THERMODYNAMICS OF COMPLEX FORMATION OF CYCLODEXTRINS WITH AMINOBENZOIC ACIDS
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Cyclodextrins are the naturally occurring oligosaccharides, which are used in pharmaceutical, food and cosmetic industries as encapsulated materials for biologically active molecules in order to improve their physicochemical properties and to prolong their activity. This work was devoted to thermodynamic study on inclusion complex formation of native and modified cyclodextrins with isomeric aminobenzoic acids. p-Aminobenzoic acid is known as vitamin H1 and UV-filter in sunscreen cosmetics. m-Aminobenzoic acid is employed in the synthesis of different medicines. Therefore, formation of encapsulated forms of these biomolecules is of practical importance.

Inclusion complex formation of native and hydroxypropylated α- and β-cyclodextrins with p- and m-aminobenzoic acids was studied by calorimetry, densimetry and 1H NMR in water at 298.15 K. Formation of 1:1 inclusion complexes was detected for all systems under study. Thermodynamic characteristics of complex formation (K, ΔcG, ΔcH, ΔcS and ΔcV) were calculated and discussed in terms of influence of reagent structure on the binding process. Binding modes and driving forces of complexation were also proposed.

The obtained results showed that α- and β-cyclodextrins display selectivity in interactions with aminobenzoic acids. Complexation of α-cyclodextrin with both acids is more exothermic and enthalpically favorable. On the contrary, binding of β-cyclodextrin with aminobenzoic acids is accompanied by positive entropy and lower negative enthalpy of complex formation. Thus, complexes formed by β-cyclodextrin are enthalpy-entropy stabilized. It should be indicated, that the size of cyclodextrin cavity has no influence on the complex stability. Introduction of hydroxypropyl-substituents into cyclodextrin molecule does not change the observed character of variation of thermodynamic parameters. On the other hand, the structure of aminobenzoic acids affects the values of binding constants. More stable complexes are formed between cyclodextrins and p-aminobenzoic acid. Probably, the location of amino group in para-position is more structurally favorable for complex formation. 

It was found that transfer of aminobenzoic acids from water to aqueous solutions of (-cyclodextrin is accompanied by negative volume changes. The same character of volume changes was obtained for transfer of (-cyclodextrin to aqueous solutions of both aminobenzoic acids. The opposite behavior of volumetric properties was observed for (-cyclodextrin complex formation. These results were interpreted on the basis of the cosphere overlap model and reorganization of solvent (water) molecules during the complex formation process. 

It was detected that insertion of aminobenzoic acids into (-cyclodextrin cavity is shallow and is governed predominantly by the van der Waals interactions and H-bonding. To the contrary, the deeper inclusion of aminobenzoic acids into (-cyclodextrin cavity takes place and it is accompanied by the intensive dehydration. 

