
DESIGN, SYNTHESIS, AND BIOLOGICAL EVALUATION OF 

NOVEL PROTEIN AGGREGATION MODULATORS AS 

POTENTIAL THERAPEUTICS AGAINST ALZHEIMER’S 

DISEASE 

 

 

 

 

  

 

 

 

 

 

 

 

Thesis submitted in partial fulfillment 

for the  Award of Degree 

 

Doctor of Philosophy 

 

 

By 

Bhanuranjan Das 

 

DEPARTMENT OF PHARMACEUTICAL ENGINEERING & TECHNOLOGY 

INDIAN INSTITUTE OF TECHNOLOGY 

(BANARAS HINDU UNIVERSITY) 

VARANASI – 221005, INDIA 

 

 

Roll No: 20161504         2023 



 

 

 

 

 

 

 

Dedicated to my family 

 









vi 

ACKNOWLEDGEMENTS 

At the outset, I am deeply humbled to pay tribute to the visionary Mahamana Pandit Madan 

Mohan Malaviya Ji, whose pioneering spirit led to the establishment of this distinguished 

institution. His legacy continues to inspire generations. 

My heartfelt appreciation extends to the esteemed figures who have played a pivotal role in 

shaping my academic journey. My admiration knows no bounds for my mentor, Dr. Rajnish 

Kumar, whose relentless support, boundless motivation, unbridled enthusiasm, and unwavering 

encouragement have been instrumental in the successful execution of this research project. 

I wish to express my profound gratitude to our esteemed Head of Department, Prof. S. 

Hemalatha, and former HOD, Prof. Sushant Kumar Shrivastava, for their unwavering 

commitment in providing essential infrastructure and resources throughout my tenure. 

I am also indebted to the erudite members of the Research and Project Evaluation Committee 

(RPEC), namely Dr. Gyan Praksh Modi, Dr. Jeyakumar Kandasamy, and Dr. Pandeeswar 

Makam, for their invaluable insights and constructive guidance, which have significantly 

enhanced the quality of my doctoral research. 

I extend my heartfelt appreciation to the entire faculty of the department, including Prof. B. 

Mishra, Prof. S. K. Singh, Prof. Sanjay Singh, Dr. A. K. Srivastava, Prof. K. Sairam, Dr. Ashok 

Kumar, Dr. A. Senthil Raja, Dr. A. N Sahu, Dr. S. K. Mishra, Dr. Ruchi Chawla, Dr. M.S. 

Muthu, Dr. Prasanta Kumar Nayak, Dr. S. K. Jain, Dr. Ashish Agarwal, Dr. Deepak, Dr. 

Dinesh, Dr. Jairam Meena, and Dr. Arun Khatri, whose unwavering support has been a guiding 

light during the course of my research. 

I owe my gratitude to international collaborators, Prof. Taher-Darreh Shori, Dr. Gefei Chen, 

and Dr. Banita Thakur of the Karolinska Institutet, Stockholm, Sweden, for their invaluable 

assistance in the biological evaluation of compounds, and to Dr. Avijit K Paul of NIT, 

Kurukshetra, for his expertise in single crystal X-ray diffraction studies. 

In my scientific journey, I have been fortunate to have Dr. Vinod Tiwari as a beacon of 

guidance, offering steadfast support and encouragement not only during my in vivo studies but 

across all facets of my research. 

Special recognition is due to my dedicated laboratory colleagues—Anurag TK Baidya, Bharti 

Chaudhary, Alen T Mathew, Rampa Rahul Salmon, Sourabh, Abhinetra, and Prem—for their 

indispensable contributions to my project. 

I am deeply appreciative of the invaluable assistance and technical support provided by the 

non-teaching staff members of the department, whose efforts have been indispensable 



vii 

throughout my research tenure. 

The indispensable support rendered by the Central Instrumentation Facilities of the 

Department, Institute, and the Department of Chemistry, BHU, alongside the Param Shivay 

supercomputer facility, has been a cornerstone in the realization of my research objectives. 

My heartfelt thanks extend to my seniors Debadatta, Himansu Rai, Akhilesh, Gauri sankar, 

Krishan Kumar, Gaurav Singh, Sandeep Kumar, Rangan Mitra, Uttam Kulhari, Abhishes, 

Anurag, and Vishwanath, whose guidance and unwavering support have been instrumental. 

I am truly grateful to my fellow Ph.D. scholars and juniors—Manjit, Asha, Aiswarya, 

Samarpita, Rahul Singh Rathore, Indurthi Harish, Naveen Dulla, Anup, Deepak Chouhan, 

Somesh, Sunil Kumar, Abhinav, Dhananjaya, and Ravendra Kumar—for their stimulating 

discussions and the moments of respite they provided from the rigors of research. I also 

acknowledge the support of my M. Pharm juniors, Anuj and Krushna, who aided me in my in-

vivo experiments. 

To my family, I owe boundless gratitude for their unwavering, unconditional, and affectionate 

support. My ever-curious, encouraging, and perpetually enthusiastic mother, Mrs. Puspanjali 

Das, my father, Mr. Abhimanyu Das, my brothers, Mr. Sameer Ranjan Das and Mr. 

Rashmiranjan Das, and my sister, Ms. Sagarika Das, have always been keenly interested in my 

endeavors and progress. 

I extend my sincere thanks to the funding organizations, namely the Science & Engineering 

Research Board (SERB), the Ministry of Human Resource Development, and the Indian 

Institute of Technology (B.H.U.), whose financial support has made this work possible. 

In conclusion, I bow with profound reverence and gratitude to Lord Shiva, Maa Gojabayani, 

and Jagannath Ji, whose blessings have bestowed upon me this extraordinary opportunity and 

empowered my mind to fulfill the tasks assigned. 

 

 

 

Date: 23-10-23         

Place: Varanasi        (Bhanuranjan Das) 

  



viii 

CONTENTS 

 
Title Page No. 

Certificate iii 

Declaration by the Candidate iv 

Copyright Transfer Certificate v 

Acknowledgments vi 

Contents viii-xii 

List of Figures xiii-xvii 

List of Schemes xviii 

List of Tables xix-xx 

List of Abbreviations xxi-xxiii 

PREFACE xxiv-xxvi 

CHAPTER 1: Introduction and Literature Review 01-53 

1.1. Alzheimer’s disease: A progressive neurodegenerative disease 01 

1.2. Prevalence of AD 02 

1.3. Pathophysiology of AD 03-12 

 1.3.1. Amyloid Cascade Hypothesis 04 

 1.3.2 Tau Hypothesis 06 

 1.3.3.  Cho l ine rg i c  Hypo the s i s  07 

 1.3.4. Metal ion hypothesis 08 

 1.3.5. Oxidative stress and Reactive oxygen species hypothesis 09 

 1.3.6 Inflammation Hypothesis 11 

1.4.  Current therapeutics for AD 12 

1.5. Need of new and effective treatment for AD 16 

1.6.  Protein aggregation in AD 16 

1.7. Mechanism of protein aggregation 17 

1.8 Aβ aggregation inhibitors 19 

1.9. Tau aggregation inhibitors 20 

1.10. Computational modeling in Drug Design 23-28 

 1.10.1. Molecular docking      25 

 1.10.2 Molecular dynamics 25 

 1.10.3. Artificial Intelligence in drug discovery 26 

 1.10.4. Limitations and challenges of using computational modeling for drug 

discovery 

27 

1.11. α-Ketoamides 28-41 

 1.11.1.  Chemistry of α-Ketoamides 28 

 1.11.2. Role of α-ketoamides in Neurodegenerative disease 31 

 1.11.3.  Biological importance of α-Ketoamide based molecules in other 

disease 

34 

 1.11.4.  Methods of synthesis of α-ketoamides 37 

1.12. References 41 

CHAPTER 2: Research Envisaged 54-57 

CHAPTER 3: Synthesis, single crystal X-ray, DFT, spectroscopic, molecular 

docking studies, and in vitro biological evaluation of compound N-benzyl-4-(4-

chlorophenyl)-2-oxobutanamide 

58-104 



ix 

Title Page No. 

3.1.  Introduction 58 

3.2 Objectives 59 

3.3.  Results and discussions 60-94 

 3.3.1.  

 

Synthesis of N-benzyl-4-(4-chlorophenyl)-2-oxobutanamide 

(Compound1) 

60 

 3.3.2. Description of crystal structure 61 

 3.3.3.   Hirshfeld Surface (HS) Analysis 63 

 3.3.4.  Energy Framework Calculations 67 

 3.3.5.  Optimization of the Geometry 69 

 3.3.6.  Vibrational Spectra Calculation 71 

 3.3.7.  Molecular Electrostatic Potential 73 

 3.3.8.  UV-Vis Spectroscopy 74 

 3.3.9.  HOMO-LUMO Analysis and Reactivity Descriptors 74 

 3.3.10.  Mulliken Population Analysis and Fukui Function 76 

 3.3.11.  NBO and NHO Analysis 77 

 3.3.12.  NMR Spectra 80 

 3.3.13.  In Vitro Biological evaluation 83 

  3.3.13.1 Effect of compound 1 on Aβ42 aggregation 83 

  3.3.13.2 In Vitro Cellular Toxicity Assay 84 

 3.3.14.  Molecular Docking Study 85 

 3.3.15.  Molecular Dynamics Simulation 86-94 

3.4.  Materials and Methods 94-99 

 3.4.1.  Materials 94 

 3.4.2.  Instrumentation Details 94 

 3.4.3.  Synthesis of N-benzyl-4-(4-chlorophenyl)-2-oxobutanamide (1) 94 

 3.4.4. Single crystal X-Ray diffraction 95 

 3.4.5.  Computational details 96 

 3.4.6.  Molecular Dynamics simulation 97 

 3.4.7.  Biological evaluation details 97 

3.5.  Conclusion 99 

3.6 Reference 100 

CHAPTER 4: Design, Synthesis, and Biological Evaluation of Halogen-

Substituted Novel α-Ketoamides as Potential Protein Aggregation Modulators 

105-169 

4.1.  Introduction 105 

4.2.  Objectives 106 

4.3.  Results and Discussion 107-146 

 4.3.1.  Chemistry 107 

 4.3.2 In vitro Aβ aggregation assay and Structure Activity Relationship 

study 

108 

 4.3.3.  Solubility study of the hit compounds 113 

 4.3.4.  In Vitro Blood Brain Barrier Permeability study of the compound BD 

23 

114 

 4.3.5.  Compound BD23 inhibited Heparin-Induced Tau Aggregation 115 

 4.3.6.  In Vitro Cytotoxicity Assay 115 

 4.3.7.  In vivo Behavioral Studies of compound BD23 in Aβ-induced 117 



x 

Title Page No. 

Cognitive Deficit Mice Model 

 4.3.8.  In silico Molecular Docking Study 121 

 4.3.9.  In silico Quantum Chemical Studies 128 

 4.3.10.  Molecular Dynamics Simulation Study 129 

 4.3.11.  Free Energy Landscape (FEL) Analysis 142 

 4.3.12. In Silico ADME   145 

4.4.  Materials and Methods 147-165 

 4.4.1.  Chemistry 147 

  4.4.1.1. General procedure for the synthesis of γ-Substituted β,γ-

unsaturated α-keto thioesters (3a-c) and γ-Substituted β,γ-

unsaturated α-hydroxy thioesters (4a-c) 

147 

  4.4.1.2.  General procedure for the synthesis of β,γ-unsaturated α-

ketoamides (BD01 to BD08)   

148 

  4.4.1.3.  General procedure for the synthesis of β,γ-saturated α-

ketoamides (BD09 to BD28) 

150 

 4.4.2.  In Vitro Assay 158-161 

  4.4.2.1.  Aβ42 monomer preparation and ThT fluorescence assay 158 

  4.4.2.2.  Analysis of Aβ42 aggregation kinetics 159 

  4.4.2.3.  In vitro Heparin-Induced Tau Aggregation Assay 160 

  4.4.2.4 In Vitro Cytotoxicity Assay 161 

 4.4.3.   In Vivo Behavioral Studies of Compound BD23 in Aβ-induced 

Cognitive Deficit Mice Model 

161 

  4.4.3.1.  Experimental animals 161 

  4.4.3.2.  Drug Treatment 162 

  4.4.3.3.  Learning and Memory test 162 

  4.4.3.4.  Motor coordination 162 

  4.4.3.5.  Novel Object Recognition Test 163 

 4.4.4. Solubility Determination 163 

 4.4.5.  PAMPA Assay 163 

 4.4.6.  Computational Details 164 

  4.4.6.1. In silico Pharmacokinetic properties 164 

  4.4.6.2.  Molecular Docking 164 

  4.4.6.3.  Molecular Dynamics 165 

  4.4.6.4.  Quantum Chemical Calculations 165 

4.5.  Conclusion 165 

4.6. References 166 

CHAPTER 5: Design, Synthesis, and Biological Evaluation of  Indole and 

Piperazine-Substituted Ketoamides as Potential Protein Aggregation Modulators 

170-222 

5.1.  Introduction 170 

5.2.  Objectives 172 

5.3.  Results and Discussion 173 

 5.3.1.  Chemistry 173 

 5.3.2 In vitro Aβ aggregation assay and Structure Activity Relationship 

study 

175 

 5.3.3.  Solubility study of the Hit Compounds 178 

 5.3.4.  In Vitro Blood Brain Barrier Permeability Study of the compound 178 



xi 

Title Page No. 

MD08 

 5.3.5.  Compound MD08 inhibited Heparin-Induced Tau Aggregation 179 

 5.3.6.  In Vitro Cytotoxicity Assay 179 

 5.3.7.  In Vivo Behavioral Studies of Compound MD08 in Aβ-Induced 

Cognitive Deficit Mice Model 

181 

 5.3.8.  In silico Molecular docking study 183 

 5.3.9.  In silico Quantum Chemical Studies 191 

 5.3.10.  Molecular Dynamics Simulation Study 193 

 5.3.11.  Free Energy Landscape (FEL) Analysis 206 

 5.3.12. In Silico ADME   208 

5.4.  Materials and Methods 210 

 5.4.1.  Chemistry 210 

  5.4.1.1. General Procedure for the synthesis of compound MD01 to 

MD24 

210 

 5.4.2.  In Vitro Biological Evaluation 219 

  5.4.2.1.  Aβ42 monomer preparation and ThT fluorescence assay 219 

  5.4.2.2.  Analysis of Aβ42 aggregation kinetics 219 

  5.4.2.3.  In vitro Heparin-Induced Tau Aggregation Assay 219 

 5.4.3.   In vivo study Aβ-induced memory impairment in mice 219 

  5.4.3.1.  Experimental animals 219 

  5.4.3.2.  Drug Treatment 219 

  5.4.3.3.  Learning and memory test 219 

  5.4.3.4.  Motor coordination 219 

  5.4.3.5.  Novel object recognition test 219 

 5.4.4. Solubility Determination 219 

 5.4.5.  PAMPA Assay 219 

 5.4.6.  Computational Details 220 

  5.4.6.1. In silico Pharmacokinetic properties 220 

  5.4.6.2.  Molecular Docking 220 

  5.4.6.3.  Molecular Dynamics 220 

  5.4.6.4.  Quantum Chemical Calculations 220 

5.5.  Conclusion 220 

5.6. References 221 

CHAPTER 6: Artificial Intelligence Assisted Identification of Potential Tau 

Aggregation Inhibitors 

223-271 

6.1. Introduction 223 

6.2.   Objective 223 

6.3. Results and discussion 224-259 

 6.3.1.  Artificial Intelligence Based Virtual Screening 225 

 6.3.2.  Replica Exchange Molecular Dynamics (REMD) simulation and 

clustering of tau structures 

226 

 6.3.3.  Active site Identification 232 

 6.3.4.  Structure-Based Virtual screening 233 

 6.3.5.  In Silico ADME prediction 239 

 6.3.6.  Molecular Dynamics Simulation 242 

 6.3.7.  Binding Free Energy Calculation 257 



xii 

Title Page No. 

6.4. Material and methods 259-265 

 6.4.1.  Artificial Intelligence Based Virtual Screening 259 

 6.4.2.  Screening database 260 

 6.4.3.  Diversity picking using RDKit Diversity picker 261 

 6.4.4.  REMD simulation 261 

 6.4.5.  Active site identification 262 

 6.4.6.  Molecular Docking 263 

 6.4.7.  In Silico ADME prediction 263 

 6.4.8. Molecular Dynamics simulation 264 

 6.4.9.  Binding Free Energy Calculation 264 

6.5. Conclusion 265 

6.6. References 266 

CHAPTER 7: Summary & Conclusion 272-275 

Annexure I: List of NMR, HRMS, HPLC Data for Chapter 4 276-319 

Annexure II: List of NMR, HRMS, HPLC Data for Chapter 5 320-357 

Annexure III: List of Publication 358-359 

  



xiii 

LIST OF FIGURES 

Figure 

no. 

Legend Page 

no. 

CHAPTER 1: Introduction and Literature Review  

1.1 Alzheimer’s Disease Continuum 01 

1.2 Alzheimer’s Disease risk in numbers 03 

1.3 The amyloid beta hypothesis in AD 05 

1.4 Tau hypothesis in AD 06 

1.5 The cholinergic hypothesis in AD 08 

1.6 The metal ion hypothesis in AD 09 

1.7 Flow diagram of Oxidative stress and Reactive oxygen species hypothesis 

in AD 

10 

1.8 Inflammation hypothesis in AD 11 

1.9 The 3D crystal structure of the Fab fragment of Aducanumab bound to 

Aβ1-11 peptide 

14 

1.10 Mechanism of Protein Aggregation in AD 18 

1.11 Role of Artificial Intelligence (AI) in drug discovery 27 

1.12. The biological importance and potential reactive sites of α-ketoamides 29 

 CHAPTER 2: Research Envisaged   

2.1 The schematic representation of the whole study 55 

CHAPTER 3: Synthesis, single crystal X-ray, DFT, spectroscopic, molecular 

docking studies, and in vitro biological evaluation of compound N-benzyl-4-

(4-chlorophenyl)-2-oxobutanamide 

 

3.1 α-Ketoamides as a potential source of clinical drugs 58 

3.2 Synthesis of the compound 1 61 

3.3 The asymmetric unit, overall packing structure, and intra- and 

intermolecular hydrogen bonding observed in the crystal structure of 

Compound 1 

63 

3.4. Hirshfeld surface analysis of the compound 1 64 

3.5. 2-D fingerprint plot of different contributions for the compound 1. 66 

3.6. Different Energy Frameworks for interaction  67 

3.7 Optimized molecular structure by DFT method of compound 1. 69 

3.8 (A) Experimental and (B) Theoretical FT-IR spectra of compound 1 72 

3.9 Molecular Electrostatic Potential (MEP) of compound 1 73 

3.10 Theoretical (A) and experimental (B) UV-Vis spectra of compound 1 74 

3.11 HOMO LUMO diagram of compound 1 75 

3.12 Graph showing Mulliken Population charges for compound 1 77 

3.13 Percentage contribution of natural population analysis and natural Lewis 

structure of the compound 1 

79 

3.14 Experimental (A) 1H and (B) 13C spectra of compound 1 82 

3.15 (A) Theoretical 1H (B) 13C spectra of compound 1 83 



xiv 

Figure 

no. 

Legend Page 

no. 

3.16 Effect of compound 1 on the Aβ42 peptide aggregation 84 

3.17 MTT-based in vitro cell viability assay of compound 1 using NCI-H69, 

NCI-H82, and A549 cell lines 

85 

3.18 Molecular Docking of compound 1 against Aβ 86 

3.19 Molecular dynamics trajectory analysis of compound 1-Aβ monomer 

complex 

88 

3.20 Hydrogen bond analysis of the compound 1-Aβ-monomer complex MD 

trajectory 

89 

3.21 Molecular dynamics trajectory analysis of compound 1-Aβ pentamer 

complex 

89 

3.22 Hydrogen bond analysis of the compound 1-Aβ pentamer complex MD 

trajectory 

90 

3.23 Eigenvalues and the 2D projection of the first two principal components 

of compound 1-Aβ monomer and compound 1-Aβ pentamer complex 

91 

3.24 The 2D and 3D free energy landscape diagram of the compound 1-Aβ 

monomer complex and 1-Aβ pentamer complex 

93 

CHAPTER 4: Design, Synthesis, and biological evaluation of halogen-

substituted novel α-ketoamides as potential protein aggregation inhibitors 

 

4.1 Plausible mechanism of the synthesis of β,γ-saturated α-ketoamides 108 

4.2 Aβ aggregation kinetics in the presence of compounds BD01-BD28 111 

4.3 Aggregation half-time (τ1/2) of the compounds (BD01-BD28) 112 

4.4 Structural Activity Relationship (SAR) study of compounds (BD01-BD28) 

based upon their effect on Aβ aggregation kinetics 

113 

4.5 Effect of compound BD23 on tau aggregation monitored by ThT after 72 

hrs. incubation at 37 °C 

115 

4.6 Histograms of the viability of SH-SY5Y cells upon the treatment with 

different compounds at 50 µM concentrations for 24 hrs 

116 

4.7 Morphological changes in SHSY-5Y cells were observed under an inverted 

light microscope (10× magnification). The scale bar is of 50 µM 

117 

4.8 Effect of BD23 on Retention Transfer Latency and % Initial Transfer 

Latency (% ITL) 

118 

4.9 Effect of BD23 on Discrimination Ratio in Novel Object Recognition Test 119 

4.10 BD23 did not affect motor coordination in Aβ25-35 injected mice 120 

4.11 The 3D and 2D interaction images of compounds BD19 (A), BD23(B), 

BD24 (C) and BD27 (D) with Aβ-monomer (1IYT) 

123 

4.12 The 3D and 2D interaction images of compounds BD19 (A), BD23 (B), 

BD24 (C) and BD27 (D) with Aβ-pentamer (2BEG) 

124 

4.13 The 3D and 2D interaction images of compounds BD19 (A), BD23 (B), 

BD24 (C), and BD27 (D) tau monomer cluster 6 (C06) 

126 

4.14 The 3D and 2D interaction images of compounds BD19 (A), BD23 (B), 127 



xv 

Figure 

no. 

Legend Page 

no. 

BD24 (C) and BD27 (D) against tau monomer cluster 8 (C08) 

4.15 Optimized structure obtained from DFT study of BD23 128 

4.16 Molecular Electrostatic Potential map of compound BD23 129 

4.17 HOMO and LUMO diagrams of compound BD23 129 

4.18 Molecular dynamics trajectory analysis of BD23-Aβ monomer complex 131 

4.19 Hydrogen bond analysis of BD23-Aβ monomer complex MD trajectory 133 

4.20 Molecular dynamics trajectory analysis of BD23-Aβ pentamer complex 134 

4.21 Hydrogen bond analysis of BD23-Aβ pentamer complex MD trajectory 135 

4.22 Molecular dynamics trajectory analysis of BD23-tau monomer cluster 6 

complex 

136 

4.23 Hydrogen bond analysis of the BD23-tau monomer cluster 6 complex 138 

4.24 Molecular dynamics trajectory analysis of BD23-tau monomer cluster 8 

complex 

139 

4.25 Hydrogen bond analysis of the compound BD23-tau monomer cluster 8 

complex 

140 

4.26 Eigenvalues of the first 10 principal components of the simulated system 

for the Aβ and tau clusters with the compound BD23 

141 

4.27 The 2D projection of the first two principal components for the BD23-Aβ 

monomer complex (A), BD23-Aβ pentamer complex (B), BD23-C06 tau 

complex (C), and BD23-C08 tau complex 

142 

4.28 The 2D and 3D free energy landscape diagram as a function of RMSD and 

RoG as the two coordinates of the Aβ and tau complex with BD23 

143 

CHAPTER 5: Design, Synthesis, and Biological Evaluation of Indole and 

Piperazine-Substituted Ketoamides as Potential Protein  Aggregation 

Modulators 

 

5.1 Aβ aggregation kinetics in the presence of compounds MD01-MD24 and 

DMSO control 

175 

5.2 Aggregation half-time (τ1/2) of the compounds (MD01-MD24) 176 

5.3 Protein aggregation inhibition (A-D) obtained from the global fitting of 

kinetic models shows that compound MD08 is well fitted for inhibition of 

primary nucleation 

177 

5.4 Structural Activity Relationship (SAR) study of compounds (MD01-

MD24) based on their effect on Aβ aggregation kinetics 

177 

5.5 Effect of compound MD08 on tau aggregation monitored by Thioflavin T 

after  incubation at 37 °C 

179 

5.6 Histograms of the viability of SH-SY5Y cells upon the treatment with 

different compounds at 50 µM concentrations for 24 hrs 

180 

5.7 Morphological changes of SHSY-5Y cells as observed under an inverted 

light microscope (10× magnification) 

180 

5.8 Effect of MD08 on % Initial Transfer Latency (% ITL 181 

5.9 Effect of MD08 on Discrimination Ratio in Novel Object Recognition Test 182 



xvi 

Figure 

no. 

Legend Page 

no. 

5.10 MD08 did not affect motor coordination in Aβ25-35 injected mice 183 

5.11 The 3D and 2D docking interaction diagram of the top scoring hits MD03 

(A), MD07 (B), MD08 (C), MD10 (D) with Aβ monomer (PDB ID: 1IYT) 

185 

5.12 The 3D and 2D docking interaction diagram of the top scoring hits MD03 

(A), MD07 (B), MD08 (C), MD10 (D) with Aβ pentamer (PDB ID: 2BEG) 

187 

5.13 The 3D and 2D docking interaction diagram of the top scoring hits MD03 

(A), MD07 (B), MD08 (C), MD10 (D) against tau monomer cluster 6 

189 

5.14 The 3D and 2D docking interaction diagram of the top scoring hits MD03 

(A), MD07 (B), MD08 (C), MD10 (D) against tau monomer cluster 8 

190 

5.15 Optimized molecular structure by DFT method of lead compound MD08 191 

5.16 Molecular Electrostatic Potential (MEP) of lead compound MD08 192 

5.17 The HOMO-LUMO diagram of compound MD08 193 

5.18 Molecular dynamics trajectory analysis of MD08-Aβ monomer complex 195 

5.19 Hydrogen bond analysis of MD08-Aβ monomer complex MD trajectory 196 

5.20 Molecular dynamics trajectory analysis of MD08-Aβ pentamer complex 197 

5.21 Hydrogen bond analysis of MD08-Aβ pentamer complex MD trajectory 198 

5.22 Molecular dynamics trajectory analysis of MD08-tau monomer cluster 6 

complex. (A) RoG (B) RMSD (C) RMSF (D) RMSF of protein 

200 

5.23 Hydrogen bond analysis of the MD08-tau monomer Cluster 6 complex 201 

5.24 Molecular dynamics trajectory analysis of MD08-tau monomer cluster 8 

complex. 

202 

5.25 Hydrogen bond analysis of the compound MD08-tau monomer cluster 8 

complex 

203 

5.26 Eigenvalues of the first principal components of the simulated system for 

the Aβ and tau clsuters with the compound MD08 

204 

5.27 The 2D projection of the first two principal components for the MD08-Aβ 

monomer complex (A), MD08-Aβ pentamer complex (B), MD08-C06 tau 

complex (C), and MD08-C08 tau complex 

205 

5.28 The 2D and 3D free energy landscape diagram as a function of RMSD and 

RoG as the two coordinates of the Aβ and tau complex with MD08 

207 

CHAPTER 6: Artificial Intelligence-Assisted Identification of Potential Tau 

Aggregation Inhibitors 

 

6.1 Schematic representation of virtual screening workflow showing 

identification of active ligands through AI-based virtual screening tool 

PyRMD 

225 

6.2 The diagram for the evolution of temperature across the replicas and the 

potential energy of each replica during the simulation time 

228 

6.3 Tau peptide REMD Trajectory Analysis 230 

6.4 2D free energy landscape diagram of Tau peptide 231 

6.5 Ten clusters of tau (A to J), showing active sites represented in the red, 233 



xvii 

Figure 

no. 

Legend Page 

no. 

blue, and green mesh-like spheres 

6.6 Two-dimensional structure of the top ten hit compounds identified by 

ligand and structure-based virtual screening 

235 

6.7 2D (a) and 3D (b) interaction view of the molecules UNK_175 (A), 

UNK_298 (B), UNK_1027 (C), UNK_1172 (D 

236 

6.8 6.8. 2D (a) and 3D (b) interaction view of the molecules UNK_1173 (E), 

UNK_1179 (F), UNK_1237 (G), UNK_1518 (H) with Cluster H. 

238 

6.9 2D (a) and 3D (b) interaction view of the molecules unk_1778 (I), 

unk_2181 (J) with cluster H. 

239 

6.10 Molecular dynamics trajectory analysis of complex CH-UNK_175 243 

6.11 Molecular dynamic trajectory analysis of CH-UNK_298 complex 244 

6.12 Molecular dynamic trajectory analysis of complex CH-UNK_1027 

complex 

245 

6.13 Molecular dynamic trajectory analysis of CF-UNK_1172 complex 246 

6.14 Molecular dynamic trajectory analysis of CH-UNK_1173 complex 247 

6.15 Molecular dynamic trajectory analysis of CH-UNK_1179 complex 248 

6.16 Molecular dynamic trajectory analysis of CH-UNK_1237 complex 249 

6.17 Molecular dynamic trajectory analysis of CH-UNK_1518 complex 250 

6.18 Molecular dynamic trajectory analysis of CH-UNK_1778 complex 252 

6.19 Molecular dynamic trajectory analysis of CH-UNK_2181 complex 253 

6.20 The 2D and 3D free energy landscape diagram as a function of RMSD and 

RoG as the two coordinates of tau cluster and ligand complex (CH-

UNK_175, CH-UNK_1027, CF-UNK_1172, CH-UNK_1173) 

254 

6.21 The 2D and 3D free energy landscape diagram as a function of RMSD and 

RoG as the two coordinates of tau cluster and ligand complex (CH-

UNK_1237, CH-UNK_1518, CH-UNK_2181) 

255 

6.22 The 2D and 3D free energy landscape diagram as a function of RMSD and 

RoG as the two coordinates of tau cluster and ligand complex (CH-

UNK_298, CH-UNK_1179 and CH-UNK_1778)  

256 

6.23 Violin plot of the ∆G (kcal/mol) calculated using MM-PBSA method for 

compounds UNK175, UNK1027, UNK1172, UNK_1173, UNK_1237, 

UNK_1518 and UNK_2181 

258 

CHAPTER 7: Summary & Conclusion  

   7.1 Overall summary of the research work carried out in the thesis 274 

 

  



xviii 

LIST OF SCHEMES 

 

 

 

 

 

 

 

 

 

Scheme 

no. 

Title Page no. 

1.1. Synthesis of α-ketoamides by copper-catalyzed coupling of anthranils and 

α-keto acids. 

38 

1.2 Synthesis of α-ketoamides via visible light mediated photocatalytic 

amidation of α-keto aldehydes 

38 

1.3 

 

Synthesis of α-ketoamides via manganese (III)-Promoted double 

carbonylation of anilines 

39 

1.4 

 

Cupper catalyzed synthesis of α-ketoamides by hydroamination of alkyne 

using water and dioxygen as the oxygen source 

39 

1.5 Synthesis of α-ketoamides by reacting cinnamic acids/arylacetic acids 

with secondary amines in the presence of Cu-catalyst 

39 

1.6 Synthesis of α-ketoamides by gold-catalyzed 2-fold reaction of a 

bromoalkyne with anthranils 

40 

1.7 Synthesis of α-ketoamides by using a copper(II)-driven denitrogenation 

and oxidation method 

40 

1.8 One pot synthesis of α-ketoamides by using ynamides as coupling agents 41 

1.9 Synthesis of α-ketoamides from sulfoxoniumylides and secondary amines 

by using copper catalyst 

41 

3.1 Synthesis of compound 1 59 

4.1 Synthesis of novel β,γ- unsaturated α-ketoamides (BD01 to BD08) 107 

4.2 Synthesis of novel β,γ-saturated-α-ketoamides (BD09 to BD28) 108 

5.1 Synthesis of novel indole and piperazine α-ketoamide (MD01-MD24) 173 



xix 

LIST OF TABLES 

Table 

no. 

Title Page 

no. 

1.1. Clinically available drugs for the management of AD 13 

3.1 Crystal data and structure refinement parameters of compound 1 62 

3.2. 

 

Fingerprint percentage of the total surface area for closed contact (Including 

reciprocal Contact) between atoms inside and outside the surface for 

compound 1. 

66 

3.3. 

 

Fingerprint percentage of the total surface area for closed contact between 

atoms inside and outside the surface for the compound 1. 

67 

3.4. Different interaction energies of compound 1 in kJ mol-1 68 

3.5 Interaction energy (kJ/mol), N = number of atoms, R is the distance between 

molecular centroids (mean atomic position) in Å 

68 

3.6 Optimized geometrical parameters (Bond Length (Å) and Bond Angle (º) 70 

3.7 Global and local reactivity descriptors for the compound 1 76 

3.8 Summary of natural population analysis of the compound 1 obtained by 

B3LYP/6-311G (d, p). 

79 

3.9 Second order perturbation theory of the Fock matrix NBO analysis 80 

4.1 Structure of the synthesized β,γ-unsaturated α-ketoamides (BD01 to BD08) 109 

4.2 Structure of the synthesized β, γ-saturated α-ketoamides (BD09 to BD28). 110 

4.3 Kinetic solubility study of hit compounds BD19, BD23, BD24 and BD27 114 

4.4 PAMPA-BBB permeability of the compound BD23 (PC: Positive Control, 

NC: Negative Control) 

114 

4.5 Molecular docking score of the compounds (BD01-BD28) against Aβ 

monomer (PDB ID:1IYT), Aβ fibril (PDB:2BEG) and tau monomers 

(Cluster 6 and Cluster 8). 

122 

4.6 ADME properties of the synthesized compounds calculated using Swiss 

ADME webserver 

146 

4.7 Tau protein aggregates preparation in the absence and presence of compound 

BD23 

161 

5.1 Structures of the synthesized indole substituted α-ketoamides (MD01-

MD12). 

174 

5.2 Structures of the synthesized piperazine substituted α-ketoamides (MD13 to 

MD24). 

174 

5.3 Solubility Study of the Hit Compounds 178 

5.4 PAMPA-BBB permeability of compound MD08. (PC: Positive Control, NC: 

Negative Control) 

178 

5.5 Molecular docking score of the compounds (MD01-BD24) against Aβ 

monomer (PDB ID:1IYT), Aβ fibril (PDB:2BEG) and tau monomers 

(Cluster 6 and Cluster 8). 

184 

5.6 ADME properties of the synthesized compounds calculated using Swiss 

ADME webserver 

209 

6.1 The number of compounds from 1000 ligands showed binding interaction 

with more than one cluster. 

234 

6.2 List of top ten ligands with their highest docking binding affinity to ten 

clusters. 

234 

6.3 In silico ADME properties of top thirty-three ligands caculated using 

DruMAP Server. 

240 

6.4 In silico ADME properties of top ten hits caculated using SwissADME 241 



xx 

Table 

no. 

Title Page 

no. 

webserver 

6.5 MM-PBSA binding free energy (∆G) calculations for top ligands with the 

respective cluster 

258 

 

 

  



xxi 

LIST OF ABBREVIATIONS 

Abbreviation Full form 

Ach Acetylcholine 

AD Alzheimer’s Disease 

ADME Absorption, Distribution, Metabolism and Excretion 

ADT AutoDock Tools 

AI Artificial Intelligence 

ANOVA Analysis of Variance 

APP amyloid precursor protein 

ATR-FTIR Attenuated Total Reflection- Fourier Transform Infrared Spectroscopy 

Aβ Amyloid Beta 

BBB  Blood Brain Barrier  

CADD computer aided drug design 

ChAT Choline Acetyltransferase 

CNS Central Nervous System 

DCM Dichloromethane 

De External Distance 

DFT Density Functional Theory 

Di Internal Distance 

DL Deep Learning 

DMSO Dimethyl Sulfoxide 

DNP Donepezil 

DPPH 2,2 Diphenyl-1-Picrylhydrazyl 

DruMAP Drug Metabolism And Pharmacokinetics Analysis Platform 

ECFP Extended-Connectivity Fingerprint 

EGCG Epigallocatechin-3-Gallate 

EPM Elevated Plus Maze  

FDA Food And Drug Administration 

FEL Free Energy Landscape 

FMOs Frontier Molecular Orbitals 

FP Fingerprint Plot  

FT-IR Fourier-Transform Infrared Spectroscopy 

GIAO Gaussian With Gauge Independent Atomic Orbital  

GROMACS Groningen Machine For Chemical Simulation 

GSK-3β Glycogen Synthase Kinase-3 

HBA Hydrogen Bond Acceptor 

HBD Hydrogen Bond Distance 

HBD Hydrogen Bond Donor 

HFIP Hexafluoroisopropanol 

HIV-1 Human Immunodeficiency Virus-1 

HOMO-

LUMO 

Highest Occupied Molecular Orbital- Lowest Unoccupied Molecular 

Orbital 

HRMS High Resolution Mass Spectroscopy 



xxii 

Abbreviation Full form 

HS Hirshfeld Surface 

I3C Indole-3-Carbinol 

IAA Indole-3-Acetic Acid 

IDO Indoleamine 2,3-Dioxygenase 

IR 

spectroscopy 

Infra-Red Spectroscopy 

LBDD Ligand Based Drug Design 

LED Light-Emitting Diode 

MAPT Microtubule-Associated Tau Protein 

MD Molecular Dynamics 

MEP Molecular Electrostatic Potential 

MHFP Minhash Fingerprint 

ML Machine Learning 

MMPBSA Molecular Mechanics Poisson-Boltzmann Surface Area 

MPA Mulliken Population Analysis 

MW Molecular Weight 

NBO Natural Bond Orbital 

NFTs Neurofibrillary Tangles 

NMDA N-Methyl D-Aspartate 

NMR Nuclear Magnetic Resonance 

PAINS Pan Assay Interference Compound 

PAMPA  Parallel Artificial Membrane Permeability Assay 

PBS Phosphate Buffer Saline 

PCA Principal Component Analysis 

PHFs Paired Helical Filaments 

PL Inhibition 

Assay 

Pancreatic Lipase Inhibition Assay 

PMF Potential of Mean Force 

PyRMD Python Based Random Matrix Discrimination 

QSAR Quantitative Structure Activity Relationship 

REMD Replica Exchange Molecular Dynamics 

RMSD Root Mean Square Deviation 

RMSF Root Mean Square Fluctuation 

RoG Radius Of Gyration 

ROS Reactive Oxygen Species 

SBDD Structure Based Drug Design 

SDS Sodium Dodecyl Sulphate 

SEM Standard Error Of Mean  

SMILES Simplified Molecular Input Line Entry System 

TD-DFT Time Dependent Density Functional Theory 

THF Tetrahydrofuran 

Th-T Thioflavin-T 

TMS Tetramethylsilane 



xxiii 

Abbreviation Full form 

TPSA Topological Polar Surface Area 

TTR Transthyretin 

USFDA United States Food And Drug Administration 

vdW van der Waals 

WHO World Health Organization 

XRD X-Ray Diffraction 

  


