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Modulation of color change and
photocyclization of diarylethene with
metal complex
Huan-Huan Liua and Yi Chena*

Modulation of color change and photocyclization of diarylethene with metal complex is described. A diarylethene
derivative with 4-(ethylideneamino) phenol group 1a is prepared and photochromic behavior is investigated. It is
found that 1a exhibits ring-opening and ring-closing photoisomerization with UV/Vis light irradiation in solution.
Addition of Cu(OAc)2 to the solution of 1a produces a metal complex 1a–Cu, which generates not only marked color
change but also significant promotion in photocyclization. Copyright � 2010 John Wiley & Sons, Ltd.
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INTRODUCTION

Molecules that undergo reversible photoreactions between two
isomers with different UV–Vis absorption characteristics are
termed photochromic and the process is referred to as
photochromism.[1,2] Photochromic diarylethenes are one of the
most promising candidates[3–12] for photoelectronic applications
because of their thermo-irreversible and fatigue-resistant
photoisomerization performances. A lot of applications exist
for photochromic diarylethenes that take advantage of their
inherent ability to produce switches between two isomers by
UV–Vis phototrigger.[13–26] Basic requirements for photoswitch
are bistability, suitable wavelength, high efficiency of photo-
reaction, and fatigue resistance.
Modulation of color change is one of interesting subject for

photochromic materials due to the applications such as displays
and inks. Both open isomers and closed isomers of diarylethenes
have distinct absorption.[27–31] In general, the open isomers have
absorption bands at UV region and are colorless, and the closed
isomers have absorption bands at visible light region and are
colored. Most diarylethenes show very large spectral shifts upon
photocyclization of open isomers to closed isomers due to
p-electrons delocalization throughout the two condensed
thiophene rings and further extension of the substituents.
Modulation of the absorption bands (color) of closed isomers are
usually due to the modification of the electron properties of
substituents[32–35] and the extent of conjugation linked to
thiophene rings.[36–38]

Improvement of photochemical reaction efficiency is import-
ant and hard subject for photochromic materials. A diarylethene
with five-membered heterocyclic rings has two conformations
with the two rings inmirror symmetry (parallel conformation) and
in C2 symmetry (anti-parallel conformation). The photocyclization
reaction can proceed only from the antiparallel confor-
mation.[39–41] In general, the population ratio of the two
conformations is 1:1; therefore, the photocyclization quantum
yield cannot exceed 0.5. There are two main approaches to
increase the yield of diarylethene photocyclization. One way is to
change diarylethene structure by introducing bulky substituents

to the thiophene rings or by modifying the bridge unit,[42–44] and
another is to incorporate the dithienylethenes into a polymer
backbone.[45,46]

In this paper, we report a simple and efficient approach to
modulation the color change and to improvement of photo-
cyclization efficiency by diarylethene–metal complex. It is found
that by binding with metal ion, the color of closed isomer was
changed from blue to purple. Meanwhile, it is also found that the
photocyclization of open isomer to closed isomer was promoted
with metal complex. The chemical structure of the diarylethene
derivative 1a and its ring-opening and ring-closing photoisome-
rization is presented in Scheme 1.

EXPERIMENTAL

General Information

1H NMR spectrum was recorded at 400MHz with TMS as an
internal reference and CDCl3 as solvent. MS spectra were
recorded with TOF-MS spectrometer. Absorption spectra were
measured with an absorption spectrophotometer (Hitachi
U-3010). All chemicals for synthesis were purchased from
commercial suppliers, and solvents were purified according to
standard procedures. The reaction was monitored by TLC silica
gel plates (60F-254). Column chromatography was performed on
silica gel (Merck, 70–230mesh). A 365 nm lamp (36W) and a
Xenon light (500W), with different wavelength filters, were used
as light sources for photocoloration and photobleaching,
respectively.
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Synthesis of diarylethene 1a

Diarylethene 1a was prepared according to synthetic route
shown in Scheme 2, and the detailed procedures and spectra
data were as follows: a mixture of 3,4-bis (5-formyl-2 -methylthien
-3-yl)-2,5-dihydrothiophene[47] (100 mg, 0.3 mmol) and
4-aminophenol (72mg, 0.66mmol) in anhydrous ethanol
(10ml) was refluxed. After no starting material was detected
by TLC plate, the mixture was cooled, and the yellow product was
filtered off, washed with EtOH. Pure diarylethene 1awas obtained
after vacuum drying. Yield: 45% (70mg). M.p.¼ 210–2118C. 1H
NMR (400MHz, DMSO-d6): 9.48 (s, 2H), 8.58 (s, 2H), 7.43 (s, 2H),
7.14 (d, 4H, J¼ 8.7 Hz), 6.76 (d, 4H, J¼ 8.7 Hz), 4.15 (s, 4H), 1.98 (s,
6H). 13C NMR: 156.2, 149.8, 141.9, 139.9, 139.5, 134.3, 133.0, 132.7,
122.5, 115.7, 42.1, 14.6. TOF-MS EI (m/z) calcd. For C28H24N2O2S3:
516.1000, found: 516.1000 (100%).

RESULTS AND DISCUSSION

Upon irradiation with UV light, the absorption band
(lmax¼ 353 nm, e¼ 4.6� 104, in CH3CN), which attributes to
the open-ring isomer 1a, decreased in intensity, and a new band
(lmax¼ 590 nm), which corresponds to the closed-ring isomer 1b,
appeared at the same time (Fig. 1). The new band increased in
intensity with the irradiation time till the photostationary state
(PSS) was reached. This process was accompanied by color
change of solution from colorless to pale blue. The pale blue
solution was bleached back to colorless solution with visible light

Scheme 1. Structure of diarylethene 1a and its ring-opening and ring-closing photoisomerization with UV/Vis light irradiation

Scheme 2. Synthesis of diarylethene 1a

Figure 1. Absorption changes of 1a (25mM, CH3CN) with 365 nm light

irradiation (irradiation time: 0, 2, 4, 6min)

Figure 2. Absorption changes of 1a (25mM, CH3CN) with the addition of

Cu(OAc)2 (50mM). Addition of Cu (OAc)2 to the solution of 1a produced a

complex ofCu–1awith a new absorption band at 430 nm as shoulder. The

inset is tritration curve of 1a (25mM, CH3CN) with the addition of
Cu(OAc)2. A 1:2 complex formation was determined from the absorption

spectra changes of 1a, where the absorption decreased linearly with

addition of Cu2þ up to 2 equiv
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(�400 nm) irradiation, and the coloration and decoloration can
be recycled with UV/Vis light irradiation.
Addition of Cu(OAc)2 (50mM) to the solution of 1PSS (1a/1b)

produced a distinct color of solution: from pale blue to purple.
Control experiment showed that no significant color change was
observed when a solution of Cu(OAc)2 (50mM) was added to a

solution of 1a, only a small absorption changes were detected
(Fig. 2). The color change resulted from the complexation of 1b
with Cu2þ, and further study found that the absorption at 590 nm
was gradually blue-shifted to 560 and 495 nm, which corresponds
to complex of Cu–1b, with increasing concentrations of Cu2þ

(Fig. 3a). With visible light (�400 nm) irradiation, the purple
solution was bleached to colorless solution (Fig. 3b). The
coloration and bleaching could be recycled with UV/Vis light
irradiation.
Control experiment showed that the complex of Cu–1a

exhibited photochromic properties: Cu–1a converted to Cu–1b
upon irradiation with 365 nm light till photostationary state was
reached, and Cu–1b bleached back to Cu–1a with visible light
(l� 400 nm) irradiation. As presented in Fig. 4, the absorption at
353 nm, which corresponded to Cu–1a, decreased in intensity,
and two bands (lmax¼ 560, 495 nm), attributed to Cu–1b,
appeared upon irradiation with 365 nm light. The absorption
figure showed the same profile as Fig. 3(a), which confirmed that
the complex of Cu–1awas converted to Cu–1bwith 365 nm light
irradiation. It is worth noting that the optical density of Cu–1b
(0.45) at 560 nm in Fig. 4 increased by more than 30% in
comparison with that of Cu–1b (0.34) in Fig. 3(a), which
suggested that the photocyclization of Cu–1a to Cu–1b was
probably promoted by the complexation of 1a with Cu2þ.
To confirm the photocyclization of Cu–1a to Cu–1b was

promoted by the complexation of 1a with Cu2þ, the following
experiments were performed. First, upon irradiation with 365 nm
light, the solution color of Cu–1b resulted from Fig. 3(a), obtained
by addition of 50mM of Cu2þ to 1PPS, darkened. Further
investigation found that the optical density of Cu–1PPS at 560
and 495 nm increased accompanying the decrease of optical
density at 353 nm (Fig. 5), and the largest optical density (0.43) at
560 nm was obtained at photostationary state, which is
agreement with the result (0.45) in Fig. 4. Second, the conversion
yield of Cu–1a to Cu–1b (58%) is larger than that of 1a to 1b
(26%) by calculating the ratio of proton in both open form and
closed form in 1H-NMR spectroscopy. All suggested that the
complexation of 1a with Cu2þ promoted the photocyclization of
Cu–1a to Cu–1b.
The binding site of 1a with Cu2þ was estimated by both NMR

spectroscopy and analogue. 1H NMR spectroscopy showed that
the signals arising from the aromatic protons (thiophen ring) shift
downfield by 0.05 ppm, and from imine protons (N——CH) shift
upfield by 0.02 ppm, respectively. The signal of OH (d¼ 9.5 ppm)
in phenol group, however, disappeared. These suggested that the

Figure 3. (a) Absorption changes of 1b with addition of Cu2þ (concentration: 0, 13, 25, 38, 50mM). (b) Photochromic bleaching of Cu–1b upon

irradiation at �450 nm (irradiation time: 0, 11, 22, 36, 54min)

Figure 4. Absorption changes of Cu–1a (25mM, CH3CN) with 365 nm
light irradiation (irradiation time: 0, 2, 4, 6, 8, 10, 12, 14min)

Figure 5. Absorption changes of Cu–1PPS (obtained from Figure 3a)

with 365 nm light irradiation (irradiation time: 0, 2, 4, 6, 8min)
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binding site may be at O atom. To further confirm the binding
site, an analogue 2a (Scheme 3) was prepared and investigated. It
was found that 2a showed ring-opening and ring-closing
photoisomerization with UV/Vis light irradiation, and accompa-
nying the photocyclization, the colorless solution of 2a was
changed to blue solution of 2b. Addition of Cu2þ to the solution
of 2PPS, no color change was observed. Further study found that
no change in both absorption spectra of 2a and 2b was detected
upon addition of Cu2þ. Results suggested that no complex was
formed between 2a or 2b with Cu2þ, and the binding site
occurred at O atom instead of at S and N atoms. The complex
Cu–1a is probably formed[48] by binding two Cu2þ with two
phenol units, which prefers to the photocyclization of diary-
lethene due to the increase of the anti-parallel confor-
mation.[49,50]

The color change and the promotion of photocyclization of 1a/
1b with other with metal ions (Zn2þ, Mg2þ, Ca2þ, Cd2þ, Ni2þ,
Mn2þ, Co2þ) were also explored. Primarily experiments showed
that addition of metal ions above to the solution of 1a and 1b
produced metal-complexes, which resulted in the color change.
But only with Co-complex and Mn-complex, the optical density of
closed isomer was increased by 16% (Co2þ) and 10% (Mn2þ)
(Fig. 6). The results suggested that the photocyclization of 1a
could also be promoted by binding with other metal ions.

CONCLUSIONS

In summary, an artificial photochromic diarylethene with
functional group has been designed and prepared as template.
It has demonstrated that not only distinct color change is
obtained in photocyclization when diarylethene binds with metal

ion but also the photocyclization reaction is significantly
promoted with diarylethene-metal complex. This may provide
a simple and convenient way to modulate the color and the
photocyclization of diarylethene system.

Acknowledgements

This work was supported by the National Nature Science Founda-
tion of China (No. 60337020) and Beijing Natural Science Founda-
tion (No. 4082033).

REFERENCES

[1] H. Durr, H. Houas-Laurent, Photochromism: Molecules and Systems
(Eds: H. Durr, H. Houas-Laurent), Elsevier, Ansterdam, 1990.

[2] J. C. Crano, R. J. Guglielmetti, Organic Photochromic and Thermo-
chromic Compounds (Eds: J. C. Crano, R. J. Guglielmetti), PlenumPress,
New York, 1999.

[3] M. Irie, Chem. Rev. 2000, 100, 1685–1716.
[4] H. Tian, S. Yang, Chem. Soc. Rev. 2004, 33, 85–97.
[5] S. Nakamura, M. Irie, J. Org. Chem. 1988, 53, 6136–6138.
[6] Y. Nakayama, K. Hayashi, M. Irie, J. Org. Chem. 1990, 55, 2592–2596.
[7] C.-J. Carling, J.-C. Boyer, N. R. Branda, J. Am. Chem. Soc. 2009, 131,

10838–10839.
[8] T. Nakashima, K. Miyamura, T. Sakai, T. Kawai, Chem. Eur. J. 2009, 15,

1977–1984
[9] S. Wang, W. Shen, Y. Feng, H. Tian, Chem. Commun. 2006, 1497–1499.
[10] X. Piao, Y. Zou, J. Wu, C. Li, T. Yi, Org. Lett. 2009, 11, 3818–3821.
[11] P. H.-M. Lee, C.-C. Ko, N. Zhu, V. W.-W. Yam, J. Am. Chem. Soc. 2007,

129, 6058–6059.
[12] H. Nishi, S. Kobatake, Macromolecules 2008, 41, 3995–4002.
[13] Molecular Switches (Ed.: B. L. Feringa), Wiley-VCH, Weinheim, 2001.
[14] S. Kawata, Y. Kawata, Chem. Rev. 2000, 100, 1777–1788.

Scheme 3. The structural of analogue 2a and its ring-opening and ring-closing photoisomerization with UV/Vis light irradiation

Figure 6. Absorption change of 1b with addition of Co2þ (a) and Mn2þ (b) (white: 1b, black: 1b-metal)

wileyonlinelibrary.com/journal/poc Copyright � 2010 John Wiley & Sons, Ltd. J. Phys. Org. Chem. 2011, 24 517–521

H.-H. LIU AND Y. CHEN

5
2
0



[15] M. Irie, Optical Sensors and Switches (Eds: V. Ramamurthy, K. S.
Schanze), Marcel Dekker, New York, 2001.

[16] S. Kawata, Y. Kawata, Photoreactive Organic Thin Films (Eds: Z. Sekkat,
W. Knoll), Academic Press, London, 2002.

[17] S. J. van der Molen, J. Liao, T. Kublernac, J. S. Agustsson, L. Bernard, M.
Calame, B. J. van Wees, B. L. Feringa, C. Schonenberger, Nano Lett.
2009, 9, 76–80.

[18] V. W.-W. Yam, J. K.-W. Lee, C.-C. Ko, N. Zhu, J. Am. Chem. Soc. 2009, 131,
912–913.

[19] C. C. Corredor, Z.-L. Huang, K. D. Belfield, A. R. Morales, M. V. Bondar,
Chem. Mater. 2007, 19, 5165–5173.

[20] R. Arai, S. Uemura, M. Irie, K. Matsuda, J. Am. Chem. Soc. 2008, 130,
9371–9379.

[21] Y. Zuo, T. Yi, S. Xiao, F. Li, C. Li, X. Gao, J. Wu, M. Yu, C. Huang, J. Am.
Chem. Soc. 2008, 130, 15750–15751.

[22] J. J. D. de Jong, T. D. Tiemersma-Wegman, J. H. van Esch, B. L. Feringa,
J. Am. Chem. Soc. 2005, 127, 13804–13805.

[23] A. B. S. Bakhtiari, D. Hsiao, G. Jin, B. D. Gates, N. R. Branda, Angew.
Chem. Int. Ed. 2009, 48, 4166–4169.

[24] V. Lemieux, M. Daniel Spantulescu, K. K. Baldridge, N. R. Branda,
Angew. Chem. Int. Ed. 2008, 47, 5034–5037.

[25] J. Zhang, W. Tan, X. Meng, H. Tian, J. Mater, J. Mater. Chem. 2009, 19,
5726–5729.

[26] W. Tan, Q. Zhang, J. Zhang, H. Tian, Org. Lett. 2009, 11, 161–164.
[27] Y. Nakayama, K. Hayashi, M. Irie, Bull. Chem. Soc. Jpn 1991, 64,

789–795.
[28] M. Irie, K. Sayo, J. Phys. Chem. 1992, 96, 767–770.
[29] L. N. Lucas, J. V. Esch, R. M. Kellogg, B. L. Feringa, Chem. Commun.

1998, 2313–2314.
[30] S. Shim, I. Eom, T. J. K. S. Kim, J. Phys. Chem. A 2007, 111, 8910–8917.

[31] F. M. Raymo, M. Tomasulo, J. Phys. Chem. A 2005, 109, 7343–7352.
[32] S. L. Gilat, S. H. Kawai, J.-M. Lehn, Chem. Eur. J. 1995, 1, 275–284.
[33] S. L. Gilat, S. H. Kawai, J.-M. Lehn, J. Chem. Soc. Chem. Commun. 1993,

1439–1440.
[34] T. J. Wigglesworth, N. R. Branda, Chem. Mater. 2005, 17, 5473–5480.
[35] N. Xie, Y. Chen, Synlett 2006, 5, 737–740.
[36] G. M. Tsivgoulis, J.-M. Lehn, Chem. Eur. J. 1996, 2, 1399–1406.
[37] M. Irie, T. Eriguchi, T. Takada, K. Uchida, Tetrahedron 1997, 53,

214–219.
[38] A. T. Bens, D. Frewert, K. Kodatis, C. Kryschi, H. D. Martin, H. P.

Trommsdorf, Eur. J. Org. Chem. 1998, 2333–2338.
[39] M. Irie, M. Mohri, J. Org. Chem. 1988, 53, 803–808.
[40] M. Irie, K. Sakemura, M. Okinaka, K. Uchida, J. Org. Chem. 1995, 60,

8305–8309.
[41] K. Uchida, Y. Nakayama, M. Irie, Bull. Chem. Soc. Jpn 1990, 63,

1311–1315.
[42] K. Uchida, E. Tsuchida, Y. Aoi, S. Nakamura, M. Irie, Chem. Lett. 1999,

28, 63–66.
[43] K. Yumoto, M. Irie, K. Matsuda, Org. Lett. 2008, 10, 2051–2054.
[44] K. Morinaka, T. Ubukata, Y. Yokoyama, Org. Lett. 2009, 11, 3890–3893.
[45] F. Stellacci, C. Bertarelli, F. Toscano, M. C. Gallazzi, G. Zolti, G. Zerbi,

Adv. Mater. 1999, 11, 292–295.
[46] T. Fukaminato, T. Umemoto, Y. Iwata, S. Yokojima, M. Yoneyama, S.

Nakamura, M. Irie, J. Am. Chem. Soc. 2007, 129, 5932–5938.
[47] Y. Chen, D. X. Zeng, M. Fan, Org. Lett. 2003, 5, 1435–1437.
[48] K. Matsuda, K. Takayama, M. Irie, Inorg. Chem. 2004, 43, 482–489.
[49] M. Irie, O. Miyatake, K. Uchida, J. Am. Chem. Soc. 1992, 114,

8715–8716.
[50] M. Irie, O. Miyatake, K. Uchida, T. Eriguchi, J. Am. Chem. Soc. 1994, 116,

9894–9900.

J. Phys. Org. Chem. 2011, 24 517–521 Copyright � 2010 John Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/poc

MODULATION OF COLOR CHANGE

5
2
1


