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INTRODUCTION

[3+2] Cycloadditions offer versatile strategies to generate
5-membered heterocycles [1-8]. Cycloadditions of nitrones to
alkenes furnish isoxazolidines, which can be used as templates
in the synthesis of different classes of natural products [5-8].
The [3+2] cycloaddition route thus provides conversion of
simple natural products to more complex natural occurring
bioactive nitrogen heterocycles, and close analogues. Isoxazo-
lidines allow considerable regiochemical and stereochemical
control during the cycloaddition process and can be function-
alized to a certain extent. Thus it is important to design [3+2]
cycloaddition reactions of nitrones to different unsaturated
systems with high regio- and stereoselectivity. We have carried
out systematic investigations on different aspects of [3+2] cyclo-
addition of nitrones to various dipolarophiles containing a
double bond conjugated with an electron-withdrawing group
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[3+2] Cycloadditions of nitrones as three-atom components to alkenes yield isoxazolidine cycloadducts, which on chemical transformations |
can be converted to bioactive compounds. The [3+2] cycloadditions route thus provides conversion of simple natural products to more |
complex naturally occurring bioactive nitrogen heterocycles, and close analogues. As o.,[3-unsaturated amides abundantly occur as natural
products, [3+2] cycloadditions of nitrones with simpler o, 3-unsaturated amides were studied to get information about reactivity profiles. |
The reactions of C-(4-chlorophenyl)-N-methyl nitrone as three-atom component to cinnamic acid anilides were investigated. The 3,4- |
trans-4,5-trans-4-carboxanilido-2-methyl-3,5-diaryl isoxazolidines were the major cycloadducts; the diastereoisomeric 3,4-cis-4,5-trans- |
4-carboxanilido-2-methyl-3,5-diaryl isoxazolidines and regioisomeric 3,4-trans-4,5-trans-5-carboxanilido-2-methyl-3,4-diaryl |
isoxazolidines were obtained as minor cycloadducts. The cycloadducts were characterized by NMR studies and XRD analysis. |
|
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[7-16]. These include experimental and theoretical studies. o, -
Unsaturated amides occur abundantly as natural products. Consi-
dering the easy availability of a,B-unsaturated amides in nature,
we have been carrying out a series of studies on [3+2] cyclo-
additions of different types of nitrones with o, 3-unsaturated
amides. Two of our recent communications deal with [3+2]
cycloadditions of C,N-disubstituted nitrones with cinnamic
acid piperidides [9] and cinnamic acid anilides [10], respec-
tively as 2m-components in the cycloaddition process.

The present communication is an extension of our earlier
work, and details our investigations on 32CAs of a C-aryl-N-
methyl nitrone to cinnamic acid anilides, as to our knowledge
these has not been studied earlier. Structural investigations of
the cycloadducts involved detailed NMR studies and X-ray
diffraction (XRD) analysis. Precise signal assignments in NMR
spectra are important in probing structural features; for this
objective detailed 2D-NMR spectra were recorded and analyzed.

This is an open access journal, and articles are distributed under the terms of the Attribution 4.0 International (CC BY 4.0) License. This
license lets others distribute, remix, tweak, and build upon your work, even commercially, as long as they credit the author for the original
creation. You must give appropriate credit, provide a link to the license, and indicate if changes were made.
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EXPERIMENTAL

Melting points were recorded on an electrically heated
Kofler Block apparatus and are uncorrected. Column and thin
layer chromatography were performed using neutral alumina
and silica gel G, respectively. Spots on TLC chomatograms were
visualized with iodine vapour. Analytical samples were routinely
dried over anhydrous CaCl, in vacuo at room temperature.

UV and IR spectra were recorded in KBr discs on Hitachi
UV-vis-NIR model U 3501 and Perkin-Elmer FT-IR model
RX-9 spectrometers, respectively. 'H & *C NMR spectra were
recorded with Bruker Avance 300 instrument at 300 MHz and
75.5 MHz, and Bruker DRX 500 instrument at 500 MHz and
125.5 MHz. Mass spectrum was recorded with a JEOL JMS600
Mass spectrometer. Chemical shifts for NMR are reported in
& ppm, downfield from TMS; "H-'H coupling constants are given
in Hz. "C-NMR signal multiplicities were confirmed by DEPT
spectra. DQF-COSY, HMQC and HMBC 2D NMR experi-
ments were performed to unravel '"H-'H coupling information,
and to assign 'H- and "C-NMR signals in compound 5a.

All chemicals were procured from Merck, India. Purities
of starting materials were verified from comparison of their
melting or boiling points with those recorded in literature as
well as from their IR and '"H NMR spectra.

Preparation of reactants: C-(4-chlorophenyl)-N-methyl
nitrone was obtained by the microwave assisted procedure from
4-chlorobenzaldehyde and methyl hydroxylamine hydrochloride
in the presence of excess aqueous NaHCOs[17]. The cinnamic
acid anilides (2-4) were prepared by treatment of appropriate
cinnamoyl chlorides, obtained from reaction of the correspon-
ding with thionyl chloride with three molar proportion of
aniline/N-methylaniline, followed by the usual workup [18];
the anilides were crystallized from ethanol/aqueous ethanol.
The structural integrities of the starting materials were confirmed
by IR and NMR spectra.

General procedure for cycloaddition reactions: The
reactions of C-(4-chlorophenyl)-N-methyl nitrone (1) with a
three-fold molar proportion of the dipolarophiles, viz. anilides
of cinnamic acid (2-4), were carried out by refluxing the reactants
in anhydrous toluene solution for 18-26 h under nitrogen atmos-
phere (Scheme-I). The crude reaction mixtures were concentrated
under reduced pressure (rotary evaporator), the residues analyzed
by 300 MHz '"H NMR and then chromatographed over neutral
alumina to isolate the products.

Dry toluene;

(5a) R=Cl; R|=H
(6a) R=R;=H
(7a) R=H; R;=Me

reflux Me” ) 0
_ T
1
(2) R=Cl; R;=H
(3)R=R;=H
(4) R=H; R=Me

Reaction of C-(4-chlorophenyl)-N-methyl nitrone (1)
(0.746 g, 0.0044 mol) with anilide of 4-chlorocinnamic acid
(2) (3.400 g, 3 x 0.0044 mol). Reaction time 18 h, 300 MHz
'H NMR analysis revealed three products formed: total conver-
sion ~82%; ratio Sa: Sb: 5¢=76:12:12. Chromatography over
neutral alumina furnished compounds Sa and Sc.

3,4-trans-4,5-trans-2-Methyl-3,5-di(4’-chlorophenyl)-
4-anilinyloxoisoxazolidine (5a): Colour: white microcrystals,
m.p. 162 °C, isolated yield 0.97 g (52%), isolated from 10%
benzene in hexane eluates, Rr 0.58 (silica gel G, benzene:EtOAc
4:1). 70 eV EI-MS m/z M* 426,425 (M-1) {peak clusters typical
of the presence of two chlorines in the molecule), m/z 306-
310 cluster (M*-CONHPh), 257, 194, 165 [CIC¢H,-CH=CH-
COJ*,152, 140 (CI-CeHs-CHO™), 139, 137, 111 (CeH.CI"), 77
(CeHs"), 75 (C¢HsY), 64 (CsH,™). UV (EtOH): Amax 223 nm (log
£3.55); IR (KBTI, Vi, cm™): 3295 (-NH-), 2875 & 2812 (CH),
1662 (amide CO), 1090 & 509 (aryl Cl), 822 (1,4-disubstituted
benzene ring), 748 & 690 (mono-substituted benzene ring).
Elemental analysis calcd. (found) (%) of C,;3HxN,O,Cls: C:
64.6 (64.3); H: 4.7 (4.5); N: 6.5 (6.3).

3,4-trans-4,5-trans-2-Methyl-3,4-di(4’-chlorophenyl)-
5-anilinyloxo isoxazolidine (5c): Colourless crystals, m.p.
140-144 °C, isolated yield 0.111g (6%), isolated from hexane
eluates, Rr 0.62 (silica gel G, benzene: EtOAc =4:1). IR (KBr,
Vi, cm™'): 3374 (-NH-), 2937, 2874 & 2812 (CH), 1685 (amide
C=0), 1094 & 508 (aryl Cl), 820 (1,4-disubstituted benzene
ring), 748 & 688 (mono-substituted benzene ring). 'H NMR
(300 MHz, CDCl;): 6 4.55 (d, J = 5.2 Hz, H3), 3.84 (dd, J =
9.3,5.2Hz,H4),3.52(d,/=9.3 Hz, HS), 8.71 (NH), 2.69 (NCH,),
7.09-7.23 (overlapped signals of, A/H-2,6,3,5; B/H-3,5; C/H-
4),7.57 (d, J =7.7 Hz, B/H-2,6), 7.03 (d, J = 8.5 Hz, C/H-
2,6),7.29 (t,J=7.7 Hz, C/H-3,5). "CNMR (75.5 MHz, CDCl;):
8 119.8 (C/C-2,6), 137.1 (A/C-1), 134.4 (A/C-4), 136.0 (B/C-
1), 135.4 (B/C-4), 134.5 (C/C-1), 124.6 (C/C-4), 129.0, 129.0,
129.1, 129.2, 129.3 (A/C-2,6,3,5; B/C-2,6,3,5; C/C-3,5).
Elemental analysis calcd. (found) (%) of CiH20N,O,Cl: C:
64.6 (64.4); H: 4.7 (4.6); N: 6.5 (6.4).

Detected by 'H NMR in crude reaction mixture. 3,4 cis-
4,5-trans-2-Methyl-3,4-di(4’-chlorophenyl)-5-anilinyloxo
isoxazolidine (5b): 6 4.03 (d, / = 9.8 Hz, H3), 3.42 (dd, J =
9.8,5.7 Hz, H4), 5.67 (d, J = 5.7 Hz, H5).

Reaction of C-(4-chlorophenyl)-N-methyl nitrone (1)
(0.746 g, 0.0044 mol) with cinnamic acid anilide (3) (2.940
g, 3 x 0.0044 mol). Reaction time 22 h. A 300 MHz 'H NMR

(5b) R=Cl; R,=H
(6b) R=R,=H
(7b) R=H; R,;=Me

(5¢) R=CI; R|=H
(6¢) R=R,;=H

Scheme-I: Reactions of C-(4-chlorophenyl)-N-methylnitrone with substituted cinnamic acid anilides
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analysis revealed three products formed: total conversion ~70%;
ratio 6a: 6b: 6¢ = 70:15:15. Chromatography over neutral
alumina furnished compounds 6a and 6c.

3,4-trans-4,5-trans-2-Methyl-3-(4"-chlorophenyl)-5-
phenyl-4-anilinyloxoisoxazolidine (6a): White microcrysta-
Iline solid, m.p. 152-154 °C, isolated yield 0.73g (42%) from
5% benzene in petroleum ether (60-80 °C) eluates, R¢ 0.46
(silica gel G, benzene). IR (KBr, Vi, cm™): 3306 (NH), 3061,
2928, 2854 & 2367 (CH), 1658 (amide CO), 1091, 1021 &
506 (aryl Cl), 831 (1,4-disubstituted benzene ring), 745 & 693
(mono-substituted benzene ring). 'H NMR (300 MHz, CDCL):
54.18 (d, J=9.0Hz, H3), 3.23 (dd, J=9.0, 7.5 Hz, H4), 5.53 (d,
J =7.5 Hz, HS), 2.78 (s, N-CH3), 8.05 (s, NH), 7.30-7.45
(overlapped signals of A/H-2,6,3,5; C/H-2,6,3,5), 7.10-7.30
(overlapped signals of, B/H-2,3,4,5,6), 7.50 (d, J = 7.1 Hz, H-
2,6). "CNMR (75.5 MHz, CDCl3): 8 76.4 (C3), 69.7 (C4), 81.4
(C5), 43.8 (N-CH3), 167.2 (CO), 119.9 (BAC-2,6), 124.9 (B/C-
4), 126.0 (C/C-2,6), 128.8, 128.9, 129.0, 129.2 (A/C-2,6,3,5; B/
C-3,5; C/C-3,5), 129.1 (C/C-4), 134.2 (A/C-4), 137.0, 136.4 (A/
C-1; B/C-1), 141.2 (C/C-1). Elemental analysis calcd. (found)
(%) of C3H2iN,O,Cl: C: 70.3 (70.1), H: 5.35 (5.2), N: 7.1 (6.9).

3,4-trans-4,5-trans-2-Methyl-3-(4'-chlorophenyl)-4-
phenyl-5-anilinyloxoisoxazolidine (6¢): Yellow low-melting
solid, m.w. C»3H, N,O,CL, m.p. 39 °C, isolated yield 0.12¢g (7%)
from 5% benzene in petroleum ether (60-80 °C) eluates along
with the major compound 6a - after recrystallisation the major
compound separated out, the minor product 6¢ was obtained
from mother liquor. Ry 0.52 (silica gel G, benzene:EtOAc =
4:1). IR (KB, Vimax, cm™): 3393 (NH), 2921& 2853 (CH), 1660
(amide CO), 1091 & 1016 & 500 (aryl Cl), 819 (1,4-disubstituted
benzene ring), 755 & 696 (mono-substituted benzene ring).
'H NMR (300 MHz, CDCl:): 8 4.58 (d, J = 5.0 Hz, H3), 3.85
(dd, J =9.0,5.0 Hz, H4), 3.54 (d, J = 9.0 Hz, HS), 2.67 (s, N-
CHs), 8.22 (s, -NH-), 7.14-7.31 (m, ovl., A/H-2,6,3,5; B/H-3,5),
745 (d, J = 7.6 Hz, B/H-2,6), 7.03-7.14 (overlapped signals
of, C/H-2,3,4,5,6). *C NMR (75.5 MHz, CDCl;): & 83.3 (C-
3), 81.9(C-4), 63.2 (C-5), 170.5 (CO), 43.1(N-CHs), 137.3 (A/
C-1),134.7 (A/C-4), 138.0 (B/C-1), 127.2 (B/C-2,6), 129.4 (B/
C-4), 134.7 (C/C-1), 120.8 (C/ C-2,6), 124.4 (C/C-4), 128.9,
129.0, 129.2, 129.9 (B/C-3,5; C/C-3,5; A/C-2,6,3,5). Elemental
analysis calcd. (found) (%) of CxH.iN,O-Cl: C: 70.3 (70.5),
H: 5.35(5.5), N: 7.1 (6.9).

Detected by 'H NMR in crude reaction mixture. 3,4-cis-
4,5-trans-2-Methyl-3-(4’-chlorophenyl)-5-phenyl-4-anilinyl-
oxo isoxazolidine (6b): 8 3.92 (d, J = 8.9 Hz, H-3), 3.52 (dd,
J=8.9,5.4Hz, H4), 561 (d,J=5.4Hz, H-5).

Reaction of C-(4-chlorophenyl)-N-methyl nitrone (1)
(0.720 g, 0.0042 mol) with N-methylanilide of cinnamic acid
(4) (2.94 g, 3 x 0.0042 mol). Reaction time 26 h, 300 MHz 'H
NMR analysis revealed two products formed: total conversion
62%; ratio 7a:7b = 93:7. Chromatography over neutral alumina
furnished (7a).

3,4-trans-4,5-trans-2-Methyl-3-(4’-chlorophenyl)-5-
phenyl-4-(N-methylanilinyl)oxoisoxazolidine (7a): Yellow
amorphous solid from hexane eluates after preparative TLC,
R¢ 0.49 (silica gel G, benzene: ethyl acetate= 4:1), (isolated
yield 0.84 g, 50%). IR (KBTI, Vi, cm™): 3057, 3030 & 2880

(CH), 1651 (amide CO), 1119 (O=C-N), 1090, 1015 & 498
(aryl Cl), 837 (1,4-disubstituted benzene ring), 763 & 698
(mono-substituted benzene ring). 'H NMR (300 MHz, CDCI;):
84.22 (d, J=9.0 Hz, H3), 3.38 (t, /= 9.0 Hz, H4), 5.47 (d, J
= 9.0 Hz, HS), 2.77 (s, N-CH3), 3.14 (s, CO-N-CHz), 7.25-
7.36 (overlapped signals of, A/H-2,6,3,5; B/H-2,6; C/H-3,5,4),
6.91 (t,J=7.5Hz, B/H-2,3),7.20 (t, J = 7.5 Hz, B/C-4), 7.45
(d,J=9.0 Hz, C/H-2,6); *C NMR (75.5 MHz, CDCl;): 8 77.5
(C3),63.4(C4),83.4(C5),44.1 (N-CH3),37.5 (CO-N-CHs), 168.5
(CO), 126.4, 127.0 (A/C-2,6; C/C-2,6), 127.7, 128.3 (B/C-4,
C/C-4), 128.6, 128.9, 129.0, 129.2 (A/C-3,5; B/C-2, 6,3,5; C/
C-3,5), 135.1 (A/C-4), 139.3 (A/C-1), 141.5,141.9 (B/C-1; C/
C-1). Elemental analysis calcd. (found) (%) of Co4H3N,O-Cl:
C 70.8 (70.6); H5.7 (5.6); 6.9 (6.7).

Detected by '"H-NMR in crude reaction mixture. 3,4-cis-
4,5-trans-2-Methyl-3-(4’-chlorophenyl)-5-phenyl-4-(N-
methylanilinyl)oxo isoxazolidine (7b): H-3 6 4.64 (J=7.5
Hz); H-4 8 3.50 (dd, J=9.0, 7.5Hz); H-5 6 5.72 (/ = 9.0 Hz).

X-Ray Diffraction analysis of compound 5c: Crystals
of compound Sc were obtained as elongated thin needles after
recrystallization from CHCl; by slow evaporation at room tempe-
rature. They were mounted on a CCD NONIUS KAPPA system
operating the MoKt radiation (A =0.7107 A). The LURE DC1
synchrotron facility in Orsay, France was used to record the data.
An Image Plate system (MAR 345) was used as the detector.
Recordings were done under cryotemperature conditions at
-50 °C. The structures were solved by direct methods (SHELXS)
and refined using isotropic, then anisotropic thermal factors
(SHELXL program [19]. Hydrogens were gradually introduced
in the calculations and kept riding on the bonded atom during
all refinements. The final statistics of the refinements are shown
in Table-1, while Figs. 1-3 were drawn using the PLATON
program [20].

TABLE-1
XRD ANALYSIS OF 5¢: PARAMETERS
AND REFINEMENT STATISTICS
CCDC reference No. 604787
m.f.; m.w. C,;H,(N,O,Cl,; 427.31

System; Space group
Cell parameters

Monoclinic; P2,/n
a=28.070(1) A; b=5.5748(3)
A; c=28.0597(1) A
0:=102.100 (3)°; 0=y=90°

Z./ Volume (A%) 8/4,293.4(4)
Radiation Mo Ko

Nb. of measured Refl. 18,452

Ao — M 2.10 - 20.85°
Nb. of independent refl. 3250

Nb. of obs. refl. (F = 40(I)) 2428
completeness 99 %

Final R (obs. F) 0.1002

Final R (all data) 0.0943

Final Rw (obs. F?) 0.2290

Final Rw (all F* data) 0.1912
Residual in last e-map (min-max) e-  -0.30/+0.38

The crystallographic parameters and refinement statistics
of compound 5S¢ are given in Table-1. The numberings of struc-
tures as given in these projections are those provided in the X-
ray crystallographic analysis outputs.
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Fig. 1. XRD analysis of Sc: ORTEP drawing of two molecules in the unit
cell (ellipsoids at the 50% probability level). Hydrogen atoms are
represented as small spheres with arbitrary radii

Fig. 2. XRD analysis of 5¢: view along the mean-plane of the five-
membered ring (O1 is eclipsed by the N-methyl)

Fig. 3. XRD analysis of Sc: Packing arrangement of the molecules in the
cell (view along the b axis)

X-ray data of compound Sc have been deposited at the
Cambridge Structural Data Centre under CCDC number
CCDC 604787. Parameters and refinement statistics; Positional
parameters (x 10*) and mean recalculated isotropic factors (x
10°) for non-hydrogen atoms; Positional parameters (x 10°)
and mean recalculated isotropic factors (x 10°) for hydrogen
atoms; Anisotropic thermal parameters (x 10*) for non-
hydrogen atoms; Distances (A) for non-hydrogen atoms with
e.s.d.’s given in parentheses; Bond angles (degrees) for non-
hydrogen atoms with e.s.d.’s given in parentheses. The data
can be obtained free of charge via http://www.ccdc.cam.ac.uk/
data_request/cif or by e-mailing data_request@ccdc. cam.ac.uk,
or by contacting The Cambridge Crystallographic Data Centre,
12, Union Road, Cambridge CB21EZ, UK.

RESULTS AND DISCUSSION

The [3+2] cycloadditions with C-(4-chlorophenyl)-N-
methyl nitrone (1) are summarized in Scheme-I. The reactions
were performed by refluxing in anhydrous toluene under
nitrogen atmosphere with a threefold molar proportion of the
o,B-unsaturated anilide reactants (2,3,4). Work-up involved
removal of the solvent under reduced pressure in a rotary evapo-
rator, followed by 'H NMR analysis of the crude reaction
mixture for assessing total overall yield and product ratios.
The ratio of products was estimated from signal integrations
in the crude mixture. The crude reaction mixtures were chro-
matographed over neutral alumina to isolate the products. Two
diastereoisomeric 2,3,4,5-tetrasubstituted isoxazolidine cyclo-
adducts were formed with 3,4-trans-4,5-trans-4-carboxanilido-
2-methyl-3,5-diaryl isoxazolidine cycloadducts (series a: 5a,
6a, 7a) as the major products and the diastereoisomeric 3,4-
cis-4,5-trans-4-carboxanilido-2-methyl-3,5-diaryl isoxazo-
lidine cycloadducts (series b: Sb, 6b, 7b) as the minor products.
In two of the reactions, the regioisomeric 3,4-trans-4,5-trans-
5-carboxanilido-2-methyl-3,4-diarylisoxazolidine cycloadduct
(series c: 5¢, 6¢) were also formed as minor products. Only
the major products (5a, 6a, 7a) and regioisomeric products
(5¢, 6¢) could be isolated in pure state by chromatography; the
minor diastereoisomeric products (Sb, 6b, 7b) were detected in
the crude reaction mixtures by 'H NMR analysis.

Reaction of C-(4-chlorophenyl)-N-methyl nitrone (1)
with anilide of 4-chlorocinnamic acid (2): Reaction of nitrone
1 with a three-fold molar excess of anilide of 4-chlorocinnamic
acid (2) was carried out in refluxing toluene for 18 h. 'H NMR
analysis of the crude reaction mixture showed the presence of
three products Sa:Sb:5c in the ratio of 76:12:12, the total conv-
ersion being ~82%. Chromatography of the reaction mixture
over neutral alumina furnished two isolated product Sa and
Sc. The major cycloadduct 3,4-trans-4,5-trans-2-methyl-3,5-
di(4’-chlorophenyl)-4-anilinyloxoisoxazolidine (5a) was purified
by chromatography as a white microcrystals, m.p. 162 °C (isolated
yield 52%), from 10% benzene in hexane eluates. Compound
Sc was obtained as colourless crystals, m.p. 140-144 °C (isolated
yield 6%), from hexane eluates. Product 5b was identified from
'H NMR analysis of the crude reaction mixture.

UV spectrum of compound 5a showed An.x (EtOH) at
223 nm (log € 3.55), indicating only the presence of non-
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conjugated aromatic rings in this compound. The IR spectra
(recorded in KBr disc) of compounds Sa and S¢ showed strong
absorption bands at 1662 cm™ (for 5a) and 1685 cm™ (for 5¢)
indicating the presence of non-conjugated amide carbonyl
groups. Presence of 1,4-disubstituted benzene ring and mono
substituted benzene ring was depicted by bands at 822, 748
and 690 cm™ (for 5a) and 820, 748 and 688 cm™' (for 5¢), resp-
ectively. Bands at 3295 and 3374 cm™ showed the presence of
-NH- in the IR spectra of compounds Sa and 5S¢, respectively.

Precise signal assignments in NMR spectra are important
in probing structural and stereochemical features for this objec-
tive detailed NMR studies of compound Sa were undertaken.
The structure and stereochemistry of cycloadduct Sa were thus
settled. Complete 'H- & "*C- signal assignments are given in
Table-2; these were achieved with aid of 2D spectra 500 MHz
'H-"HDQF-COSY (Fig. 4); 500 MHz 'H/125.5 MHz "*C (HMQC)
1-bond "*C-'H correlation) (Fig. 5); 500 MHz 'H/125.5 MHz
13C HMBC ("*C-"H-long range correlation) (Fig. 6). The 500
MHz 'H NMR spectrum (CDCl;) of compound 5a showed the
isoxazolidine ring protons at & 4.10 (d, J34 = 9.0 Hz, H-3),
5.54(d, Jus=7.0 Hz, H-5) and 6 3.19 (dd, J54 = 9.0 Hz, J45 =
7.0 Hz, H-4). The 500 MHz DQF-COSY of compound Sa conf-
irmed the coupling pattern in the isoxazolidine ring; it was
particularly useful in elucidating the coupling behaviour of
the aromatic protons (Fig. 4). 125.5 MHz “C NMR assignments
of compound 5a are also given in Table-2. Signal multiplicities
were determined from DEPT-135° spectrum. One bond C-H
couplings were determined from the HMQC spectrum (Fig. 5).
The HMBC spectrum (Fig. 6) showed a long-range C-H coup-
lings, this was particularly useful in making signal assignments,
and in confirming the structure of compound Sa. The HMBC
spectrum provided the following key information regarding
structure of compound Sa: (i) C-4 showed no long-range (LR)
correlations with any aromatic protons. Also B/C-2,6 did not
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Fig. 4. 500 MHz 'H-'H DQF-COSY of compound 5a in CDCl; (expansion),
after D,O exchange

show any correlations to any of the isoxazolidine protons. C-3
and C-5 both showed long-range couplings to aromatic protons;
hence the two aryl rings were attached to these positions; (ii)
C-5 showed LR-correlations with the doublet at 6 7.44, the ortho-
protons (H-2,6) of the C-ring. C/C-2,6 showed LR-correlations
to H-5; and (iii) C-3 showed LR-correlations to signal in the
region O 7.35, the ortho-protons (H-2,6) of the A-ring. A/C-
2,6 showed long-range correlations to H-3.

The 70 eV EI mass spectrum of compound Sa showed
the molecular ion peak at m/z 426, the (M-1) peak appeared at
m/z 425: both were with clusters expected of the presence of
two chlorines in the molecule. Loss of the -CO-NH-Ph moiety
gave cluster of peaks at m/z 306-310 (Scheme-II). These in
turn generated prominent peaks at m/z 194 (loss of -CcH4Cl)
and m/z 165 (loss of CIC¢HsCHO + H®). The generation of a

TABLE-2
500 MHz 'H NMR AND 125.5 MHz "*C NMR ASSIGNMENTS OF 5a IN CDCl,

Chemical shift (J, Multiplicity (J,

Long range correlation with

Proton No. o) Hz) Carbon No. Chemical shift (8, ppm) protons (from HMBC)
H-3 4.10 d,9.0 C-3 712 H-4, H-5; N-CH;; A/H-2,6
H-4 3.19 dd, 9.0,7.0 C-4 70.0 H-3, H-5
H-5 5.54 d, 7.0 C-5 80.9 H-3, H-4; C/H-2,6
N-H 8.31 S >CO 167.5 H-3, H-4, H-5; N-H

-N-CH; 2.75 S -N-CH, 43.9 H-3
Ring A Ring A
H-2,6 7.32-7.38% C-1 136.4 H-3, H-4; A/H-3,5
H-3,5 C-2,6 129.3" H-3
Ring B C-35 129.4% -
H-2,6 7.25-7.32 C-4 134.9 A/H-2,6
H-3,5 7.11 Ring B
H -4 tt, 7.2, 1.3 C-1 137.4 B/H-2,6, B/H-3,5
Ring C 7.44 C-2,6 120.4 -NH-; B/H-3,5, B/H-4,
H-2,6 7.32-7.38% d, 84 C-35 129.5 -
H-3,5 C-4 125.4 B/H-3.5, B/H-2,6
Ring C
C-1 140.6 H-4, H-5; C/H-3,5
C-2,6 127.7 H-5
C-35 129.8 -
C-4 134.2 C/H-2,6

*Qverlapped signals. * Interchangeable assignments.
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lation spectrum showing long-range couplings of compound 5a in
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fragment at m/z 257 could be explained by two alternative
cleavages, corresponding to two alternative electron-impact
induced cycloreversions - concomitant cleavages at 2—3 and
4-5; or cleavages at 1-5 and 3—4. The group of peaks around
m/z 137, 139 and 140 (C1l-C¢Hs-CHO™) correspond to conco-
mitant cleavages at 1-2 and 4-5 with loss of hydrogen. These
fragments confirmed the presence of chlorophenyl group at
C-5. Rearrangement of the initially generated molecular ion
followed by 3—4 cleavage gave the m/z 152 fragment. The
fragment at m/z 165 corresponding to [CICsHs-CH=CH-CO]*
may be derived from simultaneous cleavage at 3—4 and 5-1.
Column chromatography over neutral alumina furnished
a small amount of compound Sc in the pure state as colourless
crystals, m.p. 140-144 °C, from the hexane eluates. Its IR absor-
ptions were quite similar to those of cycloadduct Sa showing
the presence of same structural units. However, the 'H & "“C
NMR spectra showed the significant differences with those of
compound Sa, particularly in the isoxazolidine part and allowed
the regioisomeric structural assignment of compound Sc to be
made. Due to the interchange of aryl and carboxamido substi-

306

137

152

Scheme-II: Mass spectral fragmentation of compound 5a

tuents at C-4 and C-5, H-4 is comparatively deshielded by ~&
0.65 ppm and H-5 comparitively shielded by ~ 2.0 ppm, thus
there is a cross-over in the relative positions of H-4 and H-5
compared to compound 5a. The 300 MHz 'H NMR spectrum
(CDCls) of compound Se showed the isoxazolidine ring protons
8 4.55 H-3 and & 3.52 H-5 at and ppm respectively, appeared
asdoublets (J45=9.3 Hz and J34 = 5.2 Hz); the H-4 proton coupled
to both of these appeared as double doublet at 8 3.52.

The X-ray diffraction analysis of compound Sc¢ was per-
formed to confirm its structure and stereochemistry. Elongated
thin needle-shaped crystals of compound Sc¢ were obtained
after recrystallization from CHCI; by slow evaporation at room
temperature. They were mounted on a CCD NONIUS KAPPA
system operating the MoKot radiation (A = 0.7107 A). Crystals
were monoclinic (space group P21/n) with cell parameters a
= 28.070(1) A; b = 5.5748(3) A; ¢ = 28.0597(1) A; o =
102.100(3)°%; o.=y=90° Z/ Volume (A%); 8 / 4,293.4(4) (Table-
1). The X-ray crystallographic study showed an all trans-
configuration: H-3 and H-5 were trans-oriented, additionally
the N-lone pair was trans- to H-3. The ORTEP projection is
shown in Fig. 1. The numberings of structures as given in these
projections are those provided in the X-ray crystallographic
analysis outputs. The crystal structure contains two indepen-
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dent molecules in the asymmetric unit (Fig. 1), each of these
being the mirror image of the other. Both molecules in each
unit have nearly equivalent T, and P puckering parameters.
The values of T, and P correspond to an intermediate between
N2-envelope and N2-C3 twist conformations (Table-3). Looking
perpendicular to the mean-plane of the five-membered ring
shows that in both cases, substituents are all-frans, with pseudo-
equatorial orientations. All angular hydrogens are pseudo-axial
(Fig. 2). Packing arrangement in the cell in molecules is given
in Fig. 3.

The presence of the third cycloadduct Sb, which could
not be isolated in the pure state, was detected from '"H NMR
analysis from the reaction mixture. The chemical shifts and
coupling constants of the isoxazolidine ring protons indicated
that it was diastereoisomeric with compound Sa (Table-4)
[11,12].

Reaction of C-(4-chlorophenyl)-N-methyl nitrone (1)
with cinnamic acid anilide (3): Reaction of nitrone 1 with a
three-fold molar excess of cinnamic acid anilide (3) was carried
out in refluxing toluene for 22 h. 300 MHz '"H NMR analysis
of the crude reaction mixture revealed three products with app-
roximate product ratio (from 'H NMR integration) being 6a:6b
:6¢ = 70:15:15; total conversion was estimated to be ~70%.
Column chromatography over neutral alumina furnished comp-
ounds 6a and 6¢ from 5% benzene in petroleum ether (60-80
°C) eluates. 3,4-trans-4,5-trans-2-Methyl-3-(4’-chlorophenyl)-
5-phenyl-4-anilinyloxoisoxazolidine (6a) was obtained as white
solid, m.p. 152-154 °C, (isolated yield 42%), R¢ = 0.46 (silica
gel G, benzene) from the 5% benzene in petroleum ether (60-
80 °C) eluates. After recrystallisation the major compound
separated out and the minor product 6¢ was obtained from
mother liquor. Compound 6¢, Ry 0.52 (silica gel G, benzene:
ethyl acetate =4:1) was obtained as yellow low-melting solid,
m.p. 39 °C (isolated yield 7%).

The IR spectra of compounds 6a and 6¢ showed strong
absorption bands at 1658 cm™ (for 6a) and 1660 cm™ (for 6¢)
indicating the presence of non-conjugated amide carbonyl
groups. Presence of 1,4-disubstituted benzene ring and mono
substituted benzene ring was depicted by 831, 745, 693 cm™,
respectively (for 6a) and 819, 755, 696 cm™ (for 6¢), respec-
tively -NH- bands appeared at 3306 cm™ for 6a and 3393 cm’!
for 6c¢.

The 300 MHz 'H NMR spectrum (CDCls) of the major
product 6a showed H-3 and H-5 at § 4.18 and & 5.53 ppm,
respectively, appearing as doublets (J34=9.0 Hzand J45=7.5
Hz) H-4 appeared as double doublet at 4 3.23 ppm. An inspection
of 75.5 MHz “C NMR spectra, fully decoupled and DEPT-
135° of compound 6a showed the presence of three non- aromatic
methine carbons, five quaternary carbons and eight different
types of aromatic CH’s. The carbonyl carbon appeared at the
most downfield position at & 167.2 ppm. Assignments of the
aromatic carbons of all three rings A, B and C were made on
the basis of intercomparison and use of additivity parameters.
The assignments based on 2D-NMR experiments for compound
Sa were particularly useful in this regard.

The IR characteristics of compound 6¢ were quite similar
to those of cycloadduct 6a showing the presence of same struc-
tural units. The '"H & *C NMR spectra showed significant
differences with those of cycloadduct 6a, particularly in the
isoxazolidine part, and allowed the regioisomeric structural
assignment of cycloadduct 6¢ to be made. The relative positions
of the proton signals were similar to the compounds 5a-5c¢
pair, the similarity in '"H NMR chemical shifts and coupling
constants of compound 6c¢ to compound Sc allowed the struc-
tural and stereochemical assignment to be made, where H-4
was comparatively deshielded by 8 0.62 ppm and H-5 compar-
atively shielded by ~ 2 ppm, with respect to cycloadduct 6a.

The third product 6b could not be isolated in pure state; it
was identified from 'H NMR of crude reaction mixture. The
'H NMR characteristics of product 6b were similar to those of
product Sb, thus allowing its stereochemical assignment to be
made.

Reaction of C-(4-chlorophenyl)-N-methyl nitrone (1)
with N-methylanilide of cinnamic acid (4): Reaction of
nitrone 1 with a three-fold molar excess of N-methylanilide
of cinnamic acid 4 was carried out in refluxing toluene for 26
h. This crude reaction mixture was concentrated in a rotary
evaporator. The residue was analyzed by 300 MHz 'H NMR
and chromatographed over neutral alumina. 'H NMR analysis
of the crude reaction mixture revealed the presence of two
products 7a: 7b with approximate product ratio (from 'H NMR
integration) being 7a:7b = 93:7, the total conversion being
estimated to be ~62%. Chromatographic separation of the
reaction mixture furnished one product 7a from the n-hexane

TABLE-3
RING PUCKERING PARAMETERS IN 5¢ CRYSTAL: DIHEDRAL ANGLES
Type C3-C4 C4-C5 C5-01 O1-N2 N2-C3 T P
1* Molecule 32.8 -6.9 -23.1 453 -48.8 49.4 133.4
2" Molecule -34.2 7.6 24.0 -46.6 50.8 512 133.7
TABLE-4
300 MHz 'H NMR ASSIGNMENTS OF 5a, 5b AND 5¢ IN CDCl,
Sa Sb Sc
Chemical shift Multiplicity Chemical shift Multiplicity Chemical shift Multiplicity
(8, ppm) (J, Hz) (5, ppm) (J, Hz) (5, ppm) (J, Hz)
H-3 4.10 d, 9.0 4.03 d, 9.8 4.55 d, 52
H-4 3.19 dd, 9.0, 7.0 3.42 dd, 9.8,5.7 3.84 dd, 9.3,5.2
H-5 5.54 d, 7.0 5.67 d, 5.7 3.52 d,93
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eluates. The major cycloadduct 3,4-trans-4,5-trans-2-methyl-
3-(4’-chlorophenyl)-5-phenyl-4-(N-methylanilinyl)oxo
isoxazolidine (7a), R 0.49 (silica gel G, benzene: ethyl acetate
=4:1), was obtained as yellow amorphous solid (isolated yield
50%) after preparative TLC,

The IR spectrum of compound 7a showed a strong absor-
ption band at 1651 cm™ indicating the presence of non-conjugated
amide carbonyl groups. Medium intensity bands at 1015, 1119
cm’ indicated the presence of aryl -Cl group. Presence of 1,4-
disubstituted benzene ring and monosubstituted benzene ring
was depicted by bands at 837 cm™ and 763, 698 cm™', respect-
ively. Its 300 MHz '"H NMR spectrum (CDCls) of compound
7a showed that the three isoxazolidine ring protons were: H-3
and H-5 at 8 4.22 and & 5.47 ppm, respectively appearing as
doublets (/34 =9.0 Hz and J45 = 9.0 Hz) and H-4 appearing as
atripletat 8 3.38 (J=9.0 Hz). Its 75.5 MHz "*C NMR spectrum
showed the presence of three non-aromatic methine carbons,
five quaternary carbons and eight different types of aromatic
CH’s as evident from the fully decoupled spectrum with DEPT-
135°. The carbonyl carbon appeared at & 168.5 ppm.

The 300 MHz 'H NMR analysis of the crude reaction mixture
showed that cycloadduct 7a was overwhelmingly the major
product. However weak signals identified the presence of small
amounts of compound 7b. The isoxazolidine protons for comp-
ound 7b were observed as follows: H-3 & 4.64 (J = 7.5 Hz);
H-463.50(dd, J=9.0,7.5Hz); H-5 6 5.72 (J=9.0 Hz). These
chemical shifts and coupling constants were similar to those
of the diastereoisomeric series of cycloadducts [11,12].

Conclusions

In summary, a comparative results for four different related
[3+2] cycloaddition reaction series are presented and analyzed.
The results of [3+2] cycloadditions of C,N-diaryl nitrones to
cinnamic acid piperidides were reported earlier (reaction series
I). Subsequently, both experimental and theoretical studies on
the cycloadditions of C-aryl-N-methyl nitrones to cinnamic
acid piperidides (reaction series II) were also reported. This
work was then extended to the [3+2] cycloadditions between
C,N-diaryl nitrones to cinnamic acid anilides (reaction series
IID). The present investigations constitute reaction series IV. All
the reactions in these four series were conducted in refluxing
toluene under nitrogen atmosphere.

C,N-Diarylnitrones and C-aryl-N-methyl exist preferen-
tially with the aryl rings trans to each other; an authorative
publication has recently appeared on this aspect [21]. It is con-
firmed in our earlier work by '"H NMR studies that the configur-
ation of these nitrones did not change under the reaction
conditions: prolonged refluxing in toluene did not give any of
cis-diarylnitrone. Monitoring by 300 MHz 'H NMR spectro-

scopy of the [3+2] cycloadditions showed that the relative ratios
of the regio- and stereoisomeric cycloadducts remained similar
as the reactions proceeded for all the series. Thus, the observed
relative yields at the end of the reaction are those kinetic control
(Table-5).

The major features emerged from these investigations are
as follows: (i) The results were broadly similar with the major
product in each reaction series was the 3,4-trans-4,5-trans-2-
methyl-3,5-diaryl-4-carboxamidoisoxazolidine cycloadduct.
These were obtained by meta, endo-carbonyl approach of the
dipolarophile. However, there were significant differences in
the degree of selectivity, and the proportions of minor products,
both diastereoisomeric and regioisomeric being formed.
The diastereoisomeric cycloadducts, viz. 3,4-cis-4,5-trans-2-
methyl-3,5-diaryl-4-carboxamidoisoxazolidine derivatives
were obtained in all the reaction series as minor products. These
were obtained by meta, exo-carbonyl approach of the
dipolarophile. The regioisomeric cycloadducts 3,4-trans-4,5-
trans-3,4-diaryl-5-carboxamido isoxazolidine derivatives were
obtained by meta, exo-carbonyl approach of the dipolarophile.
(i1) In reaction series I, the product ratio was dependent to
some extent on the electronic effect of the substituents on the
nitrone and the cinnamic acid piperidides. (iii) In reaction series
IL, there was a significant fall in diasteroselectivity for N-methyl
nitrones compared with N-phenyl nitrone; moreover the ratio
was not dependent on electronic effect of the substituents on
the nitrone and the cinnamic acid piperidides. An important
difference was that no significant amounts of regioisomeric
cycloadducts were formed. (iv) in reaction series III, the dias-
teroselectivity was similar to those of series I, in the cinnamic
acid anilides. (v) in reaction series IV (present work) with
N-methyl nitrone cycloadditions to cinnamic acid anilides the
selectivity was less than for N-phenyl nitrones; comparatively
larger amounts of the regioisomeric products were also formed.
The diasteroselectivity was much higher for N-methylanilides,
both in series III and I'V. Also, the regioisomeric cycloadducts
could not be detected for these two reactions (Table-6).
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TABLE-6
RATIO OF CYCLOADDUCTS IN REACTIONS WITH DIFFERENT TYPES OF N-SUBSTITUTED CINNAMIC ACID AMIDES
Mior D Kot
Nitrone Alkene trans-4,5- . Ref.
) (3.,4-cis- (3,4-trans-
4,5-trans) 4,5-trans)
C,N-Diphenylnitrone Cinnamic acid piperidide 92.5 7.5 - [11,12]
C-(4-Chloro-phenyl)-N-phenyl nitrone 4-Chloro-cinnamic acid piperidide 81.0 10 9 [11,12]
C,N-Diphenylnitrone 4-Chloro-cinnamic acid piperidide 91.0 9 = [11,12]
C-Phenyl-N-methyl nitrone 4-Chloro-cinnamic acid piperidide 75.0 25 - [9]
C-(4-Chloro-phenyl)-N-methyl nitrone 4-Chloro-cinnamic acid piperidide 78.0 22 - [9]
C-Phenyl-N-methyl nitrone Cinnamic acid piperidide 76.0 24 - [9]
C-(4-Chloro-phenyl)-N-methyl nitrone Cinnamic acid piperidide 77.0 23 - [9]
C-(4-Chloro-phenyl)-N-phenyl nitrone 4-Chloro-cinnamic acid anilide 85.0 15 - [10]
C-(4-Chloro-phenyl)-N-phenyl nitrone N-Methylanilide of cinnamic acid 95.0 5 - [10]
C-(4-Chloro-phenyl)-N-methyl nitrone (1)  4-Chloro-cinnamic acid anilide (2) 76.0 12 12 Present work
C-(4-chloro-phenyl)-N-methyl nitrone (1)  Cinnamic acid anilide (3) 70.0 15 15 Present work
C-(4-Chloro-phenyl)-N-methyl nitrone (1)  N-Methylanilide of cinnamic acid (4) 93.0 7 - Present work
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