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[57] ABSTRACT 

There are disclosed certain amino or aZido cyclodeXtrin 
ethers, Which have similar or improved properties to known 
cyclodextrins. The novel compounds are substituted cyclo 
deXtrins having substituents comprising amino, aZido, 
aralkoxycarbonylamino and certain ether-linked 
aminoalkyl, aZidoalkyl, or alkenyl groups. Also disclosed 
are processes for preparing such compounds. 
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AMINO-CYCLODEXTRIN SYNTHESES 

This invention relates to methods of synthesis of aZido 
cyclodextrins, haloalkyl-cyclodextrins, amino 
cyclodextrins, amino-alkyl cyclodextrins, substituted 
amino-cyclodextrins and alkenyl cyclodextrins. Cyclodex 
trins are Widely known as food and drug additives, as 
catalysts in chemical and industrial processes, and in numer 
ous spectroscopic, analytical and preparative procedures, 
(see Li and Purdy, Chem. Rev. 1992, 92, 1457—1470, herein 
incorporated by reference). Their inclusion compounds are 
similarly Widely knoWn (see Saenger, AngeW. Chem. Int. 
Ed. Engl. 1980, 19, 433—362, herein incorporated by 
reference). 

The present invention primarily relates to processes of 
preparing substituted cyclodextrins. Speci?c reagents are 
utiliZed to produce speci?c products. The present invention 
secondarily provides novel compounds prepared by the 
process. Although the invention Will be described and 
referred to as it relates to processes of preparation of 
aZido-cyclodextrins, haloalkyl-cyclodextrins, amino 
cyclodextrins, amino-alkyl cyclodextrins, substituted 
amino-cyclodextrins and alkenyl cyclodextrins and novel 
aZido-cyclodextrins, haloalkyl-cyclodextrins, amino 
cyclodextrins, amino-alkyl cyclodextrins, substituted 
amino-cyclodextrins and alkenyl cyclodextrins prepared 
thereby, it Will be understood that the principles of this 
invention are equally applicable to similar processes and 
products, and accordingly it Will be understood that the 
invention is not limited to such processes and products. 

BACKGROUND OF THE INVENTION 

Cyclodextrins are cyclic alpha-1,4-oligosaccharide starch 
derivates. Alpha, beta, gamma, and delta cyclodextrins are 
knoWn, containing six, seven, eight, and nine glucose units 
respectively. Their importance lies in their enZymic proper 
ties attributed to their holloW truncated cone structure hav 

ing primary 6-hydroxyls at the narroWer end, and secondary 
2- and 3-hydroxyls at the Wider end, a relatively hydropho 
bic interior cavity and a relatively hydrophilic exterior. 

The cyclodextrins form inclusion complexes and it is 
believed that these inclusion complexes and similar com 
pounds modify the chemical and physical environment 
affecting chemical reactions to induce chirality in otherWise 
achiral reactions. The cyclodextrins are themselves inher 
ently chiral being composed of chiral D-glucose units. 

Substituted aminodeoxy cyclodextrins are particularly 
noted for their chiral catalytic effects (Tagaki et al., Tetra 
hedron Lett., 1990, 31, 3897—3900, Parrot-Lopez et al., 
Tetrahedron: Asymmetry, 1990, 1, 367—370, AngeW. Chem. 
Int. Ed. Engl., 1992, 31, 1381—1383, incorporated herein by 
reference). 

AZidodeoxy cyclodextrins are suitable precursors for ami 
nodeoxy cyclodextrins. 

It is a principal object of the invention to prepare aZi 
dodeoxy cyclodextrins and their amino derivatives. 

In accordance With a broadest aspect of an embodiment of 
the invention there is provided a compound of formula 
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Wherein C is cyclodextrin, A is amino, aZido or aminocar 
bonyl aralkoxy, Wherein said aralkoxy has 7 to 10 carbon 
atoms and n is 0, 1, 2 or 3, B is hydroxyl, or one ofA and 
B is aZido and the other is aminocarbonyl aralkoxy, R is 
hydrogen, alkyl of 1 to 6 carbon atoms, alkenyl of 2 to 6 
carbon atoms, aminoalkyl of 1 to 6 carbon atoms, aZidoalkyl 
of 1 to 6 carbon atoms, haloalkyl of 1 to 6 carbon atoms, 
alkylcarboalkoxy in Which the alkyl and alkoxy groups have 
1 to 6 carbon atoms each, With the proviso When R is 
aminoalkyl, aZidoalkyl, or haloalkyl n is 0. 

In a broadest aspect of another embodiment of the inven 
tion there is provided a process of preparation of a com 
pound of formula 

OR 

Wherein C is cyclodextrin, A is amino, aZido or aminocar 
bonyl aralkoxy, Wherein said aralkoxy has 7 to 10 carbon 
atoms and n is 0, 1, 2 or 3, B is hydroxyl, or one ofA and 
B is aZido and the other is aminocarbonyl aralkoxy, R is 
hydrogen, alkyl of 1 to 6 carbon atoms, alkenyl of 2 to 6 
carbon atoms, amin alkyl of 1 to 6 carbon atoms, aZidoalkyl 
of 1 to 6 carbon atoms, haloalkyl of 1 to 6 carbon atoms, 
alkylcarboalkoxy in Which the alkyl and alkoxy groups have 
1 to 6 carbon atoms each, With the proviso When R is 
aminoalkyl, aZidoalkyl, or haloalkyl n is 0. When Ais aZido, 
B is hydroxyl, n is 1, 2, or 3, a cyclodextrin of formula I, 
Wherein C is cyclodextrin, B is hydroxyl, R is hydrogen, 
alkyl of 1 to 6 carbon atoms, or alkenyl of 2 to 6 carbon 
atoms, is reacted With alkali metal aZide triphenyl 
phosphine, and carbon tetrabromide. When A is aZido, B is 
aminocarbonyl aralkoxy, Wherein said aralkoxy has 7 to 10 
carbon atoms, n is 1, 2, or 3, a cyclodextrin of formula I, 
Wherein C is cyclodextrin, A is aminocarbonyl aralkoxy, 
Wherein said aralkoxy has 7 to 10 carbon atoms, B is 
hydroxyl, R is hydrogen, alkyl of 1 to 6 carbon atoms, or 
alkenyl of 2 to 6 carbon atoms, is reacted With alkali metal 
aZide triphenyl phosphine, and carbon tetrabromide. WhenA 
is amino, B is hydroxyl, n is 1, 2, or 3, a cyclodextrin of 
formula I, Wherein C is cyclodextrin, A is aZido, B is 
hydroxyl, R is hydrogen, alkyl of 1 to 6 carbon atoms, or 
alkenyl of 2 to 6 carbon atoms, is reacted With hydrogen in 
the presence of palladium on charcoal. When Ais aminocar 
bonyl aralkoxy, B is hydroxyl, n is 1, 2, or 3, a cyclodextrin 
of formula I Wherein C is cyclodextrin, A is aZido, B is 
hydroxyl, R is hydrogen, alkyl of 1 to 6 carbon atoms, or 
alkenyl of 2 to 6 carbon atoms, is reacted With sodium 
bicarbonate and aralkyl chloroformate, Wherein said aralkyl 
has 7 to 10 carbon atoms. When n is 0, B is hydroxyl, R is 
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aZidoalkyl of 1 to 6 carbon atoms cyclodextrin is reacted 
With alkali metal hydride in a ?rst step, and the product 
thereof With haloaZidoalkane in a second step. When n is 0, 
B is hydroxyl, R is aminoalkyl of 1 to 6 carbon atoms, a 
cyclodextrin of formula I, Wherein n is 0, B is hydroxyl, R 
is aZidoalkyl of 1 to 6 carbon atoms is reacted With triph 
enylphosphine in the presence of ammonia. When n is 0, B 
is hydroxyl, R is alkyl of 1 to 6 carbon atoms or alkenyl of 
2 to 6 carbon atoms cyclodextrin is reacted With alkali metal 
hydride in a ?rst step and the product thereof With a reagent 
selected from the group consisting of alkyl or alkenyl 
iodides, and their bromo and chloro analogs in the presence 
of alkali metal iodide in a second step. When n is 0, B is 
hydroxyl, R is haloalkyl of 1 to 6 carbon atoms cyclodextrin 
is reacted With alkali metal hydride in a ?rst step and the 
product thereof With a reagent selected from the group 
consisting of alpha-omega iodohaloalkanes, and their bro 
mohalo analogs in the presence of alkali metal iodide in a 
second step. 

In accordance With one aspect of one embodiment of the 
present invention there is provided a compound of formula 

A“; B 
OR 

Wherein C is cyclodextrin, A is aZido and n is 0, 1, 2 or 3, 
R is hydrogen, alkyl of 1 to 6 carbon atoms, alkenyl of 2 to 
6 carbon atoms, or aZidoalkyl of 1 to 6 carbon atoms, With 
the proviso When R is aZidoalkyl, n is 0. 

In another aspect of the present invention, there is pro 
vided a process of preparation of a compound of formula 

A“; B 
OR 

Wherein C is cyclodextrin, A is aZido and n is 0, 1, 2 or 3, 
R is hydrogen, alkyl of 1 to 6 carbon atoms, alkenyl of 2 to 
6 carbon atoms, or aZidoalkyl of 1 to 6 carbon atoms, With 
the proviso When R is aZidoalkyl, n is 0, comprising When 
n is 1, 2, or 3 reacting a cyclodextrin of formula 

OR 

Wherein C is cyclodextrin, R is hydrogen, alkyl of 1 to 6 
carbon atoms, or alkenyl of 2 to 6 carbon atoms, With alkali 
metal aZide triphenylphosphine, and carbon tetrabromide, 
When n is 0 reacting cyclodextrin With alkali metal hydride 
in a ?rst step, and the product thereof With haloaZidoalkane 
in a second step. 

Having thus generally described the invention, reference 
Will noW be made to the Examples. 
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4 
EXPERIMENTAL DATA 

EXAMPLE 1 

2-O-Allyl-alpha-cyclodextrin 

To a solution of dried ot-cyclodextrin (2.88 g, 2.96 mmol) 
in DMSO (30 ml) Was added lithium hydride (35 mg, 1.5 
eq). The mixture Was stirred under Argon until the solution 
became clear (24 hours). To this solution Was added allyl 
bromide (256 pl, 1 eq) and lithium iodide (10 mg). The 
mixture Was alloWed to stand at 55 C for 4 hours. TLC on 
silica gel (CH3CN/H2O, 8/2) shoWed 3 products having Rf 
values of 0.28, 0.20, 0.09, and corresponding respectively to 
diallyl, monoallyl-ot-cyclodextrins, and starting material. 
ot-cyclodextrin and its derivatives Were precipitated out by 
the addition of acetone (500 ml). The precipitate Was ?ltered 
and Washed With acetone (100 ml) to give 3 g of crude 
product Which Was puri?ed by ?ash chromatography on a 
silica gel column (4x40 cm) eluting With CH3CN/H2O, 9/1 
(1 liter) then 8/2 (1.5 liters). The pure fractions of monoallyl 
ot-cyclodextrin Were combined, then concentrated in vacuo 
to give a solid (900 mg, 30%). The proton NMR spectra 
shoWed that it Was a mixture of 2, and 6-O-allyl-ot 
cyclodextrins. The latter Was present in about 20% (based on 
the integration of the alkenyl protons). Pure 2-O-monoallyl 
ot-cyclodextrin Was obtained after recrystalliZation from 
MeOH/H2O (720 mg, 24%). 

OH 

x-ray structure 
available 

mp 270° C. (dec). [01]25 +55° (c 0.1, H20). IR (KBr) 3400 
(oH). 1H NMR (DMSO-d6, 300 MHZ) 6: 3.20 (dd, 1H, 
J2_1=3.3, J,_,=9.0, HZA) 3.22—3.48 (m, 21H, H2, H4, H2O), 
3.50—7.70 (m, 18H, H5, H6), 3.70—3.82 (m, 5H, H3), 3.85 
(td, 1H, J,_,=J,_4=9.0, JN,_OH=2.2, H3A), 4.16 (dd, 1H, 
Jd_,=12.8, Jd_c=5.7, Hd), 4.28 (dd, 1H, J,_d=12.8, J,_C=5.7, 
He), 4.38—4.52 (m, 6H, 0H6), 4.79 (s, 5H, H1), 4.95 (d, 1H, 
J 1_,=3.3, HlA), 5.18 (dd, 1H, J,_C=10.4, Ja_b=1.8, Ha), 5.29 
(dd, 1H,Jb_C=17.3,Jb_a=1.8,Hb),5.40—5.70 (m, 11H, oH2, 
oH3), 5.80—5.95 (m, 1H Jc_b=l7.3, JC_,=10.4, JC_d=JC_,=5.7, 
Hc). 

13c NMR (DMSO-d6, 300 MHZ) 6: 60.1(C6), 71.9, 72.2 
(c2, c5), 72.4 (allyl), 72.8 (63A), 73.2, 73.3, 73.4 (c3), 79.6 
(c2A), 82.2, 82.4 (c4), 82.8 (c4A), 82.8 (c4A), 100.2 (c1A), 
101.2, 102.0, 102.1, (c1), 117.7 (allyl), 134.8 (allyl). 
FABMS c,,H64o,0; 1035 (M+Na). 

EXAMPLE 2 

(i) 6-AZido-6-deoxy-alpha-cyclodextrin and 
(ii) 6,6‘-DiaZido-6,6‘-dideoxy-alpha-cyclodextrin 

(i) 
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-continued 
(ii) 

N 
3 N3 

To a solution of dried ot-cyclodeXtrin (2.8 g, 2.88 mmol) 
in DMF (60 ml) Were added lithium aZide (1.40 g, 10 eq), 
triphenylphosphine (1.89 g, 2.5 eq) and carbontetrabromide 
(2.39 g, 2.5 eq). The addition of the latter caused a mildly 
exothermic reaction and the solution turned yelloW. The 
reaction Was stirred under Argon at room temperature for 6 
hours. TLC on silica gel (CH3CN/H2O, 8/2) shoWed 3 major 
products having Rf values of 0.35, 0.20, 0.09, and corre 
sponding respectively to diaZido, monoaZido-ot 
cyclodeXtrins and starting material. After addition of metha 
nol (10 ml), the broWn solution Was concentrated to about 
half by rotary evaporation under reduced pressure, then 
poured into acetone (500 ml) to precipitate out 

ot-cyclodextrin 

ot-cyclodeXtrin and its derivatives. The precipitate Was ?l 
tered and Washed With acetone (100 ml) to give 3 g of crude 
products Which Were puri?ed by ?ash chromatography on a 
silca gel column (4x40 cm) eluting With CH3CN/H2O, 9/1 
(2 liters) then 8/2 (1.5 liters). The pure fractions Were 
combined, then concentrated in vacuo to give 6-aZido-6 
deoXy-ot-cyclodeXtrin (570 mg, 20%), and 6,6‘-diaZido-6,6‘ 
dideoXy-ot-cyclodeXtrin (760 mg, 26%). 

6-AZido-6-deoXy-ot-cyclodeXtrin 

N3 

mp 1900 C. (dec) lit. 217° C. (dec), Carbohydr. Res., 
1971, 18, 29—37) [6]25 +1330 (c 0.2, H20); (1it.+128° (c 0.4, 
H20), Carbohydr. Res., 1971, 18, 29—37) IR (KBr) 3400 
(oH), 2100 (N3). 1H NMR (DMS)-d6, 300MHZ) 6: 
3.20—3.45 (m, 30H, H2, H4, H2O), 3.52—3.70 (m, 18H, H5, 
H6), 3.71—3.87 (m, 6H, H3), 4.40—4.60 (m, 5H, oH6), 
4.72—4.82 (m, 5H, H1), 4.83 (d, 1H, J1_2=3.2, HlA), 
5.31—5.49 (m, 6H, oH3), 5.49—5.62 (m, 6H, oH2). 

13c NMR (DMSO-d6, 300 MHZ) 6: 51.3 (C6A), 
60.0—60.3 (C6), 70.4 (C2/*), 72.0, 72.2, 72.3, 72.4, 73.0 (c2, 
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6 
c5), 73.2 (c3A), 73.3 (c3), 82.1, 82.2, 82.4 (c4), 83.2 
(c4A), 101.7 (c1A), 102.0, 102.2, 102.3 (c1). 
FABMS C36H59O29N3: 1020 (M+Na). 

6,6‘-DiaZido-6,6‘-dideoXy-ot-cyclodeXtrin 

Analytical reversed HPLC (u-Bondapack C18 Column, 
3.9><300 mm) shoWed that it is a miXture of 2 isomers in 
relative ratios of 75/25 as calculated from the peak areas on 

HPLC chromatogram. 

36 mg of this miXture yielded by semi-preparative reversed 
phase HPLC (Novapak C18 Column, 7.8><300 mm) 21 mg, 
80% of the major isomer and 6 mg, 70% of the minor one. 

The determination of the structure of the 2 isomers Was 

done by 13C NMR and Korner’s method. The major isomer 
is the AD isomer and the minor one is the AC isomer. 

MAJOR 

$8e858~8287§58 8583 
W 

5(4) 6 7 

Isomer Determination of Di- and TriaZido-ot-cyclodeXtrin 
by Korners method (J. Am. Chem. Soc. 1986, 108,4509). 

The AD isomer 

mp 1650 C. (dec). [a]25+77° (c 0.11, H2O). IR (KBr) 3400 
(oH), 2100 (N3). 1H NMR (DMSO-d6, 300 MHZ) 6: 
3.11—3.48 (m, 36H, H2, H4, H2O), 3.48—3.70 (m, 18H, H5, 
H6), 3.70—3.90 (m, 6H, H3), 4.42—4.68 (m, 5H, 0H6), 4.76 
(d, 2H, J1_2=3.6, H1), 4.78 (d, 2H, J1_2=3.3, H1), 4.84 (d, 2H, 
J1_2=2.4,H1A), 5.30—5.72 (m, 12H, oH2, oH3). 

13c NMR (DMSO-d6, 300 MHZ) 6: 51.3 (C6A), 60.0, 
60.3 (C6), 70.4 (CZA), 72.0, (c2), 72.1 (c5), 72.4 (c5A), 73.0 
(c3A), 73.2 (c3), 82.2, 82.4 (c4), 83.2 (c4A), 101.7 (c1A), 
102.0, 102.2 (c1). 

FABMS C58H58 028 N6; 1023 (M+H) 
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EXAMPLE 3 

(i) 6-AZido-6-deoxy-alpha-cyclodextrin and 
(ii) 6,6‘-DiaZido-6,6‘-dideoxy-alpha-cyclodextrin and 
(iii)6,6‘,6“-TriaZido-6,6‘,6“-trideoxy-alpha-cyclodextrin 

To a solution of dried ot-cyclodextrin (2.5 g, 2.61 mmol) 
in DMF (60 ml) Were added lithium aZide (1.28 g, 10 eq), 
triphenylphosphine (2.05 g, 3 eq) and carbon tetrabromide 
(2.60 g, 3 eq). The addition of the latter caused a mildly 
exothermic reaction and the solution turned yelloW. The 
reaction Was stirred under Argon at room temperature for 6 
hours. TLC on silica gel (CH3CN/H2O, 8/2) shoWed 4 major 
products having Rf values of 0.50, 0.35, 0.20, 0.09, and 
corresponding respectively to triaZido, diaZido, monoaZido 
ot-cyclodextrin and starting material. After addition of 
methanol (10 ml), the broWn solution Was concentrated to 
about half by rotary evaporation under reduced pressure, 
then poured into acetone (500 ml) to precipitate out 
ot-cyclodextrin and its derivatives. The precipitate Was ?l 
tered and Washed With acetone (100 ml) to give 3 g of crude 
products Which Were puri?ed by ?ash chromatography on a 
silica gel column (4><40 cm) eluting With CH3CN/H2O, 9/1 
(2 liter) then 8/2 (1.5 liter). The pure fractions Were 
combined, then concentrated in vacuo to give: 6-AZido-6 
deoxy-ot-cyclodextrin (470 mg, 18%), 6,6‘-diaZido-6,6 
dideoxy-ot-cyclodextrin (mixture of 2 isomers, 670 mg, 
25%), and 6,6‘,6“-triaZido-6,6‘,6“-tridexoy-(x-cyclodextrin 
(270 mg, 10%). 

(9 
N3 

(ii) 
N3 N3 

(iii) 

N3 N3 

6,6,6‘,6“-TriaZido-6,6‘,6“-trideoxy-ot-cyclodextrin 
Analytical reversed phase HPLC (,u-Bondapak C18 

Column, 3.9><300 mm) shoWed that it is a mixture of 3 
isomers in relative ratios of 70/20/10 as calculated from the 
peak areas on HPLC chromatogram. 
100 mg of this mixture yields by. semi preparative reversed 
HPLC (Novapak C18 Column, 7.8><300 mm) 16 mg, 80%, 
50 mg, 70%, and 8 mg, 70% of pure isomers. 
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8 
For 6,6‘,6“-triaZido-6,6‘,6“-trideoxy-ot-cyclodextrins: A 

quantity of the triaZido product (100 mg) Was puri?ed by 
semi preparative reversed phase HPLC* as described above. 
Evaporation of three pooled fractions gave the folloWing 
isomers. 

For the ACE isomer: mp 1780 C. (dec): [a]25+165° (c 0.2, 
MeOH); IR (KBr) 3400 (OH), 2100 (N3); 1H NMR (DMSO 
d6, 300 MHZ, the A, C, E notation refers to the glucose units 
bearing the aZide group): 6: 3.25—3.55 (m, H2, H4, H6A, 
H6C, H65, H20), 3.55—3.83 (m, 24H, H5, H6, H3), 
4.65—4.76 (m, 3H, OH6), 4.78 (d, 3H, JH1_H2=3.2, H1), 4.85 
(d, 3H, JH1_H2=3.1, H1A, H16, H15), 5.40—5.80 (m, 12H, 
OH2, OH3); 13C NMR (DMSO-d6, 100.6 MHZ, the A, C, E 
notation refers to the glucose units bearing the aZide group): 
651.3 (C6A, C6C, C65), 60.2 (C6), 70.4 (C5A, C5C, C55), 
71.9 (C2, C5), 72.4 (C2A, C2C, C25), 73.0 (C3A, C3C, C35), 
73.2 (C3), 82.5 (C4), 83.2 (C4A, C4C, C45), 101.8 (C4A, 
C4C, C45), 102.2 (C1); FABMS calcd for C36H57O27N9 
1048.3442 (M+H), found 1048.3324. 

For the ABD and ABE: mp 1900 C. (dec); [a]25+144° (C 
0.11, MeOH); IR (KBr) 3400 (OH), 2100 (N3); 1H NMR 
(DMSO-d6, 300 MHZ, the A, B, D and A, B, E notation 
refers to the glucose units bearing the aZide group): 6: 
3.25—3.48 (m, H2, H4, H6‘, H65, H61), and H6‘, H65, H65, 
H20), 3.51—3.88 (m, 24H, H5, H6, H3), 4.48—4.68 (m, 3H, 
OH6), 4.76—4.82 (m, 3H, H1), 4.86 (m, 3H, H1A, H15, H11), 
and H1A, H15, H15), 5.35—5.70 (m, 12H, OH2, OH3); 13C 
NMR (DMSO-d6, 100.6 MHZ, the A, B, D and A, B, E 
notation refers to the glucose units bearing the aZide group): 
651.1, 51.2, 51.4 (C6“‘, C65, C6D, and C6‘, C65, C65), 59.8, 
59.9, 60.2 (C6), 70.1, 70.2, 70.3, 70.4, 70.5, 70.6 (C5A, C55, 
C5D, and CSA, C55, C55), 71.7, 71.8, 71.9 (C2, C5), 72.2, 
72.27, 72.3 (C2A, C25, C2D, and C2A, C25, C25), 72.7, 72.8, 
72.9 (C3A, C35, C3D, and C3A, C35, C35), 73.1, 73.2 (C3), 
82.0, 82.1, 82.3, 82.4, 82.5 (C4), 83.1, 83.3 (C4A, C45, C4D, 
and C4A, C45, C45), 101.6, 101.68, 101.7, 101.74 (C A, 
C15, C1D and C1A, C15, C15), 101.9, 102.0, 102.1, 102.2 
(C1); FABMS calcd for C36H57O279 1048.3442 (M+H), 
found 1048.3469. 

For the ABC isomer: mp 1600 C. (dec); [a]25+141° (c 
0.12, MeOH); IR (MeOH); IR (KBr) 3400 (OH), 2100 (N3); 
1H NMR (DMSO-d6, 300 MHZ, the A, B, C notation refers 
to the glucose units bearing the aZide group): 6: 3.20—3.48 
(m, H2, H4, H6A, H65, H6C, H2O), 3.49—3.90 (m, 24H, H5, 
H6, H3), 4.45—4.76 (m, 3H, OH6), 4.78—4.85 (m, 3H, H1), 
4.88 (m, 3H, H1A, H15, H1C), 5.42—5.75 (m, 12H, OH2, 
OH3); 13C NMR (DMSO-d6, 100.6 MHZ, the A, B, C 
notation refers to the glucose units bearing the aZide group): 
651.3, 51.4 (C6A, C65, C6C), 59.8, 59.9, 60.2 (C6), 70.2, 
70.4, 70.5 (C5A, C55, C56), 71.7, 71.8, 71.9, 72.00, 72.07, 
72.1, 72.3 (C2, C5), 72.7, 72.78, 72.8 (C3A, C35, C3C), 73.1, 
73.2 (C3), 82.0, 82.2, 82.4 (C4), 83.3, 83.4 (C4A, C45, C46), 
101.7, 101.8, 101.9 (C1A, C15, C1C), 102.0, 102.1 (C1); 
FABMS calcd for C36H57O27N9 1048.3442 (M+H), found 
1048.3521. 

The determination of the structure of the 3 isomers Was 
done 13C NMR and Korner’s method. The isomer 7 on the 
HPLC chromatogram correspond to the ACE isomer, the 
isomer 4(5) to the ABD or ABE isomer and the isomer 5(4) 
to the ABE or ABD isomer. 
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8S8MSB8~8IS 958. 8583 
ot-cyclodextrin 

4(5) 

isomer Determination of Di- and TriaZido-ot-cyclodeXtrin by 
Korner’s method (J. Am. Chem. Soc. 1986, 108, 4509). 

EXAMPLE 3A 

(i) 6-AZido-6-deoXy-gamma-cyclodeXtrins 
(ii) 6,6‘-DiaZido-6,6‘-dideoXy-gamma-cyclodeXtrins 

Following the procedure described in Example 3, the 
above compounds Were produced using gamma 
cyclodeXtrin With the reactants otherWise identi?ed. 

For 6,6‘-diaZido-6,6‘-dideoXy-y-cyclodeXtrins: mp 195° 
C. (dec); [a]25x150.2° (c 0.22, MeOH); IR (KBr) 3400 
(OH), 2100 (N3); 1H NMR (DMSO-d6, 400 MHZ, the A 
notation refers to the glucose unit bearing the aZide group): 
0: 3.20—3.45 (m, H2, H4, H6A, H2O), 3.45—3.80 (m, H5, H6, 
H3),4.40—4.62 (OH6), 4.80—4.90 (m, H1), 4.90—495 (m, 
H1A), 5.60—5.85 (m, OH2, OH3); 13C NMR (DMSO-d6, 
100.6 MHZ, the Anotation refers to the glucose unit bearing 
the aZide group): 0: 51.9, 52.2 (C6A), 60.8 (C6), 71.1, 71.3 
(C5A), 73.0, 73.3, 73.5, 73.6, 73.7 (C2, C3, C5), 81.4, 81.6, 
81.8, 82.1 (C4), 83.5, 83.6 (C4A), 102.0, 102.3, 102.4, 102.6, 
103.0, 103.1 (C1); FABMS. 

EXAMPLE 4 

2-O-Allyl-6-aZido-6-deoXy-alpha-cyclodeXtrin and 
2-O-Allyl-6,6‘-diaZido-6,6‘-dideoXy-alpha 

cyclodeXtrin 
To a solution of dried 2-O-allyl-ot-cyclodeXtrin (872 mg, 

0.86 mmol) in DMF (30 ml) Were added lithium aZide (420 
mg, 10 eq), triphenylphosphine (564 mg, 2.5 eq) and carbon 
tetrabromide (715 mg, 2.5 eq). The addition of the latter 
caused a mildly exothermic reaction and the solution turned 
yelloW. The reaction Was stirred under Argon at room 
temperature for 6 hours. TLC on silica gel (CH3CN/H2O, 
8/2) shoWed 3 major products having Rf values of 0.54, 
0.40, 0.20, and corresponding respectively to diaZido 
monoallyl-ot-cyclodeXtrin, monoaZido-monoallyl-ot 
cyclodeXtrin and starting material. After addition of metha 
nol (5 ml), the broWn solution Was concentrated to about 3 
ml by rotary evaporation under reduced pressure, then 
applied on a silica gel column (4><40 cm) eluting With 
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5(4) 6 7 

CH3CN/H2O, 92/8 (11), 90/10 (1.51), then 85/15 (1.51). The 
pure fractions Were combined, then concentrated in vacuo to 
give: 2-O-allyl-6-aZido-6-deoXy-ot-cyclodeXtrin (320 mg, 
36%), and 2-O-allyl-6,6‘-diaZido-6,6‘-dideoXy-ot 
cyclodeXtrin (160 mg, 20%). 

2-O-allyl-6-aZido-6-deoXy-ot-cyclodeXtrin 

N3 

O/\/ 

mp=175° c. (dec). [(X]25=153° (C 0.1, H20). IR (KBr) 
3400 (OH), 2100 (N3). 1H NMR (DMSO-d6, 300 MHZ) 6: 
3.15_3.49 (m, 20H, H2, H4, H2O), 3.49_370 (m, 18H, H5, 
H6), 3.70—3.87 (m, 5H, H3), 3.87—3.90 (m, 1H, H3A), 4.16 
(dd, 1H, Jd_€=12.8, Jd_c=5.7, Hd), 4.28 (dd, 1H, J€_d=12.8, 
J@-C=5.7, H6), 4.38—4.65 (m, 5H, 0H6), 4.78, 4.84, 4.96, 
5.02 (s, 6H, H1, HlA), 5.17 (d, 1H, J,_C=10.3, Ha), 5.29 (d, 
1H, Jb_c=l7.3, Hb), 5.37—5.78 (m, 11H, oH2, oH3), 
5.78—5.96 (m, 1H, HC). 

13c NMR (DMSO-d6, 300 MHZ) 6: 51.3 (C6A), 60.1, 
60.31, 60.33 (C6), 70.4, 71.7, 71.9, 72.0, 72.1, 72.3, 72.4 
(c2, c5), 72.7 (allyl), 73.0 (c3A), 73.1, 73.2, 73.3 (c3), 79.6 
(c2A), 82.1, 82.2, 82.4, 82.5 (c4), 83.2 (c4A), 101.80, 
101.82 (c1A), 102.00, 102.07, 102.2 (c1), 117.8 (allyl), 
134.8 (allyl). 
FABMS C39H63O29N3: 1060 (M+Na). 

2-O-allyl-6,6‘-diaZido-6,6‘-dideoXy-ot-cyclodeXtrin 

O/\/ 

mp=172° C. (dec). [a]25+131° (c 0.1, H20). IR (KBr) 
3400 (oH), 2100 (N3). 1H NMR (DMSO-d6, 300 MHZ) 6: 
3.20—3.48 (m, H2, H4, H2O), 3.48—3.69 (m, 18H, H5, H6), 
3.69—3.88 (m, 5H, H3), 3.88—3.98 (m, 1H, H3A), 4.16 (dd, 
1H, Jd_e=12.8, Jd_c=5.7, Hd), 4.28 (dd, 1H, Je_d=12.8, J,_C= 
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5.7, He), 4.50—4.70 (m, 4H, 0H6), 4.77, 4.79, 4.83, 4.95, 
5.00 (s, 6H, H1, HlA), 5.18 (d, 1H, J,_C=10.3, Ha), 5.29 (d, 
1H, Jb_C=17.3, Hb), 5.37—5.78 (m, 11H, oH2, oH3), 
5.78—5.96 (m, 1H, Hc). 

13c NMR (DMSO-d6, 300 MHZ) 6: 51.3 (C6‘‘‘), 60.0, 
60.4 (C6), 70.4, 71.8, 72.0, 72.1, 72.2, 72.3, 72.4 (c2, c5), 
72.7 (allyl), 73.0 (c3A), 73.3, 73.5, 73.6 (c3), 79.4 (c2A), 
82.3, 82.5, 83.2, 83.3 (c4), 101.8, 101.9 (c1A), 102.0, 102.2 
(c1), 117.7 (allyl), 134.8, 134.9 (allyl). FABMS 
C39H62O28N6: 1085 (M+Na). 

EXAMPLE 5 

2-O-Allyl-6-aZido-6-deoxy-alpha-cyclodextrin and 
2-O-Allyl-6,6‘-diaZido-6,6‘-dideoxy-alpha 

cyclodextrin and 2-O-Allyl-6,6‘,6“-triaZido-6,6‘,6“ 
trideoxy-alpha-cyclodextrin 

To a solution of dried 2-O-allyl-ot-cyclodextrin (740 mg, 
0.73 mmol) in DMF (30 ml) Were added lithium aZide (358 
mg, 10 eq), triphenylphosphine (574 mg, 3 eq) and carbon 
tetrabromide (728 mg, 3 eq). The addition of the latter 
caused a mildly exothermic reaction and the solution turned 
yelloW. The reaction Was stirred under Argon at room 
temperature for 6 hours. TLC on silica gel (CH3CN/H2O, 
8/2) shoWed 3 major products having Rf values of 0.68, 
0.54, 0.40, and corresponding respectively to triaZido 
monoallyl-ot-cyclodextrin, diaZido-monoallyl-ot 
cyclodextrin and monoaZido-monoallyl-ot-cyclodextrin. 
After addition of methanol (5 ml), the broWn solution Was 
concentrated to about 3 ml by rotary evaporation under 
reduced pressure, then applied on a silica gel column (4x40 
cm) eluting With CH3CN/H2O, 92/8 (11), 90/10 (1.51), then 
85/15 (1.51). The pure fractions Were combined, then con 
centrated in vacuo to give: 2-O-allyl-6-aZido-6-deoxy-ot 
cyclodextrin (200 mg, 26%), 2-O-allyl-6,6‘-diaZido-6,6‘ 
dideoxy-ot-cyclodextrin (260 mg, 33%) and 2-O-allyl-6,6‘, 
6“-triaZido-6,6‘,6“-trideoxy-ot-cyclodextrin (214 mg, 27%). 

2-O-allyl-6,6‘,6“ -triaZido-6,6‘,6“ -trideoxy-ot 
cyclodextrin 

N3 

O/\/ 

mp=168° C. (dec). [a]25+110° (c 0.11, MeOH). IR (KBr) 
3400 (oH), 2100(N3). 1H NMR (DMSO-d6, 300 MHZ) 6: 
3.18—3.42 (m, H2, H4, H2O), 3.45—3.64 (m, 18H, H5, H6), 
3.64—3.82 (m, 5H, H3), 3.82—3.95 (m, 1H, H3A), 4.12 (dd, 
1H, Jd_,=12.8, Jd_c=5.7, Hd), 4.25 (dd, 1H, J,_d=12.8, J,_C= 
5.7, He), 4.50—4.70 (m, 3H, 0H6), 4.72, 4.80, 4.90, 4.98 (s, 
6H1, HlA), 5.11 (d, 1H, J,_C=10.3, Ha), 5.25 (d, 1H, Jb_c= 
17.3, Hb), 5.35—5.70 (m, 11H, oH2, oH3), 5.75—5.95 (m, 
1H, Hc). 

13c NMR (DMSO-d6, 300 MHZ) 6: 51.2, 51.3 (C6A), 
60.3 (C6), 70.3, 71.7, 71.8, 72.0, 72.1, 72.3, (c2, c5), 72.7 
(allyl), 73.0, 73.1, 73.2 (c3), 79.2, 79.3 (C2/*), 82.6, 82.8, 
83.1, 83.3 (c4), 101.6, 101.7, 101.8 (c1A), 102.00, 102.03, 
102.1 (c1), 117.6, 117.7 (allyl), 134.7, 134.8 (allyl). 
FABMS C39H61O27N9: 1110 (M+Na). 
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EXAMPLE 6 

Alphahalo-omega-aZidohaloalkane 
1-Iodo-n-aZidoalkanes 

Preparation of ChloroaZidoalkanes 
To a solution of 1-bromo-n-chloroalkane (50 mmol) in 

DMSO (50 ml) Was added sodium aZide (3.25 g, 1 eq). The 
solution Was stirred at room temperature for 20 hours, then 
diluted With Water (100 ml), and extracted With ether (2x100 
ml). The organic layers Were combined, then dried over 
anhydrous sodium sulfate. The residue obtained after 
removal of the solvent Was used Without further puri?cation. 

1-Chloro-3-aZidopropane 
Yield 80% 1H NMR (CDCl3, 300 MHZ): 2.00 (quint, 2H, 

J=6.2), 3.48 (t, 2H, J=6.4), 3.62 (t, 2H, J=6.2). 
1-Chloro-4-aZidobutane 

Yield 86% 1H NMR (CDCl3, 300 MHZ): 1.60—2.00 (m, 
4H), 3.31 (t, 2H, J=6.2), 3.54 (t, 2H, J=6.2). 
1-Chloro-5-aZidopentane 

Yield 90% 1H NMR (CDCl3, 300 MHZ): 1.47—1.68 (m, 
4H), 1.80 (quint, 2H, J=7.3), 3.29 (t, 2H, J=6.4), 3.54 (t, 2H, 
J =6.5) 
Preparation of IodoaZidoalkanes 
A solution of chloroaZidoalkane (50 mmol) and sodium 

iodide (7.5 g, 2 eq) in acetone Was heated at re?ux for 20 
hours. After removal of the solvent in vacuo, the residue Was 
diluted With Water (30 ml), then extracted With ether (2x50 
ml). The organic layers Were combined, dried over anhy 
drous sodium sulfate. The residue obtained after removal of 
the solvent Was puri?ed by distillation. 

1-Iodo-3-aZidopropane 
Yield 71% Ebo_1 20—25° C. 1H NMR (CDCl3, 300 MHZ) 

0: 2.04 (quint, 2H, J=7.3), 3.25 (t, 2H, J=6.7), 3.43 (t, 2H, 
J =6.6). 
1-Iodo-4-aZidobutane 

Yield 75% Ebo_1 60° C. 1H NMR (CDCl3, 300 MHZ) 0: 
1.65—1.76 (m, 2H), 1.85—1.97 (m, 2H), 3.20 (t, 2H, J=6.7), 
3.31 (t, 2H, J=6.6). 
1-Iodo-5-aZidopentane 

Yield 80% Eb0_1 700 c. 1H NMR (CDC13, 300 MHZ) 6: 
1.42—1.56 (m, 2H), 1.56—1.68 (m, 2H), 1.78—1.90 (quint, 
2H, J=7.3), 3.19 (t, 2H, J=6.8), 3.29 (t, 2H, J=6.6) 

EXAMPLE 7 

2-O-AZidoalkyl-beta-cyclodextrin 

To a solution of dried [3-cyclodextrin (2.4 g, 2.11 mmol) 
in DMSO (15 ml) Was added lithium hydride (26.mg, 1.5 
eq). The mixture Was stirred under Argon until the solution 
became clear (24 hours). To this solution Was added 1-iodo 
n-aZidoalkane (1.5 eq). The mixture Was alloWed to stand at 
60° C. for 10 hours. TLC on silica gel (CH3CN/H2O, 8/2) 
shoWed 3 products corresponding to dialkyl, monoalkyl-[3 
cyclodextrin, and starting material. After evaporation of 
DMSO in vacuo, the residue Was dissolved in Water (5 ml), 
then applied on a silica gel column (4x40 cm). Elution With 
CH3CN/H2O, 9/1 removed the dialkyl, monoalkyl 

5 derivatives, and starting material Were eluted With CH3CN/ 
H2O, 8/2. The pure fractions of monoalkyl-[3-cyclodextrin 
Were combined, then concentrated in vacuo to give a solid. 
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The mixture Was stirred under Argon until the solution 
became clear (24 h). To this solution Was added 6-bromo 
1-hexene (850 mg, 2 eq) and lithium iodide (10 mg). The 
mixture Was alloWed to stand at 70° C. for 10 h, TLC on 

silica gel (CH3CN—H2O, 4:1) shoWed three products hav 
ing Rf values of 0.50, 0.70, 0.09, and corresponding respec 
tively to dihexenyl, monohexenyl-(x-cyclodextrins, and 
starting material. The residue obtained after concentration of 
the solvent in vacuo Was applied on a silica gel column 

(4><40 cm) eluted With CH3CN—H2O, L9:1 (1L) then 4:1 
(1.5L). The pure fractions of monohexenyl-ot-cyclodextrin 
Were combined, then concentrated in vacuo to give a solid 

(750 mg, 30%). The NMR spectra shoWed that the alkylation 
has occurred only on C2 position; mp 230° C. (dec); [0t]25 
+109.4° (c 0.27, DMSO); 1H NMR (DMSO-d6, 300 MHZ, 
the Anotation refers to the glucose unit bearing the hexenyl 
group): 61.30—1.60 (m, 4H, hexenyl), 1.95—2.10 (m, 2H, 
hexenyl), 3.10—3.20 (m, 1H, H2A), 3.20—3.50 (m, H2, H4, 
H2O), 3.50—3.70 (m, 18H, H5, H6), 3.70—3.85 (m, 7H, H3, 
He, Hd), 3.85—3.95 (m, 1H, H3A), 4.40—4.60 (m, 6H, OH6), 
4.70—4.85 (m, 5H, H1), 4.90—5.05 (m, 3H, H1A, Ha, Hb), 
5.35—5.90 (m, 12H, OH2, OH3, Hc); 13C NMR (DMSO-d6, 
75.5 MHZ, the A notation refers to the glucose unit bearing 
the hexenyl group): 624.6, 28.9, 33.0 (hexenyl), 60.0 (c6), 
71.6, 71.9, 72.2 (C2, C5, hexenyl), 72.9, 73.2, 73.3 (C3), 
80.4 (C2A), 82.2, 82.4, 82.7 (C4), 100.2 (C1 A), 102.1, (C1), 
115.0 (hexenyl), 138.7 (hexenyl); FABMS C42H7OO3O 1094 
(M+K, glycerol/KI as matrix). 

Example 12 

6-Monoamino-6-deoxy-ot-cyclodextrin 

A solution of 6-aZido-6-deoxy-ot-cyclodextrin (200 mg, 
0.2 mmol) in MeOH—H2O, 1:1 (50 mL) Was reduced With 
palladium on charcoal (10% 20 mg) at 30 psi of hydrogen on 
a Parr hydrogenator for 18 h. After removal of the catalyst 
by ?ltration, the solution Was evaporated to dryness to give 
6-amino-6-deoxy-ot-cyclodextrin (180 mg, 90%). Rf 0.20 
(n-PrOH—H2ONH4OH, 6:2:1); mp 1800 C. (dec) (lit. 200° 
C. (dec), Carbohydr. Res., 1971, 18, 29—37); [0t]25 +135° (c 
0.38, H2O) (lit.+117° (c 0.4, H20), Carbohydr. Res., 1971, 
18, 29—37); IR (KBr) 3400 (OH, NHZ); 1H NMR (D20, 300 
MHZ, the A notation refers to the glucose unit bearing the 
amino group): 62.92 (dd, 1H, Jg€m=12.7, JH6_H5=7.3, H6A), 
3.20 (d, 1H, Jg€m=12.7, H61A), 3.50 (t, 1H, JH4_H3=JH4_H5= 
8.9, H4A), 3.58—3.74 (m, 11H, H2, H4), 3.82—3.98 (m, 16H, 
H5, H6), 4.20 (t, 6H, JH3_H2=JHH3_H4=9.3, H3), 5.10 (s, 6H, 
H1); 13C NMR (D20, 75.5 MHZ, the Anotation refers to the 
glucose unit bearing the amino group): 639.9 (C6A), 58.9 
(C6), 70.2 (C5), 70.5 (C2), 71.7 (C3A), 71.8 (C3), 79.7 (C4), 
81.5 (C4A) 99.7 (C1A), 99.8 (C1); FABMS calcd for 
C36H61O29N 972.3407 (M+H), found 972.3448. 
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EXAMPLE 13 

6-MonobenZyloxycarbonylamino-6-deoxy-ot 
cyclodextrin 

To a solution of 6-amino-6-deoxy-ot-cyclodextrin (170 
mg, 0.17 mmol) in Water (20 mL) Were added sodium 
bicarbonate (600 mg), dichloromethane (5 mL) and benZyl 
chloroformate (250 pL, 10 eq). The mixture Was stirred 
overnight at room temperature, then extracted With dichlo 
romethane (2x10 mL). The aqueous phase Was concentrated 
to about 10 mL, then applied on a reversed phase column 
(Lichroprep C18, 2><20 cm) eluting With H20 (50 mL), 
MeOH—H2O, 10% (100 mL), then MeOH—H2O, 50% 
(100 mL). The pure fractions Were combined and concen 
trated to dryness to give 6-benZyloxycarbonylamino-6 
deoxy-ot-cyclodextrin (170 mg, 87%); Rf 0.40 (CH3CN— 
H2O, 4:1); mp 195° C. (dec); [a]25+81° (c 0.11, H2O); IR 
(KBr) 3400 (OH), 1710 (CO); 1H NMR (DMSO-d6, 300 
MHZ, the A notation refers to the glucose unit bearing the 
benZyloxycarbonylamino group): 63.15—3.85 (m, H2, H3, 
H4, H5, H6), 4.40—4.75 (m, 5H, OH6), 4.75—4.80 (m, 5H, 
H1), 4.86 (d, 1H, JH1_H2=3.3, H1A), 4.92 (d, 1H, Jgem=12.6, 
CHZPh), 5.20 (d, 1H, Jgem=12.8, CHZPh), 5.60—6.10(m, 12H, 
OH2, OH3), 7.25, 7.40 (m, 5H, aromatic), 7.50—7.60 (m, 
1H, NH); 13C NMR (DMSO-d6, 75.5 MHZ, the A notation 
refers to the glucose unit bearing the benZyloxycarbony 
lamino group); 660.3, 60.5 (C6), 65.3 (C6A), 70.5 (C5A), 
72.2, 72.5, 72.7, 72.8, 73.3 (C2, C5,CH2Ph), 73.6, 73.65 
(C3), 82.6, 82.7, 82.8 (C4), 84.5 (C4A), 102.1 (C1A), 102.3 
(C1), 127.7, 128.5, 137.8 (aromatic), 175.7 (CO); FABMS 
calcd for C44H67O31N 1128.3595 (M+Na), found 
1128.3557. 

O 

Jk 
NH O 

EXAMPLE 14 

6-BenZyloxycarbonylamino-6‘-aZido-6,6‘-dideoxy-ot 
cyclodextrins 

6-BenZyloxyamino-6-deoxy-ot-cyclodextrin (200 mg, 
0.18 mmol) Was dried in vacuo at 80° C. for 20 h. After that, 
DMF (10 mL) Was added, folloWed by triphenylphosphine 
(120 mg, 2.5 eq), lithium aZide (100 mg, 2.5 eq) and carbon 
tetrabromide (150 mg, 2.5 eq). The yelloW solution Was 
stirred at room temperature for 4 h. TLC on silica gel 
(CH3CN—H2O, 4:1) shoWed three major products having 
Rf values of 0.75, 0.56, 0.40, and corresponding respectively 
to trisubstituted (side product), disubstituted (product), and 
monosubstituted ot-cyclodextrin (starting material). After 
addition of methanol (2 mL), the solution Was concentrated 
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in vacuo, then the residue Was applied on a silica gel column 
(25x45 cm). Elution With CH3CN—H2O 95:5 then 9:1) 
gave pure 6-benZyloXycarbonylamino-6‘-aZido-6,6‘ 
dideoXy-ot-cyclodeXtrins (90 mg, 45%); mp 216° C. (dec); 
[a]25+114.0° (c 0.22, MeOH); IR (KBr) 3400 (OH), 2100 
(N3, 1720 (CO); 1H NMR (DMSO-d6, 400 MHZ, the A, and 
X notation refers to the glucose units bearing the aZide and 
NHCBZ group, X=B, C, D, E, or F): 63.15—3.85 (m, H2, H3, 
H4, H5, H6), 4.38—4.62 (m, 4H, OH6), 4.65—5.08 (m, 8H, 
H1, CH2-Ph), 5.38—5.62 (m, 12H, OH2, OH3), 7.18—7.22 
(m, 1H, NH), 7.25—7.42 (m, 5H, Ph); 13C NMR (DMSO-d6, 
100.6 MHZ, the A, and X notation refers to the glucose units 
bearing the aZide and NHCBZ groups, X=B, C, D, E, or F): 
651.2 (C6A), 59.83, 59.89, 59.90, 59.93 (C6), 65.2, 65.3 
(C6X), 70.0, 70.1, 70.2, 70.35, 70.37, 70.5 (C5A, C5X), 
71.80, 71.87, 71.92, 71.96, 72.0, 72.11, 72.13, 72.27, 72.3 
(C2, C5, QH2Ph), 72.8, 72.9, 73.1, 73.20, 73.26, 73.3 (C3), 
81.94, 81.95, 82.04, 82.06, 82.11, 82.12, 82.2 (C4), 83.1, 
83.24, 83.26, 83.6, 83.8 (C4A, C4X), 101.7, 102.00, 102.05, 
102.17, 102.20 (C1), 127.70, 127.78, 127.83, 128.36, 
128.40, 137.18, 137.20, 137.23, 137.25 (Phenyl), 156.29, 
156.31, 156.33, 156.35, 156.37 (CO); FABMS calcd for 
C44H66O3ON4 1131.3840 (M+H), found 1131.3730. 

O 

N3 NH c 

EXAMPLE 15 

2-O-(5-Chloro pentyl)-[3-cyclodeXtrin 
To a solution of dried [3-cyclodeXtrin (1.8 g, 1.58 mmol) 

in DMSO (15 mL) Was added lithium hydride (25 mg, 2 eq). 
The mixture Was stirred under Argon until the solution 
became clear (24 h). To this solution Was added 1-iodo-5 
chloropentane (740 mg, 2 eq). The miXture Was alloWed to 
stand at 70° C. for 12 h. TLC on silica gel (CH3CN—H2O, 
4:1) shoWed three products corresponding to dialkyl, 
monoalkyl-[3-cyclodeXtrin, and starting material. The solu 
tion Was concentrated in vacuo, then applied on a silica gel 
column (4><40 cm). Elution With CH3CN—H2O, 9:1 
removed the dialkyl derivative. Monoalkyl derivative, and 
starting material Were eluted With CH3CN—H2O, 4:1. The 
pure fractions of 2-O-(5-chloropentyl)-[3-cyclodeXtrin Were 
combined, then concentrated in vacuo to give a solid (480 
mg, 25%). Rf 0.20 (CH3CN—H2O, 4:1); mp 2080 C. (dec); 
[a]25+122.9° (c 0.24, DMSO); 1H NMR (DMSO-d6, 400 
MHZ, the A notation refers to the glucose unit bearing the 
chloropentyl group): 61.35—1.62 (m, 6H pentyl), 3.20 (dd, 
1H, J2_1=3.8, J2_3=9.8, H2A), 3.25—3.40 (m, H2, H4, “12%,; 
H2O), 3.50—3.70 (m, 27H, H3, H5, H6), 3.70—3.80 (m, 3H, 
H3A, pentyl), 4.35—4.45 (m, 7H, OH6), 4.78—4.85 (m, 6H, 
H1), 4.95 (d, 1H, J1_2=3.8, H1A), 5.55—5.90 (m, 13H, OH2, 
OH3); 13C NMR (DMSO-d6, 100.6 MHZ, the A notation 
refers to the glucose unit bearing the chloropentyl group): 
623.5, 29.3, 32.6, 46.2 (pentyl), 60.8 (C6), 72.2 (pentyl), 
72.5, 72.6, 72.9, 73.1, 73.3 (C2, C5), 73.6, 73.9, 74.0 (C3), 
81.5 (C2A), 82.4, 82.6, 83.1 (C4), 101.2 (C1A), 102.7, 102.8 
(C1); FABMS. 

If it is desired to prepare the corresponding aZide 
derivative, one can carry out the alkylation With 1-bromo 
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5-chlorpentane and a catalytic amount of lithium iodide to 
form the desired compound. To this end, the reaction can be 
carried out under the same conditions With respect to the 
compound ot-cyclodeXtrin to gave a miXture of C2 and C6 
isomers. 

EXAMPLE 16 

2-O-(5-Aminopentyl)-[3 -cyclodeXtrin 

Essentially the same procedure Was used to give the 
product as a colorless solid. Rf 0.31 (n-butanol-acetic acid 
Water/pyridine, 15:3:12:10); mp 2050 C. (dec); [a]25+131.5° 
(c 0.20, H2O); 1H NMR (DMSO-d6, 300 MHZ, the A 
notation refers to the glucose unit bearing the aminopentyl 
group): 61.24—1.55 (m, 6H, pentyl), 2.52—2.68 (m, 2H, 
pentyl), 3.20 (dd, 1H, JH2_H1=2.8, JH2_H3=9.9, H2A), 
3.22—3.85 (m, 43H, H2, H3, H4, H5, H6, pentyl), 4.78—4.88 
(m, 6H, H1), 4.94 (d, 1H JH1_H2=3.0, H1A); 13C NMR 
(DMSO-d6, 75.5 MHZ, the A notation refers to the glucose 
unit bearing the aminopentyl group): 622.4, 28.9, 30.0, 40.0 
(pentyl), 59.8 (C6), 71.7, 72.0, 72.3, 72.6 (C2, C5, pentyl), 
73.0, 73.1 (C3), 80.5 (C2A), 81.40, 81.44, 81.5, 81.6 (C4), 
82.1 (C4A), 100.3 (C1A), 101.7, 101.9, 102.0 (C1); FABMS 
calcd for C47H81O35N 1220.4667 (M+H), found 1220.4746. 

EXAMPLE 17 

2-O-(5 -Aminopentyl)-ot-cyclodeXtrin 

2-O-(5-aZidopentyl)-ot-cyclodeXtrin (86.6 mg, 0.08 
mmol) Was suspended in dioXane-methanol 10:2 mL. To the 
slightly milky solution Was added 100 mg of triphenylphos 
phine. After 1 hour, 1 mL of concentrated ammonia Was 
added, and stirring Was continued for 20 h. After removal of 
the solvent in vacuo, the White residue Was suspended in 
Water (20 mL), then Washed tWice With dichloromethane (10 
mL). The solution Was concentrated in vacuo, then applied 
on a reverse phase column (Lichroprep C18, 2><20 cm). 
Elution With 500 mL of Water gave the pure amine (68 mg, 
80%) mp 195° C. (dec); [a]25+117.6° (c 0.34, H2O); 1H 
NMR (D20, 300 MHZ): 61.67—1.80 (m, 2H, pentyl), 
1.88—2.05 (m, 4H, pentyl), 3.16 (t, J=6.8, 2H, CH2—NH2), 
3.65—4.10(m, 38H, H2, H3, H4, H5, H6, pentyl), 4.98—5.08 
(m, 6H, H1); 13C NMR (D20, 75.5 MHZ, the A notation 
refers to the glucose unit bearing the aminopentyl group): 
620.5, 24.8, 26.9, 37.7 (pentyl), 58.7, 58.8 (C6), 69.80, 
69.84, 69.9, 70.0, 70.1, 70.3, 70.4, 70. 8, 71.6, 71.7, 71.8 
(C2, C3, C5, pentyl), 77.2 (C2A), 78.9, 79.5, 79.6, 79.8 (C4), 
99.3 (C1A), 99.6, 99.7, 99.9 (C1); FABMS calcd for 
C41H71O3ON 1058.4139 (M+H), found 1058.4062. 
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EXAMPLE 18 

2-O-CarboXymethyl-ot-cyclodeXtrin 

To a solution of 2-O-monoallyl-ot-cyclodeXtrin (310 mg, 
0.3 mmol) in pyridine (5 mL) Was added acetic anyhdride (5 
mL), and the mixture Was heated at 80° C. for 20 h. The 
residue obtained after usual Work-up Was dissolved in 
CH2Cl2—MeOH (10:10 mL). Through this solution Was 
bubbled oZone at —78° C. until TLC indicated disappearance 
of starting material (15 min). The residue obtained after 
usual Work-up Was dissolved in MeOH (10 mL) and 
isobutene (3 mL). To this solution cooled at 0° C. Was added 
dropWise solution of sodium chlorite (240 mg) and sodium 
dihydrogenphosphate in Water (3 mL). The reactin mixture 
Was stirred at room temperature overnight, then the residue 
obtained after removal of the solvents under vaccum Was 
dissolved in Water. The solution Was acidi?ed to pH 4 With 
HCl N and eXtracted With ethyl acetate. The organic layers 
Were dried and concentrated in vacuo to give a residue Which 
Was puri?ed by ?ash chromatography on a silica gel column. 
StepWise elution With EtOAc-MeOH, 6:1, 3:1, then 1:1 gave 
the desired compound. The deacetylation Was done as usual 
to give 2-O-carboXymethyl-ot-cyclodeXtrin (210 mg, 66% 
from the allyl), mp 224° C. (dec); [a]25=129.6° (c 0.28, 
H2O); IR (KBr) 3400 (OH), 1720 (CO); 1H NMR (D20, 400 
MHZ, the A notation refers to the glucose unit bearing the 
carboXymethyl group): 63.42—3.58 (m, H2, H4), 3.58—3.85 
(m, 18H, H5, H6), 3.85—3.94 (m, 5H, H3), 4.04 (t, 1H, 
JH3_H4=9.0, H3A), 4.28 (d, 1H, Jgem=16.5, CHZCOOH), 4.33 
(d, 1H, Jgem=16.5, CHZCOOH), 4.92—5.00 (m, 5H, H1), 5.17 
(d, 1H JH1_H2=3.2, H1A); 13C NMR (D20, 100.6 MHZ, the 
A notation refers to the glucose unit bearing the carboXym 
ethyl group): 660.9, 61.1 (C6), 69.9, (QH2-COCH), 72.0, 
72.30, 72.37, 72.5, 72.9, 73.1, 73.3, 73.6, 73.8, 73.90, 74.0 
(C2, C3, C5), 80.9 (C2A), 81.8, 82.1, 82.5 (C4), 100.3 (C1A), 
102.00, 102.06 (C1), 173.8 (CO); FABMS calcd for 
C38H62O32 1031.3302 (M+H), found 1031.3281. 

o COZMe 

EXAMPLE 19 

6-AZido-2-O-carboXymethyl-ot-cyclodeXtrins 

Treatment of 6-II1OI1021Z1dO-2-O—IIlOIlOallYl-(X 
cyclodeXtrins (320 mg, 0.3 mmol) With acetic anhydride (10 
mL) in pyridine (10 mL) at 60° C. for 20 hours gave, after 
usual Work-up, the corresponding peracetylated derivative. 
OZonolysis in CH2Cl2/MeOH at —78° C. folloWed by treat 
ment With methyl sul?de gave the corresponding aldehyde. 
OXydation With sodium chlorite (240 mg) in the presence of 
sodium phosphate monobasic (240 mg), methyl isobutene (3 
mL), Water (3 mL), and methanol (10 mL) at 0° C. to room 
temperature for 20 hours, gave the corresponding acid. 
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Protection of the acid, dissolved in methanol, With diaZ 
omethane in ether folloWed by puri?cation on silica gel 
column (CH2Cl2/MeOH, 50:1 to 40:1 as eluent) gave the 
peracetylated 6-aZido-2-O-carboXymethyl-methyl ester-ot 
cyclodeXtrins (320 mg, 64%). 1H NMR (CDCI3, 400 MHZ, 
the A notation refers to the glucose unit bearing the 
carboXymethyl-methyl ester group): 61.80—2.34 (m, C 
H3-CO), 3.31 (dd, J2_1=2.3, J2_3=9.9, H2A), 3.55—3.90 (m, 
H4, CH2N3), 3.92—4.55 (m, H5, H6, CHZCOOH), 4.62—4.82 
(m, H2), 4.82—5.20 (m, H1), 5.25—5.78 (m, H3); 13C NMR 
(CDCl3, 100.6 MHZ, the Anotation refers to the glucose unit 
bearing the carboXymethyl-methyl ester group): 620.3. 20.6, 
20.8 (QH3CO), 51.1, 51.2, 51.4 (CH2N3), 51.80, 51.86 (CO2 
CH3), 62.9, 63.1, 63.2 (C6), 68.2, 68.3 (—QH2—CO2CH3), 
68.5—73.6 (C2, C3, C5), 75.7—79.8 (C2“‘, C4), 95.6—99.4 
(C1), 168.9—170.2 (CH3QO, —CO2CH3). 

Deprotection of the above compound (130 mg, 0.07 
mmol) With NaOH 1N in MeOH at room temperature 
overnight gave, after puri?cation on reversed phase column 
(Lichroprep C18, 2><20 cm, stepWise elution With H20 (350 
mL), then 10% MeOH (200 mL)), 6-aZido-2-O 
carboXymethyl-ot-cyclodeXtrins as a colorless solid (64 mg, 
80%) mp 210° C. (dec); [a]25+127.0° (c 0.20, H2O); IR 
(KBr) 3400 (OH), 2100 (N3), 1720 (CO); 1H NMR (D20, 
400 MHZ, the A notation refers to the glucose unit bearing 
the carboXymethyl group): 63.52—3.78 (m, H2, H4, CH2N3), 
3.78—4.05 (m, H3, H5, H6), 4.12—4.19 (m, H3A), 4.41 (d, 
1H, Jgem=17.4, CHZCOOH), 4.48 (d, 1H, Jgem=17.4, 
CHgCOOH), 5.05—5.12 (m, 5H, H1), 5.25—5.32 (m, 1H, 
H1 ); 13C NMR (D20, 100.6 MHZ, the A notation refers to 
the glucose unit bearing the carboXymethyl group): 652.1 
(CH2N3), 61.1, 61.2 (C6), 71.4 (QH2-COOH), 72.1—74.2 
(C2, C3, C5), 80.8, 81.0 (C2A), 82.0—83.8 (C4), 100.5 (C1A), 
102.2 (C1), 174.2 (CO); FABMS. 

o/\ COZMe 

The novel compounds of this invention have properties 
similar to those of the knoWn cyclodeXtrins. 
Although embodiments of the invention have been 

described above, it is not limited thereto and it Will be 
apparent to those skilled in the art that numerous modi?ca 
tions form part of the present invention insofar as they do not 
depart from the spirit, nature and scope of the claimed and 
described invention. 

I claim: 
1. A compound of the formula 

An B 

Wherein C is cyclodeXtrin, A is amino, aZido or 
aralkoXycarbonyl-substituted amino, Wherein said aralkoXy 
has 7 to 10 carbon atoms and n is 0, 1, 2 or 3, B is hydroXyl, 
or one of A and B is aZido and the other is aralkoXycarbonyl 
substituted amino, R is alkenyl of 2 to 6 carbon atoms, 
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aminoalkyl of 3 to 6 carbon atoms, or aZidoalkyl of 1 to 6 
carbon atoms, wherein the OR group is in at least one of the 
-2 and -3 positions and With the proviso that When n is 0, R 
is aminoalkyl of 3 to 6 carbon atoms, or aZidoalkyl; and 
Where A and When B is not hydroxyl, B are attached at the 
cyclodextrin deoxy primary hydroxyl sites, and R forms an 
etheri?ed secondary hydroxyl group Wherein the A, B 
groups are present exclusively at the primary hydroxyl side 
and the R group is present exclusively at the secondary 
hydroxyl side of the cyclodextrin. 

2. A compound of claim 1, Wherein n is 1, 2 or 3, R is 
alkenyl of 2 to 6 carbon atoms. 

3. A compound of claim 2, Wherein A is aZido and R is 
alkenyl. 

4. A compound of claim 3 selected from the group 
consisting of 2-0-allyl-6-aZido-6-deoxy-alpha-cyclodextrin, 
2-0-allyl-6,6‘-diaZido-6,6‘-dideoxy-alpha-cyclodextrin, and 
2-0-allyl-6,6‘,6“-triaZido-6,6‘,6“-trideoxy-alpha 
cyclodextrin. 

5. A compound of claim 2, Wherein A is amino and R is 
alkenyl. 

6. A compound of claim 2, Wherein A is aralkoxy carbo 
nylamino. 

7. A compound of claim 2, Wherein one of A and B is 
aZido and the other is aralkoxy carbonylamino. 

8. A compound of claim 1, Wherein n is 0 and R is 
aZidoalkyl. 

9. A compound of claim 8, selected from the group 
consisting of 2-O-aZidopropyl-beta-cyclodextrin, 2-O 
aZidobutyl-beta-cyclodextrin, 2-O-aZidopentyl-beta 
cyclodextrin, 3-O-aZidopropyl-beta-cyclodextrin, 3-O 
aZidobutyl-beta-cyclodextrin, and 3-O-aZidopentyl-beta 
cyclodextrin. 

10. A compound of claim 1, Wherein n is O and R is 
aminoalkyl. 

11. A compound of claim 10, selected from the group 
consisting of 2-O-aminopropyl-beta-cyclodextrin, 2-O 
aminobutyl-beta-cyclodextrin, and 2-O-aminopentyl-beta 
cyclodextrin. 

12. Aprocess of preparation of a compound of the formula 

A, B 

OR 

Wherein C is cyclodextrin, A is amino, aZido or aralkoxy 
carbonylamino, Wherein said aralkoxy has 7 to 10 carbon 
atoms and n is 0, 1, 2 or 3, B is hydroxyl, or one ofA and 
B is aZido and the other is aralkoxy carbonylanino, R is 
alkenyl of 2 to 6 carbon atoms, aminoalkyl of 3 to 6 carbon 
atoms, or aZidoalkyl of 1 to 6 carbon atoms, Wherein the OR 
group is in at least one of the -2 and -3 positions, and With 
the proviso that When n is 0, R is aminoalkyl of 3 to 6 carbon 
atoms, or aZidoalkyl; and Wherein A and When B is not 
hydroxyl, B are attached at the cyclodextrin deoxy primary 
hydroxyl sites, and R forms an etheri?ed secondary 
hydroxyl group Wherein the A, B groups are present exclu 
sively at the primary hydroxyl side and the R group is 
present exclusively at the secondary hydroxyl side of the 
cyclodextrin 

(a) When A is aZido, B is hydroxyl, n is 1,2, or 3 reacting 
a cyclodextrin of formula I, Wherein C is cyclodextrin, 
B is hydroxyl, R is alkenyl of 2 to 6 carbon atoms, With 
alkali metal aZide, triphenyl phosphine, and carbon 
tetrabromide, 
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(b) When A is aZido, B is aralkoxy carbonylamino, 

Wherein said aralkoxy has 7 to 10 carbon atoms, n is 1, 
2, or 3, reacting a cyclodextrin of formula I, Wherein C 
is cyclodextrin, A is aralkoxy carbonylamino, Wherein 
said aralkoxy has 7 to 10 carbon atoms, B is hydroxyl, 
R is alkenyl of 2 to 6 carbon atoms, With alkali metal 
aZide, triphenyl phosphine, and carbon tetrabromide, 

(c) When Ais amino, B is hydroxyl, n is 1, 2, or 3, reacting 
a cyclodextrin of formula I, Wherein C is cyclodextrin, 
A is aZido, B is hydroxyl, R is alkenyl of 2 to 6 carbon 
atoms, With hydrogen in the presence of palladium on 
charcoal, 

(d) When A is aralkoxy carbonylamino, B is hydroxyl, n 
is 1, 2, or 3, reacting a cyclodextrin of formula I 
Wherein C is cyclodextrin, A is aZido, B is hydroxyl, R 
is alkenyl of 2 to 6 carbon atoms, With sodium bicar 
bonate and aralkyl chloroformate, Wherein said aralkyl 
has 7 to 10 carbon atoms, 

(e) When n is 0, B is hydroxyl, R is aZidoalkyl of 1 to 6 
carbon atoms reacting cyclodextrin With alkali metal 
hydride in a ?rst step, and the product thereof With 
halo-, aZido-alkane in a second step, and 

(f) When n is 0, B is hydroxyl, R is aminoalkyl of 3 to 6 
carbon atoms, reacting a cyclodextrin of formula I, 
Wherein n is 0, B is hydroxyl, R is aZidoalkyl of 3 to 6 
carbon atoms With triphenylphosphine in the presence 
of ammonia. 

13. A process of claim 12, Wherein A is aZido, B is 
hydroxyl, n is 1, 2 or 3 comprising reacting a cyclodextrin 
of formula I, Wherein C is cyclodextrin, B is hydroxyl, R is 
alkenyl of 2 to 6 carbon atoms, With alkali metal aZide, 
triphenyl phosphine, and carbon tetrabromide. 

14. Aprocess of claim 13, Wherein C is selected from the 
group consisting of alpha-, beta- and gamma-cyclodextrin. 

15. A process of claim 12, Wherein A is aZido, B is 
aralkoxy carbonylamino, and said aralkoxy has 7 to 10 
carbon atoms, n is 1, 2, or 3, comprising reacting a cyclo 
dextrin of formula I, Wherein C is cyclodextrin, Ais aralkoxy 
carbonylamino, Wherein said aralkoxy has 7 to 10 carbon 
atoms, B is hydroxyl, R is alkenyl of 2 to 6 carbon atoms, 
With alkali metal aZide, triphenyl phosphine, and carbon 
tetrabromide. 

16. A process of claim 12 Wherein A is amino, B is 
hydroxyl, n is 1, 2, or 3, comprising reacting a cyclodextrin 
of formula I, Wherein C is cyclodextrin, A is aZido, B is 
hydroxyl, R is alkenyl of 2 to 6 carbon atoms, With hydrogen 
in the presence of palladium on charcoal. 

17. A process of claim 12, Wherein A is aralkoxy 
carbonylamino, B is hydroxyl, n is 1, 2, or 3, comprising 
reacting a cyclodextrin of formula I Wherein C is 
cyclodextrin, A is aZido, B is hydroxyl, R is alkenyl of 2 to 
6 carbon atoms, With sodium bicarbonate and aralkyl 
chloroformate, Wherein said aralkyl has 7 to 10 carbon 
atoms. 

18. Aprocess of claim 12 Wherein n is O, B is hydroxyl, 
R is aminoalkyl of 1 to 6 carbon atoms, comprising reacting 
cyclodextrin With alkali metal hydride in a ?rst step, and the 
product thereof With haloaZidoalkane in a second step. 

19. Aprocess of claim 12 Wherein n is O, B is hydroxyl, 
R is aminoalkyl of 1 to 6 carbon atoms, comprising reacting 
a cyclodextrin of formula I, Wherein n is O, B is hydroxyl, 
R is aZidoalkyl of 1 to 6 carbon atoms With triphenylphos 
phine in the presence of ammonia. 

* * * * * 
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