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The most widely conjugated synthetic polymer is
undoubtedly represented by polyacetylene which exhib-
its metallic conductivity upon doping.! Its instability
and insolubility, however, essentially inhibit practical
application to functional materials. An elegant approach
to stable and soluble substituted polyacetylenes with
high order of conjugation is the cyclopolymerization of
1,6-heptadiynes with substituents.?2 The presence of
cyclic structure allows the polymer backbones to exist
in nearly coplanar conformation, which contributes to
their characteristic properties as highly conjugated
polymers. In contrast, the polymerization of monosub-
stituted acetylenes has been regarded as an ineffective
route to widely conjugated acetylenic polymers because
the coplanarity of the main chain is hampered by the
steric hindrance between the substituents.?

However, our recent studies on the polymerization of
a wide variety of arylacetylenes have led to a conclusion
that polymers with considerably wide conjugation along
the main chain are accessible from monosubstituted
acetylenes bearing bulky but planar substituents.*
Namely, acetylenes with condensed aromatic rings,
which directly attach to the C—C triple bond in such a
way to increase the steric hindrance between the main
chain and pendant group, give widely conjugated poly-
mers in the presence of W catalysts.* It is unfortunate,
however, insufficient solubility of most of these polymers
prevents the formation of high molecular weight poly-
mers with processability such as film-forming ability.5
Furthermore, the stability of these polymers in solution
cannot be estimated due to the poor solubility notwith-
standing the plausible degradation of the polymers from
monosubstituted actylenes.®

This background stimulated us to design a new
acetylenic monomer, 9-(10-hexoxycarbonylanthrylacet-
ylene), 1 (Scheme 1), with the motivation of producing
an acetylene-based widely conjugated polymer having
excellent solubility and stability as well as high molec-
ular weight. The design of 1 is based on the following
strategies. First, an alkyl chain should be incorporated
to the condensed aromatic ring to improve the solubility.
Second, to enhance the film-forming ability, a polar
substituent that does not deactivate the W catalysts
should be introduced. Finally, poly(anthrylacetylene),*
which possesses a large steric hindrance between the
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pendant and the main chain, should be selected as the
basic polymer skeleton.

The synthesis of 1 was performed as outlined in
Scheme 1. Commercially available and inexpensive
9,10-dibromoanthracene was transformed into the cor-
responding monocarboxylic acid, which was converted
into the haloester via the acid chloride.” An attempt to
directly transform the carboxylic acid into the ester in
the presence of an acid catalyst failed owing to the steric
hindrance of the anthracene ring. The Sonogashira
coupling® of the haloester with trimethylsilylacetylene
successfully gave the coupled product although a pro-
longed reaction period was required (3 days at room
temperature), where even the use of THF as solvent in
the coupling reaction® did not accelerate the reaction.
Desilylation with tetrabutylammonium fluoride gave 1
in 46% total yield. Oligomerization of 1 was unavoidable
when the desilylation was conducted under alkaline
conditions by using NaOH in methanol.

WClg-catalyzed polymerization of 110 gave a deeply
colored polymer (almost black in the solid state, 55%
yield) that was readily soluble in common solvents such
as THF, CHCIs3, toluene, and so forth. At least 30 mg of
poly(1) completely dissolved in 1 mL of toluene or THF.
This high solubility of poly(1) is contrastive to the lack
of solubility of its parent polymer, poly(9-anthrylacet-
ylene).*® The IR spectrum of poly(1) showed no absorp-
tion due to the C—H stretching and bending vibrations
of the acetylene group which were clearly observed in
the IR spectrum of 1 at 3258 and 661 cm™1, respectively.
The signal attributed to the acetylenic proton of 1 at
4.04 ppm disappeared after the polymerization, and the
IH NMR spectrum of poly(1) gave very broad signals in
the region of aromatic and olefinic protons. These
suggest that the acetylene triple bonds have been
transformed to the olefin double bonds by the polym-
erization and that a polymer with trans-rich stereo-
structure was formed. Gel permeation chromatographic
analysis of poly(1) (eluent, CHCI3; PSt calibration)
indicated the formation of a high molecular weight
polymer (M, = 1.71 x 10%, M,/M, = 2.1). The absolute
molecular weight of poly(1) is probably higher than the
estimated one because GPC analyses tend to underes-
timate the molecular weight of several living polymers
from substituted acetylenes.!* Thanks to the high mo-
lecular weight and the presence of polar functional
groups, poly(1) is feasible to give a free-standing film
by casting a THF solution.

The UV—vis spectrum of poly(1) showed an absorption
maximum and cutoff at 571 and 780 nm, respectively
(Figure 1). Because no absorption was observed in this
region in the UV—vis spectrum of monomer 1, the red-
shifted absorption is attributed to the electronic transi-
tions of the main-chain chromophores. Thus, the ob-
served absorption results from the conjugation along the
backbone of poly(1). The extremely wide conjugation of
poly(1) is readily recognized by the comparison of the
UV—vis spectrum of poly(1) with that of poly(phenyl-
acetylene). This wide main-chain conjugation is contras-
tive to the low extent of the main-chain conjugation of
poly(2-anthrylacetylene), a geometrical isomer of poly-
(1), which shows a cutoff at 700 nm and no absorption
maximum.“¢ Therefore, the substitution position plays
a very important role for the formation of widely
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Figure 1. UV-—vis spectra of monomer 1, poly(1), and poly-
(phenylacetylene) in CHCls.

Scheme 2

(R = CO,-n-Hex)
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conjugated polymers from monosubstituted arylacetyl-
enes. The large steric hindrance between the polymer
backbone and the protons at 1 and 8 positions probably
renders the anthryl rings to twist out of the backbone.
This hypothesis is supported by a simple molecular
orbital calculation (PM3) of the corresponding unimers,
9- and 2-vinylanthracene: the dihedral angle between
the vinyl and anthryl ring was estimated to be 80.8°
and 0.2° for the most stable conformations of 9-vinyl-
anthracene and 2-vinylanthracene, respectively. This
result clearly demonstrates ineffective conjugation be-
tween the main chain and pendant group in poly(1). The
twist of the anthryl ring of poly(1), on the other hand,
yields no significant steric repulsion between neighbor-
ing pendant groups because of the planar structure of
the anthryl group. This reduced steric interaction
between pendants probably allows the polymer back-
bone to exist in a coplanar conformation (Scheme 2),
which explains the expanded conjugation along the
polymer backbone.

The wide conjugation along the main chain led to a
very large magnitude of the third-order nonlinear
optical (NLO) susceptibility of poly(1); i.e., the real part
of ¥®&(—w; ®,0,0) was —1.9 x 10719 esu (631 nm)
determined by the electroabsorption measurement,

which is 1 order larger than those of ortho-substituted
poly(phenylacetylene)s.’2 The electrical conductivity of
poly(1), measured by a conventional two-probed tech-
nique employing Keithley’s electrometer in a vacuum,
was 8.77 x 10™* and 2.60 x 10715 S/cm at the I,-doped
and undoped states.

Poly(1) was thermally very stable in the solid state.
No weight loss was detected below 300 °C by thermo-
gravimetric analyses (TGA) in nitrogen, and 5% weight
loss was observed at 350 °C. The TGA displayed two
stages on weight loss of poly(1); the first weight loss left
ca. 60% of weight residue below 490 °C, which agreed
well with the predicted value assuming that the pendant
ester group was lost first upon heating. Emphasis
should be placed on the stability of 1 in solution. Most
of the polymers from monosubstituted arylacetylenes
decompose into oligomers in solution,®*¢ and the deg-
radation is extremely rapid in chloroform. For example,
poly(phenylacetylene) with My, of 2.25 x 10° degraded
into oligomers (M,, = 9000) within 4 h in chloroform.
Introduction of ester groups to poly(phenylacetylene)
can reduce the electron density of the main chain, which
retarded the degradation. Degradation of poly(p-meth-
oxycarbonylphenylacetylene) into oligomers, however,
was also unavoidable, where the initial value of M
(2.87 x 10°) decreased to 2.40 x 10* after 12 h in
chloroform. In contrast, the degradation of poly(1) was
much slower than that of poly(p-methoxycarbonylphen-
ylacetylene), and poly(1) with initial My of 1.71 x 10°
maintained relatively high molecular weight (M, =
1.06 x 10°) even after the treatment in chloroform for
24 h. Thus, the bulky condensed aromatic ring contrib-
utes to the stabilization of the polymer main chain
against the degradation.
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