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ABSTRACT

A concise and convenient route that may be easily scaled is reported for the preparation of unprotected â-glucopyranosides of N-acetyl- D-
glucosamine. Reaction of a wide variety of alcohols with a reactive, readily prepared furanosyl oxazoline under acidic conditions affords the
corresponding â-D-glucopyranosides in good to high yields. Primary alcohols gave only â-D-glucopyranosides. A mechanism is proposed for
this transformation.

N-Acetyl-D-glucosamine (GlcNAc) is one of the most
frequently encountered hexosamines in biologically important
glycolipids, polysaccharides, and glycoproteins. It exists
mainly in the pyranose form, and in the majority of cases it
is found as either N- or O-linkedâ-pyranosides.1 However,
because the 2-acetamido group is a poor participating group,
the chemical synthesis of O-linked GlcNAcâ-glycosides is
not straightforward,2 especially when the acceptor is a
complex sugar. Indirect routes to suchâ-glucopyranosides
are most often employed using a temporary protecting group
for the 2-amino functionality such as phthalimido,3 tetra-
chlorophthalimido,4 troc-amido,5 chloroacetamido,6 trichlo-
roacetamido,7 or azido8 groups. The acetamido group is

generated after removing the protecting group followed by
an acetylation step. The direct synthesis of O-linked GlcNAc
â-glucopyranosides using the acetamido group is more
straightforward but less common and restricted to the
preparation of glycosides with simple aglycones.9 Typically,
the synthesis (Scheme 1) involves glycosylation of simple
alcohols by reaction with peracetylatedN-acetylglucopy-
ranosyl chloride (2) under Koenigs-Knorr conditions10 that
employ poisonous heavy metal salts such as mercury cyanide
or mercury chloride as a promoter. Another route involves
reaction of peracetylated glucopyranosyl oxazoline (5) with
alcohols to afford the desired 2-acetamido-2-deoxy-â-D-
glucopyranosides.11 The pyranose oxazoline (5) is generally
considered as the intermediate12 that leads toâ-glycosides
(4) when the glycosyl chloride (2) reacts with an alcohol.
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Due to its low reactivity as a donor, harsh reaction condi-
tions2,11 using strong Lewis acids (such as TMSOTf) or
strong Brønsted acids (such asp-TsOH) as well as elevated
temperature are required for glycosylations. Although some
improvements were achieved using 1,2-dichloroethane as a
solvent13 and FeCl3,14 CuCl2,15 or Yb(OTf)316 as catalysts,
elevated temperature is still required. Recently, Boysen et
al.17 designed a bicyclic thioglycoside as a versatile GlcNAc
donor, and Mohan et al.18 employed microwave as an
efficient way of heating to convert a pyranose oxazoline
derivative to someN-acetyllactosamine glycosides.

The chloride (2) is prepared by reactingN-acetylglu-
cosamine (1) with neat acetyl chloride19 (Scheme 1).
Although this reaction works reasonably well, it is not a clean
reaction.20 Together with the desired chloride (2), frequently
pentaacetate (3) remains, and recrystallization does not
remove this side-product. Consequently, the impurity (3) has
to be removed by chromatography; alternatively, the crude
chloride (2) is used for glycosylation, and the impurity (3)
has to be removed at the next step. However, chromatography
of polar acetamido intermediates is troublesome, because they
have poor solubility in common organic solvents and streak
badly. Consequently, the preparation ofâ-glucopyranosides
of GlcNAc with simple aglycones by conventional routes
that start fromN-acetylglucosamine is not a straightforward
task. In this study, we report a simple and general method
for the preparation of 2-acetamido-2-deoxy-D-glucopyrano-
sides from a furanose oxazoline derivative.

When planning the synthesis of a bioactive phytosphin-
gosine and glycosylceramide derivatives, we envisioned the

use of a furanose oxazoline (6) as a key intermediate (Scheme
2). Compound6 can be conveniently prepared on a large
scale in good yield (77%) fromN-acetylglucosamine with
dry acetone using anhydrous FeCl3 as a catalyst.21 The crude
furanose oxazoline6 is pure enough for use in the next step
without the need for chromatography. The literature reports
that the furanose oxazoline6 can be converted to the methyl
â-furanoside7 when reacted with dry methanol (as a solvent)
for 3 h at pH 3∼4 usingp-TsOH as a catalyst.22 However,
our experience indicates that under the reported conditions,
the furanoside7 forms initially and then slowly converts to
a new spot on TLC identified as the pure methyl 2-aceta-
mido-2-deoxy-â-D-glucopyranoside (8). The rate for conver-
sion of 7 into 8 accelerates if the amount ofp-TsOH is
increased. For example, if 0.5 equiv ofp-TsOH is used,
compound6 can be converted to compound8 within 1 h.
The 5,6-O-isopropylidene group is apparently transacetalized
in-situ with methanol. To stop the transformation at the stage
of furanoside7, the acidity of the reaction has to be carefully
controlled.

The direct transformation of the furanose6 to pyranoside
8 proceeds equally well on a small or large scale. When
performed on a 20 gram scale, compound8 was obtained in
quantitative yield by simply evaporating the reaction mixture
after neutralization with Et3N, followed by multiple washing
of the residue with CH2Cl2 in order to removep-TsOH salts.
Furthermore, compound6 could be prepared from1 on a
large scale without the need for chromatography. This now
provides a viable two-step procedure to prepare compound
8 that is otherwise troublesome to make using conventional
approaches. A literature search revealed that there are no
other instances of the direct conversion of a furanosyl
oxazoline to 2-acetamido-2-deoxy-â-D-glucopyranosides.
However, Gigg’s group have reported a similar transforma-
tion using a furanose phenyloxazoline derivative to prepare,
in a one-pot reaction, the 4,6-O-benylidene acetal of two
â-glycosides of GlcNBz.23
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Scheme 2. New Route for Synthesis ofâ-Glycosides8

Scheme 1. Conventional Routes to GlcNAcâ-Glycosides4
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Compared to the traditional methods that require at least
three transformations as well as multiple chromatographic
steps, the new route requires only two steps without
chromatography to prepare unprotected 2-acetamido-2-deoxy-
â-D-glucopyranosides fromN-acetylglucosamine. The con-
cise method, its convenience, and its high stereoselectivity
prompted us to explore the scope of this reaction. We first
investigated the reaction of furanose oxazoline6 with
commercially available primary alcohols (Table 1, entries
1-12). In general, oxazoline6 reacted smoothly with all the

primary alcohols to afford exclusivelyâ-glucopyranosides.
With smaller and more reactive alcohols such as allyl, benzyl,
glycol, we used 0.5 equiv of anhydrousp-TsOH or CSA
(camphor sulfonic acid) as a catalyst, while for larger and
less reactive alcohols, we increased the amount ofp-TsOH
or CSA to 1 equiv in order to accelerate the reactions.
Normally, the reactions were carried out in neat alcohol
solution. However, for more expensive alcohols (entries 11
and 12), the reaction was performed using CH2Cl2 as a
cosolvent without a decrease in stereoselectivity. For gly-
cosides with aglycones of smaller size (entries 1, 2, 4, 13,
and 14), the corresponding alcohols are more volatile, and

consequently unreacted alcohol was removed by evaporation;
the glycosides were obtained after multiple washings with
CH2Cl2. However, as the size of the aglycones increases,
the corresponding alcohols tend to be less volatile, and the
glycosides have better solubility in CH2Cl2; therefore, these
glycosides were isolated by chromatography.

The glycosylation conditions are compatible with many
functional groups. Alkenes are well-tolerated, while the
halides, the trimethylsilylethyl group, as well as the azido
group are also unaffected.

The furanose oxazoline6 can also glucosylate secondary
and tertiary alcohols. For example, when cyclohexanol was
used, the corresponding cyclohexylâ-glucopyranoside was
obtained as the only product in 73% yield without the need
for chromatography. However, small amounts ofR-isomers
were observed withi-propyl or tert-butyl alcohols. The
reaction withtert-butyl alcohol was sluggish. Remarkably,
despite steric hindrance, the yield of thetert-butyl glucoside
was moderate.

The reaction of a furanose derivative to form a pyrano-
side24 requires opening of the anomeric acetal of the
furanoside and formation of a new acetal linkage with the
5-hydroxyl group. Logically, this should lead to the formation
of an open-chain GlcNAc intermediate. The ring reclosure
from a linear intermediate should afford, in principle, a
mixture of anomeric glycosides; in the case of pyranosides,
theR-anomers are usually the predominant products due to
the anomeric effect as seen, for example, in Fisher glycosi-
dation of GlcNAc.25 However, the reaction of furanose
oxazoline6 with alcohol occurs with high stereoselectivity.
During the reaction of6 with methanol, two intermediates
were observed by TLC; methylâ-D-furanoside7 (Rf ) 0.72)
appeared first. Before the complete disappearance of7,
another product (Rf ) 0.30) appeared, which was converted
to the pyranosides8 (Rf ) 0.16). We were able to halt the
reaction by treating the reaction mixture with Dowex-2
(OH-) resin to remove the acid catalyst, and the lower spot
(Rf ) 0.30) was isolated and identified as the triol9. Clearly,
the furanose oxazoline ring was first opened by the attack
of methanol under acidic conditions to yield7, and subse-
quently the acetonide undergoes transacetalation with metha-
nol to afford9, which then rearranged to8 through a faster
process. Unfortunately, no intermediates could be observed
during the transformation of9 to 8.

The transformations of methyl furanoside7 as well as9
to 8 were first reported by Jacquinet et al.26 They discovered
that these methyl furanosides could rearrange quantitatively
to pyranoside8 by treatment with 60% acetic acid-water
at 100°C for 10 min. Although very efficient, this method
has not found widespread use.

To explain theâ-selectivity of glucopyranoside formation,
we speculate that there is an assisted ring opening of the
furanoside from theN-acetyl group (Scheme 3). Thus, under
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Table 1. Glycosylations of Alcohols with Compound6

a ROH/CH2Cl2. b Yields are reported after chromatography.c Glycosides
could also be obtained without chromatography; yields are∼10% lower.
d No dimers were detected.
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p-TsOH catalysis, the ring oxygen of9 is first protonated
and undergoes anN-acetyl-assisted ring opening; the car-
bonyl oxygen attacks the anomeric center from the opposite
side of the ring and inverts the anomeric configuration to
form an open-chain oxazoline intermediate10, which quickly
undergoes another ring closure with 5-OH to regenerate the
NAc group; since the attack by 5-OH on the anomeric center
is also from the opposite direction, a double inversion restores
the anomeric center to the originalâ-configuration. The
partial formation of small amounts ofR-glucopyranosides
in the cases of some secondary and tertiary alcohols can be
attributed to the in situ acid-catalyzed anomerization of the
initially formed â-glucopyranosides. When the reaction
mixtures of 6 with primary alcohols were left at room
temperature for a prolonged time (several nights), we
observed the formation of small amounts ofR-pyranosides.

To confirm the above hypothesis, we reacted 1,2-O-
isopropylidene-R-D-glucofuranose (11), a furanose that does
not have anN-acetyl group to participate during the reaction
(Scheme 4), with MeOH under anhydrous camphor sulfonic
acid (CSA, 0.5 equiv) catalysis. The glycosylation proceeded
much more slowly (20 h), and the reaction gave anR/â
mixture of methyl furanosides and methyl pyranosides. These
results are rationalized in terms of the absence in11 of a
neighboringN-acetyl participating group, and the accompa-
nying NAc assisted ring opening. For this reason, the reaction

proceeds more slowly, and since 2-OH is not a participating
group, there is no possibility to form cyclic intermediates to
control the anomeric configuration of the glycosides formed.
We also found support of this proposed mechanism from
Jacquinet et al.’s original publication,26 where the authors
treated two free amino derivatives related to de-N-acetylated
compound7 or 9 with acid. It was observed that the
transformations to the corresponding pyranoside were more
difficult than with the N-acetylated derivatives7 and9. This
could be attributed primarily to the protonation of the amino
groups; however, in our opinion, the absence of an acetamido
group at the C-2 position to assist the opening of the
furanoside is also a contributing factor. In addition, these
authors used 60% acetic acid-water as solvents to transform
compounds7 and 9 to 8 in quantitative yields. Consistent
with our hypothesis, no other hydrolyzed or acetylated
products were obtained, indicating that under these conditions
water and acetate were not involved in the reaction.

In summary, we have discovered a new route to unpro-
tected 2-acetamido-2-deoxy-â-D-glucopyranosides fromN-
acetyl-D-glucosamine, which proceeds via a furanose ox-
azoline intermediate. The method is well suited to large-
scale work, and for simple glycosides no chromatography
steps are required. Glycosides with larger aglycones require
a single chromatographic step. Since the product is a
2-acetamido-2-deoxy-â-D-glucopyranoside, these unprotected
derivatives are directly available for subsequent steps. The
new methodology is mild and compatible with a range of
functional groups and has become the method of choice for
2-acetamido-2-deoxy-â-D-glucopyranoside synthesis in our
group.
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Scheme 3. Proposed Mechanism

Scheme 4. Reaction of Compound11 with MeOH
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