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ABSTRACT

Calix(n)arenes are recently rediscovered phenolic macrocycles that have immense
potential for development of derivatives with ionic and molecular recognition capabilities,
new drug delivery systems, chromogenic indicators, sensors and molecular receptors.
During the last decade the interest in calixarenes has increased significantly, mainly
because they are regarded. as host molecules of diverse potentiality. Inclusion of neutral
molecules or cations or both, has been reported for calixarenes and their suitable
derivatives. To exploit the property of calixarenes to form host-guest complexes due to
the recognition capability for small organic molecules and metal ions and to investigate
their biomimetic catalytic function, a few calix(n)arene derivatives with potential metal
coordination sites have been synthesized and their interaction with metal ions and small
organic molecules has been examined during this work.

The thesis consists of five chapters. The chapter I includes a brief review of the
synthesis, structure and some reactions of calixarenes. Chapter II comprises of two
sections (A&B) where section A deals with the studies involving the interaction of urea
(A), monoacetylurea (B), dibenzoylurea (C), 4,5mdiphenylimidazol‘in—Z—one (D) and
guanidine (E) with 5,11,17,23-tetra-p-rerr-butyl-25,26,27,28-tetrahydroxycalix(4)arene
(2);5,11,17,23,29,35-hexa-p-tert-butyl-37,38,39,40,41,42-hexahydroxycalix (6)arene(4);
5,11, 17,23-tetra—p—ter[—butyl-ZS,26,2l7-tri‘bcnzoyloxy—28—11ydroxycalix(4)arene (16) and
5,11,17,23-tetra-p-rert-butyl-25,26,27,28-tetrabenzoyloxycalix (4)arene(17)by UV (Mole

ratio plots), IR and NMR spectroscopy. The results indicated the formation of (1:1)



molecular complexes of A and E with 2,4 and 16, while no complex formation was
noticed with 17. On the other hand B, C and D did not reveal the formation of host-guest
complexes with 2,4,16 and 17. From low temperature 'H NMR spectroscopic and CPK
model studies, it appears that A and E get encapsulated within the cavity of calix(n)arene
receptors (2,4 and 16) and are stabilised through hydrogen bonding. From UV spectral
data, the overall association complex constants were calculated using Benesi-Hildebrand
equation which are found to be of the order of ~ 107 M™,

Calixarenes have been ilsed as carrier for a few biologically important amino
acids. Section B includes the study of three amino acids namely glycine (G), L-histidine
(1) and L-arginine (Ar) with calix(n)arenes. Infrared and ultraviolet spectral analyses of
the interaction of G, H and Ar with 2,4 and 16 indicated the formation of molecular
complexes between the studied substrates and the macrocyclic hosts. Job’s and mole ratio
plots show that G, H and A form 1:1 molecular complexes with 2,4 and 16. The overall
association constants as calculated using Benesi-Hildebrand equation are of the order of
104102 ML, It seems that amino acids form exo-complexes with calix(n)arenes i.e there
is no encapsulation by calix(n)arenes. The weak jonic interaction between the Zwitterionic
amino acids and anionic calix(n)arene is speculated.

Calix(8)arene with a largest readily available species amongst calix(n)arenes, forms
4 series of homo- and heterobimetallic complexes with lanthanide ions.

Chapter III reports the synthesis of homobimetallic cerium (IV)-calix(8)arene

complex from dimethyl sulfoxide solutions viz. [Ce,(L-6H)(dmso)s].2dmso. The ability

of p-terr.butylcalix(8) arene to form a complex with Ce(1V) is a reflection of this ligand’s



impressive coordinating ability. The Ce(lV)-calix(8)arene complex was characterized by
X-ray powder diffraction study, elemental analyses, vibrational and electronic spectra,
magnetic susceptibility data and thermal analyses.

Very few methods that promote direct hydroxylation of aromatic substrates are
known. The yields in such reactions are generally poor probably owing to further
oxidation of the resulting phenols. Chapter III also includes a novel method for the
regioselective hydroxylation of phenolic substrates under ambient conditions using the
homobimetallic Ce(IV) complex and H,0, in acetonitrile.

The solubility of calixarenes in polar solvents can be increased by replacing the
alkyl groups at the upper rin1 by sulfonate groups. It has been observed previously that
the water soluble calix(4)arene sulfonates such as Nas[Calix(4)arenesulfonate]. 12 H,O and
related alkali metal derivatives crystallize with a high degree of hydration,

Chapter 1V deals with the reaction of tetrasodiumcalix(4)arene sulfonate (TSCS)
with transition metal (M) nitrates [M (III)=Cr, Co and Fe] which provide a good yield
of the corresponding complexes viz.[Cr(OH,),][Na][TSCS](acetone). 10. 5H,0, [Co(OH,)]
[Na][TSCS].7.5H,0 and [Fe(OH,)s][Nal{TSCS].10H,0. As single crystals of these
complexes could not be obtaiﬁed, their characterization on the basis of X-ray powder
diffraction pattern, elemental analyses, vibrational electronic spectra, magnetic
susceptibility data and thermal analysis has been made.

The chapter V contains the experimental details.
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