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Calixarenes, a class of synthetic macrocycles having phe-
nolic residues in a cyclic array linked by methylene groups
at the position “ortho” to the hydroxy groups, have cavities
of sufficient size to form host-guest complexes, thus, are
particularly attractive compounds for attempting to construct
systems that mimic the catalytic activity of the enzyme and
have received a great deal of attention in recent years.1-4 

In contrast to the calix[4]arenes, homooxacalix[4]arenes,
containing extra oxygen in the macrocyclic ring, have
received little attention mainly because they can only be syn-
thesized in relatively low yield.5-7 Recently we reported the
simple one-step synthesis of tetrahomodioxa p-phenyl-
calix[4]arene in satisfactory yield,8 which has enabled us to
engage in a project to develop the functions of tetrahomo-
dioxacalix[4]arene as high-performance materials. 

One of the main features of naturally occurring host mole-
cules is their capacity for enantioselective recognition. Vari-
ous attempts have therefore been made to obtain chiral host
molecules based on calixarenes. Chiral derivatives can be
obtained by the introduction of chiral residues either at the
upper or lower rim of the calixarene framework.9-11 How-
ever, more interest has been focused on the possibility of
synthesizing “inherently” chiral calix[4]arenes, which are built
up of nonchiral subunits and consequently owe their chiral-
ity to the fact that the calixarene molecule is not planar.12-15

The attempts for asymmetric molecules of this type involved
the synthesis of calix[4]arenes with three (in AABC pattern)
or four different p-substituted phenol units or the introduc-
tion of m-substituted phenol units. The same asymmetric
pattern can be achieved by O-alkylation or O-acylation at
the lower rim of calix[4]arene. Tetrahomodioxacalix[4]arene
has only two plane of symmetry compared to calix[4]arene
which has four, therefore selective mono O-alkylation or
1,3-di-O-alkylation will eliminate the remaining symmetry
of tetrahomodioxacalix[4]arene and the resulting compound
is chiral. Therefore this paper deals with the first synthesis of

asymmetrically substituted homooxa calix[4]arene 4 by the
selective introduction of two ester functions into the lower
rim of the tetrahomodioxacalix[4]arene 3 as shown in fol-
lowing Scheme 1.

When the mixture of p-phenyl phenol and 35% formalde-
hyde was stirred for 4 days at 40 oC in the presence of potas-
sium hydroxide, the dimer diol 2 was prepared in 55%
yield.17,18 Compound 2 (3.02 g, 7.32 mmole) was refluxed in
xylene (180 mL) for 20 h to remove water in a Dean-Stark
moisture trap to afford the tetrahomodioxacalix[4]arene 3 in
79% yield8. When the homooxacalix[4]arene 3 was refluxed
with a limited amount of ethyl bromoacetate in acetone in
the presence of K2CO3, only two ester groups were intro-
duced into two distal OH groups and compound 4 was iso-
lated in 42% yield as crystalline solid.18 The absence of
symmetry elements in compound 4 is evident from its NMR
spectra, which show characteristic line patterns for the chiral
calix[4]arene skeleton and the groups attached to it. The 1H
NMR spectrum of compound 4 is extremely complex and
shows the one conformer, which is stable in the NMR time

Scheme 1
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scale under measurement condition (0 to 50 oC). The meth-
ylenic protons from ArCH2Ar and ArCH2O bridges appear
as six partly overlapping AX systems and these peak pat-
terns are not changed at 50 oC. The methylene protons from
two OCH2CO groups also appear as two sets of AB quartet.
13C NMR spectrum shows two peaks from carbonyl carbons,
36 peaks from aromatic carbons, 8 peaks from methylene
carbons of ArCH2O and OCH2CO, and two peaks at 31.37
and 31.31 ppm from ArCH2Ar bridge methylenic carbons.
This complex 13C NMR spectral pattern also supports the
asymmetric structure of compound 4. The position of the
methylenic bridge carbons of ArCH2Ar at 31.37 and 31.31
ppm indicates that these two adjacent benzene rings are in a
syn orientation.19 In FT-IR spectrum, the OH stretching band
which was appeared at 3353 cm-1 and shifted to higher fre-
quency by 100 cm-1 from that of starting material (3251 cm−1),
indicates the reduced intramolecular hydrogen bonding of
OH groups.20 

We have demonstrated by this example that asymmetri-
cally substituted tetrahomodioxacalix[4]arene is readily avail-
able by the selective 1,3-di-O-alkylation at lower rim. Ex-
periments are underway to separate the derivatives into the
pure enantiomers and to introduce further functional groups. 
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