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Abstract

A series of new pyrazole based benzofuran derivatives
has been synthesized from their chalcone moiety
reacting with different 2-bromo-1-phenylethanone in
the presence of anhydrous K>COs under conventional,
ultrasound and microwave irradiation methods. The
reaction gave higher yield within shorter reaction
times under the microwave irradiation approach as an
advanced method to synthesize the title compounds.

The structures of the newly synthesized compounds
were characterized by HNMR, CNMR, IR, mass
spectral data and elemental analysis. All the
synthesized compounds were screened for their
antibacterial and antifungal activities. Most of the title
compounds exhibited good antimicrobial activity and
few compounds were emerged as better antimicrobial
agents by displaying promising microbial inhibitory
potency.

Keywords: Antimicrobial activity, benzofuran, microwave
irradiation, pyrazole.

Introduction

In recent year scientific interest has focused on nitrogen-
heterocyclic compounds due to their wide range of
applications in the field of drug discovery and agricultural
research3. Pyrazole derivatives are an important class of
nitrogen-containing five-membered heterocyclic
compounds known to possess a wide range of activities, such
as anticancer, antimicrobial®, antitubercular®, antiviral’,
antihypertensive?, antidepressant?®, insecticidal®,
antioxidant!?, 5a-reductase inhibitory?, antiproliferative'?,
antiparasitic4, herbicidal®®, antiprotozoal, analgesic'’ and
androgen receptor modulatory®® activities. The pyrazole ring

is present as the core in a variety of leading drugs such as
lonazolac®®, rimonabant?® present already in the market
(Figure 1).

On the other hand, benzofurans are important
pharmacophores present in a variety of natural products
especially in the Moraceae family, known to exhibit
antibacterial and antifungal activities?*. Moracin K and its
analogs are natural occurring products used as antioxidant
agents?? (Figure 1). Benzofuran scaffolds possess a wide
range of biological activities including antiviral®,
antitumor?42%, antifungal®®, Sa-reductase-inhibitory?’, anti-
inflammatory?82°, analgesic?®,  antihyperglycemic®,
antiparasitic®, antitumor and kinase inhibitory®? activities.

In today’s world, synthetic chemists in industry are
constantly challenged to consider more environmentally
benign methods for generation of the desired target
molecules. Microwave-assisted organic synthesis has
attracted considerable attention as a powerful tool for rapid
and efficient synthesis of a variety of compounds because of
selective absorption of microwave energy by polar
molecules®.

The microwave technique offers a simple, clean, fast,
efficient and economical method for the synthesis of a large
number of organic molecules. Synthesis of a variety of
organic molecules using microwave irradiation has merits
over conventional heating shown to dramatically reduce
reaction times, increase product yields and enhance product
purities by reducing unwanted side reactions compared to
conventional synthetic methods®*.

Pharmacological importance of pyrazole and benzofuran
moieties inspired us to synthesise new compounds 5a-k
under conventional heating, ultrasound and microwave
irradiation methods.
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Figure 1: Structures of some biologically active benzofuran and pyrazole drugs.
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We have taken up the synthesis of pyrazole based
benzofuran derivatives under microwave giving better yields
as compared to ultrasound and conventional heating
methods. All the synthesized compounds have been tested
for their in vitro antimicrobial activity as a part of the search
for new antimicrobial drugs.

Material and Methods

IR spectra were recorded on a Shimadzu FTIR 8400 S
spectrometer in KBr pellets. *H and *C NMR spectra were
recorded on a Bruker Avance 400 spectrometer (400 and 100
MHz, respectively) in CDCl; using TMS as internal
reference. Mass spectra (EI, 70 eV) were recorded on a
Finnigan MAT 1020 mass spectrometer. Elemental analyses
were recorded on a Karlo Erba 1106 elemental analyzer.

All melting points were recorded on a Stuart SMP3 melting
point apparatus and are uncorrected. Microwave irradiation
experiments were performed in a CEM Discover microwave
system and reaction temperatures were monitored by an
equipped IR sensor. All the reactions were monitored by
TLC method on percolated silica gel Merck 60 F254 plates
and visualized with UV light.

Experimental procedure

Synthesis of compounds 5a-I- Conventional heating
method: To a well stirred solution of chalcone 3a-d (1
mmol) and anhydrous K>COj3 (2 mmol) in dry acetone (10
ml), different 2-bromo-1-phenylethanone 4a-c (1 mmol) was
added and the reaction mixture was refluxed for 6-8 h. After
completion of the reaction (TLC control), the solvent was
evaporated under reduced pressure and the solid residue was
purified by column chromatography on silica gel using
hexane:ethylacetate (7:3), as eluent to afford compounds
5a-1.

Ultrasound irradiation method: To a well stirred solution
of chalcone 3a—d (1 mmol) and anhydrous K>COs (2 mmol)
in dry acetone (10 ml), different 2-bromo-1-
phenylethanones 4a-c (1 mmol) were added and the reaction
mixture was subjected to ultrasound irradiation for 1.5-2 h
at 60°C.

After completion of the reaction (TLC control), the solvent
was evaporated under reduced pressure and the solid residue
was purified by column chromatography on silica gel using
hexane:ethylacetate (7:3), as eluent to afford compounds 5a—
l.

Microwave irradiation method: To a mixture of chalcone
3a—d (1 mmol) and anhydrous K>COsz (2 mmol) in dry
acetone (10 ml), different 2-bromo-1-phenylethanones 4a-c
(12 mmol) were added and subjected to microwave irradiation
at for 5-7 min. Progress of the reaction was monitored by
TLC.

After completion of the reaction, the solvent was evaporated
under reduced pressure and the solid residue was purified by
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column  chromatography  on  silica gel  using
hexane:ethylacetate (7:3), as eluent to afford compounds 5a—
l.

Antibacterial activity: All the synthesized compounds
were screened in vitro for antibacterial activity against gram-
positive organisms [i.e. Staphylococcus aureus (ATCC
6538) and Bacillus subtilis (ATCC 6633)] and gram negative
bacterial strains [Klebsiella pneumonia (ATCC 13883) and
Escherichia coli (ATCC 25922)] at 20 and 40 pg mL?
concentrations (Table 2). The bacterial cultures were grown
in nutrient agar media and subcultured for the better growth
in a liquid nutrient broth medium and further subcultured
onto Petri plates for the experiments. The broth cultures were
diluted with sterilized saline to bring the final size of
inoculum to approximately to 105-10% CFU ml-,

The compounds were dissolved in DMSO for the biological
assays and pure solvent DMSO showed no inhibition zone.
For disc diffusion method, the test compound was
introduced onto the disc and then allowed to dry. Once a disc
was completely saturated with the test compound, it was
introduced onto the upper layer of the medium containing
the bacterial inoculums. The Petri dishes were incubated
overnight at 37 °C for 24 h. The diameters of the zones of
inhibition were measured to determine the antibacterial
activity. Triplicates for all the compounds were run and the
results are expressed as zone of inhibition in mm. The results
for the newly synthesized compounds were compared with
ampicillin as the standard antibiotic drug.

Antifungal activity: All the compounds were screened in
vitro for their antifungal activity against Aspergillus niger
(ATCC 20057), Aspergillus flavus (ATCC 11497) and
Fusarium oxysporum (ATCC-7601) using amphotericin-B
as the standard drug. The test compounds were dissolved in
DMSO before mixing with potato dextrose agar medium
(PDA, 20 mL). The final concentration of compounds in the
medium was maintained to be 50ug mL*. Above mentioned
types of fungi were incubated in PDA at 25+1 °C for 3-4
days to obtain good mycelium growth for antifungal assay;
then, amycelia disk of approximately 0.45 cm diameter cut
from the culture medium was picked up with a sterilized
inoculation needle and inoculated in the center of PDA plate.
The inoculated plates were incubated at 25+1 °C for 5 days.

DMSO in sterilized distilled water was used as control, while
amphotericin-B was used as standard for all the treatment;
three replicates were performed. The radial growth of the
fungal colonies was measured on the fourth day and the data
were statistically analyzed. The in vitro inhibition effects of
the test compounds on the fungi were calculated by the given
formula

CV=A-B/A

where A represents the diameter of fungi growth on
untreated PDA (control of DMSQO), B represents the
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diameter of fungi on treated PDA (diameter of synthetic
compounds 5a-1) and CV represents the zone of inhibition.

Results and Discussion

The synthetic route for the synthesis of (E)-(3-(2-(1,3-
diphenyl-1H-pyrazol-4-yl)vinyl)benzofuran-2-yl)(phenyl)
methanone 5a is illustrated in scheme 1. The title compounds
5a have been prepared by reacting 2-bromo-1-
phenylethanone 4a with 2-hydroxychalcones 3a, which were
obtained from 1-(2-hydroxyphenyl)ethanone 1 and 1,3-
diphenyl-1H-pyrazole-4-carbaldehyde 2 wunder Claisen—
Schmidt conditions in the presence of powdered NaOH
under microwave irradiation for 5-8 min.

Initially, an optimization study was performed for the
synthesised compound 5a in the presence of various bases
like Na;COs and K>COs; and the solvents like ethanol,
acetonitrile and acetone. Optimization study results revealed
that in the presence of K;COs; in acetone at reflux
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temperature for 6-7 h, the reaction gave good vyield
compared to other base and solvent. However, this method
still suffered from moderate yield of the product 5a. In order
to improve the better yields and shorter reaction time, the
synthesis of compound 5a was carried out under ultrasound
and microwave irradiation. Similarly, the synthesis of
compounds 5b-I was studied. Comparison of the results
under conventional, ultrasound and microwave irradiation
methods is shown in table 1.

The synthesized derivatives 5a—l were evaluated for their in
vitro antimicrobial activity against gram-positive organisms
[i.e.; Staphylococcus aureus (ATCC 6538) and Bacillus
subtilis (ATCC 6633)] and gram negative bacterial strains
(Klebsiella pneumonia [ATCC 13883) and Escherichia coli
(ATCC 25922)] at 20 and 40 ug mL* concentrations (Table
2) Ampicillin as standard antibacterial drug. The results
obtained as minimum inhibitory concentration (MIC) in
pg/mL and measurements are presented in table 2.
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Scheme 1: The synthetic route for compounds 5a-I
Table 1
Reaction time and yields for the synthesis of compounds 5a-I
Conventional Ultrasound MWI
Compound no. e T Yield, Time, Yield, Time, Yield,
h % h % min %
5a 6.5 55 2 63 4 84
5b 6.5 60 1.5 65 4 79
5¢c 8 58 2 64 5 80
5d 7.5 56 2 68 6 85
5e 8 58 1.5 70 5 81
5f 7 54 1.5 65 5 81
59 6.5 57 2 69 6 84
5h 8 58 2 64 5 80
5i 7.5 57 2 68 6 85
5j 6.5 60 1.5 70 5 81
5k 8 55 15 65 5 81
5 7 61 2 68 6 79
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Table 2
Antibacterial activities (zone of inhibition, mm) of synthesized compounds 5a-I
S. aureus B. subtilis K. pneumoniae E. coli
Compound
no. 1| 40pg 20pg 40pg 20pg 40pg 20pg 40pg
20ug mL mL? mL? mL! mL?! mL?! mL?! mL?!
5a 13.9 23.8 12.5 18.1 20.3 22.2 16.8 24.8
5b 115 22.4 14.9 16.5 10.5 16.8 9.8 17.5
5c 11.2 22.1 10.4 14.5 11.5 18.1 10.5 25.6
5d 12.8 12.9 9.4 13.6 15.4 19.4 10.0 20.5
5e 12.1 25.9 12.9 20.0 17.2 30.0 14.8 30.8
5f 12.4 25.4 13.4 24.4 18.4 30.9 13.0 28.0
5¢ 10.9 17.4 12.0 16.9 11.5 24.9 14.6 21.1
5h 12.9 25.7 13.5 20.9 18.4 30.7 14.2 30.6
5i 13.4 26.4 13.4 25.4 19.4 30.1 13.2 28.9
5j 14.0 27.4 15.4 29.4 21.4 33.1 16.9 33.8
5k 14.7 27.1 14.6 28.5 22.3 33.9 17.1 34.2
51 14.3 26.9 14.9 29.1 21.4 31.4 17.5 33.9
Ampicillin 15 28 16 30 23 35 18 35
Table 3
Antifungal activities (zone of inhibition, mm) of synthesized compounds 5a-I
Aspergillus . Fusarium
Comn%ound nigerzeae Aspergillus flavus oxysporum
' 50pg mL*! 50pg mL*! 50 pg mL!
5a 6.9 7.9 8.0
5b 8.9 7.0 8.1
5¢C 9.4 8.1 10.9
5d 9.6 8.6 11.0
5e 10.6 8.9 12.0
5f 115 10.6 115
59 9.5 8.5 10.7
5h 10.4 8.8 12.0
5i 11.2 10.4 12.9
5j 13.4 11 13.8
5k 13.6 12.1 14.6
51 13.1 114 14.8
Amphotericin-B 14 12.5 15.2

As evident from table 2, compounds 5j—1 with electron-
donating methoxy substituents on phenyl ring have the
highest antibacterial activity against all tested organisms,
compounds 5e, 5f, 5h and 5i exhibit good activity due to
presence of di halogen atoms. The reaming compounds
showed poor activity as compared to stranded drug.
However, the activities depend much on the presence of
electronegative Cl and Br atoms.

The synthesised new compounds 5a-1 were evaluated for
their in vitro antifungal activity against Aspergillus niger,
Penicillium italicum and Fusarium oxysporum at 50 pg
mL concentrations (Table 3). Amphotericin-B was used as
standard antifungal drug. Compound 5j-1 emerged as the
most promising antifungal agent against all fungies.
Compounds 5e, 5f, 5h, 5i was showed minimum growth
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inhibitory activity. It was envisaged from the analysis of
antimicrobial activity results that compounds 5j-1 with
methoxy substitution on the phenyl ring exhibited the most
promising antimicrobial activity. The -electron-donating
substituents showed significant role in evaluating the
antimicrobial activity.

(E)-(3-(2-(1,3-diphenyl-1H-pyrazol-4-yl)vinyl)benzofuran
-2-yl)(phenyl)methanone (5a): Yellow colored solid; m.p.:
141-143°C; IR (KBr, cm): 1630 (C=0); *H NMR (CDCls,
400 MHz): & 8.36 (s, 1H, Ar-H), 7.99-8.97 (m, 3H, Ar-H),
7.93 (d, 1H, J=16.8 Hz, H,), 7.84-7.78 (m, 4H, Ar-H), 7.68
(d, 2H, J =8.5Hz, Ar-H), 7.60-7.45 (m, 9H, Ar-H), 7.37-7.31
(m, 2H, Ar-H); 3C NMR (CDCls, 100 MHz) & 186.0, 154.7,
152.2,157.7,139.7,137.9, 136.8, 133.0, 132.7, 129.8, 129.5,
138.7,128.5,128.3, 127.3,126.7, 125.5, 124.9, 123.1, 124.1,
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120.3,119.8, 119.1, 112.6, 145.1. Mass spectrum, m/z (Irel,
%): 467 [M+H]; Found, %: C 82.38; H 4.75; N 6.00:
Cs3H22N20,. Calculated, %: C 82.35; H 4.79; N 6.10.

(E)-(4-chlorophenyl)(3-(2-(1,3-diphenyl-1H-pyrazol-4-yl)

vinyl)benzofuran-2-yl)methanone (5b): Yellow colored
solid; m.p.: 162-164°C; IR (KBr, cm™): 1625 (C=0); H
NMR (CDCls, 400 MHz): & 8.38 (s, 1H, Ar-H), 8.07 (d, 2H,
J=8.5 Hz, Ar-H), 7.99(d, 1H, J=8.0 Hz, Ar-H), 7.95(d, 1H,
J=16.8 Hz, H.), 7.84-7.79 (m, 4H, Ar-H), 7.61-7.45 (m,
10H, Ar-H), 7.38-7.37 (m, 2H, Ar-H); 3C NMR (CDCls,
100 MHz) & 183.9, 154.1, 151.6, 146.6, 139.1, 136.0, 132.3,
131.0,130.7,128.8,128.1,127.9,127.7,127.2,127.1, 126.2,
125.3,125.2,124.3,120.6,122.5, 119.6, 119.0, 118.5, 112.0.
Mass spectrum, m/z (Irel, %): 501 [M+H]; Found, %: C
76.72; H 4.23; Cl 7.08; N 5.59: C33H21CIN20,. Calculated,
%: C 76.79; H 4.28; Cl 7.18; N 5.62.

(E)-(4-bromophenyl)(3-(2-(1,3-diphenyl-1H-pyrazol-4-yl)
vinyl)benzofuran-2-yl)methanone (5c¢): Yellow colored
solid; m.p.: 140-142°C; IR (KBr, cm™): 1634 (C=0); H
NMR (CDCls, 400 MHz): 6 8.32 (s, 1H, Ar-H), 8.00 (d, 2H,
J=8.0 Hz, Ar-H), 7.90(d, 1H, J=16.8 Hz, H,), 7.84-7.80 (m,
4H, Ar-H), 7.66-7.45 (m, 11H, Ar-H), 7.43-7.34 (m, 2H, Ar-
H); 3C NMR (CDCls, 100 MHz) & 184.6, 154.7, 152.2,
147.3,139.7,136.6,132.9, 131.6, 131.3, 129.5, 128.7, 128.6,
127.9,127.8,126.8,126.0,125.8,124.9, 124.2,123.1, 120.2,
119.6, 119.1, 112.6. Mass spectrum, m/z (lrel, %): 545
[M+H]; Found, %: C 70.47; H 3.88; Br 14.65; N 5.14:
Ca3H21CIBrN2O». Calculated, %: C 70.46; H 3.84; Br 14.69;
N 5.10.

(E)-(3-(2-(3-(4-chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)
vinyl)benzofuran-2 yl)(phenyl)methanone (5d): Yellow
colored solid; m.p.: 147-149°C; IR (KBr, cm?): 1629
(C=0); *H NMR (CDCls, 400 MHz): 6 8.10 (s, 1H, Ar-H),
7.86 (d, 2H, J=8.2 Hz, Ar-H), 7.72(d, 2H, J=8.0 Hz, Ar-H),
7.70(d, 1H, J=16.0 Hz, H,), 7.56(d, 2H, J=7.78 Hz, Ar-H),
7.45-7.23 (m, 12H, Ar-H), 7.16-7.07 (m, 2H, Ar-H); 3C
NMR (CDCls, 100 MHz) § 186.0, 154.7, 150.9, 147.8,
139.6, 137.9, 134.3, 132.7, 131.5, 12.8, 129.7, 129.5, 128.9,
128.3,127.1,126.9,125.8,125.1, 125.0, 124.2,122.0, 120.3,
120.3, 119.2, 112.7. Mass spectrum, m/z (lrel, %): 501
[M+H]; Found, %: C 76.72; H 4.23; Cl 7.08; N 5.59;
C32H21CIN2O;,. Calculated, %: C 76.78; H 4.20; Cl 7.18; N
5.55.

(E)-(4-chlorophenyl)(3-(2-(3-(4-chlorophenyl)-1-phenyl-

1H-pyrazol-4-yl)vinyl)benzofuran-2-yl)methanone  (5e):
Yellow colored solid; m.p.: 171-173°C; IR (KBr, cm):
1631 (C=0); 'H NMR (CDCls, 400 MHz): 4 8.35 (s, 1H, Ar-
H), 7.99 (d, 3H, J=8.5 Hz, Ar-H), 7.94(d, 1H, J=16.8 Hz,
Ho), 7.82(d, 2H, J=7.52 Hz, Ar-H), 7.70-7.63 (m, 6H, Ar-
H), 7.6-7.48 (m, 5H, Ar-H), 7.42-7.33(m, 2H, Ar-H); 3C
NMR (CDClz, 100 MHz) 6 183.1, 153.3, 149.5, 146.0,
138.2,135.2,132.9, 130.2,130.0, 129.9, 128.3, 128.1, 127.5,
127.2,126.4,126.2,125.5,124.3,124.0, 123.7,122.9,121.5,
118.8, 118.7, 117.8, 111.3. Mass spectrum, m/z (lrel, %):
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535 [M+H]; Found, %: C 71.78; H 3.77; Cl 13.24; N 5.23;
C32H20CI2N20,. Calculated, %: C 71.70; H 3.75; Cl 13.29;
N 5.28.

(E)-(4-bromophenyl)(3-(2-(3-(4-chlorophenyl)-1-phenyl-
1H-pyrazol-4-yl)vinyl)benzofuran-2-yl)methanone  (5f):
Yellow colored solid; m.p.: 166-168°C; IR (KBr, cm):1625
(C=0); 'H NMR (CDCls, 400 MHz): & 8.35 (s, 1H, Ar-H),
7.99 (d, 3H, J=8.5 Hz, Ar-H), 7.94(d, 1H, J=16.8 Hz, H,),
7.81(d, 2H, J=7.53 Hz, Ar-H), 7.70-7.63 (m, 6H, Ar-H),
7.57-7.48 (m, 5H, Ar-H), 7.41-7.32(m, 2H, Ar-H); 3C NMR
(CDCls, 100 MHz) 6 184.6, 154.7, 150.9, 147.4,139.6,
136.6, 134.3, 131.6, 131.53, 131.3, 129.7, 129.5, 128.9,
128.6,127.8,127.6,126.9, 125.7,125.4,123.0, 120.2, 120.1,
119.2, 112.7. Mass spectrum, m/z (Irel, %): 579 [M+H];
Found, %: C 66.28; H 3.48; Br 13.78; Cl 6.11; N 4.83;
Cz2H20BrCIN2O». Calculated, %: C 66.22; H 3.44; Br 13.70;
Cl 6.15; N 4.85.

(E)-(3-(2-(3-(4-bromophenyl)-1-phenyl-1H-pyrazol-4-yl)
vinyl)benzofuran-2-yl)(phenyl)methanone (5g): Yellow
colored solid; m.p.: 158-160°C; IR (KBr, cm?): 1630
(C=0); *H NMR (CDCls, 400 MHz): 6 8.34 (s, 1H, Ar-H),
8.13 (d, 2H, J=7.7 Hz, Ar-H), 7.97(d, 3H, J=8.0 Hz, Ar-H),
7.94(d, 1H, J=16.8 Hz, H,), 7.80(d, 2H, J=7.7 Hz, Ar-H),
7.69-7.57 (m, 10H, Ar-H), 7.48-7.31 (m, 2H, Ar-H); 3C
NMR (CDCls, 100 MHz) § 185.9, 154.7, 150.8, 147.8,139.6,
137.9,132.7,132.0,131.8,130.0, 129.8, 129.5, 128.3, 127.1,
126.9,125.8,125.1,124.9,124.2,122.9,122.5,120.3,119.2,
112.7. Mass spectrum, m/z (Irel, %): 545 [M+H]; Found, %:
C 70.47; H 3.88; Br 14.65; N 5.14; CsH21BrN;Oo.
Calculated, %: C 70.40; H 3.85; Br 14.70; N 5.20.

(E)-(3-(2-(3-(4-bromophenyl)-1-phenyl-1H-pyrazol-4-yl)
vinyl)benzofuran-2-yl)(4-chlorophenyl)methanone  (5h):
Yellow colored solid; m.p.: 140-142°C; IR (KBr, cm™):
1623 (C=0); 'H NMR (CDCls, 400 MHz):  8.38 (s, 1H, Ar-
H), 8.01 (d, 3H, J=8.5 Hz, Ar-H), 7.96(d, 1H, J=16.5 Hz,
Ho), 7.85(d, 2H, J=7.7 Hz, Ar-H), 7.72-7.64 (m, 4H, Ar-H),
7.60-7.50 (m, 6H, Ar-H), 7.36 (d, 3H, J=7.7 Hz, Ar-H); 3C
NMR (CDCls, 100 MHz) & 184.9, 159.7, 149.9, 146.8,
138.6,136.9,131.7,131.0, 130.9, 129.0, 128.8, 128.5, 127.4,
126.1,125.9,124.8,124.1,123.9,123.3,121.9, 121.6, 119.3,
118.2, 111.7. Mass spectrum, m/z (Irel, %): 579 [M+H];
Found, %: Mass spectrum, m/z (lrel, %): 545 [M+H]; Found,
%: C 70.47; H 3.88; Br 14.65; N 5.14; C32H21BrN-Os.
Calculated, %: Mass spectrum, m/z (Irel, %): 545 [M+H];
Found, %: C 70.47; H 3.88; Br 14.65 N 5.14;
C32H21BrN2Os. Calculated, %: C 70.42; H 3.80; Br 14.75; N
5.15

(E)-(4-bromophenyl)(3-(2-(3-(4-bromophenyl)-1-phenyl-

1H-pyrazol-4-yl)vinyl)benzofuran-2-yl)methanone  (5i):
Yellow colored solid; m.p.: 151-153°C; IR (KBr, cm):1627
(C=0); 'H NMR (CDCls, 400 MHz): & 8.38 (s, 1H, Ar-H),
8.01 (d, 3H, J=8.2 Hz, Ar-H), 7.95(d, 1H, J=16.5 Hz, H,),
7.84(d, 2H, J=7.7 Hz, Ar-H), 7.70-7.67 (m, 4H, Ar-H), 7.57-
7.47 (m, 6H, Ar-H), 7.33 (d, 3H, J=8.2 Hz, Ar-H); 13C NMR



Research Journal of Chemistry and Environment

Vol. 25 (5) May (2021)

(CDCls, 100 MHz) & 183.1, 153.3, 149.5, 146.0, 138.2,
135.2,132.9,130.2,129.9,128.3,128.1, 125.5, 127.2, 126.2,
125.5,124.3,124.0,123.7,122.9,121.5,118.8,118.7, 117.8,
111.3. Mass spectrum, m/z (Irel, %): 623 [M+H]; Found, %:
C 6156; H 3.23; Br 25.60; N 4.49; CsH20BraN20o.
Calculated, %: C 61.50; H 3.28; Br 25.59; N 4.53.

(E)-(3-(2-(3-(4-methoxyphenyl)-1-phenyl-1H-pyrazol-4-
ylhvinyl)benzofuran-2-yl)(phenyl)methanone (5j): Yellow
colored solid; m.p.: 164-166°C; IR (KBr, cm?): 1637
(C=0); 'H NMR (CDCls, 400 MHz): & 8.34 (s, 1H, Ar-H),
8.10 (d, 2H, J=7.0 Hz, Ar-H), 8.0(d, 1H, J=8.0 Hz, Ar-H),
7.93(d, 1H, J=16.8 Hz, H.), 7.82(d, 2H, J=8.7 Hz, Ar-H),
7.73(d, 4H, J=8.7 Hz, Ar-H), 7.65-7.04 (m, 8H, Ar-H),
7.05(d, 2H, J=8.7 Hz, Ar-H), 3.89 (s, 3H, OCHj3); 1*C NMR
(CDCls, 100 MHz) & 184.6, 159.8, 154.7, 152.0, 147.2,
139.7,136.6, 131.6, 131.3,129.8,129.4, 128.5, 126.9, 127.8,
126.7,126.1,125.8,125.5,124.8,124.2,123.2, 120.0, 119.4,
119.1, 114.2, 112.6, 55.4. Mass spectrum, m/z (Irel, %): 497
[M+H]; Found, %: C 79.82; H 4.87; N 5.64; Cz3H24N20s.
Calculated, %: C 79.86; H 4.82; N 5.60.

(E)-(4-chlorophenyl)(3-(2-(3-(4-methoxyphenyl)-1-phenyl
-1H-pyrazol-4-yl)vinyl)benzofuran-2-yl)methanone (5k):
Yellow colored solid; m.p.: 155-157°C; IR (KBr, cm):
1631 (C=0); 'H NMR (CDCls, 400 MHz): 6 8.30 (s, 1H, Ar-
H), 7.98 (d, 3H, J=8.2 Hz, Ar-H), 7.91(d, 1H, J=16.8 Hz,
Ho), 7.81(d, 2H, J=7.7 Hz, Ar-H), 7.73-7.66(m, 4H, Ar-H),
7.58-7.46 (m, 5H, Ar-H), 7.37-7.29 (m, 2H, Ar-H), 7.04(d,
2H, J=8.5 Hz, Ar-H), 3.84 (s, 3H, OCH3); 1*C NMR (CDCls,
100 MHz) § 184.1, 154.2, 151.7, 146.7, 139.2, 137.7, 136.1,
131.1,130.8,129.5,128.9,127.9,127.7,127.4,127.2, 126.6,
126.2,125.6,125.3,124.8,123.7,122.7,121.2, 119.6, 118.6,
117.6, 112.1, 53.7. Mass spectrum, m/z (Irel, %): 531
[M+H]; Found, %: C 74.64; H 4.37; Cl 6.68; N 5.28;
Ca3H23CIN2O3. Calculated, %: C 74.60; H 4.35; Cl 6.66; N
5.22.

(E)-(4-bromophenyl)(3-(2-(3-(4-methoxyphenyl)-1-phenyl
-1H-pyrazol-4-yl)vinyl)benzofuran-2-yl)methanone  (51):
Yellow colored solid; m.p.: 162-164 °C; IR (KBr, cm™):
1634 (C=0); 'H NMR (CDCls, 400 MHz): 6 8.33 (s, 1H, Ar-
H), 7.98 (d, 3H, J=8.2 Hz, Ar-H), 7.91(d, 1H, J=16.8 Hz,
H.), 7.81(d, 2H, J=7.7 Hz, Ar-H), 7.73-7.66(m, 4H, Ar-H),
7.58-7.47 (m, 5H, Ar-H), 7.37-7.30 (m, 2H, Ar-H), 7.10(d,
2H, J=8.5Hz, Ar-H), 3.88 (s, 3H, OCH3); 3C NMR (CDCls,
100 MHz) 6 184.6, 154.7, 152.2, 147.2, 139.7, 138.2, 136.7,
131.6,131.3,130.0,129.4,128.4,128.2,127.9,127.8,127.1,
126.7,126.2,125.8,124.8,124.2,123.2,121.8,120.1, 119.1,
118.1, 112.6, 54.2. Mass spectrum, m/z (Irel, %): 575
[M+H]; Found, %: C 68.88; H 4.03; Br 13.89; N 4.87;
CssH23BrN2Os. Calculated, %: C 68.81; H 4.13; Br 13.93; N
4.84.

Conclusion

In conclusion, we have synthesised pyrazole based
benzofuran derivatives 5a-1 under conventional, ultrasound
and microwave irradiation conditions. The advantages of the
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microwave irradiation conditions demonstrated high yield
and shorter reaction time compared to other reaction
conditions.

All the screened compounds were evaluated for their in vitro
antimicrobial activity. Some of the compounds 5j-I exhibited
promising  antimicrobial activity against  selected
microorganisms compared with the standard drugs.
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