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ABSTRACT

C-Phenyl- N-erythrosylnitrone 3 behaves as a C1,C1 ′ bis-electrophile, undergoing a double addition of Grignard reagents in a domino fashion
to afford acyclic hydroxylamines 4. The reaction proceeds at 0 °C with variable degrees of diastereoselectivity, from moderate to good, mainly
depending on the organomagnesium reagent used. The usefulness of compounds 4 has been exemplified with the synthesis of pyrroloazepine
12 through a ring closing metathesis key step.

Nitrones are very useful tools for the construction of
structurally complex molecules, and in particular, nitrogen-
containing biologically active compounds. This is because
of the high degree of diastereocontrol they often exhibit in
their reactions with various reagents. Their most well-studied
reactions, namely 1,3-dipolar cycloaddition1 and the addition
of organometallic reagents,2 have yielded a number of

extremely reliable synthetic procedures. Most recently, the
involvement of nitrones in a promising SmI2 mediated
pinacol-type coupling with carbonyl andR,â-unsaturated
carboxyl derivatives has also been disclosed.3

Considerable effort has also been devoted to the synthesis
and applications of nonracemic chiral nitrones, because of
their easy preparation and high versatility. Carbohydrate-
derived nitrones have turned out to be particularly useful
reagents for the synthesis of iminosugars and other hydroxy-
lated compounds.1d-h,2e-f,4 In this context,N-glycosylnitrones
1, readily available from the corresponding hydroxylamines
2,5 have been extensively used, both in 1,3-dipolar cyclo-
additions5,6 and nucleophilic additions,7 for enantioselective
syntheses, with the sugar moiety acting as a removable chiral
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auxiliary (Scheme 1, A). More recently, Dondoni has used
N-glycosylhydroxylamines2 as masked chiral nitrones in
additions with organolithium and magnesium derivatives,8

where the sugar framework remains embodied in the final
adducts (Scheme 1, B).

In consideration of the above-described reactions, we
envisaged the possibility of usingN-glycosylnitrones1 as
synthetic equivalents of chiral C1,C1′ bis-nitrone (or dication)
synthons in organometallic additions (Scheme 2). Indeed,
intermediates such as5 (formed from the first nucleophilic
addition) should be in equilibrium with the open-chain
nitrones5′, which can function as substrates for a further
nucleophilic attack.9 In this Letter, we report our findings

on the domino double addition of Grignard reagents to a
N-glycosylnitrone, and we show a synthetic application of a
resulting bis-adduct.

As a model substrate for the methodological study we
choseC-phenyl-N-erythrosylnitrone3.5b Treatment of an ice-
cold THF solution of nitrone3 with a 3-fold excess of a
Grignard reagent afforded the bis-adducts4 in good to
excellent yields (Scheme 2 and Table 1).

Double addition atR,R′-positions10 to nitrogen generates
two new stereogenic centers (apart from addition of PhMgBr,
entry 3, Table 1). Hence, formation of four diastereoisomers
is possible. Taking into account the literature precedents
which show that nucleophilic additions occur usually with
good diastereoselection to bothN-glycosylnitrones17 and
N-glycosylhydroxylamines2,8 we hoped that similar results
would accrue in the double additions to nitrone3. In fact, a
predominant adduct, whose configuration is depicted in Table
1, was generally obtained with diastereoselectivities from
moderate to satisfactory. It is relevant that in all cases only
two or three out of the four possible bis-adducts have been
detected, which means that at least one of the two additions
is particularly stereoselective. The major products of the
additions from entries 1, 2, 5, and 6 show the (R,S) absolute
configuration, respectively, at the C1,C1′ newly created
stereogenic centers. Conversely, the major product of the
addition of allylmagnesium chloride (entry 4, Table 1) turned
out to have the opposite (S) configuration at C1, while the
minor had the expected (R) configuration.

Complete stereochemical characterization of both the bis-
adducts derived from the addition of allylmagnesium chloride
(entry 4, Table 1) was achieved by nOe experiments on a
derivative of the major adduct4d (compound10, see below).
These results were confirmed by an X-ray structural deter-
mination, and by a single-crystal X-ray analysis of the minor
adduct. The configuration of all the other major adducts4
was also firmly ascertained. Single-crystal X-ray analyses
were performed on the adduct4a and on the monoacetyl
derivative (at the hydroxylamine oxygen atom, see Support-
ing Information) of4e. The configuration of adducts4b and
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Scheme 1. Known Reactivity of1 and2 Scheme 2. Planned Domino Double Addition
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4f was determined to be the same as that for4eby chemical
correlation, as reported in Scheme 3 (see Supporting
Information for details). Only the configuration of compound
4c was based on analogy.

The major bis-adducts4a,4b, 4e, and4f appear to derive
from preferential attack of the Grignard reagent at there
face ofN-glycosylnitrone3 (first attack) and thesi face of
open-chain nitrone5′ (second attack). These preferred modes
of approach were predicted according to the models proposed
by Vasella for the nucleophilic addition toN-glycosylnitrones7d

and Dondoni for those toN-glycosylhydroxylamines8 (Figure
1). The second attack of phenylmagnesium bromide (entry
3, Table 1) is also in agreement with the latter model.

In the addition of allylmagnesium chloride, where only
two bis-adducts were detected, whose configuration was
established unequivocally, a further consideration can be
inferred. Both adducts displayed the (S) configuration at C1′,
thus showing that complete diastereofacial differentiation was
attained in the second addition. This result is in agreement
with the 96:4 diastereoselectivity observed for the addition
of allylmagnesium bromide toN-erythrosyl-N-benzylhydroxyl-

amine.8c A more strict diastereocontrol in the second addition
seems to be operative in all additions.

The anomalous diastereoselection shown by allylmagne-
sium chloride is to be underlined. Possibly this is due to the
peculiar nature of allyl metals. On the other hand, the
precedent of an addition occurring with an opposite diaste-
reofacial preference already has been reported.7eFurthermore,
this result should be compared to those reported for the
analogous addition (1 equiv) to aN-mannosyl nitrone,7g

where only monoadducts were obtained, albeit in moderate
yield, with a low 1.5 dr and with the same diastereofacial
preference, while theD-mannosyl moiety should give the
opposite induction.5b

The effects of varying the solvent and reagent concentra-
tions and ratios and reaction temperature have been studied
and are discussed in the Supporting Information.

From a practical point of view, it is interesting that the
additions with unsaturated Grignard reagents (entries 4-6,

Table 1. Double Additions of Grignard Reagents to Nitrone3a

a Reactions were carried out in a 0.1 M solution of3 in THF at 0°C for
1 h. b Total yields considering all the adducts recovered after chromatog-
raphy. Yields in parentheses are those of isolated major diastereoisomers.
c Based on integration of1H NMR spectra of the crude reaction mixtures.

Figure 1. Preferred transition state models for the two consecutive
attacks of Grignard reagents to nitrone3.

Scheme 3. Interconversions for Chemical Correlation
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Table 1), which furnish more synthetically useful products,
occur with excellent yields and are also the most diastereo-
selective. To demonstrate the synthetic potential of this novel
double addition procedure, hydroxylamine4d was trans-
formed into pyrroloazepine12 (Scheme 4), which displayed

good inhibition of R-glucosidase from yeast (90% at 1
mM).11 After acetylation of hydroxylamine4d, a ring-closing
metathesis with the second generation Grubbs’ catalyst gave
9 in nearly quantitative yield. The product was then depro-

tected in situ to the corresponding hydroxylamine, which was
reduced with zinc dust to the azepine10. Cyclization to11
was induced by treatment with triflic anhydride. Final
deprotection of the hydroxy groups was achieved in an acid
medium, which afforded the desired product as its am-
monium salt12 (Scheme 4).

In conclusion, our preliminary results demonstrate the
feasibility of the bis-addition of Grignard reagents to
N-glycosylnitrones. The reaction can be performed at 0°C
fairly rapidly and affords in nearly quantitative yield the
desired bis-adducts with moderate to good diastereoselec-
tivity. The usefulness of the method has been demonstrated
by the construction of a biologically active polyhydroxylated
azepine system. The present reaction seems to have high
synthetic potential and versatility for a range of applications.
In consideration of this, possible structural variation at the
nitrone carbon atom, in the Grignard reagent, and in the
glycosyl moiety makes the method especially attractive.
Further studies are currently underway in our laboratory to
extend the methodology along these lines and to improve
the diastereoselectivity of the reaction.
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Scheme 4. Synthesis of Pyrroloazepine12 through a Key
RCM
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