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Towards Chiral Metals. Synthesis of Chiral Conducting Polymers from Optically Active
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The synthesis of free standing and clay-supported chiral conducting polymer films is described.

We report here our preliminary results on the preparation and
characterisation of free standing and clay-supported chiral
conducting polymer films based on (S)-(+)-3-(2-methyl-
butyl)thiophene (3) and (S)-(+)-3-(2-methylbutyl)pyrrole.

There is growing interest in the design of conducting
polymers with improved conductivity, thermal and environ-
mental stability, and greater ease of processability.! This
research has concentrated on modifications of the basic
monomeric units, although not all such modifications are
useful owing to their adverse effect on the conductivity of the
polymer.2 3-Alkyl substituted thiophenes and pyrroles,
however, have been found to yield polymers with acceptable
conductivity.2—¢ In view of the concept of ‘chiral metals’, we
sought to introduce an optically active alkyl moiety at the
3-position of thiophene and pyrrole, for further conversion to
chiral conducting polymers. Such materials could conceivably
exhibit exotic properties and serve as asymmetric electrodes
for chiral electrosynthesis. We note previous work in this
direction by Komori and Nonaka,? Salmon and Bidan,® and
Lemaire et al.¥

We have synthesised (+)-(3) {[«]p 7.1°(c 1, CHCl3), >95%
enantiomeric excess (e.e.)}t in ca. 70% yield by the
Ni[Cl,y(dppp)] (dppp = Ph,P(CH;);PPh;)-catalysed coupling
reaction between 3-bromothiophene and (S)-2-methylbutyl
magnesium bromide, !¢ the latter having been derived from
(+)-(2) {[«]p 4.1° (¢ 6, CHCl3)} (Scheme 1). Compound (2),
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Scheme 1. Reagents and conditions: i, PBr;, pyridine, 0°C; ii, Mg,
Et,0O, 0°C, then 3-thienyl bromide, NiCl,(dppp); iii, 5V, Et,;NBF,,
MeCN.

1 It is assumed that the reactions shown in Scheme 1 do not affect the
chiral carbon centre.

in turn, could be readily prepared in large quantities from the
inexpensive (—)-(1) {[«]p —6.3° (¢ 10, EtOH), >95% e.e.!1}.
We note that the chiral 2-methylbutyl group has been
employed in the design of chiral nematic liquid crystals for
special optical effects.12

With an applied potential of 5V,13 (3) (0.25M) could be
oxidatively electropolymerised in a single-compartment, two-
electrode cell, consisting of a glassy-carbon working electrode
(0.26 cm2), a platinum wire counter electrode, and dry MeCN
and Et,NBF, (0.25M) as solvent and supporting electrolyte,
respectively. The cell was maintained under nitrogen and
immersed in an ice-water bath during electrolysis. The cell
current was fairly constant (3.8—4.2mA) throughout the
polymerisation process, and in most cases polymerisation was
discontinued after 4 C had passed. The working electrode was
then rinsed with MeCN and air dried, and the blue-black film
peeled from the electrode surface. This film (1.8 mg) was
tough, shiny, smooth, and flexible, and showed a minimum
specific conductivity of 0.2S/cm,% as determined by a two-
probe measurement. From its appearance the film was of
superior quality than that of films obtained from n-butyl-
thiophene, under similar conditions. Elemental analyses
(C, H, N, S) indicated that our films were not contaminated
with the solvent and the supporting electrolyte salt (inferred
from the absence of nitrogen), and were consistent with the
molecular formula (4) (Scheme 1).§ The value of n was not
estimated, however. Differential scanning calorimetric studies
indicated a somewhat heterogeneous polymer matrix, but
with a moderately sharp endothermic transition at ca. 215°C.
Further visual examination of the polymer revealed complete
retention of shape and form, even after heating to 300 °C. The
concentration of the supporting electrolyte critically affected
film conductivity, and films grown from solutions containing
lower concentrations (0.05Mm) of Et,NBF, were resistive,
although otherwise similar in texture. Elemental analysis of
such films suggested that the polymer contained one BF,~ ion
for every nine units of the monomer; hence their higher
resistivity may be ascribed to a lower concentration of the free
electron carriers.14 Microscopic examination showed that
conducting films are fairly non-porous, and this was confirmed
by the lack of any voltammetric response of the film-contain-
ing electrode towards solution redox couples which are
otherwise electroactive on the exposed glassy-carbon surface.

Soma et al. have recently shown that adsorption of
thiophene on Fe3+-montmorillonite clay leads to formation of
a blue-black polymer whose Raman spectrum is similar to that
of the corresponding free-standing conducting polymer pre-
pared via electrosynthesis.1> We have found a similar coloura-
tion of Fe3+-montmorillonite films upon adsorption of (3),
but characterisation of the clay-polymer composite remains
incomplete.

% The film thickness value required for calculation of specific
conductivity was not measured as such, but estimated by assuming a
polymer bulk density of 0.95gcm~—3. Thus, the thickness was 67 um
for the film weighing 1.8 mg.

§ Found: C60.5, H6.9, S 18.6; calc. for (4): C61.1, H6.8, S 18.1%.
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Finally, our attempts to synthesise the pyrrole analogue of
(3) yielded a mixture of the 3- and 2-alkyl substituted chiral
pyrroles.t6 Electrochemical polymerisation from a solution
containing pyrrole and the above mixture of alkyl-pyrroles
yielded a polymer whose elemental analysis suggested forma-
tion of a copolymer of pyrrole and alkyl-pyrrole. This
copolymer was found to be modestly conducting (<0.01 S/cm)
and brittle.

In conclusion, free standing chiral conducting polymer
films, based on optically active 3-alkyl derivatives of thio-
phene and pyrrole, have been prepared via electropolymerisa-
tion, and such polymerisation could also be effected on
Fe3+-montmorillonite to yield a clay—chiral polymer matrix.
The free-standing chiral poly(thiophene) films are mechanic-
ally strong but their conductivity is substantially lower than
literature values for poly(alkyl-thiophene).2 Our polymer-
isation process has not been optimised and improvements in
conductivity are therefore likely.
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