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 Chiral recognition by cyclodextrins, CDs, is of considerable importance in the aspect of 
enantiospecific action of many drugs. The mechanism of chiral recognition is not yet fully 
understood and, therefore, determination and comparison of thermodynamic data for variety of 
diastereomeric complexes is necessary. NMR spectroscopy is the method that is well suited for 
studying stoichiometry, association constants and geometry of inclusion complexes. 
 Usually association constants of weak supramolecular complexes are determined under 
assumption of chemical exchange between free and complexed states which is fast on the 
chemical shift timescale. In such a case the observed NMR parameter value is the mole fraction 
weighted average of the parameter values in the free and complexed molecule. However, many of 
bicyclic monoterpens and α-CD form diastereomeric complexes with stoichiometry 1 : 2 which 
do not fulfill this assumption. Moderately fast chemical exchange in these complexes results in 
the broadening of resonances and precludes direct read-out of their frequencies from NMR 
spectra. Unjustified assumption of the mole fraction weighted average may, under certain 
circumstances, lead to significant underestimation of association constant and, in consequence, to 
non-negligible errors in Gibbs free energy under determination. Simultaneous fit of theoretical 
exchange broadened lineshapes to all NMR spectra measured in a titration experiment is the only 
correct procedure which allows one to determine not only non-biased association constant Ka but 
also exchange rate k [1, 2]. Despite the more complicated data analysis the exchange broadened 
spectra deliver information on the activation parameters of complexation processes which is 
unavailable in the fast exchange limit. 

 Our study of 
diastereomeric complexes 
formed between bicyclic 
monoterpens and α-CD 
includes camphor [2], borneol 
[3] and isoborneol. Their 
structures are shown in Fig. 1. 
 
 
Figure 1 



 Methodology of the determination of association constants 
and exchange rates for the studied complexes from the exchange 
broadened 1H NMR spectra has been described elsewhere [2]. Ka 
and k parameters can be used to calculate Gibbs free energies ∆G0 
and ∆G# (see Fig. 2) characterizing complex formation according to 
formulae: 
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Figure 2 
 
The final results are given in Table 1 
 
Table 1. 

1R4R enantiomer 1S4S enantiomer Bicyclic 
monoterpene ∆G0  [kJ/M] ∆G#  [kJ/M] ∆G0  [kJ/M] ∆G#  [kJ/M] 

∆∆G0  [kJ/M] 
(1S4S-1R4R) 

camphor –53.6±0.2 58.82±0.03 –51.4±0.1 59.38±0.02 2.2±0.2 
borneol –51.9±0.1 57.19±0.03 –50.9±0.1 57.39±0.03 1.0±0.1 
isoborneol –53.4±0.1 56.37±0.06 –53.2±0.1 56.88±0.06 0.2±0.1 
 
 Absolute configuration of C1 and C4 chiral centers determines relative stability of studied 
diastereomeric complexes. Enantiomers 1R4R form more stable complexes with α-CD than the 
1S4S ones. Absolute configuration of an additional chiral carbon C2 does not influence this 
regularity. ∆∆G0 may be regarded as a measure of chiral recognition. It is the largest for camphor 
and the smallest for isoborneol. On the other hand, Gibbs free energies of activation, ∆G#, are 
larger for the 1S4S containing complexes. In the diastereomeric pairs larger activation energy 
corresponds to less stable complex. 
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