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•ABSTRACT • .„ * x i v 

The electrophillc substitution of aromatic, compounds-

with sulphur trioxide has been known for 150 yea,rs. In the 

present, work this reaction is extended 9to include "a s 

* detailed study of the reactions of highly activated 

aromatic compounds, such as N,N-dimethylaniline, with 

sulphene (CH2=S02) and with azasulphene (HN«S02) and 

derivatives. Sulphonamides may be syntbesissd in high 

yields, under mild conditions, by the hydrolysis of the 

aryl - carboalkoxy-azasulphene prqducts. 

^ . A new, albeit low-yield synthesis of some biphenyls 

with novel substitution patterns is also described. 

'A new series of /5-ketosulphones and some M 

derivatives, especially those sulphenylated a to the ./ 

carbonyl group, have been prepared and identified. 

Alkylation of the dianion from a ' /3-ketosulphoneahas 

provided a new, facile high^vield" synthesis of 'substituted 

thiane*-l,l-dioxides. A derailed proton nmr study showed 

that 2-chlc»ro- and 2-ben'zoyl- tihiane-l,l-dioxide exist in 

deuterochloroform solution primarily with the 2-

substituent in the axial orientation. Such a 

conformational preference in cyclic sulphones arising ffom 

' polar rather than steric forces is quite unus'ual. • 

The carbonyl group in a * j3-ketosulphone shows 

reactivity like that of a simple ketone whilst'the same, 

group in the monosulphenylated derivatives and their i 

oxidation: products does ,not undergo such reactions. 

J "The pKa values of nineteen jg-ketosulphones have been 

measured and these have been correlated with (7 as have 

/ other carbon'*aqid data available in the chemical 
* ' • * 

literature. . ' • 
* 

' Sulphur-33 nmr chemical shifts and linewidths of 

twenty-seven sulphones have been measured; the data 

obtained in this study -are consistent with those published 

to date.' There is a good correlation of sulphur-33 versus 

- carbon-13 chemical shift data for symmetrical dialkyl 

sulphones,and correlations with two other structural types 

do exist; but are not as clea'rly defined. 
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• SMPJtEE 1 " ' 

GENERAL INTRODUCTION 
* * -a 

* * 

Many chemists associate sulphur-containing organic 

molecules with unpleasant smel ls . Notwithstanding t h i s , 

organosulphur chemistry has been studied for wel l , aver a 
t 

y 

hundred years, there' being a wide range of n a t u r a l l y 

occurring and coa l - ta r -der ived Organic- compounds that , 

contain sulphur, £.g.. cysteine, thiophene, e tc . During 

the l a s t few decades an increasing volume of organic 

syntheses involving the use of sulphur-containing 

compounds has 'been published. Much of t h i s work concerns 

t he introduction of a sulphur moiety as a control 

element which i s then remo'ved a t a l a t e r s t age . 

In t h i s t h e s i s some new advances in the chemistry of 

organosulphur compounds, p r i n c i p a l l y concerning 

sulphones, is presented and t h i s f i r s t chapter b r i e f ly 

reviews the establ ished proper t ies of sulphones. Since' 

there are many exce l len t reviews 1 - ' on t h i s subject, 

only the key points w i l l be outlirfed here. , 

A sulphone- is genera l ly represented by s t ruc ture 1 , 

O 
II . , 

R^-S — R 
II 
O 

1̂  . 



k 

*» 
* 

where R and" R1 can be a-wide-ra'nge of" substituents 

bonded through carbon. There have been many studies, 

both theoretical and experimental, to try to establish 

the nature of £he bonding bpth within the*sulphone group 

itself and also with the attached substituents. In v 

former years there were two mutualj.y explosive beliefs, 

one assuming the involvement of d-orbitals in bonding,, , 

' the other not. This dichotomy was caused by the 

phenomenon of 'octet expansion" of third row-elements 

believed by some £0 involve the use of d-orbitals. 

Currently, it is generally believed that ..the' bonding is, 

somewhere between the' two e'xtrentes although §t final 

* * ft * 

agreement,has not yet been reached.0 

Sulphones are blessed with high thermal and 

chemical stability but it is this fact which has led to 
1 ' , 

their relative neglect until repent times; stable 

species do not make good versatile intermediates in 

organic synthesis. 

Although some sulphones occur'naturally, £.&. * 

dimethyl sulphone occurs in cows blood, most have to be 
4 

fc/^synthesised.' Sulphones are normally prepared by one of 
« 

three routes !.£.. 

a) oxidation of sulphides or sulphoxides 

1 ' b) reaction of alkyl tialides with 

„ - sulphinates or sulphites-

- c) Friedel-Crafts reactions. , 



« 

There are however many other methods used that lack 

generality,3 including additions t.o multir/le bonds, • • > * 

rearrangements, cycle-additions £±c_. 

Oxidation qf-sulphides and sulpho^ides to sulphones.1;. 

is the simplest preparative method and can be brought* -v 

about by many common oxidising agents such* ̂ Pssliydrogen 

peroxide and potassi'um permanganate. It is interesting 

R-S-R' 

' or *•„ RS02R 

R'-SO—R' 

to note that the reverse reaction, reduction of a 

sulphone, is much more difficult but can be- effected in 

certain cases by using LiAlH^, amongst other compounds. 

. Alkylation of sUlphinate salts with alkyl halides'and 
* 

i • i 

other related species is generally a high-yield method 

used especially to prepare aryl sulphones, &.Q.. < 

+ Mil ** 

V t r 

The Friedel-Crafts .reactions of sulphonyl^chlorides with 

aromatic compounJto'have been used, to pr/epar'e mainly 

d ia ry l sulphones, £.&. * 



. t •." 

so2ci 

Of the other methods used to prepare sulphones the* 

reaction of. sulphenes with enamines and related 
4 . 4 ° . " •. 

, . » , • -

compounds is of importance*to the current study; this 

will be'discussed in some detail in the next chapter? 

-Sulphones are completely unaffected by all but the 
«• — 

i 
strongest acids; their most important reaction involves 

. •> * <• 

the use of a base to remove one for more) of the 

relatively acidic protons attached to a \ «-carbon atom. 

The ca f ban ion* thus formed is stabilised'by'the electron-

withdrawing sulphone group and undergoes all the regular 

cafbanipn reactions such as alkylation, halogenation t£tC_. 

R'X 

• +B: © / 
/ 

RSO2CR' 

RS02^-CH ->—=• 
I ,-BH © -*r RS02—C 

RSO'2CX 

f 



* "L, 
Sjulphiriic acids are r e l a t i v e l y good leaving- groups and 

fhence many sulphones are prone to base-catalysed 1,2- * 

el iminations. The sulphone group may a lso be exchanged 

* H 
' — - — '-. • / > " « C_2Lc - ^ o=:C RSO,@ 

// , ̂ |. -BH© / \ 2 

for a hydrogen atom.by reductive elimination with 

various'Reagents and methods, £..&. 

PhCH2S02CH2COCH3'M^V» CH3COCH3 

Sulphones are readily identified using infra-red 

spectrophotometry. They exhibit- two strong bands in the 

regions 1380-1300 cm"*1 and 1170-1130 .cm"1, for 

asymmetric and symmetric s t re tching, respec t ive ly , 9 and , 
* * - * 

given their lack of chemical reactivity this is the only 

available general'method of identification. 



6 . 

PART I 

{ 
J , 

f 

--43LRCTROPHILIC REACTIONS OF 

SOME SULPHUR (VI)-CONTAINING 

HETEROCUMULENES WITH ELECTRON-RICH 

AROMATIC COMPOUNDS. 

• 

'*»•'* 
» 

f 
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£HA£TJE 2 ' ' '< 

.INTRODUCTION - HETEROCUMULENES . 

r 

Heterocumule'nes are compounds which possess . 

adjacent 7T-bonds where one or more of the atoms^ in the 

x-system are heteroatoms, for example sulphur, nitrogen 
a 

or oxygen. These species command much general interest 

from organic chemists since -they are commonly found to 

be useful as reactive iatermediates in synthesis. In the 

present study sulphenes, azasulphenes and sulphur 

trioxide (structures 2., 1 and ± respectively) are the 

three heterocumulenes of interest. 

C=$02 R-N="S02 0=S02 

v/ 

These names are the "ones used throughout this thesis. 

The current IUPAC and Chemical Abstracts Service 

nomenclatures are: thioformaldehyde dioxide and 

methanethial, S,S-dioxide for sulphene with N-

sulphonylamine and sulphimide for azasulphene. These 

names are rather unwieldy especially when substituents 
» 

are present and so'are not used here. 



8 

'» ' « ' 

Sulphenes ' * $• • 

-* Sulphenes are well established as reactive 

electrophilic intermediates although to date no* stable' 
4 

( » . 

monomeric sulphene has been^isolated, this is in marked 

contrast to the related species sulphine,5, for which 

c~so 
R' 

5. 

several structural modifications have been isolated as 

crystalline solids.10 * ,* 

Zincke and Brune11 firs^^roposed the existence of 

a sulphene-type structure. They attributed the yellow 

colour of a reaction mixture, formed from.the reaction 

of the corresponding sulphortyt chloride., to a species 

'with structure it. The term "'sulphene' was first-used 

- * 

three years later*in 1911 by Wedekind and Schenk.12( This 

choice.of name was rather unfortunate, it indicates a 
' - i 

/ 

V 

* 



formal re la t ionship with ketene,Z, rather than 

R X 
R / 

c=c=a 

indicating the oxidation level of the sulphur atom. The 

latter method is the generally accepted one, for organic 

sulphur nomenclature.2 * Wedekind and Schenk had 

planned to isolate the generated sulphene but were 

"unsuccessful. They were however able to identify the 

products which were assumed to result from the 

decomposition of phenylsulphene,JLr4sLi*» 
4 « 

1 . . 

PhCH^SO^CI fo*! » : f rtiCB=S081 * 

t 8 

* \ 

—--*J 

PhCBsCHPh **r 
^ 

PhCH SO, 

Sioee th i s i n i t i a l "work, several groups esf workers, 

most no tab ly those led b"y King, Opitz and Truce, have S 

published much Work regarding the^generation and' 

reactions of sulphenes, mostly during the past two 
f 

decades. 
j 

* 4 
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*4 Sulphenes ar»e most often generated by the reaction 

of a sulphonyl chloride possessing at least one a-• 

hydrogen atom with a base such as triethylamine. The 

.resulting' deshydrochlorination of the sulphonyl" chloride 

leads to' the,production of a sulphene .vjja. 

*> 

B H 
l > \ / > r i © © 

' CHz—SOz—CI —*• [CH2=S02]+ BHC! 

.There are many other methods used,for the generation of 

sulphenes, including the reaction of diazoalkenes with 

sulphur dioxide and %he fragmentation of a-haloal"kane 

sulphinate aniens by photolysis or thermolysis.- These 
* 

methods and others have been eloquently discussed by 

King14 and the reader is directed to this'review for • 

more details. »• * , -

There are several possible canonical structures for 

sulphenes and normally these are depicted by structure 
i, ' <r 

1P_. However, in general, sulphenes are probably 

"2 C R2 ©CR2 ®CRZ 

IS ; m 12 * 13 
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I . « 

' ' ) 

11' ' - . 

I - • • • ' . -
best described by a canonical form whichA has only one 

sulphur-oxygen double bond with positive charge--'ori' 

sulphur and a negative charge on oxygen, that is 

.structure H , there being two such structures of equal 

energy, further possible canonical structures such as 12 '^ 
and 2JL mayfalso be drawn where 12 shows carbonium ion 
t * > 

character on the ce-carbon â tom whilst 13. shows 

carbanion character. Semi-empirical mcylecular orbital 

calculations'1-̂  have shown that sulphene should have the 

? following structure and charge distribution: 

S+1'2 

2-l| 

C -0-M 

!.£•. that structures H and H are the main 

contributors. These data are in concordance with 'the 

normal mode' of reaction of sulphene, &£*. that the 

sulphur atom is -electrophilic. 

The most common reaction of sulphefte and Its 

derivatives is simply addition of nucleop"hiles to,the * 

formal carbon-sulphur double bond. This type of reaction 

occurs for a wide range of riucleophiles and these 
i . * ' 

reactions are easy, clean methods of producing 
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ROH 
•*-\CH3S02OR, 

r / RNH2 

[CH2=SQ2] ( -— r—• CH3S02NHR 

RSH 
- • CH3S02SR 

sulpjionate and thiosulphonate e s t e r s and sulphoiiamides. 

Sulphenes a l so undergo 2+2 cyqloaddition reaction with 

-e lec t rophi l ic ketone's and aldehydes s..g.. ', , 

I—SO? 
[CH2=SOz] + CI3CCHO .*. • I 

H „ 

and 2+4 eyeloaddit ions with ac t ivated dienes s..g.. 

NMe2 
NMe2 

[CH2=sS0j 

Probably the most useful reaction of sulphenes i s the 

.formation of thietan-S,S-dioxides which are otherwise 

r e l a t i v e l y inaccessible . The reaction involves the 

combination of a compound which possesses an electron-" 1 

* 
rich carbon-carbon double bond, such as an enamine,/with 

1 



* , O* 

1 3 * 

sulphene as exemplified below. 

[CH2SQ21 ^ 

The reaction of sulphene with itself has been - t 

studied by Opitz and co-workers and by Grossert and -

Bharadwaj. Opitz and -Mohl-1-0 reported the isolation of a 

cyclic sulphene dimer,li,,s while Opitz and-Bucher r 

isolated a dimer complexed ,with trimethylamine 15.. ° 

S02H / T 
I ' * 4 
1 —SO, ^ 

14 

© 
CH3S02CHS02NMe3 

15 

© 
CH3S02CS02NEt3 

) • S02CH2S02Me 

16 

Grossest and Bharadwaj 1° investigated the * < 
v * 

oligomerisation of sulphene in the atbsence of 

nucleophiles and found that a tetrameric species,l£, may 

be prpduced as well as,a dimer with.a similar structure 

£0 that of 15.. 

Sulphene ha& been shown by Grossert19 to be capable 
• * \ 

of addition to„ pyridine and some of its 3-,4- and*J5-

<4«WPM|P^ •. V 

\ 
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9 ~\ • 

subst i tuted der iva t ives to ~f orm a* 2:1 addtJct containing 
' *. * 

a pyridodithiazirie ring,12. However,- i t appears that 2-
" ' " \ 

aftd 2,6- subst i tuted pyridines e i ther do not undergo . 
,such a reaction or that the product opce formed, readi ly 

+ [CH2S02] 

17 

decomposes. Grossert has shown that 2,6-dimethylpyridine 

(2-,6-lutidine) y ie lds no useful products by reaction 
" * 90 

with sulphene although a t a r ry residue is produced* 
^ > 

The chemistry of sulphenes has been regularly 

'reviewed14'21"" and the reader is directed to these > 
4 * • 

references, particularly the most recent of these14 for 

further details. One notable exception to the reactions 

quoted in all these reviews is that of electrophilic 

substitution by sulphene on aromatic compounds.-This 

area is covered in the present study and no reports of 

such reactions have been published previously as far as 

the author is aware. ' 

A 

Azasulptienes . \ ' 

Azasulphenes,.!, have been much less studied than 

sulphenes. They are react ive e l ec t roph i l i c intermediates 
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R-N = S02 

3 
v- — » 

ai*3 have been invoked in order to explain the products " 
i 

of several reactions, for example, the products of the 

Curtius and the Lo'ssen rearrangements of .compounds 13. 

and 13. respectively.24 Decomposition of the nitrene;2JL 

giving phenylazasulphene, 21. is followed by addition of 
8 

methanoJ|preducing methyl N-phenylsulphamate,22« 

K 
PhS02NOTs 

19 

• PhN=S02 
21 

I 
/ 

PhMHS03Me 

22 * 

In a se r ies of papers beginning in 1967, Burgess and 

' 'co-workers2 5 claimed to be the^ f i r s t to generate 'a new 

c l a s s of e l e c t r o p h i l i c amine de r iva t ives designated as 

N-sulphonylamines*. This c l a i n f l s quite erroneous since 
•mm v 

they failed to recognise thenarlier.work of Traube26 
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who postulated the formation of the parent azasulphene,\ 

23 from the reaction of sulphuryl chlor ide with ammonia.' 

H N = S 0 2 

23 \ » 

. Although Traube was unable to isolate, azasulphene 

itself, a feat which still remains to be achieved, he' 

claimed that the cyclic* trimer,.24, and its silver 

salt,2S had been isolated from this reaction. .Later work 

H Ag ' 

02S S02 02S SO, 
H N ^ S - N H C AgN^VN.40 

*'. 
o2 ^ o2 

24 « 25 

* > 

by Hantzsch and co-workers 2 7 ' 2 8 indicated that the 

. c y c l i c t r imer could not be prepared in a pure s t a t e , but 

0> 

Unsubstituted azasulphene (HN = S02) has been 

commonly referred to as sulphimide in the literature.- In 

this work* it will be named azasulphene to be consistent 

with the nomenclature used for sulphene (CH2 = S02). 
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v 

could be i so la ted as the a i l v e r salt,25> Methylation of 

t h i s s a l t with methyl iodide yielded a t r imethyl 

derivati.ve,2fi.» Appel and co-workers 2 9 ' 3 0 were able to 

(S02=NM#) 

26 

isolate long-chain polymers of^azasulphene from the 

reaction of sulphuryl chloride with ammonia. They were, 

however, unsuccessful in attempts to obtain the cyclic 

trimer,21. In 1967, Appel and Helwerth31 reported the 

isolation of 2*1 adducts of azasulphene and tertiary 

nitrogenous bases as exemplified by structure 21- The 

adducts were obtained by the-ireaction of these bases 

with sulphamoyl chloride at -40?b. The structure of 

2NH2S02CI + 3NR3 — • NW2S02NS02NR3 

27 

these adducts is similar to that of the sulphene-

tertiary aminê  adducts first reported by Opitz and 

Bucher17. Appel and Helwerth31 also suggested that they 

had isolated a rather unstable 1:1 adduct 23. of 

azasulphene with pyridine having a structure 

isoelectronic with that of the known pyridine-sulphur 

trioxide adductf29. 
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, 28 X = NH 

29 X es 00 ' 
* * 

4 * ~ 
I 

» 1 ' 

Synthetic work involying^substi tuted azasulphenes 

was indeed pioneered by Burgess "and co-workers and most . 

reactions of these react ive e lec t rophi les have involved 

N-alkyl, N-benzoyl and N-carboalkoxy subst i tuted 

der iva t ives . ( 

Simple N-alkyl substi tuted azasulphenes have been 

prepared by dehydrochlorination of sulphamoyl 

chlorides.30.^ These l a t t e r compounds have been 

synthesised e i ther by reaction of sulphuryl chloride 

with amine hydrochlor ides 3 2 ' 3 3 or by the chlorinat ion of 

sulpnamic acids with -phosphorus,pent ach lb-ride.34 The 
s • 

mnzc\ + so2ci2 

-*~RIilf-®02a 

RNH1S04H + PCI5 ** , 3p 
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first'of these methods is limited to the preparation of -

only a few different derivatives since the amine 
» 

hydrochlorides are not readily available in a pure 

state. The procedure is also subject to rather long 

reaction times and the use of large quantities of 

'̂•'̂ ""Teagents. The second method does not suffer from these 

limitations because a wide-range of pure sulphamic acids 

may be prepared by the high-yield reactibn of organic 

isocyanates with fuming sulphuric acid in nitromethane 

solution. 

RNCO + H2$04 .S03 • RNHSO3B 
0 

Carboal'koxyazasulphenes have a l so been generated by 

two routes. Atkins and Burgess35 have reacted the 

sulphamoyl chloride,3_l, with a base; t h i s type of *s 

RQ^CNHSQBCH + base — • ^ 0 2 C N = S 0 2 

31 

sulphamoyl chlor ide is best prepared by careful reaction 

of chlordsulphonyl isocyanate,3_2, with the required 

alcohol ©r phenol. ' 3 7 Burgess and Williams3** on. the 

ocits©2ci + ROW *—*• K%cmsb2c\ 

32 

I "\ 
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other hand have generated carbomethoxyazasulphene by the 

thermal fragmentation of the substituted 1,4,3,5-
•» 

oxathiadiazjne -S,S-dioxide,3_3_. . * 

MeO,CN=S02 . + MeCN ' 

§2 ' 
N N 

MeO^O^OMe 

As with sulphenes, the most common synthetic use of 

azasulphenes is their reaction with nucleophiles such as 

primary .amines25 and alcohols.35'39'4" The reaction with 

primary amines is straightforward and usually produces 

an unsymmetrical sulphamide such as 3_4_ in high yield. 

V 

EfNHS%NHPh 

34 

ttN=S0'2 + PtiNH2 

The reaction with a lcohols i s more complHS. Primary 
i 

alcohols produce urethanes such as 23. in high y ie lds . 

Eta^SoJlLQOOiyie + ^kuOH nRuNHCOOMe 

The reaction of secondary and tertiary alcohols which 

possess a hydrogen atom on the a-carbon atom produces 

an alkene by a stereospecific CJLB. elimination 

mechanism.41'42 * . '" 

Azasulphenes also react with a wide-range of 

'* 



act ivated alkenes producing 2+2 cycloaddition 

products . 2 * 4 3 ' 4 4 Such ring systems are d i f f i cu l t to 

RN=S02 + EtOCH=CH2 — • * fZ^ 
EtO 

prepare by other synthetic routes. .Kloek and 

Leschinsky45 have reported the formation of 2+4 
i 

cycloaddition products-from the reaction of N-

alkylazasulphenes with 'activated^dieites^such as 3_6_. 

RNi=S02 + Y^so, 
k^NR 

37 

1,2-Thiazinone dioxides 21 are also difficult to 

prepare by other methods. Since 21 could not be isolated 

prior to use of acidic work-up conditions, Kloek and 

Leschinsky reported that the cycloaddition reaction 

likely involved a step-wise mechanism. They have also 

shown46 that carboalkoxyazasulphenes react with 

ynamines to produce novel heterocycles as exemplified by 

the following equation using 3Jfc. 
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t 

Me02CN=S02 *+ PhC=CNMe2 •*-• ]| || 

As far as the author i s aware the only repor t of, 
• ^ j . • 

'"azasulphenes undergoing an aromatic e l e c t r o p h i l i c 

subst i tu t ion reaction i s due to Atkins and Burgess, 

thus: 

•The inner s a l t (39) was capable of. 

e l e c t r o p h i l i c aromatic subs t i tu t ion of N,N-

dimethylanil ine and only the para isomer, N,N- *." 

4 dimethyl-N'-carbethoxysulfanilamide was 

produced. N-Sulfqnylethylamine generated in 

the presence of N,N-dimethylaniline gave only 

N,N-dimethylr-N'-ethylsulfanilamide while | I -

sulfonylbenzamide (40')' afforded the 

corresponding oxtha- and paxa-substi tuted 

sulfanilamide in a r a t io of 4:6 a l b e i t in low J* 

y i e l d . ' 

myfc&Bt. 3' 
i i t " • 

'ft 

'They made no further comment on this interesting 

Y 
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reactipn 

SUlphur trioxide 

Freshly distilled sulphur trioxide, a 'water-

white' liquid at room temperature and ̂ pressure, has been 

.shown by Raman spectroscopy48 to consist «of 

approximately 90% of the trimeric form,41, and only. 10% 

of the monomer itself.*On standing with exposure to 

moisture, long-chain polymers,A2, with some .degree of 

cross-linking are spontaneously formed, although* 

commercially available liquid sulphur trioxide 'is 

f 
s t ab i l i s ed wjth various additiyies. 

a x 2 .. Ja-^oMs-t 
x sf . . . & O . { 
»**2 t - 5 

The reactions of sulphur trioacide, amdi, i t s 

de r iva t ives as reac t ive electrophi l i ie species, are 

f a i r l y wel l understood since they have been studied for 

about 150 years. Sulphonation, %fea introduction of a 

su lphonate group bonded to a carbon atonv i s a very 

important l a rge -sca le indus t r i a l process. > 

• 'Sulphonation of benzene usdng su^phmfie acid was* until** 

r e l a t i v e l y recent ly , the f i r s t step in the i n d u s t r i a l s 
• * 

production of phenol.4 9 The introduction ©f a s u l f o n a t e 

\< 
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group expands the usefulness of many organic, materials 

since this type of polar hydrophilic group greatly aids 

water solubility. Ttiis property has been exploited in 
i 

the development of detergents, water-s*oluble dyestuffs, 

flavouring and medicinal compounds.50'51 

Sulphonation of organic compounds may be brought 

about under a wide-range of conditions by several 

different reagents including sulphuric acid, oleum, 

. * - s 

chlorosulphonic acid, sulphamic acid^ sulphur trioxide 

gas and organic complexes of s,ulphur trioxide. These 

methods and reagents have been discussed by Gilbert52 

and the reader is directed to this source for in-deptto 

information. Since so much has been written concerning 

the sulphonation of organic compounds this.section will 

deal only with the sulphonation of aromatic compounds as 

is relevant to the present study. ' 

Nelson53 has written a good review of aromatic 

sulphonation which covers the literature up to 1963. The 

odfd literature abounds with claims that have not'been 

^substantiated to date.. As early as 1892, Moody54 

r̂eported that a reinvestigation of some work due to 

Rekule showed that sulphonation of anisole (43.,R=Me) and 

"Iphenetole (4JL,R=Et) afforded only the paxa-substituted 
' ( 
'sulphonic acid.44. and not a mixture of jartho. and paxa 
isomers as claimed by the original author. 

Sulphonation with sulphur trioxide-Lewis base 
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addtfcts has been reviewed by Gilbert®5 and i s the 

43 

reaction most relevant to the present work. The bases -» 

commonly used in the formation of these adducts include 

tertiary amines such as, triethylamine and pyridine and 
i 

much weaker bases such as amides and ethers. Generally, 

the most stable complex is formed with the strongest 

base (whilst the most reactive adduct is formed with the 

weakest base). Hence an order of reactivity may be 

established (i.e.. SO3.NR3 < S03.pyridine < S03.dioxane). •* 

These complexes are all solids at room temperature and 

are generally prepared by the, careful interaction of the • 

free base with sulphur trioxide or chlorosulphonic 
\ * *» 

acid.55 On reaction of a sulphur trioxide complex with 

an aromatic compound a salt ot a sulphonic acid is 

produced. 

Generally, sulphur trioxide complexes have been of 

little practical use in the sulphonation of aroma,tic 

rings. Owing to the reduced reactivity of the sulphur 

trioxide moiety, only aromatic species that are highly 

1 



^ l> 

activated towards electrophilic aromatic substitution 

V 
react and then only under rather forcing 'conditions. For 

example, an i l ine reacts, With, sulphur-trioxide-pyrjidine 

Complex at 170°C to give sulphani'lic acid,45., whilst 

anisole reacts under similar condition's with sulphur 

trioxide-dioxane to give _4J6U57'58 . 

OMe 

Thus the use of sulphur, triok^de/'complexes in 

electrophilic aromatic substitution reactions ha* 

s, f % 

generally been restricted to reactions'involving furair,,. 

pyrrole, indole, thiophene and their derivatives. 

V 
Sulphonation of these rather reactive aromatic species 

still requires the heating of reaction mixtures to 80- • 

150°C in a sealed tube in ethylene dichloride usually 

for many hours.51'59 Table I gives a selection of such 

reactions. Although these condition's seem rather drastic 

they are exceedingly useful for reactive heterocyclic 

compounds since these species are usually thermally > 

stifle whereas the more acidic reagents,' such as oleum, 

generally induce 'extensive decomposition-or" 
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i 

Table i : Sulphonation ox reactive heterocyclics w_i±h. 

sulphur' trioxidft' complexes. 

Of 

Substrate Sulphonating Product(s) 
1 agent (yields) 

Reference 

© 
Me 

M e - ^ ^ - M e 

r f 

-0-* P,D 
Me 

Me 
K >Y 

" - ^ \ . « & . . 

~© 
\ 

Mt Me 

" ^ 

60 

61 

62 

f ~ \ 0 A l e MeNo^Me 5 9 * 

63 

64 

65 

« 

P » S03 .pyridine, D * S03.dioxane, Y « SO3H, 
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polymerisation. Ydelds in the reactions vary widely, 

from a few percent to nearly quantitative; di- and tri-

* sulphonic acids are often produced. 59 

In summary, the electrophilic aromatic substitution 

reaction,of sulphur trioxide with aromatic compounds is 

very well established whilst a similar reaction for the 
»- ft 

related heterocumulenes sulphene and azasulphene. and 

their derivatives is unknown with the exception of one 

cryptic' reference.4' The purpose of the current study' is 

to investigate such a reaction for the sulphenes and 

azasulphenes and to draw the attention,of chemists to 

the similarities of the chemistry of these three 
**. 

heterocumulenes. 

/ -
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RESULTS AND DISCUSSION 

The reaction of sulphene with electron-rich 

aromatic compounds was best carried out .at T3,0° to'-20°C 
* 

in either dry acetonitrile or dry tetrahydrofuran under 

an atmosphere of dry nitrogen. At temperatures 
r > 

appreciably higher than these, the oligomerisation of 

sulphene, as reported by Grossert and Bharadwaj,1?'"" 

competed* significantly and halted the formation of ' 

substitution'products. Under more hydrous conditions 

there was usually little or no aromatic substitution 

product obtained and the starting sulphonyl chloride was 

hydrolysed to the sulphonic acid. 
<H * * T 

The sulphene used in these reactions was generated 
in. s i i i i usual ly by the dropwise addition of 

•» » 

triethylamine in a solvent to a solution of the required 

aromatic compound and methanesulphonyl chloride. It-
* i • 

should.be noted that triethylamine was necessary for-the 

successful isolation of products. Addition of the * 

"huc.leopliilic species (i.e.. the aromatic compound ) after 

first forming the sulphene resulted in much reduced 

yields, again due to competition by the oligomerisation 

reaction. : * 

\ . 

http://should.be
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/ 
Reaction siith. 2,fr-dimethQxvpyridine, • 

The i n i t i a l nucleophile .chosen was 2,6-' / 

.dimethoxypyridine,4J.f for h i s t o r i c a l reasons since 'much 

T 

47 

' of the*work concerning sulphenes studied in this 
• - « ' 

laboratory has involved? pyridine and its substituted 

derivative's. .The use of 2,6-dimethoxypyridinev in a 

reaction was novel since in-depth investigation of th^ 

literature revealed very little reported chemistrjy. 

Although 2,6-dimethoxypyridî ne is commercially available 
<• - • ' * 

(Aldrieh # D 13,700-6) itaonly apparent preparative-use 
is in an early step in the synthesis of some compounds* 

1 B a • 

fi7 

with useful insecticidal properties. ' Very little basic 

v chemistry of 2,6-dimethoxypyridine has*been published; 
known reactions involve the bromination of the N-

•* fift 

methylpyrylium ion and nitration in strongly acidic 

I media.69' 

An excess of sulphene,reacted with 2,6-

dimethoxypyridine to yield a 3:1 adduct whose structure-

was shown to be as depicted by Aft. 
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/ ^\pS02CH(S02M«)2 

MeO^N^^OMe 

n 

48 # 

The structure was determined by various spectroscopic 

and other techniques. Since the formation of bis (methyl-1 

""•sulphonyl) -3-(2,6-dimethoxypyridyl) -sulphonylmet haft e, Aft, 

was a novel reaction, a thorough characterization was 

'required; Infra-red spectroscopy indicated the presence 

of a sulphone group or groups (1340cm"1 and 1155cm"1) 

and the presence of an aromatic residue. Proton nmr 

suggested the presence-of two equivalent methylsulphonyl 
t t 

groups, two different methpxyl groups, a methine proton 

and two. aromatic protons which exhibited an AB pattern. 

Carbon-13 nmr showed that #iere are nine different 

carbon atoms present with one resonance being due to two 

ĉarbon atoms. Sin'ce all the aromatic carboy atoms are 

different, the sulphene residue must be in the 3-

position of the pyridine ring, a fact confirmed by the 

proton and the carbon-13 nmr spectra which both showed 

two different, types of methoxyl group. The mass spectrum 

of Aft showed a small peak at m/z_'373(6%) which was 

assumed to be due to the molecular ion, a fairly large * 

peak due to<loss«of a methylsulphonyl-group at m/a ) 
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294(M-79) and the base peak at m/z 202 which was 

probably due to the pyridine residue with an attached 

SO2 group. A molecular weight determination by proton 

nmr, using mesitylene as internal standard, gave a 

molecular weight of 354±20, which indicates that the 

product contains three sulphene units. Since sulphene 

oligomerises in a head-to-tail fashion16-18 structures 

A3 and J5JL a're the two plausible part-structures for the 

sulphene residue, however*; A3, is ruled out by the nmr 

evidence for two methylsulphonyl*groups. 

-S02CH2SO2CH2SO2CH3 -SOjjCHfsOzCHa^ . 

. 4 9 50 

A CHS elemental analysis was consistent with an 
* 

empirical formula of C10Hi5NO8S3. 

All the evidence detailed thus far indicated the 

'•given structure,Aft, for the sulphene-2,6-dimethoxy-

pyridine adduct. This was examined by X-ray diffraction 

methods, but the structure c6uld not be solved. Thus the 

* synthesis of a heavy metal salt of Aft was attempted. 

Although pit proved impossible to prepare 'good* crystals 

of the rubidium or barium salts, such a crystal of the 

potassium salt (51, page 34) was made using a similar 



method^o that employed by Davoy £±.aJL. X-ray 

diffraction was successfully used to determine the ? 

structure of this salt and a projection of the structure 

is presented in Figure I. It was also determined that 

there is one molecule of fcwater per molecule of 51 

present ,Jfei the structure; this does not appear in the 

figure. 
« 

The s t ruc ture of 5 1 i s of pa r t i cu l a r i n t e re s t since 

i t confirms the d i f f i cu l t - to -ob ta ln but much quoted 

r e su l t s of Hoogsteen, 1 who found tha t the ammonium s a l t 

of tris(methylsulphonyl)methane,52, possessed a trigona.1 

Q/SOjJVIe 

Me02S—C 
© ^SOjMe 
NH4 

52 

planar C(S02)3 unit with S-C-S bond angles close to 

120°. The average C-S02Me bond length in 51' is 1.718 (8) A' 

which is a little longer than the corresponding bond 

lengths in 52; however, this value is still shorter than 

the carbon-sulphur single bond length in^aimethyl-

jsulphone (1.774(3)& 72).,The sulphur-oxygen bond lengths 

in 51 are close to the normal single bond length 

(1.439 (14)ft73). the average being 1.436(5)A. 
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Figure I: Structure ol the, potassium salt &£ bis (methyl

sulphonyl? -3-(2r6-dimethoxv-pyridyl? sulphonylmethane. 
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Complete X-ray diffraction data for the' potassium 

salt of 51 are given in the Experimental section and in 

Appendix I of this thesis. 

Since it seemed that the reaction of sulphene with 

2,6-dimethoxypyridine was an electrophilic aromatic 

substitution, similar reactions were attempted on a 

series of aromatic compounds. The reactions of m-xylene 

and anisole with sulphene did not yield an isolable 

amount of product however, proton nmr spectra were run 

on very small quantities of product and, these indicated 

that some reaction had occured. The aromatic region of 

the product from m-xylene seemed to indicate the 

presence of an ABX system and also two different methyl 

groups attached to an aromatic ring: for anisole the 

proton nmr indicated an AA'BB* system present in the -
i 

aromatic region and a r a t io of 2:1 for methylsulphonyl 

to methoxyl protons. I t i s thus suggested tha t 52 and 5A 

are formed respec t ive ly , based on the proton nmr evidence 

J:he known s t ructures of the other aromatic compound-, 

lene adducts. 

. ^<^SO2CH(S02Me)2 rt££V^S02fcH(S02Me)2 

Me' 

53 54' 



Reaction wjJth. 1.3-dimethoxybenzene. 

The reaction of excess sulphene with 1,3-

dimethoxybenzene was much more successful. A yie ld of 

87% of the 3:1 adduct,55, was rea l i sed using s imilar 

. ^ s^S0 2 CH(s0 2 Me) 2 -

MeCTX^^OMe 

conditions to those used in the preparation of Aft. 

Reaction times were typically tw© hours ,and, quenching 

of the reaction after thirty minutes gave a much reduced 

yield. This early quenching also yielded about 3% of a 

1:1 adduct with structure 5$L> The two products were 

MeO 

56 

* 

readi ly separable since 54 is sparingly soluble in base 

w h i l s t 53. i s r e a d i l y s o l u b l e . The 1:1 adduct has been 

prepared previously by Gi lbe r t 7 4 in 50% yie ld by the 

reaction of methanesulphanic anhydride with 1,3-

dimethoxybenzene and' the meltispg point obtained in the 
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* «. ** 

pfesent study (101-2°C)'compares^ we 11 with that reported 

(103-5°C). The carbon-13 nmr spectrum-which wa*s " 

previously .unreported is also consistent "with structure 

5£. Spectra obtained for the -3:1 adduq,t,55, are also 

consistent with the structure given however, in order to 

establish this new reaction of-sulphene firmly, the 
*»• 

structure was also determined by X-ray diffraction. This 

study was completed without having to resort to a salt ^ 

as for the 2*6-̂ 3imethoxypyridine adduct. Figure II , * » 
. o \ 

presents a projection of the-structure obtained for the 

unit cell and all the X-ray diffraction $ata are* 

recorded- in the Experimental section'and in Appendix II 

of this thesis. « * 

Attempts to obtain products frqm the reaction of' 

sulphene with bromobenzene, chlorobehzene, naphthalene 

and 2,6-dimethylpyridine alluf ailed. The result for the . 
* 

2,-6-lutidine is in concordance with the results of 
Oft *-, 

Grossest. -u * v 

From the ease of reaction between sulphene and the 

aromatic substrates so far reported, and the-accepted 
• \ „•« 

order of substituent activation in electrophilic 
aromatic substitution, an order of reactivity can be 

' • / J- .. 

obtained (see below). At first sight 2,6-

dimethoxypyridine seems to be too reactive since it is » 

well known that pyridine rings" are highly Reactivated „ 

towards electrophilic aromatic substitution and that" 



38 

Figure I I : Structure of. b is (methy 1 sulphonyl)-4-(1.3-di-
I 

methoxyphenyl)sulphonylmefchane, 55-

'\ 032 021 JPi 

02 * me2 

> 

% k 



39 

OMe OMe OMe 

anisole is highly activated. For example, pyridine is 

10~ 1 2 times as reactive as benzene for nitration with 

nitric acid whilst anisole is 105 times more reactive 

than benzene.75'76 This much decreased reactivity fo'r 

pyridines is dî e to complexation of the electrophilic-

species present in solution with the nitrogen atom in 

the ring forming a species with structure 57» With 

57 

electrophiles larger than a proton it seems reasonable 

to assume that 2- and 6-substituted pyridines would tend 

to complex electrophiles less than other pyridine rings 

due to steric hindrance and hence the deactivation due 

to the quaternized* nitrogen cation would be less likely. 

Althoughjsuch an effect is rarely observed fQr -It single' 

substituent, 2,6-d.isubstituted pyridines are known to be 

much le$s able to coordinate electrophile§.77'78 This 

effect has been referred to by some workers as the 

'•ortho effect'.78'79'80'81 j 

<t 
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In .the case of 2jf6-dimethoxypyridirfe the 

\ ':* . -

combination of two meJaa-substituted methoxyl grqjjps 
• I < 

which are highly activating and the concomitant 2,6-

disubstitution of the pyridine ring" by these two groups » *̂  
\ 

effectively enhances the reactivity of the ring towards * 

electrophilic aromatic substitution compared with 

benzene,, and even anisole. However, the ring would be 

expected to be somewhat less activated than 1,3-

dimethoxybenzene due to the electron-withdrawing 

nitrogen. The isolation of the 1:1 adduct 56 from'this • " 

reaction and the fact that no 2:1 adduct has been formed 

suggests that the initial reaction of the aromatic 
r 

substrate is with monomeric sulphene or sulphene 

complexed, with the amine. » 

A suggested mechanism for the formation of 55 and 5fe 

is presented in Scheme £ which could also apply to the 

.formation of Aft with â  different aromatic substrate. 

The reaction of 1,3-dimethoxybenzene with a sulphene 

monomer, either complexed with triethylamine or not, 

produces a 1:1 adduct (step a) which on protonation 

would give 5£» The 1:1 adduct may.'react further with "̂  

monomeric sulphene to form a 2:1 adduct (step b) which 

would rapidly equilibrate to give the more stable 

carbanion shown. This adduct may also be formed by the $ 

^direct reaction of dimê ric sulphene with the, aromatic 

substrate (step c). Further reaction With monomeric 
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Scheme I: , j * 

+* CH,=SO, 

MeO 

H ,© 

S02CH t 

56 

MsCH=S02 

CH2=S02 * 

MeO 

MeO 

d 

CH2"=S02 MeO 

S02CMS02Me 

0 
S02C(S02Me) 

OMe 

i 
IA 
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> 

sulphene (step d) would then give 55*on work-up. 

Grossert and Bharadwaj18 has shown that with no 

nuclepphiles added sulphene is involved in a series of • 

equilibria. With>the addition of a relatively weak 

nucleophile, such as 1,3-dimethoxybenzene, the reactions 

are more complex as is shown in,the scheme. -

In the reaction carried out over two hours where the 

3:1 adduct, was isolated,.all of the initially formed 1:1 

adduct is obviously consumed. With a short reaction' time 

some of this adduct remains and is protonated on work-
•* * 

up. It should be noted that initial attack by a sulphene 
i. , \ -

species on 1,3-dimethoxybenzene will give a non-aromatic 

intermediate, this has not been s^wn in the scheme . 

siifce rearomatisati£m would*be a facile reaction and 
: ' ' ? ' > 

would be assisted by any of the several bases present i 
% 

solution. > * - v . 

Reaction kith dimethylaniino-.subBt-ftuted arOmatJCS 

One of the most activating substituents for 

"electrophilic aromatic substitution is the dimethylamino 
v * RO ** PT 

group. Bell and Ramsden0"* and'Robertson ei al. have 

shown that N,N-dimethy 1 aniline is 5 x 10-"-0 iimes more 

reactive than benzene towards halogenation reactions. 

Such a difference in rates^implies diffusion control for 
< 

most reactions. Four aromatic compounds with this 

substituent were readily available f6r the present 

study, these' were N,N-dimethylaniline, N,N-dimethyl-l-
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naphthylamine, N,N-65inTe'thyl-m-toluidine and N,N-dimethyl-. 

p - to lu id ine . On react ion with sulphene the major 

products 080% yield) were found to be 2:1 adducts 

5 5 , 52. and j[0_ for the f i r s t t h r e e amines r e s p e c t i v e l y 
** 

whils t the l a s t amine did not form an i so l ab l e product.. * 

NMe, NMe 

CH,Ms 

58 
+> 

There was little conclusive evidence for" the formation 

of a 1:1 adduct and a 3:1 adduct has never been 

observed'. Proton nmr readily indicated the structures of 

5ft And 52. since the former exhibits an AA'BB* pattern 

whilst the latter shows an AB pattern as part of its' 

arpmatic region. Proton resonances are also present for 

the .rest of the structure and other spectral techniques 

were used to confirm these structures. A CHNS analysis 

of 5ft was obtained and this was consistent with an 

empirical formula of C1o
H15N04s2 a s expected. 

The structure of methylsulphonyl-4-(N,N,3-
• «\ 

trimethylanilino)sulphonylmethane,JSJQ., was more difficult 
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to establish as the structures of the three substituents 
m 

were readily apparent but the substitution pattern was-

not. From a knowledge of the directive effects of the 

dimethylamino and methyl groups it, can be assumed that 

there are only three possible structures for the" 
i 

product , vjLz. SLLI §2. and £3. where R = CH2S02CH3,4Since 

NMe 

S02R SOzR 

61 62. 63 

both initial substituents are oithsi and "para, directing, 

substitution in the 5-position seems highly unlikely. 

Structure £1 does not fit the coupling observed in the 

aromatic region of the proton nmr spectrum and no 

product with the dimethylamino group .oxthja to the 

sulphene residue has been isolated. Simulated proton nmr 

spectra of §2. and JL3. were similar to one another and to 

the actual spectrum obtained.. Carbon-13 nmr shifts for 
« 

the aromatic carbon atoms in each of the' two structures 

were calculated using available data84'85'86 and the 

results are shown in Figure III. Structure §2. fits the V 
observed data much better than <&2. and £3_ is the expected 

y 
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Figure I I I : Ca lcu la ted carhon-13 chemical JahjLEfcs. £&£ £2 

and &2 .. ' „ « 

2. 114.4 

156*1 

130-2 

62 

NMe, 

63 

Experimental d a t a : 108.51 (d) , 114.06 , (d) , neni 

130.77 ( s ) , 133.14 (d) , 
# 

139.68 ( s ) , 153.93 ( s ) . 
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isomer since steric hindrance would be much greater with the 

dimethylamino and sulphene residues XiXthii to one -
r 

another. Furthermore, no useful product was obtained 

from N,N-dimethyl-p_-toluidine and sulphene, which 
r " 

sugges ts t h a t r eac t i on xirJJip. t o the MeoN group i s not 

p o s s i b l e . The uv spectrum of £2. i s very s i m i l a r t o t h a t . 

of the N,N-dimethylaniline adduct,JLg and ' th i s adds 

weight in favour of s t ruc ture £2. over £2. If the 
f - ' " ' -

dimethylamino and sulphene residues were flriho. a sh i f t 
\ ' " * R7 

tcTshorter wavelength of some 65nm would be expected.0' • 

The.ultra-violet spectra of the three compounds 5ft, 

59 and £0. a're interesting since compounds such as these 

w,ith an electron-donating group pjaxa to an electron-

withdrawing group exhibit very intense absorption at 
* 

relatively high wavelengths. In general, this is due to ^ 
9 

a significant contribution of a dipolar structure to the 

overall structure of the mdlecule. produced by 'through 

conjugation'.- Such arguments ha«.e been advanced to 
' ft R 

explain rotational energy barrier °° and dipole 
measurements 89 and have been confirmed by X-ray* 

diffraction measurements 90,91 which indicate the 

expected bond lengths for such a system. For example, 

for p_-cyano-N,N-4imethylaniline, structure £A is an 

important contributor to the actual structure of the 

molecule. Such structural types are notj*early so 

important for the Qx£tf£i substituted molecules with 



similar substituents. 

It is a matter of continuing discussion as to 

whether a sulphone group can directly interact by ^ 
• 

delocalisation in this way by the use of d-orbitals on 

the sulphur atom. However .a sulphooa group is powerfully 

electron-withdrawing and it is we^r known that such a 

group is able to stabilise an adjacent negative charge 

effectively. So sulphones with structures like 55, 52s 

and £Q. should exhibit similar ultra-violet spectra, 

perhaps with X m a x shifted slightly to shorter 

wavelengths, compared with compounds containing group . 

such as cyano. This is indeed th£ case and the results 

obtained in the present study complement and compare 

well with the results of Kumler who established an-f 

order of electron-withdrawing ability based on the 

observed X m a x values in the-vUltra-violet spectra of,a 

series of substituted N,N-dimethylanilines. 

.* 
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N02 - C H O -COCH3 - C O O H -S0 2 NH 2 

> 
decreasing electron-withdrawing ability 

From our results for compounds 5JL and JLQ. we can place 

the sulphene residue between the acid and sulphonamide 

groups. The molar extinction coefficients observed in 

the present study (~2xl04) are of similar magnitude to 

those obtained by Kumler (1.9-2.9xl04). 

All of the dimethylamino-substituted aromatic 

compounds produced highly coloured solutions which 

developed as the reaction with sulphene progressed. The 

colours were generally green although some solutions 

looked red-brown. It was thus decided to analyse the 

reaction involving N,N-dimethylaniline in detail. 

Separation of the reaqtion products was .carried out 

using a vacuum-assisted chfqmat©graphic technique as -

described in the Experimental section. Depending «n the 

ratio of sulphene to N,N-dimethylaniline five fractions 

were obtained in different amounts. In each separation 

a green-coloured component was isolated in extremely low 

yield (1%); siich residues have often been observed 

during electrophilic aromatic susbstitution reactions of 

N,N-dimethylaniline and have usually been attributed to 

the formation of crystal violet-type dyes. 3'94'95 
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Indeed the coloured residue obtained in this study shows 

similar proton nmr and ultra-violet spectra to those 

obtained for crystal violet, however, it was not 

possible to solve the structures of the compounds "in . 

this complex mixture. Table II details the isolated 

amounts of each of the other four fractions obtained in 

the separation, fraction A was always the major product 

arid is the 2:1 adduct already described with structure' 

\5_fi« Frajkon B was always in very low yield and its 

CHzMs 

meltirig point agreed with that reported for p-methyl-

sulphonyl-N,N-diraethylaniline,,£5. The formation of 
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Table I I : BfiSJilfcJS. fl£ J&S. Study..Ql Ul£ reac t ion <&£ N.N-

dimethylani l inf i wi th su iphens . 

* 

yield of fractions 

DMAs sulphene 
molar ratio 

' 2:1 

1:1 

1:2.5 

1:6 

* 

i 

A 

43 

50 

72 

85 

B 

— 

* 

1 

1 

C 

9 

5 

8 

8 

D 

8 

5 

5 * 

mm 

*. 



this compound is consistent with the postulated pathway 

for addition of sulphene to aromatic compounds, as^shown 

in ̂ Scheme I. The spectroscopic properties of'fraction 

C were-consistent with the sulphonamide,M and the 

•«^r 

structure was confitmed by a mixed melting point with an 

authentic sample, prepare* by the reaction of the mono 

anion of N-methyIaniline With methanesulphonyl chloride. 

The structure determination of fraction D was much 

mare complex. The proton nmr of this fraction indicated 

two different types of dimethylamino group and a . f 

methylsulphonyl group in the ratio of 2:2:1. The only 

other protons were in a complex aromatic multiplet, * 

(ratio of aromatic to aliphatic protons ca' 1:27. The 

mass spectrum required that the molecule contains two - * 

dimethylaniline rings. The infra-red spectrum indicated 

both aliphatic and aromatic C-H groups, the usual 'strong 

bands for a sulphone and a band at 1605 cm"1 due to 

aromatic C-C stretching. The carbon-13 nmr spectrum also 

indicated the presence of two different dimethylamino 

H 
groups and two aromatic resonances, each being due 



to two carbon atoms. A. closer inspection of the aromatic 

region of the proton nmr spectrum of fraction D at 360 

MHz revealed that there are two distinct systems: a 

AA'BB' pattern and a ABX pattern. This part spectrum is 

given as Figure IV. The CHNS analysis was consistent 

with an> empirical formula of C27H22N2O2S. 

From the foregoing information, and chemipal intuition 

there are fcwo structures which reasonably Explain these 

data, vjtaf JSX aad JLfi. Simulated spectra for the ABX part 

IJplej 

Me2N MeQ2S 

NMe, 

of the spectrum of these two structures were obtained 

using standard coupling constants and chemical shift 

data.84'85'86 Although the position of the lines are root 

precisely reproduced, the splitting patterns are 

consistent only with biphenyl £ft. ^ , 

The ca>rbon-13 nmr spectrum of this compound also 

indicates that £& is the structure of the biphenyl. 

Calculations of the carbon-13 chemical shifts for the 
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Figure IV: TJie. aromatic x£&L£n M. ihje. p_ro±iai nmr. 

spectrum fl£ - f ract ion p_ at. 360 JBSJBLa-

• WMI^IH «,i ^ | ^ w ^ < 

AA 

CDCI, 
/ 3 

"**^*¥+**^ 

BB 

-i—i—i—i—i—i—i—i—i—i—r—i—i—i—i—r—i—i—i—r~i—i—r—\—•—i—i—i—i—r—i—i—i—r 

ao n 7-0 

ppm 

• 4-



tri-substituted rings in structures £1 and £3. were " 

carried out using standard chemical shift data84'8->'°° 

and these are presented- in Figure V. Since the data for 

tfce p-dimethylaminophenyl substituent are not available, 

data for phenyl were used instead. The observed chemical 

shifts of the biphenyl product in the aromatic regipn 

are 112.67' (d,2C); 123.84 (d); 126.74 (d); 127.1 (s); 

127.58 (d,2C); 131.70 (d); 136.98 (s); 138.51 (s); 

150.29 (s) and 151.50 (s). &£ these the resonances at 

112.67, 127.58 and one of each of the pairs 150.29 and 

151.50 and 136.98 and 13,8.51 are typical of a p_axa 

substituted compound with dimethylamino and aromatic 

substituents. Thus the resonances left are: 

123.84 

126.74 

127.10 (s) 

131.70 * 

136.98 or 138.51 (s) 

. 150.29 or 151.50 (s) 

At first glance neither structure £1 nor £3 fits these 

data. In £3 however, there is a large group cĵ tho. to the 

dimethylamino group which will tend'to*twist it out of 

coplanarity with the attached phenyl ring. The effects 

of such twisting will reduce "the importance of canonical 

forms like £A to the overall structure and may have a 

profound effect on the electron density especially on 



Figure V: Calculated carbon-13 chemical .shifts. fox matel 

cvompounds to. simulate £1 and. ££• ' ' < ' 
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the carbon atpms attached directly to the nitrogen atom 

and those jar±hjo_ .and para to this group. Such ̂ electron 

density changes will affect the carbon-13 chemical 

shifts and will tend to increase the calculated values 

in Figure V as indicated with ( t ) and decrease other 

values likewise (i ). These changes would make the 

calculated data for £3 fit the observed data more 

closely whilst no such fit can be obtained with 67. 

The ultra-violet spectrum of compound 6_fl is of some 

interest since, as has been mentioned above, there is the 

possibility of a sterically induced twist of the phenyl 

rings relative to one another in addition to the 

twisting of the dimethylamino group in the 2-position. 

Both of these kinds of steric effects have been studied . 

using ultra-violet spectrophotometry97 and one or both 

must surely occur in this compound. 

Biphenyl itself exhibits a X m a x of 246nm and 

dimethylamino and alkylsulphonyl groups paxa to one 

'another have a'combined shift of 90nm to longer 

wavelength (data from this study) whilst an extra 

dimethylamino group will have a shift of 20nm to longer 

wavelength.87 Thus the expected XmgX for £3 is<356nm 

whilst the observed ^MSLX is 308nm iy£. a shift td 

shorter wavelength is observed. In order for dipolar-

like structures, such as that shown in structure £A* to 

be important contributors to the overall; structure of 
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"x 

the mqlê cule the methyl 'groups in the dimethylamino 

moiety must be nearly, coplanar^with* the aromatic ring. 
" • - *„.. ' . \ 

Such coplan§rity is however, prevented by the steric* 
' j" it * 

»a effect -of a.lajcge ortho group, the other .bwizene ring in K». 
his • case* 

••} 

This, twisting%-will "tend to reducê -the conjugation of 

nitrogen lone°pair with the ring and w„dll thus 

lengthen the C-N̂  bond and alter the electron density 

within the dimethylamino group'. The electron density 

will be increased about the nitrogen atom and by the 
6 

'alternation effect1 decreased around the two carbon 

atoms and ihcijeaŝ d around the six protons. The 
» "' » 

ancreased .electron density around the protons is also 

. evident' in the abnormal position (upfield shift) of one 
1 

of the dimethylamino groups in the proton nmr spectrum 

(at 2.8v0ppm c_f. 3.05ppm.in compounds 5H. and 60). The 

decreased electron density around the carbon atoms 

explains the downfield shift of one of the -dimethylamino 

groups in the carbon-13 nmr spectrum (at, 42.6ppm c_£. ca. 

40ppm in 5fi and 60)*. 

The above discussion thus proves that the structure 
a • 

of the produced, biphenyl is jfift, a structure containing \ 

a relatively rare substitution pattern. 

As can be seen from the details above, no 3:1 

adducts were formed-on reaction of sulphene with \ 

aromatic compounds containing dimethylamino ' * 
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substituent^Thus Scheme I does not fully explain the 

reaction sequence involved. In this case there must be ;act± 

etic another reaction pathway with comparable energetics by 

\ \ 
which sulphene can be consumed. One possibility for such 

' • - - . 

a pathway is that the nitrogen atom in these aromatic 
m 

cpmpounds can coordinate electrophiles. Such 

coordination is, well known for N,N-dimethylaniline in 
* * < 

other*systems and has been invoked to explain the 

drastic reduction in reaction rates for some 
• - Qfi 

e l e c t r o p h i l i c ^substitution react ions. ° The i so la t ion of 
N-methyl-N-methylsulphonylahilj.ne',JE6_ ilTfcaken as . ,. 

» / - > < » & 

evidence in support of t h i s complexation of sulphen^ by I 

' the nitrogen atom and simil'ak products have been' 

reported from several inves t iga t ions of the reaction of 

N,N-dimethyl an i l m e -with aromatic sulphonyl chlor ides . 

Bptji, e l e c t r o p h i l i c aromatic" subst i tu t ion and* » 
x complexation by the nitrogen Of sulphene wil l - lead to ' 

\ *' 
* -"- ' 

formal carbanions, £3. and JJl respect ive ly which can both 
\ ' 

NMe, 

S02CH2 

\ TO 

rt 



. . • v 
coordinate more sulphene units. Unless N-demethylation 

of 2Q. occurs to form ££, the sulphene units coordinated 
" - *- 1 

to the nitrogen atom will be hydrolysed off on work-up 
** • , \ -

of the reaction mixture. * \ 

A suggested mechanism for the formation of 58. 65 

and ££, is presented in Scheme II. Species such as £3 and 

7JL which -have an \rS02R ,group para to the dimethylamino 

group would* not be expected to coordinate sulphene at •> 

the nitrogen atom since "the electron density at this 

atom is significantly reoujced by through conjugation' 

as described earlier. Species ̂ JL may be formed either by 

step-wise addition of .two^sulphene units or by reaction 

. with a dimeric sulphene specie's in one step. No 3:1 
* — 

adduct has ever been isolated for such compounds and so 
• » \ 

t 21 does not react further with sulphene. The other 

carbanions and other nucleophiles present in the 

reaction mixture must be" more reactiye than this species 
1 * • .' . « ' * 

and hence only a 2:l*adduct is ̂ formed. * * • 
* ' ~\ * * * 

The reaction mixture in* these reactions mustVcontain 
a complex series of equilibria* air-competing with* 
' *• ». 

each other. The formation of the biphenyl 6jB.'»is 
' - ' ** * ;- l * 

•discussed in #detadl in a subsequent sect ion. -, 
« « 

Reaction Kith pyrroles 
/ -

The/reactions of sulphene with pyrrole and N-
methylpyr\role were al*so Attempted. With' pyrrole itself, 
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the result was a reddish-brown tarry mass whilst N-
\ 

methylpyrtole gave a 2:1 adduct,22« Pyrroles are highly 

O-. '\ ^J)-S02CH2Ms 

Me 

activated towards electrophilic aromatic substitution 

aftd the reaction with sulphene was not surprising. 

Pyrrole is very prone to polymerisation under conditions 

where electrophiles are present.100 

, For pyrroles, 2-substitution is generally the 

preferred mode of-reaction, and this can be explained 

qualitatively by the fact that there are three possible 
t " c 

resonance forms for the intermediate formed by 2-

substitutionv compared with only two on 3-substitution. 
w s 

•Neither a 1:1 or a Z\l adduct, were isolated in this 

re%c€ion which is perhaps surprising. Obviously the anion 

73 does not react further with sulphene; perhaps this 

Me 
802gHMs ^ %X?^) 

Me**o/302 

•V 



dipolar species is stabilised by the formation of a 

rather tight ion-pair and equilibration to 2A would form 

an ion-pair which is also a six-membered ring. Such 

species are generally favourable and work-up of this 

equilibrium mixture would produce the product 22. 

An alternative ismts. £JQ the. biphenyl derivative §3 and. 

similar species - . \ * 

Since p-*-methylsulphonyl-N,N-dimethylanlline,JL5, had 

been prepared in low yield as described above, its 

synthesis by an alternative route was attempted. Dondoni 
* 

and Tadisco^" had previously prepared the compound by a 

circuituous route, also in low yield. It therefore was 

attractive to attempt a new pimple synthesis using a 

Friedel-Crafts type reaction. Vriesen101 and Truce and 

Vriesen?-02 have reported the sulphonylation of aromatic 

compounds using methanesulphonyl chloride and a 

Friedel-tefcafts catalyst. These workers found that the 

introduction of a methylsulphonyl gf<oup infffr an aromatic 

ring was only successful for benzene or other aromatic 

compounds of similar reactivity such asj toluene and 

chlorobenzene. Results for the more .reactive* aromatic 

compounds were not reported save for anisole which gave 

the sulphonate. Many reports in the early 1900's 

concerned the react ion of N,N-dimethylaniline with 
ft < 

aromatic sulphonyl chlorides to.form colourful dyes and 

Gebauer-Fulnegg and Schwarz" have shown that deperiding 



on the reaction conditions, reaction of U,N-

dimethylaniline with tosyl chloride gives both 

substitution,^., and N-demethylabion,2£. 

63 

NMez 
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75 

The fac t t h a t 2 5 c o u l d be prepared in a reasonable 

. y i e l d gave hope t h a t £5 could be syn thes i sed in a 

s imi lar fashion by the reaction of methanesulphonyl 

chlor ide with N,N-dimethylaniline. The synthesis was , 

,unsuccessful when aluminium t r i c h l o r i d e was used as a 

c a t a l y s t . However, if antimony pentachloride was used, a 

deep-red coloured reaction mixture was formed and 

a l though £3. was not formed, a 21% y i e l d of £3 was 

r ea l i s ed* This y i e l d could be increased t o 41% by use of 

an excess'of the c a t a l y s t . Compound £3 was ident i f ied as 

such-since i t showed iden t i ca l spec t ra l propert ies t o ; 

the product, obtained previously and a mixed melting 
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point with the authentic sample was undepressed. It thus 

seems likely that £3 was formed in the sulphene reaction 

by direct attack of the aromatic compound on 

methanesulphonyl chloride and that sulphene is not an* 

intermediate in this process since no dimeric sulphene 

residue on a biphenyl J?as isolated. Further support for 

this'point is thatThe yield of £3 was much reduced 
*• 

(<1%) if the methanesulphonyl chloride was added* to a 

mixture of triethylamine and N,N-dimethylaniline to form 

sulphene. A possible mechanism for the formation of £3 

is given in Scheme III. In order for such a scheme to 

work several conditions must be met. The electrophile 

(X) must interact withjboth the methanesulphonyl-chloride 

and the dimethylamino .group to form complexes of 

reasonable stability. .It must also have a relatively low 

reduction potential; ±.e.. it should be able to accept a 

pair of electron's readily. Of course, two different 

species may be present each filling one of these roles. 

Antimony pentachloride meets both of these, conditions, 

it is known to be a good Friedel-Crafts catalyst103 and 
it is- able to accept electrons by reduction of antimony 

(V) to antimony (III). When either antimony trichloride 

or aluminium trichloride were used as cata^Kts no 

reaction occurred. Although both have been used as 

Friedel-Crafts catalysts,103 neither is easily ̂ reduced. 

Formation of £3 is vjja, a complex series of * 
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equ i l ib r i a whence some dimethylamino groups can be 
* » ' #* ' \ 

{ uncoordinated in the presence of an e lec t ro j^ i i le l i ke 

antimony pentachToride. I r the formation of i&5 occurs as 

shown then i t i s reasonable t o assume t h a t t\ie . 

dimethylamino group-in t h i s compound w i l l not be 

coordinated owing to the 'through-conjugation" effept 

described e a r l i e r . •* * . 

* The* highly colqured- reaction mixture'suggests t!a\at 
. - • • 

radica l ions may a l so be0 involved in the reaction 
1 \ 

mechanism. Such involvement has been pos tu la te^ and -

proved in some examples of Friedel-Crafts reactions},1 0 4 
.'»• « * 

letei .Unfortunately due to the heterogeneous nature of the . ; ' * V •• -
reaction mixture amongst other things, an esr study was 

• ' * w 

not possible in the present*work. , . \ •. 
2'-

The f ormatipn of the, biphenyl JLfl cons t i tu tes 

.unique, reaction' and an attempt was*-made to produce-other 

bimienyls by similar-opropesse£. Such reao|ti,ons woul3 ^e 
7 '' "*"" .* '*. * *. '• '" 

useful since "»syhthetic 'routes to unsymmetyrical biphenyls 

are usual ly long "and r e s u l t .̂h low yie lds ; ' The*reaction'.* 

of N,N-dimethylaniline with antimony pentachloride iji <. 
* * • • T ' 

the presttoce of methyl iodide, sulphuryl ch lor ide , " • •> • 
. bromine* and ace ty l chlo*ide yielded no isolable" . ; 

-m, * * . . . * * • * , * ' -

products. The reaction of N,N-dimethylanilinfe with * * 

.antimony pentachloride with no added e.lectrophiles 
X i J yie lded a complex' mixture of ^products. Chromatographic 

* * separation was" not a l together successful although a , 

4 
v 

. I 
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u 

V 

s-

yellow, o i ly so l id with s t ructure 22 waŝ  i so la ted . This 

NM% 

•3> 

V 

structure was confirmed by its proton nmr and mass" 

.' *; " spectra only since its yield was very low. The aromatic 

t region of the 360 MHz proton nmr spectrum of 2,4'-j, 

y • * bis (dimethylamino) biphenyl,22, is presented in Figure VI 

, "'v* * - and this is consistent with a-ABCD pattern and a AA'BB* 
* > * * • % 

*• * " *" * \ * 

, ' * pattern" overlapping, as expected for this structure. 

* - , Although 4,4'-bis (dimethylamino)biphenyl was not 
isolated it was presumably formed also. 

fi~ • *"•' Other products^ formed in the reaction were Isolated 
fA,' 

fied : ifbVery'low y ie lds and these were-tentatdvely ident i f ie 
«* * * * - , * * * v 

- -v * -*»' < using a mass spectrum of the'.crude mixture. The peaks a t 

^"w * * '"« 254,v 272', 274, 306-and 308 Daftohs'were assigrfed,to 
' * ' ' \ • *, ** ** « 

structures 2ftrft2* respecjfinvely'anrf are shown in> Figure » 
s •* ' % * * * » %. I . «. 

* . , \ <VII; the.ir isotope peak's were consis tent with the j v, 
. •-, * * t »*. *. „ » * * > 

- . • * * • ' • ( . * . • * - , ; . 

^ ' .>, * " ' s t r u c t u r e s within experimental error (n.jbj- "some of these '. 
Vover lapsed)."• 2,4'-Bis(dimethylaijdno1+5*-methy.l- , ,*) 

" * « i 
*« » * • ••» > . 

, ' > 9 

•V . ' * * 



Figure VI: Ths. aromatic xfigicn Ql the. pxfltfin nmr. 

sppctrum Qt 2f4'-bis(dimethylamino)-biDhenvl, 22. 
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methylbipheny 1,2ft, was likely "formed by reaction of N,N- • ' 

dimethyIaniline with methyl chloride formed by a N--

demethylation reaction such as depicted in Scheme II. „ » 

Compound 2ft was also prepared as part of a complex 

impure mixture from the reaction of N,N-dimethylanilipe . 

and N,N-dimethyl-p-toluidine with- antimony pentachloride * 

(evidence from mass, .spectrum). Since antimony 

pentachloride is also a fairly powerful chlorinating • 

agent, and has been used for many years as such,105 ' ̂, S 

several of the.products contained chlorine; these atoms.-

are located solely on the basis of the expected 

directing powers of the dimethylamino group. Compounds 
K '* 

22. and Jftl a re t r i cyc l i c^and are probably formed v ia the 

coupling of radicals.* * I 
* * » i 

Reaction of 1,3-dimethoxybenzene with antimony . v 

pentachloride produced no biphenyl products. The s,imple 

dichlor-inated compound £2 was produced in 55% y>&eld. The 

OMe 

\ 

83 ••'•*'• 

"* 
*. reaction mixture was again highly coloured suggesting 

the existence of radical ions but no coupling r*rodu.qts 

i i 
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Figure v i i : Compounds 2fi - 32. *• 
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were observed in the mass spectrum indicating that such 

species are "not important'-in this case. Compound 32. had 

been prepared previously;106 the melting point and , 

spectral data obtained in the present "study .afcree well 

w,ith' the reported, data and that expected. The fact that 

biphenyls were produced in thea react ions, involving 

dimethylamino substituted aromatic compounds'is 

.undoubtedly due to ttfe great activation of.tljis group.. 

Reactions jof. substituted sulphenes 

. A ,study of the literature indicates that substituted 

H sulphene itself {see for example the reviews of KingxT , 
- » , * ' " » ' • 

and Opitz22). *Of these substituted species, , 

: m.ethylsulphene and .phenylsulphene have been the most 

studied probably because the corresponding sulphonyl 

chlorides are relatively cheap and easily obtainable. 

However, both have problems associated with their 

Chemistry.* • ' , 
- * , » 

Phenylsulphene has a propensity to decompose io |oxm 
£xkjlS.-stilbene by1 loss of sulphur dioxide although Hamid 

< • . • ' . * . '.. 

and>Tr.i£pett10? have sliown that it/unde'tejoes _ * 
. ' . ' i t j 

"cycloaddition reactions with examines and ynamines. On •* 
* * ' ' ' * *\Z > '-* 

the ,6ther hand methylsulphene'reactions generally*, occur ( 

' ' * , «»• * .1 j / , v 

ower yield than"do-equivalent react ions wising- '* 

sulphe'ijel/'Fop^e^ample dpitz, fifc a l . hdve shown that ' the 

* •> • , , ., * 
* * \ <> , , 0 
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cycloaddition reactions of methyjfitalphene with 

enamines108 .and ketene-N,N-acetals105 proceed in yields 

of less than 10,% whilst sulphene reacts to*ljive products 

in 70% and 50% yields respectively. - " ' 

In the-present study°the reactions of aromatic 

compounds activated towards electrophiles'and 
. . . 

methylsulphene and phenylsulphene were investigated'and 

the .results indicate similar problems to those outlined' 

above. ' * ' '. ' ' 

Phenylsulphene reactions 

-Attempts to obtain electrophilic aromatic l . 

substitution products from phenylsulphene with, both N,N-

dimethyIaniline and 1,3-dimethoxybenzerie both failed 
• -,» 

eve'n though a var ie ty .of reaction conditions 

(temperature and solvent) We're used. In a l l 1 reactions^ "~ 

the aromatic compound was recovered nearly ** r s 

quan t i t a t i ve ly and £xaiLS.-stilbene was the only product. 

King'and Durst 1 1 0 have shown tha t decreasing the 

p o l a r i t y of "the.solvent decreases the formation of the 
# 

trana-stilbene however this had no observable effect in 

the present, study. *, - . 

It is concluded from -these results that dimerisation 

of phenylsulphene/fqrming the episulphone- followed by a 

Ramberg'^Backlund-type reaction"" to* form Jlrajas.-*sti*lbene,> •,/„ 
* • i l l * ' t 

as suggested*by 'King, and. Hardin^t jpust be a muc"h more -.•? 

<e V , , . . .- / . -r •• . * 
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favourable route than electrophilic aromatic 

substitution'. 

Methylsulphene reactions 

' The reaction of methylsulphene, formed from'the 

reaction' of ethanesulphonyl chloride, with 1,3-^ 

dimethoxybenzene produced ethanesqlphonic acid as the 

major product af^er work-up of the reaction; no adducts 

arising from electrophilic "aromatic substitution Were-

isolated. With the more activated N,N-dimethy1aniline, 

an analysis of the dichloromethane-soluble products 

indicated^ that less than 5% ©f these contained a para-

"substituted aromatic ring although there were 

suggestions--©f such substitution! The" major organically 

soluble product is MA.., " * -

.* « 

84 • *. **<". * 

As has been discussed above,'such a product is likely 

'formed by.coordination of the alkyl'sulphene followed by J 

was only obtained -in 9% yield." 4 * - * „ -r . 

4 

1 - . .. .. . - » * t u * * • * * ' > *i * * v * / I 

<#< 
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i 

* Various conditions .were used in order to coax 
a * 

methylsulphene into an electrophilic aromatic 

. substitution'reaction but these all failed. King-and' 

Harding111 have'shown that the .use 'of trimethylamine as • 

"the base in-the formation of methylsulphene ,. , 

significantly increases-the yield of /?-sultones in 

. reactions with electrdphilic carbonyl compounds, 
. " - i 

however? the use of trimethylamine had no such effect 

here.' 

I t i s a l s o i n t e r e s t i n g t o note t h a t no dimeric 

species .of type JL5. are apparently £©r»ed In the reaction 

MeCHSoJspjNEi, 
I 
Me 

85 

since they would produce readi ly iden t i f i ab le sulphonitf 
N Ji ft 

* ' 1 ft 1Q ' ' 

acids on work'-up.of the react i o n . 1 0 ' " I? 

Since-a methyl group i s e lectron donat ing^his w i l l 

' ' j i' • " ': \' Vr • ' • -teno; td stabi'lpSe- a species which' i s o v e r a l l -electron 
*• i . * > v •* 

f i t , f. •*, . 

sj." .«M.I( #efieient such as sulphene. However., t h i s e lec t ron - ' 
[ » » * ' , . *3 ' . * 

' ,' v donation Would a l s o tend to de s t ab i l i s e the negative • 
' - . ' * : „ • • . ' , • * * 

•charge in the l i k e l y intermediate 33 for e l e c t r o p h i l i c 
i * » " »* * -• *.*,: ' 

u 

K 

j , v* « aroitfatic subs t i tu t ion . These two»effects would both ' 

.M* ' „ ' ' * ' . ' " ' • » * " ' / - • -< " j ^ . i * ' ° * A-
r^ y *' • . A,. ' , . • *. • , - ' . . " •* \ _ . ' . " " « / . 

• ' * • • */<• r ^ \ ^ , y < . . . ,. * • . , '-

» \ * "" 
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• 

j 

< 

OaCHCH3 

• serve to increase the activation energy for such a 

reaction and here t,his is sufficient to direct the path 

, of the reaction to the N-demethylation prdcess. Of 
i *• 

„ course, 'ster.ic effects are likely also to inhibit 

reaction. 

Reactions o£ azasulphenes 

In0this study the reactions of a few azasulphenes 
r 

with N,N-dimethylahiline, 1,3-dimethoxybenzene and 
i 

anisole have been invest igated. Azasulphenes -were 

usual ly generated i n s i t u under dry conditions by the 

reaction of a sulphamoyl ehlor ide with t r ie thylamine in x 

an iner t so lvent such as benzene or t^trahydrofur'an at -

10° t o 20°C. A c e t o n i t r i l e was not used'as a s o l v e n t 

since i t i s known to form, adducts with carboalkoxy- 4 

azasulphenes.^^ Reactions attempted at the lower* *>/t 

temperatures'used for 1-Jfrê  sulphene react ions (±,e...-3Q° -
s *• ' ' . l 

to.-20o>C) yielded no ufeefulj. products which would be iti 
" • * * 

accordance with an ant ic ipated lower r e a c t i v i t y , of ' . 
azasulphenes as compared to .sulphene, ' 

• ' < - . * '* • " 

The carboalkoxysulphambyl chlor ides .used to generate 
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the corresponding azasulphenes were prepared by the * 

careful reaction of chlorosulphonyl isocyanate with the • 

relevant hydroxyl-containing compound.36'37 Preparation 

of ethylsulphamoyl chloride was attempted, using the 

method of Hansen,112 by the reaction of ethylamine 

hydrochloride with a..large excess of sulphuryl chloride. 

This reaction is reported to proceed in 42% yield on 

refluxing for eighteen hours; however, 20% was the best 

yield obtained in the present study, the major product 

being N,N'-diethylsulphan.ide,52. The method of Kloek and 

1 34 ' 
Leschinsky, although a two-step preparation, produced , 

• * * 

ethylsulphamoyl chloride in 71% y ie ld af ter 

d i s t i l l a t i o n , with no sulphamide as side-product. 

Anisole gave no/useful products with e i ther 

ethylazasulphene or carboethoxyazasulphene,£fi* The , 

s ta r t ing aromatic compound was recovered quan t i t a t ive ly 

together with an .almost tfuanti^pitive y ie ld of '*, 

* 
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ethylsulphamic acid, the latter being formed by reaction 

with water on work-up -of the reaction mixture. 

* / 

Reactions ol ethylazasulphene . 

N,N-Dimethylaniline "reacted with ethylazasulphene to 

produce N,N-dimethyl-N'-ethylsulphanilamide,JBLt"t, in 55% 

»* / 

i 
% 

yield after recrystallisation from methylene chloride-

petroleum ether. This compound was also prepared 

similarly by Atkins and Burgess47 who realised a 47.4% 

yield. The melting point and the infra-red and proton 

nmr spectra agreed well with those reported save that 

the aromatic regidn exhibited a AA'BB' pattern typical 

of a compound of structure JL2. and not a, multiplet as 

reported.47 1,3-Dimethoxybenzene also reacted with 

ethylazasulphene, in thiŝ 1 case,N-ethy 1-2,4-

dimethoxybenzenesulphonamide,2fl., ̂ was produced in 54% 

yieln after re6rystalu.isation. The proton nmr spectrum 

" exhibited a ABX system ejected for such a structure and 
. • * • ' \ 

• 
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SOsNHft 

OWe 
I t 

OMe 

also included two different methoxyl signals at 3.92 and 

3.99 ppm. The methylene group at 2.18 ppm showed a 

broadened quartet due to coupling with the adjacent NH 

group, this broadening was removed on shaking with D20. 

The carbon-13 nmr spectrum confirmed the structure of 

33.7 this spectrum also indicated two separate res'onances 

for the-methoxyl groups. 

• As was indicated above, Atkins and Burgess47 have 

briefly mentioned the reaction of-N,N-dimethylaniline 

with ethylazasulphene* The last paragraph, of the 

discussion in their,paper simply indicates that a 

* reaction takes place without any comment on its 

r 
significance. Unfortunately anisole does not react with 

ethylazasulphene and so it seemŝ  that only very highly 

activated aromatic compounds can be expected to react » 

with this potent electrophile. 

,* 
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Reactions M. carboalkoxyazasulphene 

.N^N-Dimethylaniline reacted' with carboethoxy-

azasulphene,JBLfi, to produce N,N-dimtethyl-N'-

carboethoxysulphanilamide,9JL, in 61% y ie ld (Atkins and 
\ 

t ' 

SQjiNHCOOEt 

) .4 
Burgess*7 reported 36%). The melting point and the 

infra-red and proton nmr spectra obtained in the present 

study compare well with those reported except that again 
w 

a AA'BB* pat tern was c l e a r l y evident in the aromatic 
» l 

& \ 

region of the proton nmr rather than the reported 

multiplet. The carbon-13 nmr spectrum was also recorded 

and"confirms the structure'of the product. 
N,N-diaiethylsulphanila»ide,.?_2, maf' be prepared in 

V:-



r. , *. 
* 

* J*' 
» 80 

^nearly quan t i t a t ive y i e ld by the hydrolysis of 2JL in 

aqueous ̂ a c i d i c methanol. 1,3-Dimethoxybenzene a l so ' 

reacts with carboethoxyazasutphene to produce a 
» . 

s i m i l a r l y subst i tuted product f93. which i s readi ly 

hydrolysed to 94 in quant i ta t ive y ie ld . ^ - ' '* 

S02NHG02Et 

OMe , 

SOjNH2 

OMe 

OMe 

93 
*. 

. - . 

Thus a new synthesis of aromatic sulphonamides- from 

highly activated aromatic compounds is presented. Such 
•* * 

« * 

species have been prepared in earlier years toy other 

routes in relatively low yield^113 

Carbomethoxyazasulphene and carbophenoxyazasulphene 

also react with N,N-dimethylanilin*e and 1,3- • 

dimethoxybenzene in a similar fashion. Carbo-(2,4- / 

dinitro)phenoxyazasulphene,9JL on the other hand yields 
I * 

the sulphonamide directly on work-up, i.e..* no separate * 

hydrolysis is required. This latter reaction also occurs 

in much lower yield than with the other azasulphenes 



2 * 

N02 

• OCON=S02 ' * 
i ° 

" A > * .* • .-

if 
' , . . 

which tends to suggest that SJ?decomposes readily. 

The fact that the electrophilicaromatic 

, substitution reaction with azasulphenes requires a* 
higher temperature "than with sulphenes themselves 

4 . *• • 

indicates that the activation*energy for the former 

' , /- v • " ' **' . 
reaction is higher than Jjhat for the latter. - » • 

0 < 

• •••'. J> ' x ' 
ReactionsJa£ sulphur trioxide 

In this" study the sulphur trioxide .complexes with • 
» • • / • 

trimethylamine and, with pyridine which .were used, were * 

those which are commercially available (Aldrieh # 

13,587-9 and S 755-6 respectively)". As was discussed in 

ttie previous chapterJLthe pyridine .complex Us the more * 
*, WW 

r e a c t i v e of the two. Table OI shows the y i e l d s of the 

sulphdnic acid^s 9JL, 9.2 and 9_fi produced in »the reactidn 

of Aniso le , 1,3-dimethoxybenzene and N,Nrdimethylani€,ine" 

' respectively with the sulphur triox'ide Complexes. I t i . ' ' 
« - . * , « •« - .* ' . 

% . « » " . " 
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o5 - ' 
» . * 

• - * 

Table ill: Yields obtained in Uae. aromatic sulphonation 
» 

t , reactions. 

* 

N 
\ 

Sulphur T r iox ide 
f * 

Complex: S0 3 . py • . S03.NMe3 Com»-i 

Aromatic \ 

Compound': * 50° 80° 120° 50° 80° 120° * 

Anisole » 0 0 trace 

1^3-dimethoxy- » 
benzene * 0 8% '35% , ' 0 trace 20%* ' 

* 
i 

N,N-dimethyl- x , • * . . 
aniline . , 0 20% 50* «& 0 , 35% ' 

% 
* 
Reaction temperature " \. a4 

o_ ** 

* 



< \ 

I -r 

OMe 

SO3H 

96 

-«. •» 

SO3H 

97 ' 

SOaH 

96 

•3 

X. 

> 

V . 

Should be noted that each reaction carried' out using a' 

tworfold excess of the sulphur trioxide-complex in a 

..sealed tube for six hours'at the temperature stated. No 

reaction occured at room temperature for any of the 

aromatic compounds. » ' . 

"'Anisole gives no useful yield of 33 under any of the 

conditions'usedjhere although a trace of such a product 
* " , ' • . - S 

,was Indicated by a possible AA'BB* pattern in. the proton 

nmr spectrum of the reaction with the stflphur trioxide--

pyridine complex at 120°C, The reactions of the other 

two aromatic compounds with.sulphur trioxide have not / 
1 s 

been reported earlier as far as the author" is aware. 
» » » • 

However, neither „of these compounds give good yields of 

their respective sulphonic acids. All spectral data 

obtained for the two products were in agreement w.ith 

.structures 52 and 9_fi. • . 

From these results it can be inferred that the , 
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activation "energy for the reaction of .the sulphur 
• . * ' C 

t ion J 

K .• 

trioxide-trimerfftylamine adduct, which is the react 

most relevantbto the sulphene and azasulphene^ reactions, 
t 

is higher than for both of these othervreactions." 

• . J ' ' . . . . >. 

The work described in this chapter has shown that . 

the three species considered i.e.. sulphenes, 

azasulphenes and sulphur trioxide are similar in,theiE 
• • *' * 

•electrophilicaromatic substitution reactions. Such 
> i 

similarities extend to much of the "other chemistry of 

these species as shown in Chapter 2. Although such 

t similarities have been alluded to by several gro'ups of 

workers, for example Williams and co-workers,H4,115J. 

the author is unaware of any previous -direct, detailed 

comparison of the -species. It is hoped raat the present 
i * 

work makes such a direct comparison and hence .pu.ts phe 
chemistry "of these species in a better perspective. -

* - . 

•f » T 

t s. 

."•V V. 

\ * . - * 

A new method for the introduction of an -SOoX,group •. 
J* * * .» 

* • (where X is carbon or nitrogen) into aromatic compounds - -** 
* . ." " 

activatecPto electrophilic substitution has been, 

presented and has been shown to. be of some; synthetic 

utility. The preparation of aromatic sulphonamides by 

the hydrolysis of the carboalkoxyazasulphene products 
/ ' > 

occurs under rather mild conditions and such products 

are'used'in a wide variety .of applications.116 * ; 
1 « 
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. J ... ( 
* K • •• 

• r 
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/" 

Serendipity has provided a new, albe.it low-yield 

synthe'sig of-some novel substituted biphenyls. , ' 
• * » . 

Suggestions £QX further UCJJL * % \ 

- One-to-otie adductsj of sulphene with aromatic 

compoundsomay possibly b e obtained by the use of 

different conditions to those employed here, for . 
«***^*» J(« •*>. « 

example, 'generation oJE sulphene in a medium where it is 

more feactiv'e has been described,1?-7 perhaps use of this 

system will allow rapid reaction'fef aromatic comppunds ' 
" A

 r " « . * *• 

with a single sulphene unit: quenching of the reaction 

would thus produce "l*:f adducts. 

Another, interesting study would be the inve'stigatiort 
* ^ w » 

a - J 

of the cleavage of C-+SO2 bonds in the 2:1" and, 3:1 . ' 

adduces'obtained in the current work in order to 

. 

\ investigate selective cleavage reactions. There are 
« * * 

. - - W " 
• several, methods, for such cleavage reactions and these 

* . 1 . . * „ *> ;." * . ' . , 
' have been described elsewhere.'. 

* * ' \ * 

Although Snyder has reported calculations of the 

' str'ucture and electron density of sulphene 1 5 no such ' 

* ,\* data are available for azasulphenes whilst the structure- ' 
• * * * 

of sulphur trioxide is well knjfcp. Sqch calculations for 

. azasulphenes would/be interesting, and ̂ potentially useful 

) since extensions of.these results may provide more. 

information about the relative reactivities of the three 
*• . - < * 

species,with nucleophiles such as aromatic compunds. 

http://albe.it
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INTRODUCTION,- 0-KETO^HONES 

, ;;V . , ff-KetPSUlphidegr sulphoxides ajafl^sulphones, 

(3-Ketosulphides, 9_9_, sulphoxides, 1 M and 
" * 

sulphones,lfll, all contain" a Methylene group which is 

** <\? *• ' 

RCOCHjSR' - RCOCH2SOR' R O O O ^ S O ^ 

87-

> 

mtSmmrn* 

r • 

_> doubly activated owing to tthe electron-withdrawing ' . ' 
* . . # * • » - •». 

properties of the carbonyl group and the sulphide, 

sulphoxide or sulphone moiety respectively. The 

electronic effects of^these groups stabilise a carbanion 

, *>™ed on t „ e - c e „ t r a l - i . a te* - a U ^ U o W s \ 
-< . . . (^ 

*l "several ra the t f a c i l e react ions , for example alkylation-- , 
» , .• * *-

and ha logena t ion , t o Occur In a s i m i l a r manner to the * 

typ ica l Reactions of 1,3-dicarbonyl 'compounds'.118 The * 

s t a b i l i t y of the monoanion species^JSfi, 133 and 101 

increases as the sulphur oxidation l e v e l increases 
* . .' 

« * 

» whilsk their reactivity increases dn the converse order. 
The facility,of the reaction, mentioned above gives "* 

* * " 

/J-ketosulphides, sulphoxides and'sulphones potential as> 
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"*>y* synthetic intermediates 1 1 9 and t h i s usefu^rieafe i s 

* increased by severa l methods tha t have "been developed 

for the subsequent cleavage of-the C-S bond. ,, 

* Formation of /?-ketosulphides i s 'usual ly by the 
. . . . v - » . « 

. ''sulpheny^lation ofv ketones using ,a disulphid§, ^sulphenyi 
••6*** * Yj4 * * 

halide or similar reag'ent,'1>20'121^Eor example: 

It 

% 

'% 

\ \ • -

V 

.. ' . . . 

-This reaction" is generally.only synthetically useful if 

the sulphoxide or sulphone is symmetricaIs and is 

normally carried out with dimethyl sulphoxide or 

^ sulphone. /?-ketosulphpxides have also been-prepar.ed in • 

,' fairly good yields"(60-90%) by the reaction of an . , 

enolate.anion*with*an ester of a sulphinic acid125'126 

1 

\ ' 3 j 0-

However, /?-ketosulphdxides and sulphones are normally 1 * 
.. ' . ' ; * * * 

prepared e i ther by the oxidation of the corresponding 

i6(-ketosulpMde,119y122 or more usua l ly from the,, 

^reaction of the anioh of an* alkylmethylsulphox'i'de dr 

\ sulphone with "an ester* 1 2 3 ' 1 2 4 thus: 

1 ' 
» 
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«\ 

I)LDA 

2)P1TS0.0M« 

f'^N^SOPh 

- <J 

.x 

«/•* 

Other methods for the preparation, of these cpmpounds 

"have been'reviewed elsewhere119 and will not be 

discussed further here.. 
' ,'• „ * i 

The reactions of 0-ketosulphides and ' (3- "" 

ke^osulphones have not been investigated to the same 

depth as for those of /Hcetosulphoxides. This is 

* probably because 7?-ketosulph6xides are of intermediate. 
>* 

reactivity between the other two species. Most studies 

of**these species are concerned with the use of the 

sulphblfede, or other group, as a control element which 

is removed during »va .later step in the synthesis. 

Consequently the removal of such, a group has been- -
» 

extensively studied and has resul ted in two a l t e r n a t i v e 
routes to such removal: 

*. "' * 

RCOa^SOR* J-^H? RCOtHR'ft" 

AcOHjZp W«**#*W" A C U n / A D E*rf*/V<4J«»'r»" 

f 
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* * * 

Russell fit al. 7'128 have been particularly active •-

in the usê  of /U-ketpsulphoxides and have produced a 

wide-range of 1,2-dioxygenated compounds by various 

^.WQrk-up^procedures as detailed-in.Scheme.lv. 
• - -* ' ' * '-h 

The thermal elimination of RS02H hfs.also been used 
in border to*remove the sulphur-containing moiety, the 

* *' . *\ . 

result of such a reaction being the introduction of , 

< 

unsaturation a, 8 to a ketone; such species serve as^J7> 
\ . , -

major intermediates, for the elaboration of organic 

structures. 

- A potentially very useful reaction of 8- ' 

ketosulphoxides is-their reaction with Grignard 
f \ * 

reagents.?-30 This produces- a stable organometallic 
** *. * 

reagent which undergoes facile reaction with '* " 
electrophiles such as ketones: 

PhSOCH(M|gX)COR. + Me2CO - > PhSOCHCOR " 
\ 
C(OH)M«^ 

As was'mentioned above the alkylation of 8-

ketosulphoxides is a very facile process, reactions > 

usually being carried out in DMF o'r THF solutions or f 

•under phase-transfer conditions.'131 A major advantage of 

this approach is that monoalkylation can readily be 

achieved4'123 whilst alkylation of the more reactive 8-

~-> 

http://detailed-in.Scheme.lv


cheijte IV: Preparation ô f 1,2-dioxygenated compounds after Russell et al. 128 

« 

RCOCH2SOCH3 

lir.iilr 

RCOCOOEt 

H® 

* 

RCOCHSCH3 
\ 
OH 

RCOCH(oCH3)t 

RCOCHO 
V ^ RCOCHpH . / 

RCHCH2OH 
\ 

OH 

t) l2|CH3pH ;^)Br2;H5EtOW;iv)Cu(OAc}2;v)HaBH4;vi)HOCH2S02Ba 

• •• * 1 

K 
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ketosulphides 1 1 9 ^ and 1 ,3 -d ike tones 1 1 8 i n e v i t a b l y resul t s ' - » 

°in t h e production, of a mixture of mono--and d i a l k y l a t e d *** 

products ' . - * • « - . \ 
* * .* 

The bes t C-S bond c l eavage "reaction repor ted «for* /?-
' ' -£ 

ketosulphones i s t h a t due'to.Lamm and SamuelLss*onJ 2 

i * - 0 s. 

* *» . 

i n v o l v i n g the c l eavage of a r y l a J k y l and a x y l a r y l - / ? -
ketosulphones by t h e use 'o f e l ec t rochemica l methods. "The^ 
o v e r a l l ' r eac t ion may be represen ted 'By ' the fo l lowina • v 

* * JC*#'» • 
equa t ion : •.1 -

.•< 

'. RCOCH2S02R
/ + H20 ^ > RCOMe + R*S03H 

3' 

Cleavage with zinc and a c e t i c ac id has also 'beeft used '-« 

s u c c e s s f u l l y . 1 2 3 ' 1 3 3 * ' * * ' • ' > " ' 
- * * * » 

Most r eac t ions of /^-ketosulphones so far* repor ted ,, 
I * 

have used .£hem as s y n t h e t i c i n t e rmed ia t e s , as for the <v , « 

V j3-ketosulphoxides. For example Cannon fit a l . 1 3 4 h a v e . ' - , • ' ** 
Ki *• 

used 1&2, synthesised from the corresponding ester and,v 

* . t 

' / 

* 

• • * 
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the carbanion of dimethylsulphone, to introduce a 5-

a l k y l group, in high y i e l d ; in the syn thes i s of 5-n-

alkyl resorcinol dimethyl -.ethers. Alkylation of p - ^ 

ketosulphones has been carried "out by both conventional" 

methods1 2 3 '1 3 5 and .under phase-transfer conditions/;136 

* A " - < * _ / 
although .the .letter is probably preferable. 

% 
A pa r t i cu l a r ly interest ing reaction of j3~ \ 

,'% .ketosulphones i s . the reaction of the dianiontlfli with, 

1,3-dibrdmopropane to give*either the substi tuted 
' *" .. * * 

cyclohexane,10J[ or . the 'cycl ic enol„ ether,JJ15,/depending 

on the reactipn* conditions,- in up to 90% yield . J / V »-
Similar reactions have also been investigated involving 

-**-' ' 119' ' '- ' " 'i* 0-ketosulphoxides . 

i • 

. e e 
PhCHCOCHS 

" 

103 CHjjSOfcPh 

10S 

•The reduction of the p*-ketosulphone moiety has been 
* • «. 

studied by; several groups; "in particular," Crumbie fit" 

al. 1 3 8 have used'the novels reagent yeast ig order to 
v * ' • * * 

" I * " 

^prepare op t i ca l ly act ive p"-hydroxysulphones in high • 
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yield and optical purity. Other more,conventional 

methods include the use #£ sodium borohydride which 

yields tf-hydroxysulphone127'139 and lithium aluminium 

hydride which" produces the corresponding p*- > 

ketosulphide.127 ._ 

' SUlphenylation fif. compounds wjJth. fljcJiiyfi methylene groups. 

Sulphenylation followed by oxidation of the sulphur-" 

atom to the sulphoxide-followed by the thermal 

elimination of a sulphiriic acid is an important^ 

method for the. introduction-of a carbon-carbon double-

bond"into organic molecules. The reaction has been 
i * 

studied in,some detai"L. 

\ There are four published sulphenylation routes which 

are well established;- these are discussed below. 

1) m±h disulphides. 

Trost has reviewed this area in some detail140 and 

so little will be said here. The reaction involving 

disulphides gives a mixture of mono and bissulphenylated 

products, if»both "are possible. The amounts ©f eadhr 

formed is very dependent on ,the reaction conditions.* 

Grossert and*Dubey 141have shown that arylalkyl-p" --

ketosulphones, such as 133, do not react with 

disulphides in the presence of a base strong enoughifeo 
4 

remove one' of the methylene protons. 
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142 

PhCOCH2S02CH3 

106 

,V Hith sulphenyl haiides. 

Kuhle has written ah in-depth review on the, 

synthesis and general reactions of sulphenyl halides-J 

This review" contains a short section* on reactions with 

compounds containing active methylene and methine 

• 143 • groups. •"-*;: . . 

* ' 

Sulphenyl chlorides, which"are the most accessible 

of the.haiides, are usually produced either by bubbling. 

chlorine gas into a. carbon tetrachloride solution of a 
disulphide or by the reaction of sulphuryl chloride with 

« ' * < ** * 

the disulphide under basic conditions. Normally this . 

procedure "istcarried out at reduced temperatures 

USSR + SOJCIJ 

since the sulphenyl chloride-is a very reactive species; 

it is usually used without purification. As.with f 

disulphides, it is normally rather difficult to halt the . 
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sulphenylation at the monosulphenylated product and so a* 

mixture of products is often the result. Grossert and 

'Dubey141 have shown that aryl^lkyl-8-ketosulphones 

RCOCH2R + Riser base 
RCOCH(SR")R' 

+ 
RCOC(SR"]R' 

l i ke 10.6 always react with sulphenyl hai ides to give, 

bissulphenylated products. - v 

^3)'Kith, sulphen|mides" ^ 

Mukaiyama fit a l . 1 4 4 have reported ttfe successful use 

of sulphenamides to prepare s e l e c t i v e l y / 

monosjilpheriylated products from ac t ive methylene 
« 

•containing compounds, for e'xampje 2-phenythio-
t 

malononitrile.10'8 can be prepared in 55% yield with no 

bissulphenylated side products. 

CH*(CN)2 + Et2NSPh 

w 

(NC)2CNH2Et2 

SPh 

PhSCHfCN^ 

108 

This reaction is apparently accomplished under mild, 

neutral conditions i.e.. room temperature for five hours 
. * 

in CH2C12- Other examples using N-phenylthio-

s 
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diethylamine,lQ2 gave 37-77% y ie lds of the 

. monosulphenylated adducts. If N-phenylthiopyrroldine,l0_9_ 

-was used in p l ace of 107 then higher y i e l d s were 

^ rea l i sed . 

O 
SPh 

^ 
i 

Grossert and Dubey141 have used 107 to effect 
i 

monosulphenylation of 106 in 90% yields under mildly 

basic conditions. 

4) Mith sulphenimides. ^ N 

, Several, groups of workers144'14*5'146 have pioneered 

the use of sulphenimides for the sulphenylation of 

active methylene containing compounds. The sulphenimides 

used have mainly been N-'alkylthiosuccinimides,HP_ and N-

alkylthiophthalimides,UJL, together with the 

O o 

-SR 

W K 21 
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corresponding N-aryl compounds. 

These compounds are usually made by the reaction of the 

parent imide with a "sulphenyl halide under basic 

conditions147 or by the reaction of a N-halo derivative 

of the imide, such 'as N-chlorosuccimide, with a' 

disulphide by a radical mechanism.148 

i 
J * 

Sulphenylation with sulphenimides can be used to 

produce selectively mono or bissulphenylated products 

depending upon the reaction conditions for example: 

XCH2Y" * 2pfotSR — • (RS).C^ 0 + 2phtH 
S Y 

i 

Grossert and Dubey1 4 1 '1 4 9^1 5 0 have used N-dlkyl and N-

arylthiophthalimides ( H i , R*=Me, Et ahd Ph) to 

sulphenylate *arylalkyl-* (3-ketosulphones. 

Another route to a-sulphenylated /3-ketpsulphones 

has been attempted by Grosaert and co-workers.1 5 1 This 

reaction i n i t i a l l y involves txhe introduction of a (X-

halogen atom using ei ther sulphuryl chloride or 

pyridinium bromide perbromide followed by attempted 

nucleophil ic displacement of t h i s group with a sulphur 

nucleophile £ .4 . 

RCOCH.S02R ' + SO-CI, — • RC00H{C!)S0.R 

RC0CH(ci)sO2R
/ 4- R'S® —> RCOCHfSR') SQ2R' 
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'Although it is established that -a-halosulphones undergo > 

nucleophilic^substitution reactions with thiolate 

anions152 it is more common for a-halosulphones to be 

reduced under-'such conditions. For example Bordwell and 
4 

Doomes 53 have shown that the latter reaction occurs 
• • • / • 

readily for a w&de .range of nucleophiles, for example t 

-̂J©*", PhMgBr€ RS*~, S03
2~ and Ph3P. ' 

Grossert and co-workers; •"- have studied the reaction 
* ' • '. 

of-2-chloro-2-methylsulphonyl-l-phenylethanone,H2 and 

the corresponding bromo compound, 113., wi£h ' 

O " 112 X = C1 
-iJ^^S02CH3 TI3 X = Br 

HX 114 Xs=SEt 

ethanethiolate to form 2-ethylthio-2-methylsulphonyl-l-

phenylethanone, 114. However, they found that a mixture 

of products was formed and the reaction was deemed not* 

to be synthetically useful. 

i / 1 

EtS® 
112 - > 106 + t!4 ..+ EtSSEt 

57% 34% 6«% 

,U 
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Highly. Substituted methanes with multiple. , 'electron-

ffithgrawing arojjps.. , ' 

There has been much effort devoted to the synthesis' 

of substituted methanes with multiple electron- . ' 

withdrawing groups. /3-kietosulphides, sulphoxides and „ , . 

sulphones are members of this'group of compounds and*1 

have sonte very interesting properties due to thef active 

methylene group which-they contain; see discussion *• 

above. However,, more .highly substituted methanes are 

available synthetically and several workers have-studied 

substituted mjethanes with three electron-withdrawing 

groups attached, 115_,» where EWG ca>ri be -NO2/ -CO- and -

SO2- amongst Dther grpups. The interest in these 

oundS\ 

proton which 

compounds^ is mainly due to the highly activated methine' 

is usually easily removed by* weak bases* 

r 
EWG-C-EWG 

EWG 
115 

In 1944 Bohme and Huang154 reported tha t the i r 

/ attempts to prepare a methane substitutyedvwith four 

electron-withdnKlng groups had failed!. They were, 

however, a b l e to make llfctfy r eac t i on o) 

bis(alkylsulphonyl)methanes with benzoyl chlor ide and a 
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base . 

WK 

RSO* J\\ 

„ • ' • ' • . ' * Rsof OXCOC;H5 

116 

, Another rou te t o t h i s type of complex vfuno^iqnali ty ' f 

* ' * 
i s ou t l ined below: * ° • ' « 

1 t 

RCpCH2SR . +.. R'SX ^ > RCOCHfSR^SR' 

- 4 " - HI 

1J7 -2** RCOCHS02R' 

SOjR'' 

This approacn has been used by Gros,sert and Dubey155 

and is the one Used by, the author in the current work. 

The example shown above depicts the preparation of a-' 

ketomercaptai, H Z ; such compounds may also be prepared 

by, reaction of a-haloketpnes with a thiol under basic 

conditions.120'154 %> 

In the present study concerning the reaction of 

sulphene with activated aromatic compounds (Part I of 
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;this thesis) other examples of'trisubstituted methanes^ 

with three sulphonyl groups have been prepared • 

v(compourids.48 and,55). . . 
. * u. * 

» %. * . 
•> ,* • , y * 

' i. ° - * » > ° 
* • . ' 

Cjaxhoji acids. ' ' v ;; 
«. » - « a -

The acidity of a hydrogen-Containing functional • 
* * • * ' . 

grpup is one of its fundamental properties and much *• 

effort has been "expended in the gathering of data on' 

such important information. These data may be obtained 

by a wide variety of different techniques which include 

conductance', optical, electrometric and other 

measurements. There are many standard works which* 

describe the relevant techniques and the reader is ** 
directed to these for , further, information.156'157'15.8 

f * " ' * * •• • 
Two compilations159'1"0 of the values of ionisation * 

constants for about 5500 acids in aqueous solution have 
« « • -

been'published and a cursory glahce at these volumes 
« 

will convince the reader that Ijhe majority of the 

compounds included are oxygen and nitrogen acids. 

However carbon acids are not prominent in these ' -

compilations. In the last twenty years there havebeeji a 

number of reviews' concerning carbon acids and these have 

especially been concerned with-the weaker acids,i.e.. • * 

those acidji weaker«than a pKa value of 20.
1 6 1' 1 € 2 , 

Particular interest has centred around the correlation 

of Hammett type parameters with,pK. values and the 
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interpretation of these results. 

Notwithstanding the above, there have been some 

studies concerning strong,carbon acids (pKa < 20) and 

these Vill be discussed in turn. 

In order to obtain stronger carbon .acids,* the 

attachment of ..electron-withdrawing groups adjacent to, 

the ionising C-H group is required; the cyano, nitrp, 

carbonyl and sulphonyl groups are all good candidates 

for this requirement. 

Cyano groups have produced the most dramatic effects 
i 

and simple structural modification produces a range of 

pKa values from -8.5 for pentacyanopropene,
163 Hfi to 

»* 

f CN 

L HXGN 

' ' » < „ • . u s 

approximately 25 for acetonitrile.164 The introduction 

of a cyano group adjacent to the ionising proton in .a 
*. 

carbon acid generally increases its acidity by more than 
i 

10 pKa units as is shown by the ddfea in Table IV for 
a 

compounds of structure CHn(CN)4_n. 

Nitro compounds have been the most studied carbon 

acids (it should'be noted that there is some question as 

( 



1 " * » * . 

s 

Table IV: , pEa; yailiss of. J&ojue. saihoik axiMa. 

Compound; pKa re f . . 
i 

CHn(CN)4.n: f 

CH4 - ~46 165 

CH3CN . ~25- ' 166 

CH2(CN)2 11..20 • 167 

CH(CN)3 (. -5.13 162 

CHn(N02)4_n:-

CH4 - 4 6 ' v 165 

CH3NO2 10.2 168 

CH2(N02)2
 3 « 6 3 !60 

\ 
CH'(N02)3 0.14 160 



105, 

' to whether n i t r o ' g r o u p s a r e carbon *or oxygen a^Cids164) 

•with the except ion of hydrocarbons themsCLves and Table 

IV a l s o shows t h e pKa v a l u e s for the s e r i e s CHj^fTCJ^^-jj* 

As can b e l e e n from t h i s t a b l e t h e i n t r o d u c t i o n of*the 

f i r s t n i t r o group has a m u c l i l a r g e r e f f e c t t h a n in t h e 
^** . <*. 

case of a ,cyano group whilst introduction of further 

nitro groups has progressively less effect again in • ' 

contrast to that observed for the cyano group. In the 
* I 

case of the nitro group this has been termed a 

'saturation^ effect'-"-00 and is due to steric crowding ' 

around the central carbon atom with seriates 0-0 

non-bonding interactions, seA T19. For cyano groups this 

crowding is not evident since the cyano group is linear, 

120_. • . 

% 
M 

% ' 

C 
I! 

\ 

1 1 9 120 

V 
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The acidities of the dinitroalkanes, 121 have been 
< •* - * * 

4* 

* 

RCH(NO^ 
* 

t * 10 

121 

106 

studied in d e t a i l By severa l g roups . 1 6 9 " 1 7 1 These workers 

have attempted bo c o r r e l a t e the pKa values of these 

compounds w i t h the Tart 0 'parameters for the 

• subst i tuent R. Similar cor re la t ions have been successful 

,-foi^ia s e r i e s of amines, RNĤ  where a p l o t of pK.a s.s. a 

for R g i v e s a s t r a i g h t l i n e with a s lope in the range 

, . . , , , . „.„„,.. ,,....fe.«0.0, 
"values of eighty-one compounds of type 121 to .obtain a 

t 

good linear relationship,, y_i&: pR* = 5.23 - 3.29 a . * 

The slope of 3.29 fits within the range for the series 

of amines where the substituent ,is directly attached to 

the atom bearing the ionising .proton and.is apparently 

in the range expected174 for any such series of * 

**compounds. Some of the dinitromethanes do not. fit this 

correlation well and this'has been explained in terms of 

steric effects which decrease conjugation in the ' 

anion.17? 

The acidities of ketones have been studied in much. | 

- less**detail than nitro and cyajwô containing compounds 

one reason foi this being that ketones often exist in 

two forms, enol and keto, which have dramatically. 

# * * " ' •" 
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different pKa values. For example, the enol form of 

eye 1 open tan one in water has a pKa value of 11.8 whilst 

the keto form has a pKa of 16.4.
175 However, since fi-

diketones are important bidentate ligands to the 

» organometallsic chemist their pKg values have been 

. investigated.176'177 These compounds exist as both 

. keto and ê rol tautomers and most of "the pKa values of 

these lie in the range 8-1-2, with the enol tautomers 

(oxygen acids) being more acidic as expected. T,he -

* variation of £he substituent, R in 122 as well as R' / 

'affeets the pK_ values in a predictable manner".*178 The 
» 

v. •• ' 

* I 

pKa results*obtained f©r__the, keto form of six* 

substituted acetylacetones, (i.e.. 112. with R*=Me) by* 

Schwarzenbach and Felder179 and by Rumpf and La 

Riviere180 correlate with a*', Yffc. pKa = 10.53-

1.62 o . The correlation coefficient is 0.977 which is 

107 

ria. Note that the slope of very ,good by Jaffa's1®** critei 

the. line is outside the expected range (see above." , 

discussion).„ . - , * 

For substituted ethyl-3-oxobutanoates, 121, the pKa 

value*8"2\f five com*joounds (R=la,,Me, Et, nPr and Ph) 

r-



108 

MaCOCHCOOEt 
I 
R 

also give a good straight line, viz. pKa = 12.57-

3.21 <r , with a correlation coefficient of 0.979. The 

above equation differs from that reported in the 

literature-1' since the <r value for"phenyl substituent 

•is 0.75183,*and not 0.6 as used in that study. 

1,3-Disulphones are less acidic .than -1,3-diketones; 

for exa^e, M . h * * , l . . I P t a , U - t t » . has a PK a of 

whilst the>keto form of acetylacetone has a 

5 1 8 0 under .similar conditions. The pK_ values 

12.50 184-

pKa Of 8. 

of t h r e e ,bis(ethylsu-lphonyl)methanesJL2ji (R=H, Ph and Br) 

R 

give the excellent correlation with <r Jfiz.* PK-a- ~ 

. 2.55-0.65 <r , with a correlation coefficient of 0.999, , 

using*the data of Bell and Cox.185 

Ang and Lee186 have also reported the*pKa values of four 

substituted dibenzylsulphonyl methanes, 125. (R=H,Ph, 

pCN-C6H4 and pN02-C€H4) and^these results 
< 
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J' PhCH2S02CHSOsCH2Pfi 
I i 

*i R 
t 

12S ' 

again correlate well with the <r parameters of the 
» £ 

s u b s t i t u e n t s in the- form pKa = 14.48-5.11 <r 

{cor re la t ion coe f f i c i en t = 0.979.). 

/^-Ketosulphones, as 'would be expected, show pK. 

va lues in termedia te between 1,3-diketpnes and 1,3-' 

d isulphones . For example, the pKa va lue of 12£ i s 

9.9 1 8 7 in water a t 25°C and t h i s f a l l s between t h e 

MeCOCHjSOzWe 

1 

*• values quoted above for bis(methylsulphonyl)methane and 

agetylacetone under similar conditions. Hoist and 

Fernelius 1 8 8 have reported the pK*a values of three 8-

ketosulphones in dioxane-water "mixtures -and .these • 
* t 

results are presented in Table V. .Truce- e±. al'.187 have 

also studied the pKa values of ~#-ke,tps.ulphone;s and 

their results for ten compounds of this type are also 
< 

presented in Table V. No sturdy has been reported which 
} ' 

considers the effects of a range of siibsti.tuents on the 

a 
J 

1 *H«-



Table V: pKa. value's £SUL ssms. ff-ketosulphones a i t e x 

' Txuce. st JELL.^8-7- uni£&s. otherwise indicated, 

Compound: 

PhSOjCHjGOPh 

MeS02CH2GOPh 

PhSO2CH2G0Me 

MeS02CH2COMe 
O 

f * 

pKa-' 

9.83 ± 0 .02 + ; 12 .9 t 

10.01 ± 0.02+; 10 . l \ 12.9$ 

• 10.09 ± 0 .02 + ; 10.9t 

. 10.48A i 0.01+; 9,S)0' ± J0.O2 

5.83 * 0 .04 * 

9.01 ?± 0.02 

10.46 ± '0 .02 * 

• ) 

. 10.70 i 0.03 

11.62 i 0.03* 

11 .* 

7.65 
\ 

n 
+754 di©xahe-25% -water 1 8 8 , "̂50% dioxane-50% water 1 8 8 

|'50% ethanol - 5Q% water , * water , ^ r e f 189 

attg . V 
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pKa values of ^-ketosulphfones as is the^case for 1,3-

diketones and,other species as discussed above. ] 
-». * » 

Aims. Qt the. present sjjidy. 
\ « 

j * - " * 

In the- current work the initial aim was to prepare a 

new range of sulphenylated /^-ketosulphones aifd to-

character ise them using the usual techniques, it was 

also»,an aim to investigate some reactions of these 

compounds, in particular", reactions leading to a-

sulphenylated-/? -ketosulphones (S-oxidised a-

ketomercaptals) and to derivatives at the Jceto group. In 

addition, reactions of 1,3-dianions across the sulphonyl 

group were of interest. Finally,- since these compounds 

are strong carbon acids (pKa < 20) the pKa values for a 

series of such compounds 'were to be measured and 
* ** 

interpreted. 

J 
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£2AEEEE 5. » 

„- - RESULTS AND DISCUSSION 

• * 

In this chapter the preparation and properties of a 

new range of /3-ketosulphones and their 'derivatives are 

discussed, One of the reasons for preparing these 

compounds was that they are pptentially useful • 
* - » 

biologically active compounds. 

Many organic sulphur-containing compounds have been 

synthesised which are natural product analogues. For 

example, natural product analogues of nucleotides,190 

sugars191 and proteins192 have been prepared and somevof 

these have considerable biological activity.191 Also it 

has long been known that soaps have some insecticidal 
*? 

properties, for example, the old practise of throwing 

spent dish-water on roses to kill aphids. 1 9 3 Recently,-^ 

"research in this area by Puritch 194*--195 has shown that 

fatty acids and their potassium sa/lts have useful 

insecticidal activity against the Dalsam woolly aphid. 

Fatty acids and their*esters (e..g,. 'those of sucr-ose and 

sorbitan) have been shown by Ando et al.196'197 to have 

some anti-tumor activity. Othex useful properties have 

also been attributed to such\_compounds, for example 

- .Kabara198 has shown that glycerol monolaurate has high* 

anti-microbial activity against gram-positive organisms. 
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All the compounds prepared in the current study are 

relatively strong carbon acids (the measurement of their 

pKa values will be discussed later in this chapter) and 

they all have some"*"hatural product dharacter since they ** 

'contain long-chain fatty residues and pyridine and 

pyrrole rings. The long-chain compounds, can be thought 

of as'ca'rbon acid analogues of regular fatty acids. 
1 

» It is thus intended that the prepared compounds 

should be screened for possible biological activity. 

Initial results indicate that aqueous ethanol solutions 

of some of these compounds, especially tne more acidic 

ones, and their potassium salts show someuactivity 
* * 

towards the bacterium jjh Ljifcea.. Further testing of , 

these compounds is underway. 

- Since the long-chain containing ^-ketosulphones*and 

their derivatives have structures similar" to detergents 

they may be usefully employed in such a capacity. Worjj-

up procedures involving these compounds have often led 

to emulsions being formed indicating that the above 

suggestion may prove useful. 0t should be noted that v 

simple j8-ketosulphoxides have bf=fei patented by Proctor 

and Gamble in the United States as detergents*199 

-<nftt 

* The author wishes to thank Dr.*A. Taylor and his 

staff, *pf ARL-NRC, Halifax, N.S. for these results. 
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Preparation and. spectral properties &£ ff-ketosulphones 

and thslr derivatives. 

The proposed sequence of reactions to be undertaken 

are presented in Scheme V starting from a general ester, 

RC02R". Grossert and Dubey have employed a similar 

procedure using ethyl benzoate as the starting 
*• * . 

ester.141'150'155 Such a scheme has not been exploited * 

for other esters and so was investigated in the present 

study for a series of long-chain fatty esters amongst 

others. i 
r i 

^ Step a, in the scheme, has been used previously by 

House and Larson123 for R=alkyl and by Grossert st al*> 

for R=Ph. This step proceeded in high yield for all 

9 esters with R=alkyl by the reaction of. the anion of 

dimethyl sulphone with an ester in dimethyl sulphoxide 

H or tetrahydrofuran under a dry nitrogen atmosphere. In 

order to obtain high yields of these compounds it was 

necessary to carefully control the temperature of the 

reaction mixture since those, in excess of 55°C produced 

significant decomposition. 

Step b, the monosulphenylation of a 

j8-ketosulphone usinf a sulphenimide, 111 (where 

R=Me,lllar Et,lHb_ or Pli,llle_) in the presence of 

^triethylamine is a pathway unique to this'laboratory in 

which the author has worked. Grossert and Dubey15Gfhave 

used,a similar route to sulphenylate arylalkyl-/? -•r^. 



^ 

Scheme V: 

RC02R" + MeS02CH2 

SOR 

RCOCHSQ2Me 

S02R 

leq, 

RCOCH2S02Me 

<K|l)base 

phtSR' ,1eq. 

RCOCHS02Me j B T P ^ A ^C0OHS02Me 

SR 

|l)base 
Cla)phtSR' f16q. 

RCOCS02Me 

/ 
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* a 

ketosulphones such as 10J& producing 121 in good yield. 

PHC0CH2S02Me + «| II NSR) — • PhCOCHS02Me 

SR 

1Q6 m t27 

I t should be noted t h a t the phthal imide-derived 

sulphenylat ing agents H I are used in preference to the 

r e l a t ed suc'cinimide derived compounds 1 M since the 

phthalimide remaining, a f t e r the react ion i s complete, i s 

much l e s s so lub le in organic so lven t s t h a n ' i s 

succinimide. 

Th4 monosulphenylation of 12S with H I producing 12& 

proceeded in high y i e ld whi l s t a s imi la r react ion 

involving the long-chain j8-ketosul»hones, 123 and H l a 

and 111b produced a mixture of monosulphenylated, 131 

and bissulphenylated 122 products in about 40% and 30% 

EtCOCH^Jtp2M:e + 1H --*•> Et1tBCHS02We 



Me(CH2) COCH(SR)S02Me 

Me(CH2)nCOCH2S02Me + 111 —*> 
» • i 

1 - ^ M*(CH2)^COC(SR)2S02Me 

yields respectively. These" mixtures could be separated 

.with considerable difficulty by~shaking with a series of 

buffers or by the use of column chromatography. This 

approach was therefore abandoned in favour of that 

described below. 

I Combination of steps b and c in Scheme V to produce 

the bissulphenylated ^-ketosulphones, 122 directly, 

proceeded in yields greater than 90%. The 

monosulphenylated products 131 were thelfpeasily obtained 

by the reaction of the bissuphenylated compound with 

ethanethiolate in dry tetrahydrofuran in the presence 

of excess sodium hydride;'this method was initially 

developed by Grossert and Dubey.141'150 

The mechanism of this reaction, which yielded 

exclusively monosulphenylated ^-ketosulphones, 

presumably involves direct attack by the thiolate anion 

on the sulphenyl sulphur atom in 122 to yield the 

stabilised anion•( page 118) which cannot be protonated 
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under £he reaction conditions of excess sodium hydride. 

(e « | H © 

EtS • 

Hence the anion does not undergo further reaction with 

/• ethanethiolate and onevmethylthio group is selectively 

removed from 132 in high yield. 

Monosiilphenylations using N-phenylthiophthal'imide, 

111c proceeded cleanly in high' yields with no control 

.problems; hence recourse to the route described above 

was not required. r 

The* monosulphenylated compounds, 123 and lil* 
>* 

decompose if kept at room temperature and so -they were 

stored under refrigeration. The following scheme is 

» suggested for this"decomposition: 

[ JH •* CH^] 

Oxidation of 122>(R-Me) to the sulphoxide 133. using 

m-chloroperoxybenzoic acid (step d) was undertaken and 
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i 

BC8CH$tyMi — • E*tJPCHS02ite 

SMe 4 \ SOMe 

MS ' 1^^t?=M?%) 

the product was realised in only about 40% yield. This 

product decomposed rapidly and was identified only by 

its proton nmr spectrum. Grossert and Dubey1,55 have _, 

found similar problems with the corresponding 

phenylsulphoxide, prepared by the sulphenylation of 106 

with H i e followed by.oxidation, so in the current study 

the isolation of this type of compound was abandoned. A 

similar mechanism to that described above for 129,and 

131 can be used for the decomposition'of 133. ' 

Step e, the oxidation of the monosulphenylated /J-

ketosulphones, 125. and 121 to the corresponding S,S-

dioxides 134 and 13_5_, using two molar equivalents of m-

SR i m*Mi 

12$ 
it 
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/ * 

:Q€»S0AMfe * .^uu.M^-n ^J"" 

SR^ * SO,R 
- JH * *-»v*2i\ 

mi ..•isi' -

*» 

«»-

chloroperoxybenzoic acid in methylene chloride under a 

dry nitrogen atmosphere proceeded readily in.high yield. . 

Oxidation of sulphides to sulphones is generally carried 

out by the use of hydrogen peroxide-acetic acid mixtures 
» * 

and although this .method was attempted*, the reaction was & 

f not found to be useful since the pWducts are fairly 

water soluble and could only be isolated with some 
• * 

difficulty. « * 

Preparation of 134 (R-Me) was also attempted in one 

step from 1 2 3 - This involved the formation of the anion 

of 128 using sodium hydride followed by attempted 
< 

react ion- with sulpheffce and was expected to proceed thus: 
t 

• „ V 
' * ,w 1 u t , 

' ' ' ' ' *•» m f ' • * 
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Dtfrstzuu has shown that 1,3-dlketones undergo a similar 

reaction; however, no useful products could be 

" identified from this reaction in the present study. 

'- . The •$-ketosulphones containing--a N-methylpyrrole 

rin.gv 13'6 and-pyridine rings (111 andt13Jl) were also 

1-f- * 

prepared in the "p'resent study by reaction of the 

c i r ^ W W - * ! , SCheTO,V. The reactions^ 

form 1321 and 13_ftvdid not proeeed in very high yield. 

These compounds are slightly water soluble and also 

. seemed to hydrolyse much more readily ttian the other /?--

^Ketosulphones. The ester, 2-carboethoxypyrrole did not 

)yield an isolable product but ̂ instead polymerised under 

reaction conditions. In addition, reactions with the 
P* 

(anion of dimethyl* sulphone and*the N-oxides of ethyl 

inicotinate and'ethyl.isonicotinate failed and starting 

materials were recovered quantitatively in both cases. 

Presumably the'ester group in these molecules is 

deactivated >by the pyridyl ring. " '- "*' 

N 
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Monosulphenylation of 136 with either N-methylthio-

or N-phenylthiophthalimides (Ilia andJHc.) yielded the 

products 139 and 1A3 with no trace of the corresponding 

bissulphenylated compounds. These compounds could be < 

lyie J SMe Me SPh 

140 

easily oxidised with m-chloroperoxybenzoic acid to 

produce the corresponding S,S-dioxides. 
i. » 

' Sulphenylation of either 137 or Hfl, even with 

excess sulphenylating reagent, did not yield" the usual 

products. The reactions of 137 and 3,38 with H l a both 

yielded oils which could not be fully characterised 

"whilst the reactions with llle gave the triethylammonium 

salts HI and JJ2"reiSf>eetl*#eliy.. 

• ill :fw 
rt't-J 

\ -J. ~ 
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The proton nmr spectra of̂  these, compounds fit with 
V * * 

the structures given, however, the carbon-13 nmr spectra 

\ are rather novel. Most rif the resonances in this * 

CFT-20 spectrometer, were broad and broad lines in a 

carbon-13 spectrum are rare.'An .investigation of, the 
* 
triethylamine salt of the corresponding phenyl compound 

« • « 

I.e.. ,1A2. made in. Situ by addition /of one equivalent of 

?* 

triethylamine to the sulphenylated /3-ketosulphqne in an 

nnfr tube also produced a similar^ broadened'"spectrum, r- f 

Addition of excess triethylamine sharpened all the lines 

of thislspectrum thus suggesting that different 

components of an equilibrium mixture were present. This . 

was confirmed by addition of excess triethylamine to the, 

solutions of 141 and 1A2. 

"This hypothesis could be tested by codling the 

solution which would be expected to produce a carbon-13 
4 

nmr spectrum1 showing resonances for both species 
* • * , 

prfteeht", rather^than an average spectrum as described 
•% \ 

above. Fpr experimental reasons i t was preferable to run 

the carbdn-13 spectrum a t a higher f i e l d as w e l l as a t a 

* i ' • • 
• * - - • 
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i\ 

lower temperature. This combination enabled the spectra 

to be interpreted more easily,and was carried out using 
» ** 

143 since it >was more easily handled and was available 

.in large quantities. A carbon-13 nmr spectrum of the 

parent compound 144 was obtained at ambient temperature 

FfcCOCHSCyili 

SPh 

144 

(18° +* l°c) and this exhibited normal width resonances 

which were'unchanged on cooling to-60°C (the aromatic 

region of this spectrum is reproduced in Figure VIII). 

The methylsulphonyl peak at 37.79 ppm was sharp. On 

addition of one equivalent of triethylamine and after 

one hour to allow equilibration, the carbon-13 nmr 

spectrum was again obtained at ambient temperature. 

Figure IX shows the aromatic region of this spectrum; as 

can be seen -the resonances are all broadened and the 

number l,of Mnes is increased. The aliphatic region*now 

showed two peaks due to methylsulphonyl groups at 37.84 
r 

and 42.45 ppm plus a peak at 91.49 ppm. The 'carbdnyl ;, 

region" also showed two peaks at 186.84 and 189.95 ppm, 

the latter.being identical in position to the carbonyl 

peak of 144* Cpoling this sample down to. -60°C 

dramatically sharpened all the resonances in the ' 



I 
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Figure VIII: Aromatic region of the carbon-13 nmr 

spectrum of 144 at 18°C ' 

T—I—r T—I—T TT-T 

14© 130 

ppm 
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• * 

Figure IX? Aromatic region of the carbon-13 nmr spectrum 

* of 144 + 1 equivalent o£ triethylamine at 18 C 

V-

i—i—r—|—r 

140 

J < W W ^ -
-TT-, -r-y 
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-• c 
i—m—i—|—i—r 
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aromatic region and caused the appearance of two more 

lines* as shown in Figure .X.. -

Addition of a, large .excess of triethylamine (3 molar 

equivalents) again-altered the spectrum dramatically. i 
« . • • , •»*> 

Oniy about half the jaeaks" remained-in the ̂aromatic"' 

region (see' Figure XI)f there was only.bne ^ * 

methylsulphonyl peak, .at 41,83 ppm and only one* peak in 

the 'carbonyl' region at 186.65 ppm. • The" peak at 

approximately 90 ppm also remained. This last spectrum 
- . > 
was changed ver̂ y little by running at a lower 

V .' > - .1 
temperature., 

*• *» 
This series of spectra shows the equilibrium:/ .j 

The initial spectrum with no triethylamine present' shows 

the resonances of 144 whilst the f ina»l* spectrum shows 

those for 142, the intermediate spectra are for an 

equilibrium mixture of the two with the low temperature 

spectrum (Figure X) showing the resolved spectra for the 

two species overlapping. Of course 142 is an enolate 

anion and so the structure shown above is o*n-i^one of*. 

the possible canonical forms. The above discussion alsp , 

applies tp the interpretation of the spectra of the 

salts 141 and 142. 
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Figure X: Aromatic region of the carbon-13 nmr spectrum 

* • of 144,+ 1 equivalent of triethylamine at ;-60 C 
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Figure XI: Aromatic region of the carbon-13 nmr spectrum 
' o 

of t44 + 3 equ iva len t s of -toiefehfylimine a t -60 C 
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The mass spectrum of 141 run at 70eV showed no ions 

above m/z 307. This ion corresponds to C14H23NO3S0, 

1451+. However, careful control of the probe .temperature 

and lonisation voltage enabled triethylamine to be 

deteetedfeat an ionisation voltage of 20eV and a probe 

temperature of 60°C. This was also true for 142 and thus 

suggested a way of obtaining the monosulphenylated |8-
4 

ketosulphones 145 and 146. Such a-method would involve 

(f jjrPhs kjisph 

145 , 146 

careful warming- of the salts 141, and 142 under vacuum, 

as was done in the mass spectrometer. This was attempted 

and triethylamine was indeed collected in an ice-cold 

trap, but unfortunately the residue decomposed and no 

useful quantities of 145 or 146 could be isolated. 

The structure of 141 was determined using X-ray 

diffraction methods and a projection of the structure 

.obtained is presented in Figure XII. The complete^ 

crystal data and bond tables are given in the 

Experimental.Section and in Appendix III together with a 

stereoscopic projection of the unit cell. ̂  ft ".•''< .** 

> 

* " , * . *• -

i » « 
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131 

Figure XII: x-ray structure for 141 
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The C-S bond lengths in compound 142 are, 1.744(3)A 

(C7-S1) and 1.755(3)A (C8-S1) for the sUlphone-bonded 

carbon atoms and 1.734(3)A (C7-S2) and' 1.770(3)8. (C9-S2) 

for the sulphide bonded carbon atoms. These data should 

be compared with the C-S bond length j,n dimethyl 

sulphone (1.774(3)A72) and the typical C-S bond in a 

sulphide (1.817(5)X201). All these bond lengths in 142 

are shorter than the literature values given, 'thus 

implying some additional double-bond character in each 

1 case. 

The S-0 bond lengths in the sulphone group are 

slightly different, but ha.ve an average value of 

1.440 (4)A which is very close to the average accepted 

for such bonds (1.439(4)&73). It is not clear why the 

two S7O bond lengths are apparently different. 

The C6-C7 bortd length is 1.396 C4)ft which should'be 

compared with 1.537(5)A for a carbon-carbon single 

bond201 and 1.335 (5)"K for a carbon-carbon double 

"JHra.201 rpjmg tjje 50n(a has a n appreciable amount of 

double bond character. The C6-01 bono" (1.263 (3)A) is 

longer than the usual carbon-oxygen double bond length 

(1.215 (5)A*201) but is appreciably shorter than the 

typical carbon-oxygen sing*le bond length (1.426 (5)A20 ). 

The central unit, around C-7, is nearly planar with 

bond angles close to 120°. From inspection of the 

stereoscopic projection of the unit cell (given in 
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Appendix III) it can be seen that the HN2 bond is\ 

directed towards 01 with a H-01 interatomic distance of 

1.972(26)A, whilst the H-03 distance is 2.600(26)£. 

These atomic positions indicate >that a hydrogen bond is 

formecf between the hydrogen atom on the ammonium 

nitrogen to the'enolate-like oxygen atom (01). The chief 

criterion for the existence of a hydrogen bond is that 

the hydrogen-oxygen distance should be shorter than the 

sum of the van der waals* radii for these atoms."2**2 The 

sum of these radii is 2.60&203 which thus indicates the 

presence of a hydrogen bond in this case. The NHO angle 
• - ^ 

is also important and calculation shows that th is is 

166° x i i . " 

/ 

Hoist and Fernelius 1 8 8 have demonstrated that (3- \ 

'ketosulphones show no significant enolisation and ̂h.i»s 

•has been confirmed by Grossert ejfc. al- for some 

arylalkyl- /3-ketosulphones such as 1P_6_. In the current 

study infra-red spectra of KBr discs and chloroform 

solutions ©f, the jS-ketbsulphones prepared have showftt no 

enol to be present (i.e.. there are no signs ôf an OH -̂  

band at 3600-3400 cwTx and the carbonyl peaks are fairly 
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sharp). This observation is also" true for thê , , 
- * 

monosulphenylated products and their oxidised 

derivatives. 
The methylene and methine protons in the A /3-

> « 

ketosulphones or their monosufphenylated/derivatives 

described in this sectioiT'are not exchanged with D2O in 

chloroform solution as evidenced by proton nmr studies. 

However, addition of triethylamine results in rapid 

exchange of these pcotons. The addition of "• 
>-, 

trifluoroacetic/ acid to chloroform solutions of 123i 123 
J, , *• » .• 

or 134 resulted in^no observation indicating endl 

formation^in their proton nmr spectra«, 

Oliver and Kinstle204 have studied the ma'ss spectral 

fragmentation of ^-ketosulphones, sulphoxides and 

sulphides. These -workers have shown that whilst fi-

ketosulphides and sulphoxides exhibit fairly large peaks 
** at 

due to a fttelbaffearty-type - rearrangement VJJES- -

** •**•<&* 

!:4 

jS-ketosulphones give no such peak. In the present study 
* 

the mass spectra of many of the compounds-made were 
V » . „ 

obtained and t h a t of 123 and the othfr unsiabstituted /?-

ketosulphones, 123, confirm the r e s u l t s of Oliver and 
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Kinstle. The mass spectra of 125. and other 

monosulphenylated, ̂ -ketosulphones, 131 show peaks at M-

78 which could be attributed to a McLafferty-type 

rearrangement from the j8-ketosulphone fragments of the 

• molecules. The /3-ketosulphide fragment of the same 

molecule does not give a peak at M-46 which would be 

expectld for the loss of CH2S. Both of these . 

observations are opposed to the simple rule suggested by 

these earlier workers and thus the current work suggests 

that this rule is <Sfily applicable to the simple f3-

ketosulphones, sulphoxides and sulphides studied by 

the earlier workers. Table VI shows the data discussed 

above for cpmparison purposes. The other'major peaks in 

the mass spectra of these compounds are'the peaks'due to 

the fragmentation of the C-CO.bonds. The peaks due to 
t • . ; - * 

the*jnolecular ion for these conipounds*are not very 

intense. ' " . 

. ( The proton nmr*spectra of these compounds show no 
jr 

unusual features and the.chemical shifts, for the most 

acidic protons in 123 and its derivatives are: 

123 \ , 4.06 • 

223 ? 4.49 

^132 > 5.18" 

134 5i38 ' * * -
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Table vi:£pjne. mass, spectral data for. B-Ketosulphones 

compound: 
. I n t e n s i t y r a t i o 

(M+-MeSOx)/M
+ 

PhCOCH2S02Me 

^hCOCH2SMe 

PhCpCH2SOMe 

0 

0.13 

3.74 

* 

* 

2 

0 

1 

EtCOCH2S02Me 

EtCOCH(SMe)S02Me 
« 

EtCOCH(S02Me)2 

0 *+ 

0.67 +t 

3.94 + 

* data form Oliver and Kinstle.204 

+ data from present study. 
** 

t no peak* at M-46 for loss of CH2S. 
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These chemical shifts increase as the electron-*-. 
\ . - * . 

withdrawing ability of the substituent increases as 
** » 

would be expec ted (i.e.. H << SMe < SOMe <S^02Me). Thev . 

carbon-13 chemical s h i f t s for t he carbon atqms to whicb^ 
0 

these p*rotonsva**e;attached a l s o inc rease in the same 

o rde r , xlz. 63.'42 fo r 1 2 1 , 73.87 for 129. and 85.73 fo r 

124. 
i - r 

/ *. • » 

Reactions o£ a ft-ketosulphone. dianion. 

The stujdy of the chemistry of a 1,3-dianion across 

the sulphonyl group of a /?~ketosulphone, in t h i s case 
** * 

if 
- 106/ is a natural extension of~earlier work carried out 

by Grossert je£ al- concerning the reactions of a 
» ^ -. - -

dianion across a sulphide. The chemistry of 1,3-dianions 

across ketones has been studied by several groups in 

some detail206,207 whilst reactions of 1,3-dianions 

across the ketone of a ^-ketosulphone137 and 8-

ketosulphoxides20**'20^ are less well developed. The 

chemistry of 1,3-dianions across simple sulphones have 

been investigated3' , 2 1 0 but vesy little has "t» 

been reported concerning the reactions of a 1,3-dianion 

across the sulphone in a /3-ketosulphone. , 

The dianion of 106 was best formed by reaction witjfife 

f one molar equivalent ©f sodium hydride in , 

tetrahydrofur;an or dimethoxyethane under dry conditions, 

followed by addition of 6ne molar equivalent of n-butyl 
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lithium.-.Reaction .of this dianion with one molar 

equivalent of methyl iodide puoduced 147 as the major f 

-product with a trace of 148 also. The terminal anion is 

0 O , , 

n A ^ f 31 Ph0^K^mm,cH3 

Mel keq. 

1 ** 
CH3 

+ 

the more reactive of the two sites and so one would,, 

expect 141 to be the major product. Reaction of the same 

dianion with -two molar equivalents of methyl iodide 

produced about one-third of the di-terminally alkylated 

product 149 whilst the major product-was the 1,3- * 

dialkylated compound 15jp_. In this reaction 
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monoalkylation w i l l occur as above I.e., mainly on the 

terminal anion and thus the remaining mono-anion, 151 

must be in equ i l ib r ium with 132, the l e t t e r being the 

more react ive . Hovjev-er,̂  t h i s equilibrium w i l l be la rgely 

displaced towards 151 . Compound 149 i s formed by 

a lkyla t ion of the more react ive anion 152. - ' 

^Jk^SOeCH^CHs , ^ , ph^SxS02Clfells 
Ph © 

» • 

» 
t > 

: • V 
The a lkyla t ion of 1,3-dianions across ketones witfr\ 

, * * -

d,o) -difunctional electrjophlles has led to-the formation 
» « - . , 

of carbocyclic ring systems*206 and thus a similar type", 

of reaction was attempted in the present study ,in ordel 

to t ry and prepare cycl ic sulphones. .The reaction of th< 
•* ** ' 

1,3-dianion of 106 with 1,2-dibrompethane and 1,3-

dibromopropane led to non-cyclic/products. Reaction of 

t h i s dianion with l^bromo-S-chloropropane however, 

resul ted in terminal monoalkylation producing 152. 

Cyclisati-on was not possible- u n t i l the chlorine atom had 

been replaced by iodine.'The iodide, 154 could be 

cycl ised to give 155, most readi ly using phase-transfer 

conditions although t r ad i t i ona l conditions, -such as 
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anion,formation usinĝ  sodium hydride could also be 

used. The reactions described here are shown,in Scheme . 
' V . H ft, 

Vl. Some reactions of 155 were investigated. 

Chlorination of 155 could be achieved readily,. 
» * - . 

producing 156, by reaction.of its anion with N-%\. 

chlorosuccinimide. Other*halogenation reactions usfhg 

regular halogenating reagents,such as.sulphuryl 

chloride, "with and without triethylamine, and bromine 

were attempted but were unsuccessful. This,is, in . , 

contrast *to .the facility of*such reactions for acyclic 

/^-ketosulphones such as7106.73 t 

Hydrolysis of 155 with potassium hydroxide in 

aqueous ethanpl yielded thiane-l,l-dioxide which was 

identified by a mixed melting point withvan authentic 

sample. A similar reaction involving 156 produced 2-

cfilorothiane*-l,l-dioxide, 157. in 94% yield, which was 

again identified by a mixjed melting point. 

- The method presented above is a facile, high yield 

synthesis for 2-substituted fhiane-l,l-dioxides as 

exemplified by the preparation of 155 and 157_. In-'the 

past the preparation of thiane-l,l-dioxides has been 
• i * * 

considered in some detail due to the extensive 

The author wishes to acknowledge Prof.T.Durst for * . 

t b . M « * ! « . . * • ' • • ' ' • • " ' 
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PHCOCM2S02(CH2)4CI 
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V * «r * " O i l 

conformational studies undertaken. ±x The reported 
synthesis of such cokpounds generally "start-from 1,5-

* , * * ' * 
diols which ar<e converted to thianes,lin several steps, 

* •> » 

and these are then oxidised to the corresponding, thianeJ 

1,1-dioxides. The overall yields for these multi-step 
i ' y 

syntheses, are generally quite.poor and it is not easy 
functionalise the different ring positions. * .. 

>/ The structures of all the compounds produced in this 

project were confirmed by the usual combination of 
» 0 

spectroscopic methods. However, the complexity of the 

/ highly coupled, nine-spin system of the th i ane -1 ,1 -

; d ioxide r ing pro tons in 155 and 157 could only be 

invest igated in a meaningful way by the use of a 360 MHz 

nmr spectrometer which was the highest f i e ld strength 

available.* At 360 MHz the s igna ls in the proton nmr 

spectrum were suf f ic ien t ly dispersed so as to allow 

observation, without over lap, of a l l the proton 
"* Jk 

. resonances. The aliphatic region ©f the proton nmr 

spectrum of 155 is reproduced in Figure XIII and the 

details of the aliphatic regions for. both 155* and 157. 

are reported in Tables VII and VIII respectively. These 

tables inclide details of a systematic homonuclea'r 

(decouplingg-study for each compound. In addition 155 also 

showed a multiplet in the aromatic region, typical of a 

benzoyl group. 

In both compounds the proton on C-2 was readily 

I 
I 
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Figure XIII: The aliphatic region of the p'roton nmr 

spectrum of 155 

' / 
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• . 1 Table VII: XR NJJR. results £ox 2-benzoylthiane-l.l-dioxidg.155. in. CDCl^ at 25°£L-

Observed 
' iH H2 H6 

LE , ax 
H6 eq H3 H5 H4 

ax 
Irradiated 

none 

. H2 

H6ax 
/ • 

, H6eg 

H3 

H5 

-Ma* 

H4 eq 

4.94 

dt 

X 

no 
change 

3.55 

ddd 

no 
change 

X 

3.12 

ddt 

dt 

2.37. 

m 

simpf 
m 

t , dd 
Jvic=5'25 n o Jgem 

dt no 
no- Jgem change 

X no 
jt^hange 

4,„ no no 
'Jrl.83 change change 

no d dd 
change Jgem«13.9 

no no no" 
change change change 

no no no 
change change change 

no 
change 

simpf 
m * 

simp'f 
m 

2.11 

m 

no 
chang e 

simp'f 
ffi 

simpf 
m 

ao 
change 

X 

simpf 
m 

simpf 
, m 

1.86 

m 

no 
change 

no 
change 

no 
change 

simpf 
m 

simpf 
m 

simpf 
m 

H4, 
T eq 

1.62 

m 

no 
chang e 

n6 
change 

no 
change 

simpf 
m 

simpf 
m 

simpf 
m 

X 

Mm 

http://2-benzoylthiane-l.l-dioxidg.155
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' * Table VIII: % -ffllB- results £&L 2-chlorothiane-l. 1-dioxide. 157. in £££1^ at 25Q£. 

Observed 
, XH ~ H2 H6 

LH ax 
H6 eq H3 

ax 
H3 eq H5 H4 

.ax 
H4 eq 

Irradiated 

none* 

H2 ' 

; H6ax 

*feq 

H3ax -
i 

H 3eq. 

,4*. 7 3 

ddd* . 

' . x 

4 

no 
change 

dd 

dd 

dd 

3.42 

• * 'ddd 

no 
ch'ange 

, X 

dd 

^no 
change 

no 
change -

2.95 

K ddt 

dt 

dt 

X 

no 
change 

^np 
change— 

2.60 

dddd. 

simpf 
m 

no 
change 

n° 
ch'ange 

X 

ddd 

2.30 

ddt 

no 
change 

no 
change 

no 
change 

dt 

X 

2.10 

m 

no 
change 

simpf 
m, 

simpf 
m 

no 
change 

no 
change 

1.93 

m 

no 
change 

no 
change 

no ' 
change 

simpf 
m 

simpf 
m 

1.67 

m*-

no 
change 

no 
chang e 

a-

no 
change 

simpf 
*m 

simpf 
m 

4.T = Jvic = 3.3/Hz,. Jvic = 6.6 Hz, *J = 2.23 Hz. 

Ul 
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assigned as its chemical shift was the furthest 

downfield in the aliphatic region of the proton nmr 
10 

spectrum and this provided the starting point for the 

analysis of the spectra. In addition to the vicinal 
* * 

coupling to the protons on C-3, there is also a -long-

range doublet splitting caused by vcoupling with a single .̂  

proton on C-6. "tn 155, the two protons on C-3 interact 

with H-2 causing the resonance for the hydrogen on C-2 

.to appejfe as a doublet of triplets (see Figure XIV). For 

157 the two protons-on C-3 interact differently and ' 

therefore the resonance' for H-2 in that compound is a * -

doublet of a doublet of- doublets (see Figure XV). ITong-

range coupling through the sulphone moiety as observed 
/ 

in 155 and 157 has been considered before. In acyclic 

sulphones such coupling is in the range 0.5-0.8Hz. ° A 

much higher coupling constant (4Jeq~eq - 2.3 -fc 0.4Hz) 

has been reported in a more rigid cyclic system19 whilst 

in butadiene"feulphone the observed coupling constants 

a r e 4Jtrans = i'265 * °'ul5Bz a n d 4jcis = l-940 * 

0.015Hz.212 For the compounds under consideration in the 

present study 4J = 1.85Hz in 155 and 4J = 2.23Hz in 151. 

'These data are then good evidence for the_proposal that 

the benzoyl and chloro groups at C-2 in 133 and 157 

respectively are predominantly axially oriente'd. Such a 

conclusion is drawn from the fact that substantial long-

range coupling constants are generally only observed 
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Figure XIV: Proton nmr jresonance of H-2 in 155 
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Figure XV: Proton nmr resonance of H-2 in 157 
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- if the"protons are aligned in a 1?'- conformation.213 

The axial proton on C-6 was identified* as the member \ . 

. of the protons attached to C-6 which was not affected by 

irradiation of the protpn on C-2. The protons"on C-3 and 

C-5 were assigned according to the results of 

Irradiation experiments and from-consideration of the 

^"expected ichemical shifts of such protons.-The only 

* remaining assignments were for the. two protons on C-4 

which are the lowest frequency proton absorptions in 

spectra of 155 and 152* Computer simulations of the' 

• photons on C-3 gave satisfactory agreement only if the 

equatorial proton c^rresponded with the signal at the» 

lower frequency compared"with that.for thev axial 

proton. This finding is in contrast to the general 
tt ' • « 

results of Lambert and Goldstein214 who showed that In . 
f * I , > . l -v. . 

simple, thiane-*l,l-dioxides.the axial protons resonate at, • 

the higher fields when compared with equatorial" protons 

on the same-carbon* atom.' -*' 

« "The structures outlined above are supported bfkthe 

proton hirur spectra obtained at -65®C. .These showed' rate * -̂  

changes compared with those recorded at ambient 

temperature, the only differences observed were the 
broadening °f fel"*e aromatic resonances in the spectrum of 

"̂  ' .* 

155 together with c£bj$©T©ffimitant broadening* ©f those a t 
- 3.S5f>pfti akd l.*86ppm. I t i s bel ieved that t h i s effect -

- , ' i *• " .' * 

involves the ro ta t ion of fehejbenzoyl* group which would* 

*> * ' < " $ * ^ O. JggF I T " * 
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influence the axial-protons (those protons closest to 

the group) and hence this finding adds weight to the 
1 

equatorial proton on C-4 resonating at'a higher field 

th,an .the axial proton. - \ 

' A solution of 155 in d5-nitrobenzene allowed the 

observation of separate resonances for the axia*l and 

. equatorial protons on C-3 at 2.15ppm and 2.05ppm 

respectively. The rest of the spectrum remained very < 

"' similar to that that is obtained in CDC13 solution. On 

warming the ds-nitrobenzene solution up to 60°C there 
0 

was no change in the observed spectrum. , 

All the above results require that the structures of 

153 and 151 ate mainly: 

i « ! 

i t . * . - " f ' ' M '^- *' 
- f f i T 

• * 
*• \ > - i * *• 

« 

"jMm 

£.£.. that the equilibrium for an axial versus an 

equatorial benzoyl or ch-ldro substituent is 

He 

signifi '^wKr-biased towards the side of the axial 
leonformer. It is well known that the barrier to ring-

% 
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inversion of thiane-l,l-dioxides is similar to that of 

cyclohexanes and it would be quite extraordinary if 

t̂his had been affected significantly by the introduction 

of a benzoyl or a chloro group in the 2-p'osition. From 

the results of this work it is proposed that in 155 and 

157 the conformational effects observed result >from an 

energy difference of at least 12fcJmol""1 between the 

axially and equatorially substituted rings. This 

difference is, in part, because of the non-bonding 

interactions within the molecule. A polar, axial 

substituent such as chloro will have one unfavourable 

gauche interaction with one of the polar sulphone oxygen 

bonds and this is apparently preferable 'to two such 

interactions in the case of an equatorial chloro 

substituent. In acyclic sulphones the former type of 

orientation,appears to be the most favoured both in the 

solid state and in solution.73' 216' 217' 2 1 8 

! ' 

& 



The carbon-13 nmr data of compounds 155 and 157 

confirms their structure and from these data the 7-

gauchejeffects of a benzoyl and a chloro group acro.ss a 

sulphone in a thiane-l,l-dioxide ring system were found 

to be -0.2ppm and -4.2ppm respectively. As far as the 

author is aware there are no data available at present 

with which to compare these figures. 

Reactions ol the. carbonyl atone & p-ketosuiphones 

and some si their derivatives. 

The ^-ketosulphones 106 and 123 reacted with 2,4-
/ • . * 

dinitrophenylhy/drazine to form the corresponding , 

hydra zones "ISA and 1£3 using the |||ual reagents219 as 

for regular.ketones. The proton nmr apectira of these" 

I -

'# 

compounds agreed with t he expected s t ruc tu res . However, 

no such hydrazones have b£en obtained- fof the mono or 

bissulphenylated ^-ketosulphones nor for the oxidised 
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monosul-phenylated compounds. Attempted hydrazone ^ 

formation using the a-chloro-/? -ketosulphone, 112 

resulted in the formation of hydrazone 133 !•£. the 

O 

.chlorine atom was reduced. Attempts to prepare the 

hydrazones of the long-chairf containing 8-

ketosulphones, 123, have all failed but this could be 

due to solubility problems with the starting » 
» 

8-ketosulphones. 

* l -Methylsu lphonylbutan-2-one , 128. reacted with 

morpholine on' aze'otropic removal of water t o form a 

mixture of cJLa antd. Ima&S. isomers of t h e enamine l £ l . The 

proton "nmr s p e c t r i n ©f the mixture i s very- complex and 

i t h§s no t been p o s s i b l e t o i s o l a t e ' e i t h e r isomer in a 
\ 
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pure state. Attempts to react the monosulphenylated 

compound, 123 or its oxidation product, 134,* have 

f l 

*P -[% 
failed. 

The above xiajba suggest that, the ketone in 'a simple 

/3-ketosulphone is similar, in terms^ef reactivity, to a 

simple ketone whilst in monosulphenylated*derivatives 

and their oxidation products this is not so. The 

reactivity of the keto group in these latter-compounds 

is* much, reduced, .this marked effect is due to a 
, 40 0 

combination of the electronic and steric effects of the 

extra substituents on the a-carbon atom. These" attached 

groups" are all electron-withdrawing in nature and 

further work is required in this area in order to 

determine which parameters are important. 

p£a values ££ £ojne. 8-ketosulphones a M .their-

derivatives.. 

The pKa values of nineteen /^-ketosulphones and 
/ * 

derivatives were measured in the present study. Several • 

other compounds were also investigated as discussed 

below. All the results obtained are presented in Table 

IX. The tabulated pKa values are the average of three 

'measurements wherever possible and.the estimated error 

in these results is ±0.1 pKa units. 

The. pKa values were measured /m 50,% ethanol - 50% 

water ̂ solutions which were typically-0.01 - 0.02M with 
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Table IX: Experimentally determined pKa values i£ 50;50 ethanol-water a t ^ p C . 

Compound: •* # * pKa(^O.l) "** comments. *"" 

PhCOCH2S02Me 

* 

PhCOCH(Cl)S02Me 

PhCOCH(Br)S02Me 

Ph'CQCH (SMe)S02Me -

/PhCOCH(SEt)S00Me \ . 
•w t 0 

-̂ PhCOfcH (SPh) SO,Me 

_PhCOCH*(S02Me) S02Me 

PhC0CHi502Ph)S02Me 

PhCOCH (Me) S02Me* 

106 

' 11£ 

. l i i ' 

jLfia-

114 
144 

1£2 

1££ 

"1*5 

9.80 
V 

4 10.53 

' . * 9.26 

' 9.66 
* 
» 9.0-4 ' 

* ^.96.; 

s-' t ^ 6,95 \ 

/ 4.16 

4S28 

- ' -

npt dried y 

drifted near end point 
J 0 

dr i f ted necir end point 

%T 

too weak"ly acidic to measure 

^PhCOCH2Sft2Ph 

PhCOCH^sMe') S02PhJ-

PhCOCH(SEtJS02Ph 
*, 

PhCOCH (.SPh) S02Ph 

166 • 

1£1 

1£3 .^ 

169 

10-. 50, 

9.05 
0? 

8.97 

7.16 

s 
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T a b l e IX : ( c o n t . ) 

Compoun-dss ' v # 

170 ^ 

131 

17J2. \ 

123 

173 

I74 

175 

pKa(-irO.l) 

1 0 . 6 5 

9 . 1 5 

' ' - - 7 . 0 5 

" -.* H-*?4 

x 1 1 . 2 6 

comments . 

0* , 

MeCOeflf2S02Ph'a> ' 

MeCOCH(SMe)S02Ph 

MeCOCH(SPh)SO,Ph 
* a 

EtCOCH2SO2Me 

Me(CH2)10COCH2SO2Me "' 

Me(CH2)12COQH2S02Me^ ^ 
» > 

Me(CH2) 14COCH2SQ.2Me 

Me(CH2)12COeH(SMe)*S02Me s 176 

Et3N
+HCl~ " 

*" * 
MeCOCH2COMe 

, .j* # 
pCl-G6H4OH $ " . - 1 

9.37 

« 

10.18 

9.84 

11.11 

only one titration 

on/y one titration 

r 

not soluble enough 

Except for those values resulting from only one titration. 

\ 
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respect to the acid. These solutions were flushed with 

nitrogen prior to measurements being made-at 30 ± 1°C in 

a large thermostatically controlled bath. A glass 

electrode Was used to measure the pH of the acid-

containing solution,, whilst a standardised 

tetramethylammonium hydroxide solution (approximately 

O.flMJwas added in measured amounts using a micro- ' 

buretup.'Measurements were carried oXit as quickly as 

possible in order to alleviate1*problems of hydrolysis 

which occured for some of the compounds. 

It is'most preferable to use purely aqueous 

.solutions when using a glass electrode to measure the 

pH. However, since„most' of the compounds considered here 

are not soluble in water the solvent of choice, 50:50 

ethanol - water allowed pKa values to be measured in a 

medium with a fairly high dielectric constant which 

.would be compatible with the application of these ' 

compounds as anti-bacterial and* other agents as 

described above. In -such applications a knowledge of the 

pKa values of these compounds may be useful when 
« » 

assessing their activities. 

Several groups of workers have used glass 
' *» 

combination electrodes to measure the pH of Sthanol -

•water solutions and hâ ve encountered few difficulties 

with solutions' containing less t**an seventy-five weight 

percent .ethanol.1"' Moreover, Beck and Wynne-Jones220 

xif % 
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have shown that such an electrodê  shows good stability 

with time and/the results obtained are reproducible. -

It should be noted that in general the pKa value for 

acids is raised by about one unit &.£. they become- less 

acidic) in 50% ethanol *"- 50% water compared with a 

purely aqueous solution. 1 5 8 A word of caution should ' 
A 

also be introduced; comparison of the pKa values of 

several compounds in a series in a given solvent system 

'is acceptable, but comparison of the same compounds in a 
a 

I 

series of different solvents may not lead to meaningful 

results.158 

pKa values may be obtained by several different 

methods using the titration results obtained. The two 

most common methods are now described. Since pJ*Ca is 

related to pH by the following equation: 
v pK° = pH + log [HA] / [A"] 

>-. 

i t follows tha t a t the ha l f -neu t ra l i so la t ion point , 

when [HA] \ = V[A"] the pK_ value of the compound being 

investigated w i l l be equivalent to the measured pH of 

the solut ion. The ha l f -neu t ra l i sa t ion point may be 

obtained* from a p lo t of pH -yersus volume of base added 

or preferably from a p lo t of 1/ A pH versus volume 

of base added (a Gran p l o t ) . The r e s u l t s for 167 are 

reproduced in the Experimental section as an example of 
it , 

'V » » 

V 

0 
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how. thjls method was used apd for comparison with the 

more accurate method described below. The pKa value -
1 -

obtained by this method is an approximation. However, it 

is often used since it is easily obtained and is useful 

for rapid comparison of pKa results. 

Albert and Serjeant158 have decried the above 
i . !• 

"commonly used method for the ca lcu la t ion of pKa values 

from experimental data. Instead they have suggested tha t 

the average of several ca lcula ted pKa values a t 0 

different extents of neu t ra l i sa t ion , before the end-

point , could be ca lcula ted . Since any t i t r a t i o n r e s u l t s 

which r e s u l t Mi pH readings more'basic than 10 ( a l l the 

ones in the current work did) require correction for 

hydroxyl ion concentra t ions 1 5 8 the equation used to 

obtain pKa values in t h i s study was els follows: 

I i 
pKa = pH + log ( [HA] + [OH""] / [A"] - [OH~] ) 

1 

. y 

Table V, page 110, l i s t s a l l the published pKa „ 

values of /^-ketosulphones to'-date-. In the present study 

the f i r s t three compounds in t h i s t ab l e have been 
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reinvestigated and the results obtained are at variance 

with those reported.18' One possible explanation for 

this difference is that the earlier workers may not have 

dried their compounds thoroughly. In the current study-

compounds were routinely dried, using a .drying pistol, 

for two hours in vacuo immediately prior to measurement 

of pKa values. A sample of 2-methylsulphonyl-l-

phenylethanone, 106. which had been prepared some months. ̂  

previously, gave a pKa of 9.80 ± 0.1 when it was not 

dried in. vacuo. This result is close to the value of 

10.01 ± 0.02 obtained by Truce §t al.187^ and tends to 

lend credence to the above explanation. 

Since these results were different from those already 

reported in the literature, the pKa values of several / 

compounds which are readily Available and easily 

purified were measured. The pKa values for these 
• 

compounds are given in Table VIII,/unfortunately there ' , 
/ " * 

are no literature values for these compounds in the.'̂  
1 ' 

present solvent- system. They were chosen as benchmarks 
by which other workers may dompare tifese results. The pH 

*H" . ' 

electrode was standardised with standard buffers before 

and after doing a titration and the results obtained 

were,discarded if the pH of these was not as stated in 

the literature (see Experimental section for more 

details)., . ' , - • , - *. ' 

As"was discussed in the introduction to this project 
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(Chapter 4), the pKa values for various series of carbon 

acids with substituents directly attached to the carbon 

atom bearing the ionising proton, have been 

investigated.169*""171*179'180'182'185'186 One group 

111,173 have obtained a linear correlation of their pKa 

results for substituted i3initroalkanes with the Taft a 

parameter. The other sets of parameters .have all been 

correlated in a similar manner by the author, using a 

values generally available in the literature.183 These 

correlations were shown in the introduction for 

completeness and are now all presented in Table'X. This 

table also show.s the correlation of the pKa results 

obtained in the present study for three different series 

of substituted ^-ketosulphones with a . These series 

have been named the SAP,PSA and KPS series respectively 

and the parent compound of each of these series 

respectively is shown below, in this case R=H. Other 

LQ«lHSO: 

• * 

- • 4-1 T f , , i 

corre la t ions re la t ing the pKa values of these e©mpound% 
* 

with different a parameters and with group * 

electronegativities221 did not produce useful results! 
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T a b l e X: o£ the. n£ a y.alii£js_ of. ssw& carbon aeJJL&& with a 

Series: linear 
re-la t*i on sh ip 

correlation 
coefficient 

no. of 
compounds 

(NO^) 2GHR 

(MeCO) 2CH'R 

MeCOCH CR) C O 2 l t 

(EtS02>-2CHR 

(EhCfl2S02) 2CHR 

pKa= 5.23sr|&g29 d 

p K a = 1 0 . 5 3 - 1 . 6 2 a 

p E a = 1 2 . 5 7 - 3 . 2 1 tf * 0 

pKa= 2 . 5 . 5 - 0 . 6 5 O- , 

pKa=14 . "48-5 .11 (7* 

0 .977 

0 . 9 7 9 

0 . 9 9 9 

0 . 9 7 9 

81 

6 + 

,t • 

FhC0€H£R) S0*>Me J p K a = l l . 8 4 - 2 . 1 9 a 0.976J" 

PfciSOCfl (R) S0 2 Ph 
I (PSA) 

MeCOGH (,R) S0 2 Ph 
(KPS^_ 

T h e s e 

s e e ,p 

p K a = 1 1 . 7 1 - 2 . 0 4 a 

p 'Ka=11 .95-2 .30 a 

0 . 9 0 1 

0.$20' 

6 

3 

G©arrelafcL©aas h a v e b e e n c a l c u l a t e d frpm l i t e r a t u r e d a t a ; 

1G6, g t ; s eq . • - , t . ] 

J 
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<5t* ? -»»• * * 

! i 

i 

\ The correlation for the SAP series doe«r»not include 

the data for the bromo and chloro derivatives since 

inspection of the graph,.of pKa versus ff* iiioicates that 
" ' •* * ' ' \ 

the data points foe these compounds fall well off ttie 

.line. This graph is presented as*-Figure XVI.l-It should 
* " * 1 

be noted that the correlation presented for the series 

of substituted acetylacetones is significa*ntlW wors'ened 

if the datum for the bromoscompound reported py 
' « * * * 

Schwarzenbach and Pelder179 is included. Th*es4 workers 
•* • „ > ^ . * . ^ \ «. 

reported that this compound gave an inaccurate\pKa Value 

. since it was readily hydrplysed. In the present work, it, 
**• - \" M 

was found that 112and 113. in the SAPf series also show 

*. s *v 

I t»tf 
E8? \ 

A 

'•I 

\ 
- * v " 

\ 

/ " • 
signs ofrhydroMsiiS s ince the pH readings obtained 

tended'to" be unstable *$nd £riftoed around the-'erfd-'po^int •. 
•m, ' • ' 4 A * ,« ' ' „ .-•** „ ** ' * 
of the titration,. This hydrolysis has also l^een\ 

- observed, and used-'synthetically by Grossert fit al 

and.b.y the-present author (l§fi-*1S1). „ ' v 

•73 

•Barlin artd Pprr^a*; * have indicated that a l l ' 
ft-w 

c©jrrel1iti©rfs of pK„ values J®£ carbon acids with <r. * r 

t I 

.-]< 
. • * • / 



Figure XVI: j>Ka values of ff-ketosulphones in the ^ 

SAP ser ies versus a . 
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should exhibit a slope of 3.5 ± 0,4 and have cited 

results for substituted ethylacetoacetates to support 

this. This value for the slope was obtained from 

consideration of several other systems where the 

substituent is directly attached to the atom possessing 

the ionising proton. Such systems include RNH3
+,183 

RSH183 and ROH222 where the slopes are 3.14, 3.50 and 

3.9 respectively. Inspection of Table X will convince 

the reader that this generalisation is not correct ±.e.. 

only two of the eight correlations presented in the 

table fit within the suggested limits. Of these two the 

substituted dinitromethane series are not good examples 

of carbon acids (see note above) and the other 

correlation may just have a slope in'the *expeetedr 
* 

range by chance. The conjugate bases from ionisation of 
A. 

RSH and ROH involve atoms that can readily hold a 

negative charge and the conjugate base of RNH3 is 
* t 

neutral; these are very different from a carbon acid 

where the carbon atom is unable to hold a charge so 

readily. Thus-it would be.expected that C-H acids should 

-be different from the other series and hence perhaps fches 

slope should not be in the range quoted above as is* 

indeed the* case. 2 
* 

* The a values derived by Taft r e f l ec t the polar 

character -of a substi tuent attached d i r ec t l y to the 

reaction centre of a.molecule.*These values were 
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calculated using the hydrolfsis of esters as the „ " 

reference reaction and the steric influences ©f the ,. 

substituents have been removed "fro* the constant. There 

has been much discussion Concerning %he validity^of o 

as a purely polar parameter223 and an^alternative polar 

parameter Oj has been, proposed! Use of this parameter 

for correlation of the data for acetylacetones gives a 

worse correlation. Unfortunately) relatively few o"j 

** * V 

parameters are available and thus a correlation with the 

< pKa values obtained in the present study was hot 

possible. , , 
The slopes of the correlations given in Table X 

indicate a measure of the sensitivity of the series of 

compounds, under consideration, to the polar effects .of 

their substituents. The variations in these slopes from 

-0.65 to -5.11 are not readily explained in terms-of 

the gross structure of the molecules being considered. 

All the tf-ketosulphone correlations show similar slopes 

(-2.04, -2.19 and -2.30) which would-be expected since 

the compounds have very similar structures. It is 

however, rather suprising that the diethylsulphony^r 

methane and i'ibenzylsulphonylmethane correlations have, 

such \different slopes (-0.65, and -5.11 respectively) 
' •" '' •• » *< since the parent compounds differ.,-only by th.e e^changf 

•, '* 
of a methyl group for a phenyl group in the. a-positi-on*. 

*>* v 

re la t ive to the ionising proton. • - . 

~-\ 

V 

A • 

file:///different
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In addition to those #-lcetosulphohe derivatives' in , 
\ 

the SAP, PSA and KPS series which have been, discussed 

above the"pKa values of five other #-ketosulphone > 

derived species have been measured. The long-chain /?-

ketosulphones, 133, themselves^show pK'a .values of 11.34, 

11.26 and 11.59, "that is, they* are weaker acids than is 

106 (PhCOCH2S02Me). This would be expected since the 

benzoyl group in lfl6_. is more.able to stabilise the 
* 

negative charge developed on i<5nisation compared with an ' 

alkylcarbonyl substituent in 130. This ability is • 

quantified by the <r values for these groups which are 

2J2 ss,1.81 respectively.183 

The monosulphenylated myristyl-derived 8- i 
* i r , 

ketosulphone in the table showed a pK_ which is 2.22 -" -
- ** b t 

units nuore acidic than the parent /^-ketosulphone 
itself. This compares with'the acidity enhancing effect 

• ' . ' * * " , . 

of »fche. a-methylthio group of 1.49, 1.45 and 1.50' pKa 
• *• t * v r *• 

units respectively in the SAP, PSA and KPS series. The 

^-ketosulphone with the palmityl chain was too 

insoluble for an accurate pKa value to be measured, 

X )\ - ' < l •.''.. 

* .Thus, the pKa results from the three series of * -

compounds* (SAP, ̂ PSA and KPS*l are self-consistent but it 

, *»r'is diffipult to o raw meaningful comparisons with other 
!'. .-series of/ compounds due to "the paucity of,published 

*«, results on compounds that can reasonably be .directly 
* * » , . • - > < < ' ' i-

' compared. ' , . , • . ', • - . * ' 
'* . - * ' 

i 
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^ 

• Summary * . , > , 

In thi,,s par t of the present work ,a, new ser ies of 8 ~ 

ketosulphones and sttme sulphenylated der iva t ives and 

the i r oxidation products have beep prepared and t 
"" * 

identified. \ ' •• 

A new f a c i l e , high-yield synthesis of substi tuted p 

• . *\ 

»thiane-l,l*-dioxides "has been vpresented via the 

a lkyla t ion of. a dianion of a tf-ketosulghpne. I t has 

been shown by an ex tens ive photon nmr study t h a t 2&-
v*chloroand 2-benzbyl thian.e-l , l-dioxides exist: in C,DC13

V 

* * • * - * . . 

- * - . y X 1 

'.solution primarily with the 2-substituent in the axial 

orientation. Such a conformational preference arising 
- , . I d 

' . * * " 0 

{from polar-ca^ther^than s t e r i c forces ' in cyc l ic sulphones 
i 

• i s quite unusual. . '- . 
- V 

The' carbonyl group, in a /?-ketosulphone shows X . * 
* • 

reactivity like that of a simple ketone since it reacts 
* * < - » - \ 

to form hydrazones and enamines. The similar.group in 

the monosulphenylated .^-ketosulphones and their 

• oxidation products does not*undergo such reactions. „ 

% The pKa Values of nineteen /?-ketosulphones have > , 

been measured .and these hav€* been correlated with a *as 

. haVe'-^tber carbon acid data* available in the,.literature. 
•v-S 

^ v . * * * 

Suffyestions £QX farther sort?* \ \ . 
' •* , i • * . * * • • » . ' • v , , 

,]"" Prob'ably the most vimp'ortant project to stem from'the 
„ • • , ' • • » ? < • * * * . - . , , , * 

< » • • * \ * i *« * * < . i * , ' 

current study w i l l be an invest igat ion <>f the propert ies / • ' < " 
» , ' , «j • • ' ' » * ' 

* » * 
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of the compounds prepared here. As has been mentioned 

above, such^compounds may have useful anti-bacterial and * 

other properties and they may also be-good detergents. 
*• 

Since there are several large industrial concerhs that 

are willing to test compounds like these in order to ^ 

determine, their usefulness as. agrochemicals £££. this 

project is probably best left to these companies. A 

selection -of these compounds have been submitted for 
\ * J • 

study of their action against Dutch, elm disease howjsver, 

no results have been reported so far. 
» * \ 

• The reactions of the keto group in the compounds of. 

interest are part of an ongoing group project* an -

honours student is investigating the preparation and 

reactions of ketals.and oximes of 0-ketosulpbones. 

The facile, high-yield preparation of thian'e-1,1'-- " 

dioxides "described above should prove adaptable to other 

similar compounds. Once made, these compounds could be 
subjected to the same spectroscopic analysis in order to 
* . * - ' " • ' " 

determine their, conformations in solution. 
* 

It would be interesting to investigate the oxygen-17 

nmr spectra of 2-substituted-thiane-l,l-dioxides since 

if the substituent,is preferentially axial/ the 

environment around\the sulphone oxygen atom)? will be' 

different and so two resonances would be expected in tne 

spectrum." * '' *• , ** J ' v v / • / ,* 
- •' '• * .. . * * <t , '•-

0 J . 

' 4\ * ' 1 \ < . * -
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) 

The measurement of the pKa values of the compounds 

prepared in this project has raised many unanswered 

questions, the major one being, what is the significance 

* of the slope of the line from the correlation with ff ~? 

Further"studies are required in order to answer—this 

Question,- for example, other series of 1,3-diketones 

should be investigated to see whetheT: the slopes for 

these are similar to the atetylacetone results.- Some^of 

the presented correlations have only a few data points 

and the substituents used exhibit a narrow range of a 

values. *)Such ranges should b.e. extended so that better 

correlating may be obtained- •» 

* • - « « -
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NUCLEAR- MAGNETIC RESONANCE 

OF THE SULPHUR-33 NUCLEUS 
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C£A£TJES £ 

INTRODUCTION - SULPHUR-33 NMR 

The first successful nuclear magnetic resonance * 

experiments were carried out by physicists but the 

, technique has been especially riurtured by chemists. New 
•< *. . 

applica.tions of this type of spectroscopy contihuevto be 

recorded "in many fields of science. In this chapter 

, sulphur-33'nuciear magnetic resonance will be reviewed 

in the perspective of thevwhole field of nmr 

spectroscopy, followed by a-comprehensive review of the 

sulphur-3,3 nmr, literature. t 
° 

Historical 

- * The first successful experiments in the field of t 

nuclear magnetic' resonance spectroscopy were completed * 

in late-1945 byBloch ejt. fl.l.224|at Stanford and by 

Purcell £t al* 2 2 5 -at MIT. These scientists obtained 

proton nmr signals from water and solid parafin wax 

respectively; thus a new technique for the determination , 

-, of molecular, structure was born. This major achievement-

- was acknowledged by the award of thje 1952 Nobel' prize u 

'for physics to Bloch and Purcell. , *̂  

• • 'During the late 1940Js jjfftd early. 195p's there were . 

many-reports concerning the observation of nmr signals " 
* * -* . * 

from various nuclei'*-These included some metals, ° +
 N ' 



* 

nitrogen-14,22' fluorine-19228 and sulphur-33 in 

carbon disulphide.229 Of these the work of Dickinson228 

concerning fluorine-d9 is the most notable since he 

introduced two concepts vital to modern nuclear magnetic 

resonance spectroscopy. Firstly he reported the "most 

unexpected* observation that fluorine atoms in different 

environments showed different resonance positions; thus 

the concept of chemical shift was introduced. l 

Dickinson228 also attempted, in .vain, to obtain similar 

results from proton nmr measurements. He. reported that 

within the accuracy of the experiments (5 parts in a 

million) the resonances of acetone, Nujol, distilled 

water, glacial acetic acid, glycerin and anhydrous . 

diethyl ether were coincident: Secondly, Dickinson used 

the fluorine-19 resonance of BeF2 as a standard with 

which to compare'the resonances of other compounds; thus 

the idea of a nmr reference standard was introduced. 
<4 

In 1951 the now classical work of Arnold, Dharmattli 

and Packard"60" showed that the proton nuclear magnetic 

resonance spectrum" of •ethanol exriibitfd three peaks 
m * 

i * 

corresponding t,o the three,different types of protons 
* * * . 

present in the'molecule; this spec.trum is reproduced in 
' - - . • ' : ' * -

Figure XVII. This r e s u l t was/-a s ignif icant breakthrough 
" /-**" \ /~ <' r

 t 

and caused eKgreat f l u r r y of a c t i v i t y in the area of 
. 0 * * 

proton r(uclear magnetic resonance spectroscopy which 

eventua l ly led t<f the e&tabWshment of t h i s trephnique as 
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» r 

rFigure xvii: ike. fixst pĵ oton. nmr. spectrum 
r j 

showinb resolution &£ protons 

• In different chemical environmentst 

( Reproduced by kind permission of the authors and the 
1 * " 

journal editor). 
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a routine analytical method for the determination of the 

7" • 
structures of organic compounds amongst other things. -

All of these early nmr measurements were made using 

continuous-wave instruments (CW) with one of the ^ 

magnetic field or the radio frequency emitter' fixed andf̂  

the other, variable. This type of equipment allowed only 

a few nmr active nuclei (1H,19F,31P and 13C) to be 
> > -

studied in any depth. The advent qf the commercial 
Fourier-transform nmr spectrophotometer arou"nd 1970 
: . . . . * & 
broadened the scope of nmr measurements so that at 

i * 

present there are as many as ninety nuclei that have 

been investigated to some degree. Harris and Mann231-

have edited an excellent, volume which deâ .s with- many of 

these nu'clei and this has recently been updated by work 

of Laszlo.232 The reader is directed to these\ works for 
• * 
*. 

much exce l len t information; the present report 

concentrates on the nuclear*magnetic resonance studj.es 

of s u l p h u r and to.a l e s s e r ex t en t i t s Group VI 
to 

r e l a t i v e s . ' «s\ * , 
« 

Nuclear'magnetic resonance Q£ Gjcojip VI nuclei. 
Many organic compounds Contain oxygen and to a 

<* « **. 

lesser extent sulphur and it is perhaps somewhat 

fortuitous that the major isotppes of these Groao VI«r 
* * •• 

elements ±.&. 1 6 0 , 32S and 34S possess nuelear-spin 

quantum numbers of zero. If it was not for this lack -o,f 

v- « 

http://studj.es
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' nmr activity, the appearance of many proton and other 

nmr spectra would be quite inconveniently complex^ due, to 

the coupling effects of thesg nuclei. 

Table XI lists the twenty-one isotopes of the Group 

' VI elements which.possess a significant natural 

abundance.. Nuclear spin quantum numbers (I) and-
» 

• receptivities relative to carbon-13 are presented where 

appropriate. It can be seen from this table that only 

eight of these isotopes have non-zero nuclear spin 

quantum .numbers, and are hence- nmr active. No isotopes of 

poloniumvare presented in the table since there are none 

of significant abundance; this element will thus not be 

considered. Due to the fact that' oxygen is the most 

abundant element in 'the Earth.1 s crust23^ and hence 

occurs widely in both inorganic and organic compounds, 

oxygen-17 nmr" has. been studied in great detail. ̂TTTis is 

despite the fact that oxygen-17 is much iess receptive 

than is carbon-13 and that it has a quadrupdlar 'moment 

which leads to broad lines, ev™ in the case of small 

molecules. Oxygen-17 studies have been greatly assisted 

by the fact that, it is a relatively cheap isotope and is 

easily introduced into the desired molecules. The reader 

is referred to the excellent reviews of* Rodger fit. al*, 

2 3 7 Kintzinger2?8'23* and Klemperer^O fo; m o r e 

information concerning oxygen»-17 nmr. 

Of the selenium isotopes listed in Table XI only 
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Table xi: .isotopes of the .Group VI elements. 

r i 

Isotope Nuclear spin233 
% *• 

Quantum number 

160 / '0 

1 7 0 * * 5/2 

180 • * 0 • 

' 32S ' * 0 
3 3> i' V i 

* 
34s o*' * • 

* 3V " 'o *. 
-7 A ** 

• 7 4Se , - 0 
u * 

7^Se '< - 0 
77Se , '" 1/2 " , 

• 78Se ' '.. 0 

*>°s4 Y ' 0 

'82Se . 0 
. * 

120Te 2 

122Te 2 

123Te- . 1/2 . ' ' 
* * „ * 

124Te- 2 • ' 

125Tet 1/^ - ( 

^ T e * .0 > 

128Te 0 

• 13°Te- ' .;. 0 ' . 

Natural234 Receptivity*23^ 

'Abundance 

99.759 ' * 

0.037 6.11 x 10~2 *" 

0.204 

95.0 , 

0.76 . 9.73 x 10 2 

4.22 

* O.Dl'4-

o;8V 

• 9.02 : '' 

7.58 \. '* 2.98 

. 23.52 

49.82 

9.19 ' . x 
• 

0.089 + 
* *• 

•• 2.46 + 
ft ' 

. 0.87 0.89 

4.61 + 

6.99 . 12.5 •' 

18.7.1 . . ' . 

31.79 * 
4 

,34.48 % - ' > 

* * * - » • * 

This is a measure of the ease with which an'nmr 
\ • * ' spectrum can be obtained relative"to. carbon-13. > 
' , • " - Not available. .• . *' * * ,". * „-<• 
'..» „ . #• - • ; • . - . • » . * . 

* 
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. ° . .00 . . . 1 7 9 ' 

selenium-77 has a non-zero nuclear -spin quantum number. 

I t s recep t iv i ty i s greater than' tha t of*carbbn-13 -and 
* ' • 

since 1*1/2,-selenium-77 i s a good candidate for ' s tudy . 
" * 

by nmr. More than 150 chemical sh i f t s have been reported * 
for t h i s nuc leus and i n t e r e s t i s c e r t a i n t o be 

maintained owing tt> the cen t ra l posi t ion of selenium in 
V 

the semiconductor indus t ry . ' 

Tellurium has f ive nmr-active nuc le i , but nuclear 
« • *. 
0 a * 4 41 

\ ' ' , ' ' 

magnetic resonance measurements have only been 'jgejportfed 

for tellurium-123 and tellurium-125. As shown in Table 

XI, tellurium-120,- tellurium-122 and telluritim-124 have 

nuclear quadjiupolar moments (spin quantum numbers of 2)s 

These isotopes are also relatively scarce and hence no 
•* < 

nmr measurements have been reported to date. Owing j;o 

its higher natural abundance, tellurinjm-125 is the "more 

studied of the two nuclei having 1=1/2. Over'forty' ' \-
*" *r * 

I 

chemical shifts have been reported for this nucleus and 
W 

work continues* in \this area. * * ,* • 

Of the four sulphur isotopes listed in Table XI only , 

sulphur-*33 is nmr active. The next section reviews the , 

sulphur-33 nmr literature to date. - * l 

. ' - " ,' 
* *» . 

v * 

Sulphur-33 nuclear magnetic resonance spectroscopy. 
As has been mentioned, sulphur-33 was one of the 

*>* « /«• 

'first nuclei studied by nmr;22^ however, this study. 
« *, - * 

consisted only of a relatively inaccurate measurement of 

file:///this
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the nuclear magnetic moment*of sulphqr-33 in'darbon 

disulphide relative to nitrbgen-14 in nitric acid. A ' \ , 

cursory glance at the volumes by Harris and Mann231 and 

Laszlo230 as well as the Specialist Reports on nmr frd®*^ 
4-

the Royal Society of Chemistry241 will convince tliê  
*-* 

readefc that sulphur-33 nmr i s the l ea s t studied amongst 

the Group VIT elements. 

I t can be seen f rdm Table XI t h a t su lphur -33- i s more 

recept ive than oxygeri-17 which would tend to suggest — ' r 

„ • 

that su-lphur-33 signals should be more easily obtained. 

This is not the case and raises the question of how 

useful the term receptivity is. For nuclei with 1=1/2 

this t'erm is very useful since it indicates the relative 

ease-of obtaining an nmr spectrum" for* a partipular 
* , 'J 
nucleus. In the case of a nucleus with 1 > 1/2, however, there are'other factors which affect the problem, most 

notably the .ability of a.riucle'us to relax by.quadrupoldr 

mechanisms. Another morajuseful,term, jdetectability, ha 

been alluded to by Brevard.242 This term takes into 
v ' 

account several other fate tors not considered in the tei/m 

receptivity; however, to-date little has-been reported 
* a *" 

in this area. . ^ 
* 0 « 

The first chemical applications of sulphur-33 
4 

nuclear magnetic resonance-appeared in 1968. In this 

yea, * « ana sc„ult2"3 report Signals te * o - ' 
1 i 

sulphide minerals , 1,2-ethanedithiol and elemental 
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sulphur. The result for elemental sulphur disolved in 

carbon disulfide has never been reproduced by latere 

workers. Lee*44 measured tlje temperature dependence of , 

the sulphur-33 nuclear magnetic resonance signal of - , 
J 

tx-MnS. Five other papers have been published mainly 

concerning the sulphur-33 nmr of inorganic species (Lutz > 

-et al.,245 Void eiL*al.,246 Ancian and co-workers, 2 4 7 / 

« 

Kroneck et al., 2 4 8 and Wasylishen e£ alw 2 4 9). # 

, , ' • -' * 

The first application of sulphur-33 nuclear magnetic 

resonance to an organic chemistry problem was reported 

by Retcofsky and Fraedel.250fr51 The aim of this 'work *"* . 

was to use sulphur-33 nmras an analytical probe for 

characterising coal and oil samples, since sulphur As an 

important constituent of these materials. Twelve „ 

sulphur-33 chemical shifts were reported relative to 

carbon disulphide; th'ese data are presented in Table ' , * 

XII. Typically the spectra were*obtained in 8-12 hours 

* 

. * '\ 
.using a Varian DP-*60 spectrometer operating at 4.33-MHz.* .... ..-' 

Retcofsky and Friedel found that only species where the; * •-

sulphur'nucleus-had a reasonably symmetrical electric , * 
•Si v * " ; * » " • 

field gradient or a rapidly exchanging system gave " 
S « - . * 4 

useful sulphur-33 nmr signals,. ' - • 

Schultz e± &!• measured the sulphur,*^ nmr 

spectra .of five compounds using pulsed nmr but they did 
' * "• ' ocq i 

not repor t chemical s h i f t s . LUtz fit a l . .̂  publ i shed a, > 
» - , * , 

paper which recommended the use of a su lpha te s a l t 

' V 
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, Table xiis Chemical sjiifj^ aftfit Retcofsky and 

' ^ " £xlfid£l."251 

/•* 

\ * •» ' 

r 

Compound: 

*> 

,".*•' 

cs2 

Thiophene ' *' 

j ^\Tetrahydrothiophene 

' 3-Brqmothiophene 

2-Methylthiophene 

3-Methylthiophejie 
" * - • ** 
Ethyldisulphide 

*n 
r 

- Dimetbylsulphoxide*" * 

Chemical 

Shift (ppm) 
• i 

> 0 -
4 - «• » 

-220 ± 6 , 

* 89 -t 38 

-134 . 

'-178 ± 9 

-197 ± 26 

168 i 88 

-233 ± 20 ' 

- Approximate 
* 

Linewidths (Hz) 

160 

700 

2900 
». •' 
1800 

> 
, * 

1400 

1800 

5800 

2900 

' Sodium- -sulphide*. .261 
j 

230 ± 6 9 Sphalerite 

Sulphuric-acid cone -225 ± 32 

P"' , Sulphuric acid 5M *-3.19 ± 5' , 

1800 

' 70 

2500 
. » 

1800 

- \ r m 

\ 
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* ' 4, * 

1 dissolved.in water as the standard for sulphur-3'3 
* m 

chemical shifts due to a much narrower linewidth than 

i that .of carbon disulphide. Unf prtunately they have hpt; • 

apparently pursued this matter since the publication. 

» . wor* * * « ?hus fa, inaicatea that tM . * * 

requirements for the observation of sulphur-33 nmr 
*> • « ' * 

signals'is. as symmetrical as possible an electric field 
»*" ' r • 

gradient, around the nucleus. It is thus suprising that 

the sulphone moiety, was not investigated prior to 1981. 

In this year Faure and co-workers254 published siilphur-

33 spectral parameters^ for eleven sulphones and four 

othe.r compounds. These data were obtained using a Vatian 

FT-80 spectrometer and the figures are reproduced in 4"^ 
» * ' '' , . 

Table XIII. The authors chose these compounds since they 

are the likely products from' the oxidation of the 

sulphur containing fraction of crude oil samples! The ' 

relatively narrow linewidbhs (50-150Hz) observed in this 
study are due to the fact that the electric,field 

• -
gradient ardund the sulphur nucleus is now quite 

symmetrical. Linew-idths" increased with/increasing 

substitution which thus seemed to decrease the symmetry 

of the electric field gradient around the sulphur v k 

nucleus. It was noted by the ,autho* that phenyl and 

vinyl sulphones -show resonances upf ield relativ.e to-

alkyl sulphones**due to .shielding caused by the 

conjugation of the sulphur atom with the attached group. 

* 
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254 * Table Xiii: Sulphur-33,nmr. data a££k£ Eaaus. et al.^ 
dt * IN - •*» " 

Compound " • mppm) ' ' Linewidth (Hz) 

-< T h i o l a n e - l , l - d i o x / d e * 42-fcl.S. 5~Q 
" ' * • . - * *' 

. 3 -Me thy l th io l ane - l , 1-dioxide* 37JJ..5 „. 60 

3-Aminothio lane- l , 1-dioxide1. "33-fcl,,5 . 80 " * 

3 -Hydroxyth io lane- l ,1 -d iox ide . % 36^.5"* 10.0 

2 , 4-Dimethyl thiolanje- l , 1-dioxide 37*1.5* 90 ~ 
x * * 

Butadienesulphone ' 32±1.5 • .50 

(CH2-=CH)*2S02 § ' -26±1.5 )**' 60 

J 'P*h2S02 " - i -23±2,0 - 130 *' ' 
v - < 

MeoSO^ -7±1.5 50 
* ' ' ' 

^nPr2S02 , * ' 7±2.0 ' 130 

PhS02Me " * ' -20±2.0 * .120 

MeS03H . . „.-*5±2.5 * *150 

pCH-3-CgH4S03H t J -10±1.5 * ; 90 

NH2CH(CC2H)CH2S03H v -9*1-5 ' \ 80 

t 

Ĵ  CH2=CHS03"Na+ • "-11±1.5 70 

Relative to Sulphur-33 signal of S04
2,"r in saturated\ 

(NH4)2S04 in D.20. ' * / • . " ' ; 

: ) 

.4 
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- . . » - - - ' •* - • , „ , •• 

, / ' " Harris and Evens"-? have published the most * * . 
r^- - * . « . * . - •/' ' 

. comprehensive l i s t of .sulphur-33. chemical sh i f t s t o -
' i , • _ . ' "" .» * o-v- y" 

" date. Using a 6r-uker WM-250 FT nmr instrument they . r 

measttre-d the'chemi"cal*sjiift:s of twenty different o rganic" . ' ' 

. % su lpha-conta in ing compounds; the data-are reproduced, in - , 
' '̂  - - * "̂  » \ • 

Table fl'V. Unfortunately these workers chose td report >" 
* * , * ' ' N%; • • 

the chemical sh i f t values r e l a t i v e to carbon disulphide and they did not even refer- t o the work concerning 
r ' . . . ' * « - ~ "* * 

* ' tJ, *. 
J O CO • « 

' . sulphates* as standards*3J mentioned above. 

,, It can be seen from the data in Tat>$e XIV, and the 

authors indicated the ,fact> „that lengthening the "chains' 

,» attached to the sulphone^group has'littlie, effect on tble 

*• chemical shift of the sulphur nucleus^ There is however -

a ' jft-pethy*l effect* of about 7-8. ppm per methyl group * 

t t as can"be seen from the data. These data also confirm 
' * *5 K A ^ the'results of Faure"e£ al. \ that aryl sulphones show 

44 ' ' %•„ 

resonances upfield compared with alkyl stflphones.^ 
<\i - ' *. 

\ In a„ much less widely publis^d report, Annuriziata 
r' ,>". T, . tan'd Barbarella"0 have reported sulphur-33-nuclear, , ' 

a \ magnetic resonance1"data obtained using a 300 MHz nmr 
• ' . i . * * • \ " ' ' * , 

* % > * 

instrument "(the data are .reprdduced in." Table XV). 
Although they.were, able to obtain sharp l ines for simple 
*• • ^ 

• , sulphones/ sulphoximines and sulphi l imines , other 
* ,;. - : " > * * • ' 

', ' sulphur-containing'species gave rise to signals which' 
' % ' « * * c . - * * , 

""were "not easily distinguished from th^r 'rolling ""*' 

baseline'." Annunziata and Barbarella concluded* that the 
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• Table xiv: r sniphur-33 chemical shift data affcex larils 

" . '~a L00.0.0. 255 < « 

Compound 

•' and Evans.. 

i£S-

o (ppm) 

in CHC13 Wl/2(Hz) 

Me2S02 320 

t 
r. 
*<* 

BtjSOa 

iProS"00 . ' 
** ^ > < * • , * 

- % 
t B u 2 S 0 2 . 

nPr*2S02 * 

nBu 2 S0 2 

j iPh'2S02 

(r2CH3C6H4) 2S0-2 

(j>flt)C6H4) 2 S 0 2 . ^ 

(PhCH2)2S02 

Thiane-"D^l-d¥oxide '» -

T h i o l a n e - 1 , 1 - d i o x i d e 

B u t a d i e n e s u l p h o n e 
•* 

* * . ' '' 

Relative to external 
*" — * . 

,33'4 

351 

3,66 

333 

' 336 

312 

311 

313 

330 

322 

370 

361 
•4 

cs2. 

50 

70 

160 

J.60 

180 

180 

120 

140 

120 

50 

^ f f 

. 50 
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, Table xv: ^ Sulphur-33 nmr. data afJaex Annunziata'and 

Barbarella.256 "' * 

o (ppm)1 

Compound « 

Me2S02 r 

Ph 2 S0 2 - , - . 

. - 4 - M e t h y l t h i a n e - 1 , 1 - d i o x i d e 

3 - M e t h y l t h i a n e - 1 , 1 - d i o x i d e 

p.Me-CgH4S02NH2 

Thiane 

open c h a i n : - S -

-SO- * 

' in CHC13 

' 315±1 

308±1 

• 321±1 

322±1 ' -
0* 

303-fcl 

-3048 
* 

Wl/2(Hz) 

•» 

40-J^ 

* 100 

70 

.90 

1400 

8400 
* 

> • * 
- < 

•- r 
1 

•4 

* 

-S-
too broad to 
to report data. 

* ~ 

;c=s 

Relative to external CS* 

D 



A 
appl icat ions of sulphur--33 nuclear magnetic resonance 

» 

are somewhat limited. Y-

The sulphuj-33 chemical shifts of some for^y organic 

sulphux-ccOTtaining compounds have been reported thus far 

in the literature. There have however,-been two 

reference compounds used: 1) carbbn disulphide. 

* - , * * . 2) a sulphate salt in water. 

The aim of the current work was to increase the number 
St v f 4 

of sulphur-33 chemical shifts for organic compounds and 

to try to correlate these results with structure and 

other spectral parameters. 

188 
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^'- ' -, CHAPTER j ' '*.,.". •• *"' '*" 

RESULTS AND DISCBSSIOJN . ' 
N • ' *. • 

f, » • * . < • 

' • * " * 
The sulphur-33 chemical sh i f t s and linewidths of 

. * » > » ' . * * * 
twenty-seven sulphones were obtained using the v 

' « - *. .I 

experimental parameters described in Part IV 
" - - • , ' * * *vi» *" » 

'(Experimental) of t h i s^ the s i s . F*ive> of. tthese compounds -

- have been studied previously by three grqups of workers, 

Fauife st a l - , 2 Harris and "Evans255 and Annuriziata and*. * "" 
, | « < ' i 

1 -• « -* » 

Barbarella. ° Figure XVI-Ir"shows four examples of the 
spectra obtained, these" should be comp'ared, with the * . * 

" \ ' - j ' 

' f i r s t ' resolved ' prpton nmr spectrum shpwn^ in^ Figure - -

X.VII. The originsBbf a l l of the compounds .are de ta i l ed , 

in the Experimental section. The data obtained in these "' 

experiments are given" in Table XVI; o-values are. quoted 

r e l a t i v e to an external ~5M ammonium sulphate solut ion 
* .«. 

in water andrhave an uncertainty of„less than 'one 

percent.. A further eight compounds were also ,. m. 

investigated but no resonance was observed* for tfee'se. 
- * * \ • 

Some of these compounds were not soluble enough, in̂  CDC 13 jj 

for a spectrum to be.obtained.^ - „ 

* . 

\ 
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Figure XVIII* Examples of sulphur~33 "nmr spec t r a 

JL v > obta ined i n t h i s s tudy. 

*« 

MeS02CCI 

V ** 

I [ I I I I | < I l'""l j ) I H I ] 1 I I I | I I 

MeSO^bCI §,< % 

"• I ' i i i I i-
0 

Me2S02 

•""'"' i | i r i > | »i r 

' | » ' ' ) | i i i i | i i i i \. i1 i I I i •! r . «•? 

100 50 o -SO -100 
PPm , , . 



Table XVI: Sulphur-33 da ta JLar. twenty-Seven sulphones. 

Entry 

1 

2* 

3 * 

4 

• 5 

6 

7 

8 . 

9 

10 

11 

12° 

13 

Formula' 

CH3S02CH3 

CH3S02CH2C1 

X"H3S02CHC12 

CH3S02CC13" 

CH3S02CH2Br 

CH3S02CH(C1)CH3, 

CH3S02CH2Ph 

PhS02CH2COCH3 

PhS02CH2COPh 

PhS02CH (SPh) COCfl3 

PhS02CH (CD CH3 

PhCH2S02CH2Ph 

PhCfi2s62CH(Cl)Ph 

Compound 
number 

177 

178 

179 

180 

131 

132 

i a a . 0. 

170 
1 

166 

' 122 

184 

185 

186 

* * 

5s 

-12.8 

- 7.16 

- 0.22 

4.53 

- -10.3 

0.88 

-i6.7 

-20.0 

-18.8 

'-17.0 

- 6.56 

-^3.30 

.4.1 * 

Wl'/2 

15 

90 

280 

300 

95 

40* 

40 

150 

350 

350 

. 50 

15 

-330 

i 

*» 
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^ - Choice flf reference compound. * 

In this study, ammonium sulphate was chosen as the 
/ » 

* reference compound, i.e.. it is defined as having a 

sulphur-33 chemical shift of^zero. In'the previous 

chapter, the use of two different reference materials was 
• « 4 * 

discussed. Uijtil 1973 -the only reference compound used 

was carbon disulphide, which shows a relatively narrow 
0Bmv 

fPnewidth and the spectrum can be easily obtained-. In 

^ - 197i3 Lutz st al.25 advocated the use of an aqueous' , 

solution of a sulphate salt as the standard for sulphur-

33 chemical shift measurements. These authors found that 
n 0^ * 

- the line position of such a standard varied very little 

»v ' . * > 
with concentration, the spectrum was obtained more readily than for carbon disulphide and; the resonance was 

much narrower, They'concluded also that it would be more 

acceptable to use sulphate as 'the reference species 

since it appeared close to o.ne end of the known sulphur-

33 chemical shift range. (This is no longer true since 
\ * 

Wasylish'en st al. have shown that the sulphur-33 * 

chemical shift range extends nearly 400 ppm downfield 
0 

of ammonium sulphate). 

The only real disadvantages with this reference 

material a«e that most compounds measured to-date have a 

negative chemical shift and that the reference must be 

external for most compounds studied. This latter 

problem, however, normally applies to carbon disulphide 



If 
as well'. 

V 

In the current study, ammonium sulphate has been 

-chosen as the standard for sulp'hur-33 chejtiical shift " 

"measurements and it is somewhat fortuitous that the 
* 

1 » '. « * •* 

' standard exhibits a resonance approximately in the 

centre of the chemical shift range observed hare, with 

o-values being observed in the range 0 i 20 ppm. 

194 

Comparison st ths rqjyfTts obtained la this, study with 

those, reported previously. ' ' *" 

In order to convert o-values relative to carbon 

-disulphide to 6-values relative to ammonium) sulphate an 

indirect approach had to be used. Harris and Evans 2" 

quote the chemical shift of dimethyl sulphone as 320 ± 1 

ppm relative to carbon disulphide (see Table XIV, 

page 186) whilst in the present study it was found to 

be -12.8 -t 0.2 ppm '(see Table *XVI). Thus'a correction 

factor of -332.8 ppm had to be applied in order to 

.convert 8 relative to carbon disulphide to 8 relative 

to ammonium sulphate. This-figure agrees well with the" 

result of 332 ± 2 for the chemical shift of carbon 

disulphide obtained recently by Wasyiishen .et al. 

Table XVII shows the sulphur-33 chemical shifts of' the 

five compounds common to this ŵ prk and that of Harris 

and Evans.255 Faure st al.2 have quoted thelchemical 

shift of dimethyl sulphone as -7 ± 1.5 ppm. relative to 
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Table XVII: 

Compound 

6-values of .S-atom 

ref to (NH4)2 S04. 

-Harris and Evans. - This work 

MeJS02 

Et2S02 - . 

r iPr2S02 

(PhCH2)2S02 . * 

'Thiane-1,1-dioxide 

-12.8 

1.2 

18.2 

- 2.8 

5-10.8 

-12.8 

'4.92 

18.1 

- 3.30 

- 9.78 

7 
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ammonium sulphate; however, they used dg-PMSO as solvent 

which is-expected to exhibit different solvent effects • 

compared with CDCI3 (the solvent of choice, *in the 

present study). A*lso, the data of Faure, et al. were 

obtained in a low-field nmr spectrometer which means 

'that the uncertainty in their chemical shift values is 

relatively large. Their results will thus not be 

discussed further "her-e. Since^the only'compQund common 

to the current study and that 'of Annunziata and 

Barbarella16 is dimethyl sulphone, no useful « 

comparisons can be made wjth their results. * 

Table«XVII shows* that only the result for dietlhyl-

sulphone differs significantly,between the present work 

and that of Harris and Evans. * The similarities shown 

in this table give us confidence that our results are • 

meaningful. All the resonances observed in the present 

study, as reported in Table XVI, are narrower than those 

of Harris and Evans (see Table XIV, Chapter 6). 

The present study confirms the previous observations 

that sulphur-33 nmr can be used to study mixtures in a 

qualitative manner. Two spectra were recorded,* one of a 

mixture of »CH3S02CH2C1 and CH3S02CHC12 and the other of 

FhC0CH2S02CH3 and PhS02CH2COCH3. In both cases 

resonances were observed with chemical shifts (within 
*. 

r 
experimental error) identical to those quoted in Table 

* 

XVI. «Thus, the present results indicate that sulphur-33 
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nmr.can be used^to estimate the number off different 

sulphones* in a molecule, or in a mixture. As more ' 

'chemica»l shifts pf different sulphones are reported, 

structural correlations will undoubtedly become 

possible, as .indicated 4n the following section. 
\ ** 

• i , ' . 
\ • "* » .* 

' Correlation a.o£ chemical shifts obtained in. this* study 

Kith, carbon-13 data.* 

The presentation of scientific data is an important 

, part of the interpretation of that, data.' It has long 

been the goal of scientists to obtain linear 

relationships between new data and established 
' 0. v - r 

parameters. Some workers have gone to great'lengths, 

such as six-parameter fits, in order to obtain linear 

plots for their data; "the interpretation pf such 

correlations must be quite speculative. 

- * In this context, it is intriguing to note that 

several,groups.of workers have found that the oxygen-17-

chemical shifts of open-chain and polycyclic ethers25' . 

as well as of oxiranes,25® amongst others, correlate 

linearly with the carbon-13 chemical shifts of the 
w 

corresponding alkanes (i.e.. the-oxygen atom replace^,by 
* ^ > 

a methylene group). These studies have involved a range 
i * 4 T ^ V 

of a lky l gro#pj*Lho"th acycl ic and cyc l i c ; however, no m I 
heteroatomic suost i tuents , such as halogens, were 

&> 

* s tudied. 
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Table XVIII' shows the sulphur-33 «hgmical*shifts 

obtained in the present study together with the carbon-

13 chemical sh i f t (obtained from*the l i t e r a t u r e or by * 
* » * " 

- calculati'bn,' see Appendix IVO of the substituted alkane 

,shown, i.£. a comparison of the structures 192 and 193 

Table XVIII shows the* data separated into five groups, 

R-SO;-R 

y 
R-CH2-R 

193 a i 

namely, those corresponding to the general structures 

194. 133 and '133, those containing a-SR groups and 
4 

others. The first three groups show linear correlations 

(see Figures XIX, XX and XXI). The last two, structural 

types do not show 'useful correlations. 

R—SOr~ R 

« R = alkyl 

ReHzSOjCxyz 

R fa H or Ph 

196 
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'Table XVIII: Sttlphuf-33 a M carbon-13 chemical s h i f t 
0S * ^ • 

data iox twenty-seven related compounds. 

Entry Sulphpne / )ĝ  Substituted *' 8C ref 
Alkane 

1 

2 

3 
*-

4 

5 

6 

7 

8 

9 

10 

fi 
12 

13 

14 

15 

16 

MeS02Me 

EtS02Et 

iPrS02iPr 

?hS02CH(Cl)Me 

PhS02CH2C0Me, 
* 

PhS02CH2COPh 
* 

PhCH2S02CH2Ph 

PhCH2S02Me 

MeS02CH2Cl 

MeS02CHCl2 

MeS02CCl3 

MeS02CH(Cl)He 

MeS02CH2Br 

PhCH2S02CH(Cl)Ph 

PhCH2S02CH(Cl)Me 

PhCOCH (SEt) SO2Me 

* T 1 2 . 8 MeC.H2Me , 

4 . 9 2 T3tCH2Et 

,18 .1 . i P r £ H 2 i P r 

" 6.56. Ph£H2CH(Cl)Me 

- 2 0 . 0 Ph£H2CH2COMe 

- 1 8 . 8 PhC.H2CH2COPh 

- 3.30 PhCH2£H2CH2Ph 

-16.7 PhCH2£H2Me 

- 7.16 Me£H2CH2Cl 
* 

- 0".22 Me£H2CHCl2 
% 

4.53 Me£H2CCl3 

0*.88 Me£H2CH(Cl)Me ~ 

-10.3 Me£H2CH2Br . . 

4.10 PhCH2£H2CH(qi)Ph 44.3 

3.50 PhCH2£H2CH(Cl)Me 44.1 

5.90 PhqOCH(SEt)£H2He 23.3 

16.1 259 '\ 

34.6 J.59„'V: 

49.1 260„ 

47.9 ; 

29.8 260 

30.0 260 ̂  , 

32.9 260 

24.8 261 

26.3 261^| 

37.3 

48.3*. 

33.8 262 

26.3 261 
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Table XVIII: (cont.) 

Entry Sulphone Substituted 
Alkane 

* 8Q ref 

17 PhCOCH(SPh)S02Me 

18 PhS02CH(SPh)COMe 

10 PhCOCH(SMe)S02Me 

20 (EtS02)2CH2 

21 PhCOCH (B'r)S02Me 

22 Th^ine-1,1-dioxide 

23 PhCOCH(Me)S02Me 

24-PhCOCH2S02Me 

25 2-Chforothiane 
-1,1-dioxide 

26 PhC(OCH2)2CH2Ms 

27 PhCOCH (CD S02Me 

4.00 PhCpCH(SPh)£H2Me 23.3 

-17.0 Ph£H2CH(SPh)"COMe 37.8 

4.00 PhCOCH(SMe)'£H2Me 23.3 *. 

10.00 Et£H2CH2S02Et 26.1 259 

-5.00 PhCOCH(Br)£H2Me 27;3 

-9.78 Cyclohexane 27.1 259̂  

- ll30 PhCOCH(Me)£H2Me 26.1' 

-12.1 "PhGOCH2£H2Me 17.7 263 

Chlorocyclo-
-9.60 hexane (C-2) 36.9 260 

-3,1.7 PhC(OCH2)2£H2Et 40.3 

-3.70 PhCOCH(CI)£H2Me 27.3 

Calculated 5-value using the method of Lindeman and 

Adams2°"*', 5 unless a reference number appears in the 

next,column. For details of calculations see 

* Appendix IV. 

'% 

f 
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Figure XIX; A plot of sulphur-33 versus carbon-13 

chemical shift values for*- compounds 

with structure 194 .. S 
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, Figure XX: A p'̂ ot'of sulphur-33 versus" carboy,-!3 

chemical shift values for compounds 
a ; — • * - — ' — " - ! — ' 

with structure 195 . . * 
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Figure XXI* A plot of ,sulphur-33 versus carbon-13-
44 J 

chemical sh i f t values for compounds 

* with s'tructure 196 . 
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presentation ol ths correlations. , , 
», -

The best linear correlation is obtained for the 

symmetrical dialkyl sulphones (entries 1-3 in,Table 

XVIII). These three compounds give an excellent straight 

-line with a slope of 0.94 and an intercept of -27.78 as 

indicated by the correlation., coefficient of 0.9999. 

Inclusion of the data for di*-ri-propylsulphbne' ( 5g/=0.2) 

and di-n-butyl'sulphone ( os=3.2) both obtained by Harris 

and Evans''33 together with the corresponding carbon-13 
chemical shift values (29.0 and 29.6 respectively) 264>-

•« 
»i» b \ 

gives a line with a slope of 0.92 and an intercept of 

-26.48 together with a correlation coefficient of 0.992. 

This correlation'is the one plotted m Figure XIX., As 

was mentioned earlier," the sulphur-33 res-onance for 

diethyl sulphone" obtained in the present study differed • 

significantly from that reported -by Harris and Evans,245 

Our sulphur-33 datum for this compound gives a much 

better linear.correlation than does that of this other , 

study as is evident from the .respective correlation 

coefficients' (0.992 ys. 0.977). 
» * 

Inclusion of the datum for di-t-butylsulphone from 

the work of Harris and Evans255 ( 8S- 33.2) together 

wî th the corresponding carbon-13 chemical shift ( 5 C = 

56.5)2.64 deleteriously'effects the correlation. These 

six datSPRoints yield a line with a slope of 1.07 andan 

intercept bf--<-S0.4,2 whilst the* correlation "coefficient 
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drops to 0.987. It is unclear whether this sixth 

sulpfiur-33 chemical shift is erroneous or whether it is 

the effect of a sterically crowded t-butyl group which 

affects the correlation. It is felt however that- the 
* 

data of Harris and Evans should be treated with some , 

care due to the known difference for diethyl sulphone. 
* • 

The plot for the second structural type,19_5_, gives a 
f 

good correlation; the data are plotted in Figure XX and. 

.^ffr* 
ye a straight line with a slope of 0.71 and an 

0 

intercept of -40.75. The correlation coefficient of 

0.997 is excellent .considering the differences in the 

structures of these, compounds. The plot for the third 

structural type, 196 is seemingly more scattered (see 

Figure XXI) however, the nine points used in thex 

regression analysis yield a line.with a slope of 0.76 

and an intercept ofV29.69. The correlation coefficient 

of 0.909 must be cons_id̂ red in the light of the very 

varied structures of these nine compounds. For both of 
< • 

these plots the slope of the regression line is 0.7-0.8 

indicating that the sulphur atom is significantly less 

sensitive to its overall environment -than is the carbon 

atom in the corresponding substituted al#ane, when 
» 4 

probed by nuclear magnetic resonance measurements.. 

Of the remaining compounds, entry #18*in Table s 

XVIII, PhS02CH(SPh)C0CH3, fits the line for compounds of 
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structural type 195. If these data are \included in the' 

r-. 
" > » ' 

regression analysis the correlation coefficient drops to 

0.89. Since the other a-SR substituted sulphones do- hot 

fit any of the.correlations it seems reasonable not to 

include entry #18 in the correlation shown in Figure XX. 

None of the other compounds in the table (entries 16, 

17, 19, 21) fit any reasonable correlations. It should 

be noted that many of the carbon-13 chemical shifts in 

these groups were calculated; these chemical shifts may 

therefore lack accuracy (see discussion in Appendix IV). 

I 

Correlation st sulphur-33 chemical shifts with, oxygen-17 

data. N 

The oxygen-17 chemical shift resul ts for simple 
i 

ethers correlate well with carbon-13 data for the 

corresponding alkanes.257 In the present 

study, the sulphur-33 chemical shifts for simple 
i * 

dialkyl sulphones correlated well with the relevant 
} ' carbon data (vlda inJfxa). Thus.it seemed reasonable to < ' 

> * -

J 

file:///included
http://Thus.it


inves t igate a corre la t ion of sulphur-33 nmr data with 

the corresponding oxygen-17 data. Such'a co&rjl?tion 

would be expected to be good, and if so t h i s V i l l 

indicate, consistency amongst the three sets of data.. 

Table XIX l i s t s the oxygen-17 and sulphur-3'3 

tchemical sh i f t s for seven simple ethers and the 

corresponding sulphones. Regression analysis produces a 

s t ra ight l ine with a slope of 0.30 and an intercept of ' 

2.3 8 with a corre la t ion coefficient of 0.998 for the 
1 

f i r s t ' f o u r on the l i s t . Thus a v.ery good correlat-i.on i s 

produced indicating consistency-of a l l the data and t h i s 

i s p lo t ted in Figure XXII. Inclusion of the l a s t three / 

se ts of -data progressively worsens the corre la t ion 

(r=0.991, 07985 a-nd 0.-920). < '* ' 
• • ' ) . - • 

-
Discussions o_£ ite correlations. ' >• 

In the recent literature there have been several 

reports concerning the linear correlation of oxygen-17 

nmr da'ta with carbon--13 data from the relevant ' 

hydrocarbon. The most notable of these are the papers 

published by Kintzinger and his co-workers257'266' 

concerning the oxygenJL17' data obtained from cyclic and 

'acyclic ethe'rs. Calculations by these workers based on 

theoretical considerations have shown that the slope of 

the correlation for a homologous series of compounds 

*96 
4mBW> 
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I 
Simple, sttsn 

• Sulphonet 
** » . 

MeS02Me 

EtS02Et 

iPrS02iPr 

nPrS02nPr 

nBuS02nBu 

tBuS0-2€Bu 

Thiane-1,1-

3 and 

s 

6 

-diox: 

sulphones. 

-

* 

Lde 

'M . 

-12.8 

4.92 
* * • 

18.1 . 

0.2* 
i 

-, 0.* 3.2 

* * 
33.2 

- 9.78 

V 

#**• 

* 
Ether 

Mk)Me / 

' EtOEt 

iPrOiPr 

nPrOnPr 

nBuOnBu^ 

tBuOtBu 

• _ 

8o+ 

-52.5 

6.'5 

52.5 

- 3.5 

- 7.0 

* 76.0 

Tetrahydrofuran 5.0 

Data after Harris and Evans. 2 5 5 

Data after Nguyen et al 257 
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Figure XXII: A plot of sulphur-33 versus oxygen-17 

' chemical shift values for simple 

- v' ' ethers and sulphones. 

-30 » §o 50 

• \ 
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should be 2.3. For the diaikyl ethers the experimental 

data give a slope of 3.2. Although Kintzinger has 

indicated that these two figures 'agree rather well 

it is felt that better .calculations would be valuable. 

The data presented in* the current study do not fit 

the calculation mentioned above. This is not suprising 
• * , 

however, since the calculation depends 09 the nature 

of* the atomic orbituals»of oxygen; this will be different 

for sulphur where 3p rather than 2p, and possibly 3d, 

orbitals'are involved. It should also be noted that the 
-

comparison ,of oxygen-17 nmr results for.ethers and 

sulphur-33 nmr results in sulphones is unl-ikely to be 

Valid due to many reasons, for example, whereas / 

sulphones are particularly affected by ad}acent<polar 
Re

groups, this is not so for ethers. A sulphide is much 

more akin to an ether and such a comparison may be more 

instructive. Unfortunately there have been few reliable 

repqrts of sulphur-33 nmr measurements of sulphides (see 

Chapter 6). This is due to the fact that the sulphenyl 

sulphur nucleus has a very ur^ymmetrical field gradient ,v 
1 

and the natural linewidths are large due to quadrupolar 

relaxation. 

It has been suggested by Iwamura et al. that the 

slope of the linear correlation of oxygen-17 versus 

carbon-13 chemical shifts gives *a measure of the 

relative sensitivity of the oxygen-17 and carbon-13 
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I ' ' 1 
I a 

nuclei to their'local environment in an nmr measurement.'. 

Using this idea the data presented in this study show 

that in the case of dialkyl sulphones the sulphur-33 
t „ 

nucleus is as sensitive to its environment as is the 
• ./ " v 

carbon nucleus in the corresponding fiydrocarbpn (£.,&. 
4 'l ' 

slope i s approximately unity) . For the other s t r uc tu r a l 

t y p e s , 133 and 133, the sulphur nucleus i s les^> , 

sens i t ive to i t s environment compared with the.carbqn 
^ t i ' 

(i.e.. slope is' <0.8 cf 0.94). This observation does not 
* " 1 

seem to fit the well established properties, of 

, sulphones. It is well known (see also Part II of the 
\ * ' 

present work) that the presence of'the sulphone moiety 

in an organic molecule often has a significant effect om 

the conformational preference of the molecule y£a a 

through-space electronic interaction; t;his has been 

discussed in Chapter 5. A better explanation of the data 

obtained in the present study is presented below. 

It is proposed thft the apparent low sensitivity 

of the sulphur--33 nucleus In a sulphone may be explained 
I ' 4. 

«by £ consideration of nuclear screening. This is the 

property which causes nuclei of the same type in different 

environments, to 'possess different chemical shifts. 
t ' 

The o v e r a l l screening constant, c , of a nucleus can 

be divided' into the sum of .two pa r t s ; the screening 

caused by loca l e lec t rons , o"A (!•£. the bonding and non-

bonding e lec t rons around the nucleus) and the screening 
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s -

caused by the rest of the environment, cB. This latter 
i ' 

i 
s 

\ 

' a = tfA' + crB 

e i 
0 * • o 

t 

i constant would-be'expected to be dependent on the 

solvent used and is-observed with changes in chemical 
. 4 * A '" 

shift with solvent. For second-row elements such as 

carbon and oxygen it istasual, to ignore the effects of 
/ ' If, ' > 

the re'st of the molecule^ for a particular solvent * 

system,, an.d just to consider the -local electrons for 

nuclear screening. Since the sulphur atom is larger than 

oxygen and since it is well known that sulphones in 

particular have a marked effect on local substituents, 

}.t is felt likely that these substituents will also have 

some measurable effect on the sulphone, and hence the 
i 

nucleus* and thus the chemical shift of this nucleus. If 

the screening caused by this type of effect was of 

opposite sign to that of the screening constant caused 

by the local nuclear environment then this would tend to 

lessen the total screening (which is related to the 

quantity measured by the slope in the correlations). So 

in contrast to what seems to be lower sensitivity it may 
i i ' 

be suggested that the sulphur nucleus is also sensitive 
to, its nuclear environment, in fact more so than carbon-

V 

13 or oxygen-17," but that this increased sensitivity is 
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,masked by two opposite effects . In the case of the 

compounds with highly electronegat ive substituents," such 

as in 195. one would expect a l a rge r c o n t r i b u t i o n to the 

screening from th6 rest of the molecule and hence the 
4 

apparent sensitivity in this type of compound would be 

lowered still further. Such a lowering is indeed observed. 

Until more data are available little can be said 
• > 

about the information gathered for the compounds in 
r * 

Table XVIII (entries 17-28) which are not opart of the 
* 

corre la t ions present. 

a 

Summary* 

In this preliminary study the chemical shifts and 

linewidths of twenty-seven sulphones have been 

presented. It has been shown that the data obtained in, 

this study are consistent ^ith that published to-date. 

There is a good correlation of su]$phur-33 versus carbon-

13 chemical shift data for symmetrical dialkyl sulphones *" 

and correlations ̂ ith two other structural types do 

exist, but these are not as well defined. An explanation 

for the apparent low sensitivity of sulphur-33 relative 

to carbon-13 has been given. 

Although it was made in 1979 the following quotation* 

still has merit: 



"In spite of numerous investigations,'the 

effe*ct of substituents 6n n.m.r. chemical 

' shifts cannot yet be interpreted in a t -

completely satisfactory way.1 

Ewing and Toyne.26? 

Suggestions far further work. 
• 

Since all the dialkyl sulphones studied here were 

symmetrical it would probably be useful to synthesize 

some symmetrically substituted haloalkyl sulphones such 

as^(C1CH2)2S02. These compounds should show reduced 

linewidths compared with similar unsymmetrical compounds 

since a more symmetrical field gradient around sulphur . 

atom will lead to reduced relaxation* by quadrupolar 

mechanisms. Obviously^ it will also be desirable to 

prepare more compounds with a planned series gf 

structures so as to improve the corr^Srlamon coefficients 

m the plots^o'f sulphur-33 versus carbon-13 chemical 

shift- More -accurate calculation of the chemical shifts 

of the corresponding hydrocarbons or measurement of the 

<* actual chemical shifts after synthesis of the compounds 

would also help improve the correlations,, ."- - • . 
* . * i 

Further work in the area of sulphur--?3 :niicrear 
magnetic resonance wi.ll surely lead *to -tn^,-increased use 

of this technique for the 'study-of organo-s|flphui;t •',';" 

containing species. . . - - ' * * . 
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CJiAZLEE 3 

EXPERIMENTAL 

/ 

Melting points were taken on a Fisher-Johns melting^ 

point apparatus' and are uncorrected. 

Infra-red spectra were recorded on one of three 

, grating spectrophotometers; a Pye-Unicam SP1000, a 

Perkin-Elmer model 237B or 283B. Samples were 

analysed either in the form '6*£ a KBr disc or as a 

solution in chloroform, as specified. All spectra were 

calibrated with polystyrene film using the 2851 cm"1 and 

1603 cm absorption bands and are reported in wave -

numbers (cm •"•) . 

Routine nuclear magnetic resonance spectra were 

recorded on a Varian T-60 or a Varian CFT-20 
* 

spectrometer. Chemical .shifts are reported as deita (5 ) 

values relative to an internal standard of 

tetramethylsilane (for proton) or the line at 1538.0 Hz 

due to the central peak of CDC13 (for carbon-13). 

High-field carbon-13 and proton hmr spectra were 

obtained, where appropriate, on a NicoletAModel 360NB 

spectrometer, coupled to an Oxford Instruments 
* •. 

Superconducting magnet and a Nicolet 192 kword data 

acquisition system. These spectra were recorded by the 

staff of the Atlantic Regional Magnetic Resonance 
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Centre, Halifax, N.Sl and the author is indebted "to 

these workers. 

Ultref-violet - visible absorption spectra were • 

recorded on a Cary-Varian 219 spectrometer and are 
* 

reported in nanometers?. 

Mass spectra were obtained with a Dupont-CEC model 
> * . 

21-104 mass spectrometer. Samples were introduced^ 

directly into the source using a glass probje and with 

the ionization voltage set at 70 eV unless otherwise 

stated. Spectra are reported -as a/i.*values (Daltons) 

followed by the relative intensity of the peaks in 

parenthesis. . ' -\ 

Elemental- analyses were performed by either Guelph 

Chemical Laboratories Ltd., Guel»ph« Ontario, or Canadian 

Microanalytical Service, Ltd., Vancouver, British ( -

Columbia and agreed within ±0.4%' of the calculated 

values. ** 

X-ray data for the determination of structuries were 

collected on an Enrauf-Nonius CAD-4 four-circle 

diffractometer with automatic data collection utilising 

a PDP8>"a computer system (Digital Equipment.Corp.). 

Subsequent operations were carried out on a CYBER 170-

720'(Control Data) computer. These X-ray data were 

measured and calculated by Professor T.S. Cameron and 
"his co-workers and the author is greatly indebted to \ 

these scientists. 

# • 

j 
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- v Starting materials were obtained from BDH, ̂ Fisher or 
r -

. Aldrieh. as appropriate. If possible ACS grade compounds 

were used, if not then reagent grade chemicals were 
• I, •' -

.usually used after purification. All solvents were 
V 

routinely distilled prior to use. Dry acetonitrile was 
v » 

prepared by'rapid distillation from phosphorus 

pentoxide, dry benzene was prepared,by Initially shaking 
* t> 4 „ 

with calcium chloride followed by storage over "sodium 

wire. Other dry sblvents were' stored over 4A molecular 

* sieves, except THF which was freshly distilled from 

LiAljQ immediately before use. "Petrol1 refers to 

petroleum ether wtiich boils in the rdnge 40-60°C. 
* 

Pure phenylmethanesulphonyl chloride was donated by 

Prof. J. A. Pincock to whom the author* is grateful^. All 

other sulphonyl chlorides were distilled from 

phosphorus pentoxide no« more than one week prior to 

use. Triethylamine was distilled from potassium hydroxide); 

/pellets and stored in a desiccator. All dimfithylamino-

fcontaining aromatic compounds were purified by first? 

raassdng a methylene chloride solution of the amine 

/down an alumina'column followed by evaporation of the 

- [ solvent and distillation in. yacjio.. 

•S 
/v 



.219 

Sulphur-33 Nuclear Magnetic Resonance Spectra 

The sulphur-33 nuclear magnetic resonance spectra 

reported in this thesis were obtained using the Nicolet 

360NB nuclear magnetic resonance spectrometer, as 

described above. The author is indebted to the 

staff of the Atlantic Regional Magnetic Resonance 

Centre, Halifax, N.S., Canada for the acquisition of 
f, 4 

J. 

these spectra. 

The spectrometer frequency used was 27.716172 MHz 

with quadrature detection and a total sweep width of 

5000 Hz. A pulse width of 35 'JJLS (90°-pulse) with a pulse' 

delay of Is between pulses. A delay of approximately 

200 ws was used between pulse and acquisition ain order to 

eliminate the .effects of,acoustic ringing and hence 

rolling base line and the spectrum was collected over. 

819.2 ms (aquisition time) and stored using. 16k data 

points. The probe temperature was 20 ± 1°C and typically 
* V I 

5,00-10000 transients were collected; a Butterworth * 

filter, was used for all measurements. 

The spectrometer was locked on deuterium which was 

used for -shimming purposes. An external standard of 5M 
> 

ammonium "sulphate *in water was used in order to report 

chemical shift values. Samples were run in regular 

10mm nmr tubes in CDCI3 solution and were typically 100- • 

500mg of sample per 2ml of s.olvent. Chemical shift 

values are reported with an uncertainty of iWrt 
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E&a measurements HEf 
The combined glass, electrode used forpH measurement 

was one manufactured by Orion Research (model 91-02) 

which was connected to an Orion Research model 601 
t » -

digital pH meter. Measurements were carried out in a 
tf * 

Blue M E l e c t r i c a l Company Magni Whirl coristant 

temperature bath (model-no: MW' -1120A-1) »set a t 30, ± 
4. I' 

1°C. Titrations were performed In a Teflon beaker and* 

the standard base solution (~0,>8M) was added u$ing a 

Gilmont ultra-precision burette.'which had JL maximum 

capacity of 2.5ml with scale divisions/every 0.0001ml. ^ 

Acid solutions were made up iru.50% Methanol - 50% 

water (prepared"by mixing 50g of^Msuper-dry ethanol*with 
* » 

50g of quartz-distilled water'which had been boiled to 

remove carbon dioxide). The^base was made up in carbon* 

dioxide-free water and was"standardised by titration 

against potassium .hydrogen phthalate. 

The pH meter was checked before and after each pKa 

determination with aqueous 0.05M potassium hydrogen 

phthalate (pH = 4.10 at 30°C 156) and 0.052M sodium 

tetraborate (pH = 9.20 at 30?C 1 5 6 ) . The pKa 

determination' was rejected if the pH readings of these 
# *' 

buffers were not within 0.05 pH units. During the 
9P ' 
titration, readings were taken as soon as the pH became 
stable..A typical set of results are shown in Table XX"" 
for compound 1£1. Three ""J^ determinations per compound 
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PH * 

6.82 

7 .90 
*. 
8.27 

8.52 

8.72 

8,92 

9.09 * 

9 .28 

9.49 

9.77* 
* 

10.20 

11.30 

12.20 
\ 

12.52 

12.70 ' 
ft 

12.84 

> Volume of 

base added 

0 

0.0200 

0.0400 

0.0600 
« 

0.0800 
. 

0.1000 

0.1200 

0.1400 
» 

„ 0.1600 
\ 

0.1800 
I * 

1M 0.2000 

- 0.2200 
' 

0.2400 

0.2600' 
» * 

' 0 . 2 8 0 0 

$ 0.3.000x s 

« " * * - < * ——————— 

it. 

- % H 

v 
1?08 

0.37 

0.25 

0.20 . • 

0.20 , 
„ 

0.17 

"" 0.17 

' 0 . 21 

0 .28 

0.43 

1.10 

0.90 

0 .32 

0 .18 

0.14 
•4 

1/ApH 

0.93 
* 

2.70 

4.00 
T» 

5.00 

5.00 

* 5.88 

5.88 

4.76 

3.57 

2.33 

0 .91 

1.11 
i 

3.13 
<r* 

5.56 * 

7.14 
«. * 
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.were carried out wherever possible. Figure XXIII 

presents these data in a graphical form and Figure XXIV 

is the corresponding Gran plot. The uncertainty in most 

of the pKa values is ±0.1 pKa units. The pKa of 167 

determined .graphically is 9.21 whilst that determined -

using the equation given in Chapter 5 is 9.05. 

Vacuum-assisted chromatography 
40 

Rela t ive ly rapid, cheap column chromatography was 

c a r r i e d out using a column of t i c grade s i l i c a ge l as 

the s ta t ionary phase and petroleum ether - methylene 

chlor ide mixtures as eluant . The floW rate was increased 

by a t t a ch ing a wat„er vacuum pump to the bottom of the 

column. Fractions (usually 50ml) were co l l ec ted by the 
i 

use of a "six-flask pig' similar to that used as a 

vacuum-distillation receiver. These were monitored by 

the use of *tlc or proton nmr as^appropriate. 
A » 

' \ 
Preparation st compounds. 

Preparation st bis (methylsulphonyl? -3-(2,6-

dimethoxypyridyi)sulphonylmethane. 4J£. 

A mixture of 2,6-dimethoxypyridine -(2.9ml, 

0.022mol), methanesulphonyl chlor ide (9.57ml, 0.125 mol) 

and ace tor i i t r i l e (30ml) was cooled to -20° to„-30°C 
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*t 

Figure XXIII: A plot o'f pH versus volume of base added 

for 167 " 
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Figure XXIV: A plot of 1/A pH [ versus volume of base 

added for 167 (Gran plot). 
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(acetone/liq. N 2 bath) and stirred, under dry 'nitrogen for 

15 minutes. Triethylamihe (17.5ml, 0.125mol) in 

acetonitrile (35ml) was added dropwise over a Ka^f-hour 

period and the mixture was then stirred for a .further 

\ ninety minutes at reduced temperature. After allowing 

the mixture to warm up to room temperature the < 

acetonitrile was removed and the resulting brownish-

yellow oil was scratched and cooled in methanol. The 

solid produced (1.86g) was recrystallised from boiling 
a 

methanol y i e l d i n g c o l o u r l e s s - p r i s m s of A3 (0.82,g, 10%) 

mp: 217f-9°C. 
ir (KBr disc) 

ms: 

LH nmr (d6-DMSO)^ 

LH nmr(CDCl3): 

2900, 1585. 1480, 1465. 

1385r 1340. 1285, 1235. , 

1190, 1155, 1120. 1060. 

990, 965, 810. 

373 (6,M+*), 29,4 (6) , 

202(100) , 156(39), 138(8), 

131(94), 108(69), 93(33), 

80(13), 79(2$), 69(78). 

3.46 H,6H,J-=0.6Hz;l4s0o) 

5.S9 (s,3H; OMe') 

4,. 13 '(s,3H; OMe) 

1 6.50 7.96 (AB* pattern) 

' as above plus: 
t i 

5.7i (m,lH, exch., J=0.6Hz; 

S0.21CB.Ms2 < 
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1 3 C nmr (d6-DMS0): 44.85 (q,2C; S02Me) 

54.53 (q; 0M.6) 

54 .71 (q; 0He) 

90.15 (d; £H(Ms,) 

102.16 (d; py-C-5) 

143.98 (d; py-C-4) 

159.87 ( s ; py-C-3) 

165.94 ( s ; py-2 or 6) 

166.71 ( s ; py-2 or 6) 

uv (+HC1)': Amax 285, 234," 214 

uv ( n e u t r a l + NaOH): Xmax 285, 244, 208 

A CHS e l emen ta l , a n a l y s i s agreed wi th an e m p i r i c a l formula 

of C 1 o%5 N 0 8 S 3 ' ( expec ted 32.17% C, 4.02% H and 25.74% S; 

observed 32.31% C, 4.06% H and 25.45% S ) . 

Preparation st i±s potassium .salt, 52. 

A mixture of A3 (O.lOOlg. 2.7 x 10""4mol) and KOH 
* 

x 0\ 

(O.lg, 1.8 x lO-^mol) in water (lOmol) was warmed and 

stirred for 10 minutes and then left to cool. The 

solution was acidified with glacial acetic acid 

(0.5ml), and on standing needle shaped crystals of 31 

(0.102g, 92%), the required salt, were formed. The 

crystals\gave a positive K-flame test (lilac) and 

decomposed on heating to 248°C. 

ir (KBr disc): 3475, 3060, 2950," 1570, * 

1460, 1360, 1310, 1260(s), 
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1230, 1120", 1080, 1045, 985, . 

800. 

Crystal data: 

K+(C10H14NO8S3) *".H20, 

tmon&clinic, a = 17.826(3), b = 6.919(3), c = 15.085<2) 
f 

A, a= 111.90(1)°, space group P2;i/c, Z=4, 

Dc = 1.65g cm"*-', MO-KQ;I radiation, 

X= 0.'70926 A, fi= 6.43 cm"1. 2750 unique reflections 

were collected of which 1150 bad 

I> 3a (I) and were used. R=0.033. 
4 

Preparation St bismethylsulphonyl-4-(1.3-diTnefchoxy-

phenyl) sulphonylmethane. 5_5_ 

The procedure used was as for the preparation of A3 

except that 1,3-dimethoxybenzene (2.85ml, 0.022mol) was 

used as €he aromatic compound. The solid produced on 
t 4 

scratching was recrystallised from methanol yielding 

colourless needles of 33 (3.0g, 36.7%). It should be 

noted that 1.74g of the starting material" *was recovered 

after scratching thus the effective yield of 33 'is 

increased to 87%, mp = 215-6°C. 

ir(KBr disc):_ 3005, 2915,/l595, 1480, 

1465, 1330, 1210, 1150,. 

1065, 1015, 965, 84;5, 780 

ms: ' 372(0.7,M+), 293(1), 

201(100). 

-4 
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y 

*H nmr (CDC13) 3.47 (d,6H,J=0.6Hz,MeSQ2) 

3.89 es,3H,MeO) 

3.99 (s,3H,MeO) 

5.83 (m,each,lH,J=o.6Hz) 

6.55, 7.83, 7.94.JABX 

. * pattern, 3H). 

13C nmr (dg-DMSO*: 44.79 (q, 2xc, S02Me) 

56.13 (q, OMe) 

, 56.89 (q, OMe) 

90.59 (d,£H(S02Me)2) 

98.99 (d) 

105.78 *(d) 

1L8.89 (s) 

"132.39 (d) 

158.94 (s) 

166.37 (s) 

C r y s t a l d a t a : 

C 1 1 H 1 6 0 8 S 3 , t r i c l i n i c , a-= 8 .888(3) , b » 13 .096(5) , 

c = 14.983(3) %/ a= 68 :012(28)° , 

P = 81 .450(22)° , -7= 72 .606 (30 ) ° , space group P I , 

Z = 4, Dc = 1.60gcm . Mo - K a j r a d i a t i o n , X= 

0.70926 %., * /*= 4.52 cm"1. 3244 unique r e f l e c t i o n s 

were c o l l e c t e d of which 2573 had I > 3 a (I) and were 
» 

used. 

. R = 0-.064. 
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Preparation St 2.4-dimethpxy-l-methylsulphonylbenzene.56 

Procedure as for 5_5_ except the reaction was sto'pped 

after forty-five minutes. Work-up followed by extraction 
- rr 

of the resultant oil with 5% NaOH solution left a 

methylene chloride soluble oil which on scratching 

yielded 53 (0.14g, 3%) mp: 101-3°C, lit. 103-5°C.74 

13 C nmr (CDCI3): 42.85 (q,Me.S02) 

55.53. (q,Me.O) 

55.99 (q,JUfip) 

99.13 C&) 

104.44 (d) 

120.44 (s) 

,131.10 (d) 

158.46 (s) 

"165..31 (s) • 

J 
Reaction St N.N-dimethylaniline wj±h. SUlPhene 

The reaction was carried out as for preparation of 

except that the aromatic substrate was N,N-

dimethylaniline (2.67g, 0.022 mol). The resulting 

residue after evaporation of the acetonitrile was washed 

with petroleum ether which produced N,N-dimethylaniline 

(1.21g) after ̂ evaporation. The residue remaining was 

different ratios of sulphene: N,N-dimethylaniline 

were used as detailed in Table II ( page 50). 
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greenish-blue and was separated by vacuum-assisted 

chromatography as described above. 

For-the reaction with a sulphene - N,N-dimethyl-

aniline ratio of 2.5:1 the following compounds 
i 

0 ' • 

were obtained in the q u a n t i t i e s - g i v e n : 

Methylsulphonyl-4-(N,N-dimethylanil ino)sul |Jhonylmethane, 53 

- (2.38g, 72%), mp: 181-3°C c o l o u r l e s s need le s from 

methanol or methylene c h l o r i d e . 

4-Methylsu lphonyl -N,N-dimethylani l ine , £5. - (0.02g, 1%), 

c o l o u r l e s s needles mp: 162-4°C, l i t . 1 6 5 - 6 ° C , 8 8 ' 9 6 

N-Methyl -N-methylsu lphonylani l ine , ££, - (0.19g, 8%), 

c o l o u r l e s s needles m p : 7 3 - 4 ° C . 

2 , 4 ' -Dimethylamino-5-methylsulphonylb^iphenyl, £3 

-(0.10g, 5%), mp: I47-8°C, ye l low need les from 

methanol. 

The y i e l d s for o ther r a t i o s of N,N-dimethyIani l ine t o 

sulphene a re given in Table I I (page 5 0 ) . 
For 53 : » ' 

i r (KBr d i s c ) : 3010 , " 2910 , 1 5 9 5 , 1 5 2 5 , * X 

1445, 1380, 1320, 1295, 

1210, 1140, 1095, 1085, 

990, 965, 845, 815, 

775, 730, 710, 565, 

515, 500. 
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ms: 

LH nmr (dg-DMK) : 

13 C nmr (d6-D"MS0) : 

uty (MeOH) : 

277(72 ,M*) , " l 8 H 5 1 ) f 

?168(14) , 1 3 6 ( 1 0 0 ) , 1 3 4 ( 7 5 ) , 

1 2 0 ( 6 2 ) , 1 1 9 ( 2 0 ) , 11«8J24), 

105(201. , 1 0 4 ( 1 3 ) , 91(13,),° 

"79(17) , 77 /18) r 63J-1-5) . 

3 .05 ( s , 6H^ i f e 2 N) , ' 

. 3 . 3 1 <s,3E,'sEsSb?) , 

4.92 ( s , 2H, S 0 2 £ H 2 S 0 2 ) , 

6 . 8 1 , 7.'85 (AA'BB' p a t t e r n ) 

40 .60 (q ,2C , NMs.2) »• 

43.'29 ,(q, MgS0 2 ) , 

72 .95 ( t , S02C.H2S02), 

. " i l l . 6 5 (d , 2C) , . ' 
*> 

124 .05 ( s ) , 

131.27 (d , 2 £ ) * * 

154..67 (s) . 

Xmax 296 , 2 H . -

A CHNS e l e m e n t a l a n a l y s i s a g r e e d w i t h an e m p i r i c a l 

f o r m u l a of 'Cx5H 1 5 N0 4 S 2 ( expec ted 43.32%C, 5.42%H, 

5.05%N and 23.40%S; obse rVed , 43.3 7 %C, 5.46%^, 5.09%N and 

23 .14%S) . . • / 

For >£3i 

ms: 186(10 ,M+1) . 185 (100 , M+>),' 

1 0 7 ( 1 1 ) , 100 (<97), 1 0 5 ( 1 0 ) , 

104 (11? , 7 9 ( 1 0 ) , 7 8 ( 6 ) , 

7 7 ( 3 0 ) , 6 4 ( 4 ) , 5 1 ( 6 ) . 
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H. . 

1H nmr (CDC13): 

- 13 ; J-3C,nmr '(CDC13) 

For j£8_: 

2.83<S,3H,U£N) , 

3.32(s,3H,13£S02) , 

7.30r7.43(m,5H) 

35.04 (q), 

37.90 iq), 

126.00 (d,2C), 

127.23 (d), • 

129.13 (d,2C), 

141.27 (s). 

ir (KBr disc): 3000, 1615, 1510, 1490, 

• . ; 1450, 1390, 1350, 1300, 

. J 123ff, 1140, 1060, 945, 

, _ 810, 530. 

, Urns:, 318(31,M+'>, 241(19), 

240(100), 239(8), 238(6), 

, , * - ' 225(12), -224(13), 223(7), 
•4 

* . - 209(4), 15-2(6), 140(7), i 

120(8), 119(14), 111(5). t 

Also a plethora of metastable ion speaks and peaks.due to 

doubly and triply charged- ions were present. 

^ n m r (CDC13): 

) 

2.80"(s,6H,NMe2), 

3.'00(s,6H,NMe2), 

3.34(s,3H/MeS02),' 
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6.8, 7.5 (AA'BB* pattern), 

" 7.44, 7.76 8.23 (ABX ' 
l k 

pattern). 

13C nmr (CDC13): 40.42 (q), 

* - - 42.66 (q), 

46.27 (q). 

^ , 112.67 td, 2C), 

** 123.84 (d), 

126.74 (d), 

127.10 (s), 

127.58-(d, 2C), ' 

131.70 (d), 

136.98 (s), 

138.51 isY^ * 

150.29. (s), 

151.50 (s). 

ay. (MeOH) : ^ X m a x, 3Q6. 

US (MeOH + HCl): Xmax. 300, 246. 

A CHNS elemental analysis agrees with an empirical 

formula of Ci7H22N202S "(expected 64.15%C, 6.92%H, 8.81%N 

and 10.06%S;- observed 63.91%C, 6.87%H, 8.51%N and 

10.21%S). 
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Preparation St methylsulphonyl^-fN.N-dimethyl-

napthylamino) sulphonylmethane, 53. 

)kV 

# 

The preparation was as- described for Jfi except t h a t 

N,N-dimethyl-l-napthylamine (3.77g, 0.022mol) was used*-

in place of 2,6-dimethoxypyridine..W6rk-up produced 53 

(2.7g,'l84% based on recovered s ta r t ing mater ia l ) . 
0, 

Recrys ta l l i sa t ion from methanol or from ethyl ace ta t e -

petroleum ether yielded s l i g h t l y yellow, needle-shaped 
* 

crystals with mp: 193-4* °C. 

ir (KBr disc): . 2970, 2910, 1565, 1505, 

1420, 1385, 1305, 1215, 
* v 

1195, 1145,'lHO, 1045, . 
^ 

955, 885, 840, 805, -

765, 540,-495. 

327(0.8,M+'), 186(3) , 

172(10), 171(100), 

170(58), 169(7), 

168(7), 155(8), 

154,(12), 128(17), 

127(11), 121(11) . -

3.04(s,6H,M£-2N)' 

3.29(s,3H,Ue_S02) , 

0j. 4.68(s*,2H,S02Ca2S02) 

6.96 -8.5Q (m,6H), 

1 3C nmr (CDC13) : 42i83 (q,2C,NMfi.2}' 

44.46 (q,Ue.S02), , 

X̂ \ 

ms 

\> 

1H nmr (CDC13) 
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; 72.30 (t,S02£H2S02), 

110.71. (d), 

123.13 (d), 

125.48 (d,2C), 

126.42 (d,2C), 

128.94 (s), 

133.68 (s,2C), 

158.20 (s). 

Preparation oj. methylsulphonyl-4-(N.N.3-trimethyl-

anilino) sulphonylmethane. £Q. * 

The procedure-was as for the preparation of A3. Use 

of N,N-dimethyl-m-toluidine (2.97g, 0.022mol) yielded £3 

(2.3g, 84% based on recovered starting material) on 

work-up. The product was purified by passage down a 

short silica column and was recrystallised from ethyl 

acetate-methylene chloride or from acetone yielding 

colourless needles mp: 121° (decomp.') . 

ir (KBr disc): 3010, 2970,' 2910, 1595, 

, 1545, 1450,, 1365, 1320, 

1295, 1215, 1175, 1155, 

1120, 1040, 965, 845, 

790, 760, .500. 

' ms:" 293(10,M+2), 292(15,M+1), 

291(100,M+-), 198(22), 



» XH nmr (CDC13): 

13 C nmr (CDC13): 

f 

1 8 2 ( 5 ) , 1 5 1 ( 1 6 ) , 1 5 0 ( 7 1 ) , 

1 4 9 ( 1 3 ) , 1 4 8 ( 3 3 ) , 1 3 5 ( 1 8 ) , 

1 3 4 ( 7 1 ) , 1 2 0 ( 1 1 ) , 1 1 9 ( 7 ) , 

1 1 8 ( 1 4 ) , 9 1 ( 2 0 ) , 8 9 ( 5 ) , 

7 9 ( 7 ) , 7 7 ( 9 ) , - 6 5 ( 7 ) , 

63(7) . 

3 .04 (s,6H,Ue.2N),» t 

3 . 2 2 ' (S,3H,iJaS02) ,'. 

4.50 ( s ,2H,S0 2 Cfl 2 SO 2 ) , 

6 . 4 7 - 7 . 8 5 (ABX > p a t t e r n , 3 H X . 

uv (MeOH): 

21 .02 (q,Me.Ar), 

3 9 ^ 7 (q,2C> NMe.2) , 

42 .47 ( q , l k S 0 2 ) , 

7 2 . 7 6 ' ( t ,S0 2 C.H 2 S"0 2 ) / 

«' 1 0 8 . 5 1 ( d ) , 4 

> / ' 

114 .06 ( d ) , ' " 

1 2 0 . 7 7 ( s ) , 

133 .14 , ( d ) , i, . \ 

* 139 .68 ( s ) , -

153 .93 ( s ) . 

Xmax 297 , 220 . 

\ 

Preparation of methylsulphonyl-^-tfl-methyl-

pyrrolo)sulphonylmethane. 22 ' 

The procedure was as for the preparation of 4J£. Use 

of N-methylpyrrole (1.78g, 0.022mol) prepared by a , 
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similar method to that reported previously °° 
* * 

(bp 112-3°C) yielded 22 (2.1g, 81% based » -
V • •* **• 

on recovered starting material) as colourless naeclles 

after recrystallisation from ethyl aceta£e-petroleum-

ether, mp:.136-7°C. - * **• * 

ir (KBr disc): 

w* 

ms: 
** 

LH nmr (CDC13) : 

13 C nmr (CDC13): 

i _ 

3110, 3030, 3010, 2980, 

"2950, 2915, *1585r 15^.0, * 
"" ** 

1395, 1-320, 1220, 1165, 

1120, 1050, 1010, 975, 

915, 860, 805, 765, 745, 

705, 690, 6*2$, 595, 

239(7„M+2), 238(7,M+1)', 

237(74,M+0, 222(5), 
\ \ 

146(6), 145(8), 144(100), 

130(8), 128(9), 110(5), 

97(6), 96(83), 94(41), 

81(77), 80(70), 79 (iq), 

67(5), 53(17), 52(10). 

3.26 -(s,3H,fi£S02), .. 

3.96 (s,3H,Me.N) , 

4.60 (s,2H, S02CH_2S02), 

6.18-7.17 (m,3H). 

35.51 (q,NHa), *' * „ 

41.98 (q,MaS02), * \ n 

73.28 (t,S02£H2S02)\,. " 

108.31,(d), * % 
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% 

120 .75 \ d ) , 

131.,45 ( d ) , 

136.90 ( s ) . ^ ' «. 

Reaction st N,N-dimethylani/l ime &±ih methanesulphonyl 

Chloride'in ths presence st antimony pentachloride*. 

A mixture of N,N-dimethylaniline (6.0g, 0.05mol), 

methanesulphonyl chloride (5.7g, 0.05mol) andyantimony -

pentachloride (12.8ml, O.lmol) wae refluxeo/ in carbdn 

disulphide solution (180ml) for four hours under a dry 

nitrogen atmosphere. After this time the reddish-brown . 
\ , * 

heterogeneous mixture was pouted into ice-water (120ml); 

the layers were separated and the aqueous layer was 

extracted with methylene chloride (3 x 80ml). The 

combined organic layers .were washed- with water (3 *x 

80ml) and,dried with magnesium sulphate. Evaporation 

yielded a two-phase residue which was extracted with r» 
« 

petroleum ether. Evaporation of the petr*ol produced N,N-̂ --

dimethylaniline (3.6g). The petrol-insoluble residue was 

dissolved in methylene chloride (100ml) ana^this 

solution was washed with sodium hydroxide solution (2 x 

50ml, 2.5%) and then with Water (2 x 5,0ml); after drying 

and evaporation a green solid was obtained.. Column 

filtration using silica.gel yielded a colourless solid 

which was recrystallised from ethanol producing £3 (1.3g, 
41% based on recovered starting material). All the 

y 
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V * / * 

spectral'1 proper ties, of this product we.re as for £3 

produced in tpe reaction of N,N-dimethylaniline with 

sulphene.* s 

J *• 

Reaction! st N,N-dimethylani 1 ine with antimony 
* 9. 

pentachloride. 

This reaction was carried out exactly as for the 

preparation of £3, above, except that no 
•*» 

tmethanesulphonyl c h l o r i d e was added t o the mixture . 
1 v - t 

Work-up a l lowed N,N-dimethylani l ine (4.2g) t o be 

recovered. Column f i l t r a t i o n produced* no usefu l 

s epa ra t ion ' and so vacuum a s s i s t e d column chromatography 

was used -(the method is* descr ibed above). Many 

f r ac t ions ,were c o l l e c t e d and these y i e l d e d impure ' * 

samples; a mass spec t romet r i c a n a l y s i s of "these 

ind ica ted the presence of 78-82 . One almost pure 

f r ac t i on y i e l d e d , 2 ,4 ' -dimethylaminobiphenyl , 2 2 as a 

ye l low o i l y s o l i d . 

For 2 2 : ' •* 

ms: 242(2,M+2), 241(19,M+1), 
240(100,M+"), 239(9) , 

w 226(7) , 225(22) , 224 CIO), 

152 /9 ) , 120(14) , 119 :5(8) ,* 

119(19) . 

' XH nmr (CDC13) : 2.76 (s,6H,NMe_2) / *> 

2,93 (s,6H,NMfi.2) , 
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1' 

240 

6.75, 7.16 

(AA'BB'pattern), 

6.98, 7.16, 7.76, 7.94 

% • (ABCD pattern). 
i w 

For 2S-52: 

ms* . 310-(5),' 309(3), 308(12,M+ . 

' for 32), 307(3), 

306 (6,Mt- for 51), / \ 4 

288(8), 279(7), 277(6), 

276(31), 275(20), 

274 (100,M+ for 33) , 

f 273(1*8), 272(55,M+ for 23) , 

259(17), 258(6), '256(6-), / 

# ' • 255(17), 254(79,M+' for 13), 

253(32), 241(17), 240(82,M+ 

for 22), 239(9), 225(14), 

224(10), 152(17). 

Reaction.st <l,3-dimethoxybenzene slta antimony 

pentachloride 

The procedure for this reaction was that used for 

the reaction of N,N-dimethylaniline with antimony 

pentachloride alone. The aromatic substrate used.here 
* * * 

was 1,3-dimethoxybenzene (6.9g, 0.05mol). Work-up 

yielded an oil which on/trituration with petrol allowed 

the recovery*"Of l,3^dlmethoxybenzene C2.9g). The residue 

that was left was sublimed and then recrystallised .from 
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aqueous ethanol yielding l,5-dichloro-2,4-

dimethoxybenzene, 83. as colourless needles 

(3.3g, 55%), mp: 115-7°C. lit. 117-8°C.1Q6 

ir (KBr disc): 2980, 2940,^2900, 1580, \ 

1495, 1460, 1430, 1375, 

1300, 1230, 1210, 1170, 

1085, 1020, 860, 800, 740. 

ms: * , 208(64)„ 207(id), 

206(100 M+-), 193(8), 

- 191(12), 165(26), ̂ L63 (40), 

150(5), 148(7), 122(2), 

o^P, 1 2 0 ^ , 113(5), 99(5), 

% 97(6). 

1H nmr (CDC13),: - • 3.91 (s,6H,Ea0) , 

6.53 (s,lH), 

7.35 (s,lH). 

Reactions using, phenylsulphene aM" methylsulphene* 

These reactions were carried out under the same 
1 \ "-

conditions as used for the reaction of sulphene itself 

the only difference being that phenylmethanesulphonyl 

chloride was used. • • \ s 
"v ** 

Work-up of the reaction mixture followed by 
*• * ~* -

column chromatography using petroleum'ether an'd'silica 
gel yielded the starting aromatic substrate in nearly 



J 

\ 

*> * 

2 4 2 

• *. 

quan t i t a t ive y ie ld and txana-s t i lbene , mp: 120-2°C).269 , 

Preparation st athyi (N-chlorosulphonyl?carbamate. 

A three-necked, 100ml, round-bottomed flask was 

fitted with a thermometer, conden$er and a pressure-

equalising dropping funnel urfder a dry nitrogen 

atmosphere. Chlorosulphonyl isocyanate (3.5ml, 0.040mol) -

and dry methylene chloride (10ml) were placed in the 

flask and then stirred mechanically. Ethanol (2.35ml, 

0.040mol) in methylene chloride (5ml) was then added 

dropwise over a two hour period. During this time the "** 

temperature was kept below 25°C with a cold water bath*. 

Upon evaporation of the solvent on a rotary 

evaporator a.- colourless oil remained which solidified on 

cooling. This solid was rapidly recrystallised from 

benzene-methylene chloride yielding white crystals 
* / 

(7.05g, 94%) of ethyl (chlorosulphonyl)carbamate. 

On exposure to light, ethyl (N^chlorosulphonyl)-

carbamate decomposes, indicated by a distinct darkening 

of the solid. Consequently, once isolated, all 

operations with this compound-were done rapidly and when 

possible were shielded from light. The solid was stored 
i 

in a brown bottle, in a desiccator and used within seven 

days.of preparation. 
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Preparation St other (chlorosulphonyl)carbamate esters. 

Theses-compounds were prepared by a similar method to 

- that used above except that the corresponding alcohol or 

phenol (0.041mol) was used. Recrystallisation from ° 

carbon tetrachloride-methylene chloride yiel'ded white 

crystals of"the "(chlorosulphonyl)carbamate esters (80- * 

95%). These compounds Were also unstable. 

JRj Prepawtioji st ethylsulphamoyl chloride. 

This compound was prepared according to the reported 

procedure of Kloek and Leschinsky.34 Ethylsulphamoyl 

chloride was obtained in 71% after distillation, bp 60-

1°C/ 2mmHg (lit./ 52°C/ 0.05mmHg32) . * 

Preparation St N.N-dimethyl-N'-ethylSulphanilamide. £9_ 

A solution of ethylsulphamoyl-chloride (3g, 0.02mol) 

and N,N-dimethylaniline (2.42g, 0.02mol) in dry 

tetrahydrofuran (50ml) was stirred at 10-20°C under a 

nitrogen atmosphere, To this was added a solution 'of 

triethylamine (3ml, excess) in THF (2*Pml) dropwise over 

half an hour. The reaction mixture was then stirred'at 

room temperature* for two hours after which it was poured 

into water (100ml) and acidified. This mixture was 

extracted with methylene chloride (5 x 35ml) and the 

organic layers were combined* dried and then • 

evaporated to dryness. The residue remaining was 
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triturated with petrol and the solid left was 

recrystallised from methylene chloride-petrol yielding 

colourless needles (2.5g, 55%), mp: 158-9°C (lit. 160-

62°C47). ^ 

' • ir (KBr disc): 3345, 2970, 1605, 1510, 

1370, 1315, 1150, 870/ 

LE nmr (d6-DMK): 1.06 (t,3H), 

'2.54 (q, 2H), 

3.06 Cs,6H), 

6.65, 7.65 

(AA'BB' pattern), 

st 2,4-dimethQxy-N-ethylsulphonamifle, 33 

The reaction was carried out as for the preparation 

of 33 except 1,3-dimethoxybenzene was used in place of 

N,N-dimethylaniline. Recrystallisation from ethanol 

yielded colourless needles of 33 (54%), mp: 120-1°C. 

ir (KBr disc): 3320, 3060, 2980, 2940, 

1580, 1470,.1460, 1440, - . 

1410, 1320, 1290, 1260, 

1220, 1155, 1130, 1070, 

1020, 945, 835, 805, ' f^ 

765, 675, 580. 

XE nmr (d6-DMK) : 1.'03 (t,3H), 

** ' 2.18 "(q,2H), 
* . 

3.92 (s,3H), 
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3.99 (s,3H), * 

5.89 (br, exch.,lH), 

6.54, 7.83, 7.93, 

(ABX pattern,3H). 

13C nmrytdg-DMK): % 14.52 (q), 

38.21 <t),' 

55.49 (q), m 

55.86 (q), 

99.261(d), , 

104.82 (d), 

, .X20.91 (s), 

131.65 (d)/ 

158.32 (s), 

164.90 (s). 

9 

« 

r 

.1 
, Preparation tst H,N-dimethyl-lf-carboethoxy-

sulphanilamide, 31 
' - ** 

A mixture of carboethoxysulphanoyl chloride (2g, 

O.Olmol) and N,N-dimethyaniline (1.21g, O.Olmol) was" 

dissolved in sodium dried benzene. Triethylamine (25ml, 

excess) in dry benzene (25ml) was added dropwise' over a 

half-hour period and the mixture was then stirred for a 

further two hours at room temperature. After this time 

the reaction was poured into ice-water jJOOml), 

acidified with hydrochloric acid and extracted with 

methylene chloride (4 x 30ml). After drying the organic 
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layer with magnesium' sulphate it was evaporated,in vacuo 

yielding 31 as colourless crystals after 
* **" 

^rec rys ta l l i sa t ion from methylene ch lor ide-pe t ro l (1.65, 
K. * 

61%), mp: 187-8°C ( l i t . 1 8 4 - 9 0 ° C 4 7 r . -

i r \(KBr d i s c ) : 

LH nm> (C,DC13) 

3 3 9 5 , , 3005 , 1735 , 1600 , 

1475 , 1340 , 1150, 1130 . 

1,23 ( t , 3 H ) , t 

3 .07 ( s , 6 H ) , * f 

* 4 . 1 3 ( q , 2 H ) , 

6 . 6 8 , - 7 . 8 3 , * -

. (AA'BB • p a t t e r n ) . 

13 

• * & 

C nmr (CDC13): 

* j* 

13.97 ( q ) , 

39 .89 ( q , 2 C ) , 

62.58( i>V 

110 .38 ( d , 2 C ) , 

122 .99 (s)«, 

130 .16 ( d , 2 C ) , 

150 .62 ( s ) , 

153.46 ( s , £ 0 ) 

% 

'1 

Preparation Q£ N,N-dimethylsulphanilamidg, 12 

A solution of 51 (1.5g, 0.0"06mol) and hydrochloric 

acid (80ml, 10%'excess) was refluxed for one hour. After 

this time the solution was neutralised with sodium 

hydroxide and on evaporation to, a small volume" a solid, 
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precipitated. Recrystallisation from aqueous ethanol 

\ yielded colourless needles of 32, d.lg, 92%), mp: 213-

<14°C, lit. 200-6°C.27° 

ms: . '* 202 (7,M+2), 201 (22,M+1), 

"200 (100,M*), 199 (37), 

184 (9), 136 (40), 

120 (22), 119 (7), 

,105 (7)', 104 (6), 

77 (8), 42 (6) . 

l3C nmr (d6-DMK) : • . 41.1 (q,2C,NMe.2), 

112.4 ( d , 2 C ) , 

128.8 ( d , 2 C ) , 

131.7 *(s), 

153.9 ( s ) . 

Preparation st 2,4-dimethoxy-N-carboethoxy-

benzenesulphonamifle, 51. 

The p r o c e d u r e was a s fo r p r e p a r a t i o n of 5 1 except 

t h a t 1 ,3-dimethoxybenzene (1.38g, O.Olmoll was used . 

R e c r y s t a l l i s a t i o n from e t h a n o l y i e l d e d c o l o u r l e s s 

n e e d l e s of 53. (34%), mp: 142-4°C. "m 

XH nmr (CDCU): 1.22* ( t , 3 H ) , ' " 
<* •mf tr 

4.10 (q ,2H) , 

A 3.91 ( s , 3 H ) , 

f ^ F \ 3-98 (Br3H) " „ 
\ . *, 6.42, 7.75, (7.89, 

% 
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(ABX pattern). 

13C nmr (CDC13): . 13.97 (q), 

55.41 <q), 

55.81 (q), 

62.05 (t), 

99.70 (d), 

104.82 (d), 

- 121.43 (s), 

131.65 (d), 

(. 1̂ 53.33 (s), 

, ' 157.35 (s),' 

X * 162.99 (s). 

Preparation st 2»4-dimethoxybenzenesulphonamide, 54.. 

The procedure followed was as for preparation of 53_* 

Recrystallisation from ethanol yielded 3A (96%) as 

colourless lathes, mp: 165-6°C. 

ir (KBr disc): , 3395, 3x290, 2995, 1605, 

• 1570, 1490, 1460, 1410, 

^ 1320, 1250, 1210, 1165, 

' 1145, 10*75, 1020, 925, 

890, 870, 830. 

ms: " 219 (6,M-fe2), 
Sir 

218 (11,M+1), 

217 (100, M+'), 

201(49), .170(6), 
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153(21), 135(8), 

123(6), 122(46) 

107(28), 92(9), 

79(10), 77(15), 

64(6), 63(9). 

% nmr (d6-DMK): 3.88 (s,3H),. , * 

<*ft.97 (s,3H), 

6.13Wbr; exch, IH), 

6.68, 6.68/ 7.72, 

1 3C nmr (dgjDMK): 56.10 (q,t)Ma), * 

j , 56.80 (q,OMa), 

99.7 (d), ' ' 

104.% (d), 
* ' -

117.9 (s), V 

129.5 (d), v * • 

156.9 (s), " * ( 
*. 

44. 

161.7 (s). - T 

* . -

Reactions st sulphur" trioxide complexes with aromatic 

compounds. 

A mixture of either anisole or 1,3-dimethoxybenzene 

or N,N-dimethylaniline (lmfiJL. eq) with eithex S03-

pyridine or S03-NMe3 (2mol eq) was heated for, sijx hours 

in a sealed tube at a fixed temperature. After this^time 
1 * * *, 

the tube ,was cooled and opened and carefully neutralised' 

with coljcl dilute hydrochloric acid (2M). The solvent was 
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then .evaporated In vacuo using a boiling water bath. The 

residue was triturated with petroleum ether to> remove 

the unreacted aromatic species. Any remaining residue 

was then carefully recrystallised from ethanol-water 

yielding colourless needles of 2,4-dimethoxybenzene-

sulphonic acid, 52.and N,N-dimethylamino-p_- / 

benzenesulphonic acid, 55 in some case?. The yields 

resulting from these reactions and the temperatures 

employed are detailed in Table III in Chapter 3. 

For 52: • N 

mp: 

ir (KBr disc): 

•̂H nmr (D20) 

For 55* 
* 

mp: 

•̂H nmr (D20) 

263°C (decomp.) leaflets. 

3500, 2970, 2940, 1650, 

1600, 15.80, 1490, 14*50, 

1410, 1290, 1255, 1210, 

1180, 1150, 1030, 1020, 

910, 825,. 800. 

3.05 (s,3H), 

3.89 Cs,3H), 

6.63, 6.67, 7.70. 

(ABX pattern). 

269-70°C (decomp.) > 

i r r e g u l a r p l a t e s . < 

3.32 (s ,6H), 

7 . 7 1 , 8.0b\ ' •'. 

(AA'BB' p a t t e r n ) . , 
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1 3C nmr (D20): - 46.26e(q,2Cr 

121.28 (d,2C);x 

f 128.06 (d,2C*Jf ' 

154.7 8» (s)." ****.'f 

Preparation st 2-methylsulpl.onyl-l-phehyiethanone, 1M* 
» • 

Sodium hydride (9.44g, 50% suspension in oil, 0.197 

mol) was washed with* dry petroleum ether (3 x 40ml) to 
* Of 

remove the oil. To this gray powder was added 
» 

dimethyl sulphone (18.49g, 0.197. mol) in dimethyl-

sulphoxide^ (100ml) under an atmosphere of dry nitrogen. 

The mixture was stirred and heated to,50~55°C (the 

temperature being measured in the reaction mixture) for 
* * 

one hour and then cooled in an ice bath. Ethyl benzoate 

(15ml, 0.10 moles) was then added and the solution was 

stirred at room temperature for 30 minutes and then for 

a further 90'minutes at 55-60°C "After cooling the 

reaction mixture was poured into ice-water (100ml) and 

acidified to pH =,7 with concentrated HC1. The combined 

organic layers were extracted into methylene chloride (4 

x 50ml) followed by copious washing with water (7 x 

40ml) and drying with magnesium sulphate. Evaporation In 

vacuo yielded*16.4g (84%) of the crude product which 

smelled like rotting cabbage. Recrystallisation from 

toluene (x2) produced colourless needles of 1 M , 2-
* • * ' ' 

methylsulphonyl-l--phenylethanone in 81% .yield (15.7g) 
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ij.ch was t i c pure (chloroform as e l u e n t , S i 0 2 ) . 

mV: 105-6°C, l i t . 106-773", 2,4-Dinitrophenylhydrazone 

mp:*-152-'4s
0C. 

' w ** 
ir (CDC13): 

» 

% nmr̂  (CDClo): 

i * > 
• -> 

0 

* 

13Cnmt (CDCl3): ': 

t 

- * 

40 

' " * • * 

< -

3030', 1670, 1590, 1320, 

1155. 

. 3.16- (t,J=0.8Hzr. 

4.60 (q,J=0.8Hrf). 

7.4-8.Km,5H) . 

,/' -41.62; (q, JCg-=139".2Hz)., 

60.97 (t, JCH=137.1H^), 

'M, 128.79 (d,2C), ". * . 
1 > 

- * * 128.*99 (d,2C), -
"" .** w 1 

134.40* (d), >; . 
** K f \ * 

9 1* 

, • 135.50 ̂(s)-, * 

• *"' 189.12 (s)V , . * 

"̂Preparations -of 2-methylsuJLphohyl-l-phenylethanone,-

on a smaller-scale, yielded typically 85-90%. This . 4 

-* ̂^ ' . * . 

increased yield is probably due to better control of the * -

reaction temperature.*. • • *' 
•* " """ * 

•Preparation st N-methylthiophthalimide. Ula * *" . 

A mixture' of dimethyl, disulphide (8ml,. 0.09 mol) in 

carbon tetrachloride (100ml) was stirred magnetically in 

a three-neck flask fitted with a condenser under an 
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atmosphere of dry nitrogen. This mixture was cooled in a' 

dry ice-acetone bath* -20 to -30°C for 20 minutes. To 

this cold solution was added sulphuryl chleride\ (6.8ml, 

0.085 mol) and the resultant yellow solution was stirred 
a 

for two hours under these conditions. After this time a 

solution of phthalimide (23.5g, 0.16mol) in N,N-

dimethylformamide\(200ml) containing triethylamine„ 

(25ml, 0.18 mol, excess) was added and the* cold-bath was 

retained for a furtheV30 minutes. The heterogeneous 

mixture was then allowed to warm to room temperature and 

was stirred fô r̂ a further two hours. Rotary evaporation * 

of the carbon tetrachloride followed by,filtration 

yielded an almost quantitative yield of triethylamine 

hydrochloride (mp, proton nmr). Dilution of the 

remaining pMF solution with water (400ml) followed by 

cooling and filtration yielded an off-white soldd which 

was taken up in Cold methylene chloride: Phthalimide 

(10g) was* left after attempted: dissolution in^ethylene 

chloride. The methylene chlpride, solution was 'dried 
* - * 

(MgSO,*.), an,d evaporated under vacuum prodiscing Ula 
*' * . -K "• ' - • 

(11.7g% 66% based on recovered phthalimide} as a 
*. .* £r y 

colourless crystalline solid mp: 159-61°C, 

T h e r*i eaction was also"attempted using an ice-bath in 
« -• 

place o'f the dry-ice-acetone-bath, and the same > 
\ ** *-

procedure* as outlined above. However, the yield was 
4 

'then reduced to 54%. / 
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, 1H nmr (CDC13) : 

13 C nmr (CDC13): 

2.55 (s,3H), 

7.6-8.0 (m,4H). 

22.27 (q), 

123.6-9 (d,2C), 

131,98'(s) , 

134.44 (d,2C), 

170.85 (s,£=0). 

1 

0 * 

•?» 

Preparation st N-ethylthiophthalimide, lllh 

- The procedure used was as for N-methylthio-
** 

-phthalimide except that diethyl disulphide (11ml, 

* 0.09 mol) was used. The yield of product HUa, after 

recrystallisation was 68%, mp: 122-3°C, lit. 115°C.271 

/ H nmr (CDC13) : 

13 C nmr (CDC13) 

1.30 ( t , 3 H ) , 

-, 2 .93 ( q , 2 H ) , 

7 . 6 - 8 . 0 ( A A ' B B ' p a t t e r n ) . 

1 2 . 8 8 ( q ) , 

3 2 . 3 0 - ( t ) , 

123 .43 ( d , 2 £ ) , 

131 .65 ( s ) , * 

134 .24 ( d , 2 C ) , * 

168.07 ( s ) . 

*%. "f * 



Prepara t ion o l N-phenylthiophtha l l imide. l l l e 

A s o l u t i o n of d ipheny ld i su lph ide (8.72g 0.04 mol) 

in dry carbon t e t r a c h l o r i d e (180ml) was m a g n e t i c a l l y 

s t i r r e d under dry n i t r o g e n , and was cooled inwan i c e -

bath for 15 minutes . Su lphury l c h l o r i d e (3.2ml, 0.04 
/ moD'was added t o t h i s s o l u t i o n and t h e m i x t u r e was 

A 
stirred for 2 hours at 0°C. After this time a solution 

of phthalimide (5.88g, 0.04 mol) and triethylamine 

, (12ml, 0.086 mol) in N,N-dimethylformamide (80ml) was 

added. The resultant orange-brown mixture was stirred at 

0°C for a half-hour and then at room temperature for a 

further two hours. Filtration of the mixture yielded 

triethylamine hydrochloride quantitatively as the 

•residue. The filtrate was rotary evaporated rapidly to 

remove the carbon tetrachloride and was then diluted 

with water ,fb 600ml total volume. The yellowish-white 
precipitate was filtered off, washed copiously with 
>. 

* -toater and then" dissolved in cold methylene chloride. A 

small aiflount of solid (0.2g) was insoluble in CH2C12 and 

Was shown \o be recovered phthalimide by proton nmr and 

melting point. After drying*with magnesium sulphate the 

methylene chloride solution was rotary evaporated to 

yield 'a slightly yellow crystalline solid which on 
». * 

. r e c r y s t a l l i s a t i o n from methanol y i e l d e d 9.4g (92%) of 

211s. with a me l t ing p o i n t of 162-3°C, l i t . 160-1°C. 2 7 1 

•••H nmr CCDC13): 7 .0 -8 .0 (m)„. 
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1 3C nmr (CDClo): 123.76 (d ) , 

129.03 (d), 

130.52 (d), , 

m.tff^dfT 

134.32 (s), v 

134.46 (d), # *
 _ 

134.79 (s)x* J 

167.40 (s,£=0) . i 

f 

' Preparation st 2-methylsulphonyl-l-phenyl-l-

phenylthi-oethanone. 169 * ' 

A solut ion of 2-methylsulphonyl-lrphenylethanone 
i 

(2.54g, 0.013 mol), N-phenyithiophthalimide (3.25g 
\ 

0.013 and triethylamine (4.5ml, excess) in dry ,»,-

methylene chloride (100ml) whs-stirred under dry t 

nitrogen at room temperature for 14 hours. Rotary 

evaporation followed by recrystallisation of the solid 

from methanol yielded phthalimide quantitatively (mp, ^E 

nmr). The .mother liquor was evaporated in vacub and the 

residue was dissolved in methylene chloride (80ml). The 

organic layer was washed with HC1 (3 'x 25ml, 1M) and 

water (25*ml) and then dried and evaporated giving a 

nearly white solid in 3.7g (93%) yield. 

Recrystallisation from ethanol-water gave JL£3 as 

Colourless needle-shaped crystal's with mp: 99-100%.5°C 
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1H nmr (CftCl3): 3.30 (s,3H), 

5.61 (s,lH), 

7.2-8.11- (m,10H), 
1 3C nmr (CDC13): 37.68 (q,J=139.7Hz). 

72.69 (d,J=146.lHz), 

•. - 12&.89 (d;2C), 

129.42 *(d,2C), 

129.5* (d,2C), ' 

131.34 (s), 

133.66 (d,2C), 
J ^ 134.48 (s)/ 

189.90 (s,£=0). 

Preparation st 1-methylsulphonyl bu"tan-2-one, .123 

Sodium hydride (0.48g of a 50% dispersion in oil, 

0.01 mol) was placed in a 3-neck flask and washed with 

petrol (4 x 15ml) and then thoroughly dried under vacuum-

yielding a»gray powder. The flask was flushed out 
• \ * 

with dry N 2 (several times) and then dimethyl .sulphone 

(0.94g, 0.01 mol) fn dry dimethyl' sulphoxide (20mlf 

was added. The resulting mixture was stirred under dry 

nitrogen at 50-55°C"for 2'hours. After tjhis time, ethyl 

propionate (0.50g, 4.9 x 10~3 mol) in dry dimethyl 

sulphoxide (20ml) was added dropwise and then the 

resulting .mixture was again stirred at 5Q755°C for a ̂  

further 2 hours. The reactioij mixture was poured' 



^•^m^>^mmm^0^^<h^*^^ ®mrv*9timMwmimr* **> -** v 

! 
»**awpw*** ̂ »^wv w j-*-^ 

% 

258 

into ice-water (100ml) and acidified Cto.pH <2) with 

concentrated HC1. This mixture was extracted with 

CH2C12, dried and evaporated In vacuo yielding, 128_*as * -

an off-white solid (0.70g, 95%) Purification by bulb-to-

bulb distillation gave a solid with mp = 41-3°C (lit." 

44.5-45.5°C134). The solid gave only one spot for the tic 

in acetone (Rf = 0.86) and CHC13 (Rf = 0.51) visualised 

with iodine.- The 2,4-dinj.trophenylhydrazone was 

prepared, recrystallisation from aqueous ethanol giving 

a yellow solid with mp: 242*-4°C. 

ir (KBr disc):-

} 

ms: 

LH'nmr (CDC13) 

13 C nmr^fCDCl^: 

29,30, 1720, 1440, .1360, 

•1300, 1250, 1125,^1080, 

1020, .940. 

ISO (4,M*), 121(20), 94^(5), 

79 (46), -71 (5), 

63 (7), 57 (100), 

53 (6). 

1.10 (t,3H), 

2.73 (q,2H), % 

3.05 (s,3H), 

4.06 (s,2H), k 

6.50 (q,1J-tfft . lHz; 
2J=3.9Hz; JRcft*>-) , 

3 7 . 2 9 ( t , 1 J = 1 2 5 . 8 H z ; 

q,2£T=4.4Hz; CH3£H2) ,* 

41*06 (q , J=138 .9Hz? 

• * 



-S02CH3), f 

» * 63.42 (t,J=137.8Hz; 

. "̂  -CO£H2S02-), 

193.87 (q, -£0-). ' * 
' *«» i 

] 

iNote: Larger scale "preparations usually produced lower 
1 * ' , " ' * < ' 
yields. This was probably due to difficulty 
1 
cont roll: 

.ing the reaction temperature. ijj*. 

Preparation st (3-'ketosulphones with a fai±£. chain, .J23. 

Fatty chain containing /^-ketosulphones were a l so 

prepared using the molar quant i t ies as for 123- The 
' °. * 

products were all recrystallised from methanol. 

* 

p 

* 

For 175 

ir 

Compound: 

123. (j^lO) • 
As', -

174 (h=12) 

125. (n=14) 

152 (n=16) 
f 

0 ' 

(KBr disc): , 

y(%) 
4-

92 

98 
86 

90 

i 

. 

2920, 

mp(°C): 

73-4 

- 80-1 

72-4' 

76^9 

-

'2850, 172 

ms:. 

1400, 1375, 1360, 1305, • 

1135, 1070, 970, 710, 515. 

332 (1,M+*), 253 (7), 

252 (31), 239 (5), 235 (5), 
* 

234 (13)/ 196 (8), 

194 (14), 149 (28), 



{ 
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\ 

i.* 

1H nmr.(CDCl3): 

J 
.«* 

-<" 

^ 

13C nmx.(CDCl3):. 

* 4 
J 

\ '^Jor.lSI: ms:, ^ 

#•'4'-

4 > 

*~~f 

fa 
w 

139 (10 ) , ' 13® (20) , 

137 (87), 136 ' (93) , 

121 (47), - l l l : ( 2 7 ) , 

• 109 (27), 98 G20\, 

•97"(80)", 95 (53), 93- (13),, 

83 (77), 81 (77),* 79 (100), 
" *- . ' * \ 

, 71 (70) , 69 f62) , 64 * (12), 

57~ ,(6),' 55 '(5)J 

0.88 (£,'3H), * 

. , 1.25, (br s , 26H)' 

2.70 ( t ,2H) , - , 

4 3.04 (s ,3H), 
* 00 0 ' 

,. 4.01v(s,2H"». * 

-• 1-3.9.4, 22.55, 22.90, » 

28.*7l', 29^.22- (&)., ' 

- 29.-S2 (7Cf, -31.79,! 37*#2, ' . " 

' 4 i : 3 7 '(q,9b^&e.), ; * , * 
- • * * , 

* .44.78 *(£H2db)N, -*: \ • •';••• . 
4* ( , ' y • •« 

.64.;52 (t,C0£H2S02):, , - '• . .: 

. 199*59 (£=Q). * , / . " -V 

. 358 (1,"M+*), 340 f4)'„v327 , ( 4 ) / 

281 (ljB), 28p\(40>, 267 *(90„ 
- 263 (6) , 262 (14), 149 (12) , \ 

« 138 (10),- 137 (40) , ^ 
* «. , *» 

. ~ 136 (38) , 125 £L4) , ' ' 

-,' 12JL f l l ) , i l l " (16) , * \ 'r 

t t 
1 
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•"* . 109 (16), 97 (11), 96 (41), 

| • * 95 C14),' 94 428), 83 (20), 

82 (11), 81 (37), 80 (13), 

i , \ 79 (28) ,,,77 (18), 71 (13), 

69 (44), 68 (12), 67 (38), 

65 (18), 53 (65), 39 - (100). 

Spectra for 173 and 174 were appropriately similar to 

those examples given above. 

Reaction &£ 123 s±fcn morpholine ts produce 160 
•3-

, '. , - A mixture of 12fi (l.Og, 6.67 x lO""-3 mol), morpholine 
. ' ' (0.7-3 ml, xs) , p-toluenesulphonic acid (O.lg) and 
v J « * * . * ' . * * i> « t 

'J benzene (40ml) w^re rref "̂ uxed'/fo'r 48».hoû s jising a Dean-
" * >, " » " 

Stark trap. The solvent was then evaporated and the 

I *"* ," * * '"*• residue was redissolved in CH2C12 (50ml), -this was then 

X ' .' " „ extracted with 5%'KOH (to remove unreacted UUfi). The 

I . . " ,' •' organic layer was then dried and evaporated and the 

\ ' '.~. .residue was recrystallised from petroleum ether-ethyl 
. * -*\' ' ^acetate yielding 160 as colourless plates -(0.33g, 25%' 

' *' -, *" based bn expected product) wi*th:mp: 90 -4°C. Tic showed 

* **& "*' - " * * ' one or ^V° components. ."..,* ^ 

*'"' J ' ". "*. ir <&Br* disc)..; "" . . 299ff, ;1570, 1380, 1260, 

•i ****'* .. ' *.*..-'.'. '% + - 12257 il20„- / - 1 > 
> - * * - . . » * • „ . . . 

\ ;; - .-**• 'ms: < * * ; * . * - 207\(M+n.* \ 

• t. , J "'' , •^nm^:
1 - * * . complex peaks a\s 

at 

> 
t, 00 

Vl.^tf 1.-17 (t), '2.J4, ". 

tv , < '2*78(q), 2*.98, 3.04(s), 
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3.21, 3.71 (multiplets 

typical of morpholino 

residue) and 5.03. 

Preparation st l-methylsulphonyl-l-methylthiobutan-2T 

ana, 12i(R=Me) 

N-methylthiophthalimide (2.57g, 0.0171 moles), 12fi, 

<2.55gr 0̂ 017 moles), triethylamine (25ml) and methylene 

chloride (150ml) were stirred under dry nitrogen for 72 

hours. The solution was acidified with HC1 and then the 

methylene chloride was dried and evaporated In Yacjao.. 

The resulting solid was shaken with petrol (5 x 50ml), 

the soluble fraction was removed and evaporated 

yielding a white solid 12S. (R=Me) (3.16g, 94%) ..which was 

recrystallised from a small quantity of petrol, yielding 

colourless needles of 122. (R=Me), mp: 47-9°C. 

ir (KBr disc): 2970, 2915, 1715, 1380, 

1320, 1105, 1050, 960; 

- ms: 196 (10,M+0-, 139 (5), 

. 118 (7), 117 (52), , 

\ ' mi . ' 89 (72), 88 (10), 

79 (6), 64 (16), i 

635*^17), 61 (52), 

/ . . 6 0 (18), 59 (13), 

• " . -, ,58 "(9), 57 (64), 
0 * 

, . 55 (6), 49 (12), - -
- - .» 

•• 47 (100). .*. . 



J**mm** **• *>m#4ir «- * *y*-*feMt i*w*^iiii)i*|B*iifrill«[IISW'^^ -m v&m^m^^'r^vwvi**'®'* «* * 

1H nmr (GDC13): 

13 C nmr: 

•f- ' . 
1.12 ( t , 3 H ) , 

^2.43 (s',3H,Mfi.S); 

2.83 *(q,2H), 

3.12 (s,3B,Ue.S02) 

4.49 (s,lH).v ' 

7.22 ( q ) , 

1 6 . 6 5 - ( q ) , 

36*.58 ( t ) , 

'36.86 (q ) , 

73.87 ( t ) , , -

200.19 (s ,£=0)^ 
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UA 

Preparation st bisaikylsulphenylated long-chain I 

containing* /^ketosulphones, 13_2 " ;*. , •. 

A mixture of a N-alkylthiophthalimide (0.012 mol), 

triethylamine (20ml) and a long-chain containing* j(3-

Jcetosulphone (0.006 mol) in methylene chloride (SOml) 

was stirre'd under an atmosphere of #ry nitrogen for 
0- * ft 

fqur teen hours . The s o l u t i o n was then; washed with 
» 

hydrochloric acid- (2 x 50ml, J0%) and water (2 x 50ml) 
./ * 0-

and the organic layer was dried. On evaporation i?&Ger 
tf - « . * ' . ; 

reduced'pressure a white solid remained which was 
, « . > -

r e c r y s t a l l i s e d from m e t h a n o l ' y i e l d i n g HI , (90-95%) as" a 
* * * . ' 

f i n e l y c r y s t a l i n e white powder.'"' ' < . "• . " 

For 122: (R=Me,n*12)CH3(CH2)12C0C(SMeKS02M©' , rap: 34*-6®C 

V 

V* * 
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« - < * 

• r For 112: (R=Et,n=14)CH3(ck2)1 4COC(SEt)2s62Me mp; 35-6°C 

1 3 C nmr (CDC13): i 3 . 4 6 (2C), 1 3 . 9 3 , 

. . . " * , ' 2 2 . 5 1 , 24.16-, 

2 6 . 4 7 , 2 8 . 8 8 , 
29 .21 (2d)* , 29.48 (5C),* 

«* 

3 1 . 7 5 , 3 8 . 1 1 , ' 

• v * ., 3 8 . 5 7 , 1 9 9 . 6 8 . 

For ,112: (R=Me,n=14)CH3(CH2)*i4COC(SMe)2S02Me mp: 38-9°C 

. XH nmr '(CDCI3): * ' 0 .88 ( t , 3H), . 

, ' - 1 .26-1 .73 (br s ) , 

2.35 ( s , 6H) , 

3 .01 ( t , 2H), 4 
' 4> 

0, 3 .22 ( s , 3H) . , • -y 
1 r 

13C-nmr (CDClo): , ^ 1 3 . 9 3 , 14.70 (2C), 
*• * -m J * 

. *l* . 2 2 . 5 1 , 24 .09 , 

• . ., ' 2 8 . 8 9 , 29 .22. , (2C) ,* 

- , 29.49 (7C),* 3 1 . 7 6 , ' # -
» 

' '* • 3 8 . 1 2 , 3 8 . 8 3 , 
* -• . ' - ' - * . *199.44. • . ^ ' * . 

"V / 

>* * 
""* * » 

» K 

s$ * *< * 
*. - '* .*; 

•The .number of ca-rbons im t h e s e resonances i s an »*. 
» * *** " • I 

' , ' * estimate and is, not noted in^he carbon-13 spectra of 
0 " \ ' 

t * ' « 

' 0'^' simJLlatr'compounds d e s c r i b e d c o n s e q u e n t l y . , ' . 

^ -» 
10 » 



r 
*• m *tfWn** s fw im^r tv -? * wtr *4*t 

«. ' . • - ' , J t v-

''• ' , - / - , . . , , . • » , V * «• ***>-> 

' * < • i -' r 

* t * » * -

• Preparation st monoalkylsulphenylated long-chain fi± 

ketosulphones, 111 " 
A mixture o f e thane t h i o l (0.4ml/ 0.005,4. mol) and a 

* " " * * ' * > ' „ . ' ' 

b i s s u l p h e n y l a t e d j3-ketosulphone, 132. CO>0025 mol) were 
i v "*> 

- stirred under an atmosphere of dry nitrogen in 
% r 

^tetrahydrofuran (50ml) to which an excess of pre-washed „ 

* "sodium hydride (0.4§g; 0.0094 mol), 50% dispersion in * , 

oil) had been added. After four hours the reaction 

mixture was poured into water (30ml) and. acidified ». \» 
i \ . 

* carefully with concentrated hydrochloric acid. 

' ' ., " V * r ' 

v " * Ex t rac t ion! of t h i s mixture with utethylene! c h l o r i d e (3 x' t • 
* * * ' • • " " * -" '' . ' 

*-,. •*, 40ml) fol lowed by drying p fHhe-organ ic Tayer and / ' , -

• * evapora t ion«y ie l^ed a w h i t e - s o l i d . R e c r y s t a l l i s a t i o n ' * -„•>.' 

s < .«" from petroleum e t h e r or methylene c h l o r i d e - p e t r o l e u m , 
* i ' * • * . , , . "' "' 

e t h e r y i e lded a- f i ne whiite m i c r o c r y s t a l l i n e s o l i d in 95 -
" ' - ' . * " * ' , ' " ' l 

98% y i e l d . , ' '. 
* ** w 

^ For 1 1 1 (R=Me, n=12), CH^CH^^COaKSM'eJSOjMe:' mp:62-4°C ^ 

i r (KBr d i s c ) : , . - 2960, 2920, 1720„ 1360, 

-. - * . * . JL320. ' * ' (l 

XH nmr CCDCp.3): V ' 0.89 ( t , 3H) , 

' V . v 1.26 (bf;22H), 
• - , -*' -: -* * , 2^41 a t , 2 H ) , . 

/ * / * * ' "' 

. - 2 . - 7 ^ ( s , 3 H ) ; '" 

* ' , r . * " »>* 3 . 1 0 , ( s ,3H) , . ' 

'. *•*"• ,;" ' . ' .**,( • *\J ' • v, ' 4.46' ( s , l H ) . ' 
" \ ' * " ^ .''**," 13X nmr"(CDCl3)r , "t 13.Ifr," 16 .79 , 

• J ' 
• ' t. 

. • * . • . * • 

* 
, * * 
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•A 

i 

- 2 2 . 5 6 , 2 3 . 0 4 , - * 
.0 

28.64, 29.22, 

2ft,49,> 31 .78 , ,. 

36 .70, 43 .63 , 
* ° ** 

74.10 , 198.46. 

For Hl(R-*Me,'n*=14) CH3 (CH2)14COCH(SMe)S02Me:. mp: 77-9°C 

For 131 (R=Et,n=14) CH3(CH2)14C0CH(SEt)S02Me: mp: 49-51°C 
' '* l ' * ". \» 

' t
 1 3C nmr (CDC13):. . 13.95, 22.55, . - " ' 

. " 23.13, 27.71, ' , ' ' 
,1 28.62, 29.23, 

, - / '. " 29.51, 31.77, -( 

." ' 36.68, 43.31, 
! * > * 

* • 0 72.02, 199.05. 

J, * ."• "*" *' " oxidation s£ monosuIghenyla6ed |g-ketosulphon/es, 114, 
j, *" * ' f <» 

" : lis, IM. ' . ' . . • * ' . ' 
-,» f " A mixture of th\e monosulphenylated j8-ketosulphones-

i (0.005 mol)"and meta-chloroperoxybenzoic acid (>3 mol 

. . eq, excess) in methylene chloride (80ml) was stirred 
t • / 

. ^ underla dry nitrogen atmosphere for five hours. 
. * -

v.— * 

•, * Evaporation t o approximately h a l f the volume y i e l d e d a 
e • white s o l i d wliLch'was f i l t e r e d off. Addition of v 

< 4 * ' S * ' ' , . . . 

' I ' * " "" t ». ' ' * ' -

. - " . » * • x p e t r o l t o the, remaining, s o l u t i o n then p r e c i p i t a t e d 
' *' * ' " ' ~ \ ' ' ' * * % 

* another solidJ which wa*s "recrystallised'further from 
I * * * * * * v k * - j | 

j .'" -v ' methylene ch lo r ide -pe t ro l eum e the r y i e l d i n g c o l o u r l e s s "*/ • 
' • - i ** '4 - " * * ' « - , , . 

/ v. . - .plates of the ^co.rr'esponding, bifesulphone. i n ' 85-95%. y ie ld . , 
' * ' " * ' . • , • • ^ ' * , - ! ' , ' ' * . 4 . 

.' . T * - . * 

. • - • 

/ ' 

'. . 
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For 114.:' 

ms: 

mp: 

LH.nmr (CDC13): 

13 C nmr" (CDC13: 

EP_L: 

128-30°C 

228(8), 199(7), 160(9), 

150(33) , 138(12) , 121(34) , 
l 

105(18) , 104(31) , 103(18) , 

89(6.), 81 (7 ) , 8W*) , 

79(58) , 76(42) , 75(11) , 

74 (12?, 65(39) , 64(33) , 

63(45) , 58(46)', 57(1003, 

"55(32) , 50 (28) . 

1.16 ( t , 3 H ) , 

2.86 (q,2H), 

3733 ( s ,6H) , 

5.38 ( s , exch , lH) % 

7.66 ( q ) , 
• 

4 0 . 7 2 ; ( t ) / » ' 

•41.65 (q)*? ^ 

8 5 r i ^ _ ( d ) , " 

194.14 ( s ) . 

;• 135j(R=Et,n-14)' CHo(CHo)1ACQCH(S0oEt)S0>>Me mp: *97t'5-100°G 

H5_(R=Bh,n=l0) CH3 (CH2rj^0CHT5O2Ph)S02M*e mp:, lU-6-119°Cv. . -

135_(R~Me,n=14) CH3 (CH2) 14C0CH (S02Me) S02Me mp: 116-118°G * 

. ^ " n m r (dc-rDMK) :« ' 0.8*8 < t ,*3£) , . J / ; ' . 
** Vf 4 *, 

* * * i .4 ' 

" ' •' / ' ' . .1 .19-1.77 (br s) e
4 .. " . * 

*:* ' .'* : - ' V ."• 2.83- (tj'2HK- , ' 1 * ; * ' * * " ' . 
* " • ' - ' .* ' '" - ' " " , " 

-* . " ' *"" 3 .36; ' ( s ,*6Hh ," ' ' • . * * ' ' ". ,\ 

^ 

•v/" 

" « ' » , , ' i A s , r«» 
•» V . 



* > 
*«*»*f»yW»*Wy«'-^^ Wil)M**|Ml»MW^^ n*, -

13_5_(R=Ph,n=16) CH3'(CH2)16COCH(S02Ph)S02Me mp: 117-ll9°C 

.13 f 
C nmr (dg-DMK): 

v 

/ 

t t * *ff»t*Y # 

. 13.93, 22.51, 

, 28.,63, 29.50, 
1 ' * . 31.76, 3-7.52, " ' 

» «-

43.53, 129.50, 

• / ' ' 130.02, 135^.44, 

191,19. 

H5l(R=Ph,n=12). CH3.(CH2) 12COCHiS02Ph)'S02Me' mp: 112-116'°C 

ms: ^J . 444 (1, M+»), 366 (13), , 

- ' *' . 365* (52), 333 (4), 305 (9), 

304 (50), 277 (10*), 

f 225 (17), 224 -(56), 

212 (17), 211 (100),. 

206 (22),-205 (53), *-

, 150 (20), 143 (21), 

141 (63), 137 (45), 

135 (23), 133*(11),' 

" 126 (17), 124^74),, 

122 (17)', "12,0 (21) ,' • 

110 (26), 109 (20), 

. 108 (30), 106 ''(Wi 

t 0 • 

00 

. 0 

* * 
A ' 

k* 

-
' '» > 

*\ c 
' V f, 

^ 

i 

» » 
tjtf * » 

-^ , f 
i » 

1 v . ' , - , * . , 

f r * 
* * » * V, 

f . 

-97 (20), 96""'(52), ,95 (40) , , 
**-

. 9 1 (14) , 85^(38) , 84-t(17X,-' 
. ' - • ' * • » , / 
83' (47)', 82 (15)", 81 ,*(3/b,. 

- • ' * • / t 
'79 (23) , 78' (28 ) , <7'7y5JdD r 

• * * . i y * 
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73 ( 1 8 ) , 71 ( 7 0 ) , N 6 9 ( 5 6 ) , 

67 ( 2 6 ) . 
* • ** 

A CHS e l e m e n t a l a n a l y s i s a g r e e d w i t h an e m p i r i c a l 

fo rmula of C 2 2 H 3 6 0 5 S 2 ( expec ted 59.46% C, 8.11% H and 

14.41% S; obse rved 59.45% C, 8.32% H and 14.53% S ) . 

For 1&4? PhCOCH (S02Me) 2 

t i t . 195-6 , " 2 7 2 

, ! H nmr (CDC13): 

13 L/C nmr (d6-DMK): 

mp: 196->70C, 

3 . 4 1 ( s , 6 H ) , 

6 .11 ( s , l H ) , 

7 . 3 0 - 8 . 1 0 (m,5H), 

41.39 (q,2C)., 

82*.07 (d),* 

129.04 ( d , 2 C ) , 

129.32 ( d ) , 
. . **. 

129 .81 ( d , 2 C ) , 
t 

1 3 4 . 3 8 . ( s ) , 

188.26 ( s ) . 

J 4***04* fc 4 »*" * -

Preparation st benzoylmethyl-l-(4-chlprQbutyI?t-
. - -

sulphone,, 153. '. > - -

„ - ,. Sodium hydride ( 0.423g> 50%J suspension' In oil, 

0*.O088 mol) was scru$"feously. washed -with dry. petroleum 

ether, to remove the*.oil, ahd then'dried under reduced , 
. ' ' v - -

p r e s s u r e . A - s o l u t i o n of' 1PJL (1.74g,' 0.0088 mol)H i n 
v.- ' . * , „ «• • 

t e t r a h y d r o f u r a n (25ml) was then- .added t o t h e dry gr^ty > 



0, ' 
0. a 

solid and the resulting mixture was stirred at 0°C under 

dry nitrogen for thirty minutes. To this solution of the 

mono anion of 106 was added n-butyl lithium ( 4ml, 2.2M 

solution* in hexane, 0.0088 mol) producing a yellow 

solution. l-Bromo-3-ch'loropropane (0.87ml, 0.0088 mol) 

in tetrahydrofuranH2ml) was then added dropwise and the 

resulting mixture was" stirred at 0°C for a further three 
/ T •* \ 

0 

hours and then allowed t6 warm up to room temperature. 

After filtration, to remove the precipitated inorganic 

salts, the mixture was acidified with hydrochloric "acid, 

extracted with methylene chloride (4x20ml), dried with 

• magnesium sulphate and evaporated to ^tyness la vacuo.. 

The resulting residue'was triturated with 
* 

petroleum ether,-to remove any unreacted alkyl halide 

' and the remaining off-white solid was recrystallised-

from methanol. The product, 153. formed microcrystals 

with mp: 97.5-98.5°C In overall yield 79% ( 1.9g) 

This procedure was successfully repeated on a ten 

•times scale with a resulting 81% yield. 

ir (KBr -disp).: 2970, 2930, 1690, 1340, 

\ 1330/1140. 

-.ms:. • > 2l€ (*0,3,M+2), 274 (1,M+-) , 
*™ *** i 

* * , - I * 

2̂3,9 (8), 120 (43^, 

1'06 (15)', £®5 (100), 

J>4-

77 (31), 55 (27),, 51 (15). 

x 
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LH nmr (CDCI3): 1 .8-2.2 Jm,2H), 

3.30 ( t , 3H) , 

3.57 ( t , 2 H ) , 

( , 4.57 ( s ,2H) , 

v 7 . 4 - 8 . 1 (m,5H). 

1 3C nmr <CDC13):- 19 .40 , 30 .80 , 

43 .76 , 52 .75 , 

* ' ' . ' 59 .53 , -128 .92 , 

129.18, 134.66, 

135.67, 189 .11 . 
* • 4-

Prepara t ion JQ£ l?enzoylmethyl - l - (4- iodobu, ty l ) -
« «* •*> 

' su lphone, *K>4t 

A m i x t u r e of 1 5 1 ( 5.17g, 0.019 mol) and sodium 
1 •• " 

iodide (3.0g, slight ̂ excess) was refluxed in acetone 

(20Oml) for* three-hours. The, resulting two-phase mixture 

was cooled and th'en evaporated to dryness on a rotary 

evaporator. The residue was triturated with 

methylene chloride and the yellow organic layer was 

washed with sodium thiosulphate solution ( 20ml, 5%), 

dried with magnesium sulphate and evaporated in a 

. flask-protected from light. The crude product was 

recrystallised from methanol, yielding a 93% yield ( 

6.4g) of fine cdlou\rless crystals of 13A with mp: 99-

io4°c 
ir (KBr disc): N^ 2960, 2920, 1685, 1595, 

1330,1130,1120. 



%40*r0m4mmmtmmmm'm0tr*it00> '»i»«JI«>IWI»»lll»l*»)»»»«»»**W*»^^ 

r 

ms: 366 (0.2,M+«), 240 (10), 

239 (50), 120 (37), 

106 (13), 105 (100), 

103 (29), 91 (34), 

78 (11), 77 "(32), 65 '(16), 

55 (23), 51 (-12) . 

-̂H nmr (CDCI3): 1.872.2 (m,4H), 

3.0-3.6 (m,4H), 

4.55 (s,2H), 

J. 4-8.1 (m,5H). 

13C nmr (CDC13 19.43, 22.99, 

31.60, 43.67, 

59.64, 128-.90, 

129.11* 134.52, „ 

135.70, 189.11. 
** * * 

Preparation st'2-benzoylttuane-lrl-diQxide* 1551 

A,;'Traditional conditions'. 

Sodium hydride (0,17g, 50% suspension*in oil, , 

0.0035 mol) was washed thoroughly with petroleum 

ether, to remove the oil,, and then dried In." xacaa- To 

this dried powder was added a -solution of 154 ( 1.25g, 
-
0.0034 mol) i'n dry dimethyl sulphoxide ( 55ml) and the y 

resulting mixture was stirred for four hours under dry 

nitrogen. After this time the reaction mixture was 

poured into iced water (30ml),"acidified with IM HCl and 

extracted with methylene chloride (3x35ml). The combined 
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organic layers were washed with copious quantities of 

water to remove any residual DMSO, and then evaporated 

to dryness 'on a rotary evaporator. The crude product was 

recrystallised from ethyl acetate which produced A 

colourless needles of 155 with mp: 139-141°(5, yield tJ 

86%. 

If tetrahydrofuran was used in place of DMSO then 

a much lower yield of 155 was realised. 

B;Phase transfer conditionst 

A mixture of 154 ( 0.18g, 0.00049 mo"l) and ® 

ethylhexadecyldimethyl ammonium bromide ( 0.15g, 

catalyst) was" dissolved.in methylene chloride (-5ml). To 

this was added sodium hydroxide ( 0.02g, 0.0005 mol) 

/ in water ( 8ml). The resulting two-phase.mixture was -

stirred vigorously until the pH of the aqueous layer was 

about 7 ( approx. one hour)* The two la.yers* were th£n 
r-

separated-and the volume of* the organic layer was 
r 

increased to 20ml by addition of methylene; chloride. 
t *~ * 

This was washed with water ( 3x20ml), sodium 

thiosulphate solution (2x25mi, 5%) and saturated sodium 
v x • l 

chloride solution ( 20ml). The organic layer was 

dried with MgS04 and evaporated to dryness iff vaojio.. .The 
"N. 

resulting off-white solid was recrysta l l i sed several^ 
« •* 

times from ethyl acetate,yielding colourless needles of 

133 ( O.llg, 90%)'withmp: 139-140°C 

t 

V * 



0i 

i I' ' .4 

,'^fehis .procedure was repeated on a larger*scale 
0> 4*4 „ 

(15x) with a resulting yie\ld of 85% of 155 after 

recrystallisation fro'm methanol. 

-2960, 2930,'1670, 1595, 
ir (KBr disc): 

/ • 

{ ms,: 

LH nmr (CDC13) 

C nmr (CDC13) 13 

; 

1580, 1450, 1360, 1335, 

1290, 1270, 1250, 1220, 

1165, 1120, 1.070, 1000, 

930, 850, 785, 730, 

715, 680) 655, 550. 

238 (13,M+'), 106 (9), , 

105 (100,), 77 (21)'. 

see .text. 

20.34, 24.10, 

'28.20, 51.44, 

6^.09, 128.87, 

134.22, 135.72, 

192.20*. 

\ 
-CT 
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Preparation'st 2-benzoyl-2-gniQrothla'ne-lrl-dioxider 156. 

Sodium-hydride (0.0263g, 0.0-0055'mol, 50% suspension 

in oil) was washed with dry -petroleum ether to remove 

the oil and then dried, in. vacuo. To t̂ hi*3 w a s added a 

solution of 156 -( 0,1308g, 0.00055 mol)* in ^ 

tetrahydrofuran ( 6ml). The mixture was stirred at rloom, 

temperature under an atmosphere of dry nitrogen for 30 

minutes during which time the rapid evolution bf *"-

-̂  
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'hydrogen ceased/ To this two-phase mixture was ..added N-

chlorosuccinimide ( 0.0734g, 0.'00055 mol) in one batch 

and a further portion of. THF ( 6ml) was added. JThis was 
'*. "" V 

tKeh refluxed under drynitrogen for one and a half 

hours, dooled, poured into water ( 10ml) and extracted 

with* methylene chloride ( 3x,15ml)'. The organic laye-r was 
then evaporated and the residue was dissolved in ether 

*(50ml), washed with .saturated sodium chloride solution 
* , 

» *- . ' < \ 

(2x25ml) and dried1 with anfeydrpus "magnesium sulphate. 
t-X -

* I t 

Upon evaporation to' dryness in a vacuum a yellow residue 

•remairied* which consisted of a mixture of compounds with 

approximately 85% conversion*.to 156 (biased on data from 
an integrated nmr spectrum). 
/- '" 

This mixture v?as 'separated by vacuum-assisted' 

column chromatography using silica gel as stationary 

phase ana methylene chloride" as eluant, ast described. 

above. Compound 153 was recovered jji a pure state and 
* t * . 

• was r e c r y s t a l l i s e d from e t h y l ace ta te -pe t ro leum e ther 

g iving, a 74% y i e l d , ' b a s e d on s t a r t i n g .mater ia ls used.'* 

s Hal'ogenation'was attempted by s e v e r a l other 

f methods a l l of whj|ch f a i l e d ; S02C12 with-and without 
* 

r e f l ux , with and without t r i e t h y l a m i n e , .bromine with and 

.without tr-^ethylamine, N-chlorosuccinimide with ahd 

^without r e f lux . . ' , ' . , ,**»' 
' <• " ,\ 

i r (KBr d i s c ) : , " 296*0,-2940, 29%20,169<V -
- , . ' . . ' * ' *• ** . » " • '- ' 
; k \ 1600,1580,' ^450, , . 1430, , ' 
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ms: 

LH nmr (CDCI3): 

13 C nmr (CDCI3): 

j « 

• 1405, 1320, 1295, 1235, 

1180, 1145-, 1135,* 1060,. " 

1050, 1015, 940V, 920, 

850, 825, 790, 740, 9 

** * 

720*, 700, 695, 660, ' < 

560v, 530, 500, 480. f'- *-

274 .(1.5,M+2) , 272 - (A.,M+'),- ~ 

237 (1), 106 (101, 

105 (100), 77 (21), 51 (8). 
0 

1.8-2.1* (m-,4H) ,. 

2.5-3.5 (m,4H) , *• 

'7.3-8.5 *(m,5H) . 

19.72, 23.77, 
i *» 

37.41/49.77, 

85.21, 127.90, 

130.86, 133.45, 
'"' ' 

-189.79*. 

V. 

X 

Preparation a£ 2-*-ehlQrothiane-lrl-diox,ide, 15JU ° •' 

x To 156 ( 0.0-914g, 0.000335 mol) was added 
* . ' , ** 

potassium hydr'oxide (0.03, excess) in *>95% ethanol 
10 

(10ml). This mixture was refluxed for two hours and then 

* evaporated to dryness in. vacuo.. Th.e resultant residue 

, was .triturated with methylene chlOride and the organic 
t ~ * • *i 
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' layer » was dried with MgSO^and evap'orated yielding JLSJL 

in 94% yield ( 0.056g) which was recrystallised from-

methylene chloride and pentane to give colourless *• » 
' " - ' > ,. 

needles ( mp: 72-73°C, lil:. 74°c').273 A mixed melting'%-
i ** 

point with an authentic sample of 157 gave .an identical 

melting point range. * " 

ir (KBr disc): 

ms: 

I * * 
XE nmr (CDC13): 
13C nmr (CDCI3) 

^, 

^ 

2970, 2960s, 2935,<.13*20, 

1300, 1165, '1135.' - • 
**" * 

170 (4,M+2), 168 (11,M*); 

133 (22), 105 (17), ' 
» 

103 (50), 77 (14), 

76 (23>>f 75 (36), 

. 69. (16) , 68 (22), 

67 (54), 55 (31), 

42 (100), 41 (82), 

. ,40 (75). S 4 , " 

) see text. 

19.70, 23.66, 

33.40, 48.11, 

. 70.23. ' 

A 
,'***'-

I 

The residue was cjissolved in aqueous acid, extracted 

with methylene chloride," dried and evaporated. The. 

residue was recrystallised from water and shown to be , 

benzoic acid by ir, nmr and a mixed melting point (with 

an authentic sample. 
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Preparation St thiane-i.1-dioxide. 158*. - C 
- •*»• " ' . •" 

To' 2-Benzoylthiane-1,1-dioxide ^ 15JL j(1.8g, 0.0049' 

mol) was/added potassium hydrpxide (0.27g, 0.0049" mol)* 

in ethanol" (50ml). The mixture was refluxed £pr two , 

hours and then rotary evaporated.0The residue was-
. ' \ ' ' ' > • * 

extracted .with methylene chlor ide (2 x 25ml), the s 

» / 

organic layer was washed^with water (25ml), dried with - , 
' ' , ' * 

magnesium sulphate;and rotary evaporated tp dryness* 

.Recrystallisation from" ethanol--water yielded 0.62g (94%) .̂  . 

of the desired sulphone with a melting point 97-8°C ^ 
> » < * i . * 

v (lit." 98.5-9S°C)271 which was undepressed when 

mixed-with Ian authentic sample. '* 

» 
i - * 

i 

r 
*. 0 

Preparation st 2-chlorQ-2-tmethylsulph,6nyl--l-. 
« * 

pltenylethanone, 112 
i > * 

Absolution of 2-methylsalphonyl-l-phen'yl*e than one 

(5g, 0.025 mol) in dry THF (80mD was added to dry • 

' sodium"*hydride (1.21g, 0.025, mo.l o'f 50% suspension in, 

oil) which had been'washed with petroleum ether-^The ,' 

mixture was stirred at "room temperature under*dry. •". 

nitrogen for one "hour duringwhich time the''rapid 

evolution of hydrogen ceased. -To this two-phase mixture 

was- added N-chlorosuccinimide (3.38g, 0.025 mol) in ' 
* 

* » 
, several small portions followed by dry tetrahydrofuran 

i ' ' * .* 

(20ml)* The mixture was refluxed for 90 minutes under 
' * * • . . 
dry>.nitrogen, cooled and poured into ice-water (20ml) ", 

* * / "- -
0 

i , 
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? . 

) \ 

and, extra<Jted with methylene* chloride (3 x 25ml). The 

organic* layer was then~washed with water (2 x 25ml), 3* 
' • ° * 
*s-dried w i t h magnesium S u l p h a t e and e v a p o r a t e d t o d r y n e s s 

i n vacjio.. $he c r u d e - s o l i d was r e c r y s t a l l i s e d from e t h e r 
* c ** 

y i e l d i n g . 4.1g (71*") of 1 1 2 as1 c o l o u r l e s s n e e d l e s w i t h 

I mo: 10"2r103°C ( l i t . 10.3-4,°C) . 7 3 V 

"** i r ( K B r l / 
** 

1„. •.H'nmr (CJ)C13): -. 

• . . \ - « « (£ 

13 C nmr *(CDCJ.3) :j , 

i 

3040, 3015 , 2980, 2940, 

1680, 1585, 1315 , 1130 . 

3 j20 V(d*-J=?0.7H2E,3H), 

5 .96 ( q , J = p . 7 H z ; l H ) , 

7..5«-8.1 (m,5H-). 

36 .76 ( q ) , * 

6 8 . 2 1 ( d ) , 

128 .92 ( d , 2 C ) , 
1 

129.35 ( d , 2 C ) , 

133 .76 (s)> - * -

135.09 ( d ) , 
• " 4 

187.26 ( s , £ = 0 ) . »-

- j 

' Preparation, st 2-broiiiQ-2-methylsu3.pbonyl-l-phenylethanQ'ne 

HI. 
im \ 

This compourra was prepared*according tb the 

published procedure.'-5 The product, after « -
* 0 t . » 

r e c r y s t a l l i s a t i o n from m e t h y l e n e c h l o r i d e - p e t r o l , was 
*• « ' 

o b t a i n e d in;90% y i e l d a s c o l o u r l e s s n e e d l e s w i t h mp: 9 0 -

91°C. l i t . 9 0 - 9 1 ° C , 7 3 

* * 



\ J 

y 

280 

LHtnmr (CDC13) 

13, C nmr (CDC13H 

r 

-. 

3 .30 ( s , 3 H ) , 

6 .10 ( s , l H ) , -

7 . 5 - 8 . 1 (m,5H) 

3 7 . 5 8 ( q ) , v 

5 5 . 8 2 ( t ) , 

' 1 2 8 . 9 8 ( d , 2 C ) , 

129,.14 ( d , 2 C ) , 

13t3.59 ( s ) , 

, 134 .87 *(d), 

187s.58 (s ,£=0). 
( 

Preparation of 2-methylsulphonyl-2-methylthio-l-

phenylethanone 1£2.' -, 

A solution of N-methylthiophthalimide C1.93g, 0.01 

mol). 2-meth'ylsulphonyl-l-phenylethanone (1.98g, 0.01 

mol) and triethylamine "(2ml, excess) in methylene 

.chloride (80ml) was stirred overnight, at room 

temperature, under dry nitrogen. After this time the 
*k f 4 

solution was cooled and filtered and the mother liquor 
/ 

was then washed with HCl (2 x 4ml, /IM) and water C2 x 

30ml), dried'with,sodium sulphateTfnd evaporated to 
4 \ "*-. , , 

dryness under vacuum. The orange-yellow solid was 
*§" 

triturated with petroleum'ether and then recrystallised 
* # • J 

f",rom methanol yielding **2-.21g f90%) of theN̂ required 

. product?, 1&2 as colourless needles*,.*mp: 115-117°C. 

%̂V 

• ^ 

) . ' \ 

* 
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. *S' 

4. * 

' 2H nmr (CDC13): 2.84 (s ,3H) , ' ' 

- ' •>• •*" 3..28 ( s ,3Hj , 

• 5.39 ( s , I H ) , 

' 7 .5 -8 .2 (m,5H). , ' 
* • *. * 

^ C nmr (CDC13): . *16.75 (q) , , 

.. "* 36.92.-(q) , 

JO.23 (d)„ 

128.92. ( d , ) , 

^ . 134.60 (d) , 
• * 

18,9.78 (s,£*=0) . 

Preparation JQ£ 2-ethylthio-2-methylsulphonyl-l-

phenylethanone 111* 

A mixture of 2-methylsulphonyl-l-phenylethanone (2g« 
V I ) * 

0.01 mol) , N-ethyJLthiophthalimide (2.09g, O.Olmol) and 

• t r i e t h y l a m i n e (2ml^ excess) in , dry, methylene ,ch l o r ide 

"' * ' A 
(100ml) was* s t i r r e d for 14 hours>,at roorii" temperature^ 
under an atmosphere of dry n i t rogen . After t h i s time--tl?e 

A </ *-

1 s o l u t i o n was cooled in an i ce -ba th ana M l t e r e d t o * 

" remove-the p r e c i p i t a t e d phtha'limi'de. ^ Tlie) organic l a y e i 

> 
» 

was ^washed with HCl (2 x 25ml,IM) ancL_witer (2 x 25ml), 
40* , ' — ^ 

dr ied -with magnesium su lpha t e and evaporated i n vacuo 

R e c W s t a l l i s a t i o m of the s o l i d res idue from methanol , 

y i e l d e d 2.2g (85%) of 3,14 as c o l o u r l e s s need les with mp? 

,150-f°C. t , 

A 



I. 

•*K 
' *»*> 

t* 0 ' 

.?E pmr (CDC13) : 
r ' « 

K 
*3C nmr (CDC13-): 

* * fc« . 

V 
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(L. 

1.32 (t ,3H),? 

.3.03- (q t 2H), 

3.25 (S,3H), 

5.40 ( s , l H ) , , ' 

7 . 1 5 - 8 . 3 (m",£H). " v 

1^86 .(q, £H3CH2-), % . 

27182 ( t , CH3£H2-), 

36s78 ^q ,£H 3 S0 2 r ) , 

68/44 (d,-COC_H'(SEt)S02-) 

128,91- &3,4C), 

1354.51 (6 ) , . C ' f 

184.78 (s',£=0"). 

S* 

•a * 

.* 

' < 

7 

} 
v \ 

Prepara t ion of Z-metjiylsulphonyl-l-^pRenyl-2-propanone. 

16J5_. * . . /"^N ' * " 

- A s o l u t i o n of 2-methyl»sulphonyl-l-ph*enylethanone, ' 

(2g*0.'01 mol) and me thy l i o d i d e (4 .5g, 0^03, excess ) in 
~* *ie " ' ' ' % 

methylene c h l o r i d e (25ml) was Jg i r red^ 'Vigorous ly . ,A 
- * ' ' * '* * - „ . ' 

mixture of- ethylhexadecyldimethylamraonium bromide 

\ (3.75g, *0.01vmel) and sodium h y d r o x i d e (0.4g, O.Olmol) 
i *• , * -. * - • " 

in water * (25ml) was added and the two-ptiase mixture was 
* ** 

, stirred urft'il the aqueous layer was neutral to pH « 
V 

indicator paper. The layers were" separated and the 

aqueous layer was extracted with methylene chloride . 

(25ml). The combined organic layers were washed with 

water, dried with magnesium sulphate and evaporated 

•' 
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% ' \ , ' * /ff. . • 

yielding art off-white solid <2.0g, 94%). The* solid was 

recrystallised twice from ethyl acetate-petrol and then 

chromatographed using the- vacuum technique described 
• * 

above with methylene chloride as eluant. Pure 2- ' 

methylsulphonyl'-l-phenylpropanone (1.4g, 66%) was thus 

• obtained, mp: 54-5°C (lit. 56.-57.5).123 

ms:- (70eV)*i * 212 (6,M+') , 
t. 

132-C9)> 115 (7), 

v ' - * 105 'U00,"PhCO+-),* 

77 (35). 

, - , XE nmr (CDC1V) :* 1*68 fd,3H) , ' „. 
•J , 0-

, , 2.93 (s,3H), .' * . 

5.02 (q,lH), -

/ " • , 7.3-8.2 (m,5H) .. 
« r 

\ * 
*v 

% 

.' '.Preparation st l-phenyl'-2-phenylsulphonylethanone, 1££. 
4. a 

V - ^ mixture "of v ce-chloroacetophenone (2g, 0.013 mol) * 

and sodiip benzenesulphinate dihydrate (2.6g, 0.013 mol) 

' in ethanol (200ml) was refluxed under nitrogen for 16 

* hours.. The solution was cooled to room*temperature 
> 

and evaporated In vacuo. The residue was then dissolved 
* in methylene chloride and washed with water (2 x 50ml)r , 

« " » . . ' *, 

ft dried with^magnesium sulphate and rotary evaporated. The 

s l i g h t l y yellowish so l id was r e c r y s t a l l i s e d from 

0 toluene yielding 3.21g (95%) of 1££ as co lour less 4 ' 

needles-, mp,- 9 2 - 3 ° C / l i t . ' 90- l°C. 1 8 7 * „ 

• > > 
«> * 
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4 ; ' % nmr' (CDC13)': • 4.17 (s',2H), 
i *•" *- ' 

. 7 . 2 - 8 . 1 (m,10H). 
I 

1 3C nmr (CDC13): ,- 63.27 (t) , 

„1'28.37 (d ,2C) , 

X128>65^(d,2C),, 

129.03-\(d,4C), 

. 133.99 ^ d , para *C),. • ,•' 
\ " " 

134.12 (d, para C) , ' --7 

• 135^.63 ( s ) , % * 

"* 138.74 ( s ) , 

187^80* ( s ,£=0) : 

Preparation st l-phenylsulphoi^i-l-phenylthiQ-propan-2-. 

one., 122.*" / 

The procedure was as for t he p r e p a r a t i o n of 125., „ 
. •* 

except t h a t l«-phehylsulphonyl-propan-2-one and N-

pheny l th ioph tha l imide were used as smarting m a t e r i a l s . 
. " / * - v 

The yield was 86% .and the product 172 was recrystallised 

. from ethanol-water, yielding colourless needles, 

-mp: 68-9°C. * ' ' ' \ . .' 

}E nmr (CD4C13) : . 2.47- Xs,3H,UaQO), ' 

4.78 (s,lH), 

7.20 tbr s,5H,P_h.S), 

- * 7.3-8.1 (m,5H). 

r 
• \. 

D 
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Preparation st chlpromethyl-niethylsulphone,' 213 

Absolution of potassium hydroxide' (lg,**0.018 mol) in 

95% ethanol '-(50ml) was added to 2-chloro-2- '". 

' methylsulphonyl-1-phenylethanone (4.1g, 0*018mol). .The 

mixture was refluxed for two hours and then evaporated 

to dryness using -a rotary evaporator. The resulting 

residue'was extracted into.methylene chloride which was 

dried and evap'o'ivated to yield 1.8g, (77%) of • \ 

chloromethyl me\^h^l sulphone after recrystallisation 

from ether-petrol, mp:* 54-6°C (lit. ,57.2-58.2).73 

1H nmr (CDC13): , 3.10 (s,3H),' 

4.48 (s,2H), 
,- ' * ' • ' * ^ 
^ C nmr (CDClo): ' 37.40 (q) , • 

• # 
' ' "* • 56.60 (t). 

4 C j* 

\ 
The methylene chloride insoluble material, after -

evaporation, was acidified with concentrated HCl, 

extracted with methylene chloride, dried with magnesium " 

sulpha*te and evaporated to yield 2.0g (91%) of benzoic 

acid which was identified by its melting point (121-2°C) 

and its 1H nmr spectrum.* - '' * 

*« ^P , -» 

Preparation ot tiromomethyl "mathvl sulphone, 131.0 "* 
4 • 

t This compound was prepared in exactly the same way »' 
M J- 4 . 

/„' as was chloromethyl methyl sulphone 178. 

Recrystallisation from, ether yielded 75% of-small 

needles with'mp: 33-35°C, lit. 34°C.73 
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* t 

* * • 

H nmr (CDC13) i , ^ .3.13 (s«3H), , ." . V ^ 

>C nmr ( § p c i 3 ) : 

An almost q u a l i t a t i v e y i e l d *(94H of-benzoic ac id v 

was again obtained by worlj-up of the organic i n s o l u b l e 
<0 „ r ' * 

f r a c t i o n a f t e r evaporation**. * 
« « < " ' T0 • 

eT 

\ 

t 

Preparation st benzyl,.methyl sulphone 132-

A s o l u t i o n of benzyl methyl sulphide . (l.Ogv O..O07 

mol)' and ammonium riiQ^bdate <0.5g) i n 'methanol (20ml) ." 4"^ 

was s t i r r e d . Hydrogen peroxide (lOrnl/ 30%, excess) was ,' * 

added dropwise so as t o Jceep the temperature f cbelow 40°C.f ** h" 

Afte"r s t i r r i n g for e i g h t ' h o u r s the s o l v e n t was ,. * * * 
*•» # , - „ . » . .. r \ 

* *« [4*~ 

evaporated and the res idue was ex t r ac t ed i n t o ether* The * 
x. v ^ J * * ' 

ether solution was washed with water and .saturated. > , ' 
* , ' 

sodium c h l o r i d e s o l u t i o n and then d r i ed with magnesium . -
<*> * -

sulphatte. Rotary evapor^t ionvof the„ s o l v e n t ga»ve*l.lg._ * 
- * i 

* 9 fa 0L 

(89%) of the expected sulphone which was recrys*talLi*s£d / [/-
44 - 1 ) 

from methylene c h l o r i d e - p e t r o l g i v i n g a mp: 120-1°C, 
l i t . U 9 - 2 0 ° C . 2 7 4 . ,-'. - * • ' * : * , * '<* 

2H nmr (CDClo): ' 2*70' (S,3H), < * •* . 

. ' «? (4.20 (s ,2H) , • 

' 7.30 ( s ,5H) . * 

1 3C nmr (CDC13) : ,38.50 (q ) ; '. * 

60.70 ( t ) . 

'4 
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127.85 ( s ) , 

128.55 (d,3C), 

" J 2 7 . 8 5 (d ,2C). 

i* 
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Preparation ht dibenzyl sulphone ̂'lg5_. 
<i 

I Dibenzylsulphone, lfi5_,,was preplap-Efed as for 183 

»* exc ept that dibenzyl sulphide was u4ed. 

Recty§tallisation yielded 2.2g"^9%) of the desired 
* » * y" A i 

sulphone; mp,? 145-6°C* lit. "-151°C/275 

*« 
LH nmr (CDC13): 

13 C nmr*(CDC13): 

1 • f 

4.0-(s,2H)-, 

7.2 (s,5H).. 

57.84 (t), **$* ' 

127.40 (s), -* , ' 

128.80 (d,2C,m-AfC), 

130.70 (d,3C,o,p-A*rq) . 

* 

t 

1 

Prepara t ion ot benzyl o*-chlorobenzyl su lphone , 1££."° , 

* A s o l u t i o n of benzyl a - c h l o r o b e n z y l su lph ide (2g, 
•4* 

0.008 mol) "in" dry ether'(25ml) was cooled to 0°C in an 

ice-bath. To this solution, ffi-chroroperbenzoic acid 

(*3.5g, excess) in ether (25ml) was added dropwise so 

that the temperature stayed below 5°C. The m-ixturê was v 

stirred for three hours after which time, it was washed 
« 

with sodium bisulphite solution (20ml/ 5%), aqueous 

sodium bicarbonate solution* (3 x 20ml, 2*.5%), water 
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0 

, N 

(25ml)̂ and then saturated sodium chloride solution 

(25ml). Evaporation under yacuum, after drying, yielded 
t 

a mixture of compounds which were separated by 
*JI 

p r e p a r a t i v e t i c using s i l i c a g e l and methylene 

c h l o r i d e - p e t r o l as ' e luant . R e c r y s t a l l i s a t i o n "from t h i s 

same s o l v e n t mixture y i e l d e d 1.5g (67%) of the des i red 

ch lo rosu lphohe , mp: 117-8°C, l i t . 116-7°C. 2 7 6 . 

1H nmr (CDC13) : 4.25 *fAB p a t t e r n , *J=14Hz), 

5.33.,(s,lH) , 
; - * . - V 

7.25 (br s,10H) .' 

1 3C nmr (CDC13): ( 55.91 ( t ) , ' 
' ' 70.4% (d ) , 

126^.92 (s) , • 
* 

128.31 « ( s ) . t , 
* 

preparation st diethyl sulphone, 189. 

Diethyl sulphide (10ml, 0.09 mol) and ammonium 

mol-ybdate (0.5g) were dissolved in methanol (50ml) the " 

resulting solution was stirred magnetically whilst 

hydrogen peroxide (50ml, 30%, excess) was added < 

dropwise, the temperature, being kept below 40°C. After' „ 

stirring at room temperature overnight the solvent was 

evaporated and the resulting solid was extracted using 

'methylene chloride (4 x,25ml). After washing the^organic 

layer with sodium bisulphite solution (to remove any 

residual hydrogen peroxide) and then water, the Organic 
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layer"was drie.d and evaporated yielding 10.2g (93%) "of 

diethyl sulphone mp: 72-3°C, lit. 73-4°ci269 ' "* 

* / * 

1 3C nmr (CDC13) :
 5*93- (<2)' * . 

* 45.57 it) . "* 

Preparation st 2-carbomethps>y-W-methylpyrrole 

The title compound was prepared in a two-step *. ^ 

procedure from pyyrole-2-carboxaldehyde using the / 

procedure of Hodge, and Rickards. 7 7 

' ^ C nmr (CDCI3): 36.28 (q,NUe.) , 

50.51 (q,C02JHa), " 

107.46 (d,C-4), 
V A) " < 

117.42 (d,C-3>, ^ 
* • * 

v" • 121.96 (s,C-2), 
' ;s N „ , *.' 

129.10 (d',C-5), * * ' 

t '" " 161.32 (s,£=0). 

Preparation st 2-(N-methylpyrrole?sulphonyl-* * 

methylsulphonylmethane, 12£. ',' 

2-Carbomethoxy-N-methylpyrrole TO.01 mol) was added 

t o a s o l u t i o n of the monoanion from dimethyl sulphone 

(0.01 mol) as made i n . p r e p a r a t i o n of 1Q3- Work-up using 
V 

t h i s same procedure and r e c r y s t a l l i s a t i o n from methanol 

y i e lded 136 (89%) as very long, c o l o u r l e s s n e e d l e s , 

mp: 115-116°C. 

1 



i r (KBr d i s c ) : * - . 3110 , 3020 , 3 0 0 0 / 2 9 7 0 , 

t 

\ 

1635 , 1520, 146ft, -l42o5# 

1380 , 1300, 1250,>121Q^ 

„- I l 4 5 , i l 2 0 > HO'O," 1070, 

960., 900 , 800, 7 4 5 , 

6 7 5 , 645 , 5 8 0 : 

ms: ; . • 202 (7,M+1), 201 (66,M+0 , 

123 ( 5 ) , 122 (47 ) , ' 121 ( 7 ) , 

109 ( 7 ) , . 1 0 8 ( 1 0 0 ) , 
t 

* 94 ( 2 8 ) , 80 ( 1 1 ) , ^51 ( 1 4 ) . 

1H nmr „*fCDCl3)„: , 3 .20 ( s , 3 H ) , 

3 .83 ( s , 3 H ) , 

. '' ' 5 \ l 3 ( a , l H ) , 

6 .00 (dd, J = 2 , 5 H z , l H ) , 

6 .72 (m,2H), 

o t. / . ' , 7 . 0 5 - 7 . 6 (m,5H). ,' . ' / 

^ C - n m r (CDCI3) : * . 3 7 . 5 9 (q).^ 

41 .67 ( q ) , 

62 .09 1 ( t ) , 

_ 103 .23 ( d , C - 4 ) , 

122 .82 (d,C-?3), 

129 .93 ( s , C - 2 ) , 

. t 1 3 3 . 7 8 ^ ( d , C - 5 ) , 
, * » f 

177.20 ( s , C = 0 ) . 

&*•»* 
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"Preparation st pyr idyl- ff^ketosulphones 0I2I and 123* 

These compounds' were prepared ..using ethyl nicotinate , 

and ethyl isonicotinate as* the starting esters 

respectively. Reaction conditions-were as for 

preparation of 106 except that'.THljf was used as solvent. 

Work-up consisted of'acidifying <the reacfeiTflrmixture 
- " < 

with concentrated hydrochloric acid'followed'by evaporation 

to dryness i n vacuo of the resulting"' solution". The 
» " 

resicjue remaining was heated with '&" hot air gun under 

vacuum to remove the dimethyl sulphone .by'sublimation. 
i> « 

Recrystallisation pf t-h'e remaining residue from a small' 

quantity of water yielded 2-methylsulphonyl-l-(3-

/pyridyD-ethanone, 112 or 2-methylsulphonyl-la:(4-

pyridylf-ethanone 138 in 57% and 41% yield respectively. 

-Better crystals (broad"spars) of 138 were produced by 
> 

further recrystallisation from methylene chloride. For 

137 mp: 83-4°C, for 123 mp: 111-112°C. 

For 122: ir (KBr disc): 3010, 2950, 2920, 1680, 

1580, 1430, 1310,.1280, 

1140, 1040, 1000, 960, 
1 

900, 830, 790, 750, 700. 
v 

ms: < 199 (15,M+-),184 (2), '., 

137 (5), 136 (33) , 

** 122 (4), 121 (4), 

107 (7) ,' 106 ••(lOOh, 

92 (5), 79' (ll), 78 (42), 



% nmr (CDC13): 

13 C nmr (CDC13): 

For 138: i r (KBr disc)",: * 

ms: 

( 
H nmr (CDC13): 

. l b l t , J H , J = U . / H Z J , 

-.62 ( q , 2 H , J = 0 . 7 H z ) , y 

65 ( 7 ) , 51 ( 8 ) . 
1 t 

3.16° ( t , 3 H , J = 0 . 7 H z ) , 

4. 

*7.49 ( d d , J = 4 . 7 , 7 . . 9 H z ) , 

8.30* ( d t , J = 1 . 5 , 8 H z i , 

8.86 (t3d,J=l 1 4 , 4 . 6 H ? ) / . 

9 .22 ( d , J = 1 . 5 H z ) . 

4 1 . 7 1 ( q ) , 6 1 . 2 1 ( q ) , 

113 .66 ( d ) , 136 .44 (d) < 

150JK7 ( d ) , 154 .33 ( d ) , 

1 7 0 . 1 4 (s)°, 176 .81 (s) . 

3010 , 2980, 2920, 1700, 

1550, 1410 , ' 1335 , 1315 , 

1295 , 1200 , 1160, 1120 , 

1000, 970 , 900 , 830 , 8*L0, 

7 7 5 , 7 0 0 , 645 . 

201 (5,M+2), 200 (6,M+1), 

199 (60,M+0, 121 ( 3 ) , 

107 ( 9 ) , 106 ( 1 0 0 ) , 

/92I ( 5 ) , 79 ( 1 9 ) , 78 ( 4 6 ) , 

65, ( 1 0 ) , " 5 1 ( 2 8 ) . " 

% 3 .06 ( s , 3 H ) , 

4 . 5 1 ( s , 2 H ) , 

* 7 . 5 5 , 8.59 v 

(AA'BB1 p a t t e r n , 4H) . 

\ 
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.. 13C nmr, (CDClo) : 

\ 

41.66, 61.18, 

1*21.40, 151.14, 

189.06. 

, Reaction ot ,137 and. 138 wit^fl-ghenyithiophthalimlde* 

, Reaction conditions were as for preparation of*122. 

Yields of the triethylammonium salts 141 and 142 were 

86% and 79% respectively. \ ' t 
4 • 

For 142 mp": 98°C (decomp.). 
, 0 

.A CHN elemental analysis agreed with an empirical 

- formula of "C20H28N2O3S2 (expected 58.82% C,t 6.86% H and 

6.86% N; observed 58.92% C, 6.93% H and 6.89% N). 

• j 

For 141 mp:' 85-7°C (decomp.H 

li H nmr (CDC13) : 

13 C-nmr (CDC13) : 

" ^ -

3000, 2980, 2660, 1570, 

1490, 1470, 1395,, 1340, 

1300, 12,60, 1150, .1115% 

1060, 1015, 990, 950, 835, 

815, 800, 750, 720, 700., 

1.15 tt,6H), 

3.04 (q,4H), 

3.11 (s,3H), 

"7.0-8.5 (m,9H). 

8'.*50 (q), 

41.. 9 8 (br), 'H 



» e 0 

4 

294 

' , ' 45.86 (t) ,* 
v » •** 

92.42 (br), 

121.25, 

. ,. " 124.51 (br),-

f 128.44, 

'• 149.14, , 
4 v . ' 186.14f(s), 

v • 

189.41 (s). 

Crystal data: 
i * 

(C14H12N03S2)" -(NHEt3)
+, t r i c l i n i c , a-*Oa2(4), 

b=9.175(5), c=13.974(5) &, cx=97.56(4)°, p=91.09(3)° , 

. 7=112.59(4)°, space group PI, Z=2, Dc=1.31gcm~3, Ma-K a l '. 

radia t ion, X=0.709267l, ^=2.33cm"1. 3857 unique 
a 

reflections were collected of which 2427 had I >,3ff (I) 

and were used. R=0.055. 

Monosulphenylation st 12£ Ls produce 123 ox 140_. 
* c *• 

' • & ( , 

Reaction with N-phenylthiophthalimide His. with 123 
' ' 0 

was carried out as for preparation of 122. Reaction with 

N-methylthioph thai imide, Ilia, with 13JL was carried out » 

as for preparation of 129_. 

Preparation of 13_9_ proceeded in 92% yield and 

recrystallisation from ethyl acetateA-petroleum ether 

produced long^colourless needles, mp\ 97-8°C. 



f 

a* 

For U S . ms: - '3Q9*M7/M+') , .231 (9)-, * 

"y 23Q ( 6 0 ) , 205 (5)% 
*\ ' 

' \. . ^ •« "204* (15*) , -203 (10*0),. 
* *S fl *" st 

126 c ( 9 ) , 115 . (7 ) , , 

^ *< "V ' 114 ( 9 ) , 113 ( 5 9 ) , 

i ' 86 ( 5 ) v 59 ( 1 0 ) , 45 l(10) . 
- '' \ 2H nmr (CDC*^) : ) ' 2 .50 (s,.3H) , 

m • V 

3 .24 ( s , 3 H ) , • t 

' ' 3.9°4 ( s , 3 H ) , - " " " 

' 5 .02 ( s , l H ) / 

/ , - 6 .22 (dd ,1H,J=1.85 ,210Hz) , 

•, . '• 7 . 0 5 (m,5H) . 

1 3 C nmr" (CDC13):%, 17 .00 ( q ) , 

36 .68 (q) ' , 

. t ' • t ' 3 7 . 7 1 ( q ) , 

72 .17 ( d ) , 
' '* 

109.37 < d , C - 4 ) , 

. ' x
 t ± 122 .32 ( d , C - 3 ) , 

.•"**• . t - } » 

• 128 .84 ( s , C - 2 ) , 
i 

134 .25 ( d / C - 5 ) , •' 

178 .56 ( s , C = 0 ) . 
0 > * 

/ * 

A CHEF e l e m e n t a l A n a l y s i s a g r e e d w i t h an e m p i r i c a l 

fo rmula of C 1 4 H 1 5 N0 3 S 2 ( expec ted 54.37% C, 4.85% .H and 

4.53%' N; o b s e r v e d 54.45% C, 4.94% H and 4.54% N) . ' 

* 

A 



V: ' 
f * #, 

V I 

For 1A3: 

,mp: -. 

i r (KBr d i s c ) : 

1H nmr (CDC13): 

13 C nmr (CDCf3): 

126U5-128°C ( c o l o u r l e s s 

" s tou t need l e s ) " . 
» *• 

"31Q0,; 3 0 0 5 , 2980, .2965 , 

1735 , 1620, 1525 , 1480, ' " 

, 1 4 5 5 , 1405% 1380 , 1 3 0 0 / ' ^ 

1250, 1185, 1 1 1 0 , 1 0 6 5 , 

960 , 9 4 5 , 825, 760,» 590 , 

3.20 ( s , 3 H ) , 

3 .83 ( s , 3 H ) , V 

' 5 .13 (S ,1H) , . ' 

6 .00 ( d d , J = 2 . 0 H z , 5 .0Hz) , 
* a 

296 

; 133.70 (2C) , 

1 3 4 . 3 9 , 

178 .88 ( s ) . 



Preparation st 2-roethylsulphonyl-2-phenylthio-l*-
* 4 

phenylethanone, 144* 
* 

Reaction conditions as for 'preparation of 172 were 

used. 144 was obtained in 87% yield, mp: 99-100.5°C. ., 

13C nmr (CDC13) 

•**•% 

» • 

: f 
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x x i i i : Atomic parameters Ix 10.4*. except z IP.3- tsjc hydrogen aji4 135-

JEoi £ and 5(3?) .fox 51 
X/a 

56178 \9) 
3202 (5) 
2476 (1# 
2833 (3) 
1951 (2) 
3345 (1) 
'3990 (3) 
3443 (3) 
2485 (4) 
1949 (4) 
2394 (4) 
&605 (4) 
38*66. (9) 
4674 (3) 
3642 ,(3) 
3647 (5) 
3044 (5) 
'4084 (5) 
3733 (5) 
970 (3) 
522 (3) 
978 (4) 

00 76' (5) 

Y/b 

33593 
414 

-1343 
-3209 
-1200 
1446 
2824 
-6 

' 279̂ 6 
1909 
3929 
3430 
8844 
843 

-422-
3241 

. 3391 
'. 3512 

4268 
1217. 
320 

' -41 
2097 

(21) 
(1-1) 
i 3K 
( 6) 
( 6) 
( 3) 
( 7) 
C 7) 
(10) 
(10) 
(10) 
(10) * 
(22) 
( 6) 
( 7) , 
( 9) 
.( 9) 
( 9) 
( 9) 
( 7) * 
(\'7> ; 
( 9) 
(12) 

Z/c 

44839 
3045 
2614 

, 2611 
3133 
4132 
4323-
4849 

* 4034 
- 3836 

3512" 
4728 

24758. 
. 3125 

- .1680 
2012 
1481 

' '1688 
• 2581 

217 
-1364 
-440 

-1581 

-

(10) 
( 5) 
( 1) 
( 3) 
( 3) 
( 1) 
'( 3) 
( 3) 
( 5) 
( 5) 
C5) 
( 5) 
(11) 
( 3) 
( 3) 
( 5) 
( 5) 
( 5) 
( 5) 
< .3) 
( 3) 
( 4) 
( 5) 

°iso 
„ 

. 

• * 
t 

0 *. * 

^ * 

718(187) 
-9A4(249) 
889(243) 

a 

* 9 _ 

844(347)* 
924(2"81) 

1284(284) 

7 

Mod(U) 

4891 
338 
-373 
495 
507 
390 
'560 
63? 
548 

s 

& 
3916 
511 
576 
607 

«s 

372, 
546 

- -406 
» 610 

(82) 
(43) 
(11) 
(26) 
.(25) 
(11) 
(28) 
(30) 
(43) 
-

-
(82) 
.(26) 
(29) 
'(47) 

-(29) 
(30) 
(37) 
(50)" 

( 



Table 

Name, 

•• 
H(ll) 
H(12) 
H(13) 
C( 2) 
H( 2> 
C( 3) 
H( 3) 
C< 4) 
C( 5) 
0( 5) 
Me(5) 
H(51) 
H(52) 
H053) 
OH ("2) 

XXJII: 1 [cont.) 

- X/a 

-305 
447 

-297 
1451 
1446 
1922 
2310 
1910 
1429 
1437 
926 

' 1072 
282 

1118 
4625 
'.* 

(5) 
(5) 
(5)' 
(4) 
(4) 
(4) 
(4) 
(3) 
(3) 
(3) 
(5) 
(5) 
(5) 
'(5), 
(3) . 

• * 

. 

Y/b 

199,5 
337^7 
21791 

-1710' 
^ - 2 6 7 ^ 
-2061 
-3317 
-830 
' 831 
2092 
3767 
4536 
3535, 
4608 

-329 8 
a 

(12) 
(12) 
(12) 
(>0l̂  
X10) 
( 8) 
( 8) 
( 9) 
( 8) 
( 6) 
(10) 
(10) 
(10) 
(10) 
( 7) 

» » 

0 , 

Z/c 

-2328 
-1463 
-1158 
-249 
-813 
685 
866 

1403 
- 1125 
1799 
1505 
2171' 
1187 
1024 
3800 

( 
( 
( 
< 
( 
( 
(-
( 
( 
( 
( 
( 
( 
( 

r 

0 

5) 
5J 
5) 
4) 
4) 
5) 
5) 
4) 
4) 
3) 
5) 
5) 
5) 0 
51/ 

"°iso . 

1075(296) 
830(245) 
917(249) 

797(229) 

671(200) 

• * 

JgTtH206) 
•^128-9 (361) 

924(243) 
**-«• 

4 

Mod(D) 

461 

414 

366 
380 
479 
582 
. 

578 

(39) 

(38) 

'(33) 
(35) 
(26) 
(45) 

(28) 

t 
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Table xxiv: Anisotropic temperature factors £QJL 51 
r % 

Name 

K 
C 
S( 1) 
0(11) 
0(12) 
S 0 2) 
0(22) 
0(21) 
Me (2) 
S( 3) 
0(31) 
0(32) 
Me<3> 
N 
0( 1) 
C( if 
Med) 
C( 2) 
C( 3) 
C( 4) 
C( 5) 
Ot 5) 
Me (5) 
OH (2) 

Ull 

53b2 
373 
435 
606 
496 
427 
•455 
945 
581-

4238 
424 
600 

\ 824 
', 409 

694 
363 
623 
519 
426 
380 
438 
622 
691 
831 

*T 

(84) 
(44) 
(11) 
(28) 
(24) 
(11) 
(25) 
(38) 
(43) 
(84) 
(24)^ 
(30) 
(55) 
(28) 
(34) 
(36) 
(49) 
(38) 
(37) 
(34? 
(35) 
(28) 
(50) 
(33) 

• i 

D22 

4323 
283 
296 
290 
525 
433 
666 
592 
505 

3545 
560 
540 
391 
353 
587 
444 
740 
454 
319 
299 

* 304 
3-93 
423 
429 

0* 

(81) 
(45) 
(11) 
(23) 
C28) 
(12) 
(32) 
(30) 
(45) 
(83) 
(28-) 
(30) 
(42) 
(30) 
(32) 
(37) 
(58) 
(41) 
(37) 
(33) 
(34) 
(26) 
(42) 
(27) 

• 

* u, 

5049^ 
.358 
386 
590 
501 
309 

- 558 
359-
557 

3966 
549 
588 
606 
355 
357 
412 
467 
410 
499 
420 
398 
421 
631 
486 

13 

(82> 
<41) 
(11) 
(27) 
(24) 
(10) 
*(27) 
(24) 
(42) 
(78) 
(25) 
(28) 
(45) 
(29) 
(25) 
(38)" 
(43) 
(37)-
(41) 
(34) 
(37)^ 
(24) 
(44) 
(25) 

* 'km 

u 2 3 

544 
• -27 

57 
73 
78 
3 

-224 
"134 
-45 

-282 
- -24 
-255 
183 
5 

21-
-6 
143 
-64 
-60 
22 

-16 
-28 
-32 
"27 

(69) 
'(35) 
( 9) 
(20) 
(22) 
U0) 
(24) 
(22) 
(35) 
(70) 
*(23) 
(23) 
(35) 
(25) 
(22? 
(31) 
(38), 
(31) 
(29) 
(27) 
(29) 
(21) ' 
.(37) 
(22) 

°13 

2729 
107 

f 145 
-131 
256 
146 
207 
284 
290 

2164 
215 
337 
378 
131 
104 
176 
138 
187 
17-6 

. 161 
199 
198 

-27*9 
234 

(661T\ 
(35) * 
( 9\-
(22), 
(20) 
( 9) 
(22) 
(25) 
(35) 
(67) 
-(21) 
(24) 
(43) 
(23) 
(24) 
(30) 
(38) 
(31) 
esi) 
(28) 
(30) 
(22) 
(38) 
(24) 

u 1 2 

153 
82 
13 
61 
-63 
71 

-119 
254 
142 
146 
14 

-106 
136 
43 

111 
-50 
156 
' 10 
13 

-35 
-7 

171 
225 
60 

(69) 
(35) 
( 9) 
(20) 
(22) 
(11) 
(23) 
(26) 
(34) 
(67) 
(2*2) 
(22) 
(37) 
-(24") 
(25) 
(29) 
(42) 
(33) 
(27) 
(27) 
(29) 
(21) 
(37) 
(29) 

' 

k 
t 
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Table xxvii: Selected,,torsional angles, fox 55 
i 

0 ( 11). 
0,( 11) 
0 ( ( 12) 
0,( 12) V 
0 ( 2 1 1 ) ' « 
0 ( 2 1 1 ) 
0(2120 
0 ( 2 1 2 ) 
Me( 1) 

*Me( 1) • 
Me( 2). 
Me( 2) 
Me( 3) 
Me( 3) 
Me( 4) 
Me'( 4) , 
S( ; 1) -*' 
S( 1) 
S( 1) 

»C( 16) 
C( 12) t 

C( l ' l ) 
. C( 12) ' 

C( 12) 
0 ( 2) ' 
C( 1$) 
C( 14) 
C( 14) 
S( 21) 
S( 2 D 
S( 21) 
C( 26) 
C( 22) 
C( 22) • 

. C( 21) 
C( 22) 
C( 22) 
0 ( " 4) 
C( 23) 
<C( 24) 
€ ( 24)' . 

- S 
r-S 

-s 
-s 
-s 
-s -e 

\ - S 
- 0 
- 0 
- 0 
- 0 
- Q 

' - 0 
- 0 
- 0 
-C 
-C 
-C 

-c 
-c 
-c 
-c 
-c 
- < 
-c -c. 
-c 
-c 
-c 
-?c 

-c 
-c 
-c 
-c 
-c 

»-c 
-c 
-c 
-C" 

-c 

( 1 ) , 
( D ' 
( 1) • 
( 1) 
<n> 
(21) 
(21) 
(21) s 

( 1) 
( ir 
( 2) 
(• 2). 
( 3) 
( 3) 
( 4) 
( 4) ' 
(11) 
(11) • 
(11) 4 

<11) 
(11) 
(12) 
(13) 
(13) 
(14) 
(14), 
(15) 
(15) 
(21) 
(21) 
(21) 
(21) 
(21) 
C21) 
(22) 
(23) 
(23) 
(24) 
(24) 
(25) 
(25) • 

-C (11) 
*-C ( I D 
-C tti) 
-C (11) 
-C (21) 
-C ( 2 D ' 
-C (21) 
-C (21) 
-C (16) 

•-C (16) 
-C (14) 
-C (14) 
-C (26)* 
-C <26) 
-C (24) 
-C (24) 
-C (12) 
-C (16) 
-C (16) 
VC (12) 
-C7(16 ) 
-C (13) " 
-C (14) 
-C (14) 
-C (15) 
- 0 (15) 
-C (16) 
-C (16) 
-C (22) 
-C (26) 
-C (26) 
-C (22) 
TC ( 2 6 ^ , 
-C (26T: 
-C (23) 

' - C (24) 
-C (24) 
-C (25) 
-C (25) 

, -C (26) 
*-C (26) 

-C 
-C 
-C 
-C 
-C 

,-c 
-c 

;-C 
-C 

' -C 

-c 
-c 
-c 
-c 
-c 
-c 
-c 
- 0 

-c 
-c 
-c 
-c 
- 0 

-c 
-c. 
-c 
- 0 • 

- c 
-c 
- 0 

-c 
-c 
.-0 

.-c 
•̂ -c 
r-0 

' - C 

-c 
-c 
- 0 

-c 

(120 , " 
(16) 
(12) 
(16) 
(22) 
(26) , -
(22) . 
(26) *" 
(11) 
(15) *, 
(13) ' 
<15) 
(21) 
(25). 
(23)*. 
(25) 
(13) ' 
( 1) ^ 
(15) 
(13) : 
(15) ' 
(14) 
( -2 ) . 
(15) 
U 6 ) ' * 
(16) 
( 1) ' 
(11) 
(23) 
( 3 ) 
(25) 
(23) 
( 3 ) - % 

(25) 
(24) 
( 4) 
(25) 
$26) 
(26) 
( 3) 
(21) 

128 
- 5 0 

- 6 
.177 

- 1 2 8 
47 

5 
180 
172 
-10 

- 1 
179 
178 

- 1 
4 

- 1 7 8 
1^178 

- 3 
178 

0 
. 1 

- 1 
-177 

3 
177 

- 3 
- 1 7 8 

1 
' 172 

10 
- 1 7 1 

- 3 
- 1 7 5 

' 3 
•0 

-179 
3 

180 
- 2 

177 
- 1 

(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) . 
(1) 
(1) 
(1) 
(!) ' 
(1) 
(1) 
( 1 ) ^ 
(1) 
(1) 
'(1) 
(1) 
(1)1 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
<1M 
(1) 
(1) 
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Table XXVIII: (cont.) 
. •* 

Hm(22) 
Hm(23) 
Hm(31) 
Hm(32) 
Hm(33) 
Hm(41) 
Hm(42) 
Hm(43) 
H( 1) 
H( 12) 
H( 
H( 
H( 

13) 
15) 
21) 

H(210) 
H(220) 
H( 22) 
H(221) 
H(222) 
H(223) 
H( 23) 
H(230) 
H(231) 
H(232) 
H(233) 
H( 25) 

299 
267 
552 
590 
631 
550 
357 
406 
442 
94 
68 

623 
318 
280 
55 
233 
205 
314 
181 
371 
209 
179 
178 
304 
563 

(26) 
(26) 
( 9) 
( 8) 
( 7) 
(11) 
( 9) 
( 9) 
(10) ' 
( 9) 
(26) 
(21) 
( 8) 
(33) 
( 8) 
(12) 
(12) 
( 9), 
(II) 
(12) 
( 9) 
( 9) 
(10) 
( 9) 
(10) 

734 
748 
151 
265 
217-
735 
763 
710 
235 
410 
528 
441 
281 
139 
515 
394 
92 
6 

-20 
368 
635 
17 
93 
79 
408 

(18) 
(18) 
( 7) 
< 6) 
( 5) 
( 8) 
( 7) 
( 7) 
( 7) 
( 7) 
(21) 
(16) 
( 6) 
(25) 
( 6) 
( 9) 
( 9) 
( 7) 
( 8) 
'( 9) 
( 6) 
( 7) 
( 8) 
( 7) 
( 7) 

-294 
-219 
-151 
-164 
-264 
-522 
-482 
-566 
180 
-27 

-103 
-99 
367-
-284 
-409 
339 
-66 
-97 

- -39 
296 

-480 
-370 
-481 
-410 
-311 

(15) 
(16) 
( 6r 
( 5) 
( 5) 
( 7) 
( 6) 
( 6) 
( 6) 
( 6) ' 
(17) 
(13) 
( 5) 
<21l 
I 5f 
( V 
i 7) 
( 6) 
I 7) 
( 7) 
( 5) 
( 6) 
( 7) 
C 6) 
( 6) 

433 
48-2 

- 66 
52 
43 

102 
72 
67 

C ^8 
v '71 
436 
243 
56 

"541, 
'. 66 
117 
94 
77 
95 
70 
75 
88 
109 
62 
86 

( 93) 
U01).-
'( 26) 
( 20) 
(* 19) 
( 33) 
( 25) 
(/25) 
( 27) 
( 25) 
(108) 
( 87) 
( 22) 
(107) 
( 22) 
f,*37> 
i 35)1 

( 26) i 
i 32) 
( 35) 
( 24) 
( 26) 
( 31) 
( 26) 
( 28) 

co 
o 
VD 



Table XXVIII: ( con t . ) 

H*( 31) 
H( 32) 
H( 33) 
C( 1) 
C( 11) 
C( 12) 
C( 13) 
C( 14) 
C( 15) 
C( 16) 
C( 2) 
C(*2I) 
C(210) 

* C( 22) 
C(220) 
C( 23) 
C(230) , 
C( 24) 
C( 25) 
C( 26) 
C( 3) 
Me( 1) 
Me( 2) 
Me( 3) 
Me( 4) 

206 
126 
224 

3441 
3230 
1953 
2133 
3648 
4959 
4757 
2921 
1993 
*l425 
1466 
2117 
2424 

^^2082 
3937 
4532 
3570 
2145 
7542 
,2653 
5644 

' 4460 

( 7) 
(13) 
(10) 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
-( 
( 
( 
( 
( 
( 
( 

8) 
7) 
7) 
8) 
8) 
7) 
7) 
9) 
8) 
7) 
8) 
8) 
8) 
9) 
8) 
8) 
8) 
9)^ 
8) 
9) 
9) 

(10) 

19 
68 

-49 
2142 
3452 
4296 
5296 
5451 
4626 
3629 

. 3390 
3966 
1-808 
4989 
3 % 
5705 
784. 
5379 

' 4338 
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Table xxix: Anisotropic temperature factors tsi. 55 

Name 

S( 1) 
Si 2) 
S(21) 
S(22) 
S(23) 

Ull 

345 
282 
325 
360 
399 

(64) 
(60) 
(63) 
(65) 
(67) 

u 2 2 

394 
461 
331 
340 
396 

(67) 
(73) 
(65) 
(63) 
(68) 

U33 

430 
496 
498 
355 
343 

(69) 
(74) 
<73) 
(64) 
(63) 

U23 

-156 
-220 
-146 
-60 
-60 

(55) 
(60) 
(56) 
(51) 
(53) 

u13 

-34 r(51) 
27 
10 
21 

-38 

(51) 
(53) 
(50) 
(51) 

u 1 2 

-123 
= ,-81* 
-45 
-102 
.-153 

(53) 
(52) 
(51) 
(51) 
(54) 

/*-
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APPENDIX III 

X-RAY DATA FOR 141 
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Figure XXV: X-ray s t r u c t u r e fox £bje. iUklt SSll St 1 4 1 

4 



* , <"* v^fe«»**wB,t*^48rrt*^r- * * '"f^r * * ( ** J-*D*V •"swapufv - - #• »• • ** ^r *-*"*, wv V^^»w«piwss»i^p»^^it <* *****WTO*^*#g*f-«.^ 

1 

314 

4 ' 

' n * * * i n i n i n * " n * 4 , ^ i i n i f l i | 

» -. 

* ' 

o as co o CPI vo ro rH'o o o as co 
r-« co p*. p«. •'J1 r* co4o> o H e> co, cr» 
r** ro co ro ro*o rt ** *4" m ̂  ' * ** 

• « • • „ * . . . . « . . . 
t-i r-i rH r-i r-i H r-i'r-i r-i r-i t-i r-i ri 

» 

jH | CftO'O'rHCMCO^mP- OV»VO GO O 
«L H H H H r t H H H f t H H M 

J , « J **-»* *•*,*> "*-rf \ X »W» S ^ N-^ •**•*" N ^ X ^ V-** S ^ » W 

O U O O O C J O O O O C J U O 
I I I I I I I I I I I I I 

tri . * • ' • ' ' ' ^ 
CU 0-+^0-*0-*0-.0-.0-40-s0-*0-*0-* 0-s'r-* - * ' 
0 CMO\CTlOrHCMfOCN'CMCMmp*-fiJ\ * ..* 
C H r H r H H r H i - H r H -
re w W W w w w w w W W w 
+J C O C J U O O C J O Z B S O U O ' 
t n » * 
•n O f 

C 0 ^ 0 ^ 0 ^ ^ 0 - . 0^,00. ,-4. 0-4 40*. r> 0^ 0S 0*4 

c **cN**m**rocoro**cocoCNCMro' 
J3 w w w w w w w w w w w w w w 
•ol • *# H co ro r*» CM •* ro vo *«* •* vo co m 
•H cMtr»r-Hr--vooocriVocr»**ro**com 
g rororocororo' ,*4 ,cNcop-«r*; ,***P- , 
0 • • . . • • • • • • • • . . • > • ' 
JJ , t-i r-i rH rH rH H rH rH rH rH H rH rH "rH 

* . . "^ 
rl r 

H • H m CM co,** mvoHt-HCMCMrpco 

X B O U O C J O U O O C O C Q O'O u 
X I I I I I Ii I I I I I I I I 

0) , ^ ^ N ^ ^ ^ ^ . ^ ^ S ^ < - > ^ . ^ . ^ > ^ , 
H H rH H CM CO * * m VO VO r- P- r-i rH rH 

• ° \ wwwwwwwww*ww WW 

EH OUSzfr ju OOCi) UUo tSco co 

) • 

% 



•W-M««**HI« * -nn***-****^ r^f»st**ra«i*iir*" 

. - > 0-* 0-. 0S , - S - N 0-40-4 ^ 0 - * 0 ~ 4 0 - . S - . ^ 0 S ^ 0 - * 

HHrHtNCMCOrOrOrOCOCOCMCMCMCNrOCM 

* * M » * j > o o N o i n vop*. p- H o o co co 
p»r-vovo**cnorHcnocnocorococoro 
O O O H C N H C M C M H C M H H H H H H H 
H H H H H H H r i H H H H r i H r i H H 

0 

„ _ A ~ ~ 0^^0-4 0-4 0-40-4 0 - 4 ^ 0 - 4 0-* 

cococr>o****HCMro*s*' co.p- cn cn vo co o 
r-i H H H rH r-i H H H H H H H CM 

K ^ ^ <W ^ S ^ * - * > ^ 400* ^ > *W* ̂ ^ N ^ *—» 40^ 44^ **0 *4^ 
V CJ JCJ U CJ XJAJ c j u u u o u o u u o 
I I ' I I I i I I I. I I I I I * l I I 

4> f 3 

0-*4 0—4 0S 0—4 0—4 0-4, 0—4 0-4, 004. 0—4. 0-4. 0-\ 0—4%4—* 004. 0-\ 0*\ 

HrHCMCTiCACnOrHCMrO'*CMCMCMmp*.cyi 
HrHrHrHrH H H rH 

W W W W W W W W W W W W W W W W W 

c o c Q c o o c j o o o o o o i a B a o u o 
i i i i i i i i i i i i i i i i i 

CMror-CMCMOCnOrHCMCrimmp-CNCMCM 
rH rHrH t-i rH rH rH • • 

ooucocooooc joouooaa tz i 

CO CO ro Co"cO CMCMCNCNCNWNCMHHHHH 

cocn**rH"***-*'mcnvoo>vor-»cococMocMcn 

' *vocoo\cnvoco**mocor*> '«» 'vocnovom 
C M H C N H H H H C N H C M C M H C M H O H O H 
i**H i"*H i*-1 i*H t**"* ""*"f •""• t™*i f~y i*~i f""1 i""i i*™i *•**1 i"H i*™i t™i *"~i 

m CM CO •* m ** VO>fim-H P-P-HCNCNCNCOCOCO 

O O U O C J O U O O O O C Q C Q C Q o b O p 

i i i i i i i i i i i I i i i i i T 

H H C N c o ^ m m m v o v o v o p ^ P p - " H H H H 

U i Z J C J U O O O O C J O O O O O C Q C Q ' C Q W 
•I I I M I I I I I I I I I I I I I I 

HHHCMcOHH*«1 , mmHVOVOHr-«P-P--CM 

feiOlZiOOOOUCJCJOOOWUO o ' o 

* 
<0 



* / 

C( 5) 
N( 1) 
N( 1) 
C( 1) 
N( 1) 
\C( 2) 
C( 3) 

q< 3). 
C( 1) 
C( 1) 
C( 4) 
C( 4) 
C( 5) 
C( 5) 
0 ( 1) 
0 ( 1) 
C( 6) 
C( 6) 
C( 6) 
S( 2) 
S( 2) 
S( 2) 
S( 1), 
C( 7) 
C( 7) 
S( 2 ) , 
S( 2) 
C(14) 
C(10) 
C( 9) 
C(10) 
C"(ll) 
C(12) 
C(17) 
C(15) 
C(19) 
C(15)-
C(19) 
C<17) 

-C 
-C 
-C 
-N 
-C 
-C 

-c 
-c 
-c-
-c 
-C ( 

-c i 
-c 
-C 1 

-c 
-c < 
-c 
-C 1 

-c 
-c j 
-C 1 
-C ( 
-C 1 

-s 1 
- S < 
-C 1 
-C { 
-C ( 

-c < 
-c < 
-c ( 
-C 1 

-c < 
-N ( 
-N < 
-N ( 
-N 1 
-N ( 
-N ( 

( 1) 
C 1) 
( 1) 
( 1) 
( 2) 
[ 3 ) 
[ 4) 
" 4) 
( 5) 
. 5) 

r 5) 
: 5) 
[-6) 
[ 6) 
( 6) 
: 6f 
[ If 
" 7) 
[- 7) 
' 7) 
[ 7) 
I 7) 
' 7) 
[ 2) 
' 2) 
' 9) 
[ 9)" 

9) 
: 9) 
10) 
11) 
12) 
13) 
. 2) 
: 2> 

2) 
' 2) 
. >2) 
' 2) 

-N 

-c, 
-c 
-c 

te"
c 

**-c 
-c 
-c 
-c 
-c 
-c 
-c 
,-c 
-c 

, -c 
-c 
-s 
-s 
-s 
-s 
-s 
-s* 
-s 
-c' 
-c 
-c 
-c 
-c 
-c 
-c 
-c 
-c 

* -c 
-c 
-c 
-c 
-c 
-c 
-c 

( 1) 
( 5) 
( 5) 
( 2) 
( 3) 
( 4) 
( 5) 
( 5) 
( 6 ) ' 
( 6) 
( 6) 
( 6) 
( 7) 
( 7) 
( 7) 
( 7) 
( 1) 
( 1) -
( 1) 
i. 1) 
( 1) 
( 1) 
( 2) 
( 9) 
( 9) 
(10) 
(14) 
(10? 
(14) 
(11) 
(12) 
(13) 
(14) 
(15) 
(17) 
(15) 
(19) 
(17) 
(19) 

-C 
-C 

. -c 
-C 
-C 
-C 
-C 
-C 
- 0 
-C 
- 0 

' -C 1 
- S 
- S 
- S 
- S i 
- 0 
- 0 
-C 
- 0 < 
- 0 
-C 
-C ( 
-C I 
-C i 

-c 
-c < 
-c < 
-c i 
-c < 
-c < 
-C 1 
-C ( 
- C M " 

*-C 1 

-c ( 
-c,( 
-c < 
-c ( 

[ 2) 
: 4) 
[ 6) 
: 3) 
[ 4) 
[ 5) 
: i ) 
' 6) 
[ 1) 
: 7) 
[ 1) 

7) 
[ 1) 
' 2) 
[ 1) 
' 2) 
: 2) 
: 3) 
[ 8) 

2) 
: 3) 
: 8) 
: 9) 
1 0 ) 
14)^ 

:ID\ w 
11) 
13) 
12) 
13) 
14) 

9) 
16) 
18) 
16) 
20) 
18) 
20) 

1 . 1 . 
'-.8' 

- 1 7 6 . 0 -
- . 6 
- . 1 

. 5 ' 
- . 0 ' 

1 7 4 . 9 
3 7 . 9 

- 1 4 1 . 1 
- 1 3 6 . 9 

4 4 . 1 
- 1 7 8 . 3 ' 
. 1 5 . 1 

• 2 . 7 
- 1 6 3 . 8 

1 7 8 . 9 
5 0 . 6 

- 6 5 . 5 
- 1 3 . 5 

- 1 4 1 . 8 
1 0 2 . 0 

8 7 . 1 
- 1 7 5 . 5 

5 . 5 
- 1 7 7 . 9 

1 7 8 . 3 
1 .1 

l-.l 
- . 9 
0 
0 
0 

- 1 7 0 . 8 
1 7 0 . 4 

6 1 . 1 
5 8 . 4 

- 6 1 . 5 
- 6 8 . 4 

(5) 
(4) 
(3) 
(5) 
(5) 
(5) 
(4) 
(3) 
(4) 
(3) 
(3) 
(4) 
(2) 
(3) 
(3) 
(2) 
(2) 
<3) 
(3) 
(2) 
(2) 
(2) 
(2) 
(2) 
(3) 
(2) 
(2) 
(4) 
(4) 
(5) 
(1) 
(1) 
(1) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 

t ' 



s 

4 n- 44/0^40.^0. ̂ " w w ^ W W B w f l w 

\ in 

.* 

> , 

317 

04* m m p*-p*. mcM CM o co m n H vo •* co vo cn o p-m o "t fo m CM •* oo 
D H H H H H H*H H H P 1 H r-\~rH H H H CM H rH,rH H CM H CM H H 

O 
4 * 1 ' J 

c/>cbmcnvomHmvop».covomvocMcnrocMCMrooop*.HoorocN 
oror -coHVom- 's fcn P-VVO-CM * *OHHvocncnr -»vovoocoroc- *co 

t m v o m i i > m c o c o * f r c o o \ u l m m * * * * m v o v o m * < f c o * * r - - * * r * - * * v o 
w \ * cn 

O 
to 

\H 

V 
< 

o^ 
H 

3 
I 

u •H 

e 0 
4J 
< 

^ 
H 

CO 

o* 

X! 

CNCMCMCMCMCMCMSCN^HHCNOMCMCMCMCM C M P CM CM CM CM CM ro 

vo oo cn vo CM CM H'cn c o H O H m c p m p - a * * t-» oi •^ CM * * H CM H •*» 
p • o l f ) o * * M , c o • » ^ o H o ^ o o N ^ N o o c o r o c o c o * 4 | in**fCo cn in 
mcNocovor * -cnmf - -cnp-«HCMHO'* *HmcM**vo<* ror - . I. cn CM 
CMCO"****COCMHHH00 H |CMfOCO** * * *y rOHCMrO HCM 

cocOfO**rorococMcop> CN*CM r o H c o c o * * * * * * r o c M c o * * r o m c o r o 

**vovo****rocncncNCMCocnp*- ,»* ,cocomr*-mvoHHrovocnocn 
coo*« * , oHcommcommvomvooroHocMro*<* ' cncovooo*<*<o . 
c o H v o c n v o o c n H m v o o c n v o p - m c n c N H c o v o m r - » H " * * « * ' H * * 
• * m * * r o c o * * r o m c M m H c o c M I - H l H H C M < C M C O C N C M H 

' C M , 1 I I I I I I 

coro***tfcomcocNror-»CNCN**Hcoco***tf**rocNco*4 ,roinco**r 

CMrorororovocoL. 
HCMr-.p-P-VOCOCO 
O O O O O O H P - . 
rocMCMro ,«* ,"*mm; 

lCO*N.*Jj'rOO**COOVOOr-*OOHOCMHHVO 
>mvom**vo*»j 'cnHmcMHHVo*** icooomcn 
i P - o r o c f t r o m c o r - * H c o o c n c n H v o m * * c o 
ic»p*.o3m**i,m**mr**p««r-«oocno\cncococft 

. H ' 
rH 
X' 
X 
X 
0) 
rH 
0Q 
Id 

EH 

0) •^HCMrO'**mVOHP-*HCNCOCOCMcnOHCMfO**CMmVOr--COChCi 
g . H H H H H V H H H H H C M 
JO 

•a. oaooooooocooopcQCjc j c joouac joc j ,oou 

• * - « 

(1 



% 

Table XXXIII: 

H(" 1) 
H( 2) 
H( 3) 
E{ 4) 
H( 81) 
H( 82) 
H( 83) 
H( 10) 
H( 11) 
H( 12) 
H( 13) 
H( 14) 
HN( 2) 
H(151) 
HU52) 
H(161) 
H(162) 
JS(163) 
H(171) 
HU72) 
H(181) 
H(182) 
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HU91) 
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H(201) 
H(202) 
H(203) 
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• > , 
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280 
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381 
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Calculation st carbon-13 chemical S M U L S * 

In Part III of this thesis a correlation of sulphur-

33 chemical shift versus,carborf-13 chemical shift data ^ 

was presented for a series of sulphones and their 

corresponding hydrocarbons where the sulphone moiety is 
4 

' J ' ' 

-replaced by a methylene group. Unfbrtqnately-irot all of 

the chemical shifts required for the hydrocarbons are 

known. Thus, those that were not available in the 
literature were calculated. 

» - 0 ' 

In 1964 calc^lat ' ions based, on a broad^r'ange of r 

278 hydrocarbons enabled Grant and Paulz/" toJ derive an ' < •> 
, » > . .•*•,'..,' • 

* > ' " *' . ill ,<& 

estimate of carbon-13 resonance posiJ;i.on which agreed 

fairly closely with the experimentally determined*value. 

These calculations were jrmch improved*" bŷ Lindemart and » 

Adams264 after sever&f technological developments* •»[ , 
t) 4 * i.x,n 

1 enabled carbon-13 chemical' shifts Co be ,de#e-r mined mare „„ „* 
«" ' + "* * ( ',*..' > 

accurately. The calculation method dug to* Lindeman aftc" ',' *> 

Adams is the one used here. Calculations of a* chemical 

shift is simply a matter of pufet ing .nusnbî s"* intp*a .*». ̂/ ^ *' 

formula. For substituted hydrocarbons'a^lesS'accurate* - * t , 
but still useful calculation of chemical shift, can be* 

'/ ' ' ' * made using the substituent effects upon replacement 6f a 

hydrogen atom with the substituent as shown .in Table* 
/ " ' ^ 

XXXV. In all cases shown in the table the numbers should" 
I I \ * 0 

be added to the chemical shift of the parent 
t V 

hydrocarbon. The parent hydrocarbons required in order 

» - » 

%-
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to do the ca lcu la t ions along with the chemical shif t of 

the carbon atom of ' in te res t are l i s t e d in Table XXXVI. 

The data shown in these two t a b l e s were used to obta in 
» 

the carbon-13 chemical sh i f t s for the fourteen compounds 

shown in Table XVIII, ( page 199). One such example i s 

given below. 

For PhCOCH^CDCJ^O^ (entry #27 in Table XVIII) . . 

Parent hydrocarbon: 15.34 

CI atom XX to £: . +11.0 

"**""* PhCO group XX to C.: +1.0 
* i_j. * , i 

Chemical shift = 27.34 

Comments 

' For entry #20, EtS02CH2S02Et the parent hydrocarbon 

used was EtCH2CH3 and .the effect of one S02Et moiety on 

the other was assumed to be the same as the effect of a 

-COR group. * . 

The data presented* here has assumed the same effect 
e 

for the -COMe and a -COPh groups since only one 

parameter was available as shown in Table XXXV. 

The calculation for the ketal assumed two a-OR 

groups. ^ 

For" singly substituted compounds these type of 

/calculations are probably reasonable but for 

multisubstitution the errors are magnified. Although the 

data obtained is by no means quantitative the li^ar 
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correlations obtained in Part I I I of the thesis justify 

the results."Obviously experimentally determined values 

are preferable. 
• V 

• > 
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Table xxxv:Data. LSL. calculation st chemical shifts..279 

Substituent: 

a 

COR '* 

Ph , 23 

CI 

Br 

SR 

°̂  

E t c e c t : 

j 8<s t>* 

. 1 

9 

11 

11 

7 

8 

* 

jff'bi 

t 

-

10 

10 

-

5 

* st = straight chain ; br = branded chain. 

t...-,. i . , ' - , , . , . 

Table XXXVI: Carbon-13 chemical jahlfta tSJL. £&£. saisnt jt, 

hydrocarbons required for calculations. 
t-f) 

Hydrocarbon: " * Chemical shift: 

/ 

* CH3£H3* " 6.8Q / 

£E3CH2e~H3 16.36 

€H3£H2CH3 , , 15.34 

CH3£H2CH2C!|3 ' m 25.09 

' <*• 
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