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Abstract—Mild one-pot protocols for the preparation of glycosyl bromides and alkyl bromides via in situ generation of HBr is

reported here.
© 2005 Elsevier Ltd. All rights reserved.
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Glycosyl bromides are important intermediates in car-
bohydrate chemistry. For example, a-glycosyl bromides
are used as starting materials in the synthesis of glyco-
sides and oligosaccharides, B-glycosyl halides, glycals,
and 2-acetoxyglycals (Scheme 1). Oligosaccharides are
increasingly becoming important in the pharmaceutical
industry, and the glycals, acetoxyglycals, and o- and B-
glycosyl halides are key intermediates in the synthesis
of oligosaccharides and glycoconjugates.

Current methods for the preparation of glycosyl bro-
mides include treatment of the free saccharides with
AcBr,'? AcBr-AcOH,** or Ac,O-HBr-AcOH,>® or
treatment of the peracetylated saccharides with HBr—
AcOH’ or BiBr;-Me;SiBr.® The above methods involve
the use of a heavy metal and/or transportation, genera-
tion, and/or use of excess HBr, which is a corrosive gas,
and our experience with the above conditions is not a
pleasant one due to the toxic fumes. In light of the ver-
satility and widespread use of glycosyl bromides as key
intermediates, a milder protocol for their preparation
is still needed.

We report here mild and efficient one-pot protocols
for the preparation of glycosyl bromides from the free
sugars or their peracetates via in situ generation of
HBr from an alcohol and acetyl bromide. We also show
that alkyl bromides can be cleanly prepared from alk-
enes using the same protocol.

* Corresponding author. Tel.: +1 7404275091; fax: +1 7404275731;
e-mail: hunsenm@kenyon.edu
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In the first protocol (Table 1, Scheme 2), free sugars
were directly and effortlessly converted to the corre-
sponding a-glycosyl bromides. First, acetic anhydride
(1.2 equiv per OH group) and a catalytic amount of
HClO4 were added to the free sugars in acetic acid,
and the reaction mixture was stirred for 30 min. Acetyl
bromide (3 equiv) and methanol (3.4 equiv) were then
added, and after 90 min the solvent was removed by a
rotary evaporator to deliver the glycosyl bromides that
were pure enough for further use. As shown in Table
1, glycosyl bromides of monosaccharides (entries 1 and
2), B-linked disaccharides (entries 3 and 4), and a-linked
di- and trisaccharides (entries 5 and 6) were prepared in
near-quantitative yields. It is worth mentioning that our
attempt to use the hydroxyl groups of the free sugar
itself to generate HBr from acetyl bromide resulted in the
partial hydrolysis of the glycosidic bonds of di- and tri-
saccharides. The use of methanol with acetyl bromide
solved this problem. Anhydrous ethanol worked equally
well. Protocol 2 (Table 1, Scheme 3) is another alterna-
tive to protocol 1, and it involves the addition of AcBr
and methanol to acetic acid to generate HBr, followed
by addition of the free sugars and Ac,O (1.2 equiv per
OH group) to deliver the glycosyl bromides. Protocol
1 was found to be better than protocol 2 for galactose
and maltotriose.

In the third protocol (Table 2, Scheme 4), peracetates
of mono- and disaccharides were cleanly converted to
the corresponding a-glycosyl bromides using a mixture
of acetyl bromide and methanol in acetic acid. The
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Scheme 1.

products obtained after evaporation of the solvent were
pure enough for further applications. It is noteworthy
that no hydrolysis of glycosidic bonds was observed
under these conditions. For galactose, the best protocol
was found to be protocol 3, as protocols 1 and 2 deliv-
ered a mixture of the pentaacetate and the galactosyl
bromide with a rather lower yield that improved slightly
(73%) when the reaction was carried out in an ice bath.

As an extension of this study, we have used the in situ
generated HBr to cleanly convert an alkene to alkyl bro-
mide (see protocol 4, Scheme 5). In this case, AcBr
(1.05 equiv) and CH;0OH (1.05 equiv) were added to
dichloromethane to generate HBr in situ, followed by
the addition of cyclohexene. Bromocyclohexane was
quantitatively obtained after the workup. Further inves-
tigation on hydrobromination reactions is in progress
and will be reported in due course.

In summary, we have reported facile and clean one-
pot protocols for the preparation of glycosyl bromides
using the free sugars and the peracetylated sugars as
starting materials. We have also shown that a modified
protocol cleanly converts an alkene to an alkyl bromide.

1. Experimental

1.1. Representative experimental protocol 1

To anhydrous p-glucose (2.0 g, 11.10 mmol) in AcOH
(20 mL) were added Ac,O (6.5 mL, 68.76 mmol) and

Glycosides
Oligosaccharides

HCIOy (four drops), and the reaction mixture was stir-
red at rt for 30 min. AcBr (2.5 mL, 33.15 mmol) and
CH;0H (1.6 mL, 39.90 mmol) were then added, and
the reaction mixture was stirred at rt (protected from
light) for 90 min (followed by TLC in hexane-EtOAc).
The solvent was then evaporated to give 2,3,4,6-tetra-
O-acetyl-a-D-glucopyranosyl bromide (4.6 g, 100%
yield: 98% desired product 2% peracetate based on
NMR spectra).

1.2. Representative experimental protocol 2

Acetyl bromide (0.92mL, 12.3 mmol) and CH;0OH
(0.5mL, 12.30 mmol) were added to AcOH (10 mL)
and stirred at rt (protected from light) for 15 min, fol-
lowed by addition of p-maltose (1.0 g, 3.08 mmol) and
Ac,0O (3.4 mL, 35.97 mmol). The reaction mixture was
further stirred for 90 min at rt (followed by TLC in
hexane-EtOAc), and the solvent was evaporated to
give 2,3,6,2',3',4',6'-hepta-O-acetyl-o-pD-maltosyl bromide
(2.15 g, 100% yield: 95% desired product and 5% perac-
etate based on NMR spectra).

1.3. Representative experimental protocol 3

To p-cellobiose octaacetate (3.9 g, 5.58 mmol) dissolved
in AcOH (20mL) were added AcBr (1.3mL,
17.52 mmol) and CH;OH (0.3 mL, 7.01 mmol), and
the reaction mixture was stirred at rt (protected from
light) for 2h (followed by TLC in hexane-EtOAc).
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Table 1. One-pot acetobromination of free sugars
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Entry Reactant Product % Yield*
protocol
1 2 Ref®
OH OAc
1 HO 0 AcO -0 98 97 8
HO OH AcO
OH AcO
Br
Ho OH AcO OAc
(o}
2 _—9 — 65 34 8
AcO
HO o OH AcO
Br
OAc
OH OH OAc
[e) AcO — Q o
3 HO o) — 90 — 10
HO o AcO 0]
OH  HO OH OAc AcO
OH AcO
Br
OAc
OHOH OH AcO OAc
0 —
4 0 ACO o — 93 95 5
HO OH O OAc AcO
HO =~ OH AcO
OAc Br
AcO — Q OAc
5 OS - | : AcO 92 95 8
m FASN
AcO
OAc ACO
Br
AcO — Q OA
c
AcO
O AcO
6 o 95 88 9
AcO

2The percent yields are for the glycosyl bromides based on "H NMR spectroscopy and the remaining material was their peracetate.
® All the products are known compounds and their physical properties and NMR spectra are consistent with literature.
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The solvent was then evaporated to give 2,3,6,2',3',4',6'-
hepta-O-acetyl-o-D-cellobiosyl bromide (4.1g, 100%
yield: 95% desired product and 5% peracetate based
on NMR spectra).

1.4. Representative experimental protocol 4

Acetyl bromide (0.79 mL, 1.05mmol) and MeOH
(0.43 mL, 10.5 mmol) were added to CH,Cl, (30 mL)
and stirred at rt for 10 min (protected from light).
Cyclohexene (1.01 mL, 10 mmol) was then added, and
the reaction mixture was stirred overnight at rt, washed
with 5% aq sodium bicarbonate and brine, respectively,
and concentrated to give 1.56 g of bromocyclohexane
(96% vyield). The "H and '*C NMR spectra of the prod-
uct show that it is a very clean product and is consistent
with the spectra in Aldrich."'
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Table 2. One-step acetobromination of peracetates of sugars
Entry Reactant Product % Yield* Ref.®
OAc OAc
1 Aco/&/v AcO o] 98 8
AcO OAc
OAc AcO AcO
Br
Ao OAc Aco OAc
0]
2 Q 85 8
AcO
AcO OAc
OAS AcO
3 Aco/&/ & 94 10
AcO
OAC AcO Ac OAc AcO
AcO OAc AcO OAc
OAc o
(0]
4 Q 85 5
AcO o 0 AcO 0}
OAc AcO OAc OAc AcO
OAc B .
AcO
5 AcO /m 100 8
AcO OAc e
OAc

3The percent yields are for the glycosyl bromides based on "H NMR spectroscopy and the remaining material was their peracetate.
® All the products are known compounds and their physical properties and NMR spectra are consistent with literature.
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