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Linear Polymers from Diene Monomers by the
Cyclic Polymerization Mechanism. XI.
Polyphosphonium Salts via Cyclopolymerization

GEORGE B. BUTLER, DAVID L. SKINNER,* WILLIAM C. BOND, JR..}
and C. LAWSON ROGERS

Department of Chemistry,
University of Florida,
Gainesville, Florida 32601

SUMMARY

A wide variety of diunsaturated phosphonium salts have been synthesized
in order to determine whether or not such structures undergo cyclopolymeri-
zation. As intermediates for these monomers, a number of previously unre-
ported unsaturated phosphines have been prepared and characterized.
Polymerization studies using a wide variety of free radical initiating condi-
tions led to polymers in those cases which were predicted to undergo
cyclopolymerization leading to five-, six-, or seven-membered rings with one
exception. The properties of the polymers are consistent with the cyclopoly-
merization mechanism. The conversion of poly(diallyldiphenylphosphonium
bromide) to poly(diallyldiphenylphosphine oxide) offers additional evidence
for cyclopolymerization. Di-3-butenyldiphenylphosphonium bromide, a
monomer functionally capable of forming a polymer containing an eight-
membered ring, did not polymerize. Divinylphenylphosphine was found to
undergo copolymerization with acrylonitrile in accordance with the cyclo-
copolymerization mechanism.

*Present address: Jim Walter Corporation, St. Petersburg, Florida.
tPresent address: Copolymer Corporation, Baton Rouge, Louisiana.
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INTRODUCTION

The purpose of this investigation was to determine whether or not 1,6-
heptadienes containing the phosphonium substituent in the chain would
undergo cyclopolymerization as so many other 1,6-heptadienes do {1], and
if so, to investigate the properties of the polymers produced. As inter-
mediates for the phosphonium salts, a number of unsaturated phosphines
were synthesized. These were synthesized by reaction of the allyl,
methallyl, vinyl, or 3-butenyl Grignard reagents with phenyldichlorophos-
phine or diphenylchlorophosphine. Thus a variety of unsaturated phos-
phines were obtained that could be converted to the required diene structure
containing the phsophonium substituent in the chain. Reaction of appro-
priate phosphines with appropriate alkyl or alkenyl halides made it possible
to synthesize 1,5-, 1,6-, 1,7-, and 18-dienes having the diphenylphosphonium
or the phenylalkylphosphonium substituent in the chain. Such structures
possess the functional capability of leading to five-, six-, seven-, and eight-
membered ring structures, respectively, via cyclopolymerization.

RESULTS AND DISCUSSION

Phosphines, as a group, are very reactive substances, which is charac-
teristic of all derivatives of trivalent phosphorus. The low aliphatic sub-
stituted derivatives are, in fact, spontaneously combustible when exposed
to atmospheric oxygen. The triaryl phosphines are, on the other hand,
stable to air oxidation and can be stored for long periods of time with no
special precautions. The mixed aryl-alkyl phosphines prepared lie between
these two extremes. Usually, the monophenyl substituted phosphines were
transferred and all open manipulations were carried out in a nitrogen flushed
dry box. The diphenyl substituted derivatives were transferred under a
flow of nitrogen and did not oxidize appreciably. At elevated temperatures
both types of phosphines oxidized readily. For this reason, distillations
were performed under nitrogen. Even small amounts of oxygen present
during distillation caused hazy, impure distillates which were contaminated
by the solid, insoluble phosphine oxide. After distillation the aryl sub-
stituted phosphines were usually treated immediately with an alky! halide
dissolved in ether to form the phosphonium salt.

The phosphines were synthesized either by Eq. (1) in which phenyl-
dichlorophosphine was allowed to react with two equivalents of allyl or
methallyl magnesium bromide followed by reaction of the diunsaturated
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R-C C-R
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phosphine with an alkyl bromide; or by Eq. (2) in which diphenylchloro-
phosphine was allowed to react with allyl, methallyl, vinyl, or 3-butenyl
magnesium bromide followed by reaction of the unsaturated phosphine
with allyl, methallyl, or 3-butenyl halide; or by Eq. (3) in which dimethyl-
aminodichlorophosphine was allowed to react with two equivalents of
methy]l magnesium bromide at -30° to yield the intermediate dimethyl-
aminodimethylphosphine, which in turn could be converted to dimethyl-
allylphosphine by reaction with allyl magnesium bromide at 30°. Di-
methylallylphosphine was then converted to dimethyldiallylphosphonium
chloride by reaction with allyl chloride.

The physical properties, analytical data, and yields of the previously
unreported unsaturated phosphines are recorded in the Experimental Sec-
tion. Previously reported and characterized phosphines are not recorded.
The physical properties, analytical data, and yields of the previously un-
reported phosphonium salts prepared and characterized are recorded in
Table 1.
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CeHs CeHs CeHs R
CH,

|
R = CH,=CH-, CH,=CHCH,CH;, CH,=CHCHj, or CH,=C—CHj

X = Clor Br

CH,3
|
R’ = CH,=CHCH;-, CH,=C—CH;, or CH,=CHCH,CHj

The polymerization conditions, yields, physical properties, and analyses
of the polymers obtained are recorded in Table 2.

Solution polymerization of the phosphonium salts was used throughout
this study, since the monomers are very high melting solids. They are
soluble in both water and dimethylformamide, and both solvents were used.
Initiators were either benzoyl peroxide, t-butyl hydroperoxide, a,a'-
azobisisobutyronitrile, or benzoin with UV irradiation. The polymers were
soluble in ethanol and dimethylformamide, and showed little or no ab-
sorption in the IR region corresponding to residual unsaturation. The
monomers showed infrared absorption at 1640 and 930 cm™ due to
olefinic unsaturation. These absorptions were absent in the polymers. The
absorption at 930 cm™! was particularly useful due to its sensitivity to
small amounts of unsaturation. The softening points of the polymers were
much higher than the melting points of the corresponding monomers. All
polymers were obtained as the hydrate as indicated by analytical results.

In every case, the polymer contained one molecule of water per phos-
phonium unit.

The properties of the polymers are consistent with the cyclopolymeri-
zation mechanism [1]. The conversion of poly(diallyldiphenylphosphonium
bromide) to poly(diallylphenylphosphine oxide) by the action of sodium
hydroxide [2], according to Eq. (4), offers additional proof of cyclization.
Poly(diallylphenylphosphine oxide) obtained by this procedure gave an IR
spectrum identical with the spectrum obtained previously by cyclopoly-
merization of diallylphenylphosphine oxide [3].
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R CH, R | R CH, RT
AR [/ \I
——CH,—C c—1 —1 cH,-¢ c—
l | | |
H,C CH, +OH > H,C CH, | (4)
\ o,/ \ /
P P
/A {0\
CeHs R’ ) R’
L Br —n L— —I'n
R=H
R’ = C¢Hs

All of the diolefinic monomers synthesized produced polymers, except
vinyl-3-butenyldiphenyl and di-3-butenyldiphenylphosphonium bromides.

It is quite surprising that the former compound did not polymerize, if not
by way of the cyclic mechanism to produce the six-membered ring structure,
by way of the vinyl group. The fact that the latter compound did not
polymerize is not too surprising since cyclic polymerization would require
formation of an eight-membered ring. Also, the 3-butenyl double bond is
not very reactive toward free radical initiators,

The viscosity data for the poly-phosphonium salts were typical of the
data for polyelectrolytes in general. It is well known [4] that the viscosity
curves (nsp/c vs ¢) of polyelectrolytes are strongly concave upward, in con-
trast to the behavior of uncharged linear polymers. This is believed to
be due to the dissociation of the ionic bond in the solution which leads to
large repulsive forces between the positively charged groups remaining on
the chain. These forces give rise to greatly expanded configurations and
very large intrinsic viscosities. At high concentration, the molecules in
the polyelectrolyte are not significantly ionized and tend to partially
overlap; thus, they are not appreciably expanded. As the solution is
diluted, the molecules no longer fill all the space and some of the halide
ions leave the regions of the chain. This causes a development of charge
and extension of the chains. The addition of a strong electrolyte suppresses
the loss of halide ion and the viscosity behavior becomes more normal.
However, the intrinsic viscosity is dependent on the volume of the polymer
in the solution and added electrolyte compresses the hydrodynamic unit
corresponding to the polyelectrolyte. The compression changes the shape
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Fig. 1. Intrinsic viscosity determinations of phosphonium polymers. Plots

of ngp/c vs ¢ for: (I) poly(diallyldiphenylphosphonium bromide) in 95%

ethanol; (1I) poly(diallyldiphenylphosphonium chloride in a 1.0 M 1:1

ethanol-water solution of potassium chloride; (I1I) poly(diallyldiphenyl-

phosphonium bromide) in 1:1 ethanol-water 0.1 M in potassium bromide;
and (IV) poly(diallylphenylphosphine oxide) in 95% ethanol.

of the polymer and causes a marked decrease in the viscosity of the solu-
tion. Thus, the term intrinsic viscosity for a polyelectrolyte can not be
used in the same sense as for an uncharged polymer since it is dependent
largely on the concentration of added salt. This type of behavior was
exhibited by the polyphosphonium compounds and is illustrated in Fig. 1.
Line [ represents poly(diallyldiphenylphosphonium bromide) dissolved in
ethanol and, as was expected, nsp/c tended to increase with dilution.
Addition of a strong electrolyte, such as a potassium halide, provided a
common jon effect which repressed the jonization of the polymer. At

this time the viscosity behaved similarly to a linear uncharged polymer,

as shown by Line IIl. Line II represents polydiallyldiphenylphosphonium
chloride rather than the bromide; but demonstrates an intermediate change
between Line I and IIl where insufficient common ion was present to com-
pletely repress ionization. Line IV represents the viscosity of the phosphine
oxide, which was produced from the same sample of diallyldiphenylphos-
phonium bromide used for the determination of Line III.
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Copolymers of diviny! compounds have been known for some time.
Divinyl ether [5] and other 1,4-pentadienes have been copolymerized with
a variety of olefins to yield cyclic copolymers. The copolymerization of
divinylphenylphosphine with acrylonitrile gave a brilliant red, brittle
solid which contained approximately 3 moles of acrylonitrile for each
mole of divinylphenylphosphine. The per cent of acrylonitrile in the
polymer increased as the concentration of that comonomer increased in
the initial charge. The copolymer produced was soluble in dimethyl-
formamide and showed no residual unsaturation. Thus, it had apparently
undergone cyclocopolymerization. The excess acrylonitrile in the polymer
was most likely due to its strong tendency to undergo homopolymerization.
The copolymer also exhibited a broad absorption band in the IR region at
1170 cm™ which corresponds with the phosphine oxide; thus, the phos-
phine probably was oxidized during the work-up of the polymer.

Elemental analysis indicated the copolymer contained 0.265 mole frac-
tion of divinylphenylphosphine oxide and 0.732 mole fraction of acrylo-
nitrile. The structure of this copolymer and the mechanism of its forma-
tion are represented in Eq. (5).

C6H5 C6 Hs
\ CN \
P / H,—CH
=/ N\ ,, CH,=CH —= I
R CN
Nlg27L 073

CeHs (5)
\
o, Oup CH,—CH
0 |
R CN
Nlo27 0.73

0.2
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EXPERIMENTAL

Preparation of Phosphines

The tertiary phosphines were prepared by reaction of the appropriate
chlorophosphine with the appropriate Grignard reagent. All operations
were conducted under an anhydrous nitrogen atmosphere.

New unsaturated phosphines prepared and characterized along with their
physical properties and analyses are (phosphine, molecular formula, % yield,
bp/mm, n]zg ,d2°, anal,, calc, C, H, P; found, C, H, P): 3-butenyldiphenyl,

CsH 7P, 82, 113-115/0.3, 1.5991, 1.028, 79.98, 7.13, 12.89; 79.80, 7.02,
12.95; di-3-butenylphenyl, C4H o P, 53, 85-88/0.3, 1.5448, 0.9467, 77.00,
8.78, 14.20; 76.39, 9.34, 14.07; and allyldimethyl, CsH,, P, 36, 95-99/760,
58.80, 10.86, -; 58.42, 11.58, ~.

Preparation of Phosphonium Salts

The phosphonium salts were prepared by adding a solution of the appro-
priate alkyl halide in acetone to the tertiary phosphine and allowing the
solution to stand at room temperature. All operations were conducted
under an anhydrous nitrogen atmosphere.

The previously unreported phosphonium salts synthesized and charac-
terized along with their physical properties, identifying numbers, and
analyses are recorded in Table 1.

Polymerization of Phosphonium Salts

Polymerizations were run in solution in H, O (H) or DMF (D) in § ml
sealed ampoules or in closed test tubes under a nitrogen atmosphere. The
tubes were thoroughly flushed with dry nitrogen, and the initiator added
before closing. The solutions in the ampoules were frozen and thawed
twice under a dry nitrogen atmosphere, and the initiator added before
sealing. The tubes were placed in an oven at 68° and the ampoules in an
oil bath at 60° for the specified time. Initiators were: A, benzoin and
UV; B, a,a’-azodiisobutyronitrile; C, t-butyl hydroperoxide; and D, benzoyl
peroxide.

The polymerization conditions, yields, physical properties, and analyses
of the polymers obtained are recorded in Table 2.
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Poly-(diallylphenylphosphine oxide)

To 7.35 g of poly-(diallyldiphenylphosphonium bromide) dissolved in
25 ml of methanol was added a solution of 4 g of potassium hydroxide in
25 ml of water. The colorless solution immediately changed to yellow and,
on heating, to orange, then red, and after 3 days at reflux a gummy brown
solid separated out of the clear solution. The solution was decanted and
the solid extracted in a soxhlet extractor with ethanol. The solution was
evaporated until approximately 10 ml was left. This solution was then
dropped slowly into stirred ether and a fine precipitate was collected. An
IR spectrum showed strong absorption at 1170 cm™, thus, indicating that
poly(diallylphenylphosphine oxide) was the product. A yield of 4.2 g
(96%) of a light tan solid, softening at 260° and melting at 320° was col-
lected. The intrinsic viscosity [n], determined in ethanol, was 0.11. Anal.
cale for: (C;;H,,POH,0): C, 64.39; H, 7.64; P, 13.80. Found: C, 64.89;
H, 7.39; P, 12.67.

Preparation of Copolymer of Divinylphenylphosphine and Acrylonitrile

A. To a solution of 1.34 g (0.0083 mole) of divinylphenylphosphine
and 0.456 g (0.0087 mole) of acrylonitrile dissolved in S g of dimethyl-
formamide, in an ampoule, was added 1% (0.0183 g) of AIBN. The
ampoule was sealed and allowed to stand in an oven at 60° for 4 days.
The very fluid red solution was poured into 250 ml of dry ether. An
orange solid precipitated, was filtered, and dried in a vacuum desiccator.

A yield of 0.6 g (34%) of a brittle red solid softening at 110° and melting
at 200° was obtained. The IR spectrum indicated that the phosphine had
been largely converted to the phosphine oxide. The intrinsic viscosity [n],
determined in dimethylformamide, was 0.14. Anal.: P, 9.53% = 0.265
mole fraction of divinylphenylphosphine oxide; N, 11.89% = 0.732 mole
fraction of acrylonitrile

B. To a solution of 1 g (0.00625 mole) of divinylphenylphosphine and
0.67 g (0.0128 mole) of acrylonitrile dissolved in 5 g of dimethylform-
amide, in an ampoule, was added 1% (0.0161 g) of AIBN. The ampoule
was sealed and allowed to stand in an oven at 60° for 3 days. The bril-
liant red solution which formed was then poured into 200 ml of stirred
ether and the precipitate collected and dried in a vacuum desiccator. A
yield of 1.10 g (65%) of an orange solid, which softened at 120° and
melted at 195°, was recovered. The IR spectrum showed that the phos-
phine had been converted to the phosphine oxide during the work-up. The
intrinsic viscosity, determined in dimethylformamide, was 0.108. Anal.: P,
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8.34% = 0.215 mole fraction divinylphenylphosphine oxide; N, 14.40% =
0.785 mole fraction of acrylonitrile.
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