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Abstract

The first systematic synthesis of ganglioside GD1a analogues carrying N-acetyldeoxyneuraminic acids linked to
C-6 of the GalNAc residue was accomplished. The suitably protected GM1b pentasaccharide derivative was
regioselectively glycosylated with the phenyl 2-thioglycosides of 7-deoxy, 8-deoxy, and 9-deoxy-N-acetylneuraminic
acid promoted by N-iodosuccinimide (NIS)–trifluoromethanesulfonic acid (TfOH) in acetonitrile, and the resulting
hexasaccharides were converted to the target GD1a analogues. All of the analogues retained excellent efficiency in
supporting the adhesion to myelin-associated glycoprotein (MAG), raising the possibility that the internal sialic acid
linked to the GalNAc residue may be replaced by other anionic substituents, in contrast to the terminal sialic acid,
which is essential for MAG binding. © 1999 Elsevier Science Ltd. All rights reserved.
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Gangliosides, sialic acid-containing gly-
cosphingolipids, are commonly present in cell-
surface membranes and are particularly
abundant in tissues of the central nervous
system. These molecules are considered to be
involved in many biological processes such as
cell growth, cell differentiation, cell adhesion,
microbial and viral infections, immune re-
sponses, oncogenesis, and many other recep-
tor-mediated reactions [2]. Ganglioside GD1a,
an extremely minor disialoganglioside, was

first isolated from rat ascites hepatoma cells
[3] and later from adult bovine brains [4]. It
has recently been reported [5] that GD1a
functions as an adhesion molecule in the pro-
cess of tumor metastasis.

Ganglioside GD1a has a unique structure
that contains the internal sialic acid a-(2�6)-
linked to the GalNAc residue in addition to
the terminal sialic acid a-(2�3)-linked to the
galactose residue. With our interest focussed
on this unique structure and its biological
functions, we have chemically synthesized
ganglioside GD1a (1) [6] and found [7] that
this molecule can efficiently support the adhe-
sion to myelin-associated glycoprotein
(MAG), a member of the sialic acid-depen-
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Scheme 2.



N. Sawada et al. / Carbohydrate Research 316 (1999) 1–5 3

Scheme 3.

dent immunoglobulin lectin (siglec) family, pre-
viously termed sialoadhesins or I-type lectins
[8]. The binding activity of GD1a to MAG was
much higher than that of the monosialo gan-
glioside GM1b [9], indicating that the internal
sialic acid linked to the GalNAc residue plays
an important role in MAG binding.

In the course of study on sialic acid specific-
ity of MAG binding with a series of gan-
gliosides, we have demonstrated [10] that any
chemical modification of the terminal sialic
acid abrogated MAG binding, indicating the
whole structure of the terminal sialic acid is
required for the binding. However, the role of
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the internal sialic acid at C-6 of the GalNAc
residue is not clear. To elucidate the structural
requirement of this sialic acid, we undertook,
for the first time, the systematic synthesis of
ganglioside GD1a analogues (2–4) carrying
N-acetyl-deoxyneuraminic acids at C-6 of the
GalNAc residue and examined their binding
by MAG (Scheme 1).

A series of phenyl 2-thioglycosides of N-
acetyldeoxyneuraminic acids (5–7), which
were synthesized from the corresponding 2-
(trimethylsilyl)ethyl glycoside of N-acetylneu-
raminic acid by the improved method of our
previously reported procedure [11], were each
coupled with the suitably protected GM1b
pentasaccharide derivative 8 [6] in the pres-
ence of N-iodosuccinimide (NIS) and trifl-
uoromethanesulfonic acid (TfOH) in
acetonitrile at −20 °C [12]. The resulting
products contained the desired sialyl-a-(2�6)
hexasaccharides (9–11, 30–40%) and the sia-
lyl-b-(2�6) isomers (20–25%), respectively
(Scheme 2). The most significant signals in the
1H NMR spectra of 9–11 were a one-proton
doublet of doublets (Jgem=12.8, J3eq,4=4.8
Hz) at d 2.56 due to H-3eq of the newly
introduced a-(2�6)-linked sialyl residue, and
another one-proton doublet of doublets

(Jgem=12.6, J3eq,4=4.6 Hz) at d 2.43 due to
H-3eq of the a-(2�3)-linked terminal sialyl
residue. The two three-proton singlets due to
the methoxycarbonyl groups of the internal
and terminal sialyl residues were observed at
around d 3.70 and 3.80, respectively. The ben-
zyl groups in 9–11 were completely removed
by hydrogenolysis, and then all hydroxyls
were acetylated to give 12–14 in high yields.
Selective removal of the 1-O-[2-(trimethylsil-
yl)ethyl] group [13] by treatment with trifl-
uoroacetic acid in dichloromethane quan-
titatively gave the 1-OH derivatives, which
were converted [14] to the trichloroacetimid-
ates 15–17.

Glycosylation of (2S, 3R, 4E)-2-azido-3-O-
benzoyl-4-octadecene-1,3-diol [15,16] with 15–
17 was performed in the presence of
trimethylsilyl trifluoromethanesulfonate (Me3-
Si-OTf) in dichloromethane at 0 °C to afford
the desired b-glycosides 18–20 in 70–80%
yields (Scheme 3). The IR spectra of 18–20
showed the significant absorption peak at n
2100 cm−1 due to the azido group. In the 1H
NMR spectra, a characteristic one-proton
multiplet (J4,5=14.2, J5,6=J5,6%=7.7 Hz) at
around d 5.90, due to H-5 of the sphingosine
moiety, was clearly observed. Reduction of
the azido group and subsequent N-acylation
were carried out by the established method
[17,18]. Finally, removal of all protective
groups under basic conditions furnished the
target GD1a analogues 2–4. All new com-
pounds were characterized by specific rota-
tion, elemental analysis, IR and 1H NMR
spectroscopy, and FABMS.

In binding experiments with the MAG-
transfected COS cells for the immobilized syn-
thetic ganglioside GD1a (1) and its
deoxyNeu5Ac analogues (2–4), we demon-
strated that all of the analogues can efficiently
support the adhesion as strongly as the parent
GD1a (Fig. 1). From this result, we have
raised the possibility that the internal sialic
acid a-(2�6)-linked to the GalNAc residue
may be replaced by other anionic substituents,
as demonstrated in the study on selectin lig-
ands [20], in contrast to the terminal sialic
acid a-(2�3)-linked to the Gal residue, which
is essential for MAG binding [9,10]. MAG is a

Fig. 1. MAG-mediated cell adhesion to GD1a (1) and the
deoxy Neu5Ac analogues (2–4). Microwells were adsorbed
with various amounts of GD1a (�), and 7-deoxy (
), 8-de-
oxy (
) or 9-deoxy (�) Neu5Ac analogues.
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quantitatively minor protein constituent of
central and peripheral nervous system myelin
[19], and is thought to be implicated in
myelin–neuron interactions. In particular,
MAG has been shown to be a major neurite
outgrowth inhibitor [21]. Therefore, detailed
knowledge of the carbohydrate ligands that
support MAG binding may provide opportu-
nities for intervention in the control of neurite
outgrowth and myelination [22].
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