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The inclusion reactions of some azo guest molecules, 3’-Pr-4’-(OH)Ph—N=N—PhSO; Na* (1), 3’-iPr-4'-
(OH)Ph—N=N—PhSO; Na* (2), and 3’-tBu-4’-(OH)Ph—N=N—PhSO; Na*t (3), with hexakis(2,6-di-O-
methyl)-a-cyclodextrin (DM-aCDx) were investigated. The rates and mechanism for the inclusion reactions
of 1, 2, and 3 with DM-aCDx have been determined. Enhanced binding ability with the guest and a three-
step inclusion mechanism by DM-aCDx were found.

Introduction

Kinetic studies of the inclusion reaction of cyclodextrins in
aqueous solution, particularly by temperature-jump,! stopped-
flow,2 and time-resolved fluorescence? techniques, have been
an intense area of investigation. «-Cyclodextrin (aCDx) has
received the most attention, largely because of its comprehensive
clarification of the structural* and mechanistic!? aspects of
inclusion processes.

In general, the inclusion complexes in the solid state and in
solution are mainly stabilized by van der Waals forces and, to
a lesser extent, by dipole—dipole interactions.” Hydrogen
bonding seems to play a role in the formation of the inclusion
complexes in apolar solvents and/or the crystalline state.® In
aqueous solution a further stabilization effect by hydrophobic
interactions in which the solvent water pushes the hydrophobic
site of the guest molecule into the hydrophobic CDx cavity has
been observed. Therefore, methylation of the hydroxyl groups
of aCDx would lead to the change in stability, solubility, and
structure of the inclusion complexes.” Hexakis(2,6-di-O-
methyl)-a-cyclodextrin (DM-aCDx in Scheme 1) and hexakis-
(2,3,6-tri-O-methyl)-a-cyclodextrin (TM-aCDx) have been
known as the methylated aCDx’s. For example, the geometry
of host—guest interactions such as TM-aCDx—benzaldehyde,
—p-iodophenol, and —p-nitrophenol differs drastically from that
of the corresponding native aCDx complexes because of the
change in size and shape of the methylated aCDx as shown in
Scheme 2.2

A series of the azo guest molecules was chosen for the present
study because of the availability of comparable data from
previous kinetic studies?® in which the effects of the change in
the size and shape of the substituents of the guests 1, 2, and 3
(Scheme 3) on the rate and mechanism for the inclusion
reactions were investigated.

Recently, some progress has been made in understanding the
mechanism of the inclusion reaction of aCDx.12 A two-step
inclusion mechanism was found in the guest systems, 1, 2, and
3.2¢ The first step was ascribed to the fast association process
with aCDx (k4+; and k-1), and the subsequent slower process,
to the intramolecular structural interconversion of the intermedi-
ate species (k+2 and k-) to attain a more stable final inclusion
complex (Scheme 4).
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In this paper, the stability and kinetics of the interactions of
azo guest molecules 1, 2, and 3 with DM-aCDx are described.
The possible mechanistic aspects of the inclusion reactions in
aqueous solution by DM-aCDx are also presented.

Experimental Section

Materials. Azo guest molecules were synthesized by the
azo coupling method and purified by liquid column chroma-
tography as described elsewhere.? o-Cyclodextrin was pur-
chased from Tokyo Kasei Chemicals Co., Japan, and used
without further purification. Hexakis(2,6-di-O-methyl)-o.-cy-
clodextrin, heptakis(2,6-di-O-methyl)-8-cyclodextrin, and hep-
takis(2,3,6-tri-O-methyl)-3-cyclodextrin from Tohshin Chemi-
cals Co., Japan, were used for most of the work reported here.
Their melting point, [0]?%, 'H NMR spectral, and TLC data
coincide well with those reported by Szejtli.?

© 1995 American Chemical Society
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Measurements. Stability constants of the inclusion com-
plexes were determined spectrophotometrically using a JASCO
Ubest-30 spectrometer as previously described.? The kinetic
measurements were performed using a Unisoku optical-fiber-
type stopped-flow apparatus and a data acquisition system.
Pseudo-first-order conditions of excess host concentrations
([DM-aCDx] = (0.4—4) x 1072 mol dm—?) were maintained
over the guest concentrations ([guest] = (2—5) x 107> mol
dm™3). Plots of In(A, — A..) vs time gave a straight line for at
least 3 half-lives. The observed pseudo-first-order rate constants
(kobsa) were determined from the average of three replicate
measurements. The reaction temperature was maintained to
within 0.1 °C at 25 °C by means of an external circulating
water bath (Lauda Type K2R thermostat). The pH of the
solution in the acidic and alkaline regions was maintained using
phosphate buffer (pH 4.0—4.5) and NaOH (pH 11.0—11.5),
respectively. The ionic strength was maintained at 0.1 mol dm™3
with NaCl.

Results and Discussion

2,6-Di-O-methylation Effect on Stability Constants. We
have determined the stability constants for the inclusion
complexes of the azo guest molecules 1, 2, and 3 with DM-
aCDx using UV—visible spectrophotometric titrations at 25 °C
and I = 0.1 mol dm—3 (NaCl). These azo guest molecules exist
as the acid form (HA™) in phosphate buffer solutions at pH
4.0—4.2 and the base form (A2") in NaOH solutions at pH 11—
11.5, where H denotes the phenol proton (PhOH). Figure 1
shows the changes in the absorption spectra which occur when
3(A?") binds to DM-aCDx.

Upon consecutive additions of excess DM-aCDx, the red shift
(bathochromic effect) and decrease in intensity (hypochromic
effect) of Amax(3(A27)) in the visible region were induced. In
the UV region, the red shift and the increase in intensity
(hyperchromic effect) of Amax(3(A%7)) were observed. These
spectral tendencies observed for the base form (A2~) are the
same as those of the acid form (HA™) of 3. Only the 1:1
inclusion model fits the titration data. Figure 2 shows the
differential absorption spectra in the 3(A?~)—DM-aCDx system.
The clear existence of several isosbestic points may be related
to the following simple 1:1 inclusion equilibria.

K,
HA~ + DM-aCDx = HA~—DM-aCDx )

o
AY + DM-aCDx == A" —DM-aCDx 2)

The stability constants Ky and Ky’ presented in Table 1 were
obtained by the Hildebrand—Benesi plot. The four to five
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Figure 1. Spectral change of the base form (A?") of 3 at various DM-
oCDx concentrations at 25 °C and / = 0.1 mol dm™* (NaCl): (1) 0;
(2) 6.72 x 107% (3) 2.24 x 107 (4) 4.48 x 107%; (5) 1.34 x 1073
(6) 2.24 x 107 mol dm™3, [3] = 6.0 x 107 mol dm™. pH = 11.5
(phosphate buffer).

different wavelengths at which the absorbance change in Figure
2 is larger are used, although similar but less accurate calculated
stability constants are derived from other wavelengths. The data
in Table 1 provide a comparison of the stability for the binding
of 1, 2, and 3 with DM-aCDx under a variety of conditions,
including variation of the size and shape of the phenol moiety
(3’-R-4-(OH)Ph—) of the guests, of the size and degree of
methylation of the aCDx, and of pH. The stability constants
K for the inclusion complexes of the acid form (HA™) of 1, 2,
and 3 with DM-aCDx are appreciably larger (ca. 4—7 times)
than those for complexes with aCDx. On the other hand,
O-methylation of the O(2)H and O(6)H hydroxyl groups of
aCDx has less effect on the stability constants for the base forms
(A?") of 1 and 2. However, in the base form (A2") of the bulky
guest molecule 3, the value of K¢ for the DM-aCDx complex
is ca. 5.5 times larger than that for the aCDx complex.
Deprotonation of the hydroxyl group of the phenol moiety (3’
R-4’-(OH)Ph-) of the guest 3 has little effect on the stability of
the DM-aCDx inclusion complex (Ki ~ K¢). The alkyl
substituents Pr, iPr, and tBu on the phenol side of 1, 2, and 3
affect appreciably the stabilities of the HA™—DM-aCDx
inclusion complexes. The stability constants for the HA™ spcies
were found to decrease in the order 1 > 2 > 3, as was already
pointed out for the aCDx system.?
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Figure 2. Differential absorption spectra between spectrum 1 and
spectra 2—6 in Figure 1. Some clear isosbestic points are observed in
the wider range of the concentration change of DM-aCDx.

TABLE 1: Binding Constants Ky (M~1)* and Kf (M™?) for
Complexation of aCDx and DM-aCDx with the Azo Guests
1, 2, and 3

aCDx DM-oCDx
guest molecule  pk, K¢ Kf4 . Ky
1 8.19¢  8300° 7100¢ 49000 11000
(£5000)  (£+3000)
7500 6900
(£300) (£150)
2 8.12¢  4500¢ 5000¢ 27000 12000
3100 (£2000) (£2000)
(£200)
3 8.70¢ 19007 1100¢ 7400 6000
(£900) (£300)

“M = mol dm™3, ? At 25 °C and 7 = 0.1 mol dm™? (NaCl). ¢ K; =
[HA~—CDx]J/A[HA-][CDx]). ¢ K/ = [A2"—CDx)/({A?"][CDX]). ¢ Ref-
erence 2d.

TABLE 2: Binding Constants X; (M™!) and Ky (M™!) for
Complexation of SCDx, DM-FCDx, and TM-SCDx with the
Azo Guests 1, 2, and ¥

‘BCDx DM-ACDx TM-BCDx
guest molecule  K; K¢ K; K¢ K K¢
1 5600 2900* 20000 6400 5500 3100
(£4000) (£200) (£900) (£100)
3300 1800
(£50) (£100)
2 2500° 1700® 22000 7100 3600 1600
(£2000) (£400) (£200) (£200)
3 34000 1700* 22000 4400 4700 1300

(£2000) (£500) (£1500) (£200)
2 At 25 °C and 7 = 0.1 mol dm~3 (NaCl). ¢ Reference 2d.

Further investigation of the methylation effect on the stability
of the inclusion complexes was carried out for the DM-SCDx
and TM-SCDx systems. As shown in Table 2, the stability
constants for the DM-ACDx inclusion complexes of HA™ (1,
2, and 3) are ca. 6—9 times larger than those for SCDx inclusion
complexes. As is different from the DM-aCDx system, this
enhanced stability was observed (ca. 4 times) also in the A2~
(1, 2, and 3)-DM-BCDx system. It should be noted that the
substitution by a methyl group at the O(2) or O(6) position in
BCDx lengthens the cavity from ca. 8 to 11 A and enhances
the inclusion ability.!® An X-ray diffraction study by Harata!!
also suggested the fact that the methylation of the O(2)H and
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O(6)H hydroxyl groups of SCDx makes the cavity deeper
without any significant distortion of the macrocyclic ring
because the O(3)H hydroxyl groups can retain the intramolecular
hydrogen bond O(3)H:*+O(2) (see Scheme 1).

In general, the DM-BCDx inclusion complex of the A2~
species of 1, 2, and 3 is appreciably less stable than those of
the corresponding HA ™ species, which was already pointed out
in the BCDx system. The decreased values of the stability
constant (Ky < Kj) reflect the increasing hydrophilicity of the
phenol moiety of the guests due to the ionization of the hydroxyl
group (3’-R-4’-(OH)Ph— — 3’-R-4’-(07)Ph—).

Thus, 2,6-di-O-methylation of a- and S-cyclodextrin increases
the stability of their inclusion complexes of both HA~ and A2~
species of 1, 2, and 3 in aqueous solution, possibly because the
methyl groups at the O(2) position of DM-aCDx and DM-CDx
provide a more hydrophobic environment around the host cavity,
thereby favoring effective hydrophobic interactions that stabilize
the complexes. In addition, further stabilization could also be
obtained by capping of one side of the macrocycle by the
methylation of the primary O(6)H hydroxyl groups, which
significantly improves the binding ability with the guests.!?
These stabilization effects found in the DM-SCDx system have
been observed in other guest system such as p-nitrophenol.!?
An enhanced transport rate in the liquid membrane of neutral
azobenzene derivatives by DM-SCDx has also been reported.!4
On the other hand, very little effect on the binding constants
with DM-BCDx for sodium m- and p-nitrophenolates has been
pointed out by Armstrong et al. using a high-dilution calori-
metric technique.!®

Further methylation as observed in 2,3,6-tri-O-methylated
BCDx (TM-SCDx) would reduce considerably the stability of
their inclusion complexes. As summarized in Table 2, the
stability of the TM-SCDx complexes decreases appreciably as
compared with that of the corresponding DM-SCDx complexes.
Perhaps, further substitution by O-methyl groups at the inner
side (the O(3)H group) of SCDx narrows the inner diameter of
the cavity. An X-ray diffraction study demonstrates that, in
contrast to the case of DM-SCDx, the macrocyclic ring is
distorted in the fully-methylated cyclodextrin and the steric
hindrance involving methyl groups enlarges the O(2), O(3) end
of cavity.!ll

Our equilibrium studies about the nature of the O-methylation
effect of a- and SCDx upon the stability of various inclusion
complexes suggest the importance of the position and number
of O-methyl groups on the rim of CDx molecules.

2,6-Di-O-methylation Effect on the Kinetics and Mecha-
nism. In most inclusion reactions with aCDx, one relaxation
signal has been generally observed.!*¢ Therefore, the observed
rate constant (kobsq) increases linearly with the total concentration
of aCDx ([aCDx]) and its concentration dependence is simply
interpreted by the following one-step reaction mechanism.

k.
guest (G) + aCDx == G—oCDx 3)
kg = ks [0CDX); + &_, @)

In recent work,2¢ it was discovered that some azo guest
molecules were included in the aCDx cavity through the two-
step mechanism (Scheme 4). Two relaxation signals have been
clearly observed in the fast (millisecond) and slow (second) time
regions. The dependence of kgbsda(fast) vs [aCDx]r is linear,
but that of kqsa(slow) approches a saturated value against the
higher [aCDx]r. Thus, the following rate expressions were
demonstrated:
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kysa(fast) = k. [aCDx]; + k_; 5

Kk, ,[aCDx];

o S1OW) = (K, [aCDxlp)

+k., 6

where K] is equal to the ratio k+1/k—1. These host-concentration
dependencies of kopsa could be intepreted generally in terms of
the following two-step inclusion mechanism, where the first step

kiy kg
G + CDx === G-aCDx* == G-aCDx  (7)

(fast) (slow)

is a fast binding process of the guest (G) with aCDx and the
second step is a subsequent slower intramolecular structural
interconversion of the intermediate species (G—aCDx*), which
is in slower equilibrium with a more stable final inclusion
complex (G—aCDx). If the first step is immeasurably fast by
the relaxation technique such as the stopped-flow method, only
the slow step is observed and the rate expression of eq 6 is
valid,19f

For the guest 1, both the fast step and the slow step in the
inclusion with aCDx could be independently monitored.2*¢ The
rate constants k+y, k-1, k+3, and k-, for the HA™ species were
2.0 x 10* mol™! dm? s7I, 6.0 s, 0.87 s, and 0.55 s~I,
respectively (Scheme 4). The rate constants for the A2~ species
were almost the same as those for the HA™ species and were
determined to be 6.9 x 103 mol~! dm3 s71, 3.6 s71, 0.25 571,
and 0.08 s~!, respectively. The guest 2 also shows similar
kinetic behavior. The rate constants k+;, k-1, k+2, and k—, for
the HA~(2) species were 1.2 x 10* mol™! dm? s7!, 9.4 57|,
0.58 s, and 0.26 s7!, respectively. However, in the case of
guest 3, the reaction is considerably slower in the range of
seconds and proceeds as a one-step mechanism which would
contain only the binding step with aCDx. The reduced rate
constants (k+; and k-;) for the HA™(3) species have been
obtained as 4.6 x 102 mol™! dm3 s~! and 0.55 s~ 1, respectively.
This is interpreted as a result of an increase of steric repulsion
in the transition state between the rim of aCDx and the bulky
tBu group of 3.

Contrary to our anticipation, the kinetics of the inclusion
reaction with DM-aCDx is more complicated than that with
aCDx as mentioned above. The kinetic inclusion behavior of
DM-aCDx is more surprising than its unusual inclusion stability
with the guests. Figure 3 represents an interesting comparison
of the stopped-flow signals at 340(Aua-) and 390(4a2-) nm for
the inclusion reactions of 3 with aCDx and DM-aCDx,
respectively.

The two relaxation curves for both 3(HA™) and 3(A?7) in
the presence of DM-aCDx exhibit some interesting differences
if compared to those for the aCDx—3(HA™) and —3(A?")
systems. An unusual rapid process which is not observed in
the aCDx system (vide infra) is found in the DM-aCDx system
prior to the usual time region. The contribution of the rapid
process to the overall change is somewhat different in the acid
(HA™) and base (A2") forms of 3 (parts C and D) in Figure 3).
The pseudo-first-order rate constants kopsq(fast) of this fast step
are plotted against [DM-aCDx]r in the inclusion reaction of
3(HA(O)) and 3(A%"(A)) in Figure 4.

Since the two plots almost overlap, the step in 3(HA~(O))
would be the same process as observed in 3(A27(A)) and
possibly also in 2(HA~(0)). Interestingly, these plots are clearly
not linear, showing that prior to the monitored fast process there
would be a more rapid equilibrium between the guest and the
host. Therefore, it is suggested that the mechanism which
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includes two inclusion species, (G—DM-aCDx); and (G—DM-
aCDx);, is conceivable for this monitored fast step. Thus, the
following inclusion mechanism is presented as the fast relaxation
process.

ki ko
G + DM-0CDx ==—=——==(G-DM-aCDx), 5=
(immeasurably fast) (fa—st)

(G-DM-aCDx), (8)

Since the association process between DM-aCDx and 3 is
not monitored by our stopped-flow method, the following
relation and rate expression is obtained under the condition of
(DM-aCDx]r > (3)r.%¢

k,,[DM-aCDx}; + k_, > k., + k_, ©)

b (fast) = Kk ;,[DM-0CDx]y +k 10
absa(fast) = (1 + K,[DM-aCDx]) 2 49

In equation 10, K; = k+1/k-1 = [(G—DM-aCDx),[/[G][DM-
oCDx] is the equilibrium constant for the association step
between host and guest. At high [DM-aCDx]r, X;[DM-0.CDxlr
> 1 and kopsa(fast) = k4, + k- (the saturated value in Figure
4). At low [DM-aCDx]r, Ki[DM-aCDx]r < 1 and kopsa(fast)
= Kik+2[DM-aCDx]t + k-, (the linear dependence in Figure
4). Equation 10 was rearranged into eq 11.

(kopa(fast) — k_p) ™' = (Kjk,,[DM-aCDx]p) " + (k)™
(11)

A good estimation of k- leads to a linear plot of (kobsq(fast)—
k-2)"! vs ([DM-aCDx]r)"!, and the values of (Kik+2)~! and
(k42)™! are determined from the slope and the intercept,
respectively, as shown in Figure 5.

The values of ks, k-5 and K; were estimated with a trial
and error process. The estimated rate constants and equilibrium
constants for the fast step are summarized in Table 3.

Furthermore, in the 3—DM-aCDx system, the slow step is
observed as already shown in Figure 3. Also in the slow step,
the saturated-type dependence of the rate constant is clearly
observed (Figure 6). This saturated type concentration depen-
dency of kqpsg(slow) for the slow step could be simply interpreted
as the following reorganization process of the intermediate
species (G—DM-aCDx); into the final inclusion complex (G—
DM-aCDx)s.

(G—DM-0CDx), % (G—-DM-0CDx), —Z‘f*

(fast) (slow)
(G-DM-0CDx),

In most cases, the plots of (kopsa(slow) — k—3)~! vs [DM-
oCDx]™! are linear and thus (Kzk3)~! and (k3)~! are estimated
from the slope and the intercept of the plot, respectively. In
some cases, a small concentration dependence of kopsa(slow) is
observed. This is interpreted as being because, since K;[DM-
aCDx]r > 1, kopsa(slow) closely approches k+3 + k—3. This is
the case for the 1(A2™) and 2(HA ™) systems. The obtained rate
constants, k+3 and k-3, and/or the sum of the rate constants,
k+3 + k-3, for the third step are given in Table 3.

The kinetic result obtained for the 1-DM-aCDx system is
somewhat different from those described above. Figure 7
represents a plot of kepsa(fast) for 1(HA™) and 1(A?") as a
function of DM-aCDx concentration. The plot for 1(HA™)
becomes more curved than that for 1(A2") with increasing
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Figure 3. Comparison of the stopped-flow signals for the change in absorbance of the binding process of 3(HA™) and 3(A?") with a-cyclodextrin
and DM-a-cyclodextrin. In the binding process with DM-aCDx, both the fast step and the slow step are observed. The arrow denotes the break
point between the fast and the slow process. (A) [3(HA™)] = 3.0 x 107° mol dm™ and [aCDx] = 1.2 x 1073 mol dm™> at Aqps = 340 nm and pH
= 4.6; (B) [3(A?7)] = 3.0 x 10~ mol dm~® and [aCDx] = 1.2 x 107 mol dm™? at Ae»s = 390 nm and pH = 11.5; (C) [3(HA™)] = 3.0 x 1073
mol dm™3 and [DM-aCDx] = 1.2 x 1073 mol dm™2 at Aeps = 340 nm and pH = 4.6; (D) [3(A?7)] = 3.0 x 1075 mol dm™? and [DM-aCDx]} = 1.2

x 107 mol dm™3 at Aqs = 390 nm and pH = 11.5.
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Figure 4. Plots of the observed rate constants kqpsa(fast) vs [DM-a.CDx]
for the fast step of the inclusion reactions of 3(HA™(0)), 3(A?~(A)),
and 2(HA~(0O)) with DM-aCDx.

concentration of DM-aCDx. Additionally, the slow inclusion
step may not be observed in the acid form (HA™) of 1. This
might be explained through the directional binding from the
alkyl phenol moiety of 1(HA™) for which steric hindrance is

(kobsd(fﬂst)—kz)_y 07%s

2k
/. A
intercept= *
0 L I —
0 1000 000 3000
[DM—dLDx]’)M'?

Figure 5. Plot of (kosa(fast) — k—3)~! vs [DM-aCDx]™! for the fast
step of the inclusion reaction of 3(HA™) with DM-aCDx and the
calculated line using data from the least-squares fit: k-, =6s"}, K, =
264 M1, and kv = 130 578

smaller. In this case, a larger K, value for the association step
is anticipated. The Corey—Pauling—Koltun molecular model
indicates that the inclusion of the alkyl phenol moiety of guest
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TABLE 3: Rate® and Equilibrium Constants for the Inclusion Reactions of DM-a-Cyclodextrin with the Guest Molecules, 1-3,

at 25 °C and I = 0.1 mol dm~3 (NaCl)

HA™ species A?" species
guest molecule KM keofs™! kofs™! kysls™! k-als™! KyM-1 kiofs k_y/fs kya'fs™? K_afs~!
1 ~480° ~60° ~7.0° c c 120 200 0.5 0.1-0.2
(k+s” + k'-3)8
2 270 140 3.0 ~0.2 65 330 5.0 ~4.0 ~0.2
(kss + k-3)
3 2607 130¢ 6.0¢ ~0.7 ~0.3 ~200¢ ~120¢ ~10¢ ~5.0° ~0.4¢

4 Error limits are estimated to be not larger than +10% and +20% in any determination of k+2(k+2") and k—;(k-2"), respectively, unless otherwise
noted. > The equilibrium and the rate constants are estimated with a large experimental error (>=£50%). ¢ Not detected in the slower time region.
4 The change of absorbance accompanying the reaction is too small to determine the exact value. ¢ Main reaction. The contribution of the absorption
change of the other reaction to the overall change is considerably small, as shown in Figure 3.
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Figure 6. Plot of the observed rate constants kowsa(slow) vs [DM-a.CDx]
for the slow step of the inclusion reactions of 2(A?~) and DM-aCDx.

The calculated curve was drawn using the data from the least-squares
fit: ks =04 s'and k-3 =025s7",
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Figure 7. Plots of the observed rate constants kopsg(fast) vs [DM-a.CDx]
for the fast step of the inclusion reactions of 1(HA™(Q)), 1(A?~(a)),
and 2(A%"(a)) with DM-aCDx.

1(HA™) would easily take place. On the other hand, the
inclusion of 2(HA™ and A2?7) and 3(HA™ and A2™) would be
fully blocked by a bulky alkyl group such as iPr or tBu.
Ionization of the hydroxyl group of 1 also reduces the rate for
inclusion or changes the direction for inclusion. Thus, the slow
step is again observed in 1(A?").

The rate data presented in Table 3 demonstrate that the
relative rate for inclusion which is possibly composed of a three-
step mechanism is not appreciably affected by the sub-
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stituent and/or the ionization of the hydroxyl group of the guest
except for the 1(HA™)—DM-aCDx system. These results
suggest that the monitored dynamic inclusion process would
be the analogous intramolecular step such as structural reorga-
nization of the intermediate species. The lesser dependence of
the rate constants on the steric factor and/or the ionization state
of the guests as shown in Table 3 and Figures 4 and 7 supports
this conclusion.

Finally, it is noteworthy that the effect of the di-O-methyl
groups at the O(2) and O(6) positions of aCDx on the reactivity
of inclusion is very large and brings about a drastic change of
the reaction mechanism from two step to three step. The binding
effects which have been observed in DM-aCDx system can be
explained by the extended hydrophobicity of the cavity and/or
around the rim of DM-aCDx, which must strengthen the binding
ability with the guest. The existence of very rapid association
equilibria (K; process) mainly results from the inclusion at the
wider O(2)Me and O(3)H side of DM-a.CDx than the secondary
hydroxyl side of aCDx (Scheme 5). The enhanced inclusion
stability of DM-aCDx with 1, 2, and 3 may be structurally
explained by a more complete encapsulation of guest due to
the enlarged hydrophobic cavity of the host (Scheme 5) and
kinetically explained due to the smaller steric hindrance at the
seconday hydroxyl (O(3)H and O(2)Me) side of DM-aCDx and
to the existence of a multistep binding in the inclusion process.
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