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SYNTHESIS OF PHOSPHININES A N D  I T S  SATURATED D E R I V A -  
T I V E S :  D I - ,  T E T R A -  AND HEXAHYDROPHOSPHININE OXIDES 

G Y O R G Y  KEGLEVICH, LASZLO TOKE, ATTILA K O V A C S ,  

D e p a r t m e n t  o f  O r g a n i c  C h e m i c a l  T e c h n o l o g y ,  T e c h n i c a l  
U n i v e r s i t y  o f  B u d a p e s t ,  1 5 2 1  B u d a p e s t ,  HUNGARY 

KALMAN U J S Z A S Z Y ,  G A B O R  T O T H  

Our r i n g  e n l a r g e m e n t  p r o c e d u r e '  i s  e x t e n d e d  t o  t h e  s y n t h e -  

s i s  o f  v a l u a b l e  1 , 2 - d i h y d r o p h o s p h i n i n e  o x i d e s  (1) a n d  

1,2,3,6-tetrahydrophosphinine o x i d e s  (2) w i t h  a l k o x y  s u b s t i -  

t u e n t  o n  t h e  P-atom. D i c h l o r o c a r b e n e  i s  added  t o  t h e  d o u b l e  

b o n d  o f  d i h y d r o - 1 H - p h o s p h o l e  o x i d e  1. i n  t h e  f i r s t  s t e p .  The 

d i a s t e r e o i s o m e r i c  a d d u c t s  (2 and  2*) so o b t a i n e d  a f f o r d  t h e  

r i n g  e x p a n d e d  p r o d u c t s  (z2 or 4) b y  t h e  o p e n i n g  of  t h e  

c y c l o p r o p a n e  r i n g  (Scheme I). 
Cl 

CL ri . 
R3 /1\ f f4  
\ \ /  

R' P Me, Et, l-Prl 2-Pr, 1-61-1, Ph 

R z =  HI Me 

L - 
Y = HI Me, Et 

Scheme I 

x H / M e  M e / H  

D e p e n d i n g  o n  t h e  s t r u c t u r e  o f  t h e  s t a r t i n g  m a t e r i a l  ( R *  may 
b e  Me or H i n  L), 3 a n d  4 may b e  f o r m e d  a s  a s i n g l e  p r o d u c t  
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116 G Y .  KEGLEVICH e t  a l .  

3 4  
3 4 3 4 

( R  = R  =Me), or a s  a m i x t u r e  o f  t w o  d o u b l e  b o n d  i s o m e r s  

( R  = H ,  R =Me a n d  R =Me, R = H I .  

T e t r a h y d r o p h o s p h i n i n e  o x i d e  4 may e x i s t  u n d e r  t h e  e q u i l i b -  

r i u m  of  b o a t  or h a l f - c h a i r  c o n f o r m e r s .  The p r e d o m i n a n c e  o f  
a b o a t  c o n f o r m e r  was s u b s t a n t i a t e d  f o r  t h e  3 , 5 - d i m e t h y l -  

- p r o d u c t ,  w h i l e  t h e  i n v o l v e m e n t  o f  a h a l f - c h a i r  c o n f o r m e r  

was p o i n t e d  o u t  i n  t h e  c a s e  o f  t h e  3 -  a n d  5 - m e t h y l - d e r i v a -  

t i v e s .  

The d i h y d r o p h o s p h i n i n e  o x i d e  (2) g i v e s  a d d u c t  5 o n  r e a c -  

t i o n  w i t h  a s e c o n d  u n i t  of  d i c h l o r o c a r b e n e  t o  r e s u l t  4 - d i -  

chloromethylene-1,4-dihydrophosphinine o x i d e  6 o r  p h o s -  

p h e p i n e  o x i d e  b y  t h e  o p e n i n g  o f  t h e  c y c l o p r o p a n e  r i n g  

(Scheme 11). 

PTC - 
1 

-HCL 

Scheme I1 
The outcome o f  t h e  r e a c t i o n  depends  o n  t h e  number o f  t h e  

s k e l e t a l  m e t h y l  g r o u p s  i n  i n t e r m e d i a t e  5. 1 i s  f o r m e d  b y  

r i n g  e x p a n s i o n  ( o n l y  one of  R 3  a n d  R 4  i s  Me),  w h i l e  6 b y  
t h e  r a t h e r  u n u s u a l  o p e n i n g  o f  t h e  c y c l o p r o p a n e  r i n g  ( b o t h  

R a n d  R 4  a r e  Me).  3 

The 1 , 2 - d i h y d r o p h s p h i n i n e  o x i d e s  (3 )  a r e  a l s o  u s e f u l  i n  

t h e  s y n t h e s i s  o f  o t h e r  p h o s p h i n i n e  d e r i v a t i v e s .  E . g .  h e x a -  

h y d r o p h o s p h i n i n e  o x i d e  8 i s  f o r m e d  f r o m  3 o n  r e a c t i o n  w i t h  

t h r e e  e q u i v a l e n t s  o f  h y d r o g e n .  The r e s u l t i n g  p h o s p h i n i c  a c i d  
e s t e r  (8,  R 3 = H ,  R 4-Me) - c a n  t h e n  b e  t r a n s f o r m e d  t o  t h e  amide  

(2 )  (Scheme 111). 
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x z  
O= Y- 3Jp-c= 7 Hz 

R 3 = H ,  RC=Me 

2.) HNMe, 

3 H 2  ~ 

P d l C  

0’ ‘OR’ 0” ‘OR’ 

- 3 2 8 

Scheme 111 

- 

The 3 - m e t h y l - p r o d u c t  i s  f o r m e d  a s  t h e  m i x t u r e  o f  t w o  d i a -  

s t e r e o i s o m e r s ,  w h i l e  t h e  3 , 5 - d i m e t h y l - d e r i v a t i v e  a s  t h r e e  

i s o m e r s .  A l t h o u g h  t h e  t r a n s  and  c i s  d i a s t e r e o i s o m e r s  o f  g 
( R  = H ,  R =Me) a n d  9 c a n  b e  i m a g i n e d  as t h e  e q u i l i b r i a  o f  t w o  

p a i r s  o f  c o n f o r m e r s ,  t h e  m e a s u r e d  v a l u e s  f o r  t h e  3J(P-C) 

c o u p l i n g  c o n s t a n t s 3  show t h e  e q u i l i b r i a  t o  be s t r o n g l y  

3 4 

b i a s e d  t o w a r d  

(Scheme I V ) .  

t h e  f o r m  w i t h  e q u a t o r i a l  s k e l e t a l  m e t h y l  g r o u p  

H 

H 

3Jp-c =I6 Hz 

c i s  J Y- o= 

Y = O R ’ ( l ,  R 3 = H ,  R 4 = M e l ,  N M e , ( 9 )  

Scheme IV 

F u l l y  u n s a t u r a t e d  ( a r o m a t i c )  s p e c i e s ,  p h o s p h i n i n e s  (12) 
c a n  a l s o  b e  o b t a i n e d  f r o m  t h e  P - a l k o x y - d i h y d r o p h o s p h i n i n e  
o x i d e s  ( 3 ) .  P h o s p h i n i c  c h l o r i d e  10 i s  p r e p a r e d  i n  t h e  f i r s t  

5 
s t e p  t o  g i v e  t h e  e x p e c t e d  p h o s p h i n i n e  (12, R = H  or Me) a f t e r  
r e d u c t i o n  a n d  d e h y d r o c h l o r i n a t i o n  (Scheme V ) .  

The f o r m a t i o n  o f  t h e  d i m e t h y l - p h o s p h i n i n e  is a c c o m p a n i e d  b y  

s i d e  r e a c t i o n s  ( d e c o m p o s i t i o n  or o v e r r e d u c t i o n  t o  3,5-  

- d i m e t h y l p h o s p h i n i n e ) .  
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CL 
3 1 P  

CL 
R3 1 P' 

- 12 
11 - 10 - 

R5= H, Me 

Me 
H ' M e  I MeM6H Scheme V 

S t r u c t u r e  o f  t h e  p r o d u c t s  (2-4, 6-2 and  12) was c o n f i r m e d  

The 1 , 2 -  and  l Y 4 - d i h y d r o p h o s p h i n i n e  o x i d e s  (2  a n d  6 )  
b y  'H, 1 3 C  a n d  31P NMR a n d  mass s p e c t r o s c o p y .  

d i s p l a y  i n t e r e s t i n g  b i o l o g i c a l  a c t i v i t y .  
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