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ABSTRACT

The cyclic sulfamidate 5 was synthesized in 60% overall yield from L-serine benzyl ester. Compound 5 reacted cleanly with the sodium thiolate
salt of a variety of unprotected 1-thio sugars in aqueous buffer to afford the corresponding S-linked amino acid glycoconjugates in good
yields after hydrolysis of the N-sulfates

O-Linked glycoproteins constitute a major class of glyco-
conjugates found in mammalian cells.1 The corresponding
S-linked glycoproteins are interesting synthesis targets as a
result of their enhanced chemical stability and enzymatic
resistance.2 A major goal of our research is to develop a
convergent approach for the synthesis ofS-linked glycopro-
teins as stable analogues ofO-linked wild types through the
chemoselective ligation of unprotected carbohydrates with
unprotected peptides in aqueous solution.3 As a first step
toward this goal, we chose to develop the principles for this
concept within the framework of more simple glycosyl amino
acids. This report describes the synthesis of a cyclic
sulfamidate which was derived from serine and its reaction
with a variety of unprotected 1-thio sugars.

Recent syntheses ofS-linked amino acid glycosides
utilized an anomeric thiolate nucleophile on a protected or
support-bound sugar in a reaction with a protectedâ-io-

doalanine (Scheme 1).4,5 A potential limitation in the use of
â-iodoalanyl derivatives as the electrophilic components is

the propensity of these compounds to undergo elimination
of HI, affording elimination product1. Subsequent Michael
addition of the sulfur nucleophile to1 results in a mixture
of diastereomers that differ in configuration at theR-carbon
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of the amino acid (Scheme 1). Under certain experimental
conditions, such a pathway was in fact observed.4b

We hypothesized that constraining theâ leaving group
into a five-membered ring could reduce the rate of elimina-
tion due to poor orbital overlap between the developing
enolate and the leaving oxygen atom (this transition state
for elimination is the same as for a5-endo-trig cyclization).6

Cyclic sulfamidate5 (Scheme 2) was chosen as a suitable

“â-alanyl” equivalent. Serine-derived cyclic sulfamidates
were previously utilized in the synthesis of unnatural amino
acids.7 In a nonpeptidic system, cyclic sulfamidates were
shown to react with a protected 1-thio sugar.8

Compound5 was synthesized in five steps and 60% overall
yield from L-serine benzyl ester (Scheme 2). First, the amine
was protected by reductive amination withp-anisaldehyde.
Cyclization of2 with thionyl chloride cleanly afforded the
corresponding cyclic sulfamidite, which was then oxidized
to the protected sulfamidate3 with catalytic Ru(III) and
periodate.9 Removal of the PMB protecting group was
effected with ceric ammonium nitrate,10 and subsequent

hydrogenolysis of the benzyl ester of4 to produce5 was
quantitative. Protection of the primary amine of serine benzyl
ester, while retaining the sp3 character of the nitrogen, was
necessary to form the cyclic sulfamidate. Attempts to form
a cyclic sulfamidate directly from serine benzyl ester or
N-BOC-serine benzyl ester were unsuccessful.

Before the reactivity of5 with sulfur nucleophiles was
examined, a control experiment was performed to evaluate
the stability of5 toward hydrolysis in aqueous buffer and to
determine the eagerness of5 to provide the elimination
product6 (Scheme 3). Compound5 was incubated in D2O

with sodium bicarbonate at pH 8 (23°C), and its decomposi-
tion was followed by1H NMR. Loss of5 proceeded slowly
(k ) 0.034 h-1, t1/2 ) 20 h) to form a mixture of the
sulfamidate hydrolysis products7a and7b (Scheme 3). The
elimination product6 was not observed, suggesting that under
these reaction conditions epimerization of theR-carbon did
not occur.

A variety of 1-thio sugars were found to add rapidly to
the â-carbon of5. Reaction of5 with the sodium salt of
commercially available 1-thio-â-D-glucose (8) in aqueous
sodium bicarbonate proceeded with an initial half-life of less
than 10 min to give theN-sulfatyl glycoconjugate intermedi-
ate in 95% yield (Scheme 4). The sulfamidate was hydro-
lyzed cleanly with aqueous HCl to provide11 in 90% yield
after purification by size exclusion chromatography (Biogel
P-2, H2O mobile phase). The same procedure using 1-thio-
N-acetyl-â-D-glucosamine (9)11 proceeded equally as well
to afford12. Addition of 1-thio-R-D-glucose (10)12 to 5 also
afforded the correspondingN-sulfatyl adduct in 95%. After
hydrolysis of theN-sulfate and size-exclusion chromatog-
raphy to afford13, 1H NMR indicated the presence of a
minor component (ca. 3%), which was tentatively determined
to be the product which was diastereomeric at the amino
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acid R-carbon. We were unsuccessful in attempts to isolate
this component in pure form for unambiguous confirmation
of this assignment.

In summary, this report presents an efficient method for
synthesizingS-linked glycosyl amino acids using unprotected
carbohydrates in aqueous solution. An important feature of
this method is the reduced risk of elimination and subsequent
epimerization of theR-carbon by constraining theâ leaving
group within a ring as a cyclic sulfamidate. Current efforts
in our laboratory focus on the incorporation of5 into peptides
to generate reactive peptide substrates for ligations with
unprotected 1-thio sugars.
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