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Per-O-acylated glycals3 (1,4- or 1,5-anhydro-2-deoxyald-1-enitols, e. g., 9) represent
one of the most useful types of carbohydrate derivatives available for various syntheses.
The classical method# for their preparation is the reaction of acetobromo sugars (e. g., 2)
with zinc dust in aqueous acetic acid, but the yields are variable and solvolysis products,
among others, are formed in side reactions.>

Numerous attempts have been made to obtain glycals under aprotic conditions:
introduction of good leaving groups at C-2 of glycosyl halides;® reactions of variously
protected glycosyl halides with sodium,” potassium,’ sodium naphthalenide,” zinc/silver-
graphite,8 potassium-graphite,® aluminum amalgam,10 samarium(Il) iodide!! in
tetrahydrofuran, with lithium in liquid ammonia,'2 with chromium(il) acetate in N,N-
dimethylformamide; 13 reactions of 1-thioglycosides and glycosyl phenyl sulfones with
lithium naphthalenide in tetrahydrofuran;14.15 reactions of glycosyl pheny! sulfones with
samarium(II) iodide in tetrahydrofuran/hexamethylphosphoric triamide;!! radical
induced eliminations from 1-thioglycoside-2-xanthates in toluene;!5 electrolysis of
acetobromo sugars in N,N-dimethylformamide or acetonitrile.16

Since most of these methods suffer from one or more "inconveniences”, e. g.,
problems with handling pyrophoric reagents,89 requirement for special substrates6:15 or
inert atmospheres’-9:11-15 or special techniques,!2.16 use of highly toxic reagents10 or
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Table 1. Reactions!® of 2 with zinc dust and organic bases to give 9 of NMR purity

Solvent N-base Temperature Reaction time
Benzene 4-Pic reflux 1 hour
Ethyl- 4-Pic reflux 05 "
acetate MIM reflux 02 "
Acetone 4-Pic reflux 05 "
MIM reflux 05 "
Tetrahydro- MIM reflux 05 "
furan
Dichloro- 4-Pic reflux 4 "
methane MIM reflux 2 "
MIM r.t. 55 ¢
MIM rt. g "

4-Pic = 4-methylpyridine. MIM = 1-methylimidazole
*By using a Zn/Cu-couple.26

solvents,!! there is an obvious need for a simple aprotic procedure which is easy to
perform on common substrates, and which is also suitable for scaling up.

We have found that the reaction of 2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl
bromide (2) with zinc dust in refluxing benzene in the presence of 1 equivalent of
triethylaminel7 gives a mixture of 3,4,6-tri-O-acetyl-1,5-anhydro-2-deoxy-D-arabino-
hex-1-enitol (9) and penta-O-acetyl-B-D-glucopyranose (1) in 6:4 ratio (determined by !H
NMR) which can be improved to 9:1 by the use of pyridine. Application of 4-
methylpyridine (4-Pic) or 1-methylimidazole (MIM) gave 9 of NMR purity while use of
2,6-dimethylpyridine resulted in the formation of 1 and 2,3,4,6-tetra-O-acetyl-1,5-
anhydro-D-arabino-hex-1-enitol (8), no 9 being detectable (TLC) in the reaction mixture.
With  4-dimethylaminopyridine, 2,2-bipyridyl, and N,N,N’N’-tetramethyl-ethylene-
diamine 9, 1, and 8 could be detected (TLC) in the reaction mixtures.

4-Pic or MIM used in diverse solvents (Table 1) resulted in the formation of 9 of
NMR purity as checked on the worked up reaction mixtures. MIM is superior to 4-Pic
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Table 2. Preparation of acylated glycals

Substrate Product Yield (%) (mmmol scale)
OAC OAC
&y © 772 (2)
OAc QAc
AcO Ry AcON—Z 95° (10020
OAc R
1R;=0Ac R;=H 8 R=0Ac
2R;=H R,=Br 9 R=H
OBz OBz
O (o] .
OBz OBz Y/ 89°(2)
BzO Br BzO
OBz
3 10
OAc OAc
AcO O AcO O 82 2)
OAc OA
1 C >95 (10)
OAc
4 11
O Br 0]
AcO P 652 (2)
AcO AcO
OAc OAc
5 12
OAC OAC
0 o}
OAc OAc ) 758 (2)
6 OAc 13¢
OTS OTS
o o}
OAc 81° (10)%’
AcO Br O
- OAc

Ac

OAc /

14

a. Ethc/-'i-Pic19 b. EtOAc/MIM19 c. 2,3,4,6-tetra-O-acetyl-B-D-glucopyranosyl
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because it gives colourless solutions; a yellow colour develops during the reactions with
4-Pic necessitating chromatographic purification.

Any good quality zinc dust can be used. From among the several procedures!8 for
activation of the zinc surface simple washing with hydrochloric acid1? proved to be the
best.

Applied to several acylated glycosyl bromides (2-7) the best reaction conditions!?
(Table 1) gave the corresponding glycals (9-14) in good to excellent yields (Table 2). A
large-scale (100 mmol) reaction was also successful resulting in a quantitative yield of
920

Glycosyl quaternary ammonium salts seem not to be intermediates in the reactions.
This was checked by using 1-(2,3,4,6-tetra-O-acetyl-B-D-glucopyranosyl) pyridinium
bromide2! which did not give any tri-O-acetyl-D-glucal under the applied conditions.
Furthermore, zinc dust in the absence of N-base, and N-base in the absence of zinc did
not give rise to glycal formation. Therefore, the role of the N-base is most probably to
provide organozinc complexes2? which may facilitate the formation of the glycosyl-
zincbromides on one hand, and increase their reactivity by enhancing their carbanionic
character on the other. This is supported by the finding that no glucal formation was
observed when the hindered 2,6-dimethylpyridine was used as base.

In summary, a simple, large-scale, adaptable, aprotic procedure has been found for
the preparation of acylated pyranoid glycals which constitutes an improvement on the
classicat Fischer method.4
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