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The preparation of a fluorinated C-glycosidic analogue of a 2-deoxy-2-acetamido-D-altrose is described.
The synthetic sequence involves the addition of a difluoroenoxysilane to a D-glucal, an epoxidation of
the resulting unsaturated CF2-glycoside and a ring-opening reaction with TMSN3. An Overman rearrange-
ment of the unsaturated intermediate is also described.

� 2009 Elsevier Ltd. All rights reserved.
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A high number of natural glycoconjugates with significant bio-
logical functions feature a 2-deoxy-2-aminoglycoside moiety in
their glycone group.1,2 More generally, the majority of natural
O-glycopeptides display a a-GalNAc/Ser or a-GalNAc/Thr core frag-
ment.2 The glycone and aglycone parts of all the tumour-associated
antigens, which are used in the elaboration of anti-cancer vaccines,
are, for example, linked by an a-2-deoxy-2-acetamido-D-galactose
(a-GalNAc) residue.1a,b A synthetic hexasaccharide malarial toxin,
used for the development of anti-malarial vaccines, features also
an a-glucosamine residue.3 Glycosylation of proteins with b-2-
deoxy-2-acetamido-D-glucose (b-GlcNAc) seems on the other hand
to be involved in transcriptional regulation.4 Finally, glycosamino-
glycans, which are polysaccharide compounds such as the well-
known heparin, exhibit a variety of biological properties and have
been exploited for the preparation of therapeutic drugs.5 Our group
has been involved for many years in the development of method-
ologies for the synthesis of CF2-glycosides, a subclass of hydrolyti-
cally stable glycomimetics.6,7 As a consequence, these numerous
examples illustrating the importance of the 2-deoxy-2-aminogly-
cosidic link among natural glycopeptides prompted us to apply
some of these methods to the synthesis of their CF2-analogues
(Fig. 1).

We recently reported the addition of the silylated difluoroke-
tene acetal 1 to D-glucal and its application to the synthesis of
a-CF2-mannosides and pseudo-glycopeptides. An improved proce-
dure indeed allowed us to prepare a salt-free solution of 1 which
was directly used in glycosylation reactions without further purifi-
ll rights reserved.
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cation of this sensitive material.6c The double bond displayed in the
addition products a-4 and b-4, which was first dihydroxylated for
the preparation of CF2-glycosides, could also serve for the introduc-
tion of an amino group (Scheme 1). Two sequences were planned
for such a purpose: an epoxidation of the double bond followed
by a ring-opening reaction with nitrogen nucleophiles, or a sigma-
tropic [3,3]-rearrangement of the corresponding trichloroacetimi-
date followed by a dihydroxylation reaction. Our investigation of
these two pathways is described as follows.

The epoxidation of the addition products followed the same fea-
tures as the previously described dihydroxylation reaction.6c The
a/b mixture (6:4) of acetylated compounds 2 was totally unreac-
tive under all the epoxidation conditions which were tested
(m-CPBA, V(acac)3/t-BuOOH, MnSalen/m-CPBA, Oxone, Oxone/
Trifluoroacetone). On the other hand, deacetylation provided
compounds which underwent the desired reaction using methyl-
(trifluoromethyl)dioxirane (generated in situ from trifluoroacetone
and oxone).8 The a/b mixture of anomers 3 was indeed successfully
epoxidized to provide 5 (64% yield) as a mixture of two diastereo-
mers in the same ratio, thus indicating that the epoxidation was
probably totally diastereoselective for each anomer (Scheme 1).
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This was confirmed when submitting each anomer a-4 or b-4,
obtained and separated after selective silylation of the C-6 alcohol,
to the same epoxidation conditions. Epoxides 6 and 7 were indeed
isolated as a single diastereomer for each reaction in 77% and 86%
yield, respectively (Scheme 1).9 The lack of reactivity of the acety-
lated product 2 in the dihydroxylation and epoxidation reactions
was attributed to the combined electron-withdrawing effects of
the difluoroacetate and acetoxy groups.

The relative configurations of epoxides 6 and 7 were not deter-
mined at that stage due to the overlaps of crucial signals in the 1H
NMR spectra, which prevented us from collecting useful NOESY
data. Ring opening reactions using nitrogen nucleophiles were
then investigated, beginning with the b derivative 7. Benzylamine
and azides (TMSN3, NaN3) were tested as nucleophiles using Brön-
sted or Lewis acids (NH4Cl, BF3�Et2O, LiClO4, Yb(OTf)3) as additives.
The best result was obtained using trimethylsilyl azide in the pres-
ence of a stoichiometric amount of BF3�Et2O at low temperature.
These conditions yielded the 2-deoxy-2-azido-CF2-glycoside 8 in
52% yield as a single regio- and stereoisomer (Scheme 2).10 On
the other hand, the a compound 6 was totally unreactive under
these conditions and all our efforts devoted to the ring-opening
of this epoxide were unsuccessful, whatever the nucleophile
(TMSN3, NaN3, BnNH2) and the acid (BF3�Et2O, TMSOTf, LiClO4,
AlCl3, Yb(OTf)3, etc.) involved in the process. All these conditions
either left the starting material unchanged or led to complex mix-
tures from which a ring-opening compound was isolated only
once, although in very low yield, using BnNH2 as the nucleophile
in the presence of Yb(OTf)3. The azido group of compound 8 was
hydrogenated afterward and acetylated to yield 9, which is, to
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the best of our knowledge, the first reported example of a 2-
deoxy-2-acetamido-CF2-D-glycoside (Scheme 2).

The different NMR data which were collected unambiguously
proved the b-altrose configuration of compound 8 as well as the
regioselectivity of the ring-opening reaction. The b-configuration
was confirmed by a NOESY correlation between H-1 and H-5,
and the different coupling constants were in favour of this relative
configuration.11 The regioselectivity of the epoxide opening was
proved by a scalar coupling between H-3 and an OH group, as indi-
cated by a COSY correlation between these two protons. The rela-
tive configuration of epoxide 7, as displayed in Scheme 1, has been
deduced from this study. The regio- and stereoselectivity of the
reaction leading to 8 is consistent with a trans diaxial opening of
epoxide 7. If the electron-withdrawing effect of the difluorinated
substituent should destabilize the apparition of a positive charge
on C-2, this well-known ring-opening pathway for cyclohexene
oxides seems nevertheless favoured.12 The stereoselectivity of
the reaction leading to 7 is consistent with an epoxidation anti
to the difluoroacetate group, the largest substituent a to the dou-
ble bond. A hydrogen bonding of the dimethyldioxirane reagent
with a free hydroxy group has been invoked in the literature to ex-
plain a syn epoxidation of a cyclohex-2-en-1-ol.13 Although, in our
case, this model would of course lead to the same product 7, the H-
bonding between the OH group and methyl(trifluoromethyl)dioxi-
rane in a protic medium is not likely. As epoxide 6 remained
poorly reactive towards the addition of nitrogen nucleophiles,
the relative configuration displayed in Scheme 1 could not be de-
duced from a ring-opening product and has only been postulated.
An epoxidation anti to the CF2CO2Et and OH groups appeared as
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the most reasonable pathway since, as explained above, a steric
discrimination is more likely under these conditions than the
H-bonding approach.

A second strategy was developed which is based on the Over-
man sigmatropic [3,3]-rearrangement of a trichloroacetimidate de-
rived from 4. This reaction has been quite developed for the
synthesis of classical 2-deoxy-2-amino-D-glycosides.14 Trichloro-
acetimidate 10 was thus prepared using standard conditions, and
several attempts were made to promote the sigmatropic rear-
rangement (Scheme 3). It was already known from previous
reports that compounds with the glucose configuration required
higher temperatures than their galactose counterparts for the rear-
rangement to occur. For stereoelectronic reasons, a pseudo-axial
arrangement of the trichloroacetimidate moiety in the transition
state is indeed necessary for this reaction. In the glucose series, this
can be achieved only by reaching a pseudo-chair conformation of
higher-energy (Scheme 3). High temperatures are thus required
and the best results were obtained in refluxing 1,2-dichloroben-
zene with a catalytic amount of potassium carbonate, yielding
trichloroacetamide 11 in 32% yield (Scheme 3).15

The next step was thus to functionalize the remaining double
bond in order to access to the desired 2-amino-CF2-glycoside.
The dihydroxylation of related compounds was well documented
and was expected to occur anti to the trichloroacetamide group
to deliver preferentially the 2-deoxy-2-amino-D-galactose ana-
logue.14b,c To our disappointment, compound 11 remained totally
unreactive under all the conditions which were tested (cat. OsO4/
NMO or stoichiometric OsO4 in different solvent systems, at room
temperature or at 60 �C). This lack of reactivity of the double bond
was attributed to the combined strong electron-withdrawing ef-
fects of the trichloroacetamide group and, to a lesser extent, of
the difluoroacetate group. Unfortunately, our attempts to depro-
tect the trichloroacetamide moiety affected also the highly reactive
difluoroacetate and raised many compatibility problems. The
epoxidation reaction of 11 was not examined but the synthesis
of the desired 2-deoxy-2-amino-CF2-glycoside would anyway in-
volve a difficult opening of the resulting epoxide with oxygen
nucleophiles. Combined with the low yield obtained for the rear-
rangement, this approach was thus too compromised to be further
investigated.

In conclusion, we applied our recently developed difluoroenox-
ysilane addition reaction to the synthesis of 2-deoxy-2-aminogly-
coside analogues. A CF2-analogue of 2-deoxy-2-acetamido-D-
altrose, first example of a CF2-aminopyranoside, has been synthe-
sized through an epoxidation/azidation sequence performed on
the addition product b-4. Another approach, based on the Overman
rearrangement of the trichloroacetimidate derived from a-4, was
also investigated. The expected product 11 was obtained but
unfortunately could not be converted to the corresponding
CF2-aminopyranoside using a dihydroxylation reaction. However,
these strategies remain reasonable approaches for the synthesis
of the CF2-analogues of these valuable carbohydrate derivatives.
Our efforts will now focus on the preparation of surrogates to
2-deoxy-2-aminoglycosides of biological importance, such as
a-GalNAc and b-GlcNAc.
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