
Diastereoselective Lower Rim
(1S)-Camphorsulfonylation as the
Shortest Way to the Inherently Chiral
Calix[4]arene
Anton V. Yakovenko, † Vyacheslav I. Boyko, † Oksana Danylyuk, ‡ Kinga Suwinska, ‡

Janusz Lipkowski, ‡ and Vitaly I. Kalchenko* ,†

Institute of Organic Chemistry, National Academy of Sciences of Ukraine,
Murmanska str. 5, 02660 KyiV-94, Ukraine, and Institute of Physical Chemistry,
Polish Academy of Sciences, Kasprzaka 44, 01-224 Warsaw, Poland

Vik@bpci.kieV.ua

Received November 23, 2006

ABSTRACT

A diastereomeric mixture of chiral 25-(1 S)-camphorsulfonyloxy-26-isopropoxycalix[4]arene 2a (de 15%) and 25-isopropoxy-26-((1 S)-10-
camphorsulfonyl)calix[4]arene 2b has been obtained by asymmetrical lower rim (1 S)-camphorsulfonylation of the monoisopropoxycalix[4]-
arene. Pure diastereomer 2a has been obtained by simple crystallization, and its absolute configuration has been determinated by X-ray
analysis. Enantiomerically pure inherently chiral 5,11-dibromo-26-isopropoxycalix[4]arene 4 has been synthesized by the upper rim dibromination
of the diastereomer 2a followed by hydrolytical removal of the auxiliary camphorsulfonyl group.

Calixarenes are bowl-shaped macrocycles which are of great
interest for the design of receptors of anions, cations, and
neutral molecules.1 Over the past few years, considerable
efforts have been applied to the synthesis of chiral calixarenes
and to the design of enantioselective sensors2 and catalysts,3

chiral stationary phases for chromatography,4 and chiral

solvating agents for NMR.5 The unique cup-shaped archi-
tecture of calixarenes allows the synthesis of so-called
inherently chiral species, in which the asymmetry is not
connected with a chiral atom but with the asymmetric
arrangement of substituents at the macrocyclic platform.

This could be done in two principal ways:6 (1) fragment
condensation and (2) substitution of the wide or/and narrow
rims of the macrocyclic skeleton. Among the substitution† National Academy of Sciences of Ukraine.
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patterns of the calix[4]arene lower rim,7 the simplest one is
the ABHH type possessing two different substituents in
proximal position. Only a few examples of proximal het-
erodifunctionalization are known: all the compounds were
obtained by multistep syntheses involving a protection and
deprotection sequence7b,8 or rearrangements.9

Most of the inherently chiral calixarenes were obtained
as racemic mixtures or as mixtures of diastereomers in a
1:1 ratio.10 Although a great number of such substances were
obtained, only some of them were resolved into individual
enantiomers11 or diastereomers.12 Herein, we report on the
synthesis of an ABHH-substituted calix[4]arene via the lower
rim asymmetrical (1S)-monocamphorsulfonylation of mono-
isopropoxycalix[4]arene and its transformation to optically
pure, inherently chiral 5,11-dibromo-26-isopropoxy-25,27,-
28-trihydroxycalix[4]arene.

The reaction of calix[4]arene monoisopropyl ether113 with
1.08 equiv of 1(S)-(+)-camphor-10-sulfonyl chloride in a

THF/DMF (10/0.5) solution at room temperature in the
presence of 1.1 equiv of sodium hydride gives a diastereo-
meric mixture of proximally substituted camphor derivatives
2a and2b of the ABHH-type, inherently chiral calixarene
with 85% total yield (Scheme 1).

The 1H NMR spectrum of the crude product contains the
superposition of the signals of the two diastereomers2aand
2b (Figure 1b) with 15% diastereomeric excess of2a.

Diastereomer2a with 98% purity and 41% yield was
obtained by simple crystallization from a mixture of benzene
and hexane. The other diastereomer,2b, was also obtained
by crystallization with 92% purity in 35% yield. Unexpect-
edly, the use in the sulfonylation reaction (Scheme 1) of a
mild base K2CO3 in acetonitrile also leads to sulfonates2a
(de 24%) and2b but in only 35% yield.14

The NMR spectrum of diastereomer2a provides some
structural evidence. A set of 7 doublets at 4.88, 4.53, 4.23,
4.09 and 3.53, 3.43, 3.41 ppm corresponds to axial and
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Scheme 1

Figure 1. 1H NMR spectra of diastereomer2a (a), diastereomer
2b (b), and a diastereomeric mixture of2a and2b (c) at 300 MHz,
in CDCl3, at 298 K.
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equatorial protons of the macrocyclic skeleton. This splitting
pattern suggests that all the protons are different and
corresponds to 1,2-heterodisubstituted calix[4]arene in acone
conformation. Two doublets at 4.25 and 4.24 ppm correspond
to the AB spin system of the methylenesulfonate group. The
methyl groups of isopropyl ether appear as two doublets at
1.74 and 1.60 ppm because of their diastereotopicity.

Diffraction quality crystals of both diastereomers have
been grown from benzene-hexane (2a) and chloroform-
hexane (2b) mixtures. X-ray analysis provides the absolute
configuration of both species.

Both calixarenes (Figure 2) are in a slightly distorted cone
conformation. In diastereomer2a, the phenol ring opposite
to the isopropyl-containing one is inclined. The angle
between this ring and the main plain of the macrocycle,
formed by the four carbons of the methylene bridges, is
141.7°. In diastereomer2b, the ring opposite the camphor-
sulfonyl-substituted one is inclined and the angle is 128.3°.
In both cases, the conformation is stabilized with a network
of hydrogen bonds (represented by dashed lines) at the
narrow rim.

In the crystalline state, molecules are packed in chains.
The camphor fragments of one chain are directed into the
cavities of the macrocycles of another (Figure 3). The shortest
distance between the carbon of one of camphor methyl group
and the center of the aromatic ring of the macrocycle is
3.5 Å, suggesting a weak CH-π interaction, possibly guiding
this inclusion pattern.

Chiral diastereomer2awas dibrominated at the upper rim
with bromosuccinimide in acetone at room temperature
yielding 94% of 5,11-dibromocalixarene3. The camphor-
sulfonyl group of3 was removed under basic hydrolysis
conditions yielding 73% of inherently chiral 5,11-dibromo-
26-isopropoxycalix[4]arene4 (Scheme 2).

None of the reactions in Scheme 2 change theinherent
configurationof compound4; consequently, it remains the
same as in diastereomer2a.

In conclusion, in this research, we performed a simple and
the shortest synthesis of chiral 25-((1S)-10-camphorsulfonyl)-
26-isopropoxy-27,28-dihydroxycalix[4]arene2a, and the
absolute configuration was determined by X-ray analysis.
By simple reactions, inherently chiral 5,11-dibromo-26-
isopropoxy-25,27,28-trihydroxycalix[4]arene has also been
obtained. The calixarene possessing the reactive OH groups
and bromine atoms could be used as a versatile platform in
the design of chiral receptors or chiral advanced materials.
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Figure 2. Molecular structure of diastereomers2a (left) and2b
(right). Solvent molecules are omitted for clarity.

Figure 3. Packing of2a molecules in the crystal state.

Scheme 2

Org. Lett., Vol. 9, No. 7, 2007 1185


