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Summary

M any reactions o f alkenes and enam ines with various different reagents have been 

studied in the past and num erous books dealing with the chem istry o f these com pounds 

have been published. This project aims to find out how the less studied fi- 

sulfonylenam ines behave. The thesis is divided into four chapters:

Chapter 1 introduces these interesting com pounds by giving a com prehensive review  of 

the literature. This review  deals with their structure, as well as their uses and synthesis. 

Com parisons with their m ore w idely studied analogues, nitroenam ines, are also drawn. 

Both com pounds are regarded as ‘push-pull’ com pounds and are expected to behave 

sim ilarly in term s o f reactivity. M ore detailed aim s and objectives o f the project are listed 

at the end o f this chapter.

The first part o f C hapter 2 deals with the synthesis o f known and novel fi- 

sulfonylenam ines including the first chiral ^-sulfonylenam ine to be synthesised, (1S,4^)- 

1 -({[(E )-2-(dim ethylam ino)vinyl]sulfonyl} m ethyl)-7 ,7-dim ethylbicyclo[2 .2 .1 ]heptan-2- 

one. This is follow ed by a study o f the chem istry o f y5-sulfonylenamines to define the 

scope and lim itations o f their chem istry and to seek out new reactivity patterns and 

reaction m echanism s with the hope that novel com pounds can be synthesised and more 

accessible synthetic pathw ays to com plicated structures can be discovered. The 

sulfonylenam ine (E )-l-d im ethylam ino-2-phenylsulfonylethene is used as a platform  to 

undertake this study. A ttem pts at epoxidation and transam ination o f this com pound are 

discussed first. This is follow ed by a detailed look into the reaction o f this P- 

sulfonylenam ine with organom etallic reagents as a route to allylic alcohol synthesis. 

Attem pts at acylation o f the a-sulfonyl position and the unusual outcom es o f these 

reactions are then dealt with. The penultim ate part o f this chapter is concerned with the 

highly unusual form ation o f a novel conjugated amide. Com m ents on the results o f the 

reactions discussed are found at the end o f this chapter.



Chapter 3 describes the experimental details of the reactions discussed in Chapter 2 and 

Chapter 4 contains the bibliography.
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Chapter 1

1.1 )9-Sulfonylenainines: background

The work presented in this thesis describes the synthesis, properties and structures o f  the 

compounds shown in Figure 1 below. These are the y9-sulfonylenamines (£ )-l- 

dimethylamino-2-phenylsulfonylethene 1, (£)-l -dimethylamino-2-(4-methyIphenyl

sulfonyl)ethene 2, (£)-l-diethylamino-2-(4-methylphenylsulfonyl) ethene 3, (E)-l-(A^- 

morpholino)-2-(4-methylphenylsulfonyl)ethene 4 and (£^-1-[(camphor-10'-sulfonyl]-2- 

dimethylaminoethene 5 as well as the ^-keto-yS-sulfonylenamine 4-dimethylamino-2- 

phenylsulfonylbutan-2-one 6.

ArSO ,

A

p  -TolSO,
\4

A
NMe, NEt,

1 Ar = Ph
2 Ar = p - lo \

SO

NMe,5

p  -T 0 ISO2

A

o

PhSO,

O NMe,

■'2 6  

Figure 1: Various y5-sulfonylenamines

These compounds all belong to a group of compounds called enamines. An enamine 

(Figure 2) is an unsaturated compound that can be used as a specific enol equivalent.

K
N —R ’

R^ ^R®

Figure 2: General enamine structure 7
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Chapter 1

Furthermore, y5-sulfonylenamines can be classified as unsaturated sulfones 8, a general 

structure of which is shown in Figure 3.

Unsaturated sulfones have been used as synthetic reagents by researchers because the 

activating effects o f the sulfone moiety and the ability to form a-sulfonyl anions enable 

these compounds to undergo conjugate additions, cycloadditions as well as deprotonation 

and alkylation o f the corresponding a-anions. In addition to this, the sulfone group can be 

removed at the end of a reaction sequence by a variety o f reductive or oxidative methods 

or by substitution with certain types o f organometallic reagents. The techniques for 

desulfonation vary depending on the type o f sulfone. Simpkins’ review of sulfone 

chemistry' summarises methods for the desulfonation of simple alkyl-, aryl- and dialkyl 

sulfones, allylic sulfones, vinyl sulfones and some other additionally ftinctionalized 

sulfones. In the case o f vinyl sulfones such as compound 9, reductive desulfonation with 

both nickel and palladium catalysts has been proven effective by Julia and Fabre^ 

(Scheme 1).

R'sn

8

Figure 3: General structure o f an unsaturated sulfone 8

PhSO H
nBu

"BuMgCI
+

cat.

9 10 11

major product minor product

Scheme 1: Removal o f the sulfone group from vinyl sulfones 9 by reductive
'y

desulfonation
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Chapter 1

JuHa and co-workers have also achieved desulfonation o f stereochemically pure vinyl 

sulfones 12 with alkylative methods (Scheme 2).  ̂ These methods involve the reaction of 

a sulfone 12 with the Grignard reagents phenyl- or methylmagnesium bromide under 

catalysis with either nickel (II) acetylacetonate or iron (III) acetylacetonate.

'BuSO, R R̂
) = (  +  RMgX  ► ) = (

or Fe(acac)j

12 13

R = Ph, Me, R* = H, alkyl, prenyl, R^ R^ = H, Me

•3

Scheme 2: Alkylative desulfonation of vinyl sulfones 12

There is barely any literature on methods for the desulfonation o f yS-sulfonylenamines as 

they have not been as intensively researched as other unsaturated sulfones. The processes 

described for vinyl sulfones may not work as well or at all for /?-sulfonylenamines due to 

the presence of the donor amino group. Michael et al."̂  have reported the successful 

removal of the sulfone group from yff-sulfonylenamines 14 possessing an ester group a to 

the sulfone moiety (Scheme 3) by hydrogenolysis with sodium amalgam and disodium 

hydrogen phosphate in THF-methanol at ambient temperature.

p  -Tol SO2 E tO jC

EtOjC N'
/

R
14

N a - H g
 ^

THF -MeOH 
NajHPO^

R = R ' = Me 
R = (CH2)30Ac, R ' = (CH2)30H

\ =

15

N'

R'

Scheme 3: Removal of the sulfone group from y9-sulfonylenamines 14

The resulting products 15 are o f E  geometry. The precursors 14 were obtained as single 

geometric isomers but the stereochemistry of the double bond is not known.
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Chapter 1

/?-Sulfonylenamines can be regarded as “push-pull” ethylenes (Figure 4) due to the 

resonance form 17 that arises via interaction between the sulfone group with its strong a- 

electron-withdrawing properties and the donor amino group of these doubly activated 

olefins.

+

16 17

Figure 4: (£)-Enamine 16 and iminium 17 resonance forms ofy5-sulfonylenamines

Kozerski et al.  ̂ have confirmed this theoretically with a detailed study of the tautomeric 

composition and conformational space generated by all bonds in the parent aliphatic (i- 

sulfonylenamines having three types of double bond substitution; these are the ^-form 

18, imine form 19 and Z-form 20 (Figure 5).

O O O H
' /  1 rk—c d’ ^ r0 = S  R’ O—S R o = S  n - r ^

N - H  H H >  V
r Z R ^

18 19 20

R’ = H, Me 
R  ̂= Me, Et, 7-Pr, /-Bu

Figure 5: (£^-Enamine 18, imine 19 and (Z)-enamine 20 resonance forms of fi-

sulfonylenamines^

Using various NMR experiments as well as density functional theory calculations, they 

have found that, in deuteriated chloroform solution, the enamine E form predominates 

over the Z form in unsubstituted (R’ = H) or acyclic y9-methyl-substituted double bond
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compounds whereas the amount o f imine is neghgible. On the other hand, it was 

observed that the enamine Z form predominates in yS-methyl-substituted compounds over 

the enamine E  form, with the E  and imine forms present in comparable amounts. The y9- 

sulfonylenamines 1-6 (Figure 1, page 2) could therefore be expected to have E- 

conformation.

Evidence for the iminium formation of /?-sulfonylenamine 1 is given by the results o f a 

D2 O exchange experiment conducted by Evans.^ She describes the reaction o f compound 

1 with D2 O on an NMR scale. The 'l l  spectrum showed that the proton a to the sulfone 

group had been exchanged with deuterium (Scheme 4). This is due to the ability of the 

sulfone group to stabilise a negative charge.

PhSO^ H PhSO, H

> = <  —
H NMe^ D NMe^

1 21

Scheme 4: D2 O exchange^

y9-Sulfonylenamines may finally be considered as vinylogous sulfonamides 22 (Figure 

6). The principle o f vinylogy states that the properties o f a functional group are 

transmitted through conjugated systems.^ The spectroscopic and chemical behaviour 

displayed by sulfonamides 23 could be thus replicated by ^-sulfonylenamines. Assuming 

this, y5-sulfonylenamines 22 could therefore also have potential biological activity.

22 23 24

Figure 6: Vinylogous sulfonamide / y^-sulfonylenamine 22, general sulfonamide 23 and

p-aminobenzene sulfonamide 24
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g
The concept of vinylogy was first reviewed in 1935 by Fuson and again in 1982 by 

Krishnamurthy.^ Fuson stated that “when, in a compound of the type A-Ei=E2 or A- 

E]=E2 , a structural unit of the type - (C = C )n -  is interposed between A and Ei the function 

of E2 remains quantitatively unchanged but that of Ei may be usurped by the carbon atom 

attached to A”. In this definition Ei and E2 represent non-metallic elements and the -  

(C = C )n - unit denotes a double bond, a conjugated system of double bonds or a benzene 

ring. The double bonds act as wires and the influence of a functional group may therefore 

be propagated along the chain.

For example, the y hydrogen of the a-y9-unsaturated vinylogs 25 of ketones, esters and 

nitriles is more acidic than the hydrogen a to the carbonyl group.^ y-Alkylation is 

competitive with a-alkylation however, due to the resonance (Figure 7).

R

H / /
O 

25

R = alkyl, acyl, CN

base

R

O
26

27

R

R’X

O
/ /

28

R ’X

r ’\ h 29

Figure 7: The principle of vinylogy applied to alkylation at the a- and y- position of

ketones 25

This vinylogy principle can direct attention to possible reactions which might at first 

appear improbable and in turn lead to interesting lines of research. For example, 

sulfonamides 23 (Figure 6) are an important class of compounds because o f their 

biological activity.^ In medicine, sulfonamides are sometimes simply known as ‘sulfa 

drugs’, a derivative or variation of sulfanilamide. Since the discovery of p-aminobenzene
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sulfonamide 24 (Figure 6), five biologically diverse types of drugs have been developed: 

antibacterial sulfonamides, carbonic anhydrase inhibitors, insulin-releasing sulfonamides, 

saluretics and antithyroid drugs.

The application of the concept o f vinylogy suggests that yS-sulfonylenamines could also 

be an important class o f compounds. Their uses published in the literature are discussed 

in the next section.
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1.2 Uses of y9-sulfonylenamines

yS-Sulfonylenamines have been utilised in the synthesis of various heterocyclic systems, 

for example Michael et al."* have prepared sulfone-substituted indolizidines 30 by 

cyclisation o f /9-sulfonylenamines 31 with the hope that these compounds 30 could be 

used in the synthesis o f alkaloids (Scheme 5).

p  -TolSO

31

CO^Et

1. KOH, EtOH
O

2. HCI
3. K 3 CO 3 , ACjO, MeCN p-T olS O

30

Scheme 5: Cycloaddition ofyS-sulfonylenamines 31 to form indolizidines 30

The ^-sulfonylenamines 31 used by Michael differ to those investigated in this thesis as 

they incorporate a pyrrolidine ring, resulting in trisubstituted double bonds, whereas the 

compounds studied in this thesis all contain a disubstituted double bond (Figure 1, page 

2 ).

Another example o f y5-sulfonylenamines in heterocyclic synthesis is the reaction o f (£ )-l-  

dimethylamino-2-phenylsulfonylethene 1 with l-?er?-butyl-aza-3-ethyl-1,3-butadiene 32 

to form 3-phenylsulfonyl-5-ethyl-pyridine 33 in 50% yield by 1,4-cycloaddition" 

(Scheme 6).

PhSO,

A
NMe,

32

benzene
 ^

200 °C 
20 - 24 h

' N

33

^SOjPh

Scheme 6: Cycloaddition to form pyridine 33 by Komatsu et al.
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The dipolarophihc activity o f (£)-]-dimethylamino-2-phenylsulfonylethene 1 and the 

possible effect of the dimethyl amino group on reactivity and regioselectivity of

cycloadditions has been investigated by Pesa et al}^ (Scheme 7).

1. BTMA ICI^/DCM

2. EtjN, DCM, A, 72 h 

PhSO,

34
OH

R ^ H

35

PhO jS O '
,N

R PhOjS, R

O '
Isoxazolines 

36 37

R = Ph, 'Bu, Et, Me

l.B T M A  ICl, (or NCS)

2. EtjN, DCM, r.t, 96 h 

PhSO,

NMe^
1

PhOjS'

R

fT
o '

,N

38

PhOjS,

+

Isoxazoles

Scheme 7: Cycloadditions with nitrile oxides by Pesa et al. 12

R

O '
,N

39

The results of 1,3-dipolar cycloadditions o f 1 with nitrile oxides were compared to the 

corresponding reactions using unfunctionalised phenyl vinyl sulfone 34. Isoxazolines 36 

and 37 were obtained in the latter reactions with phenyl vinyl sulfone 34. Compound 1 

reacts similarly to compound 34. However reactions with 1 did not yield amine 

substituted isoxazolines. Instead cycloaddition was followed by the elimination of 

dimethylamine yielding the multiple unsaturated isoxazoles 38 and 39 in low yield.

The isoxazole motif is found in some natural products, such as ibotenic acid 40 (Figure 

8), a dissociative neurotoxin'^ that is naturally occurring in the mushrooms Amanita 

m uscaha  and Amanita pantheria, among others.''* This m otif also forms the basis for a
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num ber o f  drugs, including Valdecoxib 41 (Figure 8). This compound, 4-(5-methyl-3- 

phenylisoxazol-4-yl)benzenesulfonam ide 41 is a cyclooxygenase-2 inhibitor which is 

used to treat arthritis.

H ,N SO

Ph

41

OH

NH

HO

Figure 8: Isoxazole containing drugs, ibotenic acid 40 and Valdecoxib 41

Other work on (£)-l-dim ethylam ino-2-phenylsulfonylethene 1 includes M ercier’s 

description o f the lack o f  reactivity o f 1 as a dienophile in Diels-Alder reactions with 

both electron-poor and electron-rich dienes'^ as well as Evans’ successful transamination^ 

o f 1 with A^-methyloctadecylamine to yield (E)-l-(JV-methyl-7'/-octadecyl)amino-2- 

phenylsulfonylethene 42 (Schem e 8).

H
\
N —

PhSO j HjQH.C),, PhSO^

\  - HNMe,
NMe  ̂ N—

1 42

Scheme 8: Transam ination o f  1 with A^-methyloctadecylamine^

Treatment o f the same compound 1 with various aromatic amines (p-anisidine, p -  

toluidine, aniline and benzylamine) is reported to result in starting m aterials and is 

therefore a reversible reaction, assuming reaction occurs at all.

1 1
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A number o f yS-sulfonylenamines, including 42 (Scheme 8), bearing lipophilic alkyl 

chains on either the nitrogen atom or the aryl group or both have previously been 

synthesised^ (Figure 9). It has been shown that these compounds, (£)-l-(A^-methyl-A^- 

octadecyl)amino-2-phenylsulfonylethene 42, (£)-l-dim ethylamino-2-(4’-nonylphenyl) 

sulfonylethene 43, and (£ )-l-(4 ’-nonylphenyl)sulfonyl-2-(7V-methyl-A^-octadecyl) 

aminoethene 44, are capable o f forming Langmuir-Blodgett monolayers on the surface o f 

water. Initial studies^ indicate that these monolayers, which exhibit classical isotherms, 

possess rather large second-order hyperpolarisibilities and could perhaps therefore be 

used as non-linear optical materials.

Ph SO 2

A SO2 SO2

N —

H 3 C(H 2 C )„ NM e, N—

42 43 44

Figure 9: yS-Sulfonylenamines capable o f forming Langmuir-Blodgett films^

It is clear from the range o f possible reactions listed above, that ;5-sulfonylenamines may 

be versatile building blocks for organic synthesis, either in their own right or as 

precursors to other small, highly-fiinctionalised and reactive molecules.
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1.3 Synthesis of /f-sulfonylenamines

The common enamine system (Figure 2, page 2) is formed by the condensation o f an 

aldehyde (or ketone) carbonyl group with a secondary amine followed by the loss of
1 Rwater. The presence of an electron-withdrawing group such as C =0, C=N, NO2 , S=0 or 

SO2 at either end o f the carbon-carbon double bond substantially changes the properties 

o f the enamine system.'^ /?-Sulfonylenamines are often unavailable from the 

condensation of amines with /?-ketosulfones such as compound 45. This is because, under 

normal conditions o f enamine synthesis described above, the latter undergo facile base
90catalysed C-C bond cleavage (Scheme 9).

Nevertheless, the reaction o f primary and secondary amines with equimolar amounts of 

the linear y5-ketosulfone 1-phenylsulfonyl-2-propanone 48 has been achieved in

with the amines n-butylamine, (/?)-a-phenylethylamine, pyrrolidine and (5)-proline 

methyl ester produced the required yS-sulfonylenamines 49 in circa 90% yield. The 

addition o f catalytic p-toluenesulfonic acid was necessary in the synthesis o f the 

morpholino derivative of 49.

R H

+
R

45
R', R̂  = H or Ph

46 47

20Scheme 9: Cleavage of y9-keto sulfone 45 into amide 46 and sulfone 47

dichloromethane in the presence o f anhydrous sodium sulphate (Scheme 10).'^ Reaction

PhSO

DCM
Na^SO^

HNRR PhSO

NRR'

48 49

Scheme 10: Synthesis of y9-sulfonylenamines 49 from l-phenylsulfonyl-2-propanone 48'^
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The formation o f yS-sulfonylenamines has also been noted from the addition o f amines to 

various other s u b s t r a t e s . F o r  example. Back et al?^ have reacted the secondary 

amines 50 with y5-(phenylseleninyl)vinyl sulfones 51 derived from the selenosulfonation 

of acetylenes 52, to yield the /?-sulfonylenamines (£)-l-(A^-morpholino)-2-(4- 

methylphenylsulfonyl)ethene 4, 1 -(A^-morpholino)-l -phenyl-2-(4-methylphenylsulfonyl) 

ethene 53, 1-phenyl-1-(A^-p3Trolidino)-2-(4-methylphenyl sulfonyl)ethene 54 and 2-{N- 

pyrrolidino)-3-(4-methylphenylsulfonyl)ftimarate 55 (Scheme 11).

R R'

/j-T o lS O , R 

■ ) = <  ■ 
R ' S e-P h

p  -Tol SO , R

> = <
R'

/ /
O

S e-P h

52 56 51

R R ’ N

4 H H morpholino

53 Ph H f f

54 H Ph pyrrolidino

55 Me02C Me02C f f

o

N-

p  -Tol SO, R 

4, 53-55

NH
or

50

' /

Scheme 11: Preparation o f /?-sulfonylenamines 4 and 53-55 from ji-

(phenylseleninyl)vinyl sulfones 51 and secondary amines 50 21

A boron trifluoride catalysed rearrangement o f a,^-epoxysulfones 57 to a- 

sulfonylacetaldehydes 58, which are then treated with one o f many different secondary 

amines has been used to synthesise /?-aryl substituted yS-sulfonylenamines 59 (Scheme 

12).
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p-Tol O BF,(OEt),

SO2P-T0I

57

O o-Tol

H SO^p-ToI

58

HNRR'

/>-ToISO

^  , 
p-Tol NRR'

59

Scheme 12: Synthesis ofy5-sulfonylenamines 59 from a-yS-epoxysulfones 5723

22StirHng has analysed reactions o f isomeric allenic and acetylenic sulfones. The 

stereochemistry o f the addition o f amines to acetylenes bearing a variety o f activating 

groups has also been thoroughly studied. ’ ' The yS-sulfonylenamine trans-1- 

dibenzylamino-l-phenylsulfonylpropene 60 has been obtained upon reaction of 

dibenzylamine with either phenylsulfonylpropadiene 61, 1- 62, or 3-

phenylsulfonylpropyne 63 in methanol (Scheme 13).

PhSO,

PhSO;

61

62

A
PhSO,

63

HN(CH,Ph),

MeOH

PhSO,

60

NCCHjPh)^

Scheme 13: Preparation o f the ^-sulfonylenamine /ra«5'-2-dibenzylamino-1-

phenylsulfonylpropene 60 22
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The yff-sulfonylenamine (£)-l-dimethylamino-2-(4-methylphenylsulfonyl)ethene 2 

(F igure 1, page 2) has been prepared by reaction of either l-(4-methylphenylsulfonyl)-2- 

bromoethene 64 or 1 -(4-methylphenylsulfonyl)-2-chloroethene 65 with dimethylamine in 

alcoholic s o l u t i o n . T h e  same product has also been acquired by addition o f 

dimethylamine to l-(4-methylphenylsulfonyl)acetylene 66 (Scheme 14).

/>-TolSO,

A
NMe,

p-T olSO ,

A
X

/j-TolSOj

64(X = Br), 65(X = C1) 66

Scheme 14: Synthesis of (£)-l-dimethylamino-2-(4-methylphenylsulfonyl)ethene 229,30

In the work presented in this report, two methods were used to synthesise the yS- 

sulfonylenamines 1-5 (Figure 1, page 2). These two routes were preferred to those 

referenced above as they employ more commonly available organic molecules. The first
•3 1

was developed in this laboratory by O ’Donnell and involves regioselective conjugate 

addition o f a secondary amine with the propenenitrile 67 followed by base-mediated 

elimination o f hydrogen cyanide to yield (£)-l-dimethylamino-2-phenylsulfonylethene 1 

(

Scheme 15).

HNMe^

P hS O , ^  HNMCj P h S ^  K O 'B u

P>~\ .HCN \ M e ,
^  CN H NMe

'B uO '  -----^

67 68

Scheme 15: Preparation ofyS-sulfonylenamine 1 '̂
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The nitrile 67 is readily synthesised by reaction o f the sodium sulfmate precursor 69 with
31a-chloroacrylonitrile 70, followed by base-catalysed elimination of HCl (Scheme 16).

PhSOAc0H/H,0PhSO, Na

CN CNH

69 70

PhSO,

- HCl A
CN

67

Scheme 16: Synthesis o f propenenitrile 6731

The second method employed for the synthesis o f the enamines presented in this report

involves the condensation o f A^TV-dimethylformamide dimethyl acetal with an alkyl
12 12 phenyl sulfone 72 as described by Pesa et al. (Scheme 17) and therefore does not

allow choice o f amino group.

PhSO,CH.
DMF, A NMCj

72 1

1 0Scheme 17: Alternative method for the preparation o f the y9-sulfonylenamine 1

This should not present too big a problem, as it is possible that the resulting 

dimethylamino group could be exchanged by a transamination reaction (Scheme 18) as 

described before (Scheme 8, page 11).

PhSO , HNR, PhSO
\ i =   X  \

^  - HNMe, \
NMCj ^^2

1 73

Scheme 18: Transamination reaction
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A summary of the starting materials that can be used towards the synthesis o f yS- 

sulfonylenamines is depicted in the retrosynthetic clock diagram below:

PhSOjCHj

72

Ph SO,

A

67
CN p-TolSOj-

66

PhSO-

O

48

ArSOj R

> = <
NRR'

74

»-TolSO,

A
X

64, 65

/j-TolSO, R"

X
PhSO;

Se Ph
I I
O

p-Tol O
62

SO ^-T ol
51

57

Scheme 19: Overview o f the various methods o f preparation o f y9-sulfonylenamines 74
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1.4 y9-Keto-/?-sulfonylenamines

Enaminones (/?-acylated enamines) are readily prepared intermediates that have found 

widespread application in organic synthesis because o f  their versatile reactivity both as
' i ' y

nucleophiles and electrophiles. In y5-sulfonylenaminones (/?-keto-y8-sulfonylenamines) 

75 (Figure 10) the carbonyl group also participates in 7r-electron conjugation in contrast 

to the cr-electron effect in y5-sulfonylenamines^ (Figure 4, page 5).

RSO

R"

RSO ,
^NR*.

RSO ,

O R"

75 76 77

Figure 10: Resonance forms o f  ̂ -keto-y?-sulfonylenamines 75

Takahashi et have synthesised yS-keto-^-sulfonylenamines such as 78 (Figure 11)
1 9by a similar route to that used by Pesa et al. and reacted them with benzamidine or 

guanidines to obtain 2,4-disubstituted 5-methanesulfonylpyrimidines 79^'' and with 

hydroxylamine to give 1,5-disubstituted 4-sulfonylisoxazoles 80.^^

O

MeSOj

NM e

78

Enaminone

R'

MeSO

79

R"

Pyrimidine

N
>\ //

R SOjR

80

Isoxazole

R = Me, Ph, ;?-Tol, R' = Ph, ;?-Tol, R" = Ph, NH 2 , NM c 2  

Figure 11 : Examples o f compounds that use /?-sulfonylenaminones in their synthesis 33,34
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y9-Sulfonylenaminones, including 4-(dimethylamino)-3-(phenylsulfonyl)-3-buten-2-one 6 

(Figure 12) have also been synthesised in a similar manner to that described by Pesa et 

al}^ and have been reacted further with acetamidine to yield 5-substituted pyrimidines 

such as 81̂  ̂ (Figure 12).

PhSO,

0 = (  NMe^

6 81 

Figure 12: 5-Substituted pyrimidine 81

PhSO

More recently, y9-keto-y9-sulfonylenamines have appeared in several syntheses of 

pyrrolidine-, piperidine-, indolizidine-, quinolinone- and quinolizidine alkaloids such as 

82 by Back and co-workers (Figure 13), where they were used as intermediates formed 

via conjugate addition of amines to alkynylsulfones.^"*’̂ '̂̂ *

H
OH

OMe

OMe

82 83
Quinolizidine Alkaloid Dendrobatid Alkaloid

(-)-Lasubine (-)-Indolizidine 167B

Figure 13: More recent examples o f compounds derived from y^-sulfonylenaminones^"*’̂ ^

Enantioselective total synthesis o f the dendrobatid alkaloids (-)-indolizidine 167B 83 

(Figure 13), (-)-209D, (-)-209B and (-)-207A has also been achieved using this
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methodology.^"* “Dendrobatid” alkaloids are named after the poison arrow frog family 

dendrobatidae, whose skin they were first isolated from.^^

In January 2008, Michael et a/.'**’ published the use o f pyrrolidinylidene- and 

piperidinylidene-containing enaminones 84 as precursors for the enantioselective 

synthesis of indolizidine 85 and quinolizidine 86 analogues o f bicyclic amphibian 

alkaloids (Figure 14).

O RO

84
Enaminone 

n = 1,2

H
R"

85
Indolizidine

86
Quinolizidine

R' ^ R̂  = H, Me R' \  R̂  = H, CH^OH

Figure 14; Enaminone precursor 84 and analogues o f amphibian alkaloids 85, 86'40

In light o f this, y9-keto-yS-sulfonylenamines may, like /?-sulfonylenamines, be versatile 

building blocks for organic synthesis.
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1.5 Comparison with nitroenamines

Although /?-sulfonylenamines have not been extensively researched, their nitro analogues 

have been more thoroughly investigated.'^' Like /?-sulfonylenamines, nitroenamines 87 

are also push-pull ethylenes (Figure 15) and ^-sulfonylenamines could be expected to 

have similar synthetic potential to nitroenamines 87 even though the nitro moiety is a 

stronger electron-withdrawing group than the sulfone group.

O O
j +0=N 0=N

^  NRj NRj

87 88

Figure 15: (£')-Enamine 87 and iminium 88 resonance forms o f nitrovinylenamines

Marchetti and Passalacqua"*^ have reported the successful transamination of the 

nitroenamine 1-dimethylamino-2-nitroethylene 89 with various secondary amines to 

afford, in high yield, l-pyrrolidinyl-2-nitroethylene 90, l-morpholino-2-nitroethylene 91 

and 1-piperidino-2-nitroethylene 92 (Scheme 20).

H H H ̂ c 7 c ̂  r ̂  ^0 = N "   ̂ 0 = N ^

\  - HNM e. \
NMe,

- HNMCj NR'

89 90-92

R' = pyrrolidino 90, morpholino 91, piperidino 92

Scheme 20: Transamination o f nitroenamines 89“*̂

Complementary to this, Fetell and Feuer'*^ have reacted the secondary aminonitroolefin 1- 

(?er?-butylamino)-2-nitro-l-propene 93 with pyrrolidine in either methanol or chloroform
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to give l-pyrrolidino-2-nitro-l-propene 94 (Scheme 21) but have reported that no 

reaction occurred when compound 93 was treated with piperidine, morpholine, 

diisopropylamine or diethylamine.

o
0=N MeOH or CHCI,

- HNMe, 
N H B u '

93

N
H

C "
HNEtj or 

HN‘Pr,

0 = N
O
t
+

A
94

no reaction

Scheme 21: Transamination of nitroenamine 9343

As stated before (section 1.1, page 11), Evans has attempted to transaminate the y5- 

sulfonylenamine 1.  ̂ Successful results were obtained with the aliphatic secondary amine 

7V-methyloctadecylamine but not with aromatic amines. Cyclic secondary amines, such as 

those used by Fetell and Feuer"*  ̂ have unfortunately not yet been researched so a 

comparison between the two different types o f push-pull enamines cannot yet be made.

Nitroenamines have been reacted with various electrophiles, including formaldehyde, 

halogens and acid anhydrides."*' Details o f these reactions are listed below.

The nitroenamine l-nitro-2-(p-chloroaniline)ethene 95 has been successfully reacted with 

formaldehyde to yield the alcohol l-A^-(p-chlorophenyl)amino-2-hydroxy-2- 

nitromethylethylene 96 (Scheme 22).'*'̂
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P P
0=N" 0=N

\ ____ aq. HjCO (27 %)

+

\  C l EtOH, EtjN, pH 8 H O ^  N H - < ^  ^  Cl

95 96

Scheme 22: Reaction o f nitroenamine 95 with formaldehyde'*''

Both mono- and bishalogenation reactions o f nitroenamines have also been reported. The 

monobromination o f 2-(nitromethylene)pyrrolidine 97 has been achieved in water by the 

dropwise addition o f bromine''^ to the substrate (Scheme 23).

O
w +

„  H ,0
N +  *̂'2 ----------
H

97

Scheme 23: Monobromination of 2-(nitromethylene)pyrrolidine 97"*̂

The reaction of an aqueous solution of tetrahydro-2-(nitromethylene)-2H-l,3-thiazine 99 

with a solution of bromine in DCM also led to nitroenamine monobromination'*^ (Scheme 

24).

'S

99

Br^ in DCM

HjO
5 - 10°C

100

Scheme 24: Monobromination o f tetrahydro-2-(nitromethylene)-2H-l,3-thiazine 9946
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The bishalogenation o f compound 99 has been patented'^^ by reaction with chlorine in 

DCM at 5-10 °C, or with brom ine in chloroform  at the same low temperature (Scheme 

25).

Bfj in CHCI3

5 - 1 0 ° C

o
N- O

s

101

Br
Br

Schem e 25: Dibromination o f tetrahydro-2-(nitrom ethylene)-2H -l,3-thiazine 100,46

In the same p a te n t ,b is h a lo g e n a tio n  em ploying two different halogens has been 

described. 2-(B rom ochloronitrom ethylene)-tetrahydro-2H -l,3-thiazine 102 (Figure 16) 

has also been obtained from nitroenam ine 99. The synthesis o f  this compound involves 

the reaction o f the m onobrom inated compound 100 (Schem e 24) with N -  

chlorosuccinim ide in carbon tetrachloride at r.t. The bromofluoro 103 and chlorofluoro 

104 analogues have also been prepared (Figure 16).

Figure 16: Bishalogenated thiazines 102, 103, 104'

In another example o f  reaction o f nitroenam ines with electrophiles, Powell has patented a 

m ethod o f  acylating thiazine 99 with acid anhydrides by heating these reagents together 

at an elevated tem perature, with or w ithout solvent'*^ (Scheme 26).
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o o
NH

99

NH

105

Scheme 26: Acylation of nitromethylene thiazine 99 with acetic anhydride'*^

As well as the above transamination and nucleophilic reactions, successful cycloaddition 

reactions with nitroenamines have been reported. For example, 2-morpholino-l- 

nitroethylene 106 has been reacted with nitrilimines 107 to give 4-nitropyrazoles 108 in 

low yields (Scheme 27).'**

O
0=N

A
-  +

Ph—N —N = C - P h

O

anhydrous CHCl,

EtjN

A, 48 h

O:. .̂O

N - N
Ph

106 107 108

Scheme 27: Cycloaddition o f l-morpholino-2-nitroethylene 106 with nitrilimine 107

A comparison between the reactions o f sulfonyl- and nitroenamines with azides has been 

published by Maiorana et The compounds reported do not contain a dimethylamino 

group; however, experiments on the morpholino compounds l-morpholino-2- 

phenylsulfonylethene 109, l-morpholino-2-(4-nitro)phenylsulfonyl-ethene 110 and 1- 

morpholino-2-nitroethene 111 have been reported (Scheme 28).
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R
R
\

^  +  n  - N ^ N - S O ^ / ^  - T oI
EtOH, reflux 

12 -24 h H
/ ; - T o1S02

109-111 112 113-115 116

R = phenylsulfonyl (109, 113), (4-nitro)phenylsulfonyl (110, 113), nitro (111, 115)

Scheme 28: Reactions of sulfonyl-and nitroenamines 109-111 with 4- 

methylphenylsulfonylazide 112"*̂

Upon reaction o f 4-methylphenylsulfonylazide 112 with compounds 109-111 the triazole 

compounds 4-phenylsulfonyltriazole 113, 4-(4-nitro)phenylsulfonyltriazole 114 and 4- 

nitrotriazole 115 were obtained in good yield. No diazo compounds or amidine 

derivatives were recovered (Scheme 28).

Although this publication showed similar reactivity for the sulfonyl- and nitroenamines 

109-111, as expected, much more research needs to be performed to verify this.
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1.6 Aims and objectives

In the research presented in this thesis a study o f the chemistry of yff-sulfonylenamines is 

being executed to define the scope and limitations of their chemistry and to seek out new 

reactivity patterns and reaction mechanisms with the hope that novel compounds can be 

synthesised and more accessible synthetic pathways to complicated structures can be 

discovered. The yS-sulfonylenamine (£)-l-dimethylamino-2-phenylsulfonylethene 1 will 

be used as a platform to undertake this study.

Asymmetric starting materials can be used to make products with high degrees o f 

chirality but as yet there have been no reports of chiral yS-sulfonylenamines in the 

literature except for two recent references for 7^-sulfonyl enamines.^®’̂ ' Camphorsulfonic 

acid will be used as a reagent to synthesise the novel chiral y5-sulfonylenamine 5 (Figure 

1, page 2).

The transamination reaction described by Evans^ (section 1.1, page 11) is to be extended 

to other nitrogen nucleophiles such as sarcosine methyl ester 117 and 5-(-)-a- 

methylbenzylamine 118 (Figure 17).

o y
^  Ph

117 118

Figure 17: Nitrogen nucleophiles for transamination reaction

The lithiation of the ^-sulfonylenamine 1 and ftirther reaction o f the resulting lithio 

compound 119 with electrophiles such as iodomethane or allyl bromide to form products 

120 and 121 (Figure 18) via regio- and stereoselective alkylation fi to the amino group 

has been reported.^ Compound 1 is to be reacted with Grignard reagents in the attempt to 

find an alternative synthesis o f such a-fiinctionalised compounds.
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PhSO,
BuLi

\
NMe,

PhSO,

" A
Li NMe,

119

PhSO,
RX

R NMe,

R = Me (120)
R  =  H 2C = C H C H 2 ( 1 2 1 )

Figure 18: Lithiation of (£)-l-dimethylamino-2-phenylsulfonylethene 1, followed by

reaction with various electrophiles^

Epoxidation o f compound 1 with wCPBA and ‘BuOOK will be considered in the attempt 

to form oxiranes 122 (Figure 19).

PhSOj Q

NMe,
122

Figure 19: Target oxirane 122 to be prepared from epoxidation o f 1

The reactivity of (£)-l-dimethylamino-2-phenylsulfonylethene 1 towards carbonyl 

groups is to be considered in a ftirther attempt to functionalise this y9-sulfonylenamine at 

the a-sulfonyl position. This a-functionalisation will involve Baylis-Hillman reactions 

(reactivity towards aldehydes) o f /?-sulfonylenamine 1 with or without catalytic DABCO 

in the attempt to form compounds 123 (Figure 20).

PhSO

NMe.
R

PhSO

HO NMe,
R

123 124

Figure 20: Target molecules to be obtained from a-flinctionalisation o f 1
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The synthesis of compounds 124 will be attempted by reaction of 1 with acid anhydrides 

and acid chlorides. Reaction of 1 with acid will be carried out to make this study 

comprehensive.

The preparation of the a-fiinctionalised compounds 123 will be approached from yet 

another angle by the investigation into the behaviour of compound 6, 4-dimethylamino-2- 

phenylsulfonylbutan-2-one (Figure 1, page 2) towards the reductants sodium 

borohydride, sodium cyanoborohydride and lithium aluminium hydride.

Finally, the halogenation of the ^-sulfonylenamine (£)-1-dimethylamino-2- 

phenylsulfonylethene 1 will be attempted (Figure 21).

RSOj RSO2
\=

NR', X NR’,

16 125 X = Br, I

Figure 21: Halogenation of ̂ -sulfonylenamines 16 followed by palladium catalysis

RSO

NR’

126SiR

Halogenation of the /?-sulfonylenamines 16 either via their lithio derivatives or by direct 

electrophilic halogenation is expected to afford derivatives 125, which (for the bromo- 

and iodo-compounds) should be amenable to palladium-catalysed coupling with a wide 

range of substrates such as, for example, terminal alkynes to give products such as 126.

The reactions listed above should provide information on the behaviour of fi- 

sulfonylenamines and shed light on whether or not they can be classed as usefiil organic 

building blocks. A summary of general synthetic goals is depicted in the clock diagram 

below:
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P hS O , O

122

NMe,

PhSO,

HO
A

NMe,
R

123

PhSO,

O
A

NMe,
R

124

PhSO,

> A
R NMe,

121

PhSO,

A
NMe,

RSO,

) = A
X NR',

125

X = Br, I

PhSO,\i
A

NR’
73

RSO

N R’

126SiR

Scheme 29: Summary o f  target molecules to be obtained from y5-sulfonylenamine 1
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2.1 Novel )ff-suifonylenamines

The present study concentrates on the synthesis o f novel yS-sulfonylenamines. This 

section begins with the synthesis o f known compounds 2-4 (Figure 22). Instead of
2 1 29 30following the synthetic routes to these compounds as described in the literature, ’ ’ 

alternative methods o f preparation were used.

PhSO, /7 -ToISO,

A \
NMej NR2

1 2 - 4
R = Me, Et, morpholino

Figure 22: Known y9-sulfonylenamines 1-4

The synthesis of (£)-I-dimethylamino-2-phenylsulfonylethene 1 (Figure 22) has been 

described by O ’Donnell.^' To check the versatility o f this route for the synthesis of ji- 

sulfonylenamines in general, (£)-I-dimethylamino-2-(4-methylphenylsulfonyl)ethene 2, 

(£)-l-diethylamino-2-(4-methylphenylsulfonyl)ethene 3 and (£)-l-(7V-morpholino)-2-(4- 

methylphenylsulfonyl)ethene 4 were prepared according to this four step method 

(Scheme 30).

Cl

= <  / 7 -T 0 ISO 2 CN / 7 -T 0 ISO 2

p  -TolSO^Na CN

Cl CN
127 128 129

HNR, CN
 X  W   ^

NR, n r ,

130 2 - 4
R = Me, Et, morpholino

Scheme 30: Route for preparation o f /?-sulfonylenamines
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The sulfinate salt 127 was reacted with a-chloroacrylonitrile to yield compound 128. 

Base-catalysed elimination o f HCl from 128 to yield the propenenitrile 129 was followed 

by regioselective conjugate addition o f a secondary amine to give 130 and finally base- 

mediated elimination o f hydrogen cyanide gave the target compounds 2-4.

These toluenesulfonyl analogues were chosen because the 4-methylphenylsulfinate salt 

127 is cheap and readily available. Interestingly, when researching compounds 2-4 it was 

discovered that the nitrile precursor, (£)-3-(4-methylphenylsulfonyl)-2-propenenitrile 129
c 'y

(Figure 23), is a registered compound known as BAY 11-7082.

p  -TolSO ,

CN
129

Figure 23: (£)-3-(4-Methylphenylsulfonyl)-2-propenenitrile 129, registered as BAY 11-

7082^̂

Clinically it is an inhibitor of phosphorylation o f the protein IkB o which prevents NMDA 

neurotoxicity in mouse hippocampal slices. This protein is a major target for the 

development of new drugs to treat inflammatory disease. BAY 11-7082 129 also
53suppresses endothelin-1 production in cultured vascular endothelial cells. It was 

therefore expected that if  compound 129 was reacted with other nitrogen nucleophiles, 

i.e. primary amines or amino acids, novel yS-sulfonylenamine compounds could be 

prepared that might, as well as being important synthetic building blocks, have similar 

potential to BAY 11-7082 129.

Compounds 2-4 are not novel compounds. The synthesis o f compound 2 for example is 

described in the Introduction. However, the preparation o f these compounds from BAY 

11-7082 129 has not been revealed before.
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2.1.1 (£)-l-Dimethylamino-2-(4-methylphenylsulfonyl)ethene 

P -T 0 IS O 2  l.H N M e, / J - T o I S p ,

NMe,

129 2

Scheme 31: Synthesis of compound 2

Compound 2 was not only obtained from BAY 11-7082 129 using O’Donnell’s method
12(Scheme 31), but also via a route published by Pesa et al. (Scheme 32). As stated in the 

Introduction, this method involves reaction of MyV-dimethylaminoformamide dimethyl 

acetal with a methyl sulfone in hot DMF solution. This one-step route gives a much 

higher yield than O’Donnell’s method.

The methyl sulfone precursor 131 was prepared by the reaction of the 4- 

methylphenylsulfmate salt 127 with iodomethane in DMSO. Compounds 3 and 4 cannot 

be synthesised this way as the amino group is predefined as dimethylamino by the acetal 

reagent. Other A^,A^,-disubstituted formamide acetals have not yet been sourced.

(MeO),CHNMe, P  -TolSO^
Mel ^  ^ ^

p-T oiso ,N a ---------► P-T0ISO2CH3 \
DMSO ^   ̂ DMF,A \
r . t ,  2h 2

127 131 2

Scheme 32: Alternative synthesis of 2

The structure of compound 2 was confirmed by its spectroscopic data. Its IR spectrum 

shows strong absorptions at 1264 cm'' and 1125 cm'' representing the sulfone group. In 

the 'H-NMR spectrum of this /9-sulfonylenamine 2 the signal for the aryl methyl group 

appears as a sharp singlet at 5 2.41 ppm. The dimethylamino group protons are 

represented by two broad signals at 5 2.73 ppm and 5 3.05 ppm due to restricted rotation
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about the C-N bond. This is due to resonance interaction between the sulfone group and 

the amino group and the contribution o f the dipolar resonance form 132 (Figure 24) to 

the overall structure o f the compound.

p -Tol SO, p  -Tol SO,
\ i —  ^  ^

NMe  ̂ NMe^

2 132

Figure 24: Resonance forms o f 2

The signals for the ethylenic protons o f 2 resonate as two doublets at 5 4.87 ppm and at 5 

7.32 ppm, each with a coupling constant of 12.5 Hz indicating ^-geometry. The signals 

for the aromatic protons are seen as two doublets at 6 7.26 ppm and at 5 7.75 ppm with a 

coupling constant o f 8 Hz.

A carbon nucleus directly bonded to a quadrupolar nucleus gives a broader response than 

other carbon nuclei in the same molecule.^'* '"'N nuclei, in addition to being dipolar, are 

also quadrupolar.^^ In the '^C-NMR spectrum of 2 the signals for the A^-methyl carbon 

atoms are not always visible due to quadrupolar broadening. Using a '^C-'H COSY 

experiment resonances representing these carbon atoms could be found at 6 37.1 ppm and 

8 44.2 ppm. The signals for the ethylenic carbon atoms resonate at 5 92.4 ppm and 5 

150.3 ppm. Those for the quaternary aromatic carbon atoms are found at 6 141.7 ppm and 

at 5 141.8 ppm and the signals for the other aromatic carbon atoms resonate at 5 125.8 

ppm and 5 129.0 ppm. The signal for the aromatic methyl group carbon atom resonates at 

5 21.0 ppm.

Although (£)-l-dimethylamino-2-(4-methylphenylsulfonyl)ethene 2 is a known 

c o m p o u n d ,its  spectroscopic data has not been published.
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2.1.2 (£)-l-D iethylam ino-2-(4-niethylphenylsulfonyI)ethene

p  -T olSO ,

NEt^

3

Figure 25: (F)-l-D iethylam ino-2-(4-m ethylphenylsulfonyl)ethene 3

(£)-l-D iethylam ino-2-(4-m ethylphenylsulfonyl)ethene 3 (Figure 25) was synthesised 

from the sulfmate salt 128 along the lines o f O ’D onnell’s method^' for the preparation o f  

1, substituting dimethylamine with diethylamine. The structure o f compound 3 was 

confirmed by its spectroscopic data. Two strong absorptions at 1294 cm '' and 1113 cm ' 

in the IR spectrum are due to the sulfone moiety. In the 'H -N M R spectrum o f  the P- 

sulfonylenam ine 3 a 6 H broad singlet at 8 1.17 ppm represents the methyl protons o f  the 

diethylamino group. Two broad signals representing the methylene protons resonate at 8 

3.15 and at 8 3.22 ppm. Broadening is again due to restricted rotation about the C-N 

bond. The signals for the ethylenic protons appear as two doublets at 8 4.91 ppm and at 8 

7.31 ppm with a coupling constant o f 12.7 Hz, indicating E-geometry. Two doublets at 8 

7.26 ppm  and at 8 7.75 ppm  with a coupling constant o f  8 Hz represent the aromatic 

protons o f  this compound. In the '^C-NMR spectrum o f  compound 3 the signals for the 

ethylenic carbon atoms resonate at 8 91.2 ppm and 8 148.3 ppm. The signals for the 

quaternary aromatic carbon atoms are seen at 8 141.6 ppm and 8 142.0 ppm and those for 

other arom atic carbon atoms resonate at 8 125.7 ppm and 8 129.0 ppm. The signal for the 

aromatic methyl group carbon atom resonates at 8 21.1 ppm. The resonances representing 

the yV-ethyl carbon atom are not visible in either the '^C-NM R spectrum or in the 

spectrum from the *^C-*H COSY experiment. This is because the signals for carbon 

atoms beside nitrogen nuclei are too broad to detect.

Again, although (£)-l-diethylam ino-2-(4-m ethylphenylsulfonyl)ethene 2 is a known 

c o m p o u n d , n o  published spectroscopic data was available for comparison.
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2.1.3 (£)-l-(A^-Morpholino)-2-(4-methylphenylsulfonyl)ethene

p  -TolSOj

4

Figure 26: (£)-l-(A^-Morpholino)-2-(4-methylphenylsulfonyl)ethene 4

This compound was prepared as above for (£)-l-diethylamino-2-(4- 

methy!phenylsulfonyl)ethene 3, this time substituting morpholine for dimethylamine. The 

structure of (£')-!-(A/^-morpholino)-2-(4-methylphenylsulfonyl)ethene 4 (Figure 26) was 

confirmed by its spectroscopic data. The IR spectrum exhibits strong absorptions at 1279 

cm ' and 1132 cm ' representing the sulfone group. In the 'H-NMR spectrum of the 13- 

sulfonylenamine 4 the protons a to the N atom of the morpholino group resonate as two 

broad signals at 8 3.21 and 8 3.26 ppm. The protons a to the O atom appear as a multiplet 

at 8 3.71-3.75 ppm and the ethylenic protons as two doublets at 8 5.08 ppm and at 8 7.28 

ppm with a coupling constant of 12.5 Hz indicating ^-geometry. The aromatic protons

are seen as two doublets at 8 7.41 ppm and at 8 7.76 ppm with a coupling constant of 8
1 2 1  Hz. These H-NMR results are more exact than those published in the literature as they

were conducted on a more sensitive machine.

In the '^C-NMR spectrum of compound 4 the signals for the ethylenic carbon atoms 

resonate at 8 91.3 ppm and 8 148.3 ppm. The signals for both quaternary aromatic carbon 

atoms are again seen at 8 141.6 ppm and 8 142.0 ppm and the other aromatic carbon atom 

signals resonate at 8 125.7 ppm and 8 129.0 ppm. The signal for the aromatic methyl 

group carbon atom resonates at 8 21.0 ppm. The signals for the N-and 0-morpholino 

carbon atoms are not visible in either '^C or '^C-'H COSY spectra.
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This is quite unexpected as Evans has reported the C data for the morphohno group of 

the phenyl analogue (£)-l-(A^-morpholino)-2-phenylsulfonylethene 133 (Figure 27).

Ph SOj

A

o
133

Figure 27: (£)-l-(A'^-Morpholino)-2-phenylsulfonylethene 133

In the '^C-NMR spectrum of compound 133^ the signals for the //-morpholino carbon 

atoms are reported to resonate at 8 47.61 ppm and those for the 0-morpholino carbon 

atoms at 5 65.49 ppm and 5 65.56 ppm, i.e. downfield from the MA^-dimethyl compound 

as would be expected.

The successful synthesis o f these known compounds 2-4 using these alternative routes led 

the way towards researching novel y9-sulfonylenamines prepared from BAY 11-7082 129.
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2.1.4 Attempted reactions between primary amines and BAY 11-7082

p -T o lS O , CN p - T o lS a

NH \THF, r. t.
Ph / — Ph

134 135

Scheme 33: Target molecule: (£)-2-[(4-methylphenyl)sulfonyl]-A^-[(15)-l- 

phenylethyl]ethenamine 135 and precursor 134

In a further modification to the route to (£)-l-dimethylamino-2-phenylsulfonylethene 1 

described by O ’Donnell,^' the novel compound 3-[(4-methylphenyl)sulfonyl]-2-{[(15)-l- 

phenylethyl]amino}propanenitrile 134 could hopefully be prepared (Scheme 33). This 

modification again involves substitution o f the phenyl analogue 67 with the sulfinate salt 

127 to furnish BAY 11-7082 129 (Scheme 30, page 33). This is followed by reaction 

with S'-(-)-a-methylbenzylamine 118 instead o f dimethylamine. The resulting nitrile 134 

could then be reacted with potassium /er?-butoxide to form the novel y9-sulfonylenamine 

(£)-2-[(4-methylphenyl)sulfonyl]-A^-[(15)-l-phenylethyl]ethenamine 135 (Scheme 33).

p -T olS O j CN

? /j-T o lSO ^ s  /

^ N nHj + ' \  / \
Ph CN CHCI3 y /

118 129 134

Scheme 34: Attempted route to precursor nitrile 134

5-(-)-a-Methylbenzylamine 118 was reacted with BAY 11-7082 129 in chloroform at r.t. 

(Scheme 34) After solvent removal under reduced pressure a 'H-NMR spectrum was 

taken. Analysis of the ' H-NMR spectra suggested that no reaction had occurred as only 

shifts representing the starting material 129 were visible. Similar results were obtained
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for various other reaction times and again when the compounds were reacted neat or in 

deuteriated chloroform. These results could be due to the fact that the amine used is a 

primary rather than a secondary amine and is therefore not nucleophilic enough to react 

because of the reduced availability of the lone pair on the nitrogen atom. Another reason 

could be that 5-(-)-a-methylbenzylamine 118 is too hindered an amine. To test which is 

in fact the case, a less hindered primary amine was used.

The less hindered primary amine, benzylamine, was reacted with BAY 11-7082 129 in an 

attempt to form 2-(benzylamino)-3-[(4-methylphenyl)sulfonyl]propanenitrile 136 

(Scheme 35) which after further reaction with potassium /er^-butoxide should give {E)-N- 

benzyl-2-[(4-methylphenyl)sulfonyl]ethenamine 137.

Scheme 35: Target molecules: (£)-A^-benzyl-2-[(4-methylphenyl)sulfonyl]ethenamine

137 and nitrile precursor 136

BAY 11-7082 129 and benzylamine were dissolved in deuteriated chloroform in an NMR 

tube and spectra were taken at various intervals. Again no major reaction occurred. As 

well as this, no interesting results were obtained upon reaction of 129 with the sodium 

salt of DL-a-phenylglycine. These findings further suggest that this synthetic route only 

works with secondary amines and not with primary amines.

As no novel y0-sulfonylenamine compounds were obtained using BAY 11-7082 129 as a 

precursor; this line of research was abandoned.

p-TolSO , CN

NHBn

p-TolSOBuOK

\
NHBnTHF, r. t.

136 137
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2.1.5 (15,4/?)-l-({[(£)-2-(Dimethylamino)vinyl]sulfonyl}methyl)-7,7-dimethyl 

bicycio [2.2.1 ] heptan-2-one

Camphor is a naturally occurring bicyclic m ono terpeno id .T he  novel y9-sulfonylenamine 

(1 S,4R)-1 -({[(£)-2-(dimethylamino)vinyl]sulfonyl} methyl)-7,7-dimethylbicyclo[2.2.1 ] 

heptan-2-one 5 (Figure 28) is the first optically active (homochiral) member o f the series 

to be synthesised. From now on, it shall be referred to by the common name (£ )-l- 

[camphor-10’-sulfonyl]-2-dimethylaminoethene for simplicity’s sake.

SO

NMe
5

Figure 28: (£)-l-[Camphor-10'-sulfonyl]-2-dimethylaminoethene 5

As sulfone groups can be removed by a variety o f reductive or oxidative methods at the 

end o f a reaction sequence,' compound 5 could be a useful chiral auxiliary. Many other 

chiral auxiliaries that possess the camphor moiety or a derivative thereof have been 

successfully employed in asymmetric synthesis.

As with (£)-l-dimethylamino-2-phenylsulfonylethene 1 and (£)-l-dimethylamino-2-(4- 

methylphenylsulfonyl)ethene 2, compound 5 was synthesised using the two 

aforementioned m e t h o d s . T h e  first route requires the use o f the camphor analogue of 

nitriles 67 and 129, namely (£)-3-[-camphor-10’-sulfonyl]-prop-2-enenitrile 138 (Figure 

29), as a precursor.
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SO

138 CN

Figure 29: (£)-3-[Camphor-10’-sulfonyl]-prop-2-enenitrile 138

This nitrile 138 is obtained by reaction of sodium (+)-camphor-10-sulfinate 139 with 2- 

chloro-2-propenenitrile in acetic acid and water (Scheme 36). Compound 139 is itself 

prepared from camphorsulfonic acid 140 via camphorsulfonyl chloride 141.

SO,OH

SO^CI

140

SO,CI

141

NaHCO, Na^SOj

SO

CN

CN

Cl

AcOH
HjO SO,Na

138 139

Scheme 36: Preparation o f nitrile 138

In this laboratory, compound 138 has been shown to undergo Diels Alder reactions with a 

number o f dienes.^ The (+)-camphor-10-sulfonyl auxiliary has then been successfully 

removed from the products using two equivalents o f lithium ?er?-butoxide in THF.
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To obtain 5, nitrile 138 was treated with two equivalents o f dimethylamine in chloroform 

to yield 142 as a viscous brown oil after work-up by evaporation (Scheme 37). Following 

column chromatography o f this oil 142 eluting with 35:65 ethyl acetate-hexane, the 

required y3-sulfonylenamine product 5 was obtained by reaction with ?er/-butoxide in 

THF.

139

NC

/ 7— Cl A c O H
' /  /  H3O

SO

CN

HNMe,

138

CHCL

CH3I
DMSO

SO,CH

143

DMF

A
(MeO)2CHNMe2

SO CN
KOtBu

dry THF SO

NMe
142 5

Scheme 37: Routes to synthesis of compound 5
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The structure of (£■)-!-[camphor-10'-sulfonyl]-2-dimethylaminoethene 5 (Figure 30) was 

confirmed by its spectroscopic data. The IR spectrum presents a carbonyl absorption at 

1739 cm’’ and two absorptions for the sulfone group at 1319 cm ' and 1140 cm"'. A 

strong absorption at 1626 cm ' represents the C=N stretch of the iminium resonance form 

of 5.

SO

9

SO

NMe.

5

Figure 30: (£')-Enamine and iminium resonance forms of 5

In the 'H-NMR spectrum of the ^-sulfonylenamine 5 the signals for the dimethylamino 

group protons resonate as two broad singlets at 5 2.79 ppm and 5 3.04 ppm due to 

restricted rotation about the C-N bond and those for the ethylenic protons resonate as two 

doublets with a coupling constant of 12.5 Hz at 5 4.97 ppm and at 5 7.18 ppm indicating 

£'-geometry. The presence of the camphor group is shown by the appearance of two sharp 

singlets at 8  0.88 ppm and 5 1.13 ppm representing the bridgehead methyl groups and of 

multiplets at 6  1.41-1.48 ppm and 6  1.68-1.73 ppm representing the endo protons of the 

C-5 and C- 6  methylene groups respectively. The proton at C-4 and the exo proton of 

either the C-5 or C- 6  methylene group are represented by a multiplet at 5 2.03-2.11 ppm. 

Also indicative of the camphor group are a multiplet at 5 2.61-2.67 ppm representing the 

other C-5 or C- 6  methylene exo proton and a doublet at 6  1.94 ppm with a coupling 

constant of 19 Hz representing the endo methylene proton at C-3. A double triplet at 5 

2.35-2.40 ppm with a geminal coupling constant of J 2 19 Hz and an equal vicinal and w 

coupling of J 3 J 4 4 Hz represents the exo proton of the C-3 methylene group. An AB 

quartet centred at 5 3.19 ppm with a coupling constant of J  15 Hz represents the C-10 

methylene protons.
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1 ^In the C-NMR spectrum of compound 5 the bridgehead methyl carbon atoms C-8 and 

C-9 resonate at 5 19.4 and 6 19.5 ppm and the bridgehead quaternary carbon atom C-7 at 

5 47.7 ppm. The signals for C-5 and C-6 are at 6 24.0 and 6 26.6 ppm respectively and 

the signal for the C-4 CH is found at 8 42.0 ppm. The signal for C-3 resonates at 6 42.2 

ppm and that for the carbonyl carbon atom C-2 is at 8 190.5 ppm. The signal for the 

quaternary carbon atom C-1 is found at 8 58.5, for C-10 at 8 53.5 ppm and for the 

ethylenic carbon atoms at 8 92.6 ppm and 8 150.8 ppm. The signal for the A^-methyl 

carbon atoms resonates at 8 30.5 ppm. These assignments, as well as the proton 

assignments, are summarised in Table 1, page 47 .

The optical rotation of enantiopure (15',4/?)-l-({[(£)-2-(dimethylamino) 

vinyl]sulfonyl}methyl)-7,7-dimethylbicyclo[2.2.1]heptan-2-one 5 was recorded and 

found to be +40.78 at 22 °C.
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Table 1:

NMR spectroscopic details for (15',4i?)-l-({[(£)-2-(dimethylamino) 

vinyl]sulfonyl}methyl)-7,7-dimethylbicyclo[2.2.1]heptan-2-one 5

8

9

SO

NMe,

(ppm) *H(ppm) Multiplicity (Hz) Assignment

30.5 (CH3 ) CH3 2.79 

CH 3 3.04

br s 

br s

NMC2

58.5 (quaternary) - - C-1

190.5 (C =0) - - C-2

42.2 (CH2 ) endo 1.94 

exo 2.35-2.40

d, 19

dt, J2 19, J-i 4

C-3

42.0 (CH) CH and C-4

CH2 exo 2.03-2.11 m C-5/C-6

CH2 exo 2.61-2.67 m C-6/C-5

24.0 (CH2 ) C ^ e n d o  1.41-1.48 m C-5

26.6 (CH2 ) CH2 endo 1.68-1.73 m C - 6

47.7 (quaternary) - - C-1

19.4 (CH 3) CH3 0.88 s C-8/9

19.5 (CH 3 ) CH3 1.13 s C-9/8

53.5 (CH2 ) CH23.I9 ABq, 15 C-10

92.6 (C=C) C=CH4 d, 12.5 C-11/12

150.8 (C=C) C=CH7 d, 12.5 C-12/11
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The second approach used towards the preparation of (£)-l-[camphor-10’-sulfonyl]-2- 

dimethylaminoethene 5 involves synthesis from 7,7-dimethyl-l-[(methylsulfonyl) 

methyl]bicyclo[2.2.1]heptan-2-one 143 (also known as 10-camphoryl methyl sulfone) 

and A^,A^-dimethlyformamide dimethyl acetal, analogous to the method described by Pesa 

et al. for the synthesis of (£)-l-dimethylamino-2-phenylsulfonylethene 1.'^ A low yield 

of the required compound 5 of 21 % was obtained after column chromatography. The 

drawback with this method is the possibility of also deprotonating another group in 

compound 143. Not only could the intended methyl group be deprotonated by the 

methoxidc anion generated from A'^A^-dimethylformamide dimethyl acetal, but also the 

methylene group at C-3, the anion of which would be stabilised by the carbonyl group 

(Figure 31).

8

9

SO

143

Figure 31: CH2 groups of 143 that could be deprotonated by the methoxide anion

Deprotonation of the methylene group at C-10 a to the sulfonyl moiety would lead to 

another novel chiral y5-sulfonylenamine 144 (Figure 32) but this is unlikely as it is a very 

hindered and electron deficient neopentyl position. 144 was not isolated upon column 

chromatography.

SO

Me,N
144

Figure 32: Unlikely novel sulfonylenamine 144
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Deprotonation o f the methylene group a  to the carbonyl group (Figure 31) would not 

lead to another novel chiral yff-sulfonylenamine. The other compound obtained from this 

reaction, 3-[ 1 -dim ethylam ino-m eth-(£)-ylidene]-1 -m ethanesulfonylmethyl-7,7-dimethyl- 

bicyclo[2.2.1]heptan-2-one 145 (Schem e 38), is a 7-ketoenamine.

SO

(MeO),CHNMe,

O  d m f , Nj, a SO,

NMe,

NMe,

SO

143 5 145

Scheme 38: Synthesis o f  5 and byproduct using Pesa’s method

Com pound 145 was obtained as a single isom er as there is only one set o f  ' H-NM R 

signals. The most likely structure is the E - isomer 145 as drawn in Schem e 38 rather than 

the Z- isomer. This is because o f  steric hindrance between the carbonyl and A^-methyl 

groups. The structure o f compound 145 (Figure 33) was confirmed by its spectroscopic 

data.

8

9
NMe

6

11

Figure 33: 3-[l-D im ethylam ino-m eth-(£)-ylidene]-l-m ethanesulfonylm ethyl-7,7- 

dim ethyl-bicyclo[2.2.1 ]heptan-2-one 145

In the ' H-NM R spectrum o f  this com pound the lack o f a doublet at 5 1.93 ppm shows the 

disappearance o f  the m ethylene group at C-3 o f  the cam phor skeleton. The signal for the 

ethylenic proton is at 8 7.07 ppm  and that for the dimethylamino group protons resonates

49



Chapter 2

as a singlet at 8 3.04 ppm rather than two broad signals as there is no resonance form 

involving restricted rotation about the double bond. The presence of the camphor group is 

again shown by the appearance of two sharp singlets representing the bridgehead methyl 

groups. These resonate at 8 0.91 ppm and 8 0.99 ppm. Multiplets resonating at 8 1.52- 

1.58 ppm and 8 1.62-1.69 ppm represent the endo protons of the methylene groups at C-5 

and C-6 and multiplets at 8 2.08-2.14 ppm and 8 2.35-2.42 ppm the exo protons of these 

methylene groups. The signals for the protons belonging to the methyl sulfone group 

resonate at 8 3.17 ppm and the C-10 methylene protons are represented by the doublets at 

8 2.81 ppm and 8 3.60 ppm, each with a coupling constant of 15 Hz.

1 ^In the C-NMR spectrum of compound 145 the bridgehead methyl carbon atoms are 

represented by signals at 8 19.0 ppm and 8 20.2 ppm and the bridgehead quaternary 

carbon atom by a signal at 8 49.7 ppm. The signals for C-5 and C-6 are at 8 24.9 ppm and 

8 27.9 ppm respectively and the C-4 methine signal is found at 8 43.6 ppm. The signal for 

the quaternary C-3 resonates at 8 108.4 ppm and that for the other ethylenic carbon atom 

at 8 142.2 ppm. The signal for the C-1 quaternary is seen at 8 56.9 ppm. The carbonyl 

carbon atom C-2 is at 8 202.8 ppm and the A^-methyl carbons resonate at 8 29.3 ppm. 

Finally, the carbon atom of the methylene group at C-10 is at 8 52.9 ppm and the methyl 

group carbon atom is found at 8 47.1 ppm. These assignments, as well as the proton 

assignments above, are summarised in Table 2.
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Table 2 :

NMR spectroscopic details for 3-[l-dimethylamino-meth-(F)-ylidene]-l- 

methanesulfonylmethyl-7,7-dimethyl-bicyclo[2.2.1 ]heptan-2-one 145

8

9
NMe.

6

11

'^C (ppm) ’H (ppm) Multiplicity (Hz) Assignment

29.3 (CH3 ) CH 3 3.04 S NMe2

56.9 (quaternary) - - C-1

202.8 (C =0) - - C-2

108.4

(quaternary C=C)

C-3

43.6 (CH) CH2.94 M C-4

24.9 (CH2 ) C ^ e n d o  1.52-1.58 

CH2 exo 2.08-2.14

m

m

C-5/6

28.0 (CH2) C ^ e n d o  1.62-1.69 

CH2 exo 2.35-2.42

m

m

C-6/5

49.7 (bridgehead 

quaternary)

C-1

19.0 (CH3) CH3 O.9 I S C-8/9

20.2 (CH3) CH3 0.99 S C-9/8

52.9 (CH2) CH22.8I

CH23.6O

d, 15 

d, 15

C-10

CH347.2 CH33.I7 S C-11

C=C 142.2 C=CH 7.07 S C-12
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2.2 Attempted epoxidation and transamination reactions 

2.2.1 Epoxidation

Lewis^^ has succesfully reacted the sulfone {[(l£)-3-(benzyloxy)prop-l- 

enyl]sulfonyl} benzene 146 with /er/-butylhydroperoxide, which had been deprotonated 

by «-butyllithium in THF at -2 0  °C, to give the epoxide rra«^'-2-[(benzyloxy)methyl]-3- 

(phenylsulfonyl)oxirane 147 in 81% yield (Scheme 39).

P h  S O j 'BuOOLi (2.5 eq) PhSO

OBn

147

THF
-OBn - 20 °C

146

Scheme 39: Epoxidation o f vinyl sulfone 146^^

An analogous reaction was performed with (£)-l-dimethylamino-2-phenylsulfonylethene 

1 in the attempt to form /ram-l-dimethylamino-2-(phenylsulfonyl)oxirane 122 (Scheme 

40).

P h S O j  'BuOOLi a .5  eq) P**S02 q^  ^  vk
NMe, THF NMe,

- 20 °C ^
1 122

Scheme 40: Expected epoxidation o f 1 to 122

None o f the required product 122 was recovered upon work-up o f half o f the reaction 

mixture. Instead starting material and a small amount o f phenylsulfonyl acetaldehyde 148 

were obtained. The rest o f the solution was heated to 40 °C for 6 h and universal 

indicator paper showed it to be alkaline but after work-up no change in products or 

relative amount of products was observed in the 'H NMR spectrum. It is thought that the 

epoxide is indeed formed but that ring opening and elimination o f the dimethylamino 

group leads to the recovery o f 148 (Scheme 41).
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PhSO,

A
'B u ^ U

PhO.S—CH

NMe,

1. ‘BuOOLi
2. Na^SOj

PhSO,

AO

148

Li

NMe,
0-0

'Bu
149

PhSO, „

NMe,

122

Scheme 41: Epoxidation attempt with ?er?-butylhydroperoxide resulting in hydrolysis

58Lewis has also succesfully epoxidised the sulfone 150 with mCPBA in chlorofonn to 

give (IS, 4S, 5S, IR,  2 ’5)-10,10-dimethyl-4-oxiran-2’-yl-3-thiatricyclo[5.2.1.0'’̂ ]decan- 

5-ol 3,3-dioxide 151 in 45 % yield (Scheme 42).

SO

150

/wCPBA (2 eq)

CHCl,

SO

151

Scheme 42: Epoxidation of sulfone 150 with wCPBA 58

An analogous reaction was therefore performed with (£)-l-dimethylamino-2- 

phenylsulfonylethene 1 in another attempt to form /ra«5-1-dimethyIamino-2- 

(phenylsulfonyl)oxirane 122 (Scheme 43).
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PhSO,

NMe,

PhSO, ^ PhSO,v!
NMe,

/mCPBA (2 eq) 
CHCL

122

NMe, 
I  ^  

O

152

Scheme 43: Expected outcomes from reaction o f 1 with mCPBA

The other possible product o f the reaction o f 1 with wCPBA is the A^-oxide 152. Craig 

and Purushothaman^^ have prepared pure 7V-oxides in high yields from the reaction o f 

tertiary amines with wCPBA.

The organic layer gave a very small yield which showed no sign o f starting material 1. 

The aqueous layer was evaporated to check for the presence of the TV-oxide 152. Instead 

of compound 152, the sole product in the aqueous layer was w-chlorobenzoic acid 153 

(Figure 34), the reduced form of wCPBA. Hence the starting material 1 must have been 

oxidised but no evidence o f this was found and epoxidation attempts o f 1 were 

abandoned.

Cl

OH

O
153

Figure 34: w-Chlorobenzoic acid
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2.2.2 Transamination

PhSO, HNR' P h S O j

^  ^  ^  
\ M e ,  n r ,

73

Scheme 44; Transamination

As stated in the Introduction, Evans has previously reported successful addition- 

elimination reactions o f 1 with the aliphatic secondary amine 7V-methyloctadecylamine by 

heating the reagents without solvent^ (Scheme 44), but similar reactions with the 

aromatic amines p-anisidine, p-toluidine, aniline and benzylamine were reported as being 

unsuccessful. Reactions catalysed with hydrogen bromide in acetic acid did not give the 

required compounds either. No information was reported on whether a product was 

obtained or whether starting material 1 was recovered.

Evans’ uncatalysed transamination reaction was repeated to yield (£')-2-(A^-methyl-7V- 

octadecyl)amino-l-phenylsulfonylethene 42 as the sole product (Scheme 45). Upon 

heating 1 together with 1-methyloctadecylamine in the absence o f solvent overnight no 

recovered starting material 1 was obtained.

PhSOj H 3CN H (C H j),7CH3 PhSOj

\  - HNMe ^
NMe,  ̂ ^N (C H ,),,C H 3

1 42

Scheme 45: Transamination to yield (£)-2-(7V-methyl-iV-octadecyl)amino-l-

phenylsulfonylethene 42

Presumably (£)-l-dimethylamino-2-phenylsulfonylethene 1 could be transaminated by 

other nitrogen nucleophiles using the same method reported by Evans.^ The two nitrogen
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nucleophiles tried were the secondary amine sarcosine methyl ester 117 and the prim ary 

amine (5)-a-m ethylbenzylam ine 118 (Figure 35).

O Ph

117 118

Figure 35: Nitrogen nucleophiles for transam ination reaction

The addition o f  a nitrogen nucleophile to 1 followed by the elim ination o f  dimethylamine 

should lead to the desired transaminated products 154 and 155.

PhSO, P h S p
o ^

154 155 ****

Figure 36: Expected transam inated products 154 and 155

Com pound 1 was heated at 150 °C overnight, in the absence o f  solvent, with either 1.3 

equivalents o f  sarcosine methyl ester 117 or with 0.5 equivalents o f  {S)-a- 

m ethylbenzylam ine 118. Less o f  the prim ary amine was used to avoid dimerisation. 

Possible side-reactions o f  1 with sarcosine methyl ester 117 are shown in Scheme 46 

below.
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PhSO

117

Ph SO

NMe,

156

PhSO, ^ ^ ^ 2

MeO

157

- PhSOjH - HNMe,

NMe, PhSO,

158 159

Scheme 46: Proposed side-reactions of 1 with sarcosine methyl ester 117

All reactions of 1 with sarcosine methyl ester 117 resulted in thick, dark brown/black oils 

containing starting material 1 even when heated for a further 12 h. Wet universal 

indicator paper placed in the top of the condenser during the reactions turned blue, 

showing that an alkaline byproduct was indeed produced. This is to be expected if 

dimethylamine is released as it boils at 7 °C and is alkaline. In the 'H NMR of the crude 

material in t/-DMSO there is no sign of the ester 117. Instead a very small amount of the 

by-product N, ’-dimethyldiketopiperazine 160 (Figure 37) is seen. This is formed by 

self-condensation of the ester 117̂ *̂  with expulsion of methanol.
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160

Figure 37: MA^-Dimethyldiketopiperazine 160

A control experiment was conducted, which involved heating sarcosine methyl ester 117 

on its own overnight. N, / / ’-dimethyldiketopiperazine 160 was obtained in 100 % yield 

from this experiment.

The crude dark brown oil from the reaction of 1 with sarcosine methyl ester 117 was 

purified by column chromatography over silica gel eluting with 5:5 ethyl acetate-hexane. 

Two fractions were obtained. The first fraction eluted was an off-white solid in 24 % 

yield, the trimeric condensation product 161. This explains the expulsion of 

dimethylamine. The second fraction contained recovered enamine starting material 1.

1,3,5-tri-Phenylsulfonylbenzene 161 was identified by its spectroscopic data. Its IR 

spectrum exhibits absorptions at 1323 cm"' and 1153 cm"' representing the sulfone moiety

at 5 8.59 ppm signifies the three protons on the tri-substituted benzene ring. The signals 

for the protons on the phenylsulfonyl groups all resonate with a coupling constant of 8 

Hz, the ortho protons as a doublet at 6 7.95 ppm and the meta and para protons as triplets 

at 5 7.59 ppm and 8 7.68 ppm respectively.

SOjPh

161

Figure 38: 1,3,5-tri-Phenylsulfonylbenzene 161

and at 1582 cm’’ indicative of aromatic double bonds. In the 'H-NMR spectrum a singlet
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The '^C-NMR spectrum of compound 161 was assigned with the help o f the spectrum 
1 1form a C- H COSY experiment. The three CH carbon atoms on the tri-substituted 

benzene ring are represented by a signal at 5 130.5 ppm. The signal for the quaternary 

carbon atoms o f the substituted benzene ring are found at 5 145.3 ppm and a signal at 5 

139.2 ppm represents the quaternary carbon atoms o f the three phenylsulfonyl groups. 

The signal for the ortho-caxhon atoms is found at 5 128.1 ppm and the signals for the 

meta- and para-carbon atoms are at 5 129.9 ppm and 8 134.5 ppm respectively.

This compound 161 and other trisubstituted benzene rings 162 have previously been 

prepared via the trimeric condensation o f a-sulfonylaldehydes 163 in organic bases by

Wanzlich and Ahrens^' (Scheme 47)

SOjR

ROjS-
> = o

SO,Ror

SOjR

SO,R

163 162

Scheme 47: Wanzlich and Ahrens’ trimeric condensation o f a-sulfonylaldehydes 16361

One possible mechanism towards the formation o f 1,3,5-tri-phenylsulfonylbenzene 161 

from the reaction of 1 with sarcosine methyl ester 117 could be cyclotrimeric 

condensation o f 1 (Scheme 48).
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PhSO

Me,N
NMe

Ph SO

SO,Ph

SO,Ph SO,Ph
- 3  HNMe,

M e,N NMe

NMe^

164

SO,Ph

M e,N NMe

SO,Ph SO,Ph

NMe^

161 165

Scheme 48: Proposed mechanism for formation o f trimer 161

This cannot be the case, as a control experiment, which involved heating starting material 

1 on its own overnight yielded no such product. Instead, no reaction occurred and starting 

material was recovered in 100 % yield.

This reaction was repeated using 3.8 equivalents o f sarcosine methyl ester 117. The 'H 

NMR spectrum of the crude material in deuteriated DMSG showed the presence o f a 

much larger percentage yield o f the byproduct N, jV’-dimethyldiketopiperazine 160 as 

well as some of the trimer 161.

It was therefore concluded, that a catalytic amount of the amine was needed to start the 

reaction (Scheme 49).
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HNR

PhSO

M e,N
NMe

Ph SO SOrPh

M e,N
1

HNR,

PhO,S /  +
 ̂ [  NHR,

Me^N.
-NMe,

SO^Ph SOjPh

NMe,

166

- HNR,

SO,Ph

SO,PhSO,Ph

SO,Ph

M e,N NMe

SO,Ph

NMe^

161 165

Scheme 49: Proposed mechanism for formation o f trimer 161

This mechanism could also explain why Evans did not obtain the trimer upon reaction of 

1 with A^-methyloctadecylamine, as this amine, with its long side chain, could prevent 

trimerisation due to steric hindrance thus causing the elimination o f dimethylamine 

instead o f the addition onto another molecule o f 1.

The reaction o f 1 with 0.5 equivalents o f (5)-a-methylbenzylamine 118 also resulted in a 

thick, dark brown/black oil containing starting material 1, even when heated for a ftirther 

12 h. After separation by column chromatography over silica gel, eluting with 9:1 diethyl 

ether-hexane, two fractions were obtained but none of their spectra represented the 

predicted transamination product 155 (Figure 36, page 56). The first eluted fraction was 

an orange brown solid and proved to be the trimerisation product 1,3,5-tri-
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phenylsulfonylbenzene 161 in 56% yield. The other fraction was recovered starting 

material 1.

The reaction o f  1 with these nucleophiles was thus deemed unsuccessful as a useftil 

transform ation and electrophiles were considered as substrates for the investigation into 

the synthetic potential o f  1.
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2.3 Reactions with electrophiles

Following the hypothesis stated in the Introduction (page 22) that y9-sulfonylenamines 

should react as their nitro analogues do, the following reactions of 1 with various 

electrophiles were considered.

2.3.1 Aldehydes

2.3.1.1 The Baylis-Hillman reaction

The conventional Baylis-Hillman reaction involves the addition of an aldehyde to an 

alkene 167 bearing an electon-withdrawing group to give an allylic alcohol 168 (Scheme 

50). It is usually catalysed by a tertiary amine that has at least one nitrogen atom bound to 

three rings, e.g. DABCO (l,4-diazabicyclo[2.2.2]octane).^^

EWG EWG EWG EWC
RCHO

167 169

Scheme 50: General Baylis-Hillman reaction

In the case of general y9-sulfonylenamines, the iminium resonance form 17 (Figure 39) is 

analogous to the Baylis-Hillman intermediate 169 in Scheme 50 above.

RSO, RSO,^I - ^
NR*2 NR*2

+

16 17

Figure 39: (£)-Enamine 16 and iminium 17 resonance forms of ̂ -sulfonylenamines
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The reaction of ̂ -sulfonylenamine 1 with an aldehyde should result in the allylic alcohol 

123, which should give the reactive, doubly-activated synthon 171 upon hydrolysis 

followed by dehydration (Scheme 51).

PhSO,
\ 2 RCHO

rf-DMSO
NMe,

PhSO

NMe.

172

PhSO^ O PhSOj
Hydrolysis

H . H^o HO NMe
A

R R

171 123

Scheme 51: Expected Baylis-Hillman type reaction between 1 and an aldehyde

{£)-l-Dimethylamino-2-phenylsulfonylethene 1 and isobutyraldehyde were therefore 

shaken in an NMR tube with J-DMSG and 'H-NMR spectra were taken immediately and 

again after 24 h. It was hoped that the dipolar nature o f the sulfone would be sufficiently 

activated for a product to be formed but this was not the case as the spectra only showed 

the presence of starting materials 1 and isobutyraldehyde. No reaction occurred either 

with or without DABCO catalyst.

These negative results will be reviewed once again after discussion o f the reaction of 1 

with organometallic reagents.
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2.3.1.2 Reaction of 1 with organometallic reagents 

a) Grignard reagents

A Grignard reagent is an organomagnesium compound, commonly written as RMgX, 

where R is an alkyl (or aryl) group and X is a halogen (typically bromine or iodine). 

These compounds are usually formed via oxidative addition of magnesium metal (Mg) to 

an organic halide (RX).^^’̂ '’ The solvent in which RMgX is prepared is normally diethyl 

ether or THF although other aprotic coordinating solvents may be employed (Scheme 

52).

RX +  Mg  ► RMgX
EtjO/THF

Scheme 52: Formation o f Grignard reagent

Reaction takes place on the surface o f the metal, not in solution and frequently needs to 

be initiated because the surface o f magnesium turnings is covered with a thin layer of 

magnesium oxide. This initiation can be accomplished by various methods including the 

addition o f a small amount o f iodine to the reaction mixture.'^

The classical Grignard reaction outlined above is used to prepare unfunctionalised 

Grignard reagents. If an organomagnesium compound possessing a functional group is 

required other methods o f preparation must be a p p lied .G rig n a rd  reagents are by and 

large stable in solution, however, decomposition occurs swiftly in the presence of 

oxygen, water or other protic solvents. Therefore, an inert atmosphere is required in 

their preparation and use.

An important aspect of Grignard chemistry is the so-called ‘Schlenk equilibrium’ 

(Scheme 53).

2RMgX RjMg +  MgX^

Scheme 53: Schlenk equilibrium
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This equation was proposed in 1929 due to the possibility that the halogen o f Grignard 

reagents can be removed by precipitation o f MgX2 with dioxane.^^ The general consensus 

nowadays seems to be that this ‘Schlenk equilibrium’ is only a simplified version o f the 

whole picture which is not fully k n o w n .H o w e v e r , the products rather than the 

mechanism are the main concern o f this thesis and it is still a useful explanation.

Grignard reagents are very strong bases and good nucleophiles.^^ More complicated 

organomagnesium compounds such as 173 can be prepared conveniently from simple, 

commercially available -or easily synthesised- Grignard reagents, such as 

ethylmagnesium bromide 174, by the deprotonation o f strong carbon acids such as 

alkynes 175 (Scheme 54) and cyclopentadienes. There are indeed further methods 

employed in the synthesis o f Grignard reagents,^^ but to detail them all is beyond the 

scope o f this thesis.

/ \
R— = 3 —H +  HjC MgBr ^  ^  R— =  M g B r +  H3C-CH3

175 174 173 176

Scheme 54: Metallation of 1-alkynes 175 to yield alkenyl Grignard reagents 173

Ziegler and Connor have described a fiirther example of the basicity o f Grignard 

reagents. They have established that, when 4-methylphenylsulfone 127 is reacted with 

the Grignard reagent ethylmagnesium bromide 174, metallation occurs with the 

formation o f a new Grignard reagent, (4-methylphenylsulfonyl)methylmagnesium 

bromide 177, which upon treatment with bromine gives the sulfone (4- 

methylphenylsulfony)methyl bromide 178 (Scheme 55).
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p -T 0 ISO 2 C H 3 

127

EtMgBr
174

E t,0 /C ,H ,
/» -TolSOjCHj' Mg-Br

177

Br,

p  -T o lS O jC H jB r

178

Schem e 55: Reaction o f  a sulfone 127 with ethylm agnesium  bromide 174 and treatment

o f  the resulting brom om agnesium  derivative 177 with bromine'68

Eisch and Galle^^ have reported the reaction o f 3-(phenylsulfonyl)-2-propen-l-ol 179 

with excess ethylmagnesium  or phenylm agnesium  bromide to give the 3- 

(phenylsulfonyl)-l-propanol 180. Here the Grignard reagent acts as a nucleophile and is 

added across the double bond in a hydrom agnesation type reaction (Schem e 56).

o PhSO, R 1 .2RMgBr ^ ^  ^

'— OH \ — OH

179 180

Schem e 56: Addition o f a Grignard reagent to 3-(phenylsulfonyl)-2-propen-l-ol 179®^

Due to the basicity and nucleophilicity o f Grignard reagents it was anticipated that 

treatm ent o f  the yS-sulfonylenamine (£)-l-d im ethylam ino-2 -phenylsulfonylethene 1 with 

ethylmagnesium  bromide 174 would lead either to the formation o f  a sulfonyl-stabilised 

carbanion 181 (route A, Schem e 57), or to the addition o f  the Grignard reagent across the 

double bond to yield 182 (route B). It was hoped that the intermediate would undergo 

electrophilic attack by benzaldehyde 183 to give either the allylic alcohol (E)-3- 

dim ethylam ino-2-phenylsulfonyl-l-phenyl-prop-2-en-l-ol 184 or (£)-3-dim ethylam ino- 

2-phenyl sulfonyl-1-phenyl-pent-2-en-l-ol 185.
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Ethylmagnesium bromide 174 was hence added to a solution o f enamine 1 in dry THF. 

One half of the reaction mixture was quenched with water and worked up. One 

equivalent of benzaldehyde 183 was added to the other half and the mixture was stirred 

for a further 2 h.

PhSO,

Route A: 
EtMgBr 

174

\  THF
NMe^

1

Ph SO,
PhCHO

183
Ph SO,

A
BrMg NMe^ 

181

BiMgO
A

NMe,
Ph

186

Route B: 
EtMgBr 174 

THF
HjO

Ph SO

BrMg NMc2 

182

Ph SO,

HO
\

NMe,
Ph

184

PhCHO
183

H ,0

Ph SO

HO NMe,
Ph

185

Scheme 57: Expected reaction between 1, a Grignard reagent and benzaldehyde

Without the addition o f an aldehyde one o f the two products that could be obtained is 

recovered starting material 1 , as when the reaction is quenched with water the abstracted 

proton should be regained. If instead o f acting as a base the Grignard reagent were to add
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across the double bond nucleophilically a different product should result, namely the fi 
alkylated enamine 187 (Scheme 58). The reaction of 1 with ethylmagnesium bromide 174 

did not yield either of these products. Instead a 1:1 ratio of starting material 1 and methyl 

phenyl sulfone 72 was obtained.

PhSO,

PhSO,

BrMg NMe,

182

> c HjO

PhSO,

NMe,
187

\z
A

NMe,
1

EtMgBr
174

THF

PhSO,

BrMg

181

HjO

A
NMe,

1 +  PhSO ^CH j

72

Scheme 58: Reaction of 1 with a Grignard Reagent in THF with aqueous work-up

After work-up of the reaction with added benzaldehyde, TLC of the crude product 

showed three spots. Upon 'H NMR analysis none of these proved to be the desired allylic 

alcohol product 184 or 185. Instead starting materials (benzaldehyde 183 and 1) and 

methyl phenyl sulfone 72 were identified (Scheme 59).
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PhSO,

A
NMe,

PhSO

HO NMe.
Ph

1 +  PhCHO +  PhSOjCHj

183 72

R = H 184
Et 185

Scheme 59: Reaction o f 1, EtMgBr 174 and PhCHO 183 in THF with aqueous work-up

These results can be rationalised by assuming that in both cases alkaline hydrolysis o f the 

starting material 1 had occurred, followed by the loss of formic acid (Scheme 60).

HO,
PhSOPhSO EtMgBr in THF

(source of Ĥ O)NMeNMe

189

PhSOj O - H
V

*^M e2

190

PhSOpH’

192

- HCOjH

PhSOj OH

O

- HNMe,

PhSOj

191 148

HjO

PhSOjCHj
72

Scheme 60: Alkaline hydrolysis of 1 to yield methyl phenyl sulfone 72
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Pesa et al}^ have reported unsuccessful reactions o f both the /?-sulfonylenamine 1 and the 

corresponding dimethylamino vinyl sulfoximide 192 (Figure 40) with simple 

organometallic reagents under a variety of conditions although these organometallic 

reagents were not specified and no details were given.

Ph o

TsN^ \ i \
NMe,

192

Figure 40: 5'-((£)-2-(#W ’-Dimethylamino)ethenyl)-iS'-phenyl-A^-(4- 

methylphenylsulfonyl)sulfoximide 192

They have also produced phenylsulfonyl acetaldehyde (compound 148 Scheme 60, page 

70) by acid hydrolysis of 1 with aqueous HCl in THF but state that it is quite water 

soluble and volatile so that reasonable yields were very difficult to obtain. No 

spectroscopic data was reported.

To check which sulfonyl-stabilised carbanion 181 or 182 resulted from the treatment of 

(£^-l-dimethylamino-2-phenylsulfonylethene 1 with ethylmagnesium bromide 174, i.e. 

whether the ethylmagnesium bromide acts as a base or a nucleophile, 

chlorotrimethylsilane was added to the reaction mixture in an attempt to trap the 

carbanion 181 or 182. Neither o f the anticipated silylated products 193 or 194 was 

acquired nor did any starting material 1 remain. Instead crude phenylsulfonyl 

acetaldehyde 148 was obtained (Scheme 61).
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PhSO,

PhSO H

BiMg NMCj
+

181

A
NMe,

1
EtM gBr

174
THF

or

SlMePhSO

NMe,

PhSO, Et

M
B rM g NMe^

182

X 1. MCjSiCl

148 194

\ 2 .  H ,0

PhO.S^ /SiM e,

Et NMCj 

193

Scheme 61: Attempted trapping o f expected sulfonyl-stabilised carbanions 181 or 182

The presence o f phenylsulfonyl acetaldehyde 148 was confirmed by 'H NMR. In the 'H 

NMR spectrum for this reaction the a-protons o f 148 resonate as a doublet with a 

coupling constant o f 3 Hz at 8 4.16 ppm. A triplet at 8 9.75 ppm, also with a coupling 

constant of 3 Hz, represents the aldehyde proton. The aromatic protons resonate as 

multiplets in the 8 7.63-7.94 ppm region.

It was again understood that alkaline hydrolysis o f starting material 1 had occurred, this 

time without the loss o f formic acid.

Another trapping reaction was conducted with chlorotrimethylsilane, this time to trap the 

expected allylic alcohol 184 (Scheme 62).
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PhSO,

A
NMe,

EtMgBr
174

 1

THF

PhSO, PhCHO
183

PhSO

A
BiMg NMe, HO

181

NMe,

1. MejSiCI

2. HjO

PhSO

 SiO NMe,
Ph

195

Scheme 62: Attempted trapping reaction

Ethylmagnesium bromide 174 was again added to a solution o f enamine 1 in dry THF 

and stirred for I'/a h. One equivalent o f benzaldehyde 183 was added and this mixture 

was stirred for a further 4 h. Chlorotrimethylsilane was added to the reaction mixture in 

an attempt to trap the allylic alcohol 184. Starting material 1 was the main product and 

there was no sign o f the hydrolysis product phenylsulfonyl acetaldehyde 148.
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Summary of reactions with Grignard reagents

Table 3:

Products obtained from the reaction o f 1 with the Grignard reagent ethylmagnesium

bromide

Grignard

reagent

Other

substrate

Time Intended product Recovered products

EtMgBr 

(1.5 eq.)

3 ’/2 h Starting material 1 

PhSO,

\
NMe^

Starting material 1, 

methyl phenyl sulfone 

72(1:1)

EtMgBr 

(1.5 eq.)

PhCHO 

(1 eq.)

SVih Allylic alcohol 182, 183 

PhSO , R

) = <
HO— ( NMe^

Ph

Starting materials (1 

and benzaldehyde), 

methyl phenyl sulfone 

72

EtMgBr 

(1.1 eq.)

Me3SiCl 

(2 eq.)

48 h /5-Silyl-yS-sulfonylenamine 

193,194  

P h 0 2 S ^ ^ S iM e 3

R NMe2

Phenylsulfonyl 

acetaldehyde 148 

PhSO,

EtMgBr 

(1 eq.)

PhCHO 

(1 eq.), 

MejSiCl 

(2 eq.)

4 h  

24 h

Allylic alcohol 195 

PhSO ,

> = v
Me^Si O— NMCj  

Ph

Starting material 1

It was determined that this synthetic route towards allylic alcohols 123, e.g. 182 and 183, 

was not viable. Reactions o f 1 with organolithium reagents were considered next.
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b) Organolithium compounds

Like Grignard reagents, organolithium compounds are strong bases, but they are more 

reactive due to the electropositive nature of lithium.’®’̂ ' Due to this reactivity they are 

incompatible with water and air, and must be handled under an inert atmosphere. This is 

not just to prevent decomposition as is the case for Grignard reagents, but also to prevent 

self-ignition. Organolithium compounds can be prepared from organic halides by reaction 

with lithium metal, with lithium salts of radical anions or by metal-halogen exchange. 

The fourth method used for preparing these organometallic reagents and the one used in 

this thesis is metallation (Scheme 63). This is the replacement of hydrogen by lithium in 

an organic compound.

R—Li +  R'— H R -H  +  R’— Li

Scheme 63: Metallation of an organic compound to form an organolithium reagent^'

Organolithium compounds can be converted into other types of organometallic reagents 

by transmetallation (Scheme 64). This involves treatment of the lithio compound with the 

salt of a less electropositive metal, e.g. magnesium to yield Grignard reagents or copper 

to give organocopper reagents.

"BuLi +  MgBrj --------- ► "BuMgBr +  LiBr

Scheme 64: Transmetallation to form other organometallic reagents^^

Evans has already carried out preliminary studies on the regiospecific lithiation/alkylation 

reactions of compound L  ̂ She has shown, by the successive treatment of 1 with n-BuLi 

and iodomethane, that of the three possible sites of the y9-sulfonylenamine 1 which may 

be lithiated (Figure 41) the vinylic position a- to the stabilizing sulfonyl group is the most 

likely to be affected.
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ortho

a-sulfonyl NMe.

a-dimethylamino

Figure 41: Possible sites of lithiation o f 1

The sp -hybridised position a- to the dimethylamino group was not lithiated but when a 

large excess of «-BuLi (2.5 eq.) was used the ortho position on the benzene ring was 

lithiated as well as the a-sulfonyl position leading to the dimethylated compound 196 

(Figure 42).

SO

NMe
196

Figure 42: Dimethylated compound 196 obtained by Evans upon reaction of 1 

with excess ”BuLi and Mel

These preliminary studies follow on from work by Eisch and Galle,^^ who generated a- 

sulfonylvinyllithium reagents 197 by the lithiation of vinylic sulfones. Their vinyllithium 

reagents 198 were found to react readily with electrophiles such as iodomethane and n- 

butyl iodide, as well as D2O, MesSiCl and R2C=0. On the other hand, enolizable 

carbonyl substrates like cyclohexanone gave poor yields. Transforming the vinyllithium 

reagent 197 into the vinylmagnesium reagent 199 via addition of the bromide salt of less 

electropositive magnesium gave excellent yields of each desired adduct 200 (Scheme 65).
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PhSO ,

\
198

MeLi 
 ►

THF
-95 °C

PhSO,

Li \
197

Mel

PhSO.

\
201

MgBr^ PhSO ,
\  ^

THFUoO001 BrMg

199

Scheme 65: Previous work by Eisch and Galle'69

1. R2C=0
2. HjO

PhSO

HO
200

Following this, and also the above rationale that the treatment of (£)-l-dim ethylamino-2- 

phenylsulfonylethene 1 with a Grignard reagent might lead to a sulfonyl-stabilised 

carbanion such as 181 that would undergo electrophilic attack by an aldehyde, it was 

thought that the formation o f an enamine-based Grignard reagent might facilitate the 

synthesis of an allylic alcohol such as 123 (Figure 43). This compound was mentioned in 

the Introduction as a target molecule to be obtained from a-functionalisation.

PhSO,

HO NMe,

Figure 43: Target allylic alcohol 123

Evans has reported that no allylic alcohol is obtained upon reaction o f the lithio 

compound 202 with acetaldehyde, heptaldehyde, isobutyraldehyde or benzaldehyde.^

The synthesis of the phenyl analogue o f this compound (R =Ph) was attempted by first 

lithiating (£)-l-dimethylamino-2-phenylsulfonylethene 1, transmetallating the resulting
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lithio compound 202 with magnesium bromide following a similar procedure to that of
72Moller et al. and finally reacting the so-formed ‘Grignard reagent’ 181 with 

benzaldehyde in an attempt to form the allylic alcohol 184. These steps were all 

conducted at -80 °C (Scheme 66).

PhSO,

A
NMe,

"BuLi

THF 
-80 °C

PhSO ,

> =A
Li NMe,

MgBrj

THF 
-80  °C

PhSO ,

A
BrMg NM e,

202

PhCHO 
183 

THF 
-80  °C PhSO

Ph
NMe

HO

184

181

PhCHO
183

THF
-80 °C

Scheme 66: Predicted products from the reaction o f ‘Grignard reagent’ 181 with

benzaldehyde 183

A similar reaction was undertaken with isobutyraldehyde in an attempt to form the allylic 

alcohol 203 (Figure 44) as it was thought that benzaldehyde 183 might be too bulky an 

aldehyde to react with the Grignard reagent 181 (Scheme 66).

PhSO

'Bu
NMe

HO

203

Figure 44: Target allylic alcohol 203

Neither compound 184 nor 203 were obtained. To test that formation o f the lithio 

compound 202 and successful transmetallation to give 181 had indeed occurred, aliquots 

o f these respective intermediates were each treated with iodomethane. Lithiation was
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proven, as (£)-l-dimethylamino-2-phenylsulfonylprop-l-ene 204 was the sole product 

upon reaction o f 202 with iodomethane (Scheme 67).

P h S O j  "BuLi P h S O j  CH3I P h S O j

\  TH F /  \  THF /  \
NMe^ -80 °C Li NMe^ - 80 °C NMe^

1 202 204

Scheme 67: Methylation o f lithiocompound 202

The reaction o f lithiocompound 202 with magnesium bromide to form 181 followed by 

treatment with iodomethane yielded starting material 1 (Scheme 68).

PhSO, "BuLi P h S p ,

A
NMe,

THF
-80 °C

> = A
Li NMe,

202

CH3I

MgBr^

THF
-80 °C

PhSO,

> = A
BrMg NMe,

181

THF
-80 °C

Scheme 68: Transmetallation of 202 with MgBr2 to yield 181

This result indicates the occurrence of transmetallation as the uncatalysed reaction 

between an organomagnesium compound and an organic halide has significant 

limitations/^ i.e. RMgX very rarely reacts with iodomethane to form R-Me without 

catalysis (Scheme 69).

RMgX +  R'X' R-R' MgXX'

Scheme 69: Unlikely displacement o f halide

Instead of formation o f the allylic alcohol 184 upon addition o f benzaldehyde 183 to the 

‘enamine Grignard’ reagent 181, an off-white solid was obtained which upon analysis 

proved to be a mixture o f starting material 1 and methyl phenyl sulfone 72. This strange 

result had been obtained previously both when 1 was reacted with ethylmagnesium
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bromide followed by water (Scheme 58, page 70) and also upon reaction o f the ‘Grignard 

reagent’ 181 (Scheme 57, page 68) with benzaldehyde 183 at r.t. It is again postulated 

that alkaline hydrolysis of the parent compound 1 occurs as in Scheme 60, page 70. To 

check that this is the case, control hydrolysis reactions were performed.

A solution of the y9-sulfonylenamine 1 in THF was stirred with aqueous base overnight 

and the resulting mixture extracted with ether. Three different bases were used: Na2 C 0 3 , 

NaOH, and Mg(OH)2 (from NaOH and MgS0 4 ). The presence o f varying small amounts 

o f the hydrolysis product phenylsulfonyl acetaldehyde 148 was confirmed by 

spectroscopic analysis although the main product obtained was always recovered starting 

material 1.

It was suggested that if  the /9-sulfonylenamine 1 were to react with aldehydes at all, it 

would react with the organic halide chloral 205, also known as trichloroacetaldehyde or 

trichloroethanal (Figure 45).

O HO

H 5 CCI3 HO CO,

205 206

Figure 45: Chloral 205 and chloral hydrate 206

This reagent has to be prepared from the more stable diol chloral hydrate 206 as it has 

two (5-positive carbon atoms beside each other and is therefore very reactive. Chloral 

forms chloral hydrate with moisture from the air. This high reactivity should mean that if 

the metallated enamine ‘Grignard reagent’ 181 were present the two compounds would 

react to form the allylic alcohol (J?)-4-dimethylamino-3-phenylsulfonyl-1,1,1-

trichlorobut-3-en-2-one 207 (Figure 46).
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PhSO

HO NMe,
CCK

207

Figure 46: Expected product from the reaction of 1 with chloral 205

A control reaction utilising un-metallated y6-sulfonylenamine 1, was first attempted in an 

NMR tube in deuteriated chloroform. No reaction occurred even after the sample tube 

was heated in a water bath at 40 °C during 48 h. Therefore, a similar deprotonation 

procedure to that described above was undertaken, i.e. the lithiation of (£ )-l- 

dimethylamino-2-phenylsulfonylethene 1 , followed by the transmetallation of this lithio 

compound 202 with magnesium bromide and finally reacting the so formed ‘Grignard 

reagent’ 181 with freshly distilled chloral 205. These steps were all conducted in dry 

THF at -80 °C. Unfortunately, no significant reaction occurred either with or without the 

magnesium bromide step; instead starting material 1 was recovered.

PhSO, "BuLi PhSO,

A
NMe,

THF
-80 °C

> = A
Li NMe,

MgBrj

THF
-8 0  °C

PhSO,

> = \
BrMg NMe,

1 202 181

I .C C I 3CHO
2. HjO

THF
-8 0  °C

Scheme 70: Attempted synthesis of (£)-4-dimethylamino-3-phenylsulfonyl-1,1,1- 

trichlorobut-3-en-2-one 207 by a-functionalisation o f 1

To ascertain whether or not a reversible reaction occurs in the experiments described 

above or whether the y6f-sulfonylenamine 1 is actually unreactive under these conditions, 

further research into the reaction o f lithiated 1 (202) with aldehydes was required.
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It was thought that the aldehyde m ay indeed react with the lithiated compound 202 to 

form the lithio salt 208 o f  the allylic alcohol (Figure 47) but that this reaction is not 

followed by hydrolysis o f  the salt to yield the allylic alcohol 184. Instead this reaction 

could be reversed upon work-up to give starting material 1.

PhSO

L iO NMe,

Ph

208

Figure 47: Lithio salt 208 o f  the target allylic alcohol 184

This hypothesis was tested by attem pting to trap and identify any intermediate 

compounds. To check whether or not benzaldehyde 183 reacts with the lithiated 

compound 202 to form the lithio salt o f  the allylic alcohol 208 (Figure 47), 1.2 

equivalents o f  iodomethane were added to the reaction before work-up in an attempt to 

trap any intermediate formed. When 1 is lithiated, reaction with iodomethane alone yields 

(£)-l-dim ethylam ino-2-phenylsulfonylprop-l-ene 204 (Scheme 67, page 79). None o f 

this compound was present after work-up o f  the above reaction with benzaldehyde and 

neither were the allylic alcohol 184 nor the O-alkylated compound 209 (Figure 48).

PhSO

H X O NMe,

Ph

209

Figure 48: Possible 0-alkylated  product 209 from iodomethane trapping reaction

Instead starting m aterials (1 and benzaldehyde 183) were recovered. This suggests that 

the lithio salt o f  the allylic alcohol (208) was indeed formed but that a chelate complex 

210 is produced (Figure 49) which prevents iodomethane from reacting with the latter.
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This is presum ably then hydrolysed on work-up to yield the allylic alcohol 184, which 

undergoes facile “retro-aldol” conversion to the yS-sulfonylenamine 1 and benzaldehyde.

Figure 49: Suggested chelate complex 210 formed upon reaction o f  202 with

benzaldehyde

As the transm etallation m ethod towards the synthesis o f  allylic alcohols did not give any 

prom ising results it was also abandoned. A summ ary o f  the attempted reactions, predicted 

and actual products is displayed in Table 4 on the following page.

It is not clear whether or not allylic alcohols such as 184 are actually stable compounds. 

Therefore another route to their synthesis was contem plated that did not involve a -  

flinctionalisation o f  y6-sulfonylenamine 1.

PhSO^

O —Li

210
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Summary of reactions with organolithium reagents

Table 4:

Products obtained from lithiation attempts on (£)-l-d im ethylam ino-2 -

phenylsulfonylethene 1

Organometallic

reagent

Other

substrate(s)

Intended product Recovered

product(s)

«-BuLi PhCHO

183

PhSO ,

Ph— ^ NMe^ 

OH 

184

PhSO ,

NMe^

1*̂

«-BuLi 7-BuCHO PhSO^

'Bu— \u e^  
OH 

203

1"

«-BuLi Chloral

205

PhSO ,

HO— ( NMe^ 
CCI3

207

1

«-BuLi, MgBr2 PhCHO 184 1,148

«-BuLi, MgBr2 /-BuCHO 203 1,148

«-BuLi, MgBr2 Chloral 207 1

«-BuLi Mel PhSO,

/  NMe^ 

204

204

«-BuLi, MgBr2 Mel 204 204

«-BuLi PhCHO, Mel 184 or 204 1, PhCHO
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2.3.1.3 Alternative route to target allylic alcohols- reduction of 4-(dimethylamino)-2- 

(phenylsulfonyl)-3-buten-2-one 6

To ascertain whether or not the target allyHc alcohols, such as 184 (Scheme 71), are 

stable compounds, a different synthetic route was considered involving reduction o f the 

parent y5-keto-y9-sulfonylenamine 211.

PhSO , PhSO, PhSOj
(M eO ),CH NM e,   reduction

T H F,r.t., I8 h  o = (  NMe^ HO— ^ NMe^

O Ph Ph

212 211 184

Scheme 71: New strategy for synthesis o f the allylic alcohol 184

This parent compound, 3-dimethylamino-2-phenylsulfonyl-l-phenyl-propenone 211, has 

previously been synthesised by Takahashi et al. from phenacyl phenyl sulfone (2-
33(phenylsulfonyl)acetophenone) 212 and A^,A^-dimethylformamide dimethylacetal.

The stereochemistry of compound 184 is expected to be E (Figure 50) due to the possible 

hydrogen bonding interaction between the hydroxyl and amino groups.

PhSOj PhSO; ^NMe^

Ph— /  ^^Me^ Ph— \
O - U  OH

E Z

Figure 50: (£)-and (Z)-3-Dimethylamino-2-phenylsulfonyl-l-phenyl-prop-2-en-l-ol 184

The C-S bonds in a sulfone are weaker than the S -0  bonds and the reduction o f sulfones 

to S(IV) or S(1I) can only be accomplished by the strongest reducing agents such as alkali 

metals at very high temperatures.^'' The reduction o f this ftinctional group is therefore not 

o f any concern in the proposed route to the allylic alcohol from the keto precursor.
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Synthesis o f the methyl analogue of the allylic alcohol 184, 4-(dimethylamino)-3- 

(p'ienylsulfonyl)but-3-en-2-ol 213 was attempted first (Figure 51). There is no literature 

or either compound 184 or 213. The method of preparation o f the keto precursor 4-
35(d:methylamino)-3-(phenylsulfonyl)-3-buten-2-one 6 used is reported in the literature 

ard is analogous to the synthesis of 211 performed by Takahashi et a lP

PhSO

HO NMe.

213

Figure 51: Synthetic target: allylic alcohol 213

4- Dimethylamino)-2-(phenylsulfonyl)-3-buten-2-one 6 was synthesised from 

plenylsulfonylacetone 48 and A^,A'^-dimethylformamide dimethylacetal in DMSO at r.t. 

usng the method published by Reiter.^^ No specific mention o f the stereochemistry o f the

ca'bon-carbon double bond o f this compound is given in the literature (Scheme 72).

(MeO)jCHNMej
PhSO, PhSOj

48

THF 
18 h 
rt

Scheme 72: Preparation o f 4-(dimethylamino)-3-(phenylsulfonyl)-3-buten-2-one 6 as
.35described by Reiter

A)sorptions at 1135 cm"' and 1369 cm '' in the IR spectrum show the presence o f the 

siifone moiety. The carbonyl group absorbs at 1639 cm"' and there is an absorption at 

1.‘81 cm"' which represents the C=N bond in the iminium resonance form o f 6. In the 'H- 

NvIR spectrum of compound 6 in deuteriated chloroform the methyl ketone protons 

re;onate at 5 2.21 ppm and the A^-methyl protons o f the dimethylamino group appear as 

tvo broad singlets at 5 2.90 ppm and 8 3.35 ppm due to restricted rotation about the 

dmble bond of the iminium resonance form. The aromatic protons appear as multiplets in 

th: region 5 7.50-7.87 ppm and the ethylenic proton appears as a singlet at 8 7.94 ppm.
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Nuclear Overhauser experiments on 4-(dimethylamino)-3-(phenylsulfonyl)-3-buten-2- 

one 6 indicated the stereochemistry to be of E geometry (Figure 52).

Figure 52: {E) and (Z)-isomers of 4-(dimethylamino)-3-(phenylsulfonyl)-3-buten-2-one

6

Upon irradiation of the proton at 5 7.94 ppm there were nuclear Overhauser responses 

visible for both the A^-methyl groups at 8 2.90 ppm and 5 3.35 ppm but there was no 

obvious effect at 8 2.21 ppm. Upon irradiation of the methyl ketone protons at 8 2.21 

ppm the only nuclear Overhauser signals obtained were those ortho to the phenyl ring at 

8 7.85 ppm. These results are to be expected if the conformation is E as the ethylenic 

proton is too far away from the methyl ketone protons for a response to be generated. 

This ^-configuration is also more likely than its Z-analogue as there is less steric 

hindrance. To fully assign the stereochemistry however, an X-ray structure of 6 is 

needed. Compound 6 was obtained as a yellow powder and crystal growth for X-ray has 

not yet been successfiil.

PhSO, NMe

3.35

E Z
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2.3.1.4 Reduction with sodium borohydride

The first reducing agent used in the attempt to reduce the yff-keto-y5-sulfonylenamine 4- 

(dimethylamino)-3-(phenylsulfonyl)-3-buten-2-one 6 to the target allylic alcohol 213 was 

sodium borohydride. A control reduction reaction with sodium borohydride and the 

parent compound, (£)-l-dimethylamino-2-phenylsulfonylethene 1 was conducted in 

THF. This was to secure the fact that this reductant would have no effect on any other 

fijnctional group in 6. As expected, only starting material 1 was recovered (Scheme 73).

PhSOj NaBĤ
\ - —  ----------^  no reaction

\  THF
NMe^

1

Scheme 73: Sodium borohydride does not reduce /?-sulfonylenamine 1

Contrary to this result, Michael et al. claim that reduction o f vinylogous sulfonamides 

such as (2£)-l-methyl-2-{[(4-methylphenyl)sulfonyl]methylene}pyrrolidine 214 is 

indeed possible with sodium borohydride'' (Scheme 74).

214

NaBH,

MeOH N

215

Scheme 74: Reduction o f vinylogous sulfonamides'*

The above control reduction reaction o f y0-sulfonylenamine 1 was therefore performed in 

methanol as stated in the literature.'' The major product was not the expected compound 

MA^-dimethyl-2-(phenylsulfonyl)ethylamine 216 (Figure 53). Instead starting material 1 

was recovered as before. This difference in reactivity is presumably due to the acyclic 

nature of the amino group in 1.
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PhSO,

A
NMe,

216

Figure 53: Reduced form of 1, A^,A^-dimethyl-2-(phenylsulfonyl)ethylamine 216

Reduction o f 4-(dimethylamino)-3-(phenylsulfonyl)-3-buten-2-one 6 was first attempted 

with sodium borohydride in THF. This yielded a yellow oil which was purified by 

column chromatography to yield two pale yellow liquids, neither o f which were the 

expected allylic alcohol 213. Instead spectroscopy showed these compounds to be 

phenylsulfonylacetone 48 and its reduced form 1-(phenylsulfonyl)-2-propanol 217. This 

result was believed to occur due to the alkaline conditions o f the reaction (Scheme 75).

PhSO

NMe,

HO-H 6

PhSO

HO

217

NaBH,

HO
PhSO,

TH F/H ,0 ( N M e ,

218

PhSO,
OH

48

PhSO

HO

O^H

219

-HNMe,

PhSO, , 0

retro - aldol

220

Scheme 75: Suggested mechanism for the reaction of 4-(dimethylamino)-3- 

(phenylsulfonyl)-3-buten-2-one 6 with NaBH4

The y9-keto-y5-sulfonylenamine is attacked by a hydroxide ion causing loss o f 

dimethylamine. The resulting y?-diketone undergoes a retro-aldol reaction with another 

hydroxide ion to give phenylsulfonylacetone 48. Sodium borohydride reduces some of 

this ketone to the secondary alcohol 1-(phenylsulfonyl)-2-propanol 217.
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It was discovered that this compound 6 is unstable as decomposition to crystals o f the 

phenylsulfonylacetone 48 starting material occured when it was left in a sample tube at 

r.t. for a prolonged period o f time (6 months). This decomposition is presumably also due 

to hydrolysis.

90



Chapter 2

2.3.1.5 Reduction with sodium cyanoborohydride

To avoid the problem of alkaline hydrolysis, the attempt at reduction was repeated using 

sodium cyanoborohydride in an acidic environment using a method described by Borch et 

al.^^ who state that sodium cyanoborohydride reduces enamines 7 to amines 221 under 

acid catalysis because rapid and reversible protonation on carbon generates a readily 

reducible iminium salt 222 (Scheme 76).

R
BH,CN

3 ^

H
222 221

Scheme 76; Protonation o f enamines 7 yields readily reducible iminium salt 222^^

According to B o r c h , i f  the enamine 7 is conjugated with a carbonyl group, reduction is 

more difficult and enamines derived from y9-diketones are resistant to reduction, resulting 

in unchanged starting material upon attempted reduction with sodium cyanoborohydride. 

The parent ketone 6 to be reduced is a y9-keto-yff-sulfonylenamine and is therefore of 

similar structure to enamines derived from y9-diketones. However, unchanged starting 

material was not recovered, neither was the required allylic alcohol 213. Instead, the 

reaction o f 4-(dimethylamino)-3-(phenylsulfonyl)-3-buten-2-one 6 with sodium 

cyanoborohydride unexpectedly yielded 3-phenylsulfonyl-2-butanone 223. The proposed 

mechanism is shown in Scheme 77 and involves reduction of the enamine double bond, 

followed by intramolecular elimination o f dimethylamine from 4-dimethylamino-2- 

hydroxyl-3-phenylsulfonylbut-2-ene 224 to yield 2-phenylsulfonyl-l-buten-3-one 225, 

which is subsequently reduced to 223.
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PhSO

PhSO H

PhSO

PhSO NC

O

H
b ;

PhSO,

NMCj
O^H

224

- HNMe,

225

Scheme 77: Reduction o f 4-(dimethylamino)-3-(phenylsulfonyl)-3-buten-2-one 6 with 

NaBHaCN in HCl-MeOH yields 3-phenylsulfonyl-2-butanone 223

A control experiment was again carried out with the parent enamine o f 6, namely {E)- \ -  

dimethylamino-2-phenylsulfonylethene 1 even though it is clear that no such 

intramolecular elimination can occur. Spectroscopic data proved the product to be the 

hydrochloride o f A^,j¥-dimethyl-2-(phenylsulfonyl)ethylamine 227 (Scheme 78).

PhSO, Na(CN)BH,

A  HCl -MeOH
NMe,

PhSO,
v ! cr

1

A+
NMe,
I ^

H
111

Scheme 78: Reducion o f 1 with sodium cyanoborohydride
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To verify this, a solution o f the product was washed with NaHCOa, extracted with ether 

and evaporated to yield a yellow oil, A^,jV-dimethyl-2-(phenylsulfonyl)ethylamine 216 

(Figure 54) which was identified by comparison o f its spectroscopic data to that in the 

literature.’^

PhSO ,

NMCj
216

Figure 54: Reduced form of 1, A^,A^-dimethyl-2-(phenylsulfonyl)ethylamine 216

93



Chapter 2

2.3.1.6 Reduction with lithium  alum inium  hydride

As neither borohydride reagent was successful in reducing 4-(dim ethylam ino)-3- 

(phenylsulfonyl)-3-buten-2-one 6 to the allylic alcohol 213, reduction was then attempted 

with lithium aluminium hydride. This resulted in a yellow oil smelling o f  amines. 2- 

Phenylsulfonylbutane 228 (Scheme 79, page 95) was isolated by colum n chrom atography 

eluting with 1:1 ethyl acetate-hexane and characterised with proton, carbon and 

correlated NM R spectroscopy. No other m ajor products were isolated.

The corresponding control experiment with (£)-l-dim ethylam ino-2-phenylsulfonylethene 

1 yielded starting material. The reaction was repeated with an excess o f lithium 

aluminium hydride (2.8 eq.) to yield a white solid, which was purified by column 

chrom atography eluting with 9:1 ethyl acetate- hexane to yield ethyl phenyl sulfone 229 

(Figure 55).

P hS O , P hS O ,

\ " /NMej /
1 229

Figure 55: Reduction o f  1 with LiAlH 4 yields ethyl phenyl sulfone 229

The proposed mechanism for the formation o f  2-phenylsulfonylbutane 228 is shown 

below (Scheme 79) and again involves reduction o f  the enamine double bond o f  6, 

followed by intramolecular elimination o f  dim ethylam ine to yield 2-phenylsulfonyl-l- 

buten-3-one 225, which is subsequently reduced to 3-phenylsulfonyl-2-butanone 223. 

This is reduced further to the alcohol 230 that then loses water to form 2-

phenylsulfonylbut-2-ene 231 and finally the double bond is reduced to give compound

228.
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P hS O , LiAIH,

A N M e,

O

6

PhSO .

231

- HjO

PhSOj

228

PhSO ,

OH
226

NIMê
+

HNMe,

P hSO ,

OH

230

H

PhSO ,

\ \  
O

225

H

P hS O ,

\ \
O

223

Schem e 79: Reduction o f  4-(dim ethylam ino)-3-(phenylsulfonyl)-3-buten-2-one 6 with 

LiA lH 4 in dry THF yields 2-phenylsulfonylbutane 228

Alternatively, the carbonyl group could be reduced first to give the target allylic alcohol 

213, followed by the reduction o f the enamine double bond, loss o f dim ethylam ine, 

reduction o f the thus formed double bond, loss o f water and finally reduction o f  the 

double bond so formed.

As none o f  these readily available main group metal reductants proved successftil in the 

synthesis o f  the allylic alcohol (£)-3-dim ethylam ino-2-phenylsulfonyl-l-phenyl-prop-2- 

en -l-o l 213, this reduction route was abandoned. It was decided that allylic alcohols 

derived from y9-sulfonylenamine 1 were not a viable target. O ther a-functionalisation o f  1 

was considered instead.
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Summary of attempts at reduction of 6

PhSOj

HO— < NMe,

213

PhSO,

O

reduction

PhSO, PhSO,

O
A

NMe,

223 228

PhSOj PhSp^

O HO

48 217

Scheme 80: Summary o f the attempts at reduction o f 6; 

a) Na(CN)BH3, MeOH, b) NaBH4,THF/H20, c) LiAlH4, THF
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2.3.2 Halogenation

a-Functionalisation via halogenation was considered next. Halogenation o f P- 

sulfonylenam ines 16, either via their lithio derivatives or by direct electrophilic 

halogenation, is expected to afford derivatives 125, which (for the bromo- and iodo- 

compounds) should be amenable to palladium  catalysed coupling with a wide range o f 

substrates such as, for example, terminal alkynes to give products such as 126 (Figure 

56).

RSO2
\

NR*2 X NR

16 125

Figure 56: Halogenation ofy5-sulfonylenamines 16 followed by palladium -m ediated

coupling; X= Br, I

Stetter and Steinbeck^^ have prepared the chlorinated ^-sulfonylenam ines 2-am ino-1- 

chlorvinyl-(4-m ethylphenylsulfonyl)ethene 232 and 2-piperidino-l-chlorvinyl-(4- 

m ethylphenylsulfonyl)ethene 233 (Figure 57) from 2-(4-m ethylphenylsulfonyl)-(2- 

chlorovinyl)ethyl ether. Therefore, (Z )-l-brom o-2-dim ethylam ino-l-phenyl 

sulfonylethene 234 should also be a stable compound.

p  -ToISO, PhSOj

K  M
Cl NR'j Br NMe^

2 32 ,233  234

Figure 57: R= N H 2 (232), piperidino (233)^^ and target m olecule 234

RSO

NRV»
2

126
SiR

Another similar compound in the literature is phenyl (l-brom o-2- 

m ethylam inoethyl)sulfone 235 (Figure 58). This and other a-bromo-yS-amino sulfones 

were obtained by reaction o f prim ary amines with a-brom ovinyl sulfones in benzene
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70

solution by Carlier et al. Interestingly, the same reaction in DMSO yielded 

phenylsulfonylaziridines 236.

Ph
PhSO,

K
Br NHMe R

235 236

Figure 58: Phenyl(l-bromo-2-methylaminoethyl)sulfone 235 and 

phenylsulfonylaziridines 236

As stated in the Introduction, both the successful mono- and bishalogenation of 

«//raenamines has been reported.^^"*^ In these patents bromine and A^-chlorosuccinimide 

were the halogenating agents. lodocompounds were not mentioned.
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2.3.2.1 Bromination

To find out whether or not y5-sulfonylenamines react as their nitro analogues do, direct 

electrophilic bromination o f (£)-l-dimethylamino-2-phenylsulfonylethene 1 was 

attempted first. Bromine was reacted with 1 in DCM. Due to the electron-donating effect 

o f the amino group, it was not expected that the bromine would add across the double 

bond o f the y9-sulfonylenamine to give a 1,2-dibromide as it would when reacted with an 

alkene.^^ Instead a monobrominated product 234 was anticipated (Scheme 81).

PhSO, Br, P h S p , P hSp,

\  DCM /  \
NMe, Br H NMe^ Br NMe,

1 237 234

Scheme 81: Expected reaction between (£)-1-dimethylamino-2-phenylsulfonylethene 1 

and bromine to give the a monobrominated product 234

The enamine 1 was reacted with one equivalent of bromine in DCM. A precipitate 

formed which proved to be a mixture o f salts, and the supernatant contained recovered 

starting material 1. To avoid precipitation, the reaction was repeated with pyridine as an 

HBr scavenger. No precipitate formed. The reaction mixture was evaporated under 

reduced pressure to yield a mixture o f products, which after column chromatography 

unexpectedly proved to be mainly dibromomethyl phenyl sulfone 234. Some starting 

material 1 was recovered and a third product, which was later shown to be 234, was 

formed in a minor amount but not isolated.

The same result was obtained when the reaction was repeated, this time washing the 

solution with sodium hydrogen carbonate before evaporation under reduced pressure.

To confirm that compound 238 was indeed formed, authentic 238 was synthesised from 

sodium benzenesulfinate 69 and bromoform 239 in the presence of aqueous base as
7Qreported by Middelbos et al. (Scheme 82).
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KOH\  K U H  \
PhSOjNa +  ) — Br ----------► ) —

'  u r» /
Br

Br Br

69 239 238

7QScheme 82: Synthesis of dibromophenyl sulfone 238

The structure of dibromomethyl phenyl sulfone 238 was confirmed from its spectroscopic
o r j

data. As stated in the literature the signal for the non-aromatic proton appears as a 

singlet resonating at 5 6.29 ppm in the 'H-NMR spectrum of 238, those for the aromatic 

protons all appear as multiplets, the signal for the para-proton at 5 7.76-7.80 ppm, for the 

we/o-protons at 6 7.62-7.66 ppm and for the or//?o-protons at 5 8.05-8.07 ppm.

As a control reaction, the y5-sulfonylenamine 1 was reacted with a two-fold excess of 

bromine. Dibromomethyl phenyl sulfone 238 was the main product. The result was the 

same whether the bromine was added to the sulfone 1 or vice versa. The proposed 

mechanism for the formation of compound 238 is shown in Scheme 83. In this 

mechanism, the bromine is attacked by the nucleophilic double bond of the 

sulfonylenamine 1. The resulting bromide ion removes a proton to regenerate the double 

bond, which attacks another bromine molecule to give the iminium species 240. When 

the reaction is quenched with saturated sodium hydrogen carbonate solution, this imine is 

hydrolysed to form the aldehyde 241. The carbonyl group of this aldehyde is then 

attacked by a hydroxide ion, which results m loss of formic acid to form dibromomethyl 

phenyl sulfone 238.
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PhSO,

NMe,
Br-Br

Br
OH

Br

242

PhSO,

- Ĥ CÔ

Br

Br,

DCM

PhSO, PhSO,

Br

Br I NMe,

237 234
BrrBr

HO
Br,

Br

Br

241

Br

PhOjS-

Br NMe^

240

Br

238

Scheme 83: Unexpected product formed upon the reaction o f 1 with a two-fold excess of

bromine

The reaction o f enamine 1 with one equivalent o f bromine in DCM was repeated with 

propylene oxide as an HBr scavenger. A precipitate formed again and similar results were 

obtained, i.e. recovery o f starting material 1 and dibromomethyl phenyl sulfone 238.

As bromine is such a volatile substance it is hard to measure exactly one equivalent. In 

the case o f excess bromine large yields o f dibromomethyl phenyl sulfone 238 are 

obtained. Pyridinium hydrobromide perbromide 243 and jV-bromosuccinimide were 

therefore used as alternative bromine sources. The enamine 1 was reacted with one 

equivalent o f pyridinium hydrobromide perbromide 243 in DCM. A precipitate formed 

which proved to be a mixture o f salts. The supernatant again contained recovered starting
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material 1. Addition o f another equivalent o f pyridinium hydrobromide perbromide 243 

resulted in the formation o f dibromomethyl phenyl sulfone 238.

The reaction of y0-sulfonylenamine 1 with one equivalent o f A^-bromosuccinimide in 

DCM showed presence o f starting material 1 so a second equivalent o f N- 

bromosuccinimide was added; this again resulted in the formation o f dibromomethyl 

phenyl sulfone 238.

When pyridinium hydrobromide perbromide 243 was reacted with 1 in DCM in the 

presence o f the HBr scavenger propylene oxide no precipitate was formed. After washing 

with sodium bisulfite, water and brine the yellow solution was evaporated to give the 

required monobrominated product 234 as off-white crystals in good yield (70 %).

PhSO , Z V  P h S p ,
+  I  ^  B r , '  - - - - - - ►

H
1 243 234

Scheme 84: Succesflil monobromination o f 1 with pyridinium hydrobromide perbromide

243 in the presence o f propylene oxide

The structure o f compound 234 was confirmed from its spectroscopic data. In the 'H- 

NMR spectrum the protons of the dimethylamino group resonate at 6 3.16 ppm, the non- 

aromatic proton appears as a singlet resonating at 5 7.78 ppm, the aromatic protons all 

appear as multiplets, the ortho-protons at 6 7.50-7.56 ppm, the para-proton at 5 7.58-7.60 

ppm and the meto-protons at 8 7.90-7.93 ppm.

In the '^C-NMR spectrum the dimethylamino group carbon atoms resonate at 8 42.7 ppm, 

the quaternary ethylenic carbon atom at 5 140.5 ppm, the other ethylenic carbon atom at 5 

145.7 ppm. The signals representing the aromatic carbon atoms are found at 5 127.9 ppm 

for the meta carbon atoms, 5 128.7 ppm for the ortho carbon atoms and 6 132.4 ppm for
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the para  carbon atom. The ipso quaternary carbon atom o f the aromatic ring resonates at 

6 151.0 ppm.

These assignments are summarised in 

Table 5 below.

Table 5:

NMR spectroscopic details for (Z)-l-bromo-2-dimethylamino-l-phenylsulfonylethene

234

PhSO,

■>=x̂
Br NMe^

*̂ C (ppm) *H (ppm) Multiplicity (Hz) Assignment

42.7 (CHj) 2.79 (CH3) s NMe2

128.7 (PhC) 7.50-7.56 (PhH) m w-Ph

132.4 (PhC) 7.58-7.60 (PhH) m p-Ph

145.7 (CH) 7.78 (CH) s C-2

127.9 (PhC) 7.90-7.93 (PhH) m o-Ph

140.5 (quaternary) - - C-1

151.0 (quaternary) - - 7-Ph
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The stereochemistry o f compound 234 was determined to be Z geometry from the X-ray 

crystal structure (Figure 59 and Appendix).

Figure 59: X-ray crystal structure of (Z)-l-bromo-2-dimethylamino-l- 

phenylsulfonylethene 234 viewed along the crystallographic a axis

Following this successful bromination reaction, iodination was attempted.

104



Chapter 2

2.3.2.2 lodination

Direct iodination, in the attempt to synthesise (Z)-l-iodo-2-dimethylamino-l- 

phenylsulfonylethene 244 (Figure 60), was also endeavoured even though no iodination 

o f n//roenamines has been published.

PhSO,

> = N
I NMe^

244

Figure 60: (Z)-l-Iodo-2-dimethylamino-l-phenylsulfonylethene 244

The synthesis o f this compound was first attempted with one equivalent of iodine in the 

presence of propylene oxide but only recovered starting material 1 was obtained. The yS- 

sulfonylenamine 1 was then reacted in DCM with two equivalents o f iodine without an 

HI scavenger. This gave a purple oil which upon column chromatography yielded 

diiodomethylphenyl sulfone 245 (Figure 61) and recovered starting material 1.

PhSO,

I

245

Figure 61 : Diiodomethylphenyl sulfone 245

Compound 245 is not novel. Diiodomethylphenyl sulfone 245 and other 

diodomethylsulfones, synthesised from the corresponding sulfonyl acetic acid, have been
o  1

patented for use as pesticides.

Further attempts at the synthesis o f (Z)-l-iodo-2-dimethylamino-l-phenylsulfonylethene 

244 were not attempted. Instead research into the application o f the monobrominated 

compound 234 towards the synthesis o f novel compounds was conducted.
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H eck coupling reactions

The Heck reaction is one o f the m ost synthetically useful palladium -catalysed reactions.'^ 

In this palladium  assisted coupling an organic halide or triflate 246 is coupled w ith an 

alkene 247 to afford a substituted alkene 248 (Schem e 85).

R*
cat. Pd(0) \ ____

r 'x  +  = \   ► ^ \
j 2̂ base 'j 2̂

246 247 248

X = Br, I, OSO2CF3

Scheme 85: General Heck coupling reaction

The m echanism  o f the Heck reaction involves the oxidative addition o f  a halide or triflate 

246 to the palladium  catalyst 249. This is then followed by insertion o f  the alkene 247. 

The alkene product 248 is eliminated by /?-hydride elimination and the palladium  catalyst 

is regenerated by reductive elimination o f  base 253 (Schem e 86).

B.HX
254

reductive
elim ination

B
253 H

(OAc)iPd

product
248

P-hydride
elimination

Pd(OAc)2

245

oxidative
addition

(OAc)2Pd

(OAc);Pd

carbometallation

Scheme 86: The catalytic cycle for the Heck reaction
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This palladium(O) catalysed coupling o f vinylic halides has also been dubbed vinylic
82substitution.

Heck coupling between (Z)-l-bromo-2-dimethylamino-l-phenylsulfonylethene 234 and 

/er/-butyl acrylate 255 was unsuccessftil and did not yield the expected product (2£, 4£')- 

5-dimethylamino-4-phenyl-penta-2,4-dienoic acid /er/-butyl ester 256 (Figure 62). 

Instead only recovered starting materials 234 and 255 were obtained.

PhSO,

/  NlVIe^

'BuO,C 256

Figure 62: Product 256 expected from Heck coupling with tert-hntyX acrylate 255

On the other hand, the palladium-assisted coupling between the bromoenamine 234 and 

phenylacetylene 257 yielded the highly conjugated ((£)-2-phenylsulfonyl-4-phenyl-but- 

l-en-3-ynyl)-dimethylamine 258 (Scheme 87).

Pd(OAc)j
Ph,P

PhSO^ PhCCH

KOAc

>4^

PhSO

NMe.

258
Ph

Br NMCj bu.NCI 

234

Scheme 87: Heck coupling with phenylacetylene to give 258

The structure o f compound 258 was confirmed from its spectroscopic data. In the 'H- 

NMR spectrum of for ((£)-2-phenylsulfonyl-4-phenyl-but-l-en-3-ynyl)-dimethylamine 

258 the protons o f the dimethylamino group resonate as two broad singlets at 5 3.14 ppm 

and 5 3.39 ppm. The non-aromatic proton at C-1 can only be seen in the 'H NMR 

spectrum taken in t/-DMSO. Here it appears as a singlet resonating at 5 7.52 ppm. In 

deuteriated chloroform this signal is hidden amongst the aromatic signals. The aromatic
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protons of the phenylsulfonyl ring all appear as multiplets, the ortho-^roXom at 8 7.97- 

7.99 ppm, the />ora-proton at 8 7.55-7.57 ppm and the we/o-protons at 8 7.50-7.53 ppm. 

The signals for the other phenyl ring all overlap between 8 7.29 ppm and 6 7.30 ppm.

The carbon atoms of the dimethylamino group are not visible in the '^C-NMR spectrum 

of compound 258 . The signals representing the dimethylamino group carbon atoms were 

found using a '^C-'H COSY experiment. They resonate at 8 38.0 ppm and 8 44.0 ppm. 

The signal for the quaternary ethylenic carbon atom is at 8 92.0 ppm, and at 8 149.7 ppm 

for the other ethylenic carbon. Signals representing the aromatic carbon atoms were 

assigned with the help of TOCSY and HMBC experiments. Those representing the 

carbon atoms on the phenylsulfonyl ring are found at 8 128.6 ppm for the meta-carhon 

atoms, 8 127.4 ppm for the or//?o-carbon atoms and 8 132.2 ppm for the para-carbon 

atom. The quaternary ipso-caxhow atom of the phenylsulfonyl ring resonates at 8 142.1 

ppm. The quaternary ;p.yo-carbon atom of the other phenyl ring resonates at 8 123.7 ppm. 

The other carbon atoms of this phenyl ring are represented by signals at 8 127.8 ppm, 8 

128.4 ppm and 8 130.5 ppm. The quaternary alkyne carbon atoms resonate at 8 81.9 ppm 

and 8 196.6ppm.

These assignments are summarised in Table 6 below.
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Table 6:

NMR spectroscopic details for ((£)-2-phenylsulfonyl-4-phenyl-but-l-en-3-ynyl)-

dimethylamine 258

PhSO

NMe.

Ph

(ppm) *H (ppm) Multiplicity (Hz) Assignment

38.0 (CH3 )

44.0 (CH3 )

3.14 (CH3 ) 

3.39 (CH3 )

br, s NMe2

127.8 (PhC)

128.4 (PhC)

130.5 (PhC)

7.29-7.30 (PhH) m o,m,p-?\v

128.6 (PhC) 7.50-7.53 (PhH) m w-PhS0 2

149.7 (CH) 7.50 (CH) s C-1

132.2 (PhC) 7.55-7.57 (PhH) m p-PhS0 2

127.4 (PhC) 7.97-7.99 (PhH) m o-PhS02

81.9 (quaternary) - - C-3

92.0 (quaternary) - - C-2

96.6 (quaternary) - - C-4

123.7 (quaternary) - - /-Ph

142.1 (quaternary) - - z-PhS02
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The stereochemistry o f the double bond in compound 258 was confirmed to be o f E 

geometry from the X-ray crystal structure (Figure 63).

Figure 63: X-ray crystal structure of ((£)-2-phenylsulfonyl-4-phenyl-but-l-en-3-ynyl)- 

dimethylamine 258 viewed along the crystallographic a axis

As stated above, the protons o f the dimethylamino group resonate as two broad singlets. 

This is contrary to the bromoenamine starting material 234 and (£)-l-dimethylamino-2- 

phenylsulfonylprop-l-ene 204, where a sharp singlet represents the dimethylamino 

protons, but similar to the parent y9-sulfonylenamine 1 and the /?-keto-y9-sulfonylenamine 

6. This suggests the presence of an iminium resonance form 259 or 260 (Figure 64).

Ph

PhSO PhSO

NMe^

Ph
/

C

PhSO

NMej

Ph

258 259 260

Figure 64: Theoretical resonance forms of 258
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Steric hindrance in the bromoenamine 234 and methyl compound 204 could prevent 

rotation about the carbon carbon single bond in the iminium resonance structure thus 

resulting in one signal for all of the six dimethylamino group protons.

A comparison o f the C=C '^C signals and C=N IR stretches o f these compounds is seen 

in Table 7 below.

Table 7:

Comparison o f y5-sulfonylenamines 258, 1, 204, 234 and y9-keto-y5-sulfonylenamine 6

R = PhS02

258

R

/ /  \ lV le ,  

/
Ph

1

R

NlVIê

204

R

>=x
/  NMe^

234

R

>=\
Br NMCj

6

R

) = \  
0 = (  NMe2

13c

=CNMe2

149.7

ppm

150.6 ppm 147.0 ppm 145.7 ppm 156.8 ppm

13c

RC=

92.0

ppm

92.0 ppm 98.2 ppm 140.5 ppm 108.7 ppm

IR

C=N^

1623

cm ''

1617 cm ' 1636 cm ' 1619 cm ' 1639 cm '

From the comparison o f the IR data in this table it can be seen that all o f these 

compounds possess an iminium resonance form as expected from the experiments by 

Kozerski et al.^

A comparison o f the C=C '^C signals of the compounds discussed above 1, 6, 204 and 

258 shows that the a-carbon atoms are all within a narrow margin, i.e. between 5 145.7 

ppm and 8 156.8 ppm. This is to be expected as the electron-densities o f the carbon atoms 

are not very different. On the other hand the chemical shifts representing the y5-carbon 

atoms vary quite a lot. Again this is to be expected. The ^-carbon atom o f 6 is downfield
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from that of the parent enamine 1 as the a-sulfonylanion can be delocalised onto the 

carbonyl group. The fact that the /?-carbon atom o f 258 resonates at exactly the same 

position o f 92.0 ppm as the parent enamine 1 takes away from the idea o f  an allene 

resonance form 260. To determine whether this resonance form is likely or not, the 

alkyne bond lengths o f 258 were analysed.

These bond lengths were obtained using X-ray data (Figure 65 and Appendix).

.331r416

r430

Figure 65: X-ray crystal structure o f 258 viewed along the crystallographic a axis with 

an enlarged section showing bond lengths of interest

The carbon-nitrogen single bond between C-1 and the dimethylamino group o f 258 has a 

bond length o f 1.331 A. This indicates double bond character and is almost identical to 

the corresponding bond length in the parent y^-sulfonylenamine 1 (1.331 A^). The carbon- 

carbon double bond length is 1.373 A which is similar to the length o f aromatic carbon- 

carbon bonds but slightly longer than the double bond o f 1 (1.361 A*). This suggests 

some single bond character as expected for the iminium resonance forms 259 and 260 

(Figure 64). The carbon-carbon single bonds are 1.416 A and 1.430 A and the acetylenic 

triple bond length is 1.201 A. These are similar to those bond lengths found in the
83tetrayne 261 (Figure 66) rendering the allene resonance structure 260 unlikely.
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1.378/  1.443
1.435

/// %  1.207

R -S iM e

Figure 66: Bond lengths in the tetrayne 261 83

Upon carrying out correlation spectroscopy experiments it was found that compound 258 

is not stable in solution after V/z h and partial decomposition occurs. Further NMR 

experiments indicated that the resulting decomposition product is the phenylacetone 262

(Figure 63). The main reasoning behind this being the presence of a singlet at 5 3.93 ppm
1 1 ^ in the H NMR spectrum which couples to a signal at 8 49.0 ppm in the C NMR

spectrum. This signal at 5 49.0 ppm represents a methylene group. Phenylacetone 263
84itself has a methylene group represented by signals at 5 3.63 ppm and 5 50.0 ppm in the 

'H and NMR spectra respectively.

PhSO

NMe.
Ph

Ph'

O

262 263

Figure 67: Expected decomposition product 262 and phenylacetone 263

This product 262 was presumably formed by nucleophilic addition of water across the 

acetylene bond of 258 (Scheme 88).
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PhSO

NMe.

Ph

HjO PhSO ,

258

NMe,

PhSO ,

NMe,

262

Scheme 88: Suggested formation o f the decomposition product 262

This decomposition product 262 differs from the a-fianctionalised compounds 124 by an 

extra methylene group (Figure 68). These compounds 124 were mentioned in the 

Introduction as targets but could not be synthesised from the aforementioned routes in 

section 2.3.1.

PhSO

NMe,

Figure 68: Target molecules 124 to be obtained from a-functionalisation o f 1

Considering this, it is possible that these target molecules 124 could be prepared via an 

unexpected route, i.e. by palladium assisted coupling reactions of the bromoenamine 234 

with other reagents. This was not researched further as the aim o f this project is to study 

the behaviour o f /?-sulfonylenamines. Compounds such as 124 were attempted by 

acylation of 1 instead.
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2.3.3 Acylation 

Acetic anhydride

As stated in the Introduction, Powell"*  ̂has patented a method of acylating nitromethylene 

thiazines 91 with acid anhydrides by heating these reagents together at an elevated 

temperature, with or without solvent (Scheme 89).

o o

91

NH

97

Scheme 89: Example o f acylation o f a nitromethylene thiazine 91 with acetic

anhydride''^

The acylation o f (£)-l-dimethylamino-2-phenylsulfonylethene 1 with acetic anhydride to 

form 4-(dimethylamino)-3-(phenylsulfonyl)-3-buten-2-one 6 could presumably be 

achieved by a similar method. As already mentioned in section 2.3.1., this compound has 

been previously synthesised by Reiter from phenylsulfonylacetone 48 and N,N- 

dimethylformamide dimethylacetal.^^ It was anticipated that Powell’s method of 

acylation would either produce the same compound 6 as obtained by Reiter or its 

geometrical isomer. Synthesis of the y5-ketosulfonylenamine 6 was thus attempted via 

reaction of ̂ -sulfonylenamine 1 with acetic anhydride 265. The anticipated mechanism is 

shown below (Scheme 90).
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PhSOj PhSO, PhSO^
\ \

NMCj
]

NMe^ O NMCj
- H3COO

1 6

o o 
265

Scheme 90: Expected reaction between 1 and acetic anhydride to give 6

(£')-l-Dimethylamino-2-phenylsulfonylethene 1 was stirred with excess acetic anhydride 

265 without solvent under reflux overnight. The solution was then evaporated under 

reduced pressure. However, instead o f acquiring 4-(dimethylamino)-3-(phenylsulfonyl)- 

3-buten-2-one 6, the trimer 1,3,5-tri-phenylsulfonylbenzene 161 was unexpectedly 

obtained. This compound was discussed in section 2.2.2. It was the unexpected product 

o f the attempted transamination o f y9-sulfonylenamine 1 with sarcosine methyl ester 117.

The mechanism for the formation o f compound 161 from 1 and acetic anhydride 265 is 

considered to be a similar trimeric condensation to that o f a-sulfonyl-aldehydes 163 in 

organic bases described by Wanzlich and Ahrens^' (Scheme 47, page 59), this time 

involving a ‘pull’ rather than ‘push’ mechanism (Scheme 91). After protonation o f 1 and 

trimerisation to form 266 the acetate anion deprotonates causing formation o f the ring 

165 from which dimethylamine is eliminated.
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SOPh

Me2N H

1

Ac^O 266

PhSO

Me,N
NMe

Ph SO SO fh
1

M e,N

1

- HNMCj
PhO.S SO.Ph

NMe^

SO,Ph

NMe

SO,Ph

NMCj

165 266

SO,Ph

SO,Ph

161

Scheme 91: Proposed acid catalysed cyclorimeric condensation o f 1 to give 161

The small amount o f acetic acid present in acetic anhydride could be causing the above 

reaction to proceed. Acetic acid was therefore reacted with (£)-l-dimethylamino-2- 

phenylsulfonylethene 1 in the place o f acetic anhydride. This again gave mainly the 

trimer 161 but traces o f starting material 1 and a third product, which was later shown to
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be the dimer l-dimethylamino-2,4-diphenysulfonylbuta-l,3-diene 267 were also visible 

in the proton NMR spectrum. This compound will be discussed later.

To further investigate the effect o f acids on y5-sulfonylenamine 1, it was reacted with 

trifluroacetic acid.

Evans^ has reacted the sulfone l-dimethylamino-2-phenylsulfonylpenta-l,4-diene 268 

with trifluoroaceic acid in chloroform followed by an aqueous work-up to produce the 

aldehyde 2-phenylsulfonyl-4-pentenal 269 by acid hydrolysis (Scheme 92).

PhSO , l .T F A , CHCL P h S O j

NMe^ '  O

268 267

Scheme 92: Acid hydrolysis of the y5-sulfonylenamine 1-dimethylamino-2- 

phenylsulfonylpenta-1,4-diene 268

(£)-l-Dimethylamino-2-phenylsulfonylethene 1 could either be expected to react in the 

same way as l-dimethylamino-2-phenylsulfonylpenta-l,4-diene 268 (), yielding the 

hydrolysis product phenylsulfonyl acetaldehyde 148, or, considering the reaction with 

acetic ahydride (), the trimer 161 (Scheme 93).

PhSO,

A
NMe,

1. TFA, CHCl,

2. HjO

PhSO ,

AO

148

SO,Ph

or

PhO,S SO,Ph

161

Scheme 93; Reaction o f 1 with TFA

(£^-l-Dimethylamino-2-phenylsulfonylethene 1 was refluxed with a solution o f 

trifluoroacetic acid in chloroform. The solution was washed with sodium carbonate, dried 

and evaporated.^ Evaporation was not conducted under reduced pressure. A precipitate
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formed before the solvent was removed. This precipitate was not the hydrolysis product 

148 but instead proved to be a crude sample o f the trimer 161.

After this short excursion from the main topic o f this section, acylation was attempted 

again. This time the acyl source used was an acid chloride.

In an attempt to synthesise the acylated yff-ketosulfonylenamine product, (2£)-3- 

(dimethylamino)-1 -phenyl-2-(phenylsulfonyl)prop-2-en-1 -one 211, (£)-1 -dimethylamino 

-2-phenylsulfonylethene 1 was treated with benzoyl chloride 270 in chloroform (Scheme 

94).

PhSO ,
\ z

CHCL

Cl

^yph 
o

270

NMe  ̂

1

2h, 65 °C

PhSO,

O
A

NMe,
Ph

211

PhSO,

O Ph +
NMe,

271

PhSO,

O H NMe,
Ph

272

Scheme 94: Expected reaction between 1 and benzoyl chloride to yield 211

Instead o f the expected substitution product 211 resulting from an addition-elimination 

reaction, a coupling product l-dimethylamino-2,4-diphenylsulfonylbuta-l,3-diene 267 

was obtained in 47 % yield as orange crystals (Figure 69). This compound was 

previously obtained by Evans but not ftilly characterised.^
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NMcj

SOjPh

267

Figure 69: Coupling product 267

The spectroscopic data o f compound 267 are consistent with an unusual acid-mediated 

dimerisation process. In the IR spectrum the absorptions o f the sulfone group resonate at 

1280 cm"' and 1134 cm ''. In the 'H-NMR spectrum of 267 in t/-DMSO the 

dimethylamino group protons resonate as a broad singlet at 5 3.24 ppm. The ethylenic 

proton on the same carbon as the amino group appears as a singlet at 5 7.81 ppm. The 

other ethylenic protons resonate as two doublets at 8 6.32 ppm and at 8 7.43 ppm with a 

coupling constant o f 15 Hz. The aromatic protons appear as multiplets in the region 8 

7.38-7.74 ppm.

The 7V-methyl carbon atoms o f the dimethylamino group cannot be seen in the '^C 

spectrum of 267 due to quadrupolar broadening and were identified using data from a 

'^C'H-COSY experiment. The signals for these A^-methyl carbon atoms resonate at 8 41.3 

ppm and 8 47.7 ppm. The signal for the ethylenic carbon atom attached to the amino 

group appears at 8 153.4 ppm. The quaternary ethylenic carbon atom can be found at 5 

99.7 ppm and the other two ethylenic carbon atoms resonate at 8 118.5 ppm and 8 128.8 

ppm. The quaternary aromatic carbon atoms are found at 8 141.9 ppm and 8 142.0 ppm. 

Signals for the remaining aromatic carbon atoms resonate in the region between 8 126.3 

ppm and 8 133.3 ppm.

These assignments are summarised in Table 8.

Traces of this compound were also found in the spectra of the reaction o f 1 with acetic 

acid (page 118).
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Table 8:

NM R spectroscopic details for l-dim ethylam ino-2,4-diphenylsulfonylbuta-l,3-diene 267

in C/-DMSO

NMe.

(ppm) 'H (ppm) M ultiplicity (Hz) Assignment

CH 3 4 I . 3  

CH 3 47.7

CH 3 3.24 br s NM e2

C=C 153.4 C"=C 'H  7.81 s C-1

quaternary C=C 

99.7

C-2

C=C 118.5 CH 6.32 d, 15 Hz C-3/4

C=C 128.8 CH 7.47 d, 15 Hz C-4/3

126.3 7.61-7.65 m Ph

126.4 7.73 d, 8 Ph

129.3 7.40 t , 8 Ph

132.4 7.50-7.54 m Ph

132.8 7.61-7.65 m Ph

133.3 7.50-7.54 m Ph

quaternary 141.9 - - /■-Ph

quaternary 142.0 - - /-Ph
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Selective irradiation o f the ethylenic proton at 5 7.81 ppm (C-1) gives a nuclear 

Overhauser response to the broad A^-methyl signal. This does not help to determine the 

stereochemistry o f the double bond. X-ray diffraction results, which further clarify the 

structure, prove that in fact both double bonds are E in the solid state (Figure 70, and 

Appendix). A molecule o f chloroform of crystallisation is also present in the X-Ray 

crystal structure. This resonates as a sharp singlet at 6 8.33 ppm in the 'H-NMR spectrum 

and integrates for one proton.

Figure 70: X-ray crystal structure o f l-dimethylamino-2,4-diphenysulfonylbuta-l ,3- 

diene 267 viewed along the crystallographic a axis

In a larger view o f the X-ray crystal structure, incorporating more than one unit cell, 

columns o f chloroform are visible (Figure 71). There is one molecule o f chloroform for 

each dimer molecule 267.
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Figure 71: View of X-ray crystal structure in the direction of the crystallographic a* axis

Also evident from this crystal structure (Figure 71) is the lack of n-n stacking between 

the phenyl rings of different molecules. The interplanar distance between these rings is 

5.877 A whereas the required separation for n-n interactions is 3.4-3.6

As well as spectroscopic analysis, thermal analyses of l-dimethylamino-2,4- 

diphenylsulfonylbuta-l,3-diene 267 were carried out. These techniques are employed to 

measure specific physical properties of the material as a function of temperature. 

Thermogravimetric analysis (TGA) of 267 was carried out first, (Figure 72, Figure 73). 

TGA determines the change in mass of a substance in relation to change in temperature*^ 

and has many applications, such as determination of degradation temperatures, absorbed 

moisture content of materials and solvent residues, among others.
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71 X  O n se ts  157.58 ^ dnse t =  292 4 6 XOnset = 1,

imu1563 in {NitrogenPeak -15 9 .3 3  
Area = -0.267 %

Area = -22.1281

Area = -57.915 %

•30

■35 07
700 800100 200 300 400 500

Temperature (*C)
600

Figure 72: Thermal curve obtained from TGA of l-dimethylamino-2,4- 

diphenylsulfonylbuta-1,3-diene 267

1.59

Onset = 58 X

0
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•4

£

Arek = -Z2.261 %

I •6
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•12
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•15.89
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Figure 73: Smaller region o f the thermal curve obtained from TGA o f 267
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In the sample o f 267, TGA showed a 22.28 % weight loss at 112 °C, which represen:s the 

chloroform o f solvation leaving the crystal lattice. In another sample not shown here 

TGA showed a weight loss o f 16.36 % at 116 °C. The slightly different results reflect the 

varying amounts of chloroform in each sample.

The other thermal technique used was differential scanning calorimetry (DSC). DSC is a 

thermoanalytical technique in which the rate and degree of heat change required to

increase the temperature o f a sample and reference are measured as a ftinction o f
86temperature. Uses include the measurement o f melting points and glass transition 

temperatures as well as observation o f phase-transitions such as fusion and 

crystallisation.

A few crystals o f 267 were heated to 200 °C. This sample was then cooled to r.t. at ' 0 °C 

per minute and the resulting amorphous sample heated to 200 °C again. In the first 

heating, the DSC curve (Figure 74) showed an endothermic signal at 99 °C that igain 

corresponds to the chloroform leaving the sample. Another endothermic signal is seen at 

172 °C. This means that l-dimethylamino-2,4-diphenylsulfonylbuta-l,3-diene 267 melts 

at this temperature.

Itnu 1563 first heat Peal = 173.75 ^

Are I -  408.334 nJ 
D e ra H -6 9 .6 B 15J/g

PMkg 105.61 tr

Area ^ ; 42 026 mJ 
Delta H * 58.3681 J/g

1"

Onset = 17‘

-3576
120

Temperature (*C)
30 40 60 60 100 140 160 160 200

Figure 74: DSC trace o f 267, 1®‘ heat
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imu166: if irsthea;

P eak = 105 61 X

)n80t = 9e.£O X

95 100 105 110 115 120 125 I X 136 .(80 85 90
Teinperature (*C)

Figure 75: Smaller region o f the DSC trace o f 267, T* heat, showing loss o f chloroform

The DSC spectrum from the second heating (Figure 76) is reproducible and indicates a 

glass transition temperature Tg at 42 °C by a step in the recorded signal and two cold 

crystallisation temperatures at 89 °C and at 170 °C.
V

P e a kImu1563 second heat
18

16

14

12

 ̂10 
e
Q.
=> 6

Are; I =  396,784 mJ 
Deh 1 H = 67 5400 J/g

Hi

i 6
4

2

O nset ^  88.55 X Ons St = 127.68 X

0
O nset =  170.2w. l in j

atf Cp E xtrapoiateil -  41.77 *C P eak  f  134.95 *C
.2

DeKaH = •34.0812 J/g Delia H j= -6.6365 J/g
■4

20030 40 60 60 100 140 160 180

Figure 76: DSC trace o f 267, 2"‘* heat
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This means that at 42 °C the sample undergoes a change in second-order heat-capacity. 

Below this tem perature Tg the physical properties o f  the amorphous sample vary sim ilarly 

to those o f  a solid phase and above it the sample behaves like a liquid. As the tem perature 

is increased above Tg and viscosity drops, the sample is mobile enough to realign into a 

crystalline structure. Two exothermic peaks can be observed on the curve at these cold 

crystallisation tem peratures (89 °C and 170 °C).

'H-NM R o f  the amorphous sample shows no chloroform signal at 5 8.33 ppm  in d -  

DMSO but otherwise the spectrum is identical to that o f  the crystalline sample. This 

ftirther signifies the complete loss o f chloroform from the sample upon heating.

Following this characterisation, the issue o f  a possible mechanism was subsequently 

considered. The reaction o f  1 with benzoyl chloride 270 to yield the coupling product 1- 

dim ethylam ino-2,4-diphenysulfonylbuta-l,3-diene 267 (Scheme 96) is fully 

reproducible.

P h S O j  Ph CHCl
NM e,

\ =  + *3 PhOjS
A  /  2 h, 65 °C

NMcj Cl

270 267

Schem e 95: Reaction o f  1 with benzoyl chloride to give 267

SO^Ph

It was postulated that the presence o f  HCl in this reaction leads to the protonation o f a 

molecule o f  starting material to give 273 (Scheme 96).

P h S a  HCl

\  ^  ^
NM e, NMCj

+

1 273

Scheme 96: Suggested 1st step in the reaction o f 1 with benzoyl chloride 270

127



Chapter 2

This protonated molecule 273 then reacts with a molecule o f unreacted starting material 

(£)-l-dimethylamino-2-phenylsulfonylethene 1 and following elimination of 

dimethylamine the coupling product l-dimethylamino-2,4-diphenylsulfonylbuta-l,3- 

diene 267 is formed (Scheme 97).

P hS O
CHCI‘3

M e,N NMe,

PhSO

PhSO NMe,

NMe,

273

- HNMe^

P hS O ,

NMe,

PhSO ,

P hS O

- HNMCj
NMe,

PhSO

267 275

Scheme 97: 2nd step in the reaction of 1 with benzoyl chloride 270 yielding the 

unexpected coupling product l-dimethylamino-2,4-diphenylsulfonylbuta-l,3-diene 267

This now explains how the reaction o f 1 with acetic anhydride yields the trimer 1,3,5-tri- 

phenylsulfonylbenzene 161. The dimer 267 is presumably formed first and then reacts 

with a molecule o f unreacted starting material 1. To distinguish whether the trimer 161 

could be synthesised this way the dimer 267 was stirred with excess acetic anhydride 

under reflux overnight. This reaction yielded three products as well as dimer starting 

material 267. Subsequent to vacuum distillation a black solid remained which, after 

spectroscopic analysis, proved to contain the trimer 161.

The dimer 267 has been prepared from 1 and benzoyl chloride due to the presence of 

HCl, as described above. The reason the reaction stops at the dimer stage with HCl and

128



Chapter 2

continues to form the trim er 161 w ith acetic anhydride and TFA is presumed to lie in the 

strength o f the acid. Acetic acid is a moderately weak acid with a pKa o f  4.75, TFA is 

stronger with a pKa o f  0.23 and HCl is a much stronger acid; its estimated pKa in water is 

- 8.0.*’

To see whether compound (£)-l-dim ethylam ino-2-(4-m ethylphenylsulfonyl)ethene 2 

behaves as its phenyl analogue (£)-l-dim ethylam ino-2-phenylsulfonylethene 1 does, it 

was also reacted with benzoyl chloride 270.

This parallel reaction was perform ed as it was hoped that 2 would show the same unusual 

chemistry when reacted with benzoyl chloride as (£)-l-dim ethylam ino-2- 

phenylsulfonylethene 1 does and therefore form a coupling product 276 (Scheme 98).

p  -TolSO j
p-T olSO ^ Ph \CHCI, \ =

A  /  ”  /  \  )— \
2 h , 6 5 ° C  / j - T o l S O j  NMe^

270 276

Schem e 98: Expected coupling product 276

The NM R spectra o f  this compound would be more easily analysable than those o f  1- 

dim ethylam ino-2,4-diphenysulfonylbuta-l,3-diene 267 due to the simplified coupling o f 

the protons in the p-tolyl groups and thus could be useful in the assignm ent o f  the 

aromatic carbon atoms in the dim er (see Table 8, page 121).

Unlike the reaction o f  1 and benzoyl chloride, no precipitate was formed in the reaction 

o f  2 with this acid source. The solvent o f  the resulting solution was therefore simply 

removed by evaporation under reduced pressure. Unfortunately the 'H-N M R spectrum o f 

the crude product provided no evidence o f  the required coupling product 276. As thin 

layer chrom atography o f  the product showed an array o f  spots close together it is 

suspected that oligomers were formed.
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The next attempted comparison reaction was that of 2 with TFA. (£’)-l-Dimethylamino- 

2-(4-methylphenylsulfonyl)ethene 2 was refluxed with a solution o f TFA in chloroform 

but no precipitate formed as had done in the corresponding reaction o f 1 with TFA. The 

solution was therefore diluted with ether, washed with sodium carbonate, dried and left to 

evaporate overnight. A precipitate formed which proved to be a dimer, 1 -dimethylamino- 

2,4-dimethylphenylsulfonylbuta-l,3-diene 276 (Scheme 99).

p  -Tol SO 2

p -T olS O j l.TFA,CHCl3  \ =

A  2. NaHCO, )----- \
NMe ' ^ ̂ P-T0ISO2 NMe^

276

Scheme 99: Dimer 276

In the 'H-NMR spectrum of 276 in deuterated chloroform the methyl groups o f the 

aromatic rings resonate at 5 2.37 ppm and at 5 2.45 ppm and the A^-methyl protons o f the 

dimethylamino group resonate as a sharp singlet at 8 3.28 ppm. The ethylenic proton on 

the same carbon as the amino group appears as a singlet at 6 7.72 ppm. The other

ethylenic protons resonate as two doublets at 5 6.59 ppm and at 5 7.51 ppm with a

coupling constant o f 15 Hz. Finally, the aromatic protons appear as multiplets in the

region 5 7.10-7.58 ppm.

This tolyl dimer 276 was not as easy to reproduce as the phenyl analogue 267 and no 

other spectroscopic data was obtained.

A summary of the products gained from the reaction o f  ̂ -sulfonylenamines 1 and 2 with 

acids is shown in Table 9 below.
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Sum m ary of reactions with acids

Table 9:

Summary o f  reactions o f 1 and 2 with various acid sources

Acid source Enamine Product

Benzoyl chloride P hS O ,

\
NMe^

1

NMe^

P h O j S ^ ^ ^ ^ ^

SOjPh

267

Acetic anhydride 1 SO jPh  

P h O , S ^  /

SO jPh
161

Acetic acid 1 M ixture o f dimer 267 and trimer 

161

TFA 1 Trim er 161

Benzoyl chloride p  -Tol SO ,

N M e, 
2 ^

No m ajor product

TFA 2 p  -Tol SO ,

p  -Tol SOj NM ej 

276
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2.4 (2£’,4£)-5-(Dimethylamino)-A^,A^-dimethyl-2-(phenylsulfonyl)penta-2,4- 

dienamide

As mentioned in section 2.3.1 above (page 86), the ^-keto-^-sulfonylenamine 4- 

(dimethylamino)-3-(phenylsulfonyl)-3-buten-2-one 6 has been synthesised in THF at r.t.

with only a slight excess of yV,A^-dimethylformamide dimethyl acetal.^^ It was thought the
12method described by Pesa et al. for the synthesis of (£)-l-dimethylamino-2- 

phenylsulfonylethene 1 could be used to increase the yield of 6. Hence 

phenylsulfonylacetone 48 was stirred under reflux for 72 h with an excess of N,N- 

dimethylformamide dimethyl acetal in DMF. Instead of a higher yield of 6, the 

conjugated amide (2£,4£)-5-(dimethylamino)-A^,A^-dimethyl-2-(phenylsulfonyl)penta- 

2,4-dienamide 277 (Figure 77) was unexpectedly formed.

PhSO, PhSO

NMe

6 277

Figure 77: Target molecule 6 and actual product 277

The structure of compound 277 was elucidated from its spectroscopic data. The IR 

spectrum presents a carbonyl absorption at 1615 cm ' and two absorptions for the sulfone 

group at 1392 cm"’ and 1135 cm''. In the 'H-NMR spectrum of the conjugated amide 277 

a triplet at 6 4.79 ppm represents the proton at C4, doublets at 5 6.84 ppm and 5 7.25 ppm 

represent the other ethylenic protons. These protons all resonate with a coupling constant 

of 12 Hz. Two broad signals for the dimethylamino group protons resonate as singlets at 

8 2.94 and 5 3.08 ppm and the aromatic protons are seen as two multiplets, one at 6 7.46- 

7.52 ppm for the ortho- and weto-protons and one at 8 7.91-7.93 ppm for the pam - 

protons.
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1The Tv -̂methyl carbon atoms o f 277 are not visible in the C NMR spectrum due to 

quadropolar broadening.^'* With the aid of a COSY experiment two T'Z-methyl

carbon atoms were found at 5 34.8 ppm and 8 38.3 ppm but it is not clear whether they 

belong to the amide or enamine group. The carbonyl carbon atom is found at 5 165.2 

ppm, the quaternary carbon atom at C-2 and the aromatic quaternary carbon atom are 

found at 8 119.3 ppm and 5 143.2 ppm respectively. The signal for C-3 is located at 8 

153.9 ppm and that for C-4 at 8 144.3 ppm. The signal for C-5 resonates at 8 92.3 ppm 

and for the ortho aromatic carbon atom at 8 127.4 ppm. The signals at 8 128.7 ppm and 8 

132.1 ppm represent the meta- and para-carhon atoms although it is not possible to 

distinguish which is which.

These NMR assignments are summarised in Table 10.
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Table 10:

NMR spectroscopic details for (2^,4£)-5-(dimethylamino)-A^,A^-dimethyl-2- 

(phenylsulfonyl)penta-2,4-dienam ide 111

PhSO

NM eNMe^

'^C (ppm) ’H (ppm) M ultiplicity (Hz) Assignm ent

not visible CHa 2.94 s N M e2

not visible CH3 3.08 br s NMea

C = 0  165.2 - - C-1

quaternary C=C - - C-2

119.3

C=C 153.9 CH 6.84 d, 12 C-3

C=C 92.3 C H 4.79 t, 12 C-4

C=C 144.3 CH 7.25 d, 12 C-5

128.7 7.46-7.52 m o-,w-Ph

132.1

127.4 7.91-7.93 m p-Ph

quaternary 143.2 - - /-Ph
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The ^'-geometry o f the double bonds in 277 is clear from the X-ray crystal structure 

(Figure 78, and Appendix). This structure also shows that there are two molecules per 

unit cell.

Figure 78: X-ray crystal structure of 277 viewed along the crystallographic b axis

As stated above, the y9-keto-/9-sulfonylenamine 6 is formed from phenylsulfonyl acetone 

48 and A^,A^-dimethylformamide dimethyl acetal in dry THF. This reaction is also possible 

in DMF. In the presence o f a two-fold excess of 7V,7'/-dimethylformamide dimethyl acetal 

compound 6 reacts further to give 278 which undergoes acid catalysed intramolecular 

cyclysation to give a highly strained four-membered ring with an exocyclic carbonyl 

group 279. This is a favoured 4-exo-trig reaction according to Baldwin’s r u l e s . T h i s  

ring formation is termed exo as the breaking bond in the ring-forming process is 

exocyclic to the ring forming and trig as the carbon atom being attacked is a trigonal (sp2) 

atom. The very nucleophilic carbonyl carbon atom in the resulting strained four- 

membered ring 279 is then attacked by dimethylamine present in the reaction mixture, 

which causes ring opening to yield 280. Subsequent elimination o f dimethylamine forms 

277 (Scheme 100).
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PhSO, PhSO,

O:

48

(IVIeO)jCHNMej 1. 2 eq.

DMF  
48 h 
r.t.

PhSO

NM e

O

DMF 
48 h

> 1 0 0  °C

NMe,

(M eO )2CHNM ej 2 eq.

PhSO

NMe,

NMe^

281 278

PhSO, /^ M e ,

NMej NMe^

280

- HNMCj
I'

PhSO

NMe^ NMe

277

Scheme 100: Suggested mechanism for the unusual formation of 277 from

phenylsulfonyl acetone 48

PhO,S NMe,

Me,NH

279
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This mechanism could be tested by isotopic-labelling. If the carbonyl carbon atom of
1phenylsulfonylacetone 48 were labelled with C then the amide carbonyl carbon atom C- 

1 in the product would also be labelled with '^C should this mechanism be correct. 

Another experiment to verify this mechanism could involve labelling the methyl carbon
I ^atom o f 48. The resulting product should then have a C-labelled C-4 (Scheme 101) 

PhSOj PhSO

NMe^ NMe,

48 277

PhSO^ PhSO

NMe^ NMe

48 277

Scheme 101: Suggested labelling experiments to confirm mechanism above

As neither of these labelled compounds is available, they would have to be made. The 

synthesis o f phenylsulfonylacetone from acetone has been recently described^^ but '^C

labelled acetone is quite expensive. Another method could involve preparation o f
1 ^phenylsulfonylacetone 48 from C labelled acetic acid. In this case, methyl phenyl 

sulfone 72 is lithiated twice and this dianion 282 reacted with acid chloride (Scheme 

102).^° The acid chloride could be obtained from labelled acetic acid.

PhSO ,
* ' ^ 

"BuLi (2.2 eq .) Li 1. H 3COCI (1.1 eq.)
PhSOpHg ------------- ► PhS02-<  ►

T H F  Li 2 . N H .C I
- 3 0  °C

72 282

Scheme 102: Synthesis o f '^C labelled phenylsulfonylacetone 48^°
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A similar compound to the conjugated amide 277, 6-methyl-5-dimethyIamino-2- 

phenylsulfonyl-2,4-heptadienamide 283 (Figure 79) has been prepared by Bondavalli et 

al. from the enamino ketone l-(dimethylamino)-4-methyl-penten-3-one 284 as an 

intermediate in the synthesis of flinctionalized 2-pyridones.

PhSOj

NH  ̂ NMe^ 'Pr — NMCj 

283 284

Figure 79: Aminobutadiene 279 and precursor 280 '̂

Other aminobutadienes of the formula 285 below (Figure 80) have been patented for use 

in the preparation of a cosmetic composition for protection against UV radiation but 

details of their synthesis have not been given.

r "

^ = \
N—R̂

r '

285

Figure 80: UV-absorbing aminobutadiene 285̂ ^

According to this patent, R' and of 281 may be the same or different, each 

representing, amongst others, an alkyl group having 1 -20 carbon atoms; R can represent 

CONHR^ or -S02R'^ and R"* may also represent -CONHR*’ or -S02R^ with R  ̂

representing, as well as other groups, an alkyl group having 1-20 carbon atoms.

To provide optimal protection from UV-A radiation, the UV-absorbing compound should 

have an absorption maximum between 340 and 380 nm, more preferably between 370- 

375 nm.
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The aminobutadiene (2£,4£)-5-(dimethylamino)-A^,jV-dimethyl-2-(phenylsulfonyl)penta- 

2,4-dienamide 211 described in this thesis has a maximum absorbance at >-rnax 351.50 nm 

and could therefore be a possible candidate for UV-absorption. YY has a -CONR2 group 

though, not -CONHR^ as in the patented compounds 285 (Figure 80).

The dimer l-dimethylamino-2,4-diphenysulfonylbuta-l,3-diene 267 (Figure 81 and page 

120), does not fit the structural requirements for use as a UV-absorbing compound. This 

dimer also has too low an absorption maximum of X̂ ax 329.50 nm. This red shift is due to 

the longer conjugated system o f 267.

NMe

SOjPh

267

Figure 81: l-Dimethylamino-2,4-diphenysulfonylbuta-l,3-diene 267
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2.5 Conclusions

The successful preparation o f  the known y5-sulfonylenamines (£)-l-dim ethylam ino-2-(4- 

m ethylphenylsulfonyl)ethene 2, (£)-l-diethylam ino-2-(4-m ethylphenylsulfonyl)ethene 3 

and (£)-l-(A^-m orpholino)-2-(4-methylphenylsulfonyl)ethene 4 (Figure 82) has been 

achieved using alternative m ethods to those published in the literature. The application o f 

these m ethods using prim ary amines to yield novel y9-sulfonylenamines was unsuccessful. 

p-TolSOj /j-T olSO ^  / 7 -T 0 I S P 2

\=\  \ \  
N M e, N E t, N

O

Figure 82: y9-Sulfonylenamines 2-4

(£■)-]-[-Cam phor-10’-sulfonyl]-2-dim ethylam inoethene 5, the first optically active fi- 

sulfonylenam ine, has been synthesised (Figure 83).

H,C

H X

SO

NMe,5

Figure 83: Novel chiral y9-sulfonylenamine 5

(£^-l-D im ethylam ino-2-phenylsulfonylethene 1 has been used to study the behaviour o f 

y9-sulfonylenamines. Epoxidation reactions o f  1 with /er/-butylhydroperoxide resulted in 

hydrolysis. Transam ination reactions o f 1 with the prim ary amines sarcosine methyl ester 

117 and 5-(-)-a-m ethylbenzylam ine 118 resulted in the unexpected base catalysed 

cyclotrim erisation o f 1 to form 1,3,5-tri-phenylsulfonylbenzene 161 (Schem e 103).
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^NH

PhSO,

Ph

117 or 118

A
NMe. SO,Ph

161

Scheme 103: Cyclotrimerisation o f 1

The reaction of 1 with aldehydes or iodomethane was unsuccessful and either resulted in 

the hydrolysis or recovery o f 1.

The bromination of 1 to yield 234 and subsequent palladium catalysed coupling to give 

258 was successful (Figure 21) and X-ray structures were obtained for both these 

compounds.

PhSOj PhSOj

- A  '  M
NMCj Br NMe^

1 234

PhSO

NMe.

258
Ph

Figure 84: Halogenation o f /?-sulfonylenamine 1 followed by palladium assisted

coupling

The reaction of 1 with an acid source resulted in the formation o f the novel dimer 267, for 

which an X-ray structure was obtained.

NMCj

PhOjS

SO^Ph

267

Figure 85: l-Dimethylamino-2,4-diphenylsulfonylbuta-l,3-diene 267
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The y5-keto-y0-sulfonylenamine 4-dimethylamino-2-phenylsulfonylbutan-2-one 6 was 

prepared according to the literature but any attempts at reduction were not successful 

towards the synthesis o f allylic alcohols (Scheme 104).

PhSO ,

HO NMe,

PhSO

213

reduction

PhSO

NMe,

PhSO

223 228

PhSO,

48

PhSO

HO

217

Scheme 104: Summary of the attempts at reduction o f 4-(dimethylamino)-3- 

(phenyIsulfonyl)-3-buten-2-one 6; a) Na(CN)BH 3 , MeOH, b) NaBH 4 , THF/H2 O, c)

LiAlH4, THF

However, the novel conjugated amide 277 (Figure 86) was prepared from 6 after it was 

unexpectedly obtained, in good yield, when phenylsulfonyl acetone 48 was reacted with 

excess 7V,7\^-dimethylformamide dimethyl acetal. An X-ray structure of this compound 

was also obtained.
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PhSO

NMe^ NMe

111

Figure 86: (2£',4£)-5-(Dimethylamino)-A^,A^-dimethyl-2-(phenylsulfonyl)penta-2,4-

dienamide 111

The route to formation of this compound is very unusual and opens up a whole new line 

o f research which is beyond the scope o f this thesis.

A brief summary of these results is depicted in the clock diagram on the following page:
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R
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PhSO,

“ \
R NMe,

121

PhSO,

A
NR',

SO,Ph

PhSO

NMe. PhO,S

1611

NMe,

PhO,S

SO,Ph
PhSO,

> =

267

\
Br NMe,

234

PhSO

NMe,

Ph 258

Scheme 105: Summary of results

144



Chapter 3: Experimental Section



Chapter 3

3 General experimental conditions

'H  NM R spectra were recorded for CDCI3 solutions unless otherw ise stated with TM S as

an internal standard using a Bruker AVANCE -DPX400, AV400 or AV600 instruments

at 400 and 600 M Hz respectively. Chemical shifts are quoted in ppm. Coupling constants

(J) are recorded in Hz. '^C NM R spectra were recorded at 100.6 M Hz or 150.6 MHz.

Assignm ents were verified where appropriate by nOe, 'H - 'H  COSY, TOCSY, '^C-'H  
1 ^HSQC, HM BC and C-DEPT experiments. IR spectra were either recorded as liquid 

films (L) or as nujol m ulls (N) between sodium  chloride plates using a M attsson Genesis 

II FTIR spectrophotom eter or a Perkin Elm er Spectrum One FT-IR Spectrom eter using 

the Universal ATR Sam pling Accessory. They were processed using W inFirst software 

and are reported in reciprocal centimetres. Differential scanning calorim etry was carried 

out on a Perkin Elm er Diamond DSC. Therm ogravim etric analysis was performed using 

a Perkin Elmer Pyris 1 Thermogravim etric Analyzer. M ass spectra were obtained under 

electrospray conditions for solutions in methanol unless otherwise stated using a 

M icromass tim e-of-flight instrument. M elting points (uncorrected) were m easured in 

unsealed capillary tubes using a Griffin apparatus. UVA^is absorption spectra (200-800 

nm) were recorded using a Cary 300 scan UV/Vis spectrophotom eter and normalised for 

a 1 cm path length. Sam ples for UV were prepared by solution in HPLC grade methanol. 

Optical rotations were determined at the tem perature stated for solutions o f  concentration 

c in a 1 dm cell using a Perkin Elmer 141 polarimeter; specific rotations are given in units
j  ■y 1

o f 10' deg cm g' . Thin layer chrom atography was carried out on M erck Kieselgel 60 

F2 5 4  0.2 mm silica gel plates. Gravity chrom atography was perform ed on M erck silica gel 

60 (70-230 mesh). THF solvent was dried over sodium  metal and benzophenone and was 

freshly distilled before each use. DM F solvent was stored over m olecular sieves. All 

other solvents were used as received. Unless stated otherwise, organic extracts o f  reaction 

products were dried over anhydrous m agnesium  sulfate. Percentage yields o f  m ixtures are 

relative yields and are based on the integration o f  'H  NM R spectra.
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3.1 Known y9-sulfonylenamines

(£)-l-Dimethylamino-2-(4-methylphenylsulfonyl)ethane 2 

Method 1: ’̂

Step 1 of 4: 2-Chloro-3-(4-methylphenylsulfonyl)propanenitrile 128

Cl

p  -Tol SO, Cl 
CN \  ^

p  -ToISOjNa --------- ► '—
HjO/ AcOH

127 128

/?-Toluenesulfinic acid sodium salt hydrate 127 (23.2 g, 0.10 mol) was dissolved in water 

(50 ml) and acetic acid (20 ml). 2-Chloro-2-propenenitrile (8.7 g, 8.0 ml, 0.10 mol) was 

added, followed by methanol (50 ml) and the reaction was stirred for 15 min. at r.t. A 

white solid 128 precipitated out of solution and was collected by vacuum filtration (18.90 

g, 77.6%); This was used without further purification.

8h (400 MHz; CDCI3) 2.51 (3 H, s, A rCtb), 3.72 (1 H, dd, Jbx 6 Hz, Jgem 14.5 Hz, -CH2- 

CH(CN)Cl), 3.85 (1 H, dd, Jax 8 Hz, Jge„, 14.5 Hz, -CH2-CH(CN)C1), 4.93 (1 H, dd, Jax 

8 Hz, Jbx 6 Hz, -CH2-CH(CN)C1), 7.45 (2 H, d, J  8 Hz, m-ArH), 7.86 (2 H, d, J  8 Hz, o- 

ArH) ppm;

<
CN
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Step 2 o f 4: (£)-3-(4-M ethylphenylsulfonyl)-2-propenenitrile 129 

P - T o i s p ,  Cl /--T o lS O ;

M  ^%  CHCI3

128 129

The crude chloro compound 128 above (16.7 g, 0.07 mol) was dissolved in chloroform  

(120 ml) and the clear solution cooled to 0 °C on an ice-salt bath. Triethylam ine (6.9 g, 

9.5 ml, 0.07 mol) was added dropwise, changing the solution to yellow, then orange. This 

was left to stir for 10 min., washed with dilute HCl (2 M, 2 x 50ml) and saturated sodium 

hydrogen carbonate solution (2 x 50 ml), dried and evaporated to dryness giving reddish- 

pink crystals which were recrystallised (charcoal) from ethyl acetate-hexane to give 129 

as off-white crystals (6.429 g, 45.3%);

mp 126 °C; (lit.”  128-130 °C);

Vmax (>J) 2231 (CN), 1923, 1595 (C=C), 1377, 1322, 1275, 1221, 1150 (R-SO 2 -R) 1086, 

1017, 953, 836, 805, 704, 6 6 6  cm ';

5h (400 MHz; CDCI3 ) 2.51 (3 H, s, ArCH j) 6.54 (1 H, d, J  16 Hz, CH=CH), 7.23 (1 H, d, 

y  16 Hz, CH=CH), 7.45 (2 H, d, J  8  Hz, w-ArH), 7.80 (2 H, d, J  8  Hz, o-ArH) ppm;

6 c (100.6 MHz; CDCI3) 21.1 (ArCHs), 110.1 (C=CCN), 113.4 (CN), 128.6 (ArC), 130.6 

(ArC), 134.2 (quaternary ArCHs), 146.6 (quaternary ArS 0 2 ), 149 (S0 2 C=C) ppm;
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Step 3 of 4: 2-Dimethylamino-3-(4-methylphenylsulfonyl)propanenitrile 130

o-T o l SO /?-Tol SO, CNp  V 01 ^
CHCI3 N M C j

129 130

Dimethylamine (40% in H2O, 5 ml, 41.5 mmol, 2 eq.) was stirred with chloroform (10 

ml) for 15 min. The organic layer was separated from the aqueous layer by Pasteur 

pipette and dried over a little sodium sulfate. This dimethylamine solution was added 

dropwise to a solution o f (£)-3-(4-methylphenylsulfonyl)-2-propenenitrile 129 (4.29 g, 

20.7 mmol, 1 eq.) in chloroform (15 ml) over W 2 h at 0 °C and then stirring was 

continued for another 1 h. The chloroform was removed under reduced pressure to yield a 

viscous dark brown oil which was purified by column chromatography (35:65 EtOAc- 

Hex) and recrystallisation (twice) to yield 130 as white crystals (1.49 g, 30.2%);

Vmax 2893 , 2175 (C=N), 1928, 1632, 1594, 1473, 1439, 1419, 1387, 1326, 1290, 1259, 

1 2 2 0 , 1177, 1153 (R-SO2-R), 1120, 1082, 1049, 1026, 1008, 989, 929, 908, 861, 837, 

816, 781, 802, 771, 705, 692 cm’';

6 h (400 MHz; CDCI3) 2.25 (6  H, s, N(CH3)2), 2.49 (3 H, s, ArCHs), 3.46 (1 H, dd, J  7 

Hz, J g e m  15.5 Hz, CH2), 3.53 (1 H, dd, J 7  Hz, J g e m  15.5 Hz, CH2), 4.16 (1 H, t ,  J 7  Hz, 

CHN(CH3)2), 7.40 (2 H, d, J  8  Hz, ArH), 7.84 (2 H, d, J  8  Hz, ArH) ppm;

5c (100.6 MHz; CDCI3) 21.3 (ArCH3), 41.0 (N(CH3)2), 53.3 (CH), 56.0 (CH2), 113.0 

(CN), 125.4 (quaternary), 127.9 (ArC), 129.5 (ArC), 145.2 (quaternary) ppm;
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Step 4 of 4: (£)-l-Dimethylamino-2-(4-methylphenylsulfonyl)ethene 2

p-T olSO j CN KO'Bu /J-TolSO j

NMe, NMe
THF \

130

Freshly sublimed potassium /er/-butoxide (1.45 g, 6 .8 8  mmol, 1.1 eq.) was dissolved in 

dry THF (20 ml). This was added to 2-dimethylamino-3-(4-methylphenylsulfonyl)-2- 

propanenitrile 130 (1.49 g, 6.25 mmol) in dry THF (10 ml) at r.t. under N2 via syringe. 

The reaction mixture was left to stir for 2 h then diluted with water (50 ml), extracted 

with ether (3 x 50 ml), washed with saturated sodium chloride solution (2 x 50 ml), dried 

and evaporated to dryness. This gave a lemon yellow solid which was recrystallised from 

ethyl acetate-hexane (charcoal) to yield 2 as an off-white solid (0.89 g, 63%);

m p94 °C (lit.^^’̂** 134-5 °C);

Vmax 3017, 2917, 2813, 2167, 1980, 1799, 1620 (C=N), 1494, 1438, 1420, 1403, 1322, 

1282, 1264 (R-SO2-R), 1185, 1125 (R-SO2-R), 1078, 1 0 2 0 , 996, 895, 847, 836, 805, 762, 

704, 6 8 8  cm '';

5h (400 ^/[Hz; CDCI3) 2.41 (3 H, s, ArCHj), 2.73 (3 H, br s, N(CH3)2), 3.05 (3 H, br s, 

N(CH3)2), 4.87 (1 H, d, J  12.5 Hz, S0 2 CH=CH), 7.32 (1 H, d, J  12.5 Hz, CH=CH- 

N(CH3)2), 7.26 (2 H, d, J  8  Hz, ArH), 7.75 (2 H, d, J  8  Hz, ArH) ppm;

5c (100.6 MHz; CDCI3) 21.0 (ArCHs), 37.1 (N(CH3)2), 44.2 (N(CH3)2), 92.4 

(C=CN(CH3)2), 125.8 (ArC), 129.0 (ArC), 141.7 (quaternary ArC), 141.8 (quaternary 

ArC), 150.3 (S0 2 C=C) ppm;
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(£)-l-D im ethyiam ino-2-(4-m ethylphenylsulfonyl)ethene 2

M ethod 2:'^

(MeO)jCHNMej P "TolSO^

p  -T o lS O X H , ---------- ^
DMF,A

131 2

MA^-Dimethylformamide dimethyl acetal (11 ml, 82.5 mmol, 5 eq.) was added to a 

solution o f  4-methylphenyl methyl sulfone 131 (2.81 g, 16.5 mmol, 1 eq.) in dry DMF 

(40 ml) under N 2 and the solution was stirred at reflux (160 °C) for 120 h. The dark 

orange solution was evaporated at reduced pressure to yield a yellow solid (1.22 g). This 

was recrystallised twice from ethanol to give the y9-sulfonylenamine 2  as an off-white 

solid (2.75 g, 74 %);

mp 94 °C (lit.^^’̂*’ 134-5 °C);

Vmax 3017, 2917, 2813, 2167, 1980, 1799, 1620 (C=N), 1494, 1438, 1420, 1403, 1322, 

1282, 1264 (R-SO2-R), 1185, 1125 (R-SO2-R), 1078, 1020, 996, 895, 847, 836, 805, 762, 

704, 6 8 8  cm '';

5h (400 MHz; CDCI3) 2.41 (3 H, s, ArCH j), 2.73, (3 H, br s, N (CH 3)2), 3.05 (3 H, br s, 

N (CH 3)2 ), 4.87 (1 H, d, J  12.5 Hz, S0 2 CH=CH), 7.32 (1 H, d, J  12.5 Hz, CH=CH- 

N (CH 3)2), 7.26 (2 H, d, J  8  Hz, ArH), 7.75 (2 H, d, J  8  Hz, ArH) ppm;

5e (100.6 MHz; CDCI3) 21.0 (ArCHs), 37.1 (N(CH 3)2), 44.2 (N (CH 3)2), 92.4 

(C=CN (CH 3)2), 125.8 (ArC), 129.0 (ArC), 141.7 (quaternary ArC), 141.8 (quaternary 

ArC), 150.3 (S02C=C) ppm;
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(£)-l-Diethylamino-2-(4-methylphenylsulfonyl)ethene 3

Cl

^  yu-TolSOj CN p - T o \ S O ^
  /  M I ? *p  - T o lS 0 2 N a  CN \ ------ (  NEt,

AcOH / H ,0  CHCI3

127 128 129

H N E ., P - T o is p ,  CN P - T o l S O ^

 ^ ^
CHCI3  THF N E t^

This compound 3 was prepared as compound 2 (method 1, above) substituting 

dimethylamine with diethylamine to yield pale yellow crystals (0.89 g, 41%);

mp 110 °C (lit.^ ‘̂ 134-5 °C);

Vmax(N) 1610(CH=CH), 1377, 1294 (R-SO 2 -R), 1246, 1113 (R-SO 2 -R) 1080, 1014, 970, 

885 ,856 , 808, 6 8 8 , 656 cm'';

5h (400 MHz; CDCI3 ) 1.17 ( 6  H, s, N(CH 2 CH3 )2 ) 2.41 (3 H, s, ArCHj), 3.15, 3.22 (4 H, 

br, N(CH 2 CH3)2 ), 4.91 (1 H, d, J  12.7 Hz, S0 2 CH=CH), 7.31 (1 H, d, J  12.7 Hz, 

CH=CHN(CH2 CH3)2 ), 7.26 (2 H, d, J  8  Hz, ArH), 7.75 (2 H, d, J  8  Hz, ArH) ppm;

5c (100.6 MHz; CDCI3 ) 21.1 (ArCH3), 91.2 (C=C), 125.7 (ArC), 129.0 (ArC), 141.6 

(quaternary ArC), 142.0 (quaternary ArC), 148.3 (C=C) ppm;
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(£)-l-(A^-Morpholino)-2-(4-methylphenylsulfonyl)ethene 4

Cl

p -ToiSOjNa

127

CN 
— ^

AcOH/ HjO

p -T o lS O , CN 

ci
128

NEt,

p  -TolSO ,
\4

\
CHCI,

CN
129

o p -T olS O j CN

CHCl

This compound 4 was prepared as compound 2 (method 1, above) substituting 

dimethylamine with morphohne to yield off-white crystals (0.94 g, 85%);

mp 71 °C (lit.^' 131-52 °C, lit.^^ 136 °C);

Vmax (N) 1925, 1753, 1616 (C=N), 1377, 1331, 1279 (R-SO2-R), 1246, 1167, 1132 (R- 

SO2 -R) 1078, 989, 937, 877, 818, 769, 692, 660 cm '';

8 h (400 MHz; CDCI3) 2.43 (3 H, s, ArCHj), 3.21 (2 H, br s, NCH2 ), 3.26 (2 H, br s, 

NCH2 ), 3.71-3.75 (4 H, m, OCH2 ), 5.08 (1 H, d, J  12.7 Hz, S0 2 CH=CH), 7.28 (1 H, d, J  

12.7 Hz, CH=CH-N), 7.41 (2 H, d, J  8  Hz, ArH), 7.76 (2 H, d, J  8  Hz, ArH) ppm;

5c (100.6 MHz; CDCI3 ) 21.0 (ArCHj), 91.3 (C=C), 125.7 (ArC), 129.0 (ArC), 141.6 

(quaternary ArC), 142.0 (quaternary ArC), 148.3 (C=C) ppm;
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3.2 Novel ^-sulfonylenamines

Attempted synthesis of 3-[(4-methylphenyl)sulfonyl]-2-{|(liS)-l-phenylethyl]amino} 

propanenitrile 134

/j-T olSO j CN 

?  /j-TolSOj (

^ S n h  ̂ +  CHCI*"
Ph CN ' / — Ph

r.t.

118 129 134

5'-(-)-a-Methylbenzylamine (0.386 mmol, 47 mg, 50 ^1, 2 eq.) was added to (£)-3-(4- 

methylphenylsulfonyl)-2-propenenitrile 129 (0.193 mmol, 40 mg, 1 eq.) in a mass spec, 

vial, shaken and heated with a hairdryer for 5-10 min. The white crystals turned dark red 

on addition of the benzylamine and brown on heating. The reaction mixture was made 

into a slurry with 10 drops o f t/-chloroform and left for 3 h before diluting further to get 

an NMR. No major reaction occurred. This experiment was also performed with one 

equivalent (23.5 mg, 25 / j \ ,  0.193 mmol) o f 5'-(-)-a-methylbenzylamine 118 but still no 

major reaction occurred. Other reaction times again gave the same results (Table 11).

Table 11: Reactions between 129 and 5’-(-)-a-methylbenzyIamine 118

p  -TolSO ,

129 '
CN

Ph
i 118

^  NHj

Solvent Time

1 eq. 0.5 eq. CHCI3 2 h

1 eq. 0.5 eq. CDCI3 24 h

Another 0.5 eq. added to above solution Ih

leq. 1 eq. No solvent 1 h

leq. 1 eq. CDCI3 3 h

1 eq. 0.5 eq. CHCI3 24 h
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Attempted synthesis of 2-benzylamino-3-(4-inethylphenylsulfonyl)propanenitrile 

136

p-T olSO , CN

M
NHBn

136

Benzylamine (0.05 mmol, 5.2 mg, 1 eq.) and (£)-3-(4-methylphenylsulfonyl)-2- 

propenenitrile 129 (0.05 mmol, 10 mg, 1 eq.) were dissolved in ^/-chloroform in an NMR 

tube. Proton spectra were taken immediately, after Ih, 2h, 5 h and 24 h. No major 

reaction occured. This experiment was also performed with two equivalents (10.5 mg, 

0.01 mmol) o f benzylamine but still no major reaction occurred, even after 36 h.
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Sodium (15',4/?)-(7,7-diinethyl-2-oxobicyclo[2.2.1]hept-l-yi)methane sulflnate 139

Step 1 of 2: (15, 4/?)-(7,7-Dimethyl-2-oxo-bicyclo[2.2.1]hept-l-yl)methanesulfonyl 

chloride 141

140

SO,CI

141

Thionyl chloride (37 ml, 0.509 mol, 3 eq.) was added to (+)-camphor-10-sulfonic acid 

hydrate 140 (39.96 g, 0.172 mol, 1 eq.) and the resulting mixture was heated at 40-45 °C 

with stirring for 6  h. After cooling to r.t. the mixture was stirred overnight. This 

yellowish solution was evaporated to an off-white solid (36.87 g, 8 6 %). This was used 

without further purification.

8 h (400 MHz; CDCI3 ) 0.95 (3 H, s, bridgehead CH 3 ), 1.16 (3 H, s, bridgehead CH 3), 1.50 

(1 H, collapsed ddd, Jsn-6x 4 Hz, Jsn-en 9 Hz, Jsn-sx 12.5 Hz, 5-endo-H), 1.77 (1 H, 

collapsed ddd, Jen-sx 4.5 Hz, Jen-sn 9.5 Hz, J 6n-6 x 14 Hz, 6-endo-H), 2.02 (1 H, d, J  19 Hz, 

3-endo-H), 2.08-2.15 (1 H, m, 5-exo-H), 2.19 (1 H, t, J4 .5  Hz, H4), 2.44-2.52 (2 H, m, 3- 

exo-H and 6 -exo-H), 3.75 (1 H, d, J  15 Hz, CH2 SO2 ), 4.33 (1 H, d, J  15 Hz, CH 2SO2 ) 

ppm;
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Step 2 of 2: Sodium (15,47?)-(7,7-dimethyl-2-oxobicyclo[2.2.1]hept-l-yl)methane 

sulfmate 139

SO,Cl

141

NaHCOj/ NaSOj

Acetone/HjO

SO,Na

139

Method 1:’*

Crude camphorsulfonyl chloride 141 (43.23 g, 0.172 mol) was dissolved in acetone (80 

ml) and added dropwise over 11 h to a solution of sodium hydrogen carbonate (28.9 g, 

0.34 mol, 2 eq.) and sodium sulfite (43.4 g, 0.34 mol) in deionised water (200 ml) at 70 

°C and stirred at this temperature for 1 h. It was then stirred at r.t. for 12 h. The yellow 

solution was diluted with ethanol (3 x 50 ml) turning the solution cloudy and white. This 

was evaporated under reduced pressure to yield an off-white solid that was dissolved in 

ethanol (2000 ml). Inorganic salts were removed by filtration over celite. Evaporation of 

the filtrate gave 139 as a white solid, which was dried in a 40 °C oven (20.5 g, 50%);

Method 2:'^

To a flask containing sodium sulfite (36 g, 0.282 mol) in water (120 ml) that was heated 

to 80 °C, camphorsulfonyl chloride 141 (12 g, 0.048 mol) was added slowly (over 4 h) 

with vigorous stirring. The mixture was kept at 70-75 °C for 5 h and then allowed to cool 

to r.t. and stirred for 12 h. Concentrated HCl (32 %, 23 ml) was added until pH=l was 

reached. The cloudy yellow solution was extracted with ether (3 x 150 ml), the combined 

organic extracts were washed with brine (50 ml), then dried and evaporated to yield an oil 

(4.09 g, 39.3 %);

The salt was prepared by exactly neutralising the free acid (4.09 g, 0.019 mol) with a 

solution o f sodium carbonate (1.00 g) in water (30 ml). The water was evaporated to 

yield 139 as white crystals (3.61 g, 32 %);
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Decomposition temperature 260°C;

Vmax 3329, 2939, 2174, 1743 (C=0), 1676, 1452, 1408, 1389, 1370, 1297, 1277, 1248, 

1214, 1198, 1158, 1063, 1040 (R-SO2 -R), 1006, 993, 950 (R-SO2 -R), 897, 852, 814, 763, 

680 cm"';

5h (400 MHz; D2 O) 0.75 (3 H, s, bridgehead CH3 ), 0.88 (3 H, s, bridgehead CH3 ), 1.31 (1 

H, collapsed ddd, J 5n-6 x4  Hz, Jsn-en 9 Hz, Jsn-5 x 12.5 Hz, 5-endo-W), 1.42 (1 H, collapsed 

ddd, J 6 n -5x  4.5 Hz, J6n -5n  9.5 Hz, J 6 n-6 x 14 Hz, 6-endo-W), 1.83 (1 H, d, J  18 Hz,), 1.88-1.94 

(IH, m), 1.96-1.99 (1 H, m), 2.02-2.06 (1 H, m), 2.08(1 H, d, part of ABq, J  13 Hz, 10- 

Ha), 2.30-2.36 (1 H, m), 2.53 (1 H, d, part of ABq, J  13 Hz, 10-Hb) ppm;

6 c (100.6 MHz; D2 O) 18.1 (bridgehead CH3 ), 18.6 (bridgehead CH3 ), 25.5 

(CH2 CH2 CCH2 SO2 ), 25.8 (CH2 CCH2 SO2 ), 41.9 (CH), 42.3 (CH2 C=0 ), 47.6 (bridgehead 

quaternary), 58.5 (CH2 SO2 ), 59.5 (CCH2 SO2 ), 223.9 (C=0) ppm;
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(15',4/?)-l-({|(F)-2-(Dimethyiamino)vinyl]sulfonyl}methyl)-7,7-diinethylbicyclo 

|2.2.1]heptan-2-one 5

Method 1:

Step 1 of 3: (+)-(£)-3-[(15',4/?)-(7,7-Dimethyl-2-oxobicyclo[2.2.1]hept-l-yl)]methane 

sulfonyl-acrylonitrile 138

CN

Cl

AcOH
HjO

SO

138 CN

Sodium (15,4/?)-(7,7-dimethyl-2-oxobicyclo[2.2.1]hept-l-yl)methanesulfinate 139 (23.83 

g, 0.10 mol) was dissolved in water (50 ml) and acetic acid (20 ml). 2-Chloro-prop-2- 

enenitrile ( 8  ml, 0.10 mol) was added followed by methanol (50 ml). The reaction 

mixture was allowed to stir for 72 h. Insoluble brown oil appeared which was extracted 

with ether (3 x 50 ml). The yellow extract was washed with saturated sodium hydrogen 

carbonate solution (2 x 50 ml), then brine (50 ml). The solution was evaporated under 

reduced pressure to yield 138 as an off-white solid which was recrystallised twice from 

ethanol (5.33 g, 20 %);

Vmax3061, 2983, 2901, 2233 (C=N), 1739 (C=0), 1454, 1413, 1392, 1373, 1320 (R-SO2- 

R), 1277, 1200, 1181, 1164, 1121 (R-SO2 -R), 1107, 1070, 1050, 1028, 952, 911, 857, 

833,786, 758, 709, 685 cm ';

5h (400 MHz; CDCI3) 0.89 (3 H, s, bridgehead CH 3 ), 1.05 (3 H, s, bridgehead CH 3 ), 1.50 

(1 H, collapsed ddd, Jsn-ex 4 Hz, Jsn-en 9 Hz, Jsn-sx 12.5 Hz, 5-endo-H), 1.77 (1 H, 

collapsed ddd, JenSx 4.5 Hz, Jen-sn 9.5 Hz, J^n-ex 14 Hz, 6-endo-Vi), 1.96 (1 H, d, Jsn-sx 19 

Hz, 3-endo-H), 2.06 (I H, m, 5-exo- H), 2.18 (1 H, apparent t , J  4 Hz, H4), 2.27 (1 H, m.
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6-exo-H ), 2.40 (1 H, dt, J  4 Hz, J 3x-3n 18.5 Hz, 3-exo-H ), 2.97 (1 H, d, Jgem  15 Hz, 

S02C H (H )), 3.42 (1 H, d, J g e m  15 Hz, SOjCHCH)), 6.45 (1 H, d, J  15 Hz, C=CHCN), 

7.65 (1 H, d, J  15.5 Hz, S02C H =C ) ppm;
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Step 2 of 3: 2-Dimethylamino-3-(7,7-dimethyl-2-oxo-bicyclo[2.2.1]hept-l-ylmethane 

sulfonyl)-propionitrile 142

SO

CN
138

HNMe,

CHCL
CNSO

NMe 2
142

Dimethylamine (40 % in water, 2.5 ml, 20 mmol, 2 eq.) was stirred with chloroform (10 

ml) for 15 min. The organic layer was added dropwise to a solution of (+)-(F)-3-[(15,4/?)- 

(7,7-dimethyl-2-oxobicyclo[2.2.1]hept-l-yl)]methane sulfonyl-acrylonitrile 138 (2.67 g, 

10 mmol, 1 eq.) in chloroform (15 ml) at 0 °C while stirring for 2 h. The solution was left 

at 0 °C for a further hour before evaporation under reduced pressure to yield brown oil 

which was purified by column chromatography to give 142.

5h (400 MHz; CDCI3) 0.90 (3 H, s, bridgehead CH3), 1.02 (3 H, s, bridgehead CH3 ), 1.50 

(1 H, collapsed ddd, Jsn-6 x 4 Hz, Jsn-en 9 Hz, Jsn-sx 12.5 Hz, S-endo-W), 1.96 (1 H, d, J 3n-3x 

19 Hz, 'i-endo-H), 2.00-2.11 (2 H, m, 5-exo-H and H4), 2.15-2.23 (2 H, m), 2.40 ( 6  H, s, 

N(CH3)2 ), 2.96 (1 H, d, J  15 Hz), 3.22-3.26 (1 H, m), 3.71 (1 H, d, J  13 Hz, S0 2 CH(H)), 

3.84 (1 H, d, J  15 Hz, S0 2 CH(H)), 4.29-4.33 (1 H, m), 4.4 0-4.46 (1 H, m), 6.92 (1 H, d, 

J  13 Hz) ppm;

5c (100.6 MHz; CDCI3 ) 19.0 (bridgehead CH3), 19.3 (bridgehead CH3 ), 26.0 (C-5), 26.7 

(C-6 ), 41.3 (N(CH3 )2 ), 42.1 (C-4), 42.2 (C-3), 48.4 (bridgehead quaternary), 53.9 

(CH2 SO2 ), 54.0 (SO2 CH2 ), 54.9 (CHN(CH3 )2), 59.4 (C-1 quaternary), 113.3 (C^N), 

215.2 (C=0) ppm;
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Step 3 of 3: (15',4/?)-l-({[(£)-2-(Dimethylamino)vinyl]sulfonyl}methyl)-7,7-

dimethylbicyclo [2.2.1]heptan-2-one 5

CNSO

NMe^

SO

NMe
142 5

2-Dimethylamino-3-(7,7-dimethyl-2-oxo-bicyclo[2.2. l]hept-l-ylmethanesulfonyl)- 

propionitrile 142 (0.32 g, 1.25 mmol) was dissolved in dry THF (10 ml) to give a yellow 

solution. Freshly sublimed potassium ?er?-butoxide (0.154 g, 1.25 mmol) was dissolved 

in dry THF (20 ml) and added to the above solution under N2 turning it brown. This was 

stirred for 12 h, diluted with water (50 ml), extracted with ether (3 x 50 ml), washed with 

brine (50 ml), dried and evaporated under reduced pressure to give yellow oil in low yield 

(0.04 g, 11 %);

Vniax(L) 3446, 2958, 2924, 2484, 2204, 1739 (C=0), 1626 (C=N), 1468, 1375, 1319 (R- 

SO2 -R), 1277, 1140 (R-SO2-R), 1041, 966, 893, 789 cm ';

5h (400 MHz; CDCI3); 0.88 (3 H, s, bridgehead CH3), 1.13 (3 H, s, bridgehead CH3 ), 

1.41-1.48(1 H,m, 5- or 6-endo-}\), 1.68-1.75 (1 H, m, 5- ox 6-endo-W), 1.94 (1 H, d, J  19 

Hz, 2>-endo-W), 2.03-2.12 (2 H, m, 5- or 6-exo-W and 4-H), 2.35-2.41 (1 H, m, 3-exo-H), 

2.61- 2.67 (1 H, m, 5- or 6-exo-H), 2.76 (3 H, br s, N(CH)3 )2), 2.90 (1 H, d, J  15 Hz, 

CH2 SO2 ), 3.04 (3 H, br s, N(CH)3)i), 3.49 (1 H, d, J  15 Hz, CH2 SO2 ), 4.97 (1 H, d, J  13 

Hz, S0 2 CH=C), 7.19 (1 H, d, j  13 Hz, C=CHN(CH)3)2 ) ppm;

8 c (100.6 MHz; CDCI3) 19.4 (bridgehead CH3), 19.5 (bridgehead CH3), 24.0 (C-5), 26.6 

(C-6 ), 30.5 (N(CH)3)2 ), 42.0 (CH), 42.2 (CH2 C=0 ), 47.7 (bridgehead quaternary), 53.5 

(CH2 SO2 ), 58.5 (quaternary CCH2 SO2 ), 92.6 (C=C), 150.8 (C=C), 190.5 (C=0) ppm;
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(15',4^)-l-({|(£)-2-(dimethylainino)vinyl]sulfonyl}niethyl)-7,7-diinethylbicyclo 

|2.2.1]heptan-2-one 5 

Method 2:

Step 1 of 2: 7,7-Dimethyl-l-[(methylsulfonyl)methyl]bicyclo[2.2.1]heptan-2-one 143

SO
Na

Mel

DMSO 
r.t., 2 h SO

139 143

Crude sodium (lS',4/?)-(7,7-dimethyl-2-oxobicyclo[2.2.1]hept-l-yl)methane sulfinate 139 

(2.38 g, 7.5 mmol as some sulfonate present) was dissolved in DMSO (40 ml). The flask 

was warmed to 40 °C to encourage this. lodomethane (0.8 ml, 13 mmol, 1.7 eq.) was 

added via the condenser, upon which the off-white cloudy solution turned pale yellow. 

The solution was stirred at 60 °C for 2 h. The reaction was quenched with water (100 ml), 

extracted with ether (3 x 100 ml) and dried. The solvent was evaporated under reduced 

pressure yielding 143 as a dark yellow oil/solid (1.37 g);

mp 50 °C, (lit. mp*̂  ̂79.5-80.5 °C);

Vmax(L) 4403 ,3581 ,3460 , 2958 (CH), 1741 (C=0), 1639, 1454, 1416, 1309, 1217, 1136 

(R-SO2-R), 1053, 958, 906, 823, 779 cm '';

5h (400 MHz; CDCI3) 0.87 (3 H, s, CH3 bridgehead), 1.03 (3 H, s, CH3 bridgehead), 

1.43-1.48 (1 H, m, 5-endo-H), 1.72-1.77 (1 H, m, 6-endo-H), 1.93 (1 H, d, J  19 Hz, 3- 

endo-H), 2.00-2.08 (1 H, m, 5-exo-H), 2.13 (IH , t, J 4 .5  Hz, CH), 2.34-2.41 (2 H, m, 3- 

exo-H and 6 -exo-H), 2.80 (1 H, d, J  15 Hz, CH2 SO2 ), 3.07 (3 H, s, SO2CH 3), 3.44 (1 H, d, 

J 1 5 H z ,  CH 2 SO2 ) ppm;
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5c (100.6 MHz; CDCI3 ) 19.1 (bridgehead CH3 ), 19.3 (bridgehead CH3), 24.4 (C-5), 26.6 

(C-6 ), 42.0 (C-4), 42.2 (C-3), 43.5 (SO2 CH3 ), 48.4 (bridgehead quaternary), 52.1 

(CH2 SO2 ), 58.2 (C-1), 215.2 (C=0) ppm;

Step 2 of 2: (15',47?)-l-({[(£)-2-(dimethylamino)vinyl]sulfonyl} methyl)-?,7-

dimethylbicyclo [2.2.1]heptan-2-one 5

DMF, A
SO

NMe5

SO

yV,A^-Dimethylformamide dimethyl acetal (4.33 ml, 32.6 mmol, 5 eq.) was added to a 

solution of 7,7-dimethyl-l-[(methylsulfonyl)methyl]bicyclo[2.2.l]heptan-2-one 143 (1.5 

g, 6.5 mmol, 1 eq.) in dry DMF (35 ml) under N2 and the pale yellow solution was heated 

at reflux (130 °C) for 120 h to give a brown solution. The solvent and the excess acetal 

were removed in vacuuo. 90 % of starting material remained. The crude product was 

therefore redissolved in DMF (40 ml) and A^,A^-dimethylformamide dimethyl acetal (4.0 

ml, 30.1 mmol) was added under N2 . The brown solution was refluxed for 72 h then 

stirred at r. t. during a further 72 h. The solvent and the excess acetal were removed in 

vacuuo. 66 % of starting material remained. The crude product was again redissolved in 

DMF (40 ml) and 7V,7^-dimethylformamide dimethyl acetal (4.0 ml, 30.1 mmol) was 

added under N2 . The brown solution was heated at a higher temperature (180°C) for 60 h 

but after solvent and excess acetal were removed in vacuuo 43 % starting material 

remained. The crude product was again redissolved in DMF (40 ml) and N,N- 

dimethylformamide dimethyl acetal (4.0 ml, 30.1 mmol) was added under N2 . The dark 

brown solution was heated at 180°C for 2 weeks. The solvent and the excess acetal were 

removed in vacuo to yield dark brown oil (1.60 g) which was purified by column 

chromatography (7:3 EtOAc-Hex) to yield 5 as an orange solid (0.387 g, 21 %);
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[a]o = (+) 40.78 (Troom = 22 °C, c =0.103, MeOH);

V m a x (L )  3446, 2958, 2924, 2484, 2204, 1739 (C=0), 1626, 1468, 1375, 1319 (R-SO2 -R), 

1277, 1140 (R-SO2 -R), 1041, 966, 893, 789 cm'';

HRMS: m/z 308.1305. Calculated for [Ci4 H2 3N0 3 NaS]^: 308.1296;

8 h (400 MHz; CDCI3 ); 0.88 (3 H, s, CH3 bridgehead), 1.13 (3 H, s, CH3 bridgehead), 

1.41-1.48 (1 H, m, 5- or 6-endo-H), 1.68-1.75 (1 H, m, 5- or 6-endo-K), 1.94 (1 H, d, J  19 

Hz, 3-e«Jo-H), 2.03-2.12 (2 H, m, 5- or 6 -exo-H and 4-H), 2.35-2.41 (1 H, m, 3-exo-H), 

2.61- 2.67 (1 H, m, 5- or 6 -exo-H), 2.76 (3 H, br s, N(CH)3)2 ), 2.90 (1 H, d, J  15 Hz, 

CH2 SO2 ), 3.04 (3 H, br s, N(CH)3)2 ), 3.49 (1 H, d, J  15 Hz, CH2 SO2), 4.97 (1 H, d, J  13 

Hz, S0 2 CH=C), 7.19 (1 H, d, j  13 H z , C=CHN(CH)3 )2 ) ppm;

8 c (100.6 MHz; CDCI3 ) 19.4 (bridgehead CH3 ), 19.5 (bridgehead CH3 ), 24.0 (C-5), 26.6 

(C-6 ), 30.5 (N(CH)3)2 ), 42.0 (CH), 42.2 (CH2C=0 ), 47.7 (bridgehead quaternary), 53.5 

(CH2 SO2 ), 58.5 (quaternary CCH2 SO2 ), 92.6 (C=C), 150.8 (C=C), 190.5 (C=0) ppm;
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(3Z)-3-[(Dimethylamino)methylidene]-7,7-dimethyl-l-[(inethylsulfonyl)ethyi]bicyclo 

[2.2.1]heptan-2-one 145

NM e

SO

145

In a previous attempt at this reaction, which had not been heated above reflux 

temperature, compound 145 was isolated as a minor byproduct from column 

chromatography (crude 0.522 g) (7:3 EtOAc-Hex) (0.07 g, 5 %);

5h (400 MHz; CDCI3) 0.91 (3 H, s, CH3 bridgehead), 0.99 (3 H, s, CH3 bridgehead), 

1.52-1.58 (1 H, m, 5- or 6-endo-H), 1.62-1.69 (1 H, m, 5- or 6-endo-W), 2.08-2.14 (1 H, 

m, 5- or 6 -exo-H), 2.35-2.42 (1 H, m, 5- or 6 -exo-H), 2.81 (1 H, d, J  15 Hz, CH2SO2 ), 

2.94 (1 H, m, 4-H), 3.04 ( 6  H, s, N(CH 3)2), 3.17 (3 H, s, SO2CH3), 3.60 (1 H, d, J  15 Hz, 

CH2SO2), 7.07 (1 H, s, C=CHN(CH3)2) ppm;

5c (100.6 MHz; CDCI3) 19.0 (bridgehead CH3), 20.2 (bridgehead CH3), 24.9 (C-5), 28.0 

(C-6 ), 29. 3 (N(CH)3)2), 43.6 (C-4), 47.2 (SO2CH3), 49.7 (bridgehead quaternary), 52.9 

(CHSO2 ), 56.9 (C-1), 108.4 (C-3), 142.2 (CHN(CH)3)2 ), 202.8 (C =0) ppm;
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3.3 Epoxidation and transamination attempts

(£)-l-Dimethylamino-2-phenylsulfonyl)ethene 1

(MeO)jCHNMej PhSOj
\PhSOjCHj

DMF, A \
NMe^

72 1

A^,A^-Dimethylformamide dimethyl acetal (9.6 ml, 70 mmol, 5 eq.) was added to a 

solution of phenyl methyl sulfone 72 (2.2 g, 14 mmol, 1 eq.) in dry DMF (40 ml) under 

N2 and the solution was stirred at reflux (160 °C) for 96 h. The dark orange solution was 

evaporated at reduced pressure to yield a beige solid (3.144 g). This was recrystallised 

twice from ethanol to give the y9-sulfonylenamine 1 as an off-white solid (2. 57 g, 87 %);

mp 1 1 8 ° C (lit.'^ 119-20°C);

v,„ax2875, 1998, 1907, 1795, 1739, 1617 (C=N), 1468, 1377, 1267 (R-S0 2 -R),l 130 (R- 

SO2-R), 968, 898, 843, 758, 719 cm '';

8 h (400 MHz; CDCI3) 2.74 (3 H, br s, -N(CH 3)2), 3.08 (3 H, br s, -N(CH3 )2 ), 4.89 (1 H, d, 

J  12.4 Hz, -S0 2 CH=CH), 7. 34 (1 H, d, J  12.5 Hz, -CH=CH-NMe2), 7.48-7.50 (3 H, m, 

rn - ,p -?m ),  7.87-7.89 (2 H, m, o-PhH) ppm;

5c (100.6 MHz; CDCI3 ) 37.1 (N(CH3)2 ), 44.6 (N(CH3)2), 92.0 (C=CN(CH 3 )2), 125.7 {m- 

PhC), 128.4 (o-PhC), 131.1 (p-PhC), 144.6 (quaternary PhC), 150.6 (S 0 2 C=C) ppm;
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3.3.1 Epoxidation attem pts

Lithium /^A-/-butylhydroperoxide 

PhSO,

INMe^

1

'BuOOLi (2.5 eq) 
THF

II - 20 °C

PhSOj

148

/7-ButylHthium (2.5 ml, approx. 2.5 M, 5 m mol) was added dropwise via syringe to a 

solution o f /er/-butylhydroperoxide (4.3 ml, 1.17 M in benzene, 5 m mol) in dry TH F (3 

ml) at -7 8  °C under an atm osphere o f  N 2 . The solution was allowed to warm  to -20 °C 

and a solution o f  (£)-l-dim ethylam ino-2-phenylsulfonylethene 1 (0.422 g, 2 m m ol) in 

dry THF (8 ml) was added dropwise via syringe. The solution was stirred at -  20 °C for 2 

h, allowed to warm to r.t. and stirred for 12 h. H alf o f  the contents o f  the flask were 

quenched with saturated aqueous sodium sulfite solution (10 ml) and extracted with ether 

(3 X 10 ml). The combined organic extracts were dried and evaporated to yield an off- 

white solid (0.185 g) which was m ainly starting material 1 (94 %) and 6 % 

phenylsulfonyl acetaldehyde 148.

The other ha lf o f  the mixture was stirred at 40 °C for 4 h and after no change according to 

TLC the mixture was stirred under reflux at 60 °C during 48 h. Still no change by TLC 

was seen. Wet litmus paper turned blue proving the mixture to be alkaline. The mixture 

was left to return to r.t. and the N 2 was switched o f f  The contents o f  the flask were
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quenched with saturated aqueous sodium sulfite solution ( 1 0  ml) and extracted with ether 

(3 X 20 ml). The combined organic extracts were dried over m agnesium  sulfate and 

evaporated to an off-white solid (0.392 g) which as above consisted o f  approxim ately 95 

% starting material 1 and 5 % phenylsulfonyl acetaldehyde 148 .

mCPBA

(£)-l-D im ethylam ino-2-phenylsulfonylethene 1 (0.20 g, 0.97 mmol) was dissolved in 

DCM  (5 ml) and a solution o f  wCPBA (0.48 g, 77 % max, 1.95 mmol) in DCM (5 ml) 

was added dropwise via Pasteur pipette. The solution was stirred at r.t. for 12 h, dissolved 

in DCM (100 ml), washed with saturated N aH C 0 3  solution (2 x 50 ml) and brine (50 ml), 

dried and evaporated to yield a yellowish solid (0.03 g) which was not identified. The 

aqueous layer was evaporated to yield /w-chlorobenzoic acid 153  as a white solid.

NMR tube test:

wCPBA (20 mg, 0.1159 m mol) was dissolved in CDCI3 and a proton spectrum was 

taken. (£)-l-D im ethylam ino-2-phenylsulfonylethene 1 (25 mg, O.1159 m mol) was added 

and fiirther spectra were taken at regular intervals over 120 h. No useful results were 

obtained.
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3.3.2 Transamination reactions

(£)-2-(A^-Methyl-A^-octadecyl)amino-l-phenylsulfonylethene 42^

PhSOj H3CNH(CHj)„CH3 PhSOj

\  - UNMe  ^
NMe,  ̂ ^N(CH,)„CH 3

1 42

(£)-l-Dimethylamino-2-phenylsulfonylethene 1 (0.100 g, 0.474 mmol, 1 eq.) and 1- 

methyloctadecylamine (0.148 g, 0.52 mmol, 1.1 eq.) were placed in a round bottomed 

flask and heated at 150 °C for 48 h to yield 42 as an orange solid (0.189 g, 89 %);

v„,ax 3068, 2914, 2849, 1610 (C=N), 1471, 1445, 1412, 1377, 1323, 1293, 1267 (R-SO2 - 

R), 1131 (R-SO2 -R), 1079, 1025,999, 976, 922, 895, 846,818,752,718,684 cm ';

5h (400 MHz; CDCI3 ) 0.90 (3 H, m, CH3 ), 1.28, 1.56 (32 H, CH2 ), 2.72, 3.23 (3 H, br, 

NCH3 ), 4.87 (1 H, d, J  13 Hz, CH), 7.39 (1 H, d, J  13 Hz, CH), 7.46-7.52 (3 H, m, PhH), 

7.87-7.89 (2 H, m, PhH) ppm;

8 c (100.6 MHz; CDCI3 ) 13.9 (CH3 ), 22.3 (CH2 CH3 ), 28.8, 28.9, 29.1, 29.2, 29.3 (CH2 ), 

31.5(NCH3), 91.3 (SO2 CH), 125.7(o-PhC), 128.3(w-PhC), 131.0 (;?-PhC), 144.8 

(quaternary PhC), 150.0 (CH) ppm;
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Reaction of 1 with sarcosine methyl ester 117 

Step 1 of 2: Sarcosine methyl ester 117

O

117

Sarcosine methyl ester hydrochloride (5 g, 35.8 mmol) and sodium hydroxide (1.7 g, 42.5 

mmol, 1.2 eq.) were dissolved in water (10 ml). The solution was extracted with ether (3 

X 20 ml), dried over sodium sulfate and evaporated under reduced pressure to yield the 

title compound 117 as a clear liquid (1. 681 g, 50%);

vn^x (L) 3338, 2954, 2804, 2104, 1739, 1664, 1439, 1363, 1219, 1176, 1124, 1009, 891, 

818, 704 cm-';

5h (400 MHz; CDCI3 ) 2.26 (3 H, s, NCH 3 ), 3.20 (2 H, s, CH 2 ), 3.56 (3 H, s, OCH 3 ) ppm; 

8 c (100.6 MHz; CDCI3 ) 35.4 (NCH 3 ), 51.0 (OCH 3 ), 51.7 (CH 2 ), 172.1 (C =0) ppm;

171



Chapter 3

Step 2 of 2: Reaction o f 1 with sarcosine methyl ester 117

SO,Ph
NH

PhSO 117

NMe SO,Ph

1 161

PhSO
O\

O

(£)-l-Dimethylamino-2-phenylsulfonylethene 1 (0.211 g, 1.0 mmol, 1 eq.) and sarcosine 

methyl ester (0.133 g, 1.3 mmol, 1.3 eq.) were heated together at 140 °C for 12 h to yield 

a sticky dark brown oil (0.18 g). This was purified by column chromatography (9:1 

EtOAc-Hex) to yield the trimer 161 as a white solid (0.005 g, 1 %);

m p220 °C (lit. mp^' 218 °C);

HRMS did not give conclusive results

Vmax 3065 (CH), 1584, 1478, 1447, 1416, 1341, 1323 (R-SO2-R), 1315, 1192, 1150 (R- 

SO2-R), 1097, 1088, 1022, 998, 977, 927, 905, 849, 812, 749, 727, 713, 683 (Ph), 674 

cm '';

5h (CDCI3 , 400 MHz) 7.59 (2 H, t, J  8  Hz, w-PhH), 7.68 (1 H, t, J  8  Hz, ;?-PhH), 7.95 (2 

H, d, J  8  Hz, o-PhH), 8.59 (1 H, s, ArH) ppm;

8 c (CDCI3 , 100.6 MHz) 128.1 (o-PhC), 129.9 (w-PhC), 130.5 (CH), 134.5 (p-PhC), 139.2 

(quaternary), 145.3 (quaternary PhSOa) ppm;
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Control reaction: Byproduct TV,A ’̂-dim ethyldiketopiperazine 160

O

NH A

117 160

The sarcosine methyl ester 117 prepared above (0.5 g, 4.85 mmol) was heated at 140 °C 

for 12 h to yield 7V,Â ’-dim ethyldiketopiperazine 160^® as an orange solid (0.3 g, 2.1 

mmol);

5h (400 MHz; Jg-DM SO) 2.82 (6 H, s, NCH3), 3.93 (4 H, s, CH2) ppm;
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Reaction of 1 with 5'-(-)-a-methylbenzyIamine 118

PhSO,

A
NH

PhSO,

Ph

NH, 
118

A

155 Ph

NMe,

1

SO,Ph

SO,Ph
161

(£^-l-Dimethylamino-2-phenylsulfonylethene 1 (0.449 g, 2.13 mmol, 1 eq.) and (S)-a- 

methylbenzylamine 118 (0.129 g, 136 |al, 1.06 mmol, 0.5 eq.) were placed in a round 

bottomed flask and heated at 150 °C for 48 h. The dark brown oil (0.559 g) obtained was 

purified by column chromatography (9:1 Et20-Hex) to give two fractions.

The first, an orange/brown solid (0.60 g) was impure 1,3,5-tri-phenylsulfonylbenzene 161 

and the second fraction was recovered starting material 1 (0.066 g, 15%);
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3.4 Reactions with electrophiles 

3.4.1 Aldehydes 

Attempt at Baylis-Hillman reaction

PhSO , O

^ = \  + R ^

1

(£)-l-Dimethylamino-2-phenylsulfonylethene 1 (10 mg, 0.05 mmol, 1 eq.) and 

isobutyraldehyde (7 |xl, 0.077 mmol, 1.5 eq.) were dissolved in J^-DMSO in an NMR 

tube and spectra taken immediately and 24 h later. No reaction occurred. One-two 

crystals o f DABCO catalyst was added to the NMR tube, still no reaction occurred.

PhSOj

" A
HO— < NMCj

R
123
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Grignard reagents

Synthesis and titration o f stoclc solution o f Grignard reagent ethylmagnesium bromide

Magnesium turnings (2.431 g, 100 mmol, 2 eq.) and an iodine crystal were stirred with 

dry THF (50 ml) under N2 at r.t. Bromoethane (5.60 ml, 75 mmol, 1.5 eq.) in dry THF 

(90 ml) was added via syringe and the mixture was stirred until cloudy {VA h) to yield 

ethylmagnesium bromide (75 mmol, 145.6 ml); An aliquot of this solution (1 ml) was 

added to benzoic acid (0.122 g, 1 mmol) in water (5 ml) and the mixture was back- 

titrated using NaOH (0.1 M) with phenolphthalein as an indicator;

Control reaction: benzaldehyde and ethylmagnesium bromide: 1-phenyl-1-propanol

Benzaldehyde (1 ml, 10 mmol) in dry THF (15 ml) was added to EtMgBr (28 ml stock 

solution, 15 mmol, 1.5 eq.) via syringe and the mixture stirred for 3'/2 h. This was then 

quenched with water (150 ml) and extracted with ether (3 x 100 ml), dried and 

evaporated under reduced pressure to yield 1-phenyl-1-propanol (1.06 g, 80 %) as oil;

174

\
Br THF MgBr

174

Ph

HO

lit. bp210°C ^’

8h (400 MHz, CDCI3) 0.94 (3 H, t, J 8  Hz, CH3), 1.74- 1.89 (2 H, m, CH2), 4.61 (1 H, t, J  

7 Hz, CHOH), 7 .28 - 7.32 (1 H, m,/?-PhH), 7 .35 - 7.37 (4 H, m, o-, m-PhH) ppm;
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Reaction of (£)-l-diinethylainino-2-phenylsulfonylethene 1 with ethylmagnesium  

bromide

PhSOjCH, ^  ,

72

(£)-l-Dimethylamino-2-phenylsulfonylethene 1 (0.469 g, 2.2 mmol, 1 eq.) in dry THF 

(7.0 ml) was stirred with a solution of EtMgBr in THF (4 ml stock solution, 2.2 mmol, 1 

eq.) for 3 'A h at r.t. 10 % o f this reaction mixture (1.1 ml) was then removed and 

quenched with water (4.5 ml), extracted with ether ( 3 x 1 0  ml), dried and evaporated 

under reduced pressure to yield yellow-brown oil (0.033 g) which consisted o f a 50:50 

mixture o f starting material 1 and methvl phenyl sulfone 72;

5h (400 MHz, CDCb) 2.74 (3 H, br, s, NCHj), 3.08 (6 H, s, NCH3 and SO2CH3), 4.88 (1 

H, d, J  13 Hz, HC=CH), 7.34 (1 H, d, J  13 Hz, HC=CH), 7.47-7.51 (3 H, m, o-, w-PhH), 

7.58-7.62 (2 H, m. p-P hH i 7.67-7.71 (1 H, m. p-PhH). 7.86-7.89 (2 H, m ,/j-PhH), 7.96- 

7.98 (2 H, m, o-PhH) ppm;

P h S O i EtMgBr
\z

A  dry THF
NMe,
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Reaction of (£)-l-dimethylainino-2-phenylsulfonylethene 1 with ethyimagnesium  

bromide and benzaldehyde

PhSOj

“ A
NMe,

1

7\
PhSO , R

1 +  PhCHO +  PhSOjCHj ' ^

183 72 HO NMe^
Ph

=<

R = H 184
Et 185

Benzaldehyde (0.20 ml, 2 mmol, 1 eq.) was added to the remaining solution above via 

syringe and this was stirred for a further 2 h. The contents o f the flask were quenched 

with water (50 ml), extracted with ether (3 x 50 ml), dried and evaporated under reduced 

pressure to yield orange oil (0.590 g) which consisted o f 26 % starting material 1, 36 % 

benzaldehyde 183 and 38 % methyl phenyl sulfone 72;
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Attempted trapping of the sulfonyl-stabilised carbanion of (£)-l-dimethylamino-2- 

phenylsulfonylethene 1 with chlorotrimethyl silane

1. EtMgBr
2. M e,SiCl

PhSO^ 3.H ,0  P h S O ^

\  THF
NMe  ̂ O

1 148

(£)-l-Dimethylamino-2-phenylsulfonylethene 1 (0.422 g, 2.0 mmol, 1 eq.) in dry THF 

(2.0 ml) was stirred with EtMgBr in THF (4 ml stock solution, 2.2 mmol, 1.1 eq.) at r.t. 

under N2 for 12 h. This gave a clear yellow solution. Chlorotrimethyl silane (0.5 ml, 4 

mmol, 2 eq.) was added via syringe. No colour change was observed. This was then 

stirred under N 2 for 48 h. Again no colour change was noted. The reaction mixture was 

diluted with water (30 ml), extracted with ether (3 x 50 ml), dried and evaporated under 

reduced pressure to yield crude phenylsulfonyl acetaldehyde 148 as a cloudy orange 

liquid (0.190 g, 52% );

5h (400 MHz, CDCI3 ) 4.16 (2 H, d, J  3 Hz, CH2 ), 7.63 (2 H, t, J  8  Hz, w-PhH), 7.73 (1 H, 

t, J 8  H z,/7-PhH), 7.93 (2 H, d, J 8  Hz, o-PhH), 9.75 (1 H, t, J 3  Hz, CHO) ppm;

5c (100.6 MHz, CDCI3 ) 60.0 (CH2), 127.5 (PhC), 128.9 (PhC), 134.2 (PhC), 164.2 

(quaternary PhC), 189.2 (CHO) ppm;
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Organolithium compounds

PhSO,

A
NMe,

"BuLi
 »

THF
-80 °C

PhSO,

A
Li NMe,

MgBrj
 ^

THF
-80 °C

PhSO,

\
BrMg NMe,

202

PhSO,

Ph

HO

A

181

THF 
- 80 °C 72 +  1

H
NMe,

184

(£^-l-Dimethylamino-2-phenylsulfonylethene 1 (0.50 g, 2.37 mmol, I eq.) was dissolved 

in dry THF (10 ml) and cooled to -80 °C under N2. n-Butyllithium (1.3 ml, 2.5 M 

solution, 3.25 mmol, 1.4 eq.) was added via syringe and the mixture stirred at -80 °C for 

15 min. Magnesium bromide (0.52 g, 2.84 mmol, 1.2 eq.) was dissolved in dry THF (10 

ml) and added via syringe. After 10 min. o f stirring, freshly distilled benzaldehyde (0.3 

ml, 2.84 mmol, 1.2 eq.) was added via syringe and the mixture stirred at -80 °C for 1 h. 

The reaction mixture was then brought to r.t., quenched with water (50 ml), extracted 

with ether (3 x 50 ml), dried and evaporated under reduced pressure to remove solvent 

and excess benzaldehyde to yield an off-white solid (0.216 g), which consisted o f 67 % 

starting material 1 and 33 % methyl phenyl sulfone 72;
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Hydrolysis control reactions

P hSO j aq. base PhSO j

\  THF N\
NMCj O

1 148

N 3 2 C 0 3 :

(£^-l-D im ethylam ino-2-phenylsulfonylethene 1 (50 mg, 0.24 mmol, 1 eq.) was dissolved 

in THF (2 ml). A solution o f Na2C03  (52 mg, 0.49 mmol, 2 eq.) in water (2 ml) was 

added and the contents o f  the flask stirred at r.t. for 20 h. The reaction m ixture was then 

acidified with HCl (1 M) until pH=7, diluted with water (2 ml), extracted with ether (3 x 

10 ml), dried and evaporated under reduced pressure to yield starting material 1 (99.3 %) 

and a small percentage o f the hydrolysis product phenylsulfonyl acetaldehyde 148 (0.7 

%);

NaOH:

NaOH (0.095 g, 2.375 mmol) was dissolved in water (10 ml). 2 ml o f  this solution (0.475 

mmol, 2 eq.) were added to 1 (50 mg, 0.24 mmol, 1 eq.) in dry THF (2 ml) in a 10 ml 

round bottom ed flask and the contents o f  the flask stirred at r.t. for 20 h. The reaction 

m ixture was then acidified with HCl (1 M) until pH=7, diluted with water (2 ml), 

extracted with ether ( 3 x 1 0  ml), dried and evaporated under reduced pressure to yield 

starting material 1 (99.0 %) and phenylsulfonyl acetaldehyde 148 (1.0 %);

Mg(OH)2:

NaOH (0.095 g, 2.375 mmol) and M gS0 4  (0.144 g, 1.196 mmol) were dissolved in water 

(10 ml). 2 ml o f  this solution (1 eq. M g(0 H)2) were added to (£)-l-d im ethylam ino-2- 

phenylsulfonylethene 1 (50 mg, 0.24 mmol, 1 eq.) in dry THF (2 ml) in a 10 ml round 

bottom ed flask and the contents o f  the flask stirred at r.t. for 20 h. The reaction mixture 

was then acidified with HCl (1 M) until pH=7, diluted with water (2 ml), extracted with 

ether ( 3 x 1 0  ml), dried and evaporated under reduced pressure to yield starting material 1 

(96.0 %) and phenylsulfonyl acetaldehyde 148 (4.0 %);
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Other control reactions

(£)-l-D im ethylam ino-2-pheriylsulfonylethene 1 (0.844 g, 4.0 m mol, 1 eq.) was dissolved 

in dry THF (20 ml) and cooled to -80 °C under N 2 . «-Butyllithium  (2.2 ml o f  approx. 2.5 

M solution, 5.5 mmol, 1.4 eq.) was added and the m ixture stirred at -80 °C for 45 min. 

under N 2 .

Step 1: (£)-l-D im ethylam ino-2-phenylsulfonylprop-l-ene 204*

PhSO^ "BuLi PhSO j CH3I PhSO j
\

A  THF /  \  THF /  \
NM Cj -8 0  °C Li NM Cj - 80 °C NM e^

1 202 204

5 ml o f  this solution (Im m ol 1) was rem oved to another flask B in another cold bath. 

After 1 h o f  stirring iodomethane (0.1 ml, 0.16 mmol, 1.6 eq.) in dry THF (2.0 ml) was 

added to flask B via syringe and stirred at -80 °C for 1 h. The solution was returned to 

r.t., diluted with water (30 ml), extracted with ether (3 x 40 ml), dried and evaporated to 

yield 204 as a white solid (0.146 g, 65 %);

mp^ 81-82 °C;

Vmax̂  1636, 1281, 1145 cm '';

5h (400 M Hz, CDCI3) 1.96 (3 H, s, CH3), 3.04 (6 H, s, N(CH3)2), 7.25 (1 H, s, 

CHN(CH 3)2), 7.49 (3 H, m, r n - ,p - ? m \  7.84 (o-PhH) ppm;

6c (100.6 MHz, CDCI3) 11.01 (CH3), 42.7 (N(CH3)2), 98.2 (S02C=C), 127.1 (o-PhC), 

128.8 (m-PhC), 131.7 (p-PhC), 142.2 (quaternary PhC), 147.0 (C=CN(CH3)2) ppm;
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Step 2: Transmetallation

PhSO, "BuLi PhSO,

\
NMe,

THF 
-8 0  °C L i

IVIgBrj PhSO^

A
NMe,

202

CH3I

THF
80 °C

> = A
BrMg NMe,

181

THF 
-8 0  °C

Magnesium bromide (0.663 g, 1.2 mmol, 1.2 eq.) was dissolved in dry THF (7.5 ml) and 

added to the first flask A v/a syringe. After stirring for Ih, 7.5 ml o f solution A (1 mmol 

1) was removed to another flask C in another cold bath and 7.5 ml o f solution A (1 mmol 

1) was removed to another flask D in another cold bath. lodomethane (0.1 ml, 0.16 mmol, 

1.6 eq.) in dry THF (2.0 ml) was added to flask C and stirred at -80 °C for 1 h. The 

solution was stirred at r.t. for 12 h, diluted with water (40 ml), extracted with ether (3 x 

50 ml), dried and evaporated to yield an off-white solid (0.134 g) which consisted of 90% 

recovered starting material 1 and 10% 204;

Step 3: Addition o f aldehyde

PhSO,

A
NMe,

"BuLi
--------

THF 
-80 °C

PhSO,

> =
Li

A
NM e,

MgBrj
 ^

THF 
-8 0  °C

PhSO ,

> = A
BrMg NMe,

202

RCHO 
183 

THF 
-8 0  °C PhSO

NMe,
HO

181

RCHO
183

THF
-8 0  °C

Freshly distilled isobutyraldehyde (0.33 ml, 3.6 mmol, 1.2 eq.) in dry THF (3 ml) was 

added to the first flask A via syringe and stirred at -80 °C for 1 h. The solution was
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stirred at r.t. for 12 h, diluted with water (100 ml), extracted with ether (3 x 100 ml), 

dried and evaporated to yield a crude mixture (0.334 g), which consisted mainly (92 %) 

o f recovered starting material 1 with a small amount (8 %) o f phenylsulfonyl 

acetaldehyde 148;

Step 4:

Freshly distilled benzaldehyde (0.37 ml, 3.6 mmol, 1.3 eq.) in dry THF (3 ml) was added 

to flask D via syringe and stirred at -80 °C for 1 h. The solution was stirred at r.t. for 12 

h, diluted with water (100 ml), extracted with ether (3 x 100 ml), dried and evaporated to 

yield crude staring material 1 (0.597 g);
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Chloral and Control Reactions

Preparation of Chloral 205

O HO

H g CCI3 HO CCI3

205 206

Chloral hydrate 206 (5 g) and sulfuric acid (5 ml) were stirred together. The top organic 

layer (chloral 205) was separated off and distilled.

Reaction of (£)-l-Dimethylainino-2-phenylsulfonylethene 1 with chloral 205

(£)-l-Dimethylamino-2-phenylsulfonylethene 1 (10-50 mg) was dissolved in d- 

chloroform in an NMR tube. A drop o f freshly distilled chloral was added and the tube 

shaken. A spectrum was taken immediately and again 24 h later. The NMR tube was 

heated in a water bath at 30-40 °C for 1 h and left for 12 h at r.t. and then another 

spectrum was taken. 6 days later the NMR tube was heated in a water bath at 40 °C, this 

time for 48 h. No major reaction occurred in any of these cases and only starting 

materials (1 and chloral 205) were obtained;

Step 1: (£)-l-Dimethylamino-2-phenylsulfonylprop-l-ene 204

(£)-l-Dimethylamino-2-phenylsulfonylethene 1 (0.844 g, 4.0 mmol, 1 eq.) was dissolved 

in dry THF (20 ml) and cooled to -80 °C under N 2 . n-Butyllithium (2.2 ml o f approx. 2.5 

M solution, 5.5 mmol, 1.4 eq.) was added and the mixture stirred at -80 °C for 55 min. 

under N 2 . 5 ml (1 mmol S.M. 1) of this solution was removed to another flask B in 

another cold bath at -  80 °C. Another 5 ml was removed to a third flask C at -  80 °C. 

lodomethane (0.1 ml, 0.16 mmol, 1.6 eq.) was added to flask B via syringe and stirred at 

-80 °C for 1 h. The solution was returned to r. t., diluted with water (30 ml), extracted 

with ether (3 x 40 ml), dried and evaporated to yield (£)-l-dimethylamino-2- 

phenylsulfonylprop-l-ene 204 as an off-white solid (0.155 g, 69 %);
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Step 2: Addition o f chloral

Freshly distilled chloral 205 (0.35 ml, 1.3 eq.) in dry THF (2 ml) was added to flask C via 

syringe and stirred at -80 °C for 1 h. The solution was returned to r.t., diluted with water 

(30 ml), extracted with ether (3 x 40 ml), dried and evaporated to yield orange oil. This 

was dissolved in ether (10 ml), washed with water (15 ml) and brine (15 ml), dried and 

evaporated under reduced pressure to yield yellow oil (0.328 g). This consisted o f starting 

materials 1, chloral 205 and chloral hydrate 206;

Step 3: Transmetallation

PhSO , "BuLi PhS02 MgBr, PhSOj
\ —   ► \ —  V  \ —

\  THF /  \  THF /  \
NIMe2 - 8 0  °C Li NMej .go °C BrMg NMe^

1 202 181

‘ 1. CCLCHO
2. HjO

THF
-8 0  °C

Magnesium bromide (0.663 g, 1.2 mmol, 1.2 eq.) was dissolved in dry THF (8 ml) and 

added to flask A via syringe. After stirring for 1 h, 9 ml (1 mmol S.M. 1) o f solution A 

was removed to flask D in another cold bath. lodomethane (0.1 ml, 0.16 mmol, 1.6 eq.) in 

dr)' THF (2.0 ml) was added to flask D and stirred at -80 °C for 1 h. The solution was 

returned to r.t., diluted with water (40 ml), extracted with ether (3 x 50 ml), dried and 

evaporated to yield starting material 1 as an off-white solid;

Step 4: Addition o f chloral

Freshly distilled chloral (0.35 ml, 1.3 eq.) in dry THF (2 ml) was added to flask A via 

syringe and stirred at -80 °C for 1 h. The solution was returned to r.t., diluted with water 

(30 ml), extracted with ether (3 x 40 ml), washed with brine (20 ml), dried and
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evaporated to yield yellow oil. This again consisted only of starting materials 1, chloral 

205 and chloral hydrate 206;

Reaction of la  with benzaldehyde and iodomethane

(£)-l-Dimethylamino-2-phenylsulfonylethene 1 (0.211 g, 1.0 mmol, 1 eq.) was dissolved 

in dry THF (5 ml) and cooled to -80 °C under N2 . «-Butyllithium (0.5 ml o f approx. 2.5 

M solution , 1.25 mmol, 1.25 eq.) was added and the mixture stirred at -80 °C for 10-15 

min. under N 2 . Benzaldehyde (0.12 ml, 1.2 mmol, 1.2 eq.) in dry THF (2 ml) was added 

via syringe and stirred at -80 °C for 50 min. Iodomethane (0.18 ml, 1.2 mmol, 1.2 eq.) in 

dry THF (2 ml) was added via syringe and stirred at -80 °C for another 50 min. The 

solution was allowed to come to r.t., diluted with water (40 ml), extracted with ether (3 x 

50 ml), washed with brine (20 ml), dried and evaporated to yield starting materials 1 and 

benzaldehyde;
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4-(Dimethylamino)-3-(phenylsulfonyl)-3-buten-2-one 6̂ ^

PhSOj PhSO,\ ^) (MeO)2CHNMe2
--------------------►

THF 
18 h

0 = (  NMe^

48
r.t.

6

Phenylsulfonylacetone 48 (0.396 g, 2.0 mmol, 1 eq.) was dissolved in THF (20 ml). N,N- 

Dimethylformamide dimethylacetal (0.32 ml, 2.4 mmol, 1.2 eq.) was added and the 

colourless solution stirred. After 2 h the solution had turned yellow. The solvent was 

removed under reduced pressure after 18 h stirring to yield a bright yellow solid. This 

was triturated with hexane and filtered to yield a pale yellow solid (0.510 g), which was 

recrystallised fi’om ethyl acetate to give 6  as yellow powder (0.214 g, 42 %);

mp 62-68 °C (lit. mp^^ 92-94 °C);

Vmax 3067, 3008, 2940, 1702, 1639 (C=0), 1581 (C=N), 1482, 1449, 1415, 1369 (R-SO2- 

R), 1337 (R-SO2-R), 1272 (R-SO2-R), 1231, 1194, 1181, 1135 (RSO2R), 1089, 965, 938, 

842, 752,714, 684 (Ph) cm '';

HRMS: m/z 276.0659. Calculated ft)r [Ci2Hi5N0 3 NaS]^: 276.0670;

5h (400 MHz, CDCI3) 2.21 (3 H, s, -COCH3), 2.90 (3 H, br s, -N(CH3)2), 3.35 (3 H, br s, 

N(CH3)2), 7.50- 7.56 (3 H, m, m-, p-PhH), 7.85 (2 H, d, J  8  Hz, o-PhH), 7.94 (1 H, s, 

CHN(CH3)2) ppm;

8 c (100.6 MHz, CDCI3) 30.1 (-COCH3), 43.8 (N(CH3)), 48.0 (N(CH3)) 108.7 

(quaternary), 126.2 (o-PhC), 128.5 (p-PhC), 131.8 (m-PhC), 143.0 (quaternary), 156.8 

(CHN(CH3)2), 190.3 (CHO)ppm;
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Control reduction reaction with (£)-l-dim ethyIaniino-2-phenylsulfonylethene 1 

P hS O , NaBH,\  2 4
\ -----  ---------- ^  no reaction

\  THF
NMCj

1

M ethod 1:

(£)-l-D im ethylam ino-2-phenylsulfonylethene 1 (50 mg, 0.24 mmol, 1 eq.) was dissolved 

in TH F (1 ml). A solution o f  NaBH 4  (84 mg) in cold water (1.5 ml) was prepared and 

0.15 ml (0.24 mmol, 1 eq.) added dropwise. The mixture was stirred at r.t. for 40 min. 

then diluted with water (4 ml), extracted with ether ( 3 x 5  ml), dried and evaporated to 

yield starting material 1 (0.037 g, 74 %);

M ethod 2:

(£)-1-D im ethylam ino-2-phenylsulfonylethene 1 (0.211 g, 1 mmol) in methanol (15 ml) 

was stirred with NaBH 4  (0.058 g, 1.5 mmol) under N 2  at r.t. for 30 h. The reaction was 

m onitored by TLC which showed only one spot so more N aB H 4  (0.058 g, 1.5 mmol) was 

added and the reaction stirred for a further 2 h. An aliquot o f  the reaction mixture was 

acidified with aqueous HCl (1.0 M) and evaporated under reduced pressure. The residue 

was partitioned between saturated N a 2 C 0 3  solution and DCM. The organic fractions were 

combined, dried and evaporated to yield crude starting material 1 as a bright yellow solid. 

The rem ainder o f  the reaction mixture was stirred in air and worked up the next day as 

above. After partitioning between Na 2 C 0 3  solution (10%, 50 ml) and DCM (3 x 40 ml), 

the combined organic fractions were washed with water (20ml) before drying and 

evaporating to yield yellow/brown oil which was m ainly starting material 1 with no other 

m ajor product visible.
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Reduction of 6 with NaBH4

Phenylsulfonylacetone 48 and l-(phenylsulfonyl)-2-propanol 6b

48 217

4-(Dimethylamino)-3-(phenylsulfonyl)-3-buten-2-one 6 (0.253 g, 1 mmol) was dissolved 

in THF (3 ml) and stirred. A solution o f NaBH 4  (84 mg) in cold water (1.5 ml) was 

prepared and 0.65 ml (1.1 mmol, 1.1 eq.) added dropwise. Once all o f the NaBH 4  solution 

was added the mixture was stirred at r.t. for a further 40 min. The mixture was slowly 

poured into a 50 ml beaker containing a mixture o f ice-water (7 ml) and concentrated 

HCl (32 %, 0.7 ml). No precipitate formed so the solution was extracted with ether (3 x 

10ml), dried and evaporated to yield a yellow liquid. This was purified by column 

chromatography to yield two pale yellow liquids;

Phenylsulfonylacetone 48

O

(0.093 g, 47 %);

Vmax 1717 (C =0), 1584, 1478, 1447, 1361, 1307, 1239, 1146 (R-SO2-R), 1083, 1035, 

1023, 997, 933, 836, 804, 789, 745, 720, 687 (Ph) cm '';

5h (400 MHz, CDCI3) 2.42 (3 H, s, COCH3), 4.18 (2 H, s, CH2COCH3), 7 .59- 7.64 (2 H, t, 

J  8 Hz, m-PhH), 7 .70- 7.74 (2 H, m, p-PhH), 7.92 (2 H, d, J  8 Hz, o-PhH) ppm;
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8 c (100.6 MHz, CDCI3 ) 31.1 (COCH3 ), 67.3 (CH2 COCH3 ), 127.8 (o-PhC), 12?.0 {m- 

PhC), 133.9 (/?-PhC), 138.1 (quatemary-PhC), 195.4 (CHO) ppm;

l-(Phenylsulfonyl)-2-propanol 217

OH

(0.068 g, 34 %);

Vmax3494 (OH), 1721, 1585, 1447, 1289, 1140 (R-SO2-R), 1082 (CO), 1042, 1025, 998, 

937, 876, 837, 788, 743, 718, 686 (Ph) cm‘‘;

5h (400  MHz, CDCI3) 1.27 (3 H, d, J  6 Hz, COCH3), 2.85  (1 H, br s, OH), 3 . 16- 3.29  (2 

H, m, -CH2CHOH), 4.34  (1 H, m, CHOH), 7.62  (2 H, t, J  8 Hz, w-PhH), 7.71 (1 H, t, J 8  

Hz, p-PhH), 7.95  (2 H, d, J  8 Hz, o-PhH ) ppm;

5c (100.6 MHz, CDCI3) 22.1 (CHOHCH3), 61.9 (CHOH), 62.9 (CH2CHOHCH3), 127.7 

(o-PhC), 128.5 (w-PhC), 133.7 (p-PhC), 138.7 (quatemary-PhC) ppm;
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A',A'^-dimethyl-2-(phenylsulfonyl)ethylamine hydrochloride 227

Control reduction reaction with 1 and Na(CN)BH3

PhSOj Na(CN)BH3 PhSOj

\  HCl-M eOH \ ' ' '
NMe^ NMCj

H
1 227

(£)-l-Dimethylamino-2-phenylsulfonylethene 1 (0.422 g, 2.0 mmol, 1 eq.) was dissolved 

in methanol (4 ml). A trace o f bromocresol green was added turning the solution blue. A

2 M HCl-MeOH solution was added dropwise until the solution turned yellow. 

NaBHaCN (0.130 g, 2 . 0  mmol, 1 eq.) was added with stirring which turned the solution 

deep blue. The 2 M HCl-MeOH solution was added dropwise to maintain the yellow 

colour. The mixture was stirred at r.t. for 1 h and heated to 35 °C to avoid precipitation of 

starting material. The solution was poured into a 0.1 M NaOH solution (5 ml), saturated 

with NaCl, extracted with ether ( 3 x 1 0  ml), dried and evaporated to yield a blue liquid. 

This was dissolved in 1 M HCl (10 ml) and extracted with ether ( 2 x 1 0  ml). The aqueous 

layer was brought to pH > 9 (14) with 6  M KOH, saturated with NaCl and extracted with 

ether (3 x 10 ml). The combined extracts were dried and evaporated to yield the 

hydrochloride o f A',A^-dimethyl-2-(phenylsuIfonyl)ethylamine 227 as an off-white solid 

(0.055 g, 26 %);

Vmax 2920 (NH^), 2852, 2556, 2429, 1585, 1480, 1470, 1420, 1292 (R-SO2-R), 1271, 

1146, (R-SO2-R) 1084, 1070, 1043, 1017, 999, 967, 791, 745, 685 (Ph) cm’’;

5h (400 MHz, CDCI3) 2.90 ( 6  H, d, J  4.5 Hz, NH(CH3)2), 3.50-3.53 (2 H, m, SO2CH), 

3.85 (2 H, m, CHN(CH3)2), 7.65 (2 H, t, J  8  Hz, w-PhH), 7.74- 7.76 (1 H, m, p-PhH), 

7.96 (2H , d , J 8 Hz, o-PhH), 13.11(1 H, br s, NH(CH3)2) ppm;
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A',A^-Dimethyl-2-(phenylsulfonyl)ethylamine 216

PhSO ,

NMe^

A solution o f  the product 227 was washed with NaHCOs, extracted with ether and 

evaporated to yield a yellow oil, A^,A'^-dimethyl-2-(phenylsulfonyl)ethylamine 216; no 

yield recorded.

Vmax 3600, 3064, 2944, 2865, 2826, 2774, 1623, 1462, 1447, 1299 (R-SO 2 -R), 1146 (R- 

SO 2 -R), 1085, 1046, 999, 898, 855, 794, 745, 6 8 8  (Ph) cm '';

5„ (400 MHz, CDCI3 ) 2.23 ( 6  H, s, N(CH 3)2 ), 2.76 (2 H, t, J  7.5 Hz, SO 2 CH), 3.32 (2 H, 

t, J  7.5 Hz, CH N (CH 3)2 ), 7.60 (2 H, t, J  8  Hz, w-PhH), 7.67- 7.71 (1 H, m, p-PhH ), 7.93 

(2 H, d, J  8  Hz, o-PhH) ppm;

5c (100.6 MHz, CDCI3 ) 44.5 (N(CH 3)2), 51.7(CH2), 53.4 (CH 2 ), 127.5 (o-PhC), 128.8 {m- 

PhC), 133.4 (/?-PhC), 138.9 (quaternary PhC) ppm;
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3-Phenylsulfonyl-2-butanone 223

Reduction o f 6  with Na(CN)BH 3

Ph02S.

O

4-(Dimethylamino)-3-(phenylsulfonyl)-3-buten-2-one 6  (0.507 g, 2.0 mmol, 1 eq.) was 

dissolved in methanol (4 ml). A trace o f bromocresol green was added turning the 

solution blue. A 2 M HCl-MeOH solution was added dropwise until the solution turned 

yellow. Na(CN)BH3 (0.130 g, 2.0 mmol, 1 eq.) was added and the 2 M HCl-MeOH 

solution was added dropwise to maintain the yellow colour. The mixture was stirred at r.t. 

for 1 h. The yellow solution was poured into a 0.1 M NaOH solution (5 ml), saturated 

with NaCl, extracted with ether (3 x 10 ml), dried and evaporated to yield orange oil 

(0.512 g). This was dissolved in 1 M HCl (10 ml) and extracted with ether ( 2 x 1 0  ml). 

The aqueous layer was brought to pH > 9 with 6  M KOH and extracted with ether ( 3 x 1 0  

ml). The combined extracts were dried and evaporated to yield peach oil (0.181 g) which 

was purified by column chromatography to yield 3-phenylsulfonyl-2-butanone 223 as 

clear oil (0.065 g, 15.3 %); lit. mp'^ 94-95 °C;

v„,ax 3066, 3002, 2942, 1718 (CO), 1585, 1479, 1447, 1422, 1359 (R-SO 2 -R), 1307 (R- 

SO2-R), 1218, 1167 (R-SO2 -R), 1144 (R-SO2 -R), 1131 (R-SO 2 -R), 1083, 1071, 1024, 

999, 976, 956, 848, 781, 762, 742, 732, 719, 6 8 8  (Ph) cm ';

5h(400 MHz, CDCI3) 1.41 (3 H, d, J 7  Hz, CH3), 2.44 (3 H, s, COCH3), 4.19 (1 H, q, J 7 

Hz, CHCH3), 7.55-7.61 (2 H, m, w-PhH), 7.67- 7.71 (1 H, m ,/7-PhH), 7.80-7.83 (2 H, m, 

o-PhH) ppm;

5c (100.6 MHz, CDCI3 ) 11.3 (CH3 ), 30.3(CH3), 70.8 (CH), 128.7 (PhC), 133.9 (PhC), 

135.8 (quaternary PhC), 200.0 (quaternary COCH 3 ) ppm;
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Ethyl phenyl sulfone 229

Control reduction o f 1 with LiAlH4

P hSO , LiAlH, P h s a

\ " /NMe  ̂ '

1 229

LiAlH4  (0.107 g, 2.82 mmol) was dissolved in dry THF (1 ml) under N 2 . (£ )-l- 

Dimethylamino-2-phenylsulfonylethene 1 (0.422 g, 2 mmol) in dry THF (10 ml) was 

added via a pressure equalised dropping fiinnel at r.t. The mixture turned green. Stirring 

was continued for 2 h. The reaction was quenched with the successive addition o f water 

(0.1 ml), 0.1 M NaOH (0.1 ml) and water again (0.3 ml). This was diluted with ether (15 

ml). The insoluble precipitate was filtered off and the filtrate separated, dried and 

evaporated to yield a white solid. The crude product was purified by column 

chromatography (9:1 EtOAc-Hex) to yield crude ethyl phenyl sulfone 229 as a white solid 

(0.108 g, 32% );

mp 40 °C, (lit. mp”  35-40 °C);

Vn̂ ax 3065, 2935, 1584, 1479, 1447, 1302 (R-SO 2 -R), 1140 (R-SO2 -R), 1083, 1024, 999, 

913, 849, 800, 761, 727, 687 cm '';

6h (400 MHz, CDCI3) 1.27 (3 H, t, J  7.5 Hz, CH2CH3 ), 3.12 (2 H, q, J  7 Hz, CH2CH3), 

7.58 (2 H, mHz, w-PhH), 7.66 (1 H, m,/7-PhH), 7.90 (2 H, m, Hz, o-PhH) ppm;
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2-Phenylsulfonylbutane 228 (^ec-butyl phenyl sulfone) 

Reduction of 6  with LiAlH4

PhOjS.

UAIH4 (0.076 g, 2 mmol) was dissolved in dry THF (1 ml) under N 2 . 4- 

(Dimethylamino)-3-(phenylsulfonyl)-3-buten-2-one 6  (0.506 g, 2 mmol) in dry THF (10 

ml) was added via a pressure equalised dropping funnel over 10-15 min. at r.t. The grey 

solution turned green/grey upon addition o f this yellow solution. Stirring was continued 

for 21/2 h. The reaction was quenched with the successive addition o f water (0.1 ml), 

NaOH (0.15 M, 0.1 ml) and water again (0.3 ml). This now grey mixture was stirred for 

1 0  min., diluted with ether (15 ml) to form a precipitate and diluted with water, which 

yielded insoluble slime. This was filtered off, the filtrate washed with brine (20 ml), dried 

and evaporated to yield yellow oil which smelt o f amines. Chromotography (5:5 EtOAc- 

Hex) o f the crude product yielded 2-phenylsulfonylbutane 228 as peach oil (0.050 g, 13 

%);

Vmax 3066, 2973, 2939, 2880, 1585, 1464, 1447, 1385, 1343, 1300 (R-SO2-R), 1289 (R- 

SO2-R), 1263, 1244, 1142 (R-SO2 -R), 1133 (R-SO2-R), 1085, 1072, 1059, 1 0 2 2 , 999, 

961, 932, 847, 786, 764, 743, 726, 691, 661 cm’’;

5h (400 MHz, CDCI3) 1.00 (3 H, t, J  7.5 Hz, CH2CH3 ), 1.28 (3 H, d, J  7 Hz, CHCH3 ), 

1.39-1.47 (1 H, m, CH2), 1.99-2.06 (1 H, m, CH2 ), 2.94-3.00 (1 H, m, CH), 7.58 (2 H, t, J  

8  Hz, w-PhH ), 7.66 (1 H, t, J 7  Hz,p-PhH), 7.89 (2 H, d, 7  7 Hz, o-PhH) ppm;

8 c (100.6 MHz, CDCI3) 10.71 (CH3), 12.1 (CH2CH3), 22.0 (CH2 CH3), 61.1 (CH), 128.55 

(o-PhC), 128.60 (m-PhC), 133.1 (p-PhC), 136.9 (quaternary PhC) ppm;
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3.4.2 Halogenation  

Dibrom om ethyl phenyl sulfone 238 

P h S O ,

NMCj

1

A solution o f (£)-l-dim ethylam ino-2-phenylsulfonylethene 1 (0.844 g, 4.0 mmol, 1 eq.) 

in DCM ( 6  ml) was added to bromine (0.452 ml, 8 . 8  mmol, 2.2 eq.) in DCM (10 ml) via 

syringe through a septum turning the dark brown solution red/orange. The solution was 

stirred at r.t. for 1 % h before washing with saturated sodium hydrogen carbonate solution 

(3 X 20 ml) and extraction with DCM  (3 x 50 ml). The combined organic extracts were 

evaporated under reduced pressure to yield brown oil (1.15 g) which was purified by 

column chrom atography (1:1 Et20-H ex) to give 238 as a white paste (0. 656 g, 53%);

Vmax(L) 3548, 2982 (CH), 1583 (C=C), 1477, 1448, 1332 (R-SO 2 -R), 1163 (R-SO 2-R), 

1081, 1024, 998, 932, 844, 767, 743, 685 (Ph), 627, 563 cm '';

5h (400 MHz; CDCI3) 6.27 (1 H, s, CHBrz), 7.64-7.68 (2 H, m, w-PhH), 7.78-7.82 (1 H, 

m, p-PhH ), 8.06-8.10 ( 2 H, m, o-PhH) ppm;

5c (100 MHz; CDCI3) 50.0 (CHBr2), 128.8 (PhC), 130.7 (PhC), 131.7 (quaternary PhC), 

135.0 (PhC) ppm;

(Z)-l-Brom o-2-diinethyIam ino-l-phenylsulfonylethene 234

H R rBrj \ / B r
 ► PhOjS
DCM

Br

238
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o
PhSO

V
PhSO

> = x+
DCM Br NMeNMe

H

243 234

(£')-l-Dim ethylam ino-2-phenylsulfonylethene 1 (0.211 g, 1.0 mmol, 1 eq.) was dissolved 

in DCM  (15 ml) at 0 °C. Propylene oxide (0.14 ml, 2 mmol, 2 eq.) was added with 

stirring, followed by pyridinium  hydrobrom ide perbrom ide (0.320 g, 1 mmol, 1 eq.). The 

solution was stirred at 0 °C for 3 'A h, washed with saturated sodium bisulfite solution (30 

ml), water (20 ml) and brine (20 ml). The organic layer was dried and evaporated under 

reduced pressure to yield a yellow solid (0.233 g) which was recrystallised from ethyl 

acetate to give 234 as off-white crystals (0.093 g, 32 %);

HRM S: w/z 311.9659. Calculated for [C ioH ,2N 02N aSB rf: 311.9670;

5h (400 MHz; CDCI3) 3.16 (6 H, s, N(CH3)2), 7.50-7.56 (2 H, m, m-Ph), 7.58-7.60 (1 H,

5c (100 MHz; CDCI3) 127.9 (w-Ph), 128.7 (o-Ph), 132.4 (p-Ph), 140.5 (quaternary), 

145.7 (CHN(CH 3)2), 151.0 (quaternary) ppm;

Found: C = 41.52 %, H = 4.19 %, N = 4.66 %

Calculated: C = 41.39 %, H = 4.17 %, N = 4.83 %

mp 122°C;

Vmax2919, 1619 (C=N), 1475, 1447, 1432, 1394, 1327, 1312, 1284 (R-SO 2-R), 1138(R- 

SO 2-R), 1112, 1079, 973, 939, 924, 830 (C=C), 758, 716 (C-Br), 687, 660 cm '’;

m ,p -P h ), 7.78 (1 H, s, CHN(CH 3)2), 7.90-7.93 (2 H, m, o-Ph) ppm;
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Diodomethyl phenyl sulfone 245

H

PhOjS

I

A solution o f iodine (0.508 ml, 2 mmol, 2 eq.) in DCM (5 ml) was added to (£)-l- 

dimethylamino-2-phenylsulfonylethene 1 (0.211 g, 1.0 mmol, 1 eq.) in DCM (5 ml) \ia 

syringe through a septum turning the solution dark brown. The solution was stirred at i.t. 

for 1 h before washing with saturated sodium hydrogen carbonate solution (3 x 20 n.l) 

and extraction with DCM (20 ml). The combined organic extracts were dried aid 

evaporated under reduced pressure to yield dark purple oil (0.386 g);

0.190 g of this was purified by column chromatography (1:1 EtOAc-Hex) to give 245 

(0.047 g) and recovered starting material 1 (0.078 g) as brown oils;

6h (400 MHz; CDCI3) 5.99 (1 H, s, CH), 7.61-7.65 (2 H, m, m- PhH), 7.75-7.78 (1 H, :n, 

p- PhH), 8.08 (2 H, d, J  8 Hz, o-PhH) ppm;

§c (100 MHz; CDCI3) -21.9 (CHI2), 128.7 (w-PhC), 130.4 (quaternary), 130.5 (o-PhC), 

134.6 (/7-PhC) ppm;
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Heck coupling

((£)-2-Phenylsulfonyl-4-phenyl-but-1 -en-3-ynyl)-dim ethylam ine 258

PhSO,>
Br NMe,

234

Pd(OAc)j

PhjP
PhCCH

KOAc
Bu^NCI

PhSO

NMe,

Palladium acetate (0.011 g, 0.05 mimol) was dissolved in DM F (15 ml) under N 2. 

Triphenyl phosphine (0.039 g, 0.015 m mol), (Z )-l-brom o-2-dim ethylam ino-l- 

phenylsulfonylethene 234 (0.580 g, 2 m mol), phenylacetylene (3.8 ml, 40 mmol), 

tetrabutylam m onium  chloride (0.500 g, 2 m m ol) and potassium  acetate (0.580 g, 6  mmol) 

were added and the reaction m ixture stirred under reflux for 12 h. The dark brown 

solution was then cooled to r.t., diluted with ether (50 ml), washed with water (50 ml) and 

brine (50 ml), dried and evaporated under reduced pressure to yield 258 as a dark brown 

solid (2 . g) which was purified with 1:1 ethyl acetate-hexane;

Vmax 2920, 2193 (C=C), 1623 (C=N), 1591, 1479, 1421, 1435, 1393, 1296, 1282, 1255, 

1229, 1160, 1141(R-S02-R), 1083 (R-SO 2-R), 1015, 953, 909, 871, 838 (CH), 800, 754, 

719 cm ';

HRMS: m/z 334.0870. Calculated for [C ,8H ,7N 0 2 NaS]": 334.0878;

5h (400 MHz; CDCI3) 3.14 (3 H, br s, N (CH 3)2), 3.39 (3 H, br s, N (CH 3)2), 7.29-7.30 

(5H, m, Ph), 7.49-7.53 (4H, m, Ph), 7.55-7.57 (2H, m, Ph), 7.97-7.99 (2H, m, Ph) ppm;

5h (400 MHz; J^-DM SO) 3.16 (3 H, br s, N (C H 3)2), 3.31 (3 H, br s, N (CH 3)2), 7.27-7.28 

(2H, m, Ph), 7.33-7.35 (3H, m, Ph), 7.52 (IH , s, CH), 7.85-7.87 (2H, m, Ph) ppm;
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5c (100 MHz; CDCI3 ) 38.0 (N(CH 3 )2 ), 4 4 .0 (N(CH 3 )2 ), 81.9 (C-3 quaternary), 92.0 (C-2 

quaternary), 96.6 (C-4 quaternary), 123.7 (quaternary /-PhC), 127.4 (o-PhS0 2 ), 127.8 {p- 

PhC), 128.4 (w-PhC), 128.6 (W-PI1 SO2 ), 130.5 (o-PhC), 132.2 (/7-PhS0 2 ), 142.1 

(quaternary /-PhS0 2 ), 149.7 (C-1) ppm;
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3.4.3 Acylation

1,3,5-tri-Phenylsulfonylbenzene 161

Reaction o f 1 with acetic anhydride

PhSO ,

A
NMe  ̂ PhSOj ACjO

A
PhSO,

H

NMe,

A
NMe.

SO,Ph

PhO,S SO,Ph

161

(£')-l-Dimethylamino-2-phenylsulfonylethene 1 (0.527g, 2.5 mmol) was added slowly to 

acetic anhydride (5.0 ml, 50 mmol, 21 eq.) and the solution stirred at 95 °C for 2 h, then 

at r.t. for 12 h. The excess acetic anhydride was removed under reduced pressure to yield 

a gummy brown solid (0.495 g). TLC showed the presence o f starting material 1, so 

another portion o f acetic anhydride (5.0 ml, 50 mmol, 20 eq.) was added to this solid and 

the mixture heated at 95 °C for 12 h. After removal o f excess acetic anhydride, a gummy 

black solid was obtained (0.435g). This was washed briefly with hexane, then with ether 

to yield a dark brown solid (0.320 g), 99 mg o f which was recrystallised from methanol 

to give the trimer 161 as a beige solid (0.043 g, 0.09 mmol). The remaining solid was 

recrystallised from chloroform-hexane to again give the trimer 161 as a beige solid (0.088 

g, 0.18 mmol);
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Reaction of (£)-l-diniethylamino-2-phenylsulfonylethene 1 with acetic acid

(£^-l-Dimethylamino-2-phenylsulfonylethene 1 (0.527g, 2.5 mmol) was added slowly to 

acetic acid (3.0 ml, 50 mmol, 20 eq.) and the solution stirred at 95 °C for 2 h, then at r.t. 

for 12 h. The excess acetic anhydride was removed under reduced pressure to yield 

viscous brown oil which consisted mainly o f the trimer 1,3,5-tri-phenylsulfonylbenzene 

161 (71.5 %) but also starting material 1 (12.7 %) and the dimer l-dimethylamino-2,4- 

diphenysulfonylbuta-l,3-diene 267 (15.8 %);

Reaction of l-dimethylamino-2,4-diphenysulfonylbuta-l,3-diene 267 with acetic 

anhydride

1,3,5-tri-Phenylsulfonylbenzene 161

SO,Ph

161

l-Dimethylamino-2,4-diphenysulfonylbuta-l,3-diene 267 (0.475 g, 0.957 mmol) was 

added slowly to acetic anhydride (2.0 ml, 20 mmol, 21 eq.) and the solution heated at 95 

°C for 20 h. The excess acetic anhydride was removed under reduced pressure to yield a 

gummy brown solid. This was distilled under vacuum to give crude trimer 161 as a black 

solid (0.107 g,21.5% );
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Reaction of (£)-l-dimethylamino-2-phenylsulfonyiethene 1 with trifluoroacetic acid

1,3,5-tri-Phenylsulfonylbenzene 161

SO,Ph

PhO,S

161

A solution of trifluoroacetic acid (0.5 ml) in chloroform (10 ml) was prepared. 0.16 ml o f 

this solution (1.1 mmol, 4 eq.) was added to (£)-l-dimethylamino-2- 

phenylsulfonylethene 1 (0.057 g, 0.27 mmol, 1 eq.) in chloroform (0.5 ml) and stirred 

under reflux for 3 h then allowed to come to r.t. before being cooled in ice for 12 h. 

Brown oil formed at the bottom of the solution and this mixture was seeded with a crystal 

o f the dimer 267. As no precipitate formed, the excess solvent was removed under 

reduced pressure to yield orange oil (0.141 g). This was dissolved in ethyl acetate (10 

ml), washed with sodium hydrogen carbonate (10 ml), dried and evaporated under 

reduced pressure to yield yellow oil/solid (0.037 g) which proved to contain mainly crude 

trimer 161;
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l-D im ethylam ino-2,4-diphenysulfonyIbuta-l,3-diene 267

NM e,
PhSO ,

\
+

Ph

N M e, Cl

270

CHCL

2 h, 65 °C

PhOjS

SO^Ph

267

(£')-l-D im ethylam ino-2-phenylsulfonylethene 1 (0.633 g, 3.0 mmol, 1 eq.) was dissolved 

in chloroform ( 8  ml). Freshly distilled benzoyl chloride 270 (0.18 ml, 1.5 mmol, 0.5 eq.) 

in chloroform (3 ml) was added via the condenser and the orange solution was stirred 

under reflux for 3 h. It was then cooled in ice and the orange precipitate that formed was 

filtered o ff to yield the dimer l-dim ethylam ino-2,4-diphenysulfonylbuta-l,3-diene 267 as 

orange crystals (0.346 g, 46.5 %);

mp 165 ° C;

HRMS; m/z 400.0648. Calculated for [C i8 H ,9N 0 4 NaS 2 ]^: 400.0653;

Vmax 2918, 2439, 2162, 1979, 1607 (C=C), 1568, 1477, 1446, 1421, 1403, 1383, 1319, 

1280 (R-SO 2 -R), 1252, 1208, 1134 (R-SO 2 -R), 1095, 1079, 1025, 999, 959, 8 6 6 , 814, 

769, 753, 713, 6 8 6  cm '';

5h (400 MHz; J-D M SO ) 3.24 ( 6  H, hr s, N (CH 3)2 ), 6.32 (1 H, d, J  15 Hz, C^H=C^H), 

7.40 (2 H, t, J  8  Hz, PhH), 7.47 (1 H, d, J  15 Hz, C^H=C^H), 7.50-7.54 (3 H, m, PhH), 

7.61-7.65 (3 H, m, PhH), 7.73 (2 H, d, J 8  Hz, PhH), 7.81 (1 H, s, C^=C‘H), 8.33 (1 H, s, 

CHCI3 ) ppm;

6 c (100.6 MHz; t/-DMSO) 41.3 (N(CH3)2), 47.7 (N(CH3)2) 79.2 (CHCI3), 99.7 

(C=CHNMe2 quaternary), 118.5 (CH), 126.3 (PhC), 126.4 (PhC), 128.8 (CH), 129.3
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(PhC), 132.4 (PhC), 132.8 (PhC), 133.3 (PhC), 141.9 (Ph-quatemary), 142.0 (Ph- 

quatemary), 153.4 (C=CHNMe2) ppm;

^ ax  329.50 nm, logs = 4.4303

UVA^is: 329.50 nm, maximum absorbance 0.835, c= 3.1 x 10'^ M;

Extinction coefficient s= A/cL = 2.69 x lO"*, loge = 4.4303

UV absorbance of dimer
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Reaction of (£)-l-dim ethylam ino-2-(4-m ethylphenylsulfonyl)ethene 2 with benzoyl 

chloride

(£)-l-D im ethylam ino-2-(4-m ethylphenylsulfonyl)ethene 2 (0.225 g, 1 mmol, 1 eq.) was 

dissolved in chloroform (5 ml). Benzoyl chloride (0.07 g, 0.058 ml, 0.5 mmol, 1.5 eq.) in 

chloroform (1 ml) was added to the sulfone and the solution was refluxed for 3 h. It was 

then cooled in ice for 12 h but no precipitate formed. The solution was evaporated under 

reduced pressure but no m ajor product was obtained.

l-D im ethylam ino-2,4-dim ethylphenylsulfonylbuta-l,3-diene 276

Reaction o f  2 with TFA

p  -TolSO , 

p  -Tol SO 2 NMCj

(£^-l-D im ethylam ino-2-(4-m ethylphenylsulfonyl)ethene 2 (0.355 g, 1.58 mmol, 1 eq.) 

was dissolved in chloroform (1-2 ml). Trifluoroacetic acid (0.13 ml, 1.1 eq.) was added 

and the solution was stirred under reflux for 3 h. After cooling to r.t., the solution was 

diluted with ether (ml), washed with sodium hydrogen carbonate, dried and left for 1 2  h. 

A precipitate formed which was filtered o ff to yield the dim er l-dim ethylam ino-2,4- 

dim ethylphenylsulfonylbuta-l,3-diene 276 as a white solid.

6 h (CDCI3 , 400 MHz) 2.37 (3 H, s, CH 3), 2.45 (3 H, s, CH3),3.28 ( 6  H, s, N (CH 3)2), 6.59 

(1 H, d, J  15 Hz, To1S0 2 CH=CH), 7.10 (2 H, d, J  8  H z , ArH), 7.25 (2 H, d, J  8  Hz, ArH), 

7.51 (1 H, d, J  15 Hz, To1S0 2 CH=CH), 7.55-7.58 (4 H, m, ArH), 7.72 (1 H, s, 

CHN(CH 3)2 ) ppm;
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3.5 (2£’,4£)-5-(D im ethylainino)-A^^-diniethyl-2-(phenylsulfonyl)penta-2,4- 

dienamide

MA^-Dimethylformamide dimethyl acetal (13.2 ml, 96 mmol, 5 eq.) was added to a 

solution o f  phenylsulfonylacetone 48 (3.0 g, 15.1 mmol, 1 eq.) in dry DM F (30 ml) under 

N 2 and the solution was stirred at reflux (160 °C) for 96 h. The brown solution was 

evaporated at reduced pressure to yield brown oil. This was redissolved in DM F (15 ml) 

under N 2, more A^,A^-dimethylformamide dimethyl acetal (10 ml) was added and the 

solution was stirred at reflux (160 °C) for another 72 h. The resulting dark brown solid 

was recrystallised from ethanol to give orange crystals (1.67 g). The m other liquor was 

put in the freezer and filtered again to give a pale brown solid (1.23 g). These two solids 

(2.90 g) were recrystallised together from ethanol to give 277 as brown powder (2.4 g, 52

PhSOj

NMCj NMe.

%);

mp 134-6 °C;

HRMS; m/z 331.1092. Calculated for [C i5H2oN2 0 3 NaS]^: 331.1086;

Vmax2923, 2421, 2162, 1979, 1615 (C = 0), 1560, 1503, 1479, 1447, 1435, 1421, 1392 (R- 

SO 2-R), 1297, 1286, 1227, 1190, 1135 (R-SO 2-R) 1 1 1 2 , 1078, 1024, 1005,986, 902 ,812 , 

800, 759, 730, 702, 6 8 8  cm '';

5h (400 MHz; CDCI3) 2.94 ( 6  H, br s, N (CH 3)2), 3.08 ( 6  H, s, N (CH 3)2), 4.79 (1 H, t, J  12 

Hz, C^H), 6.84 (1 H, d, J  12 Hz, C^H), 7.25 (1 H, d, J  12 Hz, HCN(CH 3)2), 7.46-7.52 (3 

H, m, 0 -, w-PhH), 7.91-7.93 (2 H, m ,p-P hH ) ppm;
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6 c (100.6 MHz; CDCI3 ) 92.3 (C-CH=CN(CH 3)2 ), 119.3 (quaternary), 127.4 (o-PhC), 

128.7 (PhC), 132.1 (PhC), 143.2 (quaternary), 144.3 (C-5), 153.9 (C-3), 165.2 (C=0) 

ppm;

Found: C = 58.38 %, H = 6.46 %, N = 8.97%

Calculated: C = 58.42 %, H = 6.54 %, N = 9.08 %

^ax  351.50 nm, loge = 5.0791

(2£',4£')-5-(T )im ethylam ino)-A ^,7V -dim ethyl-2-(phenylsulfonyl)penta-2,4-dienaniide
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Crystal structure determination of (Z)-l-bromo-2-dimetliylaniino-l- 

ptienylsulfonylethene 234

PhSO,

> = \
Br NMe^

Data were collected on a Bruker SM ART APEX diffractom eter with CCD detector. The 

diffractom eter utilised graphite-monochromated M o-K a radiation (X,= 0.71070 A). The 

omega scan m ethod was used to collect a full sphere o f  data for each crystal with

detector-to-crystal distance o f  either 5 or 6 cm at 20 °C. Data were collected, processed
1 2and corrected from Lorentz and polarisation effects using SM ART and SAINT-NT 

software. Absorption corrections for single crystals were applied using SADABS.^ The 

structures were solved using direct m ethods and refined on HKLF4 data with the 

SHELXTL program package.'* All non-hydrogen atoms were refined anisotropically. 

Hydrogen atoms were assigned to calculated positions using a riding model with 

appropriately fixed isotropic thermal parameters. Figures were drawn using MERCURY^ 

and 0RTEP3.^ The crystallographic details and experimental parameters as well as are 

bond lengths and bond angles are found in the tables below.

'B ruker SM ART, Version 5.625, 1997-2001, Bruker-AXS Inc.

^Bruker SM ART-NT, Version 6.02a, 1997-2001, Bruker-AXS Inc.

 ̂ SADABS, Version 2.03, 1999, Bruker-AXS Inc.

''G.M. Sheldrick, SHELXTL, Version 5.1, 1998, Bruker-AXS Inc.

^Free download from the CCDC website (www.ccdc.cam.ac.uk')

^L.J. Farrugia, J. Appl. C ry st, 1997, 30, 565
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B r l

Figure 1: X-ray crystal structure of (Z)-l-bromo-2-dimethylaniino-l-

phenylsulfonylethene 234

Table 1: Crystal data and structure refinement for (Z)-l-bromo-2-dimethylamino-l-

phenylsulfonylethene 234

Empirical formula C 1 0 H 1 2 B r N 0 2 S

Formula weight 290.18

Temperature 121(2)K

Wavelength 0.71070 A

Crystal system Monoclinic

Space group P21/n

Unit cell dimensions a = 8.439(4) A p II o o

b =  11.478(5) A P = 96.281(5)°

c =  11.763(5) A Y = 90°.

Volume 1132.6(8) A3

Z 4

Density (calculated) 1.702 Mg/m3
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Absorption coefficient 

F(OOO)

Crystal size

Theta range for data collection 

Index ranges 

Reflections collected 

Independent reflections 

Completeness to theta = 25.00° 

Absorption correction 

Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-fit on

Final R indices [I>2sigma(I)]

R indices (all data)

Largest d iff peak and hole

3.793 mm-1 

584

0.30 X 0.20 x 0.20 mm^

2.83 to 25.00°

-10<=h<=10, -13<=k<=13, -13<=K=13 

9045

1986 [R(int) = 0.0243]

99.8 %

Semi-empirical from equivalents 

1.00000 and 0.81550 

Full-matrix least-squares on F^ 

1 9 8 6 / 0 /  137 

1.091

R1 =0.0237, wR2 = 0.0597 

R1 = 0.0255, wR2 = 0.0607 

0.335 and -0.334 e.A-3
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Table 2: Atomic coordinates (x lO^) and equivalent isotropic displacement parameters 

(A^x 10^) for (Z)-l-bromo-2-dimethylamino-l-phenylsulfonylethene 234 

U(eq) is defined as one third of the trace o f the orthogonalized UU tensor.

x y z U(eq)

Br(l) 1714(1) 2612(1) -1955(1) 19(1)

S(l) 4149(1) 2678(1) 144(1) 13(1)

0(1) 4912(2) 3465(1) 995(1) 16(1)

0(2) 5134(2) 2007(2) -536(2) 18(1)

N(l) 1501(2) 5424(2) -914(2) 16(1)

C(l) 2985(3) 1678(2) 838(2) 13(1)

C(2) 2215(3) 2060(2) 1760(2) 17(1)

C(3) 1223(3) 1310(2) 2266(2) 20(1)

C(4) 1017(3) 176(2) 1863(2) 23(1)

C(5) 1815(3) -207(2) 964(2) 24(1)

C(6) 2803(3) 541(2) 442(2) 19(1)

C(7) 2788(3) 3488(2) -741(2) 14(1)

C(9) 1370(3) 6534(2) -330(2) 20(1)

C( l l ) 532(3) 5316(2) -2015(2) 25(1)

C(12) 2487(3) 4606(2) -438(2) 14(1)
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Table 3: Bond lengths [A] and angles [°] for (Z)-l-bromo-2-dimethylamino-l-

phenylsulfonylethene 234

Br(l)-C(7) 1.895(2)

S(l)-0(2) 1.4389(1

S(l)-0(1) 1.4453(1

S(l)-C(7) 1.734(2)

S (l)-C (l) 1.768(2)

N(l)-C(12) 1.336(3)

N(l)-C(9) 1.458(3)

N (l)-C (ll) 1.459(3)

C(l)-C(6) 1.388(3)

C(l)-C(2) 1.395(3)

C(2)-C(3) 1.380(4)

C(3)-C(4) 1.390(4)

C(4)-C(5) 1.385(4)

C(5)-C(6) 1.387(4)

C(7)-C(12) 1.362(3)

0 (2 )-S (l)-0 (l) 118.59(10)

0(2)-S(l)-C(7) 109.81(11)

0(1)-S(1)-C(7) 107.23(11)

0 (2 )-S (l)-C (l) 107.01(11)

0(1)-S(1)-C(1) 108.32(11)

C(7)-S(l)-C(l) 105.08(11)

C(12)-N(l)-C(9) 119.5(2)

C (12)-N (l)-C (ll) 125.1(2)

C (9)-N (l)-C (ll) 115.34(19)

C(6)-C(l)-C(2) 120.9(2)

C(6)-C(l)-S(l) 120.13(19)

C(2)-C(l)-S(l) 118.94(17)

C(3)-C(2)-C(l) 119.6(2)
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C(2)-C(3)-C(4) 119.8(2)

C(5)-C(4)-C(3) 120.3(2)

C(4)-C(5)-C(6) 120.5(2)

C(5)-C(6)-C(l) 118.9(2)

C(12)-C(7)-S(l) 118.54(18)

C(12)-C(7)-Br(l) 127.56(18)

S(l)-C(7)-Br(l) 113.51(13)

N(l)-C(12)-C(7) 132.6(2)

Symmetry transformations used to generate equivalent atoms
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Table 4: Anisotropic displacement parameters (A^x 10^) for (Z)-l-bromo-2- 

dimethylamino-1 -phenylsulfonylethene 234

The anisotropic displacement factor exponent takes the form: -2n^[ h^ a*^\J^  ̂ + ... + 2  

hka* b*ul2]

u i i U 2 2 U33 U23 U l3 U l 2

B r(l) 21(1) 20(1) 15(1) -3(1) -3(1) -1(1)

S (l) 12(1) 14(1) 12(1) 1(1) 0(1) 0(1)

0(1) 15(1) 17(1) 15(1) 0(1) -4(1) -1(1)

0 ( 2 ) 15(1) 21(1) 19(1) 0(1) 5(1) 2(1)

N (l) 16(1) 15(1) 16(1) 0(1) -2(1) 0(1)

C (l) 12(1) 13(1) 13(1) 3(1) -1(1) 0(1)

C(2) 17(1) 17(1) 16(1) 1(1) 0(1) 3(1)

C(3) 18(1) 27(1) 16(1) 4(1) 3(1) 4(1)

C(4) 21(1) 24(1) 25(2) 11(1) 1(1) -5(1)

C(5) 31(2) 16(1) 25(2) 0(1) 0(1) -4(1)

C(6) 23(1) 19(1) 16(1) -1(1) 2(1) 0(1)

C(7) 15(1) 16(1) 10(1) 0(1) -2(1) -2(1)

C(9) 20(1) 15(1) 23(1) 0(1) 2(1) 0(1)

C( l l ) 29(1) 21(1) 23(2) 5(1) -9(1) -1(1)

C(12) 12(1) 18(1) 12(1) 1(1) 1(1) -4(1)
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Table 5: Hydrogen coordinates (x lO^) and isotropic displacement parameters (A^x 10 

3) for (Z)-l-bromo-2-dimethylamino-l-phenylsulfonylethene 234.

X y z U(eq)

H (l) 2310 2850 1960 24

H(2) 604 1584 2855 28

H(3) 480 -338 2238 31

H(4) 1767 -1020 749 33

H(5) 3417 279 -232 27

H(6) 1723 7156 -660 26

H(7) 248 6670 -166 26

H(8) 2060 6555 397 26

H(9) -519 5003 -1897 30

H(10) 1058 4788 -2510 30

H(12) 405 6084 -2376 30

H( l l ) 3063 4858 210 19
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Crystal structure determination of ((£)-2-phenylsulfonyi-4-plienyl-but-l-en-3-ynyl)-

dimethylamine 258

PhSO

NMe,

Ph

Data were collected on a Bruker SM ART APEX diffractom eter with CCD detector. The 

diffractom eter utilised graphite-monochromated M o-K a radiation (X= 0.71070 A). The 

omega scan m ethod was used to collect a full sphere o f  data for each crystal with 

detector-to-crystal distance o f  either 5 or 6 cm at 20 °C. Data were collected, processed
1 9and corrected from Lorentz and polarisation effects using SM ART and SAINT-NT 

software. Absorption corrections for single crystals were applied using SADABS.^ The 

structures were solved using direct methods and refined on HKLF4 data with the 

SHELXTL program  package.'^ All non-hydrogen atoms were refined anisotropically. 

Hydrogen atoms were assigned to calculated positions using a riding model with 

appropriately fixed isotropic thermal parameters. Figures were drawn using MERCURY^ 

and ORTEP3.^ The crystallographic details and experimental param eters as well as are 

bond lengths and bond angles are found in the tables below.
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Figure 2: X-ray crystal structure of ((£)-2-phenylsulfonyI-4-phenyl-but-l-en-3- 

ynyl)-dimethylainine 258

Table 1: Crystal data and structure refinement for ((£)-2-phenylsulfonyl-4-phenyl-but-l-

en-3-ynyl)-dimethylamine 258

Identification code 

Empirical formula 

Formula weight 

Temperature 

Wavelength 

Crystal system 

Space group 

Unit cell dimensions

imu3139m

C24 H22.67 N1.33 02.67 S I.33

415.18

273(2) K

0.71073 A
Monoclinic

P2(l)/n

a = 7.7430(14) A a = 90°.

b = 10.9177(19) A p = 98.283(3)=
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Volume

Z

Density (calculated)

Absorption coefficient 

F(OOO)

Crystal size

Theta range for data collection 

Index ranges 

Reflections collected 

Independent reflections 

Completeness to theta = 25.00° 

Absorption correction 

Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-fit on

Final R indices [I>2sigma(I)]

R indices (all data)

Largest diff. peak and hole

c =  18.996(3) A y = 90°.

1589.1(5) A3 

3

1.302 Mg/m^

0.210 m m 'l 

656

0.35 X 0.30 X 0.30 mm^

2.16 to 25.00°

-9<=h<=9, -12<=k<=12, -2K=1<=22 

12177

2794 [R(int) = 0.0274]

100 .0 %

Semi-empirical from equivalents 

1.00000 and 0.740375

Full-matrix least-squares on p2 

2 7 9 4 / 0 / 2 0 1

1. 112

R1 =0.0400, wR2 = 0.1049 

R1 =0.0413, wR2 = 0.1060 

0.334 and -0.316 e.A’3
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Table 2: Atomic coordinates (x lO^) and equivalent isotropic displacement parameters 

(A^x 10^) for ((£)-2-phenylsulfonyl-4-phenyl-but-l-en-3-ynyl)-dimethylamine 258 

U(eq) is defined as one third o f the trace o f the orthogonalized UU tensor.

X y z U(eq)

S(l) 1630(1) 4778(1) 2186(1) 28(1)

0(1) 1100(2) 5673(1) 2671(1) 35(1)

0(2) 3206(2) 4093(1) 2407(1) 37(1)

C(7) 2295(2) 4669(2) 860(1) 32(1)

C(4) -75(2) 3687(2) 2001(1) 27(1)

N (l) 1444(2) 7469(1) 770(1) 35(1)

C(17) 1423(2) 6715(2) 1319(1) 31(1)

C(8) 2708(2) 3907(2) 460(1) 34(1)

C(9) 3129(2) 3055(2) -61(1) 33(1)

C(18) 1782(2) 5484(2) 1372(1) 29(1)

C(2) -1026(3) 1626(2) 1782(1) 39(1)

C(5) -1792(2) 4078(2) 1958(1) 34(1)

C(3) 323(2) 2468(2) 1914(1) 32(1)

C (l) -2738(3) 2009(2) 1734(1) 41(1)

C(6) -3121(2) 3233(2) 1824(1) 41(1)

C(10) 3129(3) 1796(2) 64(1) 44(1)

C(14) 3523(3) 3473(2) -714(1) 42(1)

C(15) 1827(3) 7092(2) 73(1) 45(1)

C( l l ) 3478(3) 987(2) -457(1) 51(1)

C(12) 3851(3) 1408(2) -1100(1) 49(1)

C(16) 1216(3) 8776(2) 860(1) 47(1)

C(13) 3885(3) 2646(2) -1227(1) 50(1)
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Table 3: Bond lengths [A] and angles [°] for ((£’)-2-phenylsulfonyl-4-phenyl-but-l-en-3-

ynyl)-dimethylamine 258

S (l)-0(2)

S (l)-0(1)

S(l)-C(18)

S(l)-C(4)

C(7)-C(8)

C(7)-C(18)

C(4)-C(3)

C(4)-C(5)

N(l)-C(17)

N(l)-C(16)

N(1)-C(15)

C(17)-C(18)

C(8)-C(9)

C(9)-C(10)

C(9)-C(14)

C(2)-C(l)

C(2)-C(3)

C(5)-C(6)

C(l)-C(6)

C (10)-C (ll)

C(14)-C(13)

C (ll)-C (12)

C(12)-C(13)

1.4411(13)

1.4426(13)

1.7471(17)

1.7751(17)

1.201(3)

1.416(2)

1.381(2)

1.388(2)

1.331(2)

1.451(3)

1.458(2)

1.373(3)

1.430(2)

1.394(3)

1.395(3)

1.380(3)

1.387(3)

1.379(3)

1.385(3)

1.382(3)

1.387(3)

1.375(3)

1.373(3)

0 (2 )-S (l)-0 (l)  118.15(8)

0(2)-S(l)-C(18) 108.96(8)

0(1)-S(1)-C(18) 109.14(8)

0(2)-S(l)-C (4) 106.52(8)
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0(1)-S(1)-C(4) 107.98(8)

C(18)-S(l)-C(4) 105.32(8)

C(8)-C(7)-C(18) 175.09(19)

C(3)-C(4)-C(5) 121.20(16)

C(3)-C(4)-S(l) 119.84(13)

C(5)-C(4)-S(l) 118.94(14)

C(17)-N(l)-C(16) 120.12(16)

C(17)-N(l)-C(15) 124.29(16)

C(16)-N(l)-C(15) 115.40(16)

N(l)-C(17)-C(18) 129.66(17)

C(7)-C(8)-C(9) 175.56(19)

C(10)-C(9)-C(14) 118.67(17)

C(10)-C(9)-C(8) 121.16(17)

C(14)-C(9)-C(8) 120.17(17)

C(17)-C(18)-C(7) 129.68(16)

C(17)-C(18)-S(l) 117.25(13)

C(7)-C(18)-S(l) 113.06(13)

C(l)-C(2)-C(3) 120.18(18)

C(6)-C(5)-C(4) 119.21(17)

C(4)-C(3)-C(2) 119.01(17)

C(2)-C(l)-C(6) 120.30(18)

C(5)-C(6)-C(l) 120.10(18)

C(ll)-C(10)-C(9) 120.20(19)

C(13)-C(14)-C(9) 120.23(19)

C(12)-C(ll)-C(10) 120.7(2)

C(13)-C(12)-C(ll) 119.77(19)

C(12)-C(13)-C(14) 120.5(2)

Symmetry transformations used to generate equivalent atoms
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Table 4: Anisotropic displacement parameters (A^x lO^) for ((£)-2-phenylsulfonyl-4- 

phenyl-but-1 -en-3-ynyl)-dimethylamine 258

The anisotropic displacement factor exponent takes the form: -2n^[ h^  ̂ + ... + 2

hka* b*ul2]

u i i U 2 2 U33 U23 Ul3 U l 2

S(l) 29(1) 31(1) 24(1) 0(1) 6(1) 0(1)

0(1) 44(1) 35(1) 28(1) -5(1) 11(1) -4(1)

0 ( 2 ) 30(1) 45(1) 34(1) 4(1) 2(1) 2(1)

C(7) 32(1) 34(1) 30(1) 1(1) 7(1) -4(1)

C(4) 30(1) 31(1) 21(1) 3(1) 6(1) 0(1)

N (l) 43(1) 34(1) 28(1) 3(1) 4(1) -1(1)

C(17) 30(1) 36(1) 26(1) -1(1) 4(1) -2(1)

C(8) 36(1) 37(1) 29(1) 1(1) 8(1) -2(1)

C(9) 32(1) 38(1) 28(1) -4(1) 5(1) 0(1)

C(18) 32(1) 32(1) 25(1) 0(1) 8(1) -2(1)

C(2) 53(1) 31(1) 36(1) 0(1) 12(1) -2(1)

C(5) 33(1) 35(1) 34(1) 2(1) 8(1) 5(1)

C(3) 34(1) 33(1) 29(1) 2(1) 8(1) 5(1)

C (l) 42(1) 46(1) 35(1) 0(1) 9(1) -14(1)

C(6) 28(1) 56(1) 39(1) 1(1) 8(1) 2(1)

C(10) 58(1) 40(1) 36(1) -2(1) 15(1) -4(1)

C(14) 53(1) 43(1) 30(1) 3(1) 10(1) 6(1)

C(15) 60(1) 48(1) 29(1) 7(1) 10(1) -2(1)

C( l l ) 67(2) 36(1) 52(1) -9(1) 15(1) 0(1)

C(12) 56(1) 55(1) 38(1) -16(1) 9(1) 6(1)

C(16) 63(1) 36(1) 39(1) 7(1) 2(1) 4(1)

C(13) 63(1) 62(1) 27(1) -1(1) 13(1) 7(1)
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Table 5: Hydrogen coordinates (x lO^) and isotropic displacement parameters (A^x 10 

3) for ((£)-2-phenylsulfonyl-4-phenyl-but-l-en-3-ynyl)-dimethylamine 258

x y z U(eq)

H(17) 1121 7075 1728 37

H(2) -777 802 1726 47

H(5) -2043 4901 2020 40

H(3) 1478 2216 1943 38

H (l) -3638 1442 1641 49

H(6) -4277 3485 1793 49

H(10) 2894 1501 499 53

H(14) 3544 4309 -805 50

H(15A) 3060 7154 62 68

H(15B) 1215 7613 -286 68

H(15C) 1460 6259 -16 68

H( l l ) 3460 148 -371 61

H(12) 4080 857 -1449 59

H(16A) 849 8929 1313 70

H(16B) 346 9076 488 70

H(16C) 2301 9188 837 70

H(13) 4151 2931 -1660 60
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Crystal structure determination of l-dimethyiamino-2,4-diphenysulfonylbuta-l,3-

diene 267

NMC2

SOjPh

Data were collected on a Bruker SMART APEX diffractometer with CCD detector. The 

diffractometer utilised graphite-monochromated Mo-Ka radiation (k= 0.71070 A ). The 

omega scan method was used to collect a ftill sphere of data for each crystal with 

detector-to-crystal distance o f  either 5 or 6 cm at 20 °C. Data were collected, processed 

and corrected from Lorentz and polarisation effects using SMART' and SAINT-NT^ 

software. Absorption corrections for single crystals were applied using SADABS.^ The 

structures were solved using direct methods and refined on HKLF4 data with the 

SHELXTL program package.”* All non-hydrogen atoms were refined anisotropically. 

Hydrogen atoms were assigned to calculated positions using a riding model with 

appropriately fixed isotropic thermal parameters. Figures were drawn using MERCURY^ 

and 0RTEP3.'’ The crystallographic details and experimental parameters as well as are 

bond lengths and bond angles are found in the tables below.
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C 1 3

C 1 4

C 1 7

C 1 6

C L 2
C l  3̂

Figure 3: X-ray crystal structure of l-dimethylamino-2,4-diphenysulfonyIbuta-l,3-

diene 267

Table 1: Crystal data and structure refinement for l-dimethylamino-2,4- 

diphenysulfonylbuta-l,3-diene 267

Identification code 

Empirical formula 

Formula weight 

Temperature 

Wavelength 

Crystal system 

Space group 

Unit cell dimensions

imul56m

C19H 20 C B N  0 4  S2

496.83

396(2)K

0.71073 A
Monoclinic

Pc

a = 5.8766(5) A 
b =  14.3005(12) A

a  = 90°.

p =  102.1530(10)°.
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Volume

Z

Density (calculated)

Absorption coefficient 

F(OOO)

Crystal size

Theta range for data collection 

Index ranges 

Reflections collected 

Independent reflections 

Completeness to theta = 28.31° 

Absorption correction 

Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-fit on

Final R indices [I>2sigma(I)]

R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

c =  13.1393(11) A y  = 90°.

1079.46(16) A3 

2

1.529 M g/m3 

0.645 mm"l 

512

0.45 X 0.21 x  0.22 m m ^

1.42 to 28.31°

-7<=h<=7, -18<=k<=19, -17<=K=17 

10690

5291 [R(int) = 0.0164]

99.6 %

Semi-empirical from equivalents 

1.00000 and 0.880041 

Full-matrix least-squares on F^

5291 7 2 / 2 6 4

1.069

R1 = 0.0305, wR2 = 0.0778 

R1 =0.0310, wR2 = 0.0782 

0.03(4)

0.724 and -0.323 e.A '^
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Table 2: Atomic coordinates (x 10"̂ ) and equivalent isotropic displacement parameters 

(A^x 10^) for l-dimethylamino-2,4-diphenysulfonylbuta-l,3-diene 267 

U(eq) is defined as one third of the trace of the orthogonalized Uy tensor.

X y z U(eq)

S(l) 4197(1) 3427(1) 7995(1) 20(1)

S(2) 6320(1) 1168(1) 5626(1) 18(1)

Cl(2) 11224(1) 1814(1) 1600(1) 40(1)

C l(l) 6484(1) 2314(1) 690(1) 54(1)

Cl(3) 7617(1) 1333(1) 2678(1) 48(1)

0(4) 7588(2) 479(1) 5155(1) 25(1)

C(18) 9959(3) 920(1) 7157(1) 18(1)

N (l) 11286(3) 798(1) 8088(1) 21(1)

0(3) 3912(2) 959(1) 5638(1) 25(1)

0(2) 6317(2) 3791(1) 8626(1) 28(1)

C(13) 4868(3) 2495(1) 7268(1) 21(1)

C(14) 7029(3) 2141(1) 7449(1) 19(1)

C (l) 1301(4) 5686(1) 5666(2) 34(1)

0(1) 2354(3) 3153(1) 8512(1) 31(1)

C(17) 10659(4) 1057(1) 9065(2) 27(1)

C(6) 91(4) 5420(2) 6417(2) 33(1)

C(19) 8293(3) 1488(1) 1447(2) 28(1)

C(7) 4403(4) 3341(2) 3688(2) 39(1)

C(8) 4316(3) 2529(1) 4272(2) 28(1)

C(10) 8405(3) 2711(2) 5016(2) 29(1)

C(12) 6448(5) 3833(2) 3777(2) 40(1)

C(9) 6334(3) 2225(1) 4925(1) 20(1)

C(4) 3017(3) 4282(1) 7055(1) 21(1)

C(3) 4242(3) 4540(1) 6306(2) 27(1)

C(15) 7872(3) 1402(1) 6877(1) 19(1)
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C(2) 3381(4) 5248(2) 5613(2) 32(1)

C(16) 13487(3) 293(2) 8197(2) 30(1)

C( l l ) 8458(5) 3527(2) 4446(2) 39(1)

C(5) 920(3) 4710(1) 7118(2) 27(1)

239



Appendix

Table 3: Bond lengths [A] and angles [°] for l-dimethylamino-2,4-diphenysulfonylbuta- 

1,3-diene 267

S (l)-0 (2 ) 1.4405(14)

S (l)-0 (1 ) 1.4479(15)

S(l)-C(13) 1.7339(18)

S(l)-C(4) 1.7726(18)

S(2)-0(3) 1.4497(14)

S(2)-0(4) 1.4507(13)

S(2)-C(15) 1.7367(17)

S(2)-C(9) 1.7709(18)

Cl(2)-C(19) 1.754(2)

Cl(l)-C(19) 1.753(2)

Cl(3)-C(19) 1.758(2)

C(18)-N(l) 1.316(2)

C(18)-C(15) 1.387(2)

N(l)-C(17) 1.456(3)

N(l)-C(16) 1.462(2)

C(13)-C(14) 1.341(2)

C(14)-C(15) 1.444(2)

C(l)-C(6) 1.385(4)

C(l)-C(2) 1.388(3)

C(6)-C(5) 1.390(3)

C(7)-C(12) 1.376(4)

C(7)-C(8) 1.398(3)

C(8)-C(9) 1.380(2)

C(10)-C(9) 1.385(3)

C (10)-C (ll) 1.390(3)

C (12)-C (ll) 1.387(4)

C(4)-C(3) 1.385(3)

C(4)-C(5) 1.394(2)
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C(3)-C(2)

0 (2)-S (l)-0 (l)

0(2)-S(l)-C(13)

0(1)-S(1)-C(13)

0(2)-S(l)-C(4)

0(1)-S(1)-C(4)

C(13)-S(l)-C(4)

0(3)-S(2)-0(4)

0(3)-S(2)-C(15)

0(4)-S(2)-C(15)

0(3)-S(2)-C(9)

0(4)-S(2)-C(9)

C(15)-S(2)-C(9)

N(l)-C(18)-C(15)

C(18)-N(l)-C(17)

C(18)-N(l)-C(16)

C(17)-N(l)-C(16)

C(14)-C(13)-S(l)

C(13)-C(14)-C(15)

C(6)-C(l)-C(2)

C(l)-C(6)-C(5)

C1(1)-C(19)-C1(2)

C1(1)-C(19)-C1(3)

C1(2)-C(19)-C1(3)

C(12)-C(7)-C(8)

C(9)-C(8)-C(7)

C(9)-C(10)-C(ll)

C(7)-C(12)-C(ll)

C(8)-C(9)-C(10)

C(8)-C(9)-S(2)

1.385(3)

118.01(9)

108.97(9)

109.24(9)

108.44(8)

107.00(9)

104.31(9)

117.04(8)

110.35(8)

108.66(8)

107.06(8)

107.44(8)

105.65(8)

129.00(16)

125.14(15)

119.68(16)

114.96(15)

120.61(14)

126.85(15)

120.09(19)

120.82(19)

110.45(11)

112.30(12)

109.57(11)

120.7(2)

118.5(2)

119.58(19)

120.3(2)

121.36(18)

119.67(15)
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C(10)-C(9)-S(2) 118.92(13)

C(3)-C(4)-C(5) 121.62(17)

C(3)-C(4)-S(l) 119.53(14)

C(5)-C(4)-S(l) 118.78(15)

C(2)-C(3)-C(4) 119.25(19)

C(18)-C(15)-C(14) 127.37(15)

C(18)-C(15)-S(2) 114.47(13)

C(14)-C(15)-S(2) 117.65(12)

C(3)-C(2)-C(l) 120.1(2)

C(12)-C(ll)-C(10) 119.6(2)

C(6)-C(5)-C(4) 118.14(19)

Symmetry transformations used to generate equivalent atoms
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Table 4: Anisotropic displacement parameters (A^x 10^) for l-dimethylamino-2,4-

diphenysulfonylbuta-l,3-diene 267 

The anisotropic displacement factor exponent takes the form: -2n^[ h^ a*2u^  ̂ + 2

h k a* b* ]

U H U22 U33 U23 Ul3 Ul2

S(l) 23(1) 17(1) 21(1) -1(1) 5(1) 2(1)

S(2) 20(1) 17(1) 17(1) -1(1) 1(1) 1(1)

Cl(2) 29(1) 56(1) 36(1) 0(1) 9(1) -5(1)

C l(l) 40(1) 41(1) 73(1) 13(1) -7(1) 3(1)

Cl(3) 56(1) 50(1) 46(1) -6(1) 31(1) -10(1)

0(4) 30(1) 22(1) 21(1) -3(1) 2(1) 6(1)

C(18) 18(1) 17(1) 20(1) 0(1) 5(1) 1(1)

N (l) 18(1) 23(1) 22(1) 4(1) 3(1) 1(1)

0(3) 23(1) 26(1) 25(1) -3(1) 2(1) -5(1)

0(2) 31(1) 23(1) 26(1) -6(1) -2(1) 4(1)

C(13) 23(1) 17(1) 22(1) -5(1) 3(1) 1(1)

C(14) 23(1) 16(1) 17(1) 1(1) 2(1) -1(1)

C (l) 39(1) 21(1) 35(1) 5(1) -5(1) 2(1)

0(1) 36(1) 26(1) 33(1) 3(1) 16(1) 4(1)

C(17) 30(1) 30(1) 20(1) 5(1) 3(1) -1(1)

C(6) 26(1) 25(1) 45(1) 1(1) 3(1) 7(1)

C(19) 30(1) 23(1) 31(1) -2(1) 6(1) -4(1)

C(7) 47(1) 33(1) 33(1) 9(1) 2(1) 17(1)

C(8) 28(1) 27(1) 26(1) 2(1) 0(1) 7(1)

C(10) 28(1) 30(1) 27(1) 3(1) 1(1) -3(1)

C(12) 61(2) 22(1) 37(1) 9(1) 14(1) 8(1)

C(9) 25(1) 19(1) 16(1) 1(1) 2(1) 2(1)

C(4) 21(1) 17(1) 22(1) 0(1) 1(1) 1(1)

C(3) 27(1) 24(1) 30(1) 2(1) 8(1) 1(1)
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C(15) 18(1) 20(1) 15(1) -1(1) -1(1) 1(1)

C(2) 38(1) 27(1) 31(1) 5(1) 8(1) -2(1)

C(16) 22(1) 36(1) 30(1) 10(1) 2(1) 7(1)

C ( l l ) 50(1) 29(1) 37(1) 2(1) 10(1) -9(1)

C(5) 24(1) 23(1) 35(1) 0(1) 7(1) 3(1)
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Table 5: Hydrogen coordinates (x 10^) and isotropic displacement parameters (A^x 10 

3) for l-dimethylamino-2,4-diphenysulfonylbuta-l,3-diene 267

X y z U(ec

H(18) 10496 645 6610 22

H(13) 3719 2238 6747 25

H(14) 8097 2399 8002 23

H (l) 718 6158 5196 40

H(17A) 11286 1663 9277 40

H(17B) 11285 606 9590 40

H(17C) 8995 1073 8971 40

H(6) -1292 5722 6452 39

H(19) 8078 888 1080 34

H(7) 3065 3551 3235 47

H(8) 2929 2202 4221 34

H(10) 9752 2493 5456 35

H(12) 6482 4373 3386 48

H(3) 5627 4240 6269 32

H(2) 4197 5431 5112 38

H(16A) 13352 -308 8504 45

H(16B) 14705 644 8635 45

H(16C) 13851 212 7523 45

H( l l ) 9833 3865 4514 46

H(5) 98 4524 7616 33
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Crystal structure determination of (2£’,4£)-5-(dimethylamino)-A^,A^-diniethyl-2- 

(phenyIsulfonyl)penta-2,4-dienamide 277

PhSO

NMe,NMej

Data were collected on a Bruker SMART APEX diffractometer with CCD detector. The 

diffractometer utilised graphite-monochromated Mo-Ka radiation ( X =  0.71070 A ). The 

omega scan method was used to collect a fiill sphere o f data for each crystal with

detector-to-crystal distance o f either 5 or 6 cm at 20 °C. Data were collected, processed
1 2and corrected from Lorentz and polarisation effects using SMART and SAINT-NT 

software. Absorption corrections for single crystals were applied using SADABS. The 

structures were solved using direct methods and refined on HKLF4 data with the 

SHELXTL program package.^ All non-hydrogen atoms were refined anisotropically. 

Hydrogen atoms were assigned to calculated positions using a riding model with 

appropriately fixed isotropic thermal parameters. Figures were drawn using MERCURY^ 

and 0RTEP3.^ The crystallogiaphic details and experimental parameters as well as are 

bond lengths and bond angles are found in the tables below.
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C20

CIO

C l 2

C28

X-ray crystal structure of (2£’,4£)-5-(dimethylainino)-A^,7V-diniethyl-2- 

(phenylsulfonyl)penta-2,4-dienamide 111

Table 1: Crystal data and structure refinement for (2£',4£)-5-(dimethylamino)-7V,A^- 

dimethyl-2-(phenylsulfonyl)penta-2,4-dienamide 111

Identification code 

Empirical formula 

Formula weight 

Temperature 

Wavelength 

Crystal system 

Space group 

Unit cell dimensions

shelxl

C60 H80 N8 012S4

1233.60

98(2) K

0.71070 A
Triclinic

P-1

a = 8.511(3) A 
b =  12.926(5) A

a = 86.767(6)°. 

p = 88.488(8)°.
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Volume

Z

Density (calculated)

Absorption coefficient 

F(OOO)

Crystal size

Theta range for data collection 

Index ranges 

Reflections collected 

Independent reflections 

Completeness to theta = 25.00° 

Absorption correction 

Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-fit on

Final R indices [I>2sigma(I)]

R indices (all data)

Largest diff. peak and hole

c = 14.573(5) A  Y = 89.483(8)°.

1600.1(10) A3 

1

1.280 Mg/m3 

0.213 mm-1 

656

0.20 X 0.06 X 0.04 mm^

1.40 to 25.00°

-7<=h<=8, -15<=k<=15, -17<=K=17 

15411

4904 [R(int) = 0.0473]

87.0 %

Semi-empirical from equivalents

1.00000 and 0.61870 

Full-matrix least-squares on F^

4904 / 0 / 387

1.138

R1 =0.0768, wR2 = 0.2419 

R1 =0.1010, wR2 = 0.2854 

0.740 and -0.734 e .A '3
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Table 2: Atomic coordinates (x 10^) and equivalent isotropic displacement parameters 

(A^x 10^) for (2£',4£)-5-(dimethylamino)-A^,A^-dimethyl-2-(phenylsulfonyl)penta-2,4-

dienamide 277

U(eq) is defined as one third o f the trace of the orthogonalized Uy tensor.

x y z U(eq)

S(l) 150(2) 2880(1) 7452(1) 22(1)

0(1) 326(5) 3999(3) 7339(3) 30(1)

0(2) 1016(5) 2306(3) 8148(3) 28(1)

0(3) -1279(5) 3210(3) 5431(3) 29(1)

N (l) 2936(6) -682(3) 5050(3) 25(1)

N(4) 1276(6) 3477(3) 5031(3) 24(1)

C (l) -4992(8) 2241(5) 8140(4) 30(1)

C(2) -4576(8) 3122(5) 7601(4) 37(2)

C(3) -3025(7) 3323(5) 7389(4) 29(1)

C(4) -1871(7) 2640(4) 7715(3) 24(1)

C(5) -2279(7) 1760(4) 8263(4) 26(1)

C(6) -3836(7) 1567(4) 8474(4) 28(1)

C(7) 603(7) 2381(4) 6394(3) 21(1)

C(8) 125(8) 3047(4) 5570(4) 22(1)

C(9) 1272(6) 1418(4) 6378(4) 20(1)

C(10) 1705(7) 873(4) 5591(4) 23(1)

C( l l ) 2484(7) -61(4) 5697(4) 22(1)

C(27) 2966(7) 3340(5) 5176(4) 28(1)

C(28) 2645(8) -437(5) 4085(4) 31(1)

C(29) 3970(8) -1573(4) 5254(4) 30(1)

C(30) 897(8) 4152(5) 4228(4) 29(1)

S(2) 5076(2) 1276(1) 1635(1) 21(1)

0(4) 3888(5) 3173(3) 2790(3) 32(1)

0(5) 5298(5) 862(3) 2559(3) 29(1)
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0(6) 5884(5) 799(3) 886(3) 28(1)

N(2) 7841(6) 5396(4) -340(3) 27(1)

N(3) 6454(6) 3606(4) 2836(3) 22(1)

C(12) 1945(8) 1254(4) 2133(4) 31(2)

C(13) 374(8) 1167(5) 1934(5) 39(2)

C(14) -106(9) 1090(5) 1041(6) 44(2)

C(15) 1007(8) 1063(5) 341(5) 38(2)

C(16) 2577(8) 1110(4) 515(4) 27(1)

C(17) 3067(7) 1201(4) 1416(4) 23(1)

C(18) 5575(7) 2582(4) 1599(3) 21(1)

C(19) 6160(7) 3040(4) 799(4) 25(1)

C(20) 6613(7) 4078(4) 654(4) 23(1)

C(21) 5223(7) 3136(4) 2468(4) 24(1)

C(22) 6157(8) 4277(4) 3596(4) 31(1)

C(23) 8092(7) 3380(5) 2651(4) 31(1)

C(24) 7726(9) 6167(5) 349(4) 39(2)

C(25) 8584(8) 5717(5) -1224(4) 35(2)

C(26) 7308(7) 4442(4) -160(4) 26(1)
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Table 3: Bond lengths [A] and angles [°] for (2£',4£)-5-(dimethylamino)-A^,A^-dimethyl- 

2-(phenylsulfonyl)penta-2,4-dienamide 111

S(l)-0(2) 1.438(4)

S(l)-0(1) 1.455(4)

S(l)-C(7) 1.737(5)

S(l)-C(4) 1.779(6)

0(3)-C(8) 1.232(7)

N (l)-C (ll) 1.321(7)

N(l)-C(28) 1.452(7)

N(l)-C(29) 1.465(7)

N(4)-C(8) 1.344(8)

N(4)-C(30) 1.462(7)

N(4)-C(27) 1.467(8)

C(l)-C(6) 1.388(9)

C(l)-C(2) 1.389(9)

C(l)-H(8) 0.9500

C(2)-C(3) 1.372(9)

C(2)-H(7) 0.9500

C(3)-C(4) 1.391(8)

C(3)-H(l) 0.9500

C(4)-C(5) 1.393(8)

C(5)-C(6) 1.375(9)

C(5)-H(10) 0.9500

C(6)-H(9) 0.9500

C(7)-C(9) 1.365(8)

C(7)-C(8) 1.501(7)

C(9)-C(10) 1.419(7)

C(9)-H(2) 0.9500

C (10)-C (ll) 1.375(7)

C(10)-H(3) 0.9500
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C(ll)-H(4) 0.9500

C(27)-H(12) 0.9800

C(27)-H(27) 0.9800

C(27)-H(28) 0.9800

C(28)-H(13) 0.9800

C(28)-H(14) 0.9800

C(28)-H(15) 0.9800

C(29)-H(32) 0.9800

C(29)-H(33) 0.9800

C(29)-H(34) 0.9800

C(30)-H(29) 0.9800

C(30)-H(30) 0.9800

C(30)-H(31) 0.9800

S(2)-0(5) 1.437(4)

S(2)-0(6) 1.440(4)

S(2)-C(18) 1.742(5)

S(2)-C(17) 1.751(6)

0(4)-C(21) 1.219(7)

N(2)-C(26) 1.327(7)

N(2)-C(24) 1.454(8)

N(2)-C(25) 1.461(7)

N(3)-C(21) 1.353(8)

N(3)-C(23) 1.444(8)

N(3)-C(22) 1.459(7)

C(12)-C(13) 1.383(10)

C(12)-C(17) 1.400(8)

C(12)-H(5) 0.9500

C(13)-C(14) 1.385(11)

C(13)-H(18) 0.9500

C(14)-C(15) 1.375(10)

C(14)-H(17) 0.9500
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C(15)-C(16) 1.369(10)

C(15)-H(16) 0.9500

C(16)-C(17) 1.400(8)

C(16)-H(6) 0.9500

C(18)-C(19) 1.361(7)

C(18)-C(21) 1.513(7)

C(19)-C(20) 1.403(8)

C(19)-H(20) 0.9500

C(20)-C(26) 1.373(8)

C(20)-H(19) 0.9500

C(22)-H(21) 0.9800

C(22)-H(22) 0.9800

C(22)-H(23) 0.9800

C(23)-H(24) 0.9800

C(23)-H(25) 0.9800

C(23)-H(26) 0.9800

C(24)-H(35) 0.9800

C(24)-H(36) 0.9800

C(24)-H(37) 0.9800

C(25)-H(38) 0.9800

C(25)-H(39) 0.9800

C(25)-H(40) 0.9800

C(26)-H(ll) 0.9500

0(2)-S (l)-0 (l) 119.5(3)

0(2)-S(l)-C(7) 108.7(3)

0(1)-S(1)-C(7) 107.2(2)

0(2)-S(l)-C(4) 106.1(3)

0(1)-S(1)-C(4) 106.8(3)

C(7)-S(l)-C(4) 108.1(3)

C(ll)-N(l)-C(28) 122.1(5)
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C(ll)-N(l)-C(29) 121.2(5)

C(28)-N(l)-C(29) 116.1(5)

C(8)-N(4)-C(30) 120.5(5)

C(8)-N(4)-C(27) 125.4(5)

C(30)-N(4)-C(27) 114.2(5)

C(6)-C(l)-C(2) 120.0(6)

C(6)-C(l)-H(8) 120.0

C(2)-C(l)-H(8) 120.0

C(3)-C(2)-C(l) 120.2(6)

C(3)-C(2)-H(7) 119.9

C(l)-C(2)-H(7) 119.9

C(2)-C(3)-C(4) 119.6(6)

C(2)-C(3)-H(l) 120.2

C(4)-C(3)-H(l) 120.2

C(3)-C(4)-C(5) 120.5(6)

C(3)-C(4)-S(l) 120.6(4)

C(5)-C(4)-S(l) 118.9(5)

C(6)-C(5)-C(4) 119.5(5)

C(6)-C(5)-H(10) 120.2

C(4)-C(5)-H(10) 120.2

C(5)-C(6)-C(l) 120.2(5)

C(5)-C(6)-H(9) 119.9

C(l)-C(6)-H(9) 119.9

C(9)-C(7)-C(8) 125.9(5)

C(9)-C(7)-S(l) 118.7(4)

C(8)-C(7)-S(l) 115.4(4)

0(3)-C(8)-N(4) 122.7(5)

0(3)-C(8)-C(7) 119.8(5)

N(4)-C(8)-C(7) 117.5(5)

C(7)-C(9)-C(10) 127.2(5)

C(7)-C(9)-H(2) 116.4
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C(10)-C(9)-H(2) 116.4

C(ll)-C(10)-C(9) 119.5(5)

C(ll)-C(10)-H (3) 120.2

C(9)-C(10)-H(3) 120.2

N(1)-C(I1)-C(10) 127.7(5)

N (l)-C (ll)-H (4) 116.1

C(10)-C(ll)-H (4) 116.1

N(4)-C(27)-H(12) 109.5

N(4)-C(27)-H(27) 109.5

H(12)-C(27)-H(27) 109.5

N(4)-C(27)-H(28) 109.5

H(12)-C(27)-H(28) 109.5

H(27)-C(27)-H(28) 109.5

N(l)-C(28)-H(13) 109.5

N(l)-C(28)-H(14) 109.5

H(13)-C(28)-H(14) 109.5

N(l)-C(28)-H(15) 109.5

H(13)-C(28)-H(15) 109.5

H(14)-C(28)-H(15) 109.5

N(l)-C(29)-H(32) 109.5

N(l)-C(29)-H(33) 109.5

H(32)-C(29)-H(33) 109.5

N(l)-C(29)-H(34) 109.5

H(32)-C(29)-H(34) 109.5

H(33)-C(29)-H(34) 109.5

N(4)-C(30)-H(29) 109.5

N(4)-C(30)-H(30) 109.5

H(29)-C(30)-H(30) 109.5

N(4)-C(30)-H(31) 109.5

H(29)-C(30)-H(31) 109.5

H(30)-C(30)-H(31) 109.5
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0(5)-S(2)-0(6) 119.1(2)

0(5)-S(2)-C(18) 107.4(2)

0(6)-S(2)-C(18) 108.5(2)

0(5)-S(2)-C(17) 107.4(3)

0(6)-S(2)-C(17) 106.1(3)

C(18)-S(2)-C(17) 107.8(3)

C(26)-N(2)-C(24) 120.9(5)

C(26)-N(2)-C(25) 122.1(5)

C(24)-N(2)-C(25) 117.0(5)

C(21)-N(3)-C(23) 125.6(5)

C(21)-N(3)-C(22) 118.9(5)

C(23)-N(3)-C(22) 114.8(5)

C(13)-C(12)-C(17) 118.7(6)

C(13)-C(12)-H(5) 120.6

C(17)-C(12)-H(5) 120.6

C(12)-C(13)-C(14) 121.3(6)

C(12)-C(13)-H(18) 119.3

C(14)-C(13)-H(18) 119.3

C(15)-C(14)-C(13) 119.3(7)

C(15)-C(14)-H(17) 120.4

C(13)-C(14)-H(17) 120.4

C(16)-C(15)-C(14) 121.0(7)

C(16)-C(15)-H(16) 119.5

C(14)-C(15)-H(16) 119.5

C(15)-C(16)-C(17) 119.9(6)

C(15)-C(16)-H(6) 120.0

C(17)-C(16)-H(6) 120.0

C(16)-C(17)-C(12) 119.6(6)

C(16)-C(17)-S(2) 119.8(5)

C(12)-C(17)-S(2) 120.5(5)

C(19)-C(18)-C(21) 124.9(5)
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C(19)-C(18)-S(2) 119.2(4)

C(21)-C(18)-S(2) 115.8(4)

C(18)-C(19)-C(20) 126.3(5)

C(18)-C(19)-H(20) 116.8

C(20)-C(19)-H(20) 116.8

C(26)-C(20)-C(19) 121.6(5)

C(26)-C(20)-H(19) 119.2

C(19)-C(20)-H(19) 119.2

0(4)-C(21)-N(3) 123.1(5)

0(4)-C(21)-C(18) 120.7(5)

N(3)-C(21)-C(18) 116.2(5)

N(3)-C(22)-H(21) 109.5

N(3)-C(22)-H(22) 109.5

H(21)-C(22)-H(22) 109.5

N(3)-C(22)-H(23) 109.5

H(21)-C(22)-H(23) 109.5

H(22)-C(22)-H(23) 109.5

N(3)-C(23)-H(24) 109.5

N(3)-C(23)-H(25) 109.5

H(24)-C(23)-H(25) 109.5

N(3)-C(23)-H(26) 109.5

H(24)-C(23)-H(26) 109.5

H(25)-C(23)-H(26) 109.5

N(2)-C(24)-H(35) 109.5

N(2)-C(24)-H(36) 109.5

H(35)-C(24)-H(36) 109.5

N(2)-C(24)-H(37) 109.5

H(35)-C(24)-H(37) 109.5

H(36)-C(24)-H(37) 109.5

N(2)-C(25)-H(38) 109.5

N(2)-C(25)-H(39) 109.5
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H(38)-C(25)-H(39) 109.5

N(2)-C(25)-H(40) 109.5

H(38)-C(25)-H(40) 109.5

H(39)-C(25)-H(40) 109.5

N(2)-C(26)-C(20) 125.6(5)

N (2)-C(26)-H (ll) 117.2

C(20)-C(26)-H(ll) 117.2

Symmetry transformations used to generate equivalent atoms
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Table 4: Anisotropic displacement parameters (A^x 10^) for {2E,AE)-5- 

(dimethylamino)-A^,7V-dimethyl-2-(phenylsulfonyl)penta-2,4-dienamide 277 

The anisotropic displacement factor exponent takes the form; -2n^[ h^ a* 2 u l 1 + ... + 2

h k a* b* ]

u i i U 2 2 U33 U23 U l3 U l 2

S(l) 28(1) 20(1) 18(1) -4(1) 3(1) 0(1)

0(1) 41(3) 18(2) 30(2) -6(2) 5(2) -4(2)

0(2) 31(3) 32(2) 20(2) -5(2) -2(2) -2(2)

0(3) 31(3) 31(2) 26(2) 1(2) -2(2) 0(2)

N (l) 32(3) 20(2) 22(2) -2(2) 4(2) 5(2)

N(4) 34(4) 20(2) 17(2) 1(2) 4(2) 4(2)

C (l) 25(4) 38(4) 27(3) -10(3) 6(2) -1(3)

C(2) 36(5) 41(4) 32(3) 4(3) 5(3) 10(3)

C(3) 37(4) 28(3) 21(3) 4(2) 4(2) 8(3)

C(4) 33(4) 22(3) 16(3) -6(2) 3(2) 1(2)

C(5) 39(4) 16(3) 22(3) 0(2) 2(2) 2(2)

C(6) 32(4) 24(3) 26(3) -1(2) 5(2) 0(2)

C(7) 24(4) 25(3) 15(2) -2(2) 3(2) 3(2)

C(8) 33(4) 15(3) 20(3) -5(2) -1(2) 2(2)

C(9) 16(3) 23(3) 20(3) -4(2) 2(2) 0(2)

C(10) 27(4) 21(3) 21(3) -1(2) 2(2) 8(2)

C( l l ) 27(4) 20(3) 19(3) 1(2) 4(2) -1(2)

C(27) 28(4) 26(3) 29(3) -4(2) 7(2) -4(2)

C(28) 43(4) 30(3) 21(3) -2(2) 0(3) 2(3)

C(29) 42(4) 19(3) 29(3) -2(2) 3(3) 3(2)

C(30) 43(4) 26(3) 19(3) -2(2) 1(2) 3(3)

S(2) 26(1) 18(1) 20(1) -2(1) 2(1) 0(1)

0(4) 21(3) 43(3) 34(2) -16(2) 11(2) -5(2)

0(5) 40(3) 25(2) 22(2) 0(2) -7(2) 4(2)
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0(6) 35(3) 22(2) 27(2) -8(2) 7(2) 0(2)

N(2) 39(3) 22(2) 19(2) -2(2) 9(2) -5(2)

N(3) 26(3) 22(2) 19(2) -5(2) 5(2) 0(2)

C(12) 34(5) 23(3) 35(3) 1(2) 4(3) 0(2)

C(13) 32(5) 23(3) 61(5) 1(3) 17(3) -1(3)

C(14) 27(4) 30(4) 74(5) 1(3) -5(4) -2(3)

C(15) 44(5) 29(3) 42(4) 2(3) -17(3) -4(3)

C(16) 32(5) 22(3) 27(3) 0(2) -4(3) -3(2)

C(17) 34(4) 15(3) 20(3) 2(2) 2(2) 2(2)

C(18) 22(3) 23(3) 18(3) -2(2) 4(2) -6(2)

C(19) 40(4) 21(3) 15(3) -3(2) 2(2) 0(2)

C(20) 32(4) 19(3) 19(3) -4(2) 5(2) -3(2)

C(21) 36(4) 18(3) 16(3) -1(2) 4(2) -3(2)

C(22) 56(5) 18(3) 20(3) -9(2) 4(3) -1(3)

C(23) 31(4) 32(3) 30(3) -10(3) 0(3) -1(3)

C(24) 63(5) 25(3) 30(3) -6(3) 11(3) -8(3)

C(25) 46(4) 30(3) 28(3) 6(3) 14(3) -5(3)

C(26) 38(4) 21(3) 18(3) -3(2) 3(2) 0(2)
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Table 5: Hydrogen coordinates (x 10^) and isotropic displacement parameters (A^x 1) 

3) for (2£,4£)-5-(dimethylamino)-A^,7V-dimethyl-2-(phenylsulfonyl)penta-2,4-dienamidi 
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X y z U(eq)

H(8) -6068 2099 8279 36

H(7) -5369 3586 7379 44

H(l) -2742 3926 7021 35

H(10) -1487 1297 8488 31

H(9) -4122 970 8850 33

H(2) 1470 1075 6958 24

H(3) 1458 1151 4994 28

H(4) 2726 -286 6310 26

H(12) 3453 4020 5215 42

H(27) 3446 2986 4661 42

H(28) 3127 2924 5750 42

H(13) 1611 -103 4024 47

H(14) 2667 -1076 3753 47

H(15) 3458 34 3826 47

H(32) 4982 -1467 4927 45

H(33) 3481 -2203 5055 45

H(34) 4139 -1645 5918 45

H(29) 1312 3846 3670 44

H(30) 1372 4833 4283 44

H(31) -246 4231 4191 44

H(5) 2258 1347 2743 37

H(18) -392 1160 2421 47

H(17) -1193 1056 912 52

H(16) 681 1011 -273 46

H(6) 3332 1080 26 33
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H(20) 6271 2616 290

H(19) 6436 4540 1131

H(21) 6849 4880 3524

H(22) 6366 3893 4179

H(23) 5058 4510 3593

H(24) 8525 2979 3177

H(25) 8670 4030 2547

H(26) 8192 2978 2101

H(35) 8227 5898 912

H(36) 6617 6320 483

H(37) 8256 6802 115

H(38) 7891 6205 -1561

H(39) 8773 5108 -1584

H(40) 9586 6054 -1121

H( l l ) 7416 3971 -635

30

28

47

47

47

46

46

46

59

59

59

53

53

53

31
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