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Selective binding of ions is an important aspect of ion
detection and ion transport. Due to the difficulties1,2 of anion
complexation, selective anion receptors are much less explored
than that of cations in spite of importance of chemistry and
biology. Strong binding with anions was achieved by the
positively charged receptors3-6 such as ammonium, guanidium,
pophyrin and metal ligands. But several neutral receptors
containing urea7 and amide8 moieties were developed. 

Ungaro and coworkers9 reported a new type of neutral
receptors with perfluorated alcohol function at the upper rim
of calix[4]arene and investigated their binding properties
which showed a selectivity for carboxylate anion. Previously
trifluoroacetophenone derivatives10-12 were developed for the
carbonate ion selective electrodes. Calix[4]arene lower rim
was utilized for the successful ion binding site frequently
due to the proper size as well as rigidity. We introduced two
trifluoroacetyl benzyl moieties at the lower rim of calix-
[4]arenes and investigated their binding properties. 

Two anion receptors 2a and 2b containing p-trifluoro-
acetylbenzyl group at the lower rim of calix[4]arene are
obtained in high yield by the reaction of calix[4]arene and p-
trifluoroacetylbenzyl bromide in the presence of K2CO3 in
CH3CN. p-Trifluoroacetylbenzyl bromide13 was prepared
from NBS bromination of p-trifluoroacetyltoluene which
was obtained by the treatment of toluene with trifluoroacetic
anhydride in the presence of AlCl3 in CH2Cl2. Also two
receptors 3a and 3b containing p-trifluoroacetylbenzoyl
group were prepared by the reaction of calix[4]arene and p-
trifluoroacetylbenzoyl chloride14 which was obtained by
refluxing p-trifluoroacetylbenzoic acid in SOCl2. p-Trifluoro-
acetylbenzoic acid can be formed by treating p-dibromobenzene
with methyl trifluoroacetate in the presence of n-BuLi at -78 oC. 

The 1H NMR spectrum of 2a showed the typical
characteristics of cone conformation of 1,3-disubstituted

derivatives of calix[4]arene such as a pair of doublets at δ 4.3
and 3.5 for the eight bridge methylene protons, two doublets
and two triplets at δ 6.70, 6.88, 7.05 and 7.17 for the twelve
calixarene aromatic protons, a pair of doublets at δ 8.05 and
7.97 for the eight aromatic protons containing p-trifluoro-
acetyl group, a singlet at δ 5.24 for the four benzylic
methylene protons and a singlet δ 7.59 for the two hydroxyl
protons. The 13C NMR also confirmed the cone conformation
of 2a, which showed one bridge methylene carbon peak at δ
32 and carbonyl carbon peak in trifluoroacetyl group was
showed up at δ 180 as a quartet as expected. Ester derivative
3a existed as a cone conformer, but 3b was found to be a
partial cone conformer from the 1H and 13C NMR analysis. 

The anion coordination properties were investigated from
the proton NMR titration in the presence of various anions
such as tetrabutylammonium (TBA), fluoride, chloride,
bromide, perchlorate, hydrogen sulfate, and acetate. Fluoride,
chloride, bromide, perchlorate and hydrogen sulfate were
not formed with any complex at all, but acetate was found to
form a strong complex. In CDCl3 solution in the presence of
acetate both free ligand 2a and complexed species are
observed simultaneously due to the strong complexation.
But a fast equilibrium was achieved in DMSO-d6 solution. A
slight downfield shift of a singlet OH proton resonance at δ
8.18 and the upfield shift of a pair of doublets at δ 8.10 and
7.88 for the phenyl protons containing trifluoroacetyl group
were observed upon addition of the TBA actetate to host 2a
solution. Also the calixarene aromatic protons and benzylic
methylene protons were slightly upfield shifted. Chemical
shifts were rapidly changed until 1 equivalent of acetate
anion was added. But further addition of acetate caused an
only negligible chemical shift changes. Any further signifi-
cant change was not observed after one equivalent of TBA
acetate was added, suggesting that 2a complexed with
acetate ion 1 : 1 solution stoichiometry. Relatively large

Table 1. Stability constanta data (Kass., M−1) of 2a, 2b, 3a and 3b in
DMSO-d6

Ligand F−b Cl− Br− I− CH3CO2
− HSO4

−

2a 0 0 0 0 1200 0
2b 0 0 0 0 5800 0
3a 0 0 0 0 0 0
3b 0 0 0 0 0 0

aErrors estimated to be <10%. bTetrabutylammonium salts.
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chemical shift change of the phenyl protons containing tri-
fluoroacetyl groups in the presence of acetate also suggests
that acetate ion binds trifluoroacetyl group directly.15

The association constants of the various anions to the
receptors were obtained from the resulting titration curves
using EQ-NMR16 and these values are presented in Table 1.
A strong selectivity for acetate was observed for the
trifluoroacetylbenzyl derivatives of calix[4]arene 2a and 2b.
But the trifluoroacetylbenzoyl derivatives of calix[4]arenes
3a and 3b did not show any indication of binding with
anions at all. It was reported that if the geometry were
correct, the trifluoroacetylbenzoyl moieties11,12 were found
to be an excellent binding sites for carbonate anion rather
than the trifluoroacetylbenzyl group due to the more elec-
tronic deficiency of the carbonyl carbon at the trifluoro-
acetylbenzoyl moiety. From the energy minimized 3-D
structure of 2a and 3a in Figure 1 it was found that carbon-
carbon distance of the carbonyl carbon connecting trifluoro-
methylgroup was 3.63 Å at the benzyl derivative 2a, but
10.12 Å at benzoyl derivative 3b. Therefore the benzyl
derivative 2a provides the proper binding site for the
carboxylate anion, on the other hand the benzoyl derivative
3a could not bind with anions due to the long distance
between two carbonyl carbons. t-Butyl group on the para
position of calix[4]arene obviously helps to bind the anion

strongly as reported previously for the ester derivatives of
calix[4]arene17 which made complexes with alkali metals. 

Calix[4]arene lower rim was utilized for the successful ion
binding site. We introduced two trifluoroacetyl benzyl
moieties at the lower rim of calix[4]arenes and they showed
a high selectivity for carboxylate ion over other shepherical
halide and hydrogen sulfate ions. 
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