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Photochromism of Diarylethene Maleimide Derivatives
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Diarylmaleimide derivatives having an indole ring, N-cyanomethyl-2-[2-methoxy-1-benzothiophen-3-yl]-3-[2-
methyl-1-octadecylindol-3-ylJmaleimide or N-cyanomethyl-2-[2-ethoxy-1-benzothiophen-3-yl]-3-[2-methyl-1-octade-
cylindol-3-ylJmaleimide, were synthesized in an attempt to shift the photosensitive wavelength longer such that it
becomes longer than 450 nm. The derivatives underwent the photocyclization reaction upon irradiation with 450-550
nm light in hexane solution and the photogenerated closed-ring isomers returned to the initial open-ring isomers upon
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irradiation with light longer than 600 nm.

Diarylethenes having heterocyclic aryl groups undergo ther-
mally irreversible and fatigue-resistant photochromic reac-
tions.'= So far, various types of diarylethene derivative with
different kinds of ethene moiety have been synthesized, such
as 1,2-diarylperfluorocyclopentenes,® 2,3-diarylmaleic anhy-
drides,”” and 2,3-diarylmaleimides.®~'? Although the absorp-
tion spectra of 1,2-diarylperfluorocyclopentenes are localized
in the UV region, the spectra of 2,3-diarylmaleic anhydrides
and 2,3-diarylmaleimides extend to visible regions longer than
400 nm. The latter compounds undergo reversible photochro-
mic reactions upon irradiation with light longer than 400 nm.
Both maleic anhydride and maleimide derivatives are prepared
by acid-base and aldol condensation reactions, and diaryl-
ethenes that have a non-symmetrical aryl can be synthesized
without any difficulty.

For the applications in near-field optical memory media,
it is desirable to develop photochromic compounds that have a
sensitivity in a wavelength region longer than 400 nm for both
directions, cyclization and cycloreversion reactions, because
UV light can not pass through the glass fiber tip of a near-field
microscope. For near-field memory media, in which writing
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and erasing are carried out by irradiation with 488 nm (Ar
ion laser) and 633 nm (He—Ne laser) light, respectively, we
have synthesized new diarylmaleimide derivatives and have
examined the effect of an indole substituent on their absorption
bands and photochromic reactivity.

Results and Discussion

Synthesis. Non-symmetrical diarylmaleimide derivatives
la-3a were prepared by the method shown in Schemes 1
and 2. The structures la—3a were determined by 'HNMR
spectroscopy, and mass spectrum and elemental analyses.

Photochromism. The diarylethene 1a includes thiophene
and benzothiophene. Figure 1 shows the photochromic reac-
tion of 1 in hexane. Upon irradiation with 445 nm light, 1a
changed to 1b, which shows a new peak at 550 nm. The con-
version ratio from the open- to the closed-ring isomers was
80% in the photostationary state under irradiation with 445
nm light. The closed-ring isomer 1b returned to 1a upon irra-
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Fig. 1. Absorption spectra of 1a (solid line), 1b (dotted
line), and 1 in photostationary state (dashed line) under ir-
radiation with 445 nm light in hexane (¢ = 5.1 x 107> M).

diation with 550 nm light. The conversion ratio was strongly
suppressed when the irradiation wavelength was shifted from
445 nm to 488 nm.

To increase the sensitivity at 488 nm, we replaced the thio-
phene ring with a 5-methoxyindole. Two types of diarylethene,
2a and 3a, with a 5-methoxyindole ring were prepared.

The diarylethene 2a includes 5-methoxy-2-methyindole and
2-methoxy-1-benzothiophene. Figure 2 shows the spectra of 2a
before and after irradiation with 488 nm light in hexane. Upon
irradiation with 488 nm light, the open-ring isomer 2a convert-
ed to the closed-ring isomer 2b. The conversion ratio was 87%
in the photostationary state under irradiation with 488 nm
light. Upon irradiation with 633 nm light, the closed-ring iso-
mer 2b returned to 2a. The absorption spectral change of the
ethoxy derivative 3 was similar to that of 2 in hexane, as
shown in Fig. 3.

Table 1 summarizes the absorption maxima of the open- and
closed-ring isomers in hexane and their coefficients. The di-
arylethene 1b, which is of the thiophene—benzothiophene type,
has an absorption band at 550 nm. The absorption band of 2b
and 3b shifted to longer wavelengths, that is, 662 nm and 661
nm, respectively, with the introduction of 5-methoxy-2-meth-
ylindole. However, the cyclization/cycloreversion quantum
yields dramatically decreased with the introduction of 5-me-
thoxyindole. No appreciable difference in cyclization/cyclore-
version quantum yield was observed between 2 and 3.
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Fig. 2. Absorption spectra of 2a (solid line), 2b (dotted
line), and 2 in photostationary state (dashed line) under ir-
radiation with 488 nm light in hexane (¢ = 6.1 x 107> M).
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Fig. 3. Absorption spectra of 3a (solid line), 3b (dotted

line), and 3 in photostationary state (dashed line) under ir-

radiation with 488 nm light in hexane (¢ = 4.4 x 1075 M).

Table 1. Absorption Characteristics and Photoreactivities of
Diarylmaleimide Derivatives 1-3 in Hexane

£/10° dm?® mol~! cm™! Quantum yield

Compound  Open Closed-ring Cyclization Cycloreversion
form form
1 43 7.3 0.24 0.075
(414 nm) (550 nm) (445 nm) (550 nm)
2 8.3 10.1 0.046 0.032
(470 nm) (662 nm) (500 nm) (660 nm)
3 8.3 9.5 0.057 0.035
(470 nm) (661 nm) (500 nm) (660 nm)
Solvent Effects. Photochromic reactivity was found to de-

pend on solvent polarity. Figure 4 shows the conversion ratios
of 2 in a solution of hexane and benzene. The conversion ratio
was strongly affected by solvent polarity. The conversion ratio
of 87% in hexane decreased to 18% in benzene. Solvent polar-
ity does not affect the ratio of the parallel conformation to the
anti-parallel conformation of the diarylethene 2 in the ground
state. This was confirmed by '"HNMR measurements.

The solvent effect is explained by an intramolecular charge
transfer (TICT).'"> When a compound is photoexcited to the
first excited singlet state, the compound can take two confor-
mations: planar and twisted. In polar solvents, photoexcitation
induces a intramolecular charge transfer from the donor ben-
zo[b]thiophene and indole rings to the electron acceptor male-
imide moiety. The charge-separated polarized state prefers the
twisted conformation, from which photocyclization cannot
proceed.
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Fig. 5. Fatigue resistances of 2a (A) and 3a (@) in hexane
solution in air.

Photocyclization can proceed only from the anti-parallel
and planar conformations. The increase of twisted conforma-
tion in a polar solvent led to a decrease in the conversion ratio
from the open- to the closed-ring isomers.

Fatigue Resistance. Fatigue resistance is an indispensable
property for practical applications. Hexane solutions of 2a and
of 3a were irradiated alternately with 488 nm light for 2 min
and 633 nm light for 2 min in the presence of air.” The absorb-
ance of the closed-ring isomer was plotted against the number
of cycles (Fig. 5). Although both compounds showed fairly
good fatigue resistances, the fatigue resistance of 3a, which
has an ethoxy substituent, was superior to that of 2a, which
has a methoxy group. The difference in fatigue resistance be-
tween 2 and 3 is explained as follows.

It has been reported that photooxidative degradation is de-
pendent on the polymer structure for poly(methyl methacry-
late), poly(ethyl methacrylate), poly(n-butyl methacrylate),
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and poly(hexyl methacrylate).'® Photodegradation occurred
most readily for poly(methyl methacrylate). The difference
was attributed to the flexibility and the mobility of alkyl
chains, which suppress the photodegradation. The ethoxy sub-
stituent was effective to suppress the photodegradation.

Thermal Stability. The thermal stabilities of both isomers
are the most important requirement for optical memory de-
vices. Indole derivatives are considered to be thermally unsta-
ble. The diarylethenes 2 and 3 are thermally stable for 10 days
at 50 °C in hexane. The absorbance of the closed-ring isomers
of 2b and 3b did not decrease even at 120 °C for 3 h in
decaline.

Conclusion

We have demonstrated that diarylmaleimide derivatives
having an indole ring could be synthesized in an attempt to
shift the photosensitive wavelength such that it becomes longer
than 450 nm. The derivatives underwent photocyclization
upon irradiation with 488 nm light or >560 nm light in
hexane.

Experimental

The solvents used were spectrograde and were purified by dis-
tillation before use. Absorption spectra were measured with an ab-
sorption spectrophotometer (Shimadzu UV-2400PC). A mercury
lamp (Ushio, 500W) was used as a light source. Monochromic
light was obtained by passing light through a Toshiba cutoff filter
(UV-35) and a monochromator (Ritsu MC-10N) or through an O-
56 filter. Quantum yield was determined by comparing the reac-
tion yields of diarylethenes in hexane with the yield of furyl ful-
gide in toluene. The sample was not degassed. 'HNMR spectra
were recorded on a Varian Gemini-200 (200 MHz) spectrometer
with CDClj3 and with dg-benzene as solvent and tetramethylsilane
as internal standard. The mass spectra were measured on a
Shimadzu GC-2010 mass spectrometer. Fatigue resistance was
measured using an apparatus described in Ref. 9.

3-Chloromethyl-2,4,5-trimethylthiophene (5). Chlorometh-
yl methyl ether (9.5 mL, 125 mmol) and zinc chloride (0.34
mL, 2.5 mmol) at room temperature were added to a stirred solu-
tion of 2,3,5-trimethylthiophene (3.16 g, 25 mmol) in dichloro-
methane (25 mL), and the reaction mixture was stirred for 1 h
at room temperature. The reaction mixture was poured into water.
Extraction with chloroform, drying with anhydrous magnesium
sulfate, and evaporation of this mixture afforded crude 3-chloro-
methyl-2,4,5-trimethylthiophene (5). This compound was used
for cyanation without further purification. 5: Yellow liquid. bp
43-45 °C/2 mmHg. 'HNMR (CDCl3) § 2.06 (s, 3H), 2.23 (s,
3H), 2.36 (s, 3H), 4.43 (s, 2H).

3-Cyanomethyl-2,4,5-trimethylthiophene (6). A mixture of
5, benzene (5 mL), tetrabutylammnonium bromide (0.31 g, 0.96
mmol), and sodium cyanide (2.35 g, 48 mmol) in water (10
mL) was refluxed for 1 h. After cooling to ambient temperature,
the reaction mixture was extracted with chloroform. The com-
bined organic phase was dried with anhydrous magnesium sulfate,
filtered, and evaporated in vacuo. The residue was purified by
distillation in vacuo to give 6.82 g of 6 in 83% yield. 6: Yellow
crystals. mp. 61-62 °C. "THNMR (CDCl3) § 2.07 (s, 3H), 2.27
(s, 3H), 2.33 (s, 3H), 3.38 (s, 2H).

2,4,5-Trimethylthiophen-3-ylacetic acid (7). A mixture of
compound 6 (0.20 g, 1.21 mmol) and 4 mL of concentrated hydro-
chloric acid was refluxed for 3 h. After cooling, the mixture
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was extracted with chloroform. The extracts were dried over anhy-
drous magnesium sulfate and concentrated in vacuo to give 0.150
g of 7 in 62% yield. 7: Yellow crystals. mp. 106-107 °C. 'THNMR
(CDCl3) § 2.00 (s, 3H), 2.22 (s, 3H), 2.28 (s, 3H), 3.35 (s, 2H).

N-Cyanomethyl-2-(2-methoxybenzothien-3-yl)-3-(2,4,5-tri-
methylthien-3-yl)maleimide (1a). Oxalyl chloride (0.17 mL, 1.4
mmol) was added to a benzene solution (10 mL) containing 104
mg (0.55 mmol) of 8. The mixture was stirred for 1 h, and refluxed
for 1 h. After evaporating benzene and excess oxalyl chloride in
vacuo, 10 mL of 1,2-dichloromethane solution containing 153
mg (0.55 mmol) of 9 and 5 mL of triethylamine was added drop-
wise. After stirring for 40 h at room temperature, the reaction mix-
ture was extracted with chloroform (100 mL) following the addi-
tion of 50 mL of water. The organic phase was washed with 2 M
hydrochloric acid, and dried over anhydrous magnesium sulfate,
and evaporated in vacuo. The residue was purified by thin-layer
chromatography on silica gel (hexane/ethyl acetate = 7/3) to
give 77 mg of 1a in 32% yield. 1a: Orange crystals. mp. 171—
172 °C. "HNMR (CDCl3) § 1.84 (s, 3H), 1.95 (s, 3H), 2.20 (s,
3H), 3.74 (s, 2H), 4.50 (s, 2H), 7.00-7.70 (m, 4H). Mass (EI)
422 (MH).

N-Octadecyl-2-methyl-5-methoxyindole (10). Commercial
60% sodium hydride (0.75 g, 19 mmol) in DMSO (21 mL) was
added to 2-methyl-5-methoxyindole (15 mg, 9.3 mmol) with cool-
ing in an ice bath, and then the mixture was stirred for 1 h at room
temperature. This was then cooled in an ice bath, and octadecyl-
bromide (3.5 g, 10 mmol) was added to the mixture. The reaction
mixture was stirred for 3 h at room temperature and then poured
into water. It has then extracted with hexane; the organic phase
was dried over anhydrous magnesium sulfate and evaporated in
vacuo. The mixture was purified by recrystallization with ethanol
to give 2.9 g 10 in 75% yield. 10: Yellow crystals. '"HNMR
(CDCl3) § 0.86-1.71 (m, 3H), 2.39 (s, 3H), 3.83 (s, 3H), 4.00
(t, J = 8 Hz, 2H), 6.15-7.25 (m, 4H).

N-Cyanomethyl-2-methyl-1-(N-octadecyl)indole-3-glycoxyl-
amide (11). A dichloromethane solution (130 mL) containing 78
mg (0.37 mmol) of aminoacetonitrile sulfate and 0.13 mL (0.96
mmol) of triethylamine was refluxed for 4 h. In another flask,
30 mg (0.24 mmol) of oxalyl chloride was added to a 1,2-di-
chloroethane solution (8 mL) of N-octadecyl-2-methyl-5-me-
thoxyindole (10) (0.10 g, 0.24 mmol) and the mixture was re-
fluxed for 3 h. To this reaction mixture, the dichloromethane solu-
tion was added, and the resulting mixture was stirred for 12 h at
room temperature. The reaction mixture was extracted with
chloroform, after the addition of 50 mL of 2 M hydrochloric acid.
The organic phase was dried over anhydrous magnesium sulfate
and evaporated in vacuo. The residue was recrystallized from eth-
yl acetate to give 96 mg of 11 in 77% yield. 11: Yellow crystals.
mp. 119-120 °C. 'THNMR (CDCl3) § 0.70-1.82 (m, 35H), 2.65
(s, 3H), 3.83 (s, 3H), 4.00 (t, 2H), 4.23 (d, J/ =8 Hz, 2H),
6.70-7.83 (m, 3H).

N-Cyanomethyl-2-[2-methoxy-1-benzothiophen-3-yl]-3-[2-
methyl-1-octadecylindol-3-ylJmaleimide (2a). A 0.14 mL (1.78
mmol) volume portion of oxalyl chloride was added to a benzene
solution (14 mL) of 2-methoxy-1-benzothiophen-3-ylacetic acid
(0.16 g, 0.71 mmol).!” The mixture was stirred for 1 h, followed
by 1 h of reflux. After benzene and excess oxalyl chloride were
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evaporated in vacuo, 5 mL of a 1,2-dichloromethane solution con-
taining 0.375 mg (0.71 mmol) of 11 and 5 mL of triethylamine
was added dropwise. After stirring for 40 h at room temperature,
the reaction mixture was extracted with chloroform (100 mL) fol-
lowing the addition of 50 mL of water. The organic phase was
washed with 2 M hydrochloric acid, dried over anhydrous magne-
sium sulfate, and evaporated in vacuo. The residue was purified
by thin-layer chromatography on silica gel (hexane/ethyl ace-
tate = 7/3) to give 0.342 mg of 2a in 68% yield. 2a: Orange crys-
tals. mp. 73-74 °C. "THNMR (CDCl3) § 0.70-1.60 (m, 35H), 2.20
(s, 3H), 3.20 (s, 3H), 3.58 (s, 3H), 3.90 (t, J/ = 8 Hz, 2H), 4.53 (s,
2H), 6.36-7.55 (m, 7H). Mass (EI) 709 (M*). Anal. Calcd for
C43HssN304S: C, 72.74; H, 7.81; N, 5.92%. Found: C, 72.84;
H, 7.84; N, 5.85%.

N-Cyanomethyl-2-[2-ethoxy-1-benzothiophen-3-yl]-3-[2-
methyl-1-octadecylindol-3-ylJmaleimide (3a). 3a was synthe-
sized from 13, which was produced from 100 mg (0.424 mmol)
of 2-ethoxybenzothiophen-3-ylacetic acid and 229 mg (0.424
mmol) of 11 by the same procedure as that used for 2a. The crude
product was purified by thin-layer chromatography on silica gel
(hexane/ethyl acetate = 7/3) to give 74 mg of 3a in 24% yield.
3a: Orange crystals. mp. 92-93 °C. 'HNMR (CDCl3) § 0.72—
1.60 (m, 38H), 2.20 (s, 3H), 3.20 (s, 3H), 3.58 (s, 3H), 4.12 (q, J =
8 Hz, 2H), 4.53 (s, 2H), 6.36-7.55 (m, 7TH). Mass (EI) 723 (M*).
Anal. Caled for Cy4Hs57N304S: C, 72.99; H, 7.94; N, 5.80%.
Found: C, 73.15; H, 7.98; N, 5.76%.
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