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Abstract—A complex photochromic diarylethene derivative containing photo-responsive coumarin groups was synthesized by an
efficient method. The dimerization of coumarin groups and photochromism of diarylethene can be controlled respectively to pro-
duce the four corresponding states, which were verified by 1H NMR, fluorescent, UV–vis spectroscopy and mass spectrometry. This
compound gives a unique example for the controllable switch of both optical properties and chemical composition by light and
chemical stimuli.
� 2005 Elsevier Ltd. All rights reserved.
Research on photochromic materials has aroused much
interest for their potential applications on optical mem-
ories and photonic switching devices, where each isomer
of the photochromic compound can represent �0� or �1�
of a digital code.1–3 However, for practical applications,
thermal irreversibility of the switching units is required
in most cases. As a thermally irreversible system, diaryl-
ethenes may be the most promising compounds for
these applications due to the good thermal stability
and high fatigue resistance of both isomers.4,5 In the
field of photochromism, development of complex sys-
tems that integrate several switchable functions into a
single molecule is a key aspect in the progress of molec-
ular switches. Various new approaches to material engi-
neering for multi-addressable switching systems based
on diarylethenes have been proposed in recent years,
including the design of nonsymmetric fused dithienyl-
ethene dimers or trimers,6,7 the combination of two or
more types of photochromic components into one mole-
cule,8–10 and the crystal engineering of several photo-
chromic molecules into a full-colored single crystal.11–14

Almost all of these strategies only devoted photo-in-
duced color change, a few examples also related to the
proton-induced acidichromism.15 The photo-induced or
chemical-induced mass switch such as reversibly photo-
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dimerization and subsequent photocleavage is also
worth exploring, especially in biological application
such as a possible controlled drug release mechanism.16

Coumarin derivatives, another kind of optical active
material which can undergo photochemical 2p+2p
dimerization upon photo irradiation, is a very nice can-
didate for this purpose.16,17

Coumarin derivatives are widely used in the fields of
biology, medicine and polymer science and have already
been well documented as therapeutic agents.17 The
dimerization of coumarin would produce various differ-
ent signals on UV–vis, fluorescent, NMR, and mass
spectra.17–25 The combination of coumarin with dithien-
ylethene should not only involve a multi-addressed
memory system, but also entail the possibilities of
biological application. In this letter, we designed and
prepared a complex multi-addressable compound (1o)
containing both coumarin and diarylethene. Compound
1o undergoes reversible photochromism and photodi-
merization upon irradiation of light (Scheme 1). This
novel structure represents a unique example of a multi-
addressable system where both controllable optical
properties and chemical changes are realized using light
as stimuli, assisted with catalyst.

Compound 1o was synthesized by the reaction of 1,2-
bis[50-(400-hydroxyphenyl)-20-methylthien-30-yl]-perfluoro-
cyclo pentene26 with 6-bromomethyl coumarin in the
presence of K2CO3 and 18-crown-6 in acetone in 80%
yield (Scheme 2), and characterized by NMR, mass
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Scheme 1. Four states of compound 1 responding to external stimuli.
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Scheme 2. Synthetic process of 1o.

5.00 4.00 3.00 2.00

Chemical shift (ppm)

A

B

C

Figure 1. 1H NMR spectra of 1o (A); after 365 nm UV light
irradiation (B); after photodimerization of coumarin derivative (C)
(400 MHz, CD3Cl). (s) CH3– on thienyl of 1o; (h) CH3– on thienyl of
1c; (n) �CH– on cyclobutane for the dimer 1dc.
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spectroscopy, and elemental analysis.27 The 6-bromo-
methyl coumarin was produced from 6-methyl coumarin
brominated with NBS in CCl4 using 2,2 0-azo-bis-iso-
butyronitrile as catalyst.

As illuminated in Scheme 1, 1o undergoes a reversible
photocyclization to 1c upon alternate irradiation with
UV and visible light. In the presence of BF3, by taking
more than 20 h of irradiation with light longer than
320 nm, the photodimerization took place to produce
1dc. 1H NMR measurement gives the direct evidence
for photocyclization and photodimerization.20–22 Figure
1 clearly exhibits the signals for photochemical reac-
tions. Chemical shifts of –CH3 on thienyl of 1o appeared
at 1.94 ppm (A), and it shifted to 2.13 ppm (B) upon UV
light irradiation due to photocyclization reaction. In the
photostationary state, the conversion value of 1c is cal-
culated to 69% by both HPLC analysis and NMR mea-
surement. After photodimerization of coumarin, signals
of cyclobutane on 1dc appeared as the mutiplets in the
range of 3.60–3.75 ppm (C), which indicated the forma-
tion of anti-hh isomer.22 Electrospray ionization mass
spectra (ESI-MS) of the photodimerization product
1dc showed obvious signals corresponding to the trimer.
The ESI mass spectrum of 1dc contains peaks for multi-
plied charged cationic species. The two main peaks
at m/z 869.6744 and 652.5044 are assignable to the
cationic species [1dc+3H]3+ and [1dc+4H]4+, respec-
tively. These results indicate the formation of trimer.
The conversion of coumarin monomer to trimer is expe-
cted to be 21% from the integration of 1H NMR spectrum.

The absorption spectral changes of 1o in chloroform
solution responding to light are shown in Figure 2A.
Upon 3 min irradiation with 365 nm UV light, the color-
less solution of 1o turned blue referred to the close state
of 1c. The maximum absorption of 1c was observed at
595 nm (e = 2.3 · 104 M�1 cm�1), with a quantum yield
(Uo!c) of 0.32. Photodimerization of 1o would not
occur in such a short time without a catalyst. The blue col-
ored solution of 1c returned to colorless on irradiation
with visible light (k > 590 nm). This process was com-
pletely reversible. The absorption spectral shape of 1dc
was similar to that of 1c, only the maximum absorption
at both 595 and 290 nm was reduced compared to state
1c. This change may be due to the smaller e value of
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1dc (0.6 · 104 M�1 cm�1) compared to the monomer
because of the decrease of p conjugation upon the for-
mation of cyclobutane. Upon irradiation with 620 nm
visible light, the closed state 1dc was completely con-
verted into the open state 1do, with the disappearance
of absorption at 590 nm and the increase of absorption
at 290 nm. All these four states reveal excellent thermal
stability under room temperature. There is no change on
absorption spectra after 24 h in dark.

Photochromism of diarylethene and dimerization reac-
tion of the coumarin derivative also made a difference
on the fluorescent spectra (Fig. 2B). There appeared
two emission peaks at 488 and 380 nm referred to diaryl-
ethene and coumarin respectively. Fluorescent intensity
of diarylethene derivatives decreased significantly when
the open state 1o turned to closed state 1c with UV light
irradiation, as observed in most of the diarylethene com-
pounds.4,5 The slight decrease of fluorescence of couma-
rin group at 380 nm may be due to the overlap of this
emission with the absorption band of 1c in the range
of 300–400 nm. A new fluorescent emission band at
405 nm produced after photodimerization of 1c to 1dc
because of the interaction between coumarin and
BF3.

28 Upon irradiation with visible light, open state
1do was produced and fluorescent intensity for diaryl-
ethene increased again as expected.

According to the above observations, 1o could undergo
various photochemical reactions on irradiation with UV
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Figure 2. UV–vis absorption (A) and fluorescent emission spectra (B:
excited at 290 nm) of the compound in various states according to
Scheme 1 in chloroform solution (1.6 · 10�5 M).
and visible light, respectively, producing four corre-
sponding states. Both electronic absorption and emis-
sion characters are distinct from 1o to 1c and 1do to
1dc, respectively. NMR and chemical switch are possi-
bly realized between 1c and 1dc. Because of the photo-
lysis of the timer exposed to short wavelength UV
light (<290 nm), the reversibly photocleaving reaction
of 1dc to 1c or 1do to 1c is not completed. Nevertheless,
the present compound affords a unique example for the
controllable switch of both optical properties and chem-
ical composition with irradiation, which may be helpful
to access the new application on molecular motion and
drug release.
Acknowledgements

This work was financial supported by National Science
Foundation of China (20441006, 20490210) and Shang-
hai Sci. Tech. Comm. (03QB14006 and 03DZ12031).
References and notes

1. Liu, Z.; Yasseri, A. A.; Lindsey, J. S.; Bocian, D. F.
Science 2003, 302, 1543–1546.

2. Malval, J. P.; Gosse, I.; Morand, J. P.; Lapouyade, R.
J. Am. Chem. Soc. 2002, 124, 904–905.

3. Myles, A. J.; Wigglesworth, T. J.; Branda, N. R. Adv.
Mater. 2003, 15, 745–748.

4. Irie, M. Chem. Rev. 2000, 100, 1685–1716.
5. Tian, H.; Yang, S. J. Chem. Soc. Rev. 2004, 33, 85–97.
6. Matsuda, K.; Irie, M. Angew. Chem., Int. Ed. 2003, 42,

3537–3540.
7. Higashiguchi, K.; Matsuda, K.; Tanifuji, N.; Irie, M. J.

Am. Chem. Soc. 2005, 127, 8922–8923.
8. Choi, H.; Ku, B. S.; Keum, S. R.; Kang, S. O.; Ko, J.

Tetrahedron 2005, 61, 3719–3723.
9. Mrozek, T.; Görner, H.; Daub, J. Chem. Eur. J. 2001, 7,

1028–1040.
10. Wang, S.; Li, X. C.; Chen, B. Z.; Luo, Q. F.; Tian, H.

Macromol. Chem. Phys. 2004, 205, 1497–1507.
11. Morimoto, M.; Kobatake, S.; Irie, M. J. Am. Chem. Soc.

2003, 125, 11080–11087.
12. Morimoto, M.; Kobatake, S.; Irie, M. Adv. Mater. 2002,

14, 1027–1029.
13. Morimoto, M.; Kobatake, S.; Irie, M. Chem. Rec. 2004, 4,

23–28.
14. Kobatake, S.; Irie, M. Bull. Chem. Soc. Jpn. 2004, 77, 195–

210.
15. Luo, Q. F.; Li, X. C.; Jing, S. P.; Zhu, W. H.; Tian, H.

Chem. Lett. 2003, 32, 1116–1117.
16. Mal, N. K.; Fujiwara, M.; Tanaka, Y. Nature 2003, 421,

350–353.
17. Trenor, S. R.; Shultz, A. R.; Love, B. J.; Long, T. E.

Chem. Rev. 2004, 104, 3059–3077.
18. Wolff, T.; Görner, H. Phys. Chem. Chem. Phys. 2004, 6,

368–376.
19. Kawata, H.; Ichikawa, S.; Kumagai, T.; Niizuma, S.

Tetrahedron Lett. 2002, 43, 5161–5163.
20. Chen, Y.; Chen, K. H. J. Polym. Sci A. 1997, 35, 613–

624.
21. Vishnumurthy, K.; Row, T. N. G.; Venkatesan, K.

Tetrahedron 1998, 54, 11235–11246.
22. Yu, X. L.; Scheller, D.; Rademacher, O.; Wolff, T. J. Org.

Chem. 2003, 68, 7386–7399.



9012 S. Xiao et al. / Tetrahedron Letters 46 (2005) 9009–9012
23. Mal, N. K.; Fujiwara, M.; Tanaka, Y.; Taguchi, T.;
Matsukata, M. Chem. Mater. 2003, 15, 3385–3394.

24. Kim, H. C.; Kreiling, S.; Greiner, A.; Hampp, N. Chem.
Phys. Lett. 2003, 372, 899–903.

25. D�Auria, M.; Racioppi, R. J. Photochem. Photobiol. A.
2004, 163, 557–559.

26. Kawai, S. H.; Gilat, S. L.; Ponsinet, R.; Lehn, J. M. Chem.
Eur. J. 1995, 1, 285–293.

27. 1H NMR (CDCl3, 400 MHz): d 1.95 (s, 6H), 5.12 (s, 4H),
6.42–6.46 (d, J = 9.6 Hz, 2H), 6.96–6.98 (d, J = 8.8 Hz,
4H), 7.16 (s, 2H), 7.34–7.36 (d, J = 8.4 Hz, 2H), 7.46–7.48
(d, J = 8.8 Hz, 4H), 7.57–7.60 (d, J = 12.4 Hz, 4H), 7.69–
7.71 (d, J = 9.6 Hz, 2H); 13C NMR (400 MHz, CDCl3): d
14.7, 69.3, 115.5, 117.3–117.4(d), 119.1, 121.7, 126.0,
126.9–127.2(t), 131.1, 133.4, 140.8, 142.1, 143.5, 153.9,
158.4, 160.8. Anal. Calcd for C47H32F6O7S2 (1oÆH2O): C,
63.65; H, 3.64. Found: C, 63.48; H, 3.61. Ms: m/z: 867.6
[M]+.

28. Lewis, F. D.; Barancyk, S. V. J. Am. Chem. Soc. 1989,
111, 8653–8661.


	A multi-photo responsive photochromic dithienylethene containing coumarin derivative
	Acknowledgements
	References and notes


