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Photochromism of a symmetric diarylmaleimide derivative,
having two thiophene rings (1), and a non-symmetric derivative
having a §,S-dioxide thiophene ring and a thiophene ring (2) as
the aryl moieties, was studied in various solvents. The photo-
cyclization quantum yield of 1 gradually decreased with increas-
ing the solvent polarity and the reaction was not observed in
polar solvents, such as ethanol and acetonitrile; on the other
hand, such a strong solvent dependence of the photocyclization
reaction was not observed for 2; the different behavior is
attributed to the weaker electron donating ability of the
S,S-dioxide thiophene ring.

Recently, photochromic compounds have attracted consider-
able attention as molecular switches to control various func-
tions.! Among many photochromic compounds, diarylethene
derivatives are the most promising for practical applications
because of their thermal stability and fatigue resistance.> One
of potential applications of the photochromic compounds is as
a biological probe.* Photochromic chromophores can be used
as an energy acceptor or donor group in FRET, which
provides a tool for resolving molecular interactions in biolo-
gical systems. Photochromic FRET is advantageous for the
quantitative determination of FRET parameters.’ In addition,
photochromic biological probes are also useful as a super-
resolution biological imaging technique.® For useful applica-
tion, the photochromic compound should undergo photoreac-
tion even in polar solvents. In addition, the photoreaction
should be induced by irradiation with visible light, because in
biological systems UV light is absorbed by proteins, such as
indole residues. Diarylmaleimides’ as well as diarylmaleic
anhydrides® are possible candidates for this application, since
these compounds undergo reversible photochromic reactions
upon irradiation with visible light. One of the drawbacks of
these derivatives is that the photochromic reactions are
strongly suppressed in polar solvents.® It is strongly desired
to develop a novel diarylethene derivative, in which both
cyclization and cycloreversion reactions take place upon irra-
diation with light in the visible region even in polar solvents.
Here, we report on a diarylmaleimide derivative, which ex-
hibits reversible photochromism in polar solvents.
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A symmetric diarylmaleimide derivative, having thiophene
rings (1), and a non-symmetric derivative having a S,S-dioxide
thiophene ring and a thiophene ring (2) as the aryl moieties
(Scheme 1), were synthesized and their photochromic proper-
ties in various solvents were studied. Detailed synthetic pro-
cedures are described in the ESI.¥ Compound 1 was obtained
by a typical condensation procedure in high yield. Compound
2 was prepared by the oxidation of 1 using 3-chloroperoxy-
benzoic acid (m-CPBA)!® in 67% yield. The structures were
identified with '"H NMR, MS spectra and elemental analysis}
(also see ESIY).

Fig. 1(a) shows the absorption spectral change along with
the photochromic reaction of 1 in cyclohexane solution. Upon
irradiation with 405 nm light, the yellow color solution turned
to red—purple, and new absorption bands appeared at 526 and
377 nm. The color change is attributed to the photocyclization
reaction from the open-ring isomer (la) to closed-ring isomer
(1b). Upon irradiation with visible light (4 >500 nm), the
peaks at 526 and 337 nm gradually decreased and finally
disappeared (i.e. the red—purple solution returned to a yellow
solution).

Remarkable solvent dependence was observed for the
photochromic reaction of 1. The conversion from the
open- to the closed-ring isomer in the photostationary state
under irradiation with 405 nm light decreased with increasing
solvent polarity. The conversion of 54% in cyclohexane
decreased to 42% in toluene, 27% in THF, 7% in
ethanol, and 4% in acetonitrile, respectively (Fig. 1(b) and
Fig. S1 in ESIf). In ethanol and acetonitrile solutions, no
appreciable color change was observed upon irradiation
with 405 nm light, as shown in Fig. 1(c). Table 1 summarizes
the quantum yields of 1 in various solvents. The strong solvent
dependence was observed only in the cyclization reaction. The
cyclization quantum yield of la decreases with increasing
solvent polarity. The cyclization quantum yield decreases to
0.097 in THF, 0.029 in ethanol and 0.013 in acetonitrile,
respectively. On the other hand, the photocycloreversion

1a (X =9) 1b (X =S)
2a (X =S0y) 2b (X =80»)
Scheme 1 Photochromism of diarylmaleimide derivatives.
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Fig. 1 Absorption spectra of 1 (a) in cyclohexane, (b) in ethanol; the
open-ring isomer (solid line), the photostationary state under irradia-
tion with 405 nm light (dashed line), and the closed-ring isomer
(broken line). The inset in Fig. 1(b) shows the absorption spectra
between 400 and 700 nm. (c) Photographs of color changes of 1 upon
irradiation with 405 nm light in various solvents (from left to right:
cyclohexane, toluene, THF, ethanol, acetonitrile): Left: before photo-
irradiation, right: after photoirradiation.

quantum yields are almost the same in cyclohexane, toluene,
THEF, ethanol and acetonitrile. These results are similar to the
behavior of diarylmaleic anhydride derivatives previously
reported.®

Fig. 2(a) shows the absorption spectral change along with
photochromic reaction of 2 in cyclohexane solution. Upon
irradiation with 405 nm light, the yellow color solution turned
to red, and new absorption bands appeared at 498 and 331 nm.
The color change is attributed to the photocyclization reaction
from the open-ring isomer (2a) to the closed-ring isomer (2b).
Upon irradiation with visible light (4 > 500 nm), the peaks at
498 and 331 nm gradually decreased and finally disappeared
(i.e. the red color solution returned to a yellow solution). The
conversion from 2a to 2b in cyclohexane was 80%, which is
much higher than that of la in the same solvent. 2a was
efficiently converted to 2b even in polar solvents such as
ethanol and acetonitrile (Fig. 2(b) and Fig. S2 in ESIY). The
color change along with photochromic reaction was clearly
observed even in polar acetonitrile (Fig. 2(c)). These results
suggest that the solvent polarity scarcely affects the photo-
reaction. The cyclization quantum yields were measured in
various solvents and are summarized in Table 2. As expected,
the cyclization quantum yield of 2a is still high even in
acetonitrile.

Table 1 Absorption maxima, quantum yields and conversion ratios
from the open- to the closed-ring isomers upon irradiation with
405 nm light of 1 in various solvents

Amax/NM Quantum yield
Solvent la. 1b 1a > 1b° 1b — 1a® Conversion (%)
Cyclohexane 392 526 0.22 0.16 54
Toluene 398 527 0.13 0.14 42
THF 393 526 0.097 0.12 27
Ethanol 396 528 0.029 0.13 7
Acetonitrile 388 525 0.013 0.14 4

“ Irradiation with 405 nm light. ® Irradiation with 516 nm light.
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Fig. 2 Absorption spectra of 2 (a) in cyclohexane, (b) in ethanol; the
open-ring isomer (solid line), the photostationary state under irradia-
tion with 405 nm light (dashed line), and the closed-ring isomer
(broken line). (c) Photographs of color changes of 2 upon irradiation
with 405 nm light in various solvents (from left to right: cyclohexane,
toluene, THF, ethanol, acetonitrile): Left: before photoirradiation,
right: after photoirradiation.

Table 2 Absorption maxima, quantum yields and conversion ratios
from the open- to the closed-ring isomers upon irradiation with
405 nm light of 2 in various solvents

Amax/NM Quantum yield
Solvent 2a 2b  2a— 2b" 2b — 2a° Conversion (%)
Cyclohexane 401 502 0.30 0.031 80
Toluene 400 505 0.24 0.022 65
THF 401 498 0.22 0.024 70
Ethanol 405 500 0.17 0.030 63
Acetonitrile 400 494 0.11 0.038 40

“ Irradiation with 405 nm light. ® Irradiation with 494 nm light.

In a previous paper,® the solvent dependence of analogous
compounds, 1,2-bis(2,4,5-trimethylthiophene-3-yl)maleic an-
hydride and 1,2-bis(2-methylbenzothiophen-3-yl)maleic anhy-
dride was attributed to the contribution of a twisted
intramolecular charge transfer interaction (TICT).!! The do-
nor—acceptor interaction between the thiophene and maleic
anhydride moieties play a role to control the reactivity. The
weak solvent dependence observed in 2a can be attributed to
the weak electron donating ability of the S,S-dioxide
thiophene ring.

In conclusion, a non-symmetric derivative having a S,S-
dioxide thiophene ring and a thiophene ring as the aryl
moieties was synthesized and showed high photochromic
reactivity even in polar solvents such as acetonitrile. The weak
electron donating ability of the S,S-dioxide moiety favored the
cyclization reaction even in polar solvents.
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Notes and references

t Analytical data for 1a: "H NMR (400 MHz, CDCl): § 1.79 (s, 3H),
1.95-1.96 (m, 6H), 2.11 (s, 3H), 2.26-2.28 (m, 6H), 7.33-7.40 (m, 1H),
7.45-7.54 (m, 4H); MS (FAB"): m/z 422 [M + H]"; Anal. Calc. for
C,4H»3NO5S5: C, 68.38; H, 5.50; N, 3.32. Found: C, 68.32; H, 5.59; N,
3.32%.

Analytical data for 2b:' "TH NMR (400 MHz, CDCl3): & 1.54 (s,
3H), 1.82 (s, 3H), 2.23 (d, 3H, J = 0.8 Hz), 2.32 (s, 3H), 2.41 (s, 3H),
2.48 (d, 3H, J = 0.8 Hz), 7.35-7.43 (m, 3H), 7.48-7.52 (m, 2H); MS
(FAB+)Z m/z 454 [M + H]+; Anal. Calc. for C24H23NO4822 C, 6355,
H, 5.11; N, 3.09. Found: C, 63.21; H, 5.32; N, 2.97%.
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. The identification of the molecular structure of compound 2 was

carried out by using the closed-ring isomer (2b), since the 'H
NMR signal of the open-ring isomer (2a) was very complex due to
the non-symmetric molecular structure and the existence of
parallel and anti-parallel conformers.
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