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In current scenario, various heterocycles have come up exhibiting crucial role in various medicinal agents
which are valuable for mankind. Out of diverse range of heterocycle, quinoline scaffold have been proved
to play an important role in broad range of biological activities. Several drug molecules bearing a
quinoline molecule with useful anticancer, antibacterial activities etc have been marketed such as
chloroquine, saquinavir etc. Owing to their broad spectrum biological role, various synthetic strategies
such as Skraup reaction, Combes reaction etc. has been developed by the researchers all over the world.
But still the synthetic methods are associated with various limitations as formation of side products, use
of expensive metal catalysts. Thus, several efforts to develop an efficient and cost effective synthetic
protocol are still carried out till date. Moreover, quinoline scaffold displays remarkable antiviral activity.
Therefore, in this review we have made an attempt to describe recent synthetic protocols developed by
various research groups along with giving a complete explanation about the role of quinoline derivatives
as antiviral agent. Quinoline derivatives were found potent against various strains of viruses like zika
virus, enterovirus, herpes virus, human immunodeficiency virus, ebola virus, hepatitis C virus, SARS virus
and MERS virus etc.
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1. Introduction

Quinoline or benzo[b]pyridine is a nitrogen containing hetero-
cyclic aromatic compound, acting as a weak tertiary base and has
the ability to form salts with acids and undergoing electrophilic
substitution reactions as well as reactions similar to those of pyri-
dine and benzene [1]. It is one of the most privileged N-containing
motifs till date, most commonly found in various natural products,
most common being Cinchona alkaloids and pharmacologically
active substances thereby displaying a broad range of biological
activity. It is known to possess several biological activities such as
antimalarial (Quinine, quinidine, chloroquine, mefloquine, amo-
diaquine etc), antibacterial (fluoroquinolones such as ciprofloxacin,
sparfloxacin), antifungal-antiprotozoal (Clioquinol), anthelmintic
(oxamniquine), local anesthetic (dibucaine), antiasthmatic (mon-
telukast), anticancer (camptothecin, irinotecan, topotecan), anti-
psychotic (Aripiprazole, brexpiprazole), antiglaucoma (cartiolol)
and cardiotonic (vesnarinone). A broad spectrum biological activity
of quinoline is illustrated in Fig. 1 [2e4].
Fig. 1. Broad spectrum biological

2

Several antiviral drugs such as saquinavir, indiravir containing
quinoline scaffold are marketed these days but still this area is
widely unexplored. Drugs acting specifically on virus targets are
available but only for some viral infections. Various molecules have
been developed but they are usually associated with drug resis-
tance, cytotoxicity thats by there is an urge to develop more effi-
cient antiviral drugs. In addition to the biological applications, it is
being utilized in agrochemicals, anti-foaming agents in refineries
and as ligands to prepare phosphorescent complexes in sensors.
Quinoline containing few antiviral drugs are shown in Fig. 2 [5e7].

Owing to its immense pharmacological activity, extensive
research has been done for the synthesis of quinoline molecule and
its derivatives over the years. Till date, several established methods
exists for the preparation of quinoline skeleton, most widely being
employed as the skraup synthesis with anilines and acrolein,
friedl€ander synthesis with o-amino-benzaldehydes and ketones,
combes quinoline synthesis with anilines and 1,3-diketones.
Although several methods have been developed, they are associ-
ated with certain limitations thus there is a need for developing
activity of quinoline scaffold.



Fig. 2. Marketed antiviral drugs with quinoline skeleton.
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simple and much more efficient synthetic methods. In this report,
we have made an attempt to describe various synthetic method-
ologies being adopted by various research groups these days along
with the importance of quinoline skeleton in the development of
antiviral drugs with minimal side effects and drug resistance like
issues. We have tried to cover up several viruses responsible for
causing severe fatal infections in humans, their targets on which
they act. There is very limited review on quinolone as antiviral
agents, however we focused on recent literature of synthetic and
antiviral effect of quinoline and its derivatives.
2. Synthetic strategies of quinoline scaffold

In literature, several classical strategies have been very well
established for the synthesis of quinolines as shown in Fig. 3 [8].
However, these methods were usually associated with certain
limitations such as requirement of high temperature of approxi-
mately 200 �C, limited availability of substrates, poor regiose-
lectivity, low yields, tedious multistep procedures which often
require isolation of intermediates, hazardous reagents in stoichio-
metric amounts which adversely affect the atom economy and
environment friendly chemistry. Therefore, since years, modifica-
tions have been done and till now being done to address such
limitations. In this report, we have made an attempt to describe
such modifications which were performed in the span of last two
years.
Fig. 3. Various Classical approac

3

2.1. Catalyst mediated

2.1.1. Nickel-catalyzed
Recently, transition metal-catalyzed coupling reactions have

been utilized as an efficient tool for the synthesis of quinoline and
its derivatives [9]. In 2019, Das et al. reported the nickel catalyzed
synthesis of polysubsituted quinolines from a-2-aminoaryl alco-
hols via sequential dehydrogenation and condensation process
which lead to low catalyst loading and wider substrate scope [10].
a-2-Aminoaryl alcohols are effectively employed for acceptorless
dehydrogenation (AD) which generally involves the generation of
more reactive carbonyl compounds from alcohols by the release of
dihydrogen as stoichiometric by product. The in situ generated
carbonyl further reacts with a suitable coupling partner to form the
desired product, thereby acting as convenient tool for the synthesis
of heterocyclic compounds. The nickel catalyst 3 used by Das and co
workers was first synthesized by Jager and Goedken [11] and this
was further prepared in single step by Niewahner [12].

This protocol allowed the use of primary as well as secondary a-
2-aminoaryl alcohols 1 in combination with ketone derivatives 2
for the synthesis of substituted quinoline derivatives with upto 93%
isolated yields as shown in Scheme 1.

Similarly, Chakraborty and group workers reported a bio-
mimetic method for the construction of polysubstituted quinolines
and its derivatives through dehydrogenative condensation/
coupling of 2-aminobenzyl alcohols 1 with ketones 2 catalyzed by
welldefined singlet diradical Ni (II)-complex 5 [13]. The catalyst is
asinglet diradical species containing two antiferromagnetically
hes for quinoline synthesis.



Scheme 1. The nickel catalyzed synthesis of polysubsituted quinolines from a-2-aminoaryl alcohols.
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coupled ligand-centered radicals. With the mechanistic studies in
hand it was suggested that the transfer of a hydrogen atom from the
alcohol to the coordinated ligand take place viaone electron
hydrogen atom transfer process forming ketyl radical intermediate
[14]. After the successful synthesis of quinolines, 2-
aminoquinolines 7 and quinazolines 9 were also synthesized via-
base-promoted intermolecular/intramolecular condensation of 2-
aminobenzyl alcohols 1 with 2-phenylacetonitrile 6 (for 2-
aminoquinolines) and nitriles 8 (quinazolines) under the similar
optimized reaction conditions as shown in Scheme 1. The desired
products were synthesized in moderate to good yields from readily
accessible starting materials under relatively mild reaction tem-
perature (<100 �C) and aerial conditions as described in Scheme 2.
2.1.2. Iridium-catalyzed
In 2018, Xiong et al. illustrated a straightforward synthesis of

quinolones 11 from enones 10 and 2-aminobenzyl alcohols 1 using
iridium-catalyzed transfer hydrogenative reactions [15]. This pro-
tocol employed the use of readily available [IrCp*Cl2]2/t-BuOK as
the efficient catalyst system that enabled the reaction to proceed
with the merits of atom efficiency, mild reaction conditions and
operational simplicity. The mechanistic insights suggested that the
reactions start with transfer hydrogenation, followed by the
Friedl€ander reaction to give the desirable products. Another report
based on synthesis of quinoline through NHC-IrI complex 12 has
been reported by Arslan group in 2019 [16]. Iridium(I) complexes
are known to have an imidazol-2-ylidene ligand with benzylic
wingtips which are known to efficiently catalyze the acceptorless
dehydrogenative cyclization of 2-aminobenzyl alcohol with ke-
tones through a borrowing hydrogen (BH) pathway. The BH
approach is a tandem process in which alcohols are
Scheme 2. Biomimetic method for the cons
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dehydrogenated followed by base-mediated condensation of the
resulting carbonyls with an amine or carbon nucleophile and sub-
sequently the unsaturated intermediate product is reduced.
Therefore, substituted quinolines 14 were obtained from the
combination of 2-aminobenzyl alcohols 1 and ketones 13 by uti-
lizing NHC-IrI complex 12(in ppm) and 5 mol% of KOH as the cat-
alytic system under air atmosphere and liberating H2 as byproduct
as shown in Scheme 3.
2.1.3. Rhodium-catalyzed
Jia and co workers have described a novel synthetic scheme for

the synthesis of indolo[3,2-c]quinoline or 3-(2-aminophenyl)
quinoline through Rh(III)-catalyzed stepwise dimerization of 2-
alkynylanilines under aerobic or anerobic conditions in an effi-
cient and tunable manner [17]. Indolo[3,2-c]quinoline also known
as g-carboline,which is an important scaffold found in numerous
natural and synthetic compounds having potential biological ac-
tivities. Although several methods have been developed for the
synthesis of indolo[3,2-c]quinoline, but this method ensures high
atom economy and good efficiency. Rh(III)complex was found to be
effective catalyst as well as highly compatible with different func-
tional groups. Reaction was carried out using 2-(phenylethynyl)
aniline 15 with the promotion of Rh(III)/HFIP under aerobic or
anaerobic conditions giving 6-phenyl-11H-indolo[3,2-c]quinolone
16a or 2-(4-benzyl-2-phenylquinolin-3-yl)aniline 17a in good
yields as illustrated in Scheme 4.

In 2019, Kumar et al. devised synthesis of functionalized quin-
olines from hydrazones of 2-aminoacetophenone and alkynes us-
ing Rh catalyst under base and oxidant free conditions [18].
Reaction of (Z)-2-(1-(2-phenylhydrazono)ethyl)aniline 18 with
phenylacetylenes 19 in presence of Rh[Cp*Cl2]2as catalyst and
truction of polysubstituted quinolones.



Scheme 3. Synthesis of quinoline through NHC-IrI complex and [IrCp*Cl2]2/t-BuOK catalytic system.

Scheme 4. Synthesis of functionalized quinoline using Rh catalyst.
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acetonitrile as solvent afforded product 20 in moderate to good
yields. Mono 22a-b and bis quinolines 22c-d were synthesized by
carrying out reaction with 18, 1,4- and 1,3 dialkynes 20 and 21
respectively using standard reaction conditions as shown in
Scheme 4. However, it was interesting to note that mono-
5

quinolines 22a-b with free alkyne functionality can be synthe-
sized using similar reaction condition and on further decreasing the
amount of alkynes up to 0.5 equiv efficiently provided the bisqui-
nolines 22c-d in moderate yields as shown in Scheme 5.
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2.1.4. Copper-catalyzed
Synthesis of pyrimidine fused quinolines has been reported by

Pandat et al., in 2019 using ligand free copper catalytic protocol
[19]. Pyrimidine ring fused with quinoline are known as deaza-
flavins or 5-deazaisoalloxazines while the N-5 analogues of these
molecules are known as flavins which are present in biomolecules
as riboflavin and flavin adenine dinucleotide (FAD)as shown in
Fig. 4.

Reaction of 6-amino-1,3-dimethyluracils 23 with 2-
bromobenzaldehydes 24 or 2-bromobenzyl bromide derivatives
25 using copper(II) catalyzed Ullman type domino reactions lead to
the formation of C-C and C-N bonds as pyrimdine fused quinoline
26 in one pot using DMF as reactionmedium andwithout the use of
any ligand. It was suggested that Cu(II) catalyst along with coor-
dinating and reducing property of DMF played a synergistic role in
the synthesis of fused quinolines. A range of 2-bromobenzaldehyde
derivatives containing both electron donating and with drawing
substituents at different positions of the aryl ring such
as �CH3, �OCH3, �CN, �NO2, �F, �Br, �CF3 were reacted with the
initial substrate 23 and thus pyrimidine fused quinoline derivatives
were afforded in moderate to good yields. It was observed that 2-
bromobenzaldehydes with electron donating substituents affor-
ded better yields compared to electron withdrawing group as
shown in Scheme 6.

However, when the reaction of 2-bromobenzyl bromide 25with
6-amino-1,3-dimethyluracil 23 was carried out using similar reflux
conditions the product was obtained only in 33% yield. Therefore,
further optimization was carried on by changing the reaction
conditions from reflux tomicrowave heatingwhich led to increased
yields. Reaction of benzyl bromides 25with aminouracil derivatives
in the presence of CuCl2 (10 mol %) and K2CO3 (2 equiv) and an
oxygen balloon in DMF under reflux conditions was considered as
an optimized reaction conditions.

Another, one pot synthetic strategy for the synthesis of 2,4-
disubstituted quinolines using copper(II) catalysis was described
byWu and coworkers [20]. Reaction of substituted anilines 27with
dimethyl acetylenedicarboxylate 28 and Cu(OTf)2 catalyst (5 mmol
%) in CH3CN at 120 �C generated the substituted quinolines 30 in
good to excellent yields (58e96%) with complete regio- and site-
selectivity. The regioselective cascade annulation was catalyzed
by Cu(OTf)2 employing enamines and propargylic imines as the key
intermediates. Interestingly, ketones 29 were replaced as the sec-
ond molecule of alkyne esters acting as two-carbon source and
alkyneprecursor for the Cu(II)-catalyzed second-stage nucleophilic
addition followed by intramolecular Friedel-Crafts-type addition
and dehydration to produce quinoline products 31 in good yields
Scheme 5. Synthesis of mo
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and excellent regioselectivity as shown in Scheme 7.
Formation of heteroaryl-ketone substrates is quite challenging

in the field of transition-metal-catalyzed synthesis, owing to their
potent coordination ability with transition-metal leading to inac-
tivation of transition-metal catalyst. But surprisingly, the reaction
with 1-(pyridin-2-yl)ethanone or its analogues proceeded
smoothly to deliver the quinoline products 31(e-s)with good yields
after isolationwith remarkable tolerance for aniline substrates. The
above mentioned results not only the reasoning but also broadly
explained the versatility of developed Cu(II)-catalytic system.

Xu et al. have reported an efficient process for the synthesis of
quinolines through an N-heterocyclic carbene copper catalyzed
indirect Friedl€ander reaction from 2-aminobenzyl alcohol and aryl
ketones using DMSO as an oxidant at room temperature [21]. The
indirect Friedl€ander quinoline synthesis has been developed to
improve Friedl€ander synthesis through the oxidative cyclization of
2-aminobenzylic alcohols instead of o-aminobenzaldehydes with
ketones or alcohols. Consequently, three synthetic strategies have
been developed for the indirect Friedl€ander quinoline synthesis
which involves: (a) use of ketone as the oxidant through Pfitzner-
Moffatt oxidation (b) using oxygen or air as the oxidant at high
reaction temperature (c) Through catalytic dehydrogenation, usu-
ally under the catalysis of unique metal complex.

Synthesis of quinolines from 2-aminobenzyl alcohol 32 and
substituted acetophenone 33 in presence of iPrCuCl as N-hetero-
cyclic carbene complex and DMSO as oxidant was carried out under
room temperature to afford quinolines 34 with excellent yields
(40e95%). Scope of synthesis was investigated which revealed that
with the use of acetophenones substituted with electron donating
or withdrawing group, reaction proceeded smoothly via cyclization
reaction and afforded the corresponding products in moderate to
excellent yields. Ortho-substituted acetophenone showed the
inferior result compared with meta- or para-substituted ones
because of the steric hindrance associated with the group attached
to the phenyl ring of acetophenone. Numerous 2-aminobenzylic
alcohols were also screened which led to the conclusion that
electron-donating groups and halogens on the phenyl ring can
easily undergo the transformation thereby producing quinolines in
good to excellent yields as illustrated in Scheme 8.
2.1.5. Cobalt-catalyzed
Cobalt-catalyzed C-H activation has gained interest due to its

high abundance, cheap, excellent reactivity, selectivity and broad
substrate scope. Therefore, a unique Co (III) catalyzed- and DMSO
involved C-H activation/cyclization from simple, cheap, and readily
available anilines 35 with alkynes 36 described the direct and
no- and bis-quinolines.



Fig. 4. Some examples of pyrimidine fused with quinoline.

Scheme 6. Synthesis of pyrimidine fused quinolines using ligand free synthetic protocol.

Scheme 7. Synthesis of 2,4-disubstituted quinolines using copper(II) catalyst.
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highly efficient synthesis of quinolines 37 with complete regiose-
lectivity and broad substrate group in good to excellent yields [22].
DMSO has been employed both as solvent and C1 building block of
quinolines whereas AgSbF6, and K2S2O8 acted as catalyst and
cocatalyst respectively, in this one-pot sequence. This
7

transformation to quinolines is a result of first undergoing C-H
activation process and utilizing 2-vinylbenzenamine species as the
active intermediate. Various substituted anilines were reacted with
terminal alkynes which revealed that the reactions proceeded
smoothly to provide desired products in good yields (upto 91%) as



Scheme 8. Synthesis of quinolines through an N-heterocyclic carbene copper catalyst.
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shown in Scheme 9.
Li et al. have described an alternative approach for the synthesis

of quinolines using cobalt catalyzed electrophilic amination of
anthranils under mild conditions. Anilines were obtained from the
reaction of organozinc pivalates and anthranils [23]. Organozinc
pivalates are basically a class of zinc organometallics with advanced
air and moisture stability and can be easily stored as solid form for
months under argon atmosphere. Alkenyl pivalates 38was allowed
to react best with anthranils 39 in the presence of 10 mol % of CoCl2
at 23 �C for 16 h to provide the quinolines 40 in 62e96% yields. It
was clearly observed that after electrophilic amination step,
cycloisomerisation (occurring via A to B) was carried out in one-pot
procedure, thereby leading to the formation of novel heterocycles
Scheme 9. Co (III) catalyzed- and DMSO involved C-H activation/cyclization for
quinoline synthesis.
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as shown in Scheme 10. Scope of quinoline synthesis was improved
using different aryl and heterocyclic zinc pivalates, which were
prepared using the corresponding (hetero)aryl bromides by mag-
nesium insertion in the presence of LiCl, or by a directedmetalation
of heterocyclic substrates with TMP-bases (TMP ¼ 2,2,6,6-
tetramethylpiperidyl) such as TMPZnOPiv$LiClorTMPMgCl$LiCl),
followed by transmetalation with Zn(OPiv)2 [24e26].

Furthermore, some of the heterocycles were further function-
alized by metalation. Thus, the condensed heterocycles 40 m and
40f were treated with TMPMgCl$LiCl at 23 �C for 16 h to give
complete magnesiation (as shown by iodolysis). Zn(OPiv)2 was
added followed by a Negishi cross-coupling using XPhos provided
the arylated N-heterocycle bond. Buchwald Hartwig amination of
40g was carried out to afford the aminated thieno[2,3-b]quinoline
41 in 72% yield. The zinc pivalate derived from thieno[2,3-b]quin-
oline 40fwas made to react againwith anthranil 39 in the presence
of CoCl2 (10 mol %) affording the new heterocycle 42 in 34% yield as
illustrated in Scheme 11.

2.1.6. Scandium-catalyzed
Tepe’s group have described a one pot synthetic sequence of 2,3-

disubstituted quinolines 45 by reacting 3,4,5-trimethoxyaniline 43
and styrene oxide 44 in presence of Sc(OTf)3 and TEMPO using THF
as solvent [27]. TEMPO acted as radical scavenger in order to pre-
vent irrelevant oxidation by trapping the radicals generated in the
reaction vessel. Styrene oxides substituted with electron donating
and withdrawing groups were very well tolerated to afford quin-
olines in 66e96% yield. Whereas the best yield of 96% was pro-
duced by electron withdrawing group mainly due to the reduction
of oxidative C-2 dealkylation. However, by reducing the electron
density on the aromatic ring directly affected the product yield.
Removal of one methoxide from the substrate 43 provided yield
upto 78% while presence of only single methoxy group substituted
at ortho-, meta- and para positions of anilines generated 54e57% of
the product yield as shown in Scheme 12.

In 2019, qiu and coworkers designed AgSCF3/Na2S2O8 promoted
cascade cyclization of o-propargyl arylazide 46 leading to suc-
cessful generation of trifluoromethylthio-substituted quinolone 47



Scheme 10. Cobalt catalyzed electrophilic amination of anthranils.

Scheme 11. Functionalization of heterocycles by metalation.
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in a single step via direct trifluoromethyl thiolation/cyclization re-
action [28]. Trifluoromethylthio (SCF3) is well known for its high
metabolic stability, electonegativity, and lipophilicity thereby giv-
ing rise to enhanced absorption rate andmembrane permeability in
bioavailability. This transformation proceeded effortlessly in mod-
erate to excellent yields with one C(sp2)-N bond and C(sp2)-SCF3
bond constructed consecutively. From the control experiment, it
Scheme 12. Synthesis of 2,3-disubsti
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was revealed that radical pathway initiated by a carbon carbon
triple bond was crucial in the reaction process as shown in Scheme
12.
2.1.7. Gold metal catalyzed
Liu et al. described gold catalyzed annulations of anthranils with

aryloxyethynes or aryl propargyl ethers for the construction of
useful benzofuro[2,3-b]quinoline and 6H-chrome no[3,4-b]quino-
lone scaffolds respectively in one pot strategy [29]. Furoquinoline
scaffolds are naturally occurring alkaloids belonging to Rutaceae
family, enriched with numerous biological activities such as anti-
viral, antiplatelet aggregation, cytotoxic and anti-
acetylcholinesterase activity. Annulation was carried out using
phenoxyethyne 48 and anthranil 49 as starting materials in the
presence of gold catalysts equipped with silver salts as in P(t-Bu)
2(o-biphenyl)AuCl/AgSbF6 generated furoquinoline 50 in 68% yield
with DCE as reaction medium at 80 �C. Correspondingly, anthranils
49 bearing various 5-phenyl substituents with phenoxyethyne 48
afforded novel 6H-chrome no [3,4-b]quinoline derivatives 51 with
reasonable yields (59e76%) under similar reaction conditions. The
authors proposed a reaction mechanism to proceed via sequential
cyclizations among the oxyaryl group, gold carbene and benzal-
dehyde of the a-imino gold carbene intermediates as illustrated in
Scheme 13.
tuted quinolines using Sc(OTf)3.



Scheme 14. Palladium-catalyzed and direct arylation reaction for the synthesis of 2-
arylquinolines.
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2.2. Boronic acid mediated

In 2019, Chen group developed a novel palladium-catalyzed
approach for the synthesis of 2-arylquinolines via tandem reac-
tion of 2-aminostyryl nitriles with arylboronic acids with good
functional group tolerance [30]. Literature reports suggest that,
dehydrative cyclization of 2-aminostryl ketones was considered as
an attractive protocol for the synthesis of 2-arylquinoline but it was
observed that the amino group was unable to approach the
carbonyl group for condensation due to sterric reasons. Therefore,
this novel approach acts as an alternative for the synthesis of 2-
arylquinolines compared to classical condensation reaction. The
reaction was carried out between substituted-2-aminostyrylnitrile
52 and phenylboronic acid 53 in the presence of Pd(tfa)2 catalyst,
bpy as bidentate ligand, and p-toluenesulfonic acidmonohydrate as
additive using toluene as solvent at 90 �C to gave the products 55
upto 85% yield as depicted in Scheme 14. The authors conducted
certain preliminary experiments which revealed that this trans-
formation is a result of nucleophilic addition of aryl palladium
species to the nitrile in order to generate an aryl ketone interme-
diate followed by an intramolecular cyclization and dehydration to
quinoline ring.

Similarly, another strategy for the selective synthesis of 2-
arylquinolines was discovered by Ren et al. by utilizing direct ary-
lation reaction of N-methoxyquinoline-1-tetrafluoroborate de-
rivatives and arylboronic acids at room temperature [31]. N-
methoxyquinoline-1-tetrafluoroborate 54 was subjected to react
with arylboronic acids 53 in the presence of silver nitrate, Na2S2O8
as oxidant while TFA being additive in DCM: H2O (1:1) solvent
system at 25 �C to afford 2-arylquinolines 55 in good to moderate
yields. Plausible reaction mechanism suggested that a radical was
probably involved in this transformation. Persulfate anion was
converted to sulfate radical in the presence of silver(I) salts which
could induce the arylboronic acid to produce an aryl radical which
was most likely to react with protonated heterocycle to give the
desired product as explained in Scheme 14.

2.3. Brønsted acid catalyst

Ahmed and coworkers successfully obtained quinolines 58 from
the Brønsted acid-catalyzed metal and solvent free Cross-
Dehydrogenative Coupling (CDC) of N-alkyl anilines with arylace-
tylenes or arylethylenes using O2 as the oxidant with satisfactory
yields [32]. From control experiments, it was suggested that cycli-
zation reaction involved imine-N-oxide. The initial substrate, N-
Benzyl aniline 56 was subjected to cyclization with
Scheme 13. Gold catalyzed synthesis ofbenzofuro[2,3-b]qu
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phenylacetylene 57 using TfOH (15 mol%) as Brønsted acid catalyst
at 120 �C for 24 h under O2 atmosphere to afford the substituted
quinolines with excellent yields as illustrated in Scheme 15.
2.4. Ionic liquid mediated

In 2018, Kia’s group discovered an efficient synthesis for an as-
sembly of pyrido[3,2-g or 2,3-g]quinolines facilitated through the
reaction of 2-aminoaryl ketones with terminal and internal alkynes
59 in the presence of propylphosphonium tetrachloroindate ionic
liquid supported on nano-silica (PPInCl-nSiO2) as a heterogeneous
inoline and 6H-chrome no[3,4-b]quinolone scaffolds.

Scheme 15. Brønsted acid-catalyzed metal and solvent free Cross-Dehydrogenative
Coupling.
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and reusable catalyst under solvent-free conditions [33]. With
optimized condition in hands, 2,3,4-trisubstituted quinolines 61
were derived from the reaction between 2-aminoaryl ketones 60
and terminal and internal alkynes with 65e99% yields. However,
when compounds containing 2-aminoaryl ketone groups reacted
with similar alkenes it was observed that only unit of 2-aminoaryl
ketone was utilized in quinoline synthesis while the other
remained on the quinoline backbone which can be further undergo
transformation 62. Treatment of 4,6-dibenzoyl-1,3-
phenylenediamine 60f and alkynes 59a, 59b in the presence of
PPInCl-nSiO2 at 110 �C furnished the related pyrido[3,2-g]quino-
lines 64 in high yields. Similarly, the reaction of 2,5-diaroyl-1,4-
phenylenediamines 60g and 60h with alkynes 59(a-d) led to a
variety of symmetric pyrido[2,3-g]quinolones 63 as illustrated in
Scheme 16.
2.5. Transition metal free approach

In 2019, Beesu and Mehta described an approach which can be
generally applied for the synthesis of diverse polyfunctional quin-
olines 67 and isoqunolines 68 from substituted o-chloropridyl
ynones 65; particularly involving benzoannulation mediated by
nitromethane 66 via transition-metal free, domino Michael addi-
tion-SNAr as key steps [34]. The reaction protocol is simple,
straightforward, one-pot operation and exhibits satisfactory yields
thereby acting as an area for exploitation in targeting more po-
tential quinolines and isoquinoline scaffolds. The reaction was
carried out between 2-chloroaryl ynone i.e. [1-(2-chloropyridin-3-
yl)-3-phenylprop-2-yn-1-one] 65 and nitromethane 66 in the
presence of NaOMe as base with MeOH as solvent at 80 �C to
generate quinolines 67 as shown in Scheme 17. While using K2CO3
as a base and DMSO as a solvent at 110 �C afforded isoquinolines 68
in 75% yield. After the successful development of protocol, several
elaborations were carried out which furnished the 8-nitro-6,7-
diphenylquinoline 71 and8-nitro-7-phenyl-5-(phenylethynyl)
Scheme 16. Synthesis of pyrido[3,2-g or 2,3-g]quinolines using propylphosphonium
tetrachloroindate ionic liquid.
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quinoline 72 from trifluoromethanesulfonate as initial substrate 70
which is obtained from a hydroxy quinolone derivative 69. This was
subjected to Suzuki and Sonogashira coupling with phenylboronic
acid and phenylacetylene under standard reaction conditions as
illustrated in Scheme 18.

Tiwari and co workers made an attempt to synthesize 4-aryl
quinolines 75 from readily available phenylacetylene 73 and p-to-
luidine 74 in the presence of K2S2O8 and DMSO in one-pot without
utilizing any transition metal catalyst [35]. On conducting control
experiments, it was revealed that DMSO serves as carbon source in
the reaction. Further, reaction was generalized with various
substituted alkynes and anilines resulting in the synthesis of
numerous 4-substituted quinolone and wide substrate scope was
also explored as shown in Scheme 19.

This methodology was adopted to generate medicinally impor-
tant 4-aryl-2-morpholinoquinoline 78 and 4-aryl-2-tosylquinoline
81 from the earlier synthesized quinolines 75c and 75i. These
were treated with m-CPBA in chloroform at room temperature
under air to give quinoline N-oxides 76 and 79 in 90% and 88%yield,
respectively. The intermediate 76 was then subjected to amidation
reaction with N-morpholine 77 in the presence of catalytic
Cu(OAc)2 and Ag2CO3 to afford 78 in 88% yield. On the other hand,
the intermediate 79 was made to react with sodium sulfinate 80 in
the presence of I2/TBHP to furnish 81 with excellent yield via one-
pot deoxygenation and direct sulfonylation as illustrated in Scheme
20.

2.6. Iodine promoted reaction

In 2019, Togo and Naruto unveiled the synthesis of 2-
arylquinolines 84 by subjecting b-arylpropionitriles 82 with aryl-
lithiums 83 followed by the reaction with water and N-iodosucci-
nimide (NIS) under irradiation with a tungsten lamp in good to
moderate yields [36]. The authors have revealed that NIS act as
iodination reagent for imines to form N-iodoimines, followed by
homolytic bond cleavage of the formed N-I bond to generate iminyl
radical i.e. an imino-nitrogen centered radical. The generated
radical cyclizes onto the aromatic rings to form 2-
aryldihyroquinoline finally undergoing oxidation to furnish 2-
arylquinolines promoted via NIS as illustrated in Scheme 21.

Wu and coworkers have reported the synthesis of quinoline
skeleton bearing 1,4-carbonyl units via Povarov reaction pathway.
This reaction mainly focuses upon using electron rich alkene sub-
trates, therefore authors described the one pot, multicomponent
synthesis of 2,3-diaroyl quinolines via a formal [3 þ 2þ1] cyclo-
addition using enaminones, aryl methyl ketones and arylamines as
starting materials. Enaminones were found to act as substitutes for
a, b-unsaturated ketones by eliminating HNMe2 and enacting as
carbonyl precursors to quinoline scaffolds with dicarbonyl units.
The reaction was carried out using aryl methyl ketone 85, p-tolui-
dine 86, and enaminone 87 in the presence of I2 and HCl as an
additive in presence of DMSO as solvent at 110 �C for 24 h to afford
(6-methylquinoline-2,3-diyl)bis(phenylmethanone) 88 in 40e65%
yields [37]. The obtained products were further functionalized to
give pyridazino[4,5-b] quinolines 89 skeleton in one pot using hy-
drazine hydrate in 40e58% yield. The mechanistic experiments
implied that C-acylimine was a key intermediate involved in
Povarov reaction and also indicated that iodine played a crucial role
in oxidation process as explained in Scheme 22.

2.7. N-heterocyclic carbene (NHC) catalyzed

N-heterocyclic carbenes are generally employed for the syn-
thesis of important heterocyclic molecules. Thus, Biju and co
workers have described the synthesis of 2-aryl-4-difluoromethyl



Scheme 17. Benzoannulation mediated synthesis for polyfunctional quinolines.

Scheme 18. Coupling protocol for synthesis of quinolines.

Scheme 19. One-pot metal free synthetic protocol for quinolone synthesis.

Scheme 20. One-pot deoxygenation and direct su
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quinolines by NHC-catalyzed umpolung of aldimines which was
found to bear an electron poor double bond due to the presence of
CF3 group [38]. It was suggested that the reaction proceeded with
imino-stetter transformation with simultaneous formation of the
aza-Breslow intermediate generated from the bicyclic triazolium
salt using DBU as the base. The reaction was initiated by treating
aldimine 90 with the carbene generated from bicyclic triazolium
salt 92 using DBU as the base at 100 �C in DMF to furnish quinolines
lfonylation to generate quinolone derivatives.



Scheme 21. Iodine-promoted reaction for synthesis of 2-arylquinolines.

Scheme 22. Quinoline skeleton synthesis bearing 1,4-carbonyl units via Povarov reaction pathway.

Scheme 23. NHC-catalyzed umpolung of aldimines.
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91 in yields ranging from 55 to 88% as depicted in Scheme 23.
Functionalization of the synthesized product 91 was done by

undergoing reduction using NaBH3CN which provides tetrahy-
droquinolines 93 in 95% yields. However, oxidation of 91 with m-
CPBA provided quinoline-N-oxide 94which further underwent Rh-
catalyzed C-H activation to generate 8-functionalized quinoline
derivative 95 via series of steps involving remote C-H bond acti-
vation, alkyne insertion, and intramolecular oxygen atom transfer.
Moreover, Pd-catalyzed cross-coupling of 91 with an oxirane aided
by the quinolinyl moiety as a directing group afforded functional-
ized quinoline 96 with a secondary alcohol moiety in 72% yield as
illustrated in Scheme 24.

In 2019, Ke’s group successfully utilized an unusual non
bifunctional outer-sphere strategy in generating new C-C bond
through an efficient N-heterocyclic based-Mn complex [39]. This
simple and tunable bis-NHC-Mn system was responsible for not
only carrying out direct alkylation of ketones with alcohols but also
Friedlander annulation to form quinoline derivatives using
borrowing hydrogen/hydrogen auto transfer (BH/HA). Various aryl
ketones 97 with alcohols 98 smoothly underwent annulation re-
actions using Mn complex to deliver quinolines 99 in yields ranging
from 59% to 71%. It was observed that all the functional groups were
well tolerated. The authors tested the hydrogenation ability of Mn-
H species towards a,b-unsaturated ketones which is the key step
involved in BH/HA process. The transition state free energy of this
complex was found to be very low (14.9 kcal/mol) which suggests
the superiority of the non bifunctional outer mechanism as shown
in Scheme 25.

2.8. Miscellaneous

Yan et al. have described one-step methodology for the syn-
thesis of multisubstituted quinoline-4-carboxamides 105 by
refluxing a mixture of isatins 100 and various kinds of 1,1-
enediamines (EDAM) 101e104 catalyzed by NH2SO3H through a
cascade reaction mechanism [40]. This methodology involved two
important features; first included N1 amide group of isatins can
attack at C2 of EDAMs and even other electrophilic sites (various
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carbenium ion) while second involves the alkyl/aryl amino group
N1 of EDAMs can be cleaved to form amide group by attacking the
C2 of isatins as depicted in Scheme 26. Owing to the above features,
a diverse range of quinoline-4-carboxamides was constructed with
good to excellent yields via one-pot reaction rather than multi step
synthesis. Therefore, this strategy can be simply utilized for the
synthesis of potential biological molecules or natural products.

In 2018, Cheong’s group reported the novel and highly efficient
reaction strategy for the on-water synthesis of quinolones 109 from
2-aminochalcones 108 using benzylamine as nucleophilic catalyst
[41]. The nucleophilic catalyst underwent conjugate addition to the
a,b-unsaturated carbonyl group generating saturated ketones
which lead to positioning of two groups amino and carbonyl in
close proximity for undergoing condensation through conforma-
tional change about the Ca-Cb single bond. It was also observed that
by introducing any alkyl group onto the nitrogen atom of benzyl-
amine considerably decreased the catalytic efficiency of benzyl-
amine while secondary benzylamine furnishing low yields and
tertiary amines generating no product. Various functional groups
were well-tolerated, with substrates bearing acid-sensitive func-
tional groups such as acetals, silyl ethers, ethers and esters were
effortlessly utilized in this protocol to furnished the desired quin-
olones 109 in excellent yields. The practical feasibility of the reac-
tion was confirmed by recycling the catalyst and then reusing in
order to obtain the quinolines in good to excellent yields as illus-
trated in Scheme 27.

Bhardwaj and coworkers have reported a green synthetic
methodology for the synthesis of 8-aryl-7,8-dihyro [1,3]-dioxolo
[4,5-g]quinolin-6(5H)-ones from a three component reaction of
Meldrum’s acid, 3,4-methylenedioxy aniline and aromatic acid
using a catalytic amount of TiO2 nanoparticles under ultrasonic
irradiation [42]. These nanoparticles were prepared by direct
interaction of titanium (IV) isopropoxide and extracts of Origanum
majorana leaves extract as reducing and capping agent under ul-
trasonic irradiation. It was observed that the catalyst was easily
recovered with its catalytic activity remaining intact. A mixture of
Meldrum’s acid 110, 3,4-(methylenedioxy)aniline 111, aldehydes
112 and TiO2 NPs (10 mol %) was taken in a flask with water as a



Scheme 24. Functionalization of the quinolone skeleton.

Scheme 25. Non bifunctional outer-sphere strategy through an efficient N-heterocyclic based-Mn complex.

Scheme 26. Synthesis of multisubstituted quinoline-4-carboxamides through a cascade reaction mechanism.

Scheme 27. Reaction strategy for the on-water synthesis of quinolines using benzyl-
amine as nucleophilic catalyst.
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solvent and subjected to sonication to obtain the desired product in
excellent yields as shown in Scheme 28.
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In 2019, Patel’s group demonstrated a novel one-pot synthetic
procedure for the regioselective formation of functionalized 6,8-
dihydro-10H,5Hspiro[ [1,3]dioxolo[4,5-g]quinoline-7,50-pyrimi-
dine]-20,40,6’ (30H)-trione scaffold 115 in excellent reaction yields
upto 85% [43]. The formation involves the use of three-component
3,4-methylenedioxyaniline 111, N,N-dimethylbarbituric acid 114
and aryl/heteroaryl aldehyde 112 in the presence of TMGB (Tri-
methyl glycine betaine)-oxalic (20 mol%) as catalytic system
furnishing the product with high diastereoselectivity (dr > 50:1)
(syn:anti). Trimethyl glycine betaine is a natural by-product of beet
sugar, commonly employed in enzyme catalysis. The protocol was
able to tolerate several functional groups with good yields and high
diastereoselectivity. The catalyst can be regenerated and reused
upto 4 times in a run. A cascade strategy for the regioselective
convergent synthesis of a series of 1,3-diazaheterocycle-fused [1,2-
a] quinoline derivatives using 2-flurobenzaldehyde and



Scheme 28. Three-component strategy for quinolone synthesis using a catalytic amount of TiO2 nanoparticles.
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heterocyclic ketene aminals (HKA) was developed by Yan and co
workers [44]. The reaction proceeded without any aid of transition
metal catalyst, low cost solvent, andmild temperature. The reaction
was carried out using 2-fluoro-5-nitro benzaldehyde 116 and het-
erocyclic ketene aminals 117 in the presence of piperidines as
catalyst and 1,4-dioxane solvent under reflux conditions to
generate 1,3-diazaheterocycle fused [1,2-a] quinoline derivatives
118 upto 90% yield. Further, 2,3,4,5,6-pentafluorobenzaldehydewas
allowed to react with the five-membered ring HKAs 2, a new
product 119 was synthesized with piperidine as the substituent. It
was suggested that electron withdrawing formyl group at C1 po-
sition of perfluorobenzaldehyde makes the fluorine atom at the C-4
position to be easily replaced by piperidine. However, the reaction
did not proceed with six and seven membered ring HKAs. Detailed
reaction sequence is shown in Scheme 29.

Ding and coworkers unveiled an efficient synthesis of multi-
substituted 1H-imidazo-[4,5-c]quinoline derivatives through a
stepwise van leusen, staudinger, aza-wittig and carbodiimide
mediated cyclization reactions [45]. Initially, azides 123 were pre-
pared from the reaction of 2-azidobenzaldehydes 120, amines 121,
and TosMIC 122 in the presence of K2CO3 in mixed methanol-DME
Scheme 29. Convergent synthesis of 1,3-diazaheterocycle-fused [1,2-a
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(1,2-dimethoxyethane) solvent at 76 �C in 60e83% yields. Azides so
formed underwent Staudinger reaction rapidly with triphenyl-
phosphine at room temperature to generate iminophosphoranes
124with N2 release. Simultaneously, isocyanates were added to the
reaction mixture resulting in intermolecular aza-wittig reactions
occurring at room temperature for aromatic isocyanates and at
70 �C for aliphatic isocyanates to furnish carbodimides 125. At last,
cyclizaton of carbodiimides was completed using 1,2-
dichlorobenzene under reflux conditions to produce 1H-imidazo-
[4,5-c]quinolones 126 in moderate to good yields as shown in
Scheme 30.

Vidal et al. demonstrated the application of ring opening and
ring-expansion of cylclopropane ring in order to provide access to
aziridino [2,3-c]quinolin-2-ones and cyclopropa[c] quinolin-2-ones
which generates heterocyclic ring systems such as quinolin-2-ones
substituted with an amino group at the C-3 position and poly-
substituted 1-benzazepin-2-ones [46]. These cores act as potential
targets for numerous biological activities. Synthesis of aziridino
[2,3-c]quinolin-2-ones was initiated from the commercially avail-
able (E)-3-(2-nitrophenyl)propenoic acid 127 which was subjected
to a series of reaction (Fischer esterification, reduction and
] quinoline derivatives using heterocyclic ketene aminals (HKA).



Scheme 30. Synthesis of fused multisubstituted 1H-imidazo-[4,5-c]quinoline derivatives.
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diazotation/azidation) to produce ethyl (E)-3-(2-azidophenyl)pro-
penoate 128. To the chloroform solution of 128, brominewas added
at 0 �C to provide 2,3-dibromopropanoate 129 which was further
treated with various benzylamines in ethanol at room temperature
to generate a mixture of cis 130 and trans 131 isomers of the 2-(2-
azidophenyl)-3-ethoxycarbonylaziridines in 64e91% yield. Finally,
the cis isomer 130was treated with triphenyl phosphene to furnish
aziridino [2,3-c]quinolin-2-ones 132 in good yields and finally
stirred in DCM solution for two days to produce 3-benzylamino-
1H-quinolin-2-ones 133. This conversion was suggested to be a
result of isomerization of the aziridine core into anenamino func-
tion involving a simultaneous 1,2 hydrogen migration from carbon
to nitrogen. The detailed reaction sequence is illustrated in Scheme
31.

However, the synthesis of cyclopropa[c]quinolones was started
by selecting 2-(2-azidophenyl)-3-nitrocyclopropane-1,1-
dicarboxylates 136 as key precursors. This precursor was pre-
pared from the readily available 2-aminobenzyl alcohol 134 which
was subjected to a sequence of diazotation/azidation, oxidation,
Henry condensation and subsequent dehydration reactions to
generate 2-azido-b-nitrostyrene 135. Then the generated 135 sub-
strate underwent one-pot Michael addition and ring-closure to
afford trans-2-(2-azidophenyl)-3-nitrocyclopropane-1,1-
dicarboxylates 136 in 56e99% yields. The synthesized azides were
subjected to intramolecular aza-wittig reaction using trimethyl-
phosphine in toluene solution at room temperature to produce 2-
alkoxy cyclopropa[c]quinolones 138 through the formation of
phosphazenes 137. Finally, hydrolysis of imino ether 138 was car-
ried out to obtain the desired product cyclopropa[c]quinolin-2-
ones 139 in excellent yields which underwent ring opening to
yield benzazepin-2-ones 140 under basic conditions with 75e95%
yield as depicted in Scheme 32.

3. Biological activity

From the consequent discovery of tobacco mosaic virus in 1892
to foot-and-mouth disease virus in 1898, first ‘filterable agent’
revealed in humans was yellow fever virus in 1901 [47]. However,
16
till now numerous new species of human viruses are recognized
covering upto two third of all new human pathogens. Viruses act
like a parasitewhich cannot reproduce by them but once they infect
a host cell they have the ability to direct the host cell machinery to
produce similar virus like particles called virion. Several targets
have been identified onwhich the viruses act, thus we have tried to
cover some of the viruses which can be inhibited by the molecules
bearing quinoline skeleton.

3.1. Zika virus (ZKV)

Zika virus (ZIKV) is one of arboviruses belongs to Flaviviridae
family and is primarily known to be transmitted via the bite of
mosquitoes of the Aedes type. However, it can also be sexually
transmitted, or by blood transfusions and further infections from
pregnant women can spread to the baby [48e51]. Owing to the
insights of its self-limited infection, ZIKV has been associatedwith a
wide range of neurological diseases both in adults as Guillain-Barr�e
syndrome, foetuses and neonates as pediatric microcephaly [52].

Several researches in the prevention and therapy development
have been carried out but still there are no signs of any vaccine or
specific antiviral agent against ZIKV [53e55]. However, in 2017,
Barbosa-Lima et al. reported that 2,8-bis(triflouromethyl)quinoline
derivatives inhibited the ZIKV replication in vitro and their potency
was compared with mefloquine which has been approved by Food
and Drug Administration (FDA) for the treatment against malaria
[56]. The authors have developed triflouromethyl substituents
containing quinoline nucleus because this scaffold is present in a
variety of bioactive nucleus which are active against several dis-
eases such as malaria, cancer, tuberculosis and viral infections
[57e63].

The synthesized 2,8-bis(trifluoromethyl)quinoline derivatives
were screened for inhibiting the ZIKV replication. Some of the de-
rivatives showed antiviral activity similar to that of mefloquine.
Molecules inhibiting approximately 75% of virus replication or
greater, were further examined and compared to mefloquine. Thus,
compounds 141a,141b,142 and 143were found to reduce ZIKV RNA
production. The structure of these potent molecule is shown in



Scheme 31. Ring opening and ring-expansion of cylclopropane ring.

Scheme 32. Synthesis of cyclopropa[c]quinolones.
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Fig. 5. On further analyzing the pharmacological activity against
ZIKV, it was revealed that mefloquine is approximately three times
more potent than chloroquine as shown in Table 1. Moreover,
compounds 141a and 142 exhibited EC50 values of 0.8 mM and had
potencies approximately five times higher than mefloquine against
ZIKV replication. It was also observed that compounds 141b and
142 were approximately 2 and 3 times more potent than the
reference molecule respectively but were found to be less potent
than 141a and 142. The selective index (SI) is known as the ratio
17
between the CC50 and EC50 values, and thus 141a was found to be
243 which is four times higher than the SI of mefloquine by car-
rying out in vitro, study. Conclusively, results indicate that novel
2,8-bis(trifluoromethyl)quinoline derivatives, 141a and 142, have
stronger anti-ZIKV activity than mefloquine at the sub-micromolar
range.

On the other hand, Li et al., in 2019 described the discovery of
andrographolide derivatives against ZIKV infection. Andrographo-
lide 144 is a bicyclic diterpenoid lactone and is one of the major



Fig. 5. Compounds with reduced ZIKV RNA production.

Table 1
Potency and cytotoxicity of mefloquine and 2,8-bis(trifluoromethyl)quinoline de-
rivatives against ZIKV replication.

Compound No. EC50 (mM) CC50 (mM) SIa

Chloroquine 12.0 ± 3.2 412 ± 24 34
Mefloquine 3.6 ± 0.3 212 ± 14 58
141a 0.8 ± 0.06 195 ± 8.9 243
141b 2.0 ± 0.1 287 ± 21 143
142 0.8 ± 0.03 189 ± 10 236
143 1.4 ± 0.09 316 ± 27 225

a SI, selective index: determined as the ratio between CC50 and EC50.

Table 2
Reported derivatives (145e152) screened against ZIKV.

Compound No EC50 (mM) CC50 (mM) SI CC50 (mM) SI

SNB-19 Vero cells

146 1.3 ± 0.1 22.7 ± 1.1 17.5 20.8 ± 0.5 16.1
150 11.0 ± 0.2 60.1 ± 1.1 5.5 22.8 ± 0.2 2.1
152 12.5 ± 0.4 67.7 ± 1.1 5.4 37.7 ± 0.1 3.0
154a 8.5 ± 0.4 78.4 ± 1.0 9.2 55.9 ± 0.2 6.6
154b 16.6 ± 0.3 66.5 ± 1.0 4.0 65.3 ± 0.3 3.9
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components isolated from Andrographis paniculata. Initially, some
active derivatives of andrographolide have been used to treat
bacterial and viral infections in China [64e67]. Recently, androg-
rapholidewas described as an anti-viral agent against DENV [68,69]
and (CHIKV) [70] but does not have a direct antiviral activity
[68,69]. Eight derivatives of andrographolidewith 14-quinolinyloxy
group and related 14-pyridinyloxy group, were tested for anti-Zika
activity. These derivatives have been previously described as anti-
bacterial agents [71]. Further modification of 14-(80-quinolyloxy)
group was carried out in a way that sixteen modified derivatives by
the introduction of methyl group at 2-position or chloro group at
5,7-positions into 8-quinolinyloxy moiety were subsequently
designed and later on synthesized and screened for anti-Zika
activity.

ZIKV titer assay (in Vero cells) was carried out to measure ZIKV
production using human glioblastoma cells (SNB-19 cell line)
infected by PRVABC59 strain at multiplicity of infection (MOI) of 1
[72,73]. Niclosamide has been previously identified as active com-
pounds against Zikavirus infection. Therefore, it was used as a
positive and quality control in each antiviral assay. The cytotoxicity
of each compound was examined using SNB-19 cells for 24 h and
Vero cells for 48 h corresponding to the incubation time in anti-Zika
screening.

At first, previously reported derivatives (145 to 152) were
screened and it was revealed that 14b-(80-quinolyloxy) 3,19-diol
analog 146 was very effective against Zika virus infection with
EC50 of 1.3 mMand selectivity index (SI) > 16, with cytotoxicity level
being inappropriate. However, compound 145 also showed similar
values against Vero and SNB-19 cell lines, but compound 147 and
148 were completely inactive. These results suggested that more
polar 14b-(80-quinolyloxy) andrographolide derivative 146 is much
more active and selective against ZIKV infection than hydrophobic
derivatives 145, 147 and 148. Out of two 14-(40-quinolyloxy)-3,19-
18
diol andrographolide derivatives 149 and 150, only compound
150 showed mild activity (EC50 ¼ 11.0 mM, CC50 ¼ 60.1 mM in SNB-
19 cells and CC50 ¼ 22.3 mM in Vero cells) while compound 149
remained inactive. Similarly, 14a-(20-nitro-pyridinyl-30-oxy)-3,19-
diol andrographolide derivative 9 (EC50 ¼ 12.5 mM,
CC50 ¼ 67.7 mM in SNB-19 cells and CC50 ¼ 37.7 mM in Vero cells)
displayed mild antiviral activity while the other derivative 151
described no signs of inhibition as summarized in Table 2. Thus, it
was concluded that both of 14b- and 14b-isomers, and modifica-
tions at 3-, 19-, or 3, 19-positions are crucial for the anti-Zika ac-
tivity. The structure of potent molecule is sketched in Fig. 6.

The potential of compound 146, as lead compound was clearly
seen but became insignificant due to its cyctoxicity. It was
considered that cytoxicity originates from 10-N and 80-O 14-(80-
quinolyloxy) group. Therefore, several modifications were done to
improve antiviral efficacy and to reduce cytotoxicity. It was pre-
dicted that on introduction of sterically hindered or electrostatic
group/s at 20-position or 70-position can possibly block some side
interactions with 10-N or 80-O thereby reducing the cytotoxicity and
improving anti-Zika activity.

Thus, eight 14-(20-methyl 80-quinolyloxy) derivatives (four 14b-
isomers of 154a to 157a and four 14a-siomers of 154be157b) and
eight 14-(50,70-dichloro 80-quinolyloxy) derivatives (four 14b-
siomers of 158a to 161a and four 14a-siomers of 158be161b) were
designed, synthesized and tested against Zika virus infection as
shown in Fig. 7. As predicted, eight 14-(20-methyl 80-quinolyloxy)
andrographolide derivatives were found to be less cytotoxic than
14-(80-quinolyloxy) andrographolide derivatives. Both 154a (14b)
and 154b (14a) were found to be less cytoxic (CC50 values are 78.4
and 66.5 mM in SNB-19 cell line, 55.9 and 65.3 mM in Vero cell line,
respectively) and less efficiently active against ZIKV ((EC50 values
are 8.5 and 16.6 mM, respectively) as compared to compound 146.
Compound 155a (14b) was much less active than compound 146,
154a and 154b, while compound 156a (14b), 157a (14b), and 155b
(14a) to 157b (14a) remained completely inactive. It was concluded
that 14-(20-methyl-80-quinolyloxy) group can only reduce cyto-
toxicity but cannot improve the antiviral activity whereas modifi-
cations at 3- or 19-position can affect both the cytotoxicity and
antiviral activity.

At last, 50,70-dichloro-80-quinolinol derivatives were screened. It
was observed that 3,19-acetonylidene-protected 50,70-dichloro-80-
quinolinol andrographolide derivatives 158a (14b) and 158b (14a)
do not show any anti-Zika activity while their corresponding 3,19-
acetonylidene-protected 20-methyl-80-quinolinol derivatives of
154a and 154b were completely active as shown in Fig. 8. Both of
3,19-diols of 159a (14b) and 159b (14a) are active against Zikavirus
infection with 159a being less active (EC50 ¼ 13.3 mM) and toxic
than 159b (EC50 ¼ 7.8 mM). This clearly indicates that the stereo-
chemistry of 14a and 14b affects the inhibitory activity along with
the cytotoxicity. 19-Acetylated 14b-derivative 160awas found to be
inactive but 19-acetylated-14a-derivative 160b was highly potent
anti-Zika agentwith EC50 value of 4.5 mMand CC50values of 88.7 mM
in SNB-19 cells and 85.0 mM in Vero cells respectively as depicted in



Fig. 6. Natural product based derivatives active against Zika virus.

Fig. 7. Structure of mild active quinolone compounds.

Fig. 8. 50 ,70-dichloro-80-quinolinol derivatives active against ZIKV.
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Table 3. On the contrary, 19-acetylated 3-keto-14b-derivative 161a
exhibited weak inhibition against Zika virus infection while 19-
acetylated 3-keto-14a-derivative 161b was completely inactive.
Table 3
Anti-Zika active derivatives of andrographolide.

Compound No EC50 (mM) CC50 (mM) SI CC50 (mM) SI

SNB-19 Vero cells

155a 25.8 ± 1.1 >100 >3.9 99.8 ± 0.7 3.9
159a 13.3 ± 0.5 >100 >7.5 >100 >7.5
159b 7.8 ± 0.4 85.2 ± 1.0 10.9 82.5 ± 2.2 7.5
160b 4.5 ± 0.2 88.7 ± 1.1 19.7 85.0 ± 1.6 18.9
161a 24.6 ± 0.9 72.0 ± 1.0 2.9 57.4 ± 0.3 2.3

19
Conclusively, 14-(20-methyl 80-quinolyloxy) and 14-(50,70-
dicloro 80-quinolyloxy)derivatives are less cytotoxic than 14-(80-
quinolyloxy) derivatives; and in general, 14-(50,70-dichloro-80-qui-
nolyloxy) derivatives are more potent against Zika infection than
14-(20-methyl-80-quinolyloxy) derivatives. Two configurations of
14a and 14b can make significant contribution to the anti-Zika
activity, and optimal combination of modifications at 20- or 50,70-
positions of 14-(80-quinolyloxy) and 3- or/and 19-positions im-
proves the antiviral activity and the selectivity.

3.2. Enterovirus (EV-D68)

EV-D68 is an atypical nonpolio enterovirus known for particu-
larly infecting respiratory system of humans, thereby causing
moderate-to-severe respiratory infections. It behaves more of like a



Table 4
Evaluation of anti-EV-D68 activity for the designed compounds.

Compound No R2 EC50 (mM)a CC50 (mM)b SI

163e 2.5 ± 0.5 11.2 ± 15.4 44.5

164d 0.6 ± 0.5 37.4 ± 6.3 62.3

164e 0.8 ± 0.6 6.1 ± 2.2 7.6

164f 1.0 ± 0.4 46.9 ± 5.2 46.9

164g 1.5 ± 0.9 122.5 ± 30.8 81.7

164j 0.8 ± 0.3 45.1 ± 13.7 56.4

164l 1.6 ± 1.8 36.5 ± 3.1 22.8

164m 2.4 ± 0.2 31.6 ± 4.2 13.2

164r 0.8 ± 0.2 11.5 ± 6.7 14.4

164s 1.6 ± 0.1 29.5 ± 1.6 18.4

cN.A. ¼ not applicable. The results are the mean ± standard deviation of three re-
peats. SI ¼ selectivity index (CC50/EC50).

a Antiviral efficacy was determined in the CPE assay with EV-D68 US/KY/
14e18953 virus and RD cells.

b Cytotoxicity was determined using the neutral red method.
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rhinovirus and is found to replicate more efficiently at 33 �C. Virus
is much more suspectible to humans with pre-existing respiratory
complications such as asthma or chronic obstructive pulmonary
disease. However, several reports discuss about spreading of EV-
D68 to central nervous system (CNS) such as spinal cord and ce-
rebrospinal fluid through viremia causing paralysis and viral
complications such as AFM. It is important to note that there is
currently neither any vaccine nor any antiviral drug have been
developed against EV-D68 infection, thus patients tends to depend
only upon the supportive care [74,75].

Recently, Wang and coworkers have made an attempt to
develop EV-D68 antivirals mainly targeting the viral 2C protein and
also improving the antiviral potency of already reported EV-D68
inhibitor dubicaine through structure-activity relationship studies
(SAR) as shown in Fig. 9. 2C protein is a multifunctional protein,
exhibiting crucial roles in viral uncoating, RNA binding and repli-
cation, membrane rearrangement, encapsidation of the viral
genome all of which are essential for viral replication. Thereby, act
as an attractive target against anti EV-D68 drug development [76].

SAR study was carried out on dubicane by varying three posi-
tions of the quinoline skeleton. First variation at the 2-postion
substituent with an alkoxy or an aromatic group; second one in-
volves the 4-position substituted with different amides while the
third variation being the 6-position substitution with F, Cl, or
methoxy group. In total, 60 compounds were synthesized and
tested against EV-D68 (US/KY/14e18953) virus in the primary viral
cytopathic effect (CPE) assay with dubicaine as positive control.
From the results, it was observed that compound 162 series with
substitution at 2-position had higher potency and selectivity index
with most potent being compound 163e with 2-isopropoxy sub-
stituent (EC50 ¼ 2.5 ± 0.5 mM, CC50 ¼ 111.2 ± 15.4 mM, SI ¼ 44.5).
Therefore, this was selected as reference compound for the next
series of compound. Further, compound 164 series with aromatic
substitution at 2-position including 164d, 164f, 164g and 164j had
improved activity and higher SI compared to 163ewhile compound
164e, 164l, 164m, 164r and 164s exhibited improved potency but
lower value of SI. Rest of the compound of 164 series remained
completely ineffective as shown in Table 4.

For compound 165 series with 2-position substituted as iso-
propoxyl being fixed and 4-position being varied. It was observed
that compounds 165a and 165e had improved antiviral activity and
lower selectivity index compared with 163e while other com-
pounds (165b-d and 165f-h) had decreased antiviral activity.
Compound 166 and 167 series with 2-position being benzyl and
thienyl, respectively, were also screened suggesting that compound
166a tend to possess significantly high antiviral activity and
selectivity index (EC50 ¼ 0.4 ± 0.2 mM, CC50 ¼ 73.7 ± 19. mM,
SI ¼ 184.3). However, similar potency (EC50 � 0.1 mM) and SI
(SI > 600) was observed with compound 167a and 167c. It was
confirmed that 6-position of quinoline should be left unsubstituted
as compounds 169. The compound 168 did not show any signs of
improved potency and selectivity index compared.
Fig. 9. Established EV-D68 inhibitor and designed compound for EV-D68.
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From SAR studies, compound 166, 167a, and 167cwere found to
be highly potent which were further evaluated against four addi-
tional human EV-D68 strains. The results confirmed their similar
potent antiviral activity and high selectivity index thereby vali-
dating that 2C protein is a potential antiviral drug target. The lead
compounds were found to be active against two cell lines A549 and
Hela. Since EV-D68 is known to infect CNS, lead compounds were
found to inhibit EV-D68 viral replication in neuronal cell lines A172
and SH-SY5Y. But they were less cytotoxic to A172 and SH-SY5Y
cells than RD cell lines. On conducting immunofluorescence im-
aging, western blot and viral RNA levels by RT-qPCR, it was proved
that dibucaine and lead compounds shared a similar mechanism of
action i.e. inhibition of viral 2C protein which is further inhibiting
viral RNA and protein synthesis. Various potent molecules against
EV-D68 are shown in Fig. 10.
3.3. Dihydroorotate dehydrogenase (DHOD)inhibitor

Viruses are known for mutating rapidly which leads to drug
resistance and therefore haults the usage of drugs molecules spe-
cifically targeting the virus. Resistance to viral inhibitors is a major
concern especially for viruses with genomes encoding only 10e12
genes out of which only few are known to function as enzymes [77].
Therefore, it is difficult to find drug molecules that target small
molecules. Dihydroorotate dehydrogenase (DHOD) is one of the



Fig. 10. Potent molecules for EV-D68.
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fourth enzymes involved in the pyrimidine de novo synthesis
which catalyses the conversion of dihydroorotate to orotate. Its
inhibition causes reduced levels of pyrimidine nucleotides which
trigger various activities such as anticancer, immunosuppressive,
antimalarial and antifungal. However, Brequinar and leflunomide
have evolved as essential inhibitors against DHOD due to their high
potency. The structure of brequinar is shown in Fig. 11 [78e80].

Brabender et al. carried out an extensive SAR study for 4-
quinolinebearing carboxylic acid group that tend to target DHOD
for antiviral activity [81]. From the structural insights of brequinar,
it was recognized that there are several pharmacophoric regions
where appropriate functional groups are necessary such as pres-
ence of free carboxylic acid, hydrophobic moiety at C-2, and an
electron withdrawing group at C-7 position.

Thus, structural optimization study of 170 was done by keeping
chloroquinoline part fixed and synthesized compounds 171e180. It
was observed that replacing the propyl ether of 170 by methyl,
ethyl, or butyl (171e173) ethers did not showed any signs of
improved activity against vesicular stomatitis virus (VSV) by con-
ducting viral replication assay as shown in Fig. 12. But replacement
of propoxy group by electron withdrawing groups, fluorine 175,
bromine 176, or trifluoromethoxy 174 resulted in significant higher
activity. Further, 177e179 analogues were prepared by replacing
Fig. 11. Structure of brequinar.
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the alkoxy groups of 171, 172 and 174 with their respective alky
chain counterparts in order to elucidate the importance of ether
linkage. Owing to the beneficial effects of an additional aromatic
ring (2-F-Ph) connected to the C(2)-phenyl ring in brequinar, diaryl
ether analogue 180 were further explored. This revealed that 180
showed improved activity as compared to other analogues which
open up the chances to expand SAR studies by developing a range
of diaryl ethers. Then the focus was shifted on 180 by exploring
functional group tolerance in 4-quinoline carboxylic acid de-
rivatives. Significant increase in activity (0.11 mM) was seen by
replacing C(7)-chlorine with fluorine 181 whereas bromine con-
taining 182 and nitro containing 185 functionality were moderately
tolerated (EC50 ¼ 3.10 and1.98 mM, respectively). On the contrary,
trifluoromethoxy 183, trifluoromethyl 186, and methoxy 184
functionality were found to be inactive (EC50 ¼ 95.64, 16.58, and
2611 mM, respectively). However, unsubstituted analogue 187
revealed increased activity (EC50 ¼ 0.96 mM) which suggest that
small groups like fluorine and hydrogen are well tolerated. In vitro
assay was done on 188 and 190 to demonstrate the importance of
position of fluorine atom. The results showed that 188 and 190
were 10 times less potent than 197 while 189 with fluorine atom
present at C(8) position was active against VSV virus as depicted in
Table 5.

Thus, 197 being the best analogue, several molecules 191e205
were synthesized by modifying the C(2) diaryl ether. It was
observed that the diaryl ether 181 was more potent than the cor-
responding aryl-alkyl ethers 191e196. The 3,4-(methylenedioxy)
phenoxy, 4-chlorophenoxy, and 4-nitrophenoxy analogues were
approximately 9-to 45-fold less active than the nonsubstituted
analogue 181. Out of the three fluorophenyl analogues, 200 and 202
found with inferior activity whereas the 3-F-Ph analogue 201 dis-
played an activity similar to lead compound 181. However C(3)-
methyl substituted analogue 206 was found to less potent than
181 which suggest that introduction of substituent at C(3) and



Fig. 12. Active and inactive compounds of 4-quinoline bearing carboxylic acid derivatives.

Table 5
SAR studies using different substitutions.

Compound No. R1 R2 R3 R4 EC50 (mM)a

180 Cl H H Ph 1.3
181 F H H Ph 0.1
182 Br H H Ph 3.1
183 OCF3 H H Ph 95.6
184 OCH3 H H Ph 2611
185 NO2 H H Ph 2.0
186 CF3 H H Ph 16.6
187 H H H Ph 1.0
188 H H H Ph 1.2
189 H F H Ph 158.8
190 F F H Ph 11.6
191 F H H CH3 0.1
192 F H H CH2CH3 6.4
193 F H H (CH2)2CH3 19.0
194 F H H (CH2)3CH3 2.1
195 F H H CH2(C3H5) 6.8
196 F H H CF3 1.0
197 F H H 4-Cl-Ph 2.0
198 F H H 4-NO2-Ph 4.9
199 F H H 3,4-(OCH2O)-Ph 0.9
200 F H H 2-F-Ph 0.3
201 F H H 3-F-Ph 0.1
202 F H H 4-F-Ph 1.0
203 F H H 2-pyridyl 22.9
204 F H H 3-pyridyl 2.5
205 F H H 2-thiazolyl 14.6

a Inhibition of VSV replication in MDCK epithelial cells.
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restricting conformational freedom by planarizing fusion of quin-
oline 207was not beneficial. A set of diaryl ether analogue 208e210
were synthesized and evaluated for inhibition of VSV replication in
MDCK epithelial cells. It was confirmed that activities of 208e210
were inferior than most potent 181. It was seen that the t-butyl
substituted analogue 211 and sterically hindered diaryl ether 212
showed signs of improved potency. Based on these results authors
made a hypothesis that restriction of rotation across the diaryl
22
ether linkage coupled with the increase in hydrophobicity might be
crucial for activity. This hypothesis proved to be fruitful as final
analogue 213 showed a significant 50-fold increase in potency
(2 nM) versus 181 in the VSV in vitro assay as shown in Fig. 13.

Finally, several analogues in assays measuring inhibition of
human DHODH enzyme activity and in vitro influenza-WSN viral
replication were compared with the data for inhibition of VSV viral
replication. Thus, starting from compound 170 with modest activ-
ity, a sub-micromolar analogue 181 was developed and further
optimized to the low nanomolar biaryl ether analogue 213. In the
VSV assay, compound 213 was 2 times more potent than brequinar
at nontoxic concentrations (cytotoxicity in human bronchial
epithelial and Caco-2 cells: IC50 � 10 mM). Therefore, analogue 213
was identified as a promising candidate that showed broad spec-
trum antiviral activity.

3.4. Human respiratory syncytial virus (HRSV)

RSV is a negative single stranded RNAvirus which belongs to the
family Paramyxoviridae. It is known for causing acute upper and
lower respiratory tract infections in infants, young children and
immunocompromised patients. RSV Fusion (F) protein is a surface
glycoprotein present on the viral envelope which on combining
with G surface glycoprotein mediates the viral entry into host cell. F
protein generally triggers the fusion process between viral and host
cellular membranes and aids in syncytia formation. Therefore, in-
hibition of viral entry into the host cell and targeting RSV F protein,
act as potential targets for the development of RSV inhibitors.
Although, ribavirin has been approved against viral infection but is
often associated with potential side effects and low efficacy [82,83].

Several attempts have been made to discover new anti-RSV
agents out of which Yun and coworkers utilized similarity-based
virtual screening approach for developing a novel class of piper-
azinylquinolines as RSV fusion inhibitors [84]. MOS and ROCS were
used in parallel to screen the Roche Smart library (more than one
million small molecules) for potential RSV fusion inhibitors. The
ligands JNJ-2408068, TMC-353121 and BMS-433771 were selected
as reference compounds for the virtual screening. Each method
selected the best 1,000 similar compounds to every reference
compound in the library based on similarity scores, which resulted
in total 6000 similar hits for 3 reference compounds. By removing
the duplicate structures, less than 3000 compounds were finally
selected for anti-RSV activity. The antiviral activity was examined



Fig. 13. VSV Inhibitor with diaryl ether analogues.

Table 6
Anti-RSV activity for the synthesized compounds.

Compound No. R2 EC50 (mM) CC50 (mM)

214 0.759 20.80
215 Ph 0.865 20.80
216 2-Cl-Ph 2.014 20.80
217 3-Cl-Ph 0.977 6.40
218 4-Cl-Ph >100 6.60
219 COCH3 0.317 >100
220 COCH2CH3 3.090 >100
221 COCH(CH3)2 0.847 >100
222 COCH2CH(CH3)2 1.884 >100
223 CO(c-Hexyl) 9.240 >100
224 COPh 0.570 >100
225 COCH2Ph 0.079 >100
226 COCH2CH2Ph 0.464 >100
227 SO2CH3 2.272 >100
228 SO2Ph 1.166 20.50

aEC50: the concentration of compound that reduced 50% of the cytopathic effect of
RSV. Long strain infected HEp-2 cells. CC50: the concentration of compound that
manifests cytotoxicity toward 50% of uninfected HEp-2 cells. Values are means of at
least two experiments performed in consecutive weeks.
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by carrying out cytopathic effect assay (CPE) which was induced by
the RSV long strain of virus replication in HEp-2 human lung
epithelial carcinoma cells. Among all the molecules, 1-amino-3-[[2-
(4-phenyl-1-piperidyl)-4-quinolyl]amino]propan-2-ol 214, was
identified asa potent anti-RSV hit with an EC50 of 0.759 mM, thus
used as a starting point for further studies. It was suggested that the
piperidyl linker is a deciding factor for conformational control.
Thus, piperazinyl analogues, such as N0-[2-(4-phenylpiperazin-1-
yl)-4-quinolyl]ethane-1,2-diamine 215, was designed whose
conformation helped in retaining antiviral activity, improving
metabolic stability, introducing substituents (R2). No significant
decrease in activity was seen by replacing the aminoalcohol head
part with simple ethyl amine.

It was observed that when N-piperazine was substituted with
meta-chloro phenyl group 217, the potency was maintained but had
high cytotoxicity while ortho-chloro 216 and para-chloro 218
exhibited decreased potency. However, by introducing other
groups such as cyclo-hexyl 223, methanesulfonamide 227 and
benzenesulfonamide 228 showed inferior activity as depicted in
Table 6. 2-phenyl acetamide substituted group was found to have
significantly high activity against RSV thus a number of substituted
phenylacetamide analogues 229e245 were synthesized. Chloro
and fluoro groups at different positions of phenyl ring had similar
potency (229e234) while 2-methyl substituted led to increased
activity. However, the methyl substitutions at meta- and para po-
sitions exhibited decreased activity while some of the electron
withdrawing group such as cyano and -CF3 led to slight loss in
activity. Further SAR studies were conducted on additional ana-
logues 246e259 by introducing substitutions at quinoline (R1), the
head portion (R3), and the benzylic position (R5 and R6). Small alkyl
groups 246e252 at the benzylic position were found to block the
metabolic hot spot. Gem-dimethyl substituent proved to be 3-times
more potent as compared to 225 and the single substituted mole-
cule 246. However, diethyl analogues showed weaker activity that
225. Cyclic substituent 250 was found to be most potent
(EC50 ¼ 0.017 mM) but on further enlarging the cyclic ring size, led
to significant loss of activity. Reducing basicity of amine at head
position by acylation led to 550 times decrease in anti-RSV activity
23
(EC50 ¼ 15.58 mM) compared to 248. N-Methylation of 248 was
done to obtain 253 which showed similar activity
(EC50 ¼ 0.033 mM) as 248 but bulkier terminal tertiary amine 254
was not well tolerated. Presence of chloro group on the 5, 6, or 7-
position of quinoline showed an order of 6-Cl>7-Cl>5-Cl RSV in-
hibition as shown in Table 7.

In order to determine the direct anti-RSV effect, plaque reduc-
tion assay was performed. Compound 248 inhibits RSV replication
with IC50 at lower than 100 nM concentration. Interestingly,
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compound 253was able to directly inhibit RSV replication but with
less potency compared to 248. Therefore, compound 248 and 253
were proven to be RSV fusion inhibitors, which can prevent the
fusion process mediated by RSV fusion protein in RSV-F expressing
cell lines. DMPK properties for the most potent compound 248 and
253was examined which revealed that both of them had good oral
bioavailability of >40% owing to their good solubility
(LYSA > 400 mg/mL) and permeability (PAMPA values of 248 and
253 are 0.74 � 10�6 cm/s and 1.37 � 10�6 cm/s). On carrying
docking studies with compound 214 (hit) and 248 described that
the quinoline ring and the piperidine ring of compound 214 or the
piperazine ring of compound 248 could form the hydrophobic
interaction with the residues of Phe140 and Phe488, respectively.
Furthermore, a salt bridge formed by the positively charged ter-
minal amine with Asp486, are critical for the binding.

Severson et al. developed a series of enantiomerically pure,
sulfonylpyrrolidine-based compounds which were optimized and
validated through a high throughput cell-based screening that
measures the respiratory syncytial virus (RSV)-induced cytopathic
effect (CPE) in HEp-2 cells [85]. A total of 51 hits were selected from
a library of 313816 compounds for carrying out an in vitro titer
reduction assay to assess their effect on the production of infectious
virus. The hit compound 261 (prepared from L- or D-proline) was
tested as a racemic mixture out of which S-enantiomer was found
to bemore active componentwith a selectivity index of 11.8. Acyclic
Table 7
Anti-RSV activity for the synthesized compounds.

Compound No. R1 R3 R4 R5 R6 EC50 (mM) CC50 (mM)

229 H H 2-Cl H H 0.077 >100
230 H H 3-Cl H H 0.066 >100
231 H H 4-Cl H H 0.058 >100
232 H H 2-F H H 0.089 >100
233 H H 3-F H H 0.080 >100
234 H H 4-F H H 0.095 >100
235 H H 2-CH3 H H 0.029 >100
236 H H 3-CH3 H H 0.059 >100
237 H H 4-CH3 H H 0.142 >100
238 H H 2-OCH3 H H 0.056 >100
239 H H 3-OCH3 H H 0.098 >100
240 H H 4-OCH3 H H 0.679 >100
241 H H 3-CN H H 0.225 >100
242 H H 3-CF3 H H 0.563 >100
243 H H 3-F-4-F H H 0.255 >100
244 H H 3-Cl-4-Cl H H 0.220 6.68
245 H H 3-F-5-F H H 0.264 >100
246 H NH2 CH3 H 0.759 20.80
247 H NH2 Et H 0.865 20.80
248 H NH2 CH3 CH3 2.014 20.80
249 H NH2 Et Et 0.977 6.40
250 H NH2 (CH2)2 >100 6.60
251 H NH2 (CH2)3 0.317 >100
252 H NH2 (CH2)4 3.090 >100
253 H NHMe CH3 CH3 0.847 >100
254 H NMe2 CH3 CH3 1.884 >100
255 H NHAc CH3 CH3 9.240 >100
256 H OH CH3 CH3 0.570 >100
257 5-Cl NH2 CH3 CH3 0.079 >100
258 6-Cl NH2 CH3 CH3 0.464 >100
259 7-Cl NH2 CH3 CH3 2.272 >100

24
variants of the linker region which involves methylation at amide
nitrogen was found to possess EC50 values > 50 mM as shown in
Table 8.

On replacing quinoline with a 4-linked benzooxadiazole, a
phenyl ring, or a simple methyl group proved to be disadvanta-
geous. Substitution of the sulfonyl group (SO2) with carbonyl
functionality or its replacement with CH2 led to complete loss of
potency. It was also observed that by increasing steric bulk at C2
marginally improved potency as compared to the monomethyl
substitution at the same position. Since 2-alkyl substituent
appeared to be crucial in combination with other substituents to
retain potency, this dynamic was further explored in order to
suggest that the 2,5-dimethylphenyl moiety of analogue
262oproved to be more beneficial in terms of potency and main-
taining the cytotoxicity potential. Detailed results are shown in
Table 9.

Further mechanism of action of sulfonylpyrrolidines was
examined by checking the inhibitory activity in the cell-based assay
in HEp-2 cells. Cells were infected with hRSV in the presence of
25 mM concentration of test compounds 262b, 262t, 262o and
ribavarin. Compounds 262b and 262t were found to possess 1 log
reduction in virus titer, or 10-fold, as compared to ribavirin which
reduced viral titer by 2.5 log units, or 300-fold. Analogue 262owas
found to have 100-fold, or 2 log, reduction. Improvements in cell
protection against hRSV did not translate to significant improve-
ment in the plaque assay as was seen with ribavirin. Consequently,
the titer reduction assay was not used to drive SAR efforts.
3.5. Middle east respiratory syndrome coronavirus (MERS-CoV)

MERS-CoV is fatal coronavirus that has the ability to spread from
person to person causing severe respiratory symptoms such as high
fever, cough, shortness of breath and acute pneumonia [86,87]. It is
a single-stranded, positive-sense RNA virus which tend to utilize
host cell components to accomplish their physiological process
which includes internalization of the virion, genome replication,
packaging and budding of virions. Therefore, each of the above
steps can be considered as potential target for the development of
novel antiviral agents. Yoon et al. identified 3-acetyl-6-chloro-2-
(isopropylamino)-8-(trifluoromethyl)quinolin-4(1H)-one 263 as
the lead compound to be active against MERS-CoV infections. So, a
series of 3-acyl-2-amino-1,4-dihydroquinolin-4(1H)-one analogues
were synthesized and then anti-MERS-CoV activity was evaluated
using Vero cells infected with MERS-CoV isolate [88].

SAR studies were conducted by varying the substituents posi-
tions of 5e8 of quinoline ring of compound 263. It was observed
that electron withdrawing substituents such as 2,4-difluoroaniline,
NO2 and CF3 groups were found to cause significant inhibition
while the electron donating groups showed no signs of inhibition.
Varying the substituents at 2 position of 1,4-dihydroquinoline
suggested that 6,8-difluorosubstituent 264g can cause marked
changes in inhibition activity. Further, presence of electron with-
drawing group at the 2 position shows high binding affinities
(0.53e1.44 mM). It was observed that 6,8-difluoro compound 264u
and 264v, including 2,3,4-trifluoroaniline and 2,4-difluoro aniline
group at 2 position had the potential to cause remarkable inhibition
than its corresponding compounds with acetyl group at 3 position
(IC50 ¼ 0.086 and 0.79 mM, respectively) as illustrated in Fig. 14.
Thus, compound 264uwith isobutyryl group at 3-position and 6,8-
difluorophenyl group was found to be potent against MERS-CoV
inhibition, displayed good metabolic stability in human, rats and
mouse liver microsomes and good oral bioavailability. It was found
to have low hERG binding affinity and zero cytotoxicity toward
VERO, HFL-1, L929, NIH 3T3, and CHO-K1 cell lines.



Table 8
hRSV CPE Assay potency, cytotoxicity, selectivity index, and logarithmic reduction in viral plaques for analogues with structural variation in the proline linker region of the hit
sulfonylpyrrolidine scaffold.

Compound No. EC50 (mM)a CC50 (mM)b SI Virus titer log reduction

260, ribavirin NA 28.4 ± 3.8 113.9 ± 38.5 4.0 2.5
261 5.0 ± 1.4 31.5 ± 5.7 6.3 2.1

262a >50 38.1 ± 2.3 0.8 NT

262b 2.7 ± 0.9 31.8 ± 7.7 11.8 1.0

262c >50 >50 1.0 NT

262d >50 >50 1.0 NT

262e >50 >50 1.0 NT

a Data are an average of �3 experiments.
b Data are an average of �2 experiments. cNT ¼ not tested; NA ¼ not applicable.
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3.6. Dengue virus

Dengue fever, usually a disease is caused by dengue virus which
results in an uncontrolled infection transmitted by mosquitoes of
the Aedes genus [89]. The virus belongs to the Flavivirus genus
belonging to Flaviviridae family and is circulated as four major se-
rotypes which do not induce long-term cross-protection in sec-
ondary infections. Currently, there is no availability of specific
antiviral therapy against dengue virus except symptomatic treat-
ment. Lleonart’ group have demonstrated the synthesis, screening
and characterization of antiviral activity of two quinoline de-
rivatives against dengue virus serotype 2 in vitro as shown in Fig. 15
[90,91].

Out of total 29 compounds, only three compoundswere selected
for confirmatory tests using viral yield reduction assay which
suggested that compound 265 and 266 had shown signs of
consistent inhibitory activity against DEN2 in vitro with IC50 of
3.03 mM and 0.59 mM respectively. It was also observed that both
the compounds 265 and 266 possessed a marked, dose-dependent
effect on the production of the viral envelope glycoprotein which
was found to be in harmony with the antiviral activity observed in
virus yield reduction assay. The data obtained by authors suggest 2
key points, first, antiviral activity is not due to direct virucidal ac-
tivity, second, compound tend to act during the early phases of
virus life cycle.

In 2017, Gray’s group carried out an extensive SAR study of QL47
(267) which have been confirmed as a potent and covalent inhibitor
of BTK and other Tec-family kinases [92,93]. During the SAR study,
25
compound YKL-04e085was found to be the potent antiviral agent,
which lacks the crucial quinoline hydrogen responsible for
hydrogen bonding to the kinase hinge. QL47 (267) was found to be
the most potent antiviral agent with IC50 value of 0.343 mM against
DENV2. However, several BTK/BMX kinase inhibitors such as CG1-
1746, Ibrutinib and BMX-IN-1 were evaluated in order to determine
the relevance of BTK/BMX kinase as potential targets for viral
replication. But from the results none of the compounds showed
activity comparable to QL47 (267), thereby suggesting that BTK/
BMX are not likely to be targets of QL47(267).

Moreover, it was observed that it possessed broad-spectrum
activity against other Flaviviruses such as West Nile Virus (WNV),
enteroviruses, vesiculoviruses, pneumoviruses but was associated
with poor pharmacokinetic profile. From the structure-based drug
designing, QL47 (267) was earlier developed as BTK inhibitor from
the highly potent mTOR inhibitor, Torin 2. The tricyclic quinolines
of QL47 (267) were found to form a hydrogen bond with the kinase
hinge segment, while the two side chains extend toward the back
and front of the ATP binding site. The acrylamide arm extends to-
wards Cys 481 of BTK located at the entrance of ATP-binding site.
When acrylamide moiety was replaced with unreactive nonpropyl
amide to give QL47R (268), no signs of inhibition against DENV2 at
concentrations below 10 mM were observed. The structures of BTK/
BMX kinase inhibitors are shown in Fig. 16.

Methypyrazole substituted analogue 277 described modest
improvements in microsomal stability with significant antiviral
activity. This analogue was explored because it is key determinant
involved in kinase selectivity. It was observed that extended



Table 9
hRSV CPE Assay potency, cytotoxicity, selectivity index, and logarithmic reduction in viral plaques for analogues with structural variation in the aryl amide region of the
sulfonylpyrrolidine scaffold.

Compound No.

R

EC50 (mM)a CC50 (mM)b SI Virus titer log reduction

260, ribavirin NA 28.4 ± 3.8 113.9 ± 38.5 3.6 2.5
262b 2,4-dimethylphenyl 2.7 ± 0.9 31.8 ± 7.7 13.1 1.0
262f 2-methylphenyl 23.8 ± 10.2 >50 2.1 NT
262g 3-methylphenyl >50 25.5 ± 4.1 0.5 NT
262h 4-methylphenyl >50 31.7 ± 2.9 0.6 NT
262i phenyl >50 35.6 ± 2.3 0.7 NT
262j 2-ethylphenyl 21.2 ± 5.1 >50 2.6 NT
262k 2-i-propylphenyl 17.6 ± 0.9 29.9 ± 3.5 1.7 NT
262l 2,4-dimetyl-3-pyridine >50 >50 1.0 NT
262m 3,5-dimethylphenyl >50 31.3 ± 3.5 0.6 NT
262n 2,4-dichlorophenyl >50 >50 1.0 NT
262o 2,5-dimethylphenyl 2.3 ± 0.8 30.9 ± 1.1 13.4 2.0
262p 2,6-dimethylphenyl >50 >50 1.0 NT
262r 2-methyl,5-chlorophenyl 2.2 0.6 10 1.3 4.3 NT
262s 2-methyl,5-trifluoromethylphenyl >50 4.8 1.7 0.1 NT
262t 2-methyl,5-methoxyphenyl 4.2 ± 1.3 44.2 ± 5.7 10.4 1.0
262u 2-methyl,5-i-propylphenyl >50 9.7 ± 1.2 0.2 NT
262v 2-methyl,5-i-butylphenyl >50 6.5 ± 0.6 0.1 NT
262w 2-chloro,5-methylphenyl >50 >50 1.0 NT
262x 2-methoxy,5-methylphenyl >50 >50 1.0 NT
262y 1-(t-butyl)-3-methyl-1H-pyrazol-5-yl >50 >50 1.0 NT

cNT ¼ not tested; NA ¼ not applicable.
a Data are an average of �3 experiments.
b Data are an average of �2 experiments.

Fig. 14. MERS-CoV inhibitory activity of 3-acyl-2-amino-1,4-dihydroquinolin-4(1H)-one derivatives.

Fig. 15. Potent quinoline derivatives against dengue virus serotype.
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conjugate ring systems (from methylpyrazole to acrylamide) were
essential for preserving antiviral activity. Positioning of ortho-
26
substituents to the acrylamide, compound 270 has similar potency
to QL47 (267) with potent in cellulo translation inhibition and
antiviral activity nut half-life improved only upto 4.5 min. It was
presumed due to the intramolecular hydrogen-bonding of the
ortho-fluoro group forming a pseudo-five membered ring. How-
ever, tricyclic quinolinyl core ofQL47 (267)wasmodifiedwith a five
or six membered urea moiety increased antiviral activity and in-
hibition of DENV reporter replicon translation was observed but
didn’t show any improved substantial signs of metabolic stability.
The anti-DENV activity and translation effects of DENV reporter
replicon translation are correlated because the translation effects of
viral genome are crucial for antiviral activity of these compounds.
Compound 271, without the N-quinoline nitrogen and methyl
pyrazole substituted showed similar activity to QL47 (267) but half
life was improved to 4 min. Interestingly, when dimethylamine tail
was installed at the acrylamide position, YKL-04e085 and 272
exhibited improved antiviral activity at 2 mM concentration with



Fig. 16. Potent BTK/BMX kinase inhibitors.
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YKL-04e085 showing marked improvement in half-life of
15.6 min. After the successful discovery of YKL-04e085, it was
screened against a panel of kinases out of which only few kinases
such as PIM and DDR has 80% of binding affinity. The anti-DENV2
IC90 value was found to be 0.55 mM and exhibited viral inhibition
and cytotoxicity at 35-times lower concentrations relative to host-
cell proliferation inhibition. YKL-04e085, also described good
translation inhibition of DENV2 reporter in cellulo and good phar-
macokinetic profile.
Fig. 17. Pt(II) complexes with inhibitory activity against HSV-1.
3.7. Herpes simplex virus (HSV)

Herpes simplex virus is associated as a common contagious
disease, belonging to Herpesviridae family. HSV 1 and HSV 2 tend to
affect the human population. HSV 1 causes infections around the
mouth pharynx, face and lip area while HSV 2 is associated with
infection of the anogenital region [94]. The virus seems to be most
contagious when it begins to shed from the human body. Acyclovir,
famiclovir and valacyclovir have been approved as antiviral drug for
patients suffering from HSV infections. But still there is an urge to
develop new molecules against HSV. Therefore, Zhang et al.
designed and synthesized novel Pt(II) complexes (TFPPy)PtPic (273)
and (TFPQ)PtPic (274) comprising fluorinated phenylpyridine/
phenylquinoline scaffolded with pyridine-2-carboxylate as
chelating ligands [95]. Both the complexes were investigated for
the treatment against HSV-1 infection. The results revealed satis-
factory suppression of HSV-1 replication at concentrations of
5e10 mM on conducting plaque assay. The compound (TFPQ)PtPic
(273) was found to be more dependent on treatment concentration
because of the more significant suppression difference. IC50 of the
two complexes against healthy Vero cells were found to be above
28 mM, suggesting that both the complexes have selective inhibi-
tion against HSV-1 infection rather than causing inhibition on the
un-infected hosting cells. Structure of these complexes is shown in
Fig. 17.

The authors also suggested the inhibitory mechanism which
involves the direct ability of the complexes to bind and interfere in
27
the virus DNA genome. Molecular docking studies revealed that the
complexes were able to form stable hydrogen bond and hydro-
phobic interactions to the minor groove of targeted DNA double
helix.

3.8. Ebola virus disease (EVD)

Ebola virus disease also known as Ebola haemorrhagic fever
caused by pathogen Ebolaviruses, is a severe disease causing fatal
illness in humans. It can be rapidly transmitted through direct
contacts with infected patients and contaminated materials.
Several antiviral drugs have been clinically approved but none of
them had shown potential benefits in patients thus, it generates a
room for the development of novel antiviral drugs against ebola
virus. It was observed that amodiaquine which is an antimalarial
drug was found to decrease the mortality rate among the ebola
infected patients [96]. Therefore, keeping in mind its beneficial
effects against Ebola virus, Sakurai, in 2018, made an attempt to
synthesize a series of novel amodiaquine derivatives and evaluated
them against EBOV infection [97]. Compounds bearing 4-
aminoquinoline scaffold and structurally similar to amodiaquine
were synthesized. These were tested using replication component
EBOV encoding GFP for antiviral activity with Huh 7 cells for



Fig. 19. SAR study result by using compound 276.

R. Kaur and K. Kumar European Journal of Medicinal Chemistry 215 (2021) 113220
carrying out in vivo studies. A total of 14 compounds were found
with improved potency while compounds 275, 276, 277 and 278
were highly potent with IC50 ¼ 0.73, 0.64, 0.29 and 0.72 mM
respectively as shown in Fig. 18. Amodiaquine was found to have
IC50 ¼ 2.13 mM against EBOV infection. Cytotoxic profile was eval-
uated for the 14 compounds by performing infections assays, which
revealed that compound 276 and 278 provided SI > 130 describing
its low cytotoxicity as compared to amodiaquine which have
SI ¼ 37.

SAR study was conducted by first carrying out modification of
the alkyl chain extending from the aminomethyl group (R1). This
modificationwas supported by observing increased potency among
the compounds. When halogens were substituted at the 7th posi-
tion of the quinoline ring (R2), it was seen that most electronegative
atoms (-F, -Cl) exhibited lower potency than amodiaquine while
least electronegative atom (-Br and -I), increased the potency by 1.4
and 3.3 (compound 276) times respectively as shown in Fig. 19.
Presence of phenol ring adducts at R3 and phenyl ring at R4 were
found to have improved activity. Second modification involved
varying the alkyl chain length with iodine substitution at the 7th
position of the quinoline ring.

Promising results were obtained which included 2 times higher
potency than the compound 276 with same alkyl chain as amo-
diaquine. Compound 279, having the longest chain length was
found to have maximal positive effects against viral infection.
Cytotoxic values were also higher (SI > 100) than the initial set of
derivatives having the alkyl chain extending from the aminomethyl
group (R1). Further, compound 276 and 278 were found to inhibit
the entry of virus into the host cell more efficiently than amodia-
quine which were consistent with the outcomes of EBOV-GFP
infection.
3.9. Hepatitis C virus (HCV)

Hepatitis C virus is a positive-strand RNA virus belonging to
Flaviviridae family, associated with acute and chronic liver disease
[98]. It is a blood borne virus and the most common mode of
infection is a result of exposure to small quantities of blood. Triple
combination therapy is utilized for curing HCV genotype-1 disease
which involves pegylated interferon a (Peg-IFN), ribavirin, and
protease inhibitor (telaprevir and boceprevir), but interferons are
associated with side effects which limits their use. Therefore, re-
searcher’s main goal is to develop direct acting antiviral therapy
Fig. 18. Antiviral activity of amodiaqu
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(DAA) with high sustainable virological response. The catalytic
fragment involved in the HCV RNA replication is the HCV
nonstructural 5B protein (NS5B) that contains RNA-dependent RNA
polymerase. This enzyme is involved in the life cycle of virus
thereby acting as potential therapeutic target to develop novel
antiviral agents.

Talamas et al. reported stilbene fragment 281 that is a potent
inhibitor of NS5B but still several efforts were made to develop a
highly potent inhibitor against the replication of HCV genotype 1a
and 1b [99]. In this study, stilbene core was replaced with bicyclic
core which was synthesized and further evaluated for antiviral
activity. Compound 282with a bicyclic quinoline core was found to
be equipotent against GT-1a and GT-1b strains with better activity
against GT-1a when compared with 281. Further, 5-fluoropyridone
part was replaced with uracil heterocycle while keeping the
methoxy, tert-butyl, and N-phenylmethanesulfonamide sub-
stituents intact. Uracil 283 had decreased activity against GT-1a but
same potency against GT-1b in replicon assay. Compound bearing
naphthalene core exhibited 2 to 3 times increase in potency against
both the genotypes. But still 3,5,6,8-tetrasubstituted quinoline core
with different heterocyclic head groups was selected for further
evaluation owing to its flexibility, convenient synthesis and excel-
lent potency. It was observed that compound 285 had excellent
potency and equipotency against both genotypes as compared to
other molecules bearing 2(1H)-pyridone, dihydrouracil and cyclic
urea head groups. C-linked uracil 286 had improved potency
against both genotypes with respect to N-linked uracil 283 as
sketched in Fig. 20.

Molecular docking studies were carried out for compound 285
which suggested that the lower ring of quinoline template makes
ine derivatives against EBOV-GFP.
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edge-to-face interactions with the side chain of Tyr448 and tert-
buty group fills the lower lipophilic pocket. The above interactions
were similar to those observed NS5B fragment 280. It was sug-
gested that quinoline ring tends to hold the methanesulfonamide
linker in the correct position. The phenyl ring linked to the quin-
oline with the methanesulfonamide forms an edge-to-face inter-
actionwith Phe193, while sulfonamide group forms hydrogen bond
with a distance from the residues Asp318, Asn 291, and Ser288 (2.7,
2.8, and 3.2 Å, respectively). The sulfonamide functional group was
essential for the high potency of the template along with the oxy-
gen of the methoxy group on C-6 of the 2(1H)-pyridone is in
proximity (3.3 Å) to the carbon of the backbone carbonyl Gly410.
Most of the compounds with quinoline corewere highly potent and
exhibited physicochemical and ADME in vitro properties within the
desirable range except for solubility. Thus, in order to improve
solubility, planarity of compounds was reduced by introducing
replacement of phenyl linker between the quinoline and the
methane sulfonamide.

Alkyl and alkyne linker proved to be less active because of the
formation of possible conformations which prevents the meth-
anesulfonamide group from forming favorable interactions with
Asp318, Asn291, and Ser288. But compound with pyrrolidine linker
287 displayed similar activity as corresponding phenyl linker 284
and also led to increase aqueous solubility as shown in Fig. 21.
Finally, pyridine 288 and pyrrolidone analogue 287 were found to
possess best combination of overall properties but 288 had much
weaker inhibition compared to 285. 6-fold improvement was
observed in the 40% HuS replicon assay. Compounds 285 and 288
underwent pharmacokinetic studies in rat and dog in order to
determine their potential as clinical candidates. Ultimately, com-
pound 285 was chosen for clinical development as it met with the
expected criteria.
3.10. Human immunodeficiency virus (HIV)

Human immunodeficiency virus infection and acquired immune
Fig. 20. Bicyclic quinoline core possessing mol
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deficiency syndrome (HIV/AIDS) is a range conditions caused by
HIV virus and spreads primarily by unprotected sexual contact,
contaminated blood transfusions and from pregnant mothers to
their children. Several therapies such as virus-associated reverse
transcriptase, protease, or fusion peptides have been developed to
inhibit the viral replication. But such therapies are often associated
with drug resistance and various side effects thereby limiting their
use for treatment of AIDS. Thus, there is an emergent need for
developing new class of drugs that can easily replace the existing
drugs and act on new targets involving novel molecular mecha-
nisms [100].

Bedoya et al. tested 18 quinoline-based compounds for their
antiviral activity against human immunodeficiency syndrome (HIV)
[101]. The compounds were found to contain quinoline or tetra-
hydroquinoline rings and were divided into groups: group 1 com-
prises of 4-(2-oxopyrrolidinyl-1)-1,2,3,4-tetrahydroquinolineswith
2-(3-nitrophenyl) substituent (N-series) or 2-(3-aminophenyl)
moiety (H-series), and group 2 includes 2-(3-nitrophenyl)- or 2-(3-
aminophenyl)-substituted quinolines (S-series). Recombinant virus
assay (RVA) and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetra-
zolium bromide (MTT) assay were performed to check anti-HIV
activity of compounds. From the results it was confirmed that
Compounds belonging to S-series were more potent as compared
to Compound of N-series or H-series. In N-series, none of the
compounds showed antiviral activity when tested with MTT assay
but two tetrahydroquinolines 293 and 294 were found to possess
moderate activity when RVA assay was perfomed. Compound 296,
299 and 300 of H-series were active in both the assay with IC50
ranging from 50 to 100 mM and non-specific mechanism of action
was observed due to the toxicity. Compound 297 was found to be
active against VSV-pseudotyped HIV infections. From S-series
compound 301, 303 and 305 were highly potent in both the assays
with compound 305 (IC50 ¼ 18.48 mM) being the most potent in
MTT assay. Also these three compounds had similar IC50 values
against both the viruses (HIV and VSV-pseudotyped) which suggest
that they are likely to act when the virus enters the host cell.
ecule with inhibitory activity against HCV.



Fig. 21. Replacements of the phenyl linker with NS5B.
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Detailed structures of potent molecules against HIV are shown in
Fig. 22.

PCR-based retrotranscriptional assay was performed to analyze
the potential action of the 3 most potent compounds of S-series.
The results confirmed that the total viral DNA amount was not
reduced which suggests that a later step is the probable target for
these molecules. HIV transcription is a complex process involving
lot of viral and cellular factors thus these compounds were studied
as transcription inhibitors. It was observed that all the three com-
pounds were able to decrease HIC transcription through NF-kB or
specificity protein-1 (Sp1) transcription factors. Compound 297
efficiently abolished the expression of p65 which confirms that
quinolines act by blocking nuclear translocation of p65 and thus
inhibiting NF-kB while IkB is less expressed.

B�enard et al. have developed a series of compound active against
HIV-1 integrase and were further evaluated in both in vitro and
ex vivo assays [102]. These inhibitors involve drugs of styr-
ylquinoline family which engages quinoline subunit and an ancil-
lary aromatic ring connected by an ethylenic linker in between. The
studies were conducted by replacing the central ethylenic linker
with functionalized spacer such as amide, hyradzide, urea, 1-
hydroxyprop-1-en-3-one moieties.

MTT assay were perfomed and subsequent IC50 and EC50 values
were calculated. It was observed that when ethylenic bridge was
replaced by amide group, none of the compound showed any sig-
nificant inhibition and cytotoxicity. While compound 318, in which
the ancillary phenyl ring is unsubstituted had cytotoxicity compa-
rable to compound 307. Compound in which nitrogen atom is
attached to the quinoline subunit and in which ancillary nucleus
has two hydroxyl groups at C-30 and C-50 possessed no in vitro ac-
tivity but on the contrary corresponding styrylquinolines displayed
significant in vitro activity. A micromolar level of antiviral activity
Fig. 22. Synthesized quinolin

30
was observedwith amides 308, 309 and 311which is comparable to
the reference compounds 307 and 317. Styrylquinolines when
replaced with hydrazides 311, 312 and urea moiety 313e315, none
of them were found to be active but 2,4-dinitrophenylhydrazide
312 was found to restore substantial anti-HIV intergrase activity.
However, ketoenol linker 316 which is regarded as potential
pharmacopher in the design of HIV-integrase inhibitors remained
completely inactive because of the absence of hydroxyl groups on
the ancillary phenyl ring as illustrated in Fig. 23. Di Santo et al. have
reported new bifunctional b-diketo acids (BDKA) with enhanced
activity against integrase (IN) and HIV-1 infected cells [103]. IN
enzyme is known for catalyzing the insertion of viral DNA into the
host genome which is derived from reverse transcription of HIV
RNA. Integration mainly occurs through a sequence of multiple
reactions which includes (i) 30-processing: it involves the cleavage
of a dinucleotide pair from the 30-end of the viral DNA (ii) strand
transfer (ST): insertion of the resulting shortened strands into the
host-cell chromosome and (iii) removal of two unpaired nucleo-
tides at the 50-end of the viral DNA and gap filling process. The
authors have utilized DKAs scaffold as they are known for selec-
tively inhibiting the ST reaction of IN and exhibit antiviral activity
against HIV-1 infected cells. Thus, inhibitors 327-322 belonging to
4-(4(1H)-quinolinon-3-yl)-2,4-dioxobutanoic acid skeleton was
selected because of two reasons, first, alkylating the 4(1H)-quino-
line at 1-position with benzyl group to obtain 1,3-disubstituted
compound that is able to meet the geometric requirements for IN
inhibitory activity, while second involves the introduction of
diketoacid at position 6 of aromatic ring via an acetyl intermediate.
The structure of compound 330with inhibitory activity is shown in
Fig. 24.

The synthesized compounds 319e322 were evaluated for ST
inhibition in the presence of magnesium (Mg2þ) using a novel
es with anti-HIV activity.



Fig. 23. Quinoline derivatives active against HIV-1 integrase.
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electrochemiluminescent assay in vitro as well as examined for ST
and30-P using gel-based assays in the presence of Mg2þ or Mn2þ. All
the compounds were found to possess potent inhibitory activity
against IN for both ST and 30-P steps. It was also observed that acid
derivatives (320, 322) were more potent than the corresponding
esters (319, 321) and 1-p-F-benzyl-substituted quinolines (321,
322) were more active. Compound 322was the most potent among
all other compounds with IC50 around 15 nM. It shows selective ST
inhibition as well as inhibits integrase with similar potency in the
presence of Mg2þ or Mn2þ. It revealed promising antiviral efficacy
in HIV-1-infected H9/HTLVIIIB cells ((EC50 ¼ 4.29 mM,
EC90¼ 40 mM) and low cytotoxicity (CC50 > 200 mM, SI > 46.6) along
with high potency in inhibiting the replication cycle of HIV-1 in cell
based assays. Docking study for compound 322 was performed
using AutoDock 3.0.5 program. The results indicated that the
carboxylate group of one diketo acid chain of the ligand chelates
with the Mg2þ metal ion, whereas the other one inserts between
residues K156 and K159, forming H-bonds with both side chains
and with N155 CO backbone. The p-F-benzyl group points toward a
hydrophobic pocket formed by the catalytic loop residues Y143,
P142, I141, and G140 and by residues I60, Q62, V77, V79, H114,
G149, V150, I151, E152, S153, and M154. A favorable electrostatic
interaction was observed between the fluorine atom on the benzyl
ring and the amide group of Q62 residue. A stacked amide-aromatic
interactionwith the N155 side chainwas formedwith the quinoline
ring of the molecule, while carbonyl oxygen of the quinoline forms
a hydrogen bondwith the T66 side chain. T66, S153, andM154, side
chains were found to be in close proximity of the ligand whose
mutations were found to confer resistance to DKAs.
Fig. 24. Bifunctional b-diketo acid active against integrase (IN) and HIV-1 infected
cells.
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Interestingly, one of the most promising targets for inhibition of
HIV-1 replication is the process of Tat/TAR RNA interaction. This
Tat-mediated trans-activation process requires structural integrity
of TAR RNA and the cooperative interaction of human hsot cell
proteins such as positive transcription elongation factor b (P-TEFb),
a complex composed of cyclin T1 (CycT1) and cyclin-dependent
kinase 9 (CDK9) [104e108]. CycT1 is responsible for remodelling
the structure of Tat in order to enhance its affinity for the TAR RNA,
whereas TAR RNA inturn enhances the interaction between Tat and
CycT1. Yang’s group has proposed a molecular model for the gen-
eration of novel Tat-TAR inhibitors which includes an anchor, linker
and a positively charged activator. This activator reinforces the
binding affinity between the molecule and the negatively charged
TAR RNA thereby leading to the disruption of Tat/TAR complex. The
compound library was screened for inhibitory activity of Tat-TAR
interaction which resulted in emergence of CS3 (323) possessing
mild inhibitory activity and antiviral potency. CS3 (323) consisted
of a planar 4-chloroquinoline ring with two side chains connected
with the aromatic ring by an amide linker. Several modifications to
CS3 (323) were done which included modification of two side
chains, introduction of substitution in the 4-chloroquinoline ring,
substituting nitrogen atom of the quinoline and replacing the
chloro group of quinoline with hydroxyl or carbonyl group.
Therefore, compounds were designed, synthesized and investi-
gated for antiviral activity using SIV-induced syncytium in CEM
cells [109,110]. From the results, it was observed that compound
bearing hydroxyl alkane side chain and methyl ester side chain
(319n and 319p) both displayed efficient anti SIV-activities and low
cytotoxicities especially 319p (EC50 ¼ 1.1 mM) had higher value than
319n probably due to hindrance of hydrogen bond interaction with
methyl group. Presence of electron withdrawing or electron
releasing group on the quinoline ring proved to be less fruitful for
both anti SIV-activity and cytotoxicity. In order to testify the steric
hindrance effect of methyl group with hydrogen bond 319z
(EC50¼ 13.0 mM)was developed which was found to possess higher
EC50 than 319s (EC50 ¼ 4.7 mM). Further, introduction of substituent
group on nitrogen of quinoline or changing the 4-position into
carbonyl (320a-c and 322a-d) did not resulted in any significant
changes in anti SIV-activity and cytotoxicity.

Nine compounds with low cytoxicity (CS3 (323), 319d, 319f,
319n, 319p, 319s, 319z, 322a and 322b) were evaluated by Tat
dependent HIV-1 LTR-driven CAT gene expression colorimetric
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enzyme assay in order to ascertain their potential to inhibit HIV-
Tat-TAR interaction as shown in Fig. 25. High inhibitory activity is
a result of depressed CAT expression. Thus, 44.2e92.7% range of
inhibited CAT expression was observed with compound 322a
(44.2%) displaying the lowest CAT expression. Compound 319p
(59.6%) and 319c (82.4%) (bearing hydroxylmethyl chain) had lower
CAT expression as compared to 319n (53.3%) and 319z (92.7%)
(bearing 2-OH ethyl group). This decreased CAT activity suggests
that the compounds had the potenty to block the interaction of Tat-
TAR in cell based assay. Finally, molecular modeling experiments
were performed for 319p, 322a and 322b to study the interaction
between these compound and HIV-1 TAR RNA. The free energies
turned out to be above-5 kcal/mol, which reflected the binding
affinity of the compounds and the TAR RNA leading to conclusion
that these compounds may not inhibit Tat-TAR interaction by just
binding to TAR RNA. The bound conformations of all these com-
pounds occupied a pocket surrounded by amino acid residues M36,
H81, P82,Q35, C34 with fairly low free energies below �10 kcal/
mol. H-bond interactions were observed between the side chains of
319p, 322a and 322b and the amide backbone of M36, H81, and
P82, describing that the H-bond interaction plays an important role
in enhancing the binding preferences of the compounds. Thus from
the above suggestion it was confirmed that it was the H-bond
interaction being hindered by methyl which resulted 319n to have
higher EC50 value than 319p. The aromatic ring moiety of all the
three compounds was found to be out of the pocket thereby giving
reason to insignificant activity observed while carrying out modi-
fications on the quinoline ring.

HIV-1 enzyme reverse transcriptase (RT) is a well known target
utilized by Nucleoside (NRTI) and Non-Nucleoside Reverse Tran-
scriptase Inhibitors (NNRTI) as they have the ability to block RT and
convert single-stranded RNA genome to double-stranded DNA in
HIV-1 replication cycle. Several anti-retroviral agents are associated
with resistant thus there is need for development of novel drugs.

Thus, a series of 4-oxoquinoline ribonucleoside derivatives were
developed by molecular hybridization and evaluated against hu-
man immunodeficiency virus type 1 reverse transcriptase (HIV-1
RT) with azidothymidine (FDA approved drug) being used as
Fig. 25. Quinoline derivatives evaluated for Ta
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reference compound [111,112]. All the compounds displayed good
anti-HIV activity ranging from 1.4 to 2.9 mM with compounds 324a
and 324d being most potent with IC50 values of 1.4 and 1.6 mM,
respectively as illustrated in Fig. 26. It was observed that absence of
halogen group at R1 position is responsible for improved activity.
Furthermore, all the compounds were assayed using human pri-
mary cells and peripheral blood mononuclear cells (PBMCs) for
cytotoxicity. Compounds were found to be 10 times less cytotoxic
than azidothymidine with compound 324a and 324d displayed
CC50 values of 1486 and 1394 mM respectively. Conformational
analysis revealed that greater flexibility in compounds leads to
formation of multiple conformations which supports a better fit at
the binding site and generation increased inhibition potency. This
feature is more favorable for mutant strains with a resilient profile
which allows the flexible molecule to be easily accommodated at
the RT binding site. Also larger contact surface area provides a room
for effective vanderwaal interaction thereby enhancing the activity.
Electronic parameters did not show any direct correlation with
activity while volume and flexibility were key features for the most
active compounds 324a and 324d. The volume of allosteric site
HIV-1 RT was calculated to be 822.01 Å which was able to accom-
modate bulky molecule 324a and 324d. Molecular docking studies
revealed that the most active compounds bind to the allosteric site
of the enzyme, interacting with important residue such as Tyr318,
which is a conserved residue with nomutations. This indicated that
324a as an inhibitor would be less susceptible to viral resistance.
Finally, the in silico ADMET results showed that 324a and 324d are
similar to AZT.

Overacker et al., in 2019, described the biological evaluation of
azaBINOL class of molecules for inhibition against HIV-1RNase H
activity [113]. The azaBINOLs are nitrogenous analogues of BINOL
containing isostructural 8-(naphth-1-yl)quinoline (8-azaBINOL)
and 8,80-biquinolyl(8,8-diazaBINOL) motifs. Unique azaBINOLs and
two BINOLs were evaluated using pseudo-typed viral particle and
single-round infectivity assay resulting in the identification of three
promising (325, 326 and 330) antiviral compounds out of which 7-
isopropoxy-8-(naphtha-1-yl)quinoline 325 exhibited efficient
antiviral activity at micromolar concentration (4e9 mM) with low
́

t dependent HIV-1 LTR-driven CAT gene.



Fig. 26. 4-oxoquinoline ribonucleoside derivatives against HIV-1 RT.
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cytotoxicity as shown in Fig. 27. However, on closer analysis three
more compounds with similar structural to the active compounds
features such as naphthol-type regioisomer of quinol-type ether
329 as well as 2-deoxy-8,80-diazaBINOL congeners of isopropyl
ether and carbamates 327 and 328 were also explored. Unfortu-
nately, they possessed inferior antiviral activity compared to 325,
326 and 330. Compound 329 was able to show minor antiviral
activity at high concentrations but its IC50 values were higher
compared to 325 which is due to the reduced hydrophobic surface
and increased steric interaction, respectively. This difference be-
tween these two regioisomers suggests that a selective and specific
mode of inhibition exists. EASY-HIT was done for 325 which also
displayed similar inhibition with low micromolar activity in vitro.
Binding affinity (KD) of 38 mM using BLI reveals that 325 binds to
HIV RT via 1:1 binding mechanism and recombinant enzyme assay
was employed which suggest that it specifically inhibits RNase H.
Additive effect was observed by utilizing a combination treatment
of 325 with NNRTI efavirenz in a single round infective assay.
Interestingly, 325 was able to retain activity against a multi-drug
resistant isolate including the mutations induced by NNRTIs in
the reverse transcriptase region. Therefore, it is suggested that 325
might be involving a binding site different form that of NNRTI
binding site.

Polyhydroxylated styrylquinolines 331 are potent HIV-1 inte-
grase inhibitors capable of blocking the replication of HIV-1 in cell
culture. It has been proposed that these drugs might act prior to
integration by preventing viral DNA-integrase binding. Presence of
salicylic acid moiety at C-7, C-8 of the quinoline ring and 40-OH on
the ancillary aromatic nucleus are crucial for antiviral activity [114].
Thus, novel styrylquinoline derivatives 332a, b with a carboxyl
group either directly bound to the quinoline ring or through an
ethylenic spacer were assayed for in vitro inhibitory activity against
Fig. 27. Active azaBINOL derivatives against HIV-1RNase H activity.
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HIV-1 integrase and for antiviral activity against HIV-1 replication
in HeLa P4 cells. Diacids 332a and 332bwere found to exhibit high
potency against integrase on both 30-processing and strand transfer
assay. But a marked decrease in activity was observed for com-
pound 332b when compared with 331 while activity was retained
with 332a with slight increase in cytotoxicity as illustrated in
Fig. 28.

Ibrahim et al., in 2020, have demonstrated a series of 5-
(substituted quinolin-3-yl or napthyl)methylene)-3-substituted
imidazoline-2,4-dione 333e350 were designed and evaluated for
HIV-1IIIB replication in MT-2 cells [115]. Motivation behind the
design of this was from the compounds IV and Vwhich belongs to a
series of 4-thiazolidinone-based derivatives that target the inhibi-
tion of 6-HB (helix bundle) formation in HIV-1 gp41 [116].

These compounds were found to have high lipophilicity
(ClogP>5), high molecular weight (>500), low drug-likeness score
and 1e2 violations from Lipnski, Ghose, Egan and Muegge rules.
Several modifications in compound IV were done to create a scaf-
fold A which includes the introduction of polar groups (replacing 2
sulfur atoms), quinoline nucleus with hydrophobic substitutents
(CH3, OCH3, OCH(CH3)2), 2-position of quinoline substituted with
electron donating or electron withdrawing group. The spacer
length was increased upto two carbon atoms to enhance hydro-
phobicity and increase molecular volume thereby allowing them to
occupy larger volume in the hydrophobic pocket.

The inhibitory effect of 333e350 was evaluated using p24 ELISA
assay on HIV-1 IIIB replication in MT-2 cells with I and II com-
pounds being selected as reference compounds. It was observed
that 333e348 derivatives showed superior activity compared to
naphthyl derivatives 349 and 350 with compounds 337, 342, 343,
344, 346 and 347 being the best compounds with EC50 ranging
from 0.148 to 0.50 mM as shown in Fig. 29. Compound 337 was
found to be most effective against MT-2 cell with an
EC50 ¼ 0.148 mM. Reduction in EC50 value upto 5 times was
observed by replacing 8-Me group in 337 by 6-Me/OMe/7-Me.
Inhibitory effects using primary HIV-1 isolate, 92US657 (class B, R5)
on compound 333e350 were determined which revealed that all
the compounds inhibited the isolate with EC50 between 0.520 and
11.857 mM with compound 339 being the best inhibitor
(EC50 ¼ 0.50 mM). Moreover, two of the best HIV-1 IIIB inhibitors
337 and 343 (EC50 ¼ 1.48 mM and EC50 ¼ 0.33 mM) compared to
compound IV with SI ¼ 484 were detected using colorimetric XTT
assay onMT-2 cells. From the SAR studies, several conclusions were
drawn, which includes the reduction in inhibitory activity and
selectivity against HIV by removing the 8-methyl group of com-
pound 337. Introduction of naphthyl moiety by replacing quinoline
leads to 10 times decrease in activity and 2 times decrease in
selectivity. Further decrease in activity was observed by increasing
the length of spacer between the phenyl and imidazole by one
carbon atom. 2-position substituted by Cl group instead of OCH3
group led to increase in activity. 7-methoxy group substitution on



Fig. 28. Polyhydroxylated styrylquinolines as potent HIV-1 integrase inhibitors.

Fig. 29. Series of compounds evaluated for HIV-1IIIB replication in MT-2 cells.
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the quinoline resulted in significant increase in activity. Docking
study of the new compounds revealed nice fitting into the hydro-
phobic pocket of HIV-1 gp41. All the new compounds 333e350
displayed higher affinities than NB-64 due to their extended hy-
drophobic scaffold. Compound 337 being the most active inhibitor
adopted a similar orientation to compound IV with a comparable
affinity. It also revealed hydrogen bonding interactions between
imidazolidine-2,4-dione ring of the new compounds and LYS574
which was not observed most of the weakly active derivatives. A
detailed structure activity analysis is depicted in Table 10.
3.11. Severe acute respiratory syndrome-coronavirus infection
(SARS-CoV 2)

COVID-19 is serious, deadly and infectious disease caused by
severe acute respiratory syndrome coronavirus 2. It has posed a
serious threat to global public health and local economies bringing
the whole world to a standstill. Very recently, it has been made
responsible for causing millions of deaths globally. Currently, there
is no vaccine or any specific target available for this diseasewhich is
an issue of concern. However, every country’s research scientists
are making efforts for the development of a drug molecule against
COVID-19 as well as repurposing the already available drugs to be
effective in the viral treatment. Thus, Wang and coworkers have
reported two drugs, remdesivir (GS-5734) and chloroquine (CQ) to
34
be active against causing inhibition to SARS-CoV-2 infection in vitro
[117]. Recently, remdesivir was able to improve the clinical condi-
tion of the first patient infected by COVID-19 in USA. CQ, (N4-(7-
Chloro-4-quinolinyl)-N1,N1-diethyl-1,4-pentanediamine) has been
employed for treating malaria and amoebiasis but is associated
with drug resistance. Thus, hydroxychloroquine (HCQ) sulfate was
developed andwas found to less toxic than CQ in animals. Owing to
their structural similarity and mechanism of action as a weak base
and immunomodulator, it is better to utilize HCQ for treating SARS-
CoV-2 infection as shown in Fig. 30.

The antiviral effect of HCQ and CQ was investigated against
SARS-CoV-2 infection in vitro using Vero E6 cells and cytotoxcity
wasmeasured by standard CCK8 assay. The results were found to be
similar for both the agents with CC50 values of 273.20 and
249.50 mM respectively. The MOIs (multiplicity of infection) at 50%
maximal concentration was found to be lower for CQ than that of
HCQ. On the contrary when immunofluorescence microscopy was
done at certain MOIs, HCQ seemed to be less potent than CQ. Time-
of-addition experiment revealed that HCQ was able to effectively
inhibit the entry as well as post entry stages of SAR-CoV-2 which
was also similar to CQ. For better understanding the mechanism of
action of CQ and HCQ, immunofluorescence analysis (IFA) and
confocal microscopy was conducted, thereby suggesting that both
CQ and HCQ were able to block the transports of SAR-CoV-2 from
EEs (early endosomes) to ELs (endolysosomes) which is crucial



Table 10
Anti-HIV-1 IIIB activity of compounds 333e350.

Compound No. R X N EC50 (mM)

333 H Cl 1 50.61 ± 0.01
334 6-CH3 Cl 1 5.54 ± 0.01
335 6-OCH3 Cl 1 1.96 ± 0.004
336 7-CH3 Cl 1 0.72 ± 0.007
337 8-CH3 Cl 1 0.148 ± 0.006
338 H Cl 2 2.92 ± 0.004
339 6-CH3 Cl 2 22.76 ± 0.002
340 6-OCH3 Cl 2 1.01 ± 0.01
341 7-CH3 Cl 2 2.55 ± 0.004
342 7-OCH3 Cl 2 0.46 ± 0.002
343 7-OCH(CH3)2 Cl 2 0.33 ± 0.001
344 8-CH3 Cl 2 0.50 ± 0.004
345 H OCH3 1 1.41 ± 0.008
346 6-OCH3 OCH3 1 0.27 ± 0.003
347 H OCH3 2 0.42 ± 0.002
348 6-OCH3 OCH3 2 1.51 ± 0.002
349 e e 1 1.52 ± 0.004
350 e e 2 1.93 ± 0.005
NB-64 (II) 2.4 ± 0.008
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requirement for releasing the viral genome in SAR-CoV-2. Thus,
from several studies, it was concluded that HCQ can efficiently
inhibit the viral infection in vitro however; it should undergo
clinical trials before any further confirmation.

4. Natural products bearing quinoline core

Several natural products consisting of quinoline skeleton are
found to bioactive against numerous viral infections. The versatility
of quinoline and its derivatives have gained much needed attention
in the area of drug development [118,119]. Naturally derived qui-
nolone alkaloid, Uranidine 351 is known to inhibit the RNA-
directed DNA synthesis of the reverse transcriptase (RTs) of the
HIV-1 and HIV-2 viruses, with the 3-hydroxy-4-oxo system being a
crucial element for the inhibitory activity [120]. A gram-negative
marine bacterial strain of Pseudomonas sp., 2-undecyl-4(1H)-qui-
nolone has been found to be active against HIV-1 infection [121].
However, furoquinoline alkaloids, g-fagarine 352, haplopine 353,
and (þ)-platydesmine 354, as well as 4-methoxy-1-
methylquinolin-2-one 355 are known to inhibit HIV-1 replication
in H9 lymphocyte cells at low concentrations (EC50 < 5.85 mM)
without significantly affecting the growth of uninfected H9 cells
Fig. 30. Active molecules agai
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[122]. In addition, compound 352 showed the best therapeutic
index, while 353, 354, and 355 were less effective. Buchapine [356,
3-(1,1-dimethylallyl)-3-(3-methylbut-2-enyl)-1H-quinoline-2,4-
dione] and 3-prenyl-4-prenyloxy-1H-quinolin-2-one 357 obtained
from E. roxburghianawere found to be active against infectious HIV-
1 (EC50 ¼ 0.940 and 1.64 mM, respectively) in human lympho-
blastoid host cells (cell growth IC50¼ 29 and 26.9 mM, respectively).
They also possessed inhibitory activity in an HIV-1 RTassay (IC50 12
and 8 mM, respectively) [123]. Furthermore, quinoline-containing
decadepsipeptides significantly inhibit HIV-1 RT, alongwith a
noticeable cytotoxic activity against tumor cell lines. Various
modified derivatives of sandramycin 358 (HIV RT IC50 ¼ 0.13 nM)
retained their HIV potency, but exhibited 150e1000 fold less
cytotoxic activity [124]. In addition to inhibitors of HIV RT, three
other decadepsipeptides luzopeptins A-C have been identified for
the emerging clinical resistance to recently introduced RT in-
hibitors [125,126].

Virantmycin 359 inhibited various RNA and DNA viruses,
including the Indiana strain of vesicular stomatitis virus, EgyptAr
339 strain of Sindbis virus, MCMILLAN strain of Western equine
encephalitis virus, MIYADERA strain of Newcastle disease virus, DIE
strain of vaccinia virus, IHD strain of vaccinia virus, HF strain of
herpes simplex virus type 1, and UW strain of herpes simplex virus
type 2 at very low concentrations [127,128]. The compounds were
known to affect the cell membranes, including specific virus re-
ceptor sites, and suppressed viral replication at a very early stage.
Additionally, compound 359 showed excellent growth inhibition of
influenza virus [129], 2-(3,4-Methylenedioxyphenethyl)quinoline
124, chimanine D 122, 2-pentylquinoline 120, and 2-nproplyqui-
noline 119 from G. longiflora inhibited the growth of cells infected
with human T-lymphotropic virus type 1 (HLTV-1) [130e132].
Evolitrine 36 and dictamnine 40 inhibited activation of Epstein-
Barr virus early antigen in Raji cells [133]. Various quinoline
based natural products are shown in Fig. 31.
5. Conclusion

Based on our interest on medicinal [134] and organic Chemistry
[135], we summarized different quinoline derivatives exhibiting
broad spectrum anti-viral activity although quinolines are versatile
molecules emerging out to be potent for different diseases. Various
classical methods have been developed for synthesis of quinolines
and related scaffolds such as Skraup synthesis, Combes reaction but
still there is a need to develop better, efficient and versatile syn-
thetic protocol. Based on activity against various viral infections of
quinolines compiled in the review, it can be ensured that it will
emerge as a potent skeleton against several viruses. Finally, we
expect that this scaffold will be a promising lead for the develop-
ment of drug molecules which will be beneficial for human society
especially for viral infection.
nst SARS-CoV-2 infection.



Fig. 31. Natural quinoline alkaloids with antiviral activity.
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