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C-F bond activation stands as a transformative frontier in modern chemistry, revolutionizing our
ability to manipulate and utilize fluorinated compounds. The formidable stability of the
carbon-fluorine bond has h]stoncally posed a challenge, yet recent advances in catalytic
methodologies have prope lled this field into the spotlight. Leveraging transition metals and
innovative ligands, researchers have unlocked unprecedented avenues for C-F bond cleavage,
enabling the strategic modification of a wide array of fluorinated substrates. This paradigm shift
extends far beyond the realm of synthetic chemistry. The impact of C-F bond activation reverberates
across diverse industries, from pharmaceuticals to materials science. It underpins the creation of
potent pharmaceuticals and agrochemicals, offering improved efficacy and safety profiles
Furthermore, the introduction of fluorinated moieties has led to breakthroughs in materials design,
yielding compounds with enhanced electronic properties and thermal stability. At this pivotal
juncture of exploration, | have pioneered a groundbreaking methodology for C-F bond activation,
culminating in the successful orchestration of multiple bond formations, including C-Si, C-C, and
C-N, through the auspices of this protocol.

In Chapter 1, noteworthy advancements were showcased in activating unactivated fluoroarenes

through exceptional methodologies. Various bond formation reactions including C-C, C-B, C-N,




C-0, C-5i, and C-P bonds were exemplified, elucidating specific reaction mechanisms. Furthermore,
a concise summary and prospects stemming from these accomplishments in this field are provided.

In Chapter 2, the realization of defluorosilylation in aryl fluorides to access aryl silanes was
demonstrated under transition-metal-free conditions, employing an inert C—F bond activation. This
process was meticulously described, showcasing the effectiveness of silylboronates and KOtBu in
mediating the defluorosilylation, which proceeded seamlessly at ambient temperature, yielding a
diverse array of aryl silanes in commendable yields. While a comparative experiment underscored
the higher efficiency of the Ni catalyst in facilitating this transformation, the transition-metal-free
protocol bears distinct advantages from a green chemistry standpoint.

In Chapter 3, we elucidated an effective silylboronate-mediated cross-coupling reaction between
aryl fluorides and arylalkanes, all achieved under transition-metal-free conditions at ambient
temperature. The synergistic interplay of silylboronate and KOtBu assumes paramount importance
in orchestrating a radical process, culminating in the cleavage of both C-F and C-H bonds within
the respective coupling precursors, ultimately yielding the coveted cross-coupling product. This
versatile cross-coupling protocol finds wide-ranging applicability across a diverse spectrum of aryl
fluorides, each bearing a C(sp2)-F bond. Furthermore, this methodology seamlessly extends its
reach to encompass various coupling partners endowed with a C(sp3)-H bond, including
diarylmethanes, diarylethanes, and monoarylalkanes. Noteworthy is the facile access to a multitude
of di- and triarylalkanes, some bearing tertiary or quaternary carbon centers, all obtained in yields
ranging from moderate to high. We assert that this developed silylboronate-mediated cross-coupling
methodology constitutes a valuable and substantive contribution to the burgeoning field of C-F and
C-H activation chemistry.

In Chapter 4, we unveiled a sophisticated silylboronate-mediated protocol for the selective
defluorinative cross-coupling of organic fluorides with secondary amines, executed through a
transition-metal-free approach. The harmonious- interplay of silylboronate and potassium
tert-butoxide facilitates the cross-coupling of C-F and N-H bonds at ambient temperature,
circumventing the formidable energy barriers associated with thermally induced SN2 or SNI
amination processes. A key distinction of this transformation lies in its exceptional selectivity,
wherein the C-F bond of the organic fluoride is activated by silylboronate, leaving potentially
cleavable C-0O, C-Cl, heteroaryl C-H, or C-N bonds, as well as CF3 groups, unaffected. This
innovative method enables the efficient one-step synthesis of tertiary amines, bearing aromatic,

heteroaromatic, and/or aliphatic groups, by judiciously employing electronically and sterically

diverse organic fluorides in conjunction with N-alkylanilines or secondary amines. Notably, the
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protocol extends its utility to the late-stage synthesis of potential drug candidates, encompassing
their deuterium-labeled analogs.

In chapter 5, we describe a silyl-boronate-mediated cross-coupling strategy that directly combines
unreactive aryl fluorides with acetonitrile. The o-arylation of nitriles is a central pathway for the
synthesis of a-aryl nitriles and is an essential scaffold in pharmaceutical research. Although
numerous methods such as radical nucleophilic aromatic substitution (SRN1), aryne reactions,
nucleophilic aromatic substitution (SNAr), and transition metal catalysis exist, they often suffer
from narrow substrate compatibility and struggle with inert aryl halides coupled with acetonitrile.
This protocol performed under ambient conditions, eliminates the need for transition-metal catalysts
or photoirradiation, and provides a-ary! nitriles in commendable yields. This transformative method
demonstrates unparalleled versatility, accommodating a wide range of aryl fluorides and even
unreactive alkyl nitriles, ensuring selective monoarylation, and avoiding diarylation byprdducts.

In chapter 6, we developed solvent-free mechanochemical deoxyfluorination of carboxylic acids
to acyl fluorides mediated by 1,1,2,2-tetrafluoroethyl-N,N-dimethylamine (TFEDMA) using a ball
mill. This method facilitated high product yields in shorter reaction times, even for sterically
challenged carboxylic acids. We also realized mechanochemical coupling of acyl fluorides and
amines, as well as the TFEDMA -mediated direct mechanochemical coupling reaction of carboxylic
acids with amines via a sequential one-pot deoxyfluorination/coupling pathway. Furthermore, this
protocol has been expanded to peptide synthesis. The efficiency of the protocol, inl terms of speed,
its solvent-free characteristics, and its favorable E-factor, aligns well with the requirements of
current environmental policies.

In Chapter 7, an explication of the dissertation summary was provided.
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