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Inclusion Complexes of Cycloaltrins 

S. Immel and K. L. Larsen, unpublished results.

The formation of inclusion complexes by the α-,[1] β-,[2] and γ-cycloaltrins[3] with 

various para-substituted sodium benzoates and the corresponding 1:1 association 

constants were determined by capillary electrophoresis[4] according to the protocol 

previously described for the measurement of stability constants for complexes 

formed by cyclodextrins of varying ring size.[5] The electrophoresis capillary was filled 

with the sodium benzoates and the cycloaltrins were injected as the analyte; the 

mobility of the macrocycles was monitored as a function of benzoate concentration 

and the formation of the complexes was detected by UV absorbance (Table 1, 

method 1). Table 1 lists the corresponding K1:1 complex formation constants obtained 

by non-linear regression along with their standard deviations, respectively. For 

comparison, the association constants between α- and γ-cyclodextrin and the 

benzoate guest molecules were determined by the same method. In addition, Table 1 

lists stability constants for α-, β-, and γ-CD complexes determined by an inverse 

protocol of the capillary electrophoresis (method 2).

For the stabilities of the inclusion complexes formed by the native cyclodextrins – 

despite some minor discrepancies emerging from the two different methods listed in 

Table 1 – these data show a clear correlation between the size of the para-

substituent of the guest benzoate and the association constant of the complex 

formed. With increasing size of the substituent F < Cl < Br < I the stability of the 

complexes of the cyclodextrins increases, irrespective of the ring size of the host 

macrocycle. For β- and γ-cyclodextrin, this also applies to para-tert-butyl benzoate, 

which forms complexes that are more stable than with any of the para-halogenated

benzoates. In this context, the central cavity of α-cyclodextrin seems to be too small 

to fully accommodate the tert-butyl group, which results in a decreased stability of the 

complex formed between the smallest of the native cyclodextrins with the sterically 

most demanding host molecule. The complexes formed by α- and β-cyclodextrin

exhibit complex formation constants of similar order of magnitude, whereas the 

complexes of γ-cyclodextrin are generally significantly weaker than those formed by 

β-cyclodextrin. The most stable complex, obviously, is formed between β-cyclodextrin

and para-tert-butyl benzoate. 

α-cyclodextrin
β-cyclodextrin
γ-cyclodextrin

(n = 6)
(n = 7)
(n = 8)

n

O

OH

OH

HO

O

α-cycloaltrin
β-cycloaltrin
γ-cycloaltrin

(n = 6)
(n = 7)
(n = 8)

n

O

OH
OH

OH O

=

COO-Na+

X

X = -F, -Cl,- Br, -I, -tert-Bu K1:1
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Table 1: Association constants K1:1 [l mol-1] between α-, β-, and γ-cycloaltrins or cyclodextrins and 

various para-substituted benzoates (X = -F, -Cl, -Br, -I, and -tert-Bu) determined by capillary 

electrophoresis using different procedures. – Method 1: The capillary was filled with buffers containing 

various concentrations of benzoate derivatives and the various macrocycles was injected as analyte.

The mobility of the macrocycles was monitored as a function of benzoate concentration. – Method 2:

The capillary was filled with buffers containing various concentrations of cyclodextrin and the

benzoate derivatives were injected as analyte. The mobility of the benzoate derivatives was monitored

as a function of cyclodextrin concentration. – All association constants were obtained by non-linear

regression with standard deviations given in parenthesis; “large” and “small” indicates association 

constants that are, respectively, too large or too small to be assessed by this method. 

host (method 1) X = -F X = -Cl X = -Br X = -I X = -tert-Bu

α-cycloaltrin 14.9(0.9) “small” 7.9(1.1) 12.0(0.6) 20.6(1.7) 

β-cycloaltrin 14.4(1.3) 11.1(3.4) 10.3(0.6) 9.5(0.8) 16.5(1.6) 

γ-cycloaltrin 14.8(2.6) 8.1(0.9) 9.1(1.0) “small” 16.6(1.9) 

α-cyclodextrin 21.4(0.8) “large” “large” “large” 102.6(4.5) 

γ-cyclodextrin 6.1(0.8) 8.9(1.5) 16.4(2.0) 46.6(7.6) 80.4(4.3) 

host (method 2) X = -F X = -Cl X = -Br X = -I X = -tert-Bu

α-cyclodextrin 11.9(0.9) 129.3(1.9) 370.2(10.7) 780.4(86.8) 71.7(13.1) 

β-cyclodextrin 36.8(3.6) 139.5(9.6) 236.2(7.6) 608.8(20.6) 7304.8(103.9)

γ-cyclodextrin 0.6(2.0) 6.9(1.4) 12.6(1.3) 30.2(1.3) 93.4(1.6) 

In contrast to the cyclodextrins, the cycloaltrins display, in all cases, quite low 

stability constants K1:1 ranging only form 8 to 20 l mol-1. There also seems to be no 

obvious effect of ring size of the cycloaltrin host. From the data presented in Table 1, 

it can be concluded that the most stable complexes are formed with para-tert-butyl

benzoate, the same guest molecule that forms the most stable complexes with the 

cyclodextrins. However, curiously the weakest complex former of the para-

halogenated benzoates (para-fluoro benzoate) with the native CD seems to be the 

best for the cycloaltrins, and again no effect of cycloaltrin macrocycle size can be 

detected. Yet, it is noteworthy, that with the para-fluoro, para-chloro, and para-bromo

benzoates, the cycloaltrin complexes are more stable or comparable to the 

complexes formed by γ-cyclodextrin.

In total, the data presented seems to suggest that the inclusion complexes formed 

by the cycloaltrins are based on weak unspecific interactions. The selectivity of the 

cycloaltrins with respect to the size and shape of the guest molecules is less 

pronounced than for the cyclodextrins of the same ring size. This may be interpreted 

in terms of the increased conformational flexibility of the cycloaltrins, which seem to 
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be able to accommodate their shape towards a greater range of guest molecules 

than the cyclodextrins are. On the other hand, the rather low absolute association 

constants also reflect a significant entropy penalty to be paid upon the formation of 

inclusion complexes by the cycloaltrins.

All the data presented suggests two entirely different mechanisms for the 

formation of inclusion complexes: whereas the cyclodextrins follow the rather rigid 

lock-and-key-type mechanism of complex formation, the cycloaltrins are of 

significantly higher flexibility. The formation of complexes by cycloaltrins is best 

described by the flexible induced-fit mechanism which implies considerable 

geometrical flexibility of the host, along with its conformational adaptation towards 

potential guest molecules. Further evidence for this hypothesis is derived from the 

formation of inclusion complexes by mono-altro-β-cycloaltrin[6] described in the next 

Chapter of this work. 
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