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Abstract
Quinoline motifs are essential in several pharmacological active heterocyclic compounds due to their various applications in
medicinal and industrial chemistry. Furthermore, there are greater societal expectations in the current scenario that synthetic
and medicinal chemists should produce greener and more sustainable chemical processes. Therefore, this mini-review article
highlights the traditional and green synthetic approaches of quinoline and its analogs, including multicomponent one-pot
reactions and solvent-free reaction conditions utilizing microwave and ultraviolet irradiation-promoted synthesis using eco-
friendly and safe reusable catalysts, in addition to discussing the medicinal importance of quinoline derivatives such as
anticancer, antioxidant, anti-inflammatory, antimalarial, anti-SARS-CoV-2, and antituberculosis activities within the period
from 2011 till 2021. Therefore, the quinoline scaffolds signify a unique class of pharmacophores present in various
therapeutic agents.
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Introduction

Quinoline is a nitrogen-based heterocyclic aromatic com-
pound with systematic IUPAC name as benzo[b]pyridine or
1-aza-naphthalene with the C9H7N chemical formula. It
exhibits chemical reactivity similar to the benzene and
pyridine ring system as it undergoes nucleophilic and
electrophilic substitution reactions [1].

Quinoline and its derivatives are a vital nucleus in sev-
eral natural products and FDA-approved drugs (Fig. 1) [2];
also, they are considered a privileged structure in drug
discovery programs because of their broad spectrum of bio-

responses, including anticancer [3], antioxidant [4], anti-
COVID-19 [5], anti-inflammatory [6], anti-mycobacterial
[7], antimicrobial [8], anticonvulsant [9], cardiovascular
[10], antituberculosis [11], anti-plasmodial [12], anti-
bacterial [13] activities. Additionally, quinoline systems are
still being applied to create compounds with wide-ranging
pharmacological activities [14].

Lately, authors have reviewed the access and applic-
ability of quinoline frameworks. Abdanne and Endale [15],
Ramandeep and Kapil [16], Tomoya et al. [17], and
Shraddha et al. [18] reported classical methods for quinoline
motifs synthesis. Jaideep et al. [19] and Ginelle and Bryan
[20] revealed metal-free quinoline synthesis approaches.
Ankit Kumar et al. [21] and Lalit et al. [22] briefly tackled
green recipes for quinoline preparation. Furqan et al. [23]
deliberated synthetic tactics for the tricyclic fused-quinoline
derivatives. Shweta et al. [24] conveyed the anticancer
activity of quinoline heterocycles. Rangappa and Siddappa
[25] and Mustapha et al. [26] compiled the antituberculosis
potential of quinoline derivatives—Atukuri [27] and Sté-
phanie and Matthias [28] overviewed hybrid-quinoline
derivatives with antimalarial potencies. Finally, Soumita
and Manojit [29] explored the anti-inflammatory activities
of quinoline scaffolds.

Owing to this wide range of applications, quinoline
chemistry has attained the synthetic and medicinal
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chemists’ efforts; therefore, many studies discussed syn-
thetic protocols succeeding quinoline and its analogs, such
as conventional methods, but these pathways suffer from
non-environmental reagents, generating a significant quan-
tity of waste, long reaction times, and objectionable
byproducts which lead to undesirable yields [30]; so, the
scientific communities urgently needed to create green and
more feasible chemical reactions utilizing unconventional
reaction media, energy sources, and safe catalysts to syn-
thesize quinoline derivatives [31].

Based on our interests and efforts in the green synthetic
organic and medicinal chemistry research field [32–37], in the
present mini-review, we exhibit an overview of the classical
and novel strategies for various quinoline compounds pro-
duction, including multicomponent one-pot reactions, elec-
trophilic annulation, oxidative and radical-promoted
cyclization, cascade reactions, solvent-free reaction conditions
under microwave and ultraviolet irradiation-promoted synth-
esis using eco-friendly and safe reusable catalysts in addition
to explaining their various pharmacological properties
including anticancer, antioxidant, anti-inflammatory, anti-
malarial, anti-SARS-CoV-2, and antituberculosis activities
within the period from 2011 till 2021.

Synthetic routes of quinolines

Traditional synthetic routes of quinolines

Traditional methods are summarized in Fig. 2. Ferdinand
Runge was the first researcher to isolate quinoline from coal
tar in 1834. Since then, the primary source of industrial
quinoline remains coal tar. Up to this time, the preparation
of quinoline and its derivatives has fascinated many
researchers. Quinoline production has been described in
numerous traditional reactions such as the Skraup method
that involved the heating of aromatic amine with glycerol in
sulfuric acid, which acted as a dehydrating agent that con-
verted glycerol to acrolein, and PhNO2 and oxidizing agent,
which finally converted 1,2-dihydroquinoline into quinoline
[38].

The Friedländer condensation of 2-aminoarylaldehyde
with α-carbonyl molecule bearing a reactive a-methylene
group in the presence of sodium ethoxide (10mol%) as a
catalyst has been developed to produce different poly-
substituted quinolines. The tetrahydroacridine derivatives
and 11H-indeno[1,2-b]quinolines achieved good yields ran-
ging from 51 to 93%. Friedländer reactions were performed
in entirely anhydrous ethanol with sodium ethoxide under
reflux for about 2–3 h [39]. 2-Aminoarylketones underwent
condensation with α-methylene ketones in the presence of
10 mol% poly(ethylene glycol) (PEG)–supported sulfonic
acid under moderate reaction conditions to generate good
yields of polysubstituted quinolines. A catalytic amount of
PEG-supported sulfonic acid was used to perform the Frie-
dlaender condensation of 2-aminoacetophenone with ethyl
acetoacetate to obtain ethyl 2,4-dimethylquinoline-3-car-
boxylate at room temperature in various solvents such as
CH3OH, Et2O, CH3CN, and CH2Cl2. It was reported that the
best results were achieved when the reaction was carried out
in CH2Cl2 at reflux room temperature for 40 min in the pre-
sence of 10 mol% PEG-supported sulfonic acids, resulting in
a 96% yield [40]. Cu−mesoporous organic nanorod was
employed to synthesize quinoline via the Frieldländer
method. The catalyst successfully catalyzes the one-pot
sequential multi-step oxidative dehydrogenative coupling of
2-aminobenzyl alcohol with various aromatic ketones to give
high yields of quinolines up to 97% [41]. Doebner reaction
produced quinoline derivatives through two mechanisms.
The first was an aldol condensation between the aldehyde and
pyruvic acid to give a β,γ-unsaturated α-keto acid, which
subsequently underwent a Michael addition with aniline, and
the second mechanism involved the formation of a Schiff’s
base from the 1,2-addition of the aniline to aromatic aldehyde
which was subjected to Mannich reaction with pyruvic acid.
Doebner-von Miller mechanism involved the condensation
of aniline derivatives with an α,β-unsaturated ketones, and
then, the fragmentation to the corresponding imine occurred.
The fragments were recondensed to the conjugated imine
followed by nucleophilic addition to another aniline molecule
[42]; the Pfitzinger reaction, which entails condensation in an
alkaline medium of an isatin and a ketone with the general

Fig. 1 Examples of natural
products and approved drugs
with a quinoline ring system
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formula RCOCH2R’, was employed throughout to create
these quinoline derivatives [43, 44]. Riehm, Combes,
Povarov hour methods synthesized quinoline derivatives
[45–48]. Gould-jacobs reaction, which is a method for the
synthesis of 4-hydroxyquinolines via the condensation of

aniline with alkoxy methylene malonic ester by cyclization
and subsequent decarboxylation and this protocol was
developed by using new techniques such as microwave [49]
as indicated in (Fig. 2), There are many proven protocols for
the production of the quinoline group, which can be widely

Fig. 2 Conventional methods of quinoline synthesis
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changed to prepare a series of quinolines that are replaced
differently.

Lewis acids-catalyzed synthesis of quinoline

1-(2,4-Dimethylquinoline-3-yl) ethenone 1 was produced
when 1-(2-aminophenyl) ethenone reacted with pentane-
2,4-dione using 4-toluenesulfonic acid (TsOH.H2O),
magnesium chloride (MgCl2.6H2O), or cupric nitrate (Cu
(NO3)2.3H2O) as a catalyst at 80 °C (Scheme 1) [50] in
fair yield. The treatment of anthranil with 1,3-diphenyl-
propane-1,3-dione resulted in quinoline cyclization pro-
ducing 2-Phenyl-3-benzoylquinoline 2 (Scheme 2) [51].
The reaction of aniline and polyhydric alcohols or
monohydric alcohols had quinoline 3–5 (Scheme 3) [52].
Quinoline 6 was created by Friedlander reaction in
solvent-free conditions between 2-amino aryl ketones and
ketones at 84–85 °C in good yield (Scheme 4) [53].

One-pot multicomponent synthesis of quinolines

2,4-Diphenylquinolines 7 were produced by the reaction of
anilines, benzaldehyde, and phenylacetylene (Scheme 5)
[54]. Compound 8 was produced via treating aniline deri-
vatives with phenylacetylene and benzaldehyde under

reflux in anhydrous acetonitrile in the presence of niobium
pentachloride as a catalyst (Scheme 6) [55].

The condensation of p-nitroaniline synthesized Nitro-
quinoline derivatives 9, benzaldehyde derivatives, and
phenylacetylene under air atmosphere, room temperature,
and constant stirring using anhydrous acetonitrile as sol-
vent. NbCl5 was used in the proportion of 50% for each
mole of benzaldehyde derivative used. Reduction of the
nitro group in the nitroquinoline derivatives was conducted
with hydrazine monohydrate in the presence of 10% Pd/C
(Scheme 7) [56].

Synthesis of functionalized quinoline

The synthesis of quinoline by quinoline N-oxide

Consequently, there is a substantial supply of new meth-
ods to synthesize structurally and mechanically complex
quinolines efficiently. In this context, the existing activ-
ities of organic production rely more on the direct func-
tionalization of the quinoline scaffold than on the
development of this center from the methods of cyclo-
condensation or cyclization. Easy quinoline N-oxides have
populations more significant as an ideal substrate to
change this N-heterocycle because of the capacity of the
N-oxide moiety to act as a directing group to conduct and
regulate the region-selectivity of the C-H functional
groups, being widely available or readily manufactured at
multi-gram scale in the lab. Use of reactions between
quinoline N-oxides and various acrylates with N-oxide
alkenylation, high quinoline production was developed 10
(Scheme 8) [57]. Over microwave irradiation at 120 °C,

Scheme 1 Synthesis of 1-(2,4-dimethylquinoline-3-yl) ethenone 1

Scheme 2 Synthesis of 2-Phenyl-3-benzoylquinoline 2

Scheme 3 The reaction of
aniline and polyhydric or
monohydric alcohols produces
quinolines 3–5

Scheme 4 The reaction between 2-amino aryl ketones and ketones to
produce quinolines 6
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quinoline N-oxide and p-methoxybenzene diazonium
tetrafluoroborate in acetonitrile contribute to producing a
C2-aminated quinoline 11 (Scheme 9) [58]. Olefination
of 2-methyl substituted quinoline N-oxide with ethyl
acrylate in the involvement of Cu(OAc)2 at 90 °C gen-
erated high yielded quinoline derivatives (12, 13)
(Scheme 10) [59].

Synthesis of quinoline via electrophile-driven cascade
cyclization

The reaction of 2-tosyl aminophenyl prop-1-yn-3-ol with
molecular iodine (I2) leads to iodocyclization resulting in
the good yield for the derivative of quinoline 14 synthesis
(Scheme 11) [60].

Green synthetic approaches of quinolines

Synthesis of quinolines using a non-metal catalyst

Quinoline derivatives 15 were produced in the presence of
iodine by the reaction of amino acids and aniline derivatives
(Scheme 12) [61].

Muo et al. identified a three-component procedure for
preparing 4-ferrocenyl quinoline derivatives 16 utilizing ani-
lines and ferrocenyl acetylene with aldehydes such as iso-
nicotinaldehyde, 2-furan carboxaldehyde and 2-thiophene
carboxaldehyde catalyzed by p-toluene sulfonic acid using
water as a solvent (Scheme 13) [62].

Synthesis of functionalized quinolines under solvent-free
conditions

The cyclo condensation reaction between 2-aminoarylketones
and α-aroyl ketene dithioacetals was performed under
solvent-free conditions using indium chloride (InCl3) as a
catalyst to produce a decent yield of quinolines 17
(Scheme 14) [63].

Synthesis of quinoline using photocatalysis

The transformation of m-nitrotoluene soluble in ethanol was
studied as a first-time model reaction to define the ability of
newly synthesized molecules. Irradiation (λ > 320 nm) of
the reaction mixture below 25 °C in the presence of acid-
modified mesoporous TiO2-SiO2 molecules resulted in the
creation of 2,7-dimethyl quinoline 18 (Scheme 15) [64].

N-aryl glycine, cinnamyl ester derivatives, undergoes
intramolecular cyclization using tris(2,2′-(p-CF3)bipyridine)
ruthenium(II) tetrafluoroborate (Ru(bpy)3(PF6)2) as a pho-
tocatalyst, boron trifluoride etherate, and acetonitrile as a
solvent under irradiation with a 23W fluorescent bulb at
room temperature for 24 h to obtain substituted quinoline-
fused lactones 19 (Scheme 16) [46].

The photocatalytic reaction between aniline, methyl
propionate, and paraformaldehyde catalyzed by poly-
thiophene encapsulated Au-Fe3O4 NPs (0.5 mol%) using
water as a solvent under irradiation of 60W tungsten fila-
ment bulb produced quinoline carboxylates 20 (Scheme 17)
[65].

Photocatalytic radical transformation reaction toward the
synthesis of quinoline

The reaction of β-aryl propionitrile derivatives with aryl
lithiums and water produced 1,3-diphenylpropan-1-imines,
which were treated with N-iodosuccinimide via iminyl
radical-mediated cyclization under transition metal-free
condition with a tungsten lamp irradiation to attain 2-aryl
quinoline 21 in a good yield (Scheme 18) [66].

A mixture of biphenyl-4-isocyanide and diethyl 2-
Bromo-2-(4-phenyl but-3-yn-1-yl)malonate in dimethylfor-
mamide as a solvent was reacted under irradiation with a
blue LED strip for 24 h at room temperature using fac-
Tris(2-phenyl pyridine)iridium(III) (fac Ir(ppy)3) as a pho-
tocatalyst and Na2HPO4 produced two quinoline fused
cyclopentane derivatives 22 and 23 with regioselectivity up
to 29% (Scheme 19) [67].

2-isocyanobiphenyls and ethyl bromofluoroacetate were
reacted with fac Ir(ppy)3 and Na2HPO4 under 3W blue LED
irradiation followed by decarboxylation step to produce
fused quinoline derivatives 24 and 25 (Scheme 20) [68].

The treatment of N-tosylamide derivatives of (aza)-
Morita–Baylis–Hillman adducts with the photocatalyst
Ru(bpy)3Cl2 using blue light photoredox-catalyzed single

Scheme 5 Synthesis of 2,4-
diphenyl quinolines 7

Scheme 6 The reaction of aniline with phenylacetylene and benzal-
dehyde produces quinolines 8
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Scheme 7 Synthesis of
nitroquinoline derivatives 9

Scheme 8 Synthesis of C2-alkenylated quinoline 10

Scheme 9 Synthesis of C2- aminated quinoline 11

Scheme 10 Olefination of 2-methyl substituted quinoline N-oxide
producing 12 and 13

Scheme 11 Electrophile-driven cascade cyclization resulting in qui-
nolines 14 synthesis

Scheme 12 Synthesis of quinoline derivatives 15 the reaction of amino
acids and anilines

Scheme 13 Synthesis of 4-ferrocenyl quinoline derivatives 16

Scheme 14 Regio-selective synthesis of quinolines 17 under solvent-
free conditions

Scheme 15 One-Pot Photocatalytic synthesis of 2,7-dimethyl quino-
line 18 from m-nitrotoluene soluble in ethanol

Scheme 16 Photocatalytic intramolecular cyclization of N-aryl glycine
cinnamyl ester derivatives to produce substituted quinoline-fused
lactones 19

Scheme 17 The photocatalytic reaction between aniline and methyl
propiolate produces substituted quinoline carboxylate 20
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electron transfer conditions at room temperature resulted
in the production of quinoline derivatives 26 and 27
(Scheme 21) [69].

Synthesis of quinoline by microwave irradiation

Microwave irradiation exhibits electric and magnetic fields,
but the starting materials are controlled only by the electric
field. As a result, [70].

Reactions under solvent conditions Zhang et al. estab-
lished a new green method for the preparation of pyrrolo-
quinolinediones 28 and quinolinedicarboxylates 29 by
reacting 2-azido benzaldehydes with N-maleimide and
dimethyl fumarate, respectively, via a one-pot synthesis
reaction including denitrogenation of azide, benzisoxazole
formation, aza-Diels–Alder cycloaddition, and dehydrative

aromatization in acetonitrile as a solvent under microwave
heating at 115 °C for 35 min (Scheme 22) [71].
The treatment of indolyl-ones with a specific Brønsted-

acid (trifluoroacetic acid in chloroform) induced the
production of 3,4-cyclopentane-quinoline-3-ones 30 utiliz-
ing the microwave effect (100W) at 100 °C in around
30 min (Scheme 23) [72].
The domino reaction technique for the synthesis of

spiropyrroloquinolines 31, 32, and 33 was performed
between anilinosuccinimide derivatives and α-dicarbonyl
compounds such as 1H-indene-1,2,3-trione, acenaphthy-
lene-1,2-dione, and 5-chloroindoline-2,3-dione derivatives
utilizing acetic acid as a Brønsted-acid catalyst under
microwave irradiation at 150 °C for 20 min in moderate
yield (Scheme 24) [73].
Poly-functionalized dihydroquinoline derivatives 34 were

synthesized through the reaction of aldehydes and aryl
ethylidene malononitriles (2 equiv) via an intermolecular
cyclization process under microwave irradiation in ethylene
glycol and NaOH as a base (Scheme 25) [74].
Furoindenoquinolin-1-one derivatives 35 were prepared

when 9H-fluoren-2-amine was condensed with tetronic acid
and benzaldehydes in acetic acid under microwave irradia-
tion for 10min (Scheme 26) [75].

Reactions under solvent-free conditions Microwave irra-
diation assisted the diastereoselective synthesis of quino-
line-2,5-diones 36 and 37 in virtuous yield via reacting aryl
aldehydes with N-aryl enaminones 4-hydroxy-6-methyl-
2H-pyran-2-one in acetic acid at 100 °C (Scheme 27) [76].
The treatment of anilines with benzaldehydes and phenyla-

cetylene using catalytic amounts of reusable potassium
dodecatungstocobaltate trihydrate (K5CoW12O40·3H2O) as a
catalyst under 800W microwave irradiation yields quinoline
and bis-quinoline derivatives 38 and 39 (Scheme 28) [77].
The condensation reaction of 2-amino benzophenone with

different heteroaromatic ketones under M.W. irradiation
highly yielded quinoline derivatives 40 and 12-diphenyldi-
benzo[b,f][1,5]diazocine 41 as a byproduct (Scheme 29)
[78].
Under solvent-free conditions and using microwave

irradiation at 80 °C, the condensation reaction between acyl
anilines and pentane-2,4-dione (10 equiv) was achieved in
the presence of barium or calcium imidazolium-
dicarboxylate (10 mol%) as a heterogeneous catalyst to
afford quinoline derivatives 42 with a decent yield
(Scheme 30) [79].

Scheme 18 Synthesis of 2-aryl quinolines 21 from β-arylpropionitriles
with aryl lithiums and NIS

Scheme 19 Synthesis of quinoline fused cyclopentane 22 and 23 from
biphenyl-4-isocyanide

Scheme 20 Synthesis of fused quinoline derivatives 24 and 25 from
2-isocyanobiphenyls

Scheme 21 Synthesis of
quinolines derivatives 26 and 27
from (aza)-
Morita–Baylis–Hillman adducts
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Computer prediction of biological activity of
quinoline

A drug-like organic molecule, whose molecular mass ran-
ges from 50 to 1250 Da, can have its likely biological
activity profile estimated using computer tools like the
PASS and Swiss ADME web resources based on its
structural formula. The estimation is based on examining

the structure-activity relationships for a large training set
that includes pharmaceutical agents, chemical probes,
compounds for which specific toxicity data is known, drug
substances, drug candidates in various clinical and pre-
clinical research stages, and drug substances.

Drug-likeness and oral bioavailability analysis of
quinoline nucleus using Swiss ADME web resources

Analysis of the pharmacokinetic properties of the potential
drug is essential in the early stage of drug discovery.
According to Lipinski and his team (Lipinski CA. Lead, and
drug-like compounds: the rule-of-five revolution. Drug
Discov Today. 2004; 1:337–341), drug-like quinoline must
obey the rule of five (RO5), i.e., molecular weight
(M.W.) ≤ 500 Da, number of hydrogen bond donor ≤ 5,
number of hydrogen bond acceptor ≤ 10, as shown in Fig. 3
[80].

Using the Pass Web resource for prediction of
biological activity of quinoline

PASS Online, a free online resource, is given. With an
average accuracy above 95%, this resource (http://www.wa
y2drug.com/passonline) is made to predict the biological
activity spectra of organic compounds based on their
structural formulas for more than 4000 categories of bio-
logical activity. A study of the structure-activity relation-
ships in the training set, which contains data on the
composition and biological function of more than 300,000
organic compounds, served as the foundation for the pre-
diction [81].

Table 1S shows biological activity spectrum predictions
obtained using the Pass Program for the quinoline nucleus;
it gives the prediction score for biological properties on the
ratio of probability to be active (Pa)’ and ‘probability of
being inactive (Pi).’ A higher Pa means the biological

Scheme 22 Synthesis of
pyrroloquinolinediones 28 and
quinolinedicarboxylates 29

Scheme 23 Synthenderzsis of 3,4-cyclopentan-quinoline-3-ones 30

Scheme 24 Synthesis of spiro pyrroloquinoline’s 31, 32, and 33 from
anilinosuccinimide derivatives and α-dicarbonyl compounds

Scheme 25 Synthesis of Poly-functionalized dihydroquinoline deri-
vatives 34 from aryl ethylidene malononitriles

Scheme 26 Synthesis of furoindeno[2,1-f]quinolin-1-one derivatives
35

Scheme 27 Diastereoselective synthesis of quinoline-2,5-diones 36
and 37
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property has more probability for a compound.., while
Table 2S shows possible adverse & toxic effects of quino-
line nucleus calculated through the PASS webserver.

Biological activity of quinoline derivatives

Almost heterocyclic compounds such as coumarin, indole,
pyridone, quinoline, tetrazole, pyrimidine, thiazole, pur-
ine, imidazole, flavones, and others have already been
employed as a tool for drug discovery research and
development. For example, the quinoline ring is an
attractive scaffold with many essential properties, mainly
anticancer, antioxidant, antimicrobial, anti-inflammatory,
and antituberculosis.

Anticancer activity

Kamal et al. synthesized and screened a variety of
quinoline-chalcone attached podophyllotoxin against dif-
ferent cancer cell lines such as lung (A549), melanoma
(A375), breast (MCF-7), colon (HT29), and renal cancer
ACHN in comparison with doxorubicin, etoposide, and
podophyllotoxin as a reference using MTT (3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
assay. This study showed that quinoline-chalcone in
compound 43 enhanced the anticancer activity of podo-
phyllotoxin with IC50 ranging from 2.2 to 15.4 µM (Fig. 4)
[82].

A series of cyano, Bromo, methoxy, and nitro groups-
substituted quinoline were synthesized and evaluated for
their anticancer activity against lung (A549), cervical
(HeLa), colon (HT29), liver (Hep3B), and breast (MCF7)
cancer cell lines using MTT cell proliferation assay and 5‐
fluorouracil and cisplatin as standard drugs. These efforts
revealed that the newly synthesized compounds such as 6‐
Bromo tetrahydro quinoline 44, 6,8‐dibromo-tetrahydro
quinoline 45, 8‐Bromo‐6‐cyanoquinoline 46, 5‐Bromo‐6,8‐
dimethoxyquinoline 47, 6,8-dimethoxy-1-nitroquinolin-1-
ium 48, and 5,7‐dibromo‐8‐hydroxyquinoline 49 (Fig. 5)
displayed a potential anticancer activity against the Hep3B,
HeLa, A549, HT29, and MCF7 cancer cell lines with IC50

band from 2 to 50 μg/ml and low cytotoxicity equals a
proximately 7–35% [83].

Özcan et al. [84] prepared quinoline derivatives (Fig. 6)
and tested their anticancer potencies. The newly synthesized
compounds’ activities were determined in the cervical
(HeLa), rat brain tumor (C6), and colon (HT29) cancer cell
lines according to the MTT, sulforhodamine B, and bro-
modeoxyuridine cell proliferation ELISA assays using 5‐
fluoro uracil as a reference. This study’s results show that
the compound 5,7‐dibromo‐8‐hydroxyquinoline 50 is the
most hopeful anticancer against the HeLa, HT29, and C6
cell lines with IC50 ranging from 3.7 to 16.3 µM.

Antioxidant activity

Hegde et al. [85] synthesized and screened quinoline deri-
vatives bearing carbothioamide and triazole moiety as
antioxidant agents using a 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical scavenging assay under ascorbic acid con-
trol (IC50= 0.032 ± 0.001). Compounds 53, 54, 55, and 56
showed potent antioxidant activity up to 92% inhibition.

Nagargoje et al. [86] formulated a set of quinoline-
based aminocarbonyl curcumin analogs 57–61 and

Scheme 28 Synthesis of
quinoline and bis-quinoline
derivatives 38 and 39

Scheme 29 Synthesis of quinoline derivatives 40 and dibenzo[b,f]
[1,5]diazocines 41

Scheme 30 Synthesis of quinoline derivatives 42 catalyzed by barium
or calcium imidazolium-dicarboxylate
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assessed their in vitro antioxidant activity using DPPH
radical scavenging assay butylated hydroxytoluene (BHT)
regulation. Most newly synthesized compounds (Fig. 7)
showed potent antioxidant activity compared to BHT
(IC50 = 16.47 ± 0.18 µg/mL).

Antimalarial and anti-SARS-CoV-2 activity

Chloroquine 62 contributes to chloroquine phosphate 63
(Fig. 8), a promising medication for malaria and SARS-
CoV-2 diseases. In 1950, hydroxychloroquine 64 (Fig. 9)
was derived from chloroquine 62 and gave better safety
features besides a similar action mechanism to chloroquine
[87]. In addition, chloroquine has a small molecular size
and lipophilic properties, so chloroquine can diffuse
through erythrocyte and parasite membranes and inhibit
DNA and RNA synthesis. Furthermore, hydroxy-
chloroquine can inhibit SARS-CoV-2 replication [88].

On February 17, 2020, the Chinese State Council
announced chloroquine phosphate 63 as an effective SARS-
CoV-2 treatment based on clinical trials at a different clinic
center in China [89]. Chloroquine 62 prevents in vitro
SARS-CoV-2 infection at low concentrations on micro-
molar scale with a maximum effective concentration (EC50)

Fig. 3 Computed values for prediction parameters of quinoline

Fig. 4 Quinoline-chalcone attached podophyllotoxin 43 enhanced
anticancer activity

Fig. 5 Quinoline-chalcone attached podophyllotoxin 44–45 enhanced
anticancer activity

Fig. 6 Quinoline derivatives 50–52 as anticancer agents
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of 1.13 μM, and a Cytotoxic (CC50) concentration greater
than 100 μM [90].

Anti-inflammatory activity

Ghodsia et al. [91] synthesized a class of quinoline deri-
vatives 65–69 (Fig. 10) possessing imidazole and methyl-
sulfonyl motifs and examined their in vitro COX-1 and
COX-2 inhibition activities, which declared that almost new
synthesized compounds were effective with IC50 in the full
scope of 0.063–0.090 μM as compared to celecoxib
(IC50= 0.060–24.3 μM). Results showed increased lipo-
philic properties of substituents on the C-7 and C-8 qui-
noline ring increased COX-2 inhibitory potency and
selectivity. The relative COX-2 potency and COX-2

selectivity profiles for the 4-imidazolyl methyl quinoline
derivatives concerning the C-7 and C-8 substituents were
68 > 67 > 65 > 66 > 69. However, among the 4-imidazolyl
methyl quinoline derivatives, compound 68, possessing an
unsaturated cyclohexyl ring attached to C-7 and C-8 qui-
noline ring, exhibited the highest COX-2 inhibitor potency
and selectivity (COX-2 IC50= 0.063 µM; SI= 547.6) that
was as potent as the reference drug celecoxib and more
selective COX-2 inhibitor than celecoxib (COX-
2IC50= 0.060 µM; SI= 405).

Antituberculosis activity

Thakare et al. [92] prepared several quinoline-substituted
benzyl groups 70–74 (Fig. 11) containing pyrazole and
triazole moiety. They tested their in vitro activity as anti-
tuberculosis agents against M. tuberculosis H37Ra strains
using rifampicin as a reference. The results revealed that
most new compounds displayed excellently to moderate
Activity against M. tuberculosis H37Ra with 34.10–54.60%
inhibition. Based on the results outcomes from the study, it

Fig. 7 Quinoline-based aminocarbonyl curcumin analogs 57–61 as
anticancer agents

Fig. 8 Chloroquine 62, chloroquine phosphate 63, and hydroxy-
chloroquine 64 as SAR-COV-2 medicine

Fig. 9 Quinoline derivatives
53–56 bearing carbothioamide
and triazole moiety as
antioxidant agents

Fig. 10 Quinoline derivatives 65–69 possess imidazole and
methylsulfonyl moiety
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was noticed that fluorine derivatives have stronger inhibi-
tory ability than bromine derivatives.

Conclusion and future perspectives

Based on a great interest in quinoline compounds chemistry
and its medicinal applications, it is clear that quinoline and
its derivatives interact with diverse biological targets like
proteins, receptors, and enzymes, which could pave the way
for finding novel medication candidates to overcome recent
world health problems such as the present COVID-19 crisis.

In this regard, we have briefed traditional and novel syn-
thetic methods for accessing quinoline and its congeners,
including green multicomponent one-pot synthesis, cascade
reactions, and solvent-free reaction conditions besides a
microwave ultraviolet irradiation-promoted synthesis using
reusable and recyclable green catalysts. All these aspects are
highly significant to the achievement of these pharmacolo-
gically active heterocycles; on these bases, we have sum-
marized the current progress and recent studies of the
biological importance of different quinoline derivatives,
mainly anticancer, anti-inflammatory, antioxidant, anti-
tuberculosis, antimalarial, and anti-SARS-CoV-2.

The significant markers of advances in this sector are
signs of quinoline core compounds entering the preclinical
stages and clinical usages. Therefore, the researchers are
still using synthetic approaches to prepare and improve
bioactive quinoline derivatives utilizing classical methods
and novel developed reaction procedures. These protocols
will significantly impact the quick construction of molecular
libraries and the cohort of structure-activity relationship
studies. So we predict that more signs of progress will be
made in the synthetic process with these findings.

Regarding the scope of topics covered in this mini-
review, we expect that the combined approach of the con-
ventional methods with green synthetic procedures will find
widespread applications and continue to capture great

interest and developments in the eco-friendly, fast, and
economical synthetic methods of quinoline motifs. Finally,
we hope the subjects mentioned above of quinoline scaf-
folds will lead the researchers to develop and find novel and
efficient therapeutic products.

Supplementary information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00044-023-03121-y.

Funding Open access funding provided by The Science, Technology
& Innovation Funding Authority (STDF) in cooperation with The
Egyptian Knowledge Bank (EKB).

Compliance with ethical standards

Conflict of interest The authors declare no competing interests.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Marella A, Tanwar OP, Saha R, Ali MR, Srivastava S, Akhter M,
et al. Quinoline: a versatile heterocyclic. Saudi Pharm J.
2013;21:1–12

2. Matada BS, Pattanashettar R, Yernale NG. A comprehensive
review on the biological interest of quinoline and its derivatives.
Bioorg Med Chem. 2021;32. https://doi.org/10.1016/j.bmc.2020.
115973

3. Afzal O, Kumar S, Haider MR, Ali MR, Kumar R, Jaggi M, et al.
A review on anticancer potential of bioactive heterocycle quino-
line. Eur J Med Chem. 2015;97:871–910

4. Zeleke D, Eswaramoorthy R, Belay Z, Melaku Y. Synthesis and
antibacterial, antioxidant, and molecular docking analysis of some
novel quinoline derivatives. J Chem. 2020;2020:1–16

5. Latarissa IR, Barliana MI, Meiliana A, Lestari K. Potential of
Quinine Sulfate for COVID-19 Treatment and Its Safety Profile:
Review. Clin Pharmacol. 2021;13:225–34

6. Pallavi B, Sharma P, Baig N, Kumar Madduluri V, Sah AK,
Saumya U, et al. Quinoline glycoconjugates as potentially antic-
ancer and anti‐inflammatory agents: an investigation involving
synthesis, biological screening, and docking. ChemistrySelect.
2020;5:9878–82

7. Venugopala KN, Uppar V, Chandrashekharappa S, Abdallah HH,
Pillay M, Deb PK, et al. Cytotoxicity and antimycobacterial
properties of pyrrolo[1,2-a]quinoline derivatives: molecular target
identification and molecular docking studies. Antibiotics.
2020;9:233

Fig. 11 Quinoline-substituted benzyl group, 70–74, containing pyr-
azole and triazole moiety as antituberculosis agents

2454 Medicinal Chemistry Research (2023) 32:2443–2457

https://doi.org/10.1007/s00044-023-03121-y
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.bmc.2020.115973
https://doi.org/10.1016/j.bmc.2020.115973


8. El-Adl K, Ibrahim MK, Khedr F, Abulkhair HS, Eissa IH. Design,
synthesis, docking, and anticancer evaluations of phthalazines as
VEGFR-2 inhibitors. Arch Pharm. 2022;355:e2100278

9. Guo L-J, Wei C-X, Jia J-H, Zhao L-M, Quan Z-S. Design and
synthesis of 5-alkoxy-[1,2,4]triazolo[4,3-a]quinoline deriva-
tives with anticonvulsant activity. Eur J Med Chem.
2009;44:954–8

10. Ferlin MG, Chiarelotto G, Antonucci F, Caparrotta L, Froldi G.
Mannich bases of 3H-pyrrolo[3,2-f]quinoline having vasorelaxing
activity. Eur J Med Chem. 2002;37:427–34

11. Mandewale MC, Thorat B, Nivid Y, Jadhav R, Nagarsekar A,
Yamgar R. Synthesis, structural studies and antituberculosis eva-
luation of new hydrazone derivatives of quinoline and their Zn(II)
complexes. J Saudi Chem Soc. 2018;22:218–28

12. Hu Y-Q, Gao C, Zhang S, Xu L, Xu Z, Feng L-S, et al. Quinoline
hybrids and their antiplasmodial and antimalarial activities. Eur J
Med Chem. 2017;139:22–47

13. Teng P, Li C, Peng Z, Marie VA, Nimmagadda A, Su M, et al.
Facilely accessible quinoline derivatives as potent antibacterial
agents. Bioorg Med Chem. 2018;26:3573–9

14. Pinz MP, Dos Reis AS, Vogt AG, Krüger R, Alves D, Jesse CR,
et al. Current advances of pharmacological properties of 7-chloro-
4-(phenylselanyl) quinoline: prevention of cognitive deficit and
anxiety in Alzheimer’s disease model. Biomed Pharmacother.
2018;105:1006–14

15. Weyesa A, Mulugeta E. Recent advances in the synthesis of
biologically and pharmaceutically active quinoline and its analo-
gues: a review. RSC Adv. 2020;10:20784–93

16. Kaur R, Kumar K. Synthetic and medicinal perspective of qui-
nolines as antiviral agents. Eur J Med Chem. 2021;215:113220

17. Shiro T, Fukaya T, Tobe M. The chemistry and biological activity
of heterocycle-fused quinolinone derivatives: a review. Eur J Med
Chem. 2015;97:397–408

18. Prajapati SM, Patel KD, Vekariya RH, Panchal SN, Patel HD.
Recent advances in the synthesis of quinolines: a review. Rsc
Adv. 2014;4:24463–76

19. Bharate JB, Vishwakarma RA, Bharate SB. Metal-free domino one-
pot protocols for quinoline synthesis. RSC Adv. 2015;5:42020–53

20. Ramann GA, Cowen BJ. Recent advances in metal-free quinoline
synthesis. Molecules. 2016;21:986

21. Patel AJ, Dholakia AB, Patel VC. A green perspective: synthesis
of 2-chloro-3-formylquinolines and its derivatives. Synth Com-
mun. 2021;51:163–90

22. Nainwal LM, Tasneem S, Akhtar W, Verma G, Khan MF, Parvez
S, et al. Green recipes to quinoline: a review. Eur J Med Chem.
2019;164:121–70

23. Saddique FA, Farhad M, Aslam S, Ahmad M. Recent synthetic
methodologies for the tricyclic fused-quinoline derivatives. Synth
Commun. 2021;51:13–36

24. Jain S, Chandra V, Jain PK, Pathak K, Pathak D, Vaidya A.
Comprehensive review on current developments of quinoline-
based anticancer agents. Arab J Chem. 2019;12:4920–46

25. Keri RS, Patil SA. Quinoline: a promising antitubercular target.
Biomed Pharmacother. 2014;68:1161–75

26. Mandewale MC, Patil UC, Shedge SV, Dappadwad UR, Yamgar
RS. A review on quinoline hydrazone derivatives as a new class of
potent antitubercular and anticancer agents. Beni-Suef Univ J
Basic Appl Sci. 2017;6:354–61

27. Dorababu A. Quinoline: a promising scaffold in recent anti-
protozoal drug discovery. ChemistrySelect 2021;6:2164–77

28. Vandekerckhove S, D’hooghe M. Quinoline-based antimalarial
hybrid compounds. Bioorg Med Chem. 2015;23:5098–119

29. Mukherjee S, Pal M. Quinolines: a new hope against inflamma-
tion. Drug Discov Today. 2013;18:389–98

30. Gogoi S, Shekarrao K, Duarah A, Bora TC, Gogoi S, Boruah RC.
A microwave promoted solvent-free approach to steroidal

quinolines and their in vitro evaluation for antimicrobial activities.
Steroids 2012;77:1438–45

31. Mathada BS, Somappa SB. An insight into the recent develop-
ments in anti-infective potential of indole and associated hybrids. J
Mol Struct. 2022;1261:132808

32. Amer MM, Abdellattif MH, Mouneir SM, Zordok WA, Shehab
WS. Synthesis, DFT calculation, pharmacological evaluation, and
catalytic application in the synthesis of diverse pyrano[2,3-c]
pyrazole derivatives. Bioorg Chem. 2021;114:105136

33. Amer MM, Aziz MA, Shehab WS, Abdellattif MH, Mouneir SM.
Recent advances in chemistry and pharmacological aspects of
2-pyridone scaffolds. J Saudi Chem Soc. 2021;25:101259

34. Hamed EO, Assy MG, Shalaby AM, Sayed RE. Cyclization of N‐
benzyl cyanoacetamide: novel synthesis and biological activity of
pyrrole, pyrimidine, and pyran derivatives. J Heterocycl Chem.
2020;57:1672–81

35. El-Sayed HA, Assy MG, Mohamed AS. Semi-continuous pro-
duction of the anticancer drug taxol by Aspergillus fumigatus and
Alternaria tenuissima immobilized in calcium alginate beads.
Synth Commun. 2020;43:997–1007

36. El‐Sayed HA, Assy MG, Mohamed AS. An efficient and green
synthesis of highly substitutedn‐amino‐2‐oxo‐nicotinonitriles and
their sulfonamide derivatives under ultrasonic and microwave
irradiation. ChemistrySelect. 2019;4:12151–5

37. El-Sayed HA, Moustafa AH, Said SA, Assy M, Amr AE-GE.
Chemistry of 4,6-diaryl(heteroaryl)-2-oxonicotinonitriles and their
fused heterocyclic systems. Synth Commun. 2018;48:2615–34

38. Yamashkin S, Oreshkina E.Traditional and modern approaches to
the synthesis of quinoline systems by the Skraup and Doebner-
Miller methods.Rev Chem Heterocycl Compd.2006;42:701–18

39. Yang D, Jiang K, Li J, Xu F. Synthesis and characterization of
quinoline derivatives via the Friedländer reaction. Tetrahedron.
2007;63:7654–8

40. Zhang X-L, Wang Q-Y, Sheng S-R, Wang Q, Liu X-L. Efficient
Friedländer synthesis of quinoline derivatives from
2-aminoarylketones and carbonyl compounds mediated by recyclable
PEG-supported sulfonic acid. Synth Commun®. 2009;39:3293–304

41. Elavarasan S, Bhaumik A, Sasidharan M. An efficient mesoporous
Cu‐organic nanorod for friedländer synthesis of quinoline and
click reactions. ChemCatChem 2019;11:4340–50

42. Heravi MM, Asadi S, Azarakhshi F. Recent applications of
Doebner, Doebner-von Miller and Knoevenagel-Doebner reac-
tions in organic syntheses. Curr Org Synth. 2014;11:701–31

43. Buu-Hoi NP, Royer R, Xuong ND, Jacquignon P. The Pfitzinger
reaction in the synthesis of quinoline derivatives. J Org Chem.
1953;18:1209–24

44. Lv Q, Fang L, Wang P, Lu C, Yan F. A simple one-pot synthesis
of quinoline-4-carboxylic acid derivatives by Pfitzinger reaction of
isatin with ketones in water. Monatshefte Chem-Chem Month.
2013;144:391–4

45. Shindoh N, Tokuyama H, Takemoto Y, Takasu K. Auto-tandem
catalysis in the synthesis of substituted quinolines from aldimines
and electron-rich olefins: cascade Povarov-hydrogen-transfer
reaction. J Org Chem. 2008;73:7451–6

46. Dong W, Hu B, Gao X, Li Y, Xie X, Zhang Z. Visible-light-
induced photocatalytic aerobic oxidation/povarov cyclization
reaction: synthesis of substituted quinoline-fused lactones. J Org
Chem. 2016;81:8770–6

47. Jia X, Qing C, Huo C, Peng F, Wang X. Radical cation salt
induced Povarov reaction between iminoethyl glyoxylate and N-
vinylamides: synthesis of quinoline-2-carboxylate derivatives.
Tetrahedron Lett. 2012;53:7140–2

48. Ghoshal A, Yugandhar D, Nanubolu JB, Srivastava AK. An
efficient one-pot synthesis of densely functionalized fused-
quinolines via sequential Ugi4CC and acid-mediated Povarov-
type reaction. ACS Combinatorial Sci. 2017;19:600–8

Medicinal Chemistry Research (2023) 32:2443–2457 2455



49. Zaman AU, Khan MA, Munawar MA, Athar MM, Pervaiz M,
Pervaiz A, et al. Microwave assisted gould-jacobs reaction for
synthesis of 3-acetyl-4-hydroxyquinoline derivatives. Asian J
Chem. 2015;27:2823–6

50. Zhou X-Y, Chen X, Wang L-G. Highly efficient Brønsted acid
and Lewis acid catalysis systems for the Friedländer Quinoline
synthesis. Synth Commun. 2018;48:830–7

51. Zou L-H, Zhu H, Zhu S, Shi K, Yan C, Li P-G. Copper-catalyzed
ring-opening/reconstruction of anthranils with oxo-compounds:
synthesis of quinoline derivatives. J Org Chem.
2019;84:12301–13

52. Huang C, Li A, Chao Z-S. Heterogeneous catalytic synthesis of
quinoline compounds from aniline and C1–C4alcohols over
zeolite-based catalysts. RSC Adv. 2017;7:48275–85

53. Gao W-Y, Leng K, Cash L, Chrzanowski M, Stackhouse CA, Sun
Y, et al. Investigation of prototypal MOFs consisting of poly-
hedral cages with accessible Lewis-acid sites for quinoline
synthesis. Chem Commun. 2015;51:4827–9

54. Kumar V, Gohain M, Van Tonder JH, Ponra S, Bezuindenhoudt
B, Ntwaeaborwa O, et al. Synthesis of quinoline based hetero-
cyclic compounds for blue lighting application. Optical Mater.
2015;50:275–81

55. De Andrade A, Dos Santos GC, Da Silva‐Filho LC. Synthesis of
quinoline derivatives by multicomponent reaction using niobium
pentachloride as lewis acid: synthesis of quinoline derivatives by
multicomponent reaction using niobium pentachloride as lewis
acid. J Heterocycl Chem. 2015;52:273–7

56. Dos Santos GC, De Andrade Bartolomeu A, Ximenes VF, Da
Silva-Filho LC. Facile synthesis and photophysical characteriza-
tion of new quinoline dyes. J Fluoresc. 2017;27:271–80

57. Kouznetsov VV, Méndez LYV, Galvis CEP, Villamizar MCO.
The direct C–H alkenylation of quinolineN-oxides as a suitable
strategy for the synthesis of promising antiparasitic drugs. N J
Chem. 2020;44:12–19

58. Dhiman AK, Chandra D, Kumar R, Sharma U. Catalyst-free
synthesis of 2-anilinoquinolines and 3-hydroxyquinolines via
three-component reaction of quinoline N-oxides, aryldiazonium
salts, and acetonitrile. J Org Chem. 2019;84:6962–9

59. Sharma R, Kumar R, Kumar R, Upadhyay P, Sahal D, Sharma U.
Rh(III)-catalyzed C(8)-H functionalization of quinolines via
simultaneous c-c and c-o bond formation: direct synthesis of
quinoline derivatives with antiplasmodial potential. J Org Chem.
2018;83:12702–10

60. Ali S, Zhu H-T, Xia X-F, Ji K-G, Yang Y-F, Song X-R, et al.
Electrophile-driven regioselective synthesis of functionalized
quinolines. Org Lett. 2011;13:2598–601

61. Xiang J-C, Wang Z-X, Cheng Y, Xia S-Q, Wang M, Tang B-C,
et al. Divergent synthesis of functionalized quinolines from aniline
and two distinct amino acids. J Org Chem. 2017;82:9210–6

62. Mou R-Q, Zhao M, Lv X-X, Zhang S-Y, Guo D-S. An efficient
and green synthesis of ferrocenyl-quinoline conjugates via a
TsOH-catalyzed three-component reaction in water. RSC Adv.
2018;8:9555–63

63. Chanda T, Verma RK, Singh MS. InCl3-driven regioselective
synthesis of functionalized/annulated quinolines: scope and lim-
itations. Chem Asian J. 2012;7:778–87

64. Hakki A, Dillert R, Bahnemann DW. Arenesulfonic acid-
functionalized mesoporous silica decorated with titania: a het-
erogeneous catalyst for the one-pot photocatalytic synthesis of
quinolines from nitroaromatic compounds and alcohols. ACS
Catal. 2013;3:565–72

65. Kaur M, Pramanik S, Kumar M, Bhalla V. Polythiophene-
encapsulated bimetallic Au-Fe3O4nano-hybrid materials: a
potential tandem photocatalytic system for nondirected C(sp2)–H
activation for the synthesis of quinoline carboxylates. ACS Catal.
2017;7:2007–21

66. Naruto H, Togo H. Preparation of 2-arylquinolines from
β-arylpropionitriles with aryllithiums and NIS through iminyl
radical-mediated cyclization. Org Biomol Chem. 2019;17:
5760–70

67. Sun X, Li J, Ni Y, Ren D, Hu Z, Yu S. Synthesis of Fused
Quinoline and Quinoxaline Derivatives Enabled by Domino
Radical Triple Bond Insertions. Asian J Org Chem.
2014;3:1317–1325

68. Sun X, Yu S. Visible-light-mediated fluoroalkylation of iso-
cyanides with ethyl bromofluoroacetates: unified synthesis of
mono- and difluoromethylated phenanthridine derivatives. Org
Lett. 2014;16:2938–41

69. Chaturvedi AK, Rastogi N. Visible light catalyzed synthesis of
quinolines from (aza)-Morita-Baylis-Hillman adducts. Org Bio-
mol Chem. 2018;16:8155–9

70. Oliver Kappe C, Stadler A, Dallinger D. Microwaves in organic
and medicinal chemistry: KAPPE:MICROWAVES 2E O-BK.
Microwaves in organic and medicinal chemistry, Vol. 52. John
Wiley & Sons, 2012. https://doi.org/10.1002/9783527647828

71. Zhang X, Dhawan G, Muthengi A, Liu S, Wang W, Legris M,
et al. One-pot and catalyst-free synthesis of pyrroloquinolinediones
and quinolinedicarboxylates. Green Chem. 2017;19:3851–5

72. Fedoseev P, Van Der Eycken E. Temperature switchable Brønsted
acid-promoted selective syntheses of spiro-indolenines and qui-
nolines. Chem Commun. 2017;53:7732–5

73. Xiao M, Sun Q, Sun J, Yan CG. An efficient synthesis of spir-
opyrroloquinolines by the domino reaction of α-dicarbonyl com-
pounds and anilinosuccinimides: an efficient synthesis of
spiropyrroloquinolines by the domino reaction of α-dicarbonyl
compounds and anilinosuccinimides. Eur J Org Chem.
2017;2017:6861–6

74. Yu Y, Tu M-S, Jiang B, Wang S-L, Tu S-J. Multicomponent
synthesis of polysubstituted dihydroquinoline derivatives. Tetra-
hedron Lett. 2012;53(38):5071–5

75. Peng JH, Jia RH, Ma N, Zhang G, Wu FY, Cheng C, et al. A
facile and expeditious microwave-assisted synthesis of furo[3,4-b]
indeno[2,1-f]quinolin-1-one derivativesviamulticomponent reac-
tion: a facile and expeditious microwave-assisted synthesis of
furo[3,4-b]indeno[2,1-f]quinolin-1-one derivativesviamulti-
component reaction. J Heterocycl Chem. 2013;50:899–902

76. Jiang B, Liang Y-B, Kong L-F, Tu X-J, Hao W-J, Ye Q, et al.
Highly diastereoselective synthesis of quinoline-2,5-diones and
pyrazolo[3,4-b]pyridin-6(7H)-ones under microwave irradiation.
RSC Adv. 2014;4:54480–6

77. Anvar S, Mohammadpoor-Baltork I, Tangestaninejad S, Mogha-
dam M, Mirkhani V, Khosropour AR, et al. Efficient and
environmentally-benign three-component synthesis of quinolines
and bis-quinolines catalyzed by recyclable potassium dodeca-
tungstocobaltate trihydrate under microwave irradiation. RSC
Adv. 2012;2:8713–20

78. Cho SK, Song JH, Lee EJ, Lee DH, Hahn JT, Jung DI. Quinolines
formation by condensation of heteroaromatic ketones and
2-aminobenzophenones under MW irradiation: quinolines forma-
tion by MW irradiation. Bull Korean Chem Soc. 2015;36:2746–9

79. Martos M, Albert-Soriano M, Pastor IM. 1,3-Bis(3-carbox-
ypropyl)-1H-imidazole. Molbank 2022;2022:M1480

80. Ibrahim MS, Farag B, Al-Humaidi JY, Zaki ME, Fathalla M,
Gomha SM. Mechanochemical synthesis and molecular docking
studies of new azines bearing indole as anticancer agents. Mole-
cules. 2023;28:3869

81. Filimonov D, Lagunin A, Gloriozova T, Rudik A, Druzhilovskii
D, Pogodin P, et al. Prediction of the biological activity spectra of
organic compounds using the Pass Online Web resource. Chem
Heterocycl Compd. 2014;50:444–57

82. Kamal A, Mallareddy A, Suresh P, Nayak VL, Shetti RV, Rao NS,
et al. Synthesis and anticancer activity of 4β-alkylamidochalcone

2456 Medicinal Chemistry Research (2023) 32:2443–2457

https://doi.org/10.1002/9783527647828


and 4β-cinnamido linked podophyllotoxins as apoptotic inducing
agents. Eur J Med Chem. 2012;47:530–45

83. Ökten S, Aydın A, Koçyiğit ÜM, Cakmak O, Erkan S, Andac CA,
et al. Quinoline‐based promising anticancer and antibacterial
agents, and some metabolic enzyme inhibitors. Arch Pharm.
2020;353:2000086

84. Özcan E, Ökten S, Eren T. Decision making for promising
quinoline-based anticancer agents through combined methodol-
ogy. J Biochem Mol Toxicol. 2020;34:e22522

85. Hegde H, Gaonkar SL, Badiger NP, Shetty NS. Synthesis, anti-
oxidant and anticancer activity of new quinoline-[1, 2, 4]-triazole
hybrids. Rasayan J Chem. 2020;13:1744–9

86. Nagargoje AA, Akolkar SV, Siddiqui MM, Subhedar DD,
Sangshetti JN, Khedkar VM, et al. Quinoline based monocarbonyl
curcumin analogs as potential antifungal and antioxidant agents:
synthesis, bioevaluation and molecular docking study. Chem
Biodivers. 2020;17:e1900624

87. Browning DJ. Pharmacology of Chloroquine and Hydroxy-
chloroquine. Hydroxychloroquine and Chloroquine Retinopathy.
2014:35–63. https://doi.org/10.1007/978-1-4939-0597-3_2

88. Li C, Zhu X, Ji X, Quanquin N, Deng Y-Q, Tian M, et al.
Chloroquine, a FDA-approved drug, prevents Zika virus infection
and its associated congenital microcephaly in mice. EBioMedicine
2017;24:189–94

89. Devaux CA, Rolain J-M, Colson P, Raoult D. New insights on the
antiviral effects of chloroquine against coronavirus: what to expect
for COVID-19? Int J Antimicrob Agents. 2020;55:105938

90. Wang M, Cao R, Zhang L, Yang X, Liu J, Xu M, et al.
Remdesivir and chloroquine effectively inhibit the recently
emerged novel coronavirus (2019-nCoV) in vitro. Cell Res.
2020;30:269–71

91. Ghodsi R, Azizi E, Zarghi A. Design, synthesis and biological
evaluation of4-(Imidazolylmethyl)-2-(4-methylsulfonyl phe-
nyl)-quinoline derivatives as selective COX-2 inhibitors and in-
vitro anti-breast cancer agents. Iran J Pharm Res. 2016;15:
169–77

92. Thakare PP, Walunj Y, Chavan A, Bobade VD, Sarkar D, Mhaske
PC. Synthesis and antimycobacterial screening of new 4‐(4‐(1‐
benzyl‐1H‐1,2,3‐triazol‐4‐yl)‐1‐phenyl‐1H‐pyrazol‐3‐yl)quinoline
derivatives. J Heterocycl Chem. 2020;57:3918–29

Medicinal Chemistry Research (2023) 32:2443–2457 2457

https://doi.org/10.1007/978-1-4939-0597-3_2

	Current progress toward synthetic routes and medicinal significance of quinoline
	Abstract
	Introduction
	Synthetic routes of quinolines
	Traditional synthetic routes of quinolines
	Lewis acids-catalyzed synthesis of quinoline
	One-pot multicomponent synthesis of quinolines
	Synthesis of functionalized quinoline
	The synthesis of quinoline by quinoline N-oxide
	Synthesis of quinoline via electrophile-driven cascade cyclization
	Green synthetic approaches of quinolines
	Synthesis of quinolines using a non-metal catalyst
	Synthesis of functionalized quinolines under solvent-free conditions
	Synthesis of quinoline using photocatalysis
	Photocatalytic radical transformation reaction toward the synthesis of quinoline
	Synthesis of quinoline by microwave irradiation
	Reactions under solvent conditions
	Reactions under solvent-free conditions

	Computer prediction of biological activity of quinoline
	Drug-likeness and oral bioavailability analysis of quinoline nucleus using Swiss ADME web resources
	Using the Pass Web resource for prediction of biological activity of quinoline

	Biological activity of quinoline derivatives
	Anticancer activity
	Antioxidant activity
	Antimalarial and anti-SARS-CoV-2 activity
	Anti-inflammatory activity
	Antituberculosis activity

	Conclusion and future perspectives
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




