
CANADIAN THESES' ON MICROFICHE • * 

•ISBN 

THESES CANADIENlME£ SUR MICROFICHE m 

i+ National Library of Canada 
Collections Development Branch 

Canadian Theses'on 
Microfiche* Service 

Ottawa, Canada . 
K1A0N4 

Bibliotheque nationale du Canada 
fcirention du developpement des collections 

Service des theses canadiennes * 
sur microfiche 

NOTICE * -' 
V 

The quality of this microfiche is- heavily dependent 
upon the quality of the original thesis submitted for 
microfilming Every effort has been made to ensure*, 
the highest quality of reproduction possible 

If pages are missing, contact the university which 
granted the degree -

Some pages may have indistinct print especially 
if the original pages were typed with'a poor typewriter 
ribbon or if the university sent us a poor photocopy 

Previously copyrighted material^ (journal articles, 
published-tesfs, etc ) are not filmed * 

Reproduction in full or in part of this film is gov­
erned by the Canadian Copyright Act, R S.C 1970, 
c C-30 Please read the authorization' forms which 
accompany this thesis 

AVIS 

La -qualite de cette microfiche depend grandement de 
la qualite de la' these soumise au microfilrnage Nous 
avons tout fait pour assurer une qualite supeneure 
de reproduction 

S'll manque des pages, veuillez cpmmuniquer 
avec I'umversite qui a confere le grade 

La qualite d'impressibn" de certames pages peut 
laisser a desirer, surtbut si jles'"'pages originates ont ete 
dactylographies a I'aide d'un rtiban use ou si I'univer­
site nous a fait'parvemr une photocopie de mauvaise 
qualite , ' » 

' A .J - e s documents qui font deja I'objet d'un droit 
d^| teur (articles de revue, examens publies, etc) ne 
sont pas microflimes 

La reproduction, meme partielle, de ce microfilm 
est soumise a la Loi canadienne stir le droit d'auteur,. 
SRC 1970, c C-30. Veuillez prendre connaissance des 
fdrmules d'autonsation qui accompfagnent cette these 

THIS DISSERTATION • 
HAS BEEN MICROFILMED 
EXACTLY AS RECEIVED 

LA THESE A ETE 
MICROFILMEE TELLE QUE 

NOUS 1'AVONS RECUE 

NL-<339 ( r . 82/08) Canada 



• ^ 

. 1 

K ' 

, SOME ASPECTS OF 

THE ORGANIC CHEMISTRY'OP SULPHUR*(VI) , 

' 41 

DERIVATIVES. ' 
* ' • 

* 'by • # 

.. * Jeffr-ey H'oyle. * 

Submitted in partial fulfillment . 

of 'the requirements for the ,Degree of 

Doctor of Philosophy - . 

at Dalhousie University,. 

July 1984. A 

X 

' -A 

Jeffrey Hoyle, 1984. * 



J 

• r 

*. *. * 

« * 

^ 

N 
t 

i *• 

V 

' # 4 

' \ • « v 
<# * 

Dedicated t o the iftemouy of my mother^ ' 

- . . «s 

'There are things that are knowri 

and ̂ things th,at are unknown; 

in between the doors* 

v / 
tfi lliam Blake. 

• iv 

i 

t. 

f 
I 

i 
VJ 

a «" 



' '. * TABLE OP CONTENTS. «' " 
i * •: -

CERTIFICATE OP EXAMINATION. „ '..;... ii 

COPYRIGHT AGREEMENT; J. ." . . . "ii-i 

DEDICATION ; , '. ^ ' iv 

LJST. OP TABLES. .J '., .^ .'. ix. ^ 

LIST OF FIGURES '....' I* . *xi * 

ABSTRACT.'*..<..... t. xiv 

Lfs,T OF ABBREVIATES .....*......, ; xv , 

ACKNOWLEDGEMENTS..' 1 " » xvl 

CHAPTER 1: GENERAL INTRODUCTION ' 1 

* -

PART X: ELECTROPHILIC REACTIONS OF SOME SULPHUR 
» ' -' 

(VI)-CONTAINING HETEROCUMULENES WITH 
«• 

ELECTRON-RICH AROMATIC COMPOUNDS 6 
1 

CHAPTER 2: INTRODUCTION - HETEROCUMULENES 7 ' 
* * • 

Sulphenes ».! :.... 8 

AZasulphenes « ,.v 14 

* Sulphur trioxide '. 23 

CHAPTER 2: RESULTS AND DISCUSSION / 29 

'Reaction with 2,6-dimethoxyrfsfrjrdine...... 30 

Reaction with l,3-dimethoxybenzene% 36 v 

Reaction with dimethylamiMp-s.ubstitufced 
* " f 

' aroma tics * . . ] . . . . . 42 
*f- •> * 

Reactidn with pyrroles 59 

\ 



i 

¥ • 

fc 1 

• - . TABLE OF CONTENTS'reont.) 

An alternative, route £0*. the biphenyl , 

derivative. £fi and similar species .-... .62 

.Reactions of substituted sulphenes.'. 71 

Phenylsulphene reactions....: - .72 

Methylsulphen.e reactions, .(VA. .«. ,73 
« 

* Reactions of azasulphenes. -. 75 

.-s5 Reactions of ethylazasulphene •,*••• 77 

* ReacMons. of carboalkoxya*zasulpheife 79 

Reactions, of sulphur trioxide.". .„ ... 8JL 
V 

. ' , Suggestion's for further work 85 
r , 

« > 
* 

EAEX XI: CONCERNI-NG-THE SYNTHESIS AND PROPERTIES 
J • " 

OF SOME Vj3-KETOSULPHONES .AND THEI'R » *-
- • 

^ , DERIVATIVES.'^ , . . . . . > . . .^ 86' 
CHAPTER 1 : INTRODUCTION -- /5-KETOSULPHONE^ , . . 87, 

,/3-Ketosulphides, sulptfoxides and • * 

sulphones .....'. 8-7-
. . . . , «, 

• Sulphejnylation of compounds, with-.active , 
/ *. * 

xme"thylene' groups '. .* , * .". 94 

Highly substituted methanes with, multiple 

electrpn-withdrawing- groups :.*%.... 100 

K. 

: > Carbon acids * ,. 102 

t » / • « Aims-of the present study, ...........' Ill 

j _ « _ •* 

• • • : * • • : 

w' * ' ' - «. ' " 
' * . * • -

• . - . - ' r - J* 



I.- ' 

rV 

) . 

1 * S ft 

/ , ^ • • y 

. . ' - . ' . • . * * • . • • 

. s * » % ^ - - • 
> ** ' , - v i i 

, * * * ' . . , TABjuE OF ""CONTENTS ( c o n t . ) 
* - '. * T* * * . " " 

^ - ' - «* 
* > '. • ' " p < * - - «•'** 

* '• ' 

CHAPTER 5 si RESULTS AND 'DISCUSSION -. . ". ....'.,.. ; 112 *• / 

* \ Preparation and spectral, properties of ' ̂  ' . 

<«*.p-ketosulphones and their, derivatives.... 114 \ ^ 

Reactions of a jg-ketosulphone diani6n.,.. 137 
* i . ' . * -

React ions 6f ,the carbonyl*grotip of 
. * ' . . c • % ^ / \ • 

j3-ketosulpnbn"es and some of their6 
* . » -

derivatives.. >.-. , r. .*.., \. ....*.:... 152 

' pKa values of some ,j8-ketQsulphones and . • . 

their derivativeŝ .« *. ' .' 154^ 
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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. 
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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. 
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'» ' « ' 

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 



\ 

4 

' ' -. . . 23" 

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

methoxyphenyl)sulphonylmefchane, 55-

'\ 032 021 JPi 

02 * me2 

> 

% k 
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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 



; • • 40 

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-



43 

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 * 



65 

% 

H 
H 
H 

© 

45 

»..*.,. 

f 

1 
3 

/ ' 

S 
+ 

r 

Jgr 



66 

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 



67 

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 



70 

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 
. • * • ' \ 

• 



78 

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_ ** 

* 
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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> 



:l. 
' -

• • ' > i 

88 

"*>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' 



• * v . • . « * *» *. , q 
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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 



f * ts 4 . - 102 

;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 

( 
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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 
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' 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-
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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 



JT^ 

120 

/ * 

: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 ' 
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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 
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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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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 


