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ABSTRACT

p-tert-Butylcalix[4]arene 1,3-digallate, which contains a nonbonded close contact between galloyl groups, was synthesized and its structure
was determined by dynamic 1H NMR and X-ray crystallography. The electronic spectra showed that a new absorption band of the complexes
appeared at a longer wavelength region upon adding Ag+ ion. This spectral shift was explained in terms of the interaction between the facing
galloyl groups of the lower rim of the calixarene framework.

Considerable attention has been paid to the synthesis and
properties of functionalized calixarenes because of their
potential utility as molecular receptors and ionophores.1 The
design of calixarenes containing the desired properties
requires the control of their conformation, which possibly
is achieved by the use of intramolecular hydrogen-bonding
interactions between substituents on the calixarene skeleton.2

Gallic acid is a component of plant tannin3 and exhibits a
variety of chemical and biological properties that include

pharmacological activity4 and also binding to protains5 and
metal ions.6 Three hydroxyl groups of gallic acid play an
important role in these propaties.4,5 On the basis of these
backgrounds, we thought that the introduction of gallic acids
into the lower rim ofp-tert-butylcalix[4]arene may serve to
stabilize the conformation of the calixarene through hydrogen
bonding and act as a binding site toward guest molecules or
ions. We now report the synthesis ofp-tert-butylcalix[4]arene
1,3-digallate and its binding property toward metal ions in
connection with the conformation.

Calixarene2 was prepared by the reaction ofp-tert-
butylcalix[4]arene 1 (1.54 mmol) with O-acetylgalloyl
chloride (12.4 mmol) in CH2Cl2 in the presence of triethyl-
amine (12.4 mmol).7 Calixarene2 was obtained as prisms
in 87% yield. Deacetylation of2 with NH2NH2‚H2O or
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aqueous NH3 in MeCN at room temperature gave3a and
3b in 76 and 40% yields, respectively (Scheme 1). The
structures of all the compounds were established by NMR
and elemental analyses.

The 1H NMR spectrum of3a in THF-d8 at 20 °C was
simple, as shown in Figure 1. A pair of singlet signals arising

from thetert-butyl protons and a pair of doublet signals from
the ArCH2Ar methylene protons strongly suggest that3ahas
a C2 symmetry and a cone conformation.8 The Hb and Hc

proton signals gave the same resonance at 8.36 ppm. This
indicates that the galloyl groups in3a undergoes rapid
rotation on a NMR time scale at 20°C. The chemical shifts
of the OH proton signals of the galloyl groups and the
calixarene skeleton varied with loss of temperature (Figure
2). The signal arising from the Hb and Hc protons at 8.36
ppm at 20°C shifted downfield upon cooling to-40 °C

and then upfield until reaching-70°C. This signal separated
into two signals which appeared at 8.64 (Hb) and 8.32 (Hc)
ppm at-100°C. The aromatic proton signals of the galloyl
groups were also observed as two separated signals at 8.24
and 7.13 ppm at-100 °C. The separated upfield signal of
the Hc proton suggests that the OHc group is situated at a
position which is affected by the ring current effect associated
with the facing galloyl group. The Hd proton also shifted
downfield by 1.74 ppm upon cooling from 20 to-100 °C.
This suggests that the OHd group forms a hydrogen bond
with the neighboring ether oxygen atom8 (see later).

When3a was recrystallized from acetone, prism crystals
which include acetone molecules inside the crystals were
obtained, and on standing the crystals changed gradually from
clear to opaque crystals upon losing acetone molecules. The
crystal structure of3a was determined by a single-crystal
X-ray analysis (Figure 3).9 Calixarene3awas found to have
a cone conformation with aC2 symmetry and to form a 1:5
clathrate with acetone molecules. Four acetone molecules
are captured in the channel of the crystal lattice, and one
acetone molecule is held inside the molecular cavity of3a
with the CH3 group pointing into the cavity.10 The acetone
molecule within the cavity exists in a position where a
CH3-π interaction between one of the CH3 groups of acetone
and the aromatic ring of the calixarene could be present.11

In fact, the CH3 carbon of acetone is situated at a distance
of 3.54(4) Å above the center of the phenyl ring of3a. There
are two intramolecular OH‚‚‚O hydrogen bonds between the
phenolic hydroxyl groups of the calixarene ring and the
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Scheme 1a

a Reagents and conditions: (i) ClCOC6H2(OAc)3, Et3N, CH2Cl2,
rt, 5 h; (ii) H2NNH2‚H2O, CH3CN, rt, 30 min; (iii) aqueous NH3,
CH3CN, rt, 2 h.

Figure 1. 1H NMR spectrum (400 MHz) of3a in THF-d8 at 20
°C.

Figure 2. Temperature dependence of chemical shifts for the OH
protons of3a (400 MHz, THF-d8).
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proximal ether O atoms in which the O(1)‚‚‚O(2) distance
is 2.871(5) Å. These hydrogen bonds were found for many
1,3-substituted calix[4]arenes.12 The four hydroxyl groups
of the galloyl groups form intermolecular hydrogen bonds
with four acetone molecules, and the distance of O(6)‚‚‚O(8)
is 2.760(7) Å and that of O(4)‚‚‚O(9) is 2.74(1) Å. There is
weak hydrogen bonding between the OHa groups of facing
galloyl groups, and the distance of O(5)‚‚‚O(5*) is 3.224(8)

Å. The OHc group is placed in a position where significant
nonbonded contacts are observed between the OHc group
and the aromatic ring of the galloyl groups facing each other,
which is consistent with the model predicted from the1H
NMR spectral data. The hydroxyl oxygen O(6) is situated
in a position which is 3.247(7) Å above the least-squares
plane of the facing phenyl ring of the galloyl group. This
interaction makes it possible to exert an OH-π interaction.13

In the solid state, it can be assumed that hydrogen bonding
between the OH group of the galloyl group and the acetone
molecule is preferred.

The interaction with metal ions was evaluated by means
of electronic spectra. Figure 4 shows the electronic spectra

of 3a in ethanol solutions in the presence of several metal
nitrates. Upon adding Mg+, Ca+, and Al3+ ions, the absor-
bances at around 280 nm decreased with slight bathochromic
shifts and new absorption bands appeared at around 340,
330, and 315 nm, respectively. Furthermore, upon adding
Ag+ ion, the absorbance changed markedly and a new strong
band was observed at around 420 nm. On the other hand,
when the monoester3b was used, such a spectral change
was not observed upon adding Ag+ ion. These spectral
changes for3a are thought to arise from the structure of the
calixarene in which the facing galloyl groups are located in
a position of nonbonded close contact.
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Figure 3. Top (a) and side (b) views of the X-ray crystallographic
structure of3a (30% probability). Hydrogen atoms have been
omitted for clarity. In the top view, acetone molecules in the channel
of the crystal latice have been omitted for clarity. Close contacts
(Å): C(20)‚‚‚C(20*), 3.30(1); O(1)‚‚‚O(2), 2.871(5); O(6)‚‚‚O(8),
2.760(7); O(4)‚‚‚O(9), 2.74(1); O(5)‚‚‚O(5*), 3.224(8). For example,
O(1*) and O(2*) are related to O(1) and O(2), respectively, by
2-fold symmetry.

Figure 4. Electronic spectra of3a in EtOH in the presence of
metal nitrates. [3a]) 1.0 × 10-5 mol dm-3, [M(NO3)n] ) 1.0 ×
10-3 mol dm-3.
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