
TETRAHEDRON
LETTERS

Tetrahedron Letters 44 (2003) 3931–3934Pergamon

Ferric chloride: a mild and versatile reagent for the formation of
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Abstract—A novel method for the preparation of 1,6-anhydro glucopyranoses (mono- and disaccharides) utilizing anhydrous
FeCl3 as Lewis acid is described. Treatment of methyl 6-O-benzyl and 6-O-p-methoxybenzyl-�/� D-glucopyranosides derivatives
with FeCl3 in CH2Cl2 at room temperature and 40°C afforded 1,6-anhydro glucopyranosides in moderate to good yields, through
a debenzylation and intramolecular glycosidation in one step. A plausible reaction pathway is proposed. © 2003 Published by
Elsevier Science Ltd.

1,6-Anhydropyranoses have proven to be valuable syn-
thons for the preparation of biologically important and
structurally diverse natural products (e.g. rifamycin S,
indanomycin, zaragozic acid, etc.)1 as well as for
modified sugars.

1,6-Anhydro-�-D-glucopyranose (levoglucosan) was
prepared first by Tanret2 as a product of the alkaline
decomposition of several naturally occurring glu-

cosides. It was obtained later from starch and cellulose
by pyrolitic vacuum distillations.3 It can be also
obtained by alkaline treatment of phenyl �-D-glucopy-
ranoside,4 of 6-O-tosyl glucose,5 or of many other
glucose derivatives. In a general way, 1,6-anhydropy-
ranoses can be obtained under basic conditions,6 acid
conditions7 and through intramolecular anomeric O-
alkylation.8

1,6-Anhydroglucopyranoses are usually prepared by
installing a leaving group at 6-O or 1-O and its further
displacement in an intramolecular reaction (intramolec-
ular glycosidation or otherwise). The reaction of 6-O-
leaving group glucopyranoses is not a true
intramolecular glycosylation because the glycosidic
bond is not formed; instead, the 1-O/6-C bond is
formed by intramolecular nucleophilic substitution
(intramolecular anomeric O-alkylation).

Different leaving groups can be used such as tosyl,
trityl, acetyl, etc. at the 6-O-position and phenyl, acetyl,
and methyl at the 1-O-position. In all cases it is neces-
sary to introduce the leaving group except with the
O-methyl group, which is incorporated in the starting
material. Several precedents are reported in the litera-
ture using the O-methyl group in the � or � anomeric
configuration as leaving group.7b,9

We present herein a method to obtain 1,6-anhydro
glucopyranosides using methyl 6-O-benzyl and 6-O-p-
methoxybenzyl-�/� D-glucopyranosides derivatives hav-

Scheme 1. Strategy for the preparation of 1,6-anhydro-�-D-
glucopyranoside.
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ing the methoxyl as a leaving group and anhydrous
FeCl3 as Lewis acid through a debenzylation and
intramolecular glycosidation in one step.10 This method
is effective in mono- and disaccharides, for which fewer
precedents exist.11

The monosaccharide models were prepared from � and
�-D-glucopyranosides through formation of benzyli-
dene acetal,12 acylation (benzoylation or acetylation),
regioselective reductive ring opening of benzylidene and
final acylation (Scheme 1).

A modified Koenigs–Knorr method13 was chosen for
the syntheses of disaccharide models. Such disaccha-
rides were synthesized from the 2,3,4,6-tetrakis-O-
(p-bromobenzoyl)-�-D-glucopyranosyl bromide14 with
the corresponding methyl �-D-glucopyranoside
derivatives in the presence of silver trifluoromethanesul-
fonate.

The results of this intramolecular glycosidation in vari-
ous substrates under our conditions are summarized in
Table 1.

We obtained levoglucosan triacetate (2,3,4-tri-O-acetyl-
1,6-anhydro-�-D-glucopyranoside) from methyl 2,3,4-
tri-O-acetyl-6-O-benzyl �/� D-glucopyranoside in
higher yield from � methyl than from � according to
the higher reactivity of � anomer15 (Table 1, entry 1).
The same behaviour was observed using the p-
methoxybenzyl group (Table 1, entries 2–5). The 1H
and 13C NMR spectra of our levoglucosan triacetate
matched with those obtained from the acetylation of
commercially available levoglucosan.

Due to a precedent to form 1,6-anhydrofuranoses from
methyl 2,3,5-tri-O-benzoyl-6-O-benzyl �-D-galactofura-
noside using SnCl4 as Lewis acid,16 and the fact that
this Lewis acid gave the best yields described in the
literature, we decided to use it for a comparison with
anhydrous ferric chloride. In all cases the SnCl4 pro-
duced 1,6-anhydropyranoses in lower yields (ca. 30%)
than anhydrous FeCl3.

It is noteworthy to mention that the role of the benzyl
or p-methoxybenzyl group is essential to achieving the
reported transformation, since when the 6-O position is

Table 1. Synthesis of 1,6-anhydroglucopyranoses (mono- and disaccharides)
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unprotected or is a benzylidene group the reaction
did not occur (entry 7) and the corresponding triol
was obtained. Precedents exist where these groups are
able to stabilize a positive charge at the benzylic posi-
tion.17 With these results in mind we decided to use
other stabilizing positive charge groups, such as
methoxymethyl (MOM),18 to verify this fact. With the
MOM group (entry 8) the 1,6-anhydro was produced
in 54% yield supporting the possible formation of a
positive charge at the position commented above. A
nucleophilic attack of a chlorine at benzylic position
following by an intramolecular glycosidation trapping
the oxocarbenium intermediate is the basis of our ten-
tative explanation (Scheme 2).19

In all the monosaccharide models better yields were
obtained using methyl � instead of methyl-�-D-
glucopyranoside, (Table 1, entries 1–5). The best yield
was obtained in the disaccharide model (entry 6) to
give 2,3-di-O-acetyl-2�,3�,4�,6�-tetrakis-O-(p-bromoben-
zoyl)-1,6-anhydro-�-cellobiose.

Except in the disaccharide model, the reaction to
form 1,6-anhydropyranoses was slower at room tem-
perature than at 40°C. A control of the reaction tem-
perature permitted us to differentiate the
debenzylation process against the intramolecular gly-
cosidation and anomerization. In the disaccharide
case (entry 6), when the reaction was run at room
temperature 1,6-anhydro disaccharide was obtained in
good yields, while at 0°C the debenzylated disaccha-
ride methyl �-D-glucopyranosyl (1–4) 2,3,4,6-tetrakis-
O-(p-bromobenzoyl)-�-D-glucopyranoside, was
obtained in excellent yield (95%).20

In conclusion, we have developed an efficient reaction
to obtain 1,6-anhydro glucopyranosides (mono- and
disaccharides). Following the strategy of Scheme 1
and applying this method we can access 1,6-anhydro-
�-D-glucopyranosides derivatives (Table 1, entries 1–5)
or the most unusual 1,6-anhydrodisaccharide where
the cleavage of acetates can be accomplished in the
presence of other esters such as benzoates to obtain
synthons useful in organic synthesis, such as we car-
ried out with the 1,6-anhydro disaccharide of entry
6.21
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Léger, S.; Omeara, J.; Wang, Z. Synlett 1994, 829–830;
(d) Caron, S.; McDonald, A. I.; Heathcock, C. H. J. Org.
Chem. 1995, 60, 2780–2785.

8. Jung, K. H.; Müller, M.; Schmidt, R. R. Chem. Rev.
2000, 100, 4423–4442 and references cited therein.

9. (a) Schmidt, R. R.; Michel, J.; Rücker, E. Liebigs Ann.
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