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The design and synthesis of a molecule which can imitate 
a function of biological systems are of great interest in bioor- 
ganic chemistry? Selective recognition of the reaction partner 
through weak non-covalent interactions is crucial to success 
of a synthetic molecule as an enzyme model. Several artificial 
receptors have been reported for the recognition of amino 
acids or their derivatives.2

Herein, we report new receptors for amino esters through 
multiple hydrogen bonds. New receptors are highly rigid and 
consist of two recognition sites, crown ether and carboxylic 
acid. The crown ether part is designed for the binding am
monium group,3 and the carboxylic acid part for binding ester 
group of amino ester hydrochlorides. Two binding sites are 
completely separated from each other and thus their confor
mations are not affected by each other. This is a great advan
tage of our receptors because the contribution of each part 
to the binding phenomena can be evaluated by systematic 
manip 니 ation.

New receptors, 3-6, were prepared by heating of a well
ground mixture of triacid4 2 and amino-benzocrown ethers 
la-c, among which lb and 1c were prepared from catechol 
following literature procedures.5 More rigid amidine receptor 
8 was also prepared from triacid 2 and diamino-benzocrown 
ether 7, which was synthesized from la as described in 
Scheme 1.

All of the receptors and their complexes studied are highly 
soluble in a variety of organic solvents. Three amino esters, 
Phe-OMe, Tyr-OMe, and Trp-OMe hydrochloride are chosen 
for binding studies because they are relatively insoluble in 
CH2CI2 so that extractions into CH2CI2 layer occur mostly 
by complexation. The binding affinities have been determi
ned by solid-liquid and liquid-liquid extractions. In the solid
liquid extraction experiments,4 the amount extracted was 
measured by GC using triethyleneglycol benzyl methyl ether

Scheme 1. (a) catechol, or 2,3-dihydroxylnaphthalene/Cs2CO3/ 
DMF, loot, 24 h. (b) Ha/Pd-C, 3 h. (c) 18此 /1.5 h, 35-45% 
isolated yield for three steps (a-c). (d) Ac2O/CH2Clrl M Na2CO3 
aq. (e) NH4NO3-(CF3CO)2O/CHC13. (f) IGCWMeOH. (g) 
Pd・C, 2 days, (h) 2, 180t?, 1.5 h, 11% isolated yield from la.

Table 1. Solid-Liquid Extractions of Amino Ester Hydrochlor
ides into CH2C12 at 23± It： /

Receptor
Phe-OMe

Molar equivalents*

Trp-OMeTyr-OMe

blank 0.31 ndc ndc
dibenzo-18-C-6 0.41 <0.05 <0.05

3 2.2 0.49 0.73
4 2.2 0.18 0.21
5 2.1 0.37 0.53
6 2.2 0.30 0.43
8 2.0 0.39 0.34

aIn all cases, 0.5 mL of 15 mM receptor and 10 mg of L-amino 
ester hydrochloride were used for extraction experiments. 'All 
are the average values of two or three extractions and errors 
are within 10%,「n아 detected.

as an internal standard after amino esters extracted were 
transformed to the corresponding trifluoroacetyl derivatives. 
The results of solid-liquid extractions are summarized on 
Table 1.

Solubility depends on the relative strength of solute-solute, 
solute-solvent, and solute-receptor interactions. As shown in 
Table 1, Phe-OMe hyrochloride is appreciably soluble in 
CH2C12 without any receptor, and thus weak solute-receptor 
interaction is enough to extract it. Two equivalents of 
Phe-OMe hydrochloride are roughly extracted by all of our 
synthetic receptors.

Extraction experiments for Tyr-OMe and Trp-OMe hydro
chlorides demonstrate an importance of the basicity of an 
oxygen in the strength of hydrogen bonds. As an example, 
monobenzo receptor 3, having four dialkyl and two alkyl aryl 
oxygens, is more effective on extractions of Tyr-OMe and 
Trp-OMe hydrochlorides than both dibenzo receptor 5 and 
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benzo-naphtho receptor 6, having two dialkyl and four alkyl 
aryl oxygens. The dibenzo receptor 5 shows slightly higher 
extractabilities than benzo-naphtho receptor 6 does. This mi
ght indicate that a phenolic oxygen is more efficient acceptor 
in the hydrogen bond than a naphtholic oxygen. Additionally, 
a contribution of n-stacking interactions in these receptors 
is too small compared with the hydrogen-bonding interac
tions to notice it.

The receptor 3 extracts both Tyr-OMe and Trp-OMe hy
drochlorides much more efficiently than its methyl ester de
rivative 4 does. As shown in complex 9, this could be ratio
nalized by an additional hydrogen bond between the carbox
ylic acid of the receptor 3 and the carbonyl oxygen of amino 
esters. This hydrogen bond greatly enhances extractabilities 
of our receptors, though an ester group has been hardly 
utilized as a hydrogen-bonding acceptor in artificial recep
tors.6

The imide receptor 3 and amidine receptor 8 are same 
two binding sites, crown ether and carboxylic acid. Small 
difference in geometrical position of two binding sites caused 
to decrease considerably extractability of the receptor 8, in 
which it might not be possible to achieve an optimum hydro
gen bond between the carboxylic acid of the receptor 옹 and 
the carbonyl oxygen of amino esters. Another possible exp
lanation for different extractabilities of 3 and 싱 is that the 
N-C bond (imide-phenyl) in the receptor 3 is freely rotatable 
to form simultaneous hydrogen bonds in two binding sites. 
Quantitative analysis of this hydrogen bond has been determi
ned by liquid-liquid extraction method described by Cram.7 
The extraction experiments have been performed employing 
0.15 M of the receptor, 3 or 4, in CH2C12 and 0.015 M of 
amino ester hydrochloride in 1.0 N aqueous HC1. Under 
these conditions receptors 3 and 4 extract, respectively, 60± 
2% and 10± 2% of Trp-OMe hydrochloride from aqueous 
into organic layer, while the extraction of more hydrophilic 
Tyr-OMe hydrochloride8 by both of the receptors are negligi
ble. The amount extracted has been determined by measu
ring changes in ab용。bances of Trp-OMe hydrochloride in 
aqu은ous 1 N HC1 layer at 279 nm(£=5250 M"1 cm1). The 
difference of 50% extraction is corresponding to 30 times 
differences of binding constant (Ka),7 and thus an additional 
hydrogen bond between the carboxylic acid and the carbonyl 
oxygen is estimated to be AG。= 2.0 kcal/nwl.

In conclusion, we synthesized geometrically well-defined 
receptors which recognize amino esters through multiple hy
drogen bonds. Our system can be further utilized as a model 
of the protease enzyme;9 the crown ether part in our recep
tors may function as a binding site and the carboxylic acid 
as a catalytic site. The efforts to elucidate this possibility 
are underway in our laboratory.
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Octols 1 are cyclotetramers from the fourfold homogeneous 
condensations of various aldehydes with resorcinol or 2-sub- 
stituted resorcinols as shown in Scheme I.1 With aliphatic 
aldehydes and resorcinol or 2-methylresorcinol, only C4v-oc- 
tols are yielded, whose crystal structures exhibit bowl-shaped


