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Abstract A kinetic study was carried out on the sol-

volysis of ortho benzoyl chlorides in the presence of a-,

b- and c-Cyclodextrin (CD). The solvolysis mechanism

of benzoyl chlorides is sensitive to the substituents, and

to the solvent in which the reaction takes place. In

water, the behaviour exhibited by benzoyl chlorides

which have electron-attracting groups, is consistent

with an associative mechanism whilst electron-donat-

ing substituents induce a dissociative mechanism. The

results obtained in the presence of CD show a decrease

in the observed rate constant, kobs, as the CD con-

centration increases. This behaviour can be explained

if these substrates undergo solvolysis through a disso-

ciative path in the presence of a-, b- and c-CD.
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Introduction

Cyclodextrins (CDs) are cyclic oligosaccharides con-

sisting of glucose units linked by a -1,4 glucoside bonds

[1]. The CDs composed of 6, 7 and 8 units are usually

referred to as a-, b- and c-CD. They possess a hollow,

truncated cone shape with a non-polar interior and two

hydrophilic rims. Much of the interest in CDs arises

from their ability to encapsulate a guest molecule in-

side their annulus to form inclusion complexes [2–4].

This capacity can modulate reactivity because the

microenvironment around the reactant in the CD is

different from that which prevails in the reaction media

[5–7]. The effects of inclusion complexes on reactivity

depend on the guest, the CD and the reaction. We have

studied the influence of a-, b- and c-CD on the sol-

volysis of the benzoyl chlorides shown in Scheme 1.

Their mechanism of solvolysis is well known both in

water and in different solvents [8–11]. The acyl group

transfer was shown to follow one of three mechanisms:

dissociative, associative, and concerted displacement.

Experimental

The b-CD was supplied by Sigma (>98%), the a- and

c–CD by Ciclolab (>98%). The benzoyl chlorides were

provided by Aldrich (97–98%). All were used without

further purification. Reaction kinetics were carried out

in an Applied Photophysics stopped flow spectropho-

tometer with unequal mixing. The benzoyl chloride

dissolved in acetonitrile was placed in the smaller

syringe (0.1 ml) and the larger syringe (2.5 ml) was

filled with the CD. The acetonitrile concentration was
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3.85% (v/v). The benzoyl chloride concentration was

1.0 · 10–4 M. All experiments were carried out at

25.0 �C. The kinetic traces were fitted with one expo-

nential equation. All the values of kobs were repro-

ducible to within 3%.

Results and discussion

Solvolytic reactions in the presence of b-CD

Figure 1 shows the influence of the b-CD concentra-

tion on kobs for the solvolysis of 2-NO2, 2-Cl and 2-H.

In these cases, as occurs with the others benzoyl

chlorides, we observe a decrease in kobs, as the CD

concentration increases. We can explain these experi-

mental results by the formation of an inclusion com-

plex between the substrate and the b-CD, as shown in

Scheme 2.

From this kinetic scheme we can obtain the follow-

ing rate equation:

kobs ¼
kw þ kCDKCD CD½ �

1 þ KCD CD½ � ð1Þ

1

kobs
¼

1
kw
þ KCD

kw
CD½ �

1þ kCDKCD

kw
CD½ �

ð2Þ

where kw and kCD are the rate constants of the sol-

volysis of the benzoyl chlorides in bulk water and in the

inclusion complex with the CD. KCD is the equilibrium

constant of the inclusion complex. The possibility of a

reaction between the complexed benzoyl chloride and

the CD hydroxyl groups can be discarded for those

substrates which undergo solvolysis fundamentally by

means of a dissociative mechanism. Therefore, in this

case, the reaction path within the inclusion complex

should be the expulsion of the leaving group assisted

by the CD. Given that the solvation ability of the

interior of the CD is minimal, it is to be expected that

the rate constant kCD would be much lower than the

corresponding rate constant in bulk water, in such a

way as to confirm the inequality of

kw >> kCD KCD CD]. Eq. 1 can be rewritten thus:

kobs ¼
kw

1 þ KCD CD½ � ð3Þ

1

kobs
¼ 1

kw
þ KCD

kw
CD½ � ð4Þ

Figure 1 shows the fit of Eq. 3 in its present form, or by

means of its linearization (Eq. 4). From the fitting

procedure we can obtain the values of KCD (see

Table 1).

Solvolytic reactions in the presence of a-CD

The experimental behaviour obtained in the presence

of a-CD cannot be explained on the basis of the

mechanism proposed in Scheme 2 and Eq. 1–4. As

Fig. 2 shows there exists a non-linear dependence of

Fig. 1 Influence of b-CD
concentration on kobs for
solvolysis of (o) 2-NO2, (d)
2-Cl and (h) 2-H at 25.0 �C.
Data on the left figure were
fitted according to Eq. 3 and
according to Eq. 4 on the
right

Scheme 2
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1/kobs on the a-CD concentration. This behaviour is

consistent with a mechanism whereby a CD : benzoyl

chloride complex is formed with a 2 : 1 stoichiometry,

as shown in Scheme 3.

From this complexation scheme we can obtain the

following rate equations:

kobs ¼
kw

1 þK1:1 CD½ � þK1:1K2:1 CD½ �2
ð5Þ

1

kobs
¼ 1

kw
þK1:1

kw
CD½ � þK1:1K2:1

kw
CD½ �2 ð6Þ

From the fitting of experimental results to Eq. 6 we

can obtain the parameters shown in Table 1. It is

important to note the difference in behaviour found

between a- and b-CD: the benzoyl chlorides form

complexes 2 : 1 with a-CD but only 1 : 1 with b-CD.

The reason must lie in the geometric restrictions of

the cavity of the CDs. In both cases the depth of the

cavity is the same: 7.80 Å. However, in the case of a-

CD the smaller diameter of the cavity (4.7–5.3 Å)

causes the penetration of the benzoyl chloride to be

lower than in the case of b-CD which has a larger

cavity diameter (6.0–6.5 Å). This difference means

that part of the benzoyl chloride molecule is outside

the a-CD cavity and, consequently, available for

complexation with a second CD molecule.

Solvolytic reactions in the presence of c-CD

The rate constant of solvolysis of the benzoyl chlorides

2-NO2 and 2-H decreases as a consequence of the for-

mation of the inclusion complex with the c-CD. The

Table 1 Values of the kinetic parameters obtained for the solvolysis of benzoyl chlorides with CDs

kw/s–1 b-CD a-CD c-CD

KCD/M–1 K1:1/M–1 K2:1/M–1 kCD/s–1 K1:1/M–1 K2:1/M–1

2-NO2 1.79 124 ± 6 2.7 ± 0.3 8 ±1 – 57 ± 12 –
2-CF3 0.152 232 ± 6 3.6 ± 0.4 9 ± 1 3.86 · 10–3 301 ± 45 –
2-Cl 1.57 332 ± 11 3.5 ± 0.3 66 ± 10 – 31 ± 3 161 ± 24
2-H 1.09 250 ± 5 11 ± 1 3 ± 1 – 52 ± 3 –
2-CH3 217 403 ± 40 1.7 ± 0.2 89 ± 13 – 47 ± 5 187 ± 24

Fig. 2 Influence of a-CD
concentration on kobs (left)
and 1/kobs (right) for
solvolysis of (o) 2-Cl and (•)
2-CF3 at 25.0 �C. The curve
represents the fit of Eq. 6 to
the experimental data

Scheme 3
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experimental results have been fitted satisfactorily to

Eq. 3–4, giving the kinetic parameters which are shown

in Table 1. The rate constant of solvolysis of 2-CF3

decreases as the concentration of c-CD increases,

however, this experimental behaviour cannot be justi-

fied on the basis of Eq. 3–4. The experimental results

should fit the mechanism shown in Scheme 2 where the

substrate complexed with c-CD can undergo a solvol-

ysis reaction. Figure 3 (left) shows the fit of Eq. 2 to the

experimental data. The results obtained show that for

the a-CD and b-CD no reaction is observable in the

interior of the CD cavity. The cavity of c-CD is so wide

and it may accommodate so many water molecules that

their properties resemble water molecules in the bulk

solvent. The existence of water molecules in the interior

of the c-CD cavity that coexist with the benzoyl chlo-

ride can facilitate the solvation of the leaving group and

solvolysis reaction in the CD. Figure 3 (right) shows the

behaviour obtained for the solvolysis of 2-Cl. In this

case, as occurs with 2-CH3, the experimental results

should fit the mechanism shown in Scheme 3. This

behaviour may be due to a greater capacity for pene-

tration in the interior of the cavity. This penetration

causes the consequent expulsion of water from the

interior of the CD and consequently causes c-CD to

have a very hydrophobic interior which is unable to

solvate the leaving group for the solvolysis reaction.
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