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A liquid membrane containing the ethoxycarbonylmethyl derivative 1 of p-tert-butylcalix[6]arene exhibited 
pronounced transport selectivity towards ethyl esters of both phenylalanine and tryptophan over glycine, alanine 
and 4-aminobutyric acid (GABA). 

Calixarenes are known to have attractive structural properties 
for construction of many biomimetic systems, and also have 
unique ionophoric properties towards various metal cations. 1 
In spite of these interesting properties, few attempts have 
been made to use them in the selective recognition and 
separation of biologically important amino acids.2 We have 
focused our attention on the use of a calixarene as a selective 
carrier for the separation of amino acids, and tried to elucidate 
the possible interaction between the carrier 1 and the 
ammonium moiety of amino esters. 

The ethyl ester 1 was prepared according to the reported 
procedure.3 The transport of ethyl esters of amino acids in 

Table 1 Transport rates of amino acid esters by carrier 1" 

Transport rate X lo7/ 
dm3 mol-l h-l cm-* Amino acid ester 

Control 

Ala-OEt 
b- Ala-OEt 

Trp-OEt 
Phe-OEt 

Gly-OEt 

GABA-OEt 

<0.3 
4.2 
7.6 
8.7 

14.9 
89.3 
98.5 

a Source phase: hydrochloride salt of amino acid ethyl ester 
(0.5 mmol), LiC104 (1 mmol) in water (10 ml); membrane phase: 
carrier (0.05 mmol) in chloroform (15 ml); receiving phase: deionized 
water (10ml). The membrane phase was magnetically stirred at 
200 rpm at 25 "C. 

ammonium salt form was performed through a conventional 
U-tube ( i d .  = 1.8cm) type chloroform liquid membrane 
containing 1 as a carrier. Lithium perchlorate was added as a 
transport promoter. The amount of amino esters transported 
was determined by measuring the ion concentration of the 
co-transported perchlorate by using a perchlorate ion-selec- 
tive electrode. Control experiments showed that no significant 
amount of lithium perchlorate was transported under identical 
conditions. All the experiments were performed at least in 
triplicate under steady-state conditions and the results 
obtained are summarized in Table 1. 

As shown in Table 1, the transport rate of amino esters in 
the liquid membrane containing the carrier was facilitated 
markedly. It is known that the affinity of 1 for alkali metal 
cations increases with increasing size of the metal cations, ie., 
Cs+ has the highest affinity for the hexaester.3 The size of the 
ammonium ion (1.48 A) is close to but slightly larger than that 
of K+ (1.34A).4 Therefore, it may be expected that the 

1 R=CH2CO*Et 
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(a  1 (b 1 
Fig. 1 (a) Proposed binding mode in calixarene ester cavity; ( b )  
binding mode in crown ethers 

ammonium moiety of the amino esters, which might be a 
primary interacting part of the present host-guest system, 
could favourably interact with the binding site, the pseudocav- 
ity of the carrier. An examination of Corey-Pauling-Koltun 
(CPK) molecular models suggests that the ammonium moiety 
of the amino esters can be situated in the middle of the 
pseudocavity of the carrier, which consists of the oxygen 
atoms of ester carbonyl groups. Thus a plausible binding mode 
may be that in Fig. l(a). The ammonium group of guest is 
anchored in the pseudocavity of the carrier both by the 
tripodal hydrogen bonding interaction N+-H. . - O=C (car- 
rier) and by the ion-dipole interaction N+ - . - O=C (carrier), 
which is reminiscent of the interaction found in many 
alkylammonium crown ether complex systems [Fig. l(b)] .5 

The suggested binding mode was confirmed by UV and IR 
measurements. In the UV titration of n-butylammonium 
picrate with 1 in chloroform, the A,,, of the picrate shifted 
markedly from 342 to 378 nm with a clearcut titration break 
indicating 1 : 1 stoichiometry. The bathochromic shift to 
378 nm indicates a solvent-separated state of the picrate ion 
resulting from the encapsulation of the ammonium moiety of 
the guest by the ligand.6 Further evidence for the interaction 
mode is obtained from titration of the carrier with n-butylam- 
monium chloride, when the IR absorption bands at 1750 
(C=O) and 1180cm-1 (-0- of ester) shifted to 1700 and 
1205 cm-1, respectively, upon complexation. Although deter- 
mination of the structure of the complex unambiguously must 
await an X-ray study, these observations strongly support the 

suggested hydrogen bonding binding mode in the encapsu- 
lated state between the host and guest in the present system. 

The trend of the transport efficiency was found to be closely 
related to the hydrophobicity7 of the amino acids examined: 
Phe > Trp >> GABA > 6-Ala > Ala > Gly; i.e. the carrier 
showed pronounced plateau selectivity towards phenylalanine 
and tryptophan over the other amino acids employed. This 
type of transport behaviour was also found in many experi- 
ment@ including the transport of N-benzoyl amino acids in 
their carboxylate form employing 1 as a carrier.9 Unfortu- 
nately, the transport of the ethyl ester of GABA, which is one 
of the most important neurotransmitters, is not particularly 
significant. The possibility of introducing a secondary interac- 
tion site and the use of the present carrier in the active 
transport of amino acids in zwitterionic form are being studied 
in our laboratories. 
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