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ABSTRACT 

Among various onium salts, the pyridinium salt is an important heterocyclic motif which is widely 

present in a range of biologically active compounds as well as show applicability in the diverse fields of 

synthetic and material chemistry. On the other hand, imidazo[1,2-a]pyridines and amides represent 

significant class of compounds with extensive biological, medicinal and optoelectronic applications. The 

synthesis and functionalization of imidazo[1,2-a]pyridine with novel methods is desired both from 

economic and environmental point of view. The current thesis entitled “Synthesis of Functionalized 

Imidazo[1,2-a]pyridines and Amides using Pyridinium Salts” focuses on synthesis of functionalized 

imidazo[1,2-a]pyridines and amide derivatives from pyridinium salts via C–C and C-X (X = N, O, S) 

bond formation strategy using transition-metal catalysts as well as transition metal-free conditions. In this 

thesis, imidazolium-supported 2-chloropyridinium triflate has been synthesized and used for amide bond 

formation and further 2-amino-functionalized pyridinium salts were utilized to synthesize imidazo[1,2-

a]pyridines via C-X (X = N, O, S) bond formation in presence of iodine, base or palladium/copper as 

catalyst. A brief outline of the work presented in the thesis is given below.  

The first chapter of the thesis deals with the recent literature survey on the application of pyridinium 

salts as reagents and as efficient reactive partner for the synthesis of aza-fused heterocycles. Initially, 

importance of pyridinium salts and synthetic protocols to access pyridinium salts are discussed. Next, 

application of pyridinium salts in the synthesis of pyrazolopyridine, indolizine and imidazopyridines were 

discussed concisely. At last the application of pyridinium salts as efficient reagent in different organic 

transformation was summarized. 

The second chapter of the thesis describes the synthesis and application of imidazolium-supported 2-

chloro pyridinium salt as an efficient condensation reagent for synthesis of amides. The synthesised 

reagent was fully characterised using NMR, IR and mass spectroscopic technique and subsequently 

utilized for the synthesis of library of amides. All synthesized product were characterized using IR and 

NMR technique. The reaction conditions are benign, required shorter reaction time and furnished good 

yields of amides with a variety of substrates.  The evasion of column chromatography, regeneration and 

reuse of the reagents are salient features of the methodology. 

The third chapter of the thesis describes a simple and highly efficient protocol for the chemoselective 

synthesis of carbonyl-functionalized imidazo[1,2-a]pyridines via iodine-mediated 5-exo-dig type 

intramolecular cyclization of 2-amino-1-propargylpyridinium bromides in the presence of a 1N NaOH. 

Variously substituted imidazo[1,2-a]pyridine derivatives were obtained in good to excellent yields (45-

89%). Additionally, direct access to 2-methylimidazo[1,2-a]pyridines from pyridinium salts was carried 
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out in presence of base through intramolecular hydroamination reaction. A facile and greener approach 

combined with good to excellent yields of products are advantages of the protocol. 

The forth chapter of the thesis deals with the tandem intermolecular cyclisation of 2-aminopyridinum 

salts and 2-bromocarbaldehydes for the synthesis of chromone/pyrano-fused imidazo[1,2-a]pyridines. A 

direct one-pot tandem synthesis of chromeno-annulated imidazo[1,2-a]pyridines is accomplished by the 

reaction of 2-amino-1-(2-ethoxy-2-oxoethyl)pyridinium salts with 2-bromoarylaldehydes using Pd(TFA)2 

as a catalyst and Cu(OAc)2 as an oxidant. The overall scheme comprises tandem base-mediated amidation 

and Knoevenagel condensation, followed by palladium-catalyzed Wacker type oxidation and 

intramolecular C−O coupling reaction. The method is simple, tolerates different functional groups to 

generate 33 examples of desired products with moderate to good yields (28-77%).  

The fifth chapter of the thesis deals with the KOH-mediated cross-dehydrogenative C(sp3)-S bond 

formation between 2-aminopyridinium salt and thiols to access 3-sulfenylimidazo[1,2-a]pyridin-2-ol 

derivatives in acetonitrile at 30 °C. The reaction afforded 29 examples of differently substituted 2-

hydroxy-3-sulfenylimidazo[1,2-a]pyridine derivatives in 56-95% yields. The reaction is believed to 

proceed through intramolecular amidation followed by cross-dehydrogenative C(sp3)-S coupling reaction. 

The simultaneous inclusion of hydroxy functionality in the molecule give added advantages for further 

functionalization and generation of complex scaffolds. The hydroxyl group was further utilized to access 

2-aryl-3-sulfenylimidazo[1,2-a]pyridines.  

Finally, in the sixth chapter of the thesis, a summary of the thesis work is presented along with future 

scope of the research work.  



vi 
 

LIST OF TABLES 

Table No. Title Page No. 

2.1 Optimization of reaction conditions for amide synthesis 54 

2.2 Synthesis of amide derivatives 56 

3.1 Optimization of reaction conditions for the synthesis of 55a. 92 

3.2 Substrate scope for the synthesis of 2-carbonylimidazo[1,2-a]pyridine  94 

3.3 Optimization of the reaction conditions for synthesis of 58a 95 

3.4 Scope for the base-promoted synthesis of 2-methylimidazo[1,2-

a]pyridines (58a) 

96 

4.1 Optimization of the reaction condition for the synthesis of 58aa 130 

4.2 Substrate scope for synthesis of chromeno-annulated imidazo[1,2-

a]pyridines 

133 

4.3 Synthesis of pyrano[2',3':4,5]imidazo[1,2-a]pyridin-4-ones (60) 136 

4.4 Crystal data and structure refinement for 58cd 156 

4.5 Fractional atomic coordinates (×104) and equivalent isotropic 

displacement parameters (Å2×103) for 58cd 

157 

4.6 Anisotropic displacement parameters (Å2×103) for 58cd 158 

4.7 Bond lengths for 58cd 159 

4.8 Bond lengths for 58cd 160 

4.9 Hydrogen atom coordinates (Å×104) and isotropic displacement 

parameters (Å2×103) for 58cd 

161 

5.1 Optimization of reaction conditions for the synthesis of 29ab 177 

5.2 Substrate scope for synthesis of 2-hydroxy-3-sulfenylimidazo[1,2-

a]pyridines 

180 

5.3 Crystal data and structure refinement for 29ad 199 

5.4 Fractional atomic coordinates (×104) and equivalent isotropic 

displacement parameters (Å2×103) for 29ad 

200 

5.5 Anisotropic displacement parameters (Å2×103) 29ad 202 

5.6 Bond lengths for 29ad 203 

5.7 Bond angles for 29ad 204 

5.8 Hydrogen bonds for 29ad 205 

5.9 Hydrogen atom coordinates (Å×104) and isotropic displacement 

parameters (Å2×103) for 29ad 

206 

 



 

vii 

 

LIST OF FIGURES 

Figure No. Caption Page No. 

1.1 Representative examples of some of the nitrogen containing onium 

salts 

1 

1.2 Examples of naturally occurring and biologically important 

pyridinium salts 

2 

1.3 Representative examples of bicyclic aza-fused heterocyclic molecules 11 

2.1 Representative examples of amides functionality containing marketed 

drugs and polymers 

40 

2.2 Schematic representation for amide bond formation via activation of 

carboxylic acid 

41 

2.3 1H NMR spectrum of Im-Mukaiyama reagent 66 52 

2.4 13C NMR spectrum of Im-Mukaiyama reagent 66 53 

2.5 1H NMR spectrum of N-(4-bromophenyl)-4-nitrobenzamide (6bc) 54 

2.6 13C NMR spectrum of N-(4-bromophenyl)-4-nitrobenzamide (6bc) 55 

2.7 1H NMR spectrum of imidazolium-supported pyridone 67 59 

2.8 13C NMR spectrum of imidazolium-supported pyridone 67 59 

3.1 Representative structure and examples of marketed drugs having 

imidazo[1,2-a]pyridine 

71 

3.2 C-2 and C-3 functionalized medicinally important imidazo[1,2-

a]pyridine 

85 

3.3 1H NMR spectrum of 55a 90 

3.4 13C NMR spectrum of 55a 90 

3.5 1H NMR spectrum of 58a 91 

3.6 13C NMR spectrum of 58a 91 

3.7 Representative ESI-mass spectrum of the reaction mixture 98 

4.1 Some of the medicinally important heterocyclic compounds 115 

4.2 Representative examples of biologically important fused nitrogen and 

oxygen-containing heterocyclic scaffolds  

116 



 

viii 

 

4.3 Schematic representation of the domino reactions for the synthesis of 

chromeno-annulated imidazo[1,2-a]pyridine 

129 

4.4 ORTEP diagram of 58cd. The displacement ellipsoids are drawn at 

50% probability level 

134 

4.5 IR spectrum of compound 58aa 134 

4.6 1H NMR spectrum of 58aa 135 

4.7 13C NMR spectrum of 58aa 135 

4.8 HRMS spectra of reaction mixture 138 

5.1 Representative examples of medicinally important thioether- 

containing compounds 

169 

5.2 Biologically important scaffolds containing imidazo[1,2-a]pyridine 

and sulfur units 

177 

 

5.3 1H NMR spectrum of 29ab 184 

5.4 13C NMR spectrum of 29ab 184 

5.5 ORTEP diagram of 29ad. The displacement ellipsoids are drawn at 

50% probability level. 

185 

5.6 The ESI HRMS profile for the crude reaction mass performed with 

TEMPO 

188 

6.1 A Flow chart presentation of the current thesis 211 

6.2 A diagrammatic representation of chapter 1 212 

 



 

ix 

 

LIST OF ABBREVIATIONS / SYMBOLS 

Abbreviation/Symbol Description 

α Alpha 

β Beta 

γ Gamma 

°C Degree centigrade 

Å Angstrom 

AcOH Acetic acid 

ACN Acetonitrile 

Ar Aryl 

Aq Aqueous 

BHT Butylated hydroxytoluene 

[Bmim][BF4] 1-Butyl-3-methylimidazolium tetrafluoroborate  

Bn Benzyl 

t-BuOK Potassium tert-butoxide 

Cat. Catalytic 

13C Carbon-13 

CDC Cross-dehydrogenative coupling 

m-CPBA meta-Chloroperoxybenzoic acid 

d Doublet 

dd Doublet of doublet 

DABCO 1,4-Diazabicyclo[2.2.2]octane 

DBU 1,8-Diazabicyclo[5.4.0]undec-7-ene 

DCE 1,2-Dichloroethane 



 

x 

 

DCM Dichloromethane 

DPE 1,1-Diphenylethylene 

DMA Dimethylacetamide 

DMAP 4-Dimethylaminopyridine 

DME Dimethoxyethane 

DMF N,N-Dimethylformamide  

DMSO-d6 Deuterated dimethylsulfoxide 

DMSO Dimethylsulfoxide 

DNA Deoxyribonucleic acid 

[emim][BF4] 1-Ethyl-3-methylimidazolium tetrafluoroborate 

ESI-MS Electron Spray Ionization Mass Spectrometry 

ESI-TOF Electron Spray Ionization-Time of Flight 

EtOAc Ethyl acetate 

EtOH Ethanol 

equiv. Equivalent  

g Gram 

h Hours 

HFIP Hexafluoroisopropanol 

HRMS High Resolution Mass Spectra 

HTIB [Hydroxy(tosyloxy)iodo]benzene 

IBD Iodobenzene diacetate 

IBX 2-Iodoxybenzoic acid 

ILs Ionic liquids 

IR Infra-red 

Hz Hertz 



 

xi 

 

IP Imidazo[1,2-a]pyridines 

J Coupling constant 

KOAc Potassium acetate 

Lit. Literature 

MP Melting point 

m Multiplet 

MHz Mega hertz 

min Minutes 

mmol Millimole 

MW Microwave 

N2 Nitrogen  

NBS N-bromosuccinimide 

NCS N-chlorosuccinimide 

NMP N-Methyl-2-pyrrolidone 

NMR Nuclear Magnetic Resonance 

O2 Oxygen 

PEG400 Polyethylene Glycol400 

1, 10-Phen 1,10-Phenanthroline 

PIDA Phenyl iodonium diacetate 

PIFA (Bis(trifluoroacetoxy)iodo)benzene 

PivOH Pivalic acid 

ppm Parts per million 

% Percentage 

rt Room temperature 

S Singlet 



 

xii 

 

SET Single electron transfer 

t Triplet 

TEA Triethyl amine 

TFA Trifluoroacetic acid 

TBAB Tetrabutylammonium bromide 

TBHP tert-Butyl hydroperoxide 

TEMPO 2,2,6,6-tetramethylpiperidine-1-oxyl 

THF Tetrahydrofuran 

TLC Thin layer chromatography 

TMDEA Tetramethylethylenediamine 

TMS Tetramethylsilane 

TMSCl Trimethylsilyl chloride 

-OTf Triflouromethanesulfonate 

-OTs p-Toluenesulfonyl 
 

 




