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Polysialic acids composed of thg2,8) and/ora(2,9) Neu5Ac
units 1 and 2 are frequently located at the nonreducing end of
biologically active glycoconjugates such as glycoproteins and
glycolipids (Figure 1). Recent progress in glycobiology suggests
that such oligomers may play important roles in biological events
on the cell surfacé.In terms of structureactivity relationship

studies, the use of chemically pure synthesized oligosialosides as;

biochemical probes would be highly desirable because the pos-
sibility that such isolated glycoconjugates could be heterogeneous
and/or contaminated with antigenic compounds cannot be excluded.
However, oligosialosides and2 represent difficult and challenging
synthetic targets. The presence of the C1 carboxyl group of sialic
acids reduces the reactivity of the anomeric position toward
glycosidation. A lack of C3 substitutions readily promotes the 2,3
elimination of a sialyl donor during glycosidation, making the
formation of a-isomers difficult® Furthermore, the C8 hydroxyl
group on the exocyclic chain exhibits low reactivity toward
glycosylation.

To overcome these problems, the sialyl donors containing a
stereodirecting group at the C3 position, namely OH or SPh, have
been developed for indirect synthetic methods and permit the
preparation of various(2,8)-disialosided.The substituent at the
C3 position on the donors should be stereoselectively installed and

must be removed at the end of the synthesis. On the other hand,

the conversion of the acetamide group at the C5 position of the
sialyl donor toN,N-diacetyl® azido® N-TFA,” N-Troc 82 N-Fmoc?
N-trichloroacetyl and N-phthalimidé® groups has been reported
to be effective for directi-selective sialylation. The coupling of
N,N-diacetyl? N-TFA,* andN-Troc!? sialyl donors and acceptors
directly provideda(2,8)-disialosides in moderate yields and good
selectivity. Furthermore, the 1,5-lactamization of sialic acids was
developed as an alternative route for enhancing the reactivity of
the C8 hydroxyl groups toward glycosylatiéhln these methods,
the use of acetonitrile as a solvent is critical for achieving
o-selective glycosidatiok: However, the utility of these method-
ologies in direco-sialylation has been mainly demonstrated in the
synthesis ot\(2,8)-disialosides. Therefore, an effective method for
the synthesis of oligosialosides continues to be needed.

In this communication, we report on an effectiueselective
sialylation using the 8N,4-O-carbonyl-protected sialyl don@and
its application to the synthesis af(2,8)-tetrasialosidela. As
illustrated in Table 1, treatment of theNg4-O-carbonyl-protected
o-sialoside4al® containing C7 and C8 dihydroxyl groups and 1.5
equiv of 5N,4-O-carbonyl- and 7,8-dichloroacetyl-protected sialy
donor 3 with NIS and a catalytic amount of TfOH in GBI, at
—78 °C providedo(2,8)-sialosideba in 86% yield with complete
o-selectivity. The chloroacetyl protecting groups at tBe7,8
positions proved to be effective for improving the reactivity of the
sialyl donor3 and can be selective removed to provide 7,8-diols
for the next glycosylatioA® It should be noted that the protec-
tion of the 5N,4-O-carbonyl group on the thiosialoside enables
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Figure 1. Structure ofa(2,8)- anda(2,9)-sialosided and 2.

Table 1. Glycosidation of 5-N,4-O-Carbonyl-Protected Sialoside 3

CIAcO R'OH 4 CIAcO
BnO SPh NIS/TOH ~ BMO COMe
IAcO: . 1ACO: .
ClAcO CO,Me AR OR'
O/—— MS3A 4—0
3
a:R'= 1 b:R'=
BnO_ ™  CO,Me BnO, COgMe
HO: .
OH\@)\OCBHW TrocHN OCgh;7
#—0
o
c:R'= w CO,Me
A Ol
BnO ome o
equivalent yield
entry of donor 3 (equiv) acceptor product (%) of
1 15 4da 5a 86 o only?
2 15 4b 5b 20 74:26
3 1.0 4c 5c quant o only?
4 1.0 4d 5d 96 o only?

aThe a3 ratio was estimated by analysis & NMR spectra® The
o ratio was estimated by HPLC analysis based on refractive index
detection.
a-sialylation to proceed without acetonitrile effects or neighboring-
group participation by any of the auxiliariésThe glycosylation
of N-Troc sialosidetb with donor3 resulted in a reduced coupling
yield of 5b with moderaten-selectivity. These results indicate that
the cyclic protecting group effectively improved the reactivity of
the C8 hydroxyl group toward glycosylatiéhWe next carried out
the glycosylation of primary alcohols ific and 4d with 3. The
sialylation of primary alcohols based on the acetonitrile effects
frequently results in poar-selectivity, compared to the sialylation
of secondary hydroxyl groups such as the C3 hydroxyl group on
galactosides. Treatment of the primary hydroxyl grougiofvith
1.0 equiv of sialyl donor3 under the same reaction conditions
providedo-sialosidessc in quantitative yield and excellent selectiv-
ity. Furthermore, glycosylation of the 8,9-dihydroxyl sialyl acceptor
4d with donor3 affordedo.(2,9)-disialosidesd in 96% vyield as a
single product. These results indicated that ddhaas especially
effective for sialylation of the primary alcohols.
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aReagents and conditions: (a) thiourea, 2,6-lutidine, DMF;Q085% for6, 82% for8. (b) 3 (3.0 equiv), NIS (3.6 equiv), TfOH (0.3 equiv), MS3A,
—78 °C, 89%,a only. (c) 3 (3.0 equiv), NIS (3.6 equiv), TfOH (0.30 equiv), MS3A;78 °C, 57%a only. (d) AcO, Py, CHCl,, —50 °C. quant (e)
LiOH-H20, HO, EtOH, 80°C, 88%. (f) AcO, NaHCQ, H;O, 0 °C then NaOMe, MeOH, 64%. (g) Pd(OkH; (1 atm), MeOH, HO, 70%.

The structure$a—d were confirmed as follows. The config-
uration of sialoside$a, 5c, and5d was determined on the basis of
the 3Jc1-psax coupling constants of the corresponding hydrolysates
of 53, 5¢, and 5d.1° The regioselectivity in the glycosylation of

using a simple glycosidation and deprotection protocol. This
coupling method allows the synthesis of the various oligosaccha-
rides containingy(2,8)- ando.(2,9)-oligosialoside units, which are
effective biochemical probes for elucidating their biological activi-
ties.

diols4aand4d was estimated byH NMR analysis of the acetylated
products frombaand5d. The hydrolysate of th&l-Troc derivative
5b-a. was identical to the hydrolysate &6& (details are shown in
Supporting Information).

We next conducted the synthesisoqP,8)-tetrasialoside$a via

Supporting Information Available: Experimental procedures for

the a-sialylation and full characterization for all compounds. This
material is available free of charge via the Internet at http://pubs.acs.org.

5a (Scheme 1). The removal of the two chloroacetyl groups at the References

C7 and C8 positions d@a provided triol6 in 85% yield. Treatment
of triol 6 and the 5N,4-O-carbonyl-protected sialosid(1.5 equiv)
with NIS/TfOH in CH,CI, at —78 °C providedo(2,8)-trisialoside
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In conclusion, an efficient and elegant synthesisog®,8)-
oligosialosides is described. Tha\p4-O-carbonyl-protected sialyl
donor undergoest-sialylation in CHCI, to provide a(2,8)- and
o(2,9)-disialosides in excellent yields. The N64-O-carbonyl
protecting group was effective for improving the reactivity of the
C8 hydroxyl groups toward glycosylation. Using the sialyl building
block, the synthesis of tetraf2,8)-sialic acid could be accomplished
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