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ABSTRACT
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A concise and convenient route that may be easily scaled is reported for the preparation of unprotected

60-100%

P-glucopyranosides of  N-acetyl- p-

glucosamine. Reaction of a wide variety of alcohols with a reactive, readily prepared furanosyl oxazoline under acidic conditions affords the

corresponding  B-p-glucopyranosides in good to high yields. Primary alcohols gave only

this transformation.

B-0-glucopyranosides. A mechanism is proposed for

N-Acetyl-D-glucosamine (GIcNAc) is one of the most

generated after removing the protecting group followed by

frequently encountered hexosamines in biologically important an acetylation step. The direct synthesis of O-linked GIcNAc
glycolipids, polysaccharides, and glycoproteins. It exists S-glucopyranosides using the acetamido group is more
mainly in the pyranose form, and in the majority of cases it straightforward but less common and restricted to the

is found as either N- or O-linke@-pyranosides.However,

preparation of glycosides with simple aglycof&spically,

because the 2-acetamido group is a poor participating groupthe synthesis (Scheme 1) involves glycosylation of simple

the chemical synthesis of O-linked GlcN4eglycosides is
not straightforward, especially when the acceptor is a
complex sugar. Indirect routes to sugtglucopyranosides

alcohols by reaction with peracetylatéttacetylglucopy-
ranosyl chloride Z) under Koenigs Knorr condition& that
employ poisonous heavy metal salts such as mercury cyanide

are most often employed using a temporary protecting group or mercury chloride as a promoter. Another route involves

for the 2-amino functionality such as phthalimigidetra-
chlorophthalimidd’, troc-amido? chloroacetamidé trichlo-
roacetamidd, or azidé groups. The acetamido group is
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reaction of peracetylated glucopyranosyl oxazoliewith
alcohols to afford the desired 2-acetamido-2-deBxy-
glucopyranoside®: The pyranose oxazoline (5) is generally
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Due to its low reactivity as a donor, harsh reaction condi- use of a furanose oxazolin®)(@s a key intermediate (Scheme
tions>!! using strong Lewis acids (such as TMSOTf) or 2). Compound6 can be conveniently prepared on a large
strong Bransted acids (such@3sOH) as well as elevated scale in good yield (77%) fronN-acetylglucosamine with
temperature are required for glycosylations. Although some dry acetone using anhydrous Fe&$ a catalyst! The crude
improvements were achieved using 1,2-dichloroethane as auranose oxazoliné is pure enough for use in the next step
solvent® and FeCJ,** CuCh,*® or Yb(OTf)s!® as catalysts,  without the need for chromatography. The literature reports
elevated temperature is still required. Recently, Boysen etthat the furanose oxazolirecan be converted to the methyl
al.*” designed a bicyclic thioglycoside as a versatile GIcNAc S-furanoside7 when reacted with dry methanol (as a solvent)
donor, and Mohan et &F. employed microwave as an for 3 h at pH 3-4 usingp-TsOH as a catalygt. However,
efficient way of heating to convert a pyranose oxazoline our experience indicates that under the reported conditions,

derivative to someéN-acetyllactosamine glycosides.

Scheme 1. Conventional Routes to GIcNAB-Glycosides4
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The chloride (2) is prepared by reactiigracetylglu-
cosamine 1) with neat acetyl chloridé (Scheme 1).

Although this reaction works reasonably well, it is not a clean

reaction?® Together with the desired chlorid®)( frequently

pentaacetate (3) remains, and recrystallization does not

remove this side-product. Consequently, the impuBjyh@s

to be removed by chromatography; alternatively, the crude

chloride (2) is used for glycosylation, and the impuri8) (

the furanosider forms initially and then slowly converts to

a new spot on TLC identified as the pure methyl 2-aceta-
mido-2-deoxyp-b-glucopyranosided). The rate for conver-
sion of 7 into 8 accelerates if the amount @TsOH is
increased. For example, if 0.5 equiv pfTsOH is used,
compound6 can be converted to compoudwithin 1 h.
The 5,60-isopropylidene group is apparently transacetalized
in-situ with methanol. To stop the transformation at the stage
of furanosider, the acidity of the reaction has to be carefully
controlled.

Scheme 2. New Route for Synthesis gf-Glycosides8
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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 strea

badly. Consequently, the preparationsefilucopyranosides

of GIcNAc with simple aglycones by conventional routes
that start fromN-acetylglucosamine is not a straightforward
task. In this study, we report a simple and general metho

for the preparation of 2-acetamido-2-demaglucopyrano-
sides from a furanose oxazoline derivative.

When planning the synthesis of a bioactive phytosphin-
gosine and glycosylceramide derivatives, we envisioned th
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K The direct transformation of the furano8¢o pyranoside

8 proceeds equally well on a small or large scale. When
performed on a 20 gram scale, compo@ndas obtained in
guantitative yield by simply evaporating the reaction mixture

d after neutralization with BN, followed by multiple washing

of the residue with CLCl, in order to remove-TsOH salts.

Furthermore, compouné could be prepared frorm on a

large scale without the need for chromatography. This now

eprovides 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-deoxyg3glucopyranosides.
However, Gigg's group have reported a similar transforma-
tion using a furanose phenyloxazoline derivative to prepare,
in a one-pot reaction, the 4®-benylidene acetal of two
B-glycosides of GIcNBZ?
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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

consequently unreacted alcohol was removed by evaporation;
the glycosides were obtained after multiple washings with
CH,Cl,. However, as the size of the aglycones increases,

chromatography to prepare unprotected 2-acetamido-2-deoxythe corresponding alcohols tend to be less volatile, and the

pB-p-glucopyranosides fromi-acetylglucosamine. The con-

glycosides have better solubility in GEll,; therefore, these

cise method, its convenience, and its high stereoselectivity glycosides were isolated by chromatography.

prompted us to explore the scope of this reaction. We first
investigated the reaction of furanose oxazoliGewith
commercially available primary alcohols (Table 1, entries
1-12). In general, oxazolineé reacted smoothly with all the

Table 1. Glycosylations of Alcohols with Compourg

OH

9 Q

%O OH

ROH, RT
—_—
p-TsOH or CSA

Hﬁo OR
o)
3 NHAC
6 B-glycopyranoside

Entry Glycosyl Solvent Yield® o:p

accceptor ratio® Ratio
1 Allyl alcohol 1:0 82%C 0:1
2 Benzyl alcohol 1:0 3% 01
3 1-Octanol 10 69% 0:1
4 HO o~ 1:0 76%° 01
5 HO_~on 0 78% o1
6 HO—/:\—OH o S o
7T o O 10 74% o
8 RO~ 10 65% O
9 HO~p, 10 63% 01
10 g > e 2% o
M g ™S> 12 70% 0:1
12 HO e, 12 61% 01
13 HO -\ 10 73% 01
14 Isopropyl alcohol 1:0 77%C 1:6
15 t-Butyl alcohol 1:0 51% 1:4

aROH/CH,CI,. P Yields are reported after chromatographlycosides
could also be obtained without chromatography; yields-at€% lower.
4 No dimers were detected.

primary alcohols to afford exclusivel§-glucopyranosides.
With smaller and more reactive alcohols such as allyl, benzyl,
glycol, we used 0.5 equiv of anhydropsTsOH or CSA
(camphor sulfonic acid) as a catalyst, while for larger and
less reactive alcohols, we increased the amouipt-8§OH

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.CH 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

(23) (a) Gigg, R.; Conant, RJ, Chem. Soc., Perkin Trans1977, 2006~
2014. (b) Gent, P. A,; Gigg, R.; Conant, R.Chem. Soc., Perkin Trans. 1
1973, 1858—1863.
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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 oxazolin@ can also glucosylate secondary
and tertiary alcohols. For example, when cyclohexanol was
used, the corresponding cycloheglucopyranoside was
obtained as the only product in 73% yield without the need
for chromatography. However, small amountsweisomers
were observed with-propyl or tert-butyl alcohols. The
reaction withtert-butyl alcohol was sluggish. Remarkably,
despite steric hindrance, the yield of tieet-butyl glucoside
was moderate.

The reaction of a furanose derivative to form a pyrano-
side* 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 GIcNAc intermediate. The ring reclosure
from a linear intermediate should afford, in principle, a
mixture of anomeric glycosides; in the case of pyranosides,
the a-anomers are usually the predominant products due to
the anomeric effect as seen, for example, in Fisher glycosi-
dation of GIcNAc?® However, the reaction of furanose
oxazoline6 with alcohol occurs with high stereoselectivity.
During the reaction o6 with methanol, two intermediates
were observed by TLC; methgtp-furanoside7 (R = 0.72)
appeared first. Before the complete disappearancé&, of
another productR; = 0.30) appeared, which was converted
to the pyranoside8 (R = 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
(Rs = 0.30) was isolated and identified as the tABoClearly,
the furanose oxazoline ring was first opened by the attack
of methanol under acidic conditions to yielgd and subse-
quently the acetonide undergoes transacetalation with metha-
nol to afford9, which then rearranged ®through a faster
process. Unfortunately, no intermediates could be observed
during the transformation d to 8.

The transformations of methyl furanosideas well as9
to 8 were first reported by Jacquinet et&lThey discovered
that these methyl furanosides could rearrange quantitatively
to pyranoside8 by treatment with 60% acetic actdvater
at 100°C for 10 min. Although very efficient, this method
has not found widespread use.

To explain the3-selectivity of glucopyranoside formation,
we speculate that there is an assisted ring opening of the
furanoside from th&l-acetyl group (Scheme 3). Thus, under
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6054.
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p-TsOH catalysis, the ring oxygen 8fis first protonated proceeds more slowly, and since 2-OH is not a participating
and undergoes aN-acetyl-assisted ring opening; the car- group, there is no possibility to form cyclic intermediates to
bonyl oxygen attacks the anomeric center from the opposite control the anomeric configuration of the glycosides formed.
side of the ring and inverts the anomeric configuration to We also found support of this proposed mechanism from
form an open-chain oxazoline intermediat® which quickly Jacquinet et al.’s original publicatih,where the authors
undergoes another ring closure with 5-OH to regenerate thetreated two free amino derivatives related toNtecetylated
NAc group; since the attack by 5-OH on the anomeric center compound7 or 9 with acid. It was observed that the

is also from the opposite direction, a double inversion restorestransformations to the corresponding pyranoside were more
the anomeric center to the originglconfiguration. The difficult than with the N-acetylated derivativgsand9. This
partial formation of small amounts a@f-glucopyranosides  could be attributed primarily to the protonation of the amino
in the cases of some secondary and tertiary alcohols can baroups; however, in our opinion, the absence of an acetamido
attributed to the in situ acid-catalyzed anomerization of the group at the C-2 position to assist the opening of the
initially formed p-glucopyranosides. When the reaction furanoside is also a contributing factor. In addition, these
mixtures of 6 with primary alcohols were left at room authors used 60% acetic acidiater as solvents to transform
temperature for a prolonged time (several nights), we compounds/ and9 to 8 in quantitative yields. Consistent
observed the formation of small amountsoepyranosides.  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.

Scheme 3. Proposed Mechanism
»LOO o MeOH, RT HO O':, Scheme 4. Reaction of Compoundl with MeOH
6H p-TsOH Ho OMe HO
HO
N? B-glycopyr[;:*é(i:de "o og C,gf\?g-éR;l) OH HO 0
6 \ 8 — 0 [¢] + OH OMe
A O  20h H&MOM
e : O% OH OH
o ! 1 12_ 13 _
YO o. OMe OH/H ol/B 60:40 o/B 35:65
" Hagﬁ}(OMe
NHAG 4 N In summary, we have discovered a new route to unpro-
7 otated ‘/7! tected 2-acetamido-2-deoxygpglucopyranosides fror-
10 acetylp-glucosamine, which proceeds via a furanose ox-
l H| azoline intermediate. The method is well suited to large-
H*ws scale work, and for simple glycosides no chromatography
HC:'O 5" OMe HO oy OMe steps are required. Glycosides with larger aglycones require
OH L HO}‘W a single chromatographic step. Since the product is a
<\ 0 2-acetamido-2-deoxg-p-glucopyranoside, these unprotected
/N.:-} 0. N’K derivatives are directly available for subsequent steps. The
H \r o new methodology is mild and compatible with a range of
isolated functional groups and has become the method of choice for
2-acetamido-2-deoxy-f-glucopyranoside synthesis in our
group.

To confirm the above hypothesis, we reacted Q@;2- .
isopropylidenea-p-glucofuranoseX1), a furanose that does ~ Acknowledgment. Funding to D. Bundle from the
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much more slowly (20 h), and the reaction gave «dfi
mixture of methyl furanosides and methyl pyranosides. These
results are rationalized in terms of the absencélirof a
neighboringN-acetyl participating group, and the accompa-
nying NAc assisted ring opening. For this reason, the reaction OL051523K
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