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kill microorganisms, including bacteria, fungi, and parasites. Antibiotics, a subset of an-
timicrobial agents, specifically target bacteria and include well-established classes such
as B-lactams, macrolides, quinolones, and oxazolidinones. Other antimicrobial hybrids
are designed for treating a wide range of diseases, including fungal infections, leish-
maniasis, parasitic diseases (such as trypanosomiasis and malaria), leprosy, and tuber-

DoI: culosis. Some hybrids are designed to treat a variety of diseases. This review highlights
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studies primarily published between 2000 and 2023, with a few from 2024, underscor-

ing the dynamic and rapidly evolving nature of antimicrobial hybrid research.
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1. INTRODUCTION

The first comprehensive review on hybrid com-
pounds focused on chimera molecules developed for
the treatment of central nervous system disorders [1].
In contrast, this review centers on the application of
hybrid drugs as antimicrobial agents, as discussed in
recent literature.

Relevant publications were identified through tar-
geted searches in SciFinder and in leading medicinal
chemistry and related biological journals, including
those from the American Chemical Society, Bioorganic
& Medicinal Chemistry, Bioorganic & Medicinal
Chemistry Letters, Current Medicinal Chemistry, Eu-
ropean Journal of Medicinal Chemistry, Antimicrobial
Agents and Chemotherapy, Bioorganic Chemistry, and
MedChemComm. The primary search terms used were
hybrids, conjugates, and chimeras.

The selected abstracts highlight compounds exhibit-
ing significant or promising antimicrobial activity
against bacterial, fungal, tuberculosis, and malaria-
related pathogens. These studies emphasize the chemi-
cal structures of the most active molecules. A common
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structural feature among many of these hybrids is the
incorporation of heterocyclic "azole" moieties-such as
triazoles [2], tetrazoles, carbazoles, pyrazoles, oxadia-
zoles, isoxazoles, and imidazoles-as well as other bio-
active scaffolds like quinolines, triazines, and chalcon-
es.

2. SELECTED REVIEWS OF ANTIMICROBIALS

Fedorowicz and Saczewski published a comprehen-
sive survey on hybrid quinolones and fluoroquinolones,
highlighting artificial nucleases capable of cleaving
DNA, as well as quinolone-peptide hybrids, NO-donor
quinolone hybrids, fluoroguinolone-bisphosphonate
hybrids, and various other antimicrobial quinolone hy-
brids [3]. Reviews by Shi et al. and Gao et al. focused
on hybrids designed to combat resistance in ESKAPE
bacteria (E. coli, Staphylococcus aureus, Klebsiella
pneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosa, and Enterobacter spp.) [4-6]. Xu et al. pre-
sented a dedicated review on fluoroquinolone-isatin
conjugates [7], while Huang et al. summarized the an-
tibacterial activities of tetrazole-derived hybrids [8].
Klahn and Bronstrup proposed a novel hypothesis for
designing dual-action hybrid antibiotics effective
against Gram-negative (G-) pathogens, particularly
Pseudomonas aeruginosa, which have developed vari-
ous resistance mechanisms. They discussed hybrids
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created by linking an antibiotic to a second functional
unit, often another antibiotic [9]. Bremner et al. and
Domalaon et al. reviewed hybrids composed of two
bridged antibiotics in several extensive publications
[10-12]. Henriquez-Figuereo, Sanmartin, and Plano et
al. reviewed hybrids containing sulfur, selenium, and
tellurium, and their potential in treating tropical diseas-
es [13]. Saadeh and Mubarak examined the role of hy-
brids in combating microbial drug resistance [14].

3. BIOFILM INHIBITORS, EFFLUX PUMP IN-
HIBITORS, MRSA, QUORUM SENSING INHIB-
ITORS

When evaluating the activity of antimicrobial
agents, it is essential to assess their effectiveness
against Gram-positive (G+) methicillin-resistant Staph-
ylococcus aureus (MRSA). Over time, many bacteria
have developed resistance to commonly used antibiot-
ics, creating a global health threat as infections become
increasingly difficult to treat. A significant mechanism
contributing to antibiotic resistance is the emergence of
efflux pumps, which actively remove antibiotics from
bacterial cells, rendering them less susceptible to
treatment. Another key factor in microbial virulence is
guorum sensing, a process by which bacteria regulate
their population density through gene expression. This
regulation is critical for biofilm formation, and when
bacterial populations reach a certain density, biofilms
can form and shield bacteria from the host immune re-
sponse, enabling them to resist phagocytosis and cause
persistent infections. As a result, strategies aimed at
inhibiting biofilm formation or disrupting established
biofilms are considered promising antibacterial ap-
proaches. More detailed descriptions of quorum sens-
ing and bacterial biofilms can be found on Wikipedia
[15, 16].

3.1. Biofilm Inhibitors

Hybrids of ciprofloxacin linked to 3-hydroxy-
pyridin-4(1H)-ones were evaluated as dual antibacterial
and antibiofilm agents against Pseudomonas aerugino-
sa. The most active compound, 1, exhibited minimum
inhibitory concentrations (MICs) of 0.86 and 0.43 uM
against P. aeruginosa strains 27853 and PAOL, respec-
tively, and reduced biofilm formation by 78.3%. The
mechanism of action was linked to the interference
with iron uptake, which resulted in inhibited bacterial
motility and reduced virulence [17]. Additionally, the
non-toxic ciprofloxacin-nitroxide hybrid, 2, achieved
complete destruction of established P. aeruginosa bio-
films [18]. Linking 1,3,5-triazines to pyrazoles via a
thioamidic bridge resulted in hybrids with potent anti-
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bacterial activity. Compound 3 exhibited MICs ranging
from 3.91 to 15.62 uM/mL and demonstrated anti-
biofilm activity at 15.62 uM/mL [19]. Quaternary am-
monium salts (compound 4), obtained by intensive
methylation of the nitrogen atoms in fluorogquinolone
antibiotics  (ciprofloxacin, enoxacin, gatifloxacin,
lomefloxacin, and norfloxacin), exhibited strong anti-
bacterial activity against both G+ and G- bacteria
(MICs as low as 6.25 uM). These compounds also re-
duced biofilm mass in Pseudomonas aeruginosa ATCC
15442 and were found to be of low toxicity [20]. Addi-
tional antibiofilm agents against P. aeruginosa include
hybrids of 3-benzimidazoles linked to hydroxypyridin-
4-(2H)-ones, such as compound 5 [21]. The pyrazolo-
pyrimido[4,5-d]pyrimidine hybrid 6 also inhibited Mi-
crococcus luteus and S. aureus, with MICs of 3.9 and
7.8 ug/mL, respectively [22]. Biofilm formation inhibi-
tors 7a and 7b showed approximately 50% efficacy
against the pathogenic yeast Candida albicans at con-
centrations of 2-4 pg/mL [23]. Additionally, hybrids
like compound 8 (ICsp 0.5 ug/mL), derived from cur-
cumin and aminophosphonates, effectively eradicated
S. aureus biofilms and expanded the antibacterial spec-
trum when combined with norfloxacin. This mecha-
nism involved disruption of bacterial cell membrane
integrity (Fig. 1) [24].

3.2. Efflux Pump Inhibitors

Hybrid drugs, such as compound 9, inhibit the NorA
efflux pump and enhance the photodynamic inactiva-
tion of G- Escherichia coli and Acinetobacter bau-
mannii bacteria [25, 26]. Antibiotic hybrids 10 and 11,
which combine carbazole derivatives with efflux pump
inhibitors like gallic acid or 3-indoleacetic acid, exhib-
ited remarkable potency at a concentration of 0.05
pMg/mL against several bacterial strains, including E.
coli, Staphylococcus aureus, Pasteurella multocida,
and Bacillus subtilis [27]. Hybrid drugs 12, which
combine the calcium channel blocker verapamil and
certain antipsychotic phenothiazines-both known efflux
pump inhibitors-were found to be non-toxic and en-
hanced antitubercular activity, with an MICg of ap-
proximately 3.17 pg/mL, due to efflux pump inhibition
[28]. Additionally, conjugating 5-nitro-2-phenyl-1H-
indole (which lacks intrinsic antibacterial activity) with
the natural product berberine resulted in a reduced MIC
for berberine by inhibiting the NorA efflux pump. Ester
prodrugs of indole and berberine, as well as hybrids
like compound 13, demonstrated high antibacterial po-
tency against G+ bacteria S. aureus 8325-4, E. faecalis
V-583, and Bacillus cereus T, with MIC values of 3.1,
6.3, and 3.1 uM, respectively (Fig. 2) [29, 30].
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Fig. (1). Biofilm formation inhibitors.

3.3. MRSA

Reviews by Qiao, Zhu, Verma, Kumar, and Ran-
gappa explored MRSA inhibitors derived from thia-
zoles and oxadiazoles as potential antibiotics against
MRSA [31, 32]. Researchers conjugated amphiphilic
aminoglycosides, such as neomycin B and kanamycin
A, with cationic peptide antibacterial agents through
1,2,3-triazole linkages, creating aminoglycoside-
peptide triazole conjugates, including hybrid 14. These
conjugates exhibited enhanced antibacterial potency
against MRSA and gentamicin-resistant Pseudomonas
aeruginosa, though they were less effective against
susceptible strains [33]. The indole-carbazole hybrid 15
showed notable antibacterial activity, with an MIC of 1
pg/mL against MRSA, comparable to vancomycin, and
resulted in 75% survival in a mouse model [34]. Novel
hybrids derived from the terpene pleuromutilin, conju-

gated with pyridinium entities, such as compound 16,
displayed a broad antibacterial spectrum, with MICs as
low as 0.0625 pg/mL against Staphylococcus aureus,
MRSA, and Escherichia coli [35]. The coumarin-
thiazole hybrid 17 exhibited six times greater inhibitory
activity against MRSA (MIC = 4 uM) compared to
norfloxacin, functioning as a disruptor of the bacterial
membrane while binding to DNA gyrase through stable
hydrogen bonds, thereby impeding cell replication [36].
Benzothiazole-urea hybrids like compound 18 demon-
strated similar antibacterial efficacy against MRSA in a
mouse model of abdominal infection [37]. Non-
cardiotoxic amide-containing hybrids, such as com-
pound 19, were designed as bacterial topoisomerase
inhibitors (NBTIs) to minimize hERG channel inhibi-
tion. These hybrids showed potent antibacterial activity
against G+ bacteria, including methicillin-resistant
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Fig. (2). Efflux pump inhibitors.

MRSA, in murine models [38]. Additionally, quinolin-
ium stilbene benzenesulfonates, such as compound 20,
exhibited broad-spectrum activity against both G+
MRSA (including S. aureus, Bacillus subtilis, and van-
comyecin-resistant Enterococcus faecalis) and G- bacte-
ria (Shigella sonnei) (Fig. 3) [39].

3.4. Quorum Sensing Inhibitors

Coumarin-derived hybrids, such as compound 21,
exhibit dual activities of iron chelation and quorum
sensing inhibition, effectively disrupting biofilm for-
mation in Pseudomonas aeruginosa infections. These
compounds also demonstrate synergistic antibacterial
effects when combined with ciprofloxacin and tobra-
mycin [40]. Research on chromene-hydrazone hybrids
revealed that these compounds possess anti-ferroptosis
(a form of iron-dependent programmed cell death), an-
tibacterial, and anti-quorum-sensing properties. Among

at
HN "‘::: T MO,

13

these, semicarbazone 22a and benzenesulfonyl hydra-
zone derivatives 22b showed moderate quorum sensing
inhibition [41]. An antimicrobial peptide, CP7-FP13-2,
specifically inhibited quorum sensing and exhibited
antibacterial activity against S. aureus by disrupting
bacterial cell integrity [42]. Benzoxazole hybrids, such
as compound 23, were found to combine quorum sens-
ing inhibition with potent antibiofilm activity (Fig. 4)
[43].

4. ANTIBIOTICS
4.1. p-Lactams

Hybrid 24, synthesized by linking the p-lactam an-
tibiotic A-2-cephamycins to tetramic acid, demonstrat-
ed potent antibacterial activity against clinical strains
of both G+ and G- bacteria, including Klebsiella pneu-
moniae and E. coli [44]. Hybrid 25, which combines a
B-lactam with an isatin unit through a 1,2,3-triazole
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Fig. (4). Quorum sensing inhibitors.

bridge obtained via click chemistry, effectively inhibit-
ed the growth of D. vaginalis at a concentration of 100
MM [45]. Conjugate 26, created by linking ampicillin
with phosphine-gold units, proved to be a highly effec-
tive antibiotic against G+ bacteria, exhibiting 120 times
greater potency than ampicillin against S. aureus, S.
epidermidis, and Enterococcus faecium [46]. The ceph-
alosporin-catechol hybrid 27 displayed broad-spectrum
antibacterial activity in vitro, particularly against Aci-
netobacter baumannii, Pseudomonas aeruginosa, and
Klebsiella pneumoniae, and showed significant in vivo
efficacy against A. baumannii compared to other cate-
chol-derived antibiotics (Fig. 5) [47].

4.2. Mycin Antibiotics

The extensive family of antimicrobial agents known
as "mycins" includes both natural and synthetic com-

pounds. Some of these drugs have been in use for dec-
ades and remain first-line antibiotics, while others have
fallen out of favor due to bacterial resistance or unac-
ceptable toxicity. This diverse group encompasses ami-
noglycosides (e.g., erythromycin, tobramycin, azithro-
mycin, neomycin), glycopeptides (e.g., vancomycin),
ketolides (e.g., solithromycin), lincosamides (e.g., lin-
comycin), polymyxins, rifamycins (both natural and
synthetic), and others. To enhance their biological activi-
ty, improve water solubility, combat resistant bacterial
strains, and/or reduce toxicity, many of these antibiot-
ics have been modified into hybrid compounds. These
hybrids are often created by linking a "mycin” to a second
antibiotic, frequently from the quinolone family. This
approach is favored due to the presence of carboxylic
acid and secondary amino functionalities in quinolones,
which facilitate the formation of linking bridges.
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Fig. (5). B-Lactam antibiotics.

Mutak et al. reported that hybrids 28a and 28b,
which combine the macrolide erythromycin with a
ciprofloxacin unit, exhibited potent activity against re-
sistant bacteria [48]. Conjugate 29 demonstrated high
efficacy against resistant strains of Streptococcus
pneumoniae and Streptococcus pyogenes, and was par-
ticularly effective against resistant Staphylococcus au-
reus, Haemophilus influenzae, and Moraxella catarrh-
alis. The azithromycin-quinolone hybrid 30 also dis-
played significant antibacterial activity (Fig. 6a) [49].

Additionally, erythromycin analogs, such as the
solithromycin oxime derivatives 31 and dehydroso-
lithromycin congeners 32, showed enhanced activity
against various resistant bacterial strains [50, 51]. To-
bramycin, an aminoglycoside antibiotic primarily used
for treating G- infections-particularly Pseudomonas
strains-was combined with polymyxin B3 in hybrid 33.
This conjugate was highly effective against car-
bapenem-resistant and MDR P. aeruginosa clinical
isolates. Similar effectiveness was observed with to-
bramycin-ciprofloxacin hybrids, which restored antibi-
otic activity against P. aeruginosa [52, 53]. Other hy-
brids, such as those combining tobramycin with pro-
line-rich peptides, also demonstrated activity against
resistant pathogens [54]. Tobramycin-ciprofloxacin
conjugates, with ciprofloxacin attached at two different

positions on tobramycin (compounds 34a and 34b),
exhibited notable adjuvant effects (Fig. 6b) [55].

Arbekacin analogs of tobramycin, e.g. 35, were ef-
fective against both susceptible and MRSA strains of
P. aeruginosa [56]. Nebramine-quinolone hybrids, in-
cluding nebramine-moxifloxacin 36, displayed adju-
vant potency by reducing the MIC of moxifloxacin to
below 1 pg/mL against multidrug resistance (MDR) P.
aeruginosa [57]. Hybridization of polymyxin and van-
comycin, as in compound 37, improved activity against
G- bacteria (Fig. 6c) [58].

The rifamycin-nitroimidazole hybrid, compound 38,
exhibited potent activity against microaerophilic and
anaerobic bacteria resistant to both rifamycins and ni-
troimidazoles. This compound is currently undergoing
Phase 2 clinical trials for the treatment of Helicobacter
pylori, Clostridioides difficile, and bacterial vaginosis
infections [59]. The rifamycin-quinolone derivative
39a, known as CBR-2092, demonstrated superior bac-
tericidal activity compared to moxifloxacin, rifampin,
and a combination of both [60]. Kanglemycin, a close
analog of rifamycin, was hybridized with garenoxacin
in compound 39b to overcome resistance mutations.
The design of the linking bridge was critical for achiev-
ing effective anti-Staphylococcus aureus activity [61].
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Other mycin hybrids include a neomycin-ciprofloxacin
derivative 40, which exhibited higher potency than ne-
omycin B against G- bacteria and MRSA, inhibited
bacterial protein synthesis as effectively as or better
than neomycin B, and was up to 32 times more potent
as an inhibitor of DNA gyrase and topoisomerase 1V
than ciprofloxacin [62]. Another conjugate, compound
41, involved linking neomycin to phenolic units via a
1,2,3-triazole-containing bridge (Fig. 6d) [63, 64].
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The glycosylated macrocyclic fidaxomicin, used for
treating Clostridium difficile infections, was initially
coupled with biphenolic dichlorohomoorsellinic acid
and later with ciprofloxacin. The resulting product,
compound 42, was found to improve aqueous solubility
and enhanced antibiotic activity compared to fidax-
omicin [65]. Kanamycin, used for severe bacterial in-
fections and hydatidosis, was hybridized with ciprof-
loxacin to form compound 43, which significantly
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delayed the development of resistance in E. coli and
Bacillus subtilis [66]. However, compound 44, derived
from a substituted 3-deoxy lincomycin bridged to the
desosamine unit of erythromycin, showed limited an-
timicrobial activity, which was attributed to poor cell
penetration or efflux [67]. Extensive studies suggest
that the most effective antibiotics for treating Clostrid-
ium difficile infections remain vancomycin, fidax-
omicin, and metronidazole (Fig. 6e) [68].

4.3. Oxazolidinones - Thiazolidinones - Imidazoli-
dinones

Clinically approved oxazolidinone antibiotics, in-
cluding linezolid, tedizolid phosphate, and contezolid,
are effective against G+ bacteria. Reviews on the de-
velopment of new oxazolidinones have been extensive-

ly published by Renslo et al., Michalska et al., and Yu-
an, Wang, and Liu et al [69-71]. A perspective review
specifically focused on oxazolidinone antibacterial
agents was also published by Luo, Wang, and Tang et
al. [72]. Furthermore, Aggen et al. provided guidelines
for overcoming efflux and permeation barriers in Esch-
erichia coli (Fig. 7) [73].

Hybrids 45a-c, created by combining two antibiot-
ics, were derived from the clinically approved cadazol-
id, which is effective against Clostridium difficile in-
fections [74-78]. Another promising antibacterial
agent, hybrid 46, was developed by replacing the mor-
pholino group of linezolid with a tetrahydroisoquino-
line-6,7-diol [79]. Further modification of linezolid in
hybrid 47 involved replacing the acetamide group with
a thiocarbamate and substituting the morpholine ring
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with a 3-pyridin-2-yl-acryloyl group. This hybrid was
reported to show an in vitro antimicrobial MIC range
from 0.25 to 2 pg/mL [80]. Subsequent modifications
led to the development of isoxazolinyl oxazolidinone
hybrids 48, which were 2-10 times more potent than
linezolid against Staphylococcus aureus, Bacillus cere-
us, Enterococcus faecalis, Klebsiella pneumoniae, and
Streptococcus pyogenes [81]. Further optimization pro-
duced hybrid 49, which exhibited even greater antibac-
terial activity, with an MIC ranging from 0.006 to 195
pg/mL [82]. Benzo[d]thiazole-based thiazolidinone
hybrids were evaluated against a broad range of bacte-
ria, including Salmonella typhimurium, Staphylococcus
aureus, Escherichia coli, and Listeria monocytogenes,
as well as resistant strains like Pseudomonas aerugino-
sa, E. coli, and MRSA. These hybrids showed minimal
bactericidal concentrations (MBCs) and minimal inhib-
itory concentrations (MICs) in the ranges of 0.15-3
mg/mL and 0.1-2 mg/mL, respectively. Among them,
conjugate 50 proved to be the most potent [83]. Addi-
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tionally, novel pyrrole-thiazolidone hybrids were de-
signed and tested against ESKAP (Enterococcus faeci-
um, Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa,
and Enterobacter species) bacteria. Hybrid 51 demon-
strated significant activity against Mycobacterium tu-
berculosis H37Rv, multiple MRSA strains, and re-
duced S. aureus biofilm formation [84]. In the pursuit
of new antibiotics for various infections, several stable
lactam analogs, such as hybrid 52, derived from the
marine depsipeptide solonamides, exhibited compara-
ble activity against the Staphylococcus aureus AgrC
receptor [85]. Furthermore, hybrid 53, which combines
fragments of sparsomycin and linezolid, showed strong
interaction with the 50S ribosome. This led to the de-
velopment of diaryl analogs 54, which displayed potent
activity against both linezolid-susceptible and -resistant
G+ bacteria, as well as common G- bacteria like Hae-
mophilus influenzae and Moraxella catarrhalis (Fig. 8)
[86].

45a

45¢ o

a7
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4.4. Quinolines and Quinolones

Quinolone antibiotics represent a diverse class of
compounds characterized by their amino and carbox-
ylic functionalities, which facilitate the creation of hy-
brids with other biologically active drugs. Among
these, ciprofloxacin is the most commonly used quino-
lone for forming such conjugates. This section explores
various quinolone hybrids, specifically those combined
with other antimicrobial agents, often referred to as
"mycins."

4.4.1. Reviews on Quinolone Hybrids

Extensive reviews on the advancements in synthetic
guinolones and their hybrids have been published by
Monga et al., as well as Blaskovich et al., Feng and
Liu, and Zhao and Ji. These reviews offer in-depth in-
sights into the development and applications of quino-
lone-based hybrids [87-90].

4.4.2. Key Quinolone Hybrids and Their Activities

Miconazole-Ciprofloxacin Hybrid (55): A
fluorinated analog of the antifungal miconazole,
tethered to ciprofloxacin, exhibited exceptional
antibacterial activity [91].

Fluconazole-Clinafloxacin Hybrid (56): This
hybrid showed significant antibacterial efficacy
[92].

Fluoroquinolone-3-Arylfuran-2(5H)-one Hy-
brid (57): The combination of fluoroquinolones
with novel 3-arylfuran-2(5H)-ones resulted in
broad-spectrum antibacterial activity against
MDR strains of both G+ and G- bacteria. Com-
pound 57, with an MICs, of 0.11 mg/mL against
MDR E. coli, was approximately 50 times more
potent than ciprofloxacin. It also inhibited
DN832-A gyrase and tyrosyl-RNA synthase,
further enhancing its therapeutic potential [93].
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Metronidazole-Quinolone Hybrids (58, 59):
The linkage of metronidazole fragments to
quinolones produced hybrids such as 58 and 59,
which showed promising antibacterial activity.
Hybrid 59 intercalates into the DNA of Pseu-
domonas aeruginosa through a Cu2* bridge,
forming a stable ternary complex [94, 95].

Trimethoprim-Quinolone Hybrids (60, 61):
These hybrids, created by connecting fluoro-
quinolones to the pyrimidine fragment of trime-
thoprim using click chemistry, exhibited broad-
spectrum activity against both drug-resistant
and drug-sensitive G+ and G- bacteria. Notably,
they were non-toxic, adding to their therapeutic
potential [96].

Ciprofloxacin-Naringenin Hybrid (62): The
combination of ciprofloxacin with the flavonoid
efflux pump inhibitor naringenin led to hybrid
62 that exhibited strong antibacterial activity. Its
MICs values ranged from 0.062 to 0.71 mg/mL
against MDR Escherichia coli ATCC 35218,
tetracycline-resistant Bacillus subtilis ATCC
6633, MRSA ATCC 25923, and amphotericin
B-resistant Candida albicans ATCC 90873 [97].

Ciprofloxacin-Sulfonamide Hybrids (63, 64):
Hybridization of ciprofloxacin with sulfona-
mides led to compounds that showed significant
improvements in antibacterial activity against
both G+ and G- pathogens, such as S. aureus
Newman and E. coli ATCC 8739, compared to
ciprofloxacin alone [98].

Piperazinyl Quinolone Derivatives (65):
These derivatives, including compound 65,
demonstrated enhanced potency against G+ bac-
teria, such as Staphylococcus aureus and Staph-
ylococcus epidermidis, outperforming both nor-
floxacin and ciprofloxacin. The nature of the
thio group (S vs. SO,) played a crucial role in
determining the compound's activity [99].

Fluoroguinolone Hybrids (66-68): Additional
optimization of antibacterial activity was
achieved with hybrids of quinolones and fluo-
roquinolones. Compounds 66-68 displayed
strong activity against Salmonella typhi, Staphy-
lococcus aureus, and Streptococcus pyogenes,
respectively (Fig. 9) [100].

4.4.3. Addressing Antibiotic Resistance through
Quinolone Hybrids

As bacterial resistance to numerous antibiotics, in-
cluding quinolones, continues to rise, there has been an
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intensified focus on developing a wide range of hybrid
compounds. The primary objective is to combat or de-
lay the development of resistance. To achieve this,
quinolone antibiotics are being linked with biologically
active molecules or fragments, with the expectation
that these hybrid compounds may offer enhanced effi-
cacy compared to their individual components. Addi-
tionally, the hope is that hybridization will slow the
emergence of bacterial resistance. Below are selected
examples of quinolone-based hybrids, compounds 69-81.:

Compound 69: A hybrid of ciprofloxacin and
2-fluoroaniline, demonstrating promising anti-
bacterial activity [101].

Compound 70: Norfloxacin linked to a pyrimi-
dine, showing activity against both G+ and G-
bacteria [102].

Compound 71: A combination of ciprofloxacin
and pyrazine, exhibiting effective antimicrobial
properties [103].

Compound 72: A ciprofloxacin-thiadiazole hy-
brid, which exhibited enhanced antibacterial ac-
tivity [104].

Compound 73: Combining ciprofloxacin with
1,2,4-triazole gave a hybrid that showed signifi-
cant antibacterial efficacy [105-106].

Compound 74: Ciprofloxacin hybridized with
the natural product isatin via a propylene
bridge, displayed strong antibacterial activity
[107].

Compound 75: A quinolone-7-thiazoxime hy-
brid mitigated bacterial resistance by binding to
DNA gyrase [108].

Compound 76: A ciprofloxacin-benzopyrone
conjugate, demonstrated effective bactericidal
activity, with MICs ranging from 0.5-2 uM
[109].

Compound 77: A quaternary ammonium salt
derived from gatifloxacin was active against E.
coli gyrase supercoiling [110].

Compound 78: A hybrid of fluoroquinolone
and a triazolyl ethanol fragment, exhibiting both
antimicrobial and antifungal activity, superior to
chloramphenicol, norfloxacin, and fluconazole
[111].

Compound 79: By combining DAPT and cis-
1,3-diamino-piperidine-triazines, this hybrid
shows activity against Pseudomonas aerugino-
sa, even in the presence of serum [112].
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e Compound 80: A hydrolyzed benzofuroxan-
fluoroquinolone hybrid that forms salts with
improved antibacterial activity against Bacillus
cereus 8035 compared to the parent compound
lomefloxacin [113].

e Compound 81: A photoswitchable antibiotic
combining a quinolone with azopyrazole, which
demonstrates bidirectional photoisomerization
and enhances antibacterial activity upon irradia-
tion, particularly against G+ bacteria (Fig. 10)
[114].

These quinolone hybrids represent a promising ave-
nue for developing more potent antibiotics and over-
coming the challenge of bacterial resistance.

4.5. Assorted Antibacterial Hybrids

Recent studies on antibacterial hybrids featuring
oxadiazole derivatives have identified compounds such
as 82-84, which typically demonstrate activity against
both G+ bacteria (e.g., Staphylococcus aureus, Bacillus
subtilis) and G- bacteria (e.g., Escherichia coli, Pseu-
domonas aeruginosa) [115-117]. Other hybrids incor-
porating sulfonamido groups, such as compound 85,
have shown promising potency against E. coli K2,
while hybrid 86 exhibited inhibitory effects against
resistant Enterococcus faecalis [118, 119].

The metronidazole-iminotetrahydroberberine hybrid
87 displayed broad-spectrum antibacterial activity, with
an MIC of 0.024 mM against P. aeruginosa, outper-
forming berberine, metronidazole, and norfloxacin in
terms of potency [120]. Dihydrotriazine hybrids, repre-
sented by compound 88, exhibited effective inhibitory
effects with an MIC of 0.5 pg/mL against various bac-
terial strains, including G+ (S. aureus 4220 and QRSA
CCARM 3505) and G- (E. coli 1924) pathogens [121].

New triazole-fused imidazo[2,1-b]thiazole hybrids,
such as compound 89, showed robust inhibition of both
G+ and G- bacteria, with MICs ranging from 1.9 to 3.9
pg/mL [122]. Xanthone-muchimangin hybrids, repre-
sented by compound 90, exhibited significant antibac-
terial activity against S. aureus, B. subtilis, Klebsiella
pneumoniae, and E. coli [123].

Compounds like 91, which act as potent low-
nanomolar inhibitors of bacterial DNA gyrase and
topoisomerase 1V, demonstrated strong antibacterial
effects against ESKAPE pathogens. These hybrids
were non-toxic in vitro and showed impressive potency
against both G+ (MICs ranging from 0.0078 to 0.0625
pg/mL) and G- pathogens (MICs ranging from 1 to 2
pg/mL). The dual enzyme inhibition mechanism of
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these compounds suggests a reduced risk of bacterial
resistance development (Fig. 11) [124].

5. ANTIFUNGAL HYBRIDS

Fungi, intricate architects of the microbial world,
encompass over 300 known human pathogens, many of
which are responsible for severe and difficult-to-treat
diseases. These include aspergillosis, candidiasis, coc-
cidioidomycosis, cryptococcosis, histoplasmosis, my-
cetomas, and paracoccidioidomycosis. Individuals with
compromised immune systems, such as those with
HIV/AIDS, cancer, or organ transplants, are especially
vulnerable to infections caused by genera like Aspergil-
lus, Candida, Cryptococcus, Histoplasma, and Pneu-
mocystis. In addition to internal infections, fungi can
affect the skin, nails, hair, and eyes, causing conditions
like ringworm and athlete's foot. Fungal spores also
play a role in triggering allergic reactions, which can
result in a range of immune responses.

The arsenal of antifungal agents available for treat-
ment includes a diverse range of compounds. Key clas-
ses include polyenes, such as amphotericin B, fluorocy-
tosine, and azoles (both imidazoles and triazoles). Oth-
er important agents include allylamines like terbinafine
and naftifine, as well as griseofulvin and tolnaftate.
These antifungals have been further optimized into hy-
brid forms to enhance efficacy and broaden their thera-
peutic potential in treating fungal infections.

In parallel, pulmonary tuberculosis (TB), caused by
Mycobacterium tuberculosis, remains a major global
health threat, claiming over two million lives annually.
Although antibiotics are the primary treatment for TB,
there has been a growing focus on hybrid compounds
that target both fungal infections and TB. This review
explores these hybrid compounds, which often share
structural similarities aimed at increasing effectiveness
against both types of pathogens.

5.1. Selected Antifungal Hybrid Reviews

Several comprehensive reviews have discussed anti-
fungal hybrids in detail:

e Marzi et al. provided an extensive review of bi-
ologically active 1,2,3-triazole derivatives, in-
cluding clinically approved antifungal hybrids
[125].

e Ghani reviewed various azole derivatives as an-
tifungals [126].

e Wang et al. explored antifungal tetrazole hy-
brids [127].
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Fig. (11). Diverse antibacterial hybrids.

Sharma and Chandrika presented a minireview
on promising antifungal conjugates [128].

Jin summarized antifungal flavonoids [129].

Wan et al. examined B-carboline as a basis for
antifungal compounds [130].

Karpoormath et al. reviewed the piperazine
platform for drug development, including anti-
fungal agents, covering literature from 1971 to
2019 [131].

Emami et al. discussed the structures and prop-
erties of voriconazole analogs [132].

Muszalska-Kolos et al. published a perspective
on the antifungal effects of azole and amphoter-

icin B conjugates with fatty acids, polysaccha-
rides, proteins, and synthetic polymers [133].

5.2.1,2,3- and 1,2,4-Triazole-Derived Hybrids

Several reviews have also examined hybrids with
antitubercular properties:

e Elsman et al. presented a synopsis of 5-
nitrofuran derivatives as potential antitubercu-

lar agents [134].

Antitubercular hybrids based on thiazolidin-4-
ones were reviewed by Trotsko [135].

Sharma and Tiwari discussed antitubercular
triazole derivatives [136].
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e In 2022, Dhameliya et al. published a five-year
review of anti-tubercular compounds [137].

Notable antifungal hybrids include:

e Ferrocene-chalcones linked via a 1,2,3-triazole
ring to trialkoxysilane groups (compound 92),
which exhibited excellent efficacy against Gi-
ardia lamblia [138].

e Benzotriazoles (compound 93) demonstrating a
broad spectrum of antifungal activity [139].

e Fluoroquinolones linked to indolones via a
1,2,3-triazole-carrying bridge (compound 94)
showing significant anti-mycobacterial activity
[140].

e Several anti-mycobacterial hybrids (com-
pounds 95-100) incorporating fluconazole and
its analogs, including ravuconazole [141-146].

e Albaconazole-based hybrids (compound 101),
which exhibited potent in vitro antifungal ac-
tivity against Candida albicans, Cryptococcus
neoformans, and Aspergillus fumigatus, with
MIC values ranging from <0.008 to 2 ug/mL.
These hybrids also showed effectiveness
against fluconazole-resistant C. auris and im-
proved survival in mice infected with C. albi-
cans [147].

e Similar promising activities were observed for
compounds 102 and 103 [148-149].

e Azole (compound 104) and azolium (com-
pound 105) fragments linked to phenols are
non-toxic antifungals [150].
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Hybrids effective against resistant C. albicans in-
clude dual inhibitors of the bromodomain protein
BRD4, linked to an HDAC inhibitor, such as com-
pound 106 (Fig. 12) [151].

5.3. Pyrazole and Tetrazole-Derived Antifungal Hy-
brids

The pyrazole carboxamide hybrid 107 exhibits sig-
nificant antifungal activity against Rhizoctonia solani,
Fusarium oxysporum, Phytophthora infestans, and
Fusarium graminearum. It outperforms the fungicide
fluxapyroxad and targets succinate dehydrogenase as
its mechanism of action [152]. The 5-aminotetrazole
hybrid 108 shows promising potential for treating can-
didal infections, with potent activity at concentrations
as low as 1.3 uM. It is effective both as a standalone
treatment and in combination with polyene antifungals,
particularly nystatin [153]. Furthermore, hybrids incor-
porating tetrazole units linked to benzodiazepines, such
as compound 109, inhibit Candida without inducing
toxicity [154]. Other hybrids, like compound 110, syn-
thesized from various precursors, have demonstrated a
broad spectrum of antiparasitic activities, including
antibacterial, antimycobacterial, antifungal, and anti-
proliferative effects (Fig. 13) [155].

5.4. Benzimidazole, Imidazole, and
Derived Antifungal Hybrids

Imidazoline-

Two studies by Sun et al. investigated hybrids com-
bining classical NSAIDs (e.g., ketoprofen, naproxen,
flurbiprofen) with diazole and triazole moieties, lead-
ing to compounds like 111. These hybrids effectively
inhibited the CYP51 enzyme, resulting in the accumu-
lation of reactive oxygen species (ROS) and subse-
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guent fungal apoptosis. Additionally, they inhibited
COX-2, an enzyme involved in inflammatory processes
[156, 157]. Benzimidazole-based hybrids, such as 112,
demonstrated antifungal activity against Candida spp.
and Cryptococcus neoformans, with MICs ranging
from <0.063 to 1 pg/mL. These compounds also exhib-
ited favorable ADMET (absorption, distribution, me-
tabolism, excretion, toxicity) properties compared to
the standard antifungal fluconazole. Docking studies
revealed that the benzimidazol-2-ylthio fragment
played a key role in their antifungal efficacy [158].

Coumarin-imidazole hybrids, exemplified by 113,
exhibited notable antibiofilm activity and were effec-
tive against drug-resistant fungi, including fluconazole-
resistant C. albicans, by inhibiting ergosterol biosyn-
thesis [159]. The spirooxindolo-pyrrolidine hybrid 114
showed antifungal activity and inhibited biofilm for-
mation, with no observed toxicity to mammalian cells
[160]. A series of novel 2-thioxoimidazolidin-4-one
analogs, such as 115, displayed broad antifungal and
antimicrobial activity against a variety of pathogens,
including several Candida albicans strains, Staphylo-
coccus aureus, B-hemolytic streptococcus, Vibrio chol-
erae, Escherichia coli, Pseudomonas aeruginosa, and
Aspergillus flavus (Fig. 14) [161].

5.5. Thiazole and Hydrazine-Derived Antifungal
Hybrids

The hybrid 116, with an MIC of 1.56 mg/mL, effec-
tively inhibited 99% of the growth of the M. tuberculo-
sis H37Rv strain [162]. Methylidenebenzenesulfono-
hydrazones, when linked to heterocycles, were tested
for antifungal activity against phytopathogenic fungi
such as Fusarium graminearum, Alternaria solani,
Valsa mali, Phytophthora capsici, Fusarium solani,
Botrytis cinerea, and Glomerella cingulata. Among
these, compound 117 showed significant activity at
concentrations of 100 pg/mL [163]. The selenochro-
man hybrid 118 demonstrated substantial antifungal
potency, with MICs ranging from 0.5 to 2 pg/mL
against fluconazole-resistant strains of Candida albi-
cans, Cryptococcus neoformans, Candida zeylanoides,
and Aspergillus fumigatus [164]. Pyrimido[4,5-
d]pyridazinone-N-acylhydrazone  hybrids,  tested
against Paracoccidioides brasiliensis (Pb18), the caus-
ative agent of paracoccidioidomycosis, showed promis-
ing results. Compound 119 exhibited superior activity
compared to amphotericin B [165].

The phenolic natural product dihydrozingerone,
known for its antioxidant and antibacterial properties,
when combined with thiazole hydrazine, resulted in
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Fig. (15). Antifungal hybrids derived from thiazoles and hydrazine.

hybrid 120. This compound demonstrated significant
antifungal activity with an MIC of 1.5 uM and an ICs
of 0.48 uM against M. tuberculosis H37Rv [166, 167].
Thiazolylhydrazone hybrids were further studied for
their antimycobacterial properties by Bizzarri et al. and
Ozadali et al. Bizzarri's study, which compared the ef-
fects of these hybrids on 22 Candida isolates with clot-
rimazole, found compound 121 to be highly inhibitory.
Ozadali's research revealed that another group of hy-
brids had MICs ranging from 1.03 to 72.46 uM against
M. tuberculosis H37Rv, with compound 122 being the
most potent, though slightly toxic. Both studies report-
ed that the hybrids exhibited low overall toxicity
(Fig. 15) [168, 169].

5.6. Assorted Antifungals Inhibitory of Candida
albicans

Candida albicans, along with related species like C.
tropicalis, C. parapsilosis, and C. glabrata, is a com-
mon pathogen that forms biofilms and often infects
immunocompromised individuals, such as those with
HIV. This yeast is frequently used as a model organism

for testing potential antifungal agents. Novel alkyl 1H-
azole-1-carbodithioates (compounds 123a-c) have
demonstrated dual antimicrobial and spermicidal ac-
tivities, inhibiting Trichomonas vaginalis, Candida
species, and human sperm [170]. Carvacrol-thiourea
hybrids (e.g., 124), which are known for their role as
insect growth regulators, also showed potent antifungal
properties [171]. Indoline and indole-based antifungal
hybrids, represented by 125, exhibited effective antibi-
ofilm activity [172]. Quinoline-chalcone hybrids (com-
pound 126), when combined with fluconazole, dis-
played promising results against drug-resistant Can-
dida albicans [173]. Among these, compound 127, in
combination with fluconazole, was the most effective
against 14 strains of resistant C. albicans, working by
inducing reactive oxygen species (ROS) accumulation
and damaging mitochondrial membrane potential
[174]. Benzamidine-based hybrids, such as compound
128, offer a novel strategy to restore antifungal activity
against drug-resistant fungi by counteracting efflux
pump mechanisms [175]. Purinylthiazolylethanone hy-
brids, exemplified by compound 129, exhibited potent
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inhibition of C. albicans with an MIC of 1 mg/mL.
This compound was non-toxic, showed no detectable
resistance, and caused significant bacterial cell mem-
brane damage, leading to protein leakage, increased
ROS and reactive nitrogen species (RNS), and an over-
all fungicidal effect (Fig. 16) [176].

5.7. Assorted Antifungal Hybrids

Hybrid 130, created by coupling fenfuram and ani-
line fragments, exhibited potent fungicidal activity,
with ECso values of 0.223 and 0.037 mg/mL against the
plant pathogenic fungus Rhizoctonia solani [177]. Hy-
brid 131 showed inhibition of inosine-5'-monophos-
phate dehydrogenase (IMPDH), highlighting its poten-
tial as an antitubercular agent [178]. The bis-4-
chlorophenyl azetidine-2-one hybrid 132 emerged as
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the most potent antifungal within a series of cinnama-
mide analogs, displaying efficacy against the tomato
and potato pathogen Alternaria solani [179]. Structure-
activity relationship (SAR) studies on antitubercular
agents BM212 and SQ109 revealed that incorporating a
cyclohexylmethyl group into compounds like 133 re-
sulted in more potent candidates [180]. Structural rigid-
ification of early N-phenylpyrroles 134, which were
active against M. tuberculosis, led to the development
of indole derivatives. Substituting with lipophilic
groups produced indole hybrids, such as compound
135, which exhibited potent activity (MIC 0.96 pg/mL)
against both M. tuberculosis and drug-resistant isolates
[181]. Among a series of pyrrole-derived hybrids tested
against M. tuberculosis, compound 136 was the most
active, with an MIC of 0.50 ug/mL [182]. Novel ben-
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Fig. (17). Assorted antifungal hybrids.

zofuran-isatin conjugates, showing favorable toxicity
profiles, proved effective against MDR M. tuberculosis
strains, with hybrids like 137 providing the highest ac-
tivity (Fig. 17) [183, 184].

6. ANTITUBERCULAR HYBRIDS

6.1. Antitubercular Heterocyclic Azole-Derived Hy-
brids

A range of hybrids incorporating "azole" rings has
demonstrated promising antitubercular activity. Isonia-
zid, the most effective approved antitubercular drug,
inhibits 2-trans-enoyl-acyl carrier protein reductase
(InhA). The free NH, group in isoniazid has facilitated
the formation of various hybrids by linking it to differ-
ent functional groups. Compounds 138-145 [185-190]
have shown efficacy against M. tuberculosis (Mtb)
strains, including H37Rv and M. marinum. Subsequent
modifications involved replacing the pyridyl group of
isoniazid with heterocyclic groups such as pyrrole 146
[191], benzofuran 147 [189] and other groups like phe-

nyl, thienyl, furyl, and thiadiazolyl 148 [192]. Some
hybrids containing the isoniazid unit have demonstrat-
ed significant antitubercular activity. For instance, tria-
zole-bridged hybrids 149 exhibited low toxicity and
potent inhibition of Mtb H37Rv (MIC = 0.78 mg/mL)
[193]. Hybrids such as 150, which incorporate amino-
quinoline, isoindoline, and isoniazid, displayed promis-
ing antimycobacterial properties against the mc26230
strain of M. tuberculosis with an MIC of 5.1 uM [194].
The CQ-hydrazone-ferrocene hybrid 151, where the
pyridyl group of isoniazid is replaced with a chloro-
quinolyl group, also demonstrated antitubercular activi-
ty. This suggests that similar hybrids incorporating fer-
rocene and chloroquine (CQ) warrant further investiga-
tion (Fig. 18) [195].

6.2. Benzimidazoles and Imidazoles

Ethionamide (ETH), an isoniazid analog and sec-
ond-line anti-TB drug, along with its derivatives, has
shown activity against M. tuberculosis H37Rv, with
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Fig. (19). Antitubercular hybrids based on benzimidazoles and imidazoles.

MICs ranging from 0.27 to 2.532 uM. Among these,
compound 152 was found to be the most potent and
minimally toxic [196]. Benzimidazole-acrylonitrile
hybrids, such as compound 153 (MIC = 0.78 mg/mL),
exhibited superior activity compared to standard drugs
like isoniazid, ciprofloxacin, rifampicin, and moxiflox-
acin [197]. The methylated chloroquinoline-nitroimida-
zole conjugate 154 showed promising activity against
M. tuberculosis, with an MIC of 2.2 pg/mL [198]. Im-
idazolyl dihydropyrimidine hybrids (155) effectively
reduced M. tuberculosis growth in an infected macro-
phage model, likely through inhibition of dihydrofolate
reductase [199]. Conjugates 156 and 157, formed by

coupling imidazopyridines and cephalosporins with
piperzino-1,3-benzothiazin-4-ones, demonstrated some
antitubercular activity, though their efficacy was lim-
ited. [200]. Non-toxic quinazoline-benzimidazole hy-
brids 158 provided inhibition of various mycobacterial
species, including M. tuberculosis H37Rv and M. ab-
scessus ATCC 19977, with MICs ranging from 8 to 16
ug/mL. Additionally, analogs 159 displayed antibacte-
rial activity against E. coli, K. pneumoniae, A. bau-
mannii, and P. aeruginosa with an MIC of 8 pg/mL,
while compound 160 inhibited S. aureus with an MIC
of 4 to 8 pg/mL (Fig. 19) [201].
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6.3. Benzoxazoles, Benzofurans, and Benzoxazines

The benzoxazole-nitrofuranylchalcone hybrid 161
[202] and its analog 162 [203] exhibited potent inhibi-
tion of M. tuberculosis bacilli. Benzofuran derivatives
163 and 164 also demonstrated significant antitubercu-
lar activity, though compound 165 was approximately
ten times less potent [204-206]. Benzofuran-isatin-
imine hybrids 166 showed enhanced antitubercular ac-
tivity (<0.016-0.218 pg/mL) and exhibited promising
antibacterial effects against both G+ and G- pathogens
(<0.03-8 pug/mL) [207]. Carbazole-derived hybrids 167
and 168, obtained from N-methylcarbazoles, displayed
strong antitubercular activity with low toxicity against
M. tuberculosis [208-210].

6.4. 1,2,4- and 1,3,4-Oxadiazoles, Oxazoles, and
Thiadiazoles

Reviews by Degani et al., Verma, and Rakesh et al.
have highlighted the potential of oxadiazole isomers in
tuberculosis treatment [210, 211]. The 1,2,4-oxadiazole
hybrid 169 displayed an MIC of 0.31 uM against M.
tuberculosis [212]. 1,2,4-Oxadiazole derivatives linked
to quinoline, such as compound 170, showed promising
antitubercular activity [213]. Additionally, 1,3,4-oxadi-

azole hybrids 171, featuring a substituted phenyl group
attached to the oxadiazole unit, exhibited greater po-
tency against M. tuberculosis compared to those with
cycloalkyl or heterocyclic rings [214]. Analogous hy-
brids 172 were found active against Mycobacterium
bovis BCG at concentrations below 3 pg/mL [215]. A
set of 1,3,4-oxadiazole compounds, represented by 173,
displayed activity against M. tuberculosis when utiliz-
ing butyrate as a carbon source, but not glucose [216].
Further antitubercular 1,3,4-oxadiazole-derived hy-
brids, including 174 and 175, have also been reported
[217]. Screening of 45,000 compounds led to the dis-
covery of an oxazole hybrid as a potent Mtb inhibitor,
and further structural modifications produced non-toxic
hybrids 176 with MICs of 1-64 mg/L against M. tuber-
culosis [218]. Hybrids 177, incorporating imidazo[2,1-
b][1,3,4]thiadiazoles tethered to triazoles, exhibited
significant activity against M. tuberculosis with an
MIC of 3.125 pg/mL (Fig. 21) [219].

6.5. Pyrazoles, Tetrazoles, and Thiazoles

Pyrazole derivatives are key components in several
promising antitubercular hybrid candidates, such as
compounds 178-181 [220-223]. Non-toxic hybrids 182,
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Fig. (21). Antitubercular conjugates of 1,2,4- and 1,3,4-oxadiazoles, oxazoles and thiadiazoles.

featuring a methyl tetrazole group, enhanced potency
as antitubercular agents compared to standard drugs
like ethambutol and pyrazinamide [224]. Tetrazole de-
rivatives 183, despite showing favorable antifungal
activity, exhibited high reactivity towards thiol nucleo-
philes, leading to toxicity [225]. Various spiro-derived
heterocycles, such as dispiroindenopyrrolidine/pyrrolo-
thiazole-thiochroman hybrids (compound 184), demon-
strated potent antimycobacterial activity against M.
tuberculosis H37Rv, as well as anticancer activity and

acetylcholinesterase (AchE) inhibition [226]. Similar
antitubercular effects were observed with 2-arylidene-
1,3-indanediones 185 [227] and novel spirooxindolpyr-
rolothiazoles 186 [228]. Additional antimycobacterial
thiazole derivatives, exemplified by 187, also showed
promise as antitubercular agents [229]. Among hybrids
incorporating a benzothiazole-hydrazide group, com-
pound 188 emerged as the most effective inhibitor of
M. tuberculosis H37Rv (Fig. 22) [230].
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Fig. (22). Antitubercular chimeras of pyrazoles, tetrazoles and thiazoles.

6.6. Triazoles

While nitro-containing drugs often suffer from high
toxicity, triazolothiadiazine hybrids, such as compound
189 (with a -CsHs-4-NO- substitution), were of low
toxicity and effectiveness against drug-resistant M. tu-
berculosis strains [231]. Other nitro-derived hybrids,
e.g., 190, displayed promising antibacterial activity
against MRSA and effectively inhibited biofilm for-

mation [232]. Triazole-derived hybrids 191-194 exhib-
ited in vitro antitubercular activity against M. tubercu-
losis H37Rv (ATCC 27294), with MICs ranging from
3.12 to 19.5 pg/mL [233-236]. Hybrid 195, tested
against Mtb, showed low toxicity with an MIC of 1.56
pg/mL, and also exhibited antiviral activity against the
influenza virus A/Puerto Rico/8/34 (H1N1) [237]. Py-
razolo hybrids 196 were effective antituberculars
against Mycobacterium smegmatis with low cytotoxici-



30 Current Medicinal Chemistry, XXXX, Vol. XX, No. XX

ty against the A549 cancer cell line [238]. The naph-
thoquinone-triazole hybrid 197 was active against Mtb
with an ICso of 1.87 uM [239]. The diverse antitubercu-
lar and antimicrobial activities of triazole-containing
hybrids are reflected in various chemical structures,
including compounds 198-204 [240-246]. For instance,
a gatifloxacin-fluoroquinolone hybrid 205, tethered via
a 1,2,3-triazole bridge to indolones, exhibited activity
against Mtb [247]. A group of synthetic hybrids having
artemisinin conjugated with a fluoroquinolone (conju-
gate 206) were active against Mtb H37Rv with an MIC
of 0.0625 pg/mL, comparable to moxifloxacin and

Abraham Nudelman

more potent than ofloxacin [248]. Hybrids linking
1,2,3-triazole and moxifloxacin fragments were evalu-
ated as inhibitors of Mtb strains, showing activity with
MICs ranging from 0.05 to 2 pg/mL. Notably, com-
pound 207 displayed potency 2-8 times greater than
moxifloxacin or rifampicin [249]. Non-toxic diaryleth-
er hybrids, linked via a triazole-containing bridge, such
as conjugate 208, functioned as direct enoyl-ACP re-
ductase (InhA) inhibitors, like isoniazid, proving effec-
tive against Mtbh. Mechanistic studies suggest these hy-
brids disrupt the biosynthesis of mycolic acids in M.
tuberculosis H37Rv (Fig. 23) [250].
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Fig. (23). Triazole platform of antitubercular hybrids.

6.7. Assorted Antitubercular Hybrids

The active antitubercular compound 1,3-benzothia-
zinone (BTZ043) has served as a foundation for the
development of novel and potent dinitro-aryl hybrids,
such as compound 209 [251]. Additional hybrids were
synthesized by bridging phthalimido units with phena-
zines, exemplified by compound 210 [252]. The ami-
noquinoline-thiourea hybrid 211 and the acridine hy-
brid with a sulfonamido group (compound 212) were
identified as non-toxic, potent inhibitors of Mtb DNA
gyrase supercoiling, affecting both Mycobacterium
smegmatis GyrB and M. tuberculosis DNA gyrase
[253, 254]. Compound 213, derived from the coupling
of isatin with the antiretroviral drug lamivudine, exhib-
ited significant antitubercular properties, with 92-100%
inhibition against the Mtb H37Rv strain at 6.25 pug/mL,

alongside its anti-HIV activity [255, 256]. Two fami-
lies of hybrids derived from 2-aminopyrimidines also
showed antitubercular activity. The non-toxic diaryl
pyrimidine 214 inhibited a-glucosidase and glycogen
phosphorylase enzymes in vitro and showed about 58%
ex vivo activity against Mth, with an MIC up to 3.12
ug/mL. This suggests potential efficacy in treating dia-
betic patients with tuberculosis [257]. Among 2-[(2-
amino-6-methylpyrimidin-4-yl)sulfanyl]-N-arylacetam-
ide hybrids, conjugate 215 was three times more potent
than the standard antitubercular drug ethambutol [258].
In vitro screening of phthalide derivatives against Mtb
revealed that four compounds had I1Cso values ranging
from 0.81 to 1.24 pg/mL, indicating their potential as
new antitubercular agents. The enhanced activity of
compound 216a is attributed to the presence of halogen
groups, while the improved activity of compound 216b
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is linked to the substitution of phenyl groups with iso-
steric furan and thiophene rings [259]. Chalcone-
derived hybrids tested against Mtb H37Rv proved that
compound 217 was the most potent, exhibiting 16
times greater selectivity for tubercular cells compared
to normal cells [260]. Compound 218, a (-)-fenchone
analog linked to a cinnamyl group, exhibited signifi-
cant antitubercular activity with an MIC of 0.3 pug/mL
[261]. The pyrazine-thiazolidinone hybrid 219 present-
ed limited antitubercular activity, with an 1Cso of 0.337
png/mL against Mtb H37Ra [262]. The pyrrolo[1,2-
a]quinoxaline tricyclic system served as a basis for the
design of novel antitubercular compounds. Hybrid 220,
with an MIC of 5 ug/mL, demonstrated good bioavail-
ability and high permeability across the blood-brain
barrier [263]. 3-Methoxy-2-phenylimidazo[1,2-b]pyri-
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dazine hybrids 221 were active in vitro against M. tu-
berculosis and Mycobacterium marinum, but were
found to be inactive in vivo due to rapid metabolism
[264]. Compound 222, derived from formononetin by
replacing the OMe group with other substituents, inhib-
ited 95% of the Mtb H37Rv strain (Fig. 24) [265].

6.8. Hydrazine- and Hydrazone-Derived Antituber-
cular Conjugates

Hybrid compounds incorporating guanylhydrazone,
thiosemicarbazide, or semicarbazide moieties, such as
substances 223-225, have demonstrated potent inhibi-
tion against fungal, bacterial, and tubercular pathogens.
Notably, the most active candidates exhibit low toxicity
and show promising efficacy against MRSA (Fig. 25)
[266, 267].
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7. ANTIMALARIAL HYBRIDS

Compounds developed to treat malaria caused by
Plasmodium falciparum generally fall into three main
categories: quinoline derivatives, trioxanes, and ferro-
cene derivatives (Fig. 26). The first category includes
classic quinoline-based drugs such as the natural prod-
uct quinine and its synthetic analogs-chloroquine (CQ),
hydroxychloroquine, mefloquine, primaquine, and
amodiaquine. The second major class consists of triox-

anes, with artemisinin being the most prominent exam-
ple, discovered by Youyou Tu, who was awarded the
2015 Nobel Prize for her work. Artemisinin has led to a
variety of analogs, including endoperoxide trioxanes
such as artemether and artesunic acid. Despite exten-
sive research into the chemistry, biology, and mecha-
nisms of these drugs, their widespread use has contrib-
uted to the development of resistance, prompting the
need for new therapeutic strategies. As a result, signifi-
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cant attention has shifted to the development of hybrid
compounds that combine the potent antimalarial activi-
ty of traditional drugs with mechanisms aimed at min-
imizing resistance. Given the urgent need for effective
treatments, numerous studies have been published, ex-
ploring diverse approaches to discovering novel anti-
malarial agents. Many reviews have focused on the
development of these hybrid compounds, highlighting
their potential to overcome existing drug resistance
while maintaining efficacy against Plasmodium falci-
parum (Fig. 26).

7.1. Antimalarial Reviews

A selection of reviews on antimalarial hybrids in-
cludes works by Bell [268]; Muregi and Ishih, who fo-
cused on aminoquinoline hybrids [269]; Aberibghe and

Alven, who reviewed quinoline and endoperoxide hy-
brids [270] and ferrocene-derived antimalarial hybrids
[271]. Gao et al. also reviewed ferrocene-derived anti-
malarials [272]. Gomez-Barrio and Kouznetsov con-
centrated on hybrids of 4-amino-7-chloroquinoline, an
analog of chloroquine [273]. D’hooghe and Van-
dekerckhove summarized numerous antimalarial hy-
brids containing quinoline fragments [274]. Awasthi et
al. discussed challenges encountered with antimalarial
hybrids and summarized endoperoxides, including ef-
forts to overcome MDR parasites and toxicity, while
seeking better pharmacokinetic properties and formula-
tions [275, 276]. Additional reviews by Patel and
Legoabe focused on synthetic antimalarial peroxides,
[277] and Maunier specifically reviewed peroxide hy-
brids [278]. Lopes et al. emphasized the significance of
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antimalarial hybrids with different mechanisms of ac-
tion [279], and Qin and Rakesh described hybrids in-
volving chalcone entities [280]. Jain et al. presented
new hybrid structures with antimalarial activity [281]
while Hoda and Madhav analyzed clinical targets for
antimalarial hybrids [282]. Ng and Cheong discussed
multi-target antimalarial hybrids, referring to their ac-
tivity as “covalent biotherapy” [283]. Reviews dedicat-
ed to specific molecular scaffolds for antimalarial hy-
brids include quinoline [284, 285], indoles [286], B-
carbolines [287], spiral molecules [288] and hybrids
related to falcipains [289]. Additional general reviews
of antimalarial hybrids can be found in several sources
[290-292].

7.2. Hybrids of Chloroquine (CQ) and Primaquine

Derivatives of CQ-chalcone hybrids 226 showed
enhanced antimalarial activity against both CQ-resis-
tant P. falciparum (K1) and chloroquine-susceptible
(3D7) strains, effectively inhibiting in vitro p-hematin
formation [293]. The non-toxic hybrid 227, termed
“reverse quinoline,” was orally effective at low nano-
molar concentrations against resistant P. falciparum
strains [294]. To target different stages of P. falcipa-
rum development, the combined CQ-primaquine hybrid
228 was tested and showed activity against both asexu-
al and sexual blood stages, as well as P. berghei sporo-
zoites and liver stages [295]. CQ-based hybrids demon-
strated potent in vitro activity against P. falciparum,
with dimeric hybrid 229 showing 1Cso values of 31.3 £
4.9 nM and 80.9 £ 14.6 nM against 3D7 and Dd2
strains, respectively. The CQ-mortiamide hybrid 230
exhibited an ICso of 80.1 = 9.2 nM against the 3D7
strain, with part of the activity attributed to the cyclic
peptide portion [296]. A modified CQ hybrid linked to
a pyrimidine 231 showed comparable activity to CQ
against D10 and Dd2 strains of P. falciparum [297].
Compound 232, a triazolopyrimidine hybrid linked to
CQ, exhibited an ICso of 0.2 uM against CQ-resistant
strains, with potent inhibition of hemozoin formation
and dihydroorotate dehydrogenase [298]. The CQ-
hydrazine hybrid 233 demonstrated activity against
malarial blood parasites (Fig. 27a) [299].

A click reaction-based synthesis led to conjugates of
chloroquine linked to isatin and indole units, with the
most active compound 234 showing an ICse of 69 nM
against P. falciparum [300]. B-Carboline-containing
hermiquin hybrids, such as 235, linked to CQ, exhibit-
ed high antiplasmodial activity against the Pf3D7 strain
[301-305]. Quinoxaline 1,4-dioxide-N-oxide hybrids
(236 and 237), containing CQ or primaquine pharma-
cophores, demonstrated potent blood-stage activity and
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were the most active and selective at this stage. The
primaquine hybrid was particularly effective against
the exoerythrocytic stages, displaying enhanced liver
activity against P. berghei.” [306]. Investigations into
quinoline-pyrimidine hybrids led to compound 238,
which showed antiplasmodial properties with an 1Cs; of
0.32 £ 0.06 uM [307]. Studies by Rawat et al. on hy-
brid 239 and compound 240 indicated promising anti-
malarial activity [308-311]. Among hybrids derived
from CQ and a pyrimidine nucleus, compound 241b
exhibited the lowest ICsq against both CQ-sensitive and
CQ-resistant strains, through mechanisms involving
heme and DNA binding. Analogous compounds 241a
and 241c also showed effectiveness against feline
coronavirus and herpesvirus [312]. Singh et al. report-
ed that CQ-pyrimidine hybrid 242 had reduced plas-
modial activity [313], while primaquine-pyrimidine
hybrid 243 exhibited effective blood- and liver-stage
antiplasmodial effects (Fig. 27b) [314].

CQ-cyano-substituted pyrimidine hybrids 244 dis-
played antiplasmodial activity against the Dd2 strain
through inhibition of hemozoin formation [315-316].
The 8-aminoquinoline-pyrazolopyrimidine hybrid 245
demonstrated ICso values of 5-10 nM against P. falci-
parum [317]. Aminoquinoline-triazine hybrids, report-
ed by Rawat et al. and Chauhan et al., included com-
pound 246, which inhibited P. falciparum clones D6
and W2 with 1Cso values of 0.21 and 0.28 uM, respec-
tively [318-321]. Compound 247 was orally active at
100 mg/kg for 4 days in Swiss mice infected with the
CQ-resistant N-67 strain of P. yoelii. Compound 248
exhibited promising in vivo antimalarial activity against
P. yoelii via intraperitoneal administration at 50
mg/kg/day (Fig. 27c).

Compound 249 displayed an ICsy of 5.23 ng/mL
against the CQ-sensitive 3D7 strain of P. falciparum
[322]. An acridine analog of CQ tethered to a substitut-
ed triazine, compound 250, achieved 98.73% inhibition
of the CQ-resistant N-67 strain of P. yoelii in Swiss
mice at 100 mg/kg for 4 days [323]. Another acridine
analog with an amino group at position 4 linked to an
m-F-cinnamyl group, hybrid 251, was 20- and 120-fold
more potent against the hepatic and gametocyte stages
of Plasmodium infection compared to primaquine
[324]. Compared to CQ, the adamantane amine-chloro-
quine hybrid 252 showed an 18-fold increase in activity
against resistant P. falciparum strains [325]. Moderate
in vitro activity and acceptable cytotoxicity were ob-
served for compound 253 [326]. Amino-analogs 254 of
kojic acid were effective inhibitors of B-hematin and
exhibited antiplasmodial activity against both resistant
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Fig. (27a). Extensive variety of hybrids of chloroquine (CQ) and primaquine.

and sensitive strains of P. falciparum [327-328]. [299].
Bridging ciprofloxacin to a CQ derivative yielded a
potent, non-toxic antimalarial hybrid, compound 255
[329]. Similar activity was observed for sulfonamide-
CQ hybrids 256 [330]. Novel and potent hybrids
257a,b, where CQ is bound to substituted naphthyla-
mides, exhibited 1Cso values of 15 nM and 0.07 uM
against CQ-susceptible 3D7 and CQ-resistant W2
strains of P. falciparum, respectively [331-332]. Hy-
brids where CQ is linked to various heterocyclic moie-
ties were also reported. Hybrid 258, with CQ linked to
a thiazolidine ring, and its analogs were better inhibi-

tors of the Dd2 MDR strains of P. falciparum com-
pared to CQ [333]. Compound 259 effectively sup-
pressed 99% parasitemia on day 4 (Fig. 27d) [334].

Hybrid 260, which integrates a CQ unit, an isonia-
zid fragment, and a phthalimide, exhibited approxi-
mately an order of magnitude higher potency than CQ
against the resistant W2 strain of P. falciparum [335].
Conjugate 261, composed of a CQ-triazole unit linked
to a chalcone, showed sub-micromolar ICso values
against the D10, Dd2, and W2 strains of P. falciparum
[336]. Additionally, a range of CQ- and primaquine-
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Fig. (27b). Extensive variety of hybrids of chloroquine (CQ) and primaquine.

derived hybrids, including compounds 262-266, dis-
played notable antimalarial activity. These hybrids
were effective in vitro against P. berghei, PfFP2,
PfFP3, Pf3D7, and PfW2, encompassing both CQ-
sensitive and CQ-resistant strains of P. falciparum
(Fig. 27e) [337-342].

7.3. Quinoline, Quinolone, and Quinolinone Hybrids

Linking N-hydroxyquinolinones to various aromatic
residues led to the formation of hybrids 267, which
presented notable antiplasmodial activity (with ICso
values in the uM range), as well as antibacterial and
Fe?*-chelation properties [343]. In vitro evaluation of

quinoline hybrids 268 revealed significant antiplasmo-
dial effects against P. falciparum 3D7 [344]. The chi-
meric hybrid 269, formed by conjugating an anticholes-
terolemic atorvastatin fragment with an aminoquino-
line, exhibited potent antiplasmodial efficacy, with an
ICso of 0.40 uM against P. falciparum [345]. Various
trifluoromethylated quinolines linked to 1,3,4-triazole
units, represented by hybrid 270, displayed antiplas-
modial activity within a range of 0.083-33.0 uM [346].
Brominated 4-quinolones, such as hybrid 271, exhibit-
ed moderate antiplasmodial activity against a chloro-
quine-sensitive (CQS) P. falciparum strain (NF54)
(Fig. 28) [347].



38 Current Medicinal Chemistry, XXXX, Vol. XX, No. XX

(MO, OMe)
{Me0, H) o,
M0, H]:@\HHYNWNH
e O
sMe o N7
244

Cl
H H H
M. MN.__MN. N M. M
w“”rr*@ Ly
M. = I'"EN\-I-"’N HN NN‘[?N
e m O
¢l N

cl

Fig. (27c). Extensive variety of hybrids of chloroquine (CQ) and primaquine.

cl H H
H H O M__N__N
oM WEN &-I-'NQ../N /@I T
= HM

~ T
N i £ i UMEN j/NHEl
xGAH,E’NHQ cl Nf O
249 250
cl

252 283

o o
255
[a] cl
HH " g
) U
cl N L“-’NV’“GH
257a
(HO, H) (H, CMe)
S
cl .
H
n N.\_H_r_f-\uN
1 }_Is
M. -
]
258

. OMe
=
. ST

HNNN

o wr@ A= H, Me
N HO. RO
) N e NP | o
| i 1 a OH N

Fig. (27d). Extensive variety of hybrids of chloroquine (CQ) and primaquine.

Abraham Nudelman

fo
o



Hybrids/Conjugates/Chimera Drugs-Antimicrobial Hybrids

Current Medicinal Chemistry, XXXX, Vol. XX, No. X 39

Mal
cl o oo _}:‘_}_ \ o
H = [
| = Nwmj\ﬁ-{”_hﬁ_@” y r-;l"N}}__A" j{\___
M. = H W h{}\_\{”q—-‘r MeO |". ‘\?
,G [ '|I —
280 N:.-_/) 261 OMe
‘GHB GMB @G'
N HNJ‘H}EN/g_
Gl
ln] " o -ﬁ‘)}_ 5
I hH H H @ NT NN NH m z ?
!%GMNTN'NAN _I\.l' H N,_‘_F/J ol KN =
o H H Me (F. NO3, 3,4,5-tri-OMa)
262 2683 264a
H OH
I(’_ J O NHAc lff““r"
=N N Mo A
ﬂ_,Nx/}E-L{ HNf\/\H‘\@ N
HN ¢ N 2 o c OH
-y " | wee
cl *N | ¢ “ : ol N
264b 265 268
Fig. (27e). Extensive variety of hybrids of chloroquine (CQ) and primaquine.
e AT H, Me) | N, Me
(0CH,0, HO, F, MeO)— (MeO, H) R=H
N O CH;
OH (Me, H oM
267 IR
|'I-Pr OH COH O i-Pr H M = |
—, G}L TN OH G} y: N’““"’“T-‘N
e “NH 4= ) S A
e N _ MH \/} Me
Ph III - Ph |||I
- = OMe
Atorvastatin 2689
-N ]
| }—M& Br
HN M | o |
H o
= Cl
L e
N~ CFy
GF:& Br
270 gl

Fig. (28). Quinoline, quinolone and quinolinone antimalarial hybrids.



40 Current Medicinal Chemistry, XXXX, Vol. XX, No. XX

7.4. Peroxide Antimalarials

The artemisinin-quinine hybrid 272, which func-
tions more as a prodrug due to its ester linkage, demon-
strated strong inhibitory activity against both the 3D7
and drug-resistant FcB1 strains of Plasmodium falcipa-
rum, outperforming either artemisinin or a mixture of
the individual components [348]. Hybrids 273a and
273b, derived from primaquine and artemisinin, exhib-
ited enhanced antimalarial activity by targeting distinct
mechanisms of action [349]. Conjugate 274, created by
linking artemisinin to estrogen, displayed polypharma-
cological activity. It showed superior antiplasmodial
efficacy compared to chloroquine and artesunic acid
and outperformed ganciclovir against human cytomeg-
alovirus. Additionally, it inhibited the growth of a
range of breast tumor cells (including MCF7, MDA-
MB-231, MDA-MB-361, and T47D) and cervical can-
cer cells (HeLa, SiHa, and C33A) [350]. Artesunate-
indoloquinoline hybrids, such as compound 275,
demonstrated reduced cytotoxicity and enhanced anti-
malarial activity. It exhibited 1Cso values of 0.45 nM
against CQ-sensitive (NF54) strains and 0.42 nM
against CQ-resistant strains, with a resistance index
(RD) of 0.93. This hybrid also significantly reduced
parasitemia by 89.6% and prolonged survival to 7.7
days [351]. The hybrid 276, formed by linking artemis-
inin to the local antiseptic 9-aminoacridine, when test-
ed against chloroquine-sensitive, gametocytocidal, and
CQ-resistant strains of P. falciparum, demonstrated
seven-fold higher anti-gametocytocidal activity com-
pared to chloroquine and was seven times more potent
against the Dd2 strain. Furthermore, it showed 3- to 8-
fold increased anticancer activity over melphalan in
HelLa cells (Fig. 29a) [352].

The dimeric artemisinin-triazine hybrid 277 exhibit-
ed robust antigametocytocidal activity against the P.
falciparum NF54 strain, with an ICso in the nM range,
and comparable potency to artesunate against the Dd2
strain [353]. The artemisinin-CQ hybrid 278, in its oxa-
late salt form, outperformed CQ against the chloro-
quine-resistant (CQR) strain of P. falciparum, while
the artemisinin-CQ dimeric hybrid 279 demonstrated
high antiplasmodial efficacy [354, 355]. Compound
280, which combines DHA with an NO-donating unit,
proved effective in dilating rat aorta and preserving
antiplasmodial activity in vitro and in vivo against P.
berghei ANKA. Its effectiveness was comparable to
artesunate and artemether, and also increased the sur-
vival of mice with late-stage disease [356]. Conjugate
281, a hybrid of DHA and azidothymidine (AZT), ex-
hibited in vitro antiplasmodial activity like that of DHA
(ICso = 26 nM) and moderate HIV activity (ICso = 2.9
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MM) without cytotoxicity to HelLa cells [357]. Dual-
acting hybrids like 282 and 283 (comprising artemis-
inin and vinyl phosphonate) and 284 (linking artemis-
inin and vinyl sulfone) showed potent antimalarial effi-
cacy against various sensitive and resistant P. falcipa-
rum strains with ECso values in the nanomolar range.
The antifalcipain-2 activity from the vinyl peptide
pharmacophore boosted the antiplasmodial efficacy of
artemisinin. These hybrids cleared parasitemia in in-
fected mice and provided complete protection, extend-
ing survival beyond 60 days. Compounds 282 and 283
also demonstrated synergistic effects and a lower like-
lihood of inducing resistance. Their diastereomers ex-
hibited potent in vitro antiplasmodial activity (Fig.
29b-c) [358-359].

Hybrid 285, formed by coupling (2R,3S)-N-
benzoyl-3-phenylisoserine with artemisinin, displayed
nanomolar antiplasmodial ICso values [360]. The arte-
misinin-quinone hybrid 286 exhibited better polyphar-
macological properties than artemisinin and thymoqui-
none alone, showing activity as antimalarial, antiviral,
and antileukemic agents [361]. Hybrid 287, combining
an adamantyl-1,2,4-trioxalane unit with CQ, was more
potent than both CQ and artemisinin against the 3D7
and K1 strains of P. falciparum [362]. Tetraoxane en-
doperoxides have been developed into various hybrids
to combat P. falciparum resistance. Notable dual-acting
hybrids, such as 288, which integrates an endoperoxide
with a vinyl sulfone inhibitor (ICso = 175+15.1 nM)
targeting cysteine protease falcipain, reduced para-
sitemia and increased survival in mice infected with P.
berghei [363]. Similarly, hybrid 289, featuring a toxic
tetraoxane endoperoxide linked to a pyrimidine falci-
pain inhibitor, also reduced parasitemia and improved
survival in infected mice [364]. The amidic hybrid 290,
synthesized from a tetraoxane and primaquine, effec-
tively cleared P. berghei infection in mice following
intraperitoneal administration (Fig. 29¢) [365, 366].

The endoperoxide 291, combined with artemisinin,
produced compound 292, the most potent antimalarial
combination against chloroguine-resistant P. falcipa-
rum [367]. Synthetic trioxaquine hybrids, exemplified
by compound 293, which links a trioxane unit to an
aminoquinoline fragment, showed potent antiplasmodi-
al activity with 1Cso values ranging from 4 to 32 nM
against both asexual and sexual stages of P. falcipa-
rum. In vivo, they were effective against P. vinckei pet-
teri and P. yoelii nigeriensis strains [368]. Several nov-
el trioxane-coumarin hybrids 294, though limited in
solubility, were active against the CQ-sensitive 3D7
strain of P. falciparum [369]. Linking artemisinin to
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the plant metabolite egonol resulted in hybrid 295,
which exhibited potent antimalarial, antiviral, and an-
tileukemic activities [370]. Trioxaferroquines, such as
compound 296, represent a new class of antimalarial
hybrids that combine a trioxane peroxide unit with a
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CQ fragment. These hybrids in vitro were efficacious
against resistant P. falciparum strains, and treatment of
mice infected with P. vinckei petteri resulted in unde-
tectable parasite levels with a low dose of 296 (Fig.
29d) [371].
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7.5. Ferrocene-Derived Antimalarial Hybrids

Ferroquine, a hybrid derived from chloroquine (CQ)
and ferrocene, is the most advanced compound in clini-
cal trials. It has shown no in vivo toxicity and proved
effective against CQ-resistant Plasmodium falciparum.
[372, 373]. Ferrocene-CQ hybrids, such as compound
297, where the CQ moiety is linked to both rings of
ferrocene, are active against both CQ-sensitive and
CQ-resistant parasite strains [374]. Hybrids combining
artemisinin with a ferrocenic nucleus, like compounds
298 and 299, also afforded promising antimalarial ac-
tivity [375, 376]. Thiosemicarbazone-ferrocene-amino-
quinoline hybrids (e.g., compound 300), which are ca-
pable of coordinating metal ions, were developed with

the aminoquinoline fragment playing a key role in their
antimalarial efficacy [377]. The novel ferrocene-
containing compound 301, though water-insoluble and
unstable, represents an example of a compound with a
distinct mechanism of action compared to CQ [378].
Triple hybrids 302a and 302b, derived from disubsti-
tuted ferrocene linked to either glucofuranose or galac-
topyranose and to mefloquine or CQ fragments, exhib-
ited low activity against both D10 (CQ-sensitive) and
Dd2 (CQ-resistant) strains [379]. CQ hybrids linked to
1,3-thiazolidin-4-one units and ferrocenyl groups, such
as structure 303, showed antiplasmodial activity as well
as antibacterial properties against G+ Staphylococcus
aureus and Bacillus cereus, with MIC values ranging
from 3 to 12 mg/mL (Fig. 30) [380].
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7.6. Assorted Antimalarial Hybrids

Like antitubercular hybrids, antimalarial hybrids en-
compass a broad range of structurally diverse com-
pounds. Most of these hybrids have been primarily
tested in vitro, demonstrating potent antiplasmodial
activity against Plasmodium falciparum, including its
drug-resistant strains. However, only a few have been
evaluated in vivo, and those that were tested did not
progress to clinical trials. For instance, the novel anti-
malarial hybrid 304, which links a stilbene to a chal-
cone, exhibited ICso values of 2.2, 1.4, and 6.4 uM
against the 3D7 (CQ-sensitive), Indo, and Dd2 (CQ-
resistant) strains of P. falciparum, respectively. In
comparison, the individual stilbene (ICso > 100 uM)
and chalcone (ICso = 11.5 uM), or their equimolar mix-
ture (ICso = 32.5 uM), were significantly less potent
than hybrid 304 [381]. Additionally, the amidoxime-
thiazolium hybrid 305 showed enhanced oral antima-
larial activity [382]. Indole-derived hybrids, such as
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those based on pyrimethamine analogs 306, were found
to be ten times more potent than pyrimethamine itself,
which had been previously discontinued due to re-
sistance issues [383]. The tetracyclic hybrid 308, de-
rived from a thionolactone-isatin combination 307,
demonstrated strong activity against the chloroguine-
resistant W2 strain of P. falciparum [384]. Hybrids
combining coumarin and pyrazoline units, like com-
pound 309, effectively inhibited both sensitive (MRC-
02) and resistant (RKL9) strains of malaria parasites
(Fig. 31a) [385].

Furthermore, a number of structurally diverse hy-
brids 310-315 [386-391] have been reported to exhibit
antimalarial properties, including inhibition of both
CQ-sensitive strains (3D7, Pf3D7, RKL-9) and re-
sistant strains (RKL9, Pf3K1, W2). Some of these
compounds also enhanced survival in a murine model
of P. berghei ANKA and displayed anticancer activity
against A549 and MDA-MB-231 cell lines (Fig. 31b).

OMe o
,.-"J:t:hu.-"'c‘h -"L"\-\.\ f-\qb]
| |
P ! i e - - H.DME‘}
MaD = o
IME '-|. o
H'r' “OH
(H, Oha)
304
R
N,
o J’ A ,em,_.aN Br Gl Et . HJ
Lh = LH #.L Py \T Fi = H: 4-Me; 4-OMa; 4-Cl;
s -} = M A 3 4-d-OMe; 2 5-di-Ohte
NDH Iy Py — =N
| HNTNT N 0 N A L
OH = N r~l-I 1
-
M= wNI‘u‘IE
H
305 Pyrimethamine 306
O
Er"\-\, o .d"\llfl_‘ [} EtzN - P ;D
[_L o s T
2 ~N _-e"\_ \_Ma T e Fi
I:I"]- e~ \ﬁ’#{“‘v.'ulj-‘:a MNOs T x:-’__'l‘-?x ."} (F, NO2)
20 e D’c:-_—_{: '1 “j N-w o
-— i - Y A}
= L\ W S |
W o 4 A
B o S Ly s
57 Lig
Jor 308 309

Fig. (31a). Assorted antimalarial hybrids of unrelated structures.



Hybrids/Conjugates/Chimera Drugs-Antimicrobial Hybrids

Current Medicinal Chemistry, XXXX, Vol. XX, No. X 45

OH
o -—I"' a
O F{\ .y Jii H o H
) P ) i, M. - '\-\.N M, JL
(P, G~ T 'z L l ﬂ N o M N
(. ,»'*"---f”*. —Me e =( - N
- L -"-F |r }_q e = oM
x” o A T _
/= } NH-Ph ) 0 \
W 4 0 \ S
_‘ OMe
{C1, HY
310 Iib
(FiCO, FiC. G}~ o . -OMe
| ,
I:G| H].-'\-\.L o .-"\-\.N.-' '\-\.L.-' \
--;Lih H [ME H} _\.x -l} Af' N '._:_‘ .-.-
] M. ,)—
- \f’ “1 [ [T, F, GFy)
{_/_ _"'."' 'r L"‘-\-\.p".';" N ‘\'}\\_ I
/7 N {i-Pr , FBu, s-Bu) N=N
_{:' e !—
SF‘N :
3z 33
My Me
| — -
OAc - | = ru'l;( - E—Ma S
AcD S | = ___.'TN — 1 |"_ -
,u,,_-_QL-- L N A HM % J,.;.?_':H O} Me g N=N | A\_-N —
OAc l:"_i - 'ﬂ ﬂ‘\_ N ;_,l-,_ - HM—%, \'5- —(Br, OMa)
{H, C1) W4
Ida 314b
PMH
RN
S
'

1l“*—-M s

Fig. (31b). Assorted antimalarial hybrids of unrelated structures.

CONCLUSION

The literature on hybrid compounds primarily fo-
cuses on antimicrobial hybrids designed to treat wide-
spread diseases such as malaria, fungal infections, and
tuberculosis. Other hybrids aim to fill the significant
gap in clinically effective treatments for certain diseas-
es. While hundreds of hybrids have demonstrated in
vitro activity against a range of microbial targets, only
a few have been tested in vivo, and even fewer have
progressed to clinical trials. Additionally, due to the
vast structural diversity within each category of hybrids
and the broad variety of microbes across different para-
sitic groups, it is nearly impossible to make meaningful
comparisons of activity between these hybrids.

AUTHORS’ CONTRIBUTIONS

The author confirms sole responsibility for the fol-
lowing: study conception and design, data collection,
analysis and interpretation of results, and manuscript
preparation.

CONSENT FOR PUBLICATION
Not applicable.

FUNDING
None.

CONFLICT OF INTEREST

The author declares no conflict of interest, financial
or otherwise.



46 Current Medicinal Chemistry, XXXX, Vol. XX, No. XX

ACKNOWLEDGEMENTS

Declared none.

REFERENCES

(1]

[2]

(3]

(4]

(5]

(6]

[71

8l

(9]

[10]

[11]

Nudelman, A. Hybrid/Chimera drugs - Part 1 - Drug hy-
brids affecting diseases of the central nervous system. Curr.
Med. Chem., 2024, 1-7.
http://dx.doi.org/10.2174/010929867330566224070207135
4

Guan, Q.; Xing, S.; Wang, L.; Zhu, J.; Guo, C.; Xu, C;
Zhao, Q.; Wu, Y.; Chen, Y.; Sun, H. Triazoles in medicinal
chemistry: Physicochemical properties, bioisosterism, and
application. J. Med. Chem., 2024, 67(10), 7788-7824.
http://dx.doi.org/10.1021/acs.jmedchem.4c00652
38699796

Fedorowicz, J.; Saczewski, J. Modifications of quinolones
and fluoroquinolones: Hybrid compounds and dual-action
molecules. Monatsh Chem., 2018, 149(7), 1199-1245.
http://dx.doi.org/10.1007/s00706-018-2215-x PMID:
29983452

Xu, Z. 1,2,3-Triazole-containing hybrids with potential
antibacterial activity against methicillin-resistant Staphylo-
coccus aureus (MRSA). Eur J. Med. Chem., 2020, 206,
112686.
http://dx.doi.org/10.1016/j.ejmech.2020.112686
32795773

Deng, C.; Yan, H.; Wang, J.; Liu, K.; Liu, B.; Shi, Y. 1,2,3-
Triazole-containing hybrids with potential antibacterial ac-
tivity against ESKAPE pathogens. Eur J. Med. Chem.,,
2022, 244, 114888.
http://dx.doi.org/10.1016/j.ejmech.2022.114888
36334453

Gao, J.; Hou, H.; Gao, F. Current scenario of quinolone
hybrids with potential antibacterial activity against
ESKAPE pathogens. Eur J. Med. Chem., 2023, 247,
115026.
http://dx.doi.org/10.1016/j.ejmech.2022.115026
36577217

Xu, Z.; Zhao, S.J.; Lv, Z.S.; Gao, F.; Wang, Y.; Zhang, F.;
Bai, L.; Deng, J.L. Fluoroquinolone-isatin hybrids and their
biological activities. Eur J. Med. Chem., 2019, 162, 396-
406.
http://dx.doi.org/10.1016/j.ejmech.2018.11.032
30453247

Gao, F.; Xiao, J.; Huang, G. Current scenario of tetrazole
hybrids for antibacterial activity. Eur J. Med. Chem., 2019,
184, 111744.
http://dx.doi.org/10.1016/j.ejmech.2019.111744
31605865

Klahn, P.; Bronstrup, M. Bifunctional antimicrobial conju-
gates and hybrid antimicrobials. Nat. Prod Rep, 2017,
34(7), 832-885.

http://dx.doi.org/10.1039/C7NP00006E PMID: 28530279
Bremner, J.; Ambrus, J.; Samosorn, S. Dual action-based
approaches to antibacterial agents. Curr. Med. Chem., 2007,
14(13), 1459-1477.
http://dx.doi.org/10.2174/092986707780831168
17584056

Pokrovskaya, V.; Baasov, T. Dual-acting hybrid antibiotics:
A promising strategy to combat bacterial resistance. Expert
Opin. Drug Discov, 2010, 5(9), 883-902.
http://dx.doi.org/10.1517/17460441.2010.508069
22823262

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

(12]

[13]

(14]

[15]

[16]

[17]

(18]

(19]

[20]

[21]

[22]

[23]

Abraham Nudelman

Domalaon, R.; Idowu, T.; Zhanel, G.G.; Schweizer, F. An-
tibiotic hybrids: The next generation of agents and adju-
vants against G- pathogens? Clin. Microbiol. Rev., 2018,
31(2), e00077-17.

http://dx.doi.org/10.1128/CMR.00077-17 PMID: 29540434
Henriquez-Figuereo, A.; Moran-Serradilla, C.; Angulo-
Elizari, E.; Sanmartin, C.; Plano, D. Small molecules con-
taining chalcogen elements (S, Se, Te) as new warhead to
fight neglected tropical diseases. Eur J. Med. Chem., 2023,
246, 115002.
http://dx.doi.org/10.1016/j.ejmech.2022.115002
36493616

Saadeh, H.; Mubarak, M. Hybrid drugs as potential com-
batants against drug-resistant microbes: A review. Curr.
Top Med. Chem., 2017, 17(8), 895-906.
http://dx.doi.org/10.2174/1568026616666160927155251
PMID: 27697051

Quorum sensing. 2024. Available from: en.wikipedia.org/
wiki/Quorum_sensing

Biofilm. 2021. Awvailable from:
Biofilm

Wang, Y-Y.; Zhang, X-Y.; Zhong, X-L.; Huang, Y-J.; Lin,
J.; Chen, W-M. Design and synthesis of 3-hydroxy-pyridin-
4(1H)-ones—ciprofloxacin conjugates as dual antibacterial
and antibiofilm agents against Pseudomonas aeruginosa. J.
Med. Chem., 2021, 64, 14728-14744.
http://dx.doi.org/10.1021/acs.jmedchem.2c02044
36692083

Verderosa, A.D.; de la Fuente-Nufez, C.; Mansour, S.C;
Cao, J.; Lu, T.K.; Hancock, R.E.W.; Fairfull-Smith, K.E.
Ciprofloxacin-nitroxide hybrids with potential for biofilm
control. Eur J. Med. Chem., 2017, 138, 590-601.
http://dx.doi.org/10.1016/j.ejmech.2017.06.058
28709125

Singh, B.; Bhat, H.R.; Kumawat, M.K.; Singh, U.P. Struc-
ture-guided discovery of 1,3,5-triazine-pyrazole conjugates
as antibacterial and antibiofilm agent against pathogens
causing human diseases with favorable metabolic fate.
Bioorg Med. Chem. Lett, 2014, 24(15), 3321-3325.
http://dx.doi.org/10.1016/j.bmcl.2014.05.103
24961639

Fedorowicz, J.; Cruz, C.D.; Morawska, M.; Ciura, K.; Gil-
bert-Girard, S.; Mazur, L.; M&kkyl&, H.; llina, P.; Savijoki,
K.; Fallarero, A.; Tammela, P.; Saczewski, J. Antibacterial
and antibiofilm activity of permanently ionized quaternary
ammonium fluoroquinolones. Eur J. Med. Chem., 2023,
254, 115373.
http://dx.doi.org/10.1016/j.ejmech.2023.115373
37084595

Liu, J.; Meng, Y.; Yang, M.H.; Zhang, X.Y.; Zhao, J.F;
Sun, P.H.; Chen, W.M. Design, synthesis and biological
evaluation of novel 3-hydroxypyridin-4(1H)-ones based
hybrids as Pseudomonas aeruginosa biofilm inhibitors. Eur
J. Med. Chem., 2023, 259, 115665.
http://dx.doi.org/10.1016/j.ejmech.2023.115665
37506546

Suresh, L.; Sagar Vijay Kumar, P.; Poornachandra, Y.;
Ganesh Kumar, C.; Chandramouli, G.V.P. Design, synthe-
sis and evaluation of novel pyrazolo-pyrimido[4,5-
d]pyrimidine derivatives as potent antibacterial and biofilm
inhibitors. Bioorg Med. Chem. Lett, 2017, 27(6), 1451-
1457.
http://dx.doi.org/10.1016/j.bmcl.2017.01.087
28209374

Suresh, L.; Kumar, P.S.V.; Poornachandra, Y.; Kumar,
C.G.; Chandramouli, G.V.P. Design, synthesis and evalua-

PMID:

en.wikipedia.org/wiki/

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:


http://dx.doi.org/10.2174/0109298673305662240702071354
http://dx.doi.org/10.2174/0109298673305662240702071354
http://dx.doi.org/10.2174/0109298673305662240702071354
http://dx.doi.org/10.2174/0109298673305662240702071354
http://dx.doi.org/10.1021/acs.jmedchem.4c00652
http://dx.doi.org/10.1021/acs.jmedchem.4c00652
http://dx.doi.org/10.1021/acs.jmedchem.4c00652
http://dx.doi.org/10.1021/acs.jmedchem.4c00652
http://www.ncbi.nlm.nih.gov/pubmed/38699796
http://dx.doi.org/10.1007/s00706-018-2215-x
http://dx.doi.org/10.1007/s00706-018-2215-x
http://dx.doi.org/10.1007/s00706-018-2215-x
http://dx.doi.org/10.1007/s00706-018-2215-x
http://www.ncbi.nlm.nih.gov/pubmed/29983452
http://dx.doi.org/10.1016/j.ejmech.2020.112686
http://dx.doi.org/10.1016/j.ejmech.2020.112686
http://dx.doi.org/10.1016/j.ejmech.2020.112686
http://dx.doi.org/10.1016/j.ejmech.2020.112686
http://www.ncbi.nlm.nih.gov/pubmed/32795773
http://dx.doi.org/10.1016/j.ejmech.2022.114888
http://dx.doi.org/10.1016/j.ejmech.2022.114888
http://dx.doi.org/10.1016/j.ejmech.2022.114888
http://dx.doi.org/10.1016/j.ejmech.2022.114888
http://www.ncbi.nlm.nih.gov/pubmed/36334453
http://dx.doi.org/10.1016/j.ejmech.2022.115026
http://dx.doi.org/10.1016/j.ejmech.2022.115026
http://dx.doi.org/10.1016/j.ejmech.2022.115026
http://dx.doi.org/10.1016/j.ejmech.2022.115026
http://www.ncbi.nlm.nih.gov/pubmed/36577217
http://dx.doi.org/10.1016/j.ejmech.2018.11.032
http://dx.doi.org/10.1016/j.ejmech.2018.11.032
http://dx.doi.org/10.1016/j.ejmech.2018.11.032
http://www.ncbi.nlm.nih.gov/pubmed/30453247
http://dx.doi.org/10.1016/j.ejmech.2019.111744
http://dx.doi.org/10.1016/j.ejmech.2019.111744
http://dx.doi.org/10.1016/j.ejmech.2019.111744
http://www.ncbi.nlm.nih.gov/pubmed/31605865
http://dx.doi.org/10.1039/C7NP00006E
http://dx.doi.org/10.1039/C7NP00006E
http://dx.doi.org/10.1039/C7NP00006E
http://www.ncbi.nlm.nih.gov/pubmed/28530279
http://dx.doi.org/10.2174/092986707780831168
http://dx.doi.org/10.2174/092986707780831168
http://dx.doi.org/10.2174/092986707780831168
http://www.ncbi.nlm.nih.gov/pubmed/17584056
http://dx.doi.org/10.1517/17460441.2010.508069
http://dx.doi.org/10.1517/17460441.2010.508069
http://dx.doi.org/10.1517/17460441.2010.508069
http://www.ncbi.nlm.nih.gov/pubmed/22823262
http://dx.doi.org/10.1128/CMR.00077-17
http://dx.doi.org/10.1128/CMR.00077-17
http://dx.doi.org/10.1128/CMR.00077-17
http://dx.doi.org/10.1128/CMR.00077-17
http://www.ncbi.nlm.nih.gov/pubmed/29540434
http://dx.doi.org/10.1016/j.ejmech.2022.115002
http://dx.doi.org/10.1016/j.ejmech.2022.115002
http://dx.doi.org/10.1016/j.ejmech.2022.115002
http://dx.doi.org/10.1016/j.ejmech.2022.115002
http://www.ncbi.nlm.nih.gov/pubmed/36493616
http://dx.doi.org/10.2174/1568026616666160927155251
http://dx.doi.org/10.2174/1568026616666160927155251
http://dx.doi.org/10.2174/1568026616666160927155251
http://www.ncbi.nlm.nih.gov/pubmed/27697051
en.wikipedia.org/wiki/Quorum_sensing
en.wikipedia.org/wiki/Quorum_sensing
en.wikipedia.org/wiki/Biofilm
en.wikipedia.org/wiki/Biofilm
http://dx.doi.org/10.1021/acs.jmedchem.2c02044
http://dx.doi.org/10.1021/acs.jmedchem.2c02044
http://dx.doi.org/10.1021/acs.jmedchem.2c02044
http://dx.doi.org/10.1021/acs.jmedchem.2c02044
http://www.ncbi.nlm.nih.gov/pubmed/36692083
http://dx.doi.org/10.1016/j.ejmech.2017.06.058
http://dx.doi.org/10.1016/j.ejmech.2017.06.058
http://dx.doi.org/10.1016/j.ejmech.2017.06.058
http://www.ncbi.nlm.nih.gov/pubmed/28709125
http://dx.doi.org/10.1016/j.bmcl.2014.05.103
http://dx.doi.org/10.1016/j.bmcl.2014.05.103
http://dx.doi.org/10.1016/j.bmcl.2014.05.103
http://dx.doi.org/10.1016/j.bmcl.2014.05.103
http://dx.doi.org/10.1016/j.bmcl.2014.05.103
http://www.ncbi.nlm.nih.gov/pubmed/24961639
http://dx.doi.org/10.1016/j.ejmech.2023.115373
http://dx.doi.org/10.1016/j.ejmech.2023.115373
http://dx.doi.org/10.1016/j.ejmech.2023.115373
http://dx.doi.org/10.1016/j.ejmech.2023.115373
http://www.ncbi.nlm.nih.gov/pubmed/37084595
http://dx.doi.org/10.1016/j.ejmech.2023.115665
http://dx.doi.org/10.1016/j.ejmech.2023.115665
http://dx.doi.org/10.1016/j.ejmech.2023.115665
http://dx.doi.org/10.1016/j.ejmech.2023.115665
http://www.ncbi.nlm.nih.gov/pubmed/37506546
http://dx.doi.org/10.1016/j.bmcl.2017.01.087
http://dx.doi.org/10.1016/j.bmcl.2017.01.087
http://dx.doi.org/10.1016/j.bmcl.2017.01.087
http://dx.doi.org/10.1016/j.bmcl.2017.01.087
http://dx.doi.org/10.1016/j.bmcl.2017.01.087
http://www.ncbi.nlm.nih.gov/pubmed/28209374
http://dx.doi.org/10.1016/j.bmcl.2016.10.091

Hybrids/Conjugates/Chimera Drugs-Antimicrobial Hybrids

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

tion of novel pyrazolo-pyrimido[4,5-d]. pyrimidine deriva-
tives as potent antibacterial and biofilm inhibitors. Bioorg
Med. Chem. Lett, 2016, 26, 5931-5935.
http://dx.doi.org/10.1016/j.bmcl.2016.10.091
28209374

Yang, X.C.; Zeng, C.M.; Avula, S.R.; Peng, X.M.; Geng,
R.X.; Zhou, C.H. Novel coumarin aminophosphonates as
potential multitargeting antibacterial agents against Staphy-
lococcus aureus. Eur J. Med. Chem., 2023, 245(Pt 1),
114891.
http://dx.doi.org/10.1016/j.ejmech.2022.114891
36343412

Rineh, A.; Bremner, J.B.; Hamblin, M.R.; Ball, AR,;
Tegos, G.P.; Kelso, M.J. Attaching NorA efflux pump in-
hibitors to methylene blue enhances antimicrobial photody-
namic inactivation of Escherichia coli and Acinetobacter
baumannii in vitro and in vivo. Bioorg Med. Chem. Lett,
2018, 28(16), 2736-2740.
http://dx.doi.org/10.1016/j.bmcl.2018.02.041
29519734

Rineh, A.; Dolla, N.K.; Ball, A.R.; Magana, M.; Bremner,
J.B.; Hamblin, M.R.; Tegos, G.P.; Kelso, M.J. Attaching
the NorA efflux pump inhibitor INF55 to methylene blue
enhances antimicrobial photodynamic inactivation of
methicillin-resistant Staphylococcus aureus in vitro and in
vivo. ACS Infect. Dis., 2017, 3(10), 756-766.
http://dx.doi.org/10.1021/acsinfecdis.7b00095
28799332

Yaqub, G.; Sadiq, Z.; Hamid, A.; Fatima, A.; ljaz, Z. Con-
ventional-microwave mediated synthesis and in vitro anti-
microbial activity of novel carbazole-efflux pump inhibitor
hybrid antibacterials. J. Chem., 2017, 2017(1-5), 1-5.
http://dx.doi.org/10.1155/2017/7243279

Kumar, M.; Singh, K.; Naran, K.; Hamzabegovic, F.; Hoft,
D.F.; Warner, D.F.; Ruminski, P.; Abate, G.; Chibale, K.
Design, Synthesis, and evaluation of novel hybrid efflux
pump inhibitors for use against Mycobacterium tuberculo-
sis. ACS Infect. Dis., 2016, 2(10), 714-725.
http://dx.doi.org/10.1021/acsinfecdis.6b00111
27737555

Bremner, J.B. Some approaches to new antibacterial agents.
Pure Appl. Chem., 2007, 79(12), 2143-2153.
http://dx.doi.org/10.1351/pac200779122143

Samosorn, S.; Tanwirat, B.; Muhamad, N.; Casadei, G.;
Tomkiewicz, D.; Lewis, K.; Suksamrarn, A.; Pram-
mananan, T.; Gornall, K.C.; Beck, J.L.; Bremner, J.B. Anti-
bacterial activity of berberine-NorA pump inhibitor hybrids
with a methylene ether linking group. Bioorg Med. Chem.,
2009, 17(11), 3866-3872.
http://dx.doi.org/10.1016/j.bmc.2009.04.028
19419877

Guo, J.; Xie, Z.; Ruan, W.; Tang, Q.; Qiao, D.; Zhu, W.
Thiazole-based analogues as potential antibacterial agents
against  methicillin-resistant ~ Staphylococcus  aureus
(MRSA) and their SAR elucidation. Eur J. Med. Chem.,
2023, 259, 115689.
http://dx.doi.org/10.1016/j.ejmech.2023.115689
37542993

Verma, S.K.; Verma, R.; Kumar, K.S.S.; Banjare, L.; Shaik,
A.B.; Bhandare, R.R.; Rakesh, K.P.; Rangappa, K.S. A key
review on oxadiazole analogs as potential methicillin-
resistant Staphylococcus aureus (MRSA) activity: Struc-
ture-activity relationship studies. Eur J. Med. Chem., 2021,
219, 113442.
http://dx.doi.org/10.1016/j.ejmech.2021.113442
33878562

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

(33]

(34]

(35]

(36]

(371

(38]

(39]

[40]

[41]

Current Medicinal Chemistry, XXXX, Vol. XX, No. X 47

Bera, S.; Zhanel, G.G.; Schweizer, F. Evaluation of am-
phiphilic aminoglycoside-peptide triazole conjugates as an-
tibacterial agents. Bioorg Med. Chem. Lett, 2010, 20(10),
3031-3035.
http://dx.doi.org/10.1016/j.bmcl.2010.03.116
20413307

Cheng, C.Y.; Chang, C.P.; Lauderdale, T.L.Y.; Yu, G.Y ;
Lee, J.C.; Jhang, Y.W.; Wu, C.H.; Ke, Y.Y.; Sadani, AA;
Yeh, C.F.; Huang, L.W.; Kuo, Y.P.; Tsai, D.J.; Yeh, T.K;
Tseng, C.T.; Song, J.S.; Liu, Y.W.; Tsou, L.K.; Shia, K.S.
Bromomethylthioindole inspired carbazole hybrids as
promising class of anti-MRSA agents. ACS Med. Chem.
Lett, 2016, 7(12), 1191-1196.
http://dx.doi.org/10.1021/acsmedchemlett.6b00289 PMID:
27994762

Xia, J.; Xin, L.; Li, J.; Tian, L.; Wu, K.; Zhang, S.; Yan,
W.; Li, H.; Zhao, Q.; Liang, C. Discovery of quaternized
pyridine-thiazole-pleuromutilin  derivatives with broad-
spectrum antibacterial and potent anti-MRSA activity. J.
Med. Chem., 2023, 66(7), 5061-5078.
http://dx.doi.org/10.1021/acs.jmedchem.2c02135
37051724

Hu, Y.; Hu, C.; Pan, G.; Yu, C.; Ansari, M.F.; Yadav
Bheemanaboina, R.R.; Cheng, Y.; Zhou, C.; Zhang, J. Nov-
el chalcone-conjugated, multi-flexible end-group coumarin
thiazole hybrids as potential antibacterial repressors against
methicillin-resistant Staphylococcus aureus. Eur J. Med.
Chem., 2021, 222, 113628.
http://dx.doi.org/10.1016/j.ejmech.2021.113628
34139627

Zha, L.; Xie, Y.; Wu, C.; Lei, M.; Lu, X.; Tang, W.; Zhang,
J. Novel benzothiazole—urea hybrids: Design, synthesis and
biological activity as potent anti-bacterial agents against
MRSA. Eur J. Med. Chem., 2022, 236, 114333.
http://dx.doi.org/10.1016/j.ejmech.2022.114333
35397402

Kokot, M.; Weiss, M.; Zdovc, |.; Senerovic, L.; Radakovic,
N.; Anderluh, M.; Minovski, N.; Hrast, M. Amide contain-
ing NBTI antibacterials with reduced hERG inhibition, re-
tained antimicrobial activity against gram-positive bacteria
and in vivo efficacy. Eur J. Med. Chem., 2023, 250, 115160.
http://dx.doi.org/10.1016/j.ejmech.2023.115160 PMID:
36753879

Chanawanno, K.; Chantrapromma, S.; Anantapong, T.;
Kanjana-Opas, A.; Fun, H.K. Synthesis, structure and in
vitro antibacterial activities of new hybrid disinfectants qua-
ternary ammonium compounds: Pyridinium and quinolini-
um stilbene benzenesulfonates. Eur J. Med. Chem., 2010,
45(9), 4199-4208.
http://dx.doi.org/10.1016/j.ejmech.2010.06.014
20619939

Liu, J.; Zhao, S.Y.; Hu, J.Y.; Chen, Q.X.; Jiao, S.M.; Xiao,
H.C.; Zhang, Q.; Xu, J.; Zhao, J.F.; Zhou, H.B.; Zheng,
J.X.; Sun, P.H. Novel coumarin derivatives inhibit the
quorum sensing system and iron homeostasis as antibacteri-
al synergists against Pseudomonas aeruginosa. J. Med.
Chem., 2023, 66(21), 14735-14754.
http://dx.doi.org/10.1021/acs.jmedchem.3c01268
37874867

Ressler, A.J.; Frate, M.; Hontoria, A.; Ream, A.; Timms,
E.; Li, H.; Stettler, L.D.; Bollinger, A.; Poor, J.E.; Parra,
M.A.; Ma, H.; Seeram, N.P.; Meschwitz, S.M.; Henry, G.E.
Synthesis, anti-ferroptosis, anti-quorum sensing, antibacte-
rial and DNA interaction studies of chromene-hydrazone
derivatives. Bioorg Med. Chem., 2023, 90, 117369.

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:


http://dx.doi.org/10.1016/j.bmcl.2016.10.091
http://dx.doi.org/10.1016/j.bmcl.2016.10.091
http://dx.doi.org/10.1016/j.bmcl.2016.10.091
http://www.ncbi.nlm.nih.gov/pubmed/28209374
http://dx.doi.org/10.1016/j.ejmech.2022.114891
http://dx.doi.org/10.1016/j.ejmech.2022.114891
http://dx.doi.org/10.1016/j.ejmech.2022.114891
http://dx.doi.org/10.1016/j.ejmech.2022.114891
http://www.ncbi.nlm.nih.gov/pubmed/36343412
http://dx.doi.org/10.1016/j.bmcl.2018.02.041
http://dx.doi.org/10.1016/j.bmcl.2018.02.041
http://dx.doi.org/10.1016/j.bmcl.2018.02.041
http://dx.doi.org/10.1016/j.bmcl.2018.02.041
http://dx.doi.org/10.1016/j.bmcl.2018.02.041
http://www.ncbi.nlm.nih.gov/pubmed/29519734
http://dx.doi.org/10.1021/acsinfecdis.7b00095
http://dx.doi.org/10.1021/acsinfecdis.7b00095
http://dx.doi.org/10.1021/acsinfecdis.7b00095
http://dx.doi.org/10.1021/acsinfecdis.7b00095
http://dx.doi.org/10.1021/acsinfecdis.7b00095
http://dx.doi.org/10.1021/acsinfecdis.7b00095
http://www.ncbi.nlm.nih.gov/pubmed/28799332
http://dx.doi.org/10.1155/2017/7243279
http://dx.doi.org/10.1155/2017/7243279
http://dx.doi.org/10.1155/2017/7243279
http://dx.doi.org/10.1155/2017/7243279
http://dx.doi.org/10.1155/2017/7243279
http://dx.doi.org/10.1021/acsinfecdis.6b00111
http://dx.doi.org/10.1021/acsinfecdis.6b00111
http://dx.doi.org/10.1021/acsinfecdis.6b00111
http://dx.doi.org/10.1021/acsinfecdis.6b00111
http://www.ncbi.nlm.nih.gov/pubmed/27737555
http://dx.doi.org/10.1351/pac200779122143
http://dx.doi.org/10.1351/pac200779122143
http://dx.doi.org/10.1351/pac200779122143
http://dx.doi.org/10.1016/j.bmc.2009.04.028
http://dx.doi.org/10.1016/j.bmc.2009.04.028
http://dx.doi.org/10.1016/j.bmc.2009.04.028
http://dx.doi.org/10.1016/j.bmc.2009.04.028
http://www.ncbi.nlm.nih.gov/pubmed/19419877
http://dx.doi.org/10.1016/j.ejmech.2023.115689
http://dx.doi.org/10.1016/j.ejmech.2023.115689
http://dx.doi.org/10.1016/j.ejmech.2023.115689
http://dx.doi.org/10.1016/j.ejmech.2023.115689
http://www.ncbi.nlm.nih.gov/pubmed/37542993
http://dx.doi.org/10.1016/j.ejmech.2021.113442
http://dx.doi.org/10.1016/j.ejmech.2021.113442
http://dx.doi.org/10.1016/j.ejmech.2021.113442
http://dx.doi.org/10.1016/j.ejmech.2021.113442
http://dx.doi.org/10.1016/j.ejmech.2021.113442
http://www.ncbi.nlm.nih.gov/pubmed/33878562
http://dx.doi.org/10.1016/j.bmcl.2010.03.116
http://dx.doi.org/10.1016/j.bmcl.2010.03.116
http://dx.doi.org/10.1016/j.bmcl.2010.03.116
http://dx.doi.org/10.1016/j.bmcl.2010.03.116
http://www.ncbi.nlm.nih.gov/pubmed/20413307
http://dx.doi.org/10.1021/acsmedchemlett.6b00289
http://dx.doi.org/10.1021/acsmedchemlett.6b00289
http://dx.doi.org/10.1021/acsmedchemlett.6b00289
http://www.ncbi.nlm.nih.gov/pubmed/27994762
http://dx.doi.org/10.1021/acs.jmedchem.2c02135
http://dx.doi.org/10.1021/acs.jmedchem.2c02135
http://dx.doi.org/10.1021/acs.jmedchem.2c02135
http://dx.doi.org/10.1021/acs.jmedchem.2c02135
http://www.ncbi.nlm.nih.gov/pubmed/37051724
http://dx.doi.org/10.1016/j.ejmech.2021.113628
http://dx.doi.org/10.1016/j.ejmech.2021.113628
http://dx.doi.org/10.1016/j.ejmech.2021.113628
http://dx.doi.org/10.1016/j.ejmech.2021.113628
http://dx.doi.org/10.1016/j.ejmech.2021.113628
http://www.ncbi.nlm.nih.gov/pubmed/34139627
http://dx.doi.org/10.1016/j.ejmech.2022.114333
http://dx.doi.org/10.1016/j.ejmech.2022.114333
http://dx.doi.org/10.1016/j.ejmech.2022.114333
http://dx.doi.org/10.1016/j.ejmech.2022.114333
http://www.ncbi.nlm.nih.gov/pubmed/35397402
http://dx.doi.org/10.1016/j.ejmech.2023.115160
http://dx.doi.org/10.1016/j.ejmech.2023.115160
http://dx.doi.org/10.1016/j.ejmech.2023.115160
http://dx.doi.org/10.1016/j.ejmech.2023.115160
http://dx.doi.org/10.1016/j.ejmech.2023.115160
http://www.ncbi.nlm.nih.gov/pubmed/36753879
http://dx.doi.org/10.1016/j.ejmech.2010.06.014
http://dx.doi.org/10.1016/j.ejmech.2010.06.014
http://dx.doi.org/10.1016/j.ejmech.2010.06.014
http://dx.doi.org/10.1016/j.ejmech.2010.06.014
http://dx.doi.org/10.1016/j.ejmech.2010.06.014
http://www.ncbi.nlm.nih.gov/pubmed/20619939
http://dx.doi.org/10.1021/acs.jmedchem.3c01268
http://dx.doi.org/10.1021/acs.jmedchem.3c01268
http://dx.doi.org/10.1021/acs.jmedchem.3c01268
http://dx.doi.org/10.1021/acs.jmedchem.3c01268
http://www.ncbi.nlm.nih.gov/pubmed/37874867
http://dx.doi.org/10.1016/j.bmc.2023.117369
http://dx.doi.org/10.1016/j.bmc.2023.117369
http://dx.doi.org/10.1016/j.bmc.2023.117369

48 Current Medicinal Chemistry, XXXX, Vol. XX, No. XX

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

http://dx.doi.org/10.1016/j.bmc.2023.117369
37320993

Lin, H.; Song, L.; Zhou, S.; Fan, C.; Zhang, M.; Huang, R.;
Zhou, R.; Qiu, J.; Ma, S.; He, J. A hybrid antimicrobial pep-
tide targeting Staphylococcus aureus with a dual function of
inhibiting quorum sensing signaling and an antibacterial ef-
fect. J. Med. Chem., 2023, 66(24), 17105-17117.
http://dx.doi.org/10.1021/acs.jmedchem.3c02027
38099725

Zhang, P.; Ma, Y.; Wang, Y.; Dong, E.; Ma, S. Design,
synthesis, and biological evaluation of 2-phenoxyalkylhyd-
razide benzoxazole derivatives as quorum sensing inhibitors
with strong antibiofilm effect. J. Med. Chem., 2024, 67(7),
5721-5743.
http://dx.doi.org/10.1021/acs.jmedchem.3c02379
38564271

Cherian, P.T.; Cheramie, M.N.; Marreddy, R.K.R.; Fernan-
do, D.M.; Hurdle, J.G.; Lee, R.E. New B-lactam - Tetramic
acid hybrids show promising antibacterial activities. Bioorg
Med. Chem. Lett, 2018, 28(18), 3105-3112.
http://dx.doi.org/10.1016/j.bmcl.2018.07.018
30097368

Raj, R.; Singh, P.; Haberkern, N.T.; Faucher, R.M.; Patel,
N.; Land, K.M.; Kumar, V. Synthesis of 1H-1,2,3-triazole
linked B-lactam-isatin bi-functional hybrids and preliminary
analysis of in vitro activity against the protozoal parasite
Trichomonas vaginalis. Eur J. Med. Chem., 2013, 63, 897-
906.
http://dx.doi.org/10.1016/j.ejmech.2013.03.019
23631874

Michaut, M.; Steffen, A.; Contreras, J.M.; Morice, C.; Pau-
len, A.; Schalk, 1.J.; Plésiat, P.; Mislin, G.L.A. Chryso-
lactams:Gold(l) derivatives of ampicillin with specific ac-
tivity against Gram-positive pathogens. Bioorg Med. Chem.
Lett, 2020, 30(9), 127098.
http://dx.doi.org/10.1016/j.bmcl.2020.127098
32173196

Liu, F.; Kou, Q.; Li, H.; Cao, Y.; Chen, M.; Meng, X.;
Zhang, Y.; Wang, T.; Wang, H.; Zhang, D.; Yang, Y. Dis-
covery of YFJ-36: Design, synthesis, and antibacterial ac-
tivities of catechol-conjugated B-lactams against G- bacte-
ria. J. Med. Chem., 2024, 67(8), 6705-6725.
http://dx.doi.org/10.1021/acs.jmedchem.4c00265
38596897

Hutinec, A.; Perek, M.; Lazarevski, G.; gunjié, V.; Palje-
tak, H.C.; AlihodZi¢, S.; Haber, V.E.; Dumi¢, M.; Marsi¢,
N.; Mutak, S. Novel 8a-aza-8a-homoerythromycin-4"-(3-
substituted-amino)propionates with broad spectrum antibac-
terial activity. Bioorg Med. Chem. Lett, 2010, 20(11), 3244-
3249,
http://dx.doi.org/10.1016/j.bmcl.2010.04.062
20462754

Pavlovi¢, D.; Mutak, S. Discovery of 4"-ether linked
azithromycin-quinolone hybrid series: Influence of the cen-
tral linker on the antibacterial activity. ACS Med. Chem.
Lett, 2011, 2(5), 331-336.
http://dx.doi.org/10.1021/m1100253p PMID: 24900314

Ma, C.X.; Lv, W,; Li, Y.X,; Fan, B.Z.; Han, X.; Kong, F.S.;
Tian, J.C.; Cushman, M.; Liang, J.H. Design, synthesis and
structure-activity relationships of novel macrolones: Hy-
brids of 2-fluoro 9-oxime ketolides and carbamoyl quin-
olones with highly improved activity against resistant path-
ogens. Eur J. Med. Chem., 2019, 169, 1-20.
http://dx.doi.org/10.1016/j.ejmech.2019.02.073
30852383

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

(51]

[52]

(53]

(54]

(55]

(56]

(571

(58]

[59]

Abraham Nudelman

Daher, S.S.; Lee, M.; Jin, X,; Teijaro, C.N.; Barnett, P.R.;
Freundlich, J.S.; Andrade, R.B. Alternative approaches uti-
lizing click chemistry to develop next-generation analogs of
solithromycin. Eur J. Med. Chem., 2022, 233, 114213.
http://dx.doi.org/10.1016/j.ejmech.2022.114213 PMID:
35240514

Domalaon, R.; Yang, X.; Lyu, Y.; Zhanel, G.G.; Schweizer,
F. Polymyxin B3—tobramycin hybrids with Pseudomonas
aeruginosa-selective antibacterial activity and strong poten-
tiation of rifampicin, minocycline, and vancomycin. ACS
Infect. Dis., 2017, 3(12), 941-954.
http://dx.doi.org/10.1021/acsinfecdis.7b00145
29045123

Dhiman, S.; Ramirez, D.; Li, Y.; Kumar, A.; Arthur, G;
Schweizer, F. Chimeric tobramycin-based adjuvant TOB-
TOB-CIP potentiates fluoroquinolone and B-lactam antibi-
otics against multidrug-resistant Pseudomonas aeruginosa.
ACS Infect. Dis., 2023, 9(4), 864-885.
http://dx.doi.org/10.1021/acsinfecdis.2c00549
36917096

Gambato, S.; Bellotto, O.; Mardirossian, M.; Di Stasi, A.;
Gennaro, R.; Pacor, S.; Caporale, A.; Berti, F.; Scocchi, M.;
Tossi, A. Designing new hybrid antibiotics: Proline-rich an-
timicrobial peptides conjugated to the aminoglycoside to-
bramycin. Bioconjug Chem., 2023, 34(7), 1212-1220.
http://dx.doi.org/10.1021/acs.hioconjchem.2c00467 PMID:
37379329

Gorityala, B.K.; Guchhait, G.; Fernando, D.M.; Deo, S.;
McKenna, S.A.; Zhanel, G.G.; Kumar, A.; Schweizer, F.
Adjuvants based on hybrid antibiotics overcome resistance
in Pseudomonas aeruginosa and enhance fluoroquinolone
efficacy. Angew Chem. Int. Ed, 2016, 55(2), 555-559.
http://dx.doi.org/10.1002/anie.201508330 PMID: 26610184
Hiraiwa, Y.; Minowa, N.; Usui, T.; Akiyama, Y.; Maebashi,
K.; Ikeda, D. Effect of varying the 4”-position of arbekacin
derivatives on antibacterial activity against MRSA and
Pseudomonas aeruginosa. Bioorg Med. Chem. Lett, 2007,
17(22), 6369-6372.
http://dx.doi.org/10.1016/j.bmcl.2007.08.059
17889537

Yang, X.; Ammeter, D.; Idowu, T.; Domalaon, R.; Brizuela,
M.; Okunnu, O.; Bi, L.; Guerrero, Y.A.; Zhanel, G.G.; Ku-
mar, A.; Schweizer, F. Amphiphilic nebramine-based hy-
brids Rescue legacy antibiotics from intrinsic resistance in
multidrug-resistant Gram-negative bacilli. Eur J. Med.
Chem., 2019, 175, 187-200.
http://dx.doi.org/10.1016/j.ejmech.2019.05.003
31078866

van Groesen, E.; Slingerland, C.J.; Innocenti, P.; Mihaj-
lovic, M.; Masereeuw, R.; Martin, N.I. Vancomyxins: Van-
comycin-polymyxin nonapeptide conjugates that retain anti-
G+ activity with enhanced potency against G- strains. ACS
Infect. Dis., 2021, 7, 2746-2754.
http://dx.doi.org/10.1021/acsinfecdis.1c00318
34387988

Ma, Z.; He, S.; Yuan, Y.; Zhuang, Z.; Liu, Y.; Wang, H.;
Chen, J.; Xu, X.; Ding, C.; Molodtsov, V.; Lin, W.; Robert-
son, G.T.; Weiss, W.J.; Pulse, M.; Nguyen, P.; Duncan, L.;
Doyle, T.; Ebright, R.H.; Lynch, A.S. Design, synthesis,
and characterization of TNP-2198, a dual-targeted ri-
famycin-nitroimidazole conjugate with potent activity
against microaerophilic and anaerobic bacterial pathogens.
J. Med. Chem., 2022, 65(6), 4481-4495.
http://dx.doi.org/10.1021/acs.jmedchem.1c02045
35175750

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:


http://dx.doi.org/10.1016/j.bmc.2023.117369
http://www.ncbi.nlm.nih.gov/pubmed/37320993
http://dx.doi.org/10.1021/acs.jmedchem.3c02027
http://dx.doi.org/10.1021/acs.jmedchem.3c02027
http://dx.doi.org/10.1021/acs.jmedchem.3c02027
http://dx.doi.org/10.1021/acs.jmedchem.3c02027
http://dx.doi.org/10.1021/acs.jmedchem.3c02027
http://www.ncbi.nlm.nih.gov/pubmed/38099725
http://dx.doi.org/10.1021/acs.jmedchem.3c02379
http://dx.doi.org/10.1021/acs.jmedchem.3c02379
http://dx.doi.org/10.1021/acs.jmedchem.3c02379
http://dx.doi.org/10.1021/acs.jmedchem.3c02379
http://dx.doi.org/10.1021/acs.jmedchem.3c02379
http://www.ncbi.nlm.nih.gov/pubmed/38564271
http://dx.doi.org/10.1016/j.bmcl.2018.07.018
http://dx.doi.org/10.1016/j.bmcl.2018.07.018
http://dx.doi.org/10.1016/j.bmcl.2018.07.018
http://www.ncbi.nlm.nih.gov/pubmed/30097368
http://dx.doi.org/10.1016/j.ejmech.2013.03.019
http://dx.doi.org/10.1016/j.ejmech.2013.03.019
http://dx.doi.org/10.1016/j.ejmech.2013.03.019
http://dx.doi.org/10.1016/j.ejmech.2013.03.019
http://dx.doi.org/10.1016/j.ejmech.2013.03.019
http://www.ncbi.nlm.nih.gov/pubmed/23631874
http://dx.doi.org/10.1016/j.bmcl.2020.127098
http://dx.doi.org/10.1016/j.bmcl.2020.127098
http://dx.doi.org/10.1016/j.bmcl.2020.127098
http://dx.doi.org/10.1016/j.bmcl.2020.127098
http://www.ncbi.nlm.nih.gov/pubmed/32173196
http://dx.doi.org/10.1021/acs.jmedchem.4c00265
http://dx.doi.org/10.1021/acs.jmedchem.4c00265
http://dx.doi.org/10.1021/acs.jmedchem.4c00265
http://dx.doi.org/10.1021/acs.jmedchem.4c00265
http://dx.doi.org/10.1021/acs.jmedchem.4c00265
http://www.ncbi.nlm.nih.gov/pubmed/38596897
http://dx.doi.org/10.1016/j.bmcl.2010.04.062
http://dx.doi.org/10.1016/j.bmcl.2010.04.062
http://dx.doi.org/10.1016/j.bmcl.2010.04.062
http://dx.doi.org/10.1016/j.bmcl.2010.04.062
http://www.ncbi.nlm.nih.gov/pubmed/20462754
http://dx.doi.org/10.1021/ml100253p
http://dx.doi.org/10.1021/ml100253p
http://dx.doi.org/10.1021/ml100253p
http://dx.doi.org/10.1021/ml100253p
http://www.ncbi.nlm.nih.gov/pubmed/24900314
http://dx.doi.org/10.1016/j.ejmech.2019.02.073
http://dx.doi.org/10.1016/j.ejmech.2019.02.073
http://dx.doi.org/10.1016/j.ejmech.2019.02.073
http://dx.doi.org/10.1016/j.ejmech.2019.02.073
http://dx.doi.org/10.1016/j.ejmech.2019.02.073
http://dx.doi.org/10.1016/j.ejmech.2019.02.073
http://www.ncbi.nlm.nih.gov/pubmed/30852383
http://dx.doi.org/10.1016/j.ejmech.2022.114213
http://dx.doi.org/10.1016/j.ejmech.2022.114213
http://dx.doi.org/10.1016/j.ejmech.2022.114213
http://dx.doi.org/10.1016/j.ejmech.2022.114213
http://www.ncbi.nlm.nih.gov/pubmed/35240514
http://dx.doi.org/10.1021/acsinfecdis.7b00145
http://dx.doi.org/10.1021/acsinfecdis.7b00145
http://dx.doi.org/10.1021/acsinfecdis.7b00145
http://dx.doi.org/10.1021/acsinfecdis.7b00145
http://www.ncbi.nlm.nih.gov/pubmed/29045123
http://dx.doi.org/10.1021/acsinfecdis.2c00549
http://dx.doi.org/10.1021/acsinfecdis.2c00549
http://dx.doi.org/10.1021/acsinfecdis.2c00549
http://dx.doi.org/10.1021/acsinfecdis.2c00549
http://dx.doi.org/10.1021/acsinfecdis.2c00549
http://www.ncbi.nlm.nih.gov/pubmed/36917096
http://dx.doi.org/10.1021/acs.bioconjchem.2c00467
http://dx.doi.org/10.1021/acs.bioconjchem.2c00467
http://dx.doi.org/10.1021/acs.bioconjchem.2c00467
http://dx.doi.org/10.1021/acs.bioconjchem.2c00467
http://www.ncbi.nlm.nih.gov/pubmed/37379329
http://dx.doi.org/10.1002/anie.201508330
http://dx.doi.org/10.1002/anie.201508330
http://dx.doi.org/10.1002/anie.201508330
http://dx.doi.org/10.1002/anie.201508330
http://www.ncbi.nlm.nih.gov/pubmed/26610184
http://dx.doi.org/10.1016/j.bmcl.2007.08.059
http://dx.doi.org/10.1016/j.bmcl.2007.08.059
http://dx.doi.org/10.1016/j.bmcl.2007.08.059
http://dx.doi.org/10.1016/j.bmcl.2007.08.059
http://www.ncbi.nlm.nih.gov/pubmed/17889537
http://dx.doi.org/10.1016/j.ejmech.2019.05.003
http://dx.doi.org/10.1016/j.ejmech.2019.05.003
http://dx.doi.org/10.1016/j.ejmech.2019.05.003
http://dx.doi.org/10.1016/j.ejmech.2019.05.003
http://www.ncbi.nlm.nih.gov/pubmed/31078866
http://dx.doi.org/10.1021/acsinfecdis.1c00318
http://dx.doi.org/10.1021/acsinfecdis.1c00318
http://dx.doi.org/10.1021/acsinfecdis.1c00318
http://dx.doi.org/10.1021/acsinfecdis.1c00318
http://www.ncbi.nlm.nih.gov/pubmed/34387988
http://dx.doi.org/10.1021/acs.jmedchem.1c02045
http://dx.doi.org/10.1021/acs.jmedchem.1c02045
http://dx.doi.org/10.1021/acs.jmedchem.1c02045
http://dx.doi.org/10.1021/acs.jmedchem.1c02045
http://dx.doi.org/10.1021/acs.jmedchem.1c02045
http://www.ncbi.nlm.nih.gov/pubmed/35175750

Hybrids/Conjugates/Chimera Drugs-Antimicrobial Hybrids

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

Robertson, G.D.; Bonventre, E.J.; Doyle, D.B.; Du, Q;
Duncan, L.; Morris, D.W.; Roche, E.D.; Yan, D.; Lynch,
A.S. In vitro evaluation of CBR-2092, a novel rifamycin-
quinolone hybrid antibiotic: Microbiology profiling studies
with staphylococci and streptococci. Streptococci Antimi-
crob Ag Chemother, 2008, 52(7), 2324-2334.
http://dx.doi.org/10.1128/AAC.01651-07

Peek, J.; Koirala, B.; Brady, S.F. Synthesis and evaluation
of dual-action kanglemycin-fluoroquinolone hybrid antibi-
otics. Bioorg Med. Chem. Lett, 2022, 57, 128484.
http://dx.doi.org/10.1016/j.bmcl.2021.128484
34861348

Pokrovskaya, V.; Belakhov, V.; Hainrichson, M.; Yaron, S.;
Baasov, T. Design, synthesis, and evaluation of novel fluo-
roquinolone-aminoglycoside hybrid antibiotics. J. Med.
Chem., 2009, 52(8), 2243-2254.
http://dx.doi.org/10.1021/jm900028n PMID: 19301822
Findlay, B.; Zhanel, G.G.; Schweizer, F. Neomycin-
phenolic conjugates: Polycationic amphiphiles with broad-
spectrum antibacterial activity, low hemolytic activity and
weak serum protein binding. Bioorg Med. Chem. Lett, 2012,
22(4), 1499-1503.
http://dx.doi.org/10.1016/j.bmcl.2012.01.025
22285320

Wang, K.K.; Stone, L.K.; Lieberman, T.D.; Shavit, M.;
Baasov, T.; Kishony, R. A hybrid drug limits resistance by
evading the action of the multiple antibiotic resistance
pathway. Mol. Biol. Evol., 2016, 33(2), 492-500.
http://dx.doi.org/10.1093/molbev/msv243 PMID: 26538141
Dorst, A.; Berg, R.; Gertzen, C.G.W.; Schifle, D.; Zerbe,
K.; Gwerder, M.; Schnell, S.D.; Sander, P.; Gohlke, H.;
Gademann, K. Semisynthetic analogs of the antibiotic fi-
daxomicin - Design, synthesis, and biological evaluation.
ACS Med. Chem. Lett, 2020, 11(12), 2414-2420.
http://dx.doi.org/10.1021/acsmedchemlett.0c00381 PMID:
33329763

Shavit, M.; Pokrovskaya, V.; Belakhov, V.; Baasov, T.
Covalently linked kanamycin - Ciprofloxacin hybrid antibi-
otics as a tool to fight bacterial resistance. Bioorg Med.
Chem., 2017, 25(11), 2917-2925.
http://dx.doi.org/10.1016/j.bmc.2017.02.068
28343755

Hanessian, S.; Kothakonda, K.K. 3-N,N-Dimethylamino-3-
deoxy lincomycin: A structure-based hybrid between lin-
comycin and the desosamine unit of erythromycin. Bioorg
Med. Chem., 2005, 13(17), 5283-5288.
http://dx.doi.org/10.1016/j.bmc.2005.05.070
15994084

Debast, S.B.; Bauer, M.P.; Kuijper, E.J. European society
of clinical microbiology and infectious diseases: Update of
the treatment guidance document for Clostridium difficile
infection. Clin. Microbiol. Infect., 2014, 20(Suppl. 2), 1-26.
http://dx.doi.org/10.1111/1469-0691.12418 PMID:
24118601

Renslo, A.R.; Luehr, G.W.; Gordeev, M.F. Recent devel-
opments in the identification of novel oxazolidinone anti-
bacterial agents. Bioorg Med. Chem., 2006, 14(12), 4227-
4240.
http://dx.doi.org/10.1016/j.bmc.2006.01.068
16527486

Michalska, K.; Karpiuk, I.; Krol, M.; Tyski, S. Recent de-
velopment of potent analogues of oxazolidinone antibacte-
rial agents. Bioorg Med. Chem., 2013, 21(3), 577-591.
http://dx.doi.org/10.1016/j.bmc.2012.11.036 PMID:
23273607

PMID:

PMID:

PMID:

PMID:

PMID:

(71]

[72]

(73]

[74]

[75]

[76]

(771

(78]

[79]

Current Medicinal Chemistry, XXXX, Vol. XX, No. X 49

Yuan, S.; Shen, D.D.; Bai, Y.R.; Zhang, M.; Zhou, T.; Sun,
C.; Zhou, L.; Wang, S.Q.; Liu, H.M. Oxazolidinone: A
promising scaffold for the development of antibacterial
drugs. Eur J. Med. Chem., 2023, 250, 115239.
http://dx.doi.org/10.1016/j.ejmech.2023.115239
36893700

Liu, P.; Jiang, Y.; Jiao, L.; Luo, Y.; Wang, X.; Yang, T.
Strategies for the discovery of oxazolidinone antibacterial
agents: Development and future perspectives. J. Med.
Chem., 2023, 66(20), 13860-13873.
http://dx.doi.org/10.1021/acs.jmedchem.3c01040
37807849

Spaulding, A.; Takrouri, K.; Mahalingam, P.; Cleary, D.C;
Cooper, H.D.; Zucchi, P.; Tear, W.; Koleva, B.; Beuning,
P.J.; Hirsch, E.B.; Aggen, J.B. Compound design guidelines
for evading the efflux and permeation barriers of Escherich-
ia coli with the oxazolidinone class of antibacterials: Test
case for a general approach to improving whole cell Gram-
negative activity. Bioorg Med. Chem. Lett, 2017, 27(23),
5310-5321.
http://dx.doi.org/10.1016/j.bmcl.2017.10.018
29102393

Louie, T.; Nord, C.E.; Talbot, G.H.; Wilcox, M.; Gerding,
D.N.; Buitrago, M.; Kracker, H.; Charef, P.; Cornely, O.A.;
Miller, M.A. Multicenter, double-blind, randomized, Phase
2 study evaluating the novel antibiotic cadazolid in patients
with Clostridium difficile Infection. Antimicrob Agents
Chemother, 2015, 59(10), 6266-6273.
http://dx.doi.org/10.1128/AAC.00504-15 PMID: 26248357
Gerding, D.N.; Cornely, O.A.; Grill, S.; Kracker, H.; Mar-
rast, A.C.; Nord, C.E.; Talbot, G.H.; Buitrago, M.; Gheor-
ghe Diaconescu, I.; Murta de Oliveira, C.; Preotescu, L.;
Pullman, J.; Louie, T.J.; Wilcox, M.H. Cadazolid for the
treatment of Clostridium difficile infection: Results of two
double-blind, placebo-controlled, non-inferiority, random-
ised phase 3 trials. Lancet Infect. Dis., 2019, 19(3), 265-
274.

http://dx.doi.org/10.1016/S1473-3099(18)30614-5 PMID:
30709665

Gordeev, M.F.; Hackbarth, C.; Barbachyn, M.R.; Banitt,
L.S.; Gage, J.R.; Luehr, G.W.; Gomez, M.; Trias, J.; Morin,
S.E.; Zurenko, G.E.; Parker, C.N.; Evans, J.M.; White, R.J.;
Patel, D.V. Novel oxazolidinone-quinolone hybrid antimi-
crobials. Bioorg Med. Chem. Lett, 2003, 13(23), 4213-4216.
http://dx.doi.org/10.1016/j.bmcl.2003.07.021 PMID:
14623004

Hubschwerlen, C.; Specklin, J.L.; Baeschlin, D.K.; Borer,
Y.; Haefeli, S.; Sigwalt, C.; Schroeder, S.; Locher, H.H.
Structure-activity relationship in the oxazolidinone-
quinolone hybrid series: Influence of the central spacer on
the antibacterial activity and the mode of action. Bioorg
Med. Chem. Lett, 2003, 13(23), 4229-4233.
http://dx.doi.org/10.1016/j.bmcl.2003.07.028
14623007

Rueedi, G.; Panchaud, P.; Friedli, A.; Specklin, J-L.; Hub-
schwerlen, C.; Blumstein, A-C.; Caspers, P.; Enderlin-
Paput, M.; Jacob, L.; Kohl, C.; Locher, H.H.; Pfaff, P.;
Schmitt, C.; Seiler, P.; Ritz, D. Discovery and struc-
ture—activity relationship of cadazolid: A first-in-class
quinoxolidinone antibiotic for the treatment of infection. J.
Med. Chem., 2024, 67, 9465-9484.
http://dx.doi.org/10.1021/acs.jmedchem.4c00558
38753983

Griera, R.; Cantos-Llopart, C.; Amat, M.; Bosch, J.; del
Castillo, J.C.; Huguet, J. New potential antibacterials: A
synthetic route to N-aryloxazolidinone/3-aryltetrahydroiso-

PMID:

PMID:

PMID:

PMID:

PMID:


http://dx.doi.org/10.1128/AAC.01651-07
http://dx.doi.org/10.1128/AAC.01651-07
http://dx.doi.org/10.1128/AAC.01651-07
http://dx.doi.org/10.1128/AAC.01651-07
http://dx.doi.org/10.1016/j.bmcl.2021.128484
http://dx.doi.org/10.1016/j.bmcl.2021.128484
http://dx.doi.org/10.1016/j.bmcl.2021.128484
http://dx.doi.org/10.1016/j.bmcl.2021.128484
http://www.ncbi.nlm.nih.gov/pubmed/34861348
http://dx.doi.org/10.1021/jm900028n
http://dx.doi.org/10.1021/jm900028n
http://dx.doi.org/10.1021/jm900028n
http://www.ncbi.nlm.nih.gov/pubmed/19301822
http://dx.doi.org/10.1016/j.bmcl.2012.01.025
http://dx.doi.org/10.1016/j.bmcl.2012.01.025
http://dx.doi.org/10.1016/j.bmcl.2012.01.025
http://dx.doi.org/10.1016/j.bmcl.2012.01.025
http://dx.doi.org/10.1016/j.bmcl.2012.01.025
http://www.ncbi.nlm.nih.gov/pubmed/22285320
http://dx.doi.org/10.1093/molbev/msv243
http://dx.doi.org/10.1093/molbev/msv243
http://dx.doi.org/10.1093/molbev/msv243
http://dx.doi.org/10.1093/molbev/msv243
http://www.ncbi.nlm.nih.gov/pubmed/26538141
http://dx.doi.org/10.1021/acsmedchemlett.0c00381
http://dx.doi.org/10.1021/acsmedchemlett.0c00381
http://dx.doi.org/10.1021/acsmedchemlett.0c00381
http://www.ncbi.nlm.nih.gov/pubmed/33329763
http://dx.doi.org/10.1016/j.bmc.2017.02.068
http://dx.doi.org/10.1016/j.bmc.2017.02.068
http://dx.doi.org/10.1016/j.bmc.2017.02.068
http://www.ncbi.nlm.nih.gov/pubmed/28343755
http://dx.doi.org/10.1016/j.bmc.2005.05.070
http://dx.doi.org/10.1016/j.bmc.2005.05.070
http://dx.doi.org/10.1016/j.bmc.2005.05.070
http://dx.doi.org/10.1016/j.bmc.2005.05.070
http://www.ncbi.nlm.nih.gov/pubmed/15994084
http://dx.doi.org/10.1111/1469-0691.12418
http://dx.doi.org/10.1111/1469-0691.12418
http://dx.doi.org/10.1111/1469-0691.12418
http://dx.doi.org/10.1111/1469-0691.12418
http://dx.doi.org/10.1111/1469-0691.12418
http://www.ncbi.nlm.nih.gov/pubmed/24118601
http://dx.doi.org/10.1016/j.bmc.2006.01.068
http://dx.doi.org/10.1016/j.bmc.2006.01.068
http://dx.doi.org/10.1016/j.bmc.2006.01.068
http://dx.doi.org/10.1016/j.bmc.2006.01.068
http://www.ncbi.nlm.nih.gov/pubmed/16527486
http://dx.doi.org/10.1016/j.bmc.2012.11.036
http://dx.doi.org/10.1016/j.bmc.2012.11.036
http://dx.doi.org/10.1016/j.bmc.2012.11.036
http://dx.doi.org/10.1016/j.bmc.2012.11.036
http://www.ncbi.nlm.nih.gov/pubmed/23273607
http://dx.doi.org/10.1016/j.ejmech.2023.115239
http://dx.doi.org/10.1016/j.ejmech.2023.115239
http://dx.doi.org/10.1016/j.ejmech.2023.115239
http://dx.doi.org/10.1016/j.ejmech.2023.115239
http://www.ncbi.nlm.nih.gov/pubmed/36893700
http://dx.doi.org/10.1021/acs.jmedchem.3c01040
http://dx.doi.org/10.1021/acs.jmedchem.3c01040
http://dx.doi.org/10.1021/acs.jmedchem.3c01040
http://www.ncbi.nlm.nih.gov/pubmed/37807849
http://dx.doi.org/10.1016/j.bmcl.2017.10.018
http://dx.doi.org/10.1016/j.bmcl.2017.10.018
http://dx.doi.org/10.1016/j.bmcl.2017.10.018
http://dx.doi.org/10.1016/j.bmcl.2017.10.018
http://dx.doi.org/10.1016/j.bmcl.2017.10.018
http://dx.doi.org/10.1016/j.bmcl.2017.10.018
http://www.ncbi.nlm.nih.gov/pubmed/29102393
http://dx.doi.org/10.1128/AAC.00504-15
http://dx.doi.org/10.1128/AAC.00504-15
http://dx.doi.org/10.1128/AAC.00504-15
http://dx.doi.org/10.1128/AAC.00504-15
http://www.ncbi.nlm.nih.gov/pubmed/26248357
http://dx.doi.org/10.1016/S1473-3099(18)30614-5
http://dx.doi.org/10.1016/S1473-3099(18)30614-5
http://dx.doi.org/10.1016/S1473-3099(18)30614-5
http://dx.doi.org/10.1016/S1473-3099(18)30614-5
http://dx.doi.org/10.1016/S1473-3099(18)30614-5
http://www.ncbi.nlm.nih.gov/pubmed/30709665
http://dx.doi.org/10.1016/j.bmcl.2003.07.021
http://dx.doi.org/10.1016/j.bmcl.2003.07.021
http://dx.doi.org/10.1016/j.bmcl.2003.07.021
http://www.ncbi.nlm.nih.gov/pubmed/14623004
http://dx.doi.org/10.1016/j.bmcl.2003.07.028
http://dx.doi.org/10.1016/j.bmcl.2003.07.028
http://dx.doi.org/10.1016/j.bmcl.2003.07.028
http://dx.doi.org/10.1016/j.bmcl.2003.07.028
http://www.ncbi.nlm.nih.gov/pubmed/14623007
http://dx.doi.org/10.1021/acs.jmedchem.4c00558
http://dx.doi.org/10.1021/acs.jmedchem.4c00558
http://dx.doi.org/10.1021/acs.jmedchem.4c00558
http://dx.doi.org/10.1021/acs.jmedchem.4c00558
http://www.ncbi.nlm.nih.gov/pubmed/38753983
http://dx.doi.org/10.1016/j.bmcl.2005.10.053
http://dx.doi.org/10.1016/j.bmcl.2005.10.053

50 Current Medicinal Chemistry, XXXX, Vol. XX, No. XX

(80]

[81]

(82]

(3]

[84]

[85]

[86]

[87]

(88]

[89]

quinoline hybrids. Bioorg Med. Chem. Lett, 2006, 16(3),
529-531.
http://dx.doi.org/10.1016/j.bmcl.2005.10.053
16275066

Selvakumar, N.; Kumar, G.S.; Malar Azhagan, A.; Govinda
Rajulu, G.; Sharma, S.; Kumar, M.S.; Das, J.; Igbal, J.;
Trehan, S. Synthesis, SAR and antibacterial studies on nov-
el chalcone oxazolidinone hybrids. Eur J. Med. Chem.,
2007, 42(4), 538-543.
http://dx.doi.org/10.1016/j.ejmech.2006.10.013
17150281

Varshney, V.; Mishra, N.N.; Shukla, P.K.; Sahu, D.P. Syn-
thesis and antibacterial evaluation of isoxazolinyl oxazoli-
dinones: Search for potent antibacterial. Bioorg Med. Chem.
Lett, 2009, 19(13), 3573-3576.
http://dx.doi.org/10.1016/j.bmcl.2009.04.133
19447611

Khalaj, A.; Nakhjiri, M.; Negahbani, A.S.; Samadizadeh,
M.; Firoozpour, L.; Rajabalian, S.; Samadi, N.; Faramarzi,
M.A.; Adibpour, N.; Shafiee, A.; Foroumadi, A. Discovery
of a novel nitroimidazolyl-oxazolidinone hybrid with potent
anti Gram-positive activity: Synthesis and antibacterial
evaluation. Eur J. Med. Chem., 2011, 46(1), 65-70.
http://dx.doi.org/10.1016/j.ejmech.2010.10.015
21071113

Haroun, M.; Tratrat, C.; Petrou, A.; Geronikaki, A.; lvanov,
M.; Ciric, A.; Sokovic, M. 2-Aryl-3-(6-trifluoromethoxy)
benzo[d]thiazole-based thiazolidinone hybrids as potential
anti-infective agents: Synthesis, biological evaluation and
molecular docking studies. Bioorg Med. Chem. Lett, 2021,
32,127718.
http://dx.doi.org/10.1016/j.bmcl.2020.127718
33253880

Ahmed, S.; Mital, A.; Akhir, A.; Saxena, D.; Ahmad, M.N.;
Dasgupta, A.; Chopra, S.; Jain, R. Pyrrole-thiazolidinone
hybrids as a new structural class of broad-spectrum anti-
infectives. Eur J. Med. Chem., 2023, 260, 115757.
http://dx.doi.org/10.1016/j.ejmech.2023.115757
37659197

Hansen, A.M.; Peng, P.; Baldry, M.; Perez-Gassol, 1.;
Christensen, S.B.; Vinther, J.M.O.; Ingmer, H.; Franzyk, H.
Lactam hybrid analogues of solonamide B and autoinducing
peptides as potent S. aureus AgrC antagonists. Eur J. Med.
Chem., 2018, 152, 370-376.
http://dx.doi.org/10.1016/j.ejmech.2018.04.053
29738955

Zhou, J.; Bhattacharjee, A.; Chen, S.; Chen, Y.; Duffy, E;
Farmer, J.; Goldberg, J.; Hanselmann, R.; Ippolito, J.A;
Lou, R.; Orbin, A.; Oyelere, A.; Salvino, J.; Springer, D.;
Tran, J.; Wang, D.; Wu, Y.; Johnson, G. Design at the
atomic level: Design of biaryloxazolidinones as potent oral-
ly active antibiotics. Bioorg Med. Chem. Lett, 2008, 18(23),
6175-6178.
http://dx.doi.org/10.1016/j.bmcl.2008.10.011
18947996

Dhiman, P.; Arora, N.; Thanikachalam, P.V.; Monga, V.
Recent advances in the synthetic and medicinal perspective
of quinolones: A review. Bioorg Chem., 2019, 92, 103291.
http://dx.doi.org/10.1016/j.bioorg.2019.103291 PMID:
31561107

Pham, T.D.M.; Ziora, Z.M.; Blaskovich, M.A.T. Quinolone
antibiotics. Med. Chem. Comm, 2019, 10(10), 1719-1739.
http://dx.doi.org/10.1039/COMD00120D PMID: 31803393
Hu, Y.Q.; Zhang, S.; Xu, Z.; Lv, Z.S,; Liu, M.L.; Feng, L.S.
4-Quinolone hybrids and their antibacterial activities. Eur J.
Med. Chem., 2017, 141, 335-345.

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

(90]

[91]

[92]

(93]

[94]

[99]

[96]

[97]

(98]

[99]

Abraham Nudelman
http://dx.doi.org/10.1016/j.ejmech.2017.09.050 PMID:
29031077
Jia, Y.; Zhao, L. The antibacterial activity of fluoroquino-
lone derivatives: An update (2018-2021). Eur J. Med.
Chem., 2021, 224, 113741.
http://dx.doi.org/10.1016/j.ejmech.2021.113741
34365130
Gu, X.L.; Liu, H.B.; Jia, Q.H.; Li, J.F.; Liu, Y.L. Design
and synthesis of novel miconazole-based ciprofloxacin hy-
brids as potential antimicrobial agents. Monatsh Chem.,
2015, 146(4), 713-720.
http://dx.doi.org/10.1007/s00706-014-1364-9
Wang, Y.; Damu, G.L.V.; Lv, JS.; Geng, R.X.; Yang,
D.C.; Zhou, C.H. Design, synthesis and evaluation of clin-
afloxacin triazole hybrids as a new type of antibacterial and
antifungal agents. Bioorg Med. Chem. Lett, 2012, 22(17),
5363-5366.
http://dx.doi.org/10.1016/j.bmcl.2012.07.064
22884108
Wang, X.D.; Wei, W.; Wang, P.F.; Tang, Y.T.; Deng, R.C.;
Li, B.; Zhou, S.S.; Zhang, J.W.; Zhang, L.; Xiao, Z.P,;
Ouyang, H.; Zhu, H.L. Novel 3-arylfuran-2(5H)-one-
fluoroquinolone hybrid: Design, synthesis and evaluation as
antibacterial agent. Bioorg Med. Chem., 2014, 22(14),
3620-3628.
http://dx.doi.org/10.1016/j.bmc.2014.05.018
24882676
Cui, S.F.; Peng, L.P.; Zhang, H.Z.; Rasheed, S.; Vijaya
Kumar, K.; Zhou, C.H. Novel hybrids of metronidazole and
quinolones: Synthesis, bioactive evaluation, cytotoxicity,
preliminary antimicrobial mechanism and effect of metal
ions on their transportation by human serum albumin. Eur
J. Med. Chem., 2014, 86, 318-334.
http://dx.doi.org/10.1016/j.ejmech.2014.08.063
25173851
Zhang, L.; Kumar, K.V.; Geng, R.X.; Zhou, C.H. Design
and biological evaluation of novel quinolone-based metro-
nidazole derivatives as potent Cu2+ mediated DNA-
targeting antibacterial agents. Bioorg Med. Chem. Lett,
2015, 25(17), 3699-3705.
http://dx.doi.org/10.1016/j.bmcl.2015.06.041
26149183
Karoli, T.; Mamidyala, S.K.; Zuegg, J.; Fry, S.R.; Tee,
E.H.L.; Bradford, T.A.; Madala, P.K.; Huang, J.X.; Ramu,
S.; Butler, M.S.; Cooper, M.A. Structure aided design of
chimeric antibiotics. Bioorg Med. Chem. Lett, 2012, 22(7),
2428-2433.
http://dx.doi.org/10.1016/j.bmcl.2012.02.019
22406152
Xiao, Z.P.; Wang, X.D.; Wang, P.F.; Zhou, Y.; Zhang,
JW.; Zhang, L.; Zhou, J.; Zhou, S.S.; Ouyang, H.; Lin,
X.Y.; Mustapa, M.; Reyinbaike, A.; Zhu, H.L. Design, syn-
thesis, and evaluation of novel fluoroquinolone-flavonoid
hybrids as potent antibiotics against drug-resistant microor-
ganisms. Eur J. Med. Chem., 2014, 80, 92-100.
http://dx.doi.org/10.1016/j.ejmech.2014.04.037
24769347
Ibrahim, N.M.; Fahim, S.H.; Hassan, M.; Farag, A.E.;
Georgey, H.H. Design and synthesis of ciprofloxacin-
sulfonamide hybrids to manipulate ciprofloxacin pharmaco-
logical qualities: Potency and side effects. Eur J. Med.
Chem., 2022, 228, 114021.
http://dx.doi.org/10.1016/j.ejmech.2021.114021
34871841
Foroumadi, A.; Emami, S.; Hassanzadeh, A.; Rajaee, M.;
Sokhanvar, K.; Moshafi, M.H.; Shafiee, A. Synthesis and

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:


http://dx.doi.org/10.1016/j.bmcl.2005.10.053
http://dx.doi.org/10.1016/j.bmcl.2005.10.053
http://www.ncbi.nlm.nih.gov/pubmed/16275066
http://dx.doi.org/10.1016/j.ejmech.2006.10.013
http://dx.doi.org/10.1016/j.ejmech.2006.10.013
http://dx.doi.org/10.1016/j.ejmech.2006.10.013
http://www.ncbi.nlm.nih.gov/pubmed/17150281
http://dx.doi.org/10.1016/j.bmcl.2009.04.133
http://dx.doi.org/10.1016/j.bmcl.2009.04.133
http://dx.doi.org/10.1016/j.bmcl.2009.04.133
http://dx.doi.org/10.1016/j.bmcl.2009.04.133
http://www.ncbi.nlm.nih.gov/pubmed/19447611
http://dx.doi.org/10.1016/j.ejmech.2010.10.015
http://dx.doi.org/10.1016/j.ejmech.2010.10.015
http://dx.doi.org/10.1016/j.ejmech.2010.10.015
http://dx.doi.org/10.1016/j.ejmech.2010.10.015
http://dx.doi.org/10.1016/j.ejmech.2010.10.015
http://www.ncbi.nlm.nih.gov/pubmed/21071113
http://dx.doi.org/10.1016/j.bmcl.2020.127718
http://dx.doi.org/10.1016/j.bmcl.2020.127718
http://dx.doi.org/10.1016/j.bmcl.2020.127718
http://dx.doi.org/10.1016/j.bmcl.2020.127718
http://dx.doi.org/10.1016/j.bmcl.2020.127718
http://www.ncbi.nlm.nih.gov/pubmed/33253880
http://dx.doi.org/10.1016/j.ejmech.2023.115757
http://dx.doi.org/10.1016/j.ejmech.2023.115757
http://dx.doi.org/10.1016/j.ejmech.2023.115757
http://dx.doi.org/10.1016/j.ejmech.2023.115757
http://www.ncbi.nlm.nih.gov/pubmed/37659197
http://dx.doi.org/10.1016/j.ejmech.2018.04.053
http://dx.doi.org/10.1016/j.ejmech.2018.04.053
http://dx.doi.org/10.1016/j.ejmech.2018.04.053
http://www.ncbi.nlm.nih.gov/pubmed/29738955
http://dx.doi.org/10.1016/j.bmcl.2008.10.011
http://dx.doi.org/10.1016/j.bmcl.2008.10.011
http://dx.doi.org/10.1016/j.bmcl.2008.10.011
http://dx.doi.org/10.1016/j.bmcl.2008.10.011
http://www.ncbi.nlm.nih.gov/pubmed/18947996
http://dx.doi.org/10.1016/j.bioorg.2019.103291
http://dx.doi.org/10.1016/j.bioorg.2019.103291
http://dx.doi.org/10.1016/j.bioorg.2019.103291
http://www.ncbi.nlm.nih.gov/pubmed/31561107
http://dx.doi.org/10.1039/C9MD00120D
http://dx.doi.org/10.1039/C9MD00120D
http://dx.doi.org/10.1039/C9MD00120D
http://www.ncbi.nlm.nih.gov/pubmed/31803393
http://dx.doi.org/10.1016/j.ejmech.2017.09.050
http://dx.doi.org/10.1016/j.ejmech.2017.09.050
http://www.ncbi.nlm.nih.gov/pubmed/29031077
http://dx.doi.org/10.1016/j.ejmech.2021.113741
http://dx.doi.org/10.1016/j.ejmech.2021.113741
http://dx.doi.org/10.1016/j.ejmech.2021.113741
http://www.ncbi.nlm.nih.gov/pubmed/34365130
http://dx.doi.org/10.1007/s00706-014-1364-9
http://dx.doi.org/10.1007/s00706-014-1364-9
http://dx.doi.org/10.1007/s00706-014-1364-9
http://dx.doi.org/10.1007/s00706-014-1364-9
http://dx.doi.org/10.1016/j.bmcl.2012.07.064
http://dx.doi.org/10.1016/j.bmcl.2012.07.064
http://dx.doi.org/10.1016/j.bmcl.2012.07.064
http://dx.doi.org/10.1016/j.bmcl.2012.07.064
http://www.ncbi.nlm.nih.gov/pubmed/22884108
http://dx.doi.org/10.1016/j.bmc.2014.05.018
http://dx.doi.org/10.1016/j.bmc.2014.05.018
http://dx.doi.org/10.1016/j.bmc.2014.05.018
http://dx.doi.org/10.1016/j.bmc.2014.05.018
http://www.ncbi.nlm.nih.gov/pubmed/24882676
http://dx.doi.org/10.1016/j.ejmech.2014.08.063
http://dx.doi.org/10.1016/j.ejmech.2014.08.063
http://dx.doi.org/10.1016/j.ejmech.2014.08.063
http://dx.doi.org/10.1016/j.ejmech.2014.08.063
http://dx.doi.org/10.1016/j.ejmech.2014.08.063
http://www.ncbi.nlm.nih.gov/pubmed/25173851
http://dx.doi.org/10.1016/j.bmcl.2015.06.041
http://dx.doi.org/10.1016/j.bmcl.2015.06.041
http://dx.doi.org/10.1016/j.bmcl.2015.06.041
http://dx.doi.org/10.1016/j.bmcl.2015.06.041
http://dx.doi.org/10.1016/j.bmcl.2015.06.041
http://www.ncbi.nlm.nih.gov/pubmed/26149183
http://dx.doi.org/10.1016/j.bmcl.2012.02.019
http://dx.doi.org/10.1016/j.bmcl.2012.02.019
http://dx.doi.org/10.1016/j.bmcl.2012.02.019
http://www.ncbi.nlm.nih.gov/pubmed/22406152
http://dx.doi.org/10.1016/j.ejmech.2014.04.037
http://dx.doi.org/10.1016/j.ejmech.2014.04.037
http://dx.doi.org/10.1016/j.ejmech.2014.04.037
http://dx.doi.org/10.1016/j.ejmech.2014.04.037
http://dx.doi.org/10.1016/j.ejmech.2014.04.037
http://www.ncbi.nlm.nih.gov/pubmed/24769347
http://dx.doi.org/10.1016/j.ejmech.2021.114021
http://dx.doi.org/10.1016/j.ejmech.2021.114021
http://dx.doi.org/10.1016/j.ejmech.2021.114021
http://dx.doi.org/10.1016/j.ejmech.2021.114021
http://www.ncbi.nlm.nih.gov/pubmed/34871841
http://dx.doi.org/10.1016/j.bmcl.2005.07.016

Hybrids/Conjugates/Chimera Drugs-Antimicrobial Hybrids

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

antibacterial activity of N-(5-benzylthio-1,3,4-thiadiazol-2-
yl) and N-(5-benzylsulfonyl-1,3,4-thiadiazol-2-yl)piperazi-
nyl quinolone derivatives. Bioorg Med. Chem. Lett, 2005,
15(20), 4488-4492.
http://dx.doi.org/10.1016/j.bmcl.2005.07.016
16105736

Panda, S.S.; Liagat, S.; Girgis, A.S.; Samir, A.; Hall, C.D;
Katritzky, A.R. Novel antibacterial active quinolone-
fluoroquinolone conjugates and 2D-QSAR studies. Bioorg
Med. Chem. Lett, 2015, 25(18), 3816-3821.
http://dx.doi.org/10.1016/j.bmcl.2015.07.077
26253630

Mentese, M. Y.; Bayrak, H.; Uygun, Y.; Mermer, A.; Ulker,
S.; Karaoglu, S. A.; Demirbas, N. Microwave-assisted syn-
thesis of some hybrid molecules derived from norfloxacin
and investigation of their biological activities. Eur J. Med.
Chem., 2013, 67, 230-242.
http://dx.doi.org/10.1016/j.ejmech.2013.06.045

Tan, Y.M,; Li, D.; Li, F.F.; Fawad Ansari, M.; Fang, B.;
Zhou, C.H. Pyrimidine-conjugated fluoroquinolones as new
potential broad-spectrum antibacterial agents. Bioorg Med.
Chem. Lett, 2022, 73, 128885.
http://dx.doi.org/10.1016/j.bmcl.2022.128885
35835379

Panda, S.S.; Detistov, O.S.; Girgis, A.S.; Mohapatra, P.P.;
Samir, A.; Katritzky, A.R. Synthesis and molecular model-
ing of antimicrobial active fluoroquinolone-pyrazine conju-
gates with amino acid linkers. Bioorg Med. Chem. Lett,
2016, 26(9), 2198-2205.
http://dx.doi.org/10.1016/j.bmcl.2016.03.062
27025339

Jazayeri, S.; Moshafi, M.H.; Firoozpour, L.; Emami, S;
Rajabalian, S.; Haddad, M.; Pahlavanzadeh, F.; Esnaashari,
M.; Shafiee, A.; Foroumadi, A. Synthesis and antibacterial
activity of nitroaryl thiadiazole-gatifloxacin hybrids. Eur J.
Med. Chem., 2009, 44(3), 1205-1209.
http://dx.doi.org/10.1016/j.ejmech.2008.09.012
18950903

Plech, T.; Wujec, M.; Kosikowska, U.; Malm, A.; Rajtar,
B.; Polz-Dacewicz, M. Synthesis and in vitro activity of
1,2,4-triazole-ciprofloxacin ~ hybrids  against  drug-
susceptible and drug-resistant bacteria. Eur J. Med. Chem.,
2013, 60, 128-134.
http://dx.doi.org/10.1016/j.ejmech.2012.11.040
23287058

Plech, T.; Kapron, B.; Paneth, A.; Kosikowska, U.; Malm,
A.; Strzelezyk, A.; Staczek, P.; Swiatek, L.; Rajtar, B.;
Polz-Dacewicz, M. Search for factors affecting antibacterial
activity and toxicity of 1,2,4-triazole-ciprofloxacin hybrids.
Eur J. Med. Chem., 2015, 97, 94-103.
http://dx.doi.org/10.1016/j.ejmech.2015.04.058
25951434

Wang, R.; Yin, X.; Zhang, Y.; Yan, W. Design, synthesis
and antimicrobial evaluation of propylene-tethered ciprof-
loxacin-isatin hybrids. Eur J. Med. Chem., 2018, 156, 580-
586.
http://dx.doi.org/10.1016/j.ejmech.2018.07.025
30025351

Chen, J.P.; Battini, N.; Ansari, M.F.; Zhou, C.H. Membrane
active 7-thiazoxime quinolones as novel DNA binding
agents to decrease the genes expression and exert potent an-
ti-methicillin-resistant Staphylococcus aureus activity. Eur
J. Med. Chem., 2021, 217, 113340.
http://dx.doi.org/10.1016/j.ejmech.2021.113340
33725630

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

Current Medicinal Chemistry, XXXX, Vol. XX, No. X 51

Li, S.R.; Zeng, C.M.; Peng, X.M.; Chen, J.P.; Li, S.; Zhou,
C.H. Benzopyrone-mediated quinolones as potential multi-
targeting antibacterial agents. Eur J. Med. Chem., 2023,
262, 115878.
http://dx.doi.org/10.1016/j.ejmech.2023.115878
37866337

Fedorowicz, J.; Saczewski, J.; Konopacka, A.; Waleron, K.;
Lejnowski, D.; Ciura, K.; Tomasi¢, T.; Skok, Z.; Savijoki,
K.; Morawska, M.; Gilbert-Girard, S.; Fallarero, A. Synthe-
sis and biological evaluation of hybrid quinolone-based
quaternary ammonium antibacterial agents. Eur J. Med.
Chem., 2019, 179, 576-590.
http://dx.doi.org/10.1016/j.ejmech.2019.06.071
31279292

Cui, S.F.; Ren, Y.; Zhang, S.L.; Peng, X.M.; Damu, G.L.V;
Geng, R.X.; Zhou, C.H. Synthesis and biological evaluation
of a class of quinolone triazoles as potential antimicrobial
agents and their interactions with calf thymus DNA. Bioorg
Med. Chem. Lett, 2013, 23(11), 3267-3272.
http://dx.doi.org/10.1016/j.bmcl.2013.03.118
23602443

Zhou, Y.; Chow, C.; Murphy, D.E.; Sun, Z.; Bertolini, T.;
Froelich, J.M.; Webber, S.E.; Hermann, T.; Wall, D. Anti-
bacterial activity in serum of the 3,5-diamino-piperidine
translation inhibitors. Bioorg Med. Chem. Lett, 2008,
18(11), 3369-3375.
http://dx.doi.org/10.1016/j.bmcl.2008.04.023
18440814

Chugunova, E.; Akylbekov, N.; Bulatova, A.; Gavrilov, N.;
Voloshina, A.; Kulik, N.; Zobov, V.; Dobrynin, A,
Syakaev, V.; Burilov, A. Synthesis and biological evalua-
tion of novel structural hybrids of benzofuroxan derivatives
and fluoroquinolones. Eur J. Med. Chem., 2016, 116, 165-
172.
http://dx.doi.org/10.1016/j.ejmech.2016.03.086
27061980

Bhunia, S.; Das, A.; Jana, S.K.; Mandal, S.; Samanta, S.
Photoswitchable  antibiotic  hybrids:  Spacer length-
dependent photochemical control of antibacterial activity.
Bioconjug Chem., 2024, 35(1), 92-98.
http://dx.doi.org/10.1021/acs.bioconjchem.3c00488 PMID:
38111208

Neeraja, P.; Srinivas, S.; Mukkanti, K.; Dubey, P.K.; Pal, S.
1H-1,2,3-Triazolyl-substituted 1,3,4-oxadiazole derivatives
containing structural features of ibuprofen/naproxen: Their
synthesis and antibacterial evaluation. Bioorg Med. Chem.
Lett, 2016, 26(21), 5212-5217.
http://dx.doi.org/10.1016/j.bmcl.2016.09.059
27727124

Triloknadh, S.; Venkata Rao, C.; Nagaraju, K.; Hari Krish-
na, N.; Venkata Ramaiah, C.; Rajendra, W.; Trinath, D.;
Suneetha, Y. Design, synthesis, neuroprotective, antibacte-
rial activities and docking studies of novel thieno[2,3-
d]pyrimidine-alkyne Mannich base and oxadiazole hybrids.
Bioorg Med. Chem. Lett, 2018, 28(9), 1663-1669.

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

http://dx.doi.org/10.1016/j.bmcl.2018.03.030 PMID:
29602681
Wang, J.; Ansari, M.F; Zhou, C.H. Unique para-

aminobenzenesulfonyl oxadiazoles as novel structural po-
tential membrane active antibacterial agents towards drug-
resistant methicillin resistant Staphylococcus aureus.
Bioorg Med. Chem. Lett, 2021, 41, 127995.
http://dx.doi.org/10.1016/j.bmcl.2021.127995
33775834

Zhao, Y.; Shadrick, W.R.; Wallace, M.J.; Wu, Y.; Griffith,
E.C.; Qi, J.; Yun, M.K,; White, SW.; Lee, R.E. Pterin-sulfa

PMID:


http://dx.doi.org/10.1016/j.bmcl.2005.07.016
http://dx.doi.org/10.1016/j.bmcl.2005.07.016
http://dx.doi.org/10.1016/j.bmcl.2005.07.016
http://dx.doi.org/10.1016/j.bmcl.2005.07.016
http://www.ncbi.nlm.nih.gov/pubmed/16105736
http://dx.doi.org/10.1016/j.bmcl.2015.07.077
http://dx.doi.org/10.1016/j.bmcl.2015.07.077
http://dx.doi.org/10.1016/j.bmcl.2015.07.077
http://www.ncbi.nlm.nih.gov/pubmed/26253630
http://dx.doi.org/10.1016/j.ejmech.2013.06.045
http://dx.doi.org/10.1016/j.ejmech.2013.06.045
http://dx.doi.org/10.1016/j.ejmech.2013.06.045
http://dx.doi.org/10.1016/j.ejmech.2013.06.045
http://dx.doi.org/10.1016/j.bmcl.2022.128885
http://dx.doi.org/10.1016/j.bmcl.2022.128885
http://dx.doi.org/10.1016/j.bmcl.2022.128885
http://www.ncbi.nlm.nih.gov/pubmed/35835379
http://dx.doi.org/10.1016/j.bmcl.2016.03.062
http://dx.doi.org/10.1016/j.bmcl.2016.03.062
http://dx.doi.org/10.1016/j.bmcl.2016.03.062
http://dx.doi.org/10.1016/j.bmcl.2016.03.062
http://www.ncbi.nlm.nih.gov/pubmed/27025339
http://dx.doi.org/10.1016/j.ejmech.2008.09.012
http://dx.doi.org/10.1016/j.ejmech.2008.09.012
http://dx.doi.org/10.1016/j.ejmech.2008.09.012
http://www.ncbi.nlm.nih.gov/pubmed/18950903
http://dx.doi.org/10.1016/j.ejmech.2012.11.040
http://dx.doi.org/10.1016/j.ejmech.2012.11.040
http://dx.doi.org/10.1016/j.ejmech.2012.11.040
http://dx.doi.org/10.1016/j.ejmech.2012.11.040
http://www.ncbi.nlm.nih.gov/pubmed/23287058
http://dx.doi.org/10.1016/j.ejmech.2015.04.058
http://dx.doi.org/10.1016/j.ejmech.2015.04.058
http://dx.doi.org/10.1016/j.ejmech.2015.04.058
http://www.ncbi.nlm.nih.gov/pubmed/25951434
http://dx.doi.org/10.1016/j.ejmech.2018.07.025
http://dx.doi.org/10.1016/j.ejmech.2018.07.025
http://dx.doi.org/10.1016/j.ejmech.2018.07.025
http://dx.doi.org/10.1016/j.ejmech.2018.07.025
http://www.ncbi.nlm.nih.gov/pubmed/30025351
http://dx.doi.org/10.1016/j.ejmech.2021.113340
http://dx.doi.org/10.1016/j.ejmech.2021.113340
http://dx.doi.org/10.1016/j.ejmech.2021.113340
http://dx.doi.org/10.1016/j.ejmech.2021.113340
http://dx.doi.org/10.1016/j.ejmech.2021.113340
http://www.ncbi.nlm.nih.gov/pubmed/33725630
http://dx.doi.org/10.1016/j.ejmech.2023.115878
http://dx.doi.org/10.1016/j.ejmech.2023.115878
http://dx.doi.org/10.1016/j.ejmech.2023.115878
http://www.ncbi.nlm.nih.gov/pubmed/37866337
http://dx.doi.org/10.1016/j.ejmech.2019.06.071
http://dx.doi.org/10.1016/j.ejmech.2019.06.071
http://dx.doi.org/10.1016/j.ejmech.2019.06.071
http://dx.doi.org/10.1016/j.ejmech.2019.06.071
http://www.ncbi.nlm.nih.gov/pubmed/31279292
http://dx.doi.org/10.1016/j.bmcl.2013.03.118
http://dx.doi.org/10.1016/j.bmcl.2013.03.118
http://dx.doi.org/10.1016/j.bmcl.2013.03.118
http://dx.doi.org/10.1016/j.bmcl.2013.03.118
http://www.ncbi.nlm.nih.gov/pubmed/23602443
http://dx.doi.org/10.1016/j.bmcl.2008.04.023
http://dx.doi.org/10.1016/j.bmcl.2008.04.023
http://dx.doi.org/10.1016/j.bmcl.2008.04.023
http://dx.doi.org/10.1016/j.bmcl.2008.04.023
http://www.ncbi.nlm.nih.gov/pubmed/18440814
http://dx.doi.org/10.1016/j.ejmech.2016.03.086
http://dx.doi.org/10.1016/j.ejmech.2016.03.086
http://dx.doi.org/10.1016/j.ejmech.2016.03.086
http://dx.doi.org/10.1016/j.ejmech.2016.03.086
http://www.ncbi.nlm.nih.gov/pubmed/27061980
http://dx.doi.org/10.1021/acs.bioconjchem.3c00488
http://dx.doi.org/10.1021/acs.bioconjchem.3c00488
http://dx.doi.org/10.1021/acs.bioconjchem.3c00488
http://www.ncbi.nlm.nih.gov/pubmed/38111208
http://dx.doi.org/10.1016/j.bmcl.2016.09.059
http://dx.doi.org/10.1016/j.bmcl.2016.09.059
http://dx.doi.org/10.1016/j.bmcl.2016.09.059
http://dx.doi.org/10.1016/j.bmcl.2016.09.059
http://www.ncbi.nlm.nih.gov/pubmed/27727124
http://dx.doi.org/10.1016/j.bmcl.2018.03.030
http://dx.doi.org/10.1016/j.bmcl.2018.03.030
http://dx.doi.org/10.1016/j.bmcl.2018.03.030
http://dx.doi.org/10.1016/j.bmcl.2018.03.030
http://dx.doi.org/10.1016/j.bmcl.2018.03.030
http://www.ncbi.nlm.nih.gov/pubmed/29602681
http://dx.doi.org/10.1016/j.bmcl.2021.127995
http://dx.doi.org/10.1016/j.bmcl.2021.127995
http://dx.doi.org/10.1016/j.bmcl.2021.127995
http://dx.doi.org/10.1016/j.bmcl.2021.127995
http://dx.doi.org/10.1016/j.bmcl.2021.127995
http://www.ncbi.nlm.nih.gov/pubmed/33775834
http://dx.doi.org/10.1016/j.bmcl.2016.07.006

52 Current Medicinal Chemistry, XXXX, Vol. XX, No. XX

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

conjugates as dihydropteroate synthase inhibitors and anti-
bacterial agents. Bioorg Med. Chem. Lett, 2016, 26(16),
3950-3954.
http://dx.doi.org/10.1016/j.bmcl.2016.07.006
27423480

Sui, Y.F.; Li, D.; Wang, J.; Bheemanaboina, R.R.Y.; Ansa-
ri, M.F.; Gan, L.L.; Zhou, C.H. Design and biological eval-
uation of a novel type of potential multi-targeting antimi-
crobial sulfanilamide hybrids in combination of pyrimidine
and azoles. Bioorg Med. Chem. Lett, 2020, 30(6), 126982.
http://dx.doi.org/10.1016/j.bmcl.2020.126982 PMID:
32001137

Ansari, M.F.; Tan, Y.M.; Sun, H.; Li, S.; Zhou, C.H.
Unique iminotetrahydroberberine-corbelled metronidazoles
as potential membrane active broad-spectrum antibacterial
agents. Bioorg Med. Chem. Lett, 2022, 76, 129012.
http://dx.doi.org/10.1016/j.bmcl.2022.129012
36182008

Zhang, T.Y.; Yu, ZK,; Jin, XJ,; Li, M.Y.; Sun, LP;
Zheng, C.J.; Piao, H.R. Synthesis and evaluation of the an-
tibacterial activities of aryl substituted dihydrotriazine de-
rivatives. Bioorg Med. Chem. Lett, 2018, 28(9), 1657-1662.
http://dx.doi.org/10.1016/j.bmcl.2018.03.037 PMID:
29588213

Shareef, M.A.; Sirisha, K.; Sayeed, I.B.; Khan, I.; Ganapa-
thi, T.; Akbar, S.; Ganesh Kumar, C.; Kamal, A.; Nagendra
Babu, B. Synthesis of new triazole fused imidazo[2,1-
b]thiazole hybrids with emphasis on Staphylococcus aureus
virulence factors. Bioorg Med. Chem. Lett, 2019, 29(19),
126621.
http://dx.doi.org/10.1016/j.bmcl.2019.08.025
31431360

Kodama, T.; Ito, T.; Dibwe, D.F.; Woo, S.Y.; Morita, H.
Syntheses of benzophenone-xanthone hybrid polyketides
and their antibacterial activities. Bioorg Med. Chem. Lett,
2017, 27(11), 2397-2400.
http://dx.doi.org/10.1016/j.bmcl.2017.04.017
28416134

Durcik, M.; Nyerges, A.; Skok, Z.; Skledar, D.G.; Trontelj,
J.; Zidar, N.; 1las§, J.; Zega, A.; Cruz, C.D.; Tammela, P.;
Welin, M.; Kimbung, Y.R.; Focht, D.; Benek, O.; Révész,
T.; Draskovits, G.; Szili, P.E.; Daruka, L.; Pal, C.; Kikelj,
D.; Masi¢, L.P.; Tomasi¢, T. New dual ATP-competitive
inhibitors of bacterial DNA gyrase and topoisomerase 1V
active against ESKAPE pathogens. Eur J. Med. Chem.,
2021, 213, 113200.
http://dx.doi.org/10.1016/j.ejmech.2021.113200
33524686

Marzi, M.; Farjam, M.; Kazeminejad, Z.; Shiroudi, A.;
Kouhpayeh, A.; Zarenezhad, E. A recent overview of 1,2,3-
triazole-containing hybrids as novel antifungal agents: Fo-
cusing on synthesis, mechanism of action, and structure-
activity relationship (SAR). J. Chem., 2022, 2022, 1-50.
http://dx.doi.org/10.1155/2022/7884316

Ghani, U. Azole inhibitors of mushroom and human tyrosi-
nases: Current advances and prospects of drug development
for melanogenic dermatological disorders. Eur J. Med.
Chem., 2022, 239, 114525.
http://dx.doi.org/10.1016/j.ejmech.2022.114525
35717871

Wang, S.Q.; Wang, Y.F.; Xu, Z. Tetrazole hybrids and their
antifungal activities. Eur J. Med. Chem., 2019, 170, 225-
234,
http://dx.doi.org/10.1016/j.ejmech.2019.03.023
30904780

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

Abraham Nudelman

Chandrika, K.V.S. Mani; Sharma, Sahida. Promising anti-
fungal agents: A mini review. Bioorg Med. Chem. Lett,
2020, 28, 115398.
http://dx.doi.org/10.1016/j.bmc.2020.115398

Jin, Y.S. Recent advances in natural antifungal flavonoids
and their derivatives. Bioorg Med. Chem. Lett, 2019,
29(19), 126589.
http://dx.doi.org/10.1016/j.bmcl.2019.07.048
31427220

Dai, J.K.; Dan, W.J.; Wan, J.B. Natural and synthetic p-
carboline as a privileged antifungal scaffolds. Eur J. Med.
Chem., 2022, 229, 114057.
http://dx.doi.org/10.1016/j.ejmech.2021.114057
34954591

Girase, P.S.; Dhawan, S.; Kumar, V.; Shinde, S.R.; Palkar,
M.B.; Karpoormath, R. An appraisal of anti-mycobacterial
activity with structure-activity relationship of piperazine
and its analogues: A review. Eur J. Med. Chem., 2021, 210,
112967.
http://dx.doi.org/10.1016/j.ejmech.2020.112967
33190957

Ghobadi, E.; Saednia, S.; Emami, S. Synthetic approaches
and structural diversity of triazolylbutanols derived from
voriconazole in the antifungal drug development. Eur J.
Med. Chem., 2022, 231, 114161.
http://dx.doi.org/10.1016/j.ejmech.2022.114161
35134679

Muszalska-Kolos, 1.; Dwiecki, P.M. Searching for conju-
gates as new structures for antifungal therapies. J. Med.
Chem., 2024, 67(6), 4298-4321.
http://dx.doi.org/10.1021/acs.jmedchem.3c01750
38470824

Elsaman, T.; Mohamed, M.S.; Mohamed, M.A. Current
development of 5-nitrofuran-2-yl derivatives as antitubercu-
lar agents. Bioorg Chem., 2019, 88, 102969.
http://dx.doi.org/10.1016/j.bioorg.2019.102969
31077910

Trotsko, N. Antitubercular properties of thiazolidin-4-ones -
A review. Eur J. Med. Chem., 2021, 215, 113266.
http://dx.doi.org/10.1016/j.ejmech.2021.113266
33588179

Sharma, A.; Agrahari, A.K.; Rajkhowa, S.; Tiwari, V.K.
Emerging impact of triazoles as anti-tubercular agent. Eur
J. Med. Chem., 2022, 238, 114454,
http://dx.doi.org/10.1016/j.ejmech.2022.114454
35597009

Dhameliya, T.M.; Bhakhar, K.A.; Gajjar, N.D.; Patel, K.A.;
Devani, A.A.; Hirani, R.V. Recent advancements and de-
velopments in search of anti-tuberculosis agents: A quin-
quennial update and future directions. J. Mol. Struct., 2022,
1248, 131473.
http://dx.doi.org/10.1016/j.molstruc.2021.131473

Singh, G.; Arora, A.; Kalra, P.; Maurya, 1.K.; Ruizc, C.E,;
Estebanc, M.A,; Sinha, S.; Goyal, K.; Sehgal, R. A strategic
approach to the synthesis of ferrocene appended chalcone
linked triazole allied organosilatranes: Antibacterial, anti-
fungal, antiparasitic and antioxidant studies. Bioorg Med.
Chem., 2019, 27(1), 188-195.
http://dx.doi.org/10.1016/j.bmc.2018.11.038
30522900

Lv, M.; Ma, J.; Li, Q.; Xu, H. Discovery of benzotriazole-
azo-phenol/aniline derivatives as antifungal agents. Bioorg
Med. Chem. Lett, 2018, 28(2), 181-187.
http://dx.doi.org/10.1016/j.bmcl.2017.11.032
29191555

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:


http://dx.doi.org/10.1016/j.bmcl.2016.07.006
http://dx.doi.org/10.1016/j.bmcl.2016.07.006
http://dx.doi.org/10.1016/j.bmcl.2016.07.006
http://www.ncbi.nlm.nih.gov/pubmed/27423480
http://dx.doi.org/10.1016/j.bmcl.2020.126982
http://dx.doi.org/10.1016/j.bmcl.2020.126982
http://dx.doi.org/10.1016/j.bmcl.2020.126982
http://dx.doi.org/10.1016/j.bmcl.2020.126982
http://dx.doi.org/10.1016/j.bmcl.2020.126982
http://www.ncbi.nlm.nih.gov/pubmed/32001137
http://dx.doi.org/10.1016/j.bmcl.2022.129012
http://dx.doi.org/10.1016/j.bmcl.2022.129012
http://dx.doi.org/10.1016/j.bmcl.2022.129012
http://dx.doi.org/10.1016/j.bmcl.2022.129012
http://www.ncbi.nlm.nih.gov/pubmed/36182008
http://dx.doi.org/10.1016/j.bmcl.2018.03.037
http://dx.doi.org/10.1016/j.bmcl.2018.03.037
http://dx.doi.org/10.1016/j.bmcl.2018.03.037
http://dx.doi.org/10.1016/j.bmcl.2018.03.037
http://www.ncbi.nlm.nih.gov/pubmed/29588213
http://dx.doi.org/10.1016/j.bmcl.2019.08.025
http://dx.doi.org/10.1016/j.bmcl.2019.08.025
http://dx.doi.org/10.1016/j.bmcl.2019.08.025
http://dx.doi.org/10.1016/j.bmcl.2019.08.025
http://www.ncbi.nlm.nih.gov/pubmed/31431360
http://dx.doi.org/10.1016/j.bmcl.2017.04.017
http://dx.doi.org/10.1016/j.bmcl.2017.04.017
http://dx.doi.org/10.1016/j.bmcl.2017.04.017
http://www.ncbi.nlm.nih.gov/pubmed/28416134
http://dx.doi.org/10.1016/j.ejmech.2021.113200
http://dx.doi.org/10.1016/j.ejmech.2021.113200
http://dx.doi.org/10.1016/j.ejmech.2021.113200
http://dx.doi.org/10.1016/j.ejmech.2021.113200
http://www.ncbi.nlm.nih.gov/pubmed/33524686
http://dx.doi.org/10.1155/2022/7884316
http://dx.doi.org/10.1155/2022/7884316
http://dx.doi.org/10.1155/2022/7884316
http://dx.doi.org/10.1155/2022/7884316
http://dx.doi.org/10.1155/2022/7884316
http://dx.doi.org/10.1016/j.ejmech.2022.114525
http://dx.doi.org/10.1016/j.ejmech.2022.114525
http://dx.doi.org/10.1016/j.ejmech.2022.114525
http://dx.doi.org/10.1016/j.ejmech.2022.114525
http://www.ncbi.nlm.nih.gov/pubmed/35717871
http://dx.doi.org/10.1016/j.ejmech.2019.03.023
http://dx.doi.org/10.1016/j.ejmech.2019.03.023
http://dx.doi.org/10.1016/j.ejmech.2019.03.023
http://www.ncbi.nlm.nih.gov/pubmed/30904780
http://dx.doi.org/10.1016/j.bmc.2020.115398
http://dx.doi.org/10.1016/j.bmc.2020.115398
http://dx.doi.org/10.1016/j.bmc.2020.115398
http://dx.doi.org/10.1016/j.bmcl.2019.07.048
http://dx.doi.org/10.1016/j.bmcl.2019.07.048
http://dx.doi.org/10.1016/j.bmcl.2019.07.048
http://www.ncbi.nlm.nih.gov/pubmed/31427220
http://dx.doi.org/10.1016/j.ejmech.2021.114057
http://dx.doi.org/10.1016/j.ejmech.2021.114057
http://dx.doi.org/10.1016/j.ejmech.2021.114057
http://www.ncbi.nlm.nih.gov/pubmed/34954591
http://dx.doi.org/10.1016/j.ejmech.2020.112967
http://dx.doi.org/10.1016/j.ejmech.2020.112967
http://dx.doi.org/10.1016/j.ejmech.2020.112967
http://dx.doi.org/10.1016/j.ejmech.2020.112967
http://www.ncbi.nlm.nih.gov/pubmed/33190957
http://dx.doi.org/10.1016/j.ejmech.2022.114161
http://dx.doi.org/10.1016/j.ejmech.2022.114161
http://dx.doi.org/10.1016/j.ejmech.2022.114161
http://dx.doi.org/10.1016/j.ejmech.2022.114161
http://www.ncbi.nlm.nih.gov/pubmed/35134679
http://dx.doi.org/10.1021/acs.jmedchem.3c01750
http://dx.doi.org/10.1021/acs.jmedchem.3c01750
http://dx.doi.org/10.1021/acs.jmedchem.3c01750
http://www.ncbi.nlm.nih.gov/pubmed/38470824
http://dx.doi.org/10.1016/j.bioorg.2019.102969
http://dx.doi.org/10.1016/j.bioorg.2019.102969
http://dx.doi.org/10.1016/j.bioorg.2019.102969
http://dx.doi.org/10.1016/j.bioorg.2019.102969
http://www.ncbi.nlm.nih.gov/pubmed/31077910
http://dx.doi.org/10.1016/j.ejmech.2021.113266
http://dx.doi.org/10.1016/j.ejmech.2021.113266
http://dx.doi.org/10.1016/j.ejmech.2021.113266
http://www.ncbi.nlm.nih.gov/pubmed/33588179
http://dx.doi.org/10.1016/j.ejmech.2022.114454
http://dx.doi.org/10.1016/j.ejmech.2022.114454
http://www.ncbi.nlm.nih.gov/pubmed/35597009
http://dx.doi.org/10.1016/j.molstruc.2021.131473
http://dx.doi.org/10.1016/j.molstruc.2021.131473
http://dx.doi.org/10.1016/j.molstruc.2021.131473
http://dx.doi.org/10.1016/j.molstruc.2021.131473
http://dx.doi.org/10.1016/j.bmc.2018.11.038
http://dx.doi.org/10.1016/j.bmc.2018.11.038
http://dx.doi.org/10.1016/j.bmc.2018.11.038
http://dx.doi.org/10.1016/j.bmc.2018.11.038
http://dx.doi.org/10.1016/j.bmc.2018.11.038
http://www.ncbi.nlm.nih.gov/pubmed/30522900
http://dx.doi.org/10.1016/j.bmcl.2017.11.032
http://dx.doi.org/10.1016/j.bmcl.2017.11.032
http://dx.doi.org/10.1016/j.bmcl.2017.11.032
http://www.ncbi.nlm.nih.gov/pubmed/29191555

Hybrids/Conjugates/Chimera Drugs-Antimicrobial Hybrids

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

Chen, R.; Zhang, H.; Ma, T.; Xue, H.; Miao, Z.; Chen, L.;
Shi, X. Ciprofloxacin-1,2,3-triazole-isatin hybrids tethered
via amide: Design, synthesis, and in vitro anti-
mycobacterial activity evaluation. Bioorg Med. Chem. Lett,
2019, 29(18), 2635-2637.
http://dx.doi.org/10.1016/j.bmcl.2019.07.041
31358466

Blokhina, S.V.; Sharapova, A.V.; O’khovich, M.V.; Doro-
shenko, I.A.; Levshin, 1.B.; Perlovich, G.L. Synthesis and
antifungal activity of new hybrids thiazolo[4,5-
d]pyrimidines with (1H-1,2,4)triazole. Bioorg Med. Chem.
Lett, 2021, 40, 127944.
http://dx.doi.org/10.1016/j.bmcl.2021.127944
33713781

Borate, H.B.; Sawargave, S.P.; Chavan, S.P.; Chanda-
varkar, M.A.; lyer, R.; Tawte, A.; Rao, D.; Deore, J.V.;
Kudale, A.S.; Mahajan, P.S.; Kangire, G.S. Novel hybrids
of fluconazole and furanones: Design, synthesis and anti-
fungal activity. Bioorg Med. Chem. Lett, 2011, 21(16),
4873-4878.
http://dx.doi.org/10.1016/j.bmcl.2011.06.022
21757344

Fang, X.F.; Li, D.; Tangadanchu, V.K.R.; Gopala, L.; Gao,
W.W.; Zhou, C.H. Novel potentially antifungal hybrids of
5-flucytosine and fluconazole: Design, synthesis and bioac-
tive evaluation. Bioorg Med. Chem. Lett, 2017, 27(22),
4964-4969.
http://dx.doi.org/10.1016/j.bmcl.2017.10.020
29050784

Biot, C.; Francois, N.; Maciejewski, L.; Brocard, J.; Pou-
lain, D. Synthesis and antifungal activity of a ferrocene-
fluconazole analogue. Bioorg Med. Chem. Lett, 2000, 10(8),
839-841.
http://dx.doi.org/10.1016/S0960-894X(00)00120-7 PMID:
10782698

Wang, F.; Wu, J.; Yuan, M.; Yan, Z.; Liu, X.; Li, W,;
Zhang, Y.; Sheng, C.; Liu, N.; Huang, Z. Novel nitric oxide
donor—azole conjugation strategy for efficient treatment of
Cryptococcus neoformans infections. J. Med. Chem., 2023,
66(20), 14221-14240.
http://dx.doi.org/10.1021/acs.jmedchem.3c01308
37820326

Hu, C.; Xu, Z.; Huang, Z.; Wang, R.; Zhang, Y.; Mao, Z.
Synthesis and antifungal evaluation of new azole deriva-
tives against Candida albicans. ACS Med. Chem. Lett,
2023, 14(10), 1448-1454.
http://dx.doi.org/10.1021/acsmedchemlett.3c00361 PMID:
37849555

Ni, T.; Hao, Y.; Ding, Z.; Chi, X.; Xie, F.; Wang, R.; Bao,
J.; Yan, L.; Li, L.; Wang, T.; Zhang, D.; Jiang, Y. Discov-
ery of a novel potent tetrazole antifungal candidate with
high selectivity and broad spectrum. J. Med. Chem., 2024,
67(8), 6238-6252.
http://dx.doi.org/10.1021/acs.jmedchem.3c02188
38598688

Ghobadi, E.; Hashemi, S.M.; Fakhim, H.; Hosseini-khah,
Z.; Badali, H.; Emami, S. Design, synthesis and biological
activity of hybrid antifungals derived from fluconazole and
mebendazole. Eur J. Med. Chem., 2023, 249, 115146.
http://dx.doi.org/10.1016/j.ejmech.2023.115146 PMID:
36709648

Gaikwad, N.D.; Patil, S.V.; Bobade, V.D. Hybrids of
ravuconazole: Synthesis and biological evaluation. Eur J.
Med. Chem., 2012, 54, 295-302.
http://dx.doi.org/10.1016/j.ejmech.2012.05.010
22652223

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

Current Medicinal Chemistry, XXXX, Vol. XX, No. X 53

Emami, S.; Foroumadi, A.; Falahati, M.; Lotfali, E.; Rajab-
alian, S.; Ebrahimi, S.A.; Farahyar, S.; Shafiee, A. 2-
Hydroxyphenacyl azoles and related azolium derivatives as
antifungal agents. Bioorg Med. Chem. Lett, 2008, 18(1),
141-146.
http://dx.doi.org/10.1016/j.bmcl.2007.10.111
18032039

Li, Z.; Huang, Y.; Tu, J.; Yang, W.; Liu, N.; Wang, W.;
Sheng, C. Discovery of BRD4-HDAC dual inhibitors with
improved fungal selectivity and potent synergistic antifun-
gal activity against fluconazole-resistant Candida albicans.
J. Med. Chem., 2023, 66(8), 5950-5964.
http://dx.doi.org/10.1021/acs.jmedchem.3c00165
37037787

Zhang, A.; Zhou, J.; Tao, K.; Hou, T.; Jin, H. Design, syn-
thesis and antifungal evaluation of novel pyrazole carbox-
amides with diarylamines scaffold as potent succinate de-
hydrogenase inhibitors. Bioorg Med. Chem. Lett, 2018,
28(18), 3042-3045.
http://dx.doi.org/10.1016/j.bmcl.2018.08.001
30097371

Radakovic, N.; Nikoli¢, A.; Jovanovi¢, N.T.; Stojkovié, P.;
Stankovic, N.; Solaja, B.; Opsenica, I.; Pavic, A. Unravel-
ing the anti-virulence potential and antifungal efficacy of 5-
aminotetrazoles using the zebrafish model of disseminated
candidiasis. Eur J. Med. Chem., 2022, 230, 114137.
http://dx.doi.org/10.1016/j.ejmech.2022.114137
35077918

Staniszewska, M.; Zdrojewski, T.; Gizifiska, M.; Rogalska,
M.; Kuryk, L..; Kowalkowska, A.; Lukowska-Chojnacka, E.
Tetrazole derivatives bearing benzodiazepine moiety-
synthesis and action mode against virulence of Candida al-
bicans. Eur J. Med. Chem., 2022, 230, 114060.
http://dx.doi.org/10.1016/j.ejmech.2021.114060
35066404

Adamec, J.; Beckert, R.; Weil3, D.; KlimeSova, V.; Waisser,
K.; Méllmann, U.; Kaustovd, J.; Buchta, V. Hybrid mole-
cules of estrone: New compounds with potential antibacte-
rial, antifungal, and antiproliferative activities. Bioorg Med.
Chem., 2007, 15(8), 2898-2906.
http://dx.doi.org/10.1016/j.bmc.2007.02.021
17321746

Liu, W.; Liu, Y.; Fan, H.; Liu, M.; Han, J.; An, Y.; Dong,
Y.; Sun, B. Design, synthesis, and biological evaluation of
dual-target COX-2/CYP51 inhibitors for the treatment of
fungal infectious diseases. J. Med. Chem., 2022, 65(18),
12219-12239.
http://dx.doi.org/10.1021/acs.jmedchem.2c00878
36074863

Liu, Y.; Liu, W,; Yu, S.; Wang, Q.; Liu, M.; Han, J.; Sun,
B. Novel aryl alkamidazole derivatives as multifunctional
antifungal inhibitors: Design, synthesis, and biological
evaluation. J. Med. Chem., 2022, 65(21), 14916-14937.
http://dx.doi.org/10.1021/acs.jmedchem.2c01451  PMID:
36282007

Thamban Chandrika, N.; Shrestha, S.K.; Ranjan, N.; Shar-
ma, A.; Arya, D.P.; Garneau-Tsodikova, S. New application
of neomycin B-bisbenzimidazole hybrids as antifungal
agents. ACS Infect. Dis., 2018, 4(2), 196-207.
http://dx.doi.org/10.1021/acsinfecdis.7b00254
29227087

Yan, Z.; Huang, Y.; Zhao, D.; Li, Z.; Wang, X.; Guo, M,;
Wei, Y.; Wang, Y.; Mou, Y.; Hou, Z.; Guo, C. Developing
novel coumarin-containing azoles antifungal agents by the
scaffold merging strategy for treating azole-resistant can-
didiasis. J. Med. Chem., 2023, 66(18), 13247-13265.

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:


http://dx.doi.org/10.1016/j.bmcl.2019.07.041
http://dx.doi.org/10.1016/j.bmcl.2019.07.041
http://dx.doi.org/10.1016/j.bmcl.2019.07.041
http://dx.doi.org/10.1016/j.bmcl.2019.07.041
http://www.ncbi.nlm.nih.gov/pubmed/31358466
http://dx.doi.org/10.1016/j.bmcl.2021.127944
http://dx.doi.org/10.1016/j.bmcl.2021.127944
http://dx.doi.org/10.1016/j.bmcl.2021.127944
http://dx.doi.org/10.1016/j.bmcl.2021.127944
http://www.ncbi.nlm.nih.gov/pubmed/33713781
http://dx.doi.org/10.1016/j.bmcl.2011.06.022
http://dx.doi.org/10.1016/j.bmcl.2011.06.022
http://dx.doi.org/10.1016/j.bmcl.2011.06.022
http://dx.doi.org/10.1016/j.bmcl.2011.06.022
http://www.ncbi.nlm.nih.gov/pubmed/21757344
http://dx.doi.org/10.1016/j.bmcl.2017.10.020
http://dx.doi.org/10.1016/j.bmcl.2017.10.020
http://dx.doi.org/10.1016/j.bmcl.2017.10.020
http://dx.doi.org/10.1016/j.bmcl.2017.10.020
http://www.ncbi.nlm.nih.gov/pubmed/29050784
http://dx.doi.org/10.1016/S0960-894X(00)00120-7
http://dx.doi.org/10.1016/S0960-894X(00)00120-7
http://dx.doi.org/10.1016/S0960-894X(00)00120-7
http://www.ncbi.nlm.nih.gov/pubmed/10782698
http://dx.doi.org/10.1021/acs.jmedchem.3c01308
http://dx.doi.org/10.1021/acs.jmedchem.3c01308
http://dx.doi.org/10.1021/acs.jmedchem.3c01308
http://dx.doi.org/10.1021/acs.jmedchem.3c01308
http://www.ncbi.nlm.nih.gov/pubmed/37820326
http://dx.doi.org/10.1021/acsmedchemlett.3c00361
http://dx.doi.org/10.1021/acsmedchemlett.3c00361
http://dx.doi.org/10.1021/acsmedchemlett.3c00361
http://www.ncbi.nlm.nih.gov/pubmed/37849555
http://dx.doi.org/10.1021/acs.jmedchem.3c02188
http://dx.doi.org/10.1021/acs.jmedchem.3c02188
http://dx.doi.org/10.1021/acs.jmedchem.3c02188
http://dx.doi.org/10.1021/acs.jmedchem.3c02188
http://www.ncbi.nlm.nih.gov/pubmed/38598688
http://dx.doi.org/10.1016/j.ejmech.2023.115146
http://dx.doi.org/10.1016/j.ejmech.2023.115146
http://dx.doi.org/10.1016/j.ejmech.2023.115146
http://dx.doi.org/10.1016/j.ejmech.2023.115146
http://www.ncbi.nlm.nih.gov/pubmed/36709648
http://dx.doi.org/10.1016/j.ejmech.2012.05.010
http://dx.doi.org/10.1016/j.ejmech.2012.05.010
http://dx.doi.org/10.1016/j.ejmech.2012.05.010
http://www.ncbi.nlm.nih.gov/pubmed/22652223
http://dx.doi.org/10.1016/j.bmcl.2007.10.111
http://dx.doi.org/10.1016/j.bmcl.2007.10.111
http://dx.doi.org/10.1016/j.bmcl.2007.10.111
http://dx.doi.org/10.1016/j.bmcl.2007.10.111
http://www.ncbi.nlm.nih.gov/pubmed/18032039
http://dx.doi.org/10.1021/acs.jmedchem.3c00165
http://dx.doi.org/10.1021/acs.jmedchem.3c00165
http://dx.doi.org/10.1021/acs.jmedchem.3c00165
http://dx.doi.org/10.1021/acs.jmedchem.3c00165
http://dx.doi.org/10.1021/acs.jmedchem.3c00165
http://www.ncbi.nlm.nih.gov/pubmed/37037787
http://dx.doi.org/10.1016/j.bmcl.2018.08.001
http://dx.doi.org/10.1016/j.bmcl.2018.08.001
http://dx.doi.org/10.1016/j.bmcl.2018.08.001
http://dx.doi.org/10.1016/j.bmcl.2018.08.001
http://dx.doi.org/10.1016/j.bmcl.2018.08.001
http://www.ncbi.nlm.nih.gov/pubmed/30097371
http://dx.doi.org/10.1016/j.ejmech.2022.114137
http://dx.doi.org/10.1016/j.ejmech.2022.114137
http://dx.doi.org/10.1016/j.ejmech.2022.114137
http://dx.doi.org/10.1016/j.ejmech.2022.114137
http://dx.doi.org/10.1016/j.ejmech.2022.114137
http://www.ncbi.nlm.nih.gov/pubmed/35077918
http://dx.doi.org/10.1016/j.ejmech.2021.114060
http://dx.doi.org/10.1016/j.ejmech.2021.114060
http://dx.doi.org/10.1016/j.ejmech.2021.114060
http://dx.doi.org/10.1016/j.ejmech.2021.114060
http://www.ncbi.nlm.nih.gov/pubmed/35066404
http://dx.doi.org/10.1016/j.bmc.2007.02.021
http://dx.doi.org/10.1016/j.bmc.2007.02.021
http://dx.doi.org/10.1016/j.bmc.2007.02.021
http://dx.doi.org/10.1016/j.bmc.2007.02.021
http://www.ncbi.nlm.nih.gov/pubmed/17321746
http://dx.doi.org/10.1021/acs.jmedchem.2c00878
http://dx.doi.org/10.1021/acs.jmedchem.2c00878
http://dx.doi.org/10.1021/acs.jmedchem.2c00878
http://dx.doi.org/10.1021/acs.jmedchem.2c00878
http://www.ncbi.nlm.nih.gov/pubmed/36074863
http://dx.doi.org/10.1021/acs.jmedchem.2c01451
http://dx.doi.org/10.1021/acs.jmedchem.2c01451
http://dx.doi.org/10.1021/acs.jmedchem.2c01451
http://dx.doi.org/10.1021/acs.jmedchem.2c01451
http://www.ncbi.nlm.nih.gov/pubmed/36282007
http://dx.doi.org/10.1021/acsinfecdis.7b00254
http://dx.doi.org/10.1021/acsinfecdis.7b00254
http://dx.doi.org/10.1021/acsinfecdis.7b00254
http://dx.doi.org/10.1021/acsinfecdis.7b00254
http://www.ncbi.nlm.nih.gov/pubmed/29227087
http://dx.doi.org/10.1021/acs.jmedchem.3c01254
http://dx.doi.org/10.1021/acs.jmedchem.3c01254
http://dx.doi.org/10.1021/acs.jmedchem.3c01254
http://dx.doi.org/10.1021/acs.jmedchem.3c01254

54  Current Medicinal Chemistry, XXXX, Vol. XX, No. XX

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

http://dx.doi.org/10.1021/acs.jmedchem.3c01254
37725043

Bolous, M.; Arumugam, N.; Almansour, A.l.; Suresh Ku-
mar, R.; Maruoka, K.; Antharam, V.C.; Thangamani, S.
Broad-spectrum antifungal activity of spirooxindolo-
pyrrolidine tethered indole/imidazole hybrid heterocycles
against fungal pathogens. Bioorg Med. Chem. Lett, 2019,
29(16), 2059-2063.
http://dx.doi.org/10.1016/j.bmcl.2019.07.022
31320146

Thanusu, J.; Kanagarajan, V.; Gopalakrishnan, M. Synthe-
sis, spectral analysis and in vitro microbiological evaluation
of 3-(3-alkyl-2,6-diarylpiperin-4-ylidene)-2-thioxoimidazo-
lidin-4-ones as a new class of antibacterial and antifungal
agents. Bioorg Med. Chem. Lett, 2010, 20(2), 713-717.
http://dx.doi.org/10.1016/j.bmcl.2009.11.074 PMID:
20004098

Nagesh, H. N.; Suresh, A.; Sathya Sri Sairam, S. D.; Sri-
ram, D.; Yogeeswari, P.; Chandra Sekhar, K. V. G. C. De-
sign, synthesis and antimycobacterial evaluation of 1-(4-(2-
substitutedthiazol-4-yl)phenethyl)-4-(3-(4-
substitutedpiperazin-1-yl)alkyl)piperazine  hybrid  ana-
logues. Eur J. Med. Chem., 2014, 87, 605-613.
http://dx.doi.org/10.1016/j.ejmech.2014.07.067

Gao, Z.; Lv, M.; Li, Q.; Xu, H. Synthesis of heterocycle-
attached methylidenebenzenesulfonohydrazones as antifun-
gal agents. Bioorg Med. Chem. Lett, 2015, 25(22), 5092-
5096.

http://dx.doi.org/10.1016/j.bmcl.2015.10.017

Xu, H.; Su, X.; Liu, X.; Zhang, K.; Hou, Z.; Guo, C. De-
sign, synthesis and biological evaluation of novel semi-
carbazone-selenochroman-4-ones hybrids as potent antifun-
gal agents. Bioorg Med. Chem. Lett, 2019, 29(23), 126726.

PMID:

PMID:

http://dx.doi.org/10.1016/j.bmcl.2019.126726 PMID:
31615700
Rozada, A.M.F.; Rodrigues-Vendramini, F.A.V.; Gon-

calves, D.S.; Rosa, F.A.; Basso, E.A.; Seixas, F.A.V.; Kio-
shima, E.S.; Gauze, G.F. Synthesis and antifungal activity
of new hybrids pyrimido[4,5-d]pyridazinone-N-
acylhydrazones. Bioorg Med. Chem. Lett, 2020, 30(14),
127244.
http://dx.doi.org/10.1016/j.bmcl.2020.127244
32527546

Kubra, I.R.; Bettadaiah, B.K.; Murthy, P.S.; Rao, L.J.M.
Structure-function activity of dehydrozingerone and its de-
rivatives as antioxidant and antimicrobial compounds. J.
Food. Sci. Technol, 2014, 51(2), 245-255.

PMID:

http://dx.doi.org/10.1007/s13197-011-0488-8 PMID:
24493881
Hampannavar, G.A.; Karpoormath, R.; Palkar, M.B;

Shaikh, M.S.; Chandrasekaran, B. Dehydrozingerone in-
spired styryl hydrazine thiazole hybrids as promising class
of antimycobacterial agents. ACS Med. Chem. Lett, 2016,
7(7), 686-691.
http://dx.doi.org/10.1021/acsmedchemlett.6b00088 PMID:
27437078

Chimenti, F.; Bizzarri, B.; Maccioni, E.; Secci, D.; Bolasco,
A.; Fioravanti, R.; Chimenti, P.; Granese, A.; Carradori, S.;
Rivanera, D.; Lilli, D.; Zicari, A.; Distinto, S. Synthesis and
in vitro activity of 2-thiazolylhydrazone derivatives com-
pared with the activity of clotrimazole against clinical iso-
lates of Candida spp. Bioorg Med. Chem. Lett, 2007,
17(16), 4635-4640.
http://dx.doi.org/10.1016/j.bmcl.2007.05.078
17560783

PMID:

[169]

[170]

[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

Abraham Nudelman

Ozadali, K.; Tan, O. U.; Yogeeswari, P.; Dharmarajan, S.;
Balkan, A. Synthesis and antimycobacterial activities of
some new thiazolylhydrazone derivatives. Bioorg Med.
Chem. Lett, 2014, 24(7), 1695-1697.
http://dx.doi.org/10.1016/j.bmcl.2014.02.052

Kumar, L.; Lal, N.; Kumar, V.; Sarswat, A.; Jangir, S.;
Bala, V.; Kumar, L.; Kushwaha, B.; Pandey, A.K.; Siddiqi,
M.1.; Shukla, P.K.; Maikhuri, J.P.; Gupta, G.; Sharma, V.L.
Azole-carbodithioate hybrids as vaginal anti-Candida con-
traceptive agents: Design, synthesis and docking studies.
Eur J. Med. Chem., 2013, 70, 68-77.
http://dx.doi.org/10.1016/j.ejmech.2013.09.007
24140949

Pete, U.D.; Zade, C.M.; Bhosale, J.D.; Tupe, S.G;
Chaudhary, P.M.; Dikundwar, A.G.; Bendre, R.S. Hybrid
molecules of carvacrol and benzoyl urea/thiourea with po-
tential applications in agriculture and medicine. Bioorg
Med. Chem. Lett, 2012, 22(17), 5550-5554.
http://dx.doi.org/10.1016/j.bmcl.2012.07.017
22850211

Ma, J.; Jiang, Y.; Zhuang, X.; Chen, H.; Shen, Y.; Mao, Z;
Rao, G.; Wang, R. Discovery of novel indole and indoline
derivatives against Candida albicans as potent antifungal
agents. Bioorg Med. Chem. Lett, 2022, 71, 128826.
http://dx.doi.org/10.1016/j.bmcl.2022.128826
35661686

Chai, N.; Sun, A.; Zhu, X.; Li, Y.; Wang, R.; Zhang, Y.;
Mao, Z. Antifungal evaluation of quinoline-chalcone deriv-
atives combined with FLC against drug-resistant Candida
albicans. Bioorg Med. Chem. Lett, 2023, 86, 129242.
http://dx.doi.org/10.1016/j.bmcl.2023.129242
36931351

Sun, A.; Chai, N.; Zhu, X.; Li, Y.; Wang, R.; Zhang, Y;
Mao, Z. Optimization and antifungal activity of quinoline
derivatives linked to chalcone moiety combined with FLC
against Candida albicans. Eur J. Med. Chem., 2023, 260,
115782.
http://dx.doi.org/10.1016/j.ejmech.2023.115782
37672929

Wang, X.; Jin, X.; Xie, Z.; Zhang, H.; Liu, T.; Zheng, H.;
Luan, X.; Sun, Y.; Fang, W.; Chang, W.; Lou, H. Benzami-
dine conjugation converts expelled potential active agents
into antifungals against drug-resistant fungi. J. Med. Chem.,
2023, 66(19), 13684-13704.
http://dx.doi.org/10.1021/acs.jmedchem.3c01068
37787457

Sui, Y.F.; Ansari, M.F.; Fang, B.; Zhang, S.L.; Zhou, C.H.
Discovery of novel purinylthiazolylethanone derivatives as
anti-Candida albicans agents through possible multifaceted
mechanisms. Eur J. Med. Chem., 2021, 221, 113557.
http://dx.doi.org/10.1016/j.ejmech.2021.113557
34087496

Wang, H.; Gao, X.; Zhang, X.; Jin, H.; Tao, K.; Hou, T.
Design, synthesis and antifungal activity of novel fenfuram-
diarylamine hybrids. Bioorg Med. Chem. Lett, 2017, 27(1),
90-93.
http://dx.doi.org/10.1016/j.bmcl.2016.11.026
27884696

Lee, S.; Ku, AF.; Vippila, M.R.; Wang, Y.; Zhang, M.;
Wang, X.; Hedstrom, L.; Cuny, G.D. Mycophenolic ani-
lides as broad specificity inosine-5-monophosphate dehy-
drogenase (IMPDH) inhibitors. Bioorg Med. Chem. Lett,
2020, 30(24), 127543.
http://dx.doi.org/10.1016/j.bmcl.2020.127543
32931912

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:


http://dx.doi.org/10.1021/acs.jmedchem.3c01254
http://www.ncbi.nlm.nih.gov/pubmed/37725043
http://dx.doi.org/10.1016/j.bmcl.2019.07.022
http://dx.doi.org/10.1016/j.bmcl.2019.07.022
http://dx.doi.org/10.1016/j.bmcl.2019.07.022
http://dx.doi.org/10.1016/j.bmcl.2019.07.022
http://www.ncbi.nlm.nih.gov/pubmed/31320146
http://dx.doi.org/10.1016/j.bmcl.2009.11.074
http://dx.doi.org/10.1016/j.bmcl.2009.11.074
http://dx.doi.org/10.1016/j.bmcl.2009.11.074
http://dx.doi.org/10.1016/j.bmcl.2009.11.074
http://dx.doi.org/10.1016/j.bmcl.2009.11.074
http://dx.doi.org/10.1016/j.bmcl.2009.11.074
http://www.ncbi.nlm.nih.gov/pubmed/20004098
http://dx.doi.org/10.1016/j.ejmech.2014.07.067
http://dx.doi.org/10.1016/j.ejmech.2014.07.067
http://dx.doi.org/10.1016/j.ejmech.2014.07.067
http://dx.doi.org/10.1016/j.ejmech.2014.07.067
http://dx.doi.org/10.1016/j.ejmech.2014.07.067
http://dx.doi.org/10.1016/j.ejmech.2014.07.067
http://dx.doi.org/10.1016/j.bmcl.2015.10.017
http://dx.doi.org/10.1016/j.bmcl.2015.10.017
http://dx.doi.org/10.1016/j.bmcl.2015.10.017
http://dx.doi.org/10.1016/j.bmcl.2015.10.017
http://dx.doi.org/10.1016/j.bmcl.2019.126726
http://dx.doi.org/10.1016/j.bmcl.2019.126726
http://dx.doi.org/10.1016/j.bmcl.2019.126726
http://dx.doi.org/10.1016/j.bmcl.2019.126726
http://dx.doi.org/10.1016/j.bmcl.2019.126726
http://www.ncbi.nlm.nih.gov/pubmed/31615700
http://dx.doi.org/10.1016/j.bmcl.2020.127244
http://dx.doi.org/10.1016/j.bmcl.2020.127244
http://dx.doi.org/10.1016/j.bmcl.2020.127244
http://dx.doi.org/10.1016/j.bmcl.2020.127244
http://www.ncbi.nlm.nih.gov/pubmed/32527546
http://dx.doi.org/10.1007/s13197-011-0488-8
http://dx.doi.org/10.1007/s13197-011-0488-8
http://dx.doi.org/10.1007/s13197-011-0488-8
http://www.ncbi.nlm.nih.gov/pubmed/24493881
http://dx.doi.org/10.1021/acsmedchemlett.6b00088
http://dx.doi.org/10.1021/acsmedchemlett.6b00088
http://dx.doi.org/10.1021/acsmedchemlett.6b00088
http://dx.doi.org/10.1021/acsmedchemlett.6b00088
http://www.ncbi.nlm.nih.gov/pubmed/27437078
http://dx.doi.org/10.1016/j.bmcl.2007.05.078
http://dx.doi.org/10.1016/j.bmcl.2007.05.078
http://dx.doi.org/10.1016/j.bmcl.2007.05.078
http://dx.doi.org/10.1016/j.bmcl.2007.05.078
http://dx.doi.org/10.1016/j.bmcl.2007.05.078
http://www.ncbi.nlm.nih.gov/pubmed/17560783
http://dx.doi.org/10.1016/j.bmcl.2014.02.052
http://dx.doi.org/10.1016/j.bmcl.2014.02.052
http://dx.doi.org/10.1016/j.bmcl.2014.02.052
http://dx.doi.org/10.1016/j.ejmech.2013.09.007
http://dx.doi.org/10.1016/j.ejmech.2013.09.007
http://dx.doi.org/10.1016/j.ejmech.2013.09.007
http://www.ncbi.nlm.nih.gov/pubmed/24140949
http://dx.doi.org/10.1016/j.bmcl.2012.07.017
http://dx.doi.org/10.1016/j.bmcl.2012.07.017
http://dx.doi.org/10.1016/j.bmcl.2012.07.017
http://dx.doi.org/10.1016/j.bmcl.2012.07.017
http://www.ncbi.nlm.nih.gov/pubmed/22850211
http://dx.doi.org/10.1016/j.bmcl.2022.128826
http://dx.doi.org/10.1016/j.bmcl.2022.128826
http://dx.doi.org/10.1016/j.bmcl.2022.128826
http://dx.doi.org/10.1016/j.bmcl.2022.128826
http://www.ncbi.nlm.nih.gov/pubmed/35661686
http://dx.doi.org/10.1016/j.bmcl.2023.129242
http://dx.doi.org/10.1016/j.bmcl.2023.129242
http://dx.doi.org/10.1016/j.bmcl.2023.129242
http://dx.doi.org/10.1016/j.bmcl.2023.129242
http://www.ncbi.nlm.nih.gov/pubmed/36931351
http://dx.doi.org/10.1016/j.ejmech.2023.115782
http://dx.doi.org/10.1016/j.ejmech.2023.115782
http://dx.doi.org/10.1016/j.ejmech.2023.115782
http://dx.doi.org/10.1016/j.ejmech.2023.115782
http://www.ncbi.nlm.nih.gov/pubmed/37672929
http://dx.doi.org/10.1021/acs.jmedchem.3c01068
http://dx.doi.org/10.1021/acs.jmedchem.3c01068
http://dx.doi.org/10.1021/acs.jmedchem.3c01068
http://dx.doi.org/10.1021/acs.jmedchem.3c01068
http://www.ncbi.nlm.nih.gov/pubmed/37787457
http://dx.doi.org/10.1016/j.ejmech.2021.113557
http://dx.doi.org/10.1016/j.ejmech.2021.113557
http://dx.doi.org/10.1016/j.ejmech.2021.113557
http://dx.doi.org/10.1016/j.ejmech.2021.113557
http://www.ncbi.nlm.nih.gov/pubmed/34087496
http://dx.doi.org/10.1016/j.bmcl.2016.11.026
http://dx.doi.org/10.1016/j.bmcl.2016.11.026
http://dx.doi.org/10.1016/j.bmcl.2016.11.026
http://www.ncbi.nlm.nih.gov/pubmed/27884696
http://dx.doi.org/10.1016/j.bmcl.2020.127543
http://dx.doi.org/10.1016/j.bmcl.2020.127543
http://dx.doi.org/10.1016/j.bmcl.2020.127543
http://dx.doi.org/10.1016/j.bmcl.2020.127543
http://www.ncbi.nlm.nih.gov/pubmed/32931912

Hybrids/Conjugates/Chimera Drugs-Antimicrobial Hybrids

[179]

[180]

[181]

[182]

[183]

[184]

[185]

[186]

[187]

Delong, W.; Yongling, W.; Lanying, W.; Juntao, F.; Xing,
Z. Design, synthesis and evaluation of 3-arylidene azetidin-
2-ones as potential antifungal agents against Alternaria
solani Sorauer. Bioorg Med. Chem., 2017, 25(24), 6661-
6673.
http://dx.doi.org/10.1016/j.bmc.2017.11.003
29137937

Ragno, R.; Marshall, G.R.; Di Santo, R.; Costi, R.; Massa,
S.; Rompei, R.; Artico, M. Antimycobacterial pyrroles:
Synthesis, anti- Mycobacterium tuberculosis activity and
QSAR studies. Bioorg Med. Chem., 2000, 8(6), 1423-1432.
http://dx.doi.org/10.1016/S0968-0896(00)00061-4 PMID:
10896119

Touitou, M.; Manetti, F.; Ribeiro, C.M.; Pavan, F.R.; Sca-
lacci, N.; Zrebna, K.; Begum, N.; Semenya, D.; Gupta, A.;
Bhakta, S.; McHugh, T.D.; Senderowitz, H.; Kyriazi, M.;
Castagnolo, D. Improving the potency of N-aryl-2,5-
dimethylpyrroles against multidrug-resistant and intracellu-
lar mycobacteria. ACS Med. Chem. Lett, 2020, 11(5), 638-
644.

http://dx.doi.org/10.1021/acsmedchemlett.9b00515 PMID:
32435364

Semenya, D.; Touitou, M.; Ribeiro, C.M.; Pavan, F.R,;
Pisano, L.; Singh, V.; Chibale, K.; Bano, G.; Toscani, A.;
Manetti, F.; Gianibbi, B.; Castagnolo, D. Structural rigidifi-
cation of N-aryl-pyrroles into indoles active against intra-
cellular and drug-resistant mycobacteria. ACS Med. Chem.
Lett, 2022, 13(1), 63-69.
http://dx.doi.org/10.1021/acsmedchemlett.1c00431 PMID:
35059125

Gao, F.; Yang, H.; Lu, T.; Chen, Z.; Ma, L.; Xu, Z.; Schaf-
fer, P.; Lu, G. Design, synthesis and anti-mycobacterial ac-
tivity evaluation of benzofuran-isatin hybrids. Eur J. Med.
Chem., 2018, 159, 277-281.
http://dx.doi.org/10.1016/j.ejmech.2018.09.049
30296686

Gao, F.; Chen, Z.; Ma, L.; Qiu, L.; Lin, J.; Lu, G. Benzofu-
ran-isatin hybrids tethered via different length alkyl linkers
and their in vitro anti-mycobacterial activities. Bioorg Med.
Chem., 2019, 27(12), 2652-2656.
http://dx.doi.org/10.1016/j.bmc.2019.04.017
30992202

Reis, W.J.; Bozzi, i.A.O.; Ribeiro, M.F.; Halicki, P.C.B.;
Ferreira, L.A.; Almeida da Silva, P.E.; Ramos, D.F.; de
Simone, C.A.; da Silva Janior, E.N. Design of hybrid mole-
cules as antimycobacterial compounds: Synthesis of isonia-
zid-naphthoquinone derivatives and their activity against
susceptible and resistant strains of Mycobacterium tubercu-
losis. Bioorg Med. Chem., 2019, 27(18), 4143-4150.
http://dx.doi.org/10.1016/j.bmc.2019.07.045
31378595

Velezheva, V.; Brennan, P.; lvanov, P.; Kornienko, A.;
Lyubimov, S.; Kazarian, K.; Nikonenko, B.; Majorov, K.;
Apt, A. Synthesis and antituberculosis activity of indole-
pyridine derived hydrazides, hydrazide-hydrazones, and
thiosemicarbazones. Bioorg Med. Chem. Lett, 2016, 26(3),
978-985.
http://dx.doi.org/10.1016/j.bmcl.2015.12.049
26725953

Alcaraz, M.; Sharma, B.; Roquet-Baneres, F.; Conde, C.;
Cochard, T.; Biet, F.; Kumar, V.; Kremer, L. Designing
quinoline-isoniazid hybrids as potent anti-tubercular agents
inhibiting mycolic acid biosynthesis. Eur J. Med. Chem.,
2022, 239, 114531.
http://dx.doi.org/10.1016/j.ejmech.2022.114531
35759907

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

[188]

[189]

[190]

[191]

[192]

[193]

[194]

[195]

[196]

[197]

Current Medicinal Chemistry, XXXX, Vol. XX, No. X 55

Reddyrajula, R.; Dalimba, U.; Madan Kumar, S. Molecular
hybridization approach for phenothiazine incorporated
1,2,3-triazole hybrids as promising antimicrobial agents:
Design, synthesis, molecular docking and in silico ADME
studies. Eur J. Med. Chem., 2019, 168, 263-282.
http://dx.doi.org/10.1016/j.ejmech.2019.02.010
30822714

Salve, P.S.; Alegaon, S.G.; Sriram, D. Three-component,
one-pot synthesis of anthranilamide Schiff bases bearing 4-
aminoquinoline moiety as Mycobacterium tuberculosis gy-
rase inhibitors. Bioorg Med. Chem. Lett, 2017, 27(8), 1859-
1866.
http://dx.doi.org/10.1016/j.bmcl.2017.02.031
28274627

Torres, E.; Moreno, E.; Ancizu, S.; Barea, C.; Galiano, S.;
Aldana, I.; Monge, A.; Pérez-Silanes, S. New 1,4-di-N-
oxide-quinoxaline-2-ylmethylene isonicotinic acid hydra-
zide derivatives as anti-Mycobacterium tuberculosis agents.
Bioorg Med. Chem. Lett, 2011, 21(12), 3699-3703.
http://dx.doi.org/10.1016/j.bmcl.2011.04.072
21570839

Rane, R.A.; Naphade, S.S.; Bangalore, P.K.; Palkar, M.B.;
Shaikh, M.S.; Karpoormath, R. Synthesis of novel 4-
nitropyrrole-based semicarbazide and thiosemicarbazide
hybrids with antimicrobial and anti-tubercular activity.
Bioorg Med. Chem. Lett, 2014, 24(14), 3079-3083.
http://dx.doi.org/10.1016/j.bmcl.2014.05.018
24878195

Angelova, V.T.; Valcheva, V.; Vassilev, N.G.; Buyukliev,
R.; Momekov, G.; Dimitrov, I.; Saso, L.; Djukic, M.; Shi-
vachev, B. Antimycobacterial activity of novel hydrazide-
hydrazone derivatives with 2 H -chromene and coumarin
scaffold. Bioorg Med. Chem. Lett, 2017, 27(2), 223-227.
http://dx.doi.org/10.1016/j.bmcl.2016.11.071

Patil, P.S.; Kasare, S.L.; Haval, N.B.; Khedkar, V.M.; Dixit,
P.P.; Rekha, E.M.; Sriram, D.; Haval, K.P. Novel isoniazid
embedded triazole derivatives: Synthesis, antitubercular and
antimicrobial activity evaluation. Bioorg Med. Chem. Lett,
2020, 30(19), 127434.
http://dx.doi.org/10.1016/j.bmcl.2020.127434
32717369

Rani, A.; Johansen, M.D.; Roquet-Banéres, F.; Kremer, L.;
Awolade, P.; Ebenezer, O.; Singh, P.; Sumanjit, ; Kumar,
V. Design and synthesis of 4-Aminoquinoline-isoindoline-
dione-isoniazid triads as potential anti-mycobacterials.
Bioorg Med. Chem. Lett, 2020, 30(22), 127576.
http://dx.doi.org/10.1016/j.bmcl.2020.127576
32980514

Mahajan, A.; Kremer, L.; Louw, S.; Guéradel, Y.; Chibale,
K.; Biot, C. Synthesis and in vitro antitubercular activity of
ferrocene-based hydrazones. Bioorg Med. Chem. Lett, 2011,
21(10), 2866-2868.
http://dx.doi.org/10.1016/j.bmcl.2011.03.082
21507641

Raghu, M.S.; Pradeep Kumar, C.B.; Yogesh Kumar, K.;
Prashanth, M.K.; Alshahrani, M.Y.; Ahmad, I.; Jain, R. De-
sign, synthesis and molecular docking studies of imidazole
and benzimidazole linked ethionamide derivatives as inhibi-
tors of InhA and antituberculosis agents. Bioorg Med.
Chem. Lett, 2022, 60, 128604.
http://dx.doi.org/10.1016/j.bmcl.2022.128604
35123004

Sirim, M.M.; Krishna, V.S.; Sriram, D.; Unsal Tan, O.
Novel benzimidazole-acrylonitrile hybrids and their deriva-
tives: Design, synthesis and antimycobacterial activity. Eur
J. Med. Chem., 2020, 188, 112010.

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:


http://dx.doi.org/10.1016/j.bmc.2017.11.003
http://dx.doi.org/10.1016/j.bmc.2017.11.003
http://dx.doi.org/10.1016/j.bmc.2017.11.003
http://dx.doi.org/10.1016/j.bmc.2017.11.003
http://www.ncbi.nlm.nih.gov/pubmed/29137937
http://dx.doi.org/10.1016/S0968-0896(00)00061-4
http://dx.doi.org/10.1016/S0968-0896(00)00061-4
http://dx.doi.org/10.1016/S0968-0896(00)00061-4
http://dx.doi.org/10.1016/S0968-0896(00)00061-4
http://www.ncbi.nlm.nih.gov/pubmed/10896119
http://dx.doi.org/10.1021/acsmedchemlett.9b00515
http://dx.doi.org/10.1021/acsmedchemlett.9b00515
http://dx.doi.org/10.1021/acsmedchemlett.9b00515
http://dx.doi.org/10.1021/acsmedchemlett.9b00515
http://www.ncbi.nlm.nih.gov/pubmed/32435364
http://dx.doi.org/10.1021/acsmedchemlett.1c00431
http://dx.doi.org/10.1021/acsmedchemlett.1c00431
http://dx.doi.org/10.1021/acsmedchemlett.1c00431
http://dx.doi.org/10.1021/acsmedchemlett.1c00431
http://www.ncbi.nlm.nih.gov/pubmed/35059125
http://dx.doi.org/10.1016/j.ejmech.2018.09.049
http://dx.doi.org/10.1016/j.ejmech.2018.09.049
http://dx.doi.org/10.1016/j.ejmech.2018.09.049
http://www.ncbi.nlm.nih.gov/pubmed/30296686
http://dx.doi.org/10.1016/j.bmc.2019.04.017
http://dx.doi.org/10.1016/j.bmc.2019.04.017
http://dx.doi.org/10.1016/j.bmc.2019.04.017
http://dx.doi.org/10.1016/j.bmc.2019.04.017
http://www.ncbi.nlm.nih.gov/pubmed/30992202
http://dx.doi.org/10.1016/j.bmc.2019.07.045
http://dx.doi.org/10.1016/j.bmc.2019.07.045
http://dx.doi.org/10.1016/j.bmc.2019.07.045
http://dx.doi.org/10.1016/j.bmc.2019.07.045
http://dx.doi.org/10.1016/j.bmc.2019.07.045
http://dx.doi.org/10.1016/j.bmc.2019.07.045
http://www.ncbi.nlm.nih.gov/pubmed/31378595
http://dx.doi.org/10.1016/j.bmcl.2015.12.049
http://dx.doi.org/10.1016/j.bmcl.2015.12.049
http://dx.doi.org/10.1016/j.bmcl.2015.12.049
http://dx.doi.org/10.1016/j.bmcl.2015.12.049
http://www.ncbi.nlm.nih.gov/pubmed/26725953
http://dx.doi.org/10.1016/j.ejmech.2022.114531
http://dx.doi.org/10.1016/j.ejmech.2022.114531
http://dx.doi.org/10.1016/j.ejmech.2022.114531
http://dx.doi.org/10.1016/j.ejmech.2022.114531
http://www.ncbi.nlm.nih.gov/pubmed/35759907
http://dx.doi.org/10.1016/j.ejmech.2019.02.010
http://dx.doi.org/10.1016/j.ejmech.2019.02.010
http://dx.doi.org/10.1016/j.ejmech.2019.02.010
http://dx.doi.org/10.1016/j.ejmech.2019.02.010
http://dx.doi.org/10.1016/j.ejmech.2019.02.010
http://dx.doi.org/10.1016/j.ejmech.2019.02.010
http://www.ncbi.nlm.nih.gov/pubmed/30822714
http://dx.doi.org/10.1016/j.bmcl.2017.02.031
http://dx.doi.org/10.1016/j.bmcl.2017.02.031
http://dx.doi.org/10.1016/j.bmcl.2017.02.031
http://dx.doi.org/10.1016/j.bmcl.2017.02.031
http://dx.doi.org/10.1016/j.bmcl.2017.02.031
http://www.ncbi.nlm.nih.gov/pubmed/28274627
http://dx.doi.org/10.1016/j.bmcl.2011.04.072
http://dx.doi.org/10.1016/j.bmcl.2011.04.072
http://dx.doi.org/10.1016/j.bmcl.2011.04.072
http://dx.doi.org/10.1016/j.bmcl.2011.04.072
http://dx.doi.org/10.1016/j.bmcl.2011.04.072
http://www.ncbi.nlm.nih.gov/pubmed/21570839
http://dx.doi.org/10.1016/j.bmcl.2014.05.018
http://dx.doi.org/10.1016/j.bmcl.2014.05.018
http://dx.doi.org/10.1016/j.bmcl.2014.05.018
http://dx.doi.org/10.1016/j.bmcl.2014.05.018
http://dx.doi.org/10.1016/j.bmcl.2014.05.018
http://www.ncbi.nlm.nih.gov/pubmed/24878195
http://dx.doi.org/10.1016/j.bmcl.2016.11.071
http://dx.doi.org/10.1016/j.bmcl.2016.11.071
http://dx.doi.org/10.1016/j.bmcl.2016.11.071
http://dx.doi.org/10.1016/j.bmcl.2016.11.071
http://dx.doi.org/10.1016/j.bmcl.2020.127434
http://dx.doi.org/10.1016/j.bmcl.2020.127434
http://dx.doi.org/10.1016/j.bmcl.2020.127434
http://dx.doi.org/10.1016/j.bmcl.2020.127434
http://www.ncbi.nlm.nih.gov/pubmed/32717369
http://dx.doi.org/10.1016/j.bmcl.2020.127576
http://dx.doi.org/10.1016/j.bmcl.2020.127576
http://dx.doi.org/10.1016/j.bmcl.2020.127576
http://www.ncbi.nlm.nih.gov/pubmed/32980514
http://dx.doi.org/10.1016/j.bmcl.2011.03.082
http://dx.doi.org/10.1016/j.bmcl.2011.03.082
http://dx.doi.org/10.1016/j.bmcl.2011.03.082
http://www.ncbi.nlm.nih.gov/pubmed/21507641
http://dx.doi.org/10.1016/j.bmcl.2022.128604
http://dx.doi.org/10.1016/j.bmcl.2022.128604
http://dx.doi.org/10.1016/j.bmcl.2022.128604
http://dx.doi.org/10.1016/j.bmcl.2022.128604
http://dx.doi.org/10.1016/j.bmcl.2022.128604
http://www.ncbi.nlm.nih.gov/pubmed/35123004
http://dx.doi.org/10.1016/j.ejmech.2019.112010
http://dx.doi.org/10.1016/j.ejmech.2019.112010

56 Current Medicinal Chemistry, XXXX, Vol. XX, No. XX

[198]

[199]

[200]

[201]

[202]

[203]

[204]

[205]

[206]

http://dx.doi.org/10.1016/j.ejmech.2019.112010
31893548

Shalini.; Viljoen, A.; Kremer, L.; Kumar, V. Alkylated/
aminated nitroimidazoles and nitroimidazole-7-chloro-
quinoline conjugates: Synthesis and anti-mycobacterial
evaluation. Bioorg Med. Chem. Lett, 2018, 28(8), 1309-
1312.
http://dx.doi.org/10.1016/j.bmcl.2018.03.021
29551480

Desai, N.C.; Trivedi, A.R.; Khedkar, V.M. Preparation,
biological evaluation and molecular docking study of imid-
azolyl dihydropyrimidines as potential Mycobacterium tu-
berculosis dihydrofolate reductase inhibitors. Bioorg Med.
Chem. Lett, 2016, 26(16), 4030-4035.
http://dx.doi.org/10.1016/j.bmcl.2016.06.082
27397497

Majewski, M.W.; Tiwari, R.; Miller, P.A,; Cho, S;
Franzblau, S.G.; Miller, M.J. Design, syntheses, and anti-
tuberculosis activities of conjugates of piperazino-1,3-
benzothiazin-4-ones (pBTZs) with 2,7-dimethylimidazo
[1,2-a]pyridine-3-carboxylic acids and 7-phenylacetyl
cephalosporins. Bioorg Med. Chem. Lett, 2016, 26(8),
2068-2071.
http://dx.doi.org/10.1016/j.bmcl.2016.02.076
26951749

Malasala, S.; Ahmad, M.N.; Akunuri, R.; Shukla, M.; Kaul,
G.; Dasgupta, A.; Madhavi, Y.V.; Chopra, S.; Nanduri, S.
Synthesis and evaluation of new quinazoline-benzimidazole
hybrids as potent anti-microbial agents against multidrug
resistant Staphylococcus aureus and Mycobacterium tuber-
culosis. Eur J. Med. Chem., 2021, 212, 112996.
http://dx.doi.org/10.1016/j.ejmech.2020.112996
33190958

Kumar Sahoo, S.; Maddipatla, S.; Nageswara Rao Gajula,
S.; Naiyaz Ahmad, M.; Kaul, G.; Nanduri, S.; Sonti, R,;
Dasgupta, A.; Chopra, S.; Madhavi Yaddanapudi, V. Identi-
fication of nitrofuranylchalcone tethered benzoxazole-2-
amines as potent inhibitors of drug resistant Mycobacterium
tuberculosis demonstrating bactericidal efficacy. Bioorg
Med. Chem., 2022, 64, 116777.
http://dx.doi.org/10.1016/j.bmc.2022.116777

Tawari, N.R.; Bairwa, R.; Ray, M.K.; Rajan, M.G.R.; De-
gani, M.S. Design, synthesis, and biological evaluation of
4-(5-nitrofuran-2-yl)prop-2-en-1-one derivatives as potent
antitubercular agents. Bioorg Med. Chem. Lett, 2010,
20(21), 6175-6178.
http://dx.doi.org/10.1016/j.bmcl.2010.08.127
20850299

Kantevari, S.; Yempala, T.; Yogeeswari, P.; Sriram, D.;
Sridhar, B. Synthesis and antitubercular evaluation of ami-
doalkyl dibenzofuranols and 1H-benzo[2,3]benzofuro[4,5-
e][1,3]Joxazin-3(2H)-ones. Bioorg Med. Chem. Lett, 2011,
21(14), 4316-4319.
http://dx.doi.org/10.1016/j.bmcl.2011.05.054
21665469

Yempala, T.; Sridevi, J.P.; Yogeeswari, P.; Sriram, D.;
Kantevari, S. Design, synthesis and antitubercular evalua-
tion of novel 2-substituted-3H-benzofuro benzofurans via
palladium-copper catalysed Sonagashira coupling reaction.
Bioorg Med. Chem. Lett, 2013, 23(19), 5393-5396.
http://dx.doi.org/10.1016/j.bmcl.2013.07.048
23953191

Yempala, T.; Sriram, D.; Yogeeswari, P.; Kantevari, S.
Molecular hybridization of bioactives: Synthesis and an-
titubercular evaluation of novel dibenzofuran embodied

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

[207]

[208]

[209]

[210]

[211]

[212]

[213]

[214]

[215]

Abraham Nudelman

homoisoflavonoids via Baylis-Hillman reaction. Bioorg
Med. Chem. Lett, 2012, 22(24), 7426-7430.
http://dx.doi.org/10.1016/j.bmcl.2012.10.056
23151429

Gao, F.; Wang, T.; Gao, M.; Zhang, X.; Liu, Z.; Zhao, S;
Lv, Z.; Xiao, J. Benzofuran-isatin-imine hybrids tethered
via different length alkyl linkers: Design, synthesis and in
vitro evaluation of anti-tubercular and anti-bacterial activi-
ties as well as cytotoxicity. Eur J. Med. Chem., 2019, 165,
323-331.
http://dx.doi.org/10.1016/j.ejmech.2019.01.042
30690301

Surineni, G.; Yogeeswari, P.; Sriram, D.; Kantevari, S.
Design and synthesis of novel carbazole tethered pyrrole
derivatives as potent inhibitors of Mycobacterium tubercu-
losis. Bioorg Med. Chem. Lett, 2015, 25(3), 485-491.
http://dx.doi.org/10.1016/j.bmcl.2014.12.040
25559743

Shaikh, M.S.; Kanhed, A.M.; Chandrasekaran, B.; Palkar,
M.B.; Agrawal, N.; Lherbet, C.; Hampannavar, G.A.; Kar-
poormath, R. Discovery of novel N-methyl carbazole teth-
ered rhodanine derivatives as direct inhibitors of Mycobac-
terium tuberculosis InhA. Bioorg Med. Chem. Lett, 2019,
29(16), 2338-2344.
http://dx.doi.org/10.1016/j.bmcl.2019.06.015
31227345

De, S.S.; Khambete, M.P.; Degani, M.S. Oxadiazole scaf-
folds in anti-tuberculosis drug discovery. Bioorg Med.
Chem. Lett, 2019, 29(16), 1999-2007.
http://dx.doi.org/10.1016/j.bmcl.2019.06.054
31296357

Verma, S.K.; Verma, R.; Verma, S.; Vaishnav, Y.; Tiwari,
S.P.; Rakesh, K.P. Anti-tuberculosis activity and its struc-
ture-activity relationship (SAR) studies of oxadiazole deriv-
atives: A key review. Eur J. Med. Chem., 2021, 209,
112886.
http://dx.doi.org/10.1016/j.ejmech.2020.112886
33032083

Ranjith Kumar, R.; Perumal, S.; Menéndez, J.C.; Yogees-
wari, P.; Sriram, D. Antimycobacterial activity of novel
1,2,4-oxadiazole-pyranopyridine/chromene hybrids gener-
ated by chemoselective 1,3-dipolar cycloadditions of nitrile
oxides. Bioorg Med. Chem., 2011, 19(11), 3444-3450.
http://dx.doi.org/10.1016/j.bmc.2011.04.033 PMID:
21592801

Shruthi, T.G.; Eswaran, S.; Shivarudraiah, P.; Narayanan,
S.; Subramanian, S. Synthesis, antituberculosis studies and
biological evaluation of new quinoline derivatives carrying
1,2,4-oxadiazole moiety. Bioorg Med. Chem. Lett, 2019,
29(1), 97-102.
http://dx.doi.org/10.1016/j.bmcl.2018.11.002
30448235

Wang, A.; Xu, S.; Chai, Y.; Xia, G.; Wang, B.; Lv, K,;
Wang, D.; Qin, X.; Jiang, B.; Wu, W.; Liu, M.; Lu, Y. De-
sign, synthesis and biological evaluation of nitrofuran-
1,3,4-oxadiazole hybrids as new antitubercular agents.
Bioorg Med. Chem., 2022, 53, 116529.
http://dx.doi.org/10.1016/j.bmc.2021.116529
34861474

Dhumal, S.T.; Deshmukh, A.R.; Bhosle, M.R.; Khedkar,
V.M.; Nawale, L.U.; Sarkar, D.; Mane, R.A. Synthesis and
antitubercular activity of new 1,3,4-oxadiazoles bearing
pyridyl and thiazolyl scaffolds. Bioorg Med. Chem. Lett,
2016, 26(15), 3646-3651.
http://dx.doi.org/10.1016/j.bmcl.2016.05.093
27301367

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:


http://dx.doi.org/10.1016/j.ejmech.2019.112010
http://www.ncbi.nlm.nih.gov/pubmed/31893548
http://dx.doi.org/10.1016/j.bmcl.2018.03.021
http://dx.doi.org/10.1016/j.bmcl.2018.03.021
http://dx.doi.org/10.1016/j.bmcl.2018.03.021
http://dx.doi.org/10.1016/j.bmcl.2018.03.021
http://dx.doi.org/10.1016/j.bmcl.2018.03.021
http://www.ncbi.nlm.nih.gov/pubmed/29551480
http://dx.doi.org/10.1016/j.bmcl.2016.06.082
http://dx.doi.org/10.1016/j.bmcl.2016.06.082
http://dx.doi.org/10.1016/j.bmcl.2016.06.082
http://dx.doi.org/10.1016/j.bmcl.2016.06.082
http://dx.doi.org/10.1016/j.bmcl.2016.06.082
http://www.ncbi.nlm.nih.gov/pubmed/27397497
http://dx.doi.org/10.1016/j.bmcl.2016.02.076
http://dx.doi.org/10.1016/j.bmcl.2016.02.076
http://dx.doi.org/10.1016/j.bmcl.2016.02.076
http://dx.doi.org/10.1016/j.bmcl.2016.02.076
http://dx.doi.org/10.1016/j.bmcl.2016.02.076
http://dx.doi.org/10.1016/j.bmcl.2016.02.076
http://www.ncbi.nlm.nih.gov/pubmed/26951749
http://dx.doi.org/10.1016/j.ejmech.2020.112996
http://dx.doi.org/10.1016/j.ejmech.2020.112996
http://dx.doi.org/10.1016/j.ejmech.2020.112996
http://dx.doi.org/10.1016/j.ejmech.2020.112996
http://dx.doi.org/10.1016/j.ejmech.2020.112996
http://www.ncbi.nlm.nih.gov/pubmed/33190958
http://dx.doi.org/10.1016/j.bmc.2022.116777
http://dx.doi.org/10.1016/j.bmc.2022.116777
http://dx.doi.org/10.1016/j.bmc.2022.116777
http://dx.doi.org/10.1016/j.bmc.2022.116777
http://dx.doi.org/10.1016/j.bmc.2022.116777
http://dx.doi.org/10.1016/j.bmcl.2010.08.127
http://dx.doi.org/10.1016/j.bmcl.2010.08.127
http://dx.doi.org/10.1016/j.bmcl.2010.08.127
http://dx.doi.org/10.1016/j.bmcl.2010.08.127
http://www.ncbi.nlm.nih.gov/pubmed/20850299
http://dx.doi.org/10.1016/j.bmcl.2011.05.054
http://dx.doi.org/10.1016/j.bmcl.2011.05.054
http://dx.doi.org/10.1016/j.bmcl.2011.05.054
http://dx.doi.org/10.1016/j.bmcl.2011.05.054
http://www.ncbi.nlm.nih.gov/pubmed/21665469
http://dx.doi.org/10.1016/j.bmcl.2013.07.048
http://dx.doi.org/10.1016/j.bmcl.2013.07.048
http://dx.doi.org/10.1016/j.bmcl.2013.07.048
http://dx.doi.org/10.1016/j.bmcl.2013.07.048
http://dx.doi.org/10.1016/j.bmcl.2013.07.048
http://www.ncbi.nlm.nih.gov/pubmed/23953191
http://dx.doi.org/10.1016/j.bmcl.2012.10.056
http://dx.doi.org/10.1016/j.bmcl.2012.10.056
http://dx.doi.org/10.1016/j.bmcl.2012.10.056
http://dx.doi.org/10.1016/j.bmcl.2012.10.056
http://www.ncbi.nlm.nih.gov/pubmed/23151429
http://dx.doi.org/10.1016/j.ejmech.2019.01.042
http://dx.doi.org/10.1016/j.ejmech.2019.01.042
http://dx.doi.org/10.1016/j.ejmech.2019.01.042
http://dx.doi.org/10.1016/j.ejmech.2019.01.042
http://dx.doi.org/10.1016/j.ejmech.2019.01.042
http://www.ncbi.nlm.nih.gov/pubmed/30690301
http://dx.doi.org/10.1016/j.bmcl.2014.12.040
http://dx.doi.org/10.1016/j.bmcl.2014.12.040
http://dx.doi.org/10.1016/j.bmcl.2014.12.040
http://dx.doi.org/10.1016/j.bmcl.2014.12.040
http://www.ncbi.nlm.nih.gov/pubmed/25559743
http://dx.doi.org/10.1016/j.bmcl.2019.06.015
http://dx.doi.org/10.1016/j.bmcl.2019.06.015
http://dx.doi.org/10.1016/j.bmcl.2019.06.015
http://dx.doi.org/10.1016/j.bmcl.2019.06.015
http://www.ncbi.nlm.nih.gov/pubmed/31227345
http://dx.doi.org/10.1016/j.bmcl.2019.06.054
http://dx.doi.org/10.1016/j.bmcl.2019.06.054
http://dx.doi.org/10.1016/j.bmcl.2019.06.054
http://www.ncbi.nlm.nih.gov/pubmed/31296357
http://dx.doi.org/10.1016/j.ejmech.2020.112886
http://dx.doi.org/10.1016/j.ejmech.2020.112886
http://dx.doi.org/10.1016/j.ejmech.2020.112886
http://dx.doi.org/10.1016/j.ejmech.2020.112886
http://www.ncbi.nlm.nih.gov/pubmed/33032083
http://dx.doi.org/10.1016/j.bmc.2011.04.033
http://dx.doi.org/10.1016/j.bmc.2011.04.033
http://dx.doi.org/10.1016/j.bmc.2011.04.033
http://dx.doi.org/10.1016/j.bmc.2011.04.033
http://dx.doi.org/10.1016/j.bmc.2011.04.033
http://www.ncbi.nlm.nih.gov/pubmed/21592801
http://dx.doi.org/10.1016/j.bmcl.2018.11.002
http://dx.doi.org/10.1016/j.bmcl.2018.11.002
http://dx.doi.org/10.1016/j.bmcl.2018.11.002
http://dx.doi.org/10.1016/j.bmcl.2018.11.002
http://www.ncbi.nlm.nih.gov/pubmed/30448235
http://dx.doi.org/10.1016/j.bmc.2021.116529
http://dx.doi.org/10.1016/j.bmc.2021.116529
http://dx.doi.org/10.1016/j.bmc.2021.116529
http://dx.doi.org/10.1016/j.bmc.2021.116529
http://dx.doi.org/10.1016/j.bmc.2021.116529
http://www.ncbi.nlm.nih.gov/pubmed/34861474
http://dx.doi.org/10.1016/j.bmcl.2016.05.093
http://dx.doi.org/10.1016/j.bmcl.2016.05.093
http://dx.doi.org/10.1016/j.bmcl.2016.05.093
http://dx.doi.org/10.1016/j.bmcl.2016.05.093
http://www.ncbi.nlm.nih.gov/pubmed/27301367

Hybrids/Conjugates/Chimera Drugs-Antimicrobial Hybrids

[216]

[217]

[218]

[219]

[220]

[221]

[222]

[223]

[224]

[225]

Martinez-Grau, M.A.; Valcarcel, 1.C.G.; Early, J.V,;
Gessner, R.K.; de Melo, C.S.; de la Nava, EM.M,;
Korkegian, A.; Ovechkina, Y.; Flint, L.; Gravelle, A;
Cramer, J.W.; Desai, P.V.; Street, L.J.; Odingo, J;
Masquelin, T.; Chibale, K.; Parish, T. Synthesis and biolog-
ical evaluation of aryl-oxadiazoles as inhibitors of Myco-
bacterium tuberculosis. Bioorg Med. Chem. Lett, 2018,
28(10), 1758-1764.
http://dx.doi.org/10.1016/j.bmcl.2018.04.028
29680666

Ningegowda, R.; Chandrashekharappa, S.; Singh, V.; Mo-
hanlall, V.; Venugopala, K.N. Design, synthesis and charac-
terization of novel 2-(2, 3-dichlorophenyl)-5-aryl-1,3,4-
oxadiazole derivatives for their anti-tubercular activity
against Mycobacterium tuberculosis. Chemical Data Col-
lections, 2020, 28, 100431.
http://dx.doi.org/10.1016/j.cdc.2020.100431

Li, D.; Gao, N.; Zhu, N.; Lin, Y.; Li, Y.; Chen, M.; You,
X.; Lu, Y.; Wan, K;; Jiang, J.D.; Jiang, W.; Si, S. Discovery
of the disubstituted oxazole analogues as a novel class anti-
tuberculotic agents against MDR- and XDR-MTB. Bioorg
Med. Chem. Lett, 2015, 25(22), 5178-5181.
http://dx.doi.org/10.1016/j.bmcl.2015.09.072
26459210

Ramprasad, J.; Nayak, N.; Dalimba, U.; Yogeeswari, P.;
Sriram, D. One-pot synthesis of new triazole-Imidazo[2,1-
b][1,3,4]thiadiazole hybrids via click chemistry and evalua-
tion of their antitubercular activity. Bioorg Med. Chem.
Lett, 2015, 25(19), 4169-4173.
http://dx.doi.org/10.1016/j.bmcl.2015.08.009
26298500

Anand, N.; Ramakrishna, K.K.G.; Gupt, M.P.; Chaturvedi,
V.; Singh, S.; Srivastava, K.K.; Sharma, P.; Rai, N.; Rama-
chandran, R.; Dwivedi, A.K.; Gupta, V.; Kumar, B.; Pan-
dey, S.; Shukla, P.K.; Pandey, S.K.; Lal, J.; Tripathi, R.P.
Identification of 1-[4-benzyloxyphenyl)-but-3-enyl]-1H-
azoles as new class of antitubercular and antimicrobial
agents. ACS Med. Chem. Lett, 2013, 4(10), 958-963.
http://dx.doi.org/10.1021/m14002248 PMID: 24900592
Bhatt, J.D.; Chudasama, C.J.; Patel, K.D. Pyrazole clubbed
triazolo[1,5-a]pyrimidine hybrids as an anti-tubercular
agents: Synthesis, in vitro screening and molecular docking
study. Bioorg Med. Chem., 2015, 23(24), 7711-7716.
http://dx.doi.org/10.1016/j.bmc.2015.11.018
26631439

Siddiqui, A.B.; Trivedi, A.R.; Kataria, V.B.; Shah, V.H.
4,5-Dihydro-1H-pyrazolo[3,4-d]pyrimidine containing phe-
nothiazines as antitubercular agents. Bioorg Med. Chem.
Lett, 2014, 24(6), 1493-1495.
http://dx.doi.org/10.1016/j.bmcl.2014.02.012
24582983

Takate, S.J.; Shinde, A.D.; Karale, B.K.; Akolkar, H.; Na-
wale, L.; Sarkar, D.; Mhaske, P.C. Thiazolyl-pyrazole de-
rivatives as potential antimycobacterial agents. Bioorg Med.
Chem. Lett, 2019, 29(10), 1199-1202.
http://dx.doi.org/10.1016/j.bmcl.2019.03.020
30910461

Chauhan, K.; Sharma, M.; Trivedi, P.; Chaturvedi, V.;
Chauhan, P.M.S. New class of methyl tetrazole based hy-
brid of (Z)-5-benzylidene-2-(piperazin-1-yl)thiazol-4(%H)-
one as potent antitubercular agents. Bioorg Med. Chem.
Lett, 2014, 24(17), 4166-4170.
http://dx.doi.org/10.1016/j.bmcl.2014.07.061
25127167

Henches, R.; Ozga, T.; Gao, Y.; Tu, Z.; Zhang, T.; Francis,
C.L. Synthesis and biological evaluation of 2-(Tetrazol-5-

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

[226]

[227]

[228]

[229]

[230]

[231]

[232]

[233]

[234]

Current Medicinal Chemistry, XXXX, Vol. XX, No. X 57

yl)sulfonylacetamides as inhibitors of Mycobacterium tu-
berculosis and Mycobacterium marinum. Bioorg Med.
Chem. Lett, 2023, 92, 129391.
http://dx.doi.org/10.1016/j.bmcl.2023.129391
37369331

Bharkavi, C.; Vivek Kumar, S.; Ashraf Ali, M.; Osman, H.;
Muthusubramanian, S.; Perumal, S. A facile stereoselective
synthesis of dispiro-indeno pyrrolidine/pyrrolothiazole-
thiochroman hybrids and evaluation of their antimycobacte-
rial, anticancer and AchE inhibitory activities. Bioorg Med.
Chem., 2016, 24(22), 5873-5883.
http://dx.doi.org/10.1016/j.bmc.2016.09.044
27687968

Maheswari, S.U.; Balamurugan, K.; Perumal, S.; Yogees-
wari, P.; Sriram, D. A facile 1,3-dipolar cycloaddition of
azomethine ylides to 2-arylidene-1,3-indanediones: Synthe-
sis of dispiro-oxindolylpyrrolothiazoles and their antimyco-
bacterial evaluation. Bioorg Med. Chem. Lett, 2010, 20(24),
7278-7282.
http://dx.doi.org/10.1016/j.bmcl.2010.10.080
21071220

Mhiri, C.; Boudriga, S.; Askri, M.; Knorr, M.; Sriram, D.;
Yogeeswari, P.; Nana, F.; Golz, C.; Strohmann, C. Design
of novel dispirooxindolopyrrolidine and dispirooxin-
dolopyrrolothiazole derivatives as potential antitubercular
agents. Bioorg Med. Chem. Lett, 2015, 25(19), 4308-4313.
http://dx.doi.org/10.1016/j.bmcl.2015.07.069 PMID:
26271585

Ponnuchamy, S.; Kanchithalaivan, S.; Ranjith Kumar, R.;
Ashraf Ali, M.; Soo Choon, T. Antimycobacterial evalua-
tion of novel hybrid arylidene thiazolidine-2,4-diones.
Bioorg Med. Chem. Lett, 2014, 24(4), 1089-1093.
http://dx.doi.org/10.1016/j.bmcl.2014.01.007
24472146

Telvekar, V.N.; Bairwa, V.K.; Satardekar, K.; Bellubi, A.
Novel 2-(2-(4-aryloxybenzylidene) hydrazi-
nyl)benzothiazole derivatives as anti-tubercular agents.
Bioorg Med. Chem. Lett, 2012, 22(1), 649-652.
http://dx.doi.org/10.1016/j.bmcl.2011.10.064
22079026

Li, Z.; Bai, X.; Deng, Q.; Zhang, G.; Zhou, L.; Liu, Y.
Wang, J.; Wang, Y. Preliminary SAR and biological evalu-
ation of antitubercular triazolothiadiazine derivatives
against drug-susceptible and drug-resistant Mtb strains.
Bioorg Med. Chem., 2017, 25(1), 213-220.
http://dx.doi.org/10.1016/j.bmc.2016.10.027
27810439

Kamal, A.; Hussaini, S.M.A.; Faazil, S.; Poornachandra, Y.;
Narender Reddy, G.; Kumar, C.G.; Rajput, V.S.; Rani, C.;
Sharma, R.; Khan, I.A.; Jagadeesh Babu, N. Anti-tubercular
agents. Part 8: Synthesis, antibacterial and antitubercular
activity of 5-nitrofuran based 1,2,3-triazoles. Bioorg Med.
Chem. Lett, 2013, 23(24), 6842-6846.
http://dx.doi.org/10.1016/j.bmcl.2013.10.010
24206766

Addla, D.; Jallapally, A.; Gurram, D.; Yogeeswari, P.; Sri-
ram, D.; Kantevari, S. Rational design, synthesis and an-

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

titubercular evaluation of novel 2-
(trifluoromethyl)phenothiazine-[1,2,3]triazole hybrids.
Bioorg Med. Chem. Lett, 2014, 24(1), 233-236.

http://dx.doi.org/10.1016/j.bmcl.2013.11.031 PMID:

24314670

Addla, D.; Jallapally, A.; Gurram, D.; Yogeeswari, P.; Sri-
ram, D.; Kantevari, S. Design, synthesis and evaluation of
1,2,3-triazole-adamantylacetamide hybrids as potent inhibi-


http://dx.doi.org/10.1016/j.bmcl.2018.04.028
http://dx.doi.org/10.1016/j.bmcl.2018.04.028
http://dx.doi.org/10.1016/j.bmcl.2018.04.028
http://dx.doi.org/10.1016/j.bmcl.2018.04.028
http://www.ncbi.nlm.nih.gov/pubmed/29680666
http://dx.doi.org/10.1016/j.cdc.2020.100431
http://dx.doi.org/10.1016/j.cdc.2020.100431
http://dx.doi.org/10.1016/j.cdc.2020.100431
http://dx.doi.org/10.1016/j.cdc.2020.100431
http://dx.doi.org/10.1016/j.cdc.2020.100431
http://dx.doi.org/10.1016/j.bmcl.2015.09.072
http://dx.doi.org/10.1016/j.bmcl.2015.09.072
http://dx.doi.org/10.1016/j.bmcl.2015.09.072
http://dx.doi.org/10.1016/j.bmcl.2015.09.072
http://www.ncbi.nlm.nih.gov/pubmed/26459210
http://dx.doi.org/10.1016/j.bmcl.2015.08.009
http://dx.doi.org/10.1016/j.bmcl.2015.08.009
http://dx.doi.org/10.1016/j.bmcl.2015.08.009
http://dx.doi.org/10.1016/j.bmcl.2015.08.009
http://www.ncbi.nlm.nih.gov/pubmed/26298500
http://dx.doi.org/10.1021/ml4002248
http://dx.doi.org/10.1021/ml4002248
http://dx.doi.org/10.1021/ml4002248
http://dx.doi.org/10.1021/ml4002248
http://www.ncbi.nlm.nih.gov/pubmed/24900592
http://dx.doi.org/10.1016/j.bmc.2015.11.018
http://dx.doi.org/10.1016/j.bmc.2015.11.018
http://dx.doi.org/10.1016/j.bmc.2015.11.018
http://dx.doi.org/10.1016/j.bmc.2015.11.018
http://dx.doi.org/10.1016/j.bmc.2015.11.018
http://www.ncbi.nlm.nih.gov/pubmed/26631439
http://dx.doi.org/10.1016/j.bmcl.2014.02.012
http://dx.doi.org/10.1016/j.bmcl.2014.02.012
http://dx.doi.org/10.1016/j.bmcl.2014.02.012
http://www.ncbi.nlm.nih.gov/pubmed/24582983
http://dx.doi.org/10.1016/j.bmcl.2019.03.020
http://dx.doi.org/10.1016/j.bmcl.2019.03.020
http://dx.doi.org/10.1016/j.bmcl.2019.03.020
http://www.ncbi.nlm.nih.gov/pubmed/30910461
http://dx.doi.org/10.1016/j.bmcl.2014.07.061
http://dx.doi.org/10.1016/j.bmcl.2014.07.061
http://dx.doi.org/10.1016/j.bmcl.2014.07.061
http://dx.doi.org/10.1016/j.bmcl.2014.07.061
http://www.ncbi.nlm.nih.gov/pubmed/25127167
http://dx.doi.org/10.1016/j.bmcl.2023.129391
http://dx.doi.org/10.1016/j.bmcl.2023.129391
http://dx.doi.org/10.1016/j.bmcl.2023.129391
http://dx.doi.org/10.1016/j.bmcl.2023.129391
http://www.ncbi.nlm.nih.gov/pubmed/37369331
http://dx.doi.org/10.1016/j.bmc.2016.09.044
http://dx.doi.org/10.1016/j.bmc.2016.09.044
http://dx.doi.org/10.1016/j.bmc.2016.09.044
http://dx.doi.org/10.1016/j.bmc.2016.09.044
http://dx.doi.org/10.1016/j.bmc.2016.09.044
http://www.ncbi.nlm.nih.gov/pubmed/27687968
http://dx.doi.org/10.1016/j.bmcl.2010.10.080
http://dx.doi.org/10.1016/j.bmcl.2010.10.080
http://dx.doi.org/10.1016/j.bmcl.2010.10.080
http://dx.doi.org/10.1016/j.bmcl.2010.10.080
http://dx.doi.org/10.1016/j.bmcl.2010.10.080
http://www.ncbi.nlm.nih.gov/pubmed/21071220
http://dx.doi.org/10.1016/j.bmcl.2015.07.069
http://dx.doi.org/10.1016/j.bmcl.2015.07.069
http://dx.doi.org/10.1016/j.bmcl.2015.07.069
http://dx.doi.org/10.1016/j.bmcl.2015.07.069
http://dx.doi.org/10.1016/j.bmcl.2015.07.069
http://www.ncbi.nlm.nih.gov/pubmed/26271585
http://dx.doi.org/10.1016/j.bmcl.2014.01.007
http://dx.doi.org/10.1016/j.bmcl.2014.01.007
http://dx.doi.org/10.1016/j.bmcl.2014.01.007
http://www.ncbi.nlm.nih.gov/pubmed/24472146
http://dx.doi.org/10.1016/j.bmcl.2011.10.064
http://dx.doi.org/10.1016/j.bmcl.2011.10.064
http://dx.doi.org/10.1016/j.bmcl.2011.10.064
http://www.ncbi.nlm.nih.gov/pubmed/22079026
http://dx.doi.org/10.1016/j.bmc.2016.10.027
http://dx.doi.org/10.1016/j.bmc.2016.10.027
http://dx.doi.org/10.1016/j.bmc.2016.10.027
http://dx.doi.org/10.1016/j.bmc.2016.10.027
http://dx.doi.org/10.1016/j.bmc.2016.10.027
http://www.ncbi.nlm.nih.gov/pubmed/27810439
http://dx.doi.org/10.1016/j.bmcl.2013.10.010
http://dx.doi.org/10.1016/j.bmcl.2013.10.010
http://dx.doi.org/10.1016/j.bmcl.2013.10.010
http://dx.doi.org/10.1016/j.bmcl.2013.10.010
http://www.ncbi.nlm.nih.gov/pubmed/24206766
http://dx.doi.org/10.1016/j.bmcl.2013.11.031
http://dx.doi.org/10.1016/j.bmcl.2013.11.031
http://dx.doi.org/10.1016/j.bmcl.2013.11.031
http://dx.doi.org/10.1016/j.bmcl.2013.11.031
http://dx.doi.org/10.1016/j.bmcl.2013.11.031
http://www.ncbi.nlm.nih.gov/pubmed/24314670
http://dx.doi.org/10.1016/j.bmcl.2014.02.061
http://dx.doi.org/10.1016/j.bmcl.2014.02.061

58 Current Medicinal Chemistry, XXXX, Vol. XX, No. XX

tors of Mycobacterium tuberculosis. Bioorg Med. Chem.
Lett, 2014, 24(8), 1974-1979.
http://dx.doi.org/10.1016/j.bmcl.2014.02.061 PMID:
24679703

[235] Anand, A.; Kulkarni, M.V.; Joshi, S.D.; Dixit, S.R. One pot [244]
Click chemistry: A three component reaction for the synthe-
sis of 2-mercaptobenzimidazole linked coumarinyl triazoles
as anti-tubercular agents. Bioorg Med. Chem. Lett, 2016,
26(19), 4709-4713.
http://dx.doi.org/10.1016/j.bmcl.2016.08.045 PMID:
27595420

[236] Marvadi, S.K.; Krishna, V.S.; Sinegubova, E.O.; Volobue-
va, A.S.; Esaulkova, Y.L.; Muryleva, A.A.; Tentler, D.G.;
Sriram, D.; Zarubaev, V.V.; Kantevari, S. 5-Chloro-2-
thiophenyl-1,2,3-triazolylmethyldihydroquinolines as dual [245]
inhibitors of Mycobacterium tuberculosis and influenza vi-
rus: Synthesis and evaluation. Bioorg Med. Chem. Lett,
2019, 29(18), 2664-2669.

http://dx.doi.org/10.1016/j.bmcl.2019.07.040 PMID:
31375291
[237] Sajja, Y.; Vanguru, S.; Vulupala, H.R.; Bantu, R; [246]

Yogeswari, P.; Sriram, D.; Nagarapu, L. Design, synthesis
and in vitro anti-tuberculosis activity of benzo[6,7]
cyclohepta[1,2-b]pyridine-1,2,3-triazole derivatives. Bioorg
Med. Chem. Lett, 2017, 27(23), 5119-5121.

http://dx.doi.org/10.1016/j.bmcl.2017.10.071 PMID:
29113761
[238] Emmadi, N. R.; Bingi, C.; Kotapalli, S. S.; Ummanni, R.; [247]

Nanubolu, J. B.; Atmakur, K. Synthesis and evaluation of
novel fluorinated pyrazolo-1,2,3-triazole hybrids as antimy-
cobacterial agents. Bioorg Med. Chem. Lett, 2015, 25,
2918-2922.
http://dx.doi.org/10.1016/j.bmcl.2015.05.044

[239] Devi Bala, B.; Muthusaravanan, S.; Choon, T.S.; Ashraf [248]
Ali, M.; Perumal, S. Sequential synthesis of amino-1,4-
naphthoquinone-appended triazoles and triazole-chromene
hybrids and their antimycobacterial evaluation. Eur J. Med.
Chem., 2014, 85, 737-746.
http://dx.doi.org/10.1016/j.ejmech.2014.08.009 PMID:
25129868

[240] Shiva Raju, K.; AnkiReddy, S.; Sabitha, G.; Siva Krishna,
V.; Sriram, D.; Bharathi Reddy, K.; Rao Sagurthi, S. Syn- [249]
thesis and biological evaluation of 1H-pyrrolo[2,3-
d]pyrimidine-1,2,3-triazole derivatives as novel anti-
tubercular agents. Bioorg Med. Chem. Lett, 2019, 29(2),

284-290.
http://dx.doi.org/10.1016/j.bmcl.2018.11.036 PMID:
30497913

[241] Pogaku, V.; Krishna, V.S.; Sriram, D.; Rangan, K. [250]

Basavoju, S. Ultrasonication-ionic liquid synergy for the
synthesis of new potent anti-tuberculosis 1,2,4-triazol-1-yl-
pyrazole based spirooxindolopyrrolizidines. Bioorg Med.
Chem. Lett, 2019, 29(13), 1682-1687.
http://dx.doi.org/10.1016/j.bmcl.2019.04.026 PMID:
31047752

[242] Ramprasad, J.; Kumar Sthalam, V.; Linga Murthy Tham-
punuri, R.; Bhukya, S.; Ummanni, R.; Balasubramanian, S.;
Pabbaraja, S. Synthesis and evaluation of a novel quinoline-
triazole analogs for antitubercular properties via molecular [251]
hybridization approach. Bioorg Med. Chem. Lett, 2019,
29(20), 126671.

http://dx.doi.org/10.1016/j.bmcl.2019.126671 PMID:
31526604
[243] Phatak, P.S.; Bakale, R.D.; Kulkarni, R.S.; Dhumal, S.T.; [252]

Dixit, P.P.; Krishna, V.S.; Sriram, D.; Khedkar, V.M.;
Haval, K.P. Design and synthesis of new indanol-1,2,3-

Abraham Nudelman

triazole derivatives as potent antitubercular and antimicro-
bial agents. Bioorg Med. Chem. Lett, 2020, 30(22), 127579.
http://dx.doi.org/10.1016/j.bmcl.2020.127579 PMID:
32987135

Melo de Oliveira, V.N.; Flavia do Amaral Moura, C.; Peix-
oto, A.S.; Gongalves Ferreira, V.P.; Aradjo, H.M.; Lapa
Montenegro Pimentel, L.M.; Pessoa, C.O.; Nicolete, R.;
Versiani dos Anjos, J.; Sharma, P.P.; Rathi, B.; Pena, L.J.;
Rollin, P.; Tatibouét, A.; Nascimento de Oliveira, R. Syn-
thesis of alkynylated 1,2,4-oxadiazole/1,2,3-1H-triazole
glycoconjugates: Discovering new compounds for use in
chemotherapy against lung carcinoma and Mycobacterium
tuberculosis. Eur J. Med. Chem., 2021, 220, 113472.
http://dx.doi.org/10.1016/j.ejmech.2021.113472

Marvadi, S.K.; Krishna, V.S.; Sriram, D.; Kantevari, S.
Synthesis and evaluation of novel substituted 1,2,3-
triazolyldihydroquinolines as promising antitubercular
agents. Bioorg Med. Chem. Lett, 2019, 29(4), 529-533.
http://dx.doi.org/10.1016/j.bmcl.2019.01.004 PMID:
30638877

Reddyrajula, R.; Dalimba, U. The bioisosteric modification
of pyrazinamide derivatives led to potent antitubercular
agents: Synthesis via click approach and molecular docking
of pyrazine-1,2,3-triazoles. Bioorg Med. Chem. Lett, 2020,
30(2), 126846.
http://dx.doi.org/10.1016/j.bmcl.2019.126846 PMID:
31839540

Xu, Z.; Zhang, S.; Song, X.; Qiang, M.; Lv, Z. Design,
synthesis and in vitro anti-mycobacterial evaluation of gat-
ifloxacin-1H-1,2,3-triazole-isatin hybrids. Bioorg Med.
Chem. Lett, 2017, 27(16), 3643-3646.
http://dx.doi.org/10.1016/j.bmcl.2017.07.023 PMID:
28720502

Zhou, F.W.; Lei, H.S.; Fan, L.; Jiang, L.; Liu, J.; Peng,
X.M.; Xu, X.R.; Chen, L.; Zhou, C.H.; Zou, Y.Y.; Liu,
C.P.; He, Z.Q.; Yang, D.C. Design, synthesis, and biologi-
cal evaluation of dihydroartemisinin-fluoroquinolone con-
jugates as a novel type of potential antitubercular agents.
Bioorg Med. Chem. Lett, 2014, 24(8), 1912-1917.
http://dx.doi.org/10.1016/j.bmcl.2014.03.010 PMID:
24684842

Yan, X.; Lv, Z.; Wen, J.; Zhao, S.; Xu, Z. Synthesis and in
vitro evaluation of novel substituted isatin-propylene-1H-
1,2,3-triazole-4-methylene-moxifloxacin hybrids for their
anti-mycobacterial activities. Eur J. Med. Chem., 2018, 143,
899-904.

http://dx.doi.org/10.1016/j.ejmech.2017.11.090 PMID:
29227930

Chebaiki, M.; Delfourne, E.; Tamhaev, R.; Danoun, S.;
Rodriguez, F.; Hoffmann, P.; Grosjean, E.; Goncalves, F.;
Azéma-Despeyroux, J.; Pal, A.; Korduldkova, J.; Preuilh,
N.; Britton, S.; Constant, P.; Marrakchi, H.; Maveyraud, L.;
Mourey, L.; Lherbet, C. Discovery of new diaryl ether in-
hibitors against Mycobacterium tuberculosis targeting the
minor portal of InhA. Eur J. Med. Chem., 2023, 259,
115646.

http://dx.doi.org/10.1016/j.ejmech.2023.115646 PMID:
37482022

Tiwari, R.; Mollmann, U.; Cho, S.; Franzblau, S.G.; Miller,
P.A.; Miller, M.J. Design and syntheses of anti-tuberculosis
agents inspired by BTZ043 using a scaffold simplification
strategy. ACS Med. Chem. Lett, 2014, 5(5), 587-591.
http://dx.doi.org/10.1021/mI500039g PMID: 24900885
Kamal, A.; Hari Babu, A.; Venkata Ramana, A.; Sinha, R.;
Yadav, J.S.; Arora, S.K. Antitubercular agents. Part 1: Syn-
thesis of phthalimido- and naphthalimido-linked phenazines


http://dx.doi.org/10.1016/j.bmcl.2014.02.061
http://dx.doi.org/10.1016/j.bmcl.2014.02.061
http://www.ncbi.nlm.nih.gov/pubmed/24679703
http://dx.doi.org/10.1016/j.bmcl.2016.08.045
http://dx.doi.org/10.1016/j.bmcl.2016.08.045
http://dx.doi.org/10.1016/j.bmcl.2016.08.045
http://dx.doi.org/10.1016/j.bmcl.2016.08.045
http://dx.doi.org/10.1016/j.bmcl.2016.08.045
http://www.ncbi.nlm.nih.gov/pubmed/27595420
http://dx.doi.org/10.1016/j.bmcl.2019.07.040
http://dx.doi.org/10.1016/j.bmcl.2019.07.040
http://dx.doi.org/10.1016/j.bmcl.2019.07.040
http://dx.doi.org/10.1016/j.bmcl.2019.07.040
http://dx.doi.org/10.1016/j.bmcl.2019.07.040
http://www.ncbi.nlm.nih.gov/pubmed/31375291
http://dx.doi.org/10.1016/j.bmcl.2017.10.071
http://dx.doi.org/10.1016/j.bmcl.2017.10.071
http://dx.doi.org/10.1016/j.bmcl.2017.10.071
http://dx.doi.org/10.1016/j.bmcl.2017.10.071
http://www.ncbi.nlm.nih.gov/pubmed/29113761
http://dx.doi.org/10.1016/j.bmcl.2015.05.044
http://dx.doi.org/10.1016/j.bmcl.2015.05.044
http://dx.doi.org/10.1016/j.bmcl.2015.05.044
http://dx.doi.org/10.1016/j.bmcl.2015.05.044
http://dx.doi.org/10.1016/j.ejmech.2014.08.009
http://dx.doi.org/10.1016/j.ejmech.2014.08.009
http://dx.doi.org/10.1016/j.ejmech.2014.08.009
http://dx.doi.org/10.1016/j.ejmech.2014.08.009
http://www.ncbi.nlm.nih.gov/pubmed/25129868
http://dx.doi.org/10.1016/j.bmcl.2018.11.036
http://dx.doi.org/10.1016/j.bmcl.2018.11.036
http://dx.doi.org/10.1016/j.bmcl.2018.11.036
http://dx.doi.org/10.1016/j.bmcl.2018.11.036
http://dx.doi.org/10.1016/j.bmcl.2018.11.036
http://www.ncbi.nlm.nih.gov/pubmed/30497913
http://dx.doi.org/10.1016/j.bmcl.2019.04.026
http://dx.doi.org/10.1016/j.bmcl.2019.04.026
http://dx.doi.org/10.1016/j.bmcl.2019.04.026
http://dx.doi.org/10.1016/j.bmcl.2019.04.026
http://www.ncbi.nlm.nih.gov/pubmed/31047752
http://dx.doi.org/10.1016/j.bmcl.2019.126671
http://dx.doi.org/10.1016/j.bmcl.2019.126671
http://dx.doi.org/10.1016/j.bmcl.2019.126671
http://dx.doi.org/10.1016/j.bmcl.2019.126671
http://www.ncbi.nlm.nih.gov/pubmed/31526604
http://dx.doi.org/10.1016/j.bmcl.2020.127579
http://dx.doi.org/10.1016/j.bmcl.2020.127579
http://dx.doi.org/10.1016/j.bmcl.2020.127579
http://dx.doi.org/10.1016/j.bmcl.2020.127579
http://www.ncbi.nlm.nih.gov/pubmed/32987135
http://dx.doi.org/10.1016/j.ejmech.2021.113472
http://dx.doi.org/10.1016/j.ejmech.2021.113472
http://dx.doi.org/10.1016/j.ejmech.2021.113472
http://dx.doi.org/10.1016/j.ejmech.2021.113472
http://dx.doi.org/10.1016/j.ejmech.2021.113472
http://dx.doi.org/10.1016/j.ejmech.2021.113472
http://dx.doi.org/10.1016/j.bmcl.2019.01.004
http://dx.doi.org/10.1016/j.bmcl.2019.01.004
http://dx.doi.org/10.1016/j.bmcl.2019.01.004
http://dx.doi.org/10.1016/j.bmcl.2019.01.004
http://www.ncbi.nlm.nih.gov/pubmed/30638877
http://dx.doi.org/10.1016/j.bmcl.2019.126846
http://dx.doi.org/10.1016/j.bmcl.2019.126846
http://dx.doi.org/10.1016/j.bmcl.2019.126846
http://dx.doi.org/10.1016/j.bmcl.2019.126846
http://dx.doi.org/10.1016/j.bmcl.2019.126846
http://www.ncbi.nlm.nih.gov/pubmed/31839540
http://dx.doi.org/10.1016/j.bmcl.2017.07.023
http://dx.doi.org/10.1016/j.bmcl.2017.07.023
http://dx.doi.org/10.1016/j.bmcl.2017.07.023
http://dx.doi.org/10.1016/j.bmcl.2017.07.023
http://www.ncbi.nlm.nih.gov/pubmed/28720502
http://dx.doi.org/10.1016/j.bmcl.2014.03.010
http://dx.doi.org/10.1016/j.bmcl.2014.03.010
http://dx.doi.org/10.1016/j.bmcl.2014.03.010
http://dx.doi.org/10.1016/j.bmcl.2014.03.010
http://dx.doi.org/10.1016/j.bmcl.2014.03.010
http://www.ncbi.nlm.nih.gov/pubmed/24684842
http://dx.doi.org/10.1016/j.ejmech.2017.11.090
http://dx.doi.org/10.1016/j.ejmech.2017.11.090
http://dx.doi.org/10.1016/j.ejmech.2017.11.090
http://dx.doi.org/10.1016/j.ejmech.2017.11.090
http://dx.doi.org/10.1016/j.ejmech.2017.11.090
http://www.ncbi.nlm.nih.gov/pubmed/29227930
http://dx.doi.org/10.1016/j.ejmech.2023.115646
http://dx.doi.org/10.1016/j.ejmech.2023.115646
http://dx.doi.org/10.1016/j.ejmech.2023.115646
http://dx.doi.org/10.1016/j.ejmech.2023.115646
http://www.ncbi.nlm.nih.gov/pubmed/37482022
http://dx.doi.org/10.1021/ml500039g
http://dx.doi.org/10.1021/ml500039g
http://dx.doi.org/10.1021/ml500039g
http://dx.doi.org/10.1021/ml500039g
http://www.ncbi.nlm.nih.gov/pubmed/24900885
http://dx.doi.org/10.1016/j.bmcl.2005.01.085
http://dx.doi.org/10.1016/j.bmcl.2005.01.085

Hybrids/Conjugates/Chimera Drugs-Antimicrobial Hybrids

[253]

[254]

[255]

[256]

[257]

[258]

[259]

[260]

[261]

[262]

as new prototype antitubercular agents. Bioorg Med. Chem.
Lett, 2005, 15(7), 1923-1926.
http://dx.doi.org/10.1016/j.bmcl.2005.01.085
15780634

Medapi, B.; Renuka, J.; Saxena, S.; Sridevi, J.P.; Medishet-
ti, R.; Kulkarni, P.; Yogeeswari, P.; Sriram, D. Design and
synthesis of novel quinoline-aminopiperidine hybrid ana-
logues as Mycobacterium tuberculosis DNA gyraseB inhib-
itors. Bioorg Med. Chem., 2015, 23(9), 2062-2078.
http://dx.doi.org/10.1016/j.bmc.2015.03.004
25801151

Medapi, B.; Meda, N.; Kulkarni, P.; Yogeeswari, P.; Sri-
ram, D. Development of acridine derivatives as selective
Mycobacterium tuberculosis DNA gyrase inhibitors. Bioorg
Med. Chem., 2016, 24(4), 877-885.
http://dx.doi.org/10.1016/j.bmc.2016.01.011
26787274

Sriram, D.; Yogeeswari, P.; Gopal, G. Synthesis, anti-HIV
and antitubercular activities of lamivudine prodrugs. Eur J.
Med. Chem., 2005, 40(12), 1373-1376.
http://dx.doi.org/10.1016/j.ejmech.2005.07.006
16129516

Himaja, M.; Simh, M.V.; Munirajasekhar, D.; Asif, K.;
Mahima, M. Synthesis and evaluation of antitubercular ac-
tivity of some lamivudine-based hybrid drugs. IJRAP, 2012,
3, 315-317.

Singh, N.; Pandey, S.K.; Anand, N.; Dwivedi, R.; Singh,
S.; Sinha, S.K.; Chaturvedi, V.; Jaiswal, N.; Srivastava,
A.K:; Shah, P.; Siddiqui, M.1.; Tripathi, R.P. Synthesis, mo-
lecular modeling and bio-evaluation of cycloalkyl fused 2-
aminopyrimidines as antitubercular and antidiabetic agents.
Bioorg Med. Chem. Lett, 2011, 21(15), 4404-4408.
http://dx.doi.org/10.1016/j.bmcl.2011.06.040
21737274
Erkin, A.V.; Serebryakov, E.B.; Krutikov, V.I. 2-[(2-
Amino-6-methylpyrimidin-4-yl)sulfanyl]-N-arylacetamides:
Discovery of a new class of anti-tubercular agents and pro-
spects for their further structural modification. Bioorg Med.
Chem. Lett, 2023, 83, 129189.
http://dx.doi.org/10.1016/j.bmcl.2023.129189
36805047
Limaye, R.A.; Kumbhar, V.B.; Natu, A.D.; Paradkar, M.V .;
Honmore, V.S.; Chauhan, R.R.; Gample, S.P.; Sarkar, D.
One pot solvent free synthesis and in vitro antitubercular
screening of 3-Aracylphthalides against Mycobacterium tu-
berculosis. Bioorg Med. Chem. Lett, 2013, 23(3), 711-714.
http://dx.doi.org/10.1016/j.bmcl.2012.11.097 PMID:
23265877
Ahmad, |.; Thakur, J.P.; Chanda, D.; Saikia, D.; Khan, F.;
Dixit, S.; Kumar, A.; Konwar, R.; Negi, A.S.; Gupta, A.
Syntheses of lipophilic chalcones and their conformational-
ly restricted analogues as antitubercular agents. Bioorg
Med. Chem. Lett, 2013, 23(5), 1322-1325.
http://dx.doi.org/10.1016/j.bmcl.2012.12.096
23369537
Slavchev, |.; Dobrikov, G.M.; Valcheva, V.; Ugrinova, 1.;
Pasheva, E.; Dimitrov, V. Antimycobacterial activity gener-
ated by the amide coupling of (—)-fenchone derived amino-
alcohol with cinnamic acids and analogues. Bioorg Med.
Chem. Lett, 2014, 24(21), 5030-5033.
http://dx.doi.org/10.1016/j.bmcl.2014.09.021
25248685
Chitre, T.S.; Asgaonkar, K.D.; Miniyar, P.B.; Dharme,
A.B.; Arkile, M.A.; Yeware, A.; Sarkar, D.; Khedkar,
V.M.; Jha, P.C. Synthesis and docking studies of pyrazine-

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

[263]

[264]

[265]

[266]

[267]

[268]

[269]

[270]

[271]

[272]

[273]

Current Medicinal Chemistry, XXXX, Vol. XX, No. X 59

thiazolidinone hybrid scaffold targeting dormant tuberculo-
sis. Bioorg Med. Chem. Lett, 2016, 26(9), 2224-2228.
http://dx.doi.org/10.1016/j.bmcl.2016.03.055
27017114

Wang, T.; Tang, Y.; Yang, Y.; An, Q.; Sang, Z.; Yang, T.;
Liu, P.; Zhang, T.; Deng, Y.; Luo, Y. Discovery of novel
anti-tuberculosis agents with pyrrolo[1,2- a Jquinoxaline-
based scaffold. Bioorg Med. Chem. Lett, 2018, 28(11),
2084-2090.
http://dx.doi.org/10.1016/j.bmcl.2018.04.043
29748048

Farrell, K.D.; Gao, Y.; Hughes, D.A.; Henches, R.; Tu, Z.;
Perkins, M.V.; Zhang, T.; Francis, C.L. 3-Methoxy-2-
phenylimidazo[1,2-b]pyridazines highly active against My-
cobacterium tuberculosis and Mycobacterium marinum.
Eur J. Med. Chem., 2023, 259, 115637.
http://dx.doi.org/10.1016/j.ejmech.2023.115637
37524009

Mutai, P.; Pavadai, E.; Wiid, I.; Ngwane, A.; Baker, B.;
Chibale, K. Synthesis, antimycobacterial evaluation and
pharmacophore modeling of analogues of the natural prod-
uct formononetin. Bioorg Med. Chem. Lett, 2015, 25(12),
2510-2513.
http://dx.doi.org/10.1016/j.bmcl.2015.04.064
25977095

Bairwa, R.; Kakwani, M.; Tawari, N.R.; Lalchandani, J.;
Ray, M.K.; Rajan, M.G.R.; Degani, M.S. Novel molecular
hybrids of cinnamic acids and guanylhydrazones as poten-
tial antitubercular agents. Bioorg Med. Chem. Lett, 2010,
20(5), 1623-1625.
http://dx.doi.org/10.1016/j.bmcl.2010.01.031
20138519

Jallapally, A.; Addla, D.; Yogeeswari, P.; Sriram, D.; Kan-
tevari, S. 2-Butyl-4-chloroimidazole based substituted pi-
perazine-thiosemicarbazone hybrids as potent inhibitors of
Mycobacterium tuberculosis. Bioorg Med. Chem. Lett,
2014, 24(23), 5520-5524.
http://dx.doi.org/10.1016/j.bmcl.2014.09.084
25451998

Walsh, J.; Bell, A. Hybrid drugs for malaria. Curr. Pharm.
Des, 2009, 15(25), 2970-2985.
http://dx.doi.org/10.2174/138161209789058183
19754373

Muregi, F.W.; Ishih, A. Next-generation antimalarial drugs:
Hybrid molecules as a new strategy in drug design. Drug
Dev. Res., 2010, 71(1), 20-32.
http://dx.doi.org/10.1002/ddr.20345 PMID: 21399701
Alven, S.; Aderibighe, B. Combination therapy strategies
for the treatment of malaria. Molecules, 2019, 24(19), 3601-
3627.
http://dx.doi.org/10.3390/molecules24193601
31591293

Peter, S.; Aderibigbe, B.A. Ferrocene-based compounds

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

with antimalaria/anticancer activity. Molecules, 2019,
24(19), 3604.
http://dx.doi.org/10.3390/molecules24193604 PMID:

31591298

Xiao, J.; Sun, Z.; Kong, F.; Gao, F. Current scenario of
ferrocene-containing hybrids for antimalarial activity. Eur
J. Med. Chem., 2020, 185, 111791.
http://dx.doi.org/10.1016/j.ejmech.2019.111791
31669852

Kouznetsov, V.V.; Gdmez-Barrio, A. Recent developments
in the design and synthesis of hybrid molecules basedon
aminoquinoline ring and their antiplasmodial evaluation.
Eur J. Med. Chem., 2009, 44(8), 3091-3113.

PMID:


http://dx.doi.org/10.1016/j.bmcl.2005.01.085
http://dx.doi.org/10.1016/j.bmcl.2005.01.085
http://www.ncbi.nlm.nih.gov/pubmed/15780634
http://dx.doi.org/10.1016/j.bmc.2015.03.004
http://dx.doi.org/10.1016/j.bmc.2015.03.004
http://dx.doi.org/10.1016/j.bmc.2015.03.004
http://dx.doi.org/10.1016/j.bmc.2015.03.004
http://dx.doi.org/10.1016/j.bmc.2015.03.004
http://www.ncbi.nlm.nih.gov/pubmed/25801151
http://dx.doi.org/10.1016/j.bmc.2016.01.011
http://dx.doi.org/10.1016/j.bmc.2016.01.011
http://dx.doi.org/10.1016/j.bmc.2016.01.011
http://www.ncbi.nlm.nih.gov/pubmed/26787274
http://dx.doi.org/10.1016/j.ejmech.2005.07.006
http://dx.doi.org/10.1016/j.ejmech.2005.07.006
http://dx.doi.org/10.1016/j.ejmech.2005.07.006
http://www.ncbi.nlm.nih.gov/pubmed/16129516
http://dx.doi.org/10.1016/j.bmcl.2011.06.040
http://dx.doi.org/10.1016/j.bmcl.2011.06.040
http://dx.doi.org/10.1016/j.bmcl.2011.06.040
http://dx.doi.org/10.1016/j.bmcl.2011.06.040
http://dx.doi.org/10.1016/j.bmcl.2011.06.040
http://www.ncbi.nlm.nih.gov/pubmed/21737274
http://dx.doi.org/10.1016/j.bmcl.2023.129189
http://dx.doi.org/10.1016/j.bmcl.2023.129189
http://dx.doi.org/10.1016/j.bmcl.2023.129189
http://dx.doi.org/10.1016/j.bmcl.2023.129189
http://dx.doi.org/10.1016/j.bmcl.2023.129189
http://www.ncbi.nlm.nih.gov/pubmed/36805047
http://dx.doi.org/10.1016/j.bmcl.2012.11.097
http://dx.doi.org/10.1016/j.bmcl.2012.11.097
http://dx.doi.org/10.1016/j.bmcl.2012.11.097
http://dx.doi.org/10.1016/j.bmcl.2012.11.097
http://www.ncbi.nlm.nih.gov/pubmed/23265877
http://dx.doi.org/10.1016/j.bmcl.2012.12.096
http://dx.doi.org/10.1016/j.bmcl.2012.12.096
http://dx.doi.org/10.1016/j.bmcl.2012.12.096
http://www.ncbi.nlm.nih.gov/pubmed/23369537
http://dx.doi.org/10.1016/j.bmcl.2014.09.021
http://dx.doi.org/10.1016/j.bmcl.2014.09.021
http://dx.doi.org/10.1016/j.bmcl.2014.09.021
http://dx.doi.org/10.1016/j.bmcl.2014.09.021
http://www.ncbi.nlm.nih.gov/pubmed/25248685
http://dx.doi.org/10.1016/j.bmcl.2016.03.055
http://dx.doi.org/10.1016/j.bmcl.2016.03.055
http://dx.doi.org/10.1016/j.bmcl.2016.03.055
http://dx.doi.org/10.1016/j.bmcl.2016.03.055
http://www.ncbi.nlm.nih.gov/pubmed/27017114
http://dx.doi.org/10.1016/j.bmcl.2018.04.043
http://dx.doi.org/10.1016/j.bmcl.2018.04.043
http://dx.doi.org/10.1016/j.bmcl.2018.04.043
http://dx.doi.org/10.1016/j.bmcl.2018.04.043
http://www.ncbi.nlm.nih.gov/pubmed/29748048
http://dx.doi.org/10.1016/j.ejmech.2023.115637
http://dx.doi.org/10.1016/j.ejmech.2023.115637
http://dx.doi.org/10.1016/j.ejmech.2023.115637
http://dx.doi.org/10.1016/j.ejmech.2023.115637
http://dx.doi.org/10.1016/j.ejmech.2023.115637
http://www.ncbi.nlm.nih.gov/pubmed/37524009
http://dx.doi.org/10.1016/j.bmcl.2015.04.064
http://dx.doi.org/10.1016/j.bmcl.2015.04.064
http://dx.doi.org/10.1016/j.bmcl.2015.04.064
http://dx.doi.org/10.1016/j.bmcl.2015.04.064
http://www.ncbi.nlm.nih.gov/pubmed/25977095
http://dx.doi.org/10.1016/j.bmcl.2010.01.031
http://dx.doi.org/10.1016/j.bmcl.2010.01.031
http://dx.doi.org/10.1016/j.bmcl.2010.01.031
http://dx.doi.org/10.1016/j.bmcl.2010.01.031
http://www.ncbi.nlm.nih.gov/pubmed/20138519
http://dx.doi.org/10.1016/j.bmcl.2014.09.084
http://dx.doi.org/10.1016/j.bmcl.2014.09.084
http://dx.doi.org/10.1016/j.bmcl.2014.09.084
http://dx.doi.org/10.1016/j.bmcl.2014.09.084
http://www.ncbi.nlm.nih.gov/pubmed/25451998
http://dx.doi.org/10.2174/138161209789058183
http://dx.doi.org/10.2174/138161209789058183
http://www.ncbi.nlm.nih.gov/pubmed/19754373
http://dx.doi.org/10.1002/ddr.20345
http://dx.doi.org/10.1002/ddr.20345
http://dx.doi.org/10.1002/ddr.20345
http://www.ncbi.nlm.nih.gov/pubmed/21399701
http://dx.doi.org/10.3390/molecules24193601
http://dx.doi.org/10.3390/molecules24193601
http://dx.doi.org/10.3390/molecules24193601
http://www.ncbi.nlm.nih.gov/pubmed/31591293
http://dx.doi.org/10.3390/molecules24193604
http://dx.doi.org/10.3390/molecules24193604
http://dx.doi.org/10.3390/molecules24193604
http://www.ncbi.nlm.nih.gov/pubmed/31591298
http://dx.doi.org/10.1016/j.ejmech.2019.111791
http://dx.doi.org/10.1016/j.ejmech.2019.111791
http://dx.doi.org/10.1016/j.ejmech.2019.111791
http://www.ncbi.nlm.nih.gov/pubmed/31669852
http://dx.doi.org/10.1016/j.ejmech.2009.02.024
http://dx.doi.org/10.1016/j.ejmech.2009.02.024
http://dx.doi.org/10.1016/j.ejmech.2009.02.024
http://dx.doi.org/10.1016/j.ejmech.2009.02.024

60 Current Medicinal Chemistry, XXXX, Vol. XX, No. XX

[274]

[275]

[276]

[277]

[278]

[279]

[280]

[281]

[282]

[283]

[284]

[285]

http://dx.doi.org/10.1016/j.ejmech.2009.02.024
19361896

Vandekerckhove, S.; D’hooghe, M. Quinoline-based anti-
malarial hybrid compounds. Bioorg Med. Chem., 2015,
23(16), 5098-5119.
http://dx.doi.org/10.1016/j.bmc.2014.12.018
25593097

Agarwal, D.; Gupta, R.D.; Awasthi, S.K. Antimalarial hy-
brid molecules: A close reality or a distant dream? Antimi-
crob Agents Chemother, 2017, 61(5), e00249-17.
http://dx.doi.org/10.1128/AAC.00249-17 PMID: 28289029
Sharma, B.; Singh, P.; Singh, AK.; Awasthi, S.K. Ad-
vancement of chimeric hybrid drugs to cure malaria infec-
tion: An overview with special emphasis on endoperoxide
pharmacophores. Eur J. Med. Chem., 2021, 219, 113408.
http://dx.doi.org/10.1016/j.ejmech.2021.113408 PMID:
33989911

Patel, O.P.S.; Beteck, R.M.; Legoabe, L.J. Exploration of
artemisinin derivatives and synthetic peroxides in antima-
larial drug discovery research. Eur J. Med. Chem., 2021,
213, 113193.
http://dx.doi.org/10.1016/j.ejmech.2021.113193
33508479

Meunier, B. Chapter 21 Towards antimalarial hybrid drugs.
In: Pharmacology in Drug Discovery; Peters, J-U., Ed.; :
Hoboken, New Jersey, 2012; pp. 423-439.
http://dx.doi.org/10.1002/9781118098141.ch21

Oliveira, R.; Miranda, D.; Magalhaes, J.; Capela, R.; Perry,
M.J.; O’Neill, P.M.; Moreira, R.; Lopes, F. From hybrid
compounds to targeted drug delivery in antimalarial thera-
py. Bioorg Med. Chem., 2015, 23(16), 5120-5130.
http://dx.doi.org/10.1016/j.bmc.2015.04.017
25913864

Qin, H.L.; Zhang, Z.W.; Lekkala, R.; Alsulami, H.; Rakesh,
K.P. Chalcone hybrids as privileged scaffolds in antimalari-
al drug discovery: A key review. Eur J. Med. Chem., 2020,
193, 112215.
http://dx.doi.org/10.1016/j.ejmech.2020.112215
32179331

Rathod, G.K.; Jain, M.; Sharma, K.K.; Das, S.; Basak, A.;
Jain, R. New structural classes of antimalarials. Eur J. Med.
Chem., 2022, 242, 114653.
http://dx.doi.org/10.1016/j.ejmech.2022.114653
35985254

Madhav, H.; Hoda, N. An insight into the recent develop-
ment of the clinical candidates for the treatment of malaria
and their target proteins. Eur J. Med. Chem., 2021, 210,
112955.

http://dx.doi.org/10.1016/j.ejmech.2020.112955

Tibon, N.S.; Ng, C.H.; Cheong, S.L. Current progress in
antimalarial pharmacotherapy and multi-target drug discov-
ery. Eur J. Med. Chem., 2020, 188, 111983.
http://dx.doi.org/10.1016/j.ejmech.2019.111983
31911292

Hu, Y.Q.; Gao, C.; Zhang, S.; Xu, L.; Xu, Z.; Feng, L.S.;
Wu, X.; Zhao, F. Quinoline hybrids and their antiplasmodi-
al and antimalarial activities. Eur J. Med. Chem., 2017, 139,
22-47.
http://dx.doi.org/10.1016/j.ejmech.2017.07.061
28800458

Van de Walle, T.; Cools, L.; Mangelinckx, S.; D’hooghe,
M. Recent contributions of quinolines to antimalarial and
anticancer drug discovery research. Eur J. Med. Chem.,
2021, 226, 113865.
http://dx.doi.org/10.1016/j.ejmech.2021.113865
34655985

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

[286]

[287]

[288]

[289]

[290]

[291]

[292]

[293]

[294]

[295]

[296]

Abraham Nudelman

Chauhan, M.; Saxena, A.; Saha, B. An insight in anti-
malarial potential of indole scaffold: A review. Eur J. Med.
Chem., 2021, 218, 113400.
http://dx.doi.org/10.1016/j.ejmech.2021.113400
33823394

Kamboj, A.; Sihag, B.; Brar, D.S.; Kaur, A.; Salunke, D.B.
Structure activity relationship in B-carboline derived anti-
malarial agents. Eur J. Med. Chem., 2021, 221, 113536.
http://dx.doi.org/10.1016/j.ejmech.2021.113536 PMID:
34058709

Yang, J.; Wang, Y.; Guan, W.; Su, W.; Li, G.; Zhang, S;
Yao, H. Spiral molecules with antimalarial activities: A re-
view. Eur J. Med. Chem., 2022, 237, 114361.
http://dx.doi.org/10.1016/j.ejmech.2022.114361
35461019

Patra, J.; Rana, D.; Arora, S.; Pal, M.; Mahindroo, N. Falci-
pains: Biochemistry, target validation and structure-activity
relationship studies of inhibitors as antimalarials. Eur J.
Med. Chem., 2023, 252, 115299.
http://dx.doi.org/10.1016/j.ejmech.2023.115299
36996716

Umumararungu, T.; Nkuranga, J.B.; Habarurema, G.;
Nyandwi, J.B.; Mukazayire, M.J.; Mukiza, J.; Muganga, R.;
Hahirwa, I.; Mpenda, M.; Katembezi, A.N.; Olawode, E.O.;
Kayitare, E.; Kayumba, P.C. Recent developments in anti-
malarial drug discovery. Bioorg Med. Chem., 2023, 88-89,
117339.
http://dx.doi.org/10.1016/j.bmc.2023.117339
37236020

Cheuka, P.M.; Njaria, P.; Mayoka, G.; Funjika, E. Emerg-
ing drug targets for antimalarial drug discovery: Validation
and insights into molecular mechanisms of function. J.
Med. Chem., 2024, 67(2), 838-863.
http://dx.doi.org/10.1021/acs.jmedchem.3c01828
38198596

Lodige, M.; Hiersch, L. Design and synthesis of novel hy-
brid molecules against malaria. Int. J. Med. Chem., 2015,
2015, 1-23.

http://dx.doi.org/10.1155/2015/458319 PMID: 25734014
Sashidhara, K.V.; Avula, S.R.; Palnati, G.R.; Singh, S.V;
Srivastava, K.; Puri, S.K.; Saxena, J.K. Synthesis and in
vitro evaluation of new chloroquine-chalcone hybrids
against chloroquine-resistant strain of Plasmodium falcipa-
rum. Bioorg Med. Chem. Lett, 2012, 22(17), 5455-5459.
http://dx.doi.org/10.1016/j.bmcl.2012.07.028 PMID:
22850213

Burgess, S.J.; Selzer, A.; Kelly, J.X.; Smilkstein, M.J.; Ris-
coe, M.K.; Peyton, D.H. A chloroquine-like molecule de-
signed to reverse resistance in Plasmodium falciparum. J.
Med. Chem., 2006, 49(18), 5623-5625.
http://dx.doi.org/10.1021/jm060399n PMID: 16942036
Lodige, M.; Lewis, M.D.; Paulsen, E.S.; Esch, H.L.; Pradel,
G.; Lehmann, L.; Brun, R.; Bringmann, G.; Mueller, A.K.
A primaquine-chloroquine hybrid with dual activity against
Plasmodium liver and blood stages. Int. J. Med. Microbiol.,
2013, 303(8), 539-547.
http://dx.doi.org/10.1016/j.ijmm.2013.07.005
23992634

Tremblay, T.; Bergeron, C.; Gagnon, D.; Bérubé, C;
Voyer, N.; Richard, D.; Giguére, D. Squaramide tethered
clindamycin, chloroquine, and mortiamide hybrids: Design,
synthesis, and antimalarial activity. ACS Med. Chem. Lett,
2023, 14(2), 217-222.
http://dx.doi.org/10.1021/acsmedchemlett.2c00531 PMID:
36793432

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:


http://dx.doi.org/10.1016/j.ejmech.2009.02.024
http://www.ncbi.nlm.nih.gov/pubmed/19361896
http://dx.doi.org/10.1016/j.bmc.2014.12.018
http://dx.doi.org/10.1016/j.bmc.2014.12.018
http://dx.doi.org/10.1016/j.bmc.2014.12.018
http://www.ncbi.nlm.nih.gov/pubmed/25593097
http://dx.doi.org/10.1128/AAC.00249-17
http://dx.doi.org/10.1128/AAC.00249-17
http://dx.doi.org/10.1128/AAC.00249-17
http://www.ncbi.nlm.nih.gov/pubmed/28289029
http://dx.doi.org/10.1016/j.ejmech.2021.113408
http://dx.doi.org/10.1016/j.ejmech.2021.113408
http://dx.doi.org/10.1016/j.ejmech.2021.113408
http://dx.doi.org/10.1016/j.ejmech.2021.113408
http://dx.doi.org/10.1016/j.ejmech.2021.113408
http://www.ncbi.nlm.nih.gov/pubmed/33989911
http://dx.doi.org/10.1016/j.ejmech.2021.113193
http://dx.doi.org/10.1016/j.ejmech.2021.113193
http://dx.doi.org/10.1016/j.ejmech.2021.113193
http://dx.doi.org/10.1016/j.ejmech.2021.113193
http://www.ncbi.nlm.nih.gov/pubmed/33508479
http://dx.doi.org/10.1002/9781118098141.ch21
http://dx.doi.org/10.1002/9781118098141.ch21
http://dx.doi.org/10.1002/9781118098141.ch21
http://dx.doi.org/10.1016/j.bmc.2015.04.017
http://dx.doi.org/10.1016/j.bmc.2015.04.017
http://dx.doi.org/10.1016/j.bmc.2015.04.017
http://dx.doi.org/10.1016/j.bmc.2015.04.017
http://www.ncbi.nlm.nih.gov/pubmed/25913864
http://dx.doi.org/10.1016/j.ejmech.2020.112215
http://dx.doi.org/10.1016/j.ejmech.2020.112215
http://dx.doi.org/10.1016/j.ejmech.2020.112215
http://www.ncbi.nlm.nih.gov/pubmed/32179331
http://dx.doi.org/10.1016/j.ejmech.2022.114653
http://dx.doi.org/10.1016/j.ejmech.2022.114653
http://www.ncbi.nlm.nih.gov/pubmed/35985254
http://dx.doi.org/10.1016/j.ejmech.2020.112955
http://dx.doi.org/10.1016/j.ejmech.2020.112955
http://dx.doi.org/10.1016/j.ejmech.2020.112955
http://dx.doi.org/10.1016/j.ejmech.2020.112955
http://dx.doi.org/10.1016/j.ejmech.2019.111983
http://dx.doi.org/10.1016/j.ejmech.2019.111983
http://dx.doi.org/10.1016/j.ejmech.2019.111983
http://dx.doi.org/10.1016/j.ejmech.2019.111983
http://www.ncbi.nlm.nih.gov/pubmed/31911292
http://dx.doi.org/10.1016/j.ejmech.2017.07.061
http://dx.doi.org/10.1016/j.ejmech.2017.07.061
http://dx.doi.org/10.1016/j.ejmech.2017.07.061
http://www.ncbi.nlm.nih.gov/pubmed/28800458
http://dx.doi.org/10.1016/j.ejmech.2021.113865
http://dx.doi.org/10.1016/j.ejmech.2021.113865
http://dx.doi.org/10.1016/j.ejmech.2021.113865
http://www.ncbi.nlm.nih.gov/pubmed/34655985
http://dx.doi.org/10.1016/j.ejmech.2021.113400
http://dx.doi.org/10.1016/j.ejmech.2021.113400
http://dx.doi.org/10.1016/j.ejmech.2021.113400
http://www.ncbi.nlm.nih.gov/pubmed/33823394
http://dx.doi.org/10.1016/j.ejmech.2021.113536
http://dx.doi.org/10.1016/j.ejmech.2021.113536
http://dx.doi.org/10.1016/j.ejmech.2021.113536
http://www.ncbi.nlm.nih.gov/pubmed/34058709
http://dx.doi.org/10.1016/j.ejmech.2022.114361
http://dx.doi.org/10.1016/j.ejmech.2022.114361
http://dx.doi.org/10.1016/j.ejmech.2022.114361
http://www.ncbi.nlm.nih.gov/pubmed/35461019
http://dx.doi.org/10.1016/j.ejmech.2023.115299
http://dx.doi.org/10.1016/j.ejmech.2023.115299
http://dx.doi.org/10.1016/j.ejmech.2023.115299
http://dx.doi.org/10.1016/j.ejmech.2023.115299
http://www.ncbi.nlm.nih.gov/pubmed/36996716
http://dx.doi.org/10.1016/j.bmc.2023.117339
http://dx.doi.org/10.1016/j.bmc.2023.117339
http://dx.doi.org/10.1016/j.bmc.2023.117339
http://www.ncbi.nlm.nih.gov/pubmed/37236020
http://dx.doi.org/10.1021/acs.jmedchem.3c01828
http://dx.doi.org/10.1021/acs.jmedchem.3c01828
http://dx.doi.org/10.1021/acs.jmedchem.3c01828
http://dx.doi.org/10.1021/acs.jmedchem.3c01828
http://www.ncbi.nlm.nih.gov/pubmed/38198596
http://dx.doi.org/10.1155/2015/458319
http://dx.doi.org/10.1155/2015/458319
http://dx.doi.org/10.1155/2015/458319
http://www.ncbi.nlm.nih.gov/pubmed/25734014
http://dx.doi.org/10.1016/j.bmcl.2012.07.028
http://dx.doi.org/10.1016/j.bmcl.2012.07.028
http://dx.doi.org/10.1016/j.bmcl.2012.07.028
http://dx.doi.org/10.1016/j.bmcl.2012.07.028
http://dx.doi.org/10.1016/j.bmcl.2012.07.028
http://www.ncbi.nlm.nih.gov/pubmed/22850213
http://dx.doi.org/10.1021/jm060399n
http://dx.doi.org/10.1021/jm060399n
http://dx.doi.org/10.1021/jm060399n
http://www.ncbi.nlm.nih.gov/pubmed/16942036
http://dx.doi.org/10.1016/j.ijmm.2013.07.005
http://dx.doi.org/10.1016/j.ijmm.2013.07.005
http://dx.doi.org/10.1016/j.ijmm.2013.07.005
http://www.ncbi.nlm.nih.gov/pubmed/23992634
http://dx.doi.org/10.1021/acsmedchemlett.2c00531
http://dx.doi.org/10.1021/acsmedchemlett.2c00531
http://dx.doi.org/10.1021/acsmedchemlett.2c00531
http://dx.doi.org/10.1021/acsmedchemlett.2c00531
http://www.ncbi.nlm.nih.gov/pubmed/36793432

Hybrids/Conjugates/Chimera Drugs-Antimicrobial Hybrids

[297]

[298]

[299]

[300]

[301]

[302]

[303]

[304]

[305]

[306]

Pretorius, S.1.; Breytenbach, W.J.; de Kock, C.; Smith, P.J,;
N’Da, D.D. Synthesis, characterization and antimalarial ac-
tivity of quinoline-pyrimidine hybrids. Bioorg Med. Chem.,
2013, 21(1), 269-277.
http://dx.doi.org/10.1016/j.bmc.2012.10.019
23168082

Chowdhary, S.; Mosnier, J.; Fonta, I. Synthesis, antiplas-
modial activities, and mechanistic insights of 4-
aminoquinoline-triazolopyrimidine hybrids. ACS Med.
Chem. Lett, 2022, 13, 1068-1076.
http://dx.doi.org/10.1021/acsmedchemlett.2c00078 PMID:
35859870

Soares, R.R.; da Silva, J.M.F.; Carlos, B.C.; da Fonseca,
C.C.; de Souza, L.S.A.; Lopes, F.V.; de Paula Dias, R.M;
Moreira, P.O.L.; Abramo, C.; Viana, G.H.R.; de Pila Varot-
ti, F.; da Silva, A.D.; Scopel, K.K.G. New quinoline deriva-
tives demonstrate a promising antimalarial activity against
Plasmodium falciparum in vitro and Plasmodium berghei in
vivo. Bioorg Med. Chem. Lett, 2015, 25(11), 2308-2313.
http://dx.doi.org/10.1016/j.bmcl.2015.04.014 PMID:
25920564

Raj, R.; Gut, J.; Rosenthal, P.J.; Kumar, V. 1H-1,2,3-
Triazole-tethered isatin-7-chloroquinoline and 3-hydroxy-
indole-7-chloroquinoline conjugates: Synthesis and antima-
larial evaluation. Bioorg Med. Chem. Lett, 2014, 24(3),
756-759.
http://dx.doi.org/10.1016/j.bmcl.2013.12.109
24424135

Poje, G.; Pessanha de Carvalho, L.; Held, J.; Moita, D;
Prudéncio, M.; Perkovi¢, I.; Tandari¢, T.; Vianello, R.; Raj-
i¢, Z. Design and synthesis of harmiquins, harmine and
chloroquine hybrids as potent antiplasmodial agents. Eur J.
Med. Chem., 2022, 238, 114408.
http://dx.doi.org/10.1016/j.ejmech.2022.114408
35551033

Marinovi¢, M.; Poje, G.; Perkovi¢, I.; Fontinha, D.; Prudén-
cio, M.; Held, J.; Pessanha de Carvalho, L.; Tandari¢, T.;
Vianello, R.; Raji¢, Z. Further investigation of harmicines
as novel antiplasmodial agents: Synthesis, structure-activity
relationship and insight into the mechanism of action. Eur
J. Med. Chem., 2021, 224, 113687.
http://dx.doi.org/10.1016/j.ejmech.2021.113687
34274829

Marinovié, M.; Rimac, H.; de Carvalho, L.P.; Réla, C.;
Santana, S.; Pavi¢, K.; Held, J.; Prudéncio, M.; Raji¢, Z.
Design, synthesis and antiplasmodial evaluation of new am-
ide-, carbamate-, and ureido-type harmicines. Bioorg Med.
Chem., 2023, 94, 117468.
http://dx.doi.org/10.1016/j.bmc.2023.117468
37696205

Perkovi¢, 1.; Rai¢-Malié¢, S.; Fontinha, D.; Prudéncio, M.;
Pessanha de Carvalho, L.; Held, J.; Tandari¢, T.; Vianello,
R.; Zorc, B.; Raji¢, Z. Harmicines — harmine and cinnamic
acid hybrids as novel antiplasmodial hits. Eur J. Med.
Chem., 2020, 187, 111927.
http://dx.doi.org/10.1016/j.ejmech.2019.111927
31812035

Kushwaha, P.; Kumar, V.; Saha, B. Current development of
B-carboline derived potential antimalarial scaffolds. Eur J.
Med. Chem., 2023, 252, 115247.
http://dx.doi.org/10.1016/j.ejmech.2023.115247
36931118

Bonilla-Ramirez, L.; Rios, A.; Quiliano, M.; Ramirez-
Calderon, G.; Beltran-Hortelano, I.; Franetich, J.F.; Corcue-
ra, L.; Bordessoulles, M.; Vettorazzi, A.; Lopez de Cerain,
A.; Aldana, I.; Mazier, D.; Pabon, A.; Galiano, S. Novel an-

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

[307]

[308]

[309]

[310]

[311]

[312]

[313]

[314]

[315]

[316]

Current Medicinal Chemistry, XXXX, Vol. XX, No. X 61

timalarial chloroquine- and primaquine-quinoxaline 1,4-di-
N-oxide hybrids: Design, synthesis, Plasmodium life cycle
stage profile, and preliminary toxicity studies. Eur J. Med.
Chem., 2018, 158, 68-81.
http://dx.doi.org/10.1016/j.ejmech.2018.08.063
30199706

Kayamba, F.; Malimabe, T.; Ademola, 1.K.; Pooe, O.J;
Kushwaha, N.D.; Mahlalela, M.; van Zyl, R.L.; Gordon,
M.; Mudau, P.T.; Zininga, T.; Shonhai, A.; Nyamori, V.O.;
Karpoormath, R. Design and synthesis of quinoline-
pyrimidine inspired hybrids as potential plasmodial inhibi-
tors. Eur J. Med. Chem., 2021, 217, 113330.
http://dx.doi.org/10.1016/j.ejmech.2021.113330
33744688

Tripathi, M.; Taylor, D.; Khan, S.I.; Tekwani, B.L.; Pon-
nan, P.; Das, U.S.; Velpandian, T.; Rawat, D.S. Hybridiza-
tion of fluoro-amodiaquine (FAQ) with pyrimidines: Syn-
thesis and antimalarial efficacy of FAQ—pyrimidines. ACS
Med. Chem. Lett, 2019, 10(5), 714-719.
http://dx.doi.org/10.1021/acsmedchemlett.8000496 PMID:
31097988

Maurya, S.S.; Khan, S.1.; Bahuguna, A.; Kumar, D.; Rawat,
D.S. Synthesis, antimalarial activity, heme binding and
docking studies of N -substituted 4-aminoquinoline-
pyrimidine molecular hybrids. Eur J. Med. Chem., 2017,
129, 175-185.
http://dx.doi.org/10.1016/j.ejmech.2017.02.024
28222317

Kholiya, R.; Khan, S.1.; Bahuguna, A.; Tripathi, M.; Rawat,
D.S. N -Piperonyl substitution on aminoquinoline-
pyrimidine hybrids: Effect on the antiplasmodial potency.
Eur J. Med. Chem., 2017, 131, 126-140.
http://dx.doi.org/10.1016/j.ejmech.2017.03.007
28315598

Maurya, S.S.; Bahuguna, A.; Khan, S.I.; Kumar, D.; Kholi-
ya, R.; Rawat, D.S. N-Substituted aminoquinoline-
pyrimidine hybrids: Synthesis, in vitro antimalarial activity
evaluation and docking studies. Eur J. Med. Chem., 2019,
162, 277-289.
http://dx.doi.org/10.1016/j.ejmech.2018.11.021
30448417

Singh, K.; Kaur, H.; Chibale, K.; Balzarini, J. Synthesis of
4-aminoquinoline-pyrimidine hybrids as potent antimalari-
als and their mode of action studies. Eur J. Med. Chem.,
2013, 66, 314-323.

PMID:

PMID:

PMID:

PMID:

PMID:

http://dx.doi.org/10.1016/j.ejmech.2013.05.046 PMID:
23811093
Chopra, R.; Chibale, K.; Singh, K. Pyrimidine-

chloroquinoline hybrids: Synthesis and antiplasmodial ac-
tivity. Eur J. Med. Chem., 2018, 148, 39-53.
http://dx.doi.org/10.1016/j.ejmech.2018.02.021
29454189

Kaur, H.; Machado, M.; de Kock, C.; Smith, P.; Chibale,
K.; Prudéncio, M.; Singh, K. Primaquine-pyrimidine hy-
brids: Synthesis and dual-stage antiplasmodial activity. Eur
J. Med. Chem., 2015, 101, 266-273.
http://dx.doi.org/10.1016/j.ejmech.2015.06.045
26142491

Kaur, H.; Balzarini, J.; de Kock, C.; Smith, P.J.; Chibale,
K.; Singh, K. Synthesis, antiplasmodial activity and mecha-
nistic studies of pyrimidine-5-carbonitrile and quinoline
hybrids. Eur J. Med. Chem., 2015, 101, 52-62.
http://dx.doi.org/10.1016/j.ejmech.2015.06.024
26114811

Claudia, B.; Sorger, D.; Deuther-Conrad, W,
Scheunemann, M. New systematically modified vesamicol

PMID:

PMID:

PMID:


http://dx.doi.org/10.1016/j.bmc.2012.10.019
http://dx.doi.org/10.1016/j.bmc.2012.10.019
http://dx.doi.org/10.1016/j.bmc.2012.10.019
http://www.ncbi.nlm.nih.gov/pubmed/23168082
http://dx.doi.org/10.1021/acsmedchemlett.2c00078
http://dx.doi.org/10.1021/acsmedchemlett.2c00078
http://dx.doi.org/10.1021/acsmedchemlett.2c00078
http://dx.doi.org/10.1021/acsmedchemlett.2c00078
http://www.ncbi.nlm.nih.gov/pubmed/35859870
http://dx.doi.org/10.1016/j.bmcl.2015.04.014
http://dx.doi.org/10.1016/j.bmcl.2015.04.014
http://dx.doi.org/10.1016/j.bmcl.2015.04.014
http://dx.doi.org/10.1016/j.bmcl.2015.04.014
http://dx.doi.org/10.1016/j.bmcl.2015.04.014
http://www.ncbi.nlm.nih.gov/pubmed/25920564
http://dx.doi.org/10.1016/j.bmcl.2013.12.109
http://dx.doi.org/10.1016/j.bmcl.2013.12.109
http://dx.doi.org/10.1016/j.bmcl.2013.12.109
http://dx.doi.org/10.1016/j.bmcl.2013.12.109
http://dx.doi.org/10.1016/j.bmcl.2013.12.109
http://www.ncbi.nlm.nih.gov/pubmed/24424135
http://dx.doi.org/10.1016/j.ejmech.2022.114408
http://dx.doi.org/10.1016/j.ejmech.2022.114408
http://dx.doi.org/10.1016/j.ejmech.2022.114408
http://www.ncbi.nlm.nih.gov/pubmed/35551033
http://dx.doi.org/10.1016/j.ejmech.2021.113687
http://dx.doi.org/10.1016/j.ejmech.2021.113687
http://dx.doi.org/10.1016/j.ejmech.2021.113687
http://dx.doi.org/10.1016/j.ejmech.2021.113687
http://www.ncbi.nlm.nih.gov/pubmed/34274829
http://dx.doi.org/10.1016/j.bmc.2023.117468
http://dx.doi.org/10.1016/j.bmc.2023.117468
http://dx.doi.org/10.1016/j.bmc.2023.117468
http://www.ncbi.nlm.nih.gov/pubmed/37696205
http://dx.doi.org/10.1016/j.ejmech.2019.111927
http://dx.doi.org/10.1016/j.ejmech.2019.111927
http://dx.doi.org/10.1016/j.ejmech.2019.111927
http://www.ncbi.nlm.nih.gov/pubmed/31812035
http://dx.doi.org/10.1016/j.ejmech.2023.115247
http://dx.doi.org/10.1016/j.ejmech.2023.115247
http://dx.doi.org/10.1016/j.ejmech.2023.115247
http://www.ncbi.nlm.nih.gov/pubmed/36931118
http://dx.doi.org/10.1016/j.ejmech.2018.08.063
http://dx.doi.org/10.1016/j.ejmech.2018.08.063
http://dx.doi.org/10.1016/j.ejmech.2018.08.063
http://dx.doi.org/10.1016/j.ejmech.2018.08.063
http://dx.doi.org/10.1016/j.ejmech.2018.08.063
http://www.ncbi.nlm.nih.gov/pubmed/30199706
http://dx.doi.org/10.1016/j.ejmech.2021.113330
http://dx.doi.org/10.1016/j.ejmech.2021.113330
http://dx.doi.org/10.1016/j.ejmech.2021.113330
http://dx.doi.org/10.1016/j.ejmech.2021.113330
http://www.ncbi.nlm.nih.gov/pubmed/33744688
http://dx.doi.org/10.1021/acsmedchemlett.8b00496
http://dx.doi.org/10.1021/acsmedchemlett.8b00496
http://dx.doi.org/10.1021/acsmedchemlett.8b00496
http://dx.doi.org/10.1021/acsmedchemlett.8b00496
http://www.ncbi.nlm.nih.gov/pubmed/31097988
http://dx.doi.org/10.1016/j.ejmech.2017.02.024
http://dx.doi.org/10.1016/j.ejmech.2017.02.024
http://dx.doi.org/10.1016/j.ejmech.2017.02.024
http://dx.doi.org/10.1016/j.ejmech.2017.02.024
http://www.ncbi.nlm.nih.gov/pubmed/28222317
http://dx.doi.org/10.1016/j.ejmech.2017.03.007
http://dx.doi.org/10.1016/j.ejmech.2017.03.007
http://dx.doi.org/10.1016/j.ejmech.2017.03.007
http://www.ncbi.nlm.nih.gov/pubmed/28315598
http://dx.doi.org/10.1016/j.ejmech.2018.11.021
http://dx.doi.org/10.1016/j.ejmech.2018.11.021
http://dx.doi.org/10.1016/j.ejmech.2018.11.021
http://dx.doi.org/10.1016/j.ejmech.2018.11.021
http://www.ncbi.nlm.nih.gov/pubmed/30448417
http://dx.doi.org/10.1016/j.ejmech.2013.05.046
http://dx.doi.org/10.1016/j.ejmech.2013.05.046
http://dx.doi.org/10.1016/j.ejmech.2013.05.046
http://dx.doi.org/10.1016/j.ejmech.2013.05.046
http://www.ncbi.nlm.nih.gov/pubmed/23811093
http://dx.doi.org/10.1016/j.ejmech.2018.02.021
http://dx.doi.org/10.1016/j.ejmech.2018.02.021
http://dx.doi.org/10.1016/j.ejmech.2018.02.021
http://dx.doi.org/10.1016/j.ejmech.2018.02.021
http://www.ncbi.nlm.nih.gov/pubmed/29454189
http://dx.doi.org/10.1016/j.ejmech.2015.06.045
http://dx.doi.org/10.1016/j.ejmech.2015.06.045
http://dx.doi.org/10.1016/j.ejmech.2015.06.045
http://www.ncbi.nlm.nih.gov/pubmed/26142491
http://dx.doi.org/10.1016/j.ejmech.2015.06.024
http://dx.doi.org/10.1016/j.ejmech.2015.06.024
http://dx.doi.org/10.1016/j.ejmech.2015.06.024
http://dx.doi.org/10.1016/j.ejmech.2015.06.024
http://www.ncbi.nlm.nih.gov/pubmed/26114811
http://dx.doi.org/10.1016/j.ejmech.2015.05.033

62 Current Medicinal Chemistry, XXXX, Vol. XX, No. XX

[317]

[318]

[319]

[320]

[321]

[322]

[323]

[324]

[325]

[326]

analogs and their affinity and selectivity for the vesicular
acetylcholine transporter - A critical examination of the lead
structure. Eur J. Med. Chem., 2015, 100, 52-67.
http://dx.doi.org/10.1016/j.ejmech.2015.05.033
26071858

Kannan, M.; Raichurkar, A.V.; Khan, F.R.N.; lyer, P.S.
Synthesis and in vitro evaluation of novel 8-
aminoquinoline-pyrazolopyrimidine hybrids as potent anti-
malarial agents. Bioorg Med. Chem. Lett, 2015, 25(5),
1100-1103.
http://dx.doi.org/10.1016/j.bmcl.2015.01.003
25650255

Manohar, S.; Khan, S.1.; Rawat, D.S. Synthesis, antimalari-
al activity and cytotoxicity of 4-aminoquinoline-triazine
conjugates. Bioorg Med. Chem. Lett, 2010, 20(1), 322-325.

PMID:

PMID:

http://dx.doi.org/10.1016/j.bmcl.2009.10.106 PMID:
19910192

Kumar, A.; Srivastava, K.; Raja Kumar, S.; Siddiqi, M.1;
Puri, S.K.; Sexana, J.K.; Chauhan, P.M.S. 4-

Anilinoquinoline triazines: A novel class of hybrid antima-
larial agents. Eur J. Med. Chem., 2011, 46(2), 676-690.
http://dx.doi.org/10.1016/j.ejmech.2010.12.003 PMID:
21194812

Kumar, A.; Srivastava, K.; Raja Kumar, S.; Puri, S.K;
Chauhan, P.M.S. Synthesis and bioevaluation of hybrid 4-
aminoquinoline triazines as a new class of antimalarial
agents. Bioorg Med. Chem. Lett, 2008, 18(24), 6530-6533.
http://dx.doi.org/10.1016/j.bmcl.2008.10.049 PMID:
18951791

Kumar, A.; Srivastava, K.; Raja Kumar, S.; Puri, S.K;
Chauhan, P.M.S. Synthesis of new 4-aminoquinolines and
quinoline-acridine hybrids as antimalarial agents. Bioorg
Med. Chem. Lett, 2010, 20(23), 7059-7063.
http://dx.doi.org/10.1016/j.bmcl.2010.09.107
20951034

Sunduru, N.; Sharma, M.; Srivastava, K.; Rajakumar, S;
Puri, S.K.; Saxena, J.K.; Chauhan, P.M.S. Synthesis of oxa-
lamide and triazine derivatives as a novel class of hybrid 4-
aminoquinoline with potent antiplasmodial activity. Bioorg
Med. Chem., 2009, 17(17), 6451-6462.
http://dx.doi.org/10.1016/j.bmc.2009.05.075
19665899

Kumar, A.; Srivastava, K.; Raja Kumar, S.; Puri, S.K;
Chauhan, P.M.S. Synthesis of 9-anilinoacridine triazines as
new class of hybrid antimalarial agents. Bioorg Med. Chem.
Lett, 2009, 19(24), 6996-6999.
http://dx.doi.org/10.1016/j.bmcl.2009.10.010
19879137

Fonte, M.; Fontinha, D.; Moita, D.; Cafio-Prades, O.; Ava-
los-Padilla, Y.; Fernandez-Busquets, X.; Prudéncio, M.;
Gomes, P.; Teixeira, C. New 4-(N-cinnamoylbutyl)amino-
acridines as potential multi-stage antiplasmodial leads. Eur
J. Med. Chem., 2023, 258, 115575.
http://dx.doi.org/10.1016/j.ejmech.2023.115575
37390511

Yvette, O.M.; Malan, S.F.; Taylor, D.; Kapp, E.; Joubert, J.
Adamantane amine-linked chloroquinoline derivatives as
chloroquine resistance modulating agents in Plasmodium
falciparum. Bioorg Med. Chem. Lett, 2018, 28(8), 1287-
1291.
http://dx.doi.org/10.1016/j.bmcl.2018.03.026
29559277

Gordey, E.E.; Yadav, P.N.; Merrin, M.P.; Davies, J.; Ward,
S.A.; Woodman, G.M.J.; Sadowy, A.L.; Smith, T.G;
Gossage, R.A. Synthesis and biological activities of 4-N-
(anilinyl-n-[oxazolyl])-7-chloroquinolines (n=3' or 4')

PMID:

PMID:

PMID:

PMID:

PMID:

[327]

[328]

[329]

[330]

[331]

[332]

[333]

[334]

[335]

[336]

Abraham Nudelman

against Plasmodium falciparum in in vitro models. Bioorg
Med. Chem. Lett, 2011, 21(15), 4512-4515.
http://dx.doi.org/10.1016/j.bmcl.2011.05.131
21723121

Andayi, W.A.; Egan, T.J.; Chibale, K. Kojic acid derived
hydroxypyridinone-chloroquine hybrids: Synthesis, crystal
structure, antiplasmodial activity and B-haematin inhibition.
Bioorg Med. Chem. Lett, 2014, 24(15), 3263-3267.
http://dx.doi.org/10.1016/j.bmcl.2014.06.012
24974345

Andayi, W.A.; Egan, T.J.; Gut, J.; Rosenthal, P.J.; Chibale,
K. Synthesis, antiplasmodial activity, and B-hematin inhibi-
tion of hydroxypyridone—chloroquine hybrids. ACS Med.
Chem. Lett, 2013, 4(7), 642-646.
http://dx.doi.org/10.1021/ml4001084 PMID: 24900724
Dana, S.; Valissery, P.; Kumar, S.; Gurung, S.K.; Mondal,
N.; Dhar, S.K.; Mukhopadhyay, P. Synthesis of novel
ciprofloxacin-based hybrid molecules toward potent anti-
malarial activity. ACS Med. Chem. Lett, 2020, 11(7), 1450-
1456.

http://dx.doi.org/10.1021/acsmedchemlett.0c00196 PMID:
32676153

Pinheiro, L.C.S.; Boechat, N.; Ferreira, M.L.G.; Junior,
C.C.S.; Jesus, A.M.L.; Leite, M.M.M.; Souza, N.B.; Krettli,
A.U. Anti- Plasmodium falciparum activity of quinoline-
sulfonamide hybrids. Bioorg Med. Chem., 2015, 23(17),
5979-5984.
http://dx.doi.org/10.1016/j.bmc.2015.06.056
26190461

Shalini, ; Legac, J.; Adeniyi, A.A.; Kisten, P.; Rosenthal,
P.J.; Singh, P.; Kumar, V. Functionalized naphthalimide-4-
aminoquinoline conjugates as promising antiplasmodials,
with mechanistic insights. ACS Med. Chem. Lett, 2020,
11(2), 154-161.
http://dx.doi.org/10.1021/acsmedchemlett.9b00521

Kumar, S.; Gendrot, M.; Fonta, I. Amide tethered 4-
aminoquinoline-hybrids: A new class of possible dual func-
tion antiplasmodials. ACS Med. Chem. Lett, 2020, 11, 2544-
2552,

http://dx.doi.org/10.1021/acsmedchemlett.0c00536

Rojas Ruiz, F.A.; Garcia-Sanchez, R.N.; Estupifian, S.V.;
GoOmez-Barrio, A.; Torres Amado, D.F.; Pérez-Solérzano,
B.M.; Nogal-Ruiz, J.J.; Martinez-Fernandez, A.R.; Kouz-
netsov, V.V. Synthesis and antimalarial activity of new het-
erocyclic hybrids based on chloroquine and thiazolidinone
scaffolds. Bioorg Med. Chem., 2011, 19(15), 4562-4573.
http://dx.doi.org/10.1016/j.bmc.2011.06.025 PMID:
21723734

Sashidhara, K.V.; Kumar, M.; Modukuri, R.K.; Srivastava,
R.K.; Soni, A.; Srivastava, K.; Singh, S.V.; Saxena, J.K.;
Gauniyal, H.M.; Puri, S.K. Antiplasmodial activity of novel
keto-enamine chalcone-chloroquine based hybrid pharma-
cophores. Bioorg Med. Chem., 2012, 20(9), 2971-2981.
http://dx.doi.org/10.1016/j.bmc.2012.03.011 PMID:
22464685

Rani, A.; Sharma, A.; Legac, J.; Rosenthal, P.J.; Singh, P.;
Kumar, V. A trio of quinoline-isoniazid-phthalimide with
promising antiplasmodial potential: Synthesis, in-vitro
evaluation and heme-polymerization inhibition studies.
Bioorg Med. Chem., 2021, 39, 116159.
http://dx.doi.org/10.1016/j.bmc.2021.116159
33895706

Guantai, E.M.; Ncokazi, K.; Egan, T.J.; Gut, J.; Rosenthal,
P.J.; Smith, P.J.; Chibale, K. Design, synthesis and in vitro
antimalarial evaluation of triazole-linked chalcone and

PMID:

PMID:

PMID:

PMID:


http://dx.doi.org/10.1016/j.ejmech.2015.05.033
http://dx.doi.org/10.1016/j.ejmech.2015.05.033
http://dx.doi.org/10.1016/j.ejmech.2015.05.033
http://dx.doi.org/10.1016/j.ejmech.2015.05.033
http://www.ncbi.nlm.nih.gov/pubmed/26071858
http://dx.doi.org/10.1016/j.bmcl.2015.01.003
http://dx.doi.org/10.1016/j.bmcl.2015.01.003
http://dx.doi.org/10.1016/j.bmcl.2015.01.003
http://dx.doi.org/10.1016/j.bmcl.2015.01.003
http://www.ncbi.nlm.nih.gov/pubmed/25650255
http://dx.doi.org/10.1016/j.bmcl.2009.10.106
http://dx.doi.org/10.1016/j.bmcl.2009.10.106
http://dx.doi.org/10.1016/j.bmcl.2009.10.106
http://dx.doi.org/10.1016/j.bmcl.2009.10.106
http://www.ncbi.nlm.nih.gov/pubmed/19910192
http://dx.doi.org/10.1016/j.ejmech.2010.12.003
http://dx.doi.org/10.1016/j.ejmech.2010.12.003
http://dx.doi.org/10.1016/j.ejmech.2010.12.003
http://dx.doi.org/10.1016/j.ejmech.2010.12.003
http://www.ncbi.nlm.nih.gov/pubmed/21194812
http://dx.doi.org/10.1016/j.bmcl.2008.10.049
http://dx.doi.org/10.1016/j.bmcl.2008.10.049
http://dx.doi.org/10.1016/j.bmcl.2008.10.049
http://dx.doi.org/10.1016/j.bmcl.2008.10.049
http://www.ncbi.nlm.nih.gov/pubmed/18951791
http://dx.doi.org/10.1016/j.bmcl.2010.09.107
http://dx.doi.org/10.1016/j.bmcl.2010.09.107
http://dx.doi.org/10.1016/j.bmcl.2010.09.107
http://www.ncbi.nlm.nih.gov/pubmed/20951034
http://dx.doi.org/10.1016/j.bmc.2009.05.075
http://dx.doi.org/10.1016/j.bmc.2009.05.075
http://dx.doi.org/10.1016/j.bmc.2009.05.075
http://dx.doi.org/10.1016/j.bmc.2009.05.075
http://www.ncbi.nlm.nih.gov/pubmed/19665899
http://dx.doi.org/10.1016/j.bmcl.2009.10.010
http://dx.doi.org/10.1016/j.bmcl.2009.10.010
http://dx.doi.org/10.1016/j.bmcl.2009.10.010
http://www.ncbi.nlm.nih.gov/pubmed/19879137
http://dx.doi.org/10.1016/j.ejmech.2023.115575
http://dx.doi.org/10.1016/j.ejmech.2023.115575
http://dx.doi.org/10.1016/j.ejmech.2023.115575
http://www.ncbi.nlm.nih.gov/pubmed/37390511
http://dx.doi.org/10.1016/j.bmcl.2018.03.026
http://dx.doi.org/10.1016/j.bmcl.2018.03.026
http://dx.doi.org/10.1016/j.bmcl.2018.03.026
http://dx.doi.org/10.1016/j.bmcl.2018.03.026
http://www.ncbi.nlm.nih.gov/pubmed/29559277
http://dx.doi.org/10.1016/j.bmcl.2011.05.131
http://dx.doi.org/10.1016/j.bmcl.2011.05.131
http://dx.doi.org/10.1016/j.bmcl.2011.05.131
http://dx.doi.org/10.1016/j.bmcl.2011.05.131
http://www.ncbi.nlm.nih.gov/pubmed/21723121
http://dx.doi.org/10.1016/j.bmcl.2014.06.012
http://dx.doi.org/10.1016/j.bmcl.2014.06.012
http://dx.doi.org/10.1016/j.bmcl.2014.06.012
http://dx.doi.org/10.1016/j.bmcl.2014.06.012
http://dx.doi.org/10.1016/j.bmcl.2014.06.012
http://www.ncbi.nlm.nih.gov/pubmed/24974345
http://dx.doi.org/10.1021/ml4001084
http://dx.doi.org/10.1021/ml4001084
http://dx.doi.org/10.1021/ml4001084
http://www.ncbi.nlm.nih.gov/pubmed/24900724
http://dx.doi.org/10.1021/acsmedchemlett.0c00196
http://dx.doi.org/10.1021/acsmedchemlett.0c00196
http://dx.doi.org/10.1021/acsmedchemlett.0c00196
http://dx.doi.org/10.1021/acsmedchemlett.0c00196
http://www.ncbi.nlm.nih.gov/pubmed/32676153
http://dx.doi.org/10.1016/j.bmc.2015.06.056
http://dx.doi.org/10.1016/j.bmc.2015.06.056
http://dx.doi.org/10.1016/j.bmc.2015.06.056
http://www.ncbi.nlm.nih.gov/pubmed/26190461
http://dx.doi.org/10.1021/acsmedchemlett.9b00521
http://dx.doi.org/10.1021/acsmedchemlett.9b00521
http://dx.doi.org/10.1021/acsmedchemlett.9b00521
http://dx.doi.org/10.1021/acsmedchemlett.9b00521
http://dx.doi.org/10.1021/acsmedchemlett.0c00536
http://dx.doi.org/10.1021/acsmedchemlett.0c00536
http://dx.doi.org/10.1021/acsmedchemlett.0c00536
http://dx.doi.org/10.1021/acsmedchemlett.0c00536
http://dx.doi.org/10.1016/j.bmc.2011.06.025
http://dx.doi.org/10.1016/j.bmc.2011.06.025
http://dx.doi.org/10.1016/j.bmc.2011.06.025
http://dx.doi.org/10.1016/j.bmc.2011.06.025
http://www.ncbi.nlm.nih.gov/pubmed/21723734
http://dx.doi.org/10.1016/j.bmc.2012.03.011
http://dx.doi.org/10.1016/j.bmc.2012.03.011
http://dx.doi.org/10.1016/j.bmc.2012.03.011
http://dx.doi.org/10.1016/j.bmc.2012.03.011
http://www.ncbi.nlm.nih.gov/pubmed/22464685
http://dx.doi.org/10.1016/j.bmc.2021.116159
http://dx.doi.org/10.1016/j.bmc.2021.116159
http://dx.doi.org/10.1016/j.bmc.2021.116159
http://dx.doi.org/10.1016/j.bmc.2021.116159
http://dx.doi.org/10.1016/j.bmc.2021.116159
http://www.ncbi.nlm.nih.gov/pubmed/33895706
http://dx.doi.org/10.1016/j.bmc.2010.10.009
http://dx.doi.org/10.1016/j.bmc.2010.10.009

Hybrids/Conjugates/Chimera Drugs-Antimicrobial Hybrids

[337]

[338]

[339]

[340]

[341]

[342]

[343]

[344]

dienone hybrid compounds. Bioorg Med. Chem., 2010,
18(23), 8243-8256.
http://dx.doi.org/10.1016/j.bmc.2010.10.009
21044845

Pavi¢, K.; Perkovi¢, 1.; Pospisilova, S.; Machado, M.;
Fontinha, D.; Prudéncio, M.; Jampilek, J.; Coffey, A;
Endersen, L.; Rimac, H.; Zorc, B. Primaquine hybrids as
promising antimycobacterial and antimalarial agents. Eur J.
Med. Chem., 2018, 143, 769-779.
http://dx.doi.org/10.1016/j.ejmech.2017.11.083
29220797

Relitti, N.; Federico, S.; Pozzetti, L.; Butini, S.; Lamponi,
S.; Taramelli, D.; D’Alessandro, S.; Martin, R.E.; Shafik,
S.H.; Summers, R.L.; Babij, S.K.; Habluetzel, A.; Tapan-
elli, S.; Caldelari, R.; Gemma, S.; Campiani, G. Synthesis
and biological evaluation of benzhydryl-based antiplasmo-
dial agents possessing Plasmodium falciparum chloroquine
resistance transporter (PfCRT) inhibitory activity. Eur J.
Med. Chem., 2021, 215, 113227.
http://dx.doi.org/10.1016/j.ejmech.2021.113227
33601312

Chauhan, K.; Sharma, M.; Saxena, J.; Singh, S.V.; Trivedi,
P.; Srivastava, K.; Puri, S.K.; Saxena, J.K.; Chaturvedi, V.;
Chauhan, P.M.S. Synthesis and biological evaluation of a
new class of 4-aminoquinoline-rhodanine hybrid as potent
anti-infective agents. Eur J. Med. Chem., 2013, 62, 693-
704.
http://dx.doi.org/10.1016/j.ejmech.2013.01.017
23454512

Reddy, P.L.; Khan, S.1.; Ponnan, P.; Tripathi, M.; Rawat,
D.S. Design, synthesis and evaluation of 4-aminoquinoline-
purine hybrids as potential antiplasmodial agents. Eur J.
Med. Chem., 2017, 126, 675-686.
http://dx.doi.org/10.1016/j.ejmech.2016.11.057
27936446

Boechat, N.; Carvalho, R.C.C.; Ferreira, M.L.G.; Coutinho,
J.P.; Sa, P.M.; Seito, L.N.; Rosas, E.C.; Krettli, A.U;
Bastos, M.M.; Pinheiro, L.C.S. Antimalarial and anti-
inflammatory activities of new chloroquine and primaquine
hybrids: Targeting the blockade of malaria parasite trans-
mission. Bioorg Med. Chem., 2020, 28(24), 115832.
http://dx.doi.org/10.1016/j.bmc.2020.115832
33166927

Marinho, J.A.; Martins Guimaraes, D.S.; Glanzmann, N.; de
Almeida Pimentel, G.; Karine da Costa Nunes, |.; Gualberto
Pereira, H.M.; Navarro, M.; de Pilla Varotti, F.; David da
Silva, A.; Abramo, C. In vitro and in vivo antiplasmodial
activity of novel quinoline derivative compounds by molec-
ular hybridization. Eur J. Med. Chem., 2021, 215, 113271.
http://dx.doi.org/10.1016/j.ejmech.2021.113271 PMID:
33596489

Teng, Y.; Suwanarusk, R.; Ngai, M.H.; Srinivasan, R.; Ong,
A.S.M.; Ho, B.; Rénia, L.; Chai, C.L.L. An ami-
dation/cyclization approach to the synthesis of N-
hydroxyquinolinones and their biological evaluation as po-
tential anti-plasmodial, anti-bacterial, and iron(I1)-chelating
agents. Bioorg Med. Chem. Lett, 2015, 25(3), 607-610.
http://dx.doi.org/10.1016/j.bmcl.2014.12.014 PMID:
25544370

Bokosi, F.R.B.; Beteck, R.M.; Mbaba, M.; Mtshare, T.E.;
Laming, D.; Hoppe, H.C.; Khanye, S.D. Design, synthesis
and biological evaluation of mono- and bisquinoline meth-
anamine derivatives as potential antiplasmodial agents.
Bioorg Med. Chem. Lett, 2021, 38, 127855.
http://dx.doi.org/10.1016/j.bmcl.2021.127855
33609655

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:

[345]

[346]

[347]

[348]

[349]

[350]

[351]

[352]

[353]

[354]

Current Medicinal Chemistry, XXXX, Vol. XX, No. X 63

Carvalho, R.C.C.; Martins, W.A,; Silva, T.P.; Kaiser, C.R.;
Bastos, M.M.; Pinheiro, L.C.S.; Krettli, A.U.; Boechat, N.
New pentasubstituted pyrrole hybrid atorvastatin-quinoline
derivatives with antiplasmodial activity. Bioorg Med.
Chem. Lett, 2016, 26(8), 1881-1884.
http://dx.doi.org/10.1016/j.bmcl.2016.03.027
26988303

da Silva, R.M.R.J.; Gandi, M.O.; Mendonga, J.S.; Carvalho,
A.S.; Coutinho, J.P.; Aguiar, A.C.C.; Krettli, A.U.; Boe-
chat, N. New hybrid trifluoromethylquinolines as antiplas-
modium agents. Bioorg Med. Chem., 2019, 27(6), 1002-
1008.
http://dx.doi.org/10.1016/j.bmc.2019.01.044
30737133

Vandekerckhove, S.; Desmet, T.; Tran, H.G.; de Kock, C.;
Smith, P.J.; Chibale, K.; D’hooghe, M. Synthesis of halo-
genated 4-quinolones and evaluation of their antiplasmodial
activity. Bioorg Med. Chem. Lett, 2014, 24(4), 1214-1217.
http://dx.doi.org/10.1016/j.bmcl.2013.12.067 PMID:
24468411

Walsh, J.J.; Coughlan, D.; Heneghan, N.; Gaynor, C.; Bell,
A. A novel artemisinin-quinine hybrid with potent antima-
larial activity. Bioorg Med. Chem. Lett, 2007, 17(13), 3599-
3602.
http://dx.doi.org/10.1016/j.bmcl.2007.04.054
17482816

Capela, R.; Cabal, G.G.; Rosenthal, P.J.; Gut, J.; Mota,
M.M.; Moreira, R.; Lopes, F.; Prudéncio, M. Design and
evaluation of primaquine-artemisinin hybrids as a multi-
stage antimalarial strategy. Antimicrob Agents Chemother,
2011, 55(10), 4698-4706.
http://dx.doi.org/10.1128/AAC.05133-11 PMID: 21807973
Frohlich, T.; Kiss, A.; Wélfling, J.; Mernyék, E.; Kulmany,
A.E.; Minorics, R.; Zupkd, 1.; Leidenberger, M.; Friedrich,
O.; Kappes, B.; Hahn, F.; Marschall, M.; Schneider, G,;
Tsogoeva, S.B. Synthesis of artemisinin—estrogen hybrids
highly active against HCMV, P. falciparum, and cervical
and breast cancer. ACS Med. Chem. Lett, 2018, 9(11), 1128-
1133.

http://dx.doi.org/10.1021/acsmedchemlett.8000381 PMID:
30429957

Wang, N.; Wicht, K.J.; Shaban, E.; Ngoc, T.A.; Wang,
M.Q.; Hayashi, I.; Hossain, M.1.; Takemasa, Y.; Kaiser, M.;
El Tantawy El Sayed, I.; Egan, T.J.; Inokuchi, T. Synthesis
and evaluation of artesunate-indoloquinoline hybrids as an-
timalarial drug candidates. MedChemComm, 2014, 5(7),
927-931.

http://dx.doi.org/10.1039/C4MDO00091A

Joubert, J.P.; Smit, F.J.; du Plessis, L.; Smith, P.J.; N’Da,
D.D. Synthesis and in vitro biological evaluation of amino-
acridines and artemisinin-acridine hybrids. Eur J. Pharm.
Sci., 2014, 56, 16-27.
http://dx.doi.org/10.1016/j.ejps.2014.01.014
24560941

Cloete, T.T.; de Kock, C.; Smith, P.J.; N’Da, D.D. Synthe-
sis, in vitro antiplasmodial activity and cytotoxicity of a se-
ries of artemisinin-triazine hybrids and hybrid-dimers. Eur
J. Med. Chem., 2014, 76, 470-481.
http://dx.doi.org/10.1016/j.ejmech.2014.01.040
24602791

Lombard, M.C.; N’Da, D.D.; Breytenbach, J.C.; Smith,
P.J.; Lategan, C.A. Synthesis, in vitro antimalarial and cyto-
toxicity of artemisinin-aminoquinoline hybrids. Bioorg
Med. Chem. Lett, 2011, 21(6), 1683-1686.
http://dx.doi.org/10.1016/j.bmcl.2011.01.103
21316959

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:


http://dx.doi.org/10.1016/j.bmc.2010.10.009
http://dx.doi.org/10.1016/j.bmc.2010.10.009
http://www.ncbi.nlm.nih.gov/pubmed/21044845
http://dx.doi.org/10.1016/j.ejmech.2017.11.083
http://dx.doi.org/10.1016/j.ejmech.2017.11.083
http://dx.doi.org/10.1016/j.ejmech.2017.11.083
http://www.ncbi.nlm.nih.gov/pubmed/29220797
http://dx.doi.org/10.1016/j.ejmech.2021.113227
http://dx.doi.org/10.1016/j.ejmech.2021.113227
http://dx.doi.org/10.1016/j.ejmech.2021.113227
http://dx.doi.org/10.1016/j.ejmech.2021.113227
http://dx.doi.org/10.1016/j.ejmech.2021.113227
http://www.ncbi.nlm.nih.gov/pubmed/33601312
http://dx.doi.org/10.1016/j.ejmech.2013.01.017
http://dx.doi.org/10.1016/j.ejmech.2013.01.017
http://dx.doi.org/10.1016/j.ejmech.2013.01.017
http://dx.doi.org/10.1016/j.ejmech.2013.01.017
http://www.ncbi.nlm.nih.gov/pubmed/23454512
http://dx.doi.org/10.1016/j.ejmech.2016.11.057
http://dx.doi.org/10.1016/j.ejmech.2016.11.057
http://dx.doi.org/10.1016/j.ejmech.2016.11.057
http://www.ncbi.nlm.nih.gov/pubmed/27936446
http://dx.doi.org/10.1016/j.bmc.2020.115832
http://dx.doi.org/10.1016/j.bmc.2020.115832
http://dx.doi.org/10.1016/j.bmc.2020.115832
http://dx.doi.org/10.1016/j.bmc.2020.115832
http://dx.doi.org/10.1016/j.bmc.2020.115832
http://www.ncbi.nlm.nih.gov/pubmed/33166927
http://dx.doi.org/10.1016/j.ejmech.2021.113271
http://dx.doi.org/10.1016/j.ejmech.2021.113271
http://dx.doi.org/10.1016/j.ejmech.2021.113271
http://dx.doi.org/10.1016/j.ejmech.2021.113271
http://www.ncbi.nlm.nih.gov/pubmed/33596489
http://dx.doi.org/10.1016/j.bmcl.2014.12.014
http://dx.doi.org/10.1016/j.bmcl.2014.12.014
http://dx.doi.org/10.1016/j.bmcl.2014.12.014
http://dx.doi.org/10.1016/j.bmcl.2014.12.014
http://dx.doi.org/10.1016/j.bmcl.2014.12.014
http://dx.doi.org/10.1016/j.bmcl.2014.12.014
http://www.ncbi.nlm.nih.gov/pubmed/25544370
http://dx.doi.org/10.1016/j.bmcl.2021.127855
http://dx.doi.org/10.1016/j.bmcl.2021.127855
http://dx.doi.org/10.1016/j.bmcl.2021.127855
http://dx.doi.org/10.1016/j.bmcl.2021.127855
http://dx.doi.org/10.1016/j.bmcl.2021.127855
http://www.ncbi.nlm.nih.gov/pubmed/33609655
http://dx.doi.org/10.1016/j.bmcl.2016.03.027
http://dx.doi.org/10.1016/j.bmcl.2016.03.027
http://dx.doi.org/10.1016/j.bmcl.2016.03.027
http://www.ncbi.nlm.nih.gov/pubmed/26988303
http://dx.doi.org/10.1016/j.bmc.2019.01.044
http://dx.doi.org/10.1016/j.bmc.2019.01.044
http://dx.doi.org/10.1016/j.bmc.2019.01.044
http://www.ncbi.nlm.nih.gov/pubmed/30737133
http://dx.doi.org/10.1016/j.bmcl.2013.12.067
http://dx.doi.org/10.1016/j.bmcl.2013.12.067
http://dx.doi.org/10.1016/j.bmcl.2013.12.067
http://dx.doi.org/10.1016/j.bmcl.2013.12.067
http://www.ncbi.nlm.nih.gov/pubmed/24468411
http://dx.doi.org/10.1016/j.bmcl.2007.04.054
http://dx.doi.org/10.1016/j.bmcl.2007.04.054
http://dx.doi.org/10.1016/j.bmcl.2007.04.054
http://www.ncbi.nlm.nih.gov/pubmed/17482816
http://dx.doi.org/10.1128/AAC.05133-11
http://dx.doi.org/10.1128/AAC.05133-11
http://dx.doi.org/10.1128/AAC.05133-11
http://dx.doi.org/10.1128/AAC.05133-11
http://www.ncbi.nlm.nih.gov/pubmed/21807973
http://dx.doi.org/10.1021/acsmedchemlett.8b00381
http://dx.doi.org/10.1021/acsmedchemlett.8b00381
http://dx.doi.org/10.1021/acsmedchemlett.8b00381
http://dx.doi.org/10.1021/acsmedchemlett.8b00381
http://www.ncbi.nlm.nih.gov/pubmed/30429957
http://dx.doi.org/10.1039/C4MD00091A
http://dx.doi.org/10.1039/C4MD00091A
http://dx.doi.org/10.1039/C4MD00091A
http://dx.doi.org/10.1039/C4MD00091A
http://dx.doi.org/10.1016/j.ejps.2014.01.014
http://dx.doi.org/10.1016/j.ejps.2014.01.014
http://dx.doi.org/10.1016/j.ejps.2014.01.014
http://www.ncbi.nlm.nih.gov/pubmed/24560941
http://dx.doi.org/10.1016/j.ejmech.2014.01.040
http://dx.doi.org/10.1016/j.ejmech.2014.01.040
http://dx.doi.org/10.1016/j.ejmech.2014.01.040
http://dx.doi.org/10.1016/j.ejmech.2014.01.040
http://www.ncbi.nlm.nih.gov/pubmed/24602791
http://dx.doi.org/10.1016/j.bmcl.2011.01.103
http://dx.doi.org/10.1016/j.bmcl.2011.01.103
http://dx.doi.org/10.1016/j.bmcl.2011.01.103
http://www.ncbi.nlm.nih.gov/pubmed/21316959

64 Current Medicinal Chemistry, XXXX, Vol. XX, No. XX

[355]

[356]

[357]

[358]

[359]

[360]

[361]

[362]

[363]

Lombard, M.C.; N’Da, D.D.; Breytenbach, J.C.; Smith,
P.J.; Lategan, C.A. Artemisinin-quinoline hybrid-dimers:
Synthesis and in vitro antiplasmodial activity. Bioorg Med.
Chem. Lett, 2010, 20(23), 6975-6977.
http://dx.doi.org/10.1016/j.bmcl.2010.09.130
20971006

Bertinaria, M.; Orjuela-Sanchez, P.; Marini, E.; Guglielmo,
S.; Hofer, A.; Martins, Y.C.; Zanini, G.M.; Frangos, J.A,;
Gasco, A.; Fruttero, R.; Carvalho, L.J.M. NO-donor dihy-
droartemisinin derivatives as multitarget agents for the
treatment of cerebral malaria. J. Med. Chem., 2015, 58(19),
7895-7899.
http://dx.doi.org/10.1021/acs.jmedchem.5b01036
26367273

Aminake, M.N.; Mahajan, A.; Kumar, V.; Hans, R,;
Wiesner, L.; Taylor, D.; de Kock, C.; Grobler, A.; Smith,
P.J.; Kirschner, M.; Rethwilm, A.; Pradel, G.; Chibale, K.
Synthesis and evaluation of hybrid drugs for a potential
HIV/AIDS-malaria combination therapy. Bioorg Med.
Chem., 2012, 20(17), 5277-5289.
http://dx.doi.org/10.1016/j.bmc.2012.06.038
22858300

Aratikatla, E.K.; Kalamuddin, M.; Rana, K.C.; Datta, G.;
Asad, M.; Sundararaman, S.; Malhotra, P.; Mohmmed, A.;
Bhattacharya, A.K. Combating multi-drug resistant malaria
parasite by inhibiting falcipain-2 and heme-polymerization:
Artemisinin-peptidyl vinyl phosphonate hybrid molecules
as new antimalarials. Eur J. Med. Chem., 2021, 220,
113454,
http://dx.doi.org/10.1016/j.ejmech.2021.113454
33901900

Capela, R.; Oliveira, R.; Gongalves, L.M.; Domingos, A;
Gut, J.; Rosenthal, P.J.; Lopes, F.; Moreira, R. Artemisinin-
dipeptidyl vinyl sulfone hybrid molecules: Design, synthe-
sis and preliminary SAR for antiplasmodial activity and fal-
cipain-2 inhibition. Bioorg Med. Chem. Lett, 2009, 19(12),
3229-3232.
http://dx.doi.org/10.1016/j.bmcl.2009.04.100
19435664

Njogu, P.M.; Gut, J.; Rosenthal, P.J.; Chibale, K. Design,
Synthesis, and antiplasmodial activity of hybrid compounds
based on (2R,3S)-N-benzoyl-3-phenylisoserine. ACS Med.
Chem. Lett, 2013, 4(7), 637-641.
http://dx.doi.org/10.1021/ml400164t PMID: 24900723
Frohlich, T.; Reiter, C.; Saeed, M.E.M.; Hutterer, C.; Hahn,
F.; Leidenberger, M.; Friedrich, O.; Kappes, B.; Marschall,
M.; Efferth, T.; Tsogoeva, S.B. Synthesis of thymoqui-
none—artemisinin hybrids: New potent antileukemia, antivi-
ral, and antimalarial agents. ACS Med. Chem. Lett, 2018,
9(6), 534-539.
http://dx.doi.org/10.1021/acsmedchemlett.7b00412 PMID:
29937978

Araujo, N.C.P.; Barton, V.; Jones, M.; Stocks, P.A.; Ward,
S.A.; Davies, J.; Bray, P.G.; Shone, A.E.; Cristiano, M.L.S.;
O’Neill, P.M. Semi-synthetic and synthetic 1,2,4-
trioxaquines and 1,2,4-trioxolaquines: Synthesis, prelimi-
nary SAR and comparison with acridine endoperoxide con-
jugates. Bioorg Med. Chem. Lett, 2009, 19(7), 2038-2043.
http://dx.doi.org/10.1016/j.bmcl.2009.02.013 PMID:
19251414

Oliveira, R.; Newton, A.S.; Guedes, R.C.; Miranda, D.;
Amewu, R.K.; Srivastava, A.; Gut, J.; Rosenthal, P.J.;

PMID:

PMID:

PMID:

PMID:

PMID:

[364]

[365]

[366]

[367]

[368]

[369]

[370]

[371]

Abraham Nudelman

O’Neill, P.M.; Ward, S.A.; Lopes, F.; Moreira, R. An en-
doperoxide-based hybrid approach to deliver falcipain in-
hibitors inside malaria parasites. ChemMedChem, 2013,
8(9), 1528-1536.
http://dx.doi.org/10.1002/cmdc.201300202
23853126

Oliveira, R.; Guedes, R.C.; Meireles, P.; Albuquerque, 1.S.;
Gongalves, L.M.; Pires, E.; Bronze, M.R.; Gut, J.; Rosen-
thal, P.J.; Prudéncio, M.; Moreira, R.; O’Neill, P.M.; Lopes,
F. Tetraoxane-pyrimidine nitrile hybrids as dual stage anti-
malarials. J. Med. Chem., 2014, 57(11), 4916-4923.
http://dx.doi.org/10.1021/jm5004528 PMID: 24824551
Miranda, D.; Capela, R.; Albuquerque, I.S.; Meireles, P.;
Paiva, I.; Nogueira, F.; Amewu, R.; Gut, J.; Rosenthal, P.J.;
Oliveira, R.; Mota, M.M.; Moreira, R.; Marti, F.; Prudén-
cio, M.; O’Neill, P.M.; Lopes, F. Novel endoperoxide-
based transmission-blocking antimalarials with liver- and
blood-schizontocidal activities. ACS Med. Chem. Lett,
2014, 5(2), 108-112.

http://dx.doi.org/10.1021/ml4002985 PMID: 24900781
Capela, R.; Magalhdes, J.; Miranda, D.; Machado, M,;
Sanches-Vaz, M.; Albuquerque, 1.S.; Sharma, M.; Gut, J.;
Rosenthal, P.J.; Frade, R.; Perry, M.J.; Moreira, R.; Prudén-
cio, M.; Lopes, F. Endoperoxide-8-aminoquinoline hybrids
as dual-stage antimalarial agents with enhanced metabolic
stability. Eur J. Med. Chem., 2018, 149, 69-78.
http://dx.doi.org/10.1016/j.ejmech.2018.02.048
29499488

Pepe, D.A.; Toumpa, D.; André-Barres, C.; Menendez, C.;
Mouray, E.; Baltas, M.; Grellier, P.; Papaioannou, D.; Ath-
anassopoulos, C.M. Synthesis of novel G factor or chloro-
quine-artemisinin hybrids and conjugates with potent an-
tiplasmodial activity. ACS Med. Chem. Lett, 2020, 11(5),
921-927.
http://dx.doi.org/10.1021/acsmedchemlett.9b00669 PMID:
32435406

Benoit-Vical, F.; Lelievre, J.; Berry, A.; Deymier, C.;
Dechy-Cabaret, O.; Cazelles, J.; Loup, C.; Robert, A;
Magnaval, J.F.; Meunier, B. Trioxaquines are new antima-
larial agents active on all erythrocytic forms, including ga-
metocytes. Antimicrob Agents Chemother, 2007, 51(4),
1463-1472.

http://dx.doi.org/10.1128/AAC.00967-06 PMID: 17242150
Sashidhara, K.V.; Kumar, A.; Dodda, R.P.; Krishna, N.N.;
Agarwal, P.; Srivastava, K.; Puri, S.K. Coumarin-trioxane
hybrids: Synthesis and evaluation as a new class of antima-
larial scaffolds. Bioorg Med. Chem. Lett, 2012, 22(12),
3926-3930.
http://dx.doi.org/10.1016/j.bmcl.2012.04.100
22607674

Capci1 Karagdz, A.; Reiter, C.; Seo, E.J.; Gruber, L.; Hahn,
F.; Leidenberger, M.; Klein, V.; Hampel, F.; Friedrich, O.;
Marschall, M.; Kappes, B.; Efferth, T.; Tsogoeva, S.B. Ac-
cess to new highly potent antileukemia, antiviral and anti-
malarial agents via hybridization of natural products (ho-
mo)egonol, thymoquinone and artemisinin. Bioorg Med.
Chem., 2018, 26(12), 3610-3618.
http://dx.doi.org/10.1016/j.bmc.2018.05.041
29887512

Bellot, F.; Coslédan, F.; Vendier, L.; Brocard, J.; Meunier,
B.; Robert, A. Trioxaferroquines as new hybrid antimalarial
drugs. J. Med. Chem., 2010, 53(10), 4103-4109.

PMID:

PMID:

PMID:

PMID:


http://dx.doi.org/10.1016/j.bmcl.2010.09.130
http://dx.doi.org/10.1016/j.bmcl.2010.09.130
http://dx.doi.org/10.1016/j.bmcl.2010.09.130
http://www.ncbi.nlm.nih.gov/pubmed/20971006
http://dx.doi.org/10.1021/acs.jmedchem.5b01036
http://dx.doi.org/10.1021/acs.jmedchem.5b01036
http://dx.doi.org/10.1021/acs.jmedchem.5b01036
http://dx.doi.org/10.1021/acs.jmedchem.5b01036
http://www.ncbi.nlm.nih.gov/pubmed/26367273
http://dx.doi.org/10.1016/j.bmc.2012.06.038
http://dx.doi.org/10.1016/j.bmc.2012.06.038
http://dx.doi.org/10.1016/j.bmc.2012.06.038
http://www.ncbi.nlm.nih.gov/pubmed/22858300
http://dx.doi.org/10.1016/j.ejmech.2021.113454
http://dx.doi.org/10.1016/j.ejmech.2021.113454
http://dx.doi.org/10.1016/j.ejmech.2021.113454
http://dx.doi.org/10.1016/j.ejmech.2021.113454
http://dx.doi.org/10.1016/j.ejmech.2021.113454
http://www.ncbi.nlm.nih.gov/pubmed/33901900
http://dx.doi.org/10.1016/j.bmcl.2009.04.100
http://dx.doi.org/10.1016/j.bmcl.2009.04.100
http://dx.doi.org/10.1016/j.bmcl.2009.04.100
http://dx.doi.org/10.1016/j.bmcl.2009.04.100
http://dx.doi.org/10.1016/j.bmcl.2009.04.100
http://www.ncbi.nlm.nih.gov/pubmed/19435664
http://dx.doi.org/10.1021/ml400164t
http://dx.doi.org/10.1021/ml400164t
http://dx.doi.org/10.1021/ml400164t
http://dx.doi.org/10.1021/ml400164t
http://www.ncbi.nlm.nih.gov/pubmed/24900723
http://dx.doi.org/10.1021/acsmedchemlett.7b00412
http://dx.doi.org/10.1021/acsmedchemlett.7b00412
http://dx.doi.org/10.1021/acsmedchemlett.7b00412
http://dx.doi.org/10.1021/acsmedchemlett.7b00412
http://www.ncbi.nlm.nih.gov/pubmed/29937978
http://dx.doi.org/10.1016/j.bmcl.2009.02.013
http://dx.doi.org/10.1016/j.bmcl.2009.02.013
http://dx.doi.org/10.1016/j.bmcl.2009.02.013
http://dx.doi.org/10.1016/j.bmcl.2009.02.013
http://dx.doi.org/10.1016/j.bmcl.2009.02.013
http://www.ncbi.nlm.nih.gov/pubmed/19251414
http://dx.doi.org/10.1002/cmdc.201300202
http://dx.doi.org/10.1002/cmdc.201300202
http://dx.doi.org/10.1002/cmdc.201300202
http://dx.doi.org/10.1002/cmdc.201300202
http://www.ncbi.nlm.nih.gov/pubmed/23853126
http://dx.doi.org/10.1021/jm5004528
http://dx.doi.org/10.1021/jm5004528
http://dx.doi.org/10.1021/jm5004528
http://www.ncbi.nlm.nih.gov/pubmed/24824551
http://dx.doi.org/10.1021/ml4002985
http://dx.doi.org/10.1021/ml4002985
http://dx.doi.org/10.1021/ml4002985
http://dx.doi.org/10.1021/ml4002985
http://www.ncbi.nlm.nih.gov/pubmed/24900781
http://dx.doi.org/10.1016/j.ejmech.2018.02.048
http://dx.doi.org/10.1016/j.ejmech.2018.02.048
http://dx.doi.org/10.1016/j.ejmech.2018.02.048
http://dx.doi.org/10.1016/j.ejmech.2018.02.048
http://www.ncbi.nlm.nih.gov/pubmed/29499488
http://dx.doi.org/10.1021/acsmedchemlett.9b00669
http://dx.doi.org/10.1021/acsmedchemlett.9b00669
http://dx.doi.org/10.1021/acsmedchemlett.9b00669
http://dx.doi.org/10.1021/acsmedchemlett.9b00669
http://www.ncbi.nlm.nih.gov/pubmed/32435406
http://dx.doi.org/10.1128/AAC.00967-06
http://dx.doi.org/10.1128/AAC.00967-06
http://dx.doi.org/10.1128/AAC.00967-06
http://dx.doi.org/10.1128/AAC.00967-06
http://www.ncbi.nlm.nih.gov/pubmed/17242150
http://dx.doi.org/10.1016/j.bmcl.2012.04.100
http://dx.doi.org/10.1016/j.bmcl.2012.04.100
http://dx.doi.org/10.1016/j.bmcl.2012.04.100
http://dx.doi.org/10.1016/j.bmcl.2012.04.100
http://www.ncbi.nlm.nih.gov/pubmed/22607674
http://dx.doi.org/10.1016/j.bmc.2018.05.041
http://dx.doi.org/10.1016/j.bmc.2018.05.041
http://dx.doi.org/10.1016/j.bmc.2018.05.041
http://dx.doi.org/10.1016/j.bmc.2018.05.041
http://dx.doi.org/10.1016/j.bmc.2018.05.041
http://www.ncbi.nlm.nih.gov/pubmed/29887512
http://dx.doi.org/10.1021/jm100117e
http://dx.doi.org/10.1021/jm100117e

Hybrids/Conjugates/Chimera Drugs-Antimicrobial Hybrids

[372]

[373]

[374]

[375]

[376]

[377]

[378]

[379]

[380]

http://dx.doi.org/10.1021/jm100117e PMID: 20443628
Biot, C.; Nosten, F.; Fraisse, L.; Ter-Minassian, D.; Khalife,
J.; Dive, D. The antimalarial ferroquine: From bench to
clinic. Parasite, 2011, 18(3), 207-214.
http://dx.doi.org/10.1051/parasite/2011183207
21894260

Wani, W.A.; Jameel, E.; Baig, U.; Mumtazuddin, S.; Hun,
L.T. Ferroquine and its derivatives: New generation of an-
timalarial agents. Eur J. Med. Chem., 2015, 101, 534-551.
http://dx.doi.org/10.1016/j.ejmech.2015.07.009 PMID:
26188909

Salas, P.F.; Herrmann, C.; Cawthray, J.F.; Nimphius, C,;
Kenkel, A.; Chen, J.; de Kock, C.; Smith, P.J.; Patrick,
B.O.; Adam, M.J.; Orvig, C. Structural characteristics of
chloroquine-bridged ferrocenophane analogues of ferro-
quine may obviate malaria drug-resistance mechanisms. J.
Med. Chem., 2013, 56(4), 1596-1613.
http://dx.doi.org/10.1021/jm301422h PMID: 23327489
Delhaes, L.; Biot, C.; Berry, L.; Maciejewski, L.A.; Camus,
D.; Brocard, J.S.; Dive, D. Novel ferrocenic artemisinin de-
rivatives: Synthesis, in vitro antimalarial activity and affini-
ty of binding with ferroprotoporphyrin IX. Bioorg Med.
Chem., 2000, 8(12), 2739-2745.
http://dx.doi.org/10.1016/S0968-0896(00)00206-6  PMID:
11131165

de Lange, C.; Coertzen, D.; Smit, F.J.; Wentzel, J.F.; Wong,
H.N.; Birkholtz, L.M.; Haynes, R.K.; N’Da, D.D. Synthe-
sis, antimalarial activities and cytotoxicities of amino-

PMID:

artemisinin-1,2-disubstituted ferrocene hybrids. Bioorg
Med. Chem. Lett, 2018, 28(19), 3161-3163.
http://dx.doi.org/10.1016/j.bmcl.2018.08.037 PMID:

30174153

Biot, C.; Pradines, B.; Sergeant, M.H.; Gut, J.; Rosenthal,
P.J.; Chibale, K. Design, synthesis, and antimalarial activity
of structural chimeras of thiosemicarbazone and ferroquine
analogues. Bioorg Med. Chem. Lett, 2007, 17(23), 6434-
6438.
http://dx.doi.org/10.1016/j.bmcl.2007.10.003
17949976

Chopin, N.; Bosson, J.; likawa, S.; Picot, S.; Bienvenu,
A.L.; Lavoignat, A.; Bonnot, G.; Riou, M.; Beaugé, C.;
Guillory, V.; Biot, C.; Pilet, G.; Chessé, M.; Davioud-
Charvet, E.; Elhabiri, M.; Bouillon, J.P.; Médebielle, M.
Evaluation of ferrocenyl-containing y-hydroxy-y-lactam-
derived tetramates as potential antiplasmodials. Eur J. Med.
Chem., 2022, 243, 114735.
http://dx.doi.org/10.1016/j.ejmech.2022.114735
36122550

Herrmann, C.; Salas, P.F.; Patrick, B.O.; Kock, C.; Smith,
P.J.; Adam, M.J.; Orvig, C. Modular synthesis of 1,2- and
1,1’-disubstituted ferrocenyl carbohydrate chloroquine and
mefloquine conjugates as potential antimalarial agents. Or-
ganometallics, 2012, 31(16), 5748-5759.
http://dx.doi.org/10.1021/0m300392q

Aksi¢, J.; GenCi¢, M.; Stojanovi¢, N.; Radulovi¢, N.; Zlat-
kovi¢, D.; Dimitrijevi¢, M.; Stojanovi¢-Radié, Z.; Srblja-
novi¢, J.; Stajner, T.; Jovanovi¢, L. New iron twist to chlo-
roquine upgrading antimalarials with immunomodulatory
and antimicrobial features. J. Med. Chem., 2023, 66(3),
2084-2101.
http://dx.doi.org/10.1021/acs.jmedchem.2c01851
36661364

PMID:

PMID:

PMID:

[381]

[382]

[383]

[384]

[385]

[386]

[387]

[388]

[389]

Current Medicinal Chemistry, XXXX, Vol. XX, No. X 65

Sharma, N.; Mohanakrishnan, D.; Shard, A.; Sharma, A.;
Saima, ; Sinha, A.K.; Sahal, D. Stilbene-chalcone hybrids:
Design, synthesis, and evaluation as a new class of antima-
larial scaffolds that trigger cell death through stage specific
apoptosis. J. Med. Chem., 2012, 55(1), 297-311.
http://dx.doi.org/10.1021/jm201216y PMID: 22098429
Berger, O.; Ortial, S.; Wein, S.; Denoyelle, S.; Bressolle, F.;
Durand, T.; Escale, R.; Vial, H.J.; Vo-Hoang, Y. Evaluation
of amidoxime derivatives as prodrug candidates of potent
bis-cationic antimalarials. Bioorg Med. Chem. Lett, 2019,
29(16), 2203-2207.
http://dx.doi.org/10.1016/j.bmcl.2019.06.045
31255483

Agarwal, A.; Srivastava, K.; Puri, S.K.; Chauhan, P.M.S.
Synthesis of substituted indole derivatives as a new class of
antimalarial agents. Bioorg Med. Chem. Lett, 2005, 15(12),
3133-3136.
http://dx.doi.org/10.1016/j.bmcl.2005.04.011
15925306

Hans, R.H.; Wiid, 1.J.F.; van Helden, P.D.; Wan, B.;
Franzblau, S.G.; Gut, J.; Rosenthal, P.J.; Chibale, K. Novel
thiolactone-isatin hybrids as potential antimalarial and an-
titubercular agents. Bioorg Med. Chem. Lett, 2011, 21(7),
2055-2058.
http://dx.doi.org/10.1016/j.bmcl.2011.02.008
21376591

Himangini, ; Pathak, D.P.; Sharma, V.; Kumar, S. Design-
ing novel inhibitors against falcipain-2 of Plasmodium fal-
ciparum. Bioorg Med. Chem. Lett, 2018, 28(9), 1566-1569.
http://dx.doi.org/10.1016/j.bmcl.2018.03.058 PMID:
29602682

Pandey, A.R.; Singh, S.P.; Joshi, P.; Srivastav, K.S.; Sri-
vastava, S.; Yadav, K.; Chandra, R.; Bisen, A.C.; Agrawal,
S.; Sanap, S.N.; Bhatta, R.S.; Tripathi, R.; Barthwal, M.K;
Sashidhara, K.V. Design, synthesis and evaluation of novel
pyrrole-hydroxybutenolide hybrids as promising antiplas-
modial and anti-inflammatory agents. Eur J. Med. Chem.,
2023, 254, 115340.
http://dx.doi.org/10.1016/j.ejmech.2023.115340
37054559

Costa Souza, R.M.; Montenegro Pimentel, L.M.L.; Ferreira,
L.K.M.; Pereira, V.R.A.; Santos, A.C.D.S.; Dantas, W.M.;
Silva, C.J.0.; De Medeiros Brito, R.M.; Andrade, J.L.; De
Andrade-Neto, V.F.; Fujiwara, R.T.; Bueno, L.L.; Silva
Junior, V.A.; Pena, L.; Camara, C.A.; Rathi, B.; De
Oliveira, R.N. Biological activity of 1,2,3-triazole-2-amino-
1,4-naphthoquinone derivatives and their evaluation as
therapeutic strategy for malaria control. Eur J. Med. Chem.,
2023, 255, 115400.
http://dx.doi.org/10.1016/j.ejmech.2023.115400

Pal, K.; Raza, M.K.; Legac, J.; Rahman, A.; Manzoor, S;
Bhattacharjee, S.; Rosenthal, P.J.; Hoda, N. Identification,
in-vitro anti-plasmodial assessment and docking studies of
series of tetrahydrobenzothieno[2,3-d]pyrimidine-acetamide
molecular hybrids as potential antimalarial agents. Eur J.
Med. Chem., 2023, 248, 115055.
http://dx.doi.org/10.1016/j.ejmech.2022.115055
36621136

Singh, V.; Hada, R.S.; Jain, R.; Vashistha, M.; Kumari, G.;
Singh, S.; Sharma, N.; Bansal, M.; Poonam, ; Zoltner, M;
Caffrey, C.R.; Rathi, B.; Singh, S. Designing and develop-
ment of phthalimides as potent anti-tubulin hybrid mole-

PMID:

PMID:

PMID:

PMID:

PMID:


http://dx.doi.org/10.1021/jm100117e
http://www.ncbi.nlm.nih.gov/pubmed/20443628
http://dx.doi.org/10.1051/parasite/2011183207
http://dx.doi.org/10.1051/parasite/2011183207
http://dx.doi.org/10.1051/parasite/2011183207
http://www.ncbi.nlm.nih.gov/pubmed/21894260
http://dx.doi.org/10.1016/j.ejmech.2015.07.009
http://dx.doi.org/10.1016/j.ejmech.2015.07.009
http://dx.doi.org/10.1016/j.ejmech.2015.07.009
http://www.ncbi.nlm.nih.gov/pubmed/26188909
http://dx.doi.org/10.1021/jm301422h
http://dx.doi.org/10.1021/jm301422h
http://dx.doi.org/10.1021/jm301422h
http://dx.doi.org/10.1021/jm301422h
http://www.ncbi.nlm.nih.gov/pubmed/23327489
http://dx.doi.org/10.1016/S0968-0896(00)00206-6
http://dx.doi.org/10.1016/S0968-0896(00)00206-6
http://dx.doi.org/10.1016/S0968-0896(00)00206-6
http://dx.doi.org/10.1016/S0968-0896(00)00206-6
http://www.ncbi.nlm.nih.gov/pubmed/11131165
http://dx.doi.org/10.1016/j.bmcl.2018.08.037
http://dx.doi.org/10.1016/j.bmcl.2018.08.037
http://dx.doi.org/10.1016/j.bmcl.2018.08.037
http://dx.doi.org/10.1016/j.bmcl.2018.08.037
http://www.ncbi.nlm.nih.gov/pubmed/30174153
http://dx.doi.org/10.1016/j.bmcl.2007.10.003
http://dx.doi.org/10.1016/j.bmcl.2007.10.003
http://dx.doi.org/10.1016/j.bmcl.2007.10.003
http://dx.doi.org/10.1016/j.bmcl.2007.10.003
http://www.ncbi.nlm.nih.gov/pubmed/17949976
http://dx.doi.org/10.1016/j.ejmech.2022.114735
http://dx.doi.org/10.1016/j.ejmech.2022.114735
http://dx.doi.org/10.1016/j.ejmech.2022.114735
http://www.ncbi.nlm.nih.gov/pubmed/36122550
http://dx.doi.org/10.1021/om300392q
http://dx.doi.org/10.1021/om300392q
http://dx.doi.org/10.1021/om300392q
http://dx.doi.org/10.1021/om300392q
http://dx.doi.org/10.1021/acs.jmedchem.2c01851
http://dx.doi.org/10.1021/acs.jmedchem.2c01851
http://dx.doi.org/10.1021/acs.jmedchem.2c01851
http://dx.doi.org/10.1021/acs.jmedchem.2c01851
http://www.ncbi.nlm.nih.gov/pubmed/36661364
http://dx.doi.org/10.1021/jm201216y
http://dx.doi.org/10.1021/jm201216y
http://dx.doi.org/10.1021/jm201216y
http://dx.doi.org/10.1021/jm201216y
http://dx.doi.org/10.1021/jm201216y
http://www.ncbi.nlm.nih.gov/pubmed/22098429
http://dx.doi.org/10.1016/j.bmcl.2019.06.045
http://dx.doi.org/10.1016/j.bmcl.2019.06.045
http://dx.doi.org/10.1016/j.bmcl.2019.06.045
http://dx.doi.org/10.1016/j.bmcl.2019.06.045
http://www.ncbi.nlm.nih.gov/pubmed/31255483
http://dx.doi.org/10.1016/j.bmcl.2005.04.011
http://dx.doi.org/10.1016/j.bmcl.2005.04.011
http://dx.doi.org/10.1016/j.bmcl.2005.04.011
http://www.ncbi.nlm.nih.gov/pubmed/15925306
http://dx.doi.org/10.1016/j.bmcl.2011.02.008
http://dx.doi.org/10.1016/j.bmcl.2011.02.008
http://dx.doi.org/10.1016/j.bmcl.2011.02.008
http://dx.doi.org/10.1016/j.bmcl.2011.02.008
http://www.ncbi.nlm.nih.gov/pubmed/21376591
http://dx.doi.org/10.1016/j.bmcl.2018.03.058
http://dx.doi.org/10.1016/j.bmcl.2018.03.058
http://dx.doi.org/10.1016/j.bmcl.2018.03.058
http://dx.doi.org/10.1016/j.bmcl.2018.03.058
http://www.ncbi.nlm.nih.gov/pubmed/29602682
http://dx.doi.org/10.1016/j.ejmech.2023.115340
http://dx.doi.org/10.1016/j.ejmech.2023.115340
http://dx.doi.org/10.1016/j.ejmech.2023.115340
http://dx.doi.org/10.1016/j.ejmech.2023.115340
http://www.ncbi.nlm.nih.gov/pubmed/37054559
http://dx.doi.org/10.1016/j.ejmech.2023.115400
http://dx.doi.org/10.1016/j.ejmech.2023.115400
http://dx.doi.org/10.1016/j.ejmech.2023.115400
http://dx.doi.org/10.1016/j.ejmech.2023.115400
http://dx.doi.org/10.1016/j.ejmech.2022.115055
http://dx.doi.org/10.1016/j.ejmech.2022.115055
http://dx.doi.org/10.1016/j.ejmech.2022.115055
http://dx.doi.org/10.1016/j.ejmech.2022.115055
http://dx.doi.org/10.1016/j.ejmech.2022.115055
http://www.ncbi.nlm.nih.gov/pubmed/36621136
http://dx.doi.org/10.1016/j.ejmech.2022.114534
http://dx.doi.org/10.1016/j.ejmech.2022.114534

66 Current Medicinal Chemistry, XXXX, Vol. XX, No. XX

[390]

cules against malaria. Eur J. Med. Chem., 2022, 239,
114534,

http://dx.doi.org/10.1016/j.ejmech.2022.114534 PMID:
35749989

Thakur, R.K.; Joshi, P.; Baranwal, P.; Sharma, G.; Shukla,
S.K.; Tripathi, R.; Tripathi, R.P. Synthesis and antiplasmo-
dial activity of glyco-conjugate hybrids of phenylhydrazo-
no-indolinones and glycosylated 1,2,3-triazolyl-methyl-
indoline-2,3-diones. Eur J. Med. Chem., 2018, 155, 764-

771.

[391]

Abraham Nudelman

http://dx.doi.org/10.1016/j.ejmech.2018.06.042 PMID:
29940466

Pandey, A.K.; Sharma, S.; Pandey, M.; Alam, M.M;
Shaquiquzzaman, M.; Akhter, M. 4, 5-Dihydrooxazole-
pyrazoline hybrids: Synthesis and their evaluation as poten-
tial antimalarial agents. Eur J. Med. Chem., 2016, 123, 476-
486.

http://dx.doi.org/10.1016/j.ejmech.2016.07.055 PMID:
27494165

DISCLAIMER: The above article has been published, as is, ahead-of-print, to provide early visibility but is not the
final version. Major publication processes like copyediting, proofing, typesetting and further review are still to be
done and may lead to changes in the final published version, if it is eventually published. All legal disclaimers that
apply to the final published article also apply to this ahead-of-print version.


http://dx.doi.org/10.1016/j.ejmech.2022.114534
http://dx.doi.org/10.1016/j.ejmech.2022.114534
http://www.ncbi.nlm.nih.gov/pubmed/35749989
http://dx.doi.org/10.1016/j.ejmech.2018.06.042
http://dx.doi.org/10.1016/j.ejmech.2018.06.042
http://dx.doi.org/10.1016/j.ejmech.2018.06.042
http://dx.doi.org/10.1016/j.ejmech.2018.06.042
http://dx.doi.org/10.1016/j.ejmech.2018.06.042
http://www.ncbi.nlm.nih.gov/pubmed/29940466
http://dx.doi.org/10.1016/j.ejmech.2016.07.055
http://dx.doi.org/10.1016/j.ejmech.2016.07.055
http://dx.doi.org/10.1016/j.ejmech.2016.07.055
http://dx.doi.org/10.1016/j.ejmech.2016.07.055
http://www.ncbi.nlm.nih.gov/pubmed/27494165

