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Dithienylperfluorocyclopentene derivatives that bear alkyl
substituents connected onto the two carbon atoms of the thio-
phene heterocycles where, in their ring-closed form, the new
C-C single bond is formed (the 2-positions of the thiophene),
can exhibit photochromic ring-closing, and both photochromic
and electrochromic ring-opening.

Photochromic and electrochromic materials have been in-
vestigated for potential applications in displays, imaging de-
vices, and molecular electronics.! Considerable interest has been
focused on photochromic dithienylperfluorocyclopentene com-
pounds because of their high conversion efficiency in reversible
photochromic reactions, the excellent thermal stability of both
isomers, and good fatigue resistance. The compounds have
shown great promise as new materials for opto-electronic de-
vices and molecular swiches.2 However, there have been few in-
vestigations of the electrochromism of dithienylethene. To the
best of our knowledge, the only two published reports by Branda
and co-worker demonstrated that photochromic 1,2-dithienylcy-
clopentenes that bear aromatic rings connected onto the two car-
bon atoms of thiophene heterocycles where, in their ring-closed
form, the new C—C single bond is formed (the 2-positions of the
thiophene), can convert to their ring-open forms from the ring-
closed when electrochemically oxidized, while the analogues
with alkyl substituents undergo electrochemical ring-closing.>*
Here we wish to report that dithienylcyclopentene derivatives
that bear alkyl substituents, in their ring-closed forms also can
undergo ring-opening upon electrochemical oxidation.

Compound 1a was prepared from 6a. First, dithienylethene
6a was synthesized from 5-methyl-2-thiophenecarboxaldehyde
according to literature.’ Then condensation between 6a and ethyl
acetoacetate yielded 1a. The identity of this compound was con-
firmed by "HNMR spectroscopy, MS spectrometry and elemen-
tal analysis.® Compounds 2a, 3a, 4a, and 5a were synthesized ac-
cording to procedures in the literature.”

Figure 1 gives the cyclic voltammogramm of 1b and 2b
(photostationary state) in acetonitrile solution.® Compound 1b
shows an irreversible peak at 1.09 V and 2b at 1.02 V. With ref-
erence to previous work on thiophenes we assigned the peak to
the oxidation of the ring-closed isomer.

Photoelectrochromic dithienylperfluorocyclopentene deriv-
atives such as 1, 2, 3, and 4, which bear alkyl substituents con-
nected onto the two carbon atoms of the thiophene heterocycles
where, in their ring-closed forms the new C—C single bond is
formed (the 2-positions of the thiophene), can rapidly convert
to their ring-open forms from the ring-closed upon electrochem-
ical oxidation (Scheme 1). Moreover, the substituent attached to
the 5-position of the thiophene heterocycle has a decisive influ-
ence on the electrochemical ring-opening reaction. When the
substituents have no hetero-atom (as in compounds 2b, 3b,
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Figure 1. Cyclic voltammgrams of dithienylethene 1b (a) and
2b(b) (photostationary state) in CH3CN solutions (1 x 1073 M).

and 4b), or even when they have hetero-atoms but the hetero-
atoms are not conjugated with the main structure of the dithie-
nylcyclopentene (1b), the derivatives could undergo a ring-
opening reaction when electrochemically oxidized. However,
when the substituents have hetero-atoms conjugated to the main
structure, the hetero-atoms of the substituents participate in the
electrochemical reaction and the derivatives could not be con-
verted to the ring-open state, as is the case for compounds 5b
and 6b (Scheme 1). This is ascribed to the relatively higher elec-
tronegativity of the conjugated hetero-atoms which decreases
the energy of the corresponding orbital.” Thus the electrochem-
ical reaction first takes place on the substituents, and the deriv-
atives cannot be converted to the ring-open state.

The electrochemically driven ring-opening reaction of 1b
was performed with its solution in acetonitrile containing tetra-
butylammonium hexafluorophosphate as the electrolyte in a
quartz cell. Platinum slice electrodes were used as the working
and counter electrodes, and Ag/AgCl as the reference elec-
trode.'® Progress of the reaction was monitored by UV—-vis ab-
sorption spectroscopy in situ. When the red solution of 1b was
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Figure 2. UV-vis absorption spectra of diarylethene 1b (a) and
2b (b) (photostationary state) in CH;CN (¢ = 2 x 10~ M) upon
electrolysis at 1.5V (vs Ag / AgCl) with a Pt electrode.

electrolyzed at 1.5V (vs Ag/AgCl), it turned pale and generated
the same spectrum as was observed of the photochemical ring-
opening process. Figure 2a shows the absorption spectra of 1b
as a function of electrolysis time in the case of platinum slice
electrodes as the working and counter electrodes. Evidently, af-
ter 35 minutes’ electrolysis, the absorption at 520 nm almost
completely disappears, and the resulting absorption spectrum
is the same as that recorded when 1b is photochemically ring-
opened. Subsequently, we irradiated the resulting colorless solu-
tion with light of 365 nm and found that it turned to red, and the
absorption profiles were the same as shown in Figure 2a. By al-
ternately irradiating the solution of the ring-open isomer 1a with
365 nm light and electrolyzing the generated solution of the ring-
closed isomer 1b at 1.5V (vs Ag/AgCl), we could cycle the di-
thienylcyclopentene between its two states, 1a and 1b. After 30
cycles, no significant degradation of the compound was ob-
served, as indicated by the existing of the isosbestic points in
Figure 2a. Diarylethene 2, 3, and 4 can also cycle the photo-
chemical ring-closing and both photochemical and electrochem-
ical ring-opening reactions. Upon irradiation with 365-nm light,
the colorless solution of the ring-open isomer 2a and 3a turned
red and 4a turned blue along with the formation of the ring-
closed isomer. Subsequent electrolysis resulted in the bleaching
of each solution due to the cycloreversion of 2b, 3b, and 4b to
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2a, 3a, and 4a. Figure 2b shows the absorption spectra change
of 2b as the electrolysis progressed. 'HNMR spectroscopy has
demonstrated that the resulting compound of the electrochemical
ring-opening reaction is the ring-open isomer.

To summarize, we have demonstrated that the dithienylcy-
clopentene derivatives with alkyl groups attached to the carbons
involved in forming the new single bond, may undergo a photo-
chemical ring-closing reaction and both photochemical and elec-
trochemical ring-opening reactions. Moreover, the substituent
attached to the 5-position of the thiophene heterocycle has a de-
cisive influence on the electrochemical ring-opening reaction.
The derivatives show good fatigue resistance in the dual-mode
photochemical-ring-closing/electrochemical-ring-opening
process.
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