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Fig. 1 Optimized structures for the inclusion of
a guest in a water-soluble calix[4]arene.

Our research is devoted to the study of molecular recognition in solution by means of
calix[4]arenes. Our recent advances in the field have demonstrated that calix[n]arenes are
attractive molecules for recognition in water of anions and small neutral molecules and can
be employed for designing novel molecular capsules.
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1. Recognition of organic anions in water in acidic and neutral aqueous solutions
One of the main goals of supramolecular chemistry is the synthesis and study of artificial receptors
having both good affinity and high selectivity for guest molecules in water. The reason for this lies
mainly in the unique role of water in living systems. Water participates in the solvation process
through ion-dipole and hydrogen bonding and, also, is at the foundation of the hydrophobic effect.
However, the unique properties of water pose a crucial problem: ideally, a good artificial receptor
should have high water solubility and yet make the most of non-covalent processes. The first
requirement is hardly met by complex organic structures and this explains why many artificial
receptors have been studied in non-aqueous solvents.
It is not surprising that whilst cation recognition in water has received much attention and is now a
well-established area of supramolecular chemistry, the coordination chemistry of anions has
experienced a rapid development only in recent years, although anions are nearly ubiquitous
especially throughout biological systems. Even more challenging is the synthesis of receptors that
can be used in water, as testified by the comparatively limited number of papers dealing with
molecular recognition in water.
Calixarenes fit the purpose as they may be available in a wide variety of geometries and may be
turned into water soluble entities with relative ease. Amide, polyamine or polyammonium
calixarenes-based receptors have been employed for anion coordination. Since the strength and
selectivity of complexation depends both on electrostatic interactions (charge) and structural effects
(topology and/or dimensions), they may be optimized by conveniently arranging the binding groups

onto a calixarene-based scaffold of suitable size and shape.
We have shown that both aliphatic and aromatic guests are included in the tetracationic host
depicted in Figure 1 thanks to a concerted hydrophobic (π-π or CH-π) and electrostatic interaction.
The ΔH° and ΔS° values obtained in the ITC study reveal specific molecular interactions that are not
expressed in the log K values. The inclusion process is enthalpically favored regardless of the
nature of the guest and the anionic function, and its strength changes with pH due to the
conformational flexibility of the calix[4]arene scaffold in the acidic and in the neutral region. Our data
also indicate that the better inclusion of the aromatic guest is to be ascribed to the stronger
(enthalpy favored) π-π interaction and that such an interaction prevails over the contrasting pHdependent stiffening of the receptor.
Other systems, the inclusion of which may be tuned as a function of the pH and will hopefully
change more markedly with the pH, are currently being investigated.
We have also investigated the interaction of a tetracationic calixarene with dianionic guest in water
by means of NMR, nano-ITC and ESI-MS experiments; the convergent evidence provided by these
different techniques shows that the addition of a suitable guest molecule triggers the formation of a
homodimeric capsule in aqueous neutral solution.
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