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Abstract

A series of novels (E)-4-chloro-N-(4-(3-(4-((substituted) sulfonyl) piperazin-1-yl)-3-oxoprop-1-
en-yl) phenyl)-2-methyl benzamide (9a-91) derivatives were synthesized via reduction, amide,
and sulfonamide couplings. We have modified the amide and sulfonamide conditions to have
strongly electron-donating and electron-withdrawing substituent’s, along with a piperazine core,
with good yields and simple reaction steps. 'H NMR, PF, 3C NMR, LCMS, and HPLC
analytical techniques characterized the synthesized compounds. The synthesized compounds
were tested for in vitro antimicrobial activities by agar diffusion assay and broth micro dilution
assay. All the compounds exhibited moderate to good antimicrobial activities against the tested
micro organisms. The compounds 9a and 9e showed significant antimicrobial activities against
antibacterial strains.
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Introduction

The cyclic organic compounds that contain at least one heteroatom are termed for heterocyclic
compounds. The atoms like nitrogen, oxygen, and sulfur incorporated in ring makes the
heterocyclic compounds which varied medicinal properties depending on the heteroatom.
Heterocyclic motifs play a important part in medicinal chemistry research due to their wide
spectrum of biological activities and have always emerge with higher therapeutic efficiency.
Nitrogen bearing heterocyclic play importance with a good track record of therapeutic advances
in the recent drug discovery as lead molecules. Antimicrobial resistance is an alarming concern
for humankind as it emerge due to excess use of medicines. WHO had taken new initiatives
towards control of antimicrobial resistance by celebrating antimicrobial awareness week,
prevention of antimicrobial resistance, spreading awareness globally, and avoiding excess use of
medicine to avoid drug resistance etc. since 2015 in world wide. [1 & 2] WHO alerted about
deaths of 350 million humans by 2050 by antimicrobial drug resistance occurred from infections
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like methicillin-resistant staphylococcus aureus (MRSA), vancomycin-resistant enterococcus
(VRE), multi-drug-resistant mycobacterium tuberculosis (MDR-TB), carbapenem-resistant
Enterobacteriaceae (CRE), multidrug-resistant Neisseria gonorrhoeae and Escherichia coli etc.
The diseases like cancer, HIV, parkinsons, Alzheimer, chronic diseases, diabetic, and central
nervous system, etc required longer duration for treatments and there emerge the high possibility
of drug resistance. These drug-resistance occurs mainly due to physical health of human, weaker
immunity, etc which develops infections and later resulted in weaker immunity. [3 & 4] There is
always a competition between bacterial developments towards the drugs, as it is never ending.
Recently we have witnessed severe infections like COVID-19 pandemic and many humans lost
their lives globally. Along with that in last 10 years we have witnessed Zika virus, Ebola virus,
Swine flu, etc causes many deaths to specific parts of world which affected morbidity and
mortality of human kind worldwide. Research needed to align with global threat of infectious
diseases and to tacking the rapidly increasing newer strains of viruses. [5]

Nitrogen heterocyclic compounds containing piperazine sulfonamide have been of significant
interest in the field of medicinal chemistry research for scientists due to their varied
pharmacological activities. [6]

The molecules compromising piperazine and sulfonamide are well known in drug discovery for
their medicinal activities. The piperazine and sulfonamide act as antimicrobial, anticancer, anti-
diabetic, sigma receptor ligands, and antibacterial.[7-10].The piperazine nuclei forma key
component of many biologically active molecules and drugs, as the basic nature of nitrogen
involved in the piperazine ring plays an important role in biological activity. The drugs
containing Oxatomide used for the treatment of muscular dystrophy; Almitrine used for the
treatment of respiratory disorders; Hydroxyzine, Buclizine, and Meclizine used as antihistamine
drugs; Lomerizine used for the treatment of migraines all having piperazine core.[11]

The derivatization of cinnamic acid like their esters, amides, alcohols, aldehydes, hydroxyl
amines etc reported for their varied biological activities like anticancer, antimicrobial, antifungal,
antioxidant, anti-tubercular, ant diabetic, antithrombotic, anti-inflammatory etc. [12-17] The
cinnamic acid derivatives are mostly used in cosmetics industry, polymer and food as its
structure contains acrylic acid, which is present in cis or trans configurations and its natural
availability.[18-20] The presence of terminal acid functional groups makes its as a fascinating
fragment to link with other bioactive fragments. Some heterocyclic acrylic acid showed
lipoxygenase and cyclooxygenase-1 inhibitors with potent antioxidant and anti-inflammatory
activity. [21 & 22] The incorporation of piperazine and cinnamic acid by involving amide and
sulfonamide coupling ware incorporated in one nuclei with the hope to get promising
antimicrobial activity, we have synthesized (E)-4-chloro-N-(4-(3-(4-((substituted)sulfonyl)
piperazin-1-yl)-3-oxoprop-1-en-yl)phenyl)-2-methylbenzamide (9a-91) derivatives. The detailed
experimental procedures were incorporated in experimental section.

Result and Discussion:

The synthesis of substituted acrylic acid was well documented by Knoevenagel condensation by
using aldehyde and malonic acid in the presence of base. [9] The synthesis of (E)-4-chloro-N-(4-
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(3-(4-((substituted)sulfonyl) piperazin-1-yl)-3-oxoprop-1-en-yl)phenyl)-2-methylbenzamide (9a-
91) was achieved staring from readily available (E)-3-(4-nitrophenyl)acrylic acid (1) (Cas No-
619-89-6) on esterification by using thionyl chloride in methanol to afford methyl(E)-3-(4-
nitrophenyl)acrylate (Cas No-1608-36-2) with >93% yield. The obtained methyl ester was
further subjected for reduction in the presence of double bond to afforded methyl (E)-3-(4-
aminophenyl) acrylate (Cas No- 65198-02-9) with >95% yield. This amino acrylate is a key
scaffold as we hooked head end with peptide coupling by using 4-chloro-2-methyl benzoic acid
(Cas No-7499-07-2) to access amide coupling product methyl(E)-3-(4(4-chloro-2-
methylbenzamide)phenyl)acrylate as product with >95% yield. The detailed synthesis of (E)-4-
chloro-N-(4-(3-(4-((substituted)  sulfonyl)  piperazin-1-yl)-3-oxoprop-1-en-yl)  phenyl)-2-
methylbenzamide (9a-9m) involving amide and sulfonamide via esterification, reduction, amide,
hydrolysis and sulfonamide coupling reactions.

The derivatives involving aromatic, heterocyclic and aliphatic substituents. The reaction scheme
for the synthesis of targets ware depicted in below scheme 1. We have also developed simplified
reaction conditions for all the steps so we can avoid costly reagents, tedious purifications, and all
the synthesized compounds also have good purity. We here report the synthesis of new
substituted sulfonamide derivatives with the aim of investigating their antimicrobial activity via
agar diffusion assay and broth micro dilution assay. The synthetic methods adopted for the
preparation of the title compounds (9a-91) are depicted in the scheme presented below.

Scheme 1: Synthesis of (E)-4-chloro-N-(4-(3-(4-((substituted) sulfonyl) piperazin-1-yl)-3-
oxoprop-1-en-yl) phenyl)-2-methylbenzamide (9a-91):
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Reagents and conditions: (a): SOCI2, MeOH, 60°C, 1h; (b) Zn, NH4CHOO, MeOH, 0°C—90°C,
2h. (c) 4-chloro-2-methyl benzoic acid, HATU, DIPEA, DMF, 0°C to RT, 2h (d) LiOH, THF,
H20, 2h; (e) Boc piperazine, HATU, DIPEA, DMF, 0°C to RT, 2h (f) 4M HCI in 1,4-dioxane,
DCM, 0°C to RT, 1h (g) Substituted sulfonyl chloride (8a-8m), pyridine, DCM, 0°C-RT, 6 h.
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The reduction of 4-substituted nitrobenzene was achieved in step b; literature reveals use of
sodium dithionate, H2, Pd/C in EtOH or MeOH at room temperature in 16h. [23] The reduction
was completed in 2h with > 85% yields by using Fe, ammonium format, EtOH, water and
heating with 90°C.

The step ¢ and d involved acid amine coupling reactions and deprotection reaction. The step ¢
was achieved by using literature condition using HATU, DIPEA and DMF as solvent the

8¢

8k Cl\ //

compound 4-(tert-butyl)-N-(2-(piperazin-1-yl) phenyl) benzamide (6) was isolated by using cold
water treatment. The solid precipitates out after aqueous treatment of reactions mixture involving
DMF. The compound (7) isolated with >90% purity with 85% yields. The step d was done with
4M HCl in 1, 4-dioxane in 2h, to isolate compound (7) with >90% purity with 95% yields. [24]

In step e the compound 7 reacted with different aromatic aliphatic and heterocyclic sulfonyl
chloride (8a-8m), to obtained the desired compounds sulfonamides (9a-91) with good yields. We
varied different bases and solvents for the optimization of sulphonamide coupling as reported
previously. [25] The structure of the intermediates were confirmed by 1H NMR spectroscopy,
the alkenyl protons got deshielded due to movement of electrons in the pi bond as the coupling
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constant was 15 Hz for all the intermediates and final compounds confirms the all the derivatives
are having trans configurations. The detailed synthetic procedure for the synthesis of (9a-9m)
was incorporated in below experimental procedure.

Experimental Details:

Material and methods:

All chemicals, unless otherwise specified, ware purchased from commercial sources and ware
used without further purification. The major chemicals purchased from Sigma Aldrich and Avra
labs. The development of reactions were monitored by thin layer chromatography (TLC) analysis
on Merck pre-coated silica gel 60 F254 aluminum sheets, visualized by UV light. All reactions
carried out under inert atmosphere. Melting points recorded on Casia-Siamia (VMP-AM)
melting point apparatus and all are uncorrected. The purity of intermediates ware assessed by
TLC, NMR, and HRMS. The purity of final compounds checked by NMR, HRMS, and HPLC
and all structures are consistent with proposed structures characterization. The 1H NMR spectra
were recorded on a 400 MHz Varian NMR spectrometer. The 13C recorded on a 100 MHz
Varian NMR spectrometer. The chemical shifts ware reported as NMR spectra dppm units. The
following abbreviations are used; singlet (s), doublet (d), triplet (t), quartet (q), multiplet (m) and
broad (br). Mass spectra were taken with Micromass-QUATTRO-II of produced by WATERS
Corporation.

Experimental procedure for synthesis of (E)-4-chloro-N-(4-(3-(4-((substituted)sulfonyl)
piperazin-1-yl)-3-oxoprop-1-en-yl)phenyl)-2-methylbenzamide (9a2-9m):

Step a: Synthesis of methyl (E)-3-(4-nitrophenyl) acrylate (2; CAS No-1608-36-2):

To a stirred solution of (E)-3-(4-nitrophenyl) acrylic acid (5 g, 25.8 mmol) in MeOH (50 mL)
wad added thionyl chloride (3.75 mL, 51.7 mmol) drop wise at 0°C. The reaction mixture was
stirred at 60°C for 1h. Progress of the reaction was monitored by TLC. After completion, the
reaction mixture was evaporated under reduced pressure and obtained crude gummy material.
The obtained crude was triturated with diethyl ether (50 mL) and cold pentane (50 mL) to obtain
precipitate. The obtained precipitated was filtered and dried to afford methyl (E)-3-(4-
nitrophenyl) acrylate (2) (5 g, 93.2%) as yellow solid which is used for next reaction.

Step b: Synthesis of methyl (E)-3-(4-aminophenyl) acrylate (3; CAS No-65198-02-9):

To a stirred solution of methyl (E)-3-(4-nitrophenyl)acrylate (2) (5 g, 24.1 mmol) in methanol
(50 mL) was added zinc (3.17 g, 48.8 mmol) at 0°C followed by addition of ammonium formate
(3.07 g, 48.8 mmol).The reaction mixture was stirred at RT for 4h, while monitored by TLC.
After completion, the reaction mixture was diluted with ethyl acetate (50 mL) and filter through
celite bed. The obtained filtrate was evaporated under reduced pressure to afford yellow
semisolid. The crude was diluted with cold DCM (20 mL) to it and then kept at 0°C for 30 min.
Then ammonium formate precipitated, decan DCM and concentrated to afforded methyl (E)-3-
(4-aminophenyl) acrylate (3) (4 g, 93.6%) as light brown solid as such used for next reaction.
Step c: Synthesis of methyl (E)-3-(4-(4-chloro-2-methylbenzamide) phenyl) acrylate (5):
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To a stirred solution of methyl (E)-3-(4-aminophenyl)acrylate (3) (4 g, 22.5 mmol) in DMF was
added 4-chloro-2-methyl benzoic acid (4.62 g, 27.0 mmol) at 0°C followed by addition of HATU
(12.8 g, 33.8 mmol) and DIPEA (11.8 mL, 67.7 mmol). The reaction mixture was stirred at RT
for 4h. Progress of the reaction was monitored by TLC. After completion of starting material add
crushed ice to it. There is solid precipitation, filter it dry it to afford methyl (E)-3-(4-(4-chloro-2-
methylbenzamide)phenyl)acrylate (5) (7.1 g, 95.4%) as off white solid used for next reaction.
Step d: Synthesis of methyl (E)-3-(4-(4-chloro-2-methylbenzamide) phenyl) acrylic acid (6;
CAS No- 1840739-64-1)):

To a stirred solution of methyl (E)-3-(4-(4-chloro-2-methylbenzamide)phenyl)acrylate (5) (7 g,
21.2 mmol) in THF (35 mL), ethanol (17 mL) and water (8§ mL) was added lithium hydroxide
(1.52 g, 63.6 mmol) and stirred reaction mixture at room temperature for 2h. Progress reaction
was monitored by TLC and LCMS. After completion, the reaction mixture was evaporated under
reduced pressure to obtained gummy material. Added (30 mL) of water in it and extracted it with
diethyl ether (30 mL). The separated aqueous layer was collected and its pH was adjusted to 4 by
using 6N aqueous HCI to obtain precipitate. The obtained precipitate was filtered and washed it
with water (100 mL), cold diethyl ether (50 mL) and cold pentane (50 mL ) to afforded methyl
(E)-3-(4-(4-chloro-2-methylbenzamide)phenyl)acrylic acid (6) (6.5 g, 97%) as white solids.
(Yield- 80% to 90%).

Step-e: Synthesis of tert-butyl (E)-4-(3-4-(4-chloro-2-methylbenzamide) phenyl) acryloyl)
piperazine-1-carboxylate (8)

Experimental procedure same as used for synthesis in step-c. The reaction was done on 6.5 g to
afforded tert-butyl (E)-4-(3-4-(4-chloro-2-methylbenzamide) phenyl) acryloyl) piperazine-1-
carboxylate (8) (9 g, 91%) as white solid.

Step-f: Synthesis of (E)-4-chloro-2-methyl-N-(4-(3-oxo0-3-(piperazin-1-yl) prop-1-en-1-yl)
phenyl) benzamide (9):

To a stirred solution of tert-butyl (E)-4-(3-4-(4-chloro-2-methylbenzamide) phenyl) acryloyl)
piperazine-1-carboxylate (8) (9 g, 18.6 mmol) in DMC (50 mL) wad added 4M HCI in 1, 4-
dioxane (45 mL) at 0°C. The reaction mixture was stirred at room temperature for 1h. Progress
of the reaction was monitored by TLC. After completion the reaction mixture was evaporated
under reduced pressure to obtained crude. The obtained crude was triturated with pentane (2 x 30
mL) to afforded (E)-4-chloro-2-methyl-N-(4-(3-0x0-3-(piperazin-1-yl) prop-1-en-1-yl) phenyl)
benzamide (9) ((6.5 g, 91%) as an off white solid. The obtained compound was used for amide
coupling without further purification.

Step g: General procedure for the synthesis of (E)-4-chloro-N-(4-(3-(4-((substituted)
sulfonyl) piperazin-1-yl)-3-oxoprop-1-en-yl) phenyl)-2-methylbenzamide (9a2-9m):

To a stirred solution of (E)-4-chloro-2-methyl-N-(4-(3-0x0-3-(piperazin-1-yl) prop-1-en-1-yl)
phenyl) benzamide (9) (1eq) in DMF (10 Vol) wad added DIPEA (3 eq). The reaction mixture
was cooled to 0°C and added different sulfonyl chloride (8a-8n) (1.2 eq) portion wise. The
reaction mixture was stirred at room temperature for 16h. Progress of the reaction was monitored
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by TLC. After consumption of starting material the reaction mixture was diluted with crushed ice
to get precipitated which was filtered to obtained different derivatives.

In some derivatives we have extracted aqueous layer with ethyl acetate to afford crude material
which was purified by column chromatography silica 100 to 200 mesh using 50% to 80 % ethyl
acetate in hexane as an eluent to afford final product as an off white solid.

Analytical data of (E)-4-chloro-N-(4-(3-(4-((substituted) sulfonyl) piperazin-1-yl)-3-
oxoprop-1-en-yl) phenyl)-2-methylbenzamide (9a-9m):

1] (E)-4-chloro-N-(4-(3-(4-((4-cyanophenyl) sulfonyl) piperazin-1-yl)-3-oxoprop-1-en-yl)
phenyl)-2-methylbenzamide (9a):

"H NMR (400 MHz, DMSO-Ds, ppm) 8 10.50 & 10.25 (s, 1H, NH), 8.19 — 8.09 (m, 2H), 8.01 —
7.87 (m, 2H), 7.77 (d, J = 5.6 Hz, 1H), 7.73 (d, J = 6.4 Hz, 1H), 7.59 (d, J = 5.6 Hz, 1H), 7.54 —
7.35 (m, 4H), 7.18 (d, J = 14.8 Hz, 1H), 3.54 (bs, 2H), 3.11 — 2.87 (m, 4H), 2.78 (m, 2H), 2.39
(s, 3H); 3C NMR (DMSO-Ds, 100 MHz, ppm) & 170.62, 167.51, 165.24, 142.29, 140.99, 139.92,
139.78, 138.59, 137.23, 136.64, 136.27, 134.82, 134.56, 134.25, 130.82, 130.73, 129.77, 129.67,
129.35, 129.14, 128.86, 126.15, 120.32, 120.14, 118.23, 116.77, 116.41, 46.44, 44.73, 40.36,
40.15, 39.94, 34.55, 30.56, 19.67; Calculated MS (ESI) m/z: 548.1, Found, m/z: 549.1 [M + H]";
Elemental analysis for C2sH2sCIN4O4S caled: C, 61.25; H, 4.59; N, 10.2; Found: C, 61.3; H,
4.55; N, 10.24.

2] (E)-N-(4-(3-(4-((4-bromo-2-methoxyphenyl) sulfonyl) piperazin-1-yl)-3-oxoprop-1-en-1-
yl) phenyl)-4-chloro-2-methylbenzamide (9b)

"H NMR (400 MHz, DMSO-Ds, ppm) 8 10.5 & 10.24 (s, 1H, NH), 7.87 — 7.73 (m, 3H), 7.79 (d,
J=15.6 Hz, 1H), 7.61 (d, J= 6.4 Hz, 1H), 7.52 — 7.33 (m, 4H), 7.27 (d, J= 5.6 Hz, 2H), 7.18 (d,
J = 14.8 Hz, 1H), 3.90 (s, 3H), 3.48 (m, 4H), 3.22 — 3.17 (m, 4H), 2.38 (s, 3H); '3*C NMR
(DMSO-Dg, 100 MHz, ppm) o 170.65, 167.46, 167.18, 165.28, 156.57, 142.17, 140.90, 138.68,
138.52, 138.04, 137.51, 137.21, 136.55, 136.19, 134.77, 134.51, 133.05, 130.94, 130.74, 130.65,
129.71, 129.59, 129.28, 129.11, 127.87, 127.77, 126.09, 120.25, 120.13, 116.86, 116.31, 111.70,
57.02, 40.24, 40.03, 39.82, 30.58, 19.62; Calculated MS (ESI) m/z: 631.1, Found, m/z: 632.1 [M
+ H]"; Elemental analysis for C2gH27BrCIN3OsS caled: C, 53.13; H, 4.30; N, 6.64; Found: C,
53.12; H, 4.35; N, 6.70.

3] (E)-4-chloro-N-(4-(3-(4-((2, 3-dihydro-1H-inden-5-yl) sulfonyl) piperazin-1-yl)-3-
oxoprop-1-en-1-yl) phenyl)-2-methylbenzamide (9c¢):

"H NMR (400 MHz, DMSO-Ds, ppm) & 10.25 (s, 1H, NH), 7.73 — 7.69 (m, 6H), 7.67 (d, J = 5.6
Hz, 2H), 7.57 — 7.33 (m, 3H), 7.17 (d, J = 14.8 Hz, 2H), 3.55 (bs, 3H), 3.93 — 3.65 (m, 4H), 3.57
(bs, 2H), 2.94 (bs, 4H), 2.53 (s, 3H), 2.39 (s, 2H), 2.09 (s, 2H); *C NMR (DMSO-Ds, 100 MHy,
ppm) o 170.54, 167.45, 167.17, 165.18, 150.67, 145.98, 142.22, 140.94, 138.69, 138.54, 137.52,
137.19, 136.59, 136.21, 134.78, 134.51, 133.12, 132.91, 130.90, 130.76, 129.73, 129.62, 129.30,
129.07, 126.46, 126.10, 125.57, 123.89, 120.24, 120.09, 116.75, 46.96, 46.62, 44.65, 41.46,
40.73, 39.47, 34.47, 32.89, 32.67, 30.52, 25.47, 19.63; Calculated MS (ESI) m/z: 563.1, Found,
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m/z: 564.1 [M + H]"; Elemental analysis for C30H30CIN304S calcd: C, 63.86; H, 5.36; N, 7.45;
Found: C, 63.80; H, 5.42; N, 7.56.

4] (E)-N-(4-(3-(4-((4-(tert-butyl) phenyl) sulfonyl) piperazin-1-yl)-3-oxoprop-1-en-1-yl)
phenyl)-4-chloro-2-methylbenzamide (9d):

"H NMR (400 MHz, DMSO-Ds, ppm) & 10.25 (s, 1H, NH), 7.73 — 7.69 (m, 6H), 7.67 (d, J = 5.6
Hz, 2H), 7.57 — 7.33 (m, 3H), 7.17 (d, J = 14.8 Hz, 2H), 3.55 (bs, 4H), 2.88 (m, 4H), 2.39 (s,
3H), 1.33 (s, 9H); *C NMR (DMSO-Ds, 100 MHz, ppm) & 170.60, 167.17, 156.96, 138.57,
137.56, 137.19, 136.60, 134.54, 132.62, 130.70, 129.63, 129.30, 129.10, 128.08, 126.87, 126.1,
120.27, 46.58, 46.32, 44.67, 40.75, 40.54, 40.33, 40.12, 39.91, 39.70, 39.50, 35.50, 34.54, 31.32,
30.55, 19.64; Calculated MS (ESI) m/z: 579.2, Found, m/z: 580.2 [M + H]J"; Elemental analysis
for C31H34CIN3O4S caled: C, 64.18; H, 5.91; N, 7.24; Found: C, 64.17; H, 5.88; N, 7.20.

5] (E)-4-chloro-N-(4-(3-(4-((4-chlorophenyl) sulfonyl) piperazin-1-yl)-3-oxoprop-1-en-1-yl)
phenyl)-2-methylbenzamide (9e):

"H NMR (400 MHz, DMSO-Ds, ppm) & 10.51 & 10.26 (s, 1H, NH), 7.86 — 7.68 (m, 6H), 7.64
(d, J=5.6 Hz, 1H), 7.53 (d, J = 6.4 Hz, 1H), 7.51 — 7.37 (m, 3H), 7.22 — 7.11 (m, 2H), 3.88 —
3.64 (m, 4H), 3.08 - 2.87 (m, 4H), 2.39 (s, 3H); 3C NMR (DMSO-Ds, 100 MHz, ppm) & 170.68,
167.57,165.33, 142.31, 141.01, 139.08, 138.78, 136.30, 134.87, 134.61, 134.44, 134.32, 131.00,
130.85, 130.32, 130.11, 129.82, 129.71, 129.39, 129.19, 126.20, 120.38, 120.21, 116.84, 46.53,
4481, 40.35, 40.15, 39.94, 34.57, 30.61, 19.73; Calculated MS (ESI) m/z: 557.1, Found, m/z:
558.1 [M + H]"; Elemental analysis for C27H2sCI2N304S caled: C, 58.07; H, 4.51; N, 7.52;
Found: C, 58.01; H, 4.55; N, 7.44.

6] (E)-4-chloro-2-methyl-N-(4-(3-(4-(naphthalen-1-ylsulfonyl) piperazin-1-yl)-3-oxoprop-1-
en-1-yl) phenyl) benzamide (9f):

"H NMR (400 MHz, DMSO-Ds, ppm) & 10.22 (s, 1H, NH), 8.49 (s, 1H), 8.28 — 8.16 (m, 2H),
8.07 (d, J=5.6 Hz, 1H), 7.78 — 7.69 (m, 4H), 7.61 (d, J= 6.4 Hz, 1H), 7.56 (d, J= 5.6 Hz, 1H),
7.52 —7.33 (m, 4H), 7.22 - 7.11 (d, J = 16.6 Hz, 2H), 3.55 (bs, 4H), 3.06 - 2.92 (m, 4H), 2.39 (s,
3H); 3C NMR (DMSO-D¢, 100 MHz, ppm) & 170.51, 167.40, 167.11, 165.17, 142.16, 140.88,
138.63, 138.47, 137.46, 137.10, 136.53, 136.15, 135.33, 135.19, 134.71, 134.46, 133.89, 130.84,
130.70, 130.62, 130.00, 129.67, 129.55, 129.24, 129.01, 128.05, 128.02, 126.08, 126.04, 120.18,
120.03, 116.70, 46.52, 46.27, 44.61, 40.03, 34.40, 30.47, 19.59, 19.56; Calculated MS (ESI) m/z:
573.1, Found, m/z: 574.1 [M + HJ"; Elemental analysis for C31H23CIN3O4S caled: C, 64.86; H,
4.92; N, 7.32; Found: C, 64.93; H, 4.87; N, 7.28.

7] (E)-4-chloro-2-methyl-N-(4-(3-(4-(methylsulfonyl) piperazin-1-yl)-3-oxoprop-1-en-1-yl)
phenyl) benzamide (9g):

"H NMR (400 MHz, DMSO-Ds, ppm) 8 10.50 & 10.25 (s, 1H, NH), 8.19 — 8.09 (m, 1H), 8.01 —
7.87 (m, 1H), 7.77 (d, /= 5.6 Hz, 1H), 7.73 (d, /= 6.4 Hz, 1H), 7.59 (d, J = 5.6 Hz, 1H), 7.54 —
7.35 (m, 3H), 7.18 (d, J = 14.8 Hz, 1H), 3.54 (bs, 2H), 3.11 — 2.87 (m, 4H), 2.88 (s, 3H), 2.78
(m, 2H), 2.39 (s, 3H); '3C NMR (DMSO-Ds, 100 MHz, ppm) 8 170.61, 167.42, 165.24, 142.25,
140.88, 138.62, 138.46, 137.50, 137.11, 136.16, 134.71, 134.46, 130.90, 130.70, 130.61, 129.67,
129.55, 129.29, 129.15, 126.09, 126.05, 120.27, 120.08, 116.75, 46.02, 45.73, 44.99, 40.44,
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40.23, 40.02, 39.81, 39.60, 34.63, 34.48, 30.73, 19.58, 19.55; Calculated MS (ESI) m/z: 461.1,
Found, m/z: 462.1 [M + H]*; Elemental analysis for C22H24CIN3O4S caled: C, 57.20; H, 5.24; N,
9.10; Found: C, 57.30; H, 5.15; N, 9.18.

8] (E)-4-chloro-2-methyl-N-(4-(3-0x0-3-(4-(phenylsulfonyl) piperazin-1-yl) prop-1-en-1 yl)
phenyl) benzamide (9h):

"H NMR (400 MHz, DMSO-Ds, ppm) 8 10.50 & 10.25 (s, 1H, NH), 8.19 — 8.09 (m, 2H), 8.01 —
7.87 (m, 2H), 7.77 (d, J = 5.6 Hz, 2H), 7.73 (d, J = 6.4 Hz, 1H), 7.59 (d, J = 5.6 Hz, 1H), 7.54 —
7.35 (m, 4H), 7.18 (d, J = 14.8 Hz, 1H), 3.54 (bs, 4H), 3.11 — 2.87 (m, 4H), 2.39 (s, 3H); 13C
NMR (DMSO-Dg, 100 MHz, ppm) 6 170.51, 167.40, 167.11, 165.17, 142.16, 140.88, 138.47,
137.46, 137.10, 136.53, 136.15, 135.33, 135.19, 134.71, 134.46, 133.89, 130.84, 130.70, 130.62,
130.00, 129.67, 129.55, 129.24, 129.01, 128.05, 128.02, 126.08, 126.04, 120.18, 120.03, 116.70,
46.52, 46.27, 44.61, 34.40, 30.47, 19.59; Calculated MS (ESI) m/z: 523.1, Found, m/z: 524.1 [M
+ H]*; Elemental analysis for C27H26CIN304S caled: C, 61.66; H, 5.00; N, 6.02; Found: C, 61.71;
H, 4.97; N, 6.07.

9] (E)-4-chloro-2-methyl-N-(4-(3-0x0-3-(4-((2, 4, 6-trichlorophenyl) sulfonyl) piperazin-1-
yl) prop-1-en-1-yl) phenyl) benzamide (9i):

"H NMR (400 MHz, DMSO-Ds, ppm) 8 10.50 & 10.25 (s, 1H, NH), 8.19 — 8.09 (m, 2H), 8.01 —
7.87 (m, 2H), 7.77 (d, J = 5.6 Hz, 2H), 7.73 (d, J = 6.4 Hz, 1H), 7.59 (d, J = 5.6 Hz, 2H), 7.54 —
7.35 (m, 4H), 7.18 (d, J = 14.8 Hz, 1H), 3.54 (bs, 2H), 3.11 — 2.87 (m, 4H), 2.78 (m, 2H), 2.39
(s, 3H); '*C NMR (DMSO-Ds, 100 MHz, ppm) 6 170.65, 167.46, 167.18, 165.28, 156.57, 142.17,
140.90, 138.68, 138.52, 138.04, 137.51, 137.21, 136.55, 136.19, 134.77, 134.51, 133.05, 130.94,
130.74, 130.65, 129.71, 129.59, 129.28, 129.11, 127.87, 127.77, 126.09, 120.25, 120.13, 116.86,
116.31, 111.70, 57.02, 40.24, 40.03, 39.82, 30.58, 19.62; Calculated MS (ESI) m/z: 625.2,
Found, m/z: 627.2 [M + H]"; Elemental analysis for C27H23C14N304S caled: C, 51.69; H, 3.70; N,
6.70; Found: C, 51.64; H, 3.70; N, 6.77.

10] (E)-4-chloro-N-(4-(3-(4-((4-methoxyphenyl) sulfonyl) piperazin-1-yl)-3-oxoprop-1-en-1-
yl) phenyl)-2-methylbenzamide (9j):

"H NMR (400 MHz, DMSO-Ds, ppm) & 10.5 & 10.24 (s, 1H, NH), 7.87 — 7.73 (m, 3H), 7.79 (d,
J=5.6 Hz, 1H), 7.61 (d, J= 6.4 Hz, 2H), 7.52 — 7.33 (m, 4H), 7.27 (d, /= 6.4 Hz, 2H), 7.18 (d,
J = 14.8 Hz, 1H), 3.90 (s, 3H), 3.48 (m, 4H), 3.22 — 3.17 (m, 4H), 2.38 (s, 3H); 3C NMR
(DMSO-Dg¢, 100 MHz, ppm) o 170.55, 167.40, 167.12, 165.19, 142.18, 140.89, 138.64, 138.48,
137.49, 137.15, 136.54, 136.27, 136.17, 136.14, 134.72, 134.52, 134.44, 132.65, 130.88, 130.71,
130.62, 129.68, 129.57, 129.26, 129.04, 126.09, 126.05, 120.34, 120.30, 120.22, 120.06, 116.76;
Calculated MS (ESI) m/z: 553.1, Found, m/z: 554.1 [M + H]"; Elemental analysis for
C28H238CIN30OsS caled: C, 60.70; H, 5.09; N, 7.58; Found: C, 60.77; H, 5.02; N, 7.55.

10] (E)-N-(4-(3-(4-((5-bromothiophen-2-yl) sulfonyl) piperazin-1-yl)-3-oxoprop-1-en-1-yl)
phenyl)-4-chloro-2-methylbenzamide (9Kk):

"H NMR (400 MHz, DMSO-Ds, ppm) 8 10.50 & 10.25 (s, 1H, NH), 8.19 — 8.09 (m, 2H), 8.01 —
7.87 (m, 2H), 7.77 (d, J = 5.6 Hz, 2H), 7.73 (d, J = 6.4 Hz, 1H), 7.59 (d, J = 5.6 Hz, 2H), 7.54 —
7.35 (m, 4H), 7.18 (d, J = 14.8 Hz, 1H), 3.54 (bs, 2H), 3.11 — 2.87 (m, 4H), 2.78 (m, 2H), 2.39
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(s, 3H); *C NMR (DMSO-Ds, 100 MHz, ppm) 6 170.69, 167.54, 167.23, 165.33, 142.33, 141.03,
138.78, 138.63, 137.62, 137.29, 136.28, 134.85, 134.57, 132.78, 131.01, 130.84, 130.76, 129.82,
129.70, 129.39, 129.18, 126.18, 120.37, 120.19, 116.88, 46.51, 46.34, 44.59, 40.39, 40.18, 39.97,
34.59, 30.62, 19.72; Calculated MS (ESI) m/z: 607.1, Found, m/z: 609.1 [M + H]"; Elemental
analysis for C2sH23BrCIN3O4S; caled: C, 49.31; H, 3.81; N, 6.90; Found: C, 49.30; H, 3.85; N,
6.84.

11] (E)-Methyl 3-((4-(3-(4-(4-chloro-2-methylbenzamido) phenyl) acryloyl) piperazin-1 yl)
sulfonyl) benzoate (91):

'"H NMR (400 MHz, DMSO-Ds, ppm) & 10.5 & 10.24 (s, 1H, NH), 7.87 — 7.73 (m, 3H), 7.79 (d,
J=15.6 Hz, 1H), 7.61 (d, J= 6.4 Hz, 1H), 7.52 — 7.33 (m, 5H), 7.27 (d, J = 6.4 Hz, 2H), 7.18 (d,
J = 14.8 Hz, 1H), 3.90 (s, 3H), 3.48 (m, 4H), 3.22 — 3.17 (m, 4H), 2.38 (s, 3H); 3C NMR
(DMSO-Dg, 100 MHz, ppm) 6 170.50, 167.40, 167.11, 165.44, 165.12, 142.12, 140.83, 138.60,
138.45, 137.42, 137.11, 136.50, 136.11, 135.95, 134.70, 134.44, 134.22, 132.40, 131.38, 131.36,
130.96, 130.82, 130.68, 130.59, 129.65, 129.53, 129.21, 128.99, 128.20, 126.07, 126.02, 120.18,
120.03, 116.68, 53.19, 46.42, 46.21, 44.57, 40.20, 39.99, 39.78, 19.56, 19.53; Calculated MS
(ESI) m/z: 581.1, Found, m/z: 582.1 [M + H]"; Elemental analysis for C29H23CIN3OsS calcd: C,
59.84; H, 4.85; N, 7.22; Found: C, 59.90; H, 4.88; N, 7.24.

Biological activity:

Antimicrobial activity

All the synthesized compounds were investigated for the in vitro antimicrobial studies. The zone
of inhibition corresponding to the MIC values were recorded (Table 1 & 2) and the results were
assessed by the development of zone of inhibition in mm (Resistant: < 12mm; sensitive: 16—
25mm; highly sensitive: >25mm). [26 & 27] The synthesized compounds 9a-91 exhibit a wide
range of antimicrobial activities towards Gram-positive bacteria such as Staphylococcus aureus
(ATCC 11632, Sa), Streptococus faecalis (ATCC 14506, SY), Bacillus subtilis (ATCC 60511,
Bs) and Gram-negative bacteria such as Klebsiella penumoniae (ATCC 10031, Kp), Escherichia
coli (ATCC 10536, Ec) and Pseudomonas aeruginosa (ATCC 10145, Pa) which are shown in
table-1. The activities of bactericides 9a-91 were measured by Agar-disk diffusion method. [28 &
29] for the targeted Gram-positive and Gram-negative bacteria by using ciprofloxacin and
norfloxacin as the standard. The efficacy of chemical agents was assessed by the increase in the
size of the zone of inhibition and represented in table-1.

Table-1: Antimicrobial activity of synthesized compounds 9a-91%:

Gram-Negative
Gram-Positive organisms™ | organisms""

S.No Compounds* | Sa“ Sr* Bs* Kp* Ec* | Pa"
1 9a 6 5 4 2 4 8

2 9b 8 12 12 16 10 8

3 9¢ 16 31.25 | 625 8 8 16
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4 9d 31.25 31.25 8 31.25 |4 16
5 9¢ 4 4 4 16 4 16
6 of 31.25 31.25 8 31.25 |8 16
7 9g 12 16 12 16 8 16
8 4h 31.25 31.25 8 31.25 |4 16
9 9i 16 31.25 62.5 12 8 16
10 9j 16 12 16 8 4 2

11 9k 8 4 8 12 12 16
12 91 16 8 8 8 4 2

Std Ciprofloxacin | <5 <5 <l <1 <1 >5
Std Norfloxacin <5 <5 <l <1 <1 >5

*antimicrobial activity was studied at the concentrations of 0.5 mg/mL of compounds 4(a-j), **
bacteria as micro-organism, # Zone of inhibition (mm) by Agar-Disk method. It was noticed that
the synthesized compound 9a, 9e, and 9k exhibited overall remarkable anti-bacterial activity
towards Gram-positive bacteria such as Staphylococcus aureus (Sa), Streptococcus faecalis (Sf),
and Gram-negative bacteria such as Klebsiella pneumonia (Kp), Pseudomonas aeruginosa (Pa).
The compounds 9a, 9b and 9j were found to be more efficient bactericidal agents towards
Streptococcus faecalis (Sf) and Bacillus subtilis (Bs) respectively. Interestingly, the compounds
9¢ & 9k displayed significant bactericidal activity towards Bacillus subtilis (Bs) and
consequently moderate responses towards Klebsiella penumoniae (Kp), Escherichia coli (Ec) and
Pseudomonas aeruginosa (Pa). The compounds 9a, 9¢, 9j, and 4l revealed minimal antimicrobial
activities towards all target micro-organisms. The target Escherichia coli (Ec) have shown an
overall minimum response with all bactericidal agents (9a-91) among synthesized compounds.

Antifungal activity

The synthesized compounds (9a-91) were further investigated for the fungicidal activities
towards the yeasts: Saccharo-myces cerevisiae (ATCC 9763, Sc), Candida tropicalis (ATCC
1369, Ct), Aspergillus niger (ATCC 6275, An) and the results are summarized in table-2.

Table-2: Antifungal activity of synthesized compound (9a-91):

Fungi
Aspergillus
Scedosporium | Candida tenuis | niger
S. No Compounds* | (Sc)* (Ct)* (An)?
1 9a 31.25 31.25 31.25
2 9b 125 16 31.25
3 9¢ 4 16 16
4 9d 4 16 16
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5 9¢ 31.25 31.25 31.25
6 of 16 4 2

7 9g 125 16 31.25
8 9h 8 16 16

9 9i 16 8 8

10 9j 8 31.25 16
11 9k 31.25 31.25 31.25
12 91 4 16 16
Standard | Fluconazole | <l <1 <l

*antifungal activity was observed at the concentrations of 5 pg/mL of compounds 4(a-j), * Zone
of inhibition (mm) by Agar-Disk diffusion method.

It was observed from the Table-2 that the compounds 9a, 9e and 9k have shown significant
antifungal efficacy with all the targets such as Scedosporium(Sc). Candida tenuis (Ct) and
Aspergillus Niger (An). The compounds 9b and 9g exhibited remarkable fungicidal sensitivity
over Scedosporium (Sc). The compounds 9b, 9f, 9g and 9i have shown moderate resistant
towards the entire target fungi. The compounds 9¢, 9d, 9h, 9j, and 91 were found to be low
resistant across all the fungi.

Effect of substituent’s and biological activities

The antimicrobial activity data incorporated in table-1 and table-2, the effect of substituent’s on
piperazine ring linked via sulfonamide were analyzed and concluded the results. The
substituent’s having electron withdrawing groups in 9a, 9b, 9e¢, and 9k have shown very
promising antimicrobial and antifungal activities towards all the targets. The presence of
heterocyclic substituent like thiophene 9k, and methyl 9g were found to exhibit enhanced
antibacterial and antifungal activities compared to all the other synthesized compounds. The
compounds substituted with electron donating tendency like 9¢, 9d, 9f, 9h, 9j and 91 showed
lower response for all the tested strains. The derivatives bearing unsubstituted phenyl 9h and
naphthalene 9f showed lower resonance for antibacterial and antifungal strains. The derivative
bearing aliphatic substituent’s like methyl 9g showed promising antifungal and antibacterial
activity. The antimicrobial activity data reveals that among the synthesized compounds 9a, 9e, 3f,
9g and 9k are found to be most active and potent antimicrobial agents among the series when
compared with the standard. The compound 9f as well as 9h containing the naphthalene and
phenyl moiety on the piperazine ring showed reduced antimicrobial activity. The compounds 9b,
9i, and 91 containing 4-bromo along with 2-methoxy, 2,4,6-trichloro, and 3methyl ester as
electron withdrawing substituent’s linked to piperazine ring showed intermediate antibacterial
activity. The structure-activity relationship of the series can be explained as follows. The
electron donating tendency of the substituent’s increases the antimicrobial activity decreases and
vice versa.

Conclusion:
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A series of novel molecules containing substituted sulfonyl piperazine ring structure were
designed and synthesized via amide and sulfonamide couplings. The structures of the
synthesized compounds were elucidated and confirmed by '"H NMR, 3CNMR, Mass spectrum
and the purity was checked through HPLC analysis. These synthesized compounds, 9a-91 were
tested for their antimicrobial activity (minimum inhibitory concentration). The results of the
antimicrobial screening data revealed that most ofthe tested compounds showed moderate to
good microbial inhibitions. The derivatives bearing electron withdrawing substituents like
cyano, bromo, Chloro, methyl ester on the phenyl ring display prominent antibacterial and
antifungal activity compared with standard.

Referances:

1. Chokshi, A.; Sifri, Z.; Cennimo, D.; Horng, H. Global contributors to antibiotic
resistance, J Glob Infect Dis. 2019, 11(1), 36-42. doi: 10.4103/jgid.jgid 110 18

2. World Health Organization. https://www.who.int/news-
room/events/detail/2020/11/18/default-calendar/world-antimicrobial-awareness-week-
2020.

3. Joakim Larsson, D. G.; Flach, C-F. Antibiotic resistance in the environment, Nature,
2022, 20, 257-2609.

4. Murray, C. J. L. Global burden of bacterial antimicrobial resistance in 2019: a systematic
analysis, The Lancet, 2022, 399, 10325, 629-655.

5. Baker, R. E.; Mahmud, A. S.; Miller, I. F.; Rajeev, M.; Rasambainarivo, F.; Rice, B. L.;
Takahashi, S.; Tatem, A. J.; Wagner, C. E.; Wang, L-F.; Wesolowski, A.; Metcalf, C. J.
E. Infectious disease in an era of gobal change. Nature, 2022, 20, 193-205.

6. Kumar, V. S.; Verma, R.; Xue, F.; Kumar, T. P.; Girish, Y. R.; Rakesh, K. P.
Antibacterial activities of sulfonyl or sulfonamide containing heterocyclic derivatives and
its structure activity relationship (SAR): A critical review. Bioorg Chem. 2020, 105,
104400.

7. Bhatt, A.; Kant, R.; Singh, R. K. Synthesis of some bioactive sulfonamide and amide
derivatives of piperazine incorporating imidazo[1,2-B]pyridazine moiety. Med Chem.
2016, 6, 257-263.

8. Taha, M.; Irshad, M.; Imran, S.; Chigurupati, S.; Selvaraj, M.; Rahim, F.; Ismail, N. H.;
Nawaz, F.; Khan, K. M. Synthesis of piperazine sulfonamide analogs as diabetic-II
inhibitors and their molecular docking study. Eur J Med Chem. 2017, 141, 530-537.

9. Pawar, C. D.; Chavan, S. L.; Pawar, U. D.; Pansare, D. N.; Deshmukh, S. V.; Shinde, S.
D. Synthesis, anti-proliferative activity, SAR and kinase inhibition studies of thiazol-2-
yl- substituted sulfonamide derivatives. J. Chin. Chem. Soc. 2018, 66(3), 256-264.

10. Heiran, R.; Jarrahpour, A.; Riazimontazer, E.; Gholami, A.; Troudi, A.; Digiorgio, C.;
Brunel, J. M.; Turos, E. Sulfonamide-B-lactam hybrids incorporating the piperazine
moiety as potential anti-inflammatory agents with promising antibacterial activity. Chem
Select. 2021, 6(21), 5313-5319.

Volume 9 Issue 9 2024 PAGE NO: 23



Degres Journal

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

ISSN NO:0376-8163

. Tahir, S.; Mahmood, T.; Dastgir, F.; Haq, I-U.; Waseem, A.; Rashid, U. Design,

synthesis and anti-bacterial studies of piperazine derivatives against drug resistant
bacteria. Eur ] Med Chem. 2019, 166, 224-231.

Kabir, M. S.; Namjoshi, O. A.; Verma, R.; Polanowski, R.; Krueger, S. M.; Sherman, D.;
Rott, M. A.; Schwan, W. R.; Monte, A.; Cook, J.JM. A new class of potential anti-
tuberculosis agents: Synthesis and preliminary evaluation of novel acrylic acid ethyl ester
derivatives. Bioorg. Med. Chem. 2010, 18, 4178-4186.

Wiesner, J.; Fucik, K.; Kettler, K. et al. Structure-activity relationships of novel anti-
malarial agents. Part 6: N-(4- arylpropionylamino-3-benzoylphenyl)-[5-(4- nitrophenyl)-
2-furyl]acrylic acid amides. Bioorganic & Medicinal Chemistry Letters, 2003, 13, 9,
1539-154.

De, P.; Baltas, M.; Bedos-Belval, F. Cinnamic Acid Derivatives as Anticancer Agents-A
Review. Current Medicinal Chemistry, 2011, 18, 1672-1703.

Sharma, P. Cinnamic acid derivatives: A new chapter of various pharmacological
activities. J. Chem. Pharm. Res., 2011, 3, 2, 403-423.

Perez, M.; Lamothe, M.; Maraval, C.; Mirabel, E.; Loubat, C.; Planty, B.; Horn, C.;
Michaux, J.; Marrot, S.; Letienne, R.; Pignier, C.; Bocquest, A.; Nadal-Wollbold, F.;
Cussac, D.; Vries, L. D.; Grand, B. L. Discovery of novel protease activated receptors 1
Antagonists with potent antithrombotic activity in vivo. J. Med. Chem., 2009, 52, 5826-
5836.

Gunia - Krzyzak, A.; Stoczynska, K.; Popiol, J.; Koczurkiewicz, P.; Marona, H.; P¢kala,
E. Cinnamic Acid Derivatives in cosmetics: Current use and future prospects.
International Journal of Cosmetic Science 2018, 40, 356-366.

Sharma S.; Rao T. V. R. Xanthan gum based edible coating enriched with cinnamic acid
prevents browning and extends the shelf-life of fresh-cut pears. LWT Food Sci Technol.
2015 62:791-800

Coelho, J. F. J.; Fonseca, A. C.; Lima, M. S.; Serra, A. C.; Silvestre, A . J.; Sousa, A. F.
Cinnamic Acid Derivatives as promising building blocks for asvanced polymers:
synthesis, properties and applications. Polym. Chem., 2019, 10, 1696-1723.

Pontiki, E.; Hadhipavlou-Litina, D.; Litinas, K.; Nicolotti, O.; Carotti, A. Design,
synthesis and pharmacological evaluation of novel acrylic acid derivatives acting as
lipoxygense and cyclooxygenase-1 inhibitors with antioxidant and anti-inflammatory
activities. Eur. J. Med Chem. 2011, 46, 191-200.

Dyck, B.; Parker, J.; Phillips, T.; Carter, L.; Murphy, B.; Summers, R.; Hermann, J.;
Baker, T.; Cismowski, J.; Goodfellow, V. Aryl piperazine melanocortin MC4 receptor
agonists, Bioorg. Med. Chem. Lett. 2003, 13(21), 3793-3796.

Bhujbal, N.; Gaikwad, D.; Jagdale, Y.; Pawar, C. Synthesis, antimicrobial and anti-
tubercular activity study of N-(substituted-benzyl)-4-(triflouromethyl)thiozol-2-
sulfonamide and 2-(N-(substituted-benzyl)sulfamoyl)thiazole-4-carboxylic acid. J. Chin.
Chem. Soc. 2021, 68(8), 1563-1573.

Volume 9 Issue 9 2024 PAGE NO: 24



Degres Journal ISSN NO:0376-8163

23. Dyck, B.; Parker, J.; Phillips, T.; Carter, L.; Murphy, B.; Summers, R.; Hermann, J.;
Baker, T.; Cismowski, J.; Goodfellow, V. Aryl piperazine melanocortin MC4 receptor
agonists, Bioorg. Med. Chem. Lett. 2003, 13(21), 3793-3796.

24. Bhujbal, N.; Gaikwad, D.; Jagdale, Y.; Pawar, C. Synthesis, antimicrobial and anti-
tubercular activity study of N-(substituted-benzyl)-4-(triflouromethyl)thiozol-2-
sulfonamide and 2-(N-(substituted-benzyl)sulfamoyl)thiazole-4-carboxylic acid. J. Chin.
Chem. Soc. 2021, 68(8), 1563-1573.

25. Pawar, C. D.; Sarkate, A. P. Karnik, K. S. Shinde, D. B. Synthesis and evaluation of N-
(Substituted phenyl)-2-(3-substituted) sulfamoyl) phenyl) acetamide derivatives as
anticancer Agents. Egyp J Basic and Applied Sci. 2017, 4, 310-314.
https://doi.org/10.1016/j.ejbas.2017.09.001

26. Duraiswamy, B.; Mishra, S. K.; Subhashini, V.; Dhanraj, S. A.; Suresh, B. Indian J.
Pharm. Sci., 2006, 68, 389.

27. Therese, K. L.; Bhagyalaxmi, R.; Madhavan, H. N.; Deepa, P. Indian J. Med.
Microbiol., 2006, 24, 273.

28. Diogo, H. C.; Melhem, M.; Sarpieri, A.; Pires, M. C. Evaluation of the disk-diffusion
method to determine the in vitro efficacy of terbinafine against subcutaneous and
superficial mycoses agents. A Bras Dermatol. 2010, 85(3), 324-330.

29. Wiegand, 1.; Hilpert, K.; Hancock, R. E. W. Agar and broth dilution methods to
determine the minimal inhibitory concentration (MIC) of antimicrobial substances. Nat.
Protoc. 2008, 3, 163-175.

Volume 9 Issue 9 2024 PAGE NO: 25



