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Abstract—A new naphthalimide–calix[4]arene was synthesized as a two-faced and highly selective fluorescent chemosensor for Cu2+

or F�. This chemosensor displayed a selective fluorescence quenching effect only with Cu2+ among the various metal ions. On the
other hand, among the various anions, the title chemosensor displayed a selective fluorescence quenching effect only with F�. The
binding mode with F� was further investigated using fluorescence changes and 1H NMR experiments.
� 2007 Elsevier Ltd. All rights reserved.
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Sensors based on the anion1- or metal ion2-induced
changes in fluorescence appear to be particularly attrac-
tive due to the simplicity and high detection limit of the
fluorescence. Especially, fluoride ions are biologically
important anions because of their important role in
dental care3 and in the treatment of osteoporosis,4 etc.
On the other hand, Cu2+ is the third in abundance
among the essential heavy metal ions in human body
and plays an important role in various biological
processes. In this regard, the fluorescent sensing of
F�5–7 and Cu2,8,9d has attracted growing attention.

Even though naphthalimide moiety has been recently
utilized as an internal charge transfer (ICT) sensor for
metal ions9 and anions,7 there has not been an example
of calix4 arene10 derivative bearing a naphthalimide
moiety. We report herein the synthesis and binding
properties of the first naphthalimide–calix4 arene (1),
which displays an unusual two-faced and highly selec-
tive fluorescent change with F� among the various
anions or a highly selective fluorescent change with
Cu2+ among the metal ions. This bifunctional and high
selectivity can be attributed to a relatively rigid binding
0040-4039/$ - see front matter � 2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2007.10.109

* Corresponding authors. Tel.: +82 2 3277 2400; fax: +82 2 3277 2384
(J.Y.); tel.: +86 13501766476; fax: +86 21 64252603 (X.Q.); e-mail
addresses: xhqian@ecust.edu.cn; jyoon@ewha.ac.kr

�Contributed equally to this work.
pocket of compound 1, in which four hydrogens of NH
and OH can make favorable hydrogen bonding interac-
tions with F�; on the other hand, two nitrogens in naph-
thalimide moiety and oxygens in calixarene moiety can
provide a nice binding pocket for Cu2+.

N-Butyl-4-bromo-5-nitro-1,8-naphthalimide 29d and
5,11,17,23-tetra-tert-25,27-bis(2-aminoethyloxy)-26,28-
dihydroxycalix4 arene 3 were prepared following the
reported procedures.11 Compounds 2 and 3 were then
refluxed in methoxyethanol for 10 h to give 112 in a yield
of 74% after the column chromatography (Scheme 1).
Compound 1 was fully characterized by 1H NMR, 13C
N OO
2 3

1

Scheme 1. Synthesis of compound 1.
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NMR (see Supplementary data), and high resolution
FAB mass spectroscopy.

The perchlorate salts of Ag+, Ca2+, Cd2+, Co2+, Cs+,
Cu2+, Hg2+, K+, Li+, Mg2+, Mn2+, Na+, Ni2+, Pb2+,
Rb+, and Zn2+ ions were used to evaluate the metal
ion binding properties of compound 1 in acetonitrile.
The fluorescence spectra were obtained by excitation
into the naphthalimide fluorophore at 435 nm. As
shown in Figure 1, there was a large and highly selective
fluorescent quenching effect in its emission spectrum
only with Cu2+ among the metal ions examined. Overall
emission change of 20-fold was observed for Cu2+

(Fig. 1). From the fluorescent titrations (S-Figure 1),
the association constants of 1 with Cu2+ were calculated
to be 6.1 · 104 M�1 (errors <10%).13 Addition of Cu2+

also induced substantial decrease in the UV absorption
spectra (see S-Figure 2). Selectivity for Cu2+ in the pres-
ence of water was then examined. Since the host was not
quite soluble in aqueous system, 10% aqueous system
(CH3CN:water = 9:1, v/v) was adopted for the fluores-
cent study, and similar high selectivity for Cu2+ was also
observed. From the fluorescent titrations (Fig. 2), the
association constants of 1 with Cu2+ were calculated
to be 2.9 · 104 M�1 (errors <10%).13 The weak and
red-shift emission was recorded for 1 with Cu2+, this
Figure 1. Fluorescent changes of 1 (6 lM) with various metal ions (100
equiv) in CH3CN (excitation at 435 nm).

Figure 2. Fluorescent titrations of 1 (6 lM) with Cu2+ in CH3CN–
water (9:1, v/v) (excitation at 435 nm).
unique change can be attributed to the deprotonation
of naphthalimide NH in the presence of Cu2+, which
was recently proposed.9c

The fluorescence emission changes of 1 (6 lM) upon the
addition of H2PO4

�;HSO4�, CH3CO2
�, I�, Br�, Cl�,

and F� (100 equiv, tetrabutylammonium salts) in aceto-
nitrile are illustrated in Figure 3. As shown in Figure 3,
there was a selective fluorescent quenching effect in its
emission spectrum only with F� even though relatively
smaller quenching effect was observed with CH3CO2

�.
Job plot for the binding between 1 with F� shows a
1:1 stoichiometry. Figure 4 explains the fluorescent titra-
tion data for 1 with F�. From the fluorescence titration,
the association constant of complex 1 with F� was
observed to be 1.1 · 104 M�1 (errors <10%).13

Recently, colorimetric changes due to the deprotonation
of NH, which is directly attached to the fluorophore,
have been utilized as sensors for F�.5,7,14 It is reported
that F� is sufficiently basic to deprotonate NH, which
can cause usually long wavelength color change. We
observed a similar process, which was confirmed by
the color change to yellow upon addition of F� (see
S-Figure 3) as well as UV titration with F� (see S-Figure
Figure 3. Fluorescent emission changes of 1 (6 lM) upon addition of
tetrabutyl ammonium salts of H2PO4

�, HSO4�;CH3CO2
�, F�, Cl�,

Br� and I� (100 equiv) in CH3CN (excitation at 435 nm).

Figure 4. Fluorescent titrations of 1 (6 lM) with F� in CH3CN
(excitation at 435 nm).



Figure 5. Partial 1H NMR spectra (250 MHz) of 1 (3 mM) with Cl�

and F� in DMSO-d6: (a) 1 only, (b) 1+2 equiv of Cl� and (c)
1+2 equiv of F�.
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4). The 1H NMR experiments also support the deproto-
nation process. In our case, in addition to the two NH
hydrogens, there are two phenolic OH hydrogens which
can also participate in binding with F�. As expected,
severe broadness of both NH (d 8.99 ppm) and OH (d
7.86 ppm) hydrogens was observed upon the addition
of F� (Fig. 5 and see S-Figure 5). Furthermore, a new
triplet, which corresponds to the formation of FHF,7

was also observed at around 16 ppm (S-Figure 6). On
the other hand, the addition of excess Cl� did not induce
any change in 1H NMR spectra (Fig. 5 and S-Figure 7).
Since the main interaction between host and F� is
hydrogen bonding, host 1 did not show any significant
fluorescent change upon the addition of F� in
CH3CN–water (9:1, v/v).

In conclusion, a new naphthalimide–calix4 arene
derivative 1 was synthesized as a two-faced and highly
selective fluorescent chemosensor for Cu2+ or F�, which
displays a highly selective fluorescent change with F�

among the various anions and a highly selective fluores-
cent change with Cu2+ among the metal ions. Especially,
the selectivity for Cu2+ was further confirmed in
aqueous solution. This high selectivity can be attributed
to a relatively rigid binding pocket of compound 1, in
which four hydrogens of NH and OH can make
favorable hydrogen bonding interactions with F�, on
the other hand, two nitrogens in naphthalimide moiety
and oxygens in calixarene moiety may provide a nice
binding pocket for Cu2+.
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Gómez, D.; Fabbrizzi, L.; Liccheli, M. J. Org. Chem.
2005, 70, 5717; (h) Liu, B.; Tian, H. J. Mater. Chem. 2005,
2681; (i) Curiel, D.; Cowley, A.; Beer, P. D. Chem.
Commun. 2005, 236; (j) Xu, G.; Tarr, M. A. Chem.
Commun. 2004, 1050; (k) Cho, E. J.; Moon, J. W.; Ko, S.
W.; Lee, J. Y.; Kim, S. K.; Yoon, J.; Nam, K. C. J. Am.
Chem. Soc. 2003, 125, 12376; (l) for other references, see
1d.

7. (a) Li, Y.; Cao, L.; Tian, H. J. Org. Chem. 2006, 71, 8279;
(b) Gunnlaugsson, T.; Kruger, P. E.; Lee, T. C.; Parkesh,
R.; Pfeffer, F. M.; Hussey, G. M. Tetraehdron Lett. 2003,
44, 6575; (c) Gunnlaugsson, T.; Kruger, P. E.; Jensen, P.;
Pfeffer, F. M.; Hussey, G. M. Tetraehdron Lett. 2003, 44,
6575.

8. (a) Xiang, Y.; Tong, A.; Jin, P.; Ju, Y. Org. Lett. 2006, 8,
2863; (b) Lee, Y. J.; Seo, D.; Kwon, J. Y.; Son, G.; Park,
M. S.; Choi, Y.-H.; Soh, J. H.; Lee, H. N.; Lee, K. D.;
Yoon, J. Tetrahedron 2006, 62, 12340; (c) Martı́nez, R.;
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