
A diarylethene1 having cholesterol units was synthesized in
an attempt to use it as a dopant to control the phase of liquid
crystals. By the addition of the diarylethene, 4-cyano-4'-pentyl-
biphenyl (K-15)(Tokyo kasei) nematic liquid crystal showed
cholesteric liquid crystalline texture. Upon irradiation with UV
light, the cholesteric phase was decomposed. The cholesteric
phase was recovered by visible light irradiation. The reversible
photoinduced-phase change was observed by alternate irradia-
tion with UV and visible light.

Photoinduced reversible phase change of liquid crystals is a
potentially useful technique to control optical properties of
switching or display devices.2 Such phase change can be
induced by using photochromic compounds as dopants. As the
first example, Sackmann reported on reversible color changes in
cholesteric phases induced by photochemical cis-trans isomer-
ization of dissolved azobenzene molecules.3 Recently, the
azobenzene derivatives4 and photochromic thioindigo dyes5

were also applied for the rapid switching of ferroelectric liquid
crystals.

Sato et al.6 investigated the photo-induced isomerization of
azobenzene in compensated liquid crystals composed of choles-
teryl chloride and cholesteryl nonanate, and found the transmit-
tance of the liquid crystals was controlled by photoirradiation.
Thereafter, a lot of photochromic compounds have been used as
the photo-triggers that induce phase changes in liquid crystals.7

On doping the photochromic compounds to thermotropic liquid
crystals, thermal stability of both isomers of the photochromic
compounds are desired. Recently, Feringa et al.8 reported that a
dithienylethene having chiral substituents could also be used as
a dopant to induce the phase change. It is known that some of
dithienylethenes lack the fatigue resistant property,9 while
diarylethenes that have benzothiophene rings have excellent
fatigue resistance.1

Herein we have synthesized a bisbenzothienylethene deriva-
tive having two cholesteric units and doped it into K-15 liquid
crystal in an attempt to induce the phase changes with high per-
formance. The diarylethene (1)10 was synthesized by condensa-
tion of diacid 211 and 2 equivalent amount of cholesterol in the
presence of dicyclohexylcarbodiimide as the dehydration regent.

The hexane solution of 1a is colorless and the absorption
maximum was observed at 318 nm (ε: 1.3 × 104 M-1cm-1). Upon
irradiation with UV light, the hexane solution turned red-purple,
producing the closed-ring isomer 1b as shown in Figure 1.  The
colored isomer showed the absorption maximum at 543 nm.  The
colored isomer 1b was stable even at 70 °C and never returned to

the colorless isomer 1a in the dark.  Upon irradiation with visible
light (λ > 480 nm), the color disappeared and colorless 1a was
regenarated.  The photochromic reaction was also monitored by
1H NMR spectra.  The methyl signals of 1a were observed at
2.25 and 2.52 ppm in CDCl3.  They were attributed to signals of
anti-parallel and parallel conformations, respectively.  The ratio
of a-p to p conformations was 65 : 35, which is almost same as
parent compound.  Upon UV irradiation, a new signal appeared
at 2.03 ppm, that is attributable to the methyl signal of closed-
ring isomer 1b and the signal disappeared by visible light irradi-

654 Chemistry Letters 2000

Copyright © 2000  The Chemical Society of Japan

An Optically Active Diarylethene Having Cholesterol Units: 
A Dopant for Photoswitching of Liquid Crystal Phases 

Kingo Uchida,* Yuji Kawai, Yo Shimizu,† Volkmar Vill,†† and Masahiro Irie†††

Department of Materials Chemistry, Faculty of Science and Technology, Ryukoku University, Seta, Otsu 520-2194
†Department of Organic Materials, Osaka National Research Institute, AIST-MITI, 1-8-31 Midorigaoka, Ikeda 563-8577
††Institute Fuer Organische Chemie, Universitaet Hamburg, Martin-Luther-King-Platz 6, D-2000 Hamburg 13, Germany

†††Department of Chemistry and Biochemistry, Graduate School of Engineering, Kyushu University and CREST, 
Japan Science and Technology Corporation (JST), 6-10-1 Hakozaki, Fukuoka 812-8581

(Received March 1, 2000; CL-000207)



ation.  Quantum yields of the photochromic reaction could not
be obtained, because isolation of the closed-ring isomer by
HPLC failed.

Diarylethene 1a was doped into a nematic liquid crystal,
K-15 to form a stable cholesteric phase (Figure 3a) and the tex-
ture was monitored using polorization microscope (Olympus
BH-2). In order to obtain a stable cholesteric phase, the addition
of 1–2 wt% of 1a was needed. The phase transition temperature
of chiral nematic to isotropic phase (N*-I) of the mixture of 1a
(2.0 wt%) and K-15 was 35.7 °C. The pitch and helical twisting
power were determined by the droplet method12 and the
Grandjean-Caro method.13 The result is summarized in Table 1.
When the mixture was irradiated with UV light (254 nm) for 60
s at 34.8 °C, the chiral nematic phase disappeared and a nematic
phase texture was observed (Figure 3b). The N-I phase transi-
tion temperature of the photoirradiated sample was 35.5 °C,
which was similar to N*-I phase transition temperature.
Irradiation with visible light (λ > 480 nm) for 1 or 2 s, finger
print texture of cholesteric phase was regenerated. The cycle
could be repeated more than 50 times without deterioration of
the liquid-crystalline phase.    
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