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Ángel Álvarez-Larenab and Juan F. Piniellab
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Abstract—A new enantiopure cyclic nitrone has been efficiently synthesized from a D-glyceraldehyde derivative. It’s 1,3-dipolar
cycloaddition to different classes of dipolarophiles show complete antifacial selectivity, furnishing highly functionalized enantio-
pure bicyclic isoxazolidines. © 2002 Elsevier Science Ltd. All rights reserved.

The utility of nitrones in synthetic organic chemistry
has been widely illustrated.1 The main reactions involv-
ing such compounds are nucleophilic addition, and
1,3-dipolar cycloaddition to olefins and acetylenes.
Both of these processes have been used as key steps in
the preparation of diverse target molecules containing
nitrogen. A very important aspect of these reactions is
the control of the configuration of the newly generated
stereogenic centers and, although noticeable efforts
have been devoted to this end,2 there is still a need for
further practical solutions in this field.

Up to now, the enantioselective catalysis in reactions
involving nitrones2,3 has reached quite limited success
and good results have been found mainly in reactions
involving aromatic nitrones as substrates. Alternatively,
preparations of several enantiopure nitrones from start-
ing materials of the chiral pool have been
described,2a,b,4 and currently the use of such substrates
seems the most practical choice for nitrone based
stereoselective synthesis. Among them, five membered
cyclic nitrones have received particular attention, prin-
cipally due to their utility as precursors of pyrrolizidine
alkaloids, and several groups including ours have devel-
oped methodologies to access differently substituted
pyrrolidine N-oxides in enantiopure form.4a,b,e,f,g,j,k,5

Here we present a very efficient and stereoselective
synthesis of the new nitrone 5 and an overview of it’s

1,3-dipolar cycloaddition to several kind of
dipolarophiles.

The synthesis of nitrone 5, outlined in Scheme 1, starts
from di-O-benzyl-D-glyceraldehyde, 1, which can be
readily prepared from D-mannitol.6 Reaction of 1 with
the Grignard reagent 27 furnishes a ca. 1:1 mixture of
the syn and anti alcohols 3 in 67% yield. The propor-
tion of the syn isomer can be increased by in situ
generation of the corresponding cuprate species,8 but
the inability of separating the diastereomeric alcohols
makes it more practical to oxidize the mixture and then
reduce the resulting ketone with L-Selectride®. This
procedure renders exclusively the alcohol syn-3 in 55%
overall yield from 1. Mesylation of syn-3, followed by
hydrolysis of the acetal and then treatment with
hydroxylamine provides the target nitrone 5, [� ]D=−37

Scheme 1. Reagents and conditions : (a) THF, rt, 4 h, 67%; (b)
Dess–Martin, CH2Cl2, 2 h, 95%; (c) L-Selectride®, THF,
−78°C, 87%; (d) MsCl/pyr., CH2Cl2, rt, 3 days, 89%; (e) 2 M
HCl/THF, 50°C, 16 h, 96%; (f) NH2OH·HCl/pyr., tBuOH,
80°C, 4 days, 67%.
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(c 1.8, CHCl3), in 57% yield. This sequence may be
easily performed in a multi-gram scale and batches of
up to 4 g of 5 have been prepared in a single operation.

The enantiomeric purity of alcohol syn-3 was estab-
lished by 1H NMR analysis of the diastereomeric corre-
sponding Mosher esters, while the absolute
configuration of nitrone 5 was confirmed by X-ray
analysis of a derivative (vide infra).

The 1,3-dipolar cycloaddition of 5 to a series of dipo-
larophiles 6–11 (Fig. 1) was then investigated, with the
aim of determining the scope of this chiral nitrone as
asymmetric inductor in such processes. The results of
this study are summarized in Table 1.

The relative configuration of the newly generated
stereogenic centers in the isolated cycloadducts was
determined by 1H NMR analyses, including NOE
experiments, while an X-ray analysis of a single crystal
of compound 149 (Fig. 2) provided evidence for the
relative configuration of the chiral centers already
present in the starting nitrone. Consequently, the abso-
lute stereochemistry of all the new compounds 3–5 and
12–20 was undoubtedly secured.

The endo/exo selectivity followed the expected bias1,2a,b

and it was very high in all cases, except for vinylene
carbonate, 11, which showed a moderate preference for
the exo reaction course. Among the cases studied, this
dipolarophile was also the single one to afford a

Figure 1. Compounds 6–11 were used as dipolarophiles in cycloaddition reactions to the enantiopure nitrone 5. The cycloadducts
12–20 were isolated from these reactions.

Table 1. 1,3-Dipolar cycloaddition of nitrone 5 to dipolarophiles 6–11

endo–antidDipolarophilea exo–syndexo–antidSolventb Timec

30 minCHCl3 –12 (89%)e12 (89%)e6
–Toluene 2 h – 13 (87%)7
–Toluene 2 h – 14 (89%)8
–16 (7%)15 (83%)f9 2 hToluene

17 (89%) –4 h10 –CHCl3
20 (11%)Toluene 19 (36%)11 18 (23%)20 h

a A 10% excess of dipolarophile was used in all runs, except for 11 which was used in a five molar excess.
b The reactions were performed at the reflux temperature.
c The reactions were run until complete consumption of nitrone 5 according to TLC analysis.
d Yields are referred to isolated pure products.
e endo/exo selectivity does not apply to this case.
f endo related to the ester substituent of the starting olefin.
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Figure 2. Molecular structure of 14.
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detectable amount of a cycloadduct derived from a
synfacial approach.

In conclusion, we have accomplished a very efficient
synthesis of the new enantiopure pyrrolidine N-oxide 5,
through a very practical sequence, easily scalable, and
we have studied its 1,3-dipolar activity towards
diversely substituted dipolarophiles. The cycloaddition
reactions of nitrone 5 occur with very high yields and
stereoselectivity, providing access to a series of densely
functionalized enantiopure compounds, demonstrating
its high potential in asymmetric synthesis.
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