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Remarkable absorption spectral changes were observed for compound 1 with N,N-bis(pyridin-2-yl-
methyl) aniline and quinone units after either reaction with thiol-containing amino acids/peptides or
coordination with Zn2+/Co2+. Therefore, compound 1 is a potential dual-function colorimetric chemosen-
sor for thiol-containing amino acids/peptides and Zn2+/Co2+.

� 2008 Elsevier Ltd. All rights reserved.
The rapid, sensitive, and selective sensing of thiols has aroused
significant interest in many areas especially in biological systems.1

Intracellular thiols such as glutathione (GSH), cysteine (Cys), and
homocysteine (HCys) play a crucial role in maintaining biological
redox homeostasis through the equilibrium established at a given
electrical potential between reduced free thiols (RSH) and oxidized
disulfides (RSSR). Thiols are also active in the catalytic sites of en-
zymes, and play important roles in metabolic pathways.2 The lev-
els of certain thiols have been linked to a number of diseases,
including cancer, Alzheimer’s, and cardiovascular disease.3 The
thiol-levels may also be affected in response to the oxidative stress
that has been associated with some of these conditions. Conse-
quently, the development of selective and sensitive chemosensors
for thiols has received more attentions in recent years.4 A wide
variety of colorimetric5 and fluorescent6 sensors for thiol-contain-
ing amino acids and peptides have been developed. Most of the re-
ported sensors are based on redox chemistry7 or labeling with
chromophores or fluorophores and a combination of separation
technique.

Meanwhile, selective and sensitive assay for transition metal
ions becomes highly desirable.8 This is simply because transition
metal ions have been widely used in different areas and they in-
deed pose an increasing environmental and health risk.9 Besides,
some transition metal ions have many important biological func-
tions.10 For instance, Zn2+ is of great interest in the field of neuro-
biology,11 and the disorder of Zn2+ metabolism is closely associated
with many severe neurological diseases, including Alzheimer’s dis-
ease (AD), cerebral ischemia, and epilepsy.12 Most of the colorimet-
ric or luminescent chemosensors for transition metal ions are
designed by employing intramolecular charge-transfer (ICT) or
photoinduced electron transfer (PET) mechanisms.13,14
ll rights reserved.
Although a number of chemosensors for different analytes such
as thiols and transition metal ions have been described, dual-func-
tion chemosensors15 which can be used to detect two analytes re-
main rare. In this Letter, we describe a dual-function colorimetric
chemosensor for thiols and transition metal ions based on an elec-
tro donor–acceptor compound 1 (Scheme 1), which exhibits intra-
molecular charge-transfer absorption. The design rationale is
explained as follows (see Scheme 1): (1) the intramolecular
charge-transfer absorption would become weak by reducing either
the electron-accepting ability of the quinone unit or the electron-
donating ability of the aniline unit. It is known that the Michael
reaction between quinone and thiol can take place easily as shown
in Scheme 1. Accordingly, the electron-accepting ability of quinone
would be reduced and the intensity of the ICT absorption band
would decrease; (2) the incorporation of two pyridine units would
allow the binding with metal ions and as a result, the electron-
donating ability of aniline unit would be reduced; consequently,
the ICT band would become gradually weak after binding with me-
tal ions.

Herein, we will report the absorption spectral variation of com-
pound 1 in the presence of thiols (Cys and GSH) and metal ions.
The results show that compound 1 can be used as a dual-function
colorimetric chemosensors for thiols and Zn2+/Co2+.

The synthesis of compound 1 started from N,N-bis(pyridin-2-yl-
methyl) aniline by a four-step synthesis in an overall 57% yield
(Scheme 2). Bromination of N,N-bis(pyridin-2-yl-methyl) aniline
with NBS led to compound 2, which was transformed into com-
pound 3 by Suzuki coupling reaction with compound 4. Subse-
quently, demethoxylation of compound 3 with BBr3 and then
oxidation with PbO2, compound 1 was obtained in good yield.16

As anticipated, compound 1 shows a strong ICT band in the
range of 450–700 nm as shown in Figure 1. After addition of Cys,
the intensity of ICT band started to decrease gradually. This is
due to the fact that the reaction of thiol group of Cys toward the
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Scheme 1. Design rationale for the dual function chemosensor.
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quinone unit of 1 results in the transformation of quinone into the
corresponding hydroquinone as indicated in Scheme 1. The absorp-
tion intensity at 532 nm decreased with the concentration of Cys,
and a nearly linear relation (I532nm = 0.15339 � 0.00269 [Cys],
r2 = 0.9944, n = 8) was resulted as displayed in the inset of Figure
1. When more than 1.0 equiv of Cys was added, no further decrease
of the intensity of ICT band was observed. This indicates that the
reaction molar ratio between compound 1 and Cys is 1:1.17

As a tripeptide containing glutamate, cysteine, and glycine, glu-
tathione (GSH) plays an important role in biological processes.18

Developing new analytical probes for GSH becomes more and more
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Scheme 2. Synthetic approach for compound 1.
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Figure 1. Absorption spectra of compound 1 (40 lM) in CH3CN/H2O (v/v, 1:1) after
addition of Cys; inset shows the variation of absorption intensity at 532 nm vs. the
concentration of Cys; The absorption spectra were recorded after the mixture
solution was kept at 40 oC for 20 min.
appealing now. Compound 1 is a potentially useful colorimetric
probe for GSH. As shown in Figure 2, the intensity of the ICT band
of 1 decreased gradually after addition of GSH. Moreover, the
intensity of the ICT band at 532 nm decreased linearly (I532nm =
0.16287 � 0.00263 [GSH], r2 = 0.9946, n = 5) with the increasing
concentration of GSH in the solution (see inset of Fig. 2). These
results indicate that a selective determination of GSH can be
established with compound 1. It is reasonably expected that com-
pound 1 can also be employed to detect other thiol-containing
peptides.

In order to examine the selectivity of compound 1 toward thiol-
containing peptides and amino acids, competitive experiments
were also carried out. The absorption spectra of 1 in the presence
of other amino acids were recorded, and no obvious absorption
spectral change was detected under the same conditions. Figure
3 illustrates the absorption intensity variation at 532 nm (ICT
band) of 1 after addition of 1.0 equiv of the representative amino
acids and GSH; the high intensity variation for the ICT band (at
532 nm) of 1 was observed only after addition of thiol-containing
molecules (Cys and GSH). These results clearly show that the ICT
band intensity of compound 1 was largely reduced after addition
of either Cys or GSH, leading to contrasting color change of the
solution of 1 (see inset of Fig. 3). Therefore, it can be concluded that
compound 1 can be employed as a selective colorimetric visual
probe for thiol-containing amino acids and peptides.

The absorption spectrum of 1 was also measured in the pres-
ence of transition metal ions and other ions such as Fe3+, Ba2+,
Cd2+, Co2+, Fe2+, K+, Mg2+, Mn2+, Ni2+, Pb2+, and Zn2+. Among the
tested metal ions, large absorption spectral changes were observed
for 1 after addition of Zn2+ or Co2+. The intensities of the absorption
bands around 532 nm (ICT band) were gradually reduced after
introducing either Zn2+ or Co2+. Simultaneously, a new absorption
band around 394 nm emerged and increased gradually. As a result,
an isosbestic absorption point appeared at 444 nm (Fig. 4). After
addition of either Zn2+ or Co2+, the dark purple solution of 1 turned
out to be yellow as shown in the insets of Figure 4. A linear relation
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Figure 2. Absorption spectra of compound 1 (40 lM) in CH3CN/H2O (v/v, 1:1) after
addition of GSH; inset shows the variation of absorption intensity at 532 nm versus
the concentration of GSH. The absorption spectra were recorded after the mixture
solution was kept at 40 oC for 20 min.



Figure 3. Absorbance variation (A0/A) of compound 1 (40 lM in CH3CN and H2O, v/
v = 1/1) at 532 nm before (A0) and after (A) addition of 1.0 equiv of several
representative amino acids and GSH; inset shows the color change of 1 (400 lM) in
the absence and presence of 1.0 equiv of Cys or GSH.

Figure 4. Absorption spectra change of compound 1 (40 lM, CH3CN) by addition of
Zn2+ (up) and Co2+ (below). Insets: left the variation of absorption intensity at
532 nm versus the concentration of the respective metal ion; right the color change
of 1 (400 lM) in the presence of 1.0 equiv of the respective metal ion.

0

5

10

15

20

Zn2+
Pb2+Ni2+Mn2+Mg2+

K+Co2+
Fe3+Fe2+

A
0/

A

Ba2+ Cd2+ Blank

Figure 5. Absorbance variation (A0/A) of compound 1 (40 lM,CH3CN) at 532 nm
before (A0) and after (A) addition of 1.0 equiv of several metal ions.
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was observed for the absorption intensity at 532 nm versus the
concentration of Zn2+ or Co2+ as shown in the insets of Figure 4
too. The spectrum of 1 kept almost unchanged when more than
1.0 equiv of Zn2+ or Co2+ were added to the solution, implying a
1:1 complex was formed between 1 and Zn2+ or Co2+. 1H NMR
and mass spectroscopic data also supported this conclusion (see
Supplementary data). The binding constants of 1 with Zn2+ and
Co2+ were estimated to be 2.49 � 104 for Co2+ and 2.28 � 104 for
Zn2+, respectively, based on the corresponding absorption spectral
changes.

Figure 5 shows the absorption intensity variation at 532 nm of 1
in the presence of 1.0 equiv of representative metal ions. Clearly,
other transition metal ions cannot induce such obvious absorption
spectral variation for 1 under the same conditions in comparison
with Zn2+ and Co2+. These results indicate that compound 1 can
act as a colorimetric visual sensor for Zn2+ and Co2+.

In summary, a donor–acceptor compound 1 bearing N,N-bis
(pyridin-2-yl-methyl) aniline and quinone units was designed
and synthesized for development of colorimetric chemosensors
for thiols and metal ions. The reaction of the quinone unit with
thiol-containing amino acids and peptides weakens the electron-
accepting ability of the quinone unit in 1 and as a result the ICT
band intensity decreases gradually. Similarly, the coordination be-
tween 1 and metal ions reduces the electron-donating ability of the
aniline unit in 1 and accordingly the ICT band becomes weak grad-
ually. Remarkable absorption spectral changes were observed for 1
after addition of either thiol-containing amino acids/peptides or
Zn2+/Co2+. Therefore, compound 1 can be employed as a dual-func-
tion colorimetric chemosensor for thiols and Zn2+/Co2+.

Supplementary data

Supplementary data contains experimental details of the syn-
thesis and characterization. Supplementary data associated with
this article can be found, in the online version, at doi:10.1016/
j.tetlet.2008.10.055.
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