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Enantioselective Recognition of Calix[ 4 ] arene Derivative Bear-
ing Bicyclic Guanidinium for D/L Amino Acid Zwitterions
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The p-tetra-tert-butyl calix[ 4 ] arene derivatives ( 3 and 4 )
with (S, S) chiral bicyclic guanidinium, as the receptors of
amino acid zwitterions, have been synthesized via a O-alkyla-
tion reaction of p-tetra-fert-butyl calix [ 4 ] arene with
chloromethyl chiral bicyclic guanidinium 2 in the presence of
anhydrous K,CO; in acetonitrile. The results obtained from
liquid-liquid competitive extraction experiments indicate that
the two receptors may selectively recognize L-aromatic amino
acids, and that the enantioselective recognizability of the re-
ceptor 4 with two chiral bicyclic guanidinium units reachs up
to about 90% for L-Phe.
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Calixarenes which are selectively functionlized at
the upper or the lower rim can become good receptors in
the process of molecular recognition due to their special
cleft structures.!? Guanidinium group possessing much
high pK value (13.5) remains protonated form over a
much wider range of pH than the ammonium group.
Therefore, guanidinium derivatives have been success-
fully employed for the molecular recognition of the an-
ions, such as carboxylate (amino acids),*$ phosphate
(nucleotides)® via hydrogen bonding and electrostatic
interactions. However, calix[4 ]arenes with incorporated
guanidinium functionality have not been reported so far.
We report here, for the first time, the p-tetra-tert-butyl
calix[ 4 ] arene derivatives (3, 4) bearing mono- and di-
chiral bicyclic guanidinium units in the lower rim were
prepared by selective O-alkylation of p-tetra-tert-butyl
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calix[ 4 ] arene with chloromethyl chiral bicyclic guani-
dinium 2 in the presence of anhydrous K,CO; in acetoni-
trile. The synthesis of compound 2 was achieved from 1
which was available from L-asparaginate through 9 step
reactions,>*? respectively (Scheme 1) .

Generally, 25, 27-O-dialkylated calix [ 4 ] arene
derivatives can be prepared by refluxing p-tetra-tert-
butyl calix[ 4 ]arene with etherifying reagent in the pres-
ence of anhydrous K,CO; in acetone, acetonitrile or
DMF. %! I the present case, the similar procedure was
used to give the 25-O-monoalkylated calix [ 4 ] arene
derivatives 3 in much higher yield than 25,27- 0-dialky-
lated derivatives 4. The molar conversion for 3 is
~75% , while for 4 is only ~10% . The steric conges-
tion in the low rim area of calix[4 ] arene and the bulk
bicyclic guanidinium units may be the main reason.

The compounds 3 and 4 were characterized by 'H
NMR ( 2D H-H Cosy spectra ), C NMR, MS (ES-
IMS), IR and elemental analysis.'? In the 'H NMR and
BC NMR spectra, the peaks of ArCH,Ar protons and
BC of 3, 4 appeared as doublet at 3y 3.35—3. 46
(H,,), 0y 4.14—4.21 (H,,;,) and about 3¢ 31.5.
Obviously they are consistent with the cone conforma-
tion, 11+13:14

Despite the ionic structure of the receptors, they
are scarcely soluble in water, but freely soluble in com-
mon organic solvents such as dichloromethane. The
affinity of 3 or 4 for amino acid zwitterions was therefore
investigated by liquid - liquid competitive extraction
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Table 1 Results of competitive extraction of L or D-amino acids (25°C)*°

3 4
Amino acid Extractive amont (gmol) Percentage (% ) Extractive amont (pmol) Percentage (%)

L-Phe 0.618 12.4 2.359 47.2
L-Trp 0.428 8.6 0.7%4 15.9
L-Tyr 0.436 8.7 0.640 12.8
L-Leu 0.352 7.0 0.49 9.8
L-Tle 0.174 3.5 0.199 4.0
Gly 0.348 6.9 0.058 1.5
L-His 0.340 6.8 0.054 1.1
L-Arg 0.286 5.7 0.026 0.5
D-Phe 0.194 3.9 0.263 5.3
D-Trp 0.156 3.1 0.240 4.8
D-Val 0.176 3.5 0.242 4.9
D-Leu 0.174 3.4 0.206 4.1
D-Asp 0.046 0.9 0.082 1.6

“In the blank extractions without adding the receptor, the extractive amounts for L-amino acids are; L-Phe, 0.035; L-Trp, 0.033;
L-Tyr, 0.041; L-leu, 0.045; L-Ile, 0.038; Gly, 0.071; L-His, L-Arg, no found.

experiments. The experiments were performed according
to the procedure given in references.*> 2 mL of mixed
L- or D-amino acids aqueous solution (5.0 x 1072
mol/L for each) and 2 mL of CH,Cl, solution of the re-
ceptor 3 or 4 (5.0 x 1072 mol/L) were mixed in cen-
trifuge tube, shaken mechanically for 30 min at 25°C,

centrifuged for 10 min. Then, the separated organic
phase was dried with Na,SO;, extracted with water (3 x
2 mL). The combined aqueous phase was evaporated to
dryness in vacuo . The residue was dissolved in buffer
solution and the content of each amino acid was deter-
mined by amino acid analyzer (HITACHI-835-50) . The
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results of competitive extraction of receptors 3 and 4 for
L- or D-amino acids are listed in Table 1.

As shown in Table 1, the extractive amounts of the
receptor 4 or 3 with (S, S) chiral configuration for L-
amino acids are much larger than for D-amino acids.
This can be explained by the matching of (S,8) chiral
configuration of the receptors with L-configuration of
amino acids. No similar CPK model can be assembled
for the D-amino acids. Compared with receptor 3 (with
a chiral bicyclic guanidinium unit), receptor 4 ( with
two chiral bicyclic guanidinium units) increases its ex-
tractive efficiency pronouncedly. Moreover, the extrac-
tive amount of 4 for L-Phe is as about 9 times as that for
D-Phe. Obviously, the 4 has high degree of chiral

recognition ability. The cooperative effect of two guani-
dinium units and the matching of V-shape cleft of 4 with
L-Phe may be the main reasons.
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