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Photochromic Systems Utilizing the Reversible Photoredox Reactions

between a Flavin Analogue and Benzenethiol Derivatives
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Irradiation of a yellowish flavin analogue, riboflavin-2',3',4',5'-

tetra-acetate (Fl) in a polymer matrix film as well as in acetonitrile
containing benzenethiol derivatives and a base with visible light

(X > 360 nm) results in the decrease in absorbance due to Fl1 ()p;x

442 nm). The color reverts to yellow by irradiation of the samples

with ultraviolet light (A < 360 nm).

Flavin coenzymes are known to act as catalysts for dehydrogenation reactions
of various substrates by oxidants.1) Such flavin-catalyzed reactions consist of
two half-reactions, i.e., reduction of flavins by substrates and oxidation of the
reduced flavins by oxidants.1'2) Each half-reaction is reversible, and the trans-
formation between the oxidized and reduced forms of flavins occurs in both direc-
tions.1'2) However, relatively little is known about oxidation of the reduced form
of flavin analogues by oxidants except for dioxygen,3) although reduction of flavin
analogues by various substrates has been studied extensively.1’2) Thus, there has
so far been no report on the reversible transformation between the oxidized and
reduced forms of flavin analogues in the same redox reactions. We report herein
the reversible transformation between a flavin analogue, riboflavin-2',3',4',5'-
tetra-acetate (Fl), and the reduced form (F1H2) in the photoredox reactions between
benzenethiol derivatives and the corresponding disulfides in a poly(methyl
methacrylate) film as well as in acetonitrile under irradiation of visible or

ultraviolet light. Such reversible transformation of F1 (yellow) and FlH,
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Scheme 1.

in Scheme 1 provides a unique example of intermolecular photochromic systems.4'5)

When a deaerated acetonitrile solution containing F1 (1.5 x 10_4 mol dm’3), m-
-4

toluenethiol (7.5 x 10™4 mol dm'3) and tetrabutylammonium hydroxide (5.0 x 10 mol

dm~3)®) is irradiated with the visible light (A > 360 nm) from a Xenon lamp through
a filter, which excites only the absorption band due to Fl (Amax = 442 nm), the
absorbance at 442 nm decreases with an increase in the irradiation time (Fig. 1a).
Irradiation of the sample with ultraviolet light (XA < 360 nm) results in the

reverse change, i.e., an increase in the absorbance at 442 nm with an increase in

the irradiation time (Fig. 1a). This cycle can be repeated more than 10 times.7)
Such a photochromic behavior may be ascribed to the photoreduction of Fl by
m-toluenethiol, combined with the photooxidation of F1H2 by the corresponding
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Fig. 1. Repeated cycles for the decrease and increase in absorbance due to F1l

(Apax 442 nm) under irradiation of an acetonitrile solution containing F1 (1.5 x
10"% mol am~3) by m-toluenethiol (7.5 x 10”4 mol dm~3), and BuyNOH (5.0 x 107% mol
dm'3) (a) in the absence (—) and (b) the presence (---) of diphenyl disulfide
(2.5 x 10'4 mol dm'3) with visible light (hv, A > 360 nm) and ultraviolet light

(hv', A < 360 nm) at 298 K, respectively.
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disulfide under irradiation of visible light (X > 360 nm) and ultraviolet light (A
< 360 nm), respectively (Eg. 1), since the reduction of Fl by thiols is known to

yield F1H2 and the disulfide.e) The absorbance at 442 nm, which was decreased by

hv (A > 360 nm)
hv' (A < 360 nm)

the visible light irradiation, was readily recovered by introducing dioxygen to the
sample, indicating that FlH, produced by the photoreduction of Fl1 by m-toluenethiol
is oxidized by dioxygen to regenerate F1.3/9) on the other hand, irradiation of
aromatic disulfides with ultraviolet light is known to result in the cleavage of
the sulfur-sulfur bonds to yield thiyl radicals (Eqg. 2),10) which may be readily

reduced by FlH, to regenerate thiols (Eqg. 3).11) Thus, the reverse reaction under

hv'
ArSSAr =———— 2ArSe (2) r

F1H2 + 2ArSe ——> F1 + 2ArSH (3)

irradiation with ultraviolet light
(Eg. 1) may occur via the photo-
cleavage of the sulfur-sulfur bond of

di-m-tolyl disulfide, followed by the

Absorbance

dark reaction of thiyl radicals with hv'

FlH, to regenerate Fl. The reversible

photochemical reaction (Eg. 1) can /\
L]

also be monitored by the fluorescence

of Fl, since F1H2 is non-fluorescent. ) | 1 1 L
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reaction (Eg. 1) increased with an

increase in the thiol concentration.
Fig. 2. Repeated cycles for the

The rate of the reverse reaction to decrease (0 ) and increase (®) in the

regenerate Fl can also be controlled absorbance at 442 nm due to Fl in a

. v . . M i i i - -
by adding a disulfide to the starting PMMA film containing Fl, p-toluene

thiol, BuyNOH under irradiation of
sample as shown in Fig. 1b, where the visible light (hv) and ultraviolet

rate in the presence of diphenyl light (hv') at 298 K, respectively.
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disulfide (2.5 x 10"4 mol dm_3) becomes faster than that in its absence (Fig. 1a).
In order to apply the photochromic behavior in an acetonitrile solution (Fig.
1) to that in a solid matrix film, which could be used as an optical memory device,
Fl and p-toluenethiol were embedded in a poly(methyl methacrylate) (PMMA) film by
casting a THF solution containing F1 (1.5 x 1073 mol dm'3), p-toluenethiol (1.5 x
10‘2 mol dm‘3), Bu/4NOH (1.5 x 10'2 mol dm‘3), and PMMA (10%) on the quartz cuvette,
followed by drying under a stream of argon. The Fl-thiol system in a PMMA film

also exhibits essentially the same photochromic behavior (Fig. 2) as observed in an

acetonitrile solution (Fig. 1).12)

References

1) C. Walsh, Acc. Chem. Res., 13, 148 (1980); T. C. Bruice, ibid., 13, 256 (1980).

2) S. Fukuzumi and T. Tanaka, "Photoinduced Electron Transfer," ed by M. A. Fox
and M. Chanon, Elsevier, Amsterdam (1988), Part C, Chap. 11, pp. 636-687; P. F.
Heelis, Chem. Soc. Rev., 11, 15 (1982).

3) V. Massey, G. Palmer, and D. P. Ballou, "Oxidases and Related Redox Systems,"
ed by T. E. King, H. S. Mason, and M. Morrison, Univ. Park Press, Baltimore
(1973), vol. 1, p. 25; P. Hemmerich, V. Massey, and H. Fenner, FEBS Lett.,
1977, 84.

4) Most photochromic systems reported so far involve intramolecular reactions;
"Photochromism," ed by G. H. Brown, Wiley-Interscience, New York (1971); M.
Irie and M. Mohri, J. Org. Chem., 53, 803 (1988); V. Ramesh and M. M. Labes, J.
Am. Chem. Soc., 109, 3228 (1987); F. Ciardelli, D. Fabbri, O. Pieroni, and A.
Fissi, ibid., 111, 3470 (1989).

5) An intermolecular photochromic reaction utilizing thermal encapsulation and
photochemical deencapsulation of Ag(I) by an Ir complex has been reported
recently; A. Sykes and K. R. Mann, J. Am. Chem. Soc., 110, 8252 (1988).

6) In the absence of Bu,NOH, the rate of photochemical reaction of F1 with
m-toluenethiol becomes significantly smaller.

7) The irradiation time required for each photochemical reaction increased
gradually with the repeated cycles.

8) I. Yokoe and T. C. Bruice, J. Am. Chem. Soc., 97, 450 (1975); S. Shinkai, N.
Honda, Y. ishikawa, and O. Manabe, ibid., 107, 6286 (1985); Y. Yano, M.
Ohshima, I. Yatsu, S. Sutoh, R. E. Vasquez, A. Kitani, and K. Sasaki, J. Chem.
Soc., Perkin Trans. 2, 1985, 753; Y. Yano, M. Nakazato, and E. Ohya, ibid.
1985, 77.

9) S. Fukuzumi, S. Kuroda, and T. Tanaka, J. Am. Chem. Soc., 107, 3020 (1985).

10) A. J. Parker and M. Kharasch, Chem. Rev., 59, 583 (1959); E. Block, Q. Rep.
Sulfur Chem., 4, 283 (1969); J. P. Coyle, Chem. Soc. Rev., 4, 523 (1975).
11) R. Ahmad and D. A. Armstrong, Biochemistry, 21, 5445 (1982).
12) The small change in absorbance at the first UV irradiation may be ascribed to
residual dioxygen which remained in the PMMA matrix film.
(Received September 26, 1989)



