ORGANIC
LETTERS

Synthesis and Solid-State Vol 007
Photochromism of 1,3-Diphenyl-4- 39893992
(2-chlorobenzal)-5-hydroxypyrazole

4-Methylthiosemicarbazone

Jixi Guo, T Lang Liu, T Guangfei Liu, T Dianzeng Jia,* ' and Xiaolin Xie *

Institute of Applied Chemistry, Xinjiang University, Urumgi 830046, Xinjiang, China,
and National Anti-counterfeit Engineering Research Center, Department of Chemistry
and Chemical Engineering, Huazhong University of Science and Technology,

Wuhan 430074, China

jdz@xju.edu.cn

Received July 13, 2007

ABSTRACT

- °N
solid state @

White Yellow

A new photochromic compound containing a pyrazole-ring unit, 1,3-diphenyl-4-(2-chlorobenzal)-5-hydroxypyrazole 4-methylthiosemicarbazone ,
was synthesized. Its structure, photochromic properties, and photochemical kinetics were characterized. The results show that the title compound

exhibits reversible enol —keto photoisomerization, excellent photostability, and high fatigue resistance. An intra- and intermolecular proton-

transfer mechanism is proposed.

The development of photochromic materials has been an areatudies, we have reported the photochromic properties of a
of intense research in recent years because of their potentiakeries of 4-acyl pyrazolone thiosemicabazone derivatives in
applications, such as high-density optical storage media,the solid state, and proposed a photochromic mechanism of
molecular switching devices, holographic processes, light- intermolecular proton transfer through hydrogen bonds based
controlled enzyme activation, nonlinear-optical materials, on analyses of their crystal structuresinfortunately, the
etc! A large number of photochromic compounds based on reversibility of their photoisomerization reactions is not
spiropyrans, spiroxazine, dithienylethenes, fulgides, and satisfied and most of them show irreversible behaviors. So
Schiff bases have been extensively investigatedwever, the molecular design and synthesis of novel pyrazolone
most of them show the reversible photoisomerization only
in the solution state. To develop new compounds with (1) (a) Durr, H.; Bouas-Laurent, H?hotochromism Molecules and
photochromic behavor in the solid state is very important ﬁﬁgnﬂ_;Fﬁisgv,{,‘f'riﬁ&?éirﬁ:n?' J#;ONbfgr%%rﬁbfgg'&(?g)Trsig’"f\’,lk'a' T
for their applications. Pyrazolones and their derivatives are Chem. Re. 200Q 100, 1685. (d) Giordano, L.; Jovin, T. M.; Irie, M.; Jares-
widely used in biological apphcatph*sbut little information 52@335?»&?#@?5}5,%'Tfmé,Sﬁﬁ.ofifﬁ?éﬁ’eﬁgéaé?ogfgé?'f'gé’ﬁg'.’ (fK)-v

is available on their photochromic properties. In previous peters, A.; Branda, N. RAdv. Mater. Opt. Electron2000, 10, 245. (g)

Lim, S. J.; Seo, J. W.; Park, S. ¥. Am. Chem. So2006,128, 14542. (h)

T Xinjiang University. Jiang, G. Y.; Wang, S.; Yuan, W. F.; Jiang, L.; Song, Y. L.; Tian, H.; Zhu,

* Huazhong University of Science and Technology. D. B. Chem. Mater2006,18, 235.
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derivatives with excellent photochromic properties has || NN

become an active area of extensive research.

In this letter, we synthesized a novel photochromic 15
compound of 1,3-diphenyl-4-(2-chlorobenzal)-5-hydroxy-
pyrazole 4-methylthiosemicarbazone (l), which undergoes

reversible photoisomerization reactions with UV/vis light 21.0]
irradiation in the solid state, and propose a new intra- and g
intermolecular proton-transfer mechanism. s
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Scheme 1. Synthesis and Photoisomerization of the Title

Compound
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Scheme 1 illustrates the synthetic route of the title
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Figure 1. Time-resolved spectra df irradiated by 365 nm UV
with interval time of 60 min (a) andl iradiated by visible light
with interval time of 3 min (b) in the solid state.

compound and its photoisomerization from white enol form for different times. It can be seen that a new band appears

() to yellow keto form (II) named 1,3-diphenyl-4-(2-

between 400 and 500 nm, corresponding to the UV absorp-

chlorobenzal)-5-pyrazolone 4-methylthiosemicarbazone viation of Il (keto-form), and its intensity increases with
the intermediate state (I'). The chemical composition and irradiation time. Subsequently, the whitgradually changes

structure were confirmed by elemental analyi$ NMR,

to the yellowll. And it can remain yellow for more than

and X-ray single-crystal diffraction analysis. The experi- half a year when it is stored in the dark at room temperature,
mental details and data are available in the Supporting which indicates that the keto form (ll) is stable in air and

Information.
Figure la is the UV absorption spectralafenol-form)
irradiated by 365 nm UV light in the solid state at 298 K

(2) (a) Zhao, W.; Carreira, E. MOrg. Lett.2006,8, 99. (b) Kado, S.;
Yamada, K.; Murakami, T.; Kimura, KI. Am. Chem. So2005 127, 3026.
(c) Ipe, B. I.; Mahima, S.; Thomas, K. G. Am. Chem. So2003,125,
7174. (d) Kopelman, R. A.; Snyder, S. M.; Frank, NJ.Am. Chem. Soc.
2003,125, 13684. (e) Yokoyama, Y.; Shiraishi, H.; Tani, Y.; Yokoyama,
Y.; Yamaguchi, Y.J. Am. Chem. So@003,125, 7194. (f) Lemieux, V.;
Branda, N. ROrg. Lett.2005,7, 2969. (g) Wolak, M. A.; Thomas, C. J.;
Gillespie, N. B.; Birge, R. R.; Lees, W. J. Org. Chem2003,68, 319. (h)
Ishibashi, Y.; Murakami, M.; Miyasaka, H.; Kobatake, S.; Irie, M.;
Yokoyama, Y.J. Phys. Chem. @007,111, 2730. (i) Chen, Y.; Zeng, D.
X. J. Org. Chem2004,69, 5037. (j) Jiao, T. F.; Liu, M. HJ. Phys. Chem.
B 2005,109, 2532.
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retains its coloration memory. Under visible light irradiation
(>420 nm), the yellowll (keto-form) is bleached back to
the whitel (enol-form); the related time-dependent absorp-
tion spectra are shown in Figure 1b. Obviously, the intensity
of the band around 466600 nm gradually decreases, but
the original intensity is not fully recovered (the degree of
photobleaching is ca. 70% based on their absorption values).
However, the bleached powder is irradiated by UV again, it
returns to yellow, and its UV absorption intensity ap-
proximates that of the first colored state. The reason for this
will be studied later.

As shown in Figure 2, the photoisomerization of the title
compound can be repeated at least 10 times, which indicates
its photoisomerization exhibits excellent photostability and
high fatigue resistance. From the viewpoint of application
to high-density optical memory media, it is desired to develop
photochromic compounds that have light sensitivity in the
region between 407 and 532 rinAs mentioned above, the
titte compound exhibits the maximium absorption of pho-
tocolored isomers in the region of 400 to 500 nm, and

Org. Lett, Vol. 9, No. 20, 2007
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Figure 2. Photoswitching cycles dfunder the irradiation on and
off with alternating 365 nm light and 450 nm visible light. 14
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excellent photostability. It will become a promising candidate
for practical applications.

The corresponding first-order rate constants of the revers-
ible photoisomerizations are determined by fitting the
experimental data to the following equatitn, 5]

ANKA -A (A -A)]

0 30 60 90 120

kt=In[(A, — AJ/(A, — A)] (1) t (min)

Figure 3. First-order kinetic plots for (a) the photocoloration
whereAq, A, A are the observed absoption data correspond- reaction ofl under 365 nm light irradiation and (b) the photo-
ing to 450 nm wavelength at the time zero, infinite time, decoloration reaction di irradiated by visible light.
and timet of the reaction, respectively. The first-order kinetic
curves for enol-to-keto and keto-to-enol isomerizations are
shown in Figure 3. The slopes correspond to kinetic rate
constants for enol-to-ketodk = 1.72 x 105 s™%) and keto-
to-enol k- = 7.31x 10*s 1) isomerizations, respectively.

For the analogue compound 1-phenyl-3-methyl-4-(2-
chlorobenzal)-5-hydroxypyrazole 4-methylthiosemicarba-
zone! the kinetic constant of the photoisomerization from
the enol-to-keto form is 1.1% 1073 s1, which indicates its
photoisomerization reaction is faster than that of the title
compound. Furthermore, under the irradiation of 365 nm
light, a new aborption band appears at the range 0f-380
460 nm, which has blue-shift phenomenon in comparison
with that of the title compound. The results indicate that the
phenyl and methyl groups on the 3-position of pyrazole rings

Zﬁggtietluiligzlgﬁr?; ef:;(: (I)n rlgsupP}(r:tsc:(ezz(rjo(r)r;|tch2rrc;peeﬂr1tlelzs.£3e molecular proton transfers from the O atom to the N(4) atom
phenyrgroup ylgroup by the channel of [N(4)-H—0O], forming another intramo-

can not on_Iy e_nhance the mqlecular el_ectronlg conjugation lecular hydrogen bond [N(4)H---O]. At the same time, the
or delocalization, but also increase its steric hindrance .

obviously, leading to a decrease in the photocoloring rate intermolecular proton transfers from thesgom to the N(2)

i . : .. atom by the channel of [N(2rH—S'], forming another
and the red-shift maxmium absorption band of the title intermolecular hydrogen bond [N(2)—H-+S]. Those pro-

To explore the photoisomerization mechanism of the title
compound, the crystal structure was identified by using
single-crystal X-ray crystallography (see the Supporting
Information). Noticeably, the reliable structure data of the
white | (enol-form)are difficult to obtain because its crystal
structure (1) is inevitably turned intoll during X-ray
measurement. Since the length of the ©7) bond is 1.248
A, which is consistent with the length of the=® double
bond, it can be deduced that the structurél ofs the keto-
form. As shown in Figure 4, molecules stack compactly in
an antisymmetric way. There exist intermolecular [N{2)
H---S'] (3.225 A) and intramolecular [N(4)—H---O] (2.701
A) hydrogen bonds, which provide a convenient channel to
transfer protons. Under UV light irradiation, the intra-

compound. cesses lead to the endteto photoisomerization through
(5) Chen, Y.: Zeng, D. X.: Xie, N.; Dang, Y. Z1. Org. Chem2005, intra- and_intermolecular proton transfer via the intermediate
70, 5001. state (I') in Scheme 1.
1953%) ngwlegg., T.; Koyama, H.; Kanatomi, H.; Isshiki, M. Photochem. ‘The photochromic process of the title compound is
(7) Liu G. F. Master Degree Dissertation, Xinjiang University, China, different from that of Schiff base compounds proposed by
2008. _ _ _ Cohen et af. The photocoloration process of Schiff bases
1900 000 ) Shtion M D et & o e e ots 65 such as salicylaldehyde and its derivatives was suggested
2442, as the mechanism of intramolecular proton transfer from
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Figure 5. FT-IR spectra of andllI.

Figure 4. Hydrogen bond connection diagram ©bf (hydrogen configurational transformation from enol- to keto-form
atoms of carbon atoms and the disordered part are omitted). isomers is due to proton transfer via the intra- and inter-
molecular hydrogen bonds during the photochromic reaction.
In conclusion, a novel photochromic compound containing
the hydroxylic group to the nitrogen atom in imine a pyrazole ring has been synthesized. It exhibits the reversible
(—CH=N-). Since there is no intramolecular hydrogen bond enol-keto photoisomerization, excellent photostability, and
between the O atom and the imine nitrogen atom (N(3)) in fatigue resistance. The photochomic mechanism is due to
the trans-keto form, it is impossible to tansfer a proton the proton transfer via the intra- and intermolecular hydrogen
between N(3) and O atoms in the title compound. Further- bonds. The results are useful for the design and synthesis of
more, the photochromic process of the title compound is also other pyrazolone thiosemicarbazone derivatives with tunable
different from those of other analogous compounds, there is properties.
only an intermolecular proton transfer from the O atom of
the hydroxyl group to the nitrogen atom of the adjoining  Acknowledgment. This work was supported by the
molecular pyrazole ring?° National Natural Science Foundation of China (No. 20462007)
To further confirm the above photochromic mechanism, and the University Scientific Research Program of Education
FT-IR spectroscopy is employed to characterize the con- Bureau, Xinjiang Uygur Autonomous region (XJEDU2004G01
figurational change during the photochromic transition. As and XJEDU2004EQ1).
shown in Figure 5, broad absorption bands in the range of ) ) ]
3200—-2200 cm' are observed, which suggests that there Supporting Information Available: Experlmental de-
exist strong hydrogen bonds in two isomers in the solid &tate. tails, elemental analysis, FT-IRH NMR, single-crystal
And a new sharp band appears at 167 courve forll), X-ray crystallographic data for the title gomp_ound, U\_/
attributed to the €O stretching vibration. This indicates absorption spectra irradiated by 365 nm light in the solid
the formation of the keto-form isomdir after irradiation of state for different irradiation times, and the first-order kinetic
UV light. Therefore, we can further speculate that the curves for enol to keto photoisomerization of 1-phenyl-
3-methyl-4-(2-chlorobenzal)-5-hydroxypyrazole 4-methyl-
(9) () Moorthy, J. N.; Mal, P.; Natarajan, R.; VenugopalanQrg. thiosemicarbazone. This material is available free of charge
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