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Fluoride sensing with a PCT-based calix[4]arene
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Abstract—Novel calix[4]arene-based anion sensor 1 with two coumarin units attached via amido functions acting also as binding
sites is presented. Complexation of F� by PCT-based 1 causes selectively red-shift in UV–vis absorption and in fluorescence emission
due to H-bonding followed by deprotonation of NH-amide groups.
� 2006 Elsevier Ltd. All rights reserved.
With the concepts provided by supramolecular chemis-
try, anion sensing has recently arisen as a place of choice
in the research field devoted to the detection of given
species.1 This rapid growth is coming from the realiza-
tion of the diverse roles played by anions in biological
and chemical systems.2 High sensitive and simple tools
are demanded for detection of anions. Fluorescent
chemosensors are effectively used to analyze and mea-
sure their presence in living systems and intensive
research has been devoted regarding anion selective
receptors using the fluorescent change as a means of
detection.3 Among the biologically functional anions,
peculiar interest is given to fluoride (F�) as one with a
specific importance because of its role in dental care
and treatment of osteoporosis.4

Artificial anion receptors are generally composed of
binding sites and of covalently linked signaling units.
Anion binding sites include not only positively charged
moieties such as guanidinium or ammonium based on
electrostatic interactions,2 but also neutral groups such
as (thio)ureas, calix[4]pyrroles, porphyrins or amides
acting by the formation of hydrogen bonds.5,6 Particu-
larly, amide NH function is known to form a strong
H-bonding interaction with anions.2 Calixarenes have
been found to achieve high selectivity and binding effi-
ciency for both cations and anions.7 As a signaling
mechanism, most anion chemosensors developed to date
utilize internal charge transfer in the ground state for
colorimetric chemosensors and PET (photoinduced elec-
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tron transfer),8 PCT (photoinduced charge transfer)9

and excimer/exciplex formation10 for fluorescent
chemosensors.

Although the PCT has been widely exploited for cation
sensing, there are few examples of such chemosensors
based on calix[4]arene for anions. With respect to F�

detection, we recently reported a calixarene with two flu-
orogenic pyrene units acting as a fluoride-selective PCT
chemosensor based on formation of a static pyrene exci-
mer.7d We now report on a novel PCT-based chemosen-
sor 1. Compound 1 consists of a calix[4]arene with two
coumarin units11 and showed a unique feature in the
absorption and emission spectra in the presence of F�.
Its anion complexation behavior was compared to 2.

As shown in Scheme 1, 1 was prepared in 54% yield by
reacting calix[4]arene with 2 equiv of coumarin deriva-
tive 312 in the presence of K2CO3 as a base and a cata-
lytic amount of NaI in refluxing CH3CN.12 The cone
conformation of 1 was deduced from the characteristic
AB pattern for the ArCH2Ar in its 1H NMR spectrum
in CDCl3. A peak at 31.8 ppm was found in the 13C
NMR for the ArCH2Ar. Reference molecule 2 was syn-
thesized by a similar procedure but using Cs2CO3.12 The
1,3-alternate conformation of 2 was deduced from its 1H
NMR spectrum exhibiting an AB system appearing par-
tially at 3.81 ppm (J = 8.0 Hz) for the ArCH2Ar and
from 13C NMR showing a peak at 37.85 ppm for the
related carbon.

Calixarenes 1 and 2 bearing two coumarin signaling
units and two amido groups as the binding sites were
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Scheme 1. Synthetic routes for 1 and 2. (i) 3, K2CO3, NaI, CH3CN,
N2.
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Figure 2. Changes in UV–vis spectra for 1 (20 lM) in CH3CN upon
addition of tetrabutylammonium fluoride.
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Figure 3. Fluorescence spectra of 1 (6 lM): (a) kex = 335 nm; (b)
kex = 408 nm upon addition of tetrabutylammonium salts of F�, Cl�,
Br�, I�, CH3CO�2 , HSO�4 , and H2PO�4 (6.0 mM) in CH3CN.

4374 S. H. Lee et al. / Tetrahedron Letters 47 (2006) 4373–4376
anticipated to act as a PCT-based chemosensor. Figure 1
shows the changes of the absorption spectrum of 1
(20 lM in CH3CN) upon addition of F�, Cl�, Br�, I�,
CH3CO�2 , HSO�4 , and H2PO�4 (60 mM as their tetra-
butylammonium salts). Only F� and CH3CO�2 showed
changes over the anions. Free ligand 1 displayed a
strong absorption band at 335 nm corresponding to
the coumarins. Titration of 1 as a function of [F�]
(shown in Fig. 2) gave a decreasing intensity with the
formation of red-shifted band at 349 nm. Another new
band at 408 nm appeared. Both new bands were attrib-
uted to H-bonding between amide N–H and F� fol-
lowed by deprotonation.

The study of the luminescence of 1 evidenced a similar
F-selectivity over the other anions. As shown in
Figure 3, 1 showed a unique emission band at 420 nm
with excitation at kex = 335 nm which declined upon
addition of F� eventually quenched to give a small band
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Figure 1. Uv-vis spectra of 1 (20 lM) upon addition of tetrabutyl-
ammonium salts of F�, Cl�, Br�, I�, CH3CO�2 , HSO�4 , and H2PO�4
(60 mM) in CH3CN.
at 508 nm. This was ascribed to a PET effect from the
F� to coumarin.7d When excited at kex = 408 nm, a
red-shifted absorption band upon addition of F�, the
fluorescence intensity of 1 was enhanced compared to
those of other anions.

The titration of 1 (6.0 lM in MeCN) by F� with an exci-
tation at kex = 335 nm exhibited a decrease of its emis-
sion intensity with a red-shift to 508 nm which is
induced by H-bonding followed by deprotonation
(Fig. 4). From this titration, we determined association
constants (Ka)13 of 1 for F� (1.08 · 104) and for
CH3CO�2 (3.77 · 102) due to their basicity and to a recog-
nition complementarity.

1H NMR was used to look into the nature of the peaks
formed during luminescent F� titration. Figure 5 shows
the chemical shift changes of the 1H NMR spectrum of 1
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Figure 4. Fluorescence titration spectra of 1 (6.0 lM) with tetrabutyl-
ammonium fluoride in CH3CN, kex = 335 nm.

Figure 5. Partial 1H NMR (200 MHz) of 1 (0.03 mM) in CDCl3: (a) 1

only; (b) 1 + 1.0 equiv of tetrabutylammonium fluoride. x-axis is for
ppm.
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Figure 7. Fluorescence spectra of 2 (6 lM) kex = 335 nm upon
addition of tetrabutylammonium salts of F�, Cl�, Br�, I�, CH3CO�2 ,
HSO�4 , and H2PO�4 (6.0 mM) in CH3CN.
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upon addition of 1.0 equiv of F� in CDCl3. The amide
Ha proton disappeared with no particular changes in
the aromatic proton signals. As a result, we estimated
that the amide N–H of 1 participates in the H-bonding
with F�. Similarly, OH protons are high-field shifted
with probable H-bonding with F�.

The interaction of amide hydrogen atoms with F� pro-
motes the delocalization of p-electrons from the anionic
nitrogen atoms to the coumarin units provoking a
change of the p–p transition of the chromophore to
green, as shown in Figure 6.

Compound 2 fully O-substituted was investigated to
compare with 1. As shown in Figure 7, the fluorescence
Figure 6. Visual changes for 1 upon addition of (a) no anion, (b) F�,
(c) Cl�, (d) Br�, (e) I�, (f) CH3COO�, (g) HSO�4 , and (h) H2PO�4 .
Irradiation at kex = 335 nm using UV lamp.
changes of 2 upon addition of F� is more significant
than that of 1, in which there is a meaningful red-shifted
emission band for 1ÆF�. Concerning the luminescence
mechanism, it is reasonable to postulate that when 1
coordinates F�, both PETs of (i) fluoride to coumarin
and of (ii) phenolate anion to coumarin are applied lead-
ing to a remarkable quenching of the fluorescence inten-
sity. For 2 only PET7d (i) might be applied. We also
noticed that 2 was selective not only for F� but also
for CH3CO�2 and H2PO�4 . Presumably 2 presents a lar-
ger distance between the amide functions (due to the 1,3-
alternate conformation) so that anions with larger size
such as CH3CO�2 and H2PO�4 can be maintained within
them.

In summary, we have presented a new anion PCT-
chemosensor based on calix[4]arene bearing two couma-
rin units selective for F� over other anions examined as
Cl�, Br�, I�, HSO�4 , CH3CO�2 , and H2PO�4 and may be
considered as a potential fluorescent chemosensor for
F�.7
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