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Diarylethene derivatives, 1¢ and 1d, having carrier mobi-
lization sites have been synthesized. Their photochromic
properties are examined both in solution and in thin film.
Current—voltage characteristics at photostationary state of lc
and 1d showed drastic current increase compared with the
corresponding open-ring isomers 1c and 1d, respectively.

Photochromism is a reversible change between two isomers
by irradiation with appropriate light, whose absorption and
emission spectra, refractive indexes, conductivities, and so on
are different.! Therefore, much attention has been paid to
photochromic systems due to potential application for optoelec-
tronic devices such as optical data storage.> Of the many
photochromic molecules available, diarylethene (DAE) deriva-
tives are among the most striking candidates, as they show
excellent fatigue resistance and thermal stability between open-
ring and closed-ring isomers.’

Recently it has been reported by one of us (T. T.) that DAEs
1a and 1b having carrier mobilization sites showed not only
photochromism but also interesting electrical behaviors.* How-
ever, the electrical properties of DAEs with carrier mobilization
sites have not been fully investigated and the current-voltage
(I-V) characteristics obtained in la at photostationary state
(PSS) was less than 18 pA /4 mm? with applied voltage of 15 V.4

Here we report the synthesis, photochromic, and electrical
properties of DAEs 1¢ and 1d having carbazole or 1,3,4-
oxadiazole moiety as carrier mobilization sites as shown in
Scheme 1, since carbazole and 1,3,4-oxadiazole derivatives
show good hole-® and electron-mobilities,® respectively. The
improvement of -V characteristics is anticipated for 1c¢ and
1d, because current will be controlled by two factors. One is
the degree of m-conjugated extension in open- and closed-
ring isomers and another is carrier mobilization sites directly
attached to DAE, although carrier mobility is affected by many
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Scheme 1. Molecular structure of DAEs, 1¢ and 1d, and their
corresponding closed-ring isomers.

Chem. Lett. 2011, 40, 1267-1268

© 2011 The Chemical Society of Japan

The synthetic route of 1¢ and 1d is shown in Scheme 2.
Todobenzothiophene derivative 3% was reacted with carbazole
in the presence of sodium fert-butoxide, palladium acetate, and
PH(#-Bu);BPhy to give 1¢ in 58% yield. Treatment of 3 with
butyllithium, then with dry ice afforded dicarboxylic acid 4,
which was converted to 1,3,4-oxadiazole derivative 1d by
cyclization of diacylhydrazides with phosphorus oxychloride.’
The structures of DAEs, 1¢ and 1d, are confirmed by "THNMR
and elemental analysis or high-resolution MS.!?

From the measurement of "HNMR, DAEs synthesized here
are in equilibrium between parallel conformation and anti-
parallel conformation, whose assignment can be achieved by the
comparison of the chemical shifts of methyl proton and aromatic
protons'' and the population of parallel and anti-parallel
conformers for 1c and 1d are ca. 2:3.

Figure 1 shows the absorption spectral changes from open-
ring isomer 1c to the photostationary state (PSS) upon irradiation
with 365nm light. The colorless toluene solution of 1l¢ turns
violet and new absorption appears around 420 and 550 nm,
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Scheme 2. Synthetic route of DAEs, 1¢ and 1d.
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Figure 1. (a) Absorption spectra of 1c in toluene (3.93 x
1073 M) (black line) and at the PSS by photoirradiation with
365 nm (red line) and (b) that in thin film (black line) and at the
PSS by photoirradiation with 365 nm (red line).
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Figure 2. Current-voltage characteristics of a photochromic
device with DAEs, 1¢ and 1d, for open-ring isomer and PSS.

which is due to the formation of closed-ring isomer 2¢ as shown
in Figure 1(a). The violet solution thus obtained returned to
colorless upon irradiation with visible light (500-600 nm) to
give open-ring isomer 1c. Similar photocyclization and cyclo-
reversion was observed for 1d.'”> On the other hand, the
efficiency of photochromic interconversion in thin film (30 nm
thickness) of 1¢ was very low and only a small amount (ca. 3%)
of closed-ring isomer existed at the PSS upon irradiation with
365 nm, as shown in Figure 1(b). DAE 1d also hardly changed
from open-ring isomer to closed-ring isomer in the thin film at
the PSS similar to 1ec.

The X-ray crystal structure of 1¢ was examined to get some
clues of this lower efficiency of ring closing reaction of 1¢ in
thin film state. The molecular structure of 1c in the crystal'? is
shown in Figure S1.' It revealed that the distance between two
carbon atoms in ring closure were 0.55nm. This suggests that
a considerable fraction of the film state seems to be fixed in
photoinactive stereochemistry.'®

Current-voltage characteristics of DAEs, 1¢ and 1d, are
measured by using the device structure as shown in Figure S2.'4
The DAE layers were of the same thickness of 30 nm and they
were changed into the PSS by UV irradiation with 365 nm.
Although the ratio of closed-ring isomer at the PSS of DAEs
determined by measurement of the absorption spectrum change
was very low as shown in Figure 1(b), applied-voltage de-
pendence of the current was measured.'® Figure 2 clearly shows
that the current is drastically increased with the increase of
applied voltage at the PSS, while it sluggishly increased for
open-ring isomers. It is noted that the current obtained for PSS
(1c + 2¢) was more than 80 pA/4 mm? with applied voltage of
15V, which was superior to that obtained for 1a.* The ratio of
the current of 1c and 1d in the ON (PSS) and OFF (open-ring
isomer) with applied voltage of 8 V was ca. 10. However, these
values were lower than the recently reported highest value of
ca. 10’ by Meerholz!” probably due to a very small portion of
closed-ring isomer at PSS in thin film.

In conclusion, DAEs having carrier mobilization sites have
been synthesized and current can be switched on the basis of the
photochromic properties of DAEs. We are searching for DAEs
linked with carrier mobilization sites, whose ring-closure
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reaction will occur much efficiently in thin film, to achieve
high ON-OFF ratio.
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