
Table of Contents 

 Page No. 

Abstract…………………………………………………………………………………………………….... i-viii 

Declaration……………………………………………………………………………………………........ ix 

Certificate of the Supervisor……………………………………………………………………....... x 

Certificate of the external examiner and ODEC................................................................... xi 

Acknowledgements……………………………………………………………………………….......... xii-xiii 

Abbreviations and Symbols……………………………………………………………………......... xiv-xvi 

List of Schemes……………………………………………………………………………………………. xvii-xx 

List of Figures…………………………………………………………………………………………....... xxi-xxii 

List of Tables………………………………………………………………………………………………. xxiii-xxiv 

 

Chapter 1. General Introduction 1-50 

1.1 Brief Background of Hypervalent Iodine Chemistry 1-2 

1.2 Hypervalent Bonding and Important Iodine(III) Reagents 2 

 1.2.1   Classification 2-3 

 1.2.2   General synthesis of hypervalent iodine species 3-4 

 1.2.3   Molecular orbital bonding 4 

 1.2.4   Examples of iodine(III) compounds 4-5 

1.3 Diaryliodonium Salts 6 

 1.3.1   Structure and types of diaryliodonium salts 6-7 

 1.3.2   General reactivity of diaryliodonium salts 8-9 

1.4 Unsymmetrical Diaryliodonium Salts with “dummy ligands” 9-11 

1.5 General Mechanism and Explanation for Chemoselective Arylation 11 

 1.5.1 Under metal-free conditions 11-14 

 1.5.2 Under copper-catalyzed conditions 14-16 

1.6 Synthesis of Diaryliodonium Salts 17-22 

1.7 Metal-Free Arylation Methods with Diaryliodonium Salts 22 

 1.7.1 Arylation of Nitrogen Nucleophiles 22 

  1.7.1.1 N-arylation of amines 22-24 

  1.7.1.2 N-arylation of amides and imides 24-26 

  1.7.1.3 N-arylation of heterocycles 26-27 

 1.7.2 Arylation of Oxygen Nucleophiles 27 

  1.7.2.1 O-arylation of phenols 27-28 

  1.7.2.2 O-arylation of alcohols 28-30 



  1.7.2.3 O-arylation of carboxylic acids 30-31 

 1.7.3 Arylation of Sulphur Nucleophiles 31-32 

1.8 Copper-catalyzed Arylation Methods with Diaryliodonium Salts 32 

 1.8.1 C-H arylation 32-34 

 1.8.2 Hetero-atom arylation 34-35 

1.9 Applications of Diaryliodonium Salts in Total Synthesis 35-36 

1.10 Thesis overview and Objectives 37 

1.11 Bibliography 38-50 

   
Chapter 2. Metal-Free Regioselective N2-Arylation of 1H-

Tetrazoles 

51-100 

2.1 Introduction 51 

 2.1.1 Tetrazoles and its applications 51-52 

 2.1.2 Previous methodologies to access 2,5-Tz scaffolds 52-56 

2.2 Optimization 56 

 2.2.1   Optimization of the reaction conditions 56-58 

 2.2.2   Influence of counter-anions and selection of auxiliary 58-59 

2.3 Substrate scope 59 

 2.3.1   Scope of tetrazoles 59-60 

 2.3.2   Scope of diaryliodonium salts 60-62 

2.4 One-pot methodology 62-65 

2.5 Scalability of the reaction 65 

2.6 Applicability towards biologically active 1H-Tz scaffolds 65-66 

2.7 Plausible mechanism of the reaction 66-67 

2.8 Summary of the chapter 67-68 

2.9 Experimental Section 69 

 2.9.1 Synthesis of tetrazoles 69-70 

 2.9.2 Synthesis of diaryliodonium salts 70-73 

2.10 Experimental procedures and characterization data for the products 73 

 2.10.1 General procedure A (GP-A): N2-aryaltion of 5-substituted-

1H-Tetrazoles with diphenyliodonium triflate 

73-79 

 2.10.2 General procedure B (GP-B): N2-aryaltion of 5-methyl-1H-

Tetrazoles with diaryliodonium triflate 

80-85 

 2.10.3 General procedure C (GP-C): One-pot N2-aryaltion of 5-(p-

Tolyl)-1H-Tetrazole directly from 4-methylbenzonitrile 

85-89 

 2.10.4 Synthesis of tetrazole 46 89-90 



 2.10.5 General procedure D (GP-D): N2-arylation of 47 and 49 90-91 

 2.10.6 Larger-scale synthesis procedure 91-92 

2.11 Representative 1H and 13C NMR spectra 93-95 

2.12 Bibliography 96-100 

   
Chapter 3. Metal-Free S-Arylation of Mercaptoazoles 101-145 

3.1 Introduction 101 

 3.1.1 Importance of diaryl thioethers or di(hetero)aryl thioethers 101-102 

 3.1.2 Previous S-arylation methods utilizing diaryliodonium salts 102-106 

3.2 Optimization 106 

 3.2.1 Screening of the reaction conditions 106-107 

 3.2.2 Selection of the auxiliary from the unsymmetrical iodonium 

salt 

107-108 

3.3 Substrate scope 109 

 3.3.1   Scope of  aryl(TMP)iodonium salts 109-110 

 3.3.2   Scope of substituted tetrazol-5-thiols 110-111 

 3.3.3   Scope of other mercaptoazoles 111-112 

3.4 Electronic and steric effect of unsymmetrical iodonium salts 112-113 

3.5 S-arylation of 2-mercaptopyridine 113-116 

3.6 DFT analysis of the chemoselective arylation between 

phenyl(anisyl)iodonium triflate with 2-mercaptopyridine 

116-117 

3.7 Summary of the chapter 117 

3.8 Experimental section 117 

 3.8.1 Synthesis of tetrazole-5-thiols (46a-46e) 118-119 

 3.8.2 Synthesis of diaryliodonium salts 119-122 

3.9 Synthesis and characterization of S-aryl products 122 

 3.9.1 General procedure A (GP-A) 122-132 

 3.9.2 General procedure B (GP-B): S-arylation of 2-

mercaptopyridine 

132-136 

3.10 Representative 1H and 13C NMR spectra 137-139 

3.11 DFT Calculations 140 

 3.11.1 Absolute and Relative Gibbs free energies for reaction 

pathway at B3LYP/LANL2DZ level 

140 

 3.11.2 Intrinsic reaction co-ordinate (IRC) plots of all 

transition states 

140 

3.12 Bibliography 141-145 



Chapter 4. N-Arylations of Hydantoins under Copper(I) Catalysis 146-189 

4.1 Introduction 146 

 4.1.1 Importance of N-arylated hydantoins 146 

 4.1.2 Previous methods for the synthesis of N-arylated hydantoins 147-150 

4.2 Optimization 150 

 4.2.1 Initial screening of the reaction conditions 150-151 

 4.2.2 Further optimization of catalytic conditions 151-152 

 4.2.3 Chemoselective study of unsymmetrical iodonium salts 153-155 

4.3 N3-arylation of hydantoins 155 

 4.3.1   Scope of diaryliodonium salts 155-156 

 4.3.2   Scope of hydantoins 157 

4.4 N1-Arylation of hydantoins with diaryliodonium salts 158 

 4.4.1   Optimization of the reaction conditions 158 

 4.4.2   Substrate scope 159-160 

4.5 Scalability of the protocol 160 

4.6 Plausible mechanism of the reaction 160-161 

4.7 Summary of the chapter 161 

4.8 Experimental section 161-162 

 4.8.1 Synthesis of hydantoins (30b-30g) 162-163 

 4.8.2 Synthesis of diaryliodonium salts 163-165 

4.9 Synthetic procedures and characterization data for the 

products 

165 

 4.9.1 General procedure A (GP-A): N3-arylation of hydantoins 165-174 

 4.9.2 General procedure B (GP-B): N1-arylation of N3-arylated 

hydantoin 

175-179 

 4.9.3 Larger Scale Synthesis Procedure 179-180 

4.10 Representative 1H and 13C NMR spectra 181-183 

4.11 Bibliography 184-189 

   

Chapter 5. Copper-catalyzed N-Arylations of Isatoic Anhydrides  190-240 

5.1 Introduction 190 

 5.1.1 Isatoic anhydride as a valuable synthon in organic synthesis 190-192 

 5.1.2 Previous methods to obtain N-arylated Isatoic anhydrides 192-194 

5.2 Optimization 194 

 5.2.1   Initial screening for of N-arylation of isatoic anhydrides 194-197 



 5.2.2 Selection of counter-anions and suitable auxiliary for 

unsymmetrical iodonium salt 

197-198 

5.3 Substrate scope 198 

 5.3.1 Scope of aryl(TMP)iodonium salts 198-200 

 5.3.2 Scope of isatoic anhydrides 200-201 

5.4 Application of N-arylated isatoic anhydrides as intermediate 201 

 5.4.1 Synthesis of fenamic acid derivatives 201-204 

 5.4.2 Synthesis of N,N’-diarylindazol-3-ones 204-206 

5.5 Mechanism of the reaction 206-207 

5.6 Summary of the chapter 207-208 

5.7 Experimental section 208-209 

 5.7.1 Isatoic anhydrides in this study 209 

 5.7.2 Synthesis of diaryliodonium salts 209-212 

5.8 Synthesis and characterization of N-arylated isatoic anhydrides 212 

 5.8.1 General procedure A (GP-A): N-Arylation of isatoic 

anhydrides 

212-223 

 5.8.2 General procedure B (GP-B): One-pot system for fenamic 

acid derivatives 

224-229 

 5.8.3 General procedure C: One-pot system for N,N'-

diarylindazol-3-ones 

230-233 

5.9 Representative 1H and 13C NMR spectra 234-236 

5.10 Bibliography 237-240 

   

Chapter 6. Conclusion & Future Scope 241-244 

6.1  General Conclusion 241 

 6.1.1   Concluding remarks on each chapter 241-242 

 6.1.2   Remarks on diaryliodonium salts as arylating precursor 243 

6.2 Future Scope of the work 243-244 

   

Annexures A–E  

 CheckCIF report a-o 

 List of Publications p-q 

 List of conferences r 

 


	03_content

