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Abstract—A novel method of regioselective deoxygenation of methyl 4,6-O-benzylidene-2,3-di-O-tosyl-a-D-glucopyranoside, and
its application for the syntheses of 2,6-dideoxypyranoses, 3,6-dideoxypyranoses, and azido (amino) analogs of 3,6-dideoxypyran-
oses were reported. © 2001 Elsevier Science Ltd. All rights reserved.

The 2,6 and 3,6 dideoxyhexoses are commonly found in
microorganisms.'> The formers occur primarily in
antibiotics or antitumor agents, such as mithramycin
produced by Streptomyces argillaceus and urdamycin
produced by Streptomyces fradiae. The later exist
mainly in the O-specific side chains of cell-wall lipo-
polysaccharide (LPS) of a number of gram-negative
bacteria such as Yersinia pseudotuberculosis and differ-
ent Salmonella strains, which attract interest due to
their immunogenic effects. These unusual sugars, which
exhibit various important and interesting biological
activities, are synthesized from normal sugars, such as
glucose, through a series of enzymes. These enzymes
can be found only in bacteria, which make them very
attractive targets for new drug development. Inhibitor
designs that mimic the substrates or intermediates of
these enzymes are valuable in the enzyme mechanistic
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studies, and have the potential of being used as drug
candidates.

In this paper, we report a convenient method for the
preparation of both 2,6 and 3,6 dideoxyhexoses
(olivose, oliose, abequose, and paratose), as well as the
azide-substituted analogs of abequose and paratose

(Fig. 1).

Our group is interested in studying the structure—activ-
ity relationship of aminosugars. Aminosugars are a
group of structurally diverse unusual sugars bearing
amino substitution from a normal sugar scaffold, and
have been shown to closely relate to the activity of the
aminosugar-containing antibiotics>*® For the ease of
purification, the amino groups were masked as azide
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Figure 1. 2,6- and 3,6-Dideoxyhexoses.
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groups, which can be reduced to amino groups later.
We believe that the amino group, which is protonated
as ammonium group at physiological pH, can form a
stronger hydrogen-bonding network than the hydroxyl
group does. The amino-substituted pyranoses are
expected to have tighter binding affinity and can be
valuable in generating new carbohydrate-containing
antibiotics with higher potency.>!® Therefore, we are
also interested in synthesizing amino-substituted
analogs of deoxypyranoses for use as inhibitors or drug
candidates that target the enzymes involved in the
biosynthesis of deoxypyranoses.

The syntheses of 2,6-dideoxyhexoses!! and 3,6-
dideoxyhexoses!> !¢ have been reported in the litera-
tures. However, little effort was devoted to the
synthesis of analogs of 2,6 and 3,6 dideoxyhexoses. In
addition, most of the reported methods require multiple
steps of protection and deprotection to achieve the
differentiation of hydroxyl groups on the hexoses scaf-
fold. Finally, two distinct routes are often needed for
the syntheses of both 2,6 and 3,6 dideoxyhexoses.

Our method generates not only the analogs of 3,6
dideoxyhexoses in shorter steps, but also the hydroxyl
groups on the 2,6 and 3,6 dideoxyhexoses can be selec-
tively protected allowing further modifications to be
carried out conveniently. The syntheses began with a
common starting material, methyl glucoside, and
diverged into two separate routes via a regioselective
deoxygenation.

In the attempt to synthesize C-3 deoxygenation product
following the literature procedure!” from ditosylated
glucose, 7, we were surprised to find out that the major
compound was actually C-2 deoxygenated (Scheme 1).
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Scheme 1. Regioselective deoxygenation.

Upon further investigation, we discovered that the reac-
tion temperature and the order of adding the reagents
govern the regioselectivity of deoxygenation. Addition
of a solution of ditosylglucopyranoside, 7, in THF to a
cool suspension of LiAlH, in THF, followed by reflux-
ing as described in the literature furnishes the C-3
deoxygenated product. Alternatively, addition of solid
LiAlH, into a solution of ditosylglucopyranoside in
THF at room temperature followed by refluxing, results
in the formation of C-2 deoxygenated product.

The C-3 deoxygenation is proposed to proceed through
the detosylation at the C-2 position of the
ditosylglucopyranoside, which was suggested to occur
readily at low temperature. The free C-2 hydroxyl
group forms an alkoxyaluminum hydride complex, 12,
that displaces the tosyl group with hydride-attack from
the axial position generating the C-3 deoxygenated
glucopyranoside. This proposed mechanism has been
used for the synthesis of stereospecific deuterium-
labeled 3,6-dideoxyhexoses where the deuterium is
incorporated at the axial position on the C-3 carbon
(Scheme 2).'3

With this mechanism in mind, we proposed that the
formation of 2-deoxyglucopyranoside began with the
release of the 3-O-tosyl group, and the resulting C-3
hydroxyl group was used to form an alkoxyaluminum
hydride complex, 13, that displaced the C-2 tosyl group
with hydride-attack from the axial position generating
the C-2 deoxygenated glucopyranoside. The overall
transformation is analogous to the previously reported
C-3 deoxygenation (Scheme 3(1)). Another possible
mechanism is the direct detosylation and deoxygenation
pathway, where the reducing agent, LiAlH,, attacks
and reduces the C-2 tosyl group directly (Scheme 3(2)).
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Scheme 2. Proposed mechanism for C-3 deoxygenation.
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When we treated methyl 3-O-benzyl-4,6-O-benzylidene-
2-0O-tosyl-a-D-glucopyranoside, 15, in identical condi-
tion as for the C-2 deoxygenation, no C-2
deoxygenated product was obtained. This result rules
out the mechanism of direct detosylation and deoxy-
genation (Scheme 4). Then, we used LiAlD, as the
reducing agent to confirm the stereochemistry of the
hydride (deuteride) that will incorporate onto the
hexose to confirm the proposed mechanism in Scheme

3(1).

Since the tosyl group is relatively bulky, it is likely that
the ditosylated glucopyranoside exists with equilibrium
between two conformations, the chair—chair and chair—
twisted-chair (Scheme 5). The chair—chair conformer is
favored thermodynamically while the chair—twisted-
chair one is favored kinetically. We proposed that the
C-3 deoxygenation adduct is the thermodynamic
product, which comes from the chair-chair conformer.
The C-2 tosyl group is less shielded than the C-3 tosyl
group in this chair—chair conformation. In the condi-
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tion where LiAlH, is abundant, the C-2 tosyl group will
be readily removed. The C-3 detosylation adduct is the
kinetic product, which is favored at higher temperature.
In this chair-twisted chair conformation, the C-3 tosyl
group is less shielded, and can be removed easier with
LiAlH,.

The completed syntheses of aminosugars with C-2 or
C-3 deoxygenation are outlined in Schemes 6 and 7.
The branched step of the syntheses is the regioselective
reduction/deoxygenation of methyl 4,6-O-benzylidene-
2,3-di-O-tosyl-a-D-glucopyranoside, which can be pre-
pared from modified literature procedure from methyl
glucoside with overall yield of 81% with no purification
of column chromatography needed. After the regiose-
lective deoxygenation, the hydroxyl group on C-3 or
C-2 of 9 and 11 were protected with benzyl group. The
crude products can be treated with catalytic toluenesul-
fonic acid in methanol for the deprotection of benzyl-
idene group resulting in the diols, 17 and 18. The
primary hydroxyl group of 17 and 18 were selectively
tosylated then reduced providing 2,6 and 3,6 dideoxy-
hexoses. The free hydroxyl group can be epimerized
generating different naturally occurring 2,6 and 3,6
dideoxyhexoses. The azide incorporation was carried
out through a Mistunobu type azide substitution with
diphenylphosphoryl azide, triphenylphosphine, and
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Scheme 6. (a) (i) BnBr, NaH, THF, TBAI, rt, 16 h, (ii)
TsOH-H,O, MeOH, 6 h; (b) TsCl, py. 16 h; (¢) LiAlH,,
THF, rt, 12 h; (d) (i) (COCl),, DMSO, CH,Cl,, —60 to
—20°C, then DIPEA, (ii) NaBH,, MeOH, 0°C, 6 h.
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Scheme 7. (a) (i) BnBr, NaH, THF, TBAI, rt, 16 h, (i)
TsOH-H,O, MeOH, 6 h; (b) TsCl, py. 16 h; (c) LiAlH,,
THEF, rt, 12 h; (d) (PhO),P(O)N,, PPh,, DEAD, THF, —60°C
to rt; (e) (i) PhCO,H, PPh;, DEAD, —60°C to rt, (i) NaOMe,
MeOH, rt, 0.5 h; (f) Ac,0O, conc. H,SO,, 0°C to rt, 16 h.

diethyl azodicarboxylate for the benzyl-protected 3,6-
dideoxyhexoses, 3 and 4. We have also converted the
azido analogs, 5 and 6, into acetyl glycosides, 19 and
20,'® which can be used for glycosylation directly!®
can be transformed to other glycosyl donors, such as
glycosyl halide,® glycosyl trichloroacetimidate,?
alkylthioglycoside,?! and glycose with a hydroxyl group
on the anomeric carbon,?? if needed.

We have reported a novel method for the regioselective
C-2 or C-3 deoxygenation, and the application of this
method for the syntheses of biologically important 2,6
and 3,6 dideoxypyranoses with differentiation on their
hydroxyl groups, and the analogs of 2,6 and 3,6
dideoxypyranoses. We are currently examining various
glycosylation approaches for the synthesis of 2,6 and
3,6 dideoxysugar-containing antimicrobials.

Experimental procedure for the preparation of methyl
4,6-0-benzylidene-3-deoxy-o-D-glucopyranoside, 9.
Please refer to Ref. 17.

Experimental procedure for the preparation of methyl
4,6-0-benzylidene-2-deoxy-o-D-glucopyranoside, 11. To
a solution of methyl 4,6-O-benzylidene-2,3-di-O-tosyl-
a-D-glucopyranoside (9.3 g, 15.8 mmol) in 300 mL
anhydrous THF, LiAlH, (1.2 g, 31.6 mmol) was added
in small portion at room temperature. After the com-
plete addition of LiAlIH,, the reaction was refluxed for
2 days. Another 0.5 g of LiAlH, was added after 1 day
when TLC (hexane/ethyl acetate=1/1) showed the
reaction was incomplete. The reaction mixture was
refluxed for another day then cooled to room tempera-
ture and slowly poured into ice. Ethyl acetate was
added. The resulting solution with white precipitate was
filtered through Celite. The residue was washed thor-
oughly with ethyl acetate. The combined organic solu-
tions were washed with 1IN HCl,,, water, saturated
NaHCO,,,, brine, then dried over Na,SO,. After
removal of solvent, the crude product was purified with
flash-column chromatography. The products were
obtained as the following order with R, values deter-
mined in a solution of hexane and ethyl acetate (1/1
ratio): starting material (0.42 g, 0.71 mmol, 5%, R;=
0.7); 11 (2.39 g, 9.0 mmol, 57%, R=0.55); undeter-
mined mixture (0.29 g, R.=0.50), 10 (0.08 g, 0.28
mmol, 2%, R;=0.1).
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