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SOME p-HYDROXYPHENYLAZO DERIVATIVES OF SULFANILIC ACID WITH o-CYCLODEXTRIN
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Inclusion reactions of the title azo compounds with a-cyclo-
dextrin were studied in aqueous solution by means of the stopped-
flow method. The forward rate constants for the inclusion reactions

were found to be in the order of magnitude 102 - 10% mo17! am® st

.

Activation parameters were first determined for a-cyclodextrin system.

Torus-shaped g -cyclodextrin (a—CDx), a cyclic a-1,4-linked D-glucose polymer,
has six glucose residues per molecule.l) The cavity of oc-CDX in aqueous media is
relatively hydrophobic and apolar as compared with bulk solvent water.2) Therefore,
in the inclusion complexes formed in aqueous solution, regiospecific interaction
with the hydrophobic moiety of a guest molecule is observed.g) As regards the
driving force for the inclusion process, a number of explanations have been pre-

3,5)

sented onthe basis of thermodynamic,4) kinetic, theoretica1,6) and X-ray

structural studies.7) However the dynamic feature of the inclusion process is
still not clear even now.3’5)

In the present study the rate constants of the inclusion process of a—CDx
with some p-~hydroxyphenylazo derivatives of sulfanilic acid (Fig. 1) were measured
by the stopped-flow method. Activation parameters for the inclusion process were
first determined.

The guest azo compounds, p-(3-propyl-4-hydroxyphenylazo)benzenesulfonate ion
Qk) and p-(3,5-diisopropyl-4-hydroxyphenylazo)benzenesulfonate ion QE) show the

following protolytic equilibrium in aqueous solution,

K
a
HA™ A"+ wT, (1) Rs R,
8 9
where H denotes the phenolic proton. The “0 N\
values of pK_(= - log(K_/mol am™3)) for L ‘N SD;NQ+
and g,were determined to be 8.19 and 8.19, R R
5 6 12 11

respectively. The formation of 1 : 1

inclusion complexes was confirmed by the

ig. 1. tructural formula of the
presence of isosbestic points in the Fig. 1. S

guest molecule.

spectral change upon varying o-CD_ concen-
X R. = —(CH2)20H3, R2 = R5 = R6 = H

3)

equilibrium for the inclusion reaction in

trations and Hildebrand-Benesi plot. The %r

_ — - = R = H

2 Ry =Rg = CH(CH3)2, R, 6
acidic region is expressed as
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K
HA™ + a-CD a——— HA:aCDx (2)
and in alkaline region 3
2-  + K 2-
A a-CD, —— A"-oCD_ . (3)

The values of the stability constants, K and K’, of the inclusion complexes were

4 1

spectrophotometrically determined to be in the order of magnitude 102 - 107 mol”
dm3 (Table 1). The lower stability of the inclusion complex of'g is attributable
to the steric hindrance between the rim of a-CDX ring and the bulky isopropyl

8) The 1H NMR study showed that a-CDx interacts with

though the interacting position of the guest

group in the guest molecule.
the azo-sulfanilate moiety,s’g)
molecule varies subtly with the size and the shape of Ri substituents.

Kinetic data were obtained under pseudo-first-order conditions in the pres-
ence of a large excess of a—CDX. The observed rate constants, kobsd’ in the
reactions 2 and 3 are expressed as kobsd = k+[a—CDx1 + k_ and kobsd = k+[a—CDxJ +
k;, where k+(k;) and k_(k;) are the forward and backward rate constants, respec-
tively. The plot of kobsd against the total concentration of a—CDX, [a—CDx],
gave a straight line with a slope k+ and an intercept k_ (Fig. 2). The values of
the rate constants are summarized in Table 1. The stability constants, K and K ,
determined kinetically as the ratios of k /k_ and k;/k;, respectively, were in
fairly good agreement with those determined spectrophotometrically. A remark-
able effect of the substituents Ri on the rate constants was observed. If the
+ should be almost 2 -
In the systems investigated

here, all values of k; are smaller only slightly than those of k+.11) This

inclusion takes place at the phenol moiety, the value of k

3 orders of magnitude smaller than that of k+.5a,10)

kinetic result supports the inclusion of the sulfanilate moiety of the guest

molecules intoa—CDx cavity.

Table 1. Stability and Rate Constants for the Inclusion Reactions of

'_1.‘ and 2, with c:y,—CDx

ta) o) K k' ®) k' k.

Guest K k+ - + -
Molecule °c mol tdam® mol tam® st g7t mol tam®  mo1”Ytam® s7! -1
13.0 14500 1.3 x 10% 2.0 13700 5.6 x 10° 1.1

1 25.0 8260 2.2 x 10° 5.1 7250 8.9 x 10° 2.6
36.5 5000 2.8 x 10° 10.1 5000 1.5 x 10° 6.8

12.0 1250 3.0 x 102 0.28 1170 1.8 x 10° 0.18

2 25.0 885 5.4 x 102 0.69 787 3.5 x 10° 0.48
37.0 649 9.1 x 10° 1.5 585 6.0 x 102 1.0

a) ¥ 0.1 °C. b) Determined from the equilibrium measurements at I =

0.1 mol dm~> (NaCl).
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Thermodynamic parameters for the inclusion reactions were determined from the
temperature-dependency of K and K . Van't Hoff plots, RT 1nK vs. T_l, show always
a good linear relationship over the temperature range 12 - 37 °C. As shown in
Table 2, all AH® and AS® values are negative and in the same order of magnitude as
those reported previously for the various a—CDx . r .

inclusion complexes.lg) The inclusion equilib-

ria are almost enthalpy-controlled; the entropy
change (AS®< 0) contributes unfavorably to the
formation of the ot—CDx inclusion complexes.
This indicates that the hydrophobic interaction
is not predominant in the formation of the
inclusion complexesle) or the AS® for the
hydrophobic interaction (A5® >0) is overshad-
owed by ASe'contributions from the other inter-
molecular processes.

From the temperature-dependency of the
rate constants for the inclusion reactions 2

and 3, activation parameters, AG*, AH* , and

AS#, were determined. The contribution of

the entropy of activation, ASt, to the Gibbs

1

. . + . . L
energy of act1vat10n,AG+, in the forward 0 1.0 2.0 3.0

reaction is much larger than that of ASf to

=3 -3
$ . ) [e=CDx] /10 moldm
AG’ in the backward reaction. The entropy

term, ASt, contributes unfavorably to the

+ Fig. 2. Plots of the observed rate
Gibbs energy term, AG+. This fact suggests

constant, k vs. the concentra-

obsd’
tion of a—CDx at pH 4.6 (phosphate
buffer) and I = 0.1 mol dm™° (NaCl)
= 3.00 x 10™° mol dm~3,

At 37(0), 25(3), and 12(a) °cC.

that the hydrophobic interaction does not
play an important role in the transition

) . 13)
state of the inclusion process. with [.é ]

Table 2. Thermodynamic Parameters for the Inclusion Reactions of‘$ and 2
with oz—CDX at 25 °C

Inclusion Reaction Ag®a) Ap®2) ag®d) AGt Al-lt Ast act aut ASi

1 HA™ + (1—-CDx - 22.5 - 33.3 - 36.0 48.4 22.5 - 87.0 69.1 49.6 ~ 65.3
Az— + Ot-CDx - 22.2 - 31.8 =~ 32.0 50.3 29.8 - 68.7 70.4 56.0 - 48.4

~

A HA™ + O.-CDX - 16.4 - 19.6 - 10.8 57.4 33.0 - 81.9 74.0 49.5 - 82.1

2 A2_ + (X—CDx -16.6 -21.9 - 17.9 58.5 35.1 ~ 76.5 74.9 50.5 - 81.9

)

© <
a) AG™, AH®, and AS® were determined from equilibrium measurements. The signs of
° - ©
AG*, AH”, and AS” refer to the formation reaction of the inclusion complexes. NS
o - _ -
act, ac, an®, ant, ant in ki mo17l. as®, ast, ast in g k7t mo17l.
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