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SYNTHESIS AND REACTIVITY OF SILYLATED PHOSPHORUS COMPOUNDS 

ROBERT H. NEILSON 
Department o f  Chemis t ry ,  Texas C h r i s t i a n  U n i v e r s i t y ,  
F o r t  Worth, Texas 76129, U . S . A .  

A b s t r a c t  The p r e p a r a t i v e  and d e r i v a t i v e  c h e m i s t r y  of 
s e v e r a l  s i l y l a t e d  (methy1ene)phosphines  i n c l u d i n g  
(Me3Si)2NP=CHSiMe3, MesP=C(SiMe3)2, and a s t a b l e  
1-phosphadiene system is r e p o r t e d .  

INTRODUCTION 

The chemis t ry  of compounds c o n t a i n i n g  t h e  Si-N-P a n d / o r  Si-C-P 
l i n k a g e s  i s  u s u a l l y  markedly d i f f e r e n t  from t h a t  of t h e  
n o n s i l y l a t e d  ana logues .  On the  one hand,  t h e  s t e r i c  bulk and 
rr-acceptor p r o p e r t i e s  o f  s i l y l  groups can be used t o  k i n e t i c a l l y  
s t a b i l i z e  a v a r i e t y  of “low-coordinate‘’ phosphorus systems.  
A l t e r n a t i v e l y ,  t h e  Si-N or  Si-C bonds may o f t e n  s e r v e  as r e a c t i v e  
s i t e s  so t h a t  p r o c e s s e s  such as i n t r a m o l e c u l a r  s i l y l  group 
r ea r r angemen t s  and condensa t ion  r e a c t i o n s  v i a  s i l a n e  e l i m i n a t i o n  
are commonly found. We r e p o r t  h e r e  s e v e r a l  i l l u s t r a t i v e  examples 
from a r e a s  of c u r r e n t  i n t e r e s t  in  our  l a b o r a t o r y  i n v o l v i n g  s i l y l -  
s u b s t i t u t e d  (methy1ene)phosphines .  

REACTIONS OF A SILYLATED AMINO(METHYLENE)PHOSPHINE 

The s y n t h e s i s  of a s t a b l e ,  t r i s i l y l a t e d  amino(methy1ene)phosphine 
h a s  been r e c e n t l y  accomplished e i t h e r  by d e h y d r o h a l o g e n a t i o n l  

o r  t h e r m o l y s i s 2  of a p p r o p r i a t e  ch lo rophosph ine  p r e c u r s o r s .  A s  an 
e x t e n s i o n  of t h e s e  s t u d i e s ,  we are i n t e r e s t e d  i n  t h e  r e a c t i v i t y  
of and r e l a t e d  compounds i n c l u d i n g  nove l  phosphadienes.  

The modes o f  r e a c t i v i t y  o f  compound are q u i t e  v a r i e d  bu t  
can be d i v i d e d  roughly i n t o  two g e n e r a l  c a t e g o r i e s .  Among t h e  
f i r s t  t y p e ,  are r e l a t i v e l y  s t r a i g h t f o r w a r d  r e a c t i o n s  i n  which t h e  
Si2N-P-C l i n k a g e  remains i n t a c t  (Scheme I ) 3  . 
metal complexat ion v i a  t h e  phosphorus lone p a i r  (2>, o x i d a t i o n  t o  
a 3 -coord ina te  phosphorane (21, a d d i t i o n  of p o l a r  r e a g e n t s  to t h e  
P=C bond (&-&I, and 2+2 c y c l o a d d i t i o n  w i t h  a s i l e n e  (3). 

These i n c l u d e :  
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I 
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SCHEME I (R = SiMe3) 

P h 2 P C 1  
R NP-CHR 

SCHEME I1 (R = SiMe3) 

CH2R 
Et2NH R 2 N - C  ,CH2R 

R~N-P-CHR > R/N-p\ 
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Reac t ions  of t he  second type (Scheme 1113 a r e  more complex 
p r o c e s s e s  i n  which c l eavage  of t h e  Si-N a n d / o r  P-N bonds a r e  
invo lved .  These r e s u l t s ,  w h i l e  s u r p r i s i n g  a t  f i r s t ,  seem t o  have 
a common unde r ly ing  f e a t u r e .  In each c a s e ,  t h e  i n i t i a l  p r o d u c t ,  
a 3 -coord ina te  phosphine formed by a d d i t i o n  t o  t h e  P=C bond, i s  
a p p a r e n t l y  more r e a c t i v e  toward t h e  g iven  r e a g e n t  t han  i s  t h e  
(me t h y l e n e  )phosphine i t s e l f .  

SYNTHESIS OF A 1-PHOSPHADIENE 

We have a l s o  p repa red  a v a r i e t y  of o t h e r  amino(methy1ene)- 
phosph ines ,  i n c l u d i n g  t h e  s t a b l e  1-phosphadiene g3, by t h e  
dehydroha logena t ion  r o u t e .  
c o n s i s t e n t  w i th  t h e  d e p i c t e d  geometry about  t h e  doub le  bonds. 
S t u d i e s  of t h e  r e a c t i v i t y  of 12 are  i n  p r o g r e s s .  

P r o t o n ,  I 3 C ,  and 31P NMR d a t a  are a l l  

P-MESITYL SUBSTITUTED (METHYLENE)PHOSPHINES 

The m e s i t y l  g r o u p  is a l s o  known t o  be e f f e c t i v e 4 ,  though less  so 
t h a n  (MegSi )2N5, i n  s t a b i l i z i n g  v a r i o u s  low-coordinate  phosphorus 
sys t ems .  We have  r e c e n t l y  p r e p a r e d  [his( trimethylsilyl)methylene] 
( m e s i t y 1 ) p h o s p h i n e  u and have  s t u d i e d  i t s  r e a c t i o n s  w i t h  several  
r e a g e n t s  (Scheme IIIl3 f o r  comparison w i t h  t h e  (Me3Si)zN-substi-  
t u t e d  ana logues .  Noteworthy a s p e c t s  of t h i s  work i n c l u d e :  ( a )  
t h e  new, s t a b l e  3 - c o o r d i n a t e  phosphoranes and 5 ,  ( b )  t h e  PCS 
3-membered r i n g  sys t em L7, and ( c )  t h e  a n i o n  
t i v e s  19 and 29 i l l u s t r a t e  i t s  ambident  n a t u r e .  
c r y s t a l l o g r a p h i c  s t u d i e s  of compounds 
b e i n g  conduc ted  i n  o r d e r  t o  conf i rm t h e  s t r u c t u r a l  a s s ignmen t s .  

whose d e r i v a -  
X-ray 

and  12 a r e  c u r r e n t l y  
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Mes-P-CHR2 
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