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The Binding of Alkyl Chains to p-Cyclodextrin and ’Hydroxypropyl-p- 
cyclodext ri n‘ 
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The strength of  binding of aliphatic alcohols, alkanesulfonate ions and aryl alkanoates to 
’hydroxypropyl-p-cyclodextrin‘ is very similar to that to unmodified p-cyclodextrin (p-CD). The 
clear inference is that both forms of  p-CD bind these guests to the wider opening of the CD cavity 
that is surrounded by  secondary hydroxy groups. 

The binding of guests to cyclodextrin (CD) hosts may be 
detected by many techniques and often it is relatively easy to 
estimate the dissociation constants of the guest-host com- 
plexes.’ However, it is not so easy to ascertain the orientation 
and depth of the inclusion of the guest in the CD cavity. We 
hereby report dissociation constants that strongly imply that 
the binding of the alkyl groups of simple alcohols, alkane- 
sulfonate ions and esters occurs to the wider, ‘secondary’ 
opening of the P-CD cavity. ’ 

We are studying the reactivity of ‘hydroxypropyl-P-cyclo- 
dextrin’ (Hp-P-CD) towards substrates that are known to react 
with unmodified P-cyclodextrin (P-CD). The modified CD is 
now available from several suppliers? and it may have many 
practical applications because of its high solubility in water. 2 , 3  

In Hp-P-CD most of the primary hydroxy groups of P-CD are 
functionalized? with 2-hydroxypropyl groups (see 1 and 2). We 
find that the cleavage of rn-nitrophenyl and p-nitrophenyl 
alkanoates (C2-C6) by Hp-P-CD in aqueous base shows 
saturation kinetics,’ and the kinetic parameters are very similar 
to those found previously for reaction with P-CD.495 In 
particular, we note that (i) the dissociation constants (&) of the 
ester-CD complexes (Table 1) vary systematically with the acyl 
chain length and that the values for the rn- and p-isomers are 
quite close to each other and (ii) the values of Kd are almost the 
same for Hp-P-CD as for b-CD, particularly for the p-isomers. 
The first observation is strong evidence that the esters of both 
series bind to Hp-P-CD with their acyl chains, not through their 
aryloxy groups. The second observation suggests that binding 
of the acyl chains of the esters to both CDs is to the more 
open, ‘secondary’ side of the CD cavity (l), since the 
functionalized primary hydroxy groups of Hp-0-CD would be 
expected to alter the binding if it took place at the narrower, 
‘primary’ side (2). 

We are also studying the effects of potential inhibitors of the 
basic cleavage of esters by Hp-P-CD, as we have done for a- and 
P-CD.6*7 In this respect, we have examined the inhibition by 
some aliphatic alcohols and alkanesulfonate ions (RSO, -) of 
the cleavage of rn-nitrophenyl acetate (rnNPA) by Hp-P-CD. 
Analysis of the kinetics 6,8 affords ‘inhibition constants’ which 
are taken to equal Kd for the inhibitor-CD complexes.$ As seen 
in Table 1, the values of Kd for 14 different alcohols are generally 

~ ~~ 

t We used the Hp-0-CD supplied by Aldrich which has an average 
molecular weight of 1500, corresponding to the functionalization of 
about six of the seven primary hydroxy groups of p-CD. This material 
is not homogeneous and so the absolute values of measured parameters 
may vary from sample to sample. However, we feel that trends in 
parameters are meaningful, especially in the present case where the 
values of Kd for Hp-P-CD and P-CD are virtually identical (vide infra). 
1 Inhibition constants found for the cleavage of mNPA by a- and p-CD 
generally agree well with values of Kd obtained in other ways.638 
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p-CD, R = H; Hp-P-CD, R = CHzCH(OH)CH, 
X = OH, SO,-, or COOC,H,NO, 

Fig. 1 Correlation between the binding of aliphatics to Hp-P-CD and 
to p-CD. The data are from Table 1, with p& = -log K d .  The data 
straddle the line PKd (Hp-P-CD) = p& (p-CD); the correlation line 
given in the text is barely different. +, pNP esters; 0, mNP esters; ., 
n-alkanols; 0, isoalkanols; A, alkan-2-01s; V, other ROH; 0, RSO, - 

similar for the two CDs, being essentially equal for the linear 
alcohols. For the bulkier alcohols the binding to Hp-P-CD 
appears to be slightly weaker, as is the case for RSO, - also.’ ’ 
Conceivably, these guests sit deeply enough in the cavity of 
Hp-P-CD just to feel the presence of the hydroxypropyl groups 
on the primary side. 

Overall, the two sets of Kd values in Table 1 are remarkably 
alike, as seen in Fig. 1 which plots the PKd values for the two 
CDs against each other. The actual least-squares correlation 
line has slope = 1.03 k 0.04, intercept = -0.13 k 0.13 and 
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Table 1 Dissociation constants for guest-host complexes formed 
betweenaliphaticguests and P-cyclodextrin and 'hydroxypropyl-P-cyclo- 
dextrin' a 

~- 

Kd/mmol dm-, 

Guest P-CD Hp-P-CD 

(a)  m-Nitrophenyl esters 
Acetate 
Pro panoate 
Bu tanoa te 
Pentanoate 
Hexanoate 

(b) p-Nitrophenyl esters 
Acetate 
Pro panoate 
Butanoate 
Pentanoate 
Hexanoate 

(c) Alcohols 
Propan- 1-01 
Butan- 1-01 
Pentan- 1-01 
Hexan- 1-01 
Butan-2-01 
Pen tan-2-01 
Hexan-2-01 
Isopropyl alcohol 
Isobutyl alcohol 
Isopentyl alcohol 
tert-Butyl alcohol 
Neopentyl alcohol 
Cyclopentanol 
Cyclohexanol 

( d )  Alkanesulfonate ions 
c 5  
C6 
c 7  
C8 

12 
5.2 
3.7 
2.4 
1.8 

7.8 
5.2 
2.7 
2.0 
1.3 

270 
60 
16 

65 
32 
10.5 

260 
24 

21 

4.6 

5.6 

1.7 
8.3 
2.0 

17 
5.6 
2.3 
0.97 

~ 

7.0 
5.1 
2.7 
1.6 
1.3 

8.2 
5.4 
2.9 
1.9 
1.6 

320 
64 
17 

84 
41 
13 

280 
38 
9.3 

40 
2.9 

10.7 
2.2 

4.6 

27 
9.5 
3.4 
1.07 

In aqueous solution, at 25 "C. Values of & for p-CD are taken from 
the literature, as follows: esters; alcohols; alkanesulfonate ions. lo  

Those for Hp-P-CD were obtained by established kinetic methods. 1 7 5 , 6 3  

For the two series of esters, Kd values were obtained from analysis of the 
saturation kinetics ' 9 '  found for ester cleavage by Hp-P-CD in basic 
solution (phosphate buffer, pH 11.6). Values of Kd for the binding of 
alcohols and alkanesulfonate ions to Hp-P-CD were estimated from the 
inhibition ' 9 '  of the cleavage of m-nitrophenyl acetate by Hp-P-CD 
(also at pH 1 1.6) brought about by varying levels of ROH and RSO, - .  
In many cases the Kd values for two CDs are probably to within 
experimental error of each other. Introduced as the Na' salts. Our 
values for Hp-0-CD and RS0,- agree tolerably well with those 
obtained by conductimetry: C5, 67; C6, 8.9; C7, 1.8; C8, 0.91 mmol 
drn-,. 

r = 0.983 (for 28 points, spanning 2.5 decades). In our view, the 
almost inescapable conclusion is that binding of the alkyl 
portions of the guests to the two CDs is virtually identical * and 
to the 'secondary' side of the p-CD cavity (1). 
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* We note that the binding of the aromatic 4-(2-pyridylazo)-N,N- 
dimethylaniline is equally strong to Hp-P-CD and P-CD (Kd = 2.9 and 
3.3 mmol dm-,)." 
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