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Homo-coupling polycondensation of aromatic compounds
bearing two (trimethylsilyl)ethynyl groups mediated by cop-
per(l) chloride in DMF gives conjugated poly(arylenebu-
tadiynylene)s in up to 94% yield with molecular weight of
4000-8900 (M,,/M,, = 1.78-2.09).

Studies on conjugated polymers have been a subject of
great interest owing to their potential applications as new mate-
rials. Poly(aryleneethynylene)s (PAES) containing conjugated
carbon—carbon triple bonds in the polymer chain exhibit unique
photo- and electroluminescence, nonlinear optical properties,
and electrical conductivity.2

In contrast, there have been fewer examples of the synthe-
sis of poly(arylenebutadiynylene)s than PAEs. Poly(arylenebu-
tadiynylene)s were prepared by polycondensation of
dihaloarene with butadiyne catalyzed by palladium complexes®
or oxidative polycondensation of diethynylarenes*®in the pres-
ence of Cu-TMEDA catalyst (Hay’s coupling®). These poly-
mers show intense fluorescence, semiconducting properties,
and thermotropic liquid crystalline characteristics. Terminal
alkynes used in the above polycondensation have been, in gen-
eral, prepared from the corresponding trimethylsilylated deriva-
tives via desilylation, and the diethynyl monomers thus depro-
tected are known to be thermally unstable.

On the other hand, we have documented the copper(l) salt-
promoted desilylative homo-coupling reaction of alkynylsilanes
to afford 1,3-diynes.” Therefore, polymerization by the direct
coupling of the silylated dialkynes would provide a facile syn-
thesis of the polymers bearing a butadiynylene backbone

CuCl (0.5 mol. amt.}

(C=C—C=C) in the main chain. Herein, we report the novel
synthetic method of poly(arylenebutadiynylene) using bifunc-
tional monomers with a (trimethylsilyl)ethynyl group as an
alternative method of the Hay’ s coupling polycondensation.

We first examined the polycondensation of 2,5-dinonyl-
oxy-1,4-[bis(trimethylsilyl)ethynyl]benzene (1a) in order to
obtain soluble polymers, since insoluble nature of the polymers
limits their characterization in solution. This polymer may
offer much improved solubility over unsubstituted poly(1,4-
phenylenebutadiynylene). Several polymerization conditions
were investigated for this monomer la in order to optimize
desirable solubility and molecular weight. Results on the poly-
merization are summarized in Table 1 together with molecular
weights determined by SEC (Size Exclusion Chromatography)
relative to polystyrene standards.

In Run 1, crude 2a was obtained by work-up with pouring
of the resulting dark brown DMF solution into a mixture of
methanol and 3 M HCI to yield orange-yellow precipitates.
Reprecipitation of the chloroform solution into methanol gave
48% of 2a with number average molecular weight (M,)) of 2900
as ayellow powder. We assumed that the polymerization at 60
°C was found to be ineffective to obtain the high yield and M,
of 2a due to the formation of low molecular weight oligomers.
At higher temperature (80 °C), polymer 2a was obtained in
77% yield with M, of 5100 (Run 2). Consequently, the reaction
carried out in alower concentration (0.2 M) improved M, of 2a
to 8900 (Run 3).8

The polymer 2a was soluble in chloroform and THF, and
characterized by IR, 13C and 'H NMR analyses. IR spectrum of
the polymer 2a exhibited v stretching at 2155 cm. The 13C
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Table 1. Yields and molecular weight data for polymers 2a-c*
Run Polymer [Monomer] Temp. Time Yield® MS MM ° DP*
mol dm™ /°C ! %
1 2a 0.4 60 48 2900 1.05 7
2 2a 04 80 77 5100 1.35 12
3 2a 0.2 80 74 8900 1.78 21(15)°
4 2b 0.4 80 45 7900 2.04 27
5 2c 0.2 60 94 4000 2.09 19

“Conditions: polymerization of monomers la—e with copper(I) chloride in DMF in air. °CHCI, soluble part. “Determined by SEC with THE as an eluent

relative to polystyrene standards. ‘Degree of polymerization based on M, (SEC).

Determined from integration ratio in 'H NMR signals.

Copyright © 2001 The Chemical Society of Japan



Chemistry Letters 2001

NMR spectrum showed nine signals assignable to a nonyloxy
group (14-70 ppm), acetylenic carbons (79.7 and 79.8 ppm),
and the aromatic carbons (114, 118, and 155 ppm). The H
NMR spectra of polymer 2a showed a weak resonance at 0.26
ppm. This signal disappeared and a new signa at 3.36 ppm
appeared by treatment of the polymer with tetrabutylammonium
fluoride (TBAF). This result indicates the presence of a
trimethylsilyl group as end groups of the polymer 2a.

Polycondensation of monomers 1b and 1c was carried out
similarly and the results showing the optimized yield are also
summarized in Table 1. Reaction of 1,4-[bis(trimethylsilyl)-
ethynyl]-2,5-dihexylbenzene (1b) afforded polymer 2b® in 45%
yield (Run 4). Polycondensation using 3-hexyl-2,5-[bis-
(trimethylsilyl)ethynyl]thiophene (1c) gave polymer 2c with M,,
of 4000 (Run 5). The SEC data may not truly reflect the aver-
age molecular weights and the molecular weight distributions
of polymers 2a—c, since insoluble fractions of the polymers
remained unassayed.

Data on UV-vis absorption spectra of polymers 2a— are
collected and compared together with the corresponding
monomer 1a, desilylated dialkyne 1a', and reported polymers 3
and 4. The synthesized polymers 2a—c showed absorption max-
ima at 397430 nm which were considerably shifted to longer
wavelengths in comparison with monomers la—c. Polymer 2a
showed strong UV absorption maximum at 427 nm, red-shifted
by ca. 80 nm from that of the corresponding monomer la. The
red-shifted absorption maximum is responsible for the effect of
T-conjugation through aromatic rings and acetylenic moietiesin
the polymer main chain. Poly(3-hexyl-2,5-thienylenebu-
tadiynylene) (2c)° showed the longest A, a 430 nm, which
was rather higher than that of analogous poly(3-hexyl-2,5-
thienyleneethynylene) (4) (Apa: 403 Nnm).2% The peak is locat-
ed at a longer wavelength compared with that of polymer 4,
indicating that polymer 2c has a longer effective T-conjugation
system due to negligible steric repulsion between substituents
in the neighboring units. This trend is consistent with that
poly(arylenebutadiynylene)s show the longer wavelength maxima
in absorption spectra than those of poly(aryleneethynylene)s.
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In summary, we have demonstrated that copper(l) chloride-
mediated homo-coupling of akynylsilanes can be applied into
the synthesis of poly(arylenebutadiynylene)s. Thus, the present
methodology that can be performed using the starting monomer
without desilylation would provide an aternative to the Hay’s
coupling. Further investigations on the high yield synthesis and
fluorescence characters and thermal properties of polymers are
currently under way.
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