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ABSTRACT

The stereoselective cyclization of δ-hydroxy nitriles to afford N,O-acetals and the application of this reaction toward the synthesis of
glycosylamines is described.

Glycosylamines are a central motif inN-linked glycopeptides
and glycoproteins.1 Their importance in biology has sparked
the development of numerous strategies for their synthesis
involving, among others, glycosyl azides, glycals, and
unprotected reducing oligosaccharides as precursors. Many
of these methods, however, lack generality or suffer from
low diastereoselectivities. The development of new meth-
odology for the synthesis of glycosylamines, therefore,
remains an important goal.

In the course of our ongoing program directed at confor-
mationally restricted proline derivatives and novel ligands
for metabotropic glutamate receptors, we have encountered
a reaction useful to this end (Scheme 1). Exposure of Meyers’
lactam12 to TMSCN in the presence of a Lewis acid led to
N-acyl aminonitrile2.3 In an attempt to selectively reduce
its nitrile function via intramolecular participation of the

primary hydroxy group,2 was exposed to excess sodium
borohydride in ethanol. To our surprise, the stableN,O-acetal
3 was obtained in good yield as a single diastereomer. The
X-ray crystal structure of compound3 is shown in Figure 1.

In principle, the reductive cyclization of hydroxynitriles
to afford cyclicN,O-acetals is a known reaction.4 The few
reported examples, however, were observed as unexpected
side reactions, which have never been further evaluated for
their synthetic potential. We therefore decided to investigate
the applicability of this reaction to the synthesis of glyco-
sylamines, arguably the most important class ofN,O-acetals.

† This paper is dedicated to the memory of Andrew D. Dorsey (November
2, 1977-August 13, 2001).
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We now report a general strategy for the synthesis of
protected pyranosylamines via reductive cyclization ofδ-
hydroxynitriles.

Our method is exemplified by the synthesis ofâ-tetra-O-
benzylglucosylamine7 shown in Scheme 2.5 Quantitative

conversion of 2,3,4,6-tetra-O-benzylglucose4 into the cor-
responding oxime5 was followed by dehydration under the
conditions described by Vasella.6 Exposure of the resulting
known hydroxynitrile6 to sodium borohydride in ethanol
led to reductive cyclization and precipitation of glycosyl-
amine7 as a singleâ-anomer in good yield.

The extension of this methodology to other glycosylamines
is shown in Scheme 3. All substrates are readily available
from the corresponding reducing sugars and are, with the
exception of maltose-derivative15, known compounds.6,7

Nitrile 15 was obtained from the known oxime148 under
standard dehydration conditions.

Upon exposure to sodium borohydride in ethanol, the
δ-hydroxynitriles cyclized to afford the corresponding gly-
cosylamines in moderate to good yields. In all cases, the
reductive cyclization resulted in preferential formation of the
â-anomer. No attempts were made to separate anomeric
mixtures. N-Acetylglucosamine derivative8 afforded â-

glycosylamine9, a building block for N-linked glycoproteins,
as the only observed diastereomer. Galactonitrile10 gave a
1:4 mixture favoring theâ-anomer11, whereas mannonitrile
12only gaveâ-glycosylamine13. In the case of maltonitrile
15, formation of a 1:5 mixture favoring theâ-anomer16
was observed.

Although the methodology performs well in the synthesis
of pyranosylamines, it appears to be somewhat limited to
hydroxynitriles yielding electronically deactivated six-
membered ring products. Attempts to prepareN,O-acetals
18 and 20 and furanosylamine22 from the corresponding
hydroxynitriles17, 19, and21, respectively, through reduc-
tive cyclization failed (Scheme 4). Instead, complex mixtures
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Figure 1. X-ray structure of compound3.
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of amino alcohols and products of reductive amination were
obtained under these conditions. Note that the simpleN,O-
acetals18 and20 are unknown and appear to be unstable.

Mechanistically, the reaction presumably involves base-
catalyzed cyclization of theδ-hydroxynitrile to the corre-
sponding imidate (24), followed by reduction of the CdN
double bond and alcoholysis (Scheme 5).9 NMR studies in

deuterated ethanol indicate that at the end of the reaction
time, no boron species remains bound to the amino group.
Nitriles per se have been reported to be insensitive toward
sodium borohydride in alcoholic solvents.10

The stereoselectivity of the reaction can be explained by
preferential axial attack of the borohydride onto the imidate.
However, it is unclear whether the product ratio reflects
kinetic or thermodynamic control since glycosylamines are
known to epimerize readily in protic solvents. Due to a less
pronounced anomeric effect,â-glycosylamines are generally
more stable.11 Furthermore, the products are isolated by
precipitation in some cases.

The use of glycosylamines7 and 9 in the synthesis of
building blocks for N-linked glycopetides and glycoproteins
is shown in Scheme 6. Coupling of pureâ-anomer7 with
protected aspartic acid26under DCC/HOBt conditions gave
a 5:1 mixture ofN-acylglycosylamine27and itsR-anomer.12

By contrast, coupling of9 with 26 using IIDQ afforded28
as a single diastereomer.13 No anomerizaton was observed
under these conditions.

In summary, a new method for the stereoselective synthesis
of glycosylamines has been developed. Since theδ-hydroxy-
nitriles used as synthetic precursors can be obtained in two
simple steps from the corresponding reducing sugars, the
methodology appears to be practical for large-scale applica-
tions. Future investigations will address the optimization of
yields, the stability of different protecting groups (silyl ethers,
esters) toward the cyclization conditions, and mechanistic
studies.
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