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Piperidines serve as pivotal synthetic building blocks in the realm of drug design, with their derivatives forming essential parts of a wide |
range of drugs and alkaloids. This study presents a novel approach involving sulfonyl derivatives of piperidine-3-carboxylic acid, achieved |
through amide coupling with substituted sulphonyl chlorides. The synthesized compounds underwent characterization via IR, 'H NMR,
C NMR and MS analyses. Specifically, a series of novel sulphonamides derived from 1-(tert-butoxycarbonyl)piperidine-3-carboxylic |
acid was synthesized, given the significance of sulphonamides as a vital drug class. Antimicrobial activity screening against both Gram- |
positive and Gram-negative bacteria, as well as fungi, was evaluated. The MIC concentration results revealed moderate to good activity |
against Gram-positive and Gram-negative microorganisms and fungal organisms. |
|
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INTRODUCTION

Amide coupling reactions stand as a cornerstone in organic
synthesis, holding paramount importance as the most frequently
employed reaction in the realm of pharmaceuticals [1-4]. The
fundamental principle of amide coupling involves the reaction
of an activated carboxylic acid with an amine [5-9]. The activated
carboxylic acid acts as a reactive moiety, initiating the coupling
process with the amine to generate the desired amide product
[10-13]. Various coupling reagents are employed to facilitate
and optimize the amide coupling reaction. Among these, HATU
(1-[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]-
pyridinium3-oxidhexafluoro phosphate), DIPEA (N,N-diiso-
propylethylamine) and DMF (dimethylformamide) constitute
awell-known combination that enhances the efficiency and yield
of the reaction [14,15]. These reagents collectively ensures the
activation of carboxylic acid and facilitates the smooth coupling
with amine, leading to the formation of the desired amide bond.
Moreover, HBTA (N,N,N’,N’-tetramethyl-O-(1H-benzotriazol-
1-yl)uranium hexafluorophosphate) is another coupling reagent
commonly employed in amide coupling reactions [16-18]. In
general, amide coupling reactions, facilitated by a variety of

coupling reagents such as HATU, DIPEA, DMF and HBTA,
serve as a linchpin in the synthesis of pharmaceutical compounds
[19-21]. This synthetic strategy plays a pivotal role in the design
and development of novel drugs, contributing to the advance-
ment of medicinal chemistry and pharmaceutical research [22-
25]. Several well-known drugs, including antifungal fenpro-
pidin, anti-oomycete agent oxathiapiprolin, anti-Alzheimer
drug donepezil and anticonvulsant agent ifenprodil, feature a
piperidine link [26-29].

Some derivatives of piperidine containing a sulfonamide
unit exhibit remarkable bioactivity. Because of their vast range
of bioactivities, sulfonamide molecules have found extensive
use in medicine [30-33]. Sulfonamide-based drugs have been
developed to treat a wide range of bacterial illnesses. Sulfona-
mides can inhibit fungus, which makes them effective against
fungal infections. The properties that have antiviral, anticancer,
anti-inflammatory, antitumor and antimalarial activities [34-
36]. Future research on the characteristics and mechanisms of
sulfonamides may lead to advancements in medicine, particu-
larly in drug development and therapeutic treatments [37-40].
Acknowledging the pivotal role played by the piperidine scaff-
old in the realm of medicinal chemistry, researchers have inve-
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sted substantial efforts in formulating a multiple of synthetic
protocols to generate diverse piperidine derivatives [41-45].
Among the noteworthy methods is the hydrogenation of pyridine,
a process that enables the reduction of pyridine rings to yield
piperidine structures. Another significant approach is the cyclo-
condensation of o-haloimines, facilitating the formation of
piperidine rings through intramolecular cyclization. More-
over, a unique strategy involves the displacement reaction of
pyran, resulting in the formation of a piperidine ring by displa-
cing a pyran moiety. Widely adopted is the reduction of dihydro-
pyridines, a method that finds broad application in synthesizing
piperidine derivatives [46-50]. The aim is to synthesize compo-
unds that not only excel in their primary function of combating
microbial infections but also meet the rigorous standards of
safety and tolerability required for successful clinical applica-
tions.

The present research aims to synthesize pharmacologically
important compounds with potential efficacy against various
Gram-negative and Gram-positive bacteria and fungi. The study
considers the significance of amide coupling, incorporating the
piperidine moiety with sulphonamide derivatives. The investiga-
tion evaluates the antimicrobial efficacy of a novel series of
sulfanilamide derivatives containing piperidine fragments
through amide coupling reactions against both Gram-positive
and Gram-negative bacteria and fungi.

EXPERIMENTAL

For this work, Avra Laboratories and Sigma-Aldrich were
the only commercial sources of the compounds and used with-
out purification. Merck pre-coated silica gel 60 Fps4 aluminum
sheets were used for TLC analysis, which was used to track the
course of the reactions and the UV light was used to display
the results. The melting points were measured using a Casia-
Siamia (VMPAM) melting point apparatus and are uncorrected.
Proton nuclear magnetic resonance (PMR), carbon-13 nuclear
magnetic resonance (CMR), infrared (IR) and ESI-MS studies
were used to characterize the final products. One Varian NMR
spectrometer operating at 400 MHz was used to record "H NMR
spectra, while another Varian NMR spectrometer operating at
100 MHz was used to record *C NMR spectra.

Procedure: Starting with p-chloroaniline, derivatives of
4-chlorophenyl)sulfonyl)piperidine-3-carboxamide (9a-j) were
synthesized. A series of stages were involved in the synthetic
process, such as amide coupling, deprotection and the formation
of sulfonyl derivatives. The target compounds were synthesized
using a variety of substituted sulfonyl chlorides.

Step-A: Synthesis of tert-butyl (2-((4-chlorophenyl)-
amino)-2-oxoethyl)carbamate (3): 4-Chloroaniline (1, 5 g,
39.2 mmol) was dissolved in 25 mL of DMF in a reaction vessel
with an inert atmosphere. HATU (22.4 g, 59.0 mmol) and DIPEA
(20.6 mL, 118.1 mmol) were added to this solution followed by
Boc-glycine (2, 8.27 g, 47.2 mmol) and then the reaction mixture
was swirled at room temperature for 12 h. After that, the reaction
mixture was poured over crushed ice with10 min stirring. Ethyl
acetate (3.50 mL) was used to extract the crude product. Follo-
wing the separation of organic layer, 50 mL of cold water and
50 mL of brine were used for washing. The crude product was

obtained by drying the organic layer over anhydrous sodium
sulfate and then concentrating it under low pressure. Using
70% ethyl acetate in hexane eluent, silica gel (100-200 mesh)
column chromatography was used to purify the crude product.
tert-Butyl(2-((4-chlorophenyl)amino)-2-oxo-ethyl)carbamate
(3, 9.5 g, 85%) was obtained as pale yellow solid product.

Step-B: Synthesis of 2-amino-N-(4-chlorophenyl)aceta-
mide (4): A solution of fert-butyl (2-((4-chlorophenyl)amino)-
2-oxoethyl)carbamate (3,9 g, 31.6 mmol) in dichloromethane
(50 mL) was cooled to 0 °C followed by the dropwise addition
of 4 M HCl in dioxane (45 mL). The reaction mixture was stirred
at room temperature for 4 h. The progress of the reaction was
monitored by TLC. The reaction mixture was completely evap-
orated to dryness to afford crude product upon basification
using aqueous Na,COs solution (50 mL). The crude product
was extracted with DCM (2 x 50 mL). The organic layer was
separated and washed with brine (50 mL) and the organic layer
was evaporated under reduced pressure to afford 2-amino-N-
(4-chlorophenyl)acetamide (4, 88% m.p.: 260 °C) as brown
solid.

Step-C: (4-Chlorophenyl)amino)-2-oxoethyl)carba-
moyl)piperidine-1-carboxylate (6): To a solution of 2-amino-
N-(4-chlorophenyl)acetamide (4, 5 g, 27.0 mmol) in DMF (25
mL), added HATU (15.4 g, 40.6 mmol), DIPEA (14.2mL, 81.2
mmol) and piperidine-3-carboxylic acid (5, 7.44 g, 32.4 mmol).
The reaction mixture was stirred at room temperature for 12
h. The progress of the reaction was monitored using TLC. The
reaction mixture was poured into crushed ice and stirred for
10 min. The crude product was extracted with ethyl acetate
(3.50 mL). The organic layer was collected and washed with
50 mL of cold water and 50 mL of brine. The separated organic
layer was dried over anhydrous Na,SO, and evaporated under
reduced pressure to yield a crude product. The crude was puri-
fied by silica gel (100-200 mesh) column chromatography by
using 70% ethyl acetate in hexane to afford (tert-butyl 3-((2-
((4-chlorophenyl)amino)-2-oxoethyl)carbamoyl)piperidine- 1-
carboxylate (6, 8.5 g, 82%, m.p.: 168 °C) as a yellow solid.

Step-D: Synthesis of (N-(2-((4-chlorophenyl)amino)-2-
oxoethyl)piperidine-3-carboxamide (7): A solution of (tert-
butyl 3-((2-((4-chlorophenyl)amino)-2-oxoethyl)carbamoyl)
piperidine-1-carboxylate (6, 5 g, 12.6 mmol) in DCM (30 mL)
was cooled to 0 °C. Dropwise added 4 M HCl to dioxane (25
mL) under an inert atmosphere. The reaction mixture was stirred
at room temperature for 4 h. After completing the starting mat-
erial, completely dry the reaction mixture to obtain crude, which
was basified with aqueous sodium carbonate solution (50 mL)
and extracted with DCM (2 x 50 mL). The organic layer was
separated and washed with brine (50 mL). The separated the
organic layer and evaporated under reduced pressure, affording
(N-(2-((4-chlorophenyl)amino)-2-oxoethyl)piperidine-3-
carboxamide (7, 3.5 g, 94%, m.p.: 156 °C) as brown solid.

Step-E: General procedure for the synthesis of (NV-(2-
((4-chlorophenyl)amino)-2-oxoethyl)-1-((substituted phenyl)-
sulfonyl)piperidine-3-carboxamide (9a-j): To a solution of
(N-(2-((4-chlorophenyl)amino)-2-oxoethyl)piperidine-3-
carboxamide (7, 1 equiv.) in DMF (5 vol.) was added DIPEA
(3 vol.) at 0 °C and stirred reaction mixture at the same temp-
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erature for 15 min. Added substituted sulfonyl chlorides (8a-j)
(1.2 equiv.) portionwise and stirred the reaction mixture at
room temperature for 12 h. The progress of the reaction was
monitored by TLC. The reaction mixture was poured on crushed
ice to get precipitation and was filtered under reduced pressure.
The solid product was washed with water (25 mL), cold diethyl
ether (25 mL) and cold pentane (25 mL) to afford compounds
(9a-j). The crude product was purified by column chromatogra-
phy (silica, 100-200 mesh, 5-30% EtOAc in hexane) to afford
N-(2-((4-chlorophenyl)amino)-2-oxoethyl)- 1-((substituted-
phenyl)sulfonyl)piperidine-3-carboxamide (9a-j) (Scheme-I).

N-(2-((4-Chlorophenyl)amino)-2-oxoethyl)-1-((4cyano-
phenyl)sulfonyl)piperidine-3-carboxamide (9a): Yellow solid;
yield: 81%; m.p.: 134-135 °C; IR (UATR, V., cm™): 3313
(NH), 2957 (NH), 1491 (S=0), 2233 (C=N), 1660 (C=0), 1537
(ArC=C), 829 (p-disubst.); 'H NMR (400 MHz, DMSO-d;) &
ppm: 1.40-1.58 (m, 3H), 1.51-1.58 (m, 3H), 2.0 (d, 1H) 3.55
(t, 1H), 3.7 (d, 1H), 4.20 (m, 1H), 4.60 (d, 1H), 7.36 (d, J =
8.8 Hz, 2H), 7.60 (d, J = 8.8 Hz, 2H), 7.90 (d, J = 8.4 Hz, 2H),
8.06 (d,J=8.4Hz, 2H), 8.0 (d, / = 7.6 Hz, 1H), 10.14 (S, 1H);
C NMR (100 MHz, DMSO-ds) & ppm: 27.32, 28.78, 29.58,
48.12, 56.90, 59.15, 120.13, 123.01, 125.99, 132.72, 132.10,

: NH.
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133.84, 138.39, 143.05, 148.85, 175.13, 176.28. MS m/z (%):
461.2 (M+H); HPLC: 96.4% RT: 6.39 min; Anal. calcd. (found)
% for CyH,CIN,O.S; C, 54.72 (54.74); H, 4.59 (4.64); Cl,
7.69 (7.69); N, 12.16 (12.10); O, 13.88 (13.88); S, 6.96 (6.96).
1-((4-Bromophenyl)sulfonyl)-N-(2-((4-chlorophenyl)-
amino)-2-oxoethyl)piperidine-3-carboxamide (9b): Yellow
solid; yield: 70%; m.p.: 174-175 °C; IR (UATR, Vi, cm™): 3314
(NH), 2957 (NH), 1492 (S=0), 1658 (C=0), 1537 (ArC=C);'H
NMR (400 MHz, DMSO-ds) & ppm: 1.46-1.50 (m, 3H), 1.51-
1.60 (m, 3H), 2.0 (d 1H), 3.55 (t, 1H), 3.7 (d, 1H), 4.25 (m,
1H), 4.58 (d, 1H), 7.78 (d, J = 8.8 Hz, 2H), 7.62 (d, J/ = 8.8 Hz,
2H), 7.67 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 8.8 Hz, 2H), 8.16 (d,
J=7.6Hz, 1H), 10.17 (S, 1H); *C NMR (100 MHz, DMSO-dj)
dppm: 22.13,23.47,24.90,43.13,52.23,54.38, 121.31, 126.87,
127.39,129.10, 129.23, 132.58, 138.36, 139.54, 170.58, 171.57,
MS m/z (%): 514.0 M+H); HPLC: 97.1%, RT: 6.98 min; Anal.
calcd. (found) % for CyH»BrCIN;O4S; C, 46.66 (46.69); H,
4.11 (4.12); Br, 15.52 (15.52); CI, 6.89 (6.89); N, 8.16 (8.21);
0, 12.43 (12.43); S, 6.23 (6.23).
1-((4-(tert-Butyl)phenyl)sulfonyl)-N-(2-((4-chloro-
phenyl)amino)-2-oxoethyl)piperidine-3-carboxamide (9c):
Yellow solid; yield: 75%; m.p.: 141-142 °C; IR (UATR, Vinax,

>’C§c
NH, HG

(Step-c)
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Scheme-I: Synthesis of4-chlorophenyl)sulfonyl)piperidine-3-carboxamide (9a-j): Reagents and conditions: (a) HATU, DIPEA, DMF, 0 °C-
RT, 12 h; (b) 4 N HCl in dioxane, DCM, 0 °C-RT, 4 h; (c) HATU, DIPEA, DMF, 0 °C-RT, 12 h; (d) 4 N HCl in dioxane, 0 °C-RT,
4 h; (e) substituted sulfonyl chloride (8a-j), DIPEA, DMF, 0 °C-RT, 12 h
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cm™): 3288 (NH), 2924 (NH), 1492 (S=0), 1156 (S=0), 1658
(C=0), 1536 (C=C); 'H NMR (400 MHz, DMSO-ds) 8 ppm:
1.32 (s, 9 H), 1.47-1.52 (m, 3H), 1.52-1.58 (m, 3H), 2.0 (d
1H), 3.65 (d, 2H), 4.35 (m, 1H), 4.58 (d, 1H), 7.78 (d, J = 8.8
Hz, 2H), 7.38 (d, J = 8.8 Hz, 2H), 7.68 (d, J = 8.8 Hz, 2H),
7.59 (d,J=8.4Hz,2H),7.71 (d,J =8.4Hz,2H),8.07 (d,J =
7.6 Hz, 1H), 10.15 (S, 1H); "C NMR (100 MHz, DMSO-d;) &
ppm: 22.13,24.96,23.47,29.50, 43.03, 52.26, 54, 46, 126.35,
126.22,128.96, 129.10, 132.72, 137.64, 138.31, 155.95, 170.80,
171.56. MS m/z (%): 492.5 (M+H); HPLC: 98.4%, RT: 6.21
min; Anal. caled. (found) % for C,H;0CIN;O4S; C, 58.59
(58.54); H, 6.15 (6.10); Cl, 7.21 (7.21); N, 8.54 (8.59); O,
13.01 (13.01); S, 6.52 (6.52).
N-(2-((4-Chlorophenyl)amino)-2-oxoethyl)-1-((4-
chlorophenyl)sulfonyl)piperidine-3-carboxamide (9d):
Yellow solid; yield: 55%; m.p.: 168-170 °C; IR (UATR, Viax,
cm™): 3314 (NH), 2957 (NH), 1492 (S=0), 1658 (C=0), 1537
(ArC=C); '"H NMR (400 MHz, DMSO-ds) 6 ppm: 1.40-1.56
(m, 4H), 1.57-1.62 (m, 3H), 2.0 (d 1H), 3.54 (t, 1H), 3.70 (d,
1H), 4.25 (m, 1H), 4.59 (d, 1H), 7.36 (d, J = 8.4 Hz, 2H),
7.631(d,J =8.4Hz,4H),7.74 (d,J = 8.4 Hz, 2H), 8.15 (d, J
=7.6 Hz, 1H), 10.16 (s, 1H); *C NMR (100 MHz, DMSO-d)
4 ppm: 28.56,29.20, 31.32,40, 52, 54, 121.26, 127.37, 129.14,
129.63, 137.90, 138.35, 139.04, 170.60, 171.60. MS m/z (%):
470.7; HPLC: 98.2%, RT: 6.54 min; Anal. calcd. (found) %
for CoH2:CIN;0,S; C, 51.07 (51.01); H, 4.50 (4.43); Cl, 15.07
(15.07); N, 8.93 (8.98); O, 13.61 (13.61); S, 6.82 (6.82).
1-((4-Bromo-2-methoxyphenyl)sulfonyl)-N-(2-((4-
chlorophenyl)amino)-2-oxoethyl)piperidine-3-carboxamide
(9e): Yellow solid; yield: 67%; m.p.: 166-167 °C; IR (UATR,
Vimaxs cm™'): 3317 (NH), 2929 (NH), 1476 (S=0), 1658 (C=0),
1537 (ArC=C), 850-550 (C-Cl), 690-515 (C-Br); 'H NMR
(400 MHz, DMSO-ds) & ppm: 1.45-1.51 (m, 3H), 1.51-1.621
(m, 3H), 2.0 (d 1H), 3.6-3.76 (m, 2H), 4.21-4.31 (m, 1H), 4.52
(d, 1H), 7.21 (d, J = 8.8 Hz, 2H), 7.36 (d, J = 8.8 Hz, 2H),
7.75-7.80 (m, 3H), 8.96 (d, J = 7.6 Hz, 1H), 10.17 (S, 1H);
3C NMR (100 MHz, DMSO-ds) 8 ppm: 28.18, 29.96, 41.01,
48. 46, 56.95, 59.08, 61.61, 115.95, 120.59, 125.99, 132.08,
133.83,135.01, 136.36, 142.08, 143.11, 161.22, 167.54, 175.65,
176.38. HPLC: 94.8%, RT: 6.31 min; Anal. calcd. (found) %
for CH,3BrCIN;OsS; C, 46.29 (46.24); H, 4.25 (4.29); Br,
14.67 (14.67); C1,6.51 (6.51); N, 7.71 (7.77); O, 14.68 (14.68);
S, 5.89 (5.89).
1-((4-Bromo-3-fluorophenyl)sulfonyl)-N-(2-((4-chloro-
phenyl)amino)-2-oxoethyl)piperidine-3carboxamide (9f):
Brown solid; yield: 74%; m.p.: 182-183 °C; IR (UATR, Vimax,
cm™): 3313 (NH), 2929 (NH), 1491 (S=0), 1150 (S=0); 1669
(C=0), 1537 (C=C); 690-520 (C-Br), 850 (C-Cl); 'H NMR
(400 MHz, DMSO-d;) 6 ppm: 1.45-1.59 (m, 3H), 1.65-1.70
(m, 3H), 2.0 (d 1H), 3.5 (t, 1H), 3.75 (d, 1H), 4.25 (m, 1H),
4.60 (d, 1 H),7.36 (d, J = 8.8 Hz, 2H), 7.51 (d, J = 8 Hz, 2H),
7.61 (d,J = 8.8 Hz, 2H), 7.68 (d,J = 8 Hz, 1 H), 7.91 (t, J =
7.6 Hz, 1H), 8.19 (d, J = 7.6 Hz, 1H), 10.18 (S, 1H); *C NMR
(100 MHz, DMSO-ds) 6 ppm: 21.93, 23.40, 24.86,43.32,52.14,
54.39,113.84,115.58,121.26, 124.78, 127.38, 129.08, 134.94,
138.30, 141.40, 157.16, 159.63, 170.48, 171.52. MS m/z (%):
533.1 (M+H); HPLC: 97.4%, RT: 5.34 min; Anal. calcd. (found)

% for Co0HBrCIFN;O.S; C, 45.08 (45.10); H, 3.78 (3.79); Br,
15.00 (15.01); Cl, 6.65 (6.66); F, 3.57 (3.57); N, 7.89 (7.90);
0, 12.01 (12.05); S, 6.02 (6.02).

N-(2-((4-Chlorophenyl)amino)-2-oxoethyl)-1-((2,3-
dihydro-1H-inden-5-yl) sulfonyl)piperidine-3-carboxamide
(9g): Off white solid; yield: 69%; m.p.: 177-178 °C; IR (UATR,
Viaxs cm ™)z 3314 (NH), 2957 (NH), 1492 (S=0), 1658 (C=0),
1537 (ArC=C), 772 (C-C); '"H NMR (400 MHz, DMSO-d;) &
ppm: 1.40-1.51 (m, 3H), 1.51-1.60 (m, 3H), 2.0 (d 1H), 3.67
(d, 2H), 4.57 (d, 1H), 4.34 (m, 1H), 2.04 (t, 2H), 2.71 (t, 2H),
4.35(d,)4.65(d, 1 H),7.34 (d,/=8.8 Hz,2H), 7.58 (d, J = 8.8
Hz, 2H), 7.58-7.65 (m, 3H), 8.07 (d, J = 7.6 Hz, 1H), 10.17 (S,
1H); “C NMR (100 MHz, DMSO-ds) & ppm: 22.57, 23.45,
32.79,43.07,52.3,54.5,122.88, 124.11, 128.25 125.34, 125.57,
125.68, 137.87,138.35, 145.22, 149.47,162.78, 170.79, 171.56.
HPLC: 95.2%, RT: 6.66 min; Anal. calcd. (found) % for
Co4HxsCIN;O4S; C, 58.83 (58.87); H, 5.76 (5.83); Cl, 7.24 (7.24);
N, 8.58 (8.44); O, 13.06 (13.06); S, 6.54 (6.54).

1-((4-Nitrophenyl)sulfonyl)-N-(2-((4-chlorophenyl)-
amino)-2-oxoethyl)piperidine-3-carboxamide (9h): Yellow
solid; yield: 63%; m.p.: 184-185 °C; FTIR (UATR, V., cm™):
3498 (N-H), 3004 (N-H), 1684 (C=0), 1611 (Ar C=C), 1434
(S=0), 1331 (N-0), 819 (C—Cl); 'HNMR (400 MHz, DMSO-
ds) & ppm: 2.00 (d, 1H), 3.19 (d, 2H), 4.35 (m, 1H), 4.58 (d,
1H), 7.00 (d, J = 8.8 Hz, 2H), 7.15 (d, J = 8.8 Hz, 2H), 7.35
(d,J=8.8Hz, 2H), 7.40 (d, J=8.4 Hz, 2H), 7.41 (d, /= 8.4
Hz, 2H), 7.93 (d, J=7.6 Hz, 1H), 10.03 (s, 1H); *C NMR (100
MHz, DMSO-ds) 6 ppm: 24.27, 28.78, 29.50, 46.15, 55.71,
58.00, 120.43, 121.30, 128.30, 129.42, 133.40, 136.34, 153.09,
157.51, 161.00, 162.13, 170.00.; MS m/z (%): 481.2 (M+H);
HPLC: 97.4% RT: 7.12 min; Anal. calcd. (found) % for
CyH2CINLO6S; C, 49.95 (49.92); H, 4.40 (4.41); Cl, 7.37
(7.35); N, 11.65 (11.67); O, 19.96 (19.99); S, 6.67 (6.02).

N-((4-Methoxyphenyl)sulfonyl)-N-(2-((4-chlorophenyl)-
amino)-2-oxoethyl)piperidine-3-carboxamide (9i): Yellow
solid; yield: 78%; m.p.: 146-149 °C; FTIR (UATR, Vi, cm™):
3497 (N-H), 3271 (N-H), 1696 (C=0), 1611 (Ar C=C), 1471
(S=0), 1263 (C-0), 820 (C-Cl). *C NMR (100 MHz, DMSO-
ds) 0 ppm: 25.63, 25.97, 31.49, 44.78, 45.03, 46.13, 56.70,
117.76,118.18, 119.16, 122.48, 122.73, 129.33, 136.63, 162.64,
168.26, 178.28; MS m/z (%): 466.1 (M+H); HPLC: 99.2 % RT:
6.11 min; Anal. calcd. (found) % for C,HxCIN;OsS: C, 54.13
(54.19); H,5.19(5.11); CL, 7.61 (7.60); N, 9.02 (8.94); O, 17.17
(17.16); S, 6.88 (6.87).

1-((4-Methylphenyl)sulfonyl)-N-(2-((4-chlorophenyl)-
amino)-2-oxoethyl)piperidine-3-carboxamide (9j): Brown
solid; yield: 75%; m.p.: 154-155 °C; FTIR (UATR, Vi, cm™):
3410, 3091 (N-H), 1707 (C=0), 1606 (Ar C=C), 1499 (S=0),
839 (C-CI). MS m/z (%): 454.1 (M+H); HPLC: 98.3 % RT:
6.44 min; Anal. calcd. (found) % for C,;H,,CIN;0,S; C, 56.00
(56.10); H, 5.38 (5.38); C1,7.88 (7.90); N, 9.34 (9.36); O, 14.22
(14.20); S, 7.13 (7.11).

Biological activity: All the synthesized compounds (9a-j)
were evaluated for in vitro antimicrobial activity. The antibact-
erial activity was examined against two Gram-positive bacteria
viz. Staphylococcus aureus strain (NCIM-2901) and Bacillus
subtilis (NCIM-2063), a Gram-negative bacterium, Escherichia
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coli (NCIM-2256) and three fungal stains e.g. Candida albicans
(NCIM-3471), Aspergillus flavus (NCIM-539) and Aspergillus
niger (NCIM-1196).

The antibacterial activity of the synthesized compounds
was evaluated using a modified microdilution method to deter-
mine their minimum inhibitory concentration (MIC, pg/mL),
minimum bacterial concentration (MBC) and minimum fungi-
cidal concentration (MFC). For bacterial strains, MICs were
determined using a serial microdilution technique with a 96-
well microtiter plate reader. Compounds 9a-j were dissolved
in a saline (0.8% NaCl) solution containing 5% DMSO. All
microbial strains were incubated with varying concentrations
of each compound in a 96-well microtiter plate for 20 h at 37 °C
on a rotary shaker (160 rpm). The lowest concentration values
that did not exhibit growth during incubation were identified
as MICs.

The MIC for fungal strains was ascertained on potato
dextrose agar (PDA) Medium using the agar dilution method.
Following a 72 h inoculation period, compounds under investi-
gation were dissolved in saline containing 5% DMSO and the
MBC and MFC of compounds were ascertained by serial sub-
cultivation. The mean reading served as the final reading for
each experiment, was carried out in triplicate. A negative control
of 5% DMSO was used, with ciprofloxacin acting as the standard
antibacterial drug and fluconazole and miconazole as standard
antifungal drugs.

RESULTS AND DISCUSSION

The detailed synthesis of 4-chlorophenyl)sulfonyl)piperi-
dine-3-carboxamide (9a-j) involves the protection, deprotection,
amide and sulfonamide coupling reactions from readily avail-
able 4-chloroaniline (1). The synthesized derivatives indergo
electron donating and electron withdrawing substituents bearing
on aromatic nuclei. To avoid expensive reagents and time con-
suming purifications, a simplified reaction conditions is devel-
oped for all stages and all of the synthesized compounds with
high purity.

The amide coupling reaction between 4-chloroaniline and
Boc-protected glycine produced intermediate 3 with an 85%

yield in DMF when HATU and DIPEA were used. The reaction
used EDCI, HOBt and DIPEA in DMF for amide coupling and
4 M HCl in dioxane was used to deprotect the glycine amide-
coupled derivative 3, which produced the free amine derivative
with a high yield of 95%. The next step was to couple compound
4 to piperidine-3-carboxylic acid (5) by amide coupling in
DMF using HATU and DIPEA, which produced a significant
80% yield. A different reaction procedure that used HOBt in
DMF and EDCI produced a 60% yield. Compound 6 was then
treated with TFA to deprotect it, resulting in a remarkable 95%
reaction yield for the synthesis of compound 7. Compound 7
was recognized as a crucial intermediate, possesses a free secon-
dary amine connected by a piperidine that has undergone further
functionalization. Using DIPEA as a base, sulfonyl chlorides
(8a-j) were substituted for the secondary amine, leading to the
synthesis of the final derivatives, which are characterized by
sulfonamide coupling (9a-j). This multistep synthetic process,
which successfully synthesizes the desired sulfonamide-coupled
molecules, demonstrates how to make effective use of several
coupling reagents and deprotection techniques.

To maximize yields, the optimize separation procedures
and provide financial sustainability, several base and solvent
combinations were investigated for the sulfonamide coupling
phase. At first, pyridine in DCM was used in combination,
which produced a 50% reaction yield. Due to solvent solubility
concerns, other combinations were examined, such as triethyl-
amine (TEA) in DCM, which had a 40% reaction yield. With
DIPEA in DCM, the same outcomes were noted, producing a
38% response yield. To get the necessary derivatives, it was
decided to employ DIPEA in DMF based on these findings.
This method regularly produced yields between 70% and 90%
and easy to isolate the individual components. The intended
final compounds precipitated with exceptional purity after an
aqueous workup.

Biological activity: The synthesized compounds exhibit
notable levels of antifungal and antibacterial activity, ranging
from moderate to good, following the antimicrobial results
(Table-1). Compounds 9a, 9b, 9d and 9h stand out as excep-
tionally good and active antimicrobial agents within the series.

TABLE-1
ANTIMICROBIAL ACTIVITY DATA FOR COMPOUNDS (9a-j)
Compounds _ . MIC values® (ug/mL) . :
B. subtilis E. coli S. aureus C. albicans A. flavus A. niger

9a 30 25 22 12.5 25 50

9b 28 28 32 12.5 25 40

9c 48 65 85 65 80 80

9d 28 32 36 25 50 40

9e 36 50 39 90 60 50

of 33 60 60 75 70 50

9g 50 50 39 90 60 50

9h 26 29 41 12.5 50 40

9i 55 57 36 90 60 80

9j 52 67 75 75 59 80

Ciprofloxacin 26 26 25 - - -

Fluconazole - - - 36 23 23
Miconazole — — — 13.5 13.5 13.5

*Values are the average of three readings.
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A deeper look at the antimicrobial activity data reveals that
compounds 9b and 9h are significantly more effective than the
standard, with increased activity. Compounds 9e and 9f, on
the other hand, show a modest amount of efficacy against every
tested antimicrobial strain. The synthesized compounds show a
range of antibacterial characteristics overall, with several com-
pounds in the series showing significant effectiveness against
various microbial strains.

The most active compounds for Gram-negative bacteria
were 9a, 9b and 9h; the other compounds were either inert or
moderately active. Compounds 9a, 9b and 9h were success-
fully compared with standard for antifungal activity; the remain-
ing compounds are primarily inert. When compared to fungal
strains, derivatives of sulfonyl-2-oxoethyl piperidine-3-carbox-
amide exhibited more activity against antibacterial strains. The
SAR can be drawn like that when piperidine-3-carboxamide
is substituted with more electron donating groups the activity
decreases and if electron withdrawing groups are attached then
it shows better activity. In most derivatives, the activity decreases
for fungal strains compared with bacterial strains. The substi-
tution of the aromatic ring with electron-donating groups such
as methoxy, t-butyl or fluoro significantly reduces antibacterial
activity. Rings containing electron-withdrawing substitutions,
such as nitro, cyano or bromo groups, exhibit an increase in
relative activity. When compared to other electron-withdrawing
substituents, such as cyano and halogens, compound 9h, which
contains a nitro substitution at the para-position, is demon-
strating good activity. A similar type of results were obtained
for cyano derivative compounds.

Conclusion

In conclusion, 1-((substituted-phenyl)sulfonyl)-N-(2-((4-
chlorophenyl)amino)-2-oxoethyl)piperidine-3-carboxamide
derivatives (9a-j) were effectively synthesized started with 4-
chloroaniline (1). To achieve good yields and distinct reaction
profiles, several meticulously regulated reactions were used.
Most of the synthesized compounds had moderate to good
antibacterial properties. Remarkably, an analysis contrasting
molecules with substituents that donate electrons with those
that extract electrons revealed that the former group had more
biological activity. These findings highlight the possible
importance of certain structural differences in affecting the
biological characteristics of synthetic derivatives.
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