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Synthesis of a Novel Acetylene-Containing Polymer
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The radical polymerization of 4-phenyl-1-buten-3-yne (1)
was carried out to obtain a polymer having acetylene moieties in
the side chain. The polymer prepared at 60 “C was consisted of
specific 1,2-polymerized unit. The Q-e value of 1 was estimated
from the copolymerization with methyl methacrylate to
demonstrate a fully delocalized character of the propagating
radical.

The polymerizations of monomers with higher degree of
unsaturation such as allenes,! butadienes,? and acetylenes3 are
known to give polymers having unsaturated bonds, which have
been applied as reactive or functional polymers. Substituted
enynes are also attractive candidates to provide unsaturated
polymers containing acetylene, diene, and allene moieties by
1,2-, 3,4-, and 1,4-polymerizations, respectively. Although a
few examples of the polymerizations of some substituted enynes
have been reported,45 most of which do not give sufficicnt
information on the polymerization behavior and the polymer
structure except for the anionic polymerization of 1-buten-3-yne
and 2-methyl-1-buten-3-yne by an excess amount of n-
butyllithium.% The radical polymerization of some enyne
derivatives has been reported,” in which, however, polymers
were not obtained sufficiently or were not fully characterized.
Herein, we wish to report the selective radical 1,2-polymerization
of an aromatic enyne to provide a novel acetylene-containing
polymer (Scheme 1).
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Scheme 1.

The radical polymerization of 4-phenyl-1-buten-3-yne (1)8
was carried out at 60 °C in bulk for 2 days using 3 mol% of o-

o/-azobisisobutyronitrile (AIBN) as an initiator to give an
orange-colored glassy polymer (Mn=3,400, Mw/M0=1.49) in
71% yield.9 The polymer obtained is soluble in common organic
solvents such as chloroform, ethyl acetate, and benzene, but
insoluble in alcohols and hexane. From the structural elucidation
by !H-NMR, !3C-NMR, and IR spectra, the polymer was found
to be consisted of a specific 1,2-polymerized unit (i.e., the unit
having acetylene moiety in the side chain). The polymerization
of 1 was also carried out at higher temperatures (80 and 120 °C)

only to result in the contamination of the structural units.!?

Thermal properties of the polymer were investigated by
thermogravimetric analysis (TGA) and differential scanning
calorimetry (DSC). From the TGA of the polymer, the
decomposition temperature (Tg) and the 10% weight loss
temperature (Tqjp) were observed at 376 °C and 383 °C,
respectively (under N2, scan rate: 10 °C/min). The DSC analysis
of the polymer shows the glass transition temperature (Tg) at 157
°C and an exothermic peak at ca. 200 °C, which were not
detected in the second scan. Since the polymer became insoluble
and the peak at 2226 cm-! in the IR spectrum decreased
extremely after the measurement, this peak is attributable to the
thermal crosslinking reaction of triple bond moieties in the side
chain.!!

The radical copolymerization of 1 with methyl methacrylate
(MMA) was carried out to obtain a corresponding copolymer.!2
Accordingly, the monomer reactivity ratios were estimated from
the copolymerization system with MMA at the initial stage (i.e.,
conversion<5%). The estimated monomer reactivity ratios are
r1=3.46, ry=0.12, and rr,=0.43, indicating that 1 is more
reactive than MMA towards the radical growing species (Figure
1.). The Q-e value was also estimated from the monomer
reactivity ratios to be 0=4.13 and e=-0.52. Compared with other
conjugated vinyl monomers (e.g., styrene: 0=1.00, e=-0.80,
butadiene: Q=2.39, ¢=-1.05,13 and I-phenyl-1,3-butadiene:
0=1.49, €=-0.7914), 1 has a higher Q value which may suggest
that the radical polymerization of 1 proceeds through a fully
conjugated and stabilized propagating radical.
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Figure 1. Composition curve of copolymer vs. monomer.

Since the polymer described in this paper has triple bond
moieties in the side chain, it may be applied as a reactive polymer
revealing new reactivities. The polymer reactions are now in
progress.
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In the 13C-NMR spectra of the polymers obtained at 120
°C and 80 °C, small peak at ca. 140 ppm attributed to
tetra-substituted double bond moieties which was not
present in that of the polymer prepared at 60 °C was
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the !3C-NMR spectrum or at 1950 c¢cm-! in the IR
spectrum, it may be taken to mean that the polymer
produced at higher polymerization temperature was
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from 1,2-, 3,4-, or 1,4- polymerization. However, the
contaminated structure could not be determined yet.
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