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Abstract

A series of 8-hydroxyquinoline benzoates with diverse azo substituents were synthesized by diazo-reaction of 2-methyl-8-hydroxyquinoline
with some arylamines, followed by esterification with benzoyl chloride. All the products allowed selective sensing with Hg2þ, which was affirmed
by UVevis absorption spectra. Different spectral changes were observed for these compounds with electron-donating substituent (bathochromic
shift) or electron-withdrawing substituent (hypsochromic shift). Particularly, obvious color change was observed for 5-(4-dimethylaminopheny-
lazo)-2-methylquinolin-8-yl benzoate in the presence of Hg2þ, which made it possible for distinguishing Hg2þ from other metal ions by naked eye.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Design and synthesis of new chemosensors for metal ions
are important subjects in the field of supramolecular and
material chemistry due to their fundamental role in biological,
environmental and chemical processes [1]. As a dangerous and
widespread global pollutant, mercury causes serious environ-
mental and healthy problems because marine aquatic organisms
convert inorganic mercury into neurotoxic methylmercury, a
potent neurotoxin that bioaccumulates through the food chain.
Subsequent ingestion of methylmercury by humans is con-
nected to serious sensory, motor, and cognitive disorders.
Therefore, it is important to explore new methods for monitor-
ing Hg2þ [2]. Over the past years, many examples for mercury
detection, including chromogenic [3] and fluorescent [4]
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chemical sensors, electrochemical devices [5], biosensors [6],
and sensors based on mass changes [7] have been reported. Cur-
rently, colorimetric sensors are popular due to their capability to
detect analyses by naked eye without resorting to any expensive
instruments [8]. Therefore, to develop simple-to-use and naked-
eye diagnostic tool, great efforts have been made for the design
and synthesis of selective chromogenic sensors for Hg2þ [9].

8-Hydroxyquinoline benzoates have been adopted as recep-
tors for Hg2þ [10]. However, their absorption spectral changes
in ultraviolet (UV) region restrained their practical applica-
tions. At the same time, azo dyes have usually been used as
colorimetric sensors for cations or anions for their strong chro-
mogenic ability [1h,11]. The strong receptoreion interaction
can cause the absorption band of azo dye shift to visible light
region in the presence of a certain ion [12]. Recently, we have
reported that azo derivative 5-(4-dimethylaminophenylazo)-2-
methylquinolin-8-yl benzoate could recognize Hg2þ [13]. In
this paper, a series of azo 8-hydroxyquinoline benzoates 2e4
(see Scheme 1) with various azo substituents, such as electron-
donating group (eOCH3, eN(CH3)2) or electron-withdrawing
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group (eNO2), were designed and synthesized. Furthermore,
compounds 1e4 were characterized by single-crystal X-ray
diffraction studies and could be used as colorimetric chemo-
sensors for Hg2þ. For comparison, the photophysical proper-
ties of compounds 5 and 6 were also investigated.

2. Results and discussion

2.1. Single-crystal X-ray diffraction studies

Structural information of 1e4 were rendered by single-crys-
tal X-ray diffraction studies. Molecular conformations of 1e4
are shown in Fig. 1. The corresponding crystal data and details
of the structure determinations are given in Table 1. As expected,
the steady structures of 1e4 are of trans-form in the crystals.
Compound 1 crystallized in the monoclinic space group
P2(1)/c, whereas 2e4 crystallized in the triclinic space group
P-1, indicating that the substituents at 4-position of phenyl
ring affect the crystal systems of these 8-hydroxyquinoline
derivatives. Interestingly, compound 4 with electron-withdraw-
ing substituent (eNO2) exhibits two independent molecules
with different bond lengths, bond angles and dihedral angles

Scheme 1. Molecular structures of 1e6.
in the asymmetric unit cell in contrast to only one molecule
for 1e3 (see ESI).

2.2. Photophysical properties

The data of UVevis absorption spectra of 1e6 in CH3CN
(2.0� 10�5 mol L�1) are shown in Table 2. The maximal
absorption wavelengths (lmax) of 1e4 in CH3CN are 350,
373, 445 and 376 nm, respectively, corresponding to the pep*
transition of the azo chromophores of 1e4. Compared with
lmax of 2-methyl-8-hydroquinoline benzoate 5 (276 nm),
lmax of 1e4 are obviously red-shifted, indicating that the
introduction of the eN]Ne group improves the chromogenic
ability of the 8-hydroxyquinoline derivatives. Moreover, lmax

of 1e4 are bathochromically shifted in comparison with that
of azobenzene 6 (316 nm), suggesting that the chromogenic
ability of azobenzene derivatives could be improved by the
presence of substituents. The maximal absorption wavelengths
(lmax) of 2 and 3 are red-shifted with reference to that of 1 in
CH3CN, which could be attributed to the stronger electron-do-
nating abilities of eOCH3 in 2 and eN(CH3)2 in 3. Especially,
the maximal absorption wavelength (lmax) of 3 (445 nm) was
modified successfully to visible light region. The molar
absorption coefficients of 1e4 are 1.9� 104 (350 nm),
2.0� 104 (373 nm), 3.1� 104 (445 nm) and 2.3� 104

(376 nm) mol�1 L cm�1, respectively (see Table 2), and are
similar to that of 6 [2.2� 104 mol�1 L cm�1 (316 nm)]. How-
ever, they are larger than that of 5 (3¼ 5.7� 103 mol�1 L cm�1

at 276 nm), revealing that 1e4 have stronger ability of absorb-
ing light than that of 5.

2.3. Titration experiments of Hg2þ

The UVevis spectrum is used extensively to study a coor-
dination system with a spectral change, which is a convenient
Fig. 1. Molecular conformations of 1e4.
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Table 1

Crystal data collection and structure refinement parameters for 1e4

1 2 3 4

Empirical formula C23H17N3O2 C24H19N3O3 C25H22N4O2 C23H16N4O4

FW 367.40 397.42 410.47 412.40

Crystal system Monoclinic Triclinic Triclinic Triclinic

Space group P2(1)/c P-1 P-1 P-1

Crystal size 0.15� 0.10� 0.08 0.20� 0.15� 0.15 0.35� 0.20� 0.05 0.35� 0.25� 0.20

a (Å) 11.727(2) 8.134(2) 8.773(1) 10.294(6)

b (Å) 8.796(2) 9.802(2) 9.726(2) 12.671(7)

c (Å) 18.247(4) 13.627(3) 13.207(2) 15.696(9)

a (�) 90 93.820(2) 107.738(2) 91.317(7)

b (�) 106.46(3) 100.250(2) 94.234(2) 98.785(7)

g (�) 90 112.848(2) 98.989(2) 93.280(7)

V (Å)3 1805.1(6) 974.0(3) 1051.2(3) 2019(2)

Z 4 2 2 4

rcalcd (g cm�3) 1.352 1.355 1.297 1.357

m (mm�1) 0.088 0.091 0.085 0.096

F (000) 768 416 432 856

R1 [I> 2s(I )] 0.0495 0.0376 0.0560 0.0443

wR2 [I> 2s(I )] 0.1214 0.1023 0.1593 0.1225

GOF 0.973 1.075 1.049 1.042
method to determine the binding constants of the supramo-
lecular complex [14]. In our present experiments, Hg(ClO4)2

was gradually added to the solution of 1e6 in CH3CN as
mercury source, and the complexation abilities of 1e6
with Hg2þ were investigated by the UVevis absorption
technique.

Fig. 2 shows UVevis absorption spectra of 1 with various
concentrations of Hg2þ. The characteristic strong absorption
band of 1 at 350 nm decreased upon addition of Hg2þ, and
a new band centered at 365 nm arose (see Fig. 2a), corre-
sponding to a red-shift of the maximal absorption wavelength
(Dlmax¼ 15 nm), which indicated the formation of a new
complex. The 1:1 binding stoichiometry between 1 and
Hg2þ is supported by the nice nonlinear fitting [15] of the
absorption-titration curve, which is also consistent with that
reported in literature [10]. The binding constant K of 1 with
Hg2þ was calculated to be 1.5� 104 mol�1 L at 20 �C in
CH3CN solution (see Table 2). By comparison, the complexa-
tion abilities of 5 and 6 with Hg2þ were also observed upon
addition of Hg2þ (see Fig. 2). When Hg2þ was added, the
maximal absorption wavelength (lmax) of 5 was shifted to

Table 2

Photophysical properties of 1e6

Compound lmax
a

(nm)

3

(mol�1 L cm�1)

lmax
b

(nm)

Dlmax
c

(nm)

Kd

(mol�1 L)

1 350 1.9� 104 365 15 1.5� 104

2 373 2.0� 104 396 23 4.5� 104

3 445 3.1� 104 518 73 4.4� 105

4 376 2.3� 104 369 �7 3.3� 104

5 276 5.7� 103 316 40 >103

6 316 2.2� 104 316 0 e

a In CH3CN solution.
b Upon addition of Hg2þ in CH3CN solution.
c Dlmax¼ lmax

b� lmax
a.

d The binding constant K with Hg2þ.
316 nm (see Fig. 2b), and no obvious change in the maximal
absorption wavelength (lmax) of 6 was observed (see
Fig. 2c). These facts suggest that the presence of eN]Ne
group improves the chromogenic abilities of sensors for
Hg2þ. At the same time, the binding site of 1 with Hg2þ is
the 8-hydroxyquinoline benzoate section, not involved in
eN]Ne group.

Furthermore, the binding property of 1 for Hg2þ was also
investigated by using 1H NMR experiment in CD3CN. Fig. 3
shows the 1H NMR spectra of 1 before and after addition of
2.5 equiv. of Hg2þ. It is observed that significant downfield
shifts of proton chemical shifts of the benzoate and quinolinyl
groups of 1 with varied extent occurred in 1H NMR spectra of
1 upon addition of Hg2þ, especially for that of proton in qui-
nolinyl ring. For example, proton chemical shift of f changed
to ca. 0.5 ppm. However, no obvious chemical shifts were
observed for protons from a to e when Hg2þ was added. These
facts indicate that the chelating site could be quinolinyl nitro-
gen atom together with ester oxygen atom. Moreover, proton
signals of eCH3 in quinolinyl ring shift downfield signifi-
cantly from 2.63 to 3.06 ppm, which is similar to that of 5
(see ESI), further indicating that Hg2þ could interact with
the 8-hydroxyquinoline benzoate section [10].

A similar red-shift of absorption band was observed when
Hg2þ was added to the solution of 2 (eOCH3) or 3
(eN(CH3)2) in CH3CN (see Fig. 4). For example, upon addi-
tion of Hg2þ, the characteristic strong absorption band of 3 at
445 nm decreased, and a new band centered at 518 nm arose,
corresponding to a lmax(abs) red-shift of 73 nm and an isobes-
tic point at 476 nm. As a result, an apparent color change from
yellow to red in ambient light could be observed by naked eye
(see Fig. 5). Furthermore, the binding constants K of 2 and 3
with Hg2þ were calculated to be 4.5� 104 and
4.4� 105 mol�1 L at 20 �C in CH3CN solution, respectively
(see Table 2).
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Different phenomenon was observed for 4 with eNO2 sub-
stituent when Hg2þ was added (see Fig. 4c). Upon addition of
Hg2þ in the CH3CN solution, the characteristic absorption
band of 4 at 376 nm decreased, and a new band centered at
369 nm arose, corresponding to a blue-shift of the maximal
absorption wavelength (Dlmax¼ 7 nm). The different spectral

Fig. 2. UVevis absorption spectra of 1 (a), 5 (b), and 6 (c) in CH3CN

([C]¼ 2.0� 10�5 mol L�1) upon addition of Hg2þ.
change between 2 (or 3) and 4 could be attributed to the dif-
ferent electron-donating and -withdrawing abilities of their
substituents. The DepeA structure exists in 4 with the strong
electron-withdrawing group (eNO2) (see Fig. 6). Here, nitro-
substituted phenyl group (PhNO2) is an electron-acceptor (A),
and benzoate quinolinyl group is an electron-donor (D). Upon
addition of Hg2þ, the complexation between Hg2þ and the
quinolinyl nitrogen atom together with oxygen atom of 4
decreased the electron-donating ability of the donor, and
then the DepeA structure changed to AepeA structure,
which diminished the extent of intramolecular charge transfer
(ICT) and resulted in the blue-shift of absorption band of 4
[16]. However, in comparison with 4, the DepeD structure
exists in 2 or 3 with the electron-donating group (eOCH3 or
eN(CH3)2) and the relative weak donor (benzoate quinolinyl
group) (see Fig. 6). The complexation of 2 or 3 with Hg2þ

made benzoate quinolinyl group to be an electron-acceptor,
and then the complexes 2$Hg2þ or 3$Hg2þ might be consid-
ered as DepeA structure, which enhanced the degree of
ICT and resulted in the red-shift of absorption band of 2 or
3 [16]. Therefore, the sensing ability of these sensors with
Hg2þ could be optimized by varying electron-donating
and withdrawing abilities of their substituents.

2.4. Selectivity

For an excellent chemosensor, high selectivity is a matter of
necessity. The selective coordination studies of 1e4 were then
extended to related heavy, transition, and main group metal
ions by absorption spectroscopy. Titration profiles of 1e4
show that all hydroxyquinoline benzoate derivatives are sel-
ective for Hg2þ (see ESI). Moreover, it is interesting that the
experimental phenomenon was distinct when Cu2þ was added
to the CH3CN solution of 3 [13]. The sensing process con-
sisted of two processes (see ESI). In the first process, upon ad-
dition of less than 1.0 equiv. of Cu2þ, the color of 3 changed
from yellow to pale red, which could be attributed to the
weak reaction of Cu2þ with the quinolinyl nitrogen atom
together with oxygen atom. When more than 1.0 equiv. of
Cu2þ was added, Cu2þ could further interact with eN]Ne
C6H4eN(CH3)2 [17,18], which would diminish the extent of
ICT and resulted in the blue-shift of absorption band with
the color change from pale red back to colorless. However,
for the other compounds (1, 2, 4), the second response process
could not be observed obviously upon addition of Cu2þ. So it
is speculated that the distinct phenomenon of 3 may be attrib-
uted to its special structure for the presence of the strong elec-
tron-donating group (eN(CH3)2).

By plotting the changes of 3 in the absorbance intensity at
515 nm as a function of metal ion concentration, diverse
curves are obtained and shown in Fig. 7. Upon addition of
3.0 equiv. of metal ions, no obvious red-shift spectral
responses were observed for Zn2þ, Cd2þ, Ni2þ, Co2þ, Cr2þ,
Pb2þ, Ca2þ, Agþ, Kþ or Naþ. However, the addition of
Hg2þ resulted in a prominent red-shift of absorption band,
which suggested the high selectivity of 3 to Hg2þ. Moreover,
competition experiments were performed in 5.0 equiv. of Hg2þ



779Y. Cheng et al. / Dyes and Pigments 76 (2008) 775e783
Fig. 3. 1H NMR of 1 in CD3CN before (a) and after (b) addition of 2.5 equiv. of Hg2þ.
mixed with 5.0 equiv. of background metal ions such as Zn2þ,
Cd2þ, Ni2þ, Co2þ, Cr2þ, or Pb2þ. The data of spectral change
in maximal absorption wavelength of 3 containing both back-
ground metal ions and Hg2þ showed similar variation in com-
parison with that containing only Hg2þ (see ESI). These facts
indicated that 3 could be used as a colorimetric chemosensor
for Hg2þ, as also shown in Fig. 5.

To explore practical applicability of 3 as a Hg2þ-selective
sensor, H2O was introduced to titration system of 3 for various
metal ions. Fig. 8 shows UVevis absorption spectra of 3 with
40.0 equiv. of representative metal ions in CH3CN:H2O¼ 9:1
(v/v). It can be seen from Fig. 8 that only the addition of Hg2þ

resulted in an obvious red-shift (43 nm) of maximal absorption
wavelength of 3, which indicated that 3 could be used as col-
orimetric Hg2þ sensor in semi-aqueous sample.

3. Conclusions

In summary, we have presented a series of 8-hydroxyquino-
line benzoates 1e4 with diverse azo substituents for Hg2þ sen-
sors. The presence of eN]Ne group improves the
chromogenic ability of the chemosensors. It is also evident
that bathochromic effect of 1e3 occurs as substituent changes
from eH, eOCH3, to eN(CH3)2 in CH3CN solution. Upon
complexation with Hg2þ, different spectral changes were
observed for 2 and 3 with electron-donating group (bathochro-
mic shift) and 4 with electron-withdrawing substituent (hypso-
chromic shift). Most importantly, 3 showed obvious color
change from yellow to red in CH3CN upon addition of
Hg2þ. 1H NMR spectra revealed that it was possible for the
quinolinyl nitrogen atoms together with oxygen atoms in
various reagent molecules to be the binding sites for Hg2þ.
The design strategy presented in this paper would be of great
interest in the development of other colorimetric sensors for
metal ions.
4. Experimental

4.1. Instruments and reagents

All starting materials (aniline, 4-methoxyaniline,
4-dimethylaminoaniline, 2-methyl-8-hydroxyquinoline, ben-
zoyl chloride) and compound 6 were obtained from Shanghai
Chemical Reagent Company and used as received. All the
metal ion sources in experiments were used by their nitrate
salts except mercury of perchlorate. NMR spectra were
recorded on a Mercury Plus 400NB NMR spectrometer or
Bruker DMX-500 using TMS as an internal standard. UVe
vis spectra were recorded with a UVevis 2550 spectroscope
(Shimadzu). MS (EI) spectra were recorded with a MA1212
mass spectroscope. The elemental analysis was performed
with Vario EL III O-Element analyzer. Spectral titrations
were carried out by injection of an aliquot of cation solution
into receptor solution. Solution samples were measured in
1.00 cm quartz cell. Spectroscopic and colorimetric measure-
ments were carried out in CH3CN (HPLC) and deionized
water.

4.2. Synthesis

Compounds 1e4 were synthesized by diazo-reactions of
2-methyl-8-hydroxyquinoline with diverse arylamines, respec-
tively, followed by esterifications with benzoyl chloride. The
structures of them were characterized by 1H NMR,
13C NMR spectra and MS (EI). Herein, only the synthesis of
1 is described in detail as an example.

4.2.1. Benzoic acid 5-phenylazo-2-methylquinolin-8-yl ester
(1)

Aniline (0.093 g, 1 mmol) was suspended in 30.0 mL of
distilled water at the temperature of 0e5 �C. Then 1.0 mL
of 6.0 mol L�1 hydrochloric acid solution was added to the
mixture. After 15 min, 10.0 mL aqueous solution of sodium
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nitrite (0.076 g, 1.1 mmol) was added, followed by acetonitrile
solution of 2-methyl-8-hydroxyquinoline (0.159 g, 1 mmol),
then pH was adjusted to 8e9 with 2.0 mol L�1 NaOH solu-
tion. After stirring for 2 h, the solution was neutralized with
1.0 mol L�1 HCl solution. The produced precipitate was fil-
tered and washed several times with deionized water and dried
at vacuum. Then 0.05 g of the product was refluxed with ben-
zoyl chloride (0.057 g, 0.4 mmol) in CH2Cl2 (10 mL) for 6 h.

Fig. 4. UVevis absorption spectra of 2 (a), 3 (b), and 4 (c) in CH3CN

([C]¼ 2.0� 10�5 mol L�1) upon addition of Hg2þ.
The crude product was purified by silica column chromatogra-
phy (petroleum ether (b.p. 60e90 �C)echloroform, 1:4, v/v).
Yield: 56%. 1H NMR (400 MHz, CDCl3, RT) d: 9.18 (d,
J¼ 8.8 Hz, 1H, ArH), 8.40 (t, 2H, ArH), 8.06 (t, 2H, ArH),
7.95 (d, J¼ 8.0 Hz, 1H, ArH), 7.70 (m, 1H, ArH), 7.65 (m,
1H, ArH), 7.60 (m, 5H, ArH), 7.47 (d, J¼ 8.8 Hz, 1H,
ArH), 2.69 (s, 3H, CH3). 13C NMR (100 MHz, DMSO-d6,
RT) d: 165.31, 160.66, 153.06, 150.03, 145.31, 140.88,
134.84, 132.84, 130.87, 130.29, 129.79, 129.55, 126.20,
124.70, 123.89, 122.52, 112.19, 26.04. MS (EI): m/z¼ 367.4
[Mþ]. Anal. Calcd for C23H17N3O2 (367.13): C, 75.19; H,
4.66; N, 11.44. Found: C, 75.15; H, 4.60; N, 11.50.

4.2.2. Benzoic acid 5-(4-methoxyphenylazo)-2-
methylquinolin-8-yl ester (2)

Yield: 50%. 1H NMR (400 MHz, CDCl3, RT) d: 9.15 (d,
J¼ 8.8 Hz, 1H, ArH), 8.38 (d, J¼ 7.2 Hz, 2H, ArH), 8.06
(m, 2H, ArH), 7.90 (d, J¼ 8.4 Hz, 1H, ArH), 7.70 (t, 1H,
ArH), 7.62 (m, 3H, ArH), 7.44 (d, J¼ 8.8 Hz, 1H, ArH),
7.07 (d, J¼ 8.8 Hz, 2H, ArH), 3.92 (s, 3H, CH3), 2.68 (s,
3H, CH3). 13C NMR (100 MHz, DMSO-d6, RT) d: 165.35,
163.13, 160.51, 149.34, 147.47, 145.47, 140.88, 134.80,
132.77, 130.67, 129.77, 129.60, 125.99, 125.92, 124.45,
122.51, 115.45, 111.80, 56.45, 26.04. MS (EI): m/
z¼ 397.3 [Mþ]. Anal. Calcd for C24H19N3O3 (397.14): C,
72.53; H, 4.82; N, 10.57. Found: C, 72.49; H, 4.76; N,
10.61.

4.2.3. Benzoic acid 5-(4-dimethylaminophenylazo)-2-
methylquinolin-8-yl ester (3)

Yield: 46%. 1H NMR (500 MHz, CDCl3, RT) d: 9.16 (d,
J¼ 8.6 Hz, 1H, ArH), 8.38 (d, J¼ 7.2 Hz, 2H, ArH), 8.00
(d, J¼ 8.6 Hz, 2H, ArH), 7.86 (d, J¼ 8.6 Hz, 1H, ArH),
7.69 (t, 1H, ArH), 7.59 (m, 3H, ArH), 7.41 (d,
J¼ 8.6 Hz, 1H, ArH), 6.81 (d, J¼ 8.6 Hz, 2H, AH), 3.13
(s, 6H, CH3), 2.67 (s, 3H, CH3). 13C NMR (125 MHz,
DMSO-d6, RT) d: 165.26, 159.23, 154.32, 151.81, 143.80,
142.23, 137.96, 135.28, 134.02, 130.35, 128.71, 123.97,
122.92, 122.61, 121.39, 114.68, 112.43, 40.38, 25.26. MS
(EI): m/z¼ 410.3 [Mþ]. Anal. Calcd for C25H22N4O2

(410.17): C, 73.15; H, 5.40; N, 13.65. Found: C, 73.10;
H, 5.35; N, 13.69.

4.2.4. Benzoic acid 5-(4-nitrylphenylazo)-2-methylquinolin-
8-yl ester (4)

Yield: 53%. 1H NMR (400 MHz, CDCl3, RT) d: 9.15(d,
J¼ 8.4 Hz, 1H, ArH), 8.44 (m, 2H, ArH), 8.38 (d,
J¼ 7.2 Hz, 2H, ArH), 8.14 (d, J¼ 9.2 Hz, 2H, ArH), 8.01
(d, J¼ 8.4 Hz, 1H, ArH), 7.70 (t, 1H, ArH), 7.66 (d,
J¼ 8.0 Hz, 1H, ArH), 7.60 (t, 2H, ArH), 7.49 (d,
J¼ 8.8 Hz, 1H, ArH), 2.69 (s, 3H, CH3). 13C NMR
(100 MHz, DMSO-d6, RT) d: 165.25, 160.90, 156.03,
151.17, 149.36, 145.204, 140.89, 134.89, 132.64, 130.72,
129.80, 129.48, 126.59, 125.79, 125.03, 124.71, 122.59,
112.89, 26.02. MS (EI): m/z¼ 412.3 [Mþ]. Anal. Calcd for
C23H16N4O4 (412.12): C, 66.99; H, 3.91; N, 13.59. Found:
C, 66.93; H, 3.88; N, 13.62.
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Fig. 5. The color changes of 3 in CH3CN ([C]¼ 2.0� 10�5 mol L�1) upon addition of 4.0 equiv. of various metal ions.
4.2.5. 2-Methyl-8-hydroquinoline benzoate (5)
Compound (5) was synthesized by the procedure reported

previously [10]. 1H NMR (400 MHz, CDCl3, RT) d: 8.37 (d,
J¼ 7.2 Hz, 2H, ArH), 8.07 (d, J¼ 8.4 Hz, 1H, ArH), 7.72
(m, 2H, ArH), 7.58 (m, 4H, ArH), 7.30 (t, 1H, ArH), 2.64
(s, 3H, CH3). 13C NMR (100 MHz, DMSO-d6, RT) d:
165.44, 159.74, 147.31, 140.72, 136.94, 134.61, 130.59,
129.82, 129.69, 128.16, 126.61, 126.11, 123.55, 122.37,
26.98. MS (EI): m/z¼ 263.2 [Mþ]. Anal. Calcd for
C17H13NO2 (263.09): C, 77.55; H, 4.98; N, 5.32. Found: C,
77.46; H, 4.92; N, 5.37.

4.3. X-ray crystal structure determination

Crystallographic measurements of compounds 1e4 were
carried out using a Bruker SMART CCD diffractometer,
with s scans and graphite-monochromated Mo Ka radiation
(l¼ 0.71073 Å) under room temperature. The structures
were solved by direct methods and refined by full-matrix
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least-squares on F2 values using SHELXS-97 program [19].
All non-hydrogen atoms were refined anisotropically. Hydro-
gen atoms were calculated in ideal geometries. For the full-
matrix least-squares refinements [I> 2s(I )], the unweighted
and weighted agreement factors of R1¼

P
(Fo� Fc)/

P
Fo

and wR2¼ [
P

w(Fo
2� Fc

2)2/
P

wFo
4]1/2 were used. CCDC refer-

ence numbers are 298218, 298739, 299042 and 298619 for 1,
2, 3 and 4, respectively.

4.4. Calculations of binding constant

The binding constant K of 1:1 compound/Hg2þ complex
formation calculated by the UVevis absorption method is ob-
tained by the following equation [20]:

A¼ A0 þ
Alim �A0

2c0n
cH þ cGþ 1=K�

�
ðcHþ cGþ 1=KÞ2�4cHcG

�1=2
o

where A represents the ultraviolet absorbance; A0 represents
the absorbance of pure host; cH and cG are the corresponding
concentrations of host and cation guest; c0 represents the con-
centration of pure host; and K is the binding constant.

Fig. 7. Titration profiles of 3 in CH3CN ([C]¼ 2.0� 10�5 mol L�1) with rep-

resentative metal ions.
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Appendix A. Supplementary data

Crystallographic information (CIF), absorption spectra and
titration profiles of compounds 1e4. This material is available
free of charge in the online version. Supplementary data asso-
ciated with this article can be found in the online version at
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