Chiral calixarene analog incorporating amino acid residues into
macrocyclic rings was prepared. The macrocycles form a chiral
concave, which is induced by the chiral transmission from the
amino acid to the phenol-formaldehyde tetramer unit through the
hydrogen bonds. Molecular recognition for a chiral ammonium
ion by the macrocycles was investigated.

Modifying calixarenes to provide various properties into the
molecules is a field that has great promise. Many studies of the
modification of calixarenes have so far been made at the small

(lower) and large (upper) rims of the calixarene skeleton.'
Although some groups have made calixarene analog,” we noticed
that the modification of the methylene backbone has not been
exploited to any great extent. It occurred to us to make the chiral
calixarene analog, which was constructed by changing from the
methylene moiety to the chiral unit. Introduction of a chiral unit
into the macrocyclic ring is expected to transfer the chirality from
the chiral unit to the entire molecule.” In this case, a hydrogen
bonded array could play an important role in making the chiral
cavity because it is relatively strong and is a directed
non-covalent bond.*

In this paper, we describe the preparation of chiral calixarene
analog incorporating amino acid residues into their macrocyclic
rings and the molecular recognition for a chiral ammonium ion by
the macrocycles.

Macrocycles 1 were prepared by the cyclization reaction of the
bis(chloromethy!) phenol-formaldehyde tetramer 2* with amino
acid methyl ester in dry DMF at 30 °C under a nitrogen
atmosphere in 17-67% yields. They were identified on the basis
of IR, mass, and 1D and 2D NMR spectral data and elemental
analysis.® Achiral homoazacalixarenes have already been
synthesized by Takemura ef al.™®

The conformations of the macrocycles were determined using
NMR spectroscopy. The ArCH,Ar methylene protons of 1
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appeared as pairs of doublets due to the geminal coupling between
H o and H g even at 20 °C and did not coalesce in CDC; up to
55 °C. The differences between the chemical shifts of the doublets
(Ad) of 1 are in the range of 0.67-0.76 ppm, indicating that the
adjacent aryl rings adopt a syn-orientation, '*’ The chemical shifts
of the ArCH,Ar carbon atoms of 1 (31.6-32.7 ppm) provided
further support for the all syn-orientation.® These observations
indicate that these calixarene analogs adopt a cone form as the
preferred conformation in a solution.

The small Ad values between H,,, and H_ 4 (0.67-0.76 ppm)
of 1 compared with that (0.9 ppm) of the typical cone-type
calixarenes' imply that the aryl rings in the molecule are twisted.
The different A3 values’ in the macrocycle suggest that the cavity
of 1 is chiral. In order to elucidate the existence of the chiral
phenol-formaldehyde tetramer unit, we measured the CD
spectrum of 1a in hexane at 20 °C. The CD spectral absorption
pattern of 1a is quite similar to that of the known chiral
calixarenes,” supporting the  assumption that  the
phenol-formaldehyde tetramer unit is chiral. The corresponding
enantiomer 1d showed the completely opposite CD spectrum.
The CD spectrum of 1a in methanol drastically decreased the
signal intensities compared with that in hexane.'® It implies that
the hydrogen bonded array plays an important role in the
transmission of chirality from the amino acid to the
phenol-formaldehyde tetramer unit.

Itis known that calixarenes bind quaternary ammonium ions. "'
We investigated the complexation ability of 1 using the
a-methylbenzyl trimethyl ammonium iodide 3 in CDCl; by
"H-NMR spectroscopy. In the presence of 1a, all protons of the
ammonium salt moved to a high field due to the ring current effect
of the mt-cavity of 1a during the formation of the complex ([1a] =

[3]1 = 10 mM, Ad = by - Opeer Ady oy = -0.137 and -0.153
ppm, Ad., = -0.084 ppm, Ad., = -0.023 ppm). The higher
chemical shifts of the N-CH, protons suggests that the N-CH,
group is included in the cavity of 1a.
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Scheme 1.






