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The title compound, C,3H,,F0,S,, a photochromic dithienyl-
ethene, is a promising material for optical storage and other
optoelectrical devices. The molecule adopts a photoactive
antiparallel conformation in the crystalline state. The distance
between the two reactive C atoms which are involved in
potential ring closure is 3.829 (4) A. The dihedral angles
between the central cyclopentene ring and the adjacent
thiophene rings are 55.38 (7) and 54.81 (9)°. The colourless
crystals turn magenta when exposed to UV radiation and the
process is reversible.

Comment

Photochromic compounds have been extensively investigated
for their possible application in optoelectronics, viz. as optical
memories, photoswitches and waveguides (Fan et al, 1999).
Among all photochromic systems, diarylethene derivatives are
the most promising candidates for optical memories and other
optoelectronic devices because of the good thermal stability of
the two isomers and their high sensitivity, fast response and
high fatigue resistance (Irie, 2000; Tian & Yang, 2004).
Generally, diarylethenes with thiophene heterocyclic rings
have two interconverting conformations in almost equal
amounts in solution, i.e. antiparallel and parallel conforma-
tions (Irie & Mohri, 1988; Uchida et al., 1990); only antiparallel
conformations can undergo effective photocyclization reac-
tions by a conrotatory mechanism, while the parallel confor-
mations are photochemically inactive (Yamada et al., 2000).
However, there is no interconversion between the two
conformers in the crystalline phase of diarylethenes and the
molecules are regularly oriented in a fixed conformation (Pu et
al., 2003, 2004, 2005), except for one example (Kobatake et al.,
2005) where there are two independent molecules with
different conformations in the asymmetric unit. In addition,

photochromic diarylethene crystals with an antiparallel
conformation can reversibly turn various colours (yellow, red,
blue or green) from colourless, depending on their molecular
structure, upon irradiation with UV and appropriate wave-
length visible light (Kobatake & Irie, 2004). These crystals also
exhibit good thermal stability of the two isomers and
remarkable fatigue resistance. Crystals of diarylethenes in the
antiparallel conformation are thus very promising for practical
applications.
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In the present work, the title photochromic diarylethene,
(Ia), was synthesized. We have previously reported the
structure of the 2-methyl analogue, (II), of this compound (Pu
et al., 2002). In order to investigate systematically the substi-
tuent effect at the 2-position of the thiophene of diarylethenes
on their photochemical properties, we have now determined
the structure of (Ia). The 2-methyl and 2-ethyl compounds
differ from each other, not only in their crystal structures but
also in their various photochemical properties, such as
absorption maxima, ease of cyclization, cycloreversion
quantum yield and oxidation-reduction potentials.

The molecular structure of (Ia) is shown in Fig. 1, a packing
diagram is shown in Fig. 2 and selected geometric parameters
are given in Table 1. As shown in Fig. 1(a), the molecule has
approximate twofold symmetry, with the two thiophene rings
in a photoactive antiparallel conformation. The hexafluoro-
cyclopentene ring adopts a C4-envelope conformation, with
the flap atom (C4) equally disordered over two sites (C4 and
C4') and concomitant disorder of the attached F atoms [see
Fig. 1(b), with details in the Experimental section]. In the
cyclopent-1-ene ring, the C1—C2 bond is clearly a double
bond, and the other bonds from C1 and C2 (Table 1) are
clearly single bonds.

The two independent planar thiophene ring systems have
essentially identical geometries and the dihedral angles
between the central cyclopent-1-ene ring and the adjacent
thiophene rings are 55.38 (7) and 54.81 (9)°. The corre-
sponding values in the methyl analogue, (II), are both 49°.
This conformation leads to a C12---C22 separation of
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3.829 (4) A [compared with 367 A in (IT)], which is short
enough, theoretically, for a ring-closure reaction to take place
in the crystalline phase (Ramamurthy & Venkatesan, 1987) to
generate compound (Ib) (see scheme). The orientations of the
ethyl groups at C12 and C22 are defined by the torsion angles
C13—C12—C16—C17 [—139.8 (4)°] and C23—C22—C26—
C27 [120.8 (4)°].

The two terminal 1,3-dioxolane rings both have envelope
conformations; the O31/C32/033/C34/C35 ring has a C32-
envelope conformation, while the 041/C42/043/C44/C45 ring
adopts an O41-envelope form. Their orientations relative to
the thiophene rings are presumably largely determined by
crystal-packing considerations and lead to the torsion angles
H32—C32—C15—S11 = 166° and H42—C42—C25—S21 =
—176°.

In the crystal structure, molecules related by a 2, screw axis
are linked by weak C—H---F intermolecular interactions
from one of the dioxolane C—H groups to generate chains
extending along the b direction, as shown in Fig. 2 (details are
given in Table 2).

Crystals of (Iz) showed photochromic reaction, in accor-
dance with the expected ring closure, to form (I»). Upon
irradiation with light of wavelength 254 nm, the colourless
crystals of (Ia) quickly became magenta-coloured, as shown in
Fig. 3. When observed under polarized light, the intensity of

Figure 1

(a) The structure of the title compound, shown with 20% probability
displacement ellipsoids. For clarity, only one orientation of the disordered
cyclopent-1-ene ring is shown. (b) A ball-and-stick diagram, showing the
disorder at C4 in the cyclopent-1-ene ring.

the magenta colour changed on rotation of the crystalline
sample. This phenomenon suggests that the closed-ring mol-
ecules of (Ib) are packed regularly in the crystal, but we have
not been able to establish the crystal structure of (I»). When
the magenta crystal was dissolved in hexane, the solution was
magenta-coloured and the absorption maximum was observed
at 542 nm, consistent with the presence of the closed-ring
isomer (Ib). The magenta colour disappeared upon irradia-
tion with light of wavelength 510 nm or daylight, and the
absorption spectrum of the solution containing the colourless
material was the same as that of solutions of the open-ring
isomer (Ia).

Figure 2

A view along the b direction, showing the C—H- - -F interactions in (Ia)
(dashelc} lines). [Symmetry codes: (i) —x +3,y +3, —z + % (il) —x +3,y — 4,
—I+ 7
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Figure 3
A view of crystals of the colourless compound, (Ia), and the same crystals
after exposure to UV radiation, viz. (Ib).
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Experimental

The title diarylethene, (Ia), was originally derived from 5-ethyl-
thiophene-2-carbaldehyde, (1). First, 4-bromo-5-ethylthiophene-
2-carbaldehyde, (2), was afforded in 73.3% yield by brominating
compound (1) in acetic acid at room temperature. The dioxolane
acetal, (3), was then prepared in 84.0% yield by refluxing under
Dean-Stark conditions in the presence of compound (2), glycol and
p-toluenesulfonic acid (TsOH) in benzene. Finally, to a stirred solu-
tion of compound (3) (2.296 g, 8.73 mmol) in tetrahydrofuran (50 ml)
was added dropwise a 2.5 M n-BuLi solution in hexane (3.5 ml,
8.75 mmol) at 195 K under a nitrogen atmosphere. Stirring was
continued for 30 min and then octafluorocyclopentene (0.59 ml,
4.36 mmol) was added slowly to the reaction mixture. The mixture
was then stirred for 2.5 h at 195 K. The reaction was quenched by the
addition of water. After a series of routine operations, the title
compound, (Ia) (1.2 g, 2.2 mmol), was obtained in 50.9% yield by
column chromatography on SiO, using CHCl; as eluent. The
compound was crystallized from chloroform-hexane (1:2 v/v) at room
temperature and produced crystals suitable for X-ray analysis. The
crystals of (Ia) had the following elemental analysis and NMR data:
m.p. 400.4-400.6 K; analysis calculated for Cy3H,,FsO0,4S,: C 51.11,
H 4.10%; found: C 51.23, H 4.20%; '"H NMR (400 MHz, CDCl;):
8 0.924-0.961 (¢, 6H, J = 7.8 Hz, -CH3;), 2.192-2.248 (¢, 4H, J = 7.5 Hz,
—-CH,), 4.002-4.036 (¢, 4H, J = 6.8 Hz, -CH,), 4.101-4.136 (t, 4H, J =
7.0 Hz, —-CH,), 6.021 (s, 2H, -CH), 7.094 (s, 2H, thiophene-H).

Crystal data

Co3HoF04S,
M, = 540.53
Monoclinic, P2,/n

D, = 1.489 Mg m~>
Mo Ko radiation
Cell parameters from 24

a=13353(2) A reflections
b=13370 (2) A 6 = 4.9-12.9°

¢ =13.600 (3) A w=030mm™"
B =96.79 (11)° T=295(2) K

V =2411.0 (7) A’ Grain, colourless
Z=4 0.5 x 0.5 x 0.4 mm

Data collection

Bruker P4 diffractometer h=—-1—-15
w scans k=—-1—-15
5323 measured reflections l=—-16 — 16

3 standard reflections
every 97 reflections
intensity decay: none

4231 independent reflections
3377 reflections with I > 20(1)
Rin = 0.026

Omax = 25.0°

Refinement

w = 1/[o*(F,?) + (0.0639P)*
+1.2878P]

where P = (F,” + 2F2)/3

(A/0) s < 0.001

APmax =039 e A3

Appin = —029 e A3

Extinction correction: SHELXTL
(Bruker, 1997)

Extinction coefficient: 0.0021 (7)

Refinement on F?

R[F? > 20(F%)] = 0.049

WR(F?) = 0.144

S§=1.05

4231 reflections

340 parameters

H-atom parameters constrained

Table 1 .
Selected bond lengths (A).

Table 2 .

Hydrogen-bond geometry (A, °).

D-H--A D-H H--A D---A D-H--A
C35—H35A- - -F52! 0.97 245 3.361 (5) 157

Symmetry code: (i) —x +3,y +3, —z +1.

It was obvious from electron-density maps that the CF, group at
C4 was disordered, corresponding with two orientations of the
cyclopent-1-ene ring in a C4-envelope conformation. This disorder
was readily modelled with atom C4 disordered over two sites (C4 and
C4'), with F atoms F41/F41’ and F42/F42'. DFIX restraints were used
to keep the C4—F, C4 —F and F- - -F separations in agreement with
the observed C—F geometry at the C3 and CS sites. Initially, the two
disordered orientations were refined with tied occupancy parameters,
but as these refined occupancy values were not significantly different
from 0.5, the occupancies were then fixed at 0.5 for the final refine-
ment cycles. All H atoms were clearly defined in difference maps and
were allowed for as riding atoms, with C—H distances in the range
0.96-0.98 A and with Uyo(H) = 1.2 and 1.5U,4(C).

Data collection: XSCANS (Bruker, 1997); cell refinement:
XSCANS; data reduction: XSCANS; program(s) used to solve
structure: SHELXTL (Bruker, 1997); program(s) used to refine
structure: SHELXTL; molecular graphics: PLATON (Spek, 2003);
software used to prepare material for publication: SHELXTL.
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