Abstract
The thesis, titled " Strategic Development of Metal-Free One-Pot Stepwise Reactions: A
Regioselective Approach Towards C—C and C—X Bond Formation", presents a pioneering
exploration into the development of innovative one-pot, metal-free synthetic pathways. This
research is aimed at the regioselective construction of diverse C—C and C—X (X = O, CI) bond

formations, a novel and promising area in organic chemistry.

Chapter 1: Introduction

To pursue the above thought process, an in-depth review of the literature and a comprehensive
analysis of previous studies on one-pot approaches for transition metal-free C—C and C—X (X
= O, Cl) bond-forming reactions were conducted, as presented in Chapter 1, within the
introduction section. This chapter delves into several compelling topics, including: a)
Transition-Metal-free chemistry for C-C/C—X (X = O, CI) bond formation, b) General
approaches for C—-C and C—X bond Formation, c) Significance of one-pot approach,
specifically One-pot step-wise reactions for regioselective transformations, d) Classical
methodologies for the construction of C—C and C-X bonds, e) Utilization of Quinone
monoacetals and Quinone imine ketals for the synthesis of complex and functionalized organic

molecules.

Chapter 2: Bronsted Acid-Catalyzed One-Pot Synthesis of f,fp-Diaryl Esters: Direct
Regioselective Approach to Diverse Arrays of 3-Aryl-1-Indanone Cores.

In this chapter, we described a straightforward, three-component, solvent-dependent, Bronsted
acid-catalyzed reaction of benzaldehydes, silyl enolates and arene nucleophiles for the
synthesis of potential drug candidate 3-aryl-1-indanones. This reaction features the formation
of three C—C bonds, with high regioselectivity in a one-pot strategy along with broad substrate
generality, facile scalability, high functional group tolerance and viable substrates. The f-O-
silyl ethers generated in-situ from the Mukaiyama aldol reaction were subjected to acid-
catalyzed benzylic arylation with strong as well as weak nucleophiles, and the resultant f,5-
diaryl esters can undergo a third C—C bond formation with excellent regioselectivity through
intramolecular cyclization to afford the indanone products in the same pot. Detailed
mechanistic insight leads to a feasible reaction pathway. This transformation opens a practical
and adaptable approach to producing a variety of synthetically valuable transformations and

enables the synthesis of medicinally valuable (R)-tolterodine and (+)-indatraline.



Chapter 3: Bronsted Acid Mediated Multicomponent One-Pot Approach Towards Direct
Construction of 4-Aryl-Hydrocoumarin Derivatives.

This chapter presents the efficient synthesis of a unique class of 4-aryl-hydrocoumarins,
demonstrating enormous potential in medicinal chemistry and natural products. The developed
Bronsted acid-catalyzed, multicomponent, one-pot approach offers good to excellent yields
under mild conditions, showcasing its practicality and efficiency in producing bioactive

compounds and late-stage functionalization of natural products.

Chapter 4: Non-directed, site-Selective Arylation of Quinone Imine Ketals Derived from
Arylamines: A Practical Access to meta-Substituted Anilines.

Herein, we developed a metal-free, nondirected, site-selective, one-pot approach to the meta-
arylation of arylamines. This Bronsted acid-catalyzed, direct C—C bond formation offers a

broad substrate scope and scalability and creates the ideal conditions for overriding the
conventional site-selectivity to furnish meta-substituted anilines. Additionally, the protocol
applies to the meta-allylation of anilines and has been extended to afford late-stage
functionalization and synthesis of medicinally privileged arylated diamines and densely
functionalized anilines. The control experiments and density functional theory studies provide

evidence for the proposed mechanism and selectivity.

Chapter 5: A Regioselective, One-Pot, Transition Metal-free a-Alkylation of Quinone
Monoacetals for Various Organic Transformations.

In this chapter, we have established an unprecedented advancement in quinone monoacetal
(QMA) chemistry is proposed for constructing regioselective and less explored a-alkylated
QMAs through the Morita—Baylis—Hillman (MBH) reaction. Electrophilic QMAs were
transformed to nucleophilic umpolung reagents for aldol type condensation with several
electrophiles. Mechanistic studies reveal that solvent (TFE:water (1:1)) and in situ-generated
potassium acetate accelerate the reaction. The ensuing MBH adducts were scalable and

underwent several post-synthetic transformations and late-stage functionalization.

Chapter 6: Regiodivergence in Chlorination of Quinone Monoacetals and their MBH
Adducts: A Solvent and/or Substrate Directed Access to Ortho- and Meta-Chlorinated
Phenols.

This chapter presents an innovative approach to regioselective, substrate- and solvent-
controlled chlorination of quinone monoacetals (QMAs), derived from the oxidative

dearomatization of phenols, for efficient C—CI bond formation. We achieved remarkable ortho-



selective chlorination under catalyst-free conditions using dimethylchlorosilane as a
chlorinating agent, and interestingly, adding an external Bronsted acid led to the formation of
a 2-chloro-1,4-diol, highlighting the versatility of this method. The protocol also enables
solvent-directed regioselective chlorination of QMA-MBH adducts, facilitating meta- and
ortho-chlorophenol synthesis. This cascade transformation involves acetal hydrolysis, selective
chlorination, and a-hydroxy group reduction—all occurring in one pot using a polar protic
solvent. In contrast, a polar aprotic solvent steers the reaction toward ortho-selectivity while
preserving sensitive functional groups, yielding chloro-substituted o-hydroxybenzyl alcohols
in excellent yields under mild conditions. This strategy is efficient and practical, and for late-

stage functionalization in natural products and pharmaceuticals.

Chapter 7: Chapter 7 gives the overall conclusion of the entire work carried out in the present

study and future outline.
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