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Polyelectrolyte

Polyelectrolytes are among the important classess of
macromolecules. These polyelectrolytes are charged macro-
molecules containing a large number of ionizable or ionic
groups and are mostly water-soluble. Polyelectrolytes have
been actively studied for the past several decades.' For
example, the natural polvelectrolytes have been used in
water-cleaning processes for centuries. The building blocks
of life, the nucleotides and proteins are polvelectrolytes.'™

For more than 30 years, electric conduction in organic
solids has been one of the most fascinating topics for
synthetic chemists and solid-state physics.® Various poly-
acetylene-based conjugated polymers have been prepared by
the simple linear polymerization of the corresponding
acetylene monomers by various catalyst systems.” Due to
their extensive conjugation and ionic nature, these ionic
polvacetylenes have potentials as materials for mixed ionic
and electronic conductivity, energy storage devices such as
batteries, permselective membrane. and light-emitting devices.”

To date, the self-dopable m-conjugated polymers were also
prepared to improve the rates of doping/undoping. Heeger
and coworkers have prepared the self-dopable poly[n-(3'-
thienyl)alkanesulfonic acid]s and their sodium salts with
alkanes of carbon numbers 2 and 4, in which the dopants are
covalently bonded to the side chains.® Upon electrochemical
doping of these polymers in electrolyte solutions, a charge
transfer accompanied by a generation of polaron/bipolaron
occurs by ejection of protons or metal ions from the bonded
dopant and simultaneous ejection of s-electrons from the
conjugated main chains, as reflected by an increase of the
proton or metal ion concentration in the electrolyte solution
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and the presence of free spins during the doping. Other
examples of the heterocycle-based self-dopable polymers
were also reported.’

Now, we report a very facile synthetic method of novel
self-dopable ionic conjugated polymer, poly(2-ethvnylpyri-
dinium-¥-benzoylsulfonate) (PEPBS). by the activated
polymerization of 2-ethynylpyridine with the ring-opening
of 2-sulfobenzoic acid cyclic anhydride without any
additional initiator or catalyst (Scheme 1).

2-Ethynylpyridine was prepared by the bromination of 2-
vinylpyridine and the consecutive dehydrobromination
reaction.'” PEPBS was easily prepared by the activated
polymerization of 2-ethynylpyridine with the ring-opening
of 2-sulfobenzoic acid cyclic anhydride without any
additional initiator or catalyst in DMF solvent as follows.
The 1 : 1 mixture of 2-ethynylpyridine {1.0 g, 9.7 mmol) and
2-sulfobenzoic acid cyclic anhydride (1.78 g, 9.7 mmol) in
DMF solvent was stirred for 24 hrs at 85 °C under nitrogen
atmosphere. As the reaction proceeded. the color of reaction
mixture changed from the light brown of the initial mixture
into dark red. After the polymerization time, the resulting
polymer solution was precipitated into a large excess of ethyl
ether. The precipitated polymer was filtered and dried under
vacoum at 40 °C for 24 hrs. The polymer vield according to
the reaction time were calculated from the precipitation of
the solution taken from the polymerization reactor. The
polymer yield according to the polymerization time revealed
that this polymerization proceeded gradually up to 24 hrs
and the polymer yield after 24 hrs reaches 93% and then
plateau. This polymerization also proceeded well in such
organic solvents as DMF, DMSO, and NMP.

‘The polymerization mechanism was assumed to include
the initial ring-opening of 2-sulfobenzoic acid cyclic anhvdride
by the attack at carbonyl carbon with the non-bonding
electron pair of 2-ethynylpyridine and the propagation step
(linear polymerization) of the activated ethynylpyridines by
the sulfonate anion of N-benzoylsulfonate. [n our previous
works, the similar polymerization of 2-ethynylpyridine by
using propargyl bromide'" and propargyl tosylate'” was also
found to proceed well to give high yields of polymer, regard-
less of the counter anions (bromide, tosylate). Bromide and
tosylate anions are known to initiate the activated acetylenic
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functional groups of ethynylpyndinium compounds.

The "H-NMR spectrum of PEPBS in DMSO-ds showed
the protons of pyndyl and N-benzoyIsulfonate substituents at
6.4-9.5 ppnt. The *C-NMR spectrum of PEPBS in DMSO-
ds also showed the multiple peaks at the region of 110-154
ppm. which are originated from the aromatic carbons of
pyridv]l and N-benzovlsulfonate substituents and the vinyl
carbons of comjugated polvmer backbone. The carbonyl
carbon peak of N-benzovlsulfonate substituents was also
observed at 168.3 ppm. The FT-IR spectra of 2-ethvnylpyri-
dine, 2-sulfobenzoic acid cvclic anhvdride. and PEPBS were
measured in KBr pellets. The FT-IR spectrum of PEPBS did
not show the acetvlenic C=C bond stretching (2110 em™)
and acetvlenic =C-H bond stretching (3293 cm™) fre-
quencies of 2-ethvnylpynidine. Instead, the C=C stretching
frequency peak of comugated polvmer backbone at 1623
cm™' became more intense than those of the C=C and C=N
stretching frequencies of 2-ethvnylpyridine itself. The strong
peaks at 1187 and 1724 cm™ are due to the S=O and C=0
stretching frequencies of benzovl sulfonate moieties. respec-
tivelv. The hygroscopic nature of PEPBS 1s evidenced by the
broad and intense peak at 3423 cm™. The UV-visible
spectrum of PEPBS showed a characteristic peak at the
visible region (300-750 nm), which is a characteristic peak
of the comugated polvene backbone svstem. From these
spectral data. we concluded that PEPBS has a ionic conju-
gated polvmer svstem bearing the N-benzovlpyvridinium
sulfonate moieties.

This zwitterionic polvmer was found to be verv hvgro-
scopic. and soluble in such polar protic solvents as water.
methanol, DMF, DMSO, N,N-dimethvlacetamide, or organic
acids capable of hvdrogen bonding with the benzovl
sulfonate amion. The inherent viscosity of the PEPBS was
0.21 dL/g at 25 °C i DMF. The electrical conductivity (&) of
undoped PEPBS was 5.7 x 107 S/em. This value is some-
what higher than those of similar pyvridine-based conjugated
polvmers.”> In this communication. we presented a facile
svnthetic method for self-dopable 10nic comugated polymer.
PEPBS. by the activated polymerization of 2-ethynyl-
pyvridine with simultaneous ring-opening of 2-sulfobenzoic
acid cvclic anhydride without any additional initiator or
catalvst. This method may be applicable for the synthesis of
conjugated polvelectrolytes by reaction of ethynylpyridines
with ring-openable compounds such as 1.4-butanesultone. &-
caprolactone. etc.
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