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Abstract

The bridged calix[6]arene1, where a 1,4-benzoquinone moiety is covalently anchored in the cavity of the
calix[6]arene macrocycle with a rigid cone conformation, was synthesized and its structure was determined by X-
ray analysis. The cyclic voltammogram showed that the reduction potential of1 is negatively shifted in comparison
with the reference compounds without the calixarene macrocycle, whose shift can be explained in terms of the
interaction between the quinone moiety and the oxygen atoms at the lower rim of the calixarene framework. © 2000
Elsevier Science Ltd. All rights reserved.
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The inner space of macrocyclic molecules provides a unique microenvironment to the included guest
species.1,2 Recently, the electrochemical behavior of redox-active species such as quinones included in
the cavity of calixarenes and carcerands has been reported.3,4 In these complexes based on the non-
covalent interaction, however, only the averaged properties of the complexed and dissociated guest
species are observable. Furthermore, the geometry of the guest molecule in the cavity of the macrocycle
is often ambiguous. If a redox-active species is covalently anchored in the cavity with well-defined
geometry, it is expected that the effect of the surrounding macrocycle on the properties of the species
can be elucidated much more definitely. Although a large number of macrocyclic quinones such as
calixquinones have been reported so far,5 there has been no example of a compound bearing a quinone
moiety covalently fixed in the cavity. We have been studying applications of calix[6]arenes bridged by
a functionalizedm-xylenyl unit,6 whose cavity is expected to serve also as a reaction field for a redox-
active moiety covalently anchored in it. In this communication, we report the synthesis, structure, and
redox properties of the quinone-bridged calix[6]arene1 with a rigid cone conformation.
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Synthesis of1 was effected by the route shown in Scheme 1, where ap-bromoanisole derivative was
used as a precursor of the 1,4-benzoquinone moiety. The bridged compound4 was prepared by the
reaction ofp-tert-butylcalix[6]arene (2) and tribromide3 in 73% yield. Benzylation of the four hydroxyl
groups of4 afforded the tetrasubstituted product5 in 93% yield, whose spectral features are essentially
the same as those of other bridged calix[6]arenes fixed in a cone conformation which we have reported so
far.6b–eThe bromide functionality of5 was converted to a hydroxyl group via lithiation followed by the
reaction with trimethyl borate and treatment with an alkaline solution of hydrogen peroxide. Oxidation
of thep-methoxyphenol derivative6 by iron(III) chloride afforded the target compound1 as pale yellow
crystals. Compound1 was also found to adopt a cone conformation,7 indicating that no conformational
change occurred during the chemical modification of the bridging unit.

Scheme 1.

In the infrared spectrum of1, the C_O absorption was observed at 1653 cm�1, which is almost the
same as those of the reference compounds7 (1657 cm�1) and8 (1653 cm�1) without the calixarene
framework. On the other hand, in the1H NMR spectrum, a strong upfield shift of H1 and H2 was observed
for 1 in comparison with the phenoxymethyl derivative7 (Table 1), indicating that the quinone moiety of
1 is magnetically shielded by the surrounding aromatic rings of the calixarene framework. This effect was
also found in the13C NMR spectrum of1, which shows the upfield shift of C1 and C3. In the electronic
absorption spectra, it was difficult to determine the maximum absorption wavelength and the absorption
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coefficient of the quinone moiety of1 due to the strong absorption of ten benzene rings of the bridged
calix[6]arene framework.

Table 1
1H and13C NMR chemical shifts (�)a of quinones1, 7 and8

Fig. 1. Cyclic voltammograms of 5�10�4 M 1 and7 in dichloromethane containing 0.1 M tetrabutylammonium perchlorate on
a glassy carbon electrode. Reference electrode, Ag/Ag+ , scan rate, 100 mV�s�1

The cyclic voltammograms of quinones1 and 7 are shown in Fig. 1. For the quinone-bridged
calix[6]arene1, two quasi-reversible waves were observed, the second one being considerably broadened.
These two waves are considered to correspond to the formation of a monoanion radical and a dianion of
the quinone moiety, respectively, similarly to other benzoquinone derivatives including7 and 8. The
reduction/oxidation potentials of these quinones are summarized in Table 2. The reduction potential of
1 is shifted to a more negative region than that of the methyl derivative8, indicating that the quinone-
bridged calix[6]arene1 is more difficult to be reduced. Electrons are known to be one of the particles for
which the tunneling is very important and, therefore, the steric factors of the macrocyclic framework
consisting of six benzene rings are unlikely to interfere with the access of electrons to the central
quinone moiety. In fact, sterically hindered 2,5- and 2,6-di-tert-butyl-1,4-benzoquinone are known to
have reduction potentials not so different from those of the corresponding methyl derivatives.8 Therefore,
it can be reasonably concluded that the calixarene framework electronically affects the redox properties
of the quinone moiety.
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Table 2
Oxidation/reduction potentials (E1/2/V)a of 1, 7 and8

On considering the fact that the potential of the phenoxymethyl substituted quinone7 is more positive
than that of the methyl derivative8, the two CH2OAr substituents at the 2,6-positions of the quinone
moiety of1 would seem not to be responsible for the observed negative shift. Instead, the through-space
interaction between the quinone moiety and the calixarene framework is considered to be more important.
For clarification of the three-dimensional arrangements of the quinone moiety and the calixarene, the
crystal structure of1 was determined by X-ray analysis (Fig. 2).9 It was revealed that the quinone moiety
is located inside the cone-shaped calixarene framework and surrounded by the benzyloxy groups at the
lower rim. The two carbonyl groups of the quinone moiety are not so close to the six aromatic rings
of the calixarene macrocycle and the benzyl groups at the lower rim. On the other hand, there are
significant non-bonded contacts observed between the olefinic carbon atoms of the quinone moiety and
the oxygen atoms of the calixarene lower-rim (C2–O4: 3.172(3) Å, C6–O7: 3.218(3) Å). This interaction
is considered to raise the LUMO level of the quinone, which results in the more negative reduction
potential of1.

Fig. 2. X-Ray structure of1. Solvent molecules and hydrogen atoms are omitted for clarity
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