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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nucleosides, the furanose ring has been replaced by other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
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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

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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of d 76–77 (C5). Another resonance of an oxygen-linked car-
bon (CH2) appeared in the range of d 68–70 (R

0
–O–CH2–).

The 1H NMR spectrum of 6c revealed the –CH2–O– protons
as double doublet at d 4.28 (J¼10.1, 6.4 Hz) and double dou-
blet d 4.11 (J¼10.1, 4.5 Hz) and C3–H resonance as a dd at
d 4.97 (J¼8.1, 6.5 Hz), and 1H multiplet at d 4.76 (C5–H).
The C4–Hs of the isoxazolidine ring appeared as two sepa-
rate ddds at d 2.28 (Jgem¼12.3 and J¼8.2, 6.5 Hz, C4–Hb)
and d 3.05 (Jgem¼12.3 and J¼8.2, 7.3 Hz, C4–Ha). The as-
signed stereochemical dispositions are based on J values
and 1H-connectivities worked out from decoupling experi-
ments, and derived from the basic premise that cis vicinal
1H couplings are always higher than the trans in the case
of isoxazolidines.7 For instance, in 6c the values of coupling
constants J5,4a¼7.3 Hz, J5,4b¼8.2 Hz indicate that C5–H is
cis to the C4–Hb and J3,4a¼8.1 Hz, J3,4b¼6.5 Hz allude to
trans relationship between C3–H and C4–Hb, thereby, estab-
lishing that both C5–H and C3–H are trans to each other.

The regio- and stereochemical assignments in the case of
7a–d and 8a,c have been similarly achieved. Thus, the 1H
NMR spectrum of 7c revealed, besides the resonances in
the aromatic region, the presence of a doublet at d 4.14
(2H, J¼5.2 Hz, –OCH2), a resonance d 4.86 (d, J¼6.5 Hz,
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C3–H), and a 1H doublet of quartet at d 4.34 (J¼8.6,
6.2 Hz, C5–H); the chemical shift value of C5–H was critical
for the assigned regiochemistry of addition. A 1H multiplet
at d 2.70 was due to C4–H and the C5–Me was located as
a 3H doublet at d 1.51 (J¼6.2 Hz). The characteristic fea-
tures of its 13C NMR were the presence of methine carbons
of the isoxazolidine ring d 77.0 (C5), d 72.7 (C3), d 61.1
(C4), besides, –OCH2 at d 66.8 and the carbonyl carbon reso-
nance at d 198.7. Stereochemically, the substituent at C4 and
the methyl at C5 have to be trans because of the concerted
nature of nitrone cycloaddition. Again, the obtained cou-
pling constant value J3,4¼6.5 Hz is lower than the value of
coupling constants J5,4¼8.6 Hz for a trans relationship
between C5–H and C4–H, thereby, signifying that C3–H is
also trans to C4–H.

The investigations have clearly established that the regio-
chemistry of addition of nitrones to o-allyloxyacetophenone,
leading to isoxazolidines 6a–d, is different from addition to
o-crotyloxy/cinnamyloxy-acetophenones, the latter afford-
ing isoxazolidines 7a–d and 8a,c and these regiochemical
variations are anticipated.8 The stereochemical outcomes
of the cycloadditions in all the cases are derived from an
endo-mode of addition as far as the –CH2–O–R

0
moiety is

concerned, involving the Z-isomers of nitrones (Fig. 2).
Thus, addition of nitrone in its Z-form8,9 to o-allyloxy-/crotyl-
oxy-/cinnamyloxy-acetophenones involves an endo-transition
state, possibly stabilized by recently proposed5d,e secondary
interaction involving allylic oxygen (A and B, Fig. 2) and
N of dipole and/or avoidance of steric encumbrance, particu-
larly, in the case of addition to o-crotyloxy-/cinnamyloxy-
acetophenones, with altered regiochemistry (C).

In order to further investigate the observation of complete
endo selectivity in the above cycloadditions and to substan-
tiate the possible role of the secondary orbital interactions
and steric factors, the investigations were extended to the
cycloadditions of nitrones to dipolarophiles such as allyl
alcohol and allyl-acetate 9a,b. Here, two stereoisomers
i.e., endo- (10a, major product) and exo-adduct 11a were
isolated from a,N-diphenylnitrone addition to allyl alcohol
and only endo-adduct 10b was obtained in the case of
nitrone addition to allyl-acetate (Scheme 3).

The assigned stereochemistry in the case of 10a,b and 11a
are based on the determination of vicinal coupling constants
(Table 2). Thus, in the case of 10a the values of coupling
constants J5,4a¼7.2 Hz, J5,4b¼7.8 Hz indicate that C5–H is
cis to the C4–Hb and J3,4a¼7.8 Hz, J3,4b¼5.4 Hz allude to
a trans relationship between C3–H, and C4–Hb, thereby, es-
tablishing that both C5–H and C3–H are trans to each other.
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But in case of 11a the values of coupling constants
J5,4a¼6.9 Hz, J5,4b¼6.5 Hz indicate that C5–H is cis to the
C4–Ha and J3,4a¼8.7 Hz, J3,4b¼6.1 Hz establish that C3–H
is also cis to the C4–Ha, thereby, both C5–H and C3–H are
cis to each other. Critical 1H couplings in the case of 10b
(Table 2) establish its structure as an endo-cycloadduct.

It appears that both steric factors and secondary interactions
may be important in determining the sterochemical out-
come. Thus, in the case of addition to allyl alcohol the in-
volvement of proposed5d,e secondary interaction involving
allylic oxygen leads to preferred formation of an endo-
adduct 10a with an exo isomer 11a as the minor product.
Secondary interaction coupled with steric encumbrance in
the cycloadditions to allyl-acetate may be responsible for
the preferred formation of endo-adduct 10b. In these cyclo-
additions, the regiochemistry of addition of nitrone to di-
polarophiles 9a,b is similar to that obtained in the case of

Table 2. Some critical coupling constant values in isoxazolidines 10a,b
and 11a

Compound Coupling constant values (Hz)

J3H–4Ha J3H–4Hb J5H–4Ha J5H–4Hb

10a 7.8 5.4 7.2 7.8
10b 7.8 5.1 7.2 8.1
11a 8.7 6.1 6.9 6.5
allyloxyacetophenone derived isoxazolidines 6a–d. It is per-
tinent to mention here that in the reported formation of exo-
adducts in the addition of a-(2-pyridyl)-N-butyl nitrone to
allyl alcohol, no discussion of the NMR spectroscopic data
was recorded and also the reported2c chemical shifts pattern
for C3–H and C5–H is different i.e., C5–H is located down-
field (d 4.49 for exo-adduct and d 4.28 for endo-adduct) than
C3–H (d 4.19 for endo- and d 4.11 for exo-adduct),2c which is
in reverse order as far as data recorded for various adducts in
the present investigations. Even the theoretical calculations
in the above report2c did not validate the experimental re-
sults. The present findings, on the other hand, are in conso-
nance with the endo selectivity observed in the additions of
nitrones, including some rigid ones, to dipolarophiles bear-
ing allylic and homo-allylic oxygen.5d,e

3. Biological activity

The in vitro inhibitory potential of the obtained isoxazol-
idines 6–8 was evaluated using eight human cancer cell
lines,10 representing different organs/tissues, according to
the method of Skehan et al.10b as reported previously.11

The cytotoxicity was determined at 1�10�4, 1�10�5, and
1�10�6 M. Mitomycin C, Paclitaxel, and 5-Fluorouracil
were used as the positive controls (1�10�5 M, Table 3).
The isoxazolidines 6–8 exhibited a dose dependent cell
Table 3. In vitro cytotoxicity of isoxazolidines (6a–d, 7a,c,d, and 8a,c) against human cancer cell lines10a

Compounds/standard
drugs

Concn (M) % Growth inhibition against human cancer cell lines

HT-29
(colon)

SW-620
(colon)

DU-145
(prostate)

KB
(oral)

Hep-2
(liver)

MCF-7
(breast)

A-549
(lung)

HOP-62
(lung)

6a 1�10�6 0 0 22 15 12 9 4 0
1�10�5 0 2 39 21 19 22 18 0
1�10�4 33 21 43 54 44 45 43 0

6b 1�10�6 32 — 19 1 — — 0 —
1�10�5 30 — 30 12 — — 0 —
1�10�4 50 — 42 0 — — 0 —

6c 1�10�6 1 0 9 5 9 13 19 0
1�10�5 19 0 14 7 22 28 27 0
1�10�4 22 0 19 2 32 38 18 1

6d 1�10�6 0 0 22 22 8 10 0 0
1�10�5 14 0 22 35 21 28 1 0
1�10�4 34 4 36 52 41 42 50 5

7a 1�10�6 44 0 22 0 11 11 28 1
1�10�5 57 0 25 0 29 26 30 0
1�10�4 64 10 32 0 59 51 33 7

7c 1�10�6 5 0 0 0 17 9 25 2
1�10�5 18 0 5 5 30 26 32 2
1�10�4 39 22 0 4 46 38 34 6

7d 1�10�6 10 — 19 10 — — 26 —
1�10�5 42 — 21 8 — — 30 —
1�10�4 50 — 59 4 — — 51 —

8a 1�10�6 0 0 58 11 14 9 8 0
1�10�5 20 8 59 0 28 29 7 0
1�10�4 36 17 61 0 40 37 40 0

8c 1�10�6 3 0 13 0 14 9 28 0
1�10�5 8 0 18 36 23 20 35 0
1�10�4 43 32 19 0 40 42 38 0

Mitomycin C 1�10�5 31 90 89 90 88 93 80 70
Paclitaxel 1�10�5 — — 85 86 — — 63 —
5-Flourouracil 1�10�5 34 8 — — 12 31 — 3
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line specific cytotoxic potential. The results of these investi-
gations are shown in the Table 3 and in Figures 3–5. In
the case of isoxazolidines 6a–d, the maximum growth inhi-
bition of 54% (6a, KB, 1�10�4 M) was followed by 52%
(6d, KB, 1�10�4 M) and 50% (6b, HT-29 and 6d, A-549,
1�10�4 M). The data indicate that 6a,b and d are more
active than 6c. In case of isoxazolidines 7a,c and d, at
1�10�5 M the maximum effect of 57% (7a, HT-29) was ob-
served, whereas at 1�10�4 M the maximum effect of 64%
(7a, HT-29) was followed by 59% (7a, Hep-2 and 7d, DU-
145), 51% (7a, MCF-7 and 7d, A-549), and 50% (7d, HT-
29) indicating that 7a is most active among 7a,c and d. In
case of isoxazolidines 8a and c, a maximum effect of 61%
was observed with 8a (DU-145) and the same compound
also showed 59% and 58% growth inhibition at lower con-
centrations against the same cell line. It is worth mentioning
here that the activities of some of the isoxazolidines were
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well comparable to the known anticancer drugs used as
positive controls. These isoxazolidines have been found to
be inactive against lung cell line (HOP-62) at all the concen-
trations employed.

4. Experimental

4.1. General information

Starting materials and reagents were purchased from com-
mercial suppliers and used after further purification (crystal-
lization/distillation). Bruker AC-200FT (200 MHz) and
JEOL AL-300FT (300 MHz) spectrometers were used to
record 1H NMR and 13C NMR (50 and 75 MHz) spectra.
Chemical shifts (d) are reported as downfield displacements
from TMS used as an internal standard and coupling con-
stants (J) are reported in Hertz. IR spectra were recorded
with Shimadzu DR-2001 FT-IR spectrophotometer on KBr
pellets. Mass spectra, EI and ESI-methods, were recorded
on Shimadzu GCMS-QP-2000A and Bruker Daltonics
Esquire 300 mass spectrometers, respectively. The high-reso-
lution mass spectra (HRMS) were measured on a Finnigan
MAT 8200 spectrometer. Elemental analyses were carried
out on a Perkin–Elmer 240C elemental analyzer and are
reported in percent atomic abundance. All melting points
are uncorrected and measured in open glass-capillaries on
a Veego MP-D digital melting point apparatus.

4.2. General procedure for cycloaddition of nitrones
(5a–d) with dipolarophiles (4a–c)

Solution of nitrones (5a–d, 200 mg, prepared by the reaction
of phenylhydroxylamine with the corresponding aldehydes
and characterized spectroscopically), and o-allyloxy-/crotyl-
oxy-/cinnamyloxy-acetophenones (4a–c, 1.0 molar equiva-
lent, respectively) in dry benzene (20 mL) was refluxed with
stirring for 30–35 h. After the completion of the reactions
(TLC), solvent was distilled off and the traces of solvent were
removed under vacuum. The obtained crude product mix-
tures were subjected to column chromatographic resolution
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over silica gel (Acme Synthetic Chemicals Mumbai, India,
60–120 mesh, 20 g, column packed in hexane) using hex-
ane–chloroform (gradient) as an eluant to obtain pure isox-
azolidines (6a–d, 7a–d, and 8a,c), whose physical and
spectroscopic data are as follows.

4.2.1. o-(2,3-Diphenyl-isoxazolidin-5-yl)methoxy-aceto-
phenone, 6a. White crystals (260 mg, 65%; benzene–chlo-
roform 4:1), mp 56–57 �C; nmax (KBr) 1673, 1597, 1487,
1451, 1360, 1296 cm�1; dH (CDCl3, 200 MHz) 7.78
(dd, 1H, J¼8.6, 1.4 Hz, arom.–H), 7.53–7.22 (m, 8H,
arom.–Hs), 7.04–6.90 (m, 5H, arom.–Hs), 4.98–4.69 (dd at
d 4.82, J¼6.5, 8.2 Hz, C3–H, overlapping a 1H multiplet,
C5–H), 4.20 (dd, 1H, Jgem¼10.1, 6.4 Hz, –OCHH), 4.10
(dd, 1H, Jgem¼10.1, 4.5 Hz, –OCHH), 3.03 (ddd, 1H,
J¼7.3, 8.2, 12.3 Hz, C4–Ha), 2.71 (s, 3H, –COCH3), 2.34
(ddd, 1H, J¼6.5, 8.3, 12.3 Hz, C4–Hb); dC (CDCl3,
50 MHz) 198.9 (C]O), 157.8 (q), 151.4 (q), 142.0 (q),
133.5 (CH), 130.7 (CH), 128.9 (CH), 128.6 (q), 127.6
(CH), 126.3 (CH), 122.1 (CH), 121.2 (CH), 114.8 (CH),
112.4 (CH), 76.3 (C3), 70.1 (C5), 69.3 (OCH2), 42.7 (C4),
32.1 (–COCH3); MS m/z (%): 373 (M+, 20), 181 (33), 77
(100); Anal. Calcd for C24H23NO3 requires: C, 77.19; H,
6.21; N, 3.75 and found: C, 77.08; H, 6.40; N, 3.89.

4.2.2. o-(2-Phenyl-3-p-anisyl-isoxazolidin-5-yl)methoxy-
acetophenone, 6b. White crystals (252 mg, 63%; benz-
ene–chloroform 4:1), mp 68–69 �C; nmax (KBr) 1668,
1594, 1512, 1486, 1449, 1364, 1297 cm�1; dH (CDCl3,
200 MHz) 7.75 (dd, 1H, J¼7.7, 1.8 Hz, arom.–Hs), 7.46–
7.35 (m, 4H, arom.–Hs), 7.32–7.09 (m, 4H, arom.–Hs),
7.04–6.85 (m, 4H, arom.–Hs), 4.78–4.66 [overlapping dd
(at d 4.70, 1H, J¼6.5, 8.2 Hz, C3–H) and multiplet, 1H,
C5–H], 4.34 (dd, 1H, Jgem¼10.1 and J¼6.4 Hz, –OCHH),
4.14 (dd, 1H, Jgem¼10.1, 4.5 Hz, –OCHH), 3.81 (s, 3H,
–OCH3), 2.91 (ddd, 1H, J¼7.3, 8.2, 12.3 Hz, C4–Ha), 2.68
(s, 3H, –COCH3), 2.31 (ddd, 1H, J¼6.5, 8.2, 12.3 Hz, C4–
Hb); dC (CDCl3, 50 MHz) 198.8 (C]O), 158.9 (q), 157.8
(q), 151.5 (q), 133.8 (q), 133.6 (CH), 130.6 (CH), 128.8
(CH), 128.3 (q), 127.4 (CH), 122.0 (CH), 121.0 (CH),
114.9 (CH), 114.2 (CH), 112.4 (CH), 76.2 (C3), 69.7 (C5),
69.2 (–OCH2), 55.1 (–OCH3), 42.6 (C4), 32.1 (–COCH3);
MS m/z (%): 404 (M++1, 16), 403 (M+, 42), 211 (33), 77
(47), 70 (49), 58 (100); Anal. Calcd for C25H25NO4 requires:
C, 74.42; H, 6.25; N, 3.47 and found: C, 74.29; H, 6.34;
N, 3.61.

4.2.3. o-(2-Phenyl-3-p-nitrophenyl-isoxazolidin-5-yl)-
methoxy-acetophenone, 6c. White crystals (280 mg, 70%;
benzene–chloroform 4:1), mp 117–118 �C; nmax (KBr)
1673, 1596, 1511, 1487, 1450, 1384, 1346, 1297 cm�1; dH

(CDCl3, 200 MHz) 8.22 (d, 2H, J¼8.6 Hz, arom.–Hs),
7.73–7.64 (m, 3H, arom.–Hs), 7.37 (t, 1H, J¼7.8 Hz,
arom.–H), 7.29–7.17 (m, 2H, arom.–Hs), 7.05–6.87 (m,
5H, arom.–Hs), 4.97 (dd, 1H, J¼6.5, 8.1 Hz, C3–H), 4.80–
4.72 (m, 1H, J¼4.5, 7.3, 8.2 Hz, C5–H), 4.28 (dd, 1H,
Jgem¼10.1, 6.4 Hz, –OCHH), 4.11 (dd, 1H, Jgem¼10.1,
4.5 Hz, –OCHH), 3.08 (ddd, 1H, J¼7.3, 8.1, 12.3 Hz, C4–
Ha), 2.63 (s, 3H, –COCH3), 2.28 (ddd, 1H, J¼6.5, 8.2,
12.3 Hz, C4–Hb); dC (CDCl3, 50 MHz) 198.9 (C]O),
157.5 (q), 150.7 (q), 149.6 (q), 147.3 (q), 133.5 (CH),
130.4 (CH), 129.1 (CH), 128.5 (q), 127.1 (CH), 124.0
(CH), 122.5 (CH), 121.2 (CH), 114.5 (CH), 112.5 (CH),
76.6 (C3), 69.2 (C5), 68.8 (–OCH2), 41.9 (C4), 31.9
(–COCH3); MS m/z (%): 418 (M+, 30), 70 (44), 58 (100);
Anal. Calcd for C24H22N2O5 requires: C, 68.89; H, 5.30;
N, 6.69 and found: C, 68.71; H, 5.45; N, 6.81.

4.2.4. o-(2-Phenyl-3-p-chlorophenyl-5-methyl-isoxazol-
idin-5-yl)methoxy-acetophenone, 6d. White crystals
(240 mg, 60%), mp 122–123 �C; nmax (KBr) 1663, 1595,
1486, 1449, 1409, 1365, 1296, 1241 cm�1; dH (CDCl3,
200 MHz) 7.75 (dd, 1H, J¼7.7, 1.8 Hz, arom.–H), 7.73–7.20
(m, 7H, arom.–Hs), 7.06–6.90 (m, 5H, arom.–Hs), 4.82–4.67
(overlapping dd at d 4.78, J¼6.5, 8.2 Hz, C3–H and multi-
plet, 1H, C5–H), 4.23 (dd, 1H, J¼10.1, 6.4 Hz, –OCHH),
4.15 (dd, 1H, J¼10.1, 4.5 Hz, –OCHH), 3.05–2.92 (ddd,
1H, J¼7.3, 8.2, 12.3 Hz, C4–Ha), 2.71 (s, 3H, –COCH3),
2.33–2.19 (ddd, 1H, J¼6.5, 8.8, 12.3 Hz, C4–Hb); dC

(CDCl3, 50 MHz) 198.9 (C]O), 157.6 (q), 151.1 (q), 140.6
(q), 133.5 (CH), 133.3 (q), 130.5 (CH), 128.9 (CH), 128.5
(q), 127.8 (CH), 122.2 (CH), 121.2 (CH), 114.9 (CH),
112.4 (CH), 76.3 (C3), 69.4 (C5), 69.0 (–OCH2), 42.3 (C4),
31.9 (–COCH3); MS m/z (%): 407 (M+, 25), 307 (37), 267
(27), 253 (28), 252 (68), 251 (62), 171 (52), 112 (17), 105
(26), 84 (18), 83 (29), 77 (24), 71 (43), 70 (47), 69 (37),
58 (94), 57 (84), 56 (100). HRMS (FAB) m/z: Calcd mass
for C24H22ClNO3: 407.1288; found 407.1302 (M)+.

4.2.5. o-(2,3-Diphenyl-5-methyl-isoxazolidin-4-yl)-
methoxy-acetophenone, 7a. White crystals (256 mg, 64%),
mp 99–100 �C; nmax (KBr) 1674, 1597, 1487, 1467, 1450,
1387, 1356, 1295, 1236 cm�1; dH (CDCl3, 200 MHz) 7.54
(dd, 1H, J¼7.7, 1.8 Hz, arom.–H), 7.46–7.09 (m, 7H,
arom.–Hs), 6.92–6.75 (m, 5H, arom.–Hs), 4.51 (d, 1H,
J¼7.4 Hz, C3–H), 4.31–4.17 (dq, 1H, J¼6.0, 8.8 Hz, C5–
H), 4.07 (d, 2H, J¼5.1 Hz, –OCH2), 2.67–2.59 (m, 2H,
J¼7.4, 8.8 Hz, C4–H), 2.16 (s, 3H, –COCH3), 1.46 (d,
J¼6.0 Hz, C5–CH3); dC (CDCl3, 50 MHz) 199.1 (C]O),
157.2 (q), 152.1 (q), 141.9 (q), 133.3 (CH), 130.4 (CH),
128.9 (q), 128.9 (CH), 128.5 (q), 127.7 (CH), 126.6 (CH),
121.5 (CH), 121.2 (CH), 114.0 (CH), 112.1 (CH), 76.9
(C5), 73.8 (C3), 66.6 (–OCH2), 61.1 (C4), 31.2 (–COCH3),
17.6 (C5–CH3); MS m/z (%): 388 (M++1, 35), 387 (M+,
60), 182 (18), 181 (54), 180 (74), 171 (18), 136 (23), 121
(59), 104 (19), 93 (20), 91 (21), 78 (18), 77 (100), 71 (24),
70 (25), 65 (22), 58 (46), 52 (57). HRMS (FAB) m/z: Calcd
mass for C25H25NO3: 387.1834; found 387.1808 (M)+.

4.2.6. o-(2-Phenyl-3-p-anisyl-5-methyl-isoxazolidin-
4-yl)methoxy-acetophenone, 7b. Light brown oil (248 mg,
62%); nmax (KBr) 1674, 1597, 1512, 1487, 1467, 1450,
1385, 1357, 1295, 1247 cm�1; dH (CDCl3, 200 MHz) 7.62
(dd, 1H, J¼7.7, 1.8 Hz, arom.–H), 7.42–7.37 (overlapping
doublet at d 7.39, J¼10.4 Hz and multiplet, 4H, arom.–Hs),
7.23–7.14 (m, 2H, arom.–Hs), 7.01–6.81 (m, 6H, arom.–Hs),
4.50 (d, 1H, J¼7.5 Hz, C3–H), 4.31–4.24 (dq, 1H, J¼6.0,
8.7 Hz, C5–H), 4.10 (d, 2H, J¼5.1 Hz, –OCH2), 3.79
(s, 3H, –OCH3), 2.70–2.62 (m, 1H, J¼7.3, 8.7 Hz, C4–H),
2.22 (s, 3H, –COCH3), 1.50 (d, J¼6.0 Hz, C5–CH3); dC

(CDCl3, 50 MHz) 199.1 (C]O), 159.2 (q), 157.3 (q), 152.2
(q), 133.8 (q), 133.3 (CH), 130.4 (CH), 128.8 (q), 128.9
(CH), 127.8 (CH), 121.5 (CH), 121.1 (CH), 114.4 (CH),
114.1 (CH), 112.1 (CH), 76.8 (C5), 73.6 (C3), 66.6
(–OCH2), 61.0 (C4), 55.1 (–OCH3), 31.3 (–COCH3), 17.7
(C5–CH3); MS m/z (%): 417 (M+, 60), 211 (78), 210 (100),
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136 (24), 121 (72), 93 (20), 77 (97), 71 (26), 70 (32), 66 (37),
65 (38), 58 (56), 56 (80), 53 (58). HRMS (FAB) m/z: Calcd
mass for C26H27NO4: 416.186; found 416.263 (M)+.

4.2.7. o-(2-Phenyl-3-p-nitrophenyl-5-methyl-isoxazol-
idin-4-yl)methoxy-acetophenone, 7c. White crystals
(272 mg, 68%), mp 86–87 �C; nmax (KBr) 1688, 1674,
1597, 1516, 1487, 1470, 1448, 1383, 1348, 1292,
1231 cm�1; dH (CDCl3, 300 MHz) 8.25 (d, 2H, J¼8.7 Hz,
arom.–Hs), 7.74 (d, 2H, J¼8.8 Hz, arom.–Hs), 7.62 (dd,
1H, J¼7.7, 1.7 Hz, arom.–H), 7.41 (split triplet, 1H,
J¼8.5, 1.7 Hz, arom.–H), 7.27–7.20 (m, 2H, arom.–Hs),
7.05 (t, 4H, J¼7.7 Hz), 6.98–6.93 (m, 4H, arom.–Hs), 6.87
(d, 1H, J¼8.3 Hz, arom.–Hs), 4.86 (d, 1H, J¼6.5 Hz, C3–
H), 4.34 (dq, 1H, J¼6.1, 8.6 Hz, C5–H), 4.14 (d, 2H,
J¼5.2 Hz, –OCH2), 2.74–2.65 (m, 1H, J¼8.6, 6.5, 5.2 Hz,
C4–H), 2.27 (s, 3H, –COCH3), 1.51 (d, 3H, J¼6.2 Hz,
C5–CH3); dC (CDCl3, 50 MHz) 198.7 (C]O), 156.9 (q),
151.2 (q), 149.8 (q), 147.3 (q), 133.2 (CH), 130.2 (CH),
129.1 (CH), 128.5 (q), 127.5 (CH), 124.0 (CH), 121.8
(CH), 121.3 (CH), 113.8 (CH), 112.5 (CH), 77.0 (C5),
72.7 (C3), 66.8 (–OCH2), 61.1 (C4), 30.9 (–COCH3), 17.5
(C5–CH3); MS m/z (%): 432 (M+, 42), 195 (27), 194 (33),
169 (48), 120 (46), 111 (21), 93 (24), 83 (26), 77 (30), 71
(57), 70 (54), 69 (30), 58 (100), 56 (91); HRMS (FAB)
m/z: Calcd mass for C25H24N2O5: 432.1685; found
432.1684 (M)+.

4.2.8. o-(2-Phenyl-3-p-chlorophenyl-5-methyl-isoxazol-
idin-4-yl)methoxy-acetophenone, 7d. White crystals
(240 mg, 60%), mp 83–84 �C; nmax (KBr) 1671, 1597,
1520, 1486, 1450, 1397, 1350, 1294, 1228 cm�1; dH

(CDCl3, 200 MHz) 7.86 (d, 2H, J¼8.7 Hz, arom.–Hs),
7.65 (dd, 1H, J¼1.7, 6.8 Hz, arom.–H), 7.50–7.42 (m, 4H,
arom.–Hs), 7.33 (dd, 2H, J¼1.2, 7.7 Hz, arom.–Hs), 7.06
(dd, 2H, J¼1.2, 7.4 Hz, arom.–Hs), 6.91 (d, 2H, J¼8.3 Hz,
arom.–H), 4.84 (d, 1H, J¼6.6 Hz, C3–H), 4.38–4.29 (dq,
1H, J¼6.2, 8.5 Hz, –OCH), 4.17 (d, 2H, J¼5.1 Hz,
–OCH2), 2.77–2.65 (m, 1H, J¼6.6, 8.5 Hz, C4–H), 2.17 (s,
3H, –COCH3), 1.52 (d, 3H, J¼6.2 Hz, C5–CH3); dC (CDCl3,
50 MHz) 199.2 (C]O), 158.3 (q), 151.9 (q), 149.9 (q),
147.9 (q), 134.1 (CH), 131.0 (CH), 129.5 (CH), 128.2 (q),
127.3 (CH), 124.9 (CH), 123.0 (CH), 122.1 (CH), 114.8
(CH), 112.5 (CH), 77.5 (C5), 73.0 (C3), 66.8 (–OCH2),
61.2 (C4), 31.0 (–COCH3), 17.6 (C5–CH3); MS m/z (%):
423 (M++2, 10), 421 (M+, 35), 302 (26), 274 (35), 161
(45), 131 (43), 77 (20), 58 (100), 56 (70). HRMS (FAB)
m/z: Calcd mass for C25H24ClNO3: 421.1445; found
421.1440 (M)+.

4.2.9. o-(2,3,5-Triphenyl-isoxazolidin-4-yl)methoxy-
acetophenone, 8a. Pale yellow crystals (260 mg, 65%),
mp 98–99 �C; nmax (KBr) 1715, 1653, 1598, 1559, 1541,
1490, 1455, 1361 cm�1; dH (CDCl3, 300 MHz) 7.69–7.58
(m, 2H, arom.–Hs), 7.50–7.26 (m, 8H, arom.–Hs), 7.05–
6.96 (m, 3H, arom.–Hs), 6.84 (d, 1H, J¼8.4 Hz, arom.–H),
5.18 (d, 1H, J¼9.1 Hz, C3–H), 4.81 (d, 1H, J¼7.8 Hz,
C5–H), 4.22–4.11 (split AB quartet, 2H, dA¼4.20,
JAB¼9.6, 6.5 Hz; dB¼4.09, J¼9.6, 4.8 Hz, –OCH2), 3.16–
3.08 (m, 1H, J¼4.3, 7.8, 9.1 Hz, C4–H); dC (CDCl3,
75 MHz) 199.8 (C]O), 157.2 (q), 152.1 (q), 141.7 (q),
136.9 (q), 133.4 (CH), 130.4 (CH), 129.1 (CH), 129.1
(CH), 128.8 (q), 127.9 (CH), 121.8 (CH), 121.2 (CH),
114.3 (CH), 111.9 (CH), 82.8 (C5), 74.3 (C3), 65.6
(–OCH2), 62.5 (C4), 31.1 (–COCH3); MS m/z (%):
450 (M++1, 15), 449 (M+, 35), 406 (22), 458 (51), 330
(100), 327 (29), 258 (38), 223 (41), 103 (35). HRMS
(FAB) m/z: Calcd mass for C30H27NO3: 449.1991; found
449.1971 (M)+.

4.2.10. o-(2,5-Diphenyl-3-nitrophenyl-isoxazolidin-4-yl)-
methoxy-acetophenone, 8c. White crystals (268 mg,
67%), mp 99–100 �C; nmax (KBr) 1715, 1687.6, 1674,
1597, 1516, 1487, 1470, 1448, 1383, 1348, 1292,
1231 cm�1; dH (CDCl3, 200 MHz) 8.37 (d, 2H, J¼8.6 Hz,
arom.–Hs), 7.90 (d, 2H, J¼8.6 Hz, arom.–Hs), 7.71 (dd,
1H, J¼7.6, 1.3 Hz, arom.–H), 7.48–7.32 (m, 7H, arom.–
Hs), 6.92 (d, 1H, J¼8.3 Hz, arom.–H), 6.84 (d, 1H,
J¼8.4 Hz, arom.–H), 5.18 (d, 1H, J¼9.1 Hz, C3–H), 4.81
(d, 1H, J¼7.8 Hz, C5–H), 4.19–4.16 (split AB quartet, 2H,
dA¼4.19, JAB¼10.0, 6.4 Hz; dB¼4.15, J¼10.0, 4.9 Hz,
–OCH2), 5.25 (d, 1H, J¼8.7 Hz, C3–H), 5.13 (d, 1H,
J¼6.6 Hz, C5–H), 4.29–4.17 (split AB quartet, 2H, J¼9.2,
4.3 Hz), 3.18–3.10 (m, 1H, C4–H), 2.23 (s, 3H, –COCH3);
dC (CDCl3, 75 MHz) 199.5 (C]O), 156.8 (q), 151.2 (q),
149.4 (q), 147.5 (q), 136.3 (q), 133.3 (CH), 130.3 (CH),
129.3 (CH), 129.1 (CH), 128.9 (q), 127.5 (CH), 126.9
(CH), 124.3 (CH), 122.2 (CH), 121.5 (CH), 113.9 (CH),
112.4 (CH), 82.8 (C5), 74.9 (C3), 66.1 (–OCH2), 62.4
(C4), 30.9 (–COCH3); MS m/z (%): 495 (M++1, 15), 494
(M+, 35), 451 (22), 403 (51), 375 (100), 372 (29), 297
(38), 268 (41), 149 (35). HRMS (FAB) m/z: Calcd mass
for C30H26N2O5: 494.1842; found 494.1818 (M)+.

4.3. General procedure for cycloaddition of nitrone (5a)
with dipolarophiles, 9a,b

Solution of nitrone (5a, 200 mg) and allyl alcohol/allyl-ace-
tate (9a,b, 1.0 molar equivalent, respectively) in dry benzene
(20 mL) was refluxed with stirring for 30–35 h. After the
completion of the reactions (TLC), solvent was distilled
off and the traces of solvent were removed under vacuum.
The obtained crude product mixtures were subjected to
column chromatographic resolution over silica gel (Acme
Synthetic Chemicals Mumbai, India, 60–120 mesh, 20 g,
column packed in hexane) using hexane–chloroform (gradi-
ent) as an eluant to obtain pure isoxazolidines (10a,b and
11a), whose physical and spectroscopic data are as follows.

4.3.1. (2,3-Diphenyl-isoxazolidin-5-yl)-methanol, 10a.
Yellow liquid (340 mg, 85%); nmax (CHCl3) 1678, 1597,
1487, 1450, 1358, 1248, 1061, 1028 cm�1; dH (CDCl3,
300 MHz) 7.45 (d, 2H, J¼7.2 Hz, arom.–Hs), 7.35 (t, 1H,
J¼7.2 Hz, arom.–H), 7.326–7.147 (m, 4H, arom.–Hs),
6.97 (d, 2H, J¼8.1 Hz, arom.–Hs), 6.93 (t, 1H, J¼7.5 Hz,
arom.–H), 4.68 (dd, 1H, J¼5.4, 7.8 Hz, C3H), 4.43 (ddd,
1H, J¼3.0, 7.5, and 12.8 Hz, C5H), 3.84 (dd, 1H, J¼3.0,
12.15 Hz, –OCHH), 3.71 (dd, 1H, J¼5.4, 12.0 Hz,
–OCHH), 2.87–2.76 (ddd, 1H, J3,4Ha¼7.8 Hz and J¼7.2,
12.7 Hz, C4Ha), 2.35–2.26 (ddd, 1H, J3,4Hb¼5.4 Hz and
J¼7.8 and 12.6 Hz, C4Hb), 1.99 (s, broad singlet of OH);
dC (CDCl3, 300 MHz) 151.5 (q), 141.9 (q), 128.9 (CH),
128.8 (CH), 127.5 (CH), 126.4 (CH), 122.2 (CH), 115.2
(CH), 78.7 (C3), 70.8 (C5), 63.4 (OCH2), 40.9 (C4); MS
(ESI) m/z (%): 294 (M+Ca)+. HRMS (FAB) m/z: Calcd
mass for C16H17NO2: 255.1278; found 255.1432 (M)+.
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4.3.2. (2,3-Diphenyl-isoxazolidin-5-yl)-methyl ester, 10b.
Yellow liquid (348 mg, 87%); nmax (CHCl3) 1742, 1597,
1487, 1450, 1369, 1234, 1076, 1042 cm�1; dH (CDCl3,
300 MHz) 7.44 (d, 2H, J¼7.5 Hz, arom.–Hs), 7.32 (t, 1H,
J¼7.8 Hz, arom.–Hs), 7.29–7.11 (m, 4H, arom.–Hs), 6.98
(d, 2H, J¼7.8 Hz, arom.–Hs), 6.82 (t, 1H, J¼7.5 Hz,
arom.–H), 6.99–6.85 (m, 3H, arom.–Hs), 4.73–4.65 (dd,
tending to be triplet, 1H, J¼5.1 and 7.8 Hz, C3H), 4.49–
4.40 (m, 1H, J¼3.3, 7.0, 14.1 Hz, C5H), 4.26 (dd, 1H,
J¼3.3, 12.0 Hz, –OCHH), 4.18 (dd, 1H, J¼6.6, 11.9 Hz,
–OCHH), 2.83 (ddd, 1H, J3,4Ha¼7.8 Hz and J¼7.2 and
12.5 Hz, C4Ha), 2.16 (ddd, 1H, J3,4Hb¼5.1 Hz and J¼8.1,
13.1 Hz, C4Hb), 2.08 (s, 3H, CH3); dC (CDCl3, 300 MHz)
170.2 (–O–C]O), 151.3 (q), 141.9 (q), 128.7 (CH), 128.7
(CH), 127.5 (CH), 126.4 (CH), 121.6 (CH), 115.1 (CH),
75.7 (C3), 69.8 (C5), 64.04 (OCH2), 41.6 (C4), 20.5
(COCH3). MS (ESI) m/z (%): 320 (M+Na)+. HRMS (FAB)
m/z: Calcd mass for C18H19NO3: 297.1386; found
297.1538 (M)+.

4.3.3. (2,3-Diphenyl-isoxazolidin-5-yl)-methanol, 11a.
Yellow liquid (40 mg, 10%); nmax (CHCl3) 1678, 1597,
1487, 1450, 1358, 1248, 1061, 1028 cm�1; dH (CDCl3,
300 MHz) 7.43 (d, 2H, J¼8.2 Hz, arom.–Hs), 7.37 (t, 1H,
J¼8.6 Hz, arom.–H), 7.32–7.07 (m, 4H, arom.–Hs), 6.92
(d, 2H, J¼7.8 Hz, arom.–Hs), 6.84 (t, 1H, J¼7.6 Hz,
arom.–H), 4.51 (dd, 1H, J¼6.1, 8.7 Hz, C3H), 4.45–4.37
(m, 1H, C5H), 3.79 (dd, 1H, J¼5.1, 11.4 Hz, –OCHH),
3.56 (dd, 1H, J¼5.4, 12.1 Hz, –OCHH), 2.64 (ddd, 1H,
J3,4Ha¼8.7 Hz and J¼6.9, 13.8 Hz, C4Ha), 2.26 (ddd, 1H,
J3,4Hb¼6.1 Hz and J¼6.5, 12.8 Hz, C4Hb), 1.96 (s, broad
singlet of OH); dC (CDCl3, 300 MHz) 151.4 (q), 141.8 (q),
128.8 (CH), 128.7 (CH), 127.5 (CH), 126.3 (CH), 122.1
(CH), 114.9 (CH), 76.6 (C3), 70.6 (C5), 63.4 (OCH2),
37.1 (C4); MS (ESI) m/z (%): 294 (M+Ca)+. HRMS (FAB)
m/z: Calcd mass for C16H17NO2: 255.1379; found
255.1457 (M)+.
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