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An approach to O-linked sialoglycoprotein
synthesis

Yoshiaki Nakahara
Synthetic Cellular Chemistry Laboratory

The synthesis of an O-linked sialeglycoprotein fragment was studied. In view of the advantages of a benzyl-
based protection strategy, synthons 4, 5, 6, 7, and 8 were designed, and coupled via highly stereoselective
glycosylations which led to 17 and 18 after manipulation of substituents. Using the key building blocks 17 and
18, a dodecasaccharide-heptapeptide fragment of glycophorin A which invelves the human M blood group epitope

was synthesized for the first time.

In eukaryotic cells most membrane-bound and secretory pro-
teins are modified by the attachment of oligosaccarides to the
asparagine, serine, or threonine residues to form glycocon-
jugates which are called glycoproteins. It has been pointed
out that some of those oligosaccharides contribute to the
physicochemical properties of glycoproteins, protect glyco-
proteins against proteolytic attacks, and function in signal
recognition in cell-cell, cell-membrane, and hormone-receptor
interactions.*? However, in most glycoproteins the biological
functions of oligosaccharides remain uncertain.

Chemically synthesized oligosaccharides or oligosaccharide-
bound peptide fragments are indispensable probes for the
studies of glycobiology, because such homogeneous sam-
ples are hardly obtainable in enough amount from natural
sources. A number of methodologies and technologies have
been developed for oligosaccharide synthesis since methyl -
gentiobioside, 3-D-Gle-(1 — 6)-a-D-Gle-OMe, was first syn-
thesized by Helferich et al. in 1924.*) The major technologi-
cal developments in carbohydrate chemistry have been inde-
pendent of those in peptide chemistry. At the present time,
however, synthesis of glycopeptides has become accessible by
employing the techniques suitably advanced for both oligosac-
charide and peptide chemistry. In the techniques, are in-
volved the employment of orthogonal protective groups and
the choice of conditions effective to promote glycosylation and
peptide coupling. It is noteworthy that the pioneering studies
by Paulsen et al. in early 1980’s have made significant contri-
butions to the advancement of the researches in this field.”
We describe herein our recent studies on the synthesis of an
O-linked sialoglycopeptide.®®)

Glycophorin A (1) is a major transmembrane sialoglyco-
protein of human erythrocyte and the N-terminal region is
highly modified by O-glycosylation with sialic acid-containing
tetrasaccharide chains (2) as shown in Scheme 1. The poly-
morphic N-terminal pentapeptide sequences correspond to the
antigenic determinants of human MN blood type. The impor-
tance of the tetrasaccharide attachments in the MN antigenic-
ity has been demonstrated by the evidences that enzymatic
desialylation of glycophorin A or its proteolytically degraded
fragments caused the loss of their MN antigenic activity and
that resialylation with sialyltransferase restored the activity.
The same tetrasaccharide is widely distributed as the carbo-
hydrate portions of various human glycoproteins.

2: R'=HorCHa R*=R%=R*=R%=H
3: R'=H, R =Bn, A%=COBn, A'=Ac, A*=CHy

Scheme 1

Several groups have synthesized glycophorin A fragment
analogs, especially corresponding to the regions bearing the
carbohydrate cluster, as the synthetic prototype of complex
glycoproteins, since the complete structure of this glycopro-
tein had been reported early in the history of glycoprotein-
structural studies.”® However, when we initiated our stud-
ies, there had been no reported examples where sialic acid
was involved in the synthesis of glycopeptides. The syn-
thesis of sialyl glycosides, though important in carbohydrate
chemistry, had not been studied so much, because sialic acid
had been considerably expensive to use even in the labo-
ratory scale preparation. In 1988, the first synthesis of a
sialic acid-containing tetrasaccharide linked to L-serine (3)
was achieved in this laboratory.”) The synthesis, however, led
us to the unsatisfactory results particularly with respect to
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the low stereoselectivity in glycosylation between the carbo-
hydrate donor and the serine derivative, and the synthesized
compound was not suitably protected for further elongation
of the peptide chain. The recent advances in glycosylation
methodology prompted us to search for a more efficient route
to the tetrasaccharide derivatives. A novel approach to the
sialoglycopeptide was designed based on the Fmoc strategy
of peptide synthesis in combination with benzyl protection
for both hydroxyl and carboxyl functionalities. The benzyl
protection allows non-basic, mild conditions for the ultimate
deprotective stage, which should eliminate any undesirable
cleavage of the carbohydrate-peptide linkage and minimize
amino acid racemization.

The synthetic pathway to the key building blocks, tetra-
saccharide-amino acid conjugates, is outlined in Scheme 2,
where the compounds 4, 5, 6, 7, and 8 were chosen as the
synthons of each component. Glycosylation of 5 with 4 pro-
duced the 8-linked disaccharide (10) under the stereocontrol
by neighboring group participation of a 2-O-acetyl group in
the glycosyl donor 4. The disaccharide 10 was converted into
the glycosyl fluoride through the manipulations of the protec-
tive groups in 8 steps. The fluoride was activated with the
promoter of OngrClz-AgCIO»;m) to react with the serine 6
and threonine derivatives 7. The glycosylation displayed good
a-selectivity (e : 8 =7~ 10: 1) to give 11 and 12 in 80%
yield. Stereocontrol in sialyl glycoside formation (sialylation)
had been a long-standing question. IHowever, in 1988, Ito
and Ogawa obtained an efficient solution to the problem by
introducing a stereo-directing phenylthio group into the C-3
position of a sialic acid-donor molecule.'? According to this
sialylation method, two sialic acid residues were stereoselec-
tively introduced to the disaccharides 11 (and 12) using a Hg
salt promoter in the separate steps via 13 (and 14) to give
15 {and 16). Those reactions gave the a-glycosides exclu-
sively. The tetrasaccharides 15 and 16 were converted, via 1)
azide-acetamide transformation, 2) deallylation, and 3) desul-
furization, into 17 and 18, which are appropriately protected
for the use as building blocks of a carboxylic acid component
in oligopeptide synthesis. The synthesis of an N-terminal hep-
tapeptide containing M blood group epitope was undertaken
in solution according to the Fmoc strategy. The peptides
were synthesized with EEDQ (2-ethoxy-1-ethoxycarbonyl-1,2-
dihydroquinoline) or IIDQ (2-isobutoxy-1-isobutoxycarbonyl-
1,2-dihydroquinocline) as the coupling agent, the procedure be-
ing illustrated in Scheme 3. The N-terminal Fmoc group was
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Scheme 4

removed with morpholine in high yield after each elongation
of the peptide bond. All the coupling reactions proceeded
smoothly without any difficulty caused by increasing molecu-
lar weights of the reactants. To complete the synthesis, depro-
tection of the heptapeptide 32 was performed. (Scheme 4) All
the benzyl-ether, -ester, and benzyloxycarbonyl groups were
simultaneously cleaved by hydrogenolysis and the tri-lactone
was readily hydrolyzed with a mild base (NaHCOQOs3, pH 7.5-
8) present in the hydrogenation media to produce the target
dodecasaccharide-heptapeptide molecule 33, quantitatively.
The homogeneity of the synthetic sample was confirmed by
ion-exchange chromatography and the structure was assigned
by 'H-NMR and FAB mass spectroscopy.

We have now established the synthesis of a carbohydrate-
clustered O-linked sialoglycoprotein fragment which involves
the human M blood group epitope. Approaches to the more
complex sialoglycoprotein molecules of biological interest and
developements of the practical solid-phase synthesis of those
sialic acid-containing glycopeptides will be the coming chal-
lenges.
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