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A new class of amido-linked bis heterocycles-benzoxazolyl/benzothiazolyl/benzimidazolyl-pyrazoles and
isoxazoles were prepared from benzoxazolyl /benzothiazolyl/benzimidazolyl-cinnamamides and tested for
antioxidant activity.
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INTRODUCTION

Nitrogen containing five-membered heterocycles has
attracted widespread attention in the field of synthetic
organic chemistry as well as in medicinal chemistry [1].
Amongst them, the prominent classes of compounds
are benzoxazole, benzothiazole, benzimidazole, pyrazole,
isoxazole and their derivatives. Benzoxazoles, benzothiazoles
and benzimidazoles are important fragments in medicinal
chemistry because of their wide range of biological activities
[2–7]. Pyrazoles show pronounced pharmacological applica-
tions as antianxiety [8], antidiabetic [9], antimicrobial
[10,11], herbicidal [12] and anti-inflammatory [13].
Isoxazoles exhibit analgesic [14], anti-inflammatory [14],
ulcerogenic [14], antimicrobial [15], antifungal [15], COX-2
inhibitory [16,17] and anticancer [18] activities. Amongst dif-
ferent methods for the preparation of pyrazolines and
isoxazolines, the 1,3-dipolar cycloaddition is the most impor-
tant and versatile one. The dipolar reagents can be generated
by the dehydrogenation of araldehyde hydrazones and
araldoximes with lead tetraacetate [19], mercury acetate [20],
1-chlorobenzotriazole [21], chloramine-T (CAT) [22–26],
etc. In fact, we have reported novel oxo-linked bis hetero-
cycles by 1,3-dipolar cycloaddition of dipolar reagents
viz., TosMIC, diazomethane, nitrile imines and nitrile oxides
to symmetrical and unsymmetrical bischalcones [27,28]. It is
well known that the combination of two or more heterocy-
cles in a single molecule could afford a novel entity with
increased bioactivities [29,30]. In a continuation quest for
the development of a new class of biologically potent bis
heterocycles from simple substrates, the present work
© 2015 HeteroC
benzoxazolyl/benzothiazolyl/benzimidazolyl-pyrazoles and
isoxazoles has been taken up.
RESULTS AND DISCUSSION

The synthetic scheme involves the synthesis of a
new class of amide-linked benzoxazolyl/benzothiazolyl/
benzimidazolyl-pyrazoles and isoxazoles from (E)-N-
(benzoxazol-2-yl)cinnamamide (5)/(E)-N-(benzothiazol-2-yl)
cinnamamide (6)/(E)-N-(1H-benzimidazol-2-yl)cinnamamide
(7). In fact, the compounds 5, 6 and 7 were prepared by
the condensation of respective heteroaromatic amines-
benzoxazol-2-amine (1), benzothiazol-2-amine (2) and 1H-
benzimidazol-2-amine (3) with cinnamoyl chloride in toluene
(Scheme 1). The 1H-NMR spectra of 5a, 6a and 7a showed
two doublets at δ 7.84, 7.86, 7.74 and at 6.72, 6.78
6.68ppm as a result of the olefin protons, HA and HB, respec-
tively. The coupling constant values JAB=16.0Hz (5a),
16.2Hz (6a) and 15.8Hz (7a) indicated that they possess
trans geometry. Further, a broad singlet was also observed
at δ 8.32 in 5a, at 8.38 in 6a and at 8.18 in 7a ppm as a result
of NH. In addition to these, the compound 7a exhibited
another broad singlet at δ 12.85ppm for NH of benzimidazole
ring. The signals of highly acidic protons disappeared on
deuteration.

The 1,3-dipolar cycloaddition of dipolar reagents to
dipolarophiles is one of the facile techniques for the prep-
aration of pyrazoles and isoxazoles. It was reported that
the cycloaddition of 1,3-dipolar reagents to α,β-unsaturated
systems proceed in such a way that the electron-rich atom
orporation



Scheme 1. Synthesis of benzoxazolyl/benzothiazolyl/benzimidazolyl-pyrazoles and isoxazoles.
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of 1,3-dipolar species attacks β-carbon of α,β-unsaturated
systems followed by isomerization [31]. In fact, the
cycloaddition of nitrile imine generated from araldehyde
phenylhydrazone and nitrile oxide generated from
araldoxime in the presence of CAT to compound 5/6/7
proceeded regioselectively. Thus, N-(benzoxazol-2-yl)-4′,
5′-dihydro-1′-phenyl-3′,5′-diaryl-1′H-pyrazole-4′-carboxamide
(8), N-(benzothiazol-2-yl)-4′,5′-dihydro-1′-phenyl-3′,5′-diaryl-
1′H-pyrazole-4′-carboxamide (9) and N-(1H-benzimidazol-
2-yl)-4′,5′-dihydro-1′-phenyl-3′,5′-diaryl-1′H-pyrazole-4′-
carboxamide (10) were obtained by the cycloaddition of
nitrile imine generated from araldehyde phenylhydrazone
in the presence of CAT to 5, 6 and 7 (Scheme 1). The 1H-
NMR spectra of 8a, 9a and 10a displayed two doublets at
δ 5.10, 5.16, 5.05 and at 5.28, 5.33, 5.25 ppm as a result
of C4′-H and C5′-H of pyrazoline ring. Moreover, a broad
singlet was observed in these compounds at δ 8.37 (8a),
8.40 (9a) and at 8.32 (10a) ppm as a result of NH. Apart
from these, compound 10a exhibited another broad singlet
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at δ 12.78 ppm that was assigned to NH of benzimidazole
ring. The signals as a result of NH disappeared when D2O
was added.

Adopting similar methodology, the cycloaddition of nitrile
oxide generated from araldoxime in the presence of CAT to
5, 6 and 7 yielded N-(benzoxazol-2-yl)-4′,5′-dihydro-3′,5′-
diarylisoxazole-4′-carboxamide (11), N-(benzothiazol-2-yl)-
4′,5′-dihydro-3′,5′-diarylisoxazole-4′-carboxamide (12) and
N-(1H-benzimidazol-2-yl)-4′,5′-dihydro-3′,5′-diarylisoxazole-
4′-carboxamide (13), respectively (Scheme 1). The 1H-NMR
spectra of 11a, 12a and 13a displayed two doublets
at δ 5.07, 5.11, 4.98 and at 5.42, 5.49, 5.37 ppm that
were attributed to C4′-H and C5′-H. Furthermore, a
broad singlet was observed at δ 8.39 in 11a, at 8.42
in 12a and at 8.37 ppm in 13a as a result of NH. Apart
from these, compound 13a showed another broad signal
at δ 12.82 ppm as a result of NH of benzimidazole
ring. The signals of highly acidic protons disappeared
on deuteration.
stry DOI 10.1002/jhet
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The oxidation of compounds 8–13 with chloranil in
xylene produced N-(benzoxazol-2-yl)-1′-phenyl-3′,5′-diaryl-
1′H-pyrazole-4′-carboxamide (14), N-(benzothiazol-2-yl)-
1′-phenyl-3′,5′-diaryl-1′H-pyrazole-4′-carboxamide (15), N-(1H-
benzimidazol-2-yl)-1′-phenyl-3′,5′-diaryl-1′H-pyrazole-4′-
carboxamide (16), N-(benzoxazol-2-yl)-3′,5′-diarylisoxazole-
4′-carboxamide (17),N-(benzothiazol-2-yl)-3′,5′-diarylisoxazole-
4′-carboxamide (18) and N-(1H-benzimidazol-2-yl)-3′,5′-
diarylisoxazole-4′-carboxamide (19) (Scheme 1). The absence
of doublets as a result of pyrazoline and isoxazoline ring pro-
tons in the 1H-NMR spectra of compounds 14–19 indicated
that aromatization took place. In the 1H-NMR spectra of
14a, 15a, 16a, 17a, 18a and 19a, a broad singlet was observed
at δ 8.54, 8.56, 8.49, 8.55, 8.60 and 8.52ppm as a result of
Table 1

The in vitro antioxidant activity of compounds 8–19 in DPPH method.

Compound

Concentration (μg/mL)

50 75 100

8a 30.31 ± 0.41 32.75 ± 0.25 34.07 ± 0.08
8b 33.98 ± 0.67 35.42 ± 0.52 37.58 ± 0.47
8c — — —
9a 28.97 ± 0.82 31.16 ± 0.33 32.21 ± 0.11
9b 32.64 ± 1.17 34.49 ± 0.05 35.54 ± 0.86
9c — — —
10a — — —
10b 25.48 ± 0.28 26.22 ± 0.74 27.69 ± 1.09
10c — — —
11a 34.54 ± 0.05 36.67 ± 0.86 39.82 ± 1.01
11b 37.79 ± 0.10 38.83 ± 0.95 41.91 ± 0.07
11c — — —
12a 31.03 ± 0.49 33.54 ± 0.17 35.42 ± 0.77
12b 35.91 ± 0.32 36.24 ± 0.54 39.04 ± 0.13
12c — — —
13a — — —
13b 27.65 ± 0.28 28.80 ± 0.06 30.10 ± 1.02
13c — — —
14a 70.33 ± 0.11 71.12 ± 0.71 73.94 ± 0.38
14b 77.54 ± 0.85 80.64 ± 0.12 82.25 ± 0.43
14c 62.71 ± 1.09 64.47 ± 0.25 65.12 ± 0.02
15a 58.29 ± 0.33 59.09 ± 0.79 61.57 ± 0.96
15b 64.96 ± 0.52 67.38 ± 0.11 69.45 ± 0.71
15c 51.68 ± 0.41 52.59 ± 0.65 53.09 ± 1.01
16a 40.03 ± 1.17 42.86 ± 0.42 43.39 ± 0.05
16b 44.27 ± 0.32 47.62 ± 0.50 49.97 ± 0.47
16c 35.39 ± 0.63 38.15 ± 0.25 39.84 ± 0.21
17a 72.34 ± 0.11 73.63 ± 0.76 75.39 ± 1.05
17b 80.16 ± 0.69 83.47 ± 0.33 84.72 ± 0.88
17c 63.82 ± 0.04 65.29 ± 0.64 66.58 ± 0.60
18a 60.54 ± 1.07 60.98 ± 0.03 62.30 ± 0.37
18b 66.24 ± 0.75 69.32 ± 0.58 70.06 ± 0.15
18c 54.93 ± 1.09 55.11 ± 0.97 58.81 ± 0.52
19a 52.44 ± 0.46 53.93 ± 0.32 55.32 ± 0.22
19b 59.98 ± 0.54 60.54 ± 0.30 63.29 ± 0.63
19c 47.21 ± 0.19 49.91 ± 0.75 50.57 ± 0.87
Ascorbic acid 74.37 ± 0.15 76.63 ± 0.09 79.21 ± 0.45
Blank — — —

(—) Showed no scavenging activity.
Values were the means of three replicates ± SD.
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NH. Furthermore, compounds 16a and 19a exhibited another
broad singlet at δ 12.85 and 12.87ppm as a result of NH of
benzimidazole ring. The signals of NH disappeared when
D2O was added. The structures of all the new compounds
were further confirmed by IR, 13C-NMR, mass spectra
and microanalyses.
ANTIOXIDANT STUDIES

The compounds 8–19 were tested for antioxidant prop-
erty by 2, 2-diphenyl-1-picrylhydrazyl (DPPH) [32,33],
nitric oxide (NO) [34,35] and hydrogen peroxide (H2O2)
[36] methods at three different concentrations 50, 75 and
100μg/mL. The Ascorbic acid was used as the standard
Table 2

The in vitro antioxidant activity of compounds 8–19 in NO method.

Compound

Concentration (μg/mL)

50 75 100

8a 33.16 ± 0.84 34.77 ± 0.38 35.62 ± 0.02
8b 36.74 ± 0.17 37.26 ± 1.02 38.53 ± 0.45
8c — — —
9a 32.29 ± 0.52 33.01 ± 0.49 34.04 ± 1.08
9b 35.84 ± 0.33 36.25 ± 0.11 37.79 ± 0.67
9c — — —
10a — — —
10b 30.07 ± 0.65 31.66 ± 0.19 32.35 ± 0.07
10c — — —
11a 35.32 ± 0.28 36.59 ± 0.52 37.81 ± 1.14
11b 39.54 ± 0.79 40.22 ± 0.03 42.57 ± 0.46
11c — — —
12a 34.07 ± 0.12 35.76 ± 0.98 36.74 ± 0.60
12b 37.65 ± 0.95 38.20 ± 0.31 39.25 ± 0.18
12c — — —
13a — — —
13b 31.72 ± 0.41 32.56 ± 1.12 33.07 ± 0.97
13c — — —
14a 73.42 ± 0.29 75.71 ± 0.85 76.01 ± 0.30
14b 81.74 ± 0.06 84.06 ± 0.76 87.54 ± 1.11
14c 64.57 ± 0.54 66.32 ± 0.08 68.09 ± 0.59
15a 60.19 ± 0.71 61.96 ± 0.13 63.37 ± 0.45
15b 66.48 ± 0.04 69.51 ± 0.64 71.42 ± 0.10
15c 52.35 ± 0.50 54.32 ± 0.97 56.55 ± 0.12
16a 42.10 ± 0.82 44.82 ± 0.04 45.75 ± 0.99
16b 47.27 ± 1.15 49.14 ± 0.25 52.04 ± 1.21
16c 39.17 ± 0.66 40.63 ± 0.09 41.20 ± 0.27
17a 75.54 ± 0.63 76.25 ± 1.02 77.97 ± 0.64
17b 83.65 ± 0.12 85.42 ± 0.48 88.06 ± 0.01
17c 65.32 ± 0.91 68.21 ± 0.44 69.29 ± 0.52
18a 60.61 ± 0.56 62.57 ± 0.70 64.63 ± 0.31
18b 68.12 ± 0.09 70.92 ± 0.68 72.14 ± 0.17
18c 56.78 ± 0.70 57.16 ± 0.83 59.84 ± 0.40
19a 53.35 ± 0.56 55.44 ± 0.97 56.05 ± 1.13
19b 62.12 ± 0.08 63.23 ± 0.77 64.11 ± 0.12
19c 50.17 ± 0.21 51.56 ± 0.56 52.86 ± 1.10
Ascorbic acid 77.20 ± 0.09 79.92 ± 022 82.24 ± 0.34
Blank — — —

(—) Showed no scavenging activity.
Values were the means of three replicates ± SD.
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Table 3

The in vitro antioxidant activity of compounds 8–19 in H2O2 method.

Compound

Concentration (μg/mL)

50 75 100

8a 31.47 ± 0.41 34.11 ± 0.57 35.46 ± 0.11
8b 34.02 ± 0.33 35.55 ± 1.03 37.27 ± 0.75
8c — — —
9a 30.35 ± 0.65 32.60 ± 0.97 34.62 ± 0.38
9b 33.76 ± 0.74 34.52 ± 0.06 36.15 ± 0.67
9c — — —
10a — — —
10b 25.67 ± 0.30 28.01 ± 0.44 29.32 ± 0.55
10c — — —
11a 33.51 ± 0.97 34.25 ± 1.16 36.74 ± 0.13
11b 38.43 ± 1.06 39.82 ± 0.11 40.10 ± 0.34
11c — — —
12a 32.68 ± 0.68 33.13 ± 0.37 35.09 ± 0.72
12b 35.15 ± 0.30 36.91 ± 0.56 38.52 ± 0.41
12c — — —
13a — — —
13b 27.74 ± 0.05 29.82 ± 0.28 30.76 ± 0.66
13c — — —
14a 71.27 ± 0.49 73.37 ± 0.92 75.12 ± 1.16
14b 79.65 ± 0.68 83.30 ± 0.13 84.99 ± 0.01
14c 63.01 ± 0.44 64.22 ± 0.61 65.34 ± 0.09
15a 59.52 ± 0.65 61.11 ± 1.03 62.07 ± 0.48
15b 65.35 ± 0.31 69.29 ± 0.96 70.56 ± 1.14
15c 52.19 ± 1.21 53.52 ± 0.18 55.79 ± 0.76
16a 41.08 ± 0.86 42.97 ± 0.39 44.23 ± 0.62
16b 47.27 ± 0.18 49.14 ± 0.57 52.04 ± 0.05
16c 38.81 ± 0.66 39.32 ± 0.28 40.51 ± 1.02
17a 72.21 ± 0.39 75.07 ± 0.17 77.54 ± 0.58
17b 81.52 ± 0.42 84.26 ± 0.50 86.75 ± 0.12
17c 63.96 ± 0.17 65.62 ± 0.83 66.05 ± 0.09
18a 60.32 ± 1.18 61.96 ± 0.99 63.32 ± 0.15
18b 67.29 ± 0.26 70.12 ± 0.01 71.17 ± 0.63
18c 55.04 ± 0.69 56.53 ± 0.35 59.20 ± 0.71
19a 52.29 ± 0.26 53.32 ± 0.17 55.54 ± 0.42
19b 61.52 ± 0.50 63.11 ± 0.32 65.92 ± 1.09
19c 49.90 ± 0.01 50.02 ± 0.28 51.93 ± 0.54
Ascorbic acid 76.54 ± 0.32 78.12 ± 0.05 80.67 ± 0.69
Blank — — —

(—) Showed no scavenging activity.
Values were the means of three replicates ± SD.

Table 4

Antioxidant activities of compounds 14a, 14b, 17a and 17b at 10min
time intervals determined by the DPPH radical-scavenging method.

Compound 10min 20 min 30min

14a 71.95 72.02 72.08
14b 75.01 75.15 75.92
17a 73.50 73.80 73.98
17b 79.12 79.28 79.55
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drug. The perusal of the results (Tables 1–3) revealed that
aromatized compounds (14–19) exhibited greater activity
than the corresponding non-aromatized compounds (8–13).
In general, amido-linked benzoxazolyl pyrazoles (14) and
isoxazoles (17) displayed higher radical scavenging activity
than benzothiazolyl pyrazoles (15) and isoxazoles (18),
benzimidazolyl pyrazoles (16) and isoxazoles (19). Further,
it was observed that the compounds with benzothiazolyl
moiety (15, 18) exhibited greater activity than those with
benzimidazolyl moiety (16, 19). It was also observed that
compounds having methyl substituent on the phenyl ring
displayed significant activity than unsubstituted and chloro-
substituted ones. This may be because of electron-donating
effect of the alkyl substituent. In fact, compounds 14b and
Journal of Heterocyclic Chemistry DOI 10.1002/jhet
17b showed higher radical scavenging activity in all the
three methods when compared with the standard drug ascor-
bic acid. The compounds 14a, 14c, 15b, 17a, 17c, 18a and
18b exhibited good activity whereas the compounds 15a,
15c, 18c, 19a and 19b displayed moderate activity. On the
other hand, the compounds 8a, 8b, 9a, 9b, 10b, 11a, 11b,
12a, 12b, 13b, 16a, 16b, 16c and 19c exhibited low activity.
However, the other compounds showed no activity. The free
radical-scavenging activity of the compounds 14a, 14b, 17a
and 17b was measured at different concentrations, monitored
by the change in absorbance at 10, 20 and 30min in the DPPH
method (Table 4). It was observed that at these 10min time in-
tervals, the values are very close and the results exemplify that
the antioxidant activity is independent of time.
CONCLUSION

A new class of amido-linked bis heterocycles-
benzoxazolyl/benzothiazolyl/benzimidazolyl-pyrazoles and
benzoxazolyl/benzothiazolyl/benzimidazolyl-isoxazoles were
prepared adopting 1,3-dipolar cycloaddition methodology
from the easily accessible building blocks benzoxazol-2-
amine, benzothiazol-2-amine, 1H-benzimidazol-2-amine
and cinnamoyl chloride. All the new compounds were
assayed for antioxidant activity. It was observed that
benzoxazolyl/benzothiazolyl/benzimidazolyl-pyrazoles and
isoxazoles exhibited comparatively greater activity than
the benzoxazolyl/benzothiazolyl/benzimidazolyl-pyrazolines
and isoxazolines. The compounds 14b and 17b showed
greater radical scavenging activity when compared with
the standard drug ascorbic acid.
EXPERIMENTAL

Melting points were determined in open capillaries on a Mel-
Temp apparatus and are uncorrected. The progress of reaction
was monitored by TLC (silica gel H, BDH, hexane/ethyl acetate,
3:1). The IR spectra were recorded on a Thermo Nicolet IR 200
FT-IR spectrometer as KBr pellets, and the wave numbers were given
in cm�1. The 1H-NMR spectra were recorded in CDCl3 /DMSO-d6
on a Jeol JNM λ 400MHz. The 13C-NMR spectra were
recorded in CDCl3 /DMSO-d6 on a Jeol JNM spectrometer
operating at λ 100MHz. The mass spectra were recorded on
Jeol JMS-D 300 and Finnigan Mat 1210 B at 70 eV with an
emission current of 100 μA. All chemical shifts are reported
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in ppm using TMS as an internal standard. The microanalyses
were performed on a Perkin-Elmer 240C elemental analyzer.
The compounds benzoxazol-2-amine (1)/benzothiazol-2-amine
(2)/1H-benzimidazol-2-amine (3) and cinnamoyl chloride (4) were
prepared as per the literature precedent [37–39].

(E)-N-(Benzoxazol-2-yl)cinnamamide (5)/(E)-N-(benzothiazol-
2-yl)cinnamamide (6)/(E)-N-(1H-benzimidazol-2-yl)cinnamamide
(7). General procedure. A mixture of 1/2/3 (1mmol), cinnamoyl
chloride (4) (1.1mmol) and toluene (10mL) was heated to reflux for
15–18h. After completion of the reaction, the contents were cooled
to room temperature. The separated solid was collected and purified
by column chromatography (silica gel, ethyl acetate/hexane, 1.5:3).

(E)-N-(Benzoxazol-2-yl)cinnamamide (5a). White solid
(0.17 g, 68%); m.p. 202–204°C; IR (KBr): 1597 (C¼N), 1618
(C¼C), 1654 (C¼O), 3309 (NH) cm�1; 1H-NMR (400MHz,
CDCl3): δ 6.72 (d, 1H, HB, J=16.0Hz), 7.13–7.35 (m, 9H, Ar–H),
7.84 (d, 1H, HA, J=16.0Hz), 8.32 (bs, 1H, NH) ppm; 13C-NMR
(100MHz, CDCl3): δ 117.8 (C-HB), 143.2 (C-HA), 163.1 (C-2),
168.0 (CO), 117.3, 120.4, 123.5, 124.5, 127.3, 128.1, 128.8, 133.4,
142.5, 150.2 (aromatic carbons) ppm; MS (m/z): 264.28 [M+·];
Anal. Calcd. for C16H12N2O2: C, 72.70; H, 4.59; N, 10.81; Found:
C, 72.64; H, 4.62; N, 10.71%.

(E)-N-(Benzoxazol-2-yl)-3-(4-methylphenyl)acrylamide (5b). White
solid (0.18 g, 65%); m.p. 195–197°C; IR (KBr): 1595 (C¼N), 1615
(C¼C), 1651 (C¼O), 3302 (NH) cm�1; 1H-NMR (400MHz,
CDCl3): δ 2.34 (s, 3H, Ar–CH3), 6.70 (d, 1H, HB, J=15.9Hz),
7.11–7.31 (m, 8H, Ar–H), 7.79 (d, 1H, HA, J=15.9Hz), 8.29 (bs,
1H, NH) ppm; 13C-NMR (100MHz, CDCl3): δ 24.6 (Ar–CH3),
117.5 (C-HB), 142.8 (C-HA), 162.7 (C-2), 167.1 (CO), 117.1,
119.4, 123.4, 125.2, 126.8, 128.3, 133.5, 137.4, 142.4, 149.8
(aromatic carbons) ppm; MS (m/z): 278.31 [M+·]; Anal. Calcd. for
C17H14N2O2: C, 73.34; H, 5.18; N, 10.35; Found: C, 73.21; H,
5.13; N, 10.15%.

(E)-N-(Benzoxazol-2-yl)-3-(4-chlorophenyl)acrylamide (5c). White
solid (0.21g, 72%); m.p. 212–214°C; IR (KBr): 1600 (C¼N), 1620
(C¼C), 1658 (C¼O), 3311 (NH) cm�1; 1H-NMR (400MHz,
CDCl3): δ 6.75 (d, 1H, HB, J=16.1Hz), 7.15–7.39 (m, 8H, Ar–H),
7.87 (d, 1H, HA, J=16.1Hz), 8.34 (bs, 1H, NH) ppm; 13C-NMR
(100MHz, CDCl3): δ 118.2 (C-HB), 143.5 (C-HA), 163.5 (C-2),
167.9 (CO), 117.8, 120.3, 123.8, 124.7, 127.4, 128.6, 134.2, 134.8,
140.3, 151.3 (aromatic carbons) ppm; MS (m/z): 298.73 [M+·];
Anal. Calcd. for C16H11ClN2O2: C, 64.62; H, 3.85; N, 9.73;
Found: C, 64.47; H, 3.77; N, 9.46%.

(E)-N-(Benzothiazol-2-yl)cinnamamide (6a). White solid
(0.21 g, 75%); m.p. 148–150°C; IR (KBr): 1601 (C¼N), 1623
(C¼C), 1659 (C¼O), 3318 (NH) cm�1; 1H-NMR (400MHz,
CDCl3): δ 6.78 (d, 1H, HB, J=16.2Hz), 7.18–8.20 (m, 9H, Ar–H),
7.86 (d, 1H, HA, J=16.2Hz), 8.38 (bs, 1H, NH) ppm; 13C-NMR
(100MHz, CDCl3): δ 118.4 (C-HB), 144.8 (C-HA), 166.8 (C-2),
169.2 (CO), 121.3, 121.9, 125.3, 126.0, 126.3, 127.2, 128.7,
129.4, 136.5, 147.3 (aromatic carbons) ppm; MS (m/z): 280.35
[M+·]; Anal. Calcd. for C16H12N2OS: C, 68.74; H, 4.24; N, 10.17;
Found: C, 68.67; H, 4.25; N, 10.08%.

(E)-N-(Benzothiazol-2-yl)-3-(4-methylphenyl)acrylamide (6b). White
solid (0.20g, 71%); m.p. 137–139°C; IR (KBr): 1585 (C¼N), 1619
(C¼C), 1657 (C¼O), 3315 (NH) cm�1; 1H-NMR (400MHz,
CDCl3): δ 2.36 (s, 3H, Ar–CH3), 6.74 (d, 1H, HB, J=16.0Hz),
7.16–8.15 (m, 8H, Ar–H), 7.81 (d, 1H, HA, J=16.0Hz), 8.26 (bs,
1H, NH) ppm; 13C-NMR (100MHz, CDCl3): δ 24.8 (Ar–CH3),
117.9 (C-HB), 144.5 (C-HA), 167.6 (C-2), 168.8 (CO), 120.4, 121.1,
124.5, 125.4, 125.8, 126.2, 128.3, 132.4, 136.4, 146.3 (aromatic
carbons) ppm; MS (m/z): 294.38 [M+·]. Anal. Calcd. for
Journal of Heterocyclic Chemi
C17H14N2OS: C, 69.18; H, 4.69; N, 9.61; Found: C, 69.22; H, 4.67;
N, 9.47%.

(E)-N-(Benzothiazol-2-yl)-3-(4-chlorophenyl)acrylamide (6c). White
solid (0.24g, 78%); m.p. 161–163°C; IR (KBr): 1605 (C¼N), 1625
(C¼C), 1660 (C¼O), 3331 (NH) cm�1; 1H-NMR (400MHz,
CDCl3): δ 6.85 (d, 1H, HB, J=16.3Hz), 7.20–8.23 (m, 8H, Ar–H),
7.89 (d, 1H, HA, J=16.3Hz), 8.40 (bs, 1H, NH) ppm; 13C-NMR
(100MHz, CDCl3): δ 118.7 (C-HB), 145.2 (C-HA), 168.6 (C-2),
169.4 (CO), 121.8, 122.1, 124.6, 125.5, 125.9, 127.3, 128.4, 133.0,
133.8, 148.4 (aromatic carbons) ppm; MS (m/z): 314.80 [M+]; Anal.
Calcd. for C16H11ClN2OS: C, 61.03; H, 3.63; N, 9.17; Found: C,
60.94; H, 3.59; N, 8.99%.

(E)-N-(1H-Benzimidazol-2-yl)cinnamamide (7a). Brown solid
(0.22g, 86%); m.p. 255–257°C; IR (KBr): 1590 (C¼N), 1616
(C¼C), 1653 (C¼O), 3302 (NH) cm�1; 1H-NMR (400MHz,
CDCl3): δ 6.68 (d, 1H, HB, J=15.8Hz), 7.10–7.64 (m, 9H, Ar–H),
7.74 (d, 1H, HA, J=15.8Hz), 8.18 (bs, 1H, NH), 12.85 (bs, 1H,
imidazole-NH) ppm; 13C-NMR (100MHz, CDCl3): δ 117.4
(C-HB), 141.9 (C-HA), 150.4 (C-2), 167.4 (CO), 119.2, 123.5,
126.4, 128.3, 128.9, 134.3, 138.4 (aromatic carbons) ppm; MS
(m/z): 263.30 [M+]; Anal. Calcd. for C16H13N3O: C, 73.21; H,
5.07; N, 15.97; Found: C, 73.15; H, 5.05; N, 15.84%.

(E)-N-(1H-Benzimidazol-2-yl)-3-(4-methylphenyl)acrylamide
(7b). Brown solid (0.22 g, 80%); m.p. 238–240°C; IR (KBr):
1587 (C¼N), 1613 (C¼C), 1650 (C¼O), 3297 (NH) cm�1; 1H-
NMR (400MHz, CDCl3): δ 2.32 (s, 3H, Ar–CH3) 6.65 (d, 1H,
HB, J= 15.7Hz), 7.06–7.62 (m, 8H, Ar–H), 7.70 (d, 1H, HA,
J= 15.7Hz), 8.14 (bs, 1H, NH), 12.82 (bs, 1H, imidazole-NH)
ppm; 13C-NMR (100MHz, CDCl3): δ 24.1 (Ar–CH3), 117.2 (C-
HB), 141.5 (C-HA), 150.3 (C-2), 166.6 (CO), 119.0, 123.1,
126.3, 128.2, 128.8, 137.4, 138.1 (aromatic carbons) ppm; MS
(m/z): 277.33 [M+]; Anal. Calcd. for C17H15N3O: C, 73.59; H,
5.56; N, 15.18; Found: C, 73.50; H, 5.52; N, 15.02%.

(E)-N-(1H-Benzimidazol-2-yl)-3-(4-chlorophenyl)acrylamide
(7c). White solid (0.26 g, 88%); m.p. 272–275°C; IR (KBr):
1598 (C¼N), 1617 (C¼C), 1655 (C¼O), 3305 (NH) cm�1;
1H-NMR (400MHz, CDCl3): δ 6.70 (d, 1H, HB, J=15.9Hz),
7.12–7.69 (m, 8H, Ar–H), 7.79 (d, 1H, HA, J=15.9Hz), 8.20 (bs,
1H, NH), 12.90 (bs, 1H, imidazole-NH) ppm; 13C-NMR
(100MHz, CDCl3): δ 117.7 (C-HB), 142.0 (C-HA), 150.7 (C-2),
167.2 (CO), 119.4, 123.9, 126.6, 128.7, 129.1, 134.5, 138.9
(aromatic carbons) ppm; MS (m/z): 297.74 [M+]; Anal. Calcd. for
C16H12ClN3O: C, 64.57; H, 4.06; N, 14.38; Found: C, 64.44; H,
4.00; N, 14.21%.

N-(Benzoxazol-2-yl)-4′,5′-dihydro-1′-phenyl-3′,5′-diaryl-1′H-
pyrazole-4′-carboxamide (8)/N-(benzothiazol-2-yl)-4′,5′-dihydro-
1′-phenyl-3′,5′-diaryl-1′H-pyrazole-4′-carboxamide (9)/N-(1H-
benzimidazol-2-yl)-4′,5′-dihydro-1′-phenyl-3′,5′-diaryl-1′H-pyrazole-
4′-carboxamide (10). General procedure. The compound 5/6/7
(1.0mmol), araldehyde phenylhydrazone (1.2mmol), CAT (0.33 g,
1.2mmol) and methanol (20mL) were refluxed for 23–25 h. The
precipitated inorganic salts were filtered off. The filtrate was
concentrated, and the residue was extracted with dichloromethane.
The organic layer was washed with water, brine and dried (an.
Na2SO4). Evaporation of the solvent under reduced pressure
yielded a solid that was purified by column chromatography (silica
gel, 60–120mesh) using hexane/ethyl acetate (4:1) as eluent.

N-(Benzoxazol-2-yl)-4′,5′-dihydro-1′,3′,5′-triphenyl-1′H-pyrazole-
4′-carboxamide (8a). White solid (0.33g, 74%); m.p. 218–220°C;
IR (KBr): 1567 (C¼N), 1658 (C¼O), 3274 (NH) cm�1; 1H-NMR
(400MHz, DMSO-d6): δ 5.10 (d, 1H, C4′-H, J=7.12Hz), 5.28 (d,
1H, C5′-H, J=7.2Hz), 6.50–7.60 (m, 19H, Ar–H), 8.37 (bs, 1H,
stry DOI 10.1002/jhet
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NH) ppm; 13C-NMR (100MHz, DMSO-d6): δ 62.3 (C-4′), 82.5 (C-
5′), 151.9 (C-3′), 162.5 (C-2), 168.2 (CO), 110.5, 113.4, 117.6,
119.3, 123.6, 124.5, 126.4, 127.7, 128.4, 128.8, 129.6, 129.9, 131.3,
134.4, 141.6, 143.5, 144.3, 150.3 (aromatic carbons) ppm; MS (m/z):
458.52 [M+·]; Anal. Calcd. for C29H22N4O2: C, 76.05; H, 4.82; N,
12.33; Found: C, 75.97; H, 4.84; N, 12.22%.

N-(Benzoxazol-2-yl)-3′,5′-bis(4-methylphenyl)-4′,5′-dihydro-
1′-phenyl-1′H-pyrazole-4′-carboxamide (8b). White solid
(0.32 g, 67%); m.p. 206–208°C; IR (KBr): 1561 (C¼N), 1651
(C¼O), 3262 (NH) cm�1; 1H-NMR (400MHz, DMSO-d6): δ
2.34 and 2.37 (s, 6H, Ar–CH3), 5.04 (d, 1H, C4′-H, J= 6.9Hz),
5.24 (d, 1H, C5′-H, J= 6.9Hz), 6.44–7.53 (m, 17H, Ar–H), 8.34
(bs, 1H, NH) ppm; 13C-NMR (100MHz, DMSO-d6): δ 23.5
and 24.2 (Ar–CH3), 62.1 (C-4′), 81.9 (C-5′), 151.2 (C-3′),
162.1 (C-2), 168.0 (CO), 110.1, 113.2, 117.4, 119.1, 123.4,
124.1, 126.0, 127.2, 128.1, 128.5, 129.1, 129.5, 131.0, 134.2,
141.3, 143.2, 144.1, 149.8 (aromatic carbons) ppm; MS (m/z):
486.58 [M+]; Anal. Calcd. for C31H26N4O2: C, 76.47; H, 5.39;
N, 11.59; Found: C, 76.52; H, 5.38; N, 11.52%.

N-(Benzoxazol-2-yl)-3′,5′-bis(4-chlorophenyl)-4′,5′-dihydro-
1′-phenyl-1′H-pyrazole-4′-carboxamide (8c). White solid (0.40g,
77%); m.p. 229–230°C; IR (KBr): 1575 (C¼N), 1667 (C¼O), 3283
(NH) cm�1; 1H-NMR (400MHz, DMSO-d6): δ 5.12 (d, 1H, C4′-H,
J=7.3Hz), 5.32 (d, 1H, C5′-H, J=7.3Hz), 6.54–7.67 (m, 17H,
Ar–H), 8.39 (bs, 1H, NH) ppm; 13C-NMR (100MHz,
DMSO-d6): δ 62.5 (C-4′), 82.7 (C-5′), 152.4 (C-3′), 162.8 (C-2),
168.5 (CO), 110.4, 113.6, 117.7, 119.5, 123.8, 124.7, 126.6,
128.3, 128.5, 128.9, 129.8, 130.2, 131.5, 134.7, 141.8, 143.6,
144.9, 150.7 (aromatic carbons) ppm; MS (m/z): 527.48 [M+];
Anal. Calcd. for C29H20Cl2N4O2: C, 66.12; H, 3.85; N, 10.75;
Found: C, 66.03; H, 3.82; N, 10.62%.

N-(Benzothiazol-2-yl)-4′,5′-dihydro-1′,3′,5′-triphenyl-1′H-pyrazole-
4′-carboxamide (9a). White solid (0.38g, 81%);m.p. 262–264°C; IR
(KBr): 1579 (C¼N), 1663 (C¼O), 3289 (NH) cm�1; 1H-NMR
(400MHz, DMSO-d6): δ 5.16 (d, 1H, C4′-H, J=7.4Hz), 5.33 (d, 1H,
C5′-H, J=7.4Hz), 6.61–7.94 (m, 19H, Ar–H), 8.40 (bs, 1H, NH)
ppm; 13C-NMR (100MHz, DMSO-d6): δ 63.5 (C-4′), 83.5 (C-5′),
152.6 (C-3′), 168.7 (CO), 169.3 (C-2), 113.5, 117.5, 121.1, 121.8,
124.6, 125.2, 125.7, 126.2, 127.5, 128.4, 128.7, 129.3, 129.8, 131.5,
134.2, 143.2, 143.8, 149.2 (aromatic carbons) ppm; MS (m/z): 474.59
[M+]; Anal. Calcd. for C29H22N4OS: C, 73.46; H, 4.69; N, 11.97;
Found: C, 73.39; H, 4.67; N, 11.81%.

N-(Benzothiazol-2-yl)-3′,5′-bis(4-methylphenyl)-4′,5′-dihydro-
1′-phenyl-1′H-pyrazole-4′-carboxamide (9b). White solid
(0.39 g, 79%); m.p. 245–247°C; IR (KBr): 1571 (C¼N), 1657
(C¼O), 3275 (NH) cm�1; 1H-NMR (400MHz, DMSO-d6): δ
2.36 and 2.39 (s, 6H, Ar–CH3), 5.13 (d, 1H, C4′-H, J=7.2Hz),
5.30 (d, 1H, C5′-H, J=7.2Hz), 6.52–7.90 (m, 17H, Ar–H), 8.38
(bs, 1H, NH) ppm; 13C-NMR (100MHz, DMSO-d6): δ 23.8 and
24.3 (Ar–CH3), 63.0 (C-4′), 83.1 (C-5′), 152.3 (C-3′), 168.2
(CO), 169.1 (C-2), 113.2, 117.3, 120.6, 121.7, 124.3, 125.1,
125.6, 126.1, 127.3, 128.1, 128.4, 129.2, 129.7, 131.2, 134.3,
143.1, 143.5, 148.7 (aromatic carbons) ppm; MS (m/z): 502.65
[M+]; Anal. Calcd. for C31H26N4OS: C, 74.14; H, 5.21; N, 11.27;
Found: C, 74.08; H, 5.22; N, 11.15%.

N-(Benzothiazol-2-yl)-3′,5′-bis(4-chlorophenyl)-4′,5′-dihydro-
1′-phenyl-1′H-pyrazole-4′-carboxamide (9c). White solid
(0.45 g, 83%); m.p. 288–290°C; IR (KBr): 1585 (C¼N), 1668
(C¼O), 3307 (NH) cm�1; 1H-NMR (400MHz, DMSO-d6): δ
5.19 (d, 1H, C4′-H, J=7.6Hz), 5.35 (d, 1H, C5′-H, J=7.6Hz),
6.67–8.13 (m, 17H, Ar–H), 8.43 (bs, 1H, NH) ppm; 13C-NMR
(100MHz, DMSO-d6): δ 64.1 (C-4′), 83.9 (C-5′), 152.8 (C-3′),
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168.9 (CO), 169.7 (C-2), 113.7, 117.8, 121.4, 121.9, 124.7,
125.3, 125.9, 126.7, 127.8, 128.6, 128.8, 129.4, 129.9, 131.9,
134.5, 143.5, 143.9, 149.5 (aromatic carbons) ppm; MS (m/z):
543.49 [M+]; Anal. Calcd. for C29H20Cl2N4OS: C, 64.21; H, 3.70;
N, 10.46; Found: C, 64.09; H, 3.71; N, 10.31%.

N-(1H-Benzimidazol-2-yl)-4′,5′-dihydro-1′,3′,5′-triphenyl-1′
H-pyrazole-4′-carboxamide (10a). Brown solid (0.31 g, 69%);
m.p. 275–277°C; IR (KBr): 1564 (C¼N), 1650 (C¼O), 3264
(NH) cm�1; 1H-NMR (400MHz, DMSO-d6): δ 5.05 (d, 1H,
C4′-H, J= 6.8Hz), 5.25 (d, 1H, C5′-H, J= 6.8Hz), 6.55–7.71
(m, 19H, Ar–H), 8.32 (bs, 1H, NH), 12.78 (bs, 1H, imidazole-
NH) ppm; 13C-NMR (100MHz, DMSO-d6): δ 61.7 (C-4′), 81.9
(C-5′), 150.8 (C-3′), 153.9 (C-2), 167.5 (CO), 113.6, 115.5,
117.6, 123.5, 126.5, 127.4, 128.2, 129.4, 130.3, 131.5, 132.7,
134.5, 138.6, 143.5, 144.4 (aromatic carbons) ppm; MS (m/z):
457.53 [M+]; Anal. Calcd. for C29H23N5O: C, 76.23; H, 5.11;
N, 15.50; Found: C, 76.13; H, 5.07; N, 15.31%.

N-(1H-Benzimidazol-2-yl)-3′,5′-bis(4-methylphenyl)-4′,5′-dihydro-
1′-phenyl-1′H-pyrazole-4′-carboxamide (10b). Brown solid (0.32g,
66%); m.p. 261–263°C; IR (KBr): 1560 (C¼N), 1645 (C¼O), 3255
(NH) cm�1; 1H-NMR (400MHz, DMSO-d6): δ 2.31 and 2.35 (s, 6H,
Ar–CH3), 5.01 (d, 1H, C4′-H, J=6.7Hz), 5.17 (d, 1H, C5′-H,
J=6.7Hz), 6.51–7.66 (m, 17H, Ar–H), 8.28 (bs, 1H, NH), 12.74 (bs,
1H, imidazole-NH) ppm; 13C-NMR (100MHz, DMSO-d6): δ 23.2
and 24.1 (Ar–CH3), 61.1 (C-4′), 81.4 (C-5′), 150.1 (C-3′), 152.7
(C-2), 167.5 (CO), 113.5, 115.3, 117.1, 123.0, 126.2, 127.3, 128.0,
129.3, 130.2, 131.4, 132.1, 134.3, 138.2, 143.1, 144.0 (aromatic
carbons) ppm; MS (m/z): 485.58 [M+]; Anal. Calcd. for
C31H27N5O: C, 76.81; H, 5.62; N, 14.59; Found: C, 76.68; H,
5.60; N, 14.42%.

N-(1H-Benzimidazol-2-yl)-3′,5′-bis(4-chlorophenyl)-4′,5′-dihydro-
1′-phenyl-1′H-pyrazole-4′-carboxamide (10c). Brown solid (0.39g,
76%); m.p. 283–285°C; IR (KBr): 1568 (C¼N), 1658 (C¼O), 3273
(NH) cm�1; 1H-NMR (400MHz, DMSO-d6): δ 5.08 (d, 1H, C4′-H,
J=7.0Hz), 5.28 (d, 1H, C5′-H, J=7.0Hz), 6.58–7.75 (m, 17H,
Ar–H), 8.35 (bs, 1H, NH), 12.79 (bs, 1H, imidazole-NH) ppm;
13C-NMR (100MHz, DMSO-d6): δ 61.9 (C-4′), 82.2 (C-5′), 151.3
(C-3′), 154.3 (C-2), 168.2 (CO), 113.8, 115.7, 117.7, 123.8, 126.9,
127.8, 128.9, 129.5, 130.6, 131.7, 132.9, 134.8, 138.8, 143.8,
144.7 (aromatic carbons) ppm; MS (m/z): 526.43 [M+]; Anal.
Calcd. for C29H21Cl2N5O: C, 66.28; H, 4.07; N, 13.44; Found: C,
66.17; H, 4.02; N, 13.30%.

N-(Benzoxazol-2-yl)-4′,5′-dihydro-3′,5′-diarylisoxazole-
4′-carboxamide (11)/N-(benzothiazol-2-yl)-4′,5′-dihydro-
3′,5′-diarylisoxazole-4′-carboxamide (12)/N-(1H-benzimi-
dazol-2-yl)-4′,5′-dihydro-3′,5′-diarylisoxazole-4′-carboxamide
(13). General procedure. A mixture of 5/6/7 (1.0mmol),
araldoxime (1.2mmol), CAT (0.33 g, 1.2mmol) and methanol
(20mL) was refluxed for 17–20 h. The precipitated inorganic
salts were filtered off. The filtrate was concentrated, and the
residue was extracted with dichloromethane. The organic layer
was washed with water, brine and dried (an. Na2SO4). The
solvent was removed under vacuum. The resultant residue was
purified by column chromatography (silica gel, 60–120mesh)
using hexane/ethyl acetate (4:1) as eluent.

N-(Benzoxazol-2-yl)-4′,5′-dihydro-3′,5′-diphenylisoxazole-4′-
carboxamide (11a). White solid (0.27 g, 72%); m.p. 209–211°C;
IR (KBr): 1570 (C¼N), 1660 (C¼O), 3278 (NH) cm�1; 1H-NMR
(400MHz, DMSO-d6): δ 5.07 (d, 1H, C4′-H, J=6.9Hz), 5.42 (d,
1H, C5′-H, J=7.4Hz), 7.01–7.65 (m, 14H, Ar–H), 8.39 (bs, 1H,
NH) ppm; 13C-NMR (100MHz, DMSO-d6): δ 61.5 (C-4′), 83.6
(C-5′), 153.1 (C-3′), 163.4 (C-2), 168.5 (CO), 110.5, 119.4,
stry DOI 10.1002/jhet
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123.6, 124.5, 127.2, 127.8, 128.4, 129.5, 129.8, 131.5, 134.5,
140.5, 141.3, 150.8 (aromatic carbons) ppm; MS (m/z): 383.40
[M+]; Anal. Calcd. for C23H17N3O3: C, 72.01; H, 4.49; N, 11.08;
Found: C, 72.05; H, 4.47; N, 10.96%.

N-(Benzoxazol-2-yl)-3′,5′-bis(4-methylphenyl)-4′,5′-dihydroisoxazole-
4′-carboxamide (11b). White solid (0.27g, 67%); m.p. 194–195°C; IR
(KBr): 1565 (C¼N), 1654 (C¼O), 3265 (NH) cm�1; 1H-NMR
(400MHz, DMSO-d6): δ 2.30 and 2.33 (s, 6H, Ar–CH3), 5.03 (d, 1H,
C4′-H, J=6.8Hz), 5.39 (d, 1H, C5′-H, J=6.8Hz), 6.94–7.60 (m, 12H,
Ar–H), 8.35 (bs, 1H, NH) ppm; 13C-NMR (100MHz,
DMSO-d6): δ 24.3 and 25.1 (Ar–CH3), 61.1 (C-4′), 83.4 (C-5′),
152.4 (C-3′), 162.9 (C-2), 168.3 (CO), 110.2, 119.3, 123.1, 124.2,
127.1, 127.6, 128.0, 129.3, 129.4, 131.2, 134.3, 140.1, 141.2,
150.5 (aromatic carbons) ppm; MS (m/z): 411.47 [M+·]; Anal.
Calcd. for C25H21N3O3: C, 73.04; H, 5.15; N, 10.31; Found: C,
72.98; H, 5.14; N, 10.21%.

N-(Benzoxazol-2-yl)-3′,5′-bis(4-chlorophenyl)-4′,5′-dihydroisoxazole-
4′-carboxamide (11c). White solid (0.33g, 75%); m.p. 216–218°C;
IR (KBr): 1580 (C¼N), 1666 (C¼O), 3289 (NH) cm�1; 1H-NMR
(400MHz, DMSO-d6): δ 5.09 (d, 1H, C4′-H, J=7.1Hz), 5.46 (d,
1H, C5′-H, J=7.1Hz), 7.06–7.71 (m, 12H, Ar–H), 8.41 (bs, 1H,
NH) ppm; 13C-NMR (100MHz, DMSO-d6): δ 62.2 (C-4′), 83.8
(C-5′), 153.6 (C-3′), 163.7 (C-2), 168.8 (CO), 110.7, 119.6,
123.8, 124.7, 127.5, 127.9, 129.1, 129.6, 129.9, 131.8, 134.7,
140.9, 141.6, 151.1 (aromatic carbons) ppm; MS (m/z): 452.30
[M+]; Anal. Calcd. for C23H15Cl2N3O3: C, 61.21; H, 3.31; N,
9.49; Found: C, 61.08; H, 3.34; N, 9.29%.

N-(Benzothiazol-2-yl)-4′,5′-dihydro-3′,5′-diphenylisoxazole-4′-
carboxamide (12a). White solid (0.30g, 77%); m.p. 238–240°C;
IR (KBr): 1583 (C¼N), 1665 (C¼O), 3295 (NH) cm�1; 1H-NMR
(400MHz, DMSO-d6): δ 5.11 (d, 1H, C4′-H, J = 7.2 Hz),
5.49 (d, 1H, C5′-H, J = 7.2Hz), 6.85–8.10 (m, 14H, Ar–H),
8.42 (bs, 1H, NH) ppm; 13C-NMR (100MHz, DMSO-d6):
δ 62.9 (C-4′), 83.9 (C-5′), 154.2 (C-3′), 168.9 (CO), 169.6
(C-2), 121.1, 121.6, 124.3, 125.2, 125.7, 126.3, 127.8,
128.5, 129.2, 129.7, 131.5, 134.6, 140.3, 149.3 (aromatic
carbons) ppm; MS (m/z): 399.47 [M+]; Anal. Calcd. for
C23H17N3O2S: C, 69.30; H, 4.34; N, 10.79; Found: C,
69.15; H, 4.29; N, 10.52%.

N-(Benzothiazol-2-yl)-3′,5′-bis(4-methylphenyl)-4′,5′-dihydroisoxazole-
4′-carboxamide (12b). White solid (0.29g, 70%);m.p. 226–228°C;
IR (KBr): 1575 (C¼N), 1661 (C¼O), 3286 (NH) cm�1; 1H-NMR
(400MHz, DMSO-d6): δ 2.32 and 2.37 (s, 6H, Ar–CH3), 5.06 (d,
1H, C4′-H, J=6.9Hz), 5.44 (d, 1H, C5′-H, J=6.9Hz), 6.81–8.05
(m, 12H, Ar–H), 8.40 (bs, 1H, NH) ppm; 13C-NMR (100MHz,
DMSO-d6): δ 24.5 and 25.8 (Ar–CH3), 62.4 (C-4′), 83.5 (C-5′),
153.7 (C-3′), 168.4 (CO), 169.2 (C-2), 121.0, 121.4, 124.1, 125.1,
125.4, 126.1, 127.5, 128.2, 129.1, 129.4, 131.2, 134.3, 140.2, 148.7
(aromatic carbons) ppm; MS (m/z): 427.54 [M+]; Anal. Calcd. for
C25H21N3O2S: C, 70.30; H, 5.03; N, 9.74; Found: C, 70.23; H,
4.95; N, 9.83%.

N-(Benzothiazol-2-yl)-3′,5′-bis(4-chlorophenyl)-4′,5′-dihydroisoxazole-
4′-carboxamide (12c). White solid (0.37g, 81%); m.p. 257–259°C; IR
(KBr): 1585 (C¼N), 1670 (C¼O), 3310 (NH) cm�1; 1H-NMR
(400MHz, DMSO-d6): δ 5.15 (d, 1H, C4′-H, J = 7.4Hz), 5.52
(d, 1H, C5′-H, J = 7.4Hz), 6.90–8.24 (m, 12H, Ar–H), 8.45 (bs,
1H, NH) ppm; 13C-NMR (100MHz, DMSO-d6): δ 63.3 (C-4′),
84.1 (C-5′), 154.6 (C-3′), 169.1 (CO), 169.9 (C-2), 121.5,
121.9, 124.6, 125.5, 125.9, 126.7, 127.9, 128.8, 129.4, 129.9,
132.5, 134.8, 140.5, 149.7 (aromatic carbons) ppm; MS (m/z):
468.37 [M+]; Anal. Calcd. for C23H15Cl2N3O2S: C, 58.94; H,
3.22; N, 9.11; Found: C, 58.98; H, 3.23; N, 8.97%.
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N-(1H-Benzimidazol-2-yl)-4′,5′-dihydro-3′,5′-diphenylisoxazole-
4′-carboxamide (13a). Brown solid (0.29g, 78%);m.p. 268–270°C;
IR (KBr): 1568 (C¼N), 1655 (C¼O), 3261 (NH) cm�1; 1H-NMR
(400MHz, DMSO-d6): δ 4.98 (d, 1H, C4′-H, J=6.5Hz), 5.37 (d, 1H,
C5′-H, J=6.5Hz), 7.19–7.72 (m, 14H, Ar–H), 8.37 (bs, 1H, NH),
12.82 (bs, 1H, imidazole-NH) ppm; 13C-NMR (100MHz,
DMSO-d6): δ 60.4 (C-4′), 83.1 (C-5′), 152.5 (C-3′), 153.9 (C-2),
168.0 (CO), 115.4, 123.8, 127.1, 127.7, 128.6, 129.2, 129.7, 131.7,
134.5, 138.7, 140.8 (aromatic carbons) ppm; MS (m/z): 382.42 [M+];
Anal. Calcd. for C23H18N4O2: C, 72.33; H, 4.76; N, 14.83; Found: C,
72.24; H, 4.74; N, 14.65%.

N-(1H-Benzimidazol-2-yl)-3′,5′-bis(4-methylphenyl)-4′,5′-
dihydroisoxazole-4′-carboxamide (13b). White solid (0.31 g,
76%); m.p. 255–257°C; IR (KBr): 1563 (C¼N), 1650 (C¼O),
3254 (NH) cm�1; 1H-NMR (400MHz, DMSO-d6): δ 2.28 and
2.31 (s, 6H, Ar–CH3), 4.95 (d, 1H, C4′–H, J=6.3Hz), 5.31 (d,
1H, C5′-H, J=6.3Hz), 7.15–7.64 (m, 12H, Ar–H), 8.32 (bs, 1H,
NH), 12.78 (bs, 1H, imidazole-NH) ppm; 13C-NMR (100MHz,
DMSO-d6): δ 24.1 and 25.0 (Ar–CH3), 60.1 (C-4′), 82.9 (C-5′),
152.1 (C-3′), 153.2 (C-2), 167.6 (CO), 115.1, 123.2, 126.5, 127.4,
128.4, 129.0, 129.5, 131.2, 134.3, 138.2, 140.3 (aromatic carbons)
ppm; MS (m/z): 410.48 [M+]; Anal. Calcd. for C25H22N4O2: C,
73.21; H, 5.44; N, 13.78; Found: C, 73.15; H, 5.40; N, 13.65%.

N-(1H-Benzimidazol-2-yl)-3′,5′-bis(4-chlorophenyl)-4′,5′-
dihydroisoxazole-4′-carboxamide (13c). Brown solid (0.37 g,
84%); m.p. 277–279°C; IR (KBr): 1578 (C¼N), 1659 (C¼O),
3275 (NH) cm�1; 1H-NMR (400MHz, DMSO-d6): δ 5.02 (d, 1H,
C4′-H, J=6.7Hz), 5.40 (d, 1H, C5′-H, J=6.7Hz), 7.21–7.75 (m,
12H, Ar–H), 8.38 (bs, 1H, NH), 12.84 (bs, 1H, imidazole-NH)
ppm; 13C-NMR (100MHz, DMSO-d6): δ 61.3 (C-4′), 83.4 (C-5′),
152.7 (C-3′), 154.3 (C-2), 168.3 (CO), 115.7, 123.9, 127.2, 127.9,
128.8, 129.3, 129.8, 131.8, 134.9, 138.8, 141.1 (aromatic carbons)
ppm; MS (m/z): 451.32 [M+]; Anal. Calcd. for C23H16Cl2N4O2:
C, 61.30; H, 3.59; N, 12.56; Found: C, 61.21; H, 3.57; N, 12.41%.

N-(Benzoxazol-2-yl)-1′-phenyl-3′,5′-diaryl-1′H-pyrazole-
4′-carboxamide (14)/N-(benzothiazol-2-yl)-1′-phenyl-3′,5′-
diaryl-1′H-pyrazole-4′-carboxamide (15)/N-(1H-benzimidazol-
2-yl)-1′-phenyl-3′,5′-diaryl-1′H-pyrazole-4′-carboxamide (16)/
N-(benzoxazol-2-yl)-3′,5′-diarylisoxazole-4′-carboxamide (17)/
N-(benzothiazol-2-yl)-3′,5′-diarylisoxazole-4′-carboxamide (18)/
N-(1H-benzimidazol-2-yl)-3′,5′-diarylisoxazole-4′-carboxamide
(19). General procedure: A solution of 8/9/10/11/12/13 (1mmol)
in xylene (10mL) and chloranil (1.2mmol) were refluxed for 24–28h.
Then, it was treated with 5% NaOH solution. The organic layer was
separated and repeatedly washed with water and dried (an. Na2SO4).
The solvent was removed in vacuo. The solid obtained was purified
by recrystallization from 2-propanol.

N-(Benzoxazol-2-yl)-1′,3′,5′-triphenyl-1′H-pyrazole-4′-carboxamide
(14a). White solid (0.31g, 68%); m.p. 210–212°C; IR (KBr): 1570
(C¼N), 1617 (C¼C), 1662 (C¼O), 3283 (NH) cm�1; 1H-NMR
(400MHz, DMSO-d6): δ 6.92–7.51 (m, 19H, Ar–H), 8.54 (bs, 1H,
NH) ppm; 13C-NMR (100MHz, DMSO-d6): δ 137.3 (C-4′), 147.5
(C-5′), 154.6 (C-3′), 163.9 (C-2), 167.6 (CO), 110.5, 119.4, 120.5,
123.8, 124.7, 126.5, 127.3, 127.8, 128.1, 128.6, 129.4, 129.7, 130.2,
133.4, 133.8, 139.6, 141.7, 150.3 (aromatic carbons) ppm; MS
(m/z): 456.51 [M+]; Anal. Calcd. for C29H20N4O2: C, 76.43; H,
4.46; N, 12.38; Found: C, 76.30; H, 4.42; N, 12.27%.

N-(Benzoxazol-2-yl)-3′,5′-bis(4-methylphenyl)-1′-phenyl-1′H-
pyrazole-4′-carboxamide (14b). White solid (0.31 g, 65%); m.p.
197–199°C; IR (KBr): 1567 (C¼N), 1611 (C¼C), 1657 (C¼O),
3279 (NH) cm�1; 1H-NMR (400MHz, DMSO-d6): δ 2.36 and
2.39 (s, 6H, Ar–CH3), 6.90–7.48 (m, 17H, Ar–H), 8.51 (bs, 1H,
stry DOI 10.1002/jhet
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NH) ppm; 13C-NMR (100MHz, DMSO-d6): δ 22.5 and 22.6
(Ar–CH3), 137.0 (C-4′), 147.1 (C-5′), 154.3 (C-3′), 163.4 (C-2),
167.1 (CO), 110.3, 119.2, 120.4, 123.5, 124.4, 126.2, 127.2,
127.5, 128.0, 128.5, 129.2, 129.5, 130.1, 133.0, 133.7, 139.1,
141.3, 149.7 (aromatic carbons) ppm; MS (m/z): 484.56 [M+];
Anal. Calcd. for C31H24N4O2: C, 76.94; H, 5.05; N, 11.74;
Found: C, 76.84; H, 4.99; N, 11.56%.

N-(Benzoxazol-2-yl)-3′,5′-bis(4-chlorophenyl)-1′-phenyl-1′H-
pyrazole-4′-carboxamide (14c). White solid (0.37 g, 71%); m.p.
223–225°C; IR (KBr): 1582 (C¼N), 1619 (C¼C), 1669 (C¼O),
3291 (NH) cm�1; 1H-NMR (400MHz, DMSO-d6): δ 6.96–7.55
(m, 17H, Ar–H), 8.58 (bs, 1H, NH) ppm; 13C-NMR (100MHz,
DMSO-d6): δ 137.7 (C-4′), 147.9 (C-5′), 154.9 (C-3′), 164.2
(C-2), 167.8 (CO), 110.8, 119.7, 120.7, 123.9, 124.8, 126.7,
127.4, 127.9, 128.3, 129.1, 129.6, 129.8, 130.7, 133.8, 134.2,
139.9, 142.1, 150.8 (aromatic carbons) ppm; MS (m/z): 525.40
[M+]; Anal. Calcd. for C29H18Cl2N4O2: C, 66.42; H, 3.47; N,
10.86; Found: C, 66.30; H, 3.45; N, 10.66%.

N-(Benzothiazol-2-yl)-1′,3′,5′-triphenyl-1′H-pyrazole-4′-carboxamide
(15a). White solid (0.36g, 77%); m.p. 258–260°C; IR (KBr): 1581
(C¼N), 1623 (C¼C), 1677 (C¼O), 3305 (NH) cm�1; 1H-NMR
(400MHz, DMSO-d6): δ 7.25–8.19 (m, 19H, Ar–H), 8.56 (bs, 1H, NH)
ppm; 13C-NMR (100MHz, DMSO-d6): δ 137.9 (C-4′), 148.7 (C-5′),
155.5 (C-3′), 168.2 (CO), 169.0 (C-2), 120.5, 121.4, 121.9, 124.8, 125.4,
125.8, 126.5, 127.2, 127.7, 128.2, 128.5, 129.3, 129.4, 130.5, 133.2,
133.6, 139.5, 149.3 (aromatic carbons) ppm; MS (m/z): 472.58 [M+];
Anal. Calcd. for C29H20N4OS: C, 73.78; H, 4.30; N, 11.99; Found: C,
73.71; H, 4.27; N, 11.86%.

N-(Benzothiazol-2-yl)-3′,5′-bis(4-methylphenyl)-1′-phenyl-1′
H-pyrazole-4′-carboxamide (15b). White solid (0.36 g, 73%);
m.p. 236–238°C; IR (KBr): 1572 (C¼N), 1618 (C¼C), 1673
(C¼O), 3298 (NH) cm�1; 1H-NMR (400MHz, DMSO-d6): δ
2.39 and 2.41 (s, 6H, Ar–CH3), 7.21–8.16 (m, 17H, Ar–H),
8.54 (bs, 1H, NH) ppm; 13C-NMR (100MHz, DMSO-d6): δ
22.7 and 22.9 (Ar–CH3), 137.4 (C-4′), 148.2 (C-5′), 155.1 (C-3′),
167.1 (CO), 168.7 (C-2), 120.2, 121.1, 121.7, 124.3, 125.3,
125.6, 126.1, 127.0, 127.3, 128.1, 128.3, 129.1, 129.3, 129.8,
133.0, 133.4, 139.5, 149.1 (aromatic carbons) ppm; MS (m/z):
500.63 [M+]; Anal. Calcd. for C31H24N4OS: C, 74.52; H, 4.84; N,
11.47; Found: C, 74.38; H, 4.83; 11.19%.

N-(Benzothiazol-2-yl)-3′,5′-bis(4-chlorophenyl)-1′-phenyl-1′
H-pyrazole-4′-carboxamide (15c). White solid (0.42 g, 79%);
m.p. 280–282°C; IR (KBr): 1584 (C¼N), 1627 (C¼C), 1681
(C¼O), 3314 (NH) cm�1; 1H-NMR (400MHz, DMSO-d6): δ
7.28–8.22 (m, 17H, Ar–H), 8.62 (bs, 1H, NH) ppm; 13C-NMR
(100MHz, DMSO-d6): δ 138.3 (C-4′), 149.3 (C-5′), 156.1 (C-3′),
168.4 (CO), 169.5 (C-2), 120.6, 121.6, 122.2, 124.9, 125.7,
125.9, 126.7, 127.4, 127.9, 128.4, 128.8, 129.5, 129.9, 130.7,
133.5, 133.8, 139.7, 149.9 (aromatic carbons) ppm; MS (m/z):
541.47 [M+]; Anal. Calcd. for C29H18Cl2N4OS: C, 64.49; H, 3.30;
N, 10.60; Found: C, 64.33; H, 3.35; N, 10.35%.

N-(1H-Benzimidazol-2-yl)-1′,3′,5′-triphenyl-1′H-pyrazole-4′-
carboxamide (16a). Brown solid (0.30 g, 66%); m.p. 271–273°C;
IR (KBr): 1573 (C¼N), 1607 (C¼C), 1656 (C¼O), 3261 (NH)
cm�1; 1H-NMR (400MHz, DMSO-d6): δ 7.10–7.72 (m, 19H,
Ar–H), 8.49 (bs, 1H, NH), 12.85 (bs, 1H, imidazole-NH) ppm;
13C-NMR (100MHz, DMSO-d6): δ 136.5 (C-4′), 146.4 (C-5′),
154.2 (C-3′), 154.9 (C-2), 167.1 (CO), 115.5, 120.5, 123.3,
126.3, 127.1, 127.8, 128.2, 128.7, 129.2, 129.5, 130.1, 133.3,
134.2, 138.7, 139.5 (aromatic carbons) ppm; MS (m/z): 455.52
[M+]. Anal. Calcd. for C29H21N5O: C, 76.41; H, 4.72; N,
15.48; Found: C, 76.47; H, 4.65; N, 15.37%.
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N-(1H-Benzimidazol-2-yl)-3′,5′-bis(4-methylphenyl)-1′-phenyl-
1′H-pyrazole-4′-carboxamide (16b). Brown solid (0.30 g, 64%);
m.p. 258–260°C; IR (KBr): 1564 (C¼N), 1602 (C¼C), 1649
(C¼O), 3252 (NH) cm�1; 1H-NMR (400MHz, DMSO-d6): δ 2.35
and 2.37 (s, 6H, Ar–CH3), 7.07–7.67 (m, 17H, Ar–H), 8.45 (bs,
1H, NH), 12.80 (bs, 1H, imidazole-NH) ppm; 13C-NMR
(100MHz, DMSO-d6): δ 22.1 and 22.4 (Ar–CH3), 136.2 (C-4′),
145.2 (C-5′), 153.8 (C-3′), 154.4 (C-2), 166.9 (CO), 115.1, 120.3,
123.2, 126.1, 127.0, 127.5, 128.1, 128.5, 129.1, 129.4, 129.7,
133.1, 133.9, 138.4, 139.1 (aromatic carbons) ppm; MS (m/z):
483.57 [M+]; Anal. Calcd. for C31H25N5O: C, 77.09; H, 5.23; N,
14.65; Found: C, 77.00; H, 5.21; N, 14.48%.

N-(1H-Benzimidazol-2-yl)-3′,5′-bis(4-chlorophenyl)-1′-phenyl-
1′H-pyrazole-4′-carboxamide (16c). Brown solid (0.36 g, 69%);
m.p. 286–288°C; IR (KBr): 1579 (C¼N), 1612 (C¼C), 1663
(C¼O), 3275 (NH) cm�1; 1H-NMR (400MHz, DMSO-d6): δ
7.16–7.73 (m, 17H, Ar–H), 8.52 (bs, 1H, NH), 12.88 (bs, 1H,
imidazole-NH) ppm; 13C-NMR (100MHz, DMSO-d6): δ 136.9
(C-4′), 146.8 (C-5′), 154.7 (C-3′), 155.7 (C-2), 167.6 (CO), 115.8,
120.7, 123.6, 126.7, 127.4, 127.9, 128.4, 128.8, 129.3, 129.8,
130.5, 133.4, 134.5, 138.8, 139.9 (aromatic carbons) ppm; MS
(m/z): 524.41 [M+]; Anal. Calcd. for C29H19Cl2N5O: C, 66.53;
H, 3.69; N, 13.54; Found: C, 66.42; H, 3.65; N, 13.35%.

N-(Benzoxazol-2-yl)-3′,5′-diphenylisoxazole-4′-carboxamide
(17a). White solid (0.27 g, 71%); m.p. 202–204°C; IR (KBr):
1580 (C¼N), 1620 (C¼C), 1668 (C¼O), 3285 (NH) cm�1; 1H-
NMR (400MHz, DMSO-d6): δ 7.14–7.66 (m, 14H, Ar–H), 8.55
(bs, 1H, NH) ppm; 13C-NMR (100MHz, DMSO-d6): δ 137.1
(C-4′), 151.2 (C-5′), 156.1 (C-3′), 163.8 (C-2), 168.1 (CO),
110.5, 119.6, 123.4, 124.7, 127.2, 127.8, 128.4, 128.7, 129.3,
129.7, 130.7, 133.3, 141.6, 150.4 (aromatic carbons) ppm; MS
(m/z): 381.39 [M+]; Anal. Calcd. for C23H15N3O3: C, 72.49; H,
4.01; N, 11.15; Found: C, 72.43; H, 3.96; N, 11.02%.

N-(Benzoxazol-2-yl)-3′,5′-bis(4-methylphenyl)isoxazole-4′-
carboxamide (17b). White solid (0.26 g, 65%); m.p. 188–190°C;
IR (KBr): 1572 (C¼N), 1615 (C¼C), 1665 (C¼O), 3277 (NH)
cm�1; 1H-NMR (400MHz, DMSO-d6): δ 2.30 and 2.32 (s, 6H,
Ar–CH3), 7.08–7.60 (m, 12H, Ar–H), 8.53 (bs, 1H, NH) ppm;
13C-NMR (100MHz, DMSO-d6): δ 22.4 and 23.6 (Ar–CH3),
136.4 (C-4′), 150.8 (C-5′), 155.6 (C-3′), 163.4 (C-2), 167.2 (CO),
110.2, 119.4, 123.1, 124.3, 127.1, 127.6, 128.0, 128.5, 129.1,
129.5, 130.2, 133.1, 141.3, 150.1 (aromatic carbons) ppm; MS
(m/z): 409.45 [M+]; Anal. Calcd. for C25H19N3O3: C, 73.26; H,
4.66; N, 10.10; Found: C, 73.34; H, 4.68; N, 10.26%.

N-(Benzoxazol-2-yl)-3′,5′-bis(4-chlorophenyl)isoxazole-4′-
carboxamide (17c). White solid (0.31 g, 70%); m.p. 215–217°C;
IR (KBr): 1583 (C¼N), 1625 (C¼C), 1670 (C¼O), 3298 (NH)
cm�1; 1H-NMR (400MHz, DMSO-d6): δ 7.18–7.71 (m, 12H,
Ar–H), 8.59 (bs, 1H, NH) ppm; 13C-NMR (100MHz, DMSO-d6):
δ 137.5 (C-4′), 151.8 (C-5′), 156.8 (C-3′), 164.1 (C-2), 168.4
(CO), 110.6, 119.9, 123.5, 124.8, 127.3, 127.9, 128.6, 128.9,
129.4, 129.5, 130.8, 133.9, 141.7, 150.7 (aromatic carbons) ppm;
MS (m/z): 450.28 [M+]; Anal. Calcd. for C23H13Cl2N3O3: C,
61.45; H, 2.94; N, 9.47; Found: C, 61.35; H, 2.91; N, 9.33%.

N-(Benzothiazol-2-yl)-3′,5′-diphenylisoxazole-4′-carboxamide
(18a). White solid (0.32 g, 82%); m.p. 242–244°C; IR (KBr):
1578 (C¼N), 1622 (C¼C), 1680 (C¼O), 3311 (NH) cm�1; 1H-
NMR (400MHz, DMSO-d6): δ 7.25–8.05 (m, 14H, Ar–H), 8.60
(bs, 1H, NH) ppm; 13C-NMR (100MHz, DMSO-d6): δ 137.3
(C-4′), 152.5 (C-5′), 156.7 (C-3′), 168.5 (CO), 169.5 (C-2),
121.3, 121.7, 124.3, 125.2, 125.6, 127.3, 127.8, 128.2, 128.8,
129.1, 129.4, 130.5, 133.4, 149.3 (aromatic carbons) ppm; MS
stry DOI 10.1002/jhet
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(m/z): 397.46 [M+]; Anal. Calcd. for C23H15N3O2S: C, 69.57; H,
3.84; N, 10.75; Found: C, 69.50; H, 3.80; N, 10.57%.

N-(Benzothiazol-2-yl)-3′,5′-bis(4-methylphenyl)isoxazole-4′-
carboxamide (18b). White solid (0.34 g, 80%); m.p. 221–223°C;
IR (KBr): 1576 (C¼N), 1617 (C¼C), 1675 (C¼O), 3304 (NH)
cm�1; 1H-NMR (400MHz, DMSO-d6): δ 2.35 and 2.39 (s, 6H,
Ar–CH3), 7.18–8.03 (m, 12H, Ar–H), 8.54 (bs, 1H, NH) ppm;
13C-NMR (100MHz, DMSO-d6): δ 22.7 and 23.8 (Ar–CH3),
136.7 (C-4′), 151.9 (C-5′), 156.2 (C-3′), 168.3 (CO), 169.3 (C-2),
121.2, 121.6, 124.1, 125.0, 125.5, 127.1, 127.4, 128.1, 128.6,
129.0, 129.3, 130.3, 133.2, 149.0 (aromatic carbons) ppm; MS
(m/z): 425.52 [M+]; Anal. Calcd. for C25H19N3O2S: C, 70.70; H,
4.52; N, 10.11; Found: C, 70.57; H, 4.50; N, 9.87%.

N-(Benzothiazol-2-yl)-3′,5′-bis(4-chlorophenyl)isoxazole-4′-
carboxamide (18c). White solid (0.39 g, 85%); m.p. 250–252°C;
IR (KBr): 1584 (C¼N), 1628 (C¼C), 1687 (C¼O), 3328 (NH)
cm�1; 1H-NMR (400MHz, DMSO-d6): δ 7.26–8.20 (m, 12H,
Ar–H), 8.63 (bs, 1H, NH) ppm; 13C-NMR (100MHz, DMSO-d6):
δ 137.9 (C-4′), 152.7 (C-5′), 157.1 (C-3′), 168.9 (CO), 169.8
(C-2), 121.5, 121.9, 124.7, 125.4, 125.8, 127.6, 127.9, 128.3,
128.9, 129.5, 129.9, 130.9, 133.6, 149.7 (aromatic carbons) ppm;
MS (m/z): 466.35 [M+]; Anal. Calcd. for C23H13Cl2N3O2S: C,
59.28; H, 2.82; N, 9.08; Found: C, 59.24; H, 2.81; N, 9.01%.

N-(1H-Benzimidazol-2-yl)-3′,5′-diphenylisoxazole-4′-carboxamide
(19a). Brown solid (0.29g, 78%); m.p. 203–205°C; IR (KBr): 1575
(C¼N), 1610 (C¼C), 1664 (C¼O), 3263 (NH) cm�1; 1H-NMR
(400MHz, DMSO-d6): δ 7.25–7.77 (m, 14H, Ar–H), 8.52 (bs, 1H,
NH), 12.87 (bs, 1H, imidazole-NH) ppm; 13C-NMR (100MHz,
DMSO-d6): δ 136.1 (C-4′), 149.5 (C-5′), 155.2 (C-3′), 156.7 (C-2),
167.3 (CO), 115.7, 123.6, 126.5, 127.3, 128.2, 128.8, 129.5, 129.7,
130.4, 133.5, 138.5 (aromatic carbons) ppm; MS (m/z): 380.41 [M+];
Anal. Calcd. for C23H16N4O2: C, 72.74; H, 4.30; N, 14.92; Found: C,
72.62; H, 4.24; N, 14.73%.

N-(1H-Benzimidazol-2-yl)-3′,5′-bis(4-methylphenyl)isoxazole-
4′-carboxamide (19b). Brown solid (0.30g, 75%);m.p. 197–198°C;
IR (KBr): 1569 (C¼N), 1605 (C¼C), 1651 (C¼O), 3254 (NH) cm�1;
1H-NMR (400MHz, DMSO-d6): δ 2.24 and 2.28 (s, 6H, Ar–CH3),
7.20–7.71 (m, 12H, Ar–H), 8.47 (bs, 1H, NH), 12.84 (bs, 1H,
imidazole-NH) ppm; 13C-NMR (100MHz, DMSO-d6): δ 22.1 and
23.2 (Ar–CH3), 135.8 (C-4′), 149.3 (C-5′), 154.8 (C-3′), 156.2 (C-2),
167.0 (CO), 115.5, 123.3, 126.2, 127.1, 128.1, 128.5, 129.0, 129.4,
130.1, 133.2, 138.3 (aromatic carbons) ppm; MS (m/z): 408.47 [M+];
Anal. Calcd. for C25H20N4O2: C, 73.46; H, 4.97; N, 13.81; Found: C,
73.51; H, 4.94; N, 13.72%.

N-(1H-Benzimidazol-2-yl)-3′,5′-bis(4-chlorophenyl)isoxazole-
4′-carboxamide (19c). White solid (0.36g, 81%);m.p. 232–234°C;
IR (KBr): 1582 (C¼N), 1614 (C¼C), 1668 (C¼O), 3276 (NH) cm�1;
1H-NMR (400MHz, DMSO-d6): δ 7.29–7.80 (m, 12H, Ar–H), 8.56
(bs, 1H, NH), 12.89 (bs, 1H, imidazole-NH) ppm; 13C-NMR
(100MHz, DMSO-d6): δ 136.3 (C-4′), 150.1 (C-5′), 155.5 (C-3′),
156.9 (C-2), 168.4 (CO), 115.9, 123.7, 126.9, 127.7, 128.4, 128.9,
129.6, 129.8, 130.5, 133.7, 138.9 (aromatic carbons) ppm; MS
(m/z): 449.30 [M+]; Anal. Calcd. for C23H14Cl2N4O2: C, 61.64;
H, 3.21; N, 12.75; Found: C, 61.48; H, 3.14; N, 12.47%.
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