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SUMMARY

There are five chapters presented in this thesis. The first chapter deals with development and validation 

o f  a HPLC method for the analysis o f  MDMA in illicitly produced Ecstasy tablets. In all 100 tablets 

were analysed and the MDMA content on average was found to be 79.01 mg.

The second chapter involved the analysis o f  route specific compounds (two pyrimidines and jV-formyl 

BDB) derived from MBDB that had been synthesised via the Leuckart route. HPLC and GC-MS 

methods were developed and validated for the analysis o f  the three target compounds. Solid phase 

extraction and liquid-liquid extraction were assessed as potential methods for the extraction o f the three 

target compounds from MBDB synthesised via the Leuckart route. Street samples o f  MBDB were 

analysed and it was discovered that three o f  the tablets were likely to have been synthesised via 

Leuckart route.

Several routes o f synthesis o f MDA, MDMA, MDEA, MBDB and 4-M TA were investigated in the 

Department o f  Pharmaceutical Chemistry. The third chapter involved subjecting impurities, 

intermediates and products generated by the routes investigated, to GC-MS analysis. Mass spectral data 

recorded was incorporated into a software based library which could be used as a forensic tool for the 

attempted identification o f routes o f  synthesis. Samples o f  licitly prepared Ecstasy and samples of 

illicitly prepared Ecstasy were subjected to GC-MS analysis. W here possible, routes o f  synthesis were 

identified with the aid o f the library.

Chapter IV involved the analysis o f  the 100 urine samples, taken from clients o f  the methadone 

programme in the Drug Treatment Centre in Dublin, which had tested positive for amphetamines on 

EMIT screening. A GC-MS method was used to determine whether the type o f  amphetamines being 

abused were non-ring substituted (amphetamine, methamphetamine), ring-substituted propanamines 

(M DA, MDMA, 4-M TA) or ring-substituted butanamines (M BDB, BDB). Amphetamine and 

methylenedioxy propanamines were found. There was no abuse o f  4-M TA or ring-substituted 

butanamines noted.

The final chapter used GC-FID to determine the cannabinoid content o f  products o f  the plant Cannabis 

saliva  seized and/or grown in the Republic o f  Ireland. THC, CBD and CBN levels were determined for 

62 samples o f cannabis resin, 5 samples o f  herbal cannabis and 21 samples o f  hemp. The average levels 

o f  THC, CBD and CBN in resin were 2.11%, 2.19%  and 2.13%  respectively. The average levels o f 

THC, CBD and CBN in hemp were 0.06%, 1.61% and 0.06%  respectively. The average levels o f THC, 

CBD and CBN in herb were 6.20%, 0.13%  and 0.65% respectively.
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CHAPTER I

I'HE DE V E L O PM E N T ,  VALIDATION A N D  APPLICAT ION OF A PRO CED URE,  

FOR TH E QUA NTIT AT IO N OF M D M A  (5) IN A BATCH OF EC ST A SY  TABLETS,

USING HPLC-UV.



Section 1.1: Background

In the m id-1980’s the methylenedioxyamphetamines became the focus o f  intense scrutiny and 

controversy in the media, not only because o f  their association with previously discredited models o f 

psychedelic psychotherapy, but because o f  their increasing recreational use by young people (Grob, 

1998). The com pound 3,4-methylenedioxyamphetamine or MDA (4 ), is the parent compound o f  a 

series o f  methylenedioxyamphetamines which have come to be generally known as ecstasy. MDA (4) 

was first synthesised in 1910 by Mannich and Jacobson (M annich, 1910) and the A'-methylated 

analogue o f  MDA, 3,4-methylenedioxymethamphetamaine or MDMA (5) has been known and 

patented since 1914 (Anon., 1914).

NH

H 3CS

Figure 1.1 .Mescaline (I). Phenylalkylamine backbone (2). amphetamine (3). 3.4-Melhylenedioxyamphelamine (MDA) (4). 3,4- 

Methylenedioxymethylamphelamine (MDMA) (5). 3.4-Melhylenedioxyelhylamphelamine (MDEA) (6). 3.4- 

Methylenedioxyphenyl-2-butylamtne (BDB) (7), N-melhyl-1-(3.4-methy!enedio.x}phenyl)-2-butylamine (MBDB) (8). 4- 

Melhyllhioamphelamine (4-MTA) (9) and Para-methoxyamphelamine (PMA) (10).
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MDA (4) was the first hallucinogenic amphetamine derivative to show popularity as a recreational 

drug. MDA (4) is a phenethylamine resembling amphetamine (3) and mescaline (1) (Figure 1.1, 

above). MDA (4) is reported to act as a central nervous system stimulant that may be hallucinogenic 

in large doses (Naranjo, 1967). On methylation the MDMA (5) analogue is formed (Figure 1.1). Most 

o f the known psychedelic drugs suffer a major loss o f potency on A'-methylation (Anderson, 1978). 

MDMA (5) is the exception to this rule as it, like amphetamine (3), maintains potency as the A^-methyl 

homologue (Shulgin, 1986). Methylation does however produce significant changes in the 

pharmacological effects, resulting in a shorter duration o f  action, a decrease in potency and 

elimination o f the hallucinogenic properties (Dal Cason, 1990; Shulgin, 1978).

As a result o f this observation Nichols et al. (1986a) describe these compounds as representing a new 

pharmacological class, known as the ‘’Entactogens” . The word "en tactogen”  is derived from the 

Greek roots ‘’e « ”  meaning within, '''g en ” meaning to produce and the Latin root " la c lu s ” for touch 

(to touch within ones selO- Entactogens produce their unique behavioural effects without profound 

sensory experiences or distortion as observed with hallucinogenic or psychedelic drugs, such as 

Lysergic acid diethylamide (LSD) or Mescaline ( 1) (Naranjo, 1967). Thus, entactogens continue to be 

proposed as potential therapeutic agents in facilitating psychotherapy (Nichols, 1986a).

Throughout the 1990’s, new ring substituted amphetamines appeared on the illicit drug market. The 

motivation for the supply o f  the new pharmacologically sim ilar analogues was bom  out o f  attempts to 

elude legislative control. MDMA (5) and MDA (4) have been subject to control internationally, under 

the ternis o f  the United Nations Convention on Psychotropic Substances 1971, since 1986 and 1990 

respectively (United Nations URL). However A^-methyl-l-(3,4-methylenedioxyphenyl)-2-butylamine 

(M BDB) (8), methylenedioxyethylamphetamine (M DEA) (6) , 4-methylthioamphetamine (4-M TA) 

(9) and para-methoxyamphetamine (PM A) ( 10) have appeared on the international drug market and 

have subsequently been scheduled as controlled substances. These compounds have not received the 

same attention in the literature as MDA (4) or MDMA (5). This observation may be an indication that 

these drugs have been abused to a lesser extent than MDA (4) and MDMA (5). However, they are still 

a major cause o f  concern for the relevant authorities and it does not seem to m atter which o f  the 

compounds appears in an illicit tablet as it is still referred to as ecstasy. MDEA (6) and MBDB (8)
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appear to possess pharm acological activities com parable to MDA (4) and MDMA (5) (Nichols, 1986; 

Braun, 1980). It is o f  interest that M BDB (8) is found to be only slightly less toxic than MDMA (5) in 

one study (Johnson, 1989) and slightly less potent in another (Nichols, 1986a). There is very little 

literature available for 4-M TA (9 ) and PMA ( 10), however both drugs have been linked to fatalities 

(Elliot, 2000; Felgate, 1998) and would therefore be considered toxic under certain conditions.

The acute and chronic toxicity o f  the methylenedioxyamphetamines is an area o f  much controversy, 

however numerous animal studies which have shown toxicity, have been reviewed (Steele, 1994; 

McCann, 1996). Clinical observations were reported after MDMA (5) or MDEA (6) intoxications, 

including loss o f  appetite, nausea, muscle pain and/or cramps, ataxia (Greer, 1986), mental confusion, 

depression, anxiety (Strafer, 1985), hypothermia, convulsions and cardiac disrythmias (Johnson, 

1989) which dispel any theory that these drugs are harmless. There are also a significant number o f 

accounts o f  ecstasy related deaths published in the scientific arena involving MDA (4 ) or MDMA (5 ) 

(Chadwick, 1991; Campkin, 1992; Felgenhauer, 1999 and O ’Connor, 1999), MDEA (6) (Tsatsakis, 

1997) and MBDB (8) (Carter, 2000). These fatalities serve to highlight the risks associated with the 

illegal use o f these drugs. A review o f  32 deaths related to amphetamine derivatives in Spain from 

1993 to 1995 showed high blood levels o f  methylenedioxyamphetamine and paramethoxy 

amphetamine derivatives (Lora-Tam ayo, 1997).

Section 1.2: Qualitative and quantitative considerations

Given that the term ‘’Ecstasy”  can refer to anyone o f  a series o f  drugs including MDA (4 ), MDMA 

(5), MDEA (6), and MBDB (8) (Figure 1.1), it is important to be able to distinguish between these 

com pounds when analysing tablets purportedly containing ‘’Ecstasy” . The quantity o f  active material 

in these tablets is quite variable, but the dosage is reported to be around lOOmg for MDA (4 ), MDMA 

(5) and MDEA (6) (King, 1997). The expected MBDB (8) content in illicit tablets was also reported to 

be around lOOmg (Van Aerts, 2000). The content o f  M DMA (5) in a number o f  tablets analysed was 

reported to vary from trace amounts to 180mg (O ’Connell, 1999). A recent communication from the 

European Monitoring Centre for Drugs and Drug Addiction warned o f  4 tablets, seized in France, 

which contained extremely high levels o f  MDMA (5) (>200m g MDMA) (W allon, 2000). It is
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important to be able to detect, not only, the identity o f  the main ingredient and/or ingredients but also 

to accurately estimate the amount o f  active(s) in the dosage form. Higher doses o f  MDMA (5) seem 

to be linked with many o f  the unpleasant side effects reported (Solowij, 1992)

There are many well established techniques available when analysing illicitly prepared tablets for 

Ecstasy content. Many o f  the established methods are targeted at some or all o f  the methylenedioxy 

compounds, and some also target the non-ring substituted amphetamine type compounds like 

amphetamine (3) itself and methamphetamine, but methods for only the methylenedioxy compounds 

are described here.

Gas Chromatoeraphv

Gas chromatography-mass spectrom etry (GC-M S) seems to be the method o f  choice for the analysis 

o f  methylenedioxyamphetamines, where electron ionisation (El) is the favoured ionisation mode 

(O ’Connell, 1999; Furnari, 1998; Dawson, 1997; de Boer, 1997; King, 1994; Noggle, 1988; Berth, 

2000 and de Ruiter, 1995). This is most likely because the mass spectral data allows the possibility o f 

unequivocal identification o f  an unknown analyte. GC-MS has also been extensively used in the 

analysis o f  ecstasy type com pounds and their metabolites in biological fluids (Helmlin, 1996; Maurer, 

1996; Kintz, 1997; Fallon, 1999; Garret, 1991; Bogusz, 2000 and Valentine, 2000). MDA (4), MDMA 

(5), and MDEA (6) were successfully separated by Noggle et al. (1988), and by O ’Connell el al. 

(1999). BDB (7) and MBDB (8) were the focus o f  another GC-MS separation (Kintz 1997), while 

Dawson et al. (Dawson, 1997) analysed only M DEA (6). The separation o f MDMA (5) and MBDB 

(8) was the subject o f  another GC-M S procedure (Noggle, 1991). Enantiomeric separation has also 

been achieved for MDMA (5) (de Boer, 1997). Borth et al. analysed a series 2,3- 

methylenedioxyamphetamines and 3,4-methylenedioxyamphetamines using tandem GC-MS or GC- 

MS-MS (Borth, 2000).

MDA (4) and MDMA (5) have been analysed by gas chromatography with flame ionisation detection 

(GC-FID) (Gupta, 1977), as have MDA (4), MDMA (5) and MDEA (6) (M cAvoy, 1999). MDA (4),
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MDMA (5), MDEA (6) and M BDB (8) have also been separated by this technique (Fumari, 1998). 

GC-FID is not as popular as GC-M S, as no spectral information is supplied by this method.

H ish Performance L iquid  Chrom atosraohv

High perform ance liquid chromatography (HPLC) has also been used extensively in the analysis o f 

m ethylenedioxyamphetamine type compounds. The chromatographic system that is normally 

employed involves the use o f  a reverse phase system with ultra-violet-visible (U V -V is) detection 

(McAvoy, 1999; Sadeghipour, 1997a; Sadeghipour, 1997b; Longo, 1994; Pok Phak Rop, 1995; Clark, 

1995; Noggle, 1991 & Noggle, 1988). Some methods focus only on the separation o f  MDA (4) and 

MDMA (5), as these were the first o f  the methylenedioxyamphetamines to appear on the illicit drug 

market (Garret, 1991). Others include the separation o f  MDA (4), MDMA (5) and MDEA (6) 

(Noggle, 1988; Noggle, 1987; McAvoy, 1999; Sadeghipour, 1997b & Longo, 1994). Other than 

Sadeghipour et al. (1997a), who used a fluorimetric detection system, none o f  the other workers seem 

to focus on the separation o f  MDA (4), MDMA (5), M DEA (6) and MBDB (8) from one another, 

however Clarke el al. (1995) describe a method that may be applicable to the analysis o f  all four 

compounds. O ther methods focus solely on MDEA (6) and MDMA (5) (Pok Phak Rop, 1995) or 

MBDB (8) and MDMA (5) (Noggle, 1991) with the exclusion o f  all other Ecstasy type compounds.

Other HPLC systems employed cyclodextrin stationary phases which allowed the separation o f MDA 

(4), MDMA (5), MDEA (6) and MBDB (8), and also achieved separation o f  their enantiomers. These 

methods are generally used in the analysis o f  biological fluids (Sadeghipour, 1998). Other workers 

focused only on the enantiomeric separation o f  R- and S- MDMA (5) (Fallon, 1999).

Many different detection systems have also been employed. In most cases a fixed wavelength UV-Vis 

detector (Noggle, 1988; Noggle, 1991; Noggle, 1987; Sadeghipour, 1997b; Clark, 1995 and Garret, 

1991) was used. Diode Array Detectors (DAD) (M cAvoy, 1999; Pok Phak Rop, 1995 and Longo, 

1994) and fluorimetric detectors (Sadeghipour, 1997a; Sadeghipour, 1998 and Pok Phak Rop, 1995) 

have also been used. The fluorimetric detector is possibly the best choice, as the methylenedioxy- 

bridge is a fluorescent moiety and as such is the detected unit. The background interference compared
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to that from a conventional UV-Vis detector is drastically reduced and in essence the sensitivity is 

increased. These detectors also have the added advantage o f  allowing more rapid analysis as the 

selectivity increases dramatically and as such co-eluting interfering compounds are not a problem as 

they are invisible to the detector unless they fluoresce over the same specific range as the 

methylenedioxy bridge.

M iscellaneous Chrom atosraphic M ethods

Other separation methods that have been proposed as potentially useful techniques for the analysis o f 

the m ethylenedioxyamphetamines include Capillary Zone Electrophoresis (CZE) and Super Critical 

Fluid Chromatography (SFC). MDA (4), MDMA (5) and MDEA (6) were analysed using CZE, which 

showed potential as both a qualitative and quantitative analytical method for these compounds 

(McAvoy, 1999 and Sadeghipour, 1997b). McAvoy et al. also investigated the use o f  SFC as a 

qualitative and quantitative m ethod (M cAvoy, 1999).

Thin Layer Chromatography (TLC) has found application in the analysis o f  the ring-substituted 

amphetamines (M unro, 1995; M artel, 1986 and O ’Brien, 1982) but has been overshadowed by HPLC 

and GC-MS. TLC can be useful however as it is very quick to set up, it is also very cheap, so it can 

often be used as a preliminary analytical step before other more sophisticated chromatographic 

techniques are used. Fumari et al. em ployed a TLC system for the analysis o f  various sugars used as 

excipients in Ecstasy tablets (Fum ari, 1998).

Immunoassays such as Radioim munoassay, Elisa, Fluorescence polarisation immunoassay and 

competitive binding assays, (Baker 1995; Ruangyultikam, 1998; Wu, 1993 and Dasgupta, 1993) have 

also been employed in the analysis o f  ring-substituted amphetamines.
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Spectroscopic M ethods

Nuclear magnetic resonance (NM R), which is the most important tool available with respect to the 

structural elucidation o f  unknown molecules, has been used in the analysis o f  the ring-substituted 

amphetamines. However it is difficult to obtain good NM R spectra if there is more than one 

compound in an illicit sample. Because o f  this, some preparative chromatographic step would be used 

or else a hyphenated chrom atographic technique such as GC-M S would find favour. Dal Cason et al. 

(1997) detailed the proton ( 'H ) and carbon ('^C) NM R assignments for MDA (4), MDMA (5) and 

MDEA (6) and other analogues o f  MDA (4). NMR has been used in the identification o f  MDEA (6) in 

an illicit tablet after liquid-liquid extraction (Dawson, 1997) and also in the identification o f  MDMA 

(5) (Bailey, 1975). Noggle el al. (1987) used NM R to good effect for the identification o f  MDA (4), 

MDMA (5), MDEA (6) and a variety o f  A'-alkyl derivatives o f  MDA (4) after synthesis. Lee et al. 

used NM R to identify MDEA (6) and MDMA (5) in illicit tablets using solid state NM R, and also to 

identify a variety o f  excipients (Lee, 2000).

Raman spectroscopy is a new technique which may well find favour in the future but which is having 

its progress as a routine method stifled as it has to com pete with well established GC-MS techniques. 

Raman spectroscopy has been successfully used in the analysis o f  ring-substituted amphetamines 

(Bell, 2000; Ryder, 1999 and Dawson, 1997) but problem s can arise when mixtures o f drugs are 

analysed. However if the excipients are poor Raman scatterers then this technique can be quite useful 

as it involves little or no sample preparation and the results are rapidly available. Sonderamann et al. 

(1999) used N ear Infra-Red (NIR) spectroscopy in the analysis o f  these compounds. Infra-red and 

UV-Vis spectroscopy have also been used, but are not considered as useful when compared to GC- 

MS. HPLC with suitable spectroscopic detection and GC-M S seem to be the mainstay o f  ring- 

substituted amphetamine analysis.

Sam ple Extraction

The extraction o f  the m ethylenedioxy amphetamines from illicitly produced tablets prior to 

chromatographic analysis is not com plicated. One approach to the extraction involves mixing an
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aliquo t o f  a hom ogenised  tab let in a po lar organic so lven t (O ’C onnell, 2000; Pop Phak R op, 1995) o r 

a d ilu te ac id  (S adeghipour, 1997b; L ongo, 1994). T he m ixture is agitated , by vortex  m ixing and /o r 

son ication , and any undisso lved  m aterial is then rem oved by filtration  o r centrifugation . This m ethod 

is su itab le  for H PLC  and G C -M S analysis w here the resu ltan t ex trac t can be d irectly  in jected  into the 

ch rom atograph ic  system , how ever in the case o f  G C -M S care m ust be taken as po lar organ ic  so lvents 

can som etim es cause bad peak  tailing , especially  w here m ethanol is used (F um ari, 1998). Som etim es 

in G C -M S  analysis the preferred  technique is to d isso lve an a liquo t o f  pow dered  tab let in an alkaline 

solu tion  and then to  extract using an im m iscible solvent (F um ari, 1998; D aw son, 1997).

Section 1.3: Objectives

T he ob jec tive  o f  the w ork presen ted  in th is chap te r w as to design  a  H PLC separation  fo r the analysis 

o f  a  m ixture o f  M D A  (4), M D M A  (5), M D E A  (6) and M B D B  (8). The precision  and selectiv ity  o f  th is 

H PLC  separation  w as assessed, in o rder that a reliab le  qualita tive  m ethod could  be estab lished  for 

each o f  the com pounds. The linearity w as assessed  using external standard isation , so that the m ethod 

could  be used for quantita tive determ inations o f  M D M A  (5). O nce estab lished  the m ethod w as used in 

quan tita tive  determ inations o f  M D M A  (5) in illicitly  p roduced  tab lets seized  in the R epublic o f  

Ireland.

An ex traction  p rocedure w as investigated  and validated  for accuracy  (i.e. recovery  o f  M D M A  (5)). 

O nce a  su itable ex traction  p rocedure w as estab lished  it w as in tended that th is m ethod  be used in 

con junction  w ith the previously  estab lished  quantita tive H PLC  procedure in the analysis o f  illicitly 

p repared  tablets.

A ba tch  o f  100 illicitly  p repared  tab lets confiscated  by the G arda  N ational D rugs U nit (G N D U ) 

bearing  a M itsubishi logo and purported  to  contain  M D M A  (5 ) w as supplied  for analysis (see Figure 

1.2). T he m ain ac tive com pound in the batch  o f  100 M itsub ish i tab lets w as to be identified  using 

reten tion  tim e data  for the already  estab lished  H PLC  m ethod. T his m ethod w ould  further be used w ith 

the valida ted  extraction  protocol for the quan tita tive  analysis o f  uniform ity  o f  M D M A  (5) con ten t in 

the batch  o f  tablets. A num ber o f  m iscellaneous tab lets, also  supplied  by the G N D U , w ere also 

analysed  qualita tively  using the H PLC  m ethod . Finally  any unusual sam ples (con ta in ing  com pounds



other than MDA (4), MDMA (5), MDEA (6) and MBDB (8)) which were available were subjected to 

GC-MS analysis.

I
Figure 1.2: Image o f  Mitsubishi tablets analysed.
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Section 2.1: Instrumentation

H PLC -U V

The HPLC system consisted o f  a W aters 600 controller and pump, a W aters 2487 Dual X absorbance 

UV detector. The integrator was a W aters 746 data module. The chromatographic column used was a 

W aters Spherisorb®  S^im O D Sl (4.6m m  x 250mm) analytical column. Samples were introduced into 

the system using a Rheodyne model 7125.

GC-M S

The GC-M S consisted o f  a Varian 3800 GC coupled to a Varian Saturn 2000 Ion Trap Mass 

Spectrom eter (mass range 50-650). Varian Saturn W orkstation Software was used to control the 

system. The column used was a SOM Varian DB-35 (35% -phenyl-65% -dimethylsiloxane copolymer), 

which had a 0.25mm internal diam eter and a 0.1 ^m film thickness.

M iscellaneous Instruments

The centrifuge used was a Sanyo Harrier 18/80 benchtop centrifuge. The ultrasonic bath was a Decon 

FS4006. The pH meter used was a Metrohm 744 pH meter, equipped with a Metrohm 6.0228.000 

glass pH electrode. All weighing was carried out using a Sartorius BPl l O S analytical weighing 

balance.

Section 2.2: Preparation of buffer solutions and mobile phases

Preparation o f  buffers

The pH 3 phosphate buffer was prepared by adding 34g o f  KH2PO4 to 800 ml o f  HPLC grade water 

and adjusting to pH 3.0 using phosphoric acid.

Preparation o f  M obile Phases

All organic solvents used for chrom atographic purposes were HPLC grade. All buffers were filtered 

through a M illipore filtration apparatus (42|im  cut-off). After the mobile phase was prepared by 

adding the correct ratio o f  each com ponent to the mixture, the solutions were subjected to 

ultrasonication for 20  minutes, in order to degas.
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Section 2.3: Development of a chromatographic system for analysis of MDA (4), 

MDMA (5), MDEA (6) and MBDB (8) using HPLC-UV.

Preparation o f  analytical solutions

All reference solutions were prepared by dissolving 0.1 mg o f  reference standard in 1 ml o f  methanol 

unless otherwise stated.

Reference solution 1: MDA (4).

Reference solution 2: MDMA (5).

Reference solution 3: MDEA (6).

Reference solution 4: M BDB (8).

Reference solution 5: A mixture containing 0.1 mg/ml each o f  MDA (4), MDMA (5), MDEA (6) and 

M BDB (8) dissolved in methanol.

Chrom atosraphic system

The chromatographic systems investigated are outlined below in Table 2.3.1

System M obile Phase C onstituents Proportions Flow Rate W avelength

1 pH 3.0 Phosphate Buffer : 

M eOH: ACN : Triethylam ine

600 : 100 : 25 : 1 1.5 ml/min 280 nm

2 pH 3.0 Phosphate Buffer ; 

ACN : Triethylam ine

600 : 100 : 1 1.5 ml/min 280 nm

3 pH 3.0 Phosphate Buffer : 

ACN : Triethylam ine

600 : 100 : 1 2.0 ml/min 280 nm

Table 2.3.1: Chromatographic condUions used fo r  the analysis o f  MDMA (5).

Analysis

An aliquot (20 fil) o f  each reference solutions was analysed separately under the above 

chromatographic conditions outlined for system 1, 2 and 3. For results and discussion see section 3.1.
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Section 2.4 Assessment o f precision of the selected chromatographic method.

Preparation o f  analytical solutions

R eference so lu tion  5: A m ix tu re  con tain ing  0.1 m g/m l each o f  M D A  (4), M D M A  (5), M D EA  (6) and 

M B D B  (8) d isso lved  in m ethanol.

Chromatographic conditions

The ch rom atograph ic  system  used is outlined below  in T able 2.4.1

M obile Phase C onstituents Proportions Flow Rate W avelength

pH 3.0 Phosphate B uffer : ACN : 

Iriethylam ine

600 : 100 : 1 2.0 ml/min 280 nm

Table 2.4.1: Chromatographic conditions used for the analysis o f  MDMA (5).

Analysis

Six rep licate  in jections (20|.il) w ere chrom atographed. T his da ta  generated  w as then used to  test the 

p recision  o f  the m ethod. For resu lts and discussion see section 3.2.

Section 2.5 Assessment o f selectivity of the selected chromatographic method.

Preparation o f  analytical solutions

All standard  solu tions 7-12 o f  poten tia lly  in terfering  com pounds w ere p repared  by d isso lv ing  l.Omg 

a liquo ts o f  the respective com pound  in 1ml o f  acetonitrile , unless o therw ise stated.

R eference so lu tion  7: B D B  (7).

R eference so lu tion  8: 4 -M T A  (9).

R eference so lu tion  9; K etam ine (11).

R eference so lu tion  10: A m phetam ine (3).

R eference so lu tion  11: C affeine (12).

R eference so lu tion  12: Paracetam ol (13).

Chromatographic conditions

T he H PLC  cond itions used in the analysis are outlined in T ab le  2 .5 .1 .
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Mobile Phase Constituents Proportions Flow Rate Wavelength

pH 3.0 Phosphate Buffer : ACN : 

Triethylamine

600 : 100 : 1 2.0 ml/min 280 nm

Table 2.5.1: Chromatographic conditions used fo r  the analysis ofMDA (4). MDMA (5). MDEA (6) and MBDB (8).

Analysis

The selectivity o f  the above chrom atographic system was tested by a series o f  5|il injections o f 

reference solutions 7-12 inclusive. For results and discussion see section 3.3.

Section 2.6: Assessment of linearity of response for MDMA in tlie selected 

chromatographic system.

Preparation o f  the analytical solutions

Reference solution 13: A 0.25 mg/ml M DM A (5) standard was prepared by dissolving 2.97mg o f 

MDMA«HCi in methanol.

Reference solution 14: A 0.50 mg/ml M DM A (5) standard was prepared by dissolving 5.95mg o f 

MDMA»HC1 in methanol.

Reference solution 15: A  0.75 mg/ml M DM A (5) standard was prepared by dissolving 8.92mg o f 

MDMA»HC1 in methanol.

Reference solution 16: A 1.0 mg/ml M DM A (5) standard was prepared by dissolving 11.90mg o f 

MDMA»HC1 in methanol.

Chrom atosraphic conditions

The chrom atographic system used is outlined below in Table 2.6.1

Mobile Phase Constituents Proportions Flow Rate Wavelength

pH 3.0 Phosphate Buffer : ACN : 

Iriethylamine

600 : 100 : 1 2.0 ml/min 280 nm

Table 2.6.1: Chromatographic conditions used fo r the analysis o f  MDMA (5).
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Analysis

Each o f  the solutions 13, 14, 15 and 16, were injected (20|al) in duplicate, into the chromatographic 

system with aid o f  a microlitre syringe. The peak areas, determined by integration, were averaged and 

plotted against concentration in order to assess the linearity o f  the method. For results and discussion 

see section 3.4.

Section 2.7: GC-MS analysis of reference MDMA (5) standard.

MDMA (5) Standard

MDMA (5) synthesised in the Department o f  Pharmaceutical Chemistry in the School o f  Pharmacy 

was used as standard (Keating, 2001).

Preparation of solution 17

Powdered MDMA»HCI (lOmg) was dissolved in 1 ml o f  water, in a test tube. Aliquots o f  conc. 

ammonia (100 |il) and petroleum ether (I ml) were added and the contents o f  the test tube were 

shaken for circa (ca.) 1 minute. The supernatant petroleum ether was transferred to a glass vial and 

evaporated under a stream o f nitrogen. The residue was re-dissolved in acetonitriie (500 |il) and 

labelled test solution 17.
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Chrom atosraphic conditions

T he ch rom atog raph ic  cond itions are ou tlined  in T ab le  2 .7 .1 .

G C -M S  Param eter G C -M S  C ondition

C arrie r G as H elium

C arrie r G as Flow  Rate 1 m l/m in

C olum n D B-35

C olum n Internal D iam eter 0.25 mm

C olum n Length 30  M

C olum n Film  T hickness 0.1 |im

T em peratu re  Program 90°C  (Im in )  up to  300°C  (@  

15°C /m in) hold  for 10 m inutes

Ion T rap  T em perature 2 I0 °C

T ran sfe r Line T em perature 250°C

M anifold  T em perature 120°C

Ionisation  M ode E lectron  Ionisation

Filam ent D elay 4 m inutes

In jected  V olum e 1 Ml

In jection  Solvent M ethanol

Table 2.7.1: GC-MS conditions used for the qualitative analysis o f  Standard MDMA (5).

Analysis

T est so lu tion  17 w as analysed using the above ch rom atog raph ic  conditions. T he resu lts and discussion  

can be found  in Section 3.5.
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Section 2.8: Determination of the active compound contained in ‘’Mitsubishi” 

tablets

H P L C  analys is  o f  ‘’M itsub ish i”  tablet

Tablet Analysed

One ‘’M itsubishi”  tablet from a batch o f  100 tablets supplied by the GNDU was analysed. The tablets 

were bi-convex, slightly o ff  white tablets bearing a ‘’M itsubishi”  logo on one side and a half score on 

the other side.

Extraction

Powdered tablet (lOmg) was dissolved in 1 ml o f  methanol. The supernatant was removed and 

labelled test solution 18.

Chromutozraphic conditions

The chrom atographic system used is outlined below in Table 2.8.1

M obile Phase Constituents Proportions Flow Rate Wavelength

pH 3.0 Phosphate Buffer : ACN : 

Triethylamine

600 : 100 : 1 2.0 ml/min 280 nm

Table 2.8.1: Chromatographic conditions used fo r  the analysis o f  ' 'Mitsubishi'' tablet.

Analysis

A volume (20 |il) o f  test solution 18 was introduced into the chrom atographic system outlined above. 

For results and discussion see section 3.8.1.

G C -M S  analys is  o f ‘ ’M itsub ish i”  T ablet

Tablet Analysed

One ‘’M itsubishi”  tablet from a batch o f  100 tablets supplied by the GNDU was analysed.
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Extraction

Powdered tablet (lOmg) was dissolved in 1 ml o f  water, in a test tube. A liquots o f  conc. am monia 

(100 |il) and petroleum ether (1 ml) were added and the contents o f  the test tube were shaken for ca. 

1 minute. The supernatant petroleum ether was transferred to a glass via! and evaporated under a 

stream o f nitrogen. The residue was re-dissolved in acetonitrile (500 |il) and labelled test solution 19.

Chromatographic conditions

The chrom atographic conditions are outlined in Table 2.8.2

GC-MS Parameter GC-M S Condition

Carrier Gas Helium

Carrier Gas Flow Rate 1 ml/min

Column DB-35

Column Internal Diameter 0.25 mm

Column Length 30 M

Column Film Thickness 0 . 1  |im

Tem perature Program 90°C (Im in ) up to 300°C (@ 

15°C/min) hold for 10 minutes

Ion Trap Tem perature 210°C

Transfer Line Tem perature 250°C

Manifold Tem perature 120°C

Ionisation Mode Electron Impact

Filament Delay 4 minutes

Injected Volume 1 Hi

Injection Solvent M ethanol

Table 2.8.2: GC-MS conditions used fo r  the quaiitalive analysis o f ' Milsiibishi'' tablet.
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Analysis

T est so lu tion  19 w as analysed  using the above ch rom atograph ic  cond itions. T he resu lts and d iscussion  

can be found in Section  3.6.

Section 2.9: Validation of extraction of MDMA (5) from illicitly produced 

tablets using liquid extraction.

Extraction protocol

T o 25 m g o f  pow dered  hom ogen ised  "M its u b ish i”  tab let in a  cen trifuge  tube, w as added  8m ls o f  

m ethanol. T his so lu tion  w as vortex  m ixed for 10 seconds befo re  being  son ica ted  for 10 m inutes. The 

tubes w ere then  cen trifuged  at 1000 rpm  for 10 m inutes. A fter cen trifugation  the supernatan t w as 

added  to a 25m l vo lum etric  flask, the con ten ts m ade up to  volum e w ith m ethanol and  the flask w as 

m arked test so lu tion  20. T he pellet rem ain ing  in the cen trifuge  tube after rem oval o f  the supernatan t 

w as re-ex trac ted  in 8m ls o f  m ethanol and vortex  m ixed. T he so lu tion  w as son ica ted  for a  fu rther 10 

m inutes, a fter w hich  tim e it w as cen trifuged  for 10 m inutes at lOOOrpm. T he supernatan t w as then 

transferred  to  a  25m l vo lum etric  and  m ade up to volum e w ith m ethanol and the flask w as m arked  test 

so lu tion  21. T he pelle t w as re -ex trac ted  in 8m ls o f  m ethanol. H om ogen isa tion  w as ach ieved  by vortex  

m ixing. T he so lu tion  w as son ica ted  and then sub jected  to  cen trifugation  (lOOOrpm, lO m inutes). The 

supernatan t w as then tran sfe rred  to  a  25m l volum etric  flask. T he vo lum etric  flask w as m ade up to  

volum e w ith m ethano l. T he flask w as labelled  solu tion  22.

T he above p rocedu re  w as repeated  so the analysis could  be carried  ou t in d u p lica te  g iv ing  test 

so lu tions 23-25  respective ly .
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Chrom atosraphic conditions

The chrom atographic system used is outlined below in Table 2.9.1

M obile Phase C onstituents Proportions Flow Rate W avelength

pH 3.0 Phosphate Buffer : ACN : 

T riethylam ine

600 : 100 : 1 2.0 m l/m in 280 nm

Table 2.9.1: Chromatographic condilions used fo r  the analysis o f  MDMA (5).

Analysis

Test solution 20, 21, 22, 23, 24 and 25 were analysed, in duplicate, by injecting them into the HPLC 

system (20|.il). The peak areas estim ated by the integrator were recorded and graphed against 

extraction number. For results and discussion see section 3.7.

Section 2.10: Determination of uniformity o f content in suspected MDMA (5) 

containing tablets using HPLC-UV.

Preparation o f  the analytical solutions

Reference solution 13: A 0.25 mg/ml MDMA (5) standard was prepared by dissolving 2.97m g o f 

M D M A .H C I in HPLC grade M ethanol.

Reference solution 14: A 0.50 mg/ml MDMA (5) standard was prepared by dissolving 5.95mg o f  

MDMA»HCI in HPLC grade M ethanol.

Reference solution 15; A 0.75 mg/ml MDMA (5) standard was prepared by dissolving 8.92mg o f 

MDMA*HCI in HPLC grade M ethanol.

Reference solution 16: A 1.00 mg/ml MDMA (5) standard was prepared by dissolving 11.90mg o f 

MDMA«HCI in HPLC grade M ethanol.

Tablets analysed

A batch o f  100 tablets supplied by the Garda National Drugs Unit were extracted and analysed as 

outlined below. The tablets were bi-convex, slightly o ff  white tablets bearing a ‘M itsubishi’ logo on
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one side and half scored on the other (see Figure 2.10.1 below). The tablets were well made and did 

not appear chipped to any extent on inspection. Tablet weights were recorded for the tablets.

Figure 2.10.1: Image o f  Mitsubishi tablets analysed.

A further twenty m iscellaneous tablets were analysed. Physical descriptions o f  these tablets are 

outlined in Table 2.10.1 below.

Tablet Number Logo/Shape Tablet Num ber Logo/Shape
la No logo/Cross shaped 1 la Bird/round
2a No logo/Cross shaped 12a Bird/round
3a M itsubishi/round 13a Bird/round
4a M itsubishi/round 14a Bird/round
5a M itsubishi/round 15a Bird/round
6a S/round 16a Bird/round
7a $/round 17a Bird/round
8a Bird/round 18a Bird/round
9a Bird/round 19a Bird/round
10a Bird/round 20a Bird/round

Table 2.10.1: Description o f  miscellaneous tablets analysed by HPLC

Extraction protocol

To 25 mg o f  powdered homogenised tablet in a centrifuge tube, was added 8mls o f  methanol. This 

solution was vortex mixed for 10 seconds before being sonicated for 10 minutes. The tubes were then 

centrifuged at 1000 rpm for 10 minutes. After centrifugation the supernatant was added to a 25ml 

volum etric flask. The pellet remaining in the centrifuge tube after removal o f  the supernatant was re

dissolved in 8mls o f  methanol and vortex mixed. The solution was sonicated for a further 10 minutes, 

after which tim e it was centrifuged for 10 minutes at lOOOrpm. The supernatant was then added to the 

previously extracted supernatant in the 25ml volumetric flask. The flask was then made up to volume 

with methanol. This procedure was carried out in duplicate for each o f  the tablets analysed.
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C hrom atosraphic conditions

The chrom atographic system used is outlined below in Table 2.10.2

Mobile Phase Constituents Proportions Flow Rate Wavelength

pH 3.0 Phosphate Buffer : ACN : 

I'riethyiamine

600 : 100 : 1 2.0 ml/min 280 nm

Table 2.10.2: Chromatographic conditions used fo r  the analysis o f  MDMA (5).

Analysis

Each o f  the reference solutions 13, 14, 15 and 16, were injected in duplicate (20^1). Peak areas were 

calculated by the integrator. The average o f  the areas for duplicate injections were calculated and 

plotted against concentration. Each o f  the tablet extracts was injected in duplicate in the 

chrom atographic system outlined above (20 |il). The peak areas were estimated and concentrations o f  

MDMA were calculated from the standard curve. For results and discussion see Section 3.8.

Section 2.11 Analysis of tablet 3a by GC-MS

Preparation o f  analytical solutions

Reference solution 26: 0.1 mg/ml solution ketamine (11) in methanol.

Chromatographic conditions

The chrom atographic conditions are outlined in Table 2.11.1 (overleaO-
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GC-M S Parameter GC-M S Condition

Carrier Gas Helium

Carrier Gas Flow Rate 1 ml/min

Column DB-35

Column Internal D iam eter 0.25 mm

Column Length 30 M

Column Film Thickness 0.1 |im

Tem perature Program 90°C (Im in) up to 300°C (@ 

15°C/min) hold for 10 minutes

Ion Trap Tem perature 210°C

Transfer Line Tem perature 250°C

M anifold Tem perature 120°C

Ionisation Mode Electron Ionisation

Filament Delay 4 minutes

Injected Volume 1 H i

Injection Solvent Methanol

Table 2 .1 1.1: G C-M S conditions used fo r the qualitative analysis o f  ilhcilly prepared tablets.

Analysis

Reference solution 26 was analysed under the above chrom atographic conditions. The extract o f  

sam ple 3a extracted by the m ethod described in section 9.8 was chrom atographed in the system 

outlined above. The mass spectrum  for the most significant peak was com pared to the Varian 

reference library, which is part o f  the Varian Saturn software. The unknown was also com pared to the 

spectrum obtained from reference solution 26. For results and discussion see section 3.9.
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Section 3.1: Development of a chromatographic system for analysis of MDA (4), 

MDMA (5), MDEA (6) and MBDB (8) using HPLC-UV.

Three chromatographic systems were investigated in the separation MDA (4), MDMA (5), MDEA (6) and 

MBDB (8) (Table 3.1.1).

System Mobile Phase Constituents Proportions Flow Rate Wavelength

1 pll 3.0 Phosphate Buffer : 

MeOH: ACN : Triethylamine

600 : 100 : 25 : 1 1.5 ml/min 280 nm

2 pll 3.0 Phosphate Buffer : 

ACN : Triethylamine

600 : 100 : 1 1.5 ml/min 280 nm

3 pll 3.0 Phosphate Buffer : 

ACN : Triethylamine

600 : 100 ; 1 2.0 ml/min 280 nm

Table 3. / .  I : Chromatographic conditions used fo r  the analysis o f  MDMA (5).

Clark et al. used system 2 as a means o f  separating MDA (4), MDMA (5) and MDEA (6) and in a separate 

experiment used the same system to separate a series o f  methylenedioxybutanamines such as BDB (7) and 

MBDB (8) (Clark, 1995). Clark et al did not attempt a separation o f  MDA (4), MDMA (5), MDEA (6) 

and MBDB (8). By injecting aliquots o f  reference solution 5 (containing all four compounds) 

chromatographic data was acquired for each o f  the three systems. A chromatogram obtained under the 

conditions outlined in system 3 (Table 3.1.1) is shown below (Figure 3.1.2).
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^  irt
MDA (4)

MDMA (5)

MDEA (6) MBDB (8)

Time (Minutes)—>

h'igure 3 .1.2: Chromatographic profile obtained fo r  a 0 .1 mg ml mixture o f  MDA 14). MDMA (5). MDEA (6) and MBDB (8).

C hrom atographic param eters such as capacity factors, resolution , peak ta ihng  and colum n efficiency w ere 

calculated  m anually and are tabulated below  (T able  3 .1 .3). For details o f  the form ulae used see appendix  1. 

V isual inspection o f  a typical chrom atogram  show s separation  w as achieved and the peaks are 

sym m etrical. T he order o f  elution w as determ ined by sequentially  injecting reference solutions 1-4 

contain ing M D A  (4), M D M A  (5), M D EA  (6) and M B D B  (8) respectively. T he retention tim es w ere 

com pared w ith those o f  the chrom atographed m ixture and the identities o f  the peaks w ere determ ined. The 

retention tim e relative to  M D M A  (5) w ere also calculated  (T able  3.1 .3). The first com pound to  elute was 

M D A  (4) at ca. 4 .37 m inutes follow ed by the m ore non-polar M D M A  (5) at ca. 5.72 m inutes. M D EA  (6) 

eluted at ca. 7.66 m inutes and its isom er M BD B (8) at ca. 9 .43 m inutes w as the last com pound to  elute.
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Peak Peak

Identity

tR

(minutes)

Ir Relative 

to MDMA

Width,, 5 

(Minutes)

Capacity

Factor

Resolution Asymmetry Theoretical

Plates

1 MDA (4 ) 4,37 0,76 0,08 3.37 — 11 13,580

2 MDMA (5) 5,72 1,00 0,08 4.72 9.00mi>a;mdma 11 23,266

3 MDEA (6) 7.66 1 34 0.13 6.66 11 08mi;)ma,'mi)i;a 1.1 19,397

4 MBDB (8) 943 1 65 0 18 8 43 6.60Mi)i;A/Mnnn 11 15,809

Table 3.1.3 Table o f  chromatographic parameters calculated from  the HPLC trace recorded fo r  the separation o f  MDA (4). MDMA

(5). MDEA (6), MBDB (8).

In each case the tailing factors w ere w ithin acceptable hm its (D olan, 2000) and the resolution betw een the 

peaks was excellent, w here all calculated  resolution values exceeded 6.60. The calculated  theoretical plate 

values w ere high enough to ind icate  the colum n w as perform ing  satisfactorily . T he capacity  factors o f  the 

analytes w ere within accep tab le  lim its (2-10 ideally; D olan, 2000). T he w avelength o f  280 nm, a com m on 

w avelength used in the analysis o f  arom atic com pounds seem ed to be suitable, as there w as a relatively 

good response from the detec tor and little or no background at the 0.10 mg/ml level investigated.

The conclusion, that system  3 w as the best, w as arrived at on the basis that the chrom atography was 

acceptable (i.e. tailing, resolution  and colum n efficiency). A nother reason for this conclusion w as that the 

com pounds eluted from  the colum n under the conditions o f  system  three m ore quickly that from  either o f  

the other tw o chrom atographic system s, w hich w ould keep the run-tim e to  a m inim um .

Section 3.2: Assessment of precision of the chromatographic method

C hrom atographic param eters, such as, retention tim e and area (for six replicate  injections) w ere 

determ ined using the in tegrator (see T able 3 .2 .1) for the four peaks in the chrom atogram s resulting from  

injections o f  reference solution 5. C hrom atographic param eters such as retention tim es and peak areas, 

from the replicate injection o f  a standard m ixture con tain ing  M D A  (4), M D M A  (5), M D EA  (6) and 

M BD B (8), w ere acquired via e lectronic integration for all o f  the peaks (see T able  3.2 .1)
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Com pound Average

Retention

Time

(M inutes)

R elative

S tandard

D eviation

A verage

Peak A rea

(Arbitral^'
U nits)

R elative

Standard

D eviation

M DA (m inutes) 4 38 0.52 % 1554207 7.36 %

M DM A (m inutes) 5 79 0.71 % 1948065 7.24 %

MDKA (m inutes) 7.74 0 .74  % 1535068 6.99 %

M BD B (m inutes) 9.51 0.75 % 2289160 6.94 %

Table 3.2.1: Chromatographic parameters fo r  peaks in six replicate injections o f  reference solution 5

T he relative standard deviations (R .S .D ) (see A ppendix I) o f  the retention tim es for all four com pounds 

w ere low enough for the precision to  be considered good. T he relative standard deviation is a term  often 

used to describe the precision (R iley, 1996). Ideally one strives to  m inim ise the relative standard deviation 

as m uch as possible, but values o f  less than tw o are usually considered very good (R iley, 1996). The peak 

area deviated m ore than the retention tim e, how ever the dev iation  was acceptable. T his deviation could 

have been reduced by the use o f  an internal standard and it is advisable that any future w ork w ould use a 

suitable internal standard. The precision o f  the m ethod w as considered to be good, as there was little 

deviation in the retention tim e and the peak areas as estim ated by the integrator.

Section 3.3: Assessment of selectivity of the chromatographic method.

T he selectivity o f  chrom atographic system  3 (see Section  2 .3 ) w as assessed by in jecting  various potential 

interfering com pounds, such as ketam ine (11), caffeine ( 12), paracetam ol ( 13), am phetam ine (3 ), BDB (7) 

and 4-M T A  (9 ) (reference solutions 7-12) into the system . I f  one includes M D A  (4 ), M D M A  (5 ), M D EA  

(6) and M BD B (8) there w ere 10 com pounds. T he reso lu tion  betw een the chrom atographic peak o f  these 

10 com pounds should ideally be greater than 1. T he retention tim e and resolution  betw een all o f  these 

com pounds, w ith respect to each o ther w as calculated  and is show n below  (see Figure 3.3.1).
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Com pound R etention T im e (m inutes) R esolution

Paracetam ol 2.87 10.27 (Paracetam ol, M D A )

M DA 4.31 5.19 (M D A , M D M A )

M D M A 5.63 3.36 (M D M A , B D B )

BDB 6.77 2.18 (B D B , M D EA )

M D EA 7.51 1.70 (M D E A , C affeine)

C affeine 8.09 0.94 (C affeine, K etam ine)

K etam ine 8.41 2.09 (K etam ine, M B D B )

M BD B 9.21 1.52 (M B D B , 4-M TA )

4-M TA 9.84

A m phetam ine N o peak recorded at 280nm

Figure 3.3.1: Retention times, and resolution values estimated fo r  the analysis o f  selectivity o f  chromatographic system 3.

T he selectivity o f  the m ethod w ith respect to  o ther m ethylenedioxyam phetam ines, (M D A  (4 ), M D M A  (5), 

M D EA  (6) and M BD B (8)) was adequate, this w as clearly show n in section 3.1 w here the resolution 

values w ere acceptable. A m phetam ine (3) did not give a signal at 280 nm over the 15 m inute period 

m onitored. C affeine ( 12) did not interfere w ith the m ethod as it eluted before M B D B  (8). 4-M TA  (9) 

eluted ju s t after the M B D B  (8) peak at ca. 9 .84 m inutes. The resolution betw een the tw o peaks was 

calculated to  be circa 1.52, w hich w ould indicate, that the peaks did not interfere w ith each o ther and that 

this m ethod w ould be suitable for the analysis o f  4-M T A  (9). K etam ine ( 11) eluted betw een M D M A  (5) 

and M D EA  (6) in the chrom atogram  but as there w as particularly  good resolution  betw een these 

com pounds to  begin w ith ketam ine (11) did not interfere. H ence the m ethod is considered  selective for the 

m ethylenedioxyam phetam ines and also  may be an appropriate  m ethod for the analysis o f  ketam ine ( 11) 

and 4-M TA  (9) also.
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Section 3.4: Assessment of linearity of the chromatographic method for MDMA (5).

T he linearity  o f  the m ethod for M D M A  (5) w as tested  by perform ing  external standard isation . U sing  a 

series o f  standards, reference solu tions 13-16, varying in concen tra tion  (0.25 m g/m l, 0 .50 m g/m l, 0.75 

m g/m l and 1.0 m g/m l respectively) the peak area w as used to p lo t a standard curve. The average peak area 

for tw o in jections o f  each o f  the aforem entioned  standards can be seen in T able 3 .4.1. A plot o f  the 

average peak area for tw o in jections versus the concentration  can also  be seen below , (see Figure 3.4.1).

Solution  N um ber Standard C oncentra tion  (m g/m l) A verage Peak .Area
4 0.25 m g/ml 5600990
5 0.50 m g/m l 9904739
6 0.75 m g/ml 1408798
7 0.10 m g/m l 19738837

Table 3.4.1: Average peak area fo r  two injections o f  MDMA (5) standards

MDMA (5) concentration (mg/ml) versus peak area 
(arb. units)

I  30000000
3

20000000

10000000

a.
0 0.5 1 1.5

MDMA (5) concentration (mg/ml)

Figure i .4  !: Plot o f  average peak area versus concentration o f  MDMA ( 5) standard.

O ne can clearly  see from  the above plot that the re lationsh ip  betw een M D M A  (5) concentration  and peak 

area is linear. T he R" value as ca lcu lated  w ith the aid o f  M icrosoft Excel w as found to  be 0.99 

(M icroso ft® , 1997). The R ' param eter is a correlation  coeffic ien t w hich is a m easure o f  goodness o f  fit 

o f  a set data  po in ts to  a linear trend. A value o f  + 1 indicates perfect correlation  and a positive slope (R iley,



1996). Values o f  grea ter than 0.9 are considered very good. The equation o f  the line was estimated to  be y 

= 18647x +  683941. T he  linearity test conducted indicated that relationship between the absorbance o f  

M D M A  (5) and concentra tion  obeyed B eer’s law (A ppendix  I) and hence it was acceptable to  use this 

method in the quantita tion  o f  M D M A  (5) in illicit tablets provided that a suitable extraction technique 

could be established.

Section 3.5: GC-MS analysis of reference MDMA (5) standard

A G C -M S o f  the standard  M D M A  (5) was run. This w ould  help prove the identity and purity o f  the 

s tandard M D M A  (5) w h ich  had been synthesised in the D epartm ent o f  Pharmaceutical Chemistry in the 

School o f  Pharmacy, T .C .D . It was found that only one peak eluted for M D M A  (5) in the chrom atogram 

at 6.4 minutes, indicating that there were no other impurities present in the standard (see Figure 3.5.1).

W i ll m i  i l l
'1S

Figure 3.5.1: GC-MS trace fo r  the MDMA (5) standard.
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Section 3.6: Determ ination o f the active compound contained in ‘’M itsubishi”  

tablets using HPLC and GC-M S

The GC-MS procedure outlined in section 2.8 was used to assess the type o f  compound contained in the 

‘M itsubishi”  tablets. The tablet analysed was found to contain MDMA (5) as the peak eluted at 6.5 

minutes (the same retention time as that o f  the standard MDMA, discussed above. Section 3.5). The GC- 

MS chromatogram o f  the tablet extract is shown below (Fig 3.6.1a). As can be seen MDMA (5) was the 

main peak in the chromatogram.

MCountk

1.00

0.75

O.SG

0.22

O.OG -

'2.5 ‘5.0 '7.5 ' lO .O ‘12.5 ' 15.0

Fig 2.6. la: GC-MS chromatogram o f  (he ' 'Mitsubishi'' tablet extract.

30



The mass spectrum was also a good match with that o f  the standard MDMA (5) when searched against the 

National Institute o f Standards and Technology (NIST) mass spectral library (see Figure 3.6.1b) (NIST, 

1995). The NIST library is an electronic database containing thousands o f  reference El mass spectra.
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Figure 3.6. lb: NIST library comparison o f  standard MDMA (5) from  library' and com poundfound in ' M itsubishi'' tablet. The 

uppermost spectrum represents the NIST library spectrum, including the structure o f  MDMA (5). The lowermost spectrum was the 

spectrum acquired when the standard extract was chromatographed The middle spectrum represents the difference spectrum  

between the uppermost and the lowermost spectrum in the figure.

A tablet extract was also chromatographed using the HPLC system described earlier (see Section 2.3). It 

was found that the only peak to elute under the chromatographic conditions described in section 2.8 did so 

at 5.72 minutes, which was the same tim e as the standard (see Figure 3.6.2).
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Figure 3.6.2: HPLC chromatogram o f ' M itsubishi'' tablet extract.

Section 3.7: Extraction o f M DM A (5) from illicitly produced tablets using liquid  

extraction.

It w as estab lished  tha t the tab let to  be used in the validation  o f  the ex traction  o f  M D M A  (5) actually  

contained  M D M A  (5) by a sim ple m ethanol ex traction  fo llow ed by H PLC  analysis and G C -M S (see 

Section  2.8). In o rder to  de term ine the recovery o f  M D M A  (5) from  illicitly  p repared tab le ts an 

experim en t w as designed . T h is  experim ent involved the ex traction  o f  M D M A  (5) from  an illicitly  

prepared tablet w ith m ethanol w ith the aid o f  son ication  and cen trifugation . T he supernatan t w as rem oved 

(test so lu tion  20). T he pelle t left a fter the first ex traction  w as re-extracted  (test so lu tion  21). F inally  the 

pellet from  the second ex traction  w as re-extracted again (test so lu tion  22). T his p rocedure w as carried  out 

in dup lica te  (test so lu tions 23, 24 and 25 respectively). Each ex trac t w as m ade up to 25m ls and subjected  

to  H PLC  analysis. T he averaged peak areas returned fo r the  dup lica te  p rocedure w ere p lo tted  and are 

show n below  (see F igure 3.7.1).
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MDM A Recovery (Peak Area) versus 
Extraction Number
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Extraction N um ber

Figure 3.6.1: Plot o f  peak area versus MDMA (5) recovery (peak area) used to establish the best m ethodfor the extraction o f

MDX1A (5) from  illicitly prepared tablets.

As can be seen from  the above graph the m ajority o f  M D M A  (5) is extracted after the first extraction but 

there is still M D M A  (5) extracted  with the second extraction. T he third extraction  seem ed unnecessary as 

there did not seem  to be any M D M A  (5) left to  extract. H ence it w as decided that m axim um  recovery o f  

M D M A  (5) from  illicitly p repared  tablets could be achieved w ith tw o extractions using m ethanol.

Section 3.8: Analysis o f suspected MDMA (5) containing tablets using HPLC-UV.

A new  standard curve was prepared  each day and as sam ple extracts becam e available they w ere subjected 

to the HPLC analysis outlined  in system  3, section 2.3. Sam ples, w hich had been extracted in duplicate, 

w ere chrom atographed in dup lica te  and average peak areas w ere calculated from  in tegrator data. These 

peak areas w ere then interpolated from  the standard curve and the am ount o f  M D M A  (5) per tab let was 

estim ated by substitu ting  the values in the form ula below  with experim ental values.

The estim ated am ounts o f  M D M A  (5), as calculated from  H PLC data for the 100 ‘M itsub ish i’ tablets are 

show n below  (see T able 3 .8.1).

M DM A(m^ = (  (  interpolated value ^ weight in mg of tablet taken Weight of tablet
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Tablet MDMA Tablet MDMA Tablet MDMA Tablet MDMA

Number (mg) Number (mg) Num ber (mg) Number (mg)

1 85.67 26 75.74 51 76.40 76 86.90
2 74.40 27 76.90 52 76.13 77 85.00
3 73.62 28 70.56 53 87.89 78 84.95
4 72.36 29 78.16 54 83.93 79 89.91
5 79.02 30 82.39 55 75.90 80 85.70
6 59.24 31 73.91 56 76.95 81 98.18
7 73.31 32 69.63 57 78.16 82 66.51
8 77.30 33 74.31 58 72.04 83 83.43
9 90.94 34 70.41 59 76.51 84 77.29
10 89.73 35 82.44 60 79.65 85 78.01
11 79.62 36 75.17 61 79.41 86 77.96
12 88.07 37 83.66 62 62.05 87 82.00
13 68.54 38 77,84 63 68.12 88 78.94
14 76.06 39 76.77 64 70.44 89 76.92
15 80.21 40 77.43 65 79.01 90 81.63
16 97.64 41 80.92 66 76.29 91 76.87
17 84.09 42 78.83 67 75.23 92 76.51
18 77.69 43 78.40 68 79.17 93 82.15
19 63.39 44 76.52 69 78.25 94 71.95
20 76.64 45 94.88 70 74.30 95 72.09
21 80.33 46 76.46 71 75.96 96 81.36
22 78.04 47 87.88 72 84.65 97 78.01
23 80.05 48 89.02 73 78.72 98 79.47
24 90.17 49 80.82 74 90.41 99 72.24
25 83.79 50 84.01 75 89.72 100 78.93

Table 3.8.1: MDMA (5) content (mg) estimatedfor a batch o f  100 Mitsubishi tablets analysed by HPLC

The average am ount o f  MDMA (5) calculated for the 100 tablets analysed was 79.01 mg, with a standard 

deviation o f  6.91 mg. The relative standard deviation was calculated and found to be 8.74%. The lowest 

concentration was 59.24 mg and the highest concentration was 98.18 mg. The tablets were obviously not 

made to pharmaceutical grade but it was o f  interest to  com pare the British Pharmacopoeia (BP) 

requirements for Uniformity o f  Content o f tablets to the batch analysed in this case. The BP general 

monograph (BP, 2000) concerning uniformity o f  content states, that if  one or more tablets out o f  10 

analysed are outside the limit o f 85% -l 15% o f the stated amount, but within the limit 75%-125%, then 20 

more tablets should be analysed. Then if  out o f  the 30 analysed there is not more than one individual tablet 

outside the 85%-115% and none are outside the limits 75% -125%  the batch can be accepted, otherwise the 

batch must be rejected. If we consider the batch here and say the target content is the average we can see
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whether the tablets conform to the BP monograph. Table 3.8.2 shows the uniformity o f  content values 

calculated with 79.01 mg as the target concentration, solving the equation below arrived at the percentage 

values.

Average value

Observed value
V J

X 100/1

None o f  the tablets were outside the wider interval, 75%-125%. However tablets 6 (75%), 16 (124%), 19 

(80%), 45 (120%) and 81 (124% ) were outside the narrower range.

Tablet MDMA Tablet MDMA Tablet MDMA Tablet MDMA

Number (%) Num ber (%) Number (%) Number (%)

1 108 26 96 51 97 76 110
2 94 27 97 52 96 77 108
3 93 28 89 53 111 78 108
4 92 29 99 54 106 79 114
5 100 30 104 55 96 80 108
6 75 31 94 56 97 81 124
7 93 32 88 57 99 82 84
8 98 33 94 58 91 83 106
9 115 34 89 59 97 84 98
10 114 35 104 60 101 85 99
11 101 36 95 61 101 86 99
12 111 37 106 62 79 87 104
13 87 38 99 63 86 88 100
14 96 39 97 64 89 89 97
15 102 40 98 65 100 90 103
16 124 41 102 66 97 91 97
17 106 42 100 67 95 92 97
18 98 43 99 68 100 93 104
19 80 44 97 69 99 94 91
20 97 45 120 70 94 95 91
21 102 46 97 71 96 96 103
22 99 47 111 72 107 97 99
23 101 48 113 73 100 98 101
24 114 49 102 74 114 99 91
25 106 50 106 75 114 100 100

Table 3.8.2: Uniformity o f  content fo r  batch o f  100 Mitsubishi tablets analysed by HPLC
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If it was a pharmaceutical product the batch would therefore be rejected. It is worth noting however that in 

this instance the majority o f  the tablets, 95%, are within the limits, indicating that the tablets are 

reasonably well made.

The average weight o f  tablets was 0.305g, with a standard deviation o f  0.017. The relative standard 

deviation was 5.73%. The BP also has a monograph for the uniform ity o f weight o f  uncoated tablets. The 

tablets analysed were uncoated. The monograph states that out o f  20 tablets, randomly chosen and 

weighed, not more than two tablets may deviate from the target weight by more than 5%, and no tablets at 

all should deviate by more than 10%. Table 3.8.3 shows the uniformity o f  weight data for tablets.

Tablet MDMA Tablet MDMA Tablet MDMA Tablet MDMA

Number (%) Number (%) Number (%) Number (%)

1 1 10 26 99 51 99 76 105
2 108 27 101 52 97 77 100
3 96 28 99 53 106 78 103
4 93 29 93 54 105 79 109
5 95 30 109 55 105 80 106
6 87 31 91 56 104 81 99
7 100 32 88 57 104 82 100
8 96 33 91 58 96 83 103
9 96 34 85 59 103 84 103
10 103 35 103 60 97 85 99
n 105 36 101 61 106 86 101
12 105 37 95 62 80 87 106
13 103 38 102 63 90 88 99
14 97 39 93 64 99 89 100
15 104 40 98 65 100 90 105
16 105 41 98 66 98 91 98
17 103 42 100 67 100 92 98
18 99 43 99 68 106 93 104
19 90 44 96 69 107 94 91
20 105 45 105 70 98 95 96
21 106 46 91 71 93 96 102
22 98 47 105 72 99 97 102
23 104 48 110 73 101 98 99
24 107 49 97 74 106 99 97
25 101 50 95 75 108 100 105

Table 3.8.3: Uniformity o f  weight fo r  batch o f  / 00 Mitsubishi tablets analysed by HPLC
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Solving the equation below arrived at the values in Table 3.8.3.

Average value 

Observed value
X 100/1

V

Looking at the uniform ity o f  content (Table 3.8.3) it appears that the samples vary significantly in weight 

and would certainly not comply w ith the monograph. Graphs o f  Uniform ity o f  Content and Uniform ity o f 

W eight were plotted versus "M itsu b ish i”  tablet number (see Figure 3.8.4).

(a)

Uniformity of Content and Uniformity of Weight

- Uniformity of 
Content

- Uniformity of 
Weight

130
£

110

90
c
3

70
6 11 16 21 

"Mitsubishi" tablet number

(b)

Uniformity of Content and Uniformity of Weight versus 
"Mistubishi" tablet number

g  130

i - 110
I  90
1 70

26 31 36 41 46

"Mitsubishi" tablet number

- Uniformity of 
Content

Uniformity of 
Weight

Figure 3.8.4 continued: Graphs o f  Uniform ity o f  Content and Uniform ity o f  Weight plotted against ' M itsu b ish i" Tablet number, (a)

tablets 51-75. (b) tablets 76-100.
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(c)

Uniformity of Content and Unifornnity of Weight versus 
"Mtsubishi" tablet nunnber

g  130 

^ 110  Uniformity of
90 ~  ^  y y  —  Content

D 70  Uniformity of
51 54 57 60 63 66 69 72 75 Weight

"Mrtsubishi" tablet number

(d)

Uniformity of Content and Uniformity of Weight versus 
"Mitsubishi" tablet content
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Figure 3.8.4 continued: Graphs o f  Uniform ity o f  Content and Uniform ity o f  Weight p lo tted against ' 'M itsub ish i' '  Tablet number, (c)

tablets 51-75. (d) tablets 76-100.

The plots were made for every 25 samples such that the spread could be seen. As can be seen from visual 

inspection o f the graphs there seems to be a link between the uniform ity o f  content and the uniform ity o f 

weight.

In conclusion the tablets analysed would appear to be reasonably well made based on the appearance and 

the uniform ity o f  content data. An M D M A  (5) concentration o f  79.01 mg is the low end o f the scale, i f  one 

considers the average concentration to be ca. lOOmg. The underground text ‘ Secrets o f  Methamphetamine 

Manufacture’ (Uncle Fester, 1996) advocates the use o f  lOOmg. Shulgin experimented w ith lOOmg and 

I20mg (Shulgin, 1991) and many laboratory investigations have proved that the concentration o f M D M A  

(5) in ill ic it ly  prepared tablets range from trace (O ’Connell, 2000)-300mg (W allon, 2000)
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The miscellaneous samples, which were analysed (Table 2.10.1) had the concentration o f  MDMA (5) 

calculated from a standard curve and the above equation in the same way as the batch o f  aforementioned 

‘M itsubishi’ tablets. Table 2.8.4 below details the results o f  the analysis.

Tablet Number Logo/Shape Tablet W eight (g ) MDMA (mg)
la No logo/Cross shaped 0.3758 77.60
2a No logo/Cross shaped 0.3882 77.14
3a Pink mottled/round 0.5471
4a Mitsubishi/round 0.2910 78.45
5a Mitsubishi/round 0.3020 82.68
6a Mitsubishi/round 0.3099 80.44
7a $/round 0.3070 —

8a $/round 0.2866 —

9a Bird/round 0.2617 108.75
10a Bird/round 0.2525 114.93
1 la Bird/round 0.2135 114.80
12a Bird/round 0.2343 115.39
13a Bird/round 0.2135 97.88
14a Bird/round 0.2343 99.68
15a Bird/round 0.2701 111.77
16a Bird/round 0.2612 123.56
17a Bird/round 0.2751 117.56
18a Bird/round 0.2711 110.51
19a Bird/round 0.2703 111.16
20a Bird/round 0.2550 93.15

Table 3.8.4: Physical appearance MDMA (5) content o f  miscellaneous tablets analysed by HPLC-VV.

Tablets la  and 2a were cross-shaped tablets, which were nicknamed shamrocks when introduced to the 

Irish market (see Figure 3.8.5).

Figure 3.8.5: Image o f  ' Sham rock'' MDMA tablet.

These tablets were reported by the Irish media to contain twice the normal amount o f  MDMA (5) 

(Williams, 1999). In the case o f  our analysis the two tablets which were analysed were found to contain 

ca. 77mg o f  M DM A (5) in each. The Mitsubishi tablets analysed, which were not part o f  the batch that



w as analysed earlier, contained a sim ilar level to  the am ount observed in the larger batch. T he average o f  

the three tab lets w as 80.52m g, w ith a standard deviation  o f  1.73mg. W hether these tab lets w ere from  the 

sam e batch o r not, isn’t know n, but this result backs up the theory that the tab lets may have been intended 

to contain ca. 80m g M D M A  (5). It was not known w hether the tab lets bearing the bird logo w ere from  the 

sam e batch or not (see Figure 3.8.6).

T hese tab le ts varied greatly in M D M A  (5) content w here the average w as 109.92m g M D M A  (5), with 

standard deviation  o f  8.47m g. The relative standard deviation  w as 7.7% . The M D M A  (5) concentration  is 

certainly h igher in the case o f  these tab lets when com pared to  the ‘M itsubish i’ tablets.

T he o ther tab lets analysed did not contain M D M A  (5). T ab le ts 7a and 8a contained M B D B  (8), w hich was 

confirm ed in section  6.9. The am ounts o f  M BD B (8) found in these tab lets are d iscussed in section 6.10, 

as estim ated by H PLC -U V  analysis.

Section 3.9: Analysis of tablet 3a by GC-MS

The large pink speckled  tablet, 3a, did not appear to  contain any o f  the m ethyelendioxyam phetam ines 

w hen analysed by H PLC, it did how ever have a com pound eluting from  the chrom atographed  extract at 

ca. 4.7 m inutes w hich may indicate that the com pound w as ketam ine (see Section 3.3 above). The tablet 

ex traction  m ixture was subjected to G C -M S analysis and w as found to  contain ketam ine (11) eluting at 8.8 

m inutes, w hen com pared to  the N IST  m ass spectral library. The library spectrum  and the sam ple spectrum  

are show n below  (F igure 3.9.1). T he difference betw een the two spectra is also included and one can see 

that there is little d ifference betw een the two spectra from  Figure 3.9.1. The quality  o f  the hit in the N IST  

library w as found to  be 793. w hich is reasonable. The structure o f  ketam ine (11) is show n below  (Figure

Figure 3.8.6: Image o f  MDMA tablet bearing a Bird logo.
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3 .9 .2 ). A reference so lu tion  o f  ketam ine (1 1 ) w as analysed , w here ketam ine w as found to e lu te  at 8 .8  

m inutes. T he spectrum  o f  the standard and tablet extract w ere a lso  a good  m atch w h ich  confirm  that the  

tablet 3a conta ined  ketam ine (1 1 ).
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Figure 3.9 .1: The uppermost spectrum represents the NIST library' spectrum, inchtding the structure o f  ketamine (27). The lowermost 

spectrum was the spectrum acquired when the sample o f  3a extract was chromatographed The middle spectrum represents the 

difference spectrum between the uppermost and the lowermost spectrum in the figure.

Figure 3.9.2: Structure o f  ketamine ( II) .  the compound fo u n d  to be eluting at 8.8 minutes in the GC-MS trace o f  the extract o f

sample 3a.
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Section 3.10: Conclusion

A valid m ethod for the ex traction  o f  M D M A  (5) from  illic it tab le ts fo llow ed by analysis v ia H PLC -U V  

w as successfully  estab lished . T he H PLC -U V  m ethod w as considered  to  be useful as a qualita tive m ethod 

for the analysis o f  M D A  (4), M D M A  (5), M D EA  (6), M B D B  (8), 4 -M T A  (9) and ketam ine (11), how ever 

this w as not fully validated . The m ethod m ay w ell a lso  be su itab le  for th e  quan tita tion  o f  the 

aforem entioned  com pounds bu t again th is w as not the sub jec t o f  validation . The batch o f  100 tab lets 

bearing the M itsubishi logo appeared to be well m ade and w ould possib ly  pass som e o f  the BP 

requirem ents for m anufactured  tablets. The m iscellaneous tab le ts  for the m ost part con ta ined  M D M A  (5), 

how ever sam ples con tain ing  ketam ine (1 1) and M BD B (8) w ere a lso  identified.
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CHAPTER II

THE DEVELOPMENT AND VALIDATION OF AN EXTRACTION AND 

SEPARATION OF ROUTE SPECIFIC IMPURITIES FROM MBDB (8) 

SYNTHESISED VIA THE LEUCKART ROUTE USING HPLC-DAD AND GC-MS.



Section 4.1: Impurity profiling

D ue to the fact th a t a large question  mari< hangs o ver the therapeu tic  po ten tia l o f  the ‘’E n tac to g en s” , 

the recrea tional d rug -ab u ser has not been ab le  to  rely  on illegally  d iverted  p harm aceu tica lly  pure 

fo rm s o f  these  d rugs, as m ay have been the case  to  an ex ten t w ith am phetam ine  and 

m etham phetam ine . Instead, he /she , hav ing  chosen  to  use these drugs, w ill be forced  to  pu rchase  drugs 

tha t have been  m ade exclu sively  in c landestine  laborato ries.

Im purity  p ro filin g  is a tech n iq u e  that has for m any years , been used as a m eans o f  ga thering  d rug  

in te lligence  to help  law  en fo rcem en t agencies com bat c landestine  d rug  m anufactu re . Illegally  

p roduced  d rugs are  frequen tly  con tam inated  as is read ily  show n via ch rom atog raph ic  analysis 

(S innem a, 1981). C on tam inan ts in illicitly  m anu factu red  d rugs can arise  from  im pure starting  

m ateria ls , side and  subsequen t reactions, in term ediate  p roduc ts and d iluen ts used  as cu tting  agen ts in 

the subsequen t hand ling  o f  a d ru g  (S innem a, 1981). A dd itives to  illicitly  p repared  tab le ts  m ay also  

contain  agen ts responsib le  for bulking, b inding, lub rica ting  and co lou ring  used  during  tab let 

m anufacture.

T w o d iffe ren t ap p roaches can be adop ted  w hen im purity  profiling . T here is on the one hand, w hat is 

know n as the ‘’signatu re  m e th o d ”  w here the ch rom atog raph ic  trace  is used as a fingerp rin t. U sually  

the identity  o f  each  peak in the ch rom atog raph ic  trace  is not know n, but a  com parison  o f  tw o traces 

co llec ted  from  the sam e batch  shou ld  in theory  m atch and  the likelihood  o f  getting  an identical 

ch rom atog raph ic  trace  for a d iffe ren t batch  should  be low. T h is m ethod  has been used  w ith good  

effect in the  p ro filing  o f  am phetam ines (R ashed , 2 000 ; S ten, 1998). It has a lso  been  used in 

de te rm in ing  the orig in  o f  an d /o r in terre la tionsh ip  o f  o p ia te  sam ples (N eum ann , 1984; D esage, 1991; 

K aa, 1994 and  Johnston , 1998) and  also  o f  cannab is sam ples (L ehm ann, 1995 and de M eijer, 1992). 

T he m ain d raw b ack  o f  th is ap p roach  is that tw o separa te  sam ples from  the sam e batch  sto red  

separa te ly  w ill likely  be affec ted  by m any variab les e.g . sto rage  cond itions, tem pera tu re , hum idity , 

exposu re  to  light etc. All o f  these  variab les w ill have a  detrim en tal effec t on the in tegrity  o f  the 

fingerprin t.
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T he a lte rna tive  approach  tak es the  fingerprin t m ethod  a step  fu rther by inco rpo ra ting  re ten tion  tim e 

data  for know n o r likely im purities, data  tha t has been  gen era ted  by runn ing  standards o f  im purities.

It w ould  be even  m ore desirab le  if  m ass spectrom etric  da ta  co llec ted  v ia  the G as C hrom atography- 

M ass S p ec tro m eter (G C -M S ) w as availab le , as th is w ou ld  enab le  the unequ ivoca l iden tification  o f  

specific  im purities. T he purity  o f  a p a rticu la r d rug  p rov ides in form ation  on several levels (K ing, 

1997). T he im portan t aspec t from  an im purity  p ro filing  persp ec tiv e  is that certa in  im purities w ill only 

be genera ted  w hen a com pound  is m ade via a p a rticu la r syn thetic  route. H ence, they  are  classed  as 

rou te  specific  im purities. T he  p resence  o f  a rou te  specific  im purity  in a sam ple w ill indicate the 

synthetic  rou te  used  by the underg round  chem ist and there fo re  the reagen ts requ ired . A num ber o f  

sam ples, co n ta in in g  these im purities, w ith very sim ilar im purity  p ro files m ay be ind icative o f  a link 

betw een these  sam ples. N o  in form ation  on rou te  specific  im purities is ga thered  by using the 

fingerprin t m ethod.

D etails o f  the  syn thetic  rou tes em ployed  by the underg round  chem ist a re  easily  o b ta ined  th rough  the 

Internet, underg round  literatu re  and indeed the lite ra tu re  o f  the leg itim ate  sc ien tific  com m unity  

(Shulg in , 1991; Shulgin , 1997; U ncle  Fester, 1996; E row id , 20 0 0  and S P D C C , 2000). In general, the 

single step  techn iques, w hich requ ire  little know ledge o f  chem istry , a re  the techn iques m ost likely to 

be used in c landestine  labora to ry  environm ents. An ex p erien ced  chem ist m ay be ab le  to  dev ise  novel 

syntheses o r em ploy  m ore d ifficu lt synthetic routes. H ow ever, the easy  ava ilab ility  o f  estab lished  

techn iques shou ld  ensure th e ir con tinued  dom inance  in c landestine  labora to ry  app lica tions. In 

particu lar, th e  varie ty  o f  reac tio n s successfu lly  used  to  syn thesise  am phetam ines, its analogues, 

hom ologues and  derivatives has p rov ided  a fertile  area  fo r investigation  by the c landestine  chem ist 

(D al C ason , 1990). A varie ty  o f  syn thetic  reactions can be used  to  syn thesise  am phetam ines, includ ing  

reactions such  as reductive  am ination  (H askelberg , 1948), the L euckart reac tion  (M oore , 1949), the 

R itter reac tion  (R itter, 1948), the ox im e route (H ey , 1930), the b rom opropane  rou te  (A non, 1914) and 

the n itro p ro p en e  (A non., 1953) rou te . R eductive am ina tion , the b rom opropane  rou te  and  the leuckart 

reaction  can  also  be used to  syn thesise  m etham phetam ine . A very  sign ifican t am oun t o f  research  has 

been invested  into the im purity  p ro filing  o f  am phetam ines and  m etham phetam ine  (V an  der A rk, 

1977; L am brech ts, 1985; Johnson , 1998; L am brech ts, 1984; L am brects, 1984a; S innem a, 1981; V an -
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der Ark, 1978; Verweij, 1989; and Barron, 1974). Impurities, route specific and otherwise, have been 

identified for the synthesis o f  am phetam ine (3) and metham phetamine (14).

Section 4.2: Impurity profiling MBDB (8) synthesised via the Leuckart-W allach  

reaction

In the last chapter a m ethod suitable for the analysis o f  MDA (4), MDMA (5), MDEA (6) and M BDB 

(8) was established. It is noteworthy that on perusal o f  the GC-M S chromatogram o f  the M DM A (5) 

containing extract o f  a Mitsubishi tablets (Figure 3 .6 .1 a) very small peaks are visible in the trace. 

There is no doubt that the MDMA (5) is o f  a reasonably high purity, however trace levels o f  some 

com pounds other than M DM A (5) itself are certainly present. Some o f  these may be impurities or 

adulterants, how ever if they are impurities they may give some clue as to which route o f  synthesis was 

used to make the drug, this is investigated further in Chapter III. Due to the fact that the MDA (4), 

M DM A (5), are analogues o f  am phetamine (3) and metham phetamine (14) with a methylenedioxy 

bridge, the same reactions m entioned above (Ritter, Leuckart etc.) can be used to synthesise the 

m ethylenedioxy com pounds. The previous work carried out on the impurity profiling o f  am phetamine 

(3) and m etham phetam ine is o f  great help to the analyst profiling MDA (4) and MDMA (5). Indeed a 

significant am ount o f  impurity profiling has been carried out on MDA (4) and MDMA (5) synthesised 

via the aforem entioned routes. Routes towards the synthesis o f  MDA (4) and M DM A (5) which have 

been impurity profiled include the Leuckart route (Lukaszewski, 1978; Verweij, 1992c; Verweij, 

1992a; Renton, 1993 and Bohn, 1993), the nitropropene route (Verweij, 1992a and Verweij, 1992b), 

the reductive am ination route (Verweij, 1990; Verweij, 1992a; Noggle, 1991a; Noggle, 1991b and 

Clark, 1994) and the brom opropane route (Renton, 1993; Clark, 1994; Noggle, 1991a and Verweij, 

1992a). W hile M BDB (8) & MDEA (6) have not been profiled to the same extent, the routes o f  

synthesis used for each are in some cases very sim ilar to those used for MDA (4) and MDMA (5). 

Hence the im purities are assumed, in some cases, to be analogous to those found in MDA (4) and 

M DM A (5). M BDB (8) and M DEA (6) may however also include impurities, which may differ 

significantly to those in MDA (4) and MDMA (5).

The properties and possible risks associated with M BDB (8) were recently extensively reviewed as

part o f  a European M onitoring Centre for Drugs and Drug Addiction (EM CD D A ) risk assessment
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(Van Aerts, 2000). Although work has been carried out on the metabolism and immunoassay 

responses for MBDB (Maurer, 1996; Kintz, 1997 and Kintz, 1997a) and also on the GC-MS analysis 

o f the MBDB (8) and its analogues/structural isomers (Clark, 1995 and Noggle, 1991) no impurity 

profiling has been carried out.

MBDB (8) can be prepared via several routes (Scheme 4.1 below). The most popular route of 

synthesis for amphetamine (3 ) and methamphetamine ( 14) is undoubtedly the Leuckart reaction, 

which is a convenient reaction used for the synthesis o f amines from ketones and aldehydes 

(Lukaszewski, 1978). The starting material needed for the synthesis of MBDB (8) via the Leuckart 

reaction is Piperonyl Ethyl ketone (PEK) ( 15).

OHCHOO

O KHSO.PrMgBr \

O

<
O

O o
OHNO2 oo

17 20
H,SO.

H 3 C '  ' C H O

H '  ' C H O

l.iAlHi HCl

HCOOH

O
CH

< NH CHO
8

Scheme 4.1: Routes o f  synthesis fo r  MBDB (leuckart-wallach route is marked with red arrows). PEK (piperonylethylketone). 

(15) N-formyl MBDB (21) & MBDB (8) are starting material, intermediate and product respectively fo r  the synthesis o f  MBDB

via the leuckart-wallach route o f  synthesis.
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T w o  routes o ften  used  to  sy n th esise  PEK  (1 5 )  are the n itrostyrene route and the g ly co l route. The  

nitrostyrene route in v o lv es  the reaction  o f  p iperonal (1 6 )  and nitropropane to form  the n itrostyrene

interm ediate, 3 ,4 -m eth y len ed io x y p h en y l-3 -n itro -b u t-3 -en e  (1 7 ) , w h ich  can be reacted  w ith  Fe to form

PE K  (1 5 ). A ltern a tiv e ly  p ip eronal (1 5 )  can be converted  to 3 ,4 -m eth y len ed io x y b u ta n -4 -o l (1 8 )  v ia  the  

G rignard reaction . T h e  tertiary a lco h o l 3 ,4 -m eth y len ed io x y b u ta n -4 -o l (1 8 )  is then dehydrated  to  3 ,4 -  

m eth y len ed io x y p h en y lb u t-3 -en e  (1 9 )  w ith KHSO4. T his m eth y len ed io x y a lk en e  is then o x id ise d  usin g  

H 2 O 2  to form  the 3 ,4 -m e th y len ed io x y p h en y lb u ta n -3 ,4 -d io l (2 0 ) . T his g ly co l can then be dehydrated  

u sin g  H 2 S O 4  to  form  PEK  (1 5 ).

U s in g  PEK  (1 5 )  as the starting m aterial, this reaction in v o lv es  reacting PEK  (1 6 )  w ith  o n e  m olar

equ ivalen t o f  form am id e to  produ ce the A'-formyl d erivative (2 1 ) , w h ich  can then be h yd rolysed  w ith  

aqu eou s HCI to  produ ce  B D B  (7 )  or reduced w ith  L iA lH 4  to form  M B D B  ( 8 ). M B D B  ( 8 ) can a lso  be  

syn th esised  by tak in g  B D B  (7 )  and treating it w ith form ic a c id  to form  the A'-formyl d er iva tive  and  

then red ucin g  the A'-form yl d er iv a tiv e  w ith L iA lH 4  as before. A ltern ative ly  A'-methyl form am ide can  

be c o n d en sed  w ith  PEK  (1 5 )  to form  the A'-m ethyl, A^-formyl deriva tive  (2 2 ) , upon h y d ro ly sis o f  (2 2 )  

M B D B  ( 8 ) is p rodu ced  ( s e e  S ch em e  4 . 1, a b ove).

T he L euckart reaction  is n o tor iou s for produ cin g  im purities (L am brechts, 1984). A m o n g  the m ost

com m on o f  th ese  im purities in the ca se  o f  M D A  (4 )  and M D M A  (5 ), are the A'-form yl in term ediates  

( 2 1 ) and ( 2 2 ) that are u su a lly  found in sam p les as a result o f  in co m p lete  h y d ro lysis o f  the k etone

(L u ca szew sk i, 1 9 7 8 ). O ther im purities that can arise from  the reaction  o f  the k etone (1 5 )  and

form am ide are usu a lly  the result o f  con d en sa tio n  reactions b etw een  2 1  and m o lec u le s  o f  form am ide  

(V an  der Ark, 1 9 7 7 ). A m olar equ iva len t o f  form am ide can co n d en se  w ith  A '-form yl-l-  

m eth y len d io x y p h en y l-2 -im in o p ro p a n e  (2 3 )  fo llo w ed  by ring c losu re  (s e e  S ch em e 4 .2 )  to form  

substitu ted  p yrim id in e.
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Schem e 4.2 : Proposed condensaiion o f  two molecules o fform am ide and  one molecule ketone resulting in the form ation  o f  a

benzy'l pyrimidine (B) and  a phenyl pyrim idine (A).

There is also the possibility o f  tw o molar equivalents o f  15 condensing with one molar equivalent o f  

form amide form ing pyridine impurities (see Schem e 4 .3).

NH
NH

Scheme 4.3 : Proposed condensation o f  one molecule ofform am ide and  n i o  molecules o f  ketone resulting in the form ation  o f  a

pyridine.
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Figure 4.4:hnpurities ohiained through the Leuckart synthesis ofMBDB: (24) 4-elhyl-5-(3.4-methyelendioxyphenyl)pyrimidine. 

(25) 5-methyl-4-(3.4-methylenedioxybenzyl)pyrimidine. (26) 2.6-diethyl-3.S-di(3.4-melhyelendioxyphenyl)pyridine. (27) 2.6- 

dimethyl-3.5-di(3.4-methylenedioxyphenyl)pyridine. (28) 4-ethyl-3-methyl-2-(3.4-methylenedioxybenzyl)-5-(3.4- 

methylenedioxyphenyOpyridine. (29) 2-ethyl-5-methyl-3-(3.4-methylenedioxyphenyl)-6-(3,4-methylenedioxybenzyl)pyridine &

(30) 2.4-diethyl-3.5-di(3.4-methylenedioxyphenyl)pyridine

The synthesis o f  M BDB (8) via the Leucicart route was investigated in the Departm ent o f  

Pharm aceutical Chemistry in the School o f  Pharmacy, Trinity College, Dublin and a num ber route 

specific impurities (see Figure 4.2, above) were isolated, purified and then characterised using NM R 

and MS. It is noteworthy that when M BDB (8) is synthesised using PEK (15) and A'-methyl 

form am ide to produce the A^-methyl, A'-formyl derivative (22) that no pyrim idine or pyridine 

im purities are produced.

Section 4.3: Objectives

The aim o f  the work presented here was to establish a selective and specific HPLC separation using a 

Diode Array Detector (DAD) and a sim ilar GC-M S separation for the analysis o f  a series o f  Leuckart 

route specific im purities/interm ediates 21, 24 and 25. Using that data generated from the HPLC-DAD
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and  G C -M S spectral libraries fo r the re levan t com p o u n d s w ould  be construc ted . By d ev e lop ing  a 

su itab le  solid  phase ex traction  pro toco l o r liqu id -liqu id  ex trac tion , it w as h oped  tha t the L euckart 

spec ific  im purities/in term ed iates cou ld  be ex trac ted  from  M BD B»H C1 (31 ) tha t had  been  p repared  via 

th e  L euckart route in the School o f  Pharm acy. T he best ex trac tion  m ethod  w ould  be se lec ted  on the 

basis o f  ch rom atograph ic  data that w ould  be ob ta ined  using  the H P L C -D A D  and  G C -M S  m ethods 

estab lished . T he m ost su itab le  ex trac tion  m ethod  w ould  then be ap p lied  to  the ex trac tion  o f  illicitly  

p repared  tab lets know n to contain  M B D B  (8) on the basis o f  G C -M S  and H P L C -D A D  analysis. The 

ex trac ts  w ould  be sub jec ted  to  G C -M S  and H P L C -D A D  ana ly s is in o rd e r to  d e term ine  w hether o r not 

the tab le ts had been m ade via the L euckart reaction  investigated .
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Section 5.1: Instrumentation

HPLC

T he H PLC co n siste d  o f  a S h im ad zu  L C -6 A isocratic  pum p and a Sh im ad zu  S P D -M IO A V P  d iod e  

array detector (D A D ). T h e  chrom atograph ic system  w a s co n tro lled  u sin g  Sh im ad zu  C L A S S -V P  

so ftw are (v ersio n  5 .0 3 2 ). T he chrom atograph ic co lu m n  used  w as a W aters S p h erisorb ©  5|am O D S l  

(4 .6 m m  x 2 5 0 m m ) analytica l co lu m n . Sam p les w ere introduced into the system  usin g  a R h eod yne  

m od el 7 1 2 5 .

ac-Ms
T he G C -M S  co n siste d  o f  a Varian 3 8 0 0  GC c o u p led  to  a V arian Saturn 2 0 0 0  Ion Trap M ass  

S p ectrom eter (m a ss  range 5 0 -6 5 0  m /z). Varian Saturn W orkstation so ftw are  w as used  to control the  

system . T he co lu m n  used  w a s a 30 M  Varian D B -3 5  (3 5 % -p h en y l-6 5 % -d im eth y lsilo x a n e  co p o ly m er), 

w h ich  had a 0 .2 5 m m  internal d iam eter and a 0.1 (,im film  th ick n ess.

Miscellaneous Instruments

T he cen trifuge  used  w as a S a n y o  Harrier 18 /80  bench top  cen trifuge. T he ultrasonic bath w a s a D eco n  

F S 4 0 0 6 . The pH m eter used  w a s a M etrohm  7 4 4  pH m eter, eq u ip p ed  w ith  a M etrohm  6 .0 2 2 8 .0 0 0  

g la ss pH e lectro d e . A ll w e ig h in g  w as carried out u s in g  a Sartorius B P l l O  S analytica l w e ig h in g  

balance.

Section 5.2: Preparation of buffer solutions and mobile phases

pH  3.0 buffer

T he pH 3 p h osp hate  buffer w as prepared by add ing  3 4 g  o f  K H 2PO 4 to 8 0 0 m ls  o f  H PL C  grade w ater  

and adjusting to  pH 3 .0  u s in g  ph osp h oric  acid.

pH  4.0 buffer

T he pH 4 .0  bu ffer  w as prepared by d isso lv in g  5 .0 4  g  N a 2H P 0 4  and 3 .01  g  o f  K H 2PO 4 in su ffic ien t  

H PLC grade w ater to  produ ce 1000m l. T he so lu tion  w a s then adjusted  to  pH 4 .0  w ith  g lacia l a cetic  

acid.
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p H  4 .9  buffer

T he pH  4 .9  buffer w as p rep a red  by d isso lv ing  40  g N a 2H P 0 4  and  1.2 g o f  N aO H  in su ffic ien t H PLC  

g rad e  w ater to  p roduce  100 m l. I f  necessary  the pH  w as ad ju s ted  to  4 .9  w ith lA/ H 2SO 4 o r \M  N aO H  

as requ ired .

p H  6 .0  buffer

Phosphate  buffer o f  pH 6 .0  w as p repared  by m ix ing  50 ml o f  0.2.W K H 2PO 4 (vo lum etric  so lu tion) 

w ith  5 .70 ml o f  N aO H  0.2.W (vo lum etric  so lu tion).

p H  7.0 bu ffer

Phosphate  buffer o f  pH 7.0 w as p repared  by m ix ing  50 ml o f  0 .2 a / K H 2PO 4 (vo lum etric  so lu tion ) w ith 

29 .6  m l o f  N aO H  0 .2 a /(v o lu m e tr ic  so lu tion).

P repara tion  o f  M ob ile  P hases

All o rgan ic  so lven ts used w ere  H PLC  grade. A ll bu ffers w ere filtered  th rough  a M illipo re  filtration  

appara tu s  (42 |im  cut-ofO - A fte r the m ob ile  phase w as p rep a red  by ad d in g  the co rrec t ra tio  o f  each 

com ponen t to the m ix ture  the so lu tions w ere su b jec ted  to  u itrason ica tion  for 2 0  m inutes, in o rd e r to 

degas them .

Section 5.3: Liquid chromatographic separation of seven Leuckart specific 

impurities derived from the synthesis of MBDB (8)

Preparation  o f  A nalytica l Solutions:

All standard  im purity  so lu tions 1-7 w ere p repared  by d isso lv in g  0.5 m g a liquo ts o f  the relevan t 

com pound(s) in 1ml o f  ace to n itr ile  (A C N ) unless o th erw ise  stated .

R eference Solution  1: A '-formyl B D B  ( 21 ).

R eference Solution  2: 4 -e th y l-5 -(3 ,4 -m ethy lened ioxypheny l)py rim id ine  (24 ).

R eference Solution  3: 5 -m e th y l-4 -(3 ,4 -m ethy lened ioxybenzy l)py rim id ine  (25 ).

R eference  Solution  4: 2 ,6 -d ie th y l-3 ,5 -d i(3 ,4 -m eth y len ed io x y p h en y l)p y rid in e  (26 ).

R eference Solution  5: 2 ,6 -d im eth y l-3 ,5 -d i(3 ,4 -m eth y len ed io x y p h en y l)p y rid in e  (27).
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Reference Solution 6; 2-ethyl-5-m ethyl-3-(3,4-m ethylenedioxyphenyl)-6-(3,4-m ethylenedioxybenzyl) 

pyridine (29 ).

Reference Solution 7; 2,4-diethyl-3,5-di(3,4-m ethylenedioxyphenyl)pyridine (30).

Reference Solution 8: A com bined standard solution (ca. 0.5m g/m l) o f  com pounds 21 , 24 , 25 , 26 , 27 , 

29  &  30  in acetonitrile.

Chromalosraphic conditions

The chrom atographic conditions used are outlined in Table 5.3.1 below. A waters 5 O D SI column 

(4.6m m  x 250mm) was used in all HPLC analysis.

System M obile Phase Constituents Proportions Flow Rate Wavelength Range

1 pH 3.0 Phosphate B u ffer: ACN 60:40 1.0 ml/min 190-370 nm

2 pH 3.0 Phosphate ButTer : ACN : THF' 66 : 25 : 13 1.0 ml/min 190-370 nm

3 pH 3.0 Phosphate Buffer : ACN : THF' 66 : 25 : 13 1.5 ml/min 190-370 nm

Table 5.3.1: Chromatographic conditions used in the analysis o f  seven Letickarl impurities (21. 24. 25. 26. 27. 29 & 30) 

derived from  the synthesis o f MBDB (8). (*Tetrahydrofuran (THF)).

Analysis

The mixture containing all o f  the standards (reference solution 8) was analysed using the mobile phase 

conditions shown in Table 5.3.1. Each o f  the individual peaks was identified using reference solutions 

1-7, The retention tim es, column efficiency, resolution and tailing factor were determ ined using the 

equations in appendix I. The results o f  these experim ents are shown in section 6.1.
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Section 5.4: HPLC-DAD separation of three Leuckart impurities derived from 

the synthesis of MBDB (8)

Three experiments were carried out including, section 5.4.1 the developm ent o f  the liquid 

chrom atographic separation, section 5.4.2 the assessm ent o f  the precision o f  the most suitable system 

and section 5.4.3 assessm ent o f  the selectivity o f  the most suitable system.

Section 5.4.1 D evelopm ent o f  H PL C -D A D  se p a ra tio n  o f  th re e  L eu c k a rt im p u rities  derived  from

the  syn thesis o f M B DB (8)

Preparation o f  analytical solutions

All standard impurity solutions 9-11 were prepared by dissolving 0.15 mg aliquots o f  the respective

com pound in 1ml o f  acetonitrile unless otherwise stated.

Reference Solution 9: /V-fonnyl BDB (21).

Reference Solution 10: 4-ethyl-5-(3,4-m ethylenedioxyphenyl)pyrim idine (24).

Reference Solution 11: 5-m ethyl-4-(3,4-m ethylenedioxybenzyl)pyrim idine (25).

Reference Solution 12: A com bined standard containing three impurities, A^-formyl M BDB (21), 4- 

ethyl-5-(3,4-m ethylenedioxyphenyl)pyrim idine (24) and 5-m ethyl-4-(3,4-m ethylenedioxybenzyl) 

pyrimidine (25) was prepared by dissolving 0.15 mg o f  each in 1 ml o f  acetonitrile.

Chrom atosraohic conditions

The various chrom atographic systems investigated are outlined below in Table 5.4.1.1. In all cases a 

W aters 5 O D Slcolum n (4.6 mm x 250 mm) and a w avelength range o f  190 nm-370 nm. The results 

are shown in section 6.2.
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S y s t e m  N u m b e r C o n s t i tu en t s P rop or t ion s F l o w  Rate

1 A C N  : H j O  : T E A ' 5 0  : 50:  1 1.0 m l /m in

2 A C N  : H 2 O  : T E A 5 0  : 50:  1 1.5 m l /m in

3 A C N  : H 2 O  : T E A 5 0  : 50: 1 2 , 0  m l/m in

4 A C N  : H 2 O  : F o r m ic  A c id 5 0  : 50:  I 2 . 0  m l/m in

5 M e O H  : H jO  : T E A 4 5 : 5 5  : 1 I.O m l /m in

6 A C N  : H , 0  : TH E 4 5 : 5 0  : 5 1.0 m l /m in

7 pH  3 . 0  P h o sp h a te  B u ffer  : A C N 6 6  : 3 0 1.0 m l /m in

8 pH  3 . 0  P h o s p h a te  B u ffer  : A C N  :THE 6 6  : 33  : 1 1.0 m l /m in

9 pH  3 . 0  P h o sp h a te  B u f f e r : A C N  : T H E 6 6  : 33  : 1 2 . 0  m l /m in

10 pH  3 . 0  P h o sp h a te  B u f f e r : A C N  : I I IF 6 6  : 3 0  : 3 1.5 m l /m in

11 pH  3 . 0  P h o sp h a te  B u f f e r : A C N  : ' f l l F 6 6  : 2 5  : 13 1.5 m l /m in

12 pH  3 . 0  P h o sp h a te  B u ffer  : A C N  : 11 IF 6 6  : 3 0  : 5 2 . 0  m l /m in

Table 5.4.I.T. Chromatographic conditions used in the atlempled separation o f  N-formyl BDB (21) and pyrimidine (24. 25) 

Leuckart impurities derived from the synthesis ofM BDB (8). ( ' Triethylamine (TEA))

Analysis

A  com posite mixture containing all three standards, A'-formyl M BDB (21), 4-ethyi-5-(3,4-m ethylene 

dioxyphenyl)pyrim idine (24) and 5-m ethyl-4-(3,4-m ethylenedioxybenzyl) pyrim idine (25)

(reference solution 12) was analysed using the mobile phase conditions shown in Table 5.4.1.1. Each 

peak was identified using reference solutions 9-11. The results are discussed in section 6.2.

Section 5.4.2: A ssessm ent o f  p recision  o f  H PL C -D A D  se p a ra tio n  o f  th re e  L e u c k a rt im purities 

derived  from  the  syn thesis o f  M BDB (8)

Preparation o f  analytical solutions

Reference Solution 12: A com bined standard containing the three impurities, A'-formyl M BDB (21), 

4-ethyl-5-(3,4-m ethylenedioxyphenyl)pyrim idine (24) and 5-m ethyl-4-(3,4-m ethylenedioxybenzyl) 

pyrim idine (25) was prepared by dissolving 0 .15mg o f  each in 1 ml o f  acetonitrile.
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Chromatographic conditions

The high pressure liquid chrom atographic conditions used in the analysis are outlined in Table 5 .4 .2 .1

Constituents Proportions Column Flow Rate Analytical

Wavelength

Injection

Volume

pH 3.0 Phosphate 

Buffer : ACN : THF

66 : 3 0  : 5 5 ODS

(4.6 mm x 250 mm)

2.0 ml/min 190nm-370nm 20^1

Table 5 .4.2.1: Chrom atographic conditions used for the assessm ent o fp recision  o f  HPLC-DA D separation o f  three Leuckart 

impurities (21. 24  <4 25) derived fro m  the synthesis o f  MBDB (8).

Analysis

Five replicate injections, 20 |il each, o f  reference solution 12 were introduced into the chrom atographic 

system outlined above. The results are shown in section 6.2.

Section 5.4.3: A ssessm ent o f  selectiv ity  o f H P L C -D A D  se p a ra tio n  o f th re e  L eu c k art im purities

derived  from  th e  syn thesis  o f  M B D B (8)

Preparation o f  analytical solutions

All standard impurity solutions 13-23 were prepared by dissolving I.Omg aliquots o f  the respective

com pound in I ml o f  acetonitrile, unless otherwise stated.

Reference solution 13: M BDB (8).

Reference solution 14: BDB (7).

Reference solution 15: M DA (4).

Reference solution 16: M DM A (5).

Reference solution 17: M DEA (6).

Reference solution 18: 4-m ethylthioam phetam ine (9).

Reference solution 19: Ketam ine (11).

Reference solution 20: Am phetam ine (3).

Reference solution 21: Caffeine (12).
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Reference solution 22: Paracetam ol ( 13).

Reference solution 23: Piperonyl Ethyl Ketone (15).

Chrom atographic conditions

The high pressure liquid chrom atographic conditions used in the analysis are outlined in Table 5.4.3.1.

C onstituents Proportions Colum n Flow Rate A nalytical

W avelength

Injection

Volum e

pH 3.0 Phosphate 

ButTer : ACN : I HF-

66 :3 0  : 5 5 OD S

(4.6 mm x 250 mm)

2.0 m l/m in 190nm -370nm 20 n!

Table 5.4.3.1: Chromatographic conditions used in the assessment o f selectivity o f  HPLC-DAD separation o f  three Leuckart 

impurities (21, 24 25) derived from  the synthesis ofM BDB (8).

Analysis

The selectivity o f  system 12 (section 5.4.1) was tested by a series o f  5^1 injections o f  reference 

solutions 13-23 inclusive, into that particular chrom atographic system. The results are shown in 

section 6.2.

Section 5.5: Construction of UV-Vis spectral library of Leuckart impurities, 

derived from the synthesis of MBDB (8), and related compounds.

The software that controlled the diode array detector, was Shim adzu CLA SS-VP version 5.032. This 

software allowed for the construction o f  a custom ised UV-Vis spectral library. Com pounds were 

entered into the spectral library from chrom atographic data files generated during the experim ents 

described in Section 6.3 and 6.4. The following com pounds were included in the library; am phetam ine 

(3 ), MDA (4 ), M DM A (5 ). M DEA (6 ), BDB (7 ), M BDB (8 ), 4-M TA (9 ), PEK ( 15), yV-formyl BDB 

(21 ), jV-formyl M BDB (22 ), 4-ethyl-5-(3,4-m ethylenedioxyphenyl)pyrim idine (24 ), 5-m ethyl-4-(3,4- 

methylenedioxybenzyOpyrim idine (25 ), 2,6-diethyl-3,5-di(3,4-m etyhylenedioxyphenyl) pyridine (26 ), 

2,6-dim ethyl-3,5-di(3,4-m ethylenedioxyphenyl)pyridine (27 ), 2-ethyl-5-m ethyl-3-(3,4-m ethylene
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dioxyphenyl)-6-(3,4-m ethylenedioxybenzyl) pyridine (29), 2 ,4-diethyi-3,5-di(3,4-m ethylene

dioxyphenyi)pyridine (30), !<etamine (11), caffeine (12) and paracetam ol (13).

Library creation using CLASS-VP is fully explained in the help tool, which is part o f  the software 

(Varian 1997). An electronic copy o f  this library, called LW3.1ib, can be found on the supplem entary 

disk at the back o f  this thesis (see A ppendix II). This electronic copy requires Shim adzu CLASS-VP 

software or some other com patible software in order to function. The results are shown in Section 6.3.

Section 5.6 GC-MS separation of three Leuckart impurities derived from the 

synthesis of MBDB (8)

Three experiments were carried out including, section 5.6.1 the developm ent o f  the GC-M S separation 

chrom atographic separation, section 5.6.2 the assessm ent o f  the precision o f  the chosen system and 

section 5.6.3 the assessm ent o f  the selectivity o f  the chosen method.

Section 5.6.1 D evelopm ent o f  G C -M S  se p a ra tio n  o f  th re e  L e u c k a rt im p u rities  deriv ed  from  the  

synthesis o f  M BDB (8)

Preparation o f  analytical solutions

All standard impurity solutions (solutions 9-11) were prepared by dissolving 0.15 mg aliquots o f  the 

respective com pound in I ml o f  acetonitrile unless otherw ise stated.

Reference Solution 9: N-formyl BDB (21).

Reference Solution 10: 4-ethyl-5-(3,4-m ethylenedioxyphenyl)pyrim idine (24).

Reference Solution 11: 5-m ethyl-4-(3,4-m ethylenedioxybenzyl)pyrim idine (25).

Reference Solution 12: A com bined standard o f  the three impurities, N-formyl M BDB (21), 4-ethyl-5- 

(3,4-m ethylenedioxyphenyl)pyrim idine (24) and 5-m ethyl-4-(3,4-m ethylenedioxybenzyl) pyrimidine 

(25) was prepared by dissolving 0.15 mg o f  each impurity in I ml o f  acetonitrile.
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Chromatoeraphic conditions

The chrom atographic conditions are outlined in Table 5.6.1.1

GC-M S Parameter GC-M S Condition

C arrier Gas Helium

Carrier Gas Flow Rate 1 ml/min

Column DB-35 (35% -phenyl-65% - 

dimethyl siloxane-copolym er)

Colum n Internal Diameter 0.25 mm

Column Length 30 M

Column Film Thickness 0.1 fim

Ion Trap Tem perature 2 I0°C

Transfer Line Tem perature 250°C

M anifold Tem perature I20°C

Ionisation M ode Electron Ionisation

Filam ent Delay 4 minutes

Injected Volume 1^1

Injection Solvent ACN

Table 5.6.1.1: Chromatographic condilions used in the development o f a GC-MS separation o f  N-formyl (21) and pyrimidine 

Leuckart impurities (24 & 25) derived from  the synthesis o f  MBDB (8).

The tem perature program m e conditions were varied in an attem pt to optim ise the separation. The 

various tem perature program m es investigated are outlined in Table 5 .6 .1.2.
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System No. Initial Temperature Hold Time Final Temperature Ramp Rate Final Hold Time Total Run Time

1 90°C 1 minute 300°C 15°C/min 10 minutes 25 minutes

2 200°C 25 minutes 200°C 0°C/min 0 minutes 25 minutes

3 250°C 25 minutes 250°C 0°C/min 0 minutes 25 minutes

4 90°C 1 minute 300°C 10°C/min 15 minutes 37 minutes

5 90°C 1 minute 200°C 5°C/min 10 minutes 33 minutes

6 90°C 5 minutes 300°C 25°C/min 5 minutes 18.4 minutes

7 90°C 1 minute 150°C 10°C/min 10 minutes 17 minutes

Table 5.6 1.2: Various temperature program s used in the attem pted developm ent o f  a separation o /N -form yl (21) and  

pyrim idine Leuckart impurities (24 ct 25) derived  fro m  the synthesis o f  MBDB (8).

Analysis

An aliquot (1^1) o f  the com posite mixture o f  A'-formyl M BDB (21), 4-ethyl-5-(3,4- 

m ethylenedioxyphenyl)pyrim idine (24) and 5-m ethyl-4-(3,4-m ethylenedioxybenzyl) pyrim idine (25) 

i.e. reference solution 12, was injected into the chrom atographic system and separation was attem pted 

using the various tem perature programme, outlined in table 5.6.1.2 above. Reference solutions 9, 10 

and 11 were used to identify the retention tim es o f  com pounds 21, 24 and 25 respectively, for the 

various tem perature program  runs attem pted. The results o f  the analysis are shown in section 6.4.

Section 5.6.2 A ssessm ent o f  precision  o f  G C -M S  se p a ra tio n  o f  th re e  L eu c k a rt im p u rities  derived  

from  the  syn thesis o f M BD B (8)

Preparation o f  analytical solutions

Reference Solution 12: A com bined standard o f  the three impurities, A^-formyl M BDB (21), 4-ethyl-5- 

(3,4-m ethylenedioxyphenyl)pyrim idine (24) and 5-m ethyl-4-(3,4-m ethylenedioxybenzyl) pyrimidine 

(25) was prepared by dissolving 0.15mg o f each in 1 ml o f  acetonitrile.

Chrom atosraohic conditions

The chrom atographic conditions are outlined in Table 5.6.2.1.
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G C -M S  P aram eter G C -M S  Condit ion

Carrier  Gas H elium

C arrier  G as F low  Rate 1 m l/m in

C olum n D B-35

C olum n Internal D iam eter 0 .25 mm

C olum n Length 30 M

C olum n Film T hickness 0.1 ^m

Ion T rap  T em pera tu re 2 10 °C

T ransfe r  Line T em pera tu re 2 50 °C

M anifold  T em pera tu re 120°C

Ionisation M ode E lectron Ionisation

Filament Delay 4 minutes

Injected V olum e in i

Injection Solvent A C N

Initial T em p era tu re  (H old  T im e) 90°C  (1 minute)

R am p Rate 15°C/min

Final T em pera tu re  (H old  T im e) 3 00°C  (lO m inutes)

Total Run T im e 25 minutes

Table 5.6.2.1: Chromatographic conditions used for the assessment o f  the precision o f  the GC-MS separation o f three Leuckart 

impurities (2!. 24 & 25) derived from  the synthesis o f  MBDB (8).

Analysis

Five replicate  in jections o f  reference solution 12 w ere  injected, under  the cond it ions  ou tl ined in 

system 1, in o rder  to  assess the precis ion o f  the m ethod. T he  results  are show n in section  6.4.
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Section 5.6.3 A ssessm ent o f  selectivity  o f  G C -M S  se p a ra tio n  o f th re e  L eu c k a rt im purities 

d erived  from  the  synthesis o f M B D B  (8)

Preparation o f  analytical solutions

All standard impurity solutions 13-23 were prepared by dissolving l.Omg aliquots o f  the respective 

com pound in 1ml o f  acetonitrile unless otherwise stated.

Reference solution 13: M BDB (8).

Reference solution 14: BDB (7).

Reference solution 15: MDA (4).

Reference solution 16: MDMA (5).

Reference solution 17: MDEA (6).

Reference solution 18: 4-m ethylthioam phetam ine (9).

Reference solution 19: Ketamine (11).

Reference solution 20: Amphetamine (3).

Reference solution 21: Caffeine (12).

Reference solution 22: Paracetamol (13).

Reference solution 23: Piperonyi Ethyl Ketone (15).

Chrom atographic conditions

The chrom atographic conditions are outlined in Table 5.6.3.1 (overleaO-
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G C -M S  P aram eter G C -M S  C ondit ion

C arrie r  Gas Helium

C arrier  G as  F low  Rate 1 ml/min

C olum n DB-35

C olum n Internal D iam eter 0 .25 mm

C olum n Length 30 M

C olum n Film Thickness 0.1 |im

Ion T rap  T em pera tu re 210°C

T ransfe r  Line T em pera tu re 250°C

M anifo ld  T em pera tu re I20°C

Ionisation M ode Electron Ionisation

F ilam ent Delay 4 minutes

Injected V olum e I Hi

Injection Solvent A CN

Initial T em p era tu re  (H old  T im e) 90°C  (1 minutes)

R am p Rate 15°C/min

Final T em pera tu re  (H old  T im e) 300°C  (lO m inutes)

Total Run T im e 25 minutes

Table 5.6.3.1: Chromatographic conditions used fo r  the assessment o f  the selectivity o f the GC-MS separation o f three Leuckart 

impurities (21. 24 25) derived from  the synthesis o f MBDB (8).

Analysis

T he selectivity o f  p rog ram m e 1 was clieci^ed by injecting a ser ies o f  l | i i  a liquots  o f  so lutions 13-23 

inclusive into the G C -M S  system. T he  results are show n in section  6.4.
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Section 5.7: Construction of Mass spectral library of Leuckart impurities, 

derived from the synthesis of MBDB (8), and related compounds.

The Saturn W orkstation version 5.2.1 software that controlled the mass spectral detector allowed for 

the construction o f  mass spectral libraries (Varian 1989-1998). Com pounds were entered into the 

custom spectral library from chrom atographic data generated in section 5.6.

The com pounds that were included in the library were: am phetam ine (3), MDA (4), MDMA (5), 

MDEA (6), BDB (7), M BDB (8), 4-M TA (9), PEK (15), A^-formyl BDB (21), A^-formyl M BDB (22), 

4-ethyl-5-(3,4-m ethylenedioxyphenyl)pyrim idine (24), 5-m ethyl-4-(3,4-m ethylenedioxybenzyi) 

pyrimidine (25), 2,6-diethyl-3,5-di(3,4-m etyhylenedioxyphenyl) pyridine (26), 2,6-dim ethyl-3,5- 

di(3,4-m ethylenedioxyphenyl)pyridine (27), 2-ethyl-5-m ethyl-3-(3,4-m ethylene dioxyphenyl)-6-(3,4- 

m ethylenedioxybenzyl) pyridine (29), 2,4-diethyl-3,5-di(3,4-m ethylene dioxyphenyl)pyridine (30) , 

ketamine (II) ,  caffeine (12), paracetam ol (13).

Library creation using the Saturn W orkstation is fully explained in the software help tool (Varian 

1989-1998). An electronic copy o f this library called LW 3.m sp is available on the supplem entary disk 

at the back o f  this thesis (see Appendix II). This electronic copy requires Varian Saturn software or 

some other com patible software in order to function. The results are shown are shown in section 6.5.

Section 5.8: Solid Phase Extraction of Leuckart impurities from MBDB (8)

The following sections, 5.8.1, 5.8.2, 5.8.3 and 5.8.4, detail the experim ental procedures used in order 

to develop an extraction protocol for the extraction o f  A'-formyl BDB (21), ethyl-5-(3,4- 

methylenedioxyphenyOpyrim idine (24) and 5-m ethyl-4-(3,4-m ethylenedioxybenzyl)pyrim idine (25) 

from MBDB (8).
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Preparalion o f  MBDB (8)

A batch MBDB»HC1 (31) was prepared, by J.J. Keating, in the Department o f Pharmaceutical 

Chemistry (for details o f the synthesis, vacuum distillation and steam distillation see appendix 111).

Preparation o f  analytical solulions

Test solutions 24: A 50mg/ml MBDB«HC1 (31) solution was prepared in pH 7.0 phosphate buffer. 

Reference solution 25: A composite solution, 0.15 mg/ml in each ofN-fom iyl BDB (21), ethyl-5-(3,4- 

methylenedioxyphenyOpyrimidine (24) and 5-methyl-4-(3,4-methylenedioxybenzyl)pyrimidine (25), 

was prepared in a solution which contained 95% water and 5% methanol.

Reference solution 26: A 1 mg/ml MBDB (8) solution was prepared by dissolving the appropriate 

amount of MBDB»HC1 (31) in H2O.

Solid phase extraction cartridses

Lida manufactured the solid phase extraction cartridges used. The two phases investigated were 

endcapped Octylsilyl (C8) and endcapped Octadecylsilyl (CIS) solid phase extraction cartridges. 

Each had a sorbent bed volume o f lOOmg and an average particle size o f 50 |im. The average pore 

size was 6OA and the silica surface area was 480 m^/g.

Section 5.8.1: Development of a suitable system for the elution of interfering components from a 

matrix containing Leuckart impurities, derived from the synthesis of MBDB (8), from C8 and 

C l8 solid phase extraction cartridges.

Column Conditioning

In the case of each solid phase extraction cartridge (C8 and Cl 8), the cartridges were conditioned with 

300 |il o f methanol. The supernatant methanol was drawn off under a slight vacuum (circa. 3ml/min). 

The vacuum was removed in time to avoid drying out the column, the eluate was then discarded. A 

300 nl aliquot o f HiO was then added and drawn through the column, taking care not to dry the 

column bed.
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MBDB (8) Elution experiment

Once conditioned a 1 ml aliquot o f  test solution 24 was then added to the column and drawn through 

under a slight vacuum. As this volume exceeded the bed volume by a factor o f ten the excess was 

collected in a glass test tube and labelled appropriately. At this point the elution o f MBDB (8) from 

the beds of the respective solid phase extraction cartridges could be tested. In the case of each system, 

1-4, 2 ml of the relevant solvent (see Table 5.8.1.1) was added, 100 ^1 at a time. Each 100 1̂ aliquot 

was collected in a glass vial and labelled appropriately.

System C8 solid phase cartridge C 18 solid phase cartridge

System I H,o HjO

System 2 pH 4.0 Phosphate Buffer pH 4.0 Phosphate Buffer

System 3 HiO M eOH’ (95%  : 5%) H ;0  . MeOH (95%  ; 5%)

System 4 pH 4.0 : ACN (6:1) pH 4.0 : ACN (6:1)

Table 5.S. 1.1: Table o f  various solvents invesligaled as po tem ia l M BDB (8) elution solvents fro m  both C8 and  C l 8 so lid  phase

extraction ( ’ M ethanol (MeOH)).

Chromatographic conditions

The chromatographic conditions are outlined in Table 5 .8 .1.2.

Constituents Proportions Column Flow Rate Analytical

Wavelength

Injection

Volume

pH 3.0 Phosphate 

B u f f e r : ACN : THF

66 : 25 : 13 5 OD S

(4.6 mm x 250 mm)

1.5 ml/min 289 nm 20 Hi

Table 5.8.1.2: Chromatographic conditions used  in the developm ent o f  a so lid  phase extraction protocol fo r  the elution o f  

M BDB (8) fro m  C8 and  C 18 so lid  phase extraction cartridges.

Analysis

Solution 25, which contained, A'-formyl BDB (21), 4-ethyl-5-(3,4-methylenedioxyphenyl)pyrimidine 

(24) and 5-methyl-4-(3,4-methylenedioxybenzyl)pyrimidine (25) was injected (20 (il) into the above 

system for the purpose o f system suitability (retention time, peak tailing and column efficiency). Each
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o f  the 100 1̂ aliquots collected  from the C8 and C 18 stationary phases was then subjected to HPLC  

analysis as outlined above. The peak area o f  the M B D B  (8) peak was recorded for each aliquot. The 

results o f  this experim ent are shown in section 6.6.

Section  5 .8 .2: A ssessm en t o f  the retention  o f  im purities w hen  su b jected  to M B D B  (8 ) elu tion  

p rotocol.

Impurity retention experiment

U sing H2 O, the ability o f  the C8 and C IS cartridges to retain A'-formyl B D B  (21), 4 -ethyl-5-(3 ,4 - 

m ethylenedioxyphenyO pyrim idine (24 ) and 5-m ethyl-4-(3,4-m ethylenedioxybenzyl)pyrim idine (25), 

was assessed . In the case o f  each solid  phase extraction cartridge (C8 and C l 8), the cartridges were 

conditioned as described above (Section 5 .8 .1). A 100 |al aliquot o f  reference solution 25 was then 

added to each o f  the tw o colum ns (C 8 and C l 8) and drawn through under a slight vacuum . A volum e  

o f  H2 O (2m l) was then passed through each colum n in 100 |.il aliquots. Each 100 |al aliquot was 

collected  in a glass vial and labelled appropriately.

Chrom atographic conditions

The chromatographic conditions are outlined for in Table 5 .8 .2 .1 .

C onstituents Proportions Colum n Flow Rate A nalytical

W avelength

Injection

V olum e

pH 3.0 Phosphate 

B uffer : A C N  : THF

6 6 : 2 5 ;  13 5 ODS

(4.6 mm x 250 mm)

1.5 m l/m in 289 nm 20 |il

Table 5.8.2.1: Chromatographic conditions used in the development o f a solid phase extraction protocol fo r  the elution o f  

MBDB (8) from  C8 and C IS solid phase extraction cartridges.

Analysis

R eference solution 25, w hich contained, A'-formyl B D B  (21), ethyl-5-(3 ,4-

m ethylenedioxyphenyl)pyrim idine (24 ) and 5-m ethyl-4-(3,4-m ethylenedioxybenzyl)pyrim idine (25)

w as injected (20  |il)  into the above system  for the purpose o f  system  suitability. A solution containing
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each  o f  the a liquo ts w as sub jec ted  to  H P L C  ana ly s is  as ou tlined  above. T he resu lts o f  th is  experim en t 

a re  show n in Section  6.6 .2 .

Section 5.8.3: D eve lop m ent o f  a su itab le  sys tem  for  th e  elution o f  L euckart im purities,  derived  

from the synthesis  o f  M B D B  (8), from C 8  and C 18  solid phase extraction  cartr idges

Impurity Elution Experiment

T he solvents, ace ton itrile  and te trahyd ro fu ran , w ere  used  in an a ttem pt to  elu te  A'-formyl B D B  (21),  

e thy l-5 -(3 ,4 -m ethy lened ioxypheny l)py rim id ine  (24)  and  5 -m ethy l-4 -(3 ,4 -m ethy lened ioxybenzy l) 

py rim id ine (25) from  the respec tive  so lid  phase  ex trac tion  cartridge . F irstly  100 |il o f  reference  

solu tion  25 w ere added  to  both  C 8 and  C IS  cartridges w hich had  been cond itioned  w ith m ethanol 

(300  (̂ 1) and then w ith H 2O (300  |il) , as d esc rib ed  above (S ection  5 .8 .1 ). In the case o f  each solvent, 

ace ton itrile  and te trahyd ro fu ran , 1 ml o f  the re levan t so lven t w as added , 100 ^1 at a tim e. Each 100 |il 

a liquo t w as co llec ted  in a g lass vial and  labelled  ap p rop ria te ly . Each o f  the a liquo ts w as then 

sub jected  to  H PLC  analysis as ou tlined  below . T he  peak  a rea  each o f  the im purity  peaks w as reco rded  

for each in jected  aliquot.

Chromatographic conditions

T he ch rom atog raph ic  cond itions are o u tlined  in T ab le  5 .8 .3 .1 .

C onstituents Proportions C olum n r-iow Rate A nalytical

W avelength

Injection

V olum e

pH 3.0 Phosphate 

Buffer : ACN : THF

66 : 25 : 13 5 ODS

(4.6  mm x 250 mm)

1.5 m l/m in 289 nm 20 nl

Table 5 .8 3 .1: Chromatographic conditions used in the development o f  a solid phase extraction protocol fo r  the elution o f  

MB DB (8) from  C8 and C IS  solid phase extraction cartridges.

Analysis

R eference so lu tion  25, w hich  co n ta ined , A'-formyl B D B  (21), ethy l-5 -(3 ,4 -

m ethy lened ioxypheny l)pyrim id ine  (24)  and  5 -m ethy l-4 -(3 ,4 -m ethy lened ioxybenzy l)py rim id ine  (25)  

w as in jec ted  (20 fil) into the above system  fo r the pu rpose  o f  system  su itab ility . A so lu tion  con ta in ing
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ea ch  o f  the a liq u o ts w as su b jected  to  H PLC a n a ly sis as o u tlin ed  a b o v e . T he peak area o f  each  o f  the  

im purity peaks w a s record ed  for each aliquot. T he resu lts o f  th is exp erim en t are sh ow n  in sec tio n  6 .6 .

S e c t io n  5 .8 .4 ; E x tr a c t io n  o f  L e u c k a r t  im p u r it ie s  fro m  a sa m p le  o f  M B D B  (8 )  p r e p a r e d  v ia  th e  

L e u c k a r t  r e a c tio n .

Extraction protocol

T he fo llo w in g  p rotoco l w as adopted  for the extraction  o f  co m p o u n d s 2 1 , 2 4  and 2 5  from  pure 

M B D B «H C 1 (3 1 ) . Either a 100 m g C 8  or 100 m g C 1 8  (both  p h a ses w ere tested  separately ) so lid  phase  

extraction  cartridge w as c o n d itio n ed  as descr ib ed  a b o v e  (S e c tio n  5 .8 .1 ) . A t th is po in t, 1ml o f  a test 

so lu tio n  2 4  co n ta in in g  5 0 m g /m l M B D B  (8 ) in pH 7 buffer w a s added  and pu lled  through the bed at a 

rate o f  3m l/m in . A ga in  the vacuum  w as rem oved  b efore  dry ing  out the co lu m n . A n a liq uot o f  1ml o f  

H PL C  grade H^O w as add ed  at th is point and pu lled  s lo w ly  through the co lu m n  (3 m l/m in ). T he  

vacuum  w as a p p lied  at th is po in t to dry the co lu m n and rem ove any traces o f  H 2O . T he retained m ass  

w a s rem oved  from  the co lu m n  by a p p ly in g  lOOfil o f  tetrahydrofuran to  the co lu m n and then c o lle c t in g  

the e lu en t in a test tube. T h is w as repeated  fiv e  tim es to  a final c o lle c t io n  vo lu m e o f  5 0 0 |i l ,  w h ich  w as  

c o lle c te d  in a V -v ia l. T he tetrahydrofuran w as then rem o v ed  under a gen tle  stream  o f  nitrogen . The  

resid ue  in the V -v ia l w as reconstitu ted  in 60^1 o f  aceton itrile .

Chrom atographic Conditions

T he h igh  pressure liquid  chrom atograph ic  co n d itio n s used  in the a n a ly sis  are o u tlin ed  in T ab le  5 .8 .4 .1 .

C onstituents Proportions Colum n Flow Rate Analytical W avelength

PH 3.0 Phosphate 

B u ffe r : ACN

66 •. 30 •. 5 5 0D S1

(4.6  mm x 250 mm)

2.0 m l/m in 289 nm

Table 5.8.4.1: C hromatographic conditions usedfor the analysis o f  solid phase extracts o f  impiirilies derivedfrom the synthesis

o f MBDB (8) via the Leuckart reaction.
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The GC-M S conditions used in the analysis are outlined in Table 5.8.3.2.

GC-M S Parameter GC-M S Condition

Carrier Gas Helium

Carrier Gas Flow Rate I ml/min

Column DB-35

Column Internal D iam eter 0.25 mm

Column Length 30 M

Column Film Thickness 0.1 (im

Ion Trap Tem perature 2I0°C

Transfer Line Tem perature 250°C

M anifold Tem perature I20°C

Ionisation Mode Electron Ionisation

Filament Delay 4 minutes

Injected Volume I Hi

Injection Solvent ACN

Initial Tem perature (Hold Time) 90°C (Im inute)

Ramp Rate 15°C/min

Final Tem perature (Hold Time) 300°C (10 minutes)

Total Run Time 25 minutes

Table 5.8.4.2: Chromatographic conditions used for the analysis o f  solid phase extracts o f  impurities derivedfrom the synthesis

o f  MBDB (8) via the leuckart-wallach reaction.

Analysis

Reference solution 25 was injected into both the HPLC-DAD (20 |il) and GC-M S (1 |il) system in 

order to assess the system suitability (retention time, tailing factor and column efficiency). Each o f  

the extracts that were collected from the respective solid phase extraction cartridges was subjected to 

HPLC-DAD (20 |il) and GC-M S (1 |ul) analysis as described above.

70



Section 5.9 Development o f liquid-liquid extraction for the isolation and 

enrichment o f Leuckart-W allach impurities from MBDB (8)

Preparation o f  analytical solutions

Reference Solution 12: A com posite standard 0.15 m g/m l in each o f  the three im purities A'-formyl 

M BDB (21 ), 4-ethyl-5-(3,4-m ethylenedioxyphenyl)pyrim idine (24 ) and 5-m ethyl-4-(3,4- 

m ethylenedioxybenzyl) pyrimidine (25 ) was prepared in acetonitrile.

Extraction protocol

The following procedure was carried out using buffers pH 3, 4, 4.9, 6 and 7. A 50 mg quantity o f  

hom ogeneous powdered MBDB»HC1 (31 ) was added to 10 ml o f  buffer and the pH was adjusted 

back to the correct pH with either 0.2a/ NaOH or 0.2A/ HCl. The resulting solution was quantitatively 

transferred to a 20 ml clean dry centrifuge tube and sonicated for 20 minutes. The tubes were then 

centrifuged at 3000 rpm for 5 minutes. The supernatant was rem oved and quantitatively transferred to 

a clean dry separating funnel. The contents o f  the funnel were then extracted with petroleum  ether (10 

ml). The aqueous layer was discarded and then the petroleum  ether layer was filtered through 

anhydrous sodium sulphate and evaporated at reduced pressure using a rotary evaporator. The residue 

in the flask was reconstituted with acetonitrile (600 îl ). The acetonitrile was then transferred to a V- 

vial and the acetonitrile was rem oved at 40°C, under a stream  o f  nitrogen. The V-vials containing the 

residue were stored at -18°C until HPLC and GC-M S analysis. Immediately before analysis the 

residue in each vial was reconstituted in acetonitrile (60 ^I).

C hrom atoeraphic Conditions

The high pressure liquid chrom atographic conditions used in the analysis are outlined Table 5.9.1.
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Constituents Proportions Column Flow Rate Analytical W avelength

pH 3.0 Phosphate 

Buffer : ACN

66 ;3 0  : 5 5 ODS

(4.6 mm x 250 mm)

2 .0  ml/min 289 nm

Table 5.9. /.  C hromatographic conditions used fo r the analysis o f  so lid  phase extracts o f  impurities derived fro m  the synthesis

o f  MBDB (8) via the Leuckart reaction.

The G C -M S  condit ions used in the analysis are ou tl ined in T ab le  5.9.2.

G C -M S  Param eter G C -M S  Condit ion

Carrier  G as H elium

C arrier  G as  F low  Rate 1 m l/m in

Colum n D B-35

C olum n Internal D iam eter 0 .25 m m

C olum n Length 30 M

C olum n Film Thickness 0.1 |iim

Ion T rap  T em pera tu re 2 10°C

T ransfe r  Line T em pera tu re 2 50 °C

Manifold  T em pera tu re I20 °C

Ionisation M ode Electron  Ionisation

Filament Delay 4 m inutes

Injected V olum e in i

Injection Solvent A C N

Initial T em p era tu re  (H o ld  T im e) 90 °C  (1 m inutes)

Ram p Rate l5 °C /m in

Final T em p era tu re  (H o ld  T im e) 3 00 °C  (10  minutes)

Total Run T im e 25 minutes

Table 5.9.2: Chromatographic conditions used  fo r  the analysis o f  so lid  phase extracts o f  impurities derived fro m  the synthesis

o f  M BDB (8) via the leuckarl-w allach reaction.
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Analysis

In each case reference solution 12 was injected (in duplicate) for the purpose o f  system suitability 

(colum n efficiency, retention tim e and peak tailing). The sam ples, each o f  which had been extracted at 

different pH values, were then analysed into both GC-M S (1 |_il) and HPLC (20 |il) systems. The 

results can be seen in section 6.7.

Section 5.10: Identification o f MBDB (8) in illicitly prepared tablets

Preparation of Analytical Solutions

Reference solution 27: M BDB (8) synthesised in the Departm ent o f  Pharm aceutical Chemistry 

(Section 5.8 ) was used to prepare a solution o f  1 mg/ml M BDB (8) in acetonitrile.

Tablets Analysed

Tablets, #6600, #6840, #A 6765, #6660, #6758 and #6758, believed to contain M BDB (8) were 

supplied by Dr. Les King o f  the Forensic Science Service, Lambeth Road, London, U.K. These 

tablets were seized in the UK. Tablets 7A and 8A were supplied by the G arda National Drugs Unit 

and were seized in the Republic o f  Ireland.The tablets analysed, along with their physical description 

are shown in Table 5.10.1. Images o f  the tablets are shown in Figure 5.10.1.

T ablet Ref. No. W eigh t o f  T ablet A m ount o f  tab le t 

E x tracted

Logo T ab le t C o lour

#6600 0.3358g I4 4 .l9 m g ‘S’ W hite, m ottled

#6840 0.2733g I43.43m g ‘£ ’ W hite, m ottled

#A6765 0.3087g 114.67mg ‘S’ W hite, m ottled

#8A 0.3256g I28.08m g ‘S’ W hite, m ottled

#6660 0.3364g 102.74mg ‘Fido D ido’ O ff W hite, m ottled

#7A 0.3159g 117.98mg ‘S’ W h ite , m ottled

#6758 0.3257g I52.58m g ‘£ ’ W hite, m ottled

#A 6765s' 0.3087g 1 14.67mg ‘S’ W hite, m ottled

Table 5.10.1: Tablets qiialilalively analysed by GC-MS.
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Figure 5 Ifl.l mages ofMBDB (8) tablets: (A) Found logo. (B). Fido Dido logo and (C) Dollar logo. 

Preparation o f  Tablets and standard MBDB (8) for chrom atographic analysis

The tablets were pow dered using a m ortar and pestle. A small am ount o f  powder, circa Img, was 

added to a 10ml test tube. A Iml volum e o f  water was added and the resulting solution was adjusted 

to pH 10 with conc. am monia. This was then extracted into 1ml o f  petroleum  ether. The petroleum  

ether was evaporated to dryness and reconstituted in a volume o f  1ml acetonitrile. A 1 ml aliquot o f  

reference solution 27 was extracted in the same way as 1 mg o f  pow dered tablet.



Chrom atosraphic conditions

The chrom atographic conditions are outhned in Table 5.10.2.

GC-M S Param eter GC-M S Condition

C arrier Gas Helium

C arrier Gas Flow Rate 1 ml/min

Column DB-35

Column Internal D iameter 0.25 mm

Column Length 30 M

Column Film Thickness 0.1 |im

Tem perature Program 90°C(I min) up to 300°C (@ 

15°C/m in) hold for 10 minutes

Ion Trap Tem perature 2I0°C

Transfer Line Tem perature 250°C

M anifold Tem perature I20°C

Ionisation Mode Electron Ionisation

Filament Delay 4 minutes

Injected Volume I Ml

Injection Solvent ACN

Table 5. / 0.2: GC-MS conditions used fo r the qualitative analysis o f  MBDB (8) in illicitly prepared tablets suspected o f

containing MBDB (8).

Analysis

Extracted reference solution 28, containing M BDB (8), was injected into the chrom atographic system. 

The tablet extracts were also injected for analysis. The results o f  the analysis are shown in 6.9.
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Section 5.11: Quantitative analysis of M BDB in illicitly manufactured tablets.

Preparation o f  analytical solutions

R eferen ce  so lu tio n  27: M B D B »H C 1 (3 1 )  sy n th esised  in the D epartm ent o f  P harm aceutical C hem istry  

w as used  to  prepare standard so lu tio n s. A stock  so lu tio n  o f  1 m g/m l M B D B  (8 ) w as prepared by  

reconstitu tin g  117 m g o fM B D B » H C I  (3 1 )  in 100 m l o f  H 2O.

R eferen ce  so lu tio n  28: A  0 .2 5  m g/m l M B D B »H C I (3 1 )  w as prepared by d ilu tin g  the 1.0 m g/m l 

standard, so lu tio n  2 7 , w ith  su ffic ien t H jO ..

R eferen ce  so lu tio n  29: A  0 .5 0  m g/m l M B D B »H C 1 (3 1 )  w a s prepared by d ilu tin g  the 1.0 m g/m l 

standard, so lu tion  2 7 , w ith  su ffic ien t H iO .

Tablets Analysed  

S ee  sec tio n  5 .1 0

Preparation o f  tablets for HPLC analysis

T he w eig h t o f  ea ch  tablet, taken for quantitative a n a ly se s  are sh o w n  in T ab le  5. 11. 1 (o v er lea f) . T he  

tablets w ere  p o w d ered  in a m ortar and p estle  and w e ig h ed  out into a separate p lastic  w e ig h in g  boats. 

T he contents o f  the ind ividual w e ig h in g  boats w ere  qu an tita tive ly  transferred to  separate cen trifuge  

tubes w ith  the aid  o f  5 ml o f  aceton itr ile . T he tub es w ere  then so n ica ted  for tw en ty  m inutes before  

b eing  cen trifu ged  at 3 0 0 0  rpm for 5 m inutes. T he supernatant for each  tube w as then qu antita tively  

transferred to ind iv idu al 25  m l vo lum etric  fla sk s and the con ten ts  w ere m ade up to  v o lu m e w ith  

aceton itr ile . T h is p ro to co l w as rep eated  such  that tab lets co u ld  be an a lysed  in du p licate .
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Tablet Reference W eight o f  hom ogenous pow der 

analysed

Dil # 6660 9.8 mg

7A 10.1 mg

Dil # A6765 9.5 mg

Dil #6758 10.8 mg

8A 10.8 mg

Dil # 6840 10.5 mg

Dil # 6600 10.2 mg

Table 5. I l l :  Tablets and amounts o f tablet quantitatively analysed fo r  MBDB (8) content using HPLC. 

C hrom atosraphic conditions

The chrom atographic conditions used are outlined in Table 5 .11.2.

Constituents Proportions Column Flow Rate Analytical Wavelength

pH 3.0 Phosphate 

ButTer : ACN : TE

600 : 100 : 1 5 ODS

(4.6 mm x 250 mm)

1.5 ml/min 289 nm

Table 5. / 1.2: Chromatographic conditions fo r  tablets quantitatively analysed fo r  MBDB (8) content using HPLC.

Analysis

A standard curve was prepared by injecting 0.25 mg/ml, 0 .50 mg/ml and 0.10 m g/m l M BDB (8) 

standards (reference solutions 29, 28 and 27 respectively. The am ount o f  standard and sample 

analysed by HPLC was 20^1. Both standards and samples were analysed in duplicate. The results o f  

the analysis can be seen in section 6.10.
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Section 5.12: Attempted extraction o f Leuckart impurities from MBDB»HCI 

(31) from a spiked sample o f an illicitly prepared tablet.

A spiked M BDB (8) tablet was extracted (section 5.12.1). The extract was analysed using HPLC- 

DAD (section 5.12.2) and GC-M S (5.12.3) analysis.

S ection  5.12.1 E x trac tio n  pro toco l

Preparation o f  sp iked  tablet

A 1 mg am ount o f  each com pound 21, 24 and 25 was added to a 50 mg equivalent o f  powdered tablet 

#6758 (see Table 5.10.1, Section 5.10) and the resulting pow der was homogenised.

Extraction pro tocol

An aliquot (10 mg) o f  hom ogeneous powdered tablet was w eighed accurately. The am ount o f  tablet 

taken in the case o f  each tablet is shown in Table 2.10.1. The pow der was added to 10 ml o f  pH 4.0 

buffer. The pH was adjusted to pH 4.0 if necessary with 0.2 M sodium hydroxide or 0.2 M 

hydrochloric acid. The resulting solution was quantitatively transferred to a 20ml clean dry centrifuge 

tube and sonicated for 20 after which it was centrifuged at 3000 rpm for 5 minutes. The supernatant 

was removed and quantitatively transferred to a clean dry 100 ml separating funnel. The contents were 

then extracted with 10 ml o f  petroleum  ether. The aqueous layer was discarded and evaporated at 

reduced pressure using a rotary evaporator. The residue in the flask was reconstituted with 600^1 

acetonitrile. The acetonitrile was then transferred to a V-vial and the acetonitrile was rem oved at 

40°C under a stream  o f  nitrogen. The V-vials containing the residue were stored at -18°C until 

analysis. Im m ediately before analysis the residue in each vial was reconstituted in acetonitrile (50fil).

Preparation o f  im purity recovery solution

As well as having prepared the tablet extract, a tablet solution was prepared which would be used to 

determ ine recovery. A 1 mg am ount o f  each com pound 21, 24 and 25 was added to 6 ml o f  

acetonitrile.
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Section 5.12.2 HPLC-DAD analysis o f  spiked tablet extract and impurity recovery solution.

Preparation o f  analytical solutions

Reference Solution 12: A  com bined standard o f  the three impurities, A'-formyl MBDB (21), 4-ethyl-5- 

(3,4-m ethylenedioxyphenyl)pyrim idine (24) and 5-m ethyl-4-(3,4-m ethyienedioxybenzyi) pyrim idine 

(25) was prepared by dissolving 0.15 mg o f each in 1 ml o f  acetonitrile.

C hrom atographic conditions

The high pressure liquid chrom atographic conditions used in the analysis are outlined Table 5.12.2.

Constituents Proportions Column Flow Rate Analytical Wavelength

p}I 3.0 Phosphate  

B u f f e r : ACN

66 : 30 5 ODS

(4.6 mm x 250 mm)

2.0 ml/min 289 nm

Table 5.12.2.1: HPLC conditions used for the analysis o f  MBDB (8) tablet extracts.

Analysis

An aliquot (20 |al) o f  reference solution 12 were injected into the HPLC-DAD, for the purpose o f  

system suitability (retention time, peak tailing, column efficiency). The spiked tablet extract (20 |il) 

(see section 5.12.1) was then analysed by HPLC-DAD. An aliquot (20^1) o f  the impurity recovery 

solution was analysed in the same way (see section 5.12.1). The results o f  this section can be seen in 

section 6.11.

Section 5.12.3: GC-IMS analysis o f  spiked tablet extract and impurity recovery solution.

Preparation o f  analytical solutions

Reference Solution  12: A  com bined standard o f  the three impurities, A'-formyl M BDB (21), 4-ethyl-5- 

(3,4-m ethylenedioxyphenyl)pyrim idine (24) and 5-m ethyi-4-(3,4-m ethylenedioxybenzyl) pyrimidine 

(25) was prepared by dissolving 0 .15mg o f each in 1ml o f  acetonitrile.
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Chromatosraohic conditions

The GC-M S conditions used in the analysis are outlined in Table 5.12.3.1

GC-M S Param eter G C-M S Condition

C arrier Gas Helium

Carrier G as Flow Rate 1 ml/min

Column DB-35

Column Internal Diameter 0.25 mm

Column Length 30 M

Colum n Film Thickness O.I |im

Tem perature Program 90°C (I min) up to 300°C (@ 

l5°C /m in) hold for 10 minutes

Ion Trap Tem perature 2 I0°C

Transfer Line Tem perature 250°C

M anifold Tem perature 2I0°C

Ionisation M ode Electron Ionisation

Filam ent Delay 4 minutes

Injected Volume 1 ^1

Injection Solvent ACN

Table 5.12.3.1: GC-MS condiHons used fo r  the analysis o f  MBDB (8) tablets.

Analysis

An aliquot (1 |il) o f  reference solution 12 were injected into the GC-M S, for the purpose o f  system 

suitability (retention time, peak tailing and column efficiency. The spiked tablet extract (see section 

2.10.1) was then analysed by GC-M S. An aliquot ( l |i l )  o f  the impurity recovery solution was analysed 

in the same way. The results o f  this section can be seen in section 6 .1 1.
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Section 5.13: Attempted extraction o f Leuckart impurities from M BDB (8) from  

illicitly manufactured MBDB (8) tablets o f an illicitly prepared tablet.

Section 5.13.1: Extraction protocol

Tablets analysed

The tablets analysed and the respective am ounts taken in order that 50 mg o f  M BDB (8) was taken are 

shown in Table 5 .1 3 .1.1.

Tablet N am e W eight equ iva len t to 50nig  

M B D B  (8)

T ab le t N am e W eigh t e qu iva len t to 50m g 

M B D B  (8)

Dil# 6660 I0 2 .74m g 8A I2 9 .0 5 m g

7A 103.98m g Dil# 6840 143 43m g

D il#6765 114.45m g Dil# 6600 1 16 44m g

Dil# 6758 2 !8 .0 7 m g

Table 5.13. I I :  Table containing weights o f  tablet required to be taken such that 50mg o f  MBDB (8) could be extracted

Extraction prolocol

An aliquot o f  hom ogeneous pow dered tablet was weighed accurately in the case o f  each tablet. The 

am ount o f  tablet taken in the case o f  each tablet is shown in Table 5.13.1.1. To the pow der was added 

to 10 ml o f  pH 4.0 buffer. The pH was adjusted to pH 4.0 if  necessary with 0.2 M  sodium hydroxide or 

0.2 M  hydrochloric acid. The resulting solution was quantitatively transferred to a 20ml clean dry 

centrifuge tube and sonicated for 20 after which it was centrifuged at 3000 rpm for 5 minutes. The 

supernatant was rem oved and quantitatively transferred to a clean dry 100 ml separating funnel. The 

contents were then extracted with 10 ml o f  petroleum  ether. The aqueous layer was discarded and 

evaporated at reduced pressure using a rotary evaporator. The residue in the flask was reconstituted 

with 600 |ul acetonitrile. The acetonitrile was then transferred to a V-vial and the acetonitrile was 

removed at 40°C under a stream o f  nitrogen. The V-vials containing the residue were stored at -18°C 

until analysis. Immediately before analysis the residue in each vial was reconstituted in 60 |il.
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Section 5.13.2; HPLC-DAD analysis of tablet ex tracts

Preparation o f  analytical solutions

Reference Solution 12: A combined standard o f tiie three impurities, A^-formyl MBDB (21), 4-ethyl-5- 

(3,4-methylenedioxyphenyl)pyrimidine (24) and 5-methyl-4-(3,4-metiiylenedioxybenzyl) pyrimidine 

(25) was prepared by dissolving 0.15 mg of each in 1 ml of acetonitrile.

Chromatographic conditions

The high pressure liquid chromatographic conditions used in the analysis are outlined Table 5.13.2.1.

C onstituents Proportions Colum n Flow  Rate Analytical W avelength

pi I 3.0 Phosphate 

Hun'er : ACN

66 : 30 5 ODS

(4.6 mm x 250 mm)

2.0 m l/m in 289 nm

Table 5.13.2.1 : HPLC conditions used for the analysis o f  MBDB (8) tablet extracts.

Analysis

An aliquot (20 |al) o f reference solution 12 were injected into the HPLC-DAD, for the purpose of 

system suitability (retention time, peak tailing, column efficiency). The tablet extracts (see Section 

5.13.1.1) was then analysed by HPLC-DAD. The results o f this section can be seen in section 6.12.

Section 5.13.3: G C -M S analysis o f tab let extracts

Preparation o f  analytical solutions

Reference Solution ]2: A combined standard o f the three impurities, yV-formyl MBDB (21), 4-ethyl-5- 

(3,4-methylenedioxypheny!)pyrimidine (24) and 5-methyl-4-(3,4-methylenedioxybenzyl) pyrimidine 

(25) was prepared by dissolving 0.15mg of each in 1 ml o f acetonitrile.

Chromatographic conditions

The GC-MS conditions used in the analysis are outlined in Table 5.13.3.1
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GC-M S Parameter GC-M S Condition

Carrier Gas Helium

C arrier Gas Flow Rate 1 ml/min

Colum n DB-35

Colum n Internal D iameter 0.25 mm

Colum n Length 30 M

Colum n Film Thickness 0.1 ^m

Tem perature Program 90°C(1 min) up to 300°C (@ 

15°C/min) hold for 10 minutes

Ion Trap Tem perature 210°C

T ransfer Line Tem perature 250°C

M anifold Tem perature 210°C

Ionisation Mode Electron Ionisation

Filam ent Delay 4 minutes

Injected Volume 1 ^1

Injection Solvent ACN

Table 5.13.3.1: GC-MS conditions used fo r  the analysis ofM BDB (8) tablets.

Analysis

An aliquot (1 |il) o f  reference solution 12 were injected into the GC-M S, for the purpose o f  system 

suitability (retention tim e, peak tailing and colum n efficiency). The tablet extracts (see section 5.13.1) 

were then analysed by GC-M S. The results o f  this section can be seen in section 6.12.

Section 5.14: Derivatisation o f A^-formyl BDB (21) in an attempt to identify peak 

eluting at 10.2 minutes in GC-MS trace o f samples.

Preparation o f  analytical solutions

Reference solution 30: A 0.10 mg/ml solution o f  7V-formyl BDB (21) was prepared in acetonitrile.
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Derivatisin£ reasent

M ethelut (Sigm a -A ld rich  Chem icals) was used as the m ethylating agent.

Derivatisins vrocedure. analysis and chromalosraphic conditions.

An aliquot o f  50 |al o f  M ethelut reagent was added to a small vial. An aliquot o f  200 |il o f  reference 

solution 30 was added to this vial. This solution was mixed and injected into the GC-M S system 

outlined in Table 5.13.3.1. The rem ainder o f  the solution was heated at 80°C for one hour, after which 

tim e a 20 (il aliquot was injected into the HPLC system outlined in Table 5.13.2. The results are 

discussed in section 6.13.
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Section 6.1: Liquid chromatographic separation of seven Leuckart impurities 

derived from the synthesis of MBDB»HC1 (31)

As discussed in tiie introduction the drug, MBDB»HCI (3 1 ), referred to as ecstasy, can be synthesised 

via several routes. One o f  the routes that can be used is the Leuckart route (see Schem e 6.1.1, below). 

This route involves the reaction between PEK ( 15) via the yV-formyl BDB (21 ) interm ediate generated 

from the reaction between PEK ( 15) and form am ide (M oore, 1949) via an N-formyl BDB (21 ) 

intermediate. This reaction also has the potential to generate a num ber o f  pyrim idine im purities by the 

reaction o f  a second molecule o f  formamide via an A '-form yl-l-m ethylenedioxyphenyl-2- 

im inopropane (2 3 ) intermediate (Van der Ark, 1977). There is also the possibility o f  two m olecules o f  

ketone condensing with one m olecule o f  formamide, form ing pyridine impurities.

O O

<
/
\ HNO O CHO

15 21

O

HNO
8

Scheme 6.1.1: The synthesis ofM BDB (8) via the Leuckart reaction.

A num ber o f  these impurities have been isolated from the reaction mixture in the Departm ent o f  

Pharm aceutical Chem istry in the School o f  Pharmacy, Trinity College Dublin, and were subsequently 

characterised using N M R and MS (Keating, 2001) (see Figure 6.1.1).
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Figure 6.1.1. Impunlies obtained through the Leuckart synthesis ofMBDB: (24) 4-ethyl-5-(3.4- 

methyelendioxyphenyOpyrimidine, (25) 5-methy!-4-(3.4-methylenedioxybenzyl)pynmidine. (26) 2.6-diethyl-3.5-di(3.4- 

methyelendiox}phenyl)pyridme. (27) 2.6-dimelhyl-3.5-di(3.4-melhylenedioxyphenyl)pyridine. (28) 4-ethyl-3-methyl-2-(3.4- 

methylenedioxyhen:yl)-5-(3.4-methylenedioxyphenyl)pyridine. (29) 2-ethyl-5-methyl-3-(3.4-methylenedioxyphenyl)-6-(3.4- 

melhylenedioxyben:yl)pyridtne A (30) 2.4-diethyl-3.5-di(3.4-methylenedioxyphenyl)pyridine

The A'-formyl BDB (21) and any o f  the pyridine or pyrim idine impurities found in an illicitly prepared 

tablet would indicate that the tablet was made via the Leuckart reaction as these im purities are route 

specific. This inform ation would be useful in com bating clandestine drug m anufacture at the law 

enforcem ent level.

In order to detect these com pounds in an illicitly prepared tablet a suitable means o f  detecting them is 

required. The main techniques used for doing this are HPLC and GC-M S. The following section 

details the result o f  an attem pt to develop a HPLC method to be used to detect one intermediate, A'- 

formyl BDB (21), 2 pyrim idines 24, 25 and 4 pyridine impurities, 26, 27, 29 and 30. Com pound 28, 4-

86



ethyl-3-m ethyl-(3,4-m ethylenedioxybenzyl)-5-(3,4-m ethylenedioxyphenyl)pyrim idine was excluded 

as it was isolated at the trace level from the reaction.

O f the m obile phase systems investigated (see Section 5.3) system 3 was deem ed to be the best as it 

gave the most desirable chrom atography in the shortest runtime System 3 consisted o f  pH 3.0 

phosphate buffer; ACNiTHF (66;25; 13) at a flow rate o f  1.5ml/min. A chrom atographic trace 

recorded for the system outlined in section 5.3 involving the separation o f  seven leuckart-wallach 

impurities (21, 24, 25, 26, 27, 29 and 30) is shown below (Figure 6 .1.2).

26

5 150 10
M inutes

Figure 6 1.2.: HPLC trace (289nm) recordedfor the separation o f  seven leuckart-wallach impurities. 21. 24. 25, 26. 27. 29 and 

30 derived from  the synthesis o f  MBDB (8) via the leuckart-wallach reaction. For chromatographic conditions see section 5.3.

Chrom atographic param eters such as capacity factors, resolution, peak tailing, peak width, peak width 

at ha lf maximum (widtho 5), column efficiency and wavelength m axim a were calculated using the 

CLASS-VP software and are tabulated below (Table 6.1.1). For details o f  the form ulae used see 

appendix 1.
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Peak Peak

Identity

(niin^) Width

(mins)

Widthns

(mins)

Capaciy

Factor

Resolution Asymmetry Theoretical

Plates

X M ax >190/ 

>260

1 21 4.7 1.0 0.14 3.7 0.00 1.04 6059 206/285

2 25 5.7 1.23 0.13 4.7 4 .26 1.2 9850 207/287

3 24 7.1 1.1 0 16 6.1 5.51 1.25 1 1181 205/293

4 27 8.3 1 0 0.23 7.27 3.65 1.93 7096 206/284

5 29 10.9 1.03 0 2 8 9.9 6.09 1.66 8457 206/281

6 30 11.8 1.33 0 .30 10 8 1.85 1.59 8815 205/263

7 26 13.3 1.87 0.33 12.27 2.76 1.63 8878 205/271

Table 6.1. / Table o f chromatographic parameters calculated from the chromatographic trace recorded for the separation of 

seven leuckart-wallach impurities. 21. 25. 24. 27. 29. 30 and 26 derived from the synthesis o f MBDB (8) via the leuckart-

wallach reaction

The peaks in the mixture, reference solution 8, were identified by comparison with the retention times 

o f the peaks in reference solutions 1-7 which contained compounds 21 , 24 , 25 , 26 , 27 , 29 and 30 

respectively. The first peak to elute from the mixture was the most polar compound A^-formyl BDB 

(21 ) at circa 4.7 minutes. This was followed then by the less polar pyrimidines, 5-methyl-4-(3,4- 

methylenedioxybenzyl)pyrimidine (25) and 4-ethyl-5-(3,4-methyloenedioxy) pyrimidine (24) at 5.7 

minutes and 7.1 minutes respectively. The most non-polar impurities, the pyridines, 2,6-diethyl-3,5- 

di(3,4-methylenedioxyphenyl)pyridine (26 ), 2,6-dimethyl-3,5-di(3,4-methylenedioxyphenyl)pyridine 

(27), 2-ethyl-5-ethyl-3-(3,4-methylenedioxybenzyl)pyridine (29), and 2,4-diethyl-3,5-di(3,4- 

methylenedioxyphenyOpyridine (30 ) eluted at 8.3 minutes, 10.9 minutes, 11.8 minutes and 13.3 

minutes respectively. Ideally, in a liquid chromatographic separation one strives for a capacity factor 

value between 2-10, however values between 1-20 are acceptable (Dolan, 2000). The capacity factors 

for the seven compounds were between 3.7 and 12.27, which is good. Baseline resolution was 

achieved in all cases, the lowest resolution value estimated was 1.85, between the sixth (30) and the 

seventh (26 ) peaks. The peak symmetry was found to be within acceptable limits for the first three 

peaks, however it deteriorated for the latter four peaks 1.93 (27), 1.66 (29), 1.59 (30 ) and 1.63 (26 ). 

Ideally, one would accept values o f less than 1.2 (Snyder, 1997).
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On the basis that the A'-formyl BDB (21) and the pyrim idines (24 & 25) were generated in much 

higher quantities than the pyridines and it was probable that they would be most lit;ely to appear in 

illicit samples, it was decided that the developm ent o f  an impurity profiling procedure would focus on 

the route-specific A'-formyl BDB intermediate (21) and the two route specific pyrim idines (24 & 25). 

The pyridines w ould be excluded, hence their poor peak shape was not a concern. The diode array 

detector allow ed for the estim ation o f  the wavelength which gave the highest absorbance. Although 

the actual w avelength m axim a for the com pounds differed slightly, it was felt that 289nm was a 

suitable w avelength for detecting the /V-formyl BDB (21) and the pyrim idines (24 & 25). Calculating 

the average w avelength for each o f  these three com pounds provided this value.

Section 6.2 HPLC-DAD separation of three Leuckart impurities derived from 

the synthesis of MBDB (8)

Section 6.2.1 D evelopm ent o f  H PL C -D A D  se p a ra tio n  o f  th re e  L eu c k a rt im p u ritie s  derived  from  

th e  syn thesis o f M B D B  (8)

The twelve HPLC systems described in section 5.4.1 were investigated to determ ine whether they 

were suitable for the separation o f  the A'-formyl BDB (21) and the two route-specific pyrim idines (24 

&  25) (See Table 5.4.1.1). Various com binations o f  m obile phases were investigated (see Section 

5.4.1) and based on criteria such as run time, peak tailing and resolution, it was decided that system 12 

was the most suitable for the separation o f  the com pounds. The other systems, ( I - I  I) were rejected 

on visual inspection o f  the chrom atogram s as they gave poor peak shape or they did not adequately 

separate the com pounds o f  interest. System 12 involved a pH 3.0 phosphate buffer, acetonitrile and 

tetrahydrofuran (66:30:5). A typical chrom atogram  o f  test solution 8 (containing com pounds 21, 24 

and 25) is shown below (Figure 6 .2 .1.1). The identity, retention time, peak width, peak width at half 

maximum (widthos), capacity factor, resolution, peak tailing and column efficiency for each o f  the 

peaks was estim ated (see Table 6.2.1.1). The formulae used to calculate these param eters are included 

in appendix I.
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7.5 10.00.0 2.5
M inutes

Figure 6.2 .1. /  HPLC trace (289nm) recorded fo r  the separation o f  three leuckart-wallach impurities. 21. 24 and 25 derived  

from  the synthesis o f  MBDB (8) via the leuckart-wallach reaction, using system 12.

The wavelength maximum for each o f  the com pounds 21 , 24  and 25 were 285 nm, 287 nm and 293 

nm. The most suitable wavelength for analysis o f  all three com pounds was found to be 289nm. 

Calculating the average wavelength for all three arrived at this value.

Peak Peak

Identity

(mins)
Width

(mins)

Widtho 5 

(mins)

Capacity

Factor

Resolution Peak

Tailing

Theoretical

Plates

k  Max 

>190/> 260

1 21 5.3 0.63 0.14 4.33 0.00 1.20 7781.34 204/285

2 25 7.6 0.93 0.18 6.63 4.85 1.14 9288.54 203/287

3 24 9 .9 0.97 0.23 8.90 6.48 1.18 10616.11 203/293

Table 6 .2 .1.1 Table o f  chromatographic param eters calculated fro m  the HPLC trace recorded fo r  the separation o f  three 

Leuckart impurities. 21. 25 and  24 derived from  the synthesis o f  MBDB (8) (for chromatographic conditions see section 5.4.1).

The order o f  elution was, as observed for the chrom atographic system described in section 6.1. The N- 

formyl BDB (2 1 ) and the less polar pyrmidines, 5-m ethyl-4-(3,4-m ethylenedioxybenzyl)pyrim idine 

(25 ) and 4-ethyl-5-(3,4-m ethyloenedioxy) pyrim idine (24 ) eluted at 5.3 minutes, 7.6 minutes and 9.9 

minutes respectively. The three peaks were found to be sym m etrical with values o f  1.2, 1.14 and 1.18 

calculated for the peaks o f  com pounds 21 , 24 and 25 respectively. The capacity factors were also 

within the desired range for the standards, 2-10 (Dolan, 2000), for all three peaks.
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Section 6.2.2: Assessment o f  precision of  HPLC-DAD separation of  three Leuckart impurities 

derived from the synthesis o f  MBDB (8)

The precision o f  system twelve was assessed by analysing six replicate injection o f  reference solution 

12. Chrom atographic param eters such as retention tim e and peak area were estim ated using the 

form ulae in appendix I. The relative standard deviations, R.S.D. (Appendix I) was calculated for the 

retention tim es and peak areas o f  each o f  the three peaks in the six chromatograms. The results o f  

these calculations are shown in Table 6.4.2.1 below.

Param eter Peak 1 (17) Peak 2 (21) Peak (20)

t^ R.S.D 0.23 % 0 % 0 %

Area R.S.D. 1.76 % 1.39% 1.57%

Table 6 .4 .2 .1: Relative standard  deviation in retention time and  peak area for the three com pounds  17, 20  and  2 1.

As can be see there was very little variation between injection based on the R.S.D. values returned, 

values o f  less than 2 %  are considered to be very good (Riley, 1996).

Section 6.2.3: Assessment o f  selectivity of  HPLC-DAD separation o f  three Leuckart impurities 

derived from the synthesis o f  M BDB (8)

The selectivity o f  the separation achieved with system 12 was tested by analysing a series o f  

potentially interefering com pounds under the chrom atographic conditions described in system 12. The 

com pounds, which were tested were; M BDB (8), BDB (7), MDA (4), M DM A (5), MDEA (6), 

am phetam ine (3), ketam ine (11), 4-m ethylthioam phetam ine (9), caffeine (12), paracetam ol (13) and 

piperonyl ethyl ketone (15). None o f  these com pounds were found to interfere with the three 

com pounds o f  interest (21, 24 and 25) under the conditions o f  system 12. Most o f  the com pounds 

eluted within 2.6 minutes. Piperonyl ethyl ketone (15), the starting m aterial for the synthesis o f  

MBDB (8), was an exception as it eluted much later. An overlaid chrom atogram  o f the three 

com pounds o f  interest (21, 24 and 25) and a chrom atogram  o f  an injection o f  reference solution 23,
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(containing a standard solution o f  piperonyl ethyl ketone (15)) (Figure 6 .2 .3 .1), shows that the 

separation is selective. The resolution between the two closely eluting peaks at circa five minutes was 

calculated and found to  be, 1.57, which is acceptable. It is notable that the chrom atogram  o f reference 

solution 23 containing PEK (15), had more than one peak. This would infer that PEK (15) is not a 

very stable com pound and these extra peaks are breakdown products.

0.0 2 5 5,0 7.5 10.0
M in u te s

Figure 6.2.3.1: Overlaid chromatogram obtained with the compounds 21. 24 and 25 (i4ppermost chromatogram) and a 

chromatogram obtained with piperonyl ethyl ketone (15) (lower chromatogram).

The liquid chrom atographic separation established was considered applicable to the detection o f  the 

possible presence o f  the yV-formyl BDB (21), and the two pyrim idines (24 and 25) in illicit tablets, 

provided that an appropriate sample preparation procedure was established.

Section 6.3: Construction of UV-Vis spectral library of Leuckart impurities, 

derived from the synthesis of MBDB (8), and related compounds.

The zero order UV-Vis spectra (zero order spectra are plots o f  wavelength versus absorbance) 

collected for the impurities 21, 24 and 25 were entered into the custom UV-Vis spectral library. 

Unlike N M R and IR, which are well known for giving highly featured, zero-order, spectra in the 

liquid phase, U V -V is spectroscopy does not. Therefore often derivative spectra are calculated as they 

can be more featured and therefore be more useful from an identification point o f  view. The CLASS- 

VP software offers the option to enter derivative spectra into spectral libraries. The 1*‘ and 2"‘* 

derivatives o f  the zero order spectra were also entered into the library. Exam ples o f  the zero order, l*‘ 

and 2"** derivative spectra for com pounds 21, 24 and 25 are shown below in Figures 6.3.1, 6.3.2 and
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6.3.3 respectively. These spectra were collected from a standard injection of reference solution 12 

(containing compound 21, 24 and 25).

(la)

Spectrum at time 5.27 min.

( l b )

Spectrum at time 5.27 min.

s.27 min / 1st

(Ic)

Spectmm at time 5.27 min.

5.27 min /  2nd

•25

350

I

Figure 6.3.1 ( la )  UV  spectrum o f  N -fo rm yl BDB (21). ( lb )  1""̂  derivative spectrum o f  N -fo rm yl BDB (21) and ( !c )  7 " ' derivative

spectrum o f  N -fo rm yl BDB (21).
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(2a)

S p e c t r u m  a t  t im e  7 . 5 3  m in .

( 2 b )

S p e c t r u m  a t  t im e  7 .5 3  m in .

(2c)

S p e c t r u m  a t  t im e  7 .5 3  m in .

7 S3 min I  2nd

F ig u re  6 .3 .2  (2 a )  z e ro  o rd e r  U V  s p e c t ru m  o f  5 -m e th y l-4 - (3 ,4 -m e th y le n e d io x y b e n z y l)p y r im id in e  (2 5 ) , (2 b )  1“  d e r iv a tiv e  

s p e c t ru m  o f  5 -m e th y l-4 - (3 ,4 -m e th y le n e d io x y b e n z y l)p y r im id in e  (2 5 ) , a n d  (2 c )  2° ^  d e r iv a tiv e  s p e c t ru m  o f  5 -m e th y l-4 - (3 ,4 -

m e th y le n e d io x y b e n z y l)p y r im id in e  (2 5 ) .
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(3a)

S p e c t r u m  a t  t im e  9 , 8 3  min.

(3b)

S p e c t r u m  a t  t im e  9 . 8 3  min.

•  83 min / l i t

(3c)

S p e c t r u m  a t  t im e  9 .8 3  min.

» 83 min I  2nd

I •

F igure  6 .3 .3  ( la )  zero  order U V  spec trum  o f  4 -e thy l-5 -(3 ,4 -m ethy lened ioxypheny l)pyriin id ine  (24), ( lb )  1"“* derivative  

spec trum  o f  4 -ethy l-5 -(3 ,4 -m ethy lened ioxypheny l)py rim id ine  (24), and ( I c )  2"'* derivative  spec trum  o f  4 -e lhy l-5 -(3 ,4 -

m ethy lenedioxyphenyO pyrim idine (24).

As can be seen the zero order spectra for the three compounds (21 , 24 and 25) showed some similarity 

to one and other (See Figures 6.3.1a, 6.3.2a and 6.3.3a). The A'-formyl BDB (21) had a spectrum with 

three maxima at 204nm, 233nm and 285nm respectively (Figure 6.3.1a). The signal at 204nm was
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highest but as it was close to the solvent cut-off, it was decided that one o f  the other two maxima 

would be m ost useful for analytical work. The 5-m ethyl-4-(3,4-m ethylenedioxybenzyl)pyrim idine 

(25 ) gave a sim ilar spectrum  to the jV-formyl BDB (21 ) (See Figure 6.3.2.a) where the three 

absorbance maxima which were observed were at 204nm , 2 5 ln m  and 287nm. Again the third 

maximum (287nm ) was deem ed to be most suitable for analytical work. The zero order spectrum for 

the 4-ethyl-5-(3,4-m ethylenedioxyphenyl)pyrim idine (24 ) was found to be different from the other 

two as the second maximum was not quite as well resolved and hence the only two significant 

maxima that were observed were at 203nm and 293nm (see Figure 6.3.3a). It was decided that the 

third maximum was most suitable for analytical work as it was again sufficiently far from the solvent 

cu t-o ff  As m entioned in section 6.2 the analytical wavelength, which would be used for future work, 

would be 289nm  as this was the best com prom ise wavelegth for all three com pounds (21 , 24 and 25 ).

One o f  the drawbacks o f  diode array detection is that UV spectra for a sim ilar com pounds may not 

differ sufficiently to enable them to be used in unequivocal identification. However in this instance 

it is fortunate that all three o f  the target com pounds differ sufficiently to enable definite distinction 

between the com pounds o f  interest spectrally. All o f  the spectra which were entered into the library 

were later used in the attem pted identification o f  route specific impurities derived from the synthesis 

o f  M BDB (8) via the Leuckart reaction. Derivative spectra are included here (Figures 6.3.1b, 6.3.1c, 

6.3.2b, 6.3.2c, 6.3.3b, 6.3.3c). Derivative spectra are generally more structured than zero order 

spectra, enabling very tiny differences between the original spectra to be amplified. The second and 

other even numbered derivative spectra are generally considered to be more useful than first order 

spectra (Gorog, 1995). In this instance the derivative spectra are not that different, probably due to  the 

high spectral bandwidth o f  the instrument which yields poorly structured 2"** order derivative spectra. 

The zero order spectra were to be used as the main spectra when searching for the target com pounds 

in chrom atogram s. The representative UV-Vis spectra o f  the standards, M BDB (8), BDB (7), MDA 

(4 ), M DM A (5 ), MDEA (6 ), am phetam ine (3 ), ketam ine ( 11), 4-m ethylthioam phetam ine (9 ), caffeine 

( 12), paracetam ol ( 13) and piperonyl ethyl ketone ( 15), were also entered into the library. Spectra 

were taken over the whole peak so as to allow for concentration differences when searching. An 

electronic copy o f  the library is included in appendix II. A copy o f  the Shim adzu CLASS-VP software 

is required to use this library (Shim adzu, 1999).
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Section 6.4: GC-MS separation of three Leuckart impurities derived from the 

synthesis of MBDB (8).

Section  6.4.1 D evelopm ent o f G C -M S  se p a ra tio n  o f th re e  L eu c k a rt im purities derived  from  the 

syn thesis o f  M B D B  (8)

Although a HPLC-DAD m ethod had been established for the analysis o f  the Leucicart route specific 

com pounds 21, 24 and 25, it was considered worthwhile to attem pt to develop a GC-M S separation. It 

was intended that this m ethod be applicable to the analysis o f  these impurities in illicitly produced 

tablets. Using a standard m ixture o f  the three impurities 21, 24 and 25, seven tem perature program m es 

were investigated (see Table 5.6.1.2). O f the seven program m es investigated, system 1 was found to 

be the most suitable. The conditions are described in detail in Section 5.6.1. The tem perature 

program m e involved an initial tem perature o f  90°C (held for 1 minute), ramping up to 300°C at a rate 

o f  15°C/min. The oven was held at the final tem perature o f3 0 0 °C  for 10 minutes. Com pounds 21, 24 

and 25 were separated and gave clear mass spectral fragm entation patterns. A typical reconstructed 

ion chrom atogram  (RIC) obtained with a standard containing com pounds 21, 24 and 25 is shown 

below (Figure 6.4.1.1). A RIC is a plot o f  the intensity o f  the ions in the ion trap versus time.

RIC all std lw 3 2 0 -0 9 -0 0 .sm s

minutes

Figure 6.4.1.1 Reconslrucled ion chromatogram trace recorded fo r  the separation o f  three impurities, 21. 24 and 25 derived 

from  the synthesis o f  MBDB (8) via the leuckarl-wallach reaction, using GC-MS system I.
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C hrom atographic parameters such as retention time, peai< width, resolution, tailing factor, column 

efficiency, for the above chrom atogram  are shown below  (see Table 6.4.1.1, for formulae see 

A ppendix 1). The primary ions observed from the mass spectra recorded for each peak are also 

tabulated. All three com pounds 2 1 , 24 and 25 w ere well separated. The order o f elution was 

determ ined by com paring the retention time o f  individual standards containing com pounds 21, 24 and 

25 respectively with the chrom atographed mixture. The first com pound to elute from the column was 

the 4-ethyl-5-(3,4-m ethylenedioxyphenyl)pyrim idine (24 ) at 9.5 minutes. This was followed at 10.0 

m inutes and 10.2 minutes by the A^-formyl BDB (21) and the 5-methyl-4-(3,4-

m ethylenedioxybenzyOpyrim idine (25) respectively. The peaks were, as expected in capillary GC, 

extrem ely symmetrical, with all peaks showing tailing factor values o f  1.0. The resolution between 

the A'-formyl BDB (2 1 ) and the 4-ethyl-5-(3,4-m ethylenedioxyphenyl)pyrim idine (24) was found to 

be 3.88, and the resolution between the A^-formyl BDB (21 ) and the 5-m ethyl-4-(3,4-

methylenedioxybenzyOpyrim idine (25 ) was 1.68. As resolution values greater than 1.7 are ideal 

(Dolan, 2000) this separation was considered acceptable. The efficiency o f  the column for each o f  the 

peaks was good for a 30 metre column. Typically, one would expect values o f  ca. 90,000 plates

(Baugh, 1993). The efficiency o f  the jV-formy! BDB (2 1 ) peak was low, but not so low that the

m ethod was not considered useful.

Peak Peak

Identity

I r

(minutes)

Width 0.1 

(minutes)

Resolution Tailing

Factor

Column

Efficiency

Primary Ions in mu (abundance)

1 24 9.5 0.07 1.0 102,400 229mu* (100%), 228(38% ), 

I68m u (9%) and 115mu (6%)

2 21 10.0 0.09 3.88 1 0 63,756 I76m u (100%), 222mu (31%), 

135mu (32%), 58mu (34%)

3 25 10.2 0.06 1 68 1.0 168,428 228m u(100% ), 229(73% ), 

135m u(30% ), 169m u(28% )

Table 6.4.1.1: Table o f  chromatographic parameters calculated from  the reconstructed ion chromatogram recordedfor the 

separation o f three impurities. 21. 25 and 24. derived from  the Leuckart synthesis o f  MBDB (8) using GC-MS system I (for 

chromatographic conditions see section 5.6.1), mu refers to mass units
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Section 6.4.2; Assessm ent o f  precision o f G C -M S separation of three Leuckart im purities 

derived from the synthesis o f  M BDB (8)

A series o f  five replicate injections were chrom atographed using the conditions outlined in system 1 

(see section 5.6.1). The R.S.D. o f  the retention times o f  the com pound (21, 24 & 25) were less than 

0.01%  in all cases. The R.S.D. o f  the peak areas was less than 3% in all cases. The precision o f  the 

m ethod was considered acceptable. Mass spectral data was recorded for each peak and is discussed in 

section 6.5.

Section 6.4.3: Assessm ent o f  selectivity o f G C -M S separation o f  three Leuckart im purities 

derived from the synthesis o f  IVIBDB (8)

The selectivity o f  the separation achieved with system I was tested by analysing a series o f  potentially 

interefering com pounds under the chrom atographic conditions described in program m e one (see 

Section 5.6.1). The com pounds, which were tested, were M BDB (8), BDB (7), MDA (4), M DM A (5), 

MDEA (6), am phetam ine (3), ketam ine (I I ) ,  4-m ethylthioam phetam ine (9), caffeine (12), 

paracetam ol (13) and piperonyl ethyl ketone (15). None o f  these com pounds were found to interfere 

with the three com pounds o f  interest (21, 25 and 24) under the conditions o f  system I . The PEK (15) 

appeared to breakdown over time as m entioned above (see Section 3.2.3) but was not found to 

interfere with the com pounds o f  interest.

The m ethod provided a basis for the analysis o f  route-specific target com pounds 21, 25 and 24 in 

M BDB (8) tablets, where the M BDB (8) had been synthesised via the Leuckart reaction.
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Section 6.5: Construction of Mass spectral library of Leuckart impurities, 

derived from the synthesis of MBDB (8), and related compounds.

The m ass spectra collected for the impurities 21, 24 and 25, and potentially interfering com pounds 

were entered into the custom mass spectral library. M ass spectra for com pounds 21, 24 and 25 are 

shown below  in Figure 6.5.1.

(a)

75H-

Spect 1
BP 17C (29262=100%) sttJ.sms 9.958 min. Scan; 622 Chan: 1 Ion: 2578 us RIC: 122760 SC 

176

I 103 117 146
,1. I I  234

si) iiio 1^0

(b )

Spect 1
BP 229 (63219=100%) std .tm s 9.516 mtn. Scan: 594 Chan: 1 Ion: 1206 us RIC: 210269 BC

229
100%- -

7S%- -

S0%- -

25% - -

,T , ” , 101
115
j Im. 120

168
1^5 156 |( 163 199 212 11 1

sb ’ l i o ' ' l i o  ' ' ' ' 2tl0 ' m/z

Figure 6.5.1 Mass spectra fo r  compounds 21 (a) and 24 (b).
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Figure 6 .i. I  (com 'd): Mass spectra f o r  compound 25 (c).

The last compound to elute was the 5-methyl-5-(3,4-methylenedioxybenzyl)pyrimidine (25). It is clear 

from the electron ionisation mass spectral fragmentation pattern (see Figure 6.5.1.c) that the molecule 

does not undergo significant fragmentation. Given that the molecular mass o f the compound was 

calculated to be 228 mass units (mu), the molecular ion was at this mass in the spectrum, as expected. 

The molecular ion was the base peak in the mass spectrum compound 25. There was a large M+1 peak 

(73%), which is likely due to proton addition. Proton addition to the molecular ion in electron 

ionisation is not that common, but can occur and seems to have occurred in this instance (Todd, 

1995). There was also a significant ion at 169mu, which is d ifficu lt to interpret, but would seem to be 

derived from fragmentation o f both the pyrimidine and the methylenedioxy ring. Although there are 

other fragment peaks, they are all generally less than 10% o f the abundance o f the base peak. For 

confirmational analysis in GC-MS one strives for a fragmented spectra, as it is not impossible that 

many compounds o f the mass 228mu would have poor mass spectral fragmentation patterns. The 

possibility o f derivatisation in order to obtain a more fragmented and therefore unique spectrum was 

considered. However, it was felt that as none o f the potentially interfering compounds eluted at similar 

retention times, hence this spectrum would suffice for the analysis o f the target compounds. 

Derivatisation also adds an additional analytical step, which can lead to errors. In addition, in the case 

o f the pyrimidines there is no suitable functionality that could be easily exploited in order to form a 

derivative. A proposed fragmentation pattern for 5-methyl-5-(3,4-methylenedioxybenzyl)pyrimidine 

(25) is shown below (Figure 6.5.2).
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Figure .5.2: Proposed fragmentation pattern for 5-methyl-5-(S.4-methylenedioxy'henz\i)pyrimidine (25).

The other pyrimidine, 4-ethyl-5-(3,4-methylendioxybenzyl) (24) eluted first and unlike compound 25 

it gave a poor fragmentation pattern (see Figure 6.5.2.b), when compared to compound 25 .Again, the 

large M+1 peak was observed, but this time it was the base peak, indicating significant proton 

addition. The fragments previously observed with compound 25 at 115mu and 169mu were again 

observed in the mass spectrum o f compound 24 , but were at a very low abundance. It is proposed that 

these were due to the fragmentation o f the pyrimidine and the methylenedioxy ring.

The /V-formyl BDB (21) gave a good fragmentation pattern. The main ions observed were the 

molecular ion at 222mu, and further ion fragments at 176mu, 161mu, 135mu and 58mu. The proposed 

pathway of fragmentation is shown below (see Figure 6.5.2).
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Figure 6.5.2 proposed fragmentalion paltern fo r  N-formy! BDB (21).

The mass spectra o f  com pounds 21, 24 and 25 were entered in to the custom  library once suitable 

representative mass spectra had been found. Spectra which were considered to be representative o f  the 

com pounds were entered into the mass spectral library. The representative mass spectra o f  the 

standards, M BDB (8), BDB (7), MDA (4), MDMA (5), MDEA (6), ketam ine (II) ,  4- 

m ethylthioam phetam ine (9), caffeine (12), paracetam ol (13) and piperonyl ethyl ketone (15), were 

also entered into the library. Amphetamine (3) was excluded as it seemed to be eluting during the 4 

minute filament delay at the start o f  the chrom atographic run. An electronic copy o f  this library is 

included in A ppendix II. The Varian software is required when using this library (Varian, 1989-1998).

It was decided that instead o f  using the reconstructed ion chrom atogram  (RIC) mode, which plots all 

the ion intensities recorded while a com pound elutes from the column into the mass spectrom eter. 

Selected Ion M onitoring, SIM, would be used. SIM is a technique em ployed in m ass spectrom etry 

that allow s the selection o f  specific ions for recording. The ions are usually the base peak or some 

other ion that gives a high abundance in the com pounds being analysed. This SIM technique reduces 

the background signal and allows for much better selectivity. The SIM mode was used for all 

subsequent analyses and the ions that were chosen for the com pounds 21, 24 and 25 were 176mu, 

229mu and 228mu respectively. These ions were chosen as they were the most intense (see Figure 

6.5.1 (a), (b) and (c)) ions observed for the mass spectra o f  the respective analytes.



Section 6.6: Solid Phase Extraction of Leuckart impurities from MBDB (8)

In attem pting to develop a method for the extraction o f  the target com pounds 21, 24 and 25 from 

M BDB (8) synthesised via the Leuckart reaction the starting point was a method described by 

Lam brechts et al. (Lam brechts, 1985). They employed bonded phase silica sorbents in an attem pt to 

develop a rapid sam pling protocol for HPLC analysis o f  im purities in illicit am phetam ine (3). A 

m ethod was developed which allowed the detection o f  A'-formylamphetamine, 4-m ethyl-5- 

phenylpyrim idine and A^,N-di(P-phenylisopropyl)formamide in a seizure o f  illicit am phetam ine by 

using a protocol involving a lOOmg C8 bond elut©  solid phase extraction cartridge and the following 

protocol.

Two column volumes HPLC grade MeOH 

Two column volumes o f  HPLC grade H^O 

1 ml o f  50mg/ml am phetamine in pH 7.0 buffer 

Two column volumes o f  HPLC grade H^O
i

Colum n was dried under vacuum ;
Analytes eluted with 3xlOO|il o f  HPLC grade Acetonitrile where each Acetonitrile aliquot was 

allowed to remain on the phase for 2 minutes.

The resulting solution was then analysed by HPLC

The com pounds o f  most significance in the resultant chrom atogram  were collected at the waste tube 

o f  the detector and subm itted for GC-M S analysis, which allowed for identification o f  the 

aforem entioned analytes.

The approach adopted in the present study differed in that the HPLC and GC-M S analyses had been 

established and validated for the qualitative analysis o f  three target com pounds (sections 6.2-6.5). 

Then, using lOOmg C8 and C18 solid phase extraction cartridges and the Varian Sorbent Extraction 

Technology Handbook (Blevins, 1993) a suitable procedure w as developed for extraction o f  the target 

com pounds from M BDB (8) synthesised via the Leuckart reaction.
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Section 6.6.1: Development of a suitable system for the elution of interfering components from a 

matrix containing Leuckart impurities, derived from the synthesis of MBDB (8), from C8 and 

C IS  solid phase extraction cartridges.

Using the HPLC chromatographic system outlined in section 5.8.1 an attempt was made to determine 

the most suitable elution solvent. The best elution solvent is the one, which elutes the interfering 

compounds, but allows retention o f the target compounds (Blevins, 1993). Complete elution o f 

M BDB (8) itself and interfering compounds from both C8 and CIS phases was the aim o f the 

experiment, with retention o f compounds 21, 24 or 25. The ability o f the elution systems investigated 

(systems 1-4 table 5.8.1.1) was assessed based on the peak area returned for M BDB (8) on injection 

into the HPLC system at 289nm. Peak areas were graphed for both C8 and CIS solid phase extraction 

cartridges and are shown below (Figure 6.6.1.1).

Elution profiles of MBDB from 100mg C18 Solid phase 
extraction (SPE) cartridge

6.00E+07 

5.00E+07 

S 4 00E+07 

^  3.00E+07 

2.00E+07 

1.00E+07 

O.OOE+00

-P 0 4  ACN (6:1)
P04

H 20

H 20:M e0H  (95:5)

1000 1200 1400 1600600 800

Microlitres collected from SPE

F igure 6.6.1.1: G raph o f  e lu lion  p ro files  o f  M BD B (8). fro m  a lOOmgCJS so lid  phase extraction cartridge, using different

e lution solvents.
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Elution o fM B D B  from 100mg C8 S P E  cartridge using various 
different elution solutions

70000000 
60000000 

ra 50000000 
<  40000000 
ro 30000000 

q! 20000000 
10000000 

0

Microlitres of solution eluted

F igure 6.6.2: G raph o f  e lution p ro files  o fM B D B  (8). fro m  lOOmg C8 s o lid  phase extraction cartridge, using d iffe ren t e lution

solvents.

In the case o f  the CIS cartridge 3 solvent systems namely, HiO, pH 3 phosphate:ACN (6:1) and 

H20:M e0H (95:5) performed similarly, but since further work indicated the organic modifier might 

have the effect o f disturbing the target analytes, H2 O was chosen as the elution solvent. In the case o f 

the C8 cartridge both H iO and H20:M e0H (95:5) performed best. H iO  was again chosen as the most 

suitable solvent for the elution o f M BDB (8) for C8. The MBDB«HC1 (31) would appear to be water- 

soluble and to have no affin ity for the non-polar stationary phase o f the extraction cartridges in the 

presence o f  H 2 O. The target compounds 24 and 25 are not as water soluble, however the iV-formyl 

BDB (21) is slightly more water-soluble (Keating, 1999).

Section 6.6.2: Assessment of the retention of impurities when subjected to MBDB (8) elution 

protocol.

Using H 2 O, the ability o f the C8 and C18 cartridges to retain /V-formyl BDB (21), 4-ethyl-5-(3,4- 

methylenedioxyphenyOpyrimidine (24) and 5-methyl-4-(3,4-methylenedioxybenzyl)pyrimidine (25), 

was assessed. By chromatographically analysing the eluate from the experiment described in section 

5.8.2 it was evident, that the M BDB (8) elution protocol that involved H 2 O, discussed above did not 

appear to be eluting the target compounds 21, 24 and 25. Featureless chromatograms were observed 

for these extracts.

P04:ACN(6:1) 
■K— H20:Me0H(95:5)

600200 1000 1400 1800
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Section 6.6.3; D evelopm ent o f  a suitable system for the elution o f Leuckart im purities, derived  

from the synthesis o f M BDB (8), from C8 and C18 solid phase extraction cartridges

The next step involved the selection o f  the most suitable solvent, for the elution o f  the designated 

impurities from the two stationary phases. The best solvent is the one, which com pletely elutes the 

previously retained analytes in the smallest volume (Blevins, 1993). Acetonitrile and tetrahydrofuran 

were tested as potential, impurity elution solvents. Several fractions o f  each were collected from C8 

and C 18, SPE cartridges and chrom atographed. The peak areas from the chrom atogram s for all three 

com pounds versus m icrolitres o f  respective solvent (THF and ACN). The plots o f  how each 

com pound eluted from its respective phase in either 1 HF or ACN are shown below (see Figure 

6.6.3.1, 6.6.3.2, 6.6.3.3 and 6.6.3.4).

Im purity  e lu tio n  from  C 1 8  lO O m g  u s in g  ACN

4000000

<0 3000000

 ̂ 2000000 
<TJ 
<D

1000000 

0

Figure 6.6.3.1: Graph o f  elution profiles o f  compounds 17. 20 and 2!. from  lOOmgCIS solid phase extraction cartridge using 

ACN. Where peak I is compound 21. peak 2 is compound 25 and peak 3 is compound 24.

Im p u rity  e lu tio n  from  C 8  1 0 0 m g  u s in g  ACN
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Figure 6.6.3.2: Graph o f  elution profiles o f  compounds 21. 24 and 25. from  lOOmg C8 solid phase extraction cartridge using 

ACN. Where peak I is compound 21. peak 2 is compound 25 and peak 3 is compound 24.
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Impurity elution from C18 lOOmg using THF
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^ 6000000 
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^  4000000
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Figure 6.6 3.3: Graph o f  e liilio n  p rofiles o f  compounds 21. 24 and 25. fro m  I  OOmg C 18 so lid  phase extraction cartridge using 

THF. Where peak I is compound 21. peak 2 is compound 24 and peak 3 is compound 25.

Impurity elution from C8 100mg using THF
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Peak 1 
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Figure 6.6 3.4: Graph o f  elution p rofiles o f  compounds 21. 24 and 25. fro m  I  OOmg C8 so lid  phase extraction cartridge using 

THF. Where peak I is compound 2 1. peak 2 is compound 25 and peak 3 is compound 24.

Based on the results above graphs it was evident that ACN was not the best solvent as it was still 

giving peak signals after 500 |il o f solvent had been passed through the cartridge. The THF had eluted 

all three compounds successfully after 500 |il as can be seen from the above graphs and hence THF 

was chosen as the most suitable elution solvent for both the C8 and CIS solid phase extraction 

cartridges. As the main objective o f the procedure was to enrich the impurities as much as possible, an 

added advantage o f using THF is that it was easily evaporated at room temperature, under a stream o f 

nitrogen gas. Once evaporated the residue could be reconstituted in the desired amount o f HPLC grade 

ACN. It was felt that 60 f l̂ o f ACN was a suitable volume as it could then be used for two HPLC
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injections and two GC-M S injections. One could use a lower volume if the levels o f  impurity were 

extrem ely low.

The protocol that was em ployed on the basis o f  the above results for extracting com pounds 21, 24 and 

25, synthesised via the Leuckart reaction, is outlined in section 5.8, the results o f  which follow.

Section 6.6.4: E x trac tio n  o f L eu c k a rt im purities from  a sam ple  o f M B DB (8) p re p a re d  via the 

L eu c k a rt reaction .

Using water to elute M BDB (8) and THF to then elute the target com pounds 21, 24 and 25 the solid 

phase extraction, protocol was applied to MBDB (8) synthesised by the Leuckart reaction, in the 

Department o f  Pharmaceutical Chemistry, T.C.D. The extracts were subjected to HPLC analysis and 

GC-M S analysis as described in Section 5.8.4, in an attem pt to confirm the Leuckart route as the route 

o f  synthesis. Typical HPLC chrom atogram s for extraction o f  50mg o f M BDB (8), extracted using 

lOOmg C8 and C18 are shown below (Figure 6.6.4.1 and 6.6.4.2 respectively).

25

80 2 4 126 10 14
Mmutes

Figure 6.6.4.1 HPLC (289nm) o f  50mg MBDB’HCl (31) solid phase extracted with a C IS cartridge using H :0 to elute

M BDB»HCI (31) and THF to elute analytes.
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Minutes

Figure 6.6 4.2 HPLC (289nm) o f  50mg MBDB*HCl (311 solid phase extracted with a C8 cartridge using hhO to elute MBDB

(8) and THF to elute analytes.

Using the UV-Vis library previously described in section 6.3, the above chromatograms were 

compared to the UV-Vis spectra in the custom UV-Vis spectral library. Compounds 21, 24 and 25 

were found to be eluting at 5.3 minutes, 7.6 minutes and 9.9 minutes respectively. The spectra o f the 

components in each of the traces eluting at 5.3 minutes, 7.6 minutes and 9.9 minutes, in each 

chromatogram were found to match those o f the A'-formyl BDB (21), 5-methyl-(3,4- 

MDbenzyOpyrimidine (25) and 4-ethyl-5-(3,4-MDP)pyrimidine (25) respectively.

The CLASS-VP software for the HPLC enables background correction. This is simply carried out by 

first setting a background spectrum, which is generally selected at some point in the chromatogram 

where there is no peak eluting or at the base of the peak o f  interest. Once the background spectrum is 

set it can be subtracted from the analyte spectrum. This process improves the quality o f the analyte 

spectrum and should allow for more accurate identification. The signal was low in the case o f all three 

components, however background correction o f the spectra yielded reasonable spectra. The match 

quality value was calculated by the software and are tabulated below for both chromatograms (see 

Table 6.6.4.1). A value as close to 1.0 as possible is considered to be very good (Shimadzu, 1997) and 

a value greater than 0.99 was returned each case, however it is worth noting that there is a high

1 1 0



background especially around the yV-formy! BDB (21 ), hence the possibility o f  isom eric/structurally 

sim ilar com pounds in the mixture could not be ruled out.

Com pound Spectral Match Quality

21 0.995

24 0.998

25 0.992

Table 6.6.4.!: Spectra! match quality for compounds 21. 25 and 24.

GC-M S chrom atogram s were also obtained for the impurities from the M BDB (8) and are shown 

below (see Figure 6.6.4.3 for C 18 and Figure 6.6.4.4 for C8). Both pyrim idines were present in the C8 

and C I8  extracts when com pared to the spectra in the library esablished in section 6.5. The 4-ethyl-5- 

(3,4-M D P)pyrim idine (24 ) eluted at 9.5 minutes and 5-m ethyl-4-(3,4-M D benzyl)pyrim idine (25 ) at 

10.2 minutes. The library was searched for these com pounds and gave poor results. The 

chrom atogram s w ere visually inspected and it was confirm ed that the com pounds aforem entioned 

were indeed present. There was no evidence o f  the A'-formyl BDB (21 ) however there was a peak 

eluting at 10.3 m inutes which would appear to be A'-formyl M BDB (22 ). The identity o f  this was 

confirm ed using the technique (described in section 5.14) o f  methylating a sam ple o f  A'-formyl BDB

(21 ) to form A'-formyl M BDB (22 ), the results o f  which can be found in section 6.13. The occurrence 

o f  the A'-formyl M BDB (22 ) may be due to an impurity in the form am ide used in the synthesis (i.e. an 

A'-methlyformamide impurity). The A'-formyl BDB (22 ) may have been too water soluble to be 

retained on either phase hence the absence from the trace. The A'-formyl M BDB (22 ), being slightly 

more non-polar than the desmethyl analogue (21 ) may have been retained hence, the A'-formyl M BDB

(22 ) may have been the large peak eluting at 6.1 minutes the HPLC chrom atogram s (Figures 6.6.4.2 & 

6.6.4.2), this is investigated further in section 6.3.
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Figure 6.6.4.3 GC-MS chromatogram o f 50mg MBDB»HCl (31) solution solid phase extracted with a CIS cartridge using H:0  

to elute MBDB (8) and THF to elute analytes. The trace shows the extracted ions 228mu, 229mu and / 76mu.
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Figure 6.6.4.4 GC-M S chromatogram o f  SOmg M BDB»HC l (31) so lid  phase extracted w ith  a C8 cartridge  using H ;0  to elute 

M BD B (8) and TH F to elute analytes. The trace shows the extracted ions 228mu. 229mu and 176mu.



The result o f  the above experim ent lead to the conclusion that it was possible to detect Leuckart 

specific impurities generated via the synthesis o f  M BDB (8) using the solid phase extraction protocols 

developed using both C8 and C IS  cartridges. The procedure developed was done so by extracting the 

impurities from pure MBDB«HC1 (31), which had been synthesised to a very high standard and 

rigourously purified in the Department o f  Pharm aceutical Chem istry in the School o f  Pharmacy (see 

A ppendix 111). The next step was to carry out an extraction o f  the impurities using liquid-liquid 

extraction at different pH values to see if  any im provem ent on the solid phase extraction protocol 

could be established.

Section 6.7: Development o f liquid-liquid extraction for the isolation and 

enrichment o f Leuckart impurities from M BDB (8)

Although a solid phase extraction protocol, capable o f  confirm ing that a batch o f  M BDB (8) was 

synthesised via the Leuckart route was established, it was considered worthwhile to investigate the 

possibility o f  using liquid-liquid extraction as an alternative method. The optim um liquid-liquid 

extraction pH was chosen, by extracting samples o f  MBDB»HC1 (31) at different values o f  pH (3, 4, 

4.9, 6 and 7) into petroleum ether. The chrom atographic systems used to m onitor the success o f  the 

various extractions were the GC-M S and HPLC systems outlined in section 5.9. The most suitable pH 

was chosen on the basis that it gave a higher recovery o f  impurities from the same batch o f  M BDB 

(8). It was considered that pH 4 was the most suitable. Typical chrom atogram s (HPLC and GC-M S) 

obtained after MBDB«HC1 (31) was extracted at pH 4, are shown below (Figure 6.7.1 and Figure 

6.7.2 respectively).



24

10 150
Muuites

Figure 6 .7 .1 HPLC chromatogram (289nm) o f  50mg M B D R *H C l (31) (8) liq u id -liq u id  extracted at p H  4 w ith  petroleum ether

i
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Figitre 6.7.2 S IM  G C-M S chromatogram o f  50m g MBDB»HCl (31) liquid-liquid extracted at p H  4 with Petroleum Ether. Trace

n w  constructed using ions 228, 229 a n d  176.

The peak areas for each o f  the com pounds (21, 24 and 25) were calculated and plotted against 

extraction pH for the GC-M S and for the HPLC. These plots are shown below (Figure 6.7.3 and



Figure 6.7.4 respectively). As can be seen from tiie Figure 6.7.4 (GC-MS) the best pH for the 

extraction o f  all three compounds was pH 4. Although pH 5 appeared to be better than pH 4 for 

extracting the A'-formyl M BDB (22), it was obvious from chromatograms that there are a lot o f 

compounds being extracted at this higher pH. It may have been possible that the pKa o f M BDB (8) 

was being approached and less o f the MBDB (8) was ionised, such that the unionised amine was 

partitioning into the organic phase. However the pKa was determined experimentally for M BDB (8) 

(see appendix IV ) and was found to be 10.25, hence it is unlikely that M BDB (8) is what is being 

carried over between pH 5 and pH 7. It is more plausible that neutral impurities were interfering at 

this stage. These impurities were not o f interest at this stage as there are no reports in the literature 

about route specific neutral impurities, hence they were considered as an interference. The HPLC data 

also indicated that pH 4 was the optimum (see Figure 6.7.3.), however the A'-formyl BDB (21) peak 

appeared not to match the library spectrum sufficiently well. It appeared that there was an interfering 

compound eluting. Because o f this the A'-formyl BDB (21) was excluded from figure 6.7.3. This 

observation undermined the selectivity o f the HPLC assay. This was not a problem with respect to the 

GC-MS assay, which serves to highlight the desirability o f different methodologies. It is however, 

worth noting that it was possible to identify the pyrimidine peaks for compounds 24 and 25 easily 

from the UV spectra acquired using the HPLC-DAD method developed in section 6.2.

Peak areas (HPLC) for extraction of compounds 
24 and 25
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F igure 6.7.3 G raph o f  H P LC  (289nm) trace peak areas f o r  compounds 24 and 25 versus extraction p H fo r  50 mg o f  

M B D B *H C I(31) into petroleum ether. Compound 20 in marked in p ink  and compound 21 is p lo tted  in navy
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Plot of peak areas of compounds 24, 25 and 22 (generated 
from the merging of the 227, 228, 229, 176 and 236 ions) 

versus extraction pH.

ro 1 5 0 0 0 0 0  

< 1000000
ro 5 0 0 0 0 0

Figure 6.7.4 Graph o f GC-MS trace peak areas (for ion 228mu. 229mu and I76mu) fo r  compounds 24 and 25 versus 

extraction pH fo r  50 mg o f MBDB*HCI 131) into petroleum ether. Compound 22 is plotted in yellow (suspected N-formyl 

MBDB (17)). compound 24 is plotted in navy and compound 25 is plotted in pink

Section 6.8: Comparison o f Solid Phase Extraction and Liquid-Liquid  

Extraction.

Having investigated both solid phase extraction and the pH extraction m ethod, the best extraction 

protocol based on the peak areas obtained via GC-M S analysis for extractions o f  the same sample o f  

M BDB (8), was the pH 4 extraction procedure. A lthough the A^-formyl M BDB (22) was not initially a 

target com pound it was felt that, it was so significant that it could not be excluded. This procedure 

would be adopted for the analysis o f  the tablets. A bar chart constructed from the GC-M S peak areas 

o f  the pyrimidines 24 and 25 was constructed for the above liquid - liq u id  extractions and the solid 

phase extractions and is shown below (Figure 6.8.1). This chart dem onstrates quite clearly that the 

m ethod o f  choice is the pH 4 extraction, when the pyrim idines are concerned. This pH is also suitable 

for the extraction o f  the jV-formyl M BDB (22) as shown in Figure 6.8.1



Plot of GC-MS peak areas observed for 
compounds 24 and 25 versus extraction technique
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Figure 6.8.1: Bar chart constructedfrom the GC-MS peak areas o f  the pyrimidines 24 and 25 versus the extraction technique

employed.

Section 6.9: Qualitative analysis o f illicitly prepared MBDB (8)

A lthough  the H P L C -D A D  analysis (see  Section  6 .10 ) had been  perfo rm ed  on the tab le ts , it w as felt 

tha t it w ould  be w orthw hile  to  get m ass spectra l da ta  fo r the tab le ts , g iven  the in terfe rence  w ith the N -  

form yl M B D B  (22 ) no ted  earlier. U sing  the G C -M S  p ro ced u re  ou tlined  in section  5 .10  the iden tity  o f  

the m ain active ing red ien t in the illicitly  p repared  tab le ts  w as checked  against standard  M B D B  (8). All 

o f  the tab le ts w ere  found  to  con ta in  M B D B  (8 ) as the m ost s ign ifican t peak  e lu ting  at the sam e tim e as 

the standard , 7 .4  m inutes, w here the m ass spec tra  w ere com p arab le  to  the m ass spectrum  o f  M B D B  

(8). T he fit a lgo rithm  in the G C -M S  S aturn  so ftw are  re tu rned  values in excess o f  970  w hich is 

considered  accep tab le  w hen p resen ted  along  w ith re ten tion  tim e da ta  (V arian , 1989-1998). T he resu lts 

are tabu la ted  below  (T ab le  6 .9 .1 ).
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Tablets Analysed Retention Time Ions (in order o f  intensity)

Standard M BDB 7.4 minutes 208m u, 72 mu, 135 mu, 177 mu.

Dil #6660 7.4 minutes 208m u, 72 mu, 135 mu, 177 mu.

7A 7.4 minutes 208m u, 72 mu, 135 mu, 177 mu.

Dil #A6765 7.4 minutes 208m u, 72 mu, 135 mu, 177 mu.

Dil #6758 7.4 minutes 208m u, 72 mu, 135 mu, 177 mu.

8A 7.4 minutes 208m u, 72 mu, 135 mu, 177 mu.

Dil #6840 7.4 minutes 208m u, 72 mu, 135 mu, 177 mu.

Dil #6600 7.4 minutes 208m u, 72 mu, 135 mu, 177 mu.

Table 6.9.1: Re lent ion iime and primary' ion data fo r  the qualitative analysis o f  MBDB (8) in illicitly prepared tablets and
standard MBDB (8).

Section 6.10: Quantitative analysis o f MBDB (8) in illicitly manufactured tablets

In order treat each tablet similarly, the concentration o f  M B DB (8) in each o f  the tablets had to be 

determ ined, such that a 50mg M BDB (8) equivalent o f  each tablet could be subjected to extraction 

into petroleum ether at pH 4. All o f  the tablets were analysed using the HPLC m ethod outlined in 

section 5.11. M BDB (8) was found to elute at 12.3 minutes in the above system.

Each o f  the tablets was treated as detailed in Section 5 .1 1 before injection into the HPLC system. All 

o f  the tablets contained M BDB (8) as the only significant peak in the chrom atogram . The UV-Vis 

spectra for M BDB (8) in the library were com pared with the suspected M BDB (8) peak, eluting at 

12.30 minutes in each o f  the samples. Each o f  the tablets main peaks eluted at the same time as 

M BDB (8) and m atched the M BDB (8) library entry. The fit was always greater 0.99, which is 

considered good. The areas o f  the peaks for the M BDB (8) standards (see Section 5.11) were 

calculated and a standard curve was constructed (Figure 6.10.1). The R" value was 0.999 and the 

equation o f  the line was y= l0572x+63672 as calculated with the aid o f  M icrosoft Excel (M icrosoft® , 

1997).
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MBDB Standard Curve
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Figure 6.10.1: MBDB (8) Standard Curve

The peak areas were calculated and the concentration values were interpolated from the standard 

curve for each o f  the sam ples analysed. The amount o f  M BDB (8) per tablet was calculated using the 

following equation:

fln terpolated  concentration 
M B D B mg =    X w eight o f tab let mg

(w eight o f tab let taken)

The results are tabulated below (Table 6 .1 0 .1).

T ablet

R eference

W eight o f  

hom ogenous pow der 

analysed

T ablet

W eight

P eak A rea Interpolated

C oncen tra tion

C o n cen tra tion  o f  

M B D Ii (8)

Dil # 6660 9.8 mg 336.4 mg 5130192 0.48 mg/ml 163.72 mg

7A 10.1 mg 278.41 mg 4592539 0.43 mg/ml 133.88 mg

Dil # A6765 9.5 mg 308.70 mg 4446056 0.41 mg/ml 134.84 mg

Dil #6758 10.8 mg 465.49 mg 3803090 0.35 mg/ml 106.73 mg

8A 10.8 mg 328.07 mg 4520714 0.42 mg/ml 127.11 mg

Dil # 6840 10.5 mg 273.30 mg 3936944 0.40 mg/ml 95.27 mg

Dil # 6600 10.2 mg 335.8 mg 4708358 0.44 mg/ml 144.19 mg

Table 6.10.1: Quantitative data fo r  the determination o f MBDB (8) in illicitly prepared tablets.

As can be seen from table 6.10.1 there was a significant difference in the concentration o f  M BDB (8) 

in the tablets analysed. The concentration o f  M BDB (8) ranged from 95.27m g-163.72m g. The average
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MBDB (8) content was 129.39mg, with a standard deviation o f 21.15mg. Doses ranging from 150- 

210mg seem to be normal for MBDB (8) (Shulgin, 1991), but significant variation has been recorded. 

Rothe and co-workers claim that on average MBDB (8) tablets contained 97mg (Rothe, 1997). The 

risk assessment published by the EMCDDA (Van Aerts, 2000) noted that the mean amount of MBDB 

(8) in tablets was lOOmg, whereas Kintz reports that the concentrations are in the region of 76-228mg 

(Kintz, 1997). The amount o f each tablet (equivalent to 50mg) required for each o f the tablets was 

calculated (Table 6.10.2).

I ab le t N am e W eigh t e q u iv a len t to  

50m g  M BD B

T ablet N am e W eight equ iva len t to 

50m g M BD B

Dil# 6660 102 74m g 8A 129.05m g

7A 103.98m g Dil# 6840 143.43m g

O il#6765 114 4 5m g Dil# 6600 116 44m g

Dil# 6758 218  0 7n ig

Table 6.10.2: Table containing weights o f  tablet required to be taken such that SOtng o f  MBDB (8) could be extracted

Section 6.11: Attempted extraction o f Leuckart impurities from MBDB (8) from 

a spiked sample o f an illicitly prepared tablet.

A 50mg equivalent o f MBDB (8) from a typical tablet, A6765, was spiked with approximately 2% 

each o f compounds 21 , 24 and 25 . The tablet was extracted as outlined in Section (5.12.1). The 

resultant HPLC chromatogram for this experiment is shown below (Figure 6.11.1). As can be seen, 

compounds 24 and 25  were well extracted but the recovery o f compound 21 was poor. The SIM GC- 

MS trace of the sample is also shown (Figure 6.11.2). Compounds 24 and 25  are clearly extracted, 

however compound 21 , A^-formyl BDB, is not extracted with the same efficiency as the other two 

compounds. So the limitation o f the method was that it was not effective at extracting N-formyl BDB 

(2 1 ).
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Figure 6.11.1 HPLC trace (289nm) fo r  spiked sample A6765s.
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Figure 6.11.2 SIM GC-MS trace o f ions 176mu. 228mii and 229mu fo r  spiked sample A 6765.
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A lthough it had been previously established that the pH 4 liquid -liq u id  extraction m ethod was the 

best o f  the m ethods investigated (see Section 6.8) the actual recovery was not calculated. The 

recovery was assessed by com paring the peak areas returned for GC-M S and HPLC-DAD for the 

standard peaks found in the spiked tablet after extraction, to the peak areas o f  the impurity recovery 

solution analysed in section 5.13. The impurity recovery solution was prepared such that, if  the 

impurities in the spiked tablet were exhaustively extracted then the solution to the following equation 

should be 100%;

^ P e at; Are a Ob s etve d for Inipt.«ity Re c o very S olution 100Recovery = ----------------------------------------------------- ' ------- ^ ^ ---------------------  X ---------
Peak A rea O bserved for Spiked Tablet E;dract Solution 1

Table 6 .1 1 .1 shows the respective peak area values observed for the tablet extract solution and the 

impurity recovery solution as well as the solutions to the above equation for the respective method 

(HPLC-DAD  and GC-M S).

C om pound  N um ber Im purity  R ecovery  Solution 

Peak A rea (Arb. U nits)

Spiked T ab let E x tract S olu tion  

Peak A rea  (A rb. U nits)

R ecovery

17 (HPLC-DAD) 908 197836 0.4%

17 (GC-M S) 7532 1425941 0.5%

20 (HPLC-DAD) 143489 213488 67%

20 (GC-M S) 825169 1304528 63%

21 (HPLC-DAD) 183255 200561 91%

21 (GC-M S) 1378970 1565740 88%

Table 6.1 I I : Respective peak area values observed for the tablet extract solution and the impurity recovery solution as well as 

the solutions to the above equation fo r the respective method (HPLC-DAD and GC-MS).

As already m entioned the recovery o f  the A^-formyl BDB (21) was very poor, the recovery o f  

pyrim idines was much better (see Table 6.11.1). The recovery o f  com pound 25 was particularly good. 

There was little difference between the recovery estimates between the two m ethod o f  analysis (GC- 

MS and HPLC-DAD) (see Table 6 .11.1).
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Section 6.12: Attempted extraction of Leuckart impurities from MBDB (8) from 

illicitly manufactured MBDB (8) tablets.

All o f  the tablets w ere extracted as described in section 5.12 and from the chrom atogram s, none were 

found to contain any o f  com pounds 21 , 24  or 25 , which would infer that the M BDB (8) was not 

synthesised v ia the route investigated. Samples, #6840, #8A and 7A did how ever appear to contain 

com pound 2 2 , A^-formyl M BDB, eluting at circa 10.2 minutes, on the GC-M S evidence, at a low level. 

yV-formyl M DA  and A^-formyl M DM A have been detected in sam ples o f  M DA (4 ) and M DM A (5 ) as 

specific interm ediate products o f  the Leuckart synthesis (Verweij, 1992c). It follows therefore that 

detection o f  A'-formyl BDB (21 ) and A'-formyl MBDB (22 ) in a sam ple o f  M BDB (8) would be also 

be p ro o f that the Leuckart synthesis was involved. A variation o f  the Leuckart route that could be 

exploited in the synthesis o f  M BDB (8 ) is via the A'-formyl M BDB (2 2 ) (see Schem e 6.12.1, below).

O

O

O O

HNO CHO CHO

LiAIH. HCI

O

HNO
8

Scheme 6.12 .1: Leuckart routes from PEK (IS) to MBDB (8)

It is notew orthy that this latter route does not yield pyridine or pyrim idine im purities (Keating 1999). 

The results w ould  appear to  indicate that none o f  the tablets w ere prepared via the Leuckart route o f 

synthesis investigated here, inferring that they were likely to be synthesised via another route. 

H ow ever the presence o f  what may be A-formyl M BDB (22 ) (see section 6.13) could indicate that the 

tablets m ay have been prepared by the Leuckart route, via the A'-formyl M BDB (22 ) intermediate.
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A ltern a tiv e ly , th e  M B D B  (8 ) m ay  have been  sy n thesised  via the o th e r L euckart rou te  w here  A^-methyl 

fo rm am id e  is p resen t as an im purity  in the fo rm am ide  used as a reag en t ( in te rm ed ia te  v ia  com pound  

21, schem e 6 .1 2 .1 ). It is likely  tha t th is  is w here  com pound  22 a ro se  from  in the  M B D B  (8 ) p rep a red  

in th e  S ch o o l o f  P harm acy  (see  sec tion  6 .6  and  6 .7 ). T he  sp ik ing  ex p e rim en t ru les ou t th e  p o ss ib ility  

tha t th is co m p o u n d  is fo rm ed  d u rin g  sam p le  p rep ara tio n  an d /o r G C -M S  analysis. T he  jV-formyl 

M B D B  (2 2 ) w as no t p resen t in sp ik ed  stree t tab le t sam ple (# A 6 7 6 5 s) w hich  had  been  sp iked  w ith  

co m p o u n d s  21 , 2 4  and  25 . I f  co m p o u n d  21 w ere the sou rce  o f  co m p o u n d  22 one w ou ld  have  expec ted  

it to  a rise  d u rin g  th is exp erim en t, bu t th is  w as no t the case.

Section 6.13 Derivatisation o f A^-formyl BDB (21) in an attem pt to identify peak  

eluting at 10.2 minutes in GC-M S trace o f samples.

T he co m p o u n d  e lu tin g  at c irc a  10.3 m inu tes w as positive ly  iden tified  as N -fom nyl M B D B  (22). A 

sam p le  o f  A '-form yl (21 ), w hich  had  been p rep a red  in the D epartm en t o f  P harm aceu tica l C hem istry , 

w as d e riv a tised  to  form  the A^-formyl M B D B  (22 ). The G C -M S trace  fo r th e  M e th e lu t-d e riv a tised  N -  

fo rm yl B D B  (2 1 ) is show n below  (F igu re  6 .1 3 .1 ) and  the co rresp o n d in g  m ass sp ec tru m  fo r the peak  is 

a lso  show n (F ig u re  6 .13 .2 ). T h is m ass spec trum  is identical to  the m ass sp ec tru m  o f  the  unknow n 

co m p o u n d  found  to  be e lu ting  at 10.2 m inu tes in sec tion  6.6.4.
MCounn

1.5-

1.0-

0 .6 -

..................2*5....................................s i o .....................................7 ‘5 ..................................... ld.O....................................

Figure 6.13.1: GC-MS trace fo r  N-melhylated derivative o f N-formyl BDB (21).
minutes
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BP 176 (67403=100%) n-methnfomi13-09-00.sfm 10.266 min. Scan: 642 Chan; 1 Ion: 898 us RIC: 389591 SC
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Figure 6.13.2 Mass spectrum fo r  compound eluting at 10.2 minutes from GC-MS system employed in section 5.14.

A  dilution o f  tiie solution containing the reagents, starting material and reaction products was injected 

into the HPLC system outlined in section 2.2, system 12. Figure 6.13.3 shows the chromatogram 

obtained. The peak eluting at 5.3 minutes was com pound 21 , hence the peak eluting at 6.1 minutes 

must be that o f  the A^-formyl M BDB (22 ).

0 10 15
Mmiites

Figure 6.13.3: HPLC trace (289nm) o f derivatised N-formyl BDB (22).
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On the basis o f  this HPLC data, the large peak eluting at circa 6.1 minutes in the HPLC 

chrom atogram s o f  the C8 and C IS  extracts in section 6.6.4 is most likely A'-formyl M BDB (22). The 

spectrum o f  the standard iV-formyl M BDB (22) was com pared to  the spectra o f the large peaks in 

Figures 6.6.4.1 and 6.6.4.2 and it was discovered that the spectra o f  the standard and sample were a 

good match (>0.90). It is noteworthy that the GC-M S procedure is preferred as the unequivocal 

identification o f  /V-formyl M BDB (22) was achieved.

Section 6.14:Conclusion

HPLC-DAD and GC-M S procedures were established for the identification o f  Leuckart route specific 

impurities. An extraction protocol was then established and applied to a series o f  samples. The results 

indicated that it was likely that four o f  the tablets analysed were synthesised via the Leuckart route as 

the intermediate A'-formyl M BDB (22) was detected. This com pound was also detected in the M BDB 

(8) synthesised in the School o f  Pharmacy, which had been used synthesised via the Leuckart Route 

and may have arisen due to impure starting materials via the reaction used.
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CHAPTER III

TH E D E V E L O P M E N T  A N D  APPLIC A TIO N  OF A M A SS S P E C T R A L  LIB R A R Y  OF 

IM PUR ITIES,  IN T E RM E D IA T E S A N D  P R O D U C T S  D E R IV E D  FRO M  TH E 

S Y N TH ESIS  OF E C ST A SY  USING GC-M S.



Section 7: Introduction

As m entioned  before  there are m any routes available for the synthesis o f  phenylalky lam ine (ecstasy) type 

com pounds. T he m ain routes used in the synthesis o f  MDA (4), M D M A  (5), M D EA  ( 6 ), M BD B (8 ) and 

4-M TA  (9) are ou tlined  below .

Section 7.1: Synthesis o f Propanamines, MDA (4), MDMA (5) and MDEA (6).

T he synthesis o f  M D A  (4), M D M A  (5) and M DEA (6 ) am ong o thers has been excellen tly  review ed by 

Dal C ason e t al. (1990). T he m ost im portant aspects o f  that particu lar paper w ith respect to  the w ork 

presented  here are outlined below .

Synthesis o f  PM K

T w o o f  the m ain starting  m ateria ls for the synthesis o f  M D A  (4) are Piperonal ( I I )  and 

P iperonalm ethylketone (PM K , 32). PMK. can be prepared by ox id ising  Isosafro le (33) into Isosafrole 

glycol (34) and then  dehydration  o f  (34) yields an enol w hich isom erises to  the ketone (32) (See schem e 

7.1). A lternatively  it can be synthesised  via the n itropropene route (see below ). Isosafro le (33) can be 

synthesised  from  safro le  (35), w hich can be acquired from Sassafras oil by d is tilla tion  (F rench, 1995).

OH

H 2 O 2 OH H2 SO 4  O

33 34 32

Scheme 7.!: Reaction scheme fo r  (he synthesis o f  PMK (32) from  Isosafrole (33).

N itropropene Route

T his m ethod involves the condensation  reaction betw een piperonal (16) and n itroe thane  to  form  the

in term ediate (35), w hich can be reduced w ith LiA IH 4 or H^/Pd to  form  M D A  (4), (Schem e 7.2). The

nitropropene derivative can a lso  be used to synthesise PM K (32) using  Iron in acetic  acid as a catalyst.

Then using any one o f  a variety  o f  reactions, w hich are d iscussed  below , the appropriate

m ethylenedioxyphenyl ring -substitu ted  am phetam ine can be m anufactured.
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LiAIH4 
or H i/P d

Scheme 7.2: Reaction scheme fo r  the synthesis o f  PMK (32) and MDA (4) via the nitropropene route

The Leuckart-Wallach Reaction

U sin g  PM K  (3 2 )  as the starting m aterial th is in v o lv es the condensation  betw een  PMK. (3 2 ) and tw o  m olar  

equ ivalen ts o f  form am ide to produce the A'-formyl derivative (3 7 ), w h ich  can then be hydrolysed w ith  

aqueous HCI to produce M D A  (4 )  or reduced w ith L iAIH 4  to form  M D M A  (5 ). M D M A  (5 ) can a lso  be 

syn thesised  by taking M D A  (4 ) and treating it w ith ethyl form ate to form  the A'-formyl derivative  (3 7 ), 

w hich  can then be reduced w ith  L iA lH j tp form  M D M A  (5). A lternatively  A -m ethyl form am ide can be 

used to form  the A'-methyl, A'-formyl derivative (3 8 ), this can then be hydrolysed usin g  aqueous HCI to  

form  M D M A  (5 ). (see  S ch em e 7 .3 ). M D E A  (6 ) can be syn thesised  in th is m anner by treating M D A  (4 )  

w ith acetic  anhydride to form  the A'-acetyl derivative o f  M D A  (39 ). T his A'-acetyl interm ediate (3 9 ) is then  

reduced w ith  L iA lH 4  to form  M D E A  (6 ) (S ch em e 7 .3a)
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Scheme 7.3: Reaclion scheme o f  ihe synthesis o f  MDA (4) and MDMA (5) via the Leuckart route.

LiAIKi O
AcoO

NH2

4 39

Scheme 7.3a: Reaction scheme fo r  the synthesis o f  MDEA (6) via the Leuckart route.

R eductive A m ination

Reductive amination involves the reaction between PMK (32) and methyiamine at reduced pressure and 

slightly elevated temperatures (ca. 80°C ). The ketone (32) reacts with the m ethyiam ine to form the 

intermediate im ine , w hich is then subsequently reduced to the corresponding amine. M DM A (5) can also 

be manufactured in this way using methyiamine and either N aCN BH j or AlHgCK.. M DEA ( 6 ) can also be 

synthesised in this way but instead o f  using methyiamine as is the case with M DM A (5) one would use 

ethylam ine. (S ee  Schem e 7 .4).
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C H 3 C H 2 N H 2 ,  
N a C N B H j  o r  
A lH gC lj

HNN H

O

HN

Scheme 7.-i:Synlhesis o f  MDA (-I). MDMA (5) and MDEA (6) via the reductive aminalion route.

The Oxime route

T his reaction in v o lv es  the form ation o f  the o x im e  (4 0 ) from the reaction  b etw een  PMK. (3 2 ) and a 

h yd roxylam ine»H C i, w h ich  y ie ld s  M D A  (4 )  on reduction w ith L iAIH 4  (se e  sch em e 7 .5 ).

I. iAlHiN H ,O H

Scheme 7.5 Reaction scheme fo r  the synthesis o f  MDA (4) via the oxime route

Bromopropane Route

M D M A  (5 ) can  be sy n th esised  d irectly  from  safro le  via the brom opropane route (M erck , 1914). T his  

in v o lv es  the brom ination  o f  sa fro le  (3 5 ) usin g  HBr. T he m eth y len ed ioxyp h en y l-2 -b rom op rop an e (4 1 )  

in term ediate  can  then be treated w ith  m eth ylam in e to  form  M D M A  (5 ) (se e  S ch em e 7 .6 ).

HBr C H ,N H ,

35 41

Scheme 7.6. Reaction scheme fo r  the synthesis o f  MDA (5) via the bromopropane route.
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Alkvlation usins Alkvl Iodides

M D M A  (5) (B raun, 1980) o r M D EA  (6) can be form ed by reacting  M D A  (4) w ith  m ethyl o r ethyl iodide 

reagent (see schem e 7.7).

HN
CH3I

NH-

HN

6

Scheme 7.7: Reaction scheme fo r  the synthesis o f  MDEA (6) and MDMA (5) from  MDA (-4) via Alkylalion

Section 7.2: Synthesis o f Butanamines, BDB (7) & MBDB (8).

T here is very little  inform ation  availab le  on the synthesis o f  M B D B  (8) in the literatu re , how ever the 

E M C D D A  report on the risk assessm en t o f  M BD B (8) (E M C D D A , 1999) suggests tha t reductive 

am ination  and n itrobu tene routes o f  syn thesis m ay be popu lar in c landestine  laborato ries. H ow ever it is 

im portan t to  note that BD B  (7) and M B D B  (8) d iffer from  M D A  (4) and M D M A  (5) by only one extra 

carbon  atom  on the alkyl side chains respectively , w hile the am ine function  rem ains at the tw o position  in 

all cases. H ence it fo llow s tha t the reactions for the syn thesis o f  M D A  (4) and M D M A  (5 ) w ou ld  d irectly  

apply  to the synthesis o f  BD B  (7) and M B D B  (8). B utane type precurso rs are therefo re  requ ired  for BDB 

(7) and M B D B  (8) instead o f  the propane type precursors needed fo r M D A  (4) and M D M A  (5). The 

poss ib le  reactions fo r the syn thesis o f  BDB (7) and M BD B (8) are ou tlined  below .

Synthesis o f  PEK (16)

A s w ith M D A  (4) and M D M A  (5) one o f  the m ain starting  precurso rs for BD B  (7) and M B D B  (8) is the 

ketone possessing  an ex tra  carbon in the side-chain . T his is called  p iperonyl ethyl ketone or PEK  (15).
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This can be synthesised in much the same way as PM K (33) starting with piperonal.  The nitrobutene 

derivative can also be formed from piperonal (16) which again under Iron catalytic conditions can be 

converted to PEK (15) (see schem e 7.8).

OH

C H O

O

PrM gBr

CHjCH.CH^NO,

NO,

O
/
\

K H S Q

1918

17

OH

OH

2015

Scheme 7.8: Reaction scheme fo r  the preparation o f  PEK (15).

Once PEK (15) is prepared one can easily synthesise MBDB (8) via the Leuckart or Reductive Amination 

routes (see below).

N itrobutene Route to  MBDB (8)

Using nitropropane and piperonal one can synthesise the nitrobutene derivative (17), which under 

reducing conditions forms the methylenedioxyphenyl-2-butylamine or (B D B) (7) which can be alkylated 

using methyl iodide (see schem e 7.9).
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Scheme 7.9: Reaction scheme fo r  the synthesis o f  MBDB (8) from  Nitrobutene fo llow ed by Alkylation.

R educlive A m ination to  MBDB (8)

T h is  is s t ra ig h t fo rw a rd  as w i th  the  p r o p a n a m in e s  w h e re  m e th y la m in e  a n d  N a C N B H ^ o r  A l H g C i i a r e  used  

to a m in a te  P E K  (15) ,  to  fo rm  M B D B  (8).

Leuckart-W allach Reaction to  MBDB (H)

U s in g  B D B  (7 )  f ro m  the  n i t ro b u te n e  rou te  o r  PEK. (1 5 )  o n e  c an  fo rm  th e  iV-formyl d e r iv a t iv e  ( 2 1 )  and  

then  re d u ce  to  M B D B  (8)  w i th  L iA IH 4 . O n e  can  a lso  form  th e  A '-methyl,  A '- fo rm yl-der iva t ive  (2 2 )  and  

h y d ro ly se  th e  fo rm yl  g ro u p  w ith  HC l to  fo rm  M B D B  (8)  (see  s c h e m e  7 .10).

N H LiAIH,H C O O H
CH

8

OP N H ,C H O
HN.

C H O

2115

HCl 
— ►

C H O 'CH

22 8

Schem e  7. /  0: R eaction schem e fo r  the synthesis o f  M BDB (8) via the L euckart-W allach  Route



The Oxime route

This reaction involves the formation o f  the oxime (42) from the reaction between the PEK (15) and 

hydroxylamine»HCl, which yields BDB (7) on reduction with LiAIH4 (see scheme 7 .1 1). BDB (7) can be 

converted to MBDB (8) via alkylation with CHjI.

15 42

Schem e  7. 11: O xime Route

Section 7.3: Synthesis of 4-MTA (9).

As with the butanamines there is very little information available on the reactions that could be used in the 

synthesis o f  4-MTA (9 ). The nitropropene route is the only route discussed in the literature (Holland, 

1963; Poortman, 1998 & 1999), however 4-MTA (9) could be made by any o f  the reactions used to 

synthesise MDA (4 ). The only difference this time is that the precursors used will not be 3,4- 

methylenedioxy derivatives, but instead will be methylthio derivatives at the 4 position o f  the benzene 

ring.

Synthesis o f  4-Methvlthiovhenvlvropan-2-one

One o f  the main starting m aterials for the synthesis o f  4-MTA (9) would be 4-methylthiophenylpropan-2- 

one (M PP) (43 ). MPP (43 ) can be prepared by converting 4-methylthiophenylacetic acid (44) to the 

ketone (43 ) (See scheme 7.12). MPP (43 ) can also be synthesised via the nitropropene route starting with 

4-methylthiobenzaldehyde (45 ) via a 4-methylthiophenyinitropropene (46 ) intermediate (see Scheme 

7.12).
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HjCS

n,cs

X I lO 

45

CH3CH2NO2

H,CS

46

COOH

44

AC2O
Pyridine

,CS

43

Schem e  7. 12: R eaction  schem e fo r  the syn thesis  o f  M PP (43) fro m  4-m elhylth iophenylacelic  a c id  (44) a n d  a lso  v ia the nitropropene
route

Nitropropene Route

The nitropropene intermediate (46) mentioned above can be reduced directly to form 4-MTA (9) (see 

Scheme 7.13).

l . i A l H .

N H
N O

46 9

S chem e 7.13: R eaction schem e fo r  the synthesis o f  4-MTA (9) v ia  the N itropropene route  

The Leuckart-Wallach Reaction

This involves the reaction between MPP (43) and formamide to produce the A'-formyl 4-MTA (47), 

which can then be hydrolysed with aqueous HCl to produce 4-MTA (9) (see Scheme 7.14).

43

Aq. HCl

HN. NH
CHO H,CS

47 9

Schem e  7, 14: Reaction schem e fo r  the synthesis o f  4-MTA (9) v ia  the  L euckart-W allach route

137



Reductive Amination

T his in v o lves the reaction betw een  M PP (4 3 ) and N aC N B H , and am m onium  acetate (se e  S ch em e 7 .15 ), to 

form 4-M T A  (9 ) in on e  step.

H ,C S

43

N H

9

Schem e  7. 15: Reaction  schem e fo r  the synthesis o f  4-M TA (9) v ia  the reductive  am ination  route

The Oxime route

T his route in v o lv es the reaction betw een M PP (4 3 ) and hydroxylam ine»H C l form ing an ox im e  

interm ediate (4 8 ), w h ich  y ie ld s 4 -M T A  (9 )  on reduction w ith L iA lH 4 (s e e  sch em e 7 .1 6 ).

H ,C S

N H jO l l .  HCl 
Pyridine

N H ,
Ot11,CS

94843
Schem e  7. 16: R eaction  schem e fo r  the synthesis o f  -4-MTA (9) via the oxim e route

7.4: Objectives

Chapter II sh ow ed  the benefits o f  u sing m ass spectrom etry as a m eans o f  determ ining the route o f  

synthesis. Identification  o f  the route w as sim p lified  by using standard reference m aterial iso lated  from  

M B D B  (8 ) derived from  the Leuckart reaction. I f  a m ass spectral library o f  com poun ds know n to  be route 

sp ec ific  im purities or interm ediates w ere estab lished  for M D A  (4 ), M D E A  (5 ), M D M A  (6 ) M B D B  (8 ) and 

4-M T A  (9 ) it m ay be p o ssib le  to use it to identify the routes o f  syn thesis o f  th ese  com poun ds in a foren sic  

setting. The reactions outlined  above have been studied in the D epartm ent o f  Pharm aceutical C hem istry, 

School o f  Pharm acy, Trinity C o lleg e  D ublin. Stable im purities, interm ediates and products (e .g . M D A  (4 ), 

M D M A  (5 ) e tc .), w ere iso lated  in the D ept, o f  Pharm aceutical C hem istry. T h ese  com poun ds w ere m ade  

availab le to the Dept, o f  Pharm acognosy for the purpose o f  estab lish in g  a m ass spectral library that cou ld  

be used in the determ ination o f  the type o f  reactions used to syn thesise  ecstasy -type  drugs.
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Section 8.1: Instrumentation & Solvents

GC-MS

The G C -M S system  consisted  o f  a H ew lett Packard 5973 M SD  coupled to  a 6890 GC system . Sam ples 

w ere in troduced into the system  w ith the aid o f  6890 Injector A utosam pler. A H ew lett Packard H P-5M S 

colum n (30m  x 0.25m m  x 0 .25 |im  film  th ickness) w as used throughout the experim ents detailed  below .

Miscellaneous Instruments

A fisons bench-top w hirlim ixer w as used to  agita te  sam ples.

Solvents

All so lven ts used w ere H PLC grade unless o therw ise stated.

Section 8.2: GC-MS analysis of standard impurities, intermediates and products 

derived from the synthesis of Ecstasy.

Orizin of impurities, intermediates & products.

All o f  the com pounds chosen for inclusion in the m ass spectral database w ere either synthesised  or 

isolated from  in term ediates or products by JJ K eating, in the D epartm ent o f  P harm aceutical C hem istry  at 

the School o f  Pharm acy, T rinity  C ollege D ublin. T he exact structures w ere e lucidated  w ith the aid o f  'H  

and '^C N M R . T he details o f  synthesis, isolation and structural elucidation  can be found in the Ph.D. 

T hesis o f  JJ K eating  (2001).

Preparation o f  analytical solutions o f  impurities, intermediates and products.

All so lu tions w ere p repared by d isso lv ing  approxim ately 0.01 m g, o f  m aterial to  be analysed, in IOO|al o f  

acetonitrile . The so lu tions w ere vortex  m ixed in a 2ml vials con tain ing  200|al inserts before in jection  into 

the ch rom atographic system .
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Reference solution 29: A'-formyl, A'-methyl BDB (18)

Reference solution 30: 4-ethyl-5-(3,4-M DP)-pyrimidine (24)

Reference solution 31: 2,6-diethyl-3,5-di-(3,4-M DP)-pyridine (26)

Reference solution 32: 5-methyl-4-(3,4-MDbenzyl)-pyrimidine (25)

Reference solution 33: 2,6-dimethyl-3,5-di-(3,4-M DP)-pyridine (27)

Reference solution 34: 4-ethyl-3-methyl-2-(3,4-M dbenzyl))-5-(3,4-M DP)-pyridine (28)

Reference solution 35: 2-ethyl-5-methyl-3-(3,4-M DP)-6-(3,4-M dbenzyl)-pyridine (29)

Reference solution 36: 2,4-diethyl-3,4-di-(3,4-M DP)-pyridine (30)

Reference solution 37: 3,4-MDP-3-ethyl aziridine (57)

Reference solution 38: BDB (7)

Reference solution 39: MBDB (8)

Reference solution 40: 4-methylthio-benzaldehyde (45)

Reference solution 41: l-methylthio-4-(2-nitro-propenyl)-benzcne (46)

Reference solution 42: l-(4-methylthio-phenyl)-propan-2-one (43)

Reference solution 43 yV-formyl 4-MTA (47)

Reference solution 44 l-(4-methylthio-phenyl)-propan-2-oxime (48)

Reference solution 45 2-ethyl-3-(4-methylthio-phenyl)-aziridine (68)

Reference solution 46 4-(4-methylthio-benzyl)-5-(4-methylthio-phenyl)-pyrimdine (59)

Reference solution 47 2-(4-methylthio-benzyl)-3-(3-methylthio-phenyl)-aziridine (60)

Reference solution 48 4-methyl-5-(4-methylthio-phenyl)-pyrimidine (61)

Reference solution 49: 4-(4-methylthio-benzyl)-pyrimidine (62)

Reference solution 50: 2,6-dimethyl-3,5-bis-(4-methylthio-phenyl)-pyridine (63)

Reference solution 51: 2,4-dimethyl-3,5-bis-(4-methylthio-phenyl)-pyridine (64)

Reference solution 52: 2-methyl-6-(4-methylthiobenzyl)-3-(4-methylthio-phenyl)-pyridine (65) 

Reference solution 53: 2,4-dim ethyl-6-(4-methylthio-benzyl)-3-(4-methylthio-phenyl)-pyridine (66) 

Reference solution 54: 4-methyl-2-(4-methylthio-benzyl)-5-(4-methylthio-phenyl)-pyridine (67) 

Reference solution 55: l-methyl-4-methyl thio-benzene (68)

Reference solution 56: N ,N-bis-[l-methyl-2-(4-methylthio-phenyl)-ethyl]-formamide (69)



Reference solution 57: 4-MTA (9)

Reference solution 58: 3,4-M DP-propane-l,2-diol (70)

Chromato2 ranhic Conditions

The GC-MS conditions used in the analysis are outlined in Table 8.2.1

GC-MS Parameter GC-MS Condition

Carrier Gas Helium

Carrier Gas Flow Rate 1 ml/min

Column HP-5MS

Column Internal Diameter 0.25 mm

Column Length 30 M

Column Film Thickness 0.25 (.uTi

Transfer Line Temperature 280°C

Ionisation Mode Electron Ionisation

Injection Mode Splitless

Initial Temperature (Hold Time) 90°C (1 minute)

Ramp Rate 15°C/min

Final Temperature (Hold Time) 280°C (6 minutes)

Total Run Time 19.7 minutes

Detected Mass Range 40 -  600 m/z

Table H.2.1: Chnmuttographic conditions used fo r  the analysis o f  impurities, intermediates and products derived from  the synthesis o f

ecstasy.

Analysis

Each of the reference solution extracts were chromatographed (in duplicate) using the above 

chromatographic system. The results o f this section are di.scussed in section 9.
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8.3: Construction of Mass Spectral Library.

The Hewlett-Packard Chemstation software (Hewlett Packard, 1986-1996) that controlled the mass 

spectral detector allowed for the construction o f mass spectral libraries. Compounds were entered into the 

custom spectral library from chromatographic data generated in section 8.1. Library creation using 

Chemstation is fully explained in the software help tool. The help tool in the HP software was used in 

order to create and modify the library entitled Mslib.l. An electronic copy o f  this library, called Mslib.l, 

can be found on the supplementary disk at the back o f  this thesis (see Appendix II). This electronic copy 

requires Chemstation softw'are or some other compatible software in order to function. The results o f  this 

section are shown in section 9.1.

Section 8.4: GC-MS analysis of ecstasy of licit origin

Orisin of Ecstasy

Samples o f  MDMA (5), MDA (4 ), 4-MTA (9), BDB (7) and MDEA (6) were prepared in the Department 

o f  Pharmaceutical Chemistry by JJ Keating. The route used in the synthesis o f  each is shown in Table 

8.4.1.

Compound Route o f  Synthesis
MDMA.HCI Leuckart Route
4-MTA.HCI Reductive Amination Route
BDB.HCI Oxime Route
MDEA.HCI Reductive Amination Route
MDA .HCI Leuckart Route
MDA.HCI Oxime Route
MDA (crude reaction product) Oxime route

Table 8.4.1: Liciily produced ecstasy analysed by GC-MS.

Preparation o f  ecstasy prior to GC-MS analysis

An aliquot o f  the powder (lOmg) was added to water (5ml) that had been made alkaline by the addition o f  

conc. am monia (0.5 ml). This solution was extracted with 5ml o f  petroleum ether. The petroleum ether 

layer was transferred to a clean dry test tube, where it was evaporated under a stream o f nitrogen at 40°C.
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T he residue w as reconstitu ted  in 10ml o f  acetonitrile . The resu lting  solu tion  w as injected into the 

ch rom atographic system .

Chromatosraphic Conditions

The G C -M S cond itions used in the analysis are outlined  in T able 8.4.2.

G C -M S Param eter G C-M S C ondition

C arrier Gas Helium

C arrier G as Flow  Rate 1 m l/m in

C olum n HP-5M S

C olum n Internal D iam eter 0.25 mm

C olum n Length 30 M

C olum n Film T hickness 0.25 |,im

T ransfer Line T em perature 280°C

Ionisation M ode Electron Ionisation

Injected V olum e Hil

Injection M ode Splitless

Initial T em perature  (H old  T im e) 90°C (1 m inute)

R am p Rate l5°C /m in

Final T em perature (H old  T im e) 280°C  (6 m inutes)

Total Run T im e 19.7 m inutes

D etected  M ass R ange 40 — 600 m /z

Table H.4.2: C hrom alogniph ic  canditians used  fo r  the  u n « /v .v i .v  o flic i t ly  p ro d u ced  ec.slusy.

Analysis

Each o f  the ex trac ts  w ere chrom atographed (in duplicate) using  the above ch rom atographic system . T he 

results o f  th is  section  are d iscussed in section 9.2.
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Section 8.5: GC-M S analysis o f ecstasy o f illicit origin

O risin  o f  E cstasy

Sam ples o f  ecstasy  tablets w ere supplied by the G arda N ational D rugs U nit. Physical descrip tions o f  the 

tab lets are included below  in T able 8.5.1.

T ablet
N um ber

A ppearance No. in Batch A verage
W eight

1 Y ellow , Round, Bi-convex 6 0.2532g
2 W hite, Round, B i-convex 6 0.2974g
3 W hite, Round, Flat, H a lf scored on one 

side, o ther side bearing bird logo
6 0.3321g

4 W hite, Round, Flat, H alf scored on one 
side, o ther side bearing bird logo

6 0.2987g

5 Salm on, Round, B i-convex, H alf-scored 
on one side, o ther side bearing a 
M itsubishi logo.

100 0.3050g

Table 8.5./: Illicitly produced tablets analysed by GC-MS.

P reparation  o f  Tablets prior to  G C-M S analysis

T ablet w ere pow dered and hom ogenised  in a m ortar and pestle. An aliquo t o f  the pow der (30m g) was 

added to w ater (5m l) that had been m ade alkaline by the addition  o f  cone, am m onia (0.5 m l). T his so lu tion  

w as extracted  w ith 5ml o f  petro leum  ether. The ether layer was transferred  to  a clean dry test tube, w here 

it w as evaporated  under a stream  o f  nitrogen at 40°C . The residue w as reconstitu ted  in 3m l o f  aceton itrile . 

A portion ( l ( i l )  resu lting  solu tion  w as injected into the chrom atographic system .
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Chromatosraphic Conditions

The G C -M S conditions used in the analysis are outlined in Table 8.5.2.

G C -M S  Parameter G C-M S Condition

Carrier  Gas Helium

Carrier Gas Flow Rate 1 ml/min

Colum n HP-5MS

C olum n Internal D iameter 0.25 mm

C olum n Length 30 M

C olum n Film Thickness 0.25 nm

Transfer Line Temperature 280°C

Ionisation Mode Electron Ionisation

Injected Volume 1^1

hijection Mode Splitless

Initial Tem perature  (Hold Time) 90°C (1 minute)

Ram p Rate 15°C/min

Final Temperature  (Hold Time) 280°C (6 minutes)

Total Run Time 19.7 minutes

Detected Mass Range 40 -  600 m/z

Tuhte H.5.2: Chromatoj>niphic cund itions used  fo r  the uniilysi.s o f  illic itly  p ro  J u ced  ecstasy tuhlets.

Analysis

Each o f  the  extracts were chrom atographed (in duplicate) using the above chrom atographic  system. The 

results o f  this section are discussed in section 9.3.
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Section 9.1: GC-MS analysis o f standard impurities, intermediates and products 

derived from the synthesis of Ecstasy.

T he reaction s ou tlined  in the introduction w ere studied in the D epartm ent o f  Pharm aceutical 

C h em istry , S c h o o l o f  P harm acy, T rin ity C o lleg e  D ublin for syn th esis  o f  M D A  (4 ) , M D M A  (5 ), 

M D E A  (6 ) , M B D B  (8 ) and 4 -M T A  (9 ). Stab le im purities and in term ed iates and products, w h ich  w ere  

iso la ted  in the D ept. P harm aceutical C hem istry, w ere m ade a v a ilab le  to  the D epartm ent o f  

P harm acogn osy  for the purpose o f  e stab lish in g  a m ass spectral library.

B y  a n a lysin g  se lec ted  com p ou n d s by G C -M S  a sam p le m ass spectrum  from  the chrom atogram  cou ld  

be stored  in a sp ec ia lly  constructed  library. T his library cou ld  then be used w hen trying to identify  

co m p o u n d s in illic itly  prepared ecsta sy  tablets or reaction m ixtures from  c lan d estin e  labs etc. T he type  

o f  inform ation that it w as h op ed  w ou ld  be g lean ed  w ou ld  be the iden tifica tion  o f  the route o f  syn thesis  

by the iden tifica tion  o f  certain route sp ec if ic  im purities/in term ediates. T h is kind o f  inform ation w ou ld  

be o f  use to law  en forcem en t authorities.

T he idea o f  e stab lish in g  a m ass spectral database is not a n ew  o n e  in the ca se  o f  the propanam ines  

(e sp e c ia lly  M D A  (4 )  and M D M A  (5 ))  (B oh n , 1993; V erw eij, 1992a). H o w ev er  there has been no  

attem pt m ade to estab lish  su ch  a library in the ca se  o f  M D E A  (6 ), M B D B  (8 )  and 4 -M T A  (9 ).

T he structure and nam e for the im purities and/or interm ediates inclu ded  in the library for M D A  (4 ), 

M D M A  (5 ) , M D E A  (6 ), M B D B  (8 )  and 4 -M T A  (9 ) are sh ow n in T a b les 9 .1 .1 ,  9 .1 .2 , 9 .1 .3 , 9 .4  and  

9 .1 .5  resp ectiv e ly . T he route from  w h ich  the im purity/interm ediate w as ob ta ined  from  and w hether  

that im purity is route sp ec ific  or not is a lso  ind icated  in the fo llo w in g  tables.
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N am e [Retention 

Time, minutes]

S tru c tu re Route M ass Spectral 

fragm en ta tion  m/z

(% abundance)

P iperonal [5.85 

m inutes], (16)

Precursor for Piperonal 

methyl ketone (PMK) (32) 

and for l-(3,4-M DP)-2- 

nitro-l-propene (36).

149(100), 150(95), 

63 (35), 121 (32), 65 

(2 1 ),9 I  (12).

Isosafro le [6.27 

m inutes], (33)

Precursor for PMK (32) 162(100), 104(44), 

103 (41), 131 (40), 

77 (31), 51 (24).

3,4-.M D P-propane- 

1.2-diol [7.12 

minutes), (70)

OH Intermediate between 

Isosafrole (33) and PMK 

(32).

65 (42), 93 (74), 123 

(21), 151 (100), 196 

(24).

P ipcronyl m ethyl 

ketone [7 08 

minutes], (32)

Intermediate between 1- 

(3,4-M D P)-2-nitro-1 - 

propene (36) and MDA (4) 

(nitropropene route). 

Precursor to N-formyl 

MDA (37) (Leuckart 

route). Starting material for 

MDA (4) via one step 

reductive amination route 

Precursor to oxinie route

135 (100), 77(27). 

178 (25). 51 (21).

iV-formyl .\ID .\

[10.34 m inutesi, 

(37)

Leuckart route specific 

intermediate between PMK 

(32) and MDA (4).

162 (100), 135 (75), 

77 (40), 72 (40). 207 

(12).

l-(3.4-,MI)P)-2-

n ilro -l-p ro p e n e

[9.91 m inutesi. (36)

Intermediate between 

piperonal and MDA (4). 

Also precursor to PMK 

(32).

103 (100), 77 (62), 

160 (73), 175 (15), 

207 (7), 149(17), 63 

(28), 150(18), 131 

(16)

1 (3 .4 -

m ethylenedioxyph 

eny l)-p ropan-2- 

oxim e [8.60 

minutes], (40)

Oxime route specific 

intermediate between PMK 

(32) and MDA (4).

42 (34), 51 (44), 77 

(45), 105 (16), 118 

(115), 135 (100), 136 

(43), 146(23), 160 

(30), 177 (19), 193 

(49).

2-m ethyl-3-(3,4-

M D P)-azirid ine

[7.65 minutes], (49)

N
H

Oxime route specific 

impurity.

42 (84), 51 (30), 77

(31), 78 (37), 106

(32), 135 (92), 136 

(100), 177(49).

MDA [7.11 

minutes], (4)

Product amine sold as 

ecstasy. Can easily be 

converted to MDMA (5)

44 (100), 77 (8), 135 

(8), 136(19).

Table 9. I I :  Names, struclures. synthelic route information and mass spectral data fo r  selected intermediates, impurities and

product fo r  the synthesis ofMDA (4) (continued overleaf).
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N am e (R eten tion  

Time, m inutes]

Structure R oute M ass Sp ectral 

fragm entation  m /z

(%  abundance)

2-(3 ,4 -

m cth ylen ed ioxyb e

nzy l)-azir id in e

[8 .14  m inu tes], (50)

<:iX^ O xim e rou te  specific  

im purity .

51 (14), 7 (1 6 ) ,  89 

(12), 121 (14), 135 

(100), 147 (28), 148 

(22), 177 (50).

4-m ethyl-5-(3 ,-l-

M l)P )-p yr im id in e

[10 .09  m inutes], 

(51)

L euckart route  specific  

im purity  derived  from 

reaction  betw een PMK. 

(32 ) and  ,\'-form yl M D A  

(37).

51 (24), 77 (30), 135 

(6), 155 (31), 156 

(19), 1 8 5 (1 0 ), 213 

(59), 2 1 4 (1 0 0 ) , 215 

(26).

4-(3 ,4 -M d b en zy l)-  

p yrim id ine [9.86 

m inu tes), (52)

L euckart route  specific  

im purity  derived  from 

reaction  betw een PM K 

(32 ) and  A'-formyl M DA 

(37).

62 (16), 7 6 (1 0 ) , 88 

(13), 1 0 2 (1 4 ), 145 

(12), 1 4 6 (1 3 ), 155 

(21), 1 5 6 (1 3 ), 183 

(7), 213 (50), 214 

(100), 215 (25).

2 ,6 -d im elh y l-3 ,5 -  

di(3,4-.M I)P)- 

p yrid inc [18 .24 

m inu tes], (27)

l eu ck art route  specific  

im purity  derived  from 

reaction  betw een PM K 

(32) and .\-fo rm y! M DA  

(37).

288 (11), 3 4 6 (2 7 ) , 

347 (100), 348 (26)

2 ,4 -d im eth yl-3 ,5 -  

d i(3 ,4 -M D P )- 

p yrid ine [18 72 

m inu tes), (53)

l euckart route  specific  

im purity  derived  from 

reaction  betw een PM K 

(32) and A'-formyl M DA  

(37).

288 (10), 346 (14), 

347 (100), 3 4 8 (2 6 ) .

6-m ethyl-5 -{3 ,4 - 

M D P )-2-(3 ,4 - 

M D benzyl)-  

p yrid ine [17 .94 

m inu tes), (54)

L euckart route  specific  

im purity  derived  from 

reaction  betw een PM K 

(32 ) and  A^-formyl M DA 

(37).

77 (13), 135 (10), 15 

(8), 288  (10), 318 

(13), 3 4 6 (5 2 ) , 347 

(100), 348 (24).

2 .4 -d im eth y l-3 -  

(3 ,4 -M I)P )-6 -(3 .4 - 

M dbenzyl)- 

p yrid ine [18 03 

m inutes], (55)

Leuckart route  specific  

im purity  derived  from 

reaction  betw een PM K  

(32) and A '-formyl M DA  

(37).

7 7 (1 1 ) ,  135 (8). 165 

(36), 302 (9), 332 

(15), 3 4 6 (1 9 ) , 347 

(11), 3 6 0 (6 5 ) , 361 

(100), 362 (27).

4-m eth y l-5 -(3 ,4 - 

.M DP)-2-(3,4- 

M dbenzyl)-  

pyrid ine [19  04 

m inutes], (56)

L euckart rou te  specific  

im purity  derived  from  

reaction  betw een PM K  

(32 ) and  A’-form yl M DA  

(37).

77 (13), 158 (158), 

288  (17), 318 (10), 

346 (13), 347 (100). 

348 (23).

Table 9.1. J (continued): Names, structures, synthetic route information a n d  mass spectral data fo r  selected intermediates.

impurities and product for the synthesis o f  MDA (4).
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N am e [Retention 

Time, minutes)

S tru c tu re Route M ass S pectral 

fragm en ta tion  m/z

(% abundance)

P iperonal [5.85 

minutes], (16) <X3̂- Precursor for Piperonal 

methyl ketone (PMK) (32) 

and for l-(3,4-M D P)-2- 

nitro-l-propene (36)

149(100), 150(95), 

63 (35), 121 (32), 65 

(21),91 (12).

Safro le  [5.42 

minutes], (35) <xr- Precurser for 3,4- 

methylenedioxy-bromo-2- 

propane (41).

50 (15), 51 (40), 63 

(16), 77(43). 103 

(41), 104(54), 105 

(14), 131 (45), 132 

(16), 135 (34), 161 

(29), 162 (100), 161 

(13).

Isosafro le [6.27 

mlnutesj, (33)

Precursor for PMK (32) 162 (100), 104 (44), 

103 (41), 131 (40), 

77 (31), 51 (24).

l-(3 ,4-M I)P)-2-

n itro - l-p ro p c n c

[9.91 minutes], (36)

Intermediate between 

piperonal (16) and MDA 

(4) Also precursor to PMK 

(32).

103 (100), 77 (62), 

160 (73), 175 (15), 

207 (7), 149(17), 63 

(28), 150 (18), 131 

(16)

3,4-,M D P-propane- 

1 ,2 -d io l[7 12 

minutes], (70)

OH Intermediate between 

Isosafrole (16) and PMK 

(32).

65 (42), 93 (74), 123 

(21), 151 (100), 196 

(24).

P iperonyl m ethyl 

ketone [7.08 

minutes], (32)
‘XJT Intermediate between 1 - 

(3,4-M D P)-2-nitro-1 - 

propene (36) and MDA (4) 

(nitropropene route). 

Precursor to N-formyl 

MDA (37). Starting 

material for MDMA (5) 

via one step reductive 

amination route. Precursor 

to oxime route

135 (100), 77 (27), 

178 (25), 51 (21).

3,4-M D P-2-

brom o p ro p an e

[8.09 minutes], 

(41)

< rrr Intermediate between 

Safrole (35) and MDMA 

(5) in the bromopropane 

route. (Route Specific).

51 (16), 77 (21), 105 

(15), 135 (100), 163 

(19), 242 (19 ), 244 

(21)

A'-formyl MD.A 

[10.34 minutes], 

(37) \ c H O

Leuckart route specific 

intermediate between PMK 

(32) and MDA (4).

162 (100), 135 (75), 

77 (40), 72 (40). 207 

(12).

Table 9.1.2: Names, structures, synthetic route information and mass spectral data fo r  selected intermediates, impurities and 

product fo r  the synthesis ofMDM.4 (5) (continued overleaf).
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N am e [Retention 

1 ime, minutes]

S tru c tu re Route M ass Spectral 

fragm en ta tion  m/z

(% abundance)

1(3 ,4 -

m cthylenedioxyph 

eny l)-p ropan-2- 

oxime (8.60 

minutes], (40)

Oxime route specific 

intermediate between PMK 

(32) and MDA (4).

42 (34), 51 (44), 77 

(45), 105 (16), 118 

(115), 135 (100), 136 

(43), 146(23), 160 

(30), 177(19), 193 

(49).

2-m ethyl-3-(3,4-

M D P)-azirid inc

[7 65 minutes], (49)

H

Oxime route specific 

impurity.

42 (84), 51 (30), 77

(31), 78 (37), 106

(32), 135 (92), 136 

(100), 177 (49).

2 (3 .4 -

m ethylencdioxybe

nzyl)-a/.iridine

(8.14 minutes], (SO)

Oxime route specific 

impurity.

51 (14), 7(16), 89 

(12), 121 (14), 135 

(100), 147(28), 148 

(22), 177 (50).

A '-formyl, N- 

m cthyl MIJA

[10.52 minutes] 

(38)

Leuckart route specific 

intermediate between PMK 

(32) and MDMA (5).

51 (33), 72 (41), 77 

(41), 105(11), 135 

(75), 136(20), 162 

(100), 207 (9).

.MD.\ [7.1 1 

mmutes], (4)

Product amine sold as 

ecstasy, which can easily 

be reduced to form 

M [)M A (5).

44 (100), 77 (8), 135 

(8), 136(19).

M D M .\ [7 53

minutes], (5)

Product amine sold as 

ecstasy.

51 (5). 58 (100), 77 

(6), 135(5).

Table 9.1.2 (continued); Names, structures, synthetic route information and mass spectral data fo r  selected intermediates.

impurities a n d  product fo r  the synthesis o f  MDMA (5).
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j

N am e [Retention 

1 ime. minutes]

S tru c tu re Route M ass S pectral 

fragm en ta tion  m/z

(% abundance)

P iperonal [5.85 

minutes], (16) <3J'"
Precursor for Piperonal 

methyl ketone (PMK) (32) 

and for l-(3.4-M DP)-2- 

nitro-l-propene (36).

149(100), 150(95), 

63 (35), 121 (32), 65 

(21), 91 (12).

Isosafro le [6 27 

minutes], (33)

Precursor for PMlv (32). 162 (100), 104 (44), 

103 (41), 131 (40), 

77 (31), 51 (24).

3 ,4 -M D P -propane- 

1 ,2 -d io l[7 12

minutes], (70)

OH Intermediate between 

Isosafrole (33) and PMK 

(32).

65 (42), 93 (74), 123 

(21), 151 (100), 196 

(24).

l-(3,4-,M DP)-2-

n i(ro -l-p ro p cn e

(9.91 minutes], (36)

Intermediate between 

piperonal (16) and PMK. 

(32).

103 (100), 77 (62), 

160 (73), 175 (15), 

2 07 (7 ), 149(17), 63 

(28), 150 (18), 131 

(16).

P iperony l m ethyl 

ketone [7 08 

minutes], (32)
<xnr Intermediate between 1 - 

(3,4-M D P)-2-nitro-l- 

propene (36) and MDA (4) 

(nitropropene route).

135 (100), 77 (27), 

178 (25), 51 (21).

A'-acetyl MDA 

(10.10 minutes], 

(39)

0

Intermediate between 

MDA (4) and MDEA (6).

51 (21), 77 (26). 86 

(17), 135 (33), 162 

(100), 16(14), 221 

(6).

MDA [7.11 

minutes], (4)

Intermediate between 

PMK (32) and N-acetyl 

MDA (39)

44(100), 77 (8), 135 

(8), 136(19).

.VIDEA [7.94 

minutes(, (6) <xrx..
Product amine sold as 

ecstasy

51 (10), 72 (100), 77 

(13), 105 (4), 135 

(12).

Table 9.1.3: Names, structures, synthetic route information and mass spectral data fo r  selected intermediates, impurities and

product fo r  the synthesis ofMDEA (6).
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N am e [Retention 

1 ime, minutes)

S tru c tu re R oute M ass Spectral 

fragm en ta tion  m/z

(% abundance)

P ipero n a l (5 85 

minutes], (16) cXr Precursor for Piperonal 

ethyl ketone (PMK) (15) 

and for l-(3,4-M DP)-2- 

nitro-l-butene (17)

149(100), 150(95), 

63 (35), 121 (32), 65 

(2 I) ,9 1  (12).

3 ,4-M D P-(2-nitro- 

b u l- l-en e ) [10.21 

minutes], (17)

Intermediate between 

piperonal (16) and BDB 

(7) or between piperonal 

(16) and P E K (I5 ).

51 (27), 63 (35), 91 

(43), 102 (32 ), 115 

(100), 116(51), 117 

(65),145 (32), 150 

(16), 159(25), 174 

(54), 221 (52).

P iperonyl ethyl 

ketone [7.95 

minutes], (15)
axr' Precursor for A'-formyl 

BDB (21) and .V-formyl, 

A-methyl BDB (22) via the 

l.euckart reaction. 

Precursor for MBDB (8) 

via reductive amination 

route. Precursor for o.xime 

route to BDB (7).

51 (21), 57 (21). 77 

(25), 105 (6), 135 

(100), 192(22).

J,4-m cthy lcne 

d ioxyphcnyl- 

(bu tan-2-onc 

oxime) [9.66 

minutes), (42)

^xrc Intermediate between PEK 

(15) and BDB (7).

51 (36), 63 (39), 77 

(30), 91 (55), 102 

(32), 115 (100). 116 

(47), 117 (66). 135 

(17). 145 (29). 159 

(13), 174(72), 221 

(50).

A'-formyl BDB 

[10.67 minutes), 

(21) 0  ^ C H O

Intermediate between PEK 

(15) and MBDB (8).

58 (60), 86 (65), 135 

(62), 161 (12), 176 

(100), 221 (9).

A '-formyl, N- 

m ethyl BDB ) 10.99 

minutes], (22)

Intermediate between PEK 

(15) and MBDB (8).

72 (67). 77(18). 88 

(11). 100(100). 135 

(20). 176(60). 235 

(2)

4-ethyl-5-(3,4-

M D P)-pyrim idine

[10.30 minutes], 

(24)
N

Leuckart route specific 

impurity derived from 

reaction between PEK (15) 

and A'-formyl BDB (21).

62 (26). 84 (17), 115 

(30), 145 (17), 169 

(35), 197 (17), 212 

(11), 227 (99), 228 

(100), 229 (27).

2 ,6-diethyl-3,5-di- 

(3,4-M DP)- 

pyrid ine [18.18 

minutes], (26)

Leuckart route specific 

impurity derived from 

reaction between PEK (15) 

and ,\'-formyl BDB (21)

135 (8). 346(10). 

374 (100). 375 (57).

Table 9.1.3: Names, slnicliires. synthetic route information and mass spectral data fo r  selected intermediates, impurities and  

product for the synthesis o fM B D B  (8) (continued overleaf).
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N am e [Retention 

Time, minutes]

S tru c tu re R oute M ass S pectra l 

f ragm en ta tion

m/z

(% abundance)

5-m ethyl-4-(3,4-

M D benzyl)-

pyrim idine

[10.89 minutes], 

(25)

Leuckart route specific 

impurity derived from 

reaction between PEK 

(15) and .V-formyl BDB 

(21),

51 (24), 77 (27), 

135 (47). 169(28), 

227 (83), 228 

(100), 229 (21).

2 ,6-dim ethyl-3,5- 

di-(3,4-M D F)- 

p y rid ine  [18 72 

m inutes], (27)

<xccĉ a> Leuckart route specific 

impurity derived from 

reaction between PEK 

(l5)andA /-form yl BDB

(21).

77 (20), 135 (15), 

207(13), 360 (11), 

374 (54), 375 

(100), 376(27).

4-ethyl-3- 

methyl-2-(3,4- 

M dbcnzyl))-5- 

(3,4-M DP)- 

pyrid ine  [20.90 

m mutes[, (28)

Leuckart route specific 

impurity derived from 

reaction between PEK 

(15)andA '-form yl BDB 

(21).

44 (28), 73 (26), 

135 (14), 207 (38), 

253 (12), 281 (15), 

374 (100). 375 

(46).

2-ethyl-5- 

methyl-3-(3,4- 

.MI)P)-6-(3,4- 

M dbenzyl)- 

p y rid ine  [19.78 

minutes], (29)

Leuckart route specific 

impurity derived from 

reaction between PEK 

(15) and /v'-formyl BDB 

(21).

77 (12). 135 (12). 

172 (9), 252 (15), 

316 (8 ), 346(14), 

360(15), 374 (92), 

375 (100). 376 

(32).

2 ,4-dicthyl-3.5- 

di-(3,4-M D P)- 

pyrid ine  [18.37 

m inutesi, (30)

Leuckart route specific 

impurity derived from 

reaction between PEK 

(15)andA '-form yl BDB 

(21).

135 (8). 346(10), 

374 (100), 375 

(58), 376 (13).

3 ,4-M D P-3-ethyl 

az irid ine  [8.30 

minutes], (57)

H

Aziridine impurity 

derived from the 

synthesis o f  BDB (7) 

from 3,4-methylene 

dioxy phenyl-(butan-2- 

one oxime) (45)

54 (27), 65 (20), 

77 (29), 91 (32),

119 (45), 135 (47), 

149 (42), 162(13), 

176(100), 190 

(58), 191 (70).

BDB [8.00 

minutes], (7)

BDB (7) ( product amine 

which can be easily 

converted to MBDB (8)

58 (100), 72 (11), 

135 (12), 136(20).

MBDB [8 23

minutes], (8)

MBDB (8) product 

amine sold as ecstasy.

51 (19), 72 (100), 

77 (23). 135 (19).

Table 9.1.3 (continued): Names, strudures. sy’nihelic route information and mass spectra! data fo r  selected intermediates.

impurities and product fo r  the synthesis o f MBDB (8).
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N am e  |R eten tio n  

l im e, m inu tes]

S tr u c tu re R o u te M ass  S p e c tra l 

f r a g m e n ta tio n  m /z (%  

a b u n d a n c e )

4 -m e th y lth io -  

b e n z a ld e h y d e  [7.15 

m inu tes], (45)

Precursor for the  fo rm ation  o f  

the 1 -m ethy lth io -4 -(2 -n itro - 

propeny l)-benzene (46).

5 0 (1 8 ) , 51 (18). 54 

(11). 6 9 (1 6 ) ,  7 7 (1 3 ) . 

10 8 (1 4 ). 1 0 9 (1 6 ), 123 

(14), 151 (88), 152 

(100), 153 (15).

l-m e th y lth io -4 -(2 -  

n i tro -p ro p e n y l) -  

b e n ze n e  [10 .86  

m inu tes). (46)

NO;

H,CS

In term ediate betw een 4- 

m e thy lth io -benza idehyde  (45) 

and l-(4 -m ethy lth io -pheny l)- 

propan-2-one (43)

63 (15). 77 (15), 89 

(19). 1 0 3 (1 0 ). 115 

(100). 1 1 6 (6 4 ), 147 

(32), 162 (69), 209 

(43).

l- (4 -m e th y lth io -  

p h e n y l) -p ro p a n -2 -  

o n e  [8 16 m inu tes]. 

(43)

xxr
H,CS

Precursor to 4 -M T A  (9) v ia 

reductive  an iina tion . Precursor 

for A'-formyl 4 -M T A  (47) 

(L euckart rou te) A lso  p recursor 

for 1-(4 -m ethy lth io -pheny l)- 

p ropan-2-ox im e (48) (O xim e 

route).

63 (12), 78 (15). 89 

(11). 121 (25). 122 

(33), 137 (100), 180 

(24).

A '-form yl 4 - \ n  A

[10.64 m inu tes[. 

(47) XTXH ,C S CHO

hiterm ediate  betw een l-(4 - 

m ethy lth io -pheny l)-p ropan -2 -one  

(43) and 4 -M T A  (9). L euckart 

route specific  im purity .

4 4 4 (5 6 ) ,  72 (46), 91 

( I I ) ,  122 (20), 137 

(55). 164 (100), 209 

(10).

l- (4 -m e th y lth io -  

p h e n y l) -p ro p a n -2 -  

ox im e [9 .57  

m inu tes). (48)

In term ediate betw een l-(4 - 

m ethy lth io -pheny l)-p ropan -2 -one  

(43 and  4-M T A  (9). R oute 

specific  im purity  o f  the oxim e 

route.

63 (18), 78 (21), 89 

(21), 121 (39), 12 

2 (51), 131 (37), 137 

(100), 162 (23), 195 

(46).

2 -e th y l-3 -(4 -

m e th y lth io -

p h c n y l) -a z ir id in e

[9 .40  m inu tes). (58)

R oute specific  azirid ine  im purity  

derived from the ox im e route

51 (17). 63 (19), 69 

(14), 77 (23), 91 (23). 

1 0 4 (2 0 ). 1 0 9 (1 5 ). 117 

(29), 1 2 2 (1 2 ), 130 

(20), 135 (32), 136 

(39), 1 3 7 (4 1 ), 146 

(16), 1 5 0 (4 1 ), 151 

(53). 1 6 4 (8 ) . 178 

(100). 192 (37), 193 

(52)

Table 9.1.4: Names, structures, synthetic route information and mass spectral data fo r  selected intermediates, impurities and 

product fo r the synthesis o f  4-MTA (9) (continued overleaf).
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N am e |Retention 

1 ime. minutes)

S tru c tu re R oute M ass S pectra l 

frag m en ta tio n  m/z

(%  abundance)

4-(4-m cthylth io-

benzyl)-5-(4-

m ethylth io-

phenyl)-pyrim dine

119 19 minutes], 

(59)

SCH,

Leuckart route specific 

impurity in the synthesis 

o f4 -M T A (9 )v ia A - 

formyl 4-MTA (47).

121 (13), 122(19). 

137(32), 244 (9), 

290(14), 323 (13), 

337 (55), 338 (100).

2-(4-m elhylthio-

benzyl)-3-(3-

m cthylthio-

phenyl)-az irid ine

(16 90 minutes], 

(60)

SCH^

H ,CS

Route specific aziridine 

impurity derived from 

the oxime route

55 (18). 137 (23), 89 

(24), 91 (25). 121 

(35). 122(76), 123 

(22), 137 (100). 148

(16). 164 (9). 207 

(3). 281 (66). 301

(17).

4-m ethyl-5-(4-

m cthylth io-

phenyl)-

pyrim iU ine (10 55 

minutes[, (61)

l.euckart route specific 

impurity in the synthesis 

o f4 -M T A (9 )v ia A - 

formyl 4-M TA (47.

121 (16). 122 (24). 

137(47). 168 (56). 

169(28), 201 (40). 

215 (39), 216(100), 

2 1 7 (3 1 ) ,2 I8 (1 2 ) .

4-(4-m elhylth io-

benzyO -pyrim idinc

(10.66 minutes], 

(62)
N

Leuckart route specific 

impurity in the synthesis 

o f  4-MTA (9) via N- 

formyl 4-MTA (47.

122(18), 137 (29). 

244 (30), ,2 9 0 (1 4 ), 

323 (12), 337 (55), 

338 (100), 339(30), 

340(12).

2,6-dim clhyl-3,5-

bis-(4-m ethylthio-

phenyO -pyrid ine

(20.35 minutes(, 

(63)

Leuckart route specific 

impurity in the synthesis 

o f  4-MTA (9) via N- 

formyl 4-M TA (47.

175 (10), 288 (7 )303  

(7), 336 (9 ), 351 

(100), 352(30). 353 

(13).

2,4-di m ethy 1-3,5-

bis-(4-m ethylthio-

phenyl)-pyrid ine

[20.38 minutes], 

(64)

Leuckart route specific 

impurity in the synthesis 

o f4 -M T A (9 )v ia A '-  

formyl 4-M TA (47).

175 (9), 257 (6), 288 

(7), 289(8), 303 (6), 

336 (8), 351 (100). 

352 (31), 353 (15).

Table 9.1.4 (continued): Names, structures, synthetic route information and mass spectral data fo r selected intermediates, 

impurities a n d  product fo r  the synthesis o f  4-MTA (9) (continued overleaf).
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N am e [Retention 

Time, minutes]

S tru c tu re Route .Mass S pectral 

fragm en ta tion  m/z

(% abundance)

2-m ethyl-6-(4- 

m ethylth iobenzyl)-

3-(4-m ethylth io- 

pheny l)-pyrid ine

[20.54 minutes]

(65)

Leuclcart route 

specific impurity in 

the synthesis o f  4- 

MTA (9) via N- 

formyl 4-M TA (47).

122 (9), 137(11), 

152(10), 254(6), 

289 (9 ), 303 (13), 

321 (7), 336 (44), 

350 (58), 351 (100). 

352 (31), 364 (24), 

365 (37).

2,4-dim ethyl-6-(4-

m cthylth io-

benzyl)-3-(4-

m ethylth io-

phenyl)-pyrid inc

[2.47], (66)

Leuclvart route 

specific impurity in 

the synthesis o f  4- 

MTA (9) via N- 

formyl 4-MTA (47).

137 (10), 159(18), 

303 (17), 317 (7), 

335 (12), 350 (59), 

364 (65), 365 (100), 

366(31), 367 (13).

4-m ethyl-2-(4-

m ethylth io-

bcnzyl)-5-(4-

m cthylthio-

phenyl)-pyrid inc

(21 46 minutes].

(67)

l.euckart route 

specific impurity in 

the synthesis o f  4- 

MTA (9) via N- 

formyl 4-M TA (47).

127(9), 152 (15), 

2 89 (11 ), 303(10), 

321 (7), 336 (31), 

350(100), 351 (92), 

352 (31), 353 (11), 

354 (2).

N .N -b is-jl-m ethy l- 

2-(4-niethylthio- 

phcnyl)-elhy l|- 

fo rm am ide [21.01 

minutes], (69)

CHO

,..jaVrxi„ l.euckart route 

specific impurity in 

the synthesis o f  4- 

MTA (9) via K- 

formyl 4-M TA (47).

70 (11), 91 (7), 117 

(25), 137(32), 164 

(100), 165 (91), 166 

(19), 236 (38), 373 

(1).

l-m ethyl-4- 

m cthylthio- 

benzcnc [4.46 

minutes], (68)

...xr Leuckart route 

specific impurity in 

the synthesis o f  4- 

MTA (9) via N- 

formyl 4-M TA (48).

45 (17), 91 (58), 123 

(29), 138(100)

4-MT.A [7.78 

minutes). (9)
NH,

H,CS

Product amine sold 

as ecstasy.

44 (100), 78 (12), 91 

(15), 122 (21), 137 

(21), 138(65).

Table 9 .1.4 (continued): Names, structures, synthetic route information and  mass spectral data fo r  selected intermediates.

impurities and  product fo r  the synthesis o f  4-MTA.

Section 9.2: GC-MS analysis o f ecstasy of licit origin

A total o f  seven sam ples o f  various ecstasy type drugs which had been prepared in the School o f  

Pharmacy via known routes were analysed for the presence for any o f  the impurities entered into the 

mass spectral library.
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The first sam ple to  be analysed was a sample o f  MDMA (5) that had been prepared via the Leuckart 

route o f  synthesis. MDA (4) and MDEA (6) were detected as impurities. There is also a spectrum  that 

on visual inspection shows sim ilarities to /V-formyl, A'-methyl MDA (38 at 10.5 minutes (the same 

retention tim e as the A'-formyl, /V-methyl MDA (3) standard. The presence o f  this com ponent 

indicates that the M DM A (5) was indeed synthesised via the Leuckart route.

The second sam ple to be analysed was 4-M TA (9). This had been prepared via the reductive 

am ination route and as expected there were no impurities observed

The third sample analysed was BDB (7), which had been prepared via the Leuckart route. This extract 

was found to contain the 3,4-m ethylenedioxyphenyl-(butan-2-one oxim e) (42) eluting at 9.3 minutes 

(Quality 93% ) which may have been due to the synthesis o f  PEK (15) and also the A'-formyl BDB 

(21), eluting at 10,7 m inutes which was due to the Leuckart reaction (see Figure 9.2.1). Both the 

retention time and the mass spectrum  for the unknown matched those o f  the standard well (mass 

spectral match quality, 93 %). See Figure 9.2.2 for the selected ion m onitoring o f  the 176 ion which is 

the base peak o f  the mass spectrum  o f  A'-formyl BDB (21).

Abundance

240000

200000

160000

120000

80000

40000 42

— A -
7.50

---
9.50S.50 9.008.00 10.5010.00

Tmie (nunutes)

Figure 9.2.1: Selected Ion Monitoring Chromatogram o f the 135 ion fo r  the analysis o f  BDB made via the Leuckart route. The 

3.4-methylenediox)phenyl-(hutan-2-one oxime) (42) is annotated above its peak
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The oxim e is most likely an intermediate resulting from the synthesis o f  PEK (15) via the oxime 

route, while the A'-formyl BDB (21) impurity is the intermediate between PEK (15) and M BDB (8) 

for the Leuckart reaction.
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18000 ■

21
14000 •
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U -U  , ■  ̂ . . 4k.-,----- 1 %------1 J \ I ^jAlLlu IN

9.00 9.50 10.00 10.50 11.00 11 50 12.00 12.50
Tuue (nvii:iute.s)

Figure 9.2.2: Selected Ion Monitoring Chromatogram o f the 176 ion fo r the analysis o f  BDB made via the Leuckart route. The

compound N-formyl BDB (21) is annotated above its peak.

The next sample analysed was MDEA (6) synthesised via the reductive amination route. There were 

no obvious impurities present other than, low levels o f MDA (4) and M DM A (5) (less than 0.2%  

based on peak area measurements), which was as expected for the reductive amination route.

The fifth sample analysed was MDA (4) which had been prepared via the Leuckart reaction, MDMA 

(5) and MDEA (6) were present as minor impurities, however the presence o f  A^-formyl MDA (37) 

noted at 10.0 minutes indicating that the sample had been prepared via the Leuckart reaction (see 

Figure 9.2.3). The mass spectrum o f  the unknown and the standard yV-formyl MDA (37) had a match 

quality o f  81%, which was considered good. Hence, the MDA (4) was proven to have been 

manufactured via the Leuckart route.
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37
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11.50 12.00

Figure 9.2.3: Selected Ion Monitoring Chromatogram o f the 162 ion for the analysis o f MDA (4) made via the Leuckart route. 

The compound N-formyl MDA (37) is annotated above its peak.

The sixth sample analysed was MDA (4) prepared via the oxime route. Although containing MDA 

(4), there were no impurities observed. This may have been due to the fact that the procedure used to 

clean up the product was particularly rigorous (vacuum distillation, flash column chromatography) 

and leaving the level o f  impurity at an undetectable level. One would expect to have detected the route 

specific aziridine impurities (49) and (50), however these compounds were not detected.

The final sample, which was analysed, was a sample o f  MDA (4), which had been prepared via the 

oxime route. The sample analysed in this case was the crude reaction product prior to clean up. 

Although the chromatogram contains many peaks (see Figure 9 .2 .4 ), the aziridine impurities (49) and 

(49) which are route specific for the oxime route to MDA (4) were easily identified with the aid o f  the 

mass spectral library. The retention times matched those o f  the standard (7.6 minutes and 8.1 minutes 

for compounds (49) and (50) respectively) and the mass spectral match quality in both cases was 

greater than 95%. This highlights the effect that sample clean-up has on the impurity profile o f  drugs.
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50

2800000  -
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2000000
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8.006.00 10.00 22.00  24.00

Figure 9.2.4: Selected Ion Monitoring Chromatogram o f the 177 ion for the analysis o f  crude MDA (4) made via the Oxime 

route The aziridmes (49) and (50) are annotated above their respective weeks.

Section 9.3: GC-MS analysis o f Ecstasy of illicit origin

The tablets discussed in section 8.5 were extracted and analysed under the conditions described. The 

GC-M S chrom atogram s obtained were searched for the presence o f  any com pounds that had been 

entered into the mass spectral library, Mslib.l. It was found that some o f  the tablets did indeed contain 

im purities that indicated the route o f  synthesis.

The first tablet analysed was the yellow  bi-convex tablet. The main peak in the chrom atogram  was 

found to be MDMA (5) eluting at 7.58 minutes under the conditions described (See Figure 9.3.1). 

There was also small peak eluting at 7 .1 1 minutes which was identified as MDA (4) with the aid o f  

the library. This was not considered unusual as this type o f  impurity may be as a result o f  any num ber 

o f  reasons, e.g. adulteration, poor laboratory hygiene between batches etc. The most likely source o f  

MDA (4) would be incomplete reaction in the synthesis o f  M DM A (5) or side reaction due to low 

level im purities in the starting m aterials resulting in the formation o f  MDA (4).
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Abundance

18000000

14000000 -

10000000 -

6000000  -

2000000 -

6.00 10.00 14.00 
Tmie (tninutes)

18.00 22.00

Figure 9.3.1 Reconslrucled Ion Chromatogram f o r  the extract o f  Tablet I. MDA (4) and M D M A (5) are annotated on the ir

respective peaks.

O f more interest was the presence o f compound eluting at 10.5 minutes (the same retention time as the 

standard A'-formyi, A'-methy! M DA (38)), (see Figure 9.3.2), The peak area was found to be 0.2 % o f 

the peak area o f the main M D M A  (5) peak. When the library was used to search for the identity o f this 

compound it was found that the quality o f the match between this unknown compound and A/-formyl, 

A'-methyl M DA (38) was 97 %, which is excellent. The compound was therefore considered most 

likely to be A^-formyl, A'-methyl M DA (38).

The consequence o f this discovery is apparent i f  one peruses Table 9.1.2, where it is stated that N- 

formyl, A'-methyl M DA (38) is the intermediate route specific product between PMK (32) and 

M D M A  (5) in the synthesis o f M D M A  (5) via the Leuckart reaction. Hence it is plausible to state that 

this particular tablet was most likely synthesised using the Leuckart reaction via the A'-formyl, N- 

methyl-MDA (38), intermediate.
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Abundance
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Ion 135 
Ion 162 
Ion 86

75000
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10.50 
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10.30 10.40 10.70 10.8010.50

Figure 9.3.2: Selected ton monitering chromtaogram for ions 86. 58. 153 and 162 for the extract o f  Tablet I.

T he second  tab le t analysed  con ta ined  m ainly  M D A  (4) (see F igure 9 .3 .3 ). T here  w as a lso  a sm all 

M D M A  (5 ) peak  n o ticeab le  at 7 .6  m inutes. T he only  o ther peak  that cou ld  be iden tified  w ith the aid  

o f  the m ass spectra l lib rary  w as a sm all peak  elu ting  at 10.0 m inu tes (the  sam e re ten tion  tim e as N -  

form yl M D A  (38 )) (see F igure 9 .3 .4 ). T he m ass spectrum  o f  the unknow n com pound  w as com pared  

against the sp ec tra  in the library  and  w as found to  m atch the library  spectrum  for iV-formyl M D A  (37 ) 
%

to  a  q u a lity  level o f  9 1% , w hich w as considered  very  good. T he in form ation  p resen ted  in T ab le  9.1.1 

states tha t the p resence  o f  th is p a rticu la r im purity  indicates that the M D A  (4 ) w as syn thesised  using 

the L eu ck art reac tion . H ence th is  illic it p repara tion  con ta ined  M D A  (4 ) m anu fac tu red  using  the 

L euckart reac tion .
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Figure 9.3.3:Reconslrucled Ion Chromatogram fo r  the extract o f  Tablet 3. MDA (4) and MDMA (5) are annotated at their

respective peaks.
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Figure 9.3.4: Selected ion monitering chromatogram fo r  ion 162 (specific fo r  N-formy I MDA) fo r  the extract o f Tablet 3. (N-

formyt MDA (3 7) is annotated.

T ab le t 3 w as a w hite tab le t b ea rin g  a  b ird  logo (see Figure 9 .3 .5 ). A nalysis  o f  the ex trac t o f  tab le t 3

rev ea led  a sim ilar pattern  to  tha t described  for the ex tract o f  tab le t 1. M D M A  (5 ) w as the m ain

com ponen t e lu ting  at 7.5 m inu tes and  there  w as sm all peak e lu ting  at 7.11 m inu tes (less than  2%  the

area  o f  the m ain peak), w hich w as identified  as M D A  (4). T here  w as an M D E A  (6 ) peak  found

e lu ting  at 8 .00 m inutes, w hich  com pares w ell w ith the reten tion  tim e fo r standard  M D E A  (6). T here

w as a lso  the p resence  o f  the peak  at 10.5 m inutes w hich w as successfu lly  iden tified  as 7V-formyl, N -

164



methyl MDA (37). It was hard to identify as it was co-eluting with som e other com pound, however a 

match for the A'-formyl, jV-methyl MDA (38) library entry o f  59 %  was recorded, which is considered 

acceptable when the retention tim es for standard and unknown were com pared (10.5 minutes versus 

10.5 minutes, respectively) (Kavanagh, 2001). The area o f  the peak was particularly small; less than 

0.2%  the area o f  the primary peak. This MDMA (5) also seemed to be made via the Leuckart route, 

but could not be linked to the previous batch as it contained additional com ponents (e.g. MDEA (6)), 

which were not evident in tablet 1.

The fourth tablet was the same as tablet 3 in as much as that the tablets were both white, o f  the same 

dim ensions and bearing a sim ilar bird logo. The main peak was M DM A (5), there was a trace o f  both 

MDEA (6) and MDA (4) and the presence, at a low level, o f  N-formyl, W-methyl M DA (38) could be 

confirmed with the aid o f  the library (spectral match quality 70%, retention tim e 10.5 minutes). The 

two tablets were certainly supplied to the School o f  Pharmacy as part o f  the same seizure so it is 

plausible that the two tablets were part o f  the same m anufactured batch. On visual inspection the 

chrom atogram s had very sim ilar chrom atographic profiles, however the peak areas o f  the com pounds 

MDA (4), M DEA (6) and A'-formyl, A'-methyl MDA (38) were estim ated with the aid o f  the 

softw are’s integration tool and divided by the area o f  the M DM A (5) peak. In the case o f  both tablets, 

the values estim ated were plotted on a chart (see Figure 9.3.6). As can be seen from the chart the 

impurities seem to occur at the same level, with a sim ilar ratio to  each other, adding credence to the 

theory that they may be from the same batch. It is worth noting however, that it would be desirable to 

have more peaks to com pare to each other or a software tool such as Spectrogram  (Doolin, 2000) 

which would allow a qualitative m athem atical com parison o f  the two separate chrom atogram s. This 

product was designed and manufactured by VG Gas Analysis Systems (Cheshire, U .K) but is not 

available for purchase at the time o f  writing.

Figure 9.3.5: Image o f  tablets 3 and 4.
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C om par ison  o f peak areas for 
im pu r i t ies / in te rm ed ia tes  in tablets 3 and 4 w ith  the 

area of IVIDMA (5)

o

■ — Tab le t 4
— Tab le t 3

Q. M D A M D E A  N-formyl,  N-  
methyl M D A

Im purity / Interm ediates

F igure 9.3.6: C har! showing peak area ra tios f o r  im purities in tablet 3 and 4 com pared to the area o f  M D M A (5) the main

constituent.

The fifth  and final tablet to be analysed was a tablet bearing a Mitsubishi logo (see Figure 9.3.7). This 

tablet contained mainly M D M A  (5) but it also contained a peak eluting at the same time as PMK (32) 

standard, 7.0 minutes (see Figure 9.3.8). Figure 9.3.8 shows the SIM chromatogram for the 135 ion, 

which is a common ion, found in compounds sharing the methylenedioxyphenyl moiety. The spectral

absence o f Leuckart route impurities may indicate that the tablet was not made via this route. The 

presence o f PMK (32) would rule out the Bromopropane route, as PMK (32) is not an intermediate o f 

this route. The same applies to alkylation, which proceeds via a nitropropene intermediate (36) to 

M DA (4) and then alkylation to M D M A (5), without the need for PMK (32). The other possibility is 

a one step route from PMK to M D M A (5), via the reductive amination route. This route is known to 

be a favoured route o f synthesis for the manufacture o f M D M A (5) (King, 1999). This route is not 

known to yield any route specific impurities at a detectable level (Keating, 2001). Therefore it is 

possible that the route o f  synthesis used was the reductive amination route, but this cannot be proven 

as this conjecture is based predominantly on the absence o f certain impurities as opposed to the 

presence o f known route specific impurities.

match quality between the standard and the unknown was 74 %, which was considered good. The

i
Figure 9.3.7:Image o f  M ilsubishis tablets analysed. 
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Figure 9.3.8: Selected ion moniteringfor ionl35 fo r  the extract o f  Tablet 5. The compounds MDMA (5) and PMK (32) are

annotated at their respective peaks.

Section 9.4; Conclusion

T he m ass spectral lib rary  w as easily  set up once the relevant com p o u n d s w ere availab le . T he library  

p roved  a useful tool in the ana ly s is o f  ecstasy  o f  illicit and licit o rig in , in te rm s o f  its ab ility  to  aid  the 

d e te rm ina tion  o f  route o f  syn thesis . In som e cases, especially  w hen the d rug  w as licitly  p repared  

iden tifica tion  p roved  d ifficu lt e.g. M D A  (4) via the ox im e rou te . T h is is p rim arily  due to  the 

like lihood  tha t the sam ples w ere  rigo rously  cleaned . Such clean  up is less likely to  be em ployed  in the 

case o f  the illicit sam ples, bu t no t ou t o f  the question . It is a lso  no tew orthy  tha t the in term ed ia tes w ere 

easie r to  d e tec t than  m ost o f  th e  im purities, w hich had been iso la ted  and included  in the library  e.g. 

the py rid in e  and pyrim id ine  im purities o f  the L euckart routes. It m ay be that, by tak ing  and  ex trac ting  

larger q u an tities  o f  d rug , d e tec tion  o f  these  im purities w ould  be ach ievab le .
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CHAPTER IV

THE ANALYSIS OF PHENYLALKYLAMINE ABUSE A M ONG OPIATE ADDICTS 

ATTENDING A METHADONE TREATMENT PROGRAMME IN THE REPUBLIC

OF IRELAND, USING GC-MS.



10.1: Introduction

The metabolism of MDA (4 ), MDMA (5 ), MDEA (6 ), BDB (7 ), MBDB (8 ) and 4-MTA (9 ) is of 

interest on several levels as the presence/absence indicates whether a drug has been abused or not. In 

the emergency medicine setting it is important to be able to determine the type of compound that an 

admission may have ingested in order to administer suitable treatment. In accidental deaths 

associated with drug abuse it is important for coroners to be able to ascertain the types of drugs that 

the victim had ingested, which may or may not have lead to the patients death. Workplace drug 

testing has also become a common feature in society and therefore samples of blood and urine are 

often analysed for drug content prior to a hiring decision being made. Metabolism studies are also 

used in an attempt to determine the toxicity of certain drugs, as the parent drug itself may not be 

dangerous in its initial form, however it may be rendered so on metabolism. Since metabolites are 

claimed to be responsible for the hypothermic, the neurotoxic and/or hepatotoxic effects (Hiramatsu, 

1990 & Carvalho, 1996), of amphetamine type drugs, detailed knowledge of the metabolism is 

necessary.

In general urine and blood are analysed for parent drugs and metabolites, with immunoassay being 

used as a screening procedure. Commercial amphetamine immunoassays e.g. radioimmunoassay 

(Cody, 1990; Kintz, 1997a), enzyme immunoassays (Kunsman, 1990; Kintz, 1997a & Howard- 

Taylor, 1999) or fluorescence polarisation immunoassays (Kunsman, 1990; Kintz, 1997a & Hensslin, 

1996) have been used for screening methylenedioxyamphetamines. The poor selectivity of 

immunoassay techniques has been associated with false positive results where compounds similar to 

amphetamine such as phentermine, the appetite suppressant, and ephedrine, the bronchodilator and 

decongestant, have been found to yield erroneously positive amphetamine results (Howard-Taylor, 

1999). It is noteworthy that five enzyme immunoassay systems, recently tested for accuracy all gave 

spurious results, however the manufacturers of all five systems stated that any positive results should 

be confirmed by GC-MS (Howard-Taylor, 1999). Confirmation and quantification methods using 

GC-MS, HPLC, CZE and TLC in detection of amphetamine type designer drugs in urine and blood 

were recently reviewed (Kraemer. 1998). The determination of ‘Ecstasy’ components in alternative 

biological specimens (saliva, sweat and hair) has also been reviewed (Kintz, 1999).
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In recent years there has been a significant amount of research carried out on the metabolism of 

Ecstasy-type compounds (Maurer, 2000; Garret, 1991; Helmiin, 1996; Kintz, 1999; Kintz, 1997; 

Sadeghipour. 1998 and Maurer, 1996). Maurer et al. carried out an extensive study on the 

metabolism o f racemic MDA (4), MDMA (5), MDEA (6), MBDB (8) and BDB (7), where the 

metabolites were identified in urine by GC-MS after enzyme hydrolysis, acetylation and methylation 

(Maurer, 1996). In phase I metabolism, the drugs were found to undergo O-dealkylation o f the 

methyienedioxy group to form a dihydroxy derivative and A^-dealkylation o f the amine function to 

form the desmethyl analogue o f the parent molecule (see Figure 11.2).

Figure IJ .2: The O-dealkylation and N-dealkylation o f the methyienedioxy compounds (R=CH J o r  propanamines. R -C li,C H  ̂ 

fo r  butananiines), (R '=Cff , fo r  MDMA f5) and MBDB (8;. R ’=CH,CH,for MDEA (6))

O f course the primary amines MDA (4) and BDB (7) cannot undergo the latter pathway, as they have 

no A^-alkyl group to be dealkylated. The consequence of this is that the primary amine MDA (4) will 

be present as a dealkylated metabolite in urine after ingestion o f  MDMA (5) and MDEA (6). 

Similarly BDB (7) will be present as the de-alkylated metabolite o f MBDB (8). Hence the presence 

of the primary amine may not necessarily prove it was the ingested compound, as it may only be 

present as a result o f metabolism. The phase II metabolism involves the formation o f glucuronic acid 

and sulphate conjugates (Maurer, 1996).

The major metabolite in the case o f MDMA (5) (Helmiin, 1996) and 4-M TA (9) (Kavanagh, 1999) in 

urine is the parent molecule. MDA (4) was detected in biological fluids using GLC (Midha, 1976). 

Lim e t al. detected MDA (4) and MDMA (5) in bio-fluids using GC-MS (Lim, 1988 & Lim, 1989). 

MDMA (5) and MDA (4) were detected in bio-lluids by HPLC in the work of Garret e t a l. and in

O-dealkylation N-dealkylation
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blood using HPLC with electrochemical detection by Michel et al. (Garret, 1991 & Michel, 1993). 

The detection of  parent drug in the case M DMA (5), MDEA (6) and MBDB (8) was possible in 

samples of urine, and was used to differentiate the type of  drug in the various samples (Maurer, 

1996) using GC-MS. Kronstrand et al. detected MBDB in urine using GC-MvS (Kronstrand, 1996). 

Kintz analysed for the parent drug and the desmethylated metabolite in an experiment used to follow 

the excretion of  MBDB (8) and BDB (7) in urine, saliva and sweat (Kintz, 1997) with GC-MS 

incorporating heptafluorobutyric acid derivatisation. On the basis o f  these results it should be 

possible to determine whether methylenedioxypropanamines (MDA (4), M D M A  (5) or M DEA (6)), 

methylenedioxybutanamines (BDB (7) or MBDB (8)) or thioamphetamines (4-MTA (9)) are being 

abused by analysing urine samples from individuals using these types of  drugs, using GC-MS. Also 

as difficulty has been expressed in the past concerning the ability to distmguish the underivatised 

spectra of M D M A  (5) and BDB (7) a derivatisation step, which might allow better spectral 

differentiation, may be desirable (Noggle, 1991).

The main objective of this study was to determine the types of  amphetamines being abused by a group 

of  recovering heroin addicts attending a drug rehabilitation programme in Dublin. It is widely 

accepted that many heroin users are polydrug abusers and a precondition of  the methadone 

programme is the abstention from opiate drug abuse. However other drugs, such as amphetamines and 

benzodiazapines are being abused (Best, 2()00; Schifano, 1998 & Browne, 1998). Urine samples were 

taken from methadone clinic clients, all from the same locality. One hundred samples which tested 

positive for amphetamine/ring-substituted amphetamine abuse by EM IT (enzyme multiplied 

immunoassay technique) immunoassay screen were further analysed. A GC-MS procedure, which 

incorporated a chemical derivatisation step, for the analysis o f  a series o f  amphetamine type 

compounds was established. The 100 samples, which had tested positive on screening, were liquid- 

liquid extracted and chemically derivatised and analysed using the GC-MS procedure already 

established. It was hoped from the results it would be possible to see whether 

methylenedioxypropanamines (MDA (4), M DMA (5) & M DEA (6)), methylenedioxybutanamines 

(BDB (7) & M BDB (8)) or thioamphetamines (4-MTA (9)) were being abused by the cohort of 

clients.
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Section 11.1: Instrumentation

GC-MS

The system consisted o f  a Hewlett Packard 5973 MSD quadrupole mass spectral detector coupled to a 

6890 GC system and a 6890 Injector Autosampler. The column used was a HP5-M S (5% -phenyl- 

95% -dim ethylsiloxane-copolym er, SOM x 0.25mm x 0.25|im  film thickness). The system was 

com puter controlled with the aid o f  Hewlett-Packard Chemstation software.

Immunoassay Analyser

All urine sam ples were tested by instrumental immunoassay on an Olym pus AU 600 Analyser. 

Miscellaneous Instruments

All w eighing was carried out using a Sartorius BP 110 S analytical w eighing balance.

Section 11.2: Solvents & Blank Urine

Solvents

All solvents used were HPLC grade and 0.22 (.im filtered.

Drue free urine

Drug free urine was collected from a drug free candidate outside o f the drug treatm ent program m e and 

stored at - 18°C until required

Section 11.3: EMIT test procedure

Urine sam ples w ere taken, under strict supervision, from clients over a period o f two m onths (July- 

August 1999), in a Drug Treatm ent Centre in Dublin. Urine sam ples were tested by instrumental 

im m unoassay on a O lym pus AU 600 analyser, according to m anufacturers instructions, using the 

EM IT d.a.u. M onoclonal A m phetam ine/M etham phetam ine (Syva) kit. The staff o f  the Drug Treatm ent
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Centre conducted this procedure. EMIT positive samples were refrigerated (-18°C) until extraction 

(see Section 11.5).

Section 11.4: GC-MS procedure for the analysis of a series of derivatised 

amphetamine analogues

Preparation o f  anahtical solutions

All reference solutions 1-7 were prepared by dissolving 2.0 mg/ml aliquots o f the relevant 

compound(s) in 1 ml o f drug free urine unless otherwise stated (see overleaf).

Reference Solution I : Amphetamine (3) 

Reference Solution 2: Methamphetamine (14) 

Reference Solution 3: BDB (7)

Reference Solution 4: MBDB (8)

Reference Solution 5: MDA (4 )

Reference Solution 6: MDMA (5)

Reference Solution 7: MDEA (6)

Reference Solution 8: 4-MTA (9)

Derivatisation procedure

Chemical derivatives of the reference standards (1-7) were prepared as follows. Each solution (2 ml) 

was made alkaline by the addition of conc. aqueous ammonia (0.5 ml) and extracted with 2 ml of 

petroleum ether. The supernatant petroleum ether was quantitatively transferred to a V-vial. The ether 

was then evaporated to dryness under a stream of nitrogen at room temperature. The residue was 

reconstituted in toluene (80 |^1). A^-methyl-Z7(s(trifuoracetamide) (MBTFA) (20|il) was then added to 

the vial immediately before injection into the chromatographic system (see below).
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Chrom atosraphic conditions

T h e  G C -M S  condit ions used in the analysis  are outl ined in T able  11.4.1.

G C -M S  Param eter G C -M S  C ondit ion

C arr ier  Gas Helium

C arrier G as F low  Rate 1 ml/min

C olum n H P-5M S

C olum n Internal D iam eter 0.25 mm

C olum n Length 30 M

C olum n Film Thickness 0.25 ^m

Transfe r  Line Tem pera ture 280°C

Ionisation M ode Electron Ionisation

Injected V olum e U lI

In jection M ode Splitless

Initial Tem pera ture  (H old  T im e) 90°C (1 minutes)

R am p Rate 15°C/min

Final Tem pera ture  (H old  T im e) 280°C (6 m inutes)

Total Run Time 19.7 minutes

Detected  M ass Range 40  -  600  m/z

Table 11.4.1: ChronuitOf>niphic condition.^ used for the development of a GC-M S procedure fo r  the cinaly.^i.^ o f  a series o f

derivutised umphetamine analogues.

Analysis

Each o f  the reference solution extrac ts  were ch rom ato g rap hed  (in dup lica te )  using  the above 

ch ro m ato g rap h ic  system. The results  o f  this section are d iscussed  in section  12.

Section 11.5: Construction of mass spectral library.

M ass spectra  o f  com p o u n d s  analysed  in section 11.4 were en te red  into the cu s tom  spectral library 

from ch rom atog raph ic  da ta  genera ted  in section 11.4. Library  crea tion  using  C h em sta t io n  (H ewlett-  

Packard , 1986-1996) is fully exp la ined  in the softw are  help tool. T he  help  tool in the H P  sof tw are  was 

used in o rder  to create and modify  the library entitled Metab.l.  A n  elec tron ic  copy  o f  this library is 

inc luded in A ppend ix  II. This  e lec tron ic  copy  requires C hem sta t ion  so f tw are  o r  som e o ther 

co m patib le  sof tw are  in o rder to  function. T h e  results o f  this .section are sho w n  in 13.
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Section 11.6: Extraction and GC-MS analysis of EMIT positive urine

Section 11.6.1: Extraction of EMIT positive urine samples in preparation for GC-MS analysis

Sample collection and storaee

U rine  sam p les  w ere  co llec ted  as part o f  norm al d rugs o f  abuse sc reen ing  at the D rug  T rea tm en t  Centre ,  

Trin ity  C ourt ,  Pearse Street, D ublin  2, during  July and A ugust 1999. 100 sam ples  w hich  had tested 

positive for A m p h e tam in es  by E M IT  im m unoassay  in the treatm ent cen tre  were stored  at -18°C  until 

G C -M S  analys is  (see Section  1 1.3).

D erivat isa tion  procedure

An a liquo t o f  each urine sam ple  (2m l) was m ade alkaline by the addition  o f  conc. aqueo us  a m m o n ia  

(0 .5m l)  and  ex trac ted  with 2ml o f  petro leum  ether. The  supernatant pe tro leum  e the r  w as quanti ta t ive ly  

transferred  to a V-vial. T h e  e the r  was then evaporated  to dryness  u nder  a s tream o f  n itrogen at room  

tem pera ture .  T h e  residue w as reconsti tu ted  in to luene (80 fil). M B T F A  (20|ul) w as then added  to the 

vial im m ed ia te ly  before  injection into a ch rom atograph ic  system. T he  ch rom atog rap h ic  sys tem 

em p lo y ed  is descr ibed  in Section  11.6.2.

Section 11.6.2: GC-MS analysis of EMIT positive urine sample extracts

Samples Analysed

The 100 E M IT  positive urine sam ples  that had been prepared  in Section 11.3 w ere  subm it ted  for G C- 

M S analysis.
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C hrom atosraohic conditions

T h e  G C -M S  conditions used in the analysis are outl ined in T ab le  I I . 6 . 1

G C -M S  P aram eter G C -M S  Condit ion

C arrie r  Gas Helium

C arrie r  G as F low  Rate 1 ml/min

C olum n H P -5M S

C olum n Internal D iam eter 0.25 m m

C olum n Length 30 M

C olum n Film Thickness 0.25 |am

T ransfer  Line T em pera tu re 280°C

Ionisation M od e Electron Ionisation

Injection M ode Splitless

Initial T em p era tu re  (H old  T im e) 90°C  ( Im in u te s )

R am p Rate 15°C/min

Final T em p era tu re  (H old  T im e) 280°C  (6 minutes)

Total Run T im e 19.7 minutes

D etected  M ass  Range 40 — 6 0 0  m /z

Tcihle 11.6.1: Chromatographic conditions used for the development o f  a GC-M S procedure fo r  the analysis o f  a series o f

derivatised amphetamine analogues.

Analysis

Each ex trac t  w as ch rom atographed  (in duplicate)  under the G C -M S  condit ions  descr ibed  above. The 

results are d iscussed  in Section 12.3.
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Section 12.1: EMIT test procedure

The Drug Treatment Centre Board is responsible for the administration of much of the methadone 

treatment programme in Dublin. The programme is run through several drug clinics situated all over 

the city. Clients normally attend these clinics on a daily basis, where a Pharmacist dispenses a 

controlled amount of methadone. A pre-requisite of the programme is that clients do not continue to 

abuse drugs once they are accepted onto the programme, and instead rely only on methadone 

prescribed by the Clinicians of the Drug Treatment Centre Board. As the clients do not always adhere 

to this condition, screening programmes are necessary in order to detect non-compliance. EMIT 

immunoassay is a common screening procedure which is used by the Drug Treatment Centre to assess 

compliance with the conditions of the programme. If a client is in breach of the agreement then they 

are given a period of time to clear their system of the drug (benzodiazepine, amphetamine etc.) before 

receiving further methadone maintenance.

O f the numerous urine samples taken over the course o f July-August 1999 in one Dublin drug 

treatment centre 100 urine samples tested positive for amphetamine by EMIT II immunoassay. It was 

not discernible whether or not these samples actually contained amphetamine itself or some analogues 

o f amphetamine. The reason for this uncertainity was the poor selectivity and cross reactivity 

exhibited by the immunoassay kits (Price, 1997). A positive immunoassay result could mean that one 

or more of a number o f possible amphetamine type drugs are being abused. The d-amphetamine cut

off for the kit used is comparatively high, 1000 ng/ml (Syva®, 1998), when compared to other 

systems (e.g. FPIA-Amphetamine/Methamphetamine II, Abbott 300 ng/ml). Coupled with this is the 

fact that the detection period for MDA and MDMA is ca. 2 days (de la Torre, 1997). Hence, it is 

possible that many o f the clients could have been using these drugs but evaded detection due to the 

fact that the concentration of abused drug was below the limit o f detection o f the screening system 

employed. The short half-life o f the drugs in question may also have contributed to negative results on 

screening. As aforementioned the manufacturers o f many o f these systems advocate that any positive 

results be confirmed by GC-MS (see Section 10). Hence the objective o f this study was to confirm 

that amphetamines (ring-substituted or otherwise) were being abused and more specifically to see 

whether methylenedioxypropanamines (MDA (4 ), MDMA (5) and MDEA (6),
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methylenedioxybutamines (MBDB (8)), thioamphetamines (4-MTA (9)) or non-ring substituted 

amphetamines (amphetamine (3) and methamphetamine (14)) were being abused.

Section 12.2: GC-MS procedure for the analysis of a series of derivatised 

amphetamine analogues.

In order to confirm the presence o f amphetamine type compounds and more specifically the family of 

compounds (methylenedioxypropanamine/butanamines etc.), an analytical protocol was required that 

would allow for this type of determination. GC-MS seemed like the most logical option as it has the 

ability to unequivocally identify chemical compounds.

The target analytes chosen were considered the most likely amphetamine type compounds being 

abused in the Republic o f Ireland, based on reference information (An Garda Siochana, 1997; An 

Garda Siochana, 1998). The compounds chosen were amphetamine (3), MDA (4), MDMA (5), 

MDEA (6), and MBDB (8). The compounds 4-MTA (9) and BDB (7) were included in this study 

along with the previously mentioned compounds. It was expected, based on the metabolism studies 

referred to in the introduction, that the parent drug would be excreted in the case o f all o f the 

aforementioned drugs and as such would be the target analyte. It is worth mentioning once more that it 

is not possible to identify whether the primary amines MDA (4) and BDB (7), if detected would be 

present as the A'-alkyl metabolites o f MDMA (5), MDEA (6), or MBDB (8) or whether the drug 

abuser additionally took them. Once the target analytes had been selected a GC-MS system capable of 

analysing them was required.

A GC-MS system that had been in use for some time in the Department o f Pharmacology and 

Therapeutics, T.C.D. that involved chromatographic conditions that are applicable to most basic drugs 

was exploited. The system involved a HP-5 column (length: 30 M, i.d.: 0.25 mm, film thickness: 0.25 

(Am). The temperature programme used had an initial temperature at 90°C, which was held for 1 

minute, before being ramped up to 280°C at a rate of l5°C/min. The temperature was then held at 

280°C for 6 minutes (see Section 11.4 for full details). The method also employed a chemical 

derivatisation step using MBTFA.
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A chemical derivatisation step was chosen for two reasons.

1. Amines (the functional group common to all o f the selected target compounds) do not give very 

featured (well fragmented) mass spectral fragmentation patterns and as such are not very good for 

confirmational analysis. It is much better if highly featured mass spectra can be obtained (Me 

Lafferty, 1993)

2. Some o f the analytes e.g. MDMA (5 ) and BDB (7) are isomers and concern was expressed in the 

past about the spectra o f these compounds being too similar for the purposes o f differentiation 

(Noggle, 1991).

The derivatisation in the case of the amines usually provides more featured fragmentation patterns 

when subjected to mass spectral analysis (Me Lafferty, 1993).

Using the GC-MS system outlined (see Section 11.4) all o f the compounds analysed, amphetamine 

(3 ), methamphetamine ( 14), MDA (4 ), MDMA (5 ), MDEA (6 ), BDB (7), MBDB (8 ) and 4-MTA (9 ) 

were sufficiently separated (based on visual inspection) (see Figure 12.1, overleaO- The retention 

times were determined for each o f the standards which had been extracted from drug free urine (Table 

12.2.1 below). The peaks were identified by comparison o f the retention times o f the standards 

containing the individual standards (reference solutions 1-7) with the retention time o f the standards in 

the mixture (reference solution 9). Figure 12.1 was prepared by plotting the extracted ion abundance 

(most intense mass spectra! ion for each of the analytes) versus time (minutes) from reference solution 

9. The most intense ions (140 m/z, 154 m/z, 265 m/z, 135 m/z, 137 m/z and 168 m/z) were 

individually plotted and superimposed using the HP Chemstation software resulting in the merged 

chromatogram (see Figure 12.2.1, overleaf).
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A nalyte (T FA  D erivative) R eten tion  T im e (m inutes)

Amphetamine (3) 5.83

Methamphetamine (30) 6.75

M D A (4) 8.50

B D B (7) 9.08

4-MTA (9) 9.16

MDMA (5) 9.41

MDEA (6) 9.75

MBDB (8) 9.83

Table 12.2.1: Retention times) for amphetamines analysed.
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Figure 12.2.1: Extracted ions abundance (x-axis) plotted against Time (minutes). The most intense ions (140 /z. 154 m/z, 265 

m z. 135 m z, 137 m z  and 168 m/z) were individually plotted and merged using the HP Chenjstation software resulting in the 

merged chromatogram above. Peaks are annotated with compound reference number. Note: all compounds are TFA

derivatised.

The mass spectra o f  each o f  the analytes consisted o f  well fragmented mass spectra at high mass for 

the MBTFA derivatives (see Table 12.2.2).
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Analyte (TFA Derivative) Main Mass Spectral Peaks m/z (relative abundance %)

Amphetamine (3 ) \40 (100), 118(92), 91 (66),  69(31)

Methamphetamine ( 14) 154 (100), 118 (36), 110 (J6), 91 (32), 69 (20)

MDA (4) 135 (100), 162 (57), 77 (31), 275 (18)

BDB (7) 135 (100), 176 (50), 289 (15), 11 (17)

4-MTA (9) 137 (WO), 164 (88), 69 (49), 211 (44), 122 (39)

MDMA (5) 154 (100), 168 (100), 135 (73), 110 (44), 97 (34), 280 (14)

MDEA (6) 168 (100), 162 (6i), 140 (38), 138 (42), 11 (19), 303 (7 )

MBDB (8) 168 (100), 176 (85), 135 (59), 303 (11)

Table 12.2.2: Most significant ions in the mass spectra acquired for the respective chrom atographic peaks. Note: the subscript

o f the mass ion refers to the mass spectral peak abundance

The proposed fragmentation patterns for amphetamine (3), methamphetamine (14), MDA (4), MDMA 

(5), MDEA (6), BDB (7), MBDB (8) and 4-MTA (9) are shown in Figures 12.2.2, 12.2.3, 12.2.4, 

12.2.5, 12.2.6, 12.2.7, and 12.2.8 respectively. Typically what happens is an alpha cleavage to form a 

benzyl moiety (ring substituted or otherwise) yielding two significant ions, the benzyl and the amine 

fragment. The formation of styrene type molecule (ring substituted or otherwise) also yields a 

significant fragment in the mass spectra of these compounds.

m/z = 140m/z = 91

m/z = 231

m/z =118

Figure 12.2.2: Proposed fragm entution patient o f  the amphetamine-TFA derivative.
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m/z = 154m/z = 91

CF3
m/z = 245

m/z =118

Figure 12.2.3: Propo.'sed frugm em ation patient o f  the metluimphetamine-TFA derivative.

HN^ rp ,

Q m/z = 275

m/z = 135  m/z = 162

Figure 12.2.4: Proposed fragmentation pattern o f  the MDA-TFA derivative.

m/z=  154m/z =135

CF

m/z = 289

m/z = 162

Figure 12.2.5: Proposed fragmentation pattern o f  the MDMA-TFA derivative.
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Figure 12.2.6: Proposed fragm entation pattern o f  the MDEA-TFA derivative.
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Figure 12.2.7: Proposed fragm entation pattern o f  the BDB-TFA derivative.
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Figure 12.2.8: Proposed fragmentati<m pattern o f  the MBDB-TFA derivative.



m/z = 137

H3CS

- CH3

m /z =  122

Fif’iire 12.2.9: Proposed fragmentiition pattern o f  the 4-MTA-TFA derivative.

Now that a suitable chrom atographic system had been established, which was capable o f identifying 

the target m olecules in urine, it could be applied to the analysis o f the EM IT am phetam ine positive 

urine sam ples acquired from the Drug Treatm ent Centre. The m ass spectra o f the com pounds were 

entered into a specially constructed mass spectral library, which would be used when analysing future 

samples. The title o f  this library is m etab.l and an electronic copy o f it is available in A ppendix II.

Section 12,3 GC-MS analysis of EMIT positive urine sample extracts

Using the GC-M S system described in section 12.2 the EM IT positive urine sam ples were extracted 

and analysed by G C-M S, as described in Section 11.4. The M BTFA derivatives o f the target analytes, 

am phetam ine (3 ), m etham phetam ine ( 14), MDA (4 ), M DM A (5 ), M DEA (6 ), BDB (7 ), M BDB (8 ) 

and 4-M TA (9), were searched for manually using the HP Chem station interface in the 100 EM IT 

positive samples. Peaks were positively identified if the retention time and the mass spectrum  (at that 

retention time) both matched.

In 21 out o f  100 sam ples analysed, am phetam ine (3 ) was the only drug detected. The am phetam ine 

(3 ) peak was observed eluting at 5.83 minutes and the mass spectrum  matched that o f  the 

am phetam ine (3 ) peak on visual inspection. An example is shown below for sam ple 20 with the m ajor 

selected ions extracted (140 m/z, 154 m/z, 265 m/z, 135 m/z, 137 m /z and 168 m/z) and superim posed 

(see Figure 12..3.1).
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Figure 12.3.1: GC-MS chromatograms o f  selected ions (NO m.z. 154 mz. 265 m 135 m/:. 137 m /zand 168 m-z) used fo r  

monitoring EMIT positive sample 20. The amphetamine (3) peak is annotated above the relevant peak.

The spectrum for the com pound eluting at 5.83 minutes was subjected to a search o f  the specially  

constructed library and the result is shown below  (see Figure 12.3.2).

A b i i n c i a n < ^

Scan 116 (5 81 3 min) DTC20R D (-)

3000

7000 ;

16^ 7Q1 9gg 1fg34>5 t?60

Abundance

#1 Amphetamtn©-TFA

9000

8000 _ 118
91

7000

6000

5000

•4000

3000

................  inr*
40 60 80 1001201401601

Figure 12.3.2: Companson o f spectrum o f compound eluting at 5.83 minutes in the extract o f  sample 20. nith the spectra o f  the

specially constructed library'.
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As can be seen the spectra are a good match for each other, the quahty algorithm which 

mathem atically estimates the quality o f  the match between the two was greater than 90, which is very 

good (Kavanagh, 2001).

M DM A (5)/M DA (4) was the only significant substituted am phetam ine in 54 o f  the 100 samples. 

Sam ple 21 serves as good example o f  this (see Figure 12.3.3). In this sample MDMA (5) and MDA 

(4) were detected at 9.4 minutes and 8.5 minutes respectively. These retention times matched the 

retention tim es for the standards and the mass spectra were com pared with the spectra in the library.
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Figure 12.3 3: GC-MS chromatogram o f sample 21. shmving both MDA (4) and MDMA (5).

Both spectra were identified as M DA-TFA and M DM A-TFA respectively (see Figure 12.3.4) and the 

quality algorithm returned a value exceeding 90 in each case.
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Figure 12.3.4: The two uppermost Spectra: M DA-TFA spectra compared to spectra e lu ting  a t same time in sample 21. The A i ’o  

low er Spectra: M DM A-TFA spectra compared to spectra o f  compound e luting a t same time.

In all 24% o f the samples showed both amphetamine and M D M A /M D A . A typical sample which was 

found to contain both is shown below (Figure 12.3.5) for sample 27.
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Figure 12.3.5: GC-MS chromatogram o f  sample 27 extract. The peaks at 5.8 minutes. 8.5 and 9.4 minutes were identified as

amphetamine (3). MDA (4) and MDMA (5) respectively.

The findings indicate that propanam ine ring-substituted am phetamines (M DA (4) and M DM A (5)) 

and non-ring substituted am phetamines, and in this case specifically am phetam ine were being abused. 

There was no observed occurrence o f  MDEA (6). There was no detection o f  M BDB (8) or BDB (7), 

which w ould indicate that the particular cohort m onitored, was not abusing 

m ethylenedioxybutanam ines. Thioam phetam ines (4-MTA (9)) were not detected either. There was 

one incidence o f  the anorectic, phentermine, in the samples analysed. A pie chart sum m arising the 

results is shown below (see Figure 12.3.6).

□  Amphetamine (21 %) E3 MDMA (54%)

□  Amphetamine & MDMA (24%) □  Other (1%)

Figure 12.3.6: Pie chart summarising results o f the analysis o f 100 EMIT positive samples by GC-MS
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The fact that there were no BDB (7), M BDB (8) or MDEA (6) present was not surprising as Irish 

Police (An Gardai) records also reflect this observation. It would appear that the m ajority o f 

‘’E cstasy”  seized in the Republic o f  Ireland in 1998 was alm ost exclusively M DM A (5) and only a 

fraction o f  cases involved MDEA (6) and M BDB (8) (An G arda Siochana, 1998). In that same year 

there no reported seizures o f  BDB (7).

In G erm any MDMA (5) and M DEA (6) seem to be the most significantly abused, with little M BDB 

(8) or MDA (4) being encountered (Sonderm ann, 1999). It is also reported that 95%  o f  all drugs sold 

as ‘’Ecstasy”  in Germany contain only one com pound and that only 5% o f  form ulations appeared as 

m ixtures, which may give anecdotal credence to the possibility that the M DA (4) in the samples was 

o f  metabolic origin. However King et at. (1997) described the significant occurrence o f  MDA (4), 

M DM A (5) and MDEA (6) in the U.K. with some samples seen as mixtures o f  MDMA (5) with 

M DEA (6) and MDMA (5) with MDA (4).

It has been shown in the past that 4-M TA (9) cross-reacts with the particular immunoassay system 

that was em ployed here (Kavanagh, 1999). The absence o f  4-M TA (9) was probably due to the limited 

num ber o f  seizures in Europe, coupled with the high incidence o f  4-M TA  (9) associated fatality 

(EM CD D A, 1999), which may have lead to a decline in its use.

It is worthwhile pointing out that the extent o f  ring-substituted am phetam ine abuse exceeds that o f  the 

non-substituted form. Amphetamine abuse am ong first-contact patients o f  the drug treatment 

program m e in 1997 and 1998 in the Dublin area was ca. 1% (O ’Brien, 1999). This low level o f  

am phetam ine abuse has been a feature o f  the drug scene in Ireland since the 1970’s (Corrigan, 1987). 

The extent o f  ring-substituted am phetam ine abuse for first-contact patients for the same region was 

4.8%  in 1997 and 3.7 in 1998 (O ’Brien, 1999).

Although not particularly renowned for its abuse potential the appetite suppressant, phentermine, will 

rarely induce euphoria but can cause insomnia (Perrine, 1996). The occurrence o f  the Phentermine 

sample highlights the potentials for cross-reactivity in immunoassay systems and bolsters the need for 

reliable and confirm atory GC-MS procedures. It has been shown that both am phetam ine and MDMA
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(5 ) /M D A  (4) abuse  can be confirm ed by G C -M S  with tr ifluoroacetyi derivatisation  and  that such 

abuse is occurr ing  in the chen ts  o f  the Dublin M ethadone programme.

Section 12.4: Conclusion

A rapid G C -M S  procedure  incorpora t ing  flash derivatisation has been established for a series o f  

am phe tam in es  and their analogues which can be used in urinalysis to identify the type o f  

am phe tam in es  being abused. It also show s that in one locality in the R epublic  o f  Ireland a small group  

o f  d rug  users, w ho w ould  most likely be exposed to similar m arket trends as the general populace , are 

being e x p osed  to  m ethylened ioxypropanam ines  which have been around  for m any  years  and not to 

new er ana logues  such as th ioam phetam ines  and butanamines.
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CHAPTER V

A N A L Y S IS  OF T H E  C A N N A B I N O I D  C O N T E N T  OF C A N N A B I S  RESIN,  H E M P 

A N D  H E R B  SEIZED A N D /O R  G R O W N  IN T H E  R E PU BL IC  OF IREL AN D,  USING

GC-FID.



Section 13.1: Historical Background

The plant Cannabis saliva L is am ong one o f  the w orld’s oldest and best known plants/illicit drugs. It 

has been used for millennia for its fibre and intoxicating properties (Nahas, 1984). It was known to the 

Chinese and many other ancient civilisations as far back as the second millennium BC, when the plant 

was first cultivated for both its fibre and medicinal properties (Cam p, 1936; Nahas, 1984). Although 

the plant certainly originated in Asia, its precise origin has yet to be identified (Nahas, 1984). It is 

thought that there was an early diffusion over a vast area stretching from the Caspian Sea to the 

southern Himalayas then extending into China and western Siberia, where today in the Ahai valleys it 

can still be found in its wild state (Crescini, 1971). Cannabis sativa  was one o f  the first non-food 

industrial plants to be cultivated by man (M ignoni, 1997/1998). Cannabis is currently controlled in 

most countries including the Republic o f  Ireland, under the term s o f  the Misuse o f  Drugs Acts 1977 

and 1984 (Irish Governm ent, 1977; Irish Government. 1984)

Section 13.2: Botany

Many botanists believe Cannabis saliva  to be a single non-stabilised species and it was thought in 

1949 that there were as many as 100 varieties or races (Bailey, 1949); this num ber may be far greater 

today. A nother opinion exists how ever that there are three distinct species, Cannabis saliva o f  

tem perate United States and the rest o f  the world. Cannabis indica o f  central Asia, and Cannabis 

ruderalis, a more northern species growing in Russia and Siberia (Schultes, 1980). For the purposes o f  

this thesis Cannabis, where referred to, will be considered as being one species. Cannabis saliva L. 

The many varieties o f  Cannabis saliva  L. have been categorised further into three phenotypes which 

are described as the drug-type (containing high levels o f  psychoactive m aterial), the interm ediate-type 

(interm ediate levels o f  psychoactive material) and the fibre-type (containing low levels o f  

psychoactive material). The details o f  this categorisation are discussed in more detail below.

In Latin, the word Cannabis means hemp, and denotes the genus o f  the hemp family o f  plants. The 

species nam e, saliva, means planted or sown, and indicates the nature o f  the p lant’s growth (Nahas, 

1984). Cannabis saliva is closely allied to Himniliis. the genus o f  the hop plant (curiously enough 

another industrial plant, which looms large in connection with another intoxicant-alcohol). Cannabis
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and Humidus are the only two genera o f  the family Cannahaceae (order Urticales), but Cannabis is 

the only plant in nature containing the “cannabinoid” chemicals (see chem istry below) (Nahas, 1984). 

The plant is a herbaceous annual plant, which grows from a seed for a season and dies down; it grows 

again the following spring from its own hardy seed (M etchalfe, 1950).

Cannabis is a dioecious plant, producing in a single sowing an equal proportion o f  female pistillate 

flowers and male staminate ones (Am oux, 1966a & 1966b). H erm aphrodite plants with both male and 

female flowers also occur occasionally under unfavourable conditions. Cannabis saliva  also has the 

ability, rarely observed in nature, to reverse its sex after being transplanted. This phenom enon is 

som etim es referred to as ‘’the confused sexuality o f  the p lant”  and is thought to depend on the length 

o f  the daylight exposure, further individual plant parts have the ability to unpredictably change their 

sex as the year goes on (Schaffner, 1923 & 1931). Soil nitrogen levels are also thought to play a part 

in this confusion (Talley, 1934).

The m orphological characteristics o f  this plant are distinct allow ing for easy identification. A picture 

o f  a female plant is shown in Figure 13.2.1. A slender stalk, 5 - 7  cm long supports the characteristic 

palmate leaves, with a narrow groove along the upper side. Each leaf presents 5 - 1 1  dark green 

leaflets radiating from the top o f  the stalk (Nahas, 1984). The soft-textured leaflets, which may be as 

long as 25cm , are most often narrow and shaped like a lance finely sharpened to a narrow point; the 

edges o f  the leaflets are regularly dentate like the blade o f  a saw, with deep ridges running diagonally 

from the centre to the periphery. The upper side o f  the leaf is dark green, contrasting with the lighter 

colour o f  its underside (Nahas, 1984).

The m ale flower clusters, with their pollen-laden stam ina standing out from the leaves on the 

individual flow ering branches, consist o f  five whitish or greenish hairy petals 3 mm long and five 

pendulous stamens.
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Figure 13.2.1: Female plant o f  the species Canabis sativa.

The female flower clusters are usually more densely packed and do not extend beyond the leaves. 

Each flower presents a green organ, the bract, a tubular sheath, which surrounds the ovary and out o f 

which project two long pollen-catching stigmas. The bract is covered with hairs o f which there are 

two types; capitate stalked or sessile glandular hairs and cystolythic or non-cystolythic covering hairs. 

The stalkless, circular glands secrete drops of resin. The bract, after pollination, produces a fruit, 

which is an achene; a hard shell containing a single seed. Female plants in general are taller and 

stockier than their male counterparts, where the flowers are more tightly packed around the stem.

Both the male and female flowers produce a resin in the trichomes on the bract, which surrounds the 

flower. It is in these trichomes that the bulk of psychoactive biosynthesis occurs. The trichomes 

contain a sticky resin, which is thought to be present as a means o f protecting the plants from water



loss in hot and dry climate (Perrine, 1996). Female plants generally produce more resin than males 

and hence they are considered to be more psychoactive than male plants (Perrine, 1984).

Cannabis is also capable o f assuming astonishing variation of shape and size which has often lead to 

doubt being cast about whether there is only one species. A plant grown in India will look very 

different to one grown in America. If there is only one species these responses may be due to 

environmental factors such as soil, climate, human manipulation and also to Cannabis sa liva ’s genetic 

plasticity. The plant is extremely tolerant of harsh environmental conditions and is known to thrive 

well in any type of soil (Nahas, 1984).

Section 13.3; Chemistry

The main chemical constituents o f the plant. Cannabis sativa, are the cannabinoids. These compounds 

are unique to Cannabis and have not been found anywhere else in nature. Over 400 chemical 

compounds have been identified in varying quantities in Cannabis', more than 60 o f these have been 

identified as cannabinoids (Turner, 1980). Chemically, cannabinoid structures are discernible as a 

terpene joined to an alkyl-substituted resorcinol. However for purposes of nomenclature the Chemical 

Abstracts Service (CAS) views the system as a benzopyran ring rather than a substituted terpene, 

leading to two numbering systems, both of which are widely employed. For the purpose o f this thesis 

the benzopyran numbering system is used. Broadly speaking the term cannabinoid refers to the C21- 

compounds present in the plant and includes their transformation products and related analogues.

It took many years and unsuccessful attempts to identify the euphoric constituent in Cannabis saliva 

(Perrine, 1996). However, in the 1960’s the main psychoactive constituent was identified as a ’- 

tetrahydrocannabinol (THC) (71) as a result o f the work of Gaoni and Mechoulam (1964). Two other 

important cannabinoids, which are found to exist in abundance in Cannabis saliva, are cannabinol 

(CBN) (72) and cannabidiol (CBD) (73). The structures of THC (71), CBN (72) and CBD (73) are 

shown below in Figure 13.3.1. CBN (74) is not actually biosynthesised by the plant, it is the oxidative 

breakdown product o f THC (71) and therefore one would not expect to find it in a fresh plant, but
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rather in an aged  plant (N ah as, 1984). C B N  (7 2 )  and C B D  (7 3 )  are not know n to  be euphoriants  

(N ah as, 1984).

OH

OH

OH

HO

Figure 13.3.1: Structures o f  A’-THC (71), CBN (72) and CBD (73)

Section 13.4: Pharmacology

T he p h a rm aco log ica l activ ity  o f  T H C  (7 1 )  is n ow  know n to be m ediated  through tw o  ty p es o f  

receptors w h o se  en d o g en o u s ligand is anandam ide. T he receptors are know n as C B i and C B 2. T he  

C B i receptors o ccu r  in the brain and m ediate for the characteristic  e ffe c ts  o f  cannab is ( fe e lin g  o f  

relaxation and w e ll be in g , increased  v isual and auditory perception , a n a lg esia  and d ep ressio n  o f  m otor  

activ ity ) (N o c er in o , 2 0 0 0 ) . S o  far the CB^ receptors have o n ly  been  found o u ts id e  the central n ervous  

system  (N o c er in o , 2 0 0 0 ) . T he ph arm aco logy  o f  the cannab inoid  recep tors, their a g o n ists  and  

antagon ists have  been  e x ten siv e ly  rev iew ed  (A d am s, 1996; A m eri, 1999; G la ss, 1998 &  R eg g io , 

1999).
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Section 13.5: Potency and Administration

Cannabis preparations are largely derived from the female plant due to the fact that it is believed to 

produce the highest levels o f  THC (71) o f  the two sexes (Perrine, 1996). The cannabinoids are 

distributed throughout the whole plant but the THC (71) content is highest in the flow ering tops o f  the 

plant (which contain the resinous glandular trichomes), declining in the leaves, lower leaves, stems 

and seeds (M artin, 1997/1998). M arijuana or Cannabis herb ( ‘’w eed” , ‘’s p l i f f ” , ‘’grass”  etc.) is 

prepared from the dried flowering tops and leaves o f  the plant (TH C (71) content 0.5% -5.0% ) (M artin, 

1997/1998). Hashish (hash, Lebanese Gold, Pakistani black) consists o f  dried cannabis resin and 

com pressed flowers (THC (71) content 7% -14% ) (Martin, 1997/1998). Hashish oil, derived directly 

from the plant via solvent extraction and distillation, may contain 15%-50% THC (71) (M artin, 

1997/1998). Sinsem illa is a form o f  Cannabis, where all male plants are culled from any females early 

in the growth cycle. The females then produce higher levels o f  THC (71) (Nahas, 1984). This effect 

may be due to the fact that the unfertilised female plants do not have to channel their energies into 

reproduction. Levels o f  THC (71) up to 20%  have been recorded (Adams, 1996). New varieties have 

also appeared on the black market (e.g. ‘’N ederw iet” , ‘’Skunk” ) which have been specially bred 

through clandestine research to produce high levels o f  THC (71) (up to 20% ) (Adams, 1996).

Cannabis can be eaten or smoked in order to experience its euphoric effects, however it is generally 

smoked as this results in more imm ediate effects. Cannabis may be smoked in a ‘’jo in t”  which is a 

hand made cigarette (with or without tobacco), or in a water pipe (bong) (Hall, 1998).

Section 13.6: M edicinal Properties and Adverse Effects

The discovery o f  the cannabinoid receptors has paved the way for much research into the synthetic 

manipulation o f  the cannabinoid backbone in an attem pt to discover useful drugs that may be used in 

the treatm ent o f  many diseases.
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However, cannabis is used in modem medicine for the treatment o f emesis in chemotherapy where 

Dronabinol (THC (71)) and Nabiione (a synthetic variant of THC (71)) which has increased water 

solubility) are available on prescription as anti emetics (Perrine, 1996).

As well as being useful anti-emetics, cannabinoids appear to have therapeutic value as 

antispasmodics, analgesics and appetite stimulants and may also have potential in the treatment of 

epilepsy, glaucoma and asthma (Ashton, 1999). The biomedical effects (Martin, 1997/1998; Ashton, 

1999; Gurley, 1998; Marmor, 1998; McGinn, 1999; Edwards, 1999; Hollister, 1998 & Ling, 2000) 

and the debate surrounding their use (Grinspoon, 1999; Clark, 2000; Morris, 1997 & Cowing, 1998) 

have been studied and reviewed by many authors.

As mentioned, all drugs including cannabis have adverse affects. These effects have been reviewed 

(Hall, 1998; Ashton, 2000, Ashton 2001 & Holdcroft, 2000). Some o f the main areas for concern 

amongst the medical community with regard to adverse effects are chronic effects such as 

immunosuppression, chronic bronchitis, negative reproductive effects, negative behavioural effects, 

dependence syndromes, impaired cognitive function and psychosis (Hall, 1998). Acute effects such as 

panic attacks, anxiety, paranoia, elevated blood pressure and impaired cognitive function have been 

reported (Hall, 1998).

Section 13.7: Cannabis and Chemical Variation.

As mentioned in the botany section above, the many varieties o f Cannabis saliva L. are categorised 

further into three chemically different types or phenotypes. There is the drug-type (containing high 

levels o f THC (71)), intermediate -type (intermediate levels o f THC (71)) and fibre-type (low-level o f 

THC (71)). For the purpose of this thesis hemp will refer to fibre-type cannabis, while herb will be 

the term used to describe intermediate-type and drug-type cannabis. The psychoactive material 

referred to is THC (71). The level of a particular cannabinoid, be it THC (71) or CBD (73) are used to 

differentiate varieties of cannabis which are chemically different (Nahas, 1984).
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The three phenotypes are quantitatively defined as follows.

•  Drug type (THC (71) > 1% and CBD (73) = 0); plants growing in warm climates:

M exico, South Africa

•  Intermediate type (THC (71) > 0.5%  and CBD (73) > 0.5% ); plants grown in warm climates 

around the M editerranean.

•  Fibre type (TH C (71) < 0.3%  and CBD (73) > 0.5% ); Plants grown in tem perate climates such 

as Ireland, France.

A m ethod o f  classifying variants according to the following ratio o f  the identified cannabinoids has 

been suggested (Fetterm an, 1971).

Phenotype ratio = (%THC + %CBN)

(%CBD)

If the ratio is >1.0, the preparation is classified as drug “phenotype”

It the ratio is <I .0, the preparation is classified as fibre “phenotype.”

However de M eijer et al. (1992) acknowledged the limitations o f  the approach by Fetterman et al.

which failed to allow  for an intermediate variety, de M eijer et al. (1992) used the following criteria for

the classification o f  phenotypes according to cannabinoid content, including provision for an 

interm ediate phenotype (Table 13.2).

Phenotype [THC] (%) [CBD] (%) [THC](% ) / [CBD] (%)

Fibre type < 0 .5 > 0 .5 < 1

Interm ediate type > 0 .5 > 0 .5

Drug type > 0 .5 < 0 .5 > 1

{able 13.2: Phenotype characterisation criteria as ciefined by de M eijer et al. (1992).
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CBN (72) was excluded from the study as the authors used values from fresh plants, which had 

extremely low levels of CBN (72).

The ideal, with regard to research conducted clandestinely for the purpose o f illicit drug production 

has been to develop drug-type varieties with ever increasing THC (71) levels (Szendrei, 1997/1998). 

However the other extreme has been to develop fibre type cannabis with low levels of THC (71) and 

high levels of CBD (73) for industrial use (paper, rope etc.) (Szendrei, 1997/1998). Although the 

growth o f drug-type Cannabis plants is prohibited, the growth o f hemp is permitted by the E.U. and 

practised in the Republic o f Ireland under license from the Dept, o f Health and Children (European 

Union, 1989).

There is also an EU subsidy, which is available to farmers interested in growing hemp and since its 

introduction the amount o f hemp harvested in the EU has increased from 5,840 hectares in 1980-1982 

to 45,000 hectares in 1999 (Mignoni, 1997/1998). Ireland has been involved in the EU programme 

since 1998 (Maguire, 1999). The main compliance required for the licence is that the THC (71) 

content o f the hemp must not exceed 0.3% in order to comply with EU Council Regulations 

(European Union, 1984).

Section 13.8: Extraction and Detection o f Cannabinoids.

The cannabinoids are easily extracted from plant material or resin using any o f a variety o f organic 

solvents. The stability o f the cannabinoids in different solvents has been reviewed (Gough, 1983), 

however petroleum ether seems to be a suitable choice if one intends to analyse the extract soon after 

extraction.

Thin layer chromatography has also played an important role in the identification o f the plant 

Cannabis saliva L. and the products derived from it. Spray reagents such as Fast Blue B produce 

specific colours which also help to identify specific cannabinoids (Segelman, 1976). Nowadays 

techniques such as Gas Chromatography with Flame Ionisation Detection (GC-FID), Gas 

Chromatography with Mass-Spectrometry (GC-MS) and High Performance Liquid Chromatography
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with U ltra-V iolet Detection (HPLC-UV) are the main tools used for the identification and 

investigation o f  Cannabis saliva  L. plants and products.

In Cannabis, THC (71) is present as its carboxylic acid (THCA). GC analysis will give the ‘to ta l’ 

THC (71) present, i.e. the THC (71) originally in the sam ple, together with that form ed by 

decarboxylation o f  the cannabinoid acid at elevated tem peratures in the GC (Gough 1983). As most 

Cannabis products are smoked, GC analysis mimics the smoking process and gives a better idea o f  the 

potency o f  the crude drug under investigation (Baker, 1981). O therwise the samples have to be 

derivatised before GC analysis in an attempt to preserve the acids (Tum et, 1974). GC has been used to 

good effect by many workers in the determination o f  THC (71), CB D  (73) and CBN (72)  

(Stephanidouu, 1993, 1998 & 2000; Rasmussen, 1975; Fairbaim , 1974; Rowan, 1977 and Zeeuw, 

1972). The official method for the determination o f  THC (71) in hemp, as published by the EU, is in 

fact a GC method (European Union, 1989). Originally this method used a packed column m ethod and 

has only recently been upgraded to a capillary column method (European Union, 2000).G C-M S has 

also been used in the determ ination o f  cannabinoids in the Cannabis saliva  L. (Yotoriyam a, 1992; 

Lercker, 1992 and Ross, 2000).

HPLC-UV analysis has been used with good effect in the analysis o f  cannabis especially in the 

analysis o f  both neutral cannabinoids and their acid derivatives (Baker, 1980; Baker, 1981; DeBruyne, 

1994; Kanter, 1979; Smith, 1975; Smith, 1976 and Turner, 1982).

DNA testing  has also begun to appear in the literature as a means o f  positively identifying Cannabis 

sativa  L. and its derived products (Linacre, 1998, Gigliano, 1998).

Section 13.8.1: Quantitation of  the Cannabinoids.

Q uantitation o f  THC (71), CBN (72) or CBD (73) via GC-FID  is norm ally achieved via external 

standardisation, using standard solutions o f  THC (71), CBN (72) or CBD (73) respectively. However 

Poortm an-van der M eer and Huizer (1999a) cast doubt on the accuracy o f  using THC (71) as a 

standard for a num ber o f reasons. Firstly THC (71) is an oil and is supplied as a solution in ethanol, 

provided at a concentration specified by the supplier. The analyst has to prepare w orking standards
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from this solution introducing a possible error. Secondly, THC (71) is unstable and the solutions are 

generally labelled to state that the concentration is approxim ately 95%  (contributing significant 

uncertainty to the m easurem ent). Ideally analysts would be using a standard which is a solid 

crystalline material that can be acquired in high purity. However when one is using a flame ionisation 

detector then the method known as the effective carbon number (ECN) method can be considered as 

an approach to m inimising these potential inaccuracies.

This approach was studied extensively by Sternberg et al. (1962) and who claimed that it is possible 

to predict a m olecule’s response in a FID detector. As THC (71), CBN (72) and CBD (73) have the 

same num ber o f  carbons, their relative response factors should not differ by much. Therefore, if  one 

predicts the response for THC (71), CBN (72) and CBD (73) then one could feasibly use either CBD 

(73) or CBN (72) and a correction factor for THC (71) as an indirect standard for the determ ination o f 

the other molecules. CBD (73) and CBN (72) are stable crystalline solids and are therefore very 

suitable for use as indirect standards in the quantitation o f THC (71). Poortm an-van der M eer et al. 

(1999a) found that the predicted and experimental response factor values for THC (71), CBN (72) and 

CBD (73) were in agreem ent and hence the use o f  CBD (73) as a means o f  quantifying THC (71) was 

justifiable. The following equation applies:

'W eig h tC B D
W eigh t THC = 1.002 X

Peak Area CBD
X Peak Area THC

Section 13.9: Objectives

The objectives o f  the w ork presented here were to determine the levels o f  THC (71), CBN (72) and 

CBD (73) in samples o f  cannabis resin and cannabis herb seized and/or grown in the Republic o f  

Ireland. The G arda National Drugs Unit supplied the samples to the Department o f  Pharmacognosy.

The Departm ent o f  Agriculture, Food and Forestry supplied samples o f  hemp, grown on farms

holding licenses from the Department o f  Health and Children, to grow hemp. The THC (71) content

o f  these sam ples was determ ined in order to validate com pliance with EU regulations (European

Union, 1989), requiring a content o f  less than 0.3%  THC (71)). The CBD (73) and CBN (72) content

were also determ ined in order to determ ine the phenotype o f  the Cannabis saliva  L. analysed.
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The method o f  analysis was petroleum ether extraction followed by GC-FID analysis. It was hoped 

that for the first tim e ever a comment could be made on the potency o f  cannabis seized in the Republic 

o f  Ireland. From the data generated the phenotype o f  the cannabis product analysed was determined.

In addition the THC (71) content as estimated using THC (71) itself as the standard, was com pared to 

the THC (71) content estimated using CBD (73) as an indirect standard for all o f  the samples analysed 

and any statistical differences assessed.
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Section 14.1: Instrumentation & Solvents

a c -F iD

The GC-FID  instrument used in all o f  the experim ents detailed below was a Perkin Elmer Sigma 3 

Gas Chrom atograph with a flame ionisation detector attached. The column used was a 2 metre glass 

packed column, with a 3% OV-17 stationary phase. Data output from  the system was collected with 

the aid o f  a Shim adzu CR-6A integrator.

Miscellaneous /nstruments

All weighing was carried out using a Sartorius BPl 10 S analytical weighing balance. A generic flask 

shaker was used to agitate samples for long periods o f  time as required. A Heidolph, Labrota 4000 

rotary evaporator was used to evaporate solvents under reduced pressure as required. A series o f  

microlitre syringes were used to m easure small volumes o f  fluid (10 |il, 25 |il and 100(^1).

Solvents

All solvents were HPLC grade unless otherwise stated.

Section 14.2: Preparation o f standard curves for quantitation o f THC (71), CBD 

(72) and CBN (73).

Preparation o f  analytical standards for preparation o f  standard curves used in the analysis o f  

samples 1-19.

Preparation o f  THC (71) standard: A working standard o f  THC (71) was prepared by dissolving the 

200 (il o f  25 mg/ml THC (71) (Sigm a-Aldrich) in 1ml o f  ethanol. The resulting solution was a 5 

mg/ml THC (71) standard.
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Preparation o f  Internal Standard solution: A 10 mg/ml internal standard solution was prepared by 

dissolving 10 mg o f  Androstene-3, 17-dione (Sigma-Aldrich) in I ml o f  ethanol.

Preparation o f  com bined standard: The 10 mg/ml internal standard solution, and the 5 mg/ml THC 

(71) standard were used to prepare the analytical standards. The details o f  the volumes o f  each 

solution required to  achieve the desired concentrations o f the analytical standards are outlined below 

in Table 14.2.1. The standards were made up in 500 |il vials, which were sealed with the septum caps 

that could be crim ped closed. The standards were refridgerated until required for analysis. New 

standard solutions were made up every two weeks.

V o lu m e  o f  5 

m g /m l T H C  (7 1 )  

s ta n d a rd  (^1)

V o lu m e  o f  10 m g /m l A D  

in te rn a l s ta n d a rd  (|.il)

V o lu m e  o f  B lank  

e th a n o l (^1)

Final V o lu m e  ((.U) F ina l c o n c e n tra t io n  o f  

e a c h  c an n ab in o id  

(m g /m l)

Final c o n c e n tra t io n  o f  / \D  

in te rn a l s ta n d a rd  (m g /m l)

20 40 340 400 0.25 1.00

40 40 320 400 0.50 1.00

60 40 300 400 0.75 1.00

80 40 280 400 1.00 1.00

100 40 260 400 12.50 1.00

Table 14.2.1: Volumes required and concentrations achieved for the preparation o f cannabinoid standards

Preparation o f  analytical standards for preparalion o f  standard curves used in the analysis o f  

samples 20-29.

Preparation o f  CBD (73) standard: A 5 mg/ml CBD (73) standard was prepared by dissolving 5 mg o f  

CBD  (73) (Sigm a-Aldrich) in I ml o f  ethanol.
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Preparation o f  THC (71) standard: A working standard o f THC (71) was prepared by dissolving the 

200 (̂ 1 o f  25 mg/ml THC (71) (Sigm a-Aldrich) in I ml o f  ethanol. The resulting solution was a 5 

mg/ml THC (71) standard.

Preparation o f  Internal Standard solution: A 10 mg/ml internal standard solution was prepared by 

dissolving 10 mg o f  A ndrostene-3, 17-dione (Sigma-Aldrich) in 1 ml o f  ethanol.

Preparation o f  com bined standard: The 10 mg/ml internal standard solution, and the 5 mg/ml THC 

(71) standard were used along the 5 mg/ml CBD (73) standards to prepare the com bined analytical 

standards. The details o f  the volum es o f  each solution required to achieve the desired concentrations 

o f  the analytical standards are outlined below in Table 14.2.2. The standards were made up in 500 fil 

vials, which were sealed with the septum caps, which were closed by crimping. The standards were 

refrigerated until required for analysis. New standard solutions were made up every two weeks.

Volum e o f  5 

mg/ml TH C (71) 

standard ( mD

Volum e o f  5 

mg/ml C BD  (73) 

standard (mI)

V olum e o f  10 

mg/ml AD internal 

standard (^1)

Volum e o f  Blank 

ethanol (^ l)

Final Volum e (^1) Final concentration 

o f  each 

cannabinoid 

(m g/m l)

Final concentration 

o f  AD internal 

standard (m g/ml)

20 20 40 320 400 0.25 1.0

40 40 40 280 400 0.50 1.0

60 60 40 240 400 0.75 1.0

80 80 40 200 400 1.00 1.0

100 100 40 160 400 1.25 1.0

Table 14.2.2: I ’olumes required and concentrations achieved for the preparation o f cannabinoid standards

Preparation o f  analytical standards for preparation o f  standard curves used in the analysis o f  

samples 30-87.

Preparation o f  CBD (73) standard: A 5 mg/ml CBD (73) standard was prepared by dissolving 5 mg o f 

CBD (73) (Sigm a-Aldrich) in 1 ml o f  ethanol.
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Preparation o f  CBN (72) standard: A 5 mg/mi CBN (72) standard was prepared by dissolving 5 mg o f 

CBN (72) (Sigm a-Aldrich) in 1ml o f  ethanol.

Preparation o f  THC (71) standard: A working standard o f  THC (71) was prepared by dissolving the 

200 |.il o f  25 mg/ml THC (71) (Sigm a-Aldrich) in 1ml o f  ethanol. The resulting solution was a 5 

mg/ml THC (71) standard.

Preparation o f  Internal Standard solution: A 10 mg/ml internal standard solution was prepared by 

dissolving 10 mg o f  Androstene-3, 17-dione (Sigm a-Aldrich) in I ml o f  ethanol.

Preparation o f  com bined standard: The 10 mg/ml internal standard solution, and the 5 mg/ml THC 

(71) standard were used along with the 5 mg/ml CBN (72) and the 5 mg/ml CBD (72) standards to 

prepare the com bined analytical standards. The details o f  the volum es o f  each solution required to 

achieve the desired concentrations o f  the analytical standards are outlined below in Table 14.2.3. The 

standards were made up in 500 |il vials, which were sealed with the septum caps, which were closed 

by crimping. The standards were refrigerated until required for analysis. New standard solutions were 

made up every two weeks.

V o lu m e  o f  5 

m g /m l T H C  (7 1 )  

s ta n d a rd  ( mI)

V o lu m e  o f  5 

m g /m l C B D  (7 3 )  

s ta n d a rd  ().il)

V o lu m e  o f  5 

m g /m l C B N  (7 2 )  

s ta n d a rd  (^1)

V o lu m e  o f  10 

m g /m l A D  

in te rn a l s ta n d a rd  

( M l )

V o lu m e  o f  

B lank  e th an o l 

( M l )

Final 

V o lu m e  ( mI)

Final 

c o n c e n tra tio n  o f  

e a c h  ca n n a b in o id  

(m g /m l)

Final c o n c e n tra tio n  

o f  A D  in te rna l 

s ta n d a rd  (m g /m l)

20 20 20 40 300 400 0.25 1.0

40 40 40 40 240 400 0.50 1.0

60 60 60 40 180 400 0.75 1.0

80 80 80 40 120 400 1.00 1.0

100 100 100 40 60 400 1.25 1.0

Table 14.23: I'olumes required and concentrations achieved fo r  the preparation o f cannabinoid standards
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Preparation o f  individual 0.5 m s/m l standards o fTH C  (71). CBD (72), CBN (73) and AD

One in ten dilutions o f  the previously prepared 5 mg/ml standards o f  THC (71), CBD (72), CBN (73) 

w ere prepared by dissolving 100 |il o f  respective standard in 900 ^1 o f  ethanol. A 5 mg/ml solution o f 

standard AD was prepared by making a one in twenty dilution o f  the 10 mg/ml standard with ethanol. 

Chromatosraphic Conditions

T he chrom atographic conditions used are outlined in Table 14.2.3 below.

Parameter Value

Column Type Glass Packed

Column Length 2 metres

Column i.d. 2 mm

Column o.d. 6 mm

Stationary Phase 3% O V -17

Support Phase Chromosorb G-AW -DM CS, 80-100 mesh.

M obile Phase N itrogen

M obile Phase Flow Rate 30 ml/min

Oven Tem perature 235°C

Injector Tem perature 265°C

Detector Tem perature 265°C

Injection Volume 1 Hi

Chart Speed 2 mm/min

Table 14.3: Chromatographic conditions u.ied for the analysis o f  the Cannabinoid standard solutions.

Analysis

Each o f  the individual solutions containing either 5 mg/ml THC (71), CBD (73) or CBN (72) were 

analysed in duplicate in order to determ ine chromatographic data for each o f  the standards. The 

analytical standards (0.25 mg/ml, 0.50 mg/ml, 0.75 mg/ml, 1.00 mg/ml and 1.25 mg/ml o f  THC (71), 

CBD (73) and CBN (72)) were analysed in duplicate as required during the course o f  the work. The 

results obtained are discussed in section 15.
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Section 14.3: Preparation and Analysis of Cannabis products using GC-FID.

It is w orth  no ting  at this point tha t the m ethod outlined below  for the ex traction  o f  cannab ino id  

m ateria l from  hem p is the sam e as that set dow n by the E.U. C om m ission  R egulation  N o 1164/89 

(A nnex  C).

Orisin o f  Cannabis products.

T he G ard a  N ational D rugs U nit (G N D U ) provided  the herbal sam ples and the resin sam ples. The 

D epartm en t o f  A gricu ltu re , Food and  Forestry  p rov ided  the hem p sam ples.

Preparalion o f  Cannabis nroducts.

All cannab is  p roducts (hem p, resin , and herb) w ere firstly d ried  in an oven at 40°C  until constan t 

w eight. T he products w ere then pow dered  in a m ortar and pestle. T he resu lting  tritu ra tes w ere reduced  

to  sem i-fine pow ders w ith the a id  o f  a 1,000 m eshes per cm" sieve as requ ired . T he pow ders w ere 

tran sfe rred  to  a sealed  g lass vial, w hich w as stored  in the dark  until fu rther p rocessed . T he sam ples 

w ere genera lly  ex trac ted  and analysed  by G C -F lD  w ithin 48 hours o f  pow dering .

Preparation o f  analytical solutions.

A 1 m g/m l and rosten -3 ,17 -d ione  (l.S .)  w as prepared  by d isso lv ing  lOOmg o f  and rosten -3 ,17 -d ione  in 

100 ml o f  e thanol. T his so lu tion  w as used for the reconstitu tion  o f  cannab is residues a fter ex traction  

(see section  14.2.4).

Extraction o f  cannabis products.

The am oun t o f  pow der taken  for ex traction  depended  on the type  o f  C annab is p ro d u c t (resin , hem p o r 

herb) u n d er analysis. T he w eights taken  for each are show n in T ab le  14.3.1 (below ).

207



C annab is  Product A m ount taken (m g) for 

ex traction

Resin 100

Herb 50

1 lem p 2000

Table 14.3.1: Amounts ofpowdered Cannabis product taken fo r  extraction.

The extraction followed the same path in the case o f  each product-type. The required am ount o f  

product was accurately weighed out into a plastic weighing boat (see Table 14.3.1). The contents o f  

the weighing boat were quantitatively transferred to a 250ml ground glass stoppered conical flask with 

the aid o f  5 ml o f  petroleum ether. A further 30ml o f  petroleum ether was added and the flask was 

stoppered. This was carried out in duplicate for each sample. The flasks were then shaken 

mechanically for 30 minutes in the case o f  resin and herb. The flasks were shaken for 24 hours at 

room tem perature in the case o f  hemp samples. Once the extracts had been shaken for the required 

am ount o f  tim e they were taken from the shaker and filtered into a 10 ml round bottom ed flask. The 

solvent was then evaporated under reduced pressure using a rotary evaporator. The round bottom ed 

flasks were allowed to coo! before having the residue reconstituted in Petroleum Ether.

In the case o f  herb and resin extractions, residues were reconstituted in 2 ml o f  1.00 mg/ml androsten- 

3,17-dione internal standard. In the case o f  hemp extractions, residues were reconstituted in 10 ml o f  

1.00 mg/ml androsten-3,17-dione internal standard. Solutions were refrigerated until required for 

analysis.
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C hrom atosraphic Conditions

The chromatographic conditions are as follows (see Table 14.3.2).

Parameter Value

Column Type Glass Packed

Column Length 2 metres

Column i.d. 2 mm

Column o.d. 6 mm

Stationary Phase 3 % 0 V -I7

Support Phase Chromosorb G-AW-DMCS, 80-100 mesh.

Mobile Phase N itrogen

Mobile Phase Flow Rate 30 ml/min

Oven Temperature 235°C

Injector Temperature 265°C

Detector Temperature 265°C

Injection Volume I Hi

Chart Speed 2 mm/min

Table 14.5: Chrom atographic conditions used fo r  the analysis o f  the Cannabis product extracts.

Analysis

Extraction residues o f resin, herb and hemp which had been reconstituted in the appropriate volume o f 

I mg/ml androstene-3,l7-done were analysed in duplicate under the chromatographic conditions 

outlined. The results are discussed in section 15.
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Section 15.1: Assessment o f suitability of GC-FID method for the analysis o f the 

cannabinoids.

The objective o f the work presented here was to quantify the three key cannabinoids (THC (71), CBN 

(72) and CBD (73)) in samples o f cannabis resin and herb supplied by the Garda national drugs unit 

and in hemp supplied by the Department of Agriculture, Food and Forestry. The analytical method, 

employed for this task utilised GC-FID. The method chosen for the analysis was an official method of 

the EU for the analysis o f THC (71) in hemp (European Union, 1989). Many other workers (Turner, 

1984 & Parker, 1974) have used a similar method not only for THC (71) analysis, but also for CBN 

(72) and CBD (73) in cannabis resin and cannabis herb. The method was set up and assessed for 

system suitability (resolution, peak tailing, efficiency and linearity), the results o f which follow. The 

official EU method has been modified by using a capiilarj' column method in the last year (European 

Union, 2000), and would presumably be considered a better method. Time did not permit a 

comparison o f the original and revised protocols but the future work in this area would have to be 

conducted using the revised method.

When the analysis began the only standard available was THC (71). Subsequently a CBD (73) 

standard became available. According to Poortman-van der Meer et al. CBD (73) is a more useful 

standard as it can be used as a standard to quantitate CBD (73) and also as a surrogate standard in the 

accurate quantitation THC (71) and CBN (73)( 1999a).

The chromatographic parameter values are presented in Table 15.1.1, and are the averages o f six 

replicate injections of a 0.5 mg/ml standard, where the relative standard deviations were calculated to 

be less than 4% in all cases. The peaks were identified by injection o f standard solutions containing 

individual components (e.g. THC (71) in ethanol etc.). The peak area ratios o f CBD (73), THC (71) 

and CBN (72) with respect to the area of AD, for six replicate injections o f the 0.5 mg /ml standard 

are shown in Table 15.1.2.
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Peak Peak

Identity

mins Ir R elative to 

AD

C apacity

Factor

Resolutionpcaks A sym m etry Theoretical

Plates

1 C B D  (73) 7.68 m ins 0.37 29.71 - 1,0 943 ,22

2 T H C  (71) 10.41 m ins 0.50 40.66 2 .7 4 ,j 1,0 1735,55

3 C B N  (74) 12.96 m ins 0.62 50,85 2,552.1 11 1194 95

4 AD 20 84 m ins — 82.35 3 .94 ,4 I t 1736,72

Table 15.1.1: Chromatographic parameters fo r  six replicate injections o f 0.5 mg ml combined THC (71). CBN (72). CBD (73)
and l.O mg ml androstene dione standard.

Cannabinoid C BD  (73) THC (71) CBN (72)

Peak Area Ratio 0.48 0.38 0.45

Table 15.1.2: Peak area ratios o f  CBD (73). THC (71) and CBN (74) with respect to the area o f  AD. fo r  six replicate injections

o f the 0.5 mg ml standard.

A typical chromatogram o f  the com bined standard is shown in the Figure 15.1.1 below  for the 0.5 

mg/ml com bined standard, w hich also contained androstene dione at a level o f  1.0 mg/ml AD.



CBD

THC
CBN

AD1

o o
ru

Tune (minutes)

Figure 15.1.1: 0.5 mg ml THC (71). 0 5 mg/ml CBD (73) and 0.5 mg ml CBN (75) combined standard which also contained

androstene dione at a level o f I 0 mg ml AD. in ethanol.

T he first com pound  to  elu te  from  the m ixture after the so lven t front, in the exam ple  ch rom atogram

show n in F igure 15.1.1, w as the C B D  (72), w hich e lu ted  at c irca  7 .68 m inu tes (re la tive  reten tion  w .r.t.

A D  w as 0 .37 ). T he next com pound  to  elu te  w as the T H C  (71), w hich had a re ten tion  tim e o f  10.5

m inutes (0 .50  re la tive  to  the internal standard , AD). T he final cannab ino id  to  elu te  w as the C B N  (72),

e lu ting  at a  re ten tion  tim e o f  13.07 m inutes (0 .62 re lative to  andros tene  d ione). T he final peak  to  elu te

w as the andros tene  d ione peak itself, w hich eluted at 21 .02  m inutes. T he reso lu tion  w as adequate  in

the case o f  all o f  the peaks, as the ca lcu lated  value exceeded  2 units in each  case, w hich allow ed

adequate  separa tion  and easy  in tegration  (D olan , 2000). T he peak  ta iling  w as accep tab le  as the values

w ere below  1.2 units (Snyder, 1997). T he capacity  factors seem ed  high (see T ab le  15.1.2), w hen

com pared  w ith prev ious w ork  p resen ted  in this thesis for H PLC  analysis, how ever one m ust be

m indful that the non-re ta ined  volum es in GC can be m uch low er w ith such h igh flow  rates. O n visual

inspection  o f  the exam ple  ch rom atogram  (F igure 15.1.1) it is c lea r that the peaks have e lu ted  w ith in
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an acceptable time. Although one can see peak broadening for the AD peak, integration o f  the peak 

was achieved without difficulty. The column efficiency values seem ed low for packed column GC, as 

one would expect values in the region o f  4000-5000 plates per 2 metre column (Baugh, 1993 ).

15.1.1: Assessment of  the precision of  the method.

The precision o f  the method was assessed by analysing the retention times and peak areas for the six 

replicate injections. The relative standard deviation for the peak areas and retention tim es are shown 

below in Table 15 .1.1.1.

Parameter Peak 1 (73)% Peak 2 (72)% Peak (74) % P e a k 4 (A .D .)%

tR R.S.D 0.03 0.01 0.02 0.01

Area
R.S.D.

2.78 2.41 1.76 2.12

Table 15.1.1.1: Relative standard deviations o f peak area and retention time fo r  CBD (73). THC (71). CBN (72) and AD.

As can be seen in all cases the relative standard deviations were low (< 3% ) and so the m ethod was 

considered to be precise for the analysis o f  the cannabinoids.

15.1.2: Assessment of  the selectivity of  the method.

The selectivity o f  the m ethod was not assessed as it was an official method published by the European 

Union (European Union, 1989).

15.1.3: Assessment o f  the linearity o f  the method.

The linearity o f  the m ethod for each o f the standards is illustrated with the com bined THC (71), CBD 

(73) and CBN (72) at the levels 0.25 mg/ml, 0.50 mg/ml, 0.75 mg/ml, 1.0 mg/ml and 1.5 mg/ml (each 

containing AD at 1.0 mg/ml). The data used to construct a standard curve is shown in Table 15 .1.2 .1, 

below, and the standard curve is shown in Figure 15.1.2.1. The averaged peak area ratio for duplicate 

injections was calculated for each peak in the chromatograms, relative to the AD peak. The peak area
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ratio values were plotted against concentration and are shown in Figure 15. 1.2.1 below. The value 

was used to assess the linearity between a group o f points on a graph and w ill have a value close to 

one when a set o f  data show a linear relationship. The R‘ values calculated for each o f  the fitted 

trendlines using Excel was 0.9993 in the case o f C B D  (73), 0.9992  in the case o f T H C  (71 ) and 

0 .9996  in the case o f C B N  (72). This high degree o f linearity is excellent, however as one can see the 

slope o f  the T H C  (71 ) is somewhat lower, 0 .0008 , than the value, 0 .001 , recorded for both the C B D  

(71 ) and C B N  (72 ) curves.

Concentration (m g/m l) C B D  peak area ratio THC peak area ratio CBN peak area ratio

0,25 0.258 0.207 0.249

0,50 0.52 0.427 0.506

0,75 0.782 0 634 0.764

1,00 1.052 085 1.007

1.25 1.281 1.036 1.242

Table 15.1.2.1: Peak area ratios f o r  cannahinoid standard curve.

The example shown is not an isolated incident, the slope o f the T H C  (71 ) standard curves were 

consistently lower than the slopes o f the other two standard curves for the C B D  (73 ) and C B N  (72).

Cannabinoid Standard Curve (Plot of peak area versus 
cannabinoid concentration (mg/L))

1,8

1,6

♦  CBD

■  THC

CBN

 Linear (THC)

 Linear (CBN)

 Linear (CBD )

(1)
<

1,4

1,2

1

0,8

0,6

0,4

0,2

0
0 500 1000 1500 2000

Concentration (mg/L)

Figure 15.1.2 .1: Cannabinoid standard curve fo r THC (71). CBN (72) &  CBN (75).
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This was a cause for concern, as the contribution o f  Poortman-van der Meer and Huizer (1999a) 

suggested that the responses for all three should be quite similar (i.e. one would expect sim ilar slope 

values). It was decided that the oily liquid nature o f  the THC (71 ) standard was most likely the cause 

in this instance, as the CBN (7 2 ) and CBD (73 ) were solid and thus were more easily prepared to 

concentration with known weights o f  the relevant standard. The THC (71 ) standard was purchased 

from Sigma-Aldrich and had already been prepared to a particular concentration (25 mg/ml). Further 

the label states that purity o f  this unstable standard is approxim ately 95%  which is poor when one 

considers that this is supposed to be a primary standard, which may be used for the quantitation o f  a 

drug. There is simply too much room for error hence the CBD ( 73 ) would be used to estimate the 

THC (71 ) concentration, where possible. It is obvious this was not possible for samples 1-19, as the 

only standard curve prepared during the analysis o f  those samples was based on the THC (71 ) 

standard. The standard curves prepared for THC (71 ) analysis o f  sample 20 onwards were adjusted 

using the following formula (Poortman-van der Meer, 1999a) (Equation 15.1.2.1).

Eiquation 15.1.2.1: Concentration THC= 1.002 x
Concenti^tion CBD

Peak i^rea CBD X Peali Area THC

Using the CBD (73 ) as a replacement standard for THC (71 ) should have provided a more accurate 

result. How this was done is illustrated below for the curve shown in Figure 15.1.2.1. The actual data 

that was recorded for each o f  the three standards over the concentration range investigated is shown in 

Table 15.1.2.1 (above).

By inserting the peak area ratio data for CBD (73 ) and THC (71 ) into equation 15.1.2.1 at each 

specific concentration a corrected set o f  concentrations for the peak area ratios o f  THC (71 ) is 

calculated. The values calculated here are shown in Table 15.1.2.2.
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Corrected THC (71) 

concentration (mg/ml)

Observed peak area ratio for THC 

(71)

0.201 0.207
0.41 1 0.427
0.609 0.634
0.810 0.85
1.013 1.036

Table 15.1.2.2: Data fo r  corrected THC (71) standard curve.

A Standard curve is plotted showing the uncorrected THC (71) data (Table 15.1.2.1) and the corrected 

THC (71 ) data (Table 15.1.2.2). The corrected THC (71 ) standard curve is shown in red. (See Figure 

15.1.2.2).

Cannabinoid standard curve (plot of peak  area ratio 
versus concentration (mg/L))

(2 1.5
nja, 1
<
% 0 .5
o>

^  0

Figure 15.1.2.2: Standard curve fo r THC uncorrected and corrected.

A plot o f the corrected THC (71) data and the CBD (73 ) and CBN (72 ) data is shown below. The 

trendlines for CBD (73 ) and THC (71 ) are superim posed (See Figure 15.1.2.3).

5 0 0  1 0 0 0  15 0 0

Concentration (mg/L)

2000

■ THC

♦ THC corrected

 Linear (THC)

 Linear (THC
corrected)
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Cannabinoid Standard Curve (Plot of Peak area ratio versus 
cannabinoid cocentratlon (mg/L))
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2000
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Figure 15.1.2.3: Corrected cannabinoid standard curve fo r  THC (71). CBN (72) &  CBN (73).

I f  one compares Figure 15.1.2.2 and Figure 15.1.2.3 one can clearly see that the slope o f the THC

standard curve has increased and the response is brought closer to that o f the CBN (72) and the CBD

(73) as one would expect. The slopes o f the corrected THC (71) curve, the CBN (72) curve and the 

CBD (73) curves are 0.001 in all cases.

This correction was applied to all standard curves used for the quantitation o f THC (71) from sample 

20 onward (71). As mentioned above no CBN (72) standard curve was available for samples 20-29 

however by measuring the peak area ratio for the CBN (72) peak and inserting it into equation

15.1.2.2, a corrected standard curve for CBN (72) could be derived.

Equation 15.1 2.2: Concentration CBN= 1.00 x
Concentration CBD

Peak Area CBD ■v y
X. Peak Area CBN

A THC (71) standard curve was prepared for use during the analysis o f samples 1-19, but no CBD 

(73) or CBN (72) standards were available when those samples were being analysed. The amount by 

which the corrected curves for THC (71) deviated from the actual value provided a crude correction o f 

the THC (71) content in these samples. It was considered futile to try to predict the CBN (72) and 

CBD (73) contents o f these samples, as the error in the values would very likely be large.
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Section 15.2: Cannabinoid content of the Cannabis products

15.2.1 Cannabinoid content o f  Hemp.

The hemp grown under licence from the Department o f  Health and Children was analysed for content 

o f  THC (71), CBN (72) and CBD (73). In all 21 samples were analysed, 13 harvested in 1998 and 8 

harvested in 1999. The samples were grown in the counties Cavan, Roscommon, Sligo, Clare, Kerry, 

Mayo and Tipperary. The varieties selected for cultivation were all registered EU varieties o f  

Cannabis saliva. The main variety, which was grown, was Fedora 19 but there was also one case o f 

Ferimon and one case o f  Futura. All o f  these varieties are well known fibre type plants, producing low 

levels o f  psychoactive drug (M ignoni, 1997/1998). The plants were harvested in Septem ber/October 

each year. Quantitation o f  the cannabinoids in the sample was achieved using a standard curve derived 

from all 3 cannabinoids which were individually identified on the basis o f  retention time relative to 

the internal standard included in the re-constitution solution (see Section 14.2). A typical 

chromatogram obtained with a hemp sample is shown below (see Figure 15.2.1.1 A).

CBD (74)

THC (72)

CBN (73)

AD

O

CBD (74)

THC (72)

CBN (73)

AD

O

THC (72)

CBN (73)

AD

A B C

Figure I5 .2 .l .i:  Typical chromatograms for hemp (A j. resin (B) and herb (C).
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A peak area ratio for each cannabinoid with respect to the AD peak was calculated. The peak area 

ratios for the respective cannabinoids were interpolated fi'om the respective graphs. In the case o f  

THC (71) the standard curve was corrected using CBD (73) standard curve data, according the 

equation o f  Poortman-van der M eijer et al. (1999a) and the peak area ratio for the THC (71) (relative 

to AD) was interpolated from the corrected graph. The method for correcting the THC (71) data has 

been outlined in detail above. Once interpolated, a value in mg/L was returned, this value was 

converted in %  cannabinoid via the following equation (Equation 15.2.1.1):

% Caiinabmciic) =
Interpolated Value mg/L X Reconstitution volume x  10 L

W eight o f p lant matenal taken for analysis 

Equation 15.2./ . I : Calculation used to estimate percent cannabinoid.

100

The content o fT H C  (71), CBD (73) and CBN (72) for the 21 samples o f  hemp analyzed are shown in 

Table 15.2.1.1 below. Samples 68-76 were supplied and analysed as part o f  the 1999 years harvest. 

Samples 77-88 were supplied and analysed as part the 1998 harvest.

Sample Number Variety %  THC (72) %  CBN (73) %  CBD (74)

68 Fedora 19 0.05 0.08 0.80
69 Fedora 19 0.03 0.06 0.95
70 Fedora 19 0.06 0.12 1.22
71 Fedora 19 0.17 0.08 1.68
72 Ferimon 0.08 0.13 1.68
73 Fedora 19 0.18 0.06 1.19
14 Fedora 19 0.01 0.09 1.26
75 Futura 0.03 0.08 0.58
76 Fedora 19 0.01 0.02 1.29
77 Fedora 19 B.L.O .O ' 0.15 2.00
78 Fedora 19 B .L.O .Q ' 0.07 2.86
79 Fedora 19 0.05 0.03 1.70
80 Fedora 19 B .L.O .Q ' 0.04 1.41
81 Fedora 19 0.04 0.07 0.78
82 Fedora 19 0.06 B .L .O .Q ' 1.80
83 Fedora 19 0.02 0.04 2.15
84 Fedora 19 0.27 B .L .O .Q ' 2.72
85 Fedora 19 0.01 0.10 1.99
86 Fedora 19 B.L.O.Q* B .L .O .Q ' 2.67
87 Fedora 19 B.L.O.Q ' B .L.O .Q ’ 1.13
88 Fedora 19 0.12 B.L.O .Q ’ 1.89

Table 15.2.1.1: THC (71). CBN (72) and CBD (73) contents o f  hemp grown in the Republic o f  Ireland 1998-1999 (* B.L.O.O. 

refers to the fact that the cannabinoid was below the limit o f  quantitation).
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As can be clearly seen from the results (see Table 15.2.1.1) the THC (71) content for the hemp was 

never greater than 0.3% which is the limit set down by the EU (1984). Therefore all o f the farmers 

who had grown the hemp for industrial purposes in the Republic o f Ireland satisfied the licence and it 

would appear that no drug type plants were being grown on these farms on the strength of the above 

results. Some o f the values were below the level o f quantitation (B.L.O.Q.). The average amount of 

THC (71) in the samples was 0.06% THC (71) with a range o f 0.01% to 0.27%. The level o f CBN

(72) was also quite low in most cases with the average of 0.06% (range 0.02% to 0.15%) calculated. 

CBD (73) was the major cannabinoid and was found at a average concentration o f 1.61% CBD (73), 

calculated for the 21 samples analysed. The range of CBD (73) content was found to be 0.18% CBD

(73) to 2,86% CBD.

Hemp normally has levels o f CBD (73) greater than 0.5% (Nahas, 1984). Stefanidou et al. found that 

o f 29 herbal cannabis plants analysed 16 were hemp, with an average CBD (73) content of 0.20% 

(range 0.0004% to 1.43%) (1993). In a study by de Meijer et al., out of 97 accessions of Cannabis 

sativa evaluated for cannabinoid content, 60 were considered to be o f the fibre type (1992). The 

average THC (71) content was found to be 0.22%, with a range o f 0.06% to 0.42% THC (71). The 

average CBD (73) content was found to be 1.18%, with a range of 0.55% to 2.19% CBD (73). Among 

the 60 samples which were analysed were Futura (average l'HC=0.23%, average CBD=1.49%, n=2), 

Ferimon (average THC=0.17%, average CBD=1.16%, n= l) and Fedora 19 (average THC=0.26%, 

average CBD=1.41%, n=l). When one compares data of de Meijer et al. (1992) and Stefanidou et al. 

(1993) to the data presented here it is clear that the CBN (72) and THC (71) levels were lower than the 

averages found by de Meijer et al. Further the average CBD (73) content o f hemp grown in the 

Republic o f Ireland is higher than that o f the 60 accessions evaluated by de Meijer et al. (1.18% CBD 

versus 1.61% CBD). A bar chart graph of CBD (73) content versus variety and origin (Irish hemp or 

hemp analysed by de Meijer et al. (1992)) is shown below for the three varieties grown in the 

Republic of Ireland (see Figure 15.2.1.2). As can be seen from the chart, the CBD (73) content o f the 

Ferimon and the Fedora varieties were comparable, while the CBD (73) content for the Futura variety 

was lower for Irish hemp.
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C B D  content versus variety and or ig in  of  
hemp

u  u □ u  u  u
Fedora Fedora Futura Futura Ferimon Ferimon 
(Irish (de (Irish (de (Irish (de

g row  n) Meijer) g row  n) Meijer) g row  n) Meijer)

V a r i e t y  a n d  origin o f  h e m p

Figure 15.2.1.2: A bar chart graph o f  CBD (73) conleni versus variety an o rig in  (Ir ish  hemp o r hemp analysed by de M eije r et 

al. ( 1992)) f o r  the three varieties grow  in the Republic o f  Ireland.

15.2.2 Cannabinoid content o f Herbal Cannabis

There were very few herb samples submitted for analysis by the Garda National Drugs Unit (n=5) 

compared to the resin samples (n=62). This indicates that resin is the prevalent form o f cannabis being 

abused in the Republic o f Ireland. This would also have been the case in the U.K., but in recent times 

clandestine cultivation o f herbal cannabis has increased dramatically (Bone, 1997/1998), and it may 

not be long before an increased amounts o f Irish grown herbal cannabis appear on the market. Three 

o f the samples (Early ’98, Rosslare ’97 and Dutch ' 91) were seized from individuals attempting to 

enter the State in Rosslare ferry port. Another sample referred to here as ‘ ’skunk”  was seized in 

Dublin in 1998. The final sample, which was analysed, was seized again in Dublin but in this case the 

plant was being cultivated domestically. This sample was presented in a plastic bag bearing a label 

which read "Cannablitz”  As with the hemp analysis all o f the samples were analysed after the 

adoption o f the cannabinoid standard containing THC (71), CBN (72) and CBD (73). The correction 

procedure for the THC (71) standard curve was also applied. The values obtained from the standard 

curves were converted into % cannabinoid as per section 15.2.1. The results for the individual for the 

five samples analysed are shown below (see Table 15.2.1.2). A typical chromatogram o f a herbal 

sample is shown in Figure 15.2.1.1 C, above.

2
Q  ̂ - 5CO .
O 1
^  0 .5  

0
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Sample Num ber Name/Origin % T H C (71) % CBN (72) % CBD (73)
40 Early ‘98 9.54 0.72 B.L.O.Q.’
41 Rosslare ‘97 4.78 0.68 B.L.O .Q .'
41A Skunk 9.48 B.L.O .Q .' B .L .O .Q .'
42 Dutch ‘97 5.86 1.52 0.48
43 Cannablitz 1.36 0.33 0.18

Table 15.2.1.2: THC (71). C B S (72) and CBD (74) contents fo r  herbal samples analysed.

Although the sample size is small it is o f  interest that the THC (71) content ranged from 1.36% to 

9.54% . The average THC content (71) is 6.20%  (standard deviation 3.44), and the CBN (72) content 

is much lower at 0.65%  (standard deviation 0.57), which indicates that the samples are not to old or 

have been very well preserved (Ross, 1997/1998). The Dutch '97 sample, had a high level o f  CBN 

(72) (1.52% ) com pared to THC (71) (5.86% ). The CBD content was low, as one would expect for 

drug-type herb with an average level o f  0.13%  (standard deviation 0.21). Traditional herbal cannabis 

would generally contain 0.5-5.0%  (M artin, 1997/1998). It is obvious that three o f  the samples. Early 

’98, Dutch ’97 and ‘’Skunk”  exceed the level suggested. Hence, these can only be described as either 

Sinsemilla-type (there was no evidence o f  seeds in any o f the plants) or Nederweed-type, as these 

types o f  plants are the only ones capable o f  generating so much THC (71) (Adams, 1996).

The ‘’Cannablitz”  had a low level o f  THC (71) in comparison to the other samples. All the other

sam ples were received as intact flowering tops and leaves. The Cannablitz on the other hand had been

processed and was coarsely powdered. It contained a lot o f stalk which would have diluted the sample

somewhat as the stalk o f  the cannabis plant does not contain a high level o f  THC (71). However it

seems less likely that Cannablitz was Sinsemilla or Nederweed and more likely that it was some

traditional variety o f  cannabis herb. Some work carried out on the THC (71) content o f  cannabis

seized in the Republic o f  Ireland in 1981 suggested that no high THC (71) content varieties were

encountered at that time (O ’Brien, 1981) as the average THC content o f  eight herbal samples analysed

was 1.36 (range 0.18% -2.9% ). Hence, the above results provide p roof that high THC (71) content

varieties o f  cannabis are now available in the Republic o f Ireland. Also if one aggregates the % THC

(71) and the %CBN (72) one gets an idea o f the initial levels o f  THC (71). In this case the average

goes from 6.2% (THC only) to 6.85%  (THC +CBN). This is high when com pared to the average

content o f  traditional marijuana observed by Elsohly et al. (2000) over the period 1980-1997 (rising

from 1.5 % THC in 1980 to 4.2%  in 1997). THC (71) contents o f  up to 11.53% have been recorded
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for Sinsem illa over the same period (Elsohly, 2000). N iesink reported that the average THC (71) 

content in Dutch herb was 7.5%, which compares well with our observations (Niesink, 2000). King 

reported that the THC (71) content o f  the flowering tops o f  herb, seized in the U.K. in 1999, was 

9.6%, which is high when com pared to the average reported here (2001). This average com pares well 

with the THC (71) contents o f  the Early ’98 and the Skunk samples.

15.2.3 Cannabinoid content o f  Resin

In all 62 samples o f  resin were analysed. The results are presented in three sections.

1. Samples 30-39 & 44-67 (THC (71), CBD (73) and CBN (72) standard curves prepared)

2. Samples 20-29 (Only THC (71) and CBD (73) standards curves prepared)

3. Samples 1-19 (Only THC (71) standard curve prepared)

C anm hinoid  content o f  samples 30-39 & 44-67.

A typical chrom atogram  for a resin sample is shown in Figure 15.2.1.1 B. The peak area ratios for the 

CBD (73) and CBN (72) were obtained straight from the graph and converted into %  values as per 

section 15.2.1. The THC (71) curve was corrected as per section 15.1. The results o f  percentage 

(corrected) THC (71), percentage CBN (72) and percentage CBD (74) for samples 30-39 and 44-67  

are shown below (Table 15.2.3.1).
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Sample No. % T H C (7 l) %  CBN (72) % CBD (73) Sample No. % T H C  (71) % CBN (72) % CBD (73)
30 3.05 3.20 1.41 51 0.40 0.45 1.51
31 2.61 0.78 2.01 52 5.52 1.02 2.66
32 0.44 1.08 0.07 53 0.54 1.96 1.62
33 1.65 2.40 0.56 54 0.53 2.52 1.23
34 0.70 2.70 1.89 55 0.68 1.04 1.49
35 1.07 3.10 2.16 56 0.84 2.47 2.11
36 0.58 2.82 2.20 57 0.84 2.07 2.13
37 2.37 1.37 2.45 58 2.04 2.07 1.20
38 5.15 1.14 2.66 59 0.38 2.93 2.28
39 0.44 2.16 1.72 60 0.68 2.34 2.16
44 0.21 1.15 1.18 61 0.32 3.78 3.24
45 0.80 2.73 1.94 62 0.40 2.66 1.67
46 0.88 2.93 2.03 63 0.88 3.34 4.40
47 1.07 2.63 2.20 64 0.83 2.12 11.54
48 0.31 0.65 0.48 65 0.36 2.25 1.50
49 1.40 4.59 4.29 66 0.68 0.74 1.42
50 0.50 1.77 1.85 67 1.96 2.59 2.11

Table 15.2.3.1 : Cannabinoid content o f  samples 30-39 and 44-67. 

Cannahinoid conlenl o f  samples 20-29.

For these samples, the THC (71) standard curve was corrected using the CBD (73) standard curves 

and the CBN (72) values were predicted using the CBD (73) standard curve. The results o f  percentage 

(corrected) THC (71), percentage CBN (72) and percentage CBD (73) for samples 20-29 are shown 

below (Table 15.2.3.2).

Sample Number %THC (71) %  CBN (72) %  CBD (73)
20 3.84 0.86 2.00
21 2.20 1.89 2.10
22 2.33 2.68 2.05
23 2.64 2.31 2.49
24 1.48 1.72 1.54
25 0.44 2.16 2.30
26 0.50 3.19 3.12
27 1.34 1.95 1.84
28 2.02 2.02 2.01
29 0.72 1.65 1.61

Table 15.3.2.2: Cannabinoid content o f samples 20-29.
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77/C content o f  sam ples 1-19.

As previously mentioned it was only possible to determine the am ount o f  THC (71) in these samples, 

as only a THC (71) standard curve was prepared during the analysis o f  these samples. The deviation 

between the uncorrected THC (71) estimations o f  samples 30-39 & 44-67 and the corrected THC (71) 

values was found to be 22.9% . Subtracting the two values (corrected and uncorrected) from each other 

and dividing by the num ber o f  samples gave this average. The actual THC (71) contents as calculated 

by the THC (71) standard curves were multiplied by 1-0.229 (0.771) in order to correct these figures. 

This is very crude but in the absence o f  a reliable standard curve, the only option was to correct the 

values on the basis o f  more reliable historical data. The corrected THC (71) contents for the resin 

sample 1-19 are shown in Table 15.3.2.3.

Sample Number % T H C  (71) Sample Num ber % T H C  (71)
1 6.22 11 1.54
2 0.19 12 3.85
3 0.87 13 3.62
4 4.26 14 2.56
5 2.53 15 3.12
6 3.72 16 3.83
7 2.76 17 3.13
8 2.21 18 1.02
9 4.13 19 1.88
10 1.49

Table 15.3.2.3: corrected THC (71) content o f  samples 1-19.

C annahinoid content o f Resin sam ples seized  in the Republic o f  Ireland.

The average THC (71) content found in all samples o f  cannabis resin analysed was calculated, and 

found to be 2.11%  (standard deviation, 1.45%, range 0.4% -8.08% ). The average amount o f CBN (72), 

excluding sam ples 1-19, was found to be 2.13%  (standard deviation 1.14%, range 0.31% -4.59% ). 

Finally the average am ount o f  CBD (73), excluding samples 1-19, was found to be 2.19%  (standard 

deviation, 1.65%, range 0.07% -4.38% ). The level o f  THC (71) reported in resin samples varied from 

7% -14%  (M artin, 1997/1998), however Adams et al. (1996) claim ed that values from 2% -20%  have 

been recorded. The level o f  THC found in resins was low in com parison to reported values. 

Conversely the CBN (72) levels (2.13%  average) suggested that the samples had aged significantly 

(Fairbairn, 1976). Aggregation o f  the percentage THC (71) and CBN (72) content perhaps better
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reflects the original average THC (71) content present when the resin was first produced. In these 

circumstances average THC (71) content in the resin at the time o f  preparation would be 4.24%  which 

seems reasonable when this figure is com pared to those recorded by Elsohly (2000) in the USA. He 

reported that the average THC (71) content o f resin analysed during the period 1980-1997 was 5.52%  

and the com bined CBN (72) and THC (71) content was 7.00% in the USA for the same period. Resin 

samples analysed by the Forensic Science Service in the U.K. in 1999 were found to have an average 

THC (71) content o f  5.0%, which again is high when compared with the values reported here (King, 

2001). There was no CBN (72) data available for these samples (King, 2001).

The CBD levels reported here were also high (2.19%  (standard deviation, 1.65%, range 0.07% - 

4.38% )) when one considers the fact that the resin samples contained a reasonable amount o f  THC 

(71). This observation may indicate that the resin was actually collected from an intermediate type 

plant. This theory will is investigated further in the following section.

It is notable that the work o f  O ’Brien et al. 1981 found lower levels o f  CBD (1.04% ) and THC (0.9% ) 

for a number o f  resin samples analysed, than are reported here. The level o f  CBN found in the same 

samples was 1.4%, which again is lower, but the high levels o f  CBD would suggest that the resin 

samples analysed by O ’Brien et al. may also have been from an intermediate type variety o f  Cannabis 

saliva.

15.3 Phenotype ratio o f  cannabis hemp, herb and resin seized in the Republic of  

Ireland.

The phenotype ratio concept, as described in the introduction, was applied to the samples o f  herb, 

hemp and resin (excluding sample 1-19). The formula that was suggested by Fetterman (1971) was 

applied here where the following equation allows the determination o f  a phenotype (Equation 15.3.1).

Phenotjrpe ratio = (>t.THC + %CBN)

C%CBD)

Equation 15.3 .1
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The criteria o f  de M eijer et al. (1992) were used for tiie classification o f  phenotypes according to 

cannabinoid content, including provision for an intermediate phenotype (Table 15.3.1). Note that de 

M eijer et al. excluded CBN (72) as the samples analysed by this group were all fresh, however it is 

acceptable to include CBN (72) in our case.

Phenotype % THC + %CBN %CBD % THC+% CBN / % CBD

Fibre type < 0 .5 > 0 .5 < 1

Intermediate type > 0 .5 > 0 .5

Drug type > 0 .5 < 0 .5 > 1

Table 15.3.1: Criteria for the classification o f  phenotypes according to cannabinoid content (de Meijer et a t 1992).

Giroud et al. (1999) used the same formula as Fetterman and de Meijer. However Giroud, et al. 

calculated the logarithm (base 10) o f  equation 15.3.1 in order to simplify the graphical interpretation 

o f  the data he presented. The equation now changes to 15.3.2

P h m o ly p ., .U „ . ( ( % T H C + % ^ \

V, (%CBD) J

Equation 15.3.2

Now, if one uses equation 15.3.2 the criteria shown in table 15.3.1 must be changed to take the 

logarithm into account. The criteria o f  de Meijer et al. now change to the criteria shown in Table 

15.3.2.

Phenotype % THC + %CBN %CBD Log(% THC+% CBN / % CBD)

Fibre type < 0 .5 > 0 .5 < 0

Intermediate type > 0 .5 > 0 .5

Drug type > 0 .5 < 0 .5 > 0

Table 15.3.2: Login o f  criteria for the classification o f  phenotypes according to cannabinoid content (de M eijer et at.. 1992).
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A plot o f %THC + %CBN versus the result o f equation 15.3.2 (log (%THC +%CBN /%CBD) is very 

useful in visually comparing the phenotype o f the subjects under analysis . I f  we look firstly at the 

plot for the hemp samples (see Figure 15.3.1).

Phenotype plot of Hemp samples

0
0 5 0 0.3 0.6 0.9

-1 ^  ♦  Hemp samples

15 A 
-2

%THC + %CBN

Figure 15 3.1: Phenotype p lo t fo r hemp samples

One can see from the plot that all o f the sample points in Figure 15.3.1 are less that zero on the y-axis 

(log (%THC +%CBN /%CBD). This indicates that the samples are o f the fibre type (see Table 

15.3.2). It is noteworthy that all o f the hemp samples had CBD (73) levels above 0.5%, satisfying the 

%CBD criterion outlined in Table 15.3.2.

The resin samples are also plotted in this way and are shown in Figure 15.3.2, below.

Phenotype plot of Resin samples

< ♦ 4  ♦  Resin samples

5 6 7 8

Vo CBN

Figure 15.3.2: Phenotype p lo t fo r Resin samples

One can see from Figure 15.3.2 that all o f the resin samples have greater than zero on the y-axis (log 

(%THC +%CBN /%CBD) except one. Further all samples contained levels o f CBD (73) greater than 

0.5 %. The combination o f both o f these criteria indicates that the samples are intermediate-type. The 

one sample which does not fit into any o f the three categories outlined in Table 15.3.2 could be
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considered unusual, it must be derived from a variety closely related to hemp as it had a high levels o f 

CBD (73) (1.51% ).

Note that if the CBD (73) values were below the limit o f quantification as was the case in 3 o f  the 

herb samples or if  there was no measurable amount o f  both THC (71) and CBN (72) then those 

samples were omitted. The phenotype plot o f  the two herbal samples that could be included is shown 

below (Figure 15.3.3).

Phenotype plot of Herbal samples

1.5

1 ♦
♦  Herbal sa m p les

0.5 ♦

0
0 1 2 3 4 5 6 7 8  

%THC + %CBN

Figure 15.3.3: Phenotype plot fo r  Resm samples

The other three herbal samples had such low levels o f  CBD (73) (below  the limit o f  quantitation) that 

there would be no denom inator for equation 15.3.2. However the fact that there was no quantifiable 

CBD (73) and that the levels o f  THC (71) were high (9.54% , 4.78%  and 9.48% ) indicates that these 

samples were indeed o f  the drug-type variety.

The com bined plot o f  Figures 15.3.1, 15.3.2 and 15.3.3, for herbal, hemp and resin samples 

respectively is shown below (Figure 15.3.4).
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Phenotype ratio of cannabis products
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Figure 15.3.4: Plot phenotype ratio fo r  herbal, hemp and resin samples

15.4: The THC content of Joints.

Buchanon et al. (1998) estimated the amount o f  cannabis resin and the amount o f  cannabis herb in 

‘’jo in ts ’ seized by the Irish Gardai over the period 1980 to 1996 (1998). It was found that the average 

am ount o f  cannabis resin found in hand made cigarettes was 102 mg, while the amount o f  herb was 

found to be 260 mg (Buchanon, 1998). If one applies the amounts o f  THC (71) quoted in the 

introduction then the following ranges are likely to be administered by the cannabis smoker (see 

Table 15.3.5).

Cannabis product Range ot'THC (71), in a 'Jo in t" , according to the 

estimates o f  Buchanon et al. (1998)

Cannabis Herb 0.51 m g - 5 .1  mg

Cannabis Resin 18.2 mg -3 6 .4  mg

Skunk/Sensimilla Up to  52 mg

Table 15.3.5: The esiimale THC (71) content range in " jo in ts"  based on the results o f  Adams e t al. (1996). Buchanon et al.

(1998) and Martin et al. (1997 1998).

Hall et al. (1998) claim on the basis o f  Australian research that a typical jo in t may contain from 0.5 g 

to 1.0 g (o f Herb presumably) resulting in a content o f THC (71) between 35 mg- 70 mg for 

traditional herb and up to 100 mg for "S k u n k ”  /Sinsemilla t\ pe drug.
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As one can see from  the T ab le  15.3.5 the T H C  (7 1 ) content cou ld  be quite varied . H ow ever it is 

thought that on ly  a sm all am oun t o f  cannab is is required (e.g . 2-3 m g o f  availab le  T H C  (7 1 )) to 

p roduce a b r ie f  p leasu rab le  eupho ria  (h igh), but m ore may be needed  to  satisfy a regu la r user (H all, 

1998). T he T H C  (7 1 ) delivered  varies betw een 20%  and 70%  (H all, 1994), its b ioavailab ilty  rang ing  

from  5% -24%  (A dam s, 1996).

U sing  the T H C  (7 1 ) levels p resen ted  here an estim ate o f  the am ount o f  T H C  (7 1 ) likely to  be 

experienced  in the Irish situation  can be estim ated. The estim ated  am oun t o f  T H C  (7 1 ) in a jo in t 

con ta in ing  260  m g o f  herbal cannab is w ould  be 16.2 mg, but could  range from  3.5 m g- 2 1 .84  mg. T he 

am ount o f  T H C  (7 1 ), w hich is likely to  be found in a ‘’jo in t”  p repared  using  cannab is resin , w ould  be 

4.3 mg, but cou ld  range from  0 .40  m g- 8.2 mg. W hen one com pares this to  the value o f  16.2%  T H C  in 

a jo in t con ta in ing  herbal cannab is, one can see that the d ifference  in dose is very large. T hese high 

doses m ay increase the likelihood o f  the precip ita tion  o f  som e o f  the acu te  adverse effects m en tioned  

in the in troduction  to  this chap te r, especially  am ong naive o r first tim e users (H all, 1999). It is 

no tew orthy  that there  is no inform ation availab le  on the am ount o f  e ither herb  o r resin  used w hen 

ind iv iduals a ttem pt to sm oke cannab is using a p ipe, hence no estim ation  can be m ade as to  the am ount 

o f  T H C  (7 1 ) adm in istered  via th is route in the R epublic o f  Ireland.

15,5: Conclusion

H em p sam ples grow n under license from  the D epartm ent o f  H ealth  and C hildren  satisfy the c rite ria  o f  

th e  licence (% T H C  < 0 .3% ) and all the sam ples w ere deem ed to  be  o f  the fib re-type phenotype. H igh 

po tency  varie ties o f  cannabis herb  are being traded  on the b lack  m arket in the R epublic  o f  Ireland, and 

all sam ples analysed  w ould  app ea r to  be o f  the drug phenotype. T he resin sam ples analysed  w ould  all 

appear to  be o f  the in term ediate  pheno type and do not seem  to have a % T H C  con ten t w hich is 

com parab le  w ith sam ples analysed in the USA but not with sam ples analysed  in the N etherlands. T he 

w ork  presen ted  here  goes only part o f  the w ay to  estim ating the po tency  o f  cannab is p roduc ts  seized  

an d /o r grow n in the R epublic o f  Ireland. Further w ork is needed in o rder to  both  im prove the quality  if  

the data  p resen ted  here but also  as a m eans o f  m onitoring changes ( i f  any) in the po tency  o f  cannab is 

p roducts seized  and /o r grow n in the R epublic o f  Ireland
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APPENDICES

Appendix I

The various formulae used or referred to in the text are outlined below: 

Relative retention

t i - t a

Where:

a  =  Relative Retention.

t i=  Retention time o f  analyte measured from point o f  injection.

ta = Retention time o f  an inert com ponent not retained by the column.

ti = Retention time from the point o f  injection for a reference compound.

C apacity  Factor

h
t„

k ' =  ^

a

Where:

A ’ = Capacity Factor.

Xj =  Retention time measured from point o f  injection.

ta =  Retention o f  inert com ponent not retained by the column.

P eak Tailing 

y _ ^ 0.05

2 f

Where:

T =  Tailing Factor.

Wo o5 = Distance from the leading edge to the tailing edge o f  the peak, measured at a point 5% o f  the 

peak height from the baseline.

f  =  D istance from the peak maximum to the leading edge o f  the peak.
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Resolution

R=1.18 X

W here:

R =  R eso lu tion  b etw een  a peak o f  interest (peak 2 ) and the peak preced ing  it (peak 1). 

ti =  T he retention tim e m easured from  point o f  injection o f  peak 2. 

t| =  T he retention tim e m easured from  the point o f  injection o f  peak I .

Wo 5 =  T he w idth o f  the com p on en t peak at 50%  peak height.

Wpo 5 =  T he w idth o f  the prev iou s com ponent peak at 50%  peak height.

Theoretical Plates

W here:

N =  T heoretica l p lates, 

t =  T he retention tim e o f  the com ponent.

Wo 5 =  W idth o f  the peak at 50%  o f  the height.

Relative Standard Deviation

W here:

R .S .D . =  T he R ela tive  Standard deviation . 

S .D . =  T he Standard D ev ia tion .

X =  A verage

Beers Law'

A =  abc

t

100
X

X
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W here:

A =  A bsorbance (arb itrary  units) 

a =  absorb tiv ity  constan t M cm  ' 

b = cell path length in cm.

C =  C oncentra tion  in M oles.



Appendix II (see floppy disk attached  to back cover).

T he disk w as p repared  on a P.C. T here are four library files on the floppy disk. T hese files are stored  

in the fo lder en titled  ‘’L ibrary  files” . T he four flies co rrespond  to  the p reced ing  chap ters as follow s:

C H A P T E R  II 

F ile nam e: LW 3.1ib

D etails: P repared  using Shim adzu C L A SS-V P softw are, version  5 .032 (Shim adzu  1999). For details 

o f  contents see section  5.5.

File nam e: L W 3.m sp

D etails: P repared  using V arian Saturn softw are, version 5.2.1 (V arian  1989-1998). For de ta ils o f  

con ten ts see section  5.7.

C H A PT E R  III 

File nam e: M slib .l

D etails: P repared  using H ew lett-Packard  softw are, version A .03 .00  (H ew lett Packard  1986-1996). For 

de tails o f  con ten ts see section 8.

C H A P T E R  IV 

File nam e: M etab .l

D etails: P repared  using  H ew lett-Packard  softw are, version A .03 .00  (H ew lett Packard  19 8 6 -1996). For 

de ta ils o f  conten ts see section  11.
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Appendix 111

Synthesis o f  MBDB

Form am ide (3 3 g , 731 m m ol) and p iperonyl ethyl ketone (1 5 ) (9 .0 4 4 g , 4 7 .0 5 m m o l) w ere refluxed  at 

I9 0 °C  for 7 hours. The reaction  w as a llo w ed  to co o l before be ing  diluted  w ith H 2O  (2 0 0 m ls). T his  

w a s then extracted w ith diethyleth er (4 x 7 5 m ls). T he d iethylether layer w as w ashed  w ith H^O 

(lOO m Is) and dried over  N a 2S 0 4 . T he so lv en t w as then rem oved  under vacuum  lea v in g  brow n o il o f  

crude product (ca . 7 g ), A'-formyl B D B  (2 1 ). T his product w as then used  in the next step , the reduction  

ofA '-form yl B D B  (2 1 )  to M B D B  (8 ).

Crude A^-formyl B D B  (2 1 )  (ca . 7 g ) in dry tetrahydrofuran (3 0 m l) w as added to a v ig o ro u sly  stirred  

su sp en sion  o f  LiAlH^ (6 g , 158m m ol) in dry tetrahydrofuran (2 0 0 m l) under a n itrogen atm osphere, 

d rop -w ise  over ISm inutes. T he reaction w as refluxed  for 2 0  hours. A fter 2 0  hours the reaction w as  

c o o le d  in an ice bath and the e x c e ss  L iAIH 4 w as d eco m p o sed  by su cc e ss iv e  add itions o f  isopropyl 

a lco h o l (IP A ) (6 m ls), 15% aq. N aO H  (6  m l) and H iO  (I2 m ls ) . T he alum inium  salts that w ere form ed  

w ere rem oved  by filtration and then w ashed  with T IIF  (5 0m l). A ll filtrates w ere concentrated  by 

rem oval o f  so lven t in vacuo. T he rem ain ing residue w as m ade ac id ic  w ith 10% aq. HCI and w ashed  

w ith  dicholorom ethan e (3 x 5 0 m l) . T he aqueous phase w as m ade basic  w ith 15 % N aO H  and extracted  

w ith  dich lorom ethane (4 x 7 5 m l) . T he  extracts w ere dried over  N a S 0 4  and the so lv en t w as rem oved  in 

v acuo , leav in g  a brown o il. T his crude brown M B D B  (8 ) o il w as then vacuum  d istilled  y ie ld in g  

M B D B  (8 )  at 100°C  at 0 .6 m m H g  as a pa le  am ber oil w e ig h in g  5 .5 g

T he am ber oil o f  M B D B  (8 ) w as d isso lv ed  in anhydrous diethyl ether. HCI gas w as aspirated into the 

so lv en t until the so lu tion  w a s saturated. A n o f f  w h ite  so lid  o f  M B D B «H C 1 cry sta llised  out o f  so lu tion . 

W hen air-dried the w eight w as 5 .8 5 g  o f  M B D B »H C I.
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Appendix IV

The D eterm ination o f  the pK a o f  M BD B f8)

The pKa was determ ined in the same way as the pK a’s o f  MDA (4) and M DM A (5) were determined 

by Garret et al. (1991). A potentiom etric titration was used. The titratration apparatus used was a 

M etrohm 702 Titrino, with a M etrohm 728 stirrer and M etrohm 6.0228.000 pH electrode. A liquots o f  

drug (5ml o f  M BDB hydrochloride, 3.67 x \0'^ M) in deionised water were acidified with 20 (il o f  I 

M  HCI and titrated potentiom etrically with I M  NaOH, and then back titrated with 1 M  HCI. Blank 

solutions containing 20(il o f  1 M  HCI but no M BDB (8) were titrated similarly. The pKa values were 

estim ated from plots o f  the differences between the num ber o f  m l’s o f  titrant necessary to bring both 

blank solution and M BDB (8) solution to the same pH value. This is known as the Park-Davis method 

(Parke, 1954). The pKa o f  M BDB (8) was estimated to  be 10.25 ± 0.04 (n = 3).
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