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Chemical Synthesis of Sialyl Glycosides for Elucidation of Biological Phenomena
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Abstract
The sialic acids are now defined as a family of carbohydrates, have very important biological

functions. Thus, it considers that oligosaccharides containing them employ elucidation of biological

phenomena. However, for synthesis of them glycosylations using donor of sialic acid derivative have

been very hard to achieve both high yields and stereoselectivity of them. But recently, Synthesis

methods of oligosaccharides containing sialic acids were developed by many researchers. Highly regio-

and « -stereoselective sialyl glycoside syntheses have been achieved by using, as glycosyl donors, the

2-thioglycoside of NeubAc. We were interested in biological functions of oligosaccharide containing

sialic acid, and tried to synthesize sialyl lewis X and synthesized trisaccharide derivative which was
precursor of sialyl lewis X, a -L-NeubAc(2 — 3) 8 -D-Gal(1 — 4) 8 -D-GlcNAc-MP.
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Introduction

Sialic acid containing glycoconjugates, such
as gangliosides and sialogycoproteins, have
been recognized to play important roles in many
biological processes!-%. Sialyl oligosaccharide
chains of these glycoconjugates are exposed as
ligands to the external environment, capable of
expressing various biological functions, e.g. serving
as receptors for hormones, immune responses, and
SO on.

The sialyl Lewis X (LeX) (Fig 1.)carbohydrate
epitope, found on neutrophils, monocytes, and
tumor cells, has been identified®® as the ligand for
selectin, a family of cell adhesion receptors that are
implicated in the leukocyte traffic or extravasation
to sites of inflammation, platelet adhesion, and
probably tumor metastasis?.

The most representative sialic acid,
N-acetylneuraminic acid (NeubAc 1) is usually
attached to O-3 or O-6 of galactose, or O-6 of
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Fig 1. Sialyl Lewis X
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Fig 2. Sialic acid (N-Acetylneuraminic acid)

N-acetylgalactosamine with an « (2-3)- or o (2-6)-
linkage, and to O-8 of another Neu5Ac with an

o (2-8)- linkage, giving diverse structures and
functions. Therfore, the systematic understanding
of structure - function relation of sialyl-
oligosaccharides at the molecular level necessitates
an efficient method for ragio- and « -stereoselective
glycoside synthesis of sialic acids.
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Fig 3. Syntheisi of oligosaccharide derivatives containing Neu5Ac

Sialyl glycoside synthesis

Facile and highly regio- and « -stereoselective
sialyl glycoside syntheses have been achieved
by using, as glycerol donors, the 2-thioglycoside
(2-4) of NeubAc and, as glycerol acceptors, the
suitably protected 2-(trimethylsilyl) ethyl (SE) or
4-methoxyphenyl (MP) glycosides of galactose or
lactose, in the presence of thiophilic promoters,
such as dimethyl (methylthio) sulfonium
(DMTST) or N-
trifluoromethane sulfonic acid (TfOH)!0-1V in

triflate iodosuccinmide (NIS) -

acetonitrile (Fig 3.).

Reaction Mechanism

A possible reaction mechanism is shown in Fig
4. When the glycosyl donors (2-4) are specifically
activated by thiophilic promoter (DMTST or NIS-
TfOH) at low temperature, the cyclic oxocarbenium
ion (c), necessary for almost all

known glycosylation reactions, is formed by
initially produced intermediates (a) or (b), and,
subsequently, reacts with acetonitrile to generate
the B -acetonitrium ion (d), which then undergoes
SNZ displacement at the anomeric center by sugar-
nucleophiles to give predominantly o -glcosides.
However, the conformational preference of the
positively charged -acetonitrium ion (d) of NeubAc
has been claimed to be shifted
toward the equatorial conformer (e), based on a
concept of so-called reverse anomeric effect.

On the other hand,
that the « -D-glucopyranosyl acetonitrium ions are

it has been demonstrated

stereospecifically generated from the corresponding
These
results indicate that the acetonitrium ions are

oxocarbenium ions in dry acetonitrile!2149,

axially oriented by anomeric effect. Recently, it has
been concluded from the conformational analyses
of glucopyranosyl - ammonium and glucopyranosyl
- imidazolium derivatives that the reverse anomeric
effect dose not exit!®: 16),
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Fig 4. Reaction mechanism of sialyl glycosylation using acetonitrile

Therfore, it seems most plausible that
stereospecific generation of the g -acetonitrium
ion (d) of NeubAc from the oxocarbenium ion (c)
hold the key of the « -preonderant formation of
sialyl glycosides in acetonitrile. Thus, the reactive
nucleophiles, such as OH-6 of acceptor have a
chance toattack on other intermediate (a) ~ (c)
before the complete generation of (d) to give an
anomeric mixture. In the chlorinated solvent,
however, nucleophiles react only with (a) ~ (c) to
afford substantial amounts of the B -glycosides non
stereoselectively.

This reaction mechanism could be applicable to
the method employing xanthate (-SC(OEt)=S) or
phosphite (-OP(OR)z2) as the glycosyl donor in

acetonitrile medium.

Synthesis of trisaccharide derivative

Since gangliosides have various important
biological functions, we tried trisaccharide
derivative containing sialic acid. Sialyl lewis X (LeX)
derivative (5), a -L-NeubAc(2—3) 8 -D-Gal (1—4)
B -D-GIcNAc-MP, lack of L-Fucose from sialyl LeX
(Fig 5).
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Fig 5. Target trisaccharide derivative (5)

NeubAc derivative (3) and D-galactose derivative
6 or 7 were coupled using NIS-TfOH.
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Fig 7. Synthesis of trisaccharide derivative (5)

Result, coupling of 3 and 6 was not found, but
coupling of 3 and 7 led to disaccharide derivative
(9, 60 % B -only)'?. It is considered that compound
7 is less bulky than compound 6 which is protected
0-2, O-4 and O-6 by benzyl ether (Fig 6).
Disaccharide derivative (9) was removed MP
and then changed to trichloroacetoimidate
derivative (11)'®. Compound 11 was reacted with
D-glucosamine derivative (12) using trimethylsilyl
trifluoromethane sulfonate (TMSOT(f), and
trisaccharide derivative (5) was synthesized (Fig 7).

Conclusions

We achieved synthesis of trisaccharide derivative
containing sialic acid (5). Compound 5 which have
3-OH group of D-glucosamine will be coupled with
L-fucose derivative, and lead to sialyl Lewis X (LeX)
derivative. Since sialyl LeX have various biological
functions, this compound hopes also similar
functions.
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17. note : synthesis of disaccharide derivative (9)
A solution of 3 (10.7 g, 18.3 mmol) and 6 (3.84
g, 10 mmol) containing activated type AW-300
molecular sieves (4.0 g) in dry MeCN (50 mL)
and CHzClz (5 mL) was stirred under a nitrogen
atmosphere for 2 h at room temperature. After
cooling to -35°C , NIS (8.28 g, 36.8 mmol) and
TfOH (540 mg, 3.6 mmol) was added, and the
mixture was stirred for 2.5 h at -20°C . The reaction
was neutralized with Et3N, filtered and extracted
with CHCIls. The organic solvent was washed with
aqueous Naz25203, aqueous NaHCO3 and aqueous
HCI, dried, and concentrated to give clear oil. The
crude product was purified by silica gel column
chromatography (hexane : ethylacetate = 1 : 1) to
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give 9 (6.0 g, 70%).

18. note : synthesis of trisaccharide derivative (13)
A solution of 10 (975 mg, 0.9 mmol) and 11 (340
mg, 0.7 mmol) containing activated type AW-
300 molecular sieves (4.0 g) in dry CHz2Clz (8.0
mL) was stirred under a nitrogen atmosphere for
2 h at room temperature. After cooling to -20 °C ,
TMSOTf (31.8 «L, 0.18 mmol) was added, and the
mixture was stirred for 3 h at -20°C . The reaction
was neutralized with EtsN, filtered and extracted
with CHCIls. The organic solvent was washed with
aqueous NaHCOs, dried, and concentrated to give
clear oil. The crude product was purified by silica
gel column chromatography (toluene : acetone = 20
:1to5:1)togive 5 (995 mg, 96%) as a colorless
oil.
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