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Abstract: Each of 6~-~-(p-nitrobenzenesulfonyl~-6x-O-(~ -na~~hthalenesulfonyl)-~ - 

cyclodextrins (X= B-G) was prepared by the reaction of 6-O-(a-naphthalenesulfonylj-fi 

-cyclodextrin with p-nitrokenzenesulfonyl chloride, isolated, and structurally deter- 

mined through selective chemical conversion. 

Unsymmetrically bifunctionai cyclodextrins have attracted much attention because 

they are excellent mimics of enzymes or receptors. 2 Unfortunately, the position of the 

f,wo 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 B- 

cyclodextrin derivative possessing two sulfonyl groups of different reactivities at- 

tached to the primary hydroxyl side of the macrocycle, 3 the regiochemical purity and 

thr positions of attachment are not mentioned. 

We have developed effective methods for the separation and unequivocal structure 

determination of symmetrically 6-0-disubstituted cyclodextrins.4 ke recently reported 

the synthesis of sets of structurally determined cyclodextrins having two different 

substituents, 6~-S-phenyl-6x-O-(~-naphthalenesulfonyl)-6~-thio-8-cyclodextrins (X = 

B-G, la-f), and 6A-S-(tert-butyl)-6X-S-phenyl-6A,6x-dithio-~-cyclodextrins (X = B- 

G).5 These provide authentic compounds for regiochemical determination of unsymmetri- 

cally hifunctional 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 

bifunctionaf cyclodextrins. Their regiochemistry is determined with the aid of the 
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Za-f 

disubstitnted cyclodext,rins la-f. Compounds 2a-f have two different, sulfonrl groups at 

the 6-O positions and their reactlvities are very different from one another in 

nucleophilic substitution reactions. 

p-~i~rohenzenesulfonyf chloride (700 mg, 3. IfiulO-3 mol) was added to a solution 

of 6-O-( /3 -napht.hnlpnes~llfonvl)-~ -ryclodextrin (500 III%, 3.7HrlO-” mol) in dr:- 

pyridine (20 mI.) under ice cooling and t.tw mixtllrp was st.irretl for 3 h in an ice bath. 

After usual workup procedure followed by conrentratinn, the residue WRS 

c,hromatc,grRphed by R reverse-phase column with a qradient plution from water t.o 

aqaeous ethanol to givr the recovered starting material (161 mg, 32.2 X), 2a (19 mg, 

3.3 X), 2b (22 mq:, 3.9 X), 2c (17 mg, :3,0 

anJ 2f (8 mg, 1.3 %). The numbers f’ta-f) 

incwasing retention time in reverse-phase 

raph:- (Figure 1). 

%I, 2d (26 mg, 4.9 %), 2e (12 rn<% 2.1 Xi, 

of the compounds are ql+en in the order of 

HPLC and a reverse-phase column chromatoe- 

40 % EtOH 

~~- - 
0.5 1 .‘o 1:5 ( L ) 

Figure 1. Reverse-phase column chromatography of 6*-O-(p-nitrobenzenesulfonyl)- 

6x-O-(fi-naphthalenesulfonyl)-@-cyclodextrins 2a-f. A gradient of 

ethanol (EtOH) was applied, 
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Thr fast-atom-homhardment IFAB) mass spectra of compounds 2a-f demonstrate that 

they are unsymmetrically disulfonylated p-cyclodextrins. The ‘H HYR spectra also show 

that each of the compounds 2a-f has a p-nitrohenzenesulfonyl group and a /3 - 

naphthalenesulfonvl group attached t,o the cyclodextrin moicts. That. the p- 

nitrobenzrnesulfon~l group must he located on a S-O posj tion in rt=asonahl>- deduced 

from many reslrlts of similar sulfonvlation reactions in pyridinr.z-6 

The posit.iow.1 determination of the sulfonyl groups Eas carried out by selective 

nucleophilic suhst,itution of the p-nitrohenzrnesulfonyl croup with t,hiophenol. 4 solu- 

tiori of 2b (50 mg, 0.31~10-~ mol), thlophenol (5.5 mp, 4.98x10-' mol), and CszCO? (8.1 

mg, 2.13~10-~ mot) in dimethylformamide (1 mL) was st.irrerl at room tpmperatnre for 3 

II. After the reaction mixture was concentrated in VBCIIO, the residue was analyzed by 

rg’~rrqc-phase HPLS and chromat.ogrnphed by a reverse-phase column to <lx-e a ma.jor 

prodrlct lb !I5 mg, 31.2 %). By comparlnq its HPLC retention tine and ‘H UMH speirtrum 

with those of t.he allthent ic samples, 5a lb was assjerned to A*-S-phenyl-GD-O-( /3 - 

~~a~,l~t,halenesulfoll~l)-fiA-thio-P -cpclodextrin. Therefore, 2b was assigned t.o 6*-O-(p- 

nit.roher;~~ncs~~lf(,nyl)-fiD-T)-(~-naphthalenen~llfonyI I-a-cyclodextrin. Similarlx-, st~ruc- 

tul,+Y determination of the ot.her disulfonylsted cyclodextrins was successfully carried 

2a 

a 

2b 

lb : id le 

Scheme 1. Structure determination of 6*-O-(p-nitrobenzenesulfonyl)- 

6X-O-(8 -naphthalenesulfonyl))-B-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 Tabushi7 pointed out as R (recht angular), E 

(entgegen), and 2 (zusammenl arrangement of two differeut functional groups. 
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