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ring: Thiophene, furan, and their fused ring derivatives
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Abstract

Four 1-(9-anthryl)-2-heteroarylethene derivatives containing sulfur or oxygen atom such as 1-(9-anthryl)-2-(2-thiophenyl)ethene (ATE),
1-(9-anthryl)-2-(2-benzo[b]thiophenyl)ethene (ABTE), 1-(9-anthryl)-2-(2-furanyl)ethene (AFE), and 1-(9-anthryl)-2-(2-benzofuranyl)ethene
(ABFE) have been prepared and their excited state properties have been investigated in cyclohexane, acetonitrile, and methanol. These sulfur-
or oxygen-heteroaromatic ring derivatives show solvent-dependent fluorescence and photoisomerization behavior, due to the intramolecular
charge-transfer character of the lowest S1 state. Substituent effect on fluorescence and photoisomerization of ATE further supports the
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ontribution of the intramolecular charge-transfer character to the lowest S1 state, which is more increased by the introduction of elec
ithdrawing substituent into anthracene ring.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Reversibletrans–cis photoisomerization of stilbene and
heir heteroaryl derivatives have been extensively investi-
ated because of the potential applicability in optical mem-
ry and optoelectronic devices[1]. However, on irradiation,
rans-1-(9-anthryl)-2-phenylethene shows no photoreactivity
ncluding trans→ cis photoisomerization, but high fluores-
ence quantum yield[2–7]. The excitation energy is exten-
ively localized in the large anthracene moiety for the energy
f the excited transoid geometry to be considerably low in the
xcited potential energy surface. In order to maketrans→ cis
hotoisomerization possible, energy barrier going from the

ow-lying excitedtransgeometry to twisted geometry should
e lowered. Intramolecular charge transfer (ICT) processes

8–11], which could be initiated by the introduction of het-
roaromatic ring into diarylethene[12], could provide a way

o lower the activation barrier to CC bond twisting in di-
rylethene containing large aromatic ring such as anthracene.

∗ Corresponding author. Tel.: +82 6 1750 3635; fax: +82 6 1750 3608.

APE derivatives[13–18] containing electron-deficie
nitrogen-heteroaromatics such as pyridine[13,14], pyrazine
[15], or quinoline ring[16,17] have so high dipole mo
ment to carry outtrans→ cisphotoisomerization as well
cis→ transphotoisomerization by the aid of ICT process
depending on the medium.

From the viewpoint of correlating the photophysi
properties and photoisomerization behavior of 1-(9-anth
2-arylethenes with the size and heteroatom substitutio
aryl groups, our study has been extended to thiophen
benzothiophene derivatives containing sulfur atom,
furan and benzofuran derivatives containing oxygen atom
addition to that, it is expected that introduction of heteroa
induces the change of the energy surface in the ex
state and in turn makes photoisomerization possible. To
out the way to lower energy barrier to photoisomerizat
various heteroaromatic rings bearing oxygen or sulfur
introduced intotrans-1-(9-anthryl)-2-phenylethene. We p
pare two furan derivatives of 1-(9-anthryl)-2-phenylethe
1-(9-anthryl)-2-(2-furanyl)ethene (AFE) and 1-(9-anthr
2-(2-benzofuranyl)ethene (ABFE)—and two thioph
E-mail address:ejs@sunchon.ac.kr (E.J. Shin). derivatives—1-(9-anthryl)-2-(2-thiophenyl)ethene (ATE)
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and 1-(9-anthryl)-2-(2-benzo[b]thiophenyl)ethenes (ABTE).
The present work deals with the properties of the excited
state of ATE, ABTE, AFE, and ABFE including absorption,
steady state fluorescence, fluorescence decay, and photoiso-
merization behavior. Substituent effect on the excited state
properties of ATE has been also investigated by introducing
the substituents into 10-position of anthracene ring.

2. Experimental

2.1. Synthesis

The syntheses of ABTE, AFE, and ABFE were accom-
plished by Wittig reaction between 9-anthrylmethyltri-
phenylphosphonium bromide and corresponding aldehyde,
using similar method as preparing ATE[19]. 1-(10-Chloro-9-
anthryl)-2-(2-thiophenyl)ethene (Cl-ATE) and 1-(10-methyl-
9-anthryl)-2-(2-thiophenyl)ethene (Me-ATE) were also pre-
pared by Wittig reaction between 10-X-9-anthraldehyde
(X = Cl or CH3) and 2-bromomethylthiophene. Their struc-
tures were identified by1H NMR and mass spectra
(Scheme 1).

S
d

t-ABTE: greenish yellow solid; IR 3031, 1649, 1540,
1513, 1456, 1422, 1082, 882, 732 cm−1. 1H NMR (300 MHz,
CDCl3) δ 7.34–7.52 (8H, m), 7.80 (1H, s), 7.98–8.06 (4H, m),
8.41–8.46 (3H, m). MSm/e336 (M+).
t-AFE: yellow solid; IR 3049, 1623, 1440, 1271, 1093,

1018, 963, 808, 738, 695 cm−1. 1H NMR (CDCl3): δ

6.51–6.55 (1H, m, furan H3), 6.83–6.88 (1H, m, furan H4),
6.98 (1H, d,J= 16 Hz, ethene H1), 7.48–7.51 (5H, m, furan
H5, anthracene H2, 3, 6, 7), 8.01–8.07 (2H, m, anthracene
H4, 5), 8.10 (1H, d,J= 16 Hz, ethene H2), 8.37–8.40 (2H,
m, anthracene H1, 8), 8.50 (1H, s, anthracene H10). MSm/e
270 (M+).
t-ABFE: yellow solid; IR 3053, 1539, 1514, 1457, 1379,

1279, 1124, 802, 735 cm−1. 1H NMR (CDCl3): δ 6.75
(1H, s, benzofuran H3), 6.91 (1H, d,J= 16 Hz, ethene H1),
7.24–7.28 (2H, m, benzofuran H5, 6), 7.33–7.36 (1H, m,
benzofuran H4), 7.48–7.51 (4H, m, anthracene H2, 3, 6, 7),
7.57–7.60 (1H, m, benzofuran H7), 8.01–8.07 (2H, m, an-
thracene H4, 5), 8.19 (1H, d,J= 16 Hz, ethene H2), 8.39–8.42
(2H, m, anthracene H1, 8), 8.50 (1H, s, anthracene H10). MS
m/e320 (M+).
t-Cl-ATE: yellow solid; 1H NMR (CDCl3): δ 7.06 (1H,

d, J= 16.3 Hz, ethene H1), 7.12 (1H, dd,J= 3.6 and 5.1 Hz,
thiophene H4), 7.18 (1H, d,J= 3.6 Hz, thiophene H3), 7.35
(1H, d,J= 5.1 Hz, thiophene H5), 7.55 (2H, ddd,J= 1.2, 8.0,
and 8.8 Hz, anthracene H2, 7), 7.64 (2H, ddd,J= 1.2, 8.0, and
8 e
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.8 Hz, anthracene H3, 6), 7.73 (1H, d,J= 16.3 Hz, ethen
2), 8.40 (2H, td,J= 0.8 and 8.8 Hz, anthracene H1, 8), 8

2H, dd,J= 0.8 and 8.0 Hz, anthracene H4, 5). MSm/e 320
M+).
t-Me-ATE: yellow solid;1H NMR (CDCl3): δ 3.06(3H,

, CH3), 6.95 (1H, d,J= 16.3 Hz, ethene H1), 7.01 (1
d, J= 3.5 and 5.1 Hz, thiophene H4), 7.07 (1H, dd,J= 0.5
nd 3.5 Hz, thiophene H3), 7.23 (1H, m, thiophene H
.41–7.46 (4H, m, anthracene H2, 3, 6, 7), 7.69 (1H
= 16.3 Hz, ethene H2), 8.26 (2H, dd,J= 0.7 and 9.1 Hz, an

hracene H4, 5), 8.32 (2H, dd,J= 0.7 and 7.9 Hz, anthrace
1, 8). MSm/e300 (M+).

.2. Spectroscopic measurements

IR spectra were obtained in KBr pellets on Mid
rospect-IR spectrometer.1H NMR spectra were measur
n a 300 MHz Bruker DRX300 or 400 MHz Bruker Avan
00 NMR spectrometer in chloroform-d1. Mass spectra we
btained on Micromass Platform II GC-MS spectrom

er. Absorption spectra were recorded on a Shimadzu
401PC spectrophotometer. Steady-state fluorescence

ra were recorded on a SLM-Aminco AB2 luminesce
pectrophotometer. The concentrations were controlled
a. 1× 10−5 M, where the absorbances of the solutions a
xcitation wavelength of 360 nm were usually at the valu
.07–0.08, to avoid inner filter effects. Fluorescence qua
ields (Φf ) were determined using quinine bisulfate as a s
ard (Φf = 0.55 in 0.1 M H2SO4) [20]. Time-resolved fluores
ence decay was measured on a Edinburgh FL900 pic
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ond time-resolved luminescence spectrometer equipped with
Mira Model 900-P Laser.

2.3. Photoisomerization quantum yield determination

Quantum yields of photoisomerization were determined
in a home-made merry-go-round system equipped with a
Hanovia 450 W medium pressure Hg arc lamp. Corning glass
filters CS 0–52 and 7–60 were employed to isolate the wave-
length of 366 nm. Potassium ferrioxalate was used for chem-
ical actinometry. The concentration of 1× 10−3 M was em-
ployed where the absorbance of the solution was above 2 and
all the incident light was absorbed. Photolysis was carried
out to below 5% conversion to avoid competition of the back
and the paralled reactions.

Quantitative analyses for the photochemicaltrans–cis iso-
merization reaction were carried out by HPLC at flow rate
of 1 ml/min using methanol as eluent. HPLC was accom-
plished with Merck LiChrosorb RP-18 analytical column
on a Spectra-Physics SP 8810-010 liquid chromatograph
equipped with SP8810 precision isocratic pump, Spectra 100
variable wavelength detector, and SP4290 integrator.

3. Results and discussion

3
a

s of
1 -
c tra of
f

similar to one another, regardless of the kind of heteroaro-
matic ring, and also similar in the solvents of varying polarity
(Table 1). Their longest absorption band maxima lie around
386–388 nm.

Fluorescence spectra of electron-rich sulfur- or oxygen-
containing heteroaromatic derivatives,t-ATE, t-ABTE, t-
AFE, and t-ABFE, were observed in much longer wave-
length, even in nonpolar solvent of cyclohexane, than that of
hydrocarbon reference compoundt-APE (Table 1). t-ABFE
shows longest fluorescence wavelength maximum of 524 nm
among the compounds listed inTable 1. Table 1summa-
rizes absorption maxima, fluorescence maxima, fluorescence
lifetimes, fluorescence quantum yields, and photoisomeriza-
tion quantum yields fort-ATE, t-ABTE, t-AFE, andt-ABFE
with those of a hydrocarbon reference compoundt-APE and
an electron-poor pyridine derivativetrans-1-(9-anthryl)-2-(4-
pyridyl)ethene (t-APyE). Fluorescence maxima oft-ATE, t-
ABTE, t-AFE, andt-ABFE are nearly unchanged in the sol-
vents of different polarity. This is in contrast to electron-poor
pyridine heteroaromatic compoundt-APyE, showing large
red-shift (29 nm, 473 nm→ 502 nm) of fluorescence maxi-
mum on going from cyclohexane to methanol.

In contrast to the solvent-independent absorption and fluo-
rescence maxima, other fluorescence properties such as quan-
tum yield and lifetime oft-ATE, t-ABTE, t-AFE, and t-
ABFE are greatly influenced by the solvent polarity. For a
h m
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.1. Excited state properties of t-ATE, t-ABTE, t-AFE,
nd t-ABFE

Absorption spectra for thiophene or furan derivative
-(9-anthryl)-2-phenylethene (t-APE) were obtained in cy
lohexane, acetonitrile, and methanol. Absorption spec
our compounds,t-ATE, t-ABTE, t-AFE, andt-ABFE, are

able 1
bsorption maxima (λmax

a ), fluorescence maxima (λmax
f ), and quantum y

yclohexane, acetonitrile, and methanol

ompound Solvent λmax
a (nm) λ

-APEa Cyclohexane 385
Acetonitrile 385 4

-APyEb Cyclohexane 386
Acetonitrile 388 4
Methanol 386

-ATEa Cyclohexane 387
Acetonitrile 388 5
Methanol 387

-ABTE Cyclohexane 387
Acetonitrile 387 5
Methanol 387

-AFE Cyclohexane 386
Acetonitrile 386 5
Methanol 386

-ABFE Cyclohexane 388
Acetonitrile 388 5
Methanol 388

a Taken from Ref.[16].
b Taken from Refs.[13,14].
ydrocarbon model compoundt-APE, fluorescence quantu
ield and fluorescence lifetime as well as fluorescence w
ength maximum remain unchanged in the solvents of di
nt polarity (Table 1). However, for an electron-poor pyridi
erivativet-APyE, large red-shift of fluorescence wavelen
aximum and remarkable decrease of fluorescence

um yield and lifetime in polar solvents have been obse

f) of of t-APE, t-APyE, and their S- and O-heteroaromatic derivative

) τf (ns) Φf Φt→c

3.6 0.44 <0.01
4.3 0.45 0.003

3.6 0.44 <0.01
0.3 0.04 0.37
– 0.04 0.35

3.4 0.28 <0.01
0.3 (86 %) 1.7 (14 %) 0.02 0.20
– 0.02 0.18

2.5 0.19 <0.01
1.2 0.03 0.15
– 0.05 0.14

4.3 0.47 <0.01
1.1 0.07 0.38
– 0.12 0.35

4.2 0.43 <0.01
4.6 0.38 0.04
– 0.39 0.04



198 E.J. Shin, H.-S. Jung / Journal of Photochemistry and Photobiology A: Chemistry 173 (2005) 195–201

(Table 1), probably due to the stabilization of intramolecular
charge transfer (ICT) excited state in polar solvents.

For electron-rich sulfur- or oxygen-containing heteroaro-
matic derivatives,t-ATE, t-ABTE, t-AFE, andt-ABFE, most
salient feature different from electron-poor pyridine het-
eroaromatic derivativet-APyE is that their fluorescence
wavelength maxima are not shifted in polar solvents, al-
though their fluorescence quantum yields and lifetimes are
greatly reduced in polar solvents. Intramolecular charge
transfer between electron-rich sulfur- or oxygen-containing
heteroaromatic ring and� electron-rich anthracene ring
in t-ATE, t-ABTE, t-AFE, and t-ABFE is expected to be
less efficient than intramolecular charge-transfer between an
electron-poor pyridine ring and� electron-rich anthracene
ring in t-APyE. Therefore, less contribution of ICT to the
S1 state leads to solvent-independent fluorescence maxima
in the solvents of varying polarity for electron-rich sulfur-
or oxygen-containing heteroaromatic derivatives,t-ATE, t-
ABTE, t-AFE, and t-ABFE. Sulfur- or oxygen-containing
monocyclic heteroaromatic derivativest-ATE andt-AFE are
more sensitive to the solvent polarity for fluorescence behav-
ior than sulfur- or oxygen-containing fused-ring heteroaro-
matic derivativest-ABTE andt-ABFE.

Fluorescence quantum yield and lifetime oft-ATE are 0.28
and 3.4 ns in cyclohexane and 0.02, 0.3, and 1.7 ns in ace-
tonitrile (Table 1), and those oft-AFE are 0.47 and 4.3 ns in
c other
h
a ns in
a y-
c ence
q atic

derivativest-ATE andt-AFE are more greatly reduced in po-
lar solvents than those of their fused ring derivativest-ABTE
and t-ABFE. Especially,t-ABFE are nearly unchanged for
fluorescence wavelength maximum, quantum yield, and life-
time regardless of the solvent polarity. Sulfur-containing het-
eroaromatic derivativest-ATE and t-ABTE show weaker
fluorescence than oxygen-containing heteroaromatic deriva-
tivest-AFE andt-ABFE. It is probably due to more efficient
intersystem crossing in the presence of heavy sulfur atom.
Fluorescence oft-ATE shows most strongly dependent on
the solvent polarity among the compounds studied. Fluores-
cence oft-ATE is extremely weak in acetonitrile.

Furan, thiophene, and benzothiophene derivatives dis-
play solvent dependent fluorescence properties, while flu-
orescence of benzofuran derivative is much less sensitive to
the solvent polarity. All the heteroaromatic derivatives stud-
ied in this study accomplishtrans→ cisphotoisomerization
in polar solvents.

In cyclohexane, all the compounds studied,t-ATE, t-
ABTE, t-AFE, andt-ABFE, accomplish no photoisomeriza-
tion (seeTable 1). On the other hand, upon irradiation in ace-
tonitrile, trans→ cis photoisomerization reactions of these
four compounds exceptt-ABFE are relatively efficient like
t-APyE. For electron-rich thiophene or furan derivativest-
ATE, t-ABTE, andt-AFE as well as electron-poor pyridine
derivativet-APyE, the decrease of the fluorescence quantum
y e of
t
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p ene
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t
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f (nm

t 473
499
502

t 482
499
504

t 502
551
561

t 502
502
502

t 502
503
503

t 501
512
510
yclohexane and 0.07 and 1.1 ns in acetonitrile. On the
ands, fluorescence quantum yield and lifetime oft-ABTE
re 0.19 and 2.5 ns in cyclohexane and 0.03 and 1.2
cetonitrile, and those oft-ABFE are 0.43 and 4.2 ns in c
lohexane and 0.38 and 3.6 ns in acetonitrile. Fluoresc
uantum yields and lifetimes of monocyclic heteroarom

able 2
bsorption maxima (λmax

a ), fluorescence maxima (λmax
f ), and quantum y

-Me-APyE in cyclohexane, acetonitrile, and methanol

ompound Solvent λmax
a (nm) λ

-APyEa Cyclohexane 386
Acetonitrile 388
Methanol 386

-Cl-APyEa Cyclohexane 398
Acetonitrile 400
Methanol 398

-Me-APyEa Cyclohexane 398
Acetonitrile 400
Methanol 398

-ATE Cyclohexane 387
Acetonitrile 387
Methanol 387

-Cl-ATE Cyclohexane 399
Acetonitrile 402
Methanol 399

-Me-ATE Cyclohexane 398
Acetonitrile 399
Methanol 398

a Taken from Ref.[14].
ields in polar solvent is compensated with the increas
he photoisomerization quantum yields, as shown inTable 1.

It couldn’t be completely excluded the contribution
he triplet state on the excited state properties including
hotoisomerization. Although 1-(9-anthryl)-2-phenyleth
oes not carry out thetrans→ cis photoisomerization an

) of t-ATE, t-Cl-ATE, andt-Me-ATE along witht-APyE, t-Cl-APyE, and

) τf (ns) Φf Φt→c

3.6 0.44 <0.01
0.3 0.04 0.37
– 0.04 0.35

3.6 0.43 <0.01
0.5 0.07 0.40
– 0.04 0.35

4.3 0.53 <0.01
0.2 0.015 0.45
– 0.008 0.35

3.4 0.28 <0.01
0.3 (86 %) 1.7 (14 %) 0.02 0.20
– 0.02 0.18

2.7 0.21 <0.01
0.16 (88 %) 1.7 (12 %) 0.004 0.31
– 0.008 0.28

3.6 0.30 <0.01
1.8 (43 %) 3.5 (57 %) 0.17 0.15
– 0.18 0.15
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its derivatives containing various substituents on the phenyl
ring are known to conduct thetrans→ cis photoisomeriza-
tion on the excited singlet energy surface[3–6]. Formation
of the triplet state could be a competing decay process with
fluorescence emission and photoisomerization.

For sulfur- or oxygen-containing heteroaromatic deriva-
tives in polar solvents, it is inferred that intramolecular charge
transfer plays a role in causingΦf andτf to decrease by low-
ering the barrier to CC bond twisting, and opens other radi-
ationless or reactive pathways, such as intersystem crossing
or photoisomerization.

3.2. Substituent effect on the excited state properties of
t-ATE

As mentioned above, the excited state properties oft-ATE
are most dependent on the solvent polarity, among electron-
rich thiophene or furan derivativest-ATE, t-ABTE, t-AFE,
andt-ABFE. To examine the contribution of the intramolecu-
lar charge transfer to the excited state properties, somet-ATE
derivatives substituted at 10-position of anthracene moiety
have been prepared and their excited state properties have
been investigated.

Absorption maxima, fluorescence maxima, fluorescence
lifetimes, fluoresence quantum yields, and photoisomeriza-
tion quantum yields for electron-rich thiophene derivatives
t
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Fig. 1. Absorption and fluorescence spectra oft-ATE (top), t-ClATE (mid-
dle), andt-MeATE (down) in cyclohexane (solid line), acetonitrile (dotted
line), and methanol (dashed line).

ATE andt-Me-ATE show more red-shifted absorption max-
ima around 400 nm than the unsubstituted onet-ATE.

As shown inFig. 1, for t-X-ATE, their fluorescence wave-
length maxima are not shifted in polar solvents, although
their fluorescence quantum yields and lifetimes are greatly
reduced in polar solvents. Fluorescence quantum yield oft-
ATE are 0.28 in cyclohexane and 0.02 in acetonitrile. For
t-Cl-ATE, fluorescence maximum remains unchanged in con-
trast tot-Me-APyE showing red-shift in polar solvent as large
as 49 nm. However, fluorescence quantum yield is greatly
-ATE, t-Cl-ATE, and t-Me-ATE are presented inTable 2
ith those of electron-poor pyridine derivativest-APyE, t-
l-APyE, andt-Me-APyE.
Among electron-poor pyridine derivatives,t-Me-APyE

ontaining electron-donating methyl substituent disp
trongest dependence on the solvent polarity for the
ited state properties. Absorption wavelength maximum
ain unchanged at 386 nm in the solvents of varing

arity for t-APyE. Cl- or Me-substituted compounds sh
ore red-shifted absorption maxima around 400 nm

he unsubstituted one. Fluorescence spectral shift an
uction of fluorescence quantum yield in polar solvent

argest for electron-donating methyl substituted derivatit-
e-APyE, while smallest for electron-withdrawing Cl su

tituted derivativet-Cl-APyE. Fort-Me-APyE, shift of flu-
rescence maximum is as large as 49 nm and fluores
uantum yield is greatly reduced on going from cyclohex
0.53) to acetonitrile (0.015). On the contrary, for electr
ich thiophene derivatives, reduction of fluorescence qua
ield and lifetime in polar solvent are largest for electr
ithdrawing Cl substituted derivativet-Cl-ATE, while small-
st for electron-donating methyl substituted derivativet-Me-
TE.

Absorption spectra fort-X-ATE (X = H, Cl, or Me) were
btained in cyclohexane, acetonitrile, and methanol (Fig. 1).
bsorption spectra of three compoundst-ATE, t-Cl-ATE, and

-Me-ATE are similar to one another and also similar in
olvents of varying polarity. Absorption wavelength ma
um remains unchanged at 387 nm in the solvents of v
olarity for t-ATE. Cl- or Me-substituted compoundst-Cl-
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Fig. 2. Fluorescence decay curve of oft-ATE (upper),t-Cl-ATE (middle), andt-Me-ATE (lower) in cyclohexane (left) and acetonitrile (right).

reduced on going from cyclohexane (0.21) to acetonitrile
(0.004). Fluorescence maximum oft-Me-ATE also remains
unchanged, but fluorescence quantum yield is only moder-
ately reduced on going from cyclohexane (0.30) to acetoni-
trile (0.17).

Fig. 2 shows fluorescence decay curves oft-ATE, t-Cl-
ATE, and t-Me-ATE in cyclohexane and acetonitrile. In
cyclohexane, only one component for all threet-X-ATE
derivatives is observed in fluorescence decay. However, flu-
orescence emission decay profiles in acetonitrile follow bi-
exponential decay kinetics for all threet-X-ATE. These ob-
servations indicate that two decay components fromtrans
isomer andcis isomer are observed in acetonitrile because
trans→ cisphotoisomerization occurs in acetonitrile, while
only one decay component fromtrans isomer is observed in
cyclohexane because notrans→ cisphotoisomerization oc-
curs in cyclohexane. As shown inTable 2, fluorescence decay

of t-ATE changes from mono-exponential to bi-exponential
and becomes faster on going from cyclohexane (3.4 ns)
to acetonitrile (0.3 and 1.7 ns). Fluorescence lifetime of
t-Cl-ATE is also greatly shortened on going from cyclo-
hexane (2.7 ns) to acetonitrile (0.16 and 1.7 ns). Fort-Me-
ATE, although fluorescence decay still changes from mono-
exponential to bi-exponential on going from cyclohexane
(3.5 ns) to acetonitrile (1.8 and 3.6 ns), lifetime of longer
component does not change in acetonitrile (3.5 ns) in com-
parison with that in cyclohexane (3.6 ns), reflecting ineffi-
cient trans→ cis photoisomerization oft-Me-ATE. We as-
sume that for eacht-X-ATE derivative, longer component is
due totransisomer and shorter component tocis isomer. De-
pendence of fluorescence properties on the solvent polarity
decreases in the the order oft-Cl-ATE > t-ATE > t-Me-ATE.

For all electron-rich thiophene derivativest-X-ATE
(X = H, Cl, or Me), in the polar solvent, the photoisomer-
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ization quantum yields increase while the fluorescence quan-
tum yields decrease, as shown inTable 2. All three t-X-ATE
executed no photoisomerization in nonpolar solvent, but rela-
tively efficient photoisomerization in polar solvent.t-Cl-ATE
shows most increased photoisomerization quantum yield in
polar solvent among all threet-X-ATE.

Prominent difference between electron-rich thiophene
derivativest-X-ATE (X = H, Cl, or Me) and electron-poor
pyridine derivativest-X-APyE (X = H, Cl, or Me) is that
t-Cl-ATE containing electron-withdrawing Cl substituent
among electron-rich thiophene derivativest-X-ATE displays
strongest dependence on the solvent polarity for the ex-
cited state properties, whilet-Me-APyE containing electron-
donating methyl substituent displays strongest dependence
among electron-poor pyridine derivativest-X-APyE.

4. Conclusion

The effect of introducing a heteroaryl ring such as thio-
phene, furan, or pyridine intot-APE could be explained by
a contribution of the excited intramolecular charge transfer
state to the photoisomerization behavior as well as the photo-
physical properties. Fluorescence properties of electron-rich
thiophene or furan ring derivativest-ATE, t-ABTE, t-AFE,
andt-ABFE are dependent on the solvent polarity for its in-
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