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THE WITTIG REACTION : 30 YEARS LATER 

MANFRED SCHLOSSER *, RYU 01 & BRUNO SCHAUB 
Institut de Chimie organique de l'Universit6 
Rue de la Barre 2, CG-1005 Lausanne (Switzerland) 

Abstract : New and old ylid reactions are described and their 
mechanisms examined. 

The Wittig reaction [l ,  2 3  belongs to the most prominent methods 
for organic synthesis. It can be performed under very mild and 
essentially neutral conditions, is absolutely reliable as far as 
the regioisomeric homogeneity of the alkene product is concerned 
and has an immensely wide scope of application, which was still 
expanded by the introduction of useful modifications such as the 
Wittig/Horner-procedure in which "PO ylids" (derived from phosphine 
oxides or phosphonates) replace the ordinary phosphonio yl ids. 

Other modifications helped to establish stereoselective versions of 
the Wittig reaction. Thus, mainly cis-olefins form when triphenyl- 
-phosphonio-a1 kylids react with almydes in the absence of soluble 
lithium salts. Prerequisites are a solvent of low polarity and low 
temperatures at the moment when the ylid and the aldehyde combine. 
Ylids carrying an unbranched, primary alkyl group at the carb- 
anionic center give rise to cis/trans ratios ranging from 94 : 6 to 
99 : 1 [3 ,  41. On the other hand, when the ylid is allowed to react 
with an aldehyde in the presence o f  soluble lithium salts and the 
adduct is epimerized in an a-deprotonation/reprotonation sequence, 
the initially formed diastereomeric mixture of the intermediate is 
converted to the essentially pure threo form. Upon completion of 
the reaction by elimination of triphenylphosphine oxide an olefin 
results the cis/trans-ratio of which averages 1 : 99 [ 3 ,  53. Using 
the same a-deprotonated adducts as key intermediates, an entry to 
trisubstituted and functionalized ethylenic compounds has been 
opened ("SCOOPY -procedure" , "three-dimensional Wi tti g react ion" C 3 ,  
6 1). 
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Although these s t e r e o s e l e c t i v e  m o d i f i c a t i o n s  o f  t h e  W i t t i g  r e a c t i o n  
became v e r y  popular  i n  t h e  pas t  decade and found wide a p p l i c a t i o n ,  
t h e i r  mechan is t i c  bas i s  remained obscure.  Only  r e c e n t l y  t h e  c i s -  
s e l e c t i v i t y  o f  s a l t - f r e e  y l i d s  found a r a t i o n a l  e x p l a n a t i o n  w m h  
i s  compat ib le  w i t h  a l l  exper imenta l  f i n d i n g s  C71. Accord ing t o  t h i s  
model, t h e  p rope l  l e r - 1  i ke con fo rma t iona l  arrangement o f  t h e  phenyl  
groups a t  t h e  t r a n s i t i o n  s t a t e  (1) s t e r i c a l l y  impedes t h e  f o r m a t i o n  
o f  a t rans -3 ,4 -d i subs t i t u ted  oraphosphetane, t h e  p recu rso r  t o  a 
t r a n s - o l e f i n .  I n  c o n t r a s t ,  t h e  aldehyde can r e a d i l y  combine w i t h  
t h e y l i d  i n  a " leeward approach". The y l i d  s ide -cha in  forces t h e  
ne ighbor ing  phenyl  r i n g  o u t  o f  t h e  way and t h e  o rgan ic  m o i e t y  o f  
t h e  aldehyde does n o t  exper ience much o f  r e p u l s i o n  when i t  advances 
on t h e  same s i d e  thus genera t i ng  a - cis-oxaphosphetane l e a d i n g  
f i n a l l y  t o  t h e  - cis-a l kene .  

100 
\ 

C\ 
50°  

-2 --- 
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V a r i a t i o n s  o f  t h e  " s t a t i o n a r y "  groups a t  t h e  phosphorus atom a1 low 
t o  " tune"  t h e  s t e r i c  i n t e r a c t i o n s  and thus  o p t i m i z e  t h e  r e s u l t i n g  
s t e r e o s e l e c t i v i t y .  Compared w i t h  t h e  common phenyl  s u b s t i t u e n t s ,  
p r i m a r y  a l k y l  groups (2a)  as w e l l  as f u r y 1  r i n g s  (2b)  d i m i n i s h  t h e  
s t e r i c  b u l k  w h i l e  o r t x - s u b s t i t u t e d  a r y l  groups (2c - and - 2d) i n -  
crease i t  C81. 

R' 

R '  

2 C  

2d [ R e =  R" = F ]  
[ R ' .  CH3,  R "  = H] 

The t r a n s - s e l e c t i v i t y  i n  t h e  presence o f  l i t h i u m  s a l t s  and under 
e q u i ' l i b r t i n g  c o n d i t i o n s  m e r e l y  r e f l e c t s  t h e  enhanced thermodynamic 
s t a b i l i t y  o f  t h e  th reo -be ta ine -L iX  adduct ( t h r e o - 3 )  w i t h  r e s p e c t  t o  
i t s  e ry th ro - i somer .  These i n t e r m e d i a t e s  c o n t a i n  Go b u l k y  groups : 
besides t h e  t r i pheny l -phosphon io  m o i e t y  a l s o  t h e  OLi f u n c t i o n  which 
i n  a p r o t i c  s o l v e n t s  i s  s u b j e c t  t o  complexat ion and n o t a b l y  aggre- 
g a t i o n .  As a con fo rma t iona l  a n a l y s i s  C81 revea ls ,  o n l y  t h e  t h r e o -  
c o n f i g u r a t i o n  o f f e r s  t h e  p o s s i b i l i t y  t o  p l a c e  bo th  o rgan ic  substi- 

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



THE WITTING REACTION: 30 YEARS LATER I73 

t u e n t s  R and R' i n  an a n t i - p e r i p l a n a r  p o s i t i o n  r e l a t i v e  t o  t h e  
space-demanding phosphonio and, r e s p e c t i v e l y ,  a l c o h o l  a t e  g roup a t  
t h e  a d j a c e n t  c e n t e r .  

R H R 

erythro-3 threo-3 

L i t h i u m  s a l t s  a l s o  a f f e c t  t h e  outcome o f  y l i d  r e a c t i o n s  w i t h  e l e c -  
t r o p h i l e s  o t h e r  t h a n  aldehydes o r  ke tones .  Whereas o x i r a n e s  a r e  
p r a c t i c a l l y  i n e r t  towards  s a l t - f r e e  y l i d s ,  t h e y  r e a d i l y  undergo 
r i  ng-openi  ng, a f f o r d i n g ,  a f t e r  hydro1 y s  i s, Y - h y d r o x y a l  k y l  - tri - 
-phenylphosphonium s a l t s  ( 4 )  when l i t h i u m  bromide i s  p r e s e n t  [ 9 l .  
The v e r y  s t r o n g  0 - L i  l i n k a g e  i n  t h e  i n t e r m e d i a t e ,  c o n s t i t u t e s  t h e  
ma jo r  d r i v i n g  f o r c e  f o r  t h i s  adduct f o r m a t i o n .  

4 

A d i f f e r e n t  means o f  a c t i v a t i o n  e x i s t s  t o  make aga in  phosphon io  
y l i d s  r e a c t  w i t h  e l e c t r o p h i l e s  as weak as o x i r a n e s .  The y l i d  
n u c l e o p h i l i c i t y  may be d r a s t i c a l l y  i n c r e a s e d  b y  m e t a l a t i n g  t h e  y l i d  
c e n t e r ,  t h u s  p r o d u c i n g  an a - l i t h i o - y l i d  ( 5 )  C9, 101. Though q u i t e  
a p p e a l i n g  i n  p r i n c i p l e ,  t h i s  approach s u f f e r s  f r o m  seve re  p r a c t i c a l  
drawbacks. Even w i t h  most p o w e r f u l  m e t a l a t i n g  agents  such as sec- 
and t e r t - b u t y l l  i t h i u m  t h e  hyd rogen lme ta l  exchange occu rs  X y  
s l u g g m y  and worse, i s  accompanied b y  s i d e  r e a c t i o n s .  A t h o r o u g h  
1H-,  2H- and 3iP-nmr i n v e s t i g a t i o n  o f  t h e  r e a c t i o n  m i x t u r e s  and t h e  
p r o d u c t s  o b t a i n e d  upon quench ing  w i t h  d e u t e r i u m  c h l o r i d e  h e l p e d  t o  
i d e n t i f y  two o f  t h e s e  compet ing  r e a c t i o n s  : a p h e n y l / a l k y l  exchange 
and t h e  m e t a l a t i o n  o f  one o f  t h e  phen.yl r i n g s  a t  t h e  o r t h o - p o s i t i o n  
[ I l l .  

L i  R - 
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F i n a l l y ,  t h e  p r a c t i c a l  e x e c u t i o n  o f  W i t t i g  r e a c t i o n s  has found a 
most remarkable improvement and s i m p l i f i c a t i o n  b y  t h e  r e c e n t  i n t r o -  
d u c t i o n  o f  " i n s t a n t  y l i d "  powders C121. As l o n g  as dry ,  t hese  homo- 
geneous m i x t u r e s  o f  a phosphonium s a l t  w i t h  a s t o i c h i o m e t r i c  amount 
o f  sodium amide may be s t o r e d  almost i n d e f i n i t e l y .  They generate, 
however, immediate ly  t h e  corresponding y l i d  when suspended i n  
t e t r a h y d r o f u r a n  o r  d i e t h y l  e the r .  These " i n s t a n t  y l i d s "  e x h i b i t  
h i g h e s t  r e a c t i v i t i e s  towards aldehydes, ketones and me thy l  
f o rm ia tes .  Whi le  t h e  r e a c t i o n  may be performed i n  a minimum t i m e  
and w i t h o u t  even r e q u i r i n g  i n e r t  gas p r o t e c t i o n ,  e x c e l l e n t  y i e l d s  
and extreme s t e r e o s e l e c t i v i t i e s  are obta ined.  

References 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

G. W i t t i g  & G.  Ge iB le r ,  Justus L i e b i g s  Ann. Chem. - 580 (1953) ,  
44. 

M. Schlosser,  Chemie Lab. Be t r .  - 33 (1982) ,  259. 

M. Schlosser,  Topics Stereochem. - 5 (1970), 1. 

M. Schlosser,  G .  M u l l e r  & K.F. Christmann, Angew. Chem. 78 
(1966) ,  677; Angew. Chem. I n t .  Ed. Engl .  - 5 (1966) ,  667. 

M. Schlosser  & K.F. Christmann, Angew. Chem. - 78 (1966) ,  115; 
Angew. Chem. I n t .  Ed. Engl .  - 5 (19661, 126. 

M. Schlosser & K.F. Christmann, Syn thes i s  1969, 38. 

M. Schlosser  & B. Schaub, J.Am. Chem. SOC. - 104 (1982) ,  5821. 

R. O i ,  6. Schaub & M. Schlosser,  unpubl ished. 

M. Schlosser,  Huynh Ba Tuong, J. Respondek & 6. Schaub, 
Chimia - 37 (1983), 10. 

M. Schlosser,  G. S t e i n h o f f  & T. Kadibelban, Angew. Chem. 78 
(1966), 1018; Angew. Chem. I n t .  Ed. Engl .  - 5 (1966), 9 6 E  
Justus L i e b i g s  Ann. Chem. 743 (1971) ,  25. 

T. Jenny, B.  Schaub & M. Schlosser,  unpubl ished. 

M. Schlosser  & 6. Schaub, Chimia - 36 (1982) ,  396. 

- 

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


