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ENZYME-BASED DISCRIMINATION BETWEEN CLOCKWISE AND COUNTERCLOCKWISE
ISOMERS OF UNSYMMETRICALLY DISUBSTITUTED B-CYCLODEXTRINS.

6A,6B- AND 6A,6G-DERIVATIVES
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6A, 6X-Dideoxy-6A-phenylthio-6X-[ (B-naphthylsulfonyl)oxyl]-B-cyclodextrins (X=
¢ and B) (5 and 6) were prepared together with the other isomers (X=C, D, E,
and F) (1-4), isolated by reversed-phase column chromatography, and structur-
ally assigned by use of Taka amylolysis.

One of the most interesting studies on preparation of enzyme (or receptor)
mimics is attachment of two different groups on desirable positions of cyclo-
dextrins.l There are five, six, or seven regioisomers for 6A,6X-unsymmetri-
cally disubstituted o, B, or y-cyclodextrins, respectively.2 However, neither
specific synthesis3 of one isomer nor separation of one isomer from an isomeric
mixture has been achieved. Accordingly, the strategy of regioisomer determi-
nation has not been developed. We describe here the complete resolution of
six regioisomers 1-6 (X=B, C, D, E, F, and G) and the enzyme-based discrimi-
nation between the 6A,6G (5)- and the 6A,6B (6)-isomers.

The regioisomeric mixture (1-6), which was prepared by the reaction of
6~deoxy-6-phenylthio-g-cyclodextrin with B-naphthalenesulfonyl chloride in
pyridine, was chromatographed by use of a reversed-phase column4 to give pure
1 (7.5%), 2 (2.3%), 3 (3.1%), 4 (5.1%), 5 (2.8%), and 6 (2.7%).5 By nucleo-
philic substitutions with thiophenol, 1 and 2, 3 and 4, and 5 and 6 gave
6A,6D(7)-, 6A,6C(8)—-, and 6A,6B(9)-diphenylthio-derivatives, respectively
(Scheme l).6 Therefore, if either 5 or 6 is assigned to the 6A,6B-isomer,
the other is assigned to the 6A,6G-isomer. In order to discriminate
between clockwise and counterclockwise isomer 5 and 6, we employed Taka

amylolyses of 10 and 117

which were respectively derived from 5 and 6 by NaBH4

reduction in DMF. We have found that Taka amylolysis of 6-deoxy-6-phenylthio-
B~cyclodextrin gave 6'-deoxy—6'—phenylthio—maltose,4b and Melton reported that

the amylolysis of 6-deoxy-a-cyclodextrin afforded 6-deoxy—glucose.8 From

these results, we expected Taka amylolysis of 6A,6G-dideoxy~6A-phenylthio-8-
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cyclodextrin or 6A,6B-dideoxy-6A-phenylthio-p-cyclodextrin to give 12 or 14,
respectively. Actually, the enzymatic hydrolysis of 10 (123 mg) or 11 (160 mg)
gave two products (12 and 13) or one product (14), respectively,9 which were
reduced by 1% aqueous NaBH, to give 15 (7.4 mg) and 16 (7.4 mg), or 17 (7.7 mg),
respectively. The FABMS spectrum of 17 showed M/Z 459 (M+K+), 443 (M+Na+),

421 (M+H+), and 255 (18), and its 13C NMR spectrum (DMSO-d TMS) showed

6’
absorptions at 662.5 [C(1)], 86.4 [C(4)], 66.2 [C(5)], 18.4 [C(6)], 100.8 [C
(1")1, and 34.7 [C(6')], demonstrating that its precursor 6 was 6A,6B-dideoxy-
6A~phenylthio-6B-[ (naphthylsulfonyl)oxyll-R-cyclodextrin. The compound 12 was

assigned to 6'-deoxy-6'-phenylthio-maltose by comparing its R_. value on silica
gel TLC, its retention time in reversed-phase HPLC, and its 1§C NMR spectrum
with those of the authentic sample.4b Moreover, the FABMS spectrum of 15
showed the correct molecular ion and the fragmentation ion 18, and the 13C NMR
spectrum of 15 showed absorptions at §62.5 and 62.8 [C(l) and C(6)], 83.4 [C
(4)], 100.6 {C(1')], and 35.1 [C(6')], demonstrating that its precursor 5 was
6A,6G-dideoxy-6A-phenylthio-6G-[ (naphthylsulfonyl)oxyl]=-g-cyclodextrin. The
FABMS and the 13C NMR spectralO of 16 also confirmed the structural assignment
of 5. In conclusion, the disubstituted B-cyclodextrins,5 and 6, were assigned
to the 6A,6G- and the 6A,6B-isomers, respectively.

However, the present method is not applicable to the discriminations
between the 6A,6C- and the 6A,6F-isomers and between the 6A,6D- and the 6A,6E~
isomers, since the same products (12 and 6-deoxy-glucose) are produced by their

Taka amylolyses. Therefore, development of any novel method is necessary for

such discriminations.
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The assigned 5 or 6 will serve as 6A,6G- or 6A,6B-specimens for structur-
al determinations of unsymmetrically bifunctionalized 8-cyclodextrins (arti-
ficial enzymes or receptors) and also will give unique enzyme (or receptor)
mimics having a hydrophobic group (phenylthio group) on the 6A carbon and a
functional group, which is derived from the (naphthylsulfonyl)oxyl moiety,

on the 6G or 6B carbons, respectively.

Ll e

OH OH OH OH OH OH OH OH OH
12 : X = CHZOH 13 : X = CH3, Y = CHZSPh
14 : X = CH3 19 : X = CstPh, Y = CH3
SPh X Ph
(0] OH o}
e R -4
OH OH OH OH OH OH OH OH OH OH OH
15 : X = CHZOH 16 : X = CH3, Y = CstPh 18
17 : X = CH3 20 : X = CstPh, Y = CH3
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