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Abstract A new convenient strategy for direct acylation
of f-cyclodextrin on the secondary hydroxyl face was
achieved by using the combination of N-benzoylimidazole
and carbonate buffer in DMF, and the acyl migration
between the C-2 and C-3 hydroxyl groups of f-cyclodex-
trin was found.
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Introduction

Cyclodextrins (CDs) are well-known cyclic oligosaccharides
consisting of six or more o-1, 4-linked D-glucopyranose
units, which possess the secondary C-2 and C-3 hydroxyl
groups on their more open face and the primary C-6
hydroxyl groups on the other face. Owing to their hydro-
phobic and optically active interior, derivatives of CDs
have evolved into a versatile class of macrocyclic com-
pounds with applications in artificial enzymes, sensors,
drug delivery systems, and chiral reagents [1-6]. For
example, 6-O-benzoyl-f-CDs as novel supramolecular
photosensitizing hosts have recently excited considerable
attention in photochirogenesis [7—10]. However the more
open secondary hydroxyl face of CDs is stated to be
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catalytically very important [11-14], modifications of this
face are believed to produce valuable derivatives for
catalysis, enzyme mimic, chiral discrimination, etc.

Of the three types of hydroxyl groups present in 5-CD,
those at the 6-position are the most basic and often most
nucleophilic, those at the 2-position are the most acidic,
and those at the 3-position are the most inaccessible. Thus,
under normal circumstances, an electrophilic reagent
attacks the 6-position, and it is important to recognize that
more reactive reagents will attack the hydroxyl groups less
selectively. Selective introduction of functional groups to
p-CD has been extensively studied for the primary
hydroxyl face [15], but less well for the secondary hydro-
xyl face. The most commonly used method for selective
introduction of one functional group at the secondary face
is via activation of one hydroxyl group by sulfonylation. In
recent years, research has focused on improving the prep-
aration of mono-2-tosyl-f-CD as the key intermediate, and
several successful strategies have been developed [16-24].
Only very few examples are known of the introduction of a
single functional group at the secondary face of CDs
without prior sulfonylation. Ding Rong and Valerian T.
D’Souza functionalized the C-2 OH by deprotonation with
NaH and subsequent reaction with an electrophilic reagent
[17], this method needs the use of strong alkali as reactant
and requires strict anhydrous conditions. Ai You Hao et al.
monoacylated -CD on the secondary hydroxyl side with
acyl chloride in alkaline acetonitrile solution [25], which
uses the toxic solvent and high reactive reagent. To our
knowledge, this reaction gave a mixture of C-2, C-3, and
C-6 positions. N-benzoylimidazole has been recently
shown to be a highly selective acylating reagent [26, 27],
however it has not excited considerable attention in
cyclodextrin chemistry. Herein, the authors describe a
convenient method for direct monobenzoylation of -CD
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Scheme 1 Direct acylation of ff-cyclodextrin with N-acylimidazole

on the secondary hydroxyl face (Scheme 1), and report the
acyl migration between the C-2 and C-3 hydroxyl groups.

Experimental

Analytical and preparative high performance liquid
chromatography (HPLC) column chromatographies were
done using a Perkin-Elmer Series 200 HPLC system with
an UV/Vis detector. A Kromasil 100-10-C18 column

Fig. 1 HPLC analysis of the
final reaction mixture of f-CD

60E+H)5 — V¥

and N-(p-methylbenzoyl)
imidazole, and the acyl
migration process of the isolated
solutions through preparative
high performance liquid
chromatography. Detection was
done at 240 nm wavelength.
Gradient elution was done from
10:90 to 40:60 MeOH-H,O for
20 min, to 100:0 MeOH-H,0
for 20 min; flow rate of 0.8 mL/
min. a The final reaction
mixture; b isolated peak 2
initially; ¢ 1 h after heated at
50 °C or 3 days after kept at
temperature room for 2; d
isolated peak 1 initially; e 1 h
after heated at 50 °C or 3 days
after kept at temperature room
for 1. Compound numbers are
presented corresponding peaks
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(4.6 mm x 250 mm) was used for the analytical HPLC,
and a ZORBAX SB-C18 column (10 mm x 250 mm) was
used for preparative HPLC. NMR spectra were recorded on
Bruker AM-600 ("H 600 MHz and ')C 150 MHz) in
DMSO-d¢ solutions with tetramethylsilane (TMS) as
standard. The ESI-MS experiments were performed using a
ThermoQuest Finnigan LCQPE? system equipped with an
ESI source (ThermoQuest LC/MS Division, San Jose, CA,
USA). About 0.2 M carbonate buffer (pH 9.9) was pre-
pared by mixing equal volumes of 0.2 M sodium carbonate
and 0.2 M sodium bicarbonate. All other chemicals were of
commercial grade without further purification.

General experimental procedure

N-benzoylimidazole [28] was prepared in the following
way: imidazole (3.52 mmol) was dissolved in redistilled
dichloromethane (10 mL), and benzoyl chloride
(1.76 mmol) was added dropwise while the solution was
kept below 5 °C for 1 h. After standing for another 1 h at
room temperature, the suspension was filtered to remove
imidazole hydrochloride, and the filtrate was evaporated
in vacuo at 30 °C until no solvent evaporated out. The
residue was dissolved in DMF (60 mL), and fS-CD
(1.76 mmol) was added and stirred. After the stirred
solution became clear, 12 mL of 0.2 M carbonate buffer
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Fig. 2 The 'H and partial '*C
NMR spectra of isomers (1 and
2) in DMSO-dg. The numbers
indicate the peak assignments
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Fig. 3 HPLC analysis of the
final reaction mixture of f-CD
and N-(p-methoxybenzoyl)
imidazole, and the acyl
migration process of the isolated
solutions through preparative
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chromatography. Detection was
done at 255 nm wavelength.
Gradient elution was done from
10:90 to 40:60 MeOH-H,O for
20 min, to 100:0 MeOH-H,0
for 20 min; flow rate of 0.8 mL/
min. a The final reaction
mixture; b isolated peak 4
initially; ¢ 2 h after heated at
50 °C or 7 days after kept at
temperature room for 4; d
isolated peak 3 initially; e 2 h
after heated at 50 °C or 7 days
after kept at temperature room
for 3. Compound numbers are
presented corresponding peaks
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(pH 9.9) were added. The reaction mixture was heated at
60 °C for 2 h. Then the mixture was neutralized with 1 N

HCI, evaporated in vacuo to a volume of ca. 5 mL, and column eluted with H
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300 mL of acetone was added to precipitate cyclodextrin
derivatives. The collected solid was subjected to a RP-18

»,O-MeOH; the eluent composition
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Fig. 4 The 'H and partial '*C
NMR spectra of isomers (3 and
4) in DMSO-d¢. The numbers
indicate the peak assignments

was gradually changed (MeOH-H,0, 0-10%, 10%-20%,
20%-30%, 30%—50%) until the products were eluted. The
residue obtained after removal of the solvent was triturated
with acetone, filtered, washed with acetone and dried.
Thus, isomers were obtained.

Result and discussion

In our previous work [29, 30], the authors found that car-
bonate buffer (pH 9.9) can efficiently activate the C-2 OH
of f-CD, and regioselectively promote reactions at the 2-
position. A mixture of f-CD, one molar equivalent of N-(p-
methylbenzoyl)imidazole, and carbonate buffer in DMF
was stirred at 60 °C for 2 h. The reaction was monitored
using reversed-phase HPLC. As shown by the HPLC
(Fig. 1a), the reaction is highly regio-selective, generating
mainly 3-mono(O-p-methylbenzoyl)-f-CD (2), 2-mono(O-
p-methylbenzoyl)-f-CD (1), and a little multi-benzoates.
Open reversed-phase column chromatographic separa-
tion of the above reaction mixture afforded a fraction
containing 1 and 2 (total yield 44%); Rechromatography
led to the same result and not to the pure isomers. This
result was unexpected. Therefore this observation led to the
assumption that acyl migration occur between the C-2 and
C-3 hydroxyl groups [31, 32]. In order to prove the
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conclusion, the isolation of 1 and 2 was carried out using
HPLC. On the preparative column with the elution of 20%
aqueous MeOH, 1 and 2 showed good separations, and
were collected respectively. Monitoring by HPLC of the
two isolated solutions (Fig. 1b—e), it was surprise that the
solution of 1 showed proportions of 2 increasing with time,
and in the same way the solution of 2 showed proportions
of 1 increasing with time. On the other hand, it is important
to note that the rate of acyl migration is relatively slow in
room temperature, and fast in higher temperature. Conse-
quently, a systematic study on the rate, equilibrium and
mechanism of acyl migration, is in progress.

The structures of 1 and 2 were confirmed using ESI-MS
and NMR spectra. Their ESI-MS spectrum exhibited the
molecular ion [M + Na]t at m/z 1275. As shown in Fig. 2,
the 'H and '>C NMR spectra show peaks in pairs, these
indicate there exist two isomers. '*C NMR spectra is an
effective technique for the analysis of cyclic oligosaccha-
rides. As elegantly explained by Breslow [16], usually,
arylation of a hydroxyl group of CDs leads to a downfield
chemical shift of the carbon carrying the hydroxyl («-car-
bon), but a small upfield chemical shift of f-carbon and a
still smaller shift of y-carbon. In the '*C NMR spectra, no
change in the shift of C-6 of the substituted glucose unit
with respect to unsubstituted glucose units clearly indicate
that the substituent is at the 2 and 3-positions other than at
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the 6-position of -CD. Because signals of C-4'(3), which
are the substituted glucose unit at the 3-position, are higher
than those of C-1'(2) which are the substituted glucose unit
at the 2-position, quantities of 2 is more than 1. This result
is consistent with that of HPLC.

Using N-(p-methoxybenzoyl)imidazole as acylating
reagent, the similar results were obtained (3 and 4, total
yield 40%), shown in Figs. 3 and 4. Their ESI-MS spec-
trum exhibited the molecular ion [M + Na]*t at m/z 1291.

Conclusion

A facile direct monobenzoylation of -CD on the second-
ary hydroxyl face was developed by using the combination
of N-benzoylimidazole and carbonate buffer in DMF, and
the acyl migration between the C-2 and C-3 hydroxyl
groups of f-CD was observed. Because the rate of acyl
migration is relatively slow in room temperature, the
authors are in the process of enantiodifferentiating photo-
isomerization of (Z)-cyclooctene included and sensitized
by 2-O-modified 5-CD or 3-O-modified -CD.
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