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A new fluorescent chemosensor for Fe3+ and Cu2+ based on
calix[4]arene
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Abstract—A novel fluorescent compound derived from calixarene which possesses two 3-alkoxy-2-naphthoic acid moieties has
been synthesized in moderate yield. In H2O/CH3OH (1:1), its fluorescent intensity was quenched sharply in the presence of Cu2+

or Fe3+, and the degree of quenching was related to the pH of the solution. Other metal ions, such as Co2+, Ni2+, Zn2+, Mn2+,
Mg2+ and Ba2+ did not affect its fluorescent spectra. This research may provide a new fluorescent probe for Cu2+ and Fe3+.
© 2002 Elsevier Science Ltd. All rights reserved.

Molecular recognition is a crucial process in biological
systems such as enzymes, antibodies or genes, and also
is fundamental to supramolecular chemistry.1 Chemical
sensing, which combines a recognition element with an
optical or electronic transduction element, has received
much attention as an efficient analytical technique for
the detection of particular species.2 Among chemosen-
sory systems, the fluorescent method is very important
due to its simpler instrumentation, high selectivity, and
direct visual perception even in very dilute solutions.3

In addition on/off fluorescence switching based on
molecular recognition has potential for information
processing.4

Calixarenes, which possess a versatile three-dimensional
cavity, are ideal frameworks or building blocks for the
development of fluorescent receptors for molecular
recognition via the incorporation of an appropriate
sensory group into the calixarene having a preorganized
substrate binding site. Several fluorescent chemosensors
based on calixarenes have been synthesized and show
highly selective recognition, especially towards alkali
metal cations.5 A few transition metal cations, e.g.
Cu2+, Ni2+ etc. have also been investigated.6 However,
the generation of fluorescent sensors for transition
metals is of increasing importance for biological and
environmental applications. Unlike alkali and alkaline
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earth metals, transition metals do not differ too much
in size, but they can establish coordinative interactions of
very different energies, which can be used for discrimina-
tive purposes, especially for fluorescent sensing.7

3-Hydroxy-2-naphthoic acid (HNA) is an interesting
fluorescent transduction system, which can be phototau-
tomerised involving intermolecular hydrogen bonding
with the solvent in the ground state.8 Although the use of
acyclic polyether dicarboxylic acids derived from HNA
in competitive solvent extraction of alkaline-earth
cations has been investigated,9 there is no report on the
fluorescent chemosensory properties of calixarenes with
HNA as the fluorescent moiety. Here, we report a new
fluorescent chemosensor for Fe3+ and Cu2+ based on the
calix[4]arene framework and transduction of HNA.

The synthesis of chemosensor 4 is very convenient.
Alkylation of calix[4]arene 1 with methyl 3-(2-bromo-
ethoxy)-naphthalene-2-carboxylate 2, which can be
obtainedfrom methyl 3-hydroxynaphthalene-2-carboxyl-
ate,10 was carried out to give 1,3-distal substituted
calixarene 3 in 42% yield. After hydrolysis of 3 in the
presence of NaOH, and acidification with HCl–H2O/
CHCl3, the fluorescent ligand 4 could be obtained in
almost quantitative yield (Scheme 1). The spectroscopic
and elemental analyses of 3 and 4 confirmed their
structures and also indicated that the calixarene moiety
of these compounds adopts the cone conformation.11

The UV absorption spectrum of 4 upon the addition of
cations in a mixed solvent of CH3OH–H2O (1/1, v/v) at
different pHs shows no obvious change, apart from the
addition of the absorbance of the substrate. However
their fluorescent spectra show different behavior. The
emission spectra (�ex=238 nm) of compound 4 (0.92 �M)
at pH 6.9 in the presence of various concentrations of
Cu(ClO4)2 are shown in Fig. 1 from which it can be seen
that the fluorescence intensity (�em=387 nm) of 4 is
decreased continually upon addition of Cu2+ with no
significant change in the position of the emission max-
ima. When the concentration of Cu2+ is 4 times that of the
ligand, the intensity decreased 12-fold. So, 4 is a sensitive
Cu(II) fluorescent probe. Since under these conditions,
Cu(ClO4)2 had very little absorption at the excitation
wavelength of 238 nm, the decrease in the fluorescence
intensity of 4 was not due to the absorption of Cu(ClO4)2.

A Stern–Volmer plot is shown in Fig. 2, which demon-
strates that chelation between 4 and Cu2+ enhanced the
fluorescence quenching. In addition, from Fig. 2 we
deduced that this plot fits the 1:1 stoichiometry of the
complex at the low [Cu2+] concentration ([Cu2+]/[4]�1).
On increasing the concentration of [Cu2+], other com-
plexes with different stoichiometries were present in the
solution.

Similar measurements for several soft metal ions, such as
Fe3+, Co2+, Ni2+, Zn2+, Mn2+, Mg2+ and Ba2+ were
examined. However, except for Fe3+, the changes in the
fluorescence spectra could scarcely be detected when
these cations were added to the solutions of 4 under the
same conditions. So it can also be concluded that the

Figure 1. Fluorescence of calixarene 4 (9.2×10−7 M) quenched
by Cu(ClO4)2 (�ex=238 nm) in CH3OH–H2O (1/1, pH 6.9). The
concentration of Cu(ClO4)2 (9.2×10−7 M): 0, 0.4, 0.8, 1.2, 1.6, 2,
2.4, 2.8, 3.2, 3.6, 4. Spectral resolution of the instrument: 1 nm.

Figure 2. Relative fluorescence intensity for a mixture of 4 and
Cu(ClO4)2 plots against [Cu(ClO4)2]. (�ex=238 nm, CH3OH–
H2O (1/1, pH 6.9), [4]=9.2×10−7 M).

calixarene 4 has higher selectivity for recognition of Cu2+

and Fe3+.

It is interesting that the degree of quenching in the
presence of Cu2+ and Fe3+ was associated with the pH of
the solution (adjusted with H2SO4 or KOH), and the
trend is shown in Fig. 3. At a pH<4.5, the two naphtha-
lene acids are not deprotonated and 4 displays the most
fluorescent intensity. On increasing the pH, the
fluorescent intensity decreased, and reaching a minimum
at pH 5.6 for Fe3+, and pH 6.9 for Cu2+, respectively.
This can be explained by deprotonation of 4 and the
formation of complexes. The electron-rich carboxylate
groups (in particular, their deprotonated oxygen atoms)
can act as electron donors and quench, through an eT
mechanism, the nearby photoexcited fluorophores.
However, we are not very clear as to why the fluorescent
intensity is increasing along with the increasing pH
after reaching the lowest point. Maybe on increasing
the pH of the solution, the two phenol groups of
the calixarene will be deprotonated, and Fe3+ or Cu2+



J.-M. Liu et al. / Tetrahedron Letters 43 (2002) 9209–9212 9211

Figure 3. pH–Fluorescence profiles of 4: � in the presence of
4 molar equivalents of Fe3+, � in the presence of 4 molar
equivalents of Cu2+ (CH3OH:H2O=1:1 v/v).

In summary, we have synthesized a new fluorescent
ligand based on calix[4]arene of which the fluorescent
intensity was quenched selectively in the presence of
Cu2+ or Fe3+, and the quenching behavior was related
to the pH value of the solution.
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moves into the cavity formed by the skeleton of the
calixarene due to the stronger complexation ability of
the phenolic oxygen (Fig. 4).

In this system, the fluorescent sensors could be denoted
as switches. On–off fluorescent switching is activated by
ionic substrates and on–off–on fluorescent switching is
activated by H+ in the presence of Fe3+ or Cu2+. We
have changed the pH value by adding acid or base to
the same solution containing both 4 and Fe3+ or Cu2+,
and the fluorescent intensity changes reversibly accord-
ing to Fig. 3.

Figure 4. Different complexation behavior controlled by pH.
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(C(CH3)3), 32.0 (ArCH2Ar), 31.6, 31.2 (C(CH3)3); IR
(KBr) � 3457, 2956, 1733, 1631, 1478 cm−1; MALDI-TOF
MS: m/z 1127 [(M+Na)+]; anal. calcd for C72H80O10: C,
78.23; H, 7.30; found C, 78.22; H, 7.28%. 4: Yield: 97%;
mp: 270–271°C; 1H NMR: � 8.49 (s, 2H, naph-H), 7.75
(t, J=7.9 Hz, 4H, naph-H), 7.69 (s, 2H, naph-H), 7.51 (t,
J=7.4 Hz, 2H, naph-H), 7.39 (t, J=7.5 Hz, 2H, naph-
H), 7.32 (s, 2H, OH), 7.01 (s, 4H, ArH), 6.87 (s, 4H,
ArH), 4.63 (m, 4H, OCH2CH2O), 4.51 (m, 4H,
OCH2CH2O), 4.33 (AB, J=13.0 Hz, 4H, ArCH2Ar), 3.32

(AB, J=12.9 Hz, 4H, ArCH2Ar), 1.24 (s, 18H, C(CH3)3),
1.00 (s, 18H, C(CH3)3); 13C NMR: � 167.7 (CO2), 154.0,
150.2, 149.6, 147.9, 142.3, 136.6, 135.6, 133.1, 129.5,
129.3, 128.6, 128.2, 126.9, 126.3, 125.5, 125.5, 120.7,
108.8 (ArC), 73.9, 68.6 (OCH2), 34.4, 34.2 (C(CH3)3),
32.0 (ArCH2Ar), 32.0, 31.4 (C(CH3)3); IR (KBr) � 3457,
2956, 1733, 1631, 1478 cm−1; MALDI-TOF MS: m/z
1099 [(M+Na)+]; IR (KBr) � 3464, 2959, 1728, 1632, 1479
cm−1; anal. calcd for C70H76O10: C, 78.04; H, 7.11. Found
C, 77.59; H, 7.21%.
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