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Abstract–This review highlights some remarkable achievements made recently in 

the application of metal-catalyzed processes to the design of multicomponent 

syntheses of heterocycles. The domino MCRs that are purely based upon metal 

catalysis opens a vast field for the discovery of new sequences in heterocyclic 

synthesis. Many of these methods have proven to be the most powerful and are 

currently applied in target- or diversity-oriented syntheses. These reactions can 

dramatically reduce the generation of chemical wastes, costs of starting materials, 

and the use of energy as well as manpower. Moreover, the reaction period can be 

substantially shortened. This review article aims to report the recent developments 

devoted to this important area, focusing on the metal catalysis in multicomponent 

synthesis of heterocycles. 
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1. INTRODUCTION 

There are many heterocyclic frameworks which are widely distributed in nature. Various natural products, 

many dyestuffs and pigments contains heterocyclic core and they have wide range applications in 

medicinal field.1 Heterocycles are versatile building blocks in organic synthesis and by virtue of their 

multiple reactivity profiles and structures, these can be delicately manipulated to achieve required 

modification. Thus the syntheses of these heterocycles due to their fundamental importance in living 

system have attracted organic chemists towards the development of novel and more efficient synthetic 

strategies. Many of these strategies involve the formation of either carbon-carbon or carbon-heteroatom 
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bonds from their corresponding acyclic precursors. Most of the classical methodology utilizes 

comparatively harsh reaction conditions and suffer various disadvantages such as use of expensive 

catalyst, elevated temperature, longer reaction time, multistep transformations, poor yield of the final 

product, tedious work-up etc. Considering the fundamental issues of chemo-, regio-, stereoselectivity, as 

well as economical and ecological aspects of green and sustainable chemistry2, a novel, consise and 

efficient synthetic routes has become a demanding challenge among the synthetic community.3,4 Among 

several newly developed methodologies, the productive concept of diversity-oriented5 multicomponent 

reactions (MCRs) have gained a considerable attention among the organic chemists during the last decade. 

A multicomponent reaction (MCRs) is ideally a synthesis which starts from readily accessible 

components, proceeds fast and safe, environmentally benign operation, performing multiple steps in a 

single operation. In this synthesis, several bonds are formed in one sequence without isolating the 

intermediates in quantitative yield, and can directly build complicated molecules under mild conditions. 

Many MCRs are well suited too for the construction of various heterocyclic cores. Therefore MCR-based 

synthesis developed a sustainable use of chemical resources and reduced the amount of waste product by 

the use and disposal of harsh reactants and reagents as well as minimised the number of steps required for 

organic transformations.6 As a consequence, the design of novel MCRs and their exploration as tools in 

especially heterocyclic chemistry receive growing attention internationally. Novel MCRs are not only 

applied in combinatorial and medicinal chemistry but also in catalysis and more traditional natural 

products syntheses. This present brief review is entirely devoted to an updated summary of 

multicomponent reactions (MCRs) approaches towards the synthesis of heterocycles. 

 
2. CONSTRUCTION OF FIVE-MEMBERED HETEROCYCLES 

2.1 HETEROCYCLES CONTAINING ONE HETEROATOM 

2.1.1 SYNTHESIS OF PYRROLE, PYRROLINE AND PYRROLIDINE DERIVATIVES 

Pyrroles represent an important class of heterocycles in organic chemistry which are a structural units in 

many natural products and pharmaceuticals as well as a key intermediates for the synthesis of a variety of 

biologically active molecules and functional materials.7 Most of the conventional methods for the 

construction of a pyrrole ring are the Hantzsch reaction,8 the Paal-Knorr synthesis,9 and various 

cycloaddition methods.10 Although a number of metal-catalyzed approaches were also developed for the 

construction of pyrrole ring11 still, search for a general and an efficient synthetic strategies from simple 

and readily available precursors are of great value due to the great importance of the pyrrole core. 

Multicomponent synthesis of 4-iodopyrroles 1 using copper iodide and a catalytic amount of 

PdCl2(PPh3)2 from the reaction between acyl chlorides, N-Boc protected propargylamines and sodium 

iodide has been reported. The reacation is believed to be proceeded through a 
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coupling/addition/cyclocondensation sequence. It was subsequently found that these 4-iodopyrroles, upon 

addition of an another alkyne, undergoes an in situ Sonogashira coupling to yield 2-substituted 4-alkynyl-

N-Boc pyrroles 2 (Scheme 1).12 
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Multicomponent sequence that leads to pyrrole derivatives from the reaction between phenylacetylene, 

imines derived from ethyl glyoxylate and dialkylzinc derivatives has also been described (Scheme 2).13 
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Reactions between β-ketoesters or symmetrical β-diketones, diaroylacetylenes and ammonium acetate in 

the presence of indium trichloride afforded 3,3ˊ-bipyrrole 4 via a double enaminone formation-Michael 

addition sequence (Scheme 3).14 
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A one-pot, three component reaction between primary amines, β-ketoesters or β-diketones and propargyl 

alcohols afforded pyrroles 5 in the presence of the [Ru(η3-2-C3H4Me)(CO)-(dppf)][SbF5] system, where 

dppf is 1,10-bis(diphenylphosphanyl)ferrocene, in good to excellent yields (Scheme 4).15 
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PdI2/KI has proved to be an efficient catalytic system for the direct synthesis of a variety of carbonylated 

heterocyclic system starting from suitably functionalized alkynes, by either a cyclocarbonylation or a 

cyclization-carbonylation reaction sequence. Synthesis of pyrrole-3-carboxylic acid ester derivatives 

starting from readily available building blocks is achieved by PdI2-catalyzed oxidative heterocyclization-

alkoxycarbonylation of N-Boc-1-amino-3-yn-2-ols followed by basic treatment.16 Sonogashira cross-

coupling and double cyclization strategy for the formation of hetero dimmers of heterocycles via C-H 

activation has recently reported by Ohe et al.17 Synthesis of a variety of 2-(2ˊ-furyl)-pyrroles 6, 2-(5ˊ-

thienyl) furans and 2-(5ˊ-thienyl) pyrroles 7 under mild condition involves several C-C and C-N bond 

formation in the presence of Pd and Cu catalyst (Scheme 5). 
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An efficient one-pot three component reaction of primary amines, dialkyl acetylenedicarboxylates, and 

nitrostyrene derivatives in the presence of FeCl3, leads to tetrasubstituted polyfunctional pyrroles in high 

yields which follows a sequence of domino Michael addition/cyclization process.18 Regioselective 

synthesis of polysubstituted pyrroles 8 via the copper-catalyzed three component reaction of diazoketones, 

nitroalkenes, and amines under aerobic conditions which involves an N-H insertion of carbene, a copper-

catalyzed oxidative dehydrogenation of amine, and a [3+2] cycloaddition of azomethine ylide has been 

reported (Scheme 6).19 
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Pyrrolo[3,2-d]pyridazines are a class of interesting and useful N-heterocycles with a limited report of 

synthetic methods. Most of the known pyrrolo[3,2-d]pyridazines were synthesized via condensation of 

pyrrole-2,3-diones with hydrazine. Recently, one-pot multicomponent synthesis of pyrrolo[3,2-d]-

pyridazine derivatives 9 via zirconocene-mediated cyclization of one equivalent of Si-tethered diyne, two 

equivalents of nitriles, and one equivalent of an azide have reported. Instead of normal azides, if 

trimethylsilyl azides are used, interestingly the same synthetic procedure affords pyrrole-2,3-diones 10. 

Further, these functionalized pyrrole-2,3-diones could be transformed into pyrrole-fused heterocycles 

(Scheme 7).20 
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Rhodium(II)-catalyzed multicomponent reaction of an imine, diazoacetonitrile (DAN) and an activated 

alkynyl coupling partner, e.g., dimethyl acetylenedicarboxylate (DMAD), for the synthesis of substituted 

1,2-diarylpyrroles has been reported.21 Mechanistically, the diazo compound produces the corresponding 

metallocarbenoid in the presence of a rhodium(II) salt. The imine then reacts with this electron-deficient 

metallocarbenoid to generate an azomethine ylide 11. Finally, this 1,3-dipole undergoes a [3+2] 

cycloaddition with the activated alkynyl dipolarophiles and subsequent elimination to afford the 1,2-

diarylsubstituted pyrrole 12 (Scheme 8). 
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Three component coupling of 1,3-diketones, aldehydes and amines in the presence of low-valent titanium 

as a catalyst afforded the pyrrole derivatives 13 (Scheme 9).22 TiCl4/Sm gave the best results among 

different types of low-valent titanium systems such as TiCl4/Sm, TiCl4/Zn, TiCl4/Al, or TiCl4/Mg studied 

as reagents for this reaction. This protocol highlighted the wide scope of this three component reaction, 

applicable not only to aromatic aldehydes and aromatic amines bearing either electron-withdrawing or -

donating groups, but also to heterocyclic or aliphatic aldehydes and aliphatic amines. 
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An InCl3-catalyzed one-pot three component synthesis of 2-pyrrolo-3′-yloxindoles, 14 by a sequential 

Michael addition followed by Paal-Knorr condensation was achieved (Scheme 10). Multicomponent 

reaction of 3-phenacylideneoxindole, β-ketoester, and ammonium acetate at refluxing condition in ethanol 

afforded the products in good yields.23 
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The catalytic efficacy of NiCl2·6H2O has been demonstrated through four component reaction24 of amine, 

β-ketoesters or 1,3-dicarbonyl compounds, various aldehydes and nitroalkanes for the sysnthesis of 

tetrasubstituted pyrrole 15 (Scheme11). It is also reported the binding interaction studies of synthesized 

pyrrole derivatives with different enzymes. 
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2.1.2 SYNTHESIS OF INDOLES, ISOINDOLES, INDOLINES AND PYRROLOINDOLES 

The indole core is reknowned as a “privileged motif” because of its presence in many natural products 

and pharmaceuticals.25 Much effort has been paid toward the synthesis and functionalization of indoles, 

and methods for the preparation have been well developed.26-29 Classical routes for indole formation 

includes Fischer synthesis27, Batcho-Leimgruber synthesis, Gassman synthesis, reductive cyclization28 

and more recently, transition metal catalysis and multicomponent reactions have also been widely 

applied.29 Indoles 16 from haloalkenes, amines and o-dihaloarenes promoted by palldium-catalyst cascade 

process has been developed.30 It is important to note that in this three component reaction, the palladium-

catalyst promotes three different and independent reactions: 1) formation of the imine by alkenyl 

amination 2) α-arylation of the imine and 3) intramolecular N-arylation. The key in the success of this 

cascade process is the high chemoselectivity of the different cross-coupling events. Thus, the higher 

reactivity of the bromoalkenes was compared with haloarenes in the oxidative addition to palladium to 

permit the formation of 17, instead of the arylamination reaction. The dihaloarene is incorporated in the 

second step only when all the alkenyl halide has been consumed (Scheme 12). 
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Literature reveals the wide developed of copper-catalyzed multicomponent reaction of a sulfonyl azide, a 

terminal alkyne and a nucleophile which involves azide-alkyne cycloaddition reaction generating a ketene 

amine intermediate through a ring opening rearrangement of triazoles. Recently Wu et al.31 reported the 

synthesis of a variety of polysubstituted indole derivatives 18 by using copper-catalyzed multicomponent 

reaction of ethynylaniline, sulfonyl azide and nitroolefines in the presence of a base triethylamine at room 

temperature involving a ketenimine intermediate through a ring opening rearrangement of triazoles 

(Scheme 13). 
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Synthesis of benzo[f]pyrido[1,2-a]indole-6,11-dione derivatives 19 via copper(II)-catalyzed three 

component reactions of acyl bromide, 1,4-naphthoquinone, and pyridine (or isoquinoline) is reported.32 

The reaction proceeds via a sp2C−H difunctionalization of naphthoquinone followed by intramolecular 

cyclization and oxidative aromatization. Use of 1,3-dicarbonyl compounds instead of acyl bromide also 

afford benzo-fused pyridoindole derivatives in excellent yields (Scheme 14).33 
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Scheme 14 
 

Azaindole nucleus are known to be part of many biologically active compounds, occupying a unique 

position in medicinal and pharmaceutical chemistry and also serve as building blocks in synthetic 

chemistry.34 One-pot multicomponent reaction of an amine, aldehyde and a terminal alkyne for the 

synthesis of a range of quinoline derivatives linked to azaindole 20 by a Povarov reaction using SnCl2, a 

cheap Lewis acid is described (Scheme 15).35 
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A variety of α-alkynyl indoles 21 have been synthesized36 through constructing one Csp
2-Csp and two Csp

2-

N bond by a novel and an efficient multicomponent reaction of o-bromo(dibromovinyl)benzenes, terminal 

alkynes and arylamines using palladium as catalyst (Scheme 16). 
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Ketenimine,37 as an useful intermediate, has attracted much attention due to its easy formation, relative 

reactivity, and diverse chemistry.38 The most attractive and sustainable method generating ketenimines 

could be attributed to the copper-catalyzed azide-alkyne cycloaddition (CuAAC) which is established by 

Fokin et al.39 Various groups40 have developed a number of multicomponent reactions by trapping 

ketenimines generated in situ from sulfonyl azides and terminal alkynes via CuAAC reaction. Wang et 

al.41 has described recently a copper-catalyzed three component cascade reaction of sulfonyl azides, 2-

bromophenylacetylenes and amines, which furnished 2-sulfonyliminoindolines 22 in moderate to good 

yields (Scheme 17). 
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Copper(I)-catalyzed domino reaction provides pyrroloindole 23 and dipyrroloindole derivatives 24 from 

4,6-diethynyl-1,3-phenylenediamine or its pyridine congener with paraformaldehyde and secondary 

amines (Scheme 18).42 The controlled Mannich-type reaction and cyclization of 4,6-diethynyl-1,3-

phenylenediamine or its pyridine congener with paraformaldehyde and secondary amines in the presence 

of copper catalyst leads to the formation of mono- or bis(aminomethylated) pyrroloindoles 23 (or 24) in 

moderate to excellent yields.  
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Scheme 18 
 
2.1.3 SYNTHESIS OF INDOLIZINES AND OXINDOLES 

Multicomponent coupling/cycloisomerisation reaction of heteroarylaldehydes, amines, and alkynes under  

solvent free conditions or in water, in the presence of a gold catalyst, provides rapid access to substituted 

aminoindolizines 25 (Scheme 19).43 
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Biologically important aminoindolizine framework 26 has been synthesized44 by a facile, atom economic, 

one-pot multicomponent reaction of pyridine-2-carboxaldehyde or quinoline-2-carboxaldehyde, 

secondary amine and terminal alkyne using CuCl as catalyst in refluxing condition at PEG. This 

methodology demands green credentials due to use of non-toxic, inexpensive catalyst and green solvent 

(Scheme 20). 
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Oxindoles and its derivatives occupy a key place among the various classes of heterocyclic organic 

compounds45 that possess a common basic framework in natural products46 and pharmaceutically active 

compounds. Substituted oxindoles have recently attracted attention due to the utility of such structure in 

the development of biologically active compounds as well as new drugs. A palladium-catalyzed three 

component synthesis of unsymmetrically substituted 3-(diarylmethylene)indolin-2-ones 27 in good yield 

starting from aryl bromides, alkyl propiolamides and aryl iodides has been described.47 The reaction 

involved a sequence of N-arylation, carbopalladation, C-H activation, and carbon-carbon bond formation, 

and the oxindoles were produced as both E- and Z-isomers with up to 1:4 (E/Z) regioselectivity (Scheme 

21). 
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Multicomponent reaction using [Pd(PPh3)4] as a catalyst in the presence of triphenylphosphine from 2-

iodoaniline, phenylacetylene and carbon monoxide provides 2-benzylideneindoxyl 28 as a sole product. 
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This procedure is extended to a variety of indoxyls, mainly obtained as the (Z)-isomer (Scheme 22).48 On 

the other hand, 2-substituted 4-quinolones 29 are obtained through a one-pot two-step phosphine free 

multi-catalysis using sequentially [PdCl2(dppp)] and HNEt2 as catalysts. An extensive study varying the 

nature of the palladium catalysts, ligands, bases, additives and solvents has also been reported to elucidate 

factors controlling the selectivity toward 2-substituted 4-quinolones. 
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Scheme 22 
 

Transition metal-catalyzed carbonylation reactions, among them mainly palladium-catalyzed amino and 

alkoxycarbonylation and carbonylative coupling reactions, are well documented and widely used in the 

area of synthetic chemistry. 2-Bromobenzaldehyde undergoes carbonylative cyclization with aromatic 

and aliphatic primary amines under carbon monoxide pressure in the presence of a palladium catalyst to 

give isoindolin-1-ones 31.49 Recently, a highly chemoselective intramolecular cycloaminocarbonylation 

of bifunctional 2-iodobenzyl-bromide towards the similar N-substituted 1-isoindolinones is reported.50 

When 2-iodobenzylbromide in place of 2-bromobenzaldehyde is reacted with various primary amines, 

aniline under atmospheric carbon monoxide pressure in DMF in the presence Pd(0) catalysts generated in 

situ from Pd(II) acetate catalytic precursor the same 1-isoindolinone derivatives 31 is obtained in good 

yields. They have also reported51 a three component palladium-catalyzed cascade hydrazinocarbonylation 

reaction of iodoarenes, carbon monoxide and various hydrazine derivatives for the formation of 

tetrahydrophthalazine and phthalamide derivatives (Scheme 23). 
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2.1.4 SYNTHESIS OF FURANS AND FURANONES 

Concise synthesis of 4,5-subsituted γ-butyrolactones 32 from dimethyl itaconate, aromatic aldehyde, and 

aryl bromides via a multicomponent one-pot reaction in the presence of zinc dust and cobalt bromide is 

described. As per their report52 various aldehyde bearing an electron-withdrawing and electron-donating 

groups provides satisfactory yields except 3-pyridinecarboxaldehyde. Mechanistically this cascade 

reaction involves the following steps: the formation of zinc reagent, Michael addition, aldol condensation 

and cyclization to provide the product (Scheme 24). 
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A novel carbon dioxide triggered and copper-catalyzed domino reaction for the efficient synthesis of 

highly substituted 3(2H)-furanones 33 from nitriles and propargylic alcohols has been developed.53 

Carbon dioxide is a prerequisite for achieving the present catalytic transformation, and one of the oxygen 

atoms of carbon dioxide is inserted into the 3(2H)-furanones (Scheme 25). Nitrile acts as the reaction 

solvent as well as the reactant and copper salts play dual roles of activating both the propargylic alcohols 

and nitriles. An increase in temperature from room temperature to 70 oC dramatically increased the yield 

from 8% to 82%.  
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Transition metal-catalyzed CO2 activation reactions are widely studied for the formation of new carbon-

carbon bonds. Highly regio- and stereoselective methyl-carboxylation of homopropargylic alcohols with 

ZnMe2 and CO2 for the synthesis of alkylidene-γ-butyrolactones 34 catalyzed by Ni(0) is described 

(Scheme 26).54 
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HO
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O

Me
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2.1.5 SYNTHESIS OF BENZOFURANS AND BENZOFURANONES 

A copper-catalyzed multicomponent coupling of salicylaldehydes, amines, and alkynes to 

dihydrobenzofurans has been reported.55 However; the alkynes employed are limited to those aliphatic 

alkynes bearing a heteroatom, such as propargyl alcohols or propargylamines in most cases producing 

dihydrobenzofuran as a major product. Recently copper-catalyzed three component reaction of 

salicyldehydes, amines and alkynes for the construction of benzofuran has been demonstrated.56 Under 

this report, aliphatic alkynes bearing a heteroatom, such as propargyl alcohols or propargylamines in most 

cases produced benzofuran 35 in stead of dihydrobenzofuran from this novel cascade A3-coupling-

annulation reaction. Similar multifunctionalized benzofuran derivatives have been synthesized from the 

multicomponent coupling reaction of alkynylsilane, salicylaldehyde and secondary amine using Cu(I)-

Cu(II) combined catalysts in moderate to excellent yield. Yield of the products are largely depends upon 

the ratio of amine used as a component. According to the report, high loading of the catalyst (10 %) also 

decreases the yield of the products due to coordination of the catalyst with amine, with deactivation of the 

neucleophilicity of the amine. Mechanistically the reaction proceeds via the formation of copper acetylide 

from alkynylsilane, and in situ generation of iminium intermediate from aldehyde and amine provides 

propargylamine, which on intramolecular neucleophilic attack by hydroxy group via 5-exo-dig mode 

leads to the benzofuran derivatives 35 (Scheme 27).57 

CHO

OH

R2

N
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R2R2
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R2

R2

R2
R1

SiMe3

+

5% Cu(OTf )2
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ref lux

35  

Scheme 27 
 

2.1.6 SYNTHESIS OF FUROBENZOPYRANE 

Palladium-catalyzed cascade 1,4-addition and cyclization for the synthesis of furochromenes 36 is 

developed. Suitability of various bases, DIPEA is proved to be the best for this coupling reaction. 

Compared to other aryl iodides, those having electron-withdrawing functional group favour the faster 

oxidative addition and afford the corresponding products. Better yields are obtained depending upon the 

electron-donating nature of R1 group in arynyl moieties of chromones (Scheme 28).58 

O R1

O
+ R2 IR3OH
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2.2 HETEROCYCLES CONTAINING TWO HETEROATOMS 

2.2.1 SYNTHESIS OF PYRAZOLE DERIVATIVES 

Pyrazoles, five-membered heterocycles with two adjacent nitrogen atoms, display a rich chemistry having 

various biological and medicinal applications.59-61 A tandem reaction for the synthesis of pyrazole 

derivatives has been developed 62 from an acid chloride, terminal alkynes and hydrazine hydrate using 

palladium and copper catalyst under conventional heating in acetonitrile. Acid chloride is coupled with 

terminal alkynes to give α,β-unsaturated ynones and converted in situ into pyrazoles 37 by the 

cycloaddition of hydrazines (Scheme 29). 

 

R1 Cl

O

R2

+

i) PdCl2(PPh3)2/CuI
Et3N, THF, rt

ii) R3NHNH2
MeCN

N
N R2

R1
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37
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O
+

R2

2% PdCl2(PPh3)2, 4% CuI

1.05 equiv NEt3, THF, 1 h, rt

then

10 min, 150 oC, MW

R3NHNH2
MeOH, AcOH

 

Scheme 29 

 

Muller et al. have synthesized the pyrazoles 37 in good to excellent yields via one-pot two-step sequential 

reactions in the presence of palladium catalyst under microwave heating. After formation of alkynones, 

hydrazines and acetic acid are reacted in the same reaction vessel under microwave irradiation. Best 

results for the formation of pyrazoles are obtained by heating in the microwave oven at 150 °C for 10 min 

in the presence of methanol (Scheme 29).63 

Recently the same group has reported64 one-pot four-step syntheses of tetrasubstituted pyrazoles based on 

consecutive sequence of Sonogashira cross-coupling, cyclocondensation, halogenation and Suzuki cross-

coupling reaction using the same palladium-based catalyst. Acid chloride reacts with terminal alkyne 

followed by cyclocondensation with methyl hydrazine which affords the intermediate pyrazole ring. 

Bromination using NBS and Suzuki cross-coupling with boronic acid finally gives highly fluorescent 

1,2,3,4-tetrasubstituted pyrazoles (Scheme 30). 
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Scheme 30 
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Fully substituted pyrazoles 39 via one-pot three component reaction of aldehydes, phenylhydrazine, and 

1,3-dicarbonyl compounds using Yb(PFO)3 (ytterbium perfluorooctanonate) as catalyst under solvent free 

conditions have been developed (Scheme 31).65 

 

R1CHO +

O

R2 +

NHNH2

Yb(PFO)3 (10 mol%)

N
N

Ar

R2 R1

39  

Scheme 31 
 

Coupling of a primary amine, an alkyne, and isonitrile followed by treatment with hydrazines yield 

pyrazoles 40 via titanium-catalyzed three component reaction. Modifications of the catalyst results in 

good control of regioselectivity for some of the substrates (Scheme 32).66  

R2 R3 R1NH2R4NC+ +
N

N

R3

R2

R5

10 mol% Ti cat.

toluene, 100 oC

R5NHNH2

pyridine
150 oC

40  

Scheme 32 
 

Singh et al.67 developed an efficient, atom economy, simple environmentally benign solvent free 

microwave-assisted multicomponent synthesis of pyrazole derivatives 41 from phenyl hydrazine, 

aldehyde and ethyl acetoacetate using Sc(OTf)3 as a reusable catalyst (Scheme 33). 
 

R1 NHNH2

+

R2 CHO

O

O
O

Et

Sc(OTf )3 (5 mol%)

MW, 100 oC, 3-6 min N
N

R1

EtO2C R2

41  

Scheme 33 
 

Lee et al.68 has recently reported one-pot three component reaction of a primary amine, 2-

bromobenzaldehyde and sodium azide catalyzed by Cu(I) salt by consecutive condensation, C-N and N-N 

bond formation for the preparation of 2H-indazoles 42. On screening with various metal salts of Fe, Pd, 

Ni and Co, they have found that only CuI is successful to afford the reaction product. C-N bond formation 

takes place between the aryl bromide and the azide. The Azide group is then activated by means of co-

ordination of terminal nitrogen atom of the azide to the copper catalyst which attacks the imine adduct of 

aniline and bromobenzaldehyde resulting the N-N bond formation (Scheme 34).69 

884 HETEROCYCLES, Vol. 89, No. 4, 2014



Br

O

H

R1 R2H2N NaN3
+ +

CuI, TMEDA

DMSO, 120 oC N
N R2R1

42  

Scheme 34 

 

Transition metal-catalyzed cascade reaction of an alkyne, aldehydes and amines and subsequent 

nucleophilic cyclization onto an alkyne moiety affords various heterocyclic systems. Gold-catalyzed 

annualation for the direct and regioselective synthesis of polysubstituted dihydropyrazoles 43 from an 

alkyne, hydrazines and carbonyl compounds is recently reported by Ohno et al. (Scheme 35).70 

R1
R2 R3

O

N
H

H
N

R4Boc
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iPrAuCl/AgOTf

1,2-DCE, 50 oC
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Scheme 35 

 

Four component coupling reaction in the presence of palladium catalyst from a wide range of halides, 

terminal alkynes, molybdenum hexacarbonyl and hydrazine has been described for the construction of 

highly substituted pyrazole derivatives 44 and 45 as shown in the Scheme 36.71 It is interesting to note 

that Mo(CO)6  has been used to overcome the limitation of using toxic CO. 

I

R1
+

Mo(CO)6, Pd(OAc)2

CuI, P(tBu)3, Cs2CO3,
toluene-MeCN, 80 oC, 18 h

N
N R1

R2

N
N R1

H2N

H
N

R2

R2
+

44 45  

Scheme 36 

 

An efficient, novel and green multicomponent approach is described72 for the synthesis of fully 

substituted pyrazole 46a from the mixture of aldehyde, arylhydrazine and ethylacetoacetate in the 

presence of Zn(OTf)2 heated under solvent free condition. It is also described the synthesis of highly 

substituted bispyrazoles 46b where 1,4- or 1,3-dialdehyde is used instead of a monoaldehyde (Scheme 

37). 
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Wang et al. reported73 an one-pot copper-catalyzed synthesis of 5-sulfonamidopyrazoles 47 from three 

component reaction of terminal alkynes, sulfonyl azides and hydrazones through a Lewis acid-catalyzed 

electrocyclic reaction and a dehydrogenation (Scheme 38). 

R1
R3 N

H
N

R4O S
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N N

H
N
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R3
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O2

R2
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2, Zn(OTf )2/DTBP
PhMe, ref lux, 48 h 47  

Scheme 38 

 

Synthesis of 2-amino-H-pyrazolo[5,1-a]isoquinolines 48 via a silver(I)-catalyzed and copper(I) as a co-

catalyst three component reaction of Nˊ-(2-alkynylbenzylidene)-hydrazide, alkyne, and sulfonyl azide 

have been described recently (Scheme 39).74 

N
NHTs

R2

R1

R3R4O2S
N3+ +

AgOTf (10 mol%)
CuBr (10 mol%)
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N
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2.2.2 SYNTHESIS OF IMIDAZOLE AND IMIDAZOPYRIDINE DERIVATIVES 

Imidazole and its derivatives are an important class of heterocyclic compounds, which are widely used in 

biology as inhibitors,75 in medicinal chemistry76 and also as functionalized materials.77 Classical methods 

for the synthesis of imidazoles includes Debus-Radziszewski imidazole synthesis,78 Weidenhagen 

imidazole synthesis,79 and Van Leusen imidazole synthesis.80 Recently, a number of multicomponent 

syntheses of imidazoles have also been developed.81 Nonetheless, development of more efficient and 

versatile approaches to achieve functionalized imidazoles are still remains very important. The utility of 
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InCl3.3H2O protocol for the multicomponent synthesis of 2,4,5-trisubstituted imidazoles 49 has been 

explored. Highly polar methanol played an important role and beneficial for increasing the yield of the 

product compared to low polar ethanol, iso-propanol and t-butanol. Various other solvents like 

acetonitrile, chloroform, dichloroform and toluene have found to be ineffective for the system (Scheme 

40). Initially indium catalyst increases the electrophilicity of carbonyl group of aldehyde to facilitates the 

formation of diamine which condensed to benzil followed by rearrangement and [1,5] hydrogen shift to 

furnish the product.82 

OPh

Ph O

R1CHO

R2NH2

NH4OAc+ 10 mol% InCl3.3H2O

MeOH, rt N

N
R1

R2
Ph

Ph

49  

Scheme 40 

 

Li and Pan have recently reported the CuI-PPh3-catalyzed multicomponent approach for the synthesis of 

substituted imidazolines 50.83 The scope of the reaction has been investigated to a variety of olefins, 

including α,β-unsaturated ketones, α,β-unsaturated esters, and simple alkenes (Scheme 41). 

+ N
N
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R2

50

R1 R2

MeCN
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Scheme 41 

 

A palladium-catalyzed multicomponent synthesis of imidazolinium carboxylates 51 and imidazolines 52 

from a coupling of two imines, acid chloride, and carbon monoxide is described by Arndtsen et al. 

Imidazolines are produced via the initial generation of munchnone intermediates, followed by their 

cycloaddition with an in situ generated protonated imine (Scheme 42).84 
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Imidazoles are important class of small molecules found in many biological active compounds, useful in 

coordination chemistry, serving as N-donor ligands in various metal complexes or as precursors to N-

heterocyclic carbenes. Palladium-catalyzed multicomponent synthesis of imidazolinium carboxylates 

from imines, acid chlorides and CO through a carbonylation followed by a thermal decarboxylation has 

been reported.85 Recently Arndtsen et al.86 has reported that a palladium-catalyzed multicomponent 

synthesis of 2-imidazoline proceeds via the coupling of imines, acid chlorides and carbon monoxide to 

form imidazolinium carboxylates, followed by a decarboxylation. Although decarboxylation in the 

presence of CHCl3 is found to result in a mixture of imidazolinium and imidazolium salts but the addition 

of benzoic acid selectively generates the trans-disubstituted imidazolines in good yield by suppressing 

aromatization. 

Tetrasubstituted imidazoles 53 can be synthesised from propargylamines, sulfonyl azides, and terminal 

alkynes by generating ketenimines as the intermediate via a copper-catalyzed azide-alkyne cycloaddition 

and cascade cyclization (Scheme 43).87 
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Microwave-assisted one-pot four component coupling of 2-aminopyridine-5-boronic acid pinacol ester, 

aldehyde and isocyanide through a stepwise sequence (Scheme 44) to 3-amino-imidazopyridines 54 is 

described.88 Mixture containing MgCl2 (Ugi Lewis catalyst) and Pd(dppf)Cl2 (Suzuki catalyst) is failed to 

produce any desire product under one-pot reaction condition. First Ugi condensation product is formed 

from 2-aminopyridine-5-boronic acid pinacol ester which then converted into the desired product in the 

presence of Suzuki catalyst. 
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Ugi type Groebke-Blackburn-Bienayme three component reaction89 of 2-aminopyridine or 

aminoimidazothiazole, aldehyde and isocyanide under solvent free condition using maghemite 
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nanoparticles (γ-Fe2O3@SiO2-OSO3H) leads to the formation of biologically interest 

aminoimidazopyridine or aminoimidazothiazole derivatives 55 in good yields (Scheme 45). 

+
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NH2

CHO

R1 N

solvent f ree
35 oC

CN R2

N

NHR2

R1

Fe2O3@SiO2-OSO3H
+

55  

Scheme 45 

 

Coupling of 2-aminopyridine, aldehyde and teminal alkyne providing imidazopyridines 56 through one-

pot three component reactions in the presence of indium tribromide as catalyst in good yield has been 

described.90 In situ formation of imine from aldehyde and 2-aminopyridine followed by addition of 

alkyne which is activated by indium catalyst and deprotonation by triethylamine afforded product 56 

(Scheme 46). 

N

NH2 OHC

OEtO

+ N

N

OEt

O

InBr3/Et3N

toluene, ref lux

56

+

 

Scheme 46 

 

A novel three component reaction of 2-aminopyridines, aldehydes and alkynes in the presence of 

CuSO4/TsOH as catalyst (Scheme 47) towards the synthesis of imidazo[1,2-a]pyridines 57 has been 

described.91 The co-catalyst is a strong Bronasted acid such as TsOH which facilitates the protonation of 

imine and hence to some extent activates the neucleophilic addition of the alkyne to imine. Another role 

of the co-catalyst is to prevent the catalyst from the co-ordination with nitrogen atom of 2-aminopyridine. 

This methodology is ineffective for functional groups on aromatic moieties bearing hydroxyl, 

dialkylamino, and bromo functionalities. Another reports on the synthesis of imidazo[1,2-a]pyridines 57 

and the mechanistic study of its formation through one-pot multicomponent cascade reaction using the 

same components in the presence of copper(I) iodide combined with NaHSO4.SiO2 as co-catalyst 

refluxing in toluene has been reported (Scheme 47).92 Recently a facile and straightforward synthesis of 

imidazopyridines 57 via one-pot multicomponent reaction of 2-aminopyridine, various aldehydes and 

terminal alkynes using a magnetic nano-Fe3O4 catalyst with KHSO4.SiO2 as additive in anhydrous 

toluene at refluxing condition has been achieved.93 It is also reported the recovery, reusability and activity 

of catalyst for new catalytic cycle (Scheme 47). 
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The multicomponent reaction of aldehyde with amine and alkyne (A3-coupling) and its incorporation in 

cascade processes of tethered cyclization with activation of triple bond in propargylamine affords an 

access to versatile molecular complex compounds. The coinage metal (Cu, Ag, and Au) salts are efficient 

enough in catalysis for alkyne C−H activation in alkynylation with σ-activated imine and π-activation of 

triple bond toward cyclization. A mixed Cu(I)−Cu(II) system in situ generated from partial reduction of 

CuSO4 with glucose can be used in ethanol (nonanhydrous) under open air, that efficiently catalyzes the 

multicomponent reaction of heterocyclic azine and aldehyde with alkyne followed by cycloisomerization 

to afford N-fused imidazoles 58 (Scheme 48).94 
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Utilization of sodium azide as a source of nitrogen for the synthesis of benzimidazoles 59 by the copper-

catalyzed, one-pot, three component reaction of 2-haloanilines, aldehydes, and sodium azide have been 

described very recently (Scheme 49).95 
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2.2.3 SYNTHESIS OF OXAZOLE, ISOXAZOLE, OXAZOLIDINONE DERIVATIVES 

The isoxazoles 60 are obtained in moderate to excellent yields from one-pot coupling-cycloaddition  
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reaction in the presence of PdCl2(PPh3)2 and CuI catalytic system. Modified Sonogashira coupling of acid 

chlorides with terminal alkynes furnished the expected alkynones, which subsequently, on microwave 

irradiation with hydroximinoyl chlorides in the presence of triethylamine underwent 1,3-dipolar 

cycloaddition to afford the isoxazoles (Scheme 50).96 
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Scheme 50 
 

Multicomponent reactions have the advantages over conventional multistep sequences which includes the 

savings the costs of reagents and solvents, along with other materials required for purification and 

isolation. Palladium-catalyzed three component reactions of an aryl halide, isocyanide, and an amino 

alcohol for the formation of oxazolines 61 and benzoxazoles 62 in excellent yield is reported (Scheme 

51).97 
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Scheme 51 

 

An efficient one-pot aminocarbonylation and cyclocarbonylation for the synthesis of 2-oxazolidinones 63 

has been described.98 The one-pot method consisted of the reaction of α,α-disubstituted 2-ynylamines 

with CO, O2, and morpholine in the presence of catalytic amounts of PdI2 in conjunction with KI and H2O 

(PdI2/KI/1/2/H2O molar ratio1:10:100:500:500), in DME as the solvent at 100 oC under 20 atm of a 4:1 

mixture of CO/air afforded 63 in excellent yield. The reaction in the presence of secondary amine like 

piperidine and diethylamine also proceeded smoothly with good yield of oxazolidiones. In the case of an 

α-monosubstituted propargylamine, such as benzyl-[1-(1-ethylpropyl)prop-2-ynyl]amine under the same 

reaction conditions, the initially formed oxazolidinone undergoes a spontaneous double bond shift with 

the formation of 3H-oxazol-2-one derivative 64 in excellent yield (Scheme 52). 
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Imine obtained from condensation of aldehyde and amine in the presence of CuI catalyst reacts with 

acetylide to form propargylamine derivatives which on cyclization with carbon dioxide furnishes the 

3,4,5-trisubstituted 1,3-oxazolidin-2-one 65 quantitatively (Scheme 53).99 
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Inexpensive and reusuable ligand free CuO nanoparticles catalyzed three component reaction100 of 2-

iodoaniline, carbon disulfide and amine to synthesize N-substituted benzothiazole derivative 66 in good 

yield has been described recently (Scheme 54). 
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A domino condensation/S-arylation/heterocyclization process is described101 for the synthesis of 

benzothiazoles 67 usning Cu(I) catalyst. Condensation of carbon disulfide with thiols in the presence of 

K2CO3 generates carbonotrithioate salts in situ, which then undergoes coupling with 2-iodoanilines and 

subsequent intramolecular condensation and elimination under the assistance of CuBr to afford 2-

thiosubstituted benzothiazole derivatives (Scheme 55). 
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An efficient and convenient multicomponent reaction has been developed by Majumdar et al.102 Different 

o-haloamine compounds, carbon disulfide, and various amines in the presence of copper salt and 

potassium carbonate as a base undergoes multicomponent reaction and afforded 2-aminothiazole 

derivatives 68 in good yields. Initially carbon disulfide and amine formed unstable dithiocarbamic acids 

which readily formed potassium salt of dithicarbamate. Then Ullmann type coupling between o- 

haloamines and potassium salt of dithiocarbamate followed by elimination of hydrogen sulfide gives the 

desired products (Scheme 56). 
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2.2.4 SYNTHESIS OF DIOXALANES AND OXASILACYCLES 

Chemo- and diastereoselective synthesis of spiro-indolodioxolanes 69 by three component reaction from 

cyclic diazoamides, one mole of electron-donating and one mole of electron-withdrawing aldehyde in the 

presence of rhodium acetate as a catalyst at room temperature has been reported.103 Electron-deficient 

carbenoid carbon of cyclic rhodium carbeniod which is produced from cyclic diazoamide 

chemoselectively reacts with electron-donating aldehyde to form carbonyl ylide. Subsequent 1,3-dipolar 

cycloaddition of the ylide with electron-withdrawing aromatic aldehyde which acts as dipolarophiles, 

diastereoselectively afforded dioxolanes (Scheme 57). 
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Nickel(0)-catalyzed asymmetric formation of oxasilacyclic derivatives via three component cycloaddition 

is first reported104 by Baxter et al. Oxasilacycles 70 are synthetically useful and can be prepared by 

oxidative cyclization of aldehyde, alkyne and dialkylsilane in the presence of Ni(0) catalyst (Scheme 58). 
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Scheme 58 

 

2.3 HETEROCYCLES CONTAINING THREE HETEROATOMS 

2.3.1 SYNTHESIS OF TRIAZOLES 

The Copper-catalyzed Huisgen 1,3-dipolar cycloaddition of azides and alkynes for the synthesis of 1,4-

disubstituted 1,2,3-triazoles has become very popular among the synthetic chemist since the discovery by 

the groups of Meldal and Sharpless.105-108 The superb reliability of the CuAAC reaction has increasingly 

attracted the attention from a diverse range of the areas of chemistry.109 As a result, various modifications 

have been developed to increase efficiency. Among them, use of supported and unsupported metal 

nanoparticles as an heterogeneous catalyst109-110 and use of green and ecofriendly conditions are well 

investigated.111 One of the important modification is the multicompnent reaction112 in which organic 

azides are generated in situ from azide precursor, sodium azide and an alkyne by minimising the 

hazardness from the isolation and handling of azides and also by avoiding one additional step. Reports on 

the copper-catalyzed multicomponent synthesis of triazoles from organic halides in water, using 

heterogeneous catalysts, have described in the literature.113 A chemo- and regioselective one-pot, four 

component coupling of alkynes with sodium azide has been developed for an elegant modular synthesis 

of fully substituted 1,2,3-triazoles 71 (Scheme 59).114 This protocol is expected to find extensive 

applications as it allows for the use of alkyl- and aryl-substituted alkynes. 
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Copper(I)-catalyzed three component cycloaddition reaction of alkynes with sodium azide and 

formaldehyde to furnish 2-hydroxymethyl-2H-1,2,3-triazoles 72 which are versatile synthetic precursors 

that allow an easy access to a wide variety of triazole derivatives, is reported by Fokin et al. (Scheme 

60).115 
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Copper triflate has also been used as a catalyst for both azidation of benzylic acetates and subsequent 

click reaction in one-pot (Scheme 61).116 
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Aliphatic or aromatic primary amines in conjunction with TfN3 and copper sulfate as catalyst has been 

used in one-step and sequential one-step procedures117 for diazo transfer and azide alkyne cycloaddition 

reaction for the synthesis of triazoles derivatives 74 (Scheme 62).  
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Scheme 62 
 

Recently a practical and efficient one-pot diazotization-azidation procedure for the synthesis of 1,4-

substituted triazoles 75 utilizing t-BuONO and TMSN3 with amines have developed.118 Microwave 

irradiation is found to be significantly enhanced the rate of the formation of the products 75.119 This 

methodology smoothly proceeded with electron-deficient anilines and aromatic as well as aliphatic 

alkynes bearing electron-rich and electron-deficient functionalities (Scheme 63). 
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Multicomponent click reaction of epoxide, sodium azide and alkyne for the preparation of β-

hydroxytriazole derivatives 76 has been reported (Scheme 64).120 
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Scheme 64 

 

Copper nanoparticles on various support have been found to effectively catalyze the click reaction 

affording 1,2,3-triazoles in excellent yield with minimum catalyst loadings.121 Recently, Yus et al. 

reported122 the use of copper nanoparticles which can catalyze the multicomponent synthesis of triazoles 

77 and 78 from epoxides. A wide range of β-hydroxytriazoles have been synthesized from epoxides, 

sodium azide, and terminal alkynes with Cu-NPs suppoted on actived carbon as an inexpensive, safe 

catalyst and under green solvent as water (Scheme 65). 
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Phthalazine derivatives, constituting a bridgehead hydrazine, have received considerable attention in the 

literature as a consequence of their role as pharmacophores and their exciting biological properties.123a,b 

The recent protocols directed toward designing structural motifs containing the phthalazine ring fragment 

with 1,2,3-triazole moiety, employed an one-pot four component condensation strategy from the reaction 

of aromatic propargyloxy aldehydes, azides, dimedone/1,3-cyclohexanedione, and phthalhydrazide in 

high yield and excellent atom economy (Scheme 66).123c 
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Scheme 66 
 

Coupling of secondary alcohols, alkynes and trimethylsilyl azide affording disubstituted triazoles has 

been reported. Under this multicomponent click reaction copper catalyst facilitates nucleophilic 

substitution of alcohols with TMSN3 to form azides and also activates alkynes resulting 1,3-dipolar 

cycloaddition (Scheme 67).124 
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CuAAC “click and activate” strategy presents a powerful approach in diversity-oriented, multiple 

component condensation sequences that led to a trisubstituted triazolylpyridazinone 81 from 2-substituted 

4,5-dihalopyridazinones, an azide and a terminal alkyne.125 The regioselective triazole formation not only 

stitches together an alkyne and an azide but also switches the reactivity of the neighboring group, 

triggering the facile in situ introduction of a nucleophile to it. The formation of the triazole should switch 

the reactivity of the 4-(chloro) position from a “neutral” or “deactivated”  to an “activated” state toward 

nucleophilic attack due to the subtle electronic effect of triazole (Scheme 68). 
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Usually phenol and aromatic aldehyde is ineffective for this click reaction. A multicomponent, one-pot 

approach for the synthesis of α-alkoxytriazoles 82 from aldehydes, alcohols, azides, and alkynes via a 

four component reaction, proceeding via the formation of hemi-acetal followed by azidation and then 

click reaction in the presence of Cu(II) salt and metallic copper in acetonitrile has been reported (Scheme 

69).126 
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A convenient route for the synthesis of 1,2,3-triazole-linked glycoconjugates 83 and 84 from gluclals, 

trimethylsilyl azide and alkynes via a tandem Ferrier and click reaction has been developed. The reaction 

is believed to proceed via Frrier rearrangement followed by [3+2] cycloaddition (Scheme 70).127 
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Microwave-assisted multicomponent reaction of substituted benzyl halide, sodium azide and o-

trimethylsilylphenyl triflate undergoes multicomponent reaction in the presence of cesium fluoride to 

produce benzotriazole 85 has been described. In this reaction in situ aryne is generated from o-

trimethylsilylphenyl triflate which undergoes click reaction to provide benzotriazole derivative (Scheme 

71).128 
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A click reaction for the synthesis of triazole derivative 86 has been developed129 from benzyl bromide, 

phenylacetylene and sodium azide using CuFe2O4 nanocomposite as a catalyst in aqueous medium at 70 
oC. The reusability of the catalyst is also examined (Scheme 72). Same component in the presence of 

Cu2O catalayst undergoes multicomponent click reaction leading to the formation of 5-alkynyl-1,2,3-

triazole derivatives 87 under room temperature130 in place of triazole derivative 86. They have also 

reported the incorporation of deuterium in the 5-position of the 1,2,3-triazole to disclose the mechanistic 

path for the formation of product 88 by changing the solvent as CD3OD (Scheme 72). 
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A practical synthesis of triazole derivative in good yield through one-pot three component131 reaction of 

(arylethylene)trimethylsilanes, alkyl bromides and sodium azide using copper sulphate as catalyst by 

Huisgen cycloaddtion reaction is developed. The reaction undergoes in situ alkyl azide formation, alkyne 

deportection followed by cycloaddition for the formation of 1,4-disubstituted 1,2,3-triazole 89 as major 

product and 1,5-regioisomeric cycloadduct 90 as minor product (Scheme 73). 
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Sequential one-pot microwave irradiated multicomponent reaction catalyzed by copper is described.132 

Glycosides, alkynes and TMSN3 in the presence of Cu(OTf)2 and KI under microwave irradiation 

provides triazole-O-glycoconjugates 91 and 92 via Huisgen 1,3-dipolar cycloaddition reaction (Scheme 

74). 
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Terminal acetylene, carbon monoxide, aryl iodide and sodium azide under multicomponent carbonylative 

Sonograshira reaction provides 4,5-disubstituted 1,2,3-(NH)-triazoles 93 and 94 in the presence of 

palladium catalyst.133 It is interesting to note that carboxide-free 4,5-disubstituted 1,2,3-(NH)-triazoles are 

obtained  instead of 4,5-disubstituted 1,2,3-(NH)-triazoles containing carbonyl group when aryl iodide 

with nitro group is taken, due to the strong electrophilic nature of nitro group of aryl iodide directed to 

Sonograshira coupling with terminal acetylenes instead of carbonylative Sonogashira reaction. 

Carbonylative Sonograshira coupling and subsequent 1,3-dipolar cycloaddition leads to the formation of 

the product. Substituent effect of acetylene is also examined and found that the branch chain aliphatic 

terminal acetylene smoothly undergoes this reaction, even long chain aliphatic terminal acetylene can 

promote the process and produce better yield. On the other hand, aromatic acetylene with electron-

donating and electron-withdrawing substituent can also readily produce the desire product (Scheme 75). 
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1,4-Disubstituted 5-iodo-1,2,3-triazole 95 is synthesized from azide, alkynes by trapping the carbanion 

intermediate with in situ generated electrophilic reagent (I+) from CuI and NBS through the click reaction. 

During the reaction CuI provides Cu+ and I-, Cu+ catalyzed the cycloaddition reaction whereas I- in the 

presence of NBS oxidized to I+ which then trapped the carbanion and attach to the 5-position of the 

triazole derivative (Scheme 76).134 
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One-pot multistep tandem click transformations135 to the synthesis of 1,2,3-triazole 96 from commercially 

available diazonium salts, terminal or trimethylsilyl-protected alkynes and sodium azide has also been 

investigated (Scheme 77). 
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Copper(I)-catalyzed 1,3-dipolar cycloaddition of azides and terminal alkynes106,107,136 is considered to be 

one of the most popular reaction for the synthesis of 1,4-disubstituted 1,2,3-triazoles. In situ preparation 

of aryl azides from aryl halide and subsequent use in 1,2,3-triazole formation minimises the risk related to 

handling as most of the azides are explosive in nature. Commercially available CuBr(PPh3)3 is used as a 

click catalytic system which does not require any additives to afford pure triazoles from terminal alkynes 

and an azide through in situ azide formation from their corresponding halides.137 Mihovilovic et al.138  

reported a tandem catalysis protocol based on decarboxylative coupling of alkynoic acids and 1,3-dipolar 

cycloaddition of azides prepared in situ via three component reaction for the synthesis of a variety of 

functionalized 1,2,3-triazoles 97 in excellent yields. In situ preparation of low molecular weight alkynes 

from decarboxylation of alkanoic acid which are much easier to handle and use in the laboratory 

conditions makes the protocol more interesting (Scheme 78). 
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Aryl azides can be prepared from phenyl boronic acid and sodium azide and subsequently used for 1,3-

dipolar cycloadition reaction using a recyclable heterogeneous clay supported CuO nanoparticles for one-

pot synthesis of 1-aryl-1,2,3-triazoles. Sodium azide apart from its role as an azidonation reagent, also 

acts as a reducing agent producing in situ click-active Cu(I).139 Cu(I)-catalyzed azide alkyne 

cycloaddition (CuAAC) reaction for the synthesis of 1,2,3-triazoles is regioselective, and gives only the 

1,4-disubstituted product although the heating between an azide and alkyne gives the regioisomer of 1,4- 

and 1,5-disubstituted 1,2,3-triazoles. Ruthenium based catalyst for azide alkyne cycloaddition reaction 

(RuAAC) is more selective to give only the 1,5-disubstituted tiazoles under conventional heating or 

microwave conditions.140 Ruthenium-catalyzed azide alkyne cycloaddition to afford 1,5-disubstituted 

1,2,3-triazoles starting from an alkyl halide, an alkyne and sodium azide is reported.141 The organic azides 

were synthesized from in situ treatment of primary alkyl halide with sodium azide in DMA under 

microwave heating followed by subsequent addition if RuClCp(PPh3) and alkyne afforded the desired 

regioselctive 1,5-disubstituted triazoles in good yields. One-pot synthetic procedure directly from alkyl 

halide, sodium azide and alkyne is unsuccessful. This result may be due to the side reaction of ruthenium 

catalyst with sodium azide. This problem is easily overcome by using in situ synthesis of azide from alkyl 

halide and then subsequent addition of alkyne and ruthenium catalyst to afford desired triazoles 98 in very 

good conversion (Scheme 79). 
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Azide alkyne cycloaddition reaction using either copper catalyst or ruthenium catalyst afforded the 

triazoles which mainly limited to N-1 position. Reports on direct functionalization at N-2 position of 

triazoles are very few and suffers various disadvantages. Chen et al.142 developed a metal and base free 

three component reaction involving an ynones, sodium azide and an alkyl halide for the regioselective 

synthesis of 2,4,5-trisubstituted 1,2,3-triazoles 99 via azide chalcone oxidative cycloaddition and post-

triazole arylation in one-pot (Scheme 80). 
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2.4 HETEROCYCLES CONTAINING FOUR HETEROATOMS 

2.4.1 SYNTHESIS OF TETRAZOLES 

Trimethyl orthoformate, amines and HN3 react to form tetrazoles 100 in good yields in the presence of 

indium under solvent free condition (Scheme 81).143 
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Scheme 81 

 

The enantioselective synthesis of 5-(1-hydroxy-alkyl)tetrazoles 101 by a [(salen)AlIIIMe]-catalyzed three 

component Passerini reaction of aldehydes, isocyanides and hydrazoic acid is described (Scheme 82).144 
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An isocyanide based four component reactions is investigated145 leading to the structurally diverse 

tetrazole derivative 102 as a major product along with a trace amount of amide as side product using 

In(III) Lewis acid catalyst from aldehyde, isocyanides, trimethylsilyl azide and aliphatic alcohol in 

refluxing conditions (Scheme 83). 
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3. CONSTRUCTION OF SIX-MEMBERED HETEROCYCLES 

3.1 HETEROCYCLES CONTAINING ONE HETEROATOM 

3.1.1 SYNTHESIS OF PYRIDINE AND DIHYDROPYRIDONE DERIVATIVES 

One-pot synthesis of substituted pyridines 103 from aromatic aldehydes with ethyl acetoacetate and 

ammonium acetate via a domino cyclization-oxidative aromatization (dehydrogenation) approach has 
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been reported. This process is based on the use of a new bifunctional Pd/C/K-10 montmorillonite and 

microwave irradiation (Scheme 84).146 
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Multicomponent synthesis of 2,4,6-triarylpyridines from acetophenone, aldehyde and ammonium acetate 

in the presence of bismuth triflate, heating under solvent free condition has been described.147 It has also 

been explored the catalytic activity of bismuth triflate towards unexpected acetalization of 

tetrazoloquinoline-4-carbaldehydes 104 (Scheme 85). 
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Mixing of methyl acetoacetate, 2 equivalents of aldehyde and 2 equivalents of aniline in the presence of 

indium trichloride (InCl3) provides highly substituted piperidine derivatives. This pseudo five component 

reaction is one-pot, atom and step economic and also diastereoselective. In the presence of Lewis acid 

first imine and enamine is generated which then undergoes Knoevenagel-like condensation with aldehyde 

to produce iminium-Knoevenagel intermediate which on subsequent elimination of proton and 

tautomerization forms a diene. This diene undergoes either aza-Diels-Alder or tandem Mannich-Michael 

type reation to afford piperidine derivative 105 (Scheme 86).148 The group which increases the 

nucleophilicity on aniline, increases the reaction rate and yield of the products whereas 2-substituted 

aldehyde, due to the steric effect, provides lower yield and takes longer reaction time. Similar substituted 

piperidine derivatives 105 is synthesized through multicomponent reaction using same components at 

room temperature in the presence of Bi(NO3)2.5H2O. This reaction is high yielding, atom economic, high 

diasteroselective and environmentally benign (Scheme 86).149 One-pot multicomponent reaction of 

aromatic aldehyde, amines, and acetoacetic esters in the presence of aqua-compatible ZrOCl2.8H2O has 
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been developed for the synthesis of functionalized piperidine derivatives.150 Mechanistically, it is 

believed that enamine is produced by the reaction between acetoacetic ester and amine. This enamine 

may then react with aromatic aldehyde to generate a Knoevenagel-type product which undergoes 

tautomerization to form a non-isolable diene type metal complex. Another equivalent of amine and 

aldehyde provides imine which subsequently undergoes a [4+2] aza-Diels-Alder reaction with the diene 

metal complex to afford the functionalized piperidine 105 (Scheme 86).  
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The multicomponent reaction of alkenyl halides, silylimines and a secondary amine in the presence of a 

Pd(0) catalyst provides the trisubstituted pyridines 106 (Scheme 87).151 The Lewis acid-catalyzed aza-

Diels-Alder cycloaddition reaction of 2-azadiene, formed by cross coupling of a silylimine with an 

alkenyl halide, and an enamine, formed by cross coupling of an alkenyl halide with an amine, followed by 

aromatization gave rise the pyridine derivatives. 
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Compared to base-catalyzed152 synthesis of 2-amino-3,5-dicarbonitrile-6-thiopyridines 107 using 

DABCO or triethylamine and conventional heating, the ZnCl2-catalyzed one-pot multicomponent 

reaction153 using conventional or microwave heating produced the desired product in better yields 

(Scheme 88). Recently a new convenient and eco-friendly multicomponent reaction of aldehydes, 

malononitrile and thiophenol is developed154 for the synthesis of biologically significant highly 

substituted pyridine derivatives 107 using efficient and reuseable Zn(II) and Cd(II) metal-organic 

frameworks (MOFs) as a catalyst (Scheme 88). Ultrasound irradiated multicomponent approaches to 2-
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amino-6-(arylthio)-4-arylpyridine-3,5-dicarbonitrile derivatives from aryl aldehydes, malononitrile and 

thiols using ZrOCl2.8H2O/NaNH2 as a catalyst in ionic liquid has been demonstrated. The mechanistic 

path depicted as initially a Knoevenagel adduct is formed by the reaction between malononitrile and 

aldehyde. Michael addition of this Knoevenagel adduct to a second molecule of malononitrile takes place, 

followed by an addition of thiolates to the nitrile groups of Michael addition product. Subsequent 

cyclization, aromatization and aerial oxidation afforded the corresponding pyridine derivatives 107 

(Scheme 88).155 
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The use of yetterbium perfluorooctanoate for a straightforward and efficient synthesis of 2-amino-3-

cyanopyridine derivatives 108 via one-pot multicomponent reaction of aldehydes, ketone, malononitrile 

and ammonium acetate has been achieved by Wang et al.156 They have investigated the positional effect 

of substituent of aldehydes and disclosed that the o-substituted aromatic aldehydes failed to produce any 

product while p- and m-substituted aldehyde smoothly provides the desire products. Electron-deficient 

aromatic aldehyde and various aromatic ketones are suitable for this transformation (Scheme 89). 
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Efficient one-pot multicomponent approaches to the synthesis of polysubstituted dihydropyridines from 

carbonyl compounds, malononitrile and acetonitrile using indium triflate has been described.157 It is also 

reported that the acetaldehyde did not afford the required product and aromatic aldehyde gave complex 

mixture which is not further investigated. The reaction seems to proceed via condensation-addition 

reaction leading to the formation of poly-substituted pyridine derivatives 109 in gram scale level (Scheme 

90). 
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Ammonium acetate (NH4OAc) is widely used as an ammonia source in various organic transformation.158 

Recently palladium-catalyzed microwave-assisted one-pot reaction protocol for the synthesis of 

isoquinilones 110 from 2-bromoarylaldehydes, terminal alkynes, and ammonium acetate has been 

described (Scheme 91).159 
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Scheme 91 

 
Cerium ammonium nitrate (CAN)-catalyzed convenient approach to 1,4-dihydropyridines 111 from 1-

azadiene-based multicomponent reaction is developed.160 The 1-azadiene is generated in situ by the 

condensation of aromatic amines and α,β-unsaturated aldehydes and, in the same pot, α,β-dicarbonyl 

compound is added to provide the 1,4-dihydropyridines (Scheme 92). The use of aliphatic amines or α,β-

unsaturated aldehydes except cinnamaldehyde derivatives produced complex reaction mixtures with the 

lower yield of the desired products. 
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Ytterbium triflate-catalyzed synthesis of dihydropyridines (DHP) through three component reaction is 

reported.161 The reaction of anilines, benzaldehyde and 3,3-diethoxypropinoate under refluxing condition 
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in the presence of Yb(OTf)3 as catalyst affords the DHPs in good yields. The reaction is involved the 

followings steps: formation of imine and tautomerization of subsequent imine to enamine which further 

reacts with aldehyde to form enaminoalcohol. Dehydration of the enaminoalcohol affords α,β-unsaturated 

imine. Finally Michael type annulations and elimination of amine affords the desire product 112 (Scheme 

93). 
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Microwave-assisted eco-friendly four component reaction of 3-amino-9-ethylcarbazole, malononitrile, 

aromatic aldehydes and acetylenic esters for the synthesis of N-carbozolyldihydropyridines 113 using 

indium trichloride as catalyst is developed.162 The transformation is believed to proceed via Knoevenagel 

condensation, Michael addition, followed by tautomerization leading to the formation of products 

(Scheme 94). 
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A simple and facile method for the synthesis of pyrazolo[3,4-b]pyridine and pyrazolo[1,5-a]pyrimidine 

with more structural diversities in the presence of KF-alumina at refluxing condition has been described 

(Scheme 95).163 
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In situ generated 2-azadienes based multicomponent reaction of 3-aminocoumarin, benzaldehyde, and 

various electron-rich alkenes in the presence of Yb(OTf)3 to afford 1,2,3,4-tetrahydropyrido[2,3-c]-

coumarins 115 has been developed.164 Some of these products have been oxidized into the corresponding 

pyrido[2,3-c]coumarins 116 using various oxidants, such as Br2 and NaIO4 and nitrous gases (Scheme 96). 
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Scheme 96 
 

The reaction of diketene, N-tosylimines and aldehydes using TiCl4 as a Lewis acid catalyst for the 

synthesis of 2,6-disubstituted piperidin-4-ones 117 is reported (Scheme 97).165 The product is obtained as 

a mixture of diastereomers, which could be converted into a single diastereomer by treatment with K2CO3.  

TiCl4. CH2Cl2,N
SO2R1

R

O
O

R2CHO++
-78 oC, MeOH N

OH
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O

SO2R1

R2 R

117  

Scheme 97 
 
One-pot, three component reaction of nitroarenes, aldehydes and Danishefsky’s diene using In(0) as a 

reducing agent as well as a precatalyst for the in situ generation of In3+ for the access of dihydropyridin-4-

ones is reported  118 (Scheme 98). 166 Mechanistically, In(0) in the presence of NH4Cl generates InCl3 as 

the reaction byproduct and catalyzed the aza-Diels-Alder cycloaddition reaction in a one-pot tandem 

sequence between the imine and then added diene to afford the desire product. 
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An enol ester (3,4-dihydro-6-methyl-2H-pyran-2-one) as the electron-rich alkene has been used to expand 

the synthetic versatility of the Povarov reaction for the synthesis of N-aryl lactam 119. Treatment of this 

enol ester with p-toluidine and ethyl glyoxalate under Sc(OTf)3 catalysis in MeCN at room temperature 
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provided the N-aryl lactam 119 (25%) as the major product, instead of the Povarov adduct 119a (Scheme 

99).167 
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Scheme 99 

 
3.1.2 SYNTHESIS OF TETRAHYDROQUINOLINE, QUINOLINE AND ISOQUINOLINE 

DERIVATIVES 

A novel and practical one-pot multicomponent synthesis of isomeric ellipticine derivatives with high 

diastereoselectivity through intermolecular imino Diels-Alder reaction of 3-aminocarbazoles and 

benzaldehyde with 3,4-dihydro-2H-pyran in the presence of InCl3 as catalyst in ionic liquid is described 

(Scheme 100).168 
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Scheme 100 

 

One-pot three component Povarov reaction using inexpensive catalyst for the synthesis of 

diastereoselective furano[3,2-c]quinolines 122 and 123 have developed. Easily available starting material 

such as aldehyde, arylamine and dihydropyran or dihydrofuran in the presence of ferric sulphate refluxing 

in acetonitrile gives quinoline derivatives in good yields via the formation of aldimine followed by Diels-

Alder reaction (Scheme 101).169 Recently furan and pyranoquinoline derivatives 122 and 123 were 
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synthesized170 by Povarov multicomponent reaction using niobium pentachloride as an inexpensive and 

commercially available catalyst in room temperature. This reaction provides good yields and high 

diastereoselectivity with lower molar concentration of the catalyst (Scheme 101). 
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Scheme 101 

 

Unsaturated lactams with endo- or exo-cyclic double bonds undergo a multicomponent reaction with 

aldehydes and aniline derivatives, to afford structurally diverse products (Scheme 102) in the presence of 

Sc(OTf)3 as catalyst. A simple Povarov product 124 is obtained when R4=H, but due to steric effect final 

electrophilic substitution does not take place when lactam contains methyl group (R4 = Me), produced the 

Mannich-type product 125, in moderate yields, instead of the desired Povarov product from the reaction 

with p-toluidine or 4-methoxyaniline and ethyl glyoxalate, under the usual conditions. Interestingly, the 

adduct 126 in moderate yields is obtained when glyoxylic acid (R1 = CO2H) is used as the carbonyl 

component, which acts as a nucleophile and captures the final iminium ion intermediate. Under similar 

reaction conditions the spiro-Povarov adduct 127 is obtained in low yield (20%) when pyrrolidone 

derivative with an exo double bond is employed, (Scheme 102). Better yield is obtained when the reaction 

is carried out under microwave irradiation.171 
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Recently Povarov multicomponent reaction for the synthesis of tetrahydroquinoline and quinoline 

derivative is developed.172 Anhydrous acetonitrile solution of aldehyde, aniline and reactive electron rich 

oxa-, thia-, and imidazolones’ olefin component undergoes reaction in the presence of Sc(OTf)3 at room 

temperature with microwave irradiation to afford the tetrahydroquinoline adduct, which on oxidation with 

DDQ gave quinoline derivatives in good yields. The silent feature of this reaction is the high 

regioselectivity affording predominated cis-stereoisomer in all cases (Scheme 103). 
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Scheme 103 

 

Multicomponent reaction of aldehyde, naphthalen-2-amine and but-2-ynedioate in the presence of 

Yb(OTf)3 forms 3-arylbenzoquinoline-1,2-dicarboxylate derivatives 130 via imino-Diels-Alder reaction. 

Aliphatic aldehyde is not suitable for this methodology whereas both electron-donating and electron-

withdrawing functionality in aromatic aldehydes are compatible for this reaction (Scheme 104).173 
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A high yielding, solvent free multicomponent synthesis of polyhydroquinoline derivatives 131 using 

nickel nanoparticles as a heterogeneous catalyst via Hantzsch protocol (Scheme 105) has recently been 

published.174 The catalytic efficacy of Pd-nanoparticle was investigated through one-pot multicomponent 

reaction of aromatic aldehydes, cyclic 1,3-dicarbonyl compounds, ethyl acetoacetate or ethyl 

cyanoacetate and ammonium acetate for the synthesis of polyhydroquinoline derivaties 131. The efficacy 

of Pd-nanoparticles in different solvents was also investigated and among them THF afforded excellent 

conversion (Scheme 105).175 
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An effort towards the synthesis of pyrimidine or pyrazole annulated heterocycles 132 via one-pot three 

component condensation reaction of aldehyde, aminouracil or aminopyrazole and 1,3-diketone refluxed in 

water using 20 % InCl3 as catalyst has been reported (Scheme 106).176 
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Some novel dihydropyridopyrimidine derivatives 133 have been synthesized via three component 

reaction177 of aryl aldehyde, N,N-dimethyl-6-aminouracil and cyanoacetylindol refluxing in ethanol using 

InCl3 as catalyst for 6 h. It is also observed that aromatic aldehyde having electron-withdrawing 

functional group affords high yield (Scheme 107). 
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Palladium-catalyzed, microwave-assisted, multicomponent reactions starting from o-bromoarylaldehydes, 

terminal alkynes, and aqueous ammonia for the synthesis of substituted isoquinoline derivatives 134 has 

been developed (Scheme 108).178 
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An efficient and high yielding procedure for the synthesis of pyrrolo[3,2-f]quinoline 135 and pyrrolo[2,3-

h]quinoline derivatives 136 has been reported179 by one-pot multicomponent reaction of easily available 

starting material such as benzaldehydes, indoloamines, and phenylacetylenes in the presence of La(OTf)3 

as catalyst in good yield by heating in ionic liquid. Among the two different pyrroloquinoline derivatives, 

pyrrolo[3,2-f]quinoline is formed as major product via normal path of [4+2] cycloaddition whereas 

pyrrolo[2,3-h]quinoline derivative is formed via an unexpected [3+2] cycloaddition pathway between 

phenylacetylene and azadiene (Scheme 109). 
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Straightforward and efficient three component reaction is demonstrated180 for the synthesis of quinolines 

137 using environment friendly and reusable yetterbium triflate as catalyst from easily available starting 

material such as aldehyde, alkynes and amines under microwave irradiation in an ionic liquid as green 

solvent (Scheme 110). 
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1,2-Dihydroisoquinolines are of interest because of their frequent occurrence in nature and their wide 

range of biological and physiological effects.181,182 The search for better hits encouraged to construct 

structural novel 1,2-dihydroisoquinoline library for the subsequent biological assays. Tandem or cascade 
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reactions and multicomponent reactions offer significant advantages over traditional approaches for the 

rapid construction of several bonds in a single synthetic procedure. Recently Rh2(OAc)4 and AgOTf 

catalyzed tandem cyclization/three component reaction of 2-alkynylarylaldimines, diazo compounds, and 

water or alcohols to afford functionalized 1,2-dihydroisoquinolines 138 is reported (Scheme 111).183 
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Scheme 111 

 

Silver(I)-catalyzed intramolecular cyclization and Cu(II)-catalyzed oxidation of an aliphatic C-H bond of 

tertiary amine leading to isoquinoline derivatives has been reported by Wu et al.184 Reaction of 2-

alkynylbenzaldehyde, sulfohydrazide and a tertiary amine in the presence of Cu(II) and Ag(I) salts 

afforded an unexpected H-pyrazolo[5,1-a]isoquinolines 139 in good yields (Scheme 112). 
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C-H Bond activation and annulation is one of the most efficient methodologies for the formation of 

isoquinoline derivatives. Miura et al.185 has reported an efficient method for the formation of 

polysubstituted isoquinoline derivatives based on rhodium-based C-H activation of benzophenone imines 

with alkynes. Recently Chen et al.186 has reported RhCp*Cl2-catalyzed three component reaction of aryl 

halides, methylamine and alkyne through C-H bond activation for the regioselective formation of 

isoquinolinium salt 140 (Scheme 113). 

R4

R3

R2

R1

O

H
R6

R5

R7H2N+ +
N

R4

R3

R2

R1 R5

R6

R7+

BF4
-

[(RhCp*Cl2)2]

AgBF4 Cu(OAc)2

t-amylOH, 110 oC
140  

Scheme 113 

HETEROCYCLES, Vol. 89, No. 4, 2014 915



The same strategy of C-H bond activation and annulation reaction for the formation of isoquinolinium 

salts has been described by the same group187 using less expensive ruthenium-based catalyst as compared 

to the rhodium one. Copper(I)-catalyzed electrophillic tandem cyclization of 2-ethynylbenzaldehyde with 

o-benzenediamines and iodine for the formation of iodoisoquinoline fused benzamidazoles 141 is 

reported by Ouyang et al. (Scheme 114).188 
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Iodoisoqinoline smoothly undergoes the Suzuki (142), Sonogashira (143) and Heck (144) coupling 

reactions, respectively, in excellent yields (Scheme 115). 
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Scheme 115 

 

Pd, Cu, and Ag salts have been demonstrated effectively for activation of triple bond which provides an 

efficient route for the synthesis of various heterocyclic systems.189 A parallel diversity-oriented synthesis 

of 1-(1H-imidazol-1-yl)-1,2-dihydroisoquinoline derivatives 145 via AgOTf-catalyzed three component 

reaction of 2-alkynylbenzaldehyde, amine, and imidazole has been reported (Scheme 116).190 
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Pd/C-catalyzed multicomponent reaction of 1,2-dichloroquinoxaline, hydrazine, phenylacetylene and a 

variety of aldehydes for the construction of pyrrole ring is reported recently. In situ formation Pd(0) and 

in the presence of Cu(I) catalyst catalyzes the Sonogashira coupling reaction and finally triple bond 

activation followed by intramolecular cyclization to afford the pyrrolo[2,3-b]quinozalines 146 (Scheme 

117).191 
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Hua et al. has described192 an one-pot three component reaction for the synthesis of isoquinolines and 

fused pyridine heterocycles from aryl ketones, hydroxylamine, and alkynes catalyzed by rhodium. The 

reaction involves condensation of aryl ketones and hydroxylamine, C−H bond activation of the in situ 

generated aryl ketone oximes catalyzed by Rh(III), and cyclization with internal alkynes which finally 

afford the isoquinolines and fused pyridines 147 in excellent yields (Scheme 118). 
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Scheme 118 
 

Three component reactions of nitroarenes, aldehyde and phenylacetylene for the synthesis of quinoline 

derivatives 148 by using indium metal in the presence of diluted hydrochloric acid has been 

demonstrated.193 The reaction procedure involves reduction of the nitroarenes to aniline, coupling with 

aniline, aldehyde and terminal alkynes, cyclization and dehydrogenation leading to the formation of the 

product in good yield (Scheme 119). 
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The Cu(I) iodide-catalyzed multicomponent reaction of 2-ethynylbenzaldehyde, paraformaldehyde, 

diisopropylamine and t-butylamine affords isoquinoline derivative 149 (Scheme 120).194 
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A new multicomponent reaction of arynes with isocyanides and terminal alkynes to afford pyridine or 

isoquinoline derivatives in good to high yields, depending upon the reaction conditions which include the 

ratio of the reagent and solvents, has been developed.195 It is interesting to note that this one-pot 

multicomponent regioselective synthesis of polysubstituted pyridines 150 and isoquinolines 151 is 

difficult to achieve through conventional methods (Scheme 121). 
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Scheme 121 
 

Silver triflate and triphenylphosphine cocatalyzed reaction of 2-alkynylbenzaldehydes, amines and α,β-

unsaturated ketones for the synthesis of functionalised 1,2-dihydroisoquinolines 152 in moderate to good 

yields has been reported (Scheme 122).196 According to the proposed mechanism, the triple bond co-

ordinates to the silver salt and, subsequently, the nitrogen atom of the imine attacks the activated triple 
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bond via 6-endo cyclization to afford an isoquinolinium intermediate. In the meantime, 

triphenylphosphine attacks the α,β-unsaturated ketone as a nucleophilic catalyst, affords enolate, which 

then undergoes intermolecular attack of the isoquinolinium intermediate to generate the phosphinium 

species. Finally, elimination of phosphine gives the desired product. 
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Scheme 122 

 

One-pot three component reaction of 2-alkynylaryl aldehyde, primary amines and terminal alkynes for the 

preparation of dihydroisoquinoline derivative 153 using pybox as a ligand and copper(I) as a catalyst via 

tandem addition/cyclization mechanism has been reported (Scheme 123).197 
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An efficient route to the synthesis of 1,2-dihydroisoquinolin-1-ylphosphonate 154 is described. This 

tandem multicomponent reaction of 2-bromobenzaldehyde, alkyne, amine and diethyl phosphite in the 

presence of palladium and copper as combine catalyst affords the above mentioned product. This reaction 

is believed to proceed via Sonogashira-intramolecular cyclization and nucleophilic addition reaction 

(Scheme 124).198 
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3.1.3 SYNTHESIS OF QUINOLONE AND ISOQUINOLONE DERIVATIVES 

The four component mixture of aldehyde, diethyl malonate, dimedone and ammonium acetate on 

refluxing in water in the presence of ZnO as catalyst afforded octahydroquinolinediones 155 in good 

yields. This methodology is eco-friendly, simple, efficient and mild one (Scheme 125).199 
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Scheme 125 

 

The selective synthesis of 2-phenyl-4-quinolone 156 in good yield by the use of heterogeneous catalysts 

associating the [Pd(PNP)]@SBA-15 catalyst to a grafted amine catalyst as [NH2(CH2)3]@SBA-3 in a 

mechanical mixture from o-iodoaniline, phenylacetylene and in the presence of carbon monoxide is 

reported (Scheme 126).200 It is interesting to note that such an approach decreases the palladium 

contamination in the final products found only 3 to 5 ppm of palladium compared to using homogenous 

catalytic system, where 40 ppm of palladium is found with final product. 

 

I

NH2 Ph

+ + CO

N
H

O

Ph

[Pd(PNP)]@SBA-15

[(NH2(CH2)3]@SBA-3

156  

Scheme 126 

 

An approach to cyclocarbonylation is realized through the palladium-catalyzed one-pot reaction of diethyl 

(2-iodophenyl)malonates and imidoyl chlorides using palladium(II) acetate, tri(2,6-

dimethoxyphenyl)phosphine (TDMPP) and diisopropylethylamine in tetrahydrofuran under carbon 

monoxide (400 psi) to provide the highly substituted isoquinolin-1(2H)-ones 157 (Scheme 127).201 
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O
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A new strategy for the syntheses of skeletal diverse N-fused polycyclic compounds 158 via an Ugi-type 

MCR (Groebke−Blackburn−Bienayme reaction) followed by a CuI-catalyzed coupling reaction for 

intramolecular C-N bond formation to form 159 or tandem Pictet-Spengler reaction to afford 160 

respectively is described recently (Scheme 128).202 
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N

N N

N

N
N

N
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X
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N

R

R-NC+ +

MCR
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X = H

5-distinct skeletal f rameworks 3-distinct skeletal frameworks

158159 160

 

Scheme 128 

 

Michael addition and subsequent carbonylation protocol can be used for the synthesis of quinoline 

derivatives. In this context, palladium-catalyzed intermolecular cyclocarbonylation of 2-iodoanilines with 

diethyl ethoxycarbonylbutendienoate for the synthesis of 2,3,3-triethoxycarbonyl-2,3-dihydro-4(1H)- 

quinolinone derivatives 161 has been decribed (Scheme 129).203 

 

I

NH2

R

CO2EtEtO2C

CO2Et

N
H

O

CO2Et

CO2Et
CO2EtR

CO, Pd2(dba)3
phosphine ligand

NEt3, MeCN

+

161  

Scheme 129 

 

Recently 4-ethoxycarbonyl-3,4-dihydroisoquinolinone derivatives 162 are synthesized by palladium-

catalyzed three component intermolecular cyclocarbonylation reaction of diethyl (2-iodoaryl)acetates, N-

tosylimines and carbon monoxide by the same group.204 This reaction includes the Mannich addition, 

cyclocarbonylation and decarboxylation (Scheme 130). 

 

I

CO2Et

CO2Et

N
Ts

Ph

+
CO (300 psi)

Pd-cat. ligand
NEt3, 80 oC

N

O

Ts

Ph

CO2Et
162  

Scheme 130 
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3.1.4 SYNTHESIS OF PYRAN AND LACTONE DERIVATIVES 

Exploitation of the catalytic efficacy of Mg/Al hydrocalcite has enabled the microwave, solvent free 

synthesis of 2-aminochromenes 163 by utilizing the components, 1-naphthol, aromatic aldehydes and 

malononitrile as outlined in Scheme 131.205 

OH

Ar CHO

CN

CN
+

Mg/Al hydrocalcite
(Mg/Al = 3:1)

MW, 140 oC, 7 min
O

Ar

CN

NH2
163  

Scheme 131 
 

GaCl3-catalyzed three component reaction for the synthesis of 1,3-disubstituted benzochromene 164 is 

reported. This new approach for the preparation of benzochromene from 2-naphthol, alkyne and aldehyde 

mechanistically proceeds either via the formation of vinyl naphthalen-2-ol from arylation of alkyne to 2-

naphthol and subsequent cyclization of aldehyde with vinyl naphthalene providing the product or via 

formation of propargyl alcohol and propargyl ether from aldehyde and alkyne which then undergo 

Claisen rearrangement and subsequent cyclization resulting the product (Scheme 132).206 

OH +

OHC

GaCl3

toluene, ref lux O

164  

Scheme 132 
 

Solvent free three component reaction of kojic acid, aldehyde and 1,3-dione affording dihydropyrano-   

[3,2-b]chromenedione derivative 165 using InCl3 has been achieved. Domino Knoevenagel and hetero 

Diels-Alder reaction and subsequent dehydration lead to the products (Scheme 133).207 

CHOO

OH

HO

O

O

O

+

O

O

O

O

HO10 mol% InCl3

120 oC

165  

Scheme 133 

 

An efficient, mild reaction for the synthesis of highly substituted pyran derivatives 166 is investigated in 

one-pot multicomponent condensation of an aldehyde, malononitrile, and diketoesters with recyclable 

heterogeneous strong basic Mg/La catalyst (Scheme 134).208 
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An efficient and green methodology has been investigated209 for the construction of pyran derivatives 167 

through one-pot three component coupling reaction using nanostructure ZnO catalyst of an aldehyde, 

malononitile and 1,3-diketone. It has also been developed a rearrangement reaction for the conversion of 

pyran derivatives to the 2-pyridone in aqueous media applying p-TsOH as catalyst (Scheme 135).  

R

CHO
+

CN

CN
+

O

O
O

O R

CN

NH2

nano ZnO

EtOH-H2O
3 h, rt 167  

Scheme 135 
 

Synthesis of nanocrystalline MgO and its catalytic efficacy and recyclability of the catalyst have been 

examined through the multicomponent synthesis of isatin, malononitrile, 1,3-diketone in equimolar ratio 

refluxing in water afforded spirooxindoles with fused tetrahydrochromene 168 in good yields (Scheme 

136).210 

O

O

N
H

O

ONC X+ +
MgO nano

H2O, ref lux N
H

O

O

NH2

O

X

168  

Scheme 136 
 

One-pot three component reaction of isatin, malononitrile or cyanoacetic acid ester and phthalhydrazide 

catalyzed by NiCl2 in an eco-friendly and cost effective solvent PEG 600 afforded pyrazolophthalazinyl 

spirooxindoles 169 in high to excellent yields has been described (Scheme 137).211 

N
CNX

NH

NH
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O
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O
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PEG 600, 100 oC N

N

NOO

O NH2

X R1

R

R2

169  

Scheme 137 
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One-pot four component coupling of aromatic amine, aldehyde, β-naphthol, β-oxodithioester and primary 

alcohol for the synthesis of 4H-[f]chromones 170 in the presence of InCl3 has recently been reported by 

Singh et al.212 This four component coupling reaction proceeds via Knoevenagel condensation, Michael 

addition, intramolecular cyclohydration and trans-esterification in a highly chemoselective and 

regioselctive manner affording the benzo[f]chromones in good yields (Scheme 138). 

 

Ar1 CHO Ar2 SMe

O SOH

+ +
InCl3 (10 mol%)

ROH, 80 oC
O

Ar1

OR

S

Ar2

170  

Scheme 138 

 

The synthesis of 2-aminochromene 171 and indolyl chromene 172 by indium trichloride via three 

component reaction is developed. Salicyldehyde, malononitrile and Hantzsch dihydropyridine ester in the 

presence of InCl3 produced 2-aminochromene. Hantzsch dihydropyridine ester here acts as hydride donor 

in the formation of 2-aminochromene. Interestingly under the same condition replacing Hantzsch 

dihydropyridine ester with indole provides indolyl chromene derivatives (Scheme 139).213 
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Scheme 139 

 

An efficient three component coupling reaction involving Knoevenagel condensation, Micheal addition 

and then intramolecular cyclization in the presence of nano ZnO affording dihydropyranochromene 173 

from aromatic aldehyde, malononitrile and 3-hydroxycoumarin has been demonstrated (Scheme 140).214 
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An efficient, solvent free, eco-friendly, one-pot multicomponent reaction methodology for the synthesis 

of xanthene and anthracene derivatives 174 and 175 respectively in excellent yields by the reaction of 

aldehydes, β-naphthol and cyclic 1,3-dicarbonyl compounds in the presence of catalytic amount of InCl3 

or P2O5 is reported by Singh et al. (Scheme 141).215 Other research groups also have synthesized 

benzoxanthene derivatives 174 in excellent yields by an one-pot three component condensation216 

reaction of dimedone, aldehyde and β-naphthol using metal nanoparticle supported acidic ionic liquid. 

Combination of F3O4-nano-support feature and soft imidazolium linkers makes the catalyst more free and 

soluble to the reaction system which facilitates effective condensation (Scheme 141). 
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O
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N

O

O O
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O
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Scheme 141 

 

Singh et al.217 developed an efficient route for the synthesis of chromeno[2,3-d]pyrimidinone 176 and 

diazabenzo[b]fluorenone 177 using indium trichloride under solvent free condition. Mixture of aromatic 

aldehyde, cyclic-1,3-diketone and 1,3-dimethylbarbutaric acid in  the presence of indium catalyst under 

neat condition resulting the formation of product. Aliphatic aldehydes, due to its tendency to undergo 

aldol condensation reaction as a side reaction affords mixtures of products lowering the yields of major 

product (Scheme 142). 
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Coupling of aldehyde, homoallylic alcohols and ammonium thiocyanates under three component reaction 

in the presence of In(OTf)3 produced 4-thiocyanotetrahydropyranes 178 via Prins-cyclization and 

thiocyanation sequence (Scheme 143).218 

CHO
OH

NH4SCN

O

SCN

In(OTf )3

CH2Cl2, ref lux+

178  

Scheme 143 
 

An efficient three component strategy involves the generation of allyltin(IV) from allyl bromide in the 

presence of  Pd(0)/SnX2 (X = Cl, Br) in anhydrous DCM, then homoallyloxytin(IV) intermediate is 

formed from allyltin(IV) and an aldehyde, and finally coupled with an aldehyde, an aryl epoxide or an 

arene to afford tetrahydropyrans 179, benzyl tetrahydropyrans 180 or 4,4-diarylbut-1-enes 181, 

respectively (Scheme 144).219 
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The three component reaction between 1,3-diketone with terminal alkyne in the presence of carbon 

monoxide (200 psi) is effected in the presence of Pd(PPh3)2Cl2 as catalyst and dppp as ligand in ionic 

liquid [bmim][Tf2N] to give the highly substituted endocyclic enol lactone 182 in moderate to good yield 

(Scheme 145).220  

R1 R2

OO CF3

+ CO+

OO R1

R2

O
CF3

Pd(PPh3)2Cl2 (0.03 mmol),

dppp (0.06 mmol),

CO (200 psi),

[bmim][Tf 2N] (2 g),
110 oC, 24 h 182  

Scheme 145 
 
Chromenes are the structural motifs frequently found in a number of natural products and biologically 

active molecules. An enantioselective one-pot three component reaction of salicylaldehyde, malononitrile, 

and indole for the synthesis of 2-amino-4-(indol-3-yl)-4H-chromenes 183 through a 

Knoevenagel/Pinner/Friedel-Crafts reaction sequence is catalyzed by Zn(II) complex (Scheme 146).221 
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Scheme 146 

 
Multicomponent reaction of 3,5-dimethoxyphenol, diethyl malonate and various aromatic aldehyde under 

room temperature in the presence of niobium pentachloride as catalyst providing coumarin derivatives 

184 in good yields  has been demonstrated.222 Knoevenagal condensation, hydroarylation and 

intramolecular lactonization is responsible for the formation the product (Scheme 147). 
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Copper-catalyzed multicomponent reaction223 of sugar-derived alkyne, tosyl azide and salicylaldehyde for 

the synthesis of glycosyl iminocoumarins 185 framework has been explored. This reaction undergoes 

initially copper-catalyzed click reaction between sugar-derived terminal alkyne and tosyl azide. 

Elimination of nitrogen (N2) of the intermediate forms ketemine, which on addition with phenolate of 

salicylaldehyde and subsequent intramolecular cyclization leads to the formation of products (Scheme 

148). 
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CHO

OH
TsN3
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O
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MeO O
TsN

185
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Scheme 148 

 

Recently, a consecutive one-pot, three component coupling-addition-SNAr (CASNAR) sequence starting 

from aroyl chlorides, alkynes, and sodium sulfide nonahydrate has been developed for the synthesis of 

4H-thiochromen-4-one 186 in good yields (Scheme 149).224 
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Ph
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Scheme 149 

 

3.2 HETEROCYCLES CONTAINING TWO HETEROATOMS 

3.2.1 SYNTHESIS OF PYRIMIDINE AND DIHYDROPYRIMIDONE DERIVATIVES 

A copper-catalyzed multicomponent reaction of sulfonyl azides, terminal alkynes, and α,β-unsaturated 

imines has been developed to give a new class of pyrimidine derivative, N-sulfonyl-2-alkylidene-1,2,3,4-

tetrahydropyrimidines 187 (Scheme 150).225 In most of the cases, pyrimidines is isolated as the major 

product and in several cases, azetidin-2-imines 188 is found as minor product with high trans selectivity 

from this three component reaction. 
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ZnCl2-catalyzed three component reaction from structurally diverse enamines, triethyl orthoformate, and 

ammonium acetate leads to 4,5-disubstituted pyrimidine derivatives 189 in good yields through a single 

operation (Scheme 151).226 

 

0.1 eq ZnCl2

toluene, 100 oC

189

R1

R2H2N

NH4OAc+
N

N

R1

R2
+ CH(OEt)3

 

Scheme 151 

 

AgI-catalyzed synthesis of polysubstituted pyrimidines 190 with high regioselectivity in good to excellent 

yields is achieved from electron-deficient alkynes, anilines, and formaldehyde (Scheme 152).227 
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Scheme 152 
 

Indium triflate-catalyzed228 three component condensation reactions for the synthesis of spiro 

hexahydropyrimidine derivatives 191 from easily available starting materials like cyclohexanone, 

formaldehyde and aniline stirring in dichloromethane in room temperature has been described (Scheme 

153).  

O
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H H

O
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R
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N

R

R

191  

Scheme 153 
 

Palladium-catalyzed iminoacylation by isocyanide insertion is an efficient but relatively unexplored 

method that offers significant advantages as compared to the well-known carbon monoxide insertions. By 

employing iminoacylation in palladium-catalyzed cascade reactions,229 Orru et al. recently describes230 a 

multicomponent reaction approach toward the synthesis of 4-aminophthalazin-1(2H)-ones 192 starting 

from o-bromobenzoates, isocyanides, and hydrazines in excellent yields (Scheme 154). 
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The multicomponent reaction of aniline, formaldehyde and 1,3-diketone provides hexahydropyrimidines 

194 using ferric chloride as catalyst in dichloromethane has been described.231 The same methodology 

provides spiro analogous 193 when indane is used as 1,3-diketone. Similarly spiro substituted piperidine 

195 were obtained instead of hexahydropyrimidines when dimedone is used as 1,3-dicarbonyl compound, 

due to its high reactivity (Scheme 155). 
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Scheme 155 
 

Highly diverse multicomponent tandem reaction of acid chloride, terminal alkyne and ethyl-2-amino-1H-

indole-3-carboxylate for the synthesis of pyrimidoindoles 196 in good to excellent yields has been 

reported.232 The reaction involves sequential Sonograshira and [3+3] cyclocondensation reaction leading 

to the formation of product (Scheme 156). 
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Recently Biginelli multicomponent reaction for the synthesis of dihydropyrimidones 197 in excellent 

yield from ethyl acetoacetate, aldehyde and urea as component in the presence of copper triflate,233 

bismuth nitrate234 and LaCl3
235 as catalyst under microwave irradiation has been reported by different 

research groups. An efforts towards the synthesis of the same Biginelli dihydropyrimidine 197 from the 

same components using Zn(II) and Cd(II) metal-organic frameworks (MOFs) as a heterogeneous catalyst 

under solvent free condition has also been reported.236 The metal-organic framework (MOFs) is useful, 

reusable and green catalyst making shorter reaction times for this synthesis (Scheme 157). 
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Scheme 157 

 

Recently SnCl2-catalyzed cyclocondensation of β-oxodithioesters with a variety of readily accessible 

aldehydes and urea (Scheme 158) has been reported for the synthesis of new dihydropyrimidinones 198 

through 237 three-component Biginelli reaction. 
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Synthesis of polyfunctional 2,3-dihydropyrimidin-4-ones 199 utilizing ZnCl2 as catalyst has been 

described.238 The Lewis acid ZnCl2 plays a dual role: promotes the isomerizaton of hydroaminated-

intermediate and also facilitates further amidation of the isomerized product (Scheme 159). 

CO2Et

CO2Et

R1NH2 R2CHO+ +
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O
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R1
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Scheme 159 

 
The synthesis of 5:6 and 6:6 fused pyrimidine derivatives catalyzed by KF/alumina through a three 

component reaction has been reported in good yields (Scheme 160).239 
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Scheme 160 
 
A diastereoselective three component reaction using antimony trichloride for the synthesis of 

arylhexahydrofuropyrimidin-2-one 203 has been developed. Easily available starting material aldehyde, 

urea and dihydropyrane or dihydrofuran in the presence of mild and superior antimony trichloride as 

catalyst leads to the pyrimidine scaffolds in excellent yields (Scheme 161).240  

O
n

H2N

O

NH2

OHC R+
HN

N
H

O

H

H
O

R

n

10 mol% SbCl3

EtOH, ref lux
3.5-7 h

n = 1, 2

203  

Scheme 161 

932 HETEROCYCLES, Vol. 89, No. 4, 2014



3.2.2 SYNTHESIS OF QUINAZOLINONE, QUINOXALINE AND PROMAZINE DERIVATIVES 

4(3H)-Quinazolinones have emerged as an important class of heterocycles that have attracted significant 

synthetic interest because of their pharmacological and therapeutic properties such as antibacterial, 

antifungal, antimalarial antihypertensive, anticonvulsant, analgesic, anti-inflammatory antiviral and 

anticancer activities.241-242 3-Aryl-6,8-dichloro-2H-1,3-benzoxaine-2,4(3H)-diones and 3-arylquinazoline-

2,4(1H,3H)-diones have been used as antimycobacterial agents.243 Several methods have been developed 

for their synthesis.244  

Palladium-catalyzed three component intermolecular cyclocarbonylation of 2-iodoanilines and N-

toluenesulfonyl-aldimines in the presence of carbon monoxide providing dihydroquinazolinenone 

derivatives 204 has been investigated by Alper et al.245 They also examined the effect of different ligands 

as well as solvent effects for this reaction and found that dppf as ligand and THF or toluene as solvent are 

superior in this regards (Scheme 162). 
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Scheme 162 

 
Another palladium-catalyzed cyclocarbonylation of o-iodoanilines with imidoyl chlorides and carbon 

monoxide for the synthesis of substituted quinazolin-4(3H)-ones 205 has been developed in good to 

excellent yields by the same group. When equimolar amounts of o-iodoanilines and imidoyl chlorides are 

treated with palladium(II) acetate, triphenylphosphine and triethylamine in tetrahydrofuran under carbon 

monoxide (500 psi) at 140 °C, the corresponding quinazolinone derivatives are formed (Scheme 163).246 

The reaction is believed to proceed via in situ formation of an amidine, followed by oxidative addition, 

carbon monoxide insertion, and intramolecular cyclization to give the substituted quinazolin-4(3H)-ones. 
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Scheme 163 
 

The selective synthesis of 2,3-dihydroquinazolin-4(1H)-ones 206 and quinazolin-4(3H)-ones 207 using 

Ga(OTf)3 as a reusable catalyst in ethanol involving isatoic anhydride, ammonium acetate or amines and 

aldehydes  in one-pot have been described (Scheme 164).247 
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Palladium acetate and cuprous iodide assisted sequential multicomponent cascade synthesis of 

quinazolinones 208 in moderate to good yields from tosyl azide, 2-iodoaniline, phenylacetylene and 

carbon monoxide is reported.248 This sequential process includes the copper-catalyzed three component 

reaction and palladium-catalyzed carbonylation (Scheme 165). 
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An efficient and convenient synthesis for the preparation of 1ˊH-spiro[indoline-3,2ˊ-quinazoline]-

2,4ˊ(3ˊH)-diones 209 through a three component cyclocondensation employing isatoic anhydride, isatins 

and amines using the inexpensive, non-toxic and easily available KAl(SO4)2.12H2O (alum) as catalyst has 

been described (Scheme 166).249 
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Scheme 166 
 

The synthesis of N-cyclohexyl-3-aryl-quinoxaline-2-amines 210 through the reaction of o-

phenylenediamine, cyclohexyl isocyanide and an aromatic aldehyde utilizing ferric perchlorate is reported 

(Scheme 167).250 
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Scheme 167 
 

Three component reaction using 2-(methylamino)phenyl-4-methylbenzenesulfonate, paraformaldehyde 

and phenylacetylene in the presence of CuCl and KOH provides 1,4-benzoxazine derivatives 211. The 

process is completely regioselective and stereoselective resulting (Z)-isomer (Scheme 168).251 

OTs

NH
+

CuCl, Et3N

KOH, EtOH/H2O(CH2O)n O

N

Ar

R1

Ar

R1

211  

Scheme 168 
 

Palladium-catalyzed under microwave irradiation three component approach to promazine 212 with the 

formation of C-S bond from thiophenols and aryl iodides and C-N bond from amines and aryl bromides 

in an one-pot reaction has been reported.252 The transformation may also be carried out by conventional 

heating with comparable yields (Scheme 169). 
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[Pd2dba3] (2.5 mol%)
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S
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Scheme 169 
 

Smiles rearrangement under microwave irradiation has been investigated253 for one-pot synthesis of 

benzo[b][1,4]thiazin-3(4H)-one derivatives 213 involving 2-chlorobenzothiols, chloroacetyl chloride and 

primary amines as components (Scheme 170). 
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Scheme 170 
 

3.3 HETEROCYCLES CONTAINING THREE HETEROATOMS 
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One-pot multicomponent synthesis of triazinane diones 214 from phosphonates, nitriles, aldehydes, and 

isocyanates have been reported (Scheme 171). Aldehydes with (hetero) aromatic and aliphatic 

substituents and isocyanate components with benzylic and aromatic substituents is suitable for the 

reaction.254 
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P
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Scheme 171 
 
Synthesis of 2-aryl-1,3,2-aryldioxaborins 215 from phenols, aldehydes, and phenylboronic acid using 

ZrCl4 as catalyst is investigated (Scheme 172).255 This reaction is assumed to proceed via [3,3]-

sigmatropic rearrangement pathway which is well documented in the literature.256  
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B
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Scheme 172 
 

4. CONSTRUCTION OF SEVEN-MEMBERED HETEROCYCLES 

Synthesis of various furoazepine derivatives from imidazopyridine caebenes, different heterocyclic o- 

dialdehydes and activated alkynes is developed.257 The formation of products undergoes the followings 

steps: first imidazopyridine carbenes and aromatic dialdehyde form dipolar intermediates via nucleophilic 

addition which undergo [3+2] cycloaddition with electron-deficient alkynes followed by aromatization 

and further intramolecular nucleophilic addition to aldehyde give the products in good yields (Scheme 

173). 
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Diazepines258 have been the object of intense investigation in medicinal chemistry, because of their 

remarkable central nervous system depressant activity and more recently, the area of biological interest of 

1,5-benzodiazepines have been extended to antibiotics and various diseases.259 Recently one-pot 

multicomponent synthesis of diazepine derivatives 218 from a 1,2-diamine, a linear or cyclic ketone, and 

an isocyanide in the presence of a catalytic amount of silica supported iron oxide (Fe3O4/SiO2) 

nanoparticles at ambient temperature has been reported.260 Metal nanoparticles (MNPs), especially 

supported magnetic metal nanoparticles (S-MMNPs), have emerged as a new class of nanocatalyst 

(Scheme 174).  
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O
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R1 = CN, Ar-Cl2, Ar-NO2 Ar-CO2H
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Scheme 174 

 

o-Phenylenediamines, with in situ generated alkynones from acyl chloride and alkynes produced 

pharmacologically interesting seven-membered heterocycles 1,5-benzodiazepines 219 via coupling 

addition-cyclocondensation sequence in the presence of palladium and copper as combined catalyst 

(Scheme 175).261 

 

+
R2

2% PdCl2(PPh3)2, 4% CuI

1.05 equiv Et3N, THF, 1 h, rt

thenR1 Cl

O

R3

R4

NH2

NH2

AcOH, 3 d, 90 oC (oil bath)

or 1 h, 120 oC, (MW)

N

N

R1

R2

R3

R4

219

 

Scheme 175 
 

One-pot synthesis of benzodiazepinone derivatives 220 by Er(III) triflate is reported.262 Condensation 

reaction of 1,2-phenylenediamine and dimedone followed by cyclization with aliphatic or aromatic acyl 

chloride in the same reaction pot stirring at room temperature afforded the benzodiazepinone derivative in 

good yields (Scheme 176). 
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A novel multicomponent tandem imino-pinacol coupling-aza-Michael reaction have developed263 for the 

sysnthesis of polysubstituted monocyclic 1,4-diazepine derivatives 221 from α,β-unsaturated ketone, 

aromatic aldehyde and aniline in the presence of Zn/InCl3 as catalyst under aqueous medium. The method 

is eco-compatible, efficient, high yielding and atom economical (Scheme 177). 
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Scheme 177 

 

An isocyanide-based multicomponent reaction for the synthesis of polysubstituted 1,4-benzodiazepin-3-

ones 222 and 223 (Scheme 178)264 using a reducing agent, Fe0/NH4Cl, in protic solvents, under controlled 

microwave irradiation, proceeds through an one-pot, two-step process. Interestingly, o-nitrobenzaldehyde 

and o-nitrobenzylamine not only act as bifunctional substrates, but also selectively direct a substitution 

pattern for benzodiazepin-3-ones of type 222 and 223. 
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Microwave-assisted approach for the formation of pyrimido-oxazepine analoges 224 is developed. 

Mixture of dichloropyrimidine, secondary or primary aliphatic amine and salicylaldehyde in the presence 

of cesium carbonate (Cs2CO3) under microwave irradiation followed by reduction of the subsequent 

product with NaBH4 at room temperature in the same reaction pot provides the expected product (Scheme 

179). It is interesting that arylamine produces lower yield under this study.265 
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Scheme 179 
 

5. MISCELLANEOUS 

Solvent free multicomponent reaction catalyzed by copper salt towards the synthesis of N-

sulfonylazetidine-2-imine 225 is described.266 Multicomponent reaction of sulfonyl azides, terminal 

alkyne and carbodiimides in the presence of copper oxide leads to the formation of the product 225 

(Scheme 180).  
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Scheme 180 
 

A new and simple synthetic protocol for the construction of spirocyclic quinoline derivatives 226 through 

one-pot three component coupling reaction of an alkynol derivative, an aldehyde, and an aromatic amine 

has been developed (Scheme 181).267 In this Povarov synthesis, both reactive species, enol ether and the 

N-arylaldimine, are catalytically preformed in situ prior to the reaction.  

HETEROCYCLES, Vol. 89, No. 4, 2014 939



OH

R1

R2

O

NH2

R3

+ NH
O

R3

R2

R1

226

Pt cat, HBF4

MeCN

-30 oC to rt

 

Scheme 181 

 

A multicomponent reaction is carried out by the treatment of pent-4-yn-1-ols, salicylaldehydes and 

alkoxymethanes by [Pd(MeCN)4](BF4)2 in acetonitrile at room temperature to provide the oxygen-

substituted chroman spiroacetal 227 in high yields (Scheme 182).268 
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Copper-catalyzed domino three component coupling reaction under microwave irradiation for the 

synthesis of indole-fused benzo-1,4-diazepines 228  from N-mesyl-2-ethynylaniline and o-

bromobenzylamines has been reported by Ohta et al. (Scheme 183).269 
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Scheme 183 

 

Copper-catalyzed270 domino three component coupling-cyclization is developed by Ohta group involving 

ethynylaniline, paraformaldehyde, an amino ester in dioxane under microwave irradiation to produce the 

indole intermediate which on treatment with MsOH at 80 °C for 30 min furnished 4-oxotetrahydro-β-

carbolines 229 (Scheme 184). 
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A new copper-catalyzed synthesis of 3-(aminomethyl)isoquinoline-fused polycyclic compounds 230 

through four component coupling, cyclization, and oxidation, is described by the same group (Scheme 

185).271 The Mannich-type reaction of 2-ethynylbenzaldehyde with paraformaldehyde and a secondary 

amine followed by the treatment with a diamine component in the presence of CuCl afforded tricyclic 

isoquinolines. In this reaction, CuCl showed effective catalytic activity under an oxygen atmosphere to 

afford the corresponding products in moderate to good yields. 
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Palladium-catalyzed couplings of N,N-di(o-iodophenyl)carbodiimides with different alkyl or aryl amines 

under carbon monoxide providing quinazolino[3,2-a]quinazolinones 231, in a single operation has been 

reported by Alper et al.272 The reaction is not dependent on the electronic nature of the substituents of the 

aryl moiety. Increasing the bulkiness of the R3 group decreased the yield of the tetracyclic product 

(Scheme 186). 
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An easy route to benzoindolizine derivatives 232 involving the cycloaddition of azadienes with a silyl 

enol ether followed by a palladium(0)-catalyzed Heck coupling reaction has been developed. The in situ 
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generated azadienes (X = H, Me, Cl) undergoes cycloaddition reactions with ethyl 3-trimethylsiloxy-2-

butenoate followed by intramolecular Heck coupling reaction using a catalytic amount of palladium(II) 

acetate in anhydrous toluene in the presence of a slight excess of triethylamine as a base (Scheme 187).273 
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Scheme 187 
 

An efficient, simple and novel one-pot four component reaction for the synthesis274 of pyranopyrazol-6-

one derivatives 233 refluxing in aqueous media in the presence of Ba(OH)2 as readily available, 

inexpensive and effective catalyst from hydrazine hydrate, ethyl acetoacetate, aromatic aldehyde and 

meldrums acid  has been reported (Scheme 188). 
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Multicomponent reaction of ethyl acetoacetate, hydrazine hydrate, malononitrile and aldehyde to produce 

6-amino-4-alkyl/aryl-3-methyl-2,4-dihydropyrano[2,3-c]pyrazole-5-carbonitrile 234 using expedient and 

recyclable γ-alumina as catalyst is described recently.275 It is also reported the comparative catalytic 

efficacy of γ-alumina, basic alumina and KF-alumina. Among these three catalysts, γ-alumina proved to 

be the most effective for this multicomponent reaction (Scheme 189). 

 

O

O
EtO

CN

CN

NH2NH2.H2O

R1

OH
+

O

HN
N

CN

NH2

R1

alumina

ref lux, H2O

234  

Scheme 189 

 

942 HETEROCYCLES, Vol. 89, No. 4, 2014



Silver(I) triflate and nickel perchlorate hexahydrate-catalyzed three component reactions for the synthesis 

of tetrahydropyridazinoisoquinoline derivative 235 of 2-alkynylbenzaldehydes, sulfonohydrazide and 

dimethyl cyclopropane has been reported where 6-endo cyclization and [3+3] cycloaddition is responsible 

for the formation of product (Scheme 190).276 
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Scheme 190 
 

A novel four component reactions for the construction of tetracyclic aza-analogs of nuevamine 236 from 

aldehyde, amine, isonitrile compound and maleic anhydride by free radical cyclization with tributyltin 

hydride and scandium triflate under microwave irradiation is reported (Scheme 191).277 
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Scheme 191 

 

An array of naphthoxazinone derivatives 237 is synthesized with copper nanoparticle from the mixture of 

aldehyde, urea and 2-naphthol in PEG-400 at room temperature.278 In case of N-methylurea, the yield of 

the product reduces whereas in case of N,N-dimethylurea, both α-naphthol and naphthalen-2-thiol are 

failed to produce any product. In mechanistic rationalization, at initial event aldehyde and urea condensed 

to form reactive acylimine. Subsequently, the acylimine undergoes a cyclization with 2-naphthol to afford 

naphthoxazinones (Scheme 192). 
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Environmentally benign one-pot four component condensation reaction of phthalic anhydride, 

hydrazinium hydroxide, aromatic aldehyde and demidone in the presence of Ce(SO4)2.4H2O as eco-

friendly catalyst for the formation of indazolophthalazine trione 238 under solvent free condition has been 

reported. The mechanistic rationalization of this multicomponent reaction is responsible for initially 

formation of phthalhydrazide from nucleophilic addition of hydrazinium hydroxide to phthalic anhydride 

followed by dehydration and subsequent Michael type addition reaction and cyclization of 

phthalhydrazide and heterodiene which is formed by Knoevenagel condensation between dimedone and 

aldehyde affording the product (Scheme 193).279 
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One-pot four component reaction280 of phthalimide, hydrazine hydrate, aromatic aldehyde and 

malononitrile or ethyl cyanoacetate in refluxing ethanol has been described using NiCl2.6H2O as effective 

and inexpensive catalyst for the synthesis pyrazolophthalazinedione 239 in good yield (Scheme 194). 
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Three component reaction of δ-hydroxy-α,β-unsaturated aldehyde (perlin aldehyde), 1,3-diketone and 

aniline in dichloromethane using indium(III) chloride as catalyst at -10 oC is described.281 This provides 

the sugar annulated N-aryl-tetrahydropyridine derivatives 240 in good yield (Scheme 195). 
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Transition metal-catalyzed reactions of functionalized allenes have become one of the most important 

tools for the synthesis of some biologically important systems especially the medium-sized heterocyclic 

system. Palladium-catalyzed carbopalladation of allenes may afford the π-allyllic palladium species 

which would react with a nucleophile to form the allylation product. A three component Pd(0)-catalyzed 

highly chemo- and regioselective cyclization reaction for the synthesis of ten-memebered heterocycles 

241 with two stereodefined C-C bonds from 1,5-bisallenes, organic halides and primary amines has been 

reported (Scheme 196).282 
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One-pot three component reaction combining a set of acyclic substrates/reagents of 1,2-diaza 1,3-dienes, 

primary amines, and isothiocyanates in a different order of addition under the same reaction conditions, a 

robust chemo-/regioselective approach to heterocyclic skeletal diversity is achieved. The protocols afford 

selectively substituted 1,3,5-trisubstituted 2-thiohydantoins or 2-iminothiazolidin-4-ones 242 and 243 

bearing a diversity at the 5-position of the heterorings (Scheme 197).283 
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Salicylaldehyde, malononitrile and amine in the presence of catalytic amount of LiClO4 afford 

benzopyranopyrimidines 244 via pseudo four component reactions. It is assumed that the reaction 

involved the Knoevenagel condensation between salicylaldehyde and malononitrile followed by 

subsequent Pinner reaction to afford an intermediate. Cyano group of that intermediate is then attacked by 

the amine, followed by cyclization with another mole of salicylaldehyde producing the final product 

(Scheme 198).284 
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6. CONCLUSION 

Heterocycles are found in many natural products, pharmaceuticals, organic materials, and in numerous 

functional molecules. Therefore, the ongoing interest for developing new versatile and efficient syntheses 

of heterocycles has always been a challenge in the synthetic community. Heterocycles are especially 

important in chemical and pharmaceutical industries. The traditional and conventional methodologies 

mostly used for the synthesis of these heterocycles, are reliable and robust and proceed generally at low 

cost, but these methodologies suffered with waste byproducts and harsh reaction conditions. In this 

regards, multicomponent reactions (MCRs) minimize such waste and are in general environmentally 

benign. Heterocycles having a complicated structure with many labile functional groups can be 

synthesized often from rather simple easy accessible starting materials through sequential catalytic 

processes in one-step.  

In the past decade developments in the multicomponent reactions (MCRs) have greatly increased. More 

development in the area of multicomponent reactions (MCRs) in near upcoming research is required for 

the synthesis of a variety of heterocyclic compounds. The ability to perform tandem reactions to construct 

complex heterocyclic scaffolds makes the multicomponent reactions (MCRs) a potentially powerful 

synthetic tool. We hope that this review will be useful not only for synthetic organic chemists but also for 

heterocyclic and natural product synthetic chemists. 
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