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838 (—Si(CH;),—). A quantitative comparison of this poly-
mer with diallyldimethylsilane showed that there were 6.09,
of the monomer units incorporated in the polymer chain
which still retained one double bond.

266 A-2 was a moderately viscous oil which was completely
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soluble in benzene, heptane, and chloroform. It had an
infrared spectrum identical with that of 266A-1, including
the amount of residual unsaturation in polymer.
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Diallyldimethylsilane and diallyldiphenylsilane have been polymerized with triethylaluminum-titanium tetrachloride

complex catalyst to yield soluble polymers.

During the period following the original proposal?
that 1,6-heptadienes can polymerize by an alter-
nating intra-intermolecular mechanism to produce
soluble, linear polymers, a wide variety of such
monomers and the resulting polymers have been
prepared and studied.®? We now wish to report the
synthesis and results of the polymerization studies
of diallyldimethylsilane and diallyldiphenylsilane.

While both monomers studied in this work have
previously been reported,®!! their significance was
not realized until the advent of the intra-inter-
molecular mechanism for polymerization of 1,6~
dienes and the Ziegler-type catalysts for poly-
merization of hydrocarbons. A kinetic study of
radical catalyzed polymerization of allyltrimethyl-
silane and diallyldimethylsilane has been made,*
and low molecular weight polymers were reported.
More recently, polymerization of diallyldimethyl-
silane and diallyldiethylsilane by use of a triethyl-
aluminum-titanium tetrachloride complex -cata-
lyst has been reported.’ These authors reported
that both liquid and solid polymers were obtained.
From the liquids could be isolated trimers,
tetramers, and pentamers; however, the solid
polymers were insoluble in ether, benzene, and
carbon tetrachloride, but swelled in heptane.

The polymers reported in this study are soluble
in benzene. The absence of unsaturation in the
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polymers in econjunction with their solubility
properties suggests the following structure for the
polymers:
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The results of this study have been confirmed by
Marvel and Woolford who independently studied
polymerization of these and similar monomers.®

EXPERIMENTAL?

Diallyldimethylsilane. The allyl Grignard reagent was pre-
pared from 208 g. (8.0 g.-atoms) of magnesium turnings, 448
g. (4.0 moles) of allyl bromide, and 4.0 1. of sodium-dried
ether.?

Titration of the solution showed that it contained 3.7
equivalents (94% vield) of Grignard reagent. To 2.3 I.
(2.3 equivalents) of the Grignard reagent was added 129
g. (1.0 mole) of dimethyldichlorosilane over a period of +
hr.; the mixture was stirred for 20 hr. at room temperature.
Hydrolysis was accomplished by pouring the contents of the
reaction flask into a chilled hydrochloric acid solution. The
ether laver and one 100-m]. ether extract of the aqueous phase
were dried over calcium chloride; removal of the solvents
by distillation left an oil which, when fractionated, gave
106 g. (76.39%) of diallyldimethyvlsilane, b.p. 135° (760
mm.), n% 1.4405 [reported® b.p. 135.0-136.0° (760 mm.",
n% 1.44021. The infrared spectrum of this compound® was
identical with the spectrum of diallyldimethylsilane reported
previously.®
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TABLE 1
PoLYMERIZATION OF DIALLYLDIMETHYLSILANE
Heptane,  Al(C.Hs)s, TiCl, Moles AI(C:Hs): Monomer, Time, Polymer, Conversion
ml. g. . Moles TiCl, g. Temperature hr. g. %
10 0.15 0.10 2.5 3 60 30 0.3 10
50 0.60 0.40 2.5 10 65 48 0.7 7
50 0.40 0.20 3.3 10 85 48 0.9 9
50 0.70 0.50 2.4 10 85 24 1.0 10
TABLE II
POLYMERIZATION OF DIALLYLDIPHENYLSILANE
Heptane,  Al(C.H;);, TiCl, Moles Al(C,Hs)s Monomer, Time, Polymer, Conversion,
ml, g. g. Moles TiCl, g. Temperature hr. g. %
5 0.10 0.08 2.2 3 60 24 1.5 50
10 0.15 0.10 2.5 5 65 24 1.5 30
40 0.60 0.40 2.5 8 70 16 2.0 25
50 0.80 0.30 4.4 10 85 24 5.6 56

Diallyldiphenylsilane. The above procedure was repeated
using 1.5 1. (1.5 equivalents) of allyl Grignard reagent and
126 g. (0.5 mole) of diphenyldichlorosilane. Fractionation
of the product yielded 91 g. (719%) of diallyldiphenylsilane,
b.p. 137-138° (1.5 mm.), n% 1.5742 [reported!! b.p. 140.5°
(2 mm.), n% 1.5750]. The previously reported spectrum of
diallyldiphenylsilane® was identieal with that obtained for
this compound.

Polymerization studies. The catalyst for the polymeriza-
tions was prepared in a dry box. Triethylaluminum was dis-
solved in heptane; this was followed by the addition of a
measured quantity of titanium tetrachloride which ap-
peared to react immediately to give a brown suspension.
After the flask was capped and removed from the dry box,
the monomer was added, with stirring, to the suspension.
The contents of the flask were then heated to the specified
temperature. After varying intervals of time the poly-
merization mixtures were poured into methanol to decom-
pose the catalyst.

Polydiallyldimethylsilane. Table I shows the results of the
polymerization of diallyldimethylsilane. Purification of the
polymers was accomplished by dissolving them in benzene;
the resulting solution was poured into methanol from which
the compounds precipitated. The analytical samples were
obtained by repeating this process at least four times. The
purified polymers melted between 80° and 110° and began
to darken between 300° and 330° (open capillary). The infra-
red spectrum exhibits peaks for aliphatic hydrogen (2900-
2800 em.~1) and for silicon dimethyl (1260-1240 cm.™ 1,
815-800 ecm.~1). The bands for the double bond (1640 cm. 1)
and for the terminal methylene group (895 ¢m.~!) are ab-
sent from the spectrum. An intrinsic viscosity determination
in benzene gave a value of 0.13.

Anal.? Caled. for (CgHieSi)n: C, 68.52; H, 11.50; Si,
19.98. Found: C, 65.84; H, 10.95; 8i, 19.73.
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Polymerizations were also carried out using di-t-butyl
peroxide as an initiator. The polymers were purified in a
similar manner. The polymer obtained with 1.29; peroxide
melted at 80-100° and began to darken at 280°. The infra-
red spectrum was similar to that of the Ziegler catalyst—
initiated polymer but there were small peaks for the double
bond (1640 cm.™!) and for the terminal methylene group
(895 em. ~1)indicating some residual unsaturation.

Polydiallyldiphenyisilare. Table II shows the results of the
polymerization of diallyldiphenylsilane. The method used
for purifying the polymers was the same as that with poly-
diallyldimethylsilane. The polymers obtained melted from
125-155° and began to darken above 330° (open capillary).
The weight-average molecular weight, as obtained by light
scattering measurements,!® was 6.0 X 104 A value of 0.065
was found for the intrinsic viscosity on a benzene solution
of the polymer. The infrared spectrum possesses peaks for
phenylsilicon (1430 ecm.—!, 1110 em.~1), aliphatic hydrogen
(2900 em.—!), and aromatic hydrogen (3030 cm.~1). The
spectrum exhibits no absorption for the double bond (1641
cm. 1) or for the terminal methylene group (895 cm.—1).

Anal. Caled. for (C;3HySi)n: C, 81.78; H, 7.63; Si, 10.60.
Found: C, 80.74; H, 7.60; Si, 10.40.

Polymerizations earried out on diallyldiphenylsilane with
di-t-butyl peroxide gave similar polymers. A polymer pre-
pared with 6% peroxide had a melting range of 115-140°
and began to darken at 315°. An intrinsic viscosity of 0.04
was obtained for a sample of this polymer dissolved in
benzene. The infrared speetrum of this polymer and the
infrared spectrumn of the Ziegler catalyst—initiated polymer
are identical.
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