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ABSTRACT 

Introduction 

 

Synthesis of organic molecules is a „Science‟ which fulfills critical living needs such as 

medicines, polymers, fibres, fuels, paints, lubricants and a myriad of other value added 

materials essential for present and future needs of mankind. However, this science for the 

synthesis of various chemical products is highly inefficient, generates a lot of chemical waste, 

hazardous to the environment and human beings. To overcome these drawbacks, new 

synthetic procedures incorporating Green Chemistry Principles and catalysis germinated. 

Catalysis lies at the heart of countless chemical protocols which effectively, creatively and 

economically transfers materials developed in academic research laboratories to the chemical 

industry. With the advent of nanocatalysis, this „State of the Art Green Organic 

Transformations‟ have been superimposedover a matrix of various exciting new 

manufacturing procedures that warrants the success of sustainability in synthesis.  

 

 

The thesis entitled „Catalysis and Nanocatalysis for Green Organic Transformations‟ is 

divided into seven chapters covering the catalyzed/nanocatalyzed green organic 

transformations of various bioactive heterocycles, their characterization and bioactivity.  



Chapter 1: Prefatory note 

This chapter gives an introduction of catalysts and nanocatalysts and enumerates their 

importance in various green organic transformations for the synthesis of heterocyclic 

compounds. It also briefly describes the work undertaken during the present endeavour. 

Chapter 2: A „Mini-Review‟ on catalysis and nanocatalysis for green organic 

transformations 

This chapter gives a bird‟s eye view of the utility of various catalysts and nanocatalysts 

employed in heterocyclic chemistry via green chemical techniques such as Microwave 

irradiation, Ultrasonication and Mechanochemistry (Grinding). Particular emphasis is given 

on metal oxide nanoparticles as catalyst.  

Chapter 3: Synthesis of 2-phenyl-3-(1-(2-phenyl-1H-indol-3-yl) vinyl)-1H-indole 

derivatives using ZnOnanocatalyst 

Chapter 4: Synthesis of 4‟,5‟-dihydrofuro(4,5-a)-1,3-dione)spiro(indolin-3,2‟-quinolin)-2-

one derivatives and their evaluation for anti-microbial and analgesic activity 

Chapter 5: Synthesis of 3-methyl-1-phenyl-4-(2-phenyl-1H-indol-3-yl)-4, 5-dihydro-1H-

pyrazol[3,4-d]pyrimidin-6-(3aH)-one derivatives using ZnOnanocatalyst and their evaluation 

for anti-microbial and anti-inflammatory activity 

Chapter 6:Synthesis of N-((3-methyl-5-oxo-1-phenyl-4,5-dihydro-1H-pyrazol-4-yl)(2-

phenyl-1H-indol-3-yl)-methyl)-acetamide derivatives using CuO nanoparticles 

Chapter 7: ZnO nanocatalyzed synthesis of the library of Knoevengel condensed products of 

indole-3-carbaldehyde and various active methylene groups 

Chapter 8: Future Scope and Directions 
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APPENDIX-I 

 

LIST OF NEW SYNTHESIZED COMPOUNDS 

Chapter-3 

S. No. Compound 

No. 

Name of  the Synthesized Compounds 

1. 3a 
2-Phenyl-3-(1-(2-phenyl-1H-indol-3-yl)-vinyl)-1H-indole 

2. 3b 

2-(4-Chlorophenyl)-3-(1-(2-(4-chlorophenyl)-1H-indol-3-yl)-

vinyl)-1H-indole 

3. 3c 

2-(4-Bromophenyl)-3-(1-(2-(4-bromophenyl)-1H-indol-3-yl)-

vinyl)-1H-indole 

4. 3d 
2-p-Tolyl-3-(1-(2-p-tolyl-1H-indol-3-yl)-vinyl)-1H-indole 

5. 3e 

2-(4-Fluorophenyl)-3-(1-(2-(4-fluorophenyl)-1H-indol-3-yl)-

vinyl)-1H-indole 

Chapter-4 

6. 4a 
4‟,5‟-dihydrofuro(4,5-a)-1,3-dione)spiro(indolin-3,2‟-quinolin)-2-

one  

7. 4b 
4‟,5‟-dihydrofuro(4,5-a)-1,3-dione)spiro(5-fluoroindolin-3,2‟-

quinolin)-2-one  

8. 4c 
4‟,5‟-dihydrofuro(4,5-a)-1,3-dione)spiro(5-chloroindolin-3,2‟-

quinolin)-2-one 

9. 
4d 

4‟,5‟-dihydrofuro(4,5-a)-1,3-dione)spiro(5-bromoindolin-3,2‟-

quinolin)-2-one 

10. 4e 
4‟,5‟-dihydrofuro(4,5-a)-1,3-dione)spiro(5-aminoindolin-3,2‟-

quinolin)-2-one 

11. 4f 
4‟,5‟-dihydrofuro(4,5-a)-1,3-dione)spiro(5-methylindolin-3,2‟-

quinolin)-2-one 

12. 4g 
4‟,5‟-dihydrofuro(4,5-a)-1,3-dione)spiro(indolin-3,6‟-fluoro-2‟-

quinolin)-2-one 

13. 4h 
4‟,5‟-dihydrofuro(4,5-a)-1,3-dione)spiro(5-fluor-indolin-3,6‟-

fluoro-2‟-quinolin)-2-one  

  



Chapter-5 

14. 2a 

3-Methyl-1-phenyl-4-(2-phenyl-1H-indol-3-yl)-4,5-

dihydro-1H-pyrazol[3,4-d]pyrimidin-6(3aH)-one 

15. 2b 

4-(2-(4-Fluorophenyl)-1H-indol-3-yl)-3-methyl-1-phenyl-

4,5-dihydro-1H-pyrazol[3,4-d]pyrimidin-6(3aH)-one 

16. 2c 

4-(2-(4-Chlorophenyl)-1H-indol-3-yl)-3-methyl-1-phenyl-

4,5-dihydro-1H-pyrazol[3,4-d]pyrimidin-6(3aH)-one 

17. 2d 

4-(2-(4-Bromophenyl)-1H-indol-3-yl)-3-methyl-1-phenyl-

4,5-dihydro-1H-pyrazol[3,4-d]pyrimidin-6(3aH)-one 

18. 2e 

3-Methyl-1-phenyl-4-(2-p-tolyl-1H-indol-3-yl)-4,5-

dihydro-1H-pyrazol[3,4-d]pyrimidin-6(3aH)-one 

19. 2f 

4-(2-(4-Dichlorophenyl)-1H-indol-3-yl)-3-methyl-1-

phenyl-4,5-dihydro-1H-pyrazol[3,4-d]pyrimidin-6(3aH)-

one 

Chapter-6 

20. 3a 

N-((3-Methyl-5-oxo-1-phenyl-4,5-dihydro-1H-pyrazol-4-

yl)(2-phenyl-1H-indol-3-yl)-methyl)-acetamide 

21. 3b 

N-((2-(4-Fluorophenyl)-1H-indol-3-yl)(3-methyl-5-oxo-1-

phenyl-4,5-dihydro-1H-pyrazol-4-yl)-methyl)-acetamide 

22. 3c 

N-((2-(4-Chlorophenyl)-1H-indol-3-yl)(3-methyl-5-oxo-1-

phenyl-4,5-dihydro-1H-pyrazol-4-yl)-methyl)-acetamide 

23. 3d 

N-((2-(4-Bromophenyl)-1H-indol-3-yl)(3-methyl-5-oxo-1-

phenyl-4,5-dihydro-1H-pyrazol-4-yl)-methyl)-acetamide 

24. 3e 

N-((3-Methyl-5-oxo-1-phenyl-4,5-dihydro-1H-pyrazol-4-

yl)(2-p-tolyl-1H-indol-3-yl)-methyl)-acetamide 

25. 3f 

N-((2-(4-Aminophenyl)-1H-indol-3-yl)(3-methyl-5-oxo-1-

phenyl-4,5-dihydro-1H-pyrazol-4-yl)-methyl)-acetamide 

  



Chapter-7 

26. 
2a 

(Z)-3-Methyl-1-phenyl-4-((2-phenyl-1H-indol-3-yl)-

methylene)-1H-pyrazol-5(4H)-one  

27 
2b 

(Z)-4-((2-(4-Fluorophenyl)-1H-indol-3-yl)-methylene)-3-

methyl-1-phenyl-1H-pyrazol-5(4H)-one 

28 
2c 

(Z)-4-((2-(4-Chlorophenyl)-1H-indol-3-yl)-methylene)-3-

methyl-1-phenyl-1H-pyrazol-5(4H)-one 

29 
2d 

(Z)-4-((2-(4-Bromophenyl)-1H-indol-3-yl)-methylene)-3-

methyl-1-phenyl-1H-pyrazol-5(4H)-one 

30 
2e 

(Z)-4-((2-(4-Aminophenyl)-1H-indol-3-yl)-methylene)-3-

methyl-1-phenyl-1H-pyrazol-5(4H)-one 

     31 
3a 

2-((2-Phenyl-1H-indol-3-yl)-methylene)-cyclohexane-1,3-

dione 

32 
3b 

2-((2-(4-Fluorophenyl)-1H-indol-3-yl)-methylene)-

cyclohexane-1,3-dione 

33. 
3c 

2-((2-(4-Chlorophenyl)-1H-indol-3-yl)-methylene)-

cyclohexane-1,3-dione 

34. 
3d 

2-((2-(4-Bromophenyl)-1H-indol-3-yl)-methylene)-

cyclohexane-1,3-dione 

35. 
3e 

2-((2-(4-Aminophenyl)-1H-indol-3-yl)-methylene)-

cyclohexane-1,3-dione 

36. 
4a 

(Z)-3-Methyl-4-((2-phenyl-1H-indol-3-yl)-methylen)-

isoxazol-5(4H)-one  

37. 
4b 

(Z)-4-((2-(4-Fluorophenyl)-1H-indol-3-yl)-methylen)-3-

methylisoxazol-5(4H)-one 

38. 
4c 

(Z)-4-((2-(4-Chlorophenyl)-1H-indol-3-yl)-methylen)-3-

methylisoxazol-5(4H)-one 

39. 
4d 

(Z)-4-((2-(4-Bromophenyl)-1H-indol-3-yl)-methylen)-3-

methylisoxazol-5(4H)-one 
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