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Abstract

Background: Green chemistry is currently one of the most explored areas and has been a desire since the 1990s.

Green chemistry research is focused on reducing the energy required to develop desirable products and reducing or

even stopping the synthesis of hazardous by-products from minimizing any environmental or health impact.

Objective: Nalidixic acid has been synthesized and developed into derivatives known as quinolones. The alteration of

the elementary structure exhibits fascinating pharmacological activities in numerous fields, e.g., anticancer,

antimicrobial, diuretics, anti-inflammatory, and so on.

Methods: Nearly all structural modifications to the quinolone moiety are possible. Chemical alteration at locations N-1,

C-(5-8) can result in molecules with various pharmacological, physiological, biochemical, and pharmacokinetic

properties. The quinolone moiety can be synthesized by multiple methods, including microwave-assisted, solvent-free,

photocatalyst, biocatalyst, ultra-sonication-mediated, catalyst-free methods, and green solvent reactions (water,

ethanol, supercritical CO2, aq. H2O2, oxidation).

Results: Health and environmental risks are associated with synthetic chemicals, solvents, and catalysts. Scientists
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are now minimizing the use of solvents, chemicals, and catalysts by developing novel approaches. Quinolone

derivatives introduced various new pharmacologically active compounds to the market through novel drug

development.

Conclusion: The main motive of this study is to summarise the recent advancements in green chemistry methods for

establishing quinolone scaffolds from various scientific journals, online databases, and libraries, which will help

scientists to develop non-toxic and eco-friendly techniques for the synthesis and development of novel drugs.
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Introduction

The quinolone family is one of the most important groups of heterocycles with nitrogen. They are widespread and rank

among the most significant pharmacophores, essential to the new drug development process [1]. In a wide range of

chemotherapeutic and antimicrobial medicines, the quinolone-based structural unit is prominent [2]. Nalidixic acid is a

synthetic compound of quinolone antibiotics. Numerous therapeutically active molecules are developed by chemically

modifying the basic nucleus of nalidixic acid [3][4][5]. The biggest concern of the 20th century was infectious diseases,

responsible for at least one-third of human illness and mortality [6]. In the meantime, researchers did some of the most

outstanding scientific achievements, including developing synthetic antibiotics like quinolones [7][8]. Among all the

synthetic antibiotics, quinolones are a frequently employed subclass [9]. Our present study is based on quinolones, a

crucial family of broad-spectrum antibacterial medicines. The production of nalidixic acid marked the beginning of the

investigation into quinolones in 1962 [10][11]. Quinolone derivatives exhibit excellent antibacterial effects on gram-negative

microbes. Various novel medications with antimicrobial properties were produced by changing the ring structure and

substituting the ethyl group following the discovery of nalidixic acid. These novel substances were more powerful against

most bacteria and highly potent, wide-ranging antibiotics [12][13].

Structure of Quinolone

After synthesizing nalidixic acid, several derivatives were produced, including ciprofloxacin, levofloxacin, and

moxifloxacin [14]. Unfortunately, some quinolone derivatives (tosufloxacin, trovafloxacin, and grepafloxacin) have been

pulled off the market due to significant side effects [15][16]. The development of quinolone derivatives is still the most

concerning area of research due to their efficacy, distinct mode of action, and bactericidal qualities. Over the past 50

years, this class has been the focus of extensive research, leading to the publication of multiple studies on the topic. The

quinolone heterocyclic group is influential as a scaffold in different therapeutic fields. It has shown effectiveness as an

anticancer, anxiolytic, anti-ischemic, antiviral, and cannabinoid type-2 receptor agonist [17].

Qeios, CC-BY 4.0   ·   Article, February 15, 2024

Qeios ID: P5M2Z8   ·   https://doi.org/10.32388/P5M2Z8 3/29



Fig. 1. Nalidixic acid (Quinolone) [17].

Antimicrobial Targets of Quinolone

Quinolones are frequently attached to the complex of enzymes and DNA to stop DNA synthesis [18]. Quinolones also

stabilize topoisomerase IV, which is responsible for DNA gyrase-induced DNA strand breaks [19]. The replication fork is

halted by medication, enzymes, and DNA ternary complexes [20]. The cytotoxicity of fluoroquinolones on cells can be

attributed to the two-step procedure that generates a double-strand break by denaturing the topoisomerase. Uncertainty

exists regarding the molecular prerequisites for the change from step I to step II [21]. Quinolones are the fundamental

structural components of several medicinal agents [22][23]. Quinolones are bicyclic molecules that differ in where the

carbonyl group is located. They may be broadly divided into two substantially different categories, namely, 2-quinolones

and 4-quinolones [24][25]. The 2- and 4-hydroxyquinolines coexist harmoniously with their minor tautomeric counterparts,

as seen in Fig. (2) [26].

Fig. 2. Tautomerism of quinolones [26].

The N1 and C-(5-8) locations of the quinolone nucleus may be chemically modified using various molecules [27].

Consequently, multiple structural changes occur in these places, leading to molecules with varying physical, chemical,

pharmacokinetic, and pharmacological characteristics [28]. Additionally, 4-quinolone is thought to be bio-isosteric for

chromen-4-one. Some researchers have successfully used medicinal chemistry bio-isosteric replacement techniques to
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design and produce molecules with the required therapeutic profile [29].

Fig. 3. Bio-isosteric replacement [29].

Many biological activities have been linked to quinolone derivatives, including antibacterial properties [30][31]. Quinolones

can also be used to treat lung diseases like cystic fibrosis. The Federal Drug Administration (FDA) has also authorized the

use of several quinolones, such as ciprofloxacin, levofloxacin, moxifloxacin, ofloxacin, and gatifloxacin, in pediatric

patients for a variety of conditions, including conjunctivitis, otitis, sinusitis, respiratory disease, asthma, UTI, and

gastrointestinal disorders [32].

SAR of Quinolones

Fig. (4) illustrates the basic chemical compound and the positions where essential modifications are made. Some of

these chemicals shouldn't be changed since they would interact with the primary mechanism of action of the drug or

significantly lessen it. These are positions 2, 3, and 4. Position 2 is best served by a hydrogen moiety; any more

considerable molecular additions may cause steric hindrances at positions 3 and 4, respectively [33]. This is because the

bases of the DNA are bound at these locations. The enzyme DNA gyrase subsequently helps these sites to accept new

hydrogen-bonding partners. A fluorine atom is the best choice for the tiny moiety at position 6 because it imparts between

five and one hundred times more effectiveness than any other conceivable halogen moiety. Numerous possible

substitutes are available for the four additional substituents [34][35].

Fig. 4. The most renowned structure of a quinolone molecule [33].
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The following list of characteristics that cause certain modifications is the result of SAR investigations [33][35]:

Position 1: influences an agent's pharmacokinetics and ultimate efficacy.

Position 5: Particular moieties replaced at this point have contributed to greater effectiveness against gram-positive

microorganisms.

Position 7: 5 and 6 membrane rings with an "N" atom provide the highest activity at this stage, and both the range of

activities and the pharmacokinetics are under control.

Position 8: It is now possible to modify the pharmacokinetics and the particular action towards anaerobes.

Green Chemistry

In the 1990s, twelve "Green Chemistry" tenets were developed to "fulfill the demands of the current generation without

compromising the requirements of future generations." Industries and academia are currently attempting to improve

conformity with these 12 principles of green chemistry [36]. To maximize yields, selectivity, and productivity and conserve

the environment, time, energy, and life, we must now adapt innovative, environmentally friendly technologies into our

everyday reaction practices [37]. The current study thoroughly compiles the used green chemistry methods to synthesize

quinolones. The benefits and drawbacks of these methods are inadvertently emphasized. This study seeks to raise

awareness of the newly developed greener protocol for manufacturing quinolones and to encourage researchers

worldwide to adopt greener research methodology [36].
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Fig. 5. Twelve principles of green chemistry [36].

Pharmacological Activities of Quinolone Derivatives

Anticonvulsant Activity

X. Sun et al. synthesized and observed in 7-benzyloxy-4, 5-dihydro-[1][2][4] triazolo[4,3-a] that the anticonvulsant potency of

these compounds was considerably improved by the addition of the triazole ring to the 1st and 2nd positions of the

quinoline [38][39][40].
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Fig. 6. Anticonvulsant activity of quinolone derivatives [38][39][40].

Antiplatelet Activity

L. Huang et al. synthesized several new antiplatelet drugs with seven positional phenyl quinolone isomers. Initial testing

was supported because arachidonic acid inhibited platelet aggregation. The antiplatelet activity of these isomers

significantly changes depending on the substitution position of the phenyl group. 3-phenyl-4-quinolone, the most potent

compound, outperformed indomethacin [41].

Fig. 7. Antiplatelet activity of quinolone derivatives [41].

Anti-HIV Activity

Souza et al. synthesized several variants of quinolones and tested them for effectiveness against HSV-1. The anti-HSV-1

variants were compounds (a) and (b), which showed increases in the antiviral activity of 1.5 and 1.3 times over acyclovir,

respectively [42].

Fig. 8. The anti-HIV activity of quinolones derivatives [42]
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Anticancer Activity

Several kinds of cancer medications focus primarily on topoisomerase-II [43]. These substances frequently treat human

tumors [44][45]. Their ability to preserve covalently fragmented DNA molecules that are intermediates in the catalytic cycle

of the enzyme is correlated with their clinical efficacy [46]. Research findings suggested that quinolones might have

promise as antineoplastic medications. The effectiveness of quinolone-based medicines as antibacterial treatments has

been well-proven [47][48][49] and a crucial prerequisite for effectiveness in antibacterial quinolones is the 3-COOH or its

isosteric substitution. However, even hydrogen can also be used to substitute this functional group, maintaining the Topo-

2 poisoning effect [50]. Coplanarity of the quinolone ring with the C-3 ligand is a fundamental need for inhibiting the

eukaryotic enzyme. The carboxyl group will prevent the acidic moiety from orienting in a coplanar manner. The carboxylic

acid group created additional synthesis possibilities [51].

Fig. 9. Structure of rosoxacin [51].

At position C-7, several replacements were also made. Antibacterial activity strictly depends on an aliphatic cyclic

substituent having a primary amino group at position C-7. Additionally, it has been demonstrated that changes made in

this position are crucial in channeling the medication in a way that favors Gyrase or Topo-4 [52].

Anti-HCV Activity

Antiviral medications can be divided into direct and indirect antiviral treatments; the former targets the structural or

encoding enzymes of the virus, while the latter targets the components of the host cell (immunomodulators, etc.). The

most advanced research on HCV infection therapy focuses on NS3 protease inhibitors, RNA virus RNA inhibitors, and

NS5B polymerase inhibitors. A combination of medications with various mechanisms will be used to treat HCV to prevent

the development of resistance [53]. An overview of the most recent advances in developing quinoline-based treatments for

HCV from the standpoint of medicinal chemistry is given, emphasizing natural small-molecule antiviral medicines. The

development of anti-HCV drugs has centered chiefly on blocking necessary viral enzymes, similar to how HIV is treated.

As protease inhibitors have proven successful in the treatment of HIV, many pharmaceutical companies have focused on

the HCV NS3 proteolytic enzyme. HCV has both NS2/3 and NS3/NS4A, two proteolytic enzymes. Additionally, the host

cell proteases largely control NS2/3 processing. It is a less desirable target for therapeutic development [54][55].
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Antimalarial Activity

Winter et al. developed synthetic compounds derived from halogenated alkyl and alkoxy 4(1H)-quinolones that can treat

and prevent malaria [56]. In-vitro studies have shown the effectiveness of quinolones in inhibiting parasite activity, making

them an introductory class in treating malaria [57].

Fig. 10. Anti-malarial activity of quinolone derivatives [57].

Antitumor Activity

You et al. synthesized a few quinolone derivatives with benzimidazole, benzoxazole, or benzothiazole rings. Twelve new

compounds were tested for their cytotoxicity in the KB, Bel7402, A2780, and HT-29 cell lines. Most synthetic drugs had a

mild inhibitory effect on cancer cells. For example, Fig. 11 has similar inhibitory actions against K.B. and A2780 tumor cell

lines [58].

Fig. 11. Antitumor activity of quinolone derivatives [58].

Chemical Interactions

Amporndanai et al. explored the malarial cytochrome bc1 complex as a potential drug target and developed some 4(1H)-

quinolone-based inhibitors as potential antimalarials by interacting with the ubiquinone-reduction (Qi) site. The malarial
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bc1 complex was structurally compared with the human cytochrome bc1 to avoid the chances of cross-reactivity caused

by the designed inhibitors. The bovine cytochrome bc1 complex was used because it has high structural selectivity with

the human cytochrome bc1 complex, and the selectivity of inhibition was compared. The homology model of the

cytochrome bc1 complex of Plasmodium falciparum (Pf) was prepared, and docking analysis was performed to reveal the

selectivity of the concerned inhibitors for the Pf bc1 complex. The findings suggested that the residues His201, Asp228,

Ser205, and Ser35 of the Qi site of the bc1 complex play an important role in interacting with the inhibitor molecules, while

the residues Phe30, Phe37, and Thr16 are involved in the selectivity of the inhibitor molecule for the Pf bc1 complex [59].

Fig. 12 (a). Chemical interactions of quinolone derivatives [59].

Sinha et al. have computationally designed a series of chloroquine and hydroxychloroquine analogs and evaluated them in

contradiction of the viral spike protein of SARS-CoV-2 for their affinity in contrast to the macromolecular target and

pharmacokinetic profiling by using molecular docking, dynamic simulation, and pharmacokinetic profiling. The compounds

CQ1 and HCQ1 were found to interact with the macromolecular target in a similar manner to that of their parent

compounds with sufficient stability. Compound CQ1 was found to be interacting with the macromolecular residues via Pi-

alkyl, Pi-Pi, Pi-sigma & weak van der Waals interactions. At the same time, HCQ1 was found to be interacting with the

macromolecular residues via Pi-alkyl, Pi-Pi interactions, and Pi-Donor Hydrogen bonding [60].

Fig. 12 (b). Chemical interactions of quinolone derivatives [60].

Sweidan et al. developed a variety of new variants of quinolones as possible PI3K inhibitors and tested them for

anticancer activity using the CCK8 assay on MCF-7 and HCT-116 cell lines. Compound c in Fig. 12 was found to have the

minimum IC50 at the maximal apoptotic level in all cell cultures [61]. Docking analysis has revealed that these compounds

are found to have excellent affinity for both the wild-type (pdb: 2RD0) and the mutant-type (pdb: 3HHM) PI3Kα receptors.
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Compound 8b was found to be interacting with the residues Val851 and Gln859 of the wild-type receptor and Ser919,

Asp933, and Phe1059 of the mutant-type PI3Kα receptor, whereas compound 8f was found to be interacting with the

residues Lys802, Tyr836, Val851, and Asn920 of the wild-type receptor and residues Asp810, Tyr836, and Glu849 of the

mutant-type PI3Kα receptor [61].

Fig. 12 (c). Chemical interactions of quinolone derivatives [61].

Methods of Synthesis of Quinolone Derivatives

Scheme: 1

Gould Jacob et al. developed the most widely used technique for manufacturing quinolones in 1939. The quinolone

derivatives were synthesized by the Michael addition reaction, eliminating substituted anilines using diethyl methoxy

methylene malonate as a reagent in ethanol with agitation and reflux at high temperatures [62].

Scheme 1. The technique of Gould Jacob for assortment of quinolones [62].

Scheme: 2

The Conard-Limpach method is used to condense a modified aniline to create a quinolone. Quinolones are made by

performing this reaction at a high temperature [63].
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Scheme 2. Conard-Limpach synthesis method of quinolones [63].

Scheme: 3

Hu et al. reported that secondary amines and unchanged ketones undergo an oxidative Mannich reaction without using

metals. This brand-new technique allows the production of several 2-aryl quinoline-4 (1H)-ones. This procedure is carried

out under eco-friendly circumstances that don't require a catalyst made of a transition metal [9].

Scheme 3. Mannich process for the production of quinolones [9].

Scheme: 4

The Aza-Michael addition technique was used to produce significant amounts of chiral-modified 2,3-dihydro-4-quinolones.

This method has the advantage of being enantioselective in chemical synthesis. It is possible to develop new useful

quinolone analogues by combining the chiral 2,3-dihydro-4 quinolones. This anticancer drug may prevent mitosis [64].

Scheme 4. The Aza-Michael additive process for the production of quinolones [64].
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Scheme: 5

Kuppusamy and Kasi et al. developed the high-yielding, enantiomerically improved 2-aryl-2,3-dihydroquinoline-4(1H)-ones

by using per-6-ABCD [up to 99%]. This technique is performed in a single step, in which the expensive metal is reused

after separation from the product. However, a long reaction time is needed [65].

Scheme 5. Synthesis of quinolone derivatives via substituted aldehydes [65].

Scheme: 6

Akerbladh et al. used two distinct approaches to produce functionalized 4-quinolones. The first technique employed

molybdenum hexacarbonyl as a dependable basis of C.O. The cyclized product was produced by microwave heating at

1200℃ in 20 minutes. Sensitive substituents like nitro and Bromo groups are employed, and one-pot synthesis takes

place in the second step at room temperature [66].

Scheme 6. Sonogashira cross-coupling process for the synthesis of 4-quinolones [66].

Scheme: 7

Monastyrskyi et al. developed a method for producing 3-aryl-4(1H)-quinolones from EAA. Hypervalent diaryliodonium salt
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is used as a catalyst. The anti-malarial drug ELQ-300 was synthesized using this method. This molecule is active at all

stages of the Plasmodium falciparum and Plasmodium vivax lifecycles and is currently undergoing preclinical testing. The

toxicity of this substance has yet to be determined. However, preclinical studies have shown that it is safe. Finding data

gives crucial information about the efficacy of the synthesized substance. The benefit of this synthetic approach is that it

may be used in various situations. Malaria is the most deadly infection, killing millions of people yearly, and this synthetic

approach is beneficial to treat various malarial ailments [67].

Scheme 7. Quinolone derivatives synthesis using arylation method [67].

Scheme: 8

Duarte et al. developed one-step microwave irradiation synthesis techniques for different substituted 2-methyl-4-

quinolones. The reaction was placed at 205-2300C for 5 min with irradiation at 300W. Furthermore, the substituents that

donate electrons to aniline resulted in the required 4-quinolones. But anilines with electron-withdrawing substituents led to

N, N′-di-aryl urease. The essential features of this procedure were the readily available starting ingredients, excellent

yield, and decreased reaction durations [68].

Scheme 8. Synthesis of 4-quinolones via MW-assisted methods [68].

Scheme: 9

Xiao et al. established an efficient palladium-catalyzed method for the functionalization of N-aryl-4-quinolones [24]. The

reaction is carried out in the presence of K2CO3, Pd2(dba)3 as a catalyst, PPh3 as a ligand, and dioxane as a solvent,

which achieved a high yield of 84%. High-yield substituted N-aryl-4-quinolones were synthesized under ideal
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circumstances using a variety of aromatic amines. Alkyl amines produce noticeably fewer product yields when nitrogen is

used as unit substrates [69].

Shao et al. developed a more practical method for producing large yields of N-alkyl-substituted-4-quinolones by palladium

catalysis to get over this restriction. According to optimization studies, Cs2CO3, K2CO3, and K3PO4 were the most efficient

in DMSO at 140℃. The reaction is quicker in the presence of K3PO4. Moreover, several alkylamines with several

allopathic chain lengths interacted efficiently to produce good yields of quinolones [70].

Scheme 9. Quinolone derivatives via tandem amination method [69][70].

Scheme: 10

Malvacio et al. synthesized two quinolone derivatives by microwave-assisted one-pot techniques from various p-

substituted anilines and diethyl ethoxy methylene malonate. Consistent carboxylic acids are then generated by irradiating

quinolones under base hydrolysis conditions. Its defining characteristics are the large yields and short timeframes

achieved in this reaction [71].

Scheme 10. Synthesis of quinolone derivatives by the microwave-assisted method [71].
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Scheme: 11

Jiang et al. demonstrated a method for synthesizing quinolone derivatives called 1-vinyl-3-carboxylate-4-quinolone by

using isatins and alkynes as starting materials using a metal-free oxidative method [72]. DMSO, CS2CO3, and TBHP

(tertiary butyl hydroperoxide) are used as the solvent, base, and oxidant, respectively. This reaction is carried out at

1000C for 12 hours in a sealed jar [73][74].

Scheme 11. Synthesis of 4-quinolones using switchable oxidative cyclization method [72].

Scheme: 12

Åkerbladh et al. developed a method for synthesizing 4-quinolones using acetylenes and 2-iodoanilines as starting

materials [75]. This reaction employs two distinct methods: non-gaseous Mo(CO)6 as a base and M.W. heating for 20

minutes at 120°C with palladium catalysts [76]. The synthesis is carried out at 1200C for 20 minutes using Pd(dba)2, 1

mmol Mo (CO)6, 12 mmol% DPPF (bis(diphenyl-phosphino) ferrocene), and EtOH. The second technique uses a one-pot,

two-step procedure that is carried out at room temperature to provide an intermediate step without the need for M.W.

heating and without using DPPF as a catalyst. The essential characteristics of this technique are ease of reaction time

with decreasing by-product production and excellent tolerance towards delicate functional groups [66].

Scheme 12. Synthesis of 4-quinolones using microwave heating technique by Sonogashira CC [66].
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Scheme 12. Synthesis of 4-quinolones using microwave heating technique by Sonogashira CC [66].

Scheme: 13

Samadi et al. developed the effective Conard-Limpach method for synthesizing 4-quinolones from beta-aryl amino

crotonates and iron phosphate. However, when the reaction occurred at temperatures of 100, 150, and 200°C, large

yields of the product were produced. This method is needed to eliminate the column and atom economies and uses

catalysts that are good for the environment and can be changed [77].

Scheme 13. Synthesis of 4-quinolones using iron(iii) phosphate-catalyzed method [77].

Scheme: 14

Ji et al. discovered a technique for producing 4-quinolones from indoles via one-pot synthesis. The substrate N-methyl

indole was combined with the photocatalyst Ru(bpy)3Cl2.6H2O. The combination of 37 and 38 with a 20:1 ratio was

created using KOH as a basis and the aforementioned ideal circumstances. The product yields are moderate to excellent

when using different N-substituted 3-methyl indoles containing N-ethyl, N-benzyl, and N-allyl. The steps and atoms are

economical and easy to handle at room temperature. The use of oxygen as the oxidant is the most important feature of

this method [78][79].

Scheme 14. Photocatalytic ruthenium-mediated 4-quinolone synthesis [78][79]

Qeios, CC-BY 4.0   ·   Article, February 15, 2024

Qeios ID: P5M2Z8   ·   https://doi.org/10.32388/P5M2Z8 18/29



Scheme: 15

Hou et al. developed photocatalytic techniques for producing 2-quinolones by combining photoredox, cobalt or iridium

catalysis, and hydrocarboxylation of alkynes in a single-pot synthesis with CO2. This method produced the relevant 2-

quinolones with high yields from various aryl-substituted alkynes [24]. In addition, a considerable yield of 2-quinolones was

generated under photocarboxylation conditions by the reaction of alkynes with a free aniline molecule [80].

Scheme 15. Synthesis of 2-quinolones by photosynthesis techniques [80].

Scheme: 16

Wang et al. established a microwave-assisted Friedlander-type condensation method for making 2-quinolones by

combining O-amino aryl ketones and esters with a reactive alpha-methylene moiety and using CeCl3.7H2O as a catalyst.

Lewis's acid resulted in high yields and selectivity for 2-quinolones in under 10 minutes [81][82].

Scheme 16. Synthesis of 2-quinolones by microwave-assisted reaction [81][82].

Scheme: 17

Tsuji et al. discovered a method for the synthesis of N-methyl-2-quinolones using iridium as a catalyst. This reaction

contained N-methyl-2-quinolones from different methyl aryl carbamoyl chlorides and internal alkynes. The best results

were obtained by using [IrCl(cod)]2 under optimal conditions. Symmetrical alkynes provide higher yields of essential

products than unsymmetrical alkynes, which only have a yield of 62-67% [83][84].
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Scheme 17. Synthesis of quinolones by Cascade reaction [83][84].

Scheme: 18

Simple mesoporous catalysts were effective in a traditional Friedlander method for synthesizing 3,4-disubstituted 2-

quinolones. The basic heterogeneous catalysts dimethyl aminopropyl (DEAP), methyl aminopropyl (MAP), and

aminopropyl are used in this method. Compared to the primary amine-supported (A.P.) catalyst, the yield was better with

the secondary (MAP) or tertiary (DEAP) amino-supported (amine) catalyst. The maximum productivity was demonstrated

with a MAP-based catalyst (20%) [85].

Scheme 18. Friedlander reaction by basic mesoporous catalysts [85].

Scheme: 19

Lopez-Peinadi et al. investigated a Friedlander reaction induced by zeolites in 2010. Lewis and Bronsted acid catalyst sites

are looked at in bifunctional zeolites. The best conditions for combining 2-amino aryl ketones and ethyl acetoacetate at an

increased temperature were determined. Compared to 2-quinolone, H-MOR had a better yield. Khan et al. also performed

the same method using amber light NaSr1L as a catalyst [86][87].
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Scheme 19. Friedlander reaction for the synthesis of 2-quinolone [86][87].

Scheme: 20

Bui et al. discovered a method to produce 2-quinolones using microwave radiation, starting with substituted 2-amino

benzophenone and acid chlorides. The results demonstrated that M.W. irradiation produces high yields and reduces

reaction time [88].

Scheme 20. Synthesis of 2-quinolones via M.W. assisted one-pot method [88].

Scheme: 21

Cheng et al. synthesized 4-aryl-2-quinolones in the presence of a palladium catalyst. The existence of a base in the

reactions yielded 2-quinolones with moderate to good yields. Palladium carbene intermediates are produced from N-tosyl

hydrazones by converting them into diazo substrates [89].

Scheme 21. 4-aryl-2-quinolinone synthesis using CO2 gas [89].
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Scheme 21. 4-aryl-2-quinolinone synthesis using CO2 gas [89].

Scheme: 22

Kumar et al. developed a Friedlander annulation-Knoevenagel condensation [36] at 100ºC for 5 hours to synthesize 2-

steryl quinolones from 2-amino benzophenone and ethyl acetoacetate using indium triflate as a substrate [90].

Scheme 22. Quinolone derivatives synthesis via condensation method [90].

Scheme: 23

Vinayaka et al. reported a metal-free solid-phase conversion technique for synthesizing 4-quinolones using K2CO3 as a

catalyst. Basic alumina and enaminones were used as substrates for structuring 4-quinolones [36][91].

Scheme 23. Synthesis of 4-quinolones by transition metal-free techniques [36][91].

Results and Discussions

Quinolones are a major characteristic of nitrogen-containing heterocycles. They exhibit potential antibacterial, anti-

inflammatory, antimalarial, anticancer, antifungal, antitubercular, and other biological activities. Quinolone derivatives are
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tremendously important in medicinal chemistry. The N-1 position of quinolones requires a basic cyclical system as a

substituent, position 3 requires a carboxylic group, and position 4 requires a ketone. These requirements vary depending

on the function of the quinolone. Different molecules with various pharmacological, physiological, and pharmacokinetic

features resulted from chemical modifications at the N-1 and C-(5-8) positions. There are several methods for

synthesizing quinolone derivatives, including microwave-assisted synthesis, solvent-free method, photocatalyst,

biocatalyst, low-energy protocol, ultrasonication-mediated synthesis, catalyst-free approach, and green solvent reaction

(water, ethanol, supercritical CO2, aq. H2O2, oxidation).

Conclusions

Quinolone is a pharmacophore, an essential heterocyclic ring system in medicinal chemistry. As a result, there is never-

ending research for an environmentally friendly way to synthesize it. The review summarized and categorized the majority

of green approaches, including their benefits, implications, and substrate scope. Future researchers have a variety of

scopes and opportunities to plan further studies on green chemistry approaches. The advantages of this review will assist

in the further improvement of present studies.

Statements and Declarations

Authors Contribution

All authors have participated combinedly in the literature survey and completion of the document.

Ethical Approval and Consent to Participate

Not applicable.

Conflict of Interest

The authors declare no competing interests.

Availability of Data and Materials

All the data are available within the article, and the authors do not have permission to share data.

Funding

This work did not receive any internal or external funding.

Qeios, CC-BY 4.0   ·   Article, February 15, 2024

Qeios ID: P5M2Z8   ·   https://doi.org/10.32388/P5M2Z8 23/29



Acknowledgements

The authors would like to thank all those who helped to complete the work.

References

1. a, bZhang J, Wang S, Ba Y, Xu Z. 1,2,4-Triazole-quinoline/quinolone hybrids as potential anti-bacterial agents. Eur J

Med Chem. 2019 Jul 15;174:1–8.

2. a, bHu YQ, Zhang S, Xu Z, Lv ZS, Liu ML, Feng LS. 4-Quinolone hybrids and their antibacterial activities. Eur J Med

Chem [Internet]. 2017 Dec 1 [cited 2022 Sep 19];141:335–45. Available from:

https://pubmed.ncbi.nlm.nih.gov/29031077/

3. ^Christian JS. The quinolone antibiotics. Prim Care Update Ob Gyns. 1996 May 1;3(3):87–92.

4. a, bPatrick GL. An Introduction to Medicinal Chemistry. Oxford, New York, Tokyo: Oxford University Press; 1995.

5. ^Malik S, Choudhary A, Kumar S, Avasthi G. Available online through Quinolones : A Therapeutic Review. J Pharm

Res. 2010;3(7):1519–23.

6. ^Armstrong GL, Conn LA, Pinner RW. Trends in infectious disease mortality in the United States during the 20th

century. Jama. 1999;281(1):61–6.

7. ^Baharoglu Z, Garriss G, Mazel D. Multiple pathways of genome plasticity leading to development of antibiotic

resistance. Antibiotics. 2013;2(2):288–315.

8. ^Livermore DM. Has the era of untreatable infections arrived? J Antimicrob Chemother. 2009;64(SUPPL.1):29–36.

9. a, b, cHu W, Lin JP, Song LR, Long YQ. Direct synthesis of 2-aryl-4-quinolones via transition-metal-free intramolecular

oxidative C (sp3)-H/C (sp3)-H coupling. Org Lett [Internet]. 2015;17(5):1268–71. Available from:

https://pubs.acs.org/doi/10.1021/acs.orglett.5b00248

10. ^Lesher GY, Froelich EJ, Gruett MD, Bailey JH, Brundage RP. 1,8-Naphthyridine Derivatives. A New Class of

Chemotherapeutic Agents. J Med Pharm Chem. 1962;5(5):1063–5.

11. ^Takahashi H, Hayakawa I, Akimoto T. The history of the development and changes of quinolone antibacterial agents.

Yakushigaku Zasshi. 2003;38(2):161–79.

12. ^Rodrigues-Silva C, Maniero MG, Peres MS, Guimarães JR. Ocorrência e degradação de quinolonas por processos

oxidativos avançados. Quim Nova. 2014;37(5):868–85.

13. ^Zhang GF, Zhang S, Pan B, Liu X, Feng LS. 4-Quinolone derivatives and their activities against Gram positive

pathogens. Eur J Med Chem. 2018 Jan 1;143:710–23.

14. ^Zhang GF, Liu X, Zhang S, Pan B, Liu ML. Ciprofloxacin derivatives and their antibacterial activities. Eur J Med

Chem. 2018 Feb 25;146:599–612.

15. ^Owens RC, Ambrose PG. Antimicrobial safety: Focus on fluoroquinolones. Clin Infect Dis. 2005;41(2 SUPPL.).

16. ^Rubinstein E. History of quinolones and their side effects. Chemotherapy. 2001;47(SUPPL. 3):3–8.

17. a, bMugnaini C, Pasquini S, Corelli F. The 4-Quinolone-3-Carboxylic Acid Motif as a Multivalent Scaffold in Medicinal

Chemistry. Curr Med Chem. 2009;16(14):1746–67.

Qeios, CC-BY 4.0   ·   Article, February 15, 2024

Qeios ID: P5M2Z8   ·   https://doi.org/10.32388/P5M2Z8 24/29



18. ^Aldred KJ, Kerns RJ, Osheroff N. Mechanism of quinolone action and resistance. Biochemistry [Internet]. 2014 Mar 3

[cited 2022 Dec 19];53(10):1565–74. Available from: /pmc/articles/PMC3985860/

19. ^Heddle JG, Barnard FM, Wentzell LM, Maxwell A. The interaction of drugs with DNA gyrase: A model for the

molecular basis of quinolone action. Nucleosides, Nucleotides and Nucleic Acids. 2000;19(8):1249–64.

20. ^Shaw AN, Tedesco R, Bambal R, Chai D, Concha NO, Darcy MG, et al. Substituted benzothiadizine inhibitors of

Hepatitis C virus polymerase. Bioorganic Med Chem Lett [Internet]. 2009;19(15):4350–3. Available from:

http://dx.doi.org/10.1016/j.bmcl.2009.05.091

21. ^Willmott CJR, Critchlow SE, Eperon IC, Maxwell A. The complex of DNA gyrase and quinolone drugs with DNA forms

a barrier to transcription by RNA polymerase. J Mol Biol [Internet]. 1994 Sep 29 [cited 2022 Sep 19];242(4):351–63.

Available from: https://pubmed.ncbi.nlm.nih.gov/7932695/

22. ^Heeb S, Fletcher MP, Chhabra SR, Diggle SP, Williams P, Cámara M. Quinolones: From antibiotics to autoinducers.

FEMS Microbiol Rev. 2011;35(2):247–74.

23. ^Michael JP. Quinoline, quinazoline and acridone alkaloids. Nat Prod Rep. 2008;25(1):166–87.

24. a, b, cDhiman P, Arora N, Thanikachalam PV, Monga V. Recent advances in the synthetic and medicinal perspective of

quinolones: A review. Bioorg Chem [Internet]. 2019 Nov 1 [cited 2022 Oct 14];92. Available from:

https://pubmed.ncbi.nlm.nih.gov/31561107/

25. ^Herrada MSP. José María Infante Bonfiglio y María Eugenia Flores Treviño (eds.) (2014). La (des) cortesía en el

discurso: perspectivas interdisciplinarias (imagen, actos de habla y atenuación). Pragmática Sociocult / Sociocult

Pragmat. 2016;4(1):140–4.

26. a, bKang OY, Park SJ, Ahn H, Jeong KC, Lim HJ. Structural assignment of the enol-keto tautomers of one-pot

synthesized 4-hydroxyquinolines/4-quinolones. Org Chem Front. 2019;6(2):183–9.

27. ^Sharma V, Das R, Kumar Mehta D, Gupta S, Venugopala KN, Mailavaram R, et al. Recent insight into the biological

activities and SAR of quinolone derivatives as multifunctional scaffold. Bioorganic Med Chem. 2022 Apr 1;59:116674.

28. ^Jiang D, Mu W, Pang X, Liu Y, Zhang N, Song Y, et al. Cascade Cytosol Delivery of Dual-Sensitive Micelle-Tailored

Vaccine for Enhancing Cancer Immunotherapy. ACS Appl Mater Interfaces [Internet]. 2018 Nov 7 [cited 2022 Sep

19];10(44):37797–811. Available from: https://pubs.acs.org/doi/abs/10.1021/acsami.8b09946

29. a, bDhiman R, Sharma S, Singh G, Nepali K, Singh Bedi PM. Design and synthesis of aza-flavones as a new class of

xanthine oxidase inhibitors. Arch Pharm (Weinheim). 2013;346(1):7–16.

30. ^Khamkhenshorngphanuch T, Kulkraisri K, Janjamratsaeng A, Plabutong N, Thammahong A, Manadee K, et al.

Synthesis and antimicrobial activity of novel 4-Hydroxy-2-quinolone analogs. Molecules. 2020;25(13):1–12.

31. ^Kraus JM, Verlinde CLMJ, Karimi M, Lepesheva GI, Gelb MH, Buckner FS. Rational modification of a candidate

cancer drug for use against chagas disease. J Med Chem. 2009;52(6):1639–47.

32. ^Bradley JS, Jackson MA, Brady MT, Bernstein HH, Byington CL, Edwards KM, et al. The use of systemic and topical

fluoroquinolones. Pediatrics. 2011;128(4).

33. a, b, cTillotson GS. Quinolones: Structure-activity relationships and future predictions. J Med Microbiol [Internet]. 1996

[cited 2022 Sep 19];44(5):320–4. Available from: https://pubmed.ncbi.nlm.nih.gov/8636945/

34. ^Percival A. Impact of chemical structure on quinolone potency, spectrum and side effects. J Antimicrob Chemother.

Qeios, CC-BY 4.0   ·   Article, February 15, 2024

Qeios ID: P5M2Z8   ·   https://doi.org/10.32388/P5M2Z8 25/29



1991;28(SUPPL. C):1–8.

35. a, bPeterson LR. Quinolone molecular structure-activity relationships: What we have learned about improving

antimicrobial activity. Clin Infect Dis. 2001 Sep 15;33(SUPPL. 3).

36. a, b, c, d, e, fNainwal LM, Tasneem S, Akhtar W, Verma G, Khan MF, Parvez S, et al. Green recipes to quinoline: A

review. Eur J Med Chem [Internet]. 2019;164:121–70. Available from: https://doi.org/10.1016/j.ejmech.2018.11.026

37. ^Tanaka K. Solvent-Free Organic Synthesis. Solvent-Free Org Synth. 2009;1–457.

38. a, bSun XY, Zhang L, Wei CX, Piao HR, Quan ZS. Design, synthesis of 8-alkoxy-5,6-dihydro-[1,2,4]triazino[4,3-

a]quinolin-1-ones with anticonvulsant activity. Eur J Med Chem [Internet]. 2009 Mar [cited 2022 Sep 19];44(3):1265–

70. Available from: https://pubmed.ncbi.nlm.nih.gov/18950901/

39. a, bWei CX, Li FN, Zhao LX, Zhao LM, Quan ZS. Synthesis of 2-Substituted-7-heptyloxy-4,5-dihydro-[1,2,4]-

triazolo[4,3-a] quinolin-1(2H)-ones with Anticonvulsant Activity. Arch Pharm (Weinheim). 2007 Sep;340(9):491–5.

40. a, bGuo LJ, Wei CX, Jia JH, Zhao LM, Quan ZS. Design and synthesis of 5-alkoxy-[1,2,4]triazolo[4,3-a]quinoline

derivatives with anticonvulsant activity. Eur J Med Chem. 2009 Mar;44(3):954–8.

41. a, bHuang LJ, Hsieh MC, Teng CM, Lee KH, Kuo SC. Synthesis and antiplatelet activity of phenyl quinolones.

Bioorganic Med Chem. 1998;6(10):1657–62.

42. a, bLucero BDA, Gomes CRB, Frugulhetti ICDPP, Faro L V., Alvarenga L, De Souza MCBV, et al. Synthesis and anti-

HSV-1 activity of quinolonic acyclovir analogues. Bioorganic Med Chem Lett [Internet]. 2006 Feb 15 [cited 2022 Sep

19];16(4):1010–3. Available from: https://pubmed.ncbi.nlm.nih.gov/16321530/

43. ^Delgado JL, Hsieh CM, Chan NL, Hiasa H. Topoisomerases as anticancer targets. Biochem J [Internet]. 2018 Jan 1

[cited 2022 Sep 19];475(2):373–98. Available from: /pmc/articles/PMC6110615/

44. ^Lock RB, Ross WE. DNA topoisomerases in cancer therapy. Anticancer Drug Des. 1987 Oct;2(2):151–64.

45. ^Mehlhorn H. Drug Targets. In: Encyclopedia of Parasitology. 2016. p. 786–786.

46. ^Kreuzer KN, Cozzarelli NR. Escherichia coli mutants thermosensitive for deoxyribonucleic acid gyrase subunit A:

Effects on deoxyribonucleic acid replication, transcription, and bacteriophage growth. J Bacteriol [Internet]. 1979 [cited

2022 Sep 19];140(2):424–35. Available from: /pmc/articles/PMC216666/?report=abstract

47. ^Robinson MJ, Martin BA, Gootz TD, McGuirk PR, Osheroff N. Effects of novel fluoroquinolones on the catalytic

activities of eukaryotic topoisomerase II: Influence of the C-8 fluorine group. Antimicrob Agents Chemother [Internet].

1992 [cited 2022 Dec 19];36(4):751–6. Available from: /pmc/articles/PMC189387/?report=abstract

48. ^Hooper DC, Wolfson JS. Fluoroquinolone Antimicrobial Agents. N Engl J Med [Internet]. 1991 Feb 7 [cited 2022 Sep

19];324(6):384–94. Available from: https://pubmed.ncbi.nlm.nih.gov/1987461/

49. ^Drlica K, Franco RJ. Inhibitors of DNA Topoisomerases. Biochemistry [Internet]. 1988 Apr 1 [cited 2022 Sep

19];27(7):2253–9. Available from: https://pubmed.ncbi.nlm.nih.gov/2838070/

50. ^Wentland MP, Lesher GY, Reuman M, Gruett MD, Singh B, Aldous SC, et al. Mammalian Topoisomerase II Inhibitory

Activity of 1-Cyclopropyl-6,8-difluoro-1,4-dihydro-7-(2,6-dimethyl-4-pyridinyl)-4-oxo-3-quinolinecarboxylic Acid and

Related Derivatives. J Med Chem. 1993;36(19):2801–9.

51. a, bEissenstat MA, Kuo GH, Weaver JD, Wentland MP, Robinson RG, Klingbeil KM, et al. 3-benzyl-quinolones: Novel,

potent inhibitors of mammalian topoisomerase II. Bioorganic Med Chem Lett. 1995;5(9):1021–6.

Qeios, CC-BY 4.0   ·   Article, February 15, 2024

Qeios ID: P5M2Z8   ·   https://doi.org/10.32388/P5M2Z8 26/29



52. ^Alovero FL, Pan XS, Morris JE, Manzo RH, Fisher LM. Engineering the specificity of antibacterial fluoroquinolones:

Benzenesulfonamide modifications at C-7 of ciprofloxacin change its primary target in Streptococcus pneumoniae from

topoisomerase IV to gyrase. Antimicrob Agents Chemother. 2000;44(2):320–5.

53. ^Ronn R, Sandstrom A. New Developments in the Discovery of Agents to Treat Hepatitis C. Curr Top Med Chem

[Internet]. 2008 Mar 28 [cited 2022 Sep 19];8(7):533–62. Available from: https://pubmed.ncbi.nlm.nih.gov/18473882/

54. ^Reed KE, Rice CM. Expression and Characterization of the HCV NS2 Protease. Hepat C Protoc. 2003;19:331–42.

55. ^Marcotrigiano J. Progress on new hepatitis C virus targets: NS2 and NS5A. NATO Sci Peace Secur Ser A Chem Biol.

2009;121–38.

56. ^Winter RW, Kelly JX, Smilkstein MJ, Dodean R, Hinrichs D, Riscoe MK. Antimalarial quinolones: Synthesis, potency,

and mechanistic studies. Exp Parasitol. 2008;118(4):487–97.

57. a, bRama Rao P. Recent progress in the development of materials. Curr Opin Chem Eng. 2014;3(1):13–7.

58. a, bWang H, You QD, Li ZY, Zou YQ. Design, synthesis and antitumor activity of 3-substituted quinolone derivatives (I).

Chinese Chem Lett. 2008 Dec 1;19(12):1395–7.

59. a, bAmporndanai K, Pinthong N, O’Neill PM, Hong WD, Amewu RK, Pidathala C, et al. Targeting the Ubiquinol-

Reduction (Qi) Site of the Mitochondrial Cytochrome bc1 Complex for the Development of Next Generation Quinolone

Antimalarials. Biology (Basel) [Internet]. 2022 Aug 1 [cited 2022 Nov 12];11(8). Available from:

https://pubmed.ncbi.nlm.nih.gov/35892964/

60. a, bSinha M, Gupta A, Gupta S, Singh P, Pandit S, Chauhan SS, et al. Analogue discovery of safer alternatives to HCQ

and CQ drugs for SAR-CoV-2 by computational design. Comput Biol Med [Internet]. 2021 Mar 1 [cited 2022 Nov

12];130. Available from: https://pubmed.ncbi.nlm.nih.gov/33535144/

61. a, b, cSweidan K, Elfadel H, Sabbah DA, Bardaweel SK, Hajjo R, Anjum S, et al. Novel Derivatives of 4,6-Dihydroxy-2-

Quinolone-3-Carboxamides as Potential PI3Kα Inhibitors. ChemistrySelect [Internet]. 2022 Aug 26 [cited 2022 Nov

12];7(32):e202202263. Available from: https://onlinelibrary.wiley.com/doi/full/10.1002/slct.202202263

62. a, bGould RG, Jacobs WA. The Synthesis of Certain Substituted Quinolines and 5,6-Benzoquinolines. J Am Chem Soc.

1939;61(10):2890–5.

63. a, bSales EM, Daniel Figueroa-Villar J. RECENT STUDIES ABOUT SYNTHESIS AND BIOLOGICAL ACTIVITY OF

QUINOLONES AND DERIVATIVES: A REVIEW. José al World J Pharm Pharm Sci [Internet]. 2016;5(253). Available

from: www.wjpps.com

64. a, bSaito K, Moriya Y, Akiyama T. Chiral Phosphoric Acid Catalyzed Asymmetric Synthesis of 2-Substituted 2,3-

Dihydro-4-quinolones by a Protecting-Group-Free Approach. Org Lett. 2015;17(13):3202–5.

65. a, bKanagaraj K, Pitchumani K. Per-6-amino-β-cyclodextrin as a chiral base catalyst promoting one-pot asymmetric

synthesis of 2-Aryl-2,3-dihydro-4-quinolones. J Org Chem. 2013;78(2):744–51.

66. a, b, c, dÅkerbladh L, Nordeman P, Wejdemar M, Odell LR, Larhed M. Synthesis of 4-quinolones via a carbonylative

sonogashira cross-coupling using molybdenum hexacarbonyl as a co source. J Org Chem [Internet]. 2015 Feb 6 [cited

2022 Sep 19];80(3):1464–71. Available from: https://pubs.acs.org/doi/abs/10.1021/jo502400h

67. a, bMonastyrskyi A, Namelikonda NK, Manetsch R. Metal-free arylation of ethyl acetoacetate with hypervalent

diaryliodonium salts: An immediate access to diverse 3-aryl-4(1 H)-quinolones. J Org Chem [Internet]. 2015 Mar 3

Qeios, CC-BY 4.0   ·   Article, February 15, 2024

Qeios ID: P5M2Z8   ·   https://doi.org/10.32388/P5M2Z8 27/29



[cited 2022 Sep 19];80(5):2513–20. Available from: /pmc/articles/PMC4479256/

68. a, bDuarte PD, Paixao MW, Correa AG. Microwave assisted synthesis of 4-quinolones and N, N-diarylureas. Green

Process Synth [Internet]. 2013 Feb 1 [cited 2022 Sep 19];2(1):19–24. Available from:

https://www.degruyter.com/document/doi/10.1515/gps-2012-0083/html?lang=en

69. a, bZhao T, Xu B. Palladium-catalyzed tandem amination reaction for the synthesis of 4-quinolones. Org Lett.

2010;12(2):212–5.

70. a, bShao J, Huang X, Hong X, Liu B, Xu B. Synthesis of N-alkyl-substituted 4-quinolones via tandem alkenyl and aryl

C-N bond formation. Synth. 2012;44(12):1798–808.

71. a, bMalvacio I, Vera D, Moyano E. Microwave Assisted Synthesis of ethyl-quinolon-4-one-3-carboxylates and

Hydrolysis to quinolon-4-one-3-carboxylic Acids. Curr Microw Chem. 2014 Sep 27;1(1):52–8.

72. a, bGhosh A, Kolle S, Barak DS, Kant R, Batra S. Multicomponent Reaction for the Synthesis of 5,6-Dihydropyrrolo[2,1-

a]isoquinolines. ACS Omega [Internet]. 2019 Dec 10 [cited 2022 Oct 17];4(24):20854–67. Available from:

https://pubs.acs.org/doi/full/10.1021/acsomega.9b03546

73. ^Jiang SF, Xu C, Zhou ZW, Zhang Q, Wen XH, Jia FC, et al. Switchable Access to 3-Carboxylate-4-quinolones and 1-

Vinyl-3-carboxylate-4-quinolones via Oxidative Cyclization of Isatins and Alkynes. Org Lett. 2018;20(14):4231–4.

74. ^Cao Y, Zhao H, Zhang-Negrerie D, Du Y, Zhao K. Metal-Free Synthesis of 3-Arylquinolin-2-ones from N,2-Diaryl-

acrylamides via Phenyliodine (III) Bis (2,2-dimethylpropanoate)- Mediated Direct Oxidative C−C Bond Formation. Adv

Synth Catal [Internet]. 2016 Nov 17 [cited 2022 Dec 20];358(22):3610–5. Available from:

https://onlinelibrary.wiley.com/doi/full/10.1002/adsc.201600512

75. ^Naeem A, Badshah SL, Muska M, Ahmad N, Khan K. The current case of quinolones: Synthetic approaches and

antibacterial activity. Molecules [Internet]. 2016 Apr 1 [cited 2022 Dec 19];21(4). Available from:

https://pubmed.ncbi.nlm.nih.gov/27043501/

76. ^Kappe CO, Dallinger D. Controlled microwave heating in modern organic synthesis: Highlights from the 2004-2008

literature. Mol Divers [Internet]. 2009 Apr 21 [cited 2022 Dec 20];13(2):71–193. Available from:

https://link.springer.com/article/10.1007/s11030-009-9138-8

77. a, bSamadi S, Behbahani FK. Chemical Methodologies Iron (III) Phosphate Catalyzed the Synthesis of 4-quinolones.

Chem Methodol [Internet]. 2018;2:181–5. Available from: http://chemmethod.com

78. a, bShen C, Wang A, Xu J, An Z, Loh KY, Zhang P, et al. Recent Advances in the Catalytic Synthesis of 4-Quinolones.

Chem. 2019 May 9;5(5):1059–107.

79. a, bJi X, Li D, Wang Z, Tan M, Huang H, Deng GJ. Visible Light-Induced Aerobic Oxidation of Indoles: One-Pot

Formation of 4-Quinolones at Room Temperature. Asian J Org Chem. 2018;7(4):711–4.

80. a, bHou J, Ee A, Feng W, Xu JH, Zhao Y, Wu J. Visible-Light-Driven alkyne hydro-/carbocarboxylation using CO2 via

iridium/cobalt dual catalysis for divergent heterocycle synthesis. J Am Chem Soc [Internet]. 2018 Apr 18 [cited 2022

Oct 19];140(15):5257–63. Available from: https://pubs.acs.org/doi/abs/10.1021/jacs.8b01561

81. a, bJia CS, Dong YW, Tu SJ, Wang GW. Microwave-assisted solvent-free synthesis of substituted 2-quinolones.

Tetrahedron. 2007;63(4):892–7.

82. a, bBabu KR, Han W, Chen JB, Li Y, Tang Y, Zhang W, et al. A three-component reaction of phosphorus ylides with

Qeios, CC-BY 4.0   ·   Article, February 15, 2024

Qeios ID: P5M2Z8   ·   https://doi.org/10.32388/P5M2Z8 28/29



isocyanates: facile synthesis of 2-amino-3-carboxylate-4-quinolones. Chem Commun [Internet]. 2020 Jun 2 [cited 2022

Oct 19];56(44):5909–12. Available from: https://pubs.rsc.org/en/content/articlehtml/2020/cc/d0cc01401j

83. a, bIwai T, Fujihara T, Terao J, Tsuji Y. Iridium-catalyzed annulation of N -arylcarbamoyl chlorides with internal alkynes.

J Am Chem Soc. 2010;132(28):9602–3.

84. a, bMoyano A, Rios R. Asymmetric organocatalytic cyclization and cycloaddition reactions. Chem Rev [Internet]. 2011

Aug 10 [cited 2022 Oct 19];111(8):4703–832. Available from: https://pubs.acs.org/doi/abs/10.1021/cr100348t

85. a, bDomínguez-Fernández F, López-Sanz J, Pérez-Mayoral E, Bek D, Martín-Aranda RM, López-Peinado AJ, et al.

Novel basic mesoporous catalysts for the Friedländer reaction from 2-Aminoaryl ketones: Quinolin-2(1H)-ones versus

quinolines. ChemCatChem. 2009;1(2):241–3.

86. a, bLópez-Sanz J, Pérez-Mayoral E, Procházková D, Martín-Aranda RM, López-Peinado AJ. Zeolites promoting

quinoline synthesis via Friedländer reaction. Top Catal. 2010;53(19–20):1430–7.

87. a, bHong WP, Shin I, Lim HN. Recent Advances in One-Pot Modular Synthesis of 2-Quinolones. Molecules.

2020;25(22).

88. a, bBui CT. One-pot microwave-assisted synthesis of 3,4-disubstituted 2-quinolinones. Synth Commun. 2014 Apr

18;44(8):1122–7.

89. a, bSun S, Hu WM, Gu N, Cheng J. Palladium-Catalyzed Multi-Component Reactions of N-Tosylhydrazones, 2-

Iodoanilines and CO2towards 4-Aryl-2-Quinolinones. Chem - A Eur J [Internet]. 2016 Dec 23 [cited 2022 Sep

20];22(52):18729–32. Available from: https://pubmed.ncbi.nlm.nih.gov/27785839/

90. a, bKumar D, Kumar A, Qadri MM, Ansari MI, Gautam A, Chakraborti AK. In (OTf)3-catalyzed synthesis of 2-styryl

quinolines: Scope and limitations of metal Lewis acids for tandem Friedländer annulation-Knoevenagel condensation.

RSC Adv [Internet]. 2015;5(4):2920–7. Available from: http://dx.doi.org/10.1039/C4RA10613J

91. a, bVinayaka AC, Swaroop TR, Chikkade PK, Rangappa KS, Sadashiva MP. Transition-metal-free solid phase

synthesis of 1,2-disubstituted 4-quinolones via the regiospecific synthesis of enaminones. RSC Adv [Internet]. 2016

Jan 26 [cited 2022 Dec 21];6(14):11528–35. Available from: http://dx.doi.org/10.1039/C5RA21421A

Qeios, CC-BY 4.0   ·   Article, February 15, 2024

Qeios ID: P5M2Z8   ·   https://doi.org/10.32388/P5M2Z8 29/29


	[Review Article] Green Strategies for the Synthesis of Quinolone Derivatives
	Abstract
	Graphical Abstract
	Introduction
	Structure of Quinolone
	Antimicrobial Targets of Quinolone

	SAR of Quinolones
	Green Chemistry
	Pharmacological Activities of Quinolone Derivatives
	Anticonvulsant Activity
	Antiplatelet Activity
	Anti-HIV Activity
	Anticancer Activity
	Anti-HCV Activity
	Antimalarial Activity
	Antitumor Activity

	Chemical Interactions
	Methods of Synthesis of Quinolone Derivatives
	Scheme: 1
	Scheme: 2
	Scheme: 3
	Scheme: 4
	Scheme: 5
	Scheme: 6
	Scheme: 7
	Scheme: 8
	Scheme: 9
	Scheme: 10
	Scheme: 11
	Scheme: 12
	Scheme: 13
	Scheme: 14
	Scheme: 15
	Scheme: 16
	Scheme: 17
	Scheme: 18
	Scheme: 19
	Scheme: 20
	Scheme: 21
	Scheme: 22
	Scheme: 23

	Results and Discussions
	Conclusions
	Statements and Declarations
	Authors Contribution
	Ethical Approval and Consent to Participate
	Conflict of Interest
	Availability of Data and Materials
	Funding
	Acknowledgements

	References


