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Abstract—We report the synthesis and electropolymerisation of 1,3,5-tris(1,3-dithiole-2-ylidenephenylene)benzene 4. The resulting
polymer features extended tetrathiafulvalene (TTF) units and can be considered as a cross-conjugated, cross-linked structure. Upon
p-doping, electrochemical and UV–vis spectroelectrochemical experiments indicate that the polymer undergoes a unique conforma-
tional change within the dendralene unit from one definitive orthogonal arrangement to another.
� 2005 Elsevier Ltd. All rights reserved.
The family of compounds known as the dendralenes1

are cross-conjugated compounds possessing interesting
and unusual electronic and conformational properties.
Unlike linear p-conjugated systems, cross-conjugated
structures are complicated by the extent and limitation
of electron delocalisation. Excellent progress has been
made in the study of ene–diyne2 and p-phenylenevinylid-
ene3 structures, but investigations on alternative cross-
conjugated structures remain limited. There has been
significant interest in the synthesis and characterisation
of redox-active dendralenes and, in particular, mole-
cular4,5 and polymeric6 structures containing vinylogous
tetrathiafulvalene (TTF) units have been studied.
Molecular and polymeric switches7 are potential,
fascinating applications for cross-conjugated or dendra-
lene systems.8 For example, a three-way chromophoric
molecular switch has been realised for a tetraethynyleth-
ene derivative.9 Whilst there is significant interest in the
electrochemical control of conformational changes in
molecular cross-conjugated systems,10 particularly in
the potential application of electromechanical systems,11

a quantitative conformational change in a single multi
cross-conjugated macromolecule has not yet been iden-
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doi:10.1016/j.tetlet.2005.09.108

Keywords: Dendralenes; TTF; Polymers.
* Corresponding author. Tel.: +44 161 275 4781; fax: +44 161 275
4598; e-mail: peter.skabara@strath.ac.uk

�New address: Department of Pure and Applied Chemistry, University
of Strathclyde, 295 Cathedral Street, Galasgow G1 1XL, UK.
tified. In this letter, we report the preparation of a
cross-conjugated, cross-linked polymer (poly(4)), which
undergoes a dramatic and highly specific conforma-
tional change upon electrochemical oxidation.

Compound 4 was prepared (Scheme 1) by a Wittig–
Horner olefination between 1,3,5-tris-(4-formylphenyl)-
benzene 2 and 4,5-dimethyl-2-dimethoxyphosphinyl-
1,3-dithiole 312 in THF. Trialdehyde 2 was synthesised
in two steps from 4-bromoacetophenone, according to
the literature.13 Compound 4 was isolated in 27% yield
after recrystallisation from toluene.14

Electrochemical experiments were performed in CH2Cl2
(vs Ag/AgCl) under argon, using a glassy carbon disc
working electrode and platinum wire counter electrode,
with a substrate concentration of 10�3 M and tetrabutyl-
ammonium hexafluorophosphate as the supporting elec-
trolyte (0.1 M). Compound 4 undergoes a single,
irreversible oxidation process at +0.71 V. Electropoly-
merisation was achieved by repetitive cycling over the
oxidation wave of the monomer (Fig. 1). Polymer
growth was conducted at two different scan rates with
varying results. At 200 mV, we observed polymer
growth through the emergence of a new redox wave at
+0.49 V.15 There appears to be some broadening of
the redox wave and the possibility of 2–3 separate peaks
within the oxidation process. At a slower polymerisation
scan rate (100 mV), these peaks are more resolved and
we can clearly see three peaks emerging. This could be
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Scheme 1. Reagents and conditions: (a) K2S2O7/H2SO4, 180 �C; (b) BuLi, benzene, 60 �C; then, 0 �C, N-formylpiperidine, 0 �C! rt; then, HCl 3 M;
(c) 3, THF, �80 �C, BuLi; then, 2, �80 �C! rt.

Figure 1. Electrochemical growth of poly(4) at scan rates of 200 mV
(top) and 100 mV (bottom).
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indicative of the formation of radical cations, dications
and conformational change within the broad range of
the oxidation process.

The polymeric structure and substitution around the
central benzene ring (1,3,5) results in one definitive
redox active structure (highlighted in red, Fig. 2). This,
in effect, represents a [4]-dendralene system, similar to
some extended TTF derivatives studied by Bryce
et al.4 Compounds 5–7 were studied in Ref. 4 and the
crystal structures of two [3]-dendralene compounds
clearly show the T-shaped conformation of the cross-
conjugated units. Compounds such as 6 and 7 undergo
strong conformational changes upon oxidation, which
can be monitored by absorption spectroscopy.4 Within
the structure of poly(4), the dendralene fragments are
expected to be twisted to the same extent. Consequently,
the electrochemical behaviour of the red fragment
(Fig. 2) will originate from either: (i) the extended
TTF system 8, or (ii) the half unit 9, if two such units
are twisted or orthogonal.

The cyclic voltammogram of poly(4) is depicted in
Figure 3. There is a single, well defined redox process
at E1/2 = +0.54 V (vs Ag/AgCl) due to the oxidation
of the polymer (difference of 70 mV between oxidation
and reduction peak maxima). From the value of this oxi-
dation wave, it is more likely that a redox active unit
corresponding to fragment 9 is responsible for this oxi-
dation process rather than a species such as 8
(R = CH3). This assumption is made on the basis that
the unsubstituted version of 8 (R = H) undergoes two
reversible oxidation waves at +0.20 and +0.36 V (vs
Ag/AgCl),16 whereas compound 10 undergoes a single
oxidation process at +0.09 V versus ferrocene17 (E1/2

for poly(4) is +0.04 V versus ferrocene as an internal
standard). These results suggest that the cross-conju-
gated conformation in poly(4) consists of planar
1,3-dithiol-2-ylidene-biphenyl units rather than a planar
extended TTF. An irreversible peak is also seen at
�1.93 V, but the broad irreversible peak at ca. �1.0 V
is attributed to the presence of trace water.

The absorption characteristics of poly(4) in the neutral
and doped states were studied in acetonitrile on ITO
glass (Fig. 4). In the neutral state, there is an intense
peak at 389 nm, accompanied by a small peak at
526 nm. The absorption maximum at 389 nm decreases
slightly upon oxidation and new, weak bands emerge
at 594 and 708 nm between 400 and 700 mV. Over
700 mV, the bands at 594 and 708 nm disappear
abruptly and the peak at 389 nm is greatly diminished.
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At the same time, a new strong band appears at 462 nm.
By analogy with the absorption characteristics of com-
pounds 5–7,4 it is reasonable to believe that the weak
bands for poly(4) at 594 and 708 nm are indicative of
the initial formation of radical cations. However, a very
sharp change is seen at 700 mV, where a new main band
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Figure 2. Fragment of poly(4) depicting the nature of the redox active unit,
emerges at 462 nm, corresponding to the dication. We
expect that the distribution of charges is localised within
the dithiole units and there is no delocalisation of charge
through to the benzene rings. We can therefore surmise
that the planar unit is represented by the extended TTF
structure seen in structure 11. In fact, it is well known
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which is limited by meta linkages.



Figure 4. UV–vis spectroelectrochemical plot of poly(4) deposited on
ITO. Experiments were run in acetonitrile solution versus Ag/AgCl
reference electrode and in the presence of n-Bu4NPF6 (0.1 M).

Figure 3. Cyclic voltammogram of poly(4) grown on a glassy carbon
disk working electrolyte in monomer free acetonitrile solution (vs Ag/
AgCl with 0.1 M n-Bu4NPF6 as supporting electrolyte).
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that vinylogous TTF units are non-planar in the neutral
form and undergo planarisation upon oxidation to the
radical cation or dication states.18 We can also conclude
S

S

S

S

11
that the formation of radical cations and dications are
very close processes and this can be seen in the polymeri-
sation process using a scan rate of 100 mV.
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