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4-Quinolone and its analogs are heterocyclic classes of organic compounds displaying biologically active
and a broad spectrum of pharmaceutical drug scaffolds. 4-Quinolone is the first-line chemotherapeutic
treatment for a wide spectrum of bacterial infections. Recently, 4-quinolone and its derivatives have
been shown to have the potential to cure and regulate various acute and chronic diseases, including
pain, ischemia, immunomodaulation, inflammation, malarial, bacterial infection, fungal infection, HIV, and

cancer, based on several reports. This review highlights and provides brief information to better
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Accepted 1st March 2023 understand the development of experimental progress made to date in the synthetic protocol towards

4-quinolone and its analogs. Thus, classical synthesis protocol, metal-free reaction protocol, and
DOI: 10.1035/d3ra00749a transition metal-catalyzed reaction procedures are briefly discussed along with the pharmaceutical

rsc.li/rsc-advances activities of selected 4-quinolone derivatives.

aromatic or hetero-aromatic scaffold at two adjacent carbons
and have a carbonyl group at C-4.%7
Quinolones are present in equilibrium through tautom-
erism, the minor tautomeric form of 4-quinolone (1) and its
other version 4-hydroxyquinolone (1a), as depicted in Fig. 2.
Chemical modification of the parent 4-quinolone scaffold is

1. Introduction

Currently, quinolones have captured the attention of numerous
researchers from various scientific disciplines. In the last two
decades, researchers have contributed significantly to the
scientific advancements in the pharmaceutical arena that have

occurred with title compounds. The investigations and
synthesis modifications suggested by researchers promote
future synthesis advancements in quinolone and its derivatives
as a vital scaffold for pharmaceutical industries. Microbial
infections are becoming a global issue and a major public
health concern because they cause diseases and mortality,
placing tremendous strain on healthcare systems." In the fight
against microbial illnesses, antimicrobial agents are effective
weapons.” Following the discovery of penicillin, the first anti-
biotic agent used in human clinical trials in the 1940s,
a plethora of antibiotics was developed.® In the field of antibi-
otics, the quinolone scaffold has been widely explored, and it
represents an interesting synthetic candidate for chemical
synthesis.** Among the family of quinolones, the most prom-
inent structure is 4-quinolone, which possesses the feature of
a crucial substructure that exists in various quinolone deriva-
tives with excellent biological activities (Fig. 1). 4-Quinolone is
one of the most widely used N-hetero-aromatic compounds,
which possess a bicyclic system of pyridine moiety fused with
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a potential resource for accessing biologically and pharmaco-
logically important molecules. Quinolone derivatives are now
being used as lead compounds in the drug industries or being
developed as drug candidates to treat various human diseases,
including infectious diseases, such as malaria, parasitic infec-
tions, bacterial infections, and fungal infections, and viral
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Fig.1 Chemical structure of 4-quinolone (1).
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Fig. 2 Tautomeric form of 4-quinolone (1).
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Fig. 3 Chemical structure of biologically active compounds containing 4-quinolone scaffold.

infections such as hepatitis, HIV, and herpes.® Quinolone and
its derivatives exhibit a potential antimicrobial agent that acts
as therapy for many infections with broad-spectrum properties.
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Fig. 4 Chemical structure of 7-chloro-1,4-dihydro-1-ethyl-4-oxo-
quinolone-3-carboxylic acid and nalidixic acid.

The comment examples with the quinolone scaffold are as
follows (Fig. 3).

2. Structural and historical
background of 4-quinolone

In 1962, Lesher and coworkers showed that 7-chloro-1,4-
dihydro-1-ethyl-4-oxoquinolone-3-carboxylic acid 2a, obtained
as an impurity during the synthesis of chloroquine, possessed
antibacterial activity (Fig. 4).*°

Consequently, various derivatives of the title compound were
synthesized and evaluated owing to their antibacterial activities.
For instance, nalidixic acid 2b is one of the oldest quinolone
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Fig. 5 Structural—activity relationship (SAR) of 4-quinolone derivatives.
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derivatives used as an antibiotic to treat urinary tract infec-
tions.* Currently, 4-quinolone derivatives used as antibacterial
agents are halogenated at the 6-position, and some are halo-
genated at position 8. Thus, by modifying the chemical struc-
ture of the 4-quinolone scaffold, the action or potency of the
compound can be altered. The quinolone scaffold can be
structurally modified using various substituents by introducing
it at various sites of the skeleton. The chemical modifications
on the quinolone scaffold at the N-1, C-2, C-3, C-5, C-6, C-7, and
C-8 positions have resulted in molecules that boost the physical,
chemical, pharmacokinetic, and pharmacological properties.®
The substituents and their positions improve the properties of
the biological activities of 4-quinolone and its derivatives
(Fig. 5).

In the past few years, efficient, various new, convenient with
broad scope synthetic approaches towards the title compound
and its derivatives have been designed and developed to prepare
diverse quinolone-based scaffolds. In this review, we summa-
rize recent advancements in the synthesis of 4-quinolones and
their derivatives as well as the pharmacological potential
properties of the drug with the scaffold of the title compound.
The reactions discussed in this review were selected owing to
their high yield, relative simplicity to conduct and highly
selective catalytic processes under mild reaction conditions.
This review is divided into two sections: general catalytic
synthesis and post modification of the scaffold.

3. Development of the syntheses of
4-quinolone and its derivatives

Because of their broad spectrum of antibacterial, antimalarial,
antiviral, antifungal, and anti-cancer activities, quinolones and
their derivatives are an omnipotent class of drugs. An update in
the syntheses of 4-quinolone and its derivatives via selectivity of
functionalization at a specified position on the scaffold is an
interesting field of research planned to enhance their bioactiv-
ities. Generally, there are various methods for synthesizing title
scaffolds. Herein, metal-free or green synthesis, metal-catalyzed
synthesis, and post-functionalization at various positions of the
skeleton are discussed briefly.

3.1 Metal-free 4-quinolone synthesis

To date, various synthesis protocols have been reported in the
literature for preparing 4-quinolone and its derivatives. Among
them, the metal free synthesis method has attracted the interest
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of various researchers owing to its simplicity, low cost, and non-
hazardous materials.

3.1.1 Synthesis of N-substituted 4-quinolone. Fu and
coworkers reported a convenient and efficient method through
the selective cleavage of aromatic carbon-oxygen (C-O) bonds
under metal free and in the presence of a base to afford 4-qui-
nolone derivatives in moderate yield (Scheme 1).'* However, the
cleavage of aromatic C-O bonds is extremely difficult because of
their energy requirements. The synthesis of N-substituted-4-
quinolone 4 was accomplished via the cleavage of aromatic C-
from the O-methoxy group, followed by condensation of alde-
hyde derivatives 3 with a primary amine in the presence of
K,CO; base and DMSO solvent under inert conditions to
generate an imine intermediate, which is subjected to intra-
molecular aromatic nucleophilic substitution to afford the N-
substituted-4-quinolone derivatives 4."*

Through a tandem fashion amination followed by conju-
gated Michael addition reaction under a free catalyst, Zhao and
coworkers reported functionalized N-substituted-4-quinolone
derivatives 6 (Scheme 2) under high temperature and an inert
atmosphere.'” Aliphatic amines afford the target product a good
to excellent yield. The electron-withdrawing group substituents,
such as -NO, or -F, at the ynones 5 moiety participated in the
reaction smoothly."

Janni and coworkers disclosed a new metal-free protocol to
prepare fused heterocycle quinolone derivatives 8 from single
S,N-acetal precursors 7 through double hetero-annulation
under basic conditions (Scheme 3).** Furthermore, the result-
ing quinolones 8 are transformed into fused heterocycles upon
C-S and C-O coupling reactions under radical and metal-
mediated conditions, respectively. It has been observed that
the corresponding products from the substituted aniline
nitrogen atom of S,N-acetals bear both electron-withdrawing
and electron releasing groups synthesized in moderate to
excellent yields. Unfortunately, aliphatic amino S,N-acetals
exhibited poor yield.

0
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R;NH,
% _—
X R K,CO,, DMF NOR

Rl

5 6
X=F, NO,

Scheme 2 Synthesis of functionalized N-substituted-4-quinolinone
derivatives.

0
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Scheme 1 Synthesis of N-substituted-4-quinolone derivatives via cleavage of aromatic C-O bonds.
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Scheme 3 Synthesis of 4-quinolone derivative 8 using KO'Bu.
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An efficient strategy based on direct reductive amination,
followed by LiHMDS-induced in situ cyclo-condensation of
aminoacetophenone 9 and aldehyde derivative 10, was reported
for the synthesis of N-substituted 2-carboxy-4-quinolones 12
(Scheme 4).** Treatment of 2’ aminoacetophenone 9 and alde-
hyde 10 with phenyl silane (PhSiH;)/dibutyltin dichloride
(Bu,SnCly), followed by in situ cyclo-condensation in the pres-
ence of LIHMDS, affords ester 11 in a very good yield under
reflux. Further, the hydrolysis of ester 11 gave the correspond-
ing acid 12 in moderate to good yield with a broad scope.

3.1.2 Synthesis of 2-substituted 4-quinolone. Zewge and
coworkers reported a very mild, efficient and scalable method
for the synthesis of 4-quinolone derivative 15 from aniline 13
using an inexpensive and commercially available Eaton's
reagent under mild conditions (Scheme 5).** Broad scopes of
functionalized anilines participate and afford the target product
in very good to excellent yields.

Duarte's group reported a microwave-assisted synthesis of
various substituted 2-methyl-4-quinolone derivatives 18 in
a one-step reaction procedure. Here, using electron-rich aniline
16 and ethyl acetoacetate 17 in the presence of diphenyl ether as
a solvent under reflux at very high temperatures afforded the
target compound in good yields. Anilines substituted with
electron-donating groups afforded the required 4-quinolones 18
in a good yield. However, using the same procedure with

©\ MeOOC—=—=—COOMe
NH

2 MeOH or IPA, 0- 50 °C
13 14

KO'Bu (1.2 equiv)
—_—
Dioxane, 90 °C

: J:COOMe
N COOMe
H
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Synthesis of 4-quinolone derivative 12 using LIHMDS-induced cyclo-condensation.

electron withdrawing substituents N,N'-diarylureas was affor-
ded in moderate to good yields.' Similarly, an efficient
microwave-assisted procedure for the synthesis of ethyl-
quinolone-4-one-3-carboxylates 21 from p-substituted aniline
19 and diethyl-ethoxymethylenemalonate 20 in the presence of
diphenyl ether at 80 °C under MW irradiation was reported by
Malvacio and coworkers (Scheme 6)."” Further, the quinolone
obtained after hydrolysis under MW irradiation furnished the
corresponding quinolone-4-one-3-carboxylic acids 22 in very
good to excellent yields. The advantage of this procedure is that
it works for a wide substrate scope, and this route offers the
benefits of a very short reaction time and relatively good yield.
In 2015, Hu et al. designed a straight forward method for the
synthesis of numerous 2-aryl-4-quinolone derivatives 23 from N-
aryl methyl-2-aminophenyl ketones 23a through a metal-free
oxidative intramolecular oxidative Mannich reaction, followed
by C(sp®)-H/C(sp®)-H coupling and aromatization using
TEMPO as an oxidant and KO'Bu as the base (Scheme 7).%®
The above reaction between secondary amine and ketone
derivatives was developed simply and directly to afford the title
compound and its derivatives with a broad scope. This reaction
is further described using a plausible mechanism (Scheme 8).
In 2016, Wright et al. established the insertion of arynes 24
into acyclic imides and anhydrides 25 to afford aryl ketoamides
26 under mild conditions in the presence of TBAT, which was

(0]
Eaton's Reagent
—_—
50°C N~ >CooMe
H
15

Scheme 5 Synthesis of 4-quinolone-2-carboxylic acid 15 using Eaton's reagent.
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g However, electron withdrawing substituents, such as F, failed to  following methylation with dimethyl sulfate forms the inter-

F afford aryl ketoamide. mediate (bis(methylthio)methylene)-3-oxo-N-phenyl-

Later on, in 2018, Xu and coworkers presented the synthesis butanamide 29, which was then cyclized thermally to yield
of 2-methyl-thioquinolin-4(1H)-ones as an antibacterial agent compound 30 in the presence of o-dichlorobenzene. Further,
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Scheme 8 Proposed mechanism for metal free promoted oxidative annulation.
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Scheme 9 Camp cyclization of ketoamide insertion products to provide quinolones.
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Scheme 10 Synthesis of sulfur-containing 4-quinolone by free-radical reaction.

upon hydrolysis in 50% sulfuric acid and oxidation using
hydrogen peroxide in AcOH, the 2-methylthio of quinolone 30
was converted to compounds 31 and 32 (Scheme 10).>°

3.1.3 Synthesis of 3-substituted 4-quinolone. A phosphino-
catalysis approach toward the synthesis of several 3-aroyl-4-
quinolones 35 and methyl-4-quinolone-3-carboxylate esters 36
from S-phenyl-2-(N-tosylamido) benzothioates 33 and activated
alkynes 34 under microwave irradiation at 82 °C for 2 h was
reported by Khong and Kwon (Scheme 11).** The method
provides moderate to very good yields for both electron rich and
electron withdrawing substituents containing starting mate-
rials. However, the electron deficient aromatic ring resulted in
a lower yield compared to the electron-rich aromatic rings.

In 2016, Zhou and coworkers reported a novel one-pot metal
free protocol for the synthesis of sulfone-containing 4-quino-
lones upon radical oxidative cyclization of o0-azidoaryl acetylenic

PPh;, MeCN
[
MW, 82 °C

\
—. Ar

NHTs  =—COOMe
33 34

ketones 37 and sulfinic acids 38 in the presence of radical
initiators (TBHP) at 80 °C under Ar for 0.5 h affording phenyl-3-
(phenylsulfonyl) quinolin-4(1H)-one 39 (Scheme 12).** Both
electron-donating and electron-withdrawing groups on the
aromatic ring produced the corresponding phenyl-3-
(phenylsulfonyl) quinolin-4(1H)-one 39 in good to excellent
yields. However, the reaction was influenced by the steric effect,
and aliphatic sulfinic acid, such as methanesulfinic acid, failed
to produce the desired 4-quinlone.

Novel water-soluble antiproliferative agents, 4-quinolones
42, were synthesized by Zhang's group (Scheme 13).* Heating
aniline 13 with ethoxy methylene malonic ester 40 at 100 °C
afforded Schiff bases 41, which was then cyclized to ethyl 4(1H)-
quinolone-3-carboxylates 42 using diphenyl ether under reflux
conditions.

O O (0] (0]
i X At i X OMe
R+ R+
N or Z SN
|
Ts "i"s
35 36

Scheme 11 Triphenylphospine-catalyzed synthesis of 4-quinolone derivatives.

8662 | RSC Adv, 2023, 13, 8657-8682

© 2023 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra00749a

Open Access Article. Published on 15 2023. Downloaded on 06.09.2025 06:10:47.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

View Article Online

Review RSC Advances
o o
0 TBHP N SO,Ar
X I R-- |
n N + S< — > 1
R N; AU OH  MeCN, 80 °C SN R
1 1
N, H
37 R,= aryl 38 39
Scheme 12 Metal-free synthesis of sulfone containing 4-quinolones.
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Scheme 13 Synthesis of 4-quinolone using diphenyl ether.
0]
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R\\
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F =N
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R= electro neutral< electron donating< halogens

R,=aryl, COOMe, Me
R2: Me, Et, C2H7

Scheme 14 Synthesis of 4-quinolones through transition-metal-free oxidative cyclization.

In 2018, Jiang and coworkers developed an efficient
transition-metal-free oxidative cyclization reaction for the
synthesis of 3-carboxylate-4-quinolones 45 and 1-vinyl-3-
carboxylate-4-quinolone 46 using isatins 43 and alkynes 44 in
the presence of DMSO solvent, Cs,CO; base, and TBHP as an
oxidant, while in the case of 1-vinyl-3 carboxylate-4-quinolones,

K;PO, was used as a base. The authors examined various
substrate effects, including electron-neutral, electron-donating
and electron withdrawing substituted isatins, which provided
excellent yields of the desired product (Scheme 14).>*

Recently, 3-cyano 4-quinolone derivatives 49 were synthe-
sized in good to excellent yields upon DABCO-mediated

(0]
(0]
(0] .
R DABCO (2 equiv) N CN
SO - [
+ X2
Z
_ iy CHiCN, 80 0C N7 R
N0 MW, 30 min L
47 g, 48 R;
R=H. Cl, Br 49
R1= H. CH3

R,= alkyl< aryl< thiophene< furan

Scheme 15 Synthesis of 4-quinolone via one-pot DABCO-mediated decarboxylative cyclization.
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decarboxylative cyclization of isatoic anhydrides 47 with active
methylene  groups 48, such as  aroyl/heteroaryl/
alkoylacetonitriles, in CH;CN under microwave irradiation at
80 °C for 30 min. Further, this method provides mild reaction
conditions and a short reaction time compatible with a wide
substrate scope (Scheme 15).>°

3.1.4 Synthesis of di-substituted 4-quinolone. In 2017,
Chen's group successfully synthesized 4-quinolone derivatives
51 in one pot using a tandem procedure in good to excellent
yields (Scheme 16).>® An intermolecular nucleophilic addition of
various amines to (Z)-p-chlorovinyl ketones 50 followed by
elimination of chlorine anion gives Z-enamine intermediates,
which can be transformed to 4-quinolones 51 through intra-
molecular SyAr reaction in the presence of a base (Cs,CO3) in
DMSO at 140 °C. Various substitution patterns and function-
alities (such as Me, ¢-Bu, MeO, F, and Cl) are applicable and
tolerated in this protocol. Interestingly, the dihalo-substituted
ketone substrates converted to the corresponding quinolones
in very good yields.

In 2018, Bandatmakuru and Arava reported a direct proce-
dure for the synthesis of N-functionalized 4-quinolones 54 and

View Article Online

Review

1,2-substituted 4-quinolones 53 from 2-aminoacetophenones
52. Various 2-aminoacetophenone derivatives 52 were trans-
formed into the corresponding 4-quinolones 54 and 1,2-
substituted 4-quinolones 53 upon refluxing with benzoyl chlo-
ride in TEA and with PTSA in DMFDMA, respectively. The
authors examined various substrate effects, including electron-
donating/electron-withdrawing groups on the phenyl ring,
ortho-, meta- and para-substituted aminoacetophenones, along
with N-alkyl and N-aryl aminoacetophenones that can be
successfully transformed into the corresponding 4-quinolones
in good yields (Scheme 17).>”

3.1.5 Synthesis of tri-substituted 4-quinolone. Dave and
Joshipura reported a microwave-assisted protocol for the
synthesis of 4-quinolone by the condensation of aromatic
amines 55 with diethyl ethoxy methylene malonates 56, giving
an intermediate 57 cyclized to 4-quinolones 58 at 2-14 min in
good to excellent yield (Scheme 18).>® Recently, Liu and co-
worker developed a one-step tandem Michael addition/Smiles
rearrangement/N-arylation reaction for the synthesis of 1,2,3-
trisubstituted 4-quinolones 61 between ynone 59 and sulfon-
amide 60 under transition-metal free conditions.*® The author

X (0] Cl 2
Nucleophile XN
7 A R, = R—:
R Cs,CO3, DMSO, P77 g,
140°C,20 h
50 51
= aryl, alkyl Z=NH, NR, NOH
X=F, Cl, Br

Scheme 16 Synthesis of 4-quinolone through nucleophilic addition—elimination-SyA reaction.

-

Benzoyl chloride, TEA R\ A

R, K,CO;, DMF, 100 °C,
4h
53 R & R,= H, F, Cl Br, OMe, Me

(0]
PTSA, 130 °C, 24h
o
Z~xg DMF DMA
R,
52

R,=H, cyclopentyl, cyclohexyl, aryl

Scheme 17 Synthesis of N-functionalized 4-quinolone and 1,2-substituted 4-quinolones.

(6] (0]
D\ 2 I OEt
1525m1n R,

55 56
R, R; & R,= halogen, OMe

2 14 min Ri

Tz

57 58

Scheme 18 Synthesis of tri-substituted 4-quinolone under microwave assistance.
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Scheme 19 Synthesis of 1,2,3-trisubstituted 4-quinolone derivatives.

examined various substrate scopes and functional groups
tolerated to give good to excellent yields.

Similarly, Xie et al. recently synthesized tri-substituted 4-
quinolone derivatives 64 via a cascade reaction of Michael
addition and Truce-Smiles rearrangement between benzene-
sulfonamide derivatives 62 and 1-(2-bromophenyl)-3-phenyl
prop-2-yn-1-ones 63 in the presence of K,CO; in DMF at 100 ©
C in excellent yield (Scheme 19).*°

3.2 Transition metal-catalyzed synthesis of 4-quinolone

Over the last decade, the metal-catalyzed synthesis of 4-quino-
lones has become increasingly relevant in organic processes. As
catalysts, various transition-metal complexes, including those
of Pd, Cu, Co, Au, Ni, and Rh, have been utilized. Transition-
metal-based catalysts are essential for achieving a wide range
of beneficial chemical transformations that would otherwise be
difficult or impossible to achieve.**

3.2.1 Palladium-catalyzed synthesis. In 2010, Zhao and
coworkers reported the palladium-catalyzed synthesis of N-aryl-
4-quinolones 67 from o-haloaryl acetylenic ketones 65 and
primary amines 66 in PPh; as a ligand, K,CO; as a base and
dioxane as a solvent. Numerous electronically and structurally
varied aromatic amines participated well under the optimized
conditions to provide the desired product in moderate to good
yields. Similarly, Shao's group developed a palladium-catalyzed
synthesis of N-alkyl-substituted 4-quinolones 68 using o-
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DMSO, air, 100 0C
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-80,, 100 °c
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chloroaryl acetylenic ketones 65 and various alkyl amines 66 in
the presence of K;PO, in DMSO at 140 °C in good to excellent
yields (Scheme 20).2%*

An efficient palladium-catalyzed one-pot synthesis of 1,2-
disubstituted 4-quinolones 70 was developed by Fei and
coworkers through Buchwald-Hartwig coupling, followed by
Michael addition reaction of chalcone 69 and primary amines
66 under PPh; as a ligand in anhydrous dioxane with K,CO; as
the base. Both aromatic and aliphatic amines gave rise to 4-
quinolones in moderate to high yields except for a chloro-
substituted substrate that gives low yields of product because
of the poor reactivity of the C-Cl bond during the oxidative
addition step. Further, arylamines containing electron-
donating groups gave higher yields than those with electron-
withdrawing groups (Scheme 21).%

The Buchwald-Hartwig coupling followed by the Michael
addition reaction has been successfully applied and reported
for the synthesis of functionalized 1,2-disubstituted 4-quino-
lone derivatives using Pd(OAc), as a catalyst and PPh; as
a ligand. Under these conditions, the intermediate products
first formed from chalcones and primary amines underwent
catalytic dehydrogenation to afford the 1,2-disubstituted 4-
quinolone derivative.

A plausible reaction mechanism for the one-pot synthesis of
1,2-disubstituted 4-quinolones is outlined in Scheme 22 (Paths
A and B).* In Path A, the oxidative addition of 69a to the
palladium zero catalyst leads to palladium complex A. The

0 (0]
N
Pd,(dba);, PPh; B L+ RoNH K,PO,, DMSO
-~ NG~
R K,COj5, dioxane & >y Ry 66 140 °C N7 R,
- _ R,
67 R, R,=aryl 65 X=Br, Cl R,= alkyl s

Scheme 20 Synthesis of N-functionalized 4-quinolones via palladium-catalyzation.
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carbon-carbon double bond in A can be activated through
coordination to Pd(u) and attacked by aniline to form inter-
mediate D. In the course of the reaction, intermediate C was not
formed from complex A under these reaction conditions. Path B
involves the Michael addition of aniline to 69a and oxidative
addition, and then intermediate D is formed by eliminating
HBr.*?

Scheme 22 Plausible mechanism for the synthesis of 4-quinolone derivative 70.

Vinayaka groups synthesized 1,2-disubstituted 4-quinolone
derivative 73 starting from monothiodiketone substrate 71 and
arylamine 66 in the presence of TFA in ethanol through the
formation of an intermediate 72, which is further subjected to
Pd(OAc), catalyst in the presence of Cs,COj as a base cyclized to
afford 73 (Scheme 23).%

L 0 R . o
R
Pd(OA N
|\\ Rt poNp, TFAinEtOH RN P &» |
Z Ny 1{ Cs,CO3, DMF Z N R
cl . ) | |
66 )
" 72 2
R1: alkyl, ary] s

R,= alkyl

Scheme 23 Synthesis of 1,2-disubstituted 4-quinolones via Pd-catalyzed.
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Scheme 24 Synthesis of 4-quinolone via carbonylative Sonogashira coupling/cyclization.

Pd(dba),, CuBr(Me,S)

AN O
D
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R >
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Scheme 25 Synthesis of 1,2 disubstituted 4-quinolone derivative through palladium-catalyzed.

3.2.2 Sonogashira coupling. 4-Quinolone derivative 76,
which is the key substructure of protease inhibitor BILN 2061,
was synthesized and reported through carbonylative Sonoga-
shira coupling, followed by cyclization of 2-iodo-5-
methoxyaniline derivative 74 with thiazolylacetylene 75 in the
presence of PACl, (dppf) as the catalyst in a good yield (Scheme
24).3

In 2017, 1,2 di-substituted 4-quinolone derivatives 79 were
synthesized via palladium-catalyzed oxidative carbonylation by
Wu and coworkers. In this reaction, various amines 77 and
ketones 78 were reacted using carbon monoxide as a carbonyl
source at atmospheric pressure in the presence of Pd(dba), and
CuBr(Me,S). Substituted ketones with electron-rich groups
afford the corresponding 4-quinolone derivative in good yields.
Interestingly, halogen substituents participated smoothly,
affording the desired products in moderate to good yields
(Scheme 25).%

A CO gas free synthesis of 4-quinolone 82 via carbonylative
Sonogashira annulation sequence in the presence of a Pd-NHC
catalyst was reported by Ghosh and coworkers (Scheme 26).>¢
The reaction occurred between substituted 2-iodoanilines 80
and various acetylenes 81 using Pd-NHC as a catalyst and
Mo(CO)s as a source of CO at 95 °C under N,. The authors
observed a slight decrease in the yield of the final products

when an electron-withdrawing group is present in the phenyl-
acetylene moiety, whereas, in the presence of electron-donating
groups, the products were obtained in good to excellent yields.
The absence of toxic CO gas, lower catalyst loading and use of
inexpensive salt are the advantages of this approach over others.

3.2.3 Copper-catalyzed synthesis. Jones and coworkers
established a two-step method, Cu-catalyzed amidation fol-
lowed by base-promoted camp cyclization for the synthesis of
2,3-substituted 4-quinolones 86 (Scheme 27).*” Cu-catalyzed
amidation of 2-halophenones 83 with amide derivatives 84
afforded N-(2-ketoaryl) amides intermediate 85, which then
underwent base-catalyzed Camps cyclization at 110 °C to form
the desired product in good to excellent yields. The 2-hal-
ophenones bearing both electron-withdrawing and electron-
donating groups, both aryl and alkyl vinyl amides, were well
tolerated in good yields. Unfortunately, acyclic secondary
amides were ineffective coupling partners.

The Cu-catalyzed intermolecular cyclization protocol for the
synthesis of 4-quinolones 91 was investigated by Zhang and Xu
(Scheme 28).*® Heating secondary anilines 89 with alkynes 90
using Cul as a catalyst, HOTf and Tf,O as additives and DCE as
solvent at 120 °C for 12 h formed the target compound in good
yields. Similarly, under the same conditions, this group re-
ported the construction of 4-quinolone 89 from primary

O
I R Pd-NHC, Mo(CO),
©i + / »
NH, Me,NH, DMF, 95 °C E R
81
80 R=aryl 82

Scheme 26 Synthesis of 4-quinolone by palladium-catalyzed carbonylative Sonogashira.
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Scheme 27 Synthesis of 2,3-substituted 4-quinolone through Cu-catalyzed reaction.
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Scheme 28 Synthesis of 4-quinolones through Cu-mediated cyclization.

anilines 87 and alkynoate 88. The authors observed that N-alkyl
and N-aryl substituted anilines carrying electron-withdrawing
and electron-donating functional groups provided a corre-
sponding 4-quinolone 90 in good to excellent yield.

In 2018, Kang's group reported the synthesis of 3-acyl-2-
substituted 4-quinolone 93 via the Cu-catalyzed aza-Michael
addition of 2-aminobenzoates 91 to B-substituted o,B-unsatu-
rated ketones 92, followed by base-mediated cyclization and
oxidation (Scheme 29).* In this method, the treatment of 2-
aminobenzoates with B-substituted o,B-unsaturated ketones in
the presence of CuCl as a catalyst, phosphine (dppbz) as
a ligand, and KOt-Bu as a base afforded B-aminoketone inter-
mediate, which was then cyclized to form 3-carbonyl-2,3-dihy-
droquinolin-4(1H)-one intermediate upon dehydrogenation
with 6 N HCl in toluene under open-air at room temperature to
give the desired product. The procedure showed good tolerance
to various functional groups and substrates, with good to
excellent yields. However, the sterically demanding aryl
substituent on the B-position showed lower yields.

Recently, Sundaravelu and coworker developed an efficient
Cu-catalyzed one-pot strategy for the synthesis of novel tetra-
cyclic fused m-conjugated thiochromenoquinolinone (97)
through regioselective double hetero Michael addition adduct-
generated aza-nucleophiles (Scheme 30).*° The treatment of 2-
iodobenzaldehyde 94 with 2-nitrochalcone 95 in the presence of
Cu(OAc),, xanthate and NaOAc in DMSO affords an isolable
intermediate thiochromene 96 after 2 h through an intermo-
lecular Michael addition reaction and aldol condensation, and
further oxidation leads to the formation of the desired product
in very good yields. In this procedure, xanthate played a dual
role as an odorless sulfur source and a chemoselective reducing
agent. Various substituted 2-halobenzaldehydes and chalcones
with both electron donating and electron withdrawing groups at
various positions effectively participated to afford the products
in moderate to good yields.

3.2.4 Cobalt-catalyzed synthesis. Wang and coworkers re-
ported the synthesis of N-acyl 4-quinolones 100 through co-
catalyzed C-N amidation of enaminone 98 and dioxazolone 99

0 CuCl, dppbz, KOt-Bu, o o
(o) 0,
R\ N OMe tolune, 22 °C, 3h
+ R A R =
Z > NH, ! 2 KOt-Bu, 22 °C, 1h
91 92 HC], air, rt, 1h
R;=alkyl, H

R,= alkyl, aryl, hetroaryl

Scheme 29 Cu-catalyzed synthesis of 3-acyl-2-substituted 4-quinolone derivatives.
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Scheme 30 Synthesis of thiochromenoquinolinone through Cu-catalyzed.
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Scheme 31 Cobalt-catalyzed C—H amidation for the synthesis of 4-quinolone derivatives.

(30a). The authors used Co(m)-catalyzed C-H bond functional-
ization of enaminones as a coordinating directing group to
promote the C-H amidation of a series of arenes in the presence
of CpCo(CO)I,, KOAc and AgSbFs in 1,4-dioxane solvent
(Scheme 31).** This procedure was found to be suitable for
enaminones bearing electron donating, withdrawing or halogen
groups generally coupled under cobalt-catalyzed conditions in
excellent yields.

Similarly, Shi et al. synthesized 7-substituted 4-quinolones
103 from (E)-3-dimethylamino-1-phenyl prop-2-en-1-one 100
and 3-ethyl-1,4,2-oxazole-5-one 102 using [CpCo(CO),] as
a catalyst, AgBF, as an additive, and DCE as a reaction medium,
which was then deacetylated by refluxing in HCI or by treating
with trimethylsilyl trifluoromethane sulfonate (TMSOTY),
thereby generating a free amino group, which in turn undergoes
nucleophilic attack at the alkene moiety of enaminone to afford
a diverse range of quinolone derivatives (30b). The authors
claim that substituent effects, such as para-, meta-, and ortho-
substituted enaminone carrying both electron donating and
electron withdrawing groups at different positions of the phenyl
ring, also reacted smoothly under the procedural reaction
conditions.**

3.2.5 Gold catalyst. Gold-catalyzed cyclization of alkyl- or
aryl-substituted 1-(aminophenyl)-2-propyn-1-ones 104 towards
the synthesis of the corresponding 2-substituted 4-quinolones
105 was reported by Helaja and coworkers (Scheme 32).*
Various substrates, including both electron-withdrawing and

© 2023 The Author(s). Published by the Royal Society of Chemistry

donating substituents and straight chain alkyl substrates, were
cyclized in good to excellent yields. However, TMS-protected
substrates failed to be cyclized.

Wu et al. reported the synthesis of 1,2-disubstituted-4-
quinolone 107 via gold-catalyzed cyclization of 1-(2"-azidoaryl)
propynols 106 in the presence of John Phos AuNTf, and DCE at
65 °C under N, (Scheme 33).** The authors found that the yield

(0]
PPh3AuNTf2
—_—
R
NH, MeCN, rt NTOR

104 105

Scheme 32 Gold-catalyzed synthesis of 4-quinolone 105.

OH (0]
R R
©\)\ John Phos AuNTf 2 Cf‘ji
Ph -
N, N7 Ph
H
106

DCE, 65 °C
R= alkyl, aryl 107

Scheme 33 Gold-catalyzed synthesis of 1,2 disubstituted 4-quinolone
derivative 107.
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Scheme 34 Gold(i)-catalyzed synthesis of 3-alkoxy-4-quinolone.

of the product increased when different aryl or alkyl substitu-
ents were adjacent to the carbon-carbon triple bond. Addi-
tionally, the presence of electron-donating or electron-
withdrawing groups on the azido-substituted phenyl ring led
to the generation of the desired products in good yields except
for benzo™* dioxolyl-substituted propynol, which gave a rela-
tively lower yield.

A straightforward method for the synthesis of 3-alkoxy-4-
quinolone 110 derivatives via a gold-catalyzed 6-endo-dig
azide-yne cyclization, followed by an intermolecular O-H
insertion cascade reaction of o-azidoacetylenic ketones 108 with
alcohols 109 at room temperature under an argon atmosphere,
was described by Huang's group (Scheme 34).* In this method,
both electron-donating and electroneutral halides were cyclized
in good yields, whereas 8-methyl substituted substrate and
alkyne tethered with electron-deficient aryl group gave the
cyclized product in lower yields.

3.2.6 Nickel catalyst. Yoshino and coworkers disclosed
a Ni-catalyzed protocol for the synthesis of polysubstituted 4-
quinolones 113 (Scheme 35).* The reaction occurred between
alkynes 111 and isotonic anhydrides 112 in the presence of Ni
(cod),, PCys;, and toluene at 80 °C for 24 h in excellent yields.
Decarboxylative carboamination was proposed to be initiated by
the oxidative addition of an anhydride O-CO bond to Ni. Then,
an Ni(u) intermediate was formed via subsequent decarboxyl-
ation and coordination by the alkyne. After insertion by an
alkyne into the acyl Ni bond, a nickel cycle species was obtained.
The nickel cycle intermediate then underwent reductive elimi-
nation to form the desired product along with the formation of
Ni(0). Various alkyl- and aryl-substituted alkynes are well
tolerated in this protocol.

Another (Ni)-catalyzed synthesis of 4-quinolones 115
through the intramolecular amination of o-(N-alkylamino)
propiophenones 114 was developed by Ueno and coworkers
(Scheme 36).*” The Ni(0) catalyst reacts with propiophenones to
form a C-bound Ni enolate, yielding a B-unsaturated ketone

o
R
0
A, v="
R, N" o
Rl

111

Scheme 35 Nickel-catalyzed 4-quinolone synthesis.

112
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Scheme 36 Nickel(0) catalyzed synthesis of 4-quinolones from o-(N-
alkylamino) propiophenones.
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Scheme 37 Synthesis of 4-quinolones via photocatalysis using
ruthenium catalysis.

through B-hydride elimination. This is followed by a 1,4-addi-
tion of the morpholine catalyst to give a f-aminoketone inter-
mediate. Then, the B-aminoketone is transformed into p-
enaminone through the formation of Ni enolate and ensuing
elimination. Subsequently, the addition of an intramolecular
conjugate followed by B-elimination of morpholine reaction
yields the 4-quinolone derivatives in good yields.

3.2.7 Other metal-catalyzed synthesis of 4-quinolone. A
one-pot method for the synthesis of 4-quinolones 117 from
indoles (N-methylindole) 116 in the presence of a Ru catalyst
was developed by Ji group in 2018 (Scheme 37).*® This method
involves the photocatalytically aerobic oxidation of indoles with
a blue LED light and subsequent base-promoted Camps cycli-
zation in the presence of Ru(bpy);Cl,-6H,O catalyst at room
temperature, affording the desired product in moderate to high
yield. In this reaction, various N-substituted-3-methylindoles
bearing N-ethyl, N-benzyl, and N-allyl provide corresponding
4-quinolone products in moderate to good yields. Unfortu-
nately, N-H indole and N-Ts indo