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Abstract—Regio- and stereoselectivities in cycloadditions of nitrones to dipolarophiles bearing an allylic oxygen, which furnishes
substituted-isoxazolidine analogs of the furanose ring of nucleosides, have been investigated. Although the obtained regioselectivities are
anticipated, a rationalization of the preferred formation of endo-cycloadducts necessitates the involvement of an allylic oxygen in secondary
interaction. The obtained isoxazolidines display cytotoxic activities against a number of human cancer cell lines.
� 2007 Elsevier Ltd. All rights reserved.

1. Introduction

There has been an ever-increasing quest for modified
nucleosides due to their potential applications in antiviral
and anticancer therapies.1 In a recent approach to modified
nucleosides, the furanose ring has been replaced by other
heterocyclic analogs.2 Among these N and O containing
five-membered heterocycles, isoxazolidines, and isoxazo-
line derivatives have emerged as important candidates, and
have been shown to display useful anticancer and antiviral
properties.3 It is pertinent to mention here that substituted
isoxazolidines have been known to display cytotoxicity as
in the case of alkaloids such as pyrinodemin-A and isoxazo-
lidinium salts employed in the therapy of malignant tumors
(Fig. 1).4

Consequently, synthetic studies on isoxazolidines have
drawn considerable attention and 1,3-dipolar cycloadditions
of nitrones afford the most straightforward route to isox-
azolidines. For instance, in one of the approaches, nitro-
phosphonate 1 has been reacted with vinyl acetate to
obtain a mixture of epimeric isoxazolidines 2 and 3
(Scheme 1), which have been utilized as precursors to the
synthesis of reverse-transcriptase inhibitors.1e
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The formation of epimeric products is the outcome of two
different approaches of the dipole to the dipolarophile.
In the above example (Scheme 1), with the nitrone reacting
in its most stable Z-form, the cis-product 2 arises from an
exo-transition state and the trans-product 3 from an endo-
transition state; the exo-adduct 2 was reported to be the ma-
jor product.1e Similar predominance of an exo-adduct has
also been reported in the addition of a-(2-pyridyl)-N-benzyl-
nitrone to allyl alcohol.2c Avariety of secondary factors have
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been invoked to explain stereoselectivities in 1,3-dipolar
cycloadditions.5 The predominant occurrence of endo selec-
tivity in the cycloaddition reactions has generally been at-
tributed to the role of secondary orbital interactions (SOI)
or some secondary interactions (SI), however, contribution
of such interactions is disputed and recently it has been con-
tended that the existence of such SOI/SI is negated by
closed-shell repulsions.5a,c However, more recent calcula-
tions favor the existence of such interactions in controlling
stereoselectivity.6 Consequently, the importance of second-
ary interactions in controlling stereoselectivities is far from
settled. Recently, the involvement of oxygen atoms at allylic
and homo-allylic positions in secondary interactions with
LUMO-dipole has been reported to control the stereochemi-
cal outcome of nitrone addition to such dipolarophiles lead-
ing to the predominance of endo-adducts,5d,e which is in
contradiction with the stereoselectivities reported in the
nitrone cycloadditions discussed above.1e,2c We have inves-
tigated stereoselectivities in 1,3-dipolar cycloadditions of a
varietyof a-aryl-N-phenylnitrones with a numberof dipolaro-
philes possessing oxygen at the allylic position so as to
investigate the proposed involvement of allylic oxygen in
secondary interactions with nitrogen of the nitrone and the
obtained substituted isoxazolidines have also been evaluated
for cytotoxic activity against a number of human cancer
cells lines.

2. Results and discussion

Initially, cycloadditions of nitrones 5a–d (prepared by the
reaction of phenylhydroxylamine with the corresponding
aldehydes and characterized spectroscopically), with

o-allyloxy-/crotyloxy-/cinnamyloxy-acetophenones 4a–c
were carried out by refluxing (30–35 h) their equimolar
solutions in dry benzene. After the completion of reactions
(TLC), column chromatography afforded the isoxazolidines
6a–d, 7a–d, and 8a,c (Scheme 2 and Table 1). The obtained
isoxazolidines were characterized spectroscopically. The
observed regio- and stereochemical outcomes of these
cycloadditions were delineated by detailed NMR spectro-
scopic analyses involving extensive 1H-decoupling experi-
ments and establishing 1H–1H and 1H–13C connectivities
by 2D NMR techniques.

The formation of the cycloadducts was established by the 1H
NMR and Mass spectra. The assigned regiochemistry of
addition in the case of (6a–d) is based, besides 1H NMR
spectra, on the presence of two methine (CH–) resonances,
one in the range of d 69–70 (C3) and the other in the range
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Table 1. Reaction times and yields of the products from cycloadditions of
nitrones 5a–d with dipolarophiles 4a–c

Entry Dipolarophile Nitrone Reaction
time (h)

% Yields of adducts

6 7 8

1 4a 5a 30 65 — —
2 4a 5b 32 63 — —
3 4a 5c 30 70 — —
4 4a 5d 35 60 — —
5 4b 5a 32 — 64 —
6 4b 5b 33 — 62 —
7 4b 5c 31 — 68 —
8 4b 5d 35 — 60 —
9 4c 5a 33 — — 65
10 4c 5c 31 — — 67
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