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Tetrathiafulvalene (TTF) derivatives with diarylethene
moieties have been synthesized. A derivative having 2,4,5-
trimethylthiophene rings as the aryl groups showed
photochromism, while a derivative with 2,5-dimethylthiophene
rings did not show any color change by UV irradiation. The
different reactivity was ascribed to the difference in the
conformation of thiophene rings in the two derivatives.

Recently, various types of photochromic molecules have been
developed in an attempt to apply them to organic supramolecular
and photonic devices.! Especially, diarylethenes, one of the
thermally irreversible photochromic molecules, have attracted
much attention because of their fatigue resistant and thermally
irreversible reactivity.” On the other hand, TTF molecules are
important components of conductive organic solids.> A lot of
tetrathiafulvalene derivatives have been so far synthesized to
improve the conductive properties.**

Here, we report the synthesis of 4,4°,5,5-tetrakis(2,4,5-
trimethyl-3-thienyl)tetrathiafulvalene ~ (1)* and  4,4°,5,5-
tetrakis(2, 5-dimethyl-3-thienyl)tetrathiafulvalene (2)” that have
photochromic dithienylethene units. Synthetic routes for the TTF
derivatives were summarized in Scheme 1. Thiophenes 3 were
acetylated by action of acetic anhydride and tin tetrachloride to give
4a and 4b in good yield. Obtained acetylated thiophenes were
oxidized with SeQ, to afford diketones 5a and 5b. The dikotones
were coupled with appropriate thiophenes 3a and 3b to give
hydroxyketo forms 6a and 6b. After thioesterification with
potassium o-ethyl xanthate, the thioesters were cyclized to give
diarylethenes 9a and 9b. The derivatives 1a and 2a are obtained
as orange oil, after workup by column chromatography.

Figure 1 shows UV-vis absorption spectral changes of 1 in
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hexane. Upon irradiation with UV-light, the colorless solution

changed to yellow. The yellow color was bleached by visible light

(A >>450 nm) irradiation. The 'H NMR spectral changes upon UV
and visible light irradiation were carefully examined. In the 'H

NMR spectrum of 1a, five methyl signals (1.92, 1.96, 2.00, 2.06,
and 2.24 (CH, X2) ppm) attributable to methyl protons of the

thiophene rings in parallel and anti-parallel conformations, were

observed. Upon UV imradiation, additional five methyl signals

(1.82, 1.93, 1.97, 1.99 (CH, X2), and 2.02 ppm) appeared

(Figure 2). The new signals were attributable to the closed-ring

form 1b. In the NMR spectrum of the closed-ring form of

bis(2,5-dimethyl-3-thienyl)perfluorocyclopentene 10, only two

methyl signals were observed. The appearance of 5 methyl signals

for 1b indicates that one of the diarylethene units converted to the

closed-ring form. The photo-generated signals disappeared by

visible light irradiation.

Although the TTF derivative 1 underwent reversible
photochromic reactions, 2 did not show any color change by UV
irradiation. In order to clearify the different reactivity, 'H NMR
spectra of both derivatives were compared with that of 10.°% The
methyl protons of the methyl groups attached to the reacting
carbons of 2 and 10 were observed at 2.0land 2.04 (for 2), and
1.81 ppm (for 10), respectively. The aryl protons at 3-positions of
the thiophene rings were observed at 6.46 and 6.42 (for 2), and
6.71 ppm (for 10), respectively. As described in previous papers,
methyl signals attached to the reacting carbons of anti-parallel
conformation were always observed in higher fields in comparison
with the methyl signals of parallel conformers. Based on the NMR
chemical shifts, the conformation of TTF 2 is considered to be the
same as that of 2r in Scheme 2, in which both reaction sites are
kept in opposite sites. Therefore, 2r is photochemically inactive.
In 2r, methyl groups attached to the reacting carbons are free from
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Scheme 1.
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Figure 1. Absorption spectral change of 1a ( ) upon irradiationwith
254 pm light in hexane. The line (-+------) is due to the closed-ring form.
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Figure 2. The 'H NMR spectra of 1a before UV irmradiation (a) and after
UV irradiation (b) in CDCl,.

ring-current effect of the thiophene rings in the face. Repulsion
between the methyl groups is avoided. This is the reason why 2a
did not show any photochromic reactivity. Photo-reactive 1
showed the methyl protons of the methyl groups attached to the
reacting carbons at 1.92 and 1.96 ppm. They are close to the
chemical shift of that of 10. That indicates conformation of 1 is
similar to that of 10, which is photochemically active.

Light triggered electrochemistry of 1 was examined by cyclic
voltammetry (Potentiostats HABF501, Hokuto Denko). Cyclic

Scheme 2.
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voltammograms for 1 in acetonitrile were shown in Figure 3,
which indicates that 1 can undergo direct electron transfer reaction
with the electrode under UV-light irradiation, whereas visible light
irradiation decreased the Faradaic current.

1
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Figure 3. Cydic voltammograms for the 1 in acetomitrile solution at
25 C. (Supporting electolyte, 0.1 mol dm® BuN'CIO,™) ; Sweep rate,
100 mV / s). ( Y Visible light irradiation (A >>450 nm, 5 min), (- )
UV light irradiation ( A = 254 nm, 5 min).

In conclusion, we have synthesized TTF derivatives that have
photochromic diarylethene moieties. Derivative 1 that has 2,4,5-
trimethylthiophene rings showed photochromic performance. On
the other hand, a derivative 2 that has 2,5-dimethylthiophene rings
did not show any coloration by UV irradiation. This is due to the
inactive conformation of the derivative. The electrochemical
switching function was also observed accompanied with the
photochromism.
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