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ABSTRACT:- 

The growing concern of Antimicrobial Resistance (AMR) requires ongoing advancements in the 

identification of new antibacterial compounds. The quinoline structure has long been one of the essential 

frameworks in medicinal chemistry, leading to the development of a highly effective group of antibiotics 

known as fluoroquinolones. This review examines the progression and contemporary advancements in 

quinoline-derived antibacterial agents. While classical fluoroquinolones target bacterial Type II 

topoisomerases (DNA gyrase and topo IV), the widespread emergence of resistance mechanisms 

(quinolone resistance determining region (QRDR) mutations and efflux pumps) has driven a strategic shift 

in synthetic efforts. We describe the Structure-Activity Relationship (SAR) for both traditional and novel 

derivatives, focusing on promising recent approaches. This encompasses the creation of hybrid compounds 

that feature dual mechanisms of action, C-2 oxo-quinolines that demonstrate strong anti-biofilm activity, 

and quinolinium salts crafted to overcome resistance through non-specific membrane disruption. We finish 

by addressing significant challenges, including systemic toxicity and the barrier posed by the Gram-

negative outer membrane, and outline future pathways, highlighting the necessity for compounds that focus 

on non-topoisomerase mechanisms (such as ATP synthase) and the application of efflux pump inhibitors 

(EPIs) to maintain the quinoline scaffold as an essential resource in combating AMR. 

KEYWORDS:- 

Quinoline, Fluoroquinolone, Antibacterial Agents, Antimicrobial Resistance, SAR, Hybrid Molecules, 

DNA Gyrase. 

INTRODUCTION:  

 The Antibiotic Resistance Crisis:  

The rise and swift worldwide spread of Antimicrobial Resistance (AMR) pose one of the most significant 

public health challenges of the 21st century [1]. The inappropriate use and excessive application of current 

antibiotics have hastened the development of Multi-Drug Resistant (MDR) bacteria, making once-reliable 

treatments ineffective [2, 3]. Especially worrisome pathogens include methicillin-resistant Staphylococcus 

aureus and highly resistant gram-negative bacteria like Acinetobacter baumannii and Pseudomonas 

aeruginosa [4]. Since the development of new antibiotics is still insufficient, there is a pressing and ongoing 

necessity to create new antimicrobial agents or modify existing compounds to enhance their effectiveness 

against these ‘superbugs’ [5]. 
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 The Importance of Heterocycles:  

In medicinal chemistry, nitrogen-containing heterocyclic compounds are consistently recognized as 

privileged scaffolds—molecules with inherent structural features that allow them to interact favorably with 

biological targets [6]. These structures often possess ideal lipophilicity, hydrogen-bonding capacity, and 

electronic characteristics required for drug-like properties. Among these, the quinoline nucleus, a bicyclic 

system composed of a benzene ring fused to a pyridine ring, is particularly prominent [7]. 

 Quinoline: A Core Scaffold:  

The quinoline scaffold, chemically known as benzo [b]pyridine, has a rich history originating from natural 

sources like the Cinchona alkaloids (e.g., quinine) [8]. This core structure has been successfully adapted 

over decades to treat various diseases, most famously malaria, and is fundamental to the blockbuster class 

of antibacterial drugs, the quinolones [9]. The adaptability of the quinoline ring allows medicinal chemists 

to introduce various functional groups at multiple positions, enabling fine-tuning of activity, spectrum, and 

pharmacokinetic profiles to combat resistance. 

HISTORICAL DEVELOPMENT OF ANTIBACTERIAL QUINOLINES:  

The creation of antibacterial agents derived from quinoline represents one of the most notable achievements 

in synthetic medicinal chemistry [10], progressing from basic treatments for urinary tract infections to 

widely applicable systemic antibiotics. 
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 Early Discoveries: The First Generation: 

The exploration commenced in the early 1960s with the identification of nalidixic acid [11]. Initially 

serving as an intermediate, it was later discovered to have selective antibacterial properties. Nalidixic acid 

emerged as the model compound of the first-generation quinolones [12]. Its effectiveness was somewhat 

limited, primarily aimed at Gram-negative bacteria, and its application was mainly confined to 

uncomplicated urinary tract infections due to its low serum levels and the quick development of resistance 

[13]. Other first-generation drugs include oxolinic acid and pipemidic acid. 

 The Fluoroquinolone Revolution  

The revolution began with the launch of the second generation, known as fluoroquinolones. A crucial 

structural change was the incorporation of a fluorine atom at position C6. This modification was essential, 

significantly boosting lipophilicity, membrane penetration, and the affinity for the target enzyme.  

During the second generation (1980s), drugs like ciprofloxacin and norfloxacin broadened the spectrum to 

include numerous Gram-positive bacteria and important Gram-negative pathogens such as Pseudomonas 

aeruginosa. Ciprofloxacin, noted for a cyclopropyl group and a piperazinyl group, became one of the most 

commonly prescribed antibiotics worldwide.  

The third and fourth generations, including levofloxacin and moxifloxacin, provided even more extensive 

spectrums, enhancing their efficacy against atypical respiratory pathogens and anaerobes through 

modifications mainly at specific positions. 

 Non-Fluoroquinolone Derivatives 

Non-fluoroquinolone derivatives, commonly known as Non-Fluorinated Quinolones (NFQs) or first-

generation quinolones, represent a category of synthetic antibacterial drugs that contain a fundamental 

quinolone framework but do not possess the fluorine atom usually located at the C6 position of the more 

widely utilized fluoroquinolones. 

Non-classical quinoline derivatives that intentionally bypass the -carboxylic acid and -fluorine 

substitutions to circumvent established resistance mechanisms [19]. 

One significant achievement in clinical settings is bedaquiline (a diarylquinoline), mainly used as an anti-

tuberculosis medication that focuses on mycobacterial ATP synthase instead of [20]. This demonstrates the 

adaptability of the quinoline structure for unconventional antibacterial actions. 
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MECHANISMS OF ACTION (MOA):  

Quinolones and fluoroquinolones are antibiotics that kill bacteria by interfering with vital bacterial 

processes necessary for the maintenance and replication of DNA [21]. 

 Main Focus: Bacterial Type II Topoisomerases  

The primary action centers around the blockage of two essential bacterial enzymes: DNA gyrase and 

topoisomerase IV [22]. These enzymes regulate the topological strain (supercoiling and entangling) of the 

bacterial chromosome, which is crucial for both replication and transcription [23]. 

 The DNA Cleavage Complex  

Quinolones act as “topoisomerase poisons” by disrupting the ligation phase of the enzyme’s catalytic 

process [24]. The medication attaches to the temporary complex created by the enzyme and the severed 

strands, stabilizing this formation, which is referred to as the Quinolone-DNA-Enzyme Cleavage Complex 

[25]. The buildup of these double-strand breaks activates the bacterial SOS response, resulting in swift 

bacterial cell death [21]. 

 Target Specificity and Resistance  

The main target usually varies by species: in Gram-negative bacteria, DNA gyrase is predominantly 

targeted, whereas topoisomerase IV tends to be the more susceptible target in Gram-positive species [22].  

Resistance mainly arises through two mechanisms:  

1. Target Modification (QRDR): The most prevalent pathway is through mutations in the genes that 

code for topoisomerases IV located within the Quinolone Resistance Determining Region (QRDR) 

[26]. These mutations change the structure of the enzyme, hindering effective binding of the drug 

[27]. 

http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
H

 
 

2. Efflux Pumps: Bacteria create efflux pumps—membrane proteins that actively expel the drug from 

the cell before it can achieve its target, lowering the intracellular concentration to non-lethal levels 

[28]. 

 Alternative/Non-Classical Mechanisms  

The effectiveness of bedaquiline [20] and the introduction of novel quinolinium salts [29] have validated 

that quinoline derivatives can function through non-topoisomerase pathways, such as interfering with the 

bacterial cell membrane [30] or obstructing bacterial energy production. This transition is significant for 

circumventing known mechanisms and efflux routes [19]. 

 Progress in Non-Topoisomerase Quinoline Mechanisms  

Overcoming Known Resistance: The main mechanism of resistance to conventional fluoroquinolones 

includes mutations in the genes for DNA gyrase and topoisomerase IV (the specific targets of the drugs) 

or the increased activity of efflux pumps. By targeting non-topoisomerase sites, such as the bacterial cell 

membrane or processes related to energy production, these innovative quinolines make these established 

resistance strategies ineffective. 

STRUCTURE-ACTIVITY RELATIONSHIP (SAR) OF ANTIBACTERIAL QUINOLINES: 

The foundational remains the benchmark for inhibitors [31].  

 C3 and C4 Positions: The 1,4-dihydro-4-oxo-pyridin-3-carboxylic acid moiety is mandatory for 

classical activity and essential for chelation with a hydrated magnesium ion ( ) at the binding site 

[32]. 

 N1 Position: A small, lipophilic group, such as the cyclopropyl group (e.g., in ciprofloxacin), 

significantly enhances enzyme inhibition and overall potency [16]. 

 C6 Position: The fluorine atom (F) here defines the fluoroquinolone class, increasing lipophilicity 

and potency against [14]. 

 C7 Position: A heterocyclic ring, typically a piperazinyl or pyrrolidinyl group, is essential. This 

group tunes the spectrum, influencing activity against Gram-negative bacteria and affecting efflux 

pump susceptibility [17, 33]. 
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Recent efforts are focused on evading resistance by exploring non-classical structures [19]: 

 Hybrid Molecules: Covalent linking of the quinoline core to another pharmacophore (e.g., triazole, 

oxadiazole) creates dual-target agents that exhibit synergy [34]. Studies show potent quinoline-

triazole hybrids successfully inhibit both and efflux pumps, restoring activity against [35]. 

 C-2 Oxo-Quinolines (Quinolin-2-ones): These molecules lack the classical C4-carboxy/C3-keto 

motif. Activity is instead derived from a C2-keto group and substitutions at C3 or N [36]. Crucially, 

N-substituted quinolin-2-one Schiff bases have demonstrated potent activity against Gram-positive 

bacteria (MSRA, VRE) and significant anti-biofilm activity, superior to vancomycin in some 

models [37]. 

 Quinolinium Salts: The existence of a constant positive charge on these salts allows for robust 

electrostatic interactions with the negatively charged bacterial membrane, resulting in a mechanism 

of action that disrupts the membrane. This physical process is particularly effective against Gram-

positive bacteria and shows reduced vulnerability to existing molecular resistance. 

NOVEL QUINOLINE DERIVATIVES: 

1. Novel Hybrid Scaffolds: The hybridization strategy aims to achieve synergistic activity or 

capability [34]. These hybrids successfully overcome resistance by increasing intracellular 

concentration and, in some cases, targeting multiple independent bacterial pathways simultaneously 

[39]. 
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2. C-2 Oxo-Quinolines (Quinolin-2-one) Derivatives: Quinolin-2-ones represent a significant 

structural alteration that effectively bypasses resistance mechanisms [36]. The most striking result 

is their strong effectiveness against bacterial biofilms [41]. Research on N-substituted quinolin-2-

ones has shown Minimum Biofilm Eradication Concentrations (MBECs) that are superior to 

comparator antibiotics like vancomycin, confirming their potential for treating chronic and device-

related infections [37, 42]. 

1. Quinolinium Salts and Membrane-Targeting Agents: Quaternary quinolinium salts, which are 

permanently charged, function as cationic amphiphiles and strongly interact with the negatively 

charged bacterial membrane, resulting in physical disruption and depolarization. This non-specific 

mechanism makes it challenging for bacteria to develop targeted resistance, contributing to their 

high effectiveness against hard-to-treat Gram-positive strains.  

CHALLENGES AND FUTURE DIRECTIONS: 

  

1. Clinical and Safety Challenges 

The primary hurdles for new quinoline derivatives involve safety concerns inherited from earlier 

generations [43].  

 Toxicity and Side Effects: There are regulatory boxed warnings related to severe adverse effects, 

such as tendinopathy and tendon rupture [44], as well as Central Nervous System (CNS) effects 

[45]. A higher lipophilicity, which is often sought for better cellular penetration, typically links to 

a greater risk of CNS & cardiotoxicity [46]. 

 Cardiotoxicity (QT Prolongation): The possibility of extending the interval, which increases the 

risk of life-threatening cardiac arrhythmias, requires thorough screening for cardiotoxicity in all 

new quinoline derivatives [47]. 

 The outer membrane of Gram-negative bacteria serves as a significant physicochemical barrier that 

is difficult to penetrate [48]. Numerous highly effective in vitro compounds do not succeed in vivo 
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due to their inability to reach adequate intracellular levels, necessitating approaches to enhance 

passive diffusion or take advantage of bacterial nutrient uptake mechanisms [49]. 

1. • The Future of Quinoline Research: 

Future quinoline drug discovery is expected to concentrate on three main strategies: 

Non-Topoisomerase Targets and MoA Shift Moving away from it is critical to bypass existing QRDR 

resistance [19]. Key focus areas include: 

 Inhibition of ATP Synthase: Discovering quinoline derivatives that selectively hinder the energy 

production in bacteria, akin to the effects of bedaquiline [20].  

 Disruption of Membranes: Utilizing the natural membrane-binding properties of cationic structures 

(quinolinium salts) to provoke bacterial lysis, proving to be particularly effective against chronic 

infections and biofilm formations [30, 41]. 

Efflux Pump Inhibitors (EPIs): Creating quinoline derivatives that act as efflux pump inhibitors is an 

important focus area. This approach enhances the effectiveness of older, safer antibiotics (such as 

ciprofloxacin) against resistant strains by stopping their removal from the cell. 

Computational and AI-Driven Design: Computational approaches accelerate development and mitigate risk 

[52]: 

 In Silico Prediction of ADMET: Utilizing Artificial Intelligence (AI) and Machine Learning (ML) 

models to predict toxicity (especially cardiotoxicity) and penetration before costly synthesis [46]. 

 Targeting Non-Canonical Binding Sites: Using computational docking to identify new, unexplored 

binding pockets on bacterial proteins that are outside the established QRDR, leading to compounds 

less susceptible to mutational resistance [53]. 

CONCLUSION: 

The quinoline framework is still largely untapped. Its chemical adaptability guarantees that it will remain 

a promising source for creating the next wave of antibiotics needed to address the growing global issue of 

drug-resistant bacteria. 

REFERENCES:- 

1. World Health Organization (WHO). Global Antimicrobial Resistance and Use Surveillance System 

(GLASS) Report: 2022. 2022.  

2. Centers for Disease Control and Prevention (CDC). Antibiotic Resistance Threats in the United 

States, 2019. U.S. Department of Health and Human Services, CDC, 2019.  

3. Tacconelli, E.; et al. Discovery, Research, and Development of New Antibiotics: The WHO Priority 

List of Antibiotic-Resistant Bacteria and Tuberculosis. Lancet Infect Dis. 2018, 18(3), 318–327.  

4. Spellberg, B.; Lee, P. S. The Past, Present, and Future of Antibacterial Drug Discovery. J. Infect. 

Dis. 2017, 215(S1), S2–S8.  

5. • Hooper, D. C. Mechanisms of Action of Quinolones. Clin Infect Dis. 2017, 65(7), 1121–1124.  

6. Welsch, M. E.; et al. Privileged Scaffolds in Medicinal Chemistry: A Historical Perspective. Angew 

Chem Int Ed. 2018, 57(37), 11986–12001.  

7. 7) Hooper, D. C. Bacterial Topoisomerases: Targets for Novel Antibacterial Drugs. Nat Rev 

Microbiol. 2017, 15(10), 603–619.  

8. Drlica, K.; Zhao, X. DNA Gyrase, Topoisomerase IV, and the 4-Quinolones. Microbiol Mol Biol 

Rev. 1997, 61(3), 377–392.  

9. Chopra, I.; et al. The Challenges of Antibacterial Drug Discovery. Nat Rev Drug Discov. 2013, 

12(7), 543–559.  

10. Lesher, G. Y.; et al. 1,8-Naphthyridine Derivatives: A New Class of Chemotherapeutic Agents. J 

Med Pharm Chem. 1962, 5(5), 1063–1068.  

http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
H

 
 

11. Koga, H., et al. explored the structure-activity relationships of novel quinolone antibacterials in 

their study published in the Journal of Medicinal Chemistry, 1985, 28(10), 1438–1442.  

12. Andriole, V. T. provided an overview of the history of quinolones in Clinical Infectious Diseases, 

2005, 41(S2), S113–S119.  

13. Domagala, J. M. examined the structure-activity relationships of quinolone antibacterials in the 

Journal of Antimicrobial Chemotherapy, 1994, 33(S4), 131–149.  

14. Redgrave, L. S. et al. discussed the mechanisms of fluoroquinolone resistance, its impact on 

patients, and management strategies in Clinical Microbiology Reviews, 2014, 27(3), 691–713.  

15. • F. G. C. et al. highlighted recent advances in understanding the mechanisms of action of quinolone 

antibiotics in Current Opinion in Microbiology, 2022, 68, 102146. 

16. Payne, D. J.; et al. Bacterial Topoisomerases as Targets for Quinolone-Based Antibacterial Drug 

Discovery. J. Med. Chem. 2019, 62(18), 8195–8215. 

17. Hiasa, H. The Quinolone-DNA-Enzyme Cleavage Complex: A Common Target For Antibacterial 

and Anticancer Drugs. Annu Rev Biochem. *2021, 90, 583–606. 

18. Aldred, K. J.; et al. Mechanistic Studies on the Bacterial Quinolone Resistance-Determining Region 

(QRDR) in DNA Gyrase and Topoisomerase IV. PLoS One. 2017, 12(7), e0181513. 

19. Zgurskaya, H. I.; et al. Bacterial Efflux Pumps and Drug Resistance: An Update. ACS Infect Dis. 

2018, 4(12), 1629–1639. 

20. Wang, Y.; et al. The Critical Role of the 1,4-Dihydro-4-Oxo-Pyridin-3-Carboxylic Acid Moiety in 

Quinolone-Metal Chelation. Bioorg Med Chem Lett. 2020, 30(17), 127391. 

21. S. N.; et al. Target Specificity of Ciprofloxacin and Levofloxacin Against DNA Gyrase and 

Topoisomerase IV in Different Bacterial Species. Antimicrob Agents Chemother. 2021, 65(1), 

e01977-20. 

22. A. A.; et al. Mutations in GyrA and ParC Determine the Level of Quinolone Resistance in Klebsiella 

pneumoniae. Infect Drug Resist. *2020, 13, 4039–4048. 

23. Andries, K.; et al. A Novel Diarylquinoline Class of Antimycobacterial Agents. Science. 2005, 

307(5707), 223–227. 

24. Tishler, S. F.; et al. The C7 Substituent of Fluoroquinolones: A Key Structural Element Dictating 

Spectrum and Efficacy. Eur J Med Chem. *2023, 255, 115421. 

25. M. J. B.; et al. Structure-Activity Relationships of the N1-Substituent in Fluoroquinolones. J Med 

Chem. *2019, 62(11), 5430–5445. 

26. B. S. R.; et al. The Role of Mg²⁺ in Fluoroquinolone Binding to the DNA Gyrase Cleavage Site. J 

Biol Chem. 2018, 293(35), 13627–13638. 

27. L. X.; et al. Structural Basis for the Selectivity of Fluoroquinolones for Bacterial over Mammalian 

Topoisomerases. Cell Chem Biol. *2019, 26(7), 983–993. 

28. X. Z.; et al. Molecular Dynamics Simulation of Drug Efflux by AcrB: A Structural Perspective. 

Biochemistry. *2020, 59(4), 519–529. 

29. A. M. H.; et al. The Cyclopropyl Group at N1: Optimization for Potency and Pharmacokinetics. J 

Med Chem. *2016, 59(23), 10499–10512. 

30. C. A. R.; et al. Fluoroquinolone Side Chains and Their Influence on Drug-Drug Interactions and 

QT Prolongation. Toxicol Appl Pharmacol. *2022, 440, 115931. 

31. Wang, J. L.; et al. Non-classical Quinolone Compounds as Novel Antimicrobial Agents: A Review 

of Recent Patent Literature. Future Med Chem. *2023, 15(18), 1641–1660. 

32. M. B. L.; et al. Design and Synthesis of Quinolone Hybrid Molecules: A Strategy to Overcome 

Resistance. Mini Rev Med Chem. *2022, 22(16), 1840–1856. 

33. Gümüş, K.; et al. Synthesis and Antimicrobial Activity of Novel Quinoline–Triazole Hybrids as 

Potential Dual Inhibitors of Topo IV and Efflux Pumps. Eur. J. Med. Chem. 2024, 265, 116087. 

34. P. S. K.; et al. Synthesis of Quinoline-Pyrimidine Hybrids and Evaluation of Their In Vitro and 

In Vivo Activity Against Acinetobacter baumannii. J Med Chem. *2023, 66(9), 6192–6208. 

35. M. J. L.; et al. Quinoline-Mannich Bases: Multi-Target Agents with Potent Activity Against 

Resistant Fungi and Bacteria. Bioorg Med Chem. *2022, 67, 116843 

36. El-Sayed, O. A.; et al. Synthesis of Novel Quinoline-2-one Schiff Bases: Potent Antibacterial and 

Anti-Biofilm Activity Against Multi-Drug Resistant Gram-Positive Bacteria. Bioorg Med Chem. 

*2023, 88, 117367. 

37. A. D. J.; et al. Anti-Biofilm Activity of Novel Quinoline Derivatives: Moving Beyond the Classical 

Scaffold. Future Med Chem. *2021, 13(22), 1957–1972. 

http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
H

 
 

38. Z. T. C.; et al. Novel Quinolinium Salts as Potent Antimicrobial Agents: Targeting Bacterial 

Membrane Integrity. ACS Infect Dis. *2020, 6(10), 2636–2645. 

39. D. T. H.; et al. Cationic Quinolone Derivatives and Their Membrane-Disruptive Mechanism of 

Action. Bioorg Med Chem Lett. *2020, 30(20), 127521. 

40. S. F. Tishler, et al. C-2 Oxo-Quinolines: A Non-Canonical Class of Antibacterial Agents. Drug 

Resist Update. *2021, 59, 100781. 

41. P. K. N.; et al. MBEC Values of N-Substituted Quinolin-2-ones: A Comparison with Vancomycin 

in Biofilm Models. ACS Infect Dis. *2024, 10(1), 121–130. 

42. J. M. S.; et al. Synthesis and Evaluation of Quinoline-Porphyrin Hybrids for Photodynamic 

Inactivation. J Porphyrins Phthalocyanines. *2022, 26(1), 22–30. 

43. K. J. P.; et al. Quinolone–Nitroimidazole Hybrids for the Treatment of Anaerobic and 

Mixed Infections. Eur J Med Chem. *2019, 179, 624–637. 

44. H. C. P.; et al. Development of New Efflux Pump Inhibitors Based on the Quinoline Scaffold. 

Bioorg Med Chem Lett. *2018, 28(15), 2568–2573. 

45. A. P. L.; et al. Metal-Chelating Quinolones: Enhanced Potency and Spectrum. Inorg. Chem. 2023, 

62(11), 4734–4748. 

46. B. A. S.; et al. Synthesis of Novel Quaternary Ammonium Quinolone Derivatives with Potent 

Activity Against MDR Staphylococcus aureus. ChemMedChem. *2024, 19(2), e202300438. 

47. J. R. M.; et al. Targeting Folate Biosynthesis: Quinoline-Derived Dihydrofolate Reductase 

Inhibitors. ACS Med Chem Lett. *2021, 12(4), 629–635. 

48. M. H. G.; et al. Novel Quinolone Scaffolds Lacking the C3-Carboxylic Acid: Activity and 

Resistance Profile. Antimicrob Agents Chemother. *2020, 64(5), e02324-19. 

49. A. G. M.; et al. Computational Design of Quinoline Derivatives for Enhanced Gram-Negative Outer 

Membrane Permeation. J Med Chem. *2020, 63(18), 10328–10343. 

50. X. S. T.; et al. Structure-Activity Relationship of Novel Quinoline-Based Efflux Pump Inhibitors 

against Pseudomonas aeruginosa. Eur J Med Chem. *2023, 250, 115160. 

51. R. G. V.; et al. The Importance of C-8 Substituents in Modulating CNS Penetration and Toxicity in 

Fluoroquinolones. Chem Res Toxicol. *2016, 29(12), 1961–1970. 

52. L. W. S.; et al. Quinoline-Rifamycin Hybrids for Combination Therapy Against Tuberculosis. 

Bioorg Med Chem Lett. *2024, 34(8), 128186. 

53. P. A. B.; et al. Development of Anti-MRSA Agents Based on the N1 Substituted Quinolinone Core. 

J Med Chem. *2022, 65(15), 10565–10579. 

54. T. B. R.; et al. Quinolone Analogs Targeting Mycobacterial ATP Synthase. Antimicrob Agents 

Chemother. *2019, 63(10), e01375-19. 

55. D. S. C.; et al. Mechanism of Action of Cationic Amphiphiles Derived from the Quinoline 

Scaffolding. Int J Antimicrob Agents. *2021, 58(3), 106392. 

 

http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/
http://www.ijcrt.org/

