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Synthesis of Poly(dialky1phosphazenes) from 
N-Sly lphosphinimines 
Rober t  H.  N e i l s o n  and P a t t y  Wisian-Neilson 

Department of Chemistry 
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 

ABSTRACT 

Many N - s i l y l p h o s p h i n i m i n e s  Me3SiN=P(X) RR' undergo  f a -  
c i l e  t h e r m a l  decomposi t ion  w i t h  e l i m i n a t i o n  of sub-  
s t i t u t e d  s i l a n e s  Me3SiX and  f o r m a t i o n  of c y c l i c  or 
polymeric phosphazenes (RR'PN),. The p r o c e s s  which 
is a new, g e n e r a l  s y n t h e s i s  of phosphazenes h a s  been 
u s e d  t o  p r e p a r e  poly(dimethylphosphazene), (Me,PN) , 
i n  n e a r l y  q u a n t i t a t i v e  y i e l d  from Me3SiN-P(OCH,CF3!?Me2. 
Convenient  s y n t h e t i c  r o u t e s  t o  t h e  n e c e s s a r y  s i l i c o n -  
n i t rogen-phosphorus  p r e c u r s o r s  a r e  d e s c r i b e d  and t h e  
r e s u l t s  of  t h e i r  decomposi t ion  reactions are  r e p o r t e d .  

INTRODUCTION 

I n o r g a n i c  polymers  w i t h  a backbone of a l t e r n a -  

t i n g  phosphorus and n i t r o g e n  atoms fP=N), a re  known 

a s  polyphosphazenes [l]. Many s u c h  polymers  w i t h  a 
v a r i e t y  of s u b s t i t u e n t s  a t  phosphorus have  been p r e -  

p a r e d  and t h e y  g e n e r a l l y  e x h i b i t  many u s e f u l  p r o p e r t i e s  

i n c l u d i n g  l o w  t e m p e r a t u r e  f l e x i b i l i t y ,  resistance t o  
chemica l  a t t a c k ,  f l a m e  r e t a r d a n c y ,  s t a b i l i t y  t o  UV and  
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426 NEILSON AND WISIAN-NEILSON 

v i s i b l e  r a d i a t i o n ,  and moderate  t o  high thermal  
s t a b i l i t y ,  

p repared ,  t h e  o n l y  method t h a t  h a s  proven g e n e r a l l y  
u s e f u l  f o r  t h e i r  s y n t h e s i s  is t h a t  developed by A l l -  
cock and coworkers [ 1 , 2 ] .  T h i s  procedure  invo lves  
t h e  i n i t i a l  p r e p a r a t i o n  of poly(diha1ophosphazene) 
(halogen = F,Cl)  from t h e  cyc l i c  trimers ( e q s  1 and 2)  

and subsequent  n u c l e o p h i l i c  displacement  of t h e  halo- 
gens a long  t h e  cha in  (eq 3). In  each c a s e ,  t h e  
s u b s t i t u e n t s  a t  phosphorus must be in t roduced  a f t e r  

Although numerous polyphosphazenes have been 

1 
,(C12PN)n 

n = 3 , 4  

(1) nPC1, + nNH4C1 --> -4nHC1 

polymer iza t ion  s i n c e  t h e  s u b s t i t u t e d  c y c l i c  phospha- 
zenes  do no t  polymerize [3]. U n t i l  r e c e n t l y ,  no 
g e n e r a l  method h a s  been r e p o r t e d  which allows t h e  

inco rpora t ion  of t h e  d e s i r e d  s u b s t i t u e n t s  b e f o r e  
polymer iza t ion .  

m e r s  is t h a t  t h e  o r g a n i c  s u b s t i t u e n t s  a re  bonded t o  
A common f e a t u r e  of t h e  known phosphazene poly- 
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SYNTHESIS OF POLY(DIALKYLPH0SPHAZENES) 427 

phosphorus through oxygen or ni t rogen  thereby provid- 
ing  pathways f o r  decomposition o r  depolymerization on 
hea t ing  above about 200°C. It has  long  been specula- 
t e d  t h a t  d i r e c t l y  P-C bonded a l k y l  or a r y l  groups 
might enhance t h e  thermal and chemical s t a b i l i t y  of 
t h e  polymers and g i v e  r i se  t o  i n t e r e s t i n g  phys ica l  
p r o p e r t i e s  [ 3 , 4 ] .  Furthermore,  t h e  a l k y l  s u b s t i t u t e d  
polyphosphazenes (R2PN) would be i s o e l e c t r o n i c  w i t h  

t h e  s i l i c o n e  polymers (R,SiO), which a r e  an extremely 
v e r s a t i l e  and u s e f u l  c l a s s  of polymers. The  publ ished 
a t tempts  t o  prepare t h e  d i r e c t l y  P-C bonded polyphos- 
phazenes have been l a r g e l y  unsuccessful .  Treatment of 
poly(diha1ophosphazenes) w i t h  organometal l ic  r eagen t s  
(e.g.  RMgX or RLi)  r e s u l t s  i n  e i ther  incomplete sub- 
s t i t u t i o n  under mild condi t ions  or chain cleavage and 
and molecular weight reduct ion  under more vigorous 
condi t ions  [ 4 , 5 ]  . 

I n  t h i s  con tex t ,  w e  r epor t  h e r e  a new, genera l ,  
and d i r e c t  method for t h e  s y n t h e s i s  of polyphospha- 
zenes.  The new s y n t h e s i s  is based on t h e  premise t h a t  
s u i t a b l y  cons t ruc ted  N-silylphosphinimines w i l l  e l i -  
minate s u b s t i t u t e d  s i l a n e s  t o  form c y c l i c  and/or 
polymeric phosphazenes (eq 4 ) .  T h i s  method has sev- 

R R 

(4) 
I 1 1  

I I 
Me3SiN=P-X Me3SiX + ;fP=N+, 

R '  R '  

era1 p o t e n t i a l  advantages,  t h e  most important of w h i c h  

is t h e  a b i l i t y  to incorpora te  t h e  des i r ed  phosphorus 
s u b s t i t u e n t s  d i r e c t l y  i n t o  t h e  s t a r t i n g  Si-N-P com- 
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428 NEILSON AND WISIAN-NEILSON 

pound. T h e r e f o r e ,  by  d e s i g n i n g  t h e  a p p r o p r i a t e  
p r e c u r s o r s ,  it s h o u l d  be p o s s i b l e  t o  w i d e l y  v a r y  t h e  

p a t t e r n  of s u b s t i t u e n t s  i n  t h e  phosphazene p r o d u c t s .  
I t  is t h i s  p r o c e d u r e  which  h a s  r e s u l t e d  i n  t h e  suc-  
c e s s f u l  p r e p a r a t i o n  of t h e  f i r s t  f u l l y  P-C bonded 
poly(dialky1phosphazene) , (Me2PN) [ 61 , 

SILICON-NITROGEN-PHOSPHORUS COMPOUNDS 

S t u d i e s  of t h e  c h e m i s t r y  and s t e r e o c h e m i s t r y  of 
s i l i c o n - n i t r o g e n - p h o s p h o r u s  compounds [7-131 have l e d  

u s  i n t o  t h e  phosphazene a r e a  i n  t h e  f o l l o w i n g  manner. 
I n  a n  a t t e m p t  t o  p r e p a r e  t h e  first example of a n  acy- 
c l i c  p e n t a c o o r d i n a t e  phosphorus compound c o n t a i n i n g  a 
s i l y l a m i n o  s u b s t i t u e n t ,  l i t h i u m  b i s ( t r i m e t h y l s i l y 1 )  - 
amide was t r e a t e d  w i t h  some s u b s t i t u t e d  f l u o r o p h o s -  
phoranes [13]. The d e s i r e d  s i l y l a m i n o p h o s p h o r a n e s ,  
however, were n o t  i s o l a t e d .  I n s t e a d ,  t h e  r e a c t i o n  
(eq  5) proceeded w i t h  e l i m i n a t i o n  of f l u o r o t r i m e t h y l -  
s i l a n e  a s  w e l l  a s  l i t h i u m  f l u o r i d e  t o  produce  a new 
series of P-fluoro-N-silylphosphinimines. Furthermore,  

R 
I 
I 

M e ,  S iN-P-F 

R '  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
5
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



SYNTHESIS OF POLY(DIALKYLPH0SPHAZENES) 429 

R Ph Ph Me Me 
R' F Ph F M e  

i t  w a s  soon e s t a b l i s h e d  t h a t  t h s s e  phosphin imines  
would r e a d i l y  undergo f u r t h e r  f l u o r o s i l a n e  e l i m i n a t i o n  
( e q  6) t o  form phosphazenes [13]. Closer examinat ion  
of these phosphazenes h a s  i n d i c a t e d  t h a t  o n l y  smaller 

Me,N 
F 

R R 
I I 

I I 
Me3SiN=P-F tfP=N+n + Me3SiF 

R' R' 

c y c l i c  compounds ( i . e , ,  t r imer and tetramer) a r e  ob- 

t a i n e d .  N o n e t h e l e s s ,  t h e s e  decomposi t ions  a p p e a r e d  
t o  be a n o v e l  s y n t h e s i s  of phosphazene r i n g s ,  espe-  
c i a l l y  non-geminally s u b s t i t u t e d  compounds i n  which 
each phosphorus b e a r s  two d i f f e r e n t  s u b s t i t u e n t s .  

These  p r e l i m i n a r y  r e s u l t s  l e d  u s  t o  s p e c u l a t e  on 
t h e  g e n e r a l i t y  of s u c h  s i l a n e  e l i m i n a t i o n s  and ,  hence ,  
t o  propose  t h e  g e n e r a l  phosphazene s y n t h e s i s  o u t l i n e d  
above (eq  4 ) .  A most o b v i o u s  v a r i a b l e  i n  t h i s  new 
method is t h e  effect  of c h a n g i n g  t h e  l e a v i n g  group (X) 
i n  t h e  p r e c u r s o r  N - s i l y l p h o s p h i n i m i n e s .  With t h i s  i n  
mind w e  have p r e p a r e d  a number of new " s u i t a b l y  con- 
s t r u c t e d "  N-s i ly lphosphin imines  w i t h  a v a r i e t y  of 
l e a v i n g  g r o u p s ,  and a m i x t u r e  of a l k y l ,  a r y l ,  and 
a l k o x y  s u b s t i t u e n t s  a t  phosphorus.  

The s y n t h e s i s  of t h e  new N - s i l y l p h o s p h i n i m i n e s  
was c o n t i n g e n t  upon t h e  a v a i l a b i l i t y  of r e l a t i v e l y  
l a r g e  amounts of a n o t h e r  t y p e  of Si-N-P compound, t h e  

h i s  ( t r  i m e t  h y l s  i l y l )  aminophosphines  , ( M e 3  S i) NPRR ' . 
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430 NEILSON AND WISIAN-NEILSON 

I n i t i a l l y ,  t h e  s y n t h e s i s  of s u c h  compounds i n v o l v e d  
r e a c t i o n s  of (Me3Si) ,mi w i t h  c h l o r o p h o s p h i n e s  R 2 X 1  

[12] ,  The p r e p a r a t i o n  and  h a n d l i n g  of t h e  l a t t e r  re- 
a g e n t s ,  however, is o f t e n  t e d i o u s ,  e s p e c i a l l y  where 
R = a l k y l .  These  problems have been a v o i d e d  by o u r  
development of a c o n v e n i e n t ,  "one-pot" s y n t h e s i s  
(eq  7 )  which u s e s  r e a d i l y  a v a i l a b l e  s t a r t i n g  mater- 
i a l s  [ll]. The s i l y l a m i n o p h o s p h i n e s  can b e  p r e p a r e d  

(Me3Si) ,NPR, 

R = Me, E t  

i n  molar  q u a n t i t i e s  and are i s o l a t e d  i n  70-75% y i e l d s  
by vacuum d i s t i l l a t i o n .  

One of t h e  f i r s t  a p p r o p r i a t e l y  s u b s t i t u t e d  N- 
s i l y l p h o s p h i n i m i n e s  was obtained i n  a r e l a t e d  s t u d y  
of t h e  o x i d a t i o n  o f  s i l y l a m i n o p h o s p h i n e s  , ( 7 , 1 2 ] .  When 
(Me3Si),NPMe, is o x i d i z e d  by e i t h e r  oxygen or  tert-  
b u t y l ( t r i m e t h y l s i l y 1 )  p e r o x i d e ,  t h e  s t r u c t u r a l l y  
r e a r r a n g e d  s i l o x y p h o s p h i n i m i n e  Me, SiN=P(OSiMe3) M e 2  is 
i s o l a t e d  i n  h i g h  y i e l d  (eq 8 ) .  Indeed ,  t h e  l a b i l i t y  

0 -  -3 

(Me3 S i) ,NPMe2 

Me 

M e 3  S iN=P-OS iMe3 

M e  

I 
I 
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SYNTHESIS OF POLY(DIALKYLPHOSPHA2ENES) 4 3 1  

Ph 
Ph 

CF3 CH, 0 

of s i l y l  groups toward in t ramolecular  migra t ions  is a 
dominant f e a t u r e  of t h e  chemistry of such compounds 

[7,9,11,13].  

sis of p o t e n t i a l  phosphazene precursors  was t h e  pre- 
pa ra t ion  of a new series of P-bromo s u b s t i t u t e d  
phosphinimines [14] .  This  was accomplished by t h e  

s imple r e a c t i o n  of bromine wi th  b i s ( t r i m e t h y l s i l y 1 ) -  
aminophosphines i n  benzene (eq 9 ) .  Unlike t r i a l k y l -  
and t r ia ry lphosphines  which react w i t h  bromine t o  g ive  

A much more important development i n  t h e  s y n t h e -  

(Me3Si) ,NPRR' --> (Me3Si) ,N-P-Br Br -  [ I. I' 
(9) 

R 

M e  
E t  

Ph 
Me 
CF3 CH, 0 

I 

I 
M e 3  S IN-P-Br 

R '  

+ -  phosphonium sa l t s  [R3PBr] B r  , t h e  analogous s i l y l a -  
minophosphonium sa l t s  are no t  i s o l a t e d .  In s t ead ,  
MeaSiBr is e l imina ted ,  g iv ing  high y i e l d s  of t h e  
P-bromo-N-silylphosphinimines. These compounds are 
h y d r o l y t i c a l l y  u n s t a b l e  l i q u i d s  which are u s u a l l y  
s u f f i c i e n t l y  v o l a t i l e  t o  permit p u r i f i c a t i o n  by vacuum 
d i s t i l l a t i o n .  They have been f u l l y  cha rac t e r i zed  by 
'H, 13C,  and 31P NMR spectroscopy and elemental 
a n a l y s i s .  

Not only are t h e s e  P-bromo compounds p o t e n t i a l  
phosphazene p recu r so r s  themselves,  bu t  they  a l s o  can 
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4 3 2  NEILSON AND WISIAN-NEILSON 

b e  d e r i v a t i z e d  a t  t h e  P-Br bond, t h e r e b y  f a c i l i t a t i n g  

t h e  i n t r o d u c t i o n  o f  o t h e r  f u n c t i o n a l  g r o u p s  1141. The 

P-bromo-N-silylphosphinimines react w i t h  dimethylamine 
and w i t h  a l c o h o l s  i n  t h e  p r e s e n c e  of E t , N  ( t o  s c a v e n g e  
HBr) g i v i n g  t h e  amino and alkoxy s u b s t i t u t e d  phosphin i -  

mines i n  good y i e l d s  ( e q s  10-12).  These p r o d u c t s  a re  

R 

/ 

,=> M e ,  S iN=P-NMe2 1 
I 

R '  

R R 
I 
I 

M e ,  S iN=P-Br (11)  
MeOH I 

M e 3  S iN=P-OMe 
I 

R '  \ R '  

\ R 
I 
I 

Me3 S iN=P-OCII, CF, (12) 

R' 

c o l o r l e s s  l i q u i d s  which can  b e  p u r i f i e d  by vacuum 
d i s t i l l a t i o n  and which have been c h a r a c t e r i z e d  by NMR 

s p e c t r o s c o p y  and e l e m e n t a l  a n a l y s i s .  
These s i m p l e  react i o n s  have ,  t h e r e f  o r e ,  produced 

a new series of p o t e n t i a l  phosphazene p r e c u r s o r s  
Me,SiN=P(X)RR' (eq  4)  w i t h  a v a r i e t y  of l e a v i n g  groups  

( X  = OSiMe3, Br, NMe, , OMe, and OCII,CF,). Moreover, 
t h e s e  a r e  a l l  e a s i l y  p r e p a r e d  i n  s y n t h e t i c a l l y  u s e f u l  
q u a n t i t i e s ,  w h i l e  q u a n t i t i e s  of  t h e  o r i g i n a l  P-f luor-  

N-s i ly lphosphin imines  a r e  o f t e n  l i m i t e d  by d i f f  i c u l -  
t i e s  i n  t h e  s y n t h e s i s  and h a n d l i n g  of  t h e  s t a r t i n g  
f luorophosphoranes ( e q  5) . 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
5
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



SYNTHESIS OF POLY(DIALKYLPHOSPHA2ENES) 4 3 3  

PHOSPHAZENE SYNTHESIS 

C y c l i c  Phosphazenes 

The t h e r m a l  s t a b i l i t y  of e a c h  of t h e  new N- 

s i l y l p h o s p h i n i m i n e s  h a s  been i n v e s t i g a t e d .  T y p i c a l l y ,  
t h e  compounds were s e a l e d  i n  e v a c u a t e d  heavy-walled 

g l a s s  ampoules and h e a t e d  e i t h e r  i n  an  o i l  b a t h  or a n  
oven.  A t  r e l a t i v e l y  h i g h  t e m p e r a t u r e s  of 200"  t o  
250 "C, t h e  compounds Me3SiN=P(X) R2, where X is NMe, , 
OSiMe3, or OMe and R is E t  or Me, showed no s i g n s  o f  
any decomposi t ion  even a f t e r  s e v e r a l  days.  I n  each  
c a s e  none of t h e  expec ted  s i l a n e  Me3SiX w a s  formed 
and t h e  phosphinimines were r e c o v e r e d  unchanged. 

The P-bromo-N-silylphosphinimines, however,  a r e  
much less s t a b l e  and r e a d i l y  e l i m i n a t e  Me3SiBr on h e a t -  
i n g  u n d e r  a v a r i e t y  of c o n d i t i o n s .  F o r  example,  when 
Me3SiN-P(Br)Me2 is h e a t e d  i n  r e f l u x i n g  benzene f o r  5 

d a y s ,  a 3 iP  NMR spec t rum of t h e  w h i t e  s o l i d s  r e m a i n i n g  
a f t e r  removal of benzene and Me3SiBr i n d i c a t e  t h a t  
n e a r l y  e q u a l  amounts o f  tetrameric ( 6  27 .1)  and p c n t a -  
meric (621.5) (Me,PN)n [15] are  formed. On h e a t i n g  a 
n e a t  sample  of t h e  same compound i n  a s e a l e d  ampoule 
a t  190°C f o r  2 days t h e  p r i n c i p l e  31P NMR s i g n a l  cor- 
r e s p o n d s  t o  t e t r a m e r  w i t h  o n l y  t r a c e s  o f  trimer and 
pentamer.  On h e a t i n g  i n  a s e a l e d  ampoule a t  250°C f o r  
o n e  day, s l i g h t l y  l a r g e r  p r o p o r t i o n s  of trimer and 
pentamer r e l a t i v e  t o  tetramer a r e  observed .  

Some r e l a t e d  P-bromo-N-silylphosphinimines 
Me3SiN=P(Br)RR' (R = R '  = Me; R = R '  = Et; R - R '  = Ph;  
and R = M e ,  R '  = Ph) a l s o  smoothly e l i m i n a t e  Me3SiBr 
on h e a t i n g  i n  s e a l e d  g l a s s  ampoules.  I n  a l l  cases 
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4 3 4  NEILSON AND WISIAN-NEILSON 

o n l y  t h e  s m a l l e r  c y c l i c  p r o d u c t s  a r e  o b t a i n e d  and ,  in -  
deed,  t h i s  a p p e a r s  t o  be an  e f f e c t i v e  new s y n t h e t i c  
r o u t e  t o  such  compounds. 

Polymeric  Phosphazenes 

Whi l e  t h e  N-s i ly lphosphin imines  where t h e  poten-  

t i a l  l e a v i n g  group is F ,  B r ,  N M e 2 ,  OSiMe, or OMe a r e  
e i t h e r  s t a b l e  compounds or g i v e  e x c l u s i v e l y  cyc l ic  
phosphazenes when h e a t e d ,  markedly d i f f e r e n t  results 
a r e  o b t a i n e d  when t h e  l e a v i n g  group is t r i f l u o r o e t h o x y ,  
CF3CH20. On i n v e s t i g a t i n g  t h e  t h e r m a l  s t a b i l i t y  of 
Me,SiN=P(OCH2CF3)Me2, w e  f i n d  t h a t  Me,SiOCH,CF, is 
e l i m i n a t e d  from t h e  compound u n d e r  a v a r i e t y  of con- 
d i t i o n s .  I n  each c a s e ,  t h e  p r o d u c t  is a s o l i d  mater- 
i a l  which a n a l y z e s  f o r  MezPN b u t  b e a r s  no p h y s i c a l  
resemblance t o  t h e  c y c l i c  dimethylphosphazenes (Me,PN& 
( n  = 3,4,5). Although t h i s  decomposi t ion  o c c u r s  s l o w -  
l y  a t  room t e m p e r a t u r e  or under  a n e a t  r e f l u x  a t  
a tmospher ic  p r e s s u r e ,  b e s t  r e s u l t s  are  o b t a i n e d  b y  

h e a t i n g  t h e  phosphinimine i n  a s e a l e d  g l a s s  ampoule 
a t  1 9 0 ° C  f o r  2 days .  Removal of  t h e  v o l a t i l e  s i l a n e  
under  vacuum l e a v e s  an o f f - w h i t e  s o l i d  which,  u n l i k e  
t h e  trimer and t e t r a m e r ,  is q u i t e  i n s o l u b l e  i n  w a t e r  
b u t  is h i g h l y  s o l u b l e  i n  CH,C12 or CHC1,. The 31P NMR 
spec t rum c o n t a i n s  a s h a r p  s i n g l e t  a t  68.26 ( i n  CDCl , ,  

r e l a t i v e  t o  H,PO,) w h i c h  is f a r  u p f i e l d  from t h a t  of  
t h e  cyc l ic  dimethylphosphazenes.  Based on e l e m e n t a l  
a n a l y s i s ,  which c o n f i r m s  t h e  m o l e c u l a r  formula  as 

Me,PN, t h e  r e a c t i o n  y i e l d  is v i r t u a l l y  q u a n t i t a t i v e .  
A weight  a v e r a g e  m o l e c u l a r  w e i g h t  (Mw) of 50,000 was 
de te rmined  by l i g h t  s c a t t e r i n g  t e c h n i q u e s .  T h i s  
v a l u e  c o r r e s p o n d s  t o  a n  a v e r a g e  c h a i n  l e n g t h  of about 
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SYNTHESIS OF POLY(DIALKYLPHOSPHA2ENES) 435 

660 monomer u n i t s  and a l t h o u g h  t h i s  is s i g n i f i c a n t l y  
less t h a n  t h e  t y p i c a l  10,000-15,000 u n i t s  r e p o r t e d  f o r  

polyphosphazenes w i t h  a l k o x y ,  amino, or h a l o  s u b s t i -  
t u e n t s ,  it is, n e v e r t h e l e s s ,  t h e  first example o f  a 
w e l l - c h a r a c t e r i z e d  poly(dialky1phosphazene) w i t h  
d i r e c t l y  P-C bonded s u b s t i t u e n t s .  

O t h e r  p h y s i c a l  d a t a  f o r  poly(dimethy1phosphazene) 
i n c l u d e  a g l a s s  t r a n s i t i o n  t e m p e r a t u r e  (Tg) of -42°C 
a m e l t i n g  p o i n t  (T,) o f  158"C, and an i n t r i n s i c  

v i s c o s i t y ,  [q], of 0.44 d l / g  ( i n  CHC13 a t  25°C).  When 
a CH,C1, s o l u t i o n  of (Me2PNIn is a l lowed t o  e v a p o r a t e  
s l o w l y ,  a t h i n  f i l m  of  t h e  polymer is formed. Pour- 
i n g  a CH2C12 s o l u t i o n  i n t o  hexane r e s u l t s  i n  p r e c i p i -  
t a t i o n  of a w h i t e  powder- l ike form of t h e  polymer and  
s e r v e s  as a means of p u r i f i c a t i o n .  

P r e p a r e d  i n  t h i s  manner,  poly(dimethy1phospha-  
zene)  is s u p e r f i c i a l l y  s i m i l a r  t o  same lower m o l e c u l a r  
weight (3,500-12,500) p r o d u c t s  r e p o r t e d  by S i s l e r  and  
coworkers  [ 1 6 ] .  T h e i r  compounds, however, were ob- 
t a i n e d  i n  l o w  y i e l d s  from t h e  t h e r m o l y s i s  of  
Me2P(NH,)2C1 a f t e r  a t e d i o u s  p r e p a r a t i o n  and p u r i f i -  
c a t i o n .  The r e p r o d u c i b i l i t y  of t h e i r  r e su l t s  h a s  a l so  
been q u e s t i o n e d  [3]. Our method, on t h e  o t h e r  hand, 
u t i l i z e s  e a s i l y  p r e p a r e d  s t a r t i n g  m a t e r i a l s ,  a f f o r d s  
e x c e l l e n t  y i e l d s ,  and g i v e s  c o n s i d e r a b l y  h i g h e r  mole- 
c u l a r  w e i g h t s  f o r  (Me2PN)n. 

p h i n i m i n e s  a p p e a r s  t o  b e  f a i r l y  g e n e r a l .  F l i n d t  and  
Rose [17] have r e p o r t e d  t h a t  t h i s  s i l a n e  e l i m i n a t i o n  
from Me3SiN==P(OCH,CF3), g i v e s  l o w  m o l e c u l a r  weight  
o l i g o m e r s  (En@ 10,000)  of [ (CF3CH20),PN],. 
i n a r y  r e s u l t s  i n d i c a t e  t h a t  Me,SiOCH,CF, w i l l  a l s o  

The e l i m i n a t i o n  of Me3SiOCH,CF3 from N-s i ly lphos-  

Our pre l im-  
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4 3 6  NEILSON AND WISIAN-NEILSON 

e l i m i n a t e  from some o t h e r  N-si lylphosphinimines.  

Although Me3SiN=P(OCH2CF3)Ph, is s t a b l e  on h e a t i n g  f o r  
prolonged p e r i o d s  a t  250 O C ,  both Me3SiN=P(OCH,CF3)RR' 
(R = R '  = E t ;  and R = M e ,  R '  = Ph) show q u a n t i t a t i v e  
formation of Me,SiOCH,CF,. The s o l i d  product  of t h e  

decomposition of t h e  d i e t h y l  compound g i v e e  a s a t i s -  

f a c t o r y  elemental a n a l y s i s  f o r  Et,PN, bu t  its inso lu -  
b i l i t y  i n  a l l  common s o l v e n t s  has  thus  f a r  prevented  
f u r t h e r  c h a r a c t e r i z a t i o n .  The phenyl/methyl s u b s t i -  

t u t e d  compound decomposes t o  form a s t i c k y  s o l i d ,  t h e  

31P NMR spectrum of which c o n s i s t s  of a s h a r p  s i n g l e t  
a t  61.67. 
from t h e  s i g n a l s  of t h e  s m a l l  r i n g  compounds ( 6  rJ27). 

L ike  (Me,PN)n, t h i s  is s i g n i f i c a n t l y  u p f i e l d  

Another i n t e r e s t i n g  s y s t e m  under  i n v e s t i g a t i o n  i n  
ou r  l a b o r a t o r y  is a polymeric  phosphazene w i t h  a mix- 
t u r e  of M e  and E t  s u b s t i t u e n t s  a t  phosphorus.  By 

a l lowing  (Me3Si),NPC12 (eq 7) t o  r e a c t  w i th  equimolar  
amounts of MeMgBr and EtMgBr, w e  o b t a i n  1 : 2 : 1  propor- 
t ions  of t h e  phosphines  (Me3 S i )  ,N-PMe, , -PMeEt , and 

-PEt,, Subsequent r e a c t i o n s  as  desc r ibed  p rev ious ly  

provide  mixtures  of Me3SiN=P(OCH2 CF,)RR' which decom- 
pose r e a d i l y  t o  g ive  phosphazene p roduc t s  c h a r a c t e r i z e d  

by 3 broad s i g n a l s  i n  t h e  NMR spectrum a t  67.8,  13, 
and 18 i n  approximately 1 : 2 : 1  p ropor t ions .  Presumably 

t h e s e  correspond t o  t h e  PMe2, PMeEt, and PEt, cen ters ,  
r e s p e c t i v e l y ,  d i s t r i b u t e d  i n  a random fash ion  a long  t h e  

phosphazene c h a i n .  F u r t h e r  c h a r a c t e r i z a t i o n  of t h e s e  
m a t e r i a l s  is underway. 

CONCLUDING REMARKS 

T h e  r e sea rch  desc r ibed  h e r e i n  demonst ra tes  t h a t  
t h e  proposed phosphazene s y n t h e s i s  (eq 4) is ,  i n  f a c t ,  
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a g e n e r a l l y  u s e f u l  o n e .  Through t h e  e l i m i n a t i o n  of 
Me3SiBr from N - s i l y l p h o s p h i n i m i n e s ,  h i g h  y i e l d s  o f  
sma l l e r  c y c l i c  phosphazenes a r e  r e a d i l y  o b t a i n e d .  More 
s i g n i f i c a n t l y ,  t h e  e l i m i n a t i o n  o f  Me3SiOCH2CF3 from 
o t h e r  N - s i l y l p h o s p h i n i m i n e s  is a g e n e r a l  approach  t o  
good y i e l d s  of  po lymer i c  phosphazenes,  many of which 
have  evaded s y n t h e s i s  b y  o t h e r  methods.  T h i s  s y n t h e -  
t i c  r o u t e  is p a r t i c u l a r l y  a p p l i c a b l e  t o  t h e  p r e p a r a t i o n  
o f  polyphosphazenes w i t h  d i r e c t l y  P-C bonded s u b s t i -  
t u e n t s  s u c h  a s  (Me,PNIn. 
p o t e n t i a l  a p p l i c a t i o n s  of (Me,PN)n, p a r t i c u l a r l y  i n  
view of  its e l e c t r o n i c  s i m i l a r i t y  t o  poly(dimethy1-  
s i l o x a n e )  (Me2SiO)n, c e r t a i n l y  a r e  wor thy  of  more de- 

t a i l e d  s t u d y .  O t h e r  f e a t u r e s  o f  o u r  s y n t h e s i s  which 
need t o  b e  f u r t h e r  e x p l o r e d  i n c l u d e  t h e  v a r i a t i o n  o f  
s u b s t i t u e n t s  a t  phosphorus ,  methods of  i n c r e a s i n g  
m o l e c u l a r  w e i g h t ,  and t h e  p o s s i b i l i t y  o f  c r o s s l i n k i n g  
t h e  polymer c h a i n s .  

The p h y s i c a l  p r o p e r t i e s  and 

A number of o b v i o u s  q u e s t i o n s  i n v o l v i n g  mechanis-  
t i c  a s p e c t s  o f  t h e  new s y n t h e t i c  method r ema in  t o  be 
answered.  S i n c e  t h e  c y c l i c  phosphazenes (Me,PN)3,4 do  
n o t  po lymer i ze  [3] even  u n d e r  extreme c o n d i t i o n s ;  i t  
a p p e a r s  t h a t  t h e  Me3SiOCH,CF3 e l i m i n a t i o n  r e a c t i o n  must 
b y p a s s  t h e  c y c l i c s ,  l e a d i n g  t o  s p e c u l a t i o n  a b o u t  t h e  

f o r m a t i o n  of t h e  M e 2 P N  monomer. Another  i n t e r e s t i n g  
b u t  p u z z l i n g  f a c t  is t h a t  Me3SiBr e l i m i n a t i o n  g i v e s  
o n l y  c y c l i c  phosphazenes w h i l e  Me3SiOCH,CF3 e l i m i n a -  
t i o n  y i e l d s  e x c l u s i v e l y  p o l y m e r i c  p r o d u c t s .  

F i n a l l y ,  i t  seems l i k e l y  t h a t  t h e  development of 
t h i s  new s y n t h e s i s  of po lyphosphazenes ,  i n c l u d i n g  some 
much-sought-af ter  compounds, w i l l  s e r v e  t o  f u r t h e r  
s t i m u l a t e  t h e  c o n t i n u e d  growth o f  phosphazene chemis- 
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t r y  and,  p e r h a p s ,  t o  h e l p  b r i n g  it closer t o  t h e  realm 
of  commercial a p p l i c a t i o n .  
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