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| A novel series of chalcone derivatives (4a-0) of N-(4-acetylphenyl)-5-chlorothiophene-2-carboxamide was synthesized by coupling it

screened in vitro antibacterial activity against four bacterial cultures and antifungal activity against three fungal cultures by using broth-

dilution method. The significant antibacterial activity with < 50 ug/mL has been displayed by compounds 4b and 4n against E. coli
(MTCC 443), compounds 4b, 4e, 4i, 4n and 4o against P, aeruginosa (MTCC 1688), compounds 4c and 4n against S. aureus (MTCC 96).

In silico investigation was also carried out to predict pharmacokinetic properties (ADME) of synthesized chalcone derivatives.

‘I
with different substituted aromatic aldehydes. Synthesized chalcones were characterized by IR, NMR and mass spectra. They were |
|
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INTRODUCTION

Pathogenic microorganisms such as bacteria, viruses, fungi,
and parasites are the primary cause of infectious illness trans-
mission. Antimicrobial therapy is the usual treatment for infectious
disorders, which involves the use of drugs that either destroy or
stop the growth of microorganisms without hurting the host.
Antimicrobial resistance (AMR), which refers to the ability
of microorganisms to resist the effects of antibiotics, is mostly
produced by the improper and excessive use of antimicrobial
drugs. Additionally, there are several interconnected and mutu-
ally dependent factors contributing to this phenomenon [1].
Launched in year 2015, the World Health Organization’s Global
Action Plan on antimicrobial resistance aims to optimize the
use of antimicrobial drugs and attract investment in their
research and development, a field that has experienced a halt
in recent decades [2]. To combat AMR, it is therefore essential
to find novel promising antimicrobial drugs [3].

Heterocyclic compounds are the most common structural
units of presently available medicines and common targets for
the drug discovery process [4,5]. A synthetic applicability and
wide range of biological activity makes heterocyclic comp-
ounds a most promising in drug discovery. With documented
wide ranging of effects including anticancer, antibacterial, anti-

fungal, anti-inflammatory, analgesics, antihypertensive, anti-
tumor, antioxidant and local anesthetics properties, thiophene
and their derivatives are a highly interesting class of hetero-
cycllic chemicals [6,7]. For example, suprofen (non-steroidal
anti-inflammatory), articaine (anesthetic), cefoxitin (antimicro-
bial agent), penthiopyrad (fungicide), raltitrexed (anticancer),
thiophenfurin (antitumor), tiamenidine (antihypertension),
duloxetine (anti-anxiety), rivaroxaban (anticoagulant) are some
of thiophene based marketed drugs (Fig. 1).

In addition, chalcones are a class of natural and synthetic
compounds, of a great interest for a medicinal chemist because
of having specific chemical structure consisting of two aromatic
rings connected of three carbon o, 3-unsaturated carbonyl system
[8-10]. Chalcones are extensively dispersed throughout many
plant sources. Their varied biological functions and their uses
in a drug discovery have drawn a lot of attention [11-14]. Wide
range of pharmacological properties, including anticancer [15-
18], anti-inflammatory [19-22], antioxidant [23,24], antimicro-
bial [25-29], antiviral [30], antidiabetic activities [31], among
others make chalcones valuable candidate for developing novel
therapeutic agents. Numerous studies have focused on the synth-
esis, modification and structural optimization of chalcones to
enhance their biological activity and selectivity [32]. For thera-
peutic applications, some drugs based on chalcones have received
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Fig. 1. Structure of some marketed medicines based on thiophene

approval, for instance, sofalcone was formerly used as an anti-
ulcer and mucoprotective medication, hesperidin methyl-
chalcone used as a vascular protective, whilst metochalcone
was sold as choleretic/diuretics drgus (Fig. 2) [33,34].
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In light of these informations and with the objective of
developing effective antibacterial substances, the current study
focuses on the synthesis of a range of innovative heterocyclic
compounds (4a-0) that have thiophene and chalcone as their
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Fig. 2. Structure of some approved chalcones in the market
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structural components. Additionally, the antibacterial activity
of the synthesized compounds was assessed in vitro against
four bacterial strains and their pharmacokinetic parameters
(ADME) were predicted using in silico methods.

EXPERIMENTAL

Only laboratory grade reagents were used in the synthesis
of the compounds and commercial solvents were used without
further additional purification. All the melting points of the
synthesized compounds were measured using the open capillary
method and are uncorrected. Thin layer chromatography (TLC)
was used to track the reaction’s progress using Merck 60 Fos4
silica gel aluminum plates, while UV light (254 nm) was used
to visualize the spots. Shimandzu-8400 FT-IR spectrometer
was used to obtain FT-IR spectra, whereas Applied Biosystems-
API 2000 LC/MS/MS was used to record mass spectra. A Bruker
Advance Neo 400 MHz spectrometer was used to record 'H
& “C NMR spectra.

Synthesis of N-(4-acetylphenyl)-5-chlorothiophene-2-
carboxamide (3): 1-(4-Aminophenyl)ethanone (p-amino aceto-
phenone) (2) (0.012 mol) dissolved in DMF (16 mL) was added
to diisopropyl ethylamine (DIPEA, (0.03 mol) and 5-chlorothio-
phene-2-carboxylic acid (1, 0.01 mol). Then hexafluoro-
phosphate benzotriazole tetramethyluranium (HBTU) was added
slowly and then refluxed for 6 h. TLC was used to verify the
consumption of starting material by employing MDC:
methanol (9.8:0.2) as mobile phase. Reaction mixture was
poured in (50 mL) water and then methylene dichloride (MDC)
(30 mL) was charged in the reaction mixture. Reaction mixture
was filtered to remove salt. The MDC layer was washed by

(0]
Cl s OH
m +
0 H,N
o)) 2

5-Chlorothiophene-2-carboxylic acid (2)
1-(4-Aminophenyl)ethanone

R= 4a: H
4b: 4-OH
4c: 3,4-OCHj;
4d: 2-Br
4e: 3-Br
4f: 4-Br
4g: 2-F
4h: 34-F
4i: 3-OCH;, 4-OH
4j: 3-OH, 4-OCH;
4k: 4-OCHj;
41: 3-OC,Hs, 4-OCHj3
4m: 4-N(CH,),
4n: 4-NO,
40: 2-OH, 5-NO,

using 25 mL of water for 5 times and then concentrated. Methyl
tert-butyl ether (MTBE , 16 mL) was added to the residue and
it was agitated for 30 min was then filtered and dried the solid
3 in vacuum oven at 45-50 °C. IR (KBT, Vi, cm™): 3335 (N-
H), 3059 (C-H), 3001 (C-H), 1658 (C=0), 1597 (C=0), 1529
(N-H), 1427 (C=C), 844 (C-Cl), 808 (C-H). '"H NMR (400 MHz,
DMSO-ds) & ppm: 2.56 (s, 3H), 7.31 (d, J = 4.1 Hz, 1H), 7.87
(d, J = 8.8 Hz, 2H), 7.99 (d, J = 9.0 Hz, 3H), 10.60 (s, 1H).
BC NMR (101 MHz, DMSO-ds) 8 ppm: 26.99, 39.38, 39.59,
39.80, 40.01, 40.21, 40.42, 40.63, 119.95, 128.90, 129.86,
130.28, 132.72, 135.06, 139.11, 143.30, 159.62, 197.08. Mass
m/z: 280.2 (M+1)".

Synthesis of chalcone derivatives (4a-0): Compound 3
(0.01 mol) was taken in a round bottom flask containing 27
mL methanol and then added to the substituted benzaldehyde
derivatives dissolved in 40% KOH solution. The reaction mixture
was agitated at 60-65 °C for 12-18 h (Scheme-I). Reaction
completion was monitored by TLC using methanol:MDC
(0.2:9.8). Solid was filtered and recrystallized by methanol.

5-Chloro-N-(4-cinnamoylphenyl)thiophene-2-carbox-
amide (4a): Yield: 38.02%; m.p.: 160-162 °C, m.f.: C;0HsNO,SCI1
(m.w.: 367.85). IR (KBT, Vina, cm™): 3390 (N-H), 3091 (C-
H), 3059 (C-H), 1656 (C=0), 1595 (C=0), 1512 (N-H), 1427
(C=C), 837 (C-Cl), 808 (C-H), 796 (C-H). "H NMR (400 MHz,
DMSO-ds) 6 ppm: 10.64 (s, 1H), 8.22 (d, J = 8.8 Hz, 2H),
8.01 (d, J =2.2Hz, 1H), 798 (d, J = 9.2 Hz, 1H), 7.96-7.88
(m, 4H),7.75(d,J = 15.6 Hz, 1H), 7.48 (s, 3H), 7.32(d, J = 4.1
Hz, 1H)."”C NMR (101 MHz, DMSO-ds) 8 ppm: 188.07,
159.64, 143.98, 143.44, 139.14, 135.27, 135.11, 133.33, 131.01,
130.29, 129.39, 129.33, 128.89, 122.43, 120.06. Mass m/z:
368.3 (M+1)".
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5-Chloro-N-(4-(3-(4-hydroxyphenyl)acryloyl)phenyl)-
thiophene-2-carboxamide (4b): Yield: 43.73%; m.p.: 210-212
°C, m.f.: CooHuNO;SCI (m.w.: 383.85). IR (KBT, Vi, cm™):
3390 (N-H), 3085 (C-H), 3048 (C-H), 1669 (C=0), 1592
(C=0), 1524 (N-H), 1428 (C=C), 1220 (C-0O) 845 (C-Cl), 811
(C-H), 775 (C-H). '"H NMR (400 MHz, DMSO-ds) 8 ppm: 9.98
(s, 1H), 8.70 (s, 1H), 7.97 (d, J = 15.1 Hz, 1H), 7.82 (d, J =
7.5 Hz, 2H), 7.64 (dd, J = 7.4, 2.8 Hz, 3H), 7.41 (d, J = 15.1
Hz, 1H),7.14(d,J=7.4Hz,2H), 6.98 (d,J = 7.5 Hz, 1H), 6.71
(d, J = 7.4 Hz, 2H). *C NMR (101 MHz, DMSO-ds) & ppm:
190.98, 159.30, 156.58, 144.36, 143.89, 141.28, 135.96, 134.20,
132.86, 129.96, 129.98, 129.58, 129.56, 127.94, 127.62, 122.95,
121.94, 121.92, 116.37, 116.38. Mass m/z: 384.8 (M+1)".
5-Chloro-N-(4-(3-(3,4-dimethoxyphenyl)acryloyl)-
phenyl)thiophene-2-carboxamide (4¢): Yield: 52.30%; m.p.:
145-147 °C, m.f.: CH;sNO4SCI (m.w.: 427.90). IR (KB, Vinas,
cm™): 3346 (N-H), 3091 (C-H), 2960 (C-H), 2933 (C-H), 1678
(C=0), 1581 (C=0), 1518 (N-H), 1427 (C=C), 823 (C-Cl), 802
(C-H), 729 (C-H). 'H NMR (400 MHz, DMSO-ds) 8 ppm:
10.62 (s, 1H), 8.22 (d, J = 8.6 Hz, 2H), 8.00 (s, 1H), 7.93 (d, J
=8.5Hz,2H),7.87(d,J=15.5Hz, 1H),7.71 (d,J = 15.4 Hz,
1H), 7.56 (s, 1H), 7.40 (d, J = 8.1 Hz, 1H), 7.32 (s, 1H), 7.03 (d,
J=283Hz, 1H), 3.88 (s, 3H), 3.83 (s, 3H). "CNMR (101 MHz,
DMSO-ds) & ppm: 187.94, 159.63, 151.72, 149.53, 144.52,
143.23,139.17,135.07, 133.65, 130.26, 130.15, 128.86, 128.11,
124.39, 120.02, 119.94, 112.03, 111.22, 56.26, 56.08. Mass
m/z: 428.3 (M+1)".
N-(4-(3-(2-Bromophenyl)acryloyl)phenyl)-5-chloro-
thiophene-2-carboxamide (4d): Yield: 50.10%; m.p.: 150-152
°C, m.f.: CoHi;sNO,SBrCl (m.w.: 446.74). IR (KBr, Vina, cm”
": 3342 (N-H), 3026 (C-H), 1658 (C=0), 1612 (C=0), 1526
(C=C), 1508 (N-H), 1423 (C=C), 838 (C-Cl), 796 (C-H). 'H
NMR (400 MHz, DMSO-ds) & ppm: 8.35 (d, J = 15.1 Hz,
1H), 7.85 (d, J = 7.4 Hz, 2H), 7.64 (d, J = 7.4 Hz, 3H), 7.50
(d,J =15.2Hz, 1H),7.39 (dd, J = 7.4, 1.4 Hz, 1H), 7.24-6.95
(m, 4H). *C NMR (101 MHz, DMSO-ds) & ppm: 190.98,
156.58, 143.89, 143.31, 141.28, 137.10, 135.96, 134.20, 134.02,
132.86,130.01, 129.58, 129.56, 129.17, 127.94, 127.74, 126.66,
123.18, 121.92, 121.94. Mass m/z: 447.7 (M+1)".
N-(4-(3-(3-Bromophenyl)acryloyl)phenyl)-5-chlorothio-
phene-2-carboxamide (4e): Yield: 75.14%; m.p.: 186-188 °C,
m.f.: CooHisNOSBrCl (m.w.: 446.74). IR (KB, Vi, cm™): 3352
(N-H), 3086 (C-H), 1649 (C=0), 1600 (C=0), 1531 (C=0),
1518 (N-H), 1425 (C=C), 831 (C-Cl), 792 (C-H). 'H NMR
(400 MHz, DMSO-ds) 6 ppm: 10.64 (s, 1H), 8.25 (dd, J =
5.1, 3.5 Hz, 3H), 8.07 (d, / = 15.6 Hz, 1H), 8.00 (d, J = 4.1
Hz, 1H), 7.94 (d, J = 8.8 Hz, 2H), 7.87 (d, J = 7.8 Hz, 1H),
7.68 (dd,J =24.8,11.8 Hz, 2H), 7.43 (t,J = 7.9 Hz, 1H), 7.32
(d,J = 4.1 Hz, 1H). *C NMR (101 MHz, DMSO-ds) & ppm:
187.87,159.65, 143.59, 142.17,139.13, 137.80, 135.13, 133 41,
133.13,131.38, 131.22,130.41, 130.31, 128.87, 128.73, 123.90,
122.90, 120.01. Mass m/z: 447.6 (M+1)".
N-(4-(3-(4-Bromophenyl)acryloyl)phenyl)-5-chloro-
thiophene-2-carboxamide (4f): Yield: 75.14%; m.p.: 198-200
°C, m.f.: CoHi;sNO,SBrCl (m.w.: 446.74). IR (KBr, Vina, cm”
": 3362 (N-H), 3076 (C-H), 1662 (C=0), 1620 (C=0), 1531
(C=C), 1512 (N-H), 1418 (C=C), 827 (C-Cl), 792 (C-H). 'H

NMR (400 MHz, DMSO-ds) & ppm: 9.98 (s, 1H), 7.99 (d, J =
15.1 Hz, 1H), 7.81 (d, J = 7.6 Hz, 2H), 7.64 (dd, J = 7.5, 3.1
Hz,3H), 7.43 (dd, J =29.5,11.3 Hz, 3H), 7.18 (d, / = 7.4 Hz,
2H), 6.98 (d, J = 7.5 Hz, 1H). *C NMR (101 MHz, DMSO-
ds) & ppm: 190.98, 156.58, 144.36, 143.89, 141.28, 135.96,
135.77,134.20, 132.86, 132.27, 132.27, 129.58, 129.56, 129.54,
129.52, 127.94, 124.18, 122.95, 121.94, 121.92. Mass m/z:
447.6 M+1)".
5-Chloro-N-(4-(3-(2-fluorophenyl)acryloyl)phenyl)-
thiophene-2-carboxamide (4g): Yield: 58.00%; m.p.: 174-176
°C, m.f.: CooHisNO.SCIF (m.w.: 385.84). IR (KBT, Vinax, cm™):
3348 (N-H), 3066 (C-H), 1652 (C=0), 1614 (C=0), 1527
(C=0), 1509 (N-H), 1420 (C=C), 839 (C-CI), 780 (C-H). 'H
NMR (400 MHz, DMSO-d;) 6 ppm: 8.34 (d, J = 15.1 Hz, 1H),
7.84(d,J =7.6Hz,2H),7.65(dd,J =7.5,1.2Hz,3H),7.43 (d,
J=15.1Hz, 1H), 7.32-7.23 (m, 1H), 7.20-7.09 (m, 1H), 7.04-
6.90 (m, 3H). "C NMR (101 MHz, DMSO-ds) 8 ppm: 190.98,
158.55, 156.58, 143.89, 141.28, 140.76, 135.96, 134.20, 132.86,
130.59, 130.12, 129.58, 129.56, 127.94, 126.05, 125.44, 122.53,
121.94, 121.92, 116.76. Mass m/z: 386.5 (M+1)*.
5-Chloro-N-(4-(3-(3,4-difluorophenyl)acryloyl)-
phenyl)thiophene-2-carboxamide (4h): Yield: 41.56%; m.p.:
169-171 °C, m.f.: CoH;2NO,SFCl (m.w.: 403.83). IR (KBr,
Vinaxs € ')z 3356 (N-H), 3082 (C-H), 1661 (C=0), 1612 (C=0),
1528 (C=C), 1505 (N-H), 1432 (C=C), 834 (C-Cl). 'H NMR
(400 MHz, DMSO-de) & ppm: 8.23 (d, J = 15.1 Hz, 1H), 7.83
(d,J=7.6Hz,2H),7.65(d,J=7.5Hz,3H),7.55(d,J=15.1
Hz, 1H), 7.13-7.02 (m, 2H), 6.96 (ddd, J = 12.7, 8.7, 6.3 Hz,
2H)."*C NMR (101 MHz, DMSO-ds) & ppm: 190.98, 156.58,
152.92,148.15, 144.33, 143.89, 141.28, 135.96, 134.25, 134.20,
132.86, 129.58, 129.57,127.94, 126.22,123.24,121.94, 121.92,
116.84, 114.56. Mass m/z: 404.5 (M+1)".
5-Chloro-N-(4-(3-(4-hydroxy-3-methoxyphenyl)acryl-
oyl)phenyl)thiophene-2-carboxamide (4i): Yield: 40.56%;
m.p.: 188-190 °C, m.f.: C;;H;sNO4SCI (m.w.: 413.87). IR (KBr,
Vinaxs cm ')z 3316 (N-H), 3055 (C-H), 1643 (C=0), 1608 (C=0),
1551 (C=C), 1516 (N-H), 1423 (C=C), 840 (C-Cl), 786 (C-H).
'H NMR (400 MHz, DMSO-ds) 8 ppm: 3.80 (s, 3H). 6.68 (t, J
= 8.8 Hz, 1H), 6.84-6.74 (m, 2H), 6.98 (d, J = 7.5 Hz, 1H),
7.42(d,J=15.1Hz, 1H), 7.64 (dd, J = 7.4,2.4 Hz, 3H), 7.82
(d, J =7.5Hz, 2H), 7.96 (d, J = 15.1 Hz, 1H), 8.56 (s, 1H),
9.99 (s, 1H). ®*C NMR (101 MHz, DMSO-ds) & ppm: 190.98,
156.58, 149.57, 148.50, 144.33, 143.89, 141.28, 135.96, 134.20,
132.86, 129.58, 129.56, 127.94,127.58, 123.24, 123.18, 121.94,
121.92, 115.81, 111.78, 56.79. Mass m/z: 414.5 (M+1)".
5-Chloro-N-(4-(3-(3-hydroxy-4-methoxyphenyl)-
acryloyl)phenyl)thiophene-2-carboxamide (4j): Yield: 40.55%;
m.p.: 125-127 °C, m.f.: C;1Hi;cNO4SCI (m.w.: 413.87). IR (KBr,
Vmax, cm )z 3371 (N-H), 3079 (C-H), 1667 (C=0), 1616 (C=0),
1527 (C=C), 1506 (N-H), 1416 (C=C), 845 (C-Cl), 760 (C-H).
'H NMR (400 MHz, DMSO-ds) 8 ppm: 10.00 (s, 2H), 8.09 (s,
3H),7.97 (d, J = 15.1 Hz, 3H), 7.81 (d, J = 7.4 Hz, 6H), 7.64
(dd,J=7.5,2.2Hz,9H), 7.40 (d, J = 15.1 Hz, 3H), 6.99 (d, J
=7.5Hz, 3H), 6.86-6.78 (m, 6H), 6.70-6.63 (m, 3H), 3.80 (s,
9H), 2.00 (s, 1H). *C NMR (101 MHz, DMSO-ds) & ppm:
190.98, 156.58, 150.33, 146.89, 144.33, 143.89, 141.28,
135.96, 134.20, 132.86, 129.75, 129.58, 129.56, 127.94,
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123.24,121.94, 121.92, 120.86, 113.52, 112.85, 56.79. Mass
m/z: 414.6 (M+1)".
5-Chloro-N-(4-(3-(4-methoxyphenyl)acryloyl)phenyl)-
thiophene-2-carboxamide (4k): Yield: 70.31%; m.p.: 164-166
°C, m.f.: C;;H;gNO;SCI (m.w.: 397.87). IR (KBT, Viuax, cm™):
3372 (N-H), 3064 (C-H), 1658 (C=0), 1608 (C=0), 1524
(C=C), 1509 (N-H), 1436 (C=C), 824 (C-Cl), 785 (C-H). 'H
NMR (400 MHz, DMSO-ds) & ppm: 8.19 (d, J = 15.1 Hz,
1H), 7.85 (d, J/ = 7.4 Hz, 2H), 7.74 (d, J = 7.5 Hz, 1H), 7.66
(d,J=74Hz,2H),7.53(d,J =15.1Hz, 1H),7.28 (d,J=7.4
Hz, 2H), 6.97 (d, J = 7.5 Hz, 1H), 6.84 (d, J = 7.4 Hz, 2H),
3.78 (s, 3H). "C NMR (101 MHz, DMSO-ds) 8 ppm: 190.98,
160.84, 156.58, 144.36, 143.89, 141.28, 135.96, 134.20, 132.86,
129.58, 129.56, 129.38, 129.38, 128.73, 127.94, 122.95, 121.94,
121.92, 114.57, 114.55, 56.04. Mass m/z: 398.7 (M+1)".
5-Chloro-N-(4-(3-(3-ethoxy-4-methoxyphenyl)acryl-
oyl)phenyl)thiophene-2-carboxamide (41): Yield: 91.27%;
m.p.: 170-172°C, m.f.: C;3H2NO4SCI (m.w.: 441.93). IR (KBr,
Vs, €M)z 3385 (N-H), 3048 (C-H), 1686 (C=0), 1606 (C=0),
1529 (C=C), 1511 (N-H), 1421 (C=C), 824 (C-Cl), 754 (C-H).
'H NMR (400 MHz, DMSO-ds) & ppm: 8.01 (d, J = 15.1 Hz,
1H), 7.82 (d, J = 7.6 Hz, 2H), 7.65 (dd, J = 7.6, 5.0 Hz, 3H),
7.39(d,J =15.1Hz, 1H), 6.95 (ddd, J = 12.7, 8.9, 4.4 Hz, 3H),
6.80 (d, J = 7.4 Hz, 1H), 4.03 (q, J/ = 6.0 Hz, 2H), 3.79 (s, 3H),
1.39 (t, J = 6.0 Hz, 3H)."*C NMR (101 MHz, DMSO-ds) &
ppm: 190.98, 156.58, 152.17, 149.60, 144.33, 143.89, 141.28,
135.96, 134.20, 132.86, 130.25, 129.58, 129.56, 127.94, 123.24,
122.13, 121.94, 121.92, 114.29, 114.20, 64.52, 56.79, 13.83.
Mass m/z: 442.7 (M+1)*.
5-Chloro-N-(4-(3-(4-(dimethylamino)phenyl)acryloyl)-
phenyl)thiophene-2-carboxamide (4m): Yield: 65.35%; m.p.:
162-164°C, m.f.: C,H;sN,O,SCI (m.w.: 410.92). IR (KBT, Vyax,
cm™): 3355 (N-H), 3018 (C-H), 1645 (C=0), 1604 (C=0), 1516
(C=C), 1502 (N-H), 1427 (C=C), 841 (C-Cl), 756 (C-H). 'HNMR
(400 MHz, DMSO-dq) 6 ppm: 7.97 (d, J = 15.2 Hz, 1H), 7.82
(d,J=17.5Hz,2H),7.65(dd, J =7.5,5.5Hz, 3H), 7.37 (d, J
=15.1Hz, 1H), 7.12 (d, J = 7.4 Hz, 2H), 6.99 (d, J = 7.5 Hz,
1H), 6.55 (d, J = 7.4 Hz, 2H), 2.88 (s, 6H). "C NMR (101 MHz,
DMSO-ds) & ppm: 190.98, 156.58, 151.12, 144.36, 143.89,
141.28, 135.96, 134.20, 132.86, 129.93, 129.91, 129.58, 129.56,
127.94,123.80,122.95,121.94,121.92,112.73,112.71,41.92,
41.91. Mass m/z: 411.6 M+1)".
5-Chloro-N-(4-(3-(4-nitrophenyl)acryloyl)phenyl)-
thiophene-2-carboxamide (4n): Yield: 81.30%; m.p.: 176-178
°C, m.f.: CooH13N,O4SCI (m.w.: 412.85). IR (KBT, Vinax, cm™):
3375 (N-H), 3060 (C-H), 1678 (C=0), 1605 (C=0), 1532
(C=C), 1504 (N-H), 1416 (C=C), 1323 (C-N), 834 (C-CI),
754 (C-H). '"H NMR (400 MHz, DMSO-ds) & ppm: 8.18-8.09
(m, 3H), 7.83 (d, J = 7.5 Hz, 2H), 7.74 (d, J = 15.1 Hz, 1H),
7.65 (dd, J =7.5,5.4 Hz, 3H), 7.56 (d, J = 7.4 Hz, 2H), 6.99
(d,J = 7.5 Hz, 1H). *C NMR (101 MHz, DMSO-ds) & ppm:
190.98, 156.58, 147.81, 144.36, 143.89, 142.40, 141.28, 135.96,
134.20, 132.86, 129.58, 129.56, 129.14, 129.12, 127.94, 124 .46,
124.45, 122.95, 121.93, 121.92. Mass m/z: 413.6 (M+1)*.
5-Chloro-N-(4-(3-(2-hydroxy-5-nitrophenyl)acryl-
oyl)phenyl)thiophene-2-carboxamide (40): Yield: 39.14%;
m.p.: 202-204 °C, m.f.: C30H;3N>O5SCl (m.w.: 428.85). IR (KBr,

Vinaxs cm ')z 3383 (N-H), 3046 (C-H), 1654 (C=0), 1613 (C=0),
1521 (C=C), 1503 (N-H), 1424 (C=C), 1328 (C-N), 826 (C-Cl),
724 (C-H). '"H NMR (400 MHz, DMSO-ds) 8 ppm: 9.54 (s,
1H), 10.00-7.97 (m, 3H), 10.00-7.89 (m, 4H), 10.00-7.79 (m,
6H), 10.00-7.71 (m, 7H), 10.00-7.02 (m, 10H), 10.00-1.69
(m, 12H), 10.00-2.02 (m, 12H)."*C NMR (101 MHz, DMSO-
ds) & ppm: 190.98, 163.70, 156.58, 143.89, 141.28, 140.25,
139.39, 135.96, 134.20, 132.86, 129.58, 129.57, 127.94, 126.22,
123.30, 123.24, 121.93, 121.92, 120.11, 118.23. Mass m/z:
427.6 (M+1)".

Antimicrobial activity: The non-automated broth-dilution
method was utilized to estimate the minimal inhibition concen-
tration (MIC) of all the synthesized chalcone derivatives of
N-(4-acetylphenyl)-5-chlorothiophene-2-carboxamide (4a-o).
Using this technique, the quantity of antimicrobial drugs required
to stop the growth of a particular microbe can be determined quan-
titatively [35]. Escherichia coli (MTCC 443), Pseudomonas
aeruginosa (MTCC 1688), Staphylococcus aureus (MTCC 96),
Streptococcus pyogenes (MTCC 442) are the bacterial strains
obtained from Institute of Microbial Technology, Chandigarh,
India used for screening the antibacterial activity. In order to
obtain the proper inoculum size of 10° CFU mL" in each well
using the microdilution method, a standardized inoculum for
each bacterial strain was generated by comparing the turbidity.
To prepare a stock solution, each synthesized molecule was
diluted in DMSO to a concentration of 2000 pg/mL. The
synthesized drug concentrations of 1000 pg/mL, 500 pg/mL
and 250 pg/mL were taken for primary screening. To achieve
the necessary concentration in each test well of a microtiter
plate, each dilution was spread on microtiter plates with two-
fold strength (2X) Mueller Hinton broth (MH broth). After
that, the microtiter plates were incubated at 37 °C. A standard
inoculum size of 50 UL of bacterial suspension was added to
each test and growth control well for inoculation. The active
synthetic medications identified by this first screening were
examined in a second round of dilution tests against microbe.
The substances recognized as active in the first screening were
diluted in a similar way to yield 200 pg/mL, 100 pg/mL, 50
ng/mL, 25 ng/mL and 12.5 ug/mL. Before being inoculated,
the antibiotic-free control tube was immediately subculture
by equally spreading a loopful of medium over a fourth of a
plate that was suitable for the test organism’s development.
The plate was then incubated at 37 °C for 24 h. Turbidity was
used to identify the bacterial growth after the incubation period
[36,37].

Insilico study (ADME analysis): To anticipate the physico-
chemical property, an in silico investigation of the synthesized
compounds (4a-0) was conducted in this study. Swiss ADME
web tool used to assist with lipophilicity, water solubility,
pharmacokinetics, drug similarity and medicinal chemistry. The
synthesized compounds’ structures were sketched in Chem-
Draw Ultra 12.0 and translated into SMILES format for
prediction.

RESULTS AND DISCUSSION

The synthetic route for preparing novel chalcone derivatives
of N-(4-acetylphenyl)-5-chlorothiophene-2-carboxamide has
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been shown in Scheme-I. In first step, 5-chlorothiophene-2-
carboxylic acid (1) and 1-(4-aminophenyl)ethanone (2) were
coupled by simple acid amine coupling reaction resulted in
the formation of N-(4-acetylphenyl)-5-chlorothiophene-2-
carboxamide (3). Then compound 3 was condensed with
substituted aromatic aldehydes by refluxing it in presence of
base results in desired chalcone derivatives of N-(4-acetyl-
phenyl)-5-chlorothiophene-2-carboxamide (4a-o).

Biological evolution

Antibacterial activities: Results of antibacterial activity
of compounds (4a-0) are shown in Table-1. Against Gram-
negative, E. coli (MTCC 443), compounds 4b and 4n displayed
good activity. Both compounds exhibit slightly more activity
than chloramphenicol and ciprofloxacin, with a minimum
inhibitory concentration (MIC) of 12.5 pg/mL. Against Gram-
negative, P. aeruginosa (MTCC 1688), compounds 4b, 4e, 4i,

4n and 4o displayed good activity by having MIC 6.25 pg/mL,
25 ng/mL, 12.5 pg/mL, 25 pg/mL and 50 pg/mL, respectively.
Chloramphenicol is similar to a compound 40, while compounds
4e and 4n, it has a higher level than chloramphenicol and is
equivalent to ciprofloxacin. However, in the case of compounds
4b and 44, it has a higher level than both chloramphenicol and
ciprofloxacin. Against Gram-positive S. aureus (MTCC 96),
compounds 4c¢ and 4n displayed good activity by having MIC
25 and 50 pg/mL, respectively. For compound 4c, it is more
than chloramphenicol and ciprofloxacin combined, but for
compound 4n, it is equivalent with those two standard drugs.
None of the compounds showed any activity comparable to
or higher than that of any conventional drug against Gram-
positive S. pyogenus (MTCC 442).

In silico analysis: The results of the WLOGP vs. TPSA
function, as shown in Fig. 3 and Table-2, were predicted for
the blood brain barrier (BBB) penetration and human gastro-
intestinal absorption (HIA) using the BOILED-egg model

ANTIB ACT]::FIIQAIBAEE:CHVITY OF developed by the SwissADME online base tool. In the grap-
SYNTHESIZED DERIVATIVES (4a-0) hical representation white region shows high possibility of
7 7 S S passive absorption by gastrointestinal track and yellow region
Compound coli aeruginosa aureus pyogenits shows high possibility of brain penetration. Blue coloured dots
3 50 62.5 100 100 are predicted as an active effluxed by P-gp (PGP*) and red
4a 125 100 100 250 dots are not substrate of P-gp (PGP").
4b 12.5 6.25 100 125
4c 100 62.5 25 125 8 o)
4d 250 250 125 250 7 Show molecules name
de 62.5 25 100 250 6 g
4f 125 125 250 100 5 =25 1 iy
4g 125 125 125 62.5 4 3 o POPs
4h 250 250 250 100 % 3 -
4i 125 12.5 100 62.5 92
4j 250 250 125 100 =1
4k 125 250 500 500 0
41 250 100 250 500 -1
4m 100 62.5 500 250 2
4n 12.5 25 50 100 -3
40 125 50 62.5 125 4
Chloramphenicol 50 50 50 50 0 20 40 60 80 100 120 140 160 180 200
. . TPSA
C;II:) i(;.ltl(:;iin ?(5) ?(5) ?8 ?8 Fig. 3. Brain or Intestinal EstimateD permeation method (BOILED-egg)
predictive graphical representation of synthesized derivatives (4a-0)
TABLE-2
PHYSICO-CHEMICAL PROPERTY FOR BOILED-EGG METHOD
Compound m.w. WLOGP TPSA (A) PGP subtract GI absorption BBB permeant
3 279.74 3.67 74.41 No High Yes
4a 367.85 5.25 74.41 No High No
4b 383.85 4.96 94.64 No High No
4c 427.90 5.27 92.87 No High No
4d 446.74 6.01 74.41 No High No
4f 446.74 6.01 74.41 No High No
4g 385.84 5.81 74.41 No High No
4h 403.83 6.37 74.41 No High No
4i 413.87 4.96 103.87 No High No
4j 413.87 4.96 103.87 No High No
4k 397.87 5.26 83.64 No High No
41 441.93 5.66 92.87 No High No
4m 410.92 5.32 77.65 No High No
4n 412.85 5.16 120.23 No Low No
40 428.85 4.86 140.46 No Low No
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Fig. 4. Bioavailability radar, A glance at a drug-likeness of synthesized derivatives (4a-0) [LIPO: Lipophilicity as a XLOGP3 between -0.7
and 5.0. Size: molecular size between 150-500 g/mol. POLAR: Polarity as TPSA between 20-130 A%, INSOLU: Insolubility (0 < Log
S (ESOL) < 6). INSATU: in saturation as fraction of carbons in the sp® hybridization < 0.25. FLEX: Flexibility as no rotatable bonds
should be more then 9]
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TABLE-3
PHYSICO-CHEMICAL PROPERTY FOR BIOAVAILABILITY RADAR
Compound XLOGP3 m.w. TPSA (A) ESOL Log S Fraction Csp3 #Rotatable bonds
3 3.42 279.74 74.41 -3.92 0.08 4
4a 5.50 367.85 74.41 -5.69 0 6
4b 5.15 383.85 94.64 -5.55 0 6
4c 5.44 427.90 92.87 -5.83 0.09 8
4d 6.19 446.74 74.41 -6.60 0 6
4e 6.19 446.74 74.41 -6.60 0 6
4f 6.19 446.74 74.41 -6.60 0 6
4g 5.60 385.84 74.41 -5.85 0 6
4h 5.70 403.83 74.41 -6.00 0 6
4i 5.12 413.87 103.87 -5.62 0.05 7
4j 5.12 413.87 103.87 -5.62 0.05 7
4k 5.47 397.87 83.64 -5.76 0.05 7
41 5.81 441.93 92.87 -6.07 0.13 9
4m 5.62 410.92 77.65 -5.92 0.09 7
4n 5.33 412.85 120.23 -5.74 0 7
40 497 428.85 140.46 -5.60 0 7
Pharmacokinetics studies: Drug likeness of all the syn- 2. World Health Organization, Ten Threats to Global Health in 2019,
thesized derivatives (4a-0) were evaluated by SwissADME web WHO, Geneva; )
base tool by pre dic ting the physico-chemical properties like https://www.who.1nt/news—room/spothght/ten—threats—to—global—health—
. . R . . . . in-2019; accessed 6 October 2022.
hpOphthIty, s1ze, polarlty, SOlublhty’ ﬂeXIblhty and saturation 3. A.L.Buitimea, C.R. Garza-Cardenas, J.A. Garza-Cervantes, J.A. Lerma-
and the results are shown in Table-3. The bioavailability radar Escalera and J.R. Morones-Ramirea, Front. Microbiol., 11, 1669 (2020);
pink area (Fig. 4) represent the optimum range for each prop- https://doi.org/10.3389/fmicb.2020.01669
erty. 4. A. Gomtsyan, Chem. Heterocycl. Compd., 48, 7 (2012);
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Conclusion 5. J. Jampilek, Molecules, 24, 3839 (2019);
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spectral analysis. In vitro antibacterial study revealed that all 7. F. Abedinifar, E.B. Rezaei, M. Biglar, B. Larijani, H. Hamedifar, S.
the compounds show moderate to good antibacterial activity. Ansari and M. Mahadevi, Mol. Divers., 25, 2571 (2021);
Among all the synthesized compounds, compounds 4n inhibit hups://dod.org/ 101007/ 1 HU30-U2()-10125-0 . .
. . . 8.  C. Zhuang, W. Zhang, C. Sheng, W. Zhang, C. Xing and Z. Miao,
both Gram-positive and Gram-negative bacteria probable due Chem. Rev., 117, 7762 (2017):
to presence of -NO, group. From their physico-chemical studies https://doi.org/10.1021/acs.chemrev.7b00020
all the compounds show good gastrointestinal absorption and 9. Y.Fu,D.Liu, H. Zeng, X. Ren, B. Song, D. Hu and X. Gan, RSC Ady.,
no blood brain barrier permeability and show drug-likeness :10, 24/;‘:3 (20/2103?1039/D0RA03684F
sl . ttps://doi1.org .
characteristic. All these stu.dlles.revealed that potency of these 10. 'S, Nasir, A. Bukhari, M. Jasamai, L. Jantan and W, Ahmad, Mini Rew:
compounds as a future antibiotic drug. Org. Chem., 10, 73 (2013);
https://doi.org/10.2174/1570193X 11310010006
ACKNOWLEDGEMENTS 11. M. Rudrapal, J. Khan, A.A.B. Dukhyil, R.M.LI. Alarousy, E.I. Attah,
The authors are thankful to Department of Chemistry, T. Sharma', S.J. Khairnar and A.R. Bendale, Molecules, 26,7177 (2021);
Government Science College, Limkheda, India for providing hitps://doi.org/10.3390/molecules26237177
L. 12. H. Wei, J. Ruan and X. Zhang, RSC Adv., 6, 10846 (2016);
the research laboratory facilities. Thanks are also due to O,H https:/doi.ore/10.1039/CSRA26294A
Discovery, Ahmedabad and Indrashil University, Kadi, India 13.  R.Gacche, M. Khsirsagar, S. Kamble, B. Bandgar, N. Dhole, K. Shisode
for spectral analysis support and Microcare Laboratory, Surat and A. Chaudhari, Chem. Pharm. Bull., 56, 897 (2008);
for antimicrobial analysis. https://doi.org/10.1248/cpb.56.897
14. B. Salehi, C. Quispe, I. Chamkhi, N. El-Omari, A. Balahbib, J. Sharifi-
CONFLICT OF INTEREST Rad, A. Bouyahya, M. Akram, M. Igbal, A.O. Docea, C. Caruntu, G.
Leyva-Gomez, A. Dey, M. Martorell, D. Calina, V. Lopez and F. Les,
The authors declare that there is no conflict of interests Front. Pharmacol., 11, 592654 (2021):
regarding the publication of this article. https://doi.org/10.3389/fphar.2020.592654
15. C. Karthikeyan, N.S.H. Narayana Moorthy, S. Ramasamy, U. Vanam,
REFERENCES E. Manivannan, D. Karunagaran and P. Trivedi, Recent Patents Anticancer
Drug Discov., 10, 97 (2014);
1. B. Aslam, W. Wang, M.I. Arshad, M. Khurshid, S. Muzammil, M.H. https://doi.org/10.2174/1574892809666140819153902
Rasool, M.A. Nisar, R.F. Alvi, M.A. Aslam, M.U. Qamar, M.K.F. 16. A. Modzelewska, C. Pettit, G. Achanta, N.E. Davidson, P. Huang and

Salamat and Z. Baloch, Infect. Drug Resist., 11, 14645 (2018);
https://doi.org/10.2147/IDR.S173867

S.R. Khan, Bioorg. Med. Chem., 14, 3491 (2006);
https://doi.org/10.1016/j.bmc.2006.01.003



https://www.who.int/news-room/spotlight/ten-threats-to-global-health-in-2019
https://www.who.int/news-room/spotlight/ten-threats-to-global-health-in-2019

Vol. 36, No. 2 (2024)

Synthesis and Biological Evaluation of Some Novel Chalcone Derivatives containing 5-Chloro Thiophene 457

17.

20.

21.

22.

23.

24.

25.

26.

27.

S. Syam, S.I. Abdelwahab, M.A. Al-Mamary and S. Mohan, Molecules,
17, 6179 (2012);

https://doi.org/10.3390/molecules17066179

B. Ngameni, K. Cedric, A.T. Mbaveng, M. Erdo¢gan, I. Simo, V. Kuete
and A. Das, tan, Bioorg. Med. Chem. Lett., 35, 127827 (2021);
https://doi.org/10.1016/j.bmcl.2021.127827

V. Kumar, K. Lal, Naveen and R.K. Tittal, Catal. Commun., 176, 106629
(2023);

https://doi.org/10.1016/j.catcom.2023.106629

F. Herencia, M.L. Ferrandiz, A. Ubeda, J. Dominguez, J.E. Charris,
G.M. Lobo and M.J. Alcaraz, Bioorg. Med. Chem. Lett., 8, 1169 (1998);
https://doi.org/10.1016/S0960-894X(98)00179-6

Z. Nowakowska, Eur. J. Med. Chem., 42, 125 (2007);
https://doi.org/10.1016/j.ejmech.2006.09.019

A. Gomez-Rivera, H. Aguilar-Mariscal, N. Romero-Ceronio, L.F. Roa-
de la Fuente and C.E. Lobato-Garcia, Bioorg. Med. Chem. Lett., 23, 5519
(2013);

https://doi.org/10.1016/j.bmcl.2013.08.061

H. Igbal, V. Prabhakar, A. Sangith, B. Chandrika and R. Balasubramanian,
Med. Chem. Res., 23, 4383 (2014);
https://doi.org/10.1007/s00044-014-1007-z

R.N. Gacche, N.A. Dhole, S.G. Kamble and B.P. Bandgar, J. Enzyme
Inhib. Med. Chem., 23, 28 (2008);
https://doi.org/10.1080/14756360701306370

T.D. Tran, T.T.N. Nguyen, T.H. Do, T.N.P. Huynh, C.D. Tran and K.M.
Thai, Molecules, 17, 6684 (2012);
https://doi.org/10.3390/molecules 17066684

H.P. Avila, E. de Fatima Albino Sménia, F. Delle Monache, A. Smania
Jr., Bioorg. Med. Chem., 16, 9790 (2018);
https://doi.org/10.1016/j.bmc.2008.09.064

W.-C. Chu, P-Y. Bai, Z.-Q. Yang, D.-Y. Cui, Y.-G. Hua, Y. Yang, Q.-Q.
Yang, E. Zhang and S. Qin, Eur. J. Med. Chem., 143, 905 (2018);
https://doi.org/10.1016/j.ejmech.2017.12.009

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

K.L. Lahtchev, D.I. Batovska, S.P. Parushev, V.M. Ubiyvovk and A.A.
Sibirny, Eur. J. Med. Chem., 43, 2220 (2008);
https://doi.org/10.1016/j.ejmech.2007.12.027

Q. Zhou, X. Tang, S. Chen, W. Zhan, D. Hu, R. Zhou, N. Sun, Y.J. Wu
and W. Xue, J. Agric. Food Chem., 70, 1029 (2022);
https://doi.org/10.1021/acs.jafc.1c05933

D. Elkhalifa, I. Al-Hashimi, A.-E. Al Moustafa and A. Khalil, J. Drug
Target, 29, 403 (2021);
https://doi.org/10.1080/1061186X.2020.1853759

S. Rocha, D. Ribeiro, E. Fernandes and M. Freitas, Curr. Med. Chem.,
27, 2257 (2020);
https://doi.org/10.2174/0929867325666181001112226

N.A.A. Elkanzi, H. Hrichi, R.A. Alolayan, W. Derafa, EM. Zahou and
R.B. Bakr, ACS Omega, 7, 27769 (2022);
https://doi.org/10.1021/acsomega.2c01779

C.G.D. Raj, B.K. Sarojini, S. Hegde, S. Sreenivasa, Y.S. Ravikumar, V.
Bhanuprakash, Y. Revanaiah and R. Ragavendra, Med. Chem. Res.,
22, 2079 (2013);

https://doi.org/10.1007/s00044-012-0193-9

K. Mezgebe, Y. Melaku and E. Mulugeta, ACS Omega, 8, 19194 (2023);
https://doi.org/10.1021/acsomega.3c01035

0. Aslanhan, E. Kalay, F.S. Tokali, Z. Can and E. Sahin, J. Mol. Struct.,
1279, 135037 (2023);
https://doi.org/10.1016/j.molstruc.2023.135037

CLSI, Methods for Dilution Antimicrobial Susceptibility Tests for
Bacteria That Grow Aerobically, M. P. Weinstein, CLSI Standard M07,
Edn. 11 (2018).

C. Valgas, S.M. Souza, E.F.A. Smania and A. Smania Jr., Braz. J.
Microbiol., 38, 369 (2007);
https://doi.org/10.1590/S151783822007000200034



https://doi.org/10.1016/S0960-894X(98)00179-6

