TABLE OF CONTENTS

Abstract
Preface
List of Tables
List of Schemes
List of Figures
List of Appendices
Appendix A: List of Research Publications
Appendix B: Oral & Poster Presentations
Abbreviation
Chapter I
A brief review on cross coupling methodologies for carbon-carbon and
carbon-heteroatom bond forming reactions
[.A. Introduction
I.A.1 Origin of Cross Coupling Reactions
I.A.2. Palladium catalyzed different cross coupling reactions
[LA.2.1. Mizoroki-Heck reaction
I.A.2.2. Sonogashira Reaction
[.A.2.3. Negishi Reaction
[.A.2.4. Stille Reaction
[.A.2.5. Suzuki Reaction
1.A.2.6. Buchwald-Hartwig Amination Reaction
1.A.2.7. Direct C—H Arylation Reaction
[.A.2.8. Directing group (DG) mediated arylation

[.A.3. General catalytic cycle of Palladium catalysed cross-coupling reaction

[.A.4. Application of Pd-catalyst in cross coupling reactions towards
the synthesis of important molecules

[.LA.4.1. Application of Mizoroki-Heck reaction

[.LA.4.2. Application of Sonogashira Reaction

[.A.4.3. Application of Negishi Reaction

1-57

O O NN

16
19
20



[.A.4.4. Application of Stille Reaction
[LA.4.5. Application of Suzuki—-Miyaura Reaction
[.LA.4.6. Application of Buchwald—Hartwig reaction
1.LA.4.7. Application of C-S bond formation
[.LA.4.8. Application of C-H Functionalization
I.A.5. Ligands for Cross-Coupling reactions
I.A.5.1. Phosphine and dialkylbiarylphosphine
[.A.5.2. N-Heterocyclic carbene
[LA.5.2.1. Structure and general properties of NHCs
[LA.5.2.2. Coordination of NHCs to transition metals
[.A.5.2.3. NHC-Complexes in cross coupling reactions
[.A.5.2.3.1. Suzuki—Miyaura Cross-coupling Reaction
[.A.5.2.3.2. Mizoroki-Heck Reaction
[.A.5.2.3.3. Sonogashira Reaction
[.A.5.2.3.4. Direct C-H arylation
[.A.5.2.3.5. Directing group (DG) mediated arylation
[.B. Conclusion
I.C. References
Chapter 11
Synthesis of Pd-NHC catalyst and its application to C-H Arylation &cross
coupling reactions towards the synthesis of diverse functional molecules
II.A. Introduction
II.B Benzimidazole based Pd-NHC complex
II.B.1 Synthesis of Benzimidazole based ionic liquids
I1.B.2 Synthesis of Pd-NHC complex
II.C Pd-NHC catalyzed C-H Arylation
II.C.1 Present work: Result and Discussion
I1.C.2 Conclusion
II.D Pd-NHC Catalyzed C-C Cross Coupling Reactions
II.D.1 Pd-NHC Catalyzed Carbonylative Suzuki coupling

vi

21
22
26
28
29
30
30
31
32
34
37
38
44
46
48
52
57
57

58-95

59
60
60
61
61
61
64
65
65



II.D.1.1 Present work: Result and Discussion
I1.D.2 Pd-NHC catalyzed Carbonylative Sonogashira coupling
I1.D.2.1 Present work: Result and Discussion
I1.D.3 Pd-NHC catalyzed Heck Coupling
I1.D.3.1 Present work: Result and Discussion
I1.D.4 Conclusion
IL.E Experimental Section
ILLE.1 General Information
I1.LE.2 Preparation of Benzimidazole based ionic liquid
II.LE.3 Preparation of N-oxide containing Bis-benzimidazole based
Pd-NHC complex
II.E.4 Preparation of C-2 functionalized 2-aryl substituted
benzoxazole derivatives
IL.LE.5 Spectral analysis and physical properties of Pd-NHC catalyzed
C-H Arylated benzoxazole
I.LE.6 Preparation of substituted biaryl ketones
II.LE.7 Spectral analysis and physical properties of Pd-NHC Catalyzed
Carbonylative Suzuki coupling product
II.LE.8 Preparation of Pd-NHC catalyzed substituted 4-quinolone derivatives
IL.LE.9 Spectral analysis and physical properties of Pd-NHC catalyzed
Carbonylative Sonogashira coupling products
ILE.10. General Procedure Heck coupling
ILE.11 General Procedure for the synthesis of 4-aryl-2-quinolones and
4-phenyl-chromen-2-one
I1.LE.12 Spectral analysis and physical properties of Heck-Coupled product
IL.F References
Chapter 111
Palladium Catalyzed 8-Aminoimidazo[1,2-a|pyridine (AIP) Directed
Selectivef-C(sp?)-H Arylation
III.A Introduction

vii

65
68
68
71
71
74
74
74
74
76

76

77

80
81

83
83

85
85

86
95

96-131

97



II1.B Present work 97

III.B.1 Background & objectives 97
III.B.2Result and Discussion 99
II1.B.3 Application 105
II1.B.4 Mechanistic studies 105
III.C Conclusion 107
[II.D Experimental Section 108
[II.D.1 General Information 108
II1.D.2. Preparation of various 8-AIP substituted Amides (A) (1a-11) 108

II1.D.3. General Procedure for the Pd (I) catalyzed arylation of acrylamide 108
in Toluene (B) (3a-3s/3aa-3ah)

II1.D.4 Physical Characteristics and spectral data of compounds 109
II1.D.5 Experimental Procedure for Synthesis of 123
N-(imidazo[1,2-a]pyridin-8-yl)-2,3-diphenylacrylamide (3a) in gram scale
II1.D.6 Experimental Procedure for Removal of Directing Group (8-AIP) 124
II1.D.7 Experimental procedure for the preparation of 124

N-(imidazo[ 1,2-a]pyridine-8-yl)-N-methyl-2-phenylacrylamide (6)

II1.D.8 Experimental Procedure for Competition experiment 125
II1.D.9 Experimental Procedure for Radical quenching experiment 125
III.E References 131
Chapter IV
8-Aminoimidazo[1,2-a|pyridine (AIP) Directed Pd(II) Catalysis: 132-180
Site-Selective f-and y-C(sp?)-H Arylation in Aqueous Medium
IV.A Introduction 133
IV.B Present work 134
IV.B.1 Background & objectives 134
IV.B.2 Result and Discussion 135
IV.B.3 Mechanistic studies 142
IV.B.4 Application 144
IV.C Conclusion 145

viii



TABLE OF CONTENTS

Abstract
Preface
List of Tables
List of Schemes
List of Figures
List of Appendices
Appendix A: List of Research Publications
Appendix B: Oral & Poster Presentations
Abbreviation
Chapter I
A brief review on cross coupling methodologies for carbon-carbon and
carbon-heteroatom bond forming reactions
[.A. Introduction
I.A.1 Origin of Cross Coupling Reactions
I.A.2. Palladium catalyzed different cross coupling reactions
[LA.2.1. Mizoroki-Heck reaction
I.A.2.2. Sonogashira Reaction
[.A.2.3. Negishi Reaction
[.A.2.4. Stille Reaction
[.A.2.5. Suzuki Reaction
1.A.2.6. Buchwald-Hartwig Amination Reaction
1.A.2.7. Direct C—H Arylation Reaction
[.A.2.8. Directing group (DG) mediated arylation

[.A.3. General catalytic cycle of Palladium catalysed cross-coupling reaction

[.A.4. Application of Pd-catalyst in cross coupling reactions towards
the synthesis of important molecules

[.LA.4.1. Application of Mizoroki-Heck reaction

[.LA.4.2. Application of Sonogashira Reaction

[.A.4.3. Application of Negishi Reaction

1-57

O O NN

16
19
20



[.A.4.4. Application of Stille Reaction
[LA.4.5. Application of Suzuki—-Miyaura Reaction
[.LA.4.6. Application of Buchwald—Hartwig reaction
1.LA.4.7. Application of C-S bond formation
[.LA.4.8. Application of C-H Functionalization
I.A.5. Ligands for Cross-Coupling reactions
I.A.5.1. Phosphine and dialkylbiarylphosphine
[.A.5.2. N-Heterocyclic carbene
[LA.5.2.1. Structure and general properties of NHCs
[LA.5.2.2. Coordination of NHCs to transition metals
[.A.5.2.3. NHC-Complexes in cross coupling reactions
[.A.5.2.3.1. Suzuki—Miyaura Cross-coupling Reaction
[.A.5.2.3.2. Mizoroki-Heck Reaction
[.A.5.2.3.3. Sonogashira Reaction
[.A.5.2.3.4. Direct C-H arylation
[.A.5.2.3.5. Directing group (DG) mediated arylation
[.B. Conclusion
I.C. References
Chapter 11
Synthesis of Pd-NHC catalyst and its application to C-H Arylation &cross
coupling reactions towards the synthesis of diverse functional molecules
II.A. Introduction
II.B Benzimidazole based Pd-NHC complex
II.B.1 Synthesis of Benzimidazole based ionic liquids
I1.B.2 Synthesis of Pd-NHC complex
II.C Pd-NHC catalyzed C-H Arylation
II.C.1 Present work: Result and Discussion
I1.C.2 Conclusion
II.D Pd-NHC Catalyzed C-C Cross Coupling Reactions
II.D.1 Pd-NHC Catalyzed Carbonylative Suzuki coupling

vi

21
22
26
28
29
30
30
31
32
34
37
38
44
46
48
52
57
57

58-95

59
60
60
61
61
61
64
65
65



II.D.1.1 Present work: Result and Discussion
I1.D.2 Pd-NHC catalyzed Carbonylative Sonogashira coupling
I1.D.2.1 Present work: Result and Discussion
I1.D.3 Pd-NHC catalyzed Heck Coupling
I1.D.3.1 Present work: Result and Discussion
I1.D.4 Conclusion
IL.E Experimental Section
ILLE.1 General Information
I1.LE.2 Preparation of Benzimidazole based ionic liquid
II.LE.3 Preparation of N-oxide containing Bis-benzimidazole based
Pd-NHC complex
II.E.4 Preparation of C-2 functionalized 2-aryl substituted
benzoxazole derivatives
IL.LE.5 Spectral analysis and physical properties of Pd-NHC catalyzed
C-H Arylated benzoxazole
I.LE.6 Preparation of substituted biaryl ketones
II.LE.7 Spectral analysis and physical properties of Pd-NHC Catalyzed
Carbonylative Suzuki coupling product
II.LE.8 Preparation of Pd-NHC catalyzed substituted 4-quinolone derivatives
IL.LE.9 Spectral analysis and physical properties of Pd-NHC catalyzed
Carbonylative Sonogashira coupling products
ILE.10. General Procedure Heck coupling
ILE.11 General Procedure for the synthesis of 4-aryl-2-quinolones and
4-phenyl-chromen-2-one
I1.LE.12 Spectral analysis and physical properties of Heck-Coupled product
IL.F References
Chapter 111
Palladium Catalyzed 8-Aminoimidazo[1,2-a|pyridine (AIP) Directed
Selectivef-C(sp?)-H Arylation
III.A Introduction

vii

65
68
68
71
71
74
74
74
74
76

76

77

80
81

83
83

85
85

86
95

96-131

97



II1.B Present work 97

III.B.1 Background & objectives 97
III.B.2Result and Discussion 99
II1.B.3 Application 105
II1.B.4 Mechanistic studies 105
III.C Conclusion 107
[II.D Experimental Section 108
[II.D.1 General Information 108
II1.D.2. Preparation of various 8-AIP substituted Amides (A) (1a-11) 108

II1.D.3. General Procedure for the Pd (I) catalyzed arylation of acrylamide 108
in Toluene (B) (3a-3s/3aa-3ah)

II1.D.4 Physical Characteristics and spectral data of compounds 109
II1.D.5 Experimental Procedure for Synthesis of 123
N-(imidazo[1,2-a]pyridin-8-yl)-2,3-diphenylacrylamide (3a) in gram scale
II1.D.6 Experimental Procedure for Removal of Directing Group (8-AIP) 124
II1.D.7 Experimental procedure for the preparation of 124

N-(imidazo[ 1,2-a]pyridine-8-yl)-N-methyl-2-phenylacrylamide (6)

II1.D.8 Experimental Procedure for Competition experiment 125
II1.D.9 Experimental Procedure for Radical quenching experiment 125
III.E References 131
Chapter IV
8-Aminoimidazo[1,2-a|pyridine (AIP) Directed Pd(II) Catalysis: 132-180
Site-Selective f-and y-C(sp?)-H Arylation in Aqueous Medium
IV.A Introduction 133
IV.B Present work 134
IV.B.1 Background & objectives 134
IV.B.2 Result and Discussion 135
IV.B.3 Mechanistic studies 142
IV.B.4 Application 144
IV.C Conclusion 145

viii



IV.D Experimental Section

IV.D.1 General Information

IV.D.2 General Experimental Procedure for Preparation of 8-AIP
substituted Amides (la-11, 5a-5g) (A)

IV.D.3 Physical Characteristics and spectral data of Amides (1a-1i, 5a-5g)

IV.D.4 General Procedure for the Pd (II) Catalysed Arylation of
Amide Derivatives in Water (B)

IV.D.5 Physical Characteristics and spectral data of arylated products
(3a-3h, 3j-31, 4a-4h, 4a’-4b’ & 6a-61)

IV.D.6 Experimental procedure for the preparation of 2-(2-fluorophenyl)
-N-(imidazo-[ 1,2-a]pyridin-8-yl)-N-methylacetamide (7a)

IV.D.7 Experimental procedure for the preparation of
2-(3-fluoro-3”,4”-dimethoxy-[1,1°:4°,1”-terphenyl]-2-yl)-N-
(imidazo[1,2-a]pyridin-8-yl)-acetamide (8d)

IV.D.8 Experimental procedure for the removal of 8-AIP auxiliary

IV.D.9 Experimental procedure for intermolecular competition experiment

IV.D.10 Experimental procedure for radical quenching experiments

IV.D.11 Experimental procedure for the preparation of 1a-d4

IV.E References
Bibliography

References for Chapter I
References for Chapter 11
References for Chapter 111
References for Chapter IV

Index

146
146
146

146
152

152

166

167

168
168
169
169
180
181-197
181-190
190-192
193-195
195-197
198-199





