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Abstract: A general synthetic way to incorporate oligosaccharides into [60]fullerene via cycloadditon and
deacetylation is presented. The cycloaddition reaction in refluxing chlorobenzene gave a mixture of two
unseparable stereoisomers of N-B-glycopyranosyl [5.6]-azafulleroids in 13~28% yields for per-O-acetyl glycosyl

azide of D-g oliconvranose, D-oalac ctopyranose lactose, maltose, and maltotriose.  © 1998 Elsevier Science Lid. All rights
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Oligosaccharides on cell surfaces are responsible for many cell-cell recognition events in biological systems,
which include infection by certain viruses, pathogenic bacteria, and their producing toxins [1-3]. In our research
projects to utilize biologically active oligosaccharides as new biomaterials (4], we have reported convenient

natural or synthetic oligosaccharides into artificial polymers [5]. In the course of
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expectable that these biological activities, coupled with ohgosacchandes, may lead to a new class of biomaterials
showing "catch and kill" functionality against pathogenic bacteria and toxins and also against tumor cells. In
this paper, we wish to report a general synthetic approach to fullerene glycoconjugates utilizing a cycloaddition
reaction between glycosyl azides and [60]fullerene.

Several approaches have already been reported to introduce monosaccharide or dendrimer saccharides into
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reported a synthesis of 1,2;3,4-di-O-isopropylidene-d-D-galactopyranose linked full
0-6 position with aziridino[2',3":1,2]{60]fullerene [8]. More recently, Cardullo et d. reported
fullerene-glycodendron conjugates [9]. These methods, however, could not afford fullerene glycoconjugates
carrying oligosaccharides with biological activities. Since most reducing oligosaccharides can be converted into
the corresponding glycosyl azides, we examined a cycloaddion reaction between glycosyl azides and
[60}fullerene to establish a general way to introduce di- and oligosaccharides into fullerenes utilizing the reaction
of alkyl azides with fullerenes [10].

In order to conduct the cvcloaddition reaction
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1.5 equiv. to C,,) was allowed to react with C,, (72 mg) in refluxing chlorobenzen ml) under a nitrogen
atmosphere (Scheme 1, Table 1). The silica gel TLC indicated that a new reddish-purple spot (R,= 0.6, toluene :

ethyl acetate = 2:1) appeared in a few hours between fullerene (purpie color, R, =0.95) and giycosyi azide (R, =
0.5) in addition to minor spots between R;=0.1 and 0.5. After continuing the reflux for 10 h, the main product
at R, = 0.6 was isolated by silica gel column chromatography (toluene : ethyl acetate = 10 : O to 5:1) as adark
brown solid [30 mg, 28 % yield (57 % yield based on consumed C)].

Scheme 1
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Table 1. Synthesis and Characterization of Fuilerene Glycoconjugate O-Acetates

1-Azidosaccharides Adducts Yiekds? [1° (%) FAB-MS (mjz) IR (KBr,om™)
OAc SN 1755, 1427,
N ] 28 [57] 1085, 720 1365, 1216,

A N
KoM %855 1033, 526

AcOQAC AcfAe TN 1749, 1427,
o A N 18[30] 1065720 13651217,
AcoS M 05T W 1043, 526

<~ AcO
Ac OAc AcoPAC Ac
AcQr { o o m 1751, 1429,
o -2 o N 13[27] 1358, 1087,720 1365, 1218,
Ac --.nAgr:S\-;ﬁ’N" AcORcoAcO> 20 \ 1036, 526
ATV ACUVU Y
OAc OAc
OAc 1751, 1429,
AR%SSE% A Aﬁ%%% Lo 18[50] 1353, 1066,720 1369, 1228,
R AL 2o N 1 1038, 526
ACO-Rco ¢ aco
Ac (/)Ac
o
Aﬁm phe AgO Ac 1751, 1427,
AcO, O OAc AcOq 0 Ac 16 [35] 1641, 720 1367, 1224,
AS { Ac ) 1036, 526
AT Acc. A Aéc r NS i 1036, 526
A?&%/N’ A2 AT
ACU S Ve £

ajsolated yield, P based on consumed Ceo

Based on analyses using FAB-MS [m/z = 1066, 1065 M), 720 (C,,), matrix = m-nitrobenzyl alcohol],
IR [KBr film (cm™) 1755s (OCOCH,), 1427m (C,.), 1033m (C,,), 5265 (C¢) ], 'C- and 'H-NMR
spectroscopies, the product was determined to be a 1:1 glucose-fullerene adduct [11]. However, the 'H-NMR
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and B in Figure 2). Compared with the H-NMR data of per-O-acetyl-p-D-glucopyranosyi azide, both adducts
showed large downfield shifts for all ring protons (H-1 to H-5), in which significant chemical shift differences
were observed between A and B [Figure 1, downfield shift value (Appm) of H-1 : +0.64 (A), +0.44 (B) ; H-2 :
+0.48 (A), +0.83 (B); H-3 : +0.46 (A), +0.56 (B) ; H-4 : +0.01 (A), +0.15 (B)]. Judging from the unchanged
vicinal couplings of the ring protons, it was concluded that the adducts A and B are structural or steric isomers
which retain a common per-O-acetyl-B-D-glucopyranosyl residue.
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Figure 1. Partial 'H-NMR spectrum of 1 : 1 adducts A and B Figure 2. Possible structures of adducts A and B.
(500 MHz, CDCl, 25 C). Assignments of A and B may
be changed.

There is a possibility that two structural isomers can be yielded in the cycloaddition of alkyl or acyl azides
with [60]fullerene ascribed to the bridge nitrogen spanning over either a 5,6-ring junction or a 6,6-ring junction.

Alkyl azides are known to be preferred to afford 5,6-addition type azafulleroids [8,10,12,13], while acyl azides
preferentially give aziridinofullerenes via the 6,6—addmon In order to identify the two possible types for adducts
] B~ amuem .- TP performed acc SRR R, 1 9 11 171 Ta
TTOoTmed acco uxg io uxc Icpur LCU lllb'LﬂU(.lb 1o,1U, i), 11

A and D, C-NMR and UV characterizations were
the ’C-NMR spectrum, in addition to twelve sp’ carbons of the glucose moiety (Adducts A and B) between 60
and 90 ppm, multiple overlapping 73 lines due to the sp carbons of the C,, moiety were separated in the region
of 135-150 ppm. The sp’ carbon of C,, characteristic of aziridinofullerene could not be detected between 80-90
ppm. In the UV-vis spectrum, the absorption bands were observed at 260, 266, and 327 nm which are
characteristic to fullerene derivatives, while the absorption bands between 420-440 nm characteristic of
aziridinofullerenes were absent. These NMR and UV data enabled us to eliminate the possibility of a
6,6-addition type for both A and B.

250 UV A Q] 1.

Tha altarnatit Ve DOS i
111 QItdmauve pos

it could be suggested that the pyramidal inversion at the nitrogen atom might be "frozen" by some steric or
electric restrictions [10] to afford iwo N-inveriomers of azafuileroids A and B (Figure 2). The significant
"H-NMR chemical shift change in H-1 and H-2 between A and B, as described above, may be rationalized by the
large conformational difference in the two isomers around the anomeric position. Increase of the temperature for
'"H-NMR measurements up to 100°C in DMSO-d, as well as for reactions up to 180°C in o—dichlorobenzene,
however, did not substantially change the ratio of Aand B .

Deacylation of per-O-acetyl B-D-glucopyranosyl fullerenes (A and B) was performed using a catalytic

amount of sodium methoxide in a methanol-dichloromethane mixture (room temperature for 3 h). The mixture
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(1755 cm™) and simultaneous appearance of a strong broad OH band. The spectrum indicated the complete
deacetylation to afford azafulleroids carrying N-B-D-glucopyranoside. Measurements of the other spectral data
are in progress, which are, however, hampered by the poor solvent solubility probably due to the high
aggregation property of amphiphilic fullerenes [9].

In order to confirm the generality of the reaction between glycosyl azides and [60]fullerene, a series of
mono-, di-, and trisaccharides were converted into the corresponding glycosyl azides (Table 1). Through S,2

replacement of the 1-bromo group of nﬁ"-f)—acetv) glycosyl bromides with an azide group, each reducing

saccharide gave the corresponding glycosyl azide in higher than 65% yield. The cycloaddmon using the di- and

faet o 2 da aAmidac affandad P P Py | [LTY | Proenpy AR Iloatae ac NS NP PP Sy

trisaccharide azides afforded the buucapuuuulg 1ujerene glyuut,uu]ugdwb as per-Q-acetates in 13~18% yields
(21~50%, based on consumed C,,). They aii gave two stereoisomers in ratios similar to the case of D-giucose.

Thus, the present method was found to be valid for the synthesis of fullerene glycoconjugates carrying a variety
of mono-, di-, and trisaccharides. Biological evaluations of the derived fullerene glycoconjugates are in progress

and will be reported in due course elsewhere.
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