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SYNTHESIS OF PHOSPHAZENE CONTAINING MACROMOLECULES
FROM NOVEL MONOMERS

GERARD BOSSCHER, GERARD P. de VRIES and JOHAN C. van de
GRAMPEL, Department of Polymer Chemistry, University of Groningen,
Nijenborgh 4, 9747 AG Groningen, The Netherlands.

Phosphazene rings substituted with polymerizable groups have been the subject of
extensive research for many years. Polymerization reactions with these monomers result
in hybrid inorganic-organic polymers, which demonstrate an enhanced flame retardancy.
Furthermore the remaining PCly-groups offer the possibility of further derivatization of
the polymer. Most of the monomers synthesized have the double bond separated from
the strong electron-withdrawing phosphazene ring by an insulating spacer.1 Another
class of monomers consists of olefins with both phosphazene and electron-donating
substituents directly attached to the double bond.? In this paper some new examples of

both classes are presented below:

H=CH,
4 o <C(:H3 nge_
\2P e ‘Pr\P c=cH, 'Pr\P >C=CcH,
N7 XN NTS N7 SN
c12lL\N )Cl 2 cl 2{L\N jaz Clzg\Nél!‘Clz
1 2 3

From the results of radical homo- and copolymerization of 1 and MMA it follows that

the benzylic group acts as an efficient insulating spacer‘3 This is also demonstrated by the

comparison of the Bes (=CHy) values of styrene and 1 (Table I).

For the derivatives 2 and 3 the electron-withdrawing effect of the phosphazene ring on

the double bond is counterbalanced by the acetyl and methyl group, respectively. The
419
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greater electron-donating capacity of the acetyl group is reflected by the smaller chemical
shift of the vinyl B-carbon atom compared with that of 3 (Table I). Radical
homopolymerization reactions of 2 and 3 were unsuccesful, probably due to steric

hindrance caused by the substituents on the double bond.

TABLE L ’C NMR TABLE II. Selected data for the copolymer system:
data for some olefins 2/styrene, 1 mol% AIBN, 50 °C

compound 3¢ § (—cy,) 2infeed 2incopol. reaction yield M, T,

(ppm) (mol %)  (mol %) time (h) (%) (x 10—3) CC)
vinylacetate 96.4 52 2.1 40 44 65 107
styrene 113.7 10.2 6.5 45 26 60 95
1 1143 203 8.7 50 — 45 115
2 119.2 30.2 15.7 70 14 25 130
3 129.6 40.0 — 50 0 - —_

However for the system 2/styrene, copolymers were obtained with reasonable amounts
of 2 incorporated (Table II). A higher amount of 2 in the feed results in a rapid decrease
of conversion and molecular weight of the copolymer until with 40 mol% and higher no
polymer was obtained. This phenomenon can be ascribed to the fact that the
phosphazene monomer acts as a chain transfer or terminating agent.z’4 It is however not
clear whether the organic part of the monomer or the presence of PCl bonds is

responsible for this behavior. To investigate the susceptibility of the PCl, groups to
radical species, styrene was radical polymerized in the presence and absence of (NPCl,)3.

In the presence of (NPCly); a lower yield of polymer was obtained with a lower

molecular weight and a broader molecular weight distribution.
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