
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 27 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Organic Preparations and Procedures International
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t902189982

SYNTHESIS OF SULFOXIDES. A REVIEW
Józef Drabowicza; Marian Mikołajczyka

a Department of Organic Sulfur Compounds, Center of Molecular and Macromolecular Studies, Polish
Academy of Sciences, Boczna 5, POLAND

To cite this Article Drabowicz, Józef and Mikołajczyk, Marian(1982) 'SYNTHESIS OF SULFOXIDES. A REVIEW', Organic
Preparations and Procedures International, 14: 1, 45 — 89
To link to this Article: DOI: 10.1080/00304948209354895
URL: http://dx.doi.org/10.1080/00304948209354895

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t902189982
http://dx.doi.org/10.1080/00304948209354895
http://www.informaworld.com/terms-and-conditions-of-access.pdf


ORGANIC P R E P A R A T I O N S  AND PROCEDURES I N T  . lk(1.2). 45-89 (1982) 

SYNTHESIS OF SULFOXIDES . A REVIEW 

J d z e f  DRABOWICZ* and Marian M I K O Z A J C Z Y K  

Cen t re  o f  Molecu la r  and  Macromolecular  S t u d i e s  

P o l i s h  Academy o f  S c i e n c e s .  Department o f  Organ ic  
S u l f u r  Compounds. 90-362 JLddi. Boczna 5. POLAND 

INTRODUCTION ............................................ 
1 . 

1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 

8 . 
9 . 

2 . 
3 . 

1 . 
2 . 
3 . 

0xida;tion o d  . $ & d i d a  ................................ 
O x i d a t i o n  w i t h  Hydrogen Pe rox ide  ................. 
O x i d a t i o n  w i t h  Organic  Pe rox ides  ................. 
Oxida t ion  w i t h  P e r a c i d s  .......................... 
O x i d a t i o n  w i t h  Ni t rogen  Con ta in ing  Compounds ..... 
Oxi d a t  i o n  w i  t h I o do b enz ene  De r i  va t i ve s ........... 
O x i d a t i o n  w i t h  Sodium Metape r ioda te  .............. 

" E l e c t r o p o s i t i v e "  Halo gens ....................... 
Oxida t ion  by Halogens and Compounds Con ta in ing  

Photochemical  Ox ida t ion  .......................... 
Oxida t ion  by Misce l l aneous  Reagents  .............. 
CvoxidazXon 0 6  Axhenen and T k i v &  ...................... 
Reacfivn vd U h g a n v m e U c  Cvmpvunh w i t h  S u R ~ u h o ~  
A c i d  D&vut.ive~ .................................... 
Thionyl  C h l o r i d e  ................................. 
S u l f i t e s  ......................................... 
S u l f i n d i a n i d e  .................................... 

47 

47 

47 

51 

52 

53 

56 

57 

59 

64 

64 

66 

67 

67 

67 

68 

45 
'1982 by Organic Preparations and Procedures Inc . 

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



DRABOWICZ AND MIKOLAJCZYK 

4 . RUcLLon 06 Uhganomc.taL&c Compounds L R h  SLLedilZic Acid 
l k t & ~ v a  ......................................... 68 

1 S u l f i n i c  A c i d s  E s t e r s  ............................ 68 

2 . S u l f i n a m i d e s  and  T h i o s u l f i n a t e s  .................. 70 

3 . S u l f o x i d e s  ....................................... 70 

4 . S u l f i n e s  ......................................... 71 

5 . Reac-tion 0 4  AhomaLLc Compouna iu-ith SuRdinyl  
C h l o h i d a  ......................................... 72 

1 . T h i o n y l  C h l o r i d e  ................................. 72 

2 . S u l f i n y l  C h l o r i d e s  ............................... 72 

6 . Addi t ion  0 6  SURdinyL C U o t i d u  .to !Iaa x'wuzi ed 
Compounds ........................................ 73 

7 . A d d i t i o n  o d  SuR6en.L~ Acid.& t o  L!vlcsatwlated 
Compounds ........................................ 73 

8 . R e ~ n g e m ~ n t a g S L L e d e l Z i c  Acid E o A m  .................. 75 

9 . HydRotyoD S d d m n ~  .............................. 75 

10 . lkbnLna-tion 0 6  Su.&@xi.m,&a .......................... 76 

1 1  . Uinc&aneou Me&o& ................................ 77 

REFERENCES ............................................. 79 

46 

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



SYNTHESJS OF SUTJFOXIDES. A REVIEW 

SYNTHESIS OF SULFOXIDES. A REVIEW 

Joze f  Drabowicz* and Marian Mikozajczyk 

Center  of Molecular  and Macromolecular S t u d i e s  
P o l i s h  Academy of  S c i e n c e s ,  Department o f  Organic  
S u l f u r  Compounds, 90-362 t o d z ,  Boczna 5 ,  POLAND 

INTRODUCTION 

The p r e p a r a t i v e  a p p l i c a t i o n  o f  o r g a n i c  s u l f o x i d e s  i n  mo- 

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

i n t e r e s t .  For t h i s  r eason  much a t t e n t i o n  was d i r e c t e d  toward 

t h e  e l a b o r a t i o n  of  e f f i c i e n t  methods f o r  t h e  p r e p a r a t i o n  o f  

s u l f o x i d e s .  E a r l i e r  methods f o r  t h e  s y n t h e s i s  o f  s u l f o x i d e s  

have been reviewed up t o  1955. l  Johnson and Sharp'  i n  t h e i r  

review on t h e  chemis t ry  of  s u l f o x i d e s  f o r  t h e  p e r i o d  1961-  

-1966  have a l s o  c o l l e c t e d  some methods o f  s y n t h e s i s  o f  s u l -  

f o x i d e s .  Recen t ly ,  i n  t h e  book "Organic S u l f u r  Chemistry"  e d i -  

t e d  by Oae t h e  most impor t an t  methods of  s y n t h e s i s  o f  s u l f o -  

x ides  a r e  summarized . The i n t e n t i o n  o f  t h i s  rev iew i s  t o  p r e -  

s e n t  e x h a u s t i v e l y  t h e  methods f o r  t h e  p r e p a r a t i o n  o f  s u l f o x i -  

des  and t o  b r i e f l y  d i s c u s s  t h e i r  s cope ,  l i m i t a t i o n s  and me- 

chanisms.  

3 

1 .  OXIDATION OF SULFIDES 

The o l d e s t  v e r y  conven ien t  and most wide ly  a p p l i e d  s u l -  

fox ide  s y n t h e s i s  c o n s i s t s  of t h e  o x i d a t i o n  o f  s u l f i d e s  t o  
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s u l f o x i d e s .  S i n c e  1865, when Marcker4 f i r s t  d e s c r i b e d  t h e  syn-  

t h e s i s  of  d i b e n z y l  s u l f o x i d e  by o x i d a t i o n  o f  d i b e n z y l  s u l f i d e  

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

been t h e  s u b j e c t  o f  e x t e n s i v e  s t u d y  and v a r i o u s  s y n t h e t i c  p r o -  

cedures  a r e  now a v a i l a b l e .  They w i l l  b e  d i s c u s s e d  below w i t h  

i n d i c a t i o n  of  t h e i r  advan tages  and l i m i t a t i o n s .  

1 . 1 .  Oxid-n Pe rox ide  

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

t a l y s t s  i s  t h e  most commonly used  r e a g e n t  t o  c o n v e r t  s u l f i d e s  

t o  s u l f o x i d e s .  G e n e r a l l y ,  t h i s  r e a c t i o n  can  be  d e s c r i b e d  by 

t h e  f o l l o w i n g  e q u a t i o n .  

R-S-R’ + H 2 0 2  R-S-R’ + H 2 0  
II 
0 

The major  d i f f i c u l t y  encoun te red  i n  t h e  p r e p a r a t i o n  o f  s u l f o -  

x i d e s  by t h i s  method i s  a f a c i l e  o v e r - o x i d a t i o n  t o  t h e  c o r r e s -  

ponding  s u l f o n e s .  

1 . 1 . 1 .  HyCiygge;-P!ygxid! 

Gazdar and Smi les  and Hinsberg6  r e p o r t e d  independen t ly  

i n  1908 t h a t  s u l f i d e s  may be o x i d i z e d  q u a n t i t a t i v e l y  t o  s u l f o -  

x i d e s  by hydrogen p e r o x i d e  i n  a c e t o n e  o r  aqueous s o l u t i o n  a t  

romm tempera tu re .  Th i s  r e a g e n t  h a s  been  used  f o r  t h e  s y n t h e s i s  

o f  a l i p h a t i c ,  a r o m a t i c  and h e t e r o c y c l i c  s u l f o x i d e s .  7 , 8  The 

o n l y  drawback is  t h e  r e l a t i v e l y  long  r e a c t i o n  time needed f o r  

comple t ion  o f  t h e  o x i d a t i o n .  S i n c e  t h i s  p r o c e d u r e  i s  ve ry  mi ld  

it can  be s u c c e s s f u l l y  a p p l i e d  t o  t h e  p r e p a r a t i o n  of  t h e  a c i d  

s e n s i t i v e  s u l f o x i d e s ,  such  a s  a l l y 1  s u l f o x i d e s 9  o r  s i l y l - s u b -  

s t i t u t e d  v i n y l  s u l f o x i d e s ”  of  s t r u c t u r e  I .  
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R3Si(CH 1 -S-CH=CH2 I 

0 
II 

Sander”  found t h a t  t r e a t m e n t  of  t h i e t a n e  I 1  w i t h  hydrogen 

p e r o x i d e  gave t h i e t a n e  s u l f o x i d e  I11  i n  65% y i e l d .  

I 1  I 1 1  

M e s i t y l  f e r r o c e n y l  s u l f o x i d e  was p r e p a r e d  from t h e  co r re spon-  

d i n g  s u l f i d e  by o x i d a t i o n  w i t h  hydrogen p e r o x i d e  i n  aqueous 

po ta s s ium hydroxide  s o l u t i o n  a t  pH 7-9 .  l 2  P r i l e z h a j e v a  

& . l 3  found t h a t  u n s a t u r a t e d  s u l f i d e s  c a n  be  o x i d i z e d  s e l e c t i -  

v e l y  t o  s u l f o x i d e s  by hydrogen p e r o x i d e  i n  a c e t i c  anhydr ide  

a t  room t e m p e r a t u r e  i n  68-89% y i e l d .  

- e t  

1 4  3-Methyl-2,’-dihydrothiophene-1-oxide ( I V )  was p r e p a r e d  

i n  5 7 %  y i e l d  from t h e  c o r r e s p o n d i n g  s u l f i d e  w i t h  i iydrogen 

p e r o x i d e  i n  a c e t o n e  s o l u t i o n  a t  0’. 

I I  I V  
0 

I1 V 
0 

By t h e  same p r o c e d u r e  t h e  s u l f o x i d e s  d e r i v e d  from th iophene  

a s  we l l  a s  t h e  s u b s t i t u t e d  th iophene  s u l f o x i d e s  V were a l s o  

o b t a i n e d .  15 

’ - 1  - 2. Hrdrosen-Perox~de-~n_the_Presence_of_Acl~ 

Oxida t ion  o f  s u l f i d e s  t o  s u l f o x i d e s  by hydrogen p e r o x i d e  

has  been found t o  be s u b j e c t  t o  a c i d  c a t a l y s i s . ’  S u l f u r i c ,  

p e r c h l o r i c 1 6  and a c e t i c  a c i d s ’  a r e  most commonly used  a s  c a -  
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DRABOWICZ AND MIKOLAJCZYK 

t a l y s t s .  By means of t h i s  p rocedure  some s u l f o x i d e s  o f  more 

t h a n  r o u t i n e  i n t e r e s t  were s y n t h e s i ~ e d . ’ ~  Di t tmer  and Levy 

found,  f o r  i n s t a n c e ,  t h a t  o x i d a t i o n  of  d ibenzoy l  s t i l b e n e  e p i -  

s u l f i d e  ( V I )  w i t h  hydrogen pe rox ide  i n  a c e t i c  a c i d  gave two 

d i a s t e r e o m e r s  of  s u l f o x i d e  V I I .  

18 

H202 ,AcOH 
(PhCO) PhC - CPh (OCPh) (PhCO) \s, CPh (OCPh) (3)  

*// *... 
‘S’ 

a .  

VI I VI 

Oxida t ion  o f  d i t h i o a c e t a l s  V I I I  t o  t h e  co r re spond ing  rnonooxi- 

des  IX u s i n g  hydrogen pe rox ide  i n  a c e t i c  a c i d  was r e p o r t e d  
20 by Tsuchihashi’’  and S c h i l l .  

H 2 0 2 ,  AcOH 
RS - C H  2S R * RS-CH2-SR 

II 
0 

V I I I  IX 

( 4 )  

x ide  i n  a b s o l u t e  t - b u t y l  a l c o h o l  c o n t a i n i n g  a c a t a l y t i c  amo- 

unt o f  vanadium pen tox ide  a t  1 5 ° . 2 1  Conversion of s u l f i d e s  

t o  s u l f o n e s  t a k e s  p l a c e  a t  45’. The o x i d a t i o n  of  s u l f i d e s  t o  

s u l f o x i d e s  by t h i s  method i s  ve ry  advantageous  and was app-  

l i e d  t o  t h e  o x i d a t i o n  o f  l a b i l e  s u l f i d e s  such a s  a - c h l o r o s u l  

f i d e s  and a - a c e t o x y s u l f i d e s .  From t h e  s y n t h e t i c  p o i n t  o f  

view,  i t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  vanadium p e n t o x i d e ,  i n  

a d d i t i o n  t o  i t s  c a t a l y t i c  a c t i o n ,  €unc t ions  a l s o  a s  an i n d i -  

c a t o r  i n  t h i s  r e a c t i o n .  I n  t h e  p re sence  o f  hydrogen p e r o x i d e ,  

t h e  r e a c t i o n  mix tu re  i s  orange  wh i l e  i n  t h e  absence  of  hydro-  
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gen p e r o x i d e  a p a l e  y e l l o w  c o l o r  i s  o b s e r v e d .  Thus ,  i t  i s  

p o s s i b l e  t o  p e r f o r m  t h e  o x i d a t i o n  r e a c t i o n  a s  a t i t r a t i o n  en -  

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

1 . 1 . 4 .  H y d r o g e n _ P e r o x ~ d e ! s e ~ ~ n ~ ~ ~ - ~ ~ o ~ ~ ~ ~ - ~ y ~ ~ e ~  
R e c e n t l y  Drabowicz and M i k o l a j c z y k 2 2  r e p o r t e d  a h i g h l y  

s e l e c t i v e  and r a p i d  o x i d a t i o n  o f  s u l f i d e s  t o  s u l f o x i d e s  u s i n g  

hydrogen  p e r o x i d e j s e l e n i u m  d i o x i d e  s y s t e m .  The r e a c t i o n  t a k e s  

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

p e r o x i d e  and s e l e n i u m  d i o x i d e  t o  a s o l u t i o n  o f  s u l f i d e  i n  me- 

t h a n o l  a t  room t e m p e r a t u r e .  D i a l k y l ,  a r a l k y l  and d i a r y 1  sul- 

f o x i d e s  a r e  o b t a i n e d  i n  8 0 - 9 5 %  y i e l d .  A s  f a r  a s  t h e  n a t u r e  

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

l e n i n i c  a c i d  a c i d  ( X )  i s  t h e  t r u e  o x i d i z i n g  a g e n t .  

f10 -S e - OOH 
/I 
0 

X 

I n  t h i s  c o n t e x t  i t  is  i n t e r e s t i n g  t o  n o t e  t h a t  Re ich  a. 
r e c e n t l y  d e s c r i b e d  t h e  o x i d a t i o n  o f  me thy l  p h e n 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  by means o f  p h e n y l p e r s e l e n i n i c  

a c i d  and much e a r l i e r  M e l n i k o ~ ~ ~  i n d i c a t e d  t h a t  s u l f i d e s  may 

be  c o n v e r t e d  to s u l f o x i d e s  by r e f l u x i n g  w i t h  s e l e n i u m  d i o x i d e  

€ o r  a few h o u r s  i n  c h l o r o f o r m .  

1 . 2 .  O x i d a t i o n  w i t h  O r c a n i c  Pe rox ides -  

I n  1 9 5 4  Bateman and  Hargrave’’ found t h a t  c y c l o h e x y l  

m e t h y l  s u l f i d e  may be o x i d i z e d  q u a n t i t a t i v e l y  t o  t h e  s u l f o x i -  

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

o r  h y d r o c a r b o n  s o l v e n t .  I t  was l a t e r  r e p o r t e d 2 6  t h a t  o r g a n i c  
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DRABOWICZ AND MIKOLAJCZYK 

p e r o x i d e s  r e a c t  w i t h  u n s a t u r a t e d  s u l f i d e s  a t  50-55 '  a f f o r d i n g  

s u l f o x i d e s  a c c o r d i n g  t o  E q . 5 .  

R-S-R'  + R"0OH - R-S-R '  + R'IOH ( 5 )  
II 
0 

The y i e l d s  of s u l f o x i d e s  t h u s  o b t a i n e d  were between 5-100% 

and s t r o n g l y  dependent  upon t h e  s t r u c t u r e  of b o t h  s u l f i d e  

and hydrope rox ide .  

Horner  and J i i rgensZ7  and l a t e r  P r y o r  and B ick leyZ8  r e p o r -  

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

p o s e s  t o  g i v e  s u l f o x i d e s .  T h i s  r e a c t i o n  h a s  been  shown t o  

o c c u r  a s  an  i o n i c  p r o c c e s s .  However, t i l l  now i t  has  n o t  found 

wide r  a p p l i c a t i o n .  

Very r e c e n t l y  Ganem g .  2 9  showed t h a t  Z-hydroperoxy- 

hexaf  l uo ro -2 -p ropano l  ( X I )  i s  a c o n v e n i e n t  r e a g e n t  f o r  t h e  

c o n v e r s i o n  of  s u l f i d e s  i n 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 s  under  

mi ld  c o n d i t i o n s .  The r e a c t i o n  t a k e s  p l a c e  q u i c k l y  below room 

t e m p e r a t u r e  and a f f o r d s  s u l f o x i d e s  a lmost  q u a n t i t a t i v e l y .  

OH Off 

XI 

1 . 3 .  O x i d a t i o n  w i t h  P e r a c i d s  

Lewin3O i n  1928 r e p o r t e d  t h e  o x i d a t i o n  o f  s u l f i d e s  t o  

s u l f o x i d e s  by p e r b e n z o i c  a c i d  a t  o r d i n a r y  t e m p e r a t u r e s .  A 

v a r i e t y  o f  o t h e r  p e r a c i d s  may be used  f o r  t h i s  c o n v e r s i o n  

which has  been  t h e  s u b j e c t  o f  m e c h a n i s t i c  s t u d i e s . 3 1  The u s e  
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SYNTHESIS OF SUTaFOXIDES. A REVIEW 

o f  a v a r i e t y  o f  o p t i c a l l y  a c t i v e  p e r a c i d s  f o r  o x i d a t i o n  o f  

asymmetr ic  s u l f i d e s  r e s u l t e d  i n  t h e  f o r m 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  . 32  However, asymmetr ic  o x i d a t i o n  u s i n g  c h i -  

r a l  p e r a c i d s  a f f o r d s  low o p t i c a l  y i e l d s .  P e r a c i d s  used  f o r  

asymmetr ic  o x i d a t i o n  o f  s u l f i d e s  have been  e x h a u s t i v e l y  t a b u -  
33 l a t e d  i n  rev iews  by Nudelmann. 

1 . 4 .  Ox ida t ion  w i t h  N i t r o g e n  C o n t a i n i n g  ComDounds 

1 . 4 . 1 .  N i t r i c  Acid - - - - - - - - - - -  
N i t r i c  a c i d  i s  t h e  f i r s t  o x i d i z i n g  agen t  which was used  

t o  a c h i e v e  t h e  s u l f i d e  t o  s u l f o x i d e  c o n v e r s i o n .  A s  ment ioned 

above,  Marcker i n  1865 had f i r s t  p r e p a r e d  d i b e n z y l  s u l f o x i d e  

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

many d i a l k y l  s u l f o x i d e s  were p r e p a r e d  i n  t h e  same way. 

P o l a r d  and Robinson3' and more r e c e n t l y  Bordwell  and Boutan 

used  n i t r i c  a c i d  i n  a c e t i c  anhydr ide  t o  p r e p a r e  a r a l k y l  s u l f o -  

x i d e s .  

4 .  

34 

36  

A r e c e n t  d e t a i l e d  s t u d y  r e v e a l e d  t h a t  s u l f i d e s  may r e a c t  

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

d e r i v a t i v e s .  3 7  Under s u i t a b l e  c o n d i t i o n s  , however,  t h e  n i t r i c  

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

s u l f o x i d e s .  T h i s  may be due t o  t h e  s a l t  formed from s u l f o x i d e  

and n i t r i c  a c i d  which i s  r e s i s t a n t  t o  f u r t h e r  o x i d a t i o n  a t  

room t e m p e r a t u r e .  36 

1 . 4 . 2 .  Acvl - - -  Nit ra tes  

I n  1976 Low _ _  e t  a138 r e p o r t e d  t h a t  d i a l k y l  and a r a l k y l  

s u l f i d e s  r e a c t  r a p i d l y  wi th  a c e t y l  and benzoyl  n i t r a t e s  a t  

low t empera tu res  (-76') t o  g i v e  s u l f o x i d e s  i n  h i g h  y i e l d .  
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DRAHOWICZ AND MIKOLAJCZYK 

I t  i s  notewor thy  t h a t  a n  e x c e s s  o f  t h e  o x i d i z i n g  a g e n t  d i d  

n o t  l e a d  t o  s u l f o n e s .  A c e t y l  n i t r a t e  was p r e p a r e d  from a c e t i c  

anhydr ide  and conceritrated n i t r i c  a c i d .  Benzoyl nitrate was 

o b t a i n e d  from t h e  c o n d e n s a t i o n  between benzoy l  c h l o r i d e  and 

s i l v e r  n i t r a t e .  Both r e a g e n t s  were found t o  g i v e  s a t i s f a c t o r y  

r e s u l t s .  

1 .4 .3 .  Nltron~um-HexafluoroehogEhare 

Very r e c e n t l y  Olah e t  a?’ found t h a t  t r e a t m e n t  of  d i a l -  

k y l ,  a r a l k y l  and d i a r y l  s u l f i d e s  w i t h  n i t r o n i u m  h e x a f l u o r o -  

phospha te  a t  -78’ i n  methylene  c h l o r i d e  r e s u l t e d  i n  t h e  f o r -  

mat ion  of  s u l f o x i d e s  i n  good y i e l d s  (46 -95%) .  I n  t h e  c a s e  of 

o x i d a t i o n  o f  d i p h e n y l  s u l f i d e ,  small amounts o f  t h e  r i n g  n i -  

t r a t i o n  p r o d u c t s  were o b s e r v e d .  

1 . 4 . 4 .  Tha l l l um- l~ I l r -N~ t ra re  

Nagano - -  e t  al?’ found t h a t  t r e a t m e n t  o f  d i a l k y l  and d i a r y l  

s u l f i d e s  w i t h  t h a l l i u m  (111) n i t r a t e  ( 2 . 2  e q u i v a l e n t s )  a t  

room t e m p e r a t u r e  i n  c h l o r o f o r m - a c e t i c  a c i d  (3 :  1 )  r e s u l t e d  i n  

t h e  f o r m a t i o n  of s u l f o x i d e s  i n  h i g h  y i e l d s  (82-929,).  However, 

i n  c h l o r o f o r m - a c e t i c  anhydr ide  ( 3 : 1 ) ,  t h e  e x c l u s i v e  f o r m a t i o n  

of s u l f o n e s  was obse rved .  

1 .4 .5 .  Cerlc-Ammonlum-Nltrate 

Ho and Wang4’ demons t r a t ed  t h a t  c e r i c  ammonium n i t r a t e  

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

des  i n 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 s  under  v e r y  mi ld  c o n d i -  

t i o n s .  O v e r o x i d a t i o n ,  even i n  t h e  p r e s e n c e  o f  a n  e x c e s s  o f  

t h e  r e a g e n t ,  was n o t  obse rved .  However, t h i s  r e a g e n t  i s  n o t  

s u i t a b l e  f o r  t h e  o x i d a t i o n  of  d i a l k y l  s u l f i d e s  p o s s e s s i n g  
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SYNTHESIS OF SULFOXIDES. A REVIEW 

a - h y d r o g e n s .  T h i s  i s  most p r o b a b l y  due t o  t h e  Pummerer r e a c -  

t i o n  o f  t h e  s u l f o x i d e s  formed which  o c c u r s  u n d e r  t h e s e  con-  

d i t i o n s .  

Very r e c e n t l y  Ho4' r e p o r t e d  a n  improved p r o c e d u r e  con-  

s i s t i n g  i n  t h e  u s e  o f  c a t a l y t i c  amounts  o f  c e r i u m  (IV) s a l t s  

t o g e t h e r  w i t h  a c o o x i d a n t  ( B r O i ) ,  which r e c y c l e s  t h e  s p e n t  

c e r i u m  (111) i o n s .  T h i s  c a t a l y t i c  p r o c e d u r e  c a n  a l s o  b e  

a p p l i e d  t o  t h e  o x i d a t i o n  of  d i a l k y l  s u l f i d e s .  

O x i d a t i o n  o f  o r g a n i c  s u l f u r  compounds by " n i t r o u s  fumes" 

was f i r s t  r e p o r t e d  by Pummerer4' i n  1 9 1 0 .  I n  1 9 2 7  B e l l  and 

B e n n e t t 4 4  found t h a t  o x i d a t i o n  o f  1 , 4 - d i t h i a n e  by " n i t r o u s  

fumes" gave  t h e  t r a n s  i somer  o f  1 , 4 - d i t h i a n e  a - d i s u l f o x i d e .  

T h i s  o b s e r v a t i o n  was l a t e r  c o n f i r m e d  by W h i t a k e r . 4 5  I n  1953,  

f 1 0 r n e r ~ ~  used  d i n i t r o g e n  t e t r o x i d e  i n  c a r b o n  t e t r a c h l o r i d e  t o  

c o n v e r t  m e t h y l  p h e n 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  

i n  95: y i e l d .  Soon t h e r c a f t c r , i t  was found  by Add i son  and 

Sheldon" t h a t  a l k y l  s u l f i d e s  a r e  r e a d i l y  o x i d i z e d  by l i q u i d  

d i n i t r o g e n  t e t r o x i d e  t o  s u l f o x i d e s  w i t h o u t  c o n c o m i t a n t  forma- 

t i o n  o f  s u l f o n e s .  They showed t h a t  d i n i t r o g e n  t e t r o x i d e  

forms m o l e c u l a r  a d d i t i o n  compounds w i t h  a l k y l  s u l f o x i d e s  and 

s u g g e s t e d  t h a t  t h e i r  f o r m a t i o n  p r e v e n t s  f u r t h e r  o x i d a t i o n  a t  

s u l f u r .  D i n i t r o g e n  t e t r o x i d e  may h e  u s e d  f o r  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  p r o v i d e d  t h a t  f o r m a t i o n  of  N 2 0 3  i s  p r e v e n -  

t e d  by s c a v e n g i n g  t h e  r e a c t i o n  m i x t u r e  w i t h  oxygen.  48 
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DRABOWICZ AND MIKOLAJCZYK 

1 . 5 .  O x i d a t i o n  w i t h  Iodobenzene D e r i v a t i v e s  

1 .5 .1 .  Iodonobggsene 
Ford -Mo01-e~~  r e p o r t e d  i n  1 9 4 9  t h a t  iodosobenzene i s  a 

ve ry  conven ien t  r e a g e n t  f o r  t h e  c o n v e r s i o n  o f  ,8 -hydroxy s u l f  i- 

des  t o  t h e  co r re spond ing  s u l f o x i d e s  ( E q .  7 )  . 

R-S-R’ + PhI=O - R-S-R’ + PhI ( 7 )  

An i n t e r e s t i n g  example of  o x i d a t i o n  o f  c y c l i c  d i c a r b o x y l i c  

a c i d s  %-XI1 and t r ans -XI1  by iodosobenzene has  been d e s c r i -  

bed by Tokaya - e t  They found t h a t ,  whereas t r ans -XI1  

gave t h e  expec ted  s u l f o x i d e ,  %-XI1 was o x i d i z e d  t o  s u l f o -  

x i d e  XI11 w i t h  s imul t aneous  d e h y d r a t i o n .  

0 

- P h I = O  O=S$I ( 8 )  

- c i s -XI  I XI11 

1 . 5 . 2 .  lodobegsene-Dlacerate 
This  r e a g e n t  was f i r s t  used  by Sz!!lant and Su ld”  f o r  t h e  

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

XIV 

The o x i d a t i o n  o f  t h e  s u l f i d e  was c a r r i e d  o u t  i n  b o i l i n g  c 7 -  cc’- 

t i c  a c i d  f o r  2 4  h r s  u s i n g  an e q u i v a l e n t  amount o f  iodoben-  
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S Y N T H E S I S  OF S U L F O X I D E S .  A REVIEW 

zene d i a c e t a t e ;  s u l f o x i d e  X I V  was o b t a i n e d  i n  9 0 %  y i e l d .  

However, o x i d a t i o n  of  benzy l  pheny l  s u l f i d e  and d i b e n z y l  s u l -  

f i d e  by iodobenzene d i a c e t a t e  was found t o  be l e s s  e f f i c i e n t  

and gave t h e  co r re spond ing  s u l f o x i d e s  i n  51 and 2 1 %  y i e l d ,  
52 r e s p e c t i v e l y .  

1 .5 .3 .  lodobenzene-Dlchlorlde 
Montanari  and coworkers53  found t h a t  s u l f i d e s  were s e l e c -  

de i n  t i v e l y  o x i d i z e d  t o  s u l f o x i d e s  by iodobenzene d i c h l o r  

an,ueous p y r i d i n e  a c c o r d i n g  t o  E q . 9 .  

R-S-R’ + PhICIZ + 2 C  H N + H 2 0  + R-S-R’ + PhI+2CgH5N 
II 5 5  
0 

H C 1  ( 9 )  

Th i s  p rocedure  may be a p p l i e d  t o  t h e  p r e p a r a t i o n  of  a wide 

range  of  s u l f o x i d e s  such  a s  a l i p h a t i c ,  a r o m a t i c  and h e t e r o -  

c y c l i c  s u l f o x i d e s .  The r e a c t i o n  i s  a lmos t  i n s t a n t a n e o u s  and 

a f f o r d s  s u l f o x i d e s  i n  y i e l d s  o v e r  8 0 % .  I t  can  be used  t o  syn-  

t h e t i z e  s u l f o x i d e s  hav ing  l80  i n  t h e  s u l f i n y l  group.  

1 .6 .  O x i d a t i o n  w i t h  Sodium MetaDeriodate  

I n  1962, Leonard and Johnsons4 r e p o r t e d  t h e  s e l e c t i v e  

o x i d a t i o n  of s u l f i d e s  t o  s u l f o x i d e s  by sodium m e t a p e r i o d a t e  

( E q .  1 0 ) .  

R-S-R’ + NaI04 __t R-S-R’ + NaI03 (10) 
II 
0 

T h i s  r e a g e n t  was a p p l i e d  t o  t h e  p r e p a r a t i o n  o f  a c y c l i c ,  

c y c l i c ,  a l i p h a t i c ,  a r o m a t i c  and h e t e r o c y c l i c  s u l f o x i d e s .  

U s u a l l y ,  t h e  o x i d a t i o n  r e a c t i o n  i s  c a r r i e d  o u t  a t  0’ i n  a 

methanol -water  s o l u t i o n  and i s  complete  i n  3-12  h r s  a f f o r -  

d i n g  y i e l d s  o f  about  90% o r  h i g h e r .  
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DRABOWICZ AND MIKOLAJCZYK 

H a l l  _ -  e t  a l .  55  p r e p a r e d  b e n z y l p e n i c i l l i n  and phenoxymethyl 

p e n i c i l l i n  s u l f o x i d e s  f rom t h e  co r re spond ing  b e n z y l  e s t e r s  

by o x i d a t i o n  w i t h  sodium m e t a p e r i o d a t e  i n  d ioxane  s o l u t i o n  

w i t h  phosphate  b u f f e r .  A g e n e r a l  p rocedure  f o r  t h e  s y n t h e s i s  

o f  p e n i c i l l i n  s u l f o x i d e s  was r e p o r t e d  l a t e r  by  E s s e r y  et a_l. 

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

t h e i r  s a l t s  w i t h  sodium m e t a p e r i o d a t e  i n  aqueous s o l u t i o n  a t  

56 

pH 6 . 5 - 7 . 0 .  

More r e c e n t l y ,  1 - b u t a d i e n y l  phenyl  s u l f o x i d e  (XV) 57  and 

a-phosphoryl  s u l f o x i d e s  (XVI) 58 were o b t a i n e d  from t h e  c o r r e s -  

ponding s u l f i d e s  on t r e a t m e n t  

Ph-S-CH=CH-CH=CH2 
U 
0 

xv 

w i t h  sodium m e t a p e r i o d a t e .  

(RO) 2P-CH2-S-R’ 
II 
0 

I1 
0 

xv I 
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  s e l e c t i v e  o x i d a t i o n  

o f  t h e  t h i o e t h e r  group i n  t h e  p r e s e n c e  o f  t h e  d i s u l f i d e  bond 

was observed  when a me thano l i c  s o l u t i o n  o f  XVII was t r e a t e d  

w i t h  an  aqueous s o l u t i o n  of  sodium m e t a p e r i o d a t e .  59 

PhS-S-CH2CH2-C (0) -NH-CH2CH2-S-CH (Ph) 

NaI04 
XVI I 

PhS-S-CH2CH2-C (0) -NH-CH CH -S-CH(Ph) 
2 1 1  

0 XVII I 

The s e l e c t i v e  o x i d a t i o n  o f  s u l f i d e s  t o  s u l f o x i d e s  c a n  

a l s o  be c a r r i e d  ou t  w i t h  w a t e r - i n s o l u b l e  te t rabutylammonium 

p e r i o d a t e  i n  b o i l i n g  ch lo ro fo rm.  60 
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S Y N T H E S I S  O F  S U L F O X I D E S .  A REVIJ3W 

I n  1978 Lin  and Tong6' r e p o r t e d  a modi f ied  p rocedure  f o r  

t h e  r a p i d  and s imple  o x i d a t i o n  of  s u l f i d e s  t o  s u l f o x i d e s  u s i n g  

a lumin ia - suppor t ed  sodium m e t a p e r i o d a t e .  Ox ida t ion  o f  unsym- 

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

a s  s o l v e n t  was found t o  g i v e  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  

( o p t i c a l  p u r i t y  below 8 . 9 % ) .  

62 

Sugimoto -- e t  a163 and Ogura -- e t  a164 found t h a t  o x i d a t i o n  

o f  unsymmetr ica l  s u l f i d e s  and t h i o a c e t a l s  w i t h  sodium metaper-  

i o d a t e  i n  t h e  p r e s e n c e  o f  bov ine  serum albumin o c c u r s  i n  a n  

asymmetr ic  way t o  g i v e  c h i r a l  s u l f o x i d e s  of  h igh  o p t i c a l  pu- 

r i t y  (up t o  81%)  and i n  good y i e l d s  (27 t o  8 7 % ) .  

1 . 7 .  Ox ida t ion  by Halogens and Comuounds C o n t a i n i n g  

- " E l e c t  rou 0s i t  ive"Ha1ogens 

1 . 7 . 1 .  tIalggen_s 

Molecular  ha logens  have l o n g  been know t o  form a d d i t i o n  

compounds wi th  o r g a n i c  s u l f i d e s  which can  be subsequen t ly  hy- 

d r o l y z e d  t o  s u l f o x i d e s  a s  shown i n  Eq.12. 

* Z O  1 II 

+ -  
RR'SX X =RR'SXZ A R-S-R' + 2 H X  (12) 

0 
1 

The s y n t h e s i s  of s u l f o x i d e s  by t h i s  method has  been d i s c u s s e d .  

However, i t  shou ld  be r ecogn ized  t h a t  u n d e s i r e d  s i d e - r e a c t i o n s  

such  a s  c l e a v a g e  o f  C-S bonds o r  fo rma t ion  o f  C - C 1  bonds very  

o f t e n  predominate  ove r  s u l f o x i d e  f o r m a t i o n .  1 7 y 6 5  I n  t h e  c a s e  

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

obse rved .  6 6  

R e c e n t l y ,  Drabowicz and Mikola jczykb7 demons t r a t ed  t h a t  

s u l f o x i d e s  can  be o b t a i n e d  i n  h i g h  y i e l d s  and f r e e  o f  t h e  

above mentioned s i d e - p r o d u c t s  i f  t h e  r e a c t i o n  o f  s u l f i d e s  w i t h  
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DFABOWICZ AND MIKOLAJCZYK 

bromine o r  c h l o r i n e  a s  w e l l  a s  t h e  subsequen t  h y d r o l y s i s  o f  

t h e  a d d i t i o n  compounds i s  c a r r i e d  o u t  under  two-phase c o n d i -  

t i o n s  (CH2C12/H20) u s i n g  po ta s s ium hydrogen c a r b o n a t e .  Oxida- 

t i o n  of  p e n i c i l l i n  by c h l o r i n e  under  two-phase c o n d i t i o n s  was 

mentioned e a r l i e r  by Spray68 i n  a v e r y  s h o r t  f o o t n o t e .  

The r a t e  of  fo rma t ion  o f  s u l f o x i d e s  from s u l f i d e s  and 

i o d i n e  i n  aqueous s o l u t i o n  has  been found t o  be r e l a t i v e l y  

s low.  I t  may be a c c e l e r a t e d  by c e r t a i n  n u c l e o p h i l e s ,  e . g .  

p h t h a l a t e  i o n .  Higuchi  -- e t  a l6 '  found t h a t  o x i d a t i o n  o f  methyl 

benzy l  s u l f i d e  wi th  i o d i n e  i n  t h e  p r e s e n c e  o f  o p t i c a l l y  a c t i v e  

2-methyl-2-phenylsuccinate a s  a b u f f e r  gave methyl  benzy l  s u l -  

f o x i d e  which was o p t i c a l l y  a c t i v e  and had 6 . 3 5 %  o p t i c a l  purity-. 

A v e r y  i m p o r t a n t  m o d i f i c a t i o n  of  t h i s  method was r e p o r -  

t e d  by Ueno g a?' i n  which o x i d a t i o n  o f  s u l f i d e s  by bromine 

can  be c a r r i e d  o u t  under  anhydrous c o n d i t i o n s .  They found t h a t  

t r e a t m e n t  of s u l f i d e s  w i t h  bromine and t h e n  w i t h  h e x a b u t y l d i -  

s tannoxane  i n  o r g a n i c  s o l v e n t ,  a t  room t e m p e r a t u r e  a f f o r d e d  

s u l f o x i d e s  i n  h igh  y i e l d s  wi thou t  s u l f o n e  con tamina t ions  even 

wi th  an  excess  o f  o x i d i z i n g  a g e n t .  

I n  1964 S k e l l  and E p s t e i n "  showed t h a t  s u l f i d e s  r e a c t  

w i t h  r - b u t y l  h y p o c h l o r i t e  a t  low t empera tu res  t o  g i v e  a t  f i r s t  

a lkoxysul fonium s a l t s  X I X  which decompose t o  s u l f o x i d e s  a t  

room t empera tu re .  
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SYNTHESIS OF SULFOXTDES. A REVIEW 

- R-S-R’ ( 1 4 )  

0 
I1 

R-S-R’ + t-BuOC1 ------+ RR’S-OBu-t C 1  - 

XI x 
- I +  

Johnson and McCants 7 2  r e p o r t e d  t h a t  o x i d a t i o n  o f  c y c l i c  s u l f i -  

des  XX by t - b u t y l  h y p o c h l o r i t e  i n  methanol  gave i n  a l l  c a s e s  

c i s - s u l f o x i d e s  X X I  . -- 
0 

xx I xx 

The r e a c t i o n  o f  s u l f i d e s  XXII b e a r i n g  , the e t h y n y l  o r  c a r b o -  

methoxy group a t o  s u l f u r  w i t h  5 - b u t y l  h y p o c h l o r i t e  i n  metha- 

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

d e r i v a t i v e s  X X I I I  r a t h e r  t h a n  s u l f o x i d e s .  73 

- t - B  uOC 1 
Ar-S-CH2X : Ar-S-CH-X 

I 
O R  

XXI I X X I  I I 

R = Me, E t  X = C H - C - ,  C 0 2 C H 3  

Oae c t  a l ? 4  found t h a t  h y d r o l y s i s  o r  t h e r m o l y s i s  o f  O-men- 

thy loxysu l fon ium s a l t s  (XXIV) , p r e p a r e d  i n  s i t u  by r e a c t i o n  o f  

s u l f i d e s  w i t h  - t - b u t y l  h y p o c h l o r i t e  i n  t h e  p r e s e n c e  o f  menthol ,  

gave o p t i c a l l y  a c t i v e  d i a r y 1  s u l f o x i d e s  w i t h  o p t i c a l  p u r i t y  

o f  up t o  20%. 
+ - 

Ar-S - A r  ’ c1 
0 -Men t h 
I 

XXI  v 
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DRABOWICZ AND M I K O L A J C Z Y K  

1 . 7 . 3 .  %H~~~-C~~Q~I~~S 
Oae _ -  e t  a l ? ’  found t h a t  t r e a t m e n t  o f  a romat i c  s u l f i d e s  

wi th  one e q u i v a l e n t  o f  N-bromosuccinimide (NBS) i n  d ioxane-  

wa te r  (7 :3 )  s o l u t i o n  a t  room t e m p e r a t u r e  a f f o r d e d  t h e  c o r r e s -  

ponding s u l f o x i d e s  i n  h i g h  y i e l d s .  The r e a c t i o n  o f  NBS w i t h  

d i a l k y l  s u l f i d e s  and a r a l k y l  s u l f i d e s  under  t h e  same e x p e r i -  

mental  c o n d i t i o n s  r e s u l t e d  i n  C-S bond c l e a v a g e  and gave no  

s u l f o x i d e s . H a r v i l l e 7 6  r e p o r t e d ,  however,  t h a t  even  

d i a l k y l  s u l f i d e s  a r e  e f f i c i e n t l y  o x i d i z e d  t o  s u l f o x i d e s  wi th -  

o u t  concomi tan t  C-S bond c l e a v a g e  by N-bromo-or N-chlorosuc-  

c in imide  i n  methanol  a t  low t e m p e r a t u r e s .  

R e c e n t l y ,  Kunieda - -  e t  a l ? 7  u t i l i z e d  N-bromocaprolactam i n  

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

c a l l y  a c t i v e  a l c o h o l s  , t h i s  r e a c t i o n  p roduces  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  b u t  i n  low y i e l d s  and o p t i c a l  p u r i t y .  

B e n e ~ ~ ~  found t h a t  b i s -  ( 2 - c h l o r o e t h y l )  s u l f o x i d e  and t h e  

co r re spond ing  s u l f i m i d e ,  PhS02NS (CH2CH2C1) 

l y  formed i n  t h e  r e a c t i o n  between chloramine-B and b i s -  

( 2 - c h l o r o e t h y l )  - s u l f i d e  i n  aqueous s o l v e n t .  The amount o f  s u l -  

f o x i d e  i n c r e a s e s  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n  o f  w a t e r  i n  

t h e  r e a c t i o n  mix tu re .  

, a r e  s imul t aneous -  

S u l f i d e s  a r e  q u i c k l y  and e f f i c i e n t l y  conve r t ed  i n t o  s u l -  

f o x i d e s  by 1 - c h l o r o b e n z o t r i a z o l e  i n  methanol  a t  -7807’ i n  

y i e l d s  o f  68-98%; fo rma t ion  o f  s u l f o n e s  was n o t  obse rved .  

1 -Ch lo robenzo t r i azo le  canno t  be used f o r  t h e  c o n v e r s i o n  o f  d i -  

- t - b u t y l  s u l f i d e  and d i b e n z y l  s u l f i d e  i n t o  t h e i r  s u l f o x i d e s  

s i n c e  C-S bond b r e a k i n g  t a k e s  p l a c e  a t  an i n t e r m e d i a t e  s t a g e .  

Treatment  o f  benzy l  p - t o l y l  s u l f i d e  w i t h  1 - c h l o r o b e n z o t r i a z o l e  

62 

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



SYNTHESIS OF SULFOXIDES. A REVIEW 

fo l lowed  by s e q u e n t i a l  a d d i t i o n  o f  menthol  and s i l v e r  t e t r a -  

f l u o r o b o r a t e  produced  a n  o p t i c a l l y  a c t i v e  menthyloxys7Jlfonium 

s a l t .  I t s  h y d r o l y s i s  l e a d s  t o  o p t i c a l l y  a c t i v e  benzy l  p - t o l y l  

s u l f o x i d e .  80 

Oae - -  e t  al!' r e p o r t e d  o x i d a t i o n  o f  a number o f  s u l f i d e s  

w i t h  t h e  bromine complex o f  t e r t i a r y  amines i n  70% aqueous 

a c e t i c  a c i d  a s  s o l v e n t .  Py r id ine -b romine  and 1 , 4 - d i a z a b i c y c l o  

[Z,Z,Z]-octane-Z-bromine complexes gave s a t i s f a c t o r y  r e s u l t s .  

1.7.4. SuJf"yJ-ChJlrI-dg 

T r a y n e l i s  -- e t  al!' showed t h a t  t h e  low t e m p e r a t u r e  r e a c -  

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

of  c h l o r i n e - s u l f i d e  complexes which a r e  t h e n  r e a d i l y  hydro ly -  

zed t o  t h e  co r re spond ing  s u l f o x i d e s  i n  60 -97% y i e l d s .  Very 

r e c e n t l y  H 0 j 0 ~ ~  found t h a t  t r e a t m e n t  o f  a r a l k y l  and  d i a r y 1  

s u l f i d e s  w i t h  e q u i v a l e n t  amount of  s u l f u r y l  c h l o r i d e  i n  t h e  

p r e s e n c e  o f  a wet s i l i c a  g e l  a t  room t empera tu re  gave s u l f o -  

x i d e s  i n  an a lmos t  q u a n t i t a t i v e  y i e l d  wi thou t  fo rma t ion  of  

any c h l o r i n a t e d  p r o d u c t s .  With d i a l k y l  and benzy l  s u l f i d e s ,  

t h i s  r e a c t i o n  was c a r r i e d  a t  i c e  b a t h  t e m p e r a t u r e s  i n  o r d e r  

t o  avo id  a - c h l o r i n a t i o n .  A l l y l i c  s u l f o x i d e s  were a l s o  p r e p a r e d  

by t h i s  method w i t h o u t  c h l o r i n a t i o n  a t  t h e  a l l y l i c  p o s i t i o n .  

1.7.5. 2,4,4~61Tetrabromocyclohexadlenone 
Calo -- e t  a184 r e p o r t e d  t h a t  s u l f i d e s  cou ld  be o x i d i z e d  

e f f i c i e n t l y  t o  t h e  co r re spond ing  s u l f o x i d e s  uncontaminated  

by s u l f o n e s  by means of  2,4,4,6-tetrabromocyclohexadienone 

i n  d ioxane -wa te r  o r  t e t r a h y d r o f u r a n - w a t e r  s o l u t i o n  a t  room 

t emp e r a t  u r  e . 
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D M O W I C Z  AND MIKOLAJCZYK 

0 OH 

1 .8 .  Photochemical  Oxid a t i o n  

Photochemical  s y n t h e s i s  o f  s u l f o x i d e s  was r e p o r t e d  f o r  

t h e  f i r s t  time by Foote  and Peters” i n  1 9 7 1 .  They found t h a t  

d i a l k y l  s u l f i d e s  undergo s e n s i t i z e d  p h o t o o x i d a t i o n  t o  g i v e  

s u l f o x i d e s  i n  a smooth r e a c t i o n  ( E q . 1 8 ) .  

2 2 R2S + 0 hv 
s e n s .  2 RZSO 

S i n n r e i c h  -- e t  a l ? ‘  r e p o r t e d  d i r e c t  p h o t o o x i d a t i o n  o f  a l i p h a t i c  

s u l f i d e s  i n  hexane s o l u t i o n  and a s  s o l i d s .  The y i e l d s  o f  s u l -  

f o x i d e s  were q u a n t i t a t i v e .  Only d i - t - b u t y l  s u l f i d e  was n o t  

o x i d i z e d  under  t h e s e  c o n d i t i o n s .  Very r e c e n t l y ,  t h e  d i r e c t  

p h o t o o x i d a t i o n  o f  s u l f i d e s  a s  w e l l  a s  t h e  photochemica l  oxygen 

t r a n s f e r  from s e l e n o x i d e s  t o  s u l f i d e s  was d e s c r i b e d  by Tezuka 

-- e t a 18 7The fo rma t ion  o f 3 - - t - bu ty  1 s u l  f i ny  1 cyc 1 o b u t  ane and 

4-~-butylsulfinylcyclohexane i n  t h e  photochemica l  oxygen 

t r a n s f e r  from aza -a romat i c  N-oxides t o  t h e  co r re spond ing  s u l -  

f i d e s  has  been r e p o r t e d  by Boyd - e t  -- a l .  88 

1 . 9 .  Ox ida t ion  bv M i s c e l l  aneous Reagents  

I n  1926, Knoll8’ found t h a t  chromic a c i d  o x i d i z e s  s u l f i -  

d e s  t o  s u l f o x i d e s .  However, t h i s  o x i d a t i o n  p rocedure  i s  n o t  

s e l e c t i v e  and s u l f o n e s  a r e  a l s o  formed?’ T h e i r  fo rma t ion  may 

be reduced  by t h e  use o f  p y r i d i n e  a s  s o l v e n t .  91 
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SYNTHESIS OF SUTJFOXTDES. A REVIEW 

Oxida t ion  of  d i - n - b u t y l  s u l f i d e  w i t h  a c t i v a t e d  manganese - 

d i o x i d e  i n  l i g h  pe t ro l eum gave d i -g -  b u t y l  s u l f o x i d e  e x c l u s i -  

vely.’l  However, t h e  r e a c t i o n  was v e r y  s low a t  room tempera tu -  

r e  and a 7 1 %  y i e l d  was o b t a i n e d  a f t e r  85 h r s .  T h i s  method i s  

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

7 6  h r s ,  d i a l l y l  s u l f o x i d e  was i s o l a t e d  i n  on ly  13% y i e l d .  

Bohme e t  a1?2  r e p o r t e d  t h a t  l e a d  t e t r a a c e t a t e  i n  a c e t i c  _ _  
a c i d  s o l u t i o n  o x i d i z e s  d i b e n z y l  s u l f i d e  and methyl  pheny l  s u l -  

f i d e  t o  s u l f o x i d e s .  

Se l enox ides  r e a d i l y  c o n v e r t  d i a l k y l  s u l f i d e s  i n t o  s u l f o -  

x i d e s  i n  a c e t i c  a c i d  s o l u t i o n  b e i n g  t h e m s e l f  reduced  t o  se le -  
93 n i d e s .  

R’-S-R’ + R-Se-R - R’-S-R’ + R-Se-R (1 9) 
II 
0 

II 
0 

The y i e l d s  of s u l f o x i d e s  are  s t r o n g l y  dependent  on t h e  s t e r i c  

e f f e c t s  of  a l k y l  g roups .  The r e a c t i o n  does  n o t  occur  i n  metha- 

n o l  o r  benzene .  

R e c e n t l y ,  Faeh l  and Kiceg4 r e p o r t e d  t h a t  d i b e n z y l  and d i -  

b u t y l  s u l f i d e s  can  be c l e a n l y  o x i d i z e d  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 s  by a r o m a t i c  s e l e n i n i c  a c i d s  i n  t h e  p r e s e n c e  o f  

s t r o n g  a c i d  c a t a l y s t  i n  a c e t o n i t r i l e  s o l u t i o n .  The s t o i c h i o -  

metry o f  t h e  r e a c t i o n  i s  shown below.  

H+ R2S + 2/3 ArSe0 €% --- R2S=@ + 1 / 3  ArSe-SeAr + 1 / 3  H 2 0  (20 )  2 

Diphenyl  s u l f o x i d e  was o b t a i n e d  when a s o l u t i o n  o f  d iphe -  

n y l  s u l f i d e  was t r e a t e d  wi th  p o t a s s i u m  hydrogen s u l f a t e  i n  

e t h a n o l  and a c e t i c  a c i d .  95 
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DRAAOWICZ AND MIKOLAJCZYK 

Horner _ _  e t  a196 r e p o r t e d  o x i d a t i o n  o f  s u l f i d e s  w i t h  ozone.  

However, t h e  r e a c t i o n  of b i s - (2 -hydroxye thy l )  s u l f i d e  w i t h  

1 . 5  e q u i v a l e n t  o f  ozone gave a 1 : l  m i x t u r e  o f  t h e  co r re spon-  

d i n g  s u l f o x i d e  and s u l f o n e .  9 7  

Recen t ly ,  Davis  -- e t  a1?8  r e p o r t e d  t h e  s e l e c t i v e  o x i d a t i o n  

of s u l f i d e s  under  a p r o t i c  c o n d i t i o n s  by 2 -a renesu l fony l -3 -  

a r y l o x a z i r i d i n e s .  The r e a c t i o n  (Eq.21) i s  i n s t a n t a n e o u s  a t  

room t e m p e r a t u r e s  g i v i n g  s u l f o x i d e s  i n  y i e l d s  exceed ing  9 0 % .  

ArS02-N - CH-Ar’  + R-S-R’ - R-S-R’ + ArS02N=CHAr’ (21) 
II 

O 
‘0’ 

Oxida t ion  o f  unsymmetr ica l  s u l f i d e s  by o p t i c a l l y  a c t i v e  oxa- 

z i r i d i n e s  was found t o  g i v e  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 h e i r  

o p t i c a l  p u r i t y  was,  however,  low. 99  

2 .  COOXIDATION OF ALKENES AND THIOLS 

Kharasch and coworkerslo0 were t h e  f i r s t  t o  show t h a t  

t h i o l s  and o l e f i n s  c o o x i d i z e  i n  an atmosphere of  oxygen a t  

room t empera tu re  t o  y i e l d  s u b s t i t u t e d  2 - s u l f i n y l e t h a n o l s  XXV 

a c c o r d i n g  t o  t h e  e q u a t i o n  shown below. 

R-CH=CH2 + R’SH 2 R’-S-CH2-CH-R 
It I 
0 OH 

xxv 

Ford’” a s  w e l l  a s  Oswald102 demons t r a t ed  t h a t  coox ida -  

t i o n  o f  t h i o l s  w i t h  s t y r e n e s  o r  indene  by a i r  i n  a hydrocarbon 

s o l v e n t  p r o v i d e s  s u b s t i t u t e d  2-mercaptoethylhydroperoxides 

X X V I  which r e a r r a n g e  t o  2 - s u l f i n y l e t h a n o l s  XXV. 
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SYNTHESIS OF SULFOXIDES. A REVIEW 

R’ S - CH2 -CH- R - R’ S - CH2 -CH-R (23 )  
I 

OH 

XXVI  xxv 

II 
0 

I 
OOH 

I t  was l a t e r  shownlo3 t h a t  c o o x i d a t i o n  i s  s t r o n g l y  accelera-  

t e d  by c h l o r i d e  and bromide i o n s .  

R e c e n t l y ,  Tsuch ihash i  _ _  e t  a d o 4  r e p o r t e d  t h a t  f l u o r e s c e n t  

i r r a d i a t i o n  i s  e f f e c t i v e  and most s u i t a b l e  f o r  t h e  c o o x i d a t i o n  

of  a r e n e t h i o l s  and a , B - u n s a t u r a t e d  n i t r i l e s ,  a , B - u n s a t u r a t e d  

e s t e r s  and 1 -a lkenes  which a r e  n o t  con juga ted  w i t h  e l e c t r o n  

a t t r a c t i n g  g roups .  

3 .  REACTION OF ORGANOMETALLIC COMPOUNDS WITH SULFUROUS A C I D  

DERIVATIVES 

3 . 1 .  Thionyl  C h l o r i d e  

S t r e c k e r l o 5  r e p o r t e d  i n  1910 t h a t  r e a c t i o n  o f  t h i o n y l  

c h l o r i d e  w i t h  two e q u i v a l e n t s  of  phenylmagnesium bromide o r  

benzylmagnesium bromide a f f o r d e d  d ipheny l  o r  d i b e n z y l  s u l f o -  

x i d e s .  The co r re spond ing  s u l f i d e s  were found t o  be by -p roduc t s  

of t h i s  r e a c t i o n .  

2 RXlgX + S0C12 - R-S-R ( 2 4 )  
I /  
0 

Recen t ly ,  d i c y c l o h e x y l  l o 6  and b i s -  (2-methoxyphenyl) s u l f o x i -  

de107 were p r e p a r e d  by t h i s  r e a c t i o n  i n  8 5  and 4 2 %  y i e l d ,  r e s -  

p e c t i v e l y .  

3 . 2 .  S u l f i t e s  

S t r e c k e r l o 5  was t h e  f i r s t  t o  shew t h a t  u i e t h y l  s u l f i t e  

r e a c t s  w i t h  two e q u i v a l e n t s  o f  G r i p a r d  r e a g e n t  i n  e t h e r  S O -  

l u t i o n  t o  y i e l d  symmetr ica l  s u l f o x i d e s  as  shown below.  
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DRABOWICZ AND MIKOWCZYK 

2 R’MgX + RO-S-OR - R’-S-R’ + 2 ROMgX 
II 
0 

II 
0 

(251 

B e r t l o 8  has  recommended t h e  u s e  o f  d i - 2 - b u t y l  s u l f i t e  a s  s t a r -  

t i n g  m a t e r i a l  f o r  t h e  p r e p a r a t i o n  o f  s u l f o x i d e s .  Gilman s 
- a d o 9  p r e p a r e d  d ipheny l  s u l f o x i d e  i n  7 4 %  y i e l d  from d i p h e n y l  

s u l f i t e  and phenylmagnesium bromide.  

3 .3 .  S u l  f i nd iamide  

Bas t  and Andersen’ l o  r e p o r t e d  t h e  s y n t h e s i s  of symmetri-  

c a l  d i a r y 1  s u l f o x i d e s  u s i n g  N,N-thionyl  d i i m i d a z o l e  (XXVII) 

and Gr ignard  r e a g e n t s  i n  y i e l d s  o f  35-81%. 

N q  
( 2 6 )  UMgX + 2ArMgX - Ar-S-Ar + 2 

II 
0 0 

4. REACTION OF ORGANOMETALLIC COMPOUNDS WITH SULFINIC ACID 

DERIVATIVES 

4 . 1 .  S u l f i n i c  Acid E s t e r s  

Gilman e t  a d o 9  f i r s t  r e p o r t e d  i n  1926 t h a t  t h e  r e a c t i o n  

between s u l f i n i c  a c i d  e s t e r s  and Gr ignard  r e a g e n t s  produced 

s u l f o x i d e s  i n  c a .  60% y i e l d .  

+ PhCH2MgBr - C H 3 0  S-CHZPh ( 2 7 )  
\ 1 II 

0 0 
I n  1 9 6 2  Andersenl”  found t h a t  t h e  r e a c t i o n  o f  d i a s t e r e o m e r i -  

c a l l y  pu re  0-menthyl p - t o l u e n e s u l f i n a t e  (XXVIII) w i t h  e t h y l -  

magnesium i o d i d e  gave o p t i c a l l y  a c t i v e  e t h y l  p - t o l y l  s u l f o x i -  

de (Eq.28).  T h i s  method has  been used  t o  p r e p a r e  o p t i c a l l y  

a c t i v e  d i a l k y l l  2 ,  a r a l k y l ”  2 ,  d i a r y l ”  

f o x i d e s  . 
and u n s a t u r a t e d  s u l -  

1 1 4  
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SYNTHESIS OF SUI.,FOXIDES. A REVIEW 

S-OMent + EtMgI - (+) CH3 
(-I m3 \ / I( 0- 0 ;yxvIII 

tiarpp - _  e t  a d ' '  have r e c e n t l y  summarized t h i s  a r e a  and shown 

t h a t  a major  by-product  i s  t h e  s u l f i d e  d e r i v e d  from t h e  i n i -  

t i a l l y  formed s u l f o x i d e .  The a u t h o r s  recommend organocopper-  

l i t h i u m  r e a g e n t s  f o r  t h e  c o n v e r s i o n  o f  s u l f i n a t e  e s t e r s  i n t o  

t h e  co r re spond ing  s u l f o x i d e s .  

The Andersen s y n t h e s i s  has  a l s o  been  u t i l i z e d  f o r  p repa -  
116 r a t i o n  o f  o p t i c a l l y  a c t i v e  a -phosphoryl  s u l f o x i d e s  (XVI) , 

a -ke to  s u l f o x i d e s  (XXIX) l 7  and  monooxides o f  d i t h i o a c e t a l s  

( X X X )  18 .  

(MeO) 2 P  (0) C H 2 L i  

xv I 
(t-BuO)C(0)CH2Li 

t-BuO-C-CH2-S 

0 0 0 

xxx 

Monteiro and De Sonzal l '  p r e p a r e d  a s e r i e s  o f  racemic  a - k e t o  

s u l f o x i d e s  by t r e a t m e n t  of  ca rbony l  compounds w i t h  an  equ iva -  

l e n t  amount of  methyl  b e n z e n e s u l f i n a t e  and  sodium h y d r i d e  i n  

anhydrous e t h e r  a t  room t empera tu re  (Eq. 30) .  The y i e l d s  o f  s u l -  

f o x i d e s  XXXI v a r y  from 50 t o  83%. Jacobus and Mislow12' and 

Montanar i  _ _  e t  a1!21 

tes  w i t h  m e t h y l l i t h i u m  y i e l d e d  methyl  a r y l  s u l f o x i d e s  (Eq.31) .  

showed t h a t  t h e  r e a c t i o n  o f  a r y l  s u l f i n a -  

69 

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



DRABOWICZ AND MIKOLAJCZYK 

R 
NaH I 

Ph-S-OMe + R-CH2-C-R’ - Ph-S-CH-C-R‘ 
II I1 
0 0  

I1 
0 

I 
0 

XXXI 

Ar-S-OMe + M e L i  - Ar-S-Me 

4 . 2 .  S u l f  inamides  and T h i o s u l f  i n a t e s  

Three  groups  (Mont a n a r i ’  2 1 ,  Mislow’ 2 2  and Wudl‘ 3, demons- 

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

s o r s  t o  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  (Eq. 3 2 ) .  

Ar-S-NR, - MeLi Ar-S-Me 

I I  
0 

Fava g!24 and MikoZajczyk and D r a b o w i c ~ l ~ ~  found 

t h a t  t r e a t m e n t  o f  a r y l  t h i o s u l f i n a t e s  w i t h  an  e x c e s s  o f  

Gr ignard  r e a g e n t s  gave s u l f o x i d e s  i n  modera te  y i e l d s .  

Ar-S-SR + R’MgBr - Ar-S-R’ (33) 
II 
0 

II 
0 

4 . 3 .  S u l f o x i d e s  

Johnson - e t  ,1!26 r e p o r t e d  t h e  p r e p a r a t i o n  o f  o p t i c a l l y  

a c t i v e  unsymmetr ical  d i a l k y l  s u l f o x i d e s  by t h e  r e a c t i o n  o f  

o p t i c a l l y  pu re  methyl  phenyl  s u l f o x i d e  and methyl  p - t o l y l  s u l -  

f o x i d e  w i t h  a l k y l l i t h i u m  r e a g e n t s  fo l lowed  by quenching  w i t h  

a p r o t o n  s o u r c e .  

Ar-S-CH3 - 1 . R L i  CH3-S-R 

2.H’ I I  
0 

II 
0 

(34) 
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S Y N T H E S I S  O F  S U L F O X I D E S .  A REVIEW 

Hojo et Q . ' ~ ~  found t h a t  c h l a r o m e t h y l  s u l f o x i d e s  reac t  

w i t h  Gr igna rd  r e a g e n t s  w i t h  t h e  r ep lacemen t  o f  t h e  chlorome- 

thy1  group g i v i n g  a l k y l  o r  a r y l  s u l f o x i d e s  i n  55-99% y i e l d .  

Ar-S-CH2C1 + RMgBr - Ar-S-R (35) 
II 
0 

!J 
0 

a-C h l o  r o e  t hy 1 and a -  c h l o  r o  i sop ropy1 s u l  f o x i  de s , though 1 e s s 

i m p o r t a n t  s y n t h e t i c a l l y ,  c a n  be used  i n  p l a c e  o f  a - c h l o r o -  

methyl  s u l f o x i d e s .  

4 . 4 .  S u l f i n e s  

S c h u l t z  and S c h l e s s i n g e r l Z 8  examined t h e  r e a c t i o n  o f  d i -  

a r y l  s u l f i n e s  a s  w e l l  a s  t h e  s u l f i n e s  d e r i v e d  f rom d i b e n z o t r o -  

pone and f l u o r e n o n e  w i t h  methyl  and  p h e n y l l i t h i u m .  

*r, ,c=s=o 
A r  

m 1 1 1  XXXIV s=o XXXI I 

They found t h a t  t r e a t m e n t  of  X X X I I  and X X X I I I  w i t h  an  enu iva -  

l e n t  o f  l i t h i u m  r e a g e n t  i n  benzene s o l u t i o n  a t  25' gave  t h e  

s u l f o x i d e s  i n  h igh  y i e l d s  ( 7 0 - 8 0 % ) ,  whereas  t h e  r e a c t i o n  o f  

m e t h y l l i t h i u m  w i t h  s u l f i n e  X X X I V  gave a mix tu re  of  v a r i o u s  

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

y i e l d .  

Recen t ly ,  Zwanenburg g ,1!" d e s c r i b e d  t h e  r e a c t i o n  

between s u l f i n e  XXXV and  a l k y l l i t h i u m  l e a d i n g  t o  S -ox ides  o f  

dithioacetal  X X X V I  . 
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DRABOWICZ AND MIKOLAJCZYK 

xxxv 
0 

xxxv I 

5. REACTION OF AROMATIC COMPOUNDS WITH SULFINYL CHLORIDES 

5.1.  

I n  1887 Colby and Mc L a ~ g h l i n l ~ ~  found t h a t  t r e a t m e n t  of 

a r e n e s  w i t h  t h i o n y l  c h l o r i d e  i n  t h e  p re sence  of  aluminium tr i-  

c h l o r i d e  produces  d i a r y l  s u l f o x i d e s  p robab ly  v i a  t h e  a r e n e s u l -  

f i n y l  c h l o r i d e .  

A 1 C 1 3  
2 A r - H  + S0Cl2 - As--S-Ar 

II  
0 

(37) 

Highly r e a c t i v e  a romat i c  compounds such  a s  naph thy l  e t h e r s  

r e a c t  w i t h  t h i o n y l  c h l o r i d e  i n  t h e  absence  o f  t h e  c a t a l y s t .  131 

5 . 2 .  z u l f i n v l  Ch lo r ides  

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

compounds w i t h  s u l f i n y l  c h l o r i d e s  i s  r e l a t i v e l y  unexplored .  

Douglas and Fa rah132  r e p o r t e d  a 2 6 %  y i e l d  o f  methyl phenyl  

s u l f o x i d e  from benzene and m e t h y l s u l f i n y l  c h l o r i d e  i n  t h e  p r e -  

sence  o f  aluminium t r i c h l o r i d e .  Phenyl p - t o l y l  s u l f o x i d e  had 

been p repa red  from benzene and p- t o l u e n e s u l f i n y l  c h l o r i d e  b u t  

t h e  d e t a i l s  o f  t h i s  p rocedure  a r e  n o t  r e p o r t e d .  133 

Very r e c e n t l y  Chasar  and P r a t t 1 3 4  r e p o r t e d  t h e  s y n t h e s i s  

of  ? - s u b s t i t u t e d  d i a r y l  s u l f o x i d e s  o b t a i n e d  a s  shown below. 
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S Y N T H E S I S  O F  S U L F O X I D E S .  A REVIEW 

OH 0 FI 

Phenyl 1 - a z u l y l  s u l f o x i d e s  have a l s o  been  p r e p a r e d  from phe- 

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

a t  -30’ i n  a c e t o n i t r i l e  s o l u t i o n .  135 

6 .  ADDITION OF SULFINYL CHLORIDES TO UNSATURATED COMPOUNDS 

Thionyl  c h l o r i d e  and  e n o l  e t h e r s  react  t o  g i v e  h igh  
136 

y i e l d s  o f  b i s  (B-chloro-B-alkoxy e t h y l )  s u l f o x i d e s  (XXXVII) . 
(RO-CH-CH2) 2 S = 0  (39)  2 C H 2 = C H - O R  + S0Cl2 0-so  2hr ~ 

I c1 
xxxv I I 

p - T o l u e n e s u l f i n y l  c h l o r i d e  and b e n z e n e s u l f i n y l  c h l o r i d e  r e a c t  

w i t h  a r o m a t i c  c o n j u g a t e d  o l e f i n s  i n  t h e  p r e s e n c e  o f  z i n c  c h l o -  

r i d e  t o  g i v e  1 -ch lo ro -  1-phenyl-2-arenesulfinylethanes (XXXIQII) 

i n  37-80% y i e l d .  137 
R 

(401 
ZnCl I 

Ar-S-C1 + Ar’CH=CH-R Ar’-CH-CH-S-Ar 
II 
0 

I e t  e r  
c1 

II 
0 

X X X V I  I I 

7 .  ADDITION OF SULFENIC ACIDS TO UNSATURATED COMPOUNDS 

- t - B u t y l s u l f e n i c  a c i d  g e n e r a t e d  t h e r m a l l y  from d i - t - b u t y l  

s u l f o x i d e  adds r e a d i l y  a t  room t empera tu re  t o  e t h y l  a c r y l a t e  

g i v i n g  t h e  co r r spond ing  s u l f o x i d e  X X X I X .  138 

t-BUS-OHet-BUS-H + C H 2 = C H - C 0 2 E t  - t-Bu-S-CH CH - C O E t  
2 1 1  

0 ( 4 1 )  
- II 

0 
XXXIX 

- II 1 
0 

I -  
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DRABOWICZ AND MIKOLAJCZYK 

A d d i t i o n  o f  t - b u t y l s u l f e n i c  a c i d  t o  methyl  p r o p i o l a t e  gave 

b i s - a d d u c t  XL by a double  e l i m i n a t i o n - a d d i t i o n  r e a c t i o n .  

MeOC-CH=CH-S-CH=CH-COMe 
II 
0 

II 
0 

n 
0 

XL 

M o d i f i c a t i o n s  o f  a d d i t i o n  o f  t - b u t y l s u l f e n i c  a c i d  t o  o l e f i n e s  

were s t u d i e d  by J o n e s  e t  a l .  139 -- 
Recen t ly ,  Block and O ’ C o n n ~ r ’ ~ ~  showed t h a t  p y r o l y s i s  o f  

a l k y l  t h i o s u l f i n a t e s  a f f o r d s  a l k a n e s u l f e n i c  a c i d s  which c a n  be  

t r a p p e d  by a c e t y l e n e s  l e a d i n g  t o  a , @ - u n s a t u r a t e d  s u l f o x i d e s  

XLI i n  moderate  t o  h igh  y i e l d s  (27 -91%) .  

I1 
I 0  

A R-S-S-CR2 __c RS-OHeRS-H 
II I 
O H  1 R- Cr CH 

RS-CII=CH-R 
II 
0 

XL I 

Recen t ly  Davis  -- e t  a d 4 ’  r e p o r t e d  t h a t  a c o n v e n i e n t  way 

t o  g e n e r a t e  a r e n e s u l f e n i c  a c i d s  i s  t h e  t h e r m o l y s i s  o f  N-alky- 

l i d e n e a r e n e s u l f i n a m i d e s  (XLII) . They found t h a t  h e a t i n g  XLII 

f o r  2 4  h r s  a t  80-11S0 i n  methyl  p r o p i o l a t e  o r  e t h y l  a c r y l a t e  

a f f o r d e d  methyl  t r a n s - a r e n e s u l f i n y l a c r y l a t e s  (XLIII) and e t h y l  

a r e n e s u l f i n y l p r o p i o n a t e s  (XLIV) i n  56-82% y i e l d s .  

Ar-S-N=CH-R 
I1 
0 

XLII 
Ar-S-CH2CH2C02Et 

I I  

0 
II 

Ar-S, ,H 
,c=c 

H ‘C02Me 
0 

XL IV XLIII 
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SYNTHESIS OF SULFOXIDES. A REVIEW 

8.  REARRANGEMENT OF SULFENIC ACID ESTERS 

The spontaneous  rear rangement  o f  a l k y l  p - t o l u e n e s u l f e n a -  

t e s  t o  s u l f o x i d e s  was f i r s t  r eco rded  by Mislow and  coworkers  

i n  1966!42 

l i t h i u m  a l l y l o x i d e  i n  e t h e r  a t  room t empera tu re  gave a l l y l  

p - t o l y l  s u l f o x i d e  (XLV). 

They found t h a t  p - t o l u e n e s u l f e n y l  c h l o r i d e  and 

C H 3 e S - C l  + LiO-CH2-CH=CH2 -CH 3 0 ; - c H 2  -cH=cH2 

0 (43) 
XLV 

In  t h e  c a s e  of  benzyl  p - t o l u e n e s u l f e n a t e  (XLVI) complete  con- 

v e r s i o n  t o  t h e  s u l f o x i d e  XLVII r e q u i r e d  t empera tu re  above 110: 

XLV I XLVI I 

Braverman and S tab  i n s  kyI4  o b t a i n e d  a l l 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  (XLVIII) from a l l y l  a l c o h o l  and 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  i n  e t h e r  a t  -70' i n  t h e  p re sence  of  p y r i d i n e .  

(45) CH3C-SC1 + CH2=CH-CH20H C5H5N C 1  C-S-CH2-CH'CH2 
- 70' I I  

0 

X L V I  I I 

9 .  HYDROLYSIS OF SULFIMINES 

Hydro lys i s  o f  s u l f i m i n e s  has  r a t h e r  l i m i t e d  a p p l i c a t i o n  

a s  a r o u t e  t o  s u l f o x i d e s .  In 1921 N i c o l e t  and W i l l a r d 1 4 4  hyd- 

ro lyzed  N,:.J-diethyl p-toluenesulfonylsulfimine (XLIX) t o  t h e  

co r re spond ing  su l fonamide  and an o i l y  subs t ance  b e l i e v e d  t o  

be d i e t h y l  s u l f o x i d e  because  o f  a f a c i l e  fo rma t ion  o f  d i e t h y l  
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DRABOWICZ AND MIKOLAJCZYK 

s u l f i d e  upon r e d u c t i o n .  

S02NH2 + Et2S0 (46)  C H 3 0 S 0 2 N = S E t 2  - H2° 

XLIX 

Day and Cram145 demonst ra ted  t h a t  h y d r o l y s i s  of  o p t i c a l l y  

a c t i v e  s u l f i m i n e  (L) w i t h  m e t h a n o l i c  KOH gave o p t i c a l l y  a c t i v e  

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

s u l f u r .  

L 

According t o  Oae e t  a l k a l i n e  h y d r o l y s i s  o f  p - t o l y l  

a l k y l  N - t o s y l s u l f i m i n e s  (LI)  r e s u l t s  i n  t h e  predominant  forma- 

t i o n  of a - a l k o x y a l k y l  s u l f i d e s  L I I .  

-- 

Appe 1 and Buchne r1 obse rved  t h a t  unsubs t i t u t e d  d imethyl  - 
s u l f i m i n e  and d i e t h y l s u l f i m i n e  a r e  r a p i d l y  hydro lyzed  t o  t h e  

co r re spond ing  s u l f o x i d e s .  

10. DEIMINATION OF SULFOXIMINES 

Cram and coworkers148 found t h a t  o p t i c a l l y  a c t i v e  a l k y l  

a r y l  su l fox imines  L I I I  a r e  s t e r e o s p e c i f i c a l l y  c o n v e r t e d  i n t o  

s u l f o x i d e s  by n i t r o s y l  hexa f luo rophospha te  i n  n i t rome thane .  

S i m i l a r ,  s t e r e o s p e c i f i c  d e i m i n a t i o n  may be  ach ieved  w i t h  s u l -  

f u r  o r  d ipheny l  d i s u l f i d e  a t  160 . o 1 4 9  
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NH 
ONPF6 o r  H N 0 2  a t  r . t .  

i Ar-S-R ( 4 9 )  
II 
II 

AT-S-R 

0 
L I I I  

o r  S o r  PhZS2  a t  160’ II 
0 

1 1 .  MISCELLANEOUS METHODS 

I t  was r e p o r t e d  t h a t  s u l f o l e n e s  L I V  r e a c t  w i t h  two moles 

o f  a l k y l  o r  arylmagnesium h a l i d e s  t o  produce  i s o m e r i c  bu ta -  

d i e n y l i c  s u l f o x i d e s  LV i n  2 0  t o  66% y i e l d s  i n  which Z-conf i -  

gura t i o n  predominated.  1 5 0  

LIV L V  (50) 

The r e a c t i o n  o f  a r o m a t i c  s u l f o n y l  c h l o r i d e s  w i t h  t r i a l k y l  

aluminium o r  a lkyla luminium c h l o r i d e  was found t o  g i v e  a l k y l  
151 a r y l  s u l f o x i d e s  t o g e t h e r  w i t h  t h e  co r re spond ing  s u l f i d e s .  

0 

Ar-S-C1 
R3A1 

I AT-S-R + Ar-S-R (51) 
II 
II o r  RnA1C13-n II 
0 0 

Lepape’ 5 2  r e p o r t e d  t h a t  p -aminobenzenesu l f in i c  a c i d  i s  

r e a d i l y  conve r t ed  upon h e a t i n g  i n t o  p,p’-diaminodiphenyl  s u l -  

fox ide  i n  57% y i e l d .  
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DRABOWICZ AND MIKOLAJCZYK 

The e f f e c t i v e  p r o c e d u r e s  f o r  t h e  s y n t h e s i s  of  a -ha logeno-  

a r e  b a s e d  s u l f o x i d e s  r e p o r t e d  r e c e n t l y  by Ven ie r  g g .  1 5 3 y 1 5 4  

on t h e  r e a c t i o n  between s u l f i n y l  c h l o r i d e s  and diazocompounds 

( E q .  53)  . 
C H 2 N 2  
e t h e r  

R-S-C1 _I-- R-ii-CR2C1 (53 )  
I1 
0 

I t  was found t h a t  t r e a t m e n t  o f  a l k a n e -  o r  a r e n e s u l f i n y l  c h l o -  

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

x i d e s  i n  h igh  y i e l d s .  L a t e r  o n ,  V e n i e r  e t  a d s 4  r e p o r t e d  t h a t  

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

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

a - h a l o g e n o s u l f o x i d e s  was d i s c u s s e d  by Ven ie r  and  Barager  

i n  t h e i r  rev iew p u b l i s h e d  i n  1 9 7 4 .  
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