as colourless oils in excellent yields. (483) and (484) were converted to their 

HCl salts with melting points of 199-201 and 179-181°C respectively.

The IR spectrum of (483) displays NH stretching o f the secondary amine at 3328cm'’. A doublet 

(J=6.5Hz) resonating at 0.85 6 corresponds to the H-3' methyl protons, while the NH proton is displayed as a 

broad singlet integrating for one proton at 1.27 5. The singlet at 2.18 5, integrating for three protons, 

corresponds to the NCH3 group. Both diastereotopic protons are exhibited as two double doublets at 2.42 

(J=13.0, 7.0Hz) and 2.74 5 (J=13.0, 6.0Hz). Between these two resonances, H-2' is displayed as a multiplet 

at 2.48 5. Further downfield, the characteristic sharp singlet o f the methylenedioxy protons resonates at 5.96 

8. H-2 and H-5 are the most upfield aromatic signals, occurring as singlets at 6.70 and 6.76 5. C-2" and C-6" 

are assigned to the doublet (Jortho=7.0Hz) integrating for two protons at 7.25 6. The multiplet integrating for 

one proton at 7.30 5 corresponds to H-4", while H-3" and H-5" are assigned to the multiplet centered 7.37 5 

and integrating for two protons.

2' NHCH

(483)

C-2 and C-5 are found as the most upfield tertiary aromatic carbons in the '^C-NMR spectrum at 

109.86 and 110.33 ppm, a result o f electron delocalisation from the dioxole ring oxygen atoms. The C-4" 

carbon peak is found further downfield at 126.74 ppm, with C-2", C-3", C-5" and C-6" exhibited as two 

signals at 128.09 and 129.62 ppm. Peaks corresponding to C-6 and C-1" disappear in the DEPT spectrum 

and are found at 135.97 and 141.73 ppm respectively.

5.11 ATTEMPTED SYNTHESIS OF 6-HYDROXY MDMA AND MBDB

The attempted synthesis of 6-hydroxy derivatives o f MDMA and MBDB proved unsuccessful. 

However, as a consolation, a novel method o f preparing benzofiirans was discovered which has not been 

reported in the literature.

Cohen has reported a mild procedure for the preparation o f phenols from anilines via a Sandmeyer 

reaction*®^. The method involves formation of an intermediate diazonium salt o f the aniline with NaNO^, 

followed by the generation and oxidation of the corresponding aryl radical with copper(II) nitrate and 

copper(l) oxide. However, when the jV-trifluoroacetyl protected 6-amino derivatives (410) and (411) were 

subjected to these conditions in an attempt to synthesise their corresponding 6-hydroxy analogues'*®*, the 

reaction proved unsuccessful, affording multiple products which were not characterised.

As a result, a different synthetic approach was attempted, outlined in Scheme 5.26. The key 

intermediate is 6-hydroxypiperonal (490)““°, which has been synthesised in the literature by two different 

methods'"’’' Preparation of the desired amphetamines could then proceed via the three step synthetic 

sequence used in the preparation of 6-fluoro MDMA and MBDB from 6-fluoropiperonal (section 5.6.1).
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Kelkar et al.

(133) CHOO

Saito et al. OH

(490)

OH

(489)

R ^ N H C H j

Schem e 5.26

Kelkar prepared (490) in 40% yield by treating the nitropropene (133) with a mixture o f  AICI3 and 

acetyl chloride in dichloromethane'"'’’. A mechanism for the reaction has been proposed'* However, when 

the reaction was attempted in this work a complex mixture o f  products was formed which did not include the 

desired product. AICI3 has been found elsewhere in this thesis to result in cleavage o f  the dioxole ring o f  

similar methylenedioxy phenyl substituted compounds under comparable conditions to that employed by 

Kelkar, which may explain the observed result.

A different approach towards the synthesis o f  (490) was taken, which involved the ortho 

formylation o f  a phenol, in this case sesamol (489). Three different reaction conditions were attempted, 

(Table 5.12), affording the product in yields ranging ft-om poor (method C) to very poor (method A).

Table 5.12 : Attem pted syntheses o f  6-hydroxybenzaldehyde (490) from  sesam ol (489).

Method A, B or C

(489)

,0

<
0  4

5

(490)

CHO 

^"OH

Method Reaction Conditions Yield (%)

A POCI3, N-methylformanilide, steam bath, 4hr 7

B Hexamine, CF3COOH, reflux, 4hr‘*‘“ 14

C Hexamine, CH3COOH, reflux, SOmin'*’" 37

Method A is known as a Vilsmeier reaction and is one o f  the most common aromatic ring 

formylating methods. However, the reaction is applicable only to the formylation o f  electron rich substrates 

such as phenols, anilines, fiirans, pyrroles and alkenes"*’̂ . Although yields from Vilsmeier reactions are 

reported to be moderate to good, in this work (490) was isolated in just 7% yield, the remainder being 

starting material. The reaction will be discussed in more detail in section 5.12.

Methods B and C are variations o f  a procedure known as the D uff reaction'413 , 414 The scope o f  this

reaction is even more limited than the Vilsmeier reaction in that it can only be applied to anilines and
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phenols. In addition, only ortho formylation occurs. Saito prepared 6-hydroxypiperonal from sesamol via 

method B in 56%, yield but when the same reaction conditions were employed in this work, the maximum 

yield obtained was just 17%. In the same paper, Saito also prepared 5-methyl-6-hydroxypiperonal from 2- 

methylsesamol by replacing trifluoroacetic acid with acetic acid. This procedure, method C, was also applied 

in this work and was fttund to give the highest yield of product from the three methods. Although the 

reaction time for method C was just 30 minutes, the yield o f (490) was more than doubled when compared to 

method B where the reaction time was considerably longer. This is in contrast to previous reports where it is 

claimed yields are much higher when trifluoroacetic acid is used in place of acetic acid^"’' ’'*'̂ .

The mechanism of the Duff reaction is outlined in Scheme 5.27'“ '*. C-6 o f (489) is prone to attack 

by electrophilic species due to ortho activation by the C-1 phenol and para  activation by the methylenedioxy 

C-3 oxygen. Protonation of hexamine may increase the electrophilicity o f the a  methylene groups within the 

molecule, resulting in electrophilic addition to sesamol at C-6. Further protonation and cleavage o f the 

resulting sesamol-hexamine complex affords the methyleneamine intermediate (491) which rearranges to the 

methylimine (492). Hydrolysis of (492) upon workup produces the desired product and methylamine.

OHOH

(491)

CHO

OH OH

(490) (492)

OH

(489)

Scheme 5.27

The first step towards the synthesis o f the desired 6-hydroxyamphetamines from (490) is formation 

of an intermediate nitrostyrene via a Henry condensation with an appropriate nifroalkane. Difficulties in 

synthesising ortho hydroxy nitrostyrenes are well known '̂*'’, highlighted in this work with the novel 

nitropropene (493) isolated in just 28% yield (Scheme 5.28). Synthesis o f the nitrobutene analogue proved 

unsuccessftil.

0 - ^ / % ^ C H O  CH3CH2NO

< J

2>N0,

(CH3)2NH.HC1, KF, toluene O 4 ^ -^ 6 ^ o H

(490) (493) 28%

Scheme 5.28
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The IR spectrum o f (493) displayed the OH stretching band at 3326cm ‘‘. Symmetric and 

asymmetric stretching o f  the nitro group is found at 1504 and 1297cm ‘.

Proton and ‘̂ C-NMR spectra were acquired in CD3OD. In the proton NMR spectrum, H-3' 

resonates as a singlet at 2.39 5 integrating for three protons. The vinylic H-1' proton is heavily deshielded 

and is displayed as a singlet at 8.31 5. In the ‘̂ C-NMR spectrum, C-1' is displayed at 130.80 ppm, with the 

quaternary vinylic C-2' proton fiirther downfield at 152.09 ppm. Deshielding by the phenol shifts C - 6  to 

155.09 ppm.

It was anticipated that reduction o f  (493) with Fe powder would afford the ortho phenolic ketone

(494) (Scheme 5.29). However, an IR spectrum o f  the reaction product revealed the absence o f  both OH and 

C = 0  stretches. Detailed spectroscopic analysis subsequently showed the product was in fact the benzoftiran

(495).

N O ,

OH

(493)

Fe, CH 3 COOH, 
steam bath, 2 hr

OH

(494)

(495)

Scheme 5.29

(495) has previously been reported'” *, but no spectroscopic details were provided. The proton NMR 

spectrum displays the methyl group at C-7 as a singlet integrating for three protons at 2.37 5. The 

methylenedioxy protons resonate further downfield as a doublet (J=3.0Hz) at 6.21 6 , probably a result o f  the 

increased diastereomeric nature o f  the protons due to the greater rigidity o f  the molecule. The vinylic H - 8  

proton resonates as a doublet (J=l ,0Hz) at 6.21 8 , due to coupling with the methyl group at C-7. H-2 and H- 

5 o f  the aromatic ring are found as singlets, each integrating for one proton at 6.82 and 6.90 8 . LRMS and 

C,H elemental analysis confirmed a molecular formula o f  C 1 0H8 O3 .

Although acid catalysed cyclisations o f  ortho phenolic ketones to benzofurans are well known‘‘*̂  ‘'‘*,

a search o f  the literature revealed that the transformation in one step from an appropriately substituted 

nitrostyrene has not been reported. The two step synthesis o f  benzofiirans from ortho hydroxy 

benzaldehydes observed in this work may be an attractive method o f  preparing these compounds, provided

that the generation o f  ortho hydroxy nitrostyrenes can be optimised.

A proposed mechanism for this transformation is shown below (Scheme 5.30). Ketone (494) is 

probably formed in the reaction, but protonation o f  the carbonyl oxygen results in nucleophilic attack by the 

C - 6  hydroxy group at C-2', affording the cyclic tetrahydrobenzofiiran intermediate (496). Protonation o f  the 

furan hydroxy group followed by dehydration gives rise to the observed benzofuran (495).

Further attempts to prepare 6 -hydroxy MDMA and MBDB were not pursued.
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N02 •O ;0 H

Fe

C H 3 COOH

(493) (494)

' I

H

-H"", H 2 O

- H H

(495) (496)

Scheme 5.30

5.12 SYNTHESIS OF 6-ALKOXY DERIVATIVES OF MDMA AND MBDB

The importance o f  m ethoxy and alicoxy substituents on the aromatic rings o f  hallucinogenic primary 

amphetamines was discussed in Chapter 1. H owever, little attention has been paid to the synthesis and 

pharmacological evaluation o f  A^-methyl amphetamines bearing m ethoxy groups on the aromatic ring. N- 

M ethylation significantly attenuates the hallucinogenic activity o f  known hallucinogens and may result in an 

increased selectivity o f  these compounds to inhibit the serotonin transporter protein. It was therefore 

decided to explore the synthesis o f  M DM A and M B D B  derivatives bearing m ethoxy and ethoxy substituents 

at position 6  o f  the aromatic ring.

Shulgin has prepared 6 -m ethoxy M DM A in five steps from sesam ol (4 8 9 )“*̂ . The compound was 

evaluated for M D M A -like activity in humans but little effect was observed in doses up to 70mg'*^. N o  

objective pharmacological tests have been reported o f  the amphetamine in the literature. The synthetic 

method used by Shulgin was also exploited in this work for the preparation o f  6 -m ethoxy and 6 -ethoxy  

derivatives o f  M D M A  and M BDB.

The first four synthetic steps are outlined in Schem e 5.31 . In the first step, base promoted proton 

abstraction o f  sesam ol at the phenolic hydroxy group affords a phenoxide anion w hich nucleophilically  

attacks either iodomethane or iodopropane, forming 3,4-m ethylenedioxyanisole (497)'"^ and its ethoxy 

analogue (498)'*^*’ respectively in excellent yields.

A V ilsm eier reaction was used to effect ortho  formylation o f  (497 ) and (498 ), affording 6 - 

methoxypiperonal (499)'* '̂'* '̂ and 6 -ethoxypiperonal (500)''^“ in good  to moderate yields. An IR spectrum o f  

both com pounds displayed C = 0  stretching o f  the formyl group at 1655cm"‘. In the 'H -N M R  spectrum o f  

(497) and (498), H-2 and H-5 are displayed as singlets, indicating the location o f  the formyl group at C-1. 

The formyl protons o f  both benzaldehydes resonate at 10.25 and 10.30 8 .
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OH

R ,l, NaOH

EtOH, reflux, 4hr

POCI3 ,
PhN(CH 3 )(CHO)

Steam bath, Ihr O '*

(489) (497) R, = CH 3  93%
(498) R, = CH2 CH 3  92%

Fe, CH 3 COOH

steam bath, 2 hr

(499) R, = C H 3  81%
(500) R, = CH 2 CH 3  55%

(505) R, = CH3 , R2  = CH 3  96%
(506) R, = CH3 , R2  = CH 2 CH 3  91%
(507) R, = CH2 CH3 , R2  = CH 3  99%
(508) R, = CH2 CH3 , R2  = CH 2 CH 3  97%

R2CH2NO2,
toluene, (CH 3 )2 NH.HC 1, 
KF, reflux, 24hr

NO2

OR

(501) Rj = CH 3 , R2  = CH 3  83%
(502) R, = CH 3 , R2  = CH 2 CH 3  89%
(503) R, = CH 2 CH 3 , R 2  = CH 3 84%
(504) R, = CH 2 CH 3 , R2  = CH 2 CH 3  78%

Scheme 5.31

In the initial step of the Vilsmeier reaction (also referred to as the Vilsmeier-Haack reaction), the 

reactive formylating agent is formed from A^-methylformanilide (PhN(CH 3 )(CHO)) and phosphorous 

oxychloride (POCIs)"^' (Scheme 5.32). Other A',A^-disubstituted formamides, such as DMF, have also been 

used. The formylating agent in this case is the chloromethyl iminium salt (509), also called the Vilsmeier 

complex'*^". (509) acts as the electrophile in an electrophilic substitution reaction at C- 6  o f the alkoxy 

methylenedioxybenzenes (497) and (498) (Scheme 5.32). The initial product (510) o f the electrophilic 

aromatic substitution step is unstable and easily hydrolyses upon aqueous workup, affording the piperonal 

derivatives (499) and (500).

A Henry condensation between the benzaldehydes (499) and (500) with either nitroethane or 1- 

nitropropane provides the nitrostyrenes (501)-(504) in good yields as yellow or orange crystals. 

Nitropropenes (501)“*̂  and (502)'*^ have been reported in the literature. Nitrobutenes (503) and (504) are 

novel compounds.
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POCl
^  H— C— ClH— C H— C

(497) Ri = CH 3

(498) R, =  CH2 CH3

-HCl

O ^ C H O

(499) R, = CH3

(500) Rj = CH2 CH3

H ,0

Scheme 5.32

HI

‘̂ "N(CH3)(Ph)

OR,

(510)

The fourth step of the synthesis involves smooth reduction o f the nitrostyrenes to their 

corresponding ketones using iron in glacial acetic acid. (505) is the only compound which has been 

previously reported. Table 5.13 displays some relevant spectroscopic details ofketones (505)-(508).

Table 5.13: Relevant IR. ‘ H- and '^C-NMR data o f  ketones (505)-(508).

Com pound No. (cm ') ‘H-NMR (5)

H r  O C H 2O

’̂ C-NMR (ppm) 

C-2' (C = 0)

(505)“’" 2773 (OCH2O), 1719 (C =0) 3 .5 7 , s 5.89, s 206.89

(506) 2773 (OCH2O), 1719 (C =0) 3.56, s 5.89, d, J=1.5Hz 209.45

(507) 2773 (OCH2O), 1720 (C =0) 3.56, s 5.88, s 207.02

(508) 2773 (OCH2O), 1719 (C=0) 3.56, s 5.88, s 209.57

A Borch reductive amination of ketones (505)-(508) with methylamine afforded the desired amines 

(5T1)-(514) (Scheme 5.33). The yields suggest that increasing the length o f the carbon backbone from an 

isopropyl to an isobutyl side chain (65 and 62% yields) has less o f an influence on the yield of the reaction 

than increasing the length o f the alkoxy group at C-6 (33 and 24%) and is most likely due to unfavourable 

steric factors. As an example o f the amphetamine series, features o f the proton and ‘̂ C-NMR spectroscopy 

of butanamine (512) are discussed below. All free base amines of the series were converted to their 

respective HCl salts (melting points listed in Table 5.14), all o f which gave satisfactory elemental analyses.
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CH3NH2.HCI, NaCNBH3 

MeOH, pH 5-6, rt, 72hr

(505) R, = CH3, R2 = CH3
(506) R, = CH3, R2 = CH2CH3
(507) R, = CH2CH3, R2 = CH3
(508) R, = CH2CH3, R2 = CH2CH3

NHCH,

(511) R, =  CH3, R2 = CH3
(512) R[ =  CH3, R2 = CH2CH3
(513) R[ =  CH2CH3, R , =  CH3
(514) R , =  CH2CH3, R2 = CH2CH3

Schem e 5.33

Table 5.14 : Yields and relevant IR data o f  amphetamines (5I1)-(514) and melting points o f  their 

corresponding HCl salts.

Compound No. Yield (% ) IRVmax (cm ') m.p. (°C) HCl salt

(511) 65 3327 (NH), 2791 (^C H j) 166-168 (lit. 168-169)^-

(512) 33 3339 (NH), 2792 (NCH 3 ) 156-157

(513) 62 3329 (NH), 2791 (NCH 3 ) 181-184

(514) 24 3338 (NH), 2791 (NCH 3 ) 127-128

The proton NMR spectrum o f (512) displays H-4' as a triplet integrating for three protons at 0.92 5 

(J=7.5Hz). A multiplet integrating for 3H between 1.35 and 1.51 6  corresponds to the NH proton and both 

H-3' protons. Addition of D2 O to the NMR sample collapses this resonance into a multiplet integrating for 

two protons. The NCH3  protons are found further downfield at 2.37 5 as a singlet. Another multiplet 

displayed at 2.52 and 2.65 5 represents the overlapping diastereotopic H -1' and H-2' protons. The methoxy 

protons are more deshielded than protons o f the A^-methyl group and resonate as a singlet at 3.74 5, with the 

deshielded 0CH-.0 singlet exhibited at 5.87 5. With three electron donating oxygen atoms at C-3, C-4 and 

C - 6  o f the aromatic ring, the relatively shielded H-2 and H-5 protons resonate as two singlets at 6.51 and 6.64 

6 .

2 ' NCH

6  OCH

(512)

A 22.54 ppm shift difference is observed between the NCH 3 and OCH 3 resonances in the *^C-NMR 

spectrum. The jV-methyl carbon signal is displayed at 33.67 ppm, with the electronegative oxygen atom 

shifting the methoxy carbon to 56.21 ppm. Additional shielding at C-5 o f the aromatic ring is clearly 

evident from the '^C-NMR spectrum, with its resonance found at 94.69 ppm. C-2 is meta to the methoxy 

group at C - 6  and so, is much less shielded than C-5. As a result, C-2 is found in its usual chemical shift 

region, in this case at 110.37 ppm

211



5.13 6-ALKYL AND 6-THIOALKYL DERIVATIVES OF MDMA AND MBDB

The bioisosteric replacement o f  oxygen by sulphur has been applied extensively to study structure- 

activity relationships o f  various pharmacological agents'*^ .̂ The lower electronegativity o f  sulphur compared 

to oxygen will eliminate the ability o f  the ligand to form a hydrogen bond with a receptor or transporter 

protein. On the other hand, the introduction o f  a sulphur will increase the hydrophobic properties around the 

position o f  the substitutent. The balance between hydrogen bonds and hydrophobic interactions is very 

important for the tight binding o f  a drug to its site o f  action'*̂ '*. Furthermore, because sulphides are more 

lipophilic than their corresponding oxygen compounds, passage through the blood-brain barrier may be 

enhanced. This ability is essential for inhibitors o f  the serotonin transporter protein. Replacement o f  oxygen 

with a methylene group produces substituents which are at the extreme o f  the hydrophobicity scale. 

However this may be at the expense o f unfavourable interactions with hydrophilic groups o f  amino acid 

protein residues or vice versa  (see Table 1.5 o f  the Chapter I as an example o f  biosteric replacements o f  

hallucinogenic amphetamines).

A common method o f  introducing alkyl, thiol or thioalkyl substituents onto aromatic rings is to 

replace an aromatic acidic hydrogen atom or halide (iodo or bromo) substitutent with lithium followed by 

reaction o f  the lithiated species with an appropriate alkyl iodide'®*, sulphur powder**̂  ̂ or dialkyl disulphide^^^’ 

The most commonly used lithiating agent for this purpose is «-butyllithium («-BuLi). Attempts to 

synthesise 6-alkyl, thiol and thioalkyl derivatives o f  MDMA and MBDB initially focused on this method via  

lithiation o f  the corresponding 6-bromo TV-protected methylenedioxyamphetamines with «-BuLi.

Protection o f  the amine fiinctionality o f  6-bromo MDMA and MBDB is necessary as n-BuLi would 

otherwise abstract the secondary TV-methyl amino proton in preference to the aromatic bromine atom, leading 

to undesirable side products. The base sensitive A^-trifluoroacetyl protecting group is not appropriate in this 

case, as «-BuLi would effect its cleavage. The ideal protecting group for the present work should a) not 

contain acidic hydrogen atoms which could be abstracted by n-BuLi, b) not be cleaved in the presence o f  n- 

BuLi, but be easily cleaved subsequently to afford the desired amphetamine derivatives.

In an attempt to convert 7-bromo-tetrahydroisoquinoline to its 7-thiomethyl analogue via  halogen- 

metal exchange with «-BuLi, Grunewald protected the quinoline aliphatic secondary amine with a 

triphenylmethyl (also known as a trityl (CPh3 )) group"'* .̂ This bulky protecting group is unreactive toward 

«-BuLi and is easily cleaved by aq. HCl/acetone at room temperature. However, in this work all attempts to 

protect the secondary amines o f  6-bromo MDMA and MBDB with this protecting group by Grunewald’s 

method failed, most likely due to unfavourable steric factors.

For the protection o f  an A^-methyi aniline against lithiation by «-BuLi, Florvall used a pivaloyl 

protecting group"*̂ ®. The pivaloyl moiety does not possess acidic hydrogens a  to the amide carbonyl group 

and so excludes undesired lithiations o f  the amide alkyl residue. Teranishi reported that deprotection o f  

pivaloylindole derivatives is easily achieved with NaSCHs in methanol at rt"*̂ ’ . In light o f  these reports, 

MDMA was converted successfully in this work to the pivaloylamide (515) (Scheme 5.34). Bromination at 

C-6 with elemental Br2  afforded the A^-pivaloyl protected 6-bromo MDMA derivative (516). Before further 

chemical modifications were performed at C-6 o f  (516), the deprotection o f  the compoimd was explored. 

Regrettably treatment o f  (516) with NaSCHs failed to cleave the protecting group. Refluxing (516) with a 

solution o f  NaOH in aq. EtOH for 24hr again failed to deprotect the compound. Partial deprotection (20%) 

was achieved on refluxing (516) in a mixture o f  3M aq. HCl/EtOH for 36hr, but the reaction was considered
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unviable due to the low  yield and harsh conditions. A s a result, a more laborious but successful approach 

was taken towards the preparation o f  the desired alkyl and thioalkyl derivatives o f  M D M A  and M B D B  

although preparation o f  the 6 -thiol analogues was unsuccessful.

CH
N H C H

Brj, C H 3 COOH  

rt, 12hr Opyr, rt, 2 hr

CH
I

N

O

(24) M D M A (5 1 5 ) 84% (5 1 6 ) 58%

1. N aSC H j, M eO H , rt, 2hr (0%)
2. N aO H , H2 0 /Et0 H reflux, 24hr (0% )
3. 3M  aq. H Cl/EtOH , reflux, 36hr (20% )N H C H 3

(466)

Schem e 5.34

As an alternative to introducing the desired substituents at the amphetamine stage, it was decided to 

explore their introduction at the ketone stage. The 6 -substituted ketones could then be reductively aminated 

to afford the desired substituted amphetamines. Schem e 5.35 summarises the three step synthesis o f  the

required 6 -bromo ketones (520) and (521), from 6 -bromopiperonal (517 ) , via  nitrostyrenes (518 ) and

(519) respectively. (520) and (521) have not been previously reported in the literature and were fully 

characterised by IR, 'H- and '^C-NMR, LRM S, and elem ental analysis.

.NO^

CHOCHO

rt, 1 2 hr Br

R]CH2N02

(68) (5 1 7 ) 51%

(CH3)2NH.HC1, KF 
toluene, reflux, 24hr

(520) = C H 3  8 8 %
(521) R, = C H 2 CH 3  75%

0-
T

0̂"- i ^ B r

(518 ) Ri = C H 3  82%
(519) Ri = CH 2 C H 3  76%

Fe, C H 3 COOH  
steam bath, 2 hr

.0

S chem e 5 .35
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The H-1' methylene protons o f  (520) and (521) are slightly acidic due to the electron withdrawing 

effects o f  the a  carbonyl group. Reaction o f  either ketone with «-BuLi would result in abstraction o f  one o f  

these protons, in addition to aromatic bromine-lithium exchange. It is therefore necessary to fiinctionalise the 

carbonyl group into a less electron withdrawing moiety so that a  proton abstraction is prevented. Conversion 

o f  the carbonyl groups o f  (520) and (521) to their corresponding l,3-dioxolanes‘'̂ ° (522) and (523) results in 

a moiety which is much less electronegative than its corresponding ketone, thereby reducing the acidity o f  

the H-1' methylene protons to «-BuLi. The protecting group is stable to «-BuLi and is easily removed by 

acid catalysed hydrolysis. The novel 1,3-dioxolanes (522) and (523) were synthesised"*^' in this work in good 

yields, as outlined in Scheme 5.36.

HOCH2CH2OH 

Br p-TSA,  toluene, reflux, 18hr

(520) R, =  CH3  (522) R, =  CH 3  97%
(521) R | = C H 2 CH 3  (523) R, =  CH2 CH 3  79%

Scheme 5.36

Absence o f  a carbonyl group from the IR spectra o f  both compounds immediately suggested that the 

reaction had been successful. In the proton NMR spectrum o f  (522), an additional muitiplet was found 

between 3.80 and 3.96 5 corresponding to the four diastereotopic protons o f  the protecting group. The 

methylene H-1' singlet resonates 0.54 5 further upfield compared to its corresponding propanone (520). In 

the ‘̂ C-NMR spectrum o f  (522), both methylene carbons o f  the dioxolane ring resonate as a single peak at 

64.75 ppm. The signal is inverted in the DEPT 135° spectrum.

Treatment o f  the protected ketones (522) and (523) with «-BuLi afforded the highly nucleophilic 

lithiated species (524) and bromobutane as by-product. Addition o f  methyl or ethyl iodide and dimethyl or 

diethyl disulphide to (524) at -78°C  produced the 6 -substituted dioxolane intermediates (525) which were 

not isolated, but hydrolysed in their crude forms to the corresponding ketones (526)-(533). Under appropriate 

conditions, p-TSA may also be used to catalyse the hydrolysis o f  1,3-dioxolanes in addition to its ability to 

catalyse their formation'*^ .̂ In this work, rapid hydrolysis was achieved by refluxing in a mixture o f  aqueous 

HCl/EtOH. Purification was performed by flash column chromatography on silica gel. Table 5.15 lists the 

yields, IR carbonyl absorption bands and melting points, where appropriate.

Attempted conversion o f  dioxolane (522) to its thiol derivative by treatment o f  the lithiated 

intermediate with sulphur powder"*̂  ̂ followed by an acidic workup failed, resulting in the formation o f  

multiple products which were not characterised. Further attempts to prepare the compound were not pursued.

R,
O

o
(o Br
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R ,

< x0 ^ ^  Br

(522) R , = CH 3

(523) R, = CH 2 CH 3

(526)-(533)

- 7 8 “C

20%  aq. HCl, EtOH

reflux, 2hr

(524)

CH 3 I, CH 3 CH 2 I, 

(CH 3 S ) 2  or (CH 2 C H 3 S ) 2  

THF, -7 8 °C

(525)

Schem e 5.37

Table 5.15 : Yields, IR (C=0) stretching frequencies and melting points o f 6-substituted ketones (526)-(533).

Compound No. Ri R: Yield (% )* (cm ‘) m.p. (°C)

(526) CH3 CH3 90 1704 (C=0) 52-53 (lit. 54-55)“'-

(527) CH3 CH2CH3 90 1710 (C=0) Oil

(528) CH3 SCH3 97 1720 (C=0) 46-47

(529) CH3 SCH2CH3 99 1715 (C=0) 43-44

(530) CH2CH3 CH3 83 1713 (C=0) Oil

(531) CH2CH3 CH2CH3 78 1718 (C=0) Oil

(532) CH2CH3 SCH3 99 1714 (C=0) Oil

(533) CH2CH3 SCH2CH3 97 1717 (C=0) Oil

* refers to the combined yields o f  the «-BuLi and hydrolysis steps.

The proton NM R spectrum o f (529) is discussed below as an example o f  the series.

(529)

At 1.23 5, the most upfield resonance o f  the 'H -N M R spectrum  o f  (529), a triplet (J=7.5Hz) 

corresponds to the methyl group o f  the thioethyl substitutent at C-6 . D eshielding by the carbonyl group shifts 

the terminal H-3' methyl singlet to 2.20 5. A quartet at 2.78 5 (J=7.5Hz), integrating for two protons, is
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assigned to the methylene group o f the thioethyl group at C-6 . H-1’, a  to the carbonyl group is found as a 

singlet integrating for two protons at 3.89 5, with the singlet o f the dioxole ring protons further downfield at 

5.96 5. H-5 is more deshielded than H-2 as it is ortho to two electron donating groups at C-4 and C-6 . H-5 

resonates as a singlet at 6.67 5 with H-5 fiirther downfield at 6.97 5.

Reductive amination o f ketones (526)-(533) was performed in the usual manner via a Borch 

reduction with NaCNBHa and CH3 NH2 .HCI. Table 5.16 outlines the yields and IR data o f the amphetamine 

derivatives (534)-(541). Apart from 6 -methyl MDMA (534)"'^, the remaining methylenedioxyamphetamine 

derivatives have not been previously reported and were fully characterised by either El-HRMS or elemental 

analysis.

Table 5.16 : Yields and IR (NH) absorption frequencies o f  the amphetamine free bases (534)-(541) together 

with the melting points o f  their corresponding HCl salts.

(526H 533)

NHCH

CH3 NH 2 .HCI, NaCNBH

MeOH, pH 5-6, rt, 72hr

Compound No. Ri R 2 Yield (%)* (cm ') m.p. (°C)

(534) CH3 CH3 82 3326 (NH) 206-208 (lit. 206-207)“*̂

(535) CH3 CH2 CH3 61 3327 (NH) 157-158

(536) CH3 SCH3 48 3323 (NH) 127-128

(537) CH3 SCH2 CH3 31 3320 (NH) 102-103.5

(538) CH2 CH3 CH3 26 3335 (NH) 143-145

(539) CH2 CH3 CH2 CH3 53 3335 (NH) 167-169

(540) CH2 CH3 SCH3 61 3334 (NH) 148-149

(541) CH2 CH3 SCH2 CH3 60 3338 (NH) _ A

* calculated for the free base; HCl salt formation unsuccessful

Aspects o f the proton and ‘̂ C-NMR spectra of 6 -thiomethyl MBDB (540) are now presented as an 

example o f the series.

The H-4' isobutylamine protons correspond to the most upfield resonance of the 'H-NMR spectrum 

at 0.96 5 (t, J=7.5Hz), integrating for a total o f three protons. Slightly further downfield, a multiplet found 

between 1.39 and 1.56 5 represents the diastereotopic H-3' methylene protons and the NH proton. Two 

adjacent singlets at 2.40 and 2.41 5, each integrating for three protons, represent the N- and 5-methyl 

functionalities. In contrast, the methoxy group o f 6 -methoxy MBDB (512) resonates 1.3 5 further downfield 

at 3.74 5 and so, both compounds are easily distinguishable by proton NMR. H-2' o f (540) is found as a 

multiplet at 2.65 5, with the diastereotopic H-1' protons also resonating as a mukiplet between 2.68 and 2.83
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5. Both deshielded methylenedioxy protons are exhibited as a singlet at 5.93 8. Finally, H-2 and H-5 

resonate as distinct singlets, each integrating for one proton at 6.70 and 6.85 5 respectively.

6 SCH

(540)

A total o f  thirteen peaks are observed in the '^C-NMR spectrum o f  (540). The C-4' methyl carbon is 

the most upfield peak at 9.77 ppm. The thiomethyl carbon also resonates upfield at 18.04 ppm and is within 

the region where the 4-methylthio carbon peaks o f  compounds discussed in Chapter 3 were typically 

observed. The A^-methyl carbon signal o f  (540) occurs further downfield in comparison to the SCH3 signal, 

at 33.76 ppm.

5.14 SYNTHESIS OF 6-METHYL MDMA AND MBDB VIA A NOVEL SUZUKI 

REACTION WITH TRIMETHYLBOROXINE

The most common variant o f  the Suzuki reaction involves sp^-sp^ coupling. However, numerous 

reports o f  sp^-sp^ Suzuki coupling have also been documented**^^’ Methylation o f  aromatic

halides by the Suzuki reaction has mostly involved the use o f  methylboronic acid (CH3 B(OH)2 )‘*̂ ‘'’

Gray'*’* recently reported the use o f  trimethylboroxine (TM B) (542) as an effective methylating agent and 

practical alternative to the more expensive^^’ and less widely available methylboronic acid.

CH,
I ^

H3C'®'0'®'CH3

(542)

TMB is the anhydride o f  methylboronic acid. It is postulated that, under the usual Suzuki reaction 

conditions, (542) undergoes hydration to form three equivalents o f  methylboronic acid, which is the most 

likely coupling species'*^*. The synthesis o f  methylboronic acid and TMB has been documented"*^’ . Aryl 

iodides, bromides and chlorides all undergo Suzuki coupling with TMB'*"*. The anhydride o f  phenylboronic 

acid, triphenylboroxine, has also been used successfully in Suzuki coupling reactions'*^”.

In the present work the synthesis o f  6-methyl MDMA and M BDB was explored via  the Suzuki 

methylation o f  their 6-bromo-jV-trifluoroacetyl derivatives (464) and (465) with TMB (Scheme 5.38). In 

addition to Suzuki methylation at C-6, both compounds underwent base catalysed deprotection, affording the 

methyl amphetamines (534) and (538) as sole products in one step. IR and proton NMR spectra o f  authentic 

samples o f (534) and (538) synthesised in the previous section were identical to the products o f  this reaction.
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CH
I

N. NCH

TM B

Pd(PPh 3 ) 4  (15 m ol% ), K 2 CO 3 , 
l , 4 -d ioxane:H 2 0 / 9 ; l ,  reflux, 48hr

CH

(534) R , =  CH 3  82%(4 6 4 ) R, =  CH 3

(4 6 5 ) R , =  CH 2 C H 3  (538 ) R, =  CH 2 CH 3  77%

Schem e 5 .38

5.15 6-CYCLOPROPYL MDMA AND MBDB

A  comm on method o f  synthesising a cyclopropyl m oiety is by formal addition o f  a carbene to an 

alkene via  a procedure known as the Sim mons-Smith reaction'*^'’ The alkenes necessary for the 

cyclopropanation step may be prepared via  a W ittig reaction o f  an appropriate aldehyde or ketone with a 

phosphorous ylid“̂ ‘. One possible method o f  preparing 6 -cycIopropyl M DM A and M B D B  w ould be from 

the 6 -brom o protected ketones (522) and (523) w hich were available from section 5.13. The synthesis o f  6 - 

cyclopropyl substituted amphetamines has not been previously docum ented in the literature. Substitution o f  

(522) and (523) at C - 6  o f  the aromatic ring with a formyl group would provide an opportunity to introduce a 

cyclopropyl ring at this position by methylenating the benzaldehyde follow ed by cyclopropanation o f  the 

resulting arylalkene. Removal o f  the 1,3-dioxolane protecting group follow ed by reductive amination o f  the 

resulting ketone with methylamine HCl would then afford the desired amphetamines.

The proposed synthetic route proved successfiil in practice, w ith isolation o f  the novel 6 -cyclopropyl 

derivatives o f  M D M A  and M BD B as oils.

Schem e 5.39 outlines the synthesis o f  6 -substituted ketones (547 ) and (548). A  formyl group was 

conveniently introduced at C - 6  o f  (522) and (523 ) v ia  bromine-lithium exchange with «-BuLi, follow ed by 

electrophilic attack o f  the lithiated intermediate with anhydrous DM F’'̂ '*' The resulting novel

benzaldehydes (543) and (544) were isolated as colourless solids and were fully characterised by IR, 'H- and 

'^C-NMR, LRMS and elem ental analysis. The IR spectra o f  (543) and (544) displayed strong absorption 

bands at 1671 and 1665cm ‘‘ respectively, corresponding to C = 0  stretching o f  the formyl group. In the 

proton N M R  o f  (543), C-2 and C-5 are displayed as singlets, confirm ing the position o f  the formyl group at 

C-6 . H-2 resonates at 6 .77 §, with H-5 further dow nfield at 7.36 5, due to the inductive effect o f  the CHO  

group. The heavily deshielded formyl proton resonates as a singlet at 10.14 5. In the ‘^C-NMR spectrum o f  

(543), the formyl carbon is found at 189.68 ppm.

The protected ethenes (545) and (546) were synthesised in excellent yields from (543) and (544) via  

a W ittig reaction with methyltriphenylphosphonium bromide and «-BuLi'*^^. The IR spectra o f  both alkenes 

display terminal C=C vinyl stretching at 1626cm ''. In the 'H -NM R spectrum o f  (545), the cis terminal vinyl 

proton is found as a doublet at 5 .20 5 (Jas= 11 .OHz) with the trans proton fiirther dow nfield at 5.51 6  

(Jtrans= 17.6Hz). The vinylic proton a  to the aromatic ring resonates as a double doublet at 7.05 5 and exhibits 

reciprocal cis  and trans coupling to the p vinyl protons o f  11.0 and 17 .6H z respectively. In the '^C-NMR
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spectrum the signals at 135.21 and 113.36 ppm correspond to the a  and p vinylic carbons respectively. The 

more upfield carbon signal is inverted in the DEPT 135° spectrum.

R,

,o
<

O Br

(522) R, = CHj
(523) Ri = CH2CH3

«-BuLi, DMF

CHO

(543) R, = CH3 55%
(544) R, = C H 2CH3 81%

CH3PPh3Br 
«-BuLi, THF

20% aq. HCl, EtOH 
m--------------------------

reflux. 2hr

(547) R, = CH3 76%
(548) R| = CH2CH3 40%

EtoZn, CH-,1,

CH2CI2

0 - A

(545) R, = CH3 99%
(546) R| = CH2CH3 96%

Scheme 5.39

In the Simmons-Smith cyclopropanation‘“'‘' o f (545) and (546), the reactive methylene species is 

believed to be in the form of iodomethylethylzinc (549), formed by halogen exchange between 

diiodomethane and diethylzinc (Scheme 5.40)“*̂ .̂ The addition reaction o f CH2 to the alkene double bond is 

formulated as a one-step mechanism, where both new carbon-carbon bonds are formed simultaneously via 

the transition state (550).

CH3CH2ZnCH2CH3 + CH2 I2

H

(545)-(546)

(549)

CH3CH2ZnCH2l

(549)

C -H

(550)

CH3CH2I

H H 
C - C - H

H H

Scheme 5.40

The Simmons-Smith reaction has traditionally used zinc-copper couple in place o f diethylzinc'*'*^. 

Copper takes no part in the cyclopropanation other than activating the zinc surface for reaction'*^^. However 

the use o f diethylzinc allows the introduction of RCH and ArCH in addition to CH2, by the use o f RCHI2 or
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ArCHIa^^'. Reaction o f  the zinc-copper couple with substituted m ethylene iodides g ives only low  yields o f  

products'*'’̂ .

Aromatic cyclopropanation has recently been extended to cross-coupling Suzuki reactions o f  

cyclopropylboronic acids"*̂  ̂and bromoarenes'*^^ in excellent yields.

The crude products o f  the cyclopropanation reaction were not isolated but were taken directly onto  

the 1,3-dioxolane hydrolysis step, affording the novel 6 -cyclopropyl substituted ketones (547) and (548) as 

oils. Their proton and '^C-NMR spectra feature a series o f  upfleld signals corresponding to the cyclopropyl 

group. Taking (547 ) as an exam ple, tw o multiplets are observed in the ‘H -NM R  spectrum centered at 0 .57  

and 0 .90 5. Each resonance corresponds to a pair o f  m agnetically equivalent diastereotopic protons derived  

from the methylene groups o f  the cyclopropyl ring. The cyclopropyl proton a  to the aromatic ring is further 

dow nfield as a multiple! at 1.74 5. In the ‘^C-NMR spectrum, both methylene carbons o f  the cyclopropyl 

ring are magnetically equivalent and resonate as a single peak at 6 .95 ppm. The signal is inverted in the 

DEPT 135° spectrum. The tertiary CH carbon is found fiuther dow nfield at 13.47 ppm.

Reductive amination o f  (547 ) and (548) with methylam ine HCl afforded 6 -cyclopropyl M D M A  

(551) and M B D B  (552) as oils in poor yields. Y ields were m ost likely affected by unfavourable steric factors 

due to the cyclopropyl group (Schem e 5.41). Table 5 .17 outlines the relevant IR data o f  the novel 

amphetamines, together with the m elting point o f  (551).HC1. A ll attempts to convert (552) to its HCl salt 

failed.

 ̂ N H C H ,

C H jN H j.H C I, N aC N B H j 

M eO H , pH 5-6 , rt, 72hr

( 5 4 7 ) R i = C H 3  (551 ) Rj = C H 3  40%
(548) R 2  =  CH 2 CH 3  (552 ) R , =  CH 2 CH 3  30%

Schem e 5.41

Table 5.17: Relevant IR data o f  (551) and (552) and melting points o f  their corresponding HCl salts.

C om pound No. IR v „ „  (cm  ’) m .p. (°C ) H C l salt

(551) 3329  (NH ), 2789  (NCH3) 184-185

(552) 3335 (N H ), 2790  (NCH3)

* unsuccessful salt formation.

As an exam ple o f  the series, relevant aspects o f  the ‘H- and ‘̂ C-NMR spectra o f  6 -cyclopropyl 

M D M A  (551) are presented below .

Each m ethylene group o f  the cyclopropyl ring consists o f  a pair o f  diastereotopic protons. H owever, 

between both CH? groups there exists tw o pairs o f  m agnetically equivalent protons, where each m em ber o f  a 

pair is derived from a different m ethylene group. Both pairs are represented in the proton N M R  spectrum as 

two upfield multiplets at 0.60 and 0.91 5, each integrating for tw o protons. The terminal H-3' methyl protons 

resonate as a doublet at 1.09 5 (J=6.0H z), with a broad singlet observed slightly further dow nfield at 1.41 5
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due to the NH proton. The tertiary carbon proton o f  the cyclopropyl ring resonates as a multiplet at 1.91 6  

integrating for one proton. A singlet integrating for three protons at 2 . 4 3  5 is assigned to the NCH 3 group. 

Both H - 1 '  diastereotopic protons resonate as double doublets, centered at 2 . 6 8  ( J g e n ,= 1 3 .3 H z ,  J v i c = 6 .5 H z )  and 

2 . 9 3  5 ( J g c „ = 1 3 .3 H z ,  J v i c = 6 .0 H z ) .  Between these two signals, H - 2 '  is displayed as a multiplet at 2 . 8 6  5. 

Deshielding by both a oxygen atoms shifts the characteristic sharp methylene singlet o f  the dioxole ring to 

5 . 8 9  5, with the relatively shielded H - 2  and H - 5  aromatic protons resonating as singlets further downfield at 

6 . 5 0  and 6 . 6 6  5.

(551)

Fourteen signals are observed in the ‘̂ C-NMR spectrum o f (551). Both methylene carbons o f  the 

cyclopropyl ring are now represented as two individual peaks at 7.48 and 7.71 5 both o f  which are inverted in 

the DEPT 135° spectrum. The tertiary cyclopropyl carbon is less shielded and is found at 13.18 ppm.

The HCl salt o f  (551) was analysed by IR and C,H,N elemental analysis.

5.16 6-VINYL MDMA AND MBDB

1,3-Dioxolane protected vinyl ketones (545) and (546) were prepared in the previous section as 

intermediates in the synthesis o f  6 -cyclopropyl MDMA and MBDB. The compounds were considered as 

possible starting materials for the synthesis o f  6 -vinyl MDMA and MBDB, as acid catalysed removal o f  the 

dioxolane protecting groups, followed by reductive amination o f  the resulting ketones with methylamine and 

NaCNBHs would afford the desired products. The synthesis o f  6 -vinyl substituted amphetamines have not 

been previously reported in the literature.

An initial attempt to deprotect (545) and (546) by the method described in the section 5.13 for the 

deprotection o f  alkyl and thioalkyl substituted ketones (aq. HCl, EtOH, reflux, 2hr) failed to produce the 

required ketones, affording instead several products which were not characterised. Less forceful hydrolysis 

conditions were also attempted (acetone, p-TSA, 20°C, 12hr‘‘̂ * and 5% aq. HCl, THF, rt, 20hr''^^), but in all 

cases multiple products were formed which were not characterised.

An alternative approach towards the synthesis o f  6 -vinyI MDMA and MBDB which proved successful 

involved an initial palladium catalysed cross coupling o f 6 -iodo-A^-trifluoroacetyl protected MDMA (468) 

and MBDB (469) with tributylstannylethylene. The reaction is one example o f  palladium mediated cross 

coupling o f  organostannanes and organic electrophiles, a procedure known as the Stille reaction'*^*’. The 

generic Stille reaction is schematically defined in Scheme 5.42^^^’ Ri is typically an unsaturated moiety 

(vinyl, aryl, heteroaryl, alkynyl, allyl) or less often an alkyl group, R2  represents the organostannane non- 

transferable ligand (aknost always butyl or methyl), R 3 X  is an organic electrophile (where R 3  = alkenyl, aryl.
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heteroaryl, acyl, allyl, benzyl or propargyl and X  =  Cl, Br, I or triflate) and Pd(0)L„ is the liganded  

palladium  catalyst.

Pd(0)L„
R - S n ( R 2 ) 3  +  R3 - X  ---------------------------------- ► R - R 3  +  X - ( R 2 ) 3 Sn

S chem e 5.42

The Stille reaction has proved to be a very powerfiil and important m ethod in many aspects o f  

synthetic organic chemistry, especially in the field o f  natural products synthesis'*^”. One spectacular 

application is represented by the final step in the first total synthesis o f  (-)-rapam ycin  (554 ) where a 

palladium catalysed tandem inter/intramolecular Stille coupling o f  the fully flm ctionalised, unprotected 

precursor (553) and frara-1,2-bis(tributylstannyl)ethylene provided the 31-m em bered m acrocycle in 27%  

yield  (Schem e 5.43)'*^*.

SnBu

Pd(CH 3 C N )2 C l2  ( 2 0  mol% ), 

/-Pr2 N E t DM F:TH F/2:1, 

2 5 “C (27% )
OH

OCH
OH

(553)

OH

OCH
OH

O C H 3

(-)-rapam ycm  (554 )

Sch em e 5.43

In the present work, the novel 6 -vinyl protected amphetamines (555) and (556 ) were prepared"*^  ̂ in 

excellent yields, employing tetrakis(triphenylphosphine)palladium(0) as catalyst (Schem e 5 .44). The 

procedure adopted for this reaction originally em ployed a reflux time o f  8  hours''^^. H ow ever when a similar 

reflux duration was applied in this work, (555) and (556) were formed in 45 and 40%  yields respectively, 

determined by proton NM R spectroscopy. W hile these yields w ould have provided adequate quantities o f  

(555) and (556) for the subsequent deprotection step, it proved im possible to separate the products from their 

unreacted iodo starting materials as both exhibited identical Rf values in all solvent system s exam ined. It was 

therefore necessary to force the reaction to com pletion. Gratifyingly, this was accom plished on extension o f  

the reflux time to 96 hours. Removal o f  the labile A^-trifluoroacetyl group did not occur. Accurate EI-HRMS  

determinations o f  both (555) and (556 ) confirmed their molecular formulae.
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CH
I

N .
CH.

COCFCOCF

Pd(PPh3 ) 4  (5 mol%), 1,4-dioxane 
reflux, 96hr

(555) Ri = CH 3  90%
(556) R, = CH2 CH3  82%

(468) R, = CH3

(469) R, = CH2 CH

K2CO3, 
MeOH, H 2 O, 
rt, 48hr

NHCH

(557) R| =  CH 3  92%
(558) R i = C H 2 C H 3  85%

Scheme 5.44

The catalytic cycle for the formation o f  (555) and (556) is outlined in Scheme 5.45'’̂ ®. lodo precursors 

(468) and (469) are represented as Ar-1. Initial deligation o f  Pd(PPh3 ) 4  to Pd(PPh3 ) 2  affords the active 

catalyst. The first step o f the cycle involves oxidative addition o f  the aryl iodide to the palladium catalyst, 

generating a 16 electron palladium(II) complex (559). Oxidative additions are accelerated by electron-rich 

phosphorous ligands on the palladium center"*̂ .̂ (559) then participates in a transmetalation with 

tributylstannylethylene, affording complex (560). Transmetalation is very often the rate-determining step o f  

the Stille reaction. It has been shown that transmetalation o f  (559) to (560) proceeds via  prior ligand 

dissociation and that ligands with lower donicity toward Pd(ll) than PPh3 (for example, triphenylarsine 

(PhsAs)) can lead to major transmetalation rate enhancements''^'^’ Stereochemically, transmetalation 

usually proceeds with retention o f  configuration. Facile cis-trans isomerisation o f  (560) to (561) followed by 

reductive elimination o f  the coupled product, in this case (555) and (556), regenerates the active catalyst.

PPh3
I
Pd

A t  1
PPh,

Ar— Pd------1

PPh3

4

PPh3
I

Ar— Pd-----PPh3

(561)

(559)
PPhi

I SnBu

Ar— Pd-

(560)
PPh,

Scheme 5.45
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Facile base catalysed removal of the A'-trifluoroacetyl group from (555) and (556) afforded 6-vinyl 

MDMA (557) and MBDB (558) in excellent yields. Table 5.18 summarises the major IR peaks of the novel 

vinyl substituted amphetamines and melting points of their corresponding HCl salts. As an example of the 

series, the proton NMR spectrum of (557) is described below.

Table 5.18 : IR data o f (557) and (558) and melting points o f their HCl salts.

Compound No. IR v„„ (cm ') m.p. (°C) HCl salt

(557) 3329 (NH), 2791 (NCH3), 1625 (vinyl C=C) 194-196

(558) 3337 (NH), 2791 (NCH3), 1626 (vinyl C=C) 143-145

The proton NMR spectrum of (557) displays the terminal H-3' protons as a doublet (J=6.0Hz) at 

1.05 5. A broad singlet at 1.27 5, integrating for one proton, corresponds to the NH proton while the N- 

methyl protons resonate further downfield at 2.41 5 as a singlet. One of the diastereotopic H-1' protons is 

readily distinguishable at 2.56 5 (Jgen,= 12.8Hz, Jvic=5.5Hz), while the second H-1' proton forms a multiplet 

with the resonance of H-2’, centered at 2.76 5. The terminal ethene proton cis to the vinyl proton a  to the 

phenyl ring is found as a doublet at 5.20 5 (Jcjs= 11 .OHz), while its trans counterpart resonates further 

downfield at 5.52 5, exhibiting a larger coupling constant of 17.0Hz. Deshielding by both oxygen atoms 

shifts the dioxole methylene singlet to 5.94 5. H-2 and H-5 are exhibited as singlets at 6.64 and 7.02 5, with 

the a  vinyl proton resonating between the aromatic signals as a double doublet at 6.94 6 (Jcis=l 1 OHz, 

J tran s=  17.0Hz).

(557)

5.17 6-ALKYNYL DERIVATIVES OF MDMA

6-Iodo-A^-trifluoroacetyl protected MDMA (468) was subjected to a series of Sonogashira coupling 

reactions in an attempt to synthesise 6-ethynyl (561), 6-propargylamino (562) and 6-propargylalcohol (563) 

derivatives of MDMA (Scheme 5.46). The introduction of alkynyl groups as substituents of amphetamine 

ring systems has not been reported previously.

CH3
I

COCF:

1. Sonogashira coupling.

2. Hydrolysis

(468)

\ .N H C H 3 (561) R =

'°TT (562) R =

(563) R =

_ ^NH, 

,0H

Scheme 5.46
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In 1975, Sonogashira demonstrated that terminal alkynes react smoothly with bromoalkenes, 

iodoarenes and bromopyridines in the presence o f  catalytic amounts o f  a palladium catalyst and cuprous 

iodide in diethylamine at room temperature. The Pd(0)/Cu(I) catalysed coupling o f  sp  and sp^ hybridised 

carbon atoms is now often referred to as the Sonogashira coupling reaction and is summarised in Scheme 

5.47.

Pd(0)
R — X + H C = C —R2  -------------------------------------------------------- ► R — C = C —R2

Rj = aryl, vinyl or pyridyl 
X = halogen

Scheme 5.47

Takahashi reported that ethylylarenes may be conveniently prepared by treatment o f  an iodoarene 

with trimethylsilylacetylene under Sonogashira conditions, followed by base catalysed hydrolysis o f  the 

trimethylsilyl (TMS) group"*̂ *. This procedure was thought to be a convenient method in the present work o f  

synthesising 6 -ethyne MDMA (561), as base catalysed hydrolysis o f  the 7V-trifluoroacetyl protecting group 

would also be expected to occur during the removal o f  the trimethylsilyl ethynyl group. Indeed, the 6 - 

substituted acetylene intermediate (564) was synthesised*’̂ *’ in excellent yields from (468) (Scheme 5.48). 

The TMS group was the dominant feature o f  the ‘H-NMR spectrum o f  (564), resonating as two singlets at 

0.26 and 0.27 6  integrating for a total o f  nine protons. Two peaks are observed due to the presence o f  

rotamers in a ratio o f  60:40 in CDCI3 at 27°C. In the '^C-NMR spectrum, two peaks are again observed for 

the heavily shielded methyl carbons o f  the TMS group, resonating at -0 .0 9  (minor rotamer) and -0 .0 6  ppm 

(major rotamer). Disappointingly, removal o f  the TMS group^’® proved unsuccessful, resulting in the 

formation o f  several products which were not characterised. Further attempts to synthesise (561) were not 

pursued.

CH,
I ^

'^^ "C O C F j
P — =  SI(CH3)3

Pd(PPh3 ) 4  (5 mol%),
Cul (10 mol%),

EtiN, rt, 5hr
(468)

Synthesis o f  the 6 -propargyl MDMA derivatives (562) and (563) proved more successful, as 

outlined in Scheme 5.49. A^-Trifluoroacetylpropargylamine, necessary for the synthesis o f  (562), is not 

commercially available but was easily prepared"* ’̂ in this work from propargylamine and trifluoroacetic 

anhydride in 95% yield.

(565) and (566) were fully characterised by IR, proton and ’̂ C-NMR, LRMS and EI-HRMS. The 

IR spectra o f  (555) and (556) displayed C=C alkyne stretching at 2234 and 2225cm''. The proton and '^C- 

NMR spectra o f  both compounds displayed two sets o f  signals due to the presence o f  rotamers. In the '^C-

COCF3

NaOH

HjO, MeOH 

Si(CH3)3

X
NHCH 3

(564) 87% (561)

Schem e 5.48
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NMR spectrum of (565), for example, the trifluoromethyl carbons of both the amide and alkyne moieties of 

both rotamers resonate as quartets at 115.80 and 116.42 ppm respectively, each exhibiting Jc,f coupling 

constants of 288Hz. The ethyne carbon p to the A^-trifluoroacetyl group resonates at 82.28 (mmor rotamer) 

and 82.57 ppm (major rotamer), whereas the alkyne carbon a to the phenyl ring is slightly more deshielded 

and resonates further downfield at 85.16 (minor rotamer) and 85.82 ppm (major rotamer).

CH,
I  ^

N
"COCF3

CH3  
I  ^

(468)

-R

Pd(PPh3 ) 4  (5 mol%), Cul (10 mol%),

(565) R = NHC0CP3 97%

Et3 N, reflux 5hr

COCF

(566)

K2CO3,
H2 O, MeOH, 
rt72hr

(562) R = NH2  76%
(563) R = OH 96%

Scheme 5.49

The presumed catalytic cycle for the Sonogashira coupling of (468) to (564)-(566) is shown in

Scheme 5.50

Ar— C = C — R 
(564)-(566)

PPhj

Ar— Pd— C ^ C — R

PPh3

(568)

PPh3

I
Pd
I
PPh Ar 1

(468)

Et,NH r H C = C — R

PPh3
I

Ar—Pd----- 1
I
PPh3

(567)

Scheme 5.50
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Initial deligation o f  Pd(PPh 3 ) 4  occurs, affording Pd(0 )(PPh 3 ) 2  as the active catalyst. This process is 

also essential for the Suzuki and Stille catalytic cycles. Once formed, the highly coordinatively unsaturated 

14-electron palladium(O) catalyst participates in an oxidative addition reaction with aryl iodide (468) 

(represented as Ar-I in Schem e 5 .50), to g ive the 16-electron palladium (II) com plex (567). A  copper(I) 

catalysed alkynylation o f  (567 ) then furnishes aryl-alkynyl palladium (II) com plex (568). Finally, a 

terminating reductive elimination step affords the coupled products and regenerates the active palladium(O) 

catalyst.

G ood yields o f  the desired m ethylenedioxyam phetam ines (562) and (563 ) were also obtained, with 

both trifluoroacetyl groups removed from (565 ) in 76% yield  (Schem e 5.49). The proton N M R  spectrum o f  

propargyl alcohol (563) displays the deshielded propynol m ethylene protons a  to the hydroxy group as a 

singlet integrating for two protons at 4 .46  5. The OH and N H  protons are displayed as a broad singlet 

centered at 2 .85  5. In the ‘"’C -NM R spectrum, the quaternary propynol carbon (3 to the phenyl ring resonates 

at 84.03 5 with the more deshielded a  propynol carbon located at 90 .93 ppm. D eshielding by the a  hydroxy 

group shifts the adjacent m ethylene carbon to 50 .96  ppm. The signal is inverted in the DEPT 135° spectrum. 

Due to the shielding effect o f  the triple bond, C - 6  is displayed more upfield than usual at 115.72 ppm.

OH

(563)

5.18 STUDIES IN THE SYNTHESIS OF 6-ACYL DERIVATIVES OF MDMA 

AND MBDB

To com plete the desired C - 6  aromatic substitution studies o f  M DM A and M B D B , it w as necessary  

to explore the synthesis o f  a number o f  6 -acyl derivatives o f  the amphetamines. Seggel prepared a series o f  

hallucinogenic 4-acyl-2,5-dim ethoxy amphetamines via  a Friedel-Crafts acylation o f  unsubstituted N- 

trifluoroacetyl protected 2,5-dim ethoxyam phetam ine (# -T F A -2 ,5 -D M A ) with an appropriate acyl chloride 

using titanium (lV ) chloride as Lewis acid, fo llow ed  by base assisted removal o f  the protecting group*”. This 

method appeared w holly applicable to the preparation o f  the desired 6 -acyl amphetamines for the present 

work, em ploying A^-trifluoroacetyl protected M D M A  (403) and M B D B  (404) in place o f  7V-TFA-2,5-DMA. 

H owever, it was found in this work that treatment o f  A^-trifluoroacetyl M D M A  (403 ) with acetyl chloride and 

TiCU at -3 5 °C  afforded the expected product, 6 -acetyI-A'^-trifluoroacetyl M D M A  (569), in just 8 % yield. 

When TiCU was replaced with AICI3 and the reaction performed at room temperature"*^’, the expected  

product was isolated in 4% yield. Furthermore, four additional novel compounds were also isolated as two 

pairs o f  inseparable positional isomers from both the TiCU and AICI3  reactions; the chlorom ethoxy-acetoxy  

compounds (570) and (571) and their 6 -acetyl substituted analogues (572) and (573), form ed from  

unexpected, Lewis acid assisted cleavage o f  the m ethylenedioxy ring. All products were characterised by IR, 

extensive one and two-dim ensional NM R, LRM S and either HRM S or elem ental analysis.
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Table 5.19 : Compounds isolated from  the Friedel-Crafts acylation o f  N-trifluoroacetyl MDMA (403) with 

acetyl chloride and either TiCl^ or AlCl3.

CH 3
I  ^
N.

COCF3
1. TiCU (200 mol%), CH 3 COCI (200mol%),

CH 2 CI2 , -35°C , 2hr or

2. MCI3  (200 mol%), CH 3 COCI (200mol%),
CH 2 CI2 , rt, 2 hr

(403)

CH

COCF

(569)-(573)

Compound No. Ri R 2 R 3 Yield (% ) 

TiCl4

k

AICI3

(569) n X COCH3 8 4

(570) CH2CI COCH3 H 49 52

(571) COCH3 CH2CI H 26 28

(572) CH2CI COCH3 COCH3 6.3 3.6

(573) COCH3 CH2CI COCH3 0.7 0.4

* Yields of (570), (571) and (572), (573) determined by H-NMR peak ratios 
o f their inseparable mixtures.

A review o f the literature revealed that the ability o f acyl chlorides and acid anhydrides to cleave 

ethers is well known"'*®. It has also been observed that acyl chlorides are much more effective than the 

corresponding anhydrides'**' and the addition o f Lewis acids facilitates the reaction'*® .̂ Goldsmith'**' and 

Bonsignore'**® have both demonstrated that treatment o f cyclic ethers such as epoxides, substituted 

tetrahydrofurans and methylenedioxybenzene with a combination o f magnesium bromide and acetic 

anhydride results in ether cleavage to the corresponding bromoacetates. Examples of such transformations 

are shown in Scheme 5.51. Cleavage o f the dioxole ring of methylenedioxybenzene'**® by MgBr2/Ac2 0  

(Scheme 5.51) gave a product which is analogous to the C-3 and C-4 substitution patterns o f (570)-(573) 

identified in this work.

Cyclic ether Major product

O

MgBr2 , AC2 O, rt, 15hr

0

AcO

AcO

Br^^O

Br

Scheme 5.51

The mechanism for the ring cleavage o f A^-trifluoroacetyl MDMA to (570) with TiCU is shown in 

Scheme 5.52. A similar mechanism may be used to explain the formation o f (571)-(573). TiCU mediated
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abstraction of CP from acetyl chloride results in the formation o f a highly electrophilic acetylinium cation. 

Instead o f the expected electrophilic addition o f the cation to C-6 o f (403), addition occurs preferentially to 

the C-4 methylenedioxy oxygen atom. The methylene carbon o f the dioxole ring is now electron deficient as 

a result of the a  positive charge on the oxygen at C-4 and undergoes a nucleophilic attack by titanium- 

coordinated chloride anion, resulting in ring breakage and formation o f (570).

CH,C0C1 TiCL CH,CO TiCl<

Ĥ C,

C H i C 6

CKTiCL

COCH

Scheme 5.52

CIH2CO

H.COCO
(570 )

Ring cleavage may also be assisted by coordination o f excess TiCU with the oxygen lone pair of 

electrons at C-3, thereby increasing the electrophilicity o f  the dioxole ring methylene group and facilitating 

reaction with CP. In addition, coordination of the C-3 methylenedioxy oxygen atom results in deactivation 

of an otherwise activated aromatic ring'*“ , which explains the low yield o f C-6 acetylated products from the 

reaction. A preference for acetylation of the C-4 dioxole ring oxygen is observed.

Buckley examined the reactivity o f methylenedioxybenzene towards AlBrs/acetyl chloride''^. It was 

found that dioxole ring cleavage and deactivation o f the aromatic ring may be reversed by increasing the 

steric bulk o f the methylene group o f the dioxole ring. Reaction o f the diisopropyl methylenedioxybenzene 

analogue (574) with excess AIBrs and acetyl chloride afforded the expected acetophenone (575) as the sole 

product (Scheme 5.53). Due to steric hindrance, there is a reduced ability of AlBrs to coordinate with the 

oxygen atoms o f (574). Ring breakage does not occur and the system experiences greater reactivity towards 

electrophiles.

AlBrj (200 mol%)

— CH3COCI (200 mol%)

(574)

Scheme 5.53

(575) 100%

Not all Lewis acids result in cleavage o f the methylenedioxy ring system. Several authors have 

successfully employed SnCU in the Friedel-Crafts acylation o f methylenedioxyphenyl ring systems, affording 

the corresponding phenones in high yields"’ ’̂ Gratifyingly, when SnCU was used"*̂  ̂ in place o f TiCU

or AICI3 for the Friedel-Crafts acylation o f A^-trifluoroacetyl MDMA (403) and MBDB (404), the desired 

acylated products (569) and (576)-(578) were isolated in satisfastory yields as sole products from the 

reactions. SnCU most likely exhibits a reduced ability to coordinate with the oxygen atoms of 

methylenedioxy ring systems, resulting in the abolition o f ring cleavage. Reduced coordination with the 

dioxole ring oxygen atoms of (403) and (404) would also facilitate aromatic Friedel-Crafls acylation.
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Table 5.20 : Yields, melting points and IR data o f  phenones (569) and (576)-(578).

CH,
I ^

N.
COCF,

CH,

SnCl^, R2 COCI

CH2 CI2 , 0-5“C, 12hr

(403) Ri = CH 3

(404) R, = CH 2 CH 3

O

'C O C F,

R.

(569), (576)-(578)

Compound No. Ri R 2 Yield (% ) m.p. (°C) (cm ‘)

(569) CH3 CH3 75 82-83 1683 (COCH 3 , NCOCF3 )

(576) CH3 CH2 CH3 72 82-83 1683 (COCH 3 , NCOCF3 )

(577) CH2 CH3 CH3 74 99-100 1682 (COCH,. NCOCF3 )

(578) CH2 CH3 CH2 CH3 72 96-97 1682 (COCH,. NCOCF3 )

Proton and *^C-NMR spectra of the acylated compounds were complicated by the presence of 

rotamers. The rotamer ratio o f (569), for example, was determined by ‘H-NMR to be 60:40 in CDCI3 at 

27°C. Acylation at C - 6  was confirmed for all compounds by the presence o f two pairs o f para  aromatic 

singlets in their 'H-NMR spectra, corresponding to H-2 and H-5. H-5 resonates, on average, 0.7 5 further 

downfield than H-2 due to the deshielding effect o f the neighbouring carbonyl group. The carbonyl carbon 

resonates as a pair o f peaks in the '^C-NMR spectra between 198 and 203 ppm.

All that remained was to hydrolyse the A^-trifluoroacetyl protecting groups from (569) and (576)- 

(578) to generate the desired acetyl and propionyl analogues of MDMA and MBDB. However, the IR 

spectrum of the isolated product from each reaction was distinctly lacking typical NH secondary amine or 

C =0 stretching bands. Instead, a medium intensity band is found in each spectrum between 1626 and 

1647cm'*. Indeed '^C-NMR spectra o f all products displayed no peaks below 150 ppm, indicating the 

absence of carbonyl carbons as functionalities o f  their molecular structures. Further detailed analysis o f their 

proton and '^C-NMR specfra and LRMS fragmentation patterns showed that the products were wholly 

consistent with the formation of a series o f A'-methyl-l-alkenyl-6,7-methylenedioxy-l,2,3,4- 

tetrahydroisoquinolines (Scheme 5.54 and Table 5.21).

NHCH

CH
I
N.

COCF

K2 CO 3 , HoO, MeOH, 
rt, 72hr

(569), (576)-(578)

(579)-(582) R;
Scheme 5.54
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Table 5.21 : Yields and relevant IR data o f  N-methyl-1-alkenyl-6,7-methylenedioxytetrahydroisoquinolines 

(579)-(582).

Compound No. Ri R3 R4 Yield (% ) IR̂max (cm )

(579) CH3 H H 80 2799 (NCH3 ), 1626 (C=C)

Z-(580)* CH 3 H CH 3 60 2802 (NCH 3 ), 1634 (C=C)

£-(580)* CH3 CH3 H 2 0

(581) CH2 CH 3 H H 78 2792 (NCH3 ), 1642 (C=C)

Z-(582)^ CH2 CH 3 H CH3 57 2793 (NCH3), 1647 (C=C)

£-(582)'' CH 2 CH3 CH3 H 14

*,^ (580) and (582) isolated as inseparable mixtures o f  isomers in total yields o f 80 and 71% 
respectively. E- and Z-isomer yields determined from 'H-NMR signal ratios.

A proposed mechanism for the formation of the observed tetrahydroisoquinoHnes is presented in 

Scheme 5.55. Base catalysed removal on the A'-trifluoroacetyl protecting groups o f (569) and (576)-(578) 

followed by nucleophilic attack at the acyl carbonyl carbon by the nitrogen electron lone pair results in 

cyclisation to the tetrahydroisoquinoline alkoxide intermediate (583). Proton abstraction from water 

followed by loss o f hydroxide from (584), produces the 1,2-tetrahydroisoquinolinium cation (585). In this 

state, protons of the C-1 substituent are relatively acidic, resulting in base assisted proton abstraction to 

afford the observed 1-alkenyl tetrahydroisoquinoHnes (579)-(582).

CH,

COCF

O

K ,CO .

CH2 R2  H2 O, MeOH

(569), (576) R, = H 
(577), (578) R, = CH3

H ,0

H Rt

(579) Ri = CH3 , R2  = H
(580) R, = CH3 , R2  = CH3

(581) Rj = CH2 CH3 , R2  = H
(582) R, = CH2 CH3 , R2  = CH 3

NHCH

-H"

CH
(583)

-0 H “

-OH"

CH

CHR- (585)_0H (584) HO CH2 R2

Scheme 5.55
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NOE experiments were performed to unambiguously determine the proton and '^C-NMR signals

corresponding to the E- and Z-isomers o f  (580) and (582). In the case o f  £-(580) and £-(582), a positive

The proton NMR spectrum displays the methyl protons o f  the C-3 ethyl side chain as a triplet at 

0.83 5 (J=7.3Hz). Both protons a  to the methyl group are diastereotopic as they reside a  to the C-3 chiral 

center. As a result the methylene group is represented as two distinct multiplets at 1.23 and 1.47 6, each 

integrating for one proton. A 0.5 8 shift difference is observed between both diastereotopic H-4 protons, with 

the most upfield proton resonating as a multiplet at 2.61 5. A singlet integrating for three protons at 2.92 5 is 

assigned to the NCH3 group. The multiplet centered at 3.10 8 integrates for two protons and represents H-3 

and the more downfield H-4 diastereotopic proton. Both protons o f  the alkene substitutent at C-1 are 

represented as broad singlets at 3.66 and 4.26 8, each integrating for one proton. Due to the increased 

rigidity o f  (581) compared to an acyclic methylenedioxyphenyl derivative, the methylene protons o f  the 

dioxole ring system are now diastereotopic and their proton NMR resonance is split into a doublet at 5.92 8 

(J=6.8Hz) due to geminal coupling. The more upfield aromatic singlet at 6.53 8 corresponds to H-5 while H- 

8 is located at 7.17 8.

In the '■’C-NMR spectrum, the unsubstituted alkene carbon at C-1 is found at 76.12 ppm. The peak 

is inverted in the DEPT 135° spectrum. C-1, C-6 and C-1 are represented by just two signals at 146.23 and 

147.23 ppm, as two o f  the carbon resonances overlap.

NOE is observed between the methyl protons o f  the 1-ethene substitutent and H-8 o f  the aromatic ring. No 

such interaction was observed with their corresponding Z-isomers. Aspects o f  the proton and ‘̂ C-NMR o f  

the 3-ethyl dihydroisoquinoline (581) are described below.

(581)

(581) w /z231 (36%) w /z216(12% )

m/2 202 (100%) m/z 187(10% ) m/z 172(13% )

Scheme 5.56



In the low resolution mass spectrum o f  (581), the m olecular ion {m /z 231) is present in 36% relative 

abundance (Schem e 5 .56). Loss o f  the methyl group from the nitrogen affords m /z  216 . A lternatively a p

losses o f  the N C //i and alkene m ethylene groups g ives rise to the fragments o f  m /z  187 and 172 respectively.

An examination o f  the formation o f  tetrahydroisoquinolines (579 )-(582 ) (Schem e 5.55) reveals that 

C-1 and the C-1 alkenyl substitutent are derived from the C- 6  acyl groups o f  (569) and (576)-(578). It was 

postulated that base catalysed cyclisation o f  the acylated intermediates may be prevented by placing a 

suitable acyl group at C-6 , where the carbon a  to the carbonyl group is either a quaternary carbon or a carbon 

p ossessing suitable substituents, w hich would prevent double bond formation at C -I. The latter option was 

fiirther explored in this work with the initial Friedel-Crafts acylation o f  (403) and (404 ) with SnCU and 

cyclopropylcarbonyl chloride, affording the novel acylated intermediates (586) and (587 ) in excellent yields  

(Schem e 5.57). As expected, base catalysed removal o f  the A^-trifluoroacetyl protecting groups did not result 

in subsequent cyclisation, as the C-1 alkylidenecyclopropane analogues o f  (588 ) w ould be highly  

unfavourable products under the reaction conditions'***. Instead, 6 -cyclopropylcarbonyl M D M A  and M B D B  

were isolated as sole products from the reactions by a sim ple acid base extraction procedure. The hydrolysis 

reaction was performed for just 48 hours instead o f  the usual 72 hours due to time constraints, w hich may 

explain the lower than expected product yields. Spectroscopic analysis o f  com pounds (5 8 6 )-(587 ) and (589)- 

(590) included IR, proton and ‘^C-NMR, LRMS and HRMS.

The IR spectrum o f  6 -cyclopropylcarbonyl M D M A  (589) displays a weak absorption at 3338cm '' 

corresponding to N H  stretching, with C = 0  stretching found at I672cm ‘‘. In the proton N M R  spectnm i, H-3' 

resonates as a doublet (J=5.5H z) at 0 .99 5. A  pair o f  m agnetically equivalent, diastereotopic cyclopropyl 

protons is displayed at 1 . 0 0  8 , integrating for two protons, w hile the second diastereotopic pair is located

cleavage o f  the molecular ion produces a resonance stabilised cation o f  m /z  202 as the base peak. Successive

'C O C F 3

(586 ) R | =  C H 3  96%
(587 ) R , =  CH2 CH 3  90%

K 2 C O 3 , H 2 O, M eOH , 
rt, 48hr

(589 ) R[ =  C H 3  63%
(590) Rj =  CH 2 CH 3  63%

Rix^NHCH3

Schem e 5.57
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further downfield at 1.19 5. A broad singlet, integrating for one proton at 1.17 5 is assigned to the NH 

proton. Deshielding by the carbonyl group shifts the a  cyclopropyl proton to 2.33 5, resonating as a 

multiplet. Adjacent to this resonance a sharp singlet integrating for three protons corresponds to the N -  

methyl group. Both H-1' diastereotopic protons are represented by the multiplet centered at 2.71 5 while H-2' 

also resonates as a multiplet, at 2.92 5. The characteristic sharp singlet of the dioxole ring methylene protons 

is found at 5.98 6. Both aromatic protons are represented as singlets. The more upfield resonance 

corresponds to H-2, while the peak at 7.19 5 is assigned to the deshielded H-5 proton. The ‘̂ C-NMR 

spectrum displays both cyclopropyl methylene carbons as a single peak at 11.78 ppm and is inverted in the 

DEPT 135° spectrum. The cyclopropyl carbon a  to the carbonyl group is found at 20.71 ppm. C-1' 

resonates at 40.72 ppm which is also inverted in the DEPT 135° spectrum. The most downfield peak o f the 

'^C-NMR spectrum corresponds to the carbonyl carbon a  to C-6, resonating at 203.28 ppm.

5.19 SUMMARY

A series o f novel six-substituted derivatives o f MDMA (24) and MBDB (27) were prepared in order 

to determine, in future work in this Department, the effects o f various substitutents on the ligand binding 

affinities of the serotonin transporter (SERT) protein relative to the parent compounds. A number of 

unexpected chemical transformations also occured, including the formation of a methylenedioxybenzofuran 

from the attempted preparation of 6-hydroxy MDMA and the formation o f a series of 

methylenedioxytetrahydroisoquinolines from the attempted synthesis o f 6-carboxyl and 6-acyl derivatives of 

MDMA and MBDB.

Table 5.22 presents the calculated partition coefficient (ClogP) values and molecular volumes of 

six-substituted derivatives of MDMA and MBDB successfully synthesised in this chapter. The octanol-water 

partition coefficient provides an indication of the lipophilic or hydrophobic character o f a drug molecule, and 

is an important factor when considering the capacity of a drug to pass through lipid membranes and interact 

with its target protein. A lower ClogP value indicates a less lipophilic molecule. It is found fi'om Table 5.22 

that the MBDB series o f compounds produces a higher ClogP value in all cases relative to their 

corresponding MDMA analogues, and is due to extension o f the isopropylamine carbon backbone of MDMA 

by one carbon. Substitution o f MDMA and MBDB by a phenyl group produces the most lipophilic 

amphetamines with ClogP values o f 2.68 and 3.21 for compounds (483) and (484) respectively. On the other 

hand, the ClogP value of 6-acetamido MDMA, (426), was found to be -0.30, indicating that the molecule is 

highly lipophobic relative to (483).

The size o f the substitutent at position 6 will also play a vital role in the binding ability o f  the 

methylenedioxyamphetamines to the SERT protein. In addition an increased binding selectivity may be 

achieved for SERT relative to NET or DAT due to differences in binding site topology between the 

transporter proteins. As expected from Table 5.22, unsubstituted MDMA and MBDB exhibit the smallest 

total molecular volumes of their respective series of 183.49 and 200.OSA  ̂ respectively with the 6- 

phenacetamido derivatives, (431) and (437) producing the largest amphetamine derivatives of the series of 

300.73 and 317.33A^ respectively. Substitution o f MDMA and MBDB at position 6 by fluorine increases 

their respective molecular volumes by just 5.5A^.
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Table 5 .22  : C logP * values an d  m olecu lar volum es (A^)'  ̂ o f  the 6 -su bstitu ted  deriva tives o f  MDMA (R; =  

CHs) an d  M BDB (R, = CH 2 CH 3).

N H C H

R, =  C H 3 R , =  C H 2C H 3

R: C m pd. No. C logP V olum e (A^) C m pd. No. C logP V olu m e (A^)

H (24) 1.09 183.49 (27) 1.62 200.08

N O , (408) 1.03 207 .68 (409) 1.56 224 .28

N H 2 (412) -0 .0 4 195.10 (413) 0.49 211 .69

NH CO CH 3 (426) -0 .3 0 230 .07 (432) 0.23 246.65

NH C O C H 2PI1 (431) 1.47 300.73 (437) 1.99 317.33

F (451) 1.30 189.00 (452) 1.83 205 .58

Cl (455) 1.87 198.74 (456) 2 .40 215 .32

Br (466) 2 . 0 2 204.98 (467) 2.55 221.55

I (470) 1.98 2 1 2 . 1 0 (471) 2.51 228 .67

CF3 (474) 2.18 214 .99 (475) 2.71 231.51

CN (478) 0.97 202.67 - - -

Ph (483) 2 . 6 8 253.91 (484) 3.21 270 .52

OCH 3 (511) 1.08 209.11 (512) 1.61 225 .70

OCH2CH3 (513) 1.61 225 .70 (514) 2 .14 242 .28

CH3 (534) 1.54 200.53 (538) 2 .07 217.11

CH2CH3 (535) 2.07 217.13 (539) 2 .60 233 .72

SCH3 (536) 1.69 219.62 (540) 2 . 2 2 236.21

SCH2CH3 (537) 2.17 236 .26 (541) 2 .70 252.85

Cyclopropyl (551) 1.99 223.14 (552) 2 .52 239.78

Vinyl (557) 1.82 210 .74 (558) 2.35 227 .40

-C=CCH2NH2 (562) 0 . 0 1 235.75 - - -

-C =CCH 20H (563) - 0 . 1 0 232.55 - - -

Cyclopropyl

carbonyl

(589) 1 . 1 2 241.69 (590) 1.65 258.35

* calculated by ClogP for W indow s , ^ calculated by M olecular M odelling Pro .
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CHAPTER 6

SYNTHESIS OF NOVEL ANALOGUES OF 4-ETHYLTHlOAMPHETAMINE

(4-ETA)

6.1 INTRODUCTION

In 1997, Scorza published a paper which discussed the monoamine oxidase type-A (MAO-A) and 

type-B (MAO-B) inhibitory activities of a series of amphetamine derivatives’'*. MAO-A is the main enzyme 

responsible for the breakdown o f extracellular serotonin within the synaptic cleft o f  serotonergic neurons. 

Inhibition o f MAO-A would result in a decrease in the rate o f metabolism of serotonin, thereby increasing 

the extracellular concentrations o f serotonin and potentiating its positive pharmacological actions such as 

relieving depression.

Table 6.1 lists the IC50 values for the reversible inhibition o f rat MAO-A and MAO-B by a number 

o f amphetamines^'*’ The SSRI fluoxetine is included for comparison purposes. All o f the amphetamines 

examined possess a significantly greater ability to inhibit MAO-A than MAO-B. The most potent 

amphetamine-type MAO-A inhibitors are monosubstituted at the para position o f the aromatic ring. The size 

o f the substitutent appears to be important for activity in that larger groups (R=SCH2CH3 (4-ETA) and 

R=0 CH2CH3 (4-EtOA)) produce a slightly more potent inhibitor than their methylthio (4-MTA) or methoxy 

(PMA) analogues. The optimum size of the para  substitutent may be an ethylthio group, as a slight decrease 

in inhibitory activity is observed with 4-isopropylthioamphetamine (4-ITA). The electron donor properties of 

the para  substituent appears to have an optimum that is reached in the sulphur containing compounds, as 

sulphur substituted amphetamines are more potent than their corresponding oxygen isosteres for a given alkyl 

group̂ ^

Table 6 .1 : IC;o values (fiM) fo r  inhibition o f  rat MAO-A and MAO-B by several amphetamines^'^ (fluoxetine 

is included fo r  comparison purposes) (* 4-ETA = 4-ethylthioamphetamine; 4-ITA = 4-isopropylthio

amphetamine; 4-EtOA = 4-ethoxy amphetamine).

Compound IC 50 (jiM) 

M AO-A MAO-B

Compound IC 50 (HM) 

MAO-A MAO-B

Amphetamine (R=H) 11 >100 4-EtOA (R=0CH2CH3)* 0.2 >100

4-MTA (R=SCH3) 0.2 >100 MDA 9.3 >100

4-ETA (R=SCH2CH3)* 0.1 29 (+)-MDMA'*‘’‘' 44 370

4-ITA (R=SCH(CH3)2)* 0.4 8.1 (-)-MDMA''®® 56 378

PMA (R=0CH3) 0,3 >100 (±)-Fluoxetine'“’’ 80 130
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O f particular interest is the IC5 0  value for the inhibition o f  rat M A O -A  by 4-M T A  (0 .2nM ). The 

value is just 2 .7  times greater than the calculated IC5 0  value for the inhibition o f  rat serotonin transporter 

protein (SER T) by 4-M TA (0 .074nM ) (Table 1 .2 / '  and may indicate that a significant com ponent o f  4- 

M T A ’s ability to increase extracellular brain serotonin concentrations may be due to its M A O -A  inhibitory 

activity. Scorza’s study also showed, that 4-ethylthioam phetam ine (4-E T A ) is a slightly more potent 

inhibitor o f  M AO -A than 4-M TA  (Table 6.1). H ow ever there is no information available for the IC5 0  value 

for the inhibition o f  SERT by 4-ETA. Indeed, a search o f  the literature revealed that 4-E T A  had not 

appeared in the literature until Scorza’s study was published. To date, neither a synthetic procedure nor any 

spectroscopic details have been published on the com pound. It was therefore decided to explore the 

synthesis o f  4-ETA  in this final chapter and a number o f  its sim ple A^-substituted analogues. Extension o f  the 

three carbon isopropylamine backbone o f  4-ETA  to an isobutylamrne backbone, analogous to B D B  and 

M B D B , was also investigated. It is hoped in future work in this Department to evaluate the potency o f  these 

com pounds as SERT inhibitors and to flirther explore their M A O -A  inhibitory activities.

6.2 SYNTHESIS OF THE KEY PRECURSORS l-(4-ETHYLTHIOPHENYL)-2- 

ALKANONES (598) AND (599).

Unfortunately the 4-ethylthio analogue o f  4-m ethylthiobenzaldehyde (90) is not com m ercially  

available and so a method o f  substituting a 4-ethylthio substitutent onto an aromatic ring was required. 

Section 5.13 o f  the previous chapter described the introduction o f  an ethylthio substituent at C - 6  o f  the 

m ethylenedioxyphenyl ring system via  C - 6  bromine abstraction with «-B uL i, follow ed by treatment o f  the 

lithiated intermediate with diethyldisulphide. A similar approach was adopted in the present work for the 

synthesis o f  the key ketone precursors, l-(4-ethylthiophenyl)-2-alkanones (598) and (599), beginning with 4- 

brom obenzaldehyde (591) (Schem e 6 . 1).

Br

CHO

(591)

RCH2NO2,
cyclohexylam ine

CH 3 COOH, 
steam bath, 8 hr

Br

R 

NO2

(592 ) R =  C H 3  71%
(593) R =  CH 2 C H 3  63%

Fe, CH 3 COOH  

steam  bath, 2 hr gj.

R

O

(5 9 4 ) R =  CH 3  84%
(5 9 5 ) R =  CH 2 CH 3  90%

CH3CH2S

1. «-BuLi, (C H 3 CH 2 S)2 , 

THF, -7 8 °C

HOCH2CH2OH, 
/ 5-T SA , toluene, 
reflux, 18hr

R

Ô̂ p
2. 20%  aq. HCl, EtOH, 

reflux, 2 hr
(5 9 8 ) R =  CH 3  71% (5 9 6 ) R  =  C H j 100%
(5 9 9 ) R =  CH 2 CH 3  6 8 % (5 9 7 ) R =  CH 2 C H 3  100%

S ch em e 6.1
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The introduction of the three and four carbon backbones o f (598) and (599) was achieved by the 

Henry condensation of either nitroethane or 1-nitropropane with 4-bromobenzaldehyde, affording 

nitrostyrenes (592)'*™ and (593)'*^' as yellow crystals. Reduction o f  the nitrostyrenes to the corresponding 

ketones (494)'’’  ̂ and (495)''^^ with iron in glacial acetic acid was followed by quantitative conversion o f the 

carbonyl groups to 1,3-dioxolanes with ethylene glycol. Compounds (596) and (597) have not been 

previously reported and were fully characterised in this work by IR, proton and '^C-NMR, LRMS and HRMS 

analyses.

In the final step, treatment of (596) and (597) with «-BuLi afforded a lithiated species at C-4 which 

readily reacted with diethyldisulphide. The intermediate 4-ethylthiophenyl dioxolanes were not purified but 

were taken directly onto the next step where acid catalysed hydrolysis o f the protecting group followed by 

tlash column chromatography afforded the desired 4-substituted alkanones (598) and (599) in satisfactory 

yields. The ketones have not been reported in the literature and as a result, the IR and proton NMR data of 

(598) is discussed below.

The IR spectrum of (598) displays a strong C =0 stretching band as the dominant feature at 1713 

cm"'. In the proton NMR spectrum, the most upfield signal is a triplet integrating for three protons at 1.30 5 

(J=7.5Hz) which corresponds to the methyl group of the C-4 thioethyl moiety. A singlet integrating for three 

protons at 2.14 6 is assigned to the H-3' methyl protons. The methylene group o f the thioether side chain 

resonates as a quartet at 2.93 5 and exhibits reciprocal coupling to the methyl group of 7.6Hz. Deshielding 

by the a  phenyl and carbonyl groups shifts the H-1' proton singlet to 3.65 5. Two doublets located at 7.11 

(J=8.5Hz) and 7.29 5 (J=8.0Hz) and each integrating for two protons represent the four protons o f the 

symmetrically substituted aromatic ring. In the ‘̂ C-NMR spectrum, the quaternary carbonyl carbon is found 

at 205.95 ppm.

6.3 SYNTHESIS OF 4-ETHYLTHIOAMPHETAMINE AND ASSOCIATED 

DERIVATIVES.

A Borch reductive amination of (598) and (599) with a variety of amines and NaCNBHs afforded 

the desired 4-ethylthio substituted amines (600)-(607) as oils. Table 6.2 lists the yields and IR data o f the 

novel compounds, together with the melting points of their corresponding HCl salts.

Although 4-ETA and the primary butanamine (604) were isolated in satisfactory quantities, yields of 

jV-methyl and A^-ethyl analogues were poor in comparison. A similar trend was also seen in Chapter 3 where 

the reductive amination o f l-(4-methylthiophenyl)-2-propanone (321) and 2-butanone (322) to their 

corresponding primary amines proceeded smoothly whereas dramatic decreases in yields were observed on 

synthesising their A'-methyl derivatives (see Table 3.6). The phenomenon may be due to a partial negative 

charge residing at C-1 of the alkylthio aromatic ring systems, a result o f resonance hybridization. The 

consequence is reduced electrophilicity of the carbonyl carbon at C-2' and reduced ability of the ketone to 

form iminium ions with amines. Increasingly unfavourable steric factors may also be involved.

Very recently, a new method was published for the preparation o f sterically challenging N- 

substituted amphetamines from their corresponding allylbenzenes via a base-catalysed domino''^'*’ 

isomerisation-hydroamination reaction'*^®. Treatment o f an appropriate amine with a catalytic amount o f n-
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BuLi and allylbenzene affords the corresponding A^-substituted amphetamine. An example o f  the procedure 

is presented in Scheme 6.2 4-Phenyl-1-butene also reacts satisfactorily to afford 2-A'-alkyl substituted 

butanamines. The reaction has been extended to the synthesis o f  P-phenethylamines''^^.

Table 6.2 : Yields and IR data o f  amines (600)-(607), including the melting points o f  their HCl salts.

CH ,CH ,S

R,

O
NHR 2 R3 .HCI, NaCNBHj 

MeOH, pH 5-6, rt, 72hr

(598), (599)

CH3CH2S R 2" '  'R 3

(600)-(607)

Compound

No.

R, Ri R3 Yield (%) IRv^ax (cm ') m.p. (°C) 

HCl salt

(600) 4-ETA CH3 H H 75 3357, 3282 (NH) 176-178

(601) CH3 CH3 H 34 3321 (NH), 2788 (NCH 3 ) 130-132

(602) CH3 CH2 CH3 H 17 3307 (NH) 164-166

(603) CH3 CH3 OH 35 3206 (OH), 2792 (NCH 3 ) 1 1 1 - 1 1 2

(604) CH2 CH3 H H 73 3367, 3293 (NH) 130-132

(605) CH2 CH3 CH3 H 27 3333 (NH), 2789 (NCH 3 ) 137-139

(606) CH2 CH3 CH2 CH3 H 28 3317(N H ) 144-146

(607) CH2 CH3 CH3 OH 62 3226 (OH), 2784 (NCH 3 ) 87-90

20 mol% «-BuLi,

Scheme 6.2

The proton NMR spectrum o f  the tertiary amine (603) displays the terminal H-3' protons as a 

doublet at 1.10 6  (J=6.5Hz), with the triplet o f  the CH3 thioethyl group displayed at 1.30 5 (J=7.5Hz). The 

diastereotopic H-1' protons are displayed as two distinct double doublets at 2.45 and 3.13 5 with both 

resonances exhibiting geminal (J=13.0, J=13.3Hz) and vicinal coupling (J=9.5, J=4.5Hz) respectively. 

Between these two signals the jV-methyl group is found as a singlet at 2.68 5, while the methylene SCH2 CH3 

protons are assigned to the quartet (J=7.5Hz) integrating for two protons at 2.91 5. Further downfield at 6.76 

5 the proton o f  the TV-hydroxyl group is displayed as a broad singlet integrating for one proton. The four 

aromatic protons are represented by two doublets at 7.10 (J=8.0Hz) and 7.26 5 (J=8 .6 Hz), each integrating 

for two protons.
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(603)

It was also desirable in this work to synthesise the 7V-hydroxy analogues o f  primary amines (600) 

and (604). A"-Hydroxy MDA (also known as FLEA) has shown stimulant activity in humans and it is 

postulated that MDA may partially exert its pharmacological effects in humans by undergoing in vivo N- 

hydroxylation'*^.

The two step procedure used by Braun"*' for the synthesis o f  A^-hydroxy MDA was adopted for the 

present work. The syntheses o f  the novel compounds, jV-hydroxy-4-ETA (610) and o f  its butanamine 

analogue (611) are oudined in Scheme 6.3. Oximes (608) and (609) were isolated as colourless solids in 

excellent yields as mixtures o f  syn  and anti isomers. A combination o f  LRMS and elemental analysis 

confirmed their molecular formulae. The *H and *^C-NMR signals corresponding to each isomer were 

determined by comparing the chemical shifts o f  the ‘H-NMR H-1' methylene singlets. In the syn 

configuration, the hydroxy group is relatively closer to the H-1' protons, resulting in a lower chemical shift 

value relative to the anti isomer.

CH3CH2S

Ri

O

(598) R, = CH3

(599) R, = CH2 CH3

NH2 OH.HCI, pyr

reflux, 2 hr CHiCHoS

R,

NOH

(608) R, =  CH3 90%
(609) R, = CH2 CH3 8 6 %

N
H 'OH

NaCNBHj, 
MeOH, pH 3, 
rt, 2 hr

CH3CH2S

(610) R, = C H 3 8 6 %
(611) R [ = C H 2 CH3 73%

Schem e 6.3

The selective reduction o f  oximes to the corresponding hydroxylamines with NaCNBHs is very pH 

dependent^^’. When reductions are carried out at pH 4, the major products are dialkylhydroxylamines, while 

at pH 3 the major products are foimd to be monoalkylhydroxylamines. The novel hydroxylamines (610) and 

(611) were isolated in good yields. Table 6.3 lists the IR data, and melting points o f  the free bases and their 

corresponding salts.

Table 6.3 : Relevant IR and melting poin t data o f  hydroxylamines (610) and (611) including the melting 

points o f  the corresponding HCl salts.

Compound No. lR v „ „  (cm ‘) m.p. (°C) m.p. (°C) HCl salt

(610) 3254 ,3120  (NH, OH) 78-79 1 0 0 - 1 0 1

(611) 3249 (NH, OH) Oil 85-86
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An unusual proton NM R observation was serendipitously m ade on acquiring a second 'H-NM R 

spectrum o f (611), using the same K M R sample, some tim e after the initial 'H -N M R  spectrum was acquired. 

In the initial 'H -N M R  spectrum , the OH and NH protons were displayed as two broad singlets integrating for 

a total o f two protons between 4.4 and 6.8 5, similar to spectrum 1 o f F igure 6.1. A num ber o f hours later, a 

second proton NM R spectrum of (611) displayed the OH and NH proton resonances as a single broad peak 

integrating for two protons, sim ilar to spectrum 8 o f Figure 6.1. H ydroxylam ine (610) was also found to 

produce similar results.

Figure 6.1 : A composite o f  eight  ̂H-NMR spectra o f (611), each displaying the region between 4.2 and 6.8 S  

(Spectra 1 to 8 acquired over a period o f480 seconds).

(611)

B

4.8 4.4 6.4 6.0 5,66.4 6.0 5.6 5.2 5.2 4.8 4.4

- ~ r ~

6.4
T

6.0 5.6 5.2 4.8 4.4

6.4 6.0 5.6 5.2 4.8 4.4

6.06.0 5.6 6.4 5.66.4 5.24.4 4.8 4.4

(ppm)

It was decided to perform a system atic experiment by acquiring a num ber o f  proton N M R  spectra 

over a short time period to examine the evolution o f the NH and OH proton peaks. Figure 6.1 displays a total 

o f  eight ‘H-NMR spectra o f  (611) between the range 4.2-6.8 5 which were acquired over a period o f  480 

seconds. Table 6.4 outlines the chemical shifts, where possible, o f  the observed peaks, together with the time 

from the initial preparation o f the NM R sam ple o f  (611) to the end o f  the 'H -N M R  spectrum acquisition. 

About 15mg o f (611) was dissolved in 2ml o f  CDCI3, the solution added to an NM R sample tube and placed 

in the NMR spectrometer. Proton NM R spectra were acquired immediately.
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Table 6.4 : ‘H-NMR (611) chemical shift values o f  signals A, B, and C (acquired over a period o f  482 

seconds).

Spectrum Time (s)* Signal A '' (5) Signal (5) Spectrum Time (s)* Signal (5)

1 30 6.22 5.25 5 199 5.90

2 57 6.11 5.32 6 269 5.87

3 84 6.01 5.35 7 397 5.83

4 115 5.95 5.39 8 482 5.80

* time from initial preparation o f NMR sample to end of 'H-NMR data acquisition for each spectrum.
Peaks A and B refer to the chemical shift values of both signals in spectra 1-4 which can be unambiguously 

calculated. Peak C refers to the chemical shift of the most obvious peak o f spectra 5-8.

Spectrum 1 displays two clearly distinct (although broad) signals at 6.22 and 5.25 5. It was not 

possible to determine the assignments o f both peaks between the NH and OH protons. Over the next 4min 

30sec (spectra 2-6), both peaks lose their definition and merge to a single averaged peak, centered at 5.87 5 in 

spectrum 6. The averaging process continues in spectra 7 and 8 where the signal becomes increasingly more 

defined as a single peak. After 8min, the apex o f the averaged signal has shifted to 5.80 5. Significantly this 

averaged peak still integrates for two protons.

Protons directly attached to oxygen, nitrogen or sulphur atoms are well known for their ability to 

undergo exchange. The 'H-NMR spectra o f a number of diols in Chapter 2 have shown separate signals 

corresponding to each OH proton. In this case, the rate of exchange in Hz is much less than the difference in 

Hz between the separate absorption signals. As the rate increases (due to a trace o f acid present in the NMR 

tube arising, for example, from breakdown o f CDCI3 to DCl), both signals broaden and then merge to form a 

single broad peak^^“. At this stage, the exchange rate in Hz is approximately equal to twice the original 

signal separation in Hz. As the rate of exchange increases due to further in situ generation o f DCl, the 

averaged peak becomes sharper. A similar phenomenon would explain the observations in the present work, 

where the diol has been replaced with a hydroxylamine bearing NH and OH protons.

6.4 SUMMARY

4-Ethylthioamphetamine (4-ETA) has been shown to be a potent inhibitor o f  monoamine oxidase 

type-A (MAO-A), the enzyme largely responsible for the metabolism of extracellular serotonin. Due to its 

structural similarity to 4-methylthioamphetamine (4-MTA), the 4-ethylthio analogue may also inhibit the 

uptake o f serotonin via the serotonin transporter protein. In this work, a series o f  novel A^-substituted 

propanamine and butanamine analogues of 4-ETA were prepared, including the A^-hydroxy derivatives (610) 

and (611). It is hoped to examine the MAO-A and serotonin transporter (SERT) properties o f these 

compounds in fixture work in this Department. An unusual ‘H-NMR finding was found for the 7V-hydroxy 

compounds (610) and (611) where over the course of a number o f minutes, two broad signals corresponding 

to the NH and OH protons of each compound merged, producing a single averaged signal.
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CHAPTER 7

EXPERIMENTAL SECTION 

7.1 EXPERIMENTAL NOTE

Uncorrected melting points were measured on a Gallenkamp apparatus. Infra-red (IR) spectra were 

recorded on a Perkin Elmer FT-IR Paragon 1000 spectrometer. Band positions are given in cm"'. Solid 

samples were analysed by KBr disc; oils were analysed as neat films on NaCl plates. ‘H, '^C and '^F nuclear 

magnetic resonance (NM R) spectra were recorded at 27°C on a Brucker DPX 400 spectrom eter (400.13M Hz, 

‘H; 100.61MHz, '^C; 376.47M Hz, ‘®F) in either C D C I 3  (internal standard tetramethylsilane (TM S)) or 

C D 3 O D . For C D C I 3 ,  ‘H-NM R spectra were assigned relative to the TMS peak at 0.00 5 and ‘̂ C-NMR 

spectra were assigned relative to the middle C D C I 3  triplet at 77.00 ppm. For C D 3 O D ,  'H  and '^C-NM R 

spectra were assigned relative to the center peaks o f  the C D 3 O D  multiplets at 3.30 8  and 49.00 ppm 

respectively. 'V -N M R  spectra were not calibrated. Coupling constants are reported in Hertz. For ’H-NM R 

assignments, chemical shifts are reported: shift value (num ber o f  protons, description o f  absorption, coupling 

constant(s) where applicable, proton assignment). (Compounds in this thesis bearing an A'-formyl or N -  

trifluoroacetyl moiety are represented in their respective 'H , ‘̂ C and '^F-NMR spectra as two sets o f  signals 

due to the presence o f  rotamers. '^C and ‘®F-NMR signals corresponding to the m ajor rotam er o f  each 

compound are indicated by However, where only one '^C or '®F signal is observed for a given carbon or 

fluorine atom (due to coinciding chemical shifts or inadequate acquisition time), this signal is also indicated 

by “ *”)■ Low resolution mass spectra (LRM S) were acquired on a Hewlett-Packard 5973 MSD GC-M S 

system in electron impact (El) mode. High resolution m olecular ion determinations (HRM S) were acquired 

on either a Kratos Profile HV-4 mass spectrom eter using a direct insertion probe and El mode (Departm ent 

o f  Chemistry, University College Cork) or a Micromass mass spectrom eter (El mode) at the Departm ent o f 

Chemistry, Trinity College, Dublin. Elemental analyses were perform ed on an Exetor Analytical CE4400 

CHN analyser in the microanalysis laboratory, Department o f  Chemistry, University College Dublin.

Rf values are quoted for thin layer chromatography on silica gel M erck F-254 plates, unless 

otherwise stated. Flash column chromatography was carried out on M erck Kieselgel 60 (particle size 0.040- 

0.063mm), A ldrich aluminium oxide, (activated, neutral, Brockm ann I, 50 mesh) or Aldrich aluminium 

oxide, (activated, acidic, Brockmann I, 50 mesh).

Apart from DMF (which was purchased from Aldrich in anhydrous form), all other anhydrous 

solvents were prepared according to literature methods'*™.

H Cl sa lt formation'*^

lOmMol o f  amine was dissolved in propan-2-ol (IPA) (3ml). Cone. HCl (15 drops from a 

disposable pipette) was added and the resulting solution diluted with diethylether until turbid. The mixture 

was allowed to stand overnight at room temperature and resulting solids isolated by gravity or vacuum 

filtration. The crude HCl salt was recrystallised from a mixture o f  ethanol and hexane.
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7.2 EXPERIMENTAL DETAILS -  CHAPTER 2

Synthesis and im purity profiling of l-(3,4-m ethylenedioxyplienyl)-2-nitro-l-alkenes (133) and (134)

General Procedure 7.2.1.

To a solution o f piperonal (6 8 ) (SOO.OOmmol, 45.08g) in glacial acetic acid (240ml) was added the 

appropriate nitroalkane (600.00mmol) followed by cyclohexylamine (300.00mmol, 29.76g, 34.30ml). The 

reaction was heated on a water bath for 6 hr. Water (lOOmI) was then added and the reaction was allowed to 

stand overnight. The precipitated nitrostyrene was isolated by filtration. The filtrate was further diluted with 

water (500ml) and extracted with dichloromethane (3xl00m l). The organic phases were combined and 

washed with satd. aq. NaHCOs (3x50ml). After drying over anhydrous Na2 S0 4  all volatiles were removed in 

vacuo, providing an orange oil which was purified by flash chromatography on silica gel, affording 

additional nitrostyrene and two impurities, piperonaldoxime (137) and piperonylonitrile (138). The 

precipitated and chromatographed nitrostyrene fractions were combined and recrystallised.

General Procedure 7.2.2

A mixture o f piperonal (6 8 ) (133.10mmol, 20.00g), the appropriate nitroalkane (60ml), dimethylamine HCl 

(266.20mmol, 21.70g) and potassium fluoride (20mmol, 1.16g) in toluene (80ml) was refluxed with a Dean- 

Stark trap for 24hr. The reaction was then diluted with toluene (150ml) and the organic phase washed with 

10% aq. HCl (3x75ml). The organic phase was dried over anhydrous Na2 S0 4 , and volatiles were removed in 

vacuo leaving an orange oil which spontaneously crystallized. Recrystallisation provided the pure product. 

No impurities were formed in the reaction as determined by TLC.

l-(3,4-M ethylenedioxyphenyl)-2-nitro-l-propene (133) was prepared from piperonal (8 6 ). Yellow 

crystals, (general procedure 7.2.1 (300.00mmol, 45.08g sca le ): 52%, general procedure 7.2.2 (133.10mmol, 

20.00g scale) : 78%). M.p. 93-94°C (ethanol) (lit. m.p. 97-98°C‘‘̂ ). Rf 0.49 (hexane/diethylether : 80/20.

(KBr) 2798 (OCHjO), 1646 (C=C), 1604 (C=C), 1509, 1321 (NO,) cm’*. ‘H NMR 5 (CDCI3 ) 2.47 

(3H, s, CH3 ), 6.05 (2H, s, OCHjO), 6.90 (IH , d, J6 .5 = 8 .0 Hz, H-6 ), 6.95 (IH , s, H-2), 6.99 (IH , d, J5 ,6 = 8 .0 Hz, 

H-5), 8.02 (IH , s, H -r). ‘̂ C NMR ppm (CDCI3 ) 14.08 (C-3'), 101.73 (OCHjO), 108.80 (C-5), 109.47 (C-2), 

125.84 (C-6 ), 126.21 (C-1), 133.52 (C-1’), 146.15 (C-2'), 148.23, 149.26 (C-3, C-4). m/z 207 (M*, 52%), 103 

(100), 160 (59), 77 (57), 175 (41).

l-(3,4-M ethylenedioxyphenyI)-2-nitro-l-butene (134) was prepared from piperonal (8 6 ). Yellow crystals, 

(general procedure 7.2.1 (300.00mmol, 45.08g scale) : 33%, general procedure 7.2.2 (133.10mmol, 20.00g 

scale) : 62%). M.p. 64-65°C (ethanol) (lit. m.p. 64-65°C‘‘̂ ). Rf 0.50 (hexane/diethylether ; 80/20). IRv^ax 

(KBr) 2794 (OCH2 O), 1649 (C=C), 1604 (C=C), 1502, 1302 (NO2 ) cm’'. ‘H NMR 5 (CDCI3 ) 1.28 (3H, t, 

J4 ',3 '=7 .5 Hz, CH3 ), 2.88 (2H, q, J3 ,4 '=7 .5 Hz, H-3'), 6.05 (2H, s, OCH2 O), 6.89 (IH , d, J5 ,g=8 .0 Hz, H-5), 6.93 

(IH, s, H-2), 6.99 (IH , dd, J6 ,5 = 8 .0 Hz, J6 ,2 =2 .0 Hz, H-6 ), 7.95 (IH , s, H-1'). ‘̂ C NMR ppm (CDCI3 ) 12.25 (C- 

4’), 20.69 (C-3’), 101.73 (OCHjO), 108.84 (C-5), 109.06 (C-2), 125.62 (C-6 ), 126.08 (C-1), 133.09 (C-T), 

148.34, 149.34 (C-3, C-4) 151.70 (C-2’). m/z 221 ( M \  43%), 115 (54), 174 (54), 91 (44), 63 (37).
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Piperonaldoxim e (137) was isolated as an impurity from the preparation o f  (133) and (134) via  general 

procedure 7.2.1 by flash chromatography on silica gel (eluent : hexane/diethylether : 90/10). Pale orange 

solid (from preparation o f  (133) ; 3%, from preparation o f  (134) : 3%). M.p. 117-118°C (lit. m.p. 114- 

116°C'°’). Rf 0.47 (hexane : diethylether : 70/30). IRv„ax (KBr) 3227, 3153 (OH), 1631 (C=N) cm'*. 'H  

NM R 5 (CDCI3 ) 5.98 (2H, s, OCH 2 O), 6.80 (IH , d, J 5 ,6 = 8 .0 Hz, H-5), 6.96 (IH , dd, J6 .5 = 8 .0 Hz, J6 ,2 = 1 .5 Hz, H- 

6 ), 6.80 (IH , d, J 2 ,6 = 1 .5 Hz, H-2), 8.05 (IH , s, CH), 8.40 (IH , s, OH). '^C N M R ppm (CDCI3 ) 101.41 

(OCH 2 O), 105.70 (C-5), 108.32 (C-2), 122.91 (C-6 ), 126.36 (C-1), 149.30, 150.03 (C-3, C-4). m /z 165 (IVT, 

100%), 146 (58), 121 (28), 63 (27), 138 (11).

Piperonylonitrile (138) was isolated as an impurity from the preparation o f  (133) and (134) via  general 

procedure 7.2.1 by flash chromatography on silica gel (eluent ; hexane/diethylether : 90/10). Yellow solid 

(from preparation o f  (133) : 6 %, from preparation o f  (134) : 7%). M.p. 91-92°C (lit. m.p. 92-94°C^°®). Rf 

0.54 (hexane/diethylether : 70/30). IR v „„  (KBr) 2786 (0 C H ,0 ) , 2226 (C^N ) cm '‘. ‘H N M R 5 (CDCI3 ) 

6.06 (2H, s, OCH 2 O), 6 . 8 6  (IH , d, J 5,6 = 8 .0 Hz, H-5), 7.03 (IH , d, J2 ,6 = l- 5 Hz, H-2), 7.20 (IH , dd, J 6 ,5 = 8 .3 Hz, 

Js,2 = 1 .5 Hz, H-6 ). ‘"C NM R ppm (CDCI3 ) 102.16 (OCH 2 O), 104.95 (C-1), 118.80 (CN), 109.07 (C-5), 111.35 

(C-2), 128.15 (C-6 ), 148.01, 151.49 (C-3, C-4). m/z 149 (M"+2, 100%), 65 (24), 63 (22), 121 (20), 91 (2).

General preparation o f 5-alkyl-3-(3,4-m ethylenedioxyphenyl)-l,2,4-oxadiazoles (149)-(150)

To a solution o f  piperonal (6 8 ) (13.32mmol, 2.00g) in glacial acetic acid (25ml) there was added the 

appropriate nitroalkane (532.80mmol) followed by cyciohexylamine (106.56mmol, 10.57g, 12.19ml). The 

reaction was refluxed for 72hr. After cooling the nitroalkane was removed by vacuum distillation. The 

resulting residue was made basic with 15% aq. NaOH and extracted with dichloromethane (3x50ml). The 

organic phases were combined and washed with satd. aq. NaHC 0 3  (3x50ml). After drying over anhydrous 

N a2 S0 4  all volatiles were removed in vacuo. The residue was purified if necessary by flash chromatography 

on silica gel or by recrystallisation. The reaction with nitroethane provided (149) was the sole product, while 

1-nitropropane provided a mixture o f  both (149) and (150).

5-!VIethyl-3-(3,4-m ethylenedioxyphenyl)-l,2,4-benzoxadiazole (149) was prepared from nitroethane and 1- 

nitropropane according to the general procedure. Pale tan solid (from nitroethane : 50%, from 1-nitropropane 

; 33% ). M.p. 111-112°C. (ethanol/hexane) (lit. m.p. 110°C^'*). Rf 0.45 (ethylacetate). IRVn,ax (K-Br) 1606, 

1588 (C=C) cm'*. 'H  NM R 5 (CDCI3 ) 2.62 (3H, s, CH 3 ), 6.03 (2H, s, OCH 2 O), 6.89 (IH , d, Js',6'=8.0Hz, H- 

5'), 7.50 (IH , d, J2 '.6 '= 1 .5 Hz, H-2’), 7.62 (IH , dd, Jff,5 = 8 .6 Hz, J6 ,2 '= l- 5 Hz, H-6 ’). ‘̂ C N M R ppm (CDCI3 ) 

12.32 (CH 3 ), 101.55 (OCH 2 O), 107.41, 108.61 (C-2', C-5’), 120.72, 122.19 (C-1’, C-6 ’), 148.11, 150.05 (C-3’, 

C-4’), 168.05 (C-3), 176.25 (C-5). m/z 204 (M", 100%), 163 (74), 77 (31), 43 (23), 146 (14). Anal. 

(C,oH 8N 2 0 3 ) Calc: C (58.82), H (3.95), N (13.72), Found; C (58.55), H (3.97), N (13.52)%.

5-Ethyl-3-(3,4-m ethylenedioxyphenyl)-l,2,4-benzoxadiazole (150) was prepared from 1-nitropropane 

according to the general procedure. Colourless needles (23%). M.p. 60-62°C (ethanol/hexane). Rf 0.56 

(ethylacetate). IR v „„  (KBr) 1627, 1590 (C=C) cm‘‘. ‘H NM R 5 (CDCl3 ) 1.43 (3H, t, J=7.8Hz, CH 2 CH 3 ), 

2.94 (2H, q, J=7.5Hz, C // 2 CH 3 ), 6.02 (2H, s, OCHjO), 6 . 8 8  (IH , d, J5 . 6 - 8 .OHz, H-5’), 7.51 (IH , d.



Jy.s-l.O H z, H-2’), 7.63 (IH , dd, Jg-.s-S.SHz, J6 ',2 '= l- 5 Hz, H-6 '). ‘̂ C N M R ppm (CDCI3 ) 10.73 (C H 2 CH 3 ), 

20.22 (CH 2 CH 3 ), 101.49 (OCH 2 O), 107.39, 108.52 (C-2', C -5’), 120.83, 122.17 (C-T, C-6 '), 148.03, 149.95 

(C-3', C-4'), 167.87 (C-3), 180.41 (C-5). m/z 218 (M*, 100%), 163 (95), 77 (31), 146 (19), 63 (1 1). Anal. 

(CiiHjoNzOs) Calc: C (60.55), H (4.62), N (12.84), Found: C (60.71), H (4.66), N (12.55)% .

General preparation o f l-(3,4-m ethylenedioxyphenyl)-2-alkanones (69) and (8 6 ) from p-nitrostyrenes

General Procedure 7.2.3

A suspension o f  iron powder (573mmol, 32.00g) in glacial acetic acid (150ml) was heated on a steam  bath 

for 20min, stirring occasionally. To this mixture, a solution o f  the appropriate nitrostyrene (126.00m m ol) in 

glacial acetic acid (150ml) was added over 20min, while stirring the reaction occasionally. The reaction was 

heated for a further 2hr when the mixture became a grey-white colour. The reaction was allowed to cool to rt 

and added to a mixture o f  ice/water (1200ml). The product was extracted with dichlorom ethane (4x100ml) 

and organic extracts washed with 15% aq. NaOH (3x100ml). The organic layer was then dried over 

anhydrous Na 2 S0 4 , concentrated in vacuo, and the resulting residue vacuum distilled, producing the desired 

ketones.

l-(3,4-IVlethylenedioxyphenyl)-2-propanone (69) was prepared from (133) (26.1 Ig, 126.00mmol scale) 

according to general procedure 7.2.3. Pale am ber oil (85% ). B.p. 130°C/3.2mmHg (lit. b.p. 108- 

112°C/2mmHg'*^). Rf 0.26 (hexane/diethylether : 80/20). IR v„^  (film) 2780 (OCH 2 O), 1710 (C = 0 ) cm ''. 

'H NMR 5 (CDCl3 ) 2.03 (3H, s, CH 3 ), 3.50 (2H, s, H -I'), 5.81 (2H, s, OCH 2 O), 6.55 (IH , dd, J 6 ,5 = 8 .0 Hz, 

J6 ,2 = 1 .5 Hz, H-6 ), 6.60 (IH , d, H2 ,6 = 2 .0 Hz, H-2), 6.67 (IH , d, J5 ,6 = 8 .0 Hz, H-5). '^C N M R ppm (CDCI3 ) 28.58 

(C-3’), 49.91 (C-r), 100.63 (OCH 2 O), 107.95 (C-5), 109.34 (C-2), 122.08 (C-6 ), 127.57 (C - 1 ), 146.25, 

147.48 (C-3, C-4) 205.79 (C-2'). m/z 178 (M ^ 65% ), 135 (100), 77 (55), 51 (40), 105 (22).

l-(3,4-lVIethyIenedioxyphenyl)-2-butanone (8 6 ) was prepared from (134) (7.00g, 31.69m m ol scale) 

according to general procedure 7.2.3. Colourless oil (94% ). B.p. 119-120“C/0.7m m Hg (lit. b.p. 

98°C/0.1 ImmHg''^). Rf 0.60 (hexane/diethylether : 80/20). IRv^,^ (film) 2780 (OCH 2 O), 1712 (C = 0 ) cm'*. 

‘H NM R 5 (CDCl3 ) 1.02 (3H, t, J4 ,3 - 7 .3 Hz, H-4'), 2.46 (2H, q, J 3 ,4 .=7 .3 Hz, H-3'), 3.58 (2H, s, H-1'), 5.93 

(2H, s, OCH 2 O), 6.64 (IH , dd, Jfi,5 = 7 .8 Hz, J6 ,2 = 1 .5 Hz, H-6 ), 6 . 6 8  (IH , d, H 2 ,6 = 1 .5 Hz, H-2), 6.75 (IH , d, 

J 5 ,6 = 7 .6 Hz, H-5). ‘̂ C NM R ppm (CDCI3) 7.30 (C-4'), 34.57 (C-3’), 48.85 (C-1'), 100.54 (OCHjO), 107.94 

(C-5), 109.28 (C-2), 121.98 (C-6 ), 127.63 (C-1), 146.16, 147.42 (C-3, C-4) 208.48 (C-2’). m/z 192 ( M \ 

27% ), 135 (100), 77 (29), 51 (24), 57 (23).

General preparation o f  l-(3,4-raethyIenedioxyphenyl)-2-alkanones (69) and ( 8 6 ) from 3,4- 

methylenedioxyphenylacetic acid (70)

A stirred solution o f  3,4-methylenedioxyphenylacetic acid (70) (5.55m m ol, l.OOg), pyridine (2.80m l) and 

either acetic or propionic anhydride (2.80ml) was refiuxed for 7hr. A fter cooling the reaction was diluted 

with 10% aq. HCl (100ml) and extracted with diethylether (3x50ml). The organic phases were com bined.



dried over anhydrous Na2 S0 4  and solvent removed in vacuo. The residue was purified by flash 

chromatography, providing the desired ketones and two impurities and enol esters (159) and (160). The use 

o f  acetic anhydride gave the dibenzylketone (84) as an additional impurity.

l-(3,4-MethylenedioxyphenyI)-2-propanone (69) was prepared according to the general procedure 

(5.55mmol, l.OOg) and isolated by flash chromatography on silica gel (eluent : hexane/diethylether : 80/20). 

Pale amber oil (55%). Rf 0.26 (hexane/diethylether ; 80/20). Spectroscopic analyses were comparable to an 

authentic sample.

£Z?-l-(3,4-Methylenedioxyphenyl)-2-propanone enol acetate (159) was isolated as an impurity from the 

preparation of (69) by flash chromatography on silica gel (eluent ; hexane/diethylether : 80/20), giving a 

25/75 mixture of E/Z  isomers. Colourless oil (12%). Rf 0.90 (hexane/diethylether : 50/50). IRv^ax (film) 

2780 (OCH 2 O), 1754 (C=0) cm"'. Z-(159) ‘h  NMR 5 (CDCI3 ) 2.05 (2.25H, s, H-3'), 2.19 (2.25H, s, 

COCH 3 ), 5.84 (0.75H, s, H-1'), 5.92 (1.5H, s, 0 C H ,0 ), 6.72-6.79 (2.25H, m, H-2, H-5, H-6 ), 6.93 (0.75H, d, 

H2 .6 = 1 .0 Hz, H-2). '^C NMR ppm (CDCI3 ) 20.55 (C-3'), 21.13 (COCH3 ), 100.92 (OCH 2 O), 108.08, 108.18 

(C-2, C-5), 116.03 (C -r), 122.27 (C-6 ), 128.53 (C-1), 145.04, 146.42, 147.57 (C-3, C-4, C-2'), 168.44 

(COCH3). m/z 220 (M ^ 40%), 178 (100), 135 (8 6 ), 43 (39), 147 (20). £'-(159) ‘H NMR 5 (CDCI3 ) 2.08 

(0.75H, s, H-3'), 2.16 (0.75H, s, COCH3 ), 5.94 (0.5H, s, OCHjO), 6.18 (0.25H, s, H-1'), H-2, H-5, H - 6  

signals overlapping with Z-(159). ‘̂ C NMR ppm (CDCI3 ) 17.09 (C-3'), 21.02 (COCH 3 ), 100.99 (OCH^O), 

108.21, 108.90 (C-2, C-5), 118.41 (C-T), 122.50 (C-6 ), 128.73 (C-1), 147.06 only signal visible 

corresponding to C-3, C-4, C-2’), 169.43 (COCH 3 ). m/z 220 (M \ 32%), 178 (100), 135 ( 8 6 ), 43 (35), 147 

(26).

l,3-Di(3»4-methylenedioxyphenyl)-2-propanone (84) was isolated as an impurity from the preparation of 

(69) and purified by flash chromatography on silica gel (eluent : hexane/diethylether : 80/20). Colourless 

needles (6 %). M.p. 88-89°C (ethanol), (lit. m.p. 79°C^"^). Rf 0.07 (hexane/dichloromethane : 50/50). IRVmâ  

(KBr) 2778 (OCH 2 O), 1712 (C =0) cm‘‘. ‘H NMR 5 (CDCI3) 3.64 (4H, s, H-1), 5.96 (4H, s, OCH2 O), 6.62 

(2H, d, V 5 '= 8 .0 Hz, h - 6 '), 6.65 (2H, s, H-2'), 6.78 (2H, d, J5 .,6 .=7 .6 Hz, H-5'). ‘̂ C NMR ppm (CDCI3) 48.06 

(C-1), 100.58 (OCH 2 O), 107.97, 109.37 (C-2', C-5'), 122.14 (C-6 '), 127.11 (C-1'), 146.23, 147.47 (C-3', C- 

4'), 205.29 (C-2). w/z298 (M", 56%), 135 (100), 77 (24), 51 (16), 162 (4).

l-(3,4-MethyIenedioxyphenyI)-2-butanone (86) was prepared from (70) according to the general procedure 

(l.OOg, 5.55mmol scale) and isolated by flash chromatography on silica gel (eluent : hexane/diethylether ; 

80/20). Colourless oil (65%). Rf 0.60 (hexane/diethylether : 80/20). Spectroscopic analyses were 

comparable to an authentic sample

£/Z-l-(3,4-Methylenedioxyphenyl)-2-butanone enol propionate (160) was isolated as an impurity from 

the preparation o f (8 6 ) by flash chromatography on silica gel (eluent : hexane/diethylether: 80/20), giving a 

90/10 mixture o f Z/E  isomers. Amber oil (12%). Rf 0.85 (hexane/diethylether : 60/40). IRv^ax (film) 2778 

(OCH2 O), 1753 (C=0) cm'*. Z-(160) ‘H NMR 8 (CDCI3) 1.12 (3H, t, J4 ,3 = 7 .5 Hz, H-4'), 1.20 (3H, t, 

J=7.5Hz, CH2 C //5 ), 2.37 (2H, dq, J3 ’,4 '=7 -5 Hz, J jj- l .O H z , H-3'), 2.48 (2H, q, J=7.5Hz, C/Z^CHj), 5.86 (IH , 

s, H-1'), 5.92 (1.8H, s, OCH.O), 6.73 (IH , d, J5 ,6 = 8 .0 Hz, H-5). 6.79 (IH , dd, J6,j=8.3Hz, J6 ,2 = 1 .3 Hz, H-6 ),
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6.92 (IH , d, H2 ,6 = 1.5Hz, H-2). ‘̂ C NMR ppm (CDCI3) 9.04, 1 1.33 (C-4', CH2C//5), 27.39, 27.84 (C-4', 

C//2CH3), 100.93 (OCH2O), 108.17, 108.24 (C-2, C-5), 122.35 (C-6), 128.69 (C-1), 146.39, 147.60 (C-3, C- 

4), 150.23 (C-2'), 171.92 (COCH3). m/z 248 (M ^ 19%), 192 (100), 135 (54), 57 (27), 76 (15). £--(160) 'H 

NMR 5 (CDCI3) 5.93 (0.2H, s, OCH2O), 6.13 (O.IH, s, H-1’), other signals overlapping with Z-(160). ‘̂ C 

NMR ppm (CDCI3) 11.27, 21.76 (C-4', CH2 C//J), 23.27, 29.68 (C-4', C//2CH3), 101.00 (OCH2 O), 108.09, 

108.90 (C-2, C-5), C-6, C-1, C-3, C-4, C-2', COCH3 signals not observed, m/z 248 (M^, 100%), 192 (82), 

173 (57), 149 (47), 219 (45).

General preparation of l-(3,4-methylenedioxyphenyl)-1-hydroxy alkanes (87) and (166)

General Procedure 7.2.4

The iodoalkane Grignard reagent was prepared by the dropwise addition o f the appropriate iodoalkane 

(200.00mmol) (over 20min) to a stirred suspension of magnesium turnings (267.38mmol, 6.50g) in dry 

diethylether (100ml) under an atmosphere of nitrogen. After the addition was complete, stirring was 

continued for an additional 20min. A solution of piperonal (68) (146.67mmol, 22.02g) in dry diethylether 

(150ml) was then added dropwise over Ihr after which the reaction was refluxed for 2hr. Upon cooling a 

solution of satd. aq N H 4 C I  (75ml) was added. The formed solids were removed by filtration and the two 

phase filtrate separated. The organic phase was washed with dilute HCl (3x50ml), dried over anhydrous 

Na2 S0 4 , and volatiles removed in vacuo, providing an oil. This was purified by flash chromatography on 

silica gel where necessary.

l-Hydroxy-l-(3,4-methylenedioxyphenyl)butane (87) was prepared according to general procedure 7.2.4 

(50.00g, 333.00mmol scale) and chromatographed on silica gel (eluent : diethylether/hexane : 50/50). 

Colourless oil (96%) (lit. b.p. 98°C/0.07mmHg'*^). Rf 0.54 (hexane/diethylether : 50/50). IRVn,ax (film) 3370 

(OH), 2777 (OCH2 O) cm '. 'H NMR 5 (CDCI3 ) 0.92 (3H, t, J4 .3 - 7 .3 Hz, H-4'), 1.26-1.42 (2H, m, H-3’), 1.61- 

1.76 (2H, m, H-2'), 1.86 (IH , d, J=2.5Hz, OH), 4.57 (IH , m, H-1'), 5.94 (2H, s, OCHjO), 6.74-6.79 (2H, m, 

H-5, H-6 ), 6.85 (IH, s, H-2). ‘"C NMR ppm (CDCI3 ) 13.89 (C-4’), 19.01 (C-3'), 41.16 (C-2’), 74.25 (C-1’),

100.92 (OCH2 O), 106.38 (C-2), 107.98 (C-5), 119.28 (C-6 ), 139.04 (C-1), 146.84, 147.75 (C-3, C-4). m/z 

194 (M \ 16%), 151 (100), 93 (70), 65 (47), 123 (17).

l-Hydroxy-l-(3,4-methylenedioxyphenyl)pentane (166)‘*̂ '̂ ^̂  was prepared according to general procedure 

7.2.4 (30.00g, 199.83mmol scale). Pale amber oil (97%). Rf 0.36 (hexane/diethylether : 60/40). IRVmax 

(film) 3368 (OH), 2777 (OCHjO) cm *. *H NMR 5 (CDCI3 ) 0.88 (3H, t, J5 ’,4 '=7 .0 Hz, H-5’), 1.26-1.36 (4H, m, 

H-3’, H-4’), 1.63-1.77 (2H, m, H-2’), 1.79 (IH , s, OH), 4.57 (IH , q, J,.,2'=6.8Hz, H-1’), 5.94 (2H, s, OCH2 O), 

6.74-6.79 (3H, m, H-2, H-5, H-6 ). ‘̂ C NMR ppm (CDCI3 ) 13.97 (C-5’), 22.57 (C-4’), 28.00 (C-3’), 38.75 (C- 

2’), 74.56 (C -r), 100.95 (OCH2 O), 106.39, 108.02 (C-2, C-5), 119.31 (C-6 ), 139.06 (C-1), 146.88, 147.78 

(C-3, C-4).

General preparation of l-(3,4-methyIenedioxyphenyI)-l-aIkenes (88) and (167)
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A m ixture o f  the appropriate 1-hydroxy-1-(3,4-m ethylenedioxyphenyl)alkane (145.43mm ol) and powdered 

KHSO4 (7.34mmol, l.OOg) was stirred and heated slowly to 150°C. Heating was continued for about 15min 

until water vapour evolution ceased. After allowing to cool the mixture was vacuum distilled, providing the 

pure product.

l-(3 ,4-M ethylenedioxyphenyl)-l-butene (8 8 ) was prepared from (87) (28.28g, 145.43mmol scale) 

according to the general procedure. Colourless oil (78%). B.p. 106°C/0.5mmHg (lit. b.p. 100- 

110°C/0.8mmHg'‘‘). Rf 0.81 (hexane/diethylether : 80/20). lR v „^  (film) 2777 (OCH2O), 1606 (C=C) cm"'. 

‘H N M R 5 (CDCI3) 1.07 (3H, t, J4,3'=7 .3 Hz H-4'), 2.19 (2H, m, H-3'), 5.91 (2H, s, OCHjO), 6.08 (IH , dq, 

Jn-a„s= 15.6Hz, Jy.3=6 .5Hz, H-2’), 6.28 (IH , d, J„ans= 15.6Hz, H-1’), 6.71-6.76 (2H, m, H-5, H-6 ), 6.88  (IH , s, 

H-2). '"C NM R ppm (CDCI3) 13.70 (C-4'), 25.91 (C-3'), 100.86 (OCH2O), 105.42, 108.18 (C-2, C-5), 

120.15 (C-6 ), 128.38 (C-2’), 130.92 (C-T), 132.53 (C-1), 146.53, 147.92 (C-3, C-4). m/z 176 ( M \  72%), 131 

(100), 103 (67), 77 (37 ), 51 (27).

l-(3 ,4-M ethylenedioxyphenyl)-l-pentene (167) was prepared from (166) (38.35g, 184.16mmol scale) 

according to the general procedure. Colourless oil (82%). B.p. 129°C/0.75mmHg (lit. b.p. 100- 

110°C/0.3mmHg‘*̂ ). Rf 0.81 (hexane/diethylether ; 80/20). lRVn,ax (film) 2777 (OCH 2O), 1607 (C=C) cm ''. 

‘H NMR 5 (CDCl3) 0.94 (3H, t, J5.4- 7 .3 Hz H-5'), 1.47 (2H, m, H-4'), 2.14 (2H, m, H-3'), 5.90 (2H, s, 

O CH 2O), 6.04 (IH , dq, J „ a „ s = 1 5 .6 H z , Jy .3'= 7 .0 H z ,  H-2’), 6.28 (IH , d, J„^n,= 1 5 .6 H z ,  H-1'), 6.70-6.76 (2H, m, 

H-5, H-6 ), 6.88  ( IH,  d, J2.6= l . 5Hz, H-2). ‘̂ C NM R ppm ( C D C I 3)  13.67 (C-5’), 22.60 (C-4'), 34.97 (C-3’), 

100.85 (OCH2O), 105.41, 1 0 8 .1 5  (C-2, C-5), 120.15 (C-6 ), 129.19 (C-2'), 129.45 (C-T), 132.52 (C-1), 

146.52, 147.91 (C-3, C-4).

General preparation o f  l-(3,4-m ethylenedioxyphenyi)-l,2-dihydroxyalkanes (85), (89) and (171)

To a stirred solution o f  30%  aq. hydrogen peroxide (23g) in formic acid (lOOg) there was added, dropwise, a 

solution o f  the appropriate l-(3,4-m ethylenedioxyphenyl)-l-alkene (133.18mm ol) in acetone (80ml). The 

reaction was cooled by means o f  an ice/water bath when necessary. Stirring was continued for 16hr. During 

this time the reaction changed from colourless to deep red. All volatile components were removed. At all 

stages it is necessary to keep the temperature below 40°C. 5g o f  the resulting deep red oil was purified by 

chromatography on silica gel, providing the desired glycols (85), (89) and (171), a series o f  m ono- and 

diformate esters o f  the glycols, (177)-(185) and alkanones (69), (86) and (172).

l,2-D ihydroxy-l-(3,4-m ethylenedioxyphenyl)propane (85) was prepared from isosafrole (67) (21.60g, 

133.18mmol scale) according to the general procedure and chrom atographed on silica gel (eluent : 

diethylether/hexane : 85/15), providing a 60/40 mixture o f  diastereomers. Colourless oil (29% ) (lit. m.p. 

101-102°C^"^). Rf 0.17 (diethylether/hexane : 65/35). IR v „„  (film) 3380 (OH), 2779 (OCH2O) cm’'. 'H  

N M R  5  (C D C I 3)  1.00 (1.8H, d, J3.2- 6 .OHz, H-3'), 1.05 (1.2H, d, J3.,r=6 .0Hz, H-3'), 2.46 (0.4H, s, OH), 3.04 

( IH,  s, OH), 3.30 (0.6H, s, OH), 3.76 (0.6H, m, H-2’), 3.91 (0.4H, m, H-2'), 4.22 (0.6H, d, J,.,2=7 .5Hz, H-1’), 

4.52 (0.4H, d, J,..2=3 .5Hz, H-1’), 5.93 (2H, s, OCHjO), 6.75-6.86 (3H, m, H-2, H-5, H-6 ). ‘̂ C N M R ppm 

( C D C I 3)  17.22, 18.69* (C-3’), 71.22, 72.14* (C-2'), 77.23, 79.24* (C-1’), 100.94, 100.99* (OCH2O), 107.08*,
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107.13, 107.95, 108.07*, (C -2 ,C -5 ), 120.05, 120.39* (C-6 ), 134.40*, 135.06 (C -1), 147.01, 147.27*, 147.62, 

147.70* (C-3, C-4). m/z 196 (M", 38% ), 151 (100), 93 (83), 65 (54), 123 (33).

1 .2 -D ih yd roxy -l-(3 ,4 -m eth y len ed ioxyp h en y l)p rop an e-2 -form ate  (1 7 7 )'’“' was isolated as an impurity 

from the preparation o f  (85) by flash chromatography on silica  gel (eluent : diethylether/hexane : 50 /50), 

providing an 80/20 mixture o f  diastereomers. Brown oil ( 8 %). Rf 0 .41 , 0 .43 (diethylether/hexane : 65 /35). 

IRVmax (film ) 3436 (OH), 2782  (O CH jO), 1719 (C = 0 )  cm'*. 'H  N M R  5 (C D C lj) 1.18 (0.6H , d, J3 r= 6 .6 Hz, 

H-3'), 1.20 (2.4H , d, J3 r=6.5H z, H-3'), 1.85 (0.2H , d, J=5.0H z, OH), 2 .44  (0.8H , d, J=3.0H z, OH ), 4 .75  

(0 .8H , m, H-1’), 5 .62 (0.2H , d, Jr,2 = 5 .5 Hz, H-1'), 5 .17  (0.8H , m, H-2'), 5 .94  (0.2H , m, H-2'), 5 .94  (1.6H , s, 

O C H .O ), 5.95 (0.4H , s, OCH 2 O), 6 .77 (0.8H , d, J5 ,6 = 8 .0 Hz, H -5), 6 .76-6 .83  (0.4H , m, H -5, H-6 ), 6 .82  (0.8H , 

dd, J6.5=7.5Hz, J5,2=1.5Hz, H-6 ), 6 . 8 8  (0.2H , d, H2.6=1.5Hz, H -2), 6 .90 (0.8H , d, H2,6=1.5Hz, H -2), 8.03  

(0 .8H , s, CHO), 8.11 (0.2H , s, CHO). '^C NM R ppm (CDCI3 ) 13.96*, 18.44 (C -3’), 69 .57 , 73 .97* , 75 .08* , 

78.84  (C -r , C-2'), 100.03*, 101.18 (OCH 2 O), 106.95*, 107.78, 108.02*, 108.15, (C -2, C -5), 119.93*, 121.36  

(C -6 ), 134.59* (C -1), 147.27*, 147.73*, 147.76, 147.84 (C -3, C -4), 159.99, 160.41* (CHO). m/z 224  ( M \  

35% ), 151 (100), 93 (73), 65 (42), 180 (31). HRM S calcd for C „ H i2 0 5 : (M ^  224 .06848 , found: 224 .06875 .

1 .2 -D ih y d roxy -l-(3 ,4 -m eth y len ed ioxyp h en y l)p rop an e-l-form ate  (178)*’“' was isolated as an impurity 

from the preparation o f  (85) by flash chromatography on silica gel (eluent : hexane/diethylether : 60 /40), 

providing a 65/35 mixture o f  diastereomers. Brown oil (5% ). Rf 0 .53 , 0 .58 (diethylether/hexane : 65/35). 

IRv^a^ (film ) 3437 (OH), 2780  (O CH 2 O), 1721 (C = 0 ) cm"'. ‘H N M R  5 (CDCI3 ) 1.10 (1.05H , d, J3 .r= 6 .5 Hz, 

H-3'), 1.15 (1.95H , d, J3 -,2 = 6 .5 Hz, H-3'), 2 .26  (0.35H , d, J=3.5H z, OH), 2 .58  (0 .65H , d, J=3.5H z, OH ), 3.83  

(0 .65H , m, H-2'), 4 .57  (0.65H , dd, J, r=7.2H z, J=3.0H z, H-1'), 5 .22 (0 .35H , m, H-2'), 5.53 (0 .35H , d, 

Jr.2 = 7 .5 Hz, H-1'), 5.97 (1.3H , s, OCHjO), 6 .00 (0.7H , s, OCHjO), 6 .78-6 .84  (2 .35H , m, H-2, H-5, H -6 ), 6 . 8 8  

(0 .65H , d, H 2 ,6 = 1 .5 Hz, H-2), 8.13 (0.65H , s, CHO), 8.15 (0 .35H , s, CHO). '^C N M R  ppm (CDCI3) 16.46*, 

18.70 (C-3'), 72 .67, 74.57* (C-2'), 76.54*, 80.37 (C-1'), 101.12*, 101.21 (O CH jO ), 107.15*, 107.76 (C -2), 

108.21*, 108.28, (C -5), 120.49*, 121.15 (C-6 ), 130.83, 133.72* (C -1), 147.62, 147.81, 147.91*, 147.95* (C- 

3, C -4), 160.22, 160.73* (CHO). W z 2 2 4  (M*, 25% ), 151 (100 ), 93 (70), 65 (39), 180 (36). HRM S calcd for 

C iiH uO j; (M") 224 .06848 , found; 224.06875 .

1 .2 -D ih y d roxy -l-(3 ,4 -m eth y len ed ioxyp h en y l)p rop an e-l,2 -d iform ate  (179)*’“* was isolated as an impurity 

from the preparation o f  (85) by flash chromatography on silica gel (eluent : hexane/diethylether : 70/30), 

providing a 60/40 mixture o f  diastereomers. Amber oil (19% ). Rf 0 .77  (diethylether/hexane : 65 /35). IRv^ax 

(film ) 2781 (OCH 2 O), 1722 (C = 0 ) cm‘‘. 'H N M R  5 (CDCI3 ) 1.14 (1.8H , d, J3 .2 - 6 .5 H z, H-3'), 1.25 (1.2H , d, 

Jr.2 = 6 .5 Hz, H-3'), 5.34 (0.6H , m, H-2'), 5.77 (0.6H , d, J i.2 ’= 7 .2 Hz, H-1'), 5 .92-5 .95  (0.8H , m, H-1', H-2'), 

5 .96 (1.2H , s, OCH 2 O), 5 .97 (0.8H , s, OCH 2 O), 6 .79-6 .88  (3H , m, H -2, H -5, H -6 ), 8 .00  (0.4H , s, CHO), 8.05  

(0 .6H , s, CHO), 8 .07 (0.6H , s, CHO), 8.13 (0.4H , s, CHO). '^C N M R  ppm (CDCI3 ) 14.87, 16.48* (C-3'), 

70.98*, 71.10 (C-2'), 75 .46, 76 .64* (C-1'), 101.21, 101.28* (OCH 2 O), 107.48, 107.55*, 108.09, 108.39* (C- 

2, C-5), 120.97, 121.41* (C -6 ), 129.13, 129.53* (C -1), 147.79, 147.86, 147.99*, 148.10* (C-3, C -4), 159.55, 

159.66*, 159.96, 160.06* (CHO ). m/z 252 (M", 42% ), 151 (100), 93 (74), 179 (60), 65 (40). HRM S calcd  

for C i2 H ,2 0 6 : (M") 252 .06339 , found; 252.06365.
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l-(3,4-M ethylenedioxyphenyl)-2-propanone (69) was isolated as an impurity from the preparation o f  (85) 

by flash chromatography on silica gel (eluent : hexane/diethylether : 70/30). A m ber oil (10%). Rf 0.24 

(hexane/diethylether : 80/20). Specfroscopic analyses were com parable to an authentic sample.

1.2-D ihydroxy-l-(3,4-m ethylenedioxyphenyl)butane (89) was prepared from (88) (19.25g, 109.24mmol 

scale) according to the general procedure and chromatographed on silica gel (e lu e n t: diethylether), providing 

a 80/20 mixture o f  diastereomers. Colourless crystals (38%). M.p. 60-73°C (diethylether). Rf 0.17 

(diethylether/hexane : 50/50). IRv„a.x (KBr) 3382 (OH), 2781 (OC H jO ) cm ''. 'H  N M R  5 (CDCI3 ) 0.92 

(2.4H, t, J4 ',3 '=7 .5 Hz, h -4 ’), 0.95 (0.6H, t, J 4 '.3 '=7 .5 Hz, H-4'), 1.36 (1.6H, m, H-3’), 1.45 (0.4H, m, H-3'), 2.95 

(2H, br s, OH), 3.53 (0.8H, m, H-2’), 3.67 (0.2H, m, H-2’), 4.32 (0.8H, d, Jr,2'=7.5Hz, H-1’), 4.56 (0.2H, d, 

Jr,2=4.5H z, H-1'), 5.95 (2H, s, OCH.O), 6.74-6.79 (2H, m, H-5, H-6 ), 6.84 (0.8H, s, H-2), 6.89 (0.2H, s, H- 

2). ‘̂ C NM R ppm (CDCI3 ) 9.90*, 10.17 (C-4'), 24.62, 25.54* (C-3'), 76.55, 76.57, 77.31*, 77.45* (C-2', C- 

1’), 100.96, 100.99* (OCH 2 O), 107.12*, 107.34, 107.94, 108.08*, (C-2, C-5), 120.27, 120.37* (C-6 ), 134.47, 

135.23* (C-1), 147.09, 147.24*, 147.65, 147.74* (C-3, C-4). m/z 210 (M ^ 25%), 151 (100), 93 (82), 65 

(59), 123 (42). Anal. (C ,,H „ 0 4 ) Calc: C (62.85), H (6.71), Found; C (62.72), H (6.64)%.

1.2-D ihydroxy-l-(3,4-m ethylenedioxyphenyl)butane-2-form ate (180) was isolated as an impurity from the 

preparation o f  (89) by flash chromatography on silica gel (eluent : diethylether/hexane : 50/50), providing a 

single diastereomer. Amber oil (12%). Rf 0.41 (diethylether/hexane : 50/50). lRv„,ax (film) 3446 (OH), 

2781 (OCH 2 O), 1721 (C = 0) cm ''. 'H  NMR 5 (CDCI3 ) 0.88 (3H, t, J4 ,3 = 7 .3 Hz, H-4'), 1.62 (2H, m, H-3'), 

2.45 (IH , br s, OH), 4.74 (IH , d, J, r=4.5H z, H-1'), 5.07 (IH , m, H-2'), 5.94 (2H, s, OCH.O), 6.76 (IH , d, 

J5 .6 = 8 .0 Hz, H-5), 6.81 (IH , dd, J6 ,5 = 8 .0 Hz, J6,,=2.0Hz, H-6 ), 6.89 (IH , d, H 2 ,6 = 1 .5 Hz, H-2), 8.07 (IH , s, 

CHO). '^C NM R ppm (CDCI3 ) 9.78 (C-4'), 21.86 (C-3'), 74.62 (C -I'), 78.61 (C-2'), 101.03 (OCHjO), 107.13 

(C-2), 107.96 (C-5), 120.15 (C-6 ), 133.68 (C-1), 147.27, 147.70 (C-3, C-4), 160.89 (CHO). m/z 238 ( M \ 

21% ), 151 (100), 93 (65), 65 (39), 180 (36). HRMS calcd fo rC isH u O j: (M^l 238.08413, found: 238.08452.

1.2-D ihydroxy-l-(3,4-m ethylenedioxyphenyl)butane-l-form ate (181) was isolated as an impurity from the 

preparation o f  (89) by flash chromatography on silica gel (eluent : hexane/diethylether : 50/50), providing a 

55/45 mixture o f  diastereomers. Amber oil ( 8 %). Rf 0.25, 0.33 (diethylether/hexane : 50/50). IRv^ax (film) 

3448 (OH), 2780 (0 C H ,0 ) , 1721 (C = 0 ) cm ''. 'H  N M R 8  (CDCI3 ) 0.86 (1.65H, t, J4 .3 - 7 .5 Hz, H-4'), 0.93 

(1.35H, t, J4 ,3 = 7 .5 Hz, h -4 '), 1.31 (0.9H, m, H-3'), 1.40 ( I .IH , m, H -3’), 2.78 (IH , s, OH), 3.75 (0.55H, dt, 

J2 m = 8 .0 Hz, J=3.5Hz, H-2’), 4.58 (0.55H, d, J ,.2 = 7 .0 Hz, H-1’), 5.01 (0.45H, dt, J2 m=7 .3 Hz, J=4.5Hz, H-2'), 

5.58 (0.45H, d, J,.,2 = 7 .0 Hz, H-1'), 5.93 (0.9H, s, OCH 2 O), 5.99 ( I .IH , s, OCH 2 O), 6.78-6.83 (3H, m, H-2, H- 

5, H-6 ), 8.11 (0.55H, s, CHO), 8.15 (0.45H, s, CHO). '^C NM R ppm (CDCI3 ) 9.43, 9.59* (C-4’), 23.41*, 

25.37 (C-3’), 74.83*, 74.86 (C-2’), 78.92* (C-1'), 100.99* (OCH 2 O), 106.99*, 107.45 (C-5), 108.07*, 108.13, 

(C-2), 120.22*, 121.05 (C-6 ), 130.78, 134.09* (C-1), 147.34, 147.60*, 147.72*, 147.74 (C-3, C-4), 160.37, 

161.21* (CHO). m/z 238 ( M \  22% ), 151 (100), 93 (60), 180 (53), 135 (41). HRM S calcd for C 1 2 H 1 4O 5 : 

(M "+Na) 238.08413, found: 238.08443.

1.2-D ihydroxy-l-(3,4-m ethylenedioxyphenyl)butane-l,2-diform ate (182a) was isolated as an impurity 

from the preparation o f  (89) as a single diastereom er by flash chrom atography on silica gel (eluent : 

hexane/diethylether : 90/10). Am ber oil (7%). Rf 0.32 (hexane/diethylether : 80/20). I R v „ ,a x  (film) 2779



(OCH jO ), 1725 (C = 0) cm ''. 'H  NMR 5 (CDCI3) 0.88 (3H, t, J4 ,3 = 7 .5 Hz, H-4'), 1.49 (2H, m, H-3'), 5.31 

(IH , dt, J 2.,,=7 .8 Hz, J=4.5Hz, H-2'), 5.82 (IH , d, J i,2 = 7 .5 Hz, H-1'), 5.96 (2H, s, OCH 2 O), 6.78 (IH , d, 

J 5 ,6 = 8 .5 Hz, H-5), 6.85 (IH , dd, J6 ,5=6 .8 Hz, Jfi,2 = 1 .7 Hz, H-6 ), 6 . 8 6  (IH , s, H-2), 8,06 (IH , s, CHO), 8.13 (IH , 

s, CHO). ‘̂ C N M R ppm (CDCI3) 9.22 (C-4’), 23.56 (C-3'), 75.29 (C-2'), 75.64 (C-1'), 101.30 (OCH 2O), 

107.59 (C-5), 108.39 (C-2), 121.41 (C-6 ), 129.69 (C-1), 148.03, 148.11 (C-3, C-4), 159.73, 160.35 (CHO). 

m/z 266 ( M \  25%), 151 (100), 93 (74), 179 (44), 65 (33). HRM S calcd for CijHMOe; (M ^  266.07904, 

found; 266.07951.

1.2-D ihydroxy-l-(3,4-m ethylenedioxyphenyl)butane-l,2-diform ate (182b) was isolated as an impurity 

from the preparation o f  (89) as a single diastereom er by flash chromatography on silica gel (eluent : 

hexane/diethylether : 90/10). Amber oil (7%). Rf 0.38 (hexane/diethylether ; 80/20). IRv^ax (film) 2781 

(OCH 2 O), 1724 (C = 0) cm ''. 'H  NM R 5 (CD Cl3) 0.91 (3H, t, J4 ',3 '=7 .5 Hz, H-4’), 1.61 (2H, m, H -3’), 5.26 

(IH , dt, Jr.i=9.0H z, J=4.5Hz, H-2'), 5.93 (IH , d, Ji.r=7.5H z, H -1’), 5.96 (2H, s, OCHjO ), 6.78 (IH , d, 

J 5 .6 = 8 .0 Hz, h -5 ), 6.84 (IH , dd, J6,s=8.0Hz, J6 ,2= 1 .5 Hz, H-6 ), 6.89 (IH , d, J2,6 = 1 .5 Hz, H-2), 8.07 (IH , s, 

CHO), 8.10 (IH , s, CHO). ‘̂ C NM R ppm (CDCI3 ) 9.62 (C-4'), 22.59 (C-3'), 74.80 (C-1'), 75.50 (C-2'), 

101.24 (OCH 2O), 107.76 (C-2), 108.08 (C-5), 121.26 (C-6 ), 129.15 (C-1), 147.82, 147.84 (C-3, C-4), 159.58, 

160.30 (CHO). m/z 266 (M", 31%), 151 (100), 93 (64), 179 (50), 65 (35). HRM S calcd for C nH uO s: (M") 

266.07904, found: 266.07943.

l-(3,4-lVlethylenedioxyphenyl)-2-butanone (86) was isolated as an impurity from the preparation o f  (89) by 

flash chromatography on silica gel (eluent : hexane/diethylether : 80/20). Amber oil (10%). Rf 0.44 

(hexane/diethylether; 80/20). Spectroscopic analyses were com parable to an authentic sample.

1.2-D ihydroxy-l-(3,4-inethylenedioxyphenyl)pentane (171) was prepared from (167) (25.99g, 

136.61 mmol scale) according to the general procedure and chrom atographed on silica gel (eluent : 

diethylether/hexane : 50/50), providing a 80/20 mixture o f  diastereomers. Colourless solid (37%). M.p. 60- 

73°C (diethylether/hexane). Rf 0.19 (diethylether/hexane : 50/50). lRvn,„ (ICBr) 3348 (OH), 2774 (OCH2O) 

cm-'. 'H  NM R 5 (CDCI3) 0.85 (2.4H, t, J 5',4 -=6 .8 Hz, H-5'), 0.88 (0.6H, t, J5 ,4 '=7 .0 Hz, H-5'), 1.20-1.30 (3H, 

m, H-3’, H-4'), 1.48 (IH , m, H-3’), 2.13 (0.2H, d, J=5.0Hz, OH), 2,69 (0.8H, d, J=2.5Hz, OH), 2.77 (0.2H, d, 

J=3.5Hz, OH), 3.04 (0.8H, d, J=2.5Hz, OH), 3.60 (0.8H, m, H-2'), 3.75 (0.2H, m, H-2'), 4.29 (0.8H, dd, 

Jr.2-=7.0Hz, J=2.0Hz, H-1’), 4.52 (0.2H, m, H-1’), 5.95 (2H, s, OCH2O), 6.74-6.79 (2H, m, H-5, H -6 ), 6.82 

(0.8H, s, H-2), 6 . 8 8  (0.2H, s, H-2). ‘̂ C NM R ppm (CDCI3) 13.89*, 13.94 (C-5'), 18.77*, 18.98 (C-4'), 33.81, 

34.77* (C-3’), 74.84, 75.72* (C-2'), 76.84, 77.79* (C-1'), 100.97, 101.00* (OCH jO ), 107.12*, 107.34 (C-5), 

107.96, 108.09*, (C-2), 120,28, 120,40* (C-6 ), 134,46, 135,24* (C-1), 147,11, 147,26*, 147,67, 147,76* (C- 

3, C-4). m/z 224 (80% diastereom er M", 16%), 151 (100), 93 (65), 65 (35), 123 (29). m/z 224 (20%  

diastereom er M”, 9%), 151 (100), 93 (54), 65 (30), 123 (20), Anal, (C ,2H i6 0 4 ) Caic; C (64,27), H (7,19), 

Found; C (64,13), H (7,13)%,

1.2-Dihydroxy-l-(3,4-m ethyienedioxyphenyI)pentane-2-form ate (183) was isolated as an impurity from 

the preparation o f  (171) as a single diastereom er by flash chrom atography on silica gel (eluent ; 

diethylether/hexane ; 80/20), Colourless oil (9%), Rf 0,47 (diethylether/hexane : 50/50), IRv„,ax (film) 3458 

(OH), 2778 (OCH 2 O), 1721 (C = 0 ) cm‘‘. 'H  NM R 5 (CDCI3 ) 0,87 (3H, t, J 5 ',4 = 7 .3 Hz, H-5’), 1,23 (IH , m, H-
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4'), 1.38 (IH , m, H-4'), 1.57 (2H, m, H-3'), 2.28 (IH , s, OH), 4.75 (IH , d, J ,.2 = 4 .0 Hz, H-1'), 5.16 (IH , m, H- 

2'), 5.95 (2H, s, OCH 2 O), 6.75-6.79 (2H, m, H-5, H-6 ), 6.90 (IH , s, H-2), 8.08 (IH , s, CHO). ‘̂ C N M R  ppm 

(CDCI3 ) 13.71 (C-5'), 18.63 (C-4'), 30.70 (C-3'), 74.94 (C-T), 77.11 (C-2'), 101.06 (OCHjO), 107.13 (C-2), 

108.02 (C-5), 120.14 (C-6 ), 133.63 (C-1), 147.30, 147.75 (C-3, C-4), 160.82 (CHO). m/z 252  ( M \  16%), 

151 (100), 93 (54), 180 (48), 135 (34). HRM S calcd for CuHigOs: (M^) 252.09978, found: 252.10035.

1.2-D ihydroxy-l-(3,4-inethylenedioxyphenyl)pentane-l-form ate (184) was isolated as an impurity from 

the preparation o f  (171) by flash chromatography on silica gel (eluent : hexane/diethylether : 70/30), 

providing a 65/35 mixture o f  diastereomers. Pale am ber oil (7% ). Rf 0.35, 0.37 (diethylether/hexane : 

50/50). lRv„ax (film) 3442 (OH), 2778 (OCH 2 O), 1719 (C = 0 ) cm‘‘. 'H  N M R 5 (CDCI3 ) 0.84 (1.95H, t, 

J5..4.=4.5Hz, h-5 '), 0.86 (1.05H, t, J 5-,4 = 6 .8 Hz, H-5'), 1.28-1.32 (2H, m, H-3', H-4'), 1.41-1.45 (2H, m, H-3', 

H-4'), 2.36 (0.35H, d, J=4.0Hz, OH), 2.80 (0.65H, d, J=4.0Hz, OH), 3.83 (0.35H, m, H-2'), 4.57 (0.65H, m, 

H -r ) ,  5.09 (0.65H, m, H-2'), 5.56 (0.35H, d, Ji.r=7.0H z, H-1'), 5.94 (2H, s, OCHjO), 6.77-6.81 (3H, m, H-2, 

H-5, H -6 ), 8.11 (0.35H, s, CHO), 8.13 (0.65H, s, CHO). *̂ C NM R ppm (CDCI3) 13.61*, 13.72 (C-5'), 

18.34*, 18.48 (C-4'), 32.44*, 34.48 (C-3'), 73.29, 75.21* (C-2'), 77.43*, 79.22 (C-T), 101.02*, 101.11 

(OCH 2 O), 107.01*, 107.47 (C-5), 108.11*, 108.18, (C-2), 120.24*, 121.10 (C-6 ), 130.79, 134.13* (C-1), 

147.37*, 147.64, 147.76, 147.79* (C-3, C-4), 160.33, 161.14* (CHO). m/z 252 (M", 14%), 151 (100), 93 

(48), 180(45), 135 (32). HRMS calcd for C ijH isO j: (M") 252.09978, found: 252.10016.

1.2-D ihydroxy-I-(3,4-m ethyienedioxyphenyl)pentane-l,2-diform ate (185a) was isolated as an impurity 

from the preparation o f  (171) as a single diastereom er by flash chrom atography on silica gel (eluent : 

hexane/diethylether : 80/20). Pale amber oil (7%). Rf 0.31 (hexane/diethylether : 80/20). IRv^ax (film) 

1725 (C = 0 ) cm ''. 'H  NM R 5 (CDCI3 ) 0.85 (3H, t, J 5 ,4 = 7 .3 Hz, H-5'), 1.32-1.38 (4H, m, H-3', H-4'), 5.37 

(IH , m, H-2'), 5.80 (IH , d, Jr,2 ’= 7 .5 Hz, H-1'), 5.97 (2H, s, OCHjO), 6.79 (IH , d, J 5 .6 = 8 .5 Hz, H-5), 6.84 (IH , 

dd, J6 ,5 = 6 .8 Hz, J6 ,2 = 1 .5 Hz, H-6 ), 6 . 8 6  (IH , s, H-2), 8.06 (IH , s, CHO), 8.11 (IH , s, CHO). ‘̂ C NM R ppm 

(CDCI3 ) 13.64 (C-5’), 18.17 (C-4’), 32.52 (C-3'), 73.91 (C-2'), 75.94 (C-1'), 101.32 (OCH 2 O), 107.61 (C-5), 

108.42 (C-2), 121.43 (C-6 ), 129.75 (C-1), 148.05, 148.11 (C-3, C-4), 159.73, 160.31 (CHO). m/z 2S0 { M \  

25% ), 151 (100), 179 (64), 93 (49), 65 (24). HRMS calcd for CnHieOfi: (M") 280.09469, found: 280.09421.

1.2-D ihydroxy-l-(3,4-m ethylenedioxyphenyl)pentane-l,2-diform ate (185b) was isolated as an impurity 

from the preparation o f  (171) as a single diastereom er by flash chrom atography on silica gel (eluent : 

hexane/diethylether : 85/15). Pale am ber oil (6 %). Rf 0.36 (hexane/diethylether : 80/20). IRv^ax (film) 

2778 (OCH 2 O), 1725 (C = 0) cm'*. 'H  N M R 6  (CDCI3 ) 0.88 (3H, t, J5 .4 - 7 .3 Hz, H-5'), 1.31-1.36 (4H, m, H- 

3', H-4'), 5.33 (IH , m, H-2’), 5.92 (IH , d, J,..2 = 5 .0 Hz, H-1’), 5.96 (2H, s, OCH 2 O), 6.78 (IH , d, J 5,6 = 8 .0 Hz, H- 

5), 6.84 (IH , dd, J6 ,5 = 8 .0 Hz, J6 .2 = 1 .5 Hz, H-6 ), 6 . 8 8  (IH , d, J 2 ,6 = 1 .5 Hz H-2), 8.06 (IH , s, CHO), 8.10 (IH , s, 

CHO). ‘̂ C NM R ppm (CDCI3 ) 13.62 (C-5’), 18.47 (C-4’), 31.42 (C-3’), 74.01 (C-2'), 75.08 (C-1'), 101.25 

(OCH 2 O), 107.76 (C-5), 108.09 (C-2), 121.24 (C-6 ), 129.12 (C-1), 147.82, 147.84 (C-3, C-4), 159.60, 160.29 

(CHO). m/z 280 (M", 23%), 151 (100), 179 (59), 93 (51), 65 (27). HRM S calcd for C ,2 H i6 0 6 : (M") 

280.09469, found: 280.09498.

l-(3,4-M ethylenedioxyphenyl)-2-pentanone (172) was isolated as an impurity from  the preparation o f  (171) 

by flash chromatography on silica gel (eluent : hexane/diethylether : 90/10). A m ber oil (12% ) (lit. b.p. 115-
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120°C/0.3mmHg‘‘̂ ). Rf 0.53 (h^xane/diethylether : 80/20). IRv^^x (film) 2778 (OCH2 O), 1718 (C =0) cm"'. 

‘H NMR 5 (C D C I3) 0.87 (3H, t, J5 ',4 '=7 .5 Hz, H-5'), 1.58 (2H, m, H-4'), 2.41 (2H, t, J3 .,4 '=7 .3 Hz, H-3'), 3.57 

(2H, s, H-1'), 5.93 (2H, s, OCHjO), 6.63 (IH , dd, J6 ,5 = 8 .0 Hz, J6 ,2 = l- 5 Hz, H-6 ), 6.64 (IH , d, H 2 ,6 = 1 .5 Hz, H- 

2), 6.75 (IH , d, Js,6 = 8 .0 H z, H-5). ‘̂ C NMR ppm (CDCI3 ) 13.60 (C-5'), 17.17 (C-4'), 43.73 (C-3'), 49.65 (C- 

1'), 100.98 (OCH2 O), 108.38, 109.75 (C-2, C-5), 122.45 (C-6 ), 127.97 (C-1), 146.60, 147.85 (C-3, C-4), 

208.42 (C-2'). m/z 206 (M^ 58%), 135 (100), 77 (35), 43 (34), 71 (31).

G eneral preparation of l-(3,4-methylenedioxyphenyl)-2-alkanones (69), (8 6 ) and (172) via glycol 

dehydration

The crude glycol containing oils o f (85), (89) and (171) (30g) obtained from the reaction o f l-(3,4- 

methylenedioxyphenyl)-1 -alkenes with formic acid and hydrogen peroxide was dissolved in methanol 

(40ml). To this was added 15% aq. H2 SO4  (180ml) and the reaction was heated on a steam bath for 3hr. 

After cooling the mixture was diluted with water (100ml) and extracted with diethylether (4x75ml). The 

extracts were combined, washed with water (2x50ml), 5% aq. NaOH (2x50ml) and brine (2x50ml). The 

organic phase was dried over anhydrous Na2 S0 4  and volatiles removed in vacuo, yielding a deep red oil. The 

oil was examined for impurities by TLC. Where no impurities were detected (propane and pentane glycol 

reactions) the oil was purified by vacuum distillation. If impurities were detected (butane glycol reaction), 

the oil was initially purified by flash chromatography on silica gel, followed by vacuum distillation o f the 

purified alkanone.

l-(3,4-M ethylenedioxyphenyl)-2-propanone (69) was prepared from isosafrole (67) (32.40g, 199.97mmol 

scale) and purified by vacuum distillation. Amber oil (Overall yield from (67) : 52%). B.p. 158- 

164°C/2.4mmHg. Spectroscopic analyses were comparable to an authentic sample.

1-(3,4-M ethylenedioxyphenyl)-2-butanone (8 6 ) was prepared from (8 8 ) (39.62g, 134.91mmol scale) and 

purified by flash chromatography on silica gel (eluent : hexane/diethylether : 80/20), followed by vacuum 

distillation. Pale amber oil (Overall yield from (8 8 ) ; 60%). B.p. 113°C/0.5mmHg. Spectroscopic analyses 

were comparable to an authentic sample.

2-H ydroxy-l-(3,4-m ethylenedioxyphenyI)-l-m ethoxybutane (189) was isolated as an impurity from the 

preparation of (8 6 ) by flash chromatography on silica gel (eluent : hexane/diethylether : 70/30), providing a 

75/25 mixture of diastereomers. Amber oil (4%). Rf 0.32 (hexane/diethylether ; 60/40). IRv„^ (film) 3468 

(OH) 1610 (C=C) cm'‘. 'H NMR 5 (CDCI3 ) 0.90 (2.25H, t, J4 ,3 = 7 .5 Hz, H-4’), 0.96 (0.75H, t, J4 .3 - 7 .5 Hz, H- 

4'), 1.28 (1.5H, m, H-3'), 1.35 (0.5H, m, H-3'), 1.95 (0.25H, s, OH), 2.98 (0.75H, s, OH), 3.22 (2.25H, s, 

OCH 3 ), 3.25 (0.75H, s, OCH3 ), 3.54 (0.75H, m, H-2'), 3.65 (0.25H, m, H-2'), 3.81 (0.75H, d, Ji.2 = 8 .0 Hz, H- 

1'), 4.00 (0.25H, d, J,.,y=5.0Hz, H-1'), 5.95 (0.5H, s, OCHjO), 5.96 (1.5H, s, OCH 2 O), 6.72-6.86 (3H, m, H-2, 

H-5, H-6 ). ‘̂ C NMR ppm (CDCI3 ) 9.81*, 10.11 (C-4'), 25.02*, 25.19 (C-3'), 56.42*, 56.78 (OCH3 ), 75.78, 

76.27* (C-2'), 86.38, 87.63* (C-T), 100.96, 101.01* (OCH2 O), 107.43* (C-5), 107.80 (C-2), 107.91 (C-5), 

108.02* (C-2), 121.44* (C-6 ), 132.51* (C-1), 147.29, 147.46*, 147.85, 147.90* (C-3, C-4). m/z 224 (75%
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diastereom er M" ,̂ 11%), 165 (100), 150 (47), 77 (19), 135 (18). m/z 224 (25% diastereom er M" ,̂ 12%), 165 

(100), 150(51), 77 (18 ), 135 (18). HRMS calcd for C i2 H i6 0 4 Na: (M"^+Na) 247.0946, found: 247.0951.

1-(3,4-M ethylenedioxyphenyl)-2-pentanone (172) was prepared from (167) (58.88g, 309 .5 Im m ol scale) 

and purified by vacuum distillation. Pale am ber oil (Overall yield from (1 6 7 ) : 55%). B.p. 133°C/0.4mmHg. 

Spectroscopic analyses were com parable to an autiientic sample.

Im purity profiling o f  the Leuckart-W allach reaction o f l-(3,4-m ethylenedioxyphenyl)-2-alkanones and 

formamide

General Procedure 7.2.5

A mixture o f  formamide (70g) and an appropriate alkanone (1 17.88mmol, 21.01g) was heated at 190°C for 

5hr. After cooling the reaction was diluted with water (150ml) and extracted with ethylacetate (3x75ml). 

The extracts w ere combined, washed with water (3x50ml) and dried over anhydrous N a 2 S0 4 . After 

removing all volatiles in vacuo the resulting black oil was purified by flash chromatography, providing the 

expected product, and a number o f  impurities which were isolated by flash chromatography

2-A^-Form ylam ino-l-(3,4-m ethylenedioxyphenyl)propane (204) was prepared from (69) (21.01g, 

117.88mmol scale) according to general procedure 7.2.5 and isolated by flash chromatography on silica gel 

(eluent ; diethylether). Colourless needles (28%). M.p. 9 0 -9 1°C (diethylether). (lit. oiP'*®). Rf 0.25 

(diethylether). IRv^^x (KBr) 3304 (NH), 1651 (CHO) cm ''. 'H N M R 5 (CDCI3 ) 1.13 (2.25H, d, J3 .2 - 6 .6 Hz, 

H-3'), 1.25 (0.75H, d, J3 .,r=6 .5 Hz, H-3'), 2.57-2.77 (2H, m, H-1’), 3.65 (0.25H, m, H-2'), 4.25 (0.75H, m, H- 

2'), 5.90 (1.5H, s, OCH2 O), 5.91 (0.5H, s, OCH2 O), 6.58 (0.25H, dd, J6 ,5 = 7 .8 Hz, J6 ,2 = 1 .5 Hz, H-6 ), 6.61 

(0.75H, dd, J6.5=8.0Hz, J6,2=1-5Hz, H-6 ), 6.67 (IH , d, H2,6=1.5Hz, H-2), 6.72 (0.75H, d, J5,s=7.5Hz, H-5), 

6.73 (0.75H, d, Js,6=8.0Hz, H-5), 7.80 (0.25H, d, J=12.0Hz, CHO), 8.05 (0.75H, s, CHO). ‘̂ C N M R ppm 

(CDCI3 ) 19.48*, 21.33 (C-3'), 41.60*, 43.69 (C-T), 53.53*, 57.86 (C-2’), 100.40*, 100.49 (OCHjO), 107.70*, 

109.14, 109.21* (C-2, C-5), 121.82*, 121.98 (C-6 ), 130.64, 131.03* (C-1), 145.76*, 145.95, 147.19*, 147.37 

(C-3, C-4), 160.09*, 163.29 (CHO). m /z201  ( M \  19%), 162 (100), 135 (90), 72 (62), 77 (56).

4-(3,4-M ethylenedioxybenzyl)pyrim idine (207)**^ was isolated as an impurity from  the preparation o f  (204) 

by flash chromatography on silica gel (eluent : diethylether/hexane : 85/15). A m ber solid (3%). M.p. 74- 

75°C. Rf 0.34 (diethylether/hexane : 95/5). IR v „„  (film) 2780 (OCH 2 O), 1608 (C=C) cm ''. 'H  NM R 

5 (CDCl3 ) 4.01 (2H, s, CHj), 5.93 (2H, s, OCH 2 O), 6.70-6.77 (3H, m, H-2', H-5', H-6 '), 7.11 (IH , dd, 

J 5 .6 = 5 .0 Hz J 5 ,2 = 1 .0 Hz H-5), 8.58 (IH , d, J6,s=5.0Hz, H-6 ), 9.13 (IH , s, H-2). ‘^C N M R  ppm (CDCI3 ) 43.71 

(CH 2 ), 100.96 (OCH 2 O), 108.41, 109.49 (C-2', C-5'), 120.32 (C-5), 122.20 (C-6 '), 130.88 (C-1'), 146.53, 

147.92 (C-3’, C-4'), 156.91, 158.63 (C-2, C-6 ), 169.36 (C-4). m/z 214 (M", 100%), 135 (57), 155 (30), 77 

(23), 51 (16). Anal. (CnH ioN jO j) Calc: C (67.28), H (4.71), N  (13.08), Found: C (67.14), H (4.83), N 

(12.65)%.

4-M ethyl-5-(3,4-m ethylenedioxyphenyI)pyrim idine (208)‘*̂  was isolated as an impurity from the 

preparation o f  (204) by flash chromatography on silica gel (eluent : diethylether/hexane: 70/30). Colourless
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needles (7%). M.p. 136-137°C (ethanol). Rf 0.43 (diethylether/hexane ; 95/5). IRVmax (KBr) 2780 (OCH 2 O), 

1608 (C=C) cm-'. 'H  N M R 5 (CDCI3) 2.53 (3H, s, CH3), 6.06 (2H, s, OCHjO), 6.78 (IH , dd, J 6 ' 5 = 7 .8 Hz, 

Js',2 '=2 .0 Hz, H-6 '), 6.81 (IH , d, J j.s - l-S H z , H-2'), 6.93 (IH , d, J5 . 6 = 8 .0 Hz, H-5’), 8.51 (IH , s, H-6 ), 9.06 (IH , 

s, H-2). ‘^C NM R ppm (CDCI3) 22.38 (CH3), 100.96 (OCHjO), 108.19 (C-5'), 108.90 (C-2'), 122.26 (C-6 '), 

129.02 (C-1'), 134.13 (C-5), 147.34, 147.57 (C-3', C-4'), 155.86, 156.55 (C-2, C-6 ), 164.04 (C-4). m /z214 

( M \ 100%), 155 (25), 62 (17), 102 (14), 8 8  (14). Anal. (C .jH ioN jO :) Calc: C (67.28), H (4.71), N  (13.08), 

Found: C (67.04), H (4.72), N (12.86)%.

2,4-Dim ethyl-3,5-di(3,4-niethylenedioxyphenyl)pyridine ( 2 0 9 ) was isolated as an impurity from the 

preparation o f  (204) by flash chromatography on silica gel (e lu e n t: diethylether/hexane : 60/40) followed by 

flash chromatography on acidic alumina (eluent : diethylether). Brown oil (0.4%). Rf 0.64 

(diethylether/hexane : 95/5). IRv„,a.x (film) 2778 (OCHjO), 1607 (C=C) cm '‘. ‘H NM R 5 (CDCI3 ) 1.96, 2.31 

(6 H, 2s, CH 3 ), 5.99 (2H, s, OCH 2 O), 6.00 (2H, q, J=1.5Hz, OCH 2 O), 6.62, 6.76 (2H, 2dd, J6 ,5 = 8 .0 Hz, 

J6 ..2  = 1.5Hz and Jg-.s-S.OHz, J s '.j- l-S H z , H-6 ', H-6 "), 6 .6 6 , 6.79 (2H, 2d, J2 ,6 '= l- 5 Hz, J2 -,6 -= l-5 Hz, H-2', H- 

2"), 6.87, 6.90 (2H, 2d, J5 ,6 '=7 .5 Hz, .l5 -,6 -=8 .0 Hz, H-5', H-5"), 8.30 (IH , s, H-6 ). '^C NM R ppm (CDCI3 ) 

17.90, 23.53 (CH 3 ), 101.03, 101.06 (OCHjO), 108.19, 108.64 (C-5', C-5"), 109.34, 109.93 (C-2', C-2"), 

122.09, 122.85 (C-6 ', C-6 "), 132.24, 132.75 (C-1', C-1"), 135.15, 136.46 (C-3, C-4), 143.22 (C-5), 146.71, 

146.93, 147.52, 147.89 (C-3', C-3", C-4', C-4"), 147.93 (C-6 ), 155.15 (C-2). m/z 347 (M", 100%), 288 (19), 

173 (15), 143 (13), 316 (13). HRM S calcd for C2 ,H ,8N 0 4 : (M"+H) 348.1236, found: 348.1243.

2,6-Dim ethyl-3,5-di(3,4-m ethyIenedioxyphenyI)pyridine (210)'*^ was isolated as an impurity from the 

preparation o f  (204) by flash chromatography on silica gel (e lu e n t: diethylether/hexane : 50/50) followed by 

flash chromatography on acidic alumina (eluent : diethylether). Colourless oil (0.6%). Rf 0.75 

(diethylether/hexane : 95/5). IRv^,^ (film) 2778 (OCH 2 O), 1607 (C=C) cm '‘. 'H  N M R 5 (CDCI3 ) 2.51 (6 H, 

s, CH 3 ), 5.99 (4H, s, OCH 2 O), 6.77 (2H, dd, J6,s=7.8Hz, J6  r=2.0H z, H-6 '), 6.81 (2H, d, J2 ',6  = 1.5Hz H-2'), 

6 . 8 6  (2H, d, J5 .6 = 8 .0 Hz, H-5'), 7.25 (IH , s, H-4). ‘̂ C NM R ppm (CDCI3 ) 22.97 (CH 3 ), 101.12 (OCH 2 O), 

108.24 (C-5'), 109.61 (C-2'), 122.54 (C-6 '), 133.60, 133.93 (C-T, C-3, C-5), 138.47 (C-4), 146.91, 147.58 (C- 

3', C-4'), 153.72 (C-2, C-6 ). m/z 347 (M", 100%), 288 (11), 55 ( 8 ), 173 (7), 189 (7). HRMS calcd for 

C 2 1 H 18N O 4 : (M^+H) 348.1236, found: 348.1242.

4-IVlethyl-2-(3,4-methylenedioxybenzyl)-5-(3,4-m ethylenedioxyphenyI)pyridine (211)’*̂  was isolated as 

an impurity from the preparation o f  (204) by flash chromatography on silica gel (e lu e n t: hexane/diethylether 

: 50/50) followed by flash chromatography on acidic alumina (e lu e n t: diethylether/hexane : 60/40). Amber 

oil (0.4% ). Rf 0.82 (diethylether/hexane : 95/5). IRv^ax (film) 2777 (OCH 2 O), 1596 (C=C) cm'*. ‘H NMR 

5 (CDCI3 ) 2.21 (3H, s, CH 3 ), 4.04 (2H, s, CH ,), 5.90 (2H, s, OCHjO), 5.98 (2H, s, OCHjO), 6.72 (IH , dd, 

J6 ,5 = 7 .8 Hz, J 6 ,2 = 1.8Hz, H-6 ' or H-6 "), 6.73 (IH , d, J2 ' 6 = 2 .0 Hz, H-2' or H-2"), 6.71-6.78 (3H, m, H-2' or H-2", 

H-5' or H-5", H-6 ' or H-6 "), 6 . 8 6  (IH , d, J5 ,6 '= 8 .0 Hz, H-5' or H-5"), 6.98 (IH , s, H-3), 8.33 (IH , s, H-6 ). ‘̂ C 

NM R ppm (CDCI3 ) 19.81 (CH 3 ), 43.84 (CHj), 100.78, 101.08 (OCH 2 O), 108.23 (C-5', C-5"), 109.48, 109.72 

(C-2', C-2"), 121.92, 122.72 (C-6 ', C-6 "), 124.20 (C-3), 131.63, 133.37 (C-1', C-1”), 135.08 (C-4), 145.05, 

146.06, 147.00, 147.56, 147.70 (C-3', C-3", C-4', C-4", C-5), 149.44 (C-6 ), 159.39 (C-2). m/z 347 (M *-l, 

100%), 288 (19), 158 (18), 318 (12), 77 (12). HRMS calcd for C 2 iH ,8N 0 4 : (M*+H) 348.1236, found: 

348.1212.
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2,4-D im ethyl-6-(3,4-m ethylenedioxybenzyl)-3-(3,4-m ethylenedioxyphenyl)pyridine (212) was isolated as 

an impurity from the preparation o f  (204) by flash chrom atography on silica gel (e lu e n t; hexane/diethylether 

: 50/50) followed by flash chromatography on neutral alum ina (e lu e n t: hexane/diethylether : 80/20). Amber 

oil (0.2% ). Rf 0.89 (diethylether/hexane ; 95/5). IRv^ax (film) 2776 (OCH jO ), 1589 (C=C) cm ''. 'H  NM R 

5 (CD Cl3 ) 1.98 (3H, s, CH3), 2.29 (3H, s, CH3), 4.02 (2H, s, CH2), 5.93 (2H, s, OCH jO ), 6.01 (2H, s, 

OCH2O), 6.56 (IH , dd, J 6 ,5 = 8 .0 Hz, J6 ,2 = 1 -5 Hz, H-6 ’or H-6 "), 6.60 (IH , d, J 2 ,6 = 1 .5 Hz, H-2’ or H-2"), 6.77 (IH , 

s, H-5' or H-5"), 6.78 (IH , d, J6 ,5 = 8 .0 Hz, H-6 ' or H-6 "), 6.79 (IH , s, H-5), 6.81 (IH , s, H-2' or H-2"), 6.87 

(IH , d, J 5 .6 = 8 .0 Hz, H-5’ or H-5"). ‘̂ C NM R ppm (CDCI3) 20.24, 23.54 (CH3), 44.06 (CH2), 100.85, 101.07 

(OCH2O), 108.26, 108.60 (C-5', C-5"), 109.57, 109.67 (C-2', C-2"), 121.65 (C-5), 122.08, 122.32 (C-6 ’, C- 

6 "), 132.60, 133.59, 134.24 (C-T, C-1", C-4), 146.08, 146.17, 146.69, 147.73, 147.86 (C-3', C-3", C-4', C-4", 

C-3), 155.86 (C-2), 158.68 (C-6 ). m/z 36 \ (M ', 100%), 346 (25), 331 (24), 302 (13), 165 (13). HRMS calcd 

for C 2 2 H 2 0 NO 4 : (M"+H) 362.1392, found: 362.1369.

6-IVIethyl-2-(3,4-m ethylenedioxybenzyl)-5-(3,4-m ethylenedioxyphenyl)pyridine (213) was isolated as an 

impurity from the preparation o f  (204) by flash chrom atography on silica gel (eluent ; hexane/diethylether ; 

70/30). Amber oil (0.4%). Rf 0.93 (diethylether/hexane : 95/5). IRv„,ax (film) 2777 (O CH 2 O), 1607 (C=C) 

cm ‘. 'H  NM R 5 (CDCI3 ) 2.50 (3H, s, CH 3 ), 4.07 (2H, s, CH .), 5.92 (2H, s, OCH 2 O), 6.00 (2H, s, OCH.O), 

6.73 (IH , dd, J6.5=8.0Hz, J6 .2 = 1 .5 Hz, H-6 ' or H-6 "), 6.79 (3H, s, H-2' or H-2", H-5' or H-5", H-6 ' or H-6 "), 

6.80 (IH . s, H-2' or H-2"), 6.85 (IH , d, J3 ,4 = 7 .5 Hz, H-3), 6.92 (IH , d, J 5 ,6 = 8 .0 Hz, H-5' or H-5"), 7.36 (IH , d, 

J 4 ,3 = 7 .5 Hz, H-4). ‘̂ C NM R ppm (CDCI3) 23.43 (CH j), 44.10 (CH 2 ), 100.84, 101.13 (OCH .O ), 108.25 (C-5', 

C-5"), 109.60, 109.63 (C-2', C-2"), 120.03 (C-3), 122.07, 122.53 (C-6 ', C -6 "), 133.41, 133.90, 134.15 (C-T, 

C-1", C-5), 137.76 (C-4), 146.10, 146.89, 147.56, 147.74 (C-3', C-3", C-4’, C-4"), 155.28 (C-2), 159.15 (C-6 ). 

w /z347  (M ^ 100%), 318 (23), 288 (17), 77 (16), 135 (15). HRM S calcd for C 2 iH ,8 N 0 4 : (M "+H) 348.1236, 

found: 348.1203.

2-/V-Form ylam ino-l-(3,4-m ethylenedioxyphenyl)butane (205) was prepared from (86) (18.00g,

93.65mmol scale) according to general procedure 7.2.5 and isolated by flash chrom atography on silica gel 

(e lu e n t: diethylether). Pale amber solid (32%). M.p. 40-41°C (lit. m.p. 64-66°C^'). Rf 0.23 (diethylether). 

IRv^ax (film) 3279 (NH), 1663 (CHO) cm'*. ‘H N M R 5 (CDCI3) 0.94 (2.1H , t, J4 .,3 '= 7 .3 Hz, H-4'), 0.97 (0.9H, 

t, J4 ',3 = 7 .0 Hz, h-4 '), 1.41 (IH , m, H-3'), 1.60 (IH , m, H-3'), 2.58 (0.3H, dd, Jgen,= 13.8Hz, Ji.,2 = 8 .3 Hz, H-1’), 

2.71 (0.7H, dd, Jgem=14.6Hz, Ji.,2 .=6 .5 Hz, H-1’), 2.73 (0.7H, m, H -1’), 2.77 (0.3H, dd, Jgen,= 13.8Hz, 

J, r=5.3H z, H-1'), 3.36 (0.3H, m, H-2'), 4.12 (0.7H, m, H-2'), 5.60 (0.7H, d, J=7.0Hz, NH), 5.92 (1.4H, s, 

OCH 2 O), 5.93 (0.6H, s, OCH 2 O), 5.96 (0.3H, d, J=6.5Hz, NH), 6.58 (0.3H, dd, Je,5 = 7 .8 Hz, J6 ,2 = 1 .5 Hz, H-6 ), 

6.61 (0.7H, dd, J«,5 = 8 .0 Hz, J6 ,2 = 1 .5 Hz, H-6 ), 6.63 (0.3H, d, H,,6=2.0Hz, H-2), 6 . 6 8  (0.7H, d, H 2 ,6 = l- 5 Hz, H- 

2), 6.73 (0.7H, d, Jj,6=8.0Hz, H-5), 6.74 (0.3H, d, J5 .6 = 7 .5 Hz, H-5), 7.75 (0.3H, s, CHO), 8.13 (0.7H, s, 

CHO). ‘̂ C N M R ppm (CDCI3) 9.84*, 9.99 (C-4'), 26.31*, 27.83 (C-3'), 39.66*, 41.82 (C-1'), 50.23*, 55.77 

(C-2’), 100.40*, 100.48 (OCHjO), 107.69*, 107.92, 109.13* (C-2, C-5), 121.81*, 121.98 (C-6 ), 131.06* (C- 

1), 145.72*, 145.91, 147.38, 147.39* (C-3, C-4), 163.73*, 166.35 (CHO). m/z 221 (M", 13%), 176 (100), 8 6  

(72), 135 (67), 58 (6 5 ),.

5-M ethyl-4-(3,4-m ethylenedioxybenzyl)pyrim idine (214) was isolated as an impurity from the preparation 

o f  (205) by flash chromatography on silica gel (e lu e n t: diethylether/hexane 50/50). Tan crystals (3%). M.p.
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83-85“C (ethanol). Rf 0.12 (diethylether/hexane : 50/50). IRv^^^ (KBr) 2778 (0 C H ,0 ) , 1579 (C=C) cm ''. 

'H  N M R 5 (CDCI3 ) 2.25 (3H, s, CH 3 ), 4.03 (2H, s, CH 2 ), 5.91 (2H, s, OCH 2 O), 6 . 6 6  (IH , d, J6 ,5 '=7 .5 Hz, H- 

6 '), 6.70 (IH , d, J2 ',6 = 1 .5 Hz, H-2'), 6.72 (IH , d, Jj.6’=8,0Hz, H-5'), 8.42 (IH , s, H-6 ), 9.00 (IH , s, H-2). ‘̂ C 

N M R  ppm (CDCI3 ) 15.57 (CH 3 ), 41.12 (CHj), 100.92 (OCH 2 O), 108.24, 109.23 (C-2', C-5'), 121.82 (C-6 '), 

129.18 (C - r) ,  130.59 (C-5), 146.32, 147.83 (C-3', C-4'), 156.63 (C-2), 157.52 (C-6 ), 166.83 (C-4). W r 228 

( M \ 100%), 135 (58), 77 (44), 51 (42), 169 (30). Anal. (C 1 3H 1 2N 2 O 2 ) Calc; C (68.41), H (5.30), N  (12.27), 

Found: C (68.21), H (5.29), N  (12.09)%.

4-Ethyl-5-(3,4-m ethylenedioxyphenyl)pyrim idine (215) was isolated as an impurity from the preparation 

o f  (205) by flash chromatography on silica gel (e lu e n t: diethylether/hexane 50/50). Colourless needles (7%). 

M .p.62-63°C (ethanol). Rf 0.30 (diethylether/hexane : 50/50). IRvn,ax (KBr) 2780 (OCH 2 O), 1608 (C = C )cm ' 

'. ‘H N M R 5 (CDCl3 ) 1.24 (3H, t, J=7.5Hz, CHjC/Zj), 2.79 (2H, q, J=7.5Hz, C // 2 CH 3 ), 6.04 (2H, s, 

O CH 2 O), 6.75 (IH , dd, J6 .,5 .=8 .0 Hz, J6 ,2 '= 1 -0 Hz, H-6 '), 6.78 (IH , s, H-2'), 6.91 (IH , d, J5 . 6 - 7 .5 Hz, H-5’), 8.48 

(IH , s, H-6 ), 9.09 ( lH ,s ,  H-2). '^C NM R ppm (CDCI3 ) 12.78 (CH 2 CH 3 ), 28.11 (CH 2 CH 3 ), 101.35 (OCH 2 O), 

108.55 (C-5'), 109.37 (C-2'), 122.66 (C-6 '), 129.42 (C-T), 134.14 (C-5), 147.70, 147.93 (C-3', C-4'), 156.48 

(C-6 ), 157.26 (C-2), 168.95 (C-4). m/z 228 (M ^-1, 100%), 169 (13), 115 (12), 62 (12), 8 8  (9). Anal. 

(C 1 3 H 1 2N 2 O 2 ) Calc: C (68.41), H (5.30), N (12.27), Found: C (68.31), H (5.32), N (12.03)%.

4-Ethyl-3-m ethyl-2-(3,4-m ethylenedioxybenzyl)-5-(3,4-inethylenedioxyphenyl)pyridine (216) was 

isolated as an impurity from the preparation o f  (205) by flash chromatography on silica gel (eluent : 

hexane/diethylether : 50/50) followed by flash chromatography on acidic alumina (eluent

diethylether/ethylacetate 70/30). Amber oil (0.3% ). Rf 0.30 neutral alimiina (hexane/acetone : 90/10). 

IRv„ax (film) 2780 (OCH 2 O), 1607 (C=C) cm '. 'H  NMR 6  (CDCI3 ) 1.00 (3H, t, J=7.5Hz, CHzCZ/j), 2.27 

(3H, s, CH 3 ), 2.60 (2H, q, J=7.5Hz, 4.16 (2H, s, CH 2 ), 5.90 (2H, s, OCHjO), 6.01 (2H, s, OCH 2 O),

6.73 (IH , d, J6 .,5 .=8 .0 Hz, H-6 ' or H-6 "), 6.71-6.74 (3H, m, H-2' or H-2", H-5' or H-5", H-6 ' or H-6 "), 6.75 (IH , 

s, H-2' or H-2"), 6.87 (IH , d, J5 .,6 '=7 .5 Hz, H-5' or H-5"), 8.22 (IH , s, H-6 ). ‘̂ C N M R ppm (CDCI3 ) 13.96 

(CH 2 C // 3 ), 14.48 (CH 3 ), 23.07 (C //,C H 3 ), 41.76 (CH 2 ), 100.83, 101.17 (OCHjO), 108.17 (C-5', C-5"), 

109.11, 109.98 (C-2', C-2"), 121.53, 122.89 (C-6 ’, C-6 "), 130.01, 132.34, 132.84, 135.97, (C-T, C-1", C-3, C- 

4), 145.94 (C-6 ), 146.39, 147.06, 147.51, 147.73 (C-3', C-3", C-4', C-4"), 150.59, 157.27 (C-2, C-5). w/z 375 

(M "-l, 100%), 172 (7), 252 (6 ), 358 (6 ), 135 (4). HRMS calcd for C 2 3 H 2 2 N O 4 : (M^'+H) 376.1549, found; 

376.1582.

2,4-Diethyl-3,5-di(3,4-m ethylenedioxyphenyl)pyridine (217) was isolated as an impurity from the 

preparation o f  (205) by flash chromatography on silica gel (e lu e n t: hexane/diethylether : 50/50) followed by 

tlash chrom atography on acidic alumina (eluent ; diethylether/ethylacetate : 80/20). Amber oil (0.3% ). Rf 

0.37 neutral alumina (hexane/acetone : 90/10). IRv„i„ (fihn) 2777 (OCH2O), 1606 (C=C) cm'*. 'H  N M R 

5 (CDCI3) 0.75, 1.16 (6 H, 2t, J=7.5Hz, J=7.5Hz, CH2C//3), 2.40 (2H, dq, J=7.5Hz, J=2.7Hz, C//2CH3), 2.55 

(2H, d, J=7.5Hz, C//2CH3), 6.01 (2H, s, OCH2O), 6.03 (2H, s, OCH2O), 6 .6 6 , 6.78 (2H, 2dd, J6.,s.=8.0Hz, 

J 6 .,2 '= 1 .5 Hz and J6 ~.5 "=8 .0 Hz, J6-r'=1.5Hz, H-6 ', H-6 "), 6.70, 6.81 (2H, 2d, J2 .,6 '= 1 .5 Hz, J2 -,6 -= 1 .5 Hz H-2', H- 

2"), 6.87, 6 . 8 8  (2H, 2d, J5 .,6 .=8 .0 Hz, J5 .,6 -=7 .5 Hz, H-5', H-5"), 8.31 (IH , s, H -6 ). '^C NM R ppm (CDCI3) 

13.91, 14.63 (CH2CH3), 23.26, 29.24 (CH2CH3), 101.12 (OCH2O), 108.18, 108.27 (C-5', C -5"), 109.98, 

110.03 (C-2', C-2"), 122.78, 122.93 (C-6 ', C-6 "), 132.06, 132.41 (C-1', C-1"), 134.74, 135.33 (C-3, C-4),
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146.79, 146.97, 147.49, 147.63 (C-3', C-3", C-4', C-4"), 148.92 (C-6 ), 149.45 (C-5), 160.55 (C-2). m/z 375 

(M * -l, 100%), 346 (11), 135 (7), 359 (5), 316 (5). HRM S calcd for C 2 3 H 2 2 N O 4 : (M^+H) 376.1549, found: 

376.1531.

2-Ethyl-5-m ethyl-6-(3,4-m ethylenedioxybenzyl)-3-(3,4-m ethylenedioxyphenyl)pyridine (218) was

isolated as an impurity from the preparation o f  (205) by flash chrom atography on silica gel (eluent : 

hexane/diethylether ; 50/50) followed by flash chrom atography on silica gel (e lu e n t; hexane/acetone : 98/2). 

Amber oil (0.5%). Rf 0.36 (hexane/acetone : 80/20). IRv^^x (film) 2776 (OCHjO), 1608 (C=C) cm ‘. 'H 

NM R 5 (CDCI3) 1.00 (3H, t, J=7.5Hz, CHjC/Zj), 2.27 (3H, s, CHj), 2.60 (2H, q, J=7.5Hz, C//2CH3), 4.16 

(2H, s, CH2), 5.90 (2H, s, OCH2O), 6.01 (2H, s, O CH .O ), 6.67-6.75 (5H, m, H-2', H-2", H-5' or H-5", H -6 ', 

H-6 "), 6.87 (IH, d, J 5 ,6 = 7 .5 Hz, H-5' or H-5"), 8.22 (IH, s, H-6 ). ‘̂ C N M R ppm (CDCI3) 13.96 (CH^C/Zj), 

14.48 (CH3), 23.07 (C//2CH3), 41.76 (CHj), 100.83, 101.17 (O C H .O ), 108.17 (C-5', C-5"), 109.11, 109.98 

(C-2', C-2"), 121.53, 122.89 (C-6 ', C-6 "), 130.01, 132.34, 132.84, 135.97 (C-1', C-1", C-3, C-4), 146.39 (C- 

6 ), 145.94, 147.06, 147.51, 147.73 (C-3', C-3", C-4', C-4"), 150.59 (C-5), 157.27 (C-2). m/z 375 (M", 100%), 

135 (12), 252 (12), 346 (12), 360 (12). HRMS calcd for C 2 3 H 2 2 N O 4 : (M "+H) 365.1549, found: 376.1540.

2,6-Diethyl-3,5-di(3,4-m ethylenedioxyphenyl)pyridine (219) was isolated as an impurity from the 

preparation o f  (205) by flash chromatography on silica gel (eluent : hexane/diethylether : 50/50) followed by 

flash chromatography on silica gel (eluent : hexane/acetone : 90/10). Amber oil (0.5%). Rf 0.48 

(hexane/acetone : 80/20). IRv„3x (film) 2777 (OCH .O ), 1607 (C=C) cm '‘. ‘H NM R 5 (CDCI3 ) 1.23 (6 H, t, 

J=7.5Hz, CHjC/Zj), 2.81 (4H, q, J=7.5Hz, C/Z^CHj), 5.99 (4H, s, OCHjO), 6.77 (2H, dd, Je.s-S.OHz, 

J6 ,2 '= 1 -5 Hz, H-6 '), 6.81 (2H, d, J 2 '.6 = 2 .0 Hz, H-2'), 6.85 (2H, d, J 5 ’,6 ’= 8 .0 Hz, H-5'), 7.26 (IH , s, H-4). ‘̂ C 

NMR ppm (CDCI3 ) 14.22 (CH.C/Zj), 28.45 (C // 2 CH 3 ), 101.11 (OCH 2 O), 108.18 (C-5'), 109.70 (C-2'), 

122.57 (C-6 '), 133.18, 133.78 (C-T, C-3, C-5), 138.91 (C-4), 146.83, 147.51 (C-3’, C-4'), 158.90 (C-2, C-6 ). 

m/z 375 (M "-l, 100%), 346 (9), 316 (5), 228 (4), 120 (4). HRM S calcd for C 2 3 H 2 2 NO 4 : (M*+H) 376.1549, 

found: 376.1560.

3,5-Dim ethyl-2,6-di(3,4-methyIenedioxybenzyl)pyridine (220) was isolated as an impurity from the 

preparation o f  (205) by flash chromatography on silica gel (eluent : hexane/diethylether : 75/25). A m ber oil 

(0.6%). Rf 0.73 (diethylether/hexane : 50/50). IRv„,ax (film) 2776 (OCH 2 O), 1608 (C=C) cm ''. 'H  N M R 

5 (CD Cl3 ) 2.17 ( 6 H, s , CH 3 ), 4.06 (4H, s, CH 2 ), 5.88 (4H, s, OCH 2 O), 6.62-6.70 (6 H, m, H-2’, H -5’, H-6 ’), 

7.13 (IH , s, H-4). ‘̂ C NMR ppm (CDCI3 ) 18.20 (CH 3 ), 41.34 (CH 2 ), 100.71 (OCH jO ), 107.97 (C-5'), 

109.18 (C-2'), 121.44 (C-6 '), 129.28 (C-3, C-5), 133.42 (C-1'), 140.38 (C-4), 145.72, 147.56 (C-3', C-4'), 

155.50 (C-2, C-6 ). m /z  375 (M", 100%), 207 (27), 77 (22), 135 (17), 253 (13). HRM S calcd for C 2 3 H 2 2 NO 4 : 

(M"+H) 376.1549, found: 376.1555.

A^-M ethyl-A^^-di(l-(3,4-methylenedioxyphenyl)-2-butyl)amine (221) was isolated as an impurity from the 

preparation o f  (205) by flash chromatography on silica gel as a 60/40 mixture o f  diastereom ers (eluent : 

hexane/diethylether : 70/30). Amber oil (0.8% ). Rf 0.64 (diethylether/hexane : 50/50). IRv^ax (film) 2781 

(NCH 3 ), 1608 (C=C) cm‘‘. ' h  N M R 5 (CDCI3 ) 0.77 (3.6H, t, J 4 .3 - 7 .5 Hz, H-4'), 0.79 (2.4H, t, J4 ',3 - 7 .5 Hz, 

H-4'), 1.25-1.38 (4H, m, H-3'), 2.28 (3H, s, NCH 3 ), 2.43 (0.8H, dd, Jg^=13.5H z, J , . 2 = 8 .5 Hz, H-1'), 2.45 

(1.2H, dd, Jge„=14,3Hz, J ,.2 '=7 .5 Hz, H-1'), 2.65 (2H, m, H-2'), 2.76 (1.2H, dd, Jgen,= 13.0Hz, Ji,2 = 5 .0 Hz, H-
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1’), 2.80 (0.8H, dd, Jgem=13.2Hz, J,.2 = 5 .5 Hz, H-1'), 5.89 (2H, s, OCH2 O), 5.90 (2H, s, OCHjO), 6.58 (2H, d, 

J5 ,6 = 8 .0 Hz, H-5), 6.63 (2H, s, H-2), 6.69 (2H, dd, J6 ,5 = 7 .8 Hz, J6 .2 = 2 .8 Hz, H-6 ). NMR ppm (CDCI3 )

11.46*, 11.48 (C-4’), 24.32, 24.42* (C-3’), 29.51*, 30.08 (NCH,), 38.01, 38.09* (C-1'), 65.83, 66.34* (C-2'), 

100.65, 100.67* (OCH 2 O), 107.91, 107.97* (C-5), 109.51*, 109.56 (C-2), 121.93* (C-6 ), 135.22*, 135.27 

(C-1), 145.39*, 145.43*, 147.35, 147.41 (C-3, C-4). /w/z 383 (40% diastereomer M "-l, 1%), 135 (100), 248 

(76), 77 (17), 147 (10). m/z 383 (60% diastereomer M ”- l ,  1%), 135 (100), 248 (77), 77 (16), 147 (10). 

HRMS calcd for C2 3 H3 0 NO 4 : (M"+H) 348.2175, found: 348.2175.

2-A^-Form ylainino-l-(3,4-niethylenedioxyphenyl)pentane (206) was prepared from (172) (19.51g, 

94.59mmol scale) according to general procedure 7.2.5 and isolated by flash chromatography on silica gel 

(eluent ; diethylether). Pale amber oil (21%). Rf 0.14 (diethylether). lRv„^ (film) 3268 (NH), 2774 

(OCH2 O), 1660 (CHO) cm-'. ‘H NM R 5 (CDCI3 ) 0.90 (1.8H, t, Jj.4 - 7 .3 Hz, H-5'), 0.92 (1.2H, t, J5 .4 - 7 .OHz, 

H-5’), 1.27-1.58 (4H, m, H-3’, H-4'), 2.56 (0.4H, dd, Jgem= 13.8Hz, Ji.,2 = 8 .3 Hz, H-1'), 2.71 (1.2H, dd, 

Jgem=15.1Hz, J,.,2 '=6 .5 Hz, H-r), 2.76 (0.4H, dd, Jgem=13.8Hz, J,.r=5.3Hz, H-1'), 3.44 (0.4H, m, H-2'), 4.21 

(0.6H, m, H-2'), 5.55 (0.6H, d, J=8.0Hz, NH), 5.91 (1.2H, s, OCH2 O), 5.92 (1.2H, m, OCH2 O, NH), 6.57 

(0.4H, dd, Jfi,5= 7 .5 Hz, J6,2= 1 .5 Hz, H-6 ), 6.61 (0.6H, dd, J6 ,5= 8 .0 Hz, Je,2 = 1 .5 Hz, H-6 ), 6.62 (0.4H, d, 

H2.6=2.0Hz , h -2), 6.67 (0.6H, d, H2,6=2.0Hz, H -2), 6.72 (0.6H, d, J5,6=7.5Hz, H-5), 6.73 (0.4H, d, J5,6=7.5Hz, 

H-5), 7.73 (0.4H, s, CHO), 8.11 (0.6H, s, CHO). ‘̂ C NMR ppm (CDCI3 ) 13.58, 13.76* (C-5'), 19.06, 19.09* 

(C-4’), 36.04*, 37.33 (C-3'), 40.51*, 42.59 (C-1'), 48.92*, 54.33 (C-2'), 100.79*, 100.89 (OCH2 O), 108.07*, 

108.32, 109.54, 109.65* (C-2, C-5), 122.24*, 122.39 (C-6 ), 131.09, 131.44* (C-1), 146.12*, 146.32, 147.57, 

147.78* (C-3, C-4), 160.63*, 164.01 (CHO). /w/z 235 (M", 14%), 190 (100), 135 (33), 100 (21), 161 (17). 

Anal. (C,3 H nN 0 3 ) Calc: C (66.36), H (7.28), N (5.95), Found: C (66.34), H (7.28), N (5.91).

5-Ethyl-4-(3,4-m ethylenedioxybenzyl)pyriinidine (222) was isolated as an impurity from the preparation o f  

(206) by flash chromatography on silica gel (eluent : diethylether). Brown oil (5%). Rf 0.22 

(diethylether/hexane : 50/50). IRv^^x (film) 2777 (OCH2 O), 1608 (C=C) cm’'. 'H NMR 5 (CDCI3 ) 1.19 (3H, 

t, J=7.5Hz, CH2C//J), 2.65 (2H, q, J=7.5Hz, C //2CH3 ), 4.06 (2H, s, CHj), 5.90 (2H, s, OCH.O), 6.65 (IH, dd, 

J6 .5 =V-8 Hz, J6 ,2 '=1 -5 Hz, h - 6 '), 6.70 (IH , d, Jr.6=1.5Hz, H-2'), 6.72 (IH , d, J5 .6 = 8 .0 Hz, H-5'), 8.48 (IH , s, H- 

6 ), 9.01 (IH , s, H-2). ‘̂ C NMR ppm (CDCI3) 13.96 (CH2CH3), 22.51 (CH2CH3), 40.42 (CHj), 100.89 

(OCH2O), 108.22 (C-5'), 109.19 (C-2'), 121.74 (C-6 '), 131.15 (C-T), 134.62 (C-5), 146.27, 147.78 (C-3', C- 

4'), 156.39 (C-6 ), 156.52 (C-2), 166.32 (C-4). m/z 242 (M \ 100%), 135 (42), 77 (22), 183 (17), 122 (15). 

HRMS calcd for Ci4 H ,5 N 2 0 2 : (M^+H) 243.1134, found: 243.1111.

5-(3,4-M ethylenedioxyphenyl)-4-propylpyrim idine (223) was isolated as an impurity from the preparation 

o f  (206) by flash chromatography on silica gel (elu en t: diethylether/hexane 60/40). Brown oil ( 8 %). Rf 0.39 

(diethylether/hexane : 50/50). IRv„^ (film) 2779 (OCH2 O), 1607 (C=C) cm'’. 'H NMR 8  (CDCI3) 0.89 (3H, 

t, J=7.5Hz, CH2 CH2 C//J), 1.72 (2H, m, CH2 C //2 CH3 ), 2.75 (2H, t, J=7.5Hz, C //2 CH2 CH3 ), 6.04 (2H, s, 

OCH2 O), 6.75 (IH , dd, J6 '.5 = 8 .0 Hz, J6 .2 = 2 .0 Hz, H-6 '), 6.78 (IH , d, J2 -,6 = l- 5 Hz, H-2'), 6.91 (IH , d, 

J5 ,6 = 8 .0 Hz, H-5'), 8.48 (IH, s, H-6 ), 9.09 (IH , s, H-2). *̂ C NMR ppm (CDCI3) 13.76 (CH2 CH2 CH3 ), 21.81 

(CH2 CH2CH3 ), 36.58 (CH2 CH2CH3), 101.25 (OCH2 O), 108.41 (C-5'), 109.30 (C-2'), 122.59 (C-6 '), 129.39 

(C-1'), 134.35 (C-5), 147.56, 147.81 (C-3', C-4'), 156.43 (C-6 ), 157.05 (C-2), 167.76 (C-5). m/z 2^2 (M^-1,
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47%), 213 (100), 155 (24), 227 (19), 183 (14). HRMS calcd for C mH isN^Oj : (M"+H) 243.1134, found; 

243.1153.

3-Ethyl-2-(3,4-methylenedioxybenzyl)-5-(3,4-methylenedioxyphenyl)-4-propylpyridine (224) was 

isolated as an impurity from the preparation o f (206) by flash chromatography on silica gel (eluent : 

hexane/diethylether 70/30). Amber oil (0.2%). Rf 0.57 (diethylether/hexane : 50/50). IRv^^x (film) 2777 

(OCH 2 O), 1608 (C=C) cm''. 'H NMR 5 (CDCI3 ) 0.56 (3H, t, J=7.5Hz, CH 2 CH2 C //3 ), 1.19 (3H, t, J=7.5Hz, 

CH 2 C//J), 1.64 (2H, m, CH2C//2CH3), 2.50 (2H, t, J=7.5Hz, C//2CH2CH3), 2.58 (2H, q, J=7.5Hz, C//2CH3), 

3.75 (2H, s, CH2 ), 5.90 (2H, s, OCH.O), 5.95 (2H, dd, J=10.5Hz, J=1.5Hz, OCHjO), 6.26 (IH , d, J6,s=8.0Hz, 

H-6 ' or H-6 "), 6.32, 6.50 (2H, 2d, Jj.s-l-OHz, J2 ".6 "=l-5 Hz, H-2’, H-2"), 6.48 (IH , dd, J6 ',5 = 8 .0 Hz, J6 ' 2 '= 1 .5 Hz, 

H-6 ’ or H-6 "), 6.64, 6.77 (2H, 2d, J5 . 6 - 8 .OHz, J 5 -,6 -=7 .5 Hz, H-5', H-5"), 8.42 (IH , s, H-6 ). '^C NMR ppm 

(CDCI3) 14.17 (CH2CH2CH3), 14.87 (CH2CH3), 23.00 (CH2CH2CH3), 23.55 (CH2CH2CH3), 34.78 (CH2), 

37.99 (CH2CH3), 100.80, 101.00 (OCH2 O), 107.99, 108.07 (C-5’, C-5"), 108.47, 109.88 (C-2', C-2"), 120.81, 

122.66 (C-6 ', C-6 "), 132.16, 133.45 (C-1', C-1"), 135.16, 136.40 (C-3, C-4), 145.20, 145.67, 146.67, 147.43, 

147.59 (C-3', C-3", C-4', C-4", C-5), 148.51 (C-6 ), 158.27 (C-2). m/z 403 (M "-l, 32%), 374 (100), 388 (8 ), 

135 (6 ), 121 (5). HRMS calcd for C2 5 H2 6 NO 4 : (M > H ) 404.1862, found: 404.1865.

3,5-Di(3,4-methylenedioxyphenyl)-2,4-dipropylpyridine (225) was isolated as an impurity from the 

preparation o f (206) by flash chromatography on silica gel (eluent : hexane/diethylether 50/50) followed by 

flash chromatography on acidic alumina (eluent : hexane/ethylacetate : 50/50). Colourless oil (0.3%). Rf 

0.62 (diethylether/hexane : 50/50). IRv^^ (film) 2775 (OCH 2 O), 1607 (C=C) cm '. 'H  NMR 6  (CDCI3 ) 

0.55, 0.86 (6 H, 2t, J=7.3Hz, J=7.5Hz, CHjCH.C/Zj), 1.15, 1.64 (4H, 2m, CH2 C //2 CH 3 ), 2.33, 2.50 (4H, m, 

C//JCH 2 CH3 ), 6.01 (2H, s, OCH2 O), 6.04 (2H, s, OCH2 O), 6.64, 6.77 (2H, 2d, J6 -,5 = 7 .6 Hz, J6 .,5 »=8 .0 Hz, H- 

6 ', H-6 "), 6.67, 6.87 (2H, 2s, H-2', H-2"), 6.87, 6 . 8 8  (2H, 2d, J5 ..6 = 8 .0 Hz, J5 -,6 .= 8 .0 Hz, H-5', H-5"), 8.29 (IH, 

s, H-6 ). '^C NMR ppm (CDCI3 ) 14.21, 14.33 (CH2 CH2 CH3 ), 22.98, 23.41 (CH 2 CH2 CH 3 ), 32.23, 38.08 

(CH 2 CH2 CH 3 ), 101.09 (OCH2 O), 108.14 (C-5', C-5"), 110.00, 110.06 (C-2', C-2"), 122.88, 122.91 (C-6 ', C- 

6 "), 132.18, 132.54 (C-T, C-l"), 134.78, 135.72 (C-3, C-4), 146.68, 146.90, 147.47, 147.53 (C-3', C-3", C-4', 

C-4"), 148.02 (C-6 ), 148.79 (C-5), 159.36 (C-2). m/2 403 (M "-l, 25%), 374 (100), 344 (I I ) , 388 (11), 316 

(7). HRMS calcd for C2 5 H 2 6 NO 4 : (M"+H) 404.1862, found: 404.1875.

3-Ethyl-2-(3,4-methylenedioxybenzyl)-5-(3,4-methylenedioxyphenyl)-6-propylpyridine (226) was 

isolated as an impurity from the preparation of (206) by flash chromatography on silica gel (eluent : 

hexane/diethylether 80/20). Amber oil (0.6%). Rf 0.47 (hexane/diethylether : 80/20). IRv^ax (film) 2775 

(OCH 2 O), 1507 (C=C) cm-'. 'H NMR 6  (CDCI3 ) 0.86 (3H, t, J=7.3Hz, CH 2 CH 2 C//J), 1.12 (3H, t, J=7.5Hz, 

CH 2 C //3 ), 1.68 (2H, m, CH2 C // 2 CH3 ), 2.58 (2H, q, J=7.8Hz, C //2 CH 3 ), 2.73 (2H, t, J=7.8Hz, C // 2 CH 2 CH 3 ), 

4.12 (2H, s, CH2 ), 5.89 (2H, s, OCHjO), 6.00 (2H, s, OCH 2 O), 6.70 (2H, s, H-5’ or H-5", H-6 ' or H-6 "), 6.74 

(IH , dd, J6 ,5 = 8 .0 Hz, J6 ,2 = 1 .5 Hz, H-6 ’ or H-6 "), 6.76 (IH , s, H-2' or H-2"), 6.78 (IH , d, J2 .6 = 1 .5 Hz, H-2’ or H- 

2"), 6 . 8 6  (IH , d, J5 ,6 = 8 .0 Hz, H-5' or H-5"), 7.22 (IH , s, H-4). ‘̂ C NMR ppm (CDCI3 ) 14.05 (CH 2 CH 2 CH 3 ), 

14.25 (CH2 CH3 ), 23.12 (CH 2 CH2 CH 3 ), 24.40 (CH 2 CH 3 ), 36.98 (CH 2 CH2 CH 3 ), 41.07 (CHj), 100.71, 101.07 

(OCH 2 O), 107.97, 108.11 (C-5', C-5"), 109.17, 109.74 (C-2’, C-2"), 121.47, 122.55 (C-6 ’, C-6 "), 133.57, 

133.94 (C-r, C-l"), 134.22, 134.58 (C-3, C-5), 137.69 (C-4), 145.73, 146.73, 147.45, 147.52 (C-3', C-3", C-
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4', C-4”), 156.12, 156.25 (C-2, C-6 ). 403 (M "-l, 77%), 375 (100), 252 (20), 388 (15), 135 (13). HUMS

calcd for C25H26NO4: (M^+H) 404.1862, found: 404.1829.

3,5-Di(3,4-methylenedioxyphenyl)-2,6-dipropylpyridine (227) was isolated as an impurity from the 

preparation of (206) by flash chromatography on silica gel (eluent : hexane/diethylether 70/30) followed by 

flash chromatography on acidic alumina (eluent : diethylether). Colourless oil (0.3%). Rf 0.54 

(hexane/diethylether : 80/20). lR v„„ (film) 2775 (OCH2O), 1607 (C=C) cm '‘. 'H NMR 5 (CDCI3) 0.89 (6 H, 

t, J=7.5Hz, CH2CH2C //3), 1.70 (4H, m, CHjCZ/^CHj), 2.76 (4H, t, J=7.8Hz, C //2CH2CH3), 5.99 (4H, s, 

OCH2O), 6.76 (2H, dd, J6.j.=8.0Hz, J6-,2’=2 .0 Hz, H-6 '), 6.80 (2H, d, J2-,6= 1.5 Hz H-2'), 6.85 (2H, d, 

J5.6=8 .0 Hz, H-5'), 7.25 (IH , s, H-4). '^C NMR ppm (CDCI3) 14.10 (CH2CH2CH3), 23.12 (CH2CH2CH3), 

37.20 (CH2CH2CH3), 101.09 (OCH2O), 108.14 (C-5'), 109.76 (C-2'), 122.62 (C-6 '), 133.42, 133.89 (C-1’, C- 

3, C-5), 138.83 (C-4), 146.78, 147.49 (C-3', C-4'), 157.66 (C-2, C-6 ). m/z 403 (M "-l, 74%), 374 (100), 388 

(13), 344 (12), 172 (9). HRMS calcd for C25H26NO4: (M ^ H ) 404.1862, found: 404.1837.

Im purity profiling of the Leuckart W allach reaction of l-(3,4-methylenedioxyphenyI)-2-aIkanones and 

A^-methylformamide.

General Procedure 7.2.6

A solution of an appropriate alkanone (25.32mmol) in N-methylformamide (64.41mmol, 3.81g) and 96% 

formic acid (1.84g) was stirred and refluxed at 150°C for 7hr. After cooling the reaction was diluted with 

water (50ml) and extracted with dichloromethane (3x25ml). The extracts were combined, washed with water 

(2x50ml) and satd. aq. NaCH0 3  (2x25ml), followed by drying over anhydrous Na2S0 4 . The volatiles were 

removed in vacuo, yielding an oil which was purified by flash chromatography.

2-(A^-Formyl-A'-methyl)amino-l-(3,4-methylenedioxyphenyl)propane (235) was prepared from (69) 

(4 .5Ig, 25.32mmol scale) according to general procedure 7.2.6 and isolated by flash chromatography on 

silica gel (eluent : diethylether). Pale amber oil (46%). (lit. oil '̂” ). Rf 0.25 (diethylether). IRv^ax (film) 

2780 (OCH2O), 1668 (CHO) cm''. 'H  NMR 5 (CDCI3) 1.15 (0.75H, d, J3 r=7.0Hz, H-3'), 1.28 (2.25H, d, 

J3',2=6 .5 Hz, h-3'), 2.67-2.74 (2H, m, H-1'), 2.78 (3H, s, NCH3), 3.73 (0.75H, m, H-2'), 4.67 (0.25H, m, H-2'), 

5.92 (2H, s, OCH2O), 6.52-6.72 (3H, m, H-2, H-5, H-6 ), 7.82 (0.75H, s, CHO), 7.96 (0.25H, s, CHO). '^C 

NMR ppm (CDCI3) 16.28, 18.42* (C-3'), 24.39*, 29.36 (NCH3), 38.88, 39.94* (C-1'), 47.83, 55.56* (C-2'), 

100.37, 100.49* (OCH2O), 107.69, 107.96*, 108.52*, 108.81 (C-2, C-5), 121.34* (C-6 ), 131.04*, 131.40 (C- 

1), 145.66 , 145.93*, 147.19, 147.42* (C-3, C-4), 162.01*, 162.15 (CHO). m/z 221 (M", 4%), 58 (100), 86 

(75), 77 (30), 135 (29).

2-(A'-Formyl-A^-methyl)amino-l-(3,4-methylenedioxyphenyI)butane (236) was prepared from (8 6 ) (5.00g, 

26.01 mmol scale) according to general procedure 7.2.6 and isolated by flash chromatography on silica gel 

(eluent : diethylether). Pale amber oil (60%). Rf 0.44 (diethylether). IRv^ax (film) 2781 (OCH2O), 1668 

(CHO) cm‘‘. 'H  NMR 5 (CDCI3) 0.85 (0.6H, t, J4.3- 7 .OHz, H-4'), 0.87 (2.4H, t, J4.3=7 .3 Hz, H-4'), 1.52-1.66 

(2H, m, H-3'), 2.64-2.69 (2H, m, H-1'), 2.74 (3H, s, NCH3), 3.38 (0.8H, m, H-2'), 4.48 (0.2H, m, H-2'), 5.91 

(0.4H, s, OCH2O), 5.92 (1.6H, s, OCHjO), 6.52 (0.8H, dd, Js,5=7 .8 Hz, J6,2= 1.8 Hz, H-6 ), 6.63 (0.2H, dd. 

J6,5= 8 .0 Hz, J6,2= 1.5 Hz, h - 6 ), 6.57 (IH , d, H2,6=2 .0 Hz, H-2), 6.71 (IH , d, J5.6=7 .6 Hz, H-5), 7.76 (0.8H, s,
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CHO), 8.02 (0.2H, s, CHO). ‘̂ C NMR ppm (CDCI3 ) 10.67, 10.74* (C-4'), 23.83 (C-3'), 24.67* (NCH3 ), 

24.95* (C-3'), 29.84 (NCH3 ), 37.96, 38.95* (C-1'), 54.34, 62.50* (C-2'), 100.78, 100.92* (OCH2 O), 108.09, 

108.29* (C-5), 108.91*, 109.24 (C-2), 121.72* (C-6 ), 131.50*, 131.83 (C-1), 146.33*, 147.85* (C-3, C-4), 

163.12*, 163.31 (CHO). m/z 235 (M", 3%), 100 (100), 72 (67), 176 (51), 135 (23). HRMS calcd for 

CnH.gNOj: (M"+H) 236.1287, found: 236.1282.

2-(A'-Formyl-7V-methyl)ainino-l-(3,4-methylenedioxyphenyl)pentane (237) was prepared from (172) 

(6.01g, 29.16mmol scale) according to general procedure 7.2.6 and isolated by flash chromatography on 

silica gel (eluent : diethylether/hexane : 50/50). Pale amber solid (50%). M.p. 63-64°. Rf 0.24 

(diethylether/hexane : 80/20. lRv„ax (film) 2793 (OCH2 O), 1663 (CHO) cm *. ‘H NMR 8  (CDCI3 ) 0.92 (3H, 

t, J5 ',4 = 7 .3 Hz, h-5'), 1.21 (IH , m, H-4'), 1.31 (IH , m, H-4'), 1.53 (IH , m, H-3'), 1.62 (IH , m, H-3'), 2.67-2.69 

(2H, m, H-1'), 2.74 (3H, s, NCH3 ), 3.50 (IH , m, H-2'), 5.91 (0.4H, s, OCH2 O), 6.52 (IH , d, J6 ,5 = 8 .0 Hz, H-6 ), 

6.57 (IH , d, H2 .6 = 1.5Hz, H-2), 6.71 (IH , d, Js,6=8.0Hz, H-5), 7.74 (IH , s, CHO). '^C NMR ppm (CDCI3 ) 

13.54 (C-5'), 19.29 (C-4'), 24.70 (NCH3 ), 33.95 (C-3'), 39.03 (C-1'), 60.40 (C-2'), 100.87 (OCH2 O), 108.35 

(C-5), 108.87 (C-2), 121.69 (C-6 ), 131.48 (C-1), 146.28, 147.81 (C-3, C-4), 162.93 (CHO). m/z 249 (M", 

5%), 114 (100), 190 (92), 8 6  (33), 135 (32). Anal. (ChHisNOj) Calc: C (67.45), H (7.68), N (5.62), Found: 

C (67.36), H (7.64), N (5.53).

Preparation of 2-amino and 2-yV-methylamino-l-(3,4-methylenedioxyphenyl)alkanes via /V-formyl 

hydrolysis

General Procedure 7.2.7

To a stirred solution of an appropriate A'-formyl or A'-formyl-A^-methylaminoalkane (1 1.68mmol) in methanol 

(15ml) was added 30% aq. HCl (50ml) and the solution was refluxed for 7hr. After cooling the reaction was 

diluted with water (100ml) and washed with dichloromethane (3x30ml). The aqueous phase was basified 

with 15% aq. NaOH and extracted with dichloromethane (3x50ml). The organic phases were combined, 

dried over anhydrous Na2 S0 4  and solvent removed in vacuo, yielding the product as an oil.

2-Aniino-l-(3,4-niethylenedioxyphenyi)propane (MDA) (23) was prepared from (204) (3.08g, 16.01mmol 

scale) according to general procedure 7.2.7. Colourless oil (61%). B.p. 113°C/1.8mmHg (lit. b.p. 80- 

90°C/0.2mmHg''^). Rf 0.40 (methanol). lR v„^ (fihn) 3358 (NHj), 2779 (OCHjO) cm’'. 'H NMR 5 (CDCI3 ) 

1.08 (3H. d, J3 .2 - 6 .OHz, H-3'), 1.09 (IH, br s, NH 2 ), 2.40 (IH , dd, Jgem=13.5Hz, Ji,2 '=8 .0 Hz, H -l'), 2.59 (IH , 

dd, Jg™=13.3Hz, J,.,2 .=5 .5 Hz, H-1'), 3.08 (IH , m, H-2’), 5.89 (2H, s, OCHjO), 6.61 (IH , dd, J6 ,5 = 7 .8 Hz, 

J6 ,2 =2 .0 Hz, h - 6 ), 6 . 6 6  (IH , d, J2 ,6 = 1 .5 Hz, H-2), 6.72 (IH , dd, Js,6=8.0Hz, H-5). ‘̂ C NMR ppm (CDCI3 ) 

23.05 (C-3’), 45.92 (C-1'), 48.06 (C-2'), 100.28 (OCHjO), 107.63 (C-5), 109.00 (C-2), 121.58 (C-6 ), 133.07 

(C-1), 145.43, 147.13 (C-3, C-4). m/z 179 (M", 8 %), 136 (100), 44 (99), 77 (37), 51 (33). HCl salt. 

Colourless solid. M.p. 186-188°C (ethanol/hexane) (lit. m.p. 187-188°C'^). IR v„^ (KBr) 2701, 2598, 2510 

(NH") cm '‘.

2-/V-Methylamino-l-(3,4-niethylenedioxyphenyl)propane (3,4-methylenedioxymethamphetamine, 

MDMA, Ecstasy) (24) was prepared from (235) (4.45g, 20.12mmol scale) according to general procedure
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7.2.7. Colourless oil (76%). B.p. 114°C/0.9mmHg (lit. b.p. 100-110°C/0.4mmHg‘‘̂ ). Rf 0.26 (methanol). 

IRvm« (film) 3324 (NH), 2890 (NCHj), 2790 (OCHjO) cm ''. 'H  N M R  5 (CDCI3 ) 1.04 (3H, d, J3 ,2 = 6 .0 Hz, 

H-3'), 1.23 ( IH , br s, NH), 2.39 (3H, s, N CH 3 ), 2.54 (IH , dd, Jg^=13.3H z, Ji,2 ’= 6 .3 Hz, H-1'), 2.62 (IH , dd, 

Jgem=13.0Hz, J i,2 = 7 .0 Hz, h -1 '), 2.73 (IH , m, H-2'), 5.92 (2H, s, OCH 2 O), 6.63 (IH , dd, J6 ,5 = 8 .0 Hz, 

J6 ,2 = 1 .5 Hz, H-6 ), 6.69 (IH , d, H 2 ,6= 1 .5 Hz, H-2), 6.73 (IH , d, J5 ,6 = 8 .0 Hz, H-5). ‘̂ C NM R ppm (CDCI3 ) 19.19 

(C-3'), 33.52 (NCH 3 ), 42.71 (C-1'), 55.95 (C-2'), 100.30 (OCH 2 O), 107.65 (C-5), 109.02 (C-2), 121.67 (C-6 ), 

132.79 (C-1), 145.45 (C-4), 147.16 (C-3). m/z 193 (M " - l, 4% ), 58 (100), 135 (32), 77 (28), 42 (16). H C l 

salt. Colourless solid. M.p. 143-145°C (ethanol/hexane) (lit. m.p. 148-153°C‘’̂ ). IRv„,ax (KBr) 2458, 2429 

(NH") cm'*

2-A m ino-l-(3 ,4-m ethyIenedioxyphenyl)bu tane (BDB) (26) was prepared from (205) (1.57g, 7.10mmol 

scale) according to general procedure 7.2.7. Colourless oil (58% ). B.p. 116-118°C/0.75mmHg (lit. b.p. 

“C/mmHg"*'). Rf 0.43 (methanol). IRv„,„ (film) 3368 (NH 2 ), 2780 (OCH 2 O) cm ''. *H N M R 5 (CDCI3) 0.96 

(3H, t, J4 .3 - 7 .5 Hz, H-4’), 1.08 (IH , br s, N H .), 1.32 (IH , m, H-3’), 1.49 (IH , m, H-3'), 2.36 (IH , dd, 

Jge,„=13.6Hz, Ji.,2 = 8 .5 Hz, H-1'), 2.71 (IH , dd, Jge„,= 13.5Hz, J,.,r=4.5Hz, H-1'), 2.84 (IH , m, H-2'), 5.91 (2H, 

s, OCH 2 O), 6.63 (IH , dd, J6 .5 = 7 .8 Hz, J6 .2 = 2 .0 Hz, H-6 ), 6 . 6 8  (IH , d, J2 ,6 = 1 .5 Hz, H-2), 6.73 (IH , dd, 

J5 .6 = 7 .5 Hz, h -5 ). ‘̂ C NM R ppm (CDCI3) 10.44 (C-4'), 30.16 (C-3'), 43.88 (C-1'), 54.21 (C-2'), 100.64 

(OCH 2 O), 108.00 (C-5), 109.38 (C-2), 121.97 (C-6 ), 133.46 (C-1), 145.78, 147.52 (C-3, C-4). m/z 193 (M", 

2% ), 58 (100), 136 (20), 77 (10), 51 (9). H Cl salt. Colourless solid. M.p. 157-159°C (ethanol/hexane) (lit. 

m.p. 159-16 1°C-* )̂. IRv„ 3^(K B r) 2602, 2551 (N H ^ c m  '.

2-A '-M ethylain ino-l-(3 ,4-inethy lenedioxyphenyl)bu tane (M BD B) (27) was prepared from (236) (1.76g, 

8.47mmol scale) according to general procedure procedure 7.2.7. Am ber oil (56%). B.p. 100°C/0.6mmHg 

(lit. b.p. 88°C/0.8mmHg). Rf 0.31 (methanol). IRv^^* (film) 3335 (NH), 2876 (NCH3), 2789 (OCH 2 O) cm'*. 

'H  N M R 6 (CDCI3) 0.93 (3H, t, J4 . 3- 7 .3 Hz, H-4'), 1.10 (IH , br s, NH), 1.45 (2H, m, H-3'), 2.37 (3H, s, 

NCH3), 2.51-2.58 (2H, m, H-1’), 2.65 (IH , m, H-2'), 5.93 (2H, s, OCH 2 O), 6.64 (IH , dd, J6 ,5 = 8 .0 Hz, 

J6 ,2 = 1 .5 Hz, H-6 ), 6.70 (IH , d, H2 ,6 = 1 .5 Hz, H-2), 6.74 (IH , d, J 5 ,6 = 8 .0 Hz. H-5). ‘̂ C NM R ppm (CDCI3) 9.33 

(C-4'), 25.07 (C-3'), 33.30 (N-CH3), 39.12 (C-1'), 61.78 (C-2'), 100.30 (OCH 2 O), 107.66 (C-5), 109.00 (C-2), 

121.65 (C-6 ), 133.00 (C-1), 145.40 (C-4), 147.18 (C-3). m/z 208 (M'^+l, 100%), 72 (95), 135 (20), 177 (9), 

5 7 (8 ). H Cl sa lt. Colourless solid. M.p. 154-155°C (ethanol/hexane) (lit. m.p. 156°C). IRVmaj; (KBr) 2460 

(NH") cm ''.

2 -A m ino-l-(3 ,4-m ethylenedioxyphenyl)pen tane (K) (28) was prepared from (206) (1.40g, 5.95mmol scale) 

according to general procedure 7.2.7. Colourless oil (42%). Rf 0.17 (methanol). IRv„,ax (film) 3368 (NH 2 ), 

2776 (OCH 2 O) cm-'. 'H NM R 5 (CDCI3 ) 0.93 (3H, t, J 5 .4 = 6 .8 Hz, H -5’), 1.36-1.45 (6 H, m, H-3’, H-4', N H 2 ), 

2.36 (IH , dd, Jgem=13.6Hz, J , . 2 '=8 .5 Hz, H-1’), 2.71 (IH , dd, Jgem=13.5Hz, Ji,2 '= 5 .0 Hz, H-1'), 2.93 (IH , m, H- 

2’), 5.91 (2H, s, OCH 2 O), 6.63 (IH , dd, J6 ,5 = 7 .8 Hz, J6 ,2 = 1 .5 Hz, H-6 ), 6 . 6 8  (IH , d, J 2 ,6 = 1 .5 Hz, H-2), 6.74 ( IH,  

dd, J5 ,(i=8 .0 Hz, H-5). ‘̂ C NM R ppm (CDCI3) 14.07 (C-5’), 19.35 (C-4’), 39.71 (C-3’), 44.30 (C-1’), 52.49 (C- 

2'), 100.72 (OCH 2 O), 108.09, 109.46 (C-2, C-5), 122.06 (C-6 ), 133.43 (C-1), 145.87, 147.59 (C-3, C-4). m/z 

207 (M", 5%), 72 (100), 136 (20), 81 (26), 51 (15). H C l salt. Colourless solid. M.p. 195-197°C
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(ethanol/hexane) (lit. m.p. 202-203°C*"). IRVmax (KBr) 2635, 2548 (NH^) cm '‘. Anal. (CnHigClNO?) Calc: 

C (59.13), H (7.44), N (5.75), Found: C (58.86), H (7.31), N (5.61)% .

2-A^-M ethylam ino-l-(3,4-methylenedioxyphenyl)pentane (29) was prepared from (237) (1.43g, 5.75mmol 

scale) according to general procedure 7.2.7. Am ber oil (65%). (lit. b.p. 105-110°C/0.3mmHg‘*̂ ). Rf 0.3 

(methanol). IRv^^x (film) 3337 (NH), 2788 (NCHj) cm‘‘. 'H  N M R  5 (CDCI3 ) 0.91 (3H, t, J5 ',4 = 6 .8 Hz, H-5'), 

1.17 (IH , br s, NH), 1.31-1.47 (4H, m, H-3', H-4'), 2.37 (3H, s, N CH 3 ), 2.54-2.66 (3H, m, H-1', H-2'), 5.91 

(2H, s, OCH 2 O), 6.62 (IH , dd, J6,s=7.8Hz, J6 ,2 = 1 .5 Hz, H-6 ), 6 . 6 8  (IH , d, H,,6=1.5Hz, H-2), 6.73 ( IH,  d, 

J 5 ,6 = 7 .5 Hz, H-5). ‘̂ C NM R ppm (CDCI3 ) 14.24 (C-5'), 18.84 (C-4'), 33.70 (N-CH 3 ), 35.50 (C-3’), 40.00 (C- 

1'), 60.67 (C-2'), 100.70 (OCHjO), 108.05 (C-5), 109.42 (C-2), 122.05 (C-6 ), 133.44 (C-1), 145.79, 147.57 

(C-3, C-4). H C Isalt. Colourless solid. M.p. 155-156°C (lit. m.p. 155-156°C'^). IRv^ax (KBr) 2451 (NH") 

cm ''. Anal. (C ,3 H 2 oClN0 2 ) Calc: C (60.58), H (7.82), N (5.43), Found: C (60.46), H (7.76), N (5.33)%.

Preparation o f  2-yV-niethylainino-l-(3,4-m ethylenedioxyphenyl)alkanes (24), (27) and (29) via A'^-formyl 

reduction

General Procedure 7.2.8

A solution o f  the appropriate 2-A'-acylamino-l-(3,4-methylenedioxyphenyl)alkane (I5.61m m ol) in dry THF 

(50ml) was added dropwise over 15 min to a stirred solution o f  L1AIH4 (54.64mm ol, 2.07g) in dry THF 

(150ml) under nitrogen. The reaction was allowed to reflux for 48 hr. After cooling the reaction mixture in 

an ice bath excess hydride was decomposed by the dropwise addition o f  propan-2-ol (2ml), 15% aq. NaOH 

(2ml) and water (15ral). The aluminium salts were removed by filtration and washed with THF (100ml). 

The organic phases were combined and removed in vacuo, yielding a residue which was dissolved in 10% aq. 

HCi (150ml). This was washed with dichloromethane (3x50ml), the aqueous phase basified with 15% aq. 

NaOH, and extracted with dichloromethane (3x50ml). The extracts were combined, dried over anhydrous 

N a 2 S0 4  and solvent removed in vacuo, yielding the product as an oil.

2-A^-M ethylam ino-l-(3,4-methylenedioxyphenyl)propane (24) was prepared from (204) (3.00g, 

15.61 mmol scale) according to general procedure 7.2.8. A m ber oil (25%). Spectroscopic analyses were 

com parable to an authentic sample.

2-A'-M ethylam ino-l-(3,4-m ethylenedioxyphenyl)butane (27) was prepared from (205) (1.63g, 7.36mmol 

scale) according to general procedure 7.2.8. Amber oil (27%). Spectroscopic analyses com parable to an 

authentic sample.

2-yV-M ethylam lno-l-(3,4-methylenedioxyphenyl)pentane (29) was prepared from (206) (1.43g, 5.75mmol 

scale) according to  general procedure 7.2.8. Amber oil (20%). Spectroscopic analyses were com parable to 

an authentic sample.
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General preparation of 2-amino- 2-A^-alkylamino-l-(3,4-methylenedioxyphenyl)alkanes via reductive 

amination

General Procedure 7.2.9

To a solution of mercury (II) chloride (1.85mmol, 0.50g) in water (500ml) was added aluminium foil 

(400nunol, 10.79g) (cut into 2cm squares) and the mixture was occasionally stirred. After 30min the water 

was removed and the resulting activated aluminium washed with water (3x500ml). To the aluminium the 

following reactants were added in sequence; a solution o f an appropriate alkylamine HCl salt (400mmol) in 

water (25ml), propan-2-ol (85ml), 15% aq. NaOH (95ml), an alkanone (120.00mmol) followed by a further 

addition of propan-2-ol (125ml). The mixture was gently stirred at room temperature for 24hr. The resulting 

slurry was filtered and aluminium salts washed with methanol. The filtrate and washes were combined and 

reduced in vacuo, leaving a residue which was acidified with 10% aq. HCl. The aqueous phase was washed 

with dichloromethane (3x75ml), basified with 15% aq. NaOH and extracted with dichloromethane 

(3x100ml). The organic phases were combined, dried over anhydrous Na2S0 4 , and volatiles removed in 

vacuo leaving the product as an oil. No impurities were detected from the organic extracts o f the basic 

aqueous phases o f these reactions as determined by TLC. The acidic phase organic washes from the 

preparations of (24), (25) and (27) were washed with 15% aq. NaOH (5ml) and examined by TLC for the 

presence of impurities. No impurities were detected from the reactions apart from a small amount o f starting 

material.

General Procedure 7.2.10

To a stirred mixture of an appropriate alkanone (22.45mmol) in dry methanol (100ml) there was added either 

ammonium acetate (R3=H) or an appropriate alkylamine HCl salt (179.60mmol) and sodium 

cyanoborohydride (31.84mmol, 2.00g) and the reaction was stirred at rt for 72hr. The pH o f the reaction was 

occasionally adjusted to pH 5-6 by the addition of 4M methanolic HCl as determined by damp universal pH 

paper. Excess hydride was decomposed by the addition o f  10% aq. HCl (150ml) and resulting aqueous phase 

washed with dichloromethane (3x50ml). The aqueous phase basified with 15% aq. NaOH solution and 

extracted with dichloromethane (3x50ml). The organic phases were combined, dried over anhydrous 

Na2S0 4 , and volatiles removed in vacuo leaving the product as an oil. No impurities were detected from the 

organic extracts o f the basic aqueous phases o f these reactions as determined by TLC. The acidic phase 

organic washes from the reactions of (23)-(27) were each combined, washed with 15% aq. NaOH (5ml) and 

examined by TLC for the presence of impurities, resulting in the isolation o f  (100) from the preparation of 

(23)-(25), impurity (239) from the preparation o f (26)-(27) and (230) from the preparation o f (23).

All impurities were isolated by flash chromatography.

2-Amino-l-(3,4-methylenedioxyphenyl)propane (23) was prepared from (69) (7.15g, 40.13mmol scale) 

according to general procedure 7.2.10. Colourless oil (83%). Spectroscopic analyses were comparable to an 

authentic sample.

yV^-Di(l-(3,4-methylenedioxyphenyI)-2-propyl)amine (230)'*^ was isolated as an impurity from the 

preparation of (23) via general procedure 7.2.10 by flash chromatography on silica gel as a 75/25 mixture of 

diastereomers (e luen t: ethylacetate). Amber oil (14%). Rf 0.26 (methanol). IRVma, (film) 3312 (NH) cm‘*.

266



'H NM R 5 (CDCI3 ) 0.96 (4.5H, d, J3 ’.r=6 .0 Hz, H-3’), 1.05 (1.5H, d, J3 '.r=6 .0 Hz, H-3'), 2.00 (IH , br s, NH), 

2.46 (0.5H, m, H-1'), 2.48 (1.5H, dd, Jgem=I3.6Hz, Ji.2 '=7 .0 Hz, H-1'), 2.55 (0.5H, dd, Jge„=13.5Hz, 

Ji r=7.0Hz, H-1'), 2.70 (1.5H, dd, J g e n , =  13.3Hz, J| ,2 ’= 6 .8 Hz, H-1'), 2.90 (0.5H, m, H-2'), 2.95 (1.5H, m, H-2'), 

5.89 (3H, s, OCH2 O), 5.90 (IH, s, OCHjO), 6.48 (0.5H, dd, J6 ,5 = 7 .8 Hz, J6 ,2 = 1 .5 Hz, H-6 ), 6.54 (0.5H, d, 

H2 ,6 = 1 .0 Hz, H-2), 6.59 (1.5H, dd, J6 ,5 = 8 .0 Hz, J6 ,2 = 1 .0 Hz, H-6 ), 6.64 (1.5H, s, H-2), 6.65 (0.5H, d, J5 .6 = 8 .0 Hz, 

H-5), 6.70 (1.5H, d, J5 ,6 = 8 .0 Hz, H-5). ‘̂ C NMR ppm (CDCI3 ) 19.69*, 21.23 (C-3'), 42.94, 43.51* (C-1'), 

51.23*, 52.16 (C-2'), 100.62*, 100.64 (OCH2 O), 107.86, 107.89*, 109.23, 109.42* (C-2, C-5), 121.95, 

122.05* (C-6 ), 132.72, 132.93* (C-1), 145.73*, 147.39* (C-3, C-4 diastereomeric signals overlap), /w/z 342 

(M"+l, 9%), 163 (100), 135 (41), 105 (29), 77 (17).

2-A'-M ethylam ino-l-(3,4-m ethylenedioxyphenyl)propane (24) was prepared from (69) according to both 

procedures. Colourless oil (general procedure 7.2.9 (106.87mmol, 19.04g scale) : 93%, general procedure 

7.2.10 (22.45mmol, 4.00g sc a le ): 89%). Spectroscopic analyses were comparable to an authentic sample.

2-A'-Ethylam ino-l-(3,4-m ethylenedioxyphenyl)propane (M DEA) (25) was prepared from (69) according 

to both procedures. Colourless oil (general procedure 7.2.9 (IS.lOmmol, 2.69g scale) : 45%, general 

procedure 7.2.10 (37.04mmol, 6.60g scale) ; 87%). B.p. 95°C/0.65mmHg (lit. b.p. 145-150'^C/0.5mmHg'*^). 

Rr 0.26 (methanol). IRv^ax (film) 3293 (NH) cm‘‘. 'H NMR 5 (CDCI3 ) 1.05 (3H, t, J=5.5Hz, NCH 2 C//J), 

1.07 (3H, d, J3 .,2 = 7 .5 Hz, H-3'), 1.50 (IH , br s, NH), 2.52 (IH , dd, Jge„=13.5Hz, Jr,2 - 6 .5 Hz, H-1'), 2.65 (IH, 

dd. Jge„.=13.3Hz, J,.2 = 7 .0 Hz, H-1'), 2.58 (IH, dq, J=11.3Hz, J=7.0Hz, N C //2 CH3 ), 2.71 (IH, dq, J= ll.H z , 

J=7.0Hz, N C //2 CH3 ), 2.85 (IH, m, H-2'), 5.92 (2H, s, OCHjO), 6.63 (IH , dd, J6 ,5 = 7 .8 Hz, Js,2 = 1 .8 Hz, H-6 ),

6.67 (IH, d, H2 .6 = 2 .0 Hz, H-2), 6.73 (IH , d, J5 ,6 = 8 .0 Hz, H-5). '̂ C NMR ppm (CDCI3 ) 14.94 (NCH 2 CH3 ), 

19.68 (C-3'), 40.99 (C-1'), 42.88 (NCH 2 CH3 ), 54.16 (C-2'), 100.29 (OCH2 O), 107.63 (C-5), 109.02 (C-2),

121.67 (C-6 ), 132.82 (C-1), 145.42 (C-4), 147.14 (C-3). HCI salt. Colourless solid. M.p. 198-199°C  

(ethanol/hexane) (lit. m.p. 201-202°C*^). lRv„^ (KBr) 2471, 2428 (NH") cm '

2-H ydroxy-l-(3,4-m ethylenedioxyphenyl)propane (100)’*‘ was isolated as an impurity from the 

preparation o f  (23), (24) and (25) via  general procedure 7.2.10 by flash chromatography on silica gel (elu en t: 

diethylether/hexane ; 60/40). Amber oil (1%, 1.5% and 6 % from the synthesis o f  (23), (24) amd (25) 

respectively). Rf 0.80 (diethylether). IRVmax (film) 3392 (OH), 2779 (OCH2 O) cm'*. 'H NMR 6  (CDCI3 ) 

1.20 (3H, d, J3 .,2 .=6 .5 Hz, H-3'), 1.87 (IH, s, OH), 2.59 (IH, dd, Jge„,= 13.5Hz, Ji.2 = 7 .6 Hz, H-1'), 2.67 (IH , dd, 

Jgem=13.6Hz, J,.2 '=5 .0 Hz, h -1 ’), 3.93 (IH, m, H-2'), 5.90 (2H, s, OCH2 O), 6.63 (IH , dd, J6 ,5 = 8 .0 Hz, 

J6 ,2 = 1 .5 Hz, h - 6 ), 6.69 (IH , d, J2 ,6 = 1 .5 Hz, H-2), 6.73 (IH , dd, J5 ,6 = 7 .5 Hz, H-5). ‘̂ C NMR ppm (CDCI3 ) 

22.58 (C-3’), 45.32 (C-1'), 68.72 (C-2’), 100.72 (OCH2 O), 108.13, 109.57 (C-2, C-5), 122.13 (C-6 ), 132.21 

(C-1), 146.04, 147.60 (C-3, C-4). m/z 180 (M^ 100%), 135 (70), 163 (15), 79 ( 8 ), 107 ( 8 ).

2-Am ino-l-(3,4-m ethylenedioxyphenyl)butane (26) was prepared from (8 6 ) (2.00g, 9.65mmol scale) 

according to general procedure 7.2.10. Colourless oil (82%). Spectroscopic analyses were comparable to an 

authentic sample.
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2-N -M eth y lam in o-l-(3 ,4 -m eth y len ed ioxyp h en y l)b u tan e  (27 ) was prepared from (8 6 ). C olourless oil 

(general procedure 7 .2 .9  (111.54m m ol, 21 .44g  scale) : 67% , general procedure 7 .2 .10  (7.40m m ol, 1.42g 

s c a le ) : 59%). Spectroscopic analyses were comparable to an authentic sample.

2 -H yd roxy -l-(3 ,4 -m eth y len ed ioxyp h en y l)b u tan e (239)^^’ w as isolated as an impurity from the preparation 

o f  (26) and (27) via general procedure 7.2 .10  by chromatography on silica gel (e lu e n t; diethylether/hexane : 

60/40). Amber oil (2% and 1.5% from the synthesis o f  (26 ) amd (27 ) respectively). Rf 0 .84 (diethylether). 

IRv^ax (film ) 3402 (OH), 2777  (OCH2O) cm‘‘. ‘H N M R  6  (CDCI3) 0 .98  (3H , t, J4,3’= 7 .3Hz, H -4’), 1 .43-1.60  

(2H , m, H-3'), 1.68 (IH , s, OH), 2 .55 (IH , dd, Jgem=I3.5Hz, J ,,2= 8 .0 Hz, H-1'), 2 .73 (IH , dd, Jgen,= 13.8Hz, 

Jr,2= 4 .3 Hz, H-1'), 3 .67 (IH , m, H -2’), 5.91 (2H , s, OCH2O), 6 .65 (IH , dd, J6.5= 7 .8Hz, J6,2= 1.5 Hz, H-6), 6.70  

(IH , d, J2.6= 1.5Hz, h -2 ) , 6 .74  (IH , dd, J5,6= 7 .6 Hz, H -5). ‘^C N M R  ppm (CDCI3) 9 .93 (C-4'), 29 .43  (C-3'), 

43 .16  (C-r), 73.99 (C -2 ’), 100.78 (OCHjO), 108.19, 109.64 (C -2 , C -5), 122.19 (C-6), 132.33 (C-1), 146.08, 

147.68 (C-3, C-4). m/z 194 (M ^ 100%), 135 (67), 177 (12), 107 (5), 79 (2).

2 -A ^-E thylain ino-l-(3 ,4-m ethylened ioxyphenyl)butane (E B D B ) (238 ) was prepared from (86 ). C olourless 

oil (general preparation 7 .2 .9  (20.81m m ol, 4 .00g  scale) : 29% , general preparation 7 .2 .10  (7.80m m ol, 1.50g 

scale) : 47%). B.p. 113°C/0.9mm Hg. (lit. oil"*̂ ). R( 0 .27  (m ethanol). IRv^ax (film ) 3318 (N H ) cm''. ‘H 

N M R  6 (CDCI3) 0 .92 (3H , t, J4,3= 7 .5Hz, H-4'), 1.02 (IH , br s, N H ), 1.04 (3H , t, J=7.0H z, N C H 2C //J), 1.40- 

1.46 (2H , m, H -3’), 2 .52-2 .69  (5H , m, H-1', H-2', N C //2CH3), 5 .92  (2H , s, OCH2O), 6 .63 (IH , dd, J6,5= 8 .0 Hz, 

J6,2= 1.8 Hz. h - 6 ), 6.68  (IH , d, J2,6= 1.5 Hz, H-2), 6.73 (IH , d, J5.6= 8 .0 Hz, H-5). ‘^C N M R  ppm (CDCI3) 9 .90  

(C-4'), 15.49 (N CH 2CH3), 26 .18 (C-3'), 40 .04  (C -T ), 4 1 .37  (N C H 2CH3), 60 .54  (C-2'), 100.73 (O CHjO),

108.07, 109.47 (C -2, C-5), 122.09 (C-6 ), 133.57 (C -1), 145.81, 147.59 (C-3, C-4). m / z 2 2 \  (M * - l, 3%), 86 

(100), 58 (55), 135 (44), 77 (31). HCI salt. C olourless solid . M.p. 175-176°C (ethanol/hexane) (lit. m.p. 

176-177°C'^). IR v„^ (KBr) 2474, 2386  (NH'') cm''.

2 -A m in o-l-(3 ,4 -in eth y len ed ioxyp h en y l)p en tan e (28) was prepared from (172) (2 .50g , 12.12m m ol scale) 

according to general procedure 7.2 .10. Colourless oil (41% ). Specfroscopic analyses were comparable to an 

identical sample.

2-A ^ -M ethylam ino-l-(3 ,4-m ethylened ioxyphenyl)pentane (29 ) was prepared from (172). Colourless oil 

(general procedure 7 .2 .9  (12.12m m ol, 2 .50g  s c a le ) : 52%, general procedure 7 .2 .10  (12 .12m m ol, 2 .50g  scale) 

: 29% ). Spectroscopic analyses were comparable to an identical sample.

2-A " -E thylam ino-l-(3 ,4-inethylened ioxyphenyl)pentane (30 ) w as prepared from (172). C olourless oil 

(general procedure 7 .2 .9  (12.12m m ol, 2 .50g  s c a le ) ; 18%, general procedure 7 .2 .10  (12.12m m ol, 2 .50g  scale) 

: 32% ) (lit. b.p. 1 15-125°C /0.4m m H g‘*̂ ). Rf 0.33 (m ethanol). IRv^ax (film ) 3317  (N H ) cm''. 'H N M R  

5 (CDCI3) 0.92 (3H , t, J4.3- 7 .5Hz, H -4’), 1.02 (IH , br s, N H ), 1.04 (3H , t, J=7.0H z, N C H 2C //J), 1.40-1.46  

(2H , m, H-3’), 2 .52 -2 .69  (5H , m, H-1', H-2', N C //2CH3), 5 .92  (2H , s, OCH2O), 6 .63 (IH , dd, J6,5= 8 .0 Hz, 

J6,2= 1.8Hz, H-6 ), 6.68  (IH , d, H2,6= 1.5 Hz, H-2), 6.73 (IH , d, J5,6= 8 .0 Hz, H-5). '^C N M R  ppm (CDCI3) 9 .90  

(C -4’), 15.49 (N CH 2CH3), 26 .18 (C -3’), 40 .04  (C -1’), 41 .37  (N C H 2CH3), 60 .54  (C -2’), 100.73 (O CH2O),

108.07, 109.47 (C -2, C-5), 122.09 (C -6 ), 133.57 (C -1), 145.81, 147.59 (C -3, C -4). m / z 2 2 \  (M ^-1, 3%), 86 

(100), 58 (55), 135 (44), 77 (31). HCI salt. C olourless solid . M.p. 155-156“C (lit. m.p. 157-158°C ‘*̂ ).
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IRv^ax (KBr) 2474, 2375 (NH'") cm'*. Anal. (C h HzjCINO,) Calc; C (61.87), H (8.16), N (5.15), Found: C 

(61.73), H (8.13), N  (5.14)%.

General preparation o f l-(3,4-m ethylenedioxyphenyl)-2-alkanone oximes (240)-(242)

General Procedure 7.2.11

A stirred solution o f  an appropriate alkanone (15.23mm ol) and hydroxylamine HCl (36.00mmol, 2 .5 Ig ) in 

pyridine (12.5ml) and ethanol (12.5ml) was refluxed for 2hr. A fter cooling the reaction was acidified with 

10% aq. HCl and extracted with dichloromethane (3x50ml). The organic phases were combined, dried over 

anhydrous Na 2 S0 4 , and solvent removed in vacuo. The crude product was purified if  necessary by flash 

chromatography on silica gel or by recrystallisation.

l-(3,4-M ethylenedioxyphenyl)-2-propanone oxime (240) was prepared from (69) (2.50g, 15.23mmol 

scale) according to general procedure 7.2.11 as the pure anti isomer and purified by recrystallisation. 

Colourless needles (60%). M.p. 86-87°C (ethanol/water) (lit m.p. 84-87°C'’̂ ). (Rf 0.10 (hexane/diethylether ; 

80/20)). lRv,„ax (KBr) 3228 (OH), 2777 (OCHjO), 1612 (C=N) cm'*. 'H  NM R 5 (CDCI3) 1.84 (3H, s, H-3’), 

3.44 (2H, s, H-1'), 5.95 (2H, s, OCH 2 O), 6.70 (IH , dd, J6 .5 = 7 .8 Hz, J 6 ,2 = 1 .5 Hz, H-6 ), 6.74 (IH , d, J2 .6 = 1 .5 Hz, 

H-2), 6.77 ( IH,  d, J 5 ,6 = 8 .0 Hz, H-5), 9.29 ( IH,  br s, OH). '^C NM R ppm (CDCI3) 13.05 (C-3'), 41.73 (C-T), 

100.91 (OCH 2 O), 108.24, 109.32 (C-2, C-5), 122.00 (C-6 ), 130.39 (C-1), 146.42, 147.80 (C-3, C-4), 157.68 

(C-2’).

l-(3,4-M ethylenedioxyphenyl)-2-butanone oxime (241) was prepared from (8 6 ) (4.89g, 25.44mmol scale) 

according to general procedure 7.2.11 and chromatographed on silica gel (eluent : diethylether/hexane : 

70/30), providing a 65/35 mixture o f  synlanti isomers. Colourless needles (69% ). M.p. 57-58°C 

(diethylether/hexane). (Rf 0.50 (hexane/diethylether : 50/50)). IRv„,a, (KBr) 3245 (OH), 2780 (OCH 2 O), 

1609 (C=N) cm-'. 5j« -(241 ) ‘H NMR 6 (CDCI3) 1.05 (1.95H, t, J 4 ',3 - 7 .5 Hz, H-4'), 2.18 (1.3H, q, 

J3 '.4 = 7 .5 Hz, H-3'), 3.65 (0.65H, s, H-1'), 5.93 (1.3H, s, OCHjO), 6.67-6.76 (3H, m, H-2, H-5, H-6 ), 8.67 

(0.65H, s, OH). '^C N M R ppm (CDCI3) 10.58 (C-4'), 26.93 (C-3'), 33.06 (C-1'), 100.88 (OCH 2 O), 108.21, 

109.58 (C-2, C-5), 122.00 (C-6 ), 130.37 (C-1), 146.14, 147 79 (C-3, C-4), 160.71 (C-2'). /m/z207 (65%  M ^ 

6 6 % ), 135 (lOO), 160 (90), 77 (51), 51 (43). Anti-{24\) ‘H N M R 5 (CDCI3) 1.01 (1.05H, t, J 4 ,3 '=7 .5 Hz, H- 

4'), 2.31 (0.7H, q, J 3 ',4 ’= 7 .5 Hz, H-3'), 3.41 (0.35H, s, H-1'), 5.92 (0.7H, s, OCHjO), H-2, H-5, H - 6  signals 

overlap with syn -{24 \\  8.43 (0.35H, s, OH),. ‘̂ C NM R ppm (CDCI3) 10.08 (C-4'), 20.37 (C-3'), 39.74 (C- 

1'), 100.93 (OCH 2 O), 108.25, 109.43 (C-2, C-5), 122.05 (C-6 ), 130.48 (C-1), 146.42, second signal overlaps 

with syn-{24l) (C-3, C-4), 162.04 (C-2'). m/z 207 (M ^ 70%), 135 (100), 160 ( 6 6 ), 77 (40), 51 (34). Anal. 

(C |,H i 3 N 0 3 ) Calc: C (63.76), H (6.32), N (6.76), Found: C (63.71), H (6.31), N  (6.74).

l-(3,4-M ethylenedioxyphenyi)-2-pentanone oxime (242) was prepared from (172) (lO.OOg, 48.49mmol 

scale) according to  general procedure 7.2.11 and chromatographed on silica gel (e lu e n t: hexane/diethylether 

: 60/40), providing a 50/50 mixture o f  synlanti isomers. Amber oil (73%). (Rf 0.31 (hexane/diethylether 

70/30)). lRv„ax (film) 3234 (OH), 2777 (OCH 2 O), 1609 (C=N) cm'*. ‘H N M R 8  (CDCI3) 0.88 (1.5H, t, 

Js',4 = 7 .3 Hz, H-5'), 0.91 (1.5H, t, J 5 '.4 = 7 .5 Hz, H-5'), 1.47-1.53 (2H, m, H-4'), 2.12 (0.5H, t, J3 ._4 - 7 .5 Hz, H-3'),
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2.26 (0.5H, t, J3 ,4 '=8 -0 Hz, H-3'), 3.40 (0.5H, s, H-1'), 3.64 (0.5H, s, H-1’), 5.92 (IH , s, OCH 2 O), 5.93 (IH , s, 

OCH 2 O), 6.68-6.73 (3H, m, H-2, H-5, H-6 ), 8.58 (IH , s, OH). ‘̂ C NMR ppm (CDCI3 ) 13.73, 14.26 (C-5’), 

19.05, 19.47 (C-4'), 28.95, 32.99 (C-3'), 35.55, 40.13 (C-1'), 100.87, 100.91 (OCHjO), 108.20, 108.23, 

109.42, 109.58 (C-2, C-5), 122.00, 122.03 (C-6 ), 130.35, 130.57 (C-1), 146.14, 146.40, 147 77 (C-3, C-4), 

159.73, 160.97 (C-2'). m/z221 (M \ 77%), 135 (100), 174 (46), 77 (34), 161 (33). m /z2 2 \  (M", 72%), 135 

(100), 161 (95), 174(49), 77 (41).

Preparation of 2-amino-l-(3,4-methylenedioxyphenyl)alkanes (23), (26) and (28) via oxime reduction

General Procedure 7.2.12

To a stirred and refluxing suspension of LiAlH* (52.70mmol, 2.00g) in dry THF (150ml) was added 

dropwise over 20min a solution an appropriate oxime (9.65mmol) in dry THF (50ml) under an inert 

atmosphere of nitrogen. The reaction was refluxed for a total of 3hr. After cooling in an ice bath the excess 

LiAlH 4  was quenched by the successive dropwise additions of propan-2-ol (2ml), 15% aq. NaOH (2ml) and 

water (15ml). The formed aluminium salts were removed by filtration and washed with THF (100ml). All 

organic phases were combined and volatiles removed in vacuo, leaving a residue which was diluted with 

dichloromethane (100ml). This was dried over anhydrous Na2 S0 4  and volatiles again removed in vacuo 

leaving an oil which was purified by flash chromatography.

2-Amino-l-(3,4-methylenedioxyphenyl)propane (23) was prepared from (240) (4.50g, 23.29mmol scale) 

according to general procedure 7.2.12 and isolated by flash chromatography on silica gel (e luen t: methanol). 

Colourless oil (53%). Spectroscopic analyses were comparable to an authentic sample.

2-(3,4-Methylenedioxybenzyl)aziridine (243) was isolated as an impurity from the preparation of (23) by 

flash chromatography on silica gel (eluent : diethylether/methanol ; 90/10). Colourless oil (15%). Rf 0.46 

(diethylether/methanol : 90/10). lRv„ax (film) 3310, 3240 (NH), 2778 (OCH 2 O) cm '‘. 'H  NMR 5 (C D C I 3 ) 

0.52 (IH , br s, NH), 1.42 (IH , d, J3 ,2 = 3 .5 Hz, H-3), 1.80 (IH , d, J3 ,2 = 3 .5 Hz, H-3), 2.16 (IH , m, H-2), 2.59 

(IH , dd, Jge„,= 14 .6H z, J=5.5Hz, CH 2 ), 2.70 (IH , dd, Jge„=14.6H z, J = 6 .0 H z, CH2 ), 5.91 (2H, s, OCH 2 O), 6.69 

(IH , dd, J6,5=8.0Hz, Jf,.2’=1.5Hz, H-6 '), 6.74 (IH , d, J5-,6=8.0Hz, H-5'), 6.76 (IH , d, J2',6=l-0Hz, H-2'). *̂ C 

NMR ppm (C D C I 3 ) 24.62 (C-3), 30.96 (C-2), 39.60 (CH2 ), 100.72 (OCH 2 O), 108.09, 109.15 (C-2', C-5'), 

121.45 (C-6 '), 132.72 (C-1'), 145.97, 147.52 (C-3', C-4'). m/z 177 (M", 77%), 135 (100), 147 (47), 77 (26), 

121 (24).

3-Methyl-2-(3,4-methylenedioxyphenyI)aziridine (244) was isolated as an impurity from the preparation of 

(23) by flash chromatography on silica gel (eluent : diethylether). Amber oil (15%). Rf 0.74 

(diethylether/methanol : 90/10). IRv^ax (film) 3317, 3248 (NH), 2777 (OCH 2 O) cm '‘. ‘H NMR 5 (CDCI3 ) 

0.91 (3H, d, J=5.5Hz, CH 3 ), 1.01 (IH, br s, NH), 2.35 (IH , br s, H-3), 3.17 (IH , m, H-2), 5.92 (2H, s, 

OCH 2 O), 6.75 (IH , d, J5 .,6 .=8 .0 Hz, H-5'), 6.79 (IH , dd, Js.s-S.OHz, J6 ,2 -= 1 .OHz, H-6 '), 6.83 (IH , s, H-2'). ‘̂ C 

NMR ppm (CDCI3 ) 13.52 (CH3 ), 32.00 (C-3), 36.75 (C-2), 100.74 (OCH 2 O), 107.76 (C-5'), 108.24 (C-2'), 

120.82 (C-6 '), 131.63 (C-1'), 146.21, 147.27 (C-3', C-4'). m/z 177 (diastereomer M "-l, 100%), 135 (25),
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148 (17), 76 (16), 161 (13). m/z 177 (diastereomer M "-l, 100%), 135 (23), 148 (17), 76 (16), 161 (12). 

HRMS calcd for CioHijNOj: (M > H ) 178.0868, found: 178.0855.

2-Amino-l-(3,4-methylenedioxyphenyl)butane (26) was prepared from (241) (2.00g, 9.65mmol scale) 

according to general procedure 7.2.12 and isolated by flash chromatography on silica gel (eluent: methanol). 

Colourless oil (50%). Spectroscopic analyses were comparable to an authentic sample.

3-Ethyl-2-(3,4-methyienedioxyphenyl)aziridine (245) was isolated as an impurity from the preparation of 

(26) by flash chromatography on silica gel (eluent : diethylether). Colourless needles (29%). M.p. 77-78°C 

(Hexane). Rf 0.68 (methanol). IR v„„ (KBr) 3183 (NH), 2796 (OCHjO) cm'*. ‘H NMR 5 (CDCI3 ) 0.89 

(3H, t, J=7.3Hz, CHjC/Zj), 0.97 (IH , br s, NH), 1.10 (IH , m, C //2 CH 3 ), 1.25 (IH , m, C //2 CH 3 ), 2.19 (IH , q, 

J= 6 .6 Hz, H-3), 3.19 (IH , d, J2 ,3 = 6 .5 Hz, H-2), 5.94 (2H, s, OCHjO), 6.74 (IH , d, Jj'.s-S.OHz, H-5’), 6.82 (IH , 

d, J6 .5 = 8 .0 Hz, H-6 '), 6.84 (IH , d, J2 .6 - l . 5 Hz, H-2'). '^C NMR ppm (CDCI3 ) 11.36 (CH 2 CH 3 ), 21.42 

(CH 2 CH3 ), 36.77 (C-2), 38.89 (C-3), 100.77 (OCH 2 O), 107.77 (C-5'), 108.18 (C-2'), 120.76 (C-6 '), 131.81 

(C-1'), 146.21, 147.27 (C-3', C-4'). m/z 191 (diastereomer M ^ 81%), 176 (100), 149(51), 119(51), 135 (39). 

m/z 191 (diastereomer M", 74%), 176 (100), 1 19 (49), 149 (45), 135 (38). Anal. (C „H nN 0 2 ) Calc: C 

(69.09), H (6.85), N (7.32), Found: C (68.92), H (6.85), N (7.34)%.

2-Aniino-l-(3,4-niethylenedioxyphenyl)pentane (28) was prepared from (242) (2.98g, 13.47mmol scale) 

according to general procedure 7.2.12 and isolated by flash chromatography on silica gel (e luen t: methanol). 

Colourless oil (34%). Spectroscopic analyses were comparable to an authentic sample.

2-(3,4-Methylenedioxyphenyl)-3-propyl aziridine (246) was isolated as an unpurity from the preparation of 

(28) by flash chromatography on silica gel (eluent : diethylether/hexane : 70/30). Colourless needles (36%). 

M.p. 81-82°C (ethanol). Rf 0.40 (diethylether/hexane : 70/30). lRv„a^ (KBr) 3167 (NH), 2793 (OCH 2 O) 

cm ‘. 'H NMR 5 (CDCl3 ) 0.83 (3H, t, CH2 CH 2 C//J), 1.10-1.15 (3H, m, CH 2 C //2 CH3 , NH), 1.32 (2H, m, 

C // 2 CH2 CH3 ), 2.24 (IH , m, H-3), 3.18 (IH , d, J2 ,3 =6 .0 Hz, H-2), 5.92 (2H, s, OCH2 O), 6.74 (IH , d, 

J5 ,6 = 7 .5 Hz, h -5 ’), 6.81 (IH , d, Js^.j^S.OHz, H-6 ’), 6.83 (IH, s, H-2’). ‘̂ C NMR ppm (CDCI3 ) 13.90

(CH2 CH2 CH3 ), 20.55 (CH 2 CH 2 CH 3 ), 30.20 (CH 2 CH 2 CH 3 ), 36.68 (C-2), 37.27 (C-3), 100.76 (OCH 2 O), 

107.75 (C-5’), 108.17 (C-2’), 120.75 (C-6 ’), 131.90 (C-T), 146.19, 147.26 (C-3', C-4’). m/z 205 (diastereomer 

M ’, 42%), 176 (100), 149 (39), 119 (37), 135 (25). m/z 205 (diastereomer M^, 42%), 176 (100), 149 (38), 

119 (38), 135 (23). Anal. (Ci2 H ,5 N 0 2 ) Calc: C (70.22), H (7.37), N (6.82) Found: C (69.97), H (7.38), N 

(6 .68)%.

General preparation of 2-amino-l-(3,4-methylenedioxyphenyl)alkanes (23) and (26) via nitrostyrene 

reduction

To a stirred solution o f LiAlH 4  (263.50mmol, lO.OOg) in dry THF (125ml) under an atmosphere o f nitrogen 

was added, dropwise over 30min, a solution of the appropriate l-(3,4-methylenedioxyphenyl)-2-nifro-l- 

alkene (43.44mmol) in dry THF (60ml). The reaction was then refluxed for 12hr. After cooling in an ice
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bath the excess LiAlH 4  was quenched by the successive dropwise additions o f  propanol-2 -ol ( 8 ml), 15% aq. 

NaOH ( 8 ml) and water (25ml). The aluminium salts form ed were rem oved by filtration and washed with 

THF (100ml). All organic phases were combined and reduced in vacuo. The residue was acidified with 10% 

aq. HCl and washed with dichloromethane (3x50ml). The aqueous phase was basified with 15% aq. NaOH 

and extracted with dichloromethane (3x50ml). The extracts were com bined, dried over anhydrous N a 2 S 0 4  

and solvent removed in vacuo, yielding an oil. No impurities were detected by TLC in the reaction, giving 

the expected amine as the sole product. The product was purified by vacuum distillation.

2-Am ino-l-(3,4-m ethyIenedioxyphenyl)propane (23) was prepared from (133) (9.00g, 43.44m m ol scale) 

according to the general procedure. Colourless oil (79%). Spectroscopic analyses were com parable to an 

authentic sample.

2-Am ino-l-(3,4-M ethylenedioxyphenyl)butane (26) was prepared from (134) (6.85g, 30.95m m ol scale) 

accordmg to the general procedure. Colourless oil (69%). Spectroscopic analyses were com parable to an 

authentic sample.

Preparation o f 2-bronio-l-(3,4-m ethylenedioxyphenyl)propane (108)

A solution o f  safrole (6 6 ) (61.66mmol, lO.OOg) in 48%  aq. HBr (50ml) was stirred at rt for 7 days. The 

reaction was quenched upon addition o f  crushed ice (50g) and e.xtracted with diethylether (3x50ml). The 

extracts were combined, washed with water (2x50ml) and dried over anhydrous N a 2 S0 4 . After removing the 

volatiles in vacuo the resulting oil was purified by vacuum distillation.

2-Brom o-l-(3,4-m ethylenedioxyphenyl)propane (2-broinosafrole) (108). Colourless oil (18% ). B.p. 

115°C/0.7mmHg (lit. b.p. 154-157°C/3mmHg-*'). Rf 0.29 (hexane). IRv^ax (film) 2777 (OCH jO ), 1609 

(C=C) cm-'. 'H  NMR 6  (CDCI3 ) 1.71 (3H, d, J 3 .2 - 6 .5 Hz, H-3’), 3.00 (IH , dd, Jge„.= 14.0Hz, Ji.r=7 .0H z, H- 

1'), 3.16 (IH , dd, Jgem=14.0Hz, J,.,2 '=7 .0 Hz, H-1'), 4.27 (IH , m, H-2’), 5.96 (0.4H, s, OCHjO), 6 . 6 8  (IH , d, 

J6 ,5 = 8 .0 Hz, J6 ,2 = 1 .5 Hz, H-6 ), 6.72 (IH , d, H2 ,5 = 1 .0 Hz, H-2), 6.78 (IH , d, Js,6=8.0Hz, H-5). ‘̂ C N M R  ppm 

(CDCI3 ) 25.10 (C-3'), 46.73 (C-1’), 50.23 (C-2'), 100.51 (OCH .O ), 107.75 (C-5), 109.07 (C-2), 121.85 (C-6 ), 

131.85 (C-1), 146.00, 147.20 (C-3, C-4). m /z24\ (M *+l, 12%), 135 (100), 148 (75), 77 (28), 51 (25).

Preparation o f  2-A'-m ethylam ino-l-(3,4-m ethylenedioxyphenyl)propane (24) via 2-brom osafrole (108)

A solution o f  2-brom o-l-(3,4-m ethylenedioxyphenyl)propane (108) (2.22mm ol, 0.54g) in methanol (25ml) 

and 33% aq. methylamine in ethanol (10ml) was stirred at rt for 96hr. The reaction was then diluted with 

dilute HCl (100ml) and washed with dichloromethane (3x25ml). The aqueous phase was made basic with 

15% aq. NaOH and extracted with dichloromethane (3x25ml). The extracts were combined, dried over 

anhydrous Na^S0 4  and volatiles removed in vacuo, yielding an am ber oil.
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2-A'-Methylamino-l-(3,4-inethylenedioxyphenyl)propane (24). Amber oil (38%). Spectroscopic analyses 

were comparable to an authentic sample.

Preparation of 2-A'^-acetylamino-l-(3,4-methylenedioxyphenyl)propane (119)

To a stirred solution of 2-amino-1-(3,4-methylenedioxyphenyl)propane (23) (20.34niniol, 3.65g) in pyridine 

(20ml) there was added acetic anhydride (22.53mmol, 2.30g, 2.1ml) and the mixture was stirred at rt for Ihr. 

The reaction was acidified with 10% aq. HCl (250ml) and extracted with dichloromethane (3x50ml). The 

extracts were combined, dried over anhydrous Na2S0 4  and volatiles removed in vacuo, yielding an amber oil 

which slowly solidified. Recrystallisation provided the pure product.

2-A'-Acetylamino-l-(3,4-methylenedioxyphenyl)propane (119). Colourless crystals (78%). M.p. 92-93°C  

(ethylacetate/hexane) (lit. m.p. 92-93°C‘*̂ ). Rf 0.66 (methanol). IRv„,ax (KBr) 3294 (NH), 1634 (C = 0) cm '. 

‘h  NMR 5(CDCl3) 1.10 (3H, d, Jj.2 - 6 .5 Hz, H-3'), 1.92 (3H, s, COCHj), 2.60 (IH , dd, Jge„=13.5Hz, 

Ji.r=7.5Hz, H -r), 2.75 (IH, dd, Jge„,= 13.5Hz, Ji.r=6.0Hz, H-1'), 4.16 (IH , m, H-2'), 5.60 (IH , br d, J=6.5Hz, 

NH), 5.91 (2H, s, OCH2 O), 6.61 (IH , dd, J6,s=8.0Hz, J6 .2 = 1 .5 Hz, H-6 ), 6.67 (IH , d, J2 ,6 = 1 .5 Hz, H-2), 6.72 

(IH , d, J5 ,6 = 8 .0 Hz, H-5). ‘̂ C NMR ppm (CDCI3 ) 17.94 (C-3'), 21.47 (COCH 3 ), 40.21 (C-1’), 44.35 (C-2'), 

98.89 (0 C H ,0 ), 106.17, 107.76 (C-2, C-5), 120.33 (C-6 ), 129.86 (C-1), 144.19, 145.68 (C-3, C-4), 167.35 

(COCH 3 ). m/z 221 (M", 5%), 162 (100), 135 (32), 77 (26), 51 (20).

Preparation of 2-A^-ethylamino-l-(3,4-methylenedioxyphenyl)propane (25) via A^-acetyl reduction

To a stirred and refluxing suspension o f LiAlH4 (31.63mmol, 2.50g) in dry THF (250ml) under nitrogen was 

added, dropwise over 20min, a solution of 2-A^-acetylamino-l-(3,4-methylenedioxyphenyl)propane (119). 

The reaction was refluxed for 48hr. After cooling in an ice bath the excess LiAlH4 was quenched by the 

successive additions of propan-2-ol (2.5ml), 15% aq. NaOH (2ml) and water (15ml). The aluminium salts 

were removed by filtration and washed with THF (100ml). All organic phases were combined and volatiles 

removed in vacuo, leaving a residue that was dissolved in 10% aq. HCl (150ml). This was washed with 

dichloromethane (3x50ml), the aqueous phase basified with 15% aq. NaOH and extracted with 

dichloromethane (3x50ml). All organic extracts were combined, dried over anhydrous Na2S0 4  and volatiles 

removed in vacuo, yielding the product as an amber oil. Examination o f the acidic aqueous phase organic 

washes by TLC showed unreacted starting material which was not recovered.

2-A^-Ethylamino-l-(3,4-niethylenedioxyphenyl)propane (25). Amber oil (28%). Spectroscopic analyses 

were comparable to an authentic sample.

Preparation o f l-hydroxy-l-(3,4-methyIenedioxyphenyl)aIkanes (249)-(250)
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l-H ydroxy-l-(3,4-m ethylenedioxyphenyl)ethane (249) was prepared from piperonal (6 8 ) (22.02g, 

146.67mmol scale) according to the general procedure 7.2.4. Pale amber oil (97% ) (lit. b.p. 137- 

138°C/4mmHg^*’). IRv^^x (film) 3366 (OH), 2777 (OCHjO) c m '‘. ‘H N M R 5 (CDCI3) 1.45 (3H, t, 

J2m= 6 .5 Hz, h -2 ’), 1.82 (IH , br s, OH), 4.81 (IH , q, J i,2 =6 .5 Hz, H -2’), 5.94 (2H, s, OCH 2 O), 6.76 (IH , d, 

J5 .6 = 8 .0 Hz, h -5 ), 6.81 (IH , dd, J6 ,5= 8 .0 Hz, J6 ,2 = 1 .5 Hz, H-6 ), 6.89 (IH , d, H 2,6= 1 .5 Hz, H-2). '^C N M R ppm 

(CDCI3) 25.12 (C-2’), 70.22 (C-T), 100.95 (OCHjO), 106.04, 108.07 (C-2, C-5), 118.66 (C-6 ), 139.98 (C-1), 

146.84, 147.77 (C-3, C-4).

l-H ydroxy-l-(3,4-m ethylenedioxyphenyl)propane (250) was prepared from piperonal (6 8 ) (21.83g, 

145.5Immol scale) according to general procedure 7.2.4. Colourless oil (95% ) (lit. b.p. 126- 

127°C/3mmHg^*'). lRv„,ax (film) 3378 (OH), 2777 (OCH 2 O) cm ‘‘. ‘H NM R 5 (CDCI3 ) 0.89 (3H, t, 

J 3.2 - 7 .3 Hz, H-3’), 1.67-1.77 (2H, m, H-2'), 1.89 (IH , s, OH), 4.49 (IH , t, J,.,2 = 6 .5 Hz, H-1’), 5.93 (2H, s, 

OCH 2 O), 6.74-6.79 (2H, m, H-5, H-6 ), 6.85 (IH , d, J2 .6= 1 .5 Hz, H-2). '"C N M R ppm (CDCI3) 10.11 (C-3'), 

31.81 (C-2'), 75.69 (C-1'), 100.92 (OCH 2O), 106.41, 107.97 (C-2, C-5), 119.38 (C-6 ), 138.72 (C-1), 146.85, 

147.74 (C-3, C-4).

G eneral preparation of l-(3,4-m ethylenedioxyphenyl)-l-aikanones (251)-(254)

To a vigorously stirred mixture o f  pyridinium chlorochrom ate (PCC) (206.90mm ol, 44.60g) in dry 

dichloromethane (250ml) under nitrogen there was added, in one portion, the appropriate 1-hydroxy-1-(3,4- 

methylenedioxyphenyl)alkane (133.88mmol) in dry dichloromethane (30ml) and the reaction was stirred at rt 

for 90min. Diethylether (200ml) was then added to the black viscous reaction and the mixture was stirred 

rapidly for lOmin. The black solids were removed by filtration and washed with diethylether (100ml). All 

organic phases were combined and volatiles removed in vacuo, yielding a black oil. This was purified by 

flash chromatography on silica gel followed by recrystallisation.

l-(3,4-M ethylenedioxyphenyl)-l-ethanone (251) was prepared from (249) (14.47g, 87.10mmol scale) 

according to the general procedure and chromatographed on silica gel (e lu e n t: diethylether/hexane : 50/50). 

Colourless solid (94%). Rf 0.57 (hexane/diethylether ; 50/50). M.p. 86-87°C (diethylether/hexane) (lit. m.p. 

85.6-86.3°C^**). IRv^ax (KBr) 2791 (OCH 2O), 1662 (C = 0) cm"'. ’H  N M R 5 (CDCI3 ) 2.53 (3H, s, H-2'), 6.04 

(2H, s, OCH 2O), 6.85 (IH , d, J 5.6 = 8 .5 Hz, H-5), 7.43 (IH , s, H-2), 7.55 (IH , dd, J6,s=8.5Hz, J6 ,2= 1 .0 Hz, H-6 ). 

'^C N M R  ppm (CDCI3) 26.33 (C-2'), 101.78 (OCHjO), 107.75, 107.91 (C-2, C-5), 124.65 (C-6 ), 132.13 (C- 

1), 148.13, 151.70 (C-3, C-4), 196.06 (C-1'). m/z 164 (M ^ 63% ), 149 (100), 121 (32), 65 (31), 43 (11).

l-(3 ,4-M ethylenedioxyphenyl)-l-propancne (252) was prepared from (250) (24.13g, 133.88mmol scale) 

according to the general procedure and chromatographed on silica gel (e lu e n t: diethylether/hexane ; 40/60). 

Colourless solid (72%). M.p. 35-36°C (ethanol) (lit. m.p. 38-39°C^*’). Rf 0.60 (hexane/diethylether : 60/40). 

IR v „„  (KBr) 2794 (OCHjO), 1672 (C = 0) cm’’. ‘H NM R 8 (CD Cl3 ) 1.20 (3H, t, J3 ,2 = 7 .3 Hz, H-3'), 2.91 

(2H, q, J2 ’,3 '=7 .3 Hz, H-2'), 6.03 (2H, s, OCH.O), 6.83 (IH , d, Jj,6=8.5Hz, H-5), 7.44 (IH , s, H-2), 7.56 (IH , 

dd, J6 ,5= 8 .0 Hz, J6.2= 1 .0 Hz, H-6 ). '^C NM R ppm (CDCI3) 8.43 (C-3'), 31.47 (C-2’), 101.72 (OCH 2O), 107.78,
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107.83 (C-2, C-5), 124.01 (C-6 ), 131.82 (C-1), 148.11, 151.49 (C-3, C-4), 196.36 (C-T). m/z 178 (M", 24%), 

149(100), 65 (41), 121 (31), 91 (13).

l-(3 ,4-M ethylenedioxyphenyl)-l-butanone (253) was prepared from (87) (30.40g, 156.5Immol scale) 

according to the general procedure and chrom atographed on silica gel (eluent : diethylether/hexane : 50/50). 

Colourless crystals (82%). M.p. 42-43°C (ethanol) (lit. 47°C^^°). Rf 0.67 (hexane/diethylether : 60/40). 

IRv„.ax (KBr) 2777 (OCH 2 O), 1675 (C = 0) cm‘‘. ‘H N M R  6  (CDCI3) 0.99 (3H, t, J4 . 3 = 7 .5 Hz, H-4’), 1.74 

(2H, m, H-3'), 2.85 (2H, t, Jr,3-=7.3Hz, H-2'), 6.02 (2H, s, O CH .O ), 6.83 (IH , d, J5.6=8.0Hz, H-5), 7.42 (IH , 

d, J2 .6 = 1 .5 Hz H-2), 7.55 (IH , dd, J6 ,5 = 8 .0 Hz, J 6 ,2 = 1 .5 Hz, H-6 ). ‘^C NM R ppm (CDCI3) 13.78 (C-4'), 17.94 

(C-3'), 40.19 (C-2'), 101.68 (OCH 2 O), 107.69 (C-2), 107.80 (C-5), 124.06 (C-6 ), 131.97 (C-1), 148.06, 

151.45 (C-3, C-4), 198.30 (C-T). m/z 192 (M", 17%), 149 (100), 65 (33), 121 (33), 63 (33).

l-(3,4-M ethyIenedioxyphenyi)-l-pentanone (254) was prepared from (166) (27.85g, 133.73mmol scale) 

according to the general procedure and chromatographed on silica gel (eluent : diethylether/hexane : 60/40). 

Colourless crystals (70%). M.p. 34-35°C (ethanol) (lit. 42-44°C^^'). Rf 0.60 (hexane/diethylether : 60/40). 

IR v„^  (KBr) 2780 (OCH 2 O), 1671 (C=0) cm '‘. 'H  NM R 8  (CDCI3) 0.94 (3H, t, J5 .4 - 7 .3 Hz, H-5'), 1.40 

(2H, m, H-4'), 1.70 (2H, m, H-3'), 2.87 (2H, t, Jr,3 = 7 .3 Hz, H-2'), 6.02 (2H, s, OCHjO), 6.83 (IH , d, 

Js,6=8.5Hz, h -5 ), 7.43 (IH , d, J2 ,6 = 1 .5 Hz H-2), 7.55 (IH , dd, J 6 ,5 = 8 .0 Hz, J 6 .2 = 1 .5 Hz, H-6 ). ‘̂ C NM R ppm 

(CDCI3) 13.84 (C-5'), 22.44 (C-4'), 26.72 (C-3'), 38.04 (C-2'), 101.71 (OCHjO), 107.74, 107.87 (C-2, C-5), 

124.11 (C-6 ), 132.00 (C-1), 148.10, 151.49 (C-3, C-4), 198.52 (C-1'). m/z 206 (M", 9% ), 149 (100), 164 

(51), 65 (37), 121 (24).

Impurity profiling o f the Leuckart-W allach reaction o f  l-(3 ,4-m ethylenedioxyphenyl)-l-alkanones and 

formamide

l-A '-Form ylam ino-l-(3,4-m ethylenedioxyphenyl)ethane (262) was prepared from (251) (8.03g,

48.89mmol scale) according to  general procedure 7.2.5 and chromatographed on silica gel (eluent : 

ethylacetate). Brown oil (28%). Rf 0.31 (diethylether). IRv^ax (film) 3271 (NH), 2780 (OCH 2 O), 1662 

(CHO) cm ''. 'H  NM R 5 (CDCl3 ) 1.48 (2.4H, d, J2 m= 7 .0 Hz, H-2'), 1.52 (0.6H, d, J 2 ',,= 7 .0 Hz, H-2'), 4.60 

(0.2H, m, H-1'), 5.11 (0.8H, m, H-1'), 5.93 (1.6H, s, OCHjO), 5.95 (0.4H, s, O CH 2 O), 6.03 (IH , br s, NH), 

6.72-6.80 (3H, m, H-2, H-5, H -6 ), 8.12 (0.2H, d, J=11.6Hz, CHO), 8.13 (0.8H, s, CHO). *̂ C N M R ppm 

(CDCI3) 21.76*, 23.57 (C-2'), 47.44*, 51.43 (C-1'), 101.06*, 101.21 (OCHjO), 106.32, 106.74*, 108.29*, 

108.38 (C-2, C-5), 119.04, 119.34* (C-6 ), 136.61*, 136.76 (C-1), 146.87*, 147.91* (C-3, C-4), 160.13*, 

163.97 (CHO). m/z 193 (M", 100%), 178 (87), 65 (85), 150 (71), 93 (55). HRM S calcd for CioHuNOaNa: 

(M"+Na) 216.0637, found: 216.0621.

4-(3,4-M ethylenedioxyphenyl)pyrim idine (266) was isolated as an impurity from the preparation o f  (262) 

by flash chrom atography on silica gel (e lu e n t: diethylether). Tan solid (7%). Rf 0.18 (diethylether/hexane : 

50/50). M.p. 116-117°C (ethanol). lRv„,ax (KBr) 1507 (C=C) cm‘‘. 'H  N M R  8  (CDCI3 ) 6.05 (2H, s, 

OCH 2 O), 6.92 (IH , d, J 5 ',6 = 8 .0 Hz, H-5'), 7.60 (IH . dd, J 5 ,6 = 5 .5 Hz J 5 ,2 = 1 .5 Hz H-5), 7.62 (IH , d, J 2 ,6 = 1 .5 Hz, 

H-2'), 7.64 (IH , dd, J6',5'=8.0Hz, J6.,2-2.0Hz, H -6 '), 8.69 (IH , d, J6,s=5.0Hz, H-6 ), 9.20 (IH , d, J2,5=1.0Hz, H-
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2). '^C N M R ppm (CDCI3 ) 101.66 (OCHjO), 107.22, 108.63 (C-2', C-5'), 116.24 (C-5), 121.89 (C-6 '), 

130.76 (C-r), 148.60, 150.29 (C-3', C-4'), 157.19, 158.94 (C-2, C-6 ), 163.18 (C-4). m/z 200 ( M \  100%), 62 

(23), 8 8  (16), 52 (13), 116 (12). Anal. (CuH gN jO ,) Calc: C (65.99), H (4.10), N (13.42), Found: C (66.04), 

H (4.07), N (13.84)%.

2 ,4-D i(3 ,4-m ethylenedioxyphenyl)pyrid ine (270) was isolated as an impurity from the preparation o f (262) 

by flash chromatography on silica gel (eluent : diethylether/hexane : 50/50). Tan solid (0.4%). Rf 0.41 

(diethylether/hexane : 50/50). M.p. 129-131°C (diethylether/hexane). IRVmax (KBr) 2778 (OCH 2 O), 1596 

(C=C) c m '‘. ‘H N M R 5 (CDCI3) 6.01 (2H, s, OCH.O), 6.02 (2H, s, OCH 2 O), 6.90, 6.91 (2H, 2d, Js',6=8.0Hz, 

J5 " .6 "= 8 .0 H z , h -5 ', h-5"), 7.14, 7.55 (2H, 2d, J 2 '.6 = l - 5 H z ,  J r .6 - = 1 .5 H z ,  H-2', H-2"), 7.17, 7.53 (2H, 2dd, 

J6 ..5 '= 8 .0 Hz, J6 ',2 '= 1 -5 Hz and Jg-.s-S.OHz, J6 -,2 "==1 .5 Hz, H-6 ', H-6 "), 7.30 (IH , dd, J 5 ,6= 5 .2 Hz J 5 ,2 = 1 .5 Hz H-5), 

7.73 (IH , s, H-3), 8.62 (IH , d, J6 .5 = 5 .0 Hz, H-6 ). ‘̂ C NM R ppm (CDCI3) 101.28, 101.66 (OCH 2 O), 107.28, 

107.46 (C-2', C-2"), 108.40, 108.82 (C-5’, C-5"), 117.72 (C-3), 119.43 (C-5), 120.96, 121.00 (C-6 ', C-6 "), 

132.68, 133.96 (C-T, C-1"), 148.28, 148.50 (C-3', C-3", C-4', C-4"), 149.84 (C-4, C-6 ), 157.50 (C-2). m/z 

319 (M ^'-l, 100%), 158 (14), 202 (11), 262 (9), 102 ( 8 ). Anal. (C ,9 H ,3N 0 4 ) Calc: C (71.47), H (4.10), N 

(4.39), Found: C (71.17), H (4.22), N (4.24)%.

2 ,6-D i(3 ,4-m ethylenedioxyphenyl)pyrid ine (274) was isolated as an impurity from the preparation o f  (262) 

by flash chromatography on silica gel (eluent : hexane/diethylether : 60/40). Colourless solid (0.3%). Rf 

0.70 (diethylether/hexane : 50/50). M.p. 172-175°C (diethylether/hexane). IRv^ax (KBr) 1599, 1570 (C=C) 

cm"'. 'H  NM R 5 (CDCI3 ) 6.02 (4H, s, OCHjO), 6.91 (2H, d, J5 -.6 = 8 .0 Hz, H-5'), 7.53 (2H, d, J=7.6Hz, H-3, 

H-5), 7.61 (2H, dd, J6 ’.5 '= 8 .3 Hz, J5 . ,2  = l-5Hz, H-6 '), 7.69 (2H, d, J 2 ',6 ^ 2 .0 Hz, H-2'), 7.71 (IH , d, J=7.5Hz, H- 

4). ‘̂ C NM R ppm (CDCI3 ) 101.26 (OCH 2 O), 107.45, 108.34 (C-2', C-5'), 117.55 (C-3, C-5), 120.90 (C-6 '), 

134.03 (C-r), 137.36 (C-4), 148.24, 148.45 (C-3', C-4'), 156.10 (C-2, C-6 ). m/z 319 (M*, 100%), 158 (13), 

202 (12), 101 (5), 63 (5). Anal. (C,gH,3N 0 4 ) Calc: C (71.47), H (4.10), N (4.39), Found: C (71.17), H (4.22), 

N (4.09)%.

l-(3 ,4 -M ethy lened ioxypheny l)-I-e thene (278) was isolated as an impurity from the preparation o f  (262) by 

flash chromatography on silica gel (eluent : hexane/diethylether 70/30). Colourless oil (0.2% ) (lit. b.p. 40- 

45°C/0.7mmHg^^*). Rf 0.95 (diethylether/hexane : 50/50). IRv^ax (film) 2778 (OCH 2 O), 1605 (C=C) cm ''. 

'H  N M R  5 (CDCI3 ) 5.12 (IH , d, Jcis=11.0Hz, H-2'), 5.57 (IH , d, J,rans=17.1Hz, H-2'), 5.95 (2H, s, OCH 2 O), 

6.62 (IH , dd, 17.6Hz, Jds=H .0H z, H-1'), 6.75 (IH , d, J 5 .6 = 8 .0 Hz, H-5), 6.83 (IH , dd, J 6 ,5 = 8 .0 Hz, 

Js,2 = 2 .0 Hz, H-6 ), 6.95 (IH , d, J2 ,6 = 1 .5 Hz, H-2). ‘̂ C NM R ppm (CDCI3 ) 101.04 (OCHjO), 105.46, 108.20 

(C-2, C-5), 111.97 (C-2'), 120.98 (C-6 ), 132.21 (C-1), 136.40 (C-1'), 147.38, 148.03 (C-3, C-4).

l-A ^-Form ylam ino-l-(3 ,4-m ethyIenedioxyphenyl)propane (263)^®^ was prepared from (252) (8.52g, 

44.83mmol scale) according to general procedure 7.2.5 and chromatographed on silica gel (eluent : 

ethylacetate/hexane 50/50). Brown oil (33%). Rf 0.37 (diethylether). IRv^a^i (film) 3280 (NH), 2777 

(OCH 2 O) cm-'. ‘H NM R 5 (CDCI3 ) 0.89 (2.4H, t, J3 ,2 = 7 .5 Hz, H-3'), 0.92 (0.6H, t, J3 ,2 = 7 .5 Hz, H-3'), 1.81 

(2H, m, H-2'), 4.28 (0.2H, m, H-1'), 4.85 (0.8H, m, H-1'), 5.94 (1.6H, s, OCH 2 O), 5.96 (0.4H, s, OCH 2 O), 

6.00 (0.8H, hr s, NH), 6.27 (0.2H, br s, NH), 6.70 (0.2H, dd, J6 ,5 = 8 .0 Hz, Jg,2 = 2 .0 Hz, H-6 ), 6.73 (0.2H, d, 

J2 ,6 = 2 .0 Hz, h -2 ), 6.76-6.82 (2.6H, m, H-2, H-5, H-6 ), 8.10 (0.2H, d, J=12.0Hz, CHO), 8.16 (0.8H, s, CHO).
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‘^C NM R ppm (CDCI3 ) 10.61, 10.65* (C-3'), 29.04*, 30.23 (C-2'), 53.53*, 57.86 (C-1'), 101.01*, 101.16 

(OCH 2 O), 106.50, 106.90*, 108.27*, 108.33 (C-2, C-5), 119.54, 119.93* (C-6 ), 136.48*, 135.68 (C-1), 

146.75*, 147.83* (C-3, C-4), 160.37*, 164.39 (CHO). m/z 207 (M", 26% ), 178 (100), 150 (47), 65 (40), 93 

(37). HRM S calcd for CnHijNOsNa: (M "+Na) 230.0793, found: 230.0775.

5-M ethyl-4-(3,4-m ethylenedioxyphenyl)pyrim idine (267) was isolated as an impurity from the preparation 

o f  (263) by flash chromatography on silica gel (eluent : diethylether/hexane : 80/20). Tan solid (7%). Rf 

0.16 (diethylether/hexane : 50/50). M.p. 72-73°C (ethanol). IRv^ax (KBr) 1608, 1572 (C=C) cm‘‘. 'H  NM R 

5 (CD Cl3 ) 2.41 (3H, s, CH 3 ), 6.04 (2H, s, OCH 2 O), 6.92 (IH , d, J 5 . 6 = 8 .6 Hz, H-5'), 7.13-7.16 (IH , m, H-5), 

7.13-7.16 (2H, m, H-2', H-6 ’), 8.58 (IH , s, H-6 ), 9.08 (IH , s, H-2). ‘̂ C N M R ppm (CDCI3 ) 17.42 (CH 3 ), 

101.40 (OCH 2 O), 108.17, 109.30 (C-2’, C-5'), 123.34 (C-6 '), 127.78 (C-5), 131.68 (C-1'), 147.77, 148.64 (C- 

3', C-4’), 156.47, 158.75 (C-2, C-6 ), 164.18 (C-4). m/z 214 (M * -l, 100%), 155 (40), 63 (15), 102 (14), 51 

(13). Anal. (C ,2 H,oN 2 0 2 ) Calc; C (67.28), H (4.71), N (13.08), Found: C (67.24), H (4.76), N (12.78)%.

3.5-Dim ethyI-2,4-di(3,4-m ethylenedioxyphenyl)pyridine (271) was isolated as an impurity from the 

preparation o f  (263) by flash chromatography on silica gel (e lu e n t: diethylether/hexane : 50/50). Am ber oil 

(0.4%). Rf 0.31 (diethylether/hexane : 50/50). IRv„a^ (film) 1608 (C=C) cm ''. ’H NM R 6  (CDCI3 ) 2.03 

(3H, s, CH 3 ), 2.06 (3H, s, CH 3 ), 5.99 (2H, s, OCHjO), 6.02 (2H, d, J=1.0Hz, OCH 2 O), 6.59, 6.97 (2H, 2dd, 

J6 ',5 = 7 .8 Hz, J6 , 2  = 1-5Hz and J 6 -,5 "=8 .0 Hz, J6 ",2 "=l-5 Hz, H-6 ', H-6 "), 6.63, 7.00 (2H, 2d, J 2 '.6 '= l- 5 Hz, 

J 2 -,6 "=1 -5 Hz, h -2 ’, H-2"), 6.87, 6.91 (2H, 2d, Jj'.s^S.OHz, J 5 ~,6 -=8 .0 Hz, H-5', H-5"), 8.38 (IH . s, H-6 ). ‘̂ C 

NM R ppm (CDCI3 ) 17.44, 17.91 (CH 3 ), 101.13, 101.22 (OCH 2 O), 108.09, 108.58, 108.83, 109.70 (C-2', C- 

2", C-5', C-5’’), 121.31, 121.90 (C-6 ’, C-6 "), 129.52, 130.65 (C-T, C-1"), 132.15, 134.20 (C-3, C-5), 146.65 

(C-6 ), 147.02, 147.37, 147.44, 148.12 (C-3’, C-3", C-4', C-4"), 151.12 (C-4), 156.26 (C-2). m/z 347 (M * -l, 

100%), 288 (13), 143 (10), 115 ( 8 ), 102 (7). HRMS calcd for C 2 iH,gN 0 4 : (M^'+H) 348.1236, found: 

348.1262.

3.5-Dim ethyl-2,6-di(3,4-m ethylenedioxyphenyl)pyridine (275) was isolated as an impurity from the 

preparation o f  (263) by flash chromatography on silica gel (e lu e n t: hexane/diethylether : 60/40). Pale am ber 

solid (1.1%). Rf 0.64 (diethylether/hexane : 50/50). M.p. 130-133°C (diethylether/hexane). IRv^j^ (KBr) 

2778 (OCH 2 O), 1603 (C=C) cm '‘. 'H  N M R 5 (CDCI3) 2.36 ( 6 H, s, CH 3 ), 5.98 (4H, s, OCH 2 O), 6 . 8 6  (2H, d, 

J 5 . 6 - 8 .OHz, H-5'), 7.04 (2H, d, Jg.s-S.OHz, H-6 '), 7.08 (2H, s, H-2'), 7.42 (IH , s, H-4). '^C N M R ppm 

(CDCI3) 19.68 (CH 3 ), 100.96 (OCH 2 O), 107.85, 108.86 (C-2', C -5’), 122.90 (C-6 ’), 128.75 (C-3, C-5), 134.64 

(C -r) ,  141.28(C -4), 147.11, 147.34 (C-3’, C-4'), 155.07 (C-2, C-6 ). w /z 3 4 7 (M " - l ,  100%), 288 (9), 115 (9), 

228 (7), 143 (7). Anal. (C 2 iH ,7N 0 4 ) Calc: C (72.61), H (4.93), N  (4.03), Found: C (72.33), H (5.04), N 

(3.98)%.

l-(3 ,4-M ethylenedioxyphenyl)-l-propene (isosafrole) (67) was isolated as an impurity from the 

preparation o f  (263) by flash chromatography on silica gel (eluent : hexane/diethylether 70/30). Colourless 

oil (0.7%) (lit. oiP-'^). Rf 0.90 (diethylether/hexane : 50/50). IRv^ax (film) 2776 (OCHjO), 1607 (C=C) cm ' 

‘. 'H NM R 5(CD Cl3) 1.84 (3H, dd, J3 ,2=6 .5 Hz, J3.,.= 1.5Hz, H-3’), 5.92 (2H, s, OCH2O), 6.05 (IH , dq, 

J„ans=15.6Hz, J2'3'=6 .5 Hz, H-2'), 6.30 (IH , dd, J„ans=15.6Hz, J,.3.1.5Hz, H-1'), 6.73 (2H, s, H-5, H-6 ), 6.87
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(IH , s, H-2). ‘̂ C NM R ppm (CDCI3 ) 18.32 (C-3'), 101.85 (OCH 2 O), 105.25, 108.15 (C-2, C-5), 120.02 (C- 

6 ), 123.88 (C-2'), 130.48 (C-1), 132.42 (C-T), 146.42, 147.84 (C-3, C-4).

l-A '-Form ylainino-l-(3,4-inethylenedioxyphenyl)butane (264) was prepared from (253) (9.5 Ig,

49.45m m ol scale) according to general procedure 7.2.5 and chromatographed on silica gel (eluent : 

diethylether). Brown oil (38%). Rf 0.43 (diethylether). IRv^^^ (film) 3274 (NH), 2776 (OCH 2 O), 1660 

(CHO) cm'*. 'H  NM R 5 (CDCI3 ) 0.92 (3H, t, J4 ,3 = 7 .0 Hz, H-4'), 1.34 (2H, m, H-3'), 1.73 (2H, m, H-2'), 4.36 

(0.2H, m, H-1'), 4.92 (0.8H, m, H-1'), 5.93 (1.6H, s, OCH 2 O), 5.95 (0.4H, s, OCHjO), 6.00 (0.8H, br s, NH), 

6.22 (0.2H , br s, NH), 6.68-6.77 (3H, m, H-2, H-5, H-6 ), 8.09 (0.2H, d, J=12.0Hz, CHO), 8.14 (0.8H, s, 

CHO). ‘̂ C N M R ppm (CDCI3 ) 13.54, 13.66* (C-4'), 19.23, 19.34* (C-3'), 38.25*, 39.33 (C-2'), 51.82*, 

56.12 (C - r ) ,  101.00*, 101.16 (OCH 2 O), 106.50, 106.90*, 108.26*, 108.35 (C-2, C-5), 119.48, 119.88* (C- 

6 ), 135.91* (C-1), 146.76*, 147.86* (C-3, C-4), 160.25*, 164.26 (CHO). m /z2 2 \  (M ^ 18%), 178 (100), 65 

(53), 150 (43), 93 (33). HRMS calcd for C ,2 H ,5N 0 3 Na: (M^+Na) 244.0950, found: 244.0930.

5-Ethyl-4-(3,4-m ethylenedioxyphenyl)pyrim idine (268) was isolated as an impurity from the preparation 

o f  (264) by flash chromatography on silica gel (eluent ; diethylether). Tan oil ( 8 %). Rf 0.12 

(diethylether/hexane : 50/50). IR v^,, (film) 2782 ( O C H 2 O ) ,  1608 (C=C) cm'*. ‘H NM R 6  (CDCI3 ) 1.20 (3H, 

t, J=7.5Hz, C H . C / Z j ) ,  2.77 (2H, q, J=7.5Hz, C / / 2 C H 3 ) ,  6.03 (2H, s, O C H 2 O ) ,  6.91 (IH , d, J 5 ,6 = 8 .5 Hz, H-5'), 

7.06 (IH , dd, J 6 ,5 = 6 .3 Hz, Jff,2 '=2 .0 Hz, H-6 '), 7.07 (IH , s, H-2'), 8.63 (IH , s, H-6 ), 9.07 (IH , s, H-2). ‘̂ C 

NM R ppm ( C D C I 3 )  14.68 ( C H 2 C H 3 ) ,  23.25 ( C H 2 C H 3 ) ,  101.37 ( O C H 2 O ) ,  108.25, 109.16 (C-2', C-5’), 122.89 

(C-6'), 131.80, 133.80 (C-r, C-5), 147.83, 148.54 (C-3', C-4'), 156.21, 157.70 (C-2, C-6), 164.42 (C-4). m/z 

228 (M " - l ,  100%), 169 (18), 115 (16), 212 (12), 63 (11). HRMS calcd for C ,3 H ,3 N 2 0 2 : (M*+H) 229.0977, 

found: 229.0969.

3.5-Diethyl-2,4-di(3,4-m ethylenedioxyphenyl)pyridine (272) was isolated as an impurity from the 

preparation o f  (264) by flash chromatography on silica gel (e lu e n t: diethylether/hexane : 50/50). Am ber oil 

(0.5%). Rf 0.27 (diediylether/hexane : 50/50). IRv^ax (K ^r) 2777 ( O C H 2 O ) ,  1607 (C=C) cm ‘. 'H  NM R 

5 (CDCI3 ) 0.77 (3H, t, J=7.3Hz, CHjC/Zj), 1.08 (3H, t, J=7.5Hz, CHjC/Zj), 2.39 (2H, q, J=7.5Hz, CZ/jCHj), 

2.46 (2H, q, J=7.5Hz, C / / 2 C H 3 ) ,  5.99 (2H, s, O C H j O ) ,  6.03 (2H, s, O C H 2 O ) ,  6.63, 6.94 (2H, 2dd, 

J6 '.5 '=7 .5 Hz, J6 .,2 '= 1 .5 Hz and J6 -,5 "=8 .0 Hz, J6 .,2 "=1 .5 Hz H-6 ', H-6 "), 6.67, 6.96 (2H, 2d, Jj^.e^l-SHz, J 2 ",6 "=l-5 Hz 

H-2', H-2"), 6 .8 6 , 6.89 (2H, 2d, J 5 .5 - 7 .5 Hz, J 5-.6 - 8 .OHz, H-5', H-5"), 8.38 (IH , s, H-6 ). ‘̂ C N M R ppm 

( C D C I 3 )  15.06, 15.40 ( C H 2 C H 3 ) ,  22.89, 24.17 ( C H 2 C H 3 ) ,  101.00, 101.15 ( O C H 2 O ) ,  108.02, 108.24 (C-5', C- 

5"), 109.30, 109.57 (C-2', C-2"), 122.01, 122.42 (C-6 ', C-6 "), 131.57, 135.57, 136.48 (C-1', C-1", C-3, C-5), 

146.60 (C-6 ), 146.86, 147.03, 147.34, 147.60 (C-3’, C-3", C-4', C-4"), 149.19 (C-4), 156.64 (C-2). m /z 375 

(M "-l, 100%), 359 (13), 114 (5), 228 (5), 302 (5). HRMS calcd for C 2 3 H 2 2 NO 4 ; (M^+H) 376.1549, found: 

376.1583.

3.5-Diethyl-2,6-di(3,4-m ethyIenedioxyphenyl)pyridine (276) was isolated as an impurity from the 

preparation o f  (264) by flash chromatography on silica gel (e lu e n t: hexane/diethylether: 60/40). Brown oil 

(0.8%). Rf 0.57 (diethylether/hexane : 50/50). lR v „^  (film) 2775 ( O C H 2 O ) ,  1606 (C=C) cm ''. ‘H NMR 

5 ( C D C I 3 )  1.19 (6 H, t, J=7.5Hz, CW2 CH 3), 2.70 (4H, q, J=7.5Hz, C / / 2 C H 3 ) ,  5.97 (4H, s, O C H 2 O ) ,  6.85 (2H, 

d, J5 .,6 '=8 .0 Hz, h -5 '), 6.98 (2H, dd, J 6 ..5 .=8 .0 Hz, J6 ..2 - 1 .5 Hz, H-6 '), 7.02 (2H, d, J 2 ,6 = 1 .5 Hz, H-2'), 7.50 (IH , s,
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H-4). '^C NM R ppm (CDCI3 ) 15.24 (CH 2 CH 3 ), 25.24 (CH 2 CH 3 ), 100.91 (OCH 2 O), 107.86, 109.80 (C-2', C- 

5'), 122.66 (C-6 '), 134.68, 135.21 (C-1’, C-3, C-5), 137.55 (C-4), 147.04, 147.29, (C-3', C-4’), 154.88 (C-2, 

C-6 ). m/z 375 (M "-l, 100%), 228 (5), 114 (5), 359 (4), 121 (3). HRM S calcd for C 2 3 H2 2 N O 4 : (M > H ) 

376.1549, found: 376.1525.

l - (3 ,4-M ethylenedioxyphenyl)-l-butene (88) was isolated as an impurity from the preparation o f  (264) by 

flash chromatography on silica gel (eluent : hexane/diethylether 70/30). Colourless oil (0.6% ). Rf 0.88 

(diethylether/hexane : 50/50). Spectroscopic analyses were com parable to an authentic sample.

l-A^-Formylamino-l-(3 ,4-m ethylenedioxyphenyl)pentane (265) was prepared from (254) (8.5 Ig, 

41.27mmol scale) according to general procedure 7.2.5 and chrom atographed on silica gel (eluent : 

diethylether). Brown oil (55%). Rf 0.55 (diethylether). IRv^ax (film) 3272 (NH), 2777 (OCH 2 O), 1659 

(CHO) cm'*. 'H  N M R 5 (CDCI3) 0.85-0,88 (3H, m, H-5'), 1.29-1.36 (4H, m, H-3', H-4’), 1.77 (2H, m, H-2'), 

4.33 (0.2H, m, H-1'), 4.91 (0.8H, m, H-1'), 5.92 (1.6H, s, O CH jO ), 5.94 (0.4H , s, OCH 2 O), 6.26 (0.8H, d, 

J=7.5Hz, NH), 6.43 (0.2H, br s, NH), 6.69 (0.2H, dd, J6 ,5 = 7 .8 Hz, J 6 ,2 = 2 .0 Hz, H-6 ), 6.72 (0.2H, d, J 2 ,6 = 2 .0 Hz, 

H-2), 6.73-6.77 (1.8H, m, H-5, H-6 ), 6.78 (0.8H, d, J 2 ,6 = 1 .0 Hz, H-2), 8.08 (0.2H, d, J=11.6Hz, CHO), 8.12 

(0.8H, s, CHO). ‘"C NMR ppm (CDCI3) 13.76, 13.80* (C-5’), 22.16, 22.26* (C-4’), 28.15, 28.21* (C-3'), 

35.81*, 36.89 (C-2’), 52.02*, 56.44 (C-1’), 100.95*, 101.10 (OCH 2 O), 106.46, 106.87*, 108.19*, 108.30 (C- 

2, C-5), 119.45, 1 19.83* (C-6 ), 135.96*, 136.07 (C-1), 146.69*, 146.97, 147.80*, 148.08 (C-3, C-4), 

160.35*, 164.35 (CHO). m/z 235 (M ^ 39% ), 178 (100), 150 (54), 65 (44), 93 (38). HRMS calcd for 

C ,3 H |7N 0 3 Na: (M^+Na) 258.1106, found: 258.1093.

4-(3,4-M ethylenedioxyphenyl)-5-propyl pyrimidine (269) was isolated as an impurity from the preparation 

o f  (265) by flash chromatography on silica gel (eluent : diethylether). Brown oil ( 8 %). Rf 0.22 

(diethylether/hexane : 50/50). I R v ^  (film) 2780 (OCH2O), 1607 (C=C) cm ''. 'H  NM R 6 (CDCI3) 0.90 (3H, 

t, J=7.3Hz, CH2CH2C//J), 1.58 (2H, m, CH2C//2CH3), 2.71 (2H, t, J=7.8Hz, C//2CH2CH3), 6.03 (2H, s, 

OCH2O), 6.91 (IH , d, J5 ,6 = 7 .0 Hz, H-5'), 7.05 (IH , dd, Jfi.,5 = 7 .0 Hz, J6.2 = 1.5Hz, H-6 ’), 7.06 (IH , s, H-2'), 8.61 

(IH , s, H-6 ), 9.07 (IH , s, H-2). ‘̂ C NM R ppm (CDCI3 ) 13.78 (CH2CH2CH3), 23.49 (CH2CH2CH3), 31.94 

(CH2CH2CH3), 101.34 (OCH2O), 108.21, 109.15 (C-2’, C-5'), 122.85 (C-6 '), 131.89, 132.37 (C-1’, C-5), 

147.81, 148.46 (C-3’, C-4'), 156.21, 158.07 (C-2, C-6 ), 164.61 (C-4). m/z 242 (M", 100%), 227 (85), 155 

(16), 183 (14), 128 (12). HRMS calcd for C ,4 H i5 N 2 0 2 ; (M ^ H )  243.1134, found: 243.1134.

2,4-Di(3 ,4-methylenedioxyphenyl)-3 ,5-dipropyi pyridine (273) was isolated as an impurity from  the 

preparation o f  (265) by flash chromatography on silica gel (e lu e n t: diethylether/hexane ; 60/40). Brown oil 

(0.2%). Rf 0.37 (diethylether/hexane : 50/50). IRv^a, (KBr) 2778 (OCHjO), 1606 (C=C) cm ''. 'H  N M R 

5 (CDCl3 ) 0.56 (3H, t, J=7.5Hz, CH 2 CH 2 C//J), 0.83 (3H, t, J=7.3Hz, CH 2 CH 2 C //i) , 1.17 (2H, m, 

CH 2 C // 2 CH 3 ), 1.46 (2H, m, CH2C//2CH3), 2.36 (4H, m, C//2CH2CH3), 5.99 (2H, s, OCH2O), 6.04 (2H, s, 

OCH2O), 6.61, 6.93 (2H, 2dd, J^ 'j-S .OHz, J6 ',2  = l-5H z and J 6 -,5 ..=8 .0 Hz, Jg..2 -= 1.5Hz, H-6 ’, H-6 "), 6.65, 6.96 

(2H, 2d, J2 ',6 ^  1.5Hz, J2 -,6 ”= 1 -5 Hz, H-2’, H-2"), 6 .8 6 , 6 . 8 8  (2H, 2d, J 5 . 5 - 8 .OHz, J 5 ",6 '-=7 .5 Hz, H-5', H-5"), 8.36 

(IH , s, H-6 ). '^C NM R ppm (CDCI3 ) 14.04, 14.28 (CH 2 CH 2 CH 3 ), 23.83, 24.08 (CH2CH2CH3), 31.91, 33.00 

(CH2CH2CH3), 100.99, 101.12 (OCH2O), 107.96, 108.14 (C-5', C-5"), 109.36, 109.61 (C-2', C-2"), 122.10, 

122.42 (C-6 ', C-6 "), 131.70, 133.90, 134.84, 135.65 (C-1’, C-1", C-3, C-5), 147.11 (C-6 ), 146.76, 146.99,
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147.33, 147.51 (C-3', C-3", C-4', C-4"), 149.53 (C-4), 156.70 (C-2). m/z403 (M^-1, 100%), 55 (23), 374 (9), 

344 (9), 81 (7). HRMS calcd for C 2 5 H 2 6NO 4 : (M^+H) 404.1862, found; 404.1840.

2,6-Di(3,4-methylenedioxyphenyl)-3,5-dipropyl pyridine (277) was isolated as an impurity from the 

preparation o f (265) by flash chromatography on silica gel (eluent : diethylether/hexane : 60/40). Brown oil 

(0.9%). Rf 0.65 (diethylether/hexane : 50/50). IRv^^ (KBr) 2777 (OCH.O), 1606 (C=C) cm ‘. 'H NMR 

5 (CDCl3 ) 0.90 (6 H, t, J=7.3Hz, CH2 CH2 C //3 ), 1.58 (4H, m, CH2 C //2CH3 ), 2.64 (4H, t, J=8.0Hz, 

C//2CH2CH3), 5.96 (2H, s, OCH2 O), 6.84 (2H, d, J5-.6 = 8 .0 Hz, H-5'), 6.96 (2H, dd, Js.s-S.OHz, J6 , 2  = 1.5Hz, H- 

6 ’), 7.00 (2H, d, J2 ' 6 = 1 .5 Hz, H-2'), 7.45 (IH , s, H-4). ‘̂ C NMR ppm (CDCI3) 13.98 (CH2CH2CH3), 24.05 

(CH2CH2CH3), 34.22 (CH2CH2CH3), 100.92 (OCH2 O), 107.85, 109.91 (C-2’, C-5'), 122.72 (C-6 '), 133.60, 

134.84 (C -r , C-3, C-5), 138.75 (C-4), 147.07, 147.35 (C-3', C-4'), 155.18 (C-2, C-6 ). m/z 403 (M "-l, 67%), 

388 (100), 55 (51), 67 (26), 228 (12). HRMS calcd for C2 5 H 2 6 NO 4 : (M"+H) 404.1862, found: 404.1841.

l-(3,4-Metliylenedioxyphenyl)-l-pentene (167) was isolated as an impurity from the preparation o f (265) 

by flash chromatography on silica gel (eluent : hexane/diethylether 70/30). Colourless oil (1.8 %). Rf 0.92 

(diethylether/hexane : 50/50). Spectroscopic analyses were comparable to an authentic sample.

Preparation of l-(yV-formyl-N-methyl)aniino-l-(3,4-methyIenedioxyplienyl)alkanes (281)-(284)

l-(A'-Formyi-/V-methyl)ainino-l-(3,4-niethylenedioxyphenyl)ethane (281) was prepared from (251) 

(1.50g, 9 .15mmol scale) according to general procedure 7.2.6 and chromatographed on silica gel (eluent ; 

diethylether). Pale amber oil (31%). Rf 0.12 (diethylether/hexane : 70/30). IRv^ax (film) 2782 (OCH 2 O), 

1666 (NCHO) cm''. 'H NMR 5 (CDCI3 ) 1.48 (1.05H, d. J2 ,r= 7 .0 Hz, H-2'), 1.59 (1.95H, d, J2 m=7 .0 Hz, H-2'),

2.64 (3H, s, NCH 3 ), 4.69 (0.65H, q, Ji,2 = 7 .0 Hz, H-1'), 5.72 (0.35H, q, J2 m=7 .0 Hz, H-1'), 5.95 (0.7H, s, 

OCH 2 O), 5.97 (1.3H, s, OCH2 O), 6.74-6.81 (3H, m, H-2, H-5, H-6 ), 8.09 (0.35H, s, CHO), 8.34 (0.65H, s, 

CHO). '^C NMR ppm (CDCI3 ) 15.53, 18.12* (C-2'), 25.92*, 29.38 (NCH3), 48.57, 56.38* (C-T), 101.07, 

101.25* (OCH 2 O), 107.24*, 108.03, 108.22* (C-2, C-5), 120.00*, 120.50 (C-6 ), 133.45, 133.48* (C-1), 

146.94, 147.23*, 147.91, 148.16* (C-3, C-4), 162.21*, 162.46 (CHO). m/z 207 (M^, 100%), 149 (62), 91 

(56), 65 (44), 164 (33). HRMS calcd for C „H ,3N 0 3 Na; (M^+Na) 230.0793, found; 230.0772.

l-(A^-Formyl-A^-methyl)amino-I-(3,4-niethyienedioxyphenyl)propane (282) was prepared from (252) 

(3.03g, 17.01mmol scale) according to general procedure 7.2.6 and chromatographed on silica gel (eluent : 

diethylether). Colourless solid (26%). M.p. 67-68°C (ethylacetate/hexane). RfO. l l  (hexane/diethylether: 

50:50). IRv„3., (KBr) 2786 (OCHjO), 1674 (NCHO) cm’'. ‘H NMR 5 (CDCI3) 0.94 (1.05H, t, J3.2-7.OHz, 

H-3'), 0.95 (1.95H, t, J3 ,2 '=7 .3 Hz, H-3'), 1.89 (0.7H, m, H-2'), 1.98 (1.3H, m, H-2'), 2.61 (1.95H, s, NCH3),

2.64 (1.05H, s, NCH 3 ), 4.32 (0.65H, m, H-1'), 5.45 (0.35H, m, H-1'), 5.94 (0.7H, s, OCH2 O), 5.96 (1.3H, s, 

OCH 2 O), 6.74-6.81 (3H, m, H-2, H-5, H-6 ), 8.13 (0.35H, s, CHO), 8.30 (0.65H, s, CHO). ‘^C NMR ppm 

(CDCI3 ) 10.67, 10.89* (C-3'), 22.11, 23.88* (C-2'), 25.43*, 29.30 (NCH3 ), 54.78, 62.82* (C-1'), 100.97, 

101.15* (OCH 2 O), 107.52*, 107.98, 108.13*, 108.36 (C-2, C-5), 120.43*, 121.04 (C-6 ), 132.60*, 132.68 (C- 

1), 146.86, 147.15*, 147.77, 148.01* (C-3, C-4), 162.51*, 162.88 (CHO). m/z 221 (M ^ 80%), 192 (100),
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151 (99), 164 (73), 77 (43). Anal. (CnH.sNOj) Calc: C (65.14), H (6.83), N (6.33), Found: C (65.09), H 

(6.90), N (6.35)%.

l-(yV-Formyl-A^-methyl)amino-l-(3,4-methylenedioxyphenyl)butane (283) was prepared from (253) 

(3.03g, 14.69mmol scale) according to general procedure 7.2.6 and chromatographed on silica gel (eluent : 

diethylether). Pale amber oil (17%). Rf 0.17 (hexane/diethylether : 50/50). IRv^ax (filni) 2780 (OCH 2 O), 

1668 (NCHO) cm'*. 'H NMR 5 (CDCI3 ) 0.98 (1.05H, t, J4 ',3 = 7 .3 Hz, H-4’), 0.99 (1.95H, t, J4 .3 - 7 .3 Hz, H-4'), 

1.35 (2H, m, H-3'), 1.90 (2H, m, H-2'), 2.61 (1.95H, s, NCH 3 ), 2.64 (1.05H, s, NCH 3 ), 4.43 (0.65H, m, H-1'), 

5.56 (0.35H, m, H-1’), 5.94 (0.7H, s, OCHjO), 5.96 (1.3H, s, OCH.O), 6.74-6.81 (3H, m, H-2, H-5, H-6 ), 

8.10 (0.35H, s, CHO), 8.30 (0.65H, s, CHO). ‘̂ C NMR ppm (CDCI3 ) 13.61, 13.76* (C-4’), 19.38, 19.50* (C- 

3'), 25.57*, 29.41 (NCH3 ), 31.23, 32.47* (C-2'), 52.97, 60.94* (C-T), 100.09, 101.18* (OCH.O), 107.54*, 

108.00, 108.16*, 108.38 (C-2, C-5), 120.46*, 121.08 (C-6 ), 132.71*, 132.83 (C-1), 146.88, 147.18*, 147.78, 

148.03* (C-3, C-4), 162.44*, 162.80 (CHO). w/z 235 (M \ 52%), 192 (100), 151 (95), 164 (48), 135 (46). 

HRMS calcd for Ci3 H ,7N 0 3 Na: (M"+Na) 258.1106, found: 258.1086.

l-(A^-Formyl-A'-methyI)amino-l-(3,4-inethylenedioxyphenyl)pentane (284) was prepared from (254) 

(3.06g, 14.85mmol scale) according to general procedure 7.2.6 and chromatographed on silica gel (eluent : 

diethylether/hexane : 80/20). Colourless oil (41%). R,- 0.20 (diethylether/hexane : 50/50). lRVma.x (film) 

2777 (OCH2 O), 1668 (NCHO) cm’'. ‘H NMR 5 (CDCI3) 0.91 (1.05H, t, J5.4 - 7 .OHz, H-5'), 0.93 (1.95H, t, 

J5 .,4 =7 .3 Hz, H-5'), 1.32-1.38 (4H, m, H-3', H-4'), 1.87 (0.7H, m, H-2'), 1.89 (1.3H, m, H-2'), 2.61 (2.4H, s, 

NCH 3 ), 2.64 (0.6H, s, NCH3 ), 4.41 (0.65H, t, Ji.,2 .=7 .8 Hz, H-1'), 5.54 (0.35H, m, H-1'), 5.94 (0.7H, s, 

OCH 2 O), 5.96 (1.3H, s, OCH2 O), 6.73 (0.65H, m, H-6 ), 6.74-6.77 (1.05H, m, H-2, H-5, H-6 ), 6.78 (0.65H, s, 

H-2), 6.80 (0.65H, d, J5 .6 =7 .5 Hz, H-5), 8 .10 (0.35H, s, CHO), 8.30 (0.65H, s, CHO). ‘̂ C NMR ppm (CDCI3) 

13.86, 13.89* (C-5'), 22.30*, 22.41* (C-4’), 25.54* (NCH 3 ), 28.31, 28.50* (C-3'), 28.80 (C-2’), 29.41 

(NCH3 ), 30.06* (C-2'), 53.21, 61.23* (C-T), 100.00, 101.19* (OCHjO), 107.56*, 108.01, 108.17*, 108.40 

(C-2, C-5), 120.47*, 121.10 (C-6 ), 132.77*, 132.89 (C-1), 146.88, 147.18*, 147.79, 148.04* (C-3, C-4), 

162.45*, 162.79 (CHO). m/z 249 (M ^ 45%), 192 (100), 151 (78), 164 (43), 135 (37). HRMS calcd for 

CmHzoNOj: (M > H ) 250.1443, found: 250.1449.

Preparation of l-amino- and l-A'-methylamino-l-(3,4-methylenedioxyphenyl)alkanes via A^-acyl 

hydrolysis

l-Amino-l-(3,4-methylenedioxyphenyl)ethane (285) was prepared from (262) (2.26g, 11.69mmol scale) 

according to general procedure 1.2.1. Amber oil (73%). Rf 0.34 (methanol). IRv^ax (film) 3362, 3290 

(NH2 ), 2777 (OCH2 O) cm‘‘. ‘H NMR 5 (CDCI3) 1.35 (3H, t, J2 .,i.=6 .5 Hz, H-2'), 1.91 (2H, br s, NH 2 ), 4.04 

(IH , q, J,..2 .=6 .5 Hz, H-1'), 5.92 (2H, s, OCH2 O), 6.74 (IH , d, Js,6=8.0Hz, H-5), 6.78 (IH , dd, J6,j=8.0Hz, 

J6.2= 1 .5 Hz, h - 6 ), 6 . 8 6  (IH, d, J2,6= l-5 Hz, H-2). ‘̂ C NMR ppm (CDCI3 ) 25.50 (C-2’), 51.07 (C-T), 100.82 

(OCH2 O), 106.22, 108.04 (C-2, C-5), 118.68 (C-6 ), 141.59 (C-1), 146.29, 147.68 (C-3, C-4). m/z 165 (M", 

28%), 150 (100), 65 (38), 93 (34), 74 (14). HCl salt. Colourless solid (ethanol/hexane). M.p. 215-217°C 

(dec.). IRv„a,, (KBr) 2578, 2490 (NH") cm’'.
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l-A'^-M ethyIaniino-l-(3,4-methylenedioxyphenyl)ethane (286)^®  ̂ was prepared from (281) (0.58g, 

3.24mmol scale) according to general procedure 7.2.7. Amber oil (30%). Rf 0.24 (methanol). lRv„,ax (film) 

3329 (NH), 2790 (NCH 3) cm ''. ‘H NM R S (CDCI3) 1.34 (3H, d, J2M -6 .6 HZ, H-2'), 2.30 (3H, s, N CH 3), 2.34 

(IH , b r s, NH), 3.59 (IH , q, Jr,2 = 6 .5 Hz, H-1'), 5.92 (2H, s, OCH7O), 6.75 (2H, s, H-5, H-6 ), 6.84 (IH, s, H- 

2). '^C NM R ppm  (CDCI3) 23.65 (C-2'), 34.07 (NCH 3), 59.91 (C-T), 100.79 (OCH 2O), 106.76, 107.97 (C-2, 

C-5), 119.86 (C-6 ), 138.85 (C-1), 146.43, 147.77 (C-3, C-4). m/z 179 ( M \ 10%), 164 (100), 91 (28), 58 

(19), 65 (17). HCl salt. Colourless solid (ethanol/hexane). M.p. 210-212°C (dec.). IRv^ax (KBr) 2465, 

2335 (N H O cm "'.

l-A m ino-l-(3,4-m ethylenedioxyphenyl)propane (31)^*'* was prepared from (263) (3.67g, 17.70mmol scale) 

according to general procedure 7.2.7. Amber oil (67% ) (lit. b.p. 141°C/2mmHg). Rf 0.42 (methanol). 

IRv„a., (film) 3362, 3300 (NHj), 2776 (OCHjO) cm ''. 'H  N M R 5 (CDCI3 ) 0.85 (3H, t, J3.,2'=7 .5Hz, H-3'), 

1.65 (2H, m, H-2'), 1.80 (2H, br s, NH 2), 3.73 (IH , t, Ji.,2=6 .8Hz, H-1'), 5.93 (2H, s, OCH 2O), 6.75-6.83 (3H, 

m, H-2, H-5, H-6 ). '"C NMR ppm (CDCI3 ) 10.88 (C-3'), 32.29 (C-2'), 57.64 (C-1'), 100.82 (OCHjO), 

106.70, 107.97 (C-2, C-5), 119.61 (C-6 ), 140.26 (C -I), 146.36, 147.70 (C-3, C-4). m/z 179 (M ^  17%), 150 

(100), 65 (66 ), 93 (61), 123 (24). HCl salt. Colourless solid (ethanol/hexane). M.p. 198-199°C (dec.) (lit. 

200-201°C). IRv„ax (KBr) 2622, 2531 (N H ")cm ''.

l-A'-lVlethylam ino-l-(3,4-m ethylenedioxyphenyl)propane (32) was prepared from (282) (0.77g, 3.46mmol 

scale) according to general procedure 7.2.7. Colourless oil (50%). Rf 0.21 (methanol). IRv^ax (filjn) 3335 

(NH), 2787 (NCH 3 ) cm ''. 'H  NM R 5 (CDCI3 ) 0.80 (3H, t, J3’,2'=7 .5 Hz, H-3'), 1,40 (IH , br s, NH), 1.56 (IH , 

m, H-2'), 1.71 ( IH , m, H-2'), 2.26 (3H. s, NCH 3), 3.28 (IH , dd. J ,.2= 8 .0 Hz, J ,.2=6 .0 Hz, H-1'), 5.93 (2H, s, 

OCH2O), 6.70 (IH , dd, J6,3=7 .5Hz, J6,2= I .5Hz, H-6 ), 6.75 (IH , d, Jj,6=7.5Hz, H-5), 6.79 (IH , d, J2,6= 1.5Hz, 

H-2). '^C N M R ppm (CDCI3 ) 10.71 (C-3'), 30.68 (C-2'), 34.42 (NCH 3 ), 66.92 (C-1'), 100.76 (OCH2O), 

107.17, 107.79 (C-2, C-5), 120.70 (C-6), 137.95 (C -I), 146.36, 147.75 (C-3, C-4). m/z 193 (M ', 2% ), 164 

(100), 77 ( I I ) ,  65 (9), 81 (9). HCl salt. Colourless solid (ethanol/hexane). M .p. 209-211°C (dec.). lRv„,3 , 

(KBr) 2470 (N H ^  cm’'.

l-A m ino-l-(3,4-m ethylenedioxyphenyl)butane (287)^”  was prepared from (264) (3.56g, 16.09mmol scale) 

according to general procedure 7.2.7. Am ber oil (57%). Rf 0.47 (methanol). IRv^a^ (fihn) 3370, 3290 

(NH2), 2776 (OCH 2O) cm ''. 'H  NM R 5 (CDCI3 ) 0.89 (3H, t, J4.3- 7 .3 Hz, H-4'), 1.27 (2H, m, H-3'), 1.59 

(2H, m, H-2'), 1.94 (2H, br s, NH 2), 3.81 (IH,  t, J,.,2'=7 .0Hz, H-1'), 5.92 (2H, s, OCH 2O), 6.74-6.83 (3H, m, 

H-2, H-5, H-6 ). ‘̂ C N M R ppm (CDCI3) 13.88 (C-4'), 19.62 (C-3'), 41.61 (C-2'), 55.77 (C-1'), 100.78 

(OCH2O), 106.59, 107.94 (C-2, C-5), 119.47 (C-6), 140.46 (C-1), 146.31, 147.66 (C-3, C-4). m/z 193 (M^, 

11%), 150 (100), 65 (56), 93 (52), 123 (19). HCl salt. Colourless solid (ethanol/hexane). M.p. 222-224°C 

(dec.). IRv^ax (KB r) 2640 (NH") cm ''.

l-A '-M ethylam ino-l-(3,4-m ethylenedioxyphenyl)butane (288) was prepared from  (283) (0.40g, 1.70mmol 

scale) according to general procedure 7.2.7. Colourless oil (48%). Rf 0.24 (methanol). IRv^a, (film) 3333 

(NH), 2785 (NCH 3 ) cm ''. 'H NMR 5 (CDCI3 ) 0.87 (3H, t, J4 ',3'=7 .3 Hz, H-4'), 1.20-1.26 (2H, m, H-3'), 1.41 

(IH, br s, NH), 1.54 (IH , m, H-2'), 1.65 (IH, m, H-2'), 2.25 (3H, s, NCH3), 3.36 (IH, dd, J,.,r=7.5Hz,
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J,..2 = 6 .0 Hz, h - 1 ’), 5.93 (2H, s, OCHjO), 6.70 (IH , dd, Js,5=8.0Hz, J 6 ,2 = 1 .5 Hz, H-6 ), 6.75 (IH , d, Jj,6= 8 .0 Hz, 

H-5), 6.79 (IH , d, J2 ,6 = 1 .0 Hz, H-2). ‘̂ C N M R ppm (CDCI3 ) 14.04 (C-4'), 19.51 (C-3'), 34.41 (NCH 3 ), 40.23 

(C-2'), 65.09 (C-1’), 100.80 (OCH 2 O), 107.14, 107.82 (C-2, C-5), 120.63 (C-6 ), 138.29 (C-1), 146.37, 147.79 

(C-3, C-4). m/z 207 (M "-l, 1%), 164 (100), 81 (9), 65 ( 8 ), 135 ( 8 ). HCl salt. Colourless solid 

(ethanol/hexane). M.p. 201-203°C (dec.). (KBr) 2517, 2455 (NH") cm '‘.

l-A m ino-l-(3,4-m ethylenedioxyphenyI)pentane (289) was prepared from (265) (4.99g, 21.21 mmol scale) 

according to general procedure 7.2.7. Amber oil (48%). Rf 0.46 (methanol). IRv^ax (film) 3363, 3280 

(NH 2 ), 2777 (OCH 2 O) cm '‘. ‘H NM R 6  (CDCI3 ) 0.86 (3H, t, J5 .,4 .=7 .0 Hz, H-5’), 1.15 (IH , m, H-4’), 1.25- 

1.35 (3H, m, H-3', H-4’), 1.61 (2H, m, H -2’), 1.91 (2H, b rs ,  N H 2 ), 3.79 (IH , t, Ji.,2=6.8Hz, H-1’), 5.91 (2H, s, 

OCH 2 O), 6.74-6.82 (3H, m, H-2, H-5, H-6 ). '^C NM R ppm (CDCI3) 13.86 (C-5'), 22.52 (C-4’), 28.63 (C-3’), 

39.13 (C-2’), 56.01 (C-1’), 100.74 (OCH 2 O), 106.55, 107.90 (C-2, C-5), 119.43 (C-6 ), 140.52 (C-1), 146.26, 

147.62 (C-3, C-4). m/z 207 ( M \ 11%), 150 (100), 65 (6 8 ), 93 (61), 123 (25). HCl salt. Colourless solid 

(ethanol/hexane). M.p. 226-227°C (dec.). lRv„ax (KBr) 2640 (NH^) cm ''.

l-A^-M ethylainino-l-(3,4-m ethylenedioxyphenyl)pentane (290) was prepared from (284) (1.67g, 

6.52mmol scale) according to general procedure 7.2.7. Colourless oil (29%). Rf 0.25 (methanol). IRv^ax 

(film) 3339 (NH), 2787 (NCH3) cm '‘. 'H  NM R 5 (CDCI3) 0.84 (3H, t, J 5 ,4 = 7 .0 Hz, H-5’), 1.18-1.27 (4H, m, 

H-3’, H-4’), 1.58 (IH , m, H-2'), 1.71 (IH , m, H-2'), 2.26 (3H, s, NCH3), 2.30 (IH , br s, NH), 3.37 (IH , m, H- 

1'), 5.92 (2H, s, OCH 2 O), 6.70-6.75 (2H, m, H-5, H-6 ), 6.81 (IH , s, H-2). *̂ C N M R ppm (CDCI3) 13.77 (C- 

5'), 22.49 (C-4’), 28.34 (C-3’), 33.99 (NCH3), 37.33 (C-2’), 65.15 (C-1’), 100.65 (OCHjO), 107.01, 107.69 (C- 

2, C-5), 120.56 (C-6 ), 137.56 (C-1), 146.32, 147.67 (C-3, C-4). m/z 221 ( M - 1 ,  1%), 164 (100), 135 (6 ), 77 

(6 ), 65 (5). HCl salt. Colourless solid. M.p. 197-199“C (dec.). IRv^a^ (KBr) 2466 (NH^) cm"'.

Attempted preparation o f 1-amino and l-yV-m ethylam ino-l-(3,4-m ethylenedioxyphenyl)propane (285) 

and (286) via reductive amination

A mixture o f  the appropriate l-(3,4-m ethylenedioxyphenyl)-l-propanone (251) (7.80mmol, 1.30g) in dry 

methanol (35ml) there was added either ammonium acetate (R=H) or methylamine HCl (62.40m m ol) and 

sodium cyanoborohydride (15 .91 mmol, l.OOg) was stirred at rt for 72hr. The pH o f the reaction was 

occasionally adjusted to pH 5-6 by the addition o f  4M  m ethanolic HCl as determined by dam p universal pH 

paper. Excess hydride was decomposed by the addition o f  dilute HCl (100m l) and resulting aqueous phase 

washed with dichloromethane (3x30ml). The aqueous phase was made basic with 15% aq. N aO H  solution 

and extracted with dichloromethane (3x50ml). The organic phases were combined, dried over anhydrous 

N a 2 S0 4 , and volatiles removed in vacuo. The reaction was unsuccessfiil.

Preparation o f l-(3,4-m ethylenedioxyphenyl)-l-alkanone oximes (293)-(296)

l-(3,4-M ethylenedioxyphenyl)-l-ethanone oxime (293) was prepared from (251) (2.50g, 15.23mmol scale) 

according to general procedure 7.2.11 as a single isomer. Colourless needles ( 8 8 %). Rf 0.50
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(dichloromethane/hexane : 80/20). M.p. 157-158°C (ethanol/water) (lit. m.p. 156-157°C). IRVn,a;s (KBr) 

3286 (OH), 2796 (OCH.O) cm'*. ‘H NMR 5 (CDCI3 ) 2.24 (3H, s, H-2'), 5.98 (2H, s, OCH2 O), 6.80 (IH, d, 

J5,6=8.0Hz, h-5), 7.10 (IH, dd, J6,s=7.8Hz, J6,2=2.0Hz, H-6 ), 7.17 (IH, d, J2,6=1.5Hz, H-2), 8.01 (IH, br s, 

OH). NMR ppm (CDCI3 ) 12.09 (C-2'), 101.28 (OCHjO), 106.25, 108.04 (C-2, C-5), 120.35 (C-6 ), 

130.81 (C-1), 147.94, 148.58 (C-3, C-4), 155.58 (C-T). m/z 179 (M \ 100%), 121 (37), 65 (35), 162 (31), 

137 (25).

l-(3,4-Methylenedioxyphenyl)-l-propanone oxime (294) was prepared from (252) (6.03g, 33.86mmol 

scale) according to general procedure 7.2.11, providing a 10/90 mixture of synlanti isomers. Colourless 

needles (8 8 %). M.p. 101-102°C (ethanol/water) (lit. m.p. 103.5-104.5°C"“ ). Rf 0.15 

(dichloromethane/hexane : 80/20). IRv^^x (KBr) 3224 (OH), 2786 (0C H ,0) cm‘‘. Anti-(294) 'H NMR 

6 (CDCl3) 1.16 (2.7H, t, J3 ,2 '=7 .5 Hz, H-3'), 2.77 (1.8H, q, J2 ',3 =7 .5 Hz, H-2'), 5.96 (2H, s, OCHjO), 6.80 

(0.9H, d, J5,6=8.0Hz, h-5), 7.09 (0.9H, dd, Je.s^S.OHz, J6,2=1.5Hz. H-6 ), 7.13 (0.9H, d, J2,6=1.5Hz, H-2), 8.93 

(IH, br s, OH). ‘̂ C NMR ppm (CDCI3) 10.89 (C-3'), 19.76 (C-2'), 101.23 (OCH.O), 106.52, 108.10 (C-2, C- 

5), 120.46 (C-6 ), 129.64 (C-1), 147.94, 148.46 (C-3, C-4), 160.27 (C-1'). 5v«-(294) ‘H NMR 5 (CDCI3 ) 

1.11 (0.3H, t, J3 'r= 7 .5 Hz, H-3'), 2.56 (0.2H, q, J2-,3 '=7 .5 Hz, H-2'), 6.84 (O.IH, d, J3 ,6 =8 .5 Hz, H-5), 6.95 (O.IH, 

dd, J6 ,5=8 .6 Hz, J6 ,2 = 1 .5 Hz, H-6 ), 7.04 (O.IH, d, J2 ,6 = 1 .5 Hz, H-2), OCHjO, OH signals overlaps with anti-

(294). ‘̂ C NMR ppm (CDCI3) 11.29 (C-3'), 28.86 (C-2'), 101.14 (OCH.O), 106.47, 108.88 (C-2, C-5), 

121.85 (C-6 ), C-1, C-3, C-4, C-1’ not visible, m/z 265 (both isomers) (IM S derivative M^ 33%), 176 (100), 

73 (34), 148 (27), 65 (27).

l-(3,4-Methylenedioxyphenyl)-l-butanone oxime (295) was prepared from (253) (6.00g, 3 1.25mmol scale) 

according to general procedure 7.2.11, providing a 10/90 mixture of synlanti isomers. Colourless needles 

(93%). M.p. 70-71°C (ethanol/water) (lit. 75°Ĉ ®̂ ). Rf 0.17 (dichloromethane/hexane : 80/20). IRv^ax (KBr) 

3230 (OH), 2786 (OCHjO) cm''. Anti-{295) 'H NMR 5 (CDCI3 ) 0.97 (2.7H, t, J4 .3 - 7 .5 Hz, H-4'), 1.51 

(1.8H, m, H-3’), 2.74 (1.8H, t, Jr,3-=7.5Hz, H-2'), 5.95 (2H, s, OCH2 O), 6.79 (0.9H, d, J5,6=8.0Hz, H-5), 7.07 

(0.9H, dd, J6,5=8.0Hz, J6,2=1.5Hz , H-6 ), 7.12 (0.9H, d, J2,6=1.5Hz H-2), 8.91 ( I H ,  br s. OH). ‘̂ C NMR ppm 

(CDCI3 ) 14.14 (C-4'), 19.79 (C-3'), 28.20 (C-2'), 101.21 (OCH2 O), 106.57, 108.07 (C-2, C-5), 120.52 (C-6 ), 

129.95 (C-1), 147.89, 148.42 (C-3, C-4), 159.24 (C-1'). 5j/i-(295) ‘H NMR 5 (CDCI3 ) 0.93 (0.3H, t, 

J4 '.3 '=7 .5 Hz, H-4'), 1.59 (0.2H, m, H-3’), 2.51 (0.2H, t, J2 ',3—7.5Hz, H-2'), OCH2 O signal overlaps with anti-

(295), 6.84 (O.IH, d, J5,s=8.0Hz, H-5), 6.95 (O.IH, dd, J6,s=8.0Hz, J6,2=2.0Hz, H-6 ), 7.05 (O.IH, d, J2,6=1.5Hz 

H-2). ‘̂ C NMR ppm (CDCI3 ) 13.48 (C-4'), 19.97 (C-3’), 37.27 (C-2'), 101.15 (OCH2 O), C-2, C-5, C-6 , C-1 

not visible, 147.33 only visible for C-3, C-4, 157.54 (C-1'). m/z 279 (both isomers) (TMS derivative M"", 

49%), 190 (100), 148 (54), 73 (44), 65 (31).

l-(3,4-Methylenedioxyphenyl)-l-pentanone oxime (296) was prepared from (254) (6.00g, 29.09mmol 

scale) according to general procedure 7.2.11 and chromatographed on silica gel (eluent: diethylether/hexane 

; 50/50), providing a 10/90 mixture of synlanti isomers. Colourless solid (82%). Rf 0.44 

(dichloromethane/hexane : 80/20). M.p. 59-60°C (diethylether/hexane). IRVmax (KBr) 3228 (OH), 2778 

(OCH2 O) cm-'. Anti-{196) 'H NMR 5 (CDCI3) 0.92 (2.7H, t, J5 .4 - 7 .3 Hz, H-5'), 1.37-1.43 (2H, m, H-4’), 

1.54 (2H, m, H-3'), 2.76 (1.8H, t, J2 ',3 =7 .8 Hz, H-2'), 5.96 (2H, s, OCHjO), 6.79 (0.9H, d, J5 ,6=8 .0 Hz, H-5),
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7.07 (0.9H , dd, J6,5= 8 .3 Hz, J6,2= l-5 Hz, H-6 ), 7.15 (0.9H, d, J2,s=2 .0 Hz H-2), 9.87 (IH , s, OH). ‘^C NM R 

ppm (CDCI3) 13.77 (C-5'), 22.90 (C-4'), 25.95 (C-3'), 28.55 (C-2'), 101.15 (OCH .O), 106.55, 108.02 (C-2, C- 

5), 120.40 (C-6 ), 136.21 (C-1), 147.84, 148.28 (C-3, C-4), 159.01 (C-1'). 5y«-(296) *H N M R 5 (CDCI3) 

0.88 (0.3H, t, J5.,4.=7 .5 Hz, H-5'), H-4', H-3' overlap with an ti-il96), 2.52 (0.2H, t, J2',3= 7 .5 Hz, H-2'), OCH 2O 

signal overlaps with anti-{296), 6.84 (O.IH, d, J5,6= 8 .0 Hz, H-5), 6.94 (O.IH, dd, J6j=8.0Hz, J6,2= l- 5 Hz, H-6 ), 

7.04 (O.IH, d, J2,6= 1.5 Hz H-2). ‘̂ C NMR ppm (CDCI3) 13.68 (C-5'), 22.17 (C-4'), 28.84 (C-3'), 35.14 (C-2'), 

101.10 (OCH 2O), 108.08, 108.90 (C-2, C-5), 121.78 (C-6 ), C-1, C-3, C-4, C-1' signals not visible, m/z 293 

(both isom ers) (TM S derivative M", 16%), 73 (100), 162 (6 6 ), 204 (53), 148 (48). Anal. (C 12H 15NO 3) Calc: 

C (65.14), H (6.83), N (6.33), Found; C (65.12), H (6.81), N  (6.21)% . HRM S calcd for C 12H 16NO 3: (M"+H) 

222.1130, found: 222.1114.

Preparation o f  l-am ino-l-(3,4-m ethylenedioxyphenyl)alkanes (285), (31), 297) and (289) via the oxime 

route

l-A m ino-l-(3,4-m ethylenedioxyphenyl)ethane (285) was prepared from (293) (2.00g, 12.11mmol scale) 

according to general procedure 7.2.12 and chromatographed on silica gel (eluent : methanol). Brovra oil 

(79%). Spectroscopic analyses were com parable to an authentic sample.

A'-Ethyl-3,4-m ethylenedioxyphenylam ine (300) was isolated as an impurity from the preparation o f  (285) 

by flash chromatography on silica gel (eluent ; hexane/diethylether ; 80/20). Brown oil (8% ) (lit. b.p. 101- 

]0 3 X /lm m H g ’'°). Rf 0.79 (methanol). IRv^ x̂ (film) 3397 (NH), 2772 (OCHjO) cm '', ‘h  NMR 6 (CDCI3) 

1.22 (3H, t, J=7.0Hz, N H C H 2 CH 3 ), 3.07 (2H, q, J=7.0Hz, N H C //2CH3), 3.09 (IH , br s, NH), 5.83 (2H, s, 

OCH 2O), 6.04 (IH , dd, J6,5=8.3H z, J6,2=2.3H z, H-6 ), 6.24 (IH , d, Jz,6=2.0H z, H-2), 6.65 (IH , d, J5,6= 8 .5 Hz, 

H-5). ‘"C N M R ppm (CDCI3) 14.85 (NHCH 2CH3), 39.43 (N H CH 2CH 3), 95.88 (C-2), 100.47 (O C H 2O), 

104.36 (C-6 ), 108.58 (C-5), 139.47 (C-1), 144.28, 148.31 (C-3, C-4). m/z 165 (M", 79%), 150 (100), 78 (17).

l-A m ino-l-(3,4-m ethylenedioxyphenyl)propane (31) was prepared from (294) (2,00g, 10.35mmol scale) 

according to general procedure 7.2.12 and chromatographed on silica gel (eluent : methanol). Brown oil 

(45%). Spectroscopic analyses were com parable to an authentic sample.

A^-Propyl-3,4-methylenedioxyphenylamine (301) was isolated as an impurity from the preparation of (31) 

by flash chromatography on silica gel (eluent : hexane/diethylether : 80/20). Brown oil (35%). Rf 0.81 

(methanol). IRv^^x (film) 3404 (NH), 2771 (OCH2O) cm'‘. 'H  N M R  8 (CDCI3) 0.98 (3H, t, J=7.5Hz, 

NHCH2CH2C//5), 1.61 (2H, m, NHCH2C//2CH3), 3.00 (2H, q, J=7.0Hz, N H C //2CH2CH3), 3.33 (IH , br s, 

NH), 5.83 (2H, s, OCH2O), 6.03 (IH , dd, J6.5= 8 .3 Hz, Jg,2=2 .3 Hz, H-6 ), 6.23 (IH , d, J2,6=2 .0 Hz, H-2), 6.64 

(IH , d, Jj,6= 8 .0Hz, H-5). '^C NM R ppm (CDCI3) 11.57 (NHCH2CH2CH3), 22.71 (NHCH2CH2CH3), 46.82 

(NHCH2CH2CH3), 95.83 (C-2), 100.46 (OCHjO), 104.29 (C-6), 108.58 (C-5), 139.37 (C-1), 144.36, 148.32 

(C-3, C-4). m/z  179 (M ^ 77% ), 150 (100), 65 (18). HRMS calcd for C,oHi4N02: (M'^+H) 180.1025, found: 

180.1023.

285



l-Amino-l-(3,4-methylenedioxyphenyI)butane (287) was prepared from (295) (2.10g, lO.lSmmol scale) 

according to general procedure 7.2.12 and chromatographed on silica gel (eluent : methanol). Brown oil 

(42%). Spectroscopic analyses were comparable to an authentic sample.

A^-Butyl-3,4-niethylenedioxyphenylamine (302) was isolated as an impurity from the preparation o f (287) 

by flash chromatography on silica gel (eluent : hexane/diethylether : 80/20). Brown oil (35%). Rf 0.83 

(methano). IRv^^x (film) 3404 (NH), 2771 (OCHjO) cm ''. *H NMR 5 (CDCI3) 0.95 (3H, t, J=7.3Hz, 

NHCH2CH2CH2C//J), 1.41 (2H, m, NHCH2CH2C//jCH 3), 1.57 (2H, quintet, NHCH2C //2CH2CH3), 3.03 (2H, 

q, J=7.0Hz, NHC//,CH 2CH3), 3.34 (IH , br s, NH), 5.83 (2H, s, OCH2O), 6.03 (IH , dd, J6,5=8 .3 Hz, 

J6.2=2 .3 Hz, H-6 ), 6.23 (IH , d, J2,6=2 .0 Hz, H-2), 6.64 (IH , d, J5,6= 8 .5 Hz, H-5). ‘̂ C NMR ppm (CDCI3) 13.86 

(NHCH2CH2CH2CH3), 20.28 (NHCH2CH2CH2CH3), 31.69 (NHCH2CH2CH2CH3), 44.71 

(NHCH2CH2CH2CH3), 95.82 (C-2), 100.46 (OCH2O), 104.28 (C-6 ), 108.59 (C-5), 139.38 (C-1), 144.41,

148.32 (C-3, C-4). m/z 193 (M*, 72%), 150 (100), 65 (16). HRMS calcd fo rC „H ,6N0 2 : (M > H ) 194.1181, 

found: 194.1182.

l-Amino-l-(3,4-methylenedioxyphenyl)pentane (289) was prepared from (296) (2.00g, 9.04mmol scale) 

according to general procedure 7.2.12 and chromatographed on silica gel (eluent : methanol). Brown oil 

(46%). Spectroscopic analyses were comparable to an authentic sample.

/V-Pentyl-3,4-inethylenedioxyphenylainine (303) was isolated as an impurity from the preparation o f (289) 

by flash chromatography on silica gel (eluent : hexane/diethylether : 80/20). Brown oil (34%). Rf 0.84 

(methanol). IRv„,^x (film) 3406 (NH), 2770 (OCH2O) cm '. 'H NMR 5 (CDCI3) 0.91 (3H, t, J=7.0Hz, 

NHCH2CH2CH2CH2C //3), 1.34-39 (4H, m, NHCH2CH2C //2C //,C H 3), 1.59 (2H, m,

NHCH2C //2CH2CH2CH3), 3.02 (2H, q, J=7.0Hz, N H C//2CH2CH2CH3), 3.27 (IH , br s, NH), 5.83 (2H, s, 

OCH2O), 6.03 (IH, dd, J6,5= 8 .5 Hz, J6.2=2 .5 Hz, H-6 ), 6.23 (IH , d, J2.6=2 .5 Hz, H-2), 6.64 (IH , d, J5,6= 8 .0 Hz, 

H-5). '^C NMR ppm (CDCI3) 13.98 (NHCH2CH2CH2CH2CH3), 22.48 (NHCH2CH2CH2CH2CH3), 29.26,

29.32 (NHCH2CH2CH2CH2CH3), 45.00 (NHCH2CH2CH2CH3), 95.81 (C-2), 100.45 (OCHjO), 104.27 (C-6 ), 

108.58 (C-5), 139.37 (C-1), 144.40, 148.32 (C-3, C-4). m/z2Ql (M \ 69%), 150 (100), 65 (17). HRMS calcd 

forCnHisNO,; (M^+H) 208.1338, found: 208.1339.

Preparation of 3-yV-forinylamino-l-(3,4-niethylenedioxyphenyl)butane (305)

3-A^-Formylamino-l-(3,4-methylenedioxyphenyl)butane (305) was prepared from l-(3,4- 

methylenedioxyphenyl)-3-butanone (304) according to general procedure 7.2.5 and isolated by flash 

chromatography on silica gel (e luen t: ethylacetate). Colourless crystals (58%). M.p. 76-77°C (diethylether). 

Rf 0.11 (diethylether/hexane : 80/20). IRv^ax (KBr) 2780 (OCH2O), 3291 (NH), 1659 (CHO) cm’'. 'H  

NMR 5 (CDCI3) 1.19 (2.25H, d, J4',3 =6 .8 Hz, H-4'), 1.24 (0.75H, d, J4’,3'=7 .0 Hz, H-4'), 1.66-1.79 (0.5H, m, H- 

2'), 2.73 (1.5H, dt, J2',3'=7 .5 Hz, J2M'=7 .0 Hz, H-2'), 2.49-2.68 (2H, m, H-1'), 3.45 (0.25H, m, H-3’), 4.09 

(0.75H, m, H-3'), 5.86 (0.75H, d, J=4.8Hz, NH), 5.90 (1.5H, s, OCH2O), 5.91 (0.5H, s, OCH2O), 6.05 

(0.25H, d, J=9.5Hz, NH), 6.59 (0.25H, dd, Je,5=6 .7 Hz, J6,2= 1 .7 Hz, H-6 ), 6.61 (0.75H, dd, J6,5=7 .8 Hz, 

J6 .2 = 1 .5 H z , H-6 ), 6.64 (0.25H, d, H 2 ,6 = 1 .8 H z , H-2), 6 . 6 6  (0.75H, d, H 2 ,6 = 1 .5 H z , H-2), 6.71 (0.75H, d,
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Js,6=7.8Hz, h -5 ), 6.72 (0.25H, d, Js,6=7.8Hz, H-5), 8.03 (0.25H, s, CHO), 8.13 (0.75H, s, CHO). ‘̂ C NM R 

ppm (CDClj) 20.86*, 22.60 (C-4'), 31.72, 32.00* (C-2'), 38.66*, 39.12 (C-1'), 43.73*, 47.50 (C-3'), 100.65*, 

100.73 (OCH 2O), 108.08*, 108.16, 108.51, 108.65* (C-2, C-5), 120.91*, 120.95 (C-6 ), 134.48, 135.23* (C- 

1), 145.61*, 145.78, 147.52*, 147.69 (C-3, C-4), 160.50*, 163.82 (CHO). m /z221 (M", 100%), 135 (90), 

176 (77), 73 (57), 44 (49). Anal. (C 12H 15N O 3) Calc: C (65.14), H (6.83), N (6.33), Found: C (65.18), H 

(6 .8 8 ), N  (6.32).

4-M ethyl-5-(3,4-inethylenedioxybenzyl)pyriniidine (312) was isolated as an impurity from the preparation 

o f  (305) by flash chromatography on silica gel (eluent : diethylether). Colourless solid (4%). M.p. 69-70°C 

(ethylacetate/hexane). Rf 0.19 (diethylether/hexane : 80/20). IRv^ax (KBr) 2777 (OCH2O), 1577 (C=C) cm ' 

‘. 'H  N M R 5 (CDCI3) 2.45 (3H, s, CH3), 3.88 (2H, s, CH2), 5.93 (2H, s, OCHjO), 6.56 (IH , d, Jg'.s-S.OHz, 

H-6 '), 6.57 (IH , s, H-2'), 6.74 (IH , d, J5,6= 8 .0 Hz, H-5'), 8.38 (IH , s, H-6 ), 8.97 (IH , s, H-2). '^C N M R ppm 

(CDCI3) 22.04 (CH3), 35.69 (CH2), 101.04 (OCHjO), 108.42, 108.91 (C-2', C-5'), 121.53 (C-6 '), 131.39 (C- 

1'), 132.10 (C-5), 146.42, 148.07 (C-3', C-4'), 156.64, 156.82 (C-2, C-6), 165.84 (C-4). m /z228 (M", 100%), 

135 (34), 122 (28), 169 (19), 77 (16). Anal. (C 13H 12N 2O2) Calc: C (68.41), H (5.30), N (12.27), Found: C 

(68.37), H (5.35), N (12.12)%.

4-(3,4-M ethylenedioxyphenethyl)pyrim idine (313) was isolated as an impurity from the preparation o f  

(305) by flash chromatography on silica gel (eluent : diethylether/hexane 75/25). Colourless solid (7%). 

M.p. 54-55°C (ethylacetate/hexane). Rf 0.27 (diethylether/hexane : 80/20). lRv,n„ (KBr) 1582 (C=C) cm"'. 

‘H NM R 5 (CDCI3) 2.96-3.05 (4H, m, CH 2 CH 2 ), 5.91 (2H, s, OCH^O), 6.60 (IH , dd, h\s='J-9Hz, J6.2 = 1.8Hz, 

H-6 ’), 6.67 (IH , d, J2’.6= 1.8Hz, H-2'), 6.70 (IH , d, J5,6= 7 .9Hz, H-5'), 7.07 (IH , dd, J5,6= 5 . 1Hz, Js,2= 1.3Hz, H- 

5), 8.57 (IH , d, Jfi,5=4 .9Hz, H-6 ), 9.14 (IH , d. J2,5=0 .9 Hz, H-2). ‘̂ C NM R ppm (CDCI3) 34.38, 39.70 

(C H 2CH2), 100.81 (OCH2O), 108.20, 108.78 (C-2', C-5'), 120.67 (C-5), 121.18 (C-6 '), 134.36 (C-T), 145.93, 

147.66 (C-3', C-4'), 156.62, 158.75 (C-2, C-6 ), 169.42 (C-4). m/z  228 (M", 71%), 135 (100), 77 (31), 51 

(20), 122 (14). Anal. (C ,3H ,2N 202) Calc: C (68.41), H (5.30), N  (12.27), Found: C (68.35), H (5.32), N 

( 12. 10)%.

4-M ethyl-5-(3,4-m ethylenedioxybenzyl)-2-(3,4-m ethylenedioxyphenethyl)pyridine (314) was isolated as 

an impurity from the preparation o f  (305) by flash chromatography on silica gel (e lu e n t: diethylether/hexane 

: 60/40)). Colourless crystals (0.5%). M.p. 97-98°C (hexane/diethylether). Rf 0.55 (diethylether/hexane : 

80/20). IRv„ax (KBr) 2776 (OCHjO), 1604 (C=C) cm ''. 'H  N M R 5 (CDCI3) 2.15 (3H, s, CH3), 2.92-3.01 

(4H, m, CH 2 CH 2 ), 3.86 (2H, s, CH2), 5.90 (4H, s, OCHjO), 6.55 (IH , d, J6,s=8.0Hz, H-6 ' or -6 "), 6.56 (IH , s, 

H-2' or -2"), 6.55 (IH , dd, Js,5= 8 .0 Hz, Jfi,2= 1.3 Hz, H-6 ’ or -6"), 6.70-6.72 (3H, m, H-2’ or -2", H -5’ or -5"), 

6.88  (IH , s, H-4), 8.28 (IH , s, H-6 ). '^C N M R  ppm (CDCI3) 19.01 (CH3), 35.71, 35.99 (CH2CH2), 39.95 

(CH2), 100.68, 100.85 (OCH2O), 108.08, 108.16 (C-5’, C-5"), 108.91 (C-2’, C-2"), 121.15, 121.31 (C-6 ’, C- 

6"), 124.53 (C-4), 132.11, 133.26, 135.63 (C-T, C-1", C-3, C-4), 145.63, 145.94, 146.09, 147.50, 147.81 (C- 

3’, C-3", C-4’, C-4", C-5), 150.00 (C-6), 159.34 (C-2). m/z 375 (M", 100%), 135 (77), 254 (25), 77 (25), 360 

(10). Anal. (C23H 2)N04 ) Calc: C (73.58), H (5.64), N (3.73), Found: C (73.41), H (5.69), N (3.65)% .

2-M ethyl-3-(3,4-m ethylenedioxybenzyl)-6-(3,4-m ethylenedioxyphenethyl)pyridine (315) was isolated as 

an impurity from the preparation o f  (305) by flash chromatography on silica gel (e lu e n t: diethylether/hexane
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: 60/40). Colourless oil (0.3%). Rf 0.66 (diethylether/hexane ; 80/20). IRv„,ax (film) 2777 (OCH 2O), 1608 

(C=C) cm ''. 'H  N M R 5 (CDCI3) 2.47 (3H, s, CH 3), 2.92-3.02 (4H, m, CH2CH 2), 3.85 (2H, s, CH 2), 5.89 (2H, 

s, OCH 2O), 5.90 (2H, s, OCH 2O), 6.55, 6.63 (2H, 2d, J6 '.5 = 7 .5 Hz, J5-.5-8.OHz, H-6 ', H-6 "), 6.56, 6.69 (2H, 

2s, H-2', H-2"), 6.70-6.73 (2H, m, H-5', H-5"), 6.84 (IH , d, J4,5= 7 .5 Hz, H-4), 7.22 (IH , d, J5,4= 7 .5 Hz, H-5). 

'^C NM R ppm (CDCI3) 22.46 (CHj), 35.81, 38.10 (CH 2CH 2 ), 39.96 (CH 2), 100.66, 100.86 (OCH 2O), 108.02, 

108.20, 108.93, 109.08 (C-2’, C-2", C-5', C-5"), 120.29 (C-4), 121.16, 121.53 (C-6 ', C-6 "), 131.38, 133.22 

(C-r, C-1"), 135.62 (C-3), 137.41 (C-5), 145.58, 145.98, 147.46, 147.83 (C-3', C-3", C-4', C-4"), 156.43, 

158.37 (C-2, C-6 ). m/z 375 ( M \ 100%), 135 (78), 254 (28), 77 (24), 240 (13). HRM S calcd for C 23H22N O 4 : 

(M*+H) 376.1549, found: 376.1537.

2 ,6-D i(3 ,4-m ethyIenedioxyphenethyl)pyrid ine (316) was isolated as an impurity from the preparation o f  

(305) by flash chromatography on silica gel (e lu e n t: diethylether/hexane : 60/40). Colourless oil (0.7% ). (R f 

0.78 (diethylether/hexane ; 80/20)). IRv„,ax (film) 2776 (OCH 2O), 1607 (C=C) cm ''. 'H  N M R  5 (CDCI3) 

2.94-3.06 (8 H, m, CH2CH2), 5.89 (4H, s, OCHjO), 6.61 (2H, dd, J6',5 = 7 .6 Hz, J6-2 = 1.5Hz, H-6 ’), 6.67 (2H, d, 

J2',6 = 1 .5 Hz, h -2 ') , 6.69 (2H, d, Js'.s-S.OHz, H-5'), 6 . 8 6  (2H, d, J=7.6Hz, H-3, H-5), 7.42 (IH , t, J=7.5Hz, H- 

4). '^C N M R ppm (CDCI3) 35.73, 40.29 (CH 2CH 2), 10.68 (OCH 2O), 108.04, 108.98 (C-2', C-5’), 120.28 (C- 

6 ’), 121.23 (C-3, C-5), 135.55 (C-T), 136.40 (C-4), 145.60, 147.46 (C-3', C-4'), 160.60 (C-2, C-6 ). m/z 375 

(M ’, 100%), 135 (8 8 ), 240 (34), 77 (31), 254 (24). HRMS calcd for C 23H 22NO 4 : (M "+H) 376.1576, found: 

376.1561.

P re p a ra tio n  o f 3-(A ^-form yl-A ^-m ethyl)aniino-l-(3,4-m ethylenedioxyphenyl)butane (306)

3-(yV -Form yl-A -m ethyl)ain ino-l-(3 ,4-m ethylenedioxyphenyl)butane (306) was prepared from (304) 

(7.80mmol, 1.50g) according to general procedure 7.2.6 and isolated by flash chrom atography on silica gel 

(eluent : diethylether/methanol : 96/4). Colourless oil (80%). Rf 0.28 (diethylether). IRv„,ax (film) 2781 

(OCH2O), 1668 (CHO) cm-'. 'H  NM R 5 (CDCI3) 1.15 (0.75H, d, J4 ,3 = 7 .0 Hz, H-4'), 1.22 (2.25H , d, 

J4 ',3 = 6 .5 Hz, H-4'), 1.64-1.90 (2H, m, H-2'), 2.36-2.56 (2H, m, H-1'), 2.77 (2.25H, s, NCH3), 2.80 (0.75H , s, 

NCH3), 3.52 (0.75H, m, H-3'), 4.53 (0.25H, m, H-3'), 5.90 (0.5H, s, OCHjO), 5.91 (1.5H, s, OCH2O), 6.58 

(IH , dd, J6,5=7.8Hz, J6^=1.3Hz, H-6 ), 6.63 (0.75H, d, H2,6= 1.5Hz, H-2), 6 . 6 6  (0.25H, d, H2,6= l-5Hz, H-2), 

6.71 (0.25H, d, J5 ,6= 7 .6 Hz, H-5), 6.72 (0.75H, d, J5,6= 8 .0 Hz, H-5), 8.02 (0.75H, s, CHO), 8.07 (0.25H , s, 

CHO). '^C N M R  ppm (CDCI3) 17.52, 19.33* (C-4'), 24.31*, 28.99 (NCHj), 32.01*, 32.45, 35.24, 35.29* (C- 

r , C-2 '), 46.49, 52.59* (C-3'), 100.69, 100.79* (OCH2O), 108.09, 108.19*, 108.47*, 108.66 (C-2 , C-5), 

120.92, 121.01* (C-6 ), 134.39*, 135.32 (C-1), 145.65, 145.85*, 147.54, 147.74* (C-3, C-4), 162.67*, 162.80 

(CHO). m/z 235 (M ^ 62%), 58 (100), 87 (85), 135 (67), 176 (58). HRM S calcd for C13H18NO3: (M^+H) 

236.1287, found: 236.1293.

P re p a ra tio n  o f 3-ainino an d  3-7V -m ethyIain ino-l-(3 ,4-inethylenedioxyphenyl)butane via A^-formyl 

hydrolysis

3-A m ino-l-(3 ,4 -m ethy lened ioxypheny l)bu tane (308) was prepared from (305) (l.OOg, 4.52m m ol scale) 

according to general procedure 7.2.7. Amber oil (84%). Rf 0.24 (methanol). IRv^ax (film) 3363, 3288
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(NH,), 2777 (OCH 2 O) cm-‘. ‘H NMR 8 (CDCI3) 1.09 (3H, d, J4.3.=6.5Hz, H-4'), 1.23 (2H, br s, NH,), 1.52- 

1.66 (2H, m, H-2'), 2.51-2.64 (2H, m, H-1’), 2.89 (IH , m, H-3'), 5.89 (2H, s, OCHjO), 6.62 (IH , dd, 

J6,5=8.0Hz, H-6), 6.68 (IH , d, H2,6=1.5Hz, H-2), 6.71 (IH , d, J5,6=8.0Hz, H-5). ‘^C NMR ppm (CDCI3) 24.00 

(C-4’), 32.46 (C-2'), 41.99 (C-1'), 46.33 (C-3'), 100.61 (OCH 2 O), 108.01, 108.68 (C-2, C-5), 120.86 (C-6), 

136.09 (C-1), 145.45, 147.48 (C-3, C-4). m/z 193 (M", 33%), 44 (100), 176 (95), 135 (68), 132 (44). HCl 

salt. Colourless solid. M.p. 122-123°C (ethanol/hexane) (lit. 13 P C '^ ) . IRv„,ax (KBr) 2525 (NH^) cm"'.

3-A^-Methylainino-l-(3,4-methylenedioxyphenyl)butane (309) was prepared from (306) (0.86g, 3.67mmoi 

scale) according to general procedure 7.2.7. Amber oil (68%). Rf 0.23 (methanol). IRv^ax (film) 3320 

(NH), 2788 (NCH3) cm‘‘. 'H NMR 5 (CDCI3) 1.08 (3H, d, J4',3=6.5Hz, H-4'), 1.52-1.78 (3H, m, NH, H-2’), 

2.40 (3H, s, NCH3), 2.50-2.63 (3H, m, H-1', H-3'), 5.90 (2H, s, OCH 2 O), 6.63 (IH , d, J6,5=8.0Hz, H-6), 6.68 

(IH , d, J2 .6 = 1.5Hz, H-2), 6.71 (IH , d, J5.6=7.5Hz, H-5). *̂ C NMR ppm (CDCI3) 19.65 (C-4'), 31.96, 33.62 

(C-2', NCH3), 38.60 (C-r), 54.25 (C-3'), 100.65 (OCH2 O), 108.04, 108.71 (C-2, C-5), 120.87 (C-6), 136.21 

(C-1), 145.48, 147.51 (C-3, C-4). m/z 207 (M*, 35%), 58 (100), 135 (62), 176 (24), 77 (19). HCl salt. 

Colourless solid. M.p. 125-126°C (ethanol/hexane) (lit. 130°C''‘"). IRv^^x (KBr) 2460 (NH^ )̂ cm"'.

Preparation of 3-amino-l-(3,4-methylenedioxyphenyl)butane (308) and S-A'-alkylaminobutanes (309)- 

(310) via reductive amination

3-Amino-l-(3,4-methylenedioxyphenyl)butane (308) was prepared from (304) (5.00g, 26.01mmol scale) 

according to general procedure 7.2.10. Colourless oil (83%). Spectroscopic analyses were comparable to an 

authentic sample.

3-A'-IVlethylamino-l-(3,4-methyIenedioxyphenyl)butane (309) was prepared from (304) according to 

general procedures 7.2.9 and 7.2.10. Colourless oil (general procedure 7.2.9 (1.20g, 6.24mmol sca le ): 86%, 

general procedure 7.2.10 (1.20g, 6.24mmol scale) : 94%). Spectroscopic analyses were comparable to an 

authentic sample.

3-A'-Ethylamino-l-(3,4-Methylenedioxyphenyl)butane (310) was prepared from (304) according to 

general procedures 7.2.9 and 7.2.10. Colourless oil (general procedure 7.2.9 (1.20g, 6.24mmol sca le ): 57%, 

general procedure 7.2.10 (1.20g, 6.24mmol sca le ); 83%). Rf 0.25 (methanol). lRv„,;m (film) 3321 (NH) cm" 

‘. 'H  NMR 5 (CDCI3) 0.96 (IH , br s, NH), 1.08 (3H, d, J4-,3=7.5Hz, H-4'), 1.09 (3H, t, J=7.3Hz, NCHjC/fj), 

1.56 (IH , m, H-2'), 1.72 (IH , m, H-2'), 2.50-2.71 (5H, m, H-1’, H-3’, NC//2CH3), 5.90 (2H, s, OCHjO), 6.62 

(IH , d, J6,5=8.0Hz, H-6), 6.68 (IH , d, J2,6=1.5Hz, H-2), 6.71 (IH , d, J5,6=8.0Hz, H-5). ‘̂ C NMR ppm 

(CDCI3) 15.57 (NCH2CH3), 20.34 (C-4 '), 32,05 (C-2'), 39.02 (NCH2CH3) 41.32 (C-1'), 52.49 (C-3'), 100.64 

(OCH2 O), 108.04, 109.72 (C-2, C-5), 120.88 (C-6), 136.29 (C-1), 145.47, 147.50 (C-3, C-4). m /z2 2 \ (M \ 

26%), 72 (100), 135 (66), 44 (34), 176 (17). HCl salt. Colourless solid. M.p. I54-156°C (ethanol/hexane). 

lRv„a^ (KBr) 2535, 2385 (N H ^ cm‘‘. Anal. (C,3H2oCIN02) Calc: C (60.58), H (7.82), N (5.43), Found: C 

(60.52), H (7.62), N (5.43)%.
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Preparation of l-(3,4-m ethylenedioxyphenyl)-3-butanone oxim e (307)

l-(3,4-IVIethylenedioxyphenyl)-3-butanone oxime (307) was prepared from (304) (7.80tnmol, 1.50g) 

according to general procedure 7.2.11. Colourless needles (80%). M .p. 83-84°C (diethylether/hexane) (lit. 

8 7 -8 8 °C ‘̂ ). Rf 0.51 (diethylether/hexane). lR v „„  (KBr) 3245 (OH), 2780 (OCHjO), 1609 (C=N) cm ''. ‘H 

NM R 5 (CDCI3) 1.90 (3H, s, H-4'), 2.46 (2H, m, H-2'), 2.75 (2H, m, H-1'), 5.90 (2H, s, OCH2O), 6.62 (IH , 

dd, J6,5=7 .5Hz, Js,2= 1.5Hz, H-6 ), 6 .68  (IH , d, Js,6=8.0Hz, H-5), 6 . (IH , d, H 2,6=Hz, H-2), 8.48 (IH , br s, OH). 

'^C NM R ppm (CDCI3) 13.77 (C-4'), 32.38 (C-2'), 37.87 (C-1'), 100.74 (OCH2O), 108.16, 108.74 (C-2, C-5), 

121.02 (C-6), 134.81 (C-1), 145.80, 147.59 (C-3, C-4), 157.82 (C-3'). m/z 2Q1 (M ^ 40% ), 135 (100), 149 

(27), 77 (26), 42 (24).

Preparation o f 3-am ino-l-(3,4-m ethylenedioxyphenyl)butane (308) via oxime reduction

3-Am ino-l-(3,4-m ethylenedioxyphenyl)butane (308) was prepared from (307) (9.65mmol, 2.00g scale) 

according to general procedure 7.2.12 and isolated by flash chrom atography on silica gel (e lu e n t: methanol). 

Colourless oil (77%). Rf 0.24 (methanol). Spectroscopic analyses were com parable to an authentic sample.

2-(3,4-IVlethylenedioxyphenethyl)aziridine (318) was isolated as an impurity from the preparation o f  (308) 

by flash chromatography on silica gel (eluent : methanol). Pale am ber oil (14%). Rf 0.47 (methanol). 

IR v^^ (film) 3239 (NH), 2778 (OCH2O) cm ''. *H N M R  5 (CDCI3) 0.60 (IH , br s, NH), 1.32 (IH , d, 

J3,2=3 .5Hz, H-3), 1.60-1.68 (2H, m, A rCHjC//^), 1.76 (IH , d, J3,2= 5 .5 Hz, H-3), 1.92-1.98 (IH , m, H-2), 2.60- 

2.76 (2H, m, ArCi¥2CH2), 5.90 (2H, s, OCH2O), 6.65 ( IH , dd, J6.5= 8 .0 Hz, J6.,2 = l.5H z, H-6 '), 6.69 (IH , d, 

Jr,6=1.5Hz, H-2'), 6.72 (IH , d, J5.6- 8 .OHz, H-5'). ‘̂ C N M R  ppm (CDCI3) 25.05 (ArCHzCHz), 29.64 (C-2), 

33.53 (ArCH2CH2), 36.32 (C-3), 100.68 (OCH2O), 108.07, 108.82 (C-2', C-5'), 121.06 (C-6 '), 135.63 (C-T), 

145.58, 147.52 (C-3', C-4'). m/z 191 (M", 100%), 57 (20), 41 (11), 74 (8 ), 163 (5).

General preparation of3-7V-acetyIam ino-l-(3,4-m ethylenedioxyphenyl)butane (311)

To a stirred solution o f  3-am ino-l-(3,4-m ethylenedioxyphenyl)butane (308) (10.35mm ol, 2.00g) in pyridine 

(13.4ml) was added acetic anhydride (19.59mmol, 2.00g, 1.82ml) and the m ixture was stirred at rt for Ihr. 

The reaction was acidified with 10% aq. HCl (250ml) and extracted with dichlorom ethane (3x50ml). The 

extracts were combined, dried over anhydrous N a2S0 4  and volatiles removed in vacuo, providing an oil 

which slowly solidified. Recrystallisation generated the pure product.

3-A'-Acetyiam ino-l-(3,4-m ethyIenedioxyphenyl)butane (311). Colourless crystals (78%). M .p. 93-95°C 

(diethylether/hexane). Rf 0.18 (diethylether). IRv„,ax (KB r) 3262 (NH), 1636 (C = 0 ) cm '. *H N M R 

5 (CDCI3) 1.15 (3H, d, J4,3’=7 .0 Hz, H-4'), 1.67-1.73 (2H, m, H-2'), 1.94 (3H, s, CO CH 3), 2.54-2.58 (2H, m, 

H-1'), 4.02 (IH , m, H-3'), 5.56 (IH , br d, J=7.5Hz, NH), 5.89 (2H, s, OCH2O), 6.61 (IH , d, J6,5=7 .5 Hz, H-6 ), 

6.66  (IH , d, J2.6= 1.5Hz, H-2), 6.70 (IH , d, J5,6= 8 .0Hz, H-5). '^C N M R ppm (CDCI3) 20.93 (C-4'), 23.38 

(COCH3), 32.15 (C-2'), 38.78 (C-1'), 45.01 (C-3'), 100.67 (OCHjO), 108.09, 108.67 (C-2, C-5), 120.92 (C-
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6 ), 135.52 (C-1), 145.59, 147.54 (C-3, C-4), 169.28 (COCH 3 ). m/z 235 ( M \  100%), 176 (90), 44 (8 6 ), 87 

(80), 135 (70). HRMS calcd for CnHigNOj: (M "+H) 236.1287, found: 236.1277.

7.3 EXPERIMENTAL DETAILS -  CHAPTER 3

Preparation and im npurity profiling ofl-(4-m ethylth iophenyl)-2-n itro-l-a litenes (319)-(320)

l-(4-M ethylth iophenyl)-2-nitro-l-propene (319) was prepared from 4-methyIthiobenzaldehyde (90) and 

isolated according to general procedures 7.2.1 and 7.2.2 and isolated by flash chrom atography on silica gel 

(e lu e n t: hexane/diethylether : 90/10). Yellow crystals (general procedure 7.2.1 (200.00mm ol, 30.44g sc a le ) : 

8 6 % , general procedure 7.2.2 (98.54mmol, 15.00g scale) : 82%). M .p. 72-73°C (ethanol) (lit m.p. 71- 

73°C ^ '). Rf 0.53 (hexane/diethylether : 80/20). IRv„,ax (KBr) 1648 (C=C), 1509, 1312 (NO 2 ) cm'*. ‘H 

N M R  5 (CDCI3) 2.46 (3H, s, H -3’), 2.52 (3H, s, SCH3), 7.29, 7.37 (4H, 2d, J=8.5Hz, J=8.5Hz, H-2, H-3, H-5, 

H-6 ), 8.04 (IH , s, H -r ) .  ‘̂ C N M R ppm (CDCI3) 14.11 (C-3'), 15.00 (SCH3), 125.89, 130.46 (C-2, C-3, C-5, 

C-6 ), 128.58 (C-4), 133.15 (C-1’), 142.14 (C-2’), 146.87 (C-1). m/z 209 (M ^ 54%), 115 (100), 162 (76), 147 

(32), 63 (14).

l-(4-iVlethylthiophenyl)-2-nitro-I-butene (320) was prepared from 4-methylthiobenzaldehyde (90) 

according to general procedures 7.2.1 and 7.2.2 and isolated by flash chrom atography on silica (eluent : 

hexane/diethylether : 80/20). Yellow oil (general procedure 7.2.1 (40.00mmol, 6.09g scale) : 6 8 %, general 

procedure 7.2.2 (40.00mmol, 6.09g sc a le ) : 82%). Rf 0.56 (hexane/diethylether ; 70/30). lRv„,ax (film) 1647 

(C=C), 1508, 1324 (NO 2 ) cm’’. 'H  NM R 5 (CDCI3 ) 1.28 (3H, t, J 4 ’,3 = 7 .5 Hz, H-4'), 2.52 (3H, s, SCH 3 ), 2.88 

(2H, q, J3 .4 - 7 .5 Hz, H-3'), 7.29, 7.36 (4H, 2d. J=8.5Hz, J=8.0Hz, H-2, H-3, H-5, H-6 ), 7.98 (IH , s, H-1'). *̂ C 

N M R  ppm (CDCI3 ) 12.34 (C-4'), 15.00 (SCH 3 ), 20.81 (C-3’), 125.99, 130.17 (C-2, C-3, C-5, C-6 ), 128.51 

(C-4), 132.73 (C-r), 142.21 (C-2'), 152.47 (C-1). m/z 222  (M ^ 65% ), 129 (100), 176 (72), 115 (64), 161 

(23).

4-M ethylthiobenzaldehyde oxim e (323) was isolated as an impurity from the preparation o f  (319) and (320) 

via  general procedure 7.2.1 by flash chrom atography on silica gel (e lu e n t: hexane/diethylether : 90/10). Pale 

yellow crystals (from preparation o f  (3 1 9 ) : 3%, from preparation o f  ( 3 2 0 ) ; 3%). M.p. 59-60°C (lit. m.p. 62- 

63°C"^^). Rf 0.26 (hexane/diethylether : 80/20). (KBr) 3272 (OH), 1634 (C=N) cm’'. ‘H NM R

5 (CDCI3 ) 2.49 (3H, s, SCH 3 ), 7.23, 7.48 (4H, 2d, J= 8 .6 Hz, J=8.0Hz, H-2, H-3, H-5, H-6 ), 8.05 (IH , s, OH), 

8.10 (IH , s, C //N O H ). '^C N M R ppm (CDCI3) 15.29 (SCH 3 ), 126.14, 127.30 (C-2, C-3, C-5, C-6 ), 128.57 

(C-4), 141.29 (C-1), 149.87 (CH). m/z 167 (M ^ 100%), 124 (26), 45 (24), 150 (19), 79 (11).

4-M ethylthiophenyl nitrile (324) was isolated as an impurity from the preparation o f  (319) and (320) via  

general procedure 7.2.1 by flash chrom atography on silica gel (e lu e n t: hexane/diethylether : 90/10). Yellow 

crystals (from preparation o f  (319) : 4%, from preparation o f  (320) ; 3%). M.p. 107-108°C (lit. m.p. 

110°C"-^). (R f 0.39 (hexane/diethylether : 80/20). IRv^ax (KBr) 2221 (CN) cm’'. ‘H N M R  5 (CDCI3) 2.50 

(3H, s, SCHj), 7.25, 7.51 (4H, 2d, J=8.5Hz, J=8.5Hz, H-2, H-3, H-5, H-6 ). '^C N M R ppm (CDCI3) 14.59
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(SCHj), 107.60 (C-1), 118.84 (C=N), 125.44, 132.04 (C-2, C-3, C-5, C-6 ), 146.03 (C-4). m/z 149 (M", 

100%), 116 (52), 134 (46), 104 (22), 90 (15).

Preparation of l-(4-methylthiophenyl)-2-alkanones (321)-(322) via nitrostyrene reduction

l-(4-Methylthiophenyl)-2-propanone (321) was prepared from (319) (124.24mmol, 22.40g scale) 

according to general procedure 7.2.3. Colourless oil (82%). (lit. oiP^‘). B.p. 133°C/0.4mmHg. Rf 0.37 

(hexane/diethylether : 70/30). I R v ^  (film) 1709 (C=0) cm '', 'h  NMR 6  (CDCI3 ) 2.14 (3H, s, H-3'), 2.47 

(3H, s, SCH3), 3.65 (2H, s, H-1'), 7.12, 7.23 (4H, 2d, J=8.0Hz, J=8.0Hz, H-2, H-3, H-5, H-6 ). '^C NMR ppm 

(CDCI3 ) 15.93 (SCH3), 29.20 (C-3'), 50.36 (C-T), 127.08, 129.82 (C-2, C-3, C-5, C-6 ), 131.04 (C-1), 137.23 

(C-4), 206.09 (C-2'). m/z 180 (M ^ 25%), 137 (100), 122 (28), 78 (15), 63 (12).

l-(4-lVlethyIthiophenyl)-2-butanone (322) was prepared from (320) (3.19g, 14.30mmol scale) according to 

general procedure 7.2.3. Colourless solid (96%). M.p. 38-39°C. B.p. 116°C/0.25mmHg. Rf 0.42 

(hexane/diethylether ; 70/30). IRv^^ (KBr) 1711 (C =0) cm '', 'h  NMR 5 (CDCI3 ) 1.02 (3H, t, J4 ,3 = 7 .3 Hz, 

H-4'), 2.26 (2H, q, J3 .4 - 7 .3 Hz, H-3'), 2.46 (3H, s, SCH3 ), 3.63 (2H, s, H-l'), 7.12, 7.22 (4H, 2d, J=8.5, 

J=8.5Hz, H-2, H-3, H-5, H-6 ). ‘^C NMR ppm (CDCI3 ) 7.73 (C-4'), 15.95 (SCH 3 ), 35.18 (C-3'), 49.11 (C-T), 

127.05, 129.81 (C-2, C-3, C-5, C-6 ), 131.29 (C-1), 137.04 (C-4), 208.70 (C-2'). m/z 194 (M", 19%), 137 

(100), 122 (20). Anal. (CuHmOS) Calc: C (68.00), H (7.26), Found; C (68.24), H (7.40).

Preparation and impurity profiling of l-(4-methylthiophenyl)-2-propanone (321) via 4- 

methylthiophenylacetic acid (323)

A stirred solution of 4-methylthiophenylacetic acid (323) (8.23mmol, 1.50g), pyridine (4.15ml) and acetic 

anhydride (4.15ml) was refluxed for 7hr. After cooling the reaction was diluted with 10% aq. HCl (100ml) 

and extracted with diethylether (3x50ml). The organic phases were combined, dried over anhydrous Na2 S0 4  

and solvent removed in vacuo. The residue was purified by flash chromatography, providing the desired 

ketone (321), an enol ester of the ketone, (325), and l,3-di(4-methylthiophenyl)-2-propanone (326) as two 

impurities.

l-(4-]Vlethylthiophenyl)-2-propanone (321) was isolated by flash chromatography on silica gel (eluent : 

hexane/diethylether : 90/10). Colourless oil (20%). Spectroscopic analyses were comparable to an authentic 

sample.

£/Z-l-(4-Methylthiophenyl)-2-propanone enol acetate (325) was isolated as an impurity from the 

preparation of (321) by flash chromatography on silica gel (eluent : hexane/diethylether : 90/10), giving a 

80/20 mixture of EJZ isomers. Colourless oil (19%). Rf 0.38 (hexane/diethylether : 90/10). IRv^ax (film) 

2853 (SCH3 ), 1755 (C =0) cm'‘. £'-(325). *H NMR 5 (CDCI3 ) 2.07 (2.4H, s, H-3'), 2.18 (2.4H, s, COCH 3 ), 

2.46 (2.4H, s, SCH3 ), 5.89 (0.8H, s, H-1'), 7.17-7.28 (4H, m, H-2, H-3, H-5, H-6 ). ‘^C NMR ppm (CDCI3 ) 

15.72 (SCH3 ), 20.64 (C-3'), 21.10 (COCH3 ), 115.89 (C-1'), 126.45, 128.50 (C-2, C-3, C-5, C-6 ), 131.36 (C-
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1), 137.06 (C-4), 146.10 (C-2'), 168.39 (COCHj). Z-(325). 'H  N M R SCCDCl,) 2.09 (0.6H, s, H-3'), 2.17 

(0.6H, s, COCH 3 ), 2.48 (0.6H, s, SCH 3 ), 6.19 (0.2H, s, H-1'), H-2, H-3, H-5 and H - 6  overlap with £-(325). 

'^C N M R ppm (CDCI3 ) 15.79 (SCH 3 ), 17.17 (C-3'), 21.04 (CO CH 3 ), 1 1 8 .1 6 (C -r), 126.45, 129.11 (C-2, C-3, 

C-5, C-6 ), C-1, C-4), C-2' and COCH 3 not observed, m/z 222 ( M \  28% ), 180 (100), 137 (71), 43 (36), 132 

(24).

l,3-D i(4-m ethylthiophenyl)-2-propanone (326) was isolated as an impurity from the preparation o f  (321) 

by flash chromatography on silica gel (e lu e n t; hexane/diethylether ; 90/10). Colourless needles (2%). M.p. 

80-8 r C  (diethylether/hexane) (lit. m.p. 79-80°C^^*). Rf 0.32 (hexane/diethylether : 70/30). IRv^a^ (KBr) 

1698 (C = 0 ) cm-'. 'H  N M R 5 (CDCI3 ) 2.46 (6 H, s, SCH 3 ), 3.66 (4H, s, H-1), 7.06, 7.20 ( 8 H, 2d, J=8.5Hz, H- 

2', H-3', H-5', H-6 '). ‘̂ C NM R ppm (CDCI3 ) 15.91 (SCH 3 ), 48.46 (C-1), 127.00, 129.90 (C-2', C-3', C-5’, C- 

6 '), 130.69 (C-4'), 137.25 (C-1'), 205.31 (C-2). m/z 302 (M ^  23% ), 137 (100), 122 (27), 78 (9), 91 (5).

Preparation and impurity profiling o f 2-A^-formylamino-l-(4-methylthiophenyl)alkanes (333) and (344)

2-A'-Form ylam ino-l-(4-m ethylthiophenyl)propane (333) was prepared from (321) (15.00g, 83.21mmol 

scale) according to general procedure 7.2.5 and isolated by flash chromatography on silica gel (eluent ; 

ethylacetate). Pale brown solid (52%). M.p. 70-72'^C. Rf 0.12 (diethylether/hexane : 80/20). IRv^ax (K.Br) 

3333 (NH), 1660 (CHO) cm ''. 'H  NM R 6 (CDCI3) 1.11 (2.4H, d, J3 .2 - 6 .5 Hz, H-3'), 1.23 (0.6H, d, 

J 3 ' t= 6 .5 Hz, H-3'), 2.43 (3H, s, SCH 3 ), 2.60-2.81 (0.4H, m, H -1’), 2.66 (0.8H, dd, Jge„=13.6Hz, J,.,2 = 7 .0 Hz, 

H-1’), 2.79 (0.8H, dd, Jgem=13.6Hz, J,.,2 '=6 .5 Hz, H-1’), 3.64 (0.2H, m, H-2’), 4.26 (0.8H, m, H-2’), 6.30 (0.8H, 

d, J=7.6Hz, NH), 6.35 (0.2H, d, J= l0 .6H z, NH), 7.05, 7.18 (0.8H , 2d, J=8.0Hz, J= 8 .6 Hz, H-2, H-3, H-5, H- 

6 ), 7.09, 7.17 (3.2H, 2d. J=8.5Hz. J=8.5Hz, H-2, H-3, H-5, H-6 ), 7.73 (0.2H, d, J=11.5Hz, CHO), 8.00 (0.8H, 

s, CHO). ‘̂ C NM R ppm (CDCI3 ) 15.58, 15.66* (SCH 3 ), 19.66*, 21.57 (C-3'), 41.48*, 43.52 (C-1’), 44.80*, 

49.74 (C-2'), 126.52*, 126.62, 129.58*, 129.64 (C-2, C-3, C-5, C-6 ), 134.12, 134.57*, 135.98, 136.43* (C-1, 

C-4), 160.42*, 163.52 (CHO). m /z 209 (M", 17%), 164 (100), 44 (67), 137 (63), 72 (57). Anal. 

(CiiHisNOS) Calc: C (63.12), H (7.22), N (6.69), Found: C (63.13), H (7.09), N (6.58)%.

4-(4-M ethylthiobenzyl)pyrim idine (334) was isolated as an impurity from the preparation o f  (333) by flash 

chromatography on silica gel (eluent : diethylether/ethylacetate 50/50). Am ber oil (0.5% ). (lit. oiF^'). Rf 

0.24 (diethylether/hexane : 80/20). IR v „^  (film) 2856 (SCH3), 1577 (C=C) cm'*. *H N M R 5 (CDCI3) 2.46 

(3H, s, SCH3), 4.07 (2H, s, CH,), 7.10 (IH , dd, J5 ,6 = 5 .0 Hz, H-5), 7.18, 7.23 (4H, 2d, J=8.0Hz, J=8.0Hz, H-2’, 

H-3’, H-5', H -6 '), 8.58 (IH , d, J6 .5 = 5 .0 Hz, H-6 ), 9.13 (IH , s, H-2). '^C N M R ppm (CDCI3) 15.92 (SCHj), 

43.58 (CH2), 127.15, 129.67 (C-2', C-3', C-5’, C-6 ’), 134.14, 137.16 (C-1’, C-4’), 157.00, 158.73 (C-2, C-6 ), 

169.22 (C-4). m /z 2 \6  ( M \  100%), 168 (56), 137 (44), 201 (39), 122 (25).

4-M ethyI-5-(3,4-m ethyithiophenyl)pyrim idine (335) was isolated as an impurity from the preparation o f  

(333) by flash chromatography on silica gel (eluent : diethylether/hexane 80/20). Am ber oil (2%). (lit. 

oiP^'). Rf 0.31 (diethylether/hexane : 80/20). IRv^ax (film) 2856 (SCH 3 ), 1598 (C=C) cm '‘. ‘H N M R 

5 (CDCI3 ) 2.52 (3H, s, CH 3 ), 2.54 (3H, s, SCH 3 ), 7.25, 7.36 (4H, 2d, J=8.0Hz, J=8.5Hz, H-2', H-3', H -5’, H- 

6 '), 8.51 (IH , s, H-6 ), 9.06 (IH , s, H-2). ‘̂ C NM R ppm (CDCI3) 15.44 (SCH3), 22.78 (CH3), 126.40, 129.28
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(C-2’, C-3', C-5', C-6 'X 132.18, 134.23 (C-1', C-4'), 139.32 (C-5), 156.18 (C-6 ), 157.02 (C-2), 164.32 (C-4). 

m /z2 \6  (M \ 100%), 133 (33), 201 (26), 168 (22), 89 (21).

2.4-Dimethyl-3,5-di(4-methylthiophenyl)pyridine (336) was isolated as an impurity from the preparation 

o f (333) by flash chromatography on silica gel (eluent : diethylether/hexane ; 65/35). Amber oil (0.3%). Rf 

0.54 (diethylether/hexane : 80/20). IRv^ax (film) 2851 (SCH3 ), 1597 (C=C) cm'*. 'H  NMR 5 (CDCI3) 1.94 

(3H, s, CH 3), 2.31 (3H, s, CH3), 2.52 (3H, s, SCH3), 2.54 (3H, s, SCH3), 7.11, 7.25, 7.32, 7.35 (8 H, 4d, 

J=8.5Hz, J=8.5Hz, J=8.5Hz, J=8.0Hz, H-2', H-2", H-3’, H-3", H-5', H-5", H-6 ’, H-6 "), 8.31 (IH , s, H-6 ). ‘̂ C 

NMR ppm (CDCI3) 15.62, 15.72 (SCH3), 18.09, 23.71 (CH3 ), 126.40, 126.73, 129.40, 129.90 (C-2’, C-2", C- 

3', C-3", C-5', C-5", C-6 ’, C-6 "), 134.97, 135.18, 135.80, 136.39, 137.66, 137.90 (C-T, C-1", C-4’, C-4", C-4, 

C-5), 142.94 (C-3), 147.96 (C-6 ), 155.10 (C-2). m/z 351 (M", 100%), 175 (11), 336 (10), 289 (10), 303 (8 ). 

HRMS calcd for C2 1H22NS2 : (M > H ) 352.1194, found: 352.1174.

2,6-Dimethyl-3,5-di(4-methylthiophenyl)pyridine (337) was isolated as an impurity from the preparation 

of (333) by flash chromatography on silica gel (eluent ; diethylether/hexane : 60/40) followed by flash 

chromatography on silica gel (eluent : hexane/ethylacetate : 88/12). Amber oil (0.4%). Rf 0.61 

(diethylether/hexane : 80/20). IRv^^x (film) 2852 (SCH3 ), 1596 (C=C) cm"'. ‘H NMR 5 (CDCI3 ) 2.52 (6 H, s, 

SCH3 ), 2.53 (6 H, s, CH3 ), 7.24-7.35 ( 8 H, m, H-2', H-3', H-5’, H-6 ’), 7.30 (IH , s, H-4). ‘̂ C NMR ppm 

(CDCI3 ) 15.74 (SCH3), 22.99 (CH3), 126.42, 129.50 (C-2', C-3’, C-5', C-6 ’), 133.74, 136.43 (C-1’, C-4’), 

137.79 (C-3, C-5), 138.31 (C-4), 153.75 (C-2, C-6 ). m/z 351 (M", 100%), 336 (16), 175 (16), 286 (11), 303 

(9). HRMS calcd for C2 1H22NS4 : (M"+H) 352.1194, found: 352.1173.

4-Methyl-2-(4-methyIthiobenzyI)-5-(4-methylthiophenyl)pyridine (338) was isolated as an impurity from 

the preparation o f (333) by flash chromatography on silica gel (e luen t: diethylether/hexane : 60/40). Amber 

oil (0.5%). Rf 0.70 (diethylether/hexane : 80/20). IRv„,ax (film) 2853 (SCH 3), 1594 (C=C) cm"'. ‘H NMR 

5 (CDCl3) 2.21 (3H, s, CH 3 ), 2.45 (3H, s, SCH3), 2.51 (3H, s, SCH3 ), 4.09 (2H, s, CH,), 7.20 (2H, d, 

J=8.5Hz, ArH), 7.21-7.23 (4H, m, ArH), 7.31 (2H, d, J=8.5Hz, ArH), 8.34 (IH , s, H-6 ). '^C NMR ppm 

(CDCI3 ) 15.66, 16.10 (SCH3 ), 19.83 (CH3), 43.69 (CH2), 124.32 (C-3), 126.35, 127.16, 129.55, 129.65 (C-2’, 

C-2", C-3', C-3", C-5’, C-5", C-6 ', C-6 "), 134.51, 134.82, 136.13, 136.61 (C-1', C-l", C-4’, C-4"), 137.94 (C- 

4), 145.00 (C-5), 149.41 (C-6 ), 159.32 (C-2). m/z 351 (M ^ 100%), 336 (42), 288 (19), 152 (19), 303 (16). 

HRMS calcd for C2 1H22NS2 : (M*+H) 352.1194, found: 352.1179.

2.4-Dimethyl-6-(4-methylthiobenzyl)-3-{4-methylthiophenyl)pyridine (339) was isolated as an impurity 

from the preparation of (333) by flash chromatography on silica gel (eluent : diethylether/hexane : 60/40). 

Amber oil (0.3%). Rf 0.75 (diethylether/hexane : 80/20). IRv^ax (film) 2853 (SCH3), 1587 (C=C) cm"'. 'H 

NMR 5 (CDCI3 ) 1.95 (3H, s, CH3 ), 2.27 (3H, s, CH3 ), 2.46 (3H, s, SCH3 ), 2.51 (3H, s, SCH3 ), 4.07 (2H, s, 

CH2), 6.79 (IH , s, H-5), 7.04 (2H, d, J=8.0Hz, ArH), 7.21-7.24 (4H, m, ArH), 7.30 (2H, d, J=8 .6 Hz, ArH). 

‘̂ C NMR ppm (CDCI3) 15.63, 16.10 (SCH3 ), 20.24, 23.56 (CH3), 43.81 (CHj), 121.67 (C-5), 126.58, 127.09, 

129.51, 129.66 (C-2’, C-2", C-3’, C-3", C-5’, C-5", C-6 ’, C-6 "), 133.96, 135.56, 135.99, 136.74 (C-1', C-I", C- 

4’, C-4"), 137.35 (C-4), 145.86 (C-3), 155.57, 158.48 (C-2, C-6 ). m/z 365 (M ^ 100%), 350 (64), 303 (23), 

159 (19), 335 (13). HRMS calcd for C2 2H24NS4 : (M*+H) 366.1350, found: 366.1346.
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2-M ethyl-6-(4-m ethylthiobenzyl)-3-(4-m ethylthiophenyl)pyridine (340) was isolated as an impurity from 

the preparation o f  (333) by flash chromatography on silica gel (e lu e n t: diethylether/hexane : 60/40) followed 

by flash chromatography on silica gel (eluent : hexane/ethylacetate 90/10). Amber oil (0,4%). Rf 0,78 

(diethylether/hexane : 80/20). IRv^ax (film) 2851 (SCHj), 1585 (C=C) cm‘‘. 'H  N M R 5 (CDCI3) 2.46 (3H, s, 

SCH3), 2.50 (3H, s, SCH3), 2.52 (3H, s, CH3), 4.12 (2H, s, C H ,), 6.93 (IH , d, J 5 .4 = 7 .5 Hz, H-5), 7.21 (2H, d, 

J=8.5Hz, ArH), 7.23 (4H, s, ArH), 7.30 (2H, d, J-8 .5H z, ArH), 7.37 (IH , d, J4 ,5 = 8 .0 Hz, H-4). ‘̂ C N M R ppm 

(CDCI3) 15.76, 16.16 (SCH3), 23.43 (CH3), 43.92 (CHj), 120.20 (C-5), 126.41, 127.18, 129.50, 129.70 (C-2’, 

C-2", C-3', C-3", C-5', C-5", C-6 ’, C-6 "), 133.91, 136.16, 136.63, 136.73 (C - l’, C -l" , C-4’, C-4"), 137.69 (C- 

4), 137.75 (C-3), 155.22 (C-2), 159.06 (C-6 ). m/z 351 (M", 100%), 336 (57), 289 (13), 303 (13), 152 (1 1). 

HRM S calcd for C 2 1 H2 2 NS 2 : (M*+H) 352.1194, found: 352.1200.

A^-Forinyl-A^yV-di(l-(4-inethylthiophenyl)-2-propyl)amine (341) was isolated as an impurity from the 

preparation o f  (333) by flash chromatography on silica gel as a 65/35 mixture o f  diastereom ers (eluent ; 

diethylether/hexane : 75/25). Am ber oil (2%). Rf 0.37 (diethylether/hexane : 80/20). IRv^ax (film) 1664 

(CHO), 1599 (C=C) cm'*. 'H  NM R 5 (CDCI3 ) 1.00 (1.05H, d, J 3 ,2 = 7 .0 Hz, H-3'), 1.16 (1.95H, d, J3 ',2 = 6 .5 Hz, 

H-3'), 1.21 (1.05H, d, J3 .2 - 7 .OHz, H-3’), 1.24 (1.95H, d, J3 .,r=7 .0 Hz, H-3'), 2.44 (1.95H, s, SCH 3), 2.45 

(4.05H, s, SCH 3 ), 2.59 (1.3H, d, J ,.2 = 7 .5 Hz, H-1’), 2.68 (0.35H, dd, Jgen,= 13.6Hz, J 1. 2 - 8 .OHz, H-1'), 2.80 

(0.35H, dd, Jg,„=l3.6Hz, J,.,2 '=7 .0 Hz, H-1’), 2.83 (0.65H, dd, Jgem=13.8Hz, J,.,2 = 7 .8 Hz, H-1'), 2.87 (0.35H, 

dd, Jgem=14.0Hz, J,.r=8.0H z, H-1’), 2.95 (0.65H, dd, Jge„,= 13.6Hz, Ji..2 .=7 .0 Hz, H-1’), 3.06 (0.35H, dd, 

Jge„=13.8Hz, Ji.,2 .=7 .3 Hz, H-1'), 3.52 ( IH,  m, H-2'), 3.98 ( IH,  m, H-2’), 7.00-7.21 ( 8 H, m, H-2, H-3, H-5, H- 

6 ), 8.16 (0.35H, s, CHO), 8.18 (0.65H, s, CHO). '^C NM R ppm (CDCI3 ) 15.76*, 15.93, 16.05, 16.10* 

(SCH 3 ), 17.69, 17.81*, 20.68*, 20.93 (C-3’), 39.50*, 39.80, 42.51*, 42.80* (C - l’), 51.47, 52.00*, 54.39, 

54.59* (C-2'), 126.91, 126.95, 126.99*, 127.02*, 129.47*, 129.60, 129.67 (C-2, C-3, C-5, C-6 ), 134.78, 

134.82*, 136.10, 136.16*, 136.18*, 136.76* (C -l, C-4), 162.17*, 162.23 (CHO). m/z 373 (65%  diastereom er 

M", 3% ), 164 (100), 236 (58), 137 (50), 117 (39). m/z 373 (35%  diastereom er M", 3%), 164 (100), 236 (58), 

137 (45), 117 (37). HRMS calcd for C2 1 H 2 8 NOS 2 : (M"+H) 374.1612, found; 374.1611.

2-IVIethyl-2-(4-m ethyIthiobenzyl)-5-(4-m ethylthiophenyl)-2,3-dihydropyrid-4-one (342) was isolated as 

an impurity from the preparation o f  (333) by flash chrom atography on silica gel (eluent : diethylether). 

Colourless solid (0.7% ) (ethylacetate/hexane). M.p. 148.5-149.5°C. Rf 0.26 (diethylether/hexane : 80/20). 

IRvmax (KBr) 3238 (NH), 1567 (C = 0 ) cm’’. ‘H N M R 5 (CDCI3) 1.26 (3H, s, CH3), 2.46 (3H, s, SCH3), 2.47 

(3H, s, SCH3), 2.60 (2H, s, CH2), 2.73 (IH , d, Jgem=13.0Hz, H-3), 3.00 (IH , d, Jge„ ,=  13.5Hz, H-3), 4.90 (IH , 

d, J=6.5Hz. NH), 7.07, 7.21, 7.23, 7.32 ( 8 H, 4d, J=8.0Hz, J=7.5Hz, J=8.0Hz, J=8.5Hz, H-2', H-3', H-5', H- 

6 '), 7.25 (IH , d, J=3.5Hz, H -6 ). ‘̂ C N M R ppm (CDCI3) 15.85, 16.46 (SCH3), 24.86 (3H, s, CH3), 43.36 (C- 

3), 48.78 (CH2), 56.77 (C-2), 110.55 (C-5), 126.66, 127.18, 128.03, 130.97 (C-2’, C-3', C-5', C-6 '), 132.61, 

133.09, 135.22, 137.31, (C -l', C-4’), 147.34 (C-6 ), 189 57 (C-5). /w/z 369 (M", 21% ), 41 (100), 55 (60), 137 

(33), 69 (33). Anal. (C 2 1 H 2 3 NOS 2 ) Calc: C (68.25), H (6.27), N (3.79), S (17.35), Found: C (68.08), H 

(6.19), N  (3.67), S (17.67). HRM S calcd for C21H23NOS2: (M ^  369.12210, found: 369.12215.

4-M ethylthiotoluene (343) was isolated as an impurity from the preparation o f  (333) by flash 

chromatography on silica gel (eluent : hexane). Amber oil (3.5% ) (lit. b.p. 52-54°C/lm mHg^^’). Rf 0.96 

(diethylether/hexane : 80/20). IRv„,ax (film) 2854 (SCH 3 ), 1598 (C=C) cm‘‘. 'H  N M R 5 (CDCI3 ) 2.35 (3H, s,
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CHs), 2.49 (3H, s, SCHj), 7.13, 7.22 (4H, 2d, H-2, H-3, H-5, H-6 ). ‘̂ C N M R ppm (CDCI3 ) 16.56 (SCH 3 ), 

20.87 (CH 3 ), 127.37, 129.58 (C-2, C-3, C-5, C-6 ), 134.71 (C-4), 135.06 (C-1). m/z 138 100%), 91 (58),

123 (28), 45 (18), 77 (11).

2-A'-Form ylam ino-l-(4-inethylthiophenyl)butane (344) was prepared from (322) (16.74g, 86.16mmol 

scale) according to general procedure 7.2.5 and isolated by flash chromatography on silica gel (eluent : 

ethylacetate/diethylether ; 50/50). Colourless needles (37%). M .p. 67-69°C (diethylether/hexane). Rf 0.05 

(diethylether/hexane : 50/50). IRv„a^ (KBr) 3300 (NH), 1656 (CHO) cm ''. 'H  N M R 5 (CDCI3 ) 0.93 (2.25H, 

t, J4 .3 - 7 .5 Hz, H-4’), 0.96 (0.75H, t, J4 .3 - 7 .SHz, H-4'), 1.39 (IH , m, H-3’), 1.62 (IH , m, H-3'), 2.45 (3H, s, 

SCH 3 ), 2.62 (0.25H, dd, Jgem=13.8Hz, Ji.,2 .=8 .3 Hz, H-1'), 2.74 (0.75H, dd, Jgem=15.0Hz, Ji.,2 '=6 .5 Hz, H-1'), 

2.77 (0.75H, dd, Jgem=15.0Hz, J i,2 .=6 .5 Hz, H-1'), 2.80 (0.25H, dd, Jgem=13.5Hz, J,.,2 - 5 .0 Hz, H-1'), 3.38 

(0.25H, m, H-2'), 4.14 (0.75H, m, H-2'), 5.93 (0.25H, d, J=10.5Hz. NH), 5.60 (0.75H, d, J=7.5Hz, NH), 5.93 

(0.25H, t, J=10.5Hz, NH), 7.05, 7.19 (IH , 2d, J=8.0Hz, J=8.0Hz, H-2, H-3, H-5, H-6 ), 7.10, 7.18 (3H, 2d, 

J=8.5Hz. J=8.5Hz. H-2, H-3, H-5, H-6 ), 7.72 (0.25H, d, J=11.5Hz, CHO), 8.10 (0.75H, s, CHO). ‘̂ C N M R 

ppm (CDCI3 ) 10.24*, 10.37 (C-4'), 15.84, 15.91* (SCH 3 ), 26.71*, 28.26 (C-3'), 39.74*, 41.94 (C-1'), 50.38*, 

55.97 (C-2'), 126.78*, 126.91, 129.78*, 129.81 (C-2, C-3, C-5, C-6 ), 134.26, 134.66*, 136.20*, 136.64 (C-1, 

C-4), 160.73*, 164.07 (CHO). m/z 223 ( M \ 12%), 178 (100), 8 6  (58), 137 (48), 58 (36). Anal. 

(C i.H nN O S ) Calc: C (64.53), H (7.67), N (6.27), Found: C (64.51), H (7.58), N (6.20)%.

5-IVlethyl-4-(4-methylthiobenzyl)pyrimidine (345) was isolated as an impurity from the preparation o f  

(344) by flash chromatography on silica gel (eluent : diethylether). Amber oil (1%). Rf 0.13 

(diethylether/hexane : 50/50). IRv^a^ (film) 2858 (SCH3), 1576 (C=C) cm '. 'H  NM R 8 (CDCI3) 2.24 (3H, s, 

CH3), 2.44 (3H, s, SCH3), 4.08 (2H, s, CHj), 7.13, 7.18 (4H, 2d, J=8.0Hz, J=8.5Hz, H-2', H-3', H-5', H -6 '), 

8.42 (IH , s, H-6 ), 9.00 (IH , s, H-2). *̂ C NMR ppm (CDCI3) 15.62 (CH3), 15.94 (SCH3), 40.97 (CH2), 

127.02, 129.29 (C-2', C-3', C-5', C-6 '), 129.04 (C-5), 133.83, 136.72 (C-1', C-4'), 156.63 (C-2), 157.53 (C-6 ), 

166.71 (C-4). m/z 230 (M ’, 100%), 182 (52), 215 (39), 137 (36), 122 (18). HRMS calcd for C ,3 H ,5N 2 S: 

(M*+H) 231.0956, found: 231.0948.

4-Ethyl-5-(3,4-m ethyIthiophenyl)pyrim idine (346) was isolated as an impurity from the preparation o f  

(344) by flash chromatography on silica gel (eluent : diethylether/hexane 70/30) followed by flash 

chromatography on neutral alumina (eluent : ethylacetate). Am ber oil (2%). Rf 0.34 (diethylether/hexane : 

50/50). IRv„ax (film) 2858 (SCH3), 1576 (C=C) cm‘‘. *H N M R  5 (CDCI3) 1.24 (3H, t, J=7.5Hz, CU2CH3), 

2.54 (3H, s, SCH3), 2.78 (2H, q, J=7.5Hz, C//2CH3), 7.23, 7.35 (4H, 2d, J=8.5Hz, J=8.0Hz, H-2', H-3', H-5', 

H-6 '), 8.50 (IH , s, H-6 ), 9.11 (IH , s, H-2). ‘̂ C NM R ppm (CDCI3) 15.86 (CH2CH3), 15.52 (SCH3), 28.18 

(CH2CH3), 126.45, 129.39 (C-2', C-3', C-5', C-6 '), 132.30, 133.94 (C-1', C-4'), 139.26 (C-5), 156.47 (C-6 ), 

157.40 (C-2), 168.92 (C-4). m/z 230 (M "-l, 100%), 182 (25), 214 (20), 89 (13), 168 (11). HRM S calcd for 

C ,3 H i5N 2 S; (M V H ) 231.0956, found: 231.0958.

4-Ethyl-3-m ethyi-2-(4-m ethylthiobenzyl)-5-(4-m ethylthiophenyl)pyridine (347) was isolated as an 

impurity from the preparation o f  (344) by flash chromatography on silica gel (eluent : hexane/diethylether : 

60/40) followed by flash chromatography on neutral alumina (eluent : hexane/ethylacetate : 80/20). Am ber 

oil (0.2% ). Rf 0.46 on neufral alumina (diethylether/hexane : 50/50). IRVma,, (fibn) 2853 (SCH3), 1599
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(C=C) cm ''. 'H  NMR 5 (CDCI3 ) 0.92 (3H, t, J=7.5Hz, CHjCZ/j), 2.26 (3H, s, CH3), 2.45 (3H, s, SCH3), 2.53 

(3H, s, SCH3), 2.57 (2H, q, J=7.5Hz, C //2CH3 ), 4.20 (2H, s, CHj), 7.17-7.19 (4H, m, ArH), 7.20, 7.31 (4H, 

2d, J=8.5Hz, J=8.5Hz, ArH), 8.20 (IH , s, H-6 ). *̂ C NMR ppm (CDCI3 ) 13.63 (CH2 CH3 ), 14.08 (CH3), 

15.28, 15.74 (SCH3), 23.32 (CH2CH3), 41.74 (CH,), 125.81, 126.67, 128.71, 129.42 (C-2', C-2", C-3’, C-3", 

C-5’, C-5", C-6 ’, C-6 "), 135.01, 135.19, 135.29, 136.00 (C-1', C-l", C-4’, C-4"), 137.29, 138.80 (C-3, C-4), 

145.00 (C-5), 146.48 (C-6 ), 157.24 (C-2). m/z 379 (M^-1, 100%), 364 (11), 166 (10), 134 (6 ), 254 (5). 

HRMS calcd for C23H26NS2 : (M > H ) 380.1507, found: 380.1474.

2.4-Diethyl-3,5-di(4-methylthiophenyl)pyridine (348) was isolated as an impurity from the preparation of 

(344) by flash chromatography on silica gel (eluent : hexane/diethylether : 40/60) followed by flash 

chromatography on neutral alumina (eluent : hexane/ethylacetate : 80/20). Amber oil (0.2%). Rf 0.52 on 

neutral alumina (diethylether/hexane : 50/50). IRv„,ax (film) 2853 (SCH3 ), 1598 (C=C) cm"’. ‘H NMR 

5 (CDCI3) 0.71 (3H, t, J=7.5Hz, CH2 C //3), 1.15 (3H, t, J=7.5Hz, CH 2 CH3 ), 2.35 (2H, q, J=7.5Hz, C //2CH3 ), 

2.52 (2H, q, J=7.5Hz, C //2 CH3), 2.53 (3H, s, SCH3), 2.55 (3H, s, SCH3), 7.15, 7.26, 7.32, 7.33 (8 H, 4d, 

J=8.0Hz, J=8.0Hz, J=8.0Hz, J=8.5Hz, H-2’, H-2", H-3’, H-3", H-5', H-5", H-6 ’, H-6 "), 8.32 (IH , s, H-6 ). *̂ C 

NMR ppm (CDCI3) 13.89, 14.59 (CH2 CH3 ), 15.60, 15.73 (SCH3), 23.28, 29.35 (CH2 CH3), 126.24, 126.32, 

129.93, 129.95 (C-2’, C-2", C-3’, C-3", C-5’, C-5", C-6 ’, C-6 "), 134.53, 135.12, 135.24, 135.39, 137.61, 

137.80 (C-r, C-l", C-4’, C-4", C-4, C-5), 148.90, 149.13 (C-2, C-3, C-6 ). m/z 379 (M^'-l, 100%), 364 (9), 

137 (9), 254 (5), 189 (5). HRMS calcd for C2 3H26NS2 : (M^+H) 380.1507, found: 380.1499.

3.5-Dimethyl-2,6-di(4-methylthiobenzyI)pyridine (349) was isolated as an impurity from the preparation of 

(344) by flash chromatography on silica gel (eluent : hexane/diethylether ; 70/30) followed by flash 

chromatography on silica gel (eluent ; hexane/acetone : 90/10). Amber oil (0.2%). Rf 0.75 

(diethylether/hexane : 50/50). IRv^ax (film) 2854 (SCH3), 1596 (C=C) cm'V 'H NMR 5 (CDCI3 ) 2.16 (6 H, s, 

CH3 ), 2.50 (6 H, s, SCH3 ), 4.11 (4H, s, CH2), 7.11, 7.15 ( 8 H, 2d, J=8.0Hz, J=8.5Hz, H-2’, H-3’, H-5’, H-6 ’), 

7.13 (IH , s, H-4). ‘̂ C NMR ppm (CDCI3) 16.25 (SCH3), 18.21 (CH3 ), 41.12 (CH 2), 127.03, 129.14 (C-2’, C- 

3’, C-5’, C-6 ’), 129.31 (C-3, C-5), 135.45, 136.72 (C-T, C-4’), 140.34 (C-4), 155.30 (C-2, C-6 ). m/z 379 (M*, 

100%), 364 (41), 331 (11), 137 (9), 122 (7). HRMS calcd for C2 3H 26NS2 : (M ^ H ) 380.1507, found: 

380.1522.

5-Methyl-2-ethyl-6-(4-methylthiobenzyl)-3-(4-methylthiophenyl)pyridine (350) was isolated as an 

impurity from the preparation o f (344) by flash chromatography on silica gel (eluent : hexane/diethylether : 

70/30) followed by flash chromatography on silica gel (eluent : hexane/acetone 90/10). Amber oil (0.6%). 

Rf 0.84 (diethylether/hexane : 50/50). IRv^ax (film) 2869 (SCH3), 1594 (C=C) cm '‘. ’H NMR 5 (CDCI3) 

1.19 (3H, t, J=7.3Hz, CHjC/Zj), 2.20 (3H, s, CH3), 2.44 (3H, s, SCH3), 2.51 (3H, s, SCH3), 2.76 (2H, q, 

J=7.5Hz, C//2CH3), 4.15 (2H, s, CH2), 7.18 (IH , s, H-4), 7.21 (2H, d, J=8.5Hz, ArH), 7.18-7.20 (4H, m, 

ArH), 7.29 (2H, d, J=8.5Hz, ArH). '^C NMR ppm (CDCI3) 14.38 (CH2CH3), 15.74, 16.15 (SCH3), 18.24 

(CH3), 28.15 (CH2CH3), 41.44 (CH2), 126.31, 126.98, 129.21, 129.48 (C-2’, C-2", C-3’, C-3", C-5’, C-5", C- 

6 ’, C-6 "), 128.32 (C-5), 133.81 (C-3), 135.60, 136.37, 136.80, 137.45 (C -l’, C-l", C-4’, C-4"), 139.50 (C-4), 

156.85 (C-2), 157.35 (C-6 ). m/z 379 (M ^ 100%), 364 (41), 166 (13), 254 (11), 137 (7). HRMS calcd for 

C23H26NS2: (M^+H) 380.1507, found: 380.1525.
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2,6-D iethyl-3,5-di(4-m ethylthiophenyl)pyridine (351) was isolated as an impurity from the preparation o f 

(344) by flash chromatography on silica gel (eluent ; hexane/diethylether : 70/30) followed by flash 

chrom atography on acidic alumina (eluent : diethylether). Amber oil (0.2%). Rf 0.88 (diethylether/hexane ; 

50/50). IRv^ax (film) 2852 (SCHj), 1597 (C=C) cm ''. 'H  N M R 5 (CDCI3) 1.24 (6 H, t, J=7.5Hz, CHjC/Zj), 

2.52 (6 H, s, SCH3 ), 2.81 (4H, q, J=7.5Hz, C //2 CH3 ), 7.26, 7.31 ( 8 H, 2d, J=8.5Hz, J=8.0Hz, H-2', H-3', H-5', 

H-6 '), 7.29 (IH , s, H-4). ‘̂ C NM R ppm (CDCI3 ) 14.23 (CH2 CH3 ), 15.78 (SCH 3 ), 28.45 (CH 2 CH3 ), 126.39, 

129.57 (C-2', C-3', C-5', C-6 '), 133.02 (C-3, C-5), 136.66, 137.60 (C-1', C-4'), 138.72 (C-4), 158.91 (C-2, C- 

6 ). m/z 379 (M "-l, 100%), 363 (15), 134 ( 8 ), 166 (7), 330 (7). HRM S calcd for C 2 3 H 2 6N S 2 ; (M^+H) 

380.1507, found; 380.1496.

A^^-Di(l-(4-m ethylthiophenyl)-2-butyl)am ine (352a) was isolated as an impurity from the preparation o f 

(344) by flash chromatography on silica gel as a single diastereom er (eluent : diethylether/hexane : 80/20). 

Amber oil (0.2% ). Rf 0.18 (diethylether/hexane : 50/50). IRv^ax (film) 3317 (NH), 1598 (C=C) cm'*. ‘H 

N M R 5 (CDCI3 ) 0.75 (6 H, t, J4 '.3 = 7 .3 Hz, H-4'), 1.28-1.37 (5H, m, H-3', NH), 2.45 ( 8 H, m, SCH 3 , H-1'), 2.52 

(2H, dd, Jgem=13.5Hz, Jr,2 = 5 .0 Hz, H-1'), 2.72 (2H, m, H-2'), 7.08, 7.18 ( 8 H, 2d, J=8.5Hz, J=8.0Hz, H-2, H- 

3, H-5, H-6 ). '^C NM R ppm (CDCI3 ) 9.40 (C-4'), 16.29 (SCH 3 ), 26.17 (C-3'), 40.57 (C-1'), 57.61 (C-2'), 

127.02, 129.81 (C-2, C-3, C-5, C-6 ), 135.48, 137.12 (C-1, C-4). m/z 373 (M^"-!, 1%), 236 (100), 137 ( 8 8 ), 

179 (24), 122 (16). HRMS calcd for C 2 2 H 3 2 NS 2 : (M^+H) 374.1976, found: 374.1964.

yV,jV-Di(l-(4-methylthiophenyl)-2-butyl)amine (352b) was isolated as an impurity from the preparation o f  

(344) by flash chromatography on silica gel as a single diastereom er (eluent : diethylether/hexane : 80/20). 

Amber oil (0.2%). Rf 0.27 (diethylether/hexane : 50/50). lRv„ax (film) 3317 (NH), 1598 (C=C) cm ''. 'H 

NMR 5 (CDCl3 ) 0.91 (6 H, t, Jo'=7.5H z, H-4'), 1.29-1.43 (5H, m, H-3', NH), 2.46 (2H, dd, Jge„=13.5Hz, 

J,.,2 = 6 .5 Hz, H-I'), 2.47 (6 H, s, SCH3 ), 2.54 (2H, dd, Jge„=13.5Hz, J,.2 -=6 .0 Hz, H-1'), 2.70 (2H, m, H-2'), 

6.93, 7.13 ( 8 H, 2d, J=8.0Hz, J=8.5Hz, H-2, H-3, H-5, H-6 ). ‘̂ C NMR ppm (CDCI3 ) 9.86 (C-4'), 16.16 

(SCH 3 ), 27.04 (C-3’), 39.79 (C-T), 57.54 (C-2'), 126.89, 129.81 (C-2, C-3, C-5, C-6 ), 135.49, 136.71 (C-1, 

C-4). m/z 373 (M^-1, 1%), 236 (100), 137 (87), 179 (23), 122 (15). HRMS calcd for C2 2 H3 2 NS 2 ; (M ^ H )  

374.1976, found: 374.1979.

A'-M ethyl-/V^-di(l-(4-m ethylthiophenyl)-2-butyI)am ine (353) was isolated as an impurity from the 

preparation o f  (344) by flash chromatography on silica gel (e lu e n t; hexane/acetone 85/15) as a 60/40 mixture 

o f  diastereomers. Amber oil (1%). Rf 0.67 (diethylether/hexane : 50/50). IRv„,j^ (film) 1664 (CHO), 1599 

(C=C) cm '‘. *H NM R 5 (CDCI3 ) 0.75 (2.4H, t, J4 -,3 '=7 .3 Hz, H-4'), 0.78 (3.6H, t, J4 ,3 .=7 .3 Hz, H-4'), 1.20-1.43 

(4H, m, H-3'), 2.28 (1.2H, s, NCH 3 ), 2.29 (1.8H, s, NCH 3 ), 2.45 (6 H, s, SCH 3 ), 2.47 (0.8H, m, H-1'), 2.49 

(1.2H, dd, Jgen,= 14.5Hz, J,..2 '=6 .5 Hz, H-1'), 2.69 (2H, m, H-2'), 2.80 (0.8H, dd, Jg,„,= 13.1Hz, J ,.2 = 5 .5 Hz, H- 

1'), 2.86 (1.2H, dd, Jge„=13.3Hz, J ,.2 = 4 .8 Hz, H-1'), 7.05, 7.16 ( 8 H, 2d, J=8.0Hz, J=8.0Hz, H-2, H-3, H-5, H- 

6 ). ‘̂ C N M R ppm (CDCI3 ) 11.41* (C-4'), 16.40*, 16.45 (SCHj), 24.32, 24.42* (C-3'), 29.50*, 30.08

(NCH 3 ), 37.74, 37.81* (C-1'), 65.67, 66.21* (C-2'), 127.11*, 129.72*, 129.74 (C-2, C-3, C-5, C-6 ), 134.90, 

134.98*, 138.58*, 138.64 (C-1, C-4). m/z 387 (60% diastereomer M ^'-l, 1%), 250 (100), 137 (79), 72 (18), 

179 (17). m/z 387 (40% diastereom er M " -l,  1%), 250 (100), 137 ( 8 6 ), 72 (22), 179 (19). HRM S calcd for 

C 2 3 H 3 4N S 2 : (M "+H) 388.2133, found: 388.2147.
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Preparation o f 2-(/V-form yl-A'-m ethyl)am ino-l-(4-m ethylthiophenyl)alkanes (361)-(362)

2-(A'-Form yl-A'-m ethyI)am ino-l-(4-inethylthiophenyl)propane (361) was prepared from (321) (2.03g, 

1 l.27m m ol scale) according to general procedure 7.2.6 and isolated by flash chrom atography on silica gel 

(eluent : diethylether). Pale am ber oil (73%). Rf 0.27 (diethylether). IRvn,a^ (film) 2858 (SCH3 ), 1667 

(CHO) cm '‘. 'H  NM R 5 (CDCl3 ) 1.16 (0.75H, d, J3 ,2 = 6 .5 Hz, H-3'), 1.29 (2.25H, d, J3 .2 - 6 .5 Hz, H-3'), 2.45 

(3H, s, SCH3 ), 2.69-2.79 (2H, m, H-1'), 2.77 (0.75H, s, NCH3 ), 2.79 (2.25H, s, NCH 3 ), 3.75 (0.75H, m, H-2'), 

4.73 (0.25H, m, H-2’), 7.00, 7.18 (3H, 2d, J=8.0Hz. J=8.5Hz, H-2, H-3, H-5, H -6 ), 7.12, 7.18 (IH , 2d, 

J=8.0Hz, J=8.5Hz, H-2, H-3, H-5, H-6 ), 7.80 (0.75H, s, CHO), 7.94 (0.25H, s, CHO). ‘^C N M R  ppm 

(CDCI3 ) 15.85*, 15.94 (SCH 3 ), 16.74, 18.91* (C-3'), 24.85*, 29.69 (NCH 3 ), 39.01, 40.07* (C-1'), 47.83, 

55.79* (C-2'), 126.83, 127.02*, 129.19*, 129.30 (C-2, C-3, C-5, C-6 ), 134.58*, 134.96, 136.15, 136.73* (C- 

1, C-4), 162.37*, 162.56 (CHO). m/z 223 (M", 5%), 164 (100), 8 6  (89), 58 (70), 137 (30). HRM S calcd for 

CisHigNOS: (M*+H) 224.1109, found; 224.1098.

2-(A^-Formyl-A^-methyl)ainino-l-(4-methylthiophenyl)butane (362) was prepared from (322) (2.00g, 

10.29mmol scale) according to general procedure 7.2.6 and isolated by flash chrom atography on silica gel 

(eluent : diethylether). Pale am ber oil (67%). Rf 0.52 (diethylether). IRv^ax (film) 2874 (SCH3), 1671 

(CHO) cm‘‘. 'H  NMR 5 (CDCI3 ) 0.87 (3H, t, J4 ',3 = 7 .3 Hz. H-4'), 1.57 (0.4H, m. H-3'), 1.64 (1.6H, m, H-3’), 

2.45 (3H, s, SCH3), 2.72-2.83 (2H, m, H-1'), 2.72 (2.4H, s, NCH3), 2.75 (0.6H, s, NCH3), 3.40 (0.8H, m, H- 

2’), 4.55 (0.2H, m, H-2'), 7.00, 7.18 (3.2H, 2d, J=8.0Hz, J= 8 .6 Hz, H -6 ), 7.12, 7.19 (0.8H, 2d, J=8.0Hz, 

J= 8 .6 Hz, H-6 ), 7.74 (0.8H, s, CHO), 8.00 (0.2H, s, CHO). ‘̂ C NMR ppm (CDCI3 ) 10.62, 10.69* (C-4'), 

15.87*, 15.94 (SCH3), 23.89 (C-3'), 24.67* (NCH3), 24.98* (C-3'), 29.72 (NCH3), 37.66, 38.65* (C-T), 

54.83, 62.24* (C-2'), 126.83, 127.03*, 129.17*, 129.30 (C-2, C-3, C-5, C-6 ), 134.66*, 134.96, 136.05, 

136.64* (C-1, C-4), 163.02*, 163.24 (CHO). m/z 237 (M", 5%), 100 (100), 178 (96), 72 (61), 137 (25). 

HRMS calcd for C,3H,9NOSNa: (M"+Na) 260.1085, found; 260.1109.

Preparation o f 2-amino- and 2-A^-methylamino-I-(4-methylthiophenyI)aIkanes v/a A'^formyl hydrolysis

2-Am ino-l-(4-m ethyIthiophenyi)propane (4-M TA) (22) was prepared from (333) (3.14g, 14.98mmol 

scale) according to general procedure 7.2.7. Amber oil (85% ) (lit. b.p. 108-118°C/0.6mmHg^^). Rf 0.19 

(methanol). IRv„,3x (film) 3359, 3285 (NH ,) cm ''. 'H  NM R 5 (CDCI3 ) 1.10 (3H, d, J3 .r= 6 .5 Hz, H-3'), 1.25 

(2H, br s, NH 2 ), 2.46 (3H, s, SCH 3 ), 2.48 (IH , dd, Jge„.=13.3Hz, Ji.r=8.0Hz, H-1'), 2.67 (IH , dd, 

Jgera=13.3Hz, J,.,2 = 5 .0 Hz, h -1 '), 3.13 (IH , m, H-2'), 7.10, 7.21 (4H, 2d, J=8.0Hz, J=8.0Hz, H-2, H-3, H-5, H- 

6 ). ‘̂ C NM R ppm (CDCI3 ) 16.13 (SCH 3 ), 23.48 (C-3'), 46.04 (C-1'), 48.36 (C-2'), 127.01, 129.68 (C-2, C-3, 

C-5, C-6 ), 135.76, 136.71 (C-1, C-4). m/z 181 (M ^-2, 7%), 44 (100), 138 (13), 122 (5), 91 (5). HCI salt. 

Colourless solid. M.p. 187-189°C (ethanol/hexane) (lit. 190-191°C^^). IRvma^ (KBr) 2601, 2500 (NH"^ cm‘‘.

2-A^-M ethylam ino-l-(4-methylthiophenyl)propane (330) was prepared from (361) (1.55g, 6.95mmol scale) 

according to general procedure 7.2.7. Amber oil (6 6 %). Rf 0.13 (methanol). IRVmax (fihn) 3321 (NH), 2788 

(NCH 3 ) cm-‘. 'H NM R 5 (CDCI3 ) 1.04 (3H, d, J 3 ,2 '=6 .0 Hz, H-3'), 1.35 (IH , br s, NH), 2.39 (3H, s, N C H 3 ),
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2.47 (3H, s, SCH 3 ), 2.57 (IH , dd, Jge„,=13.3Hz, J ,.2 = 6 .5 Hz, H-1'), 2.67 (IH , dd, Jge„,= 13.0Hz, Jr,2 = 7 .0 Hz, H- 

1'), 2.76 (IH , m, H-2'), 7.11, 7.20 (4H, 2d, J= 8 .6 Hz, J= 8 .6 Hz, H-2, H-3, H-5, H-6 ). ‘̂ C N M R ppm (CDCI3 ) 

16,13 (SCH 3 ), 19.64 (C-3'), 33.94 (NCH 3 ), 42.83 (C-1'), 56.26 (C-2'), 127.02, 129.76 (C-2, C-3, C-5, C-6 ), 

135.76, 136.50 (C-1, C-4). m/z 195 (M "+l, 2% ), 58 (100), 137 (27), 122 (25), 91 (11). HCl salt. 

Colourless solid. M.p. 161-162°C (ethanol/hexane). IRv„ax (KBr) 2449 (NH^) cm"‘. Anal. (CnHigClNS) 

Calc: C (57.00), H (7.83), N (6.04), S (13.83), Found: C (56.81), H (7.79), N  (6.05), S (13.43)%.

2-A m ino-l-(4-m ethylthiophenyl)butane (331) was prepared from (344) (0.54g, 2.42mmol scale) according 

to general procedure 7.2.7. Colourless oil (53%). Rf 0.26 (methanol). lRv„,ax (film) 3360, 3292 (NH 2 ) cm‘‘. 

‘h  N M R  8  (CDCI3 ) 0.97 (3H, t, J4 ',3 = 7 .5 Hz, H-4'), 1.17 (2H, br s, NH 2 ), 1.36 (IH , m, H-3'), 1.52 (IH , m, H- 

3'), 2.41 (IH , dd, Jg™=13.6Hz, Jr,2 = 8 .5 Hz, H-1'), 2.47 (3H, s, SCH 3 ), 2.75 (IH , dd, Jgem=13.5Hz, J , ,2 ’= 4 .5 Hz, 

H-1’), 2.88 (IH , m, H-2'), 7.12, 7.21 (4H, 2d, J=8.0Hz, J=8.5Hz, H-2, H-3, H-5, H-6 ). ‘̂ C N M R ppm 

(CDCI3 ) 10.54 (C-4’), 16.21 (SCH 3 ), 30.30 (C-3’), 43.69 (C-1’), 54.18 (C-2’), 127.11, 129.78 (C-2, C-3, C-5, 

C-6 ), 135.75, 136.85 (C-1, C-4). m/z 195 (M ^ 3%), 58 (100), 138 (53), 41 (32), 122 (21). HCl salt. 

Colourless solid. M.p. 154-155°C (ethanol/hexane). IRv„,ax (KBr) 2600, 2531, 2449, 2362 (NH"^) cm"'. 

Anal. (CiiHigClNS) Calc: C (57.00), H (7.83), N (6.04), Found: C (56.90), H (7.69), N (5.78)% .

2-A^-lVlethylaniino-l-(4-niethylthiophenyl)butane (332) was prepared from (362) (1.50g, 6.32mmol scale) 

according to general procedure 7.2.7. Pale am ber oil (77%). Rf 0.16 (methanol). IRv„,ax (film) 3324 (NH), 

2789 CNCH3 ) cm-'. 'H  NM R 8  (CDCI3 ) 0.93 (3H, t, J4 ',3 ’= 7 .5 Hz, H-4'), 1.36-1.52 (2H, m, H-3'), 1.55 (IH , br 

s, NH), 2.37 (3H, s, NCH 3 ), 2.47 (3H, s, SCH 3 ), 2.53-2.72 (3H, m, H-1’, H-2'), 7.11, 7.20 (4H, 2d, J=8.0Hz, 

J=8.0Hz, H-2, H-3, H-5, H-6 ). ‘̂ C NM R ppm (CDCI3 ) 9.75 (C-4’), 16.14 (SCH 3 ), 25.48 (C-3'), 33.69 

(NCH 3 ), 39.23 (C-1'), 62.05 (C-2'), 127.04, 129.74 (C-2, C-3, C-5, C-6 ), 135.67, 136.70 (C-1, C-4). m /z 209 

(M "+l, 2% ), 72 (100), 137 (25), 122 (20), 57 (16). HCl salt. Colourless solid. M.p. 128-I29°C 

(ethanol/hexane). IR v^^ (KBr) 2505, 2462 (NH") cm ''. Anal. (C ,2 H 2 oClNS) Calc: C (58.63), H (8.20), N 

(5.70), S (13.04), Found: C (58.50), H (8.22), N (5.78), S (12.75)%.

Preparation and impurity profiling o f  2-am ino- and 2-A'-alkylam ino-l-(4-m ethylthiophenyl)alkanes via 

reductive amination

2-A m ino-l-(4-m ethylthiophenyl)propane (22) was prepared from (321) (0.78g, 4.35mmol scale) according 

to general procedure 7.2.10. Colourless oil (80%). Spectroscopic analyses were com parable to an authentic 

sample.

A'.,A'-Di(l-(4-methylthiophenyl)-2-propyl)amine (363) was isolated as an impurity from the preparation o f 

(22) by flash chromatography on silica gel as a 75/25 mixture o f  diastereomers (eluent : ethylacetate). 

Amber oil (19%). Rf 0.26 (methanol). IRv„,^ (film) 3284 (NH) cm ''. 'H NMR 8  (CDCI3 ) 0.93 (3H, d, 

J3 .2 - 6 .OHz, H-3’), 1.02 (IH, d, J3 .,2 '=6 .5 Hz, H-3’), 1.12 (IH, br s, NH), 2.45 (4H, s, SCH3 ), 2.46 (IH, s, 

SCH3 ), 2.45-2.52 (2H, m, H-1’), 2.58 (0.5H, dd, Jge™=13.3Hz, J,.,2 .=6 .8 Hz, H-1'), 2.71 (1.5H, dd, Jge„,=13.6Hz, 

J,..2 .=6 .0 Hz, h-1'), 2.96 (2H, m, H-2’), 6.94, 7.13 (2H, 2d, J=8.0Hz, J=8.0Hz, H-2, H-3, H-5, H-6 ), 7.06, 7.17 

(6 H, 2d, J=8 .6 Hz, J=8.5Hz, H-2, H-3, H-5, H-6 ). '^C NMR ppm (CDCI3 ) 16.01, 16.11* (SCH 3 ), 20.07*,
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21.28 (C-3'), 42.65, 43.54* (C-1’), 51.10*, 51.55 (C-2'), 126.78, 126.86*, 129.68, 129.75* (C-2, C-3, C-5, C- 

6 ), 135.62*, 135.63, 136.63, 136.48 (C-1, C-4). m/z 346 (M", 6 %), 208 (100), 165 (57), 137 (27), 117 (17). 

HRMS calcd for CjoHjtNS.: (M^) 345.15849, found: 345.15922.

2-A^-Methylainino-l-(4-inethylthiophenyl)propane (330) was prepared from (321) according to general 

procedures 7.2.9 and 7.2.10. Colourless oil (general procedure 7.2.9 (I.OOg, 5.55mmol scale): 35%, general 

procedure 7.2.10 (l.OOg, 5.55mmoI scale): 39%). Spectroscopic analyses were comparable to an authentic 

sample.

2-Amino-l-(4-methyithiophenyI)butane (331) was prepared from (322) (0.79g, 4.07mmol scale) according 

to general procedure 7.2.10. Colourless oil (81%). Specfroscopic analyses were comparable to an authentic 

sample.

A^A-Di(l-(4-methy!thiophenyl)-2-butyl)amine (352a) was isolated as an impurity from the preparation of 

(331) by flash chromatography on silica gel as a single diastereomer (eluent : hexane/diethylether : 60/40). 

Colourless oil (0.6%). Rf 0.25 (diethylether/hexane : 60/40). Spectroscopic analyses were comparable to an 

authentic sample.

A^^-Di(l-(4-methylthiophenyl)-2-butyi)ainine (352b) was isolated as an impurity from the preparation of 

(331) by flash chromatography on silica gel as a single diastereomer (eluent : diethylether/hexane : 60/40). 

Colourless oil (1.6 %). Rf 0.20 (diethylether/hexane : 60/40). Spectroscopic analyses were comparable to an 

authentic sample.

2-A^-IVlethylamino-l-(4-methylthiophenyl)butane (332) was prepared from (322) according to general 

procedures 7.2.9 and 7.2.10. Colourless oil (general procedure 7.2.9 (l.OOg, 5.15mmol scale): 23%, general 

procedure 7.2.10 (l.OOg, 5.l5mmol scale): 29%). Spectroscopic analyses were comparable to an authentic 

sample.

Preparation of l-(4-methylthiophenyl)-2-alkanone oximes (364)-(365)

l-(4-MethylthiophenyI)-2-propanone oxime (364) was prepared from (321) (2.50g, 12.87mmol scale) 

according to general procedure 7.2.11 and chromatographed on silica gel (eluent : diethylether/hexane : 

35/65), providing a 25/75 mixture o f synlanti isomers. Colourless solid (85%). M.p. 57-59°C 

(ethanol/water). Rf 0.75 (diethylether/hexane : 80/20). IRv^ax (KBr) 3260 (OH), 1668 (C=N) cm‘‘. Anti- 

(364). ‘H NMR 5 (CDCI3 ) 1.81 (2.25H, s, H-3'), 2.46 (3H, s, SCH3 ), 3.45 (1.5H, s, H-1'), 7.14, 7.20 (3H, 2d, 

J=8.0Hz, J= 8 .6 Hz, H-2, H-3, H-5, H-6 ). ^̂ C NMR ppm (CDCI3 ) 16.02 (SCH3 ), 19.61 (C-3’), 41.51 (C-1'), 

127.05, 129.45 (C-2, C-3, C-5, C-6 ), 133.61, 136.72 (C-1, C-4), 157.49 (C-2'). 5j/i-(364). ‘H NMR 

5 (CDCI3 ) 1.80 (0.75H, s, H-3'), SCH3 signal overlapping with a«?/-(364), 3.70 (0.5H, s, H-1'), 7.15, 7.19 

(IH, 2d, J=8.5Hz, 9.5Hz, H-2, H-3, H-5, H-6 ). ‘̂ C NMR ppm (CDCI3) 16.06 (SCHj), 19.61 (C-3'), 34.25 

(C -r), 127.11, 129.62 (C-2, C-3, C-5, C-6 ), 133.42, 136.34 (C-1, C-4), 156.75 (C-2'). m/z 195 {synlanti
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isomer mixture, M ', 45%), 137 (100), 122 (42), 131 (39), 162 (22). Anal. (CioHijNOS) Calc: C (61.50), H 

(6.71), N (7.17), Found: C (61.40), H (6.71), N (7.08)%.

1-(4-Methylthiophenyl)-2-butanone oxime (365) was prepared from (322) (2.50g, 12.87mmol scale) 

according to general procedure 7.2.11 without the need for flash chromatography, generating a 60/40 mixture 

o f synlanti isomers. Colourless solid (8 6 %). M.p. 77-79°C (ethanol/water). Rf 0.36 

(dichloromethane/hexane ; 80/20). IRv^^x (ICBr) 3220 (OH), 1669 (C=N) cm'*. Syn-(265). 'H  NMR 

5 (CDCI3 ) 1.04 (1.8H, t, J4 .3 =7 .5 Hz, H-4'), 2.18 (1.2H, q, J3 .4 - 7 .5 Hz, H-3'), 2.45 (3H, s, SCH3 ), 3.70 (1.2H, 

s, H -r), 7.13-7.21 (4H, m, H-2, H-3, H-5, H-6 ), OH signal not visible. ‘"C NMR ppm (CDCI3 ) 10.62 (C-4'), 

16.04 (SCH3 ), 27.00 (C-3'), 32.90 (C-T), 127.10, 128.54 (C-2, C-3, C-5, C-6 ), 133.62, 136.19 (C-1, C-4), 

160.42 (C-2'). /1m//-(365). ‘H NMR 5 (CDCI3 ) 0.99 (1.2H, t, J4 .3 .=7 .5 Hz, H-4’), 2.31 (0.8H, q, J3 .,4 = 7 .7 Hz, H- 

3'), SCH3 signal overlapping with syn-{365), 3.46 (0.8H, s, H-1'), H-2, H-3, H-5, H - 6  signals overlapping 

with syn-{365), OH signal not visible. ‘^C NMR ppm (CDCI3 ) 10.00 (C-4’), 16.08 (SCH 3 ), 20.49 (C-3'), 

39.43 (C -r), 127.03, 129.51 (C-2, C-3, C-5, C-6 ), 133.69, 136.62 (C-1, C-4), 161.78 (C-2’). m/z {synlanti 

isomer mixture) 209 (M", 69%), 137 (100), 162 (90), 123 (51), 91 (44). Anal. (C 11H 15NOS) Calc: C (63.12), 

H (7.22), N (6.69), Found: C (63.46), H (7.11), N (6.50)%.

Preparation of 2-amino-l-(3,4-methylthiophenyl)alkanes (22) and (331) via oxime reduction

To a stirred and refluxing suspension o f LiAlH4  under nitrogen (52.70mmol, 2.00g) in the appropriate dry 

solvent (100ml) there was added dropwise over 20min a solution o f the appropriate 1-(4-methylthiophenyl)-

2-alkanone oxime (10.24mmol) in the appropriate dry solvent (50ml). The reaction was maintained at the 

specified temperature for 3hr. After cooling in an ice bath the excess LiAlH4  was quenched by the 

successive dropwise additions of propan-2-ol (2ml), 15% aq. NaOH (2ml) and water (15ml). The aluminium 

sahs were removed by filtration and washed with THF (100ml). AH organic phases were combined and 

volatiles removed in vacuo, leaving a residue which was diluted with dichloromethane (100ml). This was 

dried over anhydrous Na2 S0 4  and volatiles again removed in vacuo leaving an oil. The oil was purified by 

flash chromatography on silica gel providing the expected amines (22) and (321), a series o f aziridine 

impurities (366)-(368) and unreacted oxime if present. For the preparation o f butanamine (331) the reaction 

condition employed was THF at 6 6 °C.
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Solvent T em perature 4-M T A  (22) 

(% )

A zirid ine  

(366) (% )

A zirid in e  

(367) (% )

U nreacted  O xim e  

(364) (% )

THF 0°C 13 - 4 71

THF 21°C 16 5 18 50

THF 35°C 36 10 24 18

Diethylether 35°C 81 1 3 5

THF 6 6 °C 50 12 30 -

DME 6 6 °C 45 13 33 1

1,4-Dioxane 6 6 °C 46 16 31 1

DME 85°C 55 11 25 -

1,4-Dioxane lore 64 12 16 -

2 -A m in o-I-(4 -in eth y lth iop h en y l)p rop an e (22) was prepared from (364) according to the general procedure 

and isolated by flash chromatography on silica gel (e lu e n t: methanol). Amber oil. Spectroscopic analyses 

were comparable to an authentic sample.

2 -(4 -M eth y lth iob en zy l)azir id in e  (366) was isolated as an impurity from the preparation o f  (22) by flash 

chromatography on silica gel (eluent : ethylacetate/methanol ; 90 /10). C olourless oil. Rf 0 .59 (methanol). 

I R v „ .a x  (film ) 3283 (N H ), 2850  (SC H 3) cm ’'. 'H N M R  5 (CDCI3) 1.10 (IH , br s, N H ), 1.43 (IH , d, 

J3,2=3.5Hz, H-3), 1.81 (IH , d, J3.2=5.5Hz, H -3), 2 .18  (IH , m, H-2), 2 .46  (3H , s, SCH3), 2 .63 (IH , dd, 

Jge„,=  14.5Hz, J=6.0H z, CHj), 2 .74  (IH , dd, Jge„,=  14.6Hz, J=6.0H z, CHj), 7 .18 , 7 .22 (4H , 2d, J=8.5H z, 

J=8 .6 Hz, H-2', H -3’, H-5', H-6 ’). ‘̂ C NM R ppm (CDCI3) 16.14 (SC H 3), 24 .68  (C -3), 30 .80  (C -2), 39.33  

(CH2), 127.06, 129.22 (C-2', C-3', C-5', C-6 '), 136.00, 136.05 (C-1', C-4'). m/z 193 (diastereom er M ', 71%), 

98 (100), 137 (47), 56 (43), 123 (42). m/z 193 (diastereom er M \  73% ), 98 (100), 137 (50), 56 (40), 123 (39). 

HRMS calcd for C 10H 14NS: (M *+H) 180.0847, found; 180.0855.

3 -M eth yl-2-(4-m ethyIth iophenyl)azirid ine (367) was isolated as an impurity from the preparation o f  (22) 

by flash chromatography on silica gel (eluent : ethylacetate). Amber oil. Rf 0.21 (diethylether/hexane : 

80/20)). IRv^a^ (KBr) 3302 (N H ), 2869 (SCH3) cm'*. 'H NMR 5 (CDCI3) 0.89 (3H , d, J=6.0H z, CH3), 1.06 

(IH , br s, NH), 2.38 (IH , m, H-3), 2 .46  (3H , s, SCH3), 3.18 (IH , m, H -2), 7 .21 , 7.25 (4H , 2d, J=8.5H z, 

J=8.0H z, H-2', H-3', H-5', H-6 '). ‘^C NMR ppm (CDCI3) 13.48 (CHj), 15.97 (SCH3), 32.11 (C-3), 36.60  (C- 

2), 126.34, 128.21 (C-2', C-3 ', C-5', C-6 '), 134.69 (C-1'), 136.23 (C-4'). m /z 179 (M "-l, 100% ), 132 (62), 164 

(38), 117 (29), 150 (23). HRMS calcd for C10H14NS: (M^+H) 180.0847, found: 180.0856.

l-(4 -M eth y lth iop h en y l)-2 -p rop an on e  oxim e (364) was isolated as an impurity from the preparation o f  (22) 

by flash chromatography on silica gel (eluent : diethylether/hexane : 50/50). A m ber solid . Spectroscopic 

analyses were comparable to an authentic sample.
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2-Amino-l-(4-methylthiophenyl)butane (331) was prepared from (365) (1.80g, 8.58mmol scale) according 

to the general procedure and isolated by flash chromatography on silica gel (eluent : methanol). Colourless 

oil (30%). Spectroscopic analyses were comparable to an authentic sample.

3-Ethyl-2-{4-methylthiophenyl) aziridine (368) was isolated as an impurity from the preparation o f (331) 

by flash chromatography on silica gel (eluent : diethylether/hexane : 80/20). Colourless oil (41%). Rf 0.51 

(diethylether/hexane : 80/20). IRv^a^ (film) 3308 (NH), 2871 (SCHj) cm‘‘. 'h  NMR 5 (CDCI3 ) 0.85 (3H, t, 

J=7.3Hz, CH2CH3 ), 1.17 (IH , m, C //2 CH3 ), 1.21 (IH , br s, NH), 1.24 (IH , m, C //2 CH3 ), 2.24 (IH , m, H-3), 

2.47 (3H, s, SCH3 ), 3.22 (IH , d, J2 ,3 = 5 .5 Hz, H-2), 7.20, 7.26 (4H, 2d, J=8.0Hz, J=8.5Hz, H-2’, H-3', H-5', H- 

6 '). ‘̂ C NMR ppm (CDCI3 ) 11.32 (CH2 CH3 ), 16.04 (SCH3 ), 21.43 (CH2 CH3 ), 36.59 (C-2), 38.97 (C-3), 

126.37, 128.18 (C-2', C-3', C-5', C-6 '), 134.89 (C-T), 136.22 (C-4'). m/z 193 (diastereomer M ^ 71%), 98 

(100), 137 (48), 178 (38), 56 (38). m/z 193 (diastereomer M", 76%), 98 (100), 137 (49), 178 (45), 56 (38).

General preparation of 2-amino-l-(3,4-methylthiophenyl)alkanes (22) and (331) via nitrostyrene 

reduction

To a stirred solution of LiAlH4 (184.45mmol, 7.50g) in dry THF (150ml) under nitrogen there was added, 

dropwise over 30min, a solution of the appropriate l-(4-methylthiophenyl)-2-nitro-l-alkene (37.78mmol) in 

dry THF (100ml). The reaction was then refluxed for 8 hr. After cooling in an ice bath the excess LiAlH4 

was quenched by the successive dropwise additions of propanol-2-ol (7.5ml), 15% aq. NaOH (7.5ml) and 

water (20ml). The aluminium salts were removed by filtration and washed with THF (100ml). All organic 

phases were combined and reduced in vacuo. The resulting residue was dissolved in dichloromethane 

(100ml), dried over anhydrous Na2 S0 4  and solvent removed in vacuo, leaving an oil. The residue was 

purified by flash chromatography on silica gel providing the expected amines (22) and (331), and a number 

o f unexpected impurities including aziridine (367) from the preparation o f (22) and aziridine (368) from the 

preparation o f (331). Oxime (364), ketone (321) and alcohol (369) were also isolated as impurities from the 

preparation o f 4-MTA (22).

2-Aniino-l-(4-methylthiophenyI)propane (22) was prepared from (319) (lO.OOg, 47.79mmol scale) 

according to the general procedure and isolated by flash chromatography on silica gel (eluent : methanol). 

Colourless oil (80%). Spectroscopic analyses were comparable to an authentic sample.

3-Methyl-2-(4-methylthiophenyl)aziridine (367) was isolated as an impurity from the preparation of (22) 

by flash chromatography on silica gel (eluent : diethylether). Amber oil (3%). Rf 0.72 (methanol). 

Spectroscopic analyses were comparable to an authentic sample.

l-(4-Methylthiobenzyl)alcohol (369) was isolated as an impurity from the preparation of (22) by flash 

chromatography on silica gel (eluent : hexane/diethyiether : 50/50). Amber oil (1%) (lit. b.p. 108- 

109°C/0.4mmHg^^^). Rf 0.60 (diethylether/hexane : 80/20. IRv^ax (film) 3350 (OH), 2863 (SCH 3 ) cm"'. 'H 

NMR 5 (CDCI3 ) 1.91 (IH , br s, OH), 2.47 (3H, s, SCH3 ), 4.62 (2H, s, CH2 ), 7.23-7.28 (4H, m, H-2, H-3, H-
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5, H-6 ). ‘̂ C NM R ppm (CDCI3) 15.94 (SCHj), 64.81 (CH2), 126.83, 127.56 (C-2, C-3, C-5, C-6 ), 137.70, 

137.81 (C-1, C-4). m/z 154 (M", 100%), 79 (41), 137 (35), 109 (33), 125 (23).

l-(4-M ethylthiophenyl)-2-propanone (321) was isolated as an impurity from the preparation o f  (22) by 

flash chromatography on silica gel (eluent : hexane/diethylether : 50/50). Amber oil (0.2%). Rf 0.76 

(diethylether/hexane : 80/20. Spectroscopic analyses com parable to an authentic sample.

1-(4-M ethylthiophenyl)-2-propanone oxime (364) was isolated as an impurity from the preparation o f  (22) 

by flash chromatography on silica gel providing a 25/75 mixture o f  syn/anti isomers. Colourless solid 

(0.6%). Rf 0.75 (diethylether/hexane : 80/20). Spectroscopic analyses were com parable to an authentic 

sample.

2-A m ino-l-(4-m ethylthiophenyl)butane (331) was prepared from (320) (8.44g, 37.78mmol scale) 

according to the general procedure and isolated by flash chrom atography on silica gel (eluent ; methanol). 

Colourless oil (74%). Spectroscopic analyses were com parable to an authentic sample.

3-Ethyl-2-(4-m ethylthiophenyl) aziridine (368) was isolated as an impurity from the preparation o f  (331) 

by flash chromatography on silica gel (e lu e n t; diethylether). Am ber oil (7%). Rf 0.51 (diethylether/hexane : 

80/20). Spectroscopic analyses were comparable to an authentic sample.

7.4 EXPERIMENTAL DETAILS -  CHAPTER 4 

Preparation o f  l-(phenyl substituted)-l-n itroethenes (371)-(372)

l-(3,4-M ethylenedioxyphenyl)-l-n itroethene (371) was prepared from piperonal (68) (27.60g, 183.85mmol 

scale) according to general procedure 7.2.1.. Yellow crystals (92%). M.p. 159-160°C (ethylacetate) (lit. m.p. 

161-164“C"^‘’). (KBr) 1630 (C=C), 1604 (C=C), 1493, 1335 (NO2) cm ''. ‘H N M R 6 (CDCI3) 6.08

(2H, s, OCH2O), 6.89 (IH , d, J5,6= 8 .0 Hz, H-5), 7.02 (IH , d, J2,6= 1.5Hz, H-2), 7.10 (IH , dd, J6,5= 8 .0 Hz, 

J6,2=2 .0Hz, H-6), 7.49 (IH , d, J ,,2 = 13.6Hz, H-1'), 7.93 (IH , d, J2m.= 13.6Hz, H-2'). ‘̂ C N M R ppm (CDCI3) 

101.59 (OCH2O), 106.59, 108.61 (C-2, C-5), 123.78 (C-1), 126.07 (C-6), 134.99 (C-1’), 138.55 (C-2’), 

148.34, 150.91 (C-3, C-4). m/z 193 (M", 100%), 146 (55), 89 (48),

l-(4-M ethylth iophenyl)-l-n itroethene (372) was prepared from 4-methylthiobenzaldehyde (90) (27.94g, 

180.00mmol scale) according to general procedure 7.2.1.. Yellow crystals (84%). M.p. 84-85°C (ethanol) 

(lit. m.p. 84-86°C"^’). IRv„,a, (KBr) 1620 (C=C), 1491, 1327 (N O ,) cm'*. 'H  N M R 5 (CDCI3) 2.52 (3H, s, 

SCH3), 7.26, 7.44 (4H, 2d, J=8.5Hz, J=8.5Hz, H-2, H-3, H-5, H-6 ), 7.56 (IH , d, J,..2= 13.6Hz, H -1’), 7.95 

(IH , d, J r . i - 14.lH z, H-2'). ‘̂ C N M R ppm (CDCI3) 14.79 (SCH3), 125.92, 129.38 (C-2, C-3, C-5, C-6 ), 

126.16 (C-4), 136.05 (C-1’), 138.60 (C-2’), 145.07 (C-1). m/z 195 ( M \  85%), 148 (100), 134 (48).
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General preparation of l-(phenyl substituted)-l-n itroethanes (373)-(374)

To a vigorously stirred mixture o f  the appropriate 1-(phenyl substituted)-1-nitroethene (IS.OOmmoI), silica 

gel (30g) and propan-2-ol (45ml) in dichloromethane (240m l) at rt there was added, over a period o f  5min, 

N aBH 4 (61.50mmol, 2.38g). The mixture was stirred for an additional 15min or until the reaction has turned 

from yellow to colourless. Excess NaBH 4 was quenched by the addition o f  dilute HCl (50ml). The mixture 

was filtered and silica gel washed with dichloromethane (100ml). All organic phases were combined and 

washed successively with brine (3x50ml) and water (3x50ml). The organic phase was dried over anhydrous 

Na2S0 4  and solvent removed in vacuo, leaving a brown oil. This was purified by flash chrom atography on 

silica gel.

l-(3 ,4-M ethyienedioxyphenyl)-l-n itroethane (373) was prepared from (371) (2.90g, IS.OOmmoI scale) and 

chromatographed on silica gel (eluent : hexane/diethylether : 75/25). Pale green crystals (91%). M.p. 53- 

54°C (diethylether/hexane) (lit. m.p. 55-56°C^^^). IRv„,ax (KBr) 2780 (OCH2O), 1546, 1385 (NO2) cm‘‘. 'H  

NM R 5 (CDCl3) 3.24 (2H, t, J, r=7.3H z. H -1’), 4.57 (IH , t, J2. i - 7 .3 Hz, H-2'). 5.95 (2H, s, OCHjO), 6.67 

(IH , dd, J6,5=7.8Hz, Js,2=2.0Hz, H-6 ), 6.70 (IH , d, J2,6=1.5Hz, H-2), 6.77 (IH , d, J5,6=7.5Hz, H-5). ‘̂ C NM R 

ppm (CDCI3) 32.73 (C-r), 76.04 (C-2'), 100.68 (OCHjO), 108.15, 108.42 (C-2, C-5), 121.26 (C-6), 128.83 

(C-1), 146.47, 147.59 (C-3, C-4). m/z 195 (M ^ 28% ), 148 (100), 91 (46).

l-(4-lVIethylthiophenyl)-I-nitroethane (374) was prepared from (372) (2.96g, 15.00mmol scale) and 

chromatographed on silica gel (eluent ; hexane/diethylether : 65/35). Amber oil (89%). IRv„,ax (film) 1549, 

1378 (NO2) cm ''. 'H  N M R 5 (CDCI3) 2.46 (3H, s, SCH3), 3.27 (2H, t, J , ,2=7 .3 Hz, H-1’), 4.57 (IH , t, 

J2m'=7 .3 Hz, h-2 '). 7.12, 7.21 (4H, 2d, J=8.0Hz, J=8.0Hz, H-2, H-3, H-5, H-6 ). ‘̂ C N M R ppm (CDCI3) 15.81 

(SCH3), 32.85 (C -r) , 76.16 (C-2'), 127.12, 128.99 (C-2, C-3, C-5, C-6 ), 132.38 (C-4), 137.73 (C-1). m /z 197 

(M \2 4 % ) ,  150(100), 135 (36). HRMS calcd for CsHi.NOzS: (M^") 197.05105, found: 197.05167.

Preparation of l,3-di(phenyl substituted)-2-nitro-l-propenes (375)-(376)

l,3-D i(3,4-m ethylenedioxyphenyl)-2-nitro-l-propene (375) was prepared from (373) and piperonal (6 8 ) 

(8.20g, 42.01mmol scale) according to general procedure 7.2.2 and chrom atographed on silica gel (eluent : 

hexane/ethylacetate : 85/15). Pale yellow crystals (62%). M .p. 144-146°C (dichlorom ethane) (lit. m.p. 

1420C223) 2790 (OCH 2O), 1642 (C=C), 1500, 1323 (NO 2) cm ''. ‘H N M R 5 (CDCI3) 4.21 (2H,

s, H-3), 5.96 (2H, s, OCH 2O), 6.04 (2H, s, OCHjO), 6.68  (IH , d, J6,5= 8 .0 Hz, H-6 ' or -6 "), 6.71 (IH , s, H-2' or 

-2"), 6.77, 6 .88  (2H, 2d, Jj.g^S.OHz, Js,6=8.0Hz, H-5', H-5"), 6.96 (IH , d, J2,6= 1.5Hz, H -2’ or -2"), 7.03 (IH , 

dd, J6,5= 8 .3Hz, J6,2= 1.5Hz, H-6 ' or -6 "), 8.22 (IH , s, H-1). ‘^C NM R ppm (CDCI3) 32.66 (C-3), 101.09, 

101.81 (OCH2O), 108.21, 108.63, 109.01, 109.18 (C-2', C-2", C-5', C-5"), 120.47, 125.96 (C-6 ’, C-6"), 

125.76, 129.76 (C-1’, C-1"), 135.43 (C-1), 146.64, 148.19, 148.48, 149.82 (C-3’, C-3", C-4', C-4", C-2). m/z 

327 (M", 7%), 222 (40), 250 (32).

l,3-D i(4-m ethylthiophenyl)-2-nitro-l-propene (376) was prepared from (374) and 4- 

methylthiobenzaldehyde (90) (3.20g, 21.00mmol scale) according to general procedure 7.2.2 and
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chrom atographed on silica gel (e lu e n t: hexane/diethylether : 70/30). Yellow crystals (73%). M.p. 81-82°C 

(diethylether/hexane). IRv^^x (KBr) 1636 (C=C), 1506, 1312 (NO 2 ) cm ''. ‘H N M R 5 (CDCI3 ) 2.46 (3H, s, 

SCH3), 2.49 (3H, s, SCH3), 4.22 (2H, s, H-3), 7.12, 7.22, 7.24, 7.35 ( 8 H, 4d, J= 8 .6 Hz, J= 8 .6 Hz, J=8.5Hz, 

J=8.0Hz, H-2', H-2", H-3', H-3", H-5', H-5", H-6 ', H-6 "), 8.25 (IH , s, H-1). NM R ppm (CDCI3 ) 14.92, 

15.97 (SCH3), 32.58 (C-3), 125.98, 127.33, 128.08, 130.24 (C-2', C-2", C-3', C-3", C-5', C-5", C-6 ', C -6 "), 

127.98, 133.5 (C-4', C-4"), 137.07, 148.52 (C-1', C -l"), 143.02 (C-2). m/z 331 (M", 15%), 237 (100), 284 

(52). Anal. (C nH nN O .S ,) Calc: C (61.60), H (5.17), N (4.23), Found: C (61.56), H (5.13), N (4.13)%.

Preparation o f  l,3-di(phenyl substituted)-2-propanones (84) and (326)

1.3-Di(3,4-m ethylenedioxyphenyl)-2-propanone (84) was prepared from (375) (7.00g, 21.39mmol scale) 

according to general procedure 7.2.3. Colourless needles (77%). Spectroscopic analyses were com parable to 

an authentic sample.

1.3-Di(4-m ethylthiophenyl)-2-propanone (326) was prepared from (376) (2 .38g, 7.54mmol scale) 

according to general procedure 7.2.3. Colourless needles (72%). Spectroscopic analyses were comparable 

to an authentic sample.

Preparation o f 2-A'-form ylam ino-I,3-di(phenyl substituted)propanes (384)-(385)

2-A'-Form ylam ino-l,3-di(3,4-m ethylenedioxyphenyl)propane (384)'*’ was prepared from (84) (l.50g , 

5.03mmol scale) according to general procedure 7.2.5 and chromatographed on silica gel (eluent : 

diethylether). Colourless needles (20%). M.p. 158-159°C (ethanol). Rf 0.35 (diethylether). IRv„,ax (KBr) 

3290 (NH), 1640 (CHO) cm ''. 'H  NMR 6  (CDCI3 ) 2.63 (0.5H, dd, Jgen,= H .0H z, J,,2 = 8 .5 Hz, H-1), 2.72 

(1.5H, dd, Jgem=14.0Hz, Ji,2 = 7 .0 Hz, H-1), 2.82 (1.5H, dd, Jgem=14.0Hz, Ji,2 = 6 .5 Hz, H-1), 2.86 (0.5H, dd, 

J g e n . =  14.3Hz, Ji,2 = 6 .5 Hz, H-1), 3.68 (0.25H, m, H-2), 4.41 (0.75H, m, H-2), 5.35 (0.75H, d, J=8.0Hz, NH), 

5.59 (0.25H, t, J=10.8Hz, NH), 5.95 (3H, s, OCH 2 O), 5.96 (IH , s, OCHjO), 6.61 (0.5H, d, J6 -,5 = 8 .0 Hz, H-6 '), 

6.65 (1.5H, d, J6.,5.=7.0Hz, H-6 '), 6.70 (2H, d, ij 's - l.O H z , H-2'), 6.76 (1.5H, d, J5,6=8.0Hz, H-5'), 6.77 (0.5H, 

d, J 5 '.6 '=8 .0 Hz, h -5 '), 7.55 (0.25H, d, J=11.6Hz, CHO), 8.08 (0.75H, s, CHO). ‘̂ C N M R ppm (CDCI3 ) 

39.51*, 41.89 (C -l), 50.67*, 56.02 (C-2), 100.92*, 101.01 (0 C H ,0 ) , 108.24*, 108.48, 109.51, 109.55* (C-2', 

C-5'), 122.24*, 122.44 (C-6 '), 130.73, 131.26* (C -l') , 146.32*, 146.55, 147.78*, 147.96 (C-3', C-4'), 

160.60*, 163.73 (CHO). m/z 327 (M^+1, 8 %), 282 (100), 135 (30), 106 (25), 164 (16). Anal. (C igH nN O j) 

Calc: C (66.05), H (5.23), N (4.28), Found: C (66.04), H (5.25), N (4.23)%.

4-(3,4-M ethyIenedioxybenzyl)-5-(3,4-m ethylenedioxyphenyl)pyrim idine (386) was isolated as an 

impurity from the preparation o f  (384) by flash chromatography on silica gel (eluent : diethylether/hexane : 

80/20). Amber crystals (7% ). M.p. 88-90 °C (ethanol). Rf 0.74 (diethylether). IRv^ax (KBr) 2779 

(OCH 2 O), 1609 (C=C) cm ''. ‘H NM R 5 (CDCI3 ) 4.04 (2H, s, CH 2 ), 5.90 (2H, s, OCHjO), 6.05 (2H, s, 

OCH 2 O), 6.50 (IH , dd, J6-.5-=8 .3 Hz, Jg-.^-l.SH z, H-6 "), 6.61 (IH , d, J2 »,6 -= l-5 Hz, H-2"), 6 . 6 8  (IH , d, 

J5-.6- 8 .OHz, H-5"), 6.71 (IH , dd, J 6 ,5 = 7 .8 Hz, J 6 ,2 '= 1 .8 Hz, H-6 '), 6.73 (IH , d, J2 ,6 '= l- 5 Hz, H-2'), 6.90 (IH , d,
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J5 ',6- 8 .0 Hz, H -5’), 8.54 (IH , s, H-6 ), 9.13 (IH , s, H-2). ‘^C N M R  ppm (CDCI3) 40.17 (CH j), 100.42, 100.98 

(OCH 2O), 107.72 (C-5"), 108.13 (C-5'), 108.93 (C-2"), 109.15 (C-2'), 121.47 (C-6 "), 122.53 (C-6 ’), 128.71 

(C -r) , 131.20 (C-1"), 134.21 (C-5), 145.78 (C-3"), 147.21 (C-4"), 147.44 (C-3'), 147.55 (C-4'), 156.70 (C-2), 

156.98 (C-6 ), 165.69 (C-4). m/z 334 (M", 100%), 135 (40), 211 (23), 77 (19), 275 (12). Anal. (C ,9 H ,4N 2 0 4 ) 

Calc: C (68.26), H (4.22), N (8.38), Found: C (68.02), H (4.31), N (8.16)%.

2-yV-ForinyIamino-l,3-di(4-methylthiophenyl)propane (385) was prepared from (326) (1.50g, 4.96mmol 

scale) according to general procedure 7.2.5 and chrom atographed on silica gel (eluent : diethylether). 

Colourless needles (15%). M.p. 132-133°C (diethylether/hexane). Rf 0.27 (diethylether). IRv^ax (KBr) 3326 

(NH), 1658 (CHO) cm ''. 'H  NM R 5 (CDCI3) 2.46 (6 H, s, SCH 3), 2.66 (0.5H, dd, Jgem=14.0Hz, Ji,2 = 8 .5 Hz, 

H-1), 2.74 (1.5H, dd, Jge„,= 14.1Hz, J,.2= 7 .0 Hz, H-1), 2.82 (1.5H , dd, Jgen,= 13.8Hz, J,,2= 6 .5 Hz, H-1), 2.87 

(0.5H, dd, Jgem=13.8Hz, J,,2 =4 .5 Hz, H-1), 3.70 (0.25H, m, H-2), 4.48 (0.75H, m, H-2), 5.35 (0.75H, d, 

J=8.0Hz, NH), 5.60 (0.25H, t, J=I0.8H z, NH), 7.05, 7.20 (2H, 2d, J=8.5Hz, J=8.5Hz, H-2’, H-3', H-5', H-6 '), 

7.10, 7.19 (6 H, 2d, J=8.5Hz, J=8.0Hz, H-2', H-3', H-5', H-6 '), 7.48 (0.25H. d, J=12.0Hz, CHO), 8.01 (0.75H, 

s, CHO). '^C NM R ppm (CDCI3 ) 15.87, 15.95* (SCH 3), 39.23*, 41.64 (C-1), 50.16*, 55.68 (C-1), 126.92*, 

127.04, 129.76*, 129.83 (C-2’, C-3', C-5', C-6 '), 133.82, 134.38* (C-4'), 137.06* (C-1’), 160.60*, 163.68 

(CHO). m/z 331 (M ’, 9%), 286 (100), 137 ( 6 8 ), 119 (65), 166 (34). Anal. (C ijH jiN O S ,) Calc: C (65.22), H 

(6.39), N (4.23), Found: C (65.29), H (6.34), N (4.15)% . HRM S calcd for C ,9 H 24N O S 2 : (M "+H) 346.1299, 

found: 346.1314.

4-(4-lVIethylthiobenzyl)-5-(4-methylthiophenyl)pyrimidine (387) was isolated as an impurity from the 

preparation o f  (385) by flash chromatography on silica gel (eluent : diethylether/hexane : 90/10). Amber 

solid (5%). M.p. 111-112'’C (diethylether/hexane). Rf 0.61 (diethylether). IRv^ax (KBr) 1653, 1595 (C=C) 

cm '‘. 'H  NMR 5 (CDCI3) 2.43 (3H, s, SCH 3), 2.54 (3H, s, SCH 3 ), 4.06 (2H, s, CH 2 ), 6.98, 7.12, 7.15, 7.32 

( 8 H, 4d, J=8.0Hz, J=8.0Hz, J=8.5Hz, J= 8 .6 Hz, H-2', H-2", H-3’, H-3", H-5’, H-5", H-6 ’, H-6 "), 8.54 (IH , s, 

H-6 ), 9.13 (IH , s, H-2). '^C NM R ppm (CDCI3) 15.49, 15.98 (SCH3), 40.49 (CH2), 126.36, 126.90, 129.33,

129.54 (C-2’, C-2", C-3', C-3", C-5’, C-5", C-6 ', C-6 "), 131.94, 134.50 (C-4', C-4"), 134.84 (C-5), 136.53,

139.54 (C-r, C-1"), 157.09, 157.50 (C-2, C-6 ), 165.83 (C-4). m/z 338 ( M \ 100%), 137 (29), 122 (19), 290 

(19), 323 (13). Anal. (C.sHigNS,) Calc: C (67.42), H (5.36), N (8.28), S (18.95), Found: C (67.13), H 

(5.38), N (8.08), S (18.89)%

Preparation o f 2-(A^-formyl-A^-methyI)amino-l,3-di(phenyl substituted)propanes (388)-(389)

2-(A^-Forinyl-A^-niethyl)amino-l,3-di(3,4-methylenedioxyphenyl)propane (388)'*^ was prepared from (84) 

(0.75g, 2 .5 1 mmol scale) according to general procedure 7.2.6. A m ber solid (58%). M.p. 118-120°C. Rf 

0.48 (diethylether). IR v^,, (KBr) 2781 (OCH2O), 1661 (CHO) cm ''. ‘H N M R  5 (CDCI3) 2.67 (0.6H, s, 

NCH3), 2.79 (2.4H, s, NCH3), 2.73-2.84 (4H, m, H-1), 3.70 (0.8H, m, H-2), 4.63 (0.2H, m, H-2), 5.90 (0.6H, 

s, OCH2O), 5.91 (2.4H, s, OCH 2 O), 6.55 ( I . 6 H, dd, J6 ,5 = 8 .0 Hz, Je.2.= 1.5Hz, H-6 '), 6.58 (1.6H, d, J2 ,6 '= l- 5 Hz, 

H-2'), 6.65 (0.4H, dd, J6’,5 = 7 .8 Hz, Jg. 2- I . 8 HZ, H-6 ’), 6.68-6.75 (2.4H, m, H -2’, H-5’), 7.55 (0.8H, s, CHO), 

7.89 (0.2H, s, CHO). '^C NM R ppm (CDCI3) 24.86* (NCH3), 36.77, 37.95* (C-1), 62.31* (C-2), 100.40, 

100.54* (OCH2O), 107.74, 108.02*, 108.43*, 108.75 (C-2’, C-5’), 121.31* (C-6 ’), 130.77*, 131.30 (C - l’),
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145.71, 146.00*, 147.24, 147.50* (C-3', C-4’), 162.50*, 162.58 (CHO). m/z 341 (M", 4% ), 282 (100), 206

(65), 178 (55), 149 (45). Anal. (C^H igN Oj) Calc: C (66.85), H (5.61), N  (4.10), Found: C (66.78), H (5.66), 

N (4.02)%.

2-(A'-Forinyl-A'-inethyI)amino-l,3-di(4-methylthiophenyl)propane (389) was prepared from (326) (l.OOg, 

3.31mmol scale) according to general procedure 7.2.6. Am ber oil (29%). Rf 0.32 (diethylether/hexane : 

85/15). IRv„,3  ̂ (film) 1666 (C H O ) cm ''. 'H  N M R  5 (C D C I3 ) 2.45 (6 H, s, SCHj), 2.63 (0.6H, s, N C H 3 ), 2.80 

(2.4H, s, N C H 3 ), 2.83-2.94 (4H, m, H-1), 3.47 (0.8H, m, H-2), 4.75 (0.2H, m, H-2), 6.99, 7.12 (1.6H, 2d, 

J=9.0Hz, J=8.5Hz, H-2', H-3', H-5', H-6 '), 7.00, 7.18 (6.4H, 2d, J= 8 .6 Hz, J= 8 .6 Hz, H-2', H-3', H-5', H-6 '), 

7.51 (0.8H, s, C H O ), 7.85 (0.2H, s, C H O ). ‘̂ C N M R  ppm (C D C I3 ) 15.89, 15.90* {S C H 3 ), 25.44*, 30.31 

(N C H 3 ), 37.10, 38.26* (C -1 ), 62.37* (C-2), 126.93, 127.14*, 129.18*, 129.34 (C-2', C-3', C-5', C-6 '), 

134.29*, 134.83 (C-4'), 136.34, 137.00* (C-T), 162.88*, 163.03 (C H O ). m/z 345 ( M \  7%), 286 (100), 208

(6 6 ), 180 (45), 151 (42).

Preparation o f 2-am ino-l,3-di(phenyl substituted)propanes (391)-(392) via A'^-formyl hydrolysis

To a stirred solution o f  the appropriate 2-Af-formylamino-l,3-di(piienyl substituted)propane (0.47mmol) in 

methanol (4ml) there was added 30%  aq. HCl (10ml) and the solution was refluxed for 7hr. After cooling the 

reaction was diluted with water (25ml) and washed with dichloromethane (3x10ml). The aqueous phase was 

made basic with 15% aq. NaOH and extracted with dichloromethane (3x10ml). The organic phases were 

combined, dried over anhydrous Na2 S0 4  and solvent removed in vacuo, leaving the product as an oil.

2-Am ino-l,3-di(3,4-m ethyIenedioxyphenyI)propane (391)'*^ was prepared from (384) (0.15g, 0.47mmol 

scale) according to the general procedure. Pale am ber oil (74%). Rf 0.46 (methanol). IRv^ax (film) 3401 

(NH 2), 2784 (OCH 2 O) cm-'. 'H  NM R 5 (CDCI3) 1.59 (2H, br s, N H j), 2.44 (2H, dd, Jgem=13.5Hz, 

Ji,2 = 8 .5 Hz, H-1), 2.73 (2H, dd, Jge„=13.6Hz, J,.2 = 5 .0 Hz, H-1), 3.14 (IH , m, H-2), 5.91 (4H, s, OCH 2 O), 6.64 

(2H, dd, J6',5'=7.8Hz, J6 'r= l-5H z, H-6 '), 6.69 (2H, d, H2',6'=l-5Hz, H-2'), 6.74 (2H, d, J 5. 6- 8 .OHz, H-5'). '^C 

NM R ppm (C D C I3 ) 43.73 (C-1), 54.30 (C-2), 100.74 (OCHjO), 108.14, 109.39 (C-2’, C-5’), 122.04 (C-6 ’), 

133.08 (C-1'), 145.96, 147.64 (C-3', C-4'). m/z 299 (M*, 3%), 164 (100), 106 (29), 135 (26), 77 (21). HRMS 

calcd for C ,7H ,8N 0 4 : (M "+H) 300.1236, found: 300.1235. HCI salt. Colourless solid. M.p. 2 3 2 -2 3 5 T  

(dec.). IRv^ax (KBr) 2687, 2615, 2490 (N H ^  cm ''.

2-A m ino-l,3-di(4-m ethylthiophenyl)propane (392) was prepared from (385) (0.12g, 0.40mmol scale) 

according to  the general procedure. Pale am ber solid (84%). M.p. 52-53°C. Rf 0.27 (methanol). IRvmi^ 

(KBr) 3340 (NH 2) cm ''. 'H  NMR 5 (CDCI3) 1.45 (2H, s, NH j), 2.47 (6 H, s, SCH 3), 2.51 (2H, dd, 

Jgem=13.5Hz, J,,2 = 8 .5 H z, h - 1 ) ,  2.79 (2H, dd, Jgem =I3.3H z, J,,2 = 5 .0 H z, H-1), 3.22 (IH , m, H-2), 7.13, 7.21 

( 8 H, 2d, J = 8 .5 H z, J = 8 .5 H z, H-2', H -3’, H -5 ’, H-6 ’). '^C NM R ppm (C D C I 3 ) 16.15 (S C H 3 ), 43.59 (C-1), 54.09 

(C-2), 127.12, 129.77 (C-2', C-3', C-5', C-6 '), 136.06, 136.35 (C-1’, C-4’). m/z 303 (M ^ 1%), 137 (100), 166 

(82), 119 (70), 91 (33). Anal. (C 17H2 1NS 2 ) Calc; C (67.28), H (6.97), N (4.62), Found: C (67.36), H (7.02), N 

(4.67). HCI salt. Colourless solid. M.p. 2 4 8 -2 5 2 °C  (dec.). IRv„,ax (KBr) 2579, 2478 (NH^) cm ''. Anal. 

(C n H zjC lN S j) Calc: C (60.06), H (6.52), N  (4.12), Found: C (5 9 .9 8 ) , H (6.39), N  (4.11)%.
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P rep aration  o f  2-A ^-m ethylam ino-l,3-d i(phenyl su b stitu ted )p ro p a n es (393 )-(394 ) via A^-formyl-A^- 

m ethyl hydrolysis

To a stirred solution o f  the appropriate l,3-d i(phenyl substituted)-1-Af-formyl-A^-methylamino propane 

(0 .65m m ol) in methanol (25m l) there w as added conc. HCl (2 .5m l) and the solution was refluxed for 7hr. 

Af^er cooling the reaction was diluted with water (100m l) and washed with dichloromethane (3x30m l). The 

aqueous phase was made basic with 15% aq. NaO H  and extracted with dichloromethane (3x50m l). The 

organic phases were com bined, dried over anhydrous N a 2 S 0 4  and solvent removed in vacuo, leaving the 

product as an oil.

2 -A '-M eth y lam in o-l,3 -d i(3 ,4 -m eth y ien ed ioxyp heny l)p rop an e (3 9 3 )‘*̂  was prepared from (388) (0 .25g, 

0.73m m ol scale). Pale amber oil (84% ). Rf 0.38 (m ethanol). lR v„^  (film ) 3336 (N H ), 2791 (N CH 3) cm'*. 

‘H N M R  5 (CDCl3) 1.72 (IH , br s, NH ), 2 .39  (3H , s, CH 3), 2 .57  (2H , dd, Jgem=13.8Hz, Ji,2= 6 .3 Hz, H-1'), 

2.64 (2H , dd, Jge™=13.8Hz, J,.2=6 .8 Hz, H -1), 2 .79  (IH , m, H -2), 5 .92  (4H , s, 0 C H ,0 ) ,  6 .62 (2H , dd, 

J6 ,5 = 7 .5 Hz, J6.,2'=1 .5 Hz, H-6 '), 6 . 6 6  (2H, d, H2 .6'= 1 .5 Hz, H -2’), 6 .73 (IH , d, Jj-.g-S.OHz, H-5'). ‘^C N M R  ppm 

(CDCI3) 34 .09  (NCH 3), 39 .78  (C -1), 62 .94  (C -2), 100.80 (O C H 2O), 108.16, 109.46 (C-2', C-5'), 122.17 (C- 

6 '), 133.06 (C -r ), 145.95, 147.67 (C-3', C-4'). w /z 313 (M " -l, 1%), 178 (100), 135 (30), 120 (20), 77 (20). 

HRMS calcd for C 18H 20N O 4 : (M"+H) 314 .1392 , found: 314 .1374 .

2-/V -M eth y la in in o-l,3 -d i(4 -m eth y lth iop h en y l)p rop an e (394 ) was prepared from (389 ) (0 .20g , 0.58m m ol 

scale). Pale amber oil (76% ). Rr 0.28 (m ethanol). IRv^a^ (film ) 3310  (NH), 2797  (NCH3) cm ‘‘. 'H NMR  

5 (C D C l3) 1.68 (IH, br s, NH), 2.41 (3H , s, NCH3), 2 .49  (6 H, s, SCH3), 2.63 (2H , dd, Jge.„=13.8Hz, 

J,.2= 6 .3 Hz, H-1), 2 .70  (2H , dd, Jgem=13.8Hz, J,,2= 6 ,8 Hz, H -1), 2 .90  (IH , m, H-2), 7 .12 , 7 .22 ( 8 H, 2d, 

J=8.0H z. J=8.5H z, H-2', H -3’, H-5’, H-6 ’). ‘^C NMR ppm (CDCI3) 16.12 (SCH3), 34.12 (NCH3), 39.56  (C -1), 

62.58 (C -2), 127.04, 129.79 (C -2’, C -3’, C -5’, C-6 '), 135.86, 136.35 (C -T , C -4’). m/z 317  (M ^-1, 1%), 180 

(100), 133 (43), 137 (22), 42 (14). HRMS calcd for C,gH24NS2; (M"+H) 318 .1350 , found: 318 .1355 .

A ttem pted  preparation  o f  2-A ^-m ethylam ino-l,3-d i(phenyl su b stitu ted )p rop an es (3 9 3 )-(394 ) via N- 

form yl reduction

A solution o f  the appropriate 2-A^-formylamino-l,3-di(phenyl substituted)propane (1 .59m m ol) in dry THF  

(20m l) was added dropwise over 15 min to a stirred solution o f  L iA lH 4 (6 .59m m ol, 0 .25g) in dry THF  

( 100ml) under an atmosphere o f  nitrogen. The reaction w as allow ed to reflux for 24  hr. After coolin g  in an 

ice bath excess hydride was decom posed by the dropwise addition o f  propan-2-ol (0 .5m l), 15% aq. N aO H  

(0.5m l) and water ( 8 ml). The inorganic aluminium salts were rem oved by filtration and w ashed with THF  

(50m l). The organic phases were com bined and rem oved in vacuo, leaving a residue w hich was d issolved  in 

10% aq. HCl (50m l). This was washed with dichlorom ethane (3x25m l), aqueous phase basified with 15% 

aq. NaOH, and extracted with dichloromethane (3x25m l). On exam ination o f  the extracts by TLC, the 

reaction was unsuccessflil.
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Attem pted preparation o f  2-amino- and 2-A'-m ethylam ino-l,3-di(phenyl substituted)propanes (391)- 

(394) via reductive amination

To a mixture o f  the appropriate l,3-di(phenyl substituted)-2-propanone (0.85mmol) in dry methanol (10ml) 

there was added either ammonium acetate (R 3 =H) or methylamine HCl (6.80mm ol) and sodium 

cyanoborohydride (3.98mmol, 0.25g) and was then stirred at rt for 72hr. The pH o f  the reaction was 

occasionally adjusted to pH 5-6 by the addition o f  4M m ethanolic HCl as determined by damp universal pH 

paper. Excess hydride was decom posed by the addition o f  10% aq. HCl (50ml) and resulting aqueous phase 

washed with dichloromethane (3x20ml). The aqueous phase was basified with 15% aq. NaOH solution and 

extracted with dichloromethane (3x30ml). The organic extracts were combined, dried over anhydrous 

N a 2 S 0 4 , and volatiles removed in vacuo. On examination o f  the extracts by TLC, the reaction was 

unsuccessful.

Preparation o f l,2-di(phenyl substituted)-2-propanone oximes (395)-(396)

1.3-Di(3,4-m ethylenedioxyphenyi)-2-propanone oxime (395) was prepared from (84) (3.00g, 10.06mmol 

scale) according to general procedure 7.2.11 without the need for purification by flash chromatography. 

Colourless needles (83%). M.p. 106-107°C (ethanol/water). Rf 0.05 (hexane/dichloromethane : 80/20). 

lRv„,ax (KBr) 3251 (OH) cm ''. 'H  N M R 5 (CDCI3 ) 3.37 (2H. s, H-1), 3.59 (2H, s, H-3), 5.95 (4H, s, 

O CH 2 O), 6.62-6.66 (2H, m, H-6 '), 6 . 6 8  (IH , d, J2 ',6 '= l- 5 Hz H-2’), 6.72 (IH , d, J2 ',6 = 1 0 Hz H-2'), 6.73-6.77 

(2H, m, H-5'), 8.60 (IH , s, OH). '^C NM R ppm (CDCI3 ) 31.62 (C-3), 38.75 (C-1), 100.44, 100.49 (OCH 2 O), 

107.77, 107.80 (C-5’), 109.05, 109.26 (C-2'), 121.76 (C-6 '), 129.55, 129.78 (C-1’), 145.75, 146.01, 147.34, 

147.36 (C-3’, C-4’), 158.81 (C-2). m/z 313 (M*, 30%), 135 (100), 77 (14), 51 ( 8 ), 160 (4). Anal. 

(C pH isN O j) Calc: C (65.17), H (4.83), N  (4.47), Found: C (65.15), H (4.78), N (4.32)%.

1.3-Di(4-m ethyIthiophenyl)-2-propanone oxime (396) was prepared from (326) (0.80g, 2.64mmol scale) 

according to  general procedure 7.2.11 without the need for purification by flash chromatography. Colourless 

needles (73%). M.p. 109-110°C (ethanol/water). RfO.78 (dichloromethane/hexane : 80/20). IRv„,ax (KBr) 

3229 (OH) cm‘‘. 'H  NM R 5 (CDCI3 ) 2.50 (3H, s, SCHj), 2.51 (3H, s, SCH 3 ), 3.42 (2H, s, H-1), 3.63 (2H, s, 

H-3), 7.05, 7.07, 7.17, 7.18 ( 8 H, 4d, J=8.0Hz, J=8.0Hz, J=8.0Hz, J=8.0Hz H-2', H-3’, H-5’, H-6 ’). ‘̂ C NM R 

ppm (CDCI3 ) 16.06, 16.07 (SCH 3 ), 32.04 (C-3), 39.06 (C-1), 127.04, 127.09, 129.62, 129.70 (C-2’, C-3’, C- 

5', C -6 '), 133.18, 133.36 (C-4’), 136.38, 136.78 (C-1'), 158.83 (C-2). m/z 3 \1  (M", 32%), 301 (100), 138 

(46), 123 (43), 163 (31). Anal. (C 1 7H 19N O S 2 ) Calc: C (64.32), H (6.03), N  (4.41) Found; C (64.33), H (5.96), 

N (4.42)%.

Preparation o f  l,3-di(phenyl substituted)-2-am inopropanes (391)-(392) via oxime reduction

2-Am ino-l,3-di(3,4-m ethylenedioxyphenyl)propane (391) was prepared from (395) (2.00g, 6.38mmol 

scale) according to general procedure 7.2.12. Pale amber oil (27%). Spectroscopic analyses were 

com parable to an authentic sample.
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2-(3,4-M ethylenedioxybenzyl)-3-(3,4-m ethylenedioxyphenyl)aziridine (397) was isolated as an impurity 

from the preparation o f  (391) by flash chromatography on silica gel (eluent : diethylether/methanol : 90/10). 

Colourless needles (62%). M.p. 78-79°C (ethanol). Rf 0.85 (methanol). IRv.^^ (KBr) 3166 (NH), 2770 

(OCH 2 O) cm-'. ‘H N M R 5 (CDCI3 ) 1.08 (IH , s, NH), 2.36-2.43 (3H, m, H-2, CH,), 3.26 (IH , d, J 3 ,2 = 6 .0 Hz, 

H-3), 5.88 (2H, m, OCH 2 O), 5.94 (2H, s, OCH 2 O), 6.52 (IH , dd, J 6 ..5 .=8 .0 Hz, J6,r=1.5Hz, H-6 '), 6.60 (IH , d, 

J r .6  = 1.5Hz, H-2'), 6 . 6 8  (IH , d, J 5 .6 - 8 .OHz, H-5’), 6.78 (IH , d, Js'.g-S.OHz, H-5'), 6 . 8 6  ( IH , d, J6 ',5 = 8 .0 Hz, H- 

6 '), 6.90 (IH , s, H-2'). NM R ppm (CDCI3) 33.93 (CH 2 ), 36.83 (C-1), 38.61 (C-2), 100.68, 100.85 

(OCH 2 O), 107.89, 108.05 (C-5'), 108.23, 109.18 (C-2'), 120.91, 121.42 (C-6 '), 131.46, 133.56 (C-T), 145.79, 

146.44, 147.43, 147.46 (C-3', C-4'). m/z 297 ( M \  65% ), 135 (100), 77 (58), 51 (41), 106 (20). Anal. 

(C ,7 H i5 N 0 4 ) Calc: C (6 8 .6 8 ), H (5.09), N  (4.71), Found: C (68.62), H (5.04), N (4.56)%.

2-AiTiino-l,3-di(4-m ethylthiophenyl)propane (392) was prepared from (396) (0.45g, 1.42mmol scale) 

according to general procedure 7.2.12. Pale amber solid (17% ). Spectroscopic analyses were com parable to 

an authentic sample

2-(4-M ethylthiobenzyl)-3-(4-m ethylthiophenyI)aziridine (398) was isolated as an impurity from the 

preparation o f  (392) by flash chromatography on silica gel (eluent : diethylether). Colourless needles (61%). 

M.p. 97-99'^C (diethylether/hexane). Rf 0.64 (methanol). IRVmax (KBr) 3174 (NH) cm‘‘. ‘H NM R 

5 (CDCI3 ) 1.13 (IH , s, NH), 2.35 (IH , dd, Jgem=14.3Hz, J=6.3Hz, CH ,), 2.44 (3H, s, SCH 3 ), 2.48 (IH , dd, 

Jjen.= 12.6Hz, J=1.5Hz, CH 2 ), 2.49 (3H, s, SCHj), 2.52 (IH , m, H-2), 3.30 (IH , d, J 3 ,2 = 6 .5 Hz, H-3), 6.98, 

7.15, 7.24, 7.31 (8 H, 4d, J=8.5Hz, J=8.5Hz, J=8.0Hz, J=8.0Hz, H-2', H-3', H-5', H-6 '). ‘̂ C N M R ppm 

(CDCI3 ) 16.06, 16.26 (SCH 3 ), 33.75 (CH 2 ), 36.77 (C-1), 38.53 (C-2), 126.46, 127.07, 128.30, 129.23 (C-2', 

C-3', C-5', C-6 '), 134.50, 135.70, 136.69, 136.77 (C-1', C-4'). m/z 301 (M", 17%), 137 (100), 122 (60), 78 

(30), 9 1 (1 5 ). Anal. (C n H |9N S 2 ) Calc: C (67.73), H (6.35), N (4.65), Found: C (67.70), H (6.30), N (4.68)% .

General preparation o f 2-yV-acetylamino-l,3-di(phenyl substituted)propanes (399)-(400)

To a stirred solution o f  the appropriate 2-am ino-l,3-di(phenyl substituted)propane (2.92m m ol) in pyridine 

(6 ml) was added acetic anhydride (5.84mmol, 0.60g, 0.55ml) and the mixture was stirred at rt for Ihr. The 

reaction was acidified with 10% aq. HCl (100ml) and extracted with dichlorom ethane (3x25ml). The 

extracts were combined, dried over anhydrous N a 2 S 0 4  and volatiles rem oved in vacuo, generating an am ber 

oil which slowly solidified. Recrystallisation provided the pure product.

2-A'-Acetylam ino-l,3-di(3,4-m ethylenedioxyphenyl)propane (399) was prepared from (391) (0.87g, 

2.92mmol scale) according to the general procedure. Colourless solid (65%). M.p. 133-134°C 

(ethylacetate/hexane). Rf 0.73 (methanol). IRv^^x (KBr) 3288 (NH), 2789 (OCHjO), 1643 (CO CH 3 ) cm’'. 

'H  NM R 5 (CDCl3 ) 1.87 (3H, s, COCH 3 ), 2.66 (2H, dd, Jge„=14.1Hz, J,,2 = 7 .0 Hz, H-1), 2.74 (2H, dd, 

Jgem=14.0Hz, J,,2 = 6 .0 Hz, H-1), 4.31 (IH , m, H-2), 5.17 (IH , d, J=7.5Hz, NH), 5.93 (4H, s, OCH 2 O), 6.61 

(2H, dd, J6.,5’=7.8Hz, J6 .,2 .= 1.5Hz, H-6 '), 6.67 (2H, d, H2.,6’= l-5H z, H-2'), 6.73 (2H, d, J5.,6'=7.5Hz, H-5'). ‘̂ C 

N M R  ppm (CDCI3 ) 22.97 (COCH 3 ), 39.01 (C-1), 51.06 (C-2), 100.43 (OCH 2 O), 107.74, 109.13 (C-2', C-5'), 

121.75 (C-6'), 131.14 (C-r), 145.77, 147.28 (C-3', C-4 '), 169.00 (CO CH 3 ). w /z341 (M "+ l, 41% ), 282 ( 1 0 0 ),
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164 (25), 135 (25), 106 (24). Anal. (CisHisNOj) Calc: C (66.85), H (5.61), N (4.10), Found: C (66.56), H 

(5.70), N (4.07)%.

2-/V-Acetylam ino-13-di(4-m ethylthiophenyl)- propane (400) was prepared from (392) (0.48g, 1.58mmol 

scale) according to the general procedure. Pale am ber needles (64%). M.p. 137-138°C 

(diethylether/dichlororaethane). Rf 0.83 (methanol). IRv„,ax (KBr) 3294 (NH), 1647 (COCH3) cm"'. 'H  

NM R 8 (CDCI3) 1.85 (3H, s, COCH3), 2.46 (6H, s, SCH3), 2.70 (2H, dd, Jgen,= 14.0Hz, J i.2’=7.0H z, H-1), 2.79 

(2H, dd, Jgen,= 14.0Hz, J i,2'=6 .5Hz, H-1), 4.41 (IH , m, H-2), 5.24 (IH , d, J=8.0Hz, NH), 7.09, 7.19 (8H, 2d, 

J=8.0Hz, J=8.0Hz, H-2', H-3', H-5', H-6'). ‘̂ C N M R ppm (CDCI3) 15.98 (SCH3), 23.37 (COCH3), 39.14 (C- 

1), 50.99 (C-2), 126.87, 129.76 (C-2', C-3', C-5', C-6 '), 134.70 (C-4'), 136.35 (C-4'), 169.46 (COCH3). m/z 

345 (M", 5%), 166 (100), 286 (85), 119 (35), 137 (26). Anal. (C 19H23N O S2) Calc: C (66.05), H (6.71), N 

(4.05), Found: C (65.75), H (6.69), N (4.01)%.

General preparation o f 2-N-ethylam ino-l,3-di(phenyl substituted)propanes (401)-(402)

To a stirred suspension o f  L1A 1H4 (32.94mmol, 1.25g) in dry THF (100ml) under nitrogen was added 

dropwise over 15min a solution o f  the appropriate 2-A'-acetylamino-l,3-di(phenyl substituted)propane 

(7.50mmol) in dry THF (100ml) and the reaction was refluxed for 24 hr. After cooling the reaction in an ice 

bath, excess LiAlH4 was decom posed by the successive dropwise additions o f  propan-2-ol (1.5ml), 15% aq. 

NaOH (1.5ml) and water (12ml). The formed inorganic aluminium salts were removed by filtration and 

washed with THF (50ml). All organic phases were com bined and volatiles removed in vacuo, leaving a 

residue that was dissolved in dichloromethane (100ml). This was dried over anhydrous N a2S04 and solvent 

again removed in vacuo, leaving a residue that was purified by flash chromatography on silica gel.

2-/V-Ethylam ino-l,3-di(3,4-m ethylenedioxyphenyl)propane (401) was prepared from (399) (2.56g, 

7.50mmol scale) and chromatographed on silica gel (eluent : methanol). Pale am ber oil (33%). Rf 0.56 

(methanol). IRv^^x (film) 3283 (NH) cm ''. ‘H N M R 8 (CDCI3) 1.02 (3H, t, J=7.0Hz, NCH2C//3), 2.57-2.68 

(7H, m, H-1, NC//2CH3), 2.93 (IH , m, H-2), 3.73 (IH , b r s, NH), 5.90 (4H, s, OCH2O), 6.61 (2H, dd, 

J6',5=7.8Hz, J6,2'=2.0Hz, h - 6'), 6.65 (2 H, d, H2',6'=2.0Hz, H -2 '), 6.72 (2H, d, Jj'.s^S.OHz, H-5'). ‘̂ C N M R ppm 

(CDCI3) 15.14 (NCH2CH3), 40.06 (C-1), 41.46 (NCH2CH3), 61.17 (C-2), 100.75 (OCHjO), 108.12, 109.37 

(C-2', C-5'), 122.11 (C-6'), 130.19 (C-1'), 145.93, 147.64 (C-3', C-4'). m/z 327 (M^+1, 1%), 192 (100), 164 

(99), 135 (30), 106 (19). HCl salt. Colourless solid. M .p. 164-167°C (ethanol/hexane). IRv„,ax (KBr) 2481 

(NH") cm-‘. Anal. (C ,9H22C1N 04) Calc: C (62.72), H (6.09), N  (3.85), Found: C (62.89), H (6.11), N 

(4.04)%.

2-A'^-Ethylamino-13-di(4-methylthiophenyl)propane (402) was prepared from (400) (l.OOg, 2.89mmol 

scale) and chromatographed on silica gel (eluent : methanol). Pale am ber oil (30%). Rf 0.46 (methanol). 

IRvniax (film) 3312 (NH) cm‘‘. ’H N M R 8 (CDCI3) 0.99 (3H, t, J=7.0Hz, NCH2C//J), 1.31 (IH , br s, NH), 

2.46 (6H, s, SCH3), 2.59-2.69 (6H, m, H-1, NC//2CH3), 2.98 (IH , m, H-2), 7.09, 7.19 (8H, 2d, J=8.0Hz, 

J=8.0Hz, H-2', H-3', H-5', H-6 '). ‘̂ C NM R ppm (CDCI3) 15.28 (NCH2CH3), 16.07 (SCH3), 39.99 (C-1), 

41.53 (NCH2CH3), 60.72 (C-2), 126.96, 129.73 (C-2 ', C-3', C-5', C-6 '), 135.78, 136.36 (C-1', C-4'). m/z 331
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(M ‘+ l ,  2%), 194 (100), 137 (23), 147 (22), 122 (13). HCl salt. Colourless solid. M.p. 156-158°C 

(ethanol/hexane). lRv„ax (KBr) 2618, 2480, 2353 (NH^) cm‘‘. Anal. (C 1 9H 2 6 CINS2 ) Calc; C (62.01), H 

(7.12), N  (3.81), Found: C (62.05), H (7.05), N (3.80)%.

7.5 EXPERIMENTAL DETAILS -  CHAPTER 5

G eneral preparation of 2-(A^-methylaniino-A'-trif1uoroacetyl)-l-(3,4-niethylenedioxyphenyl)alkanes 

(403)-(404)

To a solution o f  the appropriately substituted 2-(jV-methylam ino)-l-(3,4-methylenedioxyphenyI)alkane 

(62.12mm ol) in dry dichloromethane (150ml) under nitrogen, cooled in an ice-bath, was added, dropwise, 

triethylam ine (62.12mmol, 6.29g, 8 .6 6 ml) followed by trifluoroacetic anhydride (124.24mm ol, 26.09g, 

17.55ml). The reaction was allowed to stir at 0-5°C for 15min and for a further 2hr at rt. It was then washed 

with dilute HCl (3x75ml), 5% aq. NaHCOs (2x50ml), water (50ml) and brine (50ml). The organic phase was 

dried over anhydrous Na2 S0 4  and solvent removed in vacuo. The resulting residue was purified by flash 

chromatography on silica gel.

2-(A^-IVlethylaniino-A^-trifIuoroacetyl)-l-(3,4-methylenedioxyphenyI)propane (403)"''’ was prepared from 

(24) (12.00g, 62.10mmol scale) and chromatographed on silica gel (eluent: diethylether/hexane : 50/50). 

Amber oil (89%). lRv„,„ (film) 2897 (NCHj), 2780 (OCHjO), 1689 (NCOCF 3 ) cm’'. 'H  NM R 5 (CDCI3 ) 

1.20 (1.8H. d, J 3 ..2 .=6 .8 Hz, H-3'), 1.22 (1.2H, d, J3 ',2 ’= 7 .0 Hz, H-3'), 2.68 (0.4H, dd, Jgem=13.8Hz, Jrr= 7 .3 H z , 

H-1'), 2.69 (0.6H, dd, Jgem=I3.9Hz, J ,.2 '=7 .5 Hz, H-1'), 2.77 (0.6H, dd, Jgem=13.8Hz, J ,.2 ’= 7 .8 Hz, H-1’), 2.81 

(0.4H, dd, J g e„ = 1 3 .8 H z ,  J , ,2 '= 7 .3H z ,  H-1'), 2.92 (1.2H, s, NCH 3 ), 2.94 ( 1 . 8 H ,  s, N CH 3 ), 4.18 (0.4H, m, H-2'), 

4.73 (0.6H, m, H-2'), 5.92 (1.8H, s, OCH.O), 5.93 (1.2H, s, OCH 2 O), 6.58 (0.4H, dd, J6 .5 = 7 .8 Hz, J6 ,2 = 1 .8 Hz, 

H-6 ), 6.61 (0.6H, dd, J6,5=7.8Hz, J6,2=1.8Hz, H-6 ), 6.62 (0.4H, d, H2,6=2.3Hz, H-2), 6.67 (0.6H, d, 

H 2 .5 = 1 .5 Hz, H-2), 6.72 (0.6H, d, J 5 ,6 = 7 .8 Hz, H-5), 6.73 (0.4H, d, J5 ,6 = 8 .0 Hz, H-5). *^C N M R  ppm (CDCI3 ) 

16.50*, 17.81 (C-3'), 27.92*, 29.06 (NCH 3 ), 39.13*, 40.71 (C-1'), 52.80*, 54.41 (C-2'), 100.90*, 100.99 

(OCH 2 O), 108.22*, 108.39 (C-5), 109.16 (C-2), 116.44* (q, ^Jc.f=288Hz, COCF3), 121.76*, 121.98 (C-6 ), 

130.74, 131.14* (C-1), 146.33*, 146.54, 147.76*, 147.86 (C-3, C-4), 158.39 (q, % ,f= 36H z, COCF3). 'V  

NM R ppm (CDCI3) -70.43*, -68 .78  (COCFj). m/z 289 (M", 25%), 162 (100), 154 (90). HRM S calcd for 

C n H ,5 F 3 N 0 3 : (M^+H) 190.1004, found: 290.0981.

2-(W -M ethylamino-A^-trifluoroacetyl)-l-(3,4-methylenedioxyphenyl)butane (404) was prepared from (27) 

(12.93g, 62.39mmol scale) and chromatographed on silica gel (eluent: diethylether/hexane : 50/50). A m ber 

oil (92%). IRv„3.., (film) 2882 (NCH3), 2779 (OCH 2 O), 1689 (NCOCF3) cm '‘. 'H  N M R  5 (CDCI3) 0.84 

(1.2H, t, J4 '3 '=7 .0 Hz, H-4'), 0.87 (1.8H, t, J « ’=7.5Hz, H-4'), 1.51-1.65 (2H, m, H-3'), 2.69 (0.4H, dd, 

Jge„,= 13.3Hz, J ,.2 = 6 .0 Hz, H-1'), 2.74 (1.2H, m, H-1'), 2.79 (0.4H, dd, Jge„=13.3Hz, J,.r=6.5H z, H-1'), 2.89 

(1.8H, d, J=1.5Hz, NCH3), 2.92 (1.2H, d, NCH3), 3.89 (0.4H, m, H-2'), 4.57 (0.6H , m, H-2'), 5.92 (1.2H, s, 

OCH 2 O), 5.93 (0.8H, s, OCH 2 O), 6.55-6.61 (IH , m, H-6 ), 6.66-6.70 (IH , m, H-2), 6.73-6.77 (IH , m, H-5). 

‘̂ C N M R  ppm (CDCI3) 10.20, 10.53* (C-4'), 23.91*, 24.28 (C-3'), 27.81 (NCH3), 37.89*, 39.79 (C-1'), 

58.87*, 60.42 (C-2'), 100.90*, 101.00 (OCHjO), 108.22*, 108.39, 109.16*, 109.29 (C-5, C-2), 116.54* (q,
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^Jc,f=288Hz, COCF3) 121.73*, 122.12 (C-6 ), 130.77, 131.15* (C-1), 146.31*, 146.70, 147.76*, 147.85 (C-3, 

C-4), 158.32 (q, ^Jc,f=36Hz, COCF3). '^F NMR ppm (CDCI3 ) -7 0 .4 1 * ,  -6 7 .6 5  (COCFj). m/z 303 (M", 

11%), 168 (100), 176(76) .  HRMS calcd for CnHnFsNOj: (M^+H) 304 .1161 ,  found: 304.1139 .

General preparation of 2-(A^-methylamino-2-A'-trifluoroacetyl)-l-(6-nitro-3,4-methylenedioxyphenyI) 

alkanes (406)-(407)

To a cooled solution of 2-(A^-methylamino-jV-trifluoroacetyl)-l-(3,4-methyIenedioxyphenyl)alkane 

(53.59mmol) in glacial acetic acid (1 15ml), was added a catalytic amount o f sodium nitrite (0.25g) followed 

by dropwise addition o f 65% aq. nitric acid (20.50ml) over the course o f 20 min. The reaction was allowed 

to stir at room temperature for 2hr and then diluted with water (400ml). This was extracted with 

dichloromethane (3x75ml) and organic extracts washed with saturated NaHCOs solution (3x50ml). The 

organic phase was dried over anhydrous MgS0 4  and solvent removed in vacuo. The resulting crude product 

was purified by flash chromatography on silica gel.

2-A'-(Methylamino-A'-trinuoroacetyl)-l-(6-nitro-3,4-methylenedioxyphenyI)propane (406) was prepared 

from (403) (15.50g, 53.59mmol scale) and chromatographed on silica gel (eluent: diethylether/hexane : 

60/40). Amber oil (8 8 %). IRv,„ax (film) 2897 (NCH3 ), 2780 (O C H .O ), 1689 (NCCCFj), 1524, 1332 (NO.) 

cm ''. ‘H NMR 5 (CDCI3 ) 1.32 (1.8H, d, J3'r= 7 .0Hz, H-3'), 1.35 (1.2H, d, J3.r = 6 .5Hz, H-3'), 2.85 (0.4H, dd, 

Jgem=l3.8Hz, J,.,2 .=8 .5 Hz, H -r), 2.90 (3H, s, NCH3 ), 3.00 (0.6H, m, H-1'), 3.30 (0.6H, dd, Jgem=13.8Hz, 

J, r=6.0Hz, H-r), 3.37 (0.4H, dd, Jge„,= 14.0Hz, J,.2 - 4 .5 Hz, H-1’), 4.47 (0.4H, m, H-2'), 4.75 (0.6H, m, H-2'), 

6.09 (1.2H, d, J=2.5Hz, OCH2O), 6.11 (0.8H, d, J=1.0Hz, OCHjO), 6.54 (0.4H, s, H-2), 6.67 (0.6H, s, H-2), 

7.50 (0.6H, s, H-5), 7.55 (0.4H, s, H-5). ‘̂ C NMR ppm (CDCI3) 16.98*, 18.80 (C-3'), 28.04*, 29.28 (NCH3), 

36.21*, 37.44 (C-1'), 53.46*, 53.67 (2m, C-2'), 102.96*, 103.10 (OCH2O), 106.00*, 106.15, 110.45, 110.51* 

(C-2, C-5), 116.40*, 116.30 (2q, -Jc.f=287Hz, COCF3), 129.59*, 130.13* (C-1, C-6 ), 143.18*, 147.26, 

151.89*, 151.99 (C-3, C-4), 157.32* (q, ^Jc.f=35Hz, COCF3 ). '^F NMR ppm (CDCI3) -70.59*, -68.96 

{COCF}). m/z 334 (M ^ 1%), 154 (100), 110 (52). HRMS calcd for C ,3 Hi3 F 3N 2 0 5 Na: (M"+H) 357.0674, 

found: 357.0623.

2-(A'-Methylainino-2-A^-trifluoroacetyl)-l-(6-nitro-3,4-methylenedioxyphenyl)butane (407) was prepared 

from (404) (15.50g, 51.11 mmol scale) and chromatographed on silica gel (eluent: diethylether/hexane : 

50/50). Colourless solid (83%). M.p. 80-81 °C (hexane). IRv„,„ (KBr) 2897 (NCH3), 2780 (OCH2O), 1689 

(NCOCFj), 1525, 1343 (NO,) cm'*. 'H NMR 5 (CDCl3 ) 0.91 (1.8H, t, J«'=7.5Hz, H-4'), 0.93 (1.2H, t, 

J43- 7 .OHZ, H-4'), 1.65-1.81 (2H, m, H-3'), 2.75 (0.4H, dd, Jge„=14.0Hz, J, .r=9.6Hz, H-1'), 2.95 (1.8H, s, 

NCH3), 2.98 (1.2H, s, NCH3), 2.94-3.00 (0.6H, m, H-1'), 3.34 (0.6H, dd, Jge„=14.0Hz, Ji.2-=5.0Hz, H-1'), 

3.43 (0.4H, dd, Jge„=13.8Hz, J|.,2 ’=4 .0 Hz, H-1'), 4.21 (0.4H, m, H-2'), 4.55 (0.6H, m, H-2'), 6.09 (1.2H, d, 

J=3.0Hz. 0 C H ,0 ), 6.11 (0.8H, d, J=1.5Hz, OCH2O), 6.52 (0.4H, s, H-2), 6.65 (0.6H, s, H-2), 7.50 (0.6H, s, 

H-5), 7.55 (0.4H, s, H-5). ‘^C NMR ppm (CDCI3) 10.08, 10.50* (C-4’), 24.27*, 25.67 (C-3'), 25.66*, 28.12 

(NCH3), 35.01*, 36.38 (C-r), 59.32*, 59.37 (2m, C-2'), 102.94*, 103.06 (OCH2O), 106.00*, 106.06, 110.53* 

(C-5, C-2), 116.44* (q, ^Jc.f=288Hz, COCF3) 122.73*, 122.126 (C-6 ), 129.58, 130.09*, (C-1), 143.09*, 

146.96*, 147.24 (C-3, C-4), 157.39* (q, \ . f = 3 6 H z ,  COCF3 ). '®F NMR ppm (CDCI3) -70.57*, -67.82
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(COCFi). m/z 348 (M ', 1%), 168 (100), 110 (35). Anal. (CuHuFjNzOs) Calc: C (48.28), H (4.34), N (8.04), 

Found: C (48.35), H (4.20), N (7.90)%.

General preparation of 2-A^-methylamino-l-(6-substituted-3,4-methylenedioxyphenyI)alkanes via N- 

trifluoroacetyl hydrolysis

General Procedure 7.5.1

To a solution o f an appropriate 2-(A^-methylamino-A^-trifluoroacetyl)-l-(6-substituted-3,4- 

methylenedioxyphenyl)alkane (l.OOmmol) in methanol (10ml) and water (3.5ml) was added potassium 

carbonate (4.00mmol, 0.56g). The reaction was stirred at rt for 72hr. The mixture was then made acidic with 

10% aq. HCl (50ml), and washed with dichloromethane (3x25ml). The acidic phase was made basic with 

15% aq. NaOH and extracted with dichloromethane (3x50ml). The organic phases were combined, dried over 

Na2 S0 4  and volatiles removed in vacuo, affording the product in adequate purity which did not require 

fiarther purifiction.

2-A'-Methylamino-l-(6-nitro-3,4-methyienedioxyphenyl)propane (408) was prepared from (406) (l.OOg, 

2.99mmol scale) according to general procedure 7.5.1. Orange oil (85%). IRVmax (film) 3294 (NH), 1519 

(NO,) cm ''. 'H  NMR 5 (CDClj) 1.06 (3H, d, J3 .2 - 6 .OHz, H-3'), 1.12 (IH , br s, NH), 2.41 (3H, s, NCH 3 ), 

2.77-2.87 (2H, m, H -l', H-2'), 3.12 (IH , dd, Jgem=12.3Hz, J ,.2 - 5 .3 Hz, H-l'), 6.09 (2H, s, OCHjO), 6.74 (IH , 

s, H-5), 7.48 (IH , s, H-2). '^C NMR ppm (CDCI3 ) 19.82 (C-3'), 33.76 (NCH 3 ), 40.97 (C-1'), 55.40 (C-2'), 

102.70 (OCH 2 O), 105.75 (C-5), 111.48, (C-2), 131.92 (C-6 ), 143.16, 146.46 (C-3, C-4), 151.27 (C -l). m/z 

238 (M^+1, 1%), 58 (100), 188 (17). HCI salt. Yellow solid. M.p. 205-207°C (ethanol/hexane). IRv„a„ 

(KBr) 2469, 2447 (NH"), 1519 (NO2 ) cm"'. Anal. (C 11H 1 5CIN2 O4 ) Calc: C (48.10), H (5.50), N (10.20), 

Found: C (47.92), H (5.62), N (10.06)%.

2-A^-Methylamino-l-(6-nitro-3,4-methylenedioxyphenyI)butane (409) was prepared from (407) (0.70g, 

2.02mmol scale) according to general procedure 7.5.1. Amber oil (25%>). IRv^ax (fihn) 3343 (NH), 1520, 

1331 (NO2 ) cm-'. 'H NMR 5 (CDCI3 ) 0.93 (3H, t, J„ -7 .5 H z , H-4'), 1.39-1.54 (3H, m, NH, H-3'), 2.37 (3H, 

s, NCH 3 ), 2.65 (IH , m, H-2'), 2.93-3.02 (2H, m, H -l'), 6.08 (2H, s, OCH2 O), 6.76 (IH , s, H-2), 7.47 (IH , s, 

H-5). '^C NMR ppm (CDCI3 ) 9.62 (C-4’), 25.92 (C-3'), 33.42 (NCH3 ), 37.95 (C-T), 60.96 (C-2'), 102.69 

(OCH 2 O), 105.76 (C-2), 111.49 (C-5), 132.23 (C -l), 143.28, 146.41 (C-3, C-4), 151.25 (C-6 ). m /z252  (M "- 

I, 1%), 72 (100), 57 (13). HCI salt. Yellow crystals. M.p. 191-193°C (ethanol/hexane). IRv,„„ (KBr) 2470 

(NH"), 1523 (NO 2 ) cm-'. Anal. (C,2 H ,7 C 1N 2 0 4 ) Calc: C (49.92), H (5.93), N (9.70), Found: C (49.68), H 

(5.88), N (9.65)%.

General preparation of 2-(7V-methylamino-A^-trinuoroacetyl)-l-(6-nitro-3,4-methylenedioxy 

phenyi)alkanes (410)-(411)

To a solution of the appropriate 2-(7V-methylamino-A'-trifluoroacetyl)-l-(6-nitro-3,4- 

methylenedioxyphenyl)alkane (44.88mmol) in ethanol (200ml) was added 10% palladium on charcoal
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(1.50g) and the mixture was stirred under a H2  atmosphere for 48hr at rt. The catalyst was removed by 

filtration. The solvent was removed in vacuo providing a black oil. Flash chromatography afforded the pure 

products.

2-(A^-Methylamino-A^-trifluoroacetyl)-l-(6-aniino-3,4-inethylenedioxyphenyl)propane (410) was

prepared from (406) (IS.OOg, 44.88mmol scale) and chromatographed on silica gel (eluent: 

diethylether/hexane : 50/50). Colourless crystals (63%). M.p. 98-100°C (diethylether/hexane). IRv„,ax (KBr) 

3409. 3350 (NH,), 2767 (OCH2 O), 1667 (NCOCF3) c m \  'H  NMR 5 (CDCI3) 1.22 (3H, d, J3'.2=7.0Hz, H- 

3’), 2.46 (0.8H, dd, Jge„,= 13.6Hz, J ,.2 '= 1 0 .0 Hz, H-1'), 2.62 (0.2H, dd, Jg^=14.0Hz, J,.,2 '=8 .5 Hz, H-1’), 2.69 

(0.2H, dd, Jgem=14.5Hz, Ji.r=6 .0Hz, H-1’), 2.75 (0.8H, dd, Jge„,=14.0Hz, J,.2 '=4 .5 Hz, H-1'), 2.97 (0.6H, s, 

NCH3), 3.02 (2.4H, s, NCH3), 3.76 (2H, br s, NH 2 ), 4 .3 1 (0.2H, m, H-2'), 4.57 (0.8H, m, H-2’), 5.82 (1.6H, s, 

0C H ,0 ), 5.84 (0.4H, s, OCH.O), 6.27 (0.8H, s, H-5), 6.28 (0.2H, s, H-5), 6.45 (0.2H, s, H-2), 6.47 (0.8H, s, 

H-2). *̂ C NMR ppm (CDCI3) 15.98*, 17.81 (C-3'), 27.98*, 29.23 (2m, NCH3), 36.21*, 36.29 (C -T ), 53.01*, 

51.96 (C-2'), 98.16*, 98.65 (C-5), 100.50*, 100.68 (O CH jO), 110.06, 110.31* (C-2), 113.04*, 113.42 (C-6 ), 

115.40* (q, % .F = 2 8 8 H z , COCF3 ), 138.96, 139,80* (C-1), 139.90*, 140.67, 147.20*, 147.28 (C-3, C-4), 

157.02* (q, ^Jc-f=36Hz, COCF3). ‘̂ F NMR ppm (CDCI3) -70.30*, -68.94 (COCFj). m/z 304 (M \ 58%), 

150 (100), 177 (27). Anal. (Ci3 H;5 F3 N 2 0 3 ) Calc: C (51.32), H (4.97), N (9.21), Found: C (51.19), H (4.90), 

N(9.12)% .

2-(A^-IVlethylainino-A^-trifluoroacetyl)-l-(6-ainino-3,4-methylenedioxyphenyl)butane (411) was prepared 

from (407) (14.00g, 40.20mmol scale) and chromatographed on silica gel (eluent: diethylether/ hexane : 

50/50). Colourless crystals (76%). M.p. 120-122°C (diethylether/hexane). lRVn,ax (KBr) 3431, 3361 (NH 2 ), 

2773 (OCH2 O), 1680 (NCOCF3 ) cm '‘. ‘H NMR 5 (CDCI3 ) 0.84 (3H, t, J4 3 - 7 .OHZ, H-4'), 1.57-1.74 (2H, m, 

H-3’), 2.54 (0.8H, dd, Jge„=14.0Hz, J,.r=9.6Hz, H-1’), 2.69 (0.8H, dd, Jge„,= 13.8Hz, Ji r=5.5Hz, H-1’), 2.65- 

2.71 (0.4H, m, H-1'), 2.95 (0.6H, s, NCH 3 ), 2.98 (2.4H, s, NCHj), 3.68 (2H, br s, NH 2 ), 4.04 (0.2H, m, H-2'), 

4.38 (0.8H, m, H-2'), 5.82 (1.6H, s, OCH2 O), 5.84 (0.4H, s, OCH2 O), 6.27 (IH , s, H-5), 6.44 (0.2H, s, H-2), 

6.46 (0.8H, s, H-2). '^C NMR ppm (CDCI3 ) 10.16, 10.65* (C-4’), 22.91*, 24.32 (C-3'), 27.78*, 29.15  

CNCH3), 34.99*, 35.27 (C-1’), 57.35*, 58.00 (C-2’), 98.40*, 98.60 (C-5), 100.53*, 100.68 (OCH 2 O), 110.15, 

110.32* (C-2), 114.10*, 114.32 (C-6 ), 115.31* (q, % _ f= 2 8 8 H z , COCF3 ), 139.01, 139.06* (C-1), 140.08*, 

140.67, 147.15*, 147.26 (C-3, C-4), 156.69* (q, V f= 3 5 H z , COCF3 ). ‘®F NMR ppm (CDCI3 ) -70 .30* , -  

67.74 (COCFj). w/z 318 (M", 43%), 150 (100), 191 (19). Anal. (C 1 4H 17F3N 2 O3 ) Calc: C (52.83), H (5.38), 

N (8.80), Found: C (52.81), H (5.35), N (8.67)%.

Preparation of 2-A^-methylamino-l-(6-amino-3,4-methyIenedioxyphenyl)aIkanes (412) and (413)

2-A^-Methylamino-l-(6-amino-3,4-methyIenedioxyphenyl)propane (412) was prepared from (410) (0.35g, 

1.15mmol scale) according to general procedure 7.5.1. Amber oil (93%). IRv^ax (fihn) 3431, 3340, 3226 

(NH2 , /V//CH3 ) cm ''. 'H  NMR 6  (CDCI3 ) 1.08 (3H, d, J3 'r= 6 .5 Hz, H-3’), 2.39 (3H, s, NCH 3 ), 2.48 (IH , dd, 

Jge„=14.6Hz, Ji.r=6.0Hz, H-1’), 2.54 (IH , dd, Jge„=14.3Hz, Ji.2 - 7 .3 Hz, H-1’), 2.75 (3H, br s, NHj, N //C H 3 ), 

2.79 (IH, m, H-2’), 5.83 (2H, s, OCH2 O), 6.27 (IH , s, H-5), 6.52 (IH , s, H-2). ‘^C NMR ppm (CDCI3 ) 19.85 

(C-3’), 34.23, (NCH3 ), 39.29 (C-1’), 55.52 (C-2'), 98.27 (C-5), 100.45 (OCH2 O), 110.67 (C-2, C-1), 116.22
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(C-6 ), 139.63, 140.25 (C-3, C-4). m/z 208 (M \ 10%), 58 (100), 151 (95). HRMS calcd for CnHnNzOj: 

(M*+H) 209.1290, found: 209.1274. HCl salt. Unsuccessful formation.

2-A'-Methylamino-l-(6-amino-3,4-methylenedioxyphenyI)butane (413) was prepared from (411) (0.40g, 

1.26mmol scale) according to general procedure 7.5.1. Brown oil (85%). IRv„,ax (film) 3437, 3350, 3234 

(NH2 , NHCn^) cm '‘. 'H NMR 5 (CDCI3) 0.95 (3H, t, J4 3 = 7 .5 Hz, H-4'), 1.38-1.56 (2H, m, H-3'), 2.37 (3H, s, 

NCH 3 ), 2.45-2.59 (3H, m, H-1’, H-2'), 2.96 (3H, br s, NH,, N //C H 3 ), 5.82 (2H, s, OCHjO), 6.26 (IH, s, H-5), 

6.52 (IH , s, H-2). '^C NMR ppm (CDCI3) 9.97 (C-4'), 26.02 (C-3’), 34.17 (NCH 3 ), 36.25 (C-T), 61.70 (C- 

2'), 98.20 (C-5), 100.38 (OCH.O), 110.59 (C-2), 116.64 (C-1), 139.82 (C-6 ), 140.11, 146.39 (C-3, C-4). m/z 

222 { M \  10%), 72 (100), 151 (81). HRMS calcd for C^HigNjO.: (M*+H) 223.1447, found: 223.1449. HCl 

salt. Unsuccessful formation.

General preparation of 2-(A^-methylamino-/V-trifluoroacetyI)-l-(6-aniido-3,4-niethylenedioxyphenyl) 

alkanes (414)-(425)

To a solution of a 2-(A^-methylamino-A^-trifluoroacetyI)-l-(6-amino-3,4-methylenedioxyphenyl)alkane 

(2.30mmol) in dry dichloromethane (10ml) was added triethylamine (4.60mmol, 0.47g, 0.64ml) followed by 

the appropriate acid chloride (3.45mmol). The reaction was stirred at rt for 6 hr followed by quenching with 

ice-water (30ml). The layers were separated and aqueous phase extracted with dichloromethane (3x50ml). 

The organic phases were combined and washed with 10% aq. HCl (3x50ml). The solvent was dried over 

N 3 2 S0 4  and volatiles removed in vacuo providing a crude product which was either recrystallised directly or 

chromatographed on silica gel.

2-(A'-Methylamino-A^-trifluoroacetyl)-l-(6-acetainido-3,4-niethylenedioxyphenyl)propane (414) was 

prepared from (410) (0.70g, 2.30mmol scale) according to the general procedure and purified by flash 

chromatography on silica gel (eluent; diethylether). Colourless crystals (85%). M.p 137-138°C 

(diethylether/hexane). IRv^ax (KBr) 3251 {NHCOCH^), 211 \ (OCH 2 O), 1684 (NHCOCH3), 1659 (NC(X:F3) 

cm-', 'h  NMR 5 (CDCI3) 1.18 (0.3H, d, J3 ,2 = 6 .5 Hz, H-3'), 1.25 (2.7H, d, J3 .2 - 7 .OHz, H-3'), 2.14 (0.3H, s, 

NCH 3 ), 2.24 (2.7H, s, NCH 3 ), 2.49-2.80 (2H, m, H-1'), 2.94 (0.3H, s, COCH 3 ), 3.06 (2.7H, s, COCH 3 ), 4.17 

(O.IH, m, H-2'), 4.35 (0.9H, m, H-2'), 5.93 (1.8H, s, OCHjO), 5.95 (0.2H, s, OCH 2 O), 6.54 (0.9H, s, H-2), 

6.58 (O.IH, s, H-2), 7.49 (0.9H, s, H-5), 7.51 (O.IH, s, H-5), 8.31 (IH , s, NHCO). ‘̂ C NMR ppm (CDCI3) 

15.83* (C-3'), 23.86* (COCH 3 ), 29.47* (NCH3 ), 37.06* (C-T), 52.33* (C-2'), 101.29* (OCH.O), 106.08*, 

109.74* (C-2,C-5), 114.99* (q, % .f=287Hz, COCF3 ), 121.06* (C-1), 130.53* (C-6 ), 144.45*, 146.88* (C-3, 

C-4), 158.33* (q, ^Jc,f=34Hz, COCF3), 169.53* (COCH3 ). ‘®F NMR ppm (CDCI3) -70.28*, -68.82 

iCOCF}). m/z 346 (M", 24%), 150 (100), 192 (73). Anal. (C 15H 17F3 N 2 O4 ) Calc; C (52.02), H (4.95), N 

(8.09), Found; C (51.88), H (4.90), N (8.04)%.

2-(A^-Methylamino-A'-trifluoroacetyi)-l-(6-propionamido-3,4-methylenedioxyphenyl)propane (415) was 

prepared from (410) (0.70g, 2.30mmol scale) according to the general procedure and purified by flash 

chromatography on silica gel (eluent; diethylether/hexane ; 75/25). Colourless solid (81%). M .p.l 11-113°C 

(diethylether/hexane). IRv^ax (KBr) 3344 (AWCOCH3), 2768 (OCH2O), 1673 (NHCOCH3, NCOCF3) cm '‘.
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'H NMR S(CD Cl3 ) 1.17-1.23 (3H, m, COCHjC/Zj), 1.17 (0.3H, d, J3 -.2 - 6 .6 Hz, H-3'), 1.24 (2.7H, d, 

J3 .2 - 6 .5 Hz, H-3'), 2.43-2.54 (2H, m, H-1', COC//2 CH3 ), 2.78 (IH , m, H-1’), 2.92 (0.3H, s, NCH3), 3.04 

(2.7H, s, NCH3), 4.17 (O.IH, m, H-2'), 4.37 (0.9H, m, H-2’), 5.92 (1.8H, s, OCH 2O), 5.94 (0.2H, s, OCHjO), 

6.54 (0.9H, s, H-2), 6.56 (O.IH, s, H-2), 7.44 (IH , s, H-5), 8.18 (IH , s, NHCO). ‘^C NMR ppm (CDCI3) 

9.79* (COCH2C//3), 15.84* (C-3'), 29.46* (q, ‘*J c.f=4Hz, NCH 3 ), 29.97* (C-1’), 36.81* (COC//2CH3), 

52.29* (C-2'), 101.25*, 101.50 (OCH2 O), 106.06, 106.17* (C-2), 109.37, 109.66* (C-5), 116.35* (q, 

-Jc.f=287Hz, COCF3), 121.36* (C-1), 130.43* (C-6 ), 144.39, 144.44*, 146.17, 146.79* (C-3, C-4), 157.74* 

(q, " J c-f= 3 6 H z, COCF3), 173.27* (COCH2 CH3 ). ‘®F NMR ppm (CDClj) -70.27*, -68.81 (COCFs). m/z 360 

(M \ 18%), 150 (100), 180 (73). Anal. (Ci6 H ,9 F3 N 2 0 4 ) Calc; C (53.33), H (5.31), N (7.77), Found; C 

(53.13), H (5.21), N (7.64)%.

2-(A^-Methylamino-A^-trifIuoroacetyl)-l-(6-(2-methylpropyl)amido-3,4-methyIenedioxyphenyI)propane 

(416) was prepared from (410) (0.70g, 2.30mmol scale) according to the general procedure and purified by 

recrystallisation. Colourless crystals (85%). M.p.l30-132°C (ethylacetate/hexane). IRv^ax (KBr) 3299 

(iV//COCH2CH(CH3)2), 1683 (NHCC>CH2 CH(CH3 )2 ), 1661 (NCOCF3 ) cm‘‘. ‘H NMR 5 (CDCI3) 1.00 (5.4H, 

d, J=6.5Hz, CH 2 CH(C//j)2 ), 1.02 (0.6H, d, J=6.5Hz, CH 2 CH(C//3 )2 ), 1.17 (0.3H, d, J3 ,2 '=6 .5 Hz, H-3'), 1.25 

(2.7H, d. J3 .2 - 7 .OHz, H-3'), 2.19 (IH , m, CH2 C//(CH 3 )2 ), 2.33 (2H, m, CH:CH{CH^)2 ), 2.52 (IH , dd, 

Jgem=13.8Hz, Ji.y=10.5Hz. H-1'), 2.76 (IH , dd, Jgem=13.8Hz, J ,.2 '=4 .5 Hz, H -I’), 2.92 (0.3H, s, NCH 3), 3.04 

(2.7H, s, NCH 3 ), 4.13 (O.IH, m, H-2'), 4.36 (0.9H, m, H-2'), 5.92 (1.8H, d, J=1.0Hz, OCH2 O), 5.94 (0.2H, s, 

OCH2 O), 6.54 (0.9H, s, H-2), 6.56 (O.IH, s, H-2), 7.41 (IH , s, H-5), 8.25 (IH , s, NHCO). ‘̂ C NMR ppm 

(CDCI3) 15.83*, 17.81 (C-3'), 22.24*, 22.38 (CH 2 CH(CH 3 )2 ), 26.17, 26.48* (CH2 CH(CH 3 )2 ), 27.95, 29.46* 

(2m, NCH3), 36.09, 36.99* (C-T), 46.04* (CH 2 CH(CH 3 )2 ), 52.42* (C-T), 101.25*, 101.49 (OCH 2 O), 

106.37*, 107.83 (C-2), 109.17, 109.59* (C-5), 116.35* (q, ^Jc.f=288Hz, COCF 3 ), 119.89, 121.62* (C-1), 

129.00, 130.37* (C-6 ), 144.53*, 146.76* (C-3, C-4), 157.70* (q, % .f=36Hz, COCF3 ), 172.04* 

(COCH2 CH(CH3 )2 ). ‘V  NMR ppm (CDCI3 ) -70.37*, -68.79 (COCF 3 ). m/z 388 (M*, 32%), 150 (100), 234 

(65). Anal. (C ,8 H2 3 F3 N 2 0 4 ) Calc; C (55.67), H (5.97), N (7.21), Found; C (55.68), H (5.98), N (7.12)%.

2-(A '-M ethylamino-A^-trifluoroacetyl)-I-(6-cyclopropylamido-3,4-methylenedioxyphenyl)propane (417) 

was prepared from (410) (0.70g, 2.30mmol scale) according to the general procedure and purified by 

recrystallisation. Colourless crystals (73%). M.p.l 19-120°C (ethylacetate/hexane). IRVmaĵ  (KBr) 3327 

(A^//C0 CH(CH2 )2 ), 1683 (NHC0 CH(CH 2 )2 , NCOCF3 ) cm *, 'h  NMR 5 (CDCI3 ) 0.80-0.88 (2H, m, 

CH(C//2 )2 ), 0.98-1.18 (2H, m, CH(C//2 )2 ), 1.17 (0.3H, d, J3 .2 - 6 .5 Hz, H-3'), 1.25 (2.7H, d, J3 .2 = 7 .0 Hz, H-3'), 

1.91 (IH, m, C//(CH 2 )2 ), 2.50 (0.9H, dd, Jge„=13.3Hz, Ji.,r=10.5Hz, H-1'), 2.73-2.78 (0.2H, m, H-1'), 2.86 

(0.9H, dd, Jgem=13.5Hz, Ji..2 .=3 .0 Hz, H-1'), 2.94 (0.3H, s, NCH 3 ), 3.06 (2.7H, s, NCH 3 ), 4.19 (O.IH, m, H-2'), 

4.40 (0.9H, m, H-2’), 5.91 (1.8H, s, OCH2 O), 5.94 (0.2H, s, OCH 2 O), 6.54 (IH , s, H-2), 7.55 (IH , s, H-5), 

8.52 (IH , s, NHCO). ‘̂ C NMR ppm (CDCI3 ) 7.69*, 7.86* (CH(CH 2 )2 ), 14.68* (CH(CH2 )2 ), 15.82* (C-3'), 

28.02, 29.50* (2m, NCH3 ), 36.94* (C-1'), 52.40* (C-2'), 101.21* (OCHjO), 105.80* (C-2), 109.68* (C-5), 

116.39* (q, % .f=288Hz, COCF3 ), 120.50* (C-1), 130.84* (C-6 ), 144.11*, 146.82* (C-3, C-4), 157.84* (q, 

^Jc.f=35Hz, COCF3 ), 172.90* (COCH(CH2 )2 ). '^F NMR ppm (CDCI3 ) -70.23*, -68.79 (COCFj). m/z 372 

(M", 28%), 150 (100), 218 (78). Anal. (C 17H 1 9F3N 2 O 4 ) Calc; C (54.84), H (5.14), N (7.52), Found; C 

(54.81), H (5.16), N (7.40)%.
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2-(iV-M ethylamino-N-trifluoroacetyl)-l-(6-benzylamido-3,4-methytenedioxyphenyt)propane (418) was 

prepared from (410) (0.70g, 2.30mmol scale) according to the general procedure and chromatographed on 

silica gel (eluent: diethylether/hexane ; 80/20). Colourless crystals (84%). M.p.l 15-116°C

(ethylacetate/hexane). IRv^ax (KBr) 3234 (NHCOAi), 1682 (NHCOAr), 1644 (NCOCF3) cm’'. 'H  NMR 

5(CDCl3) 1.17 (0.3H, d, J3',2'=6 .5 Hz, H-3'), 1.25 (2.7H, d, J3.,2 '=7 .0 Hz, H-3'), 2.72 (IH , dd, Jgen.= 14.8Hz, 

Ji r=8.5Hz, H-1'), 2.78 (IH, dd, Jgem=14.3Hz, J,.,2 = 7 .5 Hz, H-1'), 2.86 (0.3H, s, NCH3), 2.94 (2.7H, s, NCH3), 

4.21 (O.IH, m, H-2'), 4.62 (0.9H, m, H-2'), 5.94 (2H, s, OCH2O), 6.61 (0.9H, s, H-2), 6.84 (O.IH, s, H-2), 

7.09 (IH , s, H-5), 7.46 (2H, dd, J=7.0, J=7.6Hz, H-3", H-5"), 7.52 (IH , d, J=7.0Hz, H-4"), 7.87 (0.2H, d, 

J=7.5Hz, H-2", H-6 "), 7.98 (1.8H, d, J=8.0Hz, H-2", H-6 "), 8.40 (IH , s, NHCO). ‘̂ C NMR ppm (CDCI3) 

16.62*, 18.00 (C-3'), 27.99, 29.80* (2m, NCH3), 36.09, 36.49* (C-1'), 52.54* (C-2'), 101.44*, 101.58 

(OCH2O), 108.09, 108.22* (C-2), 109.28, 109.50* (C-5), 116.29* (q, ^Jc.f= 2 8 8 H z , COCFj), 125.10* (C-1), 

127.13, 127.44* (C-3", C-5"), 128.51*, 128.69 (C-2", C-6 "), 129.35* (C-6 ), 131.77*, 131.93 (C-4"), 134.06* 

(C -r), 145.88*, 146.61, 146.80*, 146.95 (C-3, C-4), 157.43* (q, "Jc,f=36Hz, COCF3 ), 166.57* (COAr). ‘®F 

NMR ppm (CDCI3) -70.46*, -68.80 {COCF3 ). m/z 408 (M^, 16%), 105 (100), 176 (87). Anal. 

(C2 oH,9 p 3N 2 0 4 ) Calc; C (58.82), H (4.69), N (6 .8 6 ), Found; C (58.90), H  (4.73), N (6.83)%.

2-(A^-IVIethylainino-yV-trinuoroacetyl)-l-(6-phenacetamido-3,4-methylenedioxyphenyl)propane (419) 

was prepared from (410) (0.70g, 2.30mLmol scale) according to the general procedure and chromatographed 

on silica gel (eluent; diethylether/hexane ; 60/40). Colourless crystals (74%). M .p .l32-133°C 

(ethylacetate/hexane). lR v„„ (KBr) 3255 {NHCOCHjAr), 1694 (NHCOCH^Ar), 1645 (NCOCF3 ) cm ''. ‘H 

NMR 8(CDCl3) 0.91 (0.3H, d, J3.,2-6.5Hz, H-3'), 1.11 (2.7H, d, J3.2- 7 .OHz, H-3'), 2.40 (IH , dd, 

Jge„=13.8Hz, Jr,2 = 9 .3 Hz, H-1'), 2.62 (IH , dd, Jgem=13.6Hz, J,'2 = 5 .0 Hz, H-1'), 2.71 (0.3H, s, NCH3 ), 2.94 

(2.7H, s, NCH 3 ), 3.70 (0.2H, s, CH2 ), 3.78 (1.8H, s, CHz), 3.89 (O.IH, m, H-2'), 4.28 (0.9H, m, H-2’), 5.89 

(1.8H. d, J=I.OHz, OCH2 O), 5.91 (0.2H, s, OCHjO), 6.48 (O.IH, s, H-2), 6.51 (0.9H, s, H-2), 7.24-7.35 (3H, 

m, H-3", H-4", H-5"), 7.33 (IH , s, H-5), 7.42 (2H, d, J=7.0Hz, H-2", H-6 "), 8.11 (IH , s, NHCO). '^C NMR 

ppm (CDCI3 ) 15.94*, 17.61 (C-3’), 27.87, 29.33* (2 m, NCH 3 ), 35.63, 36.49* (C-1’), 44.06*, 44.34 (CHj), 

52.03* (C-2'), 101.29*, 101.52 (OCH2 O), 106.36* 107.00 (C-2), 109.00, 109.58* (C-5), 116.35* (q, 

^Jc,f=288Hz, COCF3 ), 122.14*, 124.18 (C-1), 127.04*, 127.75 (C-4"), 128.72*, 129,23*, 129.34, 129.39 (C- 

2", C-3", C-5", C-6 "), 129.97* (C-6 ), 135.41* (C-l"), 146.61, 144.86*, 146.12, 146.76* (C-3, C-4), 157.60* 

(q, % ,f=35Hz, COCF3 ), 169.62, 170.11* (COCHzAr). ‘̂ F NMR ppm (CDCI3 ) -70.28*, -^8.81 (COCFj). 

m/z 422 (M ^ 21%), 150 (100), 268 (6 6 ). Anal. (C2 1 H2 1 F3 N 2 O4 ) Calc; C (59.71), H (5.01), N (6.63), Found; 

C (59.87), H (5.07), N (6.56)%.

2-(A^-Methylamino-A^-trifluoroacetyl)-l-(6-acetainido-3,4-methylenedioxyphenyI)butane (420) was 

prepared from (411) (0.65g, 2.04mmol scale) according to the general procedure and chromatographed on 

silica gel (eluent; diethylether). Colourless crystals (77%). M.p 130-13rC  (diethylether/hexane). IRv^ax 

(KBr) 3254 (TVZ/COCHj), 2771 (OCH.O), 1692 (NHCOCH3 ), 1657 (NCOCF3 ) cm'‘. 'H  NMR 5 (CDCI3 ) 

0.84 (3H, t, J4 .3 =7 .5 Hz, H-4’), 1.53-1.74 (2H, m, H-3'), 2.14 (0.3H, s, NCH 3 ), 2.21 (2.7H, s, NCH 3 ), 2.60 

(IH , dd, Jge„.= 13.8Hz, Ji.r=10.0Hz, H-1'), 2.70 (IH , dd, Jgem=14.0Hz, J,.,2 - 5 .0 Hz, H-1'), 2.92 (0.3H, s, 

COCH3 ), 3.00 (2.7H, d, J=1.0Hz, COCH3 ), 3.89 (O.IH, m, H-2'), 4.20 (0.9H, m, H-2’), 5.93 (1.8H, s, 

OCH 2O), 5.95 (0.2H, s, OCH2 O), 6.54 (0.9H, s, H-2), 6.56 (O.IH, s, H-2), 7.32 (0.9H, s, H-5), 7.34 (O.IH, s, 

H-5), 8.06 (IH , s, NHCO). '^C NMR ppm (CDCI3 ) 10.75* (C-4’), 22.65* (C-3'), 23.71* (COCH3 ), 29.47*
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(m, NCHj), 35.96* (C-1'), 58.59* (tn, C-2’), 101.35* (OCH 2O), 106.87*, 109.83* (C-2, C-5), 115.99* (q, 

\ ,f= 2 8 8 H z , COCF3), 122.39* (C-1), 130.18* (C-6 ), 144.91*, 146.87* (C-3, C-4), 158.66* (q, ^Jc.f=35Hz, 

COCF3), 169.50* (COCH3). '^F NMR ppm (CDCI3) -70.30*, -67.66 (COCFj). m/z 360 (M \ 14%), 150 

(100), 192 (81). Anal. (C,6Hi9F3N 2 0 4 ) Calc; C (53.33), H (5.31), N (7.77), Found: C (53.13), H (5.24), N 

(7.73)%.

2-(A'-Methylamino-A'-trifluoroacetyl)-l-(6-propionamido-3,4-methylenedioxyphenyl)butane (421) was 

prepared from (411) (0.65g, 2.04mmol scale) according to the general procedure and chromatographed on 

silica gel (eluent; diethylether/ hexane ; 80/20). Colourless solid (58%). M.p.97-98°C (diethylether/hexane).

(KBr) 3233 (/V//COCH2CH3), 2783 (OCH2O), 1697 (NHCOCH2CH3), 1645 (NCOCF3) cm"'. ‘H 

NMR 5 (CDCI3) 0.79 (0.3H, t, J4 .3 - 7 .5 Hz, H-4'), 0.84 (2.7H, t, J4’,3'=7 .5 Hz, H-4'), 1.13 (0.3H, t, J=7.5Hz, 

COCH2C //3), 1.23 (2.7H, t, J=7.8Hz, COCH2C //3), 1.49-1.52 (0.2H, m, H-3'), 1.57-1.71 ( 1 .8 H, m, H-3'), 

2.33-2.38 (0.2H, m, C0 C //,C H 3), 2.39-2.50 (1.8H, m, COCZ/^CHj), 2.59-2.70 (0.2H, m, H -1 '), 2.62 (0.9H, 

dd, Jge„=14.0Hz, J,.,2.=9 .0 Hz, H-1'), 2.67 (0.9H, dd, Jge„=14.3Hz, J,.2- 6 .0 Hz, H-1'), 2.89 (0.3H, s, NCHj),

2.97 (2.7H, s, NCH3), 3.88 (O.IH, m, H-2'), 4.23 (0.9H, m, H-2'), 5.91 (2H, s, OCH2O), 6.54 (0.9H, s, H-2), 

6.82 (O.IH, s, H-2), 7.21 (0.9H, s, H-5), 7.29 (O.IH, s, H-5), 8.01 (IH , s, NHCO). ‘̂ C NMR ppm (CDCI3) 

8.90, 9.77* (C-4'), 10.09, 10.62* (COCHjC/Zj), 22.78*, 24.15 (C-3'), 29.26*, 29.32 (q, ‘'j  c.f=4Hz, NCH3), 

29.81* (C-r), 35.49* (COC//2CH3), 58.45*, 59.28 (2m, C-2'), 101.27*, 101.41 (OCHjO), 106.93, 106.99* 

(C-2), 109.28, 109.66* (C-5), 116.35* (q, ^Jc,f=288Hz, COCF3), 122.97*, 125.37 (C-1), 129.07, 129.93* (C- 

6 ) ,  144.40, 144.54*, 146.39, 146.99* (C-3, C-4), 158.37* (q, % . f= 3 6 H z , COCF3), 173.31* (COCH2CH3). 

'V  NMR ppm (CDCI3) -70.37*, -67.72 {COCF3). m/z 374 (M \ 28%), 150 (100), 206 (95). Anal. 

(CnH 2 ,F3N 2 0 4 ) Calc; C (54.54), H (5.65), N (7.48), Found; C (54.77), H (5.67), N (7.29)%.

2-(A'-lVIethylamino-jV-trinuoroacetyl)-I-(6-(2-niethyIpropyl)ainido-3,4-methyIenedioxyphenyl)butane 

(422) was prepared from (411) (0.70g, 2.20mmol scale) according to the general procedure and purified by 

recrystallisation. Colourless crystals (85%). M.p.l05-108°C (ethylacetate/hexane). lRv„,ax (KBr) 3333 

(iV//COCH2CH(CH3)2), 1672 (NHCOCH2CH(CH3)2), 1628 (NCOCF3) cm ‘. ‘H NMR 5 (CDCI3) 0.84 (3H, t, 

J4 ,3 =7 .3 Hz, h-4'), 0.99 (3H, d, J=6.5Hz, CH2CH (C//j)2), 1.02 (3H, d, J=6.5Hz, CH2CH (C//3)2), 1.49-1.52 

(0.2H, m, H-3'), 1.56-1.75 (1.8H, m, H-3'), 2.19 (IH , m, CH 2C //(CH 3)2), 2.26 (2H, m, C //2CH(CH3)2), 2.52 

(IH , dd, Jge„=12.8Hz, J ,.2 =8 .5 Hz, H-1'), 2.67 (IH , dd, Jge„,= 12.8Hz, J ,.2'=6 .0 Hz, H-1'), 2.89 (0.3H, s, NCH3),

2.98 (2.7H, s, NCH3), 3.88 (O.IH, m, H-2'), 4.22 (0.9H, m, H-2'), 5.94 (1.8H, d, J=1.0Hz, OCH2O), 5.99 

(0.2H, s, OCH2O), 6.64 (0.9H, s, H-2), 6.50 (O.IH, s, H-2), 7.49 (IH , s, H-5), 8.55 (IH , s, NHCO). ‘̂ C NMR 

ppm (CDCI3) 10.09, 10.64* (C-4'), 22.22*, 22.35* (CH 2CH(CH3)2), 22.72*, 24.14 (C-3'), 26.12, 26.38* 

(CH2CH(CH3)2, 27.75, 29.28* (2m, NCH3), 34.94, 35.77* (C-1'), 45.94* (C'H2CH(CH3)2), 58.61*, 59.33 

(2m, C-1'), 101.28*, 101.43 (OCHjO), 107.11*, 107.75 (C-2), 109.16, 109.16* (C-5), 116.37* (q, 

^Jcf=288Hz, COCFj), 122.95*, 125.34 (C-1), 129.08, 129.97* (C-6 ), 144.98*, 146.70* (C-3, C-4), 158.43* 

(q, "Jc.f=36Hz, COCF3), 171.98* (C0 CH2CH(CH3)2). ” F NMR ppm (CDCI3) -70.39*, -67.65 (COCF3). 

m/z 402 (M \ 29%), 150 (100), 234 (71). Anal. (C 19H25F3N 2O4) Calc; C (56.71), H (6.26), N (6.96), Found; 

C (56.55), H (6.26), N (6.90)%.

2-(A^-Methylamino-A^-trifluoroacetyl)-l-(6-cyclopropylainido-3,4-methylenedioxyphenyl)butane (423) 

was prepared from (411) (0.70g, 2.20mmol scale) according to the general procedure and chromatographed
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on silica gel (eluent: diethylether/hexane : 70/30). Colourless solid (6 8 %). M .p.ll8-120°C

(ethylacetate/hexane). IRv^a., (KBr) 3261 (yV//COCH(CH2)2), 1694 (NHCOCH(CH2)2), 1654 (NCOCFj) cm' 

'H  NMR SCCDClj) 0.75-0.87 (2H, m, CH(C//2)2), 0.85 (3H, t, J4’.3=7 .3 Hz, H-4'), 1.02-1.05 (2H, m, 

CH(C//^)2), 1.58-1.71 (2H, m, H-3'), 1.82 (IH , m, C//(CH 2)2), 2.61 (IH , dd, Jge„=13.3Hz, Ji.2'=10 .5 Hz, H- 

1’), 2.75 (IH, dd, Jge„=13.8Hz, Jr,2-=4 .3 Hz, H-1'), 2.92 (0.3H, s, NCHj), 3.00 (2.7H, s, NCHj), 3.91 (O.IH, m, 

H-2’), 4.24 (0.9H, m, H-2'), 5.92 (2H, s, OCH2O), 6.54 (IH , s, H-2), 7.37 (IH , s, H-5), 8.26 (IH , s, NHCO). 

'"C NMR ppm (CDCI3) 7.62*, 7.80* (CH(CH2)2), 14.65* (CH(CH2)2), 10.20, 10.76* (C-4'), 22.68* (C-3'), 

29.24* (m, NCH3), 35.85*, 37.62 (C-1'), 58.68* (C-2’), 101.28* (OCH2O), 106.66* (C-2), 109.77* (C-5), 

116.44* (q, “Jc,f=288Hz. COCFj), 121.95* (C-1), 130.48* (C-6 ), 144.60*, 146.80* (C-3, C-4), 158.60* (q, 

^Jc.f=37Hz, COCF3), 172.90* (COCH(CH2)2). ‘®F NMR ppm (CDCI3) -70.26*, -67.65 (COCf^). m/z 386 

(M", 35%), 150 (100), 218 (95). Anal. (C ,8H2ip3N204 ) Calc: C (55.96), H (5.48), N (7.25), Found: C 

(55.79), H (5.45), N (7.19)%.

2-(A^-lVlethylamino-A^-trifluoroacetyl)-l-(6-benzylamido-3,4-methylenedioxyphenyl)butane (424) was 

prepared from (411) (0.60g, 1.89mmol scale) according to the general procedure and chromatographed on 

silica gel (eluent: diethylether/hexane : 80/20). Colourless oil (97%). lRv„ax (film) 3307 (NHCOAr), 1686 

(NHCOAr), 1648 (NCOCF3) cm ''. 'H NMR 5 (CDCI3) 0.77 (0.3H, t, J4.3- 7 .3 Hz, H-4'), 0.83 (2.7H, t, 

J4',3'=7 .5 Hz, h-4'), 1.20-1.29 (0.2H, m, H-3'), 1.65 (1.8H, m, H-3'), 2.69 (IH , dd, Jgen,= 14.3Hz, J,.,2=8 .3 Hz, H- 

1'), 2.84 (IH, dd, Jgen,= 14.8Hz, J,.2=7 .0 Hz, H-1'), 2.86 (0.3H, s, NCH3), 2.90 (2.7H, s, NCH3), 3.92 (O.IH, m, 

H-2'), 4.50 (0.9H, m, H-2'), 5.94 ( I .8 H, s, OCH2O), 5.96 (0.2H, s, OCH2O), 6.60 (O.IH, s, H-2), 6.61 (0.9H, 

s, H-2), 6.85 (O.IH, s, H-5), 6.98 (0.9H, s, H-5), 7.47 (2H, dd, J=7.0, J=8.0Hz, H-3", H-5"), 7.54 (IH, d, 

J=7.3Hz, H-4"), 7.87 (0.2H, d, J=7.5Hz, H-2", H-6 "), 7.98 (1.8H, d, J=7.6Hz, H-2", H-6 "), 8.33 (IH , s, 

NHCO). ‘"C NMR ppm (CDCI3) 10.21, 10.65* (C-4'), 23.90*, 24.47 (C-3'), 27.87, 29.82* (2m, NCH3), 

34.98, 35.30* (C-T), 58.55*, 59.54 (2m, C-2’), 101.48*, 101.57 (OCH2O), 108.03, 108.62* (C-2), 109.37, 

109.63* (C-5), 116.33* (q, \ , f = 2 8 8 H z ,  COCF3), 125.81* (C-1), 127.13, 127.35*, 128.57*, 128.68 (C-2", C- 

3", C-5", C-6 "), 129.40* (C-6 ), 131.79*, 131.91 (C-4"), 133.99* (C-l"), 146.13*, 146.60, 146.80*, 146.90 

(C-3, C-4), 158.16* (q, ^Jc.f=35Hz, COCF3), 166.48* (COAr). ‘̂ F NMR ppm (CDCI3) -70.46*, -67.68 

(CO Cfj). m/z 422 (M*, 21%), 105 (100), 176 (65). HRMS calcd for C2,H2iF3N204Na: (M*+H) 445.1351, 

found; 445.1391.

2-(A^-M ethylamino-A'-trifluoroacetyl)-l-(6-phenacetamido-3,4-methylenedioxyphenyl)butane (425) was 

prepared from (411) (0.60g, 1.89mmol scale) and chromatographed on silica gel (eluent; diethylether/ hexane 

: 70/30). Colourless crystals (59%). M.p.l 16-117°C (ethylacetate/hexane). IRvnjax (KBr) 3266 

(////COCH2Ar), 1695 (NHC(9 CH2Ar), 1651 (NCCCFj) cm '‘. 'h  NMR 5 (CDCI3) 0.68 (0.3H, t, J4.3- 7 .3 Hz, 

H-4'), 0.76 (2.7H, t, J4 .3- 7 .5 Hz, H-4’), 1.12-1.27 (0.2H, m, H-3'), 1.46 (1.8H, m, H-3'), 2.46 (IH , dd, 

Jgem=14.0Hz. J ,.2=8 .5 Hz, h-1'), 2.51 (IH , dd, Jge,n=14.3Hz, J,.,2'=6 .5 Hz, H-1'), 2.69 (0.3H, s, NCH3), 2.86 

(2.7H, d, J=1.5Hz, NCH3), 3.59 (O.IH, m, H-2'), 3.72 (0.2H, s, CH2), 3.75 (1.8H, s, CH,), 4.10 (0.9H, m, H- 

2'), 5.90 (1.8H, s, OCH2O), 5.92 (0.2H, d, J=1.0Hz, OCH2O), 6.47 (O.IH, s, H-2), 6.50 (0.9H, s, H-2), 6,99 

(O.IH, s, H-5), 7.16 (0.9H, s, H-5), 7.28 (IH , t, J=7.7Hz, H-4"), 7.35 (2H, t, J=7.0Hz, H-3", H-5"), 7.42 (2H, 

d, J=7.0Hz, H-2", H-6 "), 7.82 (IH , s, NHCO). ‘̂ C NMR ppm (CDCI3) 9.97, 10.53* (C-4'), 22.96*, 23.97 (C- 

3’), 27.65, 29.03* (2m, NCH3), 34.82, 35.36* (C-T), 44.11*, 44.38 (CH2), 57.91*, 59.24 (2m, C-2'), 101.35*, 

101.50 (OCH2O), 106.89 107.10* (C-2), 109.08, 109.64* (C-5), 116.38* (q, ^Jc,f=289Hz, COCF3), 123.34*
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(C-1), 127.17*, 127.75 (C-4"), 128.83*, 129,24*, 129.34, 129.43 (C-2", C-3", C-5", C-6 "), 129.60* (C-6 ), 

135.50*, 135.70 (C-l"), 144.54, 145.29*, 146.09, 146.75* (C-3, C-4), 158.31* (q, ^Jc,f=36Hz, COCF3 ), 

165.52, 170.10* (COCHzAr). ‘*F NMR ppm (CDCI3) -70.32*, -67.58 (COCFj). m/z 436 (M \ 28%), 150 

(100), 268 (95). Anal. (C2 2H23F 3N 2O4 ) Calc: C (60.55), H (5.31), N (6.42), Found: C (60.74), H (5.40), N 

(6.36)%.

Preparation of 2-A^-methylamino-l-(6-amido-3,4-raethylenedioxyphenyl)alkanes (426)-(437)

2-A^-IVIethylamino-l-(6-acetamido-3,4-inethylenedioxyphenyl)propane (426) was prepared from (414) 

(0.34g, 0.98mmol scale) according to general procedure 7.5.1. Colourless crystals (77%). M.p 107-109°C 

(ethylacetate/hexane). IRv^^x (KBr) 3446 (NH), 3303 {NHCOCWi), 2770 (OCH.O), 1677 (N H C O C H 3) cm''. 

'H  NMR 5 (CDCI3) 1.04 (3H, d. J3.,2 =6 .5 Hz, H-3'), 1.20 (IH , br s, NH), 2.09 (3H, s, COCH 3), 2.43-2.49 (2H, 

m, H-1'), 2.47 (3H, s, NCH3), 2.80 (IH , m, H-2'), 5.90 (2H, d, J=1.0Hz, OCHjO), 6.53 (IH , s, H-2), 7.51 

(IH , s, H-5), 11.26 (IH , s, NHCO). ‘̂ C NMR ppm (CDCI3) 20.09 (C-3’), 24.12 (CO CH 3), 34.58 (NCH3 ), 

39.05 (C-r), 57.08 (C-2'), 100.98 (OCH2O), 104.92 (C-2 ), 110.71 (C-5), 123.43 (C -l), 131.54 (C-6 ), 143.69,

146.04 (C-3, C-4), 168.22 (COCH3 ). m/z 250 (M ^ 11%), 58 (100), 193 (33). Anal. (C ,3 H ,8N 2 0 3 ) Calc: C 

(62.38), H (7.25), N (11.19), Found: C (62.18), H (7.02), N (11.09)%.

2-A'-Methylamino-l-(6-propionamido-3,4-inethylenedioxyphenyl)propane (427) was prepared from 

(415) (0.35g, 0.97mmol scale) according to general procedure 7.5.1. Colourless solid (82%). M.p. 108- 

110°C (ethylacetate^exane). lRv„,a, (KBr) 3444 (NH), 3303 (NHCOCHi), 2770 (OCHjO), 1677 

(NHCOCH3) cm-‘. 'H NMR 5 (CDCl3 ) 1.05 (3H, d, J3 ,2 '=6 .5 Hz, H-3'), 1.15 (IH , br s, NH), 1.24 (3H, t, 

J=7.5Hz, CO C H 2C//3), 2.33 (2H, q, J=7.5Hz, C O C //2C H 3), 2.44 (3H, s, NCH3), 2.47 (IH , m, H-1'), 2.75- 

2.85 (2H, m, H-1', H-2’), 5.89 (2H, s, OCHjO), 6.53 (IH , s, H-2), 7.51 (IH , s, H-5), 11.04 (IH , s, NHCO). 

‘̂ C NMR ppm (CDCI3) 10.01 (COCHjC/Zj), 20.10 (C-3’), 30.54 (COC//2 CH3), 34.62 (NCH 3), 39.31 (C-l'),

57.04 (C-2’), 100.94 (OCH2 O), 104.96 (C-2), 110.61 (C-5), 123.42 (C-l), 131.54 (C-6 ), 143.63, 146.00 (C-3, 

C-4), 172.12 (COCH2CH3). m/z 264 (M", 10%), 58 (100), 207 (39). Anal. (C,4 H2oN2 0 3 ) Calc: C (63.62), H 

(7.63), N (10.60), Found: C (63.57), H (7.70), N (10.54)%.

2-A^-Methylamino-l-(6-(2-methylpropyl)amido-3,4-inethylenedioxyphenyl)propane (428) was prepared 

from (416) (0.35g, 0.90mmol scale) according to general procedure 7.5.1. Colourless crystals (61%). 

M.p.l03-104°C (ethylacetate/hexane). IRv^^x (KBr) 3440 (NH), 3271 (7V//COCH2 CH(CH3 )2 ), 1644 

(NHC0 CH2CH(CH3)2 ) cm'*. ‘H NMR 5 (CDCI3) 1.01 (6 H, d, J=6.5Hz, C H 2C H (C //j)2), 1.05 (3H, d, 

J3 ',2 '=6 .5 Hz, h -3 ’), 1.13 (IH , br s, NH), 2.15-2.27 (3H, m, CH2 C//(CH 3)2 , C //2CH(CH3 )2), 2.44 (3H, s, 

NCH3), 2.52 (IH , dd, J g e n , =  14.3Hz, Ji.2 - 7 .0 Hz, H -1’), 2.77 ( IH , dd, Jgem=14.3 H z, J,.2 - 2 .5 Hz, H-1’), 2.82 

(IH , m, H-2’), 5.90 (2H, s, O C H jO ), 6.53 (IH , s, H-2), 7.53 (IH , s, H-5), 11.06 (IH , s, N H C O ). ‘^C NMR 

ppm (CDCI3) 20.20 (C-3'), 22.57, 22.62 (CH2CH(CH3)2), 26.30 (CH2CH(CH3)2), 34.80 (NCH3), 39.48 (C- 

1'), 47.06 (CH2CH(CH3 )2), 57.22 (C-T), 100.98 (O C H jO ), 104.95 (C-2), 110.64, (C-5), 123.45 (C -l), 131.57 

(C-6 ), 143.69, 146.04 (C-3, C-4), 170.82 (C0 CH2CH(CH3 )2 ). m/z 292 (M", 3%), 58 (100), 151 (16). Anal. 

(C 16H24N2 O4 ) Calc: C (65.73), H (8.27), N (9.58), Found: C (65.32), H (8.29), N (9.46)%.
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2-A'-Methylamino-l-(6-cyclopropylamido-3,4-methylenedioxyphenyl)propane (429) was prepared from 

(417) (0.35g, 0.94mmol scale) according to general procedure 7.5.1. Colourless crystals (75%). M .p.l52- 

154°C (ethylacetate/hexane). IRv^^x (KBr) 3440 (NH), 3304 (iV//COCH(CH2 )2 ), 1676 (NHCOCH(CH2 )2 ) 

cm ‘. 'H  NMR 5 (CDCI3 ) 0.76 (2H, m, CH(C//2 )2 ), 1-06 (3H, d, J3 ,2 ’= 6 .5 Hz, H-3'), 1.15 (2H, m, CH(C//p)2 ),

I.19 (IH , br s, NH), 1.47 (IH , m, C//(CH 2)2), 2.48 (3H, s, NCH3 ), 2.50 (IH , m, H-1’), 2.81 (IH , m, H-2'), 

2.84 (IH , dd, Jgem=13.8Hz, Jr,2-=7 .5 Hz, H-1'), 5.89 (2H, s, OCH2 O), 6.53 (IH , s, H-2), 7.50 (IH , s, H-5),

II.39  (IH , s, NHCO). ‘"C NMR ppm (CDCI3 ) 7.18 (CH(CH 2 )2 ), 15.33 (CH(CH2 )2 ), 20.12 (C-3’), 34.64 

(NCHj), 39.22 (C -r), 57.11 (C-2’), 100.92 (OCHjO), 104.95 (C-2), 110.65 (C-5), 123.24 (C-1), 131.77 (C- 

6 ), 143.50, 146.00 (C-3, C-4), 171.75 (COCH(CH2 )2 ). m/z 276 ( M \ 7%), 58 (100), 219 (44). Anal. 

(C 1 5H2 0 N 2 O3 ) Calc: C (65.20), H (7.30), N (10.14), Found: C (65.22), H (7.31), N (10.13)%.

2-A^-Methylamino-l-(6-benzylainido-3,4-inethylenedioxyphenyl)propane (430) was prepared from (418) 

(0.35g, 0.86mmol scale) according to general procedure 7.5.1. Colourless oil (96%). lRv„ax (film) 3301 

(NH, NHCOAi), 1660 (NHCOAr) cm ''. ‘H NMR 5 (CDCI3 ) 1.09 (3H, d, J3.,2 =6 .5 Hz, H-3’), 1.93 (IH , br s, 

NH), 2.30 (3H, s, NCH3 ), 2.54 (IH , dd, Jge„=14.0Hz, J,.r=7.0Hz, H -l’), 2.78 (IH , dd, Jgem=14.6Hz, 

J,.,2 ’= 2 .5 Hz, H-1'), 2.84 (IH , m, H-2'), 5.91 (2H, s, OCH2 O), 6.58 (IH , s, H-2), 7.43 (IH , d, J=7.3Hz, H-4"), 

7.41-7.51 (3H, m, H-5, H-3", H-5"), 7.91 (IH , d, J=7.0Hz, H-2", H-6 ’’), 11.58 (IH , s, NHCO). '^C NMR 

ppm (CDCI3) 19.92 (C-3'), 34.56 (NCH3), 39.57 (C-T), 57.23 (C-2'), 101.01 (OCHjO), 105.75 (C-2), 110.53 

(C-5), 124.38 (C-1), 127.40, 128.24 (C-2", C-3", C-5", C-6 ") 131.14 (C-4"), 131.37 (C-6 ), 135.65 (C-1'), 

144.22, 146.07 (C-3, C-4), 166.16 (COAr). m/z 312 (M ', 6 %), 58 (100), 105 (56). HRMS calcd for 

C 18H2 1N 2 O3 : (M"+H) 313.1552, found: 313.1539.

2-A^-IVlethylaniino-l-(6-phenacetainido-3,4-methylenedioxyphenyl)propane (431) was prepared from 

(419) (0.35g, O.83mmol scale) according to general procedure 7.5.1. Colourless solid (73%). M .p .ll7 - 

119°C (ethylacetate/hexane). lRv„,ax (KBr) 3444 (NH), 3299 {NHCOCWjAr), 1667 (NHCOCHjAr) cm'*. ‘H 

NMR 5 (CDCl3 ) 0.70 (IH , br s, NH), 0.93 (3H, d, J3’t= 6 .5 Hz, H-3'), 2.14 (3H, s, NCH3 ), 2.32 (IH , dd, 

Jgem=14.0Hz, J,..2 '=8 .0 Hz, h-1'), 2.45 (IH , dd, Jgem=14.0Hz, J,.2 = 3 .0 Hz, H-1'), 2.53 (IH , m, H-2’), 3.69 (2H, 

s, CH2 ), 5.88 (2H, s, OCH2 O), 6.50 (IH , s, H-2), 7.26-7.36 (5H, m, H-2", H-3", H-4", H-5", H-6 "), 7.40 (IH, 

s, H-5), 10.51 (IH , s, NHCO). ‘̂ C NMR ppm (CDCI3) 20.26 (C-3'), 34.84 (NCH3 ), 40.17 (C-1’), 44.74 

(CH2 ), 57.42 (C-2’), 100.99 (OCH2 O), 105.37 (C-2), 110.09 (C-5), 124.63 (C-1), 127.00 (C-4"), 128.72, 

129.57 (C-2", C-3", C-5", C-6 "), 130.95 (C-6 ), 135.62 (C-1"), 144.15, 145.92, (C-3, C-4), 169.55 

(COCHjAr). m/z 326 (M ^ 2%), 58 (100), 269 (25). Anal. (C 19H22N 2 O3) Calc: C (69.92), H (6.79), N (8.58), 

Found: C (69.91), H (6.96), N (8.55)%.

2-A^-Methylainino-l-(6-acetainido-3,4-inethylenedioxyphenyI)butane (432) was prepared from (420) 

(0.34g, 0.94mmol scale) according to general procedure 7.5.1. Colourless crystals (67%). M.p 92-94°C 

(ethylacetate/hexane). IRv^^x (KBr) 3450 (NH), 3305 (A^/ZCOCHj), 1676 (NHC(9 CH3 ) cm ''. ‘H NMR 

5 (CDCl3) 0.96 (3H, t, J4 ,3 '=7 .5 Hz, H-4'), 1.30-1.47 (3H, m, NH, H-3'), 2.09 (3H, s, COCH3), 2.46 (3H, s, 

NCH 3 ), 2.47-2.55 (2H, m, H-1’, H-2'), 2.78 (IH , m, H -l'), 5.89 (2H, s, OCHjO), 6.54 (IH , s, H-2), 7.53 (IH, 

s, H-5), 11.55 (IH, s, NHCO). ‘T  NMR ppm (CDCI3 ) 10.62 (C-4'), 24.14 (COCH 3 ), 26.85 (C-3’), 34.77 

(NCH 3 ), 37.13 (C-1’), 63.89 (C-2’), 101.97 (OCH2 O), 104.72, (C-2), 110.56 (C-5), 123.69 (C-1), 131.72 (C-
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6 ), 143.57, 145.98 (C-3, C-4), 168.21 (COCH3). m/z 264 (M \ 8 %), 72 (100), 150 (27). Anal. (CmHzoNjOs) 

Calc: C (63.62), H (7.63), N (10.60), Found: C (63.80), H (7.69), N (10.58)%.

2-A^-Methylamino-l-(6-propionamido-3,4-methyienedioxyphenyl)butane (433) was prepared from (421) 

(0.34g, 0.90mmol scale) according to general procedure 7.5.1. Colourless crystals (38%). M.p.97-98°C 

(ethylacetate/hexane). IRv„.ax (KBr) 3430 (NH), 3308 (iV/ZCOCH.CHj), 1677 (NHCOCH2CH3) cm ''. ‘H 

NMR 5 (CDCI3) 0.96 (3H, t, J4 ,3=7 .5 Hz, H-4'), 1.26 (3H, t, J=7.7Hz, COCH2C //3), 1.32-1.46 (3H, m, NH, H- 

3’), 2.33 (2H, q, J=7.7Hz, COC//2CH3), 2.44 (3H, s, NCH3), 2.48-2.54 (2H, m, H-1’, H-2'), 2.75 (IH , m, H- 

1'), 5.89 (2H, s, OCH2O), 6.54 (IH , s, H-2), 7.55 (IH , s, H-5), 11.33 (IH , s, NHCO). ‘̂ C NMR ppm (CDCI3) 

10.07 (COCHjC/Zj), 10.63 (C-4’), 26.92 (C-3'), 30.60 (COC//2CH3), 34.89 (NCH3), 37.34 (C-T), 63.91 (C- 

2'), 100.96 (OCH2O), 104.81 (C-2), 110.46 (C-5), 123.70 (C-1), 131.75, (C-6 ), 143.54, 145.98 (C-3, C-4), 

172.15 (COCH2CH3). m/z 278 (M ^ 3%), 72 (100), 150 (10). Anal. (C15H22N 2O3) Calc: C (64.73), H (7.97), 

N (10.06), Found: C (64.66), H (7.91), N (10.07)%.

2-yV-IVIethylaiTiino-l-(6-(2-inethylpropyl)ainido-3,4-methylenedioxyphenyl)butane (434) was prepared 

from (422) (0.35g, 0.87mmol scale) according to general procedure 7.5.1. Amber oil (64%). IRv„,ax (film) 

3267 (NH, 7V//C0 CH2CH(CH3)2), 1643 (NHCOCH2CH(CH3)2) cm ''. ’H NMR 5 (CDCI3) 0.96 (3H, t, 

J4',3=7 .5 Hz, H-4’), 1.01 (6 H, d, J=6.5Hz, C n 2 CH{CHi)2 ), 1.38-1.44 (2H, m, H-3’), 1.84 (IH , br s, NH), 2.15- 

2.27 (3H, m, CH2C//(CH 3)2, C //2CH(CH3)2), 2.44 (3H, s, NCH3), 2.50-2.56 (2H, m, H-1', H-2'), 2.73 (IH , 

dd, Jge„=17.3Hz, J |.2=5 .3 Hz, H-1’), 5.89 (2H, s, OCH2O), 6.54 (IH , s, H-2), 7.53 (IH , s, H-5), 11.28 (IH , s, 

NHCO). '^C NMR ppm (CDCI3) 10.54 (C-4’), 22.50, 22.57 (CH2CH(CH3)2), 26.24 (CH2CH(CH3)2), 26.80 

(C-3'), 34.87 (NCH3), 37.27 (C-F), 46.95 (CH2CH(CH3)2), 63.87 (C-T), 100.91 (OCH2O), 104.82 (C-2), 

110.34 (C-5), 123.76 (C-1), 131.60 (C-6 ), 143.59, 145.92 (C-3, C-4), 170.85 (COCH2CH(CH3)2). m/z 306 

(M ^ 6 %), 72 (100), 150 (25). HRMS calcd for C nH 27N2 0 3 : (M^+H) 307.2022, found: 307.2039.

2-A'-Methylamino-l-(6-cyclopropyIainido-3,4-methylenedioxyphenyl)butane (435) was prepared from 

(423) (0.35g, 0.91mmol scale) according to general procedure 7.5.1. Colourless crystals (59%). M .p.l29- 

131°C (ethylacetate/hexane). I R v ^  (KBr) 3400 (NH), 3320, 3302 (A'//COCH(CH2)2), 1675

(NHCOCH(CH2)2) cm-‘. 'H  NMR 5 (CDCI3) 0.75-0.87 (2H, m, CH(C//^)2), 0.97 (3H, t, J4.,3=7 .3 Hz, H-4’), 

1.02-1.05 (2H, m, CH (C//j)2), 1.35-1.44 (2H, m, H-3’), 1.50 (IH , m, C//(CH 2)2), 2.30 (IH , br s, NH), 2.47 

(3H, s, NCH3), 2.54-2.60 (2H, m, H-1’, H-2’), 2.79 (IH , dd, Jgem=17.0Hz, Ji.,2=5 .0 Hz, H-1’), 5.88 (2H, s, 

OCH2O), 6.54 (IH , s, H-2), 7.50 (IH , s, H-5), 11.52 (IH , s, NHCO). ‘^C NMR ppm (CDCI3) 7.17, 7.20 

(CH(CH2)2), 10.57 (C-4’), 15.26 (CH(CH2)2), 26.64 (C-3’), 34.59 (NCH3), 36.99 (C-1'), 63.75 (C-2’), 100.94 

(OCH2O), 104.96 (C-2), 110.37 (C-5), 123.49 (C-1), 131.85 (C-6 ), 143.52, 145.99 (C-3, C-4), 171.89 

(C<9 CH(CH2)2). m/z 290 (M ^ 3%), 72 (100), 150 (6 ). Anal. (C,6H22N2 0 3 ) Calc: C (66.18), H (7.64), N 

(9.65), Found: C (66.56), H (7.59), N (9.53)%.

2-A'-Methylamino-l-(6-benzylamido-3,4-methylenedioxyphenyl)butane (436) was prepared from (424) 

(0.50g, 1.17mmol scale) according to general procedure 7.5.1. Amber oil (83%). IRVmax (film) 3309 (NH, 

NHCOkx), 1660 (NHCOAr) cm’'. *H NMR 5 (CDCI3) 0.98 (3H, t, J4 ,3.=7 .3 Hz, H-4’), 1.26 (IH , br s, NH), 

1.44 (2H, m, H-3’), 2.27 (3H, s, NCH3), 2.49-2.59 (2H, m, H-1’, H-2’), 2.75 (IH , m, H-1'), 5.92 (2H, s, 

OCH2O), 6.59 (IH , s, H-2), 7.41-7.53 (4H, m, H-5, H-3", H-4", H-5"), 7.91 (2H, d, J=7.0Hz, H-2", H-6 "),
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11.88 (IH , s, NHCO). '^C NM Rppm  (CDCij) 10.68 (C-4'), 27.03 (C-3'), 35.16 (NCHj), 37.56 (C-T), 64.26 

(C-2'), 101.01 (OCH2 O), 105.54 (C-2), 110.37 (C-5), 124.76, (C-1), 127.43, 128.25, (C-2", C-3", C-5", C-6 "), 

131.10 (C-4"), 131.59 (C-6 ), 135.92 (C-1"), 144.09, 146.00, (C-3, C-4), 166.21 (COAr). m/z 326 (M \ 5%), 

72 (100), 105 (53). HRMS calcd for C 1 9H2 3N 2 O 3 : (M"+H) 321 M W ,  found: 327.1713.

2-A^-MethyIainino-l-(6-phenacetaniido-3,4-methylenedioxyphenyI)butane (437) was prepared from (425) 

(0.30g, 0.69mmol scale) according to general procedure 7.5.1. Colourless crystals (43%). M.p.l05-106°C 

(ethylacetate/hexane). IRv„^ (KBr) 3440 (NH), 3303 (/V/ZCOCHjAr), 1673 (NHCOCHzAr) cm ''. 'H NMR 

5 (CDCI3 ) 0.80 (IH , br s, NH), 0.87 (3H, t, J4 ',3 '=7 .3 Hz, H-4'), 1.25-1.27 (2H, m, H-3'), 2.10 (3H, s, NCH 3 ), 

2.24 (IH , m, H-2'), 2.32 (IH , dd, Jg,„,= 13.8Hz, Ji,2 = 8 .5 Hz, H-1'), 2.45 (IH , dd, Jgem=13.5Hz, Ji,2 =2 .0 Hz, H- 

1’), 3.70 (2H, s, CH2 ), 5.88 (2H, s, OCHjO), 6.51 (IH , s, H-2), 7.26-7.36 (5H, m, H-2", H-3", H-4", H-5", H- 

6 "), 7.42 (IH , s, H-5), 10.88 (IH , s, NHCO). ‘̂ C NMR ppm (CDCI3) 10.41 (C-4’), 27.32 (C-3'), 35.42 

(NCH 3 ), 38.09 (C-1'), 44.78 (CHj), 64.35 (C-2'), 101.00 (OCHjO), 105.31 (C-2), 109.89 (C-5), 125.26 (C-1), 

126.94 (C-4"), 128.72, 129,69, (C-2", C-3", C-5", C-6 "), 131.18 (C-6 ), 135.76 (C-1"), 144.12, 145.85 (C-3, C- 

4), 169.67 (C 0 CH 2 Ar). m/z 340 (M ^ 2%), 72 (100), 91 (12). Anal. (C 2 0 H 2 4 N 2 O 3 ) Calc: C (70.56), H (7.11), 

N (8.23), Found: C (70.38), H (7.27), N (8.23)%.

Preparation of 4-fluorocatechol (443)

A mixture o f 4-fluoroveratrole (442) (64.04mmol, lO.OOg) and 48% aq. HBr (60ml) was refluxed for 4hr. 

After cooling all volatiles were removed in vacuo and the residue was dissolved in dichloromethane (250ml). 

The organic phase was dried over anhydrous Na2 S0 4  and solvent removed in vacuo leaving an amber solid 

which was purified by recrystallisation.

4-Fluorocatechol (443). Colourless needles (82%). M.p. 9 0 -9 1°C (dichloromethane/methanol) (lit. m.p, 90- 

91°C” '). lRv„,a, (KBr) 3536, 3431, 3307 (OH) cm''. 'H  NMR 5 (CDCI3) 5.03 (IH , s, OH), 5,51 (IH , s, 

OH), 6.51 (IH , m, H-5), 6.64 ( IH,  m, H-6 ), 6.78 ( IH,  m, H-3). '^C NMR ppm (CDCI3) 103.43 (d,

^Jc.f=27Hz, c-3), 106.84 (d, \ , f = 2 3 H z ,  C-5), 115.61 (d, '’Jc,f=10Hz, C-6 ), 139.30 (d, ^Jc,f=2Hz, C-1), 

144.45 (d, •'Jcf= 1 2 H z , C-2), 157.30 (d, % ,f=239H z, C-4). NMR ppm (CDCI3) -121 .59 . m/z 128 (M^ 

100%), 53 ( 8 ), 6 6  ( 8 ). HRMS calcd for C 7H 5FO 2 : (M ^ 140.02736, found: 140.02701.

Preparation of 4-fluoro-l,2-methyienedioxybenzene (444)

To a stirred suspension o f 4-fluorocatechol (443) (50.12minol, 6.42g) and CS2 CO 3 (75.18mmol, 24.49g) in 

anhydrous DMF (65ml) under nitrogen was added bromochloromethane (75.18mmol, 9.73g, 4.89ml) and the 

resulting mixture was heated to 1I0°C for 2hr. After cooling the reaction was filtered and filtrate 

concentrated in vacuo, leaving a dark oil. This was diluted with water (150ml) and extracted with 

dichloromethane (3x50ml). The combined extracts were washed with water (2x50ml) followed by drying 

over anhydrous Na2 S0 4 . After removing all volatiles in vacuo the resulting oil was purified by flash 

chromatography.
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4-Fluoro-l,2-m ethylenedioxybenzene (444) was purified by flash chromatography on silica gel (eluent : 

hexane). Colourless oil (52%). IRv„ax (film) 2776 (O C H .O ) cm’*. ‘H NM R 5 (CD Clj) 5.95 (2H, s, 

OCHjO), 6.49 (IH , m, H-5), 6.59 (IH , m, H-6 ), 6.70 (IH , m, H-3). ‘̂ C NM R ppm (CDCI3 ) 98.14 (d, 

^Jc.f=29Hz, C-3), 101.73 (OCHjO), 106.75 (d, ^Jc,f=24Hz, C-5), 107.86 (d, “Jc,f=10Hz, C-6 ), 143.69 (d, 

^Jcf=3Hz. C-1), 148.16 (d, ‘'Jc,f=14Hz, C-2), 157.97 (d, ^Jc,f=239Hz, C-4). '^F N M R ppm (CDCI3 ) -121 .34 . 

m/z 140 (M * -l, 100%), 83 (27), 63 (23).

Preparation o f  6-fluoropiperonal (441)

4-Fluoro-l,2-m ethylenedioxybenzene (444) (7,14mmol, l.OOg) was dissolved in dry dichloromethane (25ml) 

under nitrogen and cooled to 0°C in an ice bath. To this stirred solution SnCU (14.28mmol, 3.78g, 1.67ml) 

was added over 2min followed by the dropwise addition o f  a ,a-d ichlorom ethyl methyl ether (7.5mmol, 

0.86g, 0.68ml) over 5min. After allowing the reaction to stir at 0°C for a further 30min the dark mixture was 

quenched by the addition o f  an mixture o f  ice/water (25ml). A fter stirring for a fiirther 5min the mixture was 

diluted with dichloromethane (25ml) and aqueous phase discarded. The organic phase was washed with 

water (2x25ml) and 10% aq. HCl (2x25ml) followed by drying over anhydrous Na 2 S0 4 . A fter rem oving all 

volatiles in vacuo the resulting orange solid was purified by flash chromatography followed by 

recrystallisation.

6-Fluoropiperonal (441)'’̂ * was purified by flash chrom atography on silica gel (e lu e n t: hexane/diethylether 

: 90/10). Colourless needles (94%). M.p. 77-78”C (hexane). IRv™, (KBr) 1678 (CHO) cm ''. ‘H N M R 

6 (CDCI3) 6.08 (2H, s, OCH 2 O), 6.63 (IH , d, Jh.f=10.0Hz, H-5), 7.22 (IH , d, Jh,f=5.5Hz, H-2), 10.18 (IH , s, 

CHO). '^C NMR ppm (CDCI3) 97.91 (d, ^Jcf=29Hz, C-5), 102.83 (OCHjO), 104.97 (d, ‘‘Jcf=4Hz, C-2), 

117.90 (d, ^Jcf=10Hz, C-1), 144.82 (C-3), 153.98 (d, ‘'Jcf=16H z, C-4), 162.53 (d, ^Jcf=255Hz, C-6), 185.33 

(d, ■'Jcf=8 Hz, CHO). '®F NM R ppm (CDCI3) -126 .65 . m/z 168 ( M -1 , 100%), 139 (38), 83 (30). Anal. 

(C 8 H 5 FO 3 ) Calc; C (57.15), H (3.00), Found: C (56.86), H (2.95)% .

Preparation o f  l-(6-fluoro-3,4-m ethylenedioxyphenyl)-2-nitro-l-alkenes (447)-(448)

A mixture o f  6 -fluoropiperonal (441) (5.35mmol, 0.90g), the appropriate nitroalkane (25ml), dimethylamine 

HCl (16.05mmol, 1.31g), and KF (5mmol, 0.29g) in toluene (35ml) was refluxed with a Dean-Stark trap for 

6 hr. The reaction was then diluted with toluene (100ml) and washed with water (3x25ml). The organic 

phase was dried over anhydrous N a 2 S0 4  and volatiles rem oved in vacuo, leaving a crude orange oil. 

Purification was by flash chromatography followed by recrystallisation.

l-(6-Fluoro-3,4-m ethylenedioxyphenyl)-2-nitro-l-propene (447) was prepared from (441) (0.90g, 

5.35mmol scale) and purified by flash chromatography on silica gel (eluent : hexane/diethylether : 90/10). 

Yellow needles (52%). M.p. 109-111°C (methanol). IRv„ax (K ^ r)  1512, 1314 (NO 2 ) cm'*. 'H  NM R 

5 (CDCI3 ) 2.40 (3H, s, H-3’), 6.05 (2H, s, OCH 2 O), 6 . 6 8  (IH , d, Jh,f=9.0Hz, H-5), 6.82 (IH , d, Jh.f=6.0Hz, 

H-2), 8.07 (IH , s, H-1'). ‘̂ C NM R ppm (CDCI3) 14.25 (C-3'), 98.49 (d, \ ,p = 3 0 H z , C-5), 102.53 (OCH 2 O), 

107.66 (d, '*Jc,f=4Hz, C-2), 112.35 (d, ^Jc,f=15Hz, C-1), 126.52 (d, ''Jc,f=5Hz, C-1'), 144.22 (C-3), 150.18 (d,
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“Jc,f=15Hz, c -4), 156.73 (d, ^Jc.f=236Hz, C-6), 158.02 (C-2'). '^F NMR ppm (CDCI3) -115 .92 . m/z 225 

( M \ 74%), 44 (100), 83 (70). Anal. (C10H8FNO4) Calc: C (53.34), H (3.58), N (6.22), Found: C (53.24), H 

(3.53), N (6.18)%.

l-(6-F luoro-3,4-m ethylenedioxyphenyI)-2-nitro-l-butene (448) was prepared from (441) (1.75g,

10.41mmol scale) and purified by flash chromatography on silica gel (eluent : hexane/diethylether : 90/10). 

Yellow needles (60%). M.p. 77-78°C (ethylacetate/hexane). IRv^ax (KBr) 1518, 1327 (NO2) cm'*. 'H NMR 

8 (CDCI3) 1.25 (3H, t, J4,3=7.5Hz, H-4’), 2.82 (2H, q, J3,4=7.0Hz, H-3'), 6.06 (2H, s, OCH2O), 6.68 (IH, d, 

Jh.f=9.6Hz, H-5), 6.80 (IH , d, Jh,f=6.0Hz, H-2), 8.02 (IH , d, Jh,f=2.0Hz, H-1'). ‘̂ C NMR ppm (CDCI3)

12.10 (C-4’), 20.87 (C-3’), 98.41 (d, ^Jc,f=30Hz, C-5), 102.52 (OCHjO), 107.08 (d, “Jc,f=3Hz, C-2), 112.18 

(d, % ,f= 15H z, C-1), 125.72 (d, ‘'Jc,f=6Hz, C-1'), 144.32 (d, ^Jcf=2Hz, C-3), 150.21 (d, “Jc,f=15Hz, C-4), 

152.96 (C-2'), 156.90 (d, ^Jc,f=248Hz, C-6). W s 239 (M^ 100%), 192 (78), 133 (40). Anal. (C„H|oFN0 4 ) 

Calc: C (55.23), H (4.21), N (5.86), Found: C (55.32), H (4.20), N (5.71)%.

Preparation of l-(6-nuoro-3,4-m ethyIenedioxyphenyl)-2-alkanones (449)-(450)

l-(6-Fluoro-3,4-m ethylenedioxyphenyl)-2-propanone (449) was prepared from (447) (0.60g, 2.66mmol 

scale) according to general procedure 7.2.3 and purified by flash chromatography on silica gel (eluent : 

hexane/diethylether : 80/20). Pale amber oil (77%). IRv^m (film) 1706 (C=0) cm‘‘. ‘H NMR 5 (CDCI3 ) 

2.18 (3H, s, H-3'), 3.62 (2H, d, Jh.f=2.0Hz, H-1'), 5.95 (2H, s, OCH2 O), 6.59 (IH, d, Jh.f=6.5Hz, H-2), 6.60 

(IH, d, Jh,f=8.5Hz, h-5). '̂ C NMR ppm (CDCI3 ) 29.13 (C-3'), 43.40 (d, ‘'Jc,f=3Hz, C-1'), 97.90 (d,

^Jc,f=30Hz, c-5), 101.77 (OCH2 O), 109.67 (d, ‘'Jc,f=5Hz, C-2), 113.13 (d, ^Jc,f=19Hz, C-1), 143.76 (d, 

\ : ,f= 2 H z , c-3), 147.34 (d, ''Jc,f=15Hz, C-4), 155.55 (d, ^Jc,f=238Hz, C-6 ), 205.06 (C-2'). ‘®F NMR ppm 

(CDCI3 ) -124 .20 . m/z 196 (M^ 70%), 153 (100), 97 (18), HRMS calcd for C 1 0H 1 0FO3 : (M*+H) 197.0614, 

found: 197.0614.

I-(6-FIuoro-3,4-inethyIenedioxyphenyI)-2-butanone (450) was prepared from (448) (l.OOg, 4.18mmol 

scale) according to general procedure 7.2.3. Purification by flash chromatography was unnecessary. Pale 

am ber oil (98%). IRv„, ,̂ (film) 2775 (OCHjO), 1703 (C =0) cm‘‘. ‘H NMR 5 (CDCI3 ) 1.06 (3H, t, 

J4 ,3 = 7 .0 Hz, h-4'), 2.49 (2H, q, J3 .,4 .=7 .5 Hz, H-3'), 3.60 (2H, d, Jh,f=2.0Hz, H-1'), 5.94 (2H, s, OCH2 O), 6.59 

(IH, d, Jh.f=9.5Hz, H-5), 6.60 (IH , d, Jh,f=6.0Hz, H-2). ‘̂ C NMR ppm (CDCI3 ) 7.67 (C-4'), 35.16 (C-3'),

42.11 (d, ‘‘Jc,f=3Hz, c-1'), 97.83 (d, ^Jc,f=30Hz, C-5), 101.73 (OCH2 O), 109.71 (d, ''Jc,f=5Hz, C-2), 113.32 

(d, ^Jc,f=19Hz, c-1), 143.70 (d, ^Jc,f=2Hz C-3), 147.21 (d, ‘‘Jc,f=15Hz, C-4), 155.52 (d, ^Jc,f=238Hz, C-6 ), 

207.75 (C-2'). ‘®F NMR ppm (CDCI3 ) -124 .25 . m/z 210 (M^ 40% ), 153 (100), 57 (37). HRMS calcd for 

C iiH uFO j: (MO 210.06922, found: 210.06917.

Preparation o f 2-A'-m ethylam ino-l-(6-fluoro-3,4-m ethylenedioxyphenyl)alkanes (451)-(452)

To a stirred solution o f  the appropriate l-(6-fluoro-3,4-methylenedioxyphenyl)-2-alkanone (1.78mmol, 

0.35g) in dry methanol (10ml) was added methylamine HCl (14.27mmol, 0.96g) and sodium
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cyanoborohydride (7.96minol, 0.50g) and the reaction was stirred at rt for 24hr. The pH of the reaction was 

adjusted if  necessary to pH 5-6 by the dropwise addition o f conc. HCl as determined by damp universal pH 

paper. Excess hydride was decomposed by the addition o f 10% aq. HCl (75ml) and resulting aqueous phase 

washed with dichloromethane (3x 30ml). The aqueous phase was basified with 15% aq. NaOH solution and 

extracted with dichloromethane (3x 50ml). The organic extracts were combined, dried over Na2S0 4  and 

volatiles removed in vacuo, leaving the pure product as an oil.

2-N-Methylamino-l-(6-fluoro-3,4-methylenedioxyphenyl)propane (451) w as prepared from  (449) (0 .3 5 g ,  

1,7 8 m m o l sca le ) . C o lou rless o il (98% ). IR v ^ x  (film ) 3 3 2 9  (NH), 2 7 9 4  (NCH3) cm '‘. ‘H NM R 5 (CDCI3) 

1.04 (3 H , d, J3',2=6.52Hz, H -3'), 1 .70 (IH , br s, NH), 2 .4 2  (3 H , s, NCH3), 2.51  (IH , ddd, Jge„,= 13 .6H z, 

J|.,2 '=6 .6 H z, Jh ,f= 1 .5H z. H -1'), 2 .7 0  (IH , ddd, Jgem=13.5Hz, J, r = 6 .5 H z , Jh ,f=1 .5H z, H -1 ’), 2 .7 7  (IH , m , H -2'), 

5 .9 3  (2 H , s, O C H 2 O ), 6 .5 7  (IH , d, Jh ,f= 9 .5H z, H -5), 6 .6 2  (IH , d, Jh .f=6 .0H z, H -2 ). ‘̂ C N M R  ppm  (CDCI3) 

19 .49  (C -3 '), 3 3 .7 8  (NCH3), 3 6 .0 2  (C -1'), 5 5 .4 4  (C -2 ’), 9 7 .8 2  (d , "Jc.f=31H z, C -5 ), 101 .53  (OCHjO), 109 .77  

(d, ■’J c ,f= 6 H z, C -2 ), 1 17 .97  (d , \ . f = 1 8 H z ,  C -1), 143 .41  (d , ^Jc.f=2H z, C -3 ), 146 .38  (d , ‘‘J c ,f= 15H z, C -4 ), 

1 55 .75  (d . % .f= 2 3 7 H z , C -6 ). 'V  N M R ppm  (CDCI3) - 1 2 4 .4 6 .  m/z 211 (IVf, 11% ), 58  (1 0 0 ) , 196 (9 ). 

HRMS c a lcd  for C |)H |jF N 02; (M ^+H ) 2 1 2 .1 0 8 7 , found; 2 1 2 .0 1 8 7 . HCl salt. C olou rless so lid . M .p. 181- 

183°C  (eth an o l/h exan e). IR v^* (K B r) 2 8 0 1 , 2 4 5 2  (N H ’ ) cm ''. A nal. (C n H isC lF N O j) C alc: C (5 3 .3 4 ) , H 

(6 .1 0 ) , N (5 .6 5 ) , Found: C (5 3 .2 9 ) , H (6 .0 5 ) , N (5 .48)% .

2-yV-Methylainlno-l-(6-nuoro-3,4-methylenedioxyphenyl)butane (452) was prepared from (450) (0.37g, 

1.76mmol scale). Colourless oil (86%). IRv̂ ^̂  (film) 3340 (NH), 2794 (NCH3) cm‘‘. 'H NMR 8 (CDCI3)

0 .9 2  (3 H , t, J4 ',3 '=7 .5 H z, H -4'), 1.34 (IH , br s, NH), 1 .3 4 -1 .4 7  (2 H , m, H -3'), 2 .4 0  (3 H , s, NCH3), 2 .5 5 -2 .6 7  

(3 H , m, H - r ,  H -2'), 5 .93  (2 H , s, OCH2O), 6 .5 7  (IH , d, J h .f= 9 .6H z, H -5), 6 .6 3  (IH , d, Jh .f= 6 .0H z, H -2). ‘^C 

N M R  ppm (C D C I3 ) 9 .73  (C -4 '), 2 5 .6 3  (C -3'), 3 2 .8 4  (C -T ), 3 3 .6 3  (N C H 3 ), 6 1 .2 4  (C -2'), 9 7 .8 3  (d, % .f= 3 1 H z ,  

C -5 ), 1 01 .53  (O C H 2 O ), 1 0 9 .7 4  (d, ‘’Jc .f= 6 H z, C -2 ), 1 1 8 .33  (d, \ . f = 1 9 H z ,  C -1 ), 1 4 3 .4 4  (d, ^Jc,f=2H z C -3), 

146 .311  (d, ‘*Jc,f=14H z, C -4 ), 1 5 5 .8 0  (d, -J c ,f= 2 3 7 H z, C -6 ). ‘̂ F N M R  ppm (C D C I3 ) - 1 2 4 .4 9 .  m/z 2 2 5  ( M -

1, 1%), 72 (100), 153 (8). HRMS calcd for C^HnFNOj: (M^+H) 226.1243, found: 226.1235. HCl salt. 

Colourless solid. M.p. 146-149°C (ethanol/hexane). IRvma.x (KBr) 2780, 2712, 2472 (NH’’) cm"‘. Anal. 

(Ci2HnClFN02) Calc: C (55.07), H (6.55), N (5.35), Found: C (55.33), H (6.35), N (5.45)%.

General preparation of 2-(A'-methylamino-2-A'-trifluoroacetyl)-l-(6-chloro-3,4-methylenedioxyphenyl) 

alkanes (453)-(454)

To a solution o f the appropriate 2-(A'-methylamino-A^-trifluoroacetyl)-l-(6-amino-3,4- 

methylenedioxyphenyl)alkane (3.50mmol) in water (6ml) and conc. HCl (3ml) at 0°C was added, dropwise 

over 5min, an ice-cold solution o f sodium nitrite (3.80mmol, 0.26g) in water (2ml). The mixture was 

allowed to stir at 0°C for 20min. There was then added, in one portion, an ice-cold solution of copper(I) 

chloride (7.00mmol, 0.70g) in conc. HCl (5ml). The reaction was stirred and allowed to attain rt, then heated 

to 60°C on a water bath for 5min and overnight at rt. It was then diluted with water (100ml) and extracted 

with dichloromethane (3x50ml). The organic phases were combined, dried over Na2S0 4  and volatiles
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removed in vacuo providing the product as a brown oil. This was further purified by flash chromatography 

providing the pure product.

2-(A'-Methylamino-2-A^-trifluoroacetyl)-l-(6-chloro-3,4-methylenedioxyphenyl)propane (453) was 

prepared from (410) (1.29g, 4.23mmol scale) and chromatographed on silica gel (eluent; hexane/diethylether 

: 60/40). Colourless oil (62%). IRv„^ (film) 2765 (OCH^O), 1696 (NCOCFj) cm ''. 'H NMR 5 (CDCI3) 

1.25 (1.8H, d, J3 r= 6 .5Hz, H-3'), 1-26 (1.2H, d, J3 .,.=6 .5 Hz, H-3’), 2.82 (0.4H, dd, Jgem=14.0Hz, Jr,2=7.5Hz, 

H-1’), 2 .8 9  (1.2H, m, H-1'), 2.97 (0.4H, m, H-1'), 2.97 (1.2H, s, NCH3), 2.98 ( I . 8 H, s, NCH3), 4.32 (0.4H, m, 

H-2'), 4.75 (0.6H, m, H-2’), 5.94 (1.2H, q, J=1.5Hz, OCH2O), 5.96 (0.8H, q, J=1.5Hz, OCH.O), 6.58 (0.4H, 

s, H-2), 6 . 6 6  (0.6H, s, H-2), 6.81 (0.6H, s, H-5), 6.83 (0.4H, s, H-5). *̂ C NM R ppm (CDCI3) 16.57*, 18.09 

(C-3'), 28.13, 29.73* (2q, '*Jc,f= 4 H z , NCH3), 36.26*, 37.50 (C-T), 52.36, 53.06* (2q, '’J c,f= 3 H z , C-2'), 

101.71*, 101.81 (OCH2O), 109.81*, 109.93, 109.97, 110.00* (C-2, C-5), 116.44*, 116.56 (2q, ^Jc.f= 2 8 9 H z , 

COCFj), 125.65*, 125.89, 127.62, 128.22* (C-1, C-6 ), 146.81*, 146.86, 147.12*, 147.37 (C-3, C-4), 

156.86*, 157.23 (2q, ^Jc-f=35Hz, COCF3). '“’F NM R ppm (CDCI3) -70.51*, -68.91 (COCFj). m/z 323 (M*, 

13%), 154 (100), 196 (65). HRMS calcd for Ci3 H ,4 ClF3 N 0 3 : (M^+H) 324.0614, found: 324.0585.

2-(A^-Methylaniino-A^-trifluoroacetyl)-l-(6-chloro-3,4-methylenedioxyphenyl)butane (454) was prepared 

from (411) (l.lO g, 3.46mmol scale) and chromatographed on silica gel (eluent: hexane/diethylether : 70/30). 

Colourless oil (82%). IRv^ax (film) 2773 (OCH.O), 1688 (NCOCF3 ) cm ''. 'H NMR 5 (CDCI3 ) 0.88 (1.05H, 

t. J4 '3 ’=7 .5 Hz, H-4'), 0.89 (1.95H, t, J4 .3- 7 .OHz, H-4'), 1.57-1.75 (2H, m, H-3'), 2.73 (0.35H, dd, Jg™=14.0Hz, 

J,.,2 '=8 .0 Hz, H -r), 2.86-2.92 (1.3H, m, H-1'), 2.94 (1.95H, d, J=1.5Hz, NCH 3 ), 2.95 (1.05H, s, NCH 3 ), 3.04 

(0.35H, dd, Jgem=14.1Hz, Jr,2 = 6 .5 Hz, H-1'), 4.02 (0.35H, m, H-2’), 4.55 (0.65H, m, H-2'), 5.93 (1.3H, d, 

J=1.5Hz. OCH 2 O), 5.95 (0.7H, d, J=2.5Hz, OCHjO), 6.56 (0.35H, s, H-2), 6.65 (0.65H, s, H-2), 6.80 (0.65H, 

s, H-5), 6.82 (0.35H, s, H-5). '^C NMR ppm (CDCI3 ) 10.16, 10.50* (C-4’), 23.94*, 24.89 (C-3’), 27.99, 

29.90* (2m, NCH 3 ), 35.01*, 36.29 (C-T), 58.51*, 58.99 (C-2'), 101.68*, 101.78 (OCHjO), 109.78*, 109.87, 

109.97, 109.99* (C-2, C-5), 116.48* (q, 'Jc,f=288Hz, COCF3), 125.56*, 125.92, 127.64, 128.24* (C-1, C-6 ), 

146.78*, 146.82, 147.07*, 147.29 (C-3, C-4), 157.44*, 157.61 (2q, "Jc,f=35Hz, COCF3 ). '®F NMR ppm 

(CDCI3 ) -70.50*, -67.84 (COCF3 ). m/z 337 (M ^ 11%), 168 (100), 210 (60). HRMS calcd for 

C,4 H ,5 ClF3N 0 3 Na: (M"+Na) 360.0590, found: 360.0591.

Preparation of 2-A^-methylaniino-l-(6-chloro-3,4-methylenedioxyphenyl)alkanes (455) and (456)

2-A'-Methylamino-l-(6-chloro-3,4-niethylenedioxyphenyl)propane (455) was prepared from (453) (0.67g, 

2.06ramoi scale) according to general procedure 7.5.1. Amber oil (8 6 %). IRVmax (film) 3332 (NH) cm ''. 'H 

NMR 5 (CDCl3 ) 1.05 (3H, d, J3 ',2 = 5 .5 Hz, H-3'), 1.34 (IH , br s, NH), 2.43 (3H, s, NCH3 ), 2.57 (IH , dd, 

Jge„,= 15.6Hz, J,.r=9.0Hz, H-1’), 2.81-2.87 (2H, m, H-1’, H-2’), 5.94 (2H, s, OCH2 O), 6.69, 6.82 (2H, 2s, H-2, 

H-5). '^C NMR ppm (CDCI3 ) 19.59 (C-3’), 33.89 (NCH3 ), 40.75 (C-1’), 55.00 (C-2’), 101.53 (OCH2 O), 

109.83, 1 10.71 (C-2, C-5), 125.71 (C-1), 130.24 (C-6 ), 146.48, 146.62 (C-3, C-4). m/z 227 (M^+1, 2%), 58 

(100), 169 (24). HCI salt. Colourless crystals. M.p. 200-202°C (ethanol/hexane). IRv„^x (KBr) 2448 (NH'^ 

cm '. Anal. (C 1 1H 1 5CI2NO 2 ) Calc: C (50.02), H (5.72), N (5.30), Found: C (49.82), H (5.60), N (5.15)%.
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2-A^-M ethylamino-l-(6-chloro-3,4-methylenedioxyphenyl)butane (456) was prepared from (454) (0.77g, 

2.29mmol scale) according to general procedure 7.5.1. Colourless oil (52%). IRVmax (film) 3340 (NH) cm'*. 

‘H NMR 8 (CDCl3 ) 0.94 (3H, t, J4 3 '=7 .5 Hz, H-4’), 1.40 (IH , br s, NH), 1.42-1.50 (2H, m, H-3’), 2.40 (3H, s, 

NCHj), 2.62-2.77 (3H, m, H-1’, H-2'), 5.94 (2H, s, OCHjO), 6.70, 6.82 (2H, 2s, H-2, H-5). NMR ppm 

(CDCI3 ) 9.75 (C-4’), 25.67 (C-3’), 33.65 (NCH3 ), 37.70 (C-1'), 60.66 (C-2'), 101.53 (OCH2 O), 109.86, 110.86 

(C-2, C-5), 125.69 (C-1), 130.55 (C-6 ), 146.51, 146.58 (C-3, C-4). m /z2A\ (M *-l, 1%), 72 (100), 169 (19). 

HCI salt. Colourless crystals. M.p. 179-180°C (ethanol/hexane). lR v„^ (KBr) 2468 (NH") cm ‘. Anal. 

(ChHitCUNOz) Calc: C (51.81), H (6.16), N (5.04), Found: C (51.71), H (6.09), N (4.98)%.

G eneral preparation  of 2-(N-inethylainino-A^-trifluoroacetyl)-l-(6-bromo-3,4-methylenedioxyphenyl) 

alkanes (464)-(465)

To a stirred solution o f the appropriate 2-(jV-methylamino-A^-trifluoroacetyl)-l-(3,4- 

methylenedioxyphenyl)alkane (51.86mmol) in glacial acetic acid (105ml) was added, dropwise, a solution of 

bromine (57.00mmol, 9.17g, 2.94ml) in glacial acetic acid (16ml) and the mixture was stirred at rt overnight. 

It was then diluted with water (300ml) and the aqueous phase extracted with dichloromethane (3x50ml). The 

organic phase was washed with satd. aq. NaHCOs (3x50ml), dried over Na2 S0 4  and volatiles removed in 

vacuo providing the product as an orange oil. The crude oil was fiirther purified by flash chromatography.

2-(N-lVlethylamlno-;V-trifluoroacetyl)-l-(6-bromo-3,4-methylenedioxyphenyl)propane (464) was 

prepared from (403) (15.00g, 5I.86mmol scale) and chromatographed on silica gel (eluent: 

hexane/diethylether : 70/30). Amber oil (91%). IRv„,a.., (film) 2772 (OCH.O), 1692 (NCOCF3) cm‘‘. 'H 

NMR 6(CDCl3) 1.26 (1.95H, d, J3,2=6.5Hz, H-3'), 1.27 (1.05H, d, J3',2'=6.0Hz, H-3'), 2.83 (0.35H, dd, 

J g e n , =  14.0Hz, J|.r=7.5Hz, H-1'), 2.91 (I.3H, m, H-l'), 2.98 (3H, s, NCHj), 2.99 (0.35H, m, H -l'), 4.32 

(0.35H, m, H-2'), 4.75 (0.65H, m, H-2'), 5.94 (I.3H, q, J=1.5Hz, OCHjO), 5.95 (0.7H, d, J=1.5Hz, OCH2O), 

6.59 (0.35H, s, H-2), 6.67 (0.65H, s, H-2), 6.97 (0.65H, s, H-5), 6.99 (0.35H, s, H-5). ‘̂ C NMR ppm 

(CDCI3) 16.42*, 18.02 (C-3'), 28.14, 29.80* (2q, ‘* Jc ,f= 4 H z , NCH3), 36.62*, 36.68 (C-T), 52.44*, 53.15 (2m, 

C-2'), 101.67*, 101.77 (OCH2O), 109.95, 110.07*, 112.65*, 112.77 (C-2, C-5), 114.70*, 114.94 (C-6 ), 

116.38*, 116.48 (2q, % ,f=289Hz. COCFs), 129.34, 129.92* (C-1), 147.23*, 147.43*, 147.45, 147.48 (C-3, 

C-4), 156.75*, 156.78 (2q, ^Jc,f= 3 6 H z , COCF3). '®F NMR ppm (CDCI3) -70.50*, - 6 8 . 8 6  (COCF5 ). m/z 368 

(M > 1 , 7%), 154 (100), 242 (48). HRMS calcd for CijHBBrFsNOjNa: (M%Na) 389.9927, found: 389.9957.

2-(A^-Methylamino-A^-trifluoroacetyl)-l-(6-bromo-3,4-methylenedioxyphenyl)butane (465) was prepared 

from (404) (9.18g, 30.27mmol scale) and chromatographed on silica gel (eluent: hexane/diethylether : 

60/40). Colourless crystals (75%). M.p. 55-56“C (ethylacetate/hexane). IRVmax (KBr) 2772 (OCH2 O), 1696 

(NCOCF3 ) cm-'. 'H NMR 5 (CDCI3 ) 0.88 (0.9H, t, J4 .,3 .=7 .3 Hz, H-4'), 0.89 (2.1H, t, J4 ',3 '=7 .3 Hz, H-4'), 1.56- 

1.78 (2H, m, H-3'), 2.75 (0.3H, dd, Jgen,= 14.6Hz, J ,,2 = 8 .0 Hz, H -l'), 2.85-2.97 (1.4H, m, H -l'), 2.95 (2.1H, d, 

J=1.5Hz, NCH 3 ), 2.97 (0.9H, d, J=3.0Hz, NCH 3), 3.06 (0.3H, dd, J g e „ , =  14.0Hz, Ji'r=6 .0Hz, H -l'), 4.04 (0.3H, 

m, H-2'), 4.55 (0.7H, m, H-2'), 5.93 (1.4H, dd, J=3.0Hz, J=1.5Hz, OCHjO), 5.95 (0.6H, dd, J=4.0Hz, 

J=1.0Hz, OCH 2 O), 6.56 (0.3H, s, H-2), 6 . 6 6  (0.7H, s, H-2), 6.97 (0.7H, s, H-5), 6.98 (0.3H, s, H-5). ‘̂ C 

NMR ppm (CDCI3 ) 10.14, 10.48* (C-4'), 23.86*, 24.90 (C-3'), 28.03, 30.09* (2m, NCH 3 ), 37.45*, 38.55 (C-
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1'), 58.60*, 59.06 (2m, C-2'), 101.67*, 101.76 (OCH2 O), 109.98, 110.08*, 112.68*, 112.73 (C-2, C-5), 

114.67*, 115.01 (C-6 ), 116.44* (q, ^Jc-f=289Hz, COCF3 ) 129.38, 129.95* (C-1), 147.22*, 147.23, 147.43*, 

147.48 (C-3, C-4), 157.39*, 157.53 (2q, % .f=35H z, COCF3 ). 'V  NMR ppm (CDCI3 ) -70.48*, -67.74 

(COCFj). m/z 382 (M *-l, 5%), 168 (100), 256 (29). Anal. (CnHisBrFjNOj) Calc: C (44.00), H (3.96), N 

(3.67), Found: C (43.70), H (3.78), N (3.48)%.

Preparation of 2-A^-methylamino-l-(6-bromo-3,4-inethylenedioxyphenyl)alkanes (466) and (467)

2-A'-IVlethylamino-l-(6-bronio-3,4-methylenedioxyphenyl)propane (466) was prepared from (464) (l.OOg, 

2.72mmol scale) according to general procedure 7.5.1. Colourless oil (84%). lRv„,ax (film) 3327 (NH) cm‘‘. 

‘H NMR 5 (CDCI3 ) 1.06 (3H, d, J3 ',2 = 6 .0 Hz, H-3'), 1.33 (IH , br s, NH), 2.43 (3H, s, NCH 3 ), 2.58 (IH , m, H- 

1'), 2.82-2.88 (2H, m, H-1', H-2'), 5.94 (2H, s, OCHjO), 6.70, 6.99 (2H, 2s, H-2, H-5). ‘"C NMR ppm 

(CDCI3 ) 19.54 (C-3’), 33.91 (NCH 3 ), 43.19 (C-1'), 55.00 (C-2'), 101.54 (OCH2 O), 110.88, 112.75 (C-2, C-5), 

114.86 (C-1), 132.00 (C-6 ), 146.82, 147.17 (C-3, C-4). m/z 272 (M ^ 1%), 58 (100), 215 (14). HCl salt. 

Colourless solid. M.p. 210-212°C (dec.) (ethanol/hexane). IRv,„,„ (KBr) 2448, 2309 (NH^) cm"'. Anal. 

(Ci.HijBrClNOj) Calc: C (42.81), H (4.90), N (4.54), Found; C (42.52), H (4.81), N (4.41)%.

2-,A^-Methylamino-l-(6-bromo-3,4-niethylenedioxyphenyl)butane (467) was prepared from (465) (l.OOg, 

2.62mmol scale) according to general procedure 7.5.1. Colourless oil (41%). IRv^ax (film) 3340 (NH) cm'*. 

'H NMR 5 (CDCI3 ) 0.95 (3H, t, J4 3 - 7 .5 HZ, H-4'), 1.40-1.53 (3H, br s, NH, H-3'), 2.40 (3H, s, NCH3 ), 2.66-

2.78 (3H, m, H-1', H-2'), 5.94 (2H, s, OCH.O), 6.73 (IH , s, H-2), 7.24 (IH , s, H-5). ‘"C NMR ppm (CDCI3 )

9.79 (C-4'), 25.49 (C-3'), 33.67 (NCH 3 ), 44.45 (C-1'), 60.60 (C-2'), 88.34 (C-1), 101.47 (OCHjO), 110.32 (C- 

2), 118.73 (C-5), 135.68 (C-6 ), 146.89, 148.28 (C-3, C-4). m/z 2S6 (M", 1%), 72 (100), 57 (8 ). HCl salt. 

Colourless crystals. M.p. 171-173°C (ethanol/hexane). IRv^ax (KBr) 2466 (NH^) cm ''. Anal. 

(CijHnBrClNOj) Calc: C (44.67), H (5.31), N (4.34), Found: C (44.28), H (5.18), N (4.18)%.

General preparation of 2-(A'-methyIaniino-N-trifluoroacetyl)-l-(6-iodo-3,4-methylenedioxyphenyl) 

alkanes (468)-(469)

The appropriate 2-(A'-methylamino-/V-trifluoroacetyI)-l-(3,4-methylenedioxyphenyl)alkane (8.08mmol) was 

added in one portion to a vigorously stirred suspension of Ag2 S0 4  (16.16mmol, 5.04g) and I2 (16.16mmol, 

4.10g) in ethanol (90ml) under an atmosphere o f nitrogen. The reaction was stirred at rt in the dark. After 

36hr the mixture was filtered, concenfrated in vacuo and resulting residue purified by flash chromatography 

to give the desired product.

2-(A'-Methylamino-A'-trifluoroacetyl)-l-(6-iodo-3,4-niethylenedioxyphenyl)propane (468) was prepared 

from (403) (2.34g, 8.08mmol scale) and chromatographed on silica gel (eluent: hexane/diethylether : 82/18). 

Amber oil (6 8 %). lRv„ax (film) 2778 (OCH 2 O), 1690 (NCOCF3) cm ''. 'H  NMR 5 (CDCI3) 1.27 (2.1H, d, 

J3 '.2 '=7 .0 Hz, H-3'), 1.29 (0.9H, d, J3 .,2 =6 .5 Hz, H-3'), 2.85-2.97 (2H, m, H-1'), 2.99 (2.1H, d, J=1.5Hz, NCH3), 

3.00 (0.9H, s, NCH3), 4.29 (0.3H, m, H-2'), 4.72 (0.7H, m, H-2'), 5.94 (1.4H, dd, J=4.0, J=I.5Hz, OCH2 O), 

5.95 (0.6H, q, J=1.5Hz, OCHjO), 6.59 (0.3H, s, H-2), 6 . 6 8  (0.7H, s, H-2), 7.22 (0.7H, s, H-5), 7.23 (0.3H, s,
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H-5). ‘^C N M R  ppm (CDCI3) 16.39*, 18.09 (C-3'), 28 .31 , 30 .01* (2q, ‘’Jc,f=4H z, N C H 3), 43 .08* , 43 .95  (C- 

1'), 52 .78* , 53 .49 (2m, C-2'), 88.27*, 88.61 (C-6 ), 101.61*, 101.71 (O CH 2O), 109.25, 109.51* (C -2), 

116.38*, 116.46 (2q, ^Jc.f=288Hz, C O C F 3), 118.64*, 118.73 (C -5), 132.94, 133.48* (C -1), 147.30*, 147.47, 

148.54*, 148.61 (C-3, C-4), 156.77*, 156.80 (2q, % ,f= 35H z, COCF3). '®F NM R ppm (CDCI3) -7 0 .4 8 * , -  

68 .76  (C O C fj). m/z 415 (M", 23% ), 154 (100), 288 (87). HRM S calcd for C nH uF jIN O jN a (M"+H) 

43 7 .9790 , found: 437 .9722 .

2-(A '-M eth y lam in o-A '-trin u oroacety l)-l-(6 -iod o-3 ,4 -m eth y len ed ioxyp h en y l)b u tan e (469) was prepared 

from (404 ) (2 .50g, 8.24m m ol scale) and chromatographed on silica  gel (eluent: hexane/diethylether : 85/15). 

C olourless crystals (52%). M .p.73-75°C  (hexane). IRv„,ax (KBr) 1683 (N CO CF 3) cm '‘. 'H N M R  5 (CDCI3) 

0.89 (3H , t, J4.3- 7 .5 Hz, H-4'), 1.59-1.79 (2H, m, H -3’), 2.83 (0.3H , dd, Jge„=14.3Hz, J|.,2 = 8 .3 Hz, H -1’), 2 .90- 

2.93 (1.4H , m, H-1'), 2 .95 (2.1H , d, J=1.5H z, N C H 3), 2 .97  (0.9H , s, N C H 3), 3.01 (0.3H , dd, Jgem=14.3Hz, 

Ji.2 = 5 .7 Hz, h -1 '), 4.01 (0.3H , m, H-2'), 4.53 (0.7H , m, H-2’), 5 .92 (0.6H , s, OCHjO), 5.93 (1.4H , s, OCHjO), 

6.57 (0.3H , s, H-2), 6 .67 (0.7H , s, H-2), 7.21 (0.7H , s, H-5), 7 .22  (0.3H , s, H-5). ‘^C N M R  ppm (CDCI3) 

10.16, 10.47* (C-4'), 23 .75* , 24 .86  (C -3’), 28 .09 , 30 .20* (2m, N C H 3), 41 .90* , 42 .82 (C-1'), 58 .76*, 59.24  

(2m , C-2'), 88 .17*, 88.70 (C -6 ), 101.56*, 101.65 (O C H .O ), 109.24, 109.48* (C-2), 116.36, 116.40* (2q, ^Jc. 

f=289H z. COCF3) 118.57*, 118.59 (C -5), 132.89, 133.42* (C -1), 147.21*, 147.37, 148.47*, 148.53 (C-3, C- 

4), 157.31*, 157.45 (2q, ^Jc-f=36Hz, COCF3). ‘®F N M R  ppm (CDCI3) -7 0 .4 5 * ,- 6 7 .6 4  (C O C Fj). m/z 429  

(M ^ 18%), 168 (100), 302 ( 8 6 ). Anal. (C hH uF jIN O j) Calc: C (39 .18), H (3.52), N  (3 .26), Found: C 

(38 .73), H (3 .35), N  (3.10)% .

P reparation  o f  2 -A '-m eth y lam in o-l-(6 -iod o-3 ,4 -m eth y len ed ioxyp h en y l)a lkan es (470) and (471)

2-A ^-lV lethylam ino-l-(6-iodo-3 ,4-m ethylened ioxyphenyl)propane (470) was prepared from (468) (0 .64g, 

1.55m m ol scale) according to general procedure 7.5.1. C olourless oil (62% ). IRv^ax (film ) 3326 (N H )  cm ‘‘. 

‘H N M R  5  (C D C I3 ) 1.07 ( 3 H , d, J 3 .2 -6 .O H z , H -3 '), 1.43 ( I H ,  br s, N H ), 2 .44  ( 3 H , s, N C H 3 ), 2.59 ( I H ,  m, H- 

1'), 2 .81 -2 .89  (2H , m, H-1', H-2'), 5 .94 (2H , s, OCHjO), 6 .72, 7 .24  (2H , 2s, H-2, H-5). ‘̂ C N M R  ppm  

(C D C I3 ) 19.44 (C-3'), 33 .97  (N C H 3 ), 47.53 (C-1'), 55 .16 (C-2'), 100.45 (OCH 2O), 110.37, 118.74 (C -2, C-5), 

135.54 (C -1, C-6 ), 146.96, 148.31 (C -3, C-4). m/z 319 (M > 1 , 1%), 58 (100), 76 (25). H C l salt. Pale purple 

solid. M.p. 195-198“C (dec.) (ethanol/hexane). IRv^ax (KBr) 2446 , 2389  (N H " ) cm"'. Anal. (C 11H 15C IIN O 2) 

Calc: C (37 .15), H (4.25), N  (3 .94), Found: C (36 .79), H (4 .21), N  (3.83)% .

2-yV -iV lethylam ino-l-(6-iodo-3 ,4-inethylened ioxyphenyl)butane (471) was prepared from (469 ) (0 .65g, 

1.5 Im m ol scale) according to general procedure 7.5.1. Amber oil (40% ). IRv^ax (film ) 3337  (N H ) cm '‘. 'H 

N M R  5 (CDCI3) 0 .94 (3H , t, J43'=7 .5 Hz, H-4'), 1.37 (IH , br s, N H ), 1.41-1.53 (2H , br s, H-3'), 2 .40  (3H , s, 

N C H 3), 2 .64 -2 .78  (3H, m. H-1', H-2'), 5 .94  (2H , s, OCHjO), 6.71 (IH , s, H -2), 6 .99 (IH , s, H-5). ‘^C N M R  

ppm (CDCI3) 9 .77 (C-4'), 25 .63  (C -3’), 33 .67 (N CH 3), 40 .17  (C-1'), 60 .62  (C-2'), 101.55 (O CH 2O), 110.86, 

112.79 (C -2, C-5), 114.83 (C -1), 132.28 (C-6 ), 146.78, 147.20 (C -3, C-4). m /z 333  (M " -l, 1%), 72 (100), 

2 6 1 (1 5 ) .  HCI salt. C olourless crystals. M.p. 193-196°C (dec.) (ethanol/hexane). IRv,nax (K Br) 2460  (NH*) 

cm-'. Anal. (C ,2H ,7CIIN0 2 ) Calc: C (38 .99), H (4 .64), N  (3 .61), Found: C (38 .85), H (4 .54), N  (3.67)% .



Preparation of 2-(A'-methylaniino-A'-trifluoroacetyl)-l-(6-trifluoromethyl-3,4-methylenedioxyphenyl) 

alkanes (472)-(473)

To a solution o f the appropriate 2-(7V-methylamino-A'-trifluoroacetyI)-l-(6-iodo-3,4-methylenedioxyphenyl) 

alkane (2.41mmol) in dry DMF (15ml) there was added copper(I) iodide (4.82mmol, 0.94g), KI (4.82mmol, 

0.29g), and methyl chlorodifluoroacetate (CF 2 CICO2 CH3 ) (9.64mmol, 0.77g, 1.06ml), and the mixture was 

refluxed under nitrogen for 8 hr. The reaction was allowed to cool, diluted with dichloromethane (200ml), 

filtered, dried over Na2 S0 4  and concentrated in vacuo, leaving a brown oil. The crude product was further 

purified by flash chromatography.

2-(A^-Methylaniino-iV-trifluoroacetyl)-l-(6-trifluoromethyl-3,4-methylenedioxyphenyl)propane (472) 

was prepared from (468) (l.OOg, 2.41 mmol scale) and chromatographed on silica gel (eluent: 

hexane/diethylether : 75/25). Amber oil (94%). lRv„,a,x (film) 2780 (OCH2 O), 1691 (NCOCF3 ) cm ''. 'H 

NMR 5 (CDCI3 ) 1.23 (3H, m, H-3’), 2.85 (0.3H, dd, Jgem=14.6Hz, J 1.3 - 8 .OHz, H-1’), 2.92-2.96 (1.4H, m, H- 

!'), 2.97 (2.1H, d, J=1.5Hz, NCH3 ), 2.99 (0.9H, s, NCH3 ), 3.00 (0.3H, m, H-1'), 4.28 (0.3H, m, H-2'), 4.78 

(0.7H, m, H-2’), 6.01 (1.4H, d, J=1.0Hz, OCH2 O), 6.02 (0.6H, s, OCH 2 O), 6.59 (0.3H, s, H-2), 6.77 (0.7H, s, 

H-2), 7.08 (IH , s, H-5). ‘̂ C NMR ppm (CDCI3 ) 16.57*, 18.10 (C-3’), 26.06, 29.27* (2q, ‘‘Jc,f=4Hz, NCH3 ), 

34.86*, 35.98 (C-T), 52.73*, 54.03 (C-2’), 102.02*, 102.12 (OCH.O), 106.44*, 106.66 (2q, ‘’Jc.f=6 Hz, C-5), 

110.54* (C-2), 116.44*, 116.50 (2q, ^ J c ,f= 2 8 8 H z , COCF3), 122.03*, 122.29 (2q, ^Jc.f=30Hz, C-6 ), 124.27, 

124.35* (2q, ^Jc.f=273Hz, CFj), 130.83, 131.40* (2q, ‘*Jc,f=2Hz, C-1), 146.40*, 146.63, 150.34* (C-3, C-4), 

156.90, 156.97* (2q, \-.f=36H z, COCF3 ). '“"F NMR ppm (CDCI3 ) -70.59*, -69.08 (COCF 3 ), -58.17, -  

58.04* (C fj). m/z 357 (M \ 3%), 154 (100), 230 (6 6 ). HRMS calcd for C,4 H,3 F6 N 0 3 Na (M*+Na) 380.0697, 

found: 380.0679.

2-(A'-Methylainino-A^-trifluoroacetyl)-I-(6-trifluoromethyl-3,4-methylenedioxyphenyi)butane (473) was 

prepared from (469) (0.90g, 2.10mmol scale) and chromatographed on silica gel (eluent: hexane/diethylether 

: 85/15). Colourless crystals (44%). M.p. 6 6-6T C  (ethylacetate/hexane). IRVmâ  ̂ (KBr) 2780 (OCH2 O), 

1694 (NCOCF3 ) cm-‘. 'H NMR 5 (CDCI3 ) 0.86 (0.9H, t, J„-=7.0Hz, H-4'), 0.88 (2.1H, t, J«.=7.3Hz, H-4’), 

1.50-1.73 (2H, m, H-3'), 2.77 (0 .3H , dd, Jge„=14.6Hz, Ji r=8.0H z, H-1'), 2 .85 -3 .00  (1.4H, m, H-1'), 2.94 

(2.1H, d, J=1.5Hz, NCH 3 ), 2.98 (0.9H, s, NCH 3 ), 3.06 (0.3H, dd, Jge„=15.3Hz, Ji.,2 = 5 .5 Hz, H-1'), 3.99 (0.3H, 

m, H-2'), 4.58 (0.7H, m, H-2'), 6.01 (1.4H, d, J=1.0Hz, OCHjO), 6.02 (0.6H, s, OCHjO), 6.56 (0.3H, s, H-2), 

6.76 (0.7H, s, H-2), 7.05 (0.7H, s, H-5), 7.07 (0.3H, s, H-5). ‘̂ C NMR ppm (CDCI3 ) 10.12, 10.46* (C-4'), 

24.01*, 24.98 (C-3’), 27.89, 29.33* (2m, NCH 3 ), 33.70*, 34.95 (C-T), 58.88*, 60.00 (C-2’), 102.02*, 102.10 

(OCH2 O), 106.48*, 106.65 (2q, “Jc,f=6 Hz, C-5), 110.60*, 110.66 (C-2), 116.44, 116.49* (2q, \,f= 2 8 9 H z , 

COCFj), 122.00* (q, "Jc,f=30Hz, C-6 ), 124.31, 124.39* (2q, % , f= 2 7 3 H z , CF3), 130.89, 131.46* (2q, 

% .f=2Hz, C-1), 146.37*, 146.58, 150.28, 150.32* (C-3, C-4), 157.70, 157.79* (2q, \ ,f= 3 6 H z , COCF 3 ). '®F 

NMR ppm (CDCI3 ) -70.56*, -67.96 (COCFj), -58.19, -58.09* (CFj). m/z 371 (M", 3%), 168 (100), 244 

(67). Anal. (CjsHuFeNOj) Calc: C (48.52), H (4.07), N (3.77), Found: C (48.60), H (4.01), N (3.67)%.

Preparation o f 2-yV-iiiethylaniino-l-(6-trifluoroinethyl-3,4-methylenedioxyphenyl)alkanes (474) and 

(475)
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2-(A'-MethyIamino)-l-(6-trifluoromethyl-3,4-methylenedioxyphenyl)propane (474) was prepared from

(472) (0.61g, 1.71mmol scale) according to general procedure 7.5.1. Colourless oil (65%). IRv^ax (film) 

3336 (NH) cm '‘. 'H NMR 5 (CDCl,) 1.05 (3H, d, J3 ',2 '=6 .0 Hz. H-3'), 1.36 (IH , br s, NH), 2.42 (3H, s, 

NCHj), 2.63 (IH , m, H-1'), 2.80-2.91 (2H, m, H-1', H-2'), 6.01 (2H, s, OCHjO), 6.81, 7.07 (2H, 2s, H-2, H- 

5). ‘̂ C NMR ppm (CDCI3 ) 19.70 (C-3'), 33.88 (NCH3 ), 37.00 (C-T), 56.08 (C-2'), 101.84 (OCH 2 O), 106.50 

(q, ‘*Jc-f=6 Hz, C-5), 111.40 (C-2), 122.28 (q, %_f=30Hz, C-6 ), 124.43 (q, ^Jc-f=273Hz, CF3 ), 133.68 (C-1), 

145.96, 149.94 (C-3, C-4). ‘̂ F NMR ppm (CDCI3 ) -57.87 (CF3 ). m/z 261 (M ^ 18%), 58 (100), 76 (23). 

HCI salt. Pale purple solid. M.p. 170-172°C (dec.) (ethanoLliexane). IRv„,ax (KBr) 2471 (NH") cm"'. Anal. 

(C 1 2H 1 5F3 CINO2 ) Calc: C (48.41), H (5.08), N (4.70), Found; C (48.50), H (5.00), N (4.65)%.

2-(A^-Methylamino)-l-(6-trifluoroniethyl-3,4-methylenedioxyphenyl)butane (475) was prepared from

(473) (0.20g, 0.54mmol scale) according to general procedure 7.5.1. Colourless oil (76%). IRv„ ĵ< (film) 

3344 (NH) cm-'. 'H NMR 8 (CDCI3) 0.92 (3H, t, J4 3 = 7 .5 Hz, H-4'), 1.29 (IH , br s, NH), 1.38-1.56 (2H, br s, 

H-3'), 2.38 (3H, s, NCH 3 ), 2.63 (IH , m, H-2'), 2.77 (2H, m, H -1'), 6.01 (2H, s, 0 C H ,0 ), 6.83 (IH , s, H-2), 

7.07 (IH , s, H-5). ‘̂ C NMR ppm (CDCI3 ) 9.80 (C-4'), 25.89 (C-3'), 33.60 (NCH3 ), 36.73 (C-1'), 61.65 (C - 

2'), 101.83 (OCH 2 O), 106.53 (q, “Jc.f= 6 H z , C-5), 111.41 (C-2), 122.30 (q, ^Jc-f=30Hz, C -6 ), 124.54 (q, 

f=260Hz, CF3 ), 134.09 (C-1), 145.90, 149.95 (C-3, C-4). ‘̂ 'F NMR ppm (CDCI3 ) -57.88. m/: 275 (M"^+l, 

1%), 72 (100), 206 (22). HCI salt. Colourless solid. M.p. 193-195°C (dec.) (ethanol/hexane). IRv^ax (KBr) 

2471 (NH") cm ''. Anal. (C,3 H,7 C 1F3 N 0 2 ) Calc; C (50.09), H (5.50), N (4.49), Found; C (50.39), H (5.48), N 

(4.41)%.

General preparation of 2-(A'-methylamino-A'-trifluoroacetyl)-l-(6-cyano-3,4-methylenedioxyphenyl) 

alkanes (476)-(477)

To a solution o f 2-(A^-methylamino-A'-trifluoroacetyl)-l-(6-bromo-3,4-methylenedioxyphenyl)alkane 

(21.73mmol) in dry DMF (40ml) was added copper (I) cyanide (54.33mmol, 5.03g) and the reaction was 

refluxed under nitrogen for 6 hr. It was then allowed to cool, diluted with dichloromethane (200ml) and 

filtered to remove any solids. The filtrate was concentrated in vacuo to yield a brown oil. The crude oil was 

purified by flash chromatography.

2-(A'-Methylamino-/'V-trifluoroacetyl)-l-(6-cyano-3,4-niethylenedioxyphenyl)propane (476) was 

prepared from (464) (8.00g, 21.73mmol scale) and chromatographed on silica gel (eluent; 

hexane/diethylether ; 60/40). Colourless needles (92%). M.p. 83-85°C (ethylacetate/hexane). IRv,„ax (KBr) 

2224 (CN), 1694 (NCOCF3 ), cm’*. ‘H NMR 5 (CDCI3 ) 1.27 (2.1H, d, J3 .2 - 7 .OHz, H-3'), 1.30 (0.9H, d, 

J 3..2 '=7 .0 Hz, H-3'), 2.92-3.08 (1.7H, m, H-1'), 2.98 (0.9H, s, NCH 3 ), 3.01 (2.1H, d, J=1.5Hz, NCH 3 ), 3.06 

(0.3H, dd, Jgem=14.3Hz, J,.r=6.7Hz, H-1'), 4.28 (0.3H, m, H-2'), 4.57 (0.7H, m, H-2'), 6.04 (0.6H, d, 

J=1.5Hz, OCH 2 O), 6.08 (1.4H, d, J=1.0Hz, OCHoO), 6.67 (0.3H, s, H-2), 6.27 (0.7H, s, H-2), 6.94 (0.7H, s, 

H-5), 6.97 (0.3H, s, H-5). ‘"C NMR ppm (CDCI3) 16.62*, 18.10 (C-3'), 28.06, 29.24* (2q, ^Jc.f=4Hz, 

NCH 3 ), 37.30*, 38.39 (C-1'), 52.40*, 53.76 (C-2'), 102.30*, 102.42 (OCH2 O), 104.61*, 105.00 (CN), 109.64, 

109.82*, 110.91*, 111.22 (C-2, C-5), 116.24*, 116.39 (2q, ^Jc,f=287Hz, COCFj), 117.81, 118.00* (C-6 ), 

137.19, 137.90* (C-1), 146.73*, 146.95, 151.77*, 151.82 (C-3, C-4), 156.87*, 156.90 (2q, ^Jc,f=35Hz,
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CO CFj). ‘V  N M R  ppm (CDCI3) -70 .54* , -68.81 {COCF3). m/z 314 ( M \ 5%), 154 (100), 187 (78). Anal. 

(C hH uFjN zO j) Calc: C (53.51), H (4.17), N (8.91), Found; C (53.62), H (4.06), N (8.85)%.

2-(A^-M ethylamino-A^-trifluoroacetyl)-l-(6-cyano-3,4-methylenedioxyphenyl)butane (477) was prepared 

from (465) (5.00g, 13.08mmol scale) and chromatographed on silica gel (eluent: diethylether/hexane : 

60/40). Colourless needles (87%). M.p. 80-81°C (ethylacetate/hexane). IRv„,ax (KBr) 2230 (CN), 1682 

(NCOCF3) cm‘‘. 'H  NM R 5 (CDCl3 ) 0.89 (0.75H, t, J4 ,3 = 7 .5 Hz, H-4'), 0.91 (2.25H, t, J4.,3.=7 .5 Hz, H-4'), 

1.58-1,80 (2H, m, H-3'), 2.91 (0.25H, dd, Jge„,= 13.6Hz, J ,.2 - 6 .0 Hz, H-1'), 2.96-3,01 (1.5H, m, H-1'), 2.99 

(2.25H, s, NCH3), 3.01 (0.75H, s, NCH3), 3,13 (0,25H, dd, Jgen,= 14.0Hz, J ,.2 = 6 .5 Hz, H-1’), 4.00 (0.25H, m, 

H-2'), 4.64 (0.75H, m, H-2'), 6.04 (1.5H, d, J=1.5Hz, OCHjO), 6.06 (0.5H, d, J=2.0Hz, OCHjO), 6 . 6 6  

(0.25H, s, H-2), 6.79 (0.75H, s, H-2), 6.95 (0.75H, s, H-5), 6.99 (0.25H, s, H-5). ‘"C N M R ppm (CDCI3) 

10.01, 10.37* (C-4'), 24.63*, 24.90 (C-3'), 27.99, 29.24* (2q, “Jc,f=5Hz, NCH3), 36.08*, 37.39 (C-1'), 

58.39*, 59.72 (2q, ‘'Jc,f=3Hz, C-2'), 102.33*, 102.43 (OCHjO), 104.62*, 105.17 (CN), 109.80, 109.86*, 

110.96*, 111.25 (C-2, C-5), 116.35*, 116.39 (2q, ^ J c ,f= 2 8 8 H z , COCF3), 117.87, 118.05* (C-6 ), 137.29, 

138.00* (C-1), 146.75*, 146.95, 151.81*, 151.83 (C-3, C-4), 157.35*, 157.63 (2q, ^Jc,f= 3 6 H z , COCF3). 'V  

N M R  ppm (CDCI3) -70 .51* , -67 .67  (COCF3). m/z 328 (M ^ 3%), 168 (100), 201 (37). Anal. 

(C ,5H ,5 F 3N 2 0 3 ) Calc: C (54.88), H (4.61), N (8.53), Found: C (54.77), H (4.56), N (8.43)%.

Preparation o f  2-jV-m ethylam ino-l-(6-cyano-3,4-niethylenedioxyphenyl)propane (478)

A solution o f  the appropriate 2-(A^-methylamino-yV-trifluoroacetyI)-l-(6-cyano-3,4-methylenedioxyphenyl) 

alkane (2.39m m ol) in a 5M methanolic HCl solution (25ml) was refluxed for 8 hr. After cooling all volatiles 

were removed in vacuo and the residue dissolved in 10% aq. HCl (60ml). This was washed with 

dichloromethane (3x30ml). The aqueous phase was basified with 15% aq. NaOH and extracted with 

dichlorom ethane (3x30ml). The organic phases were combined, dried over anhydrous N a 2 S0 4  and solvent 

removed in vacuo.

2-A'-M ethylam ino-I-(6-cyano-3,4-m ethylenedioxyphenyI)propane (478) was prepared from (476) (0.75g, 

2.39mmol scale) according to the general procedure. Colourless oil (98%). IRv^ax (film) 3332 (NH), 2372 

(C N )cm ‘‘. 'H  NM R 5 (CDCI3 ) 1.06 (3H, d, J3 ,2 = 6 .0 Hz, H-3'), 1.20 (IH , br s, NH), 2.44 (3H, s, NCH 3 ), 2.69 

(IH , dd, Jgeu,= 13.0Hz, J,.r=6.0H z, H-1'), 2.87 (IH , m, H-2'), 2.93 (IH , dd, Jge„=13.0Hz, J,.,2 '=6 .0 Hz, H-1'), 

6.03 (2H, s, OCH 2 O), 6.77, 6.98 (2H, 2s, H-2, H-5). '^C N M R ppm (CDCI3 ) 19.56 (C-3’), 33.78 (NCH 3), 

41.54 (C -r) , 55.96 (C-2'), 102.13 (O C H jO ), 104.91 (CN), 110.57, 111.28 (C-2, C-5), 118.30 (C-6 ), 140.21 

(C-1), 146.25, 151.40 (C-3, C-4). m/z 218 (M ^ 100%), 203 (57), 188 (47). HCl salt. Colourless crystals. 

M.p. 272-277°C (dec.) (ethanol/hexane). IRv^ax (KBr) 2455 (NH ’̂ , 2226 (CN) cm"'. Anal. (C 12H 15CIN 2O 2) 

Calc: C (56.58), H (5.94), N (11.00), Found: C (56.40), H (6.01), N (10.85)%.

2-A^-M ethyIamino-l-(6-cyano-3,4-methyIenedioxyphenyl)butane (479). Unsuccessfiil synthesis.

336



General preparation of 3-alkyl-2-methyl-6,7-methylenedioxy-l,2,3,4-tetrahydroisoquinolin-l-ones 

(478)-(479)

A mixture of the appropriate 2 -(7V-methylamino-TV-trifluoroacetyl)-l-(6 -cyano-3 ,4 -niethylenedioxyphenyi) 

propane (2.39mmol) and NaOH pellets (17.50mmol, 0.70g) in ethanol (35ml) and water (15ml) was refluxed 

for 4hr. After cooling the reaction was diluted with water (400ml) and extracted with dichloromethane 

(3x50ml). The organic phases were combined, dried over anhydrous Na2S0 4 , and volatiles removed in 

vacuo, leaving an oil. This was purified by flash chromatography followed by recrystallisation to give 

tetrahydroisoquinolones as unexpected products. The expected products, 2-7V-methylamino-1-(6 -carboxyl- 

3,4-methylenedioxyphenyl)alkanes, were not isolated.

2,3-Dimethyl-6,7-methylenedioxy-l,2,3»4-tetrahydroisoquinolin-l-one (478) was prepared from (476) 

(0.75g, 2.39mmol scale) and chromatographed on silica gel (eluent : diethylether). Colourless crystals 

(45%). M.p. 86-87°C (ethylacetate/hexane). IRv„,ax (KBr) 2771 (OCH2O), 1640 (N C=0) cm'*. 'H NMR 

5 (CDCI3) 1.16 (3H, d, J=6.5Hz, CH3), 2.56 (IH , dd, J g e , „ = 1 5 . 5 H z ,  J4,3=2 .5 Hz, H-4), 3.10 (3H, s, N C H 3 ) ,  3.28 

( I H ,  dd, J g e m = 1 5 . 8 H z ,  J 4 ,3 = 6 . 5 H z ,  H-4), 3.67 ( I H ,  m, H-3), 5.97 (2H, d, J=2.0Hz, O C H j O ) ,  6.59 ( I H ,  s, H-5), 

7.52 (IH , s, H-8 ). ‘̂ C NMR ppm (CDCI3) 17.28 (CH3), 33.15 (NCH3), 34.21 (C-4), 53.63 (C-3), 101.26 

(OCH2O), 107.58, 107.94 (C-5, C-8 ), 122.97 (C-4a), 131.28 (C-8 a), 146.67, 150.26 (C-6 , C-7), 163.37 (C-1). 

m/z 219 (M", 85%), 204 (100), 134 (65). Anal. (C,2H nN 0 3 ) Calc: C (65,74), H (5.98), N (6.39), Found: C 

(65.67), H (5.96), N (6.28)%.

3-Ethyl-2-methyl-6,7-methylenedioxy-l,2,3,4-tetrahydroisoquinolin-l-one (479) was prepared fi'om (477) 

(0.75g, 2.29mmol scale) and chromatographed on silica gel (eluent : diethylether). Colourless needles 

(28%). M.p. 84-85“C (ethylacetate/hexane). IRv^ax (KBr) 2771 (OCHjO), 1642 (N C=0) cm’'. 'H  NMR 

5 (CDCl3) 0.88 (3H, t, J=7.5Hz, CHjC/Zj), 1.44 (IH , m, C //2CH3), 1.66 (IH , m, C //2CH3), 2.70 (IH , dd, 

J g e „ = 1 6 . 1 H z ,  J4,3= 1.5 Hz, H-4), 3.13 (3H, s, NCH3), 3.22 ( I H ,  dd, Jge,„=15.8Hz, J4,3=6 .5 Hz, H-4), 3.37 (IH , 

m, H-3), 5.97 (2H, s, OCHjO), 6.58 (IH , s, H-5), 7.50 (IH , s, H-8 ). '^C NMR ppm (CDCI3) 10.87

(CH2CH3), 24.08 (CH2CH3), 30.78 (C-4), 34.28 (NCH3), 59.92 (C-3), 101.25 (OCH2O), 107.49, 107.90 (C-5, 

C-8 ), 123.31 (C-4a), 131.30 (C-8a), 146.63, 150.17 (C-6 , C-7), 163.36 (C-1). m /z233  (M ^ 20%), 204 (100), 

134 (13). Anal. (CnH ,3N 0 3 ) Calc: C (66.94), H (6.48), N (6.00), Found: C (66.64), H (6.42), N (6.13)%.

Preparation o f 2-(A^-methylamino-A'-trifluoroacetyI)-l-(6-phenyI-3,4-methylenedioxyphenyI)alkanes 

(481)-(482)

A mixture of the appropriate 2-(iV-methylamino-A^-trifluoroacetyl)-l-(6-bromo-3,4-methylenedioxyphenyl) 

alkane (4.21 mmol), phenylboronic acid (8.42mmol, 1.03g), Pd(PPh3)4 (5moI%, 0.21 mmol, 0.25g) and 2M 

aq. Na2C0 3  (12ml) in THF (65ml) was refluxed under nitrogen for 6 hr. The reaction was allowed to stir at rt 

overnight and diluted with water (400ml). The resulting aqueous mixture was extracted with 

dichloromethane (3x50ml). Combination o f the organic extracts followed by drying over Na2S0 4  and 

removal of the volatiles in vacuo left a crude oil which was fiirther purified by flash chromatography.
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2-(yV -iV Iethylam ino-A '-trifluoroacetyl)-l-(6-phenyl-3,4-inethylenedioxyphenyl)propane (481) was 

prepared from (464) (1.55g, 4.21mmol scale) and chromatographed on silica gel (eluent; hexane/diethylether 

: 65/35). Colourless oil (97%). IRv„ax (film) 2772 (OCHzO), 1690 (NCOCF3) cm’'. *H NMR 5 (CDCI3) 

0.98 (1.05H, d, J3 .2 = 6 .0 Hz, H-3'), 0.99 (1.95H, d, J3 'r = 6 .5 Hz, H-3’), 2.62 (1.05H, s, N CH 3), 2.66 (1.95H, s, 

NCH3), 2 .7 1 -2 .8 3  (2H, m, H-1'), 4.03 (0.35H, m, H-2'), 4.56 (0.65H, m, H-2'), 5.94 (1.3H, d, J=15Hz, 

OCH2O), 5.96 (0.7H, s, OCH2O), 6.66-6.74 (2H, m, H-2, H-5), 7.21 (0.7H, d, J=6.5Hz, H-2", H-6 "), 7.26 

(1.3H , d, J=7.0Hz, H-2", H-6 "), 7.33 (IH , m, H-4"), 7.39 (2H, m, H-3", H-5"). ‘̂ C NMR ppm (CDCI3 ) 

16.75*, 18.11 (C-3'), 27.84, 28.83* (2q, ''J c ,f= 4 H z  NCH3), 35.73*, 36.54 (C-1'), 52.74*, 54.35 (2q, ‘’Jc ,f= 3 H z  

C-2’), 101.07*, 101.17 (OCH2O), 109.15, 109.23*, 110.22*, 110.44 (C-2, C-5), 115.10, 115.30* (C-1), 

116.44*, 116.53 (2q, ^Jc .f= 2 8 8 H z, COCF3), 126.97*, 127.07 (C-4"), 128.23*, 128.36, 129.51, 129.58* (C-2", 

C-3", C-5", C-6 "), 135.78*, 136.02 (C-6 ), 141.13, 141.31* (C -l"), 146.14*, 146.32, 146.99*, 147.10 (C-3, C- 

4), 156.71, 156.75* (2q, "Jc .f= 3 5 H z, COCF3). '^F NMR ppm (CDCI3) -70 .41* , -68 .93  (COCF3). m/z 365 

(M", 25%), 181 (100), 238 (96). HRMS calcd for CisHigFsNOsNa; (M^+Na) 388.1136, found: 388.1 166.

2-(A ^-M ethyIaniino-A '-trifIuoroacetyl)-l-(6-phenyl-3 ,4-inethylenedioxyphenyl)butane (482) was prepared 

from (465) (I.50g, 3.92mmol scale) and chromatographed on silica gel (eluent: hexane/diethylether : 80/20). 

Colourless oil (76%). IRv^^, (film) 2773 (OCH 2O), 1694 (NC(9 CF3 ) cm ''. 'H  NM R 5 (CDCI3) 0.65 (1.05H, 

t. J4-.3 - 7 .OHz, H-4’), 0.68 (1.95H, t, J4 .3 = 7 .3 Hz, H-4’), 1.29-1.43 (2H, m, H-3'), 2.60 (1.05H, s, NCH 3), 2.63 

(1.95H, d, J=1.5Hz, NCH 3 ), 2.66-2.85 (2H, m, H-1'), 3.71 (0.7H, m, H-2’), 4.35 (1.3H, m, H-2’), 5.95 (1.3H, 

dd, J=1.0Hz, J=4.0Hz, OCH.O), 5.97 (0.7H, s, OCHjO), 6.63-6.72 (2H. m, H-2, H-5), 7.20-7.28 (2H, m, H - 

2", H-6 "), 7.31-7.34 (IH , m, H-4"), 7.38-7.42 (2H, m, H-3", H-5"). ‘̂ C N M R ppm (CDCI3) 10.07, 10.39* (C- 

4'), 24.13*, 24.85 (C-3'), 27.73*, 28.92 (2m, N CH 3), 34.33*, 35.25 (C-1'), 58.88*, 60.54 (C-2'), 101.07*, 

101.15 (0 C H ,0 ) , 109.22, 109.29*, 110.22*, 110.38 (C-2, C-5), 116.52*, 116.55 (2q, ^Jc ,f= 2 8 8 H z, COCF3), 

126.96*, 127.04 (C-4"), 128.14, 128.22*, 129.56, 129.64* (C-2", C-3", C-5", C-6 "), 128.36*, 128.45 (C-6 ), 

135.77*, 136.06 (C-1), 141.23, 141.34* (C-1"), 146.11*, 146.27, 146.95*, 147.07 (C-3, C-4), 157.38* (q, 

"Jc.f=35Hz, COCF3 ). '®F NM R ppm (CDCI3 ) -70 .38* , -6 7 .8 6  (C O C fj). m/z 379 (M ^ 23% ), 181 (100), 252 

( 8 8 ). HRMS calcd for C 2 1H 2 1F 3N O 3 : (M^+H) 380.1474, found: 380.1448.

G en era l p rep a ra tio n  o f  2-A ^-m ethylam ino-l-(6-phenyl-3,4-m ethylenedioxyphenyI)alkanes (483) and  

(484)

2-A ^-M ethylam ino-l-(6-phenyl-3 ,4-m ethylenedioxyphenyl)propane (483) was prepared from (481) (l.OOg, 

2.74mmol scale) according to general procedure 7.5.1. Colourless oil (8 6 %). IRv^ax (fihn) 3328 (N H ) cm'*. 

'H N M R  5 (CDCI3 ) 0.85 (3H , d, J3 .2- 6 .5 Hz, H-3'), 1.27 (IH , br s, N H ), 2 .18  (3H , s, N C H 3), 2 .42  (IH , dd, 

Jgem=13.0Hz, J ,.2 = 7 .0 Hz, H -1’), 2 .48 (IH , m, H-2'), 2 .74  (IH , dd, Jgen,=13.0Hz, J,.,r=6.0Hz, H -1’), 5 .96 (2H , 

s, OCH 2 O), 6 .70 , 6 .76 (2H , 2s, H -2, H-5), 7 .25 (2H , d, J=7.0H z, C-2", C-6 "), 7 .30 (IH , m, C-4"), 7 .37 (2H , 

m, C-3", C-5"). '^C N M R  ppm (CDCI3) 19.66 (C-3'), 33 .76  (N C H 3), 40.01 (C-1'), 56 .02 (C -2’), 100.96  

(O C H 2O), 109.86, 110.33 (C -2, C-5), 126.74 (C-4"), 128.09, 129.62 (C-2", C-3", C-5", C-6 "), 130.59 (C -1), 

135.97 (C-6 ), 141.73 (C-1"), 145.66, 146.72 (C -3, C-4). m /z 269  (M "+l, 1%), 58 (100), 212  (44). HCI salt. 

Colourless solid. M.p. 199-201°C (dec.) (ethanol/hexane). IRv^ax (KBr) 2439  (NH*) cm ''. Anal. 

(C17H20CINO2) Calc: C (66 .77), H (6.59), N  (4 .58 ), Found: C (66 .95), H (6 .50), N  (4.53)% .
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2 -A -M e th y la m in o - l-{ 6 -p h e n y l-3 ,4 -m e th y le n e d io x y p h e n y l)b u ta n e  (484 ) w as p repared  from  (482) (0 .55g, 

1.44m m ol scale) accord ing  to  general p rocedure  7 .5 .1 . C o lourless o il ( 8 6 % ). IRv^ax (film ) 3334 (N H ) cm"'. 

‘H  N M R  5 (CDCI3) 0.66 (3H , t, J 4 ',3 '= 7 .5 H z, H -4’), 1.17-1.30 (3H , m , N H , H -3'), 2 .15  (3H , s, NCH3), 2.27 

(IH , m , H -2'), 2 .57  ( IH , dd, Jge„=13.3Hz, J,.,2 = 6 .0 Hz, H -1 '), 2 .62  ( IH , dd, Jgen,= 14.0H z, Ji.,2 - 7 .0 H z, H -1 '), 

5.96 (2H , s, O C H 2 O ), 6 .70, 6 .77  (2H , 2s, H -2, H -5), 7 .24-7 .27  (2H , m , C-2", C -6 "), 7 .30  ( IH , m, C-4"), 7 .34- 

7.38 (2H , m, C-3", C-5"). ‘^C N M R  ppm  (CDCI3) 9.63 (C -4 '), 25 .57  (C -3 '), 33 .59  (NCH3), 36.93 (C -1 '), 

61.77 (C -2 '), 100.94 (O C H 2 O), 109.94, 110.35 (C -2, C -5), 126.72 (C -4"), 128.09, 129.65 (C-2", C-3", C-5", 

C -6 "), 130.83 (C -1), 135.95 (C - 6 ), 141.71 (C -l" ) , 145.64, 146.71 (C -3 , C -4). W r2 8 3  (M ^-1 , 1%), 72 (100), 

2 1 2 (2 8 ) .  H C l sa lt. C olourless solid . M .p. 1 7 9 -1 8 1°C (dec .) (e thano l/hexane). lRv„,ax (KJ3r) 2482 , 2447  

( N H l  cm -'. A nal. (C ,8 H 2 2 C 1N 0 2 ) Calc: C (67 .60), H (6 .93 ), N  (4 .38 ), Found: C (67 .25), H (6 .90 ), N  

(4.25)% .

P re p a ra t io n  o f  6 -h y d ro x y p ip e ro n a l (490)

M ethod A

A m ixture o f  phosphorous oxychloride (72 .40m m ol) and iV -m ethylform anilide (90 .50m m ol) w as allow ed  to  

stand at rt for 30m in. Sesam ol (489) (36 .20m m ol, 5 .0g) w as then  added  in one portion  to  the o range solu tion  

and the reaction  w as heated  on a steam  bath  fo r 4hr. T he m ix tu re  w as then poured  onto  w ater (500m l), 

stirred  v igorously and ex tracted  w ith d ich lo rom ethane (3x75m l). T he o rgan ic  phases w ere com bined , dried  

over N a 2 S 0 4 , and solvent rem oved in vacuo leaving an oil w hich w as purified  by flash  ch rom atography  on 

silica gel.

M ethod B

A solution  o f  sesam ol (489) (IS .lO m m ol, 2 .5g ), hexam ine (IS l.O O m m ol, 25 .39g), and  trifluo roacetic  acid  

(360m l) w as refluxed  fo r 4hr. It was allow ed  to  cool, d ilu ted  w ith  w ater (500m l) and  ex trac ted  w ith 

d ichlorom ethane (3x50m l). The organic phases w ere com bined , w ashed  w ith satd. aq. N aH C O s (2x75m l) 

and dried  over M gS 0 4 . A ll volatiles w ere rem oved  in vacuo and  the resu lting  b lack  so lid  w as purified  by 

flash chrom atography on silica  gel.

M ethod C

A solution  o f  sesam ol (489) (IS .lO m m ol, 2 .5g ), hexam ine (181 .00m m ol, 25 .39g), and  g lacial acetic  acid 

(160m l) was refluxed for 30m in. T he m ixture w as allow ed to coo l, d ilu ted  w ith w ate r (600m l) and ex trac ted  

with d ichlorom ethane (3x75m l). The organic  phases w ere com bined , w ashed  w ith  satd. aq. N aH C 0 3  

(2x75m l) and dried  over M gS 0 4 . A ll vo la tiles w ere rem oved  in vacuo and the resu lting  b lack  so lid  w as 

purified  by flash chrom atography  on silica  gel.

6 -H y d ro x y p ip e ro n a l (490) w as purified  by flash ch rom atography  on silica  gel ( e lu e n t : hexane/d ie thy le ther : 

80/20). C olourless so lid  (m ethod A : 7% , m ethod  B : 14% , m ethod  C : 37% ). M .p . 124-I25°C  

(e th y lace ta te^ex an e) (lit. m .p. 125-126°C'*‘®). IRv„„x (K B r) 3490  (O H ), 1646 (C H O ) c m '‘. 'H  N M R  

5 (C D CI3 ) 6.00 (2H , s, O C H 2 O ), 6.45 (IH , s, H -5), 6 .84 ( IH , s, H -2), 9.61 ( IH , s, C H O ), 11.75 ( IH , s, O H ).
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'^C NMR ppm (CDCI3 ) 98.27 (C-5), 102.11 (0 C H ,0 ), 109.27 (C-2), 113.62 (C-6 ), 141.28, 155.10 (C-3, C- 

4), 161.46 (C-1), 193.57 (CHO). m/z 166 (M ^ 100%), 53 (34), 107 (23).

P repara tion  of l-(6-hydroxy-3,4-m ethylenedioxyphenyl)-2-nitro-l-propene (493)

A mixture of 6 -hydroxypiperonaI (490) (33.11mmol, 5.50g), nitroethane (25ml), dimethylamine HCl 

(66.22nmiol. 5.39g) and KF (lOmmol, 0.58g) in toluene (50ml) was refluxed with a Dean-Stark trap for 24hr. 

The reaction was then diluted with dichloromethane (100ml) and organic phase washed with dilute HCl 

(3x50ml). All volatiles were removed in vacuo leaving a black oil which was purified by flash 

chromatography on silica gel.

l-(6-Hydroxy-3,4-m ethylenedioxyphenyl)-2-nitro-l-propene (493) was purified by flash chromatography 

on silica gel (eluent : diethylether/hexane : 90/10). Black lustrous crystals (28%). M.p. 173-174°C (dec.) 

(ethylacetate/hexane). IRv„,ax (KBr) 3326 (OH), 1504, 1297 (NO2 ) cm"'. 'H NMR 5 (CD3 OD) 2.39 (3H, s, 

H-3'), 5.93 (2H, s, OCH 2 O), 6.45 (IH , s, H-2), 6.84 (IH , s, H-5), 8.31 (IH , s, H-1'). ‘̂ C NMR ppm (CD 3 OD) 

14.41 (C-3’), 98.55 (C-5), 103.01 (OCH.O), 108.80 (C-2), 112.46 (C-1), 130.80 (C-T), 142.40, 145.75 (C-3, 

C-4), 152.09 (C-2'), 155.09 (C-6 ). m/z 223 (M"-16, 0.5%), 176 (100), 90 (25). Anal. (C 10H 9NO 3 ) Calc: C 

(53.82), H (4.06), N (6.28), Found: C (53.79), H (3.99), N (6.06)%.

Unexpected p reparation  of 7-methyl-3,4-methylenedioxybenzofuran (495)

A suspension of iron powder (62.50mmol, 3.49g) in glacial acetic acid (25ml) was heated on a water bath for 

20min, stirring occasionally. To this mixture, a solution of l-(6-hydroxy-3,4-methylenedioxyphenyl)-2- 

nitro-I-propene (493) (5.82mmol, 1.30g) in warm glacial acetic acid (25ml) was added over lOmin. The 

reaction mixture was stirred occasionally while heating for a fiirther 2 hr after which the mixture became a 

grey-white colour. The reaction was allowed to cool to rt prior to addition o f  same to to a mixture of 

ice/water (350ml). This was extracted with dichloromethane (4x50ml), organic phases combined and dried 

over anhydrous Na2 S0 4 . All volatiles were removed in vacuo, and the resulting residue purified ftirther by 

flash chromatography. The resulting product was a substituted benzofliran. The expected product, l-( 6 - 

hydroxy-3,4-methylenedioxyphenyl)-2-propanone, was not isolated.

7-M ethyl-3,4-methylenedioxybenzofuran (495)““  ̂ was purified by flash chromatography on silica gel 

(eluent : hexane/diethylether : 80/20). Colourless crystals (65%). M.p. 48-49°C (hexane). IRv„,ax (KBr) 

2784 (OCH2 O) cm '‘. ‘H NMR 5 (CDCI3 ) 2.37 (3H, s, CH3 ), 5.91 (2H, d, J=3.0Hz, OCH 2 O), 6.21 (IH , d, 

J=1.0Hz, H-8 ), 6.82, 6.90 (2H, 2s, H-2, H-5). ‘̂ C NMR ppm (CDCI3 ) 13.96 (CH3 ), 93.16 (C-5), 98.82 (C-8 ), 

100.98 (OCH2 O), 102.80 (C-2), 122.17 (C-1), 144.06, 145.01 (C-3, C-4), 149.58 (C-7), 154.66 (C-6 ). m/z 

176 (M", 100%), 175 (9), 89 (27). Anal. (C 10H 8 O3 ) Calc: C (68.18), H (4.58), Found: C (68.25), H (4.68)%.

General preparation  o f 4-alkoxy-I,2-methylenedioxybenzenes (497)-(498)
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To a solution of sesamol (489) (101.36mmol, 14.00g) in ethanol (45ml) there was added NaOH pellets 

(161.00mmol, 6.44g) followed by the appropriate iodoalkane (109.20mmol) and the reaction was refluxed for 

4hr. It was then diluted with water (300ml) and extracted with dichloromethane (4x50ml). The organic 

phases were combined, dried over anhydrous Na2S0 4 , and concentrated in vacuo yielding the product as an 

orange oil.

4-IVlethoxy-l,2-methylenedioxybenzene (497). Orange oil (93%) (lit. b.p. 80°C/2mmHg'^'®). IRv^ax (film) 

2776 (OCH2O) cm-'. 'H NMR 5 (CDCI3) 3.28 (3H, s, OCH3), 5.89 (2H, s, OCH2O), 6.30 (IH , dd, 

J5.6=8 .5 Hz, J5.3=2 .5 Hz, H-5), 6.48 (IH , d, J3,5=3 .0 Hz, H-3), 6.69 (IH , d, J6,5=8 .5 Hz, H-6 ). '^C NMR ppm 

(CDCI3) 55.93 (OCH3), 97.46 (C-5), 101.06 (OCH.O), 104.71 (C-6 ), 107.85 (C-5), 141.58, 148.27 (C-3, C- 

4), 155.21 (C-1). m/z 152 (M ^ 100%), 137 (84), 79 (54).

4-Ethoxy-l,2-m ethylenedioxybenzene (498). Orange oil (92%) (lit. m.p. 35-37°C‘'^°). IRv„,ax (film) 2777 

(OCH2O) cm '‘. ‘H NMR 5 (CDCl3) 1.36 (3H, t, J=7.0Hz, OCHjC//^), 3.93 (2H, q, J=7.0Hz, OC//2CH3), 

5.87 (2H, s, OCH2O), 6.30 (IH , dd, J5.6=8 .5 Hz, J3,3=2 .5 Hz, H-5), 6.47 (IH , d, J3,5=2 .5 Hz, H-3), 6.67 (IH , d, 

J6.5= 8 .5 Hz, H-6 ). '^C NMR ppm (CDCI3) 14.76 (OCH2CH3), 64.26 (OCH2CH3), 98.00 (C-2), 100.98

(OCH2O), 105.67 (C-6 ), 107.84 (C-5), 141.45, 148.17 (C-3, C-4), 154.44 (C-1). m/z 166 (M", 100%), 137 

(96), 53 (20).

G eneral p reparation  of 6 -aikoxypiperonals (499)-(500)

A mixture o f phosphorous oxychloride (36.98g, 22.48ml) and A^-methylformanilide (41.70g, 28.10ml) was 

allowed to stand for 30min at rt. The appropriate 4-alkoxy-1,2-methylenedioxybenzene (88.73mmol) was 

then added in one portion to the orange solution and the reaction was heated on a steam bath for Ihr. The 

mixture was then poured onto water (500ml), stirred vigorously and extracted with dichloromethane 

(3x75ml). The organic phases were combined, dried over anhydrous Na2S0 4 , and solvent removed in vacuo 

leaving an oil which was purified by flash chromatography on silica gel.

6-M ethoxypiperonal (499) was prepared from (497) (13.50g, 88.73mmol scale) and chromatographed on 

silica gel (e luen t: ethylacetate). Colourless crystals (81%). M.p. 110-111°C (ethylacetate/hexane) (lit. m.p. 

IIO -IIP C '^ ). IRv^ax (KBr) 1655 (CHO) cm'*. ‘H NMR 6  (CDCI3) 3.87 (3H, s, OCH3), 5.99 (2H, s, 

OCH2O), 6.53 (IH , s, H-5), 7.23 (IH , s, H-2), 10.25 (IH , s, CHO). ‘̂ C NMR ppm (CDCI3) 56.37 (OCH3), 

94.03 (C-5), 102.03 (OCHjO), 105.84 (C-2), 118.52 (C-1), 141.97, 154.21 (C-3, C-4), 160.28 (C-6 ), 187.58 

(CHO). m/z 180 (M ^ 100%), 134 (34), 53 (33).

6 -Ethoxypiperonal (500)'*^° was prepared from (498) (12.61g, 75.87mmol scale) and chromatographed on 

silica gel (eluent ; ethylacetate). Colourless crystals (55%). M.p. 90-91°C (ethanol). IRv^ax (KBr) 1655 

(CHO) cm'*. ‘H NMR 5 (CDCI3) 1.45 (3H, t, J=7.0Hz, OCK 2 CH 3 ), 4.09 (2H, q, J=7.0Hz, O C //2CH3), 5.99 

(2H, s, OCH2O), 6.52 (IH , s, H-5), 7.25 (IH , s, H-2), 10.30 (IH , s, CHO). ‘^C NMR ppm (CDCI3) 14.58 

(OCH2CH3), 65.24 (OCH2CH3), 95.05 (C-5), 102.01 (OCH2O), 105.85 (C-2), 118.88 (C-1), 142.04, 154.19 

(C-3, C-4), 159.77 (C-6 ), 187.90 (CHO). m/z 194 (M ^ 72%), 165 (100), 53 (29).
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G eneral preparation o f l-(6-alkoxy-3,4-m ethylenedioxyphenyl)-2-nitro-l-alkenes (501)-(504)

A mixture o f  the appropriate 6 -alkoxypiperonal (22.20m m ol), nitroalkane (20ml), dimethylamine HCl 

(44.40mmol, 3.61g) and potassium fluoride (lO.OOmmol, 0.58g) in toluene (45ml) was refluxed with a Dean- 

Stark trap for 24hr. The reaction was then diluted with dichlorom ethane (100ml) and the organic phase 

washed with 10% aq. HCl (3x50ml). The organic phase was dried over anhydrous N a 2 S0 4 , and volatiles 

were removed in vacuo  leaving an orange oil which spontaneously crystallised. The solid was purified by 

recrystallisation or by flash chromatography on silica gel, followed by recrystallisation.

l-(6-M ethoxy-3,4-m ethylenedioxyphenyl)-2-nitro-l-propene (501) was prepared from (499) (4.00g, 

22.20mmol scale). Yellow needles (83%). M.p. 161-163°C (methanol) (lit. m.p. 166-167°C*^). IRv^^x 

(KBr) 1509, 1311 (NO.) cm‘‘. 'H  NM R 5 (CDCI3) 2.40 (3H, s, H-3'), 3.84 (3H, s, OCH3), 5.99 (2H, s, 

OCH2O), 6.57, 6.82 (2H, 2s, H-2 , H-5), 8.26 ( IH,  s, H -1'). ‘̂ C N M R  ppm (CDCI3) 14.21 (C-3’), 56.45 

(OCH3), 94.48 (C-5), 101.85 (OCHjO), 108.62 (C-2), 113.32 (C-1), 129.63 (C-1'), 141.30, 145.63, 150.55 

(C-2’, C-3, C-4), 155.20 (C-6 ). m /z2 3 1  (M", 100%), 190 (99), 175 (90). Anal. (C nH uN O j) Calc: C (55.70), 

H (4.67), N (5.90), Found: C (55.62), H (4.65), N  (5.86)%.

l-(6-M ethoxy-3,4-m ethylenedioxyphenyl)-2-nitro-l-butene (502) was prepared from (499) (4.00g, 

22.20mmol scale) and chromatographed on silica gel (eluent: hexane/diethylether : 90/10). Orange needles 

(59%). M.p. 95.5-96.5°C (methanol). lRv,„3  ̂ (KBr) 1508, 1299 (NO .) cm'*. 'H  N M R 5 (CDCI3 ) 1.25 (3H, t, 

J4 3 '=7 .5 Hz, h -4 '), 2.83 (2H, q, J3.4- 7 .5 Hz, H-3'), 3.83 (3H, s, OCH 3 ), 5.99 (2H, s, OCH .O), 6.57, 6.80 (2H, 

2s, H-2, H-5), 8.24 (IH , s, H-1'). ''’C NM R ppm (CDCI3 ) 12.26 (C-4'), 20.75 (C-3'), 56.42 (OCH 3 ), 94.46 (C- 

5), 101.81 (0 C H ,0 ) , 107.99 (C-2), 113.18 (C-1), 129.00 (C-1'), 141.37, 150.60, 151.06 (C-2', C-3, C-4), 

155.17 (C-6 ). m/z 251 (M", 100%), 204 (74), 175 (55). Anal. (C aH ^N O j) Calc: C (57.37), H (5.22), N 

(5.58), Found: C (57.24), H (5.12), N (5.56)%.

l-(6-Ethoxy-3,4-m ethylenedioxyphenyl)-2-nitro-l-propene (503) was prepared from (500) (3.50g, 

18.02mmol scale). Orange needles (84%). M.p. 117-118“C (methanol) (lit. m.p. 120-12 PC"*^). IRv„,ax 

(KBr) 1500, 1308 (NO.) cm ''. 'H  NM R 5 (CDCI3) 1.43 (3H, t, J=7.0Hz, OCHjCZ/j), 2.41 (3H, s, H-3'), 4.03 

(2 H, q, J=7.0Hz, OC//2CH3), 5.99 (2H, s, OCH2O), 6.55, 6.82 (2H, 2s, H-2 , H-5), 8.30 ( IH,  s, H-1'). ‘̂ C 

N M R ppm (CDCI3) 14.29 (C-3'), 14.70 (OCH2CH3), 65.29 (OCH2CH3), 95.57 (C-5), 101.80 (OCH2O), 

108.59 (C-2), 113.67 (C-1), 129.85 (C-T), 141.29, 145.57, 150.46 (C-2’, C-3, C-4), 154.57 (C-6 ). m/z 25 \ 

( M \  90%), 176 (100), 175 (99). Anal. (C ^H nN O j) Calc: C (57.37), H (5.22), N (5.58), Found: C (57.46), H 

(5.17), N (5.47)%.

l-(6-Ethoxy-3,4-m ethylenedioxyphenyl)-2-nitro-l-butene (504) was prepared from (500) (3.50g, 

18.02mmol scale). Gold needles (78%). M.p. 111-113°C (methanol). IRv„,ax (KBr) 1508, 1308 (NO 2 ) cm ''. 

'H  NM R 5 (CDCI3 ) 1.25 (3H, t, J4 3 .=7 .5 Hz, H-4'), 1.43 (3H, t, J=7.0Hz, OCH 2 C//J), 2.84 (2H, q, J 3 .4 '=7 .5 Hz, 

H-3'), 4.03 (2H, q, J=7.0Hz, O C // 2 CH 3 ), 5.99 (2H, s, OCHjO), 6.55, 6.81 (2H, 2s, H-2, H-5), 8.26 (IH , s, H- 

1'). ‘^C N M R ppm (CDCI3 ) 12.27 (C-4’), 14.66 (OCH 2 CH 3 ), 20.77 (C-3'), 65.29 (OCH 2 CH 3 ), 95.60 (C-5), 

101.76 (OCH 2 O), 107.91 (C-2), 113.57 (C-1), 129.20 (C - l’), 141.38, 150.52, 150.96 (C-2', C-3, C-4), 154.59
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(C-6 ). m/z 265 (M*, 87%), 175 (100), 218 (55). Anal. (CnH.sNOj) Calc: C (58.86), H (5.70), N (5.28), 

Found: C (58.90), H (5.69), N (5.24)%.

Preparation of l-(6-aIkoxy-3,4-methylenedioxyphenyl)-2-alkanones (505)-(508)

l-(6-Methoxy-3,4-methyIenedioxyphenyl)-2-propanone (505) was prepared from (501) (3.50g, 14.75mmol 

scale) according to general procedure 7.2.3. Pale amber oil (96%) (lit. b.p. 90-105°C/0.2mmHg'’ )̂. IRv„,ax 

(film) 2773 (OCH.O), 1719 (C=0) cm '. 'H NMR 5 (C D C I3) 2.12 (3H, s, H-3'), 3.57 (2H, s, H-1'), 3.74 (3H, 

s, O C H 3), 5.89 (2H, s, OCH2 O), 6.53, 6.61 (2H, 2s, H-2, H-5). '^C NMR ppm (C D C I3) 28.95 (C-3'), 45.01 

(C -r), 56.19 (O C H 3), 94.64 (C-5), 101.05 (OCHjO), 110.49 (C-2), 115.37 (C-1), 140.92, 147.25 (C-3, C-4), 

152.36 (C-6 ), 206.89 (C-2'). W z208 (M^ 59%), 165 (100), 135 (46).

l-(6-Methoxy-3,4-inethylenedioxyphenyl)-2-butanone (506) was prepared fi-om (502) (2.50g, 9.95mmol 

scale) according to general procedure 7.2.3. Amber oil (99%). IRv„,ax (film) 2772 (OCH 2 O), 1711 (C =0) 

cm-'. 'H NMR 5 (C D C I3) 1.06 (3H, t, J4 '.3 '=7 .3 Hz, H-4'), 2.44 (2H, q, J3 . 4 - 7 .3 Hz, H-3'), 3.56 (2H, s, H-1'), 

3.73 (3H, d. J=1.0Hz. O C H 3), 5.89 (2H, d, J=1.5Hz, OCHjO), 6.52, 6.61 (2H, 2s, H-2, H-5). '^C NMR ppm 

(C D C I3) 7.71 (C-4'), 34.85 (C-3'), 43.79 (C-T), 56.20 (O C H 3), 94.63 (C-5), 101.02 (OCHjO), 110.54 (C-2), 

115.55 (C-1), 140.90, 147.13 (C-3, C-4), 152.32 (C-6 ), 209.45 (C-2'). m/z 222 (M", 51%), 165 (100), 135 

(43). HRMS calcd for CnH^Oa: (M") 222.08921, found: 222.08930.

l-(6-Ethoxy-3,4-methylenedioxypheiiyl)-2-propanone (507) was prepared from (503) (2.90g, 11.54mmol 

scale) according to general procedure 7.2.3. Amber oil (91%). IRv,na  ̂ (film) 2773 (OCH^O), 1720 (C =0) 

cm ''. 'H NMR 5 (CDCl3 ) 1.35 (3H, t, J=7.0Hz, O C H 2 C H 3 ) ,  2.13 (3H, s, H-3'), 3.56 (2H, s, H-1'), 3.94 (2H, 

q, J=7.0Hz, O C//2 CH3 ), 5.88 (2H, s, OCH2 O), 6.51, 6.61 (2H, 2s, H-2, H-5). '^C NMR ppm (CDCI3 ) 14.67 

(OCH2 CH3 ), 29,00 (C-3'), 45.09 (C-T), 64.58 (OCH 2 CH3 ), 95.53 (C-5), 100.99 (OCHjO), 110.41 (C-2), 

115.70 (C-1), 140.86, 147.14 (C-3, C-4), 151.55 (C-6 ), 207.02 (C-2'). m/z 222 (M", 65%), 151 (100), 179 

(95).

l-(6-Ethoxy-3,4-methyIenedioxyphenyl)-2-butanone (508) was prepared from (504) (2.90g, 10.93mmol 

scale) according to general procedure 7.2.3. Amber oil (97%). IRv„,ax (film) 2772 (O C H 2 O ), 1719 (C = 0 ) 

cm-'. 'H N M R  5 (CDCl3 ) 1.03 (3H , t, J4 '3 '=7 .3 Hz, H -4 '), 1.34 (3H , t, J= 6 .8 Hz, O C H 2 C //3 ), 2.45 (2H , q, 

J3 '4 '=7 .5 Hz, h-3'), 3.56 (2H , s, H - 1’), 3.93 (2H , q, J=7.0Hz, O C //2 C H 3 ), 5.88 (2H , s, O C H 2 O ), 6.50, 6.61 (2H , 

2s, H -2 , H-5). '^C N M R  ppm (C D C I3) 7.77 (C-4'), 14.72 (O C H 2C H 3), 34.94 (C-3'), 43.95 (C-1'), 64.62 

(O C H 2C H 3), 95.56 (C-5), 101.00 (O C H 2 O ), 110.54 (C-2), 115.92 (C-1), 140.88, 147.06 (C-3, C-4), 151.57 

(C-6 ), 209.57 (C-2'). m/z 236 (M ^ 64%), 179 (100), 151 (95). H R M S  calcd for C nH ,6 0 4 : (M^) 236.10486, 

found: 236.10490.

Preparation of 2-A^-methylamino-l-(6-alkoxy-3,4-methylenedioxyphenyI)alkanes (511)-(514)
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2-yV-M ethylam ino-l-(6-m ethoxy-3,4-m ethylenedioxyphenyl)propane (511) was prepared from (505) 

(2.00g, 9.61mmol scale) according to  general procedure 7.2.10. Amber oil (65% ) (lit. b.p. 110- 

125°C/0.25mm Hg‘*-). IRv^^x (film) 3327 (N H ), 2791 (NCH3) cm ’'. 'H  NM R 5 (CDCI3) 1.02 (3H, d, 

J 3',2'=6 .5 Hz, H-3'), 1.46 ( IH,  br s, N H ), 2.39 (3H, s, NCH3), 2.48 ( IH,  dd, Jge„,=13.0Hz, J,.,2'=6 .0 Hz, H -1’), 

2.69 ( IH,  dd, Jge™=13.0Hz, J,.,2= 6 .5 Hz, H-1'), 2.75 ( IH,  m, H-2'), 3.74 (3H, s, OCH3), 5.87 (2H, s, OCH 2O), 

6.51, 6.63 (2H, 2s, H-2, H-5). '^C NM R ppm (CDCI3) 19.58 (C -3 '), 33.81 (NCH3), 37.35 (C-1'), 55.24 (C- 

2'), 56.17 (OCH3), 94.63 (C-5), 100.77 (OCHjO), 110.42 (C-2), 120.04 (C-1), 140.62, 146.23 (C-3, C-4), 

152.51 (C -6 ). w/2  223 (M "-l, 2% ), 58 (100), 166 (95). HCl salt. Colourless crystals. M.p. 164-166°C 

(ethanol/hexane) (lit. m.p. 168-169°C‘*̂ ). IRv,„ax (KBr) 2466, 2363 (NH") cm"'. Anal. (C12H18CINO3) Calc: 

C (55.49), H (6.99), N (5.39), Found: C (55.45), H (6.90), N (5.27)%.

2-jV-M ethyIam ino-l-(6-niethoxy-3,4-m ethyIenedioxyphenyl)butane (512) was prepared from (506) 

(1.80g, S.lOmmol scale) according to general procedure 7.2.10. Colourless oil (33%). IRVma., (film) 3339 

(NH), 2792 (NCH3) cm ''. 'H  NM R 6  (CDCI3) 0.92 (3H, t, J4',3'=7 .5 Hz, H-4'), 1.35-1.51 (3H, m, NH, H-3'), 

2.37 (3H, s, N CH 3), 2.52-2.65 (3H, m, H-1’, H-2'), 3.74 (3H, s, OCH3), 5.87 (2H, s, OCH2O), 6.51, 6.64 (2H, 

2s, H-2, H-5). ‘̂ C NMR ppm (CDCI3) 9.70 (C-4'), 25.66 (C-3'), 33.67 (NCH 3), 34.03 (C-1'), 56.21 (OCH 3), 

61.19 (C-2'), 94.69 (C-5), 100.79 (OCH2O), 110.37 (C-2), 120.39 (C-1), 140.69, 146.19 (C-3, C-4), 152.56 

(C-6 ). m /z 237 (M *+I, 1%), 72 (100), 166 (73). HCl salt. Colourless crystals. M.p. 156-157°C 

(ethanol/hexane). IRv^^x (KBr) 2466, 2366 (NH^^) cm ’. Anal. (C ,3H 2oClN0 3 ) Calc: C (57.04), H (7.36), N 

(5.12), Found: C (56.84), H (7.24), N (4.97)%.

2-A'-lVIethylamino-I-(6-ethoxy-3,4-methylenedioxyphenyi)propane (513) was prepared from (507) (1.80g, 

S.lOmmol scale) according to general procedure 7.2.10. Amber oil (62%). I R v ^ a x  (film) 3329 (NH), 2791 

(NCH 3 ) cm '‘. 'H NMR 5 (CDCl3) 1.02 (3H, d, J3 .2 - 6 .OHz, H-3'), 1.37 (3H, t, J=7.0Hz, OCH2 C //3 ), 1.59 

(IH , br s, NH), 2.41 (3H, s, NCH 3 ), 2.46 (IH , dd, Jgem=12.3Hz, J,.r=5.7Hz, H-1'), 2.70-2.81 (2H, m, H-1', H- 

2'), 3.93 (2H, q, J=7.0Hz, O C //2 CH3 ), 5.86 (2H, s, OCH2O), 6.49, 6.63 (2H, 2s, H-2, H-5). ‘̂ C NMR ppm 

(CDCI3) 14.74 (OCH2CH3), 19.62 (C-3'), 33.77 (NCH3), 37.27 (C-1'), 55.32 (C-2'), 64.49 (OCH2CH3), 95.54 

(C-5), 100.68 (OCH2O), 110.35 (C-2), 120.29 (C-1), 140.54, 146.11 (C-3, C-4), 151.67 (C-6 ). m/z 237 

(M"+l, 2%), 58 (100), 180 (90). HCl salt. Colourless crystals. M.p. 181-184“C (ethanol/hexane). lRv„a,  ̂

(KBr) 3494, 3450 (OH), 2436 (NH^) cm’'. Anal. (C ,3H2oClN0 3 .0 .5 H 2 0 ) Calc: C (55.22), H (7.49), N (4.95), 

Found: C (55.27), H (7.61), N (4.85)%.

2-A^-methylam ino-l-(6-ethoxy-3,4-methylenedioxyphenyl)butane (514) was prepared from (508) (2.00g, 

8.46mmol scale) according to general procedure 7.2.10. Colourless oil (24%). IRv„ax (film) 3338 (NH), 

2791 (NCH3) cm‘‘. ‘H N M R 8 (CDCI3) 0.93 (3H, t, J4'.3'=7 .5 Hz, H-4'), 1.38 (3H, t, J=7.0Hz, OCHjCZ/j), 

1.36-1.49 (3H, m, NH, H-3’), 2.39 (3H, s, NCH3), 2.53-2.62 (3H, m, H-1', H-2’), 3.94 (2H, q, J=7.0Hz, 

OC//2CH3), 5.87 (2H, s, OCH 2O), 6.49, 6.64 (2H, 2s, H-2, H-5). ‘^C N M R ppm (CDCI3) 9.90 (C-4'), 14.87 

(OCH2CH3), 25.84 (C-3’), 33.80 (NCH3), 34.26 (C-1'), 61.37 (C-2’), 64.65 (OCH2CH3), 95.68 (C-5), 100.80 

(OCH2O), 110.46 (C-2), 120.71 (C-1), 140.68, 146.15 (C-3, C-4), 151.82 (C-6 ). m/z 251 (M > 1 , 2% ), 72 

(100), 180 (74). HCl salt. Colourless crystals. M.p. 127-128°C (ethanol/hexane). IRv^ax (KBr) 2467, 2366
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(NH’̂) cm-‘. Anal. (C hHzjCINOj) Calc; C (58.43), H (7.71), N (4.87), Found; C (58.29), H (7.53), N 

(4.82)%.

Preparation of 6-bromopiperonal (517)

To a stirred solution o f piperonal (6 8 ) (333.04mmol, 50.Og) in glacial acetic acid (120ml) there was added, 

dropwise, a solution of bromine (363.00mmol, 58.01g) in glacial acetic acid (40ml) and the mixture was 

stirred at rt for 12hr. Water (60ml) was then added to the reaction. The precipitated solids were removed by 

filtration and washed with water. The solids were recrystallised twice from ethanol, generating the pure 

product.

6-Bromopiperonal (517). Colourless needles (51%). M.p. 126-I28°C (ethanol) (lit m.p. 131-132°C‘*"*). 

lRv„,ax (KBr) 1647 (CHO) cm'*. 'H  NMR 5 (CDCI3) 6.08 (2H, s, OCH2O), 7.04, 7.33 (2H, 2s, H-2, H-5), 

10.16 (IH , s, CHO). '^C NMR ppm (CDCI3 ) 102.71 (0CH2O), 108.05, 113.19 (C-2, C-5), 121.44 (C-6 ), 

128.02 (C-1), 148.11, 153.26 (C-3,C-4), 190.17 (CHO). w /z229(M ^+l, 100%), 62 (45), 199 (28).

Preparation of l-(6-bromo-3,4-methylenedioxyphenyl)-2-nitro-l-alkenes (518)-(519)

I-(6-Bromo-3,4-methylenedioxyphenyl)-2-nitro-l-propene (518) was prepared from (517) (17.50g, 

76.41 mmol scale) according to general procedure 7.2.2 and purified by recrystallisation. Yellow needles 

(82%). M.p. 154-155°C (methanol) (lit. m.p. 157.5-158,5°C'-% IRv„,ax (KBr) 1516, 1328 (NO,) cm’'. 'H 

NMR 5 (CDCI3 ) 2.34 (3H, s, H-3'), 6.06 (2H, s, OCH2 O), 6.79 (IH , s, H-5), 7.12 (IH , s, H-2), 8.08 (IH , s, 

H-r).  '^C NMR ppm (CDCI3 ) 13.92 (C-3'), 102.39 (OCH 2 O), 109.51, 113.33 (C-2, C-5), 117.03 (C-1), 

125.75 (C-6 ), 132.92 (C-1'), 147.50, 148.14, 149.62 (C-2', C-3, C-4). w/z 286 (M^-1, 13%), 176 (100), 102 

(55).

l-(6-Bromo-3,4-methylenedioxyphenyl)-2-nitro-l-butene (519) was prepared from (517) (22.00g, 

96.06mmol scale) according to general procedure 7.2.2 and chromatographed on silica gel (eluent: 

hexane/diethylether ; 85/15). Yellow needles (76%). M.p. 70.5-73°C (ethanol/hexane). I R v ^  (KBr) 1518, 

1324 (NO 2 ) cm‘‘. 'H NMR 8  (CDCI3 ) 1.22 (3H, t, J4 ',3 =7 .5 Hz, H-4'), 2.75 (2H, q, J3 .4 - 7 .5 Hz, H-3'), 6.07 

(2H, s, OCH 2 O), 6.78 (IH , s, H-5), 7.11 (IH , s, H-2), 7.99 (IH , s, H-1'). '^C NMR ppm (CDCI3 ) 12.33 (C- 

4’), 20.56 (C-3'), 102.36 (OCHjO), 108.93, 113.26 (C-2, C-5), 116.76 (C-1), 125.76 (C-6 ), 132.43 (C-1'), 

147.56, 149.58 (C-3, C-4), 153.68 (C-2'). m/z 300 (M '+ l, 16%), 175 (100), 190 (89). Anal. (CnHioBrN 0 4 ) 

Calc: C (44.02), H (3.36), N (4.67), Hr (26.63), Found: C (44.16), H (3.36), N (4.53), Br (26.57)%.

Preparation of l-(6-bromo-3,4-methylenedioxyphenyl)-2-alkanones (520)-(521)

l-(6-Bromo-3,4-methylenedioxyphenyl)-2-propanone (520) was prepared from (518) (17.00g, 59.42mmol 

scale) according to general procedure 7.2.3 and purified by recrystallisation. Colourless needles (8 8 %). M.p.
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99-100°C (ethanol/hexane). IRv„^ (film) 1719 (C=0) cm’'. 'H  NMR 5 (CDCI3 ) 2.19 (3H, s, H-3’), 3.75 

(2H, s, H-1'), 5.96 (2H, s, OCH 2 O), 6 .6 8 , 7.01 (2H, 2s, H-2, H-5). ‘̂ C NMR ppm (CDCI3 ) 29.52 (C-3'), 

50.45 (C -r), 101.76 (OCHjO), 110.91, 112.68 (C-2, C-5), 115.20 (C-1), 127.50 (C-6 ), 147.47, 147.61 (C-3, 

C-4), 204.92 (C-2'). m/z 257 (M^+1, 25%), 215 (100), 177 (65). Anal. (C,oH9 Br0 3 ) Calc: C (46.72), H 

(3.53), Br (31.08), Found: C (46.89), H (3.54), Br (30.68)%.

l-(6-Bromo-3,4-methylenedioxyphenyl)-2-butanone (521) was prepared from (519) (20.00g, 66.64mmol 

scale) according to general procedure 7.2.3 and purified by flash chromatography on silica gel (eluent: 

diethylether/hexane : 50/50). Colourless crystals (75%). M.p. 45-46°C (ethylacetate/hexane). IRv„,ax (film) 

1711 (C =0) cm '. 'H NMR 5 (CDCI3 ) 1.08 (3H, t, J4 ',3 '=7 .3 Hz, H-4’), 2.50 (2H, q, J3 ,4 = 7 .3 Hz, H-3'), 3.75 

(2H, s, H-1'), 5.96 (2H, s, OCH 2 O), 6.69, 7.01 (2H, 2s, H-2, H-5). '^C NMR ppm (CDCI3 ) 7.68 (C-4'), 35.52 

(C-3'), 49.27 (C-1’), 101.72 (OCH 2 O), 110.94, 112.60 (C-2, C-5), 115.13 (C-1), 127.63 (C-6 ), 147.41, 147.50 

(C-3, C-4), 207.56 (C-2'). m/z 271 (M "+l, 24%), 215 (100), 191 (73). Anal. (C nH ,,B r0 3 ) Calc: C (48.73), 

H (4.09), Br (29.47), Found: C (48.75), H (4.00), Br (29.63)%.

General preparation of l-(6-bromo-3,4-methylenedioxyphenyl)-2-(l,3-dioxyl) alkanes (522)-(523)

To a mixture o f the appropriate l-(6-bromo-3,4-methylenedioxyphenyl)-2-alkanone (50.57mmol) in toluene 

(300ml), and ethylene glycol (621 mmol, 50ml), vigorously stirred, was added p-TSA (2.50mmol, 0.50g) and 

the reaction was refluxed with a Dean-Stark trap for 18hr. After cooling, the reaction phases were separated. 

The toluene phase was washed with satd. aq. NaHCOs (3x50ml). The ethylene glycol phase was diluted with 

water (250ml) and extracted with toluene (3x50ml). The toluene extracts were then washed with satd. aq. 

NaHC 0 3  (3x50ml). All toluene phases were combined, dried over anhydrous Na2 S0 4 , and concentrated in 

vacuo. The resulting oil was purified by flash chromatography on silica gel.

l-(6-Broino-3,4-methylenedioxyphenyl)-2-(l,3-dioxyl)propane (522) was prepared from (520) (13.00g, 

50.57mmol scale) according to the general procedure and chromatographed on silica gel (eluent:

diethylether/hexane : 20/80). Colourless oil (97%). IRVmax (film) 2768 (OCH 2 O), 1481 (ArH) cm"'. 'H 

NMR 5 (CDCI3 ) 1.33 (3H, s, H-3'), 3.05 (2H, s, H-1'), 3.80-3.96 (4H, m, OCH 2 CH2 O), 5.93 (2H, s, OCH 2 O), 

6.91, 6.99 (2H, 2s, H-2, H-5). '^C NMR ppm (CDCI3 ) 24.04 (C-3'), 43.86 (C-T), 64.75 (OCHjCHjO), 

101.50 (OCH2 O), 109.93 (C-2'), 111.55, 112.41 (C-2, C-5), 115.92 (C-1), 129.59 (C-6 ), 146.98 (C-3, C-4). 

m/z 301 (M^+1, 2%), 87 (100), 43 (67). HRMS calcd for Ci2 H ,3 Br0 4 : (M^) 299.99972, found: 299.99937.

l-(6-Bromo-3,4-methylenedioxyphenyl)-2-(l,3-dioxyl)butane (523) was prepared from (521) (13.00g, 

47.95mmol scale) according to the general procedure and chromatographed on silica gel (eluent:

diethylether/hexane : 50/50). Colourless crystals (79%). M.p. 71-73°C (ethylacetate/hexane). IRv^ax (film) 

2770 (OCH2 O), 1478 (ArH) cm ''. ‘H NMR 6  (CDCI3 ) 0.94 (3H, t, J4 .3 - 7 .5 Hz, H-4'), 1.70 (2H, q,

J3 '.4 '=7 .5 Hz, h-3'), 3.04 (2H, s, H-1'), 3.74-3.94 (4H, m, OCH2 CH 2 O), 5.94 (2H, s, OCHjO), 6.92, 7.00 (2H,

2s, H-2, H-5). *̂ C NMR ppm (CDCI3 ) 7.51 (C-4'), 30.71 (C-3'), 42.48 (C-1'), 65.33 (OCH 2 CH 2 O), 101.47 

(OCH 2 O), 111.60, 112.40 (C-2, C-5), 111.74 (C-2'), 116.03 (C-1), 129.58 (C-6 ), 146.90 (C-3, C-4). /w/z315
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(M '+ l, 2%), 101 (100), 57 (60). Anal. (C,3 H ,5 Br0 4 ) Calc: C (49.54), H (4.80), Br (25.35), Found: C (49.54), 

H (4.73), Br (25.25)%.

General preparation of l-(6-alkyl or 6-thioalkyl-3,4-methylenedioxyphenyl)-2-aIkanones (526)-(533)

A solution o f the appropriate l-(6-bromo-3,4-methylenedioxyphenyl)-2-(l,3-dioxyl)all<;ane (lO.OOmmol) in 

dry THF (35ml) was stirred and cooled to -78°C under nitrogen. After 30min at -78°C, «-BuLi (2.5M in 

hexanes, 1 Immol, 4.40ml) was added and the reaction was stirred for a further Ihr at -78°C. The appropriate 

iodoalkane or alkane disulfide ( 1 2 .0 0 mmol) was then added and the reaction was stirred for a further Ihr at -  

78°C, then at rt overnight. The solution was then diluted with water (250ml) and extracted with 

dichloromethane (3x50ml). The organic phases were combined and reduced in vacuo leaving an oily residue. 

To this residue was added ethanol (60ml) and 20% aq. HCl (50ml) and the mixture was refluxed for 2hr. 

After cooling the reaction was diluted with water (100ml) and extracted with dichloromethane (3x50ml). 

The organic phases were combined, dried over anhydrous Na2 S0 4  and volatiles removed in vacuo yielding an 

oil. This was purified by flash chromatography on silica gel.

l-(6-Methyl-3,4-methylenedioxypheny!)-2-propanone (526) was prepared from (522) (3.00g, 9.96mmol 

scale) and iodomethane and purified by flash chromatography on silica gel (eluent: hexane/diethylether : 

80/20). Colourless crystals (90%). M.p. 52-53°C (ethylacetate/hexane) (lit. m.p. 54-55°C‘‘̂ ). 'H NMR 

8 (CDCI3) 2.12 (3H, s, H-3 '), 2.14 (3H, s, CH3), 3.59 (2H, s, H-1'), 5.89 (2H, s, OCHjO), 6.61, 6.65 (2H, 2s, 

H-2, H-5). ‘̂ C NMR ppm (CDCI3) 19.33 (CH3), 28.96 (C-3'), 48.61 (C-T), 100.76 (OCH2 O), 110.25, II 0.46 

(C-2, C-5), 125.69, 129.86 (C-1, C-6 ), 145.79, 146.57 (C-3, C-4), 206.13 (C-2’). m/z 192 (M ^ 65%), 149 

(100), 91 (37).

l-(6-Ethyl-3,4-methylenedioxyphenyl)-2-propanone (527) was prepared from (522) (3.00g, 9.96mmol 

scale) and iodoethane and purified by flash chromatography on silica gel (eluent: hexane/diethylether : 

80/20). Colourless oil (90%). IRv^^x (film) 2774 (OCHjO), 1710 (C =0) cm‘‘. 'H NMR 5 (CDCI3) 1.15 

(3H, t, J=7.5Hz, CHjC/Zj), 2.14 (3H, s, H-3'), 2.49 (2H, q, J=7.5Hz, C//2CH3), 3.63 (2H, s, H-1'), 5.92 (2H, s, 

OCH2O), 6.62, 6.72 (2H, 2s, H-2, H-5). ‘̂ C NMR ppm (CDCI3) 14.96 (CH2CH3), 25.64 (CH2CH3), 29.00 

(C-3'), 48.11 (C -r), 100.80 (OCH2O), 108.77, 110.39 (C-2, C-5), 124.95 (C-1), 136.10 (C-6 ), 145.66, 146.88 

(C-3, C-4), 206.53 (C-2'). m/z 206 (M", 56%), 163 (100), 105 (56). HRMS calcd for CisH^Oj: (M^) 

206.09430, found: 206.09489.

l-(6-Thiomethyl-3,4-methyIenedioxyphenyl)-2-propanone (528) was prepared from (522) (3.00g, 

9.96mmol scale) and dimethyldisulphide and purified by flash chromatography on silica gel (eluent: 

hexane/diethylether : 70/30). Colourless crystals (97%). M.p. 46-47°C (ethylacetate/hexane). IRv^aj; (film) 

2771 (OCH2 O), 1720 (C=0) cm’’. 'H  NMR 5 (CDCI3 ) 2.20 (3H, s, H-3’), 2.37 (3H, s, SCH3 ), 3.84 (2H, s, H- 

1'), 5.95 (2H, s, OCH2 O), 6 .6 6 , 6.92 (2H, 2s, H-2, H-5). '"C NMR ppm (CDCI3 ) 18.55 (SCH3 ), 29.44 (C-3'), 

48.69 (C-1'), 101.30 (OCH2 O), 110.51, 110.61 (C-2, C-5), 128.82, 129.44 (C-1, C-6 ), 146.74, 147.37 (C-3, 

C-4), 206.01 (C-2'). m/z 224 (M", 89%), 181 (100), 135 (38). Anal. (CuHnOsS) Calc: C (58.91), H (5.39), 

S (14.30), Found: C (58.75), H (5.33), S (14.32)%.

347



l-(6-Thioethyl-3,4-methylenedioxyphenyl)-2-propanone (529) was prepared from (522) (3.00g, 9.96mmol 

scale) and diethyldisulphide and purified by flash chromatography on silica gel (eluent; hexane/diethylether : 

75/25). Colourless crystals (99%). M.p. 43-44°C (ethylacetate/hexane). IRv,nax (film) 2771 (OCH 2 O), 1715 

(C=0) cm-'. ‘H NMR 5 (CDCI3 ) 1.23 (3H, t, J=7.5Hz, SCH^C/Zj), 2.20 (3H, s, H-3’), 2.78 (2H, q, J=7.5Hz, 

SC//,CH 3 ), 3.89 (2H, s, H-1'), 5.96 (2H, s, OCH 2 O), 6.67, 6.97 (2H, 2s, H-2, H-5). '^C NMR ppm (CDCI3 ) 

14.40 (SCH 2 CH3 ), 29.48 (C-3'), 30.07 (SCH2 CH3 ), 48.90 (C-T), 101.32 (OCH 2 O), 110.56, 112.67 (C-2, C- 

5), 127.38, 130.58 (C-1, C-6 ), 147.11, 147.29 (C-3, C-4), 206.11 (C-2'). /w/z238 (M", 99%), 195 (100), 136 

(55). Anal. (C 1 2H 1 4 O3 S) Calc: C (60.48), H (5.92), S (13.46), Found: C (60.33), H (5.83), S (13.47)%.

l-(6-Methyl-3,4-methylenedioxyphenyl)-2-butanone (530) was prepared from (523) (2.50g, 7.93mmol 

scale) and iodomethane and purified by flash chromatography on silica gel (eluent: hexane/diethylether : 

80/20). Amber oil (83%). IRv^ax (film) 2772 (OCHjO), 1713 (C =0) cm ''. 'H NMR 5 (CDCI3 ) 1.03 (3H, t, 

J4 ',3 '=7 .3 Hz, H-4'), 2.14 (3H, s, CH3 ), 2.43 (2H, q, J 3 .4 - 7 .3 Hz, H-3'), 3.58 (2H, s, H-1'), 5.89 (2H, s, OCH 2 O), 

6.61, 6.65 (2H, 2s, H-2, H-5). ‘^C NMR ppm (CDCI3 ) 7.73 (C-4'), 19.42 (CH3 ), 34.91 (C-3'), 47.46 (C-T), 

100.76 (OCH2 O), 110.29, 110.46 (C-2, C-5), 125.90, 129.83 (C-1, C-6 ), 145.77, 146.50 (C-3, C-4), 208.83 

(C-2'). m/z 206 (M", 62%), 149 (100), 91 (32). HRMS calcd for CijH hO ,: (M*) 206.09430, found: 

206.09476.

l-(6-Ethyl-3,4-methylenedioxyphenyl)-2-butanone (531) was prepared from (523) (2.50g, 7.93mmol scale) 

and iodoethane and purified by flash chromatography on silica gel (eluent; hexane/diethylether : 80/20). 

Colourless oil (78%). IRv^ .̂., (film) 2773 (OCHjO), 1718 (C =0 ) cm ''. 'H NMR 5 (CDCI3) 1.05 (3H, t, 

J4..3=7.3Hz, H-4'), 1.16 (3H, t, J=8.0Hz, C H ,C //j), 2.46 (2H, q, J=8.0Hz, C//2CH3), 2.50 (2H, q, J3 .,4 .=7 .5 Hz, 

H-3'), 3.63 (2H, s, H-1'), 5.92 (2H, s, OCH2O), 6.62, 6.72 (2H, 2s, H-2, H-5). '^C NMR ppm (CDCI3) 7.76 

(C-4'), 14.99 (CH2CH3), 25.70 (C-3'), 34.93 (CH2CH3), 46.95 (C-1'), 100.80 (OCH2O), 108.76, 110.43 (C-2, 

C-5), 125.16 (C-1), 136.07 (C-6 ), 145.64, 146.81 (C-3, C-4), 209.16 (C-2'). m /z220  (M ^ 54%), 163 (100), 

105 (50). HRMS calcd for CnHieOj: (M") 220.10995, found: 220.1 1078.

l-(6-Thiomethyl-3,4-methylenedioxyphenyl)-2-butanone (532) was prepared from (523) (2.50g,

7.93mmoI scale) and dimethyldisulphide and purified by flash chromatography on silica gel (eluent: 

hexane/diethylether : 70/30). Amber oil (99%). IRv^ax (film) 1714 (C =0) cm"'. 'H  NMR 5 (CDCI3 ) 1.08 

(3H, t, J4 '.3 '=7 .3 Hz, h-4'), 2.36 (3H, s, SCH3 ), 2.51 (2H, q, J3 .,4 '=7 .3 Hz, H-3'), 3.82 (2H, s, H-1'), 5.94 (2H, s, 

OCH2 O), 6 .6 6 , 6.91 (2H, 2s, H-2, H-5). '^C NMR ppm (CDCI3 ) 7.80 (C-4'), 18.52 (SCH 3 ), 35.41 (C-3'), 

47.50 (C-1'), 101.26 (OCH 2 O), 110.42, 110.64 (C-2, C-5), 128.97, 129.35 (C-1, C-6 ), 146.69, 147.26 (C-3, 

C-4), 208.61 (C-2'). m/z 238 (M", 79%), 181 (100), 135 (32). HRMS calcd for CnHnOsS: (M^) 238.06637, 

found: 238.06592.

l-(6-Thioethyl-3,4-methylenedioxyphenyi)-2-butanone (533) was prepared from (523) (2.50g, 7.93mmol 

scale) and diethyldisulphide and purified by flash chromatography on silica gel (eluent: hexane/diethylether ; 

80/20). Amber oil (97%). IRv„^, (film) 2771 (OCH2O), 1717 (C=0 ) cm'*. 'H  NMR 5 (CDCI3) 1.07 (3H, t, 

J4 .,3 =7 .5 Hz, h-4'), 1.22 (3H, t, J=7.5Hz, SCW2 CH 3 ), 2.51 (2H, q, J3 .,4 .=7 .0 Hz, H-3'), 2.77 (2H, q, J=7.5Hz, 

SC//2CH3), 3.87 (2H, s, H-1'), 5.95 (2H, s, OCH2O), 6 .6 8 , 6.97 (2H, 2s, H-2, H-5). '^C NMR ppm (CDCI3) 

7.80 (C-4'), 14.40 (SCH2CH3), 30.08 (C-3'), 35.46 (SCH2CH3), 47.72 (C -1'), 101.28 (OCH2O), 110.60,
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112.65 (C -2, C -5), 127.30, 130.79 (C-1, C-6 ), 147.01, 147.26 (C-3, C -4), 208 .75  (C-2'). m / z 2 5 2  (M", 84%), 

195 (100), 136 (47). HRM S calcd for C oH ieO jS: (M*) 252 .08202 , found: 252 .08168 .

P rep aration  o f  2-7V -m ethylaniino-1-(6-alkyl and 6-th ioa lk y l-3 ,4 -m eth y len ed ioxyp h en y l)a lk an es (534)-  

(541)

2 -.'V -M ethylam in o-l-(6-m eth yl-3 ,4-m ethylened ioxyph en yl)prop ane (534) was prepared from (526) 

(1 .20g, 6.24m m ol scale) according to general procedure 7 .2 .10 . C olourless oil (82% ) (lit. b.p. 95- 

110°C /0.4m m H g‘'-). (film ) 3326 (N H ), 2789  (N CH 3 ) cm''. 'H N M R 8  (CDCI3 ) 1.06 (3H , d,

J3 ',2 '=6 .0 Hz, H-3'), 1.67 (IH , br s, N H ), 2 .23 (3H , s, CH 3 ), 2 .40  (3H , s, N C H 3 ), 2 .48  (IH , dd, Jge„=12.8Hz, 

J, r=6.0H z, H-1'), 2 .66 -2 .77  (2H , m, H -1’, H-2'), 5 .87 (2H , s, OCHjO), 6.63 (2H , 2s, H-2, H-5). ‘^C N M R  

ppm (CDCI3 ) 19.44, 19.60 (C-3', CH 3 ), 33 .97  (N C H 3 ), 40 .50  (C-1'), 55 .57  (C -2’), 100.52 (O CH 2 O), 109.94, 

110.31 (C -2, C -5), 129.25, 130.52 (C -1, C-6 ), 145.47, 145.66 (C -3, C -4). m/z 207 (M ^-1, 2%), 58 (100), 150 

(57). H C l salt. Colourless solid. M.p. 206-208°C  (ethanol/hexane) (lit. m.p. 206-207°C '‘ )̂. IRv„a.x (KBr) 

2 468 , 2363 (NH") cm'*.

2-A '-IM ethylam ino-l-(6 -ethyl-3 ,4 -m ethylened ioxyp henyl)propan e (535) was prepared from (527) (1 .50g, 

7.27m m ol scale) according to general procedure 7.2.10. C olourless oil (61% ). lRv„,j,.j (film ) 3327 (NH ), 

2789  (N C H 3 ) cm '. 'H NM R 5 (CDCI3 ) 1.07 (3H , d, J3 .2 - 6 .OHz, H-3'), 1.18 (3H , t, J=7.5H z, CH 2 CH 3 ), 1.50 

(IH , br s, N H ), 2.41 (3H , s, NCH 3 ), 2 .48-2 .78  (5H , m, H-1', H-2'), 5 .90 (2H , s, OCH 2 O), 6 .65, 6 .69

(2H , 2s, H-2, H-5). '^C NM R ppm (CDCI3) 15.62 (CH2CH3), 19.72 (C-3'), 25.53 (CH2CH3), 34.11 (NCH3), 

40.03 (C-r), 56.20 (C -2 ’), 100.60 (O CH 2 O), 108.68, 109.97 (C -2 , C -5), 129.84, 135.88 (C - 1 , C-6 ), 145.38, 

146.01 (C-3, C-4). m/ 2  221 (M " -l, 2%), 58 (100), 164 (60). H C l salt. C olourless solid. M.p. 157-158°C  

(ethanol/hexane). IRv^a^ (KBr) 2452 (NH") cm''. Anal. (CnHjoCINOz) Calc: C (60 .58), H (7 .82), N  (5 .43), 

Found: C (60 .89), H (7 .51), N  (5.21)% .

2-jV -M eth y lam in o-l-(6 -th io in eth y l-3 ,4 -m eth y len ed ioxyp h en yl)p rop an e (536) was prepared from (528) 

(1 .35g , 6.02m m ol scale) according to general procedure 7.2.10. C olourless oil (48% ). IRVmax (film ) 3323  

(N H ), 2791 (N CH 3 ) cm''. 'H NM R 5 (CDCI3 ) 1.05 (3H , d, J3 ',2 -=6 .0 Hz, H -3’), 1.62 (IH , br s, N H ), 2 .39 (3H, 

s, NCH 3 ), 2 .42  (3H , s, SCH 3 ), 2 .64  (IH , dd, Jgen,= 13.0Hz, J ,.2 ’= 6 .0 Hz, H -1’), 2 .82 (IH , m, H-2'), 2 .88  (IH , 

dd, Jgem=12.8Hz, J ,.2 '=6 .7 Hz, H-1'), 5.92 (2H , s, OCH 2 O), 6 .6 8 , 6 .84  (2H , 2s, H-2, H -5). *̂ C N M R  ppm 

(CDCI3 ) 18.05 (SC H 3 ), 19.56 (C-3'), 33 .92 (N C H 3 ), 41 .30  (C-1'), 55 .52  (C-2'), 101.03 (OCHjO), 109.19, 

110.47 (C-2, C -5), 129.29, 132.70 (C -1, C-6 ), 146.03, 146.61 (C -3, C -4). m/z  239 (M " -I, 1%), 58 (100), 182 

(67). H C l salt. C olourless crystals. M.p. 127-128°C (ethanol/hexane). IRv^ax (KBr) 2445 , 2377 (NH") cm' 

'. Anal. (C ijHigClNOzS) Calc; C (52 .26), H (6 .58), N  (5 .08), S (11 .63), Found: C (52 .19), H (6 .59), N  

(5 .00), S (11.74)% .

2-7V -M ethylam ino-l-(6-th ioeth yl-3 ,4-in ethylened ioxyph en yI)p ropane (537) was prepared from (529) 

(1 .50g, 6.29m m ol scale) according to general procedure 7 .2 .10 . C olourless oil (31% ). IRv„,a^ (film ) 3320  

(N H ), 2791 (N C H 3 ) cm''. 'H N M R  5 (CDCI3 ) 1.05 (3H , d, J3 . 2 = 6 .0 Hz, H -3’), 1.25 (3H , t, J=7.5H z,
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SCHjCf/j), 1.53 (IH , br s, NH), 2.42 (3H, s, NCHj), 2.68 (IH , dd, Jge™=13.0Hz, J ,.2 '=6 .5 Hz, H-1’), 2.79 (IH , 

m, H-2’), 2.81 (2H, q, J=7.5Hz, SC//2 CH3 ), 2.92 (IH , dd, Jgen,=13.0Hz, Ji.r=6.5Hz, H-1’), 5.93 (2H, s, 

OCH 2 O), 6.70, 6.91 (2H, 2s, H-2, H-5). ‘̂ C NMR ppm (CDCI3 ) 14.34 (SCH2 CH 3 ), 19.53 (C-3'), 29.72 

(SCH 2 CH3 ), 33.95 (NCH3 ), 41.52 (C-1’), 55.85 (C-2’), 101.06 (OCH 2 O), 110.44, 111.65 (C-2, C-5), 127.26, 

134.72 (C-1, C-6 ), 146.35, 146.66 (C-3, C-4). m/z 253 (M "-l, 1%), 58 (100), 196 (6 8 ). HCl salt. 

Colourless crystals. M.p. 102-103.5°C (ethanol/hexane). IRv„,ax (KBr) 2471 (NH^) cm '. Anal. 

(C.jHjoClNOzS) Calc: C (53.87), H (6.96), N (4.83), S (11.06), Found: C (53.72), H (6.84), N (4.69), S 

( 11.22)%.

2-A^-Methylamino-l-(6-methyl-3,4-methylenediGxyphenyl)butane (538) was prepared from (530) (1.20g, 

5.82mmol scale) according to general procedure 7.2.10. Colourless oil (26%). IRv„,ax (film) 3335 (NH), 

2790 (NCH3 ) cm '. ’H NMR 6  (CDCI3) 0.94 (3H, t, J4 ,3 '=7 .5 Hz, H-4’), 1.32 (IH , br s, NH), 1.37-1.56 (2H, 

m, H-3’), 2.24 (3H, s, CH3 ), 2.38 (3H, s, NCH 3 ), 2.50-2.60 (3H, m, H-1', H-2’), 5.88 (2H, s, OCHjO), 6.64 

(2H, 2s, H-2, H-5). ‘"C NMR ppm (CDCI3) 9.80 (C-4'), 19.50 (CH3 ), 25.70 (C-3’), 33.88 (NCH3 ), 37.38 (C- 

1’), 61.30 (C-2’), 100.57 (OCHjO), 109.97, 110.40 (C-2, C-5), 129.31, 130.82 (C-1, C-6 ), 145.52, 145.66 (C- 

3, C-4). m/z 221 (M *-l, 2%), 72 (100), 149 (33). HCl salt. Colourless solid. M.p. 143-145°C 

(ethanol/hexane). lR v„„ (KBr) 2460 (NH") cm '’. Anal. (C 1 3H2 0 CINO2 ) Calc: C (60.58), H (7.82), N (5.43), 

Found: C (60.40), H (7.82), N (5.10)%.

2-A'-Methylamino-I-(6-ethyl-3,4-methylenedioxyphenyl)butane (539) was prepared from (531) (l.OOg, 

4.54mmol scale) according to general procedure 7.2.10. Colourless oil (53%). IRv^ax (film) 3335 (NH), 

2789 (NCH3) cm-', 'h  NMR 5 (CDCI3) 0.95 (3H, t, J4,3'=7.5Hz, H-4'), 1.18 (3H, t, J=7.5Hz, CH2C//J), 1.38- 

1.58 (3H, m, NH, H-3'), 2.38 (3H, s, NCH3), 2.52-2.62 (5H, m, H-1', H-2’, C//2CH3), 5.89 (2H, s, OCHjO), 

6.65, 6 . 6 8  (2H, 2s, H-2, H-5). '^C NMR ppm (CDCI3 ) 9.81 (C-4’), 15.57 (CH2CH3), 25.48 (CTI2CH3), 25.70 

(C-3’), 33.89 CNCH3 ), 36.77 (C-1’), 61.94 (C-2'), 100.56 (OCH^O), 108.68, 109.91 (C-2, C-5), 130.02, 135.84 

(C-1, C-6 ), 145.37, 145.95 (C-3, C-4). m/z 235 (M ‘+ l, 2%), 72 (100), 164 (25). HCl salt. Colourless 

crystals. M.p. 167-169°C (ethanol/hexane). IRv„,ax (KBr) 2461 (NH") cm''. Anal. (C14H22CINO2) Calc: C 

(61.87), H (8.16), N (5.15), Found: C (61.75), H (8.11), N (5.21)%.

2-yV-Methylamino-l-(6-thiomethyl-3,4-methylenedioxyphenyl)butane (540) was prepared from (532) 

(1.40g, 5.87mmol scale) according to general procedure 7.2.10. Colourless oil (61%). IRv„,ax (film) 3334 

(NH), 2792 (NCH3) cm '. 'H NMR 5 (CDCI3) 0.96 (3H, t, J4 .3 - 7 .5 Hz, H-4'), 1.39-1.56 (3H, m, H-3', NH), 

2.40, 2.41 (6 H, 2s, SCH3, NCH 3 ), 2.65 (IH , m, H-2’), 2.68-2.83 (2H, m, H-1’), 5.93 (2H, s, OCH2 O), 6.70, 

6.85 (2H, 2s, H-2, H-5). '^C NMR ppm (CDCI3) 9.77 (C-4'), 18.04 (SCH3), 25.74 (C-3'), 33.76 (NCH 3 ), 

38.18 (C-1’), 61.21 (C-2'), 101.05 (OCH2 O), 109.15, 110.43 (C-2, C-5), 129.30, 133.01 (C-1, C-6 ), 146.06, 

146.57 (C-3, C-4). o t/z  253 (M "+l, 2%), 72 (100), 182 (45). HCl salt. Colourless crystals. M.p. 148-149°C 

(ethanol/hexane). IRv^^x (KBr) 2464 (NH") cm '. Anal. (C 13H 2 0 CINO2 S) Calc: C (53.87), H (6.96), N 

(4.83), S (11.06), Found: C (53.78), H (6.82), N (4.80), S (11.19)%.

2-A^-Methylamino-l-(6-thioethyl-3,4-methylenedioxyphenyI)butane (541) was prepared from (533) 

(1.45g, 5.75mmol scale) according to general procedure 7.2.10. Colourless oil (60%). IRv^^x (film) 3338 

(NH), 2792 (NCH3) cm-'. 'H  NMR 5 (CDCI3) 0.93 (3H, t, J4 ,3 -=7 .5 Hz, H-4'), 1.24 (3H, t, J=7.5Hz,
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(NH), 2792 (NCH 3 ) cm-'. 'H NMR 5 (CDCI3 ) 0.93 (3H, t, J4 .,3 '=7 .5 Hz, H-4’), 1.24 (3H, t, J=7.5Hz, 

S C H 2 C H 3 ) ,  1.39-1.51 (3H, m, NH, H-3'), 2.38 (3H, s, NCH 3 ), 2.62 (IH , m, H-2'), 2.80 (2H, q, J=7.5Hz, 

SC//2 CH 3 ). 2.75-2.85 (2H, m, H-1'), 5.91 (2H, s, OCH.O), 6.70, 6.90 (2H, 2s, H-2, H-5). ‘X  NMR ppm 

(CDCI3 ) 9.73 (C-4’), 14.30 (SCH2 CH 3 ), 25.61 (C-3'), 29.66 (SCH 2 CH 3 ), 33.70 (NCH 3 ), 38.28 (C-T), 61.49 

(C-2'), 101.01 (OCH 2 O), 110.33, 111.60 (C-2, C-5), 127.18, 134.96 (C-1, C-6 ), 146.25, 146.64 (C-3, C-4). 

m/z 267 (M "+l, 2%), 72 (100), 196 (52). HRMS calcd for C 1 4 H 2 2 NO 2 S (M^+H) 268.1371, found; 268.1370. 

HCl salt. Unsuccessful formation.

Alternative preparation of 2-A'-methylainino-l-(6-inethyl-3,4-methylenedioxyphenyl)alkanes (534) and 

(538)

The appropriate 2-(A'-methylamino-yV-trifluoroacetyl)-l-(6-bromo-3,4-methylenedioxyphenyl)alkane 

(5.43mmol), Pd(PPh3 ) 4  (15mol%, 0.82mmol, 0.94g), potassium carbonate (16.29mmol, 2.26g), 

trimethylboroxine (10.86mmol, 1.36g, 1.50ml) in a 9;1 mixture o f 1,4-dioxane (18ml) and water (2ml) was 

heated to 115“C under nitrogen for 72 hr. After cooling the reaction was diluted with 10% aq. HCl (175ml) 

and aqueous phase washed with dichloromethane (3x50ml). The aqueous phase was basified with 15% aq. 

NaOH and extracted with dichloromethane (3x50ml). The organic phases were combined, dried over 

anhydrous Na2 S0 4 , and volatiles removed in vacuo, providing the product as a colourless oil. No further 

purification was necessary.

2-A'-Methylainino-l-(6-methyl-3,4-methylenedioxyplienyl)propane (534) was prepared from (464) 

according to the general procedure. Amber oil (82%). Spectroscopic analyses were comparable to an 

authentic sample.

2-A'-lVIethylamino-l-(6-inethyl-3,4-inethylenedioxyphenyl)butane (538) was prepared from (465) 

according to the general procedure. Amber oil (77%). Spectroscopic analyses were comparable to an 

authentic sample.

General preparation of 2-(l,3-dioxyl)-l-(6-formyl-3,4-methylenedioxyphenyl)alkanes (543)-(544)

A solution of the appropriate l-(6-bromo-3,4-methylenedioxyphenyl)-2-(l,3-dioxyI)alkane (14.61mmol) in 

dry THF (50ml) was stirred and cooled to -78“C under an atmosphere o f nitrogen. After 30min at -78°C, n- 

BuLi (2.5M in hexanes, 16.00mmol, 6.40ml) was added and the reaction was stirred for a further Ihr at -  

78°C. Anhydrous DMF (18.00mmol, 1.33g, 1.41ml) was then added and the reaction was stirred for a further 

Ihr at -78°C, then at rt overnight. The solution was then diluted with water (250ml) and extracted with 

dichloromethane (3x50ml). The organic phases were combined and volatiles removed in vacuo leaving a 

residue which was purified by flash chromatography .

2-(l,3-Dioxyl)-l-(6-formyl-3,4-methylenedioxyphenyl)propane (543) was prepared from (522) (4.40g, 

14.61 mmol scale) according to the general procedure and chromatographed on silica gel (eluent:
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diethylether/hexane : 50/50). Colourless crystals (55%). M.p. 60-62°C (ethylacetate/hexane). IRVn,ax (KBr) 

2771 (OCH 2 O), 1671 (CHO) cm''. ‘H NMR 5 (CDCI3 ) 1.37 (3H, s, H-3'), 3.29 (2H, s, H-1'), 3.50-3.83 (4H, 

m, OCH 2 CH2 O), 6.02 (2H, s, OCHjO), 6.77 (IH , s, H-2), 7.36 (IH , s, H-5), 10.14 (IH , s, CHO). ‘̂ C NMR 

ppm (CDCI3 ) 25.06 (C-3'), 40.52 (C-1’), 64.89 (0 CTi2 CH2 0 ), 101.72 (OCH 2 O), 106.96, 112.46 (C-2, C-5), 

108.90 (C-2'), 130.1 1, 136.08 (C-1, C-6 ), 147.20, 151.64 (C-3, C-4), 189.68 (CHO). m/z 250 (M", 2%), 87 

(100), 43 (65). Anal. (ChH hO j) Calc: C (62.39), H (5.64), Found: C (62.32), H (5.57)%.

2-(l,3-Dioxyl)-l-(6-formyl-3,4-methylenedioxyphenyI)butane (544) was prepared from (523) (lO.OOg, 

31.73mmol scale) according to the general procedure and chromatographed on silica gel (eluent: 

diethylether/hexane : 50/50). Colourless needles (81%). M.p. 71-73°C (hexane). IRv„ax (KBr) 2771 

(OCH2 O), 1665 (CHO) cm''. ‘H NMR 5 (CDCI3 ) 0.97 (3H, t, J4 . 3 - 7 .5 Hz, H-4’), 1.72 (2H, q, J3 .,4 .=7 .5 Hz, H- 

3’), 3.25 (2H, s, H-r), 3.40-3.77 (4H, m, OCH^CHjO), 6.02 (2H, s, OCHjO), 6.78 (IH , s, H-2), 7.37 (IH , s, 

H-5), 10.13 (IH , s, CHO). '^C NMR ppm (CDCI3 ) 7.90 (C-4’), 31.90 (C-3’), 38.76 (C-1’), 65.40 

(OCH2 CH2 O), 101.70 (OCH 2 O), 106.80, 112.50 (C-2, C-5), 110.85 (C-2’), 130.23, 136.19 (C-1, C-6 ), 

147.18, 151.63 (C-3, C-4), 189.64 (CHO). m/z 264 (M", 1%), 101 (100), 57 (60). Anal. (ChHisOj) Calc: C 

(63.63), H (6.10), Found: C (63.64), H (6.12)%.

General preparation of 2-(l,3-dioxyl)-l-(6-vinyl-3,4-methylenedioxyphenyl)alkanes (545)-(546)

A stirred mixture o f methyltriphenylphosphonium bromide (15.00mmol, 5.36g) in dry THF (35ml) under an 

atmosphere of nitrogen was cooled in an ice/water bath. «-BuLi (2.5M in hexanes, IS.OOmmol, 6.00ml) was 

then added. The ice bath was removed and mixture stirred at rt for 30min. It was then cooled to 0-5°C and 

the appropriate 2-(l,3-dioxyl)l-(6-formyl-3,4-methylenedioxyphenyl)alkane (9.99mmol) in dry THF (15ml) 

was added dropwise over lOmin. The reaction was stirred at rt for 2hr and diluted with water (200ml). The 

aqueous phase was extracted with dichioromethane (3x50ml), organic phases combined, dried over 

anhydrous Na2 S0 4  and volatiles removed in vacuo providing an oil which was further purified by flash 

chromatography.

2-(13-Dioxyl)-l-(6-vinyl-3,4-methylenedioxyphenyl)propane (545) was prepared from (543) (2.50g, 

9.99mmol scale) according to the general procedure and chromatographed on silica gel (eluent: 

dichioromethane). Colourless oil (99%). IRv^^  ̂ (film) 2775 (OCH 2 O), 1626 (C=C) cm ''. 'H  NM R  

5 (CDCl3 ) 1.34 (3H, s, H-3’), 2.97 (2H, s, H-1’), 3.72-3.88 (4H, m, OCH 2 CH 2 O), 5.20 (IH, d, Jcis=11.0Hz, 

CH=C//2 ), 5.51 (IH , d, J,^s=17.6Hz, CH=C//2 ), 5.93 (2H, s, OCH2 O), 6.78, 7.01 (2H, 2s, H-2, H-5), 7.05 

(IH, dd, J,,s=11.0Hz, J„.ans=17.6Hz, CH=CH2). '^C NMR ppm (CDCI3 ) 24.79 (C-3’), 41.46 (C-1’), 64.83 

(OCH2 CH2 O), 100.82 (OCH2 O), 105.15, 111.56 (C-2, C-5), 110.09 (C-2’), 113.36 (CH=CH2 ), 128.34, 

131.58 (C-1, C-6 ), 135.21 (CH=CH2 ), 146.65, 146.87 (C-3, C-4). m/z 248 { M \  14%), 87 (100), 43 ( 6 6 ). 

HRMS calcd fo rC ,4 H ,6 0 4 : (M^) 248.10486, found: 248.10426.

2-(l,3-Dioxyl)-l-(6-vinyl-3,4-methyIenedioxyphenyl)butane (546) was prepared from (544) (3.00g, 

lI.35mmol scale) according to the general procedure and chromatographed on silica gel (eluent: 

hexane/diethylether : 80/20). Colourless needles (96%). M.p. 55-56°C (hexane). IRVmâ  (fihn) 2784
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(O C H zO ), 1626 (C = C ) cm  '. 'H  N M R  5 (C D C I3 ) 0 .96  (3H , t, J 4 ,3 = 7 .5 H z, H -4'), 1.71 (2H , q, J 3 .4 - 7 .5 H z, H- 

3'), 2 .94  (2H , s, H -1 '), 3 .60-3 .83 (4H , m, OC/Z^C/Z^O), 5 .19  ( IH , dd, J„s=10.8H z, Jgem=1.0Hz, C H = C //2 ), 

5.50 ( IH , dd, J„^s= 17 .3H z, Jg,„=1.0H z, C H = C //2 ), 5.93 (2H , s, O C H jO ), 6 .78 , 7.01 (2H , 2s, H -2, H -5), 7.06 

( IH , dd, Je,s=11.0Hz, J„a„,=17.3Hz, C //= C H 2 ). '^C N M R  ppm  (C D C I3 ) 7 .70  (C -4 '), 31 .58 (C -3 '), 40 .04  (C- 

1'), 65.43 (O C H 2 C H 2 O ), 100.81 (O C H 2 O ), 105.09, 111.70 (C -2, C -5), 111.90 (C -2’), 113.17 (C H = C H 2 ), 

128.37, 131.68 (C -1 , C -6 ), 135.29 (C H =C H 2 ), 146.59, 146.83 (C -3, C -4). m/z 262 (M ^  7% ), 101 (100), 57 

(58). A nal. (C 1 5H 1 8O 4 ) Calc: C ( 6 8 .6 8 ), H (6 .92 ), Found: C (68 .54), H  ( 6 .8 8 )%.

G eneral p rep aration  o f  l-(6 -cyc lop rop y l-3 ,4 -m eth y len ed ioxyp h en y l)-2 -a lk an on es (547)-(548)

A stirred  solu tion  o f  the appropriate  l- (6 -v iny l-3 ,4 -m ethy lened ioxypheny l)-2 -(l,3 -d ioxy l)a lkane  (4 .83m m ol) 

in dry d ich lo rom ethane (25m l) under n itrogen  w as coo led  to  0°C. T o th is so lu tion , d iethylzinc (l.O M  in 

hexanes, 15.00m m ol, 15.00m l) w as added in one portion  fo llow ed by d iiodom ethane (16 .00m m ol, 4 .01g). 

A fter 15min at 0°C the reaction  w as allow ed to  stir at rt fo r 15hr. Satd. aq. NH4CI (100m l) was then  added 

and the m ixture w as ex tracted  w ith d ich lorom ethane (3x50m l). T he o rgan ic  phases w ere com bined and 

volatiles rem oved in vacuo, p roviding an oily  residue. T o this there  w as added  ethanol (60m l) and 20%  aq.

HCl (30m l) and  the m ixture w as refluxed fo r 2hr. A fter coo ling  the reaction  w as ex tracted  w ith

d ich lorom ethane (3x50m i), organic phases com bined , d ried  over anhydrous N a 2 S0 4  and volatiles rem oved in 

vacuo, y ie ld ing  an oil. T his w as purified  by flash chrom atography  on silica  gel.

l-(6 -C yciop rop y l-3 ,4 -m eth y len ed ioxyp h en y l)-2 -p rop an on e  (547) w as prepared  from  (545) (1 .20g, 

4 .83m m ol scale) accord ing  to the general p rocedure  and chrom atographed  on silica  gel (eluent:

hexane/d iethy lether : 82/18). C olourless oil (76% ). IRv^a,, (film ) 2773 (O C H 2 O ), 1710 (C = 0 )  c m '‘. ‘H 

N M R  5 (CDCI3) 0.57  (2H , m, C H (C //2 )2 ), 0 .90  (2H , m, C H (C //,) 2 ), 1.74 ( IH , m , C //(C H 2 )2 ), 2 .17  (3H , s, H- 

3'), 3.82 (2H , s, H -1'), 5 .92 (2H , s, O C H 2 O ), 6 .59 , 6 .64 (2H , 2s, H -2, H -5). ‘̂ C N M R  ppm  (CDCI3) 6.95 

C H (C H 2 ) 2 ), 13.47 (C H (C H 2 ) 2 ), 29 .18  (C -3 '), 48 .47  (C -1 '), 100.90 (O C H 2 O), 107.43, 110.32 (C -2 , C-5), 

127.67 (C -6 ), 135.05 (C -1), 145.76, 146.73 (C -3, C -4), 206 .76  (C -2 '). /w/z 218 (M ", 50% ), 189 (100), 145 

(94). H R M S calcd  fo rC n H u O s : (M O  218 .09430 , found: 218 .09449 .

l-(6 -C yclop rop y l-3 ,4 -m eth y len ed ioxyp h en y l)-2 -b u tan on e  (548) w as p repared  from  (546) (2 .10g, 

8 . 0 1  m m ol scale) accord ing  to the general p rocedure  and chrom atographed  on  silica  gel (eluent:

d iethylether/hexane : 50/50). A m ber oil (40% ). IRv^a^ (fihn ) 2772  (OCH2O), 1711 (C = 0 )  cm  ‘. 'H  N M R  

5 (CDCI3) 0.55 (2H , m , CWiCHsjj), 0 .87 (2H , m , CH(C//j)2), 1.06 (3H, t, J 4 .,3 .=7 .5 H z, H -4'), 1.75 ( IH , m, 

C//(CH2)2), 2 .47  (2H , q, J 3 ,4 '= 7 .5 Hz, H-3 '), 3.81 (2H , s, H -1 '), 5.90 (2H , s, OCHjO), 6 .58 , 6 .64  (2H , 2s, H -2, 

H -5). ‘̂ C N M R  ppm  (CDCI3) 6.89 (CH(CH2)2), 7.78 (C -4 '), 13.46 (CH(CH2)2), 35.03 (C-3'), 47.24  (C -1'), 

100.82 (OCH2O), 107.35, 110.30 (C -2, C -5), 127.82 (C - 6 ), 134.92 (C -1), 145.66, 146.58 (C-3, C -4), 209 .30  

(C -2'). m/z 232  (M ", 39% ), 203 (100), 145 (89). H R M S calcd  fo r CmHi^Oj: (M ") 232 .10995 , found: 

232.11040 .

Preparation  o f  2 -A '-m eth y lam in o-l-(6-cycIopropyl-3 ,4-m ethylened ioxyp henyI)a lkanes (551)-(552)
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2-A'-!Vlethylamino-l-(6-cyclopropyl-3,4-inethylenedioxyphenyl)propane (551) was prepared from (547) 

(0 .7 Ig, 3.23mmol scale) according to general procedure 7.2.10. Colourless oil (40%). IRVma.x (film) 3329 

(NH), 2789 (NCHj) cm ''. 'H NMR 5 (CDCI3 ) 0.60 (2H, m, CH(C//^)2 ), 0.91 (2H, m, CH(C//^)2 ), 1.09 (3H, 

d, J 3 .r= 6 .0 Hz, H-3'), 1.41 (IH , br s, NH), 1.91 (IH , m, C//(CH 2 )2 ), 2.43 (3H, s, NCH 3 ), 2.68 (IH , dd, 

J g e n , =  13.3Hz, J ,.2 '=6 .5 Hz, H-1'), 2.86 (IH , m, H-2'), 2.90 (IH , dd, Jge^=13.3Hz, Ji.2 = 6 .0 Hz, H-1'), 5.89 (2H, 

s, OCH2 O), 6.50, 6 . 6 6  (2H, s, H-2, H-5). ‘̂ C NMR ppm (CDCI3 ) 7.48, 7.71 (CH(CH2 )2 ), 13.18 (CH(CH 2 )2 ), 

19.87 (C-3'), 34.13 (NCH 3 ), 40.38 (C-1'), 55.86 (C-2'), 100.64 (OCH 2 O), 106.43, 109.93 (C-2, C-5), 132.24, 

134.75 (C-1, C-6 ), 145.32, 145.91 (C-3, C-4). m/z 233 (M "+l, 2%), 58 (100), 176 (64). HCl salt. 

Colourless crystals. M.p. 184-185°C (ethanol/hexane). (KBr) 2462, 2408 (NH’̂ ) cm ''. Anal.

(C 1 4 H2 0 CINO2 ) Calc; C (62.33), H (7.47), N (5.19), Found: C (62.25), H (7.43), N (5.15)%.

2-A'-Methylainino-l-(6-cyclopropyl-3,4-methylenedioxyphenyl)butane (552) was prepared from (548) 

(0.50g scale, 2.15mmol scale) according to general procedure 7.2.10. Colourless oil (30%). IRv^ax (film) 

3335 (NH), 2790 (NCH 3 ) cm ''. 'H  NMR 5 (CDCI3 ) 0.60 (2H, m, CH (C//2 )2 ), 0.91 (2H, m, CH(C//2 )2 ), 0.97 

(3H, t, J4 t = 7 .5 Hz, H-4'), 1.43-1.59 (3H, m, H-3', NH), 1.92 (IH,  m, C//(CH 2 )2 ), 2,41 (3H, s, NCH 3 ), 2.67 

(IH,  m, H-2'), 2.78-2.85 (2H, m, H-1'), 5.89 (2H, s, OCH2 O), 6.52, 6.67 (2H, 2s, H-2, H-5). ‘̂ C NMR ppm 

(CDCI3 ) 7.51, 7.70 (CH(CH 2 )2 ), 9.90 (C-4'), 13.24 (CH(CH2 )2 ), 25.83 (C-3'), 33.91 (NCH 3 ), 37.15 (C-1'), 

61.56 (C-2'), 100.66 (OCH 2 O), 106.60, 109.94 (C-2, C-5), 132.47, 134.74 (C-1, C-6 ), 145.36, 145.88 (C-3, 

C-4). /w /z247(M "+l,2% ), 72 (100), 176 (41). HCl salt. Unsuccessful formation.

General preparation of 2-(A'-niethyIamino-A'-trifluoroacetyl)-l-(6-vinyl-3,4-methylenedioxyphenyl) 

alkanes (555)-(556)

A mixture o f the appropriate 2-(A'-methylamino-iV-trifluoroacetyl)-l-(6-iodo-3,4-methylenedioxyphenyl) 

alkane (1.98mmol), tributylvinyltin (3.96mmol, 1.26g, 1.16ml), Pd(PPh3 ) 4  (5 mol%, O.lOmmol, 0.12g) and 

dry 1,4-dioxane (30ml) was stirred and refluxed under an atmosphere o f nitrogen for 96hr. After cooling all 

volatiles were removed in vacuo and the remaining residue purified by flash chromatography, providing the 

pure product.

2-(A^-Methylamino-A^-trifluoroacetyl)-l-(6-vinyi-3,4-methy]enedioxyphenyl)propane (555) was prepared 

from (468) (0.82g, 1.98mmol scale) according to the general procedure and chromatographed on silica gel 

(eluent : hexane/diethylether : 60/40). Amber oil (90%). IRv^a  ̂ (film) 1690 (NCOCF3 ), 1626 (C=C) cm''. 

'H NMR 6 (CDCl3 ) 1.16 (3H, m, H-3'), 2.75 (0.35H, dd, Jge„,= 13.5Hz, J,,2 = 8 .0 Hz, H-1'), 2.87 (0.65H, dd, 

Jgem=14.8Hz, J,.,2 = 7 .5 Hz, H-1'), 2.89 (0.65H, m, H-1’), 2.93 (0.35H, m, H-1'), 2.95 (1.95H, d, J=1.0Hz, 

NCH 3 ), 2.98 (1.05H, s, NCH 3 ), 4.20 (0.35H, m, H-2'), 4.64 (0.65H, m, H-2'), 5.26 (IH , d, Jcis=10.6Hz, 

CH=CH2), 5.54 (IH, d, J^3„3=17.1Hz, CH=C//2 ), 5.93 (0.65H, d, J=2.0Hz, OCHjO), 5.94 (1.3H, s, OCH2 O), 

6.55 (0.35H, s, H-2), 6.60 (065H, s, H-2), 6.83 (0.35H, dd, Jds=H.0Hz, J„ans=17.3Hz, C //=CH 2 ), 6.96 

(0.65H, dd, Jc.s=10.6Hz, J„ar.s=17.1Hz, C//=CH 2 ), 7.01 ( IH , s, H-5). '^C NMR ppm (CDCI3 ) 16.25*, 17.77 

(C-3'), 29.04*, 29.58 (2m, NCH 3 ), 36.11*, 37.24 (C-1'), 53.03*, 53.80 (2q, '‘J c .f= 4 H z , C-2'), 100.99*, 101.08 

(OCH2 O), 105.68*, 105.94, 109.72, 109.84* (C-2, C-5), 114.56*, 115.01 (CH=CH 2 ), 16.45*, 116.55 (2q, 

^Jc.f=288H z, COCFs), 128.25, 128.76*, 130.74*, 130.86 (C-1, C-6 ), 133.43, 133.63* (CH=CH 2 ), 146.89*,
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147.09, 147.27*, 147.38 (C-3, C-4), 156.78*, 157.88 (2q, "Jc,f=35Hz, C0 CF3 ).'®F NMR ppm (CDCI3 ) -  

70.45*, - 6 8 .9 1  {COCF3). m /z 315 (M*, 45%), 154 (100), 188 (85). HRMS calcd for CisHigFsNOjNa; 

(M >N a) 338.0980 , found: 338.0981.

2-(A'-lVlethylainino-A^-trifluoroacetyl)-l-(6-vinyl-3,4-methyIenedioxyphenyl)butane (556) was prepared 

from (469) (0.80g, 1.86mmol scale) according to the general procedure and chromatographed on silica gel 

(e luen t: hexane/diethylether: 60/40). Colourless oil (82%). lRv„ax (film) 1688 (NCOCF3 ), 1626 (C=C) cm 

‘H NMR 5 (CDCI3 ) 0.86 (1.95H, t, J4 3 - 7 .5 HZ, H-4'), 0.94 (1.05H, t, J4 t = 7 .0 Hz, H-4'), 1.39 (IH , m, H-3'), 

1.62 (IH , m, H-3'), 2.76-2.90 (2H, m, H-1'), 2.92 (1.95H, d, J=1.0Hz, NCH 3 ), 2.95 (1.05H, s, NCH 3 ), 3.93 

(0.35H, m, H-2'), 4.46 (0.65H, m, H-2'), 5.26 (0.35H, d, Je,s=l l.OHz, CH=C//2 ), 5.27 (0.65H, d, Jc,s=H.OHz, 

CH=C//2 ), 5.54 (0.35H, d, Jffai.s= 17.6Hz, CW^CH,), 5.55 (0.35H, d, J„ans=17.0Hz, CH=C//2 ), 5.93 (1.3H, d, 

J=1.0Hz, OCH 2 O), 5.95 (0.7H, s, OCH2 O), 6.54 (0.35H, s, H-2), 6.60 (0.65H, s, H-2), 6.84 (0.35H. dd. 

J„s=11.0Hz, J„a„,= 17.3Hz, CH=CVl2), 6.94 (0 .65H , dd, J„s=11.0H z, J,^,3=17.3Hz, C//=CH 2 ), 6.89 (0 .65H , s, 

H-5), 6.99 (0.65H, s, H-5). ‘̂ C NMR ppm (CDCI3 ) 10.15, 10.53* (C-4'), 23.53*, 24.47 (C-3'), 28.00*, 29.61 

(2m, NCH 3 ), 34.94*, 36.12 (C-T), 58.75*, 59.40 (C-2'), 101.01*, 101.09 (OCH 2 O), 105.77*, 105.94, 109.74, 

109.82* (C-2, C-5), 114.66*, 114.97 (CH=CH2 ), 1 16.50*, 1 16.53 (2q, ^Jc.f=288Hz, C O C fj), 128.26, 

128.84*, 130.72*, 130.99 (C-1, C-6 ), 133.60 133.66* (CH=CH 2 ), 146.87*, 147.06, 147.29*, 147.41 (C-3, C- 

4), 157.43*, 157.78 (2q, ^Jc,f=35Hz, COCF3 ). '^F NMR ppm (CDCI3 ) -70.45*, -67.72 {COCF3. m/z 329 

(M \ 31%), 168 (100), 202 (55). HRMS calcd for C,6 H ,8 F3 N 0 3 : (M‘) 329.12388, found: 329.12430.

General preparation  of 2-A '-methyIamino-I-(6-vinyl-3,4-methylenedioxyphenyl)alkanes (557)-(558)

2-A '-M ethylamino-l-(6-vinyl-3,4-methylenedioxyphenyl)propane (557) was prepared from (555) (0.50g, 

1.59mmol scale) according to general procedure 7.5.1. Colourless oil (92%). IRv„,ax (film) 3329 (NH), 2791 

(NCH3), 1625 (C=C) cm-'. 'H NMR 5 (CDCI3) 1.05 (3H, d, J3.2-6.OHz, H-3’), 1.27 (IH , br s, NH), 2.41 

(3H. s, NCH3), 2.56 (IH , dd, Jge™=12.8Hz, Jr,2'=5.5Hz, H-1'), 2.71-2.81 (2H, m, H-1', H-2’), 5.20 (IH , d, 

Jc ,s= l l.OHz, CH=C//2), 5.52 (IH , d, J„ a „ s= 1 7 .0 H z , CH=C//2), 5.94 (2H, s, OCH 2 O), 6.64 (IH , s, H-2), 6.94 

(IH , dd, Jc,s=l l.OHz, 17.0Hz, CH^CWi), i m  (IH , s, H-5). ‘̂ C NMR ppm (CDCI3) 19.70 (C-3'), 34.05 

(NCH3), 40.52 (C -r), 56.21 (C-2’), 100.91 (OCH 2 O), 105.47, 110.36 (C-2, C-5), 113.61 (CH=CH2), 134.13 

(CH=CH2), 130.50, 131.09 (C-1, C-6 ), 146.50, 147.129 (C-3, C-4). m /z 2 \9  (M ^ 5%), 58 (100), 162 (45). 

H Ci salt. Colourless crystals. M.p. 194-196°C (dec.) (ethanol/hexane). IRVn,a, (KBr) 2463 (NH^) cm’'. 

Anal. (CuHisClNOj) Calc: C (61.05), H (7.09), N (5.48), Found: C (60.78), H (7.15), N (5.30)%.

2-A^-Methylamino-l-(6-vinyl-3,4-methylenedioxyphenyl)butane (558) was prepared from (556) (0.54g, 

1.65mmol scale) according to general preparation 7.5.1. Colourless oil (85%). IRv^ax (film) 3337 (NH), 

2791 (NCH3), 1626 (C=C) cm‘‘. 'H  NMR 5 (CDCI3) 0.94 (3H, t, J„.=7.5Hz, H-4'), 1.27 (IH , br s, NH), 

1.37-1.56 (2H, m, H-3’), 2.37 (3H, s, NCH3), 2.54 (IH , m, H-2’), 2.59-2.69 (2H, m, H-1’), 5.19 (IH , d, 

Jcis=l l.OHz, CH=C//2), 5.51 (IH , d, J^ ,=17 .6H z, C¥{=CH,X 5.92 (2H, s, OCH2 O), 6.64 (IH , s, H-2), 6.94 

(IH , dd, Jeis=l l.OHz, J„a„s=17.1Hz, CH^CRi), 7.00 (IH , s, H-5). ‘̂ C NMR ppm (CDCI3) 9.70 (C-4’), 25.59 

(C-3’), 33.77 (NCH3), 37.24 (C-1’), 61.85 (C-2'), 100.86 (OCHjO), 105.49, 110.26 (C-2, C-5), 113.56 

(CH=CTi2 ), 130.46, 131.28 (C-1, C-6 ), 134.13 (CH=CH 2 ), 146.42, 147.17 (C-3, C-4). w/z233 (M", 2%), 72
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(100), 162 (7). HCI salt. Colourless crystals. M.p. 143-145°C (ethanol/hexane). IRv^ax (KBr) 2466, 2346 

(NH") cm ''. Anal. (CuHzoClNOj) Calc: C (62.33), H (7.47), N (5.19), Found: C (62.45), H (7.55), N 

(5.05)%.

Preparation of 2-(A^-methylamino-A'^-trifluoroacetyl)-l-(6-trimethylsilylethynyl-3,4-methylenedioxy 

phenyOpropane(564)

A mixture of 2-(A''-methylamino-7'/-trifluoroacetyl)-l-(6-iodo-3,4-methylenedioxyphenyl)propane (468) 

(3.61mmol, 1.50g), trimethylsilylacetylene (5.00mmol, 0.49g, 0.71ml), Pd(PPh3 ) 4  (5 mol%, O.lSmmol, 

0.22g) and copper(l) iodide (10 mol%, 0.36mmol, 0.070g) in triethylamine (15ml) was stirred imder nitrogen 

at rt for 5 hr. All volatiles were removed in vacuo and residue purified by flash chromatography.

2-(A^-Methylamino-A^-trifluoroacetyl-l-(6-trimethylsilylethynyl-3,4-methylenedioxyphenyI)propane

(564) was chromatographed on silica gel (eluent: hexane/diethylether : 80/20). Amber oil (87%). IRv^ax 

(film) 2777 (OCH 2 O), 2151 (C=C), 1694 (NCOCF3 ) cm '. 'H NMR 5 (CDCI3 ) 0.26 (5.4H, s, SiiCHi)}), 0.27 

(3.6H, s, Si(C//j)3 ), 1.25 (1.8H, d, i y j= l .m z ,  H-3'), 1.28 (1.2H, d, J3 .r= 6 .5 Hz. H-3'), 2.82 (0.4H, dd, 

Jge„,= 13.6Hz, J i.,2'=8.0H z , H-1'), 2.94-3.05 (1.2H, m, H-1'), 2.99 (3H, s, NCH 3 ), 3.15 (0.4H, dd, Jgem =13.6Hz, 

J,.,2 = 6 .5 Hz, H-!'), 4.39 (0.4H, m, H-2'), 4.79 (0.6H, m, H-2'), 5.95 (1.2H, s, OCH2 O), 5.96 (0.8H, s, OCHjO), 

6.57, 6.90 (0.8H, 2s, H-2, H-5), 6.67, 6 . 8 8  (1.2H, 2s, H-2, H-5). '^C NMR ppm (CDCI3 ) -0.09, -0.05* 

(Si(CH 3 )3 ), 16.53*, 18.22 (C-3'), 28.06*, 29.60 (2m. NCH 3 ), 37.22*, 38.45 (C-1'), 53.02*, 53.82 (C-2'), 

96.68*, 97.02 (ArC^CR), 101.38*, 101.47 (OCHjO), 103.55, 103.77* (ArC^CR), 109.09, 109.28*, 111.78*, 

111.95 (C-2, C-5), 115.85*, 1 16.22 (C-6 ), 116.47*, 116.60 (2q, ^Jc-f=288Hz, NCH 3 C O C f’j), 134.41, 135.09* 

(C-1), 146.08*, 146.29, 148.33, 148.35* (C-3, C-4), 156.74*, 156.88 (2q, ^Jc_f=35Hz, NCH3 COCF3 ,, 

NHCOCF 3 ).

Preparation of A^-trifluoroacetylpropargylamine (565a)

To a solution of propargylamine (90.78mmol, 5.00g) in dry dichloromethane (100ml), cooled in an ice bath, 

was added triethylamine (95.32mmol, 9.65g, 13.29ml) followed by trifluoroacetic anhydride (99.86mmol, 

20.97g, 14.10ml). The reaction was allowed to stir at rt overnight. The solution was then washed with 10% 

aq. HCI (3x50ml), dried over anhydrous Na2 S0 4  and solvent removed in vacuo. The resulting orange oil was 

purified by vacuum distillation.

A^-Trifluoroacetylpropargylamine (565a). Colourless oil. (95%) (lit. b.p. 40-45°C/0.2mmHg‘*̂ ’). IRv̂ a^  ̂

(film) 3308 (C=CH), 1713 (NHCOCF3 ), cm ''. 'H NMR 5 (CDCI3 ) 2.34 (3H, t, J=2.5Hz, C=H), 4.15 (2H, m, 

CH2 ), 7.07 (IH , br s, NH). ‘"C NMR ppm (CDCI3 ) 29.65 (C=H), 72.99 (CH2 ), 76.94 (CHjC^CH), 115.58 

(q, ^Jc-f= 2 8 8 H z, COCF3), 157.23 (q, "Jc-f= 3 8 H z, COCF3 ). ‘V  NMR ppm (CDCI3) -76.58 (COCF3).

General preparation of 2-(A^-methylamino-/V-trifluoroacetyl)-l-(6-propargyl $ubstituted-3,4-methyIene 

dioxyphenyl)propanes (565)-(566)
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A mixture of 2-(A^-methylamino-jV-trifluoroacetyl)-l-(6-iodo-3,4-methylenedioxyphenyl)propane (468) 

(4.82mmol, 2.00g), either 7V-trifluoroacetylpropargylamine or propargylalcohol (9.64mmol), Pd(PPh3 ) 4  (5 

mol%, 0.24mmol, 0.28g) and copper (I) iodide (10 mol%, 0.49mmol, 0.094g) in triethylamine (60ml) was 

stirred and refluxed under nitrogen for 5 hr. After cooling, all volatiles were removed in vacuo and residue 

purified by flash chromatography.

2-(A"-MethylaiTiino-/V-trifluoroacetyl)-l-(6-N-trifluoroacetylpropargylainine-3,4-methylenedioxyphenyl 

)propane (565) was prepared according to the general procedure (2.00g, 4.82mmol scale) and 

chromatographed on silica gel (eluent: hexane/diethylether : 60/40). Amber oil (97%). IRv^ax (fibn) 3306 

(NH), 2779 (OCH2O), 2234 (C=C), 1731 (NHCOCF3), 1690 (NCOCF3) cm ''. 'H NM R 5 (CDCI3 ) 1.14 

(2.7H, d, J3.2- 7 .OHz, H-3'), 1.26 (0.3H, d, J3.,2'=6 .5 Hz, H-3’), 2.63 (0.9H, dd, Jgem=12.6Hz, J,.,2-=1 0 .0 Hz, H- 

1'), 2.85 (O.IH, dd, Jgen,= 13.8Hz, J|.,2'=7 .3 Hz, H-1'), 2.95 (0.3H, s, NCH3), 3.01 (2.7H, d, J=1.5Hz, NCH3),

3.03 (O.IH, m, H-1'), 3.10 (0.9H, dd, Jgem=12.5Hz, Ji.,2 =5 .5 Hz, H-1'), 4.30 (0.9H, dd, J=17.8Hz, J=5.0Hz, 

CH:), 4.32 (0.3H, m, H-2', CHj), 4.45 (0.9H, dd, J=17.6Hz, J=5.5Hz, CHj), 4.90 (0.9H, m, H-2'), 5.96 (2H, s, 

OCH2O), 6.58, 6,85 (0.2H, 2s, H-2, H-5), 6.64, 6 . 8 6  (1.8H, 2s, H-2, H-5), 8.23 (IH , br s, NH). ‘"C NMR 

ppm (CDCI3) 15.83*, 17.98 (C-3'), 28.19, 29.29* (2m, NCH3), 30.30, 30.40* (CHj), 38.09*, 38.45 (C-1'), 

52.07*, 53.90 (C-2’), 82.28, 82.57* (ArC=CCH2NH), 85.16, 85.82* (ArC=CCH2NH), 101.51*, 101.56 

(OCH2O), 109.35, 110.20*, 111.96*, 112.05 (C-2, C-5), 114.98* (C-6 ), 115.80* (q, % ,f=288Hz, 

NCH3C O C f3), 116.42* (q, % .f=288Hz, NHCOCFj), 134.31*, 134.39 (C-1), 146.40*, 146.42, 148.24*, 

148.59* (C-3, C-4), 156.99* (q, ^Jc,f=35Hz, NCH3COCF3,, NHCOCF^)- '^F NMR ppm (CDCI3) -76.47*, -  

76.49 (NHCOCF3) , -70.49*,-68.83 (NCH3COCF3). w/r 438 (M", 7%), 154 (100), 198 (55).

2-(N-Methylamino-A'-trifluoroacetyl)-l-(6-hydroxypropargyl-3,4-inethylenedioxyphenyl)propane (566) 

was prepared according to the general procedure (1.50g, 3.61 mmol scale) and chromatographed on silica gel 

(eluent: diethylether/hexane 80/20). Amber oil (70%). IRv„,ax (film) 3446 (OH), 2778 (OCH2O), 2225 

(C=C), 1682 (NCOCF3) cm '‘. 'H NMR 5 (CDCI3) 1.17 (2.4H, d, J3.,2 .=7 ,0 Hz, H-3’), 1.27 (0.6H, d, 

J3-.2 - 7 .OHz, H-3’), 2.08 (0.2H, m, OH), 2.71 (0.8H, dd, Jge„,= 13.0Hz, J,.,2 '=9 .5 Hz, H-1'), 2.90 (0.2H, dd, 

J„em=13.6Hz, J,.r=7.0Hz, H-1'), 2.98 (0.6H, s, NCH 3 ), 3.01 (2.4H, d. J=1.5Hz, NCH3), 3.05 (0.2H, m, H-1’), 

3.10 (0.8H, dd, Jgem=13.0Hz, J,.,r=5.5Hz, H-1'), 3.11 (0.8H, m, OH), 4.33 (0.2H, m, H-2’), 4.47 (1.6H, d, 

J=5.0Hz, CH2), 4.50 (0.4H, d, J=4.0Hz, CHj), 5.97 (2H, s, OCHjO), 6.59, 6 . 8 6  (0.4H, 2s, H-2, H-5), 6.64, 

6.87 (1.6H, 2s, H-2, H-5), 8.23 (IH , br s, NH). ‘̂ C NMR ppm (CDCI3) 16.11*, 18.15 (C-3'), 28.30, 29.24* 

(2m, NCH3), 38.17*, 38.49 (C-1'), 51.40*, 51.46 (CHj), 51.94*, 53.86 (2m, C-2’), 83.27*, 83.88 

(ArC^CCHzOH), 90.07, 91.11* (ArC=CCH2 0 H), 101.42*, 101.52 (OCH2O), 108.99, 110.02*, 111.82*,

112.03 (C-2, C-5), 115.57, 116.47* (C-6 ), 116.47* (q, ^Jc,f=289Hz, COCF3), 134.01, 134.22* (C-1), 

146.31*, 146.40, 147.99*, 148.34 (C-3, C-4), 156.94* (q, ^Jc,f=35Hz, NCH3 COCF3 , COCF3). '®F NMR ppm 

(CDCI3 ) -70.33*,-68.79 (COCF3). w/z 343 (M*, 23%), 154 (100), 216 (75).

Preparation of 2-7V-methylamino-l-(6-propargyl $ubstituted-3,4-methylenedioxyphenyl)propane$ 

(562)-(563)
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2-A'-Methylamino-l-(6-propargylainine-3,4-methylenedioxyphenyl)propane (562) was prepared from

(565) (1.75g, 3.99mmol scale) according to general procedure 7.5.1. Red oil (76%). IRv„ax (film) 3392 

(NH, NH 2 ), 2252 (C=C) cm‘‘. ‘H NMR 5 (CDCI3 ) 1.02 (3H, d, J3 .2 =6 .0 Hz, H-3'), 1.58 (3H, br s, NH, NH,), 

2.41 (3H, s, NCH 3 ), 2.60 (IH , dd, Jgem=12.3Hz, J,.r=6.5Hz, H-1’), 2.78-2.91 (2H, m, H-1’, H-2'), 3.62 (2H, s, 

CH,), 5.90 (2H, s, 0 C H ,0 ), 6.64, 6.82 (2H, 2s, H-2, H-5). ‘̂ C NMR ppm (CDCI3 ) 19.59 (C-3'), 32.16 

(CH.), 33.85 (NCH3 ), 41.41 (C-1'), 55.88 (C-2'), 81.19 (ArCCCH.NHj), 92.35 (ArCCCHjNH,), 101.07 

(OCH 2 O), 109.78, 111.60 (C-2, C-5), 115.77 (C-6 ), 136.32 (C-1), 145.58, 147.55 (C-3, C-4). Wz 247 (M‘-  

30, 1%), 217 (100), 202 (99).

2-A^-Methylamino-l-(6-hydroxypropargyl-3,4-methyienedioxyphenyl)propane (563) was prepared from

(566) (0.80g, 2.33mmol scale) according to general procedure 7.5.1. Red oil (96%). IRv„ax (film) 3312 

(OH, NH), 2804 (NCH3 ), 2212 (C=C) cm'*. 'H NMR 5 (CDCI3 ) 1.09 (3H, d, J3 .2 - 6 .5 Hz, H-3'), 2.42 (3H, s, 

NCH 3 ), 2.61 (IH , dd, Jgen,= 13.0Hz, J,.2 =6 .5 Hz, H-1'), 2.85 (IH , m, H-2'), 3.01 (IH , dd, Jge„=13.3Hz, 

Ji r=6.5Hz, H-1'), 2.85 (2H, br s, NH, OH), 4.46 (2H, s, CHj), 5.95 (2H, s, OCH 2 O), 6.67, 6.85 (2H, 2s, H-2, 

H-5). ‘̂ C NMR ppm (CDCI3 ) 19.33 (C-3'), 33.70 (NCH3 ), 41.59 (C-1'), 50.96 (CH2 ), 56.39 (C-2'), 84,03 

{ArC=CCH20H), 90.93 (ArC=CCH20H), 101.27 (OCHjO), 109.75, 11 1.43 (C-2, C-5), 115.72, (C-6 ), 136.75 

(C-1), 145.82, 147.97 (C-3, C-4). /w/r 247 (M ^-18, 1%), 217 (100), 202 (99).

Attempted preparation of 2-(iV-inethyIaniino-yV-trifluoroacetyl)-l-(6-acetyl-3,4-inethylenedioxyphenyl) 

propane (569) using Aluminium Chloride and Titanium(IV) Chloride.

Method A: Preparation of (569) with aluminium chloride

To a stirred solution of 2-(jV-methylamino-yV-trifluoroacetyl)-l-(3,4-methylenedioxyphenyl)propane (403) 

(6.91 mmol, 2 .0 0 g) in dry dichloromethane (2 0 0 ml) at rt under nitrogen, was added acetyl chloride 

(13.82mmol, 1.09g, 0.99ml) and AICI3 (13.80mmol, 1.84g) and the reaction was allowed to stir for 2hr. The 

mixture was quenched by adding it to a rapidly stirred solution of 10% aq. HCl (300ml). The layers were 

separated and aqueous layer extracted with dichloromethane (2x50ml). The organic phases were combined 

and washed with satd. aq. NaHCOs. The solvent was dried over anhydrous Na2 S0 4  and volatiles removed in 

vacuo leaving an oil which was purified by flash chromatography on silica gel.

Method B; Preparation o f (569) with titanium(IV) chloride

TiCl4 (13.80mmol, 2.62g, 1.51ml) was added dropwise over 5min to a stirred solution of 2-(A^-methylamino- 

A^-trifluoroacetyl)-l-(3,4-methylenedioxyphenyl)propane (403) (6.91mmol, 2.00g) in dry dichloromethane 

(65ml) at -35°C under an atmosphere of nitrogen. Acetyl chloride (13.82mmol, 1.09g, 0.99ml) was then 

added dropwise while the reaction was maintained at -35°C. The mixture was stirred for an additional 30min 

at -35°C, then at rt for 2hr. After pouring the reaction onto crushed ice, the mixture was diluted with water 

(200ml) and extracted with dichloromethane (3x50ml). The organic phases were combined and washed 

successively with water (lx50ml), 10% aq. HCl (lx50ml) and satd. aq. NaHCOs (lx50ml). After drying over 

anhydrous Na2 S0 4 , all volatiles were removed in vacuo, leaving an oil which was purified by flash 

chromatography on silica gel.
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2-(A'-Methylamino-yV-trifluoroacetyl)-l-(6-acetyl-3,4-inethylenedioxyphenyl)propane (569) was isolated 

by flash chromatography on silica gel (eluent: hexane/diethylether : 70/30). Pale amber crystals (method A : 

4%, method B ; 8 %). M.p. 82-83°C (hexane). I R \w  (KBr) 1683 (COCII3, NCOCF3) cm’’. 'H  NMR 

5(CDCl3) 1.27 (1.8H, d, J3.2-6.5Hz, H-3'), 1.32 (1.2H, d, J3.,2-=6 .5 Hz, H-3’), 2.55 (1.2H, s, NCH3), 2.56 

(1.8H, s, NCH3), 2.75 (0.4H, dd, Jgem=13.6Hz, J,..2 =9 .0 Hz, H-I'), 2.92 (0.6H, dd, Jgem=13.3Hz, J,.r=9.0Hz, 

H-1'), 2.98 (1.8H, d, J=1.5Hz, CH3), 3.00 (1.2H, s, CH3), 3.40 (0.6H, dd, Jgen,= 13.6Hz, J,.r=6.0Hz, H-1'), 

3.47 (0.4H, dd, Jgem=13.5Hz, J,.r=4.5Hz, H-1'), 4.38 (0.4H, m, H-2'), 4.71 (0.6H, m, H-2'), 6.03 (1.2H, dd, 

J=5.3Hz, J=1.5Hz, OCH2O), 6.05 (0.8H, dd, J=5.0Hz, J=1.0Hz, OCH2O), 6.56 (0.4H, s, H-2), 6 . 6 6  (0.6H, s, 

H-2), 7.23 (0.4H, s, H-5), 7.28 (0.6H, s, H-5). '^C NMR ppm (CDCI3) 16.76*, 18.52 (C-3'), 28.28, 29.15* 

(CH3), 29.36*, 29.75 (2q, % ,f=4Hz, NCH3), 36.63*, 37.84 (C-F), 53.59*, 54.29 (2q, % ,f=3Hz, C-2'), 

101.90* (OCH2O), 110.39*, 111.35* (C-2, C-5), 116.41* (q, % ,p=289Hz, COCFj), 130.32, 130.67* (C-1), 

134.68, 134.87* (C-6 ), 146.12*, 146.38, 150.09*, 150.30 (C-3, C-4), 156.81*, 157.11 (2q, ^Jc.f=35Hz, 

COCF3), 198.94, 199.45* (COCH3). ‘V  NMR ppm (CDCI3) -70 .51* ,-68 .85  (COCF3). m/z 331(M *,3% ), 

154 (100), 204 (6 8 ). Anal. (CisHigFjNOa) Calc: C (54.38), H (4.87), N (4.23), Found: C (54.54), H (4.85), N 

(4.13)%.

2-(A'-IVIethylamino-A^-trifluoroacetyI)-l-(4-acetoxy-3-chloromethoxyphenyl)propane (570) and 2-(A'- 

methylamino-A^-trifluoroacetyl)-l-(3-acetoxy-4-chloromethoxyphenyl)propane (571) were isolated as an 

inseparable 65/35 mixture by flash chromatography on silica gel (eluent : hexane/diethylether : 70/30). 

Colourless oil (method A : 80%, method B : 75%). IRv^ax (film) 1768 (OCOCH3), 1684 (NCOCF3) cm’’. 

2-(A^-IVIethylaniino-A^-trifluoroacetyl)-l-(4-acetoxy-3-chloromethoxyphenyl)propane (570). 'H NMR 

5 (CDCl3) 1,23-1.30 (3H, m, H-3'), 2.31 (0.65H, s, OCOCH 3 ), 2.33 (0.35H, s, OCOCH 3 ), 2.73-2.91 (1.3H, 

m, H-1'), 2.93 (1.95H, d, J=1.5Hz, NCH3), 2.97 (1.05H, s, NCH3), 4.26 (0.35H, m, H-2'), 4.76 (0.65H, m, H- 

2'), 5.84 (0.7H, s, CH2CI), 5.85 (1.3H, s, CH2CI), 6.94 (0.35H, dd, J6.5= 8 .0 Hz, J6,2=2 .0 Hz, H-6 ), 6.95 (0.65H, 

d, H2.6=2 .0 Hz, h-2), 7.03 (0.65H, d, Js,6=7.6Hz, H-5), 7.08 (0.65H, dd, J6,s=8 .6 Hz, J6,2=2 .0 Hz, H-6 ), 7.12 

(0.35H, d, H2.6= I.5 Hz, H-2), 7.23 (0.65H, d, J5,6= 8 .5 Hz, H-5). ‘̂ C NMR ppm (CDCI3) 16.36*, 17.73 (C-3’), 

20.44* (OCOCH3), 27.83, 29.17* (2q, ‘‘J c.f= 4 H z , NCH3), 38.42*, 39.98 (C-T), 52.57*, 54.04 (q, ‘‘J c .f= 4 H z , 

C-2’), 77.60*, 77.48 (OCH2CI), 116.35*, 116.56 (2q, ^Jc.f=287Hz, COCF 3 ), 116.01*, 116.10 (H-5), 123.84*, 

123.94 (C-2), 126.97*, 127.07 (C-6 ), 132.91, 133.35* (C -l), 140.63*, 140.71 (C-4), 146.14*, 146.32 (C-3), 

156.57, 156.81* (2q, \-,f=36H z, COCF3), 168.46*, 168.51 (OCOCH3). '^F NMR ppm (CDCI3) -70.49*, -  

68.80 {COCF3 ).

2-(A^-Methylamino-A^-trifluoroacetyl)-l-(3-acetoxy-4-chloromethoxyphenyl)propane (571). 'H NMR

5 (CDCl3) 2.30 (0.65H, s, OCOCH3), 2.32 (0.35H, s, OCOCH3), 2.95 (1.95H, d, J=1.5Hz, NCH3), 2.99 

(1.05H, s, NCH3), 4.20-4.28 (IH , m, H-2'), 5.85 (IH , s, CH.CI), 6.90 (0.35H, dd, J6,5= 8 .0 Hz, J6,2=2 .0 Hz, H- 

6), 6.91 (0.65H, d, H2,6=2 .5 Hz, H-2), 6.95 (0.35H, d, H,6=2.0Hz, H-2), 7.04 (0.65H, d, J6,s=7.6Hz, H-6 ), 7.08 

(0.35H, d, J5,6=8 .6 Hz, H-5), 7.08 (0.65H, d, J5,6=7 .5 Hz, H-5). H-1', H-3' signals overlap with (570). ‘̂ C 

NMR ppm (CDCI3) 16.49*, 17.82 (C-3’), 29.06*, 29.53 (2q, ‘*Jc,f=4Hz, NCH3), 38.99*, 40.59 (C -l’), 52.37*, 

54.12 (q, ‘'Jc,f=3Hz, C-2’), 77.43, 77.45* (OCH2CI), 116.45*, 116.66 (H-2), 123.35*, 123.56 (C-5), 124.02*, 

124.11 (C-6 ), 136.13, 136.45* (C -l), 139.45*, 139.61 (C-3), 147.17*, 147.35 (C-4), 156.85*, 156.88 (2q, 

^Jc ,f= 3 6 H z , COCF3), 168.43, 168.52* (OCOCH3), OCOCH3, COCF3 signals overlap with (570). '®F NMR 

ppm (CDCI3) -70.45*, -68.79 {COCF3). m/z 368 (M"-79, 27%), 162 (100), 154 (95).
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2-(A^-M ethylainino-A'-trifluoroacetyl)-l-(4-acetoxy-6-acetyl-3-chloromethoxyphenyl)propane (572) and 

2-(A^-methylaniino-A^-trifluoroacetyl)-l-(3-acetoxy-6-acetyl-4-chloroinethoxyphenyl)propane (573) were 

isolated as an inseparable 90/10 mixture by flash chromatography on silica gel (e lu e n t: hexane/diethylether : 

70/30). Colourless needles (method A ; 4%, method B ; 7%). M.p. 75-76“C (thylacetate/hexane). IRv„,ax 

(KBr) 1768 (OCOCH3), 1684 (COCH3, NCOCF3) cm'*.

2-(A^-M ethylamino-A^-trifluoroacetyl)-l-(4-acetoxy-6-acetyl-3-chloroniethoxyphenyl)propane (572). ’H 

NM R 8 (CDCl3) 1.25 (1.95H, d, J3..2= 7 .0Hz, H-3’), 1.29 (1.05H, d, ]y_r=6.6Hz, H-3'), 2.30 (0.65H, s, 

OCOCHs), 2.31 (0.35H, s, OCOCHs), 2.60 (1.05H, s, COCH3), 2.62 (1.95H, s, COCH3), 2.83 (0.35H, dd, 

Jgem=13.8Hz, Ji,2'=9 .0Hz, h-1'), 2.91 (0.65H, dd, Jgem=13.8Hz, Ji.2=9 .0Hz, H-1'), 2.94 (1.95H, d, J=1.5Hz, 

NCH3), 2.97 (1.05H, s, NCH3), 4.35 (0.35H, m, H-2'), 4.70 (0.65H, m, H-2'), 5.84 (1.3H, s, CHjCI), 5.85 

(0.7H, s, CH2CI), 6.87 (0.35H, s, H-2), 6.94 (0.65H, s, H-2), 7.66 (0.65H, s, H-5), 7.72 (0.35H, s, H-5). *̂ C 

N M R ppm (CDCI3) 16.78*, 18.49 (C-3'), 20.42*, 20.47 (OCOCH3), 28.21* (q, ''J c ,f= 4 H z , NCH3), 29.17, 

29.39* (COCH3), 29.81* (q, ‘*Jc.f=4Hz, NCH3), 35.94*, 36.85 (C-T), 53.23*, 54.10 (2q, ‘‘Jc,f=3Hz, C-2 '), 

77.63, 77.71* (OCH2CI), 118.20*, 118,59 (C-5), 116.32*, 116.37 (2q, ^Jc,f=289Hz, CO CFj), 126.54*, 

126.58 (C-2), 134.52, 134.70* (C-6), 135.12, 135.55* (C -1), 142.89*, 143.08 (C-4 ), 145.68*, 145.80 (C-3), 

156.80*, 156.82 (2q, ^Jc,f= 3 5 H z , COCF3), 167.89* (OCOCH3), 199.41, 199.93* (COCH3). '^F NM R ppm 

(CDCI3)-7 0 .6 0 * ,-6 8 .9 1  (COCFs).

2-(A^-methylamino-/V-trifluoroacetyI)-1 -(3-acetoxy-6-acetyl-4-chloroniethoxyphenyl)propane (573). 'H 

N M R 5 (CDCI3) 1.33 (3H, m, H-3'), 2.55 (1.05H, s, COCH 3), 2.56 (1.95H, s, COCH 3 ), 4.65-4.79 (IH , m, H- 

2'), 6.98 (0.35H, s, H-2), 7.08 (0.65H, s, H-2), 7.52 (0.65H, s, H-5), 7.57 (0.35H, s, H-5). OCOCHj,  H-1', 

N CH 3 , CH 2CI signals overlapping with (572). '^C N M R ppm (CDCI3) 16.79*, 18.61 (C-3'), 20.38*, 20.48 

(OCOCH 3), 28.31, 28.92* (COCH 3 ), 29.54*, 30.21 (2 m, NCH 3 ), 36.71*, 37.59 (C-T), 52.96, 53.33* (2 m, C- 

2'), 76.15*, 76.26 (OCH 2CI), 117.93*, 118.09 (C-5), 125.82*, 126.07 (C-2), 138.30, 138.49* (C-6 ), 167.79*, 

168.28 (OCOCH 3), 199.14, 199.96* (COCH 3 ), C-1, C-3, C-4, COCF 3 signals overlap with (572). '^F NM R 

ppm (CDCI3 ) -70 .48* , -68 .93  (COCFs).

m/z 310 (isomers (572) and (573)) (M "-79, 2%), 154 (100), 204 (47). Anal. (C 17H 19CIF3NO 5) Calc: C 

(49.83), H (4.67), N (3.42), Found: C (49.78), H (4.59), N (3.35)%.

General preparation o f 2-(A^-methylamino-A^-trinuoroacetyl)-l-(6-acyl-3,4-niethylenedioxyphenyI) 

alkanes (569) and (576)-(578) using tin(IV)chloride

General Procedure 7.5.2

To a solution o f  an appropriate 2-(A/^-methylamino-/V-trifluoroacetyl)-l-(3,4-methylenedioxyphenyl)alkane 

(5.19mmol) in dry dichloromethane (35ml) at 0°C in an ice/water bath under nitrogen was added in one 

portion the appropriate acyl chloride (7.79mmol) followed by SnCU (l.OM  in dichloromethane, 10.38mmol, 

10.38ml). The ice bath was removed and mixture allowed to stir for 12hr at rt. A fter pouring the reaction 

onto crushed ice, the mixture was diluted with water (150ml) and extracted with dichloromethane (3x50ml). 

The organic phases were combined, dried over anhydrous N a2 S0 4 , and volatiles removed in vacuo yielding 

the crude product. This was purified by flash chromatography on silica gel.
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2-(iV-methylamino-A'-trinuoroacetyl)-l-(6-acetyl-3,4-methylenedioxyphenyl)propane (569) was prepared 

from (403) (1.50g, 5.19mmol scale) according to general procedure 7.5.2 and chromatographed on silica gel 

(eluent : hexane/diethylether : 60/40). Pale amber crystals (75%). M.p. 82-83°C (hexane). Spectroscopic 

analyses were comparable to an authentic sample.

2-(A'^-lVIethylamino-A^-trifluoroacetyl)-l-(6-propionyl-3,4-methylenedioxyphenyl)propane (576) was 

prepared from (403) (l.SOg, 5.19mmol scale) according to general procedure 7.5.2 and chromatographed on 

silica gel (e luen t: hexane/diethylether : 60/40). Pale amber crystals (72%). M.p. 82-83°C (hexane). IRv^ax 

(KBr) 1683 (COCH2 CH3 , NCOCF3 ) cm’’. 'H NMR 5 (CDCI3 ) 1.16 (1.2H, t, J=7.0Hz, COCH 2 C //3 ), 1.17 

(1.8H, t, J=7.0Hz, COCH 2 C//J), 1.24 (1.8H, d, J3 ..2 = 7 .0 Hz, H-3'), 1.29 (1.2H, d, J3 .2 - 6 .5 Hz, H-3'), 2.73 

(0.4H, dd, Jge„,= 13.5Hz, J,.,2 =9 .0 Hz, H-1’), 2.84 (0.6H, m. H-1'), 2.85 (0.8H, q, J=7.0Hz, COC//,CH 3 ), 2.88 

(1.2H, q, J=7.5Hz, COC//2 CH 3 ), 2.94 (1.8H, d, J=2.0Hz, NCH3), 2.97 (1.2H, s, NCH3), 3.32 (0.6H, dd, 

Jgem=13.6Hz, Ji.2 - 6 .0 Hz, H-1’), 3.37 (0.6H, dd, Jgem=13.6Hz, J,.,2 = 5 .0 Hz, H-1'), 4.35 (0.4H, m, H-2’), 4.68 

(0.6H, m, H-2'), 5.98 (1.2H, dd, J=5.0Hz, J=1.5Hz, OCH 2 O), 6.00 (0.8H, dd, J=5.0Hz, J=1.5Hz, OCH 2 O), 

6.54 (0.4H, s, H-2), 6.65 (0.6H, s, H-2), 7.16 (0.6H, s, H-5), 7.27 (0.4H, s, H-5). NMR ppm (CDCI3) 

8.46, 8.54* (COCH2 CH3 ), 16.75*, 18.49 (C-3’), 28.28*, 29.79 (2q, ‘*Jc,f=4Hz, NCH 3 ), 34.03, 34.27* 

(COCH 2 CH 3 ), 36.49*, 37.77 (C-T), 53.60*, 54.42 (2q, ''Jc,f=3Hz, C-2'), 101.70*, 101.85 (OCH.O), 109.19*, 

109.50, 111.25* (C-2, C-5), 116.41* (q, ^Jc,f=289Hz, COCFj), 130.51, 130.94* (C-1), 134.26, 134.34* (C- 

6 ), 146.14*, 146.40, 149.82*, 150.04 (C-3, C-4), 156.70*, 156.94 (2q, ^Jc.f=35Hz, COCF3 ), 198.84, 199.48* 

(COCH2CH3). '^F NMR ppm (CDCI3) -70.56*, -68.89 {COCF3). m/z  345 (M ‘, 4%), 154 (100), 218 (67). 

Anal. (C,6 H |8 F3 N 0 4 ) Calc: C (55.65), H (5.25), N (4.06), Found: C (55.55), H (5.17), N (3.93)%.

2-(A'-IVlethylaiiiino-A'-trifluoroacetyl)-l-(6-acetyl-3,4-methylenedioxyphenyl)butane (577) was prepared 

from (404) (2.00g, 6.59mmol scale) according to general procedure 7.5.2 and chromatographed on silica gel 

(eluent : diethylether/hexane : 50/50). Pale amber crystals (74%). M.p. 99-100°C (hexane). IRv^^ (KBr) 

1682 (COCH3, NCOCF3) cm''. ‘H NMR 6  (CDCI3) 0.86 (1.8H, t, J4 ,3 = 7 .5 Hz, H-4’), 0.88 (1.2H, t, 

J4 ',3 '=8 .5 Hz, H-4'), 1.57-1.73 (2H, m, H-3'), 2.51 (1.2H, s, CH3), 2.53 (1.8H, s, CH3), 2.63 (0.4H, dd, 

Jgem=13.6Hz, J |.2 '=9 .5 Hz, h-1'), 2.83 (0 .6H , dd, Jg™=13.6Hz, J,..2 '=9 .5 Hz, H-1'), 2.91 (1.8H, d, J=1.5Hz, 

NCH3), 2.94 (1.2H, s, NCH3), 3.42 (0 .6H, dd, Jge„=13.6Hz, J,,2 = 5 .5 Hz, H-1'), 3.48 (0.4H, dd, Jgem=13.5Hz, 

Jr,2 '=4 .5 Hz, H-1'), 4.11 (0.4H, m, H-2’), 4.49 (0.6H, m, H-2’), 5.98 (1.2H, dd, J=5.5Hz, J=1.0Hz, OCH 2 O), 

6.00 (0.8H, dd, J=4.7Hz, J=1.5Hz, OCHjO), 6.51 (0.4H, s, H-2), 6.62 (0.6H, s, H-2), 7.20 (0.6H, s, H-5), 

7.24 (0.4H, s, H-5). '^C NMR ppm (CDCI3) 10.04, 10.42* (C-4’), 24.06*, 25.34 (C-3'), 28.13, 29.79* (2m, 

NCH3), 29.73, 29.85* (CH3), 35.52*, 36.85 (C-1'), 59.53, 59.96* (2m, C-2'), 101.77*, 101.89 (OCH 2 O), 

110.15*, 110.33, 111.41* (C-2, C-5), 116.34, 116.46* (2q, \,p = 2 8 9 H z, COCF3), 130.45, 130.63* (C-1), 

134.67, 134.90* (C-6 ), 146.08*, 146.32, 150.07*, 150.28 (C-3, C-4), 157.34*, 157.69 (2q, "Jc,f=35Hz, 

COCF3), 198.96, 199.52* (COCH3). ‘®F NMR ppm (CDCI3) -70.51*, -67.64 (COCFj). m/z 345 (M \ 3%), 

168 (100), 189 (75). Anal. (C,6 H ,8 F3N 0 4 ) Calc: C (55.65), H (5.25), N (4.06), Found; C (55.71), H (5.25), N 

(3.97)%.

2-(A^-Methylainino-A^-trinuoroacetyl)-I-(6-propionyl-3,4-methylenedioxyphenyI)butane (578) was 

prepared from (404) (2.00g, 6.59mmol scale) according to general procedure 7.5.2 and chromatographed on 

silica gel (eluent : diethylether/hexane : 50/50). Pale amber crystals (72%). M.p. 96-97°C
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(ethylacetate/hexane). IRv^^x (K.Br) 1682 (COCH2CH3, NCOCF3) cm ''. 'H NMR 6 (CDCI3) 0.87 (1.8H, t, 

J4'.3-=7 .5 Hz, h-4'), 0.88 (1.2H, t, J4..3- 7 .OHZ, H-4'), 1.18 (1.2H, t, J=7.0Hz, COCHjC/Zj), 1.19 (1.8H, t, 

J=7.0Hz, COCH2C//J), 1.59-1.74 (2H, m, H-3'), 2.65 (0.4H, dd, Jgem=13.3Hz, J ,,2- 9 .0 Hz, H-1'), 2.74-2.91 

(2.6H, m, CO C//2CH3, H-1'), 2.92 (1.8H, d, J=1.5Hz, NCH3), 2.96 (1.2H, s, NCH3), 3.38 (0.6H, dd, 

Jge„,= 13.5Hz, Ji,2'=5 .0 Hz, H-1'), 3.43 (0.4H, dd, Jgem=13.0Hz, Ji.r=4.0Hz, H-1'), 4.12 (0.4H, m, H-2’), 4.50 

(0.6H, m, H-2'), 6.00 (1.2H, m. OCH2O), 6.01 (0.8H, m, 0 C H ,0 ), 6.52 (0.4H, s, H-2), 6.65 (0.6H. s, H-2), 

7.16 (0.6H, s, H-5), 7.26 (0.4H, s, H-5). '^C NMR ppm (CDCI3) 8.52*, 8.56 (COCH2CH3), 10.08, 10.48* (C- 

4'), 25.23, 24.05* (C-3'), 28.15*, 29.93 (2m, NCH3), 34.33*, 34.10, 35.40*, 36.83 (COCH2CH3, C-1'), 59.81, 

60.16* (2m, C-2'), 101.73*, 101.85 (0C H ,0 ), 109.23*, 109.43, 111.33* (C-2, C-5), 116.39, 116.49* (2q, 

^Jc,f=289Hz, COCF3 ), 130.73, 131.00* (C-1), 134.23, 134.35* (C-6 ), 146.13*, 146.36, 149.80*, 150.02 (C-3, 

C-4), 157.40*, 157.76 (2q, "Jc.f=35Hz, COCF3), 202.07, 202.77* (COCH2CH3). ‘̂ F NMR ppm (CDCI3) - 

70.46*, -68.76 (COCFj). m/z 359 (M’, 4%), 168 (100), 203 (76). Anal. (CnH 2oF3N0 4 ) Calc: C (56.82), H 

(5.61), N (3.90), Found: C (56.71), H (5.57), N (3.80)%.

Preparation  of 3-alkyl-2-m ethyl-l-alkenyl-6,7-m ethylenedioxy-l,2,3,4-tetrahydroisoquinolines (579)- 

(582)

General Procedure 7.5.3

To a solution of the appropriate 2-(A^-methylamino-A^-trifluoroacetyl)-l-(6-acyl-3,4-methylenedioxyphenyl) 

alkane (2.72mmol) in methanol (30ml) and water (7.5ml) there was added potassium carbonate (10.88mmol, 

1.53g). The reaction was stirred at rt for 72hr. The mixture was then made acidic with 10% HCl (100ml), and 

washed with dichloromethane (3x30ml). The acidic phase was made basic with 15% aq. NaOH and extracted 

with dichloromethane (3x50ml). The organic phases were combined, dried over Na2S0 4  and volatiles 

removed in vacuo, providing the product as an oil.

2,3-D im ethyl-l-m ethylene-6,7-m ethylenedioxy-I,2,3,4-tetrahydroisoquinoline (579) was prepared from 

(569) (0.90g, 2.72mmol scale) according to general procedure 7.5.3. Red oil (80%). IRVmax (film) 2799 

(NCH3), 1626 (C=C) cm‘‘. ‘H NMR 6  (CDCI3) 0.98 (3H, d, J=6.5Hz, CH3), 2.48 (IH , dd, Jge„=15.6Hz, 

J4,3=2 .0 Hz, H-4), 2.85 (3H, s, NCH3), 3.21 (IH , dd, Jge„.= 15.0Hz, J4,3=5 .5 Hz, H-4), 3.44 (IH, m, H-3), 3.75 

(IH, s, C=CH2 ), 4.41 (IH , s, C=CH2 ), 5.93 (2H, dd, J=6.2Hz, J=1.0Hz, OCH2O), 6.54 (IH , s, H-5), 7.21 (IH,  

s, H-7). ‘̂ C NMR ppm (CDCI3) 15.42 (CH3), 36.40 (C-4), 38.62 (NCH3), 53.86 (C-3), 78.12 (C=CH2), 

100.78 (OCH2O), 104.50, 108.50 (C-5, C-8 ), 125.25, 126.31 (C-4a, C-8 a), 146.51 (C-1), 146.31, 147.22 (C- 

6 , C-7). m/z 217 (M", 99%), 202 (100), 187 (32). HRMS calcd for CnHuNOj: (M ^ 217.11028, found: 

217.11007.

£/Z-l-Ethylene-2,3-dim ethyl-6,7-m ethylenedioxy-l,2,3,4-tetrahydroisoquinoline (580) was prepared 

from (576) (l.OOg, 2.90mmol scale) according to general procedure 7.5.3 as an 80/20 mixture ofZ^£ isomers, 

determined by NOE. Amber oil (80%). IRv^ax (film) 2802 (NCH3), 1634 (C=C) cm ''. Z-(580) *H NMR 

§(CD Cl3) 1.14 (3H, d, J4,3=6 .5 Hz, CH3), 1.85 (3H, d, J=7.0Hz, C=CHC//j), 2.42 (IH , dd, Jge„=15.8Hz, 

J4.3=7 .5 Hz, H-4), 2.58 (3H, s, NCH3), 2.81 (IH , dd, Jgem=15.8Hz, J4,3=4 .5 Hz, H-4), 3.01 (IH , m, H-3), 5.45 

(IH , q, J=6.5Hz, C=C//CH3), 5.91 (2H, s, OCH2O), 6.55 (IH , s, H-5), 7.00 (IH , s, H-7). ‘̂ C NMR ppm
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(CDClj) 13.27 (CH 3 ), 20.21 (C=CHCH 3 ), 32.47 (C-4), 39.96 (NCH 3 ), 54.03 (C-3), 100.58 (OCH 2 O), 103.83 

(C-8 ), 107.98, 108.30 (C-5, C=CHCH 3 ), 127.47, 127.51 (C-4a, C-8 a), 144.80 (C-1), 146.23, 146.32 (C-6 , C- 

7). m /z23 \  (M% 6 %), 204 (100), 188 (23). £--(580)‘H NMR 6  (CDCI3 ) 0.96 (3H, d, J4 ,3 = 6 .5 Hz, CH3 ), 1.94 

(3H, d, J=7.0Hz, C=CHC//j), 2.76 (3H, s, NCH 3 ), 3.26 (IH , m, H-3), 4.59 (IH , q, J=7.0Hz, C^CHCH^), 5.95 

(2H, s, OCH 2 O), 6.64 (IH , s, H-5), 7.02 (IH , s, H-7), H-4 signal overlaps with Z-(580). ‘̂ C NMR ppm 

(CDCI3 ) 14.95 (CH 3 ), 18.71 (C=CHCH 3 ), 36.41 (C-4), 38.28 (NCH 3 ), 54.60 (C-3), 93.76 (C=CHCH 3 ), 

100.69 (OCH 2 O), 108.50, 108.57 (C-5, C-8 ), 128.49, 128.96 (C-4a, C-8 a), 145.08 (C-1), C-6 , C-7 signals 

overlap with Z-(580). m/i  231 (M ^-I, 100%), 216 (46), 214 (36). HRMS calcd for C 1 4 H 1 7NO 2 : (M ) 

231.12593, found: 231.12614.

3-Ethyl-2-inethyl-l-methylene-6,7-niethylenedioxy-l,2,3,4-tetrahydroisoquinoline (581) was prepared 

from (577) (l.OOg, 2.90mmol scale) according to general procedure 7.5.3. Amber oil (78%). I R v „ ,a x  (film) 

2792 (NCH 3 ), 1642 (C=C) cm ''. 'H NMR 5 (CDCI3 ) 0.83 (3H, t, J=7.3Hz, CH.C/Zj), 1.23 (IH , m, C //2 CH 3 ), 

1.47 (IH , m, C // 2 CH3 ), 2.61 (IH , m, H-4), 2.92 (3H, s, NCH 3 ), 3.07-3.12 (2H. m, H-3, H-4), 3.66 (IH , br s, 

C^CHj), 4.26 (IH , br s, C=C//2 ), 5.92 (2H, dd, J= 6 .8 Hz, J=1.5Hz, OCH 2 O), 6.53 (IH , s, H-5), 7.17 (IH , s, 

H-7). '"C NMR ppm (CDCI3 ) 11.27 (CH 2 CH3 ), 23.25 (CH 2 CH 3 ), 32.98 (C-4), 39.60 (NCH 3 ), 60.39 (C-3), 

76.12 (C=CH 2 ), 100.53 (OCH 2 O), 104.68, 108.39 (C-5, C-8 ), 125.73, 126.51 (C-4a, C-8 a), 146.23, 147.23 

(C-1, C-6 , C-7). m/z 231 (M", 36%), 202 (100), 144 (19). HRMS calcd for C,4 H nN 0 2 : (M") 231.12593, 

found; 231.12731.

£/Z-3-Ethyl-2-inethyl-l-ethylene-6,7-methylenedioxy-l,2,3,4-tetrahydroisoquinoline (582) was prepared 

from (578) (l.OOg, 2.78mmol scale) according to general procedure 7.5.3 as an 80/20 mixture o fZ /E  isomers, 

determined by NOE. Amber oil (71%). IRv^ax (film) 2793 (NCH 3 ), 1647 (C=C) cm ''. Z-(582) 'H NMR 

5 (CDCl3 ) 0.95 (3H, t, J=7.5Hz, CHjC/Zj), 1.33 (IH, m, C //2 CH 3 ), 1.50 (IH , m, C //2 CH 3 ), 1.87 (3H, d, 

J=7.0Hz. C=CHC//j), 2.43 (IH , dd, Jgem=15.8Hz, J4 ,3 = 5 .5 Hz, H-4), 2.56 (3H, s, NCH 3 ), 2.91 (IH , dd, 

Jgem=16.0Hz, J4 ,3 =4 .5 Hz, H-4), 2.78 (IH, m, H-3), 5.55 (IH , q, J=7.0Hz, C^CHCW^), 5.90 (2H, s, OCH 2 O), 

6.55 (IH , s, H-5), 7.03 (IH , s, H-7). '^C NMR ppm (CDCI3 ) 10.74 (CH 2 CH 3 ), 13.06 (C=CHCH 3 ), 26.38 

(CH 2 CH3 ), 29.33 (C-4), 39.97 (NCH3 ), 59.54 (C-3), 100.55 (OCH 2 O), 103.52 (C-8 ), 108.30 (C-5), 108.79 

(C=CHCH 3 ), 126.92, 127.36 (C-4a, C-8 a), 144.15 (C-1), 146.19, 146.31 (C-6 , C-7). w/z 245 (M ^ 58%), 216 

(100), 201 (24). E-{5%1) 'H  NMR 5 (CDCI3 ) 0.84 (3H, t, J=7.5Hz, CH 2 C // 5 ), 1.92 (3H, d, J=7.2Hz, 

C=CHC//j), 2.47 (IH, m, H-4), 2.81 (3H, s, NCH 3 ), 2.96 (IH , m, H-3), 4.51 (IH , q, J=7.0Hz, C=C//CH 3 ), 

5.95 (2H, s, OCH2 O), 6.67 (IH , s, H-5), 7.01 (IH, s, H-7), C // 7CH 3 , and one H-4 signal overlaps with Z- 

(582). ‘̂ C NMR ppm (CDCI3 ) 11.04 (CH2 CH 3 ), 14.86 (C=CHCH 3 ), 26.21 (CH 2 CH3 ), 33.25 (C-4), 39.22 

(NCH 3 ), 61.20 (C-3), 91.51 (C=CHCH 3 ), 100.67 (OCH 2 O), 108.67, 111.21 (C-5, C-8 ), 129.30, 132.25 (C-4a, 

C-8 a), 144.75, 145.60, 146.60 (C-1, C-6 , C-7). m/z 245 (M", 2%), 218 (100), 188 (38). HRMS calcd for 

C,5 H,9 N 0 2 : (M") 245.14158, found: 245.14163.

Preparation of 2-(A^-methylamino-jV-trifluoroacetyl)-l-(6-cyclopropylcarbonyl-3,4-niethylenedioxy 

phenyl)alkanes (586) and (587)
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2-(A^-M ethylamino-A^-trifluoroacetyl)-l-(6-cyclopropylcarbonyl-3,4-methylenedioxyphenyl)propane

(586) was prepared from (403) (1.50g, 5.19mmol scale) according to general procedure 7.5.2 and purified by 

recrystallisation. Fawn crystals (9 6 % ). M.p. 73-74°C (ethylacetate/hexane). IRv^ax (KBr) 1686, 1672 

(C 0 CH (CH 2 )2 , NCCXZFj) cm"'. 'H  NM R SCCDClj) 1.25 (1.8H , d, J3  r=7.0H z, H-3'), 1.30 (1.2H, d, 

J 3 .2 '= 7 .0 Hz, h - 3 ') ,  2.18 (2H, m, CH 2 ), 2.75 (0.4H, dd, Jg™=13.3Hz, J i. 2 = 9 .0 Hz, H-1'), 2.87 (0.6H, dd, 

Jg^=13.0H z, J, r=9.0H z, H-1'), 2.96 (1.8H, d, H=1.5Hz, NCH 3 ), 2.99 (1.2H, s, NCH 3 ), 3.05 (IH , m, CH), 

3.34 (0.6H, dd, Jge„,= 13.5Hz, Jr,2=6.0Hz, H-1'), 3.36 (0.4H, m, H-1'), 3.65 (2H, m, CH 2 ), 4.37 (0.4H, m, H- 

2 ’), 4.68 (0.6H, m, H-2'), 6.01 (1.2H, d, J=4.0Hz, OCHjO), 6.03 (0.8H, d, J=4.0Hz, OCHjO), 6.55 (0.4H, s, 

H-2), 6.64 (0.6H, s, H-2), 7.23 (0.6H, s, H-5), 7.29 (0.4H, s, H-5). ‘"C N M R ppm (CDCI3) 18.54, 18.84* (C- 

3'), 27.07* ((CH 2 )2 ), 28.32*, 29.87 (2m. NCH 3 ), 36.73, 36.90* (C-1’), 44.45, 44.52* (CH), 53.45*, 54.37 

(2m, C-2'), 101.84*, 101.98 (OCH jO ), 109.37*, 109.62, 111.39* (C-2, C-5), 116.39, 116.42* (2q, 

^Jc,f=289Hz, COCFj), 130.22, 130.65* (C-1), 134.63*, 134.66 (C-6 ), 146.26*, 146.52, 150.10*, 150.36 (C-3, 

C-4), 156.75*, 156.95 (2q, ^Jc ,f= 3 6 H z, COCF3), 199.87, 200.57* (CO). ‘V  NM R ppm (CDCI3) -70 .51* , -  

68.84 (C O C fj). m /:  357 (M ^ 18%), 230 (100), 154 (84). HRM S calcd for C n H , 8 F3 N 0 4 : (M") 357.11879, 

found; 357.11944.

2-(/V-IVIethylainino-A'-trifluoroacetyl)-l-(6-cyclopropylcarbonyi-3,4-methylenedioxyphenyl)butane

(587) was prepared from (404) (2.00g, 6.59mmol scale) according to general procedure 7.5.2 and 

chromatographed on silica gel (eluent : diethylether/hexane ; 50/50). Colourless crystals (90%). M.p. 81- 

82°C (ethylacetate/hexane). lRv,nax (KBr) 1677 (CO(CH2)2, NCOCF3) cm ''. 'H  N M R 5 (CDCI3) 0.89 (1.8H, 

t, J4 '.3 = 7 .3 Hz, H-4'), 0.91 (1.2H, t, J 4 ',3 = 7 .5 Hz, H-4'), 1.63-1.77 (2H, m, H-3'), 2.20 (2H, m, CH 2 ), 2.65 (0.4H, 

dd, Jge„=13.6 Hz, J |. 2 '=9 .0 Hz, H -I'), 2.83 (0.6H, dd, Jge„,= 13.6 Hz, J,.,2 = 9 .5 Hz, H -1'), 2.94 ( I . 8 H, d, J=1.5Hz, 

NCH 3 ), 2.98 (I.2H , s, NCH 3 ), 3.09 (IH , m, CH), 3.42 (0.6H, dd, Jgem=13.3Hz, J,.,2 '=5 .0 Hz, H-1'), 3.43 (0.4H, 

dd, Jgem=13.3Hz, J|..2 '=7 .5 Hz, H-1'), 3.68 (2H, m, CH 2 ), 4.13 (0.4H, m, H-2'), 4.55 (0.6H, m, H-2'), 6.02 

(1.2H, dd, J=5.2Hz, J=1.0Hz, OCH 2 O), 6.05 (0.8H, dd, J=5.5Hz, J=1.0Hz, OCH 2 O), 6.54 (0.4H, s, H-2), 6 . 6 6  

(0.6H, s, H-2), 7.24 (0.6H, s, H-5), 7.29 (0.4H, s, H-5). ‘̂ C N M R  ppm (CDCI3 ) 10.09, 10.48* (C-4'), 24.09*, 

25.28 (C-3'), 27.05* ((CH2)2), 28.15*, 29.87 (2m, NCH3), 35.59*, 36.90 (C-1'), 44.45, 44.53* (CH), 59.40, 

60.06* (2m, C-2'), 101.83*, 101.95 (OCH 2 O), 109.39*, 109.51, 111.43* (C-2, C-5), 116.38, 116.47* (2q, 

^Jc,f=289Hz, COCF 3 ), 130.44, 130.67* (C-1), 134.54, 134.63* (C -6), 146.23*, 146.46, 150.06*, 150.31 (C-3, 

C-4), 157.41*, 157.73 (2q, ^Jc ,f= 3 5 H z, COCF 3 ), 199.96, 200.67* (COCH 3 ). '®F N M R ppm (CDCI3) -  

70.48*, -6 7 .5 9  (COCF 3 ). m/z 371 (M", 18%), 215 (100), 168 (99). HRMS calcd for C , 8 H2 oF3 N 0 4 : (M*) 

371.13444, found: 371.13476.

Preparation o f 2-A^-methylam ino-l-(6-cyclopropylcarbonyl-3,4-m ethylenedioxyphenyl)alkanes (589) 

and (590)

2-A^-M ethylam ino-l-(6-cyclopropylcarbonyl-3,4-m ethylenedioxyphenyI)propane (589) was prepared 

from (586) (1.25g, 3.50mmol scale) according to general procedure 7.5.3. Am ber oil (63%). IRv^ax (film) 

3338 (N H ) 1688 (C = 0) cm ''. ‘H N M R 5 (CDCI3) 0.99 (3H, d, J 3 .2 - 5 .SHz, H-3'), 1.00 (2H, m, CH2), 1.17 

(IH , br s, N H ), 1.19 (2H, m, CH2), 2.33 (IH , m, CH), 2.36 (3H, s, NCH3), 2.66-2.72 (2H, m, H-1'), 2.92 (IH , 

m, H-1'), 5.98 (2H, s, OCHjO), 6.72 (IH , s, H-2), 7.19 (IH , s, H-5). '^C NM R ppm (CDCI3) 11.78 ((CH2)2),
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19.62 (C-3'), 20.71 (CH), 33.86 (NCH 3 ), 40.72 (C-F), 56.61 (C-2’), 101.43 (OCH2 O), 108.64, 111.32 (C-2, 

C-5), 133.67, 134.31 (C-1, C-6 ), 145.69, 149.19 (C-3, C-4), 203.28 (C =0). m /z261 (M "-l, 1%), 202 (100), 

144 (25).

2-A^-IVIethylamino-l-(6-cyclopropylcarbonyl-3,4-methylenedioxyphenyl)butane (590) was prepared from 

(587) (0.75g, 2.02mmol scale) according to general procedure 7.5.3. Amber oil (63%). IRv„ax (film) 3338 

(NH), 2795 (NCH 3 ), 1671 (C =0) cm'*. ‘H NMR 5 (CDCI3 ) 0.88 (3H, t, J4 -,3 = 7 .3 Hz, H-4'), 0.99 (2H, m, 

CI-I2 ), 1.19 (2H, m, CH2 ), 1.34-1.53 (2H, m, H-3’), 1.53 (IH , br s, NH), 2.32 (4H, m, CH, NCH 3 ), 2.51 (IH, 

m, H-2'), 2.83 (2H, m, H-1’), 5.98 (2H, s, OCHjO), 6.73 (IH , s, H-2), 7.17 (IH, s, H-5). ‘̂ C NMR ppm 

(CDCI3 ) 9.67 (C-4'), 11.84 ((CH2 )2 ), 20.80 (CH), 25.70 (C-3'), 33.60 (NCH 3 ), 37.33 (C-2’), 62.30 (C-2'), 

101.42 (0 C H ,0 ) , 108.53, 111.20 (C-2, C-5), 133.93, 134.48, (C-1, C-6 ), 145.63, 149.16 (C-3, C-4), 203.49  

(C =0).

7.6 EXPERIMENTAL DETAILS -  CHAPTER 6

Preparation o f l-(4-brom ophenyl)-2-nitro-l-alkenes (592)-(593)

To a solution o f  4-bromobenzaldehyde (591) (243.20mmol, 45 .Og) in glacial acetic acid (240ml) there was 

added the appropriate nitroalkane (SOOmmol) followed by cyclohexylamine (250mmol). The reaction was 

heated on a steam bath for 8 hr. Water (65ml) was then added and the reaction was allowed to stand 

overnight. The precipitated nitrostyrene was isolated by filtration, washed with water and recrystallised from 

hexane.

l-(4-B rom ophenyl)-2-nitro-l-propene (592) was prepared from (591) according to the general procedure. 

Yellow crystals (71%). M.p. 89-90°C (hexane) (lit m.p. 85-86°C‘*™). IRv^^, (KBr) 1583 (C=C), 1507, 1314 

(NO 2 ) cm'‘. 'H NMR 6  (CDCI3 ) 2.42 (3H, s, CH3 ), 7.30, 7.60 (4H, 2d, J=8.5Hz, 8.0Hz, H-2, H-3, H-5, H-6 ), 

7.99 (IH, s, H -r). '^C NMR ppm (CDCI3 ) 134.95 (C-3'), 124.32 (C-4), 131.29, 132.15 (C-2, C-3, C-5, C-6 ), 

132.16 (C-1), 132.20 (C -r), 148.13 (C-2’). /n/z 242 (M'^l, 4%), 115 (100), 132 (25).

l-(4-B rom ophenyl)-2-nitro-l-butene (593) was prepared from (591) according to the general procedure. 

Yellow crystals (63%). M.p. 73-74°C (hexane) (lit m.p. 74-75°C*’ '). IRv^,, (KBr) 1585 (C=C), 1526, 1331 

(NO 2 ) cm''. ‘H NMR 5 (CDCI3 ) 1.26 (3H, t, J4 ,3 '=7 .5 Hz, H-4'), 2.83 (2H, q, J3-,4 = 7 .5 Hz, H-3'), 7.28, 7.58 

(4H, 2d, J=8.5Hz, 8 .6 Hz, H-2, H-3, H-5, H-6 ), 7.92 (IH, s, H-1'). ‘̂ C NMR ppm (CDCI3) 12.33 (C-4'), 20.65 

(C-3'), 124.35 (C-4), 130.95, 132.22 (C-2, C-3, C-5, C-6 ), 131.22 (C-1), 131.68 (C-T), 153.73 (C-2'). m/z 

256 (M "+l, 7%), 129 (100), 115 (73).

Preparation o f  l-(4-brom ophenyl)-2-alkanones (594)-(595)
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l-(4-Bromophenyl)-2-propanone (594) was prepared from (592) (27.00g, 111.54mmol scale) according to 

general procedure 7.2.3. Colourless oil (84%) (lit. b.p. 80-84°C/lmmHg‘” )̂. IRv^ax (film) 1712 (C=0) cm ''. 

'H NMR 5 (CDCI3 ) 2.16 (3H, s, H-3’), 3.65 (2H, s, H-1'), 7.07, 7.45 (4H, 2d, J=8.5Hz, 8.0Hz, H-2, H-3, H-5, 

H-6 ). ‘̂ C NMR ppm (CDCI3 ) 29.33 (C-3'), 50.07 (C-1'), 121.07 (C-4), 131.09, 131.77 (C-2, C-3, C-5, C-6 ), 

133.09 (C-1), 205.30 (C-2'). W z213 (M'^+1, 28%), 43 (100), 171 (47).

l-(4-Bromophenyl)-2-butanone (595)“*̂  ̂ was prepared from (593) (30.00g, 117.14mmol scale) according to 

the general procedure 7.2.3. Colourless oil (90%). IRv^^^ (film) 2780 (OCH 2 O), 1712 (C=0) cm '‘. 'H 

NMR 5 (CDCI3 ) 1.04 (3H, t, J4 ',3 -=7 .3 Hz, H-4'), 2.47 (2H, q, J3 .4 - 7 .3 Hz, H-3'), 3.64 (2H, s, H-1'), 7.07, 7.44 

(4H, 2d, J=8.0Hz, 8.0Hz, H-2, H-3, H-5, H-6 ). '^C NMR ppm (CDCI3 ) 7.72 (C-4'), 35.41 (C-3'), 48.86 (C- 

I'), 120.96 (C-4), 131.09, 131.72 (C-2, C-3, C-5, C-6 ), 133.34 (C-1), 208.01 (C-2’). m/z 227 (M^+1, 8 %), 57 

(100), 90 (20).

General preparation of l-(4-bromophenyl)-2-(l,3-dioxyl) alkanes (596)-(597)

A mixture of the appropriate l-(4-bromophenyl)-2-alkanone (92.67mmol) and ethylene glycol (832mmol, 

67ml) in toluene (350ml) was vigorously stirred. To this mixture was added p-TSA (2.50mmol, 0.50g) and 

the reaction was refluxed with a Dean-Stark trap for 18hr. After cooling, the reaction phases were separated. 

The toluene phase was washed with satd. aq. NaHCOs (3x75ml). The ethylene glycol phase was diluted with 

water (450ml) and extracted with toluene (3x50ml). All toluene phases were combined and washed with satd. 

aq. NaHC 0 3  (3x50ml). The organic phases were dried over anhydrous Na2 S0 4 , and concentrated in vacuo., 

providing the product as a colourless oil.

I-(4-Bromophenyl)-2-(l,3-dioxyl)propane (596) was prepared from (594) (19.75g, 92.67mmol scale) 

according to the general procedure. Colourless oil (100%). IRv^ax (film) 1480 (ArH) cm‘‘. 'H  NMR 

5 (CDCI3 ) 1.30 (3H, s, H-3’), 2.87 (2H, s, H-1'), 3.71 (2H, m, OCHzCif/^O), 3.87 (2H, m, O C//2 CH2 O), 7.14, 

7.39 (4H, 2d, J=8.5Hz, 8.0Hz, H-2, H-3, H-5, H-6 ). ‘̂ C NMR ppm (CDCI3 ) 24.37 (C-3'), 44.76 (C-1'), 64.84 

(OCH2 CH2 O), 109.37 (C-2'), 120.42 (C-4), 130.98, 132.21 (C-2, C-3, C-5, C-6 ), 135.87 (C-1). m/z 257 (M \ 

1%), 87 (100), 43 (70). HRMS calcd for CnHnBrO.: (M") 256.00989, found; 256.00958.

l-(4-Bromophenyl)-2-(l,3-dioxyl)butane (597) was prepared from (595) (23.30g, 102.60mmol scale) 

according to the general procedure. Colourless oil (100%). IRVmax (film) 1481 (ArH) cm‘‘. 'H  NMR 

5 (CDCl3 ) 0.93 (3H, t, J4 ',3 .=7 .5 Hz, H-4'), 1.62 (2H, q, J3 ',4 '=7 .5 Hz, H-3'), 2.84 (2H, s, H-1'), 3.65 (2H, m, 

OCH2 C //2 O), 3.85 (2H, m, OC//2 CH2 O), 7.15, 7.38 (4H, 2d, J=8.0Hz, 8.0Hz, H-2, H-3, H-5, H-6 ). ‘^C 

NMR ppm (CDCI3 ) 7.81 (C-4’), 30.73 (C-3’), 42.72 (C-1’), 65.27 (OCH2 CH2 O), 120.26 (C-4), 130.87, 132.23 

(C-2, C-3, C-5, C-6 ), 135.83 (C-1). m/z 271 (M^-1, 1%), 101 (100), 57 (65). HRMS calcd for CijHisBrOji 

(M*) 270.02554, found; 270.02389.

General preparation of l-(4-ethylthiophenyl)-2-alkanones (598)-(599)
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A solution o f the appropriate l-(4-bromophenyl)-2-(l,3-dioxyl)aikane (33.38mmol) in dry THF (60ml) was 

stirred and cooled to -78°C under nitrogen. After 30min at -78°C, «-BuLi (2.5M in hexanes, 36.00mmol, 

14.40ml) was added and the reaction was stirred for a further Ihr -78°C. Diethyl disulphide (36.00mmol, 

4.40g, 4.13ml) was then added and the reaction was stirred for a fiirther Ihr at -78°C, then at rt overnight. 

The solution was then diluted with water (250ml) and extracted with dichloromethane (3x50ml). The organic 

phases were combined and volatiles removed in vacuo leaving an oil which was dissolved in a mixture of 

ethanol (100ml) and 20% aq. HCl (50ml) and refluxed for 2hr. After cooling the reaction was diluted with 

water (250ml) and extracted with dichloromethane (3x50ml). The organic phases were combined, dried over 

anhydrous Na2 S0 4  and volatiles removed in vacuo leaving an oil. This was purified by flash 

chromatography on silica gel followed by vacuum distillation, (596), or by direct vacuum distillation, (597).

l-(4-Ethylthiophenyl)-2-propanone (598) was prepared from (596) according to the general procedure and 

chromatographed on silica gel (eluent : hexane/diethylether : 60/40). Amber oil (71%). IRVmax (film) 1713 

(C =0) cm-'. 'H  NMR 5 (CDCI3 ) 1.30 (3H, t, J=7.5Hz, SCHjCZ/j), 2.14 (3H, s, H-3'), 2.93 (2H, q, J=7.6Hz, 

SCWjCHj), 3.65 (2H, s, H-1'), 7.11, 7.29 (4H, 2d, J=8.5Hz, 8.0Hz, H-2, H-3, H-5, H-6 ). *"C NMR ppm 

(CDCI3 ) 14.31 (SCH2 CH3 ), 27.67 (SCH2 CH3 ), 29.19 (C-3'), 50.35 (C-T), 129.36, 129.82 (C-2, C-3, C-5, C- 

6 ), 131.78, 135.43 (C-1, C-4), 205.95 (C-2'). m/z 194 (M ^ 59%), 151 (100), 123 (65). HRMS calcd for 

CnHuOS; (M") 194.07654, found: 194.07631.

l-(4-Ethylthiophenyl)-2-butanone (599) was prepared from (597) according to the general procedure. 

Colourless oil (6 8 %). IRv„,ax (film) 1712 (C =0) cm''. 'H NMR 5 (CDCI3 ) 1.03 (3H, t, J4 .,3 .=7 .3 Hz, H-4'), 

1.30 (3H, t, J=7.5Hz, SCHjCWj), 2.46 (2H, q, J3 ,4 = 7 .5 Hz, H-3'), 2.92 (2H, q, J=7.5Hz, SCW,CH3 ), 3.64 (2H, 

s, H-1'), 7.12, 7.28 (4H, 2d, J= 8 .6 Hz, 8.0Hz, H-2, H-3, H-5, H-6 ). '^C NMR ppm (CDCI3 ) 7.70 (C-4’), 14.33 

(SCH2 CH3 ), 27.72 (SCT-I2 CH3 ), 35.20 (C-3'), 49.12 (C-1'), 129.37, 129.80 (C-2, C-3, C-5, C-6 ), 132.03, 

135.23 (C-1, C-4), 208.59 (C-2'). w/r 208 (M \ 57%), 151 (100), 123 (58). HRMS calcd forCnHi^OS: (M l  

208.09219, found: 208.09247.

Preparation of 2-(A'-substituted)amino-l-(4-ethylthiophenyl)alkanes (600)-(607)

2-Aiiiino-l-(4-ethylthiophenyl)propane (4-ETA) (600) was prepared from (598) (1.50g, 7.80mmol scale) 

and ammonium acetate according to general procedure 7.2.10. Colourless oil (75%). IRv^a^ (film) 3357, 

3282 (NH2 ) cm-'. 'H NMR 5 (CDCI3 ) 1.10 (3H, d, J3-,2 =6 .5 Hz, H-3'), 1.30 (3H, t, J=7.5Hz, SCH2 C//J), 1.33 

(2H, br s, NH 2 ), 2.49 (IH , dd, Jgem=13.6Hz, J ,.2 ’= 8 .0 Hz, H-1'), 2.66 (IH , dd, Jge„=13.0Hz, Ji.,2 =5 .5 Hz, H-1'), 

2.91 (2H, q, J=7.5Hz, SC//2 CH3 ), 3.14 (IH , m, H-2'), 7.10, 7.27 (2H, 2s, J=8.0Hz, J=8.0Hz, H-2, H-3, H-5, 

H-6 ). ‘̂ C NMR ppm (CDCI3 ) 14.39 (SCH2 CH3 ), 23.48 (C-3'), 27.96 (SCT1 2 CH3 ), 46.11 (C-1'), 48.35 (C-2'), 

129.50, 129.68 (C-2, C-3, C-5, C-6 ), 133.94, 137.52 (C-1, C-4). m/z 195 (M ^ 4%), 44 (100), 152 (91). HCl 

salt. Colourless solid. M.p. 176-178°C (ethanol/hexane). IRv^ax (KBr) 2515 (NH*) cm-'. Anal. 

(CiiHigClNS) Calc: C (57.00), H (7.83), N (6.04), S (13.83), Found: C (56.82), H (7.73), N (6.05), S 

(13.52)%.
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2-A'-M ethylam ino-l-(4-ethylthiophenyl)propane (601) was prepared from (598) (1.50g, 7.80mmol scale) 

and methylamine HCl according to general procedure 7.2.10. Colourless oil (34%). IRv„,ax (film) 3321 

(NH), 2788 (NCHj) cm ''. 'H NM R 5 (CDCI3 ) 1.04 (3H, d, J 3 . 2 - 6 .5 Hz, H-3'), 1.28 (IH , br s, NH), 1.30 (3H, 

t, J=7.5Hz, SC H 2C H 3),  2.39 (3H, s, N CH j), 2.57 (IH , dd, Jge„=13.3Hz, J,.r=6.5H z, H-1'), 2.68 (IH , dd, 

Jgem=13.3Hz, J i.2 '=7 .0 Hz, H-1'), 2.77 (IH , m, H-2’), 2.92 (2H, q, J=7.5Hz, S C //2 CH 3 ), 7.10, 7.27 (2H, 2s, 

J=8.0Hz, J=8.0Hz, H-2, H-3, H-5, H-6 ). ‘̂ C NM R ppm (CDCI3 ) 14.40 (SCH 2 CH 3 ), 19.66 (C-3'), 27.96 

(SCH 2 CH 3 ), 33.94 (NCH 3 ), 42.90 (C-T), 56.24 (C-2'), 129.47, 129.76 (C-2, C-3, C-5, C-6 ), 133.93, 137.34 

(C-1, C-4). m /z 209 (M * -l, 2%), 58 (100), 123 (16). HCl salt. Colourless solid. M.p. 130-132°C 

(ethanol/hexane). IRv^^^ (KBr) 2465 (N H ‘) cm ''. Anal. (C 1 2H 2 0 CINS) Calc; C (58.63), H (8.20), N (5.70), S 

(13.04), Found: C (58.57), H (8.14), N (5.79), S (13.11)%.

2-A'-Ethylam ino-l-(4-ethylthiophenyl)propane (602) was prepared from (598) (1.50g, 7.80mmol scale) 

and ethylamine HCl according to general procedure 7.2.10. Colourless oil (17%). IRv„,ajj (film) 3307 (NH) 

cm‘‘. 'H  NM R 5 (CDCI3 ) 1.04 (3H, d, J3 ’,r= 6 -0 Hz, H-3'), 1.06 (3H, t, J=7.0Hz, NCHjC/Zj), 1.28 (IH , br s, 

NH), 1.30 (3H, t, J=7.5Hz, SCU 2 CH 3 ), 2.55 (IH , dd, J g e n . =  13,3Hz, J,.r=6.5H z, H-1'), 2.57-2.74 (3H, m, 

NCW2 CH 3 , H-1'), 2.89 (IH , m, H-2'), 2.92 (2H, q, J=7.5Hz, S C //2 C H 3 ), 7.10, 7.27 (2H, 2s, J=8.0Hz, 

J=8.0Hz, H-2, H-3, H-5, H-6 ). *"C NM R ppm (CDCI3) 14.42 (SC H 2C H 3), 15.42 (NC H 2C H 3), 20.22 (C-3'), 

28.02 (SCH 2 C H 3 ), 41.46 (NCH 2 CH 3 ), 43.16 (C-T), 54.48 (C-2'), 129.51, 129.78 (C-2, C-3, C-5, C-6 ), 

133.91, 137.45 (C-1, C-4). m/z 223 (M " - l, 2%), 72 (100), 44 (49). HCl salt. Colourless solid. M.p. 164- 

166“C (ethanol/hexane). IR v^,, (KBr) 2481, 2369 (NH*) cm’'. Anal. (C ,3 H 2 2 C 1NS) Calc: C (60.09), H 

(8.53), N (5.39), S (12.34), Found: C (59.84), H (8.45), N (5.36), S (11.99)% .

2-(A^-M ethyl-A^-hydroxy)amino-l-(4-ethylthiophenyl)propane (603 ) was prepared from (598) (1.50g, 

7.80mmol scale) and A^-methylhydroxylamine HCl according to general procedure 7.2.10. Colourless oil 

(35%). IRv™^ (film) 3206 (OH), 2792 (N C H 3) cm '‘. ‘H NM R 6 (CD CI3) 0.99 (3H, d, J 3 .r= 6 .5 Hz, H-3'), 

1.30 (3H, t, J=7.5Hz, SC H 2C //3), 2.45 (IH , dd, Jgem=13.0 H z, J|..2 '=9 .5 Hz, H-1'), 2.68 (3H, s, N C H 3), 2.91 

(2H, q, J=7.5Hz, SC //2C H 3), 2.92 (IH , m, H-2'), 3.13 (IH , dd, Jg,„=13.3Hz, J,.r=4 .5H z, H - 1'), 6.76 (IH , br 

s, OH), 7.10, 7.26 (2H, 2s, J=8.0Hz, J= 8 .6 Hz, H-2, H-3, H-5, H-6 ). '^C NM R ppm (CDCI3) 14.44

(SCH2CH3), 23.48 (C-3'), 28.09 (SCH 2CH 3), 38.95 (C-T), 44.24 (N C H 3), 65.03 (C-2'), 129.61, 129.83 (C-2, 

C-3, C-5, C -6 ), 133.79, 137.82 (C-1, C -4 ). m/z 225 (M "-17, 2%), 178 (100), 151 (53). HCl salt. Colourless 

solid. M.p. 111-112“C (ethanol/hexane). IRv^a^j (KBr) 2546, 2509 (N H ’̂ ) cm ''. Anal. (C 1 2H2 0 CINOS) Calc: 

C (55.05), H (7.70), N (5.35), S (12.25), Found: C (54.86), H (7.58), N  (5.21), S (12.46)%.

2-A m ino-l-(4-ethylthiophenyl)butane (604) was prepared from (599) (1.50g, 7.20mmol scale) and 

ammonium acetate according to general procedure 7.2.10. Colourless oil (73%). IRv„ax (film) 3367, 3293 

(NH 2 ) cm '. 'H  NM R 6  (CDCI3) 0.97 (3H, t, J4 ,3 = 7 .3 Hz, H -4’), 1.16 (2H, br s, N H 2), 1.30 (3H, t, J=7.3Hz, 

SCU2CH 3),  1.35 (IH , m, H-3’), 1.50 (IH , m, H-3'), 2.42 (IH , dd, Jge„=13.3H z, Jr,2'=8.7H z, H-1'), 2.76 (IH , 

dd, Jge„.= 13.6Hz, Jr,2 = 4 .5 Hz, H-1'), 2.88 (IH , m, H-2'), 2.92 (2H, q, J=7.5Hz, SC //2C H 3), 7.11, 7.27 (2H, 2s, 

J=8.5Hz, J=8.0Hz, H-2, H-3, H-5, H-6 ). ‘"C NM R ppm (CDCI3) 10.52 (C-4’), 14.42 (SC H 2C H 3), 28.01 

(SCH2CH3), 30.30 (C-3'), 43.76 (C-1'), 54.15 (C-2'), 129.57, 129.76 (C-2, C-3, C-5, C-6 ), 133.91, 137.66 (C- 

1, C-4). m /z  209 (M", 1%), 58 (100), 152 (32). HCl salt. Colourless solid. M.p. 130-132°C
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(ethanol/hexane). IRv„,ax (KBr) 2617, 2526 (NH") cm"'. Anal. (C 12H 20CINS) Calc: C (58.63), H (8.20), N 

(5.70), S (13.04), Found: C (58.67), H (8.14), N (5.64), S (12.70)%.

2-A'-IVIethylainino-l-(4-ethylthiophenyl)butane (605) was prepared from (599) (1.50g, 7.20mmol scale) 

and inethylamine HCl according to general procedure 7.2.10. Colourless oil (27%). IRVmax (film) 3333 

(NH), 2789 ( N C H 3 )  cm-'. 'H  NM R 5 ( C D C I 3 )  0.93 (3H, t, J4',3'=7 .5 Hz, H-4'), 1.18 (IH , br s, NH), 1.30 (3H, 

t, J=7.3Hz. SCU 2 CH 3 ), 1.35-1.52 (2H, m, H-3'), 2.37 (3H, s, NCHj), 2.53-2.71 (3H, m, H-1', H-2'), 2.92 (2H, 

q, J=7.5Hz, S C / /2 C H 3 ) ,  7.11, 7.26 (2H, 2s, J=8.0Hz, J=8.0Hz, H-2, H-3, H-5, H-6 ). ‘̂ C NM R ppm ( C D C I 3 )  

9.76 (C-4'), 14.42 ( S C H 2 C H 3 ) ,  25.59 (C-3'), 28.01 (S C H 2 C H 3 ) ,  33.77 ( N C H 3 ) ,  39.39 (C-1’), 62.06 (C-2'), 

129.52, 129.76 (C-2, C-3, C-5, C-6 ), 133.83, 137.63 (C-1, C-4). m/z 223 (M "-l, 2% ), 72 (100), 123 (23). 

HCl salt. Colourless solid. M.p. 137-139°C (ethanol/hexane). IRv„,ax (KBr) 2463 (NH^) cm"'. Anal. 

(C ,3H22C 1NS) Calc: C (60.09), H (8.53), N (5.39), S (12.34), Found: C (59.90), H (8.49), N (5.30), S 

(11.94)%.

2-A'-Ethylaiiiino-l-(4-ethylthiophenyl)butane (606) was prepared from (599) (1.50g, 7.20mmol scale) and 

ethylamine HCl according to general procedure 7.2.10. Colourless oil (28%). lRv„,ax (film) 3317 (NH) cm' 

'. 'H  NM R 5 ( C D C I 3 )  0.92 (3H, t, J4 '.3 = 7 .3 Hz, H-4'), 1.02 (IH , br s, NH), 1.03 (3H, t, J=7.0Hz, N C H 2 C / /3 ) ,  

1.30 (3H, t, J=7.3Hz. SCH.C/Zj), 1.37-1.46 (2H, m, H-3'), 2.52-2.73 (5H, m, H-1', H -2’, N C / /2 C H 3 ) ,  2.92 

(2H, q, J=7.5Hz, S C / /2 C H 3 ) ,  7.11, 7.26 (2H, 2s, J=8.0Hz, J=8.0Hz, H-2, H-3, H-5, H-6 ). '^C NM R ppm 

( C D C I 3 )  9.91 (C-4'), 14.42 ( S C H 2 C H 3 ) ,  15.48 (NCH jCHj), 26.24 (C-3’), 28.05 ( S C H 2 C H 3 ) ,  39.87 (C-1'), 

41.36 ( N C H 2 C H 3 ) ,  60.39 (C-2’), 129.56, 129.78 (C-2, C-3, C-5, C-6 ), 133.76, 137.76 (C-1, C-4). m/z 237 

( M '- l ,  2%), 8 6  (100), 58 (21). HCl salt. Colourless solid. M.p. 144-146°C (ethanol/hexane). IRv^ax (KBr) 

2476, 2378 (N H ') cm ''. Anal. (C 1 4 H 2 4 C IN S ) Calc: C (61.40), H (8.83), N (5.11), Found: C (59.79), H (8.53), 

N (5.45)%.

2-(A'-lVlethyl-N-hydroxy)am ino-l-(4-ethylthiophenyl)butane (607) was prepared from (599) (1.50g, 

7.20mmol scale) and jV-methylhydroxylamine HCl according to general procedure 7.2.10. Colourless oil 

(62%). IRv^,^ (film) 3226 (OH), 2784 ( N C H 3 )  cm ''. 'H  NMR 5 ( C D C I 3 )  0.90 (3H, t ,  J4 .3- 7 .3 Hz, H-4'), 1.32 

(3H, t, J=7.5Hz, S C U 2 C H 3 ) ,  1.43-1.57 (2H, m, H-3'), 2.55 (IH , dd, Jgen,= 13.6Hz, Ji.r=9.0H z, H-1'), 2.69 (3H, 

s, N C H 3 ) ,  2.80 (IH , m, H-2’), 2.94 (2H, q, J=7.5Hz, S C / /2 C H 3 ) ,  3.12 (IH , dd, Jge„.= 13.5Hz, J,.,2'=4 .5 Hz, H- 

1’), 7.14 (IH , br s, OH), 7.15, 7.29 (2H, 2s, J=8.0Hz, J=8.0Hz, H-2, H-3, H-5, H-6 ). '^C NM R ppm (CDCI3) 

10.55 (C-4’), 14.45 ( S C H 2 C H 3 ) ,  22.67 (C-3’), 28.12 (S C H 2 C H 3 ) ,  34.80 (C-1'), 43.36 ( N C H 3 ) ,  70.81 (C-2’), 

129.65, 129.73 (C-2, C-3, C-5, C-6 ), 133.56, 138.43 (C-1, C-4). m/z 225 (M "-17, 2% ), 72 (100), 137 (27). 

HCi salt. Colourless solid. M.p. 87-90°C (ethanol/hexane). IRv„,ax (KBr) 2597, 2524 (NH") cm ''. Anal. 

(C i3H 22ClNOS) Calc: C (56.61), H (8.04), N (5.08), S (11.62), Found: C (56.87), H (8.03), N (5.07), S 

(11.33)%.

Preparation o f  l-(4-ethylthiophenyl)-2-alkanone oximes (608) and (609)
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l-(4-Ethylthiophenyl)-2-propanone oxime (608) was prepared from (598) (2.50g, IS.OOminol scale) 

according to general procedure 7.2.11 and chromatographed on silica gel (eluent : hexane/diethylether : 

65/35), providing a 30/70 mixture of syn/anti isomers. Pale amber solid (90%). M.p. 57-60°C (hexane).

(KBr) 3250 (O H ) cm '‘. zl/i//-(6 G8 ) 'H  NMR 5 (CDCI3) 1.80 (2.1H, s, H-3'), 1-30 (3H, t, J=7.3Hz, 

SCH2CH3) ,  2.91 (2H, q, J=7.6Hz, SC //2C H 3), 3.46 (1.4H, s, H-1’), 7.14, 7.27 (2.8H, 2s, H-2, H-3, H-5, H-6 ), 

7.27 (1.4H, s, ArH). ‘̂ C NMR ppm (C D C I3) 14.05 (SC H 2C H 3), 27.87 (SC H 2C H 3), 41.61 (C-1'), 129.47, 

129.52 (C-2, C-3, C-5, C-6 ), 134.44, 134.92 (C-1, C-4), 157.41 (C-2'). m/z 209 (M", 100%), 151 (60), 131 

(55). 5>«-(608) ‘H NMR 5 (CDCl3) 1.81 (0.9H, s, H-3'), (SCH.CH, signals overlap ŵ ith anti-{609)), 3.70 

(0.6H, s, H-1'), 7.15, 7.26 (1.2H, 2s, H-2, H-3, H-5, H-6 ). '^C NMR ppm (C D C I3) 13,19 (SC H 2C H 3), 27.92 

(SC H 2C H 3), 34.29 (C-1'), 129.59, 129.63 (C-2, C-3, C-5, C-6 ), 134.26, 134.54 (C-1, C -4), 156.67 (C-2'). m/z 

209 (M ', 90%), 151 (70), 123 (55). Anal, {synlanti isomer mixture) ( C n H ,jN O S )  Calc: C (63.12), H (7.22), 

N (6.69), Found: C (63.41), H (7.27), N (6.69)%.

1-(4-Ethylthiophenyl)-2-butanone oxime (609) was prepared from (599) (2.50g, 12.00mmol scale) 

according to general procedure 7.2.11 and chromatographed on silica gel (eluent ; hexane/diethylether : 

70/30), providing a 45/55 mixture of synlanti isomers. Colourless solid (8 6 %). IRv^a^ (film) 3246 (OH) cm" 

‘. Anti-{6d9) 'H NMR 5 (CDCI3) 1.05 (1.65H. t, J4’,3'=7 .0 Hz, H-4'), 1.30 (1.65H, t, J=7.3Hz, S CH2CH3) ,  2.18 

(1.65H, q, J3 ,4 '=7 .5 Hz, H-3'), 2.90 (2H, q, J=7.5Hz, SC //2CH3), 3.47 (1.3H, s, H-1'), 7.16, 7.12 (2.20H, 2d, 

J=8.0Hz, J=8.0Hz, H-2, H-3, H-5, H-6 ), 9.29 (0.55H, s, OH). ‘̂ C NMR ppm (CDCI3) 10.01 (C-4'), 14.38 

(SCH2CTI3), 20.53 (C-3'), 27.93 (SCH2CH3), 39.55 (C-1'), 129.56* (C-2 , C-3, C-5, C-6 ), 134.39, 134.78 (C- 

1, C-4), 160.28 (C-2'). m/z 223 (M^ 95%), 176 (100), 151 (70). 5j/i-(609) 'H NMR 5 (CDCI3) 0.99 (1.35H, 

t, J4.3- 7 .5 Hz, H-4'), 1.29 (1.35H, t, J=7.3Hz, SCH2C //3), 2.31 (1.35H, q, J3 ,4'=7 .7 Hz, H-3'), (SC//2CH3 signal 

overlaps with cr«//-(609)), 3.70 (0.7H, s, H-1') 7.15, 7.27 (1.80H, 2d, J=8.5Hz, J=8.0Hz, H-2, H-3, H-5, H-6 ), 

9.20 (IH,  s, OH). ‘̂ C NMR ppm (C D C I3) 10.57 (C-4'), 14.36 (SC H 2C H 3), 20.54 (C-3'), 27.05 (SC H 2C H 3), 

33.01 (C-r), 129.55 (C-2, C-3, C-5, C-6 ), 134.45, 134.52 (C-1, C-4), 161.68 (C-2'). m/z 223 (M ^ 100%), 

151 (75), 123 (50). Anal, {synlanti isomer mixture) (C 12H 17NOS) Calc: C (64.53), H (7.67), N (6.27), Found: 

C (64.75), H (7.73), N (6.33)%.

General preparation of 2-yV-hydroxyainino-l-(4-ethylthiophenyl)alkanes (610) and (611)

To a stirred solution o f the appropriate l-(4-ethylthiophenyl)-2-alkanone oxime (3.82mmol) in dry methanol 

(30ml) at rt was added sodium cyanoborohydride (7.96mmol, 0.50g). The reaction was maintained at pH 3 

by the occasional addition of 4M methanolic HCI. The reaction was quenched after 2 hr with 10% aq. HCl 

(100ml) and washed with dichloromethane (3x30ml). The aqueous phase was basified with 15% aq. NaOH 

and extracted with dichloromethane (3x50ml). The organic phases were combined, dried over anhydrous 

N 3 2 S0 4  and solvent removed in vacuo, yielding an oil. The product was fiirther purified by flash 

chromatography on silica gel followed by recrystallisation.

2-A'-Hydroxyamino-l-(4-ethylthiophenyl)propane (610) was prepared from (608) (0.80g, 3.82mmol scale) 

according to the general procedure and chromatographed on silica gel (eluent : hexane/diethylether : 60/40). 

Colourless solid (8 6 %). M.p. 78-79°C (ethylacetate/hexane). IRv„,,< (KBr) 3254, 3120 (NH, OH) cm ''. 'H
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NMR 5 (CDCI3 ) 1.08 (3H, d, J3 .,r=6 .5 Hz, H-3’), 1.30 (3H, t, J=7.5Hz, SCHjC/Zj), 2.59 (IH , dd, Jge„=13.3Hz, 

J,..2.=6 .5Hz, H-1'), 2.92 (2H, q, J=7.5Hz, SC //2 CH3 ), 2.83 (IH , dd, Jgem=13.3Hz, J1.2- 6 .8Hz, H-1'), 3.17 (IH, 

m, H-2'), 5.18, 6.87 (2H, 2br s, OH, NH), 7.11, 7.27 (4H, 2d, J=8.0Hz, J=7.5Hz, H-2, H-3, H-5, H-6). *̂ C 

NMR ppm (CDCI3 ) 14.85 (SCH 2 CH3 ), 24.25 (C-3'), 28.10 (SCH 2 CH3 ), 37.27 (C-1'), 64.36 (C-2'), 129.61, 

129.86 (C-2, C-3, C-5, C-6), 134.28, 136.95 (C-I, C-4). m/z 211 (M "-17, 1%), 44 (100), 72 (29). Anal. 

(C „H |7N 0 S) Calc: C (62.52), H (8.11), N (6.63), Found: C (62.22), H (7.82), N (6.54)%. HCl salt. 

Colourless solid. M.p. 100-101°C (ethanol/hexane). IRv„ax (KBr) 2542 (NH*) cm'*. Anal. (CnHisClNOS) 

Calc: C (53.22), H (7.32), N (5.65), S (12.94), Found: C (53.27), H (7.17), N (5.60), S (13.09)%.

2-A'-H ydroxyam ino-l-(4-ethylthiophenyl)butane (611) was prepared from (609) (0.80g, 3.58mmoI scale) 

according to the general procedure and chromatographed on silica gel (eluent : hexane/diethylether : 65/35). 

Colourless oil (73%). IRv^^x (film) 3249 (NH, OH) cm '. 'H NMR 5 (CDCI3 ) 0.96 (3H, t, J4.,3'=7 .3 Hz, H-4'), 

1.30 (3H, t, J=7.0Hz, SCHjC/Zj), 1.45 (IH, m, H-3'), 1.56 (H I, m, H-3'), 2.71 (IH , dd, Jgem=13.5Hz, 

Jr.2 =6 .0 Hz, H-1'), 2.76 (IH , dd, Jgen,=13.5Hz, J,,2= 7 .5Hz, H-1'), 2.92 (2H, q, J=7.0Hz, S C //2 CH3 ), 2.90 (IH, 

m, H-2'), 5.24, 6.23 (2H, 2br s, OH, NH), 7.13, 7.27 (4H, 2d, J=8.5Hz, J=8.0Hz, H-2, H-3, H-5, H-6 ). '^C 

NMR ppm (CDCI3 ) 10.41 (C-4'), 14.44 (SCH2 CH3 ), 24.13 (C-3'), 28.02 (SC’H2 CH3 ), 36.95 (C-1'), 64.29 (C- 

2'), 129.62, 129.88 (C-2, C-3, C-5, C-6), 134.19, 136.74 (C-1, C-4). w / - 225 (M^-2, 100%), 151 (100), 123 

(70). HCl salt. Colourless solid. M.p. 100-101 °C (ethanol/hexane). IRVmâ  (KBr) 2519 (NH*) cm '. Anal. 

(C |2 H2 oC1NOS) Calc: C (55.05), H (7.70), N (5.35), S (12.25), Found: C (55.30), H (7.73), N (5.35), S 

( 1 2 . 1 1 )% .
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