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Complexation of Cyclodextrins with Anion Constituents of Antigenic Determinants in 
Water (Axial Complexes) and in N,N-Dimethylformamide (Equatorial Complexes). 
A Thermodynamic Study 
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The first set of thermodynamic data on the complexation of cyclodextrins with anion constituents of antigenic 
determinants (4'-hydroxyazobenzene-3- and -4-carboxylate) and on the transfer of a- and y-cyclodextrins in the 
water-N,N-dimethylformamide solvent system are reported; the data suggest the formation of axial or inclusion 
complexes in water and equatorial or lid type complexes in N,N-dimethylformamide. 

Cyclodextrins (CDs) have been extensively used as models for 
enzymatic specificity.1 There have been a number of recent 
reports on the complexation of CDs with biological membrane 
components in water.2,3 The suggestion that CDs could be 
useful models for the study of antigen-antibody4.5 interactions 
prompted us to investigate the binding properties of CDs 
towards anion constituents of antigenic determinants (hap- 
tens) as a first step in our research programme on the 
thermodynamics of binding of monoclonal antibodies with 
these haptens. 

Our approach to the study of the CD-substrate complexa- 
tion processes in different media considers transfer data for 
the guest and receptor between these media. We are not 
aware of a previous report on the transfer of CDs and their 
adducts between solvents, and we now report the first 
thermodynamic data on the complexation of 4'-hydroxy- 
azobenzene-3- and -4-carboxylate (1) and (2) with CDs (a and 
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Table 1. Thermodynamic parameters of complexation of cyclodextrins with the anions (1) and ( 2 )  in water and in N,N-dimethylformamide 
at 298.15 K. 

Solvent: water 
a-Cyclodextrin y-Cyclodextrin 

AGoCa AHoca AS", AGo,a AHo,a ASo, 

-21.23 -33.35 -40.6 -22.49 -25.18 -9.0 
Anion /kJ mol-I /kJ mol-1 /J K-I mol-' /kJ mol-1 /kJ mol-I /J K-1 mol-l 

-20.72 -29.13 -28.2 -23.57 -20.44 10.5 
(1) 
( 2 )  

Solvent: N,N-dimethylformamide 
-19.81 -21.37(-21.18)" -5.2(-3.7)" -23.06 -22.05 (-21.18)" 3.4(-3.7)" 
-21.52 -15.53 (-19.30)b 20.8 (20.8)b -23.69 -15.56(-19.30)" 27.3 (20.8)" 

(1) 
( 2 )  

a From calorimetric data. AH", and AS", values for the anions (1) and ( 2 )  from water to methanol: refs. 8 and 9. 
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Figure 1. Computer modelling for a-CD-(2) (axial) complex. 

y) in water and in N,N-dimethylformamide (DMF) and on the 
transfer of CDs from H20 to DMF. 

Complexation data obtained calorimetrically are listed in 
Table 1. The most striking feature of these results is reflected 
in the enthalpy (AH",) and entropy (AS",) values for these 
anions and CDs in H20  and in DMF. In water, these values 
are ligand dependent. Thus, for a given anion (1) or (2) (X-), 
the differences in equations (1) and (2) are found. These data 

AH",X-(a-CD) - AH",X-(y-CD) = ca. -8.4 kJ mol-1 (1) 

ASo,X-(a-CD) - AS",X-(y-CD) = ca. -35.0 J K-l mol-1 

suggest that, independently of the anion, substitution of a-CD 
for y-CD results in an almost constant variation in the AHo, 
and ASo, values. This must be attributed to the release of 
water from the ligand's cavity upon complexation. In an 
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Figure 2. Computer modelling for a-CD-(2) (equatorial) complex. 

attempt to establish the site of com$exation of these anions 
and CDs in water, we studied the 2-carboxylate and substi- 
tuted 2-carboxylate analogues of (1) and (2) with a- and y-CDs 
in water. No complexation occurs between these anions and 
these ligands in H20. These observations lead to  the 
suggestion that (a) the hydroxy substituted ring must be the 
active site of complexation of the anions (1) and (2) and CDs 
in H20 and (b) steric effects which may be attributed to the 
position of the substituent group are likely to  be responsible 
for the lack of complexation of the 2-carboxylate analogues 
with CDs in water. Computer calculations using the Cosmic 
packages support the interpretation that it is indeed the 
hydroxy substituted ring that is the active site of complexation 
of these anions. The structural conformation which corre- 
sponds to the minimum energy (higher stability) for the 
formation of inclusion complexes is that shown in Figure 1. 

Unlike H20,  in DMF no significant differences are ob- 
served between the AH", and AS", values of a given anion 
with a- and y-CDs. These findings lead us to suggest that the 
cavity of the ligand is unlikely to provide the site of 
complexation for these anions in DMF. This could be 
attributed to (i) a strong DMF-ligand interaction with DMF 
molecules included in the ligand cavity or (ii) a strong 
interaction between these anions and the hydroxy groups of 
CDs (outside the cavity). Both possibilities were investigated. 
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For the former (i) the thermodynamic parameters for the 
transfer of CDs from H20  to DMF were determined. These 
values (a-CD: AGO, 1.74 kJ mol-1, AHo,  -44.34 kJ mol-1, 
ASo, -155.9 J K-l mol-1; y-CD: AGO, 1.56 kJ mol-l, AHo,  
-59.79 kJ mol-1, ASo, -205.8 J K-1 mol-1) are atypical for 
transfer of non-electrolytes from H20 to DMF. AH", and 
ASo, values are opposite in sign to those obtained for the 
transfer of other macrocyclic ligands (cryptands and crowns7) 
from H20 to DMF. Indeed, these data reflect a strong 
interaction between CDs and DMF. A definite size effect is 
reflected in the AHo,  values showing an increase in stability (in 
enthalpic terms) in DMF as the size of the CD cavity increases. 
These data suggest that inclusion of the solvent in the ligand 
cavity is likely to occur. Therefore, it should not be surprising 
to find that, unless the energy requirements to remove the 
solvent from the cavity are met, formation of inclusion 
complexes in DMF will not occur. 

For the latter possibility (ii), the complexation process may 
be visualized as the transfer of the anions (1) and (2) from 
DMF to a hydroxy-rich environment (the ligand). Therefore 
transfer data for these anions from DMF to methanol are 
relevant for the interpretation of the process. AH", and ASo,  
values for (1 )  and (2) from DMF to methanol are given in 
parentheses in Table 1. The remarkable agreement found with 
transfer and complexation data in DMF, particularly with 
a-CD, strongly support the interpretation that equatorial or 
lid type complexes are formed in DMF. The structural 
conformation (obtained from computer calculations) which 
corresponds to the minimum energy (higher stability) for lid 
type complexes is that shown in Figure 2. This interpretation 
that axial complexes exist in water and equatorial complexes 
in DMF is supported by spectrophotometric measurements. 
Results will be reported shortly. 

Finally, we stress that this work involves the investigation of 
the properties of cyclodextrins in nonaqueous media for which 
little is known, and demonstrates that the combination of 
thermodynamic data of complexation with transfer data for 
the guest species particularly to a reaction medium containing 
functional groups common to receptors is a powerful tool in 
the understanding of cyclodextrin-substrate interactions. 
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