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ABSTRACT

The thesis entitled *"Development of Transition-Metal-Free Strategies for the
Functionalization of C-O/C-H bonds towards the Synthesis of Value-Added
Compounds™ is a comprehensive exploration into the development of innovative synthetic
pathways via the C—O/C-H bonds towards the construction of C—C and C—N bonds and C-S,
with a specific focus on the synthesis of pharmaceutical drug molecules. The initial three
chapters of the thesis focused on utilizing the C—O bond functionalization of oxiranes with
indoles in order to achieve C—C bond formation to synthesize bis(indolyl)alkanes and 3-alkyl
indoles and C—N bond formation by coupling with anilines for f-amino alcohols. Moreover,
carboxylic acids are also used for the deoxygenated amidation by coupling with sulfonyl
hydrazides and amines. Subsequently, the thesis delves into the utilization of hydrazides as
sulfone precursors for synthesizing f-keto sulfones via the C—S bond formation of methyl
ketones. This unique approach is employed for the synthesis of the anti-analgesic and anti-
infectious agents. The thesis also reveals the role of iodine catalysis in the synthesis of biaryl
motifs by the coupling of quinone monoacetals derived from phenols and quinone imine ketals

derived from arylamines with S-naphthols in one pot.

Chapter 1: Introduction: The study presented in this thesis focuses on tackling the ongoing
issues of organic molecule synthesis in order to generate more cost-effective and
environmentally friendly reactions. It also includes recent scientific breakthroughs in this
field, an overview of the constraints that influenced our findings, and the potential relevance
of overcoming present limitations. The primary purpose of the thesis research is to discover
new catalytic synthetic methods for forming C-C, C-N, and C-S bonds. Furthermore, the
study intends to go deeper into understanding the major discoveries in mechanistic
investigations of C—O and C—H functionalization techniques. In this chapter, we reviewed
the significance and application of epoxides. Epoxides are flexible synthetic intermediates
that can be C-O functionalized. These very strained compounds can create carbon-carbon
and carbon-heteroatom bonds via ring-opening reactions. In this regard, a survey of the
literature enabled us to find a few intriguing compounds with biological importance,
including indoles and anilines.

The amide functional group is an important component of many synthetic materials,
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biologically active compounds, and building blocks. The discovery of novel synthetic
procedures for amide bond formation is critical to both organic synthesis and pharmaceutical
production. This chapter demonstrates that, unlike biosynthetic processes, conventional
synthetic methods from easily available carboxylic acids often require activating reagents or
the synthesis of reactive intermediates, such as esters, anhydrides, or acyl chlorides, for
subsequent amine addition.

The thesis also aims to investigate alternate gentler techniques for functionalizing the C—H
bond in order to install sulfonyl groups on methyl ketones using readily available radical
precursors, namely sulfonyl hydrazides. C—H functionalization differs significantly from
conventional organic synthesis methods. In recent years, C—H functionalization has become
a promising technique for synthesizing complex targets containing diverse carbon-
heteroatom linkages. Carbon-sulfur (C—S) bonds are distinct from conventional carbon-
heteroatom bonds because organosulfur compounds serve as structural scaffolds in various
natural and medicinal products.

Another unique skeletal editing strategy was addressed for the synthesis of another useful
biaryl structural motif seen in natural products and physiologically active molecules, and
materials science has made aryl-aryl (Ar-Ar) bond formation a high priority for synthetic
chemists.

Chapter 2: Catalyst-Switchable Divergent Synthesis of Bis(indolyl)alkanes and
3-Alkylated Indoles from Styrene Oxides. This study introduces a new and efficient method
for synthesizing 3-alkyl indoles and bis(indolyl)alkanes from phenyl oxiranes and indoles
using Brensted acid as a catalyst. The technique achieves selectivity for two important indole
derivatives by sending the same substrates down divergent reaction routes catalyzed by
distinct acids. This approach is notable for its tolerance to a wide range of indoles and oxiranes.
It also displayed outstanding scalability, with highly efficient gram-scale reactions indicating
the potential for large-scale synthesis. Control experiments and in-situ IR measurements
demonstrated that in the presence of Brookhart's acid, phenyl oxirane converts to
phenylacetaldehyde as an intermediary. Based on these findings, a feasible mechanism is
provided.

Chapter 3: Brgnsted Acid-Catalysed Epoxide Ring-Opening Using Amine Nucleophiles:

A facile access to g-amino alcohols: The importance of nitrogen-containing molecules in
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both simple and complex heterocyclic systems is highlighted by their wide range of structures
and prevalence. f-amino alcohols having C-N linkages are particularly valuable in natural
product synthesis since they serve as precursors for many natural alkaloids, artificial amino
acids, chiral auxiliaries, and medicines. As a result, we have created a gentle, effective, and
non-metallic method for synthesizing S-amino alcohols. This reaction takes place at ambient
temperature with a catalyst loading of only 0.5 mol% and produces p-amino alcohol
derivatives with high yields. The procedure is suitable for a broad spectrum of styrene oxide
and aniline derivatives. Significantly, a very efficient synthesis at a gram-scale is reported,
achieving a high turnover number (TON = 842). A Hammett correlation analysis was
undertaken to identify the step that controls the rate of the reaction. The calculations for green
chemistry parameters showed exceptionally high values for atom economy, reaction mass
efficiency, and carbon efficiency. Moreover, the S-amino alcohols obtained can be employed
to produce a wide range of biologically active heterocyclic compounds.

Chapter 4: Direct Access to Hydrazides and Amides from Feedstock Carboxylic Acids
via Acyloxyphosphonium ion: Incorporating an amine moiety into a carbonyl group is a
complex synthetic endeavor, yet it is crucial for the development of numerous bioactive
compounds. In this study, we introduce a simple and effective procedure for producing a wide
range of amides by deoxygenating carboxylic acids and then subjecting them to amidation.
This approach employs feedstock carboxylic acids as acyl surrogates and is compatible with
aliphatic, heterocyclic, and aromatic amines, as well as sulfonyl hydrazides. This
straightforward and cost-effective approach efficiently introduces structural variation. The
procedure was effectively utilized for the production of highly effective medicinal
compounds, such as the antibiotic isoniazide (with a yield of 80%), which is known for its
effectiveness against tuberculosis. Additionally, a histone acetyltransferase (HAT) inhibitor,
which plays a critical role in many epigenetic processes and histone acetylation, was also
synthesized successfully. The use of NMR spectroscopy allowed for the identification of
crucial chemical intermediates, such as bromophosphonium and acyloxyphosphonium ions.
In addition, we have employed this procedure for the late-stage modification of medicines and
highly successful drugs.

Chapter 5: I>-Catalyzed/ Mediated C-S and C-I Bond Formation: Solvent- and Metal-
free Approach for the Synthesis of f-Keto Sulfones and Branched Sulfones: Carbon-
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sulfur (C-S) bond formation is essential in natural goods and pharmaceutical systems because
of the abundance of organosulfur compounds. The utilization of SO units to form sulfonylated
fragments has garnered considerable interest in recent decades. f-Keto sulfones are widely
used sulfonyl structures because of their versatile applications in the synthesis of several
natural compounds, including alkaloids and quinolones. Additionally, they function as potent
non-nucleoside inhibitors and find application in the treatment of hepatitis, bacterial
infections, and fungal infections. In this study, we introduce a method that utilizes iodine as a
catalyst to synthesize fS-keto sulfones. The synthesis involves the reaction of sulfonyl
hydrazides with easily accessible methyl ketones. This approach does not require the use of
solvents or transition metals. The study also involves the production of -keto thiosulfones
and a-iodo-f-keto sulfones through the process of a-functionalization of s-keto sulfones. This
is accomplished by utilizing iodine as a catalyst for the creation of C—S bonds in conditions
without the presence of a solvent and for the formation of C—I bonds in conditions when water
is present. The methodology is accessible, can be easily expanded, has a wide range of
functional group compatibility, and allows for the synthesis of three functionalized organic
scaffolds using a free radical coupling strategy.

Chapter 6: Non-directed Dearomative Ortho C-H Functionalization for One-Pot
Synthesis of Biaryl Scaffolds: We developed a metal-free, non-directed, site-selective, one-
pot approach for synthesizing aniline biaryls and unsymmetrical phenol biaryls using iodine-
catalyzed couplings of QIKs/QMAs and pg-naphthols. This novel technique enables the
unconventional synthesis of ortho-substituted anilines and phenols, which are important in
medicines and advanced materials but are normally difficult to synthesize. The approach
produces extremely high ortho selectivity without the use of transition metals or
external/internal templates. This Lewis acid-catalyzed direct C—C bond synthesis has a broad
substrate scope, with conditions optimized to bypass traditional site-selectivity obstacles to
create ortho-substituted phenols. Furthermore, the protocol enables late-stage
functionalization. Control experiments offer support for the postulated mechanism and
selectivity.

Chapter 7: Conclusion: Provides a comprehensive summary of the findings and future

directions of the study conducted in this research.
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