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O R G A N I C  P R E P A R A T I O N S  AND P R O C E D U R E S  I N T .  6 ( 2 ) ,  77-102 ( 1 9 7 4 )  

a-mm SULFOXIDES: A REVIEW' 

C l i f f o r d  G. Venier  and  Howard J. Barage r ,  I11 
Department of Chemis t ry ,  Texas  C h r i s t i a n  U n i v e r s i t y  

F o r t  Worth, Texas  76129 

I n  r e c e n t  y e a r s ,  a - h a l o  s u l f o x i d e s  have  appea red  more 

and  more f r e q u e n t l y  i n  t h e  l i t e r a t u r e .  T h i s  s u r v e y  is 

meant t o  q u i c k l y  summarize methods o f  p r e p a r a t i o n ,  reac t ions ,  

and  u s e s  o f  a - h a l o  s u l f o x i d e s .  Because  of t h e  u n i q u e  chemi- 

c a l  p r o p e r t i e s  o f  o r g a n o f l u o r i n e  compounds compared t o  

compounds of t h e  o t h e r  ha logens ,  they w i l l  n o t  be i n c l u d e d  

here." I n  e a c h  sect ion of t h i s  r ev iew,  a - c h l o r o  compounds, 

o f  which t h e  most is known, w i l l  b e  t r e a t e d  f i r s t ,  f o l l o w e d  

by t h e  a-bromo and f i n a l l y  t h e  a - i o d o  d e r i v a t i v e s .  

INTRODUCT I ON 

The first r e p o r t e d  p r e p a r a t i o n  of an a - h a l o  s u l f o x i d e  

was t h a t  o f  Claasz' i n  1913 who p r e p a r e d  2 - n i t r o p h e n y l  

d ibromomethyl  s u l f o x i d e  by t h e  reac t ion  i n  e q u a t i o n  1. 

(1) 
S-CHzCOOH Bra,  HOAc, 

* Most of t h e  knowledge of a - f l u o r o  s u l f o x i d e s  ( u s u a l l y  
t r i f l u o r o m e t h y l  d e r i v a t i v e s )  c a n  be  found by c o n s u l t i n g  t h e  
work o f  Y a g u p o l ' s k i i ,  which  a p p e a r s  p r i m a r i l y  i n  Zh. Obshch. 
Khim 

79 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
1
6
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



C .  G .  V E N I E R  AND H .  J .  BARAGER, 111 

Mann and Pope were t h e  f i r s t  t o  u s e  b o t h  of t h e  m o s t  

common r o u t e s  t o  a - c h l o r o  s u l f o x i d e s .  They r e p o r t e d  t h e  

c h l o r i n a t i o n  o f  bis(B-chloroethy1)sulfoxide i n  1922,3 and 

t h e  o x i d a t i o n  of b i s ( c h l o r o m e t h y 1 ) s u l f  i d e  i n  1923.4 These  

t w o  methods ( e q u a t i o n  2 and e q u a t i o n  3 )  have  been  expanded 

g r e a t l y  o v e r  t h e  y e a r s ,  examples  o f  a l a r g e  number of 

d i f f e r e n t  c h l o r i n a t i n g  and o x i d i z i n g  agents h a v i n g  been  

r e p o r t e d  
0 

(C1) II 

( 0) II 

0 
II 

R2CH-S-R ,-> R2CC1-S-R 
0 

R2CC1-S-R -> R2CC1-S-R (3) 

P r e p a r a t i o n s  of a-bromo s u l f o x i d e s  b o t h  by o x i d a t i o n  

o f  t h e  c o r r e s p o n d i n g  a-bromo s u l f i d e s  and by b r o m i n a t i o n  

o f  s u l f o x i d e s  have  r e c e n t l y  been  r e p o r t e d  (see be low) .  

T h e r e  is no r e a s o n  t o  s u s p e c t  t h a t  e i t h e r  o f  t h e s e  r o u t e s  

w i l l  be  i n a p p l i c a b l e  t o  a - iodo  s u l f o x i d e  p r e p a r a t i o n s ,  

a l t h o u g h  n e i t h e r  h a s  been  r e p o r t e d .  I n  f a c t ,  t h e  o x i d a t i o n  

o f  a - i o d o  s u l f i d e s  t o  a - iodo  s u l f o n e s  has  been  s u c c e s s f u l l y  

c a r r i e d  o u t .  5 

R e c e n t l y ,  a t h i r d  g e n e r a l  r o u t e  t o  a - h a l o  s u l f o x i d e s  

h a s  been  deve loped  i n v o l v i n g  t h e  c o n d e n s a t i o n  of d i a z o  

compounds w i t h  

R2CN2 + 

s u l f i n y l  h a l i d e s 6 9 7 3 8  ( e q u a t i o n  4)  ~ 

0 : LiX II 
R2F-S-R + N2 

X 
R-S-X c o l d  ' (4)  

8 0  
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a-HALOSULFOXIDES. A REVIEW 

METHODS OF PREPARATION 

The methods  which have  been  used  up  t o  now t o  p r e p a r e  

a-halo s u l f o x i d e s  are e x h a u s t i v e l y  t a b u l a t e d  below. I n  

t h e  r e c e n t  p a s t  ( s i n c e  1968) c h l o r i n a t i o n  o f  s u l f o x i d e s  

has  r e c e i v e d  t h e  m a j o r i t y  o f  a t t e n t i o n .  Molecu la r  c h l o r i n e ,  

i odobenzene  d i c h l o r i d e ,  s u l f u r y l  chloride,  and t - b u t y l  hypo- 

ch lor i te  a l l  seem t o  work w e l l .  The c h o i c e  o f  r e a g e n t  f o r  

a p a r t i c u l a r  new c h l o r i n a t i o n  w i l l  p r o b a b l y  depend more on 

t h e  i n d i v i d u a l  c h e m i s t ’ s  t a s t e  t h a n  on  any  i n h e r e n t  s u p e -  

r i o r i t y  of a p a r t i c u l a r  r e a g e n t .  

The o x i d a t i o n  of a-halo s u l f i d e s  does have  a d v a n t a g e s  

o v e r  c h l o r i n a t i o n  o f  s u l f o x i d e s  i n  s p e c i f i c  cases. For 

example,  t h e  p o s i t i o n  of t h e  c h l o r i n e  c a n  be s p e c i f i e d  i n  

t h e  s y n t h e s i s  of t h e  a-halo s u l f i d e ,  so  t h a t  m i x t u r e s  o f  

p o s i t i o n a l  isomers c a n  be a v o i d e d .  The c o n d e n s a t i o n  o f  

mercap tans ,  a l d e h y d e s  and H C 1  l eads  t o  s p e c i f i c a l l y  

c h l o r i n a t e d   substrate^,^ as  does t h e  c o n d e n s a t i o n  of s u l -  

f e n y l  chlorides w i t h  d iazo compounds. 9 

The c o n d e n s a t i o n  o f  diazo compounds w i t h  s u l f i n y l  

chlorides leads d i r e c t l y  t o  a-chloro s u l f o x i d e s .  T h i s  

method has  t h e  p o s i t i o n  s p e c i f i c i t y  of some of t h e  a-chloro 

s u l f i d e  methods,  w i t h o u t  t h e  n e c e s s i t y  of a f u r t h e r  o x i -  

d a t i o n  s t e p .  O v e r a l l  y i e l d s  are h i g h  b e c a u s e  s u l f i n y l  

c h l o r i d e s  c a n  be p r e p a r e d  s i m p l y  from d i s u l f i d e s  or mer- 

c a p t a n s  by methods deve loped  by Douglass .”  

of diazo compounds w i t h  s u l f i n y l  c h l o r i d e s ( i n  t h e  p r e s e n c e  

o f  l i t h i u m  i o d i d e )  is a l s o  u s e f u l  f o r  t h e  p r e p a r a t i o n  o f  

a-iodo s u l f o x i d e s  

The r e a c t i o n  

7 
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C. G. VENIER AND H. J. BARAGER, I11 

1. From S u l f o x i d e s  

a-Chloro S u l f o x i d e s  

( a )  With Molecular Ch lo r ine . -  

C h l o r i n a t i o n  of s u l f o x i d e s  d i r e c t l y  w i t h  molecu la r  

c h l o r i n e  y i e l d s  t h e  a -ch lo ro  s u l f o x i d e s  i n  t h e  p re sence  of 

base .  Alkyl  s u l f o x i d e s  have been c h l o r i n a t e d  i n  t h i s  way i n  

60  t o  90 % y i e l d s .  11-14 

t h a t  t h e  c h l o r i n a t i o n  of methyl ch lo romethy l  s u l f o x i d e  l e a d s  

t o  methyl  t r i c h l o r o m e t h y l  s u l f o x i d e .  I r i u c h i j i m a  and 

Tsuch ihash i  have shown t h e  r e g i o s e l e c t i v i t y  of c h l o r i -  

n a t i o n  f o r  t h e  p o s i t i o n  a l p h a  t o  t h e  s u l f o x i d e  f u n c t i o n  i n  

phenyl  2-phenylethyl  su l fox ide12and  have c a r e f u l l y  s t u d i e d  

t h e  s t e r e o c h e m i s t r y  of the  c h l o r i n a t i o n  of six-membered r i n g  

s u l f o x i d e s  . 

Martin,  Berger,  and Pesche l”  showed 

14 

(b) With NaOC1.- 

The very f i r s t  c h l o r i n a t i o n  of a s u l f o x i d e  was c a r r i e d  

o u t  w i t h  t h i s  r e a g e n t .  Mann and Pope c h l o r i n a t e d  b i s ( 2 -  

c h l o r o e t h y l )  s u l f o x i d e  i n  a 10% y i e l d .  

(c) Wi th  S u l f u r y l  Ch lo r ide . -  

4 

T i n  and Durst15 r e p o r t e d  t h e  c h l o r i n a t i o n  of s u l f o x i d e s  

w i t h  s u l f u r y l  c h l o r i d e ,  o b t a i n i n g  y i e l d s  g e n e r a l l y  i n  t h e  

70  t o  90% r ange .  

is more r e g i o s e l e c t i v e  bu t  less s t e r e o s e l e c t i v e  t h a n  t y p i c a l  

c h l o r i n a t i o n s  carried o u t  i n  t h e  p resence  of p y r i d i n e .  

I r i u c h i j i m a  and Tsuch ihash i  have carried o u t  a ve ry  c a r e f u l  

s t u d y  comparing t h e  c h l o r i n a t i o n  w i t h  s u l f u r y l  chlor ide t o  

t h a t  w i t h  c h l o r i n e .  

T h i s  c h l o r i n a t i o n  i n  t h e  absence of base 

16 

14 
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a-HALOSULFOXIDES. A REVIEW 

(d)  W i t h  I o d o b e n z e n e  D i c h 1 o r i d e . -  

C i n q u i n i ,  C o l o n n a  a n d  t h e i r  coworkers h a v e  c a r r i e d  o u t  

e x t e n s i v e  i n v e s t i g a t i o n s  of t h i s  r e a g e n t  a s  a method of p r e p -  

a r a t i o n  of a - c h l o r o  s u l f o x i d e s .  17-'0 They h a v e  a l s o  r e p o r t e d  

a d e t a i l e d  s t u d y  of t h e  mechanism of t h e  r e a c t i o n . ' l  One o f  

t h e  g r e a t  a d v a n t a g e s  o f  t h i s  r e a g e n t  is t h a t  a - c h l o r o  s u l -  

f o x i d e s  may b e  p r o d u c e d  d i r e c t l y  from s u l f  i d e s , 1 7  t h e  i o d o -  

b e n z e n e  d i c h l o r i d e  s e r v i n g  as  b o t h  t h e  o x i d i z i n g  a n d  c h l o r i -  

n a t i n g  r e a g e n t .  are  ob- 

t a i n e d ,  w i t h  t h e  y i e l d s  from s u l f i d e s  b e i n g  s l i g h t l y  lower 

t h a n  t h o s e  f r o m  s u l f o x i d e s .  

( e )  W i t h  - t - B u t y l  H y p o c h 1 o r i t e . -  

Y i e l d s  i n  t h e  r a n g e  of 60 t o  90% 

I r i u c h i j i m a  a n d  T s u c h i h a s h i "  showed t h a t  t h i s  r e a g e n t  

c o u l d  b e  u s e d  as a " f r e e  r a d i c a l "  c h l o r i n a t i o n  a g e n t  or, i n  

t h e  p r e s e n c e  o f  p y r i d i n e ,  a s  a n  " i o n i c "  r e a g e n t .  A compara- 

t i v e  mechanism s t u d y  of t h i s  r e a g e n t ,  s u l f u r y l  c h l o r i d e ,  a n d  

m o l e c u l a r  c h l o r i n e  was a l s o  c a r r i e d  o u t  by them. 

( f )  W i t h  N-Chloroamides  

14 

The  c h l o r i n a t i o n  of s u l f o x i d e s  w i t h  N - c h l o r o s u c c i n i m i d e  

h a s  b e e n  r e p o r t e d  by T s u c h i h a s h i  a n d  O g ~ r a ~ ~  who r e p o r t  

d i f f e r i n g  p r o d u c t  c o m p o s i t i o n  f o r  t h e  c h l o r i n a t i o n  of m e t h y l  

b e n z y l  s u l f o x i d e  d e p e n d i n g  o n  t h e  w h e t h e r  p y r i d i n e  or p o t a s -  

sium ace ta t e  is u s e d  as  a b a s e .  The a u t h o r s  s u g g e s t  t h a t  a 

"free r a d i c a l "  mechanism is r e s p o n s i b l e  f o r  t h e  p r o d u c t i o n  

o f  o n l y  m e t h y l  c h l o r o b e n z y l  s u l f o x i d e  w i t h  K2C03, w h e r e a s  a n  

i o n i c  mechanism is o p e r a t i v e  when p y r i d i n e  is u s e d  a s  a base. 
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C. G. VENIER AND H. J. BARAGER, I11 

(9) With 1 - C h l o r o b e n z o t r i a z o l e  .- 
I n  1972, C i n q u i n i  and  Colonnaa4 r e p o r t e d  t h a t  l - c h l o r o -  

b e n z o t r i a z o l e  may be u s e d  t o  c h l o r i n a t e  s u l f o x i d e s  i n  70 t o  

90% y i e l d .  

(h )  Wi th  NOC1.- 

Loeppky and  Chang25 have  shown t h a t  s u l f  o x i d e s  may be 

y i e l d s  when c o n v e r t e d  t o  a - c h l o r o  s u l f o x i d e s  i n  60 t o  90% 

t r e a t e d  w i t h  e x c e s s  NOCl i n  t h e  p r e s e n c e  of p y r i d i n e .  

( i )  Wi th  - p-To luenesu l fony l  c h l o r i d e  .- 
Hojo and Yoshida2' p r e p a r e d  p h e n y l  c h l o r o m e t h y l  s u l f o x i d e  

from pheny l  me thy l  s u l f o x i d e  by t r e a t i n g  i t  w i t h  p - t o l u e n e -  

s u l f o n y l  c h l o r i d e  and  p y r i d i n e .  

a-Bromo S u l f o x i d e s  

( a )  With Molecu la r  Bromine.- 

The b r o m i n a t i o n  of s u l f o x i d e s  w i t h  m o l e c u l a r  bromine  

and  p y r i d i n e  h a s  been  c a r r i e d  o u t .  17,20927 

improved by t h e  u s e  of bromine i n  c o n j u n c t i o n  w i t h  s i l ve r  

n i t r a t e ,  b u t  s i l v e r  i o n  r e v e r s e s  t h e  s t e r e o c h e m i s t r y  of  

b r o m i n a t i o n  .20 

b r o m i n a t i o n  h a s  been  c a r e f u l l y  s t u d i e d .  

(b) With N-Bromoamides - 

Y i e l d s  c o u l d  b e  

The s t e r e o c h e m i s t r y  of  normal  s u l f  o x i d e  
2 8  

I r i u c h i j i m a  and  T s ~ c h i h a s h i ~ ~  r e p o r t  t h a t  N-bromosucci- 

n imide  g i v e s  better y i e l d s  of a-bromo s u l f o x i d e s  t h a n  does  

m o l e c u l a r  bromine, t h e  y i e l d s  r a n g i n g  from 70-90$ for s i m p l e  

compounds 
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a-HALOSULFOXIDES. A REVIEW 

2. From a-Halo s u l f i d e s .  

a -Chloro  S u l f  o x i d e s  

(a) With NaOC1.- 

I n  1926, Mul l e r  and  Metzger2’ u sed  NaOCl t o  o x i d i z e  b i s  

( a - c h l o r o e t h y l )  s u l f i d e  t o  t h e  c o r r e s p o n d i n g  s u l f o x i d e .  The 

method h a s  n o t  been  f u r t h e r  u s e d .  

(b) With Oxygen.- 

A 1957 patent3’ d e s c r i b e d  t h e  p r e p a r a t i o n  o f  a number o f  

a r y l  1 , 2 - d i c h l o r o v i n y l  s u l f o x i d e s  and  s u l f o n e s  by o x i d a t i o n  

o f  t h e  s u l f i d e s  w i t h  oxygen. 

( c )  With Ozone.- 
32 B:hme and Fischer3’  and la te r  Bordwe l l  and Brannen 

have  p r e p a r e d  a - c h l o r o  s u l f o x i d e s  i n  good y i e l d s  by o x i d a t i o n  

of a - c h l o r o s u l f i d e s  w i t h  ozone .  

( d )  With H202.-  

A 1957 pa ten t33  c l a i m s  t h e  o x i d a t i o n  o f  a - c h l o r o  s u l -  

f i d e s  t o  s u l f o x i d e s  w i t h  H 2 0 2 .  

of V205 a s  a c a t a l y s t  for H202 o x i d a t i o n s  of s u l f i d e s  t o  s u l -  

f o x i d e s  i n  g e n e r a l ,  Hardy, Speakman and R ~ b s o n ~ ~  p r e p a r e d  E- 

d o d e c y l  and pheny l  c h l o r o m e t h y l  s u l f o x i d e s  i n  a b o u t  7 0 %  

y i e l d s  

( e )  With P e r o x y a c i d s  .- 

I n  a d e s c r i p t i o n  o f  t h e  u s e  

P e r a c e t i c  a c i d  (or H202 i n  HOAc) is p e r h a p s  t h e  cheap-  

es t  peroxy a c i d  t h a t  one  c o u l d  u s e  for  t h i s  o x i d a t i o n .  Con- 

s e q u e n t l y ,  its u s e  is c o v e r e d  by a number of p a t e n t ~ ? ~ J ~ ~ - ~ ’  

Backer,  S t r a t i n g  and Hagenberg41 r e p o r t  t h e  u s e  of p e r a c e t i c  
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C. G. VENIER AND H. J. BARAGER, I11 

a c i d  f o r  t h e  o x i d a t i o n  of t - b u t y l  1 , 2 - d i c h l o r o v i n y l  s u l f i d e  

t o  t h e  s u l f o x i d e .  A r y l  p e r o x y  a c i d s  h a v e  b e e n  u s e d ,  i n c l u d -  

i n g ,  p e r b e n z o i c  a c i d ,  42 43 m - c h l o r o p e r b e n z o i c  a c i d ,  44-46 a n d  

m o n o p e r p h t h a l i c  a c i d . 5 s 4 7  T h e s e  a r y l  p e r o x y  a c i d s  seem t o  

g i v e  y i e l d s  i n  t h e  70-90% r a n g e .  

( f )  W i t h  N i t r i c  Acid . -  

The f i r s t  r e p o r t e d  o x i d a t i o n  of a n  a - c h l o r o s u l f i d e  t o  a n  

a - c h l o r o  s u l f o x i d e  was b y  Mann a n d  

t h e  p u r p o s e .  

( g )  W i t h  D i n i t r o g e n  T e t r o x i d e . -  

who u s e d  HN03 f o r  

W h i t a k e r  a n d  Bennet t4 '  h a v e  r e p o r t e d  t h e  o x i d a t i o n  of 

b i s ( c h l o r o m e t h y 1 )  s u l f i d e  t o  t h e  s u l f o x i d e  u s i n g  N204 

a-Bromo S u l f o x i d e s  

Two of t h e  t h r e e  d i a s t e r e o m e r i c  b i s ( a - b r o m o b e n z y l )  s u l -  

y i e l d  by  t he  ;-chloro- f o x i d e s  h a v e  been p r e p a r e d  i n  60-70s 

p e r b e n z o i c  a c i d  o x i d a t i o n  of t h e  c o r r e s p o n d i n g  s u l f  ide.49J50 

3. From t h e  R e a c t i o n  of S u l f i n y l  H a l i d e s  w i t h  Diazo 

Compounds. 

a - C h l o r o  S u l f  o x i d e s  

A l t h o u g h  a g e n e r a l  p r o c e d u r e  for  t h e  p r e p a r a t i o n  of 

a - c h l o r o  s u l f o x i d e s  from t h e  r e a c t i o n  of s u l f i n y l  c h l o r i d e s  

w i t h  d i a z o  compounds h a s  o n l y  r e c e n t l y  b e e n  p u b l i s h e d , 6  t h e  

r e a c t i o n  h a s  a p p e a r e d  i n  t h e  l i t e r a t u r e  twice p r e v i o u s l y .  

8 6  
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a-HALOSULFOXIDES. A REVIEW 

I n  1948, a B r i t i s h  g r o u p 5 1  r e p o r t e d  t h a t  t w o  moles of d i a z o -  

m e t h a n e  a d d  t o  o n e  mole of t h i o n y l  c h l o r i d e  t o  g i v e  b i s  

( c h l o r o m e t h y l )  s u l f o x i d e  i n  a 40 % y i e l d ,  i n  a r e a c t i o n  w h i c h  

h a s  b e e n  shown t o  g o  t h r o u g h  c h l o r o m e t h a n e s u l f i n y l  c h l o r i d e  

as  a n  i n t e r m e d i a t e .  52 

A y ~ a ~ ~  showed t h a t  t h e  a d d i t i o n  of a r e n e s u l f i n y l  chlo-  

r i d e s  t o  excess d i a z o m e t h a n e  g a v e  t h e  c o r r e s p o n d i n g  chloro-  

m e t h y l  s u l f o x i d e s  i n  low y i e l d s .  The g e n e r a l  p r o c e d u r e  d e -  

v e l o p e d  by V e n i e r ,  H s i e h  a n d  Barager '  o r d i n a r i l y  g i v e s  y i e l d s  

i n  t h e  r a n g e  of 70-90 % 

a-Bromo S u l f o x i d e s  

S e n n i n g  a n d  h i s  c o - ~ o r k e r s ~ ~  p r o d u c e d  bromomethyl  tri- 

c h l o r o m e t h y l  s u l f o x i d e  i n  15 % y i e l d  by t h e  r e a c t i o n  of tri- 

c h l o r o m e t h a n e s u l f i n y l  b r o m i d e  w i t h  d i a z o m e t h a n e .  V e n i e r  a n d  

B a r a g e r 8  h a v e  f o u n d  t h a t  t h e  r e a c t i o n  of s u l f i n y l  c h l o r i d e s  

w i t h  d i a z o  compounds i n  t h e  p r e s e n c e  of l i t h i u m  b r o m i d e  g i v e s  

a-bromo s u l f  o x i d e s  i n  good y i e l d s  

a - I o d o  S u l f  o x i d e s  

The  r e c e n t  r e p o r t  t h a t  i o d o m e t h y l  s u l f o x i d e s  c a n  b e  

p r e p a r e d  i n  60-90 % y i e l d s  by t h e  r e a c t i o n  of s u l f i n y l  

c h l o r i d e s  w i t h  d i a z o m e t h a n e  i n  t h e  p r e s e n c e  of l i t h i u m  

i o d i d e , ' l  h a s  b e e n  e x t e n d e d  t o  t h e  p r e p a r a t i o n  of o ther  a-iodo 

s u l f o x i d e s  I 
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C .  G .  VENIER A N D  H .  J .  BARAGER, 111 

4 .  M i s c e l l a n e o u s  Methods 

a -Ch lo ro  S u l f o x i d e s  

( a )  From V i n y l  S u 1 f o x i d e s . -  

A lexande r  and  McCornbie5’ added  C 1  t o  d i v i n y l  s u l f  o x i d e  
2 

t o  p roduce  b i s ( l , Z - d i c h l o r o e t h y l )  s u l f o x i d e  

(b) From a, @-Dich lo ro  S u l f  o x i d e s  - 
Both  Mul l e r  and  Metzger” and Alexande r  and  McCombie 55 

r e p o r t e d  many y e a r s  a g o  t h a t  t r e a t m e n t  of b i s  (1 ,  2 - d i c h l o r o -  

e t h y l )  s u l f o x i d e  w i t h  b a s e  l e d  t o  b i s ( 2 - c h l o r o v i n y l )  s u l -  

f o x i d e .  R e c e n t l y ,  Molenaar and  S t r a t i n g  have  shown t h i s  t o  

be  i n  error .  The p r o d u c t  is, w i t h o u t  q u e s t i o n ,  b i s  - 
( 1 - c h l o r o v i n y l )  s u l f o x i d e .  

( c )  From S u l f e n y l  Acetic Ac ids . -  

47 

One of t h e  more u n i q u e  methods  for t h e  p r o d u c t i o n  of 

a r y l  d i c h l o r o m e t h y l  s u l f o x i d e s  i n v o l v e s  t h e  t r e a t m e n t  of 

a r e n e s u l f e n y l  acetic a c i d s  w i t h  n i t r o s y l  c h l o r i d e ,  56 

been  p o s t u l a t e d  t h a t  t h e  i n i t i a l  o x i d a t i o n  t o  s u l f i n y l  acet ic  

a c i d s  is f o l l o w e d  by d i c h l o r i n a t i o n  t o  s u l f i n y l  d i c h l o r o -  

acet ic  a c i d s ,  

m e t h y l  su l fox ides5 ‘ (equa t ion  5 ) .  

I t  h a s  

t h e n  f i n a l l y  d e c a r b o x y l a t i o n  t o  t h e  d i c h l o r o -  

ArSCH2C02H -> ArS (0) CH2C02H - 
A r S ( 0 )  CC12C02H -> A r S ( 0 )  CHC12 (5) 

(d) From 1 , 2 - D i c h l o r o v i n y l  S u l f o x i d e s  * -  

Brown4‘ r e p o r t e d  t h a t  t r e a t m e n t  of 1 , 2 - d i c h l o r o v i n y l  

a a  
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a-HALOSULFOXIDES. A REVIEW 

s u l f o x i d e s  w i t h  base g i v e s  c h l o r o m e t h y l  s u l f o x i d e s .  

v i n y l  s u l f o x i d e s  are v i n y l o g o u s  s u l f i n y l  chlorides, and t h u s  

would be e x p e c t e d  t o  unde rgo  f ac i l e  h y d r o l y s i s  t o  v i n y l o g o u s  

s u l f i n i c  acids ,  which  are t a u t o m e r  o f  p-carbonyl  s u l f o x i d e s .  

These  d e r i v a t i v e s  c a n  unde rgo  a r e v e r s e  a c y l a t i o n  g i v i n g  t h e  

a - s u l f i n y l  c a r b a n i o n s  ( e q u a t i o n  6) . 

&Chloro- 

i ?  
A r -  -CCl=CCl-> Ar-!-CCl=;OH ,-> 

0 0 0 
II II II 

Ar-S-CHC1-C-R -> Ar-S-CHC1- 

(e) From o ther  U - C h l o r o  Su1fox ides . -  

S i n c e  s t r o n g  bases c a n  remove t h e  a - p r o t o n s  of a s u l -  

foxide g r o u p  i n  g e n e r a l ,  one  would e x p e c t  t h e  same t o  h o l d  

f o r  a-chloro s u l f o x i d e s  which  a l s o  p o s s e s s  a p r o t o n  on t h e  

a -ca rbon .  These  a n i o n s  s h o u l d  be a b l e  t o  s e r v e  as  n u c l e o -  

p h i l e s  i n  a w i d e  v a r i e t y  of c o n d e n s a t i o n  r e a c t i o n s .  Examples 

of c o n d e n s a t i o n s  w i t h  k e t o n e s  45957 t o  p roduce  c h l o r o h y d r i n s  

have  been  r e p o r t e d ,  as  have examples  of Michae l  a d d i t i o n  

t o  a c t i v a t e d  o l e f i n s 5 '  ( e q u a t i o n  7), and a l k y l a t i o n .  59 

0 
1) NaOMe 0 

II I t  
Ar-S-CHC12 - Ar-S-CC12CH2CH2C02Me (7) 

2) CH2=CHC02Me, PhCH3 

A German p a t e n t  describes t h e  n i t r a t i o n  of p r e e x i s t i n g  

a r y l  a - c h l o r o v i n y l  s u l f o x i d e s  which leads t o  n i t r a t i o n  of t h e  

aromatic r i n g  ra ther  t h a n  o x i d a t i o n .  60 

8 9  
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C. G. VENIER AND H. J. BARAGER, I11 

( f )  From S u 1 f e n a t e s . -  

Braverman a n d  Stabinsky61162 a n d  Zef  i r o v  a n d  

A b d u l v a l e e v a  63,64 

m e t h y l  s u l f o x i d e  when a l l y l  a l c o h o l  is a l l o w e d  t o  react  w i t h  

t r i c h l o r o m e t h a n e  s u l f e n y l  c h l o r i d e ,  p r o b a b l y  t h r o u g h  a n  i n -  

t e r m e d i a t e  s u l f e n a t e  ester.  When c i n n a m y l  a l c o h o l  is u s e d ,  

t h e  s u l f e n a t e  c o u l d  b e  i s o l a t e d  a t  -70° ,  b u t  s l o w l y  re- 

a r r a n g e d  t o  c i n n a m y l  t r i c h l o r o m e t h y l  s u l f o x i d e ,  I n t e r e s t -  

i n g l y ,  s i n c e  t h e  r e a r r a n g e m e n t  g i v e s  t h e  c i n n a m y l  d e r i v a t i v e  

r a t h e r  t h a n  t h e  1 - p h e n y l a l l y l  compound, t h e  s u l f e n a t e  t o  s u l -  

f o x i d e  r e a r r a n g e m e n t  c a n n o t  b e  a c o n c e r t e d  (3,2) s i g m a t r o p i c  

s h i f t  of t h e  t y p e  r e c e n t l y  e x p l o i t e d  by E v a n s .  

( g )  From A d d i t i o n  of G r i g n a r d s  t o  S u l f o n y l  C h l o r i d e s . -  

r e p o r t e d  t h e  i s o l a t i o n  of a l l y l  t r i c h l o r o -  

65 

S a n n a  a n d  S t e f a n o 6 6  r e p o r t e d  i n  1942 t h a t  s m a l l  a m o u n t s  

of e t h y l  or p h e n y l  t r i c h l o r o m e t h y l  s u l f o x i d e  c o u l d  b e  iso- 

l a t e d  when trichloromethanesulfonyl c h l o r i d e  was t r e a t e d  

w i t h  e t h y l -  or phenylmagnes ium c h l o r i d e .  

a-Bromo S u l f o x i d e s  

( a )  From V i n y l  S u l f  o x i d e s  - 
A d d i t i o n  of b r o m i n e  t o  d i v i n y l  s u l f o x i d e  y i e l d s  

b i s  ( 1 9 2 - d i b r o m o e t h y l )  s u l f  o x i d e  a55 

a n  i n t e r e s t i n g  case i n  w h i c h  asymmetry  is i n d u c e d  o n  t h e  
67 a - c a r b o n  by b r o m i n a t i o n  of o p t i c a l l y  a c t i v e  s u l f o x i d e .  

S t i r l i n g  h a s  r e p o r t e d  
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a-HALOSULFOXIDES. A REVIEW 

(b) From a, p-Dibromo S u l f o x i d e s  . - 
Trea tmen t  of b i s ( l , 2 - d i b r o m o e t h y l )  s u l f o x i d e  w i t h  b a s e  

47 l e a d s  t o  b i s  (1-bromovinyl) s u l f  o x i d e  

( c )  From S u l f e n y l  Acetic Acids . -  

The f i r s t  r e p o r t e d  a -ha lo  s u l f o x i d e  was 2 - n i t r o p h e n y l  

d ibromomethyl  s u l f o x i d e  p r e p a r e d  by t h e  t r e a t m e n t  of 2 - n i t r o -  
2 b e n z e n e s u l f e n y l  a c e t i c  a c i d  w i t h  bromine i n  acet ic  a c i d .  

F a ~ - r a r ~ ~  h a s  r e p o r t e d  t h a t  t r e a t m e n t  of t h i o d i a c e t i c  a c i d  

w i t h  bromine i n  b a s e  l e a d s  t o  hexabromodimethyl s u l f o x i d e .  

(d )  From Polybromo s u l f o x i d e s  D -  

Trea tmen t  of b i s ( t r ib romomethy1)  s u l f o x i d e  w i t h  sodium 
56 i o d i d e  g i v e s  t r i b romomethy l  d ibromomethyl  s u l f o x i d e .  

a - Iodo  S u l f o x i d e s  

Bordwe l l  and Brannen,32 i n  c o n n e c t i o n  w i t h  a s t u d y  of 

n u c l e o p h i l i c  d i s p l a c e m e n t s  a t  t h e  a - p o s i t i o n  of a s u l f i n y l  

group,  c h a r a c t e r i z e d  - p - n i t r o p h e n y l  i odomethy l  s u l f o x i d e  as  

t h e  p r o d u c t  when p n i t r o p h e n y l  c h l o r o m e t h y l  s u l f o x i d e  is 

t r e a t e d  w i t h  po ta s s ium i o d i d e .  Al though good y i e l d s  o f  iodo-  

m e t h y l  s u l f o x i d e s  a r e  o b t a i n e d  i n  t h i s  way,  t h e  r e a c t i o n  is 

v e r y  slow. Ref l u x i n g  p h e n y l  c h l o r o m e t h y l  s u l f o x i d e  w i t h  

sodium i o d i d e  i n  a c e t o n e  g i v e s  o n l y  43 % c o n v e r s i o n  i n  

15 h r .  8 
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C .  G .  V E N I E R  A N D  H .  J .  R A R A G E R ,  I11 

REACT IONS 

a-Halo s u l f o x i d e s  a r e ,  a f t e r  a l l ,  j u s t  a s p e c i a l  c lass  

o f  s u l f o x i d e s ,  and w i t h  c e r t a i n  e x c e p t i o n s  c a n  be e x p e c t e d  

t o  undergo  a l l  of t h e  g e n e r a l  r e a c t i o n s  o f  s u l f o x i d e s .  Thus, 

w e  s h a l l  l i m i t  o u r  s u r v e y  t o  those r e a c t i o n s  which  f o r  one  

r e a s o n  or a n o t h e r  seem t o  t a k e  advan tage  of t h e  combina t ion  

o f  p r o p e r t i e s  p e c u l i a r  t o  a-halo s u l f o x i d e s .  R e a c t i o n s ,  s u c h  

as t h e  o x i d a t i o n  of a-chloro s u l f o x i d e s  t o  a-chloro s u l f o n e s ,  

though u s e f u l ,  w i l l  n o t  be d i s c u s s e d .  

1. M e t a l l a t i o n  

I f  an  a-chloro s u l f o x i d e  p o s s e s s e s  a hydrogen  on  t h e  

ha logen-bea r ing  ca rbon ,  the  hydrogen is r e l a t i v e l y  a c i d i c .  

Upon a d d i t i o n  of n - b u t y l  l i t h i u m ,  a - l i t h i o ,  a-chloro s u l -  

foxides are formed,  

2 .  a - S u l f i n y l  Ca rban ions  as  N u c l e o p h i l e s  

47,57,68 

The a n i o n s  o f  a - c h l o r o  s u l f o x i d e s ,  p reformed a s  de-  

s c r ibed  above  or g e n e r a t e d  i n  s i t u  w i t h  weaker bases, are  

n u c l e o p h i l i c  and s o  c a n  be a l k y l a t e d ,  or s e r v e  a s  nuc leo -  

p h i l e s  i n  Michael add i t ions5 '  or i n  a ldo l - l i ke  a d d i t i o n  t o  

a l d e h y d e s  and k e t o n e s .  45957968-70 I n  t h e  case of a d d i t i o n  

t o  k e t o n e s ,  D u r s t  45,57 found t h a t  p re fo rming  t h e  c a r b a n i o n  

and t h e n  a l l o w i n g  it t o  react w i t h  t h e  s u b s t r a t e ,  f o l l o w e d  

by aqueous  work up l e d  t o  t h e  i s o l a t i o n  of c h l o r o h y d r i n s  

( e q u a t i o n  8 )  w h i l e  Tava res ,  Es t ep ,  and Blezard6'  and 

T s u c h i h a s h i  and Ogura" both found 

-- 
59 
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a-HALOSULFOXIDES. A REVIEW 

1) RzC=O 
PhS (0) CH2C1 + n-BuLi+PhS(O) CHC1-> PhS(0)  CHClCR20H (8) 

2) H2O 

t h a t  t h e  r e a c t i o n  of a-chloro s u l f o x i d e s  w i t h  k e t o n e s  i n  t h e  

p r e s e n c e  of p o t a s s i u m  t - b u t o x i d e  g a v e  a ,$-epoxy s u l f  o x i d e s .  

The  r e a c t i o n  of m e t h y l  c h l o r o m e t h y l  s u l f o x i d e  w i t h  t h i o b e n z o -  

p h e n o n e  i n  t h e  p r e s e n c e  of p o t a s s i u m  t - b u t o x i d e  g a v e  1,l- 

diphenyl-2-methanesulfinylethylene r a t h e r  t h a t  t h e  e x p e c t e d  

t h i i r a n e . 7 0  Kuwajima a n d  Fukuda" showed t h a t  t h e  a-chloro 

p - a l k o x y l  a n i o n  f o r m e d  by  t h e  p r o c e d u r e  o f  D u r s t ,  when t r e a t e d  

w i t h  a n  a d d i t i o n a l  mole of a l k y l  l i t h i u m ,  g a v e ,  among o t h e r  

p r o d u c t s ,  p-keto s u l f o x i d e s  ( e q u a t i o n  9 ) .  

1 )  CH3Li 

2) workup 
PhS (0) CHClCRHO- PhS (0) CHzC (0) R (9) 

3. N u c l e o p h i l i c  D i s p l a c e m e n t  of H a l o g e n .  

I n  some o f  its r e a c t i o n s  t h e  s u l f i n y l  g r o u p  reacts i n  

a n a l o g y  t o  t h e  c a r b o n y l  g r o u p  a n d  i n  o t h e r s ,  l i k e  t h e  s u l f o n y l  

g r o u p .  One way i n  w h i c h  s u l f o n y l  a n d  c a r b o n y l  d i f f e r  

g r e a t l y  is i n  t h e i r  e f fec ts  a s  n e i g h b o r i n g  g r o u p s  t o  a l i p h a t i c  

h a l o g e n .  a - C h l o r o  k e t o n e s ,  e.g., t h e  p h e n a c y l  h a l i d e s ,  a r e  

e x c e e d i n g l y  r e a c t i v e ,  w h i l e  a-chloro s u l f o n e s  p o s s e s s  a 

c h e m i c a l l y  i n e r t  ch lo r ine .  

l i s h e d  some t e n  y e a r s  ago t h a t  t h e  s u l f i n y l  g r o u p  showed 

i n t e r m e d i a t e  b e h a v i o r  i n  t h i s  case, r e a c t i n g  i n  a c e t o n e  

w i t h  p o t a s s i u m  i o d i d e  w i t h  p r a c t i c a l l y  t h e  same ra t e  a s  

n - b u t y l  c h l o r i d e  ( s e e  T a b l e ) .  

B o r d w e l l  a n d  Brannen3' e s t a b -  
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C .  G .  V E N I E R  AND H .  J .  BARAGER,  I11 

a Table .  R e l a t i v e  Rates of Reac t ion  w i t h  K I  i n  Acetone a t  75". 

Compound R e l .  Rate 

PhCOCH2Cl 32,000 

CH3CH2CH2CH2C1 (1.0) 

Ph S02CH2C 1 <o .02 

PhSOCH2C1 0.25 

a Data quoted from Reference 32. 

Curiously,  wi thout  r e f e r r i n g  t o  Bordwell  and Brannen 's  

earlier work, Hojo and Yoshida" r e p o r t  t h a t  phenyl  

chloromethyl  s u l f o x i d e  is i n e r t  t o  potassium i o d i d e  a t  

60' 
* 

Displacement of halogen has  been e x t e n s i v e l y  s t u d i e d  

i n  both t h e  a -ch loro  and a-bromo s u l f o x i d e s .  I n  t h e  c h l o r o  

series, t h e  f o l l o w i n g  n u c l e o p h i l e s  have been used: 

a lkoxides ,  21971-74 p h e n ~ x i d e , ~ ~  m e r ~ a p t i d e ~ l - ~ ~  and 

amines.25973974 N o r m a l  s u b s t i t u t i o n  products  a r i s e  i n  a l l  

cases except  t h e  m i n e s .  I n  1968, Loeppky and Chang noted 

"extens ive  a l k y l  carbon-su l fur  c leavage ' '  upon t r e a t i n g  phenyl  

chloromethyl  s u l f  ox ide  w i t h  ~ i p e r i d i n e ? ~  

subsequent ly  showed t h a t  t h e s e  c l e a v a g e  products  arise 

through decomposition of t h e  s u l f e n a t e  ester d e r i v e d  from t h e  

73,74 Numata and Oae 

* We8 f i n d  t h a t  PhSOCH2C1 is 43  $ converted i n t o  PhSOCH21 

by treatment w i t h  NaI i n  ace tone  a t  56' ( r e f l u x )  for  

15 h r s .  
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a-EALOSULFOXIDES. A REVIEW 

f i r s t  formed s u l f o x i d e  by r e a r r a n g e m e n t  ( e q u a t i o n  10). T h i s  

r e a r r a n g e m e n t  is so 

0 0 
II II 

Ar-S-CHaCl + HNRa -> Ar-S-CHs-NRa d A r - S - O - C H a - N R 2  

.-> Ar-S-NRa + RaN-CHa-NRa (10) 

f a c i l e  t h a t  no  examples  of t h e  a-amino s u l f o x i d e s  have  been 

p r e p a r e d  by t h e  d i s p l a c e m e n t  of ha logen .  

t -Bu tox ide  does n o t  d i s p l a c e  c h l o r i n e  i n  t h e  chloro-  - 
m e t h y l  ser ies  o f  compounds, a l l o w i n g  t h e  c o n d e n s a t i o n s  

described above  i n  s e c t i o n  2 t o  take p l a c e .  69-71 

I n  t h e  a-bromo series, d i s p l a c e m e n t s  by a l k o x i d e s ,  

20, 72-74 mercap t  i d e s ,  72-74 and amines  733 74 have  been  

carr ied o u t .  The r e s u l t s  were t h e  same as w i t h  t h e  chloro 

compounds, e x c e p t  t h a t  t h e  r e a c t i o n s  were f a s t e r  i n  t h e  

bromo series. 

4 .  E l i m i n a t i o n  r e a c t i o n s  

S i n c e  most o f  t h e  work d e a l i n g  w i t h  t h e  r e a c t i o n s  of 

a-halo s u l f o x i d e s  has been carried o u t  on s u b s t r a t e s  i n  

which 1 9 2 - e l i m i n a t i o n s  are n o t  a v a i l a b l e  pathways,  v e r y  

l i t t l e  is known a b o u t  these r e a c t i o n s .  Many years ago, 

Mul l e r  and Metzgera9 and Alexande r  and M ~ C o m b i e ~ ~  r e p o r t e d  

t h a t  1 , 2 - d i c h l o r o e t h y l  s u l f o x i d e s  e l i m i n a t e  t h e  a - c h l o r i n e  

when t reated w i t h  Et3N t o  g i v e  2 - c h l o r o v i n y l  s u l f o x i d e s .  

Molenaar and S t r a t ing ' ?  have  c o n c l u s i v e l y  shown t h a t  s u c h  

e l i m i n a t i o n s  o c c u r  w i t h  t h e  loss of t h e  more acidic  

a-hydrogen  and  @ - c h l o r i n e  t o  g i v e  1 - c h l o r o v i n y l  s u l f o x i d e s .  
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C. G. VENIEX AND I I .  J. BARAGER, I11 

Recent ly ,  Kuwajima and Fukuda" have r e p o r t e d  t h a t  t h e  t reat-  

ment of the  l i t h i u m  s a l t  of a-chloro-a-alkoxy s u l f o x i d e s  w i t h  

me thy l l i t h ium g i v e s ,  af ter  work up, p-keto s u l f o x i d e s .  What- 

e v e r  t h e  mechanism, t h i s  i n v o l v e s  e l i m i n a t i o n  of  HC1 t o  g i v e  

t h e  e n o l a t e  of t h e  f i n a l  product  (see e q u a t i o n  9).  

Carpino and Chen4' have shown t h a t  d, 1-bis (a-bromobenzyl) 

s u l f o x i d e  undergoes a 1 ,3 -e l imina t ion  analogous t o  t h e  

Ramberg-Backlund r e a c t i o n  of a-halo s u l f o n e s ,  t o  g i v e ,  a f te r  

a f u r t h e r  1 ,2 -e l imina t iona  a th i i r ene -S-ox ide  ( e q u a t i o n  11) . 
J a r v i s ,  Dutney, and AmonIi0 showed t h a t  t h e  XneSO s u b s t r a t e  

cou ld  be 

(11) 

conver t ed  t o  2,3-diphenylthiirane-l-oxide when t r e a t e d  w i t h  

hexamethylphosphorous t r i a m i d e  ( e q u a t i o n  12) . 

NON-CHEMICAL USES 

a-Chloro S u l f o x i d e s  

B i s (  1 , 2 , 2 - t r i c h l o r o e t h y l )  s u l f o x i d e  h a s  been r e p o r t e d  as 

a f u n g i c i d e .  37a75-79 

c h l o r o e t h y l )  s u l f o x i d e  were 100 '$ e f f e c t i v e  a g a i n s t  Pythium, 

Rhixoctonia ,  Fusarium, and Helminthosporim. 3 7 9 7 7  

I r i u c h i j i m a  and Tsuch ihash i  have r e p o r t e d  t h a t  a - ch lo ro  

s u l f o x i d e s  i n  g e n e r a l  may be u s e f u l  as pha rmaceu t i ca l  i n t e r -  

mediates, s o l v e n t s ,  c y t o s t a t i c s  ( a g a i n s t  l ung  c a n c e r )  o r  

hgpnot ics. 

Th i s  same compound and b i s ( 2 , 2 , 2 - t r i -  

Recen t ly ,  

14,80 
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a-HALOSULFOXIDES. A REVIEW 

a-Bromo S u l f o x i d e s  

Both b i s  ( tr ibromomet hy 1) s u l f  ox i d e  and tr ibromomet hy 1 

dibromomethyl  s u l f o x i d e  have  been  shown to  release bromine 

on e x p o s u r e  t o  l i g h t  and c a n  t h e r e b y  be  used  as  photo-  

a c t i v a t o r s .  81-82 

a s  a r a d i a t i o n  p r o t e c t i v e  a g e n t .  

I n  a d d i t i o n ,  hexabromo-DMSO is e f f e c t i v e  
83 

Acknowledgments.- The p r e p a r a t i o n  of t h i s  m a n u s c r i p t  was 

made p o s s i b l e  t h r o u g h  t h e  g e n e r o u s  s u p p o r t  of The Rober t  

A .  Welch F o u n d a t i o n .  
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