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Metal complexes composed of ZnCl2 and bidentate 1,2-bis(2-
methyl-5-(4-pyridyl)-3-thienyl)perfluorocyclopentene (1a) and mono-
dentate 1-(2-methyl-5-phenyl-3-thienyl)-2-(2-methyl-5-(4-pyridyl)-3-
thienyl)perfluorocyclopentene (2a) photochromic ligands were
prepared. X-ray crystallographic analyses showed the formation
of a coordination polymer and a discrete 2:1 complex for 1a‚ZnCl2
and 2a2‚ZnCl2, respectively. While the 2a2‚ZnCl2 crystal underwent
photochromic reaction in the crystalline state by alternate irradiation
with UV and visible light, the 1a‚ZnCl2 crystal did not show any
photoreactivity. The difference in the photochromic behavior was
explained by the difference in the conformation of the diarylethenes
in the crystals.

Photochromic compounds have attracted remarkable at-
tention because of their potential ability for optical memory
media and optical switching devices.1 Among them di-
arylethenes with heterocyclic aryl groups are the most
promising candidates for the applications because of their
fatigue resistant and thermally irreversible photochromic
properties.2 Moreover, it has recently been found that some
diarylperfluorocyclopentenes having thiophene or benzo-
thiophene rings undergo photochromic reactions even in the
single-crystalline phase.3

Coordination-driven self-assembly is an important strategy
to construct supramolecular architecture.4 Geometrical struc-
tures of organic ligands and coordination numbers of the core
metals control the two- and three-dimensional assembled
structures. Several diarylethene metal complexes have been
synthesized, and their structure-reactivity relationship has
been studied.5,6

In this paper we have prepared complexes composed of
monodentate and bidentate diarylethene pyridyl ligands and
four-coordinated tetrahedral ZnCl2 and examined the reactiv-
ity in solution as well as in the crystalline phase.

Pyridyl groups are widely used for constructing extended
structures by means of metal coordination. We prepared
bidentate 1,2-bis(2-methyl-5-(4-pyridyl)-3-thienyl)perfluo-
rocyclopentene (1a)7 and monodentate 1-(2-methyl-5-phenyl-
3-thienyl)-2-(2-methyl-5-(4-pyridyl)-3-thienyl)perfluorocy-
clopentene (2a)8 photochromic ligands by incorporating one
and two pyridyl groups in the diarylethene backbone (Scheme
1). The phenyl derivative, such as, 1,2-bis(2-methyl-5-
phenyl-3-thienyl)perfluorocyclopentene, is known to exhibit
photochromism in the crystalline phase. Zn2+ complexes have
no absorption in the visible region because of fully occupied
d10 electronic structure.

The complexation was carried out by mixing anhydrous
ZnCl2 and diarylethene pyridyl ligand1a or 2a. Successive
recrystallization from methanol gave crystals of1a‚ZnCl2,9

and2a2‚ZnCl2.10 Confirmation of the structure was finally
* Authors to whom correspondence should be addressed. E-mail:

kmatsuda@cstf.kyushu-u.ac.jp (K.M.); irie@cstf.kyushu-u.ac.jp (M.I.).
† Kyushu University.
‡ PRESTO, JST.

(1) (a) Feringa, B. L., Ed.Molecular Switches; Wiley-VCH: Weinheim,
2001. (b) Brown, G. H.Photochromism; Wiley-Interscience: New
York, 1971. (c) Du¨rr, H.; Bouas-Laurent, H.Photochromism: Mol-
ecules and Systems; Elsevier: Amsterdam, 1990.

(2) (a) Irie, M.Chem. ReV. 2000, 100, 1685-1716. (b) Irie, M.; Uchida,
K. Bull. Chem. Soc. Jpn.1998, 71, 985-996. (c) Irie, M.; Fukaminato,
T.; Sasaki, T.; Tamai, N.; Kawai, T.Nature2002, 420, 759.

(3) (a) Irie, M.; Uchida, K.; Eriguchi, T.; Tsuzuki, H.Chem. Lett.1995,
899-900. (b) Kobatake, S.; Yamada, T.; Uchida, K.; Kato, N.; Irie,
M. J. Am. Chem. Soc.1999, 121, 2380-2386. (c) Kobatake, S.;
Yamada, M.; Yamada, T.; Irie, M.J. Am. Chem. Soc.1999, 121,
8450-8456. (d) Yamada, T.; Kobatake, S.; Irie, M.J. Am. Chem.
Soc.2000, 122, 1589-1592. (e) Irie, M.; Lifka, T.; Kobatake, S.; Kato,
N. J. Am. Chem. Soc.2000, 122, 4871-4876. (f) Kodani, T.; Matsuda,
K.; Yamada, T.; Kobatake, S.; Irie, M.J. Am. Chem. Soc.2000, 122,
9631-9637. (g) Yamada, T.; Kobatake, S.; Irie, M.Bull. Chem. Soc.
Jpn.2000, 73, 2179-2184. (h) Shibata, K.; Muto, K.; Kobatake, S.;
Irie, M. J. Phys. Chem. A2002, 106, 209-214. (i) Kobatake, S.;
Uchida, K.; Tsuchida, E.; Irie, M.Chem. Commun.2002, 2804-2805.

(4) (a) Leininger, S.; Olenyuk, B.; Stang, P. J.Chem. ReV. 2000, 100,
853-908. (b) Fujita, M.; Umemoto, K.; Yoshizawa, M.; Fujita, N.;
Kusukawa, T.; Biradha, K.Chem. Commun.2001, 509-518.

(5) (a) Munakata, M.; Wu, L. P.; Kuroda-Sowa, T.; Maekawa, M.; Suenaga
Y.; Furuichi, K. J. Am. Chem. Soc.1996, 118, 3305-3306. (b)
Fernández-Acebes, A.; Lehn, J.-M.Chem. Eur. J.1999, 5, 3285-
3292. (c) Collins, G. E.; Choi, L.-S.; Ewing, K. J.; Michelet, V.;
Bowen, C. M.; Winkler, J. D.Chem. Commun.1999, 321. (d) Fraysse,
S.; Coudret, C.; Launay, J.-P.Eur. J. Inorg. Chem.2000, 1581-1590.
(e) Murguly, E.; Norsten, T. B.; Branda, N. R.Angew. Chem., Int.
Ed.2001, 40, 1752-1755. (f) Konaka, H.; Wu, L. P.; Munakata, M.;
Kuroda-Sowa, T.; Maekawa, M.; Suenaga, Y.Inorg. Chem.2003, 42,
1928-1934.

(6) Matsuda, K.; Takayama, K.; Irie, M.Chem. Commun.2001, 363-
364.

(7) Gilat, S. L.; Kawai, S. H.; Lehn, J.-M.Chem. Eur. J.1995, 1, 275-
284.

(8) Matsuda, K.; Takayama, K.; Irie, M.Inorg. Chem.2004, 43, 482-
489.

Inorg. Chem. 2004, 43, 3774−3776

3774 Inorganic Chemistry, Vol. 43, No. 13, 2004 10.1021/ic049686c CCC: $27.50 © 2004 American Chemical Society
Published on Web 05/26/2004



performed by elemental analysis and X-ray crystallography.
The complexes showed photochromism in methanol solution
by irradiation with UV and visible light. The absorption
maxima were exactly same as the absorption maxima of the
ligands.8,11

The complexes of bidentate ligand1a were chainlike
structures.12 The crystal structure of the repeating unit and
the chain structure are shown in Figures 1 and 2, respectively.
Two pyridyl nitrogens of two different molecules are co-
ordinated with ZnCl2 to form a linear coordination polymer.
All diarylethenes in the complex adopt parallel conformation,
in which photocyclization reaction is prohibited. In fact, the
crystal did not show any photochromic reactivity.13

A discrete 2:1 complex was formed from monodentate
ligand 2a.14 Figure 3 shows the discrete structures of2a2‚
ZnCl2. In this crystal there are two independent2amolecules
in the asymmetric unit (A andB in Figure 3).A andA′, B

andB′ are crystallographically equivalent byC2 axis on Zn
atoms. The dihedral angles between the pyridine ring and
the thiophene ring are quite different (-11° for A and 22°
for B). The distances between reactive carbons are 3.56 and
3.67 Å for A andB, respectively, suggesting that photocy-
clization in the crystal lattice is possible.

Although the bidentate complex1a‚ZnCl2 did not show
any photochromic reactivity, the monodentate complex2a2‚
ZnCl2 showed a photochromic reaction in the crystalline
phase. Upon irradiation with 365 nm light the single crystals
turned blue. Upon irradiation with visible light (λ > 500
nm) the blue color disappeared. The origin of the blue color
is the closed-ring isomer2b.

The color of the crystals was observed under polarized
light on the (001) plane of the face-indexed crystal of2a2‚
ZnCl2. Figure 4a shows the polarized absorption spectra of
2a2‚ZnCl2 crystals. The direction of the maximum intensity
was defined as 0°. At 0° the absorption maximum of the
spectrum was 625 nm. Upon rotation as much as 90°, the
absorption maximum was blue-shifted to 595 nm and the
absorption intensity increased. The spectral shift is as much
as 30 nm. The decrease of the blue color intensity on rotation
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(11) The solution phase reactivity of the related compound, 1,2-bis(2-
methyl-5-(4-pyridyl)-3-thienyl)cyclopentene zinc complex, has been
reported: Qin, B.; Yao, R.; Tian, H.Org. Biomol. Chem.2003, 1,
2187-2191.

(12) Crystal data for1a‚ZnCl2: C25H16F6N2S2Cl2Zn, fw ) 658.83, mono-
clinic P21/n, a ) 7.3867(16) Å,b ) 13.969(3) Å,c ) 12.949(3) Å,
â ) 100.089(3)°, V ) 1315.5(5) Å3, Z ) 2, R1 (I > 2σ) ) 0.0251,
wR2 (all data)) 0.0682.

(13) For the notation of parallel and antiparallel, see: (a) Irie, M.; Sakemura,
K.; Okinaka, M.; Uchida, K.J. Org. Chem.1995, 60, 8305-8309.
(b) Matsuda, K.; Irie, M.Tetrahedron Lett.2000, 41, 2577-2580.

(14) Crystal data for2a2‚ZnCl2: C52H34F12N2S4Cl2Zn, fw ) 1179.32,
monoclinicC2/c, a ) 15.865(3) Å,b ) 15.734(3) Å,c ) 40.755(7)
Å, â ) 92.113(5)°, V ) 10167(3) Å,Z ) 8, R1 (I > 2σ) ) 0.0559,
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Figure 1. ORTEP drawings of X-ray crystallographic structure of the linear
chain complex1a‚ZnCl2 (50% probability). Hydrogen atoms are omitted
for clarity. Only one repeating unit is shown.

Figure 2. Linear chain structure of coordination polymer1a‚ZnCl2.

Scheme 1

Figure 3. ORTEP drawing of X-ray crystallographic structure of discrete
complex 2a2‚ZnCl2 (50% probability). Hydrogen atoms are omitted for
clarity.

Figure 4. (a) Polarized absorption spectra of2a2‚ZnCl2 single crystal.
The direction of the maximum intensity was defined as 0°. The absorption
maxima at 0° and 90° were 625 and 595 nm, respectively. (b) Polar plots
measured at 625 nm.
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indicates that the closed-ring isomers are regularly oriented
in the crystals. In other words, the photochromic reactions
proceed in the crystal lattice.

The relation between the transition moment and the crystal
structure was examined. Figure 4b shows the polar plot
measured normal to the (001) plane. A weak absorption
perpendicular to the main absorption was observed. The
absorption at 625 nm corresponds to the main transition, and
the absorption at 595 nm corresponds to the minor transition.
The crystal structure viewed normal to the (001) plane is
shown in Figure 5.A and A′ molecules (cf. Figure 3) are
indicated in blue, andB andB′ molecules are indicated in
red. Upon cyclization there appear two orthogonal transition
moments of the corresponding closed-ring isomers, which
are indicated by blue (fromA andA′) and red (fromB and
B′) arrows. The long axes of the closed-ring isomers ofA
and A′ molecules are aligned almost parallel to the (001)

plane, while the long axes of the closed-ring isomers ofB
andB′ are aligned almost perpendicular to the (001) plane.
Therefore, when viewed normal to the (001) plane, the
electronic transition moment of theA molecule is larger than
that of theB molecule. The main transitions correspond to
A molecules, and the minor transitions correspond toB
molecules.

The dihedral angles between the pyridine ring and the
thiophene ring are 11° for A and 22° for B, and the direction
of the torsion is opposite in moleculesA and B. Upon
cyclization theA molecule becomes planar, while in theB
molecule the pyridine ring is twisted to the central cyclo-
hexadiene part. Therefore, theπ-conjugation length is longer
in theA molecule. The difference in absorption maxima in
A (625 nm) andB (595 nm) is ascribed to the difference in
coplanarity between the thiophene ring and the pyridine
ring.15

In conclusion we have synthesized metal complexes
composed of bidentate and monodentate diarylethene pyridyl
ligands and ZnCl2. The photochromic reactivity and the
absorption anisotropy of the colored crystal are well ex-
plained by the crystal structure.
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Figure 5. Crystal structure viewed normal to (001) plane. Blue molecules
areA andA′ (cf. Figure 3), and red molecules areB andB′. Blue and red
arrows indicate the transition moment of the corresponding closed-ring
isomers.
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