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Abstract—These studies describe the chemoselective deprotection of trans-fused 2N,30-oxazolidinone derivatives of N-acetyl-B-p-
glucosamine. Selective opening of the oxazolidinone ring or N-deacetylation without ring opening is demonstrated. Certain amines
are shown to efficiently afford C-2 ureido sugars under mild conditions. This work demonstrates the high degree of chemoselective
manipulation possible with ring-fused 2N,30-oxazolidinone derivatives of N-acetyl-p-glucosamine.
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N-Substituted 2-amino-2-deoxy-D-hexopyranoside resi-
dues are important structural and functional compo-
nents of numerous Dbioactive glycoconjugates.
Protection and/or latentiation strategies for the 2-amino
moiety of D-glucosaminyl donors play a critical role
in stereoselective glycosylation reactions and post-
glycosylation chemical manipulation to obtain target
glycosides.! We previously reported ring-fused 2N,30-
oxazolidinone derivatives of phenyl 2-amino-2-deoxy-
1-thio-p-glucopyranoside as glycosyl donors for the
stereoselective synthesis of a-linked glycosides of p-glu-
cosamine.?? Oxazolidinone protection of the 2-N and 3-
O positions facilitates differentiation of the 3-hydroxyl
moiety from other hydroxyl groups. Hydrolytic ring
opening (deprotection) of N-unsubstituted oxazolidi-
nones (1) under mild conditions affords 2-amino prod-
ucts (2, Fig. 1).? N-acetylglucosamine derivatives have
been obtained through selective N-acetylation following
hydrolysis of 2N,30-oxazolidinones (3, Fig. 1).* Treat-
ment of the N-unsubstituted ring-fused oxazolidinones
with alcohols in the presence of base affords ring-open-
ing deprotection of the C-3 hydroxyl group with con-
comitant generation of the C-2 carbamate (4, Fig. 1).2

Certain inherent limitations of N-unsubstituted 2N,30-
oxazolidinone protected D-glucosaminyl donors have
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been overcome through acetyl substitution the oxazolid-
inone nitrogen.> Substitution of the oxazolidinone nitro-
gen precludes N-glycosylation and blocks reaction with
donor activating reagents. Moreover, thioglycosides of
these donors can be activated using mild activating sys-
tems. Unlike N-unsubstituted ring-fused oxazolidinones
(1, Fig. 1), we initially found hydrolysis of ring-fused
2N,30-oxazolidinones of N-acetyl-D-glucosamine (5,
Fig. 1) to give product mixtures. These mixtures resulted
from competition between N-deacetylation, N-deacetyl-
ation followed by oxazolidinone opening, and oxazolid-
inone opening with retention of the N-acetyl substituent
(1, 2, 3, Fig. 1). Here we report studies investigating the
chemoselective deprotection of 2N,30-oxazolidinone
protected N-acetyl-pD-glucosamine and the selective for-
mation of 2-carbamoyl and 2-ureido derivatives.

Chiral monocyclic N-acyl oxazolidinones are widely em-
ployed in asymmetric Aldol reactions. We initially envi-
sioned established methods for selective N-deacylation
of these monocyclic oxazolidinones might be applicable
to selective N-deacetylation of the trans-fused oxazolid-
inones here. Initial attempts to selectively cleave the
N-acetyl substituent from 4,6-di-O-acetyl protected
derivatives of glycosides 5 afforded complex reaction
mixtures. While O-acetyl cleavage was anticipated, mix-
tures obtained using various reaction conditions clearly
demonstrated the carbonyl of these trans-fused N-acetyl
substituted oxazolidinones are highly labile compared
to monocyclic oxazolidinones. High torsion strain of
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Figure 1. Known interconversions of N-unsubstituted 2/V,30-oxazolidinone protected D-glucosamine derivatives (solid arrows). Chemoselective
manipulation of 2N,30-oxazolidinone protected N-acetyl p-glucosamine derivatives investigated here (dashed arrows).

the trans-fused oxazolidinone resulted in competing
reactivity of the N-acetyl carbonyl and the internal car-
bonyl of the oxazolidinone ring.

Benzyl glycoside 9 was prepared to facilitate studies to-
ward identifying reagents and reaction conditions to
selectively cleave the N-acetyl substituent and selectively
open the oxazolidinone ring (Scheme 1). Synthesis of 9
began with 2N,30-oxazolidinone protected thioglyco-
side 6, which was prepared using procedures as previ-
ously reported.?> Selective protection of the C-6
hydroxyl group as the silyl ether,® followed by allyloxy-
carbonyl protection of the C-4 hydroxyl group,’ affor-
ded 7. Subsequent acetylation afforded N-acetyl donor
8.°> Glycosidation of 8 with benzyl alcohol employing
1-benzylsulfinylpiperidine (BSP) and trifluoromethane-
sulfonic anhydride (Tf,O) as donor activating agents
proceeded smoothly to afford 9 in high yield and
stereoselectivity.®

We first investigated methods to hydrolyze oxazolidi-
none 9 by varying temperature and concentration of
inorganic base. As shown at the top of Table 1, there
are two discrete pathways for hydrolysis. Hydrolytic
conditions that selectively remove the N-acetyl group
first will afford N-unsubstituted oxazolidinone 10 (Path-
way A). Further hydrolysis of oxazolidinone 10 then af-

fords ring opening and yields complete deprotection of
the 3-hydroxyl and 2-amine groups.? In contrast, hydro-
lytic conditions that selectively open the oxazolidinone
ring first will afford the 2-N-acetyl sugar (Pathway B),
which is stable to further hydrolysis and thus directly af-
fords N-acetyl glucosamine derivatives. Simple hydroly-
sis of 9 employing excess NaOH at 0 °C, as well as many
other hydroxide derivatives, afforded a mixture of prod-
ucts 11 and 12 (Table 1, entry 1).° Under these condi-
tions hydroxide attack is non-specific. Attack on the
internal carbonyl of the oxazolidinone ring is slightly
favored. Selective N-acetylation of reaction mixtures
containing 11 and 12 provided 12 in excellent overall
yield. Thus non-specific hydrolysis followed by selective
N-acetylation of the reaction mixture does provide an
effective two-step route to the N-acetyl product.

Crich and Vinod recently reported selective ring-open-
ing cleavage of N-acetyl substituted 2N,30-oxazolidi-
none protected glucosamine derivatives employing
barium hydroxide in hot ethanol to give the N-acetyl-
p-glucosamine products.!® However, in our system these
conditions afforded a product mixture (competing path-
ways A and B). Extensive screening of reaction condi-
tions varying time, temperature, and concentration of
inorganic bases revealed temperature and concentration
of bases as important, if not more important, than the
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Table 1. Observed reaction pathways during hydrolysis and methanolysis
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Entry Substrate Reaction conditions Product(s), yield Reaction pathway
1 9 1 N NaOH (excess), THF, 0 °C 11:12% = 2:3, 90% . Pathways A ~ B
2 9 1 N NaOH (4-8 equiv), THF, 0 °C 10:12% = 3:1, 90% Pathway A > B
3 9 LiBH,, THF, 0 °C 10:12 =4:1, 77% Pathway A > B
4 9 LiOH/H,0,, THF/H,0 (3:1), —40 to 0 °C 10:12 > 9:1, 95%, Pathway A Pathway A > B
5 9 LiCIl-LiOH, ethanol/H,O (3:1), rt 12,* 80% Pathway B
6 9 NaOMe (1 equiv), toluene, —40 °C 13a, R; = Ac, R, = OCHs;, 90%, Pathway C
7 9 Cs,COs (catalytic), CH;0H, rt 13a, R| = Ac, R, = OCH3;, 95% Pathway C
8 9 NaOMe (excess), CH;0H, rt 13b,* R; = H, R, = OCH3, 85% Pathway C

& Complete loss of Alloc occurred under these reaction conditions.

hydroxide counter ion present for controlling hydroly-
sis. Ultimately, we found that increasing the rate of N-
deacetylation over cleavage of the oxazolidinone ring
(Pathway A) is favored under mild hydrolysis condi-
tions. For example, selective removal of the N-acetyl
group was favored over cleavage of the oxazolidinone
ring by employing slow addition of a 1N sodium
hydroxide solution (4-8 equiv total) to glycoside 9 in
THF at 0 °C (Table 1, entry 2). Both temperature con-
trol and slow rate of hydroxide addition was necessary
to achieve preferential cleavage of the acetyl group
before oxazolidinone opening. Chemoselective cleavage
of the N-acetyl substituent was also observed under
reduction conditions using LiBH, (Table 1, entry 3).!!

The greatest chemoselectivity achieved for cleavage of
the N-acetyl group to afford 10 was found using LiIOOH
mediated hydrolysis (Table 1, entry 4, 10:12> 9:1).1
Here, substrate 9 in 3:1 THF/H,O was treated with 4—
8equiv of 30% H,0, at —40°C (phase separation
between H,O and THF was observed), followed by
addition of 2 equiv of LiOH. The reaction mixture was
quickly brought to 0 °C and quenched within minutes
by adding Na,SO; solution. It was found essential to
add lithium hydroxide at low temperature to minimize
oxazolidinone ring opening prior to cleavage of the N-
acetyl group. In situ treatment of N-unsubstituted oxa-
zolidinone 10 with excess 1 N sodium hydroxide in
THF afforded free amine 11 in high yield.?

Chemoselective cleavage of the oxazolidinone ring to
preferentially afford N-acetyl product 12 was also
achieved by employing LiCl-LiOH hydrolysis (Pathway
B, Table 1, entry 5).!2 The addition of lithium chloride
(3-5 equiv) to glycoside 9 prior to the addition of lith-
ium hydroxide was required to cleave the oxazolidinone
ring without affecting the N-acetyl moiety. These unique

hydrolysis conditions provide a direct route to efficiently
obtain the N-acetyl-p-glucosamine product.

We previously demonstrated N-unsubstituted 2N,30-
oxazolidinone protected derivatives of D-glucosamine
undergo efficient ring opening with alkoxides to afford
C-2 carbamates.> Here, we evaluated the reaction be-
tween methoxide and N-acetyl substituted 2N,30-oxa-
zolidinone 9 under forcing and non-forcing conditions.
The addition of sodium methoxide to substrate 9 under
non-forcing conditions was found to control the reac-
tion of methoxide with substrate and provide high yields
of N-acetyl methyl carbamate 13a (Table 1, entries 6 and
7).13 Under these reaction conditions the methoxide an-
ion selectively attacks the carbonyl of the oxazolidinone
ring leaving the N-acetyl group intact. When substrate 9
was treated with excess sodium methoxide in methanol
over prolonged reaction time initial formation of the
N-acetyl methyl carbamate 13a was followed by deacet-
ylation to afford 13b (Table 1, entry 8). Methyl carba-
mates such as 13b are readily hydrolyzed to the
corresponding free amine using established methods.!*

It is notable that during the preparation of this letter,
Oscarson and co-workers reported mild methoxide
treatment of glycosides of 2N,30-oxazolidione
protected 4,6,-di-O-benzyl-N-acetyl-D-glucosamine directly
afforded N-acetyl-D-glucosamine derivatives having
a free 3-hydroxyl group.'> The high yields and clear
chemoselective opening of the frans-fused oxazolidinone
prior to acetyl cleavage by methoxide here contradict this
result. However, anomeric configuration of substrates
employed was not reported, and Crich and Vinod
reported dramatic affects of anomeric configuration on
oxazolidinone opening versus cleavage of the N-acetyl
substituent for certain 2N,30-oxazolidione protected
derivatives of N-acetyl-D-glucosamine.'?
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Having observed chemoselective cleavage of the N-ace-
tyl group, we anticipated it might be possible to exploit
this differential reactivity to selectively remove the N-
acetyl moiety in the presence of O-acetyl groups. To this
end, we evaluated a number of amine-based reagents
commonly employed for selective O-deacetylation of
anomeric acetates in the presence of other primary and
secondary O-acetyl groups.'® To our surprise, these
reactions provided N-deacetylated C-2 ureido sugars in
excellent yield (Scheme 2). Monitoring the reactions
and reaction intermediates by thin-layer chromatogra-
phy and NMR revealed that these reactions proceed
through two different pathways (Scheme 2). Intermedi-
ates 15 and 16 are both produced. The ratio of 15 to
16 depends on the amine nucleophile employed. Forma-
tion of intermediate 15 is followed by slow conversion of
15 to 17. In contrast, 16 rapidly undergoes N-deacetyl-
ation under reaction conditions to afford 17. Relative
rates were determined by comparing conversion of 14
to 17 and intermediates 15 and 16 to 17 under identical
reaction conditions.

Ichikawa and Pinter previously reported the use of
trans-fused, N-unsubstituted, 1N,20-oxazolidinones in
the synthesis of C-1 urea glycosides.!” Our studies here,
in conjunction with previous reports employing thiogly-
cosides of 2N,30-oxazolidione protected N-acetyl-p-
glucosamine as glycosyl donors,>!> reveals an efficient
route for the synthesis of C-2 urea glycoconjugates,
which are present in a number of antimicrobial natural
products and N-deacetylase inhibitors.!®1°

In summary, conditions for the chemoselective hydroly-
sis and methanolysis of highly strained trans-fused
2N,30-oxazolidinone derivatives of N-acetyl-B-p-glucos-
amine have been investigated and identified. Selective
cleavage of the oxazolidinone ring or N-deacetylation
without ring cleavage has been achieved on the same
substrate. Certain amine nucleophiles have been shown
to efficiently open the trans-fused N-acetyl oxazolidi-
none ring under mild conditions to afford C-2 ureido
sugars with concomitant removal of the N-acetyl
moiety. This work demonstrates the high degree of
chemoselective manipulation possible with 2N,30-oxa-
zolidinone derivatives of N-acetyl-p-glucosamine, and
presents specific methods that will be valuable in elabo-

17¢ R3 = -N(H)Bn

rating sugar glycosides in the stereoselective synthesis
of glycoconjugates containing variably substituted 2-
amino-2-deoxy-D-hexopyranosides.
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