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Regioselective green anomeric deacetylation catalyzed
by lanthanide triflates
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Abstract

Lanthanide triflates, especially Nd(OTf)3, efficiently catalyze the regioselective transesterification of anomeric acetates. This method
offers an efficient solution for the otherwise difficult removal of methyl uronates anomeric acetates as well as a green alternative to
published protocols since the lanthanide catalysts are non-toxic and may be easily recycled and reused.
� 2008 Elsevier Ltd. All rights reserved.
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Selective anomeric deacetylation is often a key step in
oligosaccharide synthesis commonly used for the prepara-
tion of anomeric trichloroacetimidate, one of the most used
glycosyl donor.1 A great number of reagents are reported
to perform this transformation. Most of them involve
selective transamidation using nitrogenous nucleophiles
such as benzylamine,2 hydrazine,3 and piperidine.4 Alterna-
tive protocols involve transesterification catalyzed by
organic tin oxides,5 solvolysis promoted by tin tetrachlo-
ride6 or conversion to an anomeric halogenide using HBr
followed by hydrolysis using silver salts.7 All these methods
use stoichiometric amounts of reagents that are often toxic.
Moreover, when applied to compound 1 (an important
synthon involved in the synthesis of heparan sulfate frag-
ments),8 none gave neither satisfactory nor reproducible
results. Indeed, conversion to the anomeric bromide with
TiBr4

9 followed by hydrolysis using mercuric salts10 gave
high yields on small scales but led to unreproducible yields
on larger ones. Transamidation with piperidine proved to
be the most reliable method giving the desired compound
2 in reproducible but unsatisfactory 60% yield. Such a
0040-4039/$ - see front matter � 2008 Elsevier Ltd. All rights reserved.

doi:10.1016/j.tetlet.2008.01.106

* Corresponding author. Tel.: +33 (0)169154719.
E-mail address: chlenarv@icmo.u-psud.fr (C. Le Narvor).
low conversion and the more dramatic problems encoun-
tered with other nitrogen nucleophiles, may be due to side
reactions on the methoxycarbonyl group of 1. We reasoned
that such unwanted transamidation could be avoided by
using an acid transesterification. In this regard, HCl in
MeOH is known to allow selective hydrolysis of acetate
groups in the presence of benzoates,11 however, we
doubted that such reagent could allow the regioselective
transesterification of anomeric acetates without competi-
tive formation of methyl glycoside.

Lanthanide triflate Lx(OTf)3 is used as mild Lewis acid
in many organic transformations12 and selective deprotec-
tion of the bidentate methoxyacetyl group in the presence
of other monodentate ester groups has been achieved by
transesterification in MeOH using Yb(OTf)3 as a catalyst.13

We thus wondered whether Lx(OTf)3 salts could catalyze
the regioselective deacetylation of anomeric acetates espe-
cially on uronic derivatives.

In view of its importance in ongoing work in our labo-
ratory,14 methyl-1,2,3-tri-O-acetyl-3-O-benzyl-b-L-idopyra-
nuronate 1 was selected as a model to screen the efficiency
of different lanthanide triflates to catalyze the regioselective
transesterification of anomeric acetates with MeOH
(Scheme 1). Compound 1 was, thus, treated in MeOH with
5 mol % Yb(OTf)3, Eu(OTf)3, Sm(OTf)3 or Nd(OTf)3. The
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Scheme 1. Regioselective deacetylation of compound 1.
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Scheme 2. Proposed mechanism for the in situ formation of 5.
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reactions, followed by TLC led to the exclusive or highly
selective formation of a product identified as the hemi-
acetal 2. Isolated yields (Table 1) were determined after
purification by simple extraction followed by flash chroma-
tography, and showed that quasi-quantitative yields were
obtained with Nd3+ and Sm3+ triflates, while Eu3+ and
Yb3+ salts gave, respectively, 85 and 75% isolated yields.

To our surprise, the lower yields obtained with
Yb(OTf)3 and Eu(OTf)3 were not due to a diminished
regioselectivity, a lower conversion or an over-deacetyl-
ation, but to the rearrangement of the pyranosyl derivative
2 into the furanosyl isomer 5, whose structure was un-
ambiguously established by NMR (COSY and 1H–13C
HSQC).15 Since methyl 1,2,5-tri-O-acetyl-3-O-benzyl-a,b-
L-idofuranonate has already been characterized,9 a small
amount of 5 was acetylated. The 1H and 13C NMR data
of the result product were identical to those already pub-
lished. As shown in Scheme 2, we propose that the isomeri-
sation of compound 2 into the furano derivative 5 proceeds
via a migration of an acetyl group between position 4 and
position 5 in the open form of these hemiacetals. It seems
thus that Yb3+ and Eu3+ are better catalysts than Sm3+

or Nd3+ in promoting such acetyl migration leading to a
greater amount of furanosyl compound 5. Therefore, it
may be proposed that the higher yields obtained with
Sm3+ and Nd3+ are due to their lower ability to catalyze
the unwanted isomerisation of pyranose 2 into furanose
5. A preparative reaction was then carried on 11 mmol
(4.7 g) of compound 1 using Nd(OTf)3 and gave 2 in 90%
yield.16 The treatment of the reaction is very simple and
the catalyst may be easily recycled from the aqueous phase
and reused, after evaporation of the water, at least 3 times
without loss of activity.

Having found an effective protocol for the preparation
of compound 2, we wondered whether other methyl uro-
nates could also be regioselectively deacetylated using
Nd3+ catalyzed transesterification. So, methyl 1,2,3,4-
tetra-O-acetyl-b-D-glucopyranuronate 617 and methyl
Table 1
Yields obtained for the anomeric deacetylation of compound 1 depending
on the lanthanide catalyst used

Lanthanide Reaction timea (min) Yieldsb (%)

Yb(OTf)3 180 70
Eu(OTf)3 90 85
Sm(OTf)3 90 92
Nd(OTf)3 90 95

a Reactions were carried out in anhydr MeOH (2.4 mL) containing
(50 mg, 0.11 mmol) and 5 mol % Lx(OTf)3 at 0 �C.

b Isolated yields after purification.
1,2,3,4-tetra-O-acetyl-a-D-galactopyranuronate 7 18 were
treated in the conditions used for compound 1, without fur-
ther optimisation of the reaction conditions (Scheme 3).
Hemiacetals 8 and 9 were obtained in respective 88% and
75% isolated yields, showing the efficiency of the method
on other methyl uronates than 1. Such results are similar
to the one obtained when Bu2SnO or Bu3SnOMe are used
as catalyst.5 However, it is worth noting that, in this later
case, stoichiometric amounts of tin derivatives were used
and not recycled, whereas, in our case, 5 mol % of
recyclable and environmentally friendly12 Nd(OTf)3 was
sufficient.

To test whether the electronic effect of the carboxy-
methyl group in the uronate substrates has an impact on
the regioselectivity of the reaction, 1,2,3,4-tetra-O-acetyl-
b-D-xylopyranose 10 was used as the next substrate
(Scheme 4). As for compound 1, a set of Lx(OTf)3 salts
were screened to test their efficiency in the anomeric
deacetylation reaction. No major difference between them
was detected since 80–85% isolated yields of 14 were
obtained irrespective of the catalyst used (Table 2). Thus,
as expected, the presence of a carboxymethyl group in
position 5 of a peracetylated sugar is not a prerequisite
to the regioselectivity and efficiency of Lx(OTf)3 mediated
anomeric deacetylation.

To test further the scope and limitations of our method,
we checked if the regioselectivity of the Lx(OTf)3 catalyzed
reaction was maintained with sugars containing an acetyl
group in a primary position. Peracetylated sugars 11 and
12 were, thus, used as next substrates in the deacetylation
reaction (Scheme 4). Once more and in each case, the selec-
tivity for the anomeric acetate was maintained whatever
the salt used and good to excellent yields were obtained
in both cases. It should be noted that in these cases too,
Nd(OTf)3 gave better isolated yields (Table 2). When
a-D-glucose pentaacetate 13 was used as substrate, lower
isolated yields between 62% and 68% were obtained. Such
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Scheme 3. Efficient anomeric deacetylation of methyl uronates.
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Scheme 4. A general method for anomeric deacetylation.

Table 2
Yields obtained for anomeric deacetylation depending on the lanthanide
catalyst used

Starting
material

Products Yb(OTf)3 Eu(OTf)3 Sm(OTf)3 Nd(OTf)3

10 14 85 81 85 81
11 15 68 78 82 82
12 16 61 62 79 81
13 16 67 62 67 68

Reactions were carried out in anhydr MeOH (6 mL) containing starting
materials (100 mg) and 5 mol % Lx(OTf)3 at rt. Yields were obtained after
purification.
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a lower reactivity of a acetates has been previously
observed in transesterification promoted by tin oxides.5

We have, thus, developed an effective method to selec-
tively deacetylate the anomeric position of carbohydrates.
This method, using lanthanide triflate catalyzed transesteri-
fication, is especially valuable when working with uronic
acids methyl esters for whom more classical methods are
inefficient. Different Lx(OTf)3 salts were tested and Nd3+

gave better yields in most of the cases and thus seems to
be the best catalyst for this reaction. Most importantly, this
approach is a green alternative to previously described pro-
cedures, thanks to the low toxicity of lanthanide salts, the
possibility of recycling the catalyst and the easy and highly
tolerant experimental procedure.
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Lubineau, A. Chem. Bio. Chem. 2006, 7, 1856–1858; (b) Lubineau,
A.; Lortat-Jacob, H.; Gavard, O.; Sarrazin, S.; Bonnaffé, D. Chem.
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