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A novel photochromic molecule having a bis(2,3A-benzothienyl)
unit has been synthesized. The derivative underwent a ther-
mally irreversible photochromic reaction upon alternate irra-
diation with UV and visible light.

Diarylethene derivatives are known to undergo thermally irreversi-
ble photochromic reactions.1–4 Recently, Branda et al.5 and
Yokoyama et al.6 independently prepared 1-aryl-1,3-butadiene
derivatives and showed that the non-symmetric derivatives also
undergo efficient 6p-electrocyclization reactions.

Monosubstituted perfluorocyclopentenes can be selectiviely
prepared by controlling the ratio of perfluorocyclopentene and n-
butyllithium. These mono-substituted compounds are useful inter-
mediates for non-symmetrical diarylethene derivatives. During the
course of preparation of such non-symmetric diarylethene deriva-
tives, we found (2-(2-methylbenzothien-3-yl)benzothien-3-yl)per-
fluorocyclopentene 1a undergoes a photochromic reaction. Here
we report on new thermally irreversible photochromic compounds
having a bis(2,3A-benzothienyl) unit.

Synthesis of the compounds 1a, 2a and 3a was carried out as
shown in Scheme 1. Compound 4 was prepared according to the

Suzuki coupling reaction starting from 2-methyl-3-iodobenzothio-
phene and benzothiophene.7 Compound 5 was prepared by the
bromination of 4 in 55% yield.8 The coupling reaction between 5
and octafluorocyclopentene gave the 1a in 18% yield.9 1a (1 eq.)
was treated with methyllithium diethyl ether solution (1 eq.) or
sodium methoxide (1 eq.) at room temperature to give methyl or
methoxy substituted derivatives 2a and 3a, respectively. The
structures of 2a and 3a were determined with 1H NMR and X-ray
crystallography.10,11

The single crystal of 3a was obtained by recrystallization from
the mixed solvent of hexane and ethyl acetate. X-Ray crystallo-
graphic analysis was performed with a crystal of 0.3 3 0.3 3 0.2
mm dimensions using Mo Ka (60 kV, 30 mA).12 The final R value
was 0.0464 for 3769 reflections (I > 2s(I)). The ORTEP drawing
of 3a is shown in Fig. 1. The ORTEP drawing confirms that 3a has
two benzothiophene and methoxy moieties.

No crystals showed photochromism but in hexane all cyclized
and changed color upon UV irradiation. Compound 1a underwent
rapid degradation after several cycles in hexane, whereas 2a and 3a
undergo reversible photochromism more than 10 times. Therefore
the photochromic performance was examined for 2a and 3a. Fig. 2

Scheme 1 Reagents and conditions: i, bromine (1 eq.), THF (55%); ii, 1) n-
BuLi (1 eq.), THF, 2) C5F8 (1 eq.) (18%); iii, MeLi (1 eq.), diethyl ether
(61%); iv, NaOMe (1 eq.), THF (48%).

Fig. 1 ORTEP drawing of 3a showing 50% probability displacement
ellipsoids.

Fig. 2 Absorption spectra of 3a (solid line) and 3b (dashed line) in hexane
(2.54 3 1025 mol l21) and in the photostationary state (broken line) under
irradiation with 313 nm light.
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shows the absorption spectral change of 3 upon irradiation with 313
nm light in hexane. Diarylethene 3a has an absorption shoulder at
300 nm (e 1.18 3 104 dm3 mol21 cm21). Upon irradiation with 313
nm light, the colorless solution of 3a turned brilliant red, in which
a visible absorption band was observed at 510 nm (e 7.58 3 103

dm3 mol21 cm21).
The conversion at the photostationary state from 3a to 3b was

52%. The colored isomer was isolated with HPLC and recrystal-
lized from hexane. X-Ray crystallographic analysis of the colored
crystal was carried out and the ORTEP drawing of the isomer is
shown in Fig. 3.13 The structure was confirmed to be 3b. The
colored form disappeared upon irradiation with visible light (l >
480 nm). Both isomers were stable at 50 °C in hexane and at 70 °C
for more than 1 week in toluene. The absorption intensity of 3b
decreased to 70% of the first cycle after 10 photocyclization/
cycloreversion cycles in the presence of air.14

In case of 2a, similar photochromic behavior was observed in
hexane. The conversion upon irradiation with 313 nm light at the
photostationary state was 60%. The absorption intensity of 2b
decreased to 70% of the first cycle after 100 photocyclization/
cycloreversion cycles in the presence of air.14 Table 1 summarizes
the absorption maxima and the molar coefficients of the open- and
closed-ring isomers in hexane. The cyclization and cycloreversion
quantum yields were also measured and are included in Table 1.
The cyclization quantum yields of 2a and 3a are almost similar. The
cycloreversion quantum yield of 3b (F = 0.085) was smaller than
that of 2b (F = 0.15). In diarylethene derivatives, a methoxy group
at the 2-position is known to decrease the cycloreversion quantum
yield.15 A similar substitution effect was observed for 3b.

In conclusion, a new type of 6p conjugated system having a
bis(2,3A-benzothienyl) unit has been synthesized and its photo-
chromic reactivity has been examined. These compounds under-
went efficient photochromic reactions in hexane. The colored
isomers were thermally stable. Further modification of the structure
is now in progress in our laboratory.
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Fig. 3 ORTEP drawing of 3b showing 50% probability displacement
ellipsoids.

Table 1 Absorption characteristics and photoreactivity of dithienylethene in
hexane

e/104 dm3 mol21 cm21

Quantum yield

Com-
pound a b

Cyclization
(313 nm)

Cyclo-
reversion
(517 nm)

2 1.2 (300 nm) 0.79 (504 nm) 0.41 0.15
3 1.2 (300 nm) 0.76 (510 nm) 0.40 0.085

C h e m . C o m m u n . , 2 0 0 4 , 1 0 1 0 – 1 0 1 1 1 0 1 1


