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Abstract—A novel conjugate receptor was designed to bind unprotected amino acids under acidic conditions and sense their
chirality, in which 18-crown-6 ring was connected with carboxylic acid function via ferrocene spacer. © 2001 Elsevier Science Ltd.
All rights reserved.

Amino acids are one of the most important substrates
in both biological and artificial processes. Although
various types of receptors have been reported to inter-
act with ammonium or carboxylate moieties of the
amino acid derivatives, the number of effective recep-
tors for unprotected amino acids is still limited.1 Since
amino acids are hydrophilic and bifunctional species,
effective receptors should have multiple binding sites
complementary to -NH2 (or -NH3

+) and -CO2H (or
-CO2

−) sites of amino acids.2 Here, we present a novel
conjugate receptor 1 for synergistic binding of proto-
nated amino acids, in which benzo-18-crown-6 ring is
connected with carboxylic acid function through a fer-
rocene spacer. In this conjugate, the crown ether ring
can bind -NH3

+ cation of the guest,3 while the car-
boxylic acid can form two-point hydrogen bondings
with -CO2H moiety of the guest.4 Since some ferrocene
derivatives acted as molecular bearing and chro-
mophore functions,5 conjugate 1 is expected to offer
effective extraction and chirality sensing of protonated
amino acids, NH3

+-CH(R)-CO2H.

Conjugate 1 and reference 2 were prepared by the
reaction of ferrocene dicarboxylic acid chloride with

aminobenzo-18-crown-6 and dimethoxyaminobenzene,
respectively.6 Since ferrocenecarboxylic acid has a pKa

value of 4.2 in H2O,7 this conjugate can provide a
highly polar microenvironment complementary to the
protonated form of �-amino acid. The extraction exper-
iments were carried out by adding a CH2Cl2 solution of
conjugate 1 (0.0090 mmol, 1.8 mL) to a D2O solution
(1.8 mL, pD was adjusted with HCl) of amino acid
(0.0090 mmol) and LiClO4 (0.90 mmol). After the
mixture had been stirred for 2 h, the D2O phase was
separated and the extracted amount of the amino acid
was determined based on integration of 1H NMR sig-
nals for the amino acid protons before and after extrac-
tion. We confirmed that the leakage of conjugate 1 into
the D2O phase was negligible (<3%). The pH-titration
curves obtained for the employed amino acids in D2O
revealed that the protonated form of each substrate
predominantly existed below pD=1.0.

Ferrocenecarboxylic acid–crown ether conjugate 1
extracted several amino acids from the acidic solutions

(pD=0.4) and its extraction profiles were apparently
determined by hydrophobicity of the guest amino acids
(Table 1):8 55% for tryptophan (Trp); 55% for phenyl-
alanine (Phe); 29% for tert-leucine (t-Leu); 25% for
valine (Val); 7% for alanine (Ala). Since the mixed
receptor 2+3 and benzo-18-crown-6 3 exhibited lower
extraction abilities for all the examined amino acids, the
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Table 1. Extraction of unprotected amino acids by conju-
gate 1 and related systemsa

Amino acid Extraction percentage (%)b

2+3Receptor: 1 3

23L-Trp 1455
22L-Phe 2055

829 6L-t-Leu
L-Val 725 4

2 07L-Ala

a pD values slightly changed after extraction.
b The averaged values of two or three independent experiments were

shown. Reproducibility <+� 5%.

350 nm), while D-t-Leu offered the symmetrical M-
shaped CD bands (Fig. 1). L-Trp, L-Phe and L-Val
exhibited similar W-shaped CD bands, indicating that
the stereochemistry of the bound amino acids could be
sensed using this CD method.9 Although the CD spec-
tra of chiral ferrocene derivatives have not been studied
in detail,10 the CD spectra observed here probably
suggest that the cooperative binding of the protonated
amino acids with 18-crown-6 ring and carboxylic acid
function fixes the orientation of two cyclopentadienyl
rings in an asymmetrical fashion. Since the mixed
receptor 2+3 modestly extracted amino acids and gave
no detectable CD signal, conjugate 1 was confirmed to
act as not only an effective extracting reagent of unpro-
tected amino acids but also a sensitive CD probe for
their chirality determination.

We have demonstrated that a new type of conjugate 1
offered efficient extraction of protonated amino acids
and effective CD sensing of their chirality. Further
conjugations of characteristic binding units with fer-
rocene spacers can provide promising possibilities in the
development of effective sensing, transport and separa-
tion systems for multi-functional substrates of biologi-
cal interest. The authors are grateful to Professors
Kiyoshi Isobe and Isamu Kinoshita of Osaka City
University for valuable comments on CD
measurements.
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conjugation of 18-crown-6 ring and carboxylic acid via
ferrocene spacer operated in the extraction of the
unprotected amino acids. The extracted amount of Trp
also depended on pD value of the aqueous solution:
55% (pD=0.4); 49% (pD=1.6); 36% (pD=2.8); and
11% (pD=5.5). Since the pKa value of Trp was esti-
mated to be 2.0 in D2O, the percentage of the proto-
nated form was estimated as 97% (pD=0.4), 71%
(pD=1.6), 13% (pD=2.8) and 0% (pD=5.5). There-
fore, the guest Trp was thought to be extracted as the
protonated form, NH3

+-CH(R)-CO2H. When the con-
centration of conjugate 1 in the CH2Cl2 phase was fixed
at 0.005 mol/L, the extracted amount of L-Trp
increased with its concentration in the aqueous phase
(0–0.025 mol/L), and the saturated amount of the
extracted L-Trp indicated 1:1 stoichiometry (conjugate
1: protonated amino acid). Similar 1:1 complexes were
also detected by FAB-MS analysis, while very weak
signals derived from 2:2 complex were observed.

Conjugate 1 gave induced CD signals via complexation
with chiral amino acids, the signs of which were signifi-
cantly specific to the chirality of the bound amino
acids. After the extraction experiment with protonated
L-t-Leu, the CH2Cl2 solution gave W-shaped CD bands
around the absorption of the ferrocene function (250–

Figure 1. CD spectra of conjugate 1 and mixture 2+3 in
CH2Cl2 after extraction of L- or D-t-Leu. (A) L-t-Leu 1, (B)
D-t-Leu 1, (C) L-t-Leu 2+3, (D) D-t-Leu 2+3.
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