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galactopyranose glycosyl donor via intramolecular cyclization
of an epoxytrichloroacetimidate
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Abstract—The preparative synthesis of a 3-acetamido-3,6-dideoxy-D-galactopyranose N-phenyl-trifluoroacetimidate donor has
been accomplished using as key step a silica gel mediated cyclization of an epoxytrichloroacetimidate, while other more conventional
routes to aminosugars failed. Test glycosylations with the N-phenyl-trifluoroacetimidate donor are also reported.

© 2004 Elsevier Ltd. All rights reserved.

3-Acetamido-3,6-dideoxy-p-galactopyranose (D-Fucp3-
NAc) is a sugar frequently found in the O-antigen
moiety of lipopolysaccharides (LPS)! extracted almost
exclusively from phytopathogenic Gram-negative bac-
teria.> The synthesis of several unusual aminodeoxy-
hexoses and some related oligosaccharides has already
been accomplished,® as some of them are important
constituents of various antibiotics* and play important
biological roles. In contrast, the biological role of
D-Fucp3NAc has not yet been clearly elucidated, despite
its wide distribution in nature.

Therefore, the synthesis of a suitable D-Fucp3NAc
building-block and its incorporation in biologically
important oligosaccharide sequences would be useful for
the purpose. Actually, the only to date reported syn-
thesis of L-Fucp3NAc, as a methyl glycoside,’ is not
practical for a preparative purpose, the overall yield
being modest and the product obtained being in an
unsuitable form for incorporation into more complex
oligosaccharides. Therefore, a preparative new proce-
dure for the synthesis of D-Fucp3NAc donors was
mandatory.
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In an initial attempt, we planned a synthetic strategy
from commercially available D-fucose entailing the
conversion of the 3-OH group to an amino functionality
via an SN2 displacement of a triflate with sodium azide.
Therefore the first steps of the synthesis required the
regioselective protection of D-fucose to obtain a free
alcoholic function exclusively on position 3 (Scheme 1).
We firstly protected the anomeric position with an ethyl
group by a sequence of reactions (Fischer glycosylation,
acetylation, o-anomerization with FeClsy;® 56% over
three steps) that assured the enrichment of the anomeric
mixture with the a-anomer 1. This triacetylated com-
pound was then deacylated under Zemplen conditions
(87%) to yield triol 2 that was then subjected to a one-pot
sequence of three reactions (orthoesterification, allyl-
ation and orthoester regioselective opening; 51% over
three steps) to afford the alcohol 3. A direct displace-
ment of the triflated derivative of 3 with sodium azide
would give an azido-sugar with a configuration at C-3
opposite to that desired; therefore, alcohol 3 was epi-
merized in two steps by oxidation with DMSO/Ac,0O’
and subsequent reduction of the ketone 4. This sequence
afforded alcohol 5 in 55% yield with excellent stereo-
selectivity, reasonably due to the steric hindrance of the
axial ethyl group at the anomeric position.

Deoxygulose alcohol 5 was then converted into the
corresponding triflated derivative that unfortunately did
not afford the desired azidosugar 6 when treated with
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Scheme 1. Reagents and conditions: (a) (i) EtOH, Amberlist-15 (H"), reflux, (ii) Ac,O, pyridine, rt, (iii) FeCl;, CH,Cl,, rt, 56% over three steps; (b)
NaOMe, MeOH, rt, 87%; (c) (i) trimethyl-orthoacetate, CSA, DMF, 40°C, (ii) NaH, AllBr, rt, (iii) 80% AcOH, rt, 51% over three steps; (d) 2:1
DMSO/Ac,0, rt; (¢) NaBHy4, 9:1 THF/MeOH, 0°C, 55% over two steps from 3; (f) NH,OMe-HCl, 64% over two steps from 3.

sodium azide in DMF. Indeed, the reaction produced a
complex mixture with predominant amounts of elimi-
nation products. Every attempt to achieve the predom-
inance of the substitution process over elimination using
crown-ethers and/or different solvents (DMSO, toluene)
failed. Actually, difficulties in nucleophilic displace-
ments of 3-OTf-gulose derivatives have been recently
reported,®® and they have been solved by using a 4,6-O-
benzylidene ring® and/or a 2-O-acyl protecting group.’
Both methods minimize elimination reactions, never-
theless they were unfortunately considered to be not
very useful for our scope, due to the impossible instal-
lation of a 4,6-O-benzylidene on a 6-deoxysugar and the
necessity of avoiding the use of 2-O-acyl protecting
group in the synthesis of a p-Fucp3NAc donor to be
used for a-glycosidations (see below).

Thus, we decided to insert the amino functionality on Cs
by oxime reduction:'® ketone 4 was transformed in its
O-methyloxime derivative 7 by treatment with
NH,OMe-HCI (64% over two steps from 3), but the
subsequent reduction of 7 with either BH; THF or
LiAlH; gave a complex mixture with only a small
amount of the desired compound.

Since the most conventional strategies for converting a
saccharidic alcohol to an amino group were uneffective
on our compounds, we envisioned a different synthetic
approach, based on the electrophile-induced cyclization
of an epoxytrichloroacetimidate to a (trichloro-
methyl)oxazoline. In carbohydrate chemistry (trichlo-
romethyl)oxazoline derivatives have already been used:

their formation is usually accomplished by electrophile-
induced cyclization of allylic trichloroacetimidate!' or
by intramolecular nucleophilic displacement of bis(tri-
chloroacetimidate),!> whereas here we report this
achievement by an intramolecular cyclization of 2,3-
epoxytrichloroacetimidates.

Starting from allyl a-p-fucopyranoside 8 (Scheme 2),
readily available from p-galactose,' alcohol 9 was ini-
tially prepared by a one-pot sequence of three reactions
(orthoesterification, acetylation and orthoester regio-
selective opening; 58% yield over three steps). Conver-
sion of 9 into the corresponding triflate 10 and
subsequent exposure to Zemplen deacylation conditions,
afforded, with high regio and stereoselectivity, the
epoxyalcohol 11 that was in turn directly converted to the
epoxytrichloroacetimidate 12 with trichloroacetonitrile
and catalytic DBU. The intramolecular cyclization of
2,3-epoxytrichloroacetimidates to (trichloromethyl)oxazo-
lines has been already applied on open-chain com-
pounds,!* whereas its application to cyclic saccharidic-
like compounds is so far restricted to a single example.'
Its mechanism requires the catalysis of Lewis acids
(EtzAlCl,Ma BF3'OEt2,14b SHCI4,l4b Et3A1,l4C’15 COClzlé),
most of which are quite poisonous and moisture sensi-
tive; in contrast, the cyclization of the epoxytrichloro-
acetimidate 12 was simply performed by adsorption on
silica gel at 45 °C and subsequent chromatography. It is
also worthy of note that in the previously reported pro-
cedures the chromatographic purification of the inter-
mediates is required. In this case the oxazoline 13 was
instead obtained in a 64% yield over four steps from the
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Scheme 2. Reagents and conditions: (a) (i) trimethyl-orthoacetate, CSA, DMF, 40 °C, (ii) Ac,0, pyridine, rt, (iii) AcOH 80%, rt, 58% over three
steps; (b) Tf,0, 1:1 CH,Cl/py, 0°C; (c) NaOMe, MeOH, rt; (d) CI;CCN, DBU, CH,Cl,, 0°C; (e) silica gel (0.063-0.200 mm), CHCl;, 45°C, in
vacuo, 64% over four steps from 9; (f) BnBr, NaH, DMF, rt, 68%; (g) (i) 1 M HCI, THF, rt, (ii)) Ac,0, py, rt, 63% over two steps; (h) PdCl,, 1:1
CH,Cl,/MeOH, rt, 84% (a: B=1: 1.5 as determined by 'H NMR analysis); (i) C;CCN, DBU, CH,Cl,, 0°C, 53%; (j) CF;C(NPh)CCI, NaH,
molecular sieves 4A, CH,Cl,, 0°C, 67% (a: B =3 : 1 as determined by 'H NMR analysis).

alcohol 9 without any intermediate chromatography,!”
also by means of the excellent regio and stereoselectivity
of the whole synthetic sequence.

Since D-Fucp3N occurs in natural oligosaccharides
almost exclusively as an a-glycoside, the preparation of
its glycosyl donor required the installation of a nonpar-
ticipating protecting group at position 2. Moreover, a 4-
O-acyl group was chosen in designing the most suitable
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glycosyl donor, as it is supposed to exalt the o-stereo-
selectivity in glycosidation reactions through a long
range participation effect,'® even though this effect has
not been observed in a recent study regarding the cou-
pling of various fucosyl donors with linear alcohols."

Thus, 13 was benzylated to give 14 (68%) that was
subsequently subjected to acid hydrolysis of the oxazo-
line cycle and acetylation to obtain 15 (63% over two
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steps). Anomeric deallylation with PdCl, afforded 16
(84%) that was finally converted into two different gly-
cosyl donors, namely trichloroacetimidate 17 (53%) by
treatment with Cl3CCN and DBU and N-phenyl-tri-
fluoroacetimidate® 18 (67%) by treatment with
CF;C(NPh)Cl and NaH.?' Since 18 was obtained in a
significantly better yield than 17 after chromatographi-
cal purification, we decided to test the former compound
in two glycosylation reactions.

Coupling 18 with the rhamnosyl acceptors 19** and 21%
(Scheme 3) under the agency of TMSOTT gave 20 and 22
in 65% and 61% yield, respectively, and a fairly good
a-selectivity. Notably, both 20 and 22 are useful build-
ing-blocks for the synthesis of many bD-Fucp3NAc
containing repeating unit of LPS from phytopathogenic
bacteria. Work is in progress in order to further enhance
a-selectivity of the couplings; the results will be pub-
lished at due time.
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