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A HIGH YIELD SYNTHESIS OF DIMETHYLSULFIDE-%, AND PREPAMTION OF CHLORO- 

(DIMETHYLSULFIDE-d+)GOLD(I) AND TRICHLORO(D1METHYLSULFIDE-d+)GOLD(LII) 
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SUMMARY 

Dimethylsulfide-d has been prepared in higher yield than -6 
reported previously by an improved method involving the 

reduction of dimethylsulfoxide-& with triphenylphosphine in 
a solvent mixture of carbon tetrachloride and 2,Z-dimethoxydi- 
ethyl ether at O°C. 

was demonstrated by its gas phase infrared and mass spectra. 

Its utility as a ligand in coordination chemistry was then 
shown by the synthesis of two typical gold complexes, G., 
chloro(dimethylsu1fide-d+)gold(I) and trichloro(dimethy1- 
sulfide-&) gold(II1) . 

The high isotopic purity of the compound 
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INTRODUCTION 
As the use of isotopically substituted ligands in metal complexes increases 

among both spectroscopists and inorganic chemists, high yield syntheses of 

common ligands and efficient means of introducing them into coordination 

compounds are necessary. 

dimethylsulfide-d 

preparation of gold halide complexes. 

We report here an improved, high yield synthesis of 

and more efficient reactions, based on the sulfide, for the -4 

Dimethylsulfide can be prepared by the reduction of dimethylsulfoxide with 
1-3 a variety of reagents. 
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are commercially a v a i l a b l e ,  b u t  t h e  l a t t e r  i s  economica l ly  p r e f e r a b l e  a s  a 

s t a r t i n g  m a t e r i a l .  

The r e d u c t i o n  of d i m e t h y l s u l f o x i d e  t o  d i m e t h y l s u l f i d e  by t r ipheny lphosph ine  

i n  carbon t e t r a c h l o r i d e  h a s  been demonst ra ted  by t r a p p i n g  t h e  s u l f i d e  as a 

mercu r i c  c h l o r i d e  complex. Trapping  i s  n e c e s s a r y  t o  avoid  a t e d i o u s  s e p a r a t i o n  

o f  t h e  (CH ) S from a l a r g e  excess  of C C 1 4 .  Thus t h i s  method i s  n o t  r e a l l y  

s u i t a b l e  f o r  t h e  i s o l a t i o n  and subsequen t  u s e  of (CD ) S .  For  t h i s  r e a s o n ,  

T r a n q u i l l e  p repa red  (CD ) S by t h e  d i s p r o p o r t i o n a t i o n  of (CD ) SO u s i n g  

aqueous NH B r  t o  c a t a l y z e  t h e  r e a c t i o n .  The y i e l d  w a s  45% based  on t h e  ( C D 3 ) 2 S 0  

s t a r t i n g  m a t e r i a l .  Moreover, s i n c e  t h e  r e a c t i o n  u s e s  (CD ) SO as t h e  r e d u c t a n t ,  

t h i s  y i e l d  can neve r  exceed 50%. 

3 2  

3 2  

3 2  3 2  

4 

3 2  

We have adapted  t h e  r e d u c t i o n  o f  (CD ) SO by t r ipheny lphosph ine  i n  carbon 3 2  

t e t r a c h l o r i d e  t o  o b t a i n  70-75% y i e l d s  o f  (CD ) S by u s i n g  t h e  n o n v o l a t i l e  

s o l v e n t  2 ,2-d imethoxydie thyl  e t h e r  (d ig lyme) .  The C C 1  and (CD ) S are r e a d i l y  

removed from t h e  b u l k  i n  vacuo and t h e  s u l f i d e  p roduc t  is  f i n a l l y  p u r i f i e d  by 

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

3 2  

4 3 2  

The s y n t h e s e s  of (CD ) S A u C l  and (CD3)2SAuC13  are based  on t h e  methods of 3 2  
4-6 Teresa .  A s t o i c h i o m e t r i c  q u a n t i t y  of d i m e t h y l s u l f i d e  r e a c t s  w i t h  t h e  

t e t r a c h l o r o a u r a t e  an ion  t o  form (CH ) S A u C 1 3 ;  an e x c e s s  of t h e  s u l f i d e  l e a d s  3 2  

t o  t h e  format ion  of (CH ) S A u C 1 :  3 2  

(CH3)2S  + H A u C 1 4  ---P ( C H 3 ) 2 S A u C 1 3  + H C 1  

2 ( C H 3 ) 2 S  + H A u C 1 4  + H 2 0  d ( C H 3 ) 2 S A ~ C 1  + 3 H C 1  + ( C H 3 ) 2 S 0  

S i n c e  t h e  l a t t e r  r e a c t i o n  proceeds  by t h e  fo rma t ion  o f  t h e  g o l d ( I I 1 )  complex 

and i t s  subsequent  slow r e d u c t i o n  t o  g o l d ( I ) ,  t h e  y i e l d  of d e u t e r a t e d  go ld (1 )  

complex, based  on t h e  (CD ) S r e a g e n t ,  may be  doubled by u s i n g  a noncoord ina t ing  

reducing  agent  such  a s  SO 

3 2  

2 :  

(CD ) S + H A u C 1 4  4 ( C D 3 ) 2 S A ~ C 1 3  + H C 1  

(CD ) S A u C 1 3  + SO2 + 2 H 2 0  & ( C D 3 ) 2 S A ~ C 1  + H 2 S 0 4  + 2 H C 1  

3 2  

3 2  
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EXPERIMENTAL 

I n f r a r e d  s p e c t r a  o f  (CD ) S w e r e  recorded  on a Beckman IR-12 s p e c t r o m e t e r  3 2  

us ing  a 10-cm gas  c e l l  f i t t e d  w i t h  N a C l  windows; i t s  mass spec t rum w a s  measured 

on a H i t a c h i  RMU-6E mass spec t romete r .  Gold a n a l y s e s  were performed by 

d i s s o l v i n g  a c c u r a t e l y  weighed samples of t h e  complex ( c a .  10  mg) i n  h o t  aqua 

r e g i a  and then  d i l u t i n g  t h e s e  s o l u t i o n s  t o  100 m l  a f t e r  complete d i s s o l u t i o n .  

The go ld  c o n c e n t r a t i o n s  i n  t h e s e  d i l u t i o n s  w e r e  de te rmined  on a P e r k i n  Elmer 

360 a tomic  a b s o r p t i o n  spec t romete r  which had been c a l i b r a t e d  w i t h  s e r i a l  

d i l u t i o n s  of commercially a v a i l a b l e  s t a n d a r d s .  

P r e p a r a t i o n  of Dimethylsu l f ide-d  . Diglyme (25 ml) and t r ipheny lphosph ine  

(19.67 g ,  0.075 mole) were degassed  on a vacumm l i n e  i n  a 100-ml f l a s k  f i t t e d  

w i t h  a dropping  f u n n e l  and a thermometer.  Carbon t e t r a c h l o r i d e  (4 .6  ml) w a s  

added through t h e  dropping  f u n n e l .  

sulfoxide-d+ (4 .0  m l ,  0 .051  mole) w a s  added s lowly .  

t h e  i ce -ba th  w a s  a l lowed t o  w a r m  t o  room t empera tu re .  Caut ion:  I f  t h e  i ce -ba th  

i s  removed t o o  soon, a v igo rous  exothermic  r e a c t i o n  may blow o f f  t h e  d r o p p i n g  

funne l  and thermometer.  Premature  removal a l s o  r e s u l t s  i n  d i s c o l o r a t i o n  and 

poor y i e l d s .  The v o l a t i l e  components were c o l l e c t e d  i n  a l i q u i d  n i t r o g e n  t r a p  

u n t i l  approximate ly  10 m l  had been t r a n s f e r r e d .  T h i s  mix tu re  w a s  d i s t i l l e d  

through a 15-cm Vigereaux column, c o l l e c t i n g  t h e  f r a c t i o n  b o i l i n g  up t o  38OC. 

The y i e l d  of  (CD ) S was 73% (2.74 g) and from i t s  mass spec t rum t h e  

i s o t o p i c  p u r i t y  was g r e a t e r  than  99 .9%.  I ts  a u t h e n t i c i t y  w a s  a l s o  c l e a r l y  

e s t a b l i s h e d  by i t s  gas  phase  i n f r a r e d  spec t rum,  t h e  major  peaks  o c c u r r i n g  a t  

2255sh, 2245sh, 2238sh, 2235sh, 2151sh, 2142sh, 2136sh, 2102m, 2030w, 2020w, 

1070s ,  1057s ,  1052s ,  1025w, 1014w, 1005w, 830w, 656m, and 636m ~ m - ' . ~  

The mix tu re  w a s  coo led  t o  O°C and d imethyl -  

A f t e r  s t i r r i n g  f o r  34-4 h r ,  

3 2  

P r e p a r a t i o n  of C h l o r o ( d i m e t h y l s u 1 f i d e - d , ) g o l d ( I ) .  

w a s  added t o  a s o l u t i o n  of HAuCl .H 0 (0.20 g ,  5 . 3  m o l e )  d i s s o l v e d  i n  a b s o l u t e  

e t h a n o l  (5 ml ) ,  fo l lowed immedia te ly  by a d d i t i o n  of 6% s u l f u r o u s  a c i d  ( 0 . 6  ml) .  

A f t e r  t h e  e n t i r e  s o l u t i o n  had d e c o l o r i z e d ,  t h e  s h i n y  wh i t e  p r e c i p i t a t e  w a s  

f i l t e r e d  o f f ,  r e c r y s t a l l i z e d  from chloroform,  and d r i e d  i n  vacuo (mp 115-12OoC dec . )  

Dimethylsulfide-d+ (0.2 ml) " 

4 2  
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Anal. Calcd f o r  C2D6AuC1S: C ,  7.97; D ,  3.98; Au, 65.5.  

Au, 67.0. 

Found: C ,  7 .94 ;  D ,  3.97; 

P repa ra t ion  of T r i ch lo ro (d ime thy l su1f ide -d , )go ld ( I I I ) .  Dimethylsulfide-& 

(0.5 m l )  was syr inged i n t o  a s o l u t i o n  of HAuCl - H  0 (2.0 g) d i s s o l v e d  i n  abso lu te  

e thano l  (15 m l ) .  The yel low p r e c i p i t a t e  which formed was c o l l e c t e d  by f i l t r a t i o n ,  

r e c r y s t a l l i z e d  from chloroform, and d r i e d  over  P205 i n  a d e s i c c a t o r .  

Calcd f o r  C D AuCl S :  C ,  6 .47;  D ,  3.25. Found: C ,  6.52; D ,  3.30. 

" 

4 2  

e. 
2 6  3 

RESULTS AND DISCUSSION 

The y i e l d  of (CD ) S ob ta ined  by t h e  method desc r ibed  above r e p r e s e n t s  a 

s i g n i f i c a n t  improvement over  t h a t  ob ta ined  by T r a n q u i l l e  e t  a l . 3  (73 E. 4 5 % )  

based on t h e  amount of dimethylsulfoxide-d+ used. 

was c a r r i e d  out  u s ing  va ry ing  amounts of  t r iphenylphosphine and carbon 

t e t r a c h l o r i d e .  

he re  r e s u l t s  i n  low y i e l d s  of (CD3)2S. 

t e t r a c h l o r i d e  g i v e s  an apparent  i n c r e a s e  in t h e  y i e l d  of t h e  d e s i r e d  p roduc t ,  

bu t  gas  chromatography i n d i c a t e s  t h a t  t h i s  i s  an a r t i f a c t  due t o  i n c r e a s e d  C C 1  

contamination of t h e  p roduc t .  Thus t h e  y i e l d  of  (CD ) S is  i n s e n s i t i v e  t o  t h e  

C C 1  concen t r a t ion ,  c o n s i s t e n t  w i th  i t s  expected c a t a l y t i c  r o l e :  

3 2  

A c a r e f u l  y i e l d  op t imiza t ion  

Reducing t h e  amount of t r iphenylphosphine below t h a t  r epor t ed  

I n c r e a s i n g  t h e  amount of carbon 

4 

3 2  
1 

4 

The i s o l a t i o n  of t r iphenylphosphine oxide a s  a product  was v e r i f i e d  by i n f r a r e d  

a n a l y s i s  of t h e  i n s o l u b l e  pot  r e s i d u e  and i t s  me l t ing  p o i n t .  

The r e t e n t i o n  of i s o t o p i c  p u r i t y  i n  t h e  formation of t h e  gold complexes w a s  

demonstrated by t h e  i n f r a r e d  and Raman s p e c t r a  of t h e  s o l i d  complexes. D e t a i l s  

of t h e s e  s p e c t r a ,  a s  w e l l  a s  complete normal coord ina te  ana lyses  of t h e  

v i b r a t i o n a l  d a t a ,  w i l l  be  r e p o r t e d  elsewhere.  ' 
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