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Abs t rac t  : C h i r a l  s u l f o x i d e s  a re  ve ry  u s e f u l  groups i n  asymmetric 
syn thes i s .  We have r e c e n t l y  concent ra ted  our  e f f o r t s  towards t h e  
asymmetric syn thes i s  o f  o p t i c a l l y  a c t i v e  po ly -hydroxy la ted  cha ins  which 
a r e  p resen t  i n  many impor tan t  n a t u r a l  p roduc ts ,  
Our method i s  based on t h e  combina t ion  o f  r e d u c t i o n  o f  6 -ke tosu l fox ides  
and h y d r o x y l a t i o n  o f  t h e  double bond, r e a c t i o n s  which have been shown t o  
be ex t remely  s t e r e o s e l e c t i v e .  Th is  method was improved i n  o rde r  t o  o b t a i n  
d i f f e r e n t  s te reochemis t ry  i n  t h e  r e s u l t i n g  p o l y o l .  Severa l  a p p l i c a t i o n s  
w i l l  be descr ibed t o  i l l u s t r a t e  t h i s  methodology. 

8 -ke tosu l fox ides  a r e  r e a d i l y  a v a i l a b l e  f rom e s t e r s  and methy l  p - t o l y l s u l f o x i d e s .  We 
i n v e s t i g a t e d  r e c e n t l y  t h e  r e d u c t i o n  of these 6-ke tosu l fox ides  w i t h  meta l  hyd r ides  (1 ,2 ) .  We 
have shown t h a t  t h e  r e d u c t i o n  o f  (R) -8-ke tosu l fox ide  w i t h  DIBAL gave t h e  cor respond ing  (RS)- 
6-hydroxysu l fox ide  (d.e. > 90%), w h i l e  by add ing  one e q u i v a l e n t  o f  t h e  complexing agent 
ZnC12 t o  t h e  (R) -8-ke tosu l fox ide  and then  DIBAL, t h e  (RRI-6-hydroxysul foxide was o n l y  formed 
(d.e.  > 90%). 

These r e s u l t s  can be c l e a r l y  understood i n  terms o f  a che la ted  conformat ion  f o r  t h e  
8 -ke tosu l fox ide  i n  presence o f  ZnC12 and a non-chelated conformat ion  i n  absence o f  ZnCl 2 (1 ,2 ) .  

T h i s  ve ry  e f f i c i e n t  method t o  prepare bo th  d ias te reo isomers  o f  6 -hydroxysu l fox ides  was 
a p p l i e d  t o  t h e  syn thes i s  o f  o p t i c a l l y  a c t i v e  epoxides and bu teno l i des  ( 2 , 3 , 4 )  (scheme 1) .  
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O p t i c a l l y  a c t i v e  a l l y l i c  8 -hydroxysu l fox ides  p resen t  some s p e c i f i c  i n t e r e s t  because o f  
t h e  p o s s i b l e  h y d r o x y l a t i o n  o f  t h e  double bond l e a d i n g  t o  v i c i n a l  t r i o l s .  We found t h a t  t h e  
osmium t e t r o x i d e  ca ta l yzed  h y d r o x y l a t i o n  r e a c t i o n  o f  t h e  double bond i n  presence o f  
t r ime thy lamino  N-oxide was h i g h l y  s t e r e o s e l e c t i v e .  We showed a s t r o n g  coopera t i ve  e f f e c t  o f  
t h e  c h i r a l  h y d r o x y l i c  cen te r  and o f  t h e  s u l f o x i d e  t o  t h e  asymmetric i n d u c t i o n .  The ( R R I -  
8 -hydroxysu l fox ide  gave o n l y  one d ias te reo isomer i c  t r i o l  as a r e s u l t  o f  a c i s  h y d r o x y l a t i o n  
o f  t h e  double bond w h i l e  t h e  (RR)-8 -hyd roxysu l fox ide  a f f o r d e d  a m ix tu re  o f  t h e  2 
d ias te reo isomers  i n  t h e  r a t i o  82/18 (5) (scheme 2 ) .  
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The s u l f o x i d e  group can be a l s o  o x i d i z e d  t o  a s u l f o n e  a f t e r  t h e  doub le  bond 
h y d r o x y l a t i o n  depending on t h e  amount o f  ox idan t  used f o r  t h e  reac t i on .  With o n l y  one 
e q u i v a l e n t  o f  t r ime thy lamino  N-oxide, t h e  s u l f o x i d e  group was recovered unchanged. t h e  
n a t u r e  o f  t h e  cha in  R p layed a l s o  a r o l e  i n  t h e  asymmetric i nduc t i on .  The presence o f  a 
r a m i f i e d  cha in  R a t o  t h e  double bond decreased s i g n i f i c a n t l y  t h e  d i a s t e r e o s e l e c t i v i t y .  

The f i r s t  a p p l i c a t i o n  o f  t hese  r e s u l t s  was t h e  asymmetric syn thes i s  o f  carbohydra tes  i n  
t h e  unna tu ra l  c o n f i g u r a t i o n .  L - A r a b i n i t o l  was r e a d i l y  prepared by a p p l i c a t i o n  o f  t h i s  
methodology (5,6). Accord ing  t o  t h e  r e t r o s y n t h e t i c  scheme (scheme 3)  t h e  aldehyde f u n c t i o n  
o f  L - A r a b i n i t o l  can be ob ta ined  by a Pummerer rearrangement o f  a s u l f o x i d e  group and t h e  
cor respond ing  s u l f o x i d e  t r i o l  can be r e a d i l y  prepared f rom an approp r ia te  a l l y l i c  8-keto- 
s u l f o x i d e  v i a  r e d u c t i o n  o f  t h e  ketone and h y d r o x y l a t i o n  o f  t h e  double bond. 

Scheme 3 

v L-Arabini tot 

The unsa tu ra ted  8 -ke tosu l fox ide  was r e a d i l y  prepared f rom butene d i o l  by t h e  f o l l o w i n g  
r e a c t i o n s  : a c e t a l i s a t i o n  w i t h  benzaldehyde, opening o f  t h e  a c e t a l  w i t h  LiAIHq and A l C l  , 
o x i d a t i o n  o f  t h e  a l l y l i c  a l c o h o l  t o  t h e  t r a n s  aldehyde, o x i d a t i o n  t o  t h e  cor respond i8g  
c a r b o x y l i c  ac id ,  e s t e r i f i c a t i o n  and r e a c t i o n  w i t h  t h e  carban ion  of ( + I  ( R I P - t o l y l -  
me thy l su l fox ide  (scheme 4 ) .  
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Scheme 4 

Mw dbl 

8 0 %  I kypq 

Reduct ion o f  t h i s  6 -ke tosu l fox ide  w i t h  DIBAL i n  presence o f  z i n c  c h l o r i d e  a f f o r d e d  t h e  
cor respond ing  6-hydroxysu l fox ide  ( i t  was shown by 200 MHz NMR t h a t  o n l y  one d ias te reo isomer  
was ob ta ined ) .  Hyd roxy la t i on  o f  t h e  double bond w i t h  one e q u i v a l e n t  o f  t r ime thy lamine  
N-oxide i n  presence o f  a c a t a l y t i c  amount o f  osmium t e t r o x i d e  l e a d  t o  one d ias te reo isomer  o f  
t h e  s u l f o x i d e  t r i o 1  (acco rd ing  t o  t h e  NMR spectrum).  The Pummerer rearrangement was 
conducted i n  e x c e l l e n t  y i e l d  by u s i n g  a c e t i c  anhydr ide  under r e f l u x .  F i n a l l y ,  DIBAL 
reduc t i on ,  a c e t y l a t i o n ,  debenzy la t i on  and f i n a l  a c e t y l a t i o n  gave L-penta-0-acetyl  a r a b i n i t o l  
i n  good y i e l d  and h i g h  enant iomer ic  p u r i t y  as shown by t h e  o p t i c a l  r o t a t i o n  (scheme 5). 
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The same method can a l s o  be used t o  t h e  asymmetric syn thes i s  o f  D-carbohydrates. I t  was 
a l ready  mentionned t h a t  t h e  two c h i r a l  cen te rs ,  t h e  s u l f o x i d e  and t h e  h y d r o x y l i c  group, have 
a symb io t i c  e f f e c t  i n  t h e  asymmetric i n d u c t i o n .  As a ma t te r  o f  f a c t ,  t h e  osmium t e t r o x i d e  
h y d r o x y l a t i o n  o f  t h e  RS-diastereoisomer gave o n l y  50% d.e. (scheme 6 ) .  There fore ,  t h e  
asymmetric syn thes i s  o f  D-sugars o r  r e l a t e d  p o l y o l s  has t o  be performed f rom t h e  S S d i a -  
s te reo isomer ,  C h i r a l  s u l f o x i d e s  i n  t h e  S c o n f i g u r a t i o n  a r e  e a s i l y  ob ta ined  f rom (+)'m%nthol 
by t h e  method a l ready  used f o r  t h e  R-con f igu ra t i on  (7). 

D-panta-0-Acetyl Arabinitol 

ia10t37* ( L i t t .  t 37.3') 
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However, a r e l a t e d  work of  Hauser (8) showed t h a t  t h e  osmium t e t r o x i d e  h y d r o x y l a t i o n  o f  
a l l y l i c  N - t r i c h l o r o a c e t y l  y -su l fox ides  was comple te ly  mediated by t h e  s u l f o x i d e  group which 
c o n t r o l e d  t h e  s te reochemis t ry  o f  t h e  r e s u l t i n g  d i o l  (scheme 7 ) .  

F o l l o w i n g  t h i s  r e s u l t ,  we p ro tec ted  t h e  h y d r o x y l i c  group, i n  t h e  (2,R) a l l y l i c  B-hy- 
d roxysu l fox ide ,  w i t h  t r i f l u o r o a c e t i c  anhydr ide ( a t  room temperature t h e r e  i s  l e s s  than 5% o f  
Pummerer rearrangement)  and submi t ted  t h e  r e s u l t i n g  t r i f l u o r o a c e t a t e  t o  t h e  h y d r o x y l a t i o n  
r e a c t i o n  which was shown t o  g i v e  o n l y  one d ias te reo isomer ,  e a s i l y  i d e n t i f i e d  by t r a n s -  
fo rma t ion  i n t o  t h e  known x y l i t o l  pentaaceta te  (scheme 8). 
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Th is  r e s u l t  con f i rms t h e  work of Hauser and s t r o n g l y  suppor ts  t h e  i n i t i a l  f o rma t ion  o f  
a complex between t h e  osmium and t h e  s u l f o x i d e  group f o l l o w e d  by an i n t r a m o l e c u l a r  
h y d r o x y l a t i o n  process. 

A l l y l i c  6 -ke tosu l fox ides  hav ing  a Z geometry on t h e  double bond cannot be prepared f rom 
t h e  cor respond ing  es te rs ,  t h e  s t r o n g l y  bas i c  medium g i v i n g  i n  every case a complete 
i s o m e r i z a t i o n  o f  t h e  double bond i n  t h e  r e s u l t i n g  6 -ke tosu l fox ide .  

Z a l l y l i c  6 -ke tosu l fox ides  were f i n a l l y  ob ta ined  i n  two h i g h  y i e l d  s teps  by a d d i t i o n  o f  
p - t o l y l m e t h y l  s u l f o x i d e  t o  t h e  cor respond ing  aldehyde (a  very  poor d i a s t e r e o s e l e c t i v i t y  was 
observed as expected) and Mn02 o x i d a t i o n  (scheme 9 ) .  

Scheme 9 
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Hydroxy la t i on  o f  t h e  cor respond ing  (RR)-6-hydroxysul foxide i n  t h e  usua l  c o n d i t i o n s  gave 
as expected o n l y  one d ias te reo isomer  which was e a s i l y  i d e n t i f i e d  a f t e r  Pummerer rearrange- 
ment by convers ion  t o  t h e  k n o w n R i b i t o 1  (scheme 10) .  
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Direct 
vity (10%). 
osmium tetr 
correlation 

hydroxylation of the (SR)-B-hydroxysulfoxide gave a very poor diastereoselecti- 
However, after protection of the hydroxylic group as a trifluoroacetate, the 
.oxide oxidation gave again one diastereoisomer which was identified by 
with the knwon D-Arabinitol (scheme 11). 
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All these results have clearly shown that it is possible t o  obtain vicinal triols in 
all possible configurations by using the highly powerful asymmetric induction of sulfoxides 
(scheme 1 2 ) .  
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Scheme 14 

A r  %% T 2 C u C N L i Z  

Homoallylic 8-hydroxysulfoxides should also be very interesting molecules which can be 
considered as precursors of 1,3,4-triols but their synthesis were not very obvious. We have 
finally been able to make these molecules from 8-epoxysulfoxides. 

Optically active 8-epoxysulfoxides were readily prepared from methyl monochloroacetate 
which gave the corresponding 8-ketosulfoxide in very high yield. Reduction proceeded as 
usual in a very high diastereoselectivity without any important effect of the vicinal chloro 
atom. We noticed a slightly lower d.e. during the reduction in presence of ZnCl . Finally, 
the two diastereoisomeric epoxides were obtained in basic medium (scheme 13f. These 2 
epoxides are solid and can be easily purified. 
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The epoxide opening in these 8-epoxysulfoxides is not so easy because of the possible 
elimination of one acidic hydrogen CL to sulfoxide with concerted epoxide opening. This 
elimination reaction was indeed observed even with Grignard reagents. We have been able to 
avoid it by using cuprates which opened cleanly the epoxide ring leading to the expected 
homolallylic 8-hydroxysulfoxide in very high yield (scheme 14). 

However, the synthetic utility of these triols in organic synthesis would be increased 
if it was possible to selectively protect the different hydroxylic groups. In the case of 
allylic 8-trifluoroacetylsulfoxides, it will be very easy to protect the resulting trio1 as 
an acetonide (scheme 15). 

In the other cases, we found that a monoacetonide was obtained in very high yield. 
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