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REACTIONS OF
POLYMERS WIiTH
PENDANT
CYLOPHOSPHAZENES

C.W. Allen, K.R. Carter, M. Bahadur and D.E. Brown

Department of Chemistry
University of Vermont
Burlington, VT 05405-0125

INTRODUCTION

One significant area of interest in the study of hybrid
inorganic/organic polymers has been that of chemical reactivity. The
ability to effect property modification and/or incorporation of new,
useful functionalities via reactions of preformed polymers provides an
incentive for pursuit of these studies. The reactions of
poly(dichlorophosphazene), (NPCL,),, which have been explored by
Alicock and coworkers,' are arquably the most extensive for any
polymer system. Synthetic transformations of (NPCL)n with
structurally simple units such as fluoroalkoxides gives elastomers
with low Tg values while more complex substituents can provide
sites for biological or catalytic activity.' We have been examining an
alternative type of phosphazene polymer in which
cyclophosphazenes® are substituents on a linear hydrocarbon chain.?
in this paper we report some approaches to applying the wide
variety of reactions which have been carried out on
cyclophosphazenes to reactions of cyclophosphazenes in a
polymeric environment.

EXPERIMENTAL

Materials. Hexachlorocyclotriphosphazene, N,P,Cl, (Nippon
Soda) was converted to N,P,F,.* Previously reported procedures
were used for preparation of N,P,F.CaCPh* N,P,CLOCH=CH,' and
[CH(ON,P,CLCH,],(1)*. Measurements. Gel permeation
chromatography was performed on a Waters 202 high pressure
liquid chromatograph equipped with 10* and 10° A microstyragel
columns. Thermal analyses were carried out using a Perkin-Eimer
TGS-2 thermogravimetric system interfaced with a PETOS thermal
analysis data station. Cyclic voltametry measurements were
performed on 0.5mM solutions with Bu,NPF, as supporting
electrolyte and SCE reference electrode using a Princeton Applied
Research modet 273 potentiostat.

Syntheses. Derivatives of N,P,CLOCH=CH, were prepared by
reactions of stiochiometric amounts of the appropriate nucieophile
followed by chromatographic purification. Products of reactions of
various nuclecphiles with the polymer, (CH(ON,P,CI)CH,],, were
isolated by precipitation with methanol except for the methylamino
derivative which was isolated by filtration of the precipitated polymer.
The reaction of 4-(1-methylethenyf)phenyl lithium’ with N,P,F,CaCPh
yieids 2,4-N,P,F (CaCPh){(C,H,C(CH,)) = CH,] which undergoes facile
copolymerization with styrene using azobis(iscbutyinitrile) (AIBN) as
an initiator. Reactions of CO,(CO), with solutions of this copolymer
yields the colbalt carbonyl complex
[CH(Ph)CH,},[C(CH,)(N,P,F CaCPheCo,(CO)JCH,),-

BESULTS AND DISCUSSION

The polymerization of the vinyloxycyclotri-* and
leacis to highly functionaiized polymers with five
and seven reactive sites per monomer unit respectively.
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AIBN
N,P,Cl,..OCH=CH, =—— (CHCH,),
x=3,4 ONPCL.,

Copolymerization of the trimeric and tetrameric derivatives leads to
polymers with both six and seven membered rings as substituents.
These polymers undergo a remarkabie set of thermal decomposition
reactions. The first step is a cross linking process wherein the
cyclophosphazene serves as the bridging unit between two chains
by way of carbon-phosphorus bond formation accompanied by HC!
release. The fact that this process occurs at relatively mild
conditions suggests the possibiity of utilization of the
chlcrocyciophosphazene unit in thermosetting polymers. The
second step, which occurs at much higher temperatures (>400 °C),
involves elimination of the oxobridged dimers, (N,P,Cl,, ),0.

There are two basic routes to chemical modification of the
poly(vinyloxyphosphazenes): derivativization of the monomer
followed by polymerization or derivatization of the performed
polymer. We have previously shown that strongly electron donating
substituents will produce vinyloxyphosphazene monomers that do
not undergo radical chain homopolymerization.” Since weakly
electron donating or electron withdrawing substituents will aliow for
polymerization, we examined the polymerizaton of 24-
N,P,CI,(OCH,CF,)OCH=CH,,2.4,6-N,P,CI,(OCH,CF,),0CH=CH,and
N,P,(OCH,CF)),0CH=CH,. In each case, polymerization of the neat
liquid monomer (using AIBN as an initiator) proceeded smoothly to
give polymers with a broad spectrum of solubility. However, the
molecular weights (GPC) in the series [CH(ON,P,Cl,
{OCH,CF))CH,], (x=1,2,5) decrease significantly with increasing
trifluorcethoxide substitution. This observation indicates chain
transfer events involving the trifluoroethoxy substituents and
suggests the need to explore the alternative method for producing
substituted vinyloxyphosphazene polymers.

The reactions of | with various nucleophiles hasbeen explored
and the synthetic results are summarized in Scheme 1.

[CHIONP,CL (NEY, JCHy,
ey
Hie,
[CHONP.C1, (NHMe), JCH,], (
* ‘f"""ﬂ- [CHION,P,CL0wey JCM,,
leﬂmf.(oo«.cmcu.:.

[CHIONP o, ,(0Ph), JCH,],

Scheme 1

The trifluoroethoxide derivative is a high molecular weight material
with all chlorine atoms in the parent polymer (I} being replaced.
Thermal decomposition of this polymer follows a simple random
sission process while the partially substituted materials undergo the
two step process described for . The reactions of the remaining
chiorine atoms in . This behavior is more like that of the
cydophosphazenos,MreacuonsanmorodMathigh
degrees of substitution,” than cormesponding reactions of
poly(dichiorophosphazene).' mmormaldocompouﬁonbohm

follow the two step process seen in | while others produce a much
higher char level. In the phenoxy derivative, over 50% of a
phosphazene containing (as indicated by IR spectroscopy) char is
obtained. A dramatic illustration of simple property modification is
seen in the relative solubilities of the methylamino and trifluoroethoxy
derivatives where the former is only soluble in water or methanol and
the later is soluble in most solvents with the exception of water and
methanol.




Another approach to derivatization of pendant
cyclophosphazenes is to work with substituents which can be
transformed into more compiex units. We have been interested in

the reactions of alkynl phosphazenes with organometallic reagents.’
As an example of this approach, we have prepared the dicobait
hexacarbonyl derivatives, N,P,F, [CaCPheCo,(CO),), (x=12) and
reduced them to radical anions. An analoguous polymeric system
can be prepared using copolymerization chemistry.” Reactions of

AIBN
24N F(CaCPNICH.C(CH)=CH, + CHCH=CH,

Co,(CO),
l(?W(C(?QWL _— l(?‘GU.(C(?QWJ
CH, NPF.CaCPR CH NP F,CeCPheCo,{CO),

The studies shown above demonstrate the broad range of
reactivity and property modification available via the reactions of
polymers with pendant cyciophcsphazenes.
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