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Quinoline is one of the most widely investigated scaffolds by synthetic chemists because of its

medicinal importance. A wide range of metal-catalyzed, metal-free, multi-step or domino one-pot
protocols are reported in the literature for construction of this scaffold. Several reviews have
appeared on synthetic aspects of this scaffold, however there is no focused review on metal-free
domino one-pot protocols. Domino one-pot protocols offer an opportunity to access highly
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functionalized final products from simple starting materials. Because of this unique feature of
domino protocols, in recent years their utility for generation of molecular libraries has been widely
appreciated. In this review, all contributions till March 2015 are surveyed with particular emphasis on
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metal-free domino reactions for quinoline ring construction and are discussed herein along with

mechanistic aspects.

1. Introduction

Quinoline (1-aza-napthalene or benzo[b]pyridine) is a weak
tertiary base. It was first extracted from coal tar in 1834 by
Friedlieb Ferdinand Runge and this source still remains the
principal source of commercial quinoline. This scaffold has
found many applications in diverse chemical domains. This
scaffold has wide occurrence among natural products (alka-
loids)* and is a key structural component of several pharma-
ceuticals, agrochemicals, dyestuffs, and materials. In
coordination chemistry, quinolines are used to chelate metallic
ions as N-donor ligands.> The quinoline scaffold has been
reported to possess diverse range of pharmacological activi-
ties>* including antiprotozoal,**° antitubercular,”** anti-
cancer,***** antipsychotics,* antiinflammatory,***” antioxidant,’
anti-HIV,”® antifungal,® as efflux pump inhibitors,>® and for
treatment of neurodegenerative diseases," and treatment of
lupus,* etc.

The well known antimalarial natural products quinine and
quinidine alkaloids isolated from Cinchona bark comprises
quinoline scaffold.**** Camptothecin is a quinoline alkaloid
discovered in 1966 by Wall and Wani through systematic
screening of natural products for anticancer drugs. Two
camptothecin analogues namely topotecan and irinotecan
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have been approved for clinical use for cancer chemotherapy,**
and another analog exatecan is under clinical studies. A fused
quinoline natural product mappicine ketone is an antiviral
lead compound with selective activities against herpes viruses
HSV-1 and HSV-2 and human cytomegalovirus (HCMV).** A
fused quinoline alkaloid cryptolepine isolated from Cryptole-
pis sp. is an antimalarial natural product possessing cytotoxic
properties.®® Its structural isomers isocrytolepine and neo-
cryptolepine also possesses antimalarial activity.*” The chem-
ical structures of quinoline class of natural products are
shown in Fig. 1.

Quinoline is also part of several clinically used drugs, where
their major occurrence is among antimalarial drugs. The
aminoquinoline scaffold has been a backbone of antimalarial
drugs since 1940s. In this class, chloroquine was the first drug
discovered in 1934 by Hans Andersag and coworkers at the
Bayer laboratories.*® With the emergence of resistance to
chloroquine, a series of its analogs (e.g. amodiaquine, prima-
quine, mefloquine, tafenoquine, bulaquine, NPC-1161B,
AQ-13, IAAQ) were discovered. Other antimalarial quinolines
include piperaquine and pyronaridine. Quinoline has also
been a part of drugs used for other diseases. This includes
fluoroquinolone antibiotic ciprofloxacin (and its analogs),
pitavastatin (cholesterol lowering agent), lenvatinib (kinase
inhibitor for cancer) and its other structural analogs (such as
carbozantinib, bosutinib), tipifarnib (farnesyl transferase
inhibitor for leukemia), saquinavir (antiretroviral), bedaqui-
line (anti-TB), etc. The 2-(2-fluorophenyl)-6,7-methylenedioxy
quinolin-4-one monosodium phosphate (CHM-1-P-Na) is a
preclinical anticancer agent, showing excellent antitumor
activity in a SKOV-3 xenograft nude mice model.**** The
chemical structures of above discussed representative quino-
line based drugs are shown in Fig. 2a. Several quinoline based
compounds showed inhibition of kinases involved in cancer
progression.” The chemical structures of representative kinase
inhibitors are shown in Fig. 2b.
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Fig. 1 Structures of quinoline ring containing natural products and
their analogs.
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Fig. 2 Chemical structures of (a) quinoline containing drugs and
clinical candidates; and (b) quinoline-based kinase inhibitors.

As a consequence of their tremendous biological impor-
tance, chemists have developed a plethora of methods to elab-
orate this structure, and most of them have been compiled in a
series of reviews.*”* Recently, Patel's group (2014)** have
reviewed advances in the synthesis of quinolines, which covered
very broadly various reports on quinoline synthesis and cited
57 references. Koorbanally's group (2014)** have reviewed
synthesis and anti-cancer activity of 2-substituted quinolines.
Nammalwar and Bunce (2014)* have reviewed recent syntheses
of 1,2,3,4-tetrahydroquinolines, 2,3-dihydro-4(1H)-quinoli-
nones and 4(1H)-quinolinones using domino reactions. Alam's
group (2013)*” have briefly discussed various synthetic and
biological aspects of this scaffold and cited total of 75 refer-
ences. Hassanin et al. (2012)* reviewed synthesis and chemical
reactivity of pyrano[3,2-c]quinolinones. Mekheimer et al
(2012)* reviewed recent developments in the chemistry of pyr-
azolo[4,3-c]quinolines. Barluenga et al. (2009)* reviewed
advances in the synthesis of indole and quinoline derivatives
through cascade reactions and cited total of 46 references.

Despite of the fact that large number of metal-free domino
one-pot protocols for quinoline synthesis have been published;
this has never been reviewed. The metal-free domino protocols
provide rapid access to structural diversity, and metal-free
nature of the reaction makes these protocols environmentally
friendly. Therefore, a critical review on such protocols for
synthesis of this medicinally important scaffold is highly
desirable. The present review provides a comprehensive
compilation of synthetic approaches involving specifically
metal-free one-pot domino and multicomponent reactions
(MCRs) for quinolines and related fused skeletons.
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2. Classical methods for quinoline
synthesis

There exist several classical methods (name reactions) for
synthesis of quinolines. Most of the methods involve simple
arylamines as starting materials. The ‘name reactions’ involving
arylamines as one of the starting material includes: (a) Combes
quinoline synthesis (from anilines and B-diketones); (b) Skraup
synthesis (from ferrous sulfate, glycerol, aniline, nitrobenzene,
and sulfuric acid); (c) Conrad-Limpach synthesis (from anilines
and B-ketoesters); (d) Povarov reaction (from aniline, benzal-
dehyde and an activated alkene); (e) Doebner reaction (from
anilines, aldehyde and pyruvic acid); (f) Doebner-Miller reac-
tion (from anilines and o,B-unsaturated carbonyl compounds);
(2) Gould-Jacobs reaction (from aniline and ethyl ethoxy-
methylene malonate); and (h) Reihm synthesis (from aniline
and acetone).

A number of other name reactions exists, which require
specifically substituted anilines or related substrates. These
includes: (i) Knorr quinoline synthesis (from f-ketoanilide and
sulfuric acid); (j) Pfitzinger reaction (from an isatin with base
and a carbonyl compound); (k) Friedldnder synthesis (from 2-
aminobenzaldehyde and carbonyl compounds); (1) Nie-
mentowski quinoline synthesis (from anthranilic acid and
carbonyl compounds); (m) Meth-Cohn synthesis (from acyla-
nilides and DMF/POCI;); and (n) Camps quinoline synthesis
(from an o-acylaminoacetophenone and hydroxide). The
synthetic schemes of these classical methods are summarized
in Fig. 3.

Despite of the availability of several classical methods for
quinoline synthesis, extensive efforts have been made on the
development of new metal-free domino protocols for prepara-
tion of quinolines, which are described in this review.

3. Metal-free domino one-pot or
multicomponent protocols for
synthesis of quinolines and related
quinoline fused heterocycles

Development of domino reactions for the concise construction
of diverse heterocyclic architectures is of a tremendous impor-
tance in synthetic organic and medicinal chemistry.*® Extensive
amount of efforts have been made in this area towards devel-
opment of domino one-pot protocols or multicomponent reac-
tions (MCRs) for construction of heterocycles.*"*® Few specific
reviews on multicomponent synthesis of particular heterocycles
such as pyrroles,”>* indoles,* and pyridines®* have been pub-
lished. Such domino reactions achieve high level of atom-
efficiency, and avoids time-consuming isolation and purifica-
tion of intermediates. Reduction in number of steps is the
major advantage with these protocols, thus reduces manpower
and avoids waste production.®* This section discusses all
reported metal-free one-pot protocols for quinoline synthesis.
Most of the metal-free protocols discussed herein, comprises
simple acid catalysts, bases, molecular iodine, ionic liquids or

This journal is © The Royal Society of Chemistry 2015
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Fig. 3 Classical methods ("Name Reactions”) for quinoline synthesis.

organocatalysts, and few methods are catalyst-free. In this
section, these protocols have been discussed according to
the use of different non-metal reagents/catalysts: (a) acid
catalyzed protocols; (b) base catalyzed protocols; (c) molec-
ular iodine catalyzed protocols; (d) ionic liquid mediated
quinoline synthesis; (e) organocatalysis for quinoline
synthesis; (f) catalyst-free reactions; and (g) miscellaneous
reactions.

3.1. Acid catalyzed protocols

Acids have been widely used as simple and ecofriendly catalysts
and promoters for various organic reactions. Acid catalysts
which are routinely used in various organic transformations
include trifluoroacetic acid (TFA), formic acid, acetic acid, triflic
acid, and pTSA. Acetic acid and formic acid are the two most
common reagents available in most of the chemistry laborato-
ries and their use for quinoline synthesis has been well docu-
mented. Among various starting materials, arylamines are
among most widely used precursors for quinoline synthesis.
Many acid catalyzed protocols are based on the traditional
name reactions. Povarov reaction is one of the most widely
investigated reaction for quinoline synthesis, comprising the
aza Diels-Alder cycloaddition as the key step. Recently our
group® have developed an efficient formic acid catalyzed one-
pot synthesis of 4-arylquinoline 2-carboxylates 4 in water via
three-component Povarov reaction of arylamines 1, glyoxylates 2
and phenylacetylenes 3 (Scheme 1). The reaction mechanism
involves a cascade of reactions involving initial condensation of
arylamine 1 and ethyl glyoxylate 2 to form imine intermediate I.
Next, there is a protonation of the nitrogen of the imine which
facilitates the attack by phenylacetylene, resulting in cyclization
to produce dihydroquinoline III, which on oxidation produces
4-arylquinoline 2-carboxylates 4. These compounds displayed
neuroprotective, antioxidant and Pgp-induction activities.

This journal is © The Royal Society of Chemistry 2015
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Zhang et al.** reported a three-component Povarov reaction
between aryl aldehydes 5, arylamines 1, and alkynes 3 in pres-
ence of triflic acid leading to formation of 2,4-disubstituted
quinolines 6 (path A of Scheme 2). Interestingly, the use of
alkenes 3 instead of alkynes 7 with the increase in reaction time
(from 4 h to 8 h) produced same quinoline products 6 (path B of
Scheme 2).

Majumdar et al.®® reported another Povarov-type three-
component domino reaction of heterocyclic amines 8, alde-
hydes 5, and terminal alkynes 3 in the presence of BF;-OEt,,
which led to formation of pyrano[3,2-flquinolines 9a and phe-
nanthrolines 9b. The imine intermediate I undergoes inter-
molecular concerted type aza-Diels-Alder reaction with an
alkyne 3 leading to formation of quinoline skeleton II, which on
aromatization produces 9 (Scheme 3).

X
Ry
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R1©\ . O)\WQE' . in water
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Rt P J Rig
= S N/\n/OEt
y
(o}
mn
l Cl
O\ el
MeO N OEt

4a, 92% 4a, 85% 4c,78% O

Scheme 1 Formic acid-catalyzed synthesis of quinoline-2-carboxyl-
ates 4; some representative examples are shown.
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Ketene-dithioacetals have been used as important building
blocks for construction of heterocycles.®® Ethynyl-S,S-acetals 10
are highly reactive electron-rich dienophiles which undergo
regiospecific aza-Diels-Alder (Povarov) reaction with arylimines
to produce quinoline skeleton. A triflic acid mediated three-
component reaction between ethynyl-S,S-acetals 10, aryl-
amines 1 and aldehydes 5 produced quinoline skeleton 11 via
consecutive arylimine I formation, regiospecific aza-Diels-Alder
reaction, and reductive amination (Scheme 4).*

An interesting utility of Povarov reaction for construction of
pentacyclic quinoline based fused heterocycles has been
recently reported by Khadem et al.®® This protocol implies the
three component reaction between arylamine 1, 2-carboxy
benzaldehyde 12 and cyclopentadiene 13 in presence of TFA to
furnish isoindolo[2,1-a]quinoline 14 (Scheme 5). The Schiff's
base I undergoes a step-wise aza Diels-Alder reaction with
cyclopentadiene 13 to produce isoindolo[2,1-a]quinolines 14.
Authors mentioned that the concerted [4 + 2] cycloaddition
route would afford a mixture of regio-isomeric products due to
free N-Ar bond rotation prior to addition.

Borel et al.®® reported a three-component Povarov reaction of
pyridine aldehydes 15 and arylamines 1 with ethyl vinyl ether 16
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Scheme 3 BF3-OEt,-catalyzed synthesis of pyrano[3,2-flquinolines
9a and phenanthrolines 9b; some representative examples are shown.
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in presence of boron trifluoride methyl etherate producing
2-(2-pyridyl)quinolines 17 (Scheme 6).

Shindoh et al.”® reported triflic imide and triflic acid cata-
lyzed Povarov-Hydrogen-Transfer cascade reaction to produce
quinolines 20. The reaction between electron-rich olefins 19
and excess amount of imines 18 in the presence of triflic imide

NH 2 equiv.TFA
2 CHO CH5CN
* + 40h,
EtO,C 78-79%
1 12 13 2 examples

14a, 78% 14b, 79%

Scheme 5 TFA catalyzed synthesis of pentacyclic isoindoloquinolines
14; some representative examples are shown.
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Scheme 6 BF3-OMe,-catalyzed synthesis 2-(2-pyridyl)quinolines 17;
some representative examples are shown.
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in DCM at 60 °C afforded substituted quinolines 20 in one-pot
(Scheme 7).

para-Toluene sulfonic acid (pTSA) catalyzed condensation of
aromatic amines 1 with d,e-unsaturated aldehydes 21, followed
by intramolecular formal hetero Diels-Alder reaction produced
cyclopenta[b]quinolines 22.”* Mechanistically, reaction proceeds
through the iminium ion transition state I which further
undergoes ring closure via intramolecular Diels-Alder reaction
to produce II with a trans-arrangement of allylic cation and an
amine. The electrophilic aromatic substitution reaction between
allylic cation and aniline moiety then leads to formation of
stable cyclopenta[b]quinoline 22 (Scheme 8).

Boron trifluoride etherate is a widely used Lewis acid catalyst
in various reactions. Shan et al.”® reported boron trifluoride
etherate catalyzed single-step approach toward the regioselective
synthesis of 2-alkylquinolines 23 from 3-ethoxycyclobutanones

=

: H

X 9 X =

MeO-L + OHC 5 mol% TsOH Meo-L

= 7, Benzene /\Me

NHz M’ Me 5 examples N H

R=OMe 60-79% HH Me
1 21 22

J Imine formation Cycllzatlon

\\\

\H

Ny Cycllzatlon

R M Ry H
hoh ™ a

H

L\
L\
L\

MeO : I ;"Me MeO” : : jI :;

H H Me
22c, 76%

meael

22a, 71% 22b, 75%

Scheme 8 pTSA catalyzed synthesis of cyclopentalblquinolines 22
from 3,e-unsaturated aldehydes 21; some representative examples are
shown.
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24 and aromatic amines 1. The imine intermediate I formed
from two substrates undergoes intramolecular cyclization fol-
lowed by aromatization to produce quinoline product
23 (Scheme 9).

Apart from the Povarov reaction, arylamines are also one of
the key precursors in several other protocols. There are several
reports on the three-component reaction of arylamines, aryl
aldehydes and active methylene compounds leading to forma-
tion of a quinoline skeleton. Mirza and Samiei” reported
Doebner type multicomponent reaction of arylamine 1, acetone
25 and benzaldehyde 5 without any solvent under microwave
irradiation on the surface of alumina impregnated with
hydrochloric acid to produce substituted quinolines 26
(Scheme 10).

Tu's group’™ established a sequential three-component
reaction between 2-aminoanthracene 27, aromatic aldehyde
5 and cyclic 1,3-dicarbonyl compounds 28 (such as tetronic acid
28d, 5,5-dimethyl,3-cyclohexanedione 28e, 1,3-indanedione
28¢, 3H-chromene-2,4-dione 28f, quinoline-2,4(1H, 3H)-dione
28b and barbituric acid 28a) in acidic medium under microwave
irradiation to produce a series of unusual fused heterocyclic
compounds, naphtho[2,3-flquinoline derivatives 29 (Scheme
11). This scaffold exhibited good luminescent properties with
emission wavelengths in the blue region.

Khan and Das” utilized 3-aminocoumarins 30 as the aryl-
amine precursor for synthesis of chromeno[3,4-b]quinolines 31.
The pTSA catalyzed one-pot three component reaction between
aryl aldehydes 5, 3-aminocoumarins 30, and cyclic 1,3-dike-
tones 28e (Scheme 12) produced chromeno([3,4-b]quinolines 31.
The reaction proceeds through the key intermediate I which on
cyclization produces chromeno[3,4-b]quinoline 31.

22equiv. HCI R,
MW, 3-5 min S
+ Ph-CHO +)J\ Ty P
10 examples R; N~ >Ph

70-98%
o R3

25 26

Scheme 10 HCl-catalyzed synthesis of 4-methyl quinolines 26.
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Scheme 11 AcOH-catalyzed synthesis of naphtho(2,3-flquinoline
derivatives 29a—f.

Tu and coworkers” employed the use of enaminones 33 as
the amine precursor and 1,3-indanedione 32a as an active
methylene precursor for preparation of quinoline skeleton.
The three component one-pot protocol involving treatment of
aldehydes 5, 1,3-indanedione 32a and enaminone 33 in pres-
ence of acetic acid produced indeno[1,2-b]quinoline-
9,11(6H,10H)-diones 34a. Authors also used other active
methylene compounds such as 5-substituted-cyclohexane-
1,3-dione 32b or malononitrile 32¢ in this protocol to
produce acridine-1,8(2H,5H)-diones 34b or multi-substituted
quinolines 34c (Scheme 13). The reaction mechanism
involves Michael addition as the key step; and the protocol was
found to work both by microwave irradiation and conventional
heating.

Azizian et al.”” also utilized enaminones as amine precursors
for quinoline synthesis. A three-component reaction between
2-hydroxynaphthalene-1,4-dione 35, 6-amino-uracils 36, and

CHO X
O/ \©(Ot\[0 20 mol% pTSA

= Me, OMe, NOZ X= H, Br, NO, ethanol, reflux

5 20 examples

30
+ Ry
h "0

31a, 72% 31b, 77%

31c, 82%

Scheme 12 pTSA-catalyzed synthesis of chromeno[3,4-blquinolines
31; some representative examples are shown.
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Scheme 13 AcOH-catalyzed synthesis of imidazopyrrolo-quinolines
34a-c.

aromatic aldehydes 5 in presence of pTSA in aqueous media
produced pyrimido[4,5-b]quinoline-tetraones 37. This reaction
has been proposed to proceed by first condensation of
2-hydroxynaphthalene-1,4-dione 35 and aldehyde 5 followed by
coupling with 6-amino-uracil 36 and then cyclization of II to
yield 37 (Scheme 14).

The four-component reaction between naphthylamines 41,
phenylhydrazine 39, isatins 40 and 3-ketoesters 38 in presence
of pTSA under solvent-free conditions afforded spiro[1H-pyr-
azolo[3,4-b]benzo[h]dihydroquinolin-4,3-indolin-2-ones] 42a-b
(Scheme 15). Authors also employed this 4-CR protocol for
anilines instead of naphthylamines, which produced
4-substituted pyrazolo[3,4-b]quinoline derivatives.”

Yu et al.” reported acetic acid catalyzed three-component
reaction between aryl aldehyde 5, B-naphthylamine 41b, and
2H-thiopyran-3,5(4H,6H)-dione 44 in the presence of acetic acid
leading to formation of benzo[f]thiopyrano|[3,4-b]quinolin-
11(8H)-ones 43 (Scheme 16).

O A O
+ Ar CHO + ﬁ 30 mol% pTSA O‘ | JI\\R
NN

O H,0, Reflux, 6 h

13 examples o H R

R= H M
©  83.91% yield .

36

47
—_——w

o Ar
=
(0]
(0]

(¢}
37¢,91%

37a, 83% 37b, 87%

Scheme 14 pTSA-catalyzed synthesis pyrimido[4,5-blquinoline-tet-
raones 37, some representative examples are shown.
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Scheme 15 pTSA-catalyzed synthesis of spiro[1H-pyrazolo[3,4-b]-
benzolh]dihydroquinolin-4,3-indolin-2-ones] 42 using 4-CR; some
representative examples are shown.
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Scheme 16 AcOH catalyzed synthesis of benzo[flthiopyrano(3,4-b]
quinolin-11(8H)-ones 43; some representative examples are shown.
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Scheme 17 Silica supported perchloric acid-catalyzed synthesis of
poly-substituted quinolines 45; some representative examples are
shown.

Narasimhulu et al.*® used silica supported perchloric acid as
a heterogeneous recyclable catalyst for synthesis of various poly-
substituted quinolines 45 using Friedlander condensation of
2-aminoarylketones 46 with carbonyl compounds 47 and a-keto
esters at ambient temperature (Scheme 17).

The quinoline synthesis through condensation of benzyli-
deneanilines with active methylene compounds has been
reported by two groups. Tanaka et al.** reported the condensa-
tion of benzylideneanilines 48 with carbonyl compounds
(aldehydes or ketones or diketones) 47 in presence of catalytic
HCI leading to formation of quinolines 49. The enol form of
carbonyl compound reacts with imine to form quinoline ring II
via intramolecular cyclization, which further on aromatization
produces 49 (Scheme 18).

Bojinov and Grabchev®* reported cyclization of 3-(arylidene-
amino)-benzo[de]anthracen-7-ones 50, with 3-oxo-butyric acid
ethyl ester 38 in presence of catalytic amount of HCI to produce
fluorescent ethyl 3-aryl-1-methyl-8-oxo-8H-anthra[9,1-gx]quin-
oline-2-carboxylates 51 in 40-43% yields (Scheme 19). The
reaction proceeds through key amine intermediate I, which on
cyclization produces 51.

Apart from the above discussed protocols involving either
arylamine, enaminone or benzylimine as one of the key
precursor, several groups have established protocols involving

Ph.__H Ro
hig air Ph_~Rs
N~ Rs HCI (5 mol%) NI
LR+ EE—
\Q Ri* Ry DMSO Ry
o 19 examples
48 47 43-82% 49
R3 =H, Ph, COOMe
HCl TAromatization
R, °H Re
Phwo Cyclization Ph xR
HN ABs -H;0 HN
TR Ry
N
| I
Ph N
b Ph N
\©/\) th /\/\J@Lj
=
COOMe  Ph 7 Me
49a, 43% 49b, 69% 49c, 82%

Scheme 18 HCl-catalyzed synthesis of substituted quinolines 49;
some representative examples are shown.
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Scheme 19 HCl-catalyzed synthesis of anthra[9,1-ghlquinoline-2-
carboxylates 51 by cyclization of 3-(arylidene-amino)-benzolde]-
anthracen-7-ones 50.

precursors other than those involved in conventional name
reactions. Yu et al.,** established a domino one-pot protocol
for the synthesis of highly substituted imidazopyrroloquino-
lines 52 by simply refluxing a reaction mixture of different
types of isatins 40 and heterocyclic ketene aminals 53 in
presence of acetic acid. The reaction mechanism involves
cascade of reaction involving first addition of ketene
N,N-acetals to the carbonyl group of isatin 40. This was fol-
lowed by imine-inamine tautomerization, intramolecular
cyclization, dehydration and ring opening to produce amino
intermediate II. This intermediate on protonation followed by
cyclization leads to the formation of imidazopyrroloquinoline
52 (Scheme 20).

Yu et al.®** described a three-component reaction of enami-
nones 55, amines 1, and isatin 40 under acidic condition. The
reaction proceeds through an unusual hydride transfer from in

(o}
R b O
Ty 0.4 mL AcOH

H toluene, reflux

1. Addition
- 2. Tautomerization
27 examples 3. Cyclization
78-94% 4. Ring opening

5. Protonation R\1 O. NH
6. Cyclization 4 N 1
—{_  OH Rj
NH, O

P
ne
Cl

52a, 78% 52b, 86% 52c, 94%

Scheme 20 AcOH-catalyzed synthesis of imidazopyrrolo-quinolines
52 via cascade of reactions; some representative examples are shown.
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Scheme 21 TFA-catalyzed synthesis of pyrrolo[3,4-clquinoline-1-
ones 54; some representative examples are shown.

situ formed dimethylamine to a carbocation intermediate VIII
to produce structurally diverse pyrrolo[3,4-c]quinoline-1-ones 54
(Scheme 21).

Quiroga et al,*® showed that microwave-assisted intra-
molecular cyclization of N-4-substituted 6-chloropyrimidine-
5-carbaldehydes 57 in acetic acid leads to formation of pyr-
imido[4,5-b]quinolines 56 (deazaflavin analogs), which exhibi-
ted excellent fluorescence properties (Scheme 22). The reaction
process involves removal of the both Cl and NH, groups of the
starting material, as these groups are not present in the
final products.

Cl O

)j\) o)
Ry 1.5 mL AcOH m&
0 —
MW, 15 min 300 o N N

) 9 examples, |
60-80% Ry

Ao Zﬁfﬁ@
b

Ph

56a, 60% 56b, 70% 56¢, 80%

Scheme 22 Synthesis of pyrimido[4,5-blquinolines 56 via intra-
molecular cyclization of N-4-substituted 6-chloropyrimidine-5-car-
baldehydes 57; some representative examples are shown.
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Scheme 23 TFA catalyzed synthesis of 3-arylquinolin-2-ones 58 from
N-methyl-N-phenylcinnamamides 59; some representative examples
are shown.

The reaction of N-methyl-N-phenylcinnamamides 59 with
phenyliodine bis(trifluoroacetate) (PIFA) in the presence of TFA
produced 3-arylquinolin-2-one compounds 58. First, the
nucleophilic attack on the iodine center by the carbonyl oxygen
of the amide moiety in 59 affords 3-azatriene I which undergoes
an electrocyclic ring closure and the subsequent proton elimi-
nation to give intermediate III. Next, the 1,2-aryl shift followed
by the breakage of the O-I bond gives 3-phenylquinolin-2-one
58 (Scheme 23).%¢

Arylmethyl azides 62 undergo rearrangement to produce
N-aryl iminium ion intermediate I which can be trapped with a
variety of nucleophiles.®” Tummatorn et al.*® utilized arylmethyl
azides as the precursors to give an N-aryl iminium ion inter-
mediate. Following the addition of ethyl 3-ethoxyacrylate 63, the
2-substituted quinoline products 61 were obtained in moderate
to excellent yields (Scheme 24), via a cascade of reactions
including intramolecular electrophilic aromatic substitution,
elimination and subsequent oxidation.

A three-component reaction between arylisothiocyanate 65
alkyltriflate 67, and alkynes 66 led to the formation of
substituted quinolines 64 in high yields. The reaction

N
N N3 1.equiv.TfOH, toluene, rt, 3h R'—\ B
RE DDQ, EtOAC, it, 5min  L__ _A\__oEt
17 examples
0,

62 14-83% o 61 0
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aromatic substitution
Iminium ion |
OMe
N
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=
o,N A OFt __OEt
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61a, 14% 61b, 70% 61c, 83%

Scheme 24 Triflic acid catalyzed domino synthesis of quinolines 57
from arylmethyl azides 62; some representative examples are shown.
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Scheme 25 Alkyl triflate triggered-synthesis of quinolines 64 from
arylisothiocyanates 65; some representative examples are shown.

undergoes alkyltriflate triggered domino electrophilic activa-
tion and avoids the use of a transition-metal catalyst. This
transformation consisted of a cascade reaction of the aryliso-
thiocyanate 65 with alkyltriflate 67 to form alkylthiosubstituted
carbenium ion I, which followed the reaction with alkyne 66 to
form intermediate II and subsequent electrophilic annulation
to give quinoline 64 (Scheme 25).%°

The reaction between pyridine-substituted o-alkynylanilines
70 and B-keto esters 38 in presence of pTSA in ethanol produced
quinoline-based tetracyclic scaffold 69. Reaction proceeds
through sequential hydration-condensation-double cyclization
reactions. Interestingly, in the absence of B-keto esters, multi-
substituted quinolines 68 were formed via condensation of two
molecules of o-alkynylanilines 70 in reasonable yields
(Scheme 26).*°

A cascade reaction of (E)-5-(arylamino)pent-3-en-1-ols 72a
and thiols 72b with various aldehydes 5 in the presence of 30
mol% BF;-OEt, in 1,2-dichloroethane at 80 °C afforded trans-
fused hexahydro-1H-pyrano[3,4-c]quinolines 71a and hexahy-
dro-1H-thiopyrano[3,4-clquinolines 71b in good yields with
high selectivity.”® The reaction proceeds via formation of an
oxocarbenium ion I from the hemiacetal that is formed in situ

=
N Ro
pTSA, EtOH, reflux & N
7 examples R~
31-70% NH, 70

pTSA, EtOH, reflux

o
COOE{| 15-60 h
RS/LK/

18 examples
38 96% yield

Scheme 26 pTSA-catalyzed synthesis of quinoline-based tetracyclic
scaffolds 69 and multisubstituted quinolines 68 from o-alkynylanilines.
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Scheme 27 BFs-OEt,-catalyzed synthesis of hexahydro-1H-pyrano-
[3.4-clquinolines 71a—b; some representative examples are shown.

from the aldehyde and a homoallylic alcohol likely after acti-
vation with BF;-OEt,. The oxocarbenium ion is attacked by an
internal olefin resulting in the formation of a carbocation that is
simultaneously trapped by a tethered aryl group, leading to the
formation of hexahydro-1H-pyrano[3,2-c]quinolines 71
(Scheme 27).

Zhang et al.”” developed an efficient synthesis of pyrano-
[2,3-b]quinolines 74 wvia the H,SO,-mediated domino
cyclization/ring-opening/recyclization reaction of readily avail-
able activated cyclopentanes 73. This transformation
commences from a H,SO,-mediated Combes-type annulation of
cyclopentane to provide an alcohol intermediate I, which on
elimination of water, produces a tertiary benzylic cation inter-
mediate II. The elimination of a proton from intermediate II
directly provide a terminal alkene intermediate III, which
undergoes an intramolecular Markovnikov addition to produce
pyrano[2,3-b]quinoline 74 (Scheme 28).

Aksenov et al.” reported synthesis of 3-aryl-2-quinolones 75
from indoles 76 via a metal-free transannulation reaction of

2-substituted indoles 76 with 2-nitroalkenes 77 in
o O i 0.5 mL H,SO, AN
0 —_
NN 50 °C « b TR
H 12 examples O N
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Scheme 28 H,SO4-mediated synthesis of pyrano([2,3-blquinolines
74; some representative examples are shown.
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Scheme 29 PPA-catalyzed synthesis of 3-aryl-2-quinolones 75 from
2-substituted indoles 76 and nitroalkenes 77; some representative
examples are shown.

polyphosphoric acid. The conjugation of nitroalkene with
indole in presence of PPA produces hydroxamic acid interme-
diate I. Next the intramolecular nucleophilic attack by the N-
hydroxyl moiety at the C-2 of indole followed by tautomerization
affords cyclized enamine II. Retro-Diels-Alder reaction followed
by migration of acyl group from aniline to the more nucleo-
philic imine nitrogen produces IV, followed by the nucleophilic
attack by the aniline at the acyliminium moiety in IV affords
aminoquinoline V, which further on hydrolytic cleavage
produces 3-aryl-2-quinolones 75 (Scheme 29).

Aksenov et al®® also reported a three-component
condensation of arylhydrazines 39, 2-nitroalkenes 77 and
acetophenone 78 to produce 3-aryl 2-quinolones 75
(Scheme 30).”

Yamaoka et al.** reported a Bronsted acid-promoted arene-y-
namide cyclization reaction to construct 3H-pyrrolo[2,3-c]-
quinolines 79. This reaction involves generation of a highly
reactive keteniminium intermediate IV from arene-ynamide
activated by a Bronsted acid and electrophilic aromatic substi-
tution reaction to give arene-fused quinolines 79 in high yields
(Scheme 31).

80% PPA

100-110 °C
4 examples
79-87% yield

H
75a, 79% 75b, 82%

75¢, 87%

Scheme 30 PPA-catalyzed synthesis of 3-aryl-2-quinolones 75 from
arylhydrazines 39; some representative examples are shown.
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Scheme 31 TfOH catalyzed synthesis of 3H-pyrrolo[2,3-c]quinolines
79; some representative examples are shown.

3.2. Base catalyzed protocols

Like acids, various simple and commonly used bases have been
employed to catalyze several important organic trans-
formations. This has opened up a way to greener routes for
synthesis of heterocyclic structures. Wu et al.®* reported
synthesis of substituted quinolines 81 via direct reaction
between the corresponding aminoalcohol 83 and ketone 84
using PEG-400 as reaction medium in the presence of a base
(Scheme 32). This method was also effective for cyclic ketones

O
Ar)K/R1
Ph 84
R Ry =H, Me, Ph Ph
OH 0.5 equiv. KOH R S
NH, PEG-400, 80 °C, 1h N/ Ar
R=H,CI 16 examples
83 o 81-92% 81
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n= 1, 2,3 R s
quiv. KOH, PEG-400 “ (CHy)n
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S
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Scheme 32 KOH-catalyzed synthesis of quinolines 81-82; some
representative examples are shown.
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Scheme 33 N-heterocyclic carbene and KOH catalyzed synthesis of
quinolines 86; some representative examples are shown.

85 such as cyclopentanone, cyclohexanone and cycloheptanone
producing corresponding substituted quinolines 82.

Zhu and Cai*® reported similar protocol for synthesis of
quinolines 86 using N-heterocyclic carbene as a catalyst. The
reaction between 2-aminobenzyl alcohol 83 and ketones 84
proceeds via two tandem reactions - alpha-alkylation and
indirect Friedldnder annulation. The base deprotonates N-
heterocyclic carbene salt I to generate a free carbine II. A
cross aldol reaction between keto-intermediate IV and depro-
tonated ketone V, followed by a cyclization leads to formation of
quinoline 86 (Scheme 33).

Using similar starting materials (aminobenzylalcohol 83 and
ketones 47 or 84), Mierde et al®” have accomplished the
synthesis of 2,3-disubstituted quinolines 87 in the presence of
potassium tert-butoxide (Scheme 34). In the same year, Yus and
coworkers®® have reported exactly same protocol, with the
inclusion of 100 mol% benzophenone as an additive.

Yan et al.*® employed the use of alkyl or aryl nitro olefins
77 and 2-aminobenzaldehydes 90 in the presence of DABCO for
synthesis of 2-substituted-3-nitro-1,2-dihydroquinolines 89. The
amino group of 90 attacks the aryl nitro olefin 77 to form

©\/\OH o} 1.5 equiv. KOtBu
. !
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Scheme 34 KOtBu-catalyzed synthesis of quinolines 86 from amino
benzyl alcohols 83; some representative examples are shown.
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Scheme 35 DABCO-catalyzed synthesis of 3-nitro quinolines 88;
some representative examples are shown.

1,4-addition intermediate I, which on cyclization followed by
dehydration gives product 88. After oxidation with DDQ, high
yields of 2-alkyl-3-nitroquinolines 88 were obtained (Scheme
35).

Base-catalysed cyclization of B-(2-aminophenyl)-«,B-ynones
92 led to formation of 2,4-disubstituted quinolines 91 through
tandem nucleophic addition annulations reactions.'® Interest-
ingly, the exposure of the B-(2-malonylamidophenyl)-o,B-ynone
94 to K,CO; accomplished the synthesis of fused quinolones 93
through an intramolecular Michael addition/tautomerisation
and trans-esterification cascade reaction. Similarly, other
fused quinolines 95-97 were also obtained (Scheme 36) from
B-(2-aminophenyl)-a, B-ynones.

Wang and coworkers'” reported a three-component reaction

between cyanoacetic acid methyl ester 102, substituted
o
Nu
y R . H OMe
5 equiv. NaOMe A N
10 examples COR
NH, 32-98% NHy N“OR
92 1 91
- Ar Ar ar
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= "R KOs el (o) A 0P Z 0
o DMF, 60 °C H = COOEt|— N No
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N
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A Cookt je NTo H
9 1 n
o i_l
CFy N
Z
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P X \N\©\
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NH, l‘ NO, 63% O
92b 99 96 O

Z O OH 1,1,2,2,-tetrachloroethane N O
O ot =N T EgNrefuxeh O P
NH, Ph 61% N O
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Scheme 36 Base-catalyzed synthesis of 2,4-disubstituted quinolines
91 and fused quinolines 93, 95-97 from B-(2-aminophenyl)-a,B-
nones.
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Scheme 37 Base catalyzed one-pot three-component synthesis of 2-
aminoquinoline-3-carboxamides 101; some representative examples
are shown.

secondary amine 103 and 2-aminobenzalehyde 90 in the pres-
ence of NaOH in ethanol as a solvent produced 2-amino-
quinoline-3-carboxamides 101 in good yields (Scheme 37).

Cameron et al.'** described an efficient one-pot procedure
for the four-step preparation of 7-hydroxyquinoline 104 from
3-N-tosylaminophenol 105 in presence of diisopropylethyl-
amine in 60% isolated yield. This one-pot procedure has
reduced the risk of exposure to acrolein. The 3-N-tosylamino-
phenol 105 on condensation with acrolein 106 produces inter-
mediate I. In ethanol, this intermediate I is readily converted to
the stable acetal II, which further on intramolecular Friedel-
Craft reaction, followed by dehydration, oxidation and detosy-
lation produces 7-hydroxyquinoline 104 (Scheme 38).

The reaction of aminochalcones 108 with tosylmethyl iso-
cyanide 109 in presence of NaOH produced tricyclic pyrrolo
[3,4-c]quinolines 107. In this domino process, three new bonds
and two rings are successively formed at ambient conditions.'*
The overall reaction process involves (i) Michael addition of 109
to aminochalcone 108 under basic conditions that provides the
carbanion intermediate I; (ii) intramolecular cyclization of the
resulting anion I to form the imidoyl anion intermediate II fol-
lowed by hydrogen shift and elimination of tosylic acid to give
the pyrrole intermediate III; and finally (iii) intramolecular
condensation of ketone with amine to furnish pyrrolo[3,4-c]quin-
oline 107 (Scheme 39).

Rehan et al'* reported synthesis of 2-aryl 4-substituted
quinolines 110 from O-cinnamylanilines 111 (which are

/@L HL _PNELEOH ==
NHTs 2equw HCI warm =
H reflux HO N

pH 7,60% 104

Oxidation
-H,0 ]Detosylatlon

OEt OH

Qﬁw@ﬁw

Ts
L]

Scheme 38 Diisopropylethylamine catalyzed synthesis of 7-hydroxy-
quinoline 104 from 3-N-tosylaminophenol 105.
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Scheme 39 Synthesis of pyrrolo[3,4-clquinolines 107 in presence of
base in ethanol; some representative examples are shown.

prepared from anilines and cinnamylalcohols). The reaction
occurs via a regioselective 6-endo-trig intramolecular oxidative
cyclization using KOtBu as a mediator and DMSO as an oxidant
at room temperature (Scheme 40).

The N-protected O-aminobenzaldehydes 113 in presence of
K,CO3 in DMSO smoothly react with a,y-dialkylallenoates 114
under Breonsted basic conditions to yield 2,3-disubstituted
quinolines 112. This transformation involves a three-step
reaction cascade of Michael addition, aldol condensation, and
1,3-N — C rearrangement (Scheme 41).'%

Ri 0.5-1.0 equiv. KO‘Bu
_ DMSO,rt  _ paf YN
33 examples
NHy % 61-89%
111 110
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m\"G = \Ar, N Nar
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L |
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Rz
i n
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X Br. N MeS
Z ~
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110a, 61% 110b, 73% 110c, 89%

Scheme 40 Potassium tert-butoxide catalyzed synthesis of 2-aryl 4-
substituted quinolines 110; some representative examples are shown.
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Scheme 41 K,COs catalyzed synthesis of 2,3-disubstituted quinolines
112; some representative examples are shown.

The treatment of 3-(2-bromophenyl)-3-oxopropanals 115
with amines 1 in presence of K,CO; in dimethylsulfoxide led to
formation of 3-substituted 4-quinolones 114.'°° Reaction
cascade involves base promoted enamine I - imine II trans-
formation followed by dehydrobromination leading to cycliza-
tion to yield quinolone 114 (Scheme 42). In this reaction, weaker
bases failed to function in either of the processes and stronger
base triggered aldol condensation, however K,CO; was proved
to be the most suitable base.

Fu et al' have constructed another quinoline ring in the
2-chloroquinoline-3-carbaldehyde structure 117 by treatment
with enaminones 33 in presence of Cs,CO; catalyst, producing
1,8-naphthyridines 116. Initially, the aza-ene addition of
enaminones 33 to 2-chloroquinoline-3-carbaldehyde 117 cata-
lyzed by base leads to the formation intermediate I. The

N 1 equiv. KoCO3,
T oy
RIT LR ReNH DMSO 100 °C, 0.5 h, R,

130°
23 examples 40 97%

115 1 114
Imine formation CydizationT
(0] (0]
R;
N 2 R
Rl rE T T
e Sh 17
r 1 Br l}lH
1 Rs I Rs

N N
Z "N
g
114a, 40% 114b, 70% 114c, 84% 114d, 97%

Scheme 42 K,COs-catalyzed synthesis of 3-substituted 4-quinolones
114 in DMSO; some representative examples are shown.
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Scheme 43 Cs,COs catalyzed synthesis of 1,8-naphthyridines 116;
some representative examples are shown.
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Scheme 44 Synthesis of quinoline-4-carboxylic acids 118-119 under
basic condition; some representative examples are shown.

o] CO,R CO,R4
CO,R
©\)g:o + || . Cl/\n/CO2 11 equiv. 1 equiv. EtsN @[%/L 2
N CO,R H0,70°C” N7 CoR
5 examples
40 122 123 78-87% 121
R = Me,Et, tBu i
Cyclization
lEt3N R; =Me, Et ]Aromatization
o] @O
o —~—COOH
N COOR;
=N
Rooc)ﬁe >:8\/CI
COOR ROOC  coor
\'

T

o) o] o
[@ OH
-~
,\90 2 (:OOR1 GOOR
N\©g COOR; —= N

N 0
Mm k»\ng‘\\/m
ROOC ROOC
rooC” Loor © COOR COOR
I m v
COE COE CO,Et COMe
N CO2ABU L COEt L CO:Me 5 CO:Me
N7 >coats - - 7
215U N~ SCO,Et N~ ~Cco,Me N™ "CO,Me
1212, 78% 121b, 83% 121c, 85% 121d, 87%

Scheme 45 EtsN catalyzed synthesis of substituted quinolines 121
from isatins 40; some representative examples are shown.
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Scheme 46 EtsN catalyzed synthesis of pyrazolo[4,3-c]quinolines 124
from isatins 40; some representative examples are shown.

intermediate I then undergo an intramolecular cyclization to
give intermediate II, which on elimination of water produces
1,8-naphthyridines 116 (Scheme 43).

Zhu and coworkers established a facile and efficient method
for the preparation of 2-non-substituted quinoline-4-carboxylic
acids 118 via the Pfitzinger reaction of isatins 40 with sodium
pyruvate 120 following consequent decarboxylation under
microwave irradiation (Scheme 44).*°®

Rineh and coworkers' have established triethylamine
mediated protocol for synthesis of quinolines 121 via reaction
between ethyl chloropyruvate 123 and activated acetylenic
compounds 122 in the presence of nucleophilic form of isatin in
water as the solvent. Nucleophilic form of isatin is produced
from the reaction of isatin 40 and triethylamine (Scheme 45).

Alizadeh et al.**® reported three component reaction of isatins
40, 1-aryl-2-(1,1,1-triphenyl-A5-phosphanylidene)-1-ethanone 125
and hydrazonoyl chlorides 126 in the presence of Et;N as a
catalyst to produce pyrazolo[4,3-clquinoline 124 (Scheme 46).

Kato et al.** developed a domino protocol for synthesis of
pyrazolo[1,5-a]quinolines 127 starting from 2-fluorobenzaldehydes

N CHO 2.59q0uiv< K,CO3 9
R— HN 120 °C, DMF
s * " D—co,Et R
F Nx 22 examples N NX\—CO,Et
12-71% N\
128 129 127
E
MeO.
N 3 F S e N
r\\j‘\ COzEt Et N N\\—CO,Et N N\—CO,Et
N N= N=
127a, 12% 127b, 63% 127c, 64% 127d, 71%

Scheme 47 Base catalyzed synthesis of pyrazolo[1,5-alquinolines 127;
some representative examples are shown.
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Scheme 48 Cs,CO3-catalyzed cascade synthesis of pyrazolo[1,5-a]-
quinolines 130; some representative examples are shown.

128 and substituted 3,5-dimethyl-1H-pyrazoles 129. In this cascade
reaction, the inactivated methyl group of the pyrazoles 129
participates in the Knoevenagel cyclization upon arylating at the
nitrogen of the pyrazoles through the SNAr substitution
(Scheme 47).

Kato et al.'**> reported another similar protocol for synthesis
of pyrazolo[1,5-a]quinolines 130 from 2-fluoro aryl aldehydes
128 and pyrazole-3-carboxylic acid ester 131 using cesium
carbonate base. This cascade reaction involves a sequential
intermolecular aromatic nucleophilic substitution (SNAr) and
intramolecular Knoevenagel condensation (Scheme 48).

The reaction of 2-methyl benzimidazole 133 with 2-fluo-
robenzaldehydes 128 in presence of cesium carbonate in DMF
produces benzimidazo[1,2-a]quinolines 132 via a cascade reac-
tions involving sequential aromatic nucleophilic substitution
and intramolecular Knoevenagel condensation reactions
(Scheme 49).***

Kapoor and coworkers*** have reported synthesis of poly-
hydroquinolines 134-135 via a four-component one-pot reac-
tion of aldehydes 5, dimedone 28e, active methylene
compounds 38 and ammonium acetate 136 under solvent-free
conditions at room temperature via grinding. The products of

114

F

~-N R J___cHO  3equiv. Cs,COs,
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P H 2 U P> U ———

24 examples
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132a, 29% 132b, 69% 132c, 80% 132d, 88% 132e, 98%

Scheme 49 CS,COs3 catalyzed synthesis of benzimidazol[1,2-alquin-
olines 132; some representative examples are shown.

This journal is © The Royal Society of Chemistry 2015

View Article Online

RSC Advances
o 2 9 O R O
L AR, A
ot
* R-CHO + NH,0Ac —38 . |
Grinding, rt, solvent-free N
12-45 min H
28e 5 136 18 examples 134
56-95% yield
* NCTEWG o R
32c: EWG =CN
137: EWG = COOR; EWG
Grinding, rt, solvent-free |
1525 min N° NH,
14 examples, 65-88% yield 135

o
|
N
H
. H H H
134a, 56% 134b, 95% 134a, 65% 134b, 88%

Scheme 50 Catalyst and solvent free synthesis of polyhydroquinolines
134-135 using a one pot four component reaction; some represen-
tative examples are shown.

. TR R
A Benzoyl perOX|de DMEDA, 2
i
Ry _ + Ar-NH, + t-BUONO 1.1 equiv. NaOAC R,
CN PhCF3, 70°C, 3h pZ
139 1 140 31 examples N Ar
26-99% 138
-H*
e
<
H
pZ
N™ “Ar

I m
=z IN i OMe
= \
Z
e O v
138a, 26% 138b 63% CFs 138, 70% 138d, 99%

Scheme 51 Sodium acetate and benzoy!l peroxide mediated synthesis

of phenanthridine derivatives 138; some representative examples are
shown.
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Scheme 52 DBU-catalyzed synthesis of pyrido[2’,1":2,3]imidazo-
[4,5-b]quinolines 141; some representative examples are shown.
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Scheme 53 DBU promoted synthesis of polyfunctionalized quinolines
143; some representative examples are shown.

this protocol were obtained simply by recrystallization from
ethanol (Scheme 50).

Zhu and coworkers'* have developed a transition-metal-free
method for the synthesis of C6 phenanthridine derivatives 138
by arylative cyclization of 2-isocyanobiphenyls 139 with aryl-
amines 1 in presence of tert-butyl nitrite (¢-BuONO) and using
benzoyl peroxide as a promoter and sodium acetate as a base
(Scheme 51). Initially, the anilines 1 reacts with BuONO to
produce aryldiazonium ion which then gets decomposed
(releasing N, and #BuO") in presence of benzoyl peroxide to
produce aryl radical. The resulting aryl radical gets added to the
terminal divalent carbon of 2-isocyanobiphenyl 139, to produce
the N-biphenyl-2-yl imidoyl radical intermediate I. Next, the
intramolecular hemolytic aromatic substitution of the imidoyl
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Scheme 54 Molecular iodine-catalyzed synthesis of 2-acyl quinolines
145 from a three-component reaction between methyl ketones 78,
arylamines 1 and styrenes 7; some representative examples are shown.
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Scheme 55 Synthesis of 2,4-disubstituted quinolines 146; some
representative examples are shown.

radical on the pending phenyl ring, forms the cyclohexadienyl
radical intermediate III. Finally, deprotonation of the interme-
diate III produces 138, as depicted in Scheme 51.

Berteina-Raboin and Guillaumet"*® described DBU catalyzed
synthesis of pyrido[2’,1":2,3]imidazo[4,5-b]quinolines 141 from
(ethynyl)H-imidazo[1,2-a]pyridin-3-amines 142. The electron-
rich secondary amine 142 assists in the hydroarylation of the
triple bond after deprotonation by DBU. Next, aromatization
leads to formation of pyrido[2’,1':2,3]imidazo[4,5-b]quinoline
141 (Scheme 52).

Zhou et al" described synthesis of polyfunctionalized
quinolines 143 via the sequence of propargyl-allenyl isomeri-
zation and  aza-electrocyclization from  but-2-yn-1-yl-
phenylimines 144 (Scheme 53).
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Scheme 56 Synthesis of 2,4-disubstituted quinolines 146d and
147a-c.
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Scheme 57 Molecular iodine catalyzed synthesis of 2,4-disubstituted
quinolines 150-151; some representative examples are shown.

3.3. Molecular iodine catalyzed protocols

Iodine has been very extensively used in organic chemistry to
catalyze diverse range of organic transformations including
multicomponent reactions."® Gao et al.'* developed a highly
efficient molecular iodine mediated formal [3 + 2 + 1] cycload-
dition reaction for the direct synthesis of substituted 2-acyl
quinolines 145 from methyl ketones 78, arylamines 1, and
styrenes 7. Initial reaction of molecular iodine with acetophe-
none 78 leads to formation of the a-iodo ketone I, which gets
converted to phenylglyoxal II by a subsequent Kornblum
oxidation. The reaction of p-toluidine 1 with the aldehyde group
of II then gives the C-acyl imine III, which reacts with HI to give
the activated C-acyl imine ion IV. This activated C-acylimine
species IV then undergoes cycloadition reaction with styrene
(Povarov-type reaction) to give intermediate V in the presence of
excess or regenerated iodine. Intermediate V then undergoes
sequential oxidation and aromatization reactions to give 145
(Scheme 54).
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Recently Deshidi et al."*® reported molecular iodine catalyzed
tandem reaction between styrenes 7 and anilines 1 producing
2,4-disubstituted quinolines 146. Styrene 7 first gets oxidized to
aldehyde I which on condensation with arylamine 1 produces
imine II. Imine intermediate II then on coupling with iodine
forms iminium ion intermediate II which undergoes aza-Diels-
Alder cycloaddition reaction with styrene 7 to form IV. Inter-
mediate IV on oxidation leads to formation of quinoline 146
(Scheme 55).

Deshidi et al*® also reported molecular iodine catalyzed
three-component reaction between arylamines 1, styrenes 7 and
carbonyl compound 5, 78, 148-149 leading to formation of
substituted quinolines 146a, 1147a-c (Scheme 56).

Lin's group have developed molecular iodine catalysed
synthesis of quinolines 150-151 from aldehydes, amines, and
alkynes at mild reaction conditions.”” The method was also
applicable for construction of benzo[f] quinolines 151a (70%
yield) and ellipticine 151b (68% yield) (Scheme 57).

Wang's group™**** have developed a mild and efficient
method for the synthesis of pyranoquinoline 152, thiopyr-
anoquinoline 153, thienoquinoline 154, chromanoquinolines
155 and naphtho[2,7]naphthyridine 156 derivatives via three-
component reaction of aromatic aldehyde 5, naphthalene-2-
amines 41b, and heterocycloketones 149 and 161-168
including tetrahydropyran-4-one 161, tetrahydrothiopyran-4-
one 162, dihydrothiophen-3(2H)-one 163, chroman-4-one 164
and N-Boc 4-piperidinone 165, using iodine as catalyst (routes
A-E)." On the use of 2-halogenated acetophenones 149 in the
place of cyclic ketones, 1,3-diarylbenzo[f]quinolines 157 were
obtained (route F).*** Further same group explored the utility of
this method for construction of several other fused quinolines
viz. benzo[f]furo[3,2-c]quinoline 158 (route G), benzo[f]pyrano
[3,2-c]quinoline 159 (route H), and benzo[f]quinolines 160
(route I) using dihydrofuran 166, dihydropyran 167 and
n-butylvinyl ether 168 as third coupling partners (Scheme 58).*>*
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Scheme 58 Molecular iodine catalyzed synthesis of pyranoquinoline 152, thiopyranoquinoline 153, thienoquinoline 154, chromanoquinolines

155 and naphtho(2,7]naphthyridine 156 derivatives.
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Scheme 59 Molecular iodine catalyzed synthesis of bis-benzoqui-
nolines 169; some representative examples are shown.

Wang's group™ further investigated this reaction, wherein a
three-component reaction of aromatic aldehyde 5, naphthalene-
2-amine 41b and tetrahydro-2,5-dimethoxyfuran 170 in meth-
anol catalyzed by iodine, produced 3-aryl-2-(3-arylbenzo[f]qui-
nolin-2-yl)benzo[f]quinoline derivatives 169 via ring opening of
furan (Scheme 59).

These authors'*'*® also investigated the utility of this
method for preparation of naphtho[2,3-f]furo[3,2-c]quinolines
171 (route A),"** naphtho[2,3-f]pyrano[3,2-c]quinolines 172
(route B)™* and naphtho[2,3-flquinolines 173 (route C)*** and
naphtho[2,3-flpyrano[3,4-c]quinolines 174 (route D) (Scheme
60) from anthracen-2-amine 27."*° The mechanism involves the
formation of imine II which undergoes covalent bond forma-
tion with iodine to produce intermediate III. This intermediate
reacts with enol form I of tetrahydropyran-4-one 161 to produce
cyclized intermediate IV, which on dehydration produces V.
Finally air oxidation of V produces naphthoquinoline 174
(Scheme 61).

Molecular iodine catalyzed three-component imino Diels-
Alder reaction of aromatic aldehyde 5, anthracene-2-amine 27
or 1H-indazol-5-amine 177 and cyclopentanone 85 produced
cyclopenta[c|naphtho[2,3-f]quinoline 175 and cyclopenta[c]-
pyrazolo[4,3-flquinoline 176 (Scheme 62)."*

Anionic surfactant sodium dodecyl sulfate has also been
employed in heterocycle synthesis.””® Recently Ganguly and
Chandra™ have employed the use of molecular iodine and
sodium dodecyl sulfate for the construction of quinoline skel-
eton using a three-component reaction. A three-component
coupling of 6-aminocoumarin 8, aromatic aldehyde 5 and an
excess of styrene 7 in water in presence of molecular iodine and
sodium dodecyl sulfate produced pyrano[3.2-flquinolin-3-ones

42038 | RSC Adv., 2015, 5, 42020-42053
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Scheme 60 Molecular iodine catalyzed synthesis of naphthoquino-
lines 171-174 from anthracenyl amines.

178 and pyrano[2.3-g]quinolin-2-ones 179. The reaction mech-
anism involves a cascade of two key transformations viz.
Povarov reaction and hydrogen transfer (Scheme 63).

Wu and coworkers*° reported a mild and efficient route for
the synthesis of quinolines 181 and polycyclic quinolines 182-
183 via Friedlander annulation utilizing molecular iodine
(1 mol%). Treatment of 2-aminoaryl ketone 46 with o-methylene
ketones 38 in ethanol in presence of molecular iodine produced
quinolines 181. Cyclic ketones such as cyclopentanone 85 and
cyclohexadione 28e also underwent smooth condensation with

o
AN N X _NH,
‘ + ArCHO *+ —2
NN o HE
27 5 16
l-HZO o 0
b fﬁ
N —_—
°
161
]

E )
i

I~

Z=

ool
Ar

n v \'

Scheme 61 Reaction mechanism for molecular iodine catalyzed
synthesis of naphthoquinolines 174.
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Scheme 62 Molecular iodine catalyzed synthesis of cyclopentalc]-
naphthol2,3-flquinoline 175 and cyclopentalc] pyrazolo[4,3-flquino-
lines 176.

2-aminoaryl ketones to afford the respective tricyclic quinolines
182-183 (Scheme 64). The synthesis of 181 from 2-aminoaryl
ketone 46 with a-methylene ketones 38 has also been reported
using (bromodimethyl)sulfonium bromide*** or cyanuric chlo-
ride*” as a catalyst.

Zeng and Cai' reported a domino protocol for synthesis of
benzo[flquinolinyl acetamides 184 and benzo[h]quinolinyl
acetamides 185 from diketene 186, benzyl amines 187, aromatic
aldehydes 5 and naphthalene amines 41b using molecular
iodine as a catalyst (Scheme 65).

Fotie et al.*** reported synthesis of a series of unusual 2,3,4,5-
tetrahydro-4,4-tetramethylene-1H-cyclopenta[c] quinolines 188
through the Skraup-Doebner-Von Miller quinoline synthesis.
The reaction mechanism involves three basic sequences: (a) the
formation of a Schiff base I through a reaction between the
ketone 85 and the aniline 1 in the first step, followed by (b) a
cycloalkenylation at the ortho-position to the amine functional
group of the aniline, and (c) an annulations in the final step to
close the quinoline ring, leading to a dihydroquinoline deriva-
tive 188 as described in Scheme 66.

The oxidative cyclization of phenyl-N-(0-alkynylphenyl)
imines 190 in presence of molecular iodine produced fur-
anoquinolines 189 (Scheme 67).*° The iodide cation on
coupling with imine 190 generated iminium ion I which further

A: 25-72% yield 178 179 180

Ar-CHO +
- 12 examples 55% 20% 10%

= NH, Ph_~_Ar rAr
I, (10 mol%) ] _ N Ar ln
oo + H,0, SDS, 7 N \ + P
o N 70-80°C,2h * oo oo
_7080°C.2h
0”0 Ph
7

I, H,0, SDS Hydrogen

transfer

o Ph Ar ’ H
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Ar” SN oo Ph
n mn

‘ Ng_-Ph = ‘ N
= o o} O =
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178b, 54%

179b, 40%

Scheme 63 Molecular iodine catalyzed synthesis of synthesis of pyr-
anol[3.2-flquinolin-3-ones 178 and pyrano[2.3-glquinolin-2-ones 179;
some representative examples are shown.
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Scheme 64 Molecular iodine-catalyzed synthesis of 2,3,4-trisubsti-
tuted quinolines 181-183; some representative examples are shown.

undergoes intramolecular cyclization to produce quinoline II,
which in elimination of HI produces 189.

Batra's group™® reported molecular iodine catalyzed
synthesis of 2-substituted quinolines 191 from substituted
primary allylamines 192. Iodine initially activates the carbonyl
group, which is then followed by electrophilic cyclization to
produce dihydroquinoline II. The intermediate II on the
subsequent elimination of two protons in the form of 2 HI
molecules produces intermediate V, which finally oxidizes to
the quinoline 191 (Scheme 68).
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