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ABSTRACT

[ox]

Cation Radical

An oligothiophene tweezer molecule, which has two quaterthiophene moieties connected to create an electrochemically activated hinge, has
been synthesized. Two-electron oxidation of the tweezer molecule produces an intramolecular z-dimer between the two oligothiophene moieties
at room temperature as confirmed by UV—vis absorption, electrochemistry, and EPR experiments.

m-Dimers of cation radicals were proposed more than fifteen
years ago to play a key role in electronic conduction of
p-doped conjugated polymers, such as polythiophenes.* The
pivotal work concerning sz-dimers by Miller and Mann et
ad.? and the isolation of crystaline oligothiophene
a-dimers?®P34 confirm the significance of bonding between
m-aggregates in conducting polymers.%
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Molecular actuators that convert an electrical stimulusinto
movement have a wide range of applications in medicine,
microel ectromechanical devices, and robotics.>® However,
this potential remains largely unrealized, and new molecular
mechanical frameworks are necessary to create highly
efficient actuation. In pursuit of these materials, we have been
interested in hinge structures, such as the calix[4]arene
moiety.” ® In addition to a mechanical framework, a
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thermodynamic driving force for the conformational change
is needed, and we have targeted the chemical bonding in
m-dimers to produce movement and/or large changes in
mechanical modulus. Recently, intramolecular z-dimer for-
mation at room temperature in well-defined oligothiophene
dimers was reported by the groups of Otsubo™ and Collard.™
These demonstrations of effective wr-dimer formation at room
temperature suggest that the integration of this property into
molecular actuators could be fruitful if the z-dimer bonding
interactions drive a conformational change capable of
producing mechanical motion. Herein, we report oligoth-
iophene tweezer molecul es designed to behave as a molecular
mechanical hinge and afford szz-dimer species by chemical
or electrochemical oxidation.

Our actuator design is based on m-dimer formation in
tweezer molecules asillustrated in Figure 1. Oligothiophene

oligothiophene
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Figure 1. Schematic illustration of a molecular actuation triggered
by a sr-dimer formation of oligothiophene moieties connected with
electronically inactive hinge parts.

moieties, connected with electronically inactive hinges, are
expected to display reduced molecular length upon oxidation
as a result of the formation of m-dimers>* We have
developed tweezer molecules 2a and 2b (Figure 2b,c) asthe
model segments for such actuating molecules, which are
available in five steps from commercialy available 4,5-
dibromo-2,7-di-tert-butyl-9,9-dimethylxanthene by repeating
palladium-catalyzed cross-couplings and halogen introduc-
tions.'31* A reference compound 1, with only one quater-
thiophene moiety, was also prepared in a similar sequence.®

Compounds 1 and 2a displayed similar UV —vis absor-
bance (396 and 397 nm, respectively) in their neutral state
(Figure 2ab). Upon one-electron oxidation of 1 with
Ets0O-SbClg™>¢ in CH,Cl, at room temperature, the growth
of two new signals (663 and ~1100 nm) was observed,
attributed to the cation radical 1+, and is concomitant with
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Figure 2. Structures of 1 (a), 2a (b), and 2b (c) and UV —vis spectra
with oxidation in CH,Cl;, by Et;O-SbClg at room temperature under
air.

the disappearance of the original band at 396 nm. Two-
electron oxidation does not occur under these conditions. The
overall behavior of 2a with oxidation is notably different
from 1. The initial oxidation of only one quaterthiophene to
give 2a'" closely parallels the spectral characteristics ob-
served for 1 and displays new bands at 673 and >1100 nm,
as well as a decrease in the 417 nm band. However, the
second one-electron oxidation to give 2a®" triggered the
appearance of new absorbance maxima at 615 and 1011 nm.
The similarity of these changes with previous reports®>1°-1*
suggests that a sw-dimer is formed. In contrast, the two
terthiophenes of 2b do not form a zz-dimer (Figure 2c), and
the peaks associated with the terthiophene cation radicals at
563 and 875 nm did not change during the oxidation process.
Thisresult suggests that quaterthiophenes are more effective
at st-dimer formation, which is in agreement with previous
experimental®® and theoretical data.*

Effective mw-dimer formation is further supported by
electrochemical and EPR measurements. The cyclic volta-
mmogram (CV) of 1 (Figure 3a) displays two quasi-
reversible, one-electron oxidation processes.” On the other
hand, 2a afforded quasi-reversible processes at potentials
similar to those of 1 that are split into two one-electron
oxidation peaks. The doubling of the number of redox waves
is further resolved in the differential pulse voltammograms
(Figure 3b). In the case of 2a, first one-electron oxidations
of the two quaterthiophene moieties occurred at 0.30 and
0.45 V, whereas the quaterthiophene in 1 was oxidized at
0.43 V. The lower oxidation potential for theinitial oxidation
to produce 2a* suggests that the proximate neutral quater-
thiophene has a stabilizing effect, by forming a mixed-
valence compound, and indeed we aso see a red-shift in
the absorption bands of 2a'* relative to those for 1'* (Figure
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Figure 3. Cyclic voltammograms (CV, a) and differential pulse
voltammograms (b) of 1 (blue line) and 2a (red line) recorded in
CH,Cl; (ca. 2 mM) on a Pt button electrode with 0.1 M tetra-
butylammonium hexafluorophosphate as a supporting electrolyte
with a scan rate of 100 mV/s.

2). The higher potentials of the second one-electron oxidation
waves of the quaterthiophenes of 2a compared to 1 (0.79
V) reflect the stabilizing effect of the zz-dimer formation (at
0.83 V) and increased Coulombic repulsion by the formation
of tetracation speicies (at 0.89 V).

EPR measurements upon oxidation by Et;0-SbCle™® pro-
vided an additional confirmation of azr-dimer for 2a?*. Under
argon atmosphere, increasing the oxidant from 1.5 to 5 equiv
increased the EPR intensity of the cation radical 1+ (Figure
43); in agreement, an absorbance band at 666 nm was
observed in the UV —vis spectrum of the diluted EPR sample
(Figure 4b). When 10 equiv (i.e., 5 equiv per quaterthiophene
moiety) of EtsO-SbCle was added to a solution of 2a, the
EPR intensity was diminished relative to the intensity
obtained with 3 equiv of the oxidant (Figure 4c). With 3
equiv of the reagent, the absorbance bands at 413 and 674
nm in the UV —vis spectrum of the diluted EPR sample
(Figure 4d, dashed line) imply that 2a* was generated.
Further addition of the oxidant (10 equiv) increased the
amount of the spinless zz-dimer 2a?*, the formation of which
is supported by the absorbance at 617 nm, and therefore

(17) Cylcic voltammogram of 2b showed an irreversible process,
probably due to lack of the stabilization effect of the zz-dimer and/or rather
unstable radical cation of terthiophene under these conditions.
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amosphere. One-electron oxidation of each quterthiophene moiety occurred
with ca 5 equiv of Et3O-SbClg under these conditions.
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Figure 4. EPR and UV —vis spectra of (ab) 1 with 1.5 (dashed
line) and 5 (solid line) equiv of Etz0-ShClg and (c,d) 2a with 3
(dashed line) and 10 (solid line) equiv of Et;O-SbClg at room
temperature under Ar.

reduced the EPR intensity. Thus, UV —vis, electrochemistry,
and EPR unequivocally demonstrate that 2a forms a stable
sr-dimer upon oxidation by two electrons.

In conclusion, we have synthesized a new tweezer hinge
molecule with quaterthiophene moieties that displays s-dimers
at room temperature upon oxidation. Molecular and poly-
meric actuators containing this segment are the subjects of
ongoing research.
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