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Abstract: The antimicrobial drug resistant against various
bacterial strains have become a challenging situation for
health due to which many classical antibiotics become inactive
nowadays. To overcome this challenge, various antimicrobial
agents have been developed to treat the infectious diseases
spread by bacteria over the last decades. In the ongoing battle
against bacterial infections, the need for new and effective
antibacterial agents is paramount. Heterocyclic compounds
regarded for drug discovery due to their drug like properties
and structural characteristics. Pyrazole, a five-membered
heterocyclic compound, has garnered significant attention
in recent years due to its potential as an antibacterial agent.
This review aims to explore the current research on pyrazole
derivatives, highlight the efficacy and mechanisms of action
of pyrazole as an antibacterial agent, which will be beneficial
for medicinal chemists.

Keywords: Antimicrobial, E. Coli, Pyrazole, S. Aureus,
Streptococcus pneumonia.

[. INTRODUCTION

Bacterial infection has been a persistent threat and infinite
financial burden to the human healthcare system [1]. The
emerging resistance of various bacteria to the presently
available antibiotics became a global challenge [2—4]. The
major concern is the resistance caused by few gram-positive
bacteria like vancomycin-resistant Enterococcus faecalis,
penicillin-resistant Streptococcus pneumonia and methicillin-
resistant Staphylococcus aureus [5—7]. Additionally, due the
shortage of new therapeutic drugs, this resistance became global
problem [8-9]. Due to microbial transformations, the antibiotic
drugs became less effective. To overcome this difficulty,
identification of novel antibiotic drugs became the first priority
these days [10]. In recent years, emergence of new antibiotic
agents has gained substantial importance because of their
ability to fight against several bacterial strains [11]. However,

excessive use of these antibiotic agents results in the emergence
of drug resistant bacteria, thus posing the major challenge to
the modern healthcare [12-15]. These superbug bacteria cause
the multi drug resistance, thus compelling us to develop more
effective and alternative antibiotic agents.

II. PYRAZOLE MOIETY WITH ANTIMICROBIAL ACTIVITY

Linezolid (Fig. 1), belongs to the oxazolidinone family and
was the first marketed antibacterial drug. This unique antibiotic
agent inhibits the bacterial translation by binding with 50S
subunit of ribosome at the initiation phase. It has shown
the activities against almost all pathogens like penicillin-
resistant Streptococcus pneumonia and vancomycin-resistant
Enterococcus faecium [16]. Interestingly, many fused pyrazoles
have also shown remarkable biological and pharmacological
properties as purine analogues [17-21].
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Fig. 1

Pyrazole derivatives are so important scaffolds for antibiotic
drugs that several reviews have been published in recent years
elucidating the biological properties of pyrazole derivatives
[22-28] and their Schiff bases (Fig. 2) [29]. In this review we
will focus on the literature related to the anti-bacterial properties
of pyrazole.
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Fig. 2

G Daidone et al. prepared a series of novel 4-diazopyrazole
derivatives and were tested anti HIV and anticancer effect.
Although these derivatives did not show much activity against
HIV, moderated activity against tumor cell lines (ICy, 2.4-20
uM) but have shown promising anti-bacterial properties against
gram positive, gram negative and few stains of fungi (ICs, 0.8-
12.5 uM) [30].

G. Menozzi et al. synthesised a number of pyrazole analogues
and find a lead compound 3. But it showed very moderate

antibacterial activity [31]. In order to enhance antibacterial
activities same group prepared a series of chloro and fluoro
derivatives of compound 1. These derivatives have shown
interesting antimicrobial activities [32]. The compounds 2,
3 and 4 (Fig. 3) showed similar or superior inhibitory effect
against gram positive bacteria compared to bifonazole. To
rationalized the pharmacological result, docking studies of
these derivatives have also been carried out.
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Fig. 3
Mannich bases of some pyrazole derivatives have been
synthesised by non-conventional techniques like microwave-
assisted reactions. These synthesised derivatives were screened
for their analgesics, anti-inflammatory, antioxidant and anti- ﬂ"
bacterial activities. The synthesised compounds were 1.06 times
more effective compared to standard drugs like ciprofloxacin 5
against gram-negative bacteria (compound 5, Fig. 4 was found
to be most promising). A trend of activity was observed in these Fig. 4

compounds that electron-donating substituents improved the
antibacterial activity and most of the derivatives have shown
better activity against gram-negative bacteria as compared to
gram-positive bacteria [33].

Recently R. Kumar et al. showed the importance of combination
therapy and novel heterocycles can serve as additional
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supplement to the existing antimicrobial therapy. They have
synthesized the pyrimidine pyrazole derivative by using
oxidative cyclisation of chalcones. The most active compound
6 has MIC 31.25 ug/mL against Staphylococcus aureus and

Bacillus cereus. Antibacterial activities showed by 7, 8, and 9
(Fig. 5) was 62.50, 125.00, and 500.00 xg/mL respectively. The
combination of synthesized compounds with antibiotic drugs
showed synergetic effect against A. fumigatus [34].
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B. Ramesh et al. synthesized dihydroprimidines and their
derivatives and tested for antimicrobial activities. The
findings were quite interesting. The pyrazole derivatives of
dihydropyrimidines 10, 11 and 12 (Fig. 6) very potent anti-
bacterial activity against both Gram-positive and gram negative

5

bacteria, while the other derivatives showed the moderate
antibacterial activities. The study reveals that the pyrazole
ring is responsible for the increased anti-bacterial activity and
halogenation increase the antibacterial activity [35].
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Yang et al. synthesized a series of oxazolidinone derivatives Y-R. Li et al synthesized three different series of

and their toxicities and antibacterial activities were evaluated.
The study showed the increased effect substitution on pyrazolyl
ring. All synthesized compounds have shown excellent
antibacterial activities (MIC 0.25-2 ug/mL). Lead compound
13 (Fig. 7) displayed promising safety profile and water soluble
salt with less bone marrow suppression [36].
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pyrazole derivatives containing furan-carbohydrazide and
aminoguanidine moieties. These derivatives were evaluated for
their anti-inflammatory and anti-bacterial activities and showed
strong inhibition (MIC 1.64 ug/mL) against gram positive,
gram negative as well as resistant strains. Compound 14, 15
and 16 (Fig. 8) were most potent (MIC 1-2 ug/mL). Compound
18 also showed more potent anti-inflammatory activity than
ibuprofen and indomethacin [37].
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Metronidazole based agents for antibacterial activities have
been synthesised and found to inhibit the tyrosyl-tRNA
synthetase with low cytotoxicity and potent antibacterial
activity. Compound 17 was the most potent (ICs, 0.92
uM) against TryRS, MIC value of 0.98 pg/mL against P,
aeruginosa and 1.96 pg/mL against E. coli. To find the reasons
for antibacterial activity, docking studies were also performed
which indicates the inhibition of tryRS may be main factor
responsible for the antibacterial activities [38]. As we can see,
the compound 18 with 4- methoxy substituent in the benzene
ring fragment (A) exerted the highest inhibitory activity
against TyrRS with an IC;;, of 0.92 um and afforded over 60-
fold improvement over the unsubstituted analog 18.
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The pyrazole-arginine based peptidomimetic 19 were
synthesised first time by Bang ef al. methodical modification
like charge, length of peptide chain or hydrophobicity a
short peptide pyll was identified as potent antibacterial
agent against antibiotic resistant bacteria, gram negative
bacteria (£. Coli, P. aeruginosa) and gram positive bacteria
(S. epidermidis, S. aureus). The study also showed that with
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increase in charge and hydrophobicity will increase the
antibacterial activity [39].
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Jimmy et al. recently reported targeting histidine kinase could
inhibit the bacterial growth as this kinase is essential for the
growth of bacteria. For this, they have synthesised and screened
diaryl pyrazole Hsp90 inhibitors against histidine kinase
present in C. crescenrus. The synthesized derivatives were
potent against both gram-positive and gram-negative bacteria,
most potent were 20, 21 and 22 (MIC 17.5, 12.3 and 11.2 uM).
These derivatives were almost 10 times more potent for yeast
Hsp90 compare to CckA [40].
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S. Hassan et al. synthesised the fused pyrazole derivatives
and their Schiff bases. All the synthesized compounds were
screened for their anti-bacterial activities against MDR bacteria.
The most potent were the Schiff base 23 showed MIC 7.81 pg/

mL against S. aureus and 3.91 pg/mL against S. epidermis [41].
Compound 24 (a pyrazolo[1,5-a]pyrimidine) also exhibited
promising activity against the Staphylococcus aureus.
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A series of novel pyrazole derivatives were synthesised by
Ibrahim et al. in 2008 and their antibacterial screening has
been performed. Compound 25 showed potent anti-bacterial
activity against gram positive bacteria and fungi. Compound 26

displayed more potency against C. albicans. While compound
27 is potent against almost all microorganisms except C.
albicans [42].
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Liang et al. recently synthesised a series of pyrazole derivative
having (thio) semicarbazide moiety. These compounds were
screened for dual antimicrobial and inflammatory activities.

Around 11 compounds have showed anti-bacterial activities
(MIC 8-128 pg/mL). Compound 28 and 29 were most potent
against S. pneumoniae and S. aureus with MIC=8pg/mL [43].
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W. Zhong et al. recently identified TrmD inhibitors having
diverse scaffold by wusing bioluminescence based high
throughput screening. A library of 116350 compounds was
screened and 61 TrmD inhibitors were identified. Many of these
inhibitors were comprising pyrazole scaffold. Almost all the
pyrazole derivatives (30-35, Fig. 15) were found to be active
against various strains of bacteria [44].
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Fig. 15

W. T. Barker et al. showed that an inhibitor of eukaryotic kinase,
meridian in D, can modify the activities of both Gram negative
and Gram positive bacteria. Commercially available libraries of
gram negative bacilli were utilised for pilot screening of kinase
inhibitors. The results identified a pyrazole derivative (OSU
03012) compound 36 (Fig. 16) as an active inhibitor of PDK-1
in colistin sensitive strains [45].

36

Fig. 16

Nayak et al. recently synthesize novel pyrazole Schiff bases
having thiophene moiety and screened them for their activities

against different strains of bacteria (compound 37, Fig. 17 was
found to be most potent). The library of synthesised derivatives
were not only showed potent antibacterial activities but also
showed anti-inflammatory as well as anti-tubercular activities
[46].

37

Fig. 17

Khan et al. prepared two series of pyrazole derivatives
containing 1-substituted carbamoyl and thiocarbomoyl
moieties. Almost all the prepared derivatives not only showed
the moderate antibacterial activities (zone of inhibition 11-
27 mm) but also showed anti-cancer properties [47]. The
compounds 38, 39 and 40 (Fig. 18) were most promising.
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Despite the promising potential of pyrazole as an antibacterial
agent, further research is needed to optimize its activity,
improve its selectivity, and investigate its potential toxicity and
resistance mechanisms. Moreover, in vivo studies and clinical
trials are required to evaluate the efficacy and safety of pyrazole
compounds in treating bacterial infections in humans.

(3]

III. CoNcLUSION

(6]
Pyrazole compounds represent a new and exciting class
of antibacterial agents with broad-spectrum activity and
synergistic effects when used in combination with existing
antibiotics. The ability of pyrazole to target multiple essential
bacterial processes makes it a promising candidate for
combating drug-resistant bacteria. However, more research
is necessary to fully understand the potential of pyrazole
as an antibacterial agent and to translate these findings into
effective clinical therapies. With continued investigation and
development, pyrazole may play a significant role in the fight
against bacterial infections in the future.

(7]

(8]

REFERENCES

[1T Y. Zhou, X. Jiang, J. Tang, Y. Su, F. Peng, Y. Lu, R.
Peng, and Y. He, J. Mater. Chem., vol. 2, p. 691, 2014.

H. W. Boucher, G. H. Talbot, J. S. Bradley, J. E. Edwards,
D. Gilbert, L. B. Rice, M. Scheld, B. Spellberg, and
J. Bartlett, “Bad bugs, N. D. bad bugs, no drugs: No
ESKAPE! An update from the Infectious Diseases
Society of America,” Clin. Infect. Dis., vol. 48, no. 1,
pp- 1-12, 2009, doi: https://doi.org/10.1086/595011.

Y. Fukuda, “New approaches to overcoming
bacterial resistance,” Drugs Future, vol. 34, no. 2,
pp. 127-136, 2009, doi: https://doi.org/10.1358/
dof.2009.34.2.1313642.

B. Spellberg, R. Guidos, D. Gilbert, J. Bradley, H. W.
Boucher, W. M. Scheld, J. G. Bartlett, and J. Edwards Jr,
“Infectious Diseases Society of America. The epidemic
of antibiotic resistant infections: A call to action for

(2]
[9]

[10]
(3]

[4]

the medical community from the Infectious Diseases
Society of America,” Clin. Infect. Dis., vol. 46, no. 2,
pp. 155-164,2008, doi: https://doi.org/10.1086/524891.

M. Khare, and D. Keady, “Antimicrobial therapy of
Methicillin resistant staphylococcus aureus infection,”
Expert Opin. Pharmacother., vol. 4, no. 2, pp. 165-177,
2003, doi: https://doi.org/10.1517/14656566.4.2.165.

S. Lam, C. Singer, V. Tucci, V. H. Morthland, M.
A. Pfaller, and H. D. Isenberg, “The challenge of
vancomycin-resistant enterococci: A clinical and
epidemiologic study,” Am. J. Infect. Control (AJIC),
vol. 23, no. 3, pp. 170-180, 1995, doi: https://doi.
org/10.1016/0196-6553(95)90038-1.

D. Nicolau, “Clinical and economic implications
of antimicrobial resistance for the management of
community-acquired respiratory tract infections. J.
Antimicrob. Chemother., vol. 50, no. Suppl. S1, pp. 61—
70, 2002, doi: https://doi.org/10.1093/jac/dkf809.

L. Ejim, M. A. Farha, S. B. Falconer, J. Wildenhain, B.
K. Coombes, M. Tyers, E. D. Brown, and G. D. Wright,
“Combinations of antibiotics and nonantibiotic drugs
enhance antimicrobial efficacy,” Nat. Chem. Biol., vol.
7,n0. 6, pp. 348-350, 2011, doi: https://doi.org/10.1038/
nchembio.559.

M. S. Butler, M. A. Blaskovich, and M. A. Cooper,
“Antibiotics in the clinical pipeline in 2013, J. Antibiot.
(Tokyo), vol. 66, no. 10, pp. 571-591, 2013, doi: https://
doi.org/10.1038/ja.2013.86.

G. Guerrini, G. Ciciani, L. Crocetti, S. Daniele, C.
Ghelardini, M. P. Giovannoni, A. lacovone, L. D.
Di Cesare Mannelli, C. Martini, and C. Vergelli,
“Identification of a new Pyrazolo[1,5-a] Quinazoline
ligand highly affine to c-Aminobutyric type A
(GABA A) receptor subtype with anxiolytic-like and
antihyperalgesic activity,” J. Med. Chem., vol. 60, no.
23, pp. 9691-9702, 2017, doi: https://doi.org/10.1021/
acs.jmedchem.7b01151.



118 Journal of Scientific and Technical Research

Volume 15 Issue 1 June 2025

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

M. Zasloff, “Antimicrobial peptides of multicellular
organisms,” Nature, vol. 415, no. 6870, pp. 389395,
2002, doi: https://doi.org/10.1038/415389a.

U. Theuretzbacher, “Accelerating resistance, in-
adequate antibacterial drug pipelines and international
responses,” Int. J. Antimicrob. Agents, vol. 39, no.
4, pp. 295-299, 2012, doi: https://doi.org/10.1016/j.
ijjantimicag.2011.12.006.

S. B. Levy, and B. Marshall, “Antibacterial resistance
worldwide: Causes, challenges and responses,” Nat.
Med., vol. 10, no. 12(Suppl.), pp. S122-S129, 2004,
doi: https://doi.org/10.1038/nm1145.

B. Spellberg, J. H. Powers, E. P. Brass, L. G. Miller,
and J. E. Edwards Jr., “Trends in antimicrobial drug
development: Implications for the future,” Clin. Infect.
Dis., vol. 38, no. 9, pp. 1279-1286, 2004, doi: https://
doi.org/10.1086/420937.

R. S. Vardanyan, and V. J. Hruby, Synthesis of Essential
Drugs. Elsevier Science, 2006, pp 425—498. [Online].
Available: https://www.sciencedirect.com/science/
book/9780444521668

S. J. Brickner, M. R. Barbachyn, D. K. Hutchinson, and
P. R. Manninen, “Linezolid (ZYVOX), the first member
of a completely new class of antibacterial agents for
treatment of serious gram-positive infections,” J. Med.
Chem., vol. 51, no. 7, pp. 1981-1990, 2008, doi: https://
doi.org/10.1021/jm800038g.

Y. Liu, R. Laufer, N. K. Patel, G. Ng, P. B. Sampson,
S. W. Li, Y. Lang, M. Feher, R. Brokx, 1. Beletskaya,
R. Hodgson, O. Plotnikova, D. E. Awrey, W. Qiu, N.
Y. Chirgadze, J. M. Mason, X. Wei, D. C. Lin, Y. Che,
R. Kiarash, G. C. Fletcher, T. W. Mak, M. R. Bray, and
H. W. Pauls, “Discovery of Pyrazolo[1,5-a]Pyrimidine
TTK inhibitors: CFI-402257 is a potent, selective,
bioavailable anticancer agent,” A.C.S. Med. Chem.
Lett., vol. 7, no. 7, pp. 671-675, 2016, doi: https://doi.
org/10.1021/acsmedchemlett.5b00485.

P. G. Baraldi, S. Manfredini, R. Romagnoli, L.
Stevanato, A. N. Zaid, and R. Manservigi, “Synthesis
and anti-HSV-1 activity of 6 substituted Pyrazolo[3,4-d]
Pyridazin-7-one  nucleosides,”  Nucleotides,  vol.
17, no. 12, pp. 2165-2173, 1998, doi: https://doi.
org/10.1080/07328319808004307.

A. El-Mekabaty, O. M. O. Habib, E. B. Moawad, and
A. M. Hasel, “Synthesis and antioxidant activity of new
Pyrazolo[1,5-a]Pyrimidine derivatives incorporating a
Thiazol-2-Yldiazenyl moiety,” J. Heterocycl. Chem.,
vol. 53, no. 6, pp. 1820-1826, 2016, doi: https://doi.
org/10.1002/jhet.2492.

H. A. Abd El Razik, and A. A. E. Wahab, “Synthesis
and biological evaluation of some novel fused

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

pyrazolopyrimidines as potential anticancer and
antimicrobial agents,” Arch. Pharm. Pharm. Med.
Chem., vol. 344, pp. 184-196, 2011, doi: https://doi.
org/10.1002/ardp.201000188.

J. Sindhu, H. Singh, J. M. Khurana, J. K. Bhardwaj,
P. Saraf, and C. Sharma, “Synthesis and biological
evaluation of some functionalized 1H-1,2,3-Triazole
tethered Pyrazolo[3,4-b]Pyridin-6(7H)-ones as anti-
microbial and apoptosis inducing agents,” Med. Chem.
Res., vol. 25, no. 9, pp. 18131830, 2016, doi: https://
doi.org/10.1007/s00044-016-1604-0.

A. Martin, and A. K. Verma, “Antimicrobial activities
of Pyrazole derivatives: A review of the literature,
European Journal of Biomedical and Pharmaceutical
Sciences (EJBPS), vol. 1, no. 2, pp 386400, 2014.

J. V. Faria, P. F. Vegi, A. G. C. Miguita, M. S. Dos
Santos, N. Boechat, and A. M. R. Bernardino, “Recently
reported biological activities of Pyrazole compounds,”
Bioorg. Med. Chem.. vol. 25, no. 21, pp. 5891-5903,
2017, doi: https://doi.org/10.1016/j.bmc.2017.09.035.

K.. Karrouchi, S.. Radi, Y. Ramli, J.. Taoufik, Y. N.
Mabkhot, F. A. Al-Aizari, and M. Ansar, “Synthesis and
pharmacological activities of pyrazole derivatives: A
review,” Molecules, vol. 23, no. 1, p. 134, 2018, doi:
https://doi.org/10.3390/molecules23010134.

M. Faisal, A. Saeed, S. Hussain, P. Dar, and F. A.
Larik, “Recent developments in synthetic chemistry
and biological activities of pyrazole derivatives,” J.
Chem. Sci.. vol. 131, no. 8, p. 70, 2019, doi: https://doi.
org/10.1007/s12039-019-1646-1.

S. G. Kiigiikgiizel, and S. Senkardes, “Recent advances
in bioactive pyrazoles,” FEur. J. Med. Chem., vol. 97,
pp. 786-815, 2015, doi: https://doi.org/10.1016/j.
ejmech.2014.11.059.

J. V. Faria, P. F. Vegi, A. G. C. Miguita, M. S. Dos
Santos, N. Boechat, and A. M. R. Bernardino, “Recently
reported biological activities of pyrazole compounds,”
Bioorg. Med. Chem.. vol. 25, no. 21, pp. 5891-5903,
2017, doi: https://doi.org/10.1016/j.bmc.2017.09.035.

B. Dash, and S. Karim, Int. J. Pharm. Sci. Res., vol.
12, no. 5, pp. 25702588, 2021, doi: https://doi.
org/10.13040/1JPSR.0975-8232.12(5).2570-88.

C.M. daSilva, D. L. da Silva, L. V. Modolo, R. B. Alves,
M. A. de Resende, C. V. B. Martins, and A. de Fatima,
“Schiff bases: A short review of their antimicrobial
activities,” J. Adv. Res., vol. 2, no. 1, pp. 1-8, 2011, doi:
https://doi.org/10.1016/j.jare.2010.05.004.

G. Daidone, B. Maggio, S. Plescia, D. Raffa, C.
Musiu, C. Milia, G. Perra, and M. Elena Marongiu,
“Antimicrobial and antineoplastic activities of new



Recent Advances in Pyrazole Derivatives as Potential Antimicrobial Agents 119

[32]

[33]

[36]

[37]

[38]

4-diazopyrazole derivatives,” FEur J. Med. Chem.,
vol. 33, no. 5, pp. 375-382, 1998, doi: https://doi.
org/10.1016/S0223-5234(98)80004-4.

G. Menozzi, L. Mosti, O. Bruno, E. Lo Presti, C. Musiu,
S. Longu, P. La Colla, W. Filippelli, G. Falcone, and B.
Piucci, Farmaco, vol. 54, p. 416, 1999.

G. Menozzi, L. Merello, P. Fossa, S. Schenone, A.
Ranise, L. Mosti, F. Bondavalli, R. Loddo, C. Murgioni,
V. Mascia, P. La Colla, and E. Tamburini, “Synthesis,
antimicrobial activity and molecular modeling studies
of halogenated 4-[1H-Imidazol-1-YI(Phenyl)Methyl]-
1,5-Diphenyl-1H-Pyrazoles,” Bioorg. Med. Chem.,
vol. 12, no. 20, pp. 54655483, 2004, doi: https://doi.
org/10.1016/j.bmc.2004.07.029.

K. K. Sivakumar, A. Rajasekaran, P. Senthilkumar, and
P. P. Wattamwar, “Conventional and microwave assisted
synthesis of pyrazolone mannich bases possessing
anti-inflammatory, analgesic, ulcerogenic effect and
antimicrobial properties,” Bioorganic & Medicinal
Chemistry Letters, 2014, doi:http://dx.doi.org/10.1016/].
bmcl.2014.04.067.

R. Kumar, J. Arora, S. Ruhil, N. Phougat, A. K. Chhillar,
and A. K. Prasad, “Synthesis and antimicrobial studies
of pyrimidine pyrazole heterocycles,” Advances in
Chemistry, vol. 2014, 2014, Art no. 329681, doi: https://
doi.org/10.1155/2014/32968]1.

B. Ramesh, and C. M. Bhalgat, “Novel
dihydropyrimidines and its pyrazole derivatives:
Synthesis and pharmacological screening,” Eur. J. Med.
Chem., vol. 46, no. 5, pp. 18821891, 2011, doi: https://
doi.org/10.1016/j.ejmech.2011.02.052.

T. Yang, G. Chen, Z. Sang, Y. Liu, X. Yang, Y. Chang,
H. Long, W. Ang, J. Tang, Z. Wang, G. Li, S. Yang,
J. Zhang, Y. Wei, and Y. Luo, “Discovery of a Teraryl
Oxazolidinone compound (S)-N-((3-(3-Fluoro-
4-(4-(Pyridin-2-Y1)-1H-Pyrazol-1-YI)Phenyl)-2-
Oxooxazolidin-5-YI)Methyl)acetamide phosphate
as a novel antimicrobial agent with enhanced safety
profile and efficacies,” J. Med. Chem., vol. 58, no. 16,
pp. 6389-6409, 2015, doi: https://doi.org/10.1021/acs.
jmedchem.5b00152.

Y.R. Li, C. Li, J. C. Liu, M. Guo, T. Y. Zhang, L. P. Sun,
C. J. Zheng, and H. R. Piao, “Synthesis and biological
evaluation of 1,3-Diaryl pyrazole derivatives as potential
antibacterial and anti-inflammatory agents,” Bioorg.
Med. Chem. Lett., vol. 25, no. 22, pp. 5052-5057, 2015,
doi: https://doi.org/10.1016/j.bmcl.2015.10.028.

L. W. Chen, P. F. Wang, D. J. Tang, X. X. Tao, R. J.
Man, H. Y. Qiu, Z. C. Wang, C. Xu, and H. L. Zhu,
“Metronidazole containing pyrazole derivatives

[39]

[40]

[41]

[42]

[43]

[44]

[45]

potently inhibit tyrosyl-tRNA synthetase: Design,
synthesis, and biological evaluation,” Chem. Biol.
Drug Des., vol. 88, no. 4, pp. 592598, 2016, doi:
https://doi.org/10.1111/cbdd.12793.

M. Ahn, P. Gunasekaran, G. Rajasekaran, E. Y. Kim,
S. J. Lee, G. Bang, K. Cho, J. K. Hyun, H. J. Lee, Y.
H. Jeon, N. H. Kim, E. K. Ryu, S. Y. Shin, and J. K.
Bang, “Pyrazole derived ultra-short antimicrobial
peptidomimetics with potent anti-biofilm activity,” Eur.
J. Med. Chem., vol. 125, pp. 551-564, 2017, doi: https://
doi.org/10.1016/j.ejmech.2016.09.071.

C. D. Vo, H. L. Shebert, S. Zikovich, R. A. Dryer, T. P.
Huang, L. J. Moran, J. Cho, Wassarman, D. R. Falahee,
B. E. Young, P. D. Gu, G. H. Heinl, J. F. Hammond,
J. W. Jackvony, T. N. Frederick, T. E. Blair, and J. A.
Repurposing, “Hsp90 inhibitors as antibiotics targeting
histidine kinases,” Bioorg. Med. Chem. Lett.,vol. 27, no.
23, pp. 5235-5244, 2017, doi: https://doi.org/10.1016/j.
bmcl.2017.10.036.

A. S. Hassan, G. O. Moustafa, A. A. Askar, A. M.
Naglah, and M. A. Al-Omar, “Synthesis and antibacterial
evaluation of fused pyrazoles and schiff bases,” Synth.
Commun., vol. 48, no. 21, pp. 27612772, 2018, doi:
https://doi.org/10.1080/00397911.2018.1524492.

I. A. M. Radini, “Design, synthesis, and antimicrobial
evaluation of novel pyrazoles and pyrazolyl
1,3,4-Thiadiazine derivatives,” Molecules, vol. 23,
no. 9, p. 2092, 2018, doi: https://doi.org/10.3390/
molecules23092092.

Z. Liang, Y. Huang, S. Wang, and X. Deng, “Synthesis
and biological evaluation of some pyrazole derivatives,
containing (Thio) semicarbazide, as dual anti-
inflammatory antimicrobial agents,” Lett. Drug Des.
Discov.,vol. 16,1n0. 9, pp. 1020-1030, 2019, doi: https://
doi.org/10.2174/1570180816666190325163117.

W. Zhong, A. Koay, A. Ngo, Y. Li, Q. Nah, Y. H. Wong,
Y. H. Chionh, H. Ng, Q. Koh-Stenta, X. Poulsen, A. Foo,
K. McBee, M. Choong, M. L. El Sahili, A. Kang, C.
Matter, A. Lescar, J. Hill, and J. Dedon, “Targeting the
bacterial epitranscriptome for antibiotic development:
discovery of novel tRNA-(N1G37) methyltransferase
(TrmD) inhibitors,” A.C.S. Infect. Dis., vol. 5, no.
3, pp. 326-335, 2019, doi: https://doi.org/10.1021/
acsinfecdis.8b00275.

W. T. Barker, A. M. Nemeth, S. M. Brackett, A. K.
Basak, C. E. Chandler, L. A. Jania, W. J. Zuercher, R. J.
Melander, B. H. Koller, R. K. Ernst, and C. Melander,
“Repurposing eukaryotic kinase inhibitors as colistin
adjuvants in gram-negative bacteria,” A.C.S. Infect.
Dis., vol. 5, no. 10, pp. 1764—1771, 2019, doi: https://
doi.org/10.1021/acsinfecdis.9b00212.



120 Journal of Scientific and Technical Research

Volume 15 Issue 1 June 2025

[46] S. G. Nayak, B. Poojary, and V. Kamat, “Novel

pyrazole-clubbed thiophene derivatives via gewald
synthesis as antibacterial and anti-inflammatory
agents,” Arch. Pharm. (Weinheim Germany), vol. 353,
no. 12, p. e2000103, 2020, doi: https://doi.org/10.1002/
ardp.202000103.

[47] K. A. Khan, and H. M. Faidallah, “I-substituted

carbamoyl and thiocarbamoyl-4,5-dihydro- 1 H-
pyrazoles as possible cytotoxic and antimicrobial
agents,” J. Enzyme Inhib. Med. Chem., vol. 31, no. 4,
pp. 619-627, 2016, doi: https://doi.org/10.3109/147563
66.2015.1057717.



