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A new method for sialylation involving the dehydrative coupling of sialyl donors with the reagent combination of (p-nitrophenyl)(phenyl)
sulfoxide and triflic anhydride is reported. This process establishes sialyl C2-hemiketals as viable sialyl donors for complex carbohydrate
synthesis.

The development of new methods for the preparation of sialic and furanosyl donor&(2) 2,3-elimination of activated donors
acid conjugates is a major focus in carbohydrate synthesisis often a competitive unproductive side reaction; and (3)
owing to its prevalence in naturally occurring oligosaccha- naturally occurring sialosides incorporate the thermodynami-
rides. The most abundant sialic adidlacetylneuraminic acid  cally disfavoredx-C2-stereochemistry (equatorial). Because
(Scheme 1;1; R, R = H, X = OH), is a common of these challenges, only a handful of latent leaving groups
(X) have been employed for sialylation, including halides,

_ sulfides, xanthates, phosphites, and esters. However, direct

dehydrative sialylations in which sialyl C2-hemiketals (

Sch 1 .
cheme X = OH) are employed as donors for the preparation of
% "activation” RO PR o sialyl—carbohydrate conjugates have not been reported for
RONZFQ7 o R ol A%SN%N” complex carbohydrate synthesisive report .herelrll the
RO R development of a method for dehydrative sialylation that
1 X = OH 2 establishes C2-sialyl hemiketals as viable carbohydrate

donors for the preparation of sialyl conjugates.
We have recently demonstrated that dehydrative glyco-

substructure within glycolipids and glycoproteins and is SYlations with hemiacetal donors, employing the reagent
combination of a diaryl sulfoxide (ABO) and triflic

implicated in a diverse array of biological functions such as hvdride. i troct thod f ic bond
immune response, oncogenesis, as well as cell recognition®MYArde, IS an efrective method for anomeric bon

and adhesion. (1) () Okamoto, K.: Goto, TTetrahedron1990, 46, 5835—5857. (b)

The preparation of sialyl conjugates by chemical methods DeNinng, M. P.Synthesis991, 583-593. ((g; Bo?nls, G. J.; Demchenko,
; iAol ot : A. V. Chem. Re»2000,100, 4539—4565. Kiefel, M. J.; von ltzstein,
usually |nvol_ve.s the in sng activation of a I_atent C2-leaving 1 Ghem. Rev2002, 102, 471-490,
group (X) within a selectively protected sialyl donbi(R, (2) (@) Toshima, K.; Tatsuta, KChem. Rev1993,93, 1503—1531. (b)
= i tuti i Schmidt, R. R.; Kinzy, WAdv. Carbohydr. Chem. Biocher994, 50,
R pro't(-ectlve group), followgd by SubStItu'tIOI’l. with a 21-123. (c) Davis, B. G. JChem. So¢.Perkin Trans. 1200Q 2137
nucleophilic acceptor (Nu-H).This transformation is par-  57g0.

ticularly challenging in that: (1) anomeric bond formation | (3r2/? fev;/hearllylixamlrzlisl OL FiSCEer glycosxt/lc’;tipns r?‘f hsitnr:ple alkytl

_ alcohols witn sialyl hemiketals have been reported In whic € acceptor
OFCUrS at the C? ketal carbon d_f as opposed to a less must also function as the reaction solvent. See: Meindl, P.; Tuppy, H.
hindered anomeric acetal carbon in more common pyranosylMonatsh. Chem1965,96, 816—827.
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constructiorf. When adapted to sialylhemiketal donors such ~ (89%, entry 2), C2x-selectivity was not significantly
as 4,7,8,9-tetra-O-acetyl-N-acetylneuraminic acid methyl enhanced. Similar results were obtained when methyl 2,3,4-
ester (3Scheme 2), this method provides a versatile approachtri-O-benzyl-ab-glucopyranoside (7) was employed as the

acceptor (entries 4 and 5) using less nucleophilic diaryl
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to dehydrative sialylation. In situ generation of a diaryl
sulfoxide bis(triflate) intermediatd would lead to rapid
activation of the C2-hemiketal withiB to afford the C2-
sialyloxosulfonium speci€s, an electrophile that represents

a novel class of reactive sialyl donor. Subsequent anomeric
bond formation with an appropriate nucleophilic acceptor

(Nu-H) leads to the formation of the sialyl conjugétdnitial

investigations to assess the feasibility of direct dehydrative

sialylation involved treatment of a solution 8fand PRSO
in CH,Cl, at —78 °C with Tf,0, followed by the addition of

2-propanol as a model sialyl acceptor (3 equiv). Subsequent

stirring of the reaction fo2 h at 50 °C led to the formation
of sialoside6 (Nu = —OCHMe,, entry 1) in 98% yield (1:2

o/B). Similar results were also obtained when methyl 2,3,4-

tri-O-benzyl-ab-glucopyranoside (7) was employed as the
sialyl acceptor to form the corresponding Neu5Ae®®-
Glu sialoside (72%, entry 3).

Although these early results establish the feasibility of

dehydrative sialylation with C2-hemiketal sialyl donors,
anomeric selectivity favors the non-naturgiglycosidic

linkage, indicating that the predominant coupling pathway

sulfoxides such as bisttrifluoromethylphenyl) sulfoxide
(entry 4, 77%; 1:24p) and (pnitrophenyl)(phenyl) sulfoxide
(entry 5, 66%, 2:1a/p).57

To augmeni-selectivity in dehydrative sialylation, C1-
neighboring group participation was explored employing the
C1-N,N-dimethyl glycolamide protective group recently
introduced by u$?® This sialyl C1-protective group (i.€8,
Scheme 3) has been shown to enhaneselectivity in

Scheme 3
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sialylation with a variety of coupling methods, presumably
via generation and nucleophilic displacement g¢f-sialyl-
C2-imidate cation donotO, formed via dissociation of the
putative anomeric C2-sulfoxide B This strategy is distinct
from the more common approach of C3-neighboring group
participatiot® in that multistep incorporation and removal
of a transient C3-auxiliary is not necessary.

(5) (a) Hasegawa, A.; Ohki, H.; Nagahama, T.; Ishida, H.; Kiso, M.
Carbohydr. Res1991,212, 277—281. (b) Birberg, W.; Lénn, Hetra-
hedron Lett.1991,32, 7453, 7457.

(6) Use of electron-rich diarylsulfoxides such as pisfethoxyphenyl)

does not proceed through invertive displacement at C2 of asulfoxide led to incomplete activation of the C2-hemiketal, presumably a

putative-oxosulfonium intermediaté (Scheme 2). Dehy-
drative sialylation of 2-propanol was also investigated in
propionitrile (entry 2) in the hopes that the formation of a
reactivep-nitrilium intermediate (similar to that invoked in
sialylations in acetonitrile solvent with C2-thio-sialoside
donorsj would lead to improved-selectivity. Although a
comparable yield of the sialyl conjugat was obtained

(4) (a) Garcia, B. A.; Poole, J. L.; Gin, D. Y. Am. Chem. S0d.997,
119, 7597—7598. (b) Garcia, B. A.; Gin, D. ¥. Am. Chem. So@000,
122, 4269—-4279.
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result of the attenuated electrophilicity of the sulfonium 4 (Ar p-
methoxyphenyl) relative to that of 4 (A= Ph).

(7) No products arising from acceptor addition to the cationic imidate
carbon were observed.

(8) Haberman, J. M.; Gin, D. YOrg. Lett.2001,3, 1665—1668.
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Tetrahedron Lett1997,38, 8223—8226.
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3384. (b) Okamoto, K.; Kondo, T.; Goto, Tetrahedronl 987,43, 5909—
5918. (c) Ito, Y.; Ogawa, TTetrahedron1990, 46, 89-102. (d) Marti-
chonok, V.; Whitesides, G. Ml. Am. Chem. S0d.996,118, 8187—8191.
(e) Castro-Palomino, J. C.; Tsvetkov, Y. E.; Schmidt, RJIRAmM. Chem.
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Thus, diphenyl sulfoxide mediated dehydrative sialylation
of methyl 2,3,4-triO-benzyl-ap-glucopyranoside?) with
the C1l-glycolamide-C2-hemiketal don@ (Scheme 3)
provided a good yield of the corresponding—<@)-sialyl
conjugatell (entry 1). While the presence of the C1-glycol-
amide auxiliary increases the proportion of thesialoside
product compared with that of the methyl ester sialyl donor
3 (i.e., entry 3, Scheme 2), this particular coupling was not
stereoselective. It is likely that the presence of3 in the
reaction interferes with formation of the putative sialyl-C2-
bicyclic imidate cationl0, allowing for 3-sialylation with
the C2-oxosulfonium dond to be a competitive pathway.
As a result, other diaryl sulfoxides such as bidfifluoro-
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methylphenyl) sulfoxide andp¢nitrophenyl)(phenyl) sulf-
oxide, both incorporating electron-deficient aryl substituents,
were also probed with the aim of minimizing the extent of
sulfoxide participation following sialyl activation, thereby
maximizing the influence of the C1-glycolamide auxiliary
(Scheme 3, entries 2 and 3). Of these two sulfoxides,
dehydrative sialylation with hemikete8 employing (p-
nitrophenyl)(phenyl) sulfoxide provided a good coupling
yield (72%; 3:1a/p) with promisinga-anomeric selectivity
(entry 3).

Using this protocol withg-nitrophenyl)(phenyl) sulfoxide,
sialylations were performed on selectively protected galac-
topyranoside nucleophiles to afford neuraminic aajdlac-
toside conjugates that constitute key ganglioside disaccharide
fragments (Scheme 4). For example, sialylation of methyl
2,3,4-tri-O-benzyl-ap-galactopyranoside (12) and 1,2,3,4-
di-O-isopropylidenea-p-galactopyranosideld) afforded the
corresponding Neu5Ac{26)Gal disaccharides3 (63%) and
15 (70%), respectively, with good anomeric selectivity (4:1
o/B). Likewise, excellenti-selectivity was obtained when
methyl 2,6-di-O-benzyl-oe-galactopyranoside (16) under-
went chemoselective @-sialylation to provide the Neu5Ac-
(2—3)Gal ganglioside subunit7 (57%; 10:1a/p).

In summary, a new method for sialylation involving the
dehydrative coupling of C2-hemiketal sialyl donors with the
reagent combination op{nitrophenyl)(phenyl) sulfoxide and
triflic anhydride is reported. This process establishes a novel
class of sialyl donor for carbohydrate synthesis and should
prove useful for the preparation of a variety of biologically
relevant sialyl conjugates.
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