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STEREO- AND ENANTIOSELECTIVE REACTIONS OF ORGANOSULFUR COMPOUNDS 

MEDIATED BY TRANSITION METAL COMPLEXES 

WOLFDIETER A. SCHENK* , JURGEN BEZLER , NICOLAI BURZLAFF , EBERHARD 
OOMBROWSKI, JURGEN FRISCH , NIKOLAI KUHNERT, and IRENE REUTHER 
I n s t i t u t  f u r  Anorganische Chemie, U n i v e r s i t a t  Wurzburg, 
Am Hubland, D-97074 Wurzburg (Germany) 

Abs t rac t  
such as th ioa ldehydes,  s u l f i n e s ,  and su l fenes ,  can be produced and 
s t a b i l i z e d  i n  t h e  coo rd ina t i on  sphere o f  pseudote t rahedra l  h a l f -  
sandwich t y p e  complexes o f  ru then ium and rhenium. These complexes 
can t h e n  be used f o r  d i f f e r e n t  t ypes  o f  s t f r e o s e l e c t i v e  a d d i t i o n  
r e a c t i o n s .  S i m i l a r l y  [ CpRu (S , S-chiraphos)] can be used as a c h i -  
r a l  a u x i l i a r y  i n  t h e  e n a n t i o s e l e c t i v e  o x i d a t i o n  o f  t h i o e t h e r s .  
F a c i l e  demeta la t ion  r e a c t i o n s  a re  a l s o  a v a i l a b l e  t o  l i b e r a t e  t h e  
organ ic  p roduc t  f rom t h e  complex. 

A number of o therw ise  uns tab le  o rgan ic  s u l f u r  compounds 

THIOALOEHYDES 

Recent ly we have found a new s y n t h e t i c  access t o  complexes o f  a romat ic  

th ioa ldehydes.  

Ph3C+ 
Cp(RiP)2R~--S-CH2R [ C ~ ( R ~ P ) ~ R U - S = C H R ] *  

-Ph3CH 

With s t e r i c a l l y  undemanding phosphine l i g a n d s  (Me3P, Me PC H PMe2) 

these complexes e x i s t  as r a p i d l y  e q u i l i b r a t i n g  m ix tu res  o f  '1 and 

isomers. The r e a c t i o n  can be extended t o  g - th ioa ldehyde complexes of  

rhenium which a re  ob ta ined as d i a s t e r e o m e r i c a l l y  pu re  p a i r s  of  (RR,SS) 

enantiomers. 

2 f  2 

2 

2 

X-Ray s t r u c t u r e  de te rm ina t ions  show t h a t  i n  t h e  q l  f o rm t h e  C-S d i s -  

tance i s  t h a t  o f  a double bond (163.2 pm ) w h i l e  i n  t h e  form t h i s  1 2 
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2 bond i s  lenghtened t o  170 pm. 

Ru-S 231.4 pm 
S-C 163.2 pm 

Re-S 237.6 pm 
S-C 170 pm 

Re-C 220.7 pm 

The th ioa ldehyde complexes undergo D ie l s -A lde r  a d d i t i o n s  w i th  cyclopen- 

tad iene  as w e l l  as open-chain dienes. The a d d i t i o n s  a re  o n l y  moderately 

d i a s t e r e o s e l e c t i v e  (20 - 40 %de) but, i n  t h e  case of cyclopentadiene, 

h i g h l y  exo-se lec t ive .  

THIOLACTONES 

3 B i a r y l - t h i o l a c t o n e  complexes a re  ob ta ined v i a  a s imp le  l i g a n d  exchange. 

The complex [ CpRu(S,S-chiraphos)]' i s  w e l l - s u i t e d  as a c h i r a l  a u x i l i a r y  

t o  e f f e c t  an e n a n t i o s e l e c t i v e  r ing-open ing  o f  t h e  t h i o l a c t o n e  b r idge ,  

as shown i n  t h e  f o l l o w i n g  equat ion.  

cn:, 
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SULFINES 

For  t h e  s y n t h e s i s  o f  s u l f i n e  complexes a number o f  methods a re  now av- 

a i l a b l e ,  i n c l u d i n g  e l i m i n a t i o n  r e a c t i o n s  o f  s u l f i n a t o  complexes, methy- 

l e n e  t r a n s f e r  t o  SO complexes, and o x i d a t i o n  o f  t h ioa ldehyde  complexes. 

T f  20, -0Tf- + /o RHCN2 + 
L ~ M  -ss0 

0 
II 

0 

LnM - S - CH2R L~H-S’ 

11 2 It -TfOH +cHR -N 

0 II SiMeg I H+ +,s=o I01  + 
LnM-S-C-H ____+ LnM,iHR LnM-S=CHR a c  -Me3SiOH 

LnM = C ~ R U ( P R ~ ) ~ ,  Cp*Ru(PMe2)2; R = H, CH3, A r y l  

SU LF EN ES 

S i m i l a r  s u l f e n e  complexes have r e c e n t l y  been ob ta ined  by methylene ad- 

d i t i o n - t o  SO2 complexes. 4 

0 
It + +,s=o 

8 0  -N2 ‘CHR 
LnM-s/O + RHCN2 - L M I 

LnM = C ~ R U ( P R ~ ) ~ ,  Cp*Ru(PMe3)2; R = H, CH3 

The h i g h  e l e c t r o p h i l i c i t y  o f  these compounds can be e x p l o i t e d  f o r  C-C 

c o u p l i n g  r e a c t i o n s  with, e.g., enamines and me ta la ted  E-ke toes ters .  

+ 
O R N R ~  

L ~ M - ~  ~ ( 2  
0 

0 
1 +,s=o 

LnM\&,R 

For  R = CH3 these  a d d i t i o n s  occur  

Decomplexation r o u t e s  t o  g i v e  e s t e r s  o f  e i t h e r  t h e  cor respond ing  s u l -  

f o n i c  or s u l f i n i c  ac ids  have a l s o  been developed. 

w i t h  h i g h  d i a s t e r e o s e l e c t i v i t i e s .  
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SULFOXIOES 

Trans i t i on -me ta l  coord ina ted  t h i o e t h e r s  can i n  f a v o r a b l e  c i rcumstances 

be ox id i zed  t o  s u l f o x i d e  complexes. Again, CpRu(S,S-chiraphos) i s  a s u i -  

t a b l e  c h i r a l  a u x i l i a r y  which renders  t h i s  r e a c t i o n  enan t iose lec t i ve .  5 

Decomplexation of t h e  s u l f o x i d e  i s  achieved by h e a t i n g  t h e  complex w i th  

sodium i o d i d e  i n  acetone. 
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