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cyclodextrins (X= B-G) was prepared by the reaction of 6-0D-(8 -naphthalenesulfonyl)-g8
-cyclodextrin with p-nitrobenzenesulfonyl chloride, isolated, and structurally deter-

mined through selective chemical conversion.

Unsymmetrically bifunctional cyclodextrins have attracted much attention because
they are excellent mimics of enzvmes or receptors.? Unfortunately, the position of the
two functional groups in the reported compounds have not been unequivocally deter-
mined, being inferred only from the enzyme-like or receptor-like behavior of the com-
pounds. Although a pioneering study has been reported on the preparation of a £ -
cyclodextrin derivative possessing two suifonyl groups of different reactivities at-

tached to the primary hydroxyl side of the macrocycle,® the regiochemical purity and

We have developed effective methods for the separation and unequivocal structure
determination of symmetrically 6-O-disubstituted cyclodextrins.? We recently reported
the synthesis of sets of structurally determined cyclodextrins having two different
substituents, 6A-S-phenyl-6%-0-{ 8 -naphthalenesulfonyl)~624-thio-8 -cyclodextrins (X =
B-G, 1ta-f), and 6A-S-(tert-butyl)-6X~-S-phenyl-64,6%~dithio~f -cyclodextrins (X = B-
G).5 These provide authentic compounds for regiochemical determination of unsymmetri-
cally bifunctional cyclodextrins through appropriate chemical conversions,

In the present paper, we describe preparation of unsymmetrically disulfonylated
cyclodextrins (2a-f) as the starting materials for the synthesis of unsymmetrically

bifunctional cyclodextrins. Their regiochemistry is determined with the aid of the
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disubstituted cvclodextrins la-f. Compounds 2a-f have two different sulfonyl groups at
the 6-0 positions and their reactivities are very different from one another in
nucleophilic substitulion reactions.

p-Nitrohenzenesulfonyl chloride {700 mg, 3.16x10-3 mol) was added to a solution
of 6-0-( A8 -naphthalenesulfonyl)-8 ~cvclodextrin (500 mg, 3.78x10-% mol} in dry
pyridine {20 mL) under ice cooling and the mixture was stirred for 3 h in an ice bath.
After usual workup procedure followed by concentration, the residue was
chromatographed by a reverse~phase column with a gradient elution from water fto
agueous ethanol to give the recovered starting material (161 mg, 32.2 %), 2a (19 mg,
3.3 %y, 2b {22 mg, 3.9 %), 2¢ (17 mg, 3.0 %}, 2d (28 me, 4.9 %), 2e (12 mg, 2.1 %),
and 2f (B mg, 1.3 %). The numbers {(2a~f) of the compounds are given in the order of
increasing retention time in reverse-phase HPLC and a reverse-phase column chromatog-

raphy (Figure 1}.
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Figure 1. Reverse-phase column chromatography of 6A-0O-(p-nitrobenzenesulfonyl)-~
6% ~0-{ 8 ~naphthalenesulfonyl)- 2 -cyclodextrinsg 2a-f. A gradient of
ethanol (EtOH) was applied,



The fast-atom-hombardment (FAB) mass spectra of compounds 2a-f demonstrate that
thev are unsymmetrically disulfonyvlated B -cyclodextrins. The !H NMR spectra also show
that each of the compounds 2a-f has a p-nitrobenzenesulfonyl group and a g8 -
naphthalenesulfonyl group attached to the cvclodextrin moiety., That the p-
nitrobenzenesulfonyl group must be located on a 6-0 position is reasonahly deduced
from many results of similar sulfonvlation reactions in pyridine.Z-8

The positional determination of the sulfonyl groups was carried out by selective
nucleophilic substitution of the p-nitrobenzenesulfony! group with thiophenol. 4 solu-
tion of 2b (50 mg, 3.31x10-% mol), thiophencl (5.5 mg, 4.98x10-5 mol), and Cs2003 (8.1
mg, 2.19x10-5 mol) in dimethylformamide (1 mL) was stirred at rcom temperature for 3
h. After the reaction mixture was concentrated in vacwo, the residue was analyzed by
reverse-phase HPLC and chromatographed by a reverse-phase column to give a major
product 1b {15 mg, 31.2 %). By comparing its HPLC retention time and lH NMR spectrum
with those of the authentic samples,®2 1b was assigned to 62-S-pheny!-60-0-( 8 -

naphthalenesulfonyl)-6A-thio- A8 -cveclodextrin. Therefore, 2b was assigned to 62-0-{p-

nitrohenzenesul fonvl })~62-0-( £ -naphthalenesul fony!l)- 2 -cyelodextrin., Similarly, strue-
ture determination of the other disulfonvlated cyclodextrins was successfully carried
out. The results are shown in Scheme 1.
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Scheme 1. Structure determination of 64-0-(p-nitrobenzenesulfonyl)-
$X-0-( 8 -naphthalenesulfonyl) )-8 -cyclodextrin 2a-f through

selective chemical conversion.
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These selective chemical conversions demonstrated that the unsymmetrically disul-
fonylated cyclodextrins can offer unsymmetrically bifunctional cyclodextrins having
all types of regiochemistry that Tabushi’? pointed out as R (recht angular), E

{entgegen), and 7 {(zusammen) arrangement of two different functional groups.
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