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A new bisthiazole chemosensor (3) with phenolic substituents at the position 2 of the thiazole rings was
prepared. The chemosensor 3 acts as a potential dual-function fluorescence chemosensor with Cu2+ and
Zn2+ ions causing complete quenching and ratiometric change of fluorescence, respectively. The mecha-
nism of fluorescence was based on the cation-induced inhibition of excited-state intramolecular proton
transfer (ESIPT).

� 2010 Elsevier Ltd. All rights reserved.
Fluorescent chemosensors provide a powerful optical method
for spying on molecular recognition events. As a result, they have
found practical application in cellular imaging, environmental
monitoring, and biological assays.1 Chemosensors that allow the
measurement of two different emission bands have the important
feature of permitting signal rationing, which can increase the dy-
namic range and provide built-in correction for environmental ef-
fects.2 Copper plays an important role in various biological
processes. It is a vital trace element, the third most abundant in hu-
mans, and is present at low levels in a variety of cells and tissues,
with its highest concentration in the liver. The average concentra-
tion of blood copper in the normal group is 100–150 lg/dL (15.7–
23.6 lM).3 Its high concentration in the neuronal cytoplasm may
contribute to the etiology of Alzheimer’s or Parkinson’s disease.4,5

Due to industrial applications as a pollutant and an essential trace
element in biological systems, much attention has been drawn to
the chemosensors for copper(II) based on the chromogenic and
fluorogenic probes which are expected to detect copper ions
quickly, nondestructively, and sensitively.6 Zinc(II) is the second
most abundant transition metal cation in the biological system.7

Approximately 300 enzymes contain zinc(II) as an essential com-
ponent, either for a structural purpose or as a part of a catalytic
site. For example, zinc is essential for the regulation of DNA syn-
thesis during the proliferation and differentiation of cells.8 Zinc is
also known to have a role in neurological disorders, such as Parkin-
son’s disease, Alzheimer’s disease, amyotrophic lateral sclerosis,
and epileptic seizures.9 Therefore, the design and development of
ll rights reserved.

: +82 53 950 6594.
a fluorescent chemosensor selective to zinc is of considerable
interest.10

Excited-state intramolecular proton transfer (ESIPT) is one of
the most common photophysical processes that occur in benzaz-
oles and used to develop ratiometric probes. Inhibition of the ESIPT
process by cation binding yields a significant hypsochromic shift of
the fluorescence emission maximum.11,12 In chemosensors a selec-
tive binding motif is attached to a fluorophore for signal transduc-
tion. However intrinsic fluorescent probes whose fluorescent unit
is directly involved in the interaction with metal ions help in quick,
sensitive, and selective detection.13

It is known that chelating groups such as C@N and C@O exhibit
a high affinity to transition and post-transition metal cations but a
less binding affinity toward alkali metal and alkaline earth metal
cations.14 Recently we have reported thiazole-based chemosensors
1 and 2 for use as anions and ratiometric fluorescence sensing of
zinc15,16 as illustrated in Figure 1. In both compounds the thiazole
ring is substituted by a phenol at the position 2 and phenyl (1) or
pyridine (2) at the position 4. Both exhibit the same mechanism for
fluorescence based on the anion or cation-induced inhibition of the
ESIPT. Thus a heteroaromatic ring system such as a bisthiazole
with phenolic groups at the position 2 can act as a –ONNO– donor
receptor with functionality highly selective to transitional metal
cations.17

Crown ethers that contain thiazole moieties have been reported
to exhibit high ammonium,18 silver,19 and mercury ion selectiv-
ity.20 Introduction of soft heteroatoms such as N and S, as an elec-
tron donor to metal cations can improve the binding selectivity
and along with a hydrogen-bonding donar (O–H) can produce
some photophysical properties. Our choice of bisthiazole with
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Figure 1. Structures of chemosensors.
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Figure 2. Changes in UV–vis spectra of 3 (30 lM) upon addition of (a) Cu(ClO4)2

and (b) Zn(ClO4)2 in aq DMSO (1/9, v/v) containing HEPES buffer (10 mM, pH 7.4).
Inset: mol ratio plots of absorbance at (a) 325 and 380 nm, (b) 325 and 373 nm.
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the phenolic group at the position 2 is based on the fact that it
would not only produce a thiazole-based heterocyclic podand but
the phenol and the thiazole rings together can act as a binding as
well as a fluorophore resulting in an intrinsic chemosensor.

Although a number of chemosensors for different transition me-
tal ions have been described, dual-function chemosensors21 which
can be used to detect two analytes remain rare. In this paper, we
describe the design and the development of a novel bisthiazole-
based dual-function fluorescent chemosensor in aq DMSO (1/9, v/
v), buffered at pH 7.4, with phenolic substituents at the position
2 of the thiazole rings for copper and zinc ions detection based
on ESIPT. It exhibits a complete quenching on the addition of a cop-
per ion and a ratiometric fluorescent response upon addition of a
zinc ion. Due to the low solubility of sensors 3 and 4 in water or
any other organic solvents we used 100% DMSO and 10% water
in DMSO system.

In order to understand the crucial role of phenol at the position
2 of the thiazole rings we prepared 4,4’-bisthiazole (3) and its iso-
meric form 2,2’-bisthiazole (4). The chemosensor 3 was obtained in
a good yield by Hantzsch condensation reaction of 2-hydrox-
ythiobenzamide with 1,4-dibromo-2,3-butanedione in refluxing
ethanol and the chemosensor 4 was synthesized in a good yield
by a reaction between dithioxamide and 2-bromo-2’-methoxyace-
tophenone in ethanol followed by deprotection of the methoxy
group with boron tribromide as shown in Scheme 1. The structures
of 3 and 4 were confirmed by 1H NMR, 13C NMR and elemental
analysis (SI).

The initial UV–vis study of 3 was carried out in DMSO (Figs. S-1
and S-2), and the sensing property of 3 confirmed in a more phys-
iologically acceptable condition of 10% water in DMSO (1:9, v/v)
buffered by 10 mM HEPES at pH 7.4. Chemosensor 3 displayed an
obvious absorption band at 325 nm (log e = 4.1). This can be attrib-
uted to a p–p* transition; this is favored by the planar orientation
enforced by the intramolecular hydrogen-bonding.15,22 New
absorption bands at 380 nm (log e = 3.0) and 373 nm (log e = 2.7)
for Cu2+ and Zn2+, respectively, increase gradually in intensity
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Scheme 1. Synthesis of chemosensors 3 and 4.



Table 1
Photophysical properties of 3 and 4 in aq DMSO (1/9, v/v)

Sensor Absorption max.
nm (log e)

Emission
Max (nm)

Quantum
yielda (U)

3 325 (4.1) 382, 509 0.07
3 + Cu2+ 380 (3.0) 0 0
3 + Zn2+ 373 (2.7) 462 0.10
4 365 (3.8) 435 0.03
4 + Cu2+ 354 (3.9) 435 0.08
4 + Zn2+ 365 (3.8) 435 0.03

a Quantum yields were obtained using quinine sulfate in 0.5 M H2SO4 as a
standard.

300 350 400 450
0.0

0.2

0.4

0.6

0.8

1.0

Hg2+

Wavelength (nm)

A
bs

or
ba

nc
e Cu2+

Host, Na+, K+, Ni2, Co2+, 
Ag+, Pb2+, Cd2+, Ca2+

Zn2+

Fe2+

Figure 3. UV–vis spectra of 3 (30 lM) with various cations (10 equiv) in aq DMSO
(1/9, v/v) containing HEPES buffer (10 mM, pH 7.4).
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Figure 4. Changes in fluorescence spectra of 3 (30 lM) upon addition of Cu(ClO4)2

in aq DMSO (1/9, v/v) containing HEPES buffer (10 mM, pH 7.4) (kex = 350 nm).
Inset: mol ratio plot of emission at 382 nm.
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Figure 5. Changes in fluorescence spectra of 3 (30 lM) upon addition of Zn(ClO4)2

in aq DMSO (1/9, v/v) containing HEPES buffer (10 mM, pH 7.4) (kex = 350 nm).
Inset: mol ratio plots of emission at 382 nm and 462 nm (kex = 350 nm).
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while one at 325 nm decreases synchronously with an isosbestic
point at 350 nm as shown in Figure 2a and b (also see Table 1).
The ratios of increase and decrease in absorption at 325 nm and
380 nm (or 373 nm) are linear up to 1 equiv of metal ion as dem-
onstrated by Figure 2a and b (insets). These observations confirm
the formation of an 1:1 complex in both cases.

The absorption spectrum of 3 was also measured in the pres-
ence of transition metal ions and other ions such as Fe2+, Cd2+,
Co2+, Ni2+, Ca2+, Cu2+, Zn2+, Hg2+, Pb2+, Ag+, Na+ and K+. Large red
shifts in absorption spectra were observed after addition of Cu2+

and Zn2+ ions (Fig. 3) with the development of a very faint yellow
color with Cu2+.
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sion at 382 nm and a tautomer emission at 509 nm from the proton
transfer tautomer (Scheme 2).23–25 Coordination 3 to the paramag-
netic Cu2+ disrupts the ESIPT and completely quenches the fluores-
cence emission (Fig. 4). The quenching as a result of the addition of
Cu2+ suggests that an excitation energy or charge transfer may
have occurred from 3 to the open-shell d-orbitals of Cu2+ exhibiting
a very fast and efficient nonradiative decay of the excited states of
the sensor 3.6e,26 Fluorescence titration of 3 with Cu2+ was carried
out in aq DMSO (1:9, v/v) buffered by 10 mM HEPES at pH 7.4 at a
concentration level of 30 lM. Addition of Cu2+ to the solution of 3
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Figure 6. Fluorescence spectra of 3 (30 lM) with various cations (10 equiv) in aq
DMSO (1:9, v/v) containing HEPES buffer (10 mM, pH 7.4) (kex = 350 nm).
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Figure 7. UV–vis spectra of 3( ) and 4( ) (a) itself, (b) in presence of 10 equiv of C
(10 mM, pH 7.4). Fluorescence spectra of 3( ) and 4( ) (c) itself, (d) in presence of 10 e
buffer (10 mM, pH 7.4) (kex = 350 nm).
caused a complete quenching of fluorescent emissions when
excited at 350 nm (Fig. 4). The binding mode of 3 with Cu2+ was
demonstrated to be 1:1 with a binding constant 5.3 � 104 M�1 (er-
ror limit 6 10%), as evidenced by the fluorescence titration spectra
(Fig. 4, inset) and Job’s plot (Fig. S-3)

Similarly, Zn2+ has closed-shell d-orbitals so that energy or
charge transfer processes cannot take place. Thus, coordination of
Zn2+ removes the phenolic proton and disrupts the ESIPT causing
emission with a normal Stokes’ shift (Scheme 2).11,12 Fluorescence
titration of 3 with Zn2+ was carried out in aq DMSO (1:9, v/v) buf-
fered by 10 mM HEPES at pH 7.4 at a concentration level of 30 lM.
Addition of Zn2+ to the solution of 3 caused development of a new
peak at 462 nm, while the peak at 382 nm gradually diminished
with an isoemission point at 421 nm (Fig. 5). The fluorescence
titration spectra (Fig. 5, inset) and the Job’s plot of 3 with Zn2+ indi-
cated the formation of an 1:1 complex (Fig. S-4). From fluorescence
titration the binding constant of 3 with Zn2+ was calculated to be
1.8 � 104 M�1 (error limit 6 10%).

The fluorescence selectivity and tolerance of 3 for Cu2+ and Zn2+

over other metal cations were investigated by adding 10 equiv of
different metal cations to the 30 lM solutions of 3. In the case of
Cu2+, the molecular fluorescence was completely quenched to a
minimum level. No other metal ions produced such a complete
quenching though some paramagnetic ions such as Fe2+, Co2+ and
Ni2+ produced little to partial quenching. The binding constants
of Fe2+, Co2+ and Ni2+ are 7.5 � 102, 1.1 � 102 and 1.3 � 102 M�1,
respectively, as obtained from fluorescence titration curves in Fig-
ures S-5, S-6, and S-7. In the case of Zn2+, there occurred a ratio-
metric change, and a new peak arose at 462 nm. Such a
ratiometric change was absent in other metal ions (Fig. 6).

In addition, as illustrated in Figure S-8, no metal ions show any
interference to the sensing of Cu2+ by 3, while the ratiometric sens-
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ing of Zn2+ is not interfered by other cations except Cu2+ (Fig. S-9).
The quantum yield (U) calculated for 3 was 0.07 while that of
3-Zn2+ complex was 0.1. We found that the detection limit of 3
for Cu2+ and Zn2+ were 40 and 60 lM, respectively. The photophys-
ical properties of sensors 3 and 4 are summarized in Table 1.

Due to magnetic-silent nature,27 originating from the d10 elec-
tronic configuration of Zn2+ and paramagnetic property of Cu2+,
the NMR study for complexation with 3 was not possible. In order
to study the binding mode we prepared the complex of 3 with Cu2+

and Zn2+ in DMSO and characterized by HR-FAB Mass (Figs. S-10
and S-11). The HR mass spectra of both 3-Cu2+ and 3-Zn2+ show
an 1:1 stoichiometry with the molecular ion peaks at m/z
413.9554 and 415.0321, respectively.

To understand the crucial role of the position of phenol on the thi-
azole ring in 3 we also prepared 4. As shown in Figure 7a and b, unlike
3, in the case of 4 there is a little blue shift of 11 nm in absorbance on
the addition of Cu2+ while there are no absorption spectral changes
upon addition of Zn2+. In the case of fluorescence spectrum there is
an emission peak at 435 nm (Fig. 7c) due to intramolecular charge
transfer (ICT) between the phenol and thiazole moiety (Table 1).28

But ESIPT is not possible due to the absence of conjugation between
the nitrogen of the thiazole and O–H of the phenolic ring as shown in
Scheme 2. Thus the binding of 4 with Cu2+ is very weak
(Ka = 4.2� 102 M�1, Fig. S-12) which results in partial quenching of
the emission peak of 4 (Fig. 7d). But there is no ratiometric change
(Fig. 7d) on addition of Zn2+ as ESIPT is absent in 4.

In conclusion, we have prepared bisthiazole-based dual-func-
tion fluorescence chemosensors for Cu2+ and Zn2+ ions based on
ESIPT. The binding of paramagnetic open-shell d-orbital of Cu2+

produces a complete quenching of fluorescence due to the inhibi-
tion of ESIPT and charge or energy transfers between the Cu2+

and 3. While the closed-shell d-orbital of Zn2+ causes inhibition
of the ESIPT producing a ratiometric change in emission. We also
studied that the dual-function behavior is destroyed in the iso-
meric form 4 due to absence of the ESIPT.
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