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Abstract: Monosubstitution at the O-6 position of f-cyclodextrin by a f-N-glucosyl residue has been achieved with a
spacer Cg diamide as the interglycosidic linkage. The new glycosyl derivative has been characterised by IHN.MR.

(COSY-RCT), is much more soluble (200g.1'1) in water and has been shown to retain the capacity to include and to
enhance the solubility of pharmacologically active molecules.

The solubilisation and transport of hydrophobic drugs can be readily performed using inclusion in B-
cyclodextrin ! (B-CD). Such systems however, do not possess the capability for molecular recognition within
the organism and in consequence the drug delivery is not targeted at a specific site. As glycoconjugates 2 play a
central role in cellular recognition, as well as bacterial and viral adhesion, coupling of saccharide antennae to the
B-cyclodextrin is a key step in the use of inclusion compounds as vectored carriers of pharmacologically active
molecules. Recent work has focused on the direct coupling of carbohydrate groups onto the primary hydroxyl
group of the cyclodextrin.3 The incorporation of such receptor-bound systems into the cell membrane may
prove sterically difficult and to avoid the problems of such rigid pivots we have used the flexible Cg spacer of
Lemieux4 to link the saccharide antenna to the cyclodextrin. In this communication, we describe the synthesis
of a novel glycoconjugate™ derivative of B-cyclodextrin, its NMR characterization and the retention, by this
derivative, of the ability to include and solubilise active molecules.

The B-N-glycosidic linkage 5:6 appears to be particularly important in large number of natural
glycoconjugates: membrane glycoproteins, globulins and blood plasma proteins.” The model B-cyclodextrin-
based system incorporating such a linkage was synthesized as shown in Figure 1.

The reaction of 2,3,4,6-tetra-O-acetyl-B-D-glucopyranosyl isothiocyanate 8 1 with a slight excess of
monomethyl nonanedicarboxylate 2 in the presence of 0.1 molar equivalent of triethylamine in dry toluene at

" Glycoconjugates are defined as saccharides bound to a carrier, generally lipids or proteins, in the
case we consider the cyclodextrin to be an aglycone molecular transport system.

209



210

Q o} o}
m% NeC=$ + T\/\/\/Y
AO H OCH,
OAc
1 2
NEt;
Toluene
15°C
OAc
AN
AO N\n/\/WYO
OAc o OCH,
3
1. NaOH/MeOH
2. H,0% (15°C)
OH
H Q H
H N\“/\/\/\/\fo
OH 0 OH
4
Mono-6-NH,-8-CD | DCC/HOBT, DMF
5 15°C
OH
H Q H
H N 0
OH
0 HN OH)g
(HO); (OH),
6

Figure 1



room temperature during 3 days produces the f-glucosylamide 3 as a glass in 46 % yield, after
chromatographic separation (eluent toluene / acetone, 9:1).

Deacetylation and de-esterification were carried out by stirring in methanolic sodium hydroxide (1M )
for 4 hours to yield the sodium salt of the acid 4. The free acid 4 was released by a simple neutralisation. The -
cyclodextrin model system 6 was synthesized by condensation of 4 (1.2 mmol) with mono 6-amino §-
cyclodextrin 5 in N,N-dimethylformamide (DMF) at 15°C using dicyclohexylcarbodiimide/1-
hydroxybenzotriazole hydrate (DCC/HOBT) as coupling reagents. Column chromatography using as eluent n-
butanol/ ethanol/ water, ( 5:4:3 ) allows isolation of the pure f-cyclodextrin derivative 6 in 40% yield:

The NMR analysis of 3 (COSY ,RCT) shows the retention of the f-anomeric form with H-1 as a triplet
(J H1-H2= 9.6Hz; ] H1-NH= 9.6Hz ), and a clear distinction in the nonanedioic chain between protons « to
the amide and ester functions. A detailed analysis of the lH NMR spectra of 6, carried out in DMSO-dg and
D20 11 has allowed assignment of the glucosamide antenna signals, the anomeric proton H-1 appearing in
DMSO-dg as a triplet at 4.7 ppm, H-2 at 3.05 ppm and H-3 at 3.15 ppm. For systems in which strong
interactions occur between the f-cyclodextrin ring and a group linked to the primary face, considerable
pertubation of the axial symmetry occurs and there exists strong pertubation of the anomeric H-1 proton signals,
leading in extreme cases, such as the auto-included mono-6-phenylalanylamino p-cyclodextrin derivatives, to
the observation of 7 doublets for these protons.? In contrast for 6 the anomeric protons H-1 are observed as a
single non-perturbated doublet; this, coupled with the lack of spectral change between DMSO-dg and D70,
allows us to propose a structure in which there is no interaction between the antenna and the p-cyclodextrin
host.

The enhancement of the solubility of B-cyclodextrin (19g.1-1) by substitution with O- and S-glucosyl
residues has been reported,3 with the p-anomers having generally much lower solubilities (S-B, 30g.1-1) than
the a-anomers ( S-a, 430g.1-1; O-a, 970g.I'1). These differences are probably explained by different
orientations of the glycosidic group with regard to the solvent. We have observed for the p-NHCO-
hydrocarbon spacer linked 6, an enhanced solubility of 200g.I-1, intermediate between the two cases, as the
lipid spacer chain-water interactions will disfavour solubilisation. This solubilisation supports a conformation of
the carbohydrate antenna in which it may interact freely with the external environment.

In view of the above, 6 should retain the inclusion properties of B-cyclodextrin coupled with increased
transport capacities. To test this, we investigated the interaction with nicardipine, a anti-hypertensive drug,
inclusion of which has already been observed with 2,6-dimethyl-B-cyclodextrin. Comparison of the IH NMR
spectrum of 7 in D20 and that obtained in the presence of 6 (1:2 ), shows upfield shifts (0.2 ppm ) of the
signals arising from the nitro-pheny! groups of 7, an effect typical for inclusion in the cavity. There is also a
considerable gain in solubility with respect to the 2,6- dimethyl-B-cyclodextrin complex. 10

In view of the above results 6 may represent a model for a new series of B-cyclodextrin derivatives
possibly capable of vectoring active molecules, which would have enhanced transport properties coupled with
possible molecular recognition functions and a flexible pivot to allow cellular incorporation.We are currently
developping other B-cyclodextrin derivatives possessing biologically active saccharide antennae.
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11) Chemical and Physical data: NMR data ( 200 MHz for 1H ):
2,3,4,6-tetra-O-acetyl-1-N-(3-methoxycarbonyloctanoyl)-f-D-glucopyranosylamide 3, (CDCl3): 1H: 6.25 (1H, d,
J =9.6Hz, NH), 5.28 ( 1H, t, H-3, JH-3-H-2"JH-3-H-4'9'6HZ)' 5.21 (1H,t, H-1, JH-I-H-2-9'6HZ)’ 3.64 ( 3H, s, OCH3), 2.27
(2H, t, H a to ester), 2.15 ( 2H, m, H « to amide). Rf: 0.59 ( toluene-acetone 9:3). 1-N-(8-octanoyl)-f-D-
glucopyranosylamide 4, ( DMSO-dg ):1H: 8.6 (1H, d, J =9.6Hz, NH ), 5.1 (4H, brd, OH ), 4.6 ( 1H, t, H-1), 2.05 ( 4H, ¢,
2 CHp a 10 C=0 ). Hygroscopic. T
Mono 6-(1-octanoyl-p-D-glucopyranosylamido) amimo-6-deoxy -p-cyclodextrin 6, R&Z'(Daso-dﬁ): 1y: 8.2
(1H, d, NH gic.), 8.05 (1H, brd, NH), 5.8-5.6 (14H, m, OH-2 and OH-3 p-CD), 4.9 (1H, d, OH-3 glc.), 43<7H, d, H-1 §-CD), 4.7
( 1H, t, H-1 glc.), 4.45 (6H, m, OH-6 B-CD), 3.7-3.2 ( H-$, H-4, H-3, H-6,6’ 8-CD ), 3.15 ( 1H, H-3 glc.), 3.05 ( 1H, m, H-2
gle.), 2.1 (4H, t, CHya to C=0), 1.3 (4H, bed, CHy B 10 C=O ), 1.0 ( 6H, brd, 3CH, ). Rf: 0.3 ( n-butanol-ethanol-water
5:4:3 ). m.p.gec-= 250°C. (e)p® .+ 134,
*RCT2 is the double relay comrelation transfer experiment. >
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