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SILYLPEROXIDES AS SELECTIVE OXYGENATION REAGENTS 
IN PHOSPHORUS CHEMISTRY 

J6zef KOWALSKI, Lucyna WOZNIAK and Julian CHOJNOWSKI 
Centre of Molecular and Macromolecular Studies, 
Polish Academy of  Sciences, 5 Boczna, PL-90362 t6df 

Abstract Bis(trimethylsily1)peroxide (BSPO) can be 
used f o r  chemo- and stereoselective generation of 
P=O group by oxygenation of P(II1) centre and 
transformation of P=S and P=Se groups. 

INTRODUCTION 
Silyl peroxides, which constitute a broad and well known 
class of organosilicon compounds' and in particular 
Me3SiOOSiMej (BSPO), are very promising reagents for the 
generation of  oxyphosphoryl group. Their ability to 
oxidize P(II1) centre was recognized earlier2, however, 
the potential of ESP0 as the reagent for selective 
oxygenation under mild conditions in the chemistry o f  
phosphorus has been demonstrated only recently 394 . 

RESULTS AND DISCUSSION 
BSPO shows an exceptionally high reactivity towards 
P(II1) centre. Variety of compounds of tricoordinate 
phosphorus may be transformed to their P=O derivatives 
with theoretical yield, under very mild conditions using 
stoichiometric amounts of the peroxide. 
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TABLE I O x i d a t i o n  o f  P ( I I 1 )  
1 2 3  BSPO 

C H 2 C 1 2  

compounds w i th  BSPO 

1 2 3  R R R P = O  

R1 R 2  R 3  Temp. Yield(31P NMR) 

Ph 

Ph 

Ph 
Ph 

Ph 

Ph 
n-8u 

t -Bu 

E t O  

c 1  
NMe2 

Ph 

Ph 

Ph 

c 1  
Ph 

Ph 

n-Bu 

Ph 

E t O  

c 1  
NMe2 

Ph - 2 0  

c 1  - 2 0  

OMe - 3 0  
c 1  - 5 0  

(CH2)2SiMe2(0Ph)  0 

CH2CH=CH2 r . t .  

n-Bu r . t .  
c 1  - 2 0  

E t O  - 2 0  

c 1  -70  

OMe - 2 0  

100  

100 

100  

6 0  

100  

1 0 0  
100  

100  

100 

5 0  

100  

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

i t s  c a r b o n  a n a l o g u e  ( t -13u0)2.  I n  consequence ,  some o r g a -  

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

p r e s e r v e d  i n  t h e  c o u r s e  o f  o x y g e n a t i o n .  Some p h o s p h i n e s  

h a v i n g  o l e f i n i c  bond  a r e  f o u n d  t o  g i v e  t h e  c o r r e s p o n d i n g  

o x i d e s  w i t h  t h e o r e t i c a l  y i e l d s .  A c o m p e t i t i v e  o x i d a t i o n  

a t  n i t r o g e n ,  s u l f u r  and  some o t h e r  c e n t r e s  u s u a l l y  goes  

much s l o w e r  and c a n  b e  a v o i d e d .  

Compounds o f  t e t r a c o o r d i n a t e  p h o s p h o r u s ,  e v e n  t h o s e  

b e i n g  f o r m a l l y  a t  P o x i d a t i o n  l e v e l  I11 u n d e r g o  o x i d a t i o n  

w i t h  BSPO s l o w l y .  I n  consequence  t h e  o x i d a t i o n  o f  secon-  

d a r y  p h o s p h i n e s  may b e  c a r r i e d  o u t  i n  two  s e p a r a t e  stages: 

Ph2PH Bspo "'- Ph2P(0)H + P h P ( 0 ) OSiMe3 
-40' 25' 

The f i r s t  s t e p  p r o d u c t  

y i e l d .  

may be  o b t a i n e d  w i t h  t h e o r e t i c a l  
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SILYLPEROXIDES A S  SELECTIVE O X Y G E N A T I O N  REAGENTS I N  . . i n  

BSPO b e i n g  s o l u b l e  i n  o r g a n i c  s o l v e n t s  may b e  u s e d  

i n  n o n - h y d r o x y l i c  s y s t e m s  t o  g e n e r a t e  P = O  g r o u p  i n  compo- 

unds  h y d r o l y t i c a l l y  u n s t a b l e ,  l i k e  p h o s p h o r u s  s i l y l  es te r .  

The o x y g e n a t i o n  o f  P ( I I 1 )  compounds w i t h  BSPO p r o -  
ceeds  i n  a h i g h l y  s t e r e o s p e c i f i c  manner l e a d i n g  t o  f u l l  

r e t e n t i o n  o f  c o n f i g u r a t i o n  a t  the  p h o s p h o r u s  c e n t r e ,  
3 w h i c h  was d e m o n s t r a t e d  f o r  b o t h  a c y c l i c  and c y c l i c  models . 

Ph 
\ 

Horner Ph 
\ 

4 
h p r  P r  

Illethod 5 Me--P: > Me--P=O /Ph 
4 

P r  

O =  P--Me 

ESP0 p r o v e d  a l s o  t o  b e  e f f e c t i v e  i n  t h e  t r a n s f o r m a t i o n  

of t h e  P = S  and t h e  P=Se t o  t h e  P = O  f u n c t i o n .  The reac t i on  

may be  e f f e c t i v e l y  a c c e l e r a t e d  by e l e c t r o p h i l e s  s u c h  as  

A 1 C 1 3 ,  SnC14 and o t h e r s .  D u r i n g  the o x y g e n a t i o n  of  d i t i o -  

p h o s p h o r i c  ac id  e s t e r s ,  the m e r c a p t o  g r o u p  i s  n o t  o x i d i z e d .  

The P = S ,  or P=Se t o  P = O  t r a n s f o r m a t i o n  p r o c e e d s  i n  a 

s t e r e o s p e c i f  i c  manner l e a d i n g  t o  i n v e r s i o n  a t  phosphorus: 

c 1  
I 

Se 
II 

BSPO eflp", 0 
c1 0'- 

trans, 31P M 1 . 0  ppm cis, 3 1 ~  6=-5.7 ppm 

/ Ph BSPO Ph, 
S=P---Me T- M e - s P = O  

\PI- P r  

PS-F 
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The o x y g e n a t i o n  o f  p h o s p h o r u s  compounds w i t h  BSPO p r e -  

sumably  p r o c e e d s  a c c o r d i n g  t o  a n o n - f r e e  r a d i c a l  p a t h w a y .  

The o x i d a t i o n  of t r i v a l e n t  p h o s p h o r u s  i n v o l v e s  p e r h a p s  the 

n u c l e o p h i l i c  a t t a c k  o f  t h e  p h o s p h o r u s  a t  o x y g e n  a tom o f  

The mechanism may b e  s y n c h r o n o u s  or s t e p w i s e  w i t h  t h e  

t r a n s i e n t  f o r m a t i o n  o f  phosphon ium s a l t .  

The mechanism o f  t h e  P = S ,  or P=Se t o  P=O t rans fo rma-  

t i o n  i s  p r o b a b l y  more c o m p l e x ,  and i n v o l v e s  s e v e r a l  s t e p s .  

A g a i n ,  i t  i s  p o s s i b l e  t h a t  t h e  r e a c t i o n  b e g i n s  w i t h  a 

n u c l e o p h i l i c  a t t a c k  a t  t h e  p e r o x i d e .  A v a r i a n t  o f  s u c h  

pa thway  w h i c h  c o u l d  b e  c o n s i d e r e d  i s  shown be low:  

I r I +1 - 

- - -  
F u r t h e r  w o r k s  on  t h i s  s u b j e c t  a r e  i n  p r o g r e s s .  
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