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A new entry to glycosylamines

Francisco L. Merchan, Pedro Merino* and Tomas Tejero
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A new procedure for the introduction of a nitrogen atom into the anomeric centre leading to glycosylamines is described.
The new reaction consisting of the condensation of a furanose with a hydroxylamine in the presence of a Lewis acid occurs

with a complete degree of diastereoselectivity.
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Introduction

Optically active glycosylamines (Figure 1) have been widely
employed as versatile chiral auxiliaries for the synthesis of
biologically active substances [1]. Glycosylamines permit
effective synthesis of z-amino acids by Strecker [2] and Ugi
[3] methods. They can also be used for the asymmetric
synthesis of f-amino acids, alkaloids or homoallylamines [4].
From the point of view of their biological activity mono-
and diglycosylamines (whose structure and conformation
have been recently studied [5]) are considered as inhibitors
of some glycosidases [6]. In addition synthetic glycosylam-
ides (obtained from glycosylamines) can be considered as
glycolipid analogues; many of these compounds are of inter-
est due to their activity as immunomodulators [7].

Backgound

Several approaches have been described for the synthesis of
glycosylamines the most used being the reaction of a reduc-
ing sugar residue with ammonia [8] or primary amines [9].
Ammonium hydrogen carbonate [10] and potassium
cyanate [11] have also been use for the introduction of the

o)

7/NH2

Glycosylamines

Figure 1.

* To whom correspondence should be addressed.

0282-0080 (© 1997 Chapman & Hall

amino functionality into the sugar moiety. Application of
the thus prepared glycosylamines to the solid-phase syn-
thesis of N-glycopeptides have been described [12].
Glycosylamines can also be prepared by reduction of
glycosylazides; a number of synthetic procedures for the
preparation of the later have been described [13]. The
access to other derivatives of glycosylamines such as
glycoamidines, N-thioformyl or N-thioacetylglycosyl-
amines have also been investigated [14].

In particular the synthesis of N-hydroxyglycosylamines
have been previously described through the condensation of
an aldose and hydroxylamine hydrochloride [15]. The use
of the latter makes that the obtained monosubstituted
N-hydroxyglycosylamines are not configurationally stable
at the anomeric centre due to the equilibrium with the
corresponding oximes (Figure 2). Those glycosylhyd-
roxylamines have been used for preparing the correspond-
ing nitrones which have been further transformed into
N,N-disubstituted glycosyl hydroxylamines after a nucleo-
philic addition step [16].

Results and discussion

We present in this communication a new entry to disubstitu-
ted N-hydroxyglycosylamines. The new synthetic approach
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consists of the direct introduction of a nitrogen atom into
the anomeric centre. The reaction takes place between an
aldose derived from p-mannose and benzylhydroxylamine
in the presence of a Lewis acid as an activating agent.

Experimental

When the protected furanose 1 was treated with benzyl-
hydroxylamine in the presence of a drying agent such as
magnesium sulfate, calcium chloride, sodium sulfate or
molecular sieves in a variety of solvents such as dichloro-
methane, chloroform, methanol or toluene no reaction was
observed in any case. These conditions, however, had been
shown to be very efficient when applied to protected
a-alkoxy and a-amino aldehydes [17]. Longer times of reac-
tion and higher temperatures did not lead to better results.

Activation of the carbonyl group with a Lewis acid made
the reaction proceed smoothly. In a similar way to that
described by us for the condensation of benzylhyd-
roxylamine with ketones [ 18] (or less reactive carbonyls) the
best results were observed when zinc (IT) chloride was used
as an activating agent.

Thus, when a mixture of furanose 1, benzylhydroxyl-
amine and magnesium sulfate in dichloromethane was
treated with a catalytic amount of zinc (II) chloride at
ambient temperature hydroxylamine 2 (Figure 3) was
obtained after 6 h with complete diastereoselectivity. The
transdisposition between C-1 and C-2 was assigned on
the basis of the coupling constant observed by 'H NMR
spectroscopy (J;.,=0 Hz).

The mechanism

Condensation between the aldehyde form 1b of the pro-
tected p-mannose and benzylhydroxylamine leads to the
intermediate y-hydroxy nitrone 3 (Figure 4). The intra-
molecular cyclization of that compound is promoted by the
action of the zinc (II) chloride which is present (although in
a catalytic amount) in the medium of the reaction.
Unfortunately, attempts at isolating the intermediate
3 were unsuccessful, presumably due to the more rapid
intramolecular cyclization. Both NMR studies and assays
with less efficient activating agents are currently in progress
in our laboratory in order to isolate (or characterize) the
intermediate nitrone 3. The dramatic change observed in the
reactivity when a Lewis acid was added as well as the
well-documented reactivity of nitrones in the presence of
Lewis acids firmly support the proposed mechanism.
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Conclusions

The reactivity showed represents a new entry not only to
N-hydroxyglycosylamines but also to the important
glycosylamines, easily accessible by deoxygenation of the
parent hydroxylamines. The extension of this reactivity
(consisting of the direct introduction of a nitrogen into the
anomeric centre) to other reducing sugars and subsequent
applications of the obtained products are currently under
development in our laboratory and they will be reported in
due course.
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