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C-C ASYMMETRIC BOND FORMATION MEDIATED BY OPTICALLY 
A C T I V E  SULFOXIDES 

MAURO C I N Q U I N I  
I s t i t u t o  Chimica 
I t a l y  

A b s t r a c t .  Highly 
r e a c t i o n s  can be 

I n d u s t r i a l e ,  V i a  Golg i  1 9 ,  Milano, 

s t e r e o s e l e c t i v e  C-C bond forming 
performed w i t h  a v a r i e t y  of o p t i -  

c a l l y  a c t i v e  s u l f i n y l  d e r i v a t i v e s  t o  a f f o r d ,  a f t e r  
d e s u l f u r i z a t i o n ,  o p t i c a l l y  a c t i v e  s u l f u r - f r e e  pro-  
d u c t s .  

O p t i c a l l y  a c t i v e  s u l f o x i d e s  have been known s i n c e  a long  

t i m e ,  b u t  a g e n e r a l  r o u t e  t o  t h e s e  compounds of  h igh  o r  

complete  enan t iomer i c  p u r i t y  w a s  developed on ly  i n  t h e  

e a r l y  s i x t i e s  v i a  t h e  Andersen s y n t h e s i s  1-3 ,  s t a r t i n g  

from e a s i l y  a v a i l a b l e ,  d i a s t e r e o m e r i c a l l y  pure  s u l f i n a t e  

esters.  

Only i n  t h e  l a s t  decade s u l f o x i d e s  have been e x t e n s i v e l y  

used as c h i r a l  synthons  i n  a v a r i e t y  of  p r o c e s s e s  t o  

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

The p e c u l i a r  f e a t u r e s  of  t h e  s u l f i n y l  group,  - i . e .  t h e  

marked s t e r e o e l e c t r o n i c  d i f f e r e n c e s  among t h e  l i g a n d s  a t  

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

account  f o r  t h e  e x c e l l e n t  d e g r e e s  of c h i r a l  d i s c r i m i n a -  

t i o n  observed  i n  t h o s e  r e a c t i o n s  where a s u l f i n y l  moie ty  
r e p r e s e n t s  t h e  c h i r a l i t y  s o u r c e .  A f u r t h e r  advantage  i s  
r e p r e s e n t e d  by t h e  easy  i n s e r t i o n  and smooth removal of  

t h e  s u l f o x i d e  group.  F i n a l l y  it must  be p o i n t e d  o u t  t h a t  

u s u a l l y  o p t i c a l l y  a c t i v e  s u l f o x i d e s  are  o b t a i n e d  from 

( - )  menthyl s u l f i n a t e s  and t h a t  t h e  o r i g i n a l  sou rce  of  

c h i r a l i t y ,  ( - ) -men tho l ,  i s  a cheap  and e a s i l y  a v a i l a b l e  

s t a r t i n g  m a t e r i a l ,  which can  be r ecove red  d u r i n g  t h e  se- 
quence of r e a c t i o n s .  

[4191/39 
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40/ [420] M. CINQUINI 

By far the most general route to optically active sulf- 
oxides involves, as mentioned above, the reaction of 
diastereomerically pure sulfinate esters with organo- 
metallic species, usually magnesium or lithium deriva- 
t ive s 

These reactions are, with a few exceptions 3 ,  stereo- 
specific, and invGlve inversion of chirality at the sul- 
fur atom, as demonstrated in a variety of cases, so 
that the absolute configuration at the sulfoxide group 
can directly be inferred from that of the starting 
sulfinate. 
Another possible route to functionalized sulfoxidec 
consists in the reaction of a-metallated sulfoxides 
with electrophiles such as esters, nitriles, nitrile- 
oxides, nitrones . . . . . 
By the first method we prepared, inter alia, a-sulfinyl- 
amides , -thioamides , -hydrazones 6 - 7 ,  and sulf inyl- 
oxazolines , starting from the appropriate lithium 
enolate. In every case the absolute configuration of 
the products is (R) 4-8 if the starting material is ( - ) -  

(S)-menthyl toluene-p-sulfinate. 

1-3 

1-3 

0 
II 

p- Tol- S-OMenthyl 

(-)-(S) 

(R) (R) 

A variety of differently functionalized sulfoxides have 
been prepared by similar procedures by other research 
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C-C ASYMMETRIC BOND FORMATION MEDIATED BY SULFOXIDES [421]/41 

1-3 groups active in this area 
A first hint of the possibilities of the sulfinyl group 
to promote high levels of stereoselection (in reactions 
occurring at the carbons a and B to the sulfur atom) 
was given by Wolfe in 1965 in the H / D  exchanae reaction 
of benzyl methyl sulfoxide . Since then, qood to 
excellent levels of chiral discrimination have been 
achieved in sulfoxide-mediated C-H, C-heteroatom and 
C-C bond formations 
restricted to asymmetric C-C bond formation in aldol- 
type reactions, 
In the pioneering works by Johnson lo  and Durst 
(1971) it was shown that a-metallated sulfoxides react 
with carbonyl compounds to afford optically active 
sulfur-free products. In the process one or two stereo- 
centers are formed, depending on the nature of the car- 
bony1 derivative and of the sulfoxide. 
Metallation of optically pure (S)-benzyl methyl sulf- 
oxide (1) followed by addition of acetone afforded via - 
an a-asymmetric induction a 15:l mixture of the corres- 
ponding B-hydroxy sulfoxides the major diastereomer (2) 
having the (R) configuration at carbon . 

1-3 

. This paper will be (mainly) 1-3,9 

1 1  

1 1  

0 1) M e L i  

2) acetone 

0 

PhCH2-S-Me I1 + Ph-CH-u-Me 
I 

HO- C Me 

(S)-(l) 
( R ,  S)-(2) 
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42/ I4221 M. CINQUINI 

0 
I I  

n-Bu- S - M e  - 
0 

1) ;-BuLi i i - Ph-CH-CH -S-Bu-p  __f I 2 

(4)  

OH 2) PhCHO 

J o h n s o n ' s  approach  l o  e x p l o i t e d  a 8-asymmetr ic  i nduc -  

t i o n ,  1 .e .  t h e  r e a c t i o n  of m e t a l l a t e d  ( + ) - ( S ) - n - b u t y l  - 

methy l  s u l f o x i d e  ( 3 )  w i t h  benza ldehyde .  The major d i a -  

stereomer ( 4 ) ,  o b t a i n e d  p u r e  by f r a c t i o n a l  r e c r y s t a l l i -  

z a t i o n ,  w a s  c o n v e r t e d  i n t o  90% e n a n t i o m e r i c a l l y  p u r e  

( + ) - ( S )  s t y r e n e  o x i d e  ( 5 ) .  

T s u c h i h a s h i  l 2  e x t e n d e d  t h e  scope  of t h i s  r e a c t i o n  t o  

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

o f  e n a n t i o m e r i c a l l y  p u r e  p - t o l y l  me thy l  s u l f o x i d e  ( 6 )  

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

t i o n  o f  t h e  B-hydroxy s u l f o x i d e s  (p roduced  i n  1 : 1 / 2 : 1  

d i a s t e r e o m e r i c  r a t i o s )  and  r e d u c t i v e  d e s u l f u r i z a t i o n  by 

Raney-n icke l .  

base - .: C=O 

OH 

p-Tol-S-CH -C-R2 - 
2 I 1  

R' 

OH 

CH3-{.-R2 

R1 

9 Raney I t  
Ph-CH-C% P h - C H - C yi. S - T 01- p 

I 
NHPh 

I N i  
NHPh 

PhC H= N- P h  
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C-C ASYMMETRIC BOND FORMATION MEDIATED BY SULFOXIDES [423] 143 

Only one  example o f  a d d i t i o n  o f  a - s u l f i n y l  c a r b a n i o n s ,  

namely a - l i t h i o  ( + )  - ( R )  - ( 6 )  , t o  a S c h i f f  base h a s  been  

r e p o r t e d  . 
The r e a c t i o n  i s  more s t e r e o s e l e c t i v e  i f  compared t o  t h e  

c o n c e p t u a l l y  r e l a t e d  a d d i t i o n  t o  C = O  d o u b l e  bonds .  I n -  

d e e d ,  ( S , R ) - ( 7 )  i s  t h e  o n l y  d i a s t e r e o m e r  p roduced .  Sub- 

s e q u e n t  d e s u l f u r i z a t i o n  l e a d s  t o  o p t i c a l l y  p u r e  amine 

( - )  - ( R )  - ( 8 )  . 
A h i g h  d e g r e e  of s t e r e o s e l e c t i v i t y  w a s  a l s o  o b s e r v e d  i n  

t h e  r e a c t i o n  of ( + )  - ( R )  - ( 6 )  w i t h  n i t r o n e s  ( 9 )  

o p t i c a l l y  a c t i v e  s u l f i n y l  hydroxylamines  ( l o ) .  

I n  t h e  f o r m a t i o n  o f  t h e  new s t e r e o c e n t e r  (f3-asymmetric 

i n d u c t i o n )  t h e  c h i r a l  d i s c r i m i n a t i o n  i s  v e r y  h i g h  and 

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

( d i a s t e r e o m e r i c  r a t i o  75:25, 82:18 ,  1oo:o f o r  R = M e ,  

Ph,  Bu--, r e s p e c t i v e l y ) .  

I n  t h e  r e a c t i o n  of t h e  a n i o n  d e r i v e d  from ( + ) - ( R )  p- 
t o l y l  e t h y l  s u l f o x i d e  ( 1 1 )  w i t h  ( 9 )  (R=Bu-) t w o  s t e r e o -  

c e n t e r s  a re  c o n c o m i t a n t l y  formed. Hydroxylamino s u l f -  

o x i d e  ( 1 2 )  w a s  o b t a i n e d  as a 6 : l  m i x t u r e  o f  e p i m e r s  a t  

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

presumably  e n a n t i o m e r i c a l l y  p u r e .  

1 3  

l 4  t o  g i v e  

t 

t 

0 
II base 0 

I I  
p-Tol-S-CH + Ph-CH=N-R - p-Tol-S-CH -CH-N-R 

3 c 2 i  I 
0 Ph OH 

t R =  M e ,  Ph, Bu- 
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44/[424] M. CINQUINI 

0 Ph  
t II I base 0 

I I  
p- Tol- S-CH -CH - p-Tol-S-CH-CH-N-Bu- 

I I PhCH=N-Rn- t 

0 

.. -- A M e  OH 

c 

0 NOH 
1 1  I t  

P-TOl- S-CH-C-Ph 
I ( 13)  Me 

A good e x t e n t  of  a - i n d u c t i o n  w a s  a l so  observed  when ( + ) -  

( R ) - ( 1 1 )  w a s  r e a c t e d  w i t h  phenyl  n i t r i l e  o x i d e  t o  a f f o r d  
p-oximino s u l f o x i d e  (13 )  as a m i x t u r e  of i s o m e r s  i n  

13 : l  r a t i o  . 
While o n l y  l o w  t o  moderate  s t e r e o s e l e c t i o n s  are observed  
a t  t h e  B-carbon i n  r e a c t i o n s  of  s imple  s u l f o x i d e s  w i t h  

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

example t h e  d i t h i o a c e t a l  mono-S-oxide ( + )  - ( S )  - ( 1  4 )  , a 

c h i r a l  a c y l  an ion  e q u i v a l e n t ,  w a s  used by S c o l a s t i -  
co 5 '  t o  deve lop  an e f f i c i e n t  asymmetric s y n t h e s i s  

of  a-methoxy a ldehydes  ( 1  5 )  . 

1 4  
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C-C ASYMMETRIC BOND FORMATION MEDIATED BY SULFOXIDES [425] 145 

0 
I 1  1) 5-BuLi  

2) RCHO 

0 
I1 

p- Tol- 5-CH -5-Tol-p E-ToI- 5-CH-5-Tol-p 
I 
C HOH 

2 

I 
R 

R-CH-CHO 
I 

O M e  

(R)-(ln 

0 

R = Ph 

R = PhCH2 

ee = 70% 

ee = 46% 

OH 

Kunieda and co-workers  I 7 - l 9  w e r e  t h e  f i r s t  t o  r e p o r t  

a n  a l d o l - t y p e  r e a c t i o n  per formed on  a s u l f o x i d e  c o n t a i -  

n i n g  syn thon ,  namely e thy l - a -pheny l  s u l f i n y l  ace t a t e .  

However, o n l y  t h r e e  y e a r s  l a t e r  S o l l a d i e  2o u s i n g  t h e  

c h i r a l i t y  o f  ( + )  - ( R )  - ( 1 6 )  deve loped  an  asymmetr ic  syn-  
t h e s i s  of  D-hydroxy a c i d s  from a l d e h y d e s  and k e t o n e s  

(R 

Enan t iomer i c  e x c e s s e s  w e r e  i n  t h e  r ange  20-95% 

The n a t u r e  of t h e  b a s e  i s  c r u c i a l ,  s i n c e  l i t h i u m  o r  so- 

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

and RL are s m a l l  and l a r g e  g r o u p s ,  r e s p e c t i v e l y ) .  
S 

2 0 - 2 4  
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46/[426] M. CINQUINI 

Our i n t e r e s t  i n  a l d o l - t y p e  c o n d e n s a t i o n s  d e r i v e d  from 

t h e  o b s e r v a t i o n  t h a t  w h i l e  e x c e p t i o n a l  l e v e l s  of  b o t h  

d i a s t e r e o -  and e n a n t i o - s e l e c t i v i t y  w e r e  a ch ieved  by 

Evans 2 4  i n  t h i s  t y p e  o f  r e a c t i o n s  u s i n g  b o r o - e n o l a t e s  

o f  s u i t a b l y  c h i r a l i z e d  p r o p i o n y l  imides ,  t h e  co r re spon-  

d i n g  a c e t y l  imides  d i d n o t  behave so w e l l ,  t o  t h e  p o i n t  

t h a n  an e a s i l y  removable m e t h y l s u l f i d e  group w a s  i n s e r -  

t e d  t o  restore h i g h  s tereoselect ions.  
I n  p r i n c i p l e  t h e  i n t r o d u c t i o n  of  a s u l f o x i d e  moie ty  

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

i n  t h e  eno la t e ,  and p r o v i d e  t h e  source of  c h i r a l i t y .  

T o  t h i s  end w e  p repa red  e n a n t i o m e r i c a l l y  p u r e  ( + ) - ( R ) -  

a-sulfinyl-N,N-dimethylacetamide ( 1 7 ) .  a - M e t a l l a t i o n  

of  ( + )  - ( R )  - ( 1  7 )  , condensa t ion  w i t h  a ldehydes  and d e s u l -  

f u r i z a t i o n  (Na/Hg, N a H  PO b u f f e r )  gave o p t i c a l l y  a c t i v e  

8-hydroxy-amides ( 1 9 )  . 
The impor tance  of t h e  n a t u r e  o f  t h e  base is  e v i d e n t  

from t h e  f a c t  t h a t  i)  l o w  t o  medium l e v e l s  of c h i r a l  

d i s c r i m i n a t i o n  were observed  i n  t h e  case o f  l i t h i u m  eno- 

l a t e s ;  ii) w i t h  maqnesium e n o l a t e s  e x c e l l e n t  d e g r e e s  

o f  s t e r e o s e l e c t i o n  w e r e  ach ieved  and ,  even m o r e  s t r i k i n g -  

l y ,  i t s  s e n s e  was r e v e r s e d .  

I n  o t h e r  words ( + ) - ( R )  and ( - ) - ( S )  B-hydroxy amides ( 1 9 )  

were o b t a i n e d  by working w i t h  Bu-Li and Bu-MgBr, r e s p e c -  

t i v e l y ,  s t a r t i n g  from t h e  s a m e  c h i r a l  p r e c u r s o r .  The ab- 

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

2 4  

n t 
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C-C ASYMMETRIC BOND FORMATION MEDIATED BY SULFOXIDES [ 4 27 1/47 

1)CH N 2 2 ,  

2) h4e2NH 

n 
e.e.8-47% Base: Bu- gi 
e.e. 85-loo% Base: Bu-Mg/Br 

i t R=Mer BuL, pr--, B ~ -  

shed by chemical correlation with 8-hydroxy-acids of 
known chirality. 

The extent of asymmetric synthesis observed in the case 
of magnesium enolates is sufficiently high to warrant a 
correct indication of the transition state involved in 
the process. 
We propose a rigid chelated model, where the aldehyde 
approaches from the top-side with the aldehydic hydrogen 
towards the sulfur lone pair. This attack accounts f o r  

the absolute configuration of the products. We believe 
that the other equivalent attack, with the aldehyde R 
group facing the aromatic residuer can be disregarded On 
steric grounds. 
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NMe2 NMe2 

A B C  D 

- 3 

M = Li 3 2  1 2  5 6  

- M = MgBr  97  
- 

F I G U R E  1 .  
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Furthermore t h e  model i s  s u b s t a n t i a t e d  by i) c h e l a t i o n  

of magnesium by t h e  s u l f i n y l  oxygen which should  f a v o r  

t h e  Z geometry commonly accep ted  f o r  amide e n o l a t e s ;  

i i) t h e  model i s  i n  agreement w i t h  t h e  d e c r e a s e  i n  s te -  
r e o s e l e c t i o n  observed  on i n c r e a s i n g  t h e  s t e r i c  demand 

of t h e  a ldehyde  R r e s i d u e ;  iii) o t h e r  f a c t o r s  be ing  

e q u a l ,  an i n c r e a s e  i n  s te r ic  b u l k i n e s s  of  t h e  groups  

bonded t o  t h e  amide n i t r o g e n  l a r g e l y  d e c r e a s e s  t h e  amount 
25 of c h i r a l  d i s c r i m i n a t i o n  . 

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

w a s  g iven  by t h e  i s o l a t i o n  of t h e  condensa t ion  adduc t s  

of  s u l f o x i d e  ( 1 7 )  w i t h  i sobu ty ra ldehyde .  The r e a c t i o n  
of amide ( 1 7 )  w i t h  BU-MqBr as  base  a f f o r d s  on ly  two of 

t h e  f o u r  p o s s i b l e  d i a s t e r e o m e r i c  hydroxy-su l foxides  

t 

( 1 8 1  i n  3 5  : 1 r a t i o  , [a], + 288O and [aID + 54O, re- 
n 

s p e c t i v e l y ,  wh i l e  t h e  u s e  of  BucLi as  base  l e a d s  t o  

t h r e e  d i a s t e r e o m e r i c  p r o d u c t s  [a], + 55O, [a], + 142O 

and [a], + 288O i n w  4 . 7  : 1 : 2 . 7  r a t i o  

By comparison of  t h e  s p e c t r o s c o p i c  p r o p e r t i e s ,  o p t i c a l  

r o t a t i o n s  and r e l a t i v e  amount of t h e  a d d u c t s  and c o n s i -  

d e r a t i o n  of  t h e  enan t iomer i c  e x c e s s e s  and a b s o l u t e  con- 

f i g u r a t i o n s  of  t h e  f i n a l  p r o d u c t s  (191, t h e  R R R and 

R S S a b s o l u t e  c o n f i g u r a t i o n s  c o u l d  be  a s s i g n e d  to t h e  

major and minor p r o d u c t s  ( 1 8 )  d e r i v i n g  from t h e  magne- 

s ium e n o l a t e ,  and t h e  R S S ,  R R S ,  and R R R a b s o l u t e  

c o n f i g u r a t i o n s  t o  t h e  p r o d u c t s  ( 1 8 )  d e r i v i n g  from t h e  

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

sium and l i t h i u m  e n o l a t e s  are i n d i c a t e d  i n  f i g u r e  1. 

A d i f f e r e n t  s i t u a t i o n  w a s  m e t  w i t h  i n  t h e  case of a - s u l -  

f i n y l  th ioamides  5 .  Condensat ion o f  ( R )  - ( 2 0 )  w i t h  a l d e -  

hydes a t  -goo by u s i n g  Bu-MgBr as b a s e ,  and subsequent  

d e s u l f u r i z a t i o n  a f f o r d s  B-hydroxy th ioamides  ( 2 2 )  i n  

55-90% e .e .  I n  t h i s  c a s e  t h e  e f f e c t  of a v a r i a t i o n  of 

2 5  . 

t 
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the R group of the aldehyde on the extent of stereose- 
lection is more difficult to account for. PhCHO and 
Pr-CHO giving higher e.e. than MeCHO and Bu-CHO. i t 

e.e 55-90% i t R=Me, Pr--, Ph, Bu- 

Reaction of (R) - (20) with PriCHO afforded adducts (21 ) 
as a mixture of only two of the four possible diastereo- 
isomers in 9 5  : 5 ratio. From the mixture the major iso- 
mer could be isolated by flash chromatography and con- 
verted into the corresponding optically pure derivative 
(22) , R = Pr-. Similarly reaction of (R) - (20) with 
PhCHO afforded adducts ( 2 1 )  as a mixture of o n l y  two 
diastereoisomers in 9 : l  ratio. Unfortunately in this 
latter case desulfurization is accompanied by extensive 
retro-aldolization. 
Alkylation of (22) with Me30+BF4 and subsequent borohy- 
dride reduction allowed conversion of P-hydroxy thioami- 
des (22) into y-amino alcohols (23). Thus sulphinyl thio- 
amides behave as chiral synthons of P-amino carbanions. 

i 

- 

The fact that even apparently minor variations in the sys- 
tem dramatically affect the behaviour of sulfinyl deri- 
vatives in aldol-type reactions was confirmed in the case 
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C-C ASYMMETRIC BOND FORMATION MEDIATED BY SULFOXIDES I4311 /51 

of ( - )  - ( R )  -2- (p-tolylsulfinyl methyl) -0xazoline (24) , 
easily available from commercial 2,4,4-trimethyf-2-oxa- 
zol ine . 
a-Metallation of (24) with BunLi, condensation with al- 
dehydes and reductive breaking of the C-S bond afforded 
8-hydroxyalkyloxazolines (25), which can be unmasked by 
acid treatment to give the corresponding optically ac- 
tive 8-hydroxy acids (26) of predictable absolute con- 
figuration, as shown in the scheme, in excellent over- 
all yield (60-85%). In this case i) the degree of chi- 
ral discrimination, although generally satisfactory, is 
lower than that found in the amide case (see above); 
ii) it decreases when the R residue of the aldehyde is 
sterically very demanding: iii) the use of a more chela- 
ting and bulky counterion of the azaenolate of (24), 
such as magnesium bromide, leads to a decrease of opti- 
cal yields. In other words better stereoselection is 
achieved by working with BunLi than Bu-MgBr as base. 
This points out that a different preferential transition 
state is involved in this case and that reaction COQ- 
ditions must be carefully selected depending on the na- 
ture of the substrate. 
We examined briefly the behaviour of 2-(l'-p-tolylsulfi- - 

nylethy1)-oxazoline (27). This was obtained as a mixture 
of epimers at carbon by reaction of metallated oxazoline 
(28) with ( - )  - ( S )  -p-toluene-menthylsulf inate. 

t 

Reaction with - iso-butyraldehyde and subsequent desulfuri- 
zation afforded the two diastereoisomeric syn and anti 
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12) RCEO 

R = M e ,  Pr-, n Bu-, i Pr- i e .e. 53-36% 

R = Bu- t e .e .  2 6 %  

hydroxy o x a l i n e s  (29 )  i n  2 : 1 r a t io .  The e n a n t i o m e r i c  
excesses a re  r e s p e c t i v e l y  6 0  and 100% f o r  t h e  syn and 

a n t i  isomer, h i g h e r  t h a n  t h o s e  found i n  t h e  case o f  ( 2 4 )  

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

when a s i n g l e  d i a s t e r e o i s o m e r i c  s u l f o x i d e  ( 2 7 )  w a s  reac- 

t e d  w i t h  Pr-CHO, so t h a t  t h e  s t e r e o c h e m i s t r y  a t  t h e  car- 

bon a t o  t h e  s u l f u r  a t o m  i n  ( 2 7 )  i s  i m m a t e r i a l  t o  t h e  

i 
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C-C ASYMMETRIC BOND FORMATION MEDIATED BY SULFOXIDES [433]/53 

syn/anti 2 : 1  

e.e. syn 6 0 %  

e.e anti 100% 

1) base 

2 )  Pr'CHO 

3 )  Na/Hg 

I 

2 5  stereoselectivity of the process . 
Another class of sulfinyl derivatives that we investiga- 
ted in stereoselective aldol-type reactions is constitu- 
ted by a-sulfinyl-hydrazones ( R ) - ( 3 0 ) ,  which can be ob- 
tained from ( - )  - (S) -toluene-p-sulf inate and a-metalla- 

7 ted N,N-dimethylhydrazones . 
They were obtained asmixtures of E and Z isomers, the 
E/Z ratios at the C-N double bond ranging from 15 : 85 
to loo : 1 ,  the Z being predominant when R '  is steri- 

cally demanding. The epimer ratios at the a-carbon go 
from 55 : 45 for R1 = H, R 2  = Me to loo : 0 for R 

Me, R 2  = Ph. Cupric ion catalyzed hydrolysis of 
( 3 0 )  produced B-oxosulfoxides ( + )  - ( R )  - ( 3  1 ) , which are 

I = 

( R ) -  
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n o t  a v a i l a b l e  i n  o p t i c a l l y  a c t i v e  form th rouuh  t h e  
C l a i s e n - t y p e  condensa t ion  of  k e t o n e  e n o l a t e s  w i t h  
s u l f  i n a t e s  

2 
" M e  
L! 

/c\R2 
2 

R -CH 1) base - 
3 

0 "Me2 
! I  I1 f+ C-J 

p- Tol- S 

R2 

By t h e  u s u a l  sequence ,  a - s u l f i n y l  hydrazones  can  be  con- 

v e r t e d  i n t o  o p t i c a l l y  a c t i v e  B-hydroxy hydrazones ,  and 

t h e  l a t t e r  i n t o  D-hydroxy k e t o n e s  by c o p p e r ( I 1 ) i o n  pro-  
moted h y d r o l y s i s  
Condensat ion of  maanesium e n o l a t e s  i s  i n  t h i s  case s l u g -  
g i s h ,  and o f f e r s  no d e f i n i t e  advan tage ;  l i t h i u m  e n o l a t e s  
i n  t h e  p r e s e n c e  of HMPA w e r e  g e n e r a l l y  used .  

7 , 2 6  
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C-C ASYMMETRIC BOND FORMATION MEDIATED BY SULFOXIDES [435] 155 

R OH 

The s t e r e o c h e m i c a l  outcome o f  t h e  p r o c e s s  s t r o n g l y  de-  

pends  on t h e  e x p e r i m e n t a l  c o n d i t i o n s :  v a r i a t i o n s  o f  t h e  

amount of t h e  b a s e  and of m e t a l l a t i o n  and c o n d e n s a t i o n  

times and t e m p e r a t u r e s  s t r o n g l y  a f f e c t  t h e  e x t e n t  and 

even  t h e  s e n s e  of c h i r a l  d i s c r i m i n a t i o n ,  t o  t h e  p o i n t  

t h a t  i n  a f e w i n s t a n c e s  b o t h  e n a n t i o m e r s  of @-hydroxy ke  

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

I n  a g i v e n  set  of  c o n d i t i o n s ,  some g e n e r a l  t r e n d s  can  

be p o i n t e d  o u t .  i) An i n c r e a s e  i n  t h e  b u l k  of  t h e  a l d e -  

hyde R r e s i d u e  i s  r e f l e c t e d  i n  a n  enhanced stereoselec- 

t i o n .  ii) Higher  s t e r e o s e l e c t i o n s  (up  t o  8 8 % )  are a c h i e -  

ved when t h e  R' r e s i d u e  o f  t h e  s t a r t i n g  s u l f o x i d e  i s  

s t e r i c a l l y  demanding. T h i s  i s  l i k e l y  r e l a t e d  t o  t h e  

d i f f e r e n t  E / Z  i somer  r a t i o ,  which s h o u l d  be r e f l e c t e d  

a t  same e x t e n t  i n  t h e  g e o m e t r i c a l  p r e f e r e n c e  of  t h e  cor- 

r e spond ing  a z a - a l l y 1  a n i o n .  I n  o t h e r  words a more crow- 

ded t r a n s i t i o n  s t a t e  (bu lky  R and R g r o u p s ,  Z geometry)  

i s  c a p a b l e  of  h i g h e r  e n a n t i o f a c e  d i f f e r e n t i a t i o n .  On 

t h i s  background w e  examined t h e  problem of  d i a s t e r e o -  

1 
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face d i s c r i m i n a t i o n  i n  t h e  c o n d e n s a t i o n  o f  p h e n y l s u l f i -  
n y l  hydrazone  ( 3 2 ) .  

When ( + ) - ( R ) - ( 3 2 )  w a s  r e a c t e d  w i t h  a n  e x c e s s  o f  a c h i -  

r a l  b u t  racemic a ldehyde  (331 ,  b o t h  asymmetr ic  s y n t h e -  

s is  and k i n e t i c  r e s o l u t i o n  w e r e  o b t a i n e d .  

0 NNMe 
1) Base 

+ R-CH-CHO 
I I  I 1  2 

P 

I 2 )  N a / H g  M e  
p- To1 ++ 3) c u  

d.r. 1.2:1,/>30:1 

e . e .  50-10076 
M e  

i R = E t ,  PhCH2, Pr-, Ph. 

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

t h e  combina t ion  o f  t h e  d i a s t e r e o f a c e  s e l e c t i v i t i e s  o f  

t h e  s t a r t i n g  e n o l a t e  and a ldehyde  ( C r a m  v s  a n t i  C r a m  

a t t a c k ) ,  w h i l e  t h e  e n a n t i o m e r i c  e x c e s s  w i t h i n  e a c h  d i a -  

stereoisomer r e f l e c t s  t h e  e n a n t i o f a c e  d i s c r i m i n a t i o n  o f  

t h e  c h i r a l  e n o l a t e ,  namely s u l f o x i d e  ( 3 2 ) .  A s  e x p e c t e d  

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

t i o n  o b s e r v e d  i n  t h e  c o n d e n s a t i o n  of (32 )  w i t h  PriCHO, 

an  a c h i r a l  e q u i v a l e n t  of (331 ,  t h e  o p t i c a l  p u r i t y  of 

t h e  p r o d u c t  w a s  a lways  e x c e l l e n t  (50-100% e.e.1.  D i a -  

stereoisomeric ra t ios  are r e l a t e d  t o  t h e  r e l a t i v e  s i z e  

o f  R - v s  CH3 i n  ( 3 3 ) ,  and e x c e l l e n t  s t e r e o s e l e c t i v i t i e s  
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C-C ASYMMETRIC BOND FORMATION MEDIATED BY SULFOXIDES [4371/57 

were on ly  achieved  when R i s  s t e r i c a l l y  demanding, t o  

t h e  p o i n t  t h a t  on ly  one o u t  of f o u r  s t e r e o i s o m e r s  w a s  

produced when R = Ph . 
Recovery of t h e  un reac ted  (S )hydra t ropa ldehyde ,  and 

C r a m ' s  r u l e ,  a l l o w  t o  a s s i g n  t e n t a t i v e l y  t h e  ( R , R )  ab- 

s o l u t e  c o n f i g u r a t i o n  t o  k e t o l s  ( 3 4 )  and t o  p ropose ,  € o r  

t h e  condensa t ion ,  t h e  t r a n s i t i o n  s t a t e  d e p i c t e d  i n  f i -  

gu re .  A more complex s i t u a t i o n  w a s  m e t  w i t h  i n  t h e  case 

of c h i r a l  b u t  racemic a-alkoxy-aldehydes,  where a n o t i -  

c e a b l e  t empera tu re  dependence e f f e c t  w a s  observed  i n  t h e  

condensa t ion  bo th  on t h e  e x t e n t  and sense  o f  stereoselec- 

t i o n ,  making p r e d i c t i o n s  based on C r a m ' s  o r  F e l k i n ' s  

models more d i f f i c u l t .  However good t o  e x c e l l e n t  de-  

g r e e s  of c h i r a l  d i s c r i m i n a t i o n  cou ld  be achieved  by 

c a r e f u l  cho ice  of t h e  r e a c t i o n  c o n d i t i o n s .  Thus a - s u l -  

f i n y l  hydrazones proved t o  be e f f e c t i v e  synthons  a l so  

if e n a n t i o -  and d i a s t e r e o - s e l e c t i v i t y  must be achieved  

s imul t aneous ly  wi th  a v a r i e t y  of a ldehydes  . 
I n  conven t iona l  a l d o l s t r a t e g y t h e  key C-C bond forming 

r e a c t i o n  i n v o l v e s  a d d i t i o n  t o  t h e  ca rbony l  group,  f o r  

example r e a c t i o n  w i t h  e n o l a t e s  o r  wi th  a l l y 1  m e t a l l i c  

s p e c i e s  . 
A c o n c e p t u a l l y  d i f f e r e n t  approach t o  c o n t r o l  t h e  rela- 

t i v e  s t e r e o c h e m i s t r y  of a sequence of asymmetr ica l ly  

s u b s t i t u t e d  carbon atoms c o n s i s t  i n  t h e  u s e  of  i soxa -  

z o l i n e s  28-31,  which can be o b t a i n e d  by [ 3 + 2 ]  d i p o l a r  

c y c l o a d d i t i o n  of o l e f i n s  t o  n i t r i l e  o x i d e s ,  gene ra t ed  

i n  s i t u  by n i t r o a l k a n e  dehydra t ion  (Mukayama's method) 

o r  base-promoted H C 1  e l i m i n a t i o n  from hydroximidoyl  

c h l o r i d e s  (Huisgen '  s method) . 

25 

2 6  

2 4  

P.S.--c 
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\ 

Enolate 

R = Me, CH20CH2Ph 

HO 

f 

O R  

Alk = f l - C 6 H I 3 ,  Me 
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C-C ASYMMETRIC BOND FORMATION MEDIATED BY SULFOXIDES [439]/59 

In this case the key C-C bond forming reaction is the 
cycloaddition, which tolerates a variety of functional 
groups, SO that a wide array of structurescan be assemb- 
led starting from acyclic or cyclic alkenes, cumulated 
or 1,3-dienesI enol ethers or enol acetates, and so on, 
as evidenced by the brilliant works by J>ger 28, Kozi- 
kowski 30f 31 , and Curran . 29 

Advantages of isoxazoline-based aldol strategy are the 
availability of the starting Yaterials, the mildness of 
the high yielding ring closure, its noticeable regio- 
selectivity, and its stereospecificity, which secures 
complete control of the relative stereochemistry at c4 
and C 5  of the heterocycle, pre-determined at will by the 
configuration of the olefin. Moreover the 4-position can 
be functionalized by treatment with base (LDA or PhLi) 
and subsequent quenching with reactive electrophiles 

[RHal, B(OR)3/H2021 to afford alkylated or hydroxylated 
products in a stereocontrolled fashion 
Isoxazolines have been shown 28 to be remarkably stable 
- vs acids, bases, oxidizing agents, however the latent 
functionalities embedded in the heterocyclic ring can be 
cleanly unmasked 28-31 at appropriate time to afford, 
inter alia B-ketols or y-amino alcohols. By careful 
choice of reaction conditions, 28-31 unmasking preserves 
the stereochemical integrity at the stereocenters in 
the ring. 
Furthermore high levels of stereoselection can be achie- 
ved in the creation of the new stereocenter at the N- 

28 , 29 bearing carbon in the reduction to 13-amino alcohols 
Thus cycloaddition, modification at the nucleus or in its 
side chain, and cleavage steps allow the control of re- 
lative stereochemistry at a number of functionalized 
stereocenters. 

28 , 29 
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R 

R'  \ 
I \ 

Unfortunately up to now various attempts to achieve not 
only diastereo- but also enantio-selections, for instan- 
ce by using chiral nitrile oxides or chiral olefins, re- 
sulted in moderate success 
Our approach to optically active isoxazolines involved 
the use of chiral sulfur derivatives. - Exo-metallation 
of racemic 3-methyl- A2-isoxazolines and subsequent reac- 
tion with (-)-(S)-menthyl toluene-2-sulfinate afforded 
(R)-3-(tolylsulfinylmethyl)-4,5-dihydroisoxazolines with 
complete inversion of chirality at sulfur, and without 

28-30 
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RL 
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racemization at the stereocenter(s) in the ring. The- 
refore the reaction generates only two diastereoisomers. 
Albeit the extent of chiral discrimination in this reac- 
tion is, not unexpectedly, low, ranging from 8 to 20%~ 
the individual stereoisomers can be easily separated 
(by chromatography or fractional crystallization) to 
give enantiomerically pure compounds. These can be con- 
verted by the desulfurization (Na/Hg) into stereoisomeri- 
cally pure A2-isoxazolines in almost quantitative yields, 
and the latter transformed by known methods *’ into opti- 
cally pure (3-ketols. Alternatively sulfinyl isoxazolines 
can be directly converted by Raney nickel-catalysed 
hydrogenation into B-hydroxy ketones, by simultaneous 
ring-opening and C-S bond cleavage. 
Furthermore borohydride reduction of sulfinyl-isoxazo- 
lines in the presence of Ni(I1) saltsallows an easy en- 
try to y-amino alcohols by ring-opening, reduction and 
desulfurization, excellent degrees of chiral discrimi- 
nation being achieved in the formation of the new ste- 
reocenter . 
Alternatively Na/Hg desulfurization and LiA1H4 reducti- 
on 28 of the resulting enantiomerically homogeneous is- 
oxazolines can be used to afford y-aminoalkohols of high 
optical purity. 
Finally Pummerer rearrangement (TFAA) and uncovering of 
the carbonyl group open access to an oxidative removal 
of the sulfur moiety and thus to 3-formylisoxazolines . 
In the latter three different functionalities, two of 
them masked, are available for elaboration. 

2 5  

25 
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t A 
I 

/ ” I  

i 
V 

A f u r t h e r  advantage of s u l f i n y l  i s o x a z o l i n e s  i s  t h a t  t h e  

p r o p e r t i e s  of t h e  s u l f o x i d e  group,  e . g .  i n t e r - a l i a  i t s  

a b i l i t y  t o  s t a b i l i z e  a -ca rban ions  and i t s  c a p a c i t y  t o  
promote asymmetric i n d u c t i o n ,  can be e x p l o i t e d  b e f o r e  
i t s  smooth removal by a v a r i e t y  of  methods.  Thus m e t a l -  

l a t i o n  of  o p t i c a l l y  pu re  ( R ,  s ) - ( 3 5 ) ,  a l k y l a t i o n  w i t h  
t h e  a p p r o p r i a t e  b e n z y l i c  bromide , and c a t a l y t i c  hydro- + 

+ A l k y l a t i o n  produces a 6 : 4  mix tu re  of ep imers  a t  t h e  
carbon a t o  s u l f u r .  N o  a t t e m p t  w a s  made t o  s e p a r a t e  
them, s i n c e  t h i s  s t e r e o c h e m i c a l  i n fo rma t ion  is  i m m a t e -  
r i a l  t o  t h e  f i n a l  p roduc t .  
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genation (Ni-Raney/then Pd/C) allow an efficient syn- 
thesis of optically pure natural (+)-(S)-gingerol ( 3 6 )  

in 75% overall yield . 32  

The possibility of creating new stereocenters outside 
of the heterocyclic ring before removal of the sulfoxide 
group was investigated in the aldol-type condensation 
of sulfinyl isoxazolines. 

Reaction of stereoisomerically pure sulfinyl-isoxazoli- 
nes with aldehydes affords, after desulfurization, either 
the hydroxy-isoxazoline (Na/Hq) or the B,B'-dihydroxy 
ketone (H2, Ni-Raney). These are the masked and unmasked 
products of a formal regiospecif ic "double aldol" con- 
densation of a ketone with two different aldehydes. 
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Furthermore hydroxy i s o x a z o l i n e s  can  be reduced  ( L i A 1 H 4 )  

t o  t h e  co r re spond ing  amino d i o l s .  Good t o  e x c e l l e n t  de-  

g r e e s  of s t e r e o s e l e c t i o n  i n  t h e  C-C bond fo rma t ion  i n  

t h e  a l d o l  s t e p  were achieved  . 25 

OH 

R R 2  

R' R 

S t a r t i n g  from t h e  two - t - b u t y l  i s o x a z o l i n e s  (37 )  and (38 )  

which have t h e  same ( R )  a b s o l u t e  c o n f i g u r a t i o n  a t  s u l f u r  

and are ep imer i c  a t  C 5  it w a s  shown t h a t  bulky magnesium 

b a s e s  such as Bu-MgBr and Pr-*NMgBr gave h i g h e r  stereo- 
s e l e c t i o n s  than  l i t h i u m  b a s e s  o r  less  bulky magnesium 

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

a l though  somewhat lower chemica l  y i e l d s  wi th  r e s p e c t  t o  

t h e  l a t t e r .  
Condensat ion of  t h e  magnesium e n o l a t e  w i t h  P r k H O  and 

subsequent  d e s u l f u r i z a t i o n  a f f o r d e d  mix tu res  of d i a s t e -  

r e o i s o m e r i c  hydroxyoxazol ines .  The predominant i somers  

produced from (37)  and (38 )  are  ep imer i c  and n o t  enan- 

t i 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
2
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



66/[446] M. CINQUINI 

t iomer ic ,  i n  o t h e r  words t h e y  have t h e  s a m e  c o n f i g u r a -  

t i o n  a t  t h e  a l d o l  c e n t e r ,  t h u s  showing t h a t  t h e  s u l f o -  

x i d e  p l a y s  a dominant role  i n  d e t e r m i n i n g  t h e  s e n s e  of 

c h i r a l  d i s c r i m i n a t i o n .  The s t e r e o c e n t e r  a t  C5 can  co-  

o p e r a t e  o r  have an e f f e c t  o p p o s i t e  t o  t h a t  of  t h e  s u l f -  

o x i d e .  Indeed ,  as  e x p e c t e d ,  i n  comparable  c o n d i t i o n s  

'// But- 

a. 

(R, R )  - ( 3 8 )  1 : 4  

one of  t h e  t w o  i s o x a z o l i n e s  g i v e s  b e t t e r  s t e r e o s e l e c t i o n  

( 8  : 1 v e r s u s  1 : 4 ) .  On t h e  assumpt ion  t h a t  t h e  isomer 

having  t h e  l o n e  p a i r  of t h e  s u l f u r  atom a n t i  t o  t h e  

- t - b u t y l  group shou ld  g i v e  h i g h e r  c h i r a l  d i s c r i m i n a t i o n  

(see b e l o w ) ,  t h e  a b s o l u t e  c o n f i g u r a t i o n  ( R ,  S )  and ( R ,  R) 

and (38) r [a1 2 5  + 1 4 0 . 3 ~ ~  r e s p e c t i v e l y .  

The a b s o l u t e  c o n f i g u r a t i o n  of  t h e  new s t e r e o c e n t e r  w a s  

f i r m l y  e s t a b l i s h e d  by working w i t h  a s u l f i n y l i s o x a z o l i n e  

of  known a b s o l u t e  c o n f i g u r a t i o n  a t  s u l f u r  and C 

namely ( R ,  R1-(39)  r [a1 2 5  + 297.5O. 

Condensat ion w i t h  n-hexanal  a f f o r d e d  t w o  s t e r e o i s o m e r i c  

a d d u c t s  i n  3 : 1 r a t i o .  They w e r e  s e p a r a t e d  and i n d i v i d u -  

a l l y  c o n v e r t e d  i n t o  t h e  co r re spond ing  k e t o l s .  Only one 

can  be t e n t a t i v e l y  a s s i g n e d  t o  ( 3 7 )  , [a1 2 5  + 337.5O 

(5) 
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of them, namely t h e  one d e r i v e d  from t h e  predominant 

a d d u c t ,  was o p t i c a l l y  a c t i v e  and d i a s t e r e o i s o m e r i c a l l y  

p u r e ,  a s  shown by n .m. r .  spec t roscopy .  To t h i s  p roduc t  

t h e  (R,R) a b s o l u t e  c o n f i g u r a t i o n  i s  t h e r e f o r e  a s s i g n e d .  

A s  e x p e c t e d ,  t h e  minor adduct  a f f o r d e d  t h e  meso k e t o l .  

T o  account  f o r  t h e  predominant s t e reochemica l  outcome, 

we t e n t a t i v e l y  propose  a t r a n s i t i o n  s t a t e  i n  which a 

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

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

lone  p a i r  and t h e  R group f a c i n g  t h e  i s o x a z o l i n e  r i n g ,  

i n  agreement w i t h  t h e  d i f f e r e n t  s t e r e o s e l e c t i v i t i e s  ob- 

se rved  wi th  i s o x a z o l i n e s  ( 3 7 )  and ( 3 8 )  , ep imer i c  a t  

( s e e  a b o v e ) .  Th i s  mode of a t t a c k  i s  i n  agreement 
( 5 )  

w i t h  o u r  p rev ious  r e s u l t s  o b t a i n e d  w i t h  s u l f i n y l  amides.  

Obviously a n o t h e r  approach would l e a d  t o  t h e  same r e -  

s u l t ,  t h e  one from t h e  o t h e r  s i d e  of t h e  e n o l a t e  w i th  

t h e  a ldehyd ic  hydrogen f a c i n g  t h e  h e t e r o c y c l i c  r i n g ,  

b u t  t h i s  should  be p reven ted  by t h e  a ldehyde  R group/  

p - t o l y l  group s t e r i c  i n t e r a c t i o n .  
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1) base 

2) 2-C 5H11CH0 

M. CINQUINI 

OH 0 OH 

(R,R) / (S ,R)  3:l 

Br 
I 

We then turned our attention to aldol condensations of 

( 4 )  
sulfinyl isoxazolines having two stereocenters at C 

Once again we choosed systems displaying the 
( 5 )  * 

and C 
same (R) absolute configuration at sulfur, and opposite 
(but not known) 

C g I  
ter being anti in both cases. The results of the conden- 
sations of (4oa) I [aId+83.2O, and (4ob), [a], + 262.2O, 
with various aldehydes are reported in Table 1. 

A few points deserve a comment. First of all it must be 
noted that also in this case the sulfoxide group is do- 
minant in directinq the sense of chiral discrimination. 

absolute configuration at both C4 and 
the relative configurations at this two stereocen- 
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Indeed  r e a c t i o n  o f  (40a) and  of (4ob) w i t h  t h e  same 
a ldehyde  p roduces  t h e  s a m e  a b s o l u t e  c o n f i g u r a t i o n  a t  t h e  

newly formed s t e r e o c e n t e r .  Fur thermore  a l d o l  condensa-  

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

i s o o x a z o l i n e  gave poor  s t e r e o s e l e c t i o n s .  Secondly  b o t h  

(4oa )  and (4ob)  gave  lower c h i r a l  d i s c r i m i n a t i o n  w i t h  

i n c r e a s i n g  b u l k i n e s s  o f  t h e  a l d e h y d e R  r e s i d u e ,  t h e  e f -  
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TABLE I S t e r e o s e l e c t i v e  c o n d e n s a t i o n  of s u l f o x i d e  ( 4 0 )  
w i t h  RCHO. 

S u l f  o x i d e  R B a s e  D i a s  t ereomer i c  r a t i o  

MUDA 

Bu-NaBr 

MgDA 

MgDA 

MqDA 
t Bu-MgBr 

MqDA 

MUDA 

t 
50 : 1 

2 0  : 1 

9 : l  

1 4  : 1 

1 : 50 

1 : 50 

1 : 2 0  

1 : 1 . 1  

f e c t  b e i n s  much more pronounced  i n  one  o f  t h e  t w o  cases .  
Even i f  f u r t h e r  work i s  needed  t o  f u l l y  c l a r i f y  t h e  m e -  

chan i sm o f  t h e  r e a c t i o n ,  and  e s p e c i a l l y  t h e  r e l a t i v e  

i m p o r t a n c e  on t h e  e x t e n t  o f  s t e r e o s e l e c t i o n  o f  t h e  na-  

t u r e  and s p a t i a l  d i s p o s i t i o n  of t h e  s u b s t i t u e n t s  a t  C 4  

and  C 5 ,  it must b e  n o t e d  t h a t  c h i r a l  d i s c r i m i n a t i o n  i s  

g e n e r a l l y  v e r y  h i g h ,  so t h a t  e a s y  access t o  a v a r i e t y  

o f  f u n c t i o n a l i z e d  c a r b o n  s k e l e t o n s  w i t h  a number o f  s te -  

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

g u r a t i o n  i s  i n  hand .  

I n  c o n c l u s i o n  o u r  work as  w e l l  as t h a t  o f  o t h e r  r e s e a r c h  

g r o u p s  h a s  shown t h a t  s u l f o x i d e  mediated a symmet r i c  

C-C bond f o r m a t i o n  i s  q e n e r a l l y  s u c c e s f u l l :  s u l f i n y l  de -  

r i v a t i v e s  c a n  b e  used  a s  c h i r a l  e n o l a t e  e q u i v a l e n t s  t o  

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

f r e e  p r o d u c t s .  
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