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Straightforward Synthesis of Polyallylphosphazenes from Poly( dichlorophosphazene) 
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In recent years one of the most rapidly expanding branches of 
materials science has been the area of inorganic polymers.' 
Phosphazene polymers are the most highly developed, surpassing 
the silicones in structural Their chemical and physical 
properties are due to their backbone of alternating phosphorus 
and nitrogen but are greatly influenced by the nature of the side 
groups. l s 2  The synthesis of high-polymeric phosphazenes with 
alkyl or aryl side groups is of primary importance since it is 
expected that the stability of the P-C bonds will enhance the 
thermal and chemical stability of the polymers, which would be 
isoelectronic/isostructural with polysil~xanes.~ A few synthetic 
methods have been reported: but none of them are effective from 
the only really available precursor, namely poly(dich1orophos- 
phazene) (1). Here we report the synthesis, from poly(dich1o- 
rophosphazene), of polyphosphazenes bearing allyl groups; a 
preliminary study of the thermal properties is presented. 

Although the most widely used method for preparing poly- 
(dichlorophosphazene) (1) is the ring opening of hexachlorocy- 
clotriphosphazene,s we prefer the polycondensation of N-(dichlo- 
rophosphory1)-P,P,Ftrichloromonophosphazene (2),6 and thus 
we used this monomer to test the alkylation reaction. Tetraor- 
ganyltin derivatives, in the presence of zerovalent palladium 
complexes, are known to allow substitution of halogenated organic 
compounds,' and a very few transfer reactions of this type have 
been reported in phosphorus chemistry.8 We chose allyltrime- 
thyltin (3a) as a transferring reagent, but under the Pd(0)- 
catalyzed reaction conditions, no substitution of 2 occurred. In 
marked contrast, when 2 was photolyzed at 300 nm in the presence 
of 1.1 equiv of tin derivative 3a, a 90110 mixture of (N- 
dichlorophosphoryl)-P-allyl-P,P-dichloromonophosphazene (4) 
and N-(dichlorophosphoryl)-P,P-diallyl-P-chloromonophos- 
phazene (5) was obtained. After distillation in the presence of 
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Figure 1. Thermograms of polymers 6b,c. 

Irganox, 4 was isolated in 81% yield.9 In the same way, the use 
of 2.2 equiv of 3b allowed the synthesis of the disubstituted 
derivative 5 in 85% isolated yield (Scheme I)? The radical 
mechanism of these reactions was clearly demonstrated, since no 
substitution occurred in the presence of a radical inhibitor 
(benzoquinone), whereas 4 and 5 were also obtained by heating 
the reaction mixture in the presence of azobis(isobutyronitri1e). 

These results prompted us to try the photochemical reaction 
of 3b with poly(dich1orophosphazene) (1). It quickly appeared 
that 0.75 equiv of the tin reagent 3bIequiv of chlorine atom was 
the maximum incorporation of allyl groups before cross-linking 
took place, affording an insoluble material. In a typical 

(9) 4 bp 106 O C  ( l e 3  mmHg); 31P(1H) NMR (c6D6) 6 -8.8 (d) and 29.9 

= 20.0 Hz, 2 H, CH2), 5.11-5.82 (m, 3 H, CH=CH2); I3C(lH) NMR 

zJc~  = 15.6 Hz, N H ) ,  126.5 (d, 3 J ~ p  20.7 Hz, =CH2); MS (EI) m/e 
275. Anal. Calcd for C I H ~ C ~ N O P ~ :  C, 13.11; H, 1.83; C1,51.60; N, 
5.10. Found C,13.08;H,1.82;CI,51.58;N,5.08. 5: bp136OC(lW3 
mmHg); 31P(1H) NMR (C6D6) 6 -7.3 (d) and 45.0 (d) (Jpp = 13 Hz); 
'H NMR (CsD6) 6 3.03 (dd, 3 J ~ ~  = 6.4 Hz, 2 J ~ p  16.0 Hz, 2H, CHI), 
5.05-5.92 (m, 3 H, CH=CHz); 13C(1H)NMR (CDCl,) 6 38.0 (dd, l Jcp  
=73.5H~,~Jcp=S.OH~,CH2),123.7(d,~J~p~ 11,3Hz,.=CH), 124.6 
(d, 3 J ~ p  = 14.2 Hz, =CHz); MS (EI) m / e  279. Anal. Calcd for 
C6H&l,NOP2: C, 25.7@H, 3.59;Cl, 37.92;N. 4.99. Found: C, 25.68; 

(C&)62.35-2.85 (broadsignal,CH2),4.68-5.10(broadsignal,=CH2), 
5.45-5.75 (broad signal, =CH) ,  6.60-7.20 @road signal, C&); gel 
permeation chromatography M. = 25 820, M, = 8OOOO (1: M, = 
61 OOO), E, = 400 (1: E, = 525). Experimental conditione used in 
the GPC analysis: column, 3 Polymer Laboratory Type 3PL gel, 300- 
mm length; solvent, THF stabilized with 2,6-di-tert-butylmethylphenol 
and LiBr; detector, LALLS chromatix. 

(d) (Jpp = 25.5 Hz); 'H NMR (C6D6) 6 3.34 (dd, 3 J ~ H  = 5.2 Hz, 2 J ~ p  

(CDC13) 6 46.6 (dd, ' J cp  = 105.0 Hz, 3Jcp 7.1 Hz, CHI), 122.2 (d, 

H, 3.56; C1, 37.88; N, 4.97. 6b: 31P(1H) NMR (C6D6) 6 -18.0 (m, 
P(OCsH5)2), +8.1 (m,P(dlyl)(OCsH5)), +18.0 (m,P(allyl)~); IHNMR 
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experiment, a stirred toluene solution (40 mL) of allyltributyltin 
(3b) (8.60g, 25.9mmol) and poly(dich1orophosphazene) (1) (2.01 
g, 17.3 mmol, q = 14 mL/g) was irradiated at X = 312 nm for 
3 h, under argon. Three signals were present in the 31P NMR 
spectrum at -19, +8, and +18 ppm in a 33/13/4 ratio. These 
signals can be assigned to PC12, (ally1)PCl and (allyl)lP, 
respectively, and thus the structure of the polymer 6a obtained 
is of type 

7 
b:X=OPh 7 

Of particular interest, the comparison of the value of the intrinsic 
viscosity of this partially allyl-substituted polymer 60 (v = 27 
mL/g) with that of the starting material 1 ( q  = 14 mL/g) shows 
that the skeleton has not been destroyed. The substitution of the 
remaining chlorine atoms of 6. was carried out with sodium 
phenoxide in toluene at 1 10 OC, according to a procedure already 
reported10 (the elemental analysis proves that less than 0.1% of 
chlorine remains). After treatment with concentrated sulfuric 
acid and filtration, the solution was concentrated under vacuum 
and added to methanol, precipitating an elastomeric material. 
After several washings with THF and drying in vacuo (0.1 
mmHg), a light brown elastomeric material 6bI0 was obtained 
(7 = 18 mL/g). 

Thermograms of polymers 6b,c (6c: [-(CaHs0)2P-"],) are 
shown in Figure 1. The degradation of 6b started at 360 OC 
instead of 400 OC as for 6c. Nevertheless, 65% of the starting 
material or more likely of the resulting cross-link bulk was 
recovered after heating 6b at 500 OC, while under the same 
experimental conditions only 35% of 6c remained unchanged. 
Indeed, the incorporation of allylic groups into polyphosphazenes 
did not delay the beginning of the degradation but led to the 
formation of thermostable bulk probably because of allylic 
reticulation. 

Studies aimed at improving the thermal stability of polyphos- 
phazenes by incorporating various substituents are in progress. 
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