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New Phosphorus-Fluorocarbon Hybrid Polymer
Systems
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The thermally-induced cyclodimerization of aryl-trifluorovinyl ethers (TFVE, 1) readily
affords highly stable and processible perfluorocyclobutane (PFCB, 2) polymers, many of
which have useful optical, mechanical, and/or surface properties. We report here on the syn-
thesis and characterization of some novel TFVE and PFCB functionalized phosphorus-based
polymers systems. These new polymers have been prepared by three general methods: (1)
condensation polymerization of appropriate TFVE-substituted Si-N-P precursors, (2) depro-
tonation-substitution reactions of preformed poly(methylphenyl-phosphazene), and (3)
cyclodimerization-polymerization of various TFVE-substituted phosphorus derivatives.
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INTRODUCTION

Perfluorocyclobutane (PFCB) polyarylethers represent a unique class of fluoropolymers
which combine the processibility and durability of engineering thermoplastics with the
optical, electrical, thermal stability, and chemically resistant properties of fluoro-
polymers. Such polymers (2) are prepared by the step growth, radical mediated [2n +
2n] thermal cyclopolymerization of trifluorovinyl ethers (1). They comprise a variety of
thermoplastic and thermosetting materials with a tunable range of performance.!1"5] In
addition, PFCB chemistry offers a single component condensate- and catalyst-free cure
option in contrast to most other inorganic/organic hybrid materials.
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Recently the synthesis and characterization of new siloxane-containing PFCB hybrid
systems where the PFCB ring is contained within the main chain as well as other PFCB
hybrid systems containing organosilane units have been prepared.l3"5) This previous
work, and that reported herein, makes use of a versatile intermediate strategy of
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delivering the trifluorovinyl ether group, in tact, to a substrate monomer or polymer.
We have found that useful Grignard (4) and lithium (5) reagentst6! can be easily
obtained from the aryl bromide (3). The remarkable stability of the Grignard and
lithium derivatives in the presence of the exuemely electrophilic trifluorovinyl ether
group has been rationalized by theoretical calculations from which it is predicted that
the trifluorovinyl ether group stabilizes the aryl-TFVE anion by ca. 11 kcal/mol vs. the
aryl-methoxy analog.!6!

4: M = MgBr, 5: M = Li

RESULTS and DISCUSSION

We report here on the synthesis and characterization of some novel TFVE and PFCB
functionalized phosphorus-based polymers systems. These new polymers have been
prepared by three general methods as described in the following sections. Full details of
the synthesis and characterization of these new polymers and their precursors will be
reported elsewhere.

Polymerization of TFVE-Substituted Si-N-P Precursors. The synthesis of
poly(alkyl/aryl)phosphazenes, [R.2P=N]n, via the condensation polymerization of
suitable N-silylphosphoranimines, Me3SiN=PR.2X, is now a well established
procedure.(7l Typically, this process utilizes the P-trifluoroethoxy (X = OCH2CF3) or
P-phenoxy (X = OPh) derivatives to afford high molecular weight polymeric
phosphazene products. In contrast, the P-halo analogs (X = Cl, Br) generally yield
cyclic phosphazene products. By using the organometallic reagents (i.e., 4 and 5 above)
and synthetic methodology reported recently,!6! we have prepared a series of new Si-N-
P compounds (e.g., 6) containing the TFVE group (i.e., R =p-C6H4-OCF=CF2).

Me

Me3Si—N=P—Cl
Mc3SiN=P(MeXR)CI

A
(vacuum)
- Me3SiC1

7: homopolymer (y = 0)
8: copolymer, R = Me (x : y = 1 :2.3)
9: copolymer, R = Ph (x : y = 1 : 2.3)
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Thermolysis studies indicated that, while the P-OCH2CF3 and P-OPh analogs
were very thermally stable, the P-chloro compound 6 did yield a novel TFVE-
functionalized polymer 7 and copolymers such as 8 and 9. Polymers 7-9 were soluble,
film-forming, thermoplastics with molecular weights in the 10^ - 10^ range and glass
transition temperatures (Tg) between -5 and 33°C.

Derivatization of Preformed Polyphosphazenes. Work by Wisian-Neilson and
coworkersl8! has shown that poly(alkyl/arylphosphazenes) such as [Ph(Me)P=N]n

readily undergo deprotonation at the P-Me sites to afford reactive polymeric anions.
Subsequent addition of electrophiles leads to a wide variety of organic and/or inorganic
functionalizcd poly(alkyl/arylphosphazenes). We have utilized this general approach to
attach the TFVE group to the phosphazene backbone through organosilicon spacer units
(e.g., 10 and 11). The TFVE-organosilicon reagents were first prepared by treating the
appropriate dichlorosilanes with the lithium reagent S.t6l

, _ U (1)0.5 n-BuLi _

Me" (2) Cl-SiMe2-R

x : y - 1 : 1 Me

10: E = nothing
11: E = (CH2)2SiMe2

When heated at about 160°C for 12 hrs, all of these new TFVE-substituted
polyphosphazenes (7 - 11) are converted from soluble, flexible thermoplastics to much
harder, tougher, insoluble resins. This transformation is undoubtedly due to the facile
thermal cyclodimerization of the pendant TFVE groups to generate crosslinks via PFCB
(perfluorocyclobutane) units. The flexibility and other physical properties of these
phosphazene-fluorocarbon resins can be controlled and, to some extent, tailored by
varying the degree of TFVE substitution along the backbone and/or the length of the
spacer between the polymer backbone and the TFVE group.

Cyclodimerization-Polymerization of TFVE-Phosphorus Monomers. As noted
earlier, when compounds of type 1 are heated, cyclodimerization of the TFVE groups
results in a polymerization reaction that yields linear PFCB polymers of type 2. In order
to apply this process to the synthesis of novel phosphorus-PFCB hybrid polymers, we
first prepared a series of bis-TFVE phosphorus monomers (12 - 14) by treatment of the
appropriate dichlorophosphoryl derivatives with two equivalents of the TFVE lithium
reagent 5. The analogous phosphines (E = nothing) were similarly prepared.

Subsequent heating (180°C. 12 hrs) of these neat liquid monomers resulted in
their smooth polymerization to afford the new PFCB-phosphorus copolymers 15 - 17 in
high yield. These new materials were isolated as hard, glassy polymers that were
soluble in common organic solvents. The molecular weights, however, were relatively
low (ca. 2,000 - 20,000), possibly due to the substantial increase in viscosity as the
polymerization process occurred. Polymers 1 5 - 1 7 were hard, amorphous materials
with TK values above 1SO°C. The analogous P-III precursors (E = nothing) also
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underwent cyclodimerization but, surprisingly, the products were very insoluble and
thus not fully characterized.

15: R-
16: R =
17: R =

P \
1
F-^

= Ph, E = O
= Ph, E = S
= /-Bu, E = S

/ r -

— r12: R = Ph, E = O
13: R = Ph, E = S
14: R = /-Bu, E = S

Further studies of all of the new polymeric materials reported here and their TFVE-
phosphorus precursors are continuing in our laboratory and complete results will be
reported in due course.
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