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Cyclodextrins, easily available natural host compounds,
are nowadays becoming increasingly popular for encap-
sulation of drugs and bioactive substances.! Besides
increased solubility this is supposed to protect the guest
molecules from external agents, mainly dioxygen. Such
applications imply that a molecule hidden inside the
cyclodextrin cavity is less inclined to undergo transfor-
mations than a free one. However, numerous examples
of cyclodextrin catalysis? show that formation of inclusion
compounds might cause acceleration of an unexpected
reaction. Here we report on an example of both of these
cyclodextrin effects on autoxidation of compounds of
similar structure.

Amino cyclodextrins (CD’s) have recently been dem-
onstrated to be effective structure-sensitive receptors for
anionic guests such as nucleotides® and catecholates,?
forming electrostatically stabilized complexes with asso-
ciation constants up to 108 M-1. Aromatic 1,2-diols in
deprotonated form are known to undergo facile oxidation
by molecular oxygen.? We have studied the effect of 8-CD
and 6-amino substituted 8-CD’s 1 on autoxidation of a
number of catechol carboxylic acids 2 at pH 10.0 where
the most stable complexes were formed.*

Formula (1)
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Spectrophotometric study of the autoxidation reaction
rates showed that 8-CD had nearly no influence on
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Figurel. Cyclodextrin effects on the observed pseudo-first order
reaction rate constants of autoxidation of 2a (a) and 2¢ (b).

oxidation of any of the catechols (Figure 1) owing to very
weak binding.* Complexation with 1 did lead to the
expected inhibitory effect for compounds 2a (Figure 1a)
and 2b (Table 1). However, oxidation of other catechols
was catalyzed by amino-CD (Table 1). That was even
more surprising given the structural similarity, for instance,
of compounds 2a and 2¢ for which the effect was opposite
(Figure 1).

The reason for such ambiguous behavior should be
sought in the different oxidation pathways of 2. Scheme
1 displays the general route of oxidation of catechols with
dioxygen.’>4 In the case of compound 2a, whose autox-
idation was inhibited by amino-CD’s, clear o-quinoid
absorption was built up in the UV trace of the reaction
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Table 1. Pseudo-First-Order Rate Constants of
Autoxidation of Free Catechols (k) and Catechols Bound
to a Cyclodextrin (k) at pH 10.0 and 25 °C

substrate CD 10%ko, 571 104k, 51 ko/ko
2a la 3.40 1.1 0.31
2a 1ib 14 0.40
2a le 0.6 0.2
2a 1d 0.2 0.07
2b la - - 0.33¢
2¢ la 5.62 15 2.7
2¢c 1b 25 4.5
2d 1a 6.98 11 1.6
2d 1b 9.2 1.3
2e la 1.08 8.5 7.9
2e 1b 8.6 8.0
2f 1b 0.84 >2.5 >3t

¢ Ratio of the initial rates in presence and absence of la.
b Saturation was not reached due to low binding constant.

Scheme 1
0,, 0y°

0Oz 0,”

R\C[O' \ Z R
OH

02'., HOQ-

[Amax () 287 (12800), 393 (1900 sh), 468 (600 sh)] with an
isosbestic point at 291 nm which thus supported the
previous conclusion that autoxidation of 2a is terminated
at the stage of the o-quinone.® The quinoid structure in
this case should be stabilized by =-conjugation with
carboxylate, which is likewise true for compound 2b. The
inhibitory effect of 1 would therefore be caused by steric
protection of the complexed substrates from dioxygen.
This is in line with the fact that inhibition increases with
steric hindrance near the CD cavity in the series: la,b <
lc < 1d (Tablel).

Catalysis of autoxidation was observed for compounds
2c-f. Here, in the absence of a conjugated structure, a
more complete oxidation took place. Although the UV
trace showed formation of quinoid intermediates, there
were evidences of further degradation with ring opening.
For example, oxidation of 2¢ performed with pH control
in unbuffered solution showed uptake of hydroxylions, as
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required by the stoichiometry of ring opening, unlike
oxidation of 2a where uptake of protons was observed.
Likewise, 'TH NMR of the oxidation products of 2¢
contained both pH-dependent olefinic and aldehyde
signals [é (360 MHz, D;0) 6.6-6.9 (m), 8.32 (s) at pD 8.8;
5.6-5.8 (m), 8.07 (s) at pD 1.5.].

Formation of quinoid intermediates in the case of 2¢—f
proves the third step in Scheme 1 to be rate-limiting for
extensive autoxidation. This step involves the attack of
o-quinone by reduced anionic oxygen species which is likely
to be accelerated when the substrate is bound to a cationic
CD causing the overall reaction to be catalyzed by 1.

Both the inhibitory and catalytic effects of amino-CD
can be up to 10-fold. The above results show that the
stabilization of guest molecules by complexation with CD
is not a general phenomenon even in a series of related
compounds. Thenature of therate-determining step must
obviously be considered.
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Experimental Section

Materials. Caffeic acid (2a) (“Reachim”) was recrystallized
from water. Other catechol derivatives were purchased from
Aldrich and used without further purification.

6A-Deoxy-64-(methylamino)-5-CyD (1a), 64,6P-deoxy-6A,6P-
bis(methylamino)-8-CyD (1b), 6A-Deoxy-6A-trimethylammoni-
um-B-CyD chloride (1c), 6*,6P-deoxy-6*,6P-bis(trimethylammo-
nium)-8-CyD dichloride (1d) were prepared through selective
tosylation of 8-CD,’ followed by reactions with the respective
amines and purification by ion-exchange chromatography.#
Analytical data. 1a-HCl: H NMR (400 MHz, D;0) § 4.83 (7H,
br 8), 3.3-3.6 (42H, m), 2.47 (3H, s). Anal. Caled: C, 44.0; H,
6.40; N, 1.12. Found: C, 43.6; H, 6.33; N, 1.18. 1a.2HCIL: 'H
NMR § 4.83 (7H, br s), 3,3-3.6 (42H, m,), 2.47 (6H, s). Anal.
Caled: C,42.7;H,6.47;N, 2.18. Found: C, 42.8;H, 6.37; N, 2.27.
1¢-3H20: 'H NMR & 4.83 (7TH, br s), 3.3-3.6 (42H, m), 3.15 (9H,
8). Anal. Calcd: C, 42.6; H, 6.79; N, 1.10. Found: C, 42.6; H,
6.63;N,1.11. 1d.3H,0: *H NMR 5 4.83 (7H, br s), 3.3-3.6 (42H,
m), 3.15 (18H, s). Anal. Caled: C, 43.1; H, 6.55; N, 2.01. Found
C, 42.8; H, 6.40; N, 2.08.

Kinetics. Catechol autoxidation was monitored by UV-visible
spectroscopy in air-saturated Tris-HCl or glycine-NaOH buffers
at pH 10.0 and 25 °C following the disappearance of the
catecholate bands. In a typical run, concentrations (2.5-4). X
105 M of catechol and (0-10) X 10 M of CD were employed.
Thus pseudo-first-order conditions with respect to dissolved
oxygen (2.5 X 10~ M? ) were maintained. Kinetic analysis was
carried out by integration methods and/or analysis of initial
rates.
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