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SYNTHESIS AND REACTIVITY OF UNSATURATED BISPHOSPHONIUM SALTS 

H E N R I J E A N  CRISTAU, GERALD D U C ,  LYDIE L A B A U D I N I E R E ,  FRANCINE 
PIETRASANPA, FRANCOISE PLENAT 
L a b o r a t o i r e  d e  Chimie Organ ique  ENSCM (ERA no 610)  
8 ,  me d e  1 ' E c o l e  Normale. F-34075 M o n t p e l l i e r  ( F r a n c e ) .  

A b s t r a c t  The s y n t h e s i s  of 1 , 2  v i n y l e n e  b isphosphonium salts 
- 1 h a s  now been e n l a r g e d  t o  t h e  v i n y l c g o u s  1 , Q - b u t a d i e n y l e n e  
bisphosphonium sal ts  2. The Salts 2, a new class of u n s a t u r a -  
t e d  d i s a l t s ,  have  a l s o  been p r e p a r e d  t h r o u g h  a two-s tep  i s o -  
merisation of a c e t y l e n i c  salts. New a s p e c t s  of t h e  r e a c t i v i t y  
of salts 1 a n d  t h e  c o m p a r a t i v e  s t u d y  of salts  2. ( s e l e c t i v e  
c l e a v a g e  react ions of P-C bonds  a n d  r e a c t i o n s  w i t h  n u c l e c p h i -  
les  h a v i n g  a mob i l e  hydrogen)  are d e s c r i b e d .  T h i s  r e a c t i v i t y  
allows t h e  p r e p a r a t i o n  of new series of phosphmium sa l t s  
s u b s t i t u t e d  by h e t e r c a t  anic g r o u p s .  

I n  an  e a r l i e r  study', t h e  reaction of t e r t ia ry  p h o s p h l n e s  w i t h  

a c e t y l  b r u n i d e  has a f f o r d e d  a new s y n t h e s i s  of 1 , 2  v i n y l e n e  b i s p h o s -  

phonium s a l t s  1. We have nw been a b l e  t o  enlarge t h r o u g h  v iny logy  

t h i s  s y n t h e s i s  t o  t h e  p r e p a r a t i o n  of t h e  h i g h e r  h a n o l c g s ,  t h e  1 , 4 -  

b u t a d i e n y l e n e  bisphosphonium sa l t s  2, which are a new c lass  of un -  

s a t u r a t e d  bisphosphonium salts' : + 
CH C O B r  R P ,H 

\CIC\+ 2 x- 
(75-95 % )  /-- H' 1 PR 3 

2 R3P 
- 

+ 
R P / H  

F \C=C\ / H  x- R '  -CH=CH-CH C O B r  

(50-75 % I  R( ,C=C + 
(R' : H ,  Me) H 'P R 3 2 - 

R3P : PhPMe2, Ph2PMe, Ph2PCH2Ph, Ph2PCH2CH=CH2, Ph2PCH2CH2CN 

nBu P ,  (PhCH2l3P, Ph3P, (p-Me-C6H4)3P, (P-Meo-CgHh) 3 p 
3 
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It must be p o i n t e d  o u t  t h a t  only one isomer w i t h  t h e  E o r  E , E  

s t e r e o c h e m i s t r y ,  i s  o b t a i n e d  i n  t h i s  r e a c t i o n .  

The same salts 2 can a l s o  be p repa red  by two s u c c e s s i v e  i s o -  

merisa t i o n s  ( propargy 1 a1 l e n y l ,  t h e n  a l l y l  - v i n y l  i s o m e r i s a t i o n  1 
s t a r t i n g  from a c e t y l e n i c  d i s a l t  3 i n  t h e  p r e s e n c e  of b a s e s  l i k e  

tBuNH2 (Equat ion ( 2 )  1. 

t u r e 3 ,  we have observed t h e  f o r m a t i o n  o f  a s ide -p roduc t ,  t h e  s t r u c -  

t u r e  of which cou ld  be d e t e r m i n a t e d  u n e q u i v o c a l l y  as  t h e  y l i d e -  

d i s a l t  2.; b u t ,  changing t h e  d l h a l o g e n i d e ,  t h e  r e a c t i o n  c a n  be  con-  

t r o l l e d  t o  g i v e  s e l e c t i v e l y  e i t h e r  t h e  compound 2 o r  t h e  compound 5, 

During t h e  p r e p a r a t i o n  of d i s a l t  1 a c c o r d i n g  t o  t h e  l i tera-  

2 R3P + X 4 H  -C='C-CH2-X 2 

+ R P  
+ 31 

3 2- 3 
R P-CH C-CH=CH-PR 2 x- 

3 R P-CH2-CX -CH2-PR 3 
1 

2 x- 

+ 
3 

+ + 
R P-CH=CH-CH=CH-PR3 2 X- - 3 

2 - 

(2 1 

2 x-] 

The compounds 1 and 2 c o n t a i n  a n  u n s a t u r a t e d  b r i d g e  (a new 

k i n d  o f  s t r u c t u r e  i n  t h e  case of s a l t s  21 whose UV-spectroscopic 

c h a r a c t e r i s t i c s  show a s t r o n g  dn-pn i n t e r a c t i o n  w i t h  bo th  phosphorus 

atoms; t h i s  i n t e r a c t i o n  i n v o l v e s  a n o t a b l e  r e a c t i v i t y  of t h e  b r idge :  

decrease i n  t h e  a c t i v i t y  of t h e  n-system towards  p a r t n e r s  f o r  Diels- 

Alde r  r e a c t i o n ,  b u t ,  on t h e  c o n t r a r y ,  h i g h  r e a c t i v i t y  towards  nu- 

c l e o p h i l i c  a g e n t s .  

P a r t i c u l a r l y ,  w i t h  t h e  d i s a l t s  1 or 2, i n  which t h e  phosphorus 

bears a l a b i l e  benzy l ,  cyano-2 -e thy l  o r  a l l y l  g roup ,  t h e  L i A 1 H 4 ,  

a l k a l i n e  a l c o o l a t e s  or c y a n i d e s  c l e a v a g e  r e a c t i o n  a f f o r d s o n e  or two 
t e r t i a r y  phosphines  a c c o r d i n g  only t o  t h e  s e l e c t i v e  c l e a v a g e  of! t h e  
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SYNTHESIS AND REACTIVITY OF UNSATURATED BISPHOSPHONIUM SALTS 1 I 5  

u n s a t u r a t e d  b r i d g e  between t h e  two phosphorus atoms4. The 1,2- 

v i n y l e n e  b r i d g e ,  p a r t i c u l a r l y ,  i n c l u d e s  a P-C bond which i s  till ncw 

among t h e  most e a s y  t o  c l e a v e  i n  t h e  c h e m i s t r y  of phosphmium sal ts .  

+ 

L i A 1 H 4  
Ph2PCH2Ph + Ph2PCH CH 

R : CH2Ph 2 3  

+ + K C N /  DMSO 
% Ph P-CH2CH=CH2 2 Ph P-CH=CH-PPh2 2 X- 

I R : CH CH=CH2 R 2 
21 

R 

( 3 )  

MeONa/MeOH OMe 

OMe 2 2  R :  CH2CH2CN 

1 - 
-- Ph2PCH CH CN + Ph2PCH2CH: 

Towards n u c l e o p h i l i c  agents b e a r i n g  a mob i l e  hydrogen ZH t h e  

d i s a l t s  1 and 2 behave d i f f e r e n t l y ,  i n  b a s i c  medium, because  of t h e  

greater i n s t a b i l i t y  of t h e  u n s a t u r a t e d  b r i d g e  for  compound 2. Star-  

t i n g  from d i s a l t  1, we have r e c e n t l y  shown’ t h a t  t h e  r e a c t i o n  i n -  
v o l v e s  r e a l l y  t h e  f o r m a t i o n  of a n  i n t e r m e d i a t e ,  t h e  ethynylphospho-  

nium s a l t  5, which a c c o u n t s  f o r  t h e  v a r i o u s  end-products  ( t h e  exact 
n a t u r e  o f  t h e  r e a g e n t  ZH d e t e r m i n e s  a c t u a l l y  t h e  r e a c t i o n  path-way 

t o  t h e  phosphon iov iny la t ion  p roduc t  6, t o  t h e  p h o s p h o n i o e t h y l a t i o n  

p roduc t  1 o r  t o  v a r i o u s  secondary p r o d u c t s  l i k e  compound 4’) : 

+ + E t 3 N  + ZH + 
Ph P-CH=CH-PPh3 2 B r -  - Ph P-CZCH B r -  - Ph P-CH=CH-Z B r -  3 - Ph3P 3 3 

6 - 5 - 1 - 
I 
1 

ZH 

8 - 7 - 
ZH : ROH, A r O H ,  RSH, ArSH, Ar2PH, RNH2,  R-CH=N-OH 

A t  t h e  o p p o s i t e ,  t h e  d i s a l t s  2 react e s s e n t i a l l y  as b i s ( v i n y 1 -  

phosphon ium)sa l t s  and g i v e  a doub le  a d d i t i o n  of campounds ZH (Fqua- 

t i o n  (5) 1: 
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+ 

It h a s  already been shown t h a t  salts 6 are very good vinyla-  
t i o n  agen t s  f o r  a l coho l s  and phenols6,  while  sa l t s  1 g i v e  s u i t a b l e  
Wittig's reagents  f o r  t h e  n+l hcmologation of aldehydes7. S a l t s  9 
ought t o  be a l s o  use fu l  f o r  organic  syn thes i s .  
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