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PART I :  

INTRODUCTION
Sulfonium Compounds

I n  1864  v o n  O e f e l e  d i s c o v e r e d  a  new t y p e  o f  or­
ganic sulfur com pound ,  c o n t a i n i n g  a  t e t r a v a l e n t  s u l f u r  a to m .  

The name he' o r i g i n a l l y  g a v e  to these compounds, w h i c h  he 
c a l l e d  " s u l f  i n b a s e n 11, was l a t e r  changed t o  sulf onium bases, 
t o  i n d i c a t e , t h e i r  r e s e m b l a n c e  t o  t h e  o r g a n i c  ammonium bases.

O e f e l e  ( 1 )  f o u n d  t h a t  d i e t h y l  s u l f i d e  would r e a c t  

w i t h ’ e t h y l  I o d i d e ,  on  warming I n  p r e s e n c e  o f  w a t e r ,  t o  g i v e  

trie thy1sulfonium i o d i d e ,  a c c o r d i n g  t o  t h e  following e q u a ­

t i o n .
S t g S  - f  E t I  ------- -— ^  E t g S I

The  w ork  t h a t  f o l l o w e d  Oefele’ s d i s c o v e r y  sh o w ed  

t h a t  t h i s  r e a c t i o n  I s  n o t  a s  s i m p l e  a s  i t  would a p p e a r .

Not only was it found t h a t ,  a s  t h e  molecular weight of the 
r e a c t a n t s  i n c r e a s e s ,  t h e  r e a c t i o n  proceeds'much, more slowly 
or'.not a t  a l l  ( 2 ) ,  b u t  a l s o  , t h a t  I n  some c a s e s  the compounds  

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

F o r  e x a m p l e ,  Ca.hou.rs ( 3 )  a t t e m p t e d  t o  make d i b . e n z y l m e t h y l -  

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

and methyl Iodide, but was able t o  obtain only t r i m e t h y l ­

s u l f  o n iu m  iodide. Schdller ( 4 )  c a r r i e d  out t h e  same
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p

r e a c t i o n  a t  a  l o w e r  t e m p e r a t u r e  a n d  s u c c e e d e d  i n  o b t a i n i n g  

b e n z y l d l m e t h y l s u l f o n i u m  i o d i d e ,  b u t  lie a l s o  was u n a b l e  t o  

i s o l a t e  a n y  dibenzylmethylsulfonium i o d i d e .

I n  1 9 3 7 ,  Ray a n d  L e v i n e  ( 5 )  p r o p o s e d  a new m e c h a n ­

i s m  f o r  t h e  sulfonium r e a c t i o n ,  t h e r e b y  o f f e r i n g  a  satisfac­
tory e x p l a n a t i o n  f o r  t h e  g e n e r a l  formation o f  t r i m e t h y l  or 
triethylsulfo n iu m  i o d i d e  i n  t h e  i n t e r a c t i o n  of h i g h e r  alkyl 
s u l f i d e s  w i t h  m e t h y l  o r  e t h y l  i o d i d e .  I t  mas shown that 
t h e r e  I s  a  temporary formation o f  t h e  d e s i r e d  sulfonium 
compound,

R2 S 4 Mel c - —1 --- RgSMel

f o l l o w e d  b y  t h e  e s t a b l i s h m e n t  o f  a  s e r i e s  o f  e q u i l i b r i a . ,  

i n  t h e  c o u r s e  o f  which o t h e r  s u l f i d e s  a r e  p r o d u c e d .  T h e s e  

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

p r o d u c t  o f  t h e s e  e q u i l i b r i a  b e i n g  t h e  sulfonium s a l t  c o n ­

t a i n i n g  t h e  s i m p l e s t  alkyl radical.

RgSMe! k  RSMe 4  R I

RMeS 4  Mel v  : RMegSI

RMegSI r  • Me2S 4  R I

MogS -j- Mel..............v...................) Me3SI

T h i s  mechanism h a s  b e e n  q u i t e  r e c e n t l y  b o r n e  o u t  

b y  t h e  w ork  o f  M u l l e r  a n d  S c h u t z  ( 6 ) .  T h e s e  a u t h o r s ,  i n  an
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i n v e s t i g a t i o n  o f  polymembered cyclic rings, p r e p a r e d  t e t r a -

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

i o d i d e ,  p r o d u c i n g  trinethylsulfonium i o d i d e  a n d  1 , 1 4 - d i i o d o -  

t e t r a d e c a n e  a s  f o l l o w s :

first obtained, followed by t h e  breaking of the r i n g ,  with 
the formation o f  trimethylsulfo n iu m  i o d i d e .

B e c k e r  a n d  Eeuning ( 7 ) ,  who f o u n d  t h a t ,  i n  t h e  i n t e r a c t i o n  

o f  m e t h y l  i o d i d e  w i t h  3,3-dimethylthiocyclobutfine, t h e  r i n g  

was b r o k e n .  The p r o d u c t  o b t a i n e d  was 3 - i o d o - 2 , 2 - d i m e t h y l -  

propyldimethylsulfonium iodide,

s h o w i n g  t h a t  t h e  equilibrium h a d  n o t  p r o c e e d e d  t o  t h e  f o r m a ­

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

u s e d  was  0 . 0 1  m o le  o f  t h e  t h i o  e t h e r  t o  0 . 0 2 2  m o le  o f  m e t h y l  

i o d i d e ,  o r  a p p r o x i m a t e l y  1 : 2 .  Had t h e  r a t i o n  b e e n  1 : 3 ,  

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

Thus s. sulf onium compound o f  a  c y c l i c  s u l f i d e  'was

A s i m i l a r  r e a c t i o n  h a d  b e e n  r e p o r t e d  i n  1 9 3 4  by

MeC CHoI I ^

Me
MeC  CHS Me Me

Mel Mel
h 2c — s Me
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methylsulfonium I o d i d e  c o u l d  have b e e n  e x p e c t e d .

The d i f f i c u l t i e s  e n c o u n t e r e d  b y  S c b . o l l e r  a n d  

Cab.ou.rs i n  t h e i r *  a t t e m p t s  t o  p r e p a r e  mixed s u l f  onium com­

p o u n d s  w e re  o b v i a t e d  b y  Hildltch a n d  S m i l e s  ( 8 )  i n  1 9 0 7 ,  b y  

t h e  use of m e r c u r i c  Iodide, by m eans  o f  which'they obtained 
dibenzylmethylsulfonium I o d i d e .  S m i l e s  ( 9 )  h a d  f o u n d ,  e a r ­

l i e r ,  t h a t  t h e  a d d i t i o n  o f  mercuric i o d i d e  t o  a  mixture o f  

a n  a l k y l  sulfide and an alkyl Iodide h a s t e n e d  the f o r m a t i o n

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

r e a c t s  f i r s t  w i t h  t h e  s u l f i d e ,  f o r m i n g  an  a d d i t i o n  compound

RgS 4 - Hglg ----- > RgS.Hglg

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

P h S . H g l  4  R I--------------------» R ^s  , H g I ?
h/ cZi O  O

to f o r m  t h e  m e r c u r i c  Iodide d o u b l e  salt. The seemingly cat­
a l y t i c  e f f e c t  o f  t h e  m e r c u r i c  halide may b e  s i m p l y  a r e s u l t

o f  t h e  f a c t  t h a t  I t s  p r e s e n c e  s t a b i l i z e s  t h e  s u l f  onium. com­

p o u n d ,  m a k i n g  i t s  redissociation l e s s  likely t o  o c c u r .  That 
e v e n  these m e r c u r i c  d o u b l e  salts dissociate is indicated b y  

the r e c e n t  work of Haas and Dougherty (10) who studied t h e  

r e a c t i o n  o f  a l k y l  d i s u l f i d e s  w i t h  benzyl i o d i d e  in the pres­
e n c e  o f  m e r c u r i c  i o d i d e .  Following t h e  mechanism orooosedO  -u w

b y  Steinkopf a n d  M u l l e r  ( 1 1 )  f o r  t h e  r e a c t i o n  o f  a l k y l  d i ­

s u l f i d e s  w i t h  a l k y l  h a l i d e s ,  these workers p o s t u l a t e  t h a t
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t h e  f o l l o w i n g  r e a c t i o n s  o c c u r :

1)  R_S~S~R +  H g l g  CVHVI  ------ > R -  S ^ S -  R . H g l g

0 7 3 /  I

2) H - S - -  S— RHglg  -------- » C7 H7 SR.Hg.I2 -f- RSI

c7 h7 I

3) C'7H7 . S . R H g I 2 +  C7H7 I   ----- » ( 0 | H 7 ) g R S I . H g I 2

4) RSI  -f- -G7H7 I  -------- > C7H7R S . I 2

5) C7H7R S . I 2 -I- H g l g  --------- > 07H7R S . H g I 2 4. I g

6) C7H7 SRHgI2 +  C7H7 I  --------- » (C7H7 ) 2R S I . H g I 2

7)  R - S - S - R  -I- 4 C7H7 I  +  2 H g lg  — »  2 ( C7 H7 ) g R S X .H g l g *  I 2

H aas  a n d  D o u g h e r t y  h e r e  u s e d  thfe o l d  m e t h o d  o f  

w r i t i n g  t h e  f o r m u l a e  f o r  t h e  d o u b l e  salts. S i n c e  C a v e l  a n d  

S u g d e n  ( 1 2 )  an d  R ay  a n d  Adhikarx ( 1 3 )  h a v e  f o u n d  t h a t  t h e y  

d i s s o c i a t e  i n t o  t h e  sulfonium. i o n  a n d  t h e  m e r c u r y  triiodide 
I o n ,  RgS -f  HgXg# t h e s e  s a l t s  a r e  g e n e r a l l y  written 

R g S I i g l g .

Most o f  t h e  w ork  t h a t  followed O e f e l e ' s  d i s c o v e r y  

of sulfonium. com pounds  was l i m i t e d  t o  t h e  I o d i d e s .  I n  g e n ­

e r a l ,  a n y  o t h e r  derivatives o r e  paired w e re  c o n v e r t e d  to t h e  

i o d i d e  o r  e l s e  i s o l a t e d  a s  d o u b l e  s a l t s  with metallic s a l t s .

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

led t o  t h e  b e l i e f  t h a t  s u c h  com pounds  c o u l d  n o t  e x i s t .  In 
1905,- h o w e v e r ,  Kehrmann and D u11enhofer  ( 1 4 )  o p en e d  t h e  way 
to t h e  p r o d u c t i o n  of n u m e r o u s  a r o m a t i c  s u l f o n i u m  compounds  

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

k y l  s u l f a t e s  t o  f o r m  sulfonium s u l f a t e s .
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PART II:
DISCUSSION

I t  I s  p o s s i b l e  t h a t  a n  e q u i l i b r i u m  s i m i l a r  t o  t h e  

halide e q u . i l  l b  r i u m  (5) e x i s t s  f o r  t h e  s u l f  o n i u m  s u l f a t e s .

T f  s u c h  an  equilibrium exists, t h e  I n t e r a c t i o n  o f  a c o m p l e x  

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

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

though... many c a s e s  c a n  b e  c i t e d  a s  evidence f o r  t h e  h a l i d e  ■ 

e q u i l Ib r lu m ( /S " |a  search o f  the l i t e r a t u r e  revealed not a s i n ­

g l e  s u g g e s t i o n  t h a t  s u c h  a n  e q u i l i b r i u m ;  e x i s t s  f o r  t h e  s u l -  

f o n i u m  s u l f a t e s .

T h i s  l a c k  of evidence in t h e  c a s e  o f  the sulfates 
m i g h t  b e  partially e x p l a i n e d  by t h e  f a c t  that, if trimethyl- 
sulfonium s u l f a t e  was p r o d u c e d  i n  t h e s e  r e a c t i o n s ,  i t  was 

p r o b a b l y  p r e s e n t  I n  o n l y  s m a l l  a m o u n t s ,  a n d  s i n c e ,  unlike 
the iodide, it is e x t r e m e l y  soluble and hygroscopic, it 
m i g h t  w e l l  h a v e  e s c a p e d  d e t e c t i o n .

The p u r p o s e  o f  the present I n v e s t i g a t i o n  is tox j. ... O

d e t e r m i n e  if such an equilibrium does in fact exist.
T r i m e t h y l s u l f o n i u m  sulfate Is not frequently re­

ferred t o  i n  t h e  l i t e r a t u r e .  T h e  e a r l i e s t  r e f e r e n c e  t o  tri­
m e t h y l  s u l f  onium.. s a l t s  i s  f o u n d  I n  t h e  work o f  Cahours ( 1 6 ) ,  

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

t h a t  t h e  b a s e  g i v e s  w e l l - d e f i n e d  c r y s t a l l i n e  s a l t s  on  r e ­

a c t i o n  with a c i d s .  I t  i s  p o s s i b l e  t h a t  h e  p r e p a r e d  the sul­
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f a t e ,  'but  he  makes  no  s p e c i f i c  r e f e r e n c e  t o  s u l f u r i c  a c i d ,

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

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

C a h o u r s  o b t a i n e d  t h e  s u l f a t e .
••

O e f e l e  ( 1 )  h a d  p r e v i o u s l y  p r e p a r e d  t h e  c o r r e s p o n d ­

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

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

He s t a t e d  t h a t  t h e  s a l t s  w e r e  r e a d i l y  f o r m e d ,  b u t  e x t r e m e l y  

h y g r o s c o p i c ,  a n d  b e y o n d  t h a t  s a i d  no  m ore  a b o u t  t h e n .

I n  1 8 6 5 ,  Dehn ( 1 7 )  c l a i m e d  t o  h a v e  p r e p a r e d  b i s -  

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

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

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

h y g r o s c o p i c  when p u r e .  No a n a l y s e s  w e r e  g i v e n  a n d  t h e r e  i s  

a  p o s s i b i l i t y  t h a t  t h e  s a l t  was  a d o u b l e  s s . l t .

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

was made b y  Crum-Brown a n d  B l a i k i e  ( 1 8 )  I n  1 8 8 1 .  T h e s e  a u ­

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

f a t e  f r o m  t h e  d e c o m p o s i t i o n  o f  t h e  d i t h i o n a t e :

3Vj. egSO —■ S sq

I • h 2° --- *■ HoO +  S0o + Ke«S +  Me~SOSO,Me\<p   ̂ -c' •1 5
MegSO—

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

q u e s c e n t  a n d  s o l u b l e  i n  w a t e r  and. a l c o h o l .  C o n s e q u e n t l y  I t
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was I d e n t i f i e d  by t h e  p r o d u c t i o n  o f  t r i m e t h y l s u l f o n i u m  i o ­

d i d e  on t r e a t m e n t  of a solution of the 'salt with potassium 
iodide, said b y  t h e  p r e c i p i t a t i o n  o f  barium sulfate from t h e  

filtrate.
I n  1 9 2 7 ,  Ray find R ay  ( 1 9 )  p r e p a r e d  a  s e r i e s  o f  

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

t i o n ,  a n d  sulfates of m e t a l s  in t h e  copper-rnagnesiun g r o u p .  

T h e s e  w e r e  d e l i q u e s c e n t  a n d  a l l e g e d l y  c o n t a i n e d  10 o r  11 

m o l e c u l e s  o f  w a t e r  o f  c r y s t a l l i s a t i o n ,  b u t  some v a r i a t i o n s  

in t h e  a n a l y s e s  make t h e  e x a c t  am ount  o f  w a t e r  o f  c r y s t a l ­

l i z a t i o n  u n c e r t a i n .  The same w o r k e r s  (SO) obtained a simi­
lar series t h e  following y e a r  f r o m  a solution of trimethy1- 
sulf Oil ium. s u l f a t e ,  an d  a l t h o u g h  t h e s e  salts w e r e  f o u n d  t o  

b e  l e s s  hygroscopic, their solubility a n d  somewhat i n d e f i ­

n i t e  c o m p o s i t i o n  w e r e  s u c h  a s  t o  make  th e m  o f  d o u b t f u l  v a l u e  

f o r  t h e  I s o l a t i o n  o f  t r i m . e t k y l s u l f o n i u m  s u l f a t e  from, a  s o l u ­

t i o n  containing o t h e r  s u b s t a n c e s .

A l t h o u g h  Ray  and. Ray  s t a t e d ,  I n  1 9 2 7 ,  ( 1 9 )  t h a t  

"sulfonium s u l f a t e s  h a v e  n o t  y e t  b e e n  I s o l a t e d ” , t h e  f i r s t  

s u l f o n i u m  s u l f a t e  was i s o l a t e d  a s  e a r l y  a s  I n  1 9 1 0 .  I n  

t h a t  y e a r  F i c h t e r  an d  S j o s t e d  (2 1 )  p r e p a r e d  tribenzylsul- 
f o n i u m  s u l f a t e  d u r i n g ,  t h e  electrolytic o x i d a t i o n  o f  b e n z y l  

s u l f i d e  I n  c o n c e n t r a t e d  s u l f u r i c  a c i d  and. glacial a c e t i c  

acid. The mechanism for the r e a c t i o n  was postulated as 
f o l l o w s ;
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o x i d a t i o n  o f  t h e  s u l f i d e  t o  t h e  s u l f i n i c  a c i d  

(C?H7 ) rS -I- 0 2 +. HgO -------> C7H7S0gH +  C7H70H

a n d  f u r t h e r  reaction of t h e  b e n z y l  alcohol produced 
w i t h  benzyl sulfide and sulfuric acid, t o  g i v e  tribenzyl- 
sulfonium s u l f a t e :

(C7H7 ) 2S 4- C7I-I7 0H +  H2 S ° 4  ■■- - >. (C 7iI7 ) 3 SS04H 4  HoO

Pi enter a n d  S j o s t e d t  a l s o  p r e p a r e d  t h i s  s u l f a t e  

f r o t i  benzyl - 3U.lfide, benzyl alcohol, and s u l f u r i c  acid, i n  

g l a c i a l  acetic acid and from t r i ' b e n z y l s u l f o n i u u  c h l o r i d e  

f e r r i c  c h l o r i d e ,  b y  f i r s t  removing t h e  i r o n  w i t h  ammonium 

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

w i t h  saturated ammonium s u l f a t e  solution a n d  excess sulfuric 
a c i d .

S t i l l  e a r l i e r ,  i n  1 S 0 7 ,  Z i n c k e  a n d  G-lahn ( 2 2 )  

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

2 , 6 - d i n i t r o p h e n o l  4 - d i m e t  h y l s u l f  o n iu m ,  f r o m  t h e  b a s e  and  

s u l f u r i c  a c i d  i n  a l c o h o l i c  o r  g l a c i a l  a c e t i c  a c i d  s o l u t i o n .  

T h e y  d e s c r i b e d  t h e  s s l t  a s  c o l o u r l e s s  a n d  r e m a r k e d  t h a t  i t  

was d e c o m p o s e d  i m m e d i a t e l y  b y  w a t e r ,  b u t  no  f u r t h e r  d a t a  

s u c h  a s  s u i t i n g  p o i n t  o r  a n a l y s e s  w e re  g i v e n .

I n  1 9 0 8 ,  S m i l e s  a n d  Hi.1 d i t c h  ( 2 3 )  h a d  p r e p a r e d  

S - p h e n e t y l - 3 ,  3 f - d i n i t r o p h e n a z o t h i o n i u m  s u l p h a t e  f r o m  

d i - p - n i t r o d i p . h e n y l a m i n e  s u l f o x i d e  a n d  p h e n e t o l e  i n  c o n c e n ­
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t r a t e d  sulfuric a c i d .  The s a l t ,  formed in a l m o s t  t h e o r e t i c a l  

y i e l d ,  was  " b l u i s h  g r e e n ,  b r i g h t  g r e e n  a f t e r  d r y i n g  on  a p o r ­

ous p l a t e  i n  a vacuum ,  an d  d a r k  blue after d r y i n g  a t  100°.
The  s a l t  was n o t  a n a l y s e d  b u t  c o n v e r t e d  t o  t h e  b a s e ,  f r o mV <?

w h i c h  o t h e r  derivatives w e r e  p r e p a r e d .  K e h rm a n n ,  Lievermann, 
an d  Frur:;kine ( 2 4 )  o b t a i n e d  t h e  same compound as l i g h t  s t r a w -  

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

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

t o  o t h e r  d e r i v a t i v e s ,  so  t h a t  t h e r e  i s  no  f u r t h e r  p o s i t i v e  

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

T a y l o r  ( 2 5 ) ,  i n  1917  r e a c t e d  tb io- carbamide w i t h  

alkyl sulfates a n d  concluded t h a t  t h e  com pounds  f o r m e d  were 
sulf onium. compounds  ( a )  s i n c e  t h e y  a c t e d  a s  s a l t s  o f  s t r o n g  

b a s e s .  lie considered the two  other possible structures 
(b-and c )  a s  u n l i k e l y .

M g  R KHg m

S a e s \ x  > T S- R ^ c - s - R
" M g  X XM3

a)  b) c)

L i b e r m a n n  ( 2 6 ) ,  i n  1 9 3 4  p r e p a r e d  o , o ' , o T' -trf 
hydroxytr i t o l y l s u l f ' o n i u m  c h l o r i d e  from t h e  a c t i o n  o f  

thionyl chloride on ortbocresol,
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and t r e a t e d  i t  w i t h  a l c o h o l i c  s o d i u m  c y a n i d e ' t o  o b t a i n  t h e  

f r e e  b a s e .  He p r e p a r e d  o,o 1 , o ' 1 - t r i h y d r o x y t r i t o l y l s u l f o n i u m  

s u l f a t e  f r o m  t h i s - b a s e  an d  s u l f u r i c  a c i d  and d e c l a r e d  t h a t  

i t  was i d e n t i c a l  w i t h  t r i e  s u p p o s e d  s u l f a t e  o f  a  triaryl- 
orth.o sulfur pus a c i d  o f  R i c h t e r  ( 2 7 ) .  The  latter h a d  o b ­

t a i n e d  t h e  compound i n  q u e s t i o n  b y  t h e  r e a c t i o n  o f  a  n e u t r a l  

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

p r o b a b l y  t a k e s  p l a c e  a s  f o l l o w s :

0 0 
c 6n 5 - 0 - S  - 0 - C g H 5 + iI2 S04 __________ C6H5 0 - | - 0 - C 6H5 +H2 0 + S 0 2

0

Cgilg - 0 - S  - 0 - C 6H5 +  112 0  ^  2 CgHgOH +  S 0 2
0II

2 C6H5OH +. SO2  j (p-H0C6H4 )2S0 +  Hg0

( p - h o c 6h 4 ) 2 s o  +  CgHgOH — ° 4 > ( p - ho c6h 4 ) 3 s s o 4 h + h 2o

I n  1 9 3 9 ,  Lut t^Lngl iaus  a n d  H a u s c h i l d  ( 2 8 )  o b t a i n e d  

a  neutral s a l t ,  p , p ’ , p '  ' - t r i h y d r o x y t r i p h e n y l  s u l f  o n iu m  s u l f a t e ,  

b y  t r e a t i n g  t h e  c o r r e s p o n d i n g  sulf onium c h l o r i d e  'w i t h  5% 

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

B o s t  an d  S c h u l t z e  ( 2 9 ) ,  i n  1 9 4 2 ,  made a  s e r i e s  o f  

s u l f o n i u m  s u l f a t e s  f r o m  d i a l k y l -p-phenylphenacyls u l f o n i u m  

b r o m i d e s  with s i l v e r  s u l f a t e .  The p u r p o s e  o f  t h e  r e s e a r c h  

was t o  d e t e r m i n e  w h e t h e r  p-phenylphenacylbromide ’was a
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s u i t a b l e  r e a g e n t  f o r  t b e  i  d e n t  i f  i c a t i o n  o f  a l k y l  s u . l f i d e s  

a n d  t h e  r e s u l t s  were v e r y  s a t i s f a c t o r y .  T h i s  r e a g e n t  adds 
r e a d i l y  t o  t h e  s u l f i d e s  a s  shown i n  t h e  accompanying e q u a ­

t i o n .

\  0
S -I- C g H g - G g H ^ -  CHgBr

H

I n  t h i s  s e r i e s ,  t h e  a u t h o r s  prepared t h e  .bisul­
fates of t h e  d i e t h y l ,  d i p r o p y l ,  dibutyl, methylethyl, net hyl* 
p r o p y l ,  ancl methylbutyl compounds. The  d i m e t h y l  compound 

a l o n e  g a v e  a  n o r m a l  s u l f a t e .

T h a t  t h e  p r e p a r a t i o n  o f  t h e s e  compounds i s  n o t  a 

mattc i “ o f  p u r e l y  academic i n t e r e s t  i s  i l l u s t r a t e d  by t h e  

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

s e v e n  years for the use of sulfonium sulfates and methyl- 
sulfates. It is claimed t h a t  these are o f  value as w e t t i n g ,  

f o a m i n g ,  an d  e m u l s i f y i n g  a g e n t s ;  c l e a n s i n g ,  d i s p e r s i n g ,  a n d  

s t r i p p i n g  a g e n t s ;  d i s i n f e c t a n t s  a n d  f u n g i c i d e s ;  a n d  a g e n t s  

t o  I m p r o v e  t h e  f a s t n e s s  o f  d y e s .  D yes  themselves may b e  o b ­

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

s u l f a t e .  T h e r e  are many p a t e n t s  that, w i t h  t h e  m y s t e r y  

c h a r a c t e r i s t i c  of t h e  art, do not specify the exact nature 
o f  t h e  p r o d u c t ,  o r  e l s e  do n o t  d i v u l g e  t h e  method, o f  p r e -

0
II

n
C6H5-C6H 4 -C-CHg-3-Br
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p a r a t i o n  o f  t h e  compounds obtained. C o n s e q u e n t l y ,  I  h a v e  

r e s t r i c t e d  m y s e l f  to s u c h  patents as contain direct m e n t i o n  

o f  t h e  u s e  o f  e i t h e r  t h e  sulf onium s u l f a t e  o r  methyl s u l ­

f a t e .  A l i s t  of t h e s e  c a n  'be f o u n d  in table I ( p a g e  15) .
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 u l f o n i u m  s u l ­

f a t e s  t h a t  h a v e  b e e n  i s o l a t e d  u p  t o  t h i s  t i m e  have m o s t  

generally b e e n  prepared by the n e u t r a l i z a t i o n  of t h e  s u l -  

f Onium. b a s e ,  o r  b y  t h e  i n t e r a c t i o n  o f  a sulf onium h a l i d e  

w i th ,  s i l v e r  s u l f a t e .  I n  t h e  ■ n u m e r o u s  c a s e s  I n  w h i c h  a n  o r ­

g a n i c  s u l f i d e  was c a u s e d  to react w i t h  m e t h y l  s u l f a t e ,  the 
sulfonium compound was either isolated as such, when this 
was f e a s i b l e ,  o r  e l s e  c o n v e r t e d  t o  a  double s a l t  w i t h  some 

m e t a l  s a l t .

The e a r l i e s t  i s o l a t i o n  of a s u l f o n i u m  methylsul­
fate was a c c o m p l i s h e d  i n  1 9 0 9 ,  b y  Auwers a n d  A r n d t  ( 4 7 ) ,  

who I s o l a t e d  d i m e t h y l - p - c r e s y l s u l . f o n i u m  m e t h y l s u l f a t e  f r o m  

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

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

c h l o r o f o r m .  Auwers  and Arndt stated that it was stable- in 
w a t e r  a n d ,  r e c r y s t a l l i z e d  from: a b s o l u t e  a l c o h o l  b y  p r e c i p i t a ­

t i o n  w i t h  ether, m e l t e d  at 9 7 ° .  The m e t h y l - s u l f a t e  o b t a i n e d  

from the i n t e r a c t i o n  of p - t o l y l e t h y l  sulfide a n d  dimethyl 
s u l f a t e  was an  o i l  w h i c h ,  on  d i s t i l l a t i o n ,  g a v e  p-tolyl- 
m e t h y l  s u l f i d e .  I t  I s  i n t e r e s t i n g  t o  n o t e  h e r e  a l s o  t h a t
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t h e  sulfonium compound o b t a i n e d  i n  t h e  r e a c t i o n ,  o n  d i s t i l ­

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

f i d e .

Me
p-CH3C6H4-SEt4 Me2S04 --- > p-CH3C6H4-SEt  » p-CHgCg^SMe

A
SOgMe

The mechanism o f  Ray  a n d  L e v i n e  (5) c a n  a l s o  b e  

a p p l i e d  h e r e ,  t o  e x p l a i n  t h e  formation o f  p - t o l y l m e t h y l  

s u l f i d e .

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

1921. I n  t h a t  y e a r ,  B r a n d  a n d  S t a l l m a n n  ( 4 8 )  r e a c t e d  

o-nitrophenylmethyl s u l f i d e  w i t h  d i m e t h y l  s u l f a t e  a n d  o b ­

t a i n e d  o-nitrophenyldiraethyl sulf onium methyl sulf at e pis c o l ­

o u r l e s s ,  s t o u t  c r y s t a l s ,  d e c o m p o s i n g  a t  1 5 5 - 7 ° .  The  com­

p o u n d  y e l l o w e d  on  l o n g  s t a n d i n g  and B r a n d  a n d  S t a l l m a r j n  r e ­

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

s u l f i d e .

I n  1 9 2 3 ,  B r a n d  a n d  G r o b e l  ( 4 9 )  o b t a i n e d  o , o ' - a z o -  

phenyldimethylsulfonium m e t h y l s u l f a t e  i n  a l m o s t  q u a n t i t a t i v e  

y i e l d  f r o m  o ,  o 1 - a z p p .h e n y l m e t .h y l  s u l f i d e  a n d  dimethyl sulf at e.

NN
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The c r y s t a l s  that formed were y e l l o w  t o  o r a n g e  a n d  m e l t e d  

t o  a  r e d  l i q u i d  a t  1 8 9 ° .  The corresponding azoxy compound , 

w h i c h  t u r n e d  r e d  a t  1 6 1 - 2 °  a n d  m e l t e d  a t  1 6 7 - 9 ° ,  w i t h  t h e  

e v o l u t i o n  o f  a  g a s  ( h a t h ,  1 5 0 ° ) ,  was found ,  t o  h e  d e c o m p o s e d  

h y  w a t e r .

The f o l l o w i n g  y e a r ,  B r a n d  a n d  S t a l l m a n n  ( 5 0 )  i s o ­

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

t w e e n  o-me t h y l m e r c a p t o - t r i p h e n y l r a e  t h a n e  and. d i m e t h y l  s u l f  a t e . 

The  s a l t  when recrystallized f r o m  a l c o h o l  m e l t e d  a t  1 6 5 ° .

3 * ivk
j — y MtSOSOjVk

(c‘ "a K 3 +  M- > h  ( v . 1  c -7 ~ \
H

A r a t h e r  r e m a r k a b l e  r e a c t i o n  was r e p o r t e d  i n  19-32 

b y  Thom son  ana S t e v e n s  ( 5 1 ) .  I t  was p r e v i o u s l y  known t h a t  

if c e r t a i n  organic ammonium bromides were treated with alka­
li, a molecular r e a r r a n g e m e n t  occurred ( 5 2 ) ( 5 3 ) .  For ex­
ample, i f  phenacylbenzyldimethylammonium bromide is treated 
with a l k a l i ,  - b e n z y l - o - d i m e t b y l a m i n o a c e t o p . h e n o n e  is pro­
duced a s  f o l l o w s :

0 Meg 0
C6H5-C- CHg-N-Br   » C6H5- C - CH - N Me2

G7H7 CyHy

E v i d e n t l y  h y d r o g e n  b r o m i d e  s p l i t s  o f f  an d  t h e  b e n ­

z y l  r a d i c a l  s h i f t s  t o  t h e  c a r b o n  a to m  t h a t  h a s  l o s t  one
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h y d r o g e n  a to m .  Thom son a n d  S t e v e n s  w e r e  c a r i o u s  t o  s e e  

w h e t h e r  t h e  same react!on w o u l d  t a k e  p l a c e  w i t h  a. sulfonium 
compound, so  t h e y  t r e a t e d  phenacylb enzylme t hylsulf onium 
bromide w i t h  a l k a l i  a n d  o b t a i n e d  u ,  b e n z y l  -iovinet h y l  t h i o l -  

acetophenone, showing that an a n a l o g o u s  r e a c t i o n  h a d  t a k e n  

p l a c e .

o h e  o
CyT^C-CH - S —B r  a l k a l i * CeHc. C-GH-S-Meo o  ̂ | 1 Q *3 l

C7h 7 CvH7

The  s t r u c t u r e  o f  t h e  p r o d u c t  was p r o v e d  b y  treating i t  w i t h  

dimethyls u l f  at e . The o i l y  sulfonium s a l t  o b t a i n e d  was r e ­

d u c e d  with zinc dust a n d  sulfuric acid, and the sulfonium 
compound was  destroyed. Benzylacetophenone r e s u l t e d ,  i n ­

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

s u l f u r  a to m  t o  t h e  a d j a c e n t  c a r b o n  a to m .  H e r e  a l s o  i t  i s  

q u i t e  possible that t r i m e t h y l s u l f o n i u m ,  s u l f a t e  may h a v e  been. 
p r o d u c e d ,  b u t  t h e r e  i s  no  e v i d e n c e  t o  s u p p o r t  s u c h  a n  assum p­

t i o n .

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

fonium s u l f a t e s  a n d  methylsulf at e s i t  c a n  b e  s e e n  t h a t ,  i n  

s u c h  cases a s  would h a v e  p e r m i t t e d  t h e  f o r m a t i o n  of sulfon- 
ium  sulfate3 other t h a n  t h a t  expected, no  one  h a s  yet re­

p o r t e d  t h e  i s o l a t i o n  o f  any other t h a n  t h e  normal p r o d u c t s .

In our investigation, we h a v e  attempted t o  dis­
cover- w h e t h e r  some evidence could be f o u n d  for t h e  existence
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o f  a n  e q u i l i b r i u m  s i m i l a r  to t h a t  o f  t h e  s u l f o n i u m  h a l i d e s .

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



-  20  -

PART III: 

Procedure:

B e f o r e  attempting t o  s e e  w h e t h e r  t r i m e t h y l s u l f oni­
um s u l f a t e  might h e  p r o d u c e d  in the interaction o f  a n  o r ­

g a n i c  sulfide o t h e r  t h a n  methyl s u l f i d e  w i t h  dimethyl sul­
fate, i t  was n e c e s s a r y  t o  f i n d  some s a t i s f a c t o r y  m eans  o f  

I s o l a t i n g  and  i d e n t i f y i n g  i t .

S e v e r a l  attempts were made to convert triinethyl-, 
sulf onium s u l f a t e  t o  t h e  p i c r a t e .  A l th o u g h ,  t h e  p i c r a t e  can 
he readily formed from, sulf onium h a l i d e s  with sodium pic­
rate, difficulties w e r e  encountered when trimethylsulfonium 
s u l f a t e  was t r e a t e d ,  with sodium picrate o r  w i t h  p i c r i c  a c i d .  

A d d i t i o n  o f  o r g a n i c  o r  I n o r g a n i c  b a s e s  t o  n e u t r a l i z e  t h e  

sulfuric acid resulted in the preferential precipitation o f  

t h e  p i c r a t e s  of t h e  b a s e s  a n d  in c o n t a m i n a t i o n  of the•small 
quantities of sulf onium picrate i s o l a t e d .  The formation of 
■ two d i f f e r e n t  p i c r a t e s ,  t h e  n o r m a l  p i c r a t e ,  a n d  a  l o w - m e l t ­

i n g  picrate t h a t  analysed for the normal p i c r a t e  with two 
m o l e s  o f  p i c r i c  a c i d ,  f u r t h e r  discouraged t h e  use o f  t h i s  

. r e a g e n t .

T h e r e  r e m a i n e d  two p o s s i b i l i t i e s :  ( a )  t h e  c o n ­

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

( b )  t h e  f o r m a t i o n  o f  some d o u b l e  s a l t .  The f o r m e r  m e t h o d
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would r e s u l t  I n  the establishment o f  the halide equilibrium, 
a n d  would prove nothing about a possible s u l f a t e  equili- ■■ 
b r i u i ' i .  C o n s e q u e n t l y ,  t h e  o n l y  c h o i c e  l a y  i n . t h e  s e l e c t i o n  

o f  t h e  m e t a l l i c  s a l t  w h ic h  might c o n v e n i e n t l y  a n d  satisfac­
torily b e  u s e d  f o r  t h e  i s o l a t i o n  o f  t r i m e t h y l  s u l f  oniura s u l ­

f a t e .

The isolation o f  sulf oniura salts h a s  been m o s t  

commonly  a c h i e v e d  b y  p r e c i p i t a t i o n  a s  d o u b l e  s a l t s  w i t h  

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

s i l v e r ,  c o p p e r ,  bismuth, cadm ium ,  magnesium, z i n c ,  a r s e n i c ,  

a n t i m o n y ,  manganese, i r o n ,  1e a d ,  a n d  t i n  ( 5 4 ) .

The m e r c u r i c  s a l t s ,  w h i c h  seem  t o  h a v e  b e e n  more 
w i d e l y  u s e d  t h a n  a n y ,  are f o r m e d  i n  s u c h  a  w i d e  v a r i e t y  o f  

r a t i o s  ( 5 5 )  that it was deemed wiser to select some other 
p r e c i p i t a n t .

An attempt t o  prepare ,a b i s m u t h  i o d j . d e  d o u b l e  

s a l t ,  f r o m  s o l u t i o n s  o f  t h e  s u l f o n i u m  s u l f a t e  a n d  potassium, 
bismuth tetraiodide, g a v e  a  compound t h a t  c o u l d  b e  recrys- 
tallized o n l y  w i t h  difficulty. ( 5 6 ) .  Blattler ( 5 7 )  h a d  p r e ­

p a r e d  a  bismuth iodide double s a l t  o f  t r i m e t h y l s u l f o n i u m  

i o d i d e  a n d  c l a i m e d  t h a t  i t  d i d  n o t  melt b e l o w  290°. The 
com pound  I obtained decomposed s h a r p l y  a t  2 2 0 °  w hen h e a t e d  

rapidly; so  i t  i s  p o s s i b l e  t h a t  h e r  m a t e r i a l  was  c o n t a m i n a t ­

e d  with inorganic material. B l a t t l e r  also prepared a dou­
ble s a l t  o f  bismuth b r o m i d e  w i t h  trimethylsulfonium b r o m i d e
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a n d  found, .that i t  c o n t a i n e d  o n e  mole o f  b i s m u t h  bromide - to ■ 
two m o l e s  o f  the sulfonium bromide . The  iodide s h e  had ob­
tained was i n  a  1 : 1 r a t i o .  Naturally, s h e  p r e p a r e d  t h e  

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

s h e  p r o b a b l y  h a d  a n  i m p u r e  com pound .  S he  -gave no  melting 
p o i n t  a n d  h e r  a n a l y t i c a l  r e s u l t s  w e r e  so  i n c o n c l u s i v e  t h a t  

s h e  d i d  not even a s s i g n  a  formula to t h e  s a l t .

I n  1 9 1 7 ,  Vanino and  Mussgnug (58.) h a d  p r e p a r e d  a 

double salt of t r i u e t h y l s u l f o n i u m  iodide with bismuth 
c h l o r i d e .  The s a l t  h a d  a definite m e l t i n g  p o i n t  a n d  c o u l d  

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

I n  t h e  h o p e  t h a t  I  m i g h t  o b t a i n  a  s i m i l a r  s a l t  o f  t h e  s u . l -  

foniura s u l f a t e  with bismuth chloride, I .precipitated the 
s u l f o n i u m  s u l f a t e  s o l u t i o n  w i t h  b i s m u t h  chloride. The com­

p o u n d  t h a t  I  o b t a i n e d ,  on r e c r y s t a l l i z a t i o n  from d i l u t e  

h y d r o c h l o r i c  a c i d ,  was  in the form of w h i t e ,  g l i s t e n i n g  

crystals, d e c o m p o s i n g  a t  2 4 5 °  w i th ,  ebullition. It was 

shown b y  a n a l y s e s  f o r  carbon, h y d r o g e n ,  bismuth, s u l f u r ,  

a n d  c h l o r i n e ,  t o  c o n s i s t  o f  three m o l e c u l e s  o f  the s u l f o n i u r  

c h l o r i d e  t o  two molecules o f  bismuth c h l o r i d e ,

3- Me^SCl.  2 BiCl^. The same cor mound was o b t a i n e d  b ~r m i x -o o

ing equiiaolar q u a n t i t i e s  o f  s o l u t i o n s  o f  t r l m e t h y l s u l f o n i u m  

c h l o r i d e  a n d  D i s n u t h  c h l o r i d e .  V’h e n  a n  e x c e s s  o f  bismuth 
c h l o r i d e  was u s e d ,  a  com pound  melting a t  1 2 1 °  was o b t a i n e d .  

An. a n a l y s i s  f o r  s u l f u r  indicated t h a t  t h e  s a l t  was a  1 : 1
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com pound ,  M e - r S C l .B i C l - .'  o o

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

i n  t i es  l i t e r a t u r e  w e re  t h e  one  p r e p a r e d  b y  B l a t t l e r  an d  

t h a t  o f  V a n i n c  a n d  B u s s g n u g . j 6r g e n s e n  ( 5 9 )  p r o e p a re d  a 

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

m id e  a n d  a s s i g n e d  t o  i t  t h e  f o r m u l a  3 E t g S B r . 2 B I B r ^ . How­

e v e r ,  no  a n a l y t i c a l ,  d e t a i l s  w e r e  g i v e n .  K r a u t  ( 6 0 )  p r e ­

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

b u t  g a v e  no  m e l t i n g  p o i n t  f o r  a n y  o f  t h e m .  S i n c e  one  o f  

th e m  -was c l a i m e d  t o  b e  a  1 : 1 com pound ,  E t ^ S I . B i l ^ , &nd
G  O "

t h e  1 : 1 compound I  h a d  p r e p a r e d  d e c o m p o s e d  a t  2 1 8 ° ,  i t  i s  

possible t h a t  K r a u t  h a d  obtained impure compounds. K r a u t  

h a d  o b t a i n e d  E t ^ S I . B i l ^  f r o m  e c m i m o l a r  Quantities o f  t h e
O G -

tw o  s a l t s .  U s i n g  a n  e x c e s s  o f  t h e  s u l f o n i u m  i o d i d e  an d

p o t a s s i u m  b i s m u t h  t e t r a i o d i d e ,  h e  o b t a i n e d  a  com pound c o n ­

t a i n i n g  t h r e e  m o l e s  o f  t h e  s u l f o n i u m  i o d i d e  t o  two m o l e s  o f  

b i s m u t h  i o d i d e ,  3 S t ? S I . 2 B 1 I ? . Kben t h i s  s a l t  was r e c r y s t a l -
G O  ,J

lized f r o m  t h e  m o t h e r  l i q u o r  o r  f r o m  a l c o h o l ,  i t s  c o m p o s i ­

t i o n  c h a n g e d  t o  2 E t g S I . 3 B i I g .  I f  a n  e x c e s s  o f  bismuth i o ­

d i d e  was u s e d  f o r  t h e  p r e c i p i t a t i o n ,  K r a u t  c l a i m e d  t h a t  a  

s a l t  o f  t h e  f o l l o w i n g  c o m p o s i t i o n ,  2 E t g S I . 3 B I I ^ . 9HpO, was 

o b t a i n e d .

I t  c a n  b e  s e e n  t h a t  t h e  b i s m u t h  com pounds  do n o t  

provide an e s c a p e  from the pitfalls p r o v i d e d  by t h e  m e r c u r y  

s a l t s .  I  rather suspect that , when t h e  o t h e r  metallic d o u ­
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b l e  s a l t s  h a v e  b e e n  i n v e s t i g a t e d  a s  t h o r o u g h l y ,  t h e y  may a l l  

be. f o u n d  t o  form compounds  i n - a  n u m b e r  of d i f f e r e n t  r a t i o s .

It was p r o p o s e d  t o  s t u d y  t h e  r e a c t i o n  o f  b e n z y l  

s u l f i d e  with d i m e t h y l  s u l f a t e  to see if a n y  e v i d e n c e  of a 

r e a r r a n g e m e n t  c o u l d  b e  f o u n d .  B e n z y l  s u l f i d e  was s e l e c t e d  

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

I t s  h i g h  m o l e c u l a r  weight should facilitate d i f f e r e n t i a t i o n  

of t h e  products.
Having prepared a compound t h a t  could serve as a 

m ean s  of isolating a n d  i d e n t i f y i n g  t h e  e l u s i v e  t r i m e t h v l -O  c--

s u l f o n i u m  s u l f a t e ,  t h e  n e x t  s t e p  was t o  p r e p a r e  o t h e r  com­

p o u n d s  whose  f o r m a t i o n  w o u l d  b e  p o s s i b l e  I n  t h i s  r e a c t i o n .

It occurred to me that I could, perhaps, prepare a s e r i e s  

o f  b i s m u t h  c h l o r i d e  d o u b l e  s a l t s  b y  s t a r t i n g  w i t h  sulfonium 
sulfates of known c o m p o s i t i o n .  By c o m p a r i n g  my products 
w i t h  t h e  members  o f  t h i s  s e r i e s ,  I  m i g h t  thus a r r i v e  a t  some 

v a l i d  c o n c l u s i o n s  a s  t o  t h e i r  composition.
F i c h t e r  a n d  S j o s t e d t  ( 2 1 )  h a d  made t r i b e n z y l s u l -  

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

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

r e a s o n e d  t h a t ,  starting with b e n z y l  sulfide and methyl al-

I .  (C7H7 ) 2 S 4- C7H70K f  h 2S04 ----- * (C7H7) 3SS04H -)- HgO

c o h o l ,  I  s h o u l d  b e  a b l e  t o  make d i b e n z y l m e t h y l s u l f o n i u m  

sulfate, II. In a similar manner, I hoped to isolate b e n -
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II. (C7II7 ) 2 S 4- CHgOH -h I'I2S0A  ------ » (G7H7)oGK3SS04H +  HgO

z y l d i m e t h y l  s u l f  o n iu m  s u l f a t e ,  I I I ,  a n d ,  o n  t r e a t i n g  t h e s e

i n .  ( c h3 ) 2 s  +  c7 h7 oh +- h 2 s o 4 - — M c h 3 ) 2 c7 h 7 s s o 4 h + h 2 o

s a l t s  w i t h  'bismuth c h l o r i d e ,  t o  o b t a i n  i d e n t i f i a b l e  double 
s a l t s .

I first p r e p a r e d  t r i b e n z y l s u l f o n i u m  sulfate ac­
c o r d i n g  t o  t h e  m e t h o d  o f  Fichter an d  S l B s t e d t .  The  compound 

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

c o h o l  e n d  s u l f u r i c  acid i n  g l a c i a l  a c e t i c  acid, m e l t e d  a t  

1 7 4 °  a n d  a n a l y s e d  c o r r e c t l y  f o r  s u l f u r .  F i c h t e r  a n d  

S j o s t e d t  g i v e  1 7 0 ° - 1 7 5 °  ( d e p e n d e n t  u p o n  t h e  r a t e  o f  h e a t ­

ing) for t h e  melting p o i n t  o f  tribenzylsulfonium s u l f a t e  

( 2 1 ) .
An a t t e m p t  t o  p r e p a r e  benzyldimethyl3ulfonium s u l ­

f a t e  by the same m e th o d  gave an o i l y  p r o d u c t .  C o n s e q u e n t l y ,  

t h e  o i l  was redissolved I n  g l a c i a l  a c e t i c  a c i d  arid treated 
T / i t h  blsinuth c h l o r i d e .  The c r y s t a l s  t h a t  w e r e  o b t a i n e d ,  a f ­

t e r  purification, melted at 1 3 3 ° - 1 4 0 °  ( depending upon the 
r a t e  of heating). A n a l y s e s  for carbon, hydrogen, bismuth, 
a n d  sulfur Indicated that the normal product, ( CH3 ) pC7H7SS04H, 

h a d  b e e n  fo rm ed-  a n d  c o n v e r t e d  b y  t h e  b i s m u t h  c h l o r i d e  i n t o  

a  compound o f  t h e  f o l l o w i n g  composition: 2 ( C E g )pC7H7 SCl.BiCLy.
Next I wanted to prepare a bismuth chloride salt 

o f  d i b e n z y l m e t h y lsulf onium s u l f a t e  a s  a n o t h e r  r e f e r e n c e  com-
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pound*  However, t h e  product r e s u l t i n g  f r o m  t h e  r e a c t i o n  o f  

■benzyl s u l f i d e  with m e t h y l  alcohol, u n d e r  s i m i l a r  c o n d i ­

t i o n s ,  was a s o l i d .  On p u r i f i c a t i o n ,  t h i s  com pound  p r o v e d  

t o  b e ,  n o t  t h e  p r o d u c t  e x p e c t e d  a c c o r d i n g  t o  e q u a t i o n  I I ,  

b u t  a compound m e l t i n g  a t  174°, and identical with the tri­
benzyl sulfonium s u l f a t e  produced i n  t h e  r e a c t i o n  b e t w e e n  

benzyl sulfide a n d  benzyl alcohol. Obviously, a r e a r r a n g e ­

m en t  h a d  o c c u r r e d  h e r e .

t h a t  t h e  t h e o r e t i c a l  s u l f o n i u m  sulfate i s  f i r s t  produced.

t a n t s  o r  t o  p r o d u c e  benzylmethyl s u l f i d e  a n d  b e n z y l  hydro-

gensulfa t e . The l a t t e r  c a n  now c o m b in e  w i t h  u n r e a c t e d  b e n ­

z y l  s u l f i d e ,  t o  form tribenzylsulfonium s u l f a t e .  I t  I s  a l s o

q u i t e  p o s s i b l e  t h a t  t h e  benzylmethyl s u l f i d e  m i g h t  c o m b in e  

w i t h  u n r e a c t e d  methyl h y d r o g e n s u l f a t e  to give benzyldimethyl- 
sulfonium sulfate. An attempt was made to I s o l a t e  the bis-

I h l s  r ea r r a n g e m ent c a n  b e  e x p l a i n e d  i f  we a s su m e

T h i s  sulfate then c a n  dissociate to g i v e  the original r e a c -

(c.I T T"ry± xry7 7

C7H7SCH3 4- # C7H7SO4I1

( c7 h7 ) 2 s  4- c7 h 7 s o 4 h ( C 7 H 7 ) 5 SS0 4 H

C7H7 SCH3 4- c h 3 s o 4 h  - C7 H7 ( Glig) gSS 04H
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ttruth c h l o r i d e  s a l t  t h a t  m i g h t  h e  e x p e c t e d  h e r e  from, t h e  f i l ­

t r a t e .  The  w h i t e ,  g r a n u l a r  p r e c i p i t a t e  t h a t  f o r m e d  melted 
a t  4 5 - 6 0 ° ,  w i t h  e b u l l i t i o n  a t  8 0 - 9 0 ° .  I t  was s o l u b l e  i n  

C a r M t o l ,  b u t  came down a s  a  gum f r o m  t h i s  s o l v e n t ,  a s  w e l l  

a s  f r o m  a l l  t h e  o t h e r  s o l v e n t s  t r i e d .  W h i l e  i t  s eem s  p o s s i ­

b l e  t h a t  t h e  b enzyldimethy 1 sulfonium i o n  was actually p r e s e n t  

i n  t h e  m i x t u r e ,  i t  was n o t  p o s s i b l e ,  i n  t h i s  c a s e ,  t o  I s o l a t e  

i t  I n  t h e  f o r m  o f  a  p u r e  s a l t .

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

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

a n d  s u l f u r i c  a c i d  i n  g l a c i a l  a c e t i c  a c i d ,  a n  a t t e m p t  was made 

t o  s e e  i f  an y  r e a r r a n g e m e n t  o c c u r r e d  i n  t h e  r e a c t i o n  be tvireen 

b e n z y l  s u l f i d e  a n d  d i m e t h y l  s u l f a t e .  The s u l f i d e  was d i s ­

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

r e f l u x e d  on  t h e  w a t e r  b a t h  f o r  s e v e r a l  d a y s .  T h e n  water was 

a d d e d  a n d  t h e  r e f l u x i n g  c o n t i n u e d  f o r  a n o t h e r  d a y .  l i f t e r  

s e p a r a t i o n  o f  t h e  mixture, t h e  a q u e o u s  l a y e r  was  t r e a t e d  

w i t h  bismuth c h l o r i d e .  The w h i t e  p r e c i  pitate t h a t  f o r m e d ,  

when f i l t e r e d  o f f ,  was f o u n d  t o  b e  gummy i n  n a t u r e .  I t  

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

i t  r e t a i n e d ,  i t s  gummy c h a r a c t e r  i n  t h i s  m ed ium .  S i n c e  i t  

s ee m e d  t o  b e  I n s o l u b l e  I n  m o s t  o f  t h e  a v a i l a b l e  s o l v e n t s ,  

t h e  m a t e r i a l  was e x t r a c t e d ,  f i r s t ,  w i t h  b e n z e n e ,  t h e n  w i t h  

a l c o h o l ,  a n d  f i n a l l y  with a c e t o n e .  D u r i n g  t h e  t r e a t m e n t  w i t h  

a c e t o n e  t h e  compound b e c a m e  d e c e n t l y  c r y s t a l l i n e  a n d  f l n -
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ally m e l t e d  a t  110-111° a n d  decomposed a t  a b o u t  140°.
Another unsuccessful a t t e m p t  was made to recrvstallize ita . i j

f r o m  dilute h y d r o c h l o r i c  a c i d .  I t  d i s s o l v e d  q u i t e  readily 
i n  Garbitol. On t h e  addition of ,  a c e t o n e ,  a  c l o u d i n e s s  d e ­

v e l o p e d ,  a n d  w h i t e  n e e d l e s  separated o u t  on  s t a n d i n g .  On 

further purification by t h e  same m e t h o d ,  the compound f i n a l ­

ly m e l t e d  a t  14-0° a n d  d e c o m p o s e d  a t  145° . I t  was analysed 
f o r  b i s m u t h  a n d  f o r  s u l f u r  an d  t h e  v a l u e s  o b t a i n e d  a g r e e d  

w e l l  w i t h  t h o s e  required b y  t h e ,  f o r m u l a

3 ( C H 3 ) 2 C7 H7 S C 1 • 2 3 i G l 5

The c o m p o s i t i o n  o f  t h i s  s a l t  i n d i c a t e s  t h a t ■a r e ­

a r r a n g e m e n t  must h a v e  occurred here a l s o .  The f o l l o w i n g  

e q u a t i o n s  w o u l d  i l l u s t r a t e  t h e  p o s s i b l e  f o r m a t i o n  o f  a  mono- 

b e n z y l d i m e t h y l s u l f o n i u m  s a l t  I n  t h i s  r e a c t i o n :

I .  ( ) gS -(- (CH3) p S 04 ------- —> ( CiyHy ) gCHgSSO^CHg

I I .  ( Ciy-hy ) gCH^SiSO^Ciig <p===3£s=s£ GiyiltySCHg +  C7H7SOACH3

I I I .  C7 Ii7 SCH3+  (CH3) 2S 04 . 5 = = ^  C7 H7 (CH3 )gSS04 CH3

The p r o d u c t  o f  e q u a t i o n  I I I ,  on  a d d i t i o n  o f  w a t e r ,  

would be hydrolysed, forming the corresponding sulfonium 

s u l f a t e ,  b i t h  b i s m u t h  c h l o r i d e ,  t h e  compound 
3 (C E3) 2C7H7S C 1 • 2 B i C l3

c o u l d  b e  p r o d u c e d .
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A q u e s t i o n  a r i s e s  h e r e .  Why d o e s  t h e  monobenzyl- 
d i m e t h y l  s u l f o n i u m  s a l t  r io t  d i s s o c i a t e  f u r t h e r ?  T h e o r e t i c a l ­

l y ,  t h e  r e a c t i o n s  shown h y  e q u a t i o n s  I V  a n d  V  c o u l d  t a k e  

p l a c e  a n d ,  I f  they o c c u r r e d ,  t r i m e t h y l s u l f o n i u m  sulfate

I V .  C 7 H 7  ( C H g  ) 2 S S 0 4 C H 3  ^   - A  ( C H 3 ) 2 S  +■ G 7 I I 7 S O 4 C H 3

V .  ( C H 3  ) 2 S  +  ( C i l g ) g S 0 _̂  — ( C E 3 ) 3 S S O 4 C H 3

s h o u l d  h e  p r o d u c e d .  I t  i s  p o s s i b l e  t h a t ,  u n d e r  t h e  c o n d i ­

t i o n s  o f  t h e  e x p e r i m e n t ,  t h e  b enzyldime t hy1sulf onium m e t h y l -  

s u l f a t e  I s  s t a b l e  a n d  t h a t ,  I f  t h e  m i x t u r e  h a d  b e n  s u b j e c t e d  

t o  m ore  s t r e n u o u s  t r e a t m e n t ,  t h e  o t h e r  e q u i l i b r i a  m i g h t  

h a v e  b e e n  e s t a b l i s h e d .  The same q u e s t i o n  a r i s e s  i n  t h e  r e ­

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

a c i d ,  i n  w h i c h  t h e  n o r m a l  p r o d u c t  h a d  b e e n  o b t a i n e d . .  S i n c e  

m e t h y l  s u l f i d e  I s  so  v o l a t i l e ,  t h e  m i x t u r e  h a d  b e e n  allowed 
to s t a n d ,  w i t h  no  h e a t i n g .  I t  -would b e  I n t e r e s t i n g  t o  s e e  

w h e t h e r ,  on  h e a t i n g ,  t h e  f o l l o w i n g  t h e o r e t i c a l  e q u i l i b r i a

m i g h t n o t  b e  e s t a b l i s h e d .

I . ( C H - ^ p S  +  C 7 H 7 O H  +  H 2 ,3 0 a  , „ ___ ^ ( 0 H 3 )2 C 7 H 7 S S 0 4 H +  H g O

I I . ( C H 3 ) 2 C 7 H 7 S S 0 4 H ____^ c h 3s c 7h 7 -1* c h 3s o 4h

' I I I . C E 3 S C 7 H 7  + c 7 h 7 o h  +  Ho S04 - -------- V f  CH3 ( Cv H7) 2 S S 0 4 H  +  H g O

I V . C H 3 ( C 7 H 7 ) 2 S S 0 4 H ---- V ( C 7 H 7 ) 2s  +  c h 3s o 4h

V. ( C r h i r b o S +  C r h t b O I T  +. H r , S0 x ( C 7 H 7 ) 3 S S 0 4 H  +  H g O
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Thus  tribe n z y l s u l f o n i u r a  s u l f a t e  might e v e n t u a l l y  

h e  produced and t h e  methyl h y d r o g e n s u l f a t e  formed could r e ­

a c t  with t h e  m e t h y l  sulfide present, giving trimethylsulf on­
ium s u l f a t e .

VI. ( c h 3 ) 2 s  +  c h 5s o 4 h  ---------- * ( c h 3) 3s s o 4 h

T h a t  o n l y  t h e  n o r m a l  p r o d u c t  was i s o l a t e d  i n  t h i s  

c a s e  may then also h a v e  b e e n  the result of c o n d i t i o n s  that 
were t o o  m i l d  t o  p r o d u c e  a  r e a r r a n g e m e n t .

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

o n e  s u l f o n i u m  compound i n  s e v e r a l  d i f f e r e n t  r a t i o s  w i t h  the 
b i s m u t h  c h l o r i d e ;  a n d ,  i f  t h e r e  i s  more t h a n  one  s u l f o n i u m  

compound present, it i s  not difficult to i m a g i n e  t h a t  a still 
m o re  c o n f u s i n g  s e r i e s  o f  mixtures may b e  f o r m e d .  F o r  i n ­

s t a n c e ,  I  am c e r t a i n  t h a t  t h e  compound  o b t a i n e d  i n  t h e  r e a c ­

t i o n  b e t w e e n  benzyl sulfide end m e t h y l  s u l f a t e ,  b e f o r e  t h e  

isolation of t h e  final compound 'from C a r b i t o l  and a c e t o n e ,  

was a m i x t u r e  o f  3( CH3 )pCyHySCl * S B IC lg  a n d  some o t h e r  s a l t ,  

p o s s i b l y  the 2 : 1 compound ,  o f  whose c o m p o s i t i o n  I c a n n o t  

y e t  b e  c e r t a i n .

S i n c e  t h e r e  was evidence that a r e a r r a n g e m e n t  h a d  

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

w h a t  products m i g h t  b e  o b t a i n e d  I f  t h e  same reaction w e r e  

carried out I n  g l a c i a l  acetic acid solution. In order to
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f a v o u r  t h e  formation o f  t  r i b  e n z y l  s i i l f o n i u r a  s u l f a t e ,  a s  shown, 

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

2 (C7H7 )gS +  (CH3) 2S04 — — ( C7H7) 3SS04CH3 +  G7H7SCH3

tw o  m o l e s  o f  b e n z g l  s u l f i d e  a n d  one  m o le  o f  d i m e t h y l ,  s u l f a t e  

were h e a t e d  to 70° in g l a c i a l  acetic a c i d .  The product i s o ­

l a t e d  from this r e a c t i o n  was proved to h e  t r i b e n z y l s u l f o n i u m  

s u l f a t e  hy a mixed melting p o i n t  and sulfur analysis. So

t h e  r e a r r a n g e m e n t  t o o k  p l a c e  h e r e  a l s o .  A t t e m p t s  t o  p r e p a r e  

a  bismuth c h l o r i d e  s a l t  from the f i l t r a t e  g a v e  a gummy s o l i d  

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

I t  s e e m e d  l o g i c a l  t h a t  some o t h e r  s u l f i d e  s h o u l d  h e  

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

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

he n o t e d .  C o n s e q u e n t l y  n - h u t y l  s u l f i d e ,  methyl a l c o h o l ,  a n d  

sulfuric acid were mixed i n  g l a c i a l  a c e t i c  solution and al­
lowed t o  s t a n d  f o r  some time . The o n l y  p r o d u c t  t h a t  was i s o -

(C q i ig^ S  + CilgOH + hgfO/L .jpsssassft ( CqHg) gCEgSSO^H-f. HgO

l a t e d  was  a  n o r m a l  compound, as t h e  b i s m u t h  c h l o r i d e  s a l t .

It crystallized a s  f l a t ,  a l m o s t  t r a n s p a r e n t  p l a t e s ,  m e l t i n g  

at 1 6 4 °  and carbon, hydrogen a n d  sulfur a n a l y s e s  I n d i c a t e d  

that i t  h a d  t h e  c o m p o s i t i o n  3( C4H9) gCilgSCl * 2B1C13 . The 

material t h a t  p r e c i p i t a t e d  f i r s t  m e l t e d  a t  a  little o v e r

h On r e c r y s t a l l i z a t i o n  f r o m  d i l u t e  h y d r o c h l o r i c  a c i d  a
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compound m e l t i n g  a t  9 1 °  was o b t a i n e d .  This, on  f u r t h e r  r e -  

c r y s t a l l i z a t i o n ,  g a v e  t h e  s a l t  m e l t i n g  a t  1 6 4 ° ,  so  I  s u s n e c t  

t h a t  t h e  m a t e r i a l  m e l t i n g  a t  9 1 °  was  a  1 : 1 compound  of» t h e  

s u l f o n i u m  c h l o r i d e  w i t h  b i s m u t h  c h l o r i d e .  T h e r e  i s  c o m p a r a ­

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

s i o n ,  h u t  t h e  m e r c u r i c  iodide■double s a l t s  o f  trimethylsul- 
fonium i o d i d e  show t h a t  t h e  1 : 1 com pound  h a s  a  lower m e l t ­

i n g  p o i n t  t h a n  t h o s e  c o n t a i n i n g  o t h e r  p r o p o r t i o n s  o f  s u l -  

fonium iodide and mercuric i o d i d e  ( 5 5 )  and the cadm ium  i o d i d e  

s a l t s  show t h e  same r e l a t i o n  ( 6 1 ) .  A l s o  t h e  1 : 1 compound 

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

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

c e s s  b i s m u t h  chloride, m e l t e d  at 1 2 1°, w h e r e a s  t h e  3 : 2 

compound d e c o m p o s e d  a t  2 4 5 ° .

The r e a c t i o n s  t h a t  w e r e  c a r r i e d  o u t  a n d  t h e  p r o ­

d u c t s  obtained a r e  summarized i n  t a b l e  11. I t  i s  c l e a r  t h a t  

r e a r r a n g e m e n t s  o c c u r r e d  when b e n z y l  s u l f i d e  was r e a c t e d  w i t h  

both d i m e t h y l  s u l f a t e  an d  methyl h y d r o g e n s u l f a t e . T h e s e  r e ­

a r r a n g e m e n t s  may b e  e x p l a i n e d  b y  a  mechanism t h a t  p o s t u l a t e s  

t h e  intermediate formation o f  t h e  e x p e c t e d  sulfonium s u l f a t e ,  

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

s t a b l e  products a r e  formed. I n  t h i s  c a s e ,  i t  would see m  t h a t  

t r i b e n z y l s u l f o n i u m  s u l f a t e  a n d  benzyldimethylsulfonium s u l f a t e  

a r e  more stable t h a n  the Intermediate dibenzylmethylsulfonium 
s u l f a t e .
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T A B L E  I I

R e a c t i o n  S o l v e n t

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

P r o d u c t s
I s o l a t e d

Rear­
r a n g e m e n t

3(C4Hg )3CH3SCI • 2 B i C l3 no

b e n z y l  s u l f i d e  
a n d  d i m e t h y l  
s u l f a t e

b e n z e n e  3C7H?(CH3 )gSCl*2BiCl3 ye£

b e n z y l  s u l f i d e  g l a c i a l  (C7H7) 3SS0AH y e s
a n d  d i m e t h y l  a c e t i c
s u l f a t e  a c i d

b e n z y l  s u l f i d e ,  g l a c i a l  ( CyH„) ? SS0 h i  y e s
m e t h a n o l  - and. a c e t i c  0
s u l f u r i c  a c i d  a c i d

m e t h y l  s u l f i d e ,  g l a c i a l  2C«H7 ( CH.?) pSC l  • B i C l *  no
b e n z y l  a l c o h o l  a c e t i c  °
a n d  s u l f u r i c  a c i d  a c i d
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PART IV.
Experimental

A. Trimethylsulfonium salts
1 . T r i m e t h y l  s u l f  o n iu m  s u l f a t e was p r e p a r e d  "by mixing 6.7 gram 
(0.055 mole) of dimethyl sulfate and 4.4 grams (0.071 mole) 
o f  methyl sulfide in a glass-stoppered E r l e n m e y e r . The m i x ­

t u r e  was c o o l e d  i n  a n  I c e  hath, a s  the r e a c t i o n  was q u i t e  

v i g o r o u s .  The t r i m e t h y l s u l f o n i u m  m e t h y l s u l f a t e  t h a t  f o r m e d  

s o l i d i f i e d  v e r y  r a p i d l y  and was f o u n d  t o  h e  e x t r e m e l y  d e ­

l i q u e s c e n t .  I t  was c o n v e r t e d  to t r i m e t h y l s u l f o n i u m  s u l f a t e  

h y  t h e  a d d i t i o n  o f  10 m l .  o f  w a t e r  a n d  a  clear s o l u t i o n  was 

o b t a i n e d .

a )  R e a c t i o n  w i t h  an  e q u l i n o l a r  q u a n t i t y  o f  b i s m u t h  

c h l o r i d e .

To 71 m l .  o f  a  s o l u t i o n  o f  trimethylsulfonium 
s u l f a t e  ( 0 . 0 2  m o l e )  was a d d e d  6 1 . 4  m l .  ( 0 . 0 2  m o l e )  o f  normal 
b i s m u t h  c h l o r i d e .  The m i x t u r e  was s t i r r e d  d u r i n g  t h e  a d d i ­

t i o n  a n d  a  s m a l l  am ount  o f  w h i t e  p r e c i p i t a t e  f o r m e d .  T h i s  

was  f i l t e r e d  o f f  a n d  d r i e d ,  a f t e r  w h i c h  I t  was f o u n d  t o  m e l t  

a b o v e  2 7 0 ° ,  so  i t  was p r o b a b l y  a n  i n o r g a n i c  b i s m u t h  s a l t .

On evaporation o f  t h e  f i l t r a t e ,  b e a u t i f u l  g l i s t e n i n g  w h i t e  

p r i s m s  s e p a r a t e d  o u t .  After recrystallization from dilute 
h y d r o c h l o r i c  a c id . ,  t h e  compound, d e c o m p o s e d  a t  24-5°, w i t h  

ebullition. Analyses for carbon, hydrogen, sulfur, b i s m u t h ,
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and c h l o r i n e  showed that it was 3MegSCl* 2B±Clg.

A n a l . C a l c u l a t e d  f o r  C gH pySgB ipC lg ;

C, 1 1 . 1 5 ;  H, 2 . 7 9 ;  S ,  9 . 9 2 ;  B i ,  4 3 . 1 7 ;  C l ,  3 2 . 9 7  

P o u n d ;  C, 1 1 . 2  ; H, 2 . 3 7 ;  3 , 1 0 . 1 5 ;  B i ,  4 3 . 4 5 ;  C l ,  3 2 . 7 5

1 1 . 4  2 . 5 1  9 . 9 0  # 3 2 . 4 9

* 1 1 . 1 9  * 2 . 8 1

* 1 1 . 1 2  * 2 . 6 9

* iA n a l y s e d  b y  t h e  laboratory o f  C a r l  T I e d k e

b )  R e a c t i o n  w i t h  e x c e s s  b i s m u t h  c h i o r l d e .

To a  s o l u t i o n  c o n t a i n i n g  2 . 5 5  grams ( 0 . 0 1 5  

mole) o f  trimethylsulfonium s u l f a t e  i n  51 ml. o f  s o l u t i o n  

was a d d e d  5 8 . 9  ml. ( 0 . 0 2  mole) o f  N bismuth, c h l o r i d e .  The 

p r e c i p i t a t e  t h a t  f o r m e d  was f i l t e r e d  o f f  a n d  t h e  material 
d i d  n o t  m e l t  b e l o w  2 6 0 ° .  E v a p o r a t i o n  o f  t h e  f i l t r a t e  g a v e  

w h i t e  c r y s t a l s  t h a t  m e l t e d  a t  1 2 1 - 3 °  a n d  t h a t  a n a l y s e d  f o r  

Me3SCl’BiCl3>

Anal; C a l c u l a t e d  f o r  C ^H gSB iC l^ :  S ,  7 . 4 8

P o u n d ;  S ,  7 . 2 4

2. T r i r n e t h y l s u l f o n i u m  c h l o r i d e  was p r e p a r e d  b y  t r e a t i n g  t r i ­

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

i z i n g  the solution of trimethylsulfonium h y d r o x i d e  with
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h y d r o c h l o r i c  a c i d .  To p r e p a r e  0 . 1  m o le  o f  t r i m e t h y l s u l -  

f ' o n iu m  c h l o r i d e ,  2 1 . 5  g ra m s  ( 0 . 1 5  m o le )  o f  m e t h y l  i o d i d e  

sind 9 . 3  grams ( 0 . 1 5  m o le )  o f  m e t h y l  sulfide were mixed i n  a 
s t o p p e r e d  f l a s k  a n d  c o o l e d  i n  a n  i c e  h a t h .  The s u l f o n i u m  

i o d i d e  c r y s t a l l i z e d  almost i m m e d i a t e l y .  A f t e r  recrystal- 
l i g a t i o n  f r o m  water, i t  d e c o m p o s e d  between 202°  a n d  2 1 9 ° ,  

depending on the r a t e  o f  heating.
The s i l v e r  o x i d e  was  prepared h y  m i x i n g  17 grams 

( 0.1 mole) o f  s i l v e r  n i t r a t e  w i t h  a  s l i g h t  e x c e s s  o f  s o d i u m  

h y d r o x i d e  ( 4 . 5  g r a m s ) .  The s u p e r n a t a n t  l i q u i d  was d e c a n t e d  

a n d  t h e  p r e c i p i t a t e  washed h y  decantation u n t i l  n e u t r a l .

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

a  s o l u t i o n  c o n t a i n i n g  8 0 . 5  grains ( 0 . 1  m o l e )  o f  trimethyl- 
s u l f o n i u m  i o d i d e  i n  150 m l .  o f  w a t e r .  The p r e c i p i t a t e  o f  

s i l v e r  i o d i d e  was filtered o f f  a n d  the s o l u t i o n  n e u t r a l i z e d  

w i t h  h y d r o c h l o r i c  a c i d .

a) R e a c t i o n  w i t h  a n  e q u i m o l a r  q u a n t i t y  o f  b i s m u t h  

c h l o r i d e .

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

j u s t  d e s c r i b e d  was  t r e a t e d  w i t h  100 m l .  ( 0.1 m o le )  o f  

3k  bismuth c h l o r i d e ,  b y  a l l o w i n g  t h e  b i s m u t h  chloride to 
d r o p  s l o w l y  i n t o  t h e  s u l f o n i u m  c h l o r i d e  s o l u t i o n .  The 

precipitate t h a t  f o r m e d  was f i l t e r e d  o f f ,  a n d  t h e  f i l t r a t e  

evaporated. A compound that was identical w i t h  t h e  salt ob­
tained from t r i m e t h y l s u l f o n i u m  s u l f a t e  a n d  bismuth chloride
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was obtained. I t  m e l t e d  a t  2 4 5 °  w i t h  ebullition, and  pro­
d u c e d  no  d e p r e s s i o n  o f  t h e  m e l t i n g  p o i n t  when m i x e d  w i t h  t h e  

compound m e n t i o n e d  a b o v e .

B. B e n z y l s u l f o n i u m  com pounds

1 .  P r e p a r a t i o n  o f  b e n z y l  s u l f i d e .  The s u l f i d e  was p r e p a r e d  

by t h e  m e t h o d  o f  Shriner, Struck, and J o r i s o n  ( 6 2 ) .  A solu­
tion o f  s o d i u m  s u l f i d e ,  c o n t a i n i n g  140 g r a m s  ( 1 . 8  m o l e s )  o f  

t h e  s u l f i d e  I n  4 0 0  m l .  o f  w a t e r ,  was, p r e p a r e d  ley s a t u r a t i n g  

h a l f  o f  a  s o l u t i o n  o f  1 4 0  g ra m s  o f  s o d i u m  h y d r o x i d e  w i t h  

hydrogen sulfide and. then mixing it w i t h  the o t h e r  half.
T h i s  s o l u t i o n  was  added, slowly t o  a  s o l u t i o n  o f  464  grams 
(3.7 moles) o f  benzyl chloride i n  1200 ml. of a l c o h o l .  The 
m i x t u r e  was stirred on  t h e  steam bath for 34 h o u r ’s and then 
a l l o w e d  t o  c o o l .  L a r g e  c r y s t a l s  o f  t h e  s u l f i d e  d e p o s i t e d  

on cooling. The liquid was filtered off and extracted w i t h  

e t h e r .  The ether layer was t h e n  d i s t i l l e d , ;  t h e  a q u e o u s  

layer r e j e c t e d .  After r e m o v a l  of t h e  e t h e r ,  t h e  residue 
Was distilled u n d e r  a  vacuum  a n d  t h e  s o l i d  o b t a i n e d  was 

pressed dry. It m e l t e d  at 47°. The large c r y s t a l s  t h a t  

h a d  f o r m e d  in the reaction vessel w e r e  ground up and thor­
oughly washed with water before drying, M .P.  4 5 ° .  P u r e  

b e n z y l  s u l f i d e  m e l t s  a t  4 9 ° .  T o t a l  y i e l d ,  2 4 4 . 8  grams of
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c r u d e  b e n z y l  s u l f i d e .  T i e  rocrystallization o f  benzyl s u l ­

f i d e  from. 70$ a l c o h o l  was  f o u n d  to be so t i m e - c o n s u m i n g  and. 

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

f i c a t i o n .

2 . d r i b e n z y l s u l f o n i um s u l f a t e

a) P r o m b e n z y l  s u l f i d e ,  b e n z y l  a l c o h o l ,  and, su.1-
?ff u n i c  a c i d .  The m e t h o d  o f  F i c h t e r  a n d  S j o s t e d t  ( 2 1 )  was 

used. To 1 0 . 7  grams ( 0 . 0 5  mole) o f  benzyl sulfide in 150 
m l .  o f  g l a c i a l  a c e t i c  a c i d  a n d  10 m l .  o f  c o n c e n t r a t e d  s u l ­

f u r i c  a c i d  was  a d d e d  5 . 4  g ra m s  ( 0 . 0 5  m o le )  o f  b e n z y l  alcohol 
a n d  the m i x t u r e  was a l l o w e d  t o  s t a n d  f o r  two hours a t  7 0 °  

o n  t h e  w a t e r  bath. The g l a c i a l  a c e t i c  a c i d  was t h e n  d i s ­

t i l l e d  off under a vacuum, care b e i n g  t a k e n  n o t  to r a i s e  

t h e  temperature o f  t h e  water b a t h ,  a b o v e  8 0 ° .  The  residue 
i n  t h e  f l a s k  a p p e a r e d  milky. On t r e a t m e n t  w i t h  w a t e r ,  a 

precipitate was o b t a i n e d  a l m o s t  immediately. I t  was  f i l -  

t e r e d  o f f ,  extracted with ether to remove u n r e a c t e d  b e n z y l  

s u l f i d e ,  an d  r e c r y s t a l l i z e d  from water c o n t a i n i n g  a  l i t t l e  

d i l u t e  s u l f u r i c  a c i d .  The p u r e  p r o d u c t  w e i g h e d  9 g ram s  a n d  

m e l t e d ,  a t  1 7 4 ° .

Anal: C a l c u l a t e d  f o r  Cp-jHgr^O^: S, 15.92
F o u n d :  s ,  1 6 . 1 5 ,  1 6 . 1 7

b )  F rom  b e n z y l  s u l f i d e ,  m e t h y l  a l c o h o l ,  a n a  s u l ­

f u r i c a c i c h  A s o l u t i o n  o f  1 3 . 1  g ra m s  ( 0 . 0 6  m o l e )  o f  b e n z y l
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sulfj.de I n  150 m l .  o f  g l a c i a l  a c e t i c  a c i d  and 10 ml. o f  c o n  

centrated s u l f u r i c  a c i d  was r e a c t e d  with 2 . 5  m l .  ( 0 . 0 6  m o le  

o f  at)solute m e t h y l  a l c o h o l .  The mixture was warmed t o  70° 
on  t h e  w a t e r  h a t h  f o r  two hours. After t h e  g l a c i a l  acetic 
acid was removed hy distillation under a vacuum, t h e  resi­
dual liquid consisted of two  layers. When an attempt was 
made to s e p a r a t e  these, the upper layer solidified in t h e  

separatory f u n n e l  and proved to b e  unreacted benzyl s u l f i d e  

The lower layer g a v e  a  w h i t e  p r e c i p i t a t e  on  t r e a t m e n t  with 
w a t e r .  A f t e r  e x t r a c t i o n  o f  t h e  p r e c i p i t a t e  w i t h  ether, i t  

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

a c i d .  I t  m e l t e d  a t  174° and a mixed melting point with the 
s a l t  o b t a i n e d  i n  2 a )  sh o w e d  no  d e p r e s s i o n .  C o n s e q u e n t l y ,  

h e r e  a l s o  tribenzyl sulf oniura s u l f a t e  was p r o d u c e d .

c) F rom  b e n z y l  s u l f i d e  a n d  d i m e t h y l  s u l f a t e  i n  

g l a c i a l  a c e t i c  a c i d .  The t r i b . e n z v l s u l f o n i u m  s u l f a t e  was 
p r o d u c e d ,  i n  t h i s  c a s e ,  b y  d i s s o l v i n g  2 1 . 4  g r a m s  ( 0 . 1  m o l e )  

in 2 0 0 ml. of glacial acetic acid a n d  a d d i n g  6.3 g ra m s  

( 0 . 0 5  m o l e )  o f  dimethyl s u l f a t e .  The m i x t u r e  was h e a t e d  on  

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

a c i d  was d i s t i l l e d  o f f  v inde r  a v acu u m .  When t h e  r e s i d u a l  

liquid was p o u r e d  I n t o  w a t e r ,  a  c r y s t a l l i n e  m a t e r i a l  an d  an

o i l  w e r e  o b t a i n e d .  When the o i l  h a d  s o l i d i f i e d ,  the s o l i d  

m a t e r i a l  was f i l t e r e d  o f f  a n d  a f t e r  e x t r a c t i o n  o f  u n r e a c t e d
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b e n z y l ,  s u l f i d e  w i t h  e t h e r ,  i t  was r e c r y s t a l l i z e d  f r o m  water 
c o n t a i n i n g  d i l u t e  s u l f u r i c  a c i d .  It m e l t e d  a t  1 7 3 °  ( h e r e  

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

F i c h t e r  and  S j o s t e d t  ( 2 1 )  g i v e  1 7 0 ° - 1 7 5 ° ) , a n d  c a u s e d  no  

l o w e r i n g  o f  t h e  m e l t i n g  p o i n t  when m i x e d  w i t h  t h e  tribenzyl- 
s u l f o n i u m  s u l f a t e  o b t a i n e d  i n  2 a ) .

Anal: C a l c u l a t e d  f o r  CgpHpgSgO^: S ,  1 5 . 9 2

F o u n d :  S ,  1 6 . 0 3

3 .  B l s - b e n z y l d i m e t h y l s u l f o n i u m  c h l o r i d e  • bismuth c h l o r i d e  

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

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

t i o n  o f  3 . 7  g ra m s  ( 0 . 0 6  m o l e ) o f  m e t h y l  s u l f i d e  i n  150 ml* 

o f  g l a c i a l  a c e t i c  a c i d  a n d  10 m l .  o f  c o n c e n t r a t e d  s u l f u r i c  

a c i d  was r e a c t e d  w i t h  6 . 5  g ra m s  ( 0 . 0 6  m o le )  o f  b e n z y l  a l c o ­

h o l .  The m i x t u r e  was a l l o w e d  t o  s t a n d  a t  ro o m  t e m p e r a t u r e  

f o r  twelve d a y s .  The g l a c i a l  a c e t i c  a c i d  was t h e n  d i s t i l l e d  

o f f  a n d  t h e  r e s i d u e  t r e a t e d  w i t h  w a t e r .  An o i l  f o r m e d ,  so 

g l a c i a l  a c e t i c  acid was a d d e d  to r e d i s s o l v e  t h e  o i l y  s u l f o n ­

ium  s u l f a t e  an d  t h e n  b i s m u t h  c h l o r i d e  was a d d e d  u n t i l  no  

further precipitate was obtained. The crystals that formed 

m e l t e d  o v e r  a  f a i r l y  w id e  r a n g e ,  a b o u t  8 9 °  t o  1 3 0 °  b u t  on  

recrystallization f r o m  d i l u t e  h y d r o c h l o r i c  a c i d  a  compound 
melting a t  1 3 8 °  to 1 4 0 ° ,  d e p e n d i n g  upon t h e  r a t e  o f  h e a t i n g ,
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was  o b t a i n e d .  T h i s  m a t e r i a l ,  on  a n a l y s i s ,  p r o v e d  t o  b e

4 .  T r  i s - b  e n z y l  d  ime t  h y l  s u l f  o n i u m c h l o r  i d e  • b  i  3 - b  i  s mu t h  c h l o r i d e .  

T h i s  s a l t  was o b t a i n e d  i n  t h e  f o l l o w i n g  m a n n e r . B e n z e n e  

was u s e d  t o  d i s s o l v e  2 1 . 4  g ra m s  ( 0 . 1  m o l e )  o f  b e n z y l  s u l ­

f i d e  a n d  12.6 g ra m s  ( 0.1 m o le )  o f  d i m e t h y l  s u l f a t e  was a d d -

u e d  f o r  a n o t h e r  s e v e n - h o u r  p e r i o d .  At t h e  e n d  o f  t h a t  t i m e ,  

t h e  b e n z e n e  l a y e r  was d a r k i s h  b r o w n ,  w h i l e  t h e  a q u e o u s  l a y ­

e r  was  c o l o u r l e s s .  The two l a y e r s  w e re  s e p a r a t e d  a n d  t h e  

b e n z e n e  l a y e r  a l l o w e d  t o  e v a p o r a t e .  V e r y  l a r g e  c r y s t a l s - o f  

b e n z y l  s u l f i d e  w e re  o b t a i n e d  a f t e r  some t i m e .  The a q u e o u s  

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

a n d  100 m l .  o f  3N b i s m u t h  c h l o r i d e  ( 0 . 1  m o l e )  s i m u l t a n e o u s l y  

t o  100 m l .  o f  3N h y d r o c h l o r i c  a c i d .  The c l o u d i n e s s  t h a t  

developed repeatedly was cleared by the addition o f  a total 

o f  300 m l .  o f  6N h y d r o c h l o r i c  a c i d .  A s m a l l  am ount  o f  gummy 

p r e c i p i t a t e  f o r m e d ,  w h i c h  was d i s c a r d e d .  The  f i l t r a t e ,  on  

e v a p o r a t i o n  g a v e  a  w h i t e  p r e c i p i t a t e .  T h i s  was f i l t e r e d

A n a l ; C a l c u l a t e d  f o r  C-j g H g g S g B iC lg ;

C, 3 1 . 2 ;  H, 3 . 8 ;  S ,  9 . 2 5 ;  B i ,  3 0 . 1 8  

d :  C, 3 1 . 0 6 ; l i ,  3 , 4 3 ; S ,  9 . 0 0 ;  B i ,  3 0 . 54-P o u n d

s e a t e d  on  t h e  w a t e r  b a t h  f o r  14  h o u r s

a n d  t h e n  100 m l ,  o f  w a t e r  was a d d e d  an d  t h e  h e a t i n g  c o n t i n -
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o f f  a n d  d r i e d .  I t  c o u l d  n o t  b e  r e c r y s t a l l i z e d  f r o m  d i l u t e  

h y d r o c h l o r i c  a c i d ,  so  i t  was e x t r a c t e d  w i t h  b e n z e n e ,  a l c o h o l ,  

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

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

d i l u t e  h y d r o c h l o r i c  a c i d .  I t  was found ,  t o  b e  q u i t e  s o l u b l e  

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

w i t h  a c e t o n e .  The n e e d l e s  t h a t  f o r m e d ,  a f t e r  f u r t h e r  p u r i ­

f i c a t i o n  i n  t h e  same m a n n e r ,  m e l t e d  a t  1 4 0 °  a n d  d e c o m p o s e d  

a t  1 4 5 ° .  A n a l y s e s  f o r  b i s m u t h  a n d  s u l f u r  showed t h a t  I t  

was 30^1!^ ( CHg) gSCl  * 2BI-Clg a n d  t h a t  no  r e a r r a n g e m e n t  h a d  o c ­

c u r r e d .

A n a l :  C a l c u l a t e d  f o r  CpiyHggS2E'i2C l g :

S ,  8 . 0 3 :  .B i ,  3 4 . 9 4  

P o u n d :  S ,  7 . 9 8 ;  B i ,  3 5 . 2

*

C. Butylsulfonium compounds

1 .  Tr i  s - d i b u t y l m e t h y l s u l f  o n iu m  c h l o r i d e • b i s - b i s m u t h  c h l o r i d e . 

To a  s o l u t i o n  c o n t a i n i n g  2 9 . 2  g r a m s  ( 0 . 2  m o l e )  o f  b u t y l  s u l ­

f i d e  I n  150 m l .  o f  g l a c i a l  a c e t i c  a c i d  a n d  20 m l .  o f  c o n c e n ­

t r a t e d  s u l f u r i c  a c i d  was a d d e d  4- m l .  ( 0 . 1  m o l e )  o f  a b s o l u t e  

m e t h y l  a l c o h o l .  The s o l u t i o n  b e c a m e  c l o u d y  a n d  h e a t  was 

e v o l v e d .  A f t e r  w a rm in g  f o r  a n  h o u r  on  t h e  w a t e r  b a t h ,  t h e  

s o l u t i o n  h a d  t u r n e d  a  d e e p  r e d d i s h  b r o w n .  I t  was a l l o w e d

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



-  43

t o  s t a n d  f o r  a b o u t  two a n d  a  h a l f  m o n t h s .  T h e n  t h e  g l a c i a l  

a c e t i c  a c i d  was d i s t i l l e d  o f f  u n d e r  a  v a c u u m .  N o t h i n g  c r y s ­

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

d u a l  l i q u i d  w i t h  w a t e r .  S i n c e  t h e  s o l u t i o n  was n o t  c l e a r  

b u t  c o n t a i n e d  o i l y  d r o p l e t s ,  i t  was e x t r a c t e d  w i t h  e t h e r  b e ­

f o r e  t h e  t r e a t m e n t  w i t h  b i s m u t h  c h l o r i d e .  E v a p o r a t i o n  o f  

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

v e s t i g a t e d .

The c l e a r  a q u e o u s  s o l u t i o n  a n d  100  m l .  ( 0 . 1  m o le )  

o f  3N b i s m u t h  c h l o r i d e  w e r e  d r o p p e d  i n t o  100  m l .  o f  3N 

h y d r o c h l o r i c  a c i d .  The  s o l u t i o n  was f i l t e r e d  t o  r e m o v e  o i l y  

d r o p l e t s  a n d  a l l o w e d  t o  s t a n d  o v e r  n i g h t .  By t h e  n e x t  d a y ,  

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

m e l t  a t  1 5 0 ° - 1 5 2 ° .  A f t e r  one  r e c r y s t a l l i z a t i o n  f r o m  d i l u t e  

h y d r o c h l o r i c  a c i d ,  i t  m e l t e d  a t  1 5 3 ° - 1 5 4 ° ,  a n d  was p r o b a b l y  

2(  C^Hg) gCIi^SC! " B i C l g ;  b u t  i n s u f f i c i e n t  m a t e r i a l  was  o b t a i n e d  

f o r  a n a l y s e s .  The f i l t r a t e ,  on  e v a p o r a t i o n ,  g a v e  c r y s t a l s  

t h a t  m e l t e d  a t  9 1 ° .  On r e c r y s t a l l i z a t i o n  f r o m  d i l u t e  h y d r o ­

c h l o r i c  a c i d ,  h o w e v e r ,  t h e  m e l t i n g  p o i n t  r o s e  t o  1 6 3 ° - 1 6 5 °  

( e b u l l i t i o n ) .  A f t e r  a n o t h e r  r e c r y s t a l l i z a t i o n  t h e  compound 

r n e l t e d  w i t h  e b u l l i t i o n  a t  1 6 4 ° .  A n a l y s e s  p r o v e d  t h a t  i t  

was  3 ( O ^ h g ) gCHgSCl• 2 B i C l g .

A n a l :  C a l c u l a t e d  f o r  C27H63S 3B i g C l g :

C, 2 6 . 5 6 ;  H, 5 . 1 6 ;  S ,  7 . 8 7  

P o u n d :  C, 2 6 . 6 2 ;  H, 5 . 0 6 ;  S ,  7 . 7 4
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D. A n a l y t i c a l  D e t a i l s

H a v i n g  h a d  some: d i f f i c u l t i e s  i n  t h e  a n a l y s e s  o f  ■ 

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

I  sh o u ld ,  l i k e  t o  make t h e  f o l l o w i n g  o b s e r v a t i o n s .

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

t h e  P a r r  bomb o r  t h e  C a r i u s  p r o c e d u r e ,  w e r e  among t h e  m o s t

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

way with t h e  p r e c i p i t a t i o n  o f  t h e  s u l f a t e  i o n  a s  b a r i u m  s u l ­

f a t e .  When t h e  Parr bomb was u s e d ,  2 g r a m s  o f  a  2 : 1 

p o t a s s i u m  n i t r a t e  -  s u g a r  m i x t u r e  was a d d e d  t o  a  . 2  t o  . 3  

g r a m  s a m p l e  t o  a c c e l e r a t e  t h e  c o m b u s t i o n .  O t h e r w i s e ,  t h e  

r e g u l a r  p r o c e d u r e s  w e r e  f o l l o w e d .

2 .  No d i f f i c u l t i e s  w e r e  e x p e r i e n c e d  w i t h  t h e  c a r ­

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

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

w id e  b o r e  t o  p e r m i t  p a s s a g e  o f  t h e  c o m b u s t i o n  p r o d u c t s  when 

t h e  b i s m u t h  o x i d e  i s  f o r m e d  ( 6 3 ) ( 6 4 ) .

3. The chloride analysis required removal o f  the 

b i s m u t h  p r e s e n t .  A t t e m p t s ,  t o  r e m o v e  t h e  b i s m u t h  a s  t h e  h y ­

d r o x i d e  w e re  u n s u c c e s s f u l ,  a s  t h e  p r e c i p i t a t i o n  o f  b i s m u t h  

h y d r o x i d e  b y  ammonium h y d r o x i d e  i s  i n c o m p l e t e  u n l e s s  a n  e x -
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c e s s  o f  ammonium c h l o r i d e  i s  a d d e d  ( 6 5 ) .

A t t e m p t s  t o  remo.ve. t h e  h i  sm ut  h  a s  t h e  c a r b o n a t e  b y  

f i r s t  t r e a t i n g  t h e  a c i d  s o l u t i o n  with sodium c a r b o n a t e ,  fil-i 
tering o f f  t h e  b i s m u t h  b a s i c  c a r b o n a t e ,  d i s s o l v i n g  i t  i n  

n i t r i c  a c i d ,  a n d  r e p r e c i p i t a t i n g  i t  w i t h  ammonium c a r b o n a t e ,  

g a v e  p o o r  r e s u l t s .  A lm o s t  no  p r e c i p i t a t e  o f  s i l v e r  c h l o r i d e  

was o b t a i n e d  a f t e r  a c i d i f i c a t i o n  o f  t h e  f i l t r a t e ,  i n d i c a t i n g  

t h a t  t h e  g r e a t e r  p a r t  o f  t h e  c h l o r i d e  h a d  p r e c i p i t a t e d  w i t h  

t h e  b i s m u t h  a s  t h e  o x y c h l o r i d e .  C o n s e q u e n t l y  t h e  b i s m u t h  

v a l u e s  w e r e  a l s o  i n c o r r e c t .

The c h l o r i d e  i n  t h e  t r i m e t h y l s u l f onium compound 

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

compound w i t h  a  p o t a s s i u m  n i t r a t e  -  p o t a s s i u m  c a r b o n a t e  m i x ­

t u r e .  D e t a i l s  o f  t h i s  b i s m u t h  d e t e r m i n a t i o n  will b e  g i v e n  

l a t e r .  T h i s  m e t h o d ,  h o w e v e r ,  c o u l d  n o t  b e  u s e d  f o r  compounds 
c o n t a i n i n g  a h i g h e r  p e r c e n t  o f  c a r b o n ,  a s  t h e  chloride was 
v o l a t i l i z e d  a t  t h e  t e m p e r a t u r e  n e c e s s a r y  f o r  t h e  decompos!-, 
tion o f  t h e  o r g a n i c  matter. Consequently, it was considered 
sufficient to base the composition of these c om pounds  upon 
a n a l y s e s  f o r  c a r b o n ,  h y d r o g e n ,  s u l f u r ,  a n d  b i s m u t h .

4 .  B i s m u t h  a n a l y s e s  w e r e  a t t e m p t e d  b y  n u m e r o u s  

m e t h o d s ,  o n l y  one  o f  w h i c h  p r o v e d  t o '  b e  s a t i s f a c t o r y .  P r e ­

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

c o n t a i n i n g  n o t  m ore  t h a n  5 m i l l i g r a m s  o f  b i s m u t h  p e r  sam-
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p i e  ( 66) .  Precipitation a s  hydrated b i s m u t h  o x i d e  with am­

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

p r o d u c e  t h e  oxychloride, t h u s  g i v i n g  i n a c c u r a t e  results.
A n a l y s e s  u s i n g  Cupferron d i d  n o t  g i v e  s a t i s f a c t o r y  

r e s u l t s ,  a l t h o u g h  t h e  m e t h o d  g i v e n  hy Prodinger (67) was 
followed. The method that B l a t t l e r  ( 5 7 )  used in a n a l y s i n g  

her d o u b l e  salts was a l s o  f o u n d  t o  g i v e  i n a c c u r a t e  r e s u l t s .  

Killebrand a n d  L u n d e l l  ( 66) c l a i m  t h a t  b i s m u t h  c a n n o t  b e  

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

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

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

b r o m i d e ,  o r  sulfate i o n s .

The o n l y  m e th o d  t h a t  was f o u n d  t o  g i v e  a c c u r a t e  

r e s u l t s  was t h e  m e t h o d  o f  d e  Myttenaere ( 68) ,  who u s e d  i t  • 

t o  a n a l y s e  q u i n i n e  iodobismuthate. F i v e  h u n d r e d  milligrams 
o f  t h e  s u b s t a n c e  i s  m ix e d  w i t h  f o u r  g r a m s  o f  a  p o t a s s i u m  

n i t r a t e  -  p o t a s s i u m  c a r b o n a t e  ( a n h y d r o u s )  m i x t u r e  (1 : 2) .  

A f t e r  m i x i n g  w i t h  a  d r y  s t i r r i n g  r o d ,  10 m l .  o f  water i s  

a d d e d  l i t t l e  b y  l i t t l e  w h i l e  s t i r r i n g .  The m i x t u r e  i s  h e a t ­

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

t o  d e s t r o y  o r g a n i c  m a t t e r .  I  f o u n d  t h a t  when  t h e  c o o l e d  

melt was o r a n g e  i n  c o l o r  low r e s u l t s  f o r  b i s m u t h  w e r e  o b ­

t a i n e d .  H e a t i n g  u n t i l  t h e  c o o l e d  p r o d u c t  was  y e l l o w  i n  

c o l o r  g a v e  a c c u r a t e  r e s u l t s .  The b e n z y l s u l f o n i u m  compounds'  

w e r e  h e a t e d  t o  b e t w e e n  4 5 0 °  a n d  5 0 0 °  i n  a  m u f f l e  f u r n a c e ,
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whereas t h e  trimethylsulfonium'salts' could h e  h e a t e d  a t  a  .

l o w e r  t e m p e r a t u r e .  When t h e  r e s i d u e  i s  pure yellow, i t  i s

t a k e n  u p  i n  warm w a t e r  a n d  w a s h e d  'by d e c a n t  at i o n  t h r o u g h  a n  

a s h - f r e e  f i l t e r  u n t i l  t h e  washings a r e  a b s o l u t e l y  n e u t r a l .  

The f i l t e r  i s  i g n i t e d ,  a  f e w  drops o f  c o n c e n t r a t e d  n i t r i c  

acid added t o  o x i d i z e  a n y  bismuth reduced b y  c a r b o n  from the 
filter, heated again, a n d  t h e  bismuth weighed as B ig O g .  it
was  f o u n d  t h a t  t h e  o r i g i n a l  i g n i t i o n  w i t h  t h e  f u s i o n  m i x ­

t u r e  c o u l d  n o t  b e  c a r r i e d  o u t  i n  a  p o r c e l a i n  e v a p o r a t i n g  

d i s h ,  a s  t h e  porcelain surface was e r o d e d  b y  t h e  f u s i o n  m i x ­

t u r e .  A p l a t i n u m  e v a p o r a t i n g  d i s h  can  b e  u s e d  satisfac­
torily.
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PART V 

SUMMARY

The ,reaction o f  o r g a n i c  sulfides w i t h  o r g a n i c  s u l -  

'fates was investigated to determine whether any e v i d e n c e  

c o u l d  he found for a rearrangement s i m i l a r  to t h o s e  which 
are known to occur in the formation of sulfonium halides. 
S u c h  rearrangements were f o u n d  to occur i n  three c a s e s :

1 ) in the reaction of benzyl sulfide w i t h  methyl hydrogen 
sulfate; 2 ) in t h e  interact!cm o f  b e n z y l  sulfide and di­
methyl sulfate in benzene; and 3)  i n  t h e  r e a c t i o n  b e t w e e n  

b e n z y l  s u l f i d e  a n d  d i m e t h y l  s u l f a t e  i n  g l a c i a l  a c e t i c  acid. 
In the first case, t r i b e n z y l s u l f o n i u m  s u l f a t e  was o b t a i n e d  

i n s t e a d  o f  t h e  dibenzylnethylsulfonium s u l f a t e '  n o r m a l l y  e x ­

p e c t e d :  in t h e  second, a double salt of ben zy 1dimethylsul - 
fonix im c h l o r i d e  was p r o d u c e d ,  a n d  no  dibenzylnethyl com­

p o u n d  was i s o l a t e d ;  a n d  in t h e  t h i r d  c a s e ,  t h e  tribenzyl 
compound  was a l s o ,  f o r m e d  i n s t e a d ,  of t h e  dibenzvlmethyl sul­
fonium salt.

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

f o n i u m  h a l i d e s  b y  Ray a n d  L e v i n e  ( 5 )  h a s  b e e n  e x t e n d e d  t o  

t h e  s u l f o n i u m  sulfates. The theoretical sulfonium salt is 
formed temporarily, b u t  d i s s o c i a t e s  i n  d i f f e r e n t  ways. The 

new sulfides and sulfates produced then recombine to form 
t h e  most stable s u l f o n i u m  sulfates. The mechanism i s  most 
s i m p l y  i l l u s t r a t e d  b y  t h e  following g e n e r a l  e q u a t i o n s :
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R g S  -f- C H ^ S O ^ H  ^  R g C H g S S 0 4 H

R20H3SS04 H   — a RSCHg +  RSO4H

R2S - f  r s o 4h    r 3s s o 4h

RSCHg +• CH3S04H R(CH3) 2SS04H

The f o l l o w i n g  new com pounds  w e r e  p r e p a r e d  d u r i n g  

t h i s  i n v e s t i g a t i o n ;

Compound Melting Point Colour and Form
( CH3) 3SC1 * B iC lg  1 2 1 °  w h i t e  c r y s t a l s

3( CIi3) 3SCl» 2 B iC lg  2 4 5 ° (  d e c . ) w h i t e ,  g l i s t e n i n g
p r i s m s

2C7H7 ( C H g ) g S C l ‘B i C l g  1 4 0 ° ( d e c . ) w h i t e  p l a t e s

3C7H7( CH3) 2SC 1• 2 B i C l3 1 4 5 ° ( d e c . )  w h i t e  n e e d l e s

3 ( C 4Hg) gCHgSCl• 2 B i C l g  1 6 4 °  f l a t  w h i t e  p l a t e s
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