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and Roger J. Lamartine
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Abstract—Chiral p-tert-butylcalix[4]arenes perfunctionalised at the lower rim with amino acid residues have been prepared. The
1H and 13C NMR spectra indicate that the macrocycles adopt a cone conformation. Calix[4]arenes bearing amino acid moieties
5a shows strong complexation towards Cl�, Br�, HSO4

�, H2PO4
� and N-tosyl-(LL)-alaninate.

� 2004 Elsevier Ltd. All rights reserved.
Recognition of an anion by neutral receptors continues
to be a very attractive and challenging area of research
owing to the wide variety of applications in biological
and environmental systems.1,2 Calixarenes are extremely
popular building blocks in molecular recognition form-
ing host-guest or supramolecular complexes.3 The
three-dimensional surface and conformationally rigid
structure make calixarenes most convenient for synthetic
elaboration. It would be interesting to chemically modify
the calixarene platform with amino acid or peptide moi-
eties to achieve chirally modified macrocyclic ligands.
The chemical modifications can occur either on the
upper2,4,5 or lower6,7 rim of the calixarene core.

In the course of this study, we have previously reported
the synthesis and the complexation behaviour towards
anions of 19 novel 1,3-chiral cone p-butylcalix[4]arenes
functionalised with DD or LL amino acid units.6

The conjugation of a-amino acids or peptides to calix-
arenes can be performed through the terminal amino
or carboxylic groups.2a Thus, two possibilities of func-
tionalisation on the upper rim have been explored:
N-linked4 and C-linked5 peptidocalix[4]arene.

Herein, we describe five new calix[4]arene receptors fea-
turing an anion binding site in the form of four C-linked
0040-4039/$ - see front matter � 2004 Elsevier Ltd. All rights reserved.

doi:10.1016/j.tetlet.2004.07.078

Keywords: Calixarenes; Aminoacids; Anion binding.
* Corresponding author. Tel.: +33 472 44 80 14; fax: +33 472 44 84

38; e-mail: c.felix@cdlyon.univ-lyon1.fr
LL-aminoacid moieties at the lower rim of the calix[4]-
arene scaffold.

The amino acid chloride derivatives 1a–e (Scheme 1)
were prepared from the corresponding amino acid in
two steps as already described.6 Tetra(cyanomethoxy)-
calix[4]arene 38 was obtained by O-substitution of the
free hydroxyl groups of the di(cyanomethoxy) derivative
2.9 Compound 4 was prepared according to known pro-
cedures using BH3ÆTHF as a reducing agent.9,10 The
amides 5a–e11–15 were synthesised through the condensa-
tion of the amino acid chlorides 1a–e with the tetra-
kis(aminoethoxy)calix[4]arene derivative 4 in dry
CH2Cl2 with Et3N as a catalyst. The calix[4]arene deriv-
atives substituted by chiral amino acids were obtained in
moderate yields due to steric bulk effect of the substitu-
ent. The product structures were supported by their
spectral and analytical data (1H NMR, 13C NMR, ESI
data), and confirmed by the amide group absorption in
the FT-IR spectra. The cone conformation of all com-
pounds (3, 4, 5) were reflected in the characteristic AB
system for the methylene groups bridging the aromatic
rings in the 1H and 13C NMR spectrum.16 For example,
in the case of 5a, the cone conformation is proved by the
presence of two doublets (d = 3.17ppm, JAB = 12.7Hz
and 4.27ppm, JAB = 12.7Hz) for ArCH2Ar groups and
one signal (d = 31.32ppm) for the corresponding carbon.

As we have previously described,6 the introduction of
hydrogen bonding donor and acceptor groups at the
lower rim of calixarenes affects their host–guest proper-
ties. We report a preliminary study of the complexation
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Scheme 1. Synthesis of calixarene derivatives 5. Reagents and conditions: (i) NaH, BrCH2CN, DMF, 60%; (ii) BH3ÆTHF, THF, reflux, 93%;
(iii) Et3N, CH2Cl2, 0 �C, 5a 41%, 5b 37%, 5c 22%, 5d 24%, 5e 16%. Abbreviations: DMF = N,N 0-dimethylformamide, THF = tetrahydrofuran.
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properties of various anions such as tetrabutylammo-
nium chloride, bromide, dihydrogen phosphate, hydro-
gen sulfate and N-tosyl-(LL)-alaninate. The recognition
properties of compound 5a were investigated by 1H
NMR experiments in CDCl3. The

1H NMR titration
curves of the complexation are depicted in Figure 1. In
all cases the stoichiometry is 1:1 as was confirmed by
Job plots (e.g., Fig. 2). The association constants of
the anion receptor were determined by the Benesi–
Hildebrand method17 and are summarised in Table 1.
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Figure 1. Titration curves of calix[4]arene 5a with Bu4NCl, Bu4NBr,

Bu4NHSO4, Bu4N–N-Ts-LL-alaninate in CDCl3. Concentration of the

host is 10�2M.

Figure 2. Job plot of the titration of 0.01M Bu4NCl with 10�2M

calix[4]arene 5a in CDCl3.

Table 1. Kass values (M
�1) of 5a

Compound Cl� Br� HSO4
� H2PO4

� N-Tosyl-(LL)-

alaninate

5a 4900 3800 3700 2300 6900
Addition of anions to the receptor resulted in significant
downfield shifts of the amide protons indicating that the
anions are bound by the hydrogen bonding moieties.
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Since it is known that Cl� and Br� anions are good
hydrogen bond acceptors, it was expected that we
obtained stronger complexation constants than with
HSO4

� and H2PO4
� anions. Our results are in accord-

ance with those previously described.5,18 Nevertheless,
the greatest selectivity is observed for N-tosyl-(LL)-alani-
nate. With the di-N-tosylpeptidocalix[4]arenes,6 we
showed that the binding constant was dependent of
the length of the spacer. In this study, we pointed out
the influence of the number of peptide chains. Regarding
to the length of the spacer, the tetra-amide receptor in
which additional hydrogen bond donor sites are availa-
ble shows larger association constants (Ka = 6900M

�1

vs 1600M�1 for the di-substituted compound) towards
N-tosyl-(LL)-alaninate. It is known that the presence of
intramolecular hydrogen bonding contributes to stab-
ilise the conformation of the calixarene.5,19 In the case
of the tetrasubstituted derivative; we suppose that not
all the hydrogen bond donor or acceptor are involved.
The free groups could be more available for the com-
plexation and it could explain the enhancement of the
association constants. Ungaro and co-workers2a

reported that aromatic a-amino acids are more strongly
bounded than aliphatic ones. H-Bonding interactions
between the carboxylate anions and the amide NH
groups, together with p–p stacking, are mentioned to
explain the selectivity of such anion receptors. In our
case, the N-tosyl protecting group may play a coopera-
tive role in the binding and could explain the enhance-
ment in the host–guest complexation of alaninate.

In conclusion, new chiral calix[4]arene-amino-acid con-
jugates have been prepared using the reaction of the
N-tosylated acid chlorides of five LL-amino acids with
calix[4]arene derivative. We have verified that these
hosts adopt a cone conformation in solution. The N-tos-
ylated calix[4]arene derivatives 5a behaves as a good
receptor for anion binding in a 1:1 stoichiometry. The
highest selectivity is obtained for N-tosyl-(LL)-alaninate
as expected. This tetra O-substituted calix[4]arene deriv-
ative seems to be a more efficient receptor than the di-O-
substituted corresponding compound. This class of
receptor enables us to extend study to the recognition
of chiral carboxylate derivatives. The pre-organisation
of the calix[4]arene platform associated to suitable
chemical functionalisations allow this class of macro-
cycle to be a good template for the design of artificial
neutral receptors for anions binding.
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