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A novel pyrazoline derivative, 2-(4-chloro-2-(1-(6-chloropyridazin-3-yl)-5-phenyl-4,5-dihydro-1H-
pyrazol-3-yl)phenoxy)acetic acid, was synthesized starting from a chalcone and 3-chloro-6-
hydrazinylpyridazine and proposed for the determination of Zn2* ion with high selectivity and a
low detection limit in CH3CN:EtOH (90/10, v/v). This sensor formed a 1:1 complex with Zn?* and showed

a fluorescent enhancement with good tolerance of other metal ions.
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1. Introduction

Fluorescence measurement of specific biological molecules by
artificial chemosensors is a versatile technique with high sen-
sitivity, rapid response, and easy performance, offering utility
not only for in vitro assays but also for in vivo imaging studies
using fluorescence microscopy [1]. During the past few decades,
much effort has been devoted to the development of fluorescent
chemosensors for various biological substances such as cations,
anions, sugars, and proteins [2]. Therein, the monitoring of zinc
ion with a selective chemical probe is actively investigated, as zinc
is the second most abundant transition metal ion in the human
body after iron and an essential cofactor in many biological pro-
cesses such as brain function and pathology, gene expression,
immune function, mammalian reproduction, apoptosis, enzyme
regulation, neurotransmission [3-10]. And it is believed that dis-
order of zinc homeostasis is implicated in a number of pathological
processes, such as Alzheimer’s disease, epilepsy, infantile diarrhea,
and ischemic stroke [11-13]. Therefore, accurate measurement of
Zn2* is very important to decrease the probability of such diseases.

Pyrazoline derivatives are attracting attention in conjugated
fluorescent dyes emitting blue fluorescence with high fluo-
rescence quantum yield [14,15] and electroluminescence fields
[16,17]. Attempts have been made to synthesize and elucidate the
effects of substituent on the absorption and fluorescence prop-
erties of this class of compounds [18-22]. Recently interesting
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papers dealing with solvatochromic effect and the influence of
phenyl ring rotation on the UV-vis absorption spectra of pyra-
zoline containing compounds have been published [23,24]. In
our previous reports, we described the UV-vis absorption and
fluorescence of a series of novel pyrazoline derivatives [25,26].
Encouraged by these results, we were interested in exploring
fluorescent sensor for zinc ion based pyrazoline structure with
chelating groups. Herein, we would like to report fortunate
results that 2-(4-chloro-2-(1-(6-chloropyridazin-3-yl)-5-phenyl-4,5-
dihydro-1H-pyrazol-3-yl)phenoxy )acetic acid can be used as highly
selective “turn on” fluorescent sensor for zinc ion.

2. Experimental

2.1. Apparatus

Thin-layer chromatography (TLC) was conducted on silica gel
60 F,54 plates (Merck KGaA). TH NMR spectra were recorded on a
Bruker Avance 400 (400 MHz) spectrometer, using CDCl3 as solvent
and tetramethylsilane (TMS) as internal standard. Melting points
were determined on an XD-4 digital micro melting point apparatus.
IR spectra were recorded with an IR spectrophotometer VERTEX
70 FT-IR (Bruker Optics). HRMS spectra were determined on a Q-
TOF6510 spectrograph (Agilent). UV-vis spectra were examined on
a U-4100 (Hitachi). Fluorescent measurements were recorded on a
Perkin-Elmer LS-55 luminescence spectrophotometer.

2.2. Materials

Organic solvents (ethanol, acetonitrile and acetone) used in this
study were of analytical grade. All the reagents were purchased


dx.doi.org/10.1016/j.jphotochem.2010.11.014
http://www.sciencedirect.com/science/journal/10106030
http://www.elsevier.com/locate/jphotochem
mailto:bxzhao@sdu.edu.cn
dx.doi.org/10.1016/j.jphotochem.2010.11.014

Z.-L. Gong et al. / Journal of Photochemistry and Photobiology A: Chemistry 218 (2011) 6-10 7

OH O Cl
= o SN
N
Cl NHNH,
1

Cl
N7
HOTO N’ /

1). NaOH, EtOH,
feflux, 3-4 h

1). KOH, EtOH/H,0,
i, 1.5h

2). H*, H,0 OH N{ N> .

CICH,CO,C,Hs | acetone
reflux, 2 h
K,CO3, Kl
Cl
NN
Cszo\iO N
0 N

o]

N-N
2). H*, H,0
a4

0

Fig. 1. Synthesis of compound 4.

from commercial suppliers and used without further purification.
The salts used in stock solutions of metal ions were CoCl,-6H,0,
ZnCl,, CaCly, NaCl, CuCl,-2H,0, NiCl,-6H,0, KCI, CdCl,-2%5H,0,
HgCl,, FeCl;3-6H,0, AgNO3, PbSO4, SnCl,-2H;0.

2.3. Synthesis

The synthetic routes are shown in Fig. 1.

2.3.1. 4-Chloro-2-(1-(6-chloropyridazin-3-yl)-5-phenyl-4,5-
dihydro-1H-pyrazol-3-yl)phenol
(2)

Starting material chalcone (1) was prepared according to
the literature [27,28]. To a stirred solution of chalcone (1)
(1.032g, 4.0mmol) in ethanol (40mL) was added 3-chloro-
6-hydrazinylpyridazine (0.868g, 5.0mmol) and NaOH (0.48¢g,
12.0mmol) and the reaction mixture was refluxed for 4.5h. The
progress of the reaction was monitored by TLC. After completion,
the reaction mixture was cooled to room temperature and diluted
with chilled water, and then aqueous hydrochloric acid was added
to neutralize it. The crude product was obtained as yellow pre-
cipitates. The precipitates were filtered, washed with water and
ethanol. After chromatography on silica gel (petroleum ether/ethyl
acetate/dichloromethane=3/1/1), compound 2 was obtained. Yel-
low solid, yield 40%; mp 208-209°C; IR (KBr, cm~1): 3236.7,
3064.0, 3032.8, 1575.0, 1488.4, 1452.4, 1256.6, 1138.1, 1081.8,
823.0; 'H NMR (400 MHz, CDCl3): § 3.42 (dd, 1H, J=5.4, 17.6 Hz,
4-Hrans), 3.98 (dd, 1H, J=12.0, 17.6 Hz, 4-H), 5.89 (dd, 1H, J=5.4,
12.0Hz, 5-H of pyrazoline), 7.01 (d, 1H, J=8.8 Hz, Ar-H), 7.18 (d,
1H, J=2.4Hz, Ar-H), 7.23-7.30 (m, 6H, Ar-H), 7.32 (d, 1H,J=9.3 Hz,
pyridazine-H), 7.43 (d, 1H, J=9.3 Hz, pyridazine-H), 10.13 (s, 1H,
OH). HRMS: calcd for [M+H]* C19H15Cl,N40: 385.0623; found:
385.0616.

2.3.2. Ethyl 2-(4-chloro-2-(1-(6-chloropyridazin-3-yl)-5-phenyl-
4,5-dihydro-1H-pyrazol-3-yl)phenoxy) acetate
(3)

To a stirred solution of 2 (0.238 g, 0.6 mmol) and K;CO3 (0.166 g,
1.2mmol) in acetone (20mL) was added ethyl chloroacetate
(0.089 g,0.72 mmol), then the reaction mixture was refluxed for 3 h.
After cooling, the mixture was filtered and the filtrate was evapo-
rated to afford residue. The residue was crystallized from ethanol
to afford 3 (0.236 g), yield 83%; mp 165-166°C; 'H NMR (400 MHz,
CDCls): 6 1.23 (t, 3H, J=7.1Hz, CH3), 3.54 (dd, 1H, J=5.5, 18.7Hz,
4-Hrgns),4.15(dd, 1H,J=12.2,18.7 Hz,4-H;), 4.22 (q, 2H,J=7.1 Hz,
CO,CH,), 4.62 (s, 2H, OCH,CO0), 5.83 (dd, 1H, J=5.5, 12.2 Hz, 5-H of
pyrazoline), 6.75 (d, 1H, J=8.9 Hz, Ar-H), 7.18-7.22 (m, 1H, Ar-H),
7.26 (d, 1H, J=9.4 Hz, pyridazine-H), 7.27-7.32 (m, 5H, Ar-H), 7.75
(d, 1H,J=9.4 Hz, pyridazine-H), 7.99 (d, 1H, J= 2.7 Hz, Ar-H). HRMS:
calcd for [M+H]* Co3H51Cl;N4O5: 471.0991; found: 471.0986.

2.3.3. 2-(4-Chloro-2-(1-(6-chloropyridazin-3-yl)-5-phenyl-4,5-
dihydro-1H-pyrazol-3-yl)phenoxy )acetic acid
4)

To a solution of 3 (0.141g, 0.3 mmol) in ethanol (6 mL) was
added 0.3N aqueous potassium hydroxide solution (2 mL). The
solution was stirred at room temperature for 1.5h. The progress
of the reaction was monitored by TLC. After completion, the sol-
vent was evaporated. Then chilled water (10 mL) was added and
aqueous hydrochloric acid was added to neutralize it to obtain
yellow precipitates. The precipitates were filtered, washed with
water and ethanol to afford 4 (0.123 g). White solid, yield 93%; mp
192-194°C; TH NMR (400 MHz, DMSO-dg): 8 3.43 (dd, 1H, J=5.2,
18.8 Hz, 4-Hyrans), 4.13 (dd, 1H, J=12.2, 18.8 Hz, 4-Hy;), 4.77 (s, 2H,
OCH,CO0), 5.80 (dd, 1H, J=5.2, 12.2 Hz, 5-H of pyrazoline), 7.09 (d,
1H, J=8.9Hz, Ar-H), 7.21-7.33 (m, 5H, Ar-H), 7.43 (dd, 1H, J=2.6,
8.9Hz, Ar-H), 7.60 (d, 1H, J=9.4Hz, pyridazine-H), 7.90 (d, 1H,
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Fig.2. UV-vis spectral changes of compound4 (5 x 10~> M) in CH3CN:EtOH solution
(90/10, v/v) upon addition of 1.0 equiv. of various metal ions.

J=9.4Hz, pyridazine-H), 7.99 (d, 1H, J=2.6 Hz, Ar-H), 13.10 (s, 1H,
CO,H). HRMS: calcd for [M+H]* C1H17ClaN403: 443.0678; found:
443.0671.

2.4. Analytical procedure

A 1.0 x 1073 M of stock solution of compound 4 in CH3CN was
prepared. The cationic stocks were all in C;H50H with a concentra-
tion of 1.0 x 10~3 M for fluorescence and UV-vis spectra analysis.
The UV-vis absorption spectra were recorded in acetonitrile and
the mixture of acetonitrile and ethanol (analytical grade) solutions
(5x107>M) in a standard 1cm path length quartz cell in range
220-600 nm with spectral resolution 1 nm. For all measurements
of fluorescence spectra, excitation was at 347 nm with excitation
and emission slit widths at 10.0nm and scan speed was set at
800nmmin~! using 1 x 10~>M of compound 4 in CH3CN:EtOH
solution (90/10, v/v). Moreover, for fluorescence titration experi-
ments, each time a 3 mL solution of compound 4 was filled in a
quartz cell of 1 cmoptical path length, and the stock solution of Zn2*
was added into the quartz cell gradually by using a micro-syringe.
After each addition of Zn?*, the solution was stirred for 3 min. The
volume of cationic stock solution added was less than 100 L with
the purpose of keeping the total volume of testing solution without
obvious change. In order to determine stoichiometry of the com-
plex formed from compound 4 and Zn?*, solutions of compound 4
and Zn?* salt were prepared as 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2
and 9:1 in CH3CN keeping the total concentration is 1.0 x 10~4 M.
These solutions were kept at room temperature for 3 h, and the
absorbance at 347 nm was used for calculations.

3. Results and discussion
3.1. UV-vis studies

Fig. 2 records the UV-vis spectral changes of compound 4
(50 M) in CH3CN:EtOH solution (90/10, v/v) upon addition of
1.0equiv. of various metal ions. As can be seen from Fig. 2,
when Ag*, Fe3*, Pb2*, Hg?* and Sn%* were added, no absorption
curve changes were observed, whereas the absorption intensity at
347 nm can be decreased to some extent when Cd2*, Co?*, Cu?*,
Ni2*, Zn2* were added, accompanied by an obviously new absorp-
tion peaks appeared.
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Fig. 3. UV-vis spectra of compound 4 (5 x 10> M) and compound 4 (5 x 10~ M)
upon addition of 1.0 equiv. of Zn?* in CH3CN:EtOH solution (90/10, v/v). Inset: Job’s
plots according to the method for continuous variations in CH3CN, indicating the
1:1 stoichiometry for 4-Zn2* (the total concentration of 4 and Zn2* is 1.0 x 10~4 M).

The spectra of compound 4 were recorded in CH3CN:EtOH solu-
tion (90/10, v/v). It can be found from Fig. 3 that the maximal
absorbance of compound 4 is at 347 nm (¢=1.43 x 104 M~1cm™1).
Upon addition of Zn2* (1.0equiv.), the absorption intensity at
347 nm decreases, accompanied by the obvious hypsochromic shift
of the absorption peak (from 347 to 316 nm). Simultaneously, a new
shoulder-like peak appears around 375 nm with several isosbestic
points at 256, 282, 318 and 370 nm, indicating the formation of a
new complex between compound 4 and Zn%*. The Job’s plot in Fig. 3
(inset) gives a 1:1 stoichiometric ratio between compound 4 and
Zn2* jon.

3.2. Selective detection of zinc ion

As depicted in Fig. 4 compound 4 showed a very weak fluo-
rescence centered around 480 nm in CH3CN:EtOH solution (90/10,
v/v). Upon interaction with varying metal ions (Ag*, Cd%*, Co%*,
Cu?*, Fe3*, Hg?*, Ni2*, Pb2*, Sn2*, Zn2*), only Zn2* ion induced a siz-

NO zn* Cd* Co* Cu* Fe' Hg® Ni¥* Pb* Sn* Ag

Fig. 4. Fluorescence spectra of free compound 4 (1 x 10-> M) in CH3CN:EtOH solu-
tion (90/10, v/v) upon addition of 1.0 equiv. of various metal ions with an excitation
wavelength of 347 nm. (I and Iy denote fluorescence intensity of compound 4 at
480 nm in the presence and absence of Zn?*, respectively).
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Fig. 5. Fluorescence emission spectra of compound 4 (1 x 10> M) was titrated with
Zn?* (0-5equiv.) in CH3CN:EtOH solution (90/10, v/v). Excitation wavelength was
347 nm. Inset: Variations of fluorescence intensity of compound 4 (1 x 10~ M) at
480 nm vs. equiv. of [Zn?*]/[4]. (I and I denote fluorescence intensity of compound
4 in the presence and absence of Zn?*, respectively).

able enhancement in fluorescence intensity. With only 1.0 equiv.
of Zn2* jon, the fluorescence intensity at 480 nm increased 6-fold;
other representative metal ions, except for the slightly respond-
ing Cd?* ion increasing about 1-fold, revealed almost insignificant
responses to the fluorescence intensity of compound 4. The sys-
tem shows selective chelation enhanced fluorescence (CHEF) in the
presence of Zn?* jon and the phenomenon is consistent with the lit-
erature concerning zinc ion sensors [29-32]. The enhancement of
fluorescence is attributed to the strong binding of Zn?* evident from
a large binding constant value (2.5 x 106 M~1) that would impose
rigidity and hence decrease the nonradiative decay of the excited
state. It is know that transition and post-transition ions with open
shell d-orbitals often quench the fluorescence of fluorophores due
to the electron or energy transfer between the metal ions and flu-
orophores, providing a fast and efficient nonradiative decay of the
excited states [33].In contrast, the transition ions with close shell d-
orbitals, such as Zn%*, do not introduce low-energy metal-centered
or charge-separated excited states into the molecule, so energy and
electron-transfer processes cannot take place [34]. Thus, when Zn%*
was added, the fluorescence intensity of compound 4 was increased
obviously.

3.3. Fluorescence titration studies

The titration of Zn?* was carried out by adding small aliquots
of ZnCl, ethanol stock solution (1.0 x 10~3 M) into the solution
of compound 4 (1 x 10~> M) in CH3CN:EtOH solution (90/10, v/v).
We observed an almost 6-fold enhancement of fluorescence inten-
sity upon titration of 10 wM ZnCl, ethanol solution (Fig. 5). When

Fig. 6. Proposed complex structure of 4 with Zn?*.

Fluorescence Intensity (a. u.)

4 No K Na'Ca¥Ag’ Co* Cd*cu? Fe* Ha™ Ni** Pb*sn®

Fig. 7. Fluorescent response of sensor compound 4 (1 x 10~> M) containing 10 uM
Zn?* to the selected metal ions (Ag*, Co%*, Cd?*, Cu®*, Fe3*, Hg?*, Ni%*, Pb%* and
Sn2* (1x 103 M, respectively) and K*, Na*, Ca%* (1 x 10~4M, respectively)) in
CH3CN:EtOH solution (9/1, v/v). Excitation wavelength was 347 nm, and emission
wavelength was 480 nm.

more ZnCl; ethanol solution was titrated, the fluorescence intensity
showed negligible changes and the curve (inset) remained rela-
tively constant, which also gives a 1:1 stoichiometric ratio between
compound 4 and Zn?* similar to Job’s plot in Fig. 3. The binding
constant of the complex of 4 with ZnZ* was determined by the
nonlinear curve fit according to the fluorescent titration data in
Fig. 5 (coefficient of determination: R2=0.997) with a 1:1 asso-
ciation equation in CH3CN:EtOH solution (90/10, v/v) and it was
calculated to be 2.5 x 105 M~! according to the literature [35]. In
addition, the detection limit of compound 4 for the analysis of Zn2*
ion was estimated to be 4 x 10~7 M. Moreover, the MS analysis
has been used to determine the stoichiometry of complex [36-38].
Thus, in present study, the [(4-H)/Zn]* complex was calculated at
m/z 504.9813 and measured at m/z 504.9885. These results sup-
port the idea that compound 4 forms a 1:1 complex with Zn%* as
proposed in Fig. 6

3.4. Interference from other ions

To further detect the selectivity for zinc ion over other metal
ions, we also examined metal ions/zinc coexisted systems. By

350
4+ZnCl,
300 4 ——— 4+Zn(OAc),
4+Zn(NO,),
250 4

200

150 4

100

Fluorescence Intensity (a. u.)

50

T T
500 600

Wavelength (nm)

T
400

Fig. 8. Fluorescence emission spectra of free compound 4 (1x10-°M) in
CH5CN:EtOH solution (90/10, v/v) upon addition of 1.0 equiv. of different zinc salts.
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monitoring fluorescence intensity at 480 nm, zinc ions could be
distinguished apparently from other transition metal ions. Further-
more, only NiZ*, Fe3* and Co?* have a little impact on the 480 nm
value of the zinc complex as shown in Fig. 7. The results imply the
sensor bears high selectivity for zinc ions in the presence of other
competitive metal ions.

Interestingly, similar fluorescence enhancement was observed
for compound 4 after the addition of Zn?* salts with different coun-
teranions (NO3-, Cl-, and CH3COO~) as shown in Fig. 8. So the
zinc salts with different anions all can enhance the fluorescence
intensity of compound 4.

4. Conclusions

In summary, a novel fluorescent sensor based on pyrazoline
with 2-(4-chlorophenoxy)acetic acid and 3-chloropyridazine sub-
stituent was synthesized and proposed for the determination
of Zn?* ion with high selectivity and a low detection limit in
CH3CN:EtOH (90/10, v/v). This sensor formed a 1:1 complex with
Zn?* and showed a fluorescent enhancement with good tolerance
of other metal ions. Further fluorescent probe exploration for zinc
ion in live cell will be reported in due course.

Acknowledgments

This study was supported by 973 Program (2010CB933504) and
the National Natural Science Foundation of China (20972088).

References

[1] C.D. Geddes, J.R. Lakowicz, Topics in Fluorescence Spectroscopy, vols. 9-10,
Springer, New York, 2005.

[2] A. Ojida, I. Takashima, T. Kohira, H. Nonaka, I. Hamachi, Turn-on fluorescence
sensing of nucleoside polyphosphates using a Xanthene-based Zn(II) complex
chemosensor, J. Am. Chem. Soc. 130 (2008) 12095-12101.

[3] D.W. Choi, J.Y. Koh, Zinc and brain injury, Annu. Rev. Neurosci. 21 (1998)
347-375.

[4] M.P. Cuajungco, G.J. Lees, Zinc metabolism in the brain: relevance to human
neurodegenerative disorders, Neurobiol. Dis. 4 (1997) 137-169.

[5] CJ. Frederickson, J.Y. Koh, A.L. Bush, The neurobiology of zinc in health and
disease, Nat. Rev. Neurosci. 6 (2005) 449-462.

[6] K.H.Falchuk, The molecular basis for the role of zinc in developmental biology,
Mol. Cell. Biochem. 188 (1998) 41-48.

[7] P.J. Fraker, L.E. King, Reprogramming of the immune system during zinc defi-
ciency, Annu. Rev. Nutr. 24 (2004) 277-298.

[8] P.D. Zalewski, LJ. Forbes, W.H. Betts, Correlation of apoptosis with change in
intracellular labile Zn(11) using Zinquin [(2-methyl-8-p-toluenesulphonamido-
6-quinolyloxy)acetic acid], a new specific fluorescent probe for Zn(1l), Biochem.
J. 296 (1993) 403-408.

[9] C.Jacob, W.Maret,B.L.Vallee, Selenium redox biochemistry of zinc-sulfur coor-
dination sites in proteins and enzymes, Proc. Natl. Acad. Sci. U.S.A. 96 (1999)
1910-1914.

[10] J.M. Berg, Y. Shi, The galvanization of biology: a growing appreciation for the
roles of zinc, Science 271 (1996) 1081-1085.

[11] A.L Bush, W.H. Pettingell, G. Multhaup, M. Paradis, J.-P. Vonsattel, ].F. Gusella,
K. Beyreuther, C.L. Masters, R.E. Tanzi, Rapid induction of Alzheimer A beta
amyloid formation by zinc, Science 265 (1994) 1464-1467.

[12] J.Y. Koh, SW. Suh, BJ. Gwag, Y.Y. He, C.Y. Hsu, D.W. Choi, The role of zinc in
selective neuronal death after transient global cerebral ischemia, Science 272
(1996) 1013-1016.

[13] C.F. Walker, R.E. Black, Zinc and the risk for infectious disease, Annu. Rev. Nutr.
24 (2004) 255-275.

[14] S.J. Ji, H.B. Shi, Synthesis and fluorescent property of some novel benzothia-
zoyl pyrazoline derivatives containing aromatic heterocycle, Dyes Pigments
70 (2006) 246-250.

[15] B. Bian, S.J. Ji, H.B. Shi, Synthesis and fluorescent property of some novel bis-
chromophore compounds containing pyrazoline and naphthalimide groups,
Dyes Pigments 76 (2008) 348-352.

[16] X.Q. Wei, G. Yang, ].B. Cheng, Z.Y. Lu, M.G. Xie, Synthesis of novel light-emitting
calix[4]arene derivatives and their luminescent properties, Opt. Mater. 29
(2007) 936-940.

[17] S. Pramanik, P. Banerjee, A. Sarkar, A. Mukherjee, K.K. Mahalanabis,
S.C. Bhattacharya, Spectroscopic investigation of 3-pyrazolyl-2-pyrazoline
derivative in homogeneous solvents, Spectrochim. Acta A 71 (2008)
1327-1332.

[18] G. Bai, ]. Li, D. Li, C. Dong, X. Han, P. Lin, Synthesis and spectrum characteristic
of four new organic fluorescent dyes of pyrazoline compounds, Dyes Pigments
75 (2007) 93-98.

[19] J.F. Li, B. Guan, D.X. Li, C. Dong, Study on the fluorescence properties of a new
intramolecular charge transfer compound 1,5-diphenyl-3-(N-ethylcarbazole-
3-yl)-2-pyrazoline, Spectrochim. Acta A 68 (2007) 404-408.

[20] S.M. Song, D. Ju, J. Li, D. Li, Y. Wei, C. Dong, P. Lin, S. Shuang, Synthesis and
spectral characteristics of two novel intramolecular charge transfer fluorescent
dyes, Talanta 77 (2009) 1707-1714.

[21] D.A. Svechkarev, LV. Bukatich, A.O. Doroshenko, New 1,3,5-triphenyl-2-
pyrazoline-containing 3-hydroxychromones as highly solvatofluorochromic
ratiometric polarity probes, J. Photochem. Photobiol. A: Chem. 200 (2008)
426-431.

[22] Y.F. Sun, Y.P. Cui, The synthesis, structure and spectroscopic properties of
novel oxazolone-, pyrazolone- and pyrazoline-containing heterocycle chro-
mophores, Dyes Pigments 81 (2009) 27-34.

[23] S.Catus, E. Gondek, M. Pokladko, E. Kulig, B. Jarosz, A.V. Kityk, Optical absorption
of methoxy and carboethoxy derivatives of 1,3-diphenyl-1H-pyrazolo|3,4-
b]quinoline, Spectrochim. Acta A 67 (2007) 1007-1015.

[24] M.G. Brik, W. Kuznik, E. Gondek, L.V. Kityk, T. Uchacz, P. Szlachcic, B. Jarosz,
KJ. Plucinski, Optical absorption measurements and quantum-chemical sim-
ulations of optical properties of novel fluoro derivatives of pyrazoloquinoline,
Chem. Phys. 370 (2010) 194-200.

[25] Z.L. Gong, LW. Zheng, B.X. Zhao, D.Z. Yang, H.S. Lv, W.Y. Liu, S. Lian, The syn-
thesis, X-ray crystal structure and optical properties of novel 1,3,5-triaryl
pyrazoline derivatives, ]J. Photochem. Photobiol. A: Chem. 209 (2010)
49-55.

[26] W.Y. Liu, Y.S. Xie, B.X. Zhao, B.S. Wang, H.S. Lv, Z.L. Gong, S. Lian, LW. Zheng,
The synthesis, X-ray crystal structure and optical properties of novel 5-aryl-1-
arylthiazolyl-3-ferrocenyl-pyrazoline derivatives, ]J. Photochem. Photobiol. A:
Chem. 214 (2010) 135-144.

[27] S. Sebille, P. Tullio, B. Becker, M.H. Antoine, S. Boverie, B. Pirotte, P. Lebrun,
4,6-Disubstituted 2,2-dimethylchromans structurally related to the Karp chan-
nel opener cromakalim: design, synthesis, and effect on insulin release and
vascular tone, J. Med. Chem. 48 (2005) 614-621.

[28] A. Hasan, KM. Khan, M. Sher, G.M. Maharvi, S.A. Nawaz, M.I. Choud-
hary, A.U. Rahman, C.T. Supuran, Synthesis and inhibitory potential towards
acetylcholinesterase, butyrylcholinesterase and lipoxygenase of some variably
substituted chalcones, ]. Enzym. Inhib. Med. Chem. 20 (2005) 41-47.

[29] J.F. Zhu, H. Yuan, W.H. Chan, AW.M. Lee, A FRET fluorescent chemosensor
SPAQ for Zn?* based on a dyad bearing spiropyran and 8-aminoquinoline unit,
Tetrahedron Lett. 51 (2010) 3550-3554.

[30] B.P. Joshi, J. Park, W.I. Lee, K.H. Lee, Ratiometric and turn-on monitoring for
heavy and transition metal ions in aqueous solution with a fluorescent peptide
sensor, Talanta 78 (2009) 903-909.

[31] L. Zhang, L. Zhu, Photochemically stable fluorescent heteroditopic ligands for
zinc ion, J. Org. Chem. 73 (2008) 8321-8330.

[32] NJ. Williams, W. Gan, J.H. Reibenspies, R.D. Hancock, Possible steric con-
trol of the relative strength of chelation enhanced fluorescence for zinc(II)
compared to cadmium(ll): metal ion complexing properties of tris(2-
quinolylmethyl)amine, a crystallographic, UV-visible, and fluorometric study,
Inorg. Chem. 48 (2009) 1407-1415.

[33] A.Helal, H.S. Kim, Thiazole-based chemosensor: synthesis and ratiometric flu-
orescence sensing of zinc, Tetrahedron Lett. 50 (2009) 5510-5515.

[34] PJ. Jiang, Z.J. Guo, Fluorescent detection of zinc in biological systems: recent
development on the design of chemosensors and biosensors, Coord. Chem. Rev.
248 (2004) 205-229.

[35] ]J. Bourson, ]. Pouget, B. Valeur, lon-responsive fluorescent compounds. 4.
Effect of cation binding on the photophysical properties of a coumarin
linked to monoaza- and diaza-crown ethers, J. Phys. Chem. 97 (1993)
4552-4557.

[36] M.M. Yu, ZX. Li, LH. Wei, D.H. Wei, M.S. Tang, A 1,8-naphthyridine-based fluo-
rescent chemodosimeter for the rapid detection of Zn?* and Cu?*, Org. Lett. 10
(2008) 5115-5118.

[37] K. Hanaoka, Y. Muramatsu, Y. Urano, T. Terai, T. Nagano, Design and synthe-
sis of a highly sensitive off-on fluorescent chemosensor for zinc ions utilizing
internal charge transfer, Chem. Eur. J. 16 (2010) 568-572.

[38] Z.C. Xu, X.H. Qian, J.N. Cui, R. Zhang, Exploiting the deprotonation mechanism
for the design of ratiometric and colorimetric Zn?* fluorescent chemosensor
with a large red-shift in emission, Tetrahedron 62 (2006) 10117-10122.



	A new highly selective “turn on” fluorescent sensor for zinc ion based on a pyrazoline derivative
	Introduction
	Experimental
	Apparatus
	Materials
	Synthesis
	4-Chloro-2-(1-(6-chloropyridazin-3-yl)-5-phenyl-4,5-dihydro-1H-pyrazol-3-yl)phenol (2)
	Ethyl 2-(4-chloro-2-(1-(6-chloropyridazin-3-yl)-5-phenyl-4,5-dihydro-1H-pyrazol-3-yl)phenoxy) acetate (3)
	2-(4-Chloro-2-(1-(6-chloropyridazin-3-yl)-5-phenyl-4,5-dihydro-1H-pyrazol-3-yl)phenoxy)acetic acid (4)

	Analytical procedure

	Results and discussion
	UV–vis studies
	Selective detection of zinc ion
	Fluorescence titration studies
	Interference from other ions

	Conclusions
	Acknowledgments
	References


