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ABSTRACT

The thesis entitled "Recent Advancement in Organocatalyzed Friedel-Crafts Reactions
with Detailed Mechanistic Investigation” presents the results obtained from the research
work carried out on the organocatalysis, development of synthetic methodologies,
sustainable catalysis, heterogeneous catalysis in the advancement of typical Friedel-
Crafts reactions. Detailed mechanistic investigation to reveal the possible catalytic cycle
and synthesis of bioactive molecules and late-stage functionalization of natural products
to afford the value-added chemicals. The accompanied research work has been divided

into seven chapters.

Chapter 1 The work described in this thesis centers around the summarized introduction
of the Friedel-Crafts reaction along with their academic and industrial potential. It also
includes recent developments in this area made by the scientific community as well as an
outline of the constraints that encouraged our findings and potential significance to
circumvent the existing limitations. The overall objective of the research work presented
in the thesis is to development of new catalytic synthetic methodologies for the synthesis
of polyarylated alkanes and explore deeper to understand the key findings in the
mechanistic investigation in typical Friedel-Crafts reactions. We have successfully
utilized the developed protocols to synthesize various value-added products viz.
diarylmethanes (DAMs) and triarylmethanes (TRAMSs). Diarylmethanes (DAMSs) and
triarylmethanes (TRAMS) precursors have sp3 hybridized carbon atoms containing
two/three aryl groups attached to them. The last couple of decades have witnessed an
incredible development in the advancement of catalytic creation of diarylmethanes

(DAMs) and triarylmethanes (TRAMs) motifs. The broad-spectrum applications of
Vv



DAMs and TRAMs in the area like medicinal chemistry, pharmacology, dyes, and
functional materials has urged scientists to invent their efficient synthetic strategies. Due
to their extraordinary chemical as well as pharmaceutical properties, triarylmethanes
(TRAMS) have gained significant attention in the chemical community. Triarylmethanes
(TRAMS) and their derivatives are highly captivating molecules in synthetic organic
chemistry because of their structural and physical properties. This chapter describes the

scope of the present work carried out and reported in the thesis.

Chapter 2 introduces a mild and robust double hydroarylation strategy for the synthesis
of symmetrical /unsymmetrical diaryl- and triarylmethanes in excellent yields using
Lambert salt (0.2-1.0 mol%). Despite the anticipated challenges associated with
controlling selective product formation, unsymmetrical diaryl- and triarylmethanes
products are obtained unprecedentedly. A highly efficient gram scale reaction has also
been reported (TON for symmetrical product = 475 and for unsymmetrical product =
390). The synthetic utility of the methodology is demonstrated by the preparation of
several unexplored diaryl- and triarylmethanes-based biological relevant molecules, such
as arundine, vibrindole A, turbomycin B, and anti-inflammatory agents in one-pot. A
facile synthesis of anti-breast cancer agents is also demonstrated. Control experiments,
Hammett analysis, HRMS, and GC-MS studies reveal the reaction intermediates and

reaction mechanisms.

Chapter 3 describes a mild and efficient synthetic protocol for the synthesis of
symmetrical as well as unsymmetrical diarylmethanes (DAMs). Using DMSO as the
carbon source and TMSOTf as the Lewis-acid promoter, a series of functionalized

symmetrical and unsymmetrical diarylmethanes (DAMs) were synthesized in high yields.
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Gratifyingly, DMSO plays a dual role as solvent as well as a carbon source and can also
be replaced with its deuterated counterpart DMSO-ds, enabling the incorporation of the -
CD2 moiety into the diarylmethanes skeleton. The developed approach has been applied
to a wide range of substrates having various functional groups and this protocol has also
been extended for the synthesis of anti-breast cancer agents, and anticoagulant agents
using common feedstock compounds. Further, the postulated mechanism has been

explicitly demonstrated based on control experiments.

Chapter 4 describes a green approach to synthesizing unsymmetrical polyarylated
alkanes in a one-pot fashion. Generally, unsymmetrical di- and triarylmethanes are
synthesized through metal-catalyzed cross-coupling or Friedel-Crafts arylation via
multistep harsh reaction conditions using pre-functionalized starting materials. This
affects the reaction mass efficiency, and atom economy and produces significant
environmental wastes resulting in a high E-factor. As an alternative, herein, using a
cheap, commercially available Brgnsted acid-catalyst (pTSA+*H20)/HFIP, we describe a
one-pot three-component approach for the synthesis of unsymmetrical polyarylated
alkanes from renewable feedstock chemicals. Compared to conventional routes, we avoid
using any pyrophoric materials, metal catalysts, toxic solvents, and Grignard reagents and
report many examples that are difficult to access via reported methods. Calculation of
different green metrics (atom economy (95%), atom efficiency (84.5%), reaction mass
efficiency (77.1%), and E-factor (1.26 kg/kg of the product with solvent and 0.32 kg/kg
of the product without solvent) indicated the greenness of the described protocol. The
developed method could also be scaled up and was applied for a short and efficient

synthesis of a phenanthrene-based anti-breast cancer agent which reduced the
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conventional six-step cross-coupling approach to one-step Friedel-Crafts approach. Also,
the method has been applied for the late-stage functionalization of various natural
products like Thymol, Menthol, Eugenol, etc., and the used HFIP was recovered

highlighting the suitability of the method for industrial applications.

Chapter 5 describes the Friedel-Crafts alkylation of electron-deficient arenes with
aldehydes through "catalyst activation" is presented. Strongly electron-withdrawing
arenes including arenes with multiple halogen atoms, NO2, CHO, COzR, and CN, groups
acted as efficient nucleophiles in this reaction. DFT studies reveal multiple roles of
solvent HFIP viz; increasing the Brgnsted acidity of the catalyst pTSA<H20, and
stabilization of the transition states through a concerted pathway enabling the challenging
reaction. Further, we extended the developed bis arylation protocol to various ketones
like 4-nitro acetophenone, 4-phenyl acetophenone, 9-fluorenone, trifluoroacetophenone,
etc. Interestingly, the reaction could be extended to a tandem process where the reaction
of trifluoromethyl acetophenone with resorcinol resulted in the formation of
trifluoromethyl (CFs) containing tetrasubstituted spiro-xanthene through a tandem

Friedel-Crafts reaction cyclization process.

Chapter 6 deals with the development of general and more sustainable heterogeneous
catalytic processes for Friedel-Crafts (FC) alkylation reactions is a key objective of
interest for the synthesis of pharmaceuticals and commodity chemicals. Sustainable
heterogeneous catalysis for the typical FC alkylation of easily accessible carbonyl
electrophile and arenes or with two different arene nucleophiles in one-pot is a prime
challenge. Herein, we present a resolution to these issues through the design and

utilization of a mesoporous silica catalyst that has been functionalized with sulphonic
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acid. For the synthesis of sulphonic acid-functionalized mesoporous silica (MSN-SOszH),
thiol-functionalized mesoporous silica was first synthesized by the co-condensation
method, followed by oxidation of the thiol functionality to the sulphonic acid group.
Sulphonation of mesoporous silica was confirmed by **C CP MAS NMR spectroscopy.
Further, the devised heterogeneous catalysis using MSN-SOsH has been successfully
employed in the construction of diverse polyalkanes including various bioactive
molecules viz arundine, tatarinoid-C, and late-stage functionalization of natural products
like Menthol and Eugenol. Further, we have utilized this sustainable technique to
facilitate the formation of unsymmetrical C—S bonds in a one-pot fashion. In addition, the
catalyst was successfully recovered and recycled for eight cycles, demonstrating the high
sustainability and cost-effectiveness of this protocol for both academic and industrial

applications.

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

study and future outline.
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