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ABSTRACT: A cyanine-based dithienylethene is developed.
Its photoisomerization shows that (1) the irradiation of visible
light can induce cyclization while the cycloreversion takes
place upon irradiation with UV light and (2) the addition of
CN− can lead to cyclization and cycloreversion upon
irradiation of UV light and visible light, respectively.

Photochromic materials have attracted considerable atten-
tion because of their significant potential applications in

many fields such as electro-optical functional materials and
novel biomaterials.1 Photochromic dithienylethene derivatives
with heterocyclic aryl groups are one of the most attractive
families among photochromic compounds, due to their
remarkable fatigue resistance, excellent thermally irreversible
properties, and high sensitivity.2 Over the past decades,
numerous dithienylethenes with excellent photochromism
have been widely developed. With regard to photocyclization,
most of them usually rely on the irradiation of ultraviolet light
with a high energy.2

It is well-known that visible or near-infrared light has deeper
penetration and weaker energy than ultraviolet light and is
more suitable for application in biological systems.3 Therefore,
developing photochromic materials that undergo reversible
isomerization reactions upon visible or near-infrared light
irradiation is significant. At present, several main strategies have
been employed to design visible or near-infrared light-induced
photochromic materials, which include intramolecular energy
transfer via triplet states, multiphoton processes, and
upconversion luminescence.4 In addition, another alternative
approach is to extend the π-conjugation length by introducing a
conjugated aromatic dye into a dithienylethene backbone.5 A
representative example has been reported recently by
Fukaminato and Irie.5d In this example, the introduction of
perylene diimide (PDI) or perylene monoimide (PMI) dyes
linking the central reactive carbon atoms (such as the R1 site in
Scheme 1a) by an acetylene bridge leads to the photo-
cyclization of dithienylethene upon irradiation with visible light.
In comparison with the central reactive carbon atoms, the two

side positions of the dithienylethene backbone are easier to
modify by chemical reactions.2 The same group found that no
photocyclization takes place when the PMI dye unit is located
in the R2 position of the 1,2-bis(thiophen-3-yl)cyclopent-1-ene
backbone, despite the fact that the conjugated system has been
extended, as shown in Scheme 1a.5d Accordingly, finding a
suitable conjugated block is still a challenging project for
developing ditheinylethenes with visible light cyclization. On
the basis of our previous work,6 herein we present an
unprecedented example of cyanine-based dithienylethene by
introducing acceptor−π−acceptor (A−π−A) dye moieties7 into
the two sides of the dithienylethene backbone. As shown in
Scheme 1b, the cyanine-based dithienylethene (CDTEo)
undergoes photocyclization on irradiation of visible light,
affording the ring-closed isomer (CDTEc). It is worth
mentioning that CDTEo displays a highly selective response
for cyanide anion due to the formation of indole-based
dithienylethene (IDTEo). In comparison to CDTEo, UV
light irradiation can induce the photocyclization of IDTEo to
generate the corresponding ring-closed isomer (IDTEc).
The dithienylethene CDTEo described above was synthe-

sized in 70% yield by refluxing 2,3,3-trimethyl-1-propyl-3H-
indol-1-ium iodide8 with 1,2-bis(5-formyl-2-methylthien-3-yl)-
cyclopentene9 in anhydrous ethanol (Scheme 2). Next, studies
were carried out to explore the photoisomerization behavior of
CDTEo. The photochromism of CDTEo induced by photo-
irradiation in CH3CN was investigated at room temperature. It
underwent photoisomerization between the ring-opened
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isomer and the ring-closed isomer upon alternating irradiation
with visible light (λ >402 nm) and UV light (λ 302 nm), as
illustrated in Scheme 1b. As shown in Figure 1a, the absorption
maximum of CDTEo in CH3CN was observed at 470 nm (ε =
3.37 × 104 L mol−1 cm−1) as a result of a π−π* transition.10 In
addition, a new absorption band centered at 840 nm (ε = 0.92

× 104 L mol−1 cm−1) appeared when it was irradiated with
visible light (λ >402 nm), as a result of a ring-closure reaction
to give the ring-closed isomer CDTEc. Upon irradiation with
UV light (λ 302 nm), the colored ring-closed isomer CDTEc
underwent a cycloreversion reaction to form the initial ring-
opened isomer, and the investigation on fatigue resistance

Scheme 1. Photochromism of (a) Perylene Dye Based Dithienylethenes and (b) Cyanine Based Dithienylethene

Scheme 2. Synthesis of Cyanine Based Dithienylethene CDTEo

Figure 1. Changes in absorption spectra (a) and emission intensity (λex 500 nm) (b) of cyanine based dithienylethene CDTEo in CH3CN (2.0 ×
10−5 mol/L) under light irradiation at 402 nm.
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indicates that CDTEo has good reversibility (Figure S1 in the
Supporting Information). The cyclization and cycloreversion
quantum yields of CDTEo are 0.151 and 0.029, respectively.
Simultaneously, we also find that there were no obvious
changes when the ring-opened isomer CDTEo underwent
irradiation with UV light, and no decrease of intensity was
found when the CDTEc underwent irradiation with visible light
(Figure S2 in the Supporting Information). This result further
confirms that the photocyclization of CDTEo is visible light
dependent. The results indicated that the photocyclization
reaction takes place upon irradiation with visible light (λ >402
nm), which is different from the case for normal photochromic
molecules, possibly owing to introducing acceptor−π−acceptor
(A−π−A) dye moieties at the two sides of the dithienylethene
backbone. To further evaluate the photochromic reactivity,
HPLC was used to analyze the conversion ratio (Figure S3 in
the Supporting Information). The chromatograms of CDTEo
indicated that the conversion ratio is 79% from the ring-opened
to the ring-closed isomer at the photostationary state (PSS)

under visible light irradiation and the ratio is 73% from the
ring-closed to the ring-opened isomer at the PSS under UV
light irradiation. Next, we investigated the excitation wave-
length dependence for photocyclization and photocyclorever-
sion, as shown in Figure 2, which shows that only visible light
can excite the photocyclization of CDTEo, while only UV light
can induce the photocycloreversion of CDTEc. The excitation
wavelength dependence of the photocycloreversion reaction of
CDTEc showed that the quantum yield decreases to almost
zero upon excitation with >435 nm light. The photochromic
parameters are summarized in Table S1 in the Supporting
Information.
The strongly electron deficient indolium group is usually

used as a nucleophilic addition reaction block for anions,
especially for those of strong nucleophilic activity such as
cyanide, in the field of molecular recognition and fluorescent
probes.11 Subsequent investigations of anion response were
performed. As shown in Figure 3a, this yellow solution turns
colorless upon the addition of CN− ions (10 equiv) in a

Figure 2. Excitation wavelength dependence of the photocyclization (a) and photocycloreversion (b) reactions of CDTE in CH3CN.

Figure 3. Changes in absorbance spectra (a) and fluorescence intensity (b) of CDTEo upon the addition of different anions (10 equiv) and the
titration of UV−vis absorption (c) and fluorescence (d) upon the addition of cyanide in CH3CN/H2O (95/5, v/v).
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CH3CN/H2O solution mixture (95/5, v/v); however, no
obvious colorimetric changes were observed by the naked eye
when other anions (CH3CO2

−, F−, Cl−, NO3
−, Br−, I−,

H2PO4
−, ClO4

−, and HSO4
−) were added. Similarly, an obvious

fluorescence decrease was found upon addition with CN− ions,
as presented in Figure 3b. The results suggest that CDTEo can
be used as a colorimetric and fluorescent probe for detecting
cyanide in aqueous solution (Figure S4 in the Supporting
Information). Next, the titration of CDTEo upon addition of
cyanide in a CH3CN/H2O solution mixture (95/5, v/v) was
investigated. As described in Figure 3c, a gradual decrease at
450 nm of UV−vis absorption is observed along with the
addition of cyanide due to the breaking of the conjugated
system. Similar fluorescence titration in Figure 3d indicated that
cyanide led to decreasing fluorescent emission accompanied by
a blue shift of around 30 nm. In addition, a well-defined
isosbestic point at 330 nm was observed and the Job plot
confirms a product with ratio of 1/2 (Figure S5 in the
Supporting Information). Accordingly, we guess that the
nucleophilic addition reaction takes place on the indolium
sites, generating corresponding cyano-based IDTEo. Further
proof provided by 1H NMR confirmed the formation of the
product IDTEo (Figure S7 in the Supporting Information).
The partial 1H NMR spectra of CDTEo in CD3CN/D2O (95/
5, v/v) were obtained (as shown in Figure S7). Upon addition
of CN− ions, the resonance signals of the protons on aromatic
cycles and vinylene units of CDTEo displayed remarkable
upfield shifts in comparison with IDTEo as a result of the
transfer from positively charged indolium to the neutral indole
moiety. The results indicate that the nucleophilic attack of
cyanide anions takes place in indolium, forming the
corresponding adduct IDTEo.11b Moreover, cyanide also
breaks the acceptor−π−acceptor (A−π−A) system and as a
consequence the photoreactivity of cyanine-based dithienyle-
thene obviously decreases upon irradiation from visible light
with low energy to UV light with high energy.
The isomerization behavior of CDTEo in the presence of

CN− in CH3CN-H2O (95/5, v/v) was also investigated at
room temperature. The result showed that it underwent
changes between the ring-opened isomer IDTEo and the ring-
closed isomer IDTEc upon alternating irradiation with UV light

(λ 302 nm) and visible light (λ >402 nm), respectively, as
illustrated in Scheme 1b. As observed (Figure S8 in the
Supporting Information), IDTEo reveals an absorption
maximum at 280 nm (ε = 1.61 × 104 L mol−1 cm−1) in
CH3CN/H2O (95/5, v/v). This colorless solution turned
purple and a new absorption band centered at 542 nm (ε =
0.374 × 104 L mol−1 cm−1) appeared when it was irradiated
with 302 nm UV light, as a result of a ring-closure reaction to
give the ring-closed isomer of IDTEc. Upon irradiation with
visible light (λ >402 nm), the colored ring-closed isomer
underwent a cycloreversion reaction to give the initial colorless
ring-opened isomer. Similarly, the fluorescent property of
CDTEo in the presence of CN− induced in CH3CN/H2O (95/
5, v/v) was studied at room temperature. The result exhibited
that the fluorescent emission intensity at 590 nm gradually
decreased upon irradiation with UV light (λ 302 nm) and the
structure changed from the ring-opened state to the ring-closed
state. The result implies that the cyanide can induce the
cyclization reaction with irradiation with UV light in
comparison to the visible-light-dependent cyclization of
CDTEo.
In order to further investigate the photoreactivity of CDTEo

and IDTEo, time-dependent density functional theory (TD-
DFT) calculations at the B3LYP/6-31G* level using the
Gaussian 09 program were performed. Details of the optimized
structures and molecular orbital correlation diagrams of ring-
opened and ring-closed isomers are shown in Figure 4. Despite
the fact that the cyclopentene ring is noncoplanar with the two
thiophene rings, thiophene rings with indolium linked by a
vinylene unit are on the same plane with each other, implying
that the two sides of CDTEo have a good conjugation. Its
HOMO orbital energy is almost distributed over the whole
molecule, while the orbital energy of the LUMO is largely
distributed over the vinylene and indolium moieties due to the
strong influence of positively charged indolium. The closed-ring
form CDTEc presents a fully planar conjugated backbone. As a
consequence, its HOMO and LUMO orbital energies are
delocalized along the whole conjugated molecule, with the
HOMO coefficient mainly on the switch center while the
LUMO coefficient is nearly on the whole molecular backbone.
Such extended π conjugation leads to a low optical energy gap

Figure 4. Frontier molecular orbital profiles of CDTE and IDTE based on TD-DFT calculations at the B3LYP/6-31G* level by using the Gaussian
09 program.

The Journal of Organic Chemistry Note

DOI: 10.1021/acs.joc.5b01466
J. Org. Chem. 2015, 80, 7830−7835

7833

http://dx.doi.org/10.1021/acs.joc.5b01466


of 1.43 eV, in comparison to 2.65 eV for the ring-opened
isomer CDTEo. In contrast, the addition of cyanide results in
distortion between the thiophene rings and indole units of
IDTEo owing to the break in conjugation. As shown in Figure
4, the HOMO coefficient is mainly distributed on the two
indole cycles due to the large influence of the electron-deficient
cyano group, while the LUMO coefficient mainly focuses on
the vinylene and thiophene units. The good coplanarity and
conjugation of ring-closed form IDTEc induces the orbital
energies of the HOMO and LUMO to be delocalized nearly
along the vinylene-linked switch center. As expected, IDTEc
exhibits a narrower energy band gap (2.48 eV) in comparison
to IDTEo (3.65 eV). It is worth mentioning that the calculated
electronic absorption spectrum is similar to the experimental
data (Table S2 and Figure S9 in the Supporting Information).

■ CONCLUSION
In summary, an unprecedented example of cyanine-based
dithienylethene by introduction of acceptor−π−acceptor
(A−π−A) dye moieties into the two sides of the
dithienylethene backbone has been reported. Its photoswitch-
ing behavior shows that the photocyclization is induced by
visible light irradiation, affording the ring-closed isomer.
Specially, CDTEo displays a highly selective response for
cyanide anion due to the formation of indole-based
dithienylethene (IDTEo). In comparison to CDTEo, the UV
light irradiation can induce the photocyclization of IDTEo to
generate the corresponding ring-closed isomer (IDTEc). This
work provides an alternative strategy for designing a
dithienylethene system with photocyclization by visible light
irradiation.

■ EXPERIMENTAL SECTION
General Methods. All manipulations were carried out under an

argon atmosphere by using standard Schlenk techniques, unless stated
otherwise. Ethanol was freshly distilled from magnesium/iodine. 1,2-
Bis(5-formyl-2-methylthien-3-yl)cyclopentene (1) was prepared by
literature methods.9 Compound 2 was synthesized by a reported
method. All other starting materials were obtained commercially as
analytical grade and were used without further purification. The
relative quantum yields were determined by comparing the reaction
yield with the known yield of the compound 1,2-bis(2-methyl-5-
phenyl-3-thienyl)perfluorocyclopentene.12 Elemental analyses were
performed by investigation of C, H, and N. 1H and 13C NMR spectra
were collected on a 400 or 600 MHz spectrometer. 1H and 13C NMR
chemical shifts are relative to TMS. UV−vis spectra were obtained on
a UV spectrophotometer. UV irradiation was performed with a UV
lamp (302 nm) and visible light irradiation (λ >420 nm) with a
tungsten lamp with cutoff filters. The samples were injected (10 μL)
into a reversed-phase monolithic column, connected to an HPLC
system coupled to an ultraviolet detector (DAD, λexc 250 nm).
Chromatographic separation was achieved by isocratic mode
consisting of 60/40 (v/v) solution of water and methanol at a flow
rate of 1.0 mL min−1.
Synthesis of CDTE. To a solution of 1 (94.92 mg, 0.3 mmol) in

anhydrous EtOH (40 mL) was added 2,3,3-trimethyl-1-propylindole-
nine (2; 207.40 mg, 0.63 mmol) under an argon atmosphere. The
mixture was refluxed for 24 h. After the solvent was removed, the
formed precipitate was collected, the crude product was washed with
ethyl ether, and the dried solid was recrystallized from ethyl ether to
give the brown solid CDTEo in a yield of 70%. 1H NMR (400 MHz,
CD3CN): δ ppm 1.02−1.07 (m, 10H), 1.55 (s, 9H), 1.75 (s, 2H), 1.77
(s, 6H), 2.74 (s, 3H), 2.85−2.91 (m, 4H), 4.32−4.43 (m, 4H), 6.96 (d,
J = 16 Hz, 2H), 7.60−7.76 (m, 8H), 7.88 (s, 2H), 8.39 (d, J = 16 Hz,
2H). 13C NMR (100 MHz, CDCl3): δ ppm 11.3, 17.0, 21.4, 23.1, 27.2,
51.2, 52.2, 54.6, 115.3, 123.3, 129.5, 130.0, 135.7, 136.8, 139.4, 140.6,

140.7, 141.5, 143.1, 149.3, 180.9, 195.7. EI MS: m/z 685.12 [M − 2I−

+ H+]; calculated exact mass 938.16. Anal. Calcd for C45H52I2N2S2: C,
57.57; H, 5.58; N, 2.98. Found: C, 57.37; H, 5.45; N, 2.89.

■ ASSOCIATED CONTENT
*S Supporting Information
Figures and tables giving UV−vis absorption data, data for
theoretical calculations, and 1H NMR, 13C NMR, and MS
spectra of all new compounds. The Supporting Information is
available free of charge on the ACS Publications website at
DOI: 10.1021/acs.joc.5b01466.

■ AUTHOR INFORMATION
Corresponding Authors
*E-mail for S.H.L.: chshliu@mail.ccnu.edu.cn.
*E-mail for J.Y.: yinj@mail.ccnu.edu.cn.
Notes
The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS
We acknowledge financial support from the National Natural
Science Foundation of China (Nos. 21272088, 21472059, and
21402057) and the Program for Academic Leader in Wuhan
Municipality (No. 201271130441). The work was also
supported by the Scientific Research Foundation for the
Returned Overseas Chinese Scholars, Ministry of Education,
and the Natural Science Foundation of Hubei Province (No.
2013CFB207).

■ REFERENCES
(1) (a) Molecular Switches; Feringa, B. L., Ed.; Wiley-VCH:
Weinheim, Germany, 1990. (b) Photochromism: Molecules and
Systems; Duerr, H., Bouas-Laurent, H., Eds.; Elsevier: Amsterdam,
2003.
(2) For selected reviews, see: (a) Irie, M. Chem. Rev. 2000, 100, 1685.
(b) Kawata, S.; Kawata, Y. Chem. Rev. 2000, 100, 1777. (c) Tian, H.;
Yang, S. Chem. Soc. Rev. 2004, 33, 85. (d) Raymo, F. M.; Tomasulo, M.
Chem. Soc. Rev. 2005, 34, 327. (e) Jukes, R. T. F.; Adamo, V.; Hartl, F.;
Belser, P.; Cola, L. D. Coord. Chem. Rev. 2005, 249, 1327. (f) Kojima,
N.; Okubo, M.; Shimizu, H.; Enomoto, M. Coord. Chem. Rev. 2007,
251, 2665. (g) Guerchais, V.; Ordronneau, L.; Bozec, H. L. Coord.
Chem. Rev. 2010, 254, 2533. (h) Hasegawa, Y.; Nakagawa, T.; Kawai,
T. Coord. Chem. Rev. 2010, 254, 2643. (i) Dong, H.; Zhu, H.; Meng,
Q.; Gong, X.; Hu, W. Chem. Soc. Rev. 2012, 41, 1754. (j) Zhang, J.;
Wang, J.; Tian, H. Mater. Horiz. 2014, 1, 169. (k) Piao, X.; Zou, Y.;
Wu, J.; Li, C.; Yi, T. Org. Lett. 2009, 11, 3818. (l) Liu, K.; Wen, Y.; Shi,
T.; Li, Y.; Li, F.; Zhao, Y.; Huang, C.; Yi, T. Chem. Commun. 2014, 50,
9141. (m) Yao, X.; Li, T.; Wang, S.; Ma, X.; Tian, H. Chem. Commun.
2014, 50, 7166. (n) Irie, M.; Fukaminato, T.; Matsuda, K.; Kobatake,
S. Chem. Rev. 2014, 114, 12174. (o) Lv, G.; Cui, B.; Lan, H.; Wen, Y.;
Sun, A.; Yi, T. Chem. Commun. 2015, 51, 125.
(3) (a) Tan, W. J.; Zhou, J.; Li, F. Y.; Yi, T.; Tian, H. Chem. - Asian J.
2011, 6, 1263. (b) Hu, F.; Jiang, L.; Cao, M.; Xu, Z.; Huang, J.; Yang,
W. C.; Liu, S. H.; Yin, J. RSC Adv. 2015, 5, 5982. (c) Yin, J.; Kwon, Y.;
Kim, D.; Lee, D.; Kim, G.; Hu, Y.; Ryu, J. H.; Yoon, J. J. Am. Chem. Soc.
2014, 136, 5351.
(4) (a) Jukes, R. T. F.; Adamo, V.; Hartl, F.; Belser, P.; Cola, L. D.
Inorg. Chem. 2004, 43, 2779. (b) Indelli, M. T.; Carli, S.; Ghirotti, M.;
Chiorboli, C.; Ravaglia, M.; Garavelli, M.; Scandola, F. J. Am. Chem.
Soc. 2008, 130, 7286. (c) Fukaminato, T.; Tanaka, M.; Kuroki, L.; Irie,
M. Chem. Commun. 2008, 3924. (d) Mori, K.; Ishibashi, Y.; Matsuda,
H.; Ito, S.; Nagasawa, Y.; Nakagawa, H.; Uchida, K.; Yokojima, S.;
Nakamura, S.; Irie, M.; Miyasaka, H. J. Am. Chem. Soc. 2011, 133,
2621. (e) Fukaminato, T.; Doi, T.; Tanaka, M.; Irie, M. J. Phys. Chem.
C 2009, 113, 11623. (f) Carling, C. J.; Boyer, J. C.; Branda, N. R. J.
Am. Chem. Soc. 2009, 131, 10838.

The Journal of Organic Chemistry Note

DOI: 10.1021/acs.joc.5b01466
J. Org. Chem. 2015, 80, 7830−7835

7834

http://pubs.acs.org
http://pubs.acs.org/doi/abs/10.1021/acs.joc.5b01466
mailto:chshliu@mail.ccnu.edu.cn
mailto:yinj@mail.ccnu.edu.cn
http://dx.doi.org/10.1021/cr980069d
http://dx.doi.org/10.1021/cr980073p
http://dx.doi.org/10.1039/b302356g
http://dx.doi.org/10.1039/b400387j
http://dx.doi.org/10.1016/j.ccr.2004.12.015
http://dx.doi.org/10.1016/j.ccr.2004.12.015
http://dx.doi.org/10.1016/j.ccr.2007.08.025
http://dx.doi.org/10.1016/j.ccr.2010.01.013
http://dx.doi.org/10.1016/j.ccr.2009.12.036
http://dx.doi.org/10.1039/C1CS15205J
http://dx.doi.org/10.1039/C3MH00031A
http://dx.doi.org/10.1021/ol9014267
http://dx.doi.org/10.1021/ol9014267
http://dx.doi.org/10.1039/C4CC02783C
http://dx.doi.org/10.1039/c4cc02672a
http://dx.doi.org/10.1021/cr500249p
http://dx.doi.org/10.1039/C4CC07656G
http://dx.doi.org/10.1002/asia.201000820
http://dx.doi.org/10.1039/C4RA12606H
http://dx.doi.org/10.1039/C4RA12606H
http://dx.doi.org/10.1021/ja412628z
http://dx.doi.org/10.1021/ic035334e
http://dx.doi.org/10.1021/ic035334e
http://dx.doi.org/10.1021/ja711173z
http://dx.doi.org/10.1039/b804137g
http://dx.doi.org/10.1039/b804137g
http://dx.doi.org/10.1039/b804137g
http://dx.doi.org/10.1021/ja108992t
http://dx.doi.org/10.1021/jp902880d
http://dx.doi.org/10.1021/ja904746s
http://dx.doi.org/10.1021/acs.joc.5b01466


(5) (a) Tanifuji, N.; Irie, M.; Matsuda, K. J. Am. Chem. Soc. 2005,
127, 13344. (b) Odo, Y.; Matsuda, K.; Irie, M. Chem. - Eur. J. 2006, 12,
4283. (c) Aubert, V.; Ishow, E.; Ibersiene, F.; Boucekkine, A.;
Williams, J. A. G.; Toupet, L.; Met́ivier, R.; Nakatani, K.; Guerchais, V.;
Le Bozec, H. New J. Chem. 2009, 33, 1320. (d) Fukaminato, T.;
Hirose, T.; Doi, T.; Hazama, M.; Matsuda, K.; Irie, M. J. Am. Chem.
Soc. 2014, 136, 17145.
(6) Yin, J.; Lin, Y.; Cao, X.; Yu, G.; Tu, H.; Liu, S. H. Dyes Pigm.
2008, 81, 152. (b) Li, Z.; Zhang, C.; Ren, Y.; Liu, S. H.; Yin, J. Org.
Lett. 2011, 13, 6022. (c) Lin, Y.; Jiang, C.; Hu, F.; Yin, J.; Yu, G. A.;
Liu, S. H. Dyes Pigm. 2013, 99, 995. (d) Liu, W.; Li, Z.; Hu, F.; Yin, J.;
Yu, G. A.; Liu, S. H. Photoch. Photobio. Sci. 2014, 13, 1773. (e) Li, Z.;
Hu, F.; Liu, G.; Xue, W.; Chen, X.; Liu, S. H.; Yin, J. Org. Biomol.
Chem. 2014, 12, 7702. (f) Hu, F.; Huang, J.; Cao, M.; Chen, Z.; Yang,
Y.; Liu, S. H.; Yin, J. Org. Biomol. Chem. 2014, 12, 7712. (g) Hu, F.;
Hu, M.; Liu, W.; Yin, J.; Yu, G. A.; Liu, S. H. Tetrahedron Lett. 2015,
56, 452. (h) Liu, W.; Hu, F.; Chen, Z.; Li, Z.; Yin, J.; Yu, G. A.; Liu, S.
H. Dyes Pigm. 2015, 115, 190.
(7) Jansen-van Vuuren, R. D.; Deakin, P. C.; Olsen, S.; Burn, P. L.
Dyes Pigm. 2014, 101, 1. (b) Berezin, M. Y.; Zhan, C.; Lee, H.; Joo, C.;
Akers, W. J.; Yazdanfar, S.; Achilefu, S. J. Phys. Chem. B 2011, 115,
11530. (c) Niko, Y.; Moritomo, H.; Sugihara, H.; Suzuki, Y.; Ka-
wamata, J.; Konishi, G. J. Mater. Chem. B 2015, 3, 184. (d) Hong, S. J.;
Yoo, J.; Kim, S. H.; Kim, J. S.; Yoon, J. Chem. Commun. 2009, 189.
(e) Kim, H. J.; Ko, K. C.; Lee, J. H.; Lee, J. Y.; Kim, J. S. Chem.
Commun. 2011, 47, 2886. (f) Kim, H. J.; Lee, H.; Lee, J. H.; Choi, D.
H.; Jung, J. H.; Kim, J. S. Chem. Commun. 2011, 47, 10918. (g) Cao,
M. J.; Hu, F.; Han, X.; Zhang, Y. F.; Wu, D.; Liu, S. H.; Yin, J. Chin. J.
Chem. 2015, 33, 351.
(8) Huang, X. H.; Gu, X. G.; Zhang, G. X.; Zhang, D. Q. Chem.
Commun. 2012, 48, 12195.
(9) Lucas, L. N.; de Jong, J. J. D.; van Esch, J. H.; Kellogg, R. M.;
Feringa, B. L. Eur. J. Org. Chem. 2003, 2003, 155.
(10) Li, Z.; Liao, L.; Sun, W.; Xu, C.; Zhang, C.; Fang, C.; Yan, C. J.
Phys. Chem. C 2008, 112, 5190.
(11) (a) Goswami, S.; Paul, S.; Manna, A. Dalton Trans. 2013, 42,
10682. (b) Niu, H. T.; Jiang, X.; He, J.; Cheng, J. P. Tetrahedron Lett.
2009, 50, 6668. (c) Kim, H. J.; Ko, K. C.; Lee, J. H.; Lee, J. Y.; Kim, J.
S. Chem. Commun. 2011, 47, 2886. (d) Yang, Z.; Liu, Z.; Chen, Y.;
Wang, X.; He, W.; Lu, Y. Org. Biomol. Chem. 2012, 10, 5073. (e) Lv,
X.; Liu, J.; Liu, Y.; Zhao, Y.; Sun, Y. Q.; Wang, P.; Guo, W. Chem.
Commun. 2011, 47, 12843. (f) Zhang, J.; Zhu, S.; Valenzano, L.; Luo,
F. T.; Liu, H. RSC Adv. 2013, 3, 68. (g) Peng, M. J.; Guo, Y.; Yang, X.
F.; Wang, L. Y.; An, J. Dyes Pigm. 2013, 98, 327. (h) Shiraishi, Y.;
Nakamura, M.; Yamamoto, K.; Hirai, T. Chem. Commun. 2014, 50,
11583. (i) Peng, M. J.; Guo, Y.; Yang, X. F.; Suzenet, F.; Li, J.; Li, C.
W.; Duan, Y. W. RSC Adv. 2014, 4, 19077. (j) Yang, Y.; Yin, C.; Huo,
F.; Chao, J.; Zhang, Y.; Cheng, F. Sens. Actuators, B 2014, 193, 220.
(k) Zhou, C.; Sun, M.; Yan, C.; Yang, Q.; Li, Y.; Song, Y. Sens.
Actuators, B 2014, 203, 382. (l) Shankar, B. H.; Jayaram, D. T.;
Ramaiah, D. Chem. - Asian J. 2014, 9, 1636.
(12) Irie, M.; Lifka, T.; Kobatake, S.; Kato, N. J. Am. Chem. Soc. 2000,
122, 4871.

The Journal of Organic Chemistry Note

DOI: 10.1021/acs.joc.5b01466
J. Org. Chem. 2015, 80, 7830−7835

7835

http://dx.doi.org/10.1021/ja053200p
http://dx.doi.org/10.1002/chem.200501292
http://dx.doi.org/10.1002/chem.200501292
http://dx.doi.org/10.1039/b823113c
http://dx.doi.org/10.1039/b823113c
http://dx.doi.org/10.1021/ja5090749
http://dx.doi.org/10.1016/j.dyepig.2008.10.006
http://dx.doi.org/10.1021/ol202491e
http://dx.doi.org/10.1016/j.dyepig.2013.08.013
http://dx.doi.org/10.1039/C4PP00093E
http://dx.doi.org/10.1039/C4PP00093E
http://dx.doi.org/10.1039/C4OB01120A
http://dx.doi.org/10.1039/C4OB01213E
http://dx.doi.org/10.1039/C4OB01213E
http://dx.doi.org/10.1016/j.tetlet.2014.11.123
http://dx.doi.org/10.1016/j.dyepig.2015.01.004
http://dx.doi.org/10.1016/j.dyepig.2013.09.003
http://dx.doi.org/10.1016/j.dyepig.2013.09.003
http://dx.doi.org/10.1021/jp207618e
http://dx.doi.org/10.1039/C4TB01404A
http://dx.doi.org/10.1039/B815326D
http://dx.doi.org/10.1039/B815326D
http://dx.doi.org/10.1039/c0cc05018k
http://dx.doi.org/10.1039/c1cc13481g
http://dx.doi.org/10.1039/c1cc13481g
http://dx.doi.org/10.1002/cjoc.201400881
http://dx.doi.org/10.1039/c2cc37094h
http://dx.doi.org/10.1002/1099-0690(200301)2003:1<155::AID-EJOC155>3.0.CO;2-S
http://dx.doi.org/10.1021/jp711613y
http://dx.doi.org/10.1039/c3dt51262b
http://dx.doi.org/10.1016/j.tetlet.2009.09.079
http://dx.doi.org/10.1039/c0cc05018k
http://dx.doi.org/10.1039/c2ob25516b
http://dx.doi.org/10.1039/c2ob25516b
http://dx.doi.org/10.1039/c1cc15721c
http://dx.doi.org/10.1039/C2RA22205A
http://dx.doi.org/10.1016/j.dyepig.2013.03.024
http://dx.doi.org/10.1016/j.dyepig.2013.03.024
http://dx.doi.org/10.1039/C4CC05412A
http://dx.doi.org/10.1039/c4ra01598c
http://dx.doi.org/10.1016/j.snb.2013.11.094
http://dx.doi.org/10.1016/j.snb.2013.11.094
http://dx.doi.org/10.1016/j.snb.2014.07.002
http://dx.doi.org/10.1002/asia.201402008
http://dx.doi.org/10.1021/ja993181h
http://dx.doi.org/10.1021/acs.joc.5b01466

