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An expedient synthesis of benzyl 2,3,4-tri-O-benzyl-B-D-
glucopyranoside and benzyl 2,3,4-tri-O-benzyl-pB-p-mannopyranoside
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Abstract—An efficient three-step synthesis of benzyl 2,3,4-tri-O-benzyl-B-p-glucopyranoside, a widely used building block in
carbohydrate chemistry, is described. The key step is the selective debenzylation—acetylation of perbenzylated B-glucose using
ZnCl,~Ac,O-HOAc. This approach was also used to affect an efficient three-step synthesis of benzyl 2,3,4-tri-O-benzyl-B-p-

mannopyranoside.
© 2005 Elsevier Ltd. All rights reserved.
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Key to the understanding of the functions of complex
oligosaccharides, as well as for the development of novel
oligosaccharide-based therapeutics, is the design of effi-
cient methods for their synthesis. However, before such
species can be constructed, specifically protected mono-
saccharide building blocks must first be prepared. One
such building block, benzyl 2,3,4-tri-O-benzyl-B-p-gluco-
pyranoside (3), has been used extensively in the prepara-
tion of a wide variety of mono- and oligosaccharides.'
As part of our research program on the preparation of
sulfated carbohydrates and their nonhydrolyzable ana-
logues, we found it necessary to prepare multigram
quantities of 3. A review of the literature revealed that
a number of syntheses of 3 have been reported. The
most commonly used procedures involve the prepara-
tion of benzyl B-p-glucopyranoside, which is typically
prepared by a two’- to four’-step procedure, depending
on the route and whether p-glucose or penta-O-acetyl-
D-glucose is chosen as the starting material. Compound
3 is prepared from benzyl B-p-glucopyranoside by either
selective protection of the 6-OH group followed by benz-
ylation and 6-OH deprotection'®? or by benzylidene
protection of the 4- and 6-OH groups, followed by benz-
ylation and regiospecific reduction of the benzylidene
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moiety.* Although the yields of the individual steps
are usually good, and the overall yield of 3 usually
ranges from 40% to 50%, these syntheses require five
to seven steps, are time consuming, and can also be
costly when performed on a multigram scale when
employing certain 6-OH protecting groups such as the
TBDPS group.'! Due to our need for multigram quan-
tities of 3 and because of its widespread use in carbohy-
drate chemistry, we embarked on a search for a more
efficient synthesis of this compound, as well as benzyl
2,3,4-tri-O-benzyl-B-D-mannopyranoside (6), a com-
pound also required for our studies and whose synthesis
has never been reported.

Our approach to the synthesis of 3 and 6 involves
the selective debenzylation—acetolysis of the benzyl pro-
tecting group at C-6 of perbenzylated glucose or man-
nose. The resulting 6-O-acetyl derivatives are then
subjected to deacetylation under Zemplén conditions
to give the desired products.” The first step is the

TWhile our studies were in progress we became aware of a similar
approach reported by Lorentzen et al."™ for the synthesis of 3. In this
case, synthesis of 3 was achieved by per-O-benzylation of glucose
using NaH-BnBr, followed by selective debenzylation—acetolysis
using Ac,O-H,SOy, then deacetylation under Zemplén conditions.
However, no experimental details, characterization data or yields
were given. To our knowledge, no other group has reported using
Lorentzen’s synthesis of 3.
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perbenzylation glucose and mannose. Per-O-benzylated
B-pD-glucose has been prepared by a number of groups;
however, these are all multistep syntheses.” To our
knowledge, only a single report, that by Decoster
et al.,® has appeared describing an experimental proce-
dure for a onme-step per-O-benzylation of carbohy-
drates. This involves subjecting the carbohydrate to
an excess of powdered KOH in DMSO, followed by
the slow addition of benzyl bromide. Using this proce-
dure, we were able to obtain per-O-benzylated p-glu-
cose in a 65-67% yield (after chromatography) as a
mixture of o and B isomers with the B isomer being
by far the predominant species (as determined by '*C
NMR spectroscopy). Recrystallization gave exclusively
benzyl 2,3,4,6-tetra-O-benzyl-B-pD-glucopyranoside (1,
Scheme 1) in a slightly lower yield (55-60%) than that
obtained by Decoster (65%). In an attempt to improve
upon the per-O-benzylation, we also examined the
reaction using NaH as base. Subjecting D-glucose to
an excess of NaH in DMF, followed by the addition
of excess BnBr or BnCl, gave per-O-benzylated p-glu-
cose in yields of only 25-30%. However, by adding
NaH and BnBr in portions over several hours, com-
pound 1 could be obtained in 70-75% yield as a mix-
ture of o (minor) and P (major) isomers after
chromatography. Recrystallization of the chromato-
graphed material in methanol gave compound 1 exclu-
sively in 60-66% yield, a slight improvement over the
KOH method. The addition of varying amounts of tet-
rabutylammonium iodide to the reaction mixture did
result in a slight increase in the overall yield of the
per-O-benzylated species; however, the ratio of B:a iso-
mer decreased. Using the KOH procedure, per-O-benz-
ylated-pD-mannose was obtained from mannose in an
84-86% yield as a mixture of o (minor) and  (major)
isomers after chromatography. Recrystallization gave
exclusively benzyl 2,3,4,6-tetra-O-benzyl-B-p-manno-
pyranoside (4, Scheme 2) in yields ranging from 60%
to 63%. Surprisingly, per-O-benzylation of mannose
using the NaH procedure proceeded in low yield (28%).

A number of reports have appeared on the selective
6-O-debenzylation—acetolysis of protected carbohy-
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Scheme 1. Reagents and conditions: (a) NaH (excess), BnBr (excess),
DMEF, rt, 24 h; (b) HOAc-Ac,O (5:1), ZnCl, (5 equiv), 90 min; (c)
NaOMe-MeOH.
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Scheme 2. Reagents and conditions: (a) KOH (excess), BnBr (excess),
DMSO, rt, 24 h; (b) Ac;O-TMSOTT, —78 °C, 1 h; (c) NaOMe-MeOH.

drates. However, yields and selectivities are often poor,
and this reaction is usually performed with methyl pyr-
anosides. Selective acetolysis of the benzyl protecting
group at C-6 in 1 was first attempted using H,SO4—
Ac,0'™7 in various ratios and at different tempera-
tures, but only poor yields of benzyl 6-O-acetyl-2,3,4-
tri-O-benzyl-B-p-glucopyranoside (2) were obtained
mainly due to loss of the anomeric benzyl group. We
attempted next the procedure of Angibeaud and Utille®
who used TMSOTf-Ac,O at —40 or —65°C for the
selective and high yielding debenzylation—acetylation
of methyl 2.34,6-tetra-O-benzyl-o-p-glucopyranoside.®
This procedure was used by Jain and Matta® to effect
a 0-O-debenzylation—acetylation of benzyl 2,3,4,6-
tetra-O-benzyl-a-p-mannopyranoside,” and this is the
only report that we are aware of describing a proce-
dure for the 6-O-debenzylation—acetylation of a benzyl
pyranoside. However, with 1, this procedure was
unsuccessful due to the formation of a thick slurry
(which could not even be stirred) when a solution of
1 in Ac,O was cooled to below —40 °C. Higher temper-
atures resulted in poor selectivity. Finally, we examined
ZnCl,~Ac,O-HOACc, which was used by Yang et al. for
the 6-O-debenzylation of a wide variety of methyl pyr-
anosides.'® Following their procedure, a solution of
freshly fused ZnCl, (9 equiv) in 1:2 HOAc-Ac,O was
added to a solution of 1 in 1:2 HOAc-Ac,O and stirred
for 2 h at rt. This gave 2 in a 51% yield. Analysis of the
products revealed that considerable loss of the benzyl
group at the anomeric position had occurred. How-
ever, by changing the ratio of HOAc-Ac,O to I:5
and using just 5equiv of freshly fused ZnCl, and
reacting for 90 min, 2 was consistently obtained in
78-80% yield. Deacetylation of 2 under Zemplén
conditions gave compound 3 in 94-97% yield
(Scheme 1). Alternatively, crude 2 could be directly
deacetylated to give 3 in a 78-80% yield from 1. In
the case of the mannose derivative 4, the ZnCl,—
HOAc-Ac,0O procedure worked poorly giving low
yields and a wvariety of unidentified byproducts.
However, using TMSOTf-Ac,0 at —78 °C, the debenz-
ylation—acetylation proceeded well. The crude benzyl
6-0-acetyl-2,3,4-tri- O-benzyl-B-pD-mannopyranoside (5)
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was directly deacetylated to give benzyl 2,3,4-tri-O-benz-
yl-B-D-mannopyranoside (6) in a 75-77% yield (two
steps, Scheme 2). The overall yield of 3, 47-53% (if
not isolating 2), is slightly better than that of the other
procedures discussed earlier. Most significantly, this
approach gives the desired product in just three steps
starting from glucose and is amenable to scaleup to
multigram quantities. The overall yield of the mannose
derivative 6 was 45-49%. We are not aware of any re-
ports describing the synthesis of compound 6. How-
ever, its o-anomer has been prepared by several
groups by a variety of routes each requiring at least
four steps.”!' Attempts to construct benzyl 2,3,4-tri-
O-benzyl-B-p-galactopyranoside using this approach
were unsuccessful. Per-O-benzylation of galactose using
either the NaH or KOH method gave the per-O-benzyl-
ated furanose isomer as a mixture of o (major) and B
isomers in 75-80% yield.°®

In summary, an expedient three-step synthesis of
benzyl 2,3,4-tri-O-benzyl-B-p-glucopyranoside (3) was
developed. We expect that this procedure will find wide-
spread use in the preparation of this compound, a
widely used building block in carbohydrate chemistry.
This procedure was also used for the first synthesis of
benzyl 2,3,4-tri-O-benzyl-B-pD-mannopyranoside (6).

1. Experimental
1.1. General methods

All starting materials and reagents were obtained from
Aldrich Chemical Company. CH,Cl, was distilled from
calcium hydride under nitrogen. DMF was distilled
under reduced pressure from CaH, onto freshly activated
4 A sieves under Ar. MeOH was dried from Mg/I,, fol-
lowed by distillation onto freshly activated 4 A sieves
and storage under Ar. TMSOT(f was distilled under re-
duced pressure under Ar into a Schlenk flask and stored
under Ar. Silica gel chromatography was performed
using Silica Gel 60 A (230-400 mesh) obtained from Sil-
icycle (Laval, Quebec, Canada). '"H and '*C NMR spec-
tra were recorded on a Bruker Avance 300 spectrometer.
All NMR spectra were run in CDCI; unless stated other-
wise. Chemical shifts (3) for '"H NMR are reported in
ppm relative to the internal standard tetramethylsilane
(Me,Si). >C NMR spectra are reported in ppm relative
to the CDCl; (6 = 77.0) central peak. '*C NMR was
used throughout this study to determine the presence
of o and P isomers. Low-resolution (LRMS) and high-
resolution (HRMS) electron impact (EI) mass spectra
were obtained on a Micromass 70-S-250 sector mass
spectrometer. Melting points were determined on a
Fisher—Johns melting point apparatus and are uncor-
rected. Optical rotations were obtained using a Per-
kin—Elmer 241 polarimeter.

1.1.1. Preparation of benzyl 2,3,4,6-tetra-O-benzyl-
p-p-glucopyranoside (1)

1.1.1.1. NaH method.  To a suspension of D-glucose
(9 g, 50 mmol) in anhyd DMF (250 mL) was added NaH
(6.0 g of 60% dispersion in mineral oil, 150 mmol) at
room temperature. The suspension was stirred for 30 min
then cooled in an ice bath. Benzyl bromide (21.5 mL,
175 mmol) was added dropwise over a 5-min period, and
after 10 min the ice bath was removed. After stirring at
room temperature for 2.5 h, this procedure was repeated
(addition of the same quantities of NaH and benzyl
bromide). After another 2.5 h, NaH (4 g, 100 mmol) and
benzyl bromide (12 mL, 95 mmol) were added consecu-
tively. The reaction mixture was stirred overnight, and
then 10 mL of MeOH was added slowly to react with the
excess of the NaH. DMF was removed under reduced
pressure at 55 °C. The residue was dissolved in CH,Cl,
(250 mL) and washed with water and brine, dried (Mg-
SO,), filtered, and evaporated to give a yellow oil, which
solidified to a yellow solid after being subjected to high
vacuum overnight. Flash chromatography (1:9 EtOAc—
hexane) yielded a white solid. Recrystallization from
MeOH gave 1 (20.7 g, 66%) as a white solid: mp 83-84
°C, 1it.*" 83-83.5 °C; [o]3; —8.8 (¢ 1.0, CHCly); 1it.® [o]})
—9.1; "H NMR: 6 3.48-3.78 (m, 6H), 4.51-5.00 (m, 11H),
7.15-7.37 (m, 25H); '*C NMR spectrum is in agreement
with those published.>

1.1.1.2. KOH method. Dp-Glucose (1.0 g, 5.6 mmol)
was added to a solution of powdered KOH (3.5 g, 63.5
mmol) in 4 mL of Me,SO. The suspension was cooled in
an ice bath, and BnBr (4.8 mL, 40.3 mmol) was imme-
diately added dropwise over a period of 25 min with
strong stirring (good stirring is essential for achieving
the reported yields and a mechanical stirrer is necessary
when using over 2 g of carbohydrate). The reaction was
allowed to come slowly to room temperature by allow-
ing the ice to melt. After stirring for 24 h, the reaction
was diluted with 60 mL of cold water and then extracted
with Et,O (3 x 50 mL). The combined organics were
washed with water (50 mL) and satd brine (50 mL),
dried (MgSO,) and concentrated to give a cream-colored
solid. Chromatography, followed by recrystallization as
described above, gave 1 as a white solid in 58% yield
with identical physical and spectral properties as that
prepared using the NaH method.

1.1.2. Preparation of benzyl 6-O-acetyl-2,3,4-tri-O-benz-
yl-B-p-glucopyranoside (2). To freshly fused (under
high vacuum) zinc chloride (5.46 g, 40 mmol) was added
1:5 HOAc-Ac,O (30 mL). The mixture was cooled
down to 0°C, and then a solution of 1 (4.88¢g,
7.7 mmol) in 1:5 HOAc-Ac,0 (30 mL) was added drop-
wise. The reaction mixture was stirred at room temper-
ature for 1.5 h, and then 180 mL of ice water was added.
The resulting light-brown precipitate was filtered and
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washed with water. Purification by chromatography
(1:5:1, CHCl3-hexane-Et,0) gave 2 (3.53 g, 78%) as a
white solid: mp 114-115°C, lit'* 116-117°C; [o]5
—2.8 (¢ 1.0 CHCly), lit."* [«)f) —2.9; "H NMR: 6 2.05
(s, 3H, COCHj;) 3.48-3.61 (m, 3H, H-2, H-4, H-5),
3.67 (overlapping dd, J34 8.3, J3, 8.3 Hz, 1H, H-3),
4.24 (dd, Jse, 4.3, Jeaep 11.7 Hz, 1H, H-6,), 4.35 (d,
Jeaso 11.7 Hz, 1H, H-6,), 4.49-4.84 (m, 6H), 4.92-5.02
(m, 3H), 7.21-7.40 (m, 20H); '*C NMR: 6 20.8 (CHs),
63.0 (C-6), 71.0 (CH,), 72.7 (C-4), 74.7 (CH,), 74.8
(CH,), 75.6 (CH,), 77.2 (C-2), 82.0 (C-5), 84.5 (C-3),
102.2 (C-1), 127.6, 127.7, 127.8, 127.9, 128.0, 128.2,
128.3, 128.4, 137.0, 137.6, 138.1, 138.3, 170.6. LREIMS:
m/z (relative intensity) 491.2 (M—CH,Ph, 8), 383.1 (5),
253.1 (52), 181.1 (20), 91.0 (100); HREIMS: Calcd for
Cy9H;3,07, m/z 491.2059; found, m/z 491.2059.

1.1.3. Preparation of benzyl 2,3,4-tri- O-benzyl-p-p-gluco-
pyranoside (3). A suspension of glucosyl 6-acetate 2
(3.53 g, 6.05mmol) in 50 mL of 0.025M NaOMe in
MeOH was stirred for 5h. The reaction mixture was
then poured into 200 mL of ice water and stirred for
30 min. The resulting precipitate was filtered and
washed with satd NaHCO; and water, and then it was
dried under high vacuum to give spectroscopically pure
3 (3.18 g, 97%) as a white powder. Recrystallization
from EtOH gave white needles: mp 102-104 °C, lit.'?
104-106 °C; [o]3; —8.8 (¢ 1.0, CHCly), lit."? [o]2) —9.2;
"H and '*C NMR spectra were in agreement with those
published.'d Alternatively, compound 3 can be prepared
by subjecting crude 2 (after precipitation and drying) to
NaOMe-MeOH. Using this approach, pure 3 was ob-
tained in an 78-80% yield (from 1) after chromatogra-
phy (silica, 20% EtOAc-hexane to 30% EtOAc-hexane).

1.1.4. Preparation of benzyl 2,3,4,6-tetra-O-benzyl-f-p-
mannopyranoside (4). Compound 4 was prepared in
60-63% yield using the KOH method described above
for glucose, except the product was recrystallized in
5% EtOAc-hexane. White solid: mp 69-71 °C, 1it.® 70—
71°C; [o]y —65.2 (c 1.0, CHCly), 1it.® [o]3) —69.6; 'H
NMR: 6 3.42-3.49 (m, 2H), 3.73-3.91 (m, 4H), 4.40-
4.63 (m, 7H), 4.85-5.01 (m, 4H), 7.14-7.50 (m, 25H);
13C NMR: 6 69.7, 70.7, 71.4, 73.4, 73.8, 74.0, 75.0,
75.9, 82.4, 100.4 (C-1), 127.3, 127.4, 127.5, 127.6,
127.62, 127.7, 127.8, 127.9, 128.0, 128.3, 137.5, 138.1,
138.3, 138.4, 138.7. LREIMS: m/z (relative intensity)
539.2 (M—CH,Ph, 95), 431.2 (12), 253.1 (55), 181.1
(23), 91.0 (100); HREIMS: Calcd for C34H;50¢, m/z
539.2433; found, m/z 539.2434.

1.2. Benzyl 2,3,4-tri-O-benzyl-B-p-mannopyranoside (6)

A 100 mL round bottom flask was flame dried and then
flushed with Ar. To this was added carbohydrate 4

(500 mg, 0.80 mmol), followed by Ac,O (5 mL, freshly
distilled), and the solution was cooled to —78 °C (CO,/
acetone bath). To this was added a freshly prepared
solution of 1:1 TMSOTf-CH,Cl, (0.320 mL) dropwise
over a period of 3 min, and the solution was stirred at
—78 °C for 60 min under Ar. The cold bath was re-
moved, and a 1:1 mixture of satd NaHCO;-CH,Cl,
(50 mL) was immediately added with vigorous stirring,
and the mixture was stirred for 30 min. The organic
layer was separated, and the aq layer was extracted with
CH,Cl, (2 x 30 mL). The organic layers were combined,
washed with water, dried (Na,SO4) and then concen-
trated first on a rotary evaporator under aspirator pres-
sure and then using a high-vacuum rotary evaporator to
remove the remaining Ac,0. The resulting clear, color-
less oil (crude 5) became a white solid after being sub-
jected to high vacuum overnight. To a suspension of
this crude material in dry MeOH (5 mL) was added
0.5mL of a 0.3 M solution of NaOMe in MeOH. The
reaction was stirred for 6 h and became clear. The reac-
tion was diluted with ether (70 mL) and washed with
water and satd brine, dried (Na,SOy), and concentrated.
The residue was purified by flash chromatography (sil-
ica, 20% EtOAc-hexane to 30% EtOAc-hexane) to give
6 (318 mg, 75%) as a colorless oil that became a white
solid after being subjected to high vacuum overnight.
Mp 64-66 °C; [a]f)z —64.7 (¢ 1.0, CHCl3), '"H NMR: 6
3.32 (ddd, Js6, 2.6, Jsep 5.4, Js4 8.1 Hz, 1H, H-5),
3.51 (dd, J5, 5.4, J34 9.4 Hz, 1H, H-3), 3.78 (dd, Jea 60
11.8 Hz, 1H, H-6y), 3.93 (m, 3H, H-6,, H-4, H-2),
4.42-4.64 (m, 5H), 4.84-4.99 (m, 4H), 7.23-7.46 (m,
20H); '*C NMR: 6 62.2 (C-6), 70.9 (C-4), 71.3 (CH»),
73.8 (CH,), 73.9 (C-2), 74.6 (CH,), 74.9 (CH,), 75.8
(C-5), 82.1 (C-3), 100.3 (C-1), 127.2, 127.3, 127.4,
127.5, 127.54, 127.8, 127.9, 128.1, 137.2, 127.9, 138.1,
138.4; LREIMS: m/z (relative intensity) 449.2
(M—CH,Ph, 3), 341.1 (13), 253.1 (52), 181.1 (15), 91.0
(100); HREIMS: Calcd for Cy;H»90¢4, m/z 449.1964,
found, m/z 449.1964.
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