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Abstract—A new, reliable method for the introduction of an amine group at positions 2 or 6 of B-cyclodextrin and permethyl-p-
cyclodextrin is described. It involves selective tosylation followed by azide substitution and almost quantitative reduction with tri-
phenylphosphine followed by hydrolysis of the phosphinimine intermediate.

© 2005 Elsevier Ltd. All rights reserved.

Cyclodextrins and their derivatives are of interest pri-
marily because of their ability to form inclusion com-
plexes with hydrophobic guest molecules such as Class
IT drugs.'® The relatively low solubility of native cyclo-
dextrins in water as well as in organic solvents, however,
is the principal limitation to inclusion complexation pro-
cesses and reactions. Moreover, this poor solubility in
organic solvents, in particular, makes them difficult to
modify chemically and purify.* A synthetic challenge is
the selective modification of the three different types of
hydroxyl group on the hydrophilic surface of the toroi-
dal structure. The more reactive primary hydroxyl (posi-
tion 6) presents at the smaller opening of the toroid
while the less reactive secondary hydroxyls (positions 2
and 3) appear at the larger opening. A number of groups
have made the more water soluble mono-6-amino-6-
deoxy-B-cyclodextrin hydrochloride by tosylation of
the primary (6-) hydroxyl and displacement with ammo-
nia under pressure (10°Nm~2 18 h)® or by displace-
ment of tosylate by azide followed by catalytic
hydrogenation.®” These reports of both procedures indi-
cate low yields, incomplete reactions and/or impure
products. There has been no reported synthesis of the
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organic soluble permethylated derivative or of amina-
tion at the less reactive 2- or 3-positions. We now report
a much-improved synthesis of mono-6-amino-6-deoxy-
B-cyclodextrin and the first syntheses of the correspond-
ing 2-amino constitutional isomer and of 2- and 6-
amino-6-deoxypermethyl-p-cyclodextrin.

Our modified synthetic approach for mono-6-amino-6-
deoxy-B-cyclodextrin 4a consists of three steps from -
cyclodextrin, all of which proceed in much better yield
than previously reported (Scheme 1). Mono-6-(p-tolu-
enesulfonyl)-B-cyclodextrin 2, prepared from B-CD 1
by a selective tosylation as previously reported by
Brady,® was converted to the mono-6-azido-6-deoxy-p-
cyclodextrin 3a by excess sodium azide in water. Reduc-
tion of 3a was achieved with triphenylphosphine in
DMF followed by hydrolysis of the phosphinimine
intermediate to provide 4a in almost quantitative yield.’
Titration of 4a with dilute hydrochloric acid gave the
highly water soluble mono-6-ammonium-p-CD chloride
5a. The corresponding 2-amino isomer 8a and hydro-
chloride 9a were made by the same sequence of reactions
but starting from the secondary tosylate prepared as
described by Murakami and co-workers and in approx-
imately the same yield.!0-!3

The monoazido-B-cyclodextrins 3a and 7a were per-
methylated to provide 3b'* and 7b'> and reduced with
triphenylphosphine and water to provide amines 4b'¢
and 8b.'” Titration with hydrochloric acid yielded
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Scheme 1.

ammonium hydrochlorides 5b and 9b, which are soluble
in water as well as in polar organic solvents.
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room temperature for 2 h and then water (2.5 mL) added
and the solution refluxed for 30 min. The acetone was
removed and water (50 mL) added to precipitate to
triphenylphosphine oxide which was removed by filtra-
tion. The aqueous filtrate was extracted (3 x75mL,
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0: 3.05-3.09 (m, 14H, H-3,5), 3.24 (s, 18H, 6-OCH3), 3.30-
3.46 (m, 16H, H-6 and NH,), 3.39 (s, 21H, 3-OCH3), 3.50
(s, 21H, 2-OCH,;), 3.79 (m, 14H, H-2.4), 5.05 (d,
6H, J=3.6Hz, H-1), 5.15 (d, 1H, J=3.6Hz, H-1").
13C NMR (125 MHz, DMSO-dg) &: 41.6 (C-6'), 57.9
(2-OCH3;), 58.1 (6-OCH3), 60.6 (3-OCHs), 70.4 (C-5), 71.1
(C-6), 79.6 (C-4), 81.3 (C-2), 81.6 (C-3), 97.7 (C-1). Mono-
6-ammonium-6-deoxy-permethyl-p-cyclodextrin chloride
5b: Yield 99%; mp 136-138°C. IR (KBr) v: 3442
(*NH3), 2928, 1638, 1456, 1414, 1370, 1335, 1156, 1080,
1029, 756, 707, 579 cm~'. MS ESI (m/z): 1414.60
(M™), caled 1414.70. '"H NMR (300 MHz, DMSO-ds)
0: 3.04-3.08 (m, 14H, H-3,5), 3.25 (s, 18H, 6-OCH3),
3.31-3.47 (m, 17H, H-6 and *NHj3), 3.40 (s, 21H, 3-
OCHs;), 3.51 (s, 21H, 2-OCHj;), 3.80 (m, 14H, H-2.4),
5.06 (d, 6H, J=3.6 Hz, H-1), 5.16 (d, 1H, J=3.6 Hz,
H-1'). >C NMR (75 MHz, DMSO-d;) &: 41.5 (C-6),
57.8 (2-OCH;), 58.2 (6-OCHj3), 60.7 (3-OCHj), 70.5
(C-5), 71.2 (C-6), 79.7 (C-4), 81.4 (C- 2), 81.7 (C-3), 97.8
(C-1).

Mono-2-amino-2-deoxy-permethyl-p-cyclodextrin 8b:
Yield 79%; mp 93-95 °C. IR (KBr) v: 3510 (NH,), 2930,
2834, 1680, 1460, 1368, 1140, 1101, 1036, 970, 857, 702,
544 cm™!. MS ESI (m/z): 1414.50 (M+H™), caled 1414.70.
'"H NMR (300 MHz, CDCl3) d: 3.14-3.19 (m, 7H, H-5),
3.24 (t, 1H, J = 4.8 Hz, H-3'), 3.36 (s, 21H, 6-OCH3), 3.48
(s, 21H, 3-OCH3), 3.45-3.64 (m, 22H, H-3,6, NH,), 3.62
(s, 18H, 2-OCHs;), 3.74-3.93 (m, 13H, H-2,4), 4.03 (dd,
1H, J=3.21 Hz, H-4'), 496 (d, 1H, J=3.6 Hz, H-1'),
5.04-5.14 (m, 6H, H-1). >*C NMR (75 MHz, CDCl;) J:
58.4 (2-OCH3), 58.8 (6-OCH3), 61.3 (3-OCH3), 70.9 (C-5),
71.3 (C-6), 80.1 (C-4), 81.0 (C-2"), 81.7 (C-2), 82.4 (C-3),
98.8 (C-1), 102.5 (C-1’). Mono-2-ammonium-2-deoxy-
permethyl-B-cyclodextrin chloride 9b: Yield 98%; mp
108-110 °C. IR (KBr) v: 3491 (*NHs3), 2930, 2834, 1641,
1461, 1369, 1193, 1140, 1089, 1038, 969, 857, 702,
544 cm~!. MS ESI (m/z): 1414.60 (M), caled 1414.70.
'"H NMR (300 MHz, CDCl;) d: 3.14-3.18 (m, 7H, H-5),
3.24 (t, IH, J=4.41 Hz, H-3'), 3.35 (s, 21H, 6-OCH3;),
3.48 (s, 21H, 3-OCHj), 3.45-3.69 (m, 23H, H-3,6, "NH;),
3.61 (s, 18H, 2-OCHj;), 3.77-3.85 (m, 13H, H-2,4), 3.97
(dd, 1H, J=3.21 Hz, H-4"), 5.03 (d, 1H, J = 2.82 Hz, H-
1), 5.07-5.13 (m, 6H, H-1). '*C NMR (75 MHz, CDCls)
0: 58.8 (2-OCHj;), 59.6 (6-OCHj;), 62.0 (3-OCH3), 71.6
(C-5), 72.0 (C-6), 80.9 (C-4), 82.4 (C-2), 82.7 9C-3, 83.5
(C-2'), 99.6 (C-1).
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