
vii

Contents

About the Editors xvii
Preface xix
List of Abbreviations xxi

1 An Introduction to Organic Transformations in Water 1
Nissy Ann Harry and Gopinathan Anilkumar

1.1 The Emergence of Water as a Solvent in Organic Chemistry 1
1.2 Green Chemistry and Water 3
1.3 Conclusion 8

References 9

2 Chemistry of “On-Water” Reactions 11
Anthony G. Coyne

2.1 Introduction 11
2.1.1 Classification of In-Water and On-Water Reactions 14
2.1.2 Mechanistic Aspects 15
2.1.3 Influence of Stirring Rate 15
2.1.4 On-Droplet Effects 18
2.2 Broadening the Scope of On-Water Reactions 20
2.2.1 Light-Mediated Reactions 20
2.2.2 Electrochemical Reactions 21
2.2.3 Flow Chemistry 22
2.2.4 Prebiotic Chemistry 24
2.3 Conclusions 25

References 25

3 Chemistry of “In-Water” Reactions: Spotlights on Micellar and
Phase-Transfer Catalysis 29
Tharique N. Ansari, Gaganpreet Kaur, Thomas J. Colacot, and Sachin Handa

3.1 Introduction 29
3.2 Understanding the Concept of Micellar Catalysis 30
3.3 Basic Principles of Phase-Transfer Catalysis 31
3.4 Highlights of Micellar Catalysis 32



viii Contents

3.4.1 Micelle-Enabled Cross-Coupling Reactions 33
3.4.1.1 Suzuki–Miyaura Couplings Enabled by Micellar Catalysis 33
3.4.1.2 C–N Cross-Couplings Enabled by Micellar Catalysis 37
3.4.1.3 Sonogashira Couplings Enabled by Micellar Catalysis 39
3.4.1.4 Palladium Catalyzed α-Arylation Reactions Enabled by Micellar

Catalysis 41
3.4.1.5 Micellar Nanocatalysis in C–C Couplings 42
3.4.2 SN Ar Reactions Employing Micellar Catalysis 46
3.4.3 Amide Coupling Employing Micellar Catalysis 47
3.4.4 Biocatalysis Employing Micellar Catalysis 50
3.5 Highlights of PTC 52
3.5.1 Asymmetric Hydroxylation 52
3.5.2 Asymmetric SN Ar Reactions 52
3.5.3 Alkylation of 3-Arylpiperidin-2-ones 53
3.5.4 Csp3—Csp3 Bond Formation Through Synergistic Effect of Palladium

and PTC 53
3.5.5 Enantioselective α-Benzoxylation 54
3.5.6 Ionic Liquids (ILs) in Phase-Transfer Catalysis 54
3.6 Conclusion 56

References 56

4 Physicochemical Aspects of “On-Water” and “In-Water”
Reactions 63
Rachel Napier and Bao N. Nguyen

4.1 Introduction 63
4.2 Phase Behaviors of Realistic Reactions 64
4.2.1 Complex and Substrate-Dependent Phase Behaviors 64
4.2.2 Effect of Salts 66
4.3 Mechanistic Considerations 68
4.3.1 Rate Determining Steps 69
4.3.1.1 Mass Transfer of the Reactants to the Water–Organic Interface as the

Rate Determining Step 69
4.3.1.2 Intrinsic Chemical Rate Determining Step Without Involvement of

Water Molecules 71
4.3.1.3 Intrinsic Chemical Rate Determining Step with Involvement of Water

Molecules 72
4.3.2 Computational Studies of Water-Accelerated Reactions 75
4.4 Green Processes Based on Water-Accelerated Reactions 79
4.5 Summary and Conclusions 80

References 80

5 C–H Activation Reactions in Aqueous Medium 83
Feng Zhou and Chao-Jun Li

5.1 Introduction 83
5.2 C–H Bond Activation Reactions in Aqueous Medium 84
5.2.1 Activation of sp C–H Bonds 84



Contents ix

5.2.2 Activation of sp2 C–H Bonds 90
5.2.3 Activation of sp3 C–H Bonds 97
5.3 Summary and Conclusion 100

Acknowledgments 101
References 101

6 Recent Developments in Multicomponent Reactions in
Water 105
Bibi E. M. Nanlohy and Floris P. J. T. Rutjes

6.1 Introduction 105
6.2 I-MCRs 108
6.2.1 Four-Membered Heterocycles 109
6.2.2 Five-Membered Heterocycles 110
6.2.2.1 Oxygen Heterocycles 110
6.2.2.2 Nitrogen Heterocycles 112
6.2.2.3 Sulfur Heterocycles 115
6.2.3 Six-Membered Heterocycles 115
6.2.3.1 Oxygen Heterocycles 115
6.2.3.2 Nitrogen Heterocycles 116
6.2.4 Seven-Membered Heterocycles 118
6.3 Knoevenagel-Initiated MCRs 119
6.3.1 Five-Membered Heterocycles 120
6.3.1.1 Oxygen Heterocycles 120
6.3.1.2 Nitrogen Heterocycles 120
6.3.1.3 Nitrogen and Oxygen Heterocycles 121
6.3.2 Six-Membered Heterocycles 122
6.3.2.1 Oxygen Heterocycles 122
6.3.2.2 Nitrogen Heterocycles 130
6.4 Summary and Conclusions 135

References 135

7 Pericyclic Reactions in Aqueous Medium 141
Surabhi Mishra, Sumran Raikwar, and Beeraiah Baire

7.1 Introduction 141
7.1.1 Pericyclic Reactions 141
7.1.1.1 Cycloaddition Reactions 141
7.1.1.2 Electrocyclic Reactions 141
7.1.1.3 Sigmatropic Rearrangements 142
7.1.1.4 Group Transfer Reactions 142
7.1.2 Water in Organic Synthesis 143
7.2 Cycloaddition Reactions in Aqueous Medium 143
7.2.1 The In-Water [4+2] Cycloaddition Reactions (or) Diels–Alder

Reactions 143
7.2.2 Effect of Water on Endo-/Exo-Selectivity in [4+2] Cycloaddition

Reactions 148



x Contents

7.2.3 Intramolecular Diels–Alder Reactions In-Water 149
7.2.4 On-Water [4+2] Cycloaddition Reactions 150
7.3 Miscellaneous Cycloaddition Reactions In-Water 150
7.3.1 The [3+2] or 1,3-Dipolar Cycloaddition Reactions 150
7.3.2 [2+2+2] Cycloaddition Reactions 152
7.3.3 [4+3] Cycloaddition Reactions 152
7.3.4 [5+2] Cycloaddition Reactions 153
7.3.5 [2+2] Cycloaddition Reactions 153
7.4 Electrocyclic Reactions In-Water (Ring Closure and Ring Opening) 154
7.4.1 4π-Electrocyclization Reactions 154
7.4.2 6π-Electrocyclization Reactions 155
7.5 Sigmatropic Rearrangements In-Water 156
7.5.1 [3,3]-Sigmatropic Rearrangements 156
7.5.2 [2,3]-Sigmatropic Rearrangements 157
7.6 Ene Reactions 157
7.7 Summary and Conclusions 158

References 158

8 Olefin Metathesis In-Water: Recent Progress and
Challenges 165
Bengi Özgün Öztürk

8.1 Introduction 165
8.2 Ionic, Non-Ionic, and Amphiphilic Group-Tagged Olefin Metathesis

Catalysts 166
8.3 Biopolymer Integrated Olefin Metathesis Catalysts 175
8.4 Conclusion 176

Acknowledgments 177
References 177

9 Oxidation and Reduction Reactions in Water 179
Rose Mary Philip, Padinjare Veetil Saranya, and Gopinathan Anilkumar

9.1 Introduction 179
9.2 Oxidation Reactions in Water 180
9.2.1 Epoxidation of Alkenes in Water 180
9.2.2 Oxidation of Alcohols to Carbonyl Compounds in Water 181
9.2.2.1 Oxidation of Alcohols to Aldehydes or Ketones 181
9.2.2.2 Oxidation of Alcohols or Aldehydes to Carboxylic Acids 183
9.3 Reduction Reactions in Water 185
9.3.1 Iridium-Catalyzed Reduction 185
9.3.2 Ruthenium-Catalyzed Reduction 187
9.3.3 Palladium-Catalyzed Reduction 188
9.3.4 Rhodium-Catalyzed Reduction 189
9.3.5 Nickel-Catalyzed Reduction 189
9.3.6 Platinum-Catalyzed Reduction 190
9.3.7 Iron-Catalyzed Reduction 191
9.3.8 Cobalt-Catalyzed Reduction 191
9.3.9 Copper-Catalyzed Reduction 192



Contents xi

9.3.10 Bimetal-Catalyzed Reduction 192
9.3.11 Miscellaneous Reactions 193
9.4 Summary and Conclusions 193

References 194

10 Radical Reactions in Water 197
Xiaoye Yu, Ying Zhang, and Huan-Ming Huang

10.1 Introduction 197
10.2 Transition Metal-Catalyzed Radical Reaction in Water 198
10.2.1 Transition Metal-Catalyzed Oxidation 198
10.2.2 Transition Metal-Catalyzed Fluorination 200
10.2.3 Transition Metal-Catalyzed Difunctionalization of Alkenes 201
10.2.4 Miscellaneous 202
10.3 Transition Metal-Free Radical Reaction in Water 203
10.3.1 Azo-Type Initiators 203
10.3.2 Triethylborane as Initiator 205
10.3.3 Persulfate Salts as Oxidants 205
10.3.4 Peroxides as Oxidants 207
10.3.5 O2 as the Oxidant 210
10.3.6 Miscellaneous 212
10.4 Photoredox Reactions Excited by Visible Light in Water 212
10.4.1 Radical Addition to α,β-Unsaturated Systems 213
10.4.2 Cross-Dehydrogenative Coupling 216
10.5 Conclusions 218

References 218

11 Carbene Reactions in Water 223
Xiaoye Yu, Ying Zhang, and Huan-Ming Huang

11.1 Introduction 223
11.2 Carbene Reaction in Water 223
11.2.1 Cyclopropanation and Cyclopropenization 224
11.2.2 X—H Insertion Reactions (X=C, N, O) 225
11.2.3 Organocatalytic NHC Reactions 226
11.3 Conclusions 228

References 229

12 Nucleophilic Addition and Substitution Reactions
In-Water 231
Panackalchirayil S. Devi, Pulluparambil X. T. Rinu, and Gopinathan
Anilkumar

12.1 Introduction 231
12.2 Nucleophilic Addition Reactions 232
12.2.1 Knoevenagel Reactions 232
12.2.2 Michael Addition Reaction 234
12.2.3 Mannich Reaction 236
12.2.4 Aldol Reaction 238



xii Contents

12.3 Nucleophilic Substitution Reactions 240
12.3.1 Nucleophilic Aromatic Substitution Reactions (SNAr) 241
12.3.2 SN1 and SN2 Reactions 243
12.4 Summary and Conclusions 246

References 247

13 Asymmetric Organic Reactions in Water 251
Han-Yong Bae, Woo-Hee Kim, and Seok-Ju Hong

13.1 Introduction 251
13.2 Asymmetric Metal (Lewis Acid) Catalysis in Water 252
13.2.1 Asymmetric Reduction 252
13.2.1.1 Carbonyl (C=O Bond) Reduction 252
13.2.1.2 Imine (C=N Bond) Reduction 252
13.2.2 Asymmetric Oxidation 253
13.2.2.1 Epoxidation 253
13.2.2.2 Sulfoxidation 253
13.2.3 Asymmetric Carbon–Carbon Bond Formation 254
13.2.3.1 Allylation 254
13.2.3.2 Alkynylation 254
13.2.3.3 Friedel–Crafts Reaction 255
13.2.3.4 Aldol-Type Reaction 255
13.2.4 Asymmetric Carbon-Heteroatom Bond Formation 256
13.2.4.1 Carbon–Nitrogen (C–N) Bond Formation 256
13.2.4.2 Carbon–Sulfur (C–S) Bond Formation 256
13.2.4.3 Carbon–Boron (C–B) Bond Formation 256
13.2.4.4 Carbon–Silicon (C–Si) Bond Formation 257
13.3 Asymmetric Lewis Base Organocatalysis in Water 258
13.3.1 Asymmetric Aldol Reaction 258
13.3.1.1 Using Hydrophobic Diamine Catalyst 258
13.3.1.2 Using Polymer-Supported Proline Catalyst 258
13.3.2 Asymmetric Michael Reaction 259
13.3.2.1 Using Hydrophobic Diamine Catalyst 259
13.3.2.2 Using Superparamagnetic Nanoparticle-Supported Diarylprolinol Silyl

Ether Catalyst 259
13.3.3 Asymmetric Diels–Alder Reaction 260
13.3.3.1 Using Imidazolidinone Catalyst 260
13.3.3.2 Using Diarylprolinol Silyl Ether Catalyst 260
13.4 Asymmetric Brønsted Acid Organocatalysis in Water 261
13.4.1 Asymmetric Transfer Hydrogenation 261
13.4.1.1 Using Chiral Phosphoric Acid Catalyst 261
13.5 Asymmetric Brønsted Base Organocatalysis in Water 262
13.5.1 Asymmetric Michael Addition 262
13.5.1.1 Using Cinchona-Based Squaramide Catalyst: Amplification of

Reactivity 262
13.5.2 Asymmetric Mannich Reaction 263



Contents xiii

13.5.2.1 Using Cinchona-Based Squaramide Catalyst: Amplification of
Reactivity 263

13.5.2.2 Using Hydrophobic Cinchona Alkaloids: Amplification of
Enantioselectivity 264

13.5.3 Asymmetric Thiolation 264
13.5.3.1 Using tert-Amine Squaramide Catalyst 264
13.5.4 Asymmetric Protonation 264
13.5.4.1 Using tert-Amine Thiourea Catalyst 264
13.6 Summary and Conclusions 265

Acknowledgments 266
References 266

14 Organocatalytic Reactions in Water 269
Bubun Banerjee, Anu Priya, Zsuzsanna Szalai, Aditi Sharma, Manmeet Kaur,
Arvind Singh, and György Keglevich

14.1 Introduction 269
14.2 Organocatalyzed Synthesis of Biologically Promising N-Heterocycles in

Water 270
14.2.1 Synthesis of Decahydroacridine-1,8-Diones and Dihydropyrido

[2,3-d:6,5-d′]Dipyrimidines 270
14.2.2 Synthesis of Aminocyanopyridines 270
14.2.3 Synthesis of 1,2,6-Triaryl-4-Arylamino-Piperidine-3-Ene-3-

Carboxylates 271
14.2.4 Synthesis of 2-Substituted-2,3-Dihydroquinazolin-4(1H)-ones 271
14.2.5 Synthesis of 2,3-Dihydro-1H-Perimidines 273
14.2.6 Synthesis of Imidazopyridines 273
14.2.7 Synthesis of 1,2,4-Triazolidine-3-Thione Derivatives 273
14.3 Organocatalyzed Synthesis of Biologically Promising O-Heterocycles in

Water 274
14.3.1 Synthesis of 4H-Pyrans, Pyran-Annulated Heterocycles, and

Spiro-Pyrans 274
14.3.2 Synthesis of Chromenes 276
14.3.3 Synthesis of Tetrahydrobenzo[a]xanthene-11-ones 277
14.4 Organocatalyzed Synthesis of Biologically Promising N,O-Heterocycles

in Water 278
14.4.1 Synthesis of Pyrano[3,2-c]Quinolone Derivatives 278
14.4.2 Synthesis of Chromeno[4,3-d]Pyrimidines 278
14.4.3 Synthesis of 3,4-Disubstituted Isoxazol-5(4H)-ones 278
14.4.4 Synthesis of Chromeno[4,3-b]Pyrano[3,4-e]Pyridines 279
14.5 Organocatalyzed Synthesis of Biologically Promising N,S-Heterocycles in

Water 279
14.5.1 Synthesis of Pyrimido[2,1-b]Benzothiazole Derivatives 279
14.5.2 Synthesis of Spiro[Benzothiazolo[3,2-a]Pyrimidine-4,3′-Indolines 279
14.6 Organocatalyzed Miscellaneous Reactions in Water 280
14.6.1 Synthesis of Structurally Diverse α,β-Unsaturated Ketones 280



xiv Contents

14.6.2 Synthesis of (E)-Nitroalkenes 280
14.6.3 Synthesis of Bis(Pyrazol-4-yl)Arylmethanes 281
14.6.4 Synthesis of Bis(Indole-3-yl)Aryl/Alkylmethanes 281
14.6.5 Synthesis of 2-Aminobenzothiazolomethyl Naphthols 281
14.6.6 Synthesis of Bis(Coumarin-3-yl)Arylmethanes 282
14.6.7 Synthesis of (E)-3-(Arylimino)Indolin-2-ones 283
14.6.8 Synthesis of 4-Hydroxy-4H-Chromene-Functionalized Pyrazoles and

Barbiturates 283
14.7 Asymmetric Synthesis Using Organocatalysts 283
14.7.1 Organocatalyzed Asymmetric Exo-Selective Diels–Alder Reaction in

Water 283
14.7.2 Organocatalyzed Asymmetric Aldol Reaction in Water 284
14.7.3 Organocatalyzed Asymmetric Michael Addition in Water 285
14.8 Conclusions 288

Acknowledgments 288
References 288

15 Organic Electrocatalysis in Water 291
Samina Aslam, Sadia Rani, Kiran Lal, and Nisar Ahmed

15.1 Introduction 291
15.2 Direct vs. Mediated Reductive Oxidation and Oxidative Reduction 292
15.3 Water as a Solvent and an Electrolyte 292
15.4 Electrocatalysis 294
15.5 Water Electrolysis 295
15.6 Organic Transformations in Water: Principles and Applications 297
15.6.1 Kolbe Electrolysis 297
15.6.2 Role of Nanostructures in Electrochemical Conversions 299
15.6.3 Metal-Catalyzed Electrosynthesis in Water 301
15.6.4 Electrochemical Oxidation in Aqueous Media 301
15.6.5 Electrochemical Reduction in Aqueous Media 304
15.6.6 Emulsion Electrooxidation in Aqueous Media 304
15.6.7 Electrochemical Polymerization in Aqueous Media 304
15.6.8 Electrocatalytic Hydrogenation (ECH) 305
15.6.9 Examples of Electrochemical Processes in Mixture of Water and Other

Solvents 306
15.7 Benefits of Electrochemical Conversions 309
15.8 Conclusion 309
15.9 Future Perspectives 310

References 310

16 Visible Light Photocatalysis in Water 313
Camilla Russo, Francesca Brunelli, Gian Cesare Tron, and Mariateresa
Giustiniano

16.1 Introduction 313
16.2 In-Water Reactions 314



Contents xv

16.2.1 Soluble Photocatalysts 314
16.2.2 Addition of Solubilizing Agents 316
16.2.2.1 Photomicellar Catalytic Systems 316
16.2.2.2 Use of Additives Other Than Surfactants 318
16.3 On-Water Reactions 318
16.3.1 Catalytic Roles of Water as a Solvent for the Acceleration of Reaction

Rates 319
16.3.2 Exploitation of Non-Solvent Properties of Water 320
16.4 Photobiocatalysis 321
16.4.1 Photoenzymatic Catalysis 322
16.4.2 Synergistic Photoenzymatic Catalysis 323
16.4.3 Tandem Photocatalyst/Enzyme Reactions 323
16.4.4 Enzymatic Reactions Coupled to Natural Photosynthesis 324
16.5 Summary and Conclusions 325

References 326

17 Industrial Applications of Organic Reactions in Water 329
Chitrakar Ravi and Subbarayappa Adimurthy

17.1 Introduction 329
17.2 Oxidative Esterification of Alcohols 330
17.3 Green Oxidation of Methylarenes to Benzoic Acids with

Bromide/Bromate in Water 331
17.4 Environment-Friendly Synthesis of Bromoxynil and Iodoxynil 332
17.5 Synthesis of 2,6-Dibromo-4-Nitroaniline from 4-Nitroaniline in an

Aqueous Medium 333
17.6 HBr–H2O2 for Regioselective Synthesis of Bromohydrins and

α-Bromoketones and Oxidation of Benzylic/Secondary Alcohols to
Carbonyl Compounds in Aqueous Medium 334

17.7 Water-Mediated Synthesis of Imidazo[1,2-a]Pyridines 336
17.8 Sulfenylation of N-Heteroarenes in Water (Rice Cooking Method) 337
17.9 Summary and Conclusions 338

Acknowledgments 339
References 339

Index 343




