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Summary: A regioisomeric mixture of 3A—O~(ﬂ—naphthylsulfonyl)—GX—O—
mesitylsulfonyl-x-cyclodextrins (X = A-F) was prepared by the reaction of 3-
O-(B-naphthylsulfonyl)-0-cyclodextrin with mesitylenesulfonyl chloride in
pyridine. Each isomer was isolated and assigned.

Bifunctionalization of cyclodextrins has attracted much attention in

2 The ﬁydroxyl groups of

construction of artificial enzymes and receptors.
cyclodextrins should be activated usually before their functionalization.

Regiospecifically transannular disulfonylation methods were developed
for activation of two primary (6-OH) hydroxyl groups of AB-cyclodextrin by
Tabushi.? 6A,6x—Di—0—sulfonylation followed by effective separation of each
regioisomer was reported with o«-, 8-, and 7-cyclodextrins by Fujita et al.?
With respect to disulfonylation of the secondary hydroxyl group (2-OH or 3-
OH), there are a few reports; 2A,2X—Di—0—su1fonylation of a—cyclodextrin5a
and 3A,3x—di—0-sulf0nylation of ﬂ—cyclodextrin5b were reported by Fujita et
al.6

The two activated hydroxyls in these disulfonates are located on the

same side of cyclodextrin cavity (see 1, 2, and 3). Therefore, the artifi-
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cial enzymes and receptors derived from these disulfonates will possess two
functional groups at the same side of cyclodextrin cavity which is the bind-
ing site of substrate. These systems are extremely interesting, but it is
necessary to develop a method that enables two functional groups to locate
on the opposite sides of cyclodextrin cavity for the sake of wide study on
construction of artificial enzymes and receptors.

We described here preparation and structure determination of 3A—O—(B—
naphthylsulfonyl)-6X—O—mesitylsulfonyl—d—cyclodextrins (X = A-F) whose sul-
fonylated hydroxyl groups are located on the opposite sides of the
cyclodextrin cavity to each other (see 4).

Mesitylsulfonyl chloride (2.17 g) was added to a solution of 3-0-(/3-
naphthylsulfonyl)-d—cyclodextrinsa (1.087 g) in pyridine (18 mL) at room
temperature. The solution was stirred for 3 h. After addition of water,
the solution was concentrated in vacuo, dissolved in 10% aqueous CH3CN, and
chromatographed on a reverse-phase column (Lobar column, size C, Merck) with
gradient elution from 10% aqueous CH,CN (1 L) to 25% aqueous CH3CN (1 L)
followed by gradient elution from 25% agqueous CH3CN (2 L) to 35% aqueous
CH3CN (2 L) to give the recovered starting material (596.7 mg, 54,9%), 5
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(65.5 mg. 5.2%), 6 (76.1 mg, 6.1%), 7 (49.9 mg, 4.0%), 8 (31.8 mg, 2.5%), 9
(59.5 mg, 4.7%}), and 10 (75.7 mg, 6.0%). The numbers of the compounds 5-10
are given in order of increasing retention time in HPLC on a reverse-phase
column (Cosmosil 5Cqgr 4.6 mm x 100 mm, Nakarai) with gradient elution from
10% agqueous CH3CN to 40% agqueous CH3CN.

The structures of 5-10 were determined as follows. The 'H and '3C NMR
spectra and fast-atom-bombardment mass (hereafter abbreviated as FABMS)
spectra of 5-10 showed that each of them possessed one A-naphthylsulfonyl
group at C-3 and one mesitylsulfonyl group at C-6. However, these spectral
data did not clarify their regiochemistry.

Fujita et al. reported that 6-O-arenesulfonyl-cyclodextrins and 3-0-
arenesulfonyl-cyclodextrins were easily and exclusively converted to 3,6-
anhydrocyclodextrins and 2,3-anhydro-3(R)-cyclodextrins, respectively, by
treatment with 0.1 N Ba(OH), at 40 °C.52:P+7 They also showed that the lat-
ter products were further converted to 3,6-anhydrocyclodextrins by treatment
with 0.25 N Ba(OH), at 90 ©c.8 These results were used for determination of
the regiochemistry of 5-10.

A solution of each 3A,6X—disu1fonate in 0.1 N Ba(OH)2 was kept at 40 O¢
for 4 h. The R¢ values on silica gel TLC of the reaction mixtures
demonstrated that 5-9 afforded respectively cyclodextrin derivatives without
any arenesulfonyl group and that only 10 gave a monosulfonate 14, Fur-
theremore, reactions of 5-9 with 0.25 N Ba(OH)2 at 90 ©C for 48 h were
carried out. The reaction mixture was neutralized with diluted Hy80,, fil-
tered, concentrated in vacuo, and chromatographed on the reverse-phase
column to give 11-14, The results are summarized in Scheme 1.

The FABMS spectra of 11-14 showed that they were dianhydro-{-
cyclodextrins. By comparing their TH NMR spectra and HPLC retention times
with those of the authentic 3%,62;3%,6%X_dianhydro-o-cyclodextrins (X = B, X
= C, and X = D} which were easily prepared by the reactions of 6A,6X—di-0—
arenesulfonyl-d-cyclodextrins (X = B, X = C, and X =D) with Ba(OH)2,4d'8 the
compounds 11-13 were assigned to 3A,6A;3D,6D—dianhydro—d—cyclodextrin,
3A,GA;3C,6c—dianhydro—d—cyclodextrin, and 3A,GA;3B,6B—dianhydro—d—cyclo—
dextrin, respectively.

The 'H NMR and FABMS spectra of the sulfonate 14 demonstrated that it
was 6-O-mesitylsulfonylated 2,3-anhydro-o-cyclodextrin. While only 3A—O~(ﬁ—
naphthylsulfonyl)—6A-O—mesitylsulfonyl—d~cyclodextrin can give 6-0-
mesitylsulfonylated 2,3-anhydro-g-cyclodextrin as a major product of the
reaction under alkaline conditions, all other regioisomers can be convert-
ible to 2,3;3,6-dianhydro-g-cyclodextrins and then to 3,6-dianhydro-o-cyclo-
dextrins under the conditions. Therefore, 10 should be assigned to 3A—0-(ﬂ—
naphthylsulfonyl)-6A—O—mesitylsulfonyl—d-cyclodextrin.
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The assignment of 5 to 3A—O-(ﬁ—naphthylSulfonyl)—6D-O-mesitylsulfonyl—
ol~cyclodextrin is confirmed by symmetry of T NMR spectrum of 119 showing
that 11 must be a symmetric compound, 3A,6A;3D,GD-dianhydro—d—cyclodextrin.

In conclusion, 5-10 are assigned to 3A,6D—, 3A,GC- {or 3A,6E—), 3A,6E—
(or 32,6C-), 32,6B- (or 33,6F-), 32,67 (or 3%,6B-), ana 3,6™-disulfonates,
respectively.

Acknowledgment. We are indebted to Japan Maize Co. LTD. for a generocus
gift of «-cyclodextrin.

References and Notes

1. (a) Fukuyama University. (b) Kyushu University. (c) Daiichi College

2. I. Tabushi, K. Shimokawa, and K. Fujita, Tetrahedron Lett., 1527 (1977);
R. Breslow, J. N. Doherty, C. Guillot, and C. Lipsey, J. Am. Chem. Soc,,
100, 3227 (1978); R. Breslow, P. Bovy, and C. L. Hersh, Ibid., 102, 2115
(1980); I. Tabushi, and Y. Kuroda, Ibid., 106, 4580 (1984); I. Tabushi,
Y. Kuroda, M. Yamada, M. Higashimura, and R. Breslow, Ibid., 107, 5545
(1985); I. Tabushi, Y. Kuroda, and T. Mizutani, Ibid., 108, 4514 (1986).

3. I. Tabushi, K. Shimokawa, N. Shimizu, H. Shirakata, and K. Fujita, J. Am,
Chem. Soc., 98, 7855 (1976); I. Tabushi, Y. Kuroda, K. Yokota, and L. C.
Yuan, Ibid., 103, 711 (1981); I. Tabushi and L. C. Yuan, Ibid., 103. 3574
(1981); I. Tabushi, T. Nabeshima, K. Fujita, A. Matsunaga, and T. Imoto,

J. Org. Chem., 50, 2638 (1985).

4., (a) K. Fujita, A. Matsunaga, and T. Imoto, J. Am. Chem. Soc., 106, 5740
(1984); (b) K. Fujita, H. Yamamura, A. Matsunaga, and T. Imoto, Ibid.,
108, 4509 (1986); (c) K. Fujita, A. Matsunaga, and T. Imoto, Tetrahedron
Lett., 25, 5533 (1984); (d) K. Fujita, H. Yamamura, T. Imoto, T. Fujioka,
and K. Mihashi, J., Org. Chem., 53, 1943 (1988).

5. (a} K. Fujita, S. Nagamura, T. Imoto, T. Tahara, and T. Koga, J. Am.
Chem. Soc., 107, 3233 (1985). (b) K. Fujita, T. Tahara, T. Imoto, and T.
Koga, Ibid., 108, 2030 (1986).

6. Studies on monosulfonylation of the secondary hydroxyl group other than

those described in ref. 5; (a) K. Fujita, S. Nagamura, and T. Imoto,
Tetrahedron Lett., 25, 5673 (1984). (b) K. Fujita, T. Tahara, S.
Nagamura, T. Imoto, and T. Koga, J. Org. Chem., 52, 636 (1987). {(c) A.
Ueno and R. Breslow, Tetrahedron Lett., 23, 3451 (1982). (d4d) K.
Takahashi, K. Hattori, and F. Toda, Ibid., 25, 3331 (1984). (e) T.
Murakami, K. Harata, and S. Morimoto, Ibid., 28, 321 (1987).

7. K. Fujita, H. Yamamura, T. Imoto, and I. Tabushi, Chem. Lett., 543
{1988).

8. K. Fujita, T. Tahara, Y. Egashira, H. Yamamura, T. Imoto, T. Koga, T.
Fujioka, and K. Mihashi, Chem. Lett., 705 (1988).

9. The TH NMR spectrum of 11 was already shown elsewhere. See ref. 8.

(Received in Japan 24 December 1988)



