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ABSTRACT

Two new isomeric photochromic diarylethenes with a pyrrole unit have been developed. Their properties, including photochromic behavior,
crystal structures, and fluorescent properties, have been investigated. The two isomeric compounds show distinctly different photochromism,
both in solution and in the single-crystalline phase: one turns red upon photocyclization whereas the other turns blue, which may be attributed
to the different substituent effects.

Photochromic diarylethene derivatives have attracted muchbenzofurarf, indene’ pyrazole? etc. The majority of the
attention as highly promising candidates for optoelectronic research work reported to date has been devoted to the
devices such as optical memories and photoswitches, mainlydevelopment of these molecules and investigative studies of
due to the excellent thermal stability of the respective their fundamental properties, and the results obtained have
isomers, notable fatigue resistance, and high reactivity in the contributed to a broad understanding of the photochromism
solid staté. Recently, the design and synthesis of novel of diarylethene$§.At the same time, the results have also
diarylethene systems with different aryl moieties has become demonstrated that the photochromic performance of each type
an active area of research. Among the diarylethenes hithertoof diarylethene is strongly dependent on the nature of the
reported, most of the heteroaryl moieties have been thiophenearyl groups. For instance, diarylethenes with thiophene or
or benzothiophene ringawith just a few reports concerning  benzothiophene moieties exhibit excellent thermal stability
other heteroaryl moieties, such as fufahjazole? indole? and outstanding fatigue resistaricahereas diarylethenes
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with a pyrazole unit have a relatively high cycloreversion
guantum yielc®. Pyrrole is an attractive aryl unit because of
its biological characteristics, and its structure is similar to

those of thiophene and furan. As far as we are aware, there

has been only one example of a photochromic pyrrole
derivative, as reported by Uchida et'&lThey synthesized
a symmetrical diarylethene bearing two pyrrole rings, but
indicated that it was thermally unstable and reverted to the
open-ring form even at room temperature in the dark. To
the best of our knowledge, photochromic hybrid diarylethene
derivatives bearing both pyrrole and thiophene moieties have
not hitherto been reported.

Generally, all diarylethene compounds reported to date

have seemingly been synthesized separately, i.e., only one

target product was obtained following a series of synthetic
operations. The cognate synthesis of two or more isomeric

diarylethenes by a parallel series of synthetic operations has

never been reported. In this Letter, we describe the parallel
preparation of two new hybrid isomeric diarylethenes bearing
a pyrrole unit, namely 1-[2-methyl-5-(4-methoxyphenyl)-3-
thienyl]-2-(2-cyano-1,5-dimethyl-3-pyrryl)hexafluorocyclo-
pentene1a) and 1-[2-methyl-5-(4-methoxyphenyl)-3-thienyl]-
2-(2-cyano-1,5-dimethyl-4-pyrryl)hexafluorocyclopenteRa) (
(Scheme 1). Interestingly, these two isomeric diarylethenes

Scheme 1. Mechanistic Rationale of the Photochromic
Property ofl and2

OCHj

1a: Ry =CN, Ry = CHg
2a: Ry = CHz, Ro = CN

1b: Ry = CN, Ry = CHg
2b: Ry = CHa, Ro = CN

1 and 2 show distinctly different photochromic properties
both in solution and in the single-crystalline phase.

The synthetic route to the photochromic diarylethebas
and?2ais illustrated in Scheme 2. First, compounrtland5
were obtained in a combined yield of 78% by brominating
compoundl in acetic acid at room temperature. Lithiation
of the mixture of4 and5 followed by the addition of excess

octafluorocyclopentene simultaneously generated compounds

6 and7, which could be further treated with the anion gen-
erated from 3-bromo-2-methyl-5-(4-methoxyphenyl)thiophene
(8)** to yield isomeric diaryletheneda and 2a. Their
structures were confirmed by NMR, MS, and elemental
analysis, IR spectroscopy, and X-ray single-crystal diffraction
analysis (Supporting Information).

The changes in the absorption spectra of diarylethénes
and 2 induced by photoirradiation at room temperature in
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hexane are shown in Figure 1. Upon irradiation with 297
nm light, the colorless solution dfa turned red due to the
appearance of a new visible absorption band centered at 537
nm attributable to the closed-ring isonidy. The red solution
reverted to colorless upon irradiation with visible light%

450 nm), indicating thalb returned to the initial statéa,

and a clear isosbestic point was observed at 314 nm.
Similarly, upon irradiation with 297 nm light, the colorless
solution of 2a turned blue and an absorption maximum
developed at 592 nm as the closed-ring isor@brwas
generated. The blue color disappeared upon irradiation with
visible light (A > 450 nm), and an isosbestic point was
observed at 317 nm. The cyclization and cycloreversion
guantum yields ofl. were determined to be 0.53 and 0.44,
respectively. The corresponding cyclization and cyclorever-
sion quantum yields o2 were measured as 0.55 and 0.10,
respectively. It is notable that the cycloreversion quantum
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Figure 1. Changes in the absorption spectra of diarylethehes
and2 in hexane solution at room temperature (2Q0°5 M).
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yield of 2 is lower than that ofL.. These facts indicate that, group (OCH) through the ethylene moiety. As a res@h

in solution, the two isomeric compounds show remarkable becomes a pustpull conjugated system Brz—A), with

differences in their photochromic behavior. The photochro- the strongly electron-withdrawing cyano group and the elec-

mic properties of diarylethenglsand2 are summarized in  tron-donating methoxy group as the acceptor and donor, re-

Table 1. From these data, it can easily be seen that thespectively. Therefore2b exhibits a more marked intramo-
lecular charge transition (ICT) thekb, which is consistent

s with the red-shifted absorption maximum and the strong

Table 1. Photochromic Parameters of Compouridand?2 in molar absorption coefficient &b in comparison with those

Hexane at 2.0< 105 M of 1b.
The thermal stabilities of the open-ring and closed-ring
Amax/nmM® Amax/nm® ¥ isomers ofl and2 were examined by storing solutions in

compd  (¢/mol”'em™)  (¢/Lmol™'em™)  ¢ab  $b-a hexane at room temperature in the dark and then exposing
1 288 (2.3 x 109) 537 (3.9 x 10°) 053 055 them to air for more than 2 months. In all cases, no changes

2 296 (2.8 x 104 592 (9.0 x 10%) 0.44  0.10 in their UV/vis spectra were observed and, indeed, no
a Absorption maxima of open-ring form&Absorption maxima of closed- decomposmqn was detected when these cpmpouqu were
ring forms.¢ Quantum yields of cyclizationpk_,) and cycloreversionjpa), exposed to air for more than a year. The fatigue resistances

respectively. of 1 and 2 were examined in air at room temperature.

Solutions ofl and 2 in hexane were alternately irradiated

h h ic includi he ab . . with light of wavelength 297 nm for 200 s and with visible
photochromic features (including the absorption maxima, jiant 7 > 450 nm) for 60 s. The fatigue-resistant charac-

molar absorption coefficients, and quantum yields) of diaryl- teristics ofl and2 in solution (see the Supporting Informa-

ethenesl and2 are distinctly different. tion) indicated that 90% of each @b and2b was destroyed

'I(;ozfurther understgn?] thehdlfferﬁ nc.eslbetween_ |sonhfer§ after 12 repeat cycles. This may be ascribed to degradation
and 2, we compared the photophysical properties of the o, ing from the formation of an epoxid&However, the

closed-ring isomefLb with those of2b. Compared to those fatigue resistances df and 2 in the solid state are very

of 1b, the absorption maximum @b is red-shifted by 55 strong. After 500 repeat cycles, the two isomeric compounds

nm and the molar absorption coefficient 21 is threefold still showed good photochromism with oniy20% degrada-
larger. The results indicate that the positions of the methyl .« o2 -h of1b and 2b. both in PMMA film and in the

(CHs) and cyano (CN) substituents have a significant effect single-crystalline phase (see the Supporting Information).

onhthe photochror;uc ;?Arloﬁemehs of tt)hg two 'SofTe”C dlarylr; This remarkable improvement may result from effectively
ethene compounds. Although substituent effects on t € suppressing the oxygen diffusi.,

photochromic behavior of diarylethene derivatives have been Single crystals ofLa and 2a were obtained by recrystal-

reported previousl%'&lovlz. no such substituent effect Nas i, 4iiqn from chioroform. Their ORTEP drawings are shown
hitherto been reported for isomers of diarylethene derivatives.; Figure 3, which indicate that both of them are packed in
Figure 2 indicates the extent of the conjugation in the ’

Closed-ring isomer&b and2b. In the case Olb, the Ccyano _

(1a)
Figure 2. Sketches of the extent of conjugation in the closed-ring
systemslb and 2b.
group was involved in the cyclization reaction, and the (2a)

weakly electron-donating methyl group participates in the
conjugation system. In the case2ij, the methyl group was
involved in the cyclization reaction, and the strongly electron-

withdrawing cyano group is conjugated with the methoxy Figure 3. ORTEP drawings olaand2a (ellipsoids are drawn at
the 35% level)6
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and 2a (C5--C14) are 3.69 and 3.54 A, respectively. of 1aand2awere determined as 0.019 and 0.016, respec-
Generally, such a molecule can undergo photocyclization if tively, using anthracene (0.27 in acetonitrile) as a reference.
it is fixed in ananti-parallel mode and the distance between Thus, it is clear that the position of the substituent on the
the reacting carbon atoms of the aryl rings is less than 4.2 pyrryl group has a significant effect on the emission intensity,
A.1%15 Therefore,1a and 2a exhibit photochromism in the  but does not noticeably affect the position of the emission
crystalline phase. This was verified by the fact that photo- peak. In addition,1 and 2 exhibited changes in their
irradiation of single crystals dfaand2aresulted in observ-  fluorescences during the process of photoisomerization, as
able color changes (Figure 4). Upon irradiation with 297 nm has been observed for most of the reported diaryleth€nes.
The emission intensities dfa and 2a were decreased by
photocyclization upon irradiation with 297 nm light. The
emission intensities df and2 in a photostationary state were
guenched to ca. 65% and 48%, respectively. The compara-
tively low cyclization conversions and the existence of
parallel conformations ofa and2a may be the main cause
for the moderate change in fluorescence induced by pho-
toirradiation. Compoun@ shows a more marked change in
fluorescence upon photocyclization than compolibeécause

of its higher absorption efficiency.

In summary, two new isomeric diarylethenes with a pyrrole
unit have been synthesized concomitantly by a parallel series
Figure 4. Photographs demonstrating the photochromic processes©f reaction steps and their properties have been investigated.
of diarylethenes and2 in the crystalline phase. This new photochromic system showed good thermal stabil-
ity and strong fatigue resistance in the solid state. Impor-
tantly, the two isomeric compounds showed remarkable
light, colorless crystals ofa and2a became red and blue, differences in their photochromic and fluorescent properties,
respectively. The colored crystals returned to colorless uponboth in solution and in the single-crystalline phase. The
irradiation with visible light of the appropriate wavelength. results of this study may be useful for the design and
The photographs in Figure 4 clearly demonstrate that the synthesis of efficient photoactive diarylethene derivatives
photochromic processes of diaryletherieand 2 occur in with tunable properties.
the crystalline phase.

Furthermore, the fluorescence spectralafand 2a in
hexane at room temperature are illustrated in Figure 5. Bot
compounds show good fluorescence at their respective
excitation wavelengths. The fluorescent emissionsaxdnd Supporting Information Available: Synthetic and ex-
2awere observed at 423 and 421 nm upon excitation at 335 perimental details and a CIF file fdm and2a. This material
and 320 nm, respectively. The fluorescence quantum yieldsis available free of charge via the Internet at http://pubs.acs.org.
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