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Abstract

The thesis entitled "Development of Acid-Catalyzed C—C and C-N Bond Forming
Methodologies by Utilizing Fluorinated Alcohols as Solvent" is a comprehensive
exploration into the development of innovative synthetic pathways toward the construction of
C—C/C—N bonds, which are essential in creating complex organic molecules. By employing
fluorinated alcohols as solvents, these works seek to diminish the dependence on metal

catalysts, thereby fostering more sustainable and cost-efficient synthetic methodologies.
Chapter 1: Introduction

To pursue the above thought process, an in-depth review of the literature and a comprehensive
analysis of previous studies on fluorinated alcohol-mediated C—C/C—N bond-forming reactions
were conducted, as presented in Chapter 1, within the introduction section. This chapter delves
into several compelling topics, including: a) the importance of transition metal-free strategies
for C—C and C—N bond formation, b) the distinctive properties of fluorinated alcohols, c¢) the
function of fluorinated solvents in facilitating metal-free synthesis, d) various approaches to
C—C and C-N bond formation enabled by fluorinated solvents such as HFIP and TFE, e)
innovative strategies for C—C and C—N bond formation utilizing quinone monoacetals, and f)

the role of ortho-quinone methides in C—C and C-N bond-forming reactions.

Chapter 2: Lewis Acid Promoted Homodimerization of Styrene diols: An Efficient

Approach towards 2-Phenylnaphthalenes

In this chapter, we described a straightforward, metal-free, efficient protocol for the synthesis
of 2-phenylnaphthalenes from 1-phenylethane-1,2-diols under mild conditions. Remarkably,
we observed that on using 1-phenylethane-1,2-diol (1.0 equiv) and TMSOTTf (20 mol%) with
1,3-dimethoxybenzene (1.1 equiv) as an additive in 1,1,1,3,3,3-hexafluoro-2- propanol (HFIP)
solvent at 60 °C for two hours, 2-phenylnaphthalene was obtained in 88% yield. In this strategy,
HFIP is used as a solvent that stabilizes the reaction intermediate and facilitates the Diels—
Alder cyclization process. An in-situ IR experiment revealed that the reaction proceeds through
the formation of phenylacetaldehyde followed by a [4+2] cycloaddition reaction. Several

control experiments were performed to gain mechanistic insights into the reaction.



Chapter 3: Pentafluorophenol (CsFsOH) Catalyzed Pictet-Spengler Reaction: A Facile
and Metal-Free Approach Towards Tetrahydro-f-carbolines

This chapter introduces pentafluorophenol as an active, operative brensted acid catalyst for the
Pictet-Spengler cyclization reaction. The reaction of tryptamines and different classes of
carbonyl moieties, including aromatic/aliphatic aldehydes/ketones, isatin derivatives, aryl
ketoacids/ketoamides afford heterocyclic alkaloids in excellent yields (up to 99%). We have
also demonstrated the synthetic procedures for the precursor of the commercial drug Tadalafil.
This protocol allows the PS cyclization with excellent scope and high functional group
tolerance under very mild conditions, providing a valuable alternative to previously described

procedures.

Chapter 4: Synthesis of Azepinoindoles and Oxepinoindoles through Brensted-Acid-

Catalyzed Cyclization of an In Situ Generated Dihydrospiroquinoline Intermediate

In this chapter, we have established an operationally simple and efficient synthetic protocol to
produce 5,6,7,12-tetrahydrobenzo[2,3]azepino[4,5-b]indole and 7,12-dihydro-6H-
benzo[2,3]oxepino[4,5-b]indole derivatives utilizing inexpensive acid catalyst under mild
conditions. The scalability and remarkable tolerance to various functional groups exhibited by
our one-pot strategy render it particularly suitable for the late-stage functionalization of
pharmaceutical molecules and natural products. Several control experiments and spectroscopic

studies were performed to elucidate the underlying reaction mechanism.

Chapter 5: Acid-Catalyzed Solvent-Switchable Chemoselective N-Alkylation and C-
Alkylation of Unprotected Arylamines Utilizing ortho-Quinonemethides

In this chapter, we achieved site-selective para and N—H alkylation of anilines using ortho-
quinone methides under remarkably mild conditions. Regioselective para-alkylation was
conducted with unprotected anilines in a metal-free environment, while N—H alkylations were
also successfully performed under mild conditions. DFT calculations were carried out to
understand the distinctive chemoselectivity of N-alkylation and C-alkylation of unprotected
arylamines with different nonpolar (toluene) and polar protic (HFIP) solvents. However, the
different transition state models identified in our calculations shed light on the intricate

interplay between solvent effects and reaction selectivity.



Chapter 6: Solution Processable Organic-Inorganic Hybrids POSS-MFPy as a Blue
Emitter in OLEDs (Collaborative Work)

In this chapter, we have focused on synthesizing a novel fluorene core attached with pyrene
emitter (1,1'-(9-(hex-5-en-1-yl)-9-methyl-9H-fluorene-2,7-diyl) dipyrene (MFPy)) and its
incorporation with the POSS platform and its application in solution-processable OLEDs. The
emitter was synthesized following a multi-step process, including alkylation, linker addition,
and a Suzuki-Miyura cross-coupling reaction. Next, a platinum-catalyzed hydrosilylation
reaction was conducted to attach POSS to the emitter. The fabricated OLED device exhibits a
turn-on voltage (6V) with an excellent blue emission color (437 nm) and CIE coordinates of
(0.163, 0.134). The luminance of the device is 1761 c¢d/m?, and its current efficiency is 0.33
cd/A.

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

study and future outline.
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Pr Isopropyl
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MP Melting point
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h Hour(s)
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THF Tetrahydrofuran
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TMEDA Tetramethylethylenediamine
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