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Photochemistry and photophysics of diarylethenes'™ have
been extensively studicd because of the potential appli-
cability in optical memory and oploclectronic devices., The
excited state propertics of their nitrogen heteroanv]l deriva-
tives™! have also been investigated. However. the excited
statc behavior of diarvlethencs bearing sulfur helerocyclic
rings'=" is much less known. although special attention has
been paid (o 1.2-diarylethenes having (hiophene ring as
photochromic molecules’ in the last (en years because of
their thermal and optical stability and (atigue resistance. We
rcport here the preparation of  srans-1-(9-anthry [)-2-(2-
thicnyl)cthene (#-AThE). a thiophene derivative of frans-1-
(9-anthry1)-2-phenylethene (--APE). and ils absorption and
fluorcscence spectral data and photoisomerization behavior.

Whilg stilbene shows very weak [luorescence duc (o very
cfficicnt two-wayv photoisomerization.'™ relatively strong
(luorescences are observed in frans-diarylethences containing
large polvaromatic group such as anthracenc. which carry
oul only onc-way cis 1o frans photoisomerization,'™"” The
rcason why frans-anthrylarvlethenes are photochemically
unrcactive i8 duc to high activation barricr to twisting of
C=C bond by (he localization of the ¢xcilation cnergy on
large polyaromatic moicty.

Intramolecular charge transfer (ICT) processes have been
extensively studied for a number of donor- and acceplor-
containing compounds including stilbene derivatives,'™ !
ICT is expecied not only (0 make the fluoreseence sensitive
10 the solvent polartity. but also (o provide a way (o lower the
activation barricr (o twisting of cthene bond in diarylethene
containing large aromatic ring. Introduction of helcroaro-
matic ring into diarvicihene increascs the dipole moment of
the compound (o initiatc the excited state ICT processcs. !
Photoisometization rcactions and very weak (luorcscence
have been obscrved in polar solvent for N-heteroaromatic
derivatives of --APE. ~* probably duc 1o the contribution of
the TCT statc. in contrast that no pholoisometization and
relatively strong Muorcscence was obscrved for -APE itsclf,
It is likcly that other helcroaromatic derivatives such as
thiophene increases the donor-acceptor ability to favor the
formation of the excited TCT state and lcads to influcnce
Muorcscence and photoisomerization characternistics.

Absorption and fluorcscence spectra of 1-AThE in ¢yclo-
hexane and acctonitrile are shown and compared with thosc
of ~-APE and f-APvE in Figurc 1. Table | summarizes the
lowest excited singlet state parameters of ~-AThE as well as
1-APE and -APvE. Absorption spectral shape and its maxima

arc similar for /-APE. -APyE. and -AThE and not ncarly
influcnced by the solvent polarity as shown in Table 1.
Howcever. the longest absorption bands of r-AThE and /-
APyE arc similar to cach other and arc broader than that of a
hvdrocarbon molccule. -APE.

The situation is dilferent for [luorescence spectra. In
contrast 1o the absorption spectra. fluorcscence spectra are
greatly influenced by the heteroaromatics introduced in
anthrylarylcthenes and the solvent polarity for their intensity
or position. For a hvdrocarbon r-APE. the fluorescence
wavclength maxima and Muorcscence quantum yicld are not
so dilTerent in the solvents of dilferent polarity. However. the
solvatochromic cTect on the fluorescence spectra is observ-
ablc for -APyE. In acclonitrile. t-APYE shows large red-
shifl of ca. 17 nm and remarkable decreasc of Muorcscence
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Fgure 1. Absorption and fluorescence spectra ot --APE (sohd line),
-APvLE (dashed line), and -AThl (dolted line) in cyelohexane
(upper) and acetonitrile (lower).
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Table 1. Absorption and tluorescence data of +-APE, +~APYE, and
-ATHLE in ey clohexime and acetonitrile

Compound Selvent A, nm A/ nm Dy D
-APLF evelohexane 385 468 044 001
acelomtnle 385 476 0.45 (.003
f-APN]E evelohexane 386 476 044 001
acelomtnle 380 493 .04 (.37
-AThl: evelohexane 387 502 028 001
acelomtnle 387 502 0.02 (.20
“Data from rell 24.
Table 2. Absorption and {luorescence data of +-AThL in various
solvents
Solvent 1 30)7 A ame A nm thy
evelohexane 312 387 502 (.28
loluene 339 390 502 (.24
tetrahvdrofuran 374 389 502 (072
dichloromethane 381 300 302 0.066
ethy] acelate 41.] 388 498 0.086
acetonitrile 40.0 388 02 (L.013
ethanol 51.9 387 02 (L0444
methano! 353 387 s02 (L.O18

“Dimroth’s empinical solvent polanty parameter.

quantum vield relative to in cvclohexane (see Table 1). In
nonpolar solvents. efficient fluorescence was observed. On
the other hand. polar solvents result in the drastic reduction
of fluorescence quantum vield. These results for r-APYE are
probably due to the stabilization of intramolecular charge
transfer (ICT) excited state in polar solvent. For -AThE,
even in cyvclohexane. red-shifted fluorescence spectum is
observed relative to that of r-APE. But. the solvatochromic
shift of the fluorescence spectrum is not observed in contrast
to -APVE. viz. fluorescence maximum of AThE in aceto-
nitrile is the same as in cyclohexane. while the fluorescence
quantum vield is greatly reduced in polar solvents. Absorp-
tion and fluorescence maxima and quantum yields of
-AThE are shown in Table 2 in various solvents. The above
three compounds respond differently to the solvent polarity
for fluorescence behavior. which are well compared in
Figure 2.

For both f-AThE and f-APVE in polar solvents. it is
inferred that 1CT plavs a role in causing @ to decrease. and
opens other radiationless or reactive pathwayvs. such as
photoisomerization.

In cyclohexane. -AThE underwent no photoisomerization.
similar to f-APE and f-APYE (see Table 1). In acetonitrile.
photoisomerization of f~-AThE upon irradiation is relatively
efficient like ~APvE. On irradiation at 366 nn1. absorption
spectral change of 7-AThE is shown in Figure 3. When
irradiated in acetonitrile, absorption spectrum of 7-AThE
becomes more stnictured and shows the decrease of its
intensity, due to #ans — ¢is photoisomerization. For --AThE
and ~-APvE in acetonitrile. the decrease of the fluorescence
quantum vields are compensated with the increase of the
photoisomerization quantum vields contrast to those in
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Figure 2. Dependence ot fluorescence maximum vy (closed symbol)
and fluorescence quanium vield @y (open symbol) for +APL
(circle), -APYE (rectangle), and ~AThE (triangle) on the solvent
polarity. Er(30) represents Dimroth’s empirical solvent polarity
parameter.
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Figure 3. Absorption spectral change ot --AThF 1n acetonitrile on
trradiation at 366 nm.

cvclohexane remaining constant. as shown in Table 1. 1-(9-
Anthryl)-2-phenylethene, a hyvdrocarbon derivative without
any heteroatom is well known to undergo no trans — cis
photoisomerization. The effect of introducing a heteroaryl
ring such as thiophene and pyridine in -APE can be
explained by a contribution of the excited intramolecular
charge transfer state to the photoisomerization behavior as
well as the photophysical properties. <. of 7-AThE((.20) is
lower than that of ¢-APvE(0.37) in acetonitrile. This reflects
that a lower degree of intramolecular charge transfer
character induced by less electronegative sulphur than
nitrogen makes rrans — cis photoisomerization less feasible.

In conclusion. the absorption and fluorescence and photo-
isomerization quantum vields of 7-AThE were measured in
cvclohexane and acetonitrile at room temperature. The
observations in 7-AThE are different with either -APE or #-
APVE. Both absomtion and fluorescence maxima of ~-AThE
remain unchanged in various solvents. The fluorescence in
polar solvents is extremely weak in contrast to moderate
flnorescence quantum yield in nonpolar solvents. In cyclo-
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Scheme 1. Structures of APL, APyL, and AThL.

¢c-AThE

hexane. a nonpolar solvent. efficient fluorescence was
observed. while no photoisomerization was observed as /-
APvE. Acetonitrile. a polar solvent. result in the drastic
reduction of fluorescence quantum vield and increase of
photoisomerization quantum yield similar to ~~APvE. but no
shift of fluorescence maximum in contrast to -APvE.

Experimental Section

Materials. rans-1-(9-Anthy1)-2-(2-thieny1)ethene (--AThE)
was prepared from Wittig coupling of Y-bromomethyl-
anthracene™ and 2-thiophenealdehvde. The structure was
identified by IR. 'H NMR. and mass spectra. f-AThE: vellow
solid: IR 3049, 1619, 1440, 1261, 1093, 1018. 939. 808. 738,
695 cm™. "H NMR (300 MHz. CDCl3) § 7.06-7.11 (2H. m.
H4. 7). 723 (1H.d./=33Hz H3). 731 (lH.d./J=3.1 Hz.
H3). 746-7.50 (4H.dd. /=64 Hz. 3.3 Hz H2". 3°.6". 7).
7.77 (1H.d. /= 16.5 Hz. H6). 8.00-8.03 (2H. dd. /= 6.4 Hz,
3.3 Hz HY'. 57). 834-38 (2H. dd. / = 6.4 Hz. 3.3 Hz. HI",
8. 840 (1H. s. HI10"). MS m/e 286 (M’). ¢-AThE: pale
vellow solid: 'H NMR (300 MHz. CDCl;) §6.42 (1H.d.J =
59 Hz H7). 688-698 (2H. m . H3. 4). 7.15(IlH. d. /=16
Hz. H3). 7.40-7.50 (3GH. m. H2". 3°. 6°. 7°. 10"). 7.64 (IH. d.
J=59Hz. H6). 8.00-8.03 (2H. dd. /=64 Hz 3.3 Hz H{".
57). 8.18-22 (2H. dd. / = 6.4 Hz. 3.3 Hz. HI". 8"). MS m/e
286 (M").

Spectroscopic and Photochemical Measorements. IR
spectra were obtained in KBr pellets on Midac Prospect-IR
spectrometer. 'H NMR spectra were measured on a 300
MHz Bruker DRX300 in chloroform-d¢;. Mass spectra were
obtained on Micromass Platform II GC-MS spectrometer.
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Absorption spectra were recorded on a Shimadzu UV-
2401PC spectrophotometer. Steady-state fluorescence spectra
were recorded on an SLM-Aminco AB2 luminescence
spectrophotometer. The concentrations were controlled to be
ca. 1 x 107" M. where the absorbances of the solutions at the
excitation wavelength of 360 mmn were usually at the value of
0.07-0.08. to avoid inner filter effects. Fluorescence quan-
tum vields (@) were determined using quinine bisulfate as a
standard (@7 = 0.55 in 0.1 M H-SO;).”” For the determination
of photoisomerization quantum vield. irradiation wavelength
of 366 nm isolated with Coming glass filters (CS 0-52 and 7-
60) was emploved in argon-saturated solution using a4 home-
built merry-go-round system equipped with a Hanovia
430W medium-pressure Hg arc lamp. Potassium ferrioxalate
was used for chemical actinometry.” Concentration for the
measurements of quantum vield of photoisomerization was
adjusted to be ca. 8 x 107" M in which all incident light was
absorbed. Quantitative analyses of the frans — ¢is photo-
isomerization reaction were carried out by HPLC at a flow
rate of 1 mL min™' using methanol as an eluent. HPLC was
accomplished using Merck LiChrosorb RP-18 analytical
column on a Spectra-Physics SP precision isocratic pump. a
Spectra 100 variable wavelength detector, and a SP4290
integrator.
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