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Introduction

The chemistry and properties of nitrones | have been
investigated for more than one century, and their reactivity
as electrophiles towards organometallic reagents and as 1,3-
dipolar reagents have been long investigated. Nowadays,
these reactions are employed abundantly and nitrones have
become useful intermediates in synthetic applications.
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Figure 1. Structure of nitrones

The most convenient approach for the generation of
nitrones is condensation between hydroxylamines and an
aldehyde or a ketone,'” other methods also exist such as
oxidation of tertiary hydroxylamines, alkylation of oximes
with alkyl halides or oxidation of imine.’

There are several reports on nucleophilic additions to
nitrones.*” The presence of the C=N moiety in nitrones
gives the functionality an iminium character, which is
responsible for its reactivity as electrophile with
organometallic reagents. Many of these reactions are
catalyzed by Lewis acids but strong binding of nitrones to
the catalyst is a serious problem as the dipoles have a
tendency to form inactive dipole/Lewis acid complexes.®®

Isoxazol-5-ones are useful synthetic intermediates for the
preparation of heterocyclic compounds, and important
framework in biological systems exhibiting pharmacological
activity.”’18 The preparation of tri-,'"?? 2,4-di-,>® and 3,4-
disubstituted””” isoxazol-5-ones is well documented. By
contrast limited literature is available for the preparation of
2,3-disubstituted isoxazol-5-ones although these are
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important  synthetic precursors for pyridines and
pyrroles,®®*' oxazoles,”” and thiazoles.*® 2,3-Disubstituted
isoxazol-5-ones were previously pregared (i) by reactions of
hydroxylamine with p-keto esters,’*> but unsymmetrical p-
keto esters can form two isomeric isoxazoles, often not
easily separable or (ii) by reactions of diketene with
hydroxylamines or sulfonylhydroxamic acids, but the
starting materials are not easily available’® or (iii) by
acylation of 3-substituted isoxazol-5-ones with aroyl
chlorides; although acylation freguently gives a mixture of
N-aroyl and O-aroyl derivatives.** Thus previous reports for
the preparation of 2,3-disubstituted isoxazol-5-ones have
drawbacks including lack of generality, unavailability of
starting materials, low yields and selectivity.

Continuing the ongoing interest in the study of the
reactivity of benzotiazolated derivatives and its application
for the synthesis of heterocycles, an easy preparation of C-
benzotriazolated nitrones 3 and the conversion of 3 into 2,3-
disubstituted isoxazol-5-ones 6 in the absence of Lewis acid
is now described.

Results and Discussion

Diaryl(heteroaryl) nitrones la-h were prepared following
literature procedures (i) from a hydroxylamine and an
aldehyde or (ii) by imine oxidation.**** Treatment of 1a-h
with  N-chlorobenzotriazole  (BtCl) and  sodium
benzotriazolate (BtNa) in THF furnished exclusively 3a-h in
73-81 % overall yields. Initial formation of 3 was
demonstrated by  the reaction of  C,N-di(4-
methylphenyl)nitrone la with chlorobenzotriazole and
sodium benzotriazolate in THF for 4 hours which gave a
mixture separated by column chromatography into 2a
(40 %) and 3a (35 %). However, when the reaction mixture
was heated at reflux temerature for 3 hours, only isomer 3a
was obtained in 73 % yield; presumably due to the
conversion of the kinetic product 2a to the more stable
thermodynamic product 3a (Scheme 1).

The Reformatsky reagent 5 was prepared from
ethylbromoacetate (4) and zinc after its activation with
trimethylsilylchloride.
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Table 1. Synthesis of 3.
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Starting materials Products

1 mp.(°C)  Lit. m.p. (°C) Reference 3 R R? Yield (%) m.p. (°C)
a 129-130 129-130 43 a 4-CH,C¢H, 4-CH;CeH, 77 140-141
b 111-113 114 44 b CeHs CeHs 81 131-133
¢ 116-117 116-117 44 ¢ 4-CH;0CeH, CeHs 81 154-156
d 169-170 - 45 d 4-CH;0CGH, 4-CIC4H, 79 131-133
e 141-143 - 46 e 4-CH;0CH, CH;0CgH, 80 165-167
f  108-109 109 47 f  2-Furyl CHs 75 128-129
g 87-89 ot 48 g 2-Thienyl CeHs 76 183-185
h 8991 88-89 49 h  3-Pyridyl CeH; 73 153-155

“Isolated yield. ® Melting point not reported.
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Scheme 1. C-benzotriazolated nitrones

Treatment of 3a-h with Reformatsky reagent 5 at reflux
temperature for 3 hours afforded exclusively the isoxazol-5-
ones 6a-h in 72-81 % overall yields after purification by
column chromatography (Scheme 2, Table 2).
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Scheme 2. Synthesis of isoxazol-5-ones
Table 2. Synthesis of isoxazol-5-ones 6.
Entry R R? Yield (%)
6a 4-CH3C6H4 4-CH3C6H4 77
6b C¢Hs C¢Hs 81
6¢ 4-CH3OC6H4 C6H5 79
6d 4-CH;0C¢H,4 4-CIC¢H, 72
6e 4-CH;0C¢H,4 4-CH30CH, 76
6f 2-Furyl C¢Hs 78
6g 2-Thienyl CeHs 73
6h 3-Pyridyl CeHs 80

The structure of 3a-h and 6a-h were all supported by 'H,
3C NMR spectroscopy, elemental analysis and HRMS.

Experimental

Melting points were determined on a capillary point
apparatus equipped with a digital thermometer. NMR
spectra were recorded in CDCl; or DMSO-d¢ with TMS for
'H (300 MHz) and “C (75 MHz) as the internal reference.
Column chromatography was performed on silica gel 200—
425 mesh. Nitrones la-h were prepared according to
literature procedure,”*** and the meltin§ points are in
accordance with literature data (Table 1).*
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General procedure for preparation of 3

Chlorobenzotriazole (0.77 g, 5 mmol) was added to a
stirred mixture of nitrone (4 mmol) and sodium
benzotriazolate (0.74 g, S mmol) in THF (50 mL) at room
temperature. The mixture was stirred at reflux temperature
for 3 h. Diethyl ether was added and the mixture was filtered.
The filtrate was evaporated and the residue was dissolved in
diethyl ether, washed with saturated aqueous potassium
carbonate, dried over magnesium sulfate and concentrated in
vacuum. The residue was purified by flash chromatography
on silica gel (eluent: n-hexane/ethyl acetate = 2/1).

N-[(1H-Benzotriazol-1-yl)-(4-methylphenyl)methylene]-4-meth-
ylbenzenamine oxide (3a)

Yield 1.1 g (77 %); pale-yellow microcrystal; mp: 140-
141 °C; 'H NMR (CDCls) & 2.16 (s, 3H), 2.39 (s, 3H), 6.89
(d, J=28.1 Hz, 2H), 7.16 (d, J = 8.4 Hz, 2H), 7.21 (d, J = 8.1
Hz, 2H), 7.30 (d, J = 8.4 Hz, 1H), 7.37 (t, J = 7.2 Hz, 1H),
7.44-7.49 (m, 1H), 7.82 (d, J = 8.4 Hz, 2H), 8.01 (d, J=8.4
Hz, 1H); “C NMR (CDCl;)$ 21.0, 21.7, 109.4, 120.4,
122.2,124.7, 126.5, 127.8, 129.2, 129.3, 129.4, 134.1, 137.2,
139.7, 142.5, 144.5, 144.9. Anal. Cald for C;H;s N4O: C,
73.67; H, 5.30; N, 16.36. Found: C, 73.91; H, 5.33; N, 16.18.

N-[(1H-Benzotriazol-1-yl) phenylmethylene]benzeneamine
oxide (3b)

Yield 1.0 g (81 %); pale-yellow microcrystal; mp: 131-
133 °C; '"H NMR (CDCl5) & 7.06-7.18 (m, 3H), 7.24-7.53 (m,
8H), 7.90-8.06 (m, 3H); °*C NMR (CDCl;) & 109.3, 120.4,
122.4,124.8,127.8, 128.7, 128.8, 129.1, 129.2, 129.6, 131.8,
134.0, 137.3, 145.0, 146.7; HRMS Cald for C;oH;N,O
[M+Na]" : 337.1060. Found: 337.1090.

N-[(1H-Benzotriazol-1-yl)-(4-methoxyphenyl)methylene]ben-
zenamine oxide (3c)

Yield 1.11 g (81%); pale-brown microcrystal; mp: 154-
156 °C; "H NMR (CDCl;) & 3.86 (s, 3H), 6.87-6.97 (m, 2H),
7.07-7.15 (m, 3H), 7.28-7.42 (m, 4H), 7.48 (t, J = 7.7 Hz,
1H), 7.92-8.05 (m, 3H); *C NMR (CDCly) & 55.5, 109.4,
114.1, 120.4, 121.8, 122.5, 124.8, 128.8, 129.2, 129.5, 130.1,
134.0, 144.9, 146.5, 162.1. Anal. Cald for C5H;¢N,O,: C,
69.75; H, 4.68; N, 16.27. Found: C, 69.41; H, 4.77; N, 16.02.
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N-[(1H-Benzotriazol-1-yl)-(4-methoxyphenyl)methylene]-4-
chlorobenzenamine oxide (3d)

Yield 1.19 g (79 %); pale-brown microcrystal; mp: 131-
133 °C; "H NMR (CDCl;) & 3.86 (s, 3H), 6.92 (d, J = 9.0 Hz,
2H), 7.09 (d, J = 8.7 Hz, 2H), 7.22-7.32 (m, 3H), 7.40 (t, J =
7.7 Hz, 1H), 7.50 (t, J = 7.5 Hz, 1H), 7.93 (d, J = 9.0 Hz,
2H), 8.04 (d, J = 8.4 Hz, 1H); *C NMR (CDCl3) & 55.5,
109.2, 114.2, 120.6, 121.5, 124.0, 125.0, 129.0, 129.5, 130.1,
134.0, 135.3, 137.3, 144.9, 145.0, 162.2. Anal. Cald for
C20H15C1N402: C, 6341, H, 399, N, 14.79. Found: C,
63.24; H, 4.01; N, 14.62.

N-[(1H-Benzotriazol-1-yl)-(4-methoxyphenyl)methylene]-4-
methoxybenzenamine oxide (3e)

Yield 1.20 g (80 %); pale-brown microcrystal; mp: 165-
167 °C; '"H NMR (CDCL3) § 3.64 (s, 3H), 3.85 (s, 3H), 6.58
(d, J=9.0 Hz, 2H), 6.91 (d, J = 9.0 Hz, 2H), 7.22 (d, J =9.0
Hz, 2H), 7.31 (d, J = 8.1 Hz, 1H), 7.37 (t, J = 7.5 Hz, 1H),
7.47 (t, 3 =7.7 Hz, 1H), 7.93 (d, J = 9.3 Hz, 2H), 8.02 (d, J
= 8.4 Hz, 1H); "C NMR (CDCl;) & 55.3, 55.4, 109.4, 113.8,
114.0, 120.4, 122.0, 123.9, 124.7, 129.2, 130.0, 134.0, 136.8,
139.8, 144.9, 159.8, 161.9. Anal. Cald for C;;H;sN4O;: C,
67.37; H, 4.85; N, 14.96. Found: C, 66.96; H, 4.90; N, 14.79.

N-[1H-Benzotriazol-1-yl)-(2-furyl)methylene]benzenamine
oxide (3f)

Yield 0.912 g (75%); pale-brown microcrystal; mp: 128-
129 °C; 'H NMR (CDCl5) 8 6.68-6.74 (m, 1H), 7.11-7.21(m,
3H), 7.25-7.44 (m, 5H), 7.50 (t, J=7.2 Hz, 1H), 8.03 (d, J =
8.1 Hz, 1H), 8.28 (d, J = 3.9 Hz, 1H); *C NMR (CDCl;) &
109.2, 113.2, 118.3, 120.4, 122.9, 124.7, 128.9, 129.1, 129.2,
130.3, 134.1, 144.1, 144.9, 145.0, 145.3. Anal. Cald for
C17H12N402: C, 6710, H, 397, N, 18.41. Found: C, 6735,
H, 4.16; N, 17.95.

N-[(1H-Benzotriazol-1-yl)-(2-thienyl)methylene]benzenamine
oxide (3g)

Yield 0.973 g (76%); pale-brown microcrystal; mp: 183-
185 °C: '"H NMR (CDCl5) & 6.77 (d, J = 3.6 Hz, 1H), 7.06-
7.20 (m, 4H), 7.30-7.36 (m, 3H), 7.40 (d, J = 7.8 Hz, 1H),
7.49 (t, J =7.5 Hz, 1H), 7.67 (d, J = 4.8 Hz, 1H), 8.05 (d, J
= 8.4 Hz, 1H); “C NMR (CDCl;) & 109.2, 120.5, 123.0,
124.9, 127.2, 128.9, 129.5, 130.0, 130.7, 130.8, 131.5, 133.8,
144.2, 144.9. Anal. Cald for C7H;,N,OS: C, 63.73; H, 3.78;
N, 17.49. Found: C, 63.48; H, 3.73; N, 17.33.

N-[(1H-Benzotriazol-1-yl)-(3-pyridyl)methylene]benzenamine
oxide (3h)

Yield 0.792 g (73%); pale-brown microcrystal; mp: 153-
155 °C; "H NMR (CDCly) & 7.08-7.22 (m, 3H), 7.26-7.35 (m,
3H), 7.37-7.43 (m, 2H), 7.51 (t, J = 7.7 Hz, 1H), 8.03 (d, J =
8.4 Hz, 1H), 8.51-8.55 (m, 1H), 8.69 (d, J = 4.4 Hz, 1H),
8.91 (d, J = 1.8 Hz, 1H); °C NMR (CDCl;) & 109.0, 120.7,
122.4,123.4, 125.1, 125.9, 128.9, 129.6, 130.0, 133.8, 134.6,
1433, 145.0, 146.3, 148.6, 151.7; HRMS Cald for
C1sH3N5O [M+Na]" : 338.1012. Found: 338.1036.
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General procedure for preparation of 6

Trimethylsilyl chloride (0.04 mL) was added to a
suspension of zinc (0.5g, 7.7mmol) in THF at room
temperature and the mixture was stirred under reflux for
30 min. To the cooled reaction mixture was added ethyl
bromoacetate (2.5 mmol) and the suspension was stirred for
1 h at room temperature followed by addition of 3 (1 mmol)
dissolved in THF (1 mL). The reaction mixture was heated
to reflux for 3 h and cooled to room temperature. The
mixture was filtered, concentrated under reduced pressure
and residue subjected to column chromatography on silica
gel using ethyl acetate/hexane (1:3) to give 6.

2,3-Di(4-methylphenyl)isoxazol-5-one (6a)

Yield 0.204 g (77%); pale yellow microcrystals; mp:
166.0-168.0 °C; 'H NMR (DMSO-dq) & 2.28 (s, 3H), 2.38 (s,
3H), 7.15 (d, J = 8.1 Hz, 2H), 7.33 (d, J = 8.1 Hz, 2H), 7.67
(d, J= 8.1 Hz, 2H), 7.88 (d, J = 7.5 Hz, 2H), 10.09 (s, 1H);
BC NMR (DMSO-dg) & 20.5, 21.0, 120.4, 127.7, 128.9,
129.0, 132.2, 132.5, 136.8, 141.4, 165.2. HRMS Cald for
C7HsNO, [M+H]"-H,0: 248.1075. Found: [M+H]"-H,0:
248.1024.

2,3-Diphenylisoxazol-5-one (6b)

Yield 0.192 g (81%); pale yellow microcrystals; mp:
152.0-154.0 °C; "H NMR (DMSO-dg) § 7.10 (t, J = 7.4 Hz,
1H), 7.36 (t, J = 8.0 Hz, 2H), 7.49-7.64 (m, 3H), 7.78 (d, J =
7.5 Hz, 2H), 7.95 (d, J = 8.4 Hz, 2H), 10.26 (s, 1H); “C
NMR (DMSO-dg) 6 120.4, 123.7, 127.7, 128.4, 128.6, 131.6,
135.0, 139.2, 165.6. HRMS Cald for C;sH;;NO, [M+H] -
H,0: 220.0762. Found: [M+H]"-H,0 220.0711.

3-(4-Methoxyphenyl)-2-phenylisoxazol-5-one (6c)

Yield 0.211 g (79%); pale yellow microcrystals; mp:
160.0-162.0 °C; 'H NMR (DMSO-dg) & 3.84 (s, 3H), 7.02-
7.12 (m, 3H), 7.34 (t, J = 7.4 Hz, 2H), 7.77 (d, J = 7.8 Hz,
2H), 7.96 (d, J = 8.4 Hz, 2H), 10.09 (s, 1H); “C NMR
(DMSO-dg) 8 55.5, 113.6, 120.3, 123.4, 127.0, 128.6, 129.6,
139.4, 161.9, 164.9. HRMS Cald for C;¢H;;NO; [M+H] -
H,0: 250.0868. Found: [M+H]"-H,0 250.0817.

2-(4-Chlorophenyl)-3-(4-methoxyphenyl)isoxazol-5-one (6d)

Yield 0.217 g (72%); yellow microcrystals; mp: 191.0 -
193.0 °C; '"H NMR (DMSO-dg) & 3.84 (s, 3H), 7.07 (d, J =
9.0 Hz, 2H), 7.40 (d, J = 8.7 Hz, 2H), 7.81 (d, J = 8.7 Hz,
2H), 7.96 (d, J = 9.0 Hz, 2H), 1021 (s, 1H); *C NMR
(DMSO-dg) 6 55.4, 113.6, 121.8, 126.7, 127.0, 128.5, 129.7,
138.4, 162.0, 165.0. HRMS Cald for C;¢H;,CINO; [M+H]'-
H,0: 284.0478. Found: [M+H]'-H,0 284.0427.

2,3-Di(4-methoxyphenyl)isoxazol-5-one (6e)
Yield 0.226 g (76%); yellow microcrystals; mp: 188.0-
190.0 °C; 'H NMR (DMSO-dg) & 3.74 (s, 3H), 3.83 (s, 3H),

6.92 (d, J = 8.7 Hz, 2H), 7.05 (d, J = 8.7 Hz, 2H), 7.66 (d, J
=8.7 Hz, 2H), 7.95 (d, J = 8.4 Hz, 2H), 9.97 (s, 1H);
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BC NMR (DMSO-dg) & 55.2, 55.4, 113.6, 113.7, 122.0,
127.1, 129.5, 132.4, 155.4, 161.8, 164.5. HRMS Cald for
C17H15NO4 [M+H]+-H201 280.0973. Found: [M+H]+-H20
280.0925.

3-(2-Furyl)-2-phenylisoxazol-5-one (6f)

Yield 0.177 g (78%); yellow microcrystals; mp: 148.0-
150.0 °C; '"H NMR (DMSO-dg) & 7.10-7.20 (m, 3H), 7.24-
7.40 (m, 2H), 7.53 (t, J = 7.2 Hz, 1H), 8.00 (t, J = 8.1 Hz,
1H), 8.38 (d, J = 3.9 Hz, 1H), 10.12 (s, 1H); “C NMR
(DMSO-dg) 6 119.9, 122.3, 124.7, 134.4, 148.2, 149.5,
153.1, 165.5. Anal. Cald for C;sHoNO;s: C, 68.72; H, 3.99; N,
6.16. Found: C, 68.65; H, 4.01; N, 6.22

2-Phenyl-3-(2-thienyl)isoxazol-5-one (6g)

Yield 0.178 g (73%); yellow microcrystals; mp: 143.0-
145.0 °C; "H NMR (DMSO-dg) 5 7.06-7.22 (m, 3H), 7.30-
7.36 (m, 2H), 7.40 (d, J = 7.2 Hz, 1H), 7.49 (t, J = 7.4 Hz,
2H), 7.67 (d, J = 4.8 Hz, 1H), 10.16 (s, 1H); *C NMR
(DMSO-dg) & 124.6, 136.5, 137.2, 137.4, 137.6, 138.5,
139.6, 143.5, 145.8, 148.2, 164.4. Anal. Cald for
Ci3HoNO,S: C, 64.18; H, 3.73; N, 5.76. Found: C, 64.24; H,
3.65; N, 5.92

2-Phenyl-3-(3-pyridyl)isoxazol-5-one (6h)

Yield 0.190 g (80%); yellow microcrystals; mp: 182.0-
184.0 °C; 'H NMR (DMSO-dg) 5 7.08-7.22 (m, 3H), 7.37-
7.43 (m, 1H), 7.51 (t, 3 = 7.7 Hz, 1H), 8.03 (d, J = 8.4 Hz,
1H), 8.51-8.55 (m, 1H), 8.69 (d, J = 4.4 Hz, 1H), 8.91 (d, J
= 1.8 Hz, 2H), 10.21 (s, 1H); °C NMR (DMSO-dg) 5 124.7,
134.3, 137.4, 137.6, 138.6, 143.6, 146.7, 148.3, 149.2, 149.5,
159.0, 163.3. Anal. Cald for C,4sH;(N,O,: C, 70.58; H, 4.23;
N, 11.76. Found: C, 70.41; H, 4.11; N, 11.65.

Conclusion

In summary novel N-substituted C-benzotriazolated
nitrones were synthesized in good yields. The reactivity of
nitrones was studied with Reformatsky reagent providing a
new approach to 2,3-disubstituted isoxazol-5-ones without
using Lewis acid.
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