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New cavitand derivatives bearing four coumarin groups
as fluorescent chemosensors for Cu2+ and recognition of

dicarboxylates utilizing Cu2+ complex
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Abstract—New cavitand derivatives (1, 2) bearing four coumarin groups were synthesized, and the binding properties of these cavi-
tands towards metal ions were examined through their fluorescent changes. Cavitand 1 effectively recognized the Cu2+ ions among
the metal ions examined. The recognition of cavitand 1-Cu2+ with dicarboxlyates is also described.
� 2006 Elsevier Ltd. All rights reserved.
The readily available calix[4]arene derivatives have been
used as starting materials for the synthesis of metal
selective ionophores.1 On the other hand, it has been
only a few years since cavitand derivatives were first used
extensively as ionophores.2 Cavitands are rather rigid
and have enforced cavities compared with calix[4]arenes.
Recent efforts to improve the yield of tetraboromocavi-
tand3 or tetrakis(bromomethyl)cavitand4 have involved
utilizing these intermediates for synthesizing various
host compounds based on the cavitand moiety. Even
though there are few reports regarding cavitand deriva-
tives for metal ion recognition,5 fluorescent cavitands as
metal ion selective receptors have not been studied
intensively.6

We report new cavitand derivatives (1, 2) bearing four
coumarin groups. The binding properties of these cavit-
ands towards metal ions were also examined by their
fluorescent changes. In particular, cavitand 1 effectively
recognized Cu2+ ions among the metal ions examined.
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Furthermore, the cavitand 1-Cu2+ complex displays
fluorescent enhancements with dicarboxylates.

Both cavitands 1 and 2 were synthesized from the tetra-
hydroxy cavitand.7 The tetrachloride 3 was synthesized
using the procedure published elsewhere.8 This inter-
mediate was then reacted with coumarin 2 and NaI in
acetonitrile to give cavitand 19 in a 51% yield
(Scheme 1). Treating the tetrahydroxy cavitand with
4-bromomethyl-6,7-dimethoxycoumarin in the presence
of K2CO3 with subsequent purification by column
chromatography using CHCl3–MeOH (9:1, v/v), as an
eluent, yielded cavitand 210 in a 54% yield.

Ag+, Ca2+, Cd2+, Co2+, Cu2+, Cs+, Hg2+, K+, Li+,
Mg2+, Mn2+, Na+ and Ni2+ ions (perchlorate salts)
were used to evaluate the metal ion binding properties
of compounds 1 and 2. All fluorescent studies were car-
ried out in acetonitrile–chloroform (4:1, v/v) using 1 lM
of the compounds. Figure 1 shows the changes in the
fluorescence emission of compound 1 upon the addition
of various metal ions (100 equiv). The fluorescence
spectra were obtained by excitation into the coumarin
fluorophore at 357 nm, and both the excitation and
emission slits were 1.5 nm. As shown in Figure 1, com-
pound 1 had a large CHEQ effect only with Cu2+ among
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Figure 2. Fluorescence spectra of 1 (1 lM) upon the addition of
Cu(ClO4)2 in CH3CN–CHCl3 (4:1, v/v).

Scheme 1. Structures of cavitand 1 and 2.

Figure 1. Fluorescence spectra of 1 (1 lM) upon the addition of
various metal ions (100 equiv) in CH3CN–CHCl3 (4:1, v/v).
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the metal ions examined. An overall emission change of
200-fold was observed for Cu2+. Figure 2 shows the
fluorescent quenching effects of compound 1 upon the
addition of Cu2+. It was reported11a that intracomplex
quenching takes place (via energy or electron trans-
fer11b) when Cu2+ binds tightly to the host compound.
Considerable red shifts (�30 nm) were observed as the
amount of Cu2+ was increased (Fig. 2). The UV absorp-
tion spectra of compound 1 with Cu2+ also showed a
similar red shift (�27 nm) in the same solvent system.

The selectivity of compound 1 towards Cu2+ was con-
firmed using the following experiments. First, the emis-
sion intensities of compound 1 with 1 lM Cu2+ in the
presence of 1 mM of Pb2+, Ag+ and Zn2+ ions were
almost the same as that using 1 lM Cu2+ alone. Fur-
thermore, there were no significant changes in the fluo-
rescent spectra of the cavitand 1 when excess Pb2+

(1 mM) was present (Fig. 3). The job plot using the fluo-
rescence changes indicated a 1:4 binding for compound
1 with Cu2+ (Fig. 4). Furthermore, in the ESI mass spec-
trum of compound 1 upon the addition of Cu(ClO4)2, a
peak at m/z 280.3 (calculated value; 280.1) correspond-
ing to [1 + 4Cu]8+ was observed (S-Figure 1). In the
IR spectra, the peak at 1699.6, which corresponds to
the characteristic ester carbonyl absorption, was shifted
to 1696.5 upon the addition of Cu(ClO4)2 (4.2 equiv)
(S-Figure 2). These IR data support that the carbonyl
groups may not participate in binding with Cu2+. Figure
5 shows proposed binding mode based on the job plot,



Figure 6. Fluorescence spectra of 2 (3 lM) upon the addition of
various metal ions (500 equiv) in CH3CN–CHCl3 (4:1, v/v).

Figure 3. Fluorescence spectra of 1 (1 lM) upon the addition of
Cu(ClO4)2 in the presence of 1 mM Pb(ClO4)2 in CH3CN–CHCl3 (4:1,
v/v).

Figure 4. Job plot of 1 (1 lM) with Cu(ClO4)2 using fluorescent
changes in CH3CN–CHCl3 (4:1, v/v).

Figure 5. Proposed binding mode of 1 with Cu2+.

Figure 7. Fluorescence spectra of 1 (1 lM)-Cu2+ (5 lM) upon the
addition of bis(tetrabutylammonium) 1,4-phenylenediacetate (7) in
CH3CN–CHCl3 (4:1, v/v).
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ESI mass and IR data. However, there is a possibility
that one of the oxygen atoms in the OCH2O linker
may participate in the binding with Cu2+. From the
fluorescence titration experiments, the Kd value with
Cu2+ was observed to be �3 lM.12 Caivtand 2 also
showed a selective fluorescence quenching effect with
Cu2+ and slight fluorescence enhancement with several
metal ions. However, in this case, the fluorescent
quenching effect with Cu2+ was <10% (Fig. 6).

Recently, we reported a new cavitand bearing four imi-
dazolium groups that displayed moderate selectivity
with bis(tetrabutylammonium) 1,4-phenylenediacetate
in DMSO.13 The anion recognition of compound 1
(1 lM) in the presence of Cu2+ (5 lM) was also exam-
ined via its fluorescent changes. As shown in Figure 7,
fluorescent enhancements were clearly observed as the
amount of bis(tetrabutylammonium) 1,4-phenylenedi-
acetate (7) was increased. The fluorescent intensity of
1-Cu2+ upon the addition of excess dicarboxylate 7
was smaller than that of free host 1. Similar fluorescent
enhancements were also observed with bis(tetrabutyl-
ammonium) 1,3-adamantanedicarboxylate. From the
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fluorescence titration experiments, the Kd values with
1,4-phenylenediacetate and 1,3-adamantanedicarboxy-
late were estimated to be 1.6 and 3.1 lM, respectively.12

In conclusion, two new cavitand derivatives (1, 2) bear-
ing four coumarin groups were synthesized. In particu-
lar, among the metal ions examined, cavitand 1
effectively recognized Cu2+ ions. The binding of this
complex with dicarboxylates was further demonstrated
via the fluorescent changes.
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