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Abstract

Photochromic symmetrical diarylethenes 10—50 bearing different electron-donating or electron-withdrawing substitutents have been synthe-
sized, and the structures of 1o, 20, 40, and 50 were determined by single-crystal X-ray diffraction analysis. Substitutent effects on their optoelec-
tronic properties, including photochromism, fluorescence, and electrochemical properties were investigated in detail. The electron-withdrawing
substituents can shift significantly the absorption maxima of the diarylethenes to a longer wavelength and increase their cyclization quantum yield,
while the molar absorption coefficients increased with an increasing electron-donating ability. Diarylethenes 1, 2, and 4 show good photochromism
both in solution and in the single crystalline phase; however, diarylethenes 5 show no photochromism in the crystalline phase because the distance
between the reactive carbons become larger than 4.2 A. Diarylethenes 1—3 exhibited good fluorescent switching upon alternating irradiation with
UV and visible light, and their fluorescent conversions in the photostationary state were all larger than 80% in hexane. In addition, cyclic voltam-
metry tests showed that different electron-donating and electron-withdrawing substituents had a remarkable effect on the electrochemical behaviors

of these diarylethenes.
© 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

Photochromic materials have been extensively investigated
for their potential applications in erasable optical memories,
displays, and optical switches.' Considerable interest has been
focused on photochromic diarylethenes because of their high
conversion efficiency in reversible photochromic reactions,
excellent thermal stability of both isomers, and good fatigue
resistance.” Upon photoirradiation, diarylethene derivatives
can undergo photochromic cyclization/cycloreversion reactions
either in solution or in the solid state. The photogenerated
closed-ring isomers of diarylethenes showed some colors with
broad absorption bands in the visible region, and they could
regenerate their open-ring isomers upon irradiation with appro-
priate wavelength visible light. The reversible photochromic
cyclization/cycloreversion reactions upon photoirradiation can
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also lead to global changes of the bulk materials characteristics,
such as UV—yvis absorption spectra, fluorescence spectra, oxida-
tion/reduction potentials, and refractive indices, etc.® The most
important difference is that the 7-systems of two aryl rings are
separated in the open-ring isomer, while the 7-conjugation is
delocalized throughout the molecule in the closed-ring isomer.*

Although many photochromic diarylethene compounds have
been reported to date, compounds which show strong photo-
chromic reactivity in the crystalline phase are quite rare.**’
Diarylethene crystals also exhibit good thermal stability and re-
markable fatigue resistance, and can reversibly turn to various
colors (yellow, red, blue or green) from colorless depending
on their molecular structure upon irradiation with UV and
appropriate wavelength visible light. They are very useful for
optical memories and nonlinear optical devices with switching
properties. Therefore, investigation of diarylethene crystals
has attracted much attention today, and many diarylethene crys-
tal structures and their properties have already been reported.®

To date, several publications concerning substituent effects on
the photochromic performances of diarylethenes have been
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reported.**” These publications elucidated that electron-donating
substituents of the bis(3-thienyl)ethane diarylethenes could be
effective to increase the absorption coefficient of the closed-ring
forms and decrease the cycloreversion quantum yield; while elec-
tron-donating substituents of the bis(2-thienyl)ethane diaryl-
ethenes could increase the maxima absorption of the open-ring
isomers and reduce the cyclization quantum yield.” In addition,
Morimitsu et al. presented that the introduction of the ethynyl
groups at 2- and 2'-position of both thiophene and benzothiophene
rings would increase the cycloreversion quantum yields.*® Mori-
mitsu et al. and Takami and Irie revealed that bulky alkoxy substit-
uents at 2- and 2’-position of thiophene rings would extraordinarily
decrease the cycloreversion quantum yield and the thermal stabil-
ity of the colored closed-ring isomer at high temperature.®

In summary, although the substituent effect on photochromic
reactivity of diarylethenes is of great interest, very little work on
the substituent at 5- and 5’-position of the thiophene rings affect-
ing their optoelectronic properties has been reported. In this pa-
per, one of our research goals was to investigate the substituent
effects on the optoelectronic properties of diarylethenes bearing
various electron-donating or electron-withdrawing groups at
5-position of the two thiophene rings. Therefore, we have syn-
thesized five symmetrical diarylethenes with different substitu-
ents at 5-position of the two thiophene rings (Scheme 1), namely
1,2-bis{2-n-propyl-5-[2-(1,3-dioxolane)]-3-thienyl } perfluoro-
cyclopentene (10), 1,2-bis(2-n-propyl-5-hydroxymethyl-3-
thienyl)perfluorocyclopentene (20), 1,2-bis{2-n-propyl-5-[2-
(1,3-dithiol-pentane)]-3-thienyl } perfluorocyclopentene (30), 1,
2-bis(2-n-propyl-5-formyl-3-thienyl)perfluorocyclopentene
(40), and 1,2-bis[2-n-propyl-5-(2,2’-dicyanovinyl)-3-thienyl]-
perfluorocyclopentene (50). Among the five compounds, 1o,
20, 30, and 50 are new compounds. Although diarylethene 40
was reported by us in a previous paper,’ it is presented here for
comparison with those of other four diarylethene compounds.

16:R = —<Oj

O
1o:R = —<Oj

20:R= —CH,0H 2c:R= —CH,0H
S S

30:R = _<:] 3c:R= —<j
S S

40: R= —CHO 4c: R= —CHO

CN b __CN
50:R= =< 5c:R =
CN ¥<CN
Scheme 1. Photochromism of diarylethenes 1—5.
2. Results and discussion
2.1. Photochromism in solution

Diarylethenes 1—5 showed good photochromism and could
be toggled between their colorless open-ring isomers (1o—50)

and colored closed-ring isomers (1¢—5c) by alternating irradi-
ation with UV light and appropriate wavelength visible light,
as monitored using UV—vis absorption, and their absorption
spectral changes in hexane upon photoirradiation were shown
in Figure 1. The absorption maximum of diarylethene 1o was
observed at 239 nm in hexane (e=2.7x 10* L mol ! cm_l).
Upon irradiation with 254 nm light, the colorless solution of
lo turned purple, in which the absorption maximum was
observed at 544 nm (¢=5.7x10> L mol ' cm™"). The purple
color is due to the formation of the closed-ring isomer (1c).
Alternatively, the purple solution returned colorless upon irra-
diation with visible light (A>450 nm) because lc reverted to
the initial state 1o. The coloration—decoloration cycles could
be repeated more than 50 times and a clear isosbestic point
was observed at 311 nm.

Just as diarylethene 10, 20—50 also showed good photochro-
mism in hexane (Fig. 1). In hexane, upon irradiation with
254 nm light, 20 and 3o turned red and purple for which the
absorption maxima were observed at 526 and 559 nm, as the
closed-ring isomers 2¢ and 3¢ were generated; while 40 turned
blue and the absorption maximum was observed at 632 nm.
Upon irradiation with 365 nm UV light, So turned green and
the absorption maximum developed at 739 nm in hexane. The
color changes of diarylethenes 1—5 upon photoirradiation in
hexane were shown in Figure 2. All the solutions of 1le—Sc¢
can be decolorized by irradiating them with visible light of
appropriate wavelength which induced the cycloreversion reac-
tions to reproduce 1o—50. After repeating 50 coloration—decol-
oration cycles, the isosbestic points for diarylethenes 2—5 were
observed at 313, 279, 317 and 378 nm, respectively. The ab-
sorption spectral properties of these compounds were summa-
rized in Table 1. The result showed that the absorption
maxima and the molar coefficients of diarylethenes 2, 1, and
3 increased with the increasing electron-donating ability. The
electron-withdrawing substituents (formyl and cyano groups)
significantly shifted the absorption maxima of diarylethenes 4
and 5 to a longer wavelength, but their molar absorption coeffi-
cients did not increase with the increasing electron-withdrawing
ability. The results are in agreement with those reported by Irie
etal®

The cyclization and cycloreversion quantum yields of diaryl-
ethenes 1—5 were determined in hexane at room temperature.
Both cyclization and cycloreversion quantum yields were found
to depend on the substituents, as shown in Table 1. All the cycli-
zation quantum yields of diarylethenes 1—5 are less than 0.5,
which are generally lower than those of diarylethene derivatives
with phenyl groups on the end.”® However, the quantum yields
are much higher than the values so far measured for photochro-
mic bis(2-thienyl)perfluorocyclopentene derivatives.”® On the
one hand, when strong electron-donating 1,3-dithiolpentane
groups were substituted at the 5-position of the two thiophene
rings such as compound 3, the cyclization quantum yield de-
creased to some extent. On the other hand, electron-withdrawing
formyl and cyano substituents increased the cyclization quan-
tum yield, and the cyclization quantum yield decreased with
the increasing electron-withdrawing ability. The result is in
agreement with that reported by Irie et al.** The cycloreversion
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Figure 1. Absorption spectra changes of diarylethenes 1—5 in hexane solution (c=2.0x 10~ mol L) at room temperature: (A) 1, (B) 2, (C) 3, (D) 4, and (E) S.

quantum yields of diarylethenes 1—3 having electron-donating
substituents are 0.26, 0.24, and 0.12, respectively. The results in-
dicated that the cycloreversion quantum yield was significantly
dependent on the electron-donating substituents, and it was fur-
ther decreased by substituting the 5-position of the two thio-
phene rings with electron-donating groups. Furthermore, the
cycloreversion quantum yield of diarylethene 4 (&._,=0.078)
was almost equal to that of § (®._,=0.071). This result sug-
gested that the ability of the electron-withdrawing substituents
did not affect remarkably the cycloreversion quantum yield.**
From Table 1, it can be easily found that the cycloreversion
quantum yields of diarylethenes 1—3 having electron-donating
substituents are much higher than those of diarylethenes 4 and
5 having electron-withdrawing substituents. The main reason
is that the cycloreversion quantum yield of diarylethenes is

dependent on the 7t-conjugation length of the aryl groups. The
cycloreversion quantum yield decreases with the extension of
Tt-conjugation in the molecules.**'° For diarylethenes 4 and
5, the electron-withdrawing formyl and dicyanovinyl groups
can participate in the conjugation system, resulting in the larger
extension of 7t-conjugation in the molecules of 4 and 5. As a
result, diarylethenes 4 and 5 exhibit more marked 7t-conjugation
lengths than 1—3, which are consistent with the red-shifted
absorption maxima and the lower cycloreversion quantum
yields.

In addition, the thermal stabilities of diarylethenes 1—5
were examined in hexane both at room temperature and at
60 °C. The result showed that no decomposition was detected
when diarylethenes 1—5 were exposed to air for more than 10
days at room temperature. At 60 °C, diarylethenes 1—4 still
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Figure 2. Color changes of diarylethenes 1—5 upon alternating irradiation with
UV—vis light in hexane.

Table 1
Absorption spectral characteristics and photochromic reactivity of diaryl-
ethenes 1—5 in hexane at 2.0x10~> mol L™

Compound  Absorption spectra Quantum yield® (®)
Ao,maxa/nrIl Ac,maxb/nm qjo—c qjc—o
(eLmol™tem™)  (¢/Lmol 'em™h)

1 239 (2.7x10% 544 (5.7x10%) 0.31 0.26

2 239 (2.2x10% 526 (4.3%10%) 0.29 0.24

3 249 (2.8x10% 559 (7.3x10°%) 0.19 0.12

4 261 (3.1x10% 632 (6.5x10%) 0.38 0.078

5 354 (3.4x10% 739 (6.6x10°%) 0.22 0.071

? Absorption maxima of open-ring forms.

" Absorption maxima of closed-ring forms.

¢ Quantum yields of cyclization reaction (®,_.) and cycloreversion reaction
(D.—,), respectively.

showed good thermal stabilities for more than 24 h, but the
green color of Sb disappeared completely after 2 min. The
thermal instability of Sb is ascribed to the fact that the photo-
generated central carbon—carbon bond in the closed-ring
isomer is weakened by the dicyanovinyl groups.*

2.2. Photochromic reactions in the crystalline phase

Among diarylethenes 1o—5o0, single crystals of diaryl-
ethenes 10 and 40 were obtained by recrystallization from the
diethyl ether, and those of diarylethenes 20 and So were ob-
tained by recrystallization from the mixture of diethyl ether
and hexane. To know better the relation between the conforma-
tion and the photochromic behaviors of diarylethenes 10, 20, 40
and 5o in the crystalline phase, their final structural confirma-
tions were provided by X-ray crystallographic analysis. The
ORTEP drawings of the single crystals of 1o, 20, 40 and 50
are shown in Figure 3, and the X-ray crystallographic analysis
data are listed in Table 2. As shown in Figure 3, for compound
20, there are two independent molecules in the asymmetric unit
and both of them adopt an approximate C, symmetry, while
packing in a photoactive anti-parallel conformation in the crys-
talline phase, which can undergo photocyclization reaction.”®!!

The two planar thiophene ring systems have similar geometries
in each molecule, with dihedral angles between the cyclopen-
tene ring and the adjacent thiophene rings of 53.7(7)° (S1/
C1—C4) and 50.5(7)° (S2/C14—C17) in one molecule and
52.3(4)° (S3/C22—C25) and 53.6(4)° (S4/C35—C38) in the
other one. The distances between the potentially photoactive
C atoms (C4---C14 and C25---C35) in each molecule were
3.647(3) and 3.766(5) ;\, respectively, which are close enough
for the cyclization reaction.'” Besides diarylethene 20, there
are two independent molecules in the asymmetric unit for diaryl-
ethene 4o (Fig. 3), the corresponding values for the dihedral an-
gles between the central cyclopentene ring and the thiophene
rings are 55.5(6)° and 59.4(6)° in one molecule and 54.2(6)°
and 55.3(6)° in the other one. The corresponding distances be-
tween the potentially photoactive carbon atoms (C5---C15 and
C26---C36) in each molecule are 3.732 (5) and 3.773(5) A, re-
spectively.” The distance between the potentially photoactive
carbon atoms (C4---C16) in crystal 1o is 3.802(6) ;\, and that
(C8---C18) in crystal S0 is 4.226(4) A (Table 3).

As described above, it can be concluded that all molecules of
crystals 1o, 20, and 40 were fixed in an anti-parallel mode in the
crystalline phase and the distances of the two reactive carbon
atoms were less than 4.2 A, which were close enough for the
photocyclization reaction, indicating that they could be ex-
pected to undergo photochromism in the single crystalline
phase. However, although the molecule of crystal 5o was fixed
in an anti-parallel mode, the distance of the two reactive carbon
atoms was larger than 4.2 A, which was too far to undergo pho-
tochromism in the crystalline phase.'? In fact, the photochromic
behaviors of diarylethenes 1o, 20, 40 and 50 in the single crys-
talline phase were consistent with the theoretical analysis. Their
color changes upon photoirradiation are shown in Figure 4.
Upon irradiation with 254 nm light, the colorless crystal of 1o,
20, and 4o turned quickly carmine, carmine, and blue, respec-
tively. When the colored crystal was dissolved in hexane, the
solution turned to a corresponding color and the absorption maxi-
mum was observed at the same as that of the closed-ring isomer
1c, 2¢, and 4c, respectively. The color disappeared upon irradi-
ation with visible light and the absorption spectrum of the solu-
tion containing the colorless crystal was the same as that of the
1o, 20, and 40. However, crystal So showed no photochromism
in the single crystalline phase. This is verified by the fact that ir-
radiating single crystal of So with UV light for 2 h resulted in no
any observable color change. When the crystal was dissolved in
hexane, the solution showed colorless and the absorption spec-
trum was the same as that of So. Furthermore, crystals 1o, 20,
and 4o exhibited more than 100 times of coloration—decolora-
tion cycles by alternate irradiation with UV and visible light.
So, these crystals will be good candidates for optoelectronic
applications.®®

2.3. Fluorescence of diarylethenes 10—50

The fluorescence spectra of diarylethenes 10—50 in hexane
(c=2.0x 10~* mol L_l) at room temperature are illustrated in
Figure 5. Because diarylethene 40 showed almost no fluores-
cence and 50 showed very weak fluorescence (Fig. 5), we
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B F3

Figure 3. ORTEP drawings of crystals 10, 20, 40 and 5o, showing 35% probability displacement ellipsoids: (A) 1o, (B) 20—molecule I, (C) 20—molecule II, (D)

40—molecule I, (E) 40—molecule II, and (F) 50.

only discuss the fluorescence properties of 10—30 in this work.
In hexane, diarylethenes 10—30 showed good fluorescence at
399, 395, and 411 nm when excited at 285 nm. Their fluores-
cence maxima were observed between 395 and 411 nm, indi-
cating that the electron-donating substituent effects on the
emission peak was not significant. However, the emission

intensity was heavily dependent on the categories of elec-
tron-donating substituents. Among diarylethenes 10—30, the
emission intensity of diarylethene 30 was the weakest, and
that of 10 and 20 was almost equal each other.

As has been observed for most of the reported diaryl-
ethenes,'? diarylethenes 1—3 exhibited a relatively strong
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Table 2
Crystal data for diarylethenes 1o, 20, 40, and 50
Compound 1o 20 40 S0
Formula CasHy6Fs04 S C51H2:F60,8, C51H,5F60,S, Co7H gF6N4S»
Formula weight 568.58 484.23 480.47 576.57
Temperature (K) 291(2) 291(2) 294(2) 291(2)
Crystal system Triclinic Triclinic Triclinic Monoclinic
Space group P-1 P-1 P-1 C2/c
Unit cell dimensions a (A) 8.4422(12) 11.5147(14) 10.6721(18) 35.398(6)
b (A) 12.0784(18) 14.0903(16) 14.059(2) 11.2324(19)
c (A) 13.2661(19) 15.4140(18) 16.532(3) 15.557(3)
a(®) 83.945(2) 79.5930(10) 88.656(3) 90
B () 79.569(2) 86.3180(10) 73.603(3) 113.127(2)
v (°) 75.617(2) 69.2580(10) 67.958(3) 90
Volume (A3) 1286.1(3) 2300.3(5) 2196.1(7) 5688.6(17)
Z 2 4 4 8
Density (calcd) (g/cm3) 1.468 1.399 1.453 1.346
Goodness-of-fit on F? 1.034 1.051 1.028 1.053
Final R indices [//20(])] R1 0.0494 0.0663 0.0558 0.0960
wR2 0.1304 0.1726 0.1325 0.2672
R indices (all data) R1 0.0679 0.1004 0.1066 0.1932
wR2 0.1460 0.2008 0.1651 0.3415
Table 3
Distances between the reacting carbon atoms (d, f\) dihedral angles (6, °) of 1o, 20, 40 and 50
Compound dA) 0 ()
1o C4---Cl16 3.802(6) S1/C1-C4 58.2(3) C5/01/C6—C7/02 49.9(3)
S2/C16—C19 58.3(3) C20/03/C21—C22/04 49.3(3)
20 C4---Cl4 3.647(3) S1/C1-C4 53.7(7) S2/C14—C17 50.5(7)
C25---C35 3.766(5) S3/C22—C25 52.3(4) S4/C35—C38 53.6(4)
40 C5---C15 3.732(5) S1/C2—-C5 55.5(6) S2/C15/C14/C19/C20 59.4(6)
C26---C36 3.773(5) S3/C23—C26 54.2(6) S4/C36/C35/C40/C41 55.3(6)
50 C8---Cl18 4.226(4) S1/C5—C8 63.7(3) S2/C18/C17/C20/C19 47.8(4)
4o S0 ___ 10F 2%
\ . 10
5 08
~ - >
' ;:’3 06} 30
£ L
VIS“UV Vis \UV Vis || UV Vis J UV g
= 04
?
0.2
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40
0.0 T i 1 L 1 L 1
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Figure 4. Photographs of photochromic processes of diarylethenes 1, 2, 4, and
5 in the crystalline phase.

fluorescence switches along with the photochromism from
open-ring isomers to closed-ring isomers. When irradiated by
254 nm UV light, the photocyclization reactions were carried
out and the non-fluorescent closed-ring isomers of the three
compounds were produced. The back irradiation by appropriate
wavelength visible light regenerated the open-ring isomers of
diarylethenes 10—30 and recovered the original emission

Wavelength/nm

Figure 5. Fluorescence emission spectra of diarylethenes 10—S50 in hexane
(¢=2.0x10"*mol L") at room temperature, excited at 285 nm.

spectra. During the process of photoisomerization, diaryl-
ethenes 10—3o exhibited changes in their fluorescence in hex-
ane as shown in Figure 6. Upon irradiation with 254 nm UV
light, the emission intensities of diarylethenes 10—30 were de-
creased remarkably by photocyclization. When arrived at the
photostationary state, their emission intensities were quenched
to ca. 19, 18, and 18%, respectively, indicating that all of them
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Figure 6. Emission intensity changes of diarylethenes 1—3 in hexane
(¢=2.0x10"*mol L") upon irradiation with 254 nm UV light at room tem-
perature, excited at 285 nm: (A) 1, (B) 2, and (C) 3.

exhibited very strong fluorescent switching in hexane. In addi-
tion, we measured the ‘on’ and ‘off” state of the switchable fluo-
rescence by changing the power of the UV and visible light. The
average ‘on’ and ‘off’ times shortened in proportion to the

reciprocal power of the radiated light, indicating that the switch-
ing effect is indeed photochemical.' This fluorescent character-
istics, which use external photostimulation to switch the
fluorescence ‘on’ and ‘off” from open-ring isomers to closed-
ring isomers are similar to those of some other diarylethene
compounds reported.®'*!> Tt has been reported that diaryl-
ethenes, which showed fluorescence in the open-ring isomer
and showed no fluorescence or weak fluorescence in the closed-
ring isomer could be potentially applied to optical memory with
fluorescence readout method and fluorescence switches.'*!

2.4. Electrochemical properties of diarylethenes 1—5

The electrochemical properties of diarylethene can be poten-
tially applied to molecular scale electronic switches.'® The oxi-
dative cyclization and cycloreversion and the reductive
electrochemical cyclization of some diarylethene derivatives
have been reported.]7 Herein, electrochemical examinations
by the CV method under the same experimental conditions using
diarylethene 1—5 were performed. The typical electrolyte was
acetonitrile (5 mL) containing 0.10 mol L! tetrabutylammo-
nium tetrafluoroborate ((TBA)BF,) and 1.0x 103 mol L™! di-
arylethenes 1—5. Platinum wire (0.5 mm) and steel electrodes
were used as working and counter electrodes, respectively. Plat-
inum wire (0.5 mm) in the supporting electrolyte solutions was
used as a quasi-reference electrode, which was calibrated
through the CV of ferrocene in similar electrolyte. Figure 7
showed the CV curves of diarylethenes 5 with the scanning
rate of 50 mV s~ '. According to the same method described in
previous publications,”'® the HOMO and LUMO energy level
can also be estimated. As shown in Figure 7, the onset potentials
(Eonser) of oxidation and reduction for S0 were observed at
+2.13 and —0.75V, respectively. Therefore, the values of IP
and EA were calculated to be —6.93 and —4.05. Based on the
HOMO and LUMO energy level, the band gap E,
(E;=LUMO-HOMO) of 50 can be determined as 2.88 eV. Simi-
larly, the E, of S¢ can be easily calculated as 2.61 eV. Corre-
sponding values for diarylethenes 1—5 were summarized in

0.016J:

0.005

0.000

Current/mA

-0.005

-0.010 L 1 L 1 L 1 L 1 L 1
-1.6 -0.8 0.0 0.8 1.6 24

Potential/V

Figure 7. Cyclic voltammetry (second scan) of diarylethene 5 in acetonitrile
with the scanning rate of 50 mVs~'.
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Table 4
Electrochemical properties of diarylethenes 1—5 in acetonitrile
Compound  Oxidation Reduction Band gap
Eonsee V) TP (eV)  Egneee (V) EA(eV) E,
1o +2.08 —6.88 —1.53 -3.27 3.61
1c +2.06 —6.86 —0.86 —3.94 2.92
20 +1.88 —6.68 —1.13 —3.67 3.01
2c +1.80 —6.60 —-1.22 —3.58 3.02
3o +1.74 —6.54 —0.76 —4.04 2.50
3c +1.67 —6.47 —-0.79 —4.01 2.46
40 +1.85 —6.65 —1.29 —3.51 3.14
4c +1.84 —6.64 —1.08 —3.72 2.92
50 +2.13 —6.93 —0.75 —4.05 2.88
Sc +1.82 —6.62 -0.79 —4.01 2.61

Table 4. From Table 4, it can be clearly seen that the electro-
chemical parameters of the five compounds are remarkably de-
pendent on the substituent effects. The oxidation of 1o, 1c, 20,
2¢, 30, 3¢, 40, 4c¢, 50, and 5S¢ was initiated at 2.08, 2.06, 1.88,
1.80, 1.74, 1.67, 1.85, 1.84, 2.13, and 1.82 V, respectively. The
result indicated that the oxidation onsets of the open-ring iso-
mers were higher than those of the closed-ring isomers. This
is in accordance with the theory that longer conjugation length
generally leads to less positive potentials, with the addition of
each heterocyclic ring.”® After cyclization reaction, the 7t-con-
jugation lengths of 1le—Sc¢ were much longer than those of
1o—5o, respectively. Moreover, the difference of oxidation on-
set between the open- and closed-ring isomers of diarylethenes
1-5(AV,_.)was 0.02 Vfor1,0.08 V for2,0.07 V for3,0.01 V
for 4, and 0.31 V for 5§, respectively. For the band gap of diaryl-
ethenes 1—5, all values of E, of the open-ring isomers were
higher than those of the closed-ring isomers, with the exception
of diarylethene 2. Among these compounds, the E, was the
smallest in 3¢, implying that the charge transfer must be faster
in 3¢ compared to that in others.'® All these data described above

-~ LiAIH,

THF

40

N
H

p-TsOH /(CH,SH),
—_—
Benzene

CHy(CN),

o

()
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suggested that different electron-donating and electron-with-
drawing substituents have remarkable effect on the electro-
chemical behaviors of these diarylethenes. It should be noted
here that calculation absolute HOMO and LUMO levels from
electrochemical data in combination with the energy gap is still
in debate. '

3. Conclusion

In conclusion, five symmetrical diarylethenes bearing dif-
ferent substitutents at 5-position of the two thiophene rings
were synthesized to reveal the effect of the substitution on
their optoelectronic properties. The result indicated that the
substituents at 5-position of the thiophene rings had a remark-
able effect on the optoelectronic properties of these diaryl-
ethene derivatives, including photochromism, fluorescence,
and electrochemical properties, which may be attributed to
the different electron-donating or electron-withdrawing sub-
stituent effects. The present results were useful for the design
of efficient photoactive and excellent characteristic diaryl-
ethene derivatives.

4. Experimental
4.1. General methods

NMR spectra were recorded on Bruker AV400 (400 MHz)
spectrometer with CDClI; as the solvent and tetramethylsilane
as an internal standard. IR spectra were recorded on Bruker
Vertex-70 spectrometer and mass spectra were measured
with Agilent MS Trap VL spectrometer. The elemental analy-
sis was measured with PE CHN 2400. The absorption spectra
were measured using Agilent 8453 UV/VIS spectrometer.
Photoirradiation was carried out using SHG-200 UV lamp

Scheme 2. Synthetic route for diarylethenes 20, 30, and 5So.
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and BMH-250 Visible lamp. Light of appropriate wavelength
was isolated by different light filters. Electrochemical exami-
nations were performed in a one-compartment cell by using
a Model 263 potentiostat-galvanostat (EG&G Princeton Ap-
plied Research) under computer control at room temperature.
All solvents used were of spectrograde and were purified by
distillation before use. Crystal data diarylethenes 1o, 20, 40
and So were collected by a Bruker SMART APEX2 CCD
area-detector. Further details on the crystal structure investiga-
tion have been deposited with The Cambridge Crystallo-
graphic Data Centre as supplementary publication numbers
CCDC 657309, 642550, 631249, and 654194 for 1o, 20, 4o,
and So. These data can be obtained free of charge via http://
www.ccdc.cam.ac.uk/data_request/cif.

4.2. Synthesis of diarylethenes 1o0—50

The synthetic method of 1o and 40 was described in refer-
ence.’ Diarylethene 20 was prepared by the reduction of diaryl-
ethene 40 with lithium aluminum hydride. Diarylethene 3o
was synthesized by the condensation reaction of diarylethene
40 with 1,2-ethanedithiol, and diarylethene 50 was synthesized
by the Knoevenagel condensation reaction of diarylethene 40
with malonodinitrile. The synthetic method of 20, 30, and 50
was described in Scheme 2 and their structure analysis data
were shown in Ref. 20.
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