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REACTIONS OF ORGANOMETALLIC REAGENTS WITH HALOGENOPHOSPHAZENE 
CYCLIC TRIMERS, TETRAMERS, AND HIGH POLYMERS 

H. R. ALLCOCK 
Department of  Chemistry, The Pennsylvania State University, 
University Park, Pennsylvania 16802, U.S.A. 

Abstract Three main mechanistic pathways are now evident when 
Grignard, organolithium, organocopper, or transition metal 
anions are used as reagents for reactions with halogeno- 
phosphazenes-substitution, metal-halogen exchange, and 
skeletal cleavage. Use of these reaction pathways allows the 
synthesis of species such as I-X. A general mechanistic 
theory of these reactions is presented, together with an 
application of these mechanisms to macromolecular synthesis. 

Since the work of Rosset in 1925 and Bode in 1942,1’2 the 
reactions of organometallic reagents with halogenophosphazenes have 
generated deep interest3-7 coupled with controversy. Seemingly 
similar reactions give rise to quite different types of products. 
We have attempted to develop a general mechanistic understanding 
of these complex interactions and to explain many of the earlier 
anomalies. Moreover, our ability to understand these processes 
has facilitated the syntheses of several new classes of phosphazenes, 
including those that contain transition metal organometallic units. 
Some of the results may be applicable to phosphorus halide chemistry 
in general. All the conclusions are relevant t o  the synthesis of 
phosphazene high polymers. 

In the present work we have attempted to compare the inter- 
actions of fluoro- and chlorophosphazenes with Grignard, organo- 
lithium, and organocopper reagents, as well as a number of transition 
metal organometallic anions. Typical reagents used in these studies 
include: 
C6H5; 
- t-C4Hg, ally1 ; 
C2B10HlOCH3, C H ~ C ~ B I O H ~ O C H ~ ,  CgHqFeCgHg, CgHqRuCgH5; 
R = (CgHq)2Fe, (CgH4)2Ru; RMK where RM = Fe(C0)2C5H5, RU(CO)~C~H~; 
RM2Na2 where RM2 = Fe2(C0)8. 

replacement (substitution), metal-halogen exchange, and P-N skeletal 
bond cleavage. 
in the same system. 
in turn. 

RMgX where R = CH3, C2H5, fi-C3H7, r~C4H9, &-C3H7, t-C4Hg, 
RMgX/[Bu3PCuI]4 where R = CH3, C2H5, n-C3H7, n-CqHg, L-C4H9, 

RLi where R = CH3, E-CqHg, CgH5, C2Bl0H10CgH5, 
LiRLi where 

The reactions induced by these reagents include halogen 

In some cases, all three reactions can be detected 
Each of these reaction types will be considered 
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268 H. R. ALLCOCK 

Substitution Reactions Substitution appears to predominate when 
(NPF2)3 or (NPF2)4 react with phenyllithium, lithioferrocene 
lithioruthenocene ,8 dilithiof errocene ,8 dilithioruthenocene 
transition metal anions.9 , l o  
method are depicted in 1-111. 

8 
or 

Some new derivatives prepared by this 

0 

F 

I I1 

F 

111 

IV V 
In addition, transition metal organometallic dianions, such as 

Fe~(c0)~~-, react with (NPC12)3 to yield I V . l l  
out serious side reactions a l s o  occurs when (NPC12)3 reacts with 
carboranyl-lithium reagents to give, for example, V. 12 Organocopper 
reagents interact with (NPC12)3 by a curiously complex pattern that 
yields products that superficially appear to result from substitution, 
but which, in reality, are formed by initial metal-halogen exchange 
followed by substitution. 13 

Substitution with- 

Metal-Halogen Exchange Chlorophosphazenes are especially prone to 
metal-halogen exchange reactions in the presence of organocopper 
species or lithiometallocenes. For example, (NPC12)3 reacts with 
RMgX[Bu3PCuI]4 to form species VI-VIII.13,14 
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However, the formation of cyclophosphazene dimers of type IX or 
X provides the most direct evidence for metal-halogen exchange. This 
process occurswhen Grignard reagents or lithiometallocenes react 
with (NPC1,) 2 ,  * 
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Skeletal Cleavage The problem of P-N skeletal bond cleavage by 
organometallic reagents is especially acute for the reactions of the 
high polymers, (NPC12), or (NPF2)n. If 15,000 repeating units are 
present in each polymer molecule initially, 21 25 cleavage reactions 
per chain would be sufficient to destroy all the useful macromolecular 
properties. Hence, the ratio of halogen replacement to cleavage 
must be higher than, say, 6 0 0 : l  if the substitution is to be employed 
for the synthesis of alkyl- o r  arylphosphazene high polymers. Thus, 
polymers are extremely sensitive probes for cleavage processes that 
might go unnoticed in the reactions of cyclic trimers or tetramers. 

rather than P-F side group bonds. For example, phenyllithium reacts 
Skeletal cleavage appears to be favored by the presence of P-C1 
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270 H. R. ALLCOCK 

w i t h  (NPCl2) by a slow s u b s t i t u t i o n  p r o c e s s  and a p redomina t ing  
f a s t  cha in  cTeavage.4 By t h e  time t h a t  10% of t h e  c h l o r i n e  atoms 
have been r e p l a c e d  by p h e n y l ,  t h e  m o l e c u l a r  we igh t  h a s  f a l l e n  from 
4 x lo6 t o  5 x l o 4 .  By c o n t r a s t ,  w i t h  ( N P F z ) ~ ,  s u b s t i t u t i o n  p re -  
dominates  u n t i l  y 75% of t h e  f l u o r i n e  atoms have been r e p l a c e d  by 

7 p h e n y l ,  a t  which p o i n t  s k e l e t a l  c l e a v a g e  a g a i n  becomes s e r i o u s .  
Presumably,  e l ec t ron -wi thd rawa l  by t h e  f l u o r i n e  atoms l o w e r s  t h e  
b a s i c i t y  of s k e l e t a l  n i t r o g e n ,  t h u s  r e d u c i n g  t h e  a b i l i t y  of t h a t  
s i t e  t o  c o o r d i n a t e  t o  Li+. A s  more and more f l u o r i n e  atoms a r e  
r e p l a c e d  by pheny l ,  t h i s  p r o t e c t i v e  e f f e c t  i s  l o s t .  B u t y l l i t h i u m  
i s  a f a r  more p o t e n t  c h a i n  c l eavage  r e a g e n t  because  of t h e  s t r o n g  
e l e c t r o n  s u p p l y  from C4H9-P t o  n i t r o g e n .  

and halophosphazenes depends on t h e  t y p e  of ha logen  i n v o l v e d ,  on t h e  
o r g a n o m e t a l l i c  s p e c i e s ,  and on o t h e r  f a c t o r s  such  as s o l v e n t  and 
r e a c t i o n  t e m p e r a t u r e .  

The a c t u a l  p a t t e r n  of r e a c t i o n s  between o r g a n o m e t a l l i c  r e a g e n t s  
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