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Abstract—A novel thiacalix[4]arene derivative bearing four phenyl groups on the upper rim was prepared by the direct
condensation of biphenyl-4-ol with elemental sulphur. As revealed by X-ray diffraction analysis, this compound adopts the cone
conformation in the solid state, thus creating a cavity with an extended �-aromatic system potentially applicable for solid-state
inclusion of suitable molecules. Subsequent alkylation (RI/K2CO3/acetone, R=Me, Et, Pr) yielded tetraalkylated derivatives,
which were studied for their conformational preferences using 1H NMR spectroscopy. While the Me or Et derivatives are
conformationally mobile and exhibit thermodynamic equilibria of several conformers in solution (CDCl3 or CD2Cl2), the
corresponding propoxy derivative is infinitely stable at room temperature.
© 2003 Elsevier Ltd. All rights reserved.

Thiacalix[4]arenes have become easily accessible in
multi-gram scales recently using simple synthetic proce-
dures.1 Because of the presence of four sulphur atoms,
the system has many novel features if compared with
classical calixarenes,2 and thiacalixarenes represent very
promising building blocks or molecular scaffolds for
the synthesis of more complicated supramolecular sys-
tems.3 Despite some recently described procedures for
thiacalix[4]arene derivatisation,4,5 the chemistry of these
compounds is still rather underdeveloped. If we con-
sider the basic thiacalix[4]arene skeleton, only a few
basic derivatives 1a–d are accessible so far.1,6

One of the major goals of calixarene chemistry has been
the design of novel receptors possessing properties suit-
able for separation science and/or molecular recogni-
tion. Therefore, the construction of calixarenes with
larger cavities is of interest, as these compounds can
potentially find applications in neutral guest recogni-
tion.2,3 Due to its rigid hydrophobic cavity, the thia-
calix[4]arene with extended �-systems 1f could be a very
attractive host molecule for host–guest chemistry. In
this paper we report the first synthesis and characterisa-
tion of thiacalix[4]arenes with deep aromatic cavities.

It is known from the chemistry of classical calixarenes
that the deep-cavity calix[4]arene 1e is virtually inacces-
sible by the direct condensation reaction of biphenyl-4-
ol with formaldehyde.1,7 So far, this compound has
been prepared either by a stepwise procedure8 or by
coupling reactions starting from the corresponding tet-
rahalocalix[4]arenes.9 As the tetrabromo- or tetra-
iodothiacalix[4]arenes are not available, we focused our
attention on the direct condensation of biphenyl-4-ol
with elemental sulphur.

Unfortunately, heating (200–230°C) biphenyl-4-ol with
sulphur in the presence of NaOH in tetraethylene glycol
dimethyl ether, i.e. similar conditions to those used for
the preparation of thiacalix[4]arene 1a,1 led to very
complicated reaction mixtures, which gave the required
product only in very low yields after complicated isola-
tion procedures (repeated column chromatography).
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This extensive study revealed several important facts: (i)
the most suitable solvent is diphenyl ether; (ii) the
temperature profile used throughout the reaction seems
to be of critical importance for the yield of the conden-
sation; (iii) the deep-cavity calixarene 1f can be isolated
using a simple precipitation/crystallisation procedure
on a multi-gram scale.10 In a typical procedure, starting
from 140 g of biphenyl-4-ol the p-phenylthia-
calix[4]arene 1f was isolated as an off-white solid (mp
>300°C) in approx. 22% yield (ca. 35 g).

The structure of 1f was confirmed by 1H NMR spec-
troscopy and mass spectrometry. The spectrum in
CDCl3 shows a typical splitting pattern with C4v sym-
metry corresponding to the cone conformation. The
high resolution TOF ESI MS in acetonitrile revealed
the molecular mass of 800.108 (exact mass=800.118)
with a splitting pattern matching exactly an isotopic
model. As no higher mass was observed, we can con-
clude that compound 1f prefers intramolecular (�OH=
9.66 ppm in CDCl3) instead of intermolecular hydrogen
bonds.

The final evidence for the structure of 1f was demon-
strated using single crystal X-ray diffraction analysis11

(single crystals were obtained by slow evaporation of an
EtOAc/CHCl3 solution). The molecule adopts a cone
conformation held together by intramolecular hydrogen
bonds on the lower rim (Fig. 1), thus representing a
deep cavity suitable for inclusion.

Figure 1. ORTEP drawing of 1f.

Thiacalixarene 1f was alkylated using the procedure
described for the alkylation4d,12 of 1a,b (RI/K2CO3/ace-
tone, reflux) yielding the corresponding tetraalkoxy
derivatives 2–4 in good yields (55–77%) (Scheme 1).
The conformational behaviour of the tetramethoxy
derivative 2 was studied using dynamic 1H NMR spec-
troscopy in the range of 173–298 K with CD2Cl2 as a
solvent. This revealed that the simple set of signals at
room temperature (e.g. the singlet at �=3.80 ppm for
the methoxy groups) is due to the fast chemical
exchange of several conformers (2a–d). As demon-
strated in Figure 2, lowering of the temperature leads to
the appearance of new signals. However, the large line
width of the resonances and overlapping nature of these
signals did not allow us to prove exactly the structures
and ratios of the corresponding conformers. The rela-
tively low coalescence temperature indicated the much
higher mobility of the thiacalixarene skeleton as com-

Scheme 1. Preparation of 1f and subsequent alkylation reactions: (i) S8, diphenyl ether, 230°C, 6 h (22%); (ii) RI/K2CO3/acetone,
24 h to 2 days reflux [R=Me, 2 (77%); R=Et, 3 (75%); R=Pr, 4a (55%); 4b (10%)].
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Figure 2. 1H NMR spectra of 2 (CD2Cl2, 300 MHz) acquired
at: (a) rt, (b) −40°C, (c) −90°C. Signal at approx. 5.3 ppm is
solvent.

Consequently, two main products were obtained by
column chromatography: the 1,3-alternate 4c (55%
yield) and the partial cone 4b (10%). This situation with
the gradual freezing of conformers (Me�Et�Pr)
resembles the behaviour of tert-butyl-thiacalix[4]arene
1a where the same general trend was found.13

In conclusion, we have prepared a novel thia-
calix[4]arene derivative bearing four phenyl groups on
the upper rim by a direct condensation of biphenyl-4-ol
with elemental sulphur. This compound represents an
interesting deep-cavity thiacalixarene with an extended
�-aromatic system, and is potentially useful for solid-
state inclusion of suitable molecules. The subsequent
utilisation of this compound for the construction of
more elaborate structures is currently under
investigation.
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