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Abstract—Octakis(dimethylsiloxy)-octa-p-tert-butylcalix[8]arene was prepared from the parent p-tert-butylcalix[8]arene and 1,1,3,3-
tetramethyldisilazane. Desilylation of the siloxy-calix[8]arene with tetrabutylammonium fluoride hydrate under different conditions
afforded di- and tetraanionic derivatives. Determination of the solid state structure of the dianion revealed the formation of an inclu-
sion compound with one tetrabutylammonium cation inside the macrocyclic cavity.
� 2005 Elsevier Ltd. All rights reserved.
Interest in calixarenes and their derivatives arises from
their potential applications in diverse areas such as
host–guest chemistry, coordination chemistry, catalysis,
biomimetic chemistry, sensors, and ion transport.1 An-
ions derived from calixarenes,2,3 which are obtained by
deprotonation of the phenolic OH groups, can act as
ligands toward main group and transition metals. This
property has allowed the use of �calixanions� to model
oxo surfaces,4 to selectively bind metals within a cavity,2

and to assemble polymetallic systems.5 A considerable
number of studies have focused on the chemistry of an-
ions derived from p-tert-butylcalix[n]arenes (n = 4,6).2

In contrast, the number of reports on the properties of
the anions derived from p-tert-butylcalix[8]arene re-
mains scarce.3,6 Moreover, the structural information
available on the eight-member macrocycles is dominated
by complexes in which the calix[8]arene framework be-
comes relatively rigid. This is either due to the presence
of intramolecular covalent bridges,7 or to the chelating
effect of the multiple oxygen atom donors in coordina-
tion compounds, which create oxygen–metal–oxygen
bridges.5

In addition to the complexation chemistry of the calix-
anions, investigation of their host–guest properties may
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yield interesting results since the formation of inclusion
compounds by neutral calixarenes can be reinforced by
electrostatic interactions. Recently, the interaction of
calixarenes with ammonium ions has been investigated
due to their suitability for supramolecular systems.8 In
the cases reported to date, the presence of hydrogen
bonds between the ammonium cations and small calix-
[n]arenes (n = 4–6) appears to be crucial for the forma-
tion of inclusion compounds. Despite these advances,
the host–guest properties of the large calix[8]arenes
remain largely unexplored. Herein, we wish to report
the synthesis and characterization of di- and tetraan-
ionic derivatives of p-tert-butylcalix[8]arene 1, which
feature ammonium counterions. In the case of the dian-
ion, the single crystal X-ray crystal structure demon-
strates that tetrabutyl ammonium cations within the
calix[8]arene cavity can stabilize a 1,2,3,4-alternate con-
formation through non-covalent and electrostatic inter-
actions, without the involvement of H-bonds.

The general procedure to obtain calixarene anions in-
volves the use of alkaline or alkaline-earth compounds,
such as the carbonates, as bases to deprotonate the phe-
nolic positions of the calixarenes. The synthetic method-
ology developed by our group involves the initial
silylation of all the phenolic positions of 1 upon reaction
with 1,1,3,3-tetramethyldisilazane, with concomitant
loss of NH3 (Scheme 1). The product obtained, 49,50,51,
52,53,54,55,56-octakis(dimethylsiloxy)-5,11,17,23,29,35,
41,47- octa-p-tert-butylcalix[8]arene 2, was authenti-
cated by 1H, 13C, and 29Si NMR, as well as negative
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Scheme 1. Synthesis of compounds 2–4 from the parent calix[8]arene.
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ion FAB mass spectrometry, and combustion analysis.9

Compound 2 has siloxy functional groups that are ame-
nable for deprotection with fluoride reagents, allowing
the introduction of organic counterions with the appro-
priate dimensions to fit within the calix[8]arene cavity.
Thus, treatment of 2 with 2 equiv of tetrabutyl ammo-
nium fluoride monohydrate in toluene resulted in the
loss of 2 equiv of Me2HSiF as evidenced by the vigorous
bubbling observed, and 3 equiv of Me2HSiOSiHMe2.
The identity of the silicon-containing byproducts was
established by monitoring the reaction by 1H NMR
spectroscopy in CDCl3.

Colorless microcrystals of dianionic calix[8]arene 3 were
obtained by slow evaporation of toluene from the afore-
mentioned reaction mixture. Analysis of the 1H NMR
spectrum of 3 corresponds to a 2:1 ratio of (Bu4N)+ to
calix[8]arene groups, based on the integration of the ter-
minal –CH3 resonance of the tetrabutyl ammonium cat-
ions compared to that of the calixarene p-tert-butyl
groups. The NMR spectroscopic evidence characterizes
3 as a calix[8]arene dianion with two equivalent ammo-
Figure 1. ORTEP diagram of 3. Hydrogen atoms, two molecules of DMF,
nium ions in solution at room temperature, as evidenced
by the presence of one set of resonances for each n-butyl
group.

The crystal structure10 of 3 (Fig. 1) reveals the presence
of two tetrabutyl ammonium ions in the asymmetric
unit, one of them hosted inside the calix[8]arene dianion
cavity. Analysis of the structure with the PLATONPLATON

11 soft-
ware package revealed that there are no significant van
der Waals contacts between the endocyclic ammonium
ion and the calixarene framework. Thus, the cation is
presumably acting as a guest mainly due to electrostatic
forces. The macrocycle conformation can be described
as flattened 1,2,3,4-alternate, similar to the �pleated loop�
conformation observed for the parent p-tert-butyl-
calix[8]arene.12 This conformation of two independent
four-member subunits is stabilized by the two semi-
circular arrays of intramolecular hydrogen bonds, which
can be appreciated from a side view of the dianion
(Fig. 2). The hydrogen atoms associated to the phenol
oxygen atoms were located in the difference Fourier
map, and the H� � �O distances were determined to be
and one molecule of acetone were removed for clarity.



Figure 2. Side view of the calix[8]arene dianion of 3 with hydrogen-bond networks.
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in the range 1.66–1.91 Å. One of the hydrogen-bonded
networks is defined by the phenolic units that contain
the oxygen atoms O1, O2, O7, and O8, with O2 formally
bearing the negative charge. The second network is
formed by the oxygen atoms O3–O6, with the formal
negative charge residing on O4. Each network consists
of three strong H-bonds, based on the O–H� � �O angles,
which are close to linearity (average 170�) and the short
H� � �O distances (average 1.78 Å).13

The observed structure differs from that of the closely
related dipotassium complex of p-tert-butylcalix[8]-
arene-dianion, which has a �pinched� conformation in
the solid state.3b This latter geometric arrangement is
probably adopted due to the donor role of the OH
groups, which bridge the potassium cations at the
�pinch�. In contrast with the 1,3 relative positions of
the formally anionic O atoms of 3, in the dipotassium
analogue they occupy opposite ends of the macrocycle
in 1,5 positions. Moreover, the intra-calixarene H-bond-
ing network of the dipotassium complex is disrupted by
the additional hydrogen bond of one ethanol ligand to
the anionic oxygen atom.

When the desilylation of 2 was carried out under an in-
ert atmosphere with 4 equiv of (Bu4N)FÆH2O the tetra-
anionic calix[8]arene derivative 4 was obtained, along
with 4 equivalents of Me2HSiF, and 2 equiv of Me2H-
SiOSiHMe2. The identity of 4 was established by 1H
and 13C NMR, as well as negative-ion FAB mass spec-
trometry. Despite the anaerobic conditions employed in
this preparation, all Si-O(phenol) bonds are cleaved dur-
ing the course of the reaction due to the presence of one
water molecule per mole of fluoride reagent. We have
not been able to obtain X-ray quality crystals of 4 thus
far, but the spectroscopic evidence, and combustion
analysis support the proposed structure. This work
introduces a novel method for the preparation of calix-
anions with organic counterions from O-silylated deriva-
tives. The deprotection of the silyl groups of 2 with
anhydrous (Bu4N)F, and the replacement of (Bu4N)+

with different organic cations are currently under
investigation.
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J., Vicens, J., Eds.; Kluwer: Dordrecht, 2001.
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