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Abstract

Some new pyrrole-2-carboxamide derivatives (4a-j) were synthesized by the coupling of 1-(4-
chlorobenzyl)-1H-pyrrole-2-carboxylic acid with different aromatic and cycloaliphatic amines using
EDC-HCI, HOBt and TEA in DMF and evaluated for their in vitro antibacterial and antifungal activity.
Among the tested compounds, the most effective were 4a, 4c, 4f, 4g, 4h, 4i and 4j with MIC value in the
range of 1.02-6.35 pg/mL against Gram-negative bacterial strains. Carboxamide 4i emerged as good
antibacterial agent against Klebsiella pneumoniae, Escherichia coli and Pseudomonas aeruginosa strains
with respective MIC value of 1.02, 1.56, and 3.56 pg/mL. None of these compounds show significant

antifungal activity.
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Introduction

Treatment of infectious disease is becoming difficult due the emerged resistance to the currently
used antibiotics®. Drying of drug pipeline, Population, international travel, migration, immune-suppressed
patients, and climate change are some of the factors that play a significant role in the emergence of drug
resistance?®. To suppress drug resistant pathogens, careful use of existing antimicrobial drugs and the
design of novel drugs with different modes of action, e.g. linezolid", is essential®-3,

Pyrrole nucleus is present in many natural as well as synthetic products which exhibit fungicidal,
antibiotic, anti-inflammatory#, antitumor °, cholesterol reducing activities'®. Further, some pyrrole nucleus
containing polymers find several industrial applications!’2. Compounds harboring pyrrole-2-carboxamide
moiety exhibits insecticidal?®*, antibiofilm?®, antibacterial’®, ATPase inhibitors of DNA gyrase?’, DNA
binding, topoisomerase | inhibition?, inducible nitric oxide synthase (nNOS and iNOS) inhibitors®,
antifungal®, anticancer®!, JAK2 inhibitors®?, CB2 receptor antagonists3, antitumor3* activity.

By considering the potency of pyrrole-2-carboxamide, we decided to synthesis and evaluate some

new pyrrole-2-carboxamides for their antibacterial and antifungal potency.
Results and discussion

Chemistry
Compounds 2 and 3 were prepared by the reported procedures®®c. Carboxylic acid 3 on coupling

substituted aryl and cycloaliphatic amines using EDC-HCI, HOBt and TEA in DMF affords the target

carboxamides (4a-j) in good to excellent yields.
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4a  Aniline 4f  4-nitroaniline
4b  4-methylaniline 4g  Benzylamine
4c  4-methoxyaniline 4h  4-Methoxybenzylamine
4d  4-chloroaniline 4i  Pyrrolidine

4e  4-bromoaniline 4j  Piperidine

Scheme 1 Synthesis of pyrrole-2-carboxamides (4a-j): (a) 4-Chlorobenzyl Chloride, Cs2CO3s, DMF, 60 °C, 16 h; (b) LiOH, THF, H20, EtOH,
Stirr, rt, 3.5 h; (¢c) Amine, EDC-HCI, HOBt, DIPEA, DMF, 0 °C to rt, 18-30 h.

Biological evaluation
Antimicrobial activity

Above synthesized carboxamides (4a-j) were screened for in vitro antibacterial activity, against K.
pneumoniae (ATCC 27736), E. coli (ATCC 9637), P. aeruginosa (ATCC BAA427) and
S. Typhi (ATCC 19430) using Gentamicin and Ciprofloxacin as internal standard and antifungal activity
against fungi C. albicans, C. neoformans, A. fumigatus, C. parapsilosis (ATCC 22019) using Fluconazole
and Oxiconazole as positive control and MIC were determined using the broth microdilution technique
described by Clinical and Laboratory Standards Institute (CLSI) (Formerly NCCLS)3%%. The results of
antibacterial and antifungal activity of the tested compounds (4a-j) are presented in Table 1.

Carboxamides 4a, 4c, 4f, 4g, 4h, 4i and 4j show considerable antibacterial activity with MIC 1.02-
6.35 pg/mL. Compounds 4a, 4c, 4f, 4g and 4h inhibited E. coli considerably while compound 4i inhibited
E. coli almost as effectively as Gentamicin and Ciprofloxacin does. Compounds 4i and 4j also inhibited K.
pneumoniae considerably with MIC values 1.02 and 3.39 pg/mL respectively. When compared commercial
compounds as positive control, 4h and 4i acted identical with standard drugs, against P. aeruginosa. Among
these compounds, 4i had considerable to better antibacterial activity against K. pneumonia, E. coli and P.
aeruginosa strains. None of the carboxamides shows any significant antifungal activity against the tested

strains.

Table 1 In vitro antimicrobial activity of compounds (4a-j) against pathogenic Gram-Negative bacteria & fungi

MIC (pg/mL) MIC (pg/mL)
Compd.

Klebsiella Escherichia P Salmonella C. C. A. C.

pneumoniae coli. aeruginosa Typhi albicans neoformans  fumigatus  parapsilosis
4a 2525 625 1201 >50 >50  >50  >50  >50
4b 12.05 12.01 12.50 >50 >50 >50 >50 >50
4c 3.25 6.35 12.25 >50 >50 >50 >50 >50
4d 12.50 12.25 12.50 >50 >50 >50 >50 >50
Je 2525 1225 1201 >50 >50  >50  >50  >50
4f 1250 635 2525 >50  >50  >50 50 >50
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49 12.01 6.25 12.05 >50 >50 >50 >50 >50
4h 12.25 6.35 3.25 >50 >50 >50 >50 >50
4i 1.02 1.56 3.56 >50 >50 >50 >50 >50
4j 3.39 12.05 12.25 >50 >50 >50 25 >50

Gentamicin

ooy 025 125 3025 165 (05) (10) (2.0) (1.0)

Ciprofloxacin

Oriome® 050 105 125 301 (003) (14) (2.0) (0.01)

Experimental
Material and Methods
Reagents and solvents were purchased from commercial sources and used without further purification
unless otherwise specified. Melting points were determined in open capillary tubes and are uncorrected.
Formation of the compounds was checked by TLC on silica gel-G plates of 0.5 mm thickness and spots
were located by iodine and UV light. All compounds were purified by recrystallization/ slica gel (100-200
mesh) gravity column with suitable organic solvents. Mass spectra were recorded on Shimadzu GC-MS-QP-
2010 model using direct inlet probe technique. *H NMR, **C NMR was determined in CDCl3 and DMSO-ds
solution on a Bruker Ac 200 or 400 MHz spectrometer.
Experimental procedures
General procedure for the synthesis of 1-(4-Chlorobenzyl)-1H-pyrrole-2-carboxamides (4a-j)
1-(4-chlorobenzyl)-1H-pyrrole-2-carboxylic acid 3 (0.68 mmol) was dissolved in DMF (10 mL) and
cooled to 0°C to rt. To that EDC-HCI (0.261 g, 1.36 mmol), HOBt (0.110 g, 0.816 mmol) and TEA (0.12
mL, 1.36 mmol) were added. The reaction mixture was stirred for 0.5 h and then appropriate Amine (0.816
mmol) was added and it was stirred for 18-30 h at room temperature. After completion of the reaction, the
reaction mixture was poured in to water and the obtained solids (4a-j) (70-94 %) were filtered and washed
thoroughly with water to afford the desired products. The product was confirmed by 'H NMR, *C NMR &
ES-MS.
1-(4-chlorobenzyl)-N-phenyl-1H-pyrrole-2-carboxamide (4a): Off white crystal, yield 78 %, mp 241-243
°C, 'H NMR (200 MHz, DMSO-ds) 6u: 9.1 (s, 1H), 7.8 (d, 1H), 7.6 (d, 1H), 7.5 (d, 2H), 7.3 (d, 2H), 7.1 (d,
2H), 7.1 (d, 3H), 6.7 (d, 1H), 5.4 (s, 2H); *3C NMR (50 MHz, DMSO-ds) éc: 161.4, 136.2, 133.8, 130.8,
129.2,128.3, 120.6, 118.3, 105.7, 54.2; MS (ESI) m/e = 311 (M+H)", 312 (M+2)*

1-(4-chlorobenzyl)-N-(p-tolyl)-1H-pyrrole-2-carboxamide (4b): Off white crystal, yield 80 %, mp 252-254
°C, 'H NMR (200 MHz, DMSO-ds) dn: 8.7 (s, 1H), 7.6 (d, 1H), 7.4 (d, 1H), 7.3-7.2 (m, 6H), 7.0 (d, 2H),
6.8 (d, 1H), 5.3 (s, 2H), 2.3 (s, 3H); 3C NMR (50 MHz, DMSO-dg) dc: 162.2, 135.3, 134.2, 133.7, 130.1,
128.6, 122.7, 120.5, 109.4, 53.8, 22.4; MS (ESI) m/e = 325 (M+H)*, 326 (M+2)*

1-(4-chlorobenzyl)-N-(4-methoxyphenyl)-1H-pyrrole-2-carboxamide (4c): Off white crystal, yield 84 %, mp
264-265 °C, *H NMR (200 MHz, DMSO-ds) dn: 9.0 (s, 1H), 7.8 (d, 1H), 7.6 (d, 3H), 7.3 (d, 2H), 7.1 (d,
2H), 6.9 (d, 2H), 6.5 (d, 1H), 5.4 (s, 2H), 3.6 (s, 3H); *C NMR (50 MHz, DMSO-ds) dc: 160.6, 159.3,
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136.4, 132.7, 131.9, 129.8, 128.4, 123.6, 120.9, 116.4, 109.5, 54.1, 53.6; MS (ESI) m/e = 341 (M+H)*, 342
(M+2)*

1-(4-chlorobenzyl)-N-(4-chlorophenyl)-1H-pyrrole-2-carboxamide (4d): Off white crystal, yield 76 %, mp
268-269 °C, 'H NMR (200 MHz, DMSO-dg) dn: 9.2 (s, 1H), 7.7 (d, 1H), 7.5 (d, 3H), 7.4 (d, 2H), 7.3 (d,
2H), 7.0 (d, 2H), 6.6 (d, 1H), 5.3 (s, 2H); 3C NMR (50 MHz, DMSO-ds) éc: 161.8, 138.6, 134.8, 132.4,
130.2, 129.6, 128.4, 122.2, 120.7, 109.6, 54.8; MS (ESI) m/e = 344 (M)", 346 (M+2)* and 348 (M+4)"

N-(4-bromophenyl)-1-(4-chlorobenzyl)-1H-pyrrole-2-carboxamide (4e): Off white crystal, yield 77 %, mp
276-278 °C, 'H NMR (200 MHz, DMSO-ds) 6n: 9.1 (s, 1H), 7.8 (d, 1H), 7.6 (d, 3H), 7.5 (d, 2H), 7.3 (d,
2H), 7.1 (d, 2H), 6.7 (d, 1H), 5.4 (s, 2H); *C NMR (50 MHz, DMSO-ds) déc: 162.2, 137.6, 136.2, 132.8,
131.4, 129.7, 128.4, 124.3, 122.6, 120.8, 108.4, 54.5; MS (ESI) m/e = 388 (M)*, 390 (M+2)* and 392
(M+4)*

1-(4-chlorobenzyl)-N-(4-nitrophenyl)-1H-pyrrole-2-carboxamide (4f). Off white crystal, yield 72 %, mp
280-282 °C, 'H NMR (200 MHz, DMSO-dg) du: 9.2 (s, 1H), 8.1 (d, 2H), 8.0 (d, 3H), 7.6 (d, 1H), 7.3 (d,
2H), 7.1 (d, 2H), 6.6 (d, 1H), 5.5 (s, 2H); 3C NMR (50 MHz, DMSO-ds) dc: 161.6, 145.8, 136.4, 132.1,
129.4,128.5, 125.2, 120.7, 108.6, 54.2; MS (ESI) m/e = 356 (M+H)*, 357 (M+2)*

N-benzyl-1-(4-chlorobenzyl)-1H-pyrrole-2-carboxamide (4g): Off white crystal, yield 84 %, mp 254-256
°C, H NMR (200 MHz, DMSO-dg) dn: 8.9 (s, 1H), 8.0 (d, 1H), 7.7 (d, 1H), 7.6 (d, 1H), 7.3-7.2 (m, 7H),
7.1 (d, 2H), 6.5 (d, 1H), 5.4 (s, 2H), 3.8 (s, 2H); **C NMR (50 MHz, DMSO-ds) dc: 160.2, 138.6, 136.8,
132.5,129.1, 127.4, 126.2, 114.8, 108.4, 54.1, 44.2; MS (ESI) m/e = 325 (M+H)*, 326 (M+2)*

1-(4-Chlorobenzyl)-N-(4-methoxybenzyl)-1H-pyrrole-2-carboxamide (4h): Off white crystal, yield 87 %,
mp 242-244 °C, *H NMR (200 MHz, DMSO-ds) 6+: 8.5 (t, 1H), 7.3 (d, 2H), 7.0 (t, 5H), 6.8 (d, 3H), 6.0 (t,
1H), 5.5 (s, 2H), 4.3 (d, 2H), 3.4 (s, 3H); *C NMR (50 MHz, DMSO-dg) dc: 161.1, 158.0, 138.6, 131.9,
131.5, 128.6, 126.6, 113.5, 107.3, 55.0, 50.1, 41.12; HRMS, m/z, Calcd = 354.1135, Found 355.1203
(M+H)".

(1-(4-chlorobenzyl)-1H-pyrrol-2-yl)(pyrrolidin-1-yl)methanone (4i): Off white crystal, yield 86 %, mp 232-
234 °C, 'H NMR (200 MHz, DMSO-ds) du: 8.0 (d, 1H), 7.8 (d, 1H), 7.7 (d, 1H), 7.4 (d, 2H), 7.2 (d, 2H),
6.8 (d, 1H), 5.5 (s, 2H), 3.4 (m, 4H), 2.0 (m, 4H); 3C NMR (50 MHz, DMSO-ds) Jc: 163.4, 136.2, 132.9,
129.7,128.3, 114.6, 108.5, 56.4, 48.6, 26.2; MS (ESI) m/e = 389 (M+H)*, 390 (M+2)*
(1-(4-chlorobenzyl)-1H-pyrrol-2-yl)(piperidin-1-yl)methanone (4j): Off white crystal, yield 88 %, mp 238-
239 °C, 'H NMR (200 MHz, DMSO-ds) dn: 7.8 (d, 1H), 7.6 (d, 1H), 7.3 (d, 2H), 7.1 (d, 2H), 6.7 (d, 1H),
5.4 (s, 2H), 3.7 (m, 4H), 1.7-1.6 (m, 6H); 3C NMR (50 MHz, DMSO-ds) dc: 163.6, 136.4, 132.6, 129.5,
127.1,114.2,108.1, 53.8, 46.4, 26.2, 24.6; MS (ESI) m/e = 303 (M+H)", 304 (M+2)"
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Conclusion

Some new pyrrole-2-carboxamides (4a-j) were prepared by the coupling of 1-(4-chlorobenzyl)-1H-
pyrrole-2-carboxylic acid with different aromatic and cycloaliphatic amines using EDC-HCI, HOBt and
TEA in DMF. The antimicrobial activity of these compounds (4a-j) was studied against Gram-negative
bacteria and fungi. The results exhibit that compounds 4a, 4c, 4c, 4f, 4g, 4h, 4i and 4j bear considerable
antibacterial activity. Carboxamide 4i emerged as good antibacterial agent against Klebsiella pneumoniae,
Escherichia coli and Pseudomonas aeruginosa strains with respective MIC value of 1.02, 1.56, and 3.56

pg/mL. None of these compounds show significant antifungal activity.
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