
TETRAHEDRON
LETTERS

Tetrahedron Letters 43 (2002) 2857–2861Pergamon

A biscalix[4]arene-based ditopic hard/soft receptor for K+/Ag+

complexation
Jan Budka,a Pavel Lhoták,a,* Ivan Stibor,a,* Veronika Michlová,a Jan Sykorab and Ivana Cisarovác
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Abstract—A biscalixarene bearing tert-butylated and de-tert-butylated calix[4]arene unit connected by four ethylenoxy bridges has
been prepared. This compound adopts the pinched cone conformation (C2v symmetry) and hence, is suitably preorganised for Ag+

complexation. X-ray crystallography showed that the silver cation (soft) is sandwiched by the two distal coplanar phenyl rings of
the de-tert-butylated part of the molecule possessing a �1 binding mode. The complexation of the K+ cation (hard) into the central
cavity created by the bridging moieties leads to a change of conformation (C4v symmetry) and hence, to the complete loss of
complexation ability towards the Ag+ cation. © 2002 Elsevier Science Ltd. All rights reserved.

Calix[4]arenes, the well-known family of macrocyclic
compounds,1,2 frequently serve as molecular scaffolds
for the construction of more elaborate supramolecular
systems, such as various receptors possessing interesting
complexation abilities towards target molecules or ions.
It is known from the literature that the so-called cone
conformation of calix[4]arene can interact with ammo-
nium salts by cation–� interactions3 between the aro-
matic part of the molecule (upper rim) and the
ammonium salts. The highest complexation constants
in the solution were found in the cases where the cone
conformation adopts the stable C4v symmetry, which
best fits the steric requirements of the interactions.4 On
the other hand, the complexation of other soft cations,
such as the silver cation, prefers the so called pinched
cone conformation possessing C2v symmetry. In this
conformation, the two opposite aromatic units are
almost coplanar and therefore, they can effectively
sandwich the cation from both the sites. X-ray crystal-
lography proved such a binding mode in the solid state
structure of the tetrapropoxycalix[4]arene–Ag+

complex.5

Recently, derivative 1, based on biscalix[4]arene, has
been described.6 This compound was reported as a
novel receptor with remarkable potassium selectivity
that adopts either C4v or C2v symmetry, depending on

the presence or absence of a K+ cation. During our
studies on the calix[4]arene–Ag+ interactions we realised
that this system offers a unique possibility of controlled
change of molecular symmetry and hence change of
complexation ability. Such a system can be used as a
ditopic receptor7 with two cavities preorganised for
hard (potassium) and soft (silver) cations with possible
switching of complexation preferences.

To compare the complexation ability of the upper rim
alkylated or dealkylated calix[4]arenes, we have
designed the novel receptor 6 bearing both structural
motifs within the molecule. The synthesis (Scheme 1)
started from calix[4]arene tetra-acetate 2 which was
reduced using LiAlH4 in diethyl ether8 to yield the
corresponding tetrakis(2-hydroxyethoxy) derivative 3 in
92% yield. This compound was then transformed into
tetratosylate 4 (30%) by the reaction with tosyl chloride
in pyridine.8 The condensation of tosylate 4 with
calix[4]arene 5 in the presence of K2CO3 was carried
out by reflux in acetonitrile (6 days), and subsequent
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Scheme 1. (a) LiAlH4/ether, rt (92%); (b) TsCl/pyridine, 0°C (30%); (c) K2CO3, CH3CN, 6 days reflux (14%).

isolation by preparative TLC on silica gel gave the
product 6 in 14% yield.9

The 1H NMR spectrum of 6 (CDCl3) shows that the
molecule adopts a C2v (pinched cone) conformation
(Fig. 1a). All the signals under the conditions used (up
to +50°C) were split into two sets of the same intensity,
e.g. two singlets due to the But groups at � 0.85 and
1.35 ppm. The complexation behaviour of compound 6
in solution was studied using 1H NMR titration experi-
ments (CDCl3:CD3OD=4:1 v/v). The addition of the
K+ cation leads to symmetrisation of the molecule due
to the complexation of potassium into the central cavity
composed of ethylenoxy units (Fig. 1c). As a conse-
quence, the originally doubled signals disappeared and
only signals corresponding to C4v symmetry are
observed (singlet at � 1.22 ppm for But). The complex-
ation occurs under slow exchange conditions, hence
both complexed and free species are distinguishable in
the spectrum. The measurement of the integral intensity
of corresponding signals allowed the evaluation10 of the
complexation constant (2×104 M−1). The above-
described behaviour is in good agreement with that of
compound 1.6

On the other hand, the complexation of a silver cation
does not disturb the C2v symmetry of the receptor and
occurs under fast exchange conditions. The complexa-
tion induced chemical shifts (40 Hz) are most pro-
nounced in the dealkylated part of the molecule
indicating the possible complexation site. Fig. 2 shows
the corresponding titration curve reflecting the 1:1
binding mode with a complexation constant of 820±150
M−1. The importance of C2v symmetry for Ag+ com-
plexation was demonstrated by the titration experiment
using the 6·K+ complex. In this case only negligible

changes (<5 Hz) were observed after the addition of 50
equivalents of AgTfl. This clearly shows that C4v sym-
metry imposed upon the molecule by potassium com-
plexation cannot lead effectively to complexation of
Ag+ by the upper rim of the calixarene subunit. This
situation is schematically depicted in Fig. 3. The C2v

symmetry allows effective interactions of a soft cation
(Ag+) with the soft base (upper rim of calixarene), while
the complexation of hard cation (K+) leads to a change
of symmetry and hence to the disturbance of the upper
rim preorganisation suitable for Ag+ complexation. The
complexation ability towards the soft metal is thus
governed by the presence of the hard metal.11

The final unequivocal proof of the silver ion complexa-
tion mode was obtained by X-ray crystallography.12

Suitable crystals of the 6·Ag+ complex (triclinic, space
group P1� ) were grown by the slow evaporation of a
CHCl3:ethyl acetate=4:1 v/v solution of receptor 6
with 2 equivalents of silver triflate added. As indicated
by NMR analysis, both calix[4]arene subunits adopt
pinched cone conformations (C2v symmetry), with the
silver cation being situated in the calixarene without
tert-butyl groups on its upper rim. Two distal phenolic
rings are approx. coplanar (Fig. 4a), their para posi-
tions (C4, C8) are 4.81 A� apart, thus creating the
�-electron cavity suitably preorganised for metal com-
plexation. The silver cation is almost exactly in the
middle between both p-carbon atoms (Ag1�C4=2.40
A� , Ag1�C8=2.41 A� , angle C1�Ag1�C8=177.5°). Con-
sequently, the binding mode of silver can be described
as a double �1 mode with strong cation–� interactions
corresponding to that already described by Shinkai.5 It
is known from the literature16 that Ag+ complexes are
usually pseudo-tetrahedral with four coordination
bonds. In our case, the third coordination site is occu-
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Figure 1. 1H NMR (300 MHz, 298 K, CDCl3:CD3OD=4:1 v/v): (a) pure 6, (b) 6+10 equivalents of AgTfl, (c) 6+10 equivalents
of KI.

Figure 2. 1H NMR titration of 6 with silver triflate (300
MHz, 298 K, c6=1 mmol l−1).

Figure 3. (a) Complexation mode for Ag+, (b) the presence of
K+ prevents further complexation of a silver cation.

pied by the oxygen in the triflate anion (O70) which is
2.46 A� apart (Fig. 4a). To saturate the requirements of
the Ag+ coordination sphere, the above-described bind-
ing mode is doubled by a symmetry operation to yield
a dimeric structure where both Ag+ cations are sur-
rounded by two aromatics and two triflate oxygens

(Ag2�O74=2.49 A� ). The dimeric assembly (Fig. 4b) is
thus held together by two triflates that play the role of
bidentate bridging ligands.
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Figure 4. X-Ray structure of 6 (ORTEP drawing): (a) silver complexation mode (only part of molecule, hydrogen atoms are
omitted for better clarity), (b) dimer formation (solvent molecules are omitted for better clarity).

In conclusion, the biscalixarene 6 was used as a ditopic
receptor possessing two complexation sites with
adjustable symmetry (C2v or C4v). The complexation of
Ag+ (soft cation) is thus governed by the presence
(absence) of potassium (hard cation). As shown by
X-ray crystallography, C2v symmetry is suitably preor-
ganised for silver complexation via a double �1 mode of
aromatic units (cation–� interactions) and two electro-
static interactions with triflate oxygens. The study of
Ag+ complexation in other calixarene-based systems is
in progress.

Acknowledgements

We thank the Grant Agency of the Czech Republic for
financial support for this work (GA 104/00/1722 and
GA 203/99/M037).

References

1. For books on calixarenes see: (a) Asfari, Z.; Böhmer, V.;
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