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Abstract

The contents of the present thesis entitled as “Catalytic (De)hydrogenative Annulation by Well-
defined Mn(I) and Co(II)-complexes for the Construction of N-Heterocycles” have been divided
into five chapters. The first chapter contains a brief literature overview on construction of various
(de)hydrogenative heterocycle synthesis and the last four chapters were based on the results achieved
from the experimental works performed during the entire course of the PhD research programme.
Chapter I: A brief introduction about the catalytic (de)hydrogenative transformation
towards the construction of heterocycles

The synthesis of N-heterocycles has always been considered an emergent topic of chemical research
due to its widespread usage in medicinal chemistry, material science, and natural product synthesis. The
development of green, atom economical and sustainable strategies to construct those N-heterocycles
employing readily available renewable starting material is a high priority for the scientific community.
Alcohol is a suitable candidate to meet this demand, as it is an economically viable and widely abundant
greener starting material derived from a diverse range of sustainable resources. Therefore, envisaging
both noble and earth-abundant 3d-transition metal-based catalytic protocol for the benign synthesis of
those N-heterocycles via Acceptorless Dehydrogenative Annulation (ADA) pathway where water and
molecular hydrogen were solely liberated as eco-friendly by-products is a demanding process. Chapter
I shed light on a brief overview about the documented literatures on the transition metal catalyzed
synthesis of both saturated and unsaturated N/O/S-heterocycles employing acceptorless
dehydrogenation (AD) and borrowing hydrogen (BH) or hydrogen auto-transfer (HA) strategy
accessing alcohols as a key coupling partner.

Aim of the Thesis:

The documented literature reports on the synthesis of both saturated and unsaturated heterocycles
displayed that over the last few decades, this was mainly dominated by air, moisture sensitive, costly,
sophisticated phosphine ligand bearing both noble and 3d-transition metal-based catalysts. Henceforth,
the present thesis is focused on designing and synthesizing various phosphine-free, air and moisture
stable ligands and their easily accessible Mn(I) and Co(II) complexes which are well characterized by
various spectroscopic and spectrometric techniques. Afterwards, the intension was to explore their
catalytic activity towards the synthesis of various N-heterocycles, which are basic structural unit or
building block of several natural products.

Chapter II: Well-defined Manganese Complex Catalyzed Dehydrogenative Synthesis of
Quinazolin-4(3H)-ones and 3,4-Dihydro-2H-1,2,4-benzothiadiazine 1,1-Dioxides
Manganese is the third most abundant transition metal in the earth’s crust (950 mg kg™), less toxic as
compared to its higher analogs and plays an important role in several biological systems. Apart from
that, the existence of wide range of oxidation state (-3 to +7) and coordination number (up to 7) makes
it a suitable candidate for catalysis. However, it’s applicability towards acceptorless dehydrogenation

xi
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and hydrogenation reaction was untapped until 2016. Since then, there has been significant
advancement in this field. However, the synthesis of N-heterocycles via the Mn-catalyzed acceptorless
dehydrogenative coupling (ADC) method was in nascent stage. Intrigued by this report, chapter 11
described about Mn-catalyzed synthesis of quinazoline-4(3H)-ones and 3,4-dihydro-2H-1,2,4-
benzothiadiazine 1,1-dioxides via acceptorless dehydrogenative annulation (ADA). This method
features the usage of various primary alcohols including benzyl alcohol bearing tolerable functional
groups, heteroaryl and aliphatic alcohols as coupling partners furnishing good to excellent yields. The
synthetic value of this procedure was showcased by the efficient construction of 2-(quinolin-2-
yl)quinazolin-4(3H)-one, which is an intermediate for Luotonins A, B, and E. Detailed mechanistic
investigations and kinetic monitoring were performed to understand the reaction sequence and the role

of the catalyst in different steps.

0220
NH >SNH
L L
NH; NH,

O
O“‘S"O
NH *NH
@R@é\ L L@
N7 R, H,0 N7 R,
-_— H
v Acceptorless dehydrogenation ¥" Mechanistic and kinetic investigations

v Broad substrate scope bearing diverse v Green by-products water and hydrogen

functional groups

Scheme 1: A schematic representation of the research work covered in chapter I1.

Publication: Catal. Sci. Technol. 2022,12,3202-3208.

Chapter III: Manganese Complex Catalyzed (De)hydrogenative Cyclization toward the
Selective Synthesis of 2-Substituted and 2, 3-Disubstituted 4-Quinolones

4-quinolones and its derivatives displayed a broad spectrum of biological and pharmaceutical activity.
Furthermore, they have the potentiality to regulate and cure various acute and chronic diseases including
ischemia, pain, inflammation, immunomodulation, malarial, bacterial, fungal infection, HIV, cancer
etc. This prolific importance of aforementioned N-heterocycle lured scientific community to develop

green, atom-economical and energetically efficient synthetic strategies to construct employing an

X1l
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economically viable and widely abundant renewable starting material like alcohol. Hence, the
development of new and efficient base metal catalysts to manifest these selective transformations via
Acceptorless Dehydrogenative Annulation (ADA) and Borrowing Hydrogen (BH) pathway offered a
sustainable and ever demanding route, as eco-friendly by-products water and molecular hydrogen get

liberated.

Q@ Dual active sites Mn-complex
Q@ Switchable synthesis of Mono and Poly substituted 4-Quinolones

Q Broad substrate scope (80 examples)

Q Only by products H, and H,0

Q Kinetic and control experiments

Q@ Post synthetic modification, Azafluoreneone synthesis
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Scheme 2: A schematic imprint of the research work covered in chapter III.

In chapter III, it has been highlighted about phosphine-free well-defined bifunctional NNO-Mn(I)
catalyzed switchable synthesis of 3-benzyl-2-phenylquinolin-4(1H)-one and 2-phenylquinolin-4(1H)-
one via dehydrogenative annulation of alcohols with 2-amino phenyl ketones. The developed protocol
showcased ample substrate scope with good selectivity for a host of alcohols with diverse
acetophenones. To demonstrate the utility and efficacy of that present catalytic strategy, some post
synthetic modification was conducted where some 4-quinolones with antibiotic properties and
azafluoreneone derivative have accomplished. In order to underpin the mechanistic investigation, a
series of control and kinetic experiments were performed, which displayed that for the construction of
both heterocycles, formation of the C-C bond get priority over the C-N bond formation and
dehydrogenation of alcohol is the slowest or rate determining step.

Publication: Manuscript under preparation.
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Chapter IV: Designing Cobalt(II) Complexes for Tandem Dehydrogenative Synthesis of
Quinoline and Quinazoline Derivatives

Chapter IV highlighted about the cascade dehydrogenative synthesis of wide range of C-3-substituted
quinoline and quinazoline derivatives with good to excellent isolated yields employing 2-aminobenzyl
alcohol as a stable and inexpensive key coupling partner. To pursue these objectives, in this work, three
new phosphine-free tridentate NNO-Co(II) complexes employing inexpensive and easily accessible
precursor CoBr; was constructed. The metal ligand-cooperation behavior of the alkoxy arm was utilized
to explore the catalytic activities of these complexes towards dehydrogenation. The selective synthesis
of C-3-substituted quinolines of this catalytic protocol depend on the slow dehydrogenative
transformation of 2-aminobenzyl alcohol into 2- aminobenzaldehyde as well as primary alcohol to its
aldehyde by circumventing and suppressing its deoxygenative self-coupling nature and Guerbet

reaction possibility.
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Scheme 3: A schematic demonstration of the research work covered in chapter IV.
Apart from that, the developed protocol's usefulness was enhanced by the chemoselective
transformation of natural monoterpenoids and different fatty acid derived alcohols to synthesize
heterocycles having distal unsaturation and synthetic efficacy was enhanced by demonstrating some
post-synthetic modifications. Various kinetic, mechanistic, and control studies were conducted to
comprehend the reaction route.
Publication: Org. Lett. 2024, 26, 514-518.
Chapter V: Well-defined Cobalt(II) Catalyzed Synthesis of 2,3-Dihydro-1H-Perimidines
via Acceptorless Dehydrogenative Annulation
The versatility of the perimidine moiety offers a rich playground for researchers in fields ranging from
medical science to industrial chemistry. Upon spurred by its fascinating structural architecture and
prolific biological eminence, in chapter V the tandem synthesis of 2,3-dihydro-1H-perimidine

derivatives employing pre-synthesized well-defined phosphine-free NNO-Co(Il)-complex via

X1V
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acceptorless dehydrogenative annulation (ADA) of 1,8-diaminonaphthalene (DAN) with a diverse
range of primary alcohols including benzylic, heteroaryl containing and cyclic/acyclic aliphatic alcohols
was presented where they have furnished good to excellent isolated yields. Furthermore, the catalytic
protocol was also suitable for naturally occurring unsaturated fatty acid derived alcohols such as oleyl
alcohol, 9-decen-1-ol with whom they reacted well affording the targeted heterocycles
chemoselectively in good yields keeping distal unsaturation intact. Several kinetic and control tests

were carried out in order to understand the reaction sequence.

Inexpensive metal precursor Green by-products
N
O NH, Broad substrate scope

Acceptorless dehydrogenation

2
Co(ll) catalysis &/
R”OH Mechanistic and kinetic investigations

Scheme 4: A schematic showcased of the research work covered in chapter V.

Publication: Org. Biomol. Chem. 2024, 22, 8602—-8607.
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Chapter-1: (De)hydrogenative Heterocycle Synthesis

1.1. Introduction:

Heterocycles are one of the immense, diverse and fascinating arenas of chemistry, which is identified
by their profound application in many biological processes. In fact, they are the fundament of modern
medicinal chemistry and pharmacology, used as key building blocks in the realm of drug design and
discovery' evident from the FDA approved database revealing that 60% of structurally unique small
molecule drugs contain these N-heterocyclic scaffolds” and also one report in 2021 displaying that 8
out of 20 top seller blockbuster drugs contain at least one active heterocycle. Aside from that, they are
the essential structural scaffolds of numerous natural products,’ catalysts, advanced materials* and
exhibit omnipresence in agrochemical industry,’ dye industry.® Due to the high prevalence of this, the
creation of efficacious strategies has been instigated as a central goal for both academic and industrial
perspectives. In that quest, over the decades, a series of classical approaches have been developed and
documented, however, many of these approaches involve the usage of expensive reagents, harsher
reaction conditions, cumbersome work-up procedures, longer reaction times and especially generating
over-stoichiometric amounts of wastages.” To circumvent these issues scientific fraternity very much
prompt to design and develop a clean, green, selective and efficient synthetic process which rely on
homogeneous transition metal catalyzed sustainable chemical transformation utilizing simple and
abundant starting material derived from renewable resources under relatively milder conditions. In the
modern era, the relentless march of population growth and technological development has not only
taken a severe toll on the delicate balance of our natural world but also has placed an unprecedented
strain on the planet by confining the resources, intensifying the usage of various chemical feedstocks
and energy to meet the ongoing demand. Reports suggested that the majority of the chemical
compounds are currently produced from finite fossil fuel resources such as oil or coal.® However, the
anticipation of rapid depletion of fossil fuels and their usage in which the natural cycle and biosphere
get manifold disrupted leading to global climate change remained as an alarming point. Thus, there is a
growing impetus to hunt for alternative raw materials. Lignocellulosic biomass is a proper candidate as
it is widely abundant, generating from food and agricultural waste.” Nevertheless, lignocellulose can be
processed to alcohols.'® Henceforth, transition metal catalyst mediated dehydrogenative construction of
diverse range of N-heteroarenes is still a demanding process. The high atom-efficiency and excellent
redox economy of the Acceptorless Dehydrogenation (AD) and Borrowing Hydrogen (BH) or
Hydrogen Auto-transfer (HA) strategies brings an unwavering attention and substantial motivation to

the contemporary science.
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Chapter-1: (De)hydrogenative Heterocycle Synthesis

1.2. Catalytic dehydrogenative approach behind the formation of C-heteroatom bond:

The major step involved for construction of C-heteroatom bond i.e. for the formation of N-heteroarenes
from abundantly available and key renewable starting material alcohols is the catalytic dehydrogenative
activation of alcohols.!" The dehydrogenation of alcohols can be proceed via three different pathways
which are outlined in scheme 1.1. In pathways ‘A’ and ‘B’, H, get released whilst in pathway ‘C’ the
necessity of O is to get back the active catalytic species with the concomitant liberation of H,O,. Both
pathways ‘A’ and ‘B’ well-known as Acceptorless Alcohol Dehydrogenation (AAD) which is
potentially operated by redox-innocent ligand bearing transition metal catalysts, whereas, the pathway
‘C’ accessed by transition metal complex bearing redox-active ligands.'? Again, amidst of that, pathway
‘A’ which is named as classical AAD undergoes via initial oxidative addition with the subsequent -H
elimination of the metal-alkoxide species leads to the generation of metal-dihydride intermediate along
with the carbonyl product. The metal-dihydride intermediate undergoes reductive elimination
regenerated the active catalyst and liberated H, molecule. However, in pathway ‘B’ the AAD undergoes
via metal-ligand cooperation (MLC) strategy'® where metal centre, ligand motif actively participate in
bond-making as well as bond-breaking process in a concerted manner and during the course of bond

activation both centres have chemically adjusted.

Mode A: ! Mode B: ! Mode C:
R R? : R R? ! R2 R?
R‘J<0H RJ%O R1J<0H R“go R1J<0H R“go
H i /‘ H oo H
L-M Lot L > L1 iL-M H—L-M
t | it | ¢t |
-H, : -H, 0 V% i
H,0, 0,

Scheme 1.1. General scheme on different modes of catalytic dehydrogenation of alcohols.
Acceptorless dehydrogenative coupling (ADC) is a coupling reaction where one or more substrates will
undergo dehydrogenation furnishing a reactive nucleophilic or electrophilic intermediate.
Subsequently, an added nucleophile or a nucleophile of the parent substrate will couple with the
electrophilic intermediate forming an another transient intermediate viable for either dehydrogenation
or condensation to afford the final product. The concomitantly liberated hydrogen will not involve in
the reaction.' Nevertheless, during the dehydrogenation of one or more hydrogen rich or hydrogen
donor substrate, if the liberated hydrogen get stored into its catalytic metal fragment forming [MH]-
species and released in the final hydrogenation step transforming the unsaturated transient intermediate
into the saturated product with concomitant formation of active catalyst, then this principle was named
as ‘Borrowing Hydrogen (BH)’ or ‘Hydrogen Auto-transfer (HA)’, first coined by Williams et. al. in
2004 (Scheme 1.2)."

For the dehydrogenative construction of heterocycles, it involved the transformation of highly stable
alcohol into its potential electrophilic analogue carbonyl compounds. Then there is a nucleophilic attack
by amine forming imine with the liberation of water as byproduct. This imine can be converted into

amine by borrowing hydrogen catalysis or it may be converted to N-heteroarenes depending on the

2
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Chapter-1: (De)hydrogenative Heterocycle Synthesis

catalyst and reaction conditions. Sometimes depending on the nature of the catalyst, its structural
property and activity, double dehydrogenation of hemiaminal or hemiacetal takes place, leading to the
formation of amide or ester before eliminating water (Scheme 1.2).'® These are the subsequent
phenomenon noticed during the construction of heterocyclic moieties.

R/\N/\R1 ~

M
‘/ (i
Borrowing Hydrogen or

Hydrogen autotransfer

\\[M'H

OH

M
/[ ] H
Dehydrogenative
condensation
\[ ‘”l
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H
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~
X R' “NH
R7N"R' = 2 RINNR!
i -H,0 .
Imine Imine
XH
NN Dehydrogenative
- N R
cyclization OH o,M Double _ y
X=0,NH, S )\ )\ dehydrogenation JL
= ) H ~
n=0,1 R" X7 "R > R NR T

" X =0, NH X=0, NH H, Ester/Amide
M=Transition metal catalyst

Hemiacetal/Hemiaminal
Scheme 1.2. General mechanistic outline enroute to Dehydrogenative formation of C-heteroatom bond.

1.3. Synthesis of heterocyclic compounds via dehydrogenative coupling of alcohols:

For the sake of green and sustainable transformations, manufacturing a plethora of both saturated and
unsaturated biologically and industrially important heterocyclic scaffold employing readily available,
biomass derived, renewable and greener starting material alcohol with the aid of transition metal catalyst
via ‘ADC’ or ‘BH’ approached lured a substantial attraction for its high atom-efficiency, excellent
redox-economy, low cost and waste-free feature.'” In this strategy, first alcohol undergoes metal
mediated dehydrogenation furnishing the corresponding carbonyl analogue releasing H, as a greener
by-product, which then coupled with suitable nucleophile (N, O and S) delivered the desired heterocycle
eliminating H,O as another greener by product. Instead of releasing H, if it gets stored into the metal
cavity which get transformed in the final step to the coupling product, it accomplished saturated
heterocyclic scaffold. Therefore, both saturated and unsaturated heterocycle can be furnished from same
set of coupling partner upon designing suitable catalytic scaffold and varying reaction condition.
1.3.1. Unsaturated N-heterocycles synthesis via dehydrogenative pathway:

Unsaturated N-heterocycles are ubiquitous and privileged scaffolds in pharmaceuticals and biological
compounds and they are commercially available at low cost. Due to their manifold usefulness, over the
years, construction of unsaturated N-heterocycles provides an implausible interest and realm over

saturated N-heterocycles.
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1.3.1.1. Dehydrogenative approach towards 5-membered N-heterocycles synthesis:
1.3.1.1.1. Benzimidazole (2-substituted and 1,2-disubstituted) synthesis via
dehydrogenative pathway:

The sustainable synthesis of benzimidazole and its derivatives has gained an unwavering attention due
to its promising biological activity and essential building block for pharmaceutical industry.'®
Traditionally upon condensation of 1,2-diaminobenzenes with carboxylic acids, acid chlorides or
anhydrides under harsh reaction condition benzimidazoles and their derivatives can be synthesized
however, these methods suffered from lack of atom-economy and incompatible in presence of tolerable
functional group.'® Alternatively, in the sustainable strategy it can be fabricated by transition metal
catalyst mediated acceptorless dehydrogenative coupling of 1,2-diaminobenzenes with alcohols where
H,O and H; released as sole by-products. Apart from that, it can also be synthesized from 2-nitroaniline
derivatives.

1.3.1.1.1.1. From o-phenylenediamines:

In 1991, Watanabe group introduced sustainable synthesis of benzimidazole first via ADC employing
precious Ru-complex at elevated temperature (215 °C).2* Afterwards, in 2009, the William group
developed a catalytic system based on easily accessible Ru(Il) precursor, [RuH2(CO)(PPhs);] with
assortment of bidentate ligand xantphos and hydrogen acceptor crotononitrile and applied them towards
the construction of aforementioned heterocycle via dehydrogenative coupling of o-aminoaniline and
primary alcohol in refluxing toluene.””™ However, the catalytic protocol is limited for only aromatic
alcohol with moderate isolated yield. Later on, in 2014, Kempe et. al. demonstrated tridentate PNP-
ligand stabilized Ir(I)-complex (Ir-1) catalyzed benzimidazole synthesis.’’ Their catalytic system
exhibits high efficiency for various aliphatic and good chemoselectivity for olefin containing aromatic
primary alcohol. Recently, the Kundu group reported bidentate phosphine free 2-hydroxypyridine based
water soluble Ir(Ill) complex (Ir-2) catalyzed similar transformation in green, nontoxic and non-
flammable solvent water under base-free condition.?®® Later, there are several catalytic protocol has
been developed by various groups employing Ru?*f and Pd*8 to conduct the synthesis of aforesaid
heterocycle, however, in terms of cost-effectiveness, availability and sustainability, a continuous hunt
is going on to develop base metal based catalytic system in scientific community. In that quest, in 2013,
Singh and co-workers manifested an inexpensive and efficient Fe(Il)-phthalocyanine complex (Fe-1)
to catalyse the coupling between alcohols with diamines towards construction of 2-substituted
benzimidazole with few examples.’® In 2017, the pioneering Milstein group first time reported PNN-
Co(Il)-complex (Co-1) catalyzed 2-substituted benzimidazole synthesis form the same set of coupling
partners with the concomitant release of water and two molecules of hydrogen as green by-products
under base free condition.?”' To pursue this the active catalytic paramagnetic Co(I)-species has been
generated upon combination of 5 mol% of NaHBEt; as a hydride source with equal amount of Co-1

complex and KO'Bu as a base at 140 °C. 4A MS plays a crucial role to achieve the highest yield.
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Mechanistic studies comprises that the initial formed paramagnetic (PNNH)Co(I)-Cl species performs
the actual dehydrogenative transformation of alcohol to aldehyde by liberating H> which then coupled
with o-phenylenediamine formed benzimidazole and H»O. In the very next year, Srimani and co-
workers reported a tridentate NNS-MN(I)-complex (Mn-1) which is phosphine free for the selective
synthesis of both benzimidazoles (2-substituted and 1,2-disubstituted) upon fine adjustment of the
reaction parameters.”” Both benzylic and heteroaromatic alcohols furnished good yield whilst aliphatic
alcohol delivered poor yield. Mechanistic investigation for the formation of both benzimidazoles (2-
substituted and 1,2-disubstituted) has been documented by the author which underpin that out of three
possible pathways the reaction followed path III via intermediate bisimine formation (Scheme 1.4). In
2019, Banerjee et. al. accomplished both employing simple and inexpensive Ni-precatalyst, NiCl, with
the assortment of 1,10-phenanthroline ligand from o-phenylenediamine and alcohols.?™ In the very next
year, the Adhikari group communicate molecularly well-defined, isolable and bench-stable redox-active
azo-backbone containing Ni-complex (Ni-1) which by hydrogen atom transfer (HAT) mechanism
enable to commensurate both 2-substituted and 1,2-disubstituted benzimidazoles.”” They conducted it
by employing Ni-1 catalyst with catalytic quantity of base KO'Bu at 80 °C affording ample scope and
till date it is the mildest, selective and efficient approach to construct aforesaid both. In the same year,
Srivastava and Kumar reported NNN-Ni(II)-pincer complex (Ni-2) catalyzed sustainable synthesis of
2-substituted benzimidazoles at 200 °C under an open atmosphere in solventless condition displaying
12 examples with a moderate turnover number (TON).>’™ Later, Hong et. al. selectively synthesized
1,2-disubstituted benzimidazoles employing their Knolker type tricarbonyl Fe-complex (Fe-2) in

accordance with the oxidant trimethyl N-oxide (TMAO) from 1 equiv. of o-phenylenediamine with an

o 20n
array of alcohols of 2.5 equiv. (Scheme 1.3).
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Scheme 1.3. Selective construction of 2-substitued and 1,2-disubstituted benzimidazoles by different catalysts.
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Scheme 1.4. Probable mechanistic cycle for the construction of 2-substitued and 1,2-disubstituted
benzimidazoles.

1.3.1.1.1.2. From o-nitroanilines:

Construction of benzimidazoles taken with alcohol is mostly explored employing o-phenylenediamine
as a coupling partner, however, the o-phenylenediamine are preliminary synthesized from 2-
nitroaniline, which is stable as compared to o-phenylenediamine. Therefore, fabrication of
benzimidazole via direct transformation of 2-nitroaniline to o-phenylenediamine using alcohol in
absence of foreign reducing agents followed by coupling of alcohol is a step-economical and eco-
friendly process. In that parenthesis, alcohol act as a hydrogen donor and nitro act as a hydrogen
acceptor. Based on that concept, in 2013, the cyclization employing dppf (Fe-3) as a catalyst via
hydrogen transfer pathway demonstrated by Huang and co-workers.*'* However, in 2019, the Sarkar
group reported Co(acac), catalyzed coupling of 2-nitroanilines and alcohols in selective formation of 2-
substituted benzimidazoles in any additional ligand system absence.?'® The kinetic experiment revealed
that electron-releasing group bearing alcohol get faster oxidized as compared to its electron-
withdrawing analogue. In the very next year, Darcel et. al. applied the Fe-2 complex in assortment with
Me;NO.?!“In that strategy they used DDQ as an additional additive at very high temperature whose role
is to oxidize the dihydrobenzimidazole intermediate towards the formation of 2-substituted

benzimidazole with a few examples (Scheme 1.5).
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l Synthesis of benzimidazole from 2-nitroaniline by various catalyst:l [General schematic pathway for the synthesis of benzimidazole from 2-nitroaniline: l
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Scheme 1.5. Synthesis and general mechanistic pathway for 2-substitued benzimidazoles from 2-nitroanilines.

1.3.1.1.2. Benzothiazole synthesis via dehydrogenative pathway:

C-S bond is ubiquitous in pharmaceutical and biological species.”? Therefore, construction of a
heterocycle via subsequent fabrication of C-N and C-S bond is still demanding process. Especially, 2-
arylbenzothiazoles is a basic structural unit of various medicinal and agrochemical products. For that,
synthesis of 2-arylbenzothiazoles via ‘ADC’ strived an unusual paradigm over conventional methods
as they involved costly and prefunctionalized starting material employing toxic reagent, generating
stoichiometric amount of waste. In that quest, in 2009, Madsen, Williams and co-workers first reported
dimeric [Cp*Irly],-catalyzed (Ir-4) oxidative cyclization of p-tolualdehyde and o-aminothiophenol to
generate benzothiazole in refluxing toluene.*** Later, in 2013, the Singh group demonstrated an efficient
and inexpensive phthalocyanine based Fe(II)-complex (Fe-1) catalyzed dehydrogenative coupling with
o-aminothiophenol with an array of benzyl alcohols and one aliphatic alcohol where aliphatic one

afforded low yield.”*" The catalyst exhibit good selectivity with its low loading.

l Synthesis of 2-arylbenzothiazoles by various catalyst: l
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Scheme 1.6. Synthesis and general mechanistic pathway for 2-arylbenzothiazoles.
In 2018, the synthesis of aforementioned heterocycle accomplishing their tridentate ligand derived

NNS-Mn(I)-complex (Mn-2) was illustrated by Srimani and co-workers departing environmentally
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benign by-products water and molecular hydrogen.***The lower loading of base and Mn-2 catalyst
makes this protocol efficacious over the previous one. After two years of this report, the efficiency of
Fe-2 complex was checked by Hong and co-workers for 2-arylbenzothiazole synthesis at 150 °C.*™
Recently, the Adhikari group employed their redox-active azo-backbone bearing isolable, bench-stable,
homogeneous Ni(Il)-complex (Ni-1) towards the accomplishment of aforesaid one via hydrogen atom
transfer (HAT) based dehydrogenative coupling of o-aminothiophenol and a few benzyl alcohols in
more milder and advantageous way (Scheme 1.6).>"

1.3.1.1.3. Benzoxazole and benzofuran synthesis via dehydrogenative pathway:
1.3.1.1.3.1. Benzoxazole synthesis via dehydrogenative pathway:

Synthesis of benzoxazole derivatives is an elegant approach and adorable areas to investigate due to its
wide range of applications.** For that scientific community dedicated to develop sustainable approaches
over traditional methods as it suffers from non-negligible shortcomings. In that respect, in 2009,
Madsen, Williams and co-workers first reported dimeric [Cp*Irly]»-catalyzed (Ir-4) synthesis of
benzoxazole, however, they have taken aldehyde for this oxidative coupling.**In 2012, Deng and co-
workers reported 2-arylbenzoxazole employing the Fe-catalyzed ‘HA’ strategy from o-nitrophenols and
aromatic alcohols.”” In this methodology, DPPF i.e. [1,1 -bis(diphenylphosphino)ferrocene] (Fe-3) (2
mol%) played an important role to conduct the coupling reaction at 150 °C. Herein, excess alcohol
initiated borrowing hydrogen mediated reduction of nitro to amine and in the whole process, role of
nitro group was hydrogen acceptor. On the basis of different control experiments, the author comprised
that initially the alcohol gets dehydrogenated to aldehyde where the liberated hydrogen reduced nitro
to amine which soon after undergoes condensation with that aldehyde forming an imine intermediate
which followed dehydrogenative annulation leads to the benzoxazoles (Scheme 1.7). The lower loading
of catalyst and base-free approach makes this protocol efficient. Later, Singh and co-workers reported
their Fe(II)-phthalocyanine catalyzed (Fe-1) 2-phenyl benzoxazole synthesis.””™ Very recently, the
Adhikari group applied their Ni-1 complex to commenced the benzoxazole derivatives via hydrogen
atom transfer (HAT) mediated coupling of 2-aminophenol and alcohols with few examples and good

isolated yield by dehydrogenative pathway.*"

‘ Synthesis of 2-arylbenzoxazoles by various catalyst: ‘ : ‘General schematic pathway for the synthesis of 2-arylbenzoxazoles: ‘
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Scheme 1.7. Synthesis and general mechanistic pathway for 2-arylbenzoxazoles.
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1.3.1.1.3.2. Benzofuran synthesis via dehydrogenative pathway:

Benzofuran is a beautiful structural scaffold found in different natural and pharmaceutically active
compounds.*® The proliferative biological property lured researchers to find an efficient, sustainable
and greener method to access benzofurans. In 2013, the Cossy group reported benzofurans using
dimeric [Cp*IrCl;]; as a catalyst (Ir-5) in assortment with p-benzoquinone as a co-oxidant by hydrogen
transfer method.”” Under the optimized reaction conditions they have furnished 20 examples with
excellent isolated yield. The role of p-benzoquinone was to accept hydrogen to inhibit the next reduction

of benzofuran by [Ir]-H intermediate (Scheme 1.8).

l Ir(lll) catalyzed synthesis of benzofurans: ‘ : lSchematic pathway for the synthesis of benzofurans: ‘
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Scheme 1.8. Ir-catalyzed synthesis and mechanistic pathway for benzofurans.
1.3.1.1.4. Pyrrole synthesis via dehydrogenative pathway:
Pyrroles are essential building blocks and valuable intermediates for synthetically important various
natural products, agrochemicals, flavones, dyes and advanced functional materials.?® Different types of

2% and Hantzsch

classical approaches involve for pyrrole synthesis such as Knorr,”® Paal-knorr,
reaction (Scheme 1.9).°° Later various metal-catalyzed multicomponent coupling reactions and
cyclization reactions have been developed to construct the aforesaid heterocycle. However, this protocol
suffers from need of prefunctionalized substrate, poor atom-economy, multistep substrate acquisition,
cumbersome work-up procedure, toxic reagents generating copious waste. In order to overcome these
shortcomings construction of pyrrole from readily available and renewable feedstock like different
varieties of alcohols and polyols via transition metal assisted ‘ADC’ and ‘BH’ or ‘HA’ strategy is quite
attractive since these alcohols or polyols can be derived from lignocellulosic biomass or industrial

products. In recent times, notable progress in sustainable pyrrole synthesis has been achieved from

varieties of alcohols like 1,4-unsaturated diols, 2,5-diols, B-amino alcohols etc.

(A) Knorr pyrrole synthesis: (B) Paal Knorr reaction: (C) Hantzsch pyrrole synthesis:

R'0,C R?
o o o / o,

] o
Zn/AcOH \ o acid /@\ o o NH;, M
1 s S 3R 2. - 1 1 3
AR RzkrR RS OR R{_}R+R NH, R™SR AR Rzlk'/R — 2 RNWR

NH, R? cl

R10,C

Scheme 1.9. Traditional pyrrole synthesis.
1.3.1.1.4.1. Synthesis of Pyrrole from 1,4-unsataturated diols:
Reaction of amine and 1,4-butene-diol or 1,4-butyne-diol towards the synthesis of N-substituted pyrrole
is one of the strategies to construct this. However, the main problem for working with 1,4-unsaturated
diol is at elevated temperature it gets oligomerized. In 1974, Pd-catalyzed N-substituted pyrrole
synthesis was reported by the Murahasi group employing 1,4-butene-diol and a few amines.*”* Later
on in 1987, Watanabe and co-workers accomplished that from 1,4-butene-diol using RuCl;.nH,O in
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combination with "BusP and 1,4-butyne-diol using RuCl>(PPhs); catalyst, however, it is well-suited for
aromatic amines, limited for aliphatic ones.*”® In 2007, Williams group developed a catalytic protocol
based on Ru(PPh;)3;(CO)H, with (Ru-3) Xantphos on coupling of 1,4-substituted butyne-1,4-diols with
amines. Here, the reaction involves isomerisation of 1,4-alkyne diol into a 1,4-diketone followed by
Paal-Knorr cyclisation towards the pyrrole formation.’*In 2016, Barta et. al. first described Kndlker
homogeneous Fe-catalyzed (Fe-2) formation of pyrroles in combination with Me3;NO by coupling of
unsaturated diols with both aliphatic and aromatic primary amines.’*In the same year, the similar
catalytic protocol was applied by Sundararaju et. al. to broaden the substrate scope, albeit their catalytic
protocol suffers from high catalyst loading and reaction temperature with respect to previous one.>*
Afterwards, in 2018, Banerjee and co-workers accomplish this transformation by developing a simple
catalytic protocol containing NiCl, in accordance with phosphine-free, bench stable, inexpensive
bipyridine ligand and their substrate scope is quite broader as compared to all the aforesaid reports

(Scheme 1.10).%*

‘Synthesis of pyrroles from 1,4-unsataturated diols by various catalyst:‘ General schematic outline:
R2 : R' RZ Catalytic R1 RZ
R! R2 m H dehydrogenation

Catalyst :

Ho NN OH + RNH, —— Y% o i Pps s HzT + 2H,0 5

) H

3
- R _ R : R-NH,| -H,0
(1,4-butene-diol or 1,4-butyne-diol) i JH

4 M ] Condensation

|‘ Hydrogen transfer

R3

PPh PPh VAR
2 1 & | \ N N
RuCl3.nH,0 / "BusP RuClI,(PPh;); (Xantphos)
(from 1,4-butene-diol) (from 1,4-butyne-diol) _ o\ o = den cda‘a'y"ct.
u( 3)3(COMH, (from 1,4-butene-diol (from 1,4-butene- dlol gRyLrogenatioig
Ru-3 &1,4-butyne-diol) &1,4-butyne-diol) E
Watanabe, 1987 Williams, 2007 Barta, 2016 Banerjee, 2019 E ’M'Hl
(from 1,4-butyne-diol) Sundararaju, 2016 H 1 2
' R R
: ” —HZO RN @ R‘ N

Scheme 1.10. Synthesis and general mechanistic pathway for pyrroles from 1,4-unsataturated diols.

1.3.1.1.4.2. Pyrrole synthesis from 2,5-diols or 1,4-diols:

Apart from unsaturated-diol N-alkylated pyrrole can be synthesized from saturated-diol also. In that
quest, in 2011, Crabtree and co-workers reported chelated diphosphine diamine-based Ru-complex
(Ru-4) catalyzed reaction of 2,5-hexane-diol with 1-hexylamine/1-decylamine towards the synthesis of
pyrrole in presence of HCOONa.*'* After this seminal report, in 2016, the pioneering Milstein group
first reported base metal mediated pyrrole synthesis from saturated diol where they have employed
PNN-Co(IT)-complex (Co-1) with equivalent ration of NaBHEt; and KO'Bu at 150 °C. Hexane-2,5-
diols and primary amines were the reaction partner here (Scheme 1.11).>"*Various primary amines were
explored affording quite satisfactory result, however, benzyl amines bearing electron-withdrawing
group delivered low yield because of detriment in its basicity. Low nucleophilicity of anilines with
substitution also give low yield. The mechanistic investigation comprised that initially formed active
paramagnetic (PNNH)Co(I)-species was responsible for dehydrogenation of alcohol to ketone via in
situ generation of Co-alkoxy species. The ketone then coupled with the corresponding amine
accomplishing N-substituted pyrrole. Recently, Rueping, Elsepelgy and co-workers presented
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commercially available ‘MACHO’ PNP-pincer ligand-based Mn-complex (Mn-3) catalyzed synthesis
of N-alkyl-2,5-disubstituted pyrrole using 1,4-diol with primary amine with lower loading of catalyst
and catalytic amount of base.*'*The plausible mechanistic cycle suggested that the active catalytic
species Mn-3a formed from Mn-3 upon treatment with base which transformed diols to its electrophilic
species dicarbonyl compound via acceptorless dehydrogenation. Afterwards, upon reaction of amine
with this dicarbonyl compound followed by liberation of two molecules of H,O furnished the

corresponding pyrroles (Scheme 1.11).

‘Synthesis of pyrroles from sataturated diols by various catalyst: ‘ ‘ Mn-catalyzed synthesis of pyrroles from sataturated diols:‘

H HO\/\/\OH < P\ co
OH : H—N—}wc’lco
2 Catalyst N\—R? : 0 Mn-3b
RN\Rs . RSN, —Catalst @— +2H2T+2H20; . p -
N ] { co \ £o
H N Base

OH R? — 3
____________________________________________________ \‘R1 H-N—Mr-CO ——= » N—?ﬂn—CO
H Br Mn-3a
ph,12N B | E P/ < J OH
S-n, | «cl N? (\Njﬁl : P
] e !
Fe Ru; H Mn-3
2SN, Bu-N— | __P(Bu), PhP——Mi—PPh, | = \ co
<=5 <|:| I T G0 oc” : P=PPhe U
Ph, P> H N 0 Y
cr e co : |H
Ru-4 Co-1 Mn-3 : P HO\/\/§0
Crabtree, 2011 Milstein, 2016 El-Sepelgy, 2019 H A Mn-3c
SN 2n0 /O\ R™NH, o Mn-3a
PN <———— HO N7~ OH <————— O\
S § i
: R R

Scheme 1.11. Previous reports and Mn-catalyzed synthesis of pyrroles from saturated diols.

1.3.1.1.4.3. Pyrrole from p-amino alcohols:

N-substituted pyrrole can be synthesized upon reaction of secondary alcohol and amino alcohol. Based
on that concept, in 2013, there was a report on Ir(I)-catalyzed (Ir-6) by the Kempe group.***The author
stated that during the reaction iridium trihydride complex was formed at its resting state and key step
involved was the formation of imine intermediate and intramolecular cyclization. The Milstein group
also demonstrated Ru-5 catalyzed pyrrole synthesis.*In the intramolecular cyclization step both
catalyst and base play crucial role defined by control experiments. Later, Saito group employed their
Ru(II)-complex (Ru-6) to conduct this, however their reaction temperature is very high.*** In 2017,
Kempe and co-workers illustrated triazine backbone based PNsP-ligand stabilized Mn-complex (Mn-
4) catalyzed construction of pyrrole derivatives via dehydrogenative coupling between B-amino alcohol
with secondary alcohol, under milder way compared to previous reports.”?® Indeed, the similar Fe and
also Co-catalyst of that scaffold failed to show any activity. The author depicted that Mn-4a, the
dearomatized active species, dehydrogenate alcohols to its desired carbonyl compound via subsequent
generation with Mn-H species (Mn-4c). Then the in situ generated B-amino aldehyde and ketone gets
coupled to give the desired pyrrole product (Scheme 1.12). Vey next, Balaraman and co-workers
demonstrated ®'SNS-Co complex (Co-2) for the formation of aforesaid heterocycle from same set of
starting material.**® Later, Banerjee et. al. constructed the same devising both NiBr»/1,10-
phenanthroline system®*" and also NiClybipyridine system®* in KOBu. In 2019, Kirchner and co-
workers reported well-defined PNP-Re(I)-pincer complex (Re-1) assisted dehydrogenative coupling

between 1,2-amino alcohols with secondary alcohols, obtaining good isolated yield.**" Very recently,
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Kundu and co-workers developed an nitrogen containing proton responsive benzimidazole and 8-
aminoquinoline combining unsymmetrical NNN-Mn(Il)-pincer complex (Mn-5) for the

dehydrogenative coupling between S-amino alcohol and acetophenone derivatives.**

[Synthesis of pyrroles from B-amino alcohols by various catalyst:] Ean-cataIyzed synthesis of pyrroles from B-amino alcohols:

OH R! H Ph

NH, : A
Catalyst b\ H NN
OH
)\ . RZJ\/ e L, 3 - +zH2T+ 2H,0 : )I\ ,)\ Ko'Bu

i HNTONTONH -KBr
Ph Ph (’Pr)ZP—Mn—P(’Pr)Z 4
s’ (|: e -BUOH
[ Cy,  Cy, N :

Iz

2 P_Cl P P& : Mn-4 Ph
HN” N NH N / H A
ipr—p_|_P-ipr i iPr), | NN
> ~— \'Pr \N CI N B (Pr)zP——Mn—P( Pr)z i /]\ Ph
n E Hl;l 'i‘ \l;l )\OH
: P—Mn—P or
: /\ OH
Ir-6 Ru-5 Ru-6 Mn-4 ! oc co
Kempe, 2013 H Milstein, 2013 Saito, 2013 Kempe, 2017 | Mn-4a H,N
N : Ph o
(\ |ﬁ NiCl, NiBr, : P =P(Pr),
/CQ— Iy + : N| N
H Z Ph
A4 7 N\ N\ : HN)\N)\NH Iy
\ / J A\ H | 1 N
S S S/ I = S
=N 9 "’H
k/'}‘\) . co HNTSNTSNT ‘.
H Mn 4c P—l\llln—lg’ o
Co-2 0 H"]l\
Balaraman, 2018 Banerjee, 2018 H Banerjee, 2019 OC CO Ph
X A ; o Mn-4b
| 2\ ; e
HN” N7 NH N N : or )0
(’Pr)zP—Re—P(‘Pr)z N : H,N Et o
oc” | ™n "N 7 :

> >—// Base /@\Ph
co ¢l ' N Et~ N
8 \S -H,0 H
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Kirchner, 2019 Kundu, 2022 H Ph

Scheme 1.12. Previous reports and Mn-catalyzed construction of pyrroles from -amino alcohols.

1.3.1.1.4.4. A three-component strategy for pyrrole synthesis:

‘Synthesis of Pyrrole via three component coupling:‘ General schematic outline:
2 R3 '
R® R 2 Catalyst A :
5. 2

>—< +R5-NH, +R1J|\/R —>R1l/__§\R4+HZT+ 2H,0 :

HO  ©OH N : R® R4

RS : >_<
HyC_CH, CH, : HO  OH
+Br~ AD ﬁorless dehydrogenation

PPh, PPh, Pth PPh, | \_I :
(Xantphos) (Xantphos) N

1
Ph,P—Nn—PPh, ' RY | Ré

cl oc” | “co : H
/c"u / A co : Ho o
RE_ S " [Rus(CO)rg] : 0
N, :
a” i ; ,;111\/"2
H +

[Ru(p-cymene),Cl,], Mn-6 ' R5-NH, /B’oyrdnr:':g:g :uyt(:;:cr’:::f:rr
Beller, 2013 Beller, 2013 Rueping & El-Sepelgy, 2019 | o \’
O B , Condensation [M:Hl

SN
M, -3H,0 K7W 7\ ; 25 : b
= 2H,, -3H; H R 5
OH L ; )\cl co)\ : R

Milstein, 2018 R

Scheme 1.13. Synthesis of pyrrole via three component strategy and it’s general mechanistic outline.
Multicomponent reactions are advantageous and effective process for the generation of intricate
molecular scaffold where three or more substrates get coupled in one pot by minimizing the waste
amount and simplifying the purification process. In 2013, Beller and co-workers represented [Ru (p-
cymene),Cl,], / Xanthphos-catalyzed construction of pyrroles via three component coupling.®** As

herein, the synthesis of pyrrole involved coupling reaction of 1,2-diol, amine and a-methylene ketone
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(Scheme 1.13), that’s why the reaction was designated as a three-component coupling reaction.
Interestingly, by varying the Ru-precursor in the same year they have documented another report on
this.*** In 2019, Rueping, Elsepelgy and co-workers introduced potential Mn-6 complex for three
component pyrrole synthesis via ‘AD’ and ‘BH’ process by varying amines, vicinal diol and ketones.**
Computational study comprises that reaction goes via C-H alkylation of in situ formed enamine and
glyoxal where enamine get selectively hydrogenated followed by condensation delivered highly
substituted pyrrole. Herein, a general mechanistic pathway has been depicted in scheme 1.13. Recently,
the pioneering Milstein group reported acridine based Ru-pincer complex (Ru-7) catalyzed pyrrole
synthesis via ‘ADC’ of diols with gaseous NHj3 (7 bar) as a nitrogen source in absence of any external
additive (Scheme 1.13).%%

1.3.1.1.5. Pyrazole synthesis via dehydrogenative pathway:

Pyrazoles are basic structural subunit present in numerous biologically important species.** In 2015,
Schmitt and co-workers conveyed Ru-catalyzed pyrazole synthesis where they have taken 2-alkyl-1,3-
diol and alkyl hydrazines as coupling partner.**They have screened several Ir and Ru-complex, amidst
of that [RuH»(PPh;3);CO] with xantphos ligand, and hydrogen acceptor crotononitrile displayed the
optimal yield. This catalytic protocol exhibits ample substrate scope by varying both the coupling

partners. Herein, a plausible mechanism was outlined in scheme 1.14.

lRu-cataIyzed synthesis of pyrazoles and it's mechanistic outline: |
. H
R2 [Ru]—O OH

OH OH Ru(PPh3)3(CO)H; (3 mol%) ,N

[Ru]—H A_>[Ru]
Crotononitrile (1.2 equiv.)

2%
* R%NHNH, HyC__CH, : OH NNHR2 cN

R1 R1 'OH OH KRHI

R2-NHNH,
PPh, PPh,
(Xantphos) (3 mol%)
AcOH (15 mol%) ' H

H
]
[Ru]l—O INNHR2

R
110 °C, 24 h, toluene [ u] 2 \ [Ru]— ’/ 1
: NNHR? R
Schmitt, 2015 : N’NI X CN 0I ]
H P
Cyclization 1
R! R

Scheme 1.14. Ru-catalyzed synthesis of pyrazole and it’s mechanistic outline.

1.3.1.1.6. Indole synthesis via dehydrogenative pathway:

Indole, a pervasive and key structural units present in various biologically active scaffolds, natural
products, pharmaceuticals, dyes, agrochemicals and in fine chemicals.*® Due to its large structural
diversity and plethora of biological significance, various synthetic procedures have been developed for
fabrication of indoles over the years.>’* Amidst of that, Fischer reaction was one of the efficient strategy
where enolizable N-aryl hydrazones get transformed into indoles upon acid catalyzed assisted heating
of ketone or aldehyde with the arylhydrazine.*”® Herein, for indole synthesis some classical approaches
have been represented in scheme 1.15."“‘However, these methods need prefunctionalized starting

material, toxic reagent generating stoichiometric wastages.
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‘Traditional methods for Indole synthesis:‘ Larock Indole synthesis

T + RI—=
ZSNH,

N SOCI,, Pd(OAC) Base | Pd(OAc),
R—'(j\ + P mger 2, C)2 Zn(OAc), o~

N
NH, Base N\ /" Ethyldioxalate
Julia Indole synthesis " sodium ethoxide Reissert Indole synthesis
N
/
N\ || 1
_:(j\ _NH; + Acid / THF, 407 ’;‘ ' Bng\ER

aq. NH,CI R?

Fischer Indole synthe5|s Bartoli Indole synthesis

‘Dehydrogenative methods for Indole synthesis:‘

@(\/ @(\/ Cyclization @
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H

2

RZ

o

+Z_

Scheme 1.15. Traditional and dehydrogenative methods for indole synthesis.

To avoid this synthesis of indole via transition metal catalyzed intramolecular ‘ADC’ of amino alcohol
is an elegant approach in terms of green and sustainable transformation since H» and H>O get liberated.
Herein, a general schematic approach has been outlined in scheme 1.15. Based on that concept, in 1990,
the Watanabe group first described RuCly(PPhs)s-catalyzed intramolecular dehydrogenative cyclization
of 2-nitrophenethyl alcohol and 2-aminophenethyl alcohol towards the synthesis of indole.* Later, they
have devised N-substituted indole broadly at elevated temperature.*® In 2002, the Yamaguchi group
extended this concept employing commercially available [Cp*IrCl,], -catalyst (Ir-5) in presence of
weak base K»COs.**¢ The author claimed that 2-propanol can be used as an external hydrogen source
when they have employed 2-nitrophenethyl alcohol as starting material. Later, the Keep group*** and
the Taddei group®®® independently developed Ir-5 and Ru-catalyst to conduct this aforesaid heterocycle.
However, the journey of base metal starts from 2016, when Beller and co-workers demonstrated PNP-
Mn(I)-catalyzed (Mn-7) indole synthesis by intramolecular dehydrogenative coupling between amino
alcohol.**'In the very next year, Banerjee et. al. manifested this intramolecular cyclization reaction by
developing easily accessible operationally simple catalytic protocol bearing NiBr, with 1,10-
phenanthroline ligand (1:2).*® In 2020, Ni-1 complex catalyzed in situ indole formation via
intramolecular hydrogen atom transfer (HAT) based dehydrogenative cyclization with cvoncomitant
chemoselective C-3 alkylation with alcohol under aerobic condition was reported by the Adhikari
group.**"Very recently, Paul and his team applied the same strategy with their developed redox-
innocent arylazo 1,10-phenanthroline ligand base tridentate Ru-8 complex (Scheme 1.16).**!

Compared to the synthesis of C3 or C2-functionalized indole, construction of N-alkylated indole via
functionalizing the N-H bond is still a challenging process. However, in 2022, Balaraman, Mhaske and
co-workers first successfully disclosed the selective one-pot cascade synthesis of N-alkylated indole
employing Ni(OTf), as an efficient Ni-precursor with dcype ligand in n-heptane solvent in milder, base-
free condition (Scheme 1.16).*® Their catalytic protocol is viable for aryl, heteroaryl and primary alkyl

alcohol, albeit moderate yield was isolated for primary alkyl alcohol.
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Synthesis of Indole via intramolecular dehydrogenative cyclization:]

ElNi-cataIyzed synthesis of N-alkylated indole:]

R R : OH Ni(OTf), (6 mol%)
OH PRI 1™~op N-heptane, 120°C, 10 h L T\
Catalyst A\ R +R" OH !
_ > H NH, PCy, N
NH, N : [ (deype)
ey Balaraman & Mhaske, 2022 PCy, (7 mol%) R!
H lMechanlstlc outline of synthesis of N-alkylated indole: l
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Scheme 1.16. Synthesis of indole and N-alkylated indole.

1.3.1.2. Dehydrogenative approach towards the synthesis of 6-membered N-heterocycles:
1.3.1.2.1. Quinoline synthesis via dehydrogenative pathway:

1.3.1.2.1.1. 2-Aryl/ Alkyl Quinoline synthesis via dehydrogenative pathway:

Like other heterocycles, quinoline derivatives imposes myriads of medicinal applications, biological
properties, used as important organocatalyst, photoelectric material and dyes.* Therefore, there is a
continuous hunt going on to develop innovative synthetic approaches to build highly functionalized
quinoline moiety. The most popular approach for that heterocycle is known as Friedldnder annulation
reaction where it involved acid or base assisted condensation of 2-aminobenzaldehydes with active

methylene group bearing carbonyl derivatives.

‘Traditional methods for Quinoline synthesis: ‘

3 ‘Dehydrogenative approach for Quinoline synthesis:

1. Friedlander annulation reaction: OH ot
R R
(o] R3 R2 + R4J\/R3
0 u\/R3 Acid or Base RS
R
* R? Z >
NH, N" 'R : [M] Base [M] | Base
2. Skraup quinoline synthesis: ! -H, | AD
H,S0,4, PhNO, m (o]
+2HO Y O ————— : R
NH, OH N d‘\ R4u\/
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ci .
S e B .
* RJ\/\R‘ A, R? R3 R?
NH, N RT = 0 _R?
4. Conrad-Limpach synthesis: OH ' R or R 2
Rz ! NH, O N R*
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NH, 14 R30H N7 R!
R?
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N N7 CR":
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Scheme 1.17. Traditional and dehydrogenative methods for quinoline synthesis.

Apart from that ‘Skraup’, ‘Doebner von Miller’, ‘Conrad-Limpach’, ‘Pfitzinger’ reactions are there to
construct quinoline moiety under acidic condition (Scheme 1.17).*’ However, these methods suffer from

the instability and prone self-condensation behaviour of 2-aminobenzaldehydes and harsh reaction
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condition. To devoid from this, over the years various reports on transition metal catalyzed ‘ADC’ or
‘BH’ strategy has been documented using alcohol as a renewable starting material. Quinoline can be
synthesized either from 2-aminoaryl alcohols or from nitrobenzene derivatives in coupling with
secondary alcohol. In the ADC pathway, under the streamlined reaction condition, both get
dehydrogenated forming their corresponding aldehyde or ketone counterpart, which undergoes
intermolecular condensation. Now, there are two possibilities: i) formation of imine followed by aldol
reaction, ii) first aldol adduct then cyclization by imine formation. Both pathways are possible, however,

according to the literature reports *1® 4!p- 42

aldol adduct followed by imine formation towards the
synthesis of substituted quinoline is the most preferable pathway.
1.3.1.2.1.1.1. Synthesis of Quinoline from 2-aminoaryl alcohol:

In 2007, [RuCly(dmso)4] i.e. Ru(Il)-catalyzed (Ru-9) dehydrogenative Quinoline synthesis reaction
between 2-aminoaryl alcohols/ketones with alcohols under solvent free condition was introduced by
Yus and co-workers, however, their catalytic protocol required prolonged reaction time and
stoichiometric sacrificial hydrogen acceptor.*'®In 2014, the Kempe group first applied the acceptorless
dehydrogenation (AD) strategy for the synthesis of 2-aryl/alkyl quinoline by developing bidentate PN-
Ir(I)-complex (Ir-7) with the liberation of H, and H>O.*'® To furnish the reaction low loading of catalyst
and catalytic amount of base is employed, however, the acquisition of alcohol is high (5 equiv.). Later,
the Milstein group also demonstrated well-defined bipyridine based PNN-Ru-pincer complex (Ru-5)
catalyzed  synthesis of aforementioned heterocycle.*“In 2018, Kundu and co-workers also
accomplished the quinoline synthesis by (2-hydroxy-2-pyridyl)-1,10-phenanthroline ligand bearing
bifunctional NNN-Ru(II)-complex (Ru-10) taking o-aminoaryl alcohols and secondary alcohols in an

equimolar ration under milder reaction condition.*'

Later, they have extended this catalytic
transformation from both 2-aminoaryl alcohols and from nitrobenzenes by developing 2-
hydroxypyridine-based bifunctional Ir(III)-complex (Ir-8) in green solvent water.*'® In the very next
year, Sortais and Darcel group illustrated tridentate PN”P-Re(I)-complex (Re-2) catalyzed catalytic
amount of base assisted synthesis of aforesaid heterocycle from same set of starting material with ample
substrate scope.*''Later, Lang and co-workers developed pyrazole-pyridine based unsymmetrical NNN-
Ru(III)-pincer complex (Ru-11) to conduct the similar reaction.*'¢ On the basis of control experiments
the author suggested that in presence of base and alcohol the active Ru(Il)-species generated from
Ru(III)-complex. However, in terms of cost-effectiveness and abundance 3d-metal based catalyst
outperformed over noble-metal catalyst. In that respect, in 2015, Sortais, Darcel and co-workers
explored Fe-2 catalyzed coupling of 2-aminobenzylalcohol with ketone in presence of 10 mol% of
KO'Bu towards the synthesis of quinoline. The active catalytic species has been generated by equimolar
mixture of PPhs and Knélker Fe-complex (Fe-2) and PPhs plays a crucial role to afford the optimal
yield.*™ Intrigued by this report, Kirchner and co-workers in the very next year, reported pyridine
backbone bearing PNP-Mn(I)-complex (Mn-8) catalyzed dehydrogenative condensation between 2-

aminobenzyl alcohol with secondary alcohol for quinoline synthesis.*' Combination of base KO'Bu
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and KOH at the ration 2.1:1 was required for catalyst activation. Later, a PNP-Co(II)-complex (Co-1)
was introduced by Zheng et. al. to pursue this.*" In 2018, the Balaraman group introduced air-stable,
operationally simple dimeric SNS-Co(II)-pincer complex (Co-2) mediated C2-functionalized quinoline
synthesis via acceptorless dehydrogenative annulation (ADA) with limited substrate scope.** The same
group also reported (NN)M" -bidentate ligand based Co(II)-complex (Co-4) to pursue the objective from
both secondary alcohol and ketone where nitrile and amino functional group bearing secondary alcohol
or ketone well-survived furnishing good yield.*"* Kundu et .al. accomplished this employing their
nitrogen containing proton responsive benzimidazole and 8-aminoquinoline combining paramagnetic
NNN-Co(II)-complex (Co-5). They have also constructed one acridine derivative from inexpensive o-
tetralone.*! In 2022, they have developed a Mn(IT)-complex (Mn-5) of that same ligand scaffold** and
2-hydroxypyridine appended benzimidazole ligand backbone bearing Mn(I)-complex (Mn-9)*'™ for
this dehydrogenative coupling reaction where in the latter case low loading of both catalyst and base
was employed. In 2018, an in situ generated Mn-complex upon mixing hydrazole type NNN-ligand
with MnBr(CO)s was constructed by Maji and co-workers to do this.*' In the same year, Srimani group
conducted similar transformation with their pre-synthesized NNS-Mn(I) complex (Mn-2) where Mn-2
showed similar selectivity and reactivity like Sortais Mn-8.° Later, the same group pursed this by
their well-defined SNS-Ni(II)-complex (Ni-3) from 2-aminobenzyl alcohols and acetophenone
derivatives.*'® In 2018, Banerjee reported the tandem intermolecular cyclization towards the synthesis
of 2-alkyl/aryl quinoline by NiCly/bipyridine*'¢ and NiBr»/1,10-phenanthroline ligand system.*'? De
sarkar*'%and Paul*'"" independently delineated an operationally simple catalytic protocol based on square
planar Ni(IT)-complex i.e. [Ni(MeTAA)] (Ni-4) via ‘ADC’ of 2-aminoayl alcohols with both 2° alcohols
or ketones with ample substrate scope, however, previous group report with low catalyst loading and
weak base whilst latter one manifested an aerobic condition. Currently, commercially available
NiCly(PPhs); catalyst was illustrated by Rit and co-workers.*' In 2019, Paul and co-workers envisaged
a singlet diradical Ni(II)-complex (Ni-5) catalyzed quinoline synthesis having redox non-innocent
diamine type ligand from the similar set of starting materials.*'* Author suggested that there was a
cooperative involvement of both metal centre and ligand in the dehydrogenation reaction and aerial
oxygen played an essential role in this dehydrogenation process, for which H>O, was generated instead
of H,. Recently, the same group conducted this with their tridentate arylazo pincer ligand bearing Fe-4
complex*" and 1,10-phenanthroline ligand based air and water stable Mn(Il)-complex (Mn-10)
respectively.*"Y Madsen and co-workers reported tetraphenylporphyrin (TPP)Mn(III)-complex (Mn-11)
for 2-arylquinoline synthesis via ‘ADC’ of o-aminobenzyl alcohols and secondary alcohols (1:1.5) in a
smooth combination of KOH, KO'Bu and pyridine in 10:10:1 ration.*' Later, Zhang and co-workers
accomplished this transformation employing lower loading of pyridyl-imidazolyl ligand stabilized
simple bidentate NN-Mn(I)-complex (Mn-12) compared to Madsen and co-workers report (Mn-11).4'*
Later, Sun (Mn-13),*"Y Balakrishna (Mn-14),*'* Wang (Mn-15)*"** and Zhang devised Co-complex*'?
to catalyse the synthesis of this heterocycle. Recently, the Adhikari group demonstrated the
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dehydrogenative synthesis of 2-aryl/alkyl quinoline derivatives between coupling of 2-aminobenzyl

alcohol with an array of aromatic and aliphatic alcohols in presence of 5 mol% of phosphine free redox

active Ni-1 complex under aerobic condition at 80 °C which is milder and serendipitous as compared

to aforementioned documented reports (Scheme 1.18).*'%*

‘Synthesis of Quinoline from 2-aminoaryl alcohol:‘
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Scheme 1.18. Synthesis of quinolines from 2-aminoaryl alcohol.

1.3.1.2.1.1.2. Synthesis of quinoline from nitrobenzene derivatives:

OC CO
Mn-13
Sun, 2021

Synthesis of Quinoline from nitrobenzene derivatives is less explored as compared to its amine

analogue. In 2015, Zhang and co-workers demonstrated Ru3(CO)» with bidentate phosphine ligand

dppf (Fe-3) catalyzed quinoline synthesis by dehydrogenative coupling between 2-nitroaryl alcohol
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with secondary alcohol.**In that case, the final product was obtained by coupling with generated ketone
from alcohol which in situ reduced the nitro group. Later, Wang and co-workers disclosed this seminal
work via Fe-catalyzed i.e. dppf-catalyzed (Fe-3) redox condensation of aforementioned same set of

starting materials (Scheme 1.19).*%

‘ Synthesis of Quinoline from nitrobenzene derivatives:‘ ElGeneraI mechanistic outline:l
R? R2 R? R2
OH R“: OH R
4 Catalyst H 4 Catalyst
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Scheme 1.19. Synthesis of quinolines from nitrobenzene derivatives and its mechanistic outline.
1.3.1.2.1.2. 2-Aminoquinoline/ 2-alkylaminoquinoline synthesis via dehydrogenative
pathway:
2-aminoquinoline or 2-alkylaminoquinoline synthesis via tandem dehydrogenative cyclization or
dehydrogenative annulation with N-alkylation is an attractive approach since they are potential scaffold
in medicinal chemistry.** In that quest, in 2017, Ru3(CO);2/BINAP catalyzed operationally simple, three
component coupling of 2-aminoarylmethanols with alkyl nitriles and alcohols towards the synthesis of
2-alkylaminoquinolines was reported by Zhang and co-workers.*** Pathway-I (Scheme 1.20)
preferentially supported by the experimental observation. In the very next year, Kundu and co-workers
demonstrated alkyl phosphine free (2-hydroxy-2-pyridyl)-1,10-phenanthroline ligand bearing well-
defined bifunctional NNN-Ru(Il)-complex (Ru-10) mediated efficient synthesis of 2-
alkylaminoquinolines under mild condition.*'¢ Later, in the same year, they have developed nitrogen
containing proton responsive tridentate ligand containing NNN-Co(II)-paramagnetic complex (Co-5)
to catalyzed the synthesis of aforesaid one via ‘ADA’ of 2-aminobenzyl alcohol and benzyl cyanide

along with N-alkylation of various alcohol under CsOH.*"

Paul and co-workers accomplished Ni-5
catalyzed synthesis of 2-aminoquinoline under aerobic condition eliminating H,O, as by-product.*'* In
2019, the Srimani group disclosed first Mn-catalyzed one pot synthesis of 2-alkylaminoquinolines
employing their tridentate NNS-Mn(I)-complex (Mn-1).*® A combination of Mn-1 and KOH pursued
the acceptorless dehydrogenative coupling of 2-aminobenzyl alcohols with alkyl nitriles (1:1.5), in
which addition of primary alcohols in presence of further imposition of 5 mol% of Mn-1 delivered the
desired 2-alkylaminoquinoline products. The author proposed two possible pathways in which pathway-
I proceeds via dehydrogenation, condensation and annulation whilst in pathway-II nucleophilic

addition of -NH, to -CN formed amidine which successive dehydrogenation and cyclization furnished

the intended product. The experimental results support pathway-I is more likely. Herein, a plausible
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mechanistic was outlined for 2-aminoquinoline/ 2-alkylaminoquinoline which is depicted in scheme

‘Synthesisofz inoquinoline/ 2-alky inoquinoli ‘ :‘Generalmechanisticoutline-‘
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Scheme 1.20. Synthesis of 2-aminoquinoline/ 2-alkylaminoquinoline and its mechanistic outline.
1.3.1.2.2. Quinazoline synthesis via dehydrogenative pathway:
Quinazolines belongs to a class of N-heterocycles, widespread structural unit exclusively found in
various natural products and pharmaceutical compounds having an array of biological and physiological
properties.*> These prolific applications lured scientific fraternity to develop an atom-economical,
environmentally benign strategy to accomplish the aforesaid N-heterocycle. Over the years, although
several approaches have been devised to pursue this but transition metal catalyzed ‘ADC’ and ‘BH’
mediated C-N bond-formation gained a different attention as compared to well-documented
conventional methods.*® Quinazolines can be constructed either from 2-aminobenzylalcohols or 2-
aminobenzylamines and also via multicomponent pathway which are discussed below.
1.3.1.2.2.1. Synthesis of quinazolines from 2-aminobenzylalcohol:
The first report on cascade synthesis of quinazolines was by Wu'’s group in 2013, however, this method
suffers from excess usage of Lewis acid as well as strong oxidant.*’* Devoid from this, in the very next
year, Ru3(CO);»/ Xantphos mediated dehydrogenative synthesis of 2-arylquinazolines was
demonstrated by Jiang and co-workers employing 2-aminoarylalcohol and benzonitriles as coupling
partners.*’®In 2019, Wan et al. disclosed the construction of derivatives of aforementioned heterocycles
employing their phosphine free NNN-Ru(II) pincer complex (Ru-12) via acceptorless dehydrogenative
annulation of 2-aminobenzylalcohols with an array of nitriles delivering good to excellent yields.*’
Again, in terms of cost-effectiveness, abundance and sustainability 4d metal catalyst were replaced by
3d metal based catalyst. In that case, in 2018, Paul and co-workers*’ applied their tetraazaannulene
based Ni(Il) complex (Ni-4) i.e. [Ni(MeTAA)] to synthesize the quinazoline derivatives from 2-
aminobenzylalcohol with aryl nitrile under argon atmosphere. Mechanistic elucidation underpins that
in the acceptorless dehydrogenative coupling there was an involvement of 2e” hydride transfer pathway
for conversion of alcohol to aldehyde. The author proposed two possible pathways: 1) Nitrile in

presence of base get hydrolyzed transformed to amide which further coupled with in situ generated 2-
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amino benzaldehyde formed the desired product (pathway-I) and 2) 2-aminobenzylalcohol react with
nitrile generate an amidine intermediate which upon subsequent condensation furnish the intended
product (pathway-II). Interestingly, the control experiments validate the presence of pathway-1 (Scheme
1.21). In the very next year, the same group*'* accomplished quinazoline construction upon coupling
between 2-aminobenzylalcohol and aryl nitrile in 1:1 equivalent ratio. 4 mol% of that Ni(Il) catalyst

(Ni-5) with 0.75 mol% of KO'Bu was essential to furnish the reaction. In 2019, Srimani and co-

workers®'®

synthesis upon coupling of 2-aminobenzylalcohol with an array of aryl nitrile. The optimal condition
of the reaction furnished that 1 equiv. of 2-aminobenzylalcohol with 1.5 equiv. of aryl nitrile catalyzed
by 5 mol% of Mn-catalyst and 1 equiv. of KO'Bu in xylene solvent accomplished an excellent yield
after 30 h. Very recently, Zhang and co-workers developed a simple catalytic system in combination of
Co(OAc),-4H,0 and stoichiometric base for quinazolines synthesis via dehydrogenative cyclization of
2-aminobenzylalcohol with an array of aryl nitrile (Scheme 1.21).*'* In 2020, Balaraman and co-
workers*"® demonstrated an in situ generated active Mn-catalyst from MnBr(CO)s (2 mol%) and Ligand

(L1)(3 mol%) mediated benign approach towards the dehydrogenative construction of quinazoline upon

applied their pre-synthesized Mn-complex (Mn-1) mediated quinazoline derivatives

coupling of 2-aminobenzylalcohols and benzamides (Scheme 1.21).

1.3.1.2.2.2. Synthesis of Quinazolines from 2-aminobenzyl amine:

In 2013, the Fang group described [Cp*IrCL], (Ir-5) catalyzed dehydrogenative synthesis of 2-
substituted quinazolines, coupling between 2-aminobenzylamines with aldehydes and alcohols.*’"Here,

styrene act as a hydrogen acceptor, in the absence of which, N-benzylation product formed as a major
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Scheme 1.21. Quinazolines synthesis from 2-aminobenzylalcohol and 2-aminobenzyl amine and their
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product. Here, the catalytic reaction proceeds in water rather than organic solvents. Intrigued by that
strategy, in 2019, various water-soluble Ir catalysts was developed by the Kundu group and its catalytic
applicability was tested on the fabrication of quinazolines in water.*® The Ir-2 catalyst furnished
considerable substrate scopes bearing tolerable functional group with good isolated yield. In 2018, Paul
and co-workers*® furnished the quinazoline derivatives upon implementation of their Ni-4 complex for
coupling of 2-aminobenzylamine and benzyl alcohol in an 1:1 equivalent ratio in a dehydrogenative
way with good isolated yield. Lately, in 2019, Pd(OAc),/ Xantphos catalyzed intermolecular oxidative
synthesis of quinazoline reported by Kimura and co-workers (Scheme 1.21).47¢

1.3.1.2.2.3. Synthesis of Quinazolines via multicomponent pathway:

In 2020, the Zhang group*™ first displayed the multicomponent strategy for the cascade synthesis of
aforesaid valuable heterocycle in one pot from readily available 2-nitrobenzyl alcohols along with
alcohols employing ammonia as a nitrogen source. They found that 2-(4-methoxyphenyl)-1,8-

naphthyridyl ligand supported iridium complex (Ir-9) exhibit remarkable catalytic performance in that

R2 R? cl,
Ir
OH [ir-9] SN N=
@ﬁ\ + R"O0H + NH; —— > /)\ \N_ /
NO, N R' 'MeO \ /
Zhang, 2020

Scheme 1.22. Multicomponent quinazoline synthesis from nitro alcohol, alcohols and ammonia.

current protocol. The non-coordinated N-arm in the ligand backbone accelerated the condensation of
step via hydrogen bonding, suggested by mechanistic study (Scheme 1.22).

1.3.1.2.3. Quinazolinone synthesis via dehydrogenative pathway:

Quinazolinones were considered as renowned N-heterocycles as several bio-active compounds and
naturally occurring alkaloids comprise with that scaffold, which makes its synthesis worthy of
emphasis. There were various traditional synthetic approaches involved*® however, these processes are
not green, atom-economical and sustainable approached at all. In that perspective, the acceptorless
dehydrogenation is a wuseful synthetic tool for that important heterocyclic scaffold. Upon
implementation of that idea, in current years, lot of reports are well-documented towards the
dehydrogenative synthesis of quinazolin-4(3H)-ones directly from primary alcohol and o-
aminobenzamide with noble metals. In that quest, in 2011, Zhou and co-workers demonstrated
Quinazolin-4(3H)-ones synthesis via oxidative cyclization of primary alcohols with 2-
aminobenzamides.**The domino reaction has been carried out by 2.5 mol% of [Cp*IrCl,]; catalyst (Ir-
5) in absence of base under hydrogen transfer condition. In the very next year, Yokoyama et al.
manifested the synthesis of quinazolinone derivatives*® upon refluxing a mixture of 2-aminobenzamide
with the excess acquisition of benzyl alcohol in presence of 5 mol% of Pd(OAc), with 10 mol% of
sodium (diphenylphosphino)benzene-3-sulfonate (TPPMS) in aqueous media in a closed vessel. The

usage of aqueous media makes the protocol green, however, it suffers from very limited substrate scope.
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Later, the group of Watson achieved the access of quinazolinones employing Ru catalyst combine with
Xantphos ligand (1:1) under inert atmosphere**® in the same year. In 2021, Ramesh and co-workers
accomplished the dehydrogenative synthesis of Quinazolin-4(3H)-one* upon coupling of 2-
aminobenzamide with an assortment of benzyl alcohols accounting 1 mol% of well-defined bidentate
Pd(II) N"O chelating complex (Pd-1). The straightforward protocol operates in presence of 1.5 equiv.
of KOH base at aerobic condition. In 2017, Paul and co-workers** first reported a square planar Ni(II)
complex ([Ni(MeTAA)]) catalyzed (Ni-4) quinazolin-4(3H)-one synthesis with excess loading of base
NaO'Bu (1.5 equiv.) under inert atmosphere. Later, the same group conducted the similar kind of
reaction*”’ by exploring their well-defined Co(II) complex (Co-6). In 2020, the group of Kundu**®
demonstrated it by employing Co(NO;3),.6H,O with the assortment of  tris[2-
(diphenylphosphino)ethyl]phosphine (PP3) ligand in presence of base Cs,COs3 (1.5 equiv.) and 20 equiv.

of water at 150 °C using 2-aminobenzonitrile as a substrate (Scheme 1.23).
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Scheme 1.23. Quinazolinones synthesis by various catalyst and its mechanistic outline.

1.3.1.2.4. Pyridine synthesis via dehydrogenative pathway:

Like quinoline, the pyridine skeleton is one of the basic structural unit and prevalent scaffold of various
natural products, functional materials and active therapeutic agent. From its medicinal significancy,
pyridine is the second most prevalent heterocyclic compound. It has profound application in biomedical
usages as a cardiovascular, anti-inflammatory, anti-malarial, anxiolytic and neurogenic drug agent. Not
only that it can also act as an organocatalyst and ligands to synthesize different transition metal

catalysts.”’For the industrial synthesis of pyridine derivatives one of the well-known reaction is the

Chichibabin reaction where o, B-unsaturated ketone/aldehydes undergoes condensation with ammonia.

..............................

(A) Chichibabin pyridine synthesis: (B) Hantzsch pyridine synthesis: R
2 2
o o R“00C N COOR
NH
» A\ 3
oo ﬁ R™ "CHO + R1lI\)J\ORZ R |N/ R

Scheme 1.24. Traditional pyridine synthesis.
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Another well-known reaction is Hantzsch pyridine synthesis (Scheme 1.24).%' However, these classical
approaches required high temperature and suffer from relatively less stable starting material. Thus,
synthesis of pyridine employing readily available, stable and renewable starting material alcohol via
ADC is highly desirable. In 2013, dehydrogenative synthesis of various substituted pyridine derivatives
by triazine backbone bearing PNsP-Ir(I)-catalyzed (Ir-10) was first disclosed by Kempe and co-workers
upon coupling of 1,3-amino alcohols with both 1° and 2° alcohols by liberating 3 equiv. of H, and 2
equiv. of H,0.’** Several bicyclic pyridine scaffolds were also devised to conduct this. Later, in the
same year, the pioneering Milstein group demonstrated Ru-bipyridine mediated pincer complex (Ru-
5) catalyzed synthesis of fused bicyclic pyridine derivatives with moderate isolated yield by two
component dehydrogenative coupling between y-amino alcohol with secondary alcohol via metal-
ligand cooperation pathway.*'® Later, Sun and co-workers developed PNN-tridentate Ru-complex (Ru-
13) taking commercially available RuHCI(CO)(PPhs); as precursor to conduct the aforesaid heterocycle
synthesis from same set of coupling partners.’”® The author comprises that extra stability and higher
catalytic activity was imposed by fused ring in the pincer ligand. Later, Chen,** Lang,*'¢ Herbert’™
independently developed various Ru-catalyst to pursue their objectives. Very recently, Paul and co-
workers delineated substituted 2-aryl pyridine synthesis from secondary alcohol and ammonium acetate
as nitrogen donor employing their well-defined newly developed Ru-catalyst (Ru-16) bearing a
cyclopentadienyl group, one PPh; and a redox-active scaffold N'-(2-aminophenyl)benzene-1,2-diamine
having a pendant -NH, arm.’* The author proposed that the -NH, arm of the catalyst facilitates the
formation of active species by enhancing the electrophilicity of the carbonyl carbon centre of the diols
or diketones by forming hydrogen bonds. However, the usage of precious and inadequate noble metals
and air-sensitive phosphine ligands confined that protocol for industrial process and assist to find an
alternative 3d-metal based catalytic system. In that quest, in 2018, Balaraman and co-workers first
introduced dimeric *SNS-Co(II) complex (Co-2) for the formation of pyridine via coupling of y-amino
alcohol and secondary alcohol.’'® Both aliphatic and aromatic congeners provided good yield (Scheme
1.25). Very recently, Zhang, Ma and co-workers devised pyridyl-imidazolyl ligand based bidentate NN-
Mn(I)-complex (Mn-16) for this dehydrogenative transformation reaction.** Intrigued by Balaraman
and co-workers report, the Banerjee group employed their in situ generated NiCl,/bipyridine catalyst
to conduct this from y-amino alcohol and ketone.*'¢ Later, Sun et. al. reported NN”’S-coordinated Mn(I)-
complex (Mn-13) catalyzed synthesis of bi, tri, tetracyclic pyridine derivatives from the same set of
starting materials in a combining THF and Toluene solvent.*Y In 2022, the Kundu group explored the
fabrication of 2,6-disubstituted pyridine derivatives from y-amino alcohol and ketone employing their
nitrogen containing proton responsive unsymmetrical NNN-Mn(II)-pincer complex (Mn-5) derived
from commercially available cheap precursor MnCl,.** Paul and co-workers reported air-stable Zn(II)-
complex (Zn-1) catalyzed synthesis of unsymmetrical 2,4,6-substituted pyridines via A* coupling
reaction of primary, secondary alcohols with ammonium acetate at 100 °C under aerobic condition by
liberating H,0O, instead of H; as sole by-product (Scheme 1.25).%*
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‘Synthesis of Pyridine by various catalysts:‘
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Scheme 1.25. Synthesis of pyridines by various catalyst and its mechanistic outline.
1.3.1.2.5. Pyrazine and cyclic dipeptide piperazine-2,5-dione synthesis via
dehydrogenative pathway:
Pyrazines and cyclic peptides constitute an important class of compounds in chemcalbiology. They
exhibit potential application in cancer experimental drugs.’® Pyrazine or 2,5-dione selectively can be
constructed by self-coupling followed intermolecular cyclization of -amino alcohol upon fine tuning

of reaction parameters.

lSynthesis of Pyrazine & Piperazine-2,5-dione by various catalysts:]
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Scheme 1.26. Synthesis of pyrazine and piperazine-2,5-dione and its mechanistic outline.
In that context, the pioneering group Milstein first demonstrated the synthesis of cyclic peptide
piperazine-2,5-dione and pyrazine derivatives from B-amino alcohol by their Ru-complex.>** They
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observed that upon fine tuning of ligand arm of Ru-complex it can be selectively synthesized. When
the reaction was catalyzed by dearomatized PNN-Ru complex (Ru-18) it leads to the formation of cyclic
dipeptides with the extrusion of H, whilst when it was catalyzed by dearomatized PNP-Ru complex
(Ru-17) where the amine side arm is substituted by the bulky tert-butyl phosphine arm it leads to
pyrazine with the concomitant extrusion of H, and H,O with excellent isolated yield. Later the same
group reported acridine based Acr-PNP™-Mn(I) complex (Mn-17) catalyzed dehydrogenative pyrazine
synthesis via self-coupling of B-amino alcohol in presence of catalytic amount (3 mol%) of base KH.>*®
In 2018, Balaraman and co-workers demonstrated the pyrazine synthesis via ADC of -amino alcohol
employing their well-defined phosphine-free dimeric ®SNS-Co(II) complex (Co-2).*'® Vey recently,
they have carried out the similar experiment using commercially available ‘MACHO’ PNP-pincer
ligand-based Mn-complex (Mn-3) under solventless condition .>* At the same time the Srimani group
also delivered the aforesaid heterocycle using cyclic 1,2-diamine and 1,2-diol by their well-defined
tridentate NNS-Mn(I)-complex (Mn-2).>** Mechanistically for the formation of pyrazine, initially p-
amino alcohol undergoes transition metal catalyzed dehydrogenation reaction to furnish amino
aldehyde which furthermore undergoes homocoupling reaction fabricating 2,5-dihydropyrazine upon
elimination of two H,O. Afterwards, the 2,5-dihydropyrazine readily undergoes catalytic
dehydrogenation to transform into its stable aromatic analogue pyrazine derivative (Scheme 1.26).
1.3.1.2.6. Quinoxaline synthesis via dehydrogenative pathway:

Quinoxalines, well-known as benzopyrazines, an N-heterocycles and basic structural unit of different
naturally important synthetic compounds having profound significance in the field of medicinal
chemistry.* Despite its prolific biological and physiological significance, traditionally, upon coupling
of diamine and diketone, quinoxalines can be synthesized. Later, ‘AD’ and ‘BH’ strategy with
diamines/nitroamines and alcohols basically diols are more sustainable approaches than coupling with
highly reactive diketone. When the reaction was conducted by diol instead of diketone, at the outset
terminal alcohol of the 1,2-diol gets catalytically dehydrogenated to a-hydroxy ketone which undergoes
condensation reaction with amino group of 1,2-diaminobenzene followed by proton shift,
tautomerization and successive intramolecular condensation afforded 1,2-dihydroquinoxaline which
concomitant release of H, molecule formed the desired quinoxaline derivative (Scheme 1.27).
1.3.1.2.6.1. Synthesis of Quinoxaline from diamines:

In 2006, Cho and co-workers first demonstrated homogeneous Ru-catalyzed i.e. RuCl,(PPhs); catalyzed
synthesis of quinoxalines from o-phenylenediamines and vicinal diols, however, they have used
benzalacetone as hydrogen acceptor.’® In 2014, the pioneering Kempe group reported dearomatized
pyridine backbone bearing PNP-Ir complex (Ir-1) catalyzed aforesaid dehydrogenative transformation
reaction with the implementation of lower catalyst loading and relatively lower temperature as
compared to the previous one.**® In the same year, Liu reported this seminal work by developing Ru(II)

n° -arene complex featuring a dimeric chelating 1,8-napthyridine based ligand (Ru-19) under aerobic
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condition.>® Later, the quinoxaline synthesis from various substituted diamines and 1,2-diols catalyzed
by phosphine free bipyridine based NN-Ir(Il)-aqua complex (Ir-11) was demonstrated by Lv, Wu and
co-workers.>**In 2018, the Milstein group first established acridine based Acr-PNP™-Mn(I) complex
(Mn-17) for the aforementioned heterocycle construction from same set of coupling partners in
combination of catalytic amount of KH.>*® However, stoichiometric amount of base was required for
1,2-diols with shorter chains. The author suggested that a five coordinated amido species may play an
active role in the alcohol dehydrogenation process and due to the less basic nature of the amido nitrogen
of the ligand alkoxy assisted dehydrogenation of alcohol via liberation of molecular hydrogen takes
place. In the same year, Srimani and co-workers reported construction of quinoxaline from their well-
defined NNS-Mn(I)-complex (Mn-2) under solventless condition.®® Afterwards, Kundu and co-
workers devised this by their NNN-Co(Il)-complex (Co-5) via acceptorless dehydrogenative coupling
of o-phenylenediamine and 1,2-diols.*""Nevertheless, Banerjee and co-workers carried out the synthesis
from 1,2-diamnobenzene with more challenging ethylene glycol as a diol partner in presence of NiCl,
in accordance with 1,10-phenanthroline ligand (1:2) with comparatively lower yield.*** In the same
year, the Tang group prudently accomplished Ni(OTf), and 1,2-bis(dicyclohexylphosphino)ethane
(dcype) ligand bearing catalytic system to catalyzed the synthesis of quinoxaline.’* Herein, extra two
equivalent of 4-methylcinnamic acid was used to reproduce the active catalyst from in situ formed Ni-
H species. Afterwards, Balaraman and his group applied a catalytic system upon combining
MnBr(CO)s as metal precursor and phosphine free NNN-ligand (L1) for this sustainable tandem
transformation from of o-phenylenediamines and 1-phenyl-1,2-ethanediols.*”* Kundu and co-workers,
in 2020, synthesized this employing and operationally simple NiBr, and 1,10-phenanthroline ligand
system by dehydrogenative coupling of various vicinal diols.**" Upon conducting the mercury poisoning
experiment it revealed that both homogeneous and heterogeneous Ni-materials were actively

2
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Scheme 1.27. Synthesis of quinoxalines from diamines by various catalyst and its general mechanistic outline.
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participated in the catalytic reaction. Recently, the Adhikari group demonstrated the coupling of an
array of o-phenylene diamines and various diols with their inexpensive, redox-active ligand bearing Ni-
1 complex.*'* Paul and co-workers accomplished this developing 1,10-phenanthroline ligand based
NNN-Mn(II) pincer complex (Mn-10) in water (Scheme 1.27).*!

1.3.1.2.6.2. Synthesis of Quinoxaline from nitroamines:

Ru3(CO)12 in combination of dppp ligand mediated synthesis of quinoxaline derivatives via
dehydrogenative annulation of nitroamines and biomass derived 1,2-diols in absence of any external
reducing agent was first reported by Zhang group.”*€In that strategy, the vicinal diol serves as the
hydrogen donors and the role of nitro group of 2-nitroaniline was to accept hydrogen. In 2018, Kundu
and his co-workers demonstrated benzimidazole and 8-aminoquinoline combining paramagnetic NNN-
Co(Il)-complex (Co-5) for the synthesis of different quinoxalines upon coupling of nitroamines with
diols.*"" In the very next year, they have pursued this from the same set of coupling partners with their
developed 2-hydroxy pyridine based water soluble Ir(IIT)-complex (Ir-12).*°¢ Later, they employed
NiBr»/1,10-phenanthroline based catalytic protocol for this sustainable transformation.’*" The direct
synthesis of quinoxalines from 2-nitroaniline and vicinal diol using Knolker Fe-complex (Fe-2) in
combination of oxidant MesNO was reported by Darcel and co-workers. Here, the role of Me;NO is
upon oxidizing CO ligand create a vacant site on iron carbonyl complex.?'® Later, Hong modified the

strategy displaying ample substrate scope with good to excellent yield (Scheme 1.28).%"

from nitr . ‘General mechanistic outline:‘
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Scheme 1.28. Construction of quinoxalines from nitroamines by various catalyst and its general mechanistic

outline.

1.3.1.2.7. Pyrrolo[1,2-a]quinoxaline synthesis via dehydrogenative pathway:

Pyrrolo[ 1,2-a]quinoxalines are structurally imperative component displayed in various biologically
active scaffolds. In addition to their diverse biological activities, their photophysical properties sparked
interest in the creation of dyes and materials.”’ Pictet-Spengler-type condensation is one of the most
common method for synthesis which involve coupling between aldehydes and reduction product of 1-
(2-nitrophenyl)pyrroles i.e. 1-(2-aminophenyl)pyrroles. Previous literature reports documented for this
by noble metals are mainly based on oxidation-reduction chemistry where elevated temperature and
predesigned substrate required. In contrast, the reports based on ‘ADC’ and ‘HA’ is quite operationally
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simple and mild. In 2020, direct construction of Pyrrolo[1,2-a]quinoxalines by Fe-catalyzed transfer
hydrogenation between alcohols and 1-(2-nitrophenyl)pyrroles with ample substrate scope was reported
by Hong and co-workers.”™ They have conducted the reaction in presence of 6 mol% of Knolker
tricarbonyl Fe-complex (Fe-2) in combination with 12 mol% of oxidant MesNO which was used to
activate Fe-2 by in situ generation of vacant site in cyclopentyl methyl ether (CPME) under aerobic
condition. In this reaction the active Fe-complex catalyzed the dehydrogenation of alcohol and the
reduction of nitroarenes generating in situ aldehyde and aniline respectively which further undergoes
Pictet-Spengler-type annulation/oxidation reaction furnishing the desired quinoxaline derivative. The

primary role of O, was to oxidize the intermediate to its final resultant product (Scheme 1.29).

lFe-cataIyzed synthesis of Pyrrolo quinoxalines: l : Mechanistic outline: )H\ l
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Scheme 1.29. Knolker Fe-complex mediated construction of pyrrolo[1,2-a]quinoxalines and its mechanistic
outline.
1.3.1.2.8. 2,3-dihydroimidazol-2-one synthesis via dehydrogenative pathway:

RuCly(PPhs)s-catalyzed dehydrogenative annulation of vicinal diols with N, N’-disubstituted ureas
enroute to synthesis of 1,3-disubstituted-2,3-dihydroimidazol-2-ones was reported by Watanabe and
co-workers in 1992.%° The catalytic protocol displayed limited substrate scope (6 examples) with good
isolated yield at elevated temperature (180 °C) (Scheme 1.30).

lRu-cataIyzed synthesis of 2,3-dihydroimidazol-z-ones:l
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Scheme 1.30. Ru-catalyzed construction of 2,3-dihydroimidazol-2-ones and its mechanistic outline.
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1.3.1.2.9. Pyrimidine synthesis via dehydrogenative pathway:

The construction of pyrimidine derivatives has drawn an utmost consideration towards scientific
community due to their immense biological importance and potential application in pharmacological
industry.® Traditionally, pyrimidine can be constructed Lewis acid ZnCl, catalyzed condensation of
formamide with acetophenone, condensation between amidines with malononitriles. However, these
classical approaches involve the usage of stoichiometric reagents, harsher reaction condition, moisture
sensitive starting materials, multistep procedures, generation of copious toxic waste. Henceforth need
to develop for sustainable methodologies. In that, initially, both primary and secondary alcohol
undergoes acceptorless catalytic dehydrogenation transforming to their corresponding aldehyde and
ketone respectively by liberating two equiv. of molecular hydrogen, which then undergoes base
mediated aldol condensation and upon eliminating H»O it formed o, f-unsaturated ketone which in turn
react with amidine followed by dehydrogenation furnished substituted pyrimidines (Scheme 1.31).
Based on that concept, in 2015, PNP-Ir complex catalyzed (Ir-13) multicomponent trisubstituted
pyrimidine synthesis was first reported by Kempe and co-workers with good to excellent yield.*'* They
have also able to synthesize highly substituted pyrimidine derivatives via four component one pot
acceptorless dehydrogenative coupling of B-alkylated secondary alcohol with primary alcohol and
amidine. In the very next year, Kirchner and co-workers reported this seminal work employing their
Mn-8 complex via A® coupling reaction in presence of equimolar mixture of base KO'Bu and KOH.*"!
Both of the bases play a crucial role, as absence of either of them exhibit detrimental effect in the yield.
The author suggested that base has two roles; one is to deprotonate the -NH proton of PNP-ligand of
Mn-8 and another is to drive the condensation step. In 2019, they reported the similar transformation
by developing the Re-complex of that same ligand scaffold i.e. hydride Re(I)-PNP pincer complex (Re-
1).3"Although both Re and Mn-complex are isoelectronic in nature, the lower loading of Re-1 and
shorter reaction time makes this protocol more efficacious than previous Mn-8 complex catalyzed
report. Soon after these reports, Kempe and co-workers demonstrated the multicomponent tri and tetra-
substituted pyrimidine synthesis reacting amidine with three different alcohols catalyzed by triazine
backbone based PNsP-Mn(I)-pincer complex (Mn-4).""The author suggested that Mn-4 complex
displayed similar activity to Ir-13 complex whereas, its Co-complex remain catalytically inactive. The
high reactivity of Mn-4 facilitates the reaction with lower loading of base compared to Kirchner and
his group report. Recently, benzimidazole-hydroxypyridine based bidentate NN-Ru(IIl)-complex (Ru-
20) catalyzed three component synthesis of aforesaid heterocycle was reported by Kundu and co-
workers.®'® Later, Herbert et. al. developed PN-Ru(Il)-complex (Ru-15) for this similar
transformation.’® Paul and co-workers introduced in 2019, a penta-coordinated Fe(II)-complex (Fe-4)
bearing 2-phenylazo-(1,10-phenanthroline) ligand for this sustainable transformation employing
guanidine, primary and secondary alcohol as dehydrogenative coupling partner with lower loading of
base under aerobic condition.®'? Mechanistic investigation tells that there was a synergistic participation

of both arylazo ligand and Fe in the dehydrogenative transformation of alcohols which avoid the

30
TH-3636_186122010



Chapter-1: (De)hydrogenative Heterocycle Synthesis

energetically demanding iron-centred two electron Fe(Il)/Fe(IV) redox events. Later, they have
employed Ni-4 and Ni-5, tetradentate catalysts to accomplish the aforementioned heterocycle using
amidine, primary and secondary alcohol as coupling partner.®'® Ni-4 dehydrogenated alcohol by
thermodynamically unfavourable 2e” hydride transfer pathway, to pursue this required higher
temperature and longer reaction time whilst Ni-5 carried out this via 1 ¢ hydrogen atom transfer
pathway. In the same year, the Adhikari group presented Ni-1 catalyzed reaction in relatively milder
condition via ‘HAT’ pathway.’'" Very recently, Tang et. al. reported Co(IIl)-pyridyl-pyrazole
bifunctional catalyst (Co-7) mediated acceptorless dehydrogenative coupling (ADC) towards various

pyrimidine synthesis with good to excellent yield (Scheme 1.31).°'¢

lSynthesis of pyrimidines by various catalysts:‘
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Scheme 1.31. Synthesis of pyrimidines by various catalysts and its general mechanistic outline.

1.3.1.2.10. 1,3,5-triazine synthesis via dehydrogenative pathway:

Like pyrimidine, aryl substituted 1,3,5-triazine derivatives are also synthesized by multicomponent
‘ADC’ strategy from renewable starting material alcohol (Scheme 1.32), exhibit diverse biological
activities.®? In 2014, Minzhang and co-workers reported [RuCly(p-cymene)]» mediated reaction between
amidine hydrochloride and aryl alcohols towards the synthesis of trisubstituted 1,3,5-triazines in
presence of weak base K,COs, however, for aliphatic alcohol it remain inactive.®**Next, in 2016, the Li
group accomplished this aforesaid heterocycle from same set of coupling partners using dimeric Ir(I1I)
complex (Ir-4) i.e. [Cp*Irl]> in accordance with xantphos ligand.®*® In this catalytic protocol both

aliphatic and aromatic alcohol smoothly underwent under streamline reaction condition. In the same
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year, Zhang et. al. synthesized trisubstituted 1,3,5-triazines from various alcohols and biguanides
catalyzed by RuCly(COD).**¢ In 2020, Adhikari and co-workers showcased Ni-1 catalyzed
aforementioned heterocycle synthesis via dehydrogenative coupling between 1 equiv. of substituted
benzyl alcohols with 2 equiv. of benzamidine under mild reaction condition (80 °C).®'f Very recently,
Peng et. al. demonstrated dehydrogenative construction of 1,3,5-triazine derivatives upon coupling of
alcohols with amidines using CrCl, with nitrogen ligand 4,7-dimethoxy-1,10-phenanthroline
((MeO)zphen) (L) in presence of 18-crown-6 additive in mesitylene solvent with broad substrate scope

(Scheme 1.32).5%

‘Synthesis of 1,3,5-triazine by various catalysts:‘

RZ
NH Catalyst NJ%N
I +rRoH 4 [ L +Ha|+H;0 +NHy
R NH, R'N7

L., / y \! cl SN
i, e R g PPh, PPh, r R”<C| -0 MeQ OMe
af ei (Xantphos) \Z BuU N - =
| Ya¥Y

NP2 ©/ N B0 N N
[Ru(p-cymene),Cl,], / \ / \Cp" RuCl,(COD) ((MeO),phen) (L)
[Cp*Irl,],, Ir-4 Ni-1
Minzhang, 2014 Li, 2016 Zhang, 2016 Adhikari, 2020 Peng, 2024

‘General mechanistic outline:‘
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Scheme 1.32. Synthesis of 1,3,5-triazine by various catalysts and its general mechanistic outline.
1.3.1.2.11.  2,3-dihydro-1H-perimidine and Fertigine derivative synthesis via
dehydrogenative pathway:
1.3.1.2.11.1. 2,3-dihydro-1H-perimidine synthesis via dehydrogenative pathway:

‘Synthesis of 2,3-dihydro-1H-perimidines by various catalysts:l ' ‘General mechanistic outline: |
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Scheme 1.33. Dehydrogenative construction of 2,3-dihydro-1H-perimidines by various catalysts and its general
mechanistic outline.

Synthetically and naturally important Perimidine scaffolds exhibit a wide range of biological activity.**

Intrigued by this significant importance, in 2022, Ramesh and co-workers reported Pd(I)-catalyzed

(Pd-2) synthesis of 2,3-dihydro-1H-perimidine employing KOH as a base with a limited substrate

32

TH-3636_186122010



Chapter-1: (De)hydrogenative Heterocycle Synthesis

scope.®®® However, toxicity and high cost was the major drawbacks which confined their use of noble
metals and enhanced the implementation of 3d metals in homogeneous catalysis. In that quest, in 2019
Srimani et. al.*®® demonstrated the synthesis of aforementioned heterocycle upon coupling between 1,8-
diaminonapthalene and primary alcohols via acceptorless dehydrogenation (AD) upon intake of
phosphine free NNS-Mn(I) complex (Mn-1) with KOH base in toluene solvent at 24 h, however, it
offered moderate substrate scope because of involvement of activated primary alcohol (Scheme 1.33).

1.3.1.2.11.2. Consecutive multicomponent strategy for Fertigine synthesis:

In 2023, Kempe and co-workers devised a new heterocyclic scaffold named as ‘Fertigine’ in a modified
multicomponent strategy employing specific set of substrates via acceptorless dehydrogenation

followed by cyclization.

an-cataIyzed synthesis of Fertigine:l Ph
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Scheme 1.34. Mn-catalyzed synthesis of fertigines and its mechanistic outline.
In this synthetic protocol, it involved Mn-catalyst mediated dehydrogenative transformation of amino
alcohol followed with condensation and cyclization with original set of diamines regenerate a new set
of diamine which further reacts aldehydes or carbonyldiimidazoles furnished the targeted heterocyclic
scaffolds. This consecutive multicomponent strategy named as ‘regenerative cyclisation’ or ‘iterative
synthesis’. For that, the author have screened with their previously developed triazine and pyridine
backbone PNsP and PNs3P-ligand based Mn(I)-complexes, out of which Mn-4 exhibits excellent
reactivity with good selectivity.** However, its Co(II) and Fe(III) congeners failed to exhibit reactivity.
Based on the previous literature reports on Mn-4 mediated dehydrogenation and some control

experiments on that current reaction, they sketched a catalytic cycle which is outlined in scheme 1.34.
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1.3.2. Saturated N-heterocycles synthesis via ADC pathway:

Construction of saturated N-heterocycles via inter or intra molecular dehydrogenative coupling of
hemiaminal/hemiacetal intermediate is also an important area of research since it is completely
untapped. Last few years, some pioneering groups have devised some elegant protocols to unravel the
synthesis of cyclic imides, lactams and lactones.

1.3.2.1. Cyclic imide synthesis via ADC:

Cyclic imide is a key structural building block in synthetic, medicinal, biological and polymer
chemistry.®’ It is a potential scaffold found in several drugs and highly bioactive compounds. Despite
their utility, the conventional methods involved for this is Ir-catalyzed three components coupling of
nitriles, olefins and water,%** Ru-catalyzed carbonylation of aromatic amides to form phthalimides®®
etc. These methods suffer from non-negligible drawbacks. To devoid from this ‘ADC’ of diol with
amine is employed as an alternative, green and sustainable approach. In that quest, in 2010, Hong and
co-workers first postulated Ru-hydride based catalyst i.e. [RuH»(PPhs)s4] in accordance with NHC
ligand mediated synthesis of cyclic imides via acceptorless dehydrogenation followed by cyclisation of
amine with biomass derived renewably obtained simple diol.***" The catalytic protocol is viable for
both aliphatic and aromatic diols and amines furnishing good isolated yield, however, it is limited for
five and six-membered cyclic imides, seven-membered cyclic imide was not successful. Later, they
have conducted the reaction taking readily available nitriles instead of amines as coupling partner with
the implementation of same catalytic system in NaH base.®* In 2017, the pioneering Milstein group
displayed an unprecedented reported on pyridine based PNNH-Mn(I)-pincer complex (Mn-18)
catalyzed dehydrogenative synthesis of cyclic imides upon coupling of diols with primary amines with
the concomitant release of H,. Herein, the catalytic amount of base KH is sufficient to accelerate the
reaction.®The author suggested that the N-H proton of the -NH'Bu arm plays a crucial role towards the
formation of active catalyst, since it’s -NEt, arm is catalytically inactive. The formation of a hydride

intermediate via an ‘amine arm’ opening is assumed to be the key step of the catalytic cycle. They have
‘Ru & Mn-catalyzed synthesis of Cyclic imides:‘ élGeneraI mechanistic outline:‘ /_\
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Scheme 1.35. Ru & Mn-catalyzed construction of cyclic imides and its general mechanistic outline.
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proposed a mechanistic pathway on the basis of control experiments where initially the diol undergoes
catalytic dehydrogenation forming hydroxyaldehyde or lactone which upon reaction with amine formed
hydroxyamide. Furthermore, the subsequent dehydrogenation and intramolecular cyclization generates
the hemiaminal intermediate which upon thermodynamically favorable hydrogen molecule loss
furnished the desired cyclic imides product (Scheme 1.35).

1.3.2.2. Lactam and Lactone via ADC:

Lactones and lactams are utilised as useful building blocks to create biodegradable polyesters and
polyamides via ring-opening polymerisation and useful structural unit for various natural products and
biologically active compounds.” Over the years, various group have synthesized these scaffolds via
‘ADA’ of biomass derived diols. In 2009, Guan and co-workers first described a well-defined
(hydroxycyclopentadienyl)iron dicarbonyl hydride (Fe-5) catalyzed dehydrogenative cyclization of
diol to convert it into its corresponding lactones based on the previously studied activity of Fe-5
complex in dehydrogenation reaction.”"* They have conducted the reaction in presence of 3 mol% of
Fe-5 at relatively lower temperature (60 °C) under base-free condition in presence of acetone, which
has dual role i.e. act as a solvent as well as a hydrogen acceptor. In 2014, Schneider and co-workers
accomplished the synthesis of lactones via intramolecular acceptorless dehydrogenative coupling of
PNP-pincer ligand-based Fe-MACHO-BH catalyst (Fe-6) with limited substrate scope.’”’In the very
next year, both lactone and lactam employing similar Fe-6 complex was accomplished by Beller and
co-workers.”"*The catalyst enable to construct five to seven membered lactone, however failed to
furnish four membered lactone. Similarly, for lactam six and seven membered rings are furnished with
excellent isolated yield whilst four and five membered rings are ineffective. In 2020, the group of Funk
explored their Fe-2 complex towards dehydrogenative lactonization of various symmetrical and
unsymmetrical diol employing acetone as solvent and the hydrogen acceptor.”'® Five, six and seven
membered lactone ring successfully formed with no over oxidation to carboxylic acids, however, for

unsymmetrical diol the selectivity is low. Catalyst having sterically bulk TMS or 3,5-dimethylphenyl

lFe-cataIyzed synthesis of Lactones and Lactams:| ElGeneral mechanistic outline:’
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Scheme 1.36. Fe-catalyzed synthesis of lactones and lactams and its general mechanistic outline.
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group nearer to cyclopentadienone carbonyl exhibit large effect in its reactivity as well as activity. The
proposed mechanism suggested that initially diol get catalytically dehydrogenated to form
hydroxyaldehyde which get cyclized to lactol or cyclic alkanolamine intermediate. It furthermore
undergoes second dehydrogenation formed lactone or lactam (Scheme 1.36)

1.4. Borrowing Hydrogenation (BH) mediated construction of saturated N-heterocycles:

Owing to the prolific importance of saturated N-heterocycles in the arena of drug molecules and organic
synthesis, construction of these scaffolds offers an utmost attention towards researchers.”? Amidst of
that saturated cyclic amines have witnessed in past few decades.

1.4.1. Borrowing Hydrogenation (BH) mediated cyclic amine synthesis:

1.4.1.1. Borrowing Hydrogenation (BH) mediated N-substituted piperidine, pyrrolidine,
azepane and morpholine synthesis:

Classically, these amines can be synthesized from 1,5-dihalogenopentanes, diethanol amines
diethylenetriamines through intramolecular cyclization reaction.” Later these strategies have been
replaced by dehydrogenative condensation of renewably available diol followed via ‘BH’ or ‘HA’
approach. In 1982, Murashi and co-workers studied and reported the synthesis of cyclic amines by
RuH,(PPh;)s-catalyzed intramolecular and intermolecular cyclization of aminoalcohol/alcohol and
diol/primary amines at elevated temperature i.e. 160-180 °C.”**On the basis of conducted control
experiments the author proposed that more convenient pathway was reaction between diol and primary
amines than the reaction between aminoalcohol and primary alcohol to furnish the resultant product in
higher yield. This strategy provides good to excellent yield of pyrrolidine, piperidine and azepane of
various chain length via intramolecular cyclization of aminoalcohol under solvent-free condition. Later,
Barték et. al. pursued similar reaction employing RuCly(PPhs); catalyst.”*"In 1985, the group of
Watanabe rteported N-substituted piperidine and morpholine derivative synthesis via N-
heterocyclization of primary amines with commercially available 1,5-diols such as 1,5-pentanediol and
diethylene glycol catalyzed by RuCly(PPh;); or RuCls.nH,O/phosphine ligand.”*The alkyl phosphine
like PEt; or P'Bus was efficacious for aliphatic amines whilst PPhs was suitable for aromatic amines.
The basicity of amines attributed a striking difference here. Aliphatic amines are more basic, for that it
may require more basic phosphine as ligands. The author also suggested that like basicity steric
modulation also plays an important role. Therefore, in presence of RuCl;.nH,O/ P'Bus they have
prepared N-substituted morpholines and N-substituted pyrrolidine from aliphatic amine with diethylene
glycol and primary amine with 1,4-butane diol respectively with excellent yield. Later, Williams and
his group also reported [Ru(p-cymene)Cl,] in accordance with diphosphine ligand DPEphos mediated
synthesis of 5, 6 and 7 membered cyclic amines via hydrogen autotransfer mediated annulation of
primary amine with the corresponding diol under microwave condition.”*‘In 2004, Fujita et. al. devised
dimeric [Cp*IrCL ], (Ir-5) catalyzed N-alkylated cyclic amines from diol and primary amine at milder

condition as compared to the previous Ru-catalyzed reports.”*® In 2012, a tandem multicomponent
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synthesis of C3-functionalized N-aryl piperidines from 1,5-diol, aniline and aldehydes in more eco-
friendly diethyl carbonate solvent was catalyzed by chelating phosphine sulfonate ligand bearing piano-
tool geometry based Ir(Ill)-complex (Ir-14) was reported by Bruneau and co-workers.”* They have
also achieved Ru(Il)-arene complex of that same chelating ligand (Ru-21), however, Ir-14 catalyst
outperformed over Ru-21 catalyst. In order to get better selectivity, the author used camphorsulfonic
acid (CSA) as a Bronsted acid. Later, Xiao group accomplished N-aryl pyrrolidine, piperdidine and
morpholine with their cyclometallated Ir-complex (Ir-15).”**Recently, the pioneering Donohoe group
demonstrated [Cp*IrCl;], complex (Ir-5) catalyzed C3 and C4-substituted N-alkylated pyrrolidine,
piperidine and morpholine derivatives via borrowing hydrogen annulation strategy.”*"In 2015, Fe-2
complex catalyzed synthesis of various benzyl protected 5, 6 and 7-membered cyclic amine from 4, 5
and 6-membered acyclic diol with several benzyl amines in presence of Mes;NO oxidantwas first
manifested by Feringa, Barta and co-workers.”*The role of using cyclopentyl methyl ether (CPME) is

to stabilize the key iron intermediate. The reaction proceeds via intermolecular N-alkylation followed

lSynthesis of different cyclic amines by various catalysts:l
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Scheme 1.37. Synthesis of N-substituted piperidines, pyrrolidines, azepanes and morpholines by various

catalysts and its general mechanistic outline.
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by second intramolecular alkylation with free alcohol. This catalytic protocol also able to fabricate
challenging seven membered azepane type N-heterocycle. In the very next year, Zhao and his team
applying aniline and diol synthesized saturated N-heterocycles using Fe-2 complex in combination with
Lewis acid AgF whose role is to facilitate the imine condensation and activate the imine intermediate
towards reduction by the Fe-H complex.” Later, Pignataro, Gennari and co-workers modified this
catalytic protocol obviating the usage of semi-precious co-catalyst AgF.”*In the same year, Tang et. al.
devised Ni(OTY), in accordance with 1,2-bis(dicyclohexylphosphino)ethane (dcype) ligand mediated
catalytic protocol to furnish N-substituted pyrrolidine, piperidine and azepanes with good isolated yield
in slightly acidic HFIP i.e. 1,1,1,3,3,3-hexafluoroisopropanol solvent (Scheme 1.37).°%
1.4.1.2. Borrowing Hydrogenation (BH) mediated piperazine synthesis:

Piperazines can be synthesized via three pathways employing the ‘BH’ strategy (Scheme 1.38).
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NH HO

OH HN
R2

(Ethanolamine)
Scheme 1.38. Schematic representation of three pathways for synthesis of piperazines via ‘BH’ or ‘HA’.

So far, noble metal based catalytic protocol has been implemented to fabricate this. In that context, in
1985, Ru-catalyzed synthesis of N-arylated or N-alkylated piperazines via borrowing hydrogen
mediated annulation of primary amines with diethanolamines as a source of 1,5-diols was first
demonstrated by the pioneering Watanabe group.’* Following that protocol, the author have
synthesized five piperazine derivatives with moderate isolated yield and they also conveyed that for
aromatic amine RuCl,(PPh;); provided the optimal result whilst for aliphatic amine RuCl;.nH,O/ P'Bus
displayed most effective result (Scheme 1.39). Later, in 1998, Van koten et. al. explored the similar
reaction with their developed phosphine free NNN-Ru(Il)-pincer complex (Ru-22), although this
protocol is limited only for aromatic amines furnishing moderate yield.”** In the same year, the Bitsi
group also constructed some aforementioned heterocycles employing simple 1,2-diamine and 1,2-diols
by their [Ruz(CO)12/PBus]-catalytic system, however, elevated temperature i.e. 220 °C is required for
this.”® Later, the Takacs group also conducted similar transformation employing their Ru-23
complex.” Both Madsen™*° and Yamaguchi”™" independently accomplished a plethora of bicyclic

piperazines via cyclocondensation of diols and diamines and N-alkylation of ethanolamine respectively

38
TH-3636_186122010



Chapter-1: (De)hydrogenative Heterocycle Synthesis

in aqueous media in presence of catalytic amount of commercially available [Cp*IrCly], complex (Ir-

5) employing weak base NaHCO; (Scheme 1.39).

lSynthesis of piperazines in three pathways by various catalysts: ]
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Scheme 1.39. Synthesis of piperazines via ‘BH’ or ‘HA’ by various catalysts and its general mechanistic

outline.
1.4.2. Borrowing Hydrogenation (BH) mediated Indoline and its derivative synthesis:
In 2019, Ni(OTY), in combination of 1,2-bis(dicyclohexylphosphino)ethane (dcype) ligand mediated
synthesis of tetrahydro-B-carbolines in slightly acidic HFIP solvent via dehydrogenation of aryl and
alkyl alcohol followed by Pictet-Spengler reaction with tryptamine was reported by Tang and co-
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workers.”* However, only 30% yield was furnished, whereas employing methyl cinnamate drastic
increase in the yield has been noticed as it captured the in situ formed Ni-H species. Both aliphatic and
aromatic alcohol well-tolerated furnishing excellent yields. Later, they have extended their protocol by
constructing natural product komavine employing cyclohexanol instead of benzyl alcohol as transfer
hydrogenating coupling partner. In that manuscript, they have also explored intramolecular cyclization
of amino alcohol and for that when they have employed 2-aminophenethyl alcohol as a starting material
under the same catalytic environment furnished Indoline with moderate isolated yield. The author
slightly changed the ligand motif from dcype to 1,3-bis(dicyclohexylphosphino)propane (dcypp) in
order to get good result where they enacted with an equal proportion of indolines and indole (Scheme

1.40).
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1.4.3. Borrowing Hydrogenation (BH) mediated synthesis of 1,2,3,4-tetrahydroquinoline
and 1,2,3,4-tetrahydronaphthyridine:

The construction of saturated analogue of quinoline i.e. 1,2,3,4-tetrahydroquinoline are scarce. 1,2,3,4-
tetrahydroquinoline is a substantially important scaffold and building block present in various natural
products and pharmacological active substances.”® Although a plethora of synthetic approaches to
construct that heterocycle has been culminated, the ‘BH’ or ‘HA’ methodology provides an atom-
economical pathway via concomitant generation of C-C and C-N bonds utilizing inexpensive,

renewable and abundant starting material alcohol.

Synthesis of 1,2,3,4-tetrahydroquinolines and 1,2,3,4-tetrahydronaphthyridines by various catalysts:‘ " Mechanism of synthesis of 1,2,3,4-tetrahydroquinolines:
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Scheme 1.41. Synthesis of 1,2,3,4-tetrahydroquinolines and 1,2,3,4-tetrahydronaphthyridines and its

mechanism.
In that perspective, Hultzsch and co-workers utilized their bipyridine based NNP-Mn(I) complex (Mn-
19) for the sake of construction of 1,2,3,4-tetrahydroquinoline employing 2-aminobenzyl alcohols with
an array of secondary alcohols via ‘BH’ pathway.”’*By proper tuning of base and reaction temperature,
they have selectively synthesized both quinoline and tetrahydroquinoline. Upon employing KO'Bu it
selectively formed quinoline whilst in presence of KH tetrahydroquinoline is the major product with
low yield. Combination of 1.5 equiv. of KH and 0.3 equiv. of KOH in DME solvent it showed optimal
reactivity and selectivity towards 1,2,3,4-tetrahydroquinoline. Later, they have extended their catalytic
protocol by constructing 1,2,3,4-tetrahydronaphthyridines via ‘BH’ mediated cyclization between 2-
aminopyridyl methanols with secondary alcohols with limited substrate scope. Zhang and co-workers
exclusively synthesized this tetrahydronaphthyridines employing Ru3(CO);» with xantphos in polar
protic ‘AmOH solvent from the same set of redoxtake.””’In that, the pyridyl ring act as hydrogen
acceptor i.e. oxidant and two alcohol units play as hydrogen donors i.e. reductants and the transfer
hydrogenation mainly takes place at the pre-existing pyridyl ring. Recently, Yao and co-workers

demonstrated the synthesis of 1,2,3,4-tetrahydroquinoline by their well-defined hydroxyindanone-
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amine ligand bearing half-sandwich NO-Ru(II)-complex (Ru-24) starting from 2-aminobenzyl alcohols
and ketones employing 6 atm H, pressure in the final step.”’® In 2019, Tang and co-workers also devised
the aforesaid heterocycle via intramolecular cyclization of amino alcohol in presence of Ni(OTf), and
1,2-bis(dicyclohexylphosphino)ethane (dcype) ligand mediated catalytic protocol in slightly acidic
HFIP solvent with good isolated yield (Scheme 1.41).°%

1.4.4. Borrowing Hydrogenation (BH) mediated synthesis of 1,2,3,4-
tetrahydroquinoxaline:

In comparison to quinoxalines, synthesis of 1,2,3,4-tetrahydroquinoxalines, a saturated or hydrogenated
analogue of the previous one, constructed by ‘BH’ approach is still in nascent stage. In 2014, Feringa
and Barta first reported Knolker Fe(Il) complex (Fe-2) catalyzed synthesis of 1,2,3,4-
tetrahydroquinoxalines employing 1,2-benzenediamine and with more challenging ethylene glycol as a
source of 1,2-diol as coupling partner.”®The catalytic protocol proceeds 5 mol% of Fe-2 in combination
with 10 mol% of MesNO oxidant under base free and in CPME green solvent with excess acquisition

of vicinal diol (Scheme 1.42).
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Scheme 1.42. Construction of 1,2,3,4-tetrahydroquinoxalines by various catalysts and its general mechanism.
Later, Tang and co-workers accomplished the aforesaid heterocycle in presence of Ni(OTf), and 1,2-
bis(dicyclohexylphosphino)ethane (decype) ligand in refluxing ‘AmOH.* Both aliphatic and aromatic
congeners of vicinal diols smoothly react with diamines under ‘BH’ mediated annulation reaction
affording various 2,3-disubstituted tetrahydroquinoxalines and 2-substituted tetrahydroquinoxalines
with excellent isolated yield. Later, Madsen group employed their commercially available dimeric Ir
(Ill)-complex ie. [Cp*IrCly], complex (Ir-5) to promote the fabrication of 1,2,3,4-
tetrahydroquinoxalines in presence of catalytic amount of weak base NaHCO3.”**In 2016, Takacs group
reported Ru-phosphinooxazoline complex (Ru-23) mediated construction of aforementioned
heterocycle in presence of stoichiometric amount of base (Scheme 1.42).7*

1.4.5. Borrowing Hydrogenation (BH) mediated synthesis of 2,3,4,5-tetrahydro-1H-1,4-

benzodiazepine:
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Amidst of various bioactive benzannulated nitrogen heterocyclic scaffolds Benzazepines and their
hydrogenated analogue proved to be important for drug discovery and as a versatile buildingblocks.” It

802 the Beckamann rearrangement,*”

conventionally constructed via Pd-catalyzed amonocarbonylation,
the Dickmenn cyclization,* etc. However, the non-negligible disadvantageous of these elegant classical
strategies considerably conquer their implementation in organic synthesis. In order to devoid from these
‘BH’ or ‘HA’ approach with the aid of transition metal catalyzed cascade reaction with alcohol is highly
efficient, facile, green and sustainable approach. In that quest, in 2002, Yamaguchi and co-workers

reported dimeric [Cp*IrCl,], complex (Ir-5) catalyzed synthesis of 2,3,4,5-tetrahydro-1H-1,4-

‘Synthesis of 2,3,4,5-tetrahydro-1H-1,4-benzodiazepines by various catalysts:l

H,N R2
N OH 2 Catalyst 2
R+ P + ’)’R +2H,0
NH, HO

cl,,
ops,, <C|>Ir P T e /’Ru/ oy
o cpr © o/ i
PPh, PPh,
Ir-5 (Xantphos) [Ru(p-cymene),Cl,],
Yamaguchi, 2002 Taddei, 2015

‘General mechanistic outline: | R H
M M
] N H [M] HN
OH 2 f OH
R'-- \ OH / » R+ —>R1 N rL N
% NH, Dehydrogenation Condensatlon Oz NH, Hydrogen transfer O NH,

Dehydrogenation

Hydrogen transfer

m]
\ / HN |
Intramolecular
NH o
cyclocondensatlon A
H

Scheme 1.43. Ir and Ru-catalyzed construction of 2,3,4,5-tetrahydro-1H-1,4-benzodiazepines and its general

mechanistic outline.
benzodiazepines via dehydrogenative N-heterocyclization of 4-(2-aminophenyl)butanol in presence of
catalytic amount of weak base K,CO3.** In 2015, Taddei group demonstrated the fabrication of
aforesaid N-heterocycle from 2-amnoaryl alcohol and f-amino alcohol by developing an eye catching
catalytic system bearing equimolar mixture of [Ru(p-cymene)Cl:], with bidentate P-ligand xantphos
for this one pot reaction encompassed with two successive borrowing hydrogen cycles with excellent
yield.*! In the plausible mechanism initially the 2-aminoaryl alcohol in presence of transition metal
catalyst get dehydrogenated to its corresponding aldehydes which undergoes condensation with more
nucleophilic -NH; group of B-amino alcohol formed the imine intermediate where the first ‘BH’ takes
place. Afterwards, the aliphatic alcohol get dehydrogenated undergoes cyclocondensation followed by

second ‘BH’ furnished the desired benzodiazepine products (Scheme 1.43).
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1.5. Concluding remarks and aim of the present thesis:

1.5.1. Concluding remarks:

The above discussion demonstrated that Acceptorless Dehydrogenative Annulation (ADA) and
Borrowing Hydrogen (BH) strategy with the aid of transition metal catalysts brought a significant
attention and becomes an indispensable tool in the arena of synthetic organic chemistry for the
development of green, sustainable, eco-friendly and atom-economical methodologies for the
preparation of important building blocks specially N-heterocyclic scaffolds which are the fundamental
core of modern promising intricate drug molecules. Over the years, a number of reports dominated and
documented on air, moisture sensitive, less cost-effective sophisticated phosphine ligand bearing both
noble and 3d-transition metal-based catalyst. However, in that current century, both academic and
industrial perspective witnessed on cheap, cost-effective, mild and economically viable approach.
Therefore, to conquer this aspect, modern scientific research underlying and envisaged on replacement
of phosphine-based ligand frame work by phosphine free arms such as NNN, NNO, NNS, NNC, CNC,
CNS etc. ligands, albeit, their application in their corresponding catalyst remain infancy, especially non-
precious 3d-metals.

1.5.2. Aim of the present thesis:

Amidst of 3d-transition metals Mn and Co, these two metals engrossed a special attention towards the
scientific community because i) their abundance in earth’s crust (e.g. Manganese is the third most
abundant transition metal in the earth’s crust (950 mg kg™")), ii) their wide range of oxidation state, spin
state, coordination number and geometry, iii) unique redox chemistry and substitutional lability. Apart
from that, employing ADA and BH approach synthesis of various medicinally promising N-
heterocycles by designing suitable and easily accessible ligands alongside their corresponding Mn and
Co-complexes is still in nascent as well as a demanding process. Henceforth, in this thesis, we have
developed new bifunctional NNS, NNO-Mn(I) and NNO-Co(Il)-complexes from their respective
precursor MnBr(CO)s and CoBr» and explored their catalytic activity in various control

(de)hydrogenative transformations enroute to construction of N-heterocycles.
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Chapter-2: Mn-catalyzed Synthesis of Quinazolinone and Benzothiadiazine derivatives

2.1. Introduction:

Nitrogen heterocycles are active structural units of numerous natural products, drug molecules,
advanced materials and crop protecting agents." Amidst of that the quinazolinone scaffolds are an
important class of fused structural motifs, which are present in naturally occurring alkaloids,
biologically active’ and pharmaceutically important compounds. These compounds are known for their
antimicrobial,® anticonvulsant,* sedative,’ antitubercular,’ antivirial,” antimalarial,® anti-inflammatory’

and anticancer'® properties (Figure 2.1).
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Figure 2.1. Biologically important molecules bearing quinazolinone and benzothiadiazine scaffold
Due to its profound importance, a plethora of synthetic approaches was accomplished in the literature
during the last few decades.

2.2. Literature survey:

2.2.1. Synthesis of Quinazolin-4(3H)-one:

The majority of these classical synthetic procedures involved the condensation of aldehydes with 2-
aminobenzamides and successive oxidation of the aminal intermediate, amidation of o-aminobenzoic
acid and coupling of anthranilic acid with amides.!' Herein, in this chapter, some literature synthetic
approaches have been briefly demonstrated.

In 2013, Wei and co-workers carried out the synthesis of quinazolin-4(3H)-one''* in an environmentally
benign solvent dimethyl carbonate (DMC), in presence of 5 equiv. of mild oxidant DMSO, using 5

mol% of inexpensive, nontoxic and nonmetallic iodine as a catalyst under a nitrogen atmosphere.

(Scheme 2.1).
[o]
NH, . R/\ lodine (5 mol%) NH
w0 0 sl
’ ’ Wei, 2013

Scheme 2.1. Molecular iodine catalyzed synthesis of quinazolinones

55
TH-3636_186122010



Chapter-2: Mn-catalyzed Synthesis of Quinazolinone and Benzothiadiazine derivatives

In 2015, the group of Wang reported a synthetic protocol to afford the quinazolin-4(3H)-one derivatives
employing nanocrystalline oxide a-MnO,-150 in presence of TBHP oxidant ''* (Scheme 2.2)

(o] (o]
a-Mn0O,-150 (10 mol%),
NH i
2, R OH TBHP (4.0 equiv.) /)N\H
NH, Chlorobenzene (2 ml), N R

80°C, 16 h Wang, 2015

Scheme 2.2. a-MnO»-catalyzed synthesis of quinazolinones
In 2013, Lopez and co-workers sought a direct one-pot procedure for the synthesis of quinazolin-4(3H)-
one''® derivatives by the reaction of 2-nitrobenzamides with aldehydes in the presence of sodium
dithionite (Na,S;04) under aerobic condition (Scheme 2.3). In the catalytic system the presence of water

is required for the reduction of 2-nitroaryl amines by Na»S,0s4.

(o] (o]
R? H . R2
NH, & Na,S,0, (3.5 equiv.) NH
+
NO R'" S0 DMF-H,0 (9:1), N/)\R1
2 0,
90°C,5h Lopez, 2013

Scheme 2.3. Synthesis of 2-Substituted Quinazolin-4(3 H)-ones using Na>S,04
These processes necessitate the usage of excess or stoichiometric amounts of oxidizing agents, elevated
temperature and the need of preformed aldehydes, which are relatively unstable under the reaction
conditions. Furthermore, these approaches are also generating copious stoichiometric wastages.'? To
address these issues scientific communities urge their interest to develop green, atom-economical and
sustainable strategies for the construction of quinazolinone derivatives. In that perspective, the

acceptorless dehydrogenation'® '

evolved as an emerging tool for the synthesis of this important
heterocyclic scaffold. Upon implementation of that idea, in recent years, notable progress was made
towards the dehydrogenative synthesis of quinazolin-4(3H)-ones directly from primary alcohol and o-
aminobenzamide with noble metals as well as 3d-metals which has been discussed in Chapter I of

Section, 1.3.1.2.1.4.

2.2.2. Synthesis of 3,4-Dihydro-2H-1,2,4-benzothiadiazine 1,1-Dioxides:

3,4-Dihydro benzothiadiazine 1,1-oxides are an important structural motif found in many bioactive
compounds'® and pharmaceuticals (Figure 2.1).'® Classically these can be synthesized via condensation
of aldehydes or ethyl hemiacetals with 2-aminobenzenesulfonamide in acidic medium liberating toxic
by-products.'” However, dehydrogenative construction of this structurally important scaffold is
completely untapped. In that quest, in 2012, Watson research group described the construction of 3.,4-
dihydro-2H-1,2,4-benzothiadiazine 1,1-dioxides (DHBDs) using 5 mol% of Ru(PPh3);(CO)(H),, 5
mol% of Xantphos, 20 mol % of NH4Cl, and 2.5 mmol crotononitrile at 115 °C for 14 h. Herein, NH4C1
plays a crucial role in the dehydrogenation strep, however, this catalytic protocol suffers from limited
substrate scope.'® In the very next year, the group of Yokoyama reported Pd(OAc), catalyzed TPPMS

ligand mediated synthesis of aforementioned heterocycle using o-aminobenzenesulfonamide and
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primary alcohols as starting materials.'®® In the catalytic system, water plays an important role in
activation of benzyl alcohol and stabilization of hydroxide ion by hydration, followed by formation of

water-soluble activated (n*-benzyl)palladium cationic species.

=z

P.
PPh, PPh, ©/ \Q

(Xantphos)
(TPPMS) SO3Na
Ru(PPh3)3(CO)(H), Pd(OAc),
Watson, 2012 Yokoyama, 2013

Scheme 2.4. Noble and 3d metal catalyzed dehydrogenative synthesis of 3,4-dihydro
benzothiadiazine 1,1-oxides

2.3. Present work:
Hence, the development of well-defined phosphine-free 3d-metal complex, which can trigger the
synthesis of these N-heterocycles via ADC using a stoichiometric amount of alcohol and lower loading
of a base, is extremely beneficial. Notably, the use third most earth-abundant transition metal
manganese is completely unexplored for the dehydrogenative synthesis of quinazolinone. Moreover,
the dehydrogenative construction of 3,4-dihydro-2H-1,2,4-benzothiadiazine 1,1-oxide is completely
untapped. Henceforth, this present chapter demonstrated Mn-catalyzed synthesis of quinazolin-4(3H)-
one and 3,4-dihydro-2H-1,2,4-benzothiadiazine 1,1-dioxides (DHBDs) derivatives via ADC of
aminobenzamide or aminobenzenesulfonamide with primary alcohols.
2.3.1. Results and discussion:
At the outset, the applicability of three NNS-Mn(I)-complexes i.e. Mn-1, Mn-2 and Mn-20 has been
checked towards the synthesis of quinazolin-4(3H)-one via acceptorless dehydrogenative annulation
process. To determine the optimal reaction conditions, the investigations was started taking 2-
aminobenzamide (2.1a) and benzyl alcohol (2.2a) as a model system. In that regard, when a 1,4-dioxane
solution containing an equimolar mixture of 2-aminobenzamide (2.1a) and benzyl alcohol (2.2a)
refluxed in the presence of 5 mol% of Mn-2 and 0.5 equiv. of NaO'Bu for 36 h 80% of the desired 2-
phenylquinazolin-4(3H)-one (2.3a) isolated (Table 2.3.1.1., entry 1). Furthermore, increasing the ratio
of 2-aminobenzamide and benzyl alcohol there was no improvement in the isolated yield (Table
2.3.1.1., entry 2) was noticed. Under a similar reaction condition, upon reducing the reaction time by

12 h a detrimental effect in the yield was observed (Table 2.3.1.1., entry 3).
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Table 2.3.1.1. Reaction Optimization for the Mn-catalyzed synthesis of Quinazolin-4(3H)-
ones®

o o
d””z +©/\°Hm> @\)LNH + 2H2T+ H,0
NH, Solvent, Temp" N/)\©

Base, Time, Ar

2.1a 2.2a 2.3a
Entry Cat. Solvent Base 2.1a:2.2a Temp' Time Yield®
(equiv.) (°c) (h) (%)
1 Mn-2 1,4-dioxane NaO'Bu(0.5) 1:1 100 36 80
2 Mn-2 1,4-dioxane NaO'Bu(0.5) 1:1.5 100 36 80
3 Mn-2 1,4-dioxane NaO'Bu(0.5) 1:1 100 24 68 . H .-
: g : I
4 Mn-2 1,4-dioxane NaO'Bu(0.3) 1:1 100 36 70 X N/\l
. Z N\Mln/s
5 Mn-2 1,4-dioxane KO™Bu(0.5) 1:1 100 36 62 . V4 I\ \|<
: oc
6 Mn-2 1,4-dioxane NaOH(0.5) 1:1 100 36 70 ocC co
; : Mn-2
7 Mn-2 1,4-dioxane KOH(0.5) 1:1 100 36 60 :
8 Mn-2 1,4-dioxane Na,C0;(0.5) 1:1 100 36 30 H P—
9 Mn-2 Xylene NaO'Bu(0.5) 1:1 100 36 80 | B '!'/\I—I
: |
10 Mn-2 Xylene NaO'Bu(0.5) 1:1 140 36 86 . N~pn—S~
o Neo
1" Mn-2 Toluene NaOBu(0.5) 1:1 140 36 76 . ocC
: Mn-1
12 Mn-2 tAmOH NaO'Bu(0.5) 1:1 140 36 = 1
13¢ Mn-2 Xylene NaO'Bu(0.5) 1:1 140 36 68 T +pr”
TN —I
14 Mn-1 Xylene NaO'Bu(0.5) 1:1 140 36 82 |l | /1
L[N N—p,—S~_Ph
15 Mn-20 Xylene NaO'Bu(0.5) 1:1 140 36 72 oc/ l\co
g ole
16 . Xylene NaO'Bu(0.5) 1:1 140 36 Trace ' Mn-20
17 Mn-2 Xylene . 1:1 140 36  Trace!
18 MnBr(CO); Xylene NaOBu(0.5) 1:1 140 36 24

“Reaction conditions: 2.1a (0.5 mmol), 2.2a (0.5 — 0.75 mmol), base (0.15 — 0.25 mmol), Mn-catalyst
(5 mol%), solvent (2 mL), at temperature 100 °C — 140 °C of a preheated oil bath under argon. “Isolated
yield, “Catalyst loading 2 mol%.

Keeping the other conditions unaltered; decrease of the base loading from 0.5 equiv. to 0.3 equiv.
reduced the isolated yield of 2.3a (Table 2.3.1.1., entry 4). Further study on the effect of base show
NaO'Bu is more effective than NaOH or Na,COj; (Table 2.3.1.1., entry 6-8). Slight improvement of the
yield was noticed when the reaction performed at 140 °C at xylene solvent under the standard reaction
conditions. (Table 2.3.1.1., entry 10). Afterwards, the catalytic applicability of Mn-1 and Mn-20 are

compared. Mn-1 shows almost similar reactivity to that of Mn-2, whereas Mn-20 afforded lower yield
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(Table 2.3.1.1., entry 14-15). There was no detectable conversion of the product in the absence of either
the catalyst or the base, showing that both played a vital role for this method (Table 2.3.1.1., entry 16-
17). In presence of the precursor, MnBr(CO)s, only 24% isolated yield of 2.3a was delivered under the
optimal reaction conditions (Table 2.3.1.1., entry 18).

Next, the efficacy of this current protocol was explored by examining the scope of both primary alcohols
and 2-aminobenzamides. Initially, a diverse range of benzylic alcohols bearing electronically neutral
and electronically biased groups at the o-, m- and p-positions of the aryl ring was tested, which were
found to be well tolerated under the optimal reaction conditions affording good to excellent yields of
the desired products (2.3a-2.3h). Halide substituted aromatic alcohols were well-survived furnishing
good isolated yields without forming any dehalogenated by-products (2.3i-2.3k). Benzyl alcohol
containing strong electron withdrawing substituent fluoro at the 2, 5-position gave moderate yield
(2.30). However, presence of nitro group at p-position was found to be catalytically incompatible.
Benzyl alcohol containing cyano and hydroxyl functional group was effective under the reaction
condition furnishing moderate isolated yield (2.31 and 2.3n respectively). When sterically hindered 2,
6-dichlorobenzyl alcohol was executed as a reaction partner 48% of isolated yield was accomplished
(2.3p). Heteroaromatic alcohols like 2-furyl, 2-thiophene and 2-pyridyl methanol smoothly reacted to
afford the respective quinazolinone products (2.3q-2.3s) in excellent yield. Of note, the reducible
functional groups such as -C=C—Ph, —-OCH,CH=CH, and —OCH,C=CH present at the p-position of
benzyl alcohol can survive under the streamlined reaction conditions to give the desired products (2.3x,
2.3t and 2.3u respectively). Albeit, in case of cinnamyl alcohol apart from the desired product 2.3w a
small amount of -C=C reduction product 2.3w' was also obtained (2.3w: 2.3w' = 3:1). Primary alcohol
with an extended carbon chain worked uneventfully furnishing good yield (2.3v). Aliphatic alcohols
were also compatible and afforded moderate to good yield at higher temperature (2.3zb - 2.3zf).
Diversely substituted 2-aminobenzamide were also furnished corresponding qunazolinones in good
yield (2.3zg-2.3zl). In addition, N-phenyl substituted 2-aminobenzamide also provided 52% isolated
yield (2.3zm). When 2-aminonicotinamide was taken as a coupling partner a mixture of two isomeric

pyridopyrimidinone derivatives was isolated in good yields (2.5a-2.5c¢).
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2.3.1.2. Mn-catalyzed synthesis of Quinazolin-4(3H)-one and Pyridopyrimidin-4(3H)-

one: substrate scope™

o
R-d"“z gy, _Mn2(5mol) z Mn\/ \K
1
w, * Rom )\ +sz +H20 ]

NaO‘Bu (0.5 equiv.)
21 2.2 Xylene, 140 °C, 36 h : Mn-2

A. Scope of the primary alcohols

9 i o R=F, 75%, 2.3i o
R=H, 86%,2.3a R= 3-OMe, 60%, 2.3¢ =F 5%, 23
=Me, 80%, 2.3b NH R = 3-OPh, 73%, 2.3f NH =Cl, 72%, 2.3j NH
)\©\ ‘Bu, 80%, 2.3c N/)\© = 2-OMe, 52%, 2.3g P =Br, 68%,2.3k _ F
=2-Me, 50%,2.3h N CN, 34%, 2.3I N’ I )/
F

= OMe, 75%. 2.3d
NO,, 0%, 2.3m

R
= Ly
1.351g, 76%, 2.3a OH, 52%, 2.3n 65%, 2.30
[o]
oy O, Ot XL OO
[of]
48%, 2.3p 76%, 2.3q 80%, 2.3r 78%, 2.3s 60%, 2.3t
[o]
@\)‘\NH NH NH
ANFZ
58%, 2.3u 72%, 2.3v 58%, 2.3w + 2.3w'
[o]

NH o o n=0, 0%%9, 2.3z
N7 NH n=2, 0%%9, 2.3za
_ NH n=4, 37%° 2.3zb
N o n=5, 40%°, 2.3zc
N” (CH,),CH,
n=6, 56%°%9, 2.3zd
54%, 2.3x 60%, 2.3y n=8, 60%°9, 2.3ze

n=10, 62%°9, 2.3zf

B. Scope of the 2-aminobenzamides

o) 0
R
NH NH R=F, 72%, 2.3zh NH N
P Z = Cl, 68%, 2.3zi _ N
N N = Br, 62%, 2.3z N
Me =1, 56%. 2.3zk
74%, 2.32g 58%, 2.3z 52%, 2.3zm
"'G.Scope of the 2-aminonicotinamide T TTITTIIITIIIIITTTImmmmmasssmasssssssssn e rees T ("R PSR
o) fo) o)

: | —|
. N N
B NH, Mn-2 (5 mol%) X NH N \ : O/\'/\s
| P + R"™SOH | D ] T N \M —
1
N N R

« |l + 2H, | + H,0 j(
S 2 2Y ]
NH, NaO'Bu (0.5 equiv.) N N/)\R1 N A i\ oc | N
Xylene, 140 °C, 36 h :
2.4 2.2 2.5+2.5 Mn-2
o o
NH X “NH A S N
ffi *@fﬁ @\A e (LA LK)
N N N NN N )\©\ N N
H H
Me Me OMe OMe
74%, 2.5a+2.52' 72%, 2.5b+2.5b’ 70%, 2.5¢+2.5¢"
(50:50) (50:50) (70:30)

“Reaction conditions: 2.1 (0.5 mmol), 2.2 (0.5 mmol), 2.4 (0.5 mmol), NaO'Bu (0.25 mmol), Mn-2 (5
mol %), 36 h, 140 °C (oil bath), under argon, Xylene (2 mL), “Isolated yield, “72 h, 170 °C.
Furthermore, efficacy of the developed catalytic protocol was extended by conducting the synthesis of
3,4-dihydro-2H-1,2,4-benzothiadiazine 1,1-oxide directly from 2-aminobenzenesulfonamide and
alcohols employing as prepared phosphine-free well-defined NNS-Mn(I) complexes via Acceptorless
Dehydrogenative Coupling (ADC). When equimolar mixture of 2-aminobenzenesulfonamide (2.6a)
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Table 2.3.1.3: Reaction Optimization for the Mn-catalyzed synthesis of 3,4-dihydro-2H-

1,2,4-benzothiadiazine 1,1-oxide?

o\\s,,o o\\s,,o
“NH, OH Mn-catalyst *NH
+ + Hy |+ H,0
NH, Solvent,Temp', N
Base, Time, Ar H
2.6a 2.2a 2.7a
Entry Cat. Solvent Base 2.6a:2.2a Temp" Time Yield?
(equiv.) (°c) (h) (%)
1 Mn-2  1,4-dioxane NaO'Bu(1) 1:1 100 36 45
2 Mn-2 1,4-dioxane NaO'Bu(1) 1:1.5 100 36 62
3 Mn-2  1,4-dioxane NaO'Bu(1) 1:2 100 36 62 :
: H +
4 Mn-2 1,4-dioxane NaO'Bu(1) 1:1.5 100 48 62 | B '!l/\—l
5 Mn-2  1,4-dioxane NaO'Bu(0.75) 1:1.5 100 36 52 AN \ﬁ
N B ocl: co
6 Mn-2 1,4-dioxane KO™Bu(1) 1:1.5 100 36 42 .
Mn-2
7 Mn-2 1,4-dioxane NaOH(1) 1:1.5 100 36 50 .
8 Mn-2 1,4-dioxane KOH(1) 1:1.5 100 36 40 T +
| |~y |
9 Mn-2 1,4-dioxane Na,CO;(1) 1:1.5 100 36 28 E _ N\Mn/s\/
4 . oo |\
10 Mn-2 Xylene NaO'Bu(1) 1:1.5 100 36 30 . be co
1 Mn-2 Xylene NaO'Bu(1) 1:1.5 140 36 30 Mn-1
12 Mn-2 Toluene NaO'Bu(1) 1:1.5 100 36 25 v "
N
13 Mn-2 - NaO'Bu(1) 1:1.5 100 36 45 | N N/\
/N\Mln/SvPh
14° Mn-2  1,4-dioxane NaO'Bu(1) 1:1.5 100 36 48 ot l\
co
ocC
15 Mn-1  1,4-dioxane NaO'Bu(1) 1:1.5 100 36 60 Mn-20
16 Mn-20 1,4-dioxane NaO‘Bu(1) 1:1.5 100 36 51 .
17 - 1,4-dioxane NaOBu(1) 1:1.5 100 36 Trace E
18 Mn-2 1,4-dioxane - 1:1.5 100 36 Trace E

“Reaction conditions: 2.6a (0.5 mmol), 2.2a (0.5 — 1.0 mmol), base (0.375 — 0.5 mmol), Mn-catalyst (8
mol%), solvent (2 mL), at temperature 100 °C— 140 °C of a preheated oil bath under argon. “Isolated
yield. “Catalyst loading 5 mol%.

and benzyl alcohol (2.2a) were refluxed in 1,4-dioxane at 100 °C for 36 h in presence of 8§ mol% of
Mn-2 and 1.0 equiv. of NaO'Bu, it afforded 45% isolated yield (Table 2.3.1.3., entry 1).Upon increasing
of loading of benzyl alcohol (2.2a) from 1.0 equiv. to 1.5 equiv. an increment in the yield from 45% to

62% has been observed (Table 2.3.1.3., entry 2). The result remains unaltered furthermore increasing
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of loading of 2.2a (Table 2.3.1.3., entry 3). Afterwards, several reaction parameters such as base
loading, nature of base, time, temperature, solvent and catalyst loading were screened (Table 2.3.1.3.,
entry 4-14), albeit, they are failed to afford the optimal result. Therefore, to get the optimum yield of
the desired product 2.7a, 1.5 equiv. of benzyl alcohol (2.2a) is required as a coupling partner with 1.0
equiv. of 2-aminobenzenesulfonamide (2.6a) at 100 °C for 36 h upon implementation of 8 mol% of
Mn-2 and 1.0 equiv. of NaO'Bu base in 1,4-dioxane solvent (Table 2.3.1.3., entry 2). Again, the
catalytic applicability of other two complexes has been checked which manifested that although Mn-1
displayed similar kind of reactivity like Mn-2 albeit Mn-20 exhibited some detrimental effect (Table
2.3.1.3., entry 15-16). The control experiment demonstrated that both the catalyst and base are necessary
components of the reaction mixture as only trace amount of product were formed in their absence (Table
2.3.1.3., entry 17-18).

2.3.1.4. Mn-catalyzed synthesis of 3,4-dihydro-2H-1,2,4-benzothiadiazine 1,1-oxide: substrate

scope®P
T +
0\\8,,0 0\\3,,0 | X T —|
“NH, Mn-2 (8 mol%) “NH NN~ —S
R + R NOH R )\ * H2T+Hzoi v l\
NH, NaO'Bu (1 equiv.) H R : oc od co
26 22 1,4-dioxane, 100 °C, 36 h 27 b
\\ 0 R=H, 62%, 2.7a o, 0 R=F, 60%, 2.7f o, 0
=4-Me, 60%,2.7b S<NH = Cl, 63%, 2.7g S
=4-Bu, 65%,2.7c = Br, 65%, 2.7h ©: S
= 4-OMe, 56%, 2.7d H =NO,, 0%, 2.7i H »
= 3-OPh, 58%, 2.7e R - CF3 0%, 2.7]
60%, 2.7k
0\\31,0 SN o \\ 0 \\ /,
Ol O™
NJ\(CHZ)nCH:; )\© )\@
H
n=6,0% 2.7
n=8, 0%, 2.7m 58%, 2.7n 60%, 2.70

“ Reaction conditions: 2.6 (0.5 mmol), 2.2 (0.75 mmol), NaO'Bu (0.5 mmol), Mn-2 (8 mol %), 36 h,
100 °C (Oil bath), under argon, 1, 4-dioxane (2 mL), “Isolated yield.

With the set of optimized reaction conditions in hand, the feasibility of current catalytic protocol was
explored with an array of 2-aminobenzenesulfonamide and primary alcohols whose pertinent results
were summarized in 2.3.1.4. Initially, the scope of p- and m-substituted benzyl alcohols were tested
where electronically neutral and electronically rich functional groups embrace at the aromatic nucleus
of the phenyl ring furnished good isolated yield (2.7a-2.7e). Halide substituted aromatic alcohols were
well compatible affording good isolated yields where the carbon-halogen moiety remains intact under
the reaction unravelling the scope for further derivatization (2.7f-2.7h). Of note, benzyl alcohol bearing

nitro group and electronically deficient -CF3 group failed to accomplish their desired product (2.7i-
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2.7j). Interestingly, 2-Thiophenemethanol (2.2k) reacted well with 2-aminobenzenesulfonamide (2.6a)
delivering the intended product (2.7k) with 60% isolated yield. Unfortunately, aliphatic alcohols
remained inactive in that streamline reaction condition (2.71 & 2.7m). Afterwards, the scope of different
2-aminobenzenesulfonamide derivatives has been tested which furnished their desired products (2.7n-
2.70) in good yields without forming any dehalogenated by-products.

2.3.1.5. Mechanistic investigation:

H : o o
2 ©/\OH Mn-2 (5 mol%) @0 : o ©\)LNH Mn-2 (5 mol%) (D\)LNH
- > H
NaO'Bu (0.5 equiv) H N Xylene, NaO'Bu (0.5 equiv.) N7
q ' N
2.2a Xylene (2 mL), 2.8,16% [o] 36 h, argon, 140 °C

Without catalyst: Trace

140°C, 36 h : 29 2.3a, 90%
AN Mn2(smol%) NH : Without base: 62%
Xylene (2 mL), N/ : Catalytic amount (5 mol%) of base: 83%
0 H NaO'Bu (0.5 equiv.)
b CELNHZ @o | 36h,argon, 140°C 2.3a, 76% o
.
NH, Mn-2 (5 mol%) NH
21a 28 Min2 {5 mol%) CﬁL NH, Xylone, NaO'Bu (0.5 equiv) : :N/)\©

Xylene (2 mL),
36 h, argon, 140 °C

21a 2.2a-dy 36 h, argon, 140°C 2.3a, 40%

H 0\ /
2. 3a 21% Mn-2 (8 mol%)

L =f@E
©\)LNH2 o Xylene, NaO'Bu (0.5 equiv.) d\ 1,4-dioxane, NaO'Bu (1.0 equw)
c) 36 h, argon, 140 °C
NH, 36 h, argon, 140 °C /D 2.7a g 2.10, 0%
21a 238

2.9, 63%

Scheme 2.7. Control experiments
The successful accomplishment of both N-heterocycles using air and moisture stable, phosphine-free
manganese catalyst promoted to elucidate its mechanistic details by performing various control
reactions (Scheme 2.7). In that quest, at the outset, in presence of Mn-2 conversion of alcohol to its
corresponding aldehyde was observed (Scheme 2.7, a). Then, to disclose the role of catalyst the
condensation reaction between benzaldehyde (2.8) with 2-aminobenzamide (2.1a) was performed
(Scheme 2.7, b). Notably, when the reaction was carried out in presence of only 0.5 equiv. of NaO'Bu,
63% of the intermediate 2-phenyl-2,3-dihydroquinazolinone (2.9) was isolated whereas formation of 2-
phenylquinazolinone (2.3a) was not observed (Scheme 2.7, ¢). Of note, to convert intermediate (2.9) to
the desired product (2.3a) Mn-2 was highly essential whereas only NaO'Bu failed to perform this step
(Scheme 2.7, d). These experiments suggested that the base was assisting the condensation of 2-
aminobenzamide with the aldehyde to afford intermediate 2-phenyl-2,3-dihydroquinazolinone (2.9)
whereas Mn-2 had a profound role in converting 2.9 to 2.3a. Furthermore, during the catalysis evolved
H, gas was utilized in the hydrogenation reaction using Wilkinson catalyst (experimental section
2.5.12.3), confirmed by GC-TCD and estimated by a gas-burette method which revealed that 83%
liberation of dihydrogen. When the representative reaction was conducted with deuterated benzyl
alcohol (2.2a-d3) 40% of the desired product (2.3a) was isolated resulting kn/kp=2.15 (Scheme 2.7, e).
Interestingly, during the preparation of 3,4-dihydro-2H-1,2,4-benzothiadiazine 1,1-dioxide, formation
of 2.10 was not observed. Thus, under the optimized condition dehydrogenation of 2.7a was failed to
give 2.10. This reveals that Mn-2 failed to activate the dehydrogenation of 3,4-dihydro-2H-1,2,4-
benzothiadiazine 1,1-dioxide (2.7a) (Scheme 2.7, f). This might be due to the difficulty in the
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dehydrogenation of the electron deficient 2.7a compare to the electron sufficient 2-phenyl-2,3-
dihydroquinazolinone (2.9) intermediate."

2.3.1.6. Kinetic experiments:

(o]

L
NH,

CH

©/\OH Mn-2 (5 mol%)
—_
Standard condition

.H2

S @%ﬁ

Intermediate, 2.9

Concentration (mmol)

T
& 12 16 220 2 8
Time (h)

0 4

Concentration of 12 {mM)

(i)

CGoncentration of Product 6a

002

+ oxma ©)

res

0.1 mM

0,15 mM

0.2mM

e)

b)

Initial rate (mM/h)
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Figure 2.2. a) Kinetic monitoring of the Mn(I)-catalyzed synthesis of 2-phenyl quinazolin-4(3H)-one
(2.3a); b) Concentration of 2.3a vs time plot at various concentration of benzyl alcohol (2.2a); c¢) Plot
for determining the order of the reaction with respect to benzyl alcohol (2.2a). d) Concentration vs time
plot at various concentration of intermediate (2.9); e) Plot for determining the order of the reaction with
respect to intermediate (2.9).

The kinetic data indicate a steady formation of 2.3a during the reaction. Throughout the reaction, the
concentration of formed aldehyde 2.8 or intermediate 2.9 was less, which indicate that the
dehydrogenation of alcohol 2.2a is slower compared to the dehydrogenation of intermediate 2.9 or
condensation step (Figure 2.2, a). Furthermore, the rate order for this acceptorless dehydrogenative
annulation (ADA) reaction was established using an initial rate technique to understand the role of
alcohol in this process. The reaction order with respect to benzyl alcohol (2.2a) is 1.09, indicating that
the reaction is first order with respect to alcohol. This is crucial in the synthesis of 2-phenyl quinazolin-
4(3H)-one (2.3a), as the rate of product formation increases with the increase of initial concentration of
benzyl alcohol (2.2a) (Figure 2.2 b and c). Moreover, for the kinetic monitoring of dehydrogenation of

intermediate (2.9) to product (2.3) was performed which also exhibited first order kinetics with respect

64

TH-3636_186122010



Chapter-2: Mn-catalyzed Synthesis of Quinazolinone and Benzothiadiazine derivatives

to intermediate (2.9) and the rate of desired product (2.3) formation gradually increases with the increase
of initial concentration of the intermediate (2.9) (Figure 2.2 d and e).

2.3.1.7. Proposed catalytic cycle:

A plausible mechanistic cycle was presented based on aforesaid experimental results and previous
literatures'**!° (Scheme 2.8) in which Mn-2 was first converted to the amido complex (I), which
dehydrogenate alcohol 2.2a to aldehyde 2.8 via metal-ligand cooperation (MLC) with simultaneous

formation of Mn-H species (II). The in situ formed aldehyde (2.8) undergoes condensation with 2.1a

-H, o
co . dNH
H./ |-\¢S‘Bu—| /—\ N/)\©
;hlnn\ f\ S'Bu f \S'Bu 2.3a
S8 M2 ’BUOH / N co a4 N CO

I
.H2
©/\OH B @o
= [
2.2a 2.8

0 o)
©\)J\NH2 NaO'Bu < ©\)LNH

NH, -H,0 - H)\@

2.9

Scheme 2.8. Plausible catalytic cycle

to furnish the intermediate (2.9) by liberating a water molecule. Finally, dehydrogenation of 2.9 lead to
the formation of the final product 2.3a.

2.3.1.8. Synthetic application:

R
o o
Mn-2 (5 mol%) NH ,— ____'_??f-:o N 7N
NH, + /) \ / ______ > N/ N/
NaO’Bu (0.5 equiv.) N N
Xylene 140 °C, 36 h Luotonin A: R= H
2.2zn 2.3zn, 82% Luotonin B: R= OH

Luotonin E: R= OMe

Scheme 2.9. Synthetic application towards the formal synthesis of Luotonins

In order to unveil the synthetic utility and practical applicability, gram scale synthesis of the
representative reaction was also conducted where 1.351 g (2.3a, 76% yield) of the desired product was
isolated (Table 2.3.1.2). Delightfully, 2-(quinolin-2-yl)quinazolin-4(3H)-one (2.3zn) which is an
intermediate for the synthesis of pyrroloquinazolinoquinoline alkaloids Luotonins A, B and E,*° was
successfully synthesized (82%) employing the current catalytic protocol (Scheme 2.9).

2.4. Conclusion:

In summary, herein, manganese catalyzed sustainable synthesis of quinazolin-4(3H)-ones and 3, 4-

dihydro-2H-1, 2, 4-benzothiadiazine 1, 1-oxides via ADC has been demonstratted. This operationally
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simple catalytic approach illustrated a wide variety of substrate scope including aromatic,
heteroaromatic, aliphatic alcohols and substrate containing reducible functional groups with good to
excellent yields. Mechanistic study strongly indicates the double-dehydrogenative pathway to afford
quinazolinone scaffold. The use of phosphine free earth-abundant manganese complex with renewable
starting materials makes this approach environmentally green and sustainable.

2.5. Experimental Section:

2.5.1. Ligands synthesis:

All three ligands were prepared according to previous reported literature methods."> Pyridine-2-
carboxaldehyde (10 mmol) and amino-thiol compound (10 mmol,) were dissolved in dry CH,Cl, (30
mL) and then Na,SO4 (40 mmol) was added to it. The resulting suspension was stirred for 20 h at room
temperature. Then, it was filtered and the residue was washed thoroughly with CH,Cl, and the combined
solvent was removed under reduced pressure. The residue obtained was directly used for the next step
without further purification. The residue was dissolved in methanol (30 mL) and NaBH4 (30 mmol) was
added portion wise in stirring condition at 0 °C and the stirring was continued for overnight at room
temperature. Then the solvent was evaporated and 30 mL of water was added. After that, it was
extracted by CH,Cl, and the organic portion was collected and passed through Na,SO4. Then the solvent
was evaporated to get the crude product, which was purified further by silica gel (100-200 mess) column
chromatography using 20-40 % ethyl acetate in hexane.

2.5.2. Complex preparation:

All three complexes (Mn-1, Mn-2 and Mn-20) were prepared according to previous reported literature
methods."® Ligand [(PyCH,)HN(CH,CH,SR), R= Et, ‘Bu, Bn ] (2.0 mmol) was taken in 5 mL dry THF
and was added dropwise to the orange-yellow suspension of [MnBr(CO)s] (2.0 mmol) in 5 mL degassed
dry THF. Afterward, the suspension was refluxed for overnight under argon atmosphere. After the
completion of the reaction, the reaction mixture was cooled down to the room temperature, then the
solvent was evaporated to obtain the residue, which was further washed with hexane and dried under
vacuum to get yellow solid of Mn-complex.

2.5.3. General experimental procedure for the synthesis of Quinazolin-4(3H)-ones:

To an oven dried 10 mL round bottomed flask, 2-aminobenzamide 2.1 (0.5 mmol), alcohol 2.2 (0.5
mmol), NaO'Bu (0.25 mmol) and Mn-2 (5 mol%) were taken under argon atmosphere, after that 2 mL
of xylene was added to the reaction mixture. The resulting mixture was heated in an oil bath at 140 °C
for 36 h. After the completion of the reaction, the reaction mixture was subjected to cool at room
temperature and ethyl acetate and methanol were added to dilute the mixture and filtered through celite.
The filtrate was concentrated under reduced pressure and the residue was purified by silica gel (100-

200 mess) column chromatography using 20% ethyl acetate in hexane to obtain pure compound.
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2.5.4. General experimental procedure for the synthesis of Pyridopyrimidin-4(3H)-one:
A mixture of 2-aminonicotinamide 2.4 (0.5 mmol), aromatic primary alcohol 2.2 (0.5 mmol), NaO'Bu
(0.25 mmol) and Mn-2 (5 mol%) were stirred in xylene (2 mL) under argon atmosphere at 140 °C for
36 h. After the reaction was completed, it was cooled to room temperature and methanol was added to
dilute the mixture and filtered through celite. The filtrate was concentrated under reduced pressure and
the residue was purified by silica gel (100-200 mess) column chromatography using 50% ethyl acetate
in hexane to get pure compound.

2.5.5. General experimental procedure for the synthesis of 3,4-dihydro-2H-1,2,4-
benzothiadiazine 1,1-oxide:

To an oven dried 10 mL round bottom flask, 2-aminobenzenesulfonamide 2.6 (0.5 mmol), alcohol 2.2
(0.75 mmol), Mn-2 (8 mol%), NaO'Bu (0.5 mmol) and 1, 4-dioxane (2 mL) were added under argon
atmosphere. The reaction mixture was kept for refluxing in a preheated oil bath at 100 °C for 36 h.
Then, the reaction was subjected to cool at room temperature and ethyl acetate and methanol were added
to dilute the mixture and filtered through celite. The filtrate was concentrated under reduced pressure
and the residue was purified by silica gel (100-200 mess) column chromatography using 20% ethyl
acetate in hexane as an eluent to obtain pure compound.

2.5.6. Manganese catalyzed dehydrogenation of alcohol:

To an oven-dried 10 mL round bottomed flask, Mn-2 (5 mol%), benzyl alcohol 2.2a (1.0 mmol),
NaO'Bu (0.5 mmol) and xylene (2 mL) were added under argon. The reaction mixture was kept for
refluxing in a preheated oil bath at 140 °C for 36 h. Then, the reaction mixture was subjected to cool,
submitted and analysed by '"H-NMR confirming that 16% of benzaldehyde 2.8 was detected.

2.5.7. Manganese catalyzed synthesis of Quinazolin-4(3H)-one (2.3a) from 2-
aminobenzamide (2.1a) and benzaldehyde (2.8):

To an oven-dried 10 mL round bottomed flask, 2-aminobenzamide 2.1a (0.5 mmol), benzaldehyde 2.8
(0.5 mmol), Mn-2 (5 mol%), NaO'Bu (0.25 mmol) and xylene (2 mL) were added under argon
atmosphere. The reaction vessel was then placed in a preheated oil bath at 140 °C for refluxing. After
36 h, the crude reaction mixture was diluted by ethyl acetate, methanol and filter through celite. The
filtrate was concentrated under vacuum and resultant residue was purified by column chromatography
using 100-200 mesh size silica employing 20% ethyl acetate in hexane as an eluent. The 76% of the
desired product (2.3a) was isolated under standard reaction conditions. Whereas, only 21% of the
product (2.3a) was formed in the absence of base NaO'Bu.

2.5.8. Synthesis of the intermediate 2-phenyl-2,3-dihydroquinazolin-4(1H)-one (2.9)?
from 2-aminobenzamide (2.1a) and benzaldehyde (2.8):

2-aminobenzamide 2.1a (0.5 mmol), benzaldehyde 2.8 (0.5 mmol), NaO'Bu (0.25 mmol) and xylene (2
mL) were added under argon atmosphere in an oven-dried 10 mL round bottomed flask. The reaction

vessel was placed in a preheated oil bath at 140 °C for 36 h. Afterwards, the crude reaction mixture was
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subjected to cool to room temperature, diluted by ethyl acetate, methanol and filter through celite. Then,
the filtrate was concentrated under vacuum and resultant residue was purified by column
chromatography using 100-200 mesh silica employing 25% ethyl acetate in hexane as an eluent. It was
found that 63% of the intermediate product 2.9 was isolated as a white solid in absence of Mn-catalyst.
2.5.9. Manganese catalyzed dehydrogenation of intermediate 2-phenyl-2, 3-
dihydroquinazolin-4(1H)-one (2.9) to product Quinazolin-4(3H)-one (2.3a):

To an oven-dried 10 mL round bottomed flask, the intermediate 2-phenyl-2, 3-dihydroquinazolin-
4(1H)-one 2.9 (0.5 mmol), Mn-2 (5 mol%), NaO'Bu (0.25 mmol) and xylene (2 mL) were taken under
argon atmosphere. The reaction vessel was then placed in a preheated oil bath at 140 °C for refluxing.
After 36 h, the crude reaction mixture was diluted by ethyl acetate, methanol and filter through celite.
The filtrate was concentrated under vacuum, taking an aliquot amount to perform gas chromatography,
which showed full conversion and furthermore, resultant residue was purified by column
chromatography using 100-200 mesh size silica employing 20% ethyl acetate in hexane as an eluent to
get 90% yield of the desired product 2.3a. 62% of the product 2.3a was formed in absence of base
NaO'Bu whilst trace amount of the product detected in absence of catalyst. Albeit, 83% of desired
product was isolated in presence of catalytic i.e. 5 mol% of base loading instead of 50 mol% of base.
2.5.10. Determination of the kinetic isotope effect:

In an oven dried 10 mL round bottomed flask 2-aminobenzamide 2.1a (0.5 mmol), deuterated benzyl
alcohol 2.2a-d;2! (0.5 mmol), Mn-2 (5 mol%), NaO'Bu (0.25 mmol) were taken and then 2 mL xylene
was added under argon atmosphere. The resulting mixture was placed in an oil bath at 140 °C for 36 h.
After completion of the reaction, it was cooled to room temperature and ethyl acetate, methanol was
poured into the reaction mixture to make it dilute and filtered through celite. The filtrate was
concentrated under vacuum and the residue was purified by column chromatography over silica gel
(100-200 mesh) employing 20% ethyl acetate/hexane as an eluent obtaining 40% of the desired product
2.3a. When the same reaction was performed employing benzyl alcohol 2.2a as a coupling partner under
the similar reaction conditions 86% of 2.3a was isolated which reveals that the value of KIE= kn/kp=
2.15.

2.5.11. Manganese catalyzed dehydrogenation of 3-phenyl-3,4-dihydro-2H-1,2,4
benzothiadiazine 1, 1-dioxide (4.7a) to 3-phenyl-2H-1,2,4 benzothiadiazine 1, 1-dioxide
(4.10):

To an oven-dried 10 mL round bottomed flask, 3-phenyl-3,4-dihydro-2H-1,2,4 benzothiadiazine 1,1-
dioxide 2.7a (0.5 mmol), Mn-2 (8 mol%), NaO'Bu (0.5 mmol) and 1,4-dioxane (2 mL) were taken
under argon atmosphere. The reaction vessel was placed in a preheated oil bath at 100 °C for refluxing.
After 36 h, the crude reaction mixture was diluted by ethyl acetate, methanol and filter through celite.

Then, the filtrate was concentrated under vacuum and subjected to do '"H NMR, upon analysis, which
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indicates that the reaction was failed to deliver the formation of dehydrogenated product 3-phenyl-2H-
1,2,4 benzothiadiazine 1,1-dioxide 2.10.

2.5.12. Determination of hydrogen gas formation:

2.5.12.1. Hydrogen gas quantification- A volumetric quantitative analysis:

The volumetric quantification of hydrogen gas was accomplished according to the previously reported
literature methods.** To an oven dried 10 mL round bottomed flask, 2-aminobenzamide 2.1a (0.5 mmol,
1.0 equiv.), benzyl alcohol 2.2a (0.5 mmol, 1.0 equiv.), NaO'Bu (0.25 mmol, 50 mol%) and Mn-2
(0.025 mmol, 5 mol%) were taken under argon atmosphere, after that 2 mL of xylene was added to the
reaction mixture and joined with an one neck adapter condenser set up. The adapter was connected to
the gas collection apparatus (standard water displacement apparatus, using a graduated cylinder to
determine the volume) and the entire system was flushed with argon for 5 minutes and allowed to
equilibrate for 5 minutes. The reaction vessel was placed in a preheated oil-bath to the appropriate
temperature (140 °C). The reaction was stirred vigorously at a constant temperature until gas evolution
ceased. The volume of collected gas was noted. After 36 h, the reaction mixture was removed from
preheated oil-bath, subjected to cool at room temperature. It was filtered, purified by silica gel (100-
200 mess) column chromatography using 20% ethyl acetate in hexane, analysed by 'H-NMR which
conformed that 86% isolated yield of the desired 2-phenylquinazolinone (2.3a) was delivered. The
collected volume of gas in that experiment was 21 mL. The experiment was repeated twice to obtain
consistent readings and the number of moles of hydrogen was evolved was calculated taking into
account the vapor pressure of water at 298K = 23.7695 Torr. Volume of water displaced = 21 mL.

Atmospheric Pressure = 758.3124 Torr, R = 62.3635 L Torr K™' mol™!
nH; = [(Patm — Pwater) X V] / RT = 0.00083 moles = 0.83 mmoles

Therefore, the collected volume of gas in that experiment was 21 mL, which corresponds to 0.83
mmoles of dihydrogen and consisted with the release of 2 equiv. of H, per mole of reactant benzyl
alcohol 2.2a.

2.5.12.2. Detection of evolved gas by GC-Thermal Detector (GC-TCD):

To an oven dried Ace pressure tube (100 mL), 2-aminobenzamide 2.1a (0.5 mmol, lequiv.), benzyl
alcohol 2.2a (0.5 mmol, lequiv.), NaO'Bu (0.25 mmol, 50 mol%) and Mn-2 (0.025 mmol, 5 mol%)
were taken under argon atmosphere, after that 2 mL of xylene was added to the reaction mixture and
placed in a preheated oil-bath at 140 °C for 36 h. Afterwards, the crude reaction mixture was subjected
to cool at room temperature and the head gas was collected by a 1 mL gas-tight syringe and analysed
by GC-TCD with a Carbon plot capillary column gas chromatography which showed the presence of
H, gas at retention time 1.097 (Figure 2.3).
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/“:

Back Signal
Results
Retention Time Area Area % Height Height %
1.097 1135597 41.61 119888 57.58
1.453 98789 3.62 13423 6.45
2.043 1470898 53.90 70167 33.70

Figure 2.3. Gas Chromatography Spectrum for evolved gas (TCD mode)

2.5.12.3. Detection of hydrogen gas by dual catalysis:

Initially, the intermediate 2-phenyl-2, 3-dihydroquinazolin-4(1H)-one 2.9 (2 mmol), Mn-2 (5 mol%)
and NaO'Bu (1 mmol, 50 mol%) were taken in an oven dried 10 mL round bottomed flask (A). The
entire system was degassed, flushed with argon for 5 minutes (three times) and packed with 14 joint
rubber septa upon which dry xylene (2 mL) was added. To an another 10 mL round bottomed flask (B)
Wilkinson’s catalyst i.e. RhCI(PPh3); (6 mol%) catalyst, and styrene (0.5 mmol) were dissolved in
benzene (2 mL) and also packed with 14 joint rubber septum. Both the flasks (A & B) were connected
through a double headed syringe and allowed to equilibrate for 5 minutes. The mixture in the flask (A)
was heated at 140 °C (oil-bath temperature), whilst the mixture in the flask (B) was stirred at 60 °C (oil-
bath temperature).

2.5.12.4. Manganese catalyzed dehydrogenation of intermediate 2-phenyl-2, 3-
dihydroquinazolin-4(1H)-one (4.9) to product Quinazolin-4(3H)-one (4.3a) in presence of
catalytic amount (5 mol%) of base:

To an oven dried Ace pressure tube (100 mL), the intermediate 2-phenyl-2, 3-dihydroquinazolin-4(1H)-
one 2.9 (0.5 mmol), Mn-2 (5 mol%), NaO'Bu (0.025 mmol, 5 mol%) and xylene (2 mL) were taken
under argon atmosphere and the pressure tube was then placed in a preheated oil bath at 140 °C for 36

h. Afterwards, the crude reaction mixture was subjected to cool at room temperature and the head gas
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was collected by a 1 mL gas-tight syringe and analysed by GC-TCD with a Carbon plot capillary column
gas chromatography which underpin the presence of H, gas in the reaction.

2.5.13. Gram scale synthesis:

To an oven dried 50 mL round bottomed flask 2-aminobenzamide 2.1a (8 mmol), benzyl alcohol 2.2a
(8 mmol), NaO'Bu (4 mmol, 50 mol%) and Mn-2 (5 mol%) were taken under argon atmosphere, then
xylene was added to the reaction mixture. The resulting mixture was then placed into a preheated oil
bath at 140 °C for 36 h. Upon completion, the reaction was cooled to room temperature, ethyl acetate
and methanol was added to it to make it dilute and filtered through celite. The filtrate was concentrated
under vacuum, the residue was purified by column chromatography over silica gel (100-200 mesh) with
hexane/ethyl acetate mixture (20%) as eluent. 76% of the desired product 2-phenyl quinazolin-4(3H)-
one 2.3a was obtained. Yield 76% (1.351 g).

2.5.14. Calculation of green chemistry metrics:

(o) (o} ' H
: | *
@fLNHZ +©/\0H Mn-2 (5 mol%) @fﬁNH | \N T/j; —l
NH, Xylene, N FNE T M \ﬁ
NaO'Bu (0.5 equiv.) OC/ l \CO
8 mmol 8 mmol 36 h, argon, 140 °C 1.351g ! oC
21a 2.2a 2.3a,76% ; Mn-2
2-aminobenzamide Benzyl alcohol 2-phenyl quinazolin-4(3H)-one
Chemical formula: C;HsN>O  Chemical formula: C;HsO Chemical formula: Ci4sHoN,O
Molecular weight = 136.15 Molecular weight = 108.14 Molecular weight = 222.25
Exact mass = 136. 0637 Exact mass = 108.0575 Exact mass =222.0793
Total molecular weight of the reactant = (136. 0637+ 108.0575) = 244.1212
Product yield = 76%
Reactant-1 2-aminobenzamide 1.089 g FW=136.15
Reactant-2 Benzyl alcohol 0.865¢g FW=108.14
Base NaO'Bu 0.384 g FW=96.105
Solvent Xylene 6.943 ¢ FW=106.16
Auxiliary - - -
Product 2-phenyl quinazolin- 1.351¢g FW= 22225
4(3H)-one

Total weight = (1.089+0.865+0.384) g=2.338 g
1. E factor = [(2.338-1.351)/1.351]1=0.987/1.351 = 0.731 i.e. 0.731 kg waste per 1 kg of product
2. Atom economy = [(Molecular mass of desired product/ Molecular masses of reactants) x 100%]
=[{222.0793/ (136.0637+108.0575)} x 100%]
=[{222.0793/ 244.1212} x 100%] =91%
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3. Atom efficiency = [Percentage yield x (Atom economy/ 100)]
=[76 x (91/100] = 69.16%
4. Carbon efficiency = [(Number of carbon atoms in desire product/ Number of carbon atoms in
reactants) x 100%]
Here, number of carbon atoms in desire product = 14 and total number of carbon atoms in reactants
=(7+7)=14
Therefore, carbon efficiency = [(14/14) x 100] = 100%
5. Reaction mass efficiency = [(Actual mass of desired product/ Actual mass of reactants) x 100%]
=[{1.351/(1.089+0.865)} x 100]
=[(1.351/1.954) x 100] = 69.14%
2.5.15. Kinetic experiments:
2.5.15.1. Monitoring the kinetics of the reaction:
2.5.15.1.1. Experimental procedure: To an oven dried 10 mL 2-neck round bottomed flask, 2-
aminobenzamide 2.1a (1.0 mmol, lequiv.), benzyl alcohol 2.2a (1.0 mmol, lequiv.), NaO'Bu (0.5
mmol, 50 mol%) and Mn-2 (0.05 mmol, 5 mol%), mesitylene (1.0 mmol, 1 equiv.) as an internal
standard and xylene as a solvent were added under argon to make up the total volume of the reaction
mixture 2 mL. Afterwards, the reaction mixture was kept in a preheated oil bath for stirring at 140 °C.
At regular intervals (1 h,2 h,3 h,4 h, 8 h, 12 h, 16 h, 20 h, 24 h, 28 h, 32 h, 36 h) the reaction mixture
was cooled to ambient temperature and an aliquot of mixture was taken in a GC vial. The GC sample
was diluted with methanol and subjected to gas chromatographic analysis. The concentration of the
product was determined with respect to mesitylene internal standard. The data was accomplished to
draw the concentration of the product (mmol) vs time (h) plot (Figure 2.2, a).
2.5.15.2. Rate order determination:
The initial rate method was used to determine the rate order of the 2-phenyl quinazolin-4(3H)-one 2.3a
synthesis reaction with respect to various components of the reaction. The data of the concentration
(mM) vs time (h) plot was fitted to linear using origin pro 9. The slope of the linear fitted curve
represents the initial rate of the reaction. The order of the reaction was determined by plotting initial
rate (mM/h) vs concentration (mM) of that particular component.
2.5.15.2.1. Rate order determination with respect to benzyl alcohol (2.2a):
To determine the order of the 2-phenyl quinazolin-4(3H)-one 2.3a synthesis reaction, initial rates at
different initial concentration of benzyl alcohol 2.2a were recorded.
2.5.15.2.1.1. Experimental procedure: To an oven dried 10 mL 2-neck round bottomed flask, 2-
aminobenzamide 2.1a (0.5 mmol, lequiv.), NaO'Bu (0.25 mmol, 50 mol%) and Mn-2 (0.025 mmol, 5
mol%), mesitylene (0.5 mmol, 1 equiv.) as an internal standard, specific amount of benzyl alcohol 2.2a
and xylene as a solvent were added under argon to make up the total volume of the reaction mixture 2

mL. Afterwards, the reaction mixture was kept in an oil bath of 140 °C for stirring. At regular intervals
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(1 h,2h,3h,4h,5h, 6 h) the reaction mixture was cooled to ambient temperature and an aliquot of
mixture was taken in a GC vial. The GC sample was diluted with methanol and subjected to gas
chromatographic analysis. The concentration of the product was determined with respect to mesitylene
internal standard. The data was accomplished to draw the concentration of the product (mM) vs time
(h) plot (Figure 2.2, b). The rate of the reaction at different initial concentration of benzyl alcohol 2.2a
was given below and used to plot the initial rate (mM/h) vs concentration of benzyl alcohol 2.2a (mM)
to determine the order of the reaction with respect to benzyl alcohol 2.2a (Figure 2.2, c¢).

2.5.15.3. Rate order determination of third step of the reaction with respect to
intermediate 2.9:

2.5.15.3.1. Experimental procedure: To an oven dried 10 mL 2-neck round bottomed flask,
intermediate 2.9 (0.2 mmol), NaO'Bu (0.1 mmol, 50 mol%) and Mn-2 (0.01 mmol, 5 mol%), mesitylene
(0.2 mmol, 1 equiv.) as an internal standard and xylene as a solvent were added under argon to make
up the total volume of the reaction mixture 2 mL. Afterwards, the reaction mixture was kept in an oil
bath of 140 °C for stirring. At regular intervals (1 h, 2 h, 3 h, 4 h, 5 h, 6 h) the reaction mixture was
cooled to ambient temperature and an aliquot of mixture was taken in a GC vial. The GC sample was
diluted with methanol and subjected to gas chromatographic analysis. The concentration of the
consumption of intermediate 2.9 was determined with respect to mesitylene internal standard. The same
analysis was repeated taking 0.3 mmol and 0.4 mmol of the intermediate 2.9 and with respect to its
internal standard, base and catalyst were taken. The data was accomplished to draw the concentration
of the consumption of intermediate 2.9 (mM) vs time (h) plot (Figure 2.2, d). The rate of the reaction
(mM/h) at different initial concentration of intermediate 2.9 was plotted with respect to concentration
of initial concentration of intermediate 2.9 (mM) to determine the order of the reaction with respect to
intermediate 2.9 (Figure 2.2, e).

2.5.16. Post-synthetic modification:

To an oven dried 10 mL round bottomed flask, 2-aminobenzamide 2.1 (1.0 mmol), Quinolin-2-
ylmethanol 2.2zn (1.0 mmol), NaO'Bu (0.5 mmol) and Mn-2 (5 mol%) were taken under argon
atmosphere, after that 3 mL of xylene was added to the reaction mixture. The resulting mixture was
heated in an oil bath at 140 °C for 36 h. After the completion of the reaction, the reaction mixture was
subjected to cool at room temperature and ethyl acetate and methanol were added to dilute the mixture
and filtered through celite. The filtrate was concentrated under reduced pressure and the residue was
purified by silica gel (100-200 mess) column chromatography using 20% ethyl acetate in hexane to
obtain the desired 2-(quinolin-2-yl)quinazolin-4(3H)-one (2.3zn) in 82% yield as a white solid. The

remaining steps towards the synthesis of alkaloids Luotonins A, B and E were reported in literature.*
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2.5.17. Analytical data:
2-phenylquinazolin-4(3H)-one (2.32):3

o White solid, 86% Yield. "H NMR (600 MHz, CDCls) 5 11.71 (brs, 1H, NH),
@ﬁ"” 8.34 (dd, J=7.9, 1.7 Hz, 1H), 8.28 — 8.25 (m, 2H), 7.85 — 7.80 (m, 2H), 7.62 —
N)\© 7.59 (m, 3H), 7.53 — 7.50 (m, 1H). *C NMR (150 MHz, CDCL) § 163.8, 151.8,

149.6, 135.1, 132.9, 131.8, 129.2, 128.1, 127.4, 127.0, 126.5, 121.0.
2-(p-tolyl)quinazolin-4(3H)-one (2.3b):%

White solid, 80% Yield. "TH NMR (600 MHz, DMSO-d) 5 12.49 (brs, 1H,
NH), 8.14 (d,J= 7.9, 1H), 8.10 (d, J= 8.2 Hz, 2H), 7.84 —~7.81 (m, 1H), 7.72
(d, J= 8.1 Hz, 1H), 7.52 — 7.49 (m, 1H), 7.35 (d, J = 7.9 Hz, 2H), 2.39 (s,
3H). *C NMR (150 MHz, DMSO-d;) 5 162.3, 152.3, 148.9, 141.5, 134.6,
129.9, 129.2, 127.7, 127.5, 126.5, 125.9, 120.9, 21.0.

2-(4-(tert-butyl)phenyl)quinazolin-4(3H)-one (2.3¢):**

0

X
2
N

White solid, 80% Yield. 'TH NMR (500 MHz, DMSO-ds) 5 12.31 (brs, 1H,
NH), 8.16 — 8.12 (m, 3H), 7.82 (t, J = 7.6 Hz, 1H), 7.72 (d, J = 8.1 Hz, 1H),
7.56 (d, J=8.1 Hz, 2H), 7.51 (t, J= 7.5 Hz, 1H), 1.32 (s, 9H). *C NMR (125
MHz, DMSO-ds) & 162.3, 154.3, 152.3, 148.8, 134.6, 129.9, 127.6, 127.3,
126.4, 125.8, 125.4, 120.9, 34.7, 30.9.

2-(4-methoxyphenyl)quinazolin-4(3H)-one (2.3d):*

White solid, 75% Yield. "H NMR (600 MHz, DMSO-ds) 5 12.43 (brs, 1H,
NH), 8.19 (d, J = 8.9 Hz, 2H), 8.13 (d, J= 8.3 Hz, 1H), 7.83 —7.80 (m, 1H),
7.70 (d, J = 8.2 Hz, 1H), 7.48 (t, J= 7.1 Hz, 1H), 7.09 (d, J = 8.6 Hz, 2H),
3.84 (s, 3H). 3C NMR (150 MHz, DMSO-d5) 5 162.4, 161.9, 151.9, 149.0,

134.7,129.5,127.4, 126.2, 125.9, 124.8, 120.7, 114.1, 55.5.
2-(3-methoxyphenyl)quinazolin-4(3H)-one (2.3¢):2

(o}

NH
N/)\©/0Me

White solid, 60% Yield. "H NMR (600 MHz, DMSO-ds) 5 12.55 (brs, 1H,
NH), 8.15 (d, J= 7.7 Hz 1H), 7.84 (t, J = 7.8 Hz, 1H), 7.79 (d, J = 7.7 Hz,
1H), 7.75 — 7.74 (m, 2H), 7.52 (t, J = 7.8 Hz, 1H), 7.45 (t, J = 8.0 Hz, 1H),
7.14 (dd, J = 8.2, 2.7 Hz, 1H), 3.86 (s, 3H). 3C NMR (150 MHz, DMSO-

ds) 5 162.3, 159.4, 152.1, 148.6, 134.6, 134.1, 129.8, 127.5, 126.7, 125.9, 121.0, 120.2, 117.6, 112.5,

55.4.

2-(3-phenoxyphenyl)quinazolin-4(3H)-one (2.3f):2°

TH-3636_186122010

White solid, 73% Yield. '"H NMR (600 MHz, DMSO-ds) & 12.60 (brs, 1H,
NH), 8.14 (d, J=7.9 Hz, 1H), 7.97 (d, J = 8.0 Hz, 1H), 7.85 — 7.80 (m, 2H),
7.71 (d, J = 8.2 Hz, 1H), 7.56 (t, J = 8.0 Hz, 1H), 7.52 (t, J= 7.5 Hz, 1H),
7.40 (t, J = 7.4 Hz, 2H), 7.23 (dd, J= 7.9, 1.8 Hz, 1H), 7.19 (t, J= 7.4 Hz,
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1H), 7.09 (d, J = 7.8 Hz, 2H). 13C NMR (150 MHz, DMSO-ds) 5 162.2, 156.9, 156.4, 151.6, 148.6,
134.7, 130.4, 130.2, 127.6, 126.8, 125.9, 123.8, 122.9, 121.7, 121.1, 118.9, 117.9.
2-(2-methoxyphenyl)quinazolin-4(3H)-one (2.3g):%

o

MeO

o

White solid, 52% Yield. 'H NMR (600 MHz, DMSO-ds) & 12.09 (brs, 1H, NH),
8.15 (d, J = 8.0 Hz, 1H), 7.84 — 7.81 (m, 1H), 7.72 — 7.69 (m, 2H), 7.55 — 7.51
(m, 2H), 7.19 (d, J= 8.4 Hz, 1H), 7.09 (t, /= 7.5 Hz, 1H), 3.86 (s, 3H). *C NMR
(150 MHz, DMSO-ds) 5 161.2, 157.2, 152.3, 149.0, 134.3, 132.2, 130.4, 127.3,

126.5, 125.7, 122.6, 121.0, 120.4, 111.9, 55.8.
2-(o-tolyl)quinazolin-4(3H)-one (2.3h):*

0

s

White solid, 50% Yield. "H NMR (500 MHz, CDCLs) & 10.79 (brs, 1H, NH),
8.26 (d, J = 7.9 Hz, 1H), 7.80 — 7.79 (m, 2H), 7.58 — 7.56 (m, 1H), 7.51 — 7.48
(m, 1H), 7.43 — 7.40 (m, 1H), 7.35 — 7.32 (m, 2H), 2.53 (s, 3H). 3C NMR (125
MHz, CDCl;) 5 163.3, 153.6, 149.3, 137.0, 135.0, 133.8, 131.6, 130.7, 128.9,

128.0, 127.1, 126.53, 126.4, 120.9, 20.2.
2-(4-fluorophenyl)quinazolin-4(3H)-one (2.3i):*

0

White solid, 75% Yield. '"H NMR (400 MHz, DMSO-d;) § 12.57 (brs, 1H,
NH), 8.27 — 8.24 (m, 2H), 8.15 (d, J= 8.5 Hz, 1H), 7.85 — 7.81 (m, 1H), 7.73
(d,J=8.1 Hz, 1H), 7.52 (t, J= 7.3 Hz, 1H), 7.39 (t, /= 8.8 Hz, 2H). 3C NMR
(100 MHz, DMSO-ds) 5 164.0 (d, J = 247.9 Hz), 162.2, 151.4, 148.6, 134.6,

130.4 (d, J=8.8 Hz), 129.2 (d, J=3.0 Hz), 127.4, 126.6, 125.8, 120.9, 115.6 (d, /=21.8 Hz). F NMR
(376 MHz, DMSO-d;) § -109.07.
2-(4-chlorophenyl)quinazolin-4(3H)-one (2.3j):%

White solid, 72% Yield. "H NMR (500 MHz, DMSO-ds) 5 12.60 (brs, 1H,
NH), 8.20 (d, J = 8.3 Hz, 2H), 8.15 (d, J = 8.0 Hz, 1H), 7.84 (t, J = 7.7 Hz,
1H), 7.74 (d, J= 8.1 Hz, 1H), 7.62 (d, J= 8.2 Hz, 2H), 7.53 (t, /= 7.6 Hz, 1H).
13C NMR (125 MHz, DMSO-dq) § 162.1, 151.3, 148.6, 136.3, 134.6, 131.5,

129.6, 128.6, 127.5, 126.74, 125.8, 121.0.
2-(4-bromophenyl)quinazolin-4(3H)-one (2.3k):*

White solid, 68% Yield. "H NMR (500 MHz, DMSO-ds) & 12.59 (brs, 1H,
NH), 8.16 - 8.11 (m, 3H), 7.86 — 7.75 (m, 4H), 7.55 — 7.52 (m, 1H). *C NMR
(125 MHz, DMSO-ds) & 162.1, 151.4, 148.6, 134.6, 131.9, 131.6, 129.8,
127.5, 126.8, 125.9, 125.2, 121.0.

TH-3636_186122010

75



Chapter-2: Mn-catalyzed Synthesis of Quinazolinone and Benzothiadiazine derivatives

4-(4-0x0-3,4-dihydroquinazolin-2-yl)benzonitrile (2.31):?’
o White solid, 34% Yield. '"H NMR (500 MHz, DMSO-ds) § 12.73 (brs, 1H,
©\)LNH NH), 8.33 (d, J = 8.2 Hz, 2H), 8.17 (d, J = 7.7 Hz, 1H), 8.03 (d, J = 8.2 Hz,
N/)\©\ 2H), 7.86 (t,J = 7.7 Hz, 1H), 7.77 (d, J= 8.2 Hz, 1H), 7.56 (t, J = 7.5 Hz, 1H).
cN 13C NMR (125 MHz, DMSO-ds) & 162.1, 150.9, 148.4, 136.9, 134.8, 132.5,
128.6,127.7,127.2,125.9, 121.2, 118.3, 113.6.
2-(4-hydroxyphenyl)quinazolin-4(3H)-one (2.3n):*®
White solid, 52% Yield. "H NMR (500 MHz, DMSO-d) & 12.29 (brs, 1H,
@ﬁLNH NH), 10.16 (s, 1H), 8.12 (d, /= 7.9 Hz, 1H), 8.09 (d, J = 8.8 Hz, 2H), 7.78 (t,
N/)\CL J=172Hz, 1H), 7.67 (d, J= 8.2 Hz, 1H), 7.45 (t, /= 7.5 Hz, 1H), 6.90 (d, J
OH | =8.5Hz, 2H)."3C NMR (125 MHz, DMSO-dq) § 162.3, 160.6, 152.1, 149.1,
134.5,129.6, 127.2, 125.9, 125.8, 123.3, 120.6, 115.4.
2-(2,5-difluorophenyl)quinazolin-4(3H)-one (2.30):*
White solid, 65% Yield. 'H NMR (400 MHz, DMSO-ds) 5 12.62 (brs, 1H,
dnn NH), 8.17 (d, J = 8.4 Hz, 1H), 7.86 (t, J = 7.7 Hz, 1H), 7.74 (d, J = 8.1 Hz,
N/)D/F 1H), 7.66 — 7.62 (m, 1H), 7.58 (t, J = 7.5 Hz, 1H), 7.50 — 7.44 (m, 2H). *C
F NMR (100 MHz, DMSO-ds)  161.5, 157.8 (dd, J = 239.8 Hz, 2.2 Hz), 155.8
(dd, J=245.4 Hz, 2.4 Hz), 148.8, 148.4, 134.7, 129.2, 127.3, 125.9, 123.5 (dd, J = 15.7 Hz, 8.5 Hz),
121.2,119.3 (dd, J=24.0 Hz, 9.0 Hz), 118.0 (dd, J=24.4 Hz, 8.7 Hz), 117.4 (dd, J=25.9, 2.9 Hz).
2-(2,6-dichlorophenyl)quinazolin-4(3H)-one (2.3p):*
5 White solid, 48% Yield. '"H NMR (600 MHz, CDCls) & 11.52 (brs, 1H, NH),
dNH o | 8.16(d,J=8.0 Hz, 1H), 7.83 — 7.82 (m, 2H), 7.55 — 7.52 (m, 1H), 7.44 — 7.42
N (m, 2H), 7.41 — 7.38 (m, 1H). *C NMR (125 MHz, CDCL) § 163.3, 149.2,
Cl 148.9, 135.0, 134.7, 132.8, 131.8, 128.4, 128.2, 127.7, 126.6, 121 .4.
2-(furan-2-yl)quinazolin-4(3H)-one (2.3q):*

o Yellow solid, 76% Yield. "H NMR (500 MHz, CDCls) 5 11.97 (brs, 1H, NH),
dw 8.28 (d, J = 7.9 Hz, 1H), 7.79 — 7.77 (m, 1H), 7.76 — 7.72 (m, 1H), 7.67 — 7.66
' \ °/ (m, 2H), 7.46 — 7.42 (m, 1H), 6.63 — 6.62 (m, 1H). *C NMR (125 MHz, CDCL)

0 163.4, 149.5, 146.4, 145.8, 143.8, 135.0, 127.8, 126.7, 126.5, 121.0, 114.3,
112.8.
2-(thiophen-2-yl)quinazolin-4(3H)-one (2.3r):%*

5 White solid, 80% Yield. "H NMR (600 MHz, DMSO-d;) § 12.66 (brs, 1H, NH),
dNH 8.23 (d,J=3.7 Hz, 1H), 8.12 (d, J= 7.8 Hz, 1H), 7.87 (d, J= 5.2 Hz, 1H), 7.81
N? \ S/ —7.78 (m, 1H), 7.65 (d, J= 8.1 Hz, 1H), 7.48 (t, J= 7.8 Hz, 1H), 7.23 (t, J= 5.0

Hz, 1H). 3C NMR (150 MHz, DMSO-ds) 5 161.8, 148.6, 147.9, 137.4, 134.7,

132.2,129.4,128.5,127.0, 126.4, 126.0, 120.9.
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2-(pyridin-2-yl)quinazolin-4(3H)-one (2.3s):*

5 White solid, 78% Yield. '"H NMR (600 MHz, DMSO-ds) 5 11.85 (brs, 1H, NH),
©\)LNH 8.75 (d, J=4.5 Hz, 1H), 8.44 (d, J= 8.2 Hz, 1H), 8.18 (d, J = 8.2 Hz, 1H), 8.07
NN | (t,J=7.7 Hz, 1H), 7.86 (t,J= 7.8 Hz, 1H), 7.79 (d, J = 8.2 Hz, 1H), 7.66 — 7.63

"~ (m, 1H), 7.56 (t, J = 7.5 Hz, 1H). 3C NMR (150 MHz, DMSO-ds) 5 160.8,

150.0, 149.0, 148.7, 148.4, 138.0, 134.7, 127.7, 127.3, 126.6, 126.1, 122.2, 122.0.
2-(4-(allyloxy)phenyl)quinazolin-4(3H)-one (2.3t):
o White solid, 60% Yield. "H NMR (500 MHz, DMSO-ds) 5 12.36 (brs,
©\)LNH 1H, NH), 8.19 — 8.16 (m, 2H), 8.13 (dd, /= 7.8 Hz, 1.0 Hz, 1H), 7.81 —
N/)\©\ 7.78 (m, 1H), 7.69 (d, J = 8.1 Hz, 1H), 7.48 (t, J = 7.4 Hz, 1H), 7.10 —
o 7.08 (m, 2H), 6.09 — 6.02 (m, 1H), 5.42 (dd, J=17.3, 1.8 Hz, 1H), 5.29
(dd,J=10.5, 1.8 Hz, 1H), 4.67 — 4.65 (m, 1H). 3C NMR (125 MHz, DMSO-ds) § 162.3, 160.8, 151.8,
148.9, 134.5, 133.3, 131.3, 129.4, 127.3, 126.1, 125.8, 124.9, 120.7, 117.7, 114.7, 114.4, 68.4. HRMS
(EST) m/z (M+H): 279.1134, found: 279.1164.
2-(4-(prop-2-yn-1-yloxy)phenyl)quinazolin-4(3H)-one (2.3u):
o White solid, 58% Yield. 'TH NMR (500 MHz, DMSO-d) 5 12.39 (brs,
dNH 1H, NH), 8.19 (d, /= 8.5 Hz, 2H), 8.13 (d, /= 7.8 Hz, 1H), 7.81 (t, J =
N/)\©\ 7.6 Hz, 1H), 7.70 (d, J= 8.2 Hz, 1H), 7.49 (t, /J=7.5 Hz, 1H), 7.14 (d, J
oF = 8.7 Hz, 2H), 4.91 (s, 2H), 3.60 (s, 1H). *C NMR (125 MHz, DMSO-
ds) 6 162.3, 159.7, 151.8, 148.9, 134.5, 129.4, 128.3, 127.3, 126.2, 125.8, 125.6, 120.7, 114.9, 78.9,
78.6, 55.7. HRMS (EST) m/z (M+H): 277.0977, found: 277.0976.
2-benzylquinazolin-4(3H)-one (2.3v):!4
White solid, 72% Yield. '"H NMR (500 MHz, DMSO-ds) & 12.38 (brs, 1H,
©\)J\NH NH), 8.10 — 8.07 (m, 1H), 8.03 (d, J = 8.3 Hz, 1H), 7.96 (s, 1H), 7.91 (d, J =
N/)\/O 7.4 Hz, 1H), 7.78 — 7.74 (m, 1H), 7.67 (t, J = 8.8 Hz, 1H), 7.47 — 7.42 (m,
1H), 7.38 — 7.32 (m, 1H), 7.29 (d, J = 8.0 Hz, 1H), 2.34 (s, 2H). ®C NMR
(125 MHz, DMSO-dy) 6 162.2, 141.4, 137.9, 134.6, 132.6, 132.0, 129.9, 129.2, 128.5, 128.3, 127.7,
126.5, 126.4, 125.8, 124.9, 120.9, 20.9.
(E)-2-styrylquinazolin-4(3H)-one (2.3w):*

S White solid, 58% Yield. "H NMR (500 MHz, DMSO-dj) 5 12.30 (brs, 1H,
@fLNH NH), 8.11 (d,J=7.9 Hz, 1H), 7.95 (d, J= 16.2 Hz, 1H), 7.80 (t, J= 8.1 Hz,
N’)\/\Q 1H), 7.66 (t, J = 8.8 Hz, 3H), 7.48 — 7.44 (m, 3H), 7.42 ~7.39 (m, 1H), 7.01

(d, J = 16.2 Hz, 1H). *C NMR (125 MHz, DMSO-d;) § 161.7, 151.4,

149.0, 138.2, 135.0, 134.4, 129.7, 129.0, 127.6, 127.1, 126.2, 125.8, 121.1.
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2-(4-(phenylethynyl)phenyl)quinazolin-4(3H)-one (2.3x):

5 White solid, 54% Yield. 'TH NMR (500 MHz, DMSO-ds) § 12.65
Cﬁ‘\w (brs, 1H, NH), 8.30 (d, J= 8.2 Hz, 2H), 8.22 (d, J= 7.8 Hz, 1H), 7.90
N? O (t,J=7.6 Hz, 1H), 7.81 (d, J= 8.2 Hz, 1H), 7.78 (d, J = 8.1 Hz, 2H),

[ 7.67 — 7.65 (m, 2H), 7.59 (t, J = 7.4 Hz, 1H), 7.52 — 7.50 (m, 3H).

O 13C NMR (125 MHz, DMSO-d) & 162.1, 151.5, 148.6, 134.6,

132.5, 131.5,131.4,129.2, 128.8, 128.0, 127.5, 126.7, 125.9, 125.1,

121.9, 121.0,91.7, 88.7. HRMS (ESI) m/z (M+H): 323.1184, found: 323.1214.
2-cyclohexylquinazolin-4(3H)-one (2.3y):*!

o White solid, 60% Yield. "H NMR (500 MHz, DMSO-d;) 5 12.04 (brs, 1H, NH),

NH 8.07 (dd, /=79 Hz, 1.4 Hz, 1H), 7.76 — 7.72 (m, 1H), 7.58 (d, /= 8.2 Hz, 1H),

©\)NL/)\O 7.43 (t, J=7.3 Hz, 1H), 2.59 — 2.53 (m, 1H), 1.90 (d, J= 11.4 Hz, 2H), 1.78 (d,

J=13.0 Hz, 2H), 1.67 (d, J=12.1 Hz, 1H), 1.61 — 1.53 (m, 2H), 1.37 — 1.11 (m,

3H). 3C NMR (125 MHz, DMSO-d;s) 5 161.8, 160.7, 148.9, 134.1, 126.9, 125.8, 125.6, 120.9, 42.8,

30.1, 25.5, 25.3.
2-pentylquinazolin-4(3H)-one (2.3zb):*
o White solid, 50% Yield. "H NMR (500 MHz, CDCls) 5 11.82 (brs, 1H,
(:fLNH NH), 8.29 (d, J = 8.0 Hz, 1H), 7.77 (t, J = 7.6 Hz, 1H), 7.71 (d, J = 8.2
N/)\/\/\C"h Hz, 1H), 7.47 (t,J = 7.5 Hz, 1H), 2.79 (t, ] = 7.5 Hz, 2H), 1.92 — 1.86 (m,

2H), 1.48 — 1.38 (m, 4H), 0.93 (t, J= 7.1 Hz, 3H). 3C NMR (125 MHz,
CDCl3) 0 164.4, 157.1, 149.6, 134.9, 127.4, 126.5, 126.4, 120.7, 36.1, 31.5, 27.4,22.5, 14.1.
2-hexylquinazolin-4(3H)-one (2.3zc):

o White solid, 53% Yield. '"H NMR (500 MHz, DMSO-ds) 6 12.12 (brs,

NH 1H, NH), 8.07 (d, J= 7.9 Hz, 1H), 7.74 (t, J= 7.7 Hz, 1H), 7.58 (d, J =
©\):\/)\/\/\/°“3

8.2 Hz, 1H), 7.43 (t,J="7.5 Hz, 1H), 2.58 (t, J= 7.6 Hz, 2H), 1.73 — 1.67

(m, 2H), 1.31 — 1.23 (m, 6H), 0.83 (t,J = 7.0 Hz, 3H). 3C NMR (125 MHz, DMSO-ds) 5 161.8, 157.4,
148.9, 134.1, 126.7, 125.8, 125.6, 120.7, 34.4, 30.9, 28.1, 26.7, 21.9, 13.8. HRMS (ESI) m/z (M+H):
231.1497, found: 231.1519.

2-heptylquinazolin-4(3H)-one (2.3zd):*

5 White solid, 56% Yield. '"H NMR (500 MHz, CDCL3) & 12.14 (brs, 1H,

©\)LNH NH), 8.20 (d, J = 7.9 Hz, 1H), 7.68 — 7.61 (m, 2H), 7.37 (t, J= 7.5 Hz,
A~~~

N CHs | 1H),2.72 (t,J = 7.9 Hz, 2H), 1.83 — 1.77 (m, 2H), 1.41 — 1.20 (m, 8H),

0.78 (t,J=6.2 Hz, 3H). *C NMR (125 MHz, CDCls) 5 164.6, 157.3, 149.7, 134.8, 127.3, 126.4, 126.3,
120.6, 36.0, 31.8, 29.3, 29.0, 27.7, 22.7, 14.1.
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2-nonylquinazolin-4(3H)-one (2.3ze):*

o White solid, 60% Yield. 'H NMR (500 MHz, CDCls) & 12.28
©\)LNH (brs, 1H, NH), 8.18 (d, /= 7.9 Hz, 1H), 7.67 — 7.61 (m, 2H), 7.37
N/)\/\/\/\/\CH.% —7.33 (m, 1H), 2.71 (t, J = 7.9 Hz, 2H), 1.83 — 1.77 (m, 2H),

1.40 — 1.34 (m, 2H), 1.26 — 1.15 (m, 10H), 0.77 (t, J = 6.9 Hz,
3H).3C NMR (125 MHz, CDCl3) § 164.7, 157.4, 149.6, 134.8, 127.2, 126.3, 126.2, 120.5, 36.0, 31.9,
29.5,29.4,27.7,22.7.
2-undecylquinazolin-4(3H)-one (2.3zf):%

o White solid, 62% Yield. 'H NMR (500 MHz, CDCl;) §

CELNH 12.11 (brs, 1H, NH), 8.27 (d, J = 7.9 Hz, 1H), 7.75 (t, J =
NSNS~~~ | 7.6 Ha, 1H), 770 (d, J = 8.1 Hz, 1H), 745 (t, J = 7.4 Hz,

1H), 2.79 (t, J= 7.9 Hz , 2H), 1.90 — 1.84 (m, 2H), 1.47 —
1.42 (m, 2H), 1.28 — 1.23 (m, 14H), 0.86 (t, J = 6.6 Hz, 3H). *C NMR (125 MHz, CDCl;) 5 164.6,
157.2,149.7, 134.9, 127.3, 126.4, 126.3, 120.6, 36.0, 32.0, 29.8, 29.7, 29.6, 29.5, 29.4, 29.3, 27.7, 22.8,
14.2.

8-methyl-2-phenylquinazolin-4(3H)-one (2.3zg):**
o White solid, 74% Yield. 'H NMR (500 MHz, DMSO-d;) § 12.50 (brs, 1H, NH),
NH 8.23 (d,J=7.7 Hz, 2H), 7.99 (d, J = 7.8 Hz, 1H), 7.68 (d, J = 7.2 Hz, 1H), 7.58
Q\)N:\Q 753 (m, 3H), 7.39 (¢, J = 7.6 Hz, 1H), 2.62 (s, 3H). ®C NMR (125 MHz,
DMSO-ds) 6 162.5, 151.0, 147.1, 135.6, 134.9, 133.0, 131.3, 128.6, 127.7,
126.0, 123.5, 120.9, 17.1.
6-fluoro-2-phenylquinazolin-4(3H)-one (2.3zh):¢
o White solid, 72% Yield. 'H NMR (500 MHz, DMSO-d;) 6 12.63 (brs, 1H,
F\©\)LNH NH), 8.16 (d, J = 7.4 Hz, 2H), 7.83 — 7.80 (m, 2H), 7.72 (t, J = 8.7 Hz, 1H),
N/)\© 7.60—7.53 (m, 3H). *C NMR (125 MHz, DMSO-dq) 5 161.7, 160.1 (d, J =
244.0 Hz), 151.9, 145.6, 132.5, 131.4, 130.3, 128.6, 127.7, 123.0 (d, /= 24.1
Hz), 122.2 (d, J = 8.4 Hz), 110.5 (d, J = 23.2 Hz).

6-chloro-2-phenylquinazolin-4(3H)-one (2.3zi):*
o White solid, 68% Yield. '"H NMR (500 MHz, DMSO-ds) & 12.68 (brs, 1H,
C\@\)LNH NH), 8.18 (d, J = 7.2 Hz, 2H), 8.09 (d, J = 2.5 Hz, 1H), 7.86 (dd, J = 8.7,
N/)\© 2.6 Hz, 1H), 7.77 (d, J = 8.8 Hz, 1H), 7.62 — 7.54 (m, 3H). 3C NMR (125
MHz, DMSO-d;) 6 161.2, 152.8, 147.5, 134.6, 132.4, 131.5, 130.7, 129.7,

128.6, 127.8, 124.8, 122.2.
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6-bromo-2-phenylquinazolin-4(3H)-one (2.3zj):*

o

Br
T
P
N)\@

White solid, 62% Yield. 'TH NMR (500 MHz, DMSO-d;) & 12.68 (brs, 1H,
NH), 8.22 (s, 1H), 8.17 (d, J = 7.8 Hz, 2H), 7.96 (d, J = 6.8 Hz, 1H), 7.68
(d, J= 8.7 Hz, 1H), 7.61 — 7.53 (m, 3H). 3C NMR (125 MHz, DMSO-dy)
§ 161.1, 152.8, 147.7, 137.3, 132.4, 131.5, 129.8, 128.5, 127.9, 127.8,

122.6, 118.8.

6-iodo-2-phenylquinazolin-4(3H)-one (2.3zk):*

(0]

White solid, 56% Yield. "TH NMR (500 MHz, DMSO-dq) § 12.50 (brs, 1H,
NH), 8.19 — 8.14 (m, 3H), 7.82 (t, J = 7.2 Hz, 1H), 7.74 (d, J = 8.2 Hz, 1H),
7.58 —7.49 (m, 3H). *C NMR (125 MHz, DMSO-d5) 5 162.2, 152.3, 148.7,

134.5,132.7,131.3, 128.6, 127.7, 127.5, 126.5, 125.8, 121.0.

2-phenyl-6-(phenylethynyl)quinazolin-4(3H)-one (2.3zl):

White solid, 58% Yield. 'H NMR (600 MHz, DMSO-ds) § 12.68
(brs, 1H, NH), 8.25 (s, 1H), 8.19 (d, J= 7.6 Hz, 2H), 7.93 (d, J = 8.3

(m, 3H). BC NMR (125 MHz, DMSO-ds) 5 161.4, 153.1, 148.5,

O NH Hz, 1H), 7.75 (d, J = 8.3 Hz, 1H), 7.61 — 7.54 (m, 5H), 7.45 — 7.44
Z
“O

136.7, 132.4, 131.5, 131.4, 129.0, 128.8, 128.7, 128.6, 128.1, 127.8,

122.0, 121.2, 120.1, 90.5, 88.5. HRMS (ESI) m/z (M+H): 323.1184, found: 323.1177.
2,3-diphenylquinazolin-4(3H)-one (2.3zm):*’

White solid, 52% Yield. "H NMR (500 MHz, DMSO-ds) & 8.21 (dd, J = 7.9,
1.0 Hz, 1H), 7.92 — 7.88 (m, 1H), 7.77 (d, /= 7.9 Hz, 1H), 7.61 (t, J= 7.6 Hz,
1H), 7.38 — 7.36 (m, 2H), 7.33 — 7.28 (m, 4H), 7.27 — 7.19 (m, 4H). *C NMR
(125 MHz, DMSO-ds) 3 161.3, 155.1, 147.2, 137.8, 135.6, 134.7, 129.5, 128.9,
128.8, 128.5, 128.1, 127.4, 127.4, 127.1, 126.4, 120.7.

2-(quinolin-2-yl)quinazolin-4(3H)-one (2.3zn):*

White solid, 82% Yield. '"H NMR (500 MHz, CDCl3) 5 11.13 (brs, 1H,
NH), 8.57 (d, J= 8.6 Hz, 1H), 8.33 (d, J= 7.9 Hz, 1H), 8.28 (d, /= 8.5 Hz,
1H), 8.09 (d,J= 8.5 Hz, 1H), 7.83 - 7.81 (m, 2H), 7.75 (q, /= 8.0 Hz, 2H),
7.58 (t, J = 7.5 Hz, 1H), 7.49 (t, J = 7.5 Hz, 1H). 3C NMR (125 MHz,

CDCl) 6 161.4, 149.2, 149.0, 148.1, 146.8, 137.6, 134.6, 130.5, 129.7,

129.3, 128.3, 128.2, 127.8, 127.6, 126.8, 122.7, 118.5.
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2-phenylpyrido[2,3-d]pyrimidin-4(3H)-one = and 2-phenylpyrido[2,3-d]pyrimidin-4(8H)-one
(2.5a+2.5a"):%

o o White solid, 74% Yield. 'TH NMR (500 MHz, DMSO-ds) &
NNH . (YLIN 12.79 (brs, 1H, NH), 8.97 — 8.96 (m, 1H), 8.55 — 8.51 (m, 2H),

N7 N/)\© N \N)\© 8.22(d,J=7.6 Hz, 2H), 8.14 — 8.13 (m, 1H), 7.96 (s, 1H), 7.91
(d, J=7.5Hz, 1H), 7.63 — 7.61 (m, 1H), 7.58 — 7.55 (m, 2H),
7.54-17.51 (m, 1H), 7.44 (d, /= 8.2 Hz, 1H), 7.38 — 7.35 (m, 1H), 7.32 - 7.29 (m, 1H), 6.70 — 6.68 (m,
1H), 5.83 (brs, 1H, NH). 3C NMR (125 MHz, DMSO-d5) 6 162.7, 157.4, 156.0, 155.4, 152.8, 142.2,
135.7,135.5,132.4, 131.9, 128.6, 128.4, 128.3, 128.0, 126.2, 122.2, 116.1, 113.7, 109.5, 65.1.
2-(p-tolyl)pyrido[2,3-d]pyrimidin-4(3H)-one and 2-(p-tolyl)pyrido[2,3-d]pyrimidin-4(8H)-one
(2.5b+2.5b"):

o o White solid, 72% Yield. '"H NMR (500 MHz, DMSO-d;) &
E\YLNH . (YLIN 12.68 (brs, 1H, NH), 8.95 (s, 1H), 8.52 (s, 2H), 8.13 (s, 3H),

N Nd\@\ N \N)\©\ 7.93 —7.83 (m, 2H), 7.51 (s, 1H), 7.37 - 7.30 (m, 3H), 7.16
Me Me (s, 1H), 6.69 (s, 1H), 5.79 (brs, 1H, NH), 2.39 (s, 3H), 2.26
(s, 3H). ®C NMR (125 MHz, DMSO-ds) 5 163.0, 162.7, 159.0, 157.4, 156.0, 155.3, 152.6, 142.1,
139.2, 137.5, 135.7, 135.5, 129.6, 129.2, 128.8, 128.0, 126.1, 122.0, 116.0, 113.6, 109.6, 65.0, 21.0,
20.6. HRMS (ESI) m/z (M+H): 238.0980, found: 238.0974.
2-(4-methoxyphenyl)pyrido[2,3-d]pyrimidin-4(3H)-one and 2-(4-methoxyphenyl)pyrido[2,3-
d]pyrimidin-4(8H)-one (2.5¢+2.5¢"):

5 5 White solid, 70% Yield. '"H NMR (500 MHz, DMSO-dy)
NNH . (\fﬂn 5 12.65 (brs, 1H, NH), 8.94 (s, 1H), 8.49 (d, J = 7.8 Hz,
N "/)\@ N \“)\©\ 1H), 8.24 (d, J = 8.7 Hz, 2H), 7.50 — 7.47 (m, 1H), 7.36 —
one % | 734 (m, 1H), 7.11 (d, J = 8.7 Hz, 1H), 3.86 (s, 3H), 3.73
(s, 1H). *C NMR (150 MHz, DMSO-ds) § 162.8, 162.4, 159.3, 158.7, 157.5, 156.0, 155.0, 152.7,
135.7, 135.5, 134.1, 129.9, 128.3, 127.6, 124.4, 121.8, 115.8, 114.1, 113.7, 109.5, 64.9, 55.5, 55.1.
HRMS (ESI) m/z (M+H): 254.0930, found: 254.0923.
3-phenyl-3,4-dihydro-2H-benzo[e][1,2,4]thiadiazine 1,1-dioxide (2.72):!%"

o o White solid, 62% Yield. "H NMR (500 MHz, DMSO-ds) & 7.89 (d, J = 12.1
@s:w Hz, 1H), 7.69 (d,J= 7.2 Hz, 2H), 7.55 (d, J= 7.4 Hz, 1H), 7.49 — 7.43 (m, 3H),
N 7.38 (s, 1H), 7.35 — 7.31 (m, 1H), 6.95 (d, J = 8.4 Hz, 1H), 6.79 (t, J = 7.6 Hz,

1H), 5.81 (d,J=12.1 Hz, 1H). *C NMR (125 MHz, DMSO-ds)  143.9, 137.3,

132.8, 129.1, 128.5, 127.5, 123.7, 121.7, 116.7, 116.4, 68.4.
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3-(p-tolyl)-3,4-dihydro-2H-benzo|e][1,2,4]thiadiazine 1,1-dioxide (2.7b):'8"

0\\ .0

H

S
@E g
N)\©\

Me

White solid, 60% Yield. 'TH NMR (600 MHz, DMSO-dy) 5 7.84 (d, J = 12.1
Hz, 1H), 7.55 (d, J = 8.0 Hz, 2H), 7.53 (d, J = 7.8 Hz, 1H), 7.33 — 7.29 (m,
2H), 7.27 (d, J = 8.2 Hz, 2H), 6.91 (d, J = 8.4 Hz, 1H), 6.76 (t, J= 7.6 Hz,
1H), 5.74 (d, J = 12.1 Hz, 1H), 2.35 (s, 3H). 3C NMR (150 MHz, DMSO-

ds) 6 143.9, 138.5, 134.4, 132.8, 129.0, 127.4, 123.7, 121.6, 116.6, 116.4, 68.2, 20.8.
3-(4-(tert-butyl)phenyl)-3,4-dihydro-2H-benzo[e][1,2,4]thiadiazine 1,1-dioxide (2.7¢):

o\\ .0

s<
ot
N

H

White solid, 65% Yield. "H NMR (400 MHz, DMSO-ds) & 7.84 (d, J =
12.0 Hz, 1H), 7.60 (d, J= 8.1 Hz, 2H), 7.52 (d, J= 7.7 Hz, 1H), 7.48 (d, J
= 8.5 Hz, 2H), 7.36 (s, 1H), 7.33 — 7.28 (m, 1H), 6.90 (d, J = 8.4 Hz, 1H),
6.76 (t,J = 7.5 Hz, 1H), 5.75 (d, J = 12.0 Hz, 1H), 1.31 (s, 9H). *C NMR

(150 MHz, DMSO-ds) 6 151.7, 143.9, 134.4, 132.7, 127.2, 125.2, 123.6,

121.6, 116.6, 116.3, 68.1, 34.4, 31.0. HRMS (ESI) m/z (M+H): 317.1324, found: 317.1349.
3-(4-methoxyphenyl)-3,4-dihydro-2H-benzo[e][1,2,4]thiadiazine 1,1-dioxide (2.7d):*°

N\ /,0

Cx

N

HJ\@\
OMe

White solid, 56% Yield. "H NMR (600 MHz, DMSO-ds) 5 7.83 (d, J =
12.1 Hz, 1H), 7.60 (d, J = 8.3 Hz, 2H), 7.54 (d, J = 7.9 Hz, 1H), 7.33 —
7.30 (m, 2H), 7.02 (d, J= 8.3 Hz, 2H), 6.92 (d, J = 8.4 Hz, 1H), 6.77 (1, J
= 7.6 Hz, 1H), 5.74 (d, J = 12.0 Hz, 1H), 3.79 (s, 3H). 3C NMR (125

MHz, DMSO-ds) 6 159.8, 143.9, 132.8, 129.5, 128.9, 123.7, 121.6, 116.6, 116.4, 113.8, 68.0, 55.3.
3-(3-phenoxyphenyl)-3,4-dihydro-2H-benzo[e][1,2,4] thiadiazine 1,1-dioxide (2.7¢):*

White solid, 58% Yield. "H NMR (600 MHz, DMSO-d;) & 7.96 (d, /= 11.8
Hz, 1H), 7.52 (d, J = 7.6 Hz, 1H), 7.47 — 7.40 (m, 6H), 7.31 (t, J = 8.0 Hz,
1H), 7.16 (t, J = 7.4 Hz, 1H), 7.07 — 7.05 (m, 3H), 6.91 (d, J = 8.0 Hz, 1H),
6.77 (t, J = 7.4 Hz, 1H), 5.80 (d, J = 11.8 Hz, 1H). 3C NMR (150 MHz,
DMSO-ds) § 156.7, 156.4, 143.8, 139.3, 132.9, 130.2, 130.1, 123.8, 123.7,

122.8,121.7,119.3, 118.7, 117.8, 116.9, 116.4, 68.0.
3-(4-fluorophenyl)-3,4-dihydro-2H-benzo[e][1,2,4] thiadiazine 1,1-dioxide (2.7f):*°

O\\ .0

H

LY
N)\@\

Hz), 68.4.
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White solid, 60% Yield. '"H NMR (600 MHz, CDCl; + DMSO-ds) 5 7.66 —
7.60 (m, 3H), 7.32 — 7.27 (m, 1H), 7.14 — 7.10 (m, 2H), 6.86 — 6.78 (m, 2H),
6.52 — 6.49 (m, 1H), 5.95 — 5.91 (m, 1H), 5.51 — 5.49 (m, 1H). 3C NMR
(150 MHz, CDCl; + DMSO-dy) & 163.3 (d, J = 247.9 Hz), 143.0, 133.2,
133.0, 129.0 (d, J = 8.3 Hz), 124.5, 122.8, 118.6, 116.7, 115.9 (d, J = 21.7
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3-(4-chlorophenyl)-3,4-dihydro-2H-benzo[e][1,2,4] thiadiazine 1,1-dioxide (2.7g):¥

o\\ .0

CL.

N
H

NH

Cl

White solid, 63% Yield. 'TH NMR (500 MHz, DMSO-ds) § 7.93 (d,J=12.0
Hz, 1H), 7.70 (d, J = 8.5 Hz, 2H), 7.54 (d, J = 8.5 Hz, 3H), 7.38 (s, 1H),
7.35-7.31 (m, 1H), 6.92 (d, J= 8.2 Hz, 1H), 6.78 (t, J= 7.7 Hz, 1H), 5.82
(d, J = 12.0 Hz, 1H). ®*C NMR (125 MHz, DMSO-ds) § 143.7, 136.2,
133.6, 132.8, 129.4, 128.4, 123.7, 121.7, 116.9, 116.4, 67.6.

3-(4-bromophenyl)-3,4-dihydro-2H-benzo|e] [1,2,4]thiadiazine 1,1-dioxide (2.7h):*

o \\S/:o
N

N
H

H

Br

White solid, 65% Yield. '"H NMR (500 MHz, DMSO-ds)  7.92 (d, J =
12.0 Hz, 1H), 7.68 — 7.62 (m, 4H), 7.54 (d, J = 7.4 Hz, 1H), 7.38 (s, 1H),
7.34-7.30 (m, 1H), 6.91 (d, J= 8.3 Hz, 1H), 6.78 (t, J= 7.5 Hz, 1H), 5.80
(d, J = 12.0 Hz, 1H). 3C NMR (125 MHz, DMSO-d;) & 143.7, 136.6,
132.8,131.4,129.7, 123.7, 122.2, 121.7, 116.9, 116.4, 67.7.

3-(thiophen-2-yl)-3,4-dihydro-2H-benzo[e][1,2,4] thiadiazine 1,1-dioxide (2.7k):*°

o\\ -0

CES:NH
N s
H |l y

White solid, 60% Yield. 'TH NMR (400 MHz, DMSO-d5) & 8.08 (d, /= 11.7
Hz, 1H), 7.62 (d, J= 5.0 Hz, 1H), 7.54 — 7.52 (m, 2H), 7.43 (d, J=3.5 Hz, 1H),
7.34 (t, J= 7.8 Hz, 1H), 7.12 — 7.09 (m, 1H), 6.96 (d, J = 8.3 Hz, 1H), 6.80 (t,
J:

7.5 Hz, 1H), 6.08 (d, J = 11.6 Hz, 1H). *C NMR (100 MHz, DMSO-d;) 5

143.5, 140.1, 132.9, 126.8, 126.7, 126.6, 123.6, 121.8, 117.1, 116.5, 64.2.
7-chloro-3-phenyl-3,4-dihydro-2H-benzo|e][1,2,4] thiadiazine 1,1-dioxide (2.7n):*!

Cl

0\\3,50

NH

N
H

U

White solid, 58% Yield. '"H NMR (500 MHz, DMSO-dj) & 8.03 (d, J= 12.0
Hz, 1H), 7.66 (d, J="7.5 Hz, 2H), 7.60 (s, 1H), 7.55 (d, J=2.6 Hz, 1H), 7.48
-7.45 (m, 3H), 7.38 (dd, J = 8.9, 2.6 Hz, 1H), 6.96 (d, J = 8.9 Hz, 1H), 5.79
(d,J=12.0 Hz, 1H).3C NMR (125 MHz, DMSO-ds) § 142.7, 136.8, 132.8,

129.2, 128.5, 127.5, 122.8, 122.2, 120.1, 118.4, 68.3.
6-chloro-3-phenyl-3,4-dihydro-2H-benzo[e][1,2,4]thiadiazine-7-sulfonamide 1,1-dioxide (2.70):

White solid, 60% Yield. "H NMR (500 MHz, DMSO-ds) 3 8.26 (s, 1H),
8.22 (d,J=11.9 Hz, 1H), 8.07 (s, 1H), 7.68 — 7.66 (m, 2H), 7.52 — 7.48
(m, SH), 7.10 (s, 1H), 5.90 (d, /= 11.8 Hz, 1H). *C NMR (125 MHz,
DMSO-ds) & 146.6, 136.1, 134.4, 129.5, 128.6, 128.3, 127.5, 125.4,

118.6, 117.4, 68.3. HRMS (ESI) m/z (M+H): 374.0036, found: 374.0043.
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2.7. Selected NMR copies of the compounds:
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Figure 24. 'H (500 MHz) and "“C{'H} (125 MHz) NMR Spectrum of 2-(4-
(allyloxy)phenyl)quinazolin-4(3H)-one (2.3t) in DMSO-ds.
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Chapter 3

Manganese Complex Catalyzed (De)hydrogenative

Cyclization toward the Selective Synthesis of 2-Substituted

and 2, 3-Disubstituted 4-Quinolones

Q Dual active sites Mn-complex

Q Switchable synthesis of Mono and Poly substituted 4-Quinolones
Q Renewable feedstocks

Q Broad substrate scope (80 examples)

Q Only by products H, and H,0

Q Kinetic and control experiments

Q Post synthetic modification
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3.1. Introduction:

Saturated and unsaturated N-heterocyclic compounds are omnipresent and indispensable, as they are
the basic structural scaffolds of various life-saving medications and innovative materials that drive
technological progress. The FDA approved database revealing that 60% of structurally unique small
molecule drugs contain these N-heterocyclic scaffolds as a key structural unit.' Due to its myriad
applications over the last two decades they realm in the pivotal of organic synthesis. Amidst of these
vast array, 4-quinolones engrossed a widespread attention and regarded as a privileged scaffold towards
medicinal and natural product synthetic chemists as it imparted a diverse range of biological activities.
More than 50 years ago, Nalidixic acid,* an antibacterial drug, the first prototype 4-quinolone analogue
dive into the market. Since then, several generations of antibacterial drug bearing 4-quinolone scaffold

3% norfloxacin,®® fleroxacin,® and marbofloxacin®® has been evolved which

such as ciprofloxacin,
captured a remarkable attention towards numerous researchers from various scientific disciplines. Apart
from that, 2-aryl-4-quinolone, an aza analogue of flavone paraded an inhibitory effect on tubulin

polymerization and act as a potent antitumor,” antiviral,” antimalarial® and antiplatelet’ agent.

ot e et npdhe T
C W70 oL WO :
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Nalidixic acid Ciproflaxcin Gatifloxacin Norfloxacin Ivacaftor
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| | N
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(Clinical candidate for the inverse agonist under development (Antimycobacterial and CHM-1 (R" =F; R"=H)
treatment of various cancers) for cancer treatment) vasorelaxant effects) (Inhibits murine WEH|-3 leukemia)

Figure 3.1. Biologically important molecules bearing 4-quionolone scaffold.

Owing to its fascinating structural architecture and prolific biological eminence, it has lured researchers
to create various synthetic approaches to attain aforementioned scaffold in recent years. Henceforth, in
the next segment, some of the literature reports on synthesis of both 2-substituted and 2, 3-disubstituted
4-Quinolones were discussed.

3.2. Literature survey:

Conventionally, Conrad-Limpach® and Niementowski reaction’ which proceeds via cyclocondensation
of amine and carbonyl groups were accomplished towards the synthesis of 4-quinolone scaffolds

(Scheme 3.1). But these classical methods suffer from harsh condition and inadequate substrate scope.
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1. Conrad-Limpach Quinolone synthesis: 2 Niementowski Quinolone synthesis:
o (o]
R!
R30 1 RT R 2. 250 °c COOH heat
+ T R2 I
NH, o -R°OH -2H,0 N R2
(Anthranllnc acid) H

Scheme 3.1. Conrad-Limpach and Niementowski reaction for Quinolone synthesis.
Afterwards, base-assisted cyclocondensation of N-(2-ketoaryl)amides known as the Camps
cyclization' received an unwavering attention. Previously, these Camps precursors were made by
condensation of o-aminoacetophenones and carboxylic acids or acid chlorides, Friedel-Crafts acylation
of anilides (which often result in a complex mixture of products) or synthesis and subsequent opening

of a benzoxazinone with the dianion of an N-substituted acetamide (Scheme 3.2).

Camps Quinolone synthesis:
o} o} 9 o

1 1 1

R Cl R o 3-4 equiv. NaOH 8
k Hel 1, 4-dioxane I
R? NH, R? N ’ ' R? N
R3 H 2 h,110 °C H
R', R2 = -OCH,0- -H,0
R® R?

Scheme 3.2. Conventional synthetic route to N-(2-ketoaryl)amides and quinolones.

Later, based on this Cu(I)-catalyzed amidation of o-haloacetophenones to manifest 2-aryl-4-quinolones

was reported by the Buchwald group (Scheme 3.3).

Stephen L. Buckwald's Group:

0 o) o)
(o] 10 mol% Cul Camps Cyclizati
2 2 ps Cyclization 2
| A R H NJLR3 20 mol% L | X R (3 - 3.5 equiv) NaOH | X | R MeHN/ \NHMe
+ _—
Iy 2 K,COs (2 equiv) P~y 1,4-dioxane, 110 °C S/ 2N s L
R ) R R
Toluene, 5A MS 1 -H,0 H

(X=-Br, ) 24 h, 110 °C 0” R

Scheme 3.3. Sequential Cu-catalyzed amidation, base mediated Camps cyclization to synthesize 4-
quinolones.
Recently, some improved and milder routes have been devised to establish 2-aryl-4-quinolones
employing transition metal catalyzed tandem reaction of o-haloaryl acetylenic ketones/amines'' and o-

aminoaryl acetylenic ketones (Scheme 3.4)."

Helaja's Group:

0 Pdj(dba)s; (5 mol%)
rill N SV . YT gl (10 mol%) i » |
Ay R? 2 K,CO0; (2 equiv.) ANNTNR?
X = Br, Cl dioxane, reflux é:;

Scheme 3.4. Pd-catalyzed tandem amination reaction for the synthesis of 4-quinolones.
Nonetheless, most of these methods rely on expensive metal catalyst, relatively strident reaction

condition, time involve multistep or specific substrate acquisition, cumbersome work-up procedures.

Lona's Group:

o ) o)
R? TEMPO (2 equiv.), R?
R N KO'Bu (2 equiv.) RS
N | XN, DMSO (0.05M), 80 °C
H

,\’Rz

Scheme 3.5. Transition metal-free intramolecular oxidative synthesis of 2-aryl-4-quinolones.
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In order to circumvent from these, in 2015, Long and coworkers reported TEMPO mediated oxidative
annulation of N-benzyl-2-aminoacetophenone via C(sp*)-H/C(sp*)-H coupling towards the synthesis of
quinolones (Scheme 3.5)."* In 2017, Huang’s group demonstrated transition metal free oxidative
intermolecular cyclization of 2-amino acetophenones and benzaldehydes enroute to 2-aryl-4-quinolones

(Scheme 3.6)."

Huana's Group:

KHCOj; (2 equiv.)
DBU (2 equiv.)
DMSO, 120 °C
(3 equiv.)
=

(1 equiv.)

2 2 TEMPO (3 equiv.) 2
A A KHCOj3 (2 equiv.
NH, DMSO, 0,, 120 °C

(1 equiv.) (2 equiv.)

Scheme 3.6. Transition metal-free intramolecular oxidative synthesis of 2-substituted and 2, 3-
disubstituted 4-quinolones.
Although the employment of aldehyde as an oxidation level coupling partner confined the generality of
the reaction. Very recently, Hong’s group described Fe-catalyzed one step synthesis of 4-quinolones
via oxidative annulation of 2-amino aryl ketone with alcohol or methyl arene as reaction partner,

nevertheless, this strategy suffers from excessive acquisition of strong oxidants and reactants (Scheme

3.7).1
o
Ph Fe(OTs)3.6H,0 (20 mol%) A
DTBP (3 equi
+ Ph” OH = |
NH DMSO (0.8 mL), N~ >Ph

110 °C, 20 h, N, )

Scheme 3.7. Fe-catalyzed oxidative coupling of alcohol towards one-pot synthesis of 4-quinolones.
Henceforth, there is a growing impetus to build an atom-economical, energetically efficient,
environmentally benign and sustainable synthetic route towards the accomplishment of quinolone
derivatives. In that quest, catalytic (de)hydrogenative coupling reactions sparked unswerving attention
in the arena of green and sustainable catalysis.'® This strategy is very much fascinated to giving room
to build diverse range of heterocyclic scaffolds from the identical set of starting materials upon fine
tuning of the reaction parameters with designing of new efficient catalysts. In pursuit of that, in 2012,
Sridharans’s group reported Ir-catalyzed chemoselective alkylation of 2’-aminoacetophenone with
primary benzyl alcohol under microwave conditions in which by fine tuning of the nature of the base
they selectively furnished mono C-alkylated and mono N-alkylated product (Scheme 3.8)."

Sridharan's Group:

0 AB=1:3 A:B=1:2 o
[Ir(Cp*Cly)], (2.5 mol%) [Ir(Cp*Cly)l, (2.5 mol%)

N K,CO; (20 mol%) KOH (20 mol%) NH

H/\© 140 °C, 60 min MW 110 °C, 40 min MW 2

Scheme 3.8. Ir-catalyzed Chemoselective alkylation of 2'-aminoacetophenone.
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Intrigued by this report, Srimani group prompted to investigate and found that during the course of the
reaction apart from self-condensation of 2 -aminoacetophenone, it can furnished mono N-alkylated, C-
alkylated, N, C-dialkylated product or annulated product (Scheme 1). Therefore, chemoselective
synthesis of biologically important annulated product via controlling the selectivity devising sustainable
catalytic protocol is still a demanding process. Very recently, they have reported Ru-catalyzed (Ru-25)
(de)hydrogenative annulation between alcohol and 2-amino phenyl ketone towards the synthesis of 3-

benzyl-2-phenylquinolin-4(1H)-one (Scheme 3.9).'®

Srimani's Group:

0 Q Q
R~ Ru-25 (1-2 mol%) R R
+R'” "OH . | or, |
NH KOH (1.5 equiv.) ” R' u R'

2 R= Aryl, Neat condition, cr
Heteroaryl, Alkyl 140 °c, Ar, 24 h when, R=H when, R = Alkyl k
[SNS-Ru(ll)], Ru-25

Scheme 3.9. Ru-catalyzed (de)hydrogenative synthesis of 2, 3-disubstituted 4-quinolones.
3.3. Present work:
However, environmental and economic pressure has confined the continual use of noble metals and
witnessed an exigency for developing new and efficient base metal catalysts for useful organic
transformations.'? Despite being the third-most earth-abundant transition metal and a non-toxic element
found in several biological system,? the use of manganese in the tandem (de)hydrogenative synthesis
of both 2-substituted and 2, 3-disubstituted 4-quinolones was completely untapped. Spurred by that,
this present chapter demonstrated first Mn(I)-catalyzed synthesis of both 2-substituted and 2, 3-
disubstituted 4-quinolones upon fine tuning of reaction parameter using alcohols as key renewable'*
starting material. In this chapter, four NNO-ligand-derived Mn(I)-complexes were employed, amidst of
that, pyridine based three NNO-Mn(I) complexes were pre-synthesized®' and herein, quinoline based
NNO-Mn(I) complex was synthesized, well characterized with ATIR, HRMS and SC-XRD and their
catalytic activity has been explored upon towards the synthesis of a wide range of both 2-substituted
and 2, 3-disubstituted 4-Quinolones. Not only that, pre-synthesized NNS-Mn(I) complexes' were also
used to check the reactivity towards the synthesis of both aforementioned N-heterocycles.
3.3.1. Results and discussion:
3.3.1.1. Synthesis of Quinoline based NNO Ligand and its Mn-complex (Mn-24):
At the outset, quinoline based NNO Ligand and its Mn-complex (Mn-24) was synthesized upon
reacting with the precursor MnBr(CO)s (Scheme 3.10). Afterwards, the molecular structure was

confirmed with SC-XRD upon growing their single crystals and with IR (experimental section 3.5.2.2).
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1. Synthesis of Ligand: i) Dry DCM, SN 53. Structure of NNO-Mn(l) complex (Mn-24):
Na,S0, (3.0 equiv.) P>
= ~_OH RT, 12h N
+
NZNH T HaN ii) MeOH, HN
lo) NaBH, (2.0 equiv.)
RT, 12 h HO
5 mmol 5 mmol L4, 70%
'2. Synthesis of Complex: TTTTTTTTTTTTTTTTTY |i| """" PSS
H Y |
A Dry THF ~.N OH
| NN + MnBr(CO)s———— > “Mn—
2N OH 80°C, 12 h, Ar oc” [ Neo
ocC .
L4, 1.1 mmol 1 mmol Mn-24, 75% : Mn-24
Dark yellow solid ' CCDC: 2423263

Scheme 3.10. Synthesis of quinoline based NNO-Mn(I) complex (Mn-24) and its structure.

Initially, the investigation in this (de)hydrogenative annulation reaction was commenced by scrutinizing
the feasibility of the developed eight phosphine free Mn(I)-complexes employing 2’'-
aminoacetophenone (3.1a) and benzyl alcohol (3.2a) as the model coupling partners. Interestingly,
during the course of the reaction a clean selectivity towards the synthesis of 3-benzyl-2-phenylquinolin-
4(1H)- one (3.3a) was observed with none of the C/N-alkylated derivatives. At the outset, reaction of
2’-aminoacetophenone (3.1a) (1 equiv.) and benzyl alcohol (3.2a) (4 equiv.) using Mn-21 complex (5
mol%) and KO'Bu (1 equiv.) in solventless condition under argon atmosphere at 140 °C for 36 h resulted
only 40% formation of the product (3.3a) (Table 3.3.1.2, entry 1). Furthermore, keeping other
parameters intact upon increasing the base loading from 1 equiv. to 1.5 equiv. yield also increased,
however, switching the base from KO'Bu to KOH it delivered 76% isolated yield of the intended
product (3.3a) (Table 3.3.1.2, entry 2-4). Pleasingly, decrease of alcohol loading from 4 equiv. to 3
equiv. does not hamper, however, furthermore decrease showcased some negative impacts in the yield
of the desired product (3.3a) (Table 3.3.1.2, entry 5-6). Afterwards, the catalytic activity of the as
prepared three NNO-Mn(I) complexes (Mn-22, Mn-23 and Mn-24) were checked in which Mn-22
showed almost similar catalytic activity like Mn-21 whilst Mn-23 and Mn-24 shows some detrimental
effect in the yield, amidst of that Mn-24 exhibit better reactivity over Mn-23 displaying the prominence
role of ligand hydroxyl arm over amine arm and presence of both makes the catalytic system more
active (Table 3.3.1.2, entry 12-14). Previously developed NNS-Mn(I)-complexes (Mn-2, Mn-25, Mn-
1 and Mn-20) accomplished an inferior result (Table 3.3.1.2, entry 15-18). Then, several reaction
parameters such as catalyst loading, base loading, reaction time, temperature, nature of base, solvent
was also screened albeit all of them failed to raise the yield of the intended product (3.3a) (Table 3.3.1.2,
entry 7-11, 19-26). Therefore, (de)hydrogenative annulation of 1 equiv. of 2’-aminoacetophenone
(3.1a) with 3 equiv. of benzyl alcohol (3.2a) in presence of 5 mol% of Mn-21 catalyst and 1.5 equiv.
of KOH in solventless condition under argon atmosphere at 140 °C for 36 h furnished the optimal yield
of the desired 3-benzyl-2-phenylquinolin-4(1H)-one (3.3a) product (Table 3.3.1.2, entry 5). Herein,
some control experiments were carried out to prove that both catalyst and base manifested a more
decisive impact to pursue the reaction.
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Table 3.3.1.2: Reaction Optimization for the Mn-catalyzed synthesis of 3-benzyl-2-
phenylquinolin-4(1H)-one*"

: T + 5T
M N/\—‘
o] : /N\Mln/OH
: 1IN
CH OH  Mn-cat (X mol%) : oc co
NH, Solvent, temp" : Mn-21
Base, time, Ar : i -
. le +
3.1a 3.2a : —|
Ve
(] T/ﬁ
ot [N N—i,—OH
Entry Cat. Solvent Bas-e 3.1a:3.2a Temp" Time Yield v '\
(mol%) (equiv.) (°C) h ) | o | o
: oc
1. Mn-21 (5) KO'Bu (1.0) 1:4 140°C 36 40 | Mn-22
: m -
2, Mn-21 (5) - KO'Bu (1.2) 1:4 140°C 36 52 ! | *
: | XN N/ﬁ
3. Mn-21 (5) KO'Bu (1.5) 1:4 140 °C 36 63 ! /N\MI __o.
f n Me
4. Mn-21 (5) KOH (1.5) 1:4 140°C 36 76 e’ |\co
: oc
’ KOH (1.5 : o :
5. Mn-21 (5) (1.5) 1:3 140 °C 36 76 : K e
6. Mn-21 (5) - KOH (1.5) 1:2 140 °C 36 50 =
. +
7. Mn21(5) - KOH (1.2) 13 140°C 36 63 ! A ,Iq/\_|
8. Mn21(5) KOH (1.5) 13 140°C 48 7 N—, | _on
o.  Mn21(5) KOH (1.5) 13 140°C 24 51 oc” [ Neo
H ocC
10. Mn-21 (4) KOH (1.5) 1:3 140°C 36 65 ! Mn-24
1. Mn-21 (5) KOH (1.5) 1:3 120°C 36 61 | T A
122 Mn-22(5) KOH (1.5) 13 140°C 36 73 0O N _|
: N s
13. Mn-23 (5) - KOH (1.5) 1:3 140 °C 36 54 [ F \/Mn\/ \|<
14. Mn-24 (5) KOH (1.5) 1:3 140°C 36 65 | oc OJ: co
15. Mn-2 (5) - KOH (1.5) 1:3 140 °C 36 50 Mn-2
16. Mn-25 (5) - KOH (1.5) 1:3 140 °C 36 47 lil .
7. Mn-1(5) . KOH (1.5) 13 wecc s as YN B
: /N\M /S
18.  Mn-20(5) - KOH (1.5) 1:3  140°C 36 32 Y ln\ j/
' ocC
19. Mn-21 (5) 3 NaOH (1.5) 1:3 140 °C 36 60 oc €°©
20. Mn-21 (5) . CsOH (1.5) 1:3 140°C 36 50 : Mn-25
: H
- - NaO'Bu(1.5 : ° : +
21. Mn-21 (5) (1.5) 1:3 140°C 36 4 | N hll/\ —|
22°. Mn-21 (5) - K2C03(1.5) 1:3 140 °C 36 - B N\Mln/s\/
23, Mn-21 (5) - Na,CO05(1.5) 1:3 140°C 36  Trace ! oc” l\co
: o
24. Mn-21 (5) Toluene KOH (1.5) 1:3 140 °C 36 30 Mﬁ-1
25. Mn-21 (5) Xylene KOH (1.5) 1:3 140 °C 36 38 T
! +
26. Mn-21(5)  ‘AmOH KOH (1.5) 1:3 140 °C 36 ND I\ rll
27, ) KOH (1.5) 13 140°C 36 T S N
' s/
28. Mn-21 (5) - - 1:3 140 °C 36 ND oc O(I:\CO
29. MnBr(CO)s (5) - KOH (1.5) 1:3 140 °C 36 18 Mn-20

“Reaction conditions: 3.1a (0.5 mmol), 3.2a (1.5-2.0 mmol), base (0. 5-0.75 mmol), Mn-cat. (4-5 mol
%), solvent (0-2 ml), at temperature 120 °C — 140 °C of a preheated oil bath for 24 — 48 hina 10 mL
round-bottom flask under argon. “Isolated yield. “Yield of compound 2-phenylquinolin-4(1H)-one
(3.6a), 30%. N.D. = Not detected.
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In presence of the metal precursor, MnBr(CO)s only 18% yield of the desired product (3.3a) was
obtained (Table 3.3.1.2, entry 27-29).

3.3.1.3. Min-catalyzed synthesis of 2, 3-disubstituted 4-quinolone derivatives from various alcohols

and 2’-aminoacetophenones: substrate scope™®

[o] fo) R! E Iil + -
TN ~ Mn-21 (5 mol%) N ; | A T/\
R+ + RV OH R | + HZT *2H,0; N\ 2N~ —OH
ZNH, KOH (1.5 equiv.),140 °C, PSNTOR! : 1K
Neat condition, 36 h, Ar H ocC oc co
3.1 3.2 3.3 :

........................................................................................................................

3.3k, R=-F, 75%
3.3, R = -Cl, 71%
3.3m, R = -Br, 65%
3.3n, R = -CF;, 46%
3.30, R = -CN, 30%
3.3p, R = -OH, 38%
3.3q, R = -NO,, 0%
3.3r, R = -CO,Et, 0%

3.3a,R=-H, 76%
3.3b, R = -OMe, 84%
3.3c, R = -Me, 80%
3.3d, R = -'Bu, 86%
3.3e, R = -NMe,, 58%

3.3h, R = -Me, 40%
3.3i, R = -Cl, 35%
3.3j, R=-Br, 30%

3.3f, R = -OMe, 78%
R 3.3g, R = -OPh, 72%

3.3u, 72% 3.3v, 50% 3.3w, 54% 3.3x, 57%

(0]
(0]
| n+1
I N
N H &
H 3.3zb, n=6, 32%

3.3zc, n= 8, 40%, 3.3zd, 60%, from citronellol
3.3za, 45%  from capric alcohol Anti-Tuberculosis(TB) agent

CH,
3.3ze, 60% 3.32f, 68% 3.3zg, 60%

“ Reaction conditions: 3.1 (0.5 mmol), 3.2 (1.5 mmol), KOH (1.5 equiv.), Mn-1 (5 mol%), Neat

condition, 36 h, 140 °C, under argon. PIsolated yield.

With the set of optimized reaction conditions in hand, the feasibility of the current catalytic protocol

was explored with an array of 2 -aminoacetophenones and primary alcohols whose pertinent results

were summarized below. Initially, the scope of electronically neutral, rich and deficient functional

groups embraces at the p-, m- and o-position of the aromatic nucleus of the phenyl ring was tested where
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the p- and m-substituted functional groups furnished the desired product with good to excellent yield
whilst o-substituted were accomplished moderate result because of steric encumbrance (3.3a-3.3n). Of
note, benzyl alcohol containing cyano and hydroxyl functional group was effective furnishing moderate
isolated yield whilst nitro and ester group were incompatible under the streamlined reaction condition
(3.30-3.3r). Significantly, extended I1-conjugated system such as 2-Napthylalcohol led to the desired
product 3.3s with good isolated yield. Nevertheless, heteroaromatic alcohols underwent smoothly
manifesting moderate to good isolated yield (3.3t-3.3y). Indeed, the reducible functional groups such
as —OCH,CH=CH, present at the p-position of benzyl alcohol can survive under the current reaction
conditions to give the desired product (3.3z). Remarkably, more challenging cyclic and acyclic aliphatic
primary alcohols such as cyclopropylmethanol, 1-octanol and fatty alcohol e.g. capric alcohol respond
well accomplishing the desired product (3.3za-3.3zc), albeit for acyclic aliphatic primary alcohols there
was a tendency to form 3-substituted quinoline.'” Then the reaction was conducted with natural
monoterpenoid, citronellol which chemoselectively converted to the intended product (3.3zd) with good
isolated, act as a potent anti-Tuberculosis (TB) drug.*! Afterwards, the scope of 2’-aminoacetophenone

was also checked which afforded good isolated yields (3.3ze-3.3zg).

Furthermore, the potentiality of the current catalytic protocol was investigated by implementing
functionally diverse a-alkylated 2 "-aminoacetophenone based derivatives. Herein, the intension was to
examine challenging aliphatic alcohols rather than evaluating the scope of traditional benzylic alcohols
featuring electron donating and electron withdrawing substituents. Indeed, cyclohexyl methanol (3.51)
and 1-octanol (3.5m) underwent smoothly towards (de)hydrogenative annulation furnishing the
expected product in moderate yield at slightly higher loading of alcohol and reaction time. Remarkably,
fatty alcohols such as capric, cetyl alcohols natural monoterpenoid, citronellol and naturally occurring
unsaturated oleyl alcohol were chemoselectively transformed to the desired product with good isolated
yield (3.5n-3.5q). A biologically active compound (3.5r) used for the treatment of stomach infections
caused by the bacteria Helicobacter pylori** additionally have been synthesized. Apart from that,
functional group like —CN (3.5s) was steadily participated and well tolerated in the streamline reaction
condition affording the intended product in modest yield. Next, the envisioned was to explore the scope
of 2'-aminobutyrophenone moiety based 4-quinolone derivatives, which were potent antibiotics’
furnishing good isolated yield for aromatic, heteroaromatic, cyclic and acyclic aliphatic alcohols (3.5t-
3.5zb). Aside from that, presence of bulky -Ph group at a-position of 2’-aminoacetophenone also
afforded appeasement result (3.5z¢) circumventing the peri-steric interaction. Nevertheless, a hybrid 2,

3-disubstituted quinolone was achieved successfully delivering good yield (3.5zd).
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3.3.1.4. Mn-catalyzed synthesis of 2, 3-disubstituted 4-quinolone derivatives from aliphatic

alcohols and functionally diverse a-alkylated 2'-aminoacetophenone based derivatives: substrate

scope™®
o) o : T +507
R Mn-21 (5 mol%) R P —|
@6‘\/ + R SOH [+ 2H2T +H0 || |/j)H
NH, KOH (1.5 equiv.),140 °C, N7 OR! PNE T M
Neat condition, 36 h, Ar H OC/ l \CO
3.4 3.2 3.5 : oc
R = H, Alkyl, Aryl i Mn-21
o 3.5a, R = -H, 82% o
3.5b, R = -OMe, 87%
O | 3.5¢, R = -Me, 83% O O |
N 3.5d, R =-F, 74% N 0,
H 3.5¢, R = -Cl, 70% H >
R 3.5f, R=-CF;, 57% Y
3.59, 78% 0 3.5h, 42% 3.5i, 46%
o (o)
/
3.5j, 70% 3.51, 65% 3.5m, n = 6, (42%)°, 63%
3.5n, n =8, (45%)°, 65%9, from capric alcohol
3.50, n = 14, 71%9, from cetyl alcohol
(o] (o] (o] o
@ﬁﬁi/k/\/k CI P
N Z ‘ N ‘ N
H H H
3.5p, 57% 3.59, n = 6, 62% ) 3.5r, 80% 3.5s, 45%
Synthetic quinolone g Used to treat infections due to
anitbiotic analogue From oleyl alcohol Helicobacter pylori
o (0] (0]
3.5t, R=-H, 78%
O | 3.5u, R = -OMe, 71% | | O
N 3.5v, R=-Cl, 76% N OMe N S
N O 3.5w, R = -CF;, 48% N O Ho g
R
Antibiotic quinolone derivatives 3.5x, 65% 3.5y, 60% 3.5z, 63%
(o] (0]
Cfb? ;
pegive el
3.5za, n = 6, (32%)?, 48%° 3.5zb, 60% 3.5zc, 65% 0/

? Reaction conditions: 3.4 (0.5 mmol), 3.2 (1.0 mmol), KOH (1.5 equiv.), Mn-1 (5 mol%), Neat
condition, 36 h, 140 °C, under argon. PIsolated yield. “Alcohol (1.5 mmol). 72 h.
In search of optimal condition towards the synthesis of 3-benzyl-2-phenylquinolin-4(1H)-one (3.3a)
product, when the reaction was carried out taking 1 equiv. of 2’-aminoacetophenone (3.1a) with 3 equiv.
of benzyl alcohol (3.2a) at 140 °C in presence of 5 mol% of Mn-21 complex and 1.5 equiv. of K,CO3
in solventless and additive free condition under argon atmosphere for 36 h, rather than furnishing 3.3a,

it afforded 30% yield of 2-phenylquinolin-4(1H)-one (3.6a) product (Table 3.3.1.5, entry 1).
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Table 3.3.1.5: Reaction Optimization for the Mn-catalyzed synthesis of 2-phenylquinolin-4(1H)-

one™P
: H e
o o : | S N/\—|
DA N—, | _—oH
CH, OH Mn-cat (X mol%) : Mn
+ I + 2H; |+ H,0 : 7 l\
NH, Solvent, temp" N O oC ot €0
. H '
Base, time, Ar : Mn-21
3.1a 3.2a 3.6a :
E l\llle +p, 7
Entry Cat. Solvent Base Additive 3 4..32, Temp"  Time Yield® | N N —|
(mol%) (equiv.) (equiv.) (°c) (h) (%) . /N\Mln/OH
: 7|\
1. Mn-21(5) - K,CO; (1.5) - 1:3 140°C 36 30 oc oc': co
2. Mn-21(5) - K,CO;(1.5)  ZnCl,(1.0) 1:3  140°C 36 ND Mn-22
3. Mn-21(5) - K,CO; (1.5) InCl; (1.0) 1:3  140°C 36 ND 'i' *Br
: S N/\—‘
4. Mn21(5) ) KoCO3(15)  FeCly(1.0) 1:3  140°C 36 Trace ([ [
: Z \Mn/o~Me
. o H
5.  Mn-21(5) 3 K,COj; (2.0) - 1:3 140°C 36 a2 OC/(':\co
' o
. . K,CO; (3.0 - 1; 140 ° :
6.  Mn-21(5) 2C03(3.0) 3 0°C 36 55 | h.23
7.  Mn-21(5) - K,COj; (4.0) - 1:3 140°C 36 65 H .-
8.  Mn-21(5) 3 K,CO; (5.0) - 1:3  140°C 36 67 | N pll/\—|
9.  Mn-21(5) 5 K,CO; (4.0) - 1:3 140 °C 48 74 /N\/Mln/OH
10.  Mn-21(5) ; K,COj; (4.0) ) 1:3  140°C 40 74 | RC oc': \CO
1. Mn-21(5) - K,COj3 (4.0) . 1:3  120°c 40 54 | Mn-24
12.  Mn-21(5) - K2COj3 (4.0) - 12 140°C 40 72 ! T .o -
: N N/\ —‘
13.  Mn-21 (5) - K,COj; (4.0) - 1:1 140°C 40 a5 || |
H /N\Mn/sj<
! J . K,CO; (4.0 . 1:2  140° 4 4
14.  Mn-21(4) 2C03 (4.0) 0°C 0 6 : ' '\co
15.  Mn-22 (5) 3 K,COj, (4.0) B 1:2 140°C 40 67 ! ocC
: Mn-2
16.  Mn-23(5) . K,CO; (4.0) . 1:2  140°C 40 48
' H
17.  Mn-24 (5) . K,CO; (4.0) - 1:2  140°C 40 62 ! | -
YN
. (] s
18.  Mn-2 (5) - K,CO; (4.0) - 1:2  140°C 40 45 L N— Mln/s
19, - 3 K,CO; (4.0 - 1:2  140°C 40 42 Y
Mn-25 (5) 2053 (4.0) : o’ I\co
20.  Mn-1(5) ] K,CO3 (4.0) - 1:2  140°C 40 40 ! oc
: Mn-25
21.  Mn-20 (5) . K,COj; (4.0) . 1:2  140°C 40 28 -
22. - . Na,CO; (4.0 . 1:2  140°C 40 53 | *Br-
Mn-21 (5) ,CO;3 (4.0) : | B pll/\—|
23.  Mn-21(5) . Cs,CO0; (4.0) . 1:2  140°C 40 ND ,N\Mln/s\/
24, Mn-21 (5) Xylene K,CO; (4.0) i 1:2 140 °C 40 ND OC/ I\CO
25.  Mn-21(5) 'tAmOH  K;CO;(4.0) . 1:2 140 °C 40 ND e
26. Mn-21(5) Diglyme K;CO3(4.0) - 1:2 140 °C 40 ND ! \
27. - - K,CO; (4.0) - 1:2 140 °C 40 ND | A r!j
28.  Mn-21(5) - - . 1:2  140°C 40 ND ! /N\Mln/s\/Ph
° : oc” l N\
29. MnBr(CO)s(5) - K,CO; (4.0) . 1:2  140°C 40 12 o¢ €O
Mn-20

“Reaction conditions: 3.1a (0.5 mmol), 3.2a (1.0-1.5 mmol), base (0. 75-2.5 mmol), Mn-cat. (4-5 mol
%), solvent (0-2 ml), at temperature 120 °C — 140 °C of a preheated oil bath for 36 — 48 hin a 10 mL
round-bottom flask under argon. “Isolated yield. N.D. = Not detected.
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Afterwards, in order to increase the yield, the reaction was accomplished upon adding some Lewis acid
such as ZnCl,, InCls, FeCls albeit all of them failed to deliver a detectable conversion of the intended
product (3.6a) (Table 3.3.1.5, entry 2-4). Then, the base loading was increased and found that
employing 4 equiv. of weak base K>COs it afforded 65% yield and furthermore increase of base loading
no notable increment has been observed (Table 3.3.1.5, entry 5-8). However, increase of reaction time
by 12 h keeping other parameters intact it furnished 74% isolated yield of the desired 2-phenylquinolin-
4(1H)-one (3.6a) product (Table 3.3.1.5, entry 9). Pleasingly, decrease of alcohol loading from 3 equiv.
to 2 equiv. does not hamper in the yield of the desired product (3.6a) but furthermore reduction of
alcohol loading from 2 equiv. to 1 equiv. gave inferior yield (Table 3.3.1.5, entry 12-13). Herein, the
catalytic applicability of other three NNO-Mn(I) complexes was also checked, amidst of that, Mn-22
and Mn-24 showed almost similar catalytic activity like Mn-21 whilst Mn-23 delivered a detrimental
result (Table 3.3.1.5, entry 15-17). Previously developed NNS-Mn(I)-complexes (Mn-2, Mn-25, Mn-
1 and Mn-20) afforded an inferior result (Table 3.3.1.5, entry 18-21). Afterwards, several reaction
parameters such as catalyst loading, reaction temperature, nature of base and solvent (Table 3.3.1.5,
entry 11, 14, 22-26) have also screened, amidst of them, (de)hydrogenative annulation of 1 equiv. of 2'-
aminoacetophenone (3.1a) with 2 equiv. of benzyl alcohol (3.2a) at 140 °C in presence of 5 mol% of
Mn-21 catalyst and 4 equiv. of K»CO; in solvent free condition under argon atmosphere for 40 h
furnished the best result of desired 2-phenylquinolin-4(1H)-one (3.6a) product (Table 3.3.1.5, entry
12). Herein also some control experiments were conducted which manifested that either in absence of
catalyst or base no detectable conversion of the desired product (3.6a) obtained. In presence of the metal
precursor, MnBr(CO)s only 12% yield of the desired product (3.6a) was obtained (Table 3.3.1.5, entry
27-29).

After getting the optimal conditions, the developed protocol was applied towards various 2'-
aminoacetophenones and primary alcohols to afford a wide range of 2-phenylquinolin-4(1H)-one
derivatives. Initially, the versatility of this (de)hydrogenative annulation reaction was tested upon
employing o-, m-, and p-substituted benzyl alcohols as coupling partner bearing electronically biased
and electronically poor functional groups at its aromatic nucleus delivering the desired product
selectively in moderate to good isolated yield (3.6a-3.61) (45-80%). Remarkably, extended II-
conjugated system such as 2-Napthylalcohol also furnished moderate isolated yield (3.6m).
Nevertheless, heteroaromatic alcohols also respond well under the streamline reaction condition
manifesting moderate to good isolated yield (3.6n-3.6p). Of note, benzyl alcohol bearing the reducible
functional groups such as —-OCH>CH=CH, present at its p-position also catalytically compatible under
the current reaction conditions to give the desired product (3.6q). Next, the scope of both 2’-
aminoacetophenones and N-methylated 2’"-aminoacetophenones also checked which furnished their

intended products in moderate isolated yields (3.6r-3.6t). Indeed, the catalytic protocol able to
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synthesize Penicinoline E, an antimalarial drug (3.60) and Graveoline, an antitumor and herbicidal drug
(3.6t) successfully and in more convenient and greener way as compared to the classical procedures.*
3.3.1.6. Min-catalyzed synthesis of 2-substituted 4-quinolone derivatives from various alcohols and

2’-aminoacetophenones: substrate scope™”

(o]
S Mn-21 (5 mol%)
NH K,CO3 (4.0 equiv.),140 °C,

2 o oc |\co
Neat condition, 40 h, Ar C
........... w2t
A. Scope of primary alcohols:
(o] o
L) C L)
N N
e g
3.6a, 72% X=-F, 70%,36 X
-oa, (2% = -OMe, 75%, 36b R = -OMe, 68%, 3.6 R =-OMe, 48%,3.60 y_ c| g5% 3.6)
L i o ) » 3.
-Bu, 80%, 3.6c R = -OPh, 65%, 3.6f R =-Me, 45%, 3.6h X=-Br, 56%, 3.6k
R = -Me, 78%,36d X— -CF3, 48%, 3.6l
H
N
W,
3.6m, 66% 3.6n, 70% 3.60, 55% 3.6p, 63% 3.6q, 58%

Penicinoline E
Antimalarial drug

B. Scope of 2'-Aminoacetophenone:

B, -

3.6r, 57% 3.6s, 55% 3.6t, 51%
Graveoline
High anti-tumoractivity and Herbicidal activity

“ Reaction conditions: 3.1 (0.5 mmol), 3.2 (1.0 mmol), K,CO3 (4.0 equiv.), Mn-1 (5 mol%), Neat
condition, 40 h, 140 °C, under argon. “Isolated yield.

3.3.1.7. Mechanistic investigation:

( Mn-21 )
n Ph” NoH
dehydrogenation | -H 3.2a
Ph
0 /\
NH, Aldol condensation
3 NH2
39 a I, 3.0 211
A,

o}

o k A
3.7
32 @fv
Mn-21
AN\, A,
Ph™ "OH Ph 0 Aldolcondensatlon NH, Pathway Il (:ﬁjj\

3.2a
dehydrogenatlon
Mn-21
Pathway | k \
Pz
mph N Ph N
H
6

3.13 3.14 3.

Ph

_ a

Scheme 3.11. Plausible pathways involved for the construction of 3-benzyl-2-phenylquinolin-4(1H)-

one (3.3a) and 2-phenylquinolin-4(1H)-one (3.6a).
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In prior to enter into the mechanistic investigations, three possible mechanistic pathways for the
synthesis 2,3-disubstituted 4-quinolones and two possible pathways for 2-substituted 4-quinolones was
proposed in that tandem multistep (de)hydrogenative process which has been outlined in Scheme 3.11,
At the outset, in presence of Mn-21 complex benzyl alcohol (3.2a) get dehydrogenated into its
corresponding benzaldehyde (3.7). Once benzaldehyde (3.7) was formed, in reaction with 2'-
aminoacetophenone (3.1a), there was two possibilities. In pathway-I, it may undergo condensation with
amine to form imine which via Mannich type cyclization furnished intermediate 2-substituted 2,3-
dihydro-4-quinolone (3.12) or in pathway-II, that benzaldehyde (3.7) will undergo base assisted
Claisen-Schmidt condensation furnishing the chalcone intermediate (3.8), which upon further
cyclization generate intermediate 3.12. Now, the intermediate 3.12 upon condensation with
benzaldehyde (3.7) can produce 2,3-disubstituted 4-quinolone (3.3a). The intermediate 3.12 upon
dehydrogenation can also form 2-substituted 4-quinolone (3.6a). Now, there was another possibility
(pathway-III), in which the chalcone intermediate (3.8) undergo in situ generated Mn-H mediated
transfer hydrogenation and furnish intermediate 3.9 which upon successive condensation with
preformed benzaldehyde (3.7) followed by Aza-Michael type reaction manifested the intended product
3.3a.

In pursuit to elucidate the reaction mechanism and to know which one was the dominant pathway, a
series of control experiments was conducted.

Initially, the borrowing hydrogen mediated selective construction of C-C and C-N bond was examined.

el s o

Mn 21 (5 mol%) HyC OMe H,C OMe

[*] KOH (1.5 equiv.),140 °C, 3.31,31% 3.32,37% 3.33,8% 3.34, 5%
NH, Neat condition, 36 h, Ar

A. ¥

HyC OMe

3.29, 1.0 mmol 3.30, 1.0 mmol 3 2b, 0.5 mmol

T Mn21 (5mol%) O O ©/
OMe

K,CO; (4.0 equiv.),140 °c, HsC€
Neat condition, 40 h, Ar 3.32, 35%

3.34,10%

Scheme 3.12. A. Competitive experiment for C-C vs C-N bond.

Henceforth, when the competitive experiment was pursued upon treating 4-methoxy benzyl alcohol
(3.2b) with an equimolar mixture of aniline and 4’-methylacetophenone, in presence of KOH a high
selectivity towards the formation of C-C bond was observed whilst in case of K»,COs3 although the
selectivity is somewhat lower but formation of C-C bond surpluses over C-N bond formation (Scheme
3.11, A). This outcome underpins that for the synthesis of 2-substituted 4-quinolone (3.6a) it followed
pathway-II and for the synthesis of 2,3-disubstituted 4-quinolone (3.3a), it may follow either pathway-
II or pathway-IIL.

Afterwards, the intension was to unveil the probable intermediate involved and the role of base as well
as catalyst towards the synthesis of 2-substituted 4-quinolone (3.6a). For that, the experiment was
started upon treating the chalcone intermediate 3.8 with its streamline reaction conditions and it

furnished only 6% of 2-substituted 2,3-dihydro-4-quinolone (3.12) and 82% of its dehydrogenated
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analogue i.e. desired 2-phenylquinolin-4(1H)-one (3.6a). However, it was noted that in absence of
catalyst 80% of 3.12 and only 9% of 3.6a was observed whereas in absence of base the reaction does
not proceed (Scheme 3.12, B). These results indicated that in Aza-Michael type cyclization reaction,
base plays key role whilst in the transformation of 3.12 to 3.6a catalyst have important role. To
materialize this hypothesis, when the intermediate 3.12 was treated in its optimal reaction condition,
95% of 3.6a was obtained whereas in absence of Mn-21 only 12% was manifested, which emphasized
the essential role of Mn-21 in that transformation (Scheme 3.12, C). The evolved hydrogen gas was
detected upon GC analysis of the reaction headspace confirming the involvement of dehydrogenative
pathway (experimental section 3.5.15). These two control experiments underpin that the chalcone 3.8
and 2-substituted 2,3-dihydro-4-quinolone, 3.12 was the most probable intermediate towards the
synthesis of 2-substituted 4-quinolone (3.6a).
Control experiments for 2-phenylquinolin-4(1H)-one gm);
0
B_©\)\/\Ph Mn-21 (5 mol%) @6‘]\ @6‘]\
NH, K,COj; (4.0 equiv.),140 °C,
Neat condition, 40 h, Ar

3.8, 1.0 mmol 3.12, 6% 3.6a, 82%

Without catalyst: 3.12, 80% 3.6a, 9%
Without base: Starting material recovered

Mn-21 (5 mol%)
c. 5 | + | Hp
K,CO; (4.0 equiv.),140 °C,
” Ph Neat condition, 40 h, Ar ” An
(Detected by GC)
3.12, 1.0 mmol 3.6a, 95%

Without catalyst: 12%
Catalytic amount (5 mol%) of base: 75%
(Without catalyst + base) in Ar/O,/Air: Trace

Scheme 3.12. Control experiments for 2-substituted 4-quinolone (3.6a).
Next intension was the pathway involved for synthesis of 2,3-disubstituted 4-quinolones (3.3a).
Control experiments for 3-benzyl-2-phenylquinolin 4(1H)£ (3.3a):

[0}
NH Mn-21 (5mol%

Z KOH (1.5 equiv.),140 °C,
3.8, 1.0 mmol Neat condition, 36 h, Ar 3.3a, 70% 3.6a, 16%

. (:{k/\Ph Ph” SOH 3.2a, 2.0 equiv. (:{j\/\m
NH Mn-21 (5 mol%) Ph

N
z KOH (1.5 equiv.),140 °C, H
3.9, 1.0 mmol Neat condition, 36 h, Ar 3.3a, 86%

o)

. Cﬁ‘j\ Ph” SOH 3.2a, 2.0 equiv. djj\/\ E:fi
N Ph Mn-21 (5 mol%)
H KOH (1.5 equiv.),140 °C,

3.12,1.0 mmol  Neat condition, 36 h, Ar 3-331 52% 3.6a, 32%

Scheme 3.12. Control experiments for 2,3-disubstituted 4-quinolones (3.3a).
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For that, when the reaction was carried out between the chalcone intermediate 3.8 (Scheme 3.12, D)
and it’s hydrogenated analogue intermediate 3.9 (Scheme 3.11, E) with primary alcohol (3.2a)
respectively, it furnished the desired 2,3-disubstituted 4-quinolone (3.3a) with an appeasement result
close to the optimal yield whilst performing the reaction between 2-substituted 2,3-dihydro-4-quinolone
intermediate (3.12) with benzyl alcohol (3.2a) under the streamlined condition, a mixture of 2,3-
disubstituted 4-quinolone (3.3a, 52%) and 2-substituted 4-quinolone (3.6a, 32%) was formed (Scheme
3.11, F). However, in the optimal reaction condition formation of 3.6a was not detected. These results
highlighted that 3.8 and 3.9 were the most probable intermediates and also suggested that pathway-II11

was more preferable over pathway-II for the construction of 2,3-disubstituted 4-quinolone (3.3a).

Furthermore, the participation of 3.6a in the synthesis of 3.3a was invalidated as no detectable
conversion of 3.3a was obtained during the reaction of 3.6a with benzyl alcohol (3.2a) under the

streamline reaction condition (Scheme 3.11, G).
o o

Mn-21 (5 mol%
N~ > Ph KOH (1.5 equiv.),140 °C, N~ Ph

H Neat condition, 36 h, Ar H
3.6a, 1.0 mmol 3.2a, 2.0 mmol 3.3a, Not detected

Scheme 3.12. Control experiments for 2,3-disubstituted 4-quinolones (3.3a).
The reaction's homogenous nature was probed by adding mercury drops, where no detrimental effect
has been manifested (Scheme 3.12, H). The radical trapping experiment was conducted employing 2,6-
di-tert butyl-4-methylphenol (BHT) as a radical scavenger which negated the involvement of single
electron in the catalytic cycle towards the construction of both 3-benzyl-2-phenylquinolin-4(1H)-one
(3.3a) and 2-phenylquinolin-4(1H)-one (3.6a) product (Scheme 3.11, I). In presence of 20 mol% of
trityl cation (with respect to catalyst) there was a significant decrement in the yield has been noticed

which underpins the involvement of Mn-H species in reaction pathway (Scheme 3.11, J).**

H. Homoaeneity test:
o o

(:ﬁl\ © oxon Mn-21 (5 mol%) m\m‘ ;
NH, KOH (1.5 equiv.), 140 °C, N Ph iJ- Proof g e 21 0-H gpecies]
Neat condition, 36 h, Ar H
3.1a, 1.0 mmol 3.2a, 3.0 mmol 3.3a _ : ©:‘K | PN Mn-21 (5 mol%) ©\)‘j\/\ph without PhyC” BF, : 76%
In presence of Hg(0) (2.0 equiv.): 73% NH, KOH (1.5 equiv.),140 °C, oh Ph;C+ Bh (20 mol%): 18%

In absence of Hg(0) (2.0 equiv.): 76%
------ - Neat condition, 36 h, Ar
I. Radical scavenger test:

o] o 31a 1.0 mmol 3.2a, 3.0 mmol Ph,C™ BFA X
o~ Mn-21 (5 mol%) Ph K Deuterium labelling experiment:
+Ph” OH —MMM | : %D ;
NH, KOH (1.5 equiv.),140 °C, N7 Ph mcorpora ion

Neat condition, 36 h, Ar H
|

3.1a, 1.0 mmol 3.2a, 3.0 mmol 3.3a
In presence of BHT (2.0 equiv.): 71 / Mn-21 (5 mol%)
In absence af BHT (2.0 equiv.): 76%
o KOH (1 5 equiv.),

140°C,
Mn-21 (5 mol%)
AN H
©\)k + Ph” “OH —_— ©\)‘]\ ! 31a,1.0mmol  3.2b-dy, 3.0 mmol Neat condition, 3.3b-d,, 32%
NH, K,COj (4.0 equiv.),140 °C, ' 36 h, Ar

N Ph Pu/Pp = 84132 = 2.625
Neat condition, 40 h, Ar H
3.1a, 1.0 mmol 3.2a, 2.0 mmol 3.6a

In presence of BHT (2.0 equiv.): 65 /
In absence of BHT (2.0 equiv.): 72/

Scheme 3.12. Control experiments for 2,3-disubstituted 4-quinolones (3.3a).
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The deuterium kinetic isotope effect experiment shows Pu/Pp = 2.625 with 74% ‘D’ incorporation
implying that the a-cleavage of C-H bond of primary alcohol i.e. the dehydrogenation of primary
alcohol could be the slowest step or rate-determining step of the catalytic cycle which also get supported
form kinetic profile diagram (Scheme 3.11, K).

3.3.1.8. Kinetic experiments:

Ph" NOH 3.2a

Dehydrogenatlon M" 21
o
2 Fh/\
Mn- \ 37
Ph” > OH Ph/\o | ;
3.2a -H, Aldol condensation H, Transfer H, Aldol /‘ pp Cyclization ph Hz
3. 11

Dehydrogenatmn hydrogenation condensation

C) 3204 = 28 mmol
o 30mmol

3.1 mmol
124 + 32mmol

ttion (mmol)

H

iy
Concentration (mmol)
>

oncentra

[

-

T T T T T r . T T T v T T
0 3 6 9 12 15 18 21 24 27 30 33 36 L[] 1 2 3 4 § 6 © 1 2 3 a 5 6
Time (h) Time (h} Time (h)

D) S . E) 1184
Intercept = -1.6760 Intercept = -1.7661
.15 |Stepe = 1.0608 1204 Isiope = 1.007

1224

1284

log(rate)

1304

1324

1344

136 4

D054 0036 0018 0000 008 0036 0054 0072 0030 0480 0.465 0470 0475 0480 0485 0490 0495 0500 0.505
of 2 log(concentration of benzyl alcohol)

Figure 3.2. A) Kinetic monitoring of Mn(I)-catalyzed (de)hydrogenative synthesis of 3-benzyl-2-
phenylquinolin-4(1H)-one (3.3a), B) Concentration versus time plot at various concentration of 2'-
aminoacetophenone (3.1a), C) Concentration versus time plot at various concentration of Benzyl
alcohol (3.2a), D) Plot for determining the order of the reaction with respect to log (concentration of
2’-aminoacetophenone (3.1a)), E) Plot for determining the order of the reaction with respect to log

(concentration of benzyl alcohol (3.2a)).

Furthermore, to understand the reactivity pattern of this cascade (de)hydrogenative annulation reaction
the reaction profile was examined. Kinetic monitoring of the reaction between 2’-aminoacetophenone
(3.1a) and benzyl alcohol (3.2a) revealed that the concentration of the formed aldehyde (3.7), chalcone
(8) and the intermediate 2-substituted 2,3-dihydro-4-quinolone (3.11) was low throughout the reaction.
This indicated that the dehydrogenation of alcohol (3.2a) to its corresponding aldehyde (3.7) was
relatively slower than the base assisted Claisen-Schmidt condensation, which was slower than Mn-H
mediated transfer hydrogenation of chalcone (3.8). Once the chalcone get hydrogenated it further
undergoes base assisted aldol condensation with another molecule of in situ formed aldehyde (3.7)
which undergoes intramolecular Aza-Michael type reaction followed by dehydrogenation furnishing

the desired 3-benzyl-2-phenylquinolin-4(1H)-one product (3.3a).
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Furthermore, the effect of concentration of both reactant with the formation of product of 3-benzyl-2-
phenylquinolin-4(1H)-one (3.3a) was also determined using initial rate law method. The order value
derived from the time course profile diagram indicative that the first order dependence of rate on the
concentration of both 2 -aminoacetophenone (3.1a) and benzyl alcohol (3.2a) underpinning the steady
increase of product formation with increasing the initial concentration of both 2’-aminoacetophenone
(3.1a) and benzyl alcohol (3.2a) (Figure 3.2 B — 3.2 E).

3.3.1.9. Proposed catalytic cycle:

Accounting all the experiment results and literature reports'” '* % herein, the plausible catalytic cycle
of the current catalytic protocol has depicted (Scheme 3.13) where due to less steric hindrance and lower
acidity at hydroxyl bifunctional site, it easily accommodated alcohols, various bulky unstable
intermediates and participated in metal-ligand cooperation (MLC). At the outset, under the optimal
conditions, the precatalyst i.e. hexacoordinate tricarbonyl cationic bromide complex Mn-21 converted
to its active catalytic species i.e. pentacoordinate dicarbonyl oxido complex Mn-I which dehydrogenate
primary alcohol (3.2a) into its corresponding aldehyde (3.7) via MLC with the concomitant formation
of Mn-H intermediate Mn-III (Scheme 3.13).

H P
< g‘/\—l
l_n—y| o
2N~ —Oy
3 N\
H PLs oc/loco
l/\ * Mn-21 |
C(\N/\ | ’N\M' 0 q T
> N\M \To\ /| \co 2N—f —O
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Mn-21
Mn-ll  Ph Mn-ll Ph
140 °C | -CO
Mechanism for the synthesis of AN
3-benzyl-2-phenylquinolin-4(1H)-one (3.3a)

Ph” > OH
3.2a Mechanism for the synthesis of
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Scheme 3.13. Plausible catalytic cycle of Mn-oxido arm mediated synthesis of 3—benzyl—2—

Ph oH
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phenylquinolin-4(1H)-one (3.3a) and 2-phenylquinolin-4(1H)-one (3.6a).
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Afterwards, the generated aldehyde (3.7) undergoes base assisted Claisen-Schmidt condensation
furnishing the chalcone intermediate (3.8) upon removal of H,O. Then, for the synthesis of 3-benzyl-2-
phenylquinolin-4(1H)-one (3.3a) the C=C bond of the chalcone intermediate (3.8) get hydrogenated via
concerted transfer of hydride from the Mn-H and proton from the O-H site. The reduced intermediate
3.9 underwent base assisted second aldol condensation with preformed aldehyde (3.7) followed by
consecutive cyclization and dehydrogenation resulted the desired 3-benzyl-2-phenylquinolin-4(1H)-
one (3.3a) (Scheme 3.13). However, for the construction of 2-phenylquinolin-4(1H)-one (3.6a) rather
than transfer hydrogenation, chalcone (3.8) preferred the intramolecular Aza-Michael type reaction
followed by successive dehydrogenation.

3.3.1.10. Post-synthetic modification:

Post-synthetic applications

Abpplication-1

8 CHl (3.0 equiv.), o CHl (3.0 equiv.), OMe
O | NaH (2.0 equiv.), THF O | K,COj (2.0 equiv.), DMF O N
- _—
N O °> 0°C-rt, 2 h N O °> 80 °C, 30 min N? O °>
H
(0] (o} (0]
3.6t, 78%, graveoline 3.6p 3.13, 86%, graveolinine
Application-2 o
PIFA (1.1 equiv.) CH3l (3.0 equiv.),
O | KBr (2 0 equiv.) Br NaH (2 0 equiv.), THF | BN
N MeOH 2h,rt 0 "C addition N
H then rt I
3.6a 3.14, 80 / stigdpalienlzl 3.15, 90%
Application-3
O)LOEt
A . A
_ (2.0 equiv.) < POC (B equiv) OEt (1.1 eqv,) _
N N
O K,COj3 (2.0 equiv.) Reflux, 80 °C 3h KO'Bu (1.25eqv.), 2 h, rt
3.19, 70%, Tryptamine derivative Ar, 135°C, 4 h 3.18, 37/ 3.6a 3.16, 750/
choa (2.0 equiv.), Ar, 135°C, 4 h m-CPBA (1 1 eqv.)
A
> 20 equi 5M KOH,
.0 equiv.
(2.0 equiv.) 347, 700/ EtOH, rt, 16 h
3.20, 85% antimalarial agent
anti-Alzheimer agent
Application-4 18-Crown-6 (1.6 equiv.)
[e]
gh Br Ph (0B (1.6 equiv.), Ph
POCI; (8.0 equiv.) PBr; (2.0equiv.) N 0°
[ —— S s LN —_ |
o~
Reflux 80 °C 3h N Ph DMF, rt, 20 h N Ph Oz balloon, N Ph
H DMF, 12h H
3.24,90% 3.3a 3.21, 85% 3.22, 75% 3.22
[o]

KOH (1.0 equiv.), | EtsH (1.0 equiv.)
DMSO, Air, 2 h, rt

~s  ph [RuCl,(p-Cymene)]; (5 mol%)

X Cu(OAc),.H,0 (2.2 equiv.)
P TfOH (1.5 equiv.)
N Ph

DCE (2.0 ml), Air, 120 °C, 16 h
3.25,83%

Ph—==—Ph (1.3 equiv.)

3.23, 78%

Scheme 3.14. Post synthetic modifications.
To demonstrate the utility and efficacy of present catalytic strategy the attention was turned towards the
construction of quinolone alkaloid graveoline (3.6t) and its aromatic sibling graveolinine (3.13) isolated
from Ruta graveolens.”® Both 3.6t and 3.13 displayed diverse bioactivities ranging from antibacterial,
antiplatelet aggregator, spasmolytic, and autophagy activity to apoptosis trigger and cytotoxic activity.?’
To execute the synthesis of graveoline (3.6t), the N-methylation reaction was conducted upon treatment
of 2-(benzo[d][1,3]dioxol-5-yl)quinolin-4(1H)-one (3.6p) with NaH (2.0 equiv.) and Mel (3.0 equiv.)

in anhydrous THF stirring at room temperature for 3 h (Scheme 2). The quinoline-based natural product
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graveolinine (3.13) was synthesized from 3.6p under thermodynamic alkylation—aromatization
conditions found to be spectroscopically identical®® with the natural product (Scheme 3.14). The direct
transformation of C(sp*)—H bonds to C(sp?)—X (X = heteroatom) bonds was desired for creating new
and useful molecules, and halide groups were the most frequent functional groups in chemical
transformations, particularly late stage C-H functionalization offered an efficient route to facilitate the
development of pharmaceutically and biologically active compounds. In that arena, hypervalent iodine
reagents were considered as environmentally benign synthetic tools due to their readily available
property and unique reactivities similar to those of heavy metals. Again, it has been reported that aryl
substituents at the C2 position of 4-quinolones significantly enhance their antitumor and antimitotic
activities, while variation of substituents located at the C3 position of 4-quinolones influences their
cytotoxicities.” Intrigued by these documented literature reports, the synthetic potential of current
developed protocol was exaggerated upon treating 2-phenylquinolin-4(1H)-one (3.6a) product with
hypervalent iodine (III) reagent (Bis(trifluoroacetoxy)iodo)benzene (PIFA) (1.1 equiv.) with KBr (2.0
equiv.) in MeOH solvent at room temperature for 2 h which furnished 3.14 with an 80% yield which
upon N-methylation with Mel afforded compound 3.15 with excellent isolated yield (Scheme 3.14)*°
The naturally occurring 1-hydroxy-4(1H)-quinolones were known for their antimalarial activity,
inhibitors of respiratory and photosynthetic electron transport chains.’' The synthesis of the N—OH
compounds was achieved by reacting the quinolone 3.6a with ethyl chloroformate to give carbonate
3.16 in 75% yield. This was then oxidized using m-CPBA (1.1 equiv.) followed by hydrolysis with
KOH accomplished the desired N-hydroxy compound 3.17 in 70% yield (Scheme 3.14).** Furthermore,
halogenation of 3.6a with POCl; provided the corresponding 4-chloroquinoline (3.18)'* which upon
treatment with tryptamine and pyrrolidine furnished the desired nucleophilic substituted product 3.19
and 3.20 in which 3.20 act as an anti-Alzheimer agent (Scheme 3.14).** Next, the envisioned was that
the 3-benzyl-2-phenylquinolin-4(1H)-one (3.3a) product could provide a new synthetic route to
azafluorene via benzylic C-H hydroxylation and annulation. For that 3.3a was transformed into 3.21
where the halogenation reaction was performed employing 2.0 equiv. of PBr; in DMF solvent.'
Afterwards, the quinoline moiety (3.21) was reacted in presence of 18-Crown-6 (1.6 equiv.) and KO'Bu
(1.6 equiv.) under O, atmosphere at 0 °C to room temperature for 12 h where 75% of direct C3-
hydroxylated quinoline (3.22) was isolated. This new C(sp’)-H hydroxylation strategy>* prompted to
open a new window to construct various synthetically important molecules.’ Furthermore, Ru(II)-
catalyzed C-H annulation reaction was conducted over 3-benzyl-2-phenylquinolin-4(1H)-one (3.3a)
where extended I1-conjugated polycyclic scaffold 3.23 has been furnished. Because of their strong I1-
IT staking interaction these polycyclic scaffolds may have applications in “turn-on” or “light-up”
biosensors or chemosensors, optoelectronics, bioimaging, DNA visualization etc (Scheme 3.14).>% 3’
Furthermore, halogenation of 3.3a with POCI; provided the corresponding 4-chloroquinoline (3.24)
which direct nucleophilic substitution with ethanethiol afforded 4-sulfide quinoline (3.25) with good
isolated yield (Scheme 3.14)."°
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3.4. Conclusion:

In conclusion, the current chapter demonstrated well-defined, sterically less hindered bifunctional
Mn(I)-complex catalyzed switchable synthesis of 3-benzyl-2-phenylquinolin-4(1H)-one and 2-
phenylquinolin-4(1H)-one and their related analogues via ADC and BH or HA strategy employing
renewable feedstock. The selective construction of that aforementioned heterocycles regulated by the
nature of base. Notably, this integrated two-component coupling protocol offered an ample substrate
scope bearing primary aromatic, hetero-aromatic and challenging aliphatic alcohols. The potentiality of
this developed strategy was enhanced by chemoselective transformation of fatty acid derived alcohols
keeping their distal double bond intact and efficacy was manifested by furnishing diverse range of
synthetically and medicinally important molecules with good to excellent yields. The reaction route of
that designed protocol was analysed and comprehended through conducting various control, kinetic and
mechanistic experiments. The reduced steric assistance of the ligand oxido arm of bifunctional Mn(I)-
complex at metal-ligand cooperative site hinges the entire catalytic cycle towards the accomplishment
of intended N-heterocycles.

3.5. Experimental Section:

3.5.1. Ligands synthesis:

3.5.1.1. Synthesis and characterization of Pyridine based NNO Ligands:

Pyridine based all three NNO ligands were prepared according to previous reported literature methods.*
To an oven dried 50 mL round bottomed flask equipped with a magnetic stir bar, Pyridine-2-
carboxaldehyde (0.535 g, 5.0 mmol, 1.0 equiv.) and 2-Aminoethanol or their derivatives (5.0 mmol, 1.0
equiv.) were dissolved in 15 mL of dry CH,Cl, and then Na,SO4 (2.131 g, 15.0 mmol, 3.0 equiv.) was
added to the reaction mixture. The resulting suspension was stirred for 12 h at room temperature. Then,

it was filtered, the residue was washed thoroughly with CH,Cl, and the combined solvent was

i) Dry DCM,
Na,SO, (3.0 equiv.) 'f
Ny Yo OR! RT, 12 h A N
|4 + RHNTYN | )
z ii) MeOH, z ~R!
NaBH, (2.0 equiv.)
5 mmol 5 mmol RT, 12 h L1-L3
H I\fle H
| N N/\ | B N/\ | B N
N O _N o _N o<
' ' Me
L1, 74% : L2, 90% : L3, 92%

Scheme 3.14. Synthesis of PyNNO-ligands.
removed under reduced pressure. The residue obtained was directly used for the next step without
further purification. The residue was dissolved in 30 mL of methanol and NaBH,4 (0.378 g, 10.0
mmol,2.0 equiv.) was added in a portion wise manner under stirring condition at 0 °C and the stirring
was continued for overnight at room temperature. Then the solvent was evaporated and 15 mL of water
was added. After that, it was extracted by CH,Cl, and the combined organic phase was dried over

NaSO4. Then the solvent was evaporated to get the crude product, which was further purified by silica
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gel (100-200 mesh size) column chromatography using 60 —80% ethyl acetate in Petroleum ether
(Scheme 3.14).%
2-((pyridin-2-ylmethyl)amino)ethan-1-ol (L1):3

H Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.

| /\N N/\o\ ether/EtOAc = 20/80) to afforded the title compound in 74% yield (0.563 g, 3.70
H mmol) as a yellow liquid. 'TH NMR (600 MHz, CDCl;) 6 8.54 (d, J = 5.0 Hz,

1H), 7.65 (t, J=7.7 Hz, 1H), 7.30 (d, J= 7.8 Hz, 1H), 7.17 (t,J = 6.3 Hz, 1H), 3.97 (s, 2H), 3.95 (brs,

2H), 3.69 (t,J=5.2 Hz, 2H), 2.83 (t,J = 5.2 Hz, 2H). *C{'H} NMR (150 MHz, CDCls) 5 159.0, 149.2,

136.7, 122.5, 122.2, 60.6, 54.2, 51.1.

2-(methyl(pyridin-2-ylmethyl)amino)ethan-1-ol (L2):%®

Me Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.

| /\N N/j)\ ether/EtOAc = 40/60) to afforded the title compound in 90% yield (0.748 g, 4.5

mmol) as a yellow liquid. '"H NMR (400 MHz, CDCl;) § 8.48 (d, J= 4.9 Hz, 1H),

7.60 (t, J=17.5 Hz, 1H), 7.27 (d, /= 7.7 Hz, 1H), 7.11 (t, J= 6.1 Hz, 1H), 3.68 (s, 2H), 3.59 (t, /= 5.3

Hz, 2H), 2.60 (t, J= 5.3 Hz, 2H), 2.27 (s, 3H). *C{'H} NMR (150 MHz, CDCl3) 5 158.7, 149.3, 136.7,
123.3, 122.3, 63.3, 59.0, 58.9, 42.6.

2-methoxy-N-(pyridin-2-ylmethyl)ethan-1-amine (L3):%®

H Purification by column chromatography (SiO2, 100-200 mesh, eluent: Pet.

|
| \N N/j) ether/EtOAc = 40/60) to afforded the title compound in 92% yield (0.764 g, 4.6
Me mmol) as a brown liquid. '"H NMR (500 MHz, CDCl;) 6 8.55 (d, J = 4.3 Hz,

1H), 7.65 - 7.62 (m, 1H), 7.33 (d, J = 7.8 Hz, 1H), 7.16 — 7.14 (m, 1H), 3.94 (s, 2H), 3.53 (t, /= 5.2
Hz, 2H), 3.36 (s, 3H), 2.85 (t, J = 5.2 Hz, 2H). 2.23 (brs, 1H). BC{'H} NMR (125 MHz, CDCl;) 3
159.9, 149.4, 136.5, 122.3, 122.0, 72.2, 58.9, 55.3, 49.0.

3.5.1.2. Synthesis and characterization of Quinoline based NNO Ligand:

i) Dry DCM, N
Na,SO, (3.0 equiv.) P
S ~_OH RT, 12 h N
+ HN
NNt T RN ii) MeOH, ]
NaBH, (2.0 equiv.
0 4 (2.0 equiv.) "o
RT, 12 h
5 mmol 5 mmol L4, 70%

Scheme 3.15. Synthesis of QuinNNO-ligand.
To an oven dried 50 mL round bottomed flask equipped with a magnetic stir bar, 2-
quinolinecarboxaldehyde (0.785 g, 5.0 mmol, 1.0 equiv.) and 2-aminoethanol (0.305 g, 5.0 mmol, 1.0
equiv.) were dissolved in 15 mL of dry CH»Cl; and then Na,SO4 (2.131 g, 15.0 mmol, 3.0 equiv.) was
added to the reaction mixture. The resulting suspension was stirred for 12 h at room temperature. Then,
it was filtered, the residue was washed thoroughly with CH,Cl, and the combined solvent was removed
under reduced pressure. The residue obtained was directly used for the next step without further

purification. The residue was dissolved in 30 mL of methanol and NaBH,4 (0.378 g, 10.0 mmol, 2.0
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equiv.) was added in a portion wise manner under stirring condition at 0 °C and the stirring was
continued for overnight at room temperature. Then the solvent was evaporated and 15 mL of water was
added. After that, it was extracted by CH,Cl, and the combined organic phase was dried over Na;SOs.
Then the solvent was evaporated to get the crude product, which was further purified by silica gel (100-
200 mesh size) column chromatography using 60 —70% ethyl acetate in Petroleum ether (Scheme
3.15)2

2-((quinolin-2-ylmethyl)amino)ethan-1-ol (L4):%

N Purification by column chromatography (SiO;, 100-200 mesh, eluent: Pet.

NZ ether/EtOAc = 30/70) to afforded the title compound in 70% yield (0.708 g, 3.50
HN] mmol) as a yellow liquid. 'TH NMR (500 MHz, CDC;) § 8.06 (d, J = 8.5 Hz, 1H),
HO 8.03 (d, /=8.5 Hz, 1H), 7.76 (d, J = 8.2 Hz, 1H), 7.66 (t, J= 7.7 Hz, 1H), 7.48 (t,

J=1.5Hz, 1H), 7.36 (d, J= 8.4 Hz, 1H), 4.10 (s, 2H), 3.86 (brs, 2H), 3.70 (t, /= 5.1 Hz, 2H), 2.88 (4,

J=5.1 Hz, 2H). *C{'H} NMR (125 MHz, CDCl;) § 159.7, 147.4, 136.8, 129.7, 128.6, 127.6, 127.3,

126.3, 120.5, 60.7, 54.7, 51.4.

3.5.1.3. Synthesis of Pyridine based NNS Ligands (L5-L8):

i) Dry DCM,

Na,S0, (3.0 equiv.) H
X o SR RT, 12 h S N
| N * HZN/\/ I N S
Z ii) MeOH, z R
NaBH, (2.0 equiv.)
5 mmol 5 mmol RT, 12 h L5-L8
| /\ "/\
_N _N _N s
L5, 90% L6, 87% L7, 94% : L8, 91%

Scheme 3.16. Synthes1s of PyNNS-ligands.

Pyridine based all four NNS ligands were prepared according to previous reported literature methods.?'
To an oven dried 50 mL round bottomed flask equipped with a magnetic stir bar, Pyridine-2-
carboxaldehyde (0.535 g, 5.0 mmol, 1.0 equiv.) and amino-thiol compound (5.0 mmol, 1.0 equiv.) were
dissolved in 15 mL of dry CH,Cl, and then Na,SO4 (2.131 g, 15.0 mmol, 3.0 equiv.) was added to the
reaction mixture. The resulting suspension was stirred for 12 h at room temperature. Then, it was
filtered, the residue was washed thoroughly with CH,Cl, and the combined solvent was removed under
reduced pressure. The residue obtained was directly used for the next step without further purification.
The residue was dissolved in 30 mL of methanol and NaBH4 (0.378 g, 10.0 mmol, 2.0 equiv.) was
added in a portion wise manner under stirring condition at 0 °C and the stirring was continued for
overnight at room temperature. Then the solvent was evaporated and 15 mL of water was added. After
that, it was extracted by CH,Cl, and the combined organic phase was dried over Na,SOs4. Then the
solvent was evaporated to get the crude product, which was further purified by silica gel (100-200 mesh
size) column chromatography using 20-40 % ethyl acetate in Petroleum ether (Scheme 3.16).%"

3.5.2. Complexes synthesis: Synthesis and characterization of NNO-Mn(I) and NNS-Mn(I)

complexes:
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3.5.2.1. Procedure for synthesis of Pyridine based NNO-Mn(I) complexes (Mn-21 to Mn-23):

Condition-A —|
'? Dry THF or dry toluene C(\N/\
X Ar, 24 h, RT N (o)
@AN/\ + MnBr(CO)s ZoN R
2N 0\R1 Condition-B l
OC

1.1 mmol 1 mmol Dry THF or dry toluene
Ar, 10 h, 90 °C Mn-21 to Mn-23

Yellow or orange solid

- H PR
: | —| | OMe
XN —| I XN
I, Cf Gf @” L CO
7 \Mn/ 2 N~ Z N~ : Z \Mn/ M Z \Mn\
5 ocC | 5 oc | :

e
oc” | Neo oc” Neo oc” | Neo
oc : oc oc
Mn-21 : Mn-22 : Mn-23 : Mn-23 Mn-23'
Yellow solid ' Yellow solid 1 Yellow solid H Orange solid
Condition-A: 76% ! Condition-A: 85% ! Condition-A: 86% : Condition-B: 70%
Condition-B: 80% . Condition-B: 83% H

Scheme 3.17. Synthesis of Pyridine based NNO-Mn(I) complexes.

Pyridine based all three NNO-Mn(I) complexes were prepared according to the previous reported
literature methods.?! In an oven dried 25 mL round bottomed flask equipped with a condenser and a
magnetic stir bar, 3 mL degassed dry colourless THF or Toluene solution of NNO ligands (L1-L3) (1.1
mmol, 1.1 equiv.) was added to the orange-yellow suspension of [MnBr(CO)s] (0.275 g, 1.0 mmol, 1.0
equiv.) in 5 mL degassed dry THF or Toluene in a dropwise manner. Afterward, the resulting mixture
was stirred at 90 °C for 12 h or for 24 h at room temperature under argon atmosphere. After the
completion of the reaction, the reaction mixture was cooled down to the room temperature and the
solvent was evaporated under reduced pressure to obtain the residue, which was further washed with n-
hexane and diethyl ether, and dried under vacuum to get a yellow solid or orange solid of Mn-complexes
(Mn-21 to Mn-23) (Scheme 3.17). The structural elucidation of these complexes was accomplished
with the help of ATIR, 'H, *C{'H} NMR and SCXRD and their characterization data were documented
in previous literature report.”!

3.5.2.2. Procedure for synthesis of Quinoline based NNO-Mn(I) complex (IMn-24):

+

|
H B N/\|—|
| | |
A N/\ Dry THF ZN— | —OH
| + MnBr(CO)s —————————> n
_N OH 80 °C, 12 h, Ar 7N
oc
L4, 1.1 mmol 1 mmol Mn-24, 75%

Dark yellow solid
CCDC: 2423263

Scheme 3.18. Synthesis of Quinoline based NNO-Mn(I) complex.
In an oven dried 25 mL round bottomed flask equipped with a condenser and a magnetic stir bar, 3 mL
degassed dry colourless THF solution of NNO ligand (L4) (1.1 mmol, 1.1 equiv.) was added to the
orange-yellow suspension of [MnBr(CO)s] (0.275 g, 1.0 mmol, 1.0 equiv.) in 5 mL degassed dry THF
in a dropwise manner. Afterward, the resulting mixture was stirred at 80 °C for 12 h under argon
atmosphere. After the completion of the reaction, the reaction mixture was cooled down to the room
temperature and the solvent was evaporated under reduced pressure to obtain the residue, which was

further washed with n-hexane and diethyl ether, and dried under vacuum to get a dark yellow solid of
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Mn-complex (Mn-24) in 75% yield (0.514 g, 0.75 mmol) (Scheme 3.18). The single crystal for Mn-24
complex was grown by slow diffusion of diethyl ether in the saturated solution of Mn-24 in acetonitrile
in 5 mL glass vial kept at room temperature. IR (ATIR, in cm™): yc02032.38, 1927.70, 1910.54.
3.5.2.3. Procedure for synthesis of NNS-Mn(I) complexes:

+ -

T |
R N N/\
A I!l Dry THF l N— l/S
| /\I y Mn R

+ MnBr(CO)s

N S<g! 80 °C, 12 h, Ar oc” l\co
1.25 mmol 1 mmol oc
Yellow solid
P AN P ot DN P e N G 1
SN T s T sy T sy |
Y Y ey oM
> N\Mn/s AN N\Mn/s E > N\Mn/s\/ ' > N\Mn/s\/Ph
1IN \|< E 1IN Y : 1IN ; 7\
oc i oc : oc ] oc
o¢ €O : o¢ €O : co ! ' co
Mn-2 : Mn-25 : Mn-1 : Mn-20

Scheme 3.19. Synthesis of Pyridine based NNS-Mn(I) complexes.
All four NNS-Mn(I) complexes were prepared according to the previous reported literature methods.?!
In an oven dried 25 mL round bottomed flask, 3 mL degassed dry THF solution of ligand
[(PyCH,)HN(CH,CH,SR), R='Bu, ‘Pr, Et, Bn] i.e. NNS ligands (L5-L8) (1.25 mmol, 1.25 equiv.) was
added to the orange-yellow suspension of [MnBr(CO)s] (0.275 g, 1.0 mmol, 1.0 equiv.) in 5 mL
degassed dry THF in a dropwise manner. Afterward, the resulting reaction mixture was refluxed for 12
h under argon atmosphere. After the completion of the reaction, the reaction mixture was cooled down
to the room temperature and the solvent was evaporated under reduced pressure to obtain the residue,
which was further washed with n-hexane and diethyl ether, and dried under vacuum to get a yellow
solid of Mn-complexes (Scheme 3.19).
3.5.3. General experimental procedure for the synthesis of 2, 3-disubstituted 4-quinolone
derivatives from various alcohols and 2'-aminoacetophenones:
To an oven dried 10 mL round-bottom flask equipped with a condenser and a magnetic stir bar, 2'-
Aminoacetophenone analogue, 3.1 (0.5 mmol, 1.0 equiv.), primary aryl, heteroaryl or alkyl alcohol 3.2
(1.5 mmol, 3.0 equiv.), KOH (0.042 g, 0.75 mmol, 1.5 equiv.) and Mn-21 (0.010 g, 0.025 mmol, 5
mol%) were taken under argon atmosphere. The reaction mixture was heated at 140 °C in a preheated
oil bath for 36 h. After completion of the reaction, the reaction mixture was subjected to cool at room
temperature and ethyl acetate (15 mL) was added to dilute the mixture and filtered through a small pad
of celite. The resultant volatiles were evaporated under reduced pressure and the crude product was
purified by silica gel (100—200 mesh size) column chromatography using Petroleum ether/ethyl acetate
as eluent to get the pure desired product.
3.5.4. General experimental procedure for the synthesis of 2, 3-disubstituted 4-quinolone
derivatives from alcohols and functionally diverse a-alkylated 2'-aminoacetophenone based

derivatives:
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To an oven dried 10 mL round-bottom flask equipped with a condenser and a magnetic stir bar, o-
alkylated 2'-aminoacetophenones, 3.1 (0.5 mmol, 1.0 equiv.), primary aryl, heteroaryl or cycloalkyl
alcohol 3.2 (1.0 mmol, 2.0 equiv.), KOH (0.042 g, 0.75 mmol, 1.5 equiv.) and Mn-21 (0.010 g, 0.025
mmol, 5 mol%) were taken under argon atmosphere. The reaction mixture was heated at 140 °C in a
preheated oil bath for 36 h. After completion of the reaction, the reaction mixture was subjected to cool
at room temperature and ethyl acetate (15 mL) was added to dilute the mixture and filtered through a
small pad of celite. The resultant volatiles were evaporated under reduced pressure and the crude
product was purified by silica gel (100—200 mesh size) column chromatography using Petroleum
ether/ethyl acetate as eluent to get the pure desired product.

3.5.5. General experimental procedure for the synthesis of 2, 3-disubstituted 4-quinolone
derivatives from aliphatic alcohols and functionally diverse a-alkylated 2'-aminoacetophenone
based derivatives:

To an oven dried 10 mL round-bottom flask equipped with a condenser and a magnetic stir bar, o-
alkylated 2'-aminoacetophenones, 3.1 (0.5 mmol, 1.0 equiv.), primary aliphatic alcohol 3.2 (1.5 mmol,
3.0 equiv.), KOH (0.042 g, 0.75 mmol, 1.5 equiv.) and Mn-21 (0.010 g, 0.025 mmol, 5 mol%) were
taken under argon atmosphere. The reaction mixture was heated at 140 °C in a preheated oil bath for
36 h or 72 h. After completion of the reaction, the reaction mixture was subjected to cool at room
temperature and ethyl acetate (15 mL) was added to dilute the mixture and filtered through a small pad
of celite. The resultant volatiles were evaporated under reduced pressure and the crude product was
purified by silica gel (100—200 mesh size) column chromatography using Petroleum ether/ethyl acetate
as eluent to get the pure intended product.

3.5.6. General experimental procedure for the synthesis of 2-substituted 4-quinolone derivatives
from various alcohols and 2’-aminoacetophenones:

To an oven dried 10 mL round-bottom flask equipped with a condenser and a magnetic stir bar, 2'-
Aminoacetophenone analogue, 3.1 (0.5 mmol, 1.0 equiv.), primary aryl or heteroaryl alcohol 3.2 (1.0
mmol, 2.0 equiv.), K»CO; (0.276 g, 2.0 mmol, 4.0 equiv.) and Mn-21 (0.010 g, 0.025 mmol, 5 mol%)
were taken under argon atmosphere. The reaction mixture was heated at 140 °C in a preheated oil bath
for 40 h. After completion of the reaction, the reaction mixture was subjected to cool at room
temperature and ethyl acetate (15 mL) was added to dilute the mixture and filtered through a small pad
of celite. The resultant volatiles were evaporated under reduced pressure and the crude product was
purified by silica gel (100—200 mesh size) column chromatography using Petroleum ether/ethyl acetate
as eluent to get the pure desired product.

3.5.7. Manganese catalyzed dehydrogenation of alcohol:

To an oven dried 10 mL round bottomed flask equipped with a reflux condenser and a magnetic stir
bar, benzyl alcohol, 3.2a (0.108 g, 1.0 mmol, 1.0 equiv.), KOH (0.084 g, 1.5 mmol, 1.5 equiv.) and
Mn-21 (0.020 g, 0.05 mmol, 5 mol%) were taken under argon atmosphere. The reaction mixture was

heated at 140 °C in a preheated oil bath for 36 h. After completion of the reaction, the reaction mixture
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was subjected to cool at room temperature and ethyl acetate (15 mL) was added to dilute the mixture
and filtered through a small pad of celite. The resultant volatiles were evaporated under reduced
pressure and the crude reaction mixture was submitted and analysed by 'H-NMR spectroscopy
confirming that 18% of benzaldehyde (3.7) was detected.

3.5.8. Manganese catalyzed competitive experiment for C-C vs C-N bond formation:

To an oven dried 10 mL round bottomed flask equipped with a reflux condenser and a magnetic stir
bar, 4'-Methylacetophenone, 3.29 (0.134 g, 1.0 mmol, 2.0 equiv.), aniline, 3.30 (0.093 g, 1.0 mmol, 2.0
equiv.), 4-methoxybenzyl alcohol, 3.2b (0.069 g, 0.5 mmol, 1.0 equiv.), KOH (0.042 g, 0.75 mmol, 1.5
equiv.) and Mn-21 (0.010 g, 0.025 mmol, 5 mol%) were taken under argon atmosphere. The reaction
mixture was heated at 140 °C in a preheated oil bath for 36 h. After completion of the reaction, the
reaction mixture was subjected to cool at room temperature and ethyl acetate (15 mL) was added to
dilute the mixture and filtered through a small pad of celite. The resultant volatiles were evaporated
under reduced pressure and the crude reaction mixture was submitted and analysed by 'H-NMR
suggesting that 3-(4-methoxyphenyl)-1-(p-tolyl)propan-1-one, (3.31) was 31%, (£)-3-(4-
methoxyphenyl)-1-(p-tolyl)prop-2-en-1-one (3.32) was 37%, N-(4-methoxybenzyl)aniline (3.33) was
8% and (E)-1-(4-methoxyphenyl)-N-phenylmethanimine (3.34) was 5% formed (Figure 3.3).
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DS-ALC-KOH-CR-0.068-1H

OMe 0 4
N Ji ]
[
©/ H,C 32 OMe

7.39
7.37

—8.44
7.77
7.7

~
(>
<

!

L
b€

Lo

8.44

@
M
~~ 0 @& #w M} O AHAHao®
\

AT
~-7.75
7.3

d

.
B s = R "%“

o ™ o

N T I s . D7 I 0 0 IO S s r f T T T T P T T
85 84 83 82 81 80 79 78 7.7 7.6 7.5 7.4 7.3 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8
i\
| M !

f1 (ppm) f1 (ppm)
g3 T
)

MJ JL

o m c o

0.051
0.37q
0.371

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
12.0 115 11.0 105 100 95 9.0 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -0.5 -1.0 -1.5 -2.0 -2
f1 (ppm)

Figure 3.3. "H (400 MHz) NMR Spectrum of crude reaction mixture in CDCl;,

To an oven dried 10 mL round bottomed flask equipped with a reflux condenser and a magnetic stir
bar, 4'-Methylacetophenone, 3.29 (0.134 g, 1.0 mmol, 2.0 equiv.), aniline, 3.30 (0.093 g, 1.0 mmol, 2.0
equiv.), 4-methoxybenzyl alcohol, 3.2b (0.069 g, 0.5 mmol, 1.0 equiv.), K,CO;3 (0.276 g, 2.0 mmol, 4.0
equiv.) and Mn-21 (0.010 g, 0.025 mmol, 5 mol%) were taken under argon atmosphere. The reaction

mixture was heated at 140 °C in a preheated oil bath for 40 h. After completion of the reaction, the
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reaction mixture was subjected to cool at room temperature and ethyl acetate (15 mL) was added to
dilute the mixture and filtered through a small pad of celite. The resultant volatiles were evaporated
under reduced pressure and the crude reaction mixture was submitted and analysed by 'H-NMR
suggesting that (£)-3-(4-methoxyphenyl)-1-(p-tolyl)prop-2-en-1-one (3.32) was 32%, and (F)-1-(4-
methoxyphenyl)-N-phenylmethanimine (3.34) was 13% formed (Figure 3.4).

DS-ALC-K2C03-CR-0.061-1H.1.fid
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Figure 3.4. '"H (400 MHz) NMR Spectrum of crude reaction mixture in CDCl;.

3.5.9. Identification of possible intermediates involved in Manganese catalyzed synthesis of 2-
phenylquinolin-4(1H)-one (3.6a):
These controlled experiments were performed to find out the possible intermediates which were

involved in the synthesis of 2-phenylquinolin-4(1H)-one (3.6a).

3.5.9.1. Manganese catalyzed reaction of (E)-1-(2-aminophenyl)-3-phenylprop-2-en-1-one (3.8):

To an oven dried 10 mL round-bottom flask equipped with a reflux condenser and a magnetic stir bar,
(E)-1-(2-aminophenyl)-3-phenylprop-2-en-1-one, 3.8 (0.223, 1.0 mmol, 1.0 equiv.), K.CO3 (0.553 g,
4.0 mmol, 4.0 equiv.) and Mn-21 (0.020 g, 0.05 mmol, 5 mol%) were taken under argon atmosphere.
Then, the reaction mixture was heated at 140 °C in a preheated oil bath for 40 h. After completion of
the reaction, the reaction mixture was subjected to cool at room temperature and ethyl acetate (15 mL)
was added to dilute the mixture and filtered through a small pad of celite. The resultant volatiles were
evaporated under reduced pressure and the crude product was purified by silica gel (100—200 mesh

size) column chromatography using Petroleum ether/ethyl acetate as eluent (eluent: Pet. ether/EtOAc =
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ranging from 70/30 to 20/80). In that isolation process, 2-phenyl-2,3-dihydroquinolin-4(1H)-one (3.12)
was obtained in 6% yield (0.014 g, 0.06 mmol) as a bright yellow solid and 2-phenylquinolin-4(1H)-
one (3.6a) was obtained in 82% yield (0.181 g, 0.82 mmol) as a white solid. Furthermore, when the
reaction was conducted in absence of catalyst 80% yield (0.123 g, 0.80 mmol) of 2-phenyl-2,3-
dihydroquinolin-4(1H)-one (3.12) was formed and 9% yield (0.020 g, 0.09 mmol) of 2-phenylquinolin-
4(1H)-one (3.6a) has been detected. However, performing reaction in absence of base neither 2-phenyl-
2,3-dihydroquinolin-4(1H)-one (3.12) nor 2-phenylquinolin-4(1H)-one (3.6a) was formed, the starting

material get recovered.

3.5.9.2. Manganese catalyzed reaction of 2-phenyl-2,3-dihydroquinolin-4(1H)-one (3.12):

At the onset, 2-phenyl-2,3-dihydroquinolin-4(1H)-one, 3.12 (0.223, 1.0 mmol, 1.0 equiv.), K,CO;
(0.553 g, 4.0 mmol, 4.0 equiv.) and Mn-21 (0.020 g, 0.05 mmol, 5 mol%) were taken to an oven dried
10 mL round-bottom flask equipped with a reflux condenser and a magnetic stir bar. Then, the round-
bottom flask was evacuated, backfilled with argon for three times and the reaction mixture was heated
at 140 °C in a preheated oil bath for 40 h. After completion of the reaction, the reaction mixture was
subjected to cool at room temperature and ethyl acetate (15 mL) was added to dilute the mixture and
filtered through a small pad of celite. The resultant volatiles were evaporated under reduced pressure,
monitored by thin layer chromatography (TLC) and the crude product was purified by silica gel
(100—200 mesh size) column chromatography (eluent: Pet. ether/EtOAc = 20/80) which afforded 95%
yield (0.210 g, 0.95 mmol) of 2-phenylquinolin-4(1H)-one (3.6a) as a white solid. Furthermore, when
the reaction was conducted in absence of catalyst only 12% yield (0.026 g, 0.12 mmol) of 2-
phenylquinolin-4(1H)-one (3.6a) was formed. Again, 75% of 3.6a (0.166 g, 0.75 mmol) was
accomplished in presence of catalytic i.e. 5 mol% of base loading instead of 4.0 equiv. of base.
Nevertheless, trace amount of the product 3.6a was detected in absence of both catalyst and base
irrespective of the environment of the reaction i.e. whether it was manifested under argon, oxygen or
air.

3.5.10. Identification of possible intermediates involved in Manganese catalyzed synthesis of 3-
benzyl-2-phenylquinolin-4(1H)-one (3.3a):

These controlled experiments were performed to find out the possible intermediates which were
involved in the synthesis of 3-benzyl-2-phenylquinolin-4(1H)-one (3.3a).

3.5.10.1. Manganese catalyzed reaction between (E)-1-(2-aminophenyl)-3-phenylprop-2-en-1-one
(3.8) and benzyl alcohol (3.2a):

To an oven dried 10 mL round-bottom flask equipped with a reflux condenser and a magnetic stir bar,
(E)-1-(2-aminophenyl)-3-phenylprop-2-en-1-one, 3.8 (0.223, 1.0 mmol, 1.0 equiv.), benzyl alcohol,
3.2a (0.216 g, 2.0 mmol, 2.0 equiv.), KOH (0.084 g, 1.5 mmol, 1.5 equiv.) and Mn-21 (0.020 g, 0.05
mmol, 5 mol%) were taken under argon atmosphere. Then, the reaction mixture was heated at 140 °C

in a preheated oil bath for 36 h. After completion of the reaction, the reaction mixture was subjected to
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cool at room temperature and ethyl acetate (15 mL) was added to dilute the mixture and filtered through
a small pad of celite. The resultant volatiles were evaporated under reduced pressure and the crude
product was purified by silica gel (100—200 mesh size) column chromatography using Petroleum
ether/ethyl acetate as eluent (eluent: Pet. ether/EtOAc = ranging from 65/35 to 20/80). In that isolation
process, 3-benzyl-2-phenylquinolin-4(1H)-one (3.3a) was obtained in 70% yield (0.218 g, 0.70 mmol)
as a white solid and 2-phenylquinolin-4(1H)-one (3.6a) was obtained in 16% yield (0.035 g, 0.16 mmol)

as a white solid.

3.5.10.2. Manganese catalyzed reaction between 1-(2-aminophenyl)-3-phenylpropan-1-one (3.9)
and benzyl alcohol (3.2a):

To an oven dried 10 mL round-bottom flask equipped with a reflux condenser and a magnetic stir bar,
1-(2-aminophenyl)-3-phenylpropan-1-one, 3.9 (0.225, 1.0 mmol, 1.0 equiv.), benzyl alcohol, 3.2a
(0.216 g, 2.0 mmol, 2.0 equiv.), KOH (0.084 g, 1.5 mmol, 1.5 equiv.) and Mn-21 (0.020 g, 0.05 mmol,
5 mol%) were taken under argon atmosphere. Then, the reaction mixture was heated at 140 °C in a
preheated oil bath for 36 h. After completion of the reaction, the reaction mixture was subjected to cool
at room temperature, ethyl acetate (15 mL) was added to dilute the mixture and filtered through a small
pad of celite. The resultant volatiles were evaporated under reduced pressure, monitored by thin layer
chromatography (TLC) and the crude product was purified by silica gel (100—200 mesh size) column
chromatography (eluent: Pet. ether/EtOAc = 65/35) which afforded 3-benzyl-2-phenylquinolin-4(1H)-
one (3.3a) in 86% yield (0.268 g, 0.86 mmol) as a white solid.

3.5.10.3. Manganese catalyzed reaction between 2-phenyl-2,3-dihydroquinolin-4(1H)-one (3.12)
and benzyl alcohol (3.2a):

To an oven dried 10 mL round-bottom flask equipped with a reflux condenser and a magnetic stir bar,
2-phenyl-2,3-dihydroquinolin-4(1H)-one, 3.12 (0.223, 1.0 mmol, 1.0 equiv.), benzyl alcohol, 3.2a
(0.216 g, 2.0 mmol, 2.0 equiv.), KOH (0.084 g, 1.5 mmol, 1.5 equiv.) and Mn-21 (0.020 g, 0.05 mmol,
5 mol%) were taken under argon atmosphere. Then, the reaction mixture was heated at 140 °C in a
preheated oil bath for 36 h. After completion of the reaction, the reaction mixture was subjected to cool
at room temperature and ethyl acetate (15 mL) was added to dilute the mixture and filtered through a
small pad of celite. The resultant volatiles were evaporated under reduced pressure and the crude
product was purified by silica gel (100—200 mesh size) column chromatography using Petroleum
ether/ethyl acetate as eluent (eluent: Pet. ether/EtOAc = ranging from 65/35 to 20/80). In that isolation
process, 3-benzyl-2-phenylquinolin-4(1H)-one (3.3a) was obtained in 52% yield (0.162 g, 0.52 mmol)
as a white solid and 2-phenylquinolin-4(1H)-one (3.6a) was obtained in 32% yield (0.071 g, 0.32 mmol)
as a white solid. However, in the optimal reaction only 3-benzyl-2-phenylquinolin-4(1H)-one (3.3a)

was obtained, no 2-phenylquinolin-4(1H)-one (3.6a) has been isolated.

3.5.10.4. Manganese catalyzed reaction between 2-phenylquinolin-4(1H)-one (3.6a) and benzyl

alcohol (3.2a):
121

TH-3636_186122010



Chapter-3: Mn-catalyzed (De)hydrogenative Synthesis of 4-Quinolones

To an oven dried 10 mL round-bottom flask equipped with a reflux condenser and a magnetic stir bar,
2-phenylquinolin-4(1H)-one, 3.6a (0.221, 1.0 mmol, 1.0 equiv.), benzyl alcohol, 3.2a (0.216 g, 2.0
mmol, 2.0 equiv.), KOH (0.084 g, 1.5 mmol, 1.5 equiv.) and Mn-21 (0.020 g, 0.05 mmol, 5 mol%)
were taken under argon atmosphere. Then, the reaction mixture was heated at 140 °C in a preheated oil
bath for 36 h. After completion of the reaction, the reaction mixture was subjected to cool at room
temperature and ethyl acetate (15 mL) was added to dilute the mixture and filtered through a small pad
of celite. The resultant volatiles were evaporated under reduced pressure, monitored by thin layer
chromatography (TLC) and the crude product was purified by silica gel (100—200 mesh size) column
chromatography using Petroleum ether/ethyl acetate as eluent (eluent: Pet. ether/EtOAc = ranging from
65/35 to 20/80). However, in that isolation process, no 3-benzyl-2-phenylquinolin-4(1H)-one (3.3a)

was isolated and the reactant, 2-phenylquinolin-4(1H)-one (3.6a) was recovered as a white solid.
3.5.11. Hg-dropping experiment:

To an oven dried 10 mL round-bottom flask equipped with a reflux condenser and a magnetic stir bar,
2'-Aminoacetophenone, 3.1a (0.135 g, 1.0 mmol, 1.0 equiv.), benzyl alcohol, 3.2a (0.324 g, 3.0 mmol,
3.0 equiv.), KOH (0.084 g, 1.5 mmol, 1.5 equiv.) and metallic Hg (0.401 g, 2.0 mmol, 2.0 equiv.) were
taken together and connected with high vacuum for 10 minutes. Then Mn-21 (0.020 g, 0.05 mmol, 5
mol%) was added under gentle flow of argon. The reaction mixture was heated at 140 °C in a preheated
oil bath for 36 h. After completion of the reaction, the reaction mixture was subjected to cool at room
temperature and ethyl acetate (15 mL) was added to dilute the mixture and filtered through a small pad
of celite. The resultant volatiles were evaporated under reduced pressure and the crude product was
purified by silica gel (100—200 mesh size) column chromatography (eluent: Pet. ether/EtOAc = 65/35)
which afforded 3-benzyl-2-phenylquinolin-4(1H)-one (3.3a) in 73% yield (0.227 g, 0.73 mmol) as a
white solid. In absence of 2.0 equiv. metallic Hg, it afforded 76% yield (0.237 g, 0.76 mmol) of 3.3a as

a white solid.

3.5.12. Radical involvement test in the catalysis:

To an oven dried 10 mL round-bottom flask equipped with a reflux condenser and a magnetic stir bar,
2'-Aminoacetophenone, 3.1a (0.135 g, 1.0 mmol, 1.0 equiv.), benzyl alcohol, 3.2a (0.324 g, 3.0 mmol,
3.0 equiv.), KOH (0.084 g, 1.5 mmol, 1.5 equiv.) and BHT (0.441 g, 2.0 mmol, 2.0 equiv.) were taken
together and remove air through high vacuum upon connecting for 10 minutes. Then Mn-21 (0.020 g,
0.05 mmol, 5 mol%) was added under gentle stream of argon. The reaction mixture was heated at 140
°C in a preheated oil bath for 36 h. After completion of the reaction, the reaction mixture was subjected
to cool at room temperature and ethyl acetate (15 mL) was added to dilute the mixture and filtered
through a small pad of celite. The resultant volatiles were evaporated under reduced pressure and the
crude product was purified by silica gel (100—200 mesh size) column chromatography (eluent: Pet.

ether/EtOAc = 65/35) which afforded 3-benzyl-2-phenylquinolin-4(1H)-one (3.3a) in 71% yield (0.221
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g, 0.73 mmol) as a white solid. In absence of radical scavenger BHT, it afforded 76% yield (0.237 g,
0.76 mmol) of 3.3a as a white solid.

To an oven dried 10 mL round-bottom flask equipped with a reflux condenser and a magnetic stir bar,
2'-Aminoacetophenone, 3.1a (0.135 g, 1.0 mmol, 1.0 equiv.), benzyl alcohol, 3.2a (0.216 g, 2.0 mmol,
2.0 equiv.), KoCO; (0.553 g, 4.0 mmol, 4.0 equiv.) and BHT (0.441 g, 2.0 mmol, 2.0 equiv.) were taken
together and remove air through high vacuum upon connecting for 10 minutes. Then Mn-21 (0.020 g,
0.05 mmol, 5 mol%) was added under gentle stream of argon. The reaction mixture was heated at 140
°C in a preheated oil bath for 40 h. After completion of the reaction, the reaction mixture was subjected
to cool at room temperature and ethyl acetate (15 mL) was added to dilute the mixture and filtered
through a small pad of celite. The resultant volatiles were evaporated under reduced pressure and the
crude product was purified by silica gel (100—200 mesh size) column chromatography (eluent: Pet.
ether/EtOAc = 20/80) which afforded 2-phenylquinolin-4(1H)-one (3.6a) in 65% yield (0.144 g, 0.65
mmol) as a white solid. In absence of radical scavenger BHT, it afforded 72% yield (0.159 g, 0.72

mmol) of 3.6a as a white solid.

3.5.13. Metal hydride trapping experiment:

To an oven dried 100 mL Ace pressure tube equipped with a magnetic stir bar, 2’-Aminoacetophenone,
3.1a (0.135 g, 1.0 mmol, 1.0 equiv.), benzyl alcohol, 3.2a (0.324 g, 3.0 mmol, 3.0 equiv.), KOH (0.084
g, 1.5 mmol, 1.5 equiv.) and Mn-21 (0.020 g, 0.05 mmol, 5 mol%) was added sequentially inside the
argon filled glove box. Then the reaction mixture was stirred at room temperature. After stirring for 0.5
h, tritylium tetrafluoroborate (Ph;C" BF4) (0.066 g, 0.20 mmol, 20 mol%) was added to the reaction
mixture. Then, the tube was sealed and placed at 140 °C in a preheated oil bath. After stirring for 36 h,
the reaction mixture was subjected to cool at room temperature and ethyl acetate (15 mL) was added to
dilute the mixture and filtered through a small pad of celite. The resultant volatiles were evaporated
under reduced pressure and the crude product was purified by silica gel (100—200 mesh size) column
chromatography (eluent: Pet. ether/EtOAc = 65/35) which afforded 3-benzyl-2-phenylquinolin-4(1H)-
one (3.3a) in 18% yield (0.056 g, 0.18 mmol) as a white solid. The detrimental effect in the yield

indicated the involvement of in situ formed Mn-H in the catalytic cycle.

3.5.14. Deuterium scrambling experiment:

At the onset, 2’-Aminoacetophenone, 3.1a (0.135 g, 1.0 mmol, 1.0 equiv.), (4-methoxyphenyl)methan-
d>-ol, 3.2b-d>* (0.422 g, 3.0 mmol, 3.0 equiv.), KOH (0.084 g, 1.5 mmol, 1.5 equiv.) and Mn-21 (0.020
g, 0.05 mmol, 5 mol%) were charged successively to an oven dried 10 mL round-bottom flask equipped
with a reflux condenser and a magnetic stir bar. Then, the round-bottom flask was evacuated, backfilled
with argon for three times and the reaction mixture was heated at 140 °C in a preheated oil bath for 36
h. After completion of the reaction, the reaction mixture was subjected to cool at room temperature and
ethyl acetate (15 mL) was added to dilute the mixture and filtered through a small pad of celite. The

resultant volatiles were evaporated under reduced pressure, monitored by thin layer chromatography
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Figure 3.5. 'H (400 MHz) and 'H (500 MHz) NMR Spectrum of 3-(4-methoxybenzyl)-2-(4-
methoxyphenyl)quinolin-4(1H)-one (3.3b) and 3.3b-d; in DMSO-dg respectively.
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(TLC) and the crude product was purified by silica gel (100—200 mesh size) column chromatography
(eluent: Pet. ether/EtOAc = 65/35) which afforded the desired 3.3b-d; in 32% yield with 74% deuterium
incorporation in the benzylic position as a white solid. The percentage of deuterium incorporation was
analysed by 'H-NMR spectroscopy. When the same reaction was conducted employing 4-
Methoxybenzyl alcohol, 3.2b (0.405 g, 3.0 mmol, 3.0 equiv.) as a coupling partner under the similar
reaction conditions 84% yield (0.312 g, 0.84 mmol) of 3-(4-methoxybenzyl)-2-(4-
methoxyphenyl)quinolin-4(1H)-one (3.3b) was isolated as a white solid which revealed that the value
of Pu/Pp = 2.625 (Figure 3.5).

3.5.15. Detection of evolved hydrogen gas by GC-Thermal Detector (GC-TCD):

3.5.15.1. Detection of evolved hydrogen gas by GC-Thermal Detector (GC-TCD) for Mn-
catalyzed synthesis of 3-benzyl-2-phenylquinolin-4(1H)-one (3.3a) from 2’-aminoacetophenone
(3.1a) and benzyl alcohol (3.2a):

To an oven dried 100 mL Ace pressure tube equipped with a magnetic stir bar, 2’-Aminoacetophenone,
3.1a (0.135 g, 1.0 mmol, 1.0 equiv.), benzyl alcohol, 3.2a (0.324 g, 3.0 mmol, 3.0 equiv.), KOH (0.084
g, 1.5 mmol, 1.5 equiv.) and Mn-21 (0.020 g, 0.05 mmol, 5 mol%) was added sequentially inside the
argon filled glove box. Then the reaction mixture was stirred at room temperature for 0.5 h. Then, the
tube was sealed and placed at 140 °C in a preheated oil bath for next 36 h. After completion of the
reaction, the Ace pressure tube was cooled at 0 °C, the evolved gas was syringed out and detected from
PerkinElmer clarus-590 GC instrument using Elite-Q PLOT Capillary Column (30 m length x 530 um
x 20 pm ID) employing the following method:

TCD starting temperature: 40 °C, Oven temperature: 60 °C, Time at starting temperature: 0 min, Hold
time: 5 min, Ramp: 28 °C/ min up to 200 °C, Flow rate: 5 mL/ min (N»), Split ration: 20, Inlet
temperature: 40 °C, Detector temperature TCD: 200 °C,

The detected gas chromatogram was shown in figure 3.6 (right).

o

dCHG ©/\OH e
+
NH KOH (1.5 equiv.),140 °C,

2
Neat condition, 36 h, Ar

1.0 mmol 3.0 mmol

3.1a, 1.0 equiv.  3.2a, 3.0 equiv.
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Figure 3.6. Chromatogram of standard hydrogen gas (left) and evolved hydrogen gas during catalysis
(right).

3.5.15.2. Detection of evolved hydrogen gas by GC-Thermal Detector (GC-TCD) for Mn-
catalyzed synthesis of 2-phenylquinolin-4(1H)-one (3.6a) from 2’-aminoacetophenone (3.1a) and
benzyl alcohol (3.2a):

To an oven dried 100 mL Ace pressure tube equipped with a magnetic stir bar, 2’-Aminoacetophenone,
3.1a(0.135 g, 1.0 mmol, 1.0 equiv.), benzyl alcohol, 3.2a (0.216 g, 2.0 mmol, 2.0 equiv.), K»CO3 (0.553
g, 4.0 mmol, 4.0 equiv.) and Mn-21 (0.020 g, 0.05 mmol, 5 mol%) was added sequentially inside the
argon filled glove box. Then the reaction mixture was stirred at room temperature for 0.5 h. Then, the
tube was sealed and placed at 140 °C in a preheated oil bath for next 40 h. After completion of the
reaction, the Ace pressure tube was cooled at 0 °C, the evolved gas was syringed out and detected from
PerkinElmer clarus-590 GC instrument using Elite-Q PLOT Capillary Column (30 m length x 530 pm
x 20 pm ID) employing the following method:

TCD starting temperature: 40 °C

Oven temperature: 60 °C, Time at starting temperature: 0 min, Hold time: 5 min

Ramp: 28 °C/ min up to 200 °C, Flow rate: 5 mL/ min (N>), Split ration: 20

Inlet temperature: 40 °C, Detector temperature TCD: 200 °C

The detected gas chromatogram was shown in figure 3.7 (right).

o] o T _|+ -
CH, OH  Mn-21 (5 mol%) o N
+ | +(2Hy) [+ 10 (L N | _On
NH, K,CO; (4.0 equiv.),140 °C, N O : P ln\
. H .
1.0 mmol 2.0 mmol Neat condition, 40 h, Ar (Detected by GC)E ocC o¢ co
3.1a, 1.0 equiv.  3.2a, 2.0 equiv. 3.6a ) Mn-21
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Figure 3.7. Chromatogram of standard hydrogen gas (left) and evolved hydrogen gas during catalysis
(right).

3.5.15.3. Detection of evolved hydrogen gas by GC-Thermal Detector (GC-TCD) during Mn-
catalyzed transformation of 2-phenyl-2,3-dihydroquinolin-4(1H)-one (3.12) to 2-phenylquinolin-
4(1H)-one (3.6a):

To an oven dried 100 mL Ace pressure tube equipped with a magnetic stir bar, 2-phenyl-2,3-
dihydroquinolin-4(1H)-one, 3.12 (0.223, 1.0 mmol, 1.0 equiv.), K,COs (0.553 g, 4.0 mmol, 4.0 equiv.)
and Mn-21 (0.020 g, 0.05 mmol, 5 mol%) was added sequentially inside the argon filled glove box.
Then the reaction mixture was stirred at room temperature for 0.5 h. Then, the tube was sealed and
placed at 140 °C in a preheated oil bath for next 40 h. After completion of the reaction, the Ace pressure
tube was cooled at 0 °C, the evolved gas was syringed out and detected from PerkinElmer clarus-590
GC instrument using Elite-Q PLOT Capillary Column (30 m length x 530 um x 20 pm ID) employing
the following method:

TCD starting temperature: 40 °C

Oven temperature: 60 °C, Time at starting temperature: 0 min, Hold time: 5 min

Ramp: 28 °C/ min up to 200 °C, Flow rate: 5 mL/ min (N;), Split ration: 20

Inlet temperature: 40 °C, Detector temperature TCD: 200 °C

The detected gas chromatogram was shown in figure 3.8 (right).

(o] o
Mn-21 (5 mol%) ,
K,COj (4.0 equiv.),140 °C l /N\ /OH
,CO; (4.0 equiv.), , :
” Ph Neat condition, 40 h, Ar N Ph
(Detected by GC) OC
3.12, 1.0 mmol 3.6a
Mn-21
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Figure 3.8. Chromatogram of standard hydrogen gas (left) and evolved hydrogen gas during catalysis
(right).

3.5.16. Kinetic experiments:

3.5.16.1. Monitoring the kinetics of the reaction:

Experimental procedure: To an oven dried 10 mL two neck round bottomed flask equipped with a
reflux condenser and a magnetic stir bar, 2’-Aminoacetophenone, 3.1a (0.135 g, 1.0 mmol, 1.0 equiv.),
benzyl alcohol, 3.2a (0.324 g, 3.0 mmol, 3.0 equiv.), KOH (0.084 g, 1.5 mmol, 1.5 equiv.) were taken
sequentially and connected with high vacuum for 15 minutes. Then, Mn-21 (0.020 g, 0.05 mmol, 5
mol%) and mesitylene (0.121 g, 1.0 mmol, 1.0 equiv.) as an internal standard were added to the mixture
under gentle flow of argon. In that way, sixteen different reactions were set up and kept in a preheated
oil bath for stirring at 140 °C. At regular intervals (1 h, 2 h,3h,4h, Sh,6h,9h, 12 h, 15 h, 18 h, 21
h, 24 h, 27 h, 30 h, 33 h, 36 h) the reaction mixture was cooled to ambient temperature, diluted with
ethyl acetate (2 mL) and taken in a GC vial. The GC sample was then subjected to gas chromatographic
analysis in PerkinElmer clarus-590 GC instrument using Elite-5 Capillary Column (30 m x 0.25 mm
L.D. x 0.25 um) employing the following method: Inlets: 280 °C; FID 280 °C; Carrier Gas: N»; Flow: 1
mL/min; Oven: 60 °C, hold 1 min; 12 °C/min to 320 °C. The concentration of the product was
determined with respect to mesitylene internal standard. The data was accomplished to draw the
concentration of the product (mmol) vs time (h) plot (Figure 3.2 A).

3.5.16.2. Rate order determination:

The initial rate method was used to determine the rate order for the synthesis of 3-benzyl-2-
phenylquinolin-4(1H)-one (3.3a) with respect to 2'-Aminoacetophenone, 3.1a and benzyl alcohol, 3.2a.
The data of the concentration (mM) vs time (h) plot was fitted to linear using origin pro 8.5. The slope
of the linear fitted curve represents the initial rate of the reaction. The order of the reaction was

determined by plotting initial rate (mM/h) vs concentration (mM) of that particular component.
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3.5.16.2.1. Rate order determination with respect to 2’-Aminoacetophenone (3.1a):

To determine the order for the synthesis of 3-benzyl-2-phenylquinolin-4(1H)-one, 3.3a initial rates at
different initial concentration of 2’-Aminoacetophenone, 3.1a were recorded.

Experimental procedure: To an oven dried 10 mL two neck round bottomed flask equipped with a
reflux condenser and a magnetic stir bar, benzyl alcohol, 3.2a (0.324 g, 3.0 mmol, 3.0 equiv.) and KOH
(0.084 g, 1.5 mmol, 1.5 equiv.) were taken sequentially and connected with high vacuum for 15 minutes.
Then, Mn-21 (0.020 g, 0.05 mmol, 5 mol%), mesitylene (0.121 g, 1.0 mmol, 1.0 equiv.) as an internal
standard and specific amount of 2’-Aminoacetophenone, 3.1a were added to the mixture under gentle
stream of argon. In that way, twenty-four different reactions were set up and kept in a preheated oil bath
for stirring at 140 °C. At regular intervals (1 h, 2 h, 3 h, 4 h, 5 h, 6 h) the reaction mixture was cooled
to ambient temperature, diluted with ethyl acetate (2 mL) and taken in a GC vial. The GC sample was
then subjected to gas chromatographic analysis in PerkinElmer clarus-590 GC instrument using Elite-
5 Capillary Column (30 m x 0.25 mm [.D. x 0.25 pm) employing the following method: Inlets: 280 °C;
FID 280 °C; Carrier Gas: N»; Flow: 1 mL/min; Oven: 60 °C, hold 1 min; 12 °C/min to 320 °C. The
concentration of the product was determined with respect to mesitylene internal standard. The data was
accomplished to draw the concentration of the product (mmol) vs time (h) plot (Figure 3.2 B). The rate
of the reaction at different initial concentration of 2’-Aminoacetophenone, 3.1a was given below and
used to plot the log(rate) vs log(concentration of 2’-Aminoacetophenone, 3.1a) to determine the order
of the reaction with respect to 2'-Aminoacetophenone, 3.1a (Figure 3.2 C).

3.5.16.2.2. Rate order determination with respect to benzyl alcohol (2a):

To determine the order for the synthesis of 3-benzyl-2-phenylquinolin-4(1H)-one, 3.3a initial rates at
different initial concentration of benzyl alcohol, 3.2a were recorded.

Experimental procedure: To an oven dried 10 mL two neck round bottomed flask equipped with a
reflux condenser and a magnetic stir bar, 2’-Aminoacetophenone, 3.1a (0.135 g, 1.0 mmol, 1.0 equiv.)
and KOH (0.084 g, 1.5 mmol, 1.5 equiv.) were taken sequentially and connected with high vacuum for
15 minutes. Then, Mn-21 (0.020 g, 0.05 mmol, 5 mol%), mesitylene (0.121 g, 1.0 mmol, 1.0 equiv.) as
an internal standard and specific amount of benzyl alcohol, 3.2a were added to the mixture under gentle
stream of argon. In that way, twenty-four different reactions were set up and kept in a preheated oil bath
for stirring at 140 °C. At regular intervals (1 h, 2 h, 3 h, 4 h, 5 h, 6 h) the reaction mixture was cooled
to ambient temperature, diluted with ethyl acetate (2 mL) and taken in a GC vial. The GC sample was
then subjected to gas chromatographic analysis in PerkinElmer clarus-590 GC instrument using Elite-
5 Capillary Column (30 m x 0.25 mm [.D. x 0.25 pm) employing the following method: Inlets: 280 °C;
FID 280 °C; Carrier Gas: N»; Flow: 1 mL/min; Oven: 60 °C, hold 1 min; 12 °C/min to 320 °C. The
concentration of the product was determined with respect to mesitylene internal standard. The data was
accomplished to draw the concentration of the product (mmol) vs time (h) plot (Figure 3.2 D). The rate

of the reaction at different initial concentration of benzyl alcohol, 3.2a was given below and used to
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plot the log(rate) vs log(concentration of benzyl alcohol, 3.2a) to determine the order of the reaction
with respect to benzyl alcohol, 3.2a (Figure 3.2 E).

3.5.17. Post-synthetic modification:

3.5.17.1. Experimental procedure for the synthesis of 2-(benzo[d][1,3]dioxo0l-5-yl)-1-
methylquinolin-4(1H)-one, graveoline (3.6t):*

The title compound was prepared according to previous reported literature method.'? To an oven dried
25 mL round bottomed flask equipped with a magnetic stir bar, 2-(benzo[d][1,3]dioxol-5-yl)quinolin-
4(1H)-one (3.6p) (0.265 g, 1.0 mmol, 1.0 equiv.) was dissolved in 10 mL of degassed dry THF solvent
and the mixture was subjected to cool at 0 °C, stirred for 10 min. Then, NaH (0.096 g, 2.0 mmol, 2.0
equiv.) was added portionwise for 15 min. lodomethane (0.426 g, 186.8 pL, 3.0 mmol, 3.0 equiv.) was
added to the mixture via syringe under gentle stream of argon. After completion of addition the reaction
mixture was promoted to room temperature and continued stirring for 3 h. Next, the reaction mixture
was quenched with saturated aqueous solution of NH4Cl, diluted with 20 mL of water and extracted
three times with ethyl acetate (3x20 mL). The combined organic layer was washed with brine, dried
over anhydrous Na,SOs, filtered and concentrated under reduced pressure. Then, the crude product was
purified by silica gel (100—200 mesh size) column chromatography (eluent: Pet. ether/EtOAc = 20/80)
to afford the desired 2-(benzo[d][1,3]dioxo0l-5-yl)-1-methylquinolin-4(1H)-one, graveoline (3.6t) in
78% yield (0.218 g, 0.78 mmol) as a pale brown solid.

3.5.17.2. Experimental procedure for the synthesis of 2-(benzo[d][1,3]dioxo0l-5-yl)-4-

methoxyquinoline, graveolinine (3.13):*

To an oven dried 25 mL round bottomed flask equipped with a magnetic stir bar, 2-
(benzo[d][1,3]dioxol-5-yl)quinolin-4(1H)-one (3.6p) (0.265 g, 1.0 mmol, 1.0 equiv.) was dissolved in
10 mL of anhydrous DMF solvent and stirred for 10 min. Then, K,CO3 (0.276 g, 2.0 mmol, 2.0 equiv.)
was added into it. lodomethane (0.426 g, 186.8 uL, 3.0 mmol, 3.0 equiv.) was added to the mixture via
syringe under gentle stream of argon. After completion of addition, the reaction mixture was heated at
80 °C in a preheated oil bath for 30 min. Next, the reaction mixture was quenched with saturated
aqueous solution of NH4Cl, diluted with 20 mL of water and extracted three times with ethyl acetate
(3%20 mL). The combined organic layer was washed with brine, dried over anhydrous Na,SOs, filtered
and concentrated under reduced pressure. Then, the crude product was purified by silica gel (100—200
mesh size) column chromatography (eluent: Pet. ether/EtOAc = 85/15) to afford the desired 2-
(benzo[d][1,3]dioxol-5-yl)-4-methoxyquinoline, graveolinine (3.13) in 86% yield (0.240 g, 0.86 mmol)

as a pale brown solid.

3.5.17.3. Experimental procedure for the synthesis of 3-bromo-2-phenylquinolin-4(1H)-one (3.14)
and 3-bromo-1-methyl-2-phenylquinolin-4(1H)-one (3.15):%
At the onset, a mixture of 2-phenylquinolin-4(1H)-one (3.6a) (0.221 g, 1.0 mmol, 1.0 equiv.) and KBr

(0.238 g, 2.0 mmol, 2.0 equiv.) was taken in 10 mL MeOH in an oven dried 50 mL round bottomed
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flask equipped with a magnetic stir bar and the mixture was stirred at room temperature for 15 min.
Then, a methanolic solution (5 mL) of PIFA (0.473 g, 1.1 mmol, 1.1 equiv.) was added in a dropwise
manner to the mixture via syringe. Next, it was subjected to stir at room temperature for 2 h. The
completion of the reaction was monitored by thin layer chromatography (TLC) and the contents were
concentrated under reduced pressure. Then, the residue was purified by silica gel (100—200 mesh size)
column chromatography (eluent: Pet. ether/EtOAc = 40/60) to afford the desired 3-bromo-2-
phenylquinolin-4(1H)-one (3.14) in 80% yield (0.240 g, 0.80 mmol) as a light pink solid.

Next, 3-bromo-2-phenylquinolin-4(1H)-one (3.14) (0.150 g, 0.5 mmol, 1.0 equiv.) was dissolved in 5
mL of degassed dry THF solvent in an oven dried 25 mL round bottomed flask equipped with a
magnetic stir bar and the mixture was subjected to cool at 0 °C, stirred for 10 min. Then, NaH (0.048
g, 1.0 mmol, 2.0 equiv.) was added portionwise for 15 min. lodomethane (0.213 g, 93.4 puL, 1.5 mmol,
3.0 equiv.) was added to the mixture via syringe under gentle stream of argon. After completion of
addition the reaction mixture was promoted to room temperature and continued stirring for 3 h. Next,
the reaction mixture was quenched with saturated aqueous solution of NH4Cl, diluted with 10 mL of
water and extracted three times with ethyl acetate (3x10 mL). The combined organic layer was washed
with brine, dried over anhydrous Na,SOs, filtered and concentrated under reduced pressure. Then, the
crude product was purified by silica gel (100—200 mesh size) column chromatography (eluent: Pet.
ether/EtOAc = 40/60) to afford the intended 3-bromo-1-methyl-2-phenylquinolin-4(1H)-one (3.15) in
90% yield (0.142 g, 0.45 mmol) as a white solid.

3.5.17.4. Experimental procedure for the synthesis of ethyl (2-phenylquinolin-4-yl) carbonate
(3.16) and 1-hydroxy-2-phenylquinolin-4(1H)-one (3.17):33?

To an oven dried 25 mL round bottomed flask equipped with a magnetic stir bar, a mixture of 2-
phenylquinolin-4(1H)-one (3.6a) (0.663 g, 3.0 mmol, 1.0 equiv.) and KO'Bu (0.420 g, 3.75 mmol, 3.0
equiv.) was added in 20 mL of anhydrous THF and stirred for 1 h at room temperature under argon gas.
Then, ethyl chloroformate (0.358 g, 3.3 mmol, 1.1 equiv.) was added into it and the stirring was
continued for another 30 min. Next, the reaction mixture was quenched with 10 mL of water and
extracted three times with ethyl acetate (3x10 mL). The combined organic layer was washed with brine,
dried over anhydrous Na,SOs, filtered and concentrated under reduced pressure. Then, the crude
product was purified by silica gel (100—200 mesh size) column chromatography (eluent: Pet.
ether/EtOAc =90/10) to afford the intended ethyl (2-phenylquinolin-4-yl) carbonate (3.16) in 75% yield
(0.660 g, 2.25 mmol) as a light-yellow liquid.

Afterwards, a solution of ethyl (2-phenylquinolin-4-yl) carbonate, 3.16 (0.439 g, 1.5 mmol, 1.0 equiv.)
and m-CPBA (77% purity, 0.280 g, 1.62 mmol, 1.08 equiv.) were suspended in 8 mL of anhydrous
DCM and stirred for 3 h at room temperature. The solution was washed with 0.5 M aqueous Na,CO;
(2x10 mL) and water (10 mL), dried over anhydrous Na,SOs, filtered and concentrated under reduced

pressure. Then, the crude product was used in the next step without any further purification. Next, 3 mL
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of aqueous 5SM KOH solution was added into the ethanolic solution (6 mL) of that crude product. After
1 h at room temperature 15 mL water was added and the pH was adjusted to 1-2 using concentrated
HCI to give a milky solution which soon crystallized. The product was collected under vacuum and
washed with water to give the desired 1-hydroxy-2-phenylquinolin-4(1H)-one (3.17) in 70% yield
(0.249 g, 1.05 mmol) as a yellow solid.

3.5.17.5. Experimental procedure for the synthesis of 4-chloro-2-phenylquinoline (3.18):

To an oven dried 25 mL round bottomed flask equipped with a condenser and a magnetic stir bar, a
mixture of 2-phenylquinolin-4(1H)-one (3.6a) (0.221 g, 1.0 mmol, 1.0 equiv.) and POCI; (0.753 ml,
8.0 mmol, 8.0 equiv.) was charged with argon gas and stirred at 80 °C in a preheated oil bath for 3 h.
The completion of the reaction was monitored by thin layer chromatography (TLC) and quenched with
saturated aqueous solution of NaHCOj3 to make a mixture neutral. Then, the mixture was extracted three
times with ethyl acetate (3x15 mL). The combined organic layer was washed with water (2 x 15 ml),
brine (15 ml), dried over anhydrous Na>SOs, filtered and concentrated under reduced pressure. Then,
the crude product was purified by silica gel (100—200 mesh size) column chromatography (eluent: Pet.
ether/EtOAc = 85/15) to afford the desired 4-chloro-2-phenylquinoline (3.18) in 87% yield (0.209 g,

0.87 mmol) as a white solid.

3.5.17.6. Experimental procedure for the synthesis of N-(2-(1H-indol-3-yl)ethyl)-2-
phenylquinolin-4-amine (3.19) and 2-phenyl-4-(pyrrolidin-1-yl)quinoline (3.20):%

A mixture of 4-chloro-2-phenylquinoline (3.18) (0.240 g, 1.0 mmol, 1.0 equiv.) and K,CO; (0.276 g,
2.0 mmol, 2.0 equiv.) was taken to an oven dried 25 mL round bottomed flask equipped with a
condenser and a magnetic stir bar and then tryptamine (0.320 g, 2.0 mmol, 2.0 equiv.) was charged into
that under gentle stream of argon. Later, the reaction mixture was stirred at 135 °C in a preheated oil
bath for 4 h. After 4 h, the reaction mixture was subjected to cool at room temperature, added 10 mL of
distilled water and extracted three times with ethyl acetate (310 mL). The combined organic layer was
washed with brine, dried over anhydrous Na,SOy, filtered and concentrated under reduced pressure.
Then, the crude product was purified by silica gel (100—200 mesh size) column chromatography (eluent:
Pet. ether/EtOAc = 50/50) to afford the targeted N-(2-(1H-indol-3-yl)ethyl)-2-phenylquinolin-4-amine
(3.19) in 70% yield (0.255 g, 0.70 mmol) as a brown solid.

A mixture of 4-chloro-2-phenylquinoline (3.18) (0.240 g, 1.0 mmol, 1.0 equiv.) and K,CO; (0.276 g,
2.0 mmol, 2.0 equiv.) was taken to an oven dried 25 mL round bottomed flask equipped with a
condenser and a magnetic stir bar and then pyrrolidine (0.142 g, 2.0 mmol, 2.0 equiv.) was charged into
that under gentle stream of argon. Later, the reaction mixture was stirred at 135 °C in a preheated oil
bath for 4 h. After 4 h, the reaction mixture was subjected to cool at room temperature, added 10 mL of
distilled water and extracted three times with ethyl acetate (3%10 mL). The combined organic layer was
washed with brine, dried over anhydrous Na,SO,, filtered and concentrated under reduced pressure.

Then, the crude product was purified by silica gel (100—200 mesh size) column chromatography (eluent:
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Pet. ether/EtOAc = 10/90) to afford the targeted 2-phenyl-4-(pyrrolidin-1-yl)quinoline (3.20) in 85%
yield (0.233 g, 0.85 mmol) as a light-yellow liquid.

3.5.17.7. Experimental procedure for the synthesis of 3-benzyl-4-bromo-2-phenylquinoline
(3.21),'5 3-(hydroxy(phenyl)methyl)-2-phenylquinolin-4-ol (3.22) or 3-(hydroxy(phenyl)methyl)-
2-phenylquinolin-4(1H)-one (3.22):?!

To an oven dried 25 mL round bottomed flask equipped with a magnetic stir bar, 3-benzyl-2-
phenylquinolin-4(1H)-one, 3.3a (0.311 g, 1.0 mmol, 1.0 equiv.) was added in 10 mL of anhydrous DMF
under argon gas. The mixture was cooled to 0 °C and then, PBr3 (0.192 ml, 2.0 mmol, 2.0 equiv.) was
added slowly to a stirred mixture. The reaction mixture was warmed to room temperature, and stirred
for 20 h. The mixture was monitored by TLC and quenched with saturated aqueous solution of NaHCO;
to make a mixture neutral. Then, the mixture was extracted three times with ethyl acetate (3x15 mL).
The combined organic layer was washed with water (2 x 15 ml), brine (15 ml), dried over anhydrous
Na,S0,, filtered and concentrated under reduced pressure. Then, the crude product was purified by
silica gel (100—200 mesh size) column chromatography (eluent: Pet. ether/EtOAc = 95/5) to afford the
desired 3-benzyl-4-bromo-2-phenylquinoline (3.21) in 85% yield (0.318 g, 0.85 mmol) as a white solid.

Next, KO'Bu (0.224 g, 2.0 mmol, 1.6 equiv.) and 18-Crown-6 (0.528 g, 2.0 mmol, 1.6 equiv.) was
added in 7 mL of anhydrous DMF under argon gas taken to an oven dried 25 mL round bottomed flask
equipped with a magnetic stir bar and the mixture was subjected to cool at 0 °C. Then 3-benzyl-4-
bromo-2-phenylquinoline, 3.21 (0.468 g, 1.25 mmol, 1.0 equiv.) was added into the mixture slowly.
Then, the argon gas in the reaction mixture was removed under vacuum and the reaction vessel was
filled with O,. This procedure was repeated for three to four times. The reaction mixture was then stirred
under an O; balloon at room temperature for 12 h. Afterwards, the completion of the reaction was
monitored by thin layer chromatography (TLC) and DMF was removed under vacuum. The resulting
residue was purified by silica gel (100—200 mesh size) column chromatography (eluent: Pet.
ether/EtOAc = 40/60) to afford the intended 3-(hydroxy(phenyl)methyl)-2-phenylquinolin-4-ol (3.22)
in 75% yield (0.307 g, 0.94 mmol) as a white solid.

3.5.17.8. Experimental procedure for the synthesis of 12-benzyl-6,7-diphenyl-13H-
isoquinolino|[2,1-a]quinolin-13-one (3.23):%’

To an oven dried 25 mL round bottomed flask fitted with a reflux condenser, a magnetic pellet and
stirrer was charged with 3-benzyl-2-phenylquinolin-4(1H)-one, 3.3a (0.311 g, 1.0 mmol, 1.0 equiv.),
diphenylacetylene (0.232 g, 1.3 mmol, 1.3 equiv.), [RuCly(p-Cymene)]. (0.031 g, 0.05 mmol, 5 mol%),
Cu(OAc),.H,0 (0.400 g, 2.2 mmol, 2.2 equiv.), TfOH (0.225 g, 1.5 mmol, 1.5 equiv.) and DCE (4 mL).
The combined reaction mixture was heated at 120 °C in a preheated oil bath for 16 h under aerobic
condition. The progress of the reaction was monitored by thin layer chromatography (TLC). After
completion of the reaction, DCE was removed under reduced pressure. The crude product was purified
by silica gel (100—200 mesh size) column chromatography (eluent: Pet. ether/EtOAc = 90/10) to afford
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the desired 12-benzyl-6,7-diphenyl-13H-isoquinolino[2,1-a]quinolin-13-one (3.23) in 78% yield (0.380
g, 0.78 mmol) as a white solid.

3.5.17.8. Experimental procedure for the synthesis of 3-benzyl-4-chloro-2-phenylquinoline (3.24)
and 3-benzyl-4-(ethylthio)-2-phenylquinoline (3.25):'5

To an oven dried 25 mL round bottomed flask equipped with a reflux condenser and a magnetic stir
bar, a mixture of 3-benzyl-2-phenylquinolin-4(1H)-one, 3.3a (0.311 g, 1.0 mmol, 1.0 equiv.) and POCl;
(0.753 ml, 8.0 mmol, 8.0 equiv.) was charged with argon gas and stirred at 80 °C in a preheated oil bath
for 3 h. The completion of the reaction was monitored by thin layer chromatography (TLC) and
quenched with saturated aqueous solution of NaHCO; to make a mixture neutral. Then, the mixture was
extracted three times with ethyl acetate (3x15 mL). The combined organic layer was washed with water
(2 x 15 ml), brine (15 ml), dried over anhydrous Na,SOs, filtered and concentrated under reduced
pressure. Then, the crude product was purified by silica gel (100—200 mesh size) column
chromatography (eluent: Pet. ether/EtOAc = 85/15) to afford the desired 3-benzyl-4-chloro-2-
phenylquinoline (3.24) in 90% yield (0.297 g, 0.90 mmol) as a white solid.

To an oven dried 25 mL round bottomed flask equipped with a magnetic stir bar was charged with 3-
benzyl-4-chloro-2-phenylquinoline, 3.25 (0.330 g, 1.0 mmol, 1.0 equiv.), KOH (0.056 g, 1.0 mmol, 1.0
equiv.), Ethanethiol (0.062 g, 1.0 mmol, 1.0 equiv.) and DMSO (5 mL). The combined reaction mixture
was stirred at room temperature under air. The progress of the reaction was monitored by thin layer
chromatography (TLC). After 2 h, the mixture was diluted with ethyl acetate (10 mL) and water (10
mL) and extracted three times with ethyl acetate (3x15 mL). The combined organic layer was washed
with water (2 x 15 ml), brine (15 ml), dried over anhydrous Na,SOs, filtered and concentrated under
reduced pressure. Then, the crude product was purified by silica gel (100—200 mesh size) column
chromatography (eluent: Pet. ether/EtOAc = 98/2) to afford the targeted 3-benzyl-4-(ethylthio)-2-
phenylquinoline (3.25) in 83% yield (0.295 g, 0.83 mmol) as a white solid.
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3.5.18. Analytical data:
3.5.18.1. Analytical data for substrate scopes:
3-benzyl-2-phenylquinolin-4(1H)-one (3.3a):*?

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
ether/EtOAc = 65/35) to afforded the title compound in 76% yield (0.237 g, 0.76
mmol) as a white solid. 'H NMR (500 MHz, DMSO-ds) 5 11.72 (brs, 1H), 8.13 (d,
J=28.1 Hz, 1H), 7.66 — 7.62 (m, 2H), 7.56 — 7.50 (m, 3H), 7.45 — 7.43 (m, 2H), 7.30
—7.30 (m, 1H), 7.13 (t,J=7.4 Hz, 2H), 7.06 (t, /= 7.2 Hz, 1H), 6.95 (d, /= 7.1 Hz,
2H), 3.74 (s, 2H). *C NMR (100 MHz, DMSO-dy) § 176.3, 149.1, 141.5, 139.6, 134.8, 131.6, 129.5,
128.7,128.6, 127.9, 127.8, 125.4, 125.1, 123.8, 122.9, 118.3, 117.6, 31.1.
3-(4-methoxybenzyl)-2-(4-methoxyphenyl)quinolin-4(1H)-one (3.3b):*

oMe Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
ether/EtOAc = 50/50) to afforded the title compound in 84% yield (0.312 g,
0.84 mmol) as a white solid. "H NMR (400 MHz, DMSO-d;) 5 11.62 (brs, 1H),
8.12 (d, J=8.1 Hz, 1H), 7.65 — 7.59 (m, 2H), 7.38 (d, J = 8.3 Hz, 2H), 7.32 —
7.28 (m, 1H), 7.07 (d, J=8.5 Hz, 1H), 6.89 (d, /= 8.2 Hz, 2H), 6.71 (d, J= 8.4
Hz, 2H), 3.82 (s, 3H), 3.69 (s, 2H), 3.66 (s, 3H). 3C NMR (125 MHz, DMSO-
ds) 5 176.3, 160.1, 157.1, 148.8, 139.6, 133.6, 131.4, 130.1, 128.7, 127.2, 125.1, 123.7, 122.8, 118.2,
118.1, 113.9, 113.4, 55.4, 54.9, 30.3.

3-(4-methylbenzyl)-2-(p-tolyl)quinolin-4(1H)-one (3.3¢):*

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
ether/EtOAc = 60/40) to afforded the title compound in 80% yield (0.272 g, 0.80
mmol) as a white solid. "H NMR (500 MHz, DMSO-d;) § 11.64 (brs, 1H), 8.11
(d,J=8.1 Hz, 1H), 7.63 — 7.62 (m, 2H), 7.37 — 7.29 (m, SH), 6.94 (d, J=7.7 Hz,
2H), 6.86 (d, J = 7.4 Hz, 2H), 3.68 (s, 2H), 2.38 (s, 3H), 2.19 (s, 3H). C NMR
(125 MHz, DMSO-ds) 6 176.3, 149.1, 139.6, 139.1, 138.5, 134.1, 132.1, 131 .4,
129.0, 128.6, 128.5, 127.7, 125.1, 123.7, 122.8, 118.2, 117.7, 30.7, 20.9, 20.5.
3-(4-(tert-butyl)benzyl)-2-(4-(tert-butyl)phenyl)quinolin-4(1H)-one (3.3d):'®

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
ether/EtOAc = 60/40) to afforded the title compound in 86% yield (0.364 g, 0.86
mmol) as a white solid. 'H NMR (500 MHz, DMSO-ds) 5 11.66 (brs, 1H), 8.09
(d, J=8.1 Hz, 1H), 7.64 — 7.60 (m, 2H), 7.52 (d, J = 8.4 Hz, 2H), 7.41 (d, J =
8.2 Hz, 2H), 7.31 — 7.28 (m, 1H), 7.14 (d, J = 8.3 Hz, 2H), 6.90 (d, J = 8.0 Hz,
2H), 3.70 (s, 2H), 1.31 (s, 9H), 1.19 (s, 9H). *C NMR (125 MHz, DMSO-d;) &
176.3, 152.2, 149.0, 147.5,139.7, 138.4, 132.2, 131.5, 128.5, 127.5, 125.4, 125.1, 124.6, 123.7, 122.8,
118.3,117.7, 34.6, 34.0, 31.2, 31.1, 30.8.
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3-(4-(dimethylamino)benzyl)-2-(4-(dimethylamino)phenyl)quinolin-4(1H)-one (3.3¢):!8

~ Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
ether/EtOAc = 60/40) to afforded the title compound in 58% yield (0.231 g, 0.58
mmol) as a white solid. "H NMR (500 MHz, DMSO-ds) 5 11.44 (brs, 1H), 8.09
(d,J=8.2 Hz, 1H), 7.64 (d, /= 8.2 Hz, 1H), 7.59 (t, /J=7.8 Hz, 1H), 7.30 - 7.25
(m, 3H), 6.84 (d, /= 8.6 Hz, 2H), 6.80 (d, J = 8.7 Hz, 2H), 6.55 (d, J = 8.6 Hz,
2H), 3.69 (s, 2H), 2.96 (s, 6H), 2.78 (s, 6H). *C NMR (125 MHz, DMSO-ds) &
176.3, 150.9, 149.3, 148.5, 139.6, 131.1, 129.7, 129.5, 128.3, 125.0, 123.6, 122.5, 122.2, 118.1, 117.9,
112.5,111.5, 40.5, 39.9, 30.3.

3-(3-methoxybenzyl)-2-(3-methoxyphenyl)quinolin-4(1H)-one (3.3f):

Purification by column chromatography (SiO;, 100-200 mesh, eluent: Pet.
ether/EtOAc = 50/50) to afforded the title compound in 78% yield (0.290 g,
0.78 mmol) as a white solid. 'H NMR (400 MHz, DMSO-ds) & 11.76 (brs,
1H), 8.15 (d, J = 8.1 Hz, 1H), 7.66 — 7.60 (m, 2H), 7.44 (t, J = 7.9 Hz, 1H),
7.34—-7.30 (m, 1H), 7.11 — 7.02 (m, 3H), 6.96 (s, 1H), 6.65 (d, /=7.7 Hz, 1H),
6.59 (d, J = 7.6 Hz, 1H), 6.52 (s, 1H), 3.73 (s, 2H), 3.68 (s, 3H), 3.62 (s, 3H). 3C NMR (150 MHz,
DMSO-ds) 6 176.4, 159.1, 159.0, 149.0, 143.3, 139.6, 136.1, 131.6, 129.8, 129.0, 125.2, 123.8, 123.0,
120.8, 120.3, 118.4, 117.5, 115.4, 114.2, 113.8, 110.7, 55.2, 54.8, 31.2.

3-(3-phenoxybenzyl)-2-(3-phenoxyphenyl)quinolin-4(1H)-one (3.3g):'®

ether/EtOAc = 50/50) to afforded the title compound in 72% yield (0.357
g, 0.72 mmol) as a white solid. "H NMR (500 MHz, DMSO-ds) 5 11.76
(brs, 1H), 8.12 (d, J= 8.1 Hz, 1H), 7.65 — 7.59 (m, 2H), 7.50 (t, /=7.9 Hz,
o 1H), 7.36 (t, /= 7.8 Hz, 2H), 7.33 — 7.29 (m, 3H), 7.19 (d, /= 7.6 Hz, 1H),
O \© 7.16 —7.12 (m, 3H), 7.07 (t, J="7.3 Hz, 1H), 6.97 (d, /= 7.5 Hz, 3H), 6.87
(d, J = 8.0 Hz, 2H), 6.74 — 6.69 (m, 2H), 6.57 (s, 1H), 3.76 (s, 2H). 1*C
NMR (125 MHz, DMSO-ds) 6 176.3, 156.7, 156.7, 156.3, 156.1, 148.5, 143.8, 139.5, 136.3, 131.7,
130.4, 130.3, 130.2, 129.9, 129.5, 125.1, 123.9, 123.8, 123.6, 123.2, 123.1, 119.5, 119.3, 118.8, 118.5,
118.4,118.2,117.4, 115.7, 30.8.
3-(2-methylbenzyl)-2-(o-tolyl)quinolin-4(1H)-one (3.3h):

© Purification by column chromatography (SiOz, 100—200 mesh, eluent: Pet.

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
ether/EtOAc = 60/40) to afforded the title compound in 40% yield (0.136 g, 0.40
mmol) as a white solid. "H NMR (500 MHz, DMSO-ds) & 11.75 (brs, 1H), 8.18
(d, J=8.1 Hz, 1H), 7.64 (t,J= 7.7 Hz, 1H), 7.59 (d, /= 8.4 Hz, 1H), 7.39 — 7.32
(m, 2H), 7.29 (d,J=7.6 Hz, 1H), 7.23 (t,J=7.5 Hz, 1H), 7.19 (d, /= 7.6 Hz, 1H),
6.97 — 6.88 (m, 3H), 6.78 (d, /= 7.5 Hz, 1H), 3.65 — 3.62 (m, 1H), 3.49 — 3.46 (m, 1H), 1.94 (s, 3H),

1.88 (s, 3H). *C NMR (150 MHz, DMSO-d5) § 176.5, 149.0, 139.6, 139.1, 135.9, 135.3, 134.4, 131.5,
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130.2, 129.4, 129.2, 128.7, 127.4, 125.8, 125.4, 125.2, 125.1, 123.8, 122.9, 118.2, 118.2, 27.6, 19.0,
18.7. HRMS (ESI-TOF) m/z [M+H]" calculated for C2sH2NO is 340.1701 Found 340.1678.
3-(2-chlorobenzyl)-2-(2-chlorophenyl)quinolin-4(1H)-one (3.3i):

Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
ether/EtOAc = 60/40) to afforded the title compound in 35% yield (0.133 g, 0.35
mmol) as a white solid. "H NMR (500 MHz, DMSO-ds) & 11.98 (brs, 1H), 8.16
(d,J=8.1 Hz, 1H), 7.68 (t,J = 7.6 Hz, 1H), 7.61 (d, J= 7.7 Hz, 2H), 7.53 — 7.50
(m, 1H), 7.39 — 7.35 (m, 3H), 7.27 - 7.25 (m, 1H), 7.12 — 7.07 (m, 2H), 7.01 —
6.99 (m, 1H), 3.88 — 3.85 (m, 1H), 3.50 — 3.47 (m, 1H). *C NMR (150 MHz, DMSO-ds) § 176.3,
146.9, 139.7, 137.7, 133.2, 132.8, 132.1, 131.9, 131.4, 130.7, 129.7, 129.2, 128.6, 127.4, 127.2, 126.8,
125.2,123.9, 123.3, 118.3, 116.9, 28.5. HRMS (ESI-TOF) m/z [M+H]" calculated for C2xH;sCINO is
380.0609 Found 380.0594.

3-(2-bromobenzyl)-2-(2-bromophenyl)quinolin-4(1H)-one (3.3j):

Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
ether/EtOAc = 60/40) to afforded the title compound in 30% yield (0.141 g, 0.30
mmol) as a white solid. 'H NMR (500 MHz, DMSO-ds) § 11.98 (brs, 1H), 8.16
(d, J=8.1 Hz, 1H), 7.77 (d, J = 7.3 Hz, 1H), 7.68 (t,J= 7.6 Hz, 1H), 7.62 (d, J =
8.4 Hz, 1H), 7.44 — 7.40 (m, 3H), 7.38 — 7.34 (m, 2H), 7.14 (t, J = 7.4 Hz, 1H),
7.04 — 7.00 (m, 2H), 3.91 — 3.88 (m, 1H), 3.39 — 3.36 (m, 1H). *C NMR (150 MHz, DMSO-d;s) 5
176.3, 148.3, 139.7, 139.2, 135.2, 132.8, 131.8, 131.5, 130.6, 129.3, 128.5, 127.8, 127.5, 127.4, 125.2,
123.9, 123.9, 123.3, 122.1, 118.4, 116.8, 31.5. HRMS (ESI-TOF) m/z [M+H]" calculated for
C»H16Br:NO is469.9578 Found 469.9568.
3-(4-fluorobenzyl)-2-(4-fluorophenyl)quinolin-4(1H)-one (3.3k):*

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
ether/EtOAc = 60/40) to afforded the title compound in 75% yield (0.261 g, 0.75
mmol) as a white solid. "H NMR (400 MHz, DMSO-ds) § 11.74 (brs, 1H), 8.14
(d, J= 8.1 Hz, 1H), 7.67 — 7.60 (m, 2H), 7.51 — 7.47 (m, 2H), 7.39 — 7.31 (m
3H), 6.99 —6.92 (m, 4H), 3.71 (s, 2H). '*C NMR (125 MHz, DMSO-ds) 5 176.2,
162.6 (d, J =245.2 Hz), 160.3 (d, J = 239.2 Hz), 148.3, 139.5, 137.5 (d, /= 2.8
Hz), 131.6, 131.2, 131.1, 131.09, 131.0, 129.4 (d, J = 7.8 Hz), 125.1, 123.8, 123.0, 118.3, 117.9, 115.5
(d, J=21.6 Hz), 114.6 (d, J = 20.7 Hz), 30.2.’F NMR (470 MHz, DMSO-d;s) 5 -111.5, -118.1.
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3-(4-chlorobenzyl)-2-(4-chlorophenyl)quinolin-4(1H)-one (3.31):'®

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
ether/EtOAc = 60/40) to afforded the title compound in 71% yield (0.270 g, 0.71
mmol) as a white solid. "H NMR (600 MHz, DMSO-ds) § 11.80 (brs, 1H), 8.13
(d, J=8.1 Hz, 1H), 7.66 — 7.61 (m, 2H), 7.58 (d, J = 8.0 Hz, 2H), 7.45 (d, J =
8.0 Hz, 2H), 7.33 (t, J=7.4 Hz, 1H), 7.18 (d, J = 8.1 Hz, 2H), 6.97 (d, J = 8.1
Hz, 2H), 3.70 (s, 2H). *C NMR (150 MHz, DMSO-d5) & 176.3, 148.3, 140.4,
139.6, 134.5, 133.4, 131.8, 130.6, 130.1, 129.7, 128.7, 127.9, 125.2, 123.9, 123.2, 118.4, 117.5, 30.5.
3-(4-bromobenzyl)-2-(4-bromophenyl)quinolin-4(1H)-one (3.3m):*

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
ether/EtOAc = 60/40) to afforded the title compound in 65% yield (0.305 g, 0.65
mmol) as a white solid. '"H NMR (500 MHz, DMSO-ds) 5 11.74 (brs, 1H), 8.14
(d, J=8.1 Hz, 1H), 7.64 (d, J = 4.0 Hz, 2H), 7.53 — 7.49 (m, 2H), 7.44 — 7.42
(m, 2H), 7.34 - 7.31 (m, 1H), 7.14 — 7.06 (m, 2H), 6.95 (d, /= 7.6 Hz, 2H), 3.74
(s, 2H). 3C NMR (125 MHz, DMSO-ds) 5 176.4, 149.3, 141.6, 139.6, 134.9,
131.7, 129.6, 128.7, 128.6, 128.0, 127.9, 125.4, 125.2, 123.8, 123.1, 118.4, 117.8, 31.1.
3-(4-(trifluoromethyl)benzyl)-2-(4-(trifluoromethyl)phenyl)quinolin-4(1H)-one (3.3n):'

Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
ether/EtOAc = 50/50) to afforded the title compound in 46% yield (0.206 g,
0.46 mmol) as a white solid. "H NMR (500 MHz, DMSO-d5) § 11.91 (brs, 1H),
8.14 (d, J= 8.1 Hz, 1H), 7.88 (d, /= 7.9 Hz, 2H), 7.69 — 7.61 (m, 4H), 7.47 (d,
cr,| J=7.9Hz,2H),7.35 (t,J=7.5 Hz, 1H), 7.17 (d, J= 8.0 Hz, 2H), 3.80 (s, 2H).

3C NMR (125 MHz, DMSO-ds) 5 176.3, 147.2 (d, J=253.6 Hz), 139.7, 138.6,
132.0, 130.4 (q, J=31.6 Hz), 129.8, 128.6, 127.8, 127.3, 126.4 (q, J=31.5 Hz), 125.6 (q, /= 3.5 Hz),
125.2,125.1,124.9 (q,J=3.6 Hz), 123.9, 123.4,123.0, 121.3, 120.8, 118.5, 117.1, 31.1.’F NMR (470
MHz, DMSO-dy) 6 -60.7, -61.3.

4-(3-(4-cyanobenzyl)-4-0x0-1,4-dihydroquinolin-2-yl)benzonitrile (3.30):

Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
ether/EtOAc = 40/60) to afforded the title compound in 30% yield (0.108 g,
0.30 mmol) as a white solid. '"H NMR (400 MHz, DMSO-ds) § 11.93 (brs,
1H), 8.14 (d, J = 8.1 Hz, 1H), 8.00 (d, J = 7.8 Hz, 2H), 7.70 — 7.59 (m, 6H),
7.35(t,J=7.5Hz, 1H), 7.14 (d, J = 7.9 Hz, 2H), 3.77 (s, 2H). 3C NMR (125
MHz, DMSO-ds) o6 176.1, 147.9, 147.3, 139.6, 138.9, 132.6, 131.9, 131.9,
129.8, 128.9, 125.1, 123.8, 123.3, 119.1, 118.4, 118.3, 116.7, 112.4, 108.3, 31.2. HRMS (ESI-TOF)
m/z [M+H]" calculated for C»4H16N30is362.1293 Found 362.1311.

138
TH-3636_186122010



Chapter-3: Mn-catalyzed (De)hydrogenative Synthesis of 4-Quinolones

3-(4-hydroxybenzyl)-2-(4-hydroxyphenyl)quinolin-4(1H)-one (3.3p):

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
ether/EtOAc = 30/70) to afforded the title compound in 38% yield (0.108 g,
0.38 mmol) as a white solid. '"H NMR (500 MHz, DMSO-ds) § 11.54 (brs,
1H), 9.90 (s, 1H), 9.02 (s, 1H), 8.11 (d, J = 8.1 Hz, 1H), 7.61(q, J = 8.3 Hz,
2H), 7.32 — 7.23 (m, 3H), 6.88 (d, J = 8.1 Hz, 2H), 6.77 (d, J = 8.1 Hz, 2H),
6.55 (d, J = 8.1 Hz, 2H), 3.65 (s, 2H). *C NMR (125 MHz, DMSO-ds)
176.3, 158.4, 155.0, 149.2, 139.6, 131.9, 131.3, 130.1, 128.7, 125.6, 125.1, 123.7, 122.7, 118.3, 118.2,
115.1, 114.7, 30.3. HRMS (ESI-TOF) m/z [M+H]" calculated for CH;sNOs is 344.1287 Found
344.1290.

2-(naphthalen-2-yl)-3-(naphthalen-2-ylmethyl)quinolin-4(1H)-one (3.3s):*?

Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
ether/EtOAc = 60/40) to afforded the title compound in 60% yield (0.247 g,
0.60 mmol) as a white solid. 'TH NMR (500 MHz, DMSO-ds) § 11.91 (brs,
1H), 8.19 (d, /= 8.1 Hz, 1H), 8.07 (s, 1H), 8.00 (t, /= 8.2 Hz, 2H), 7.90 (d, J
=17.9 Hz, 1H), 7.78 — 7.75 (m, 1H), 7.68 — 7.67 (m, 3H), 7.62 — 7.55 (m, 4H),
7.38 — 7.33 (m, 4H), 7.21 (d, J = 8.3 Hz, 1H), 3.96 (s, 2H). 3C NMR (125
MHz, DMSO-d¢) 6 176.5, 149.4, 139.7, 139.3, 133.1, 133.0, 132.4, 132.3, 131.7, 131.5, 128.4, 128.3,
128.1,127.8,127.4,127.3, 127.3, 127.3, 127.3, 127.0, 126.1, 125.8, 125.5, 125.3, 125.0, 124.0, 123.1,
118.4,117.8, 31.5.
2-(benzo[d][1,3]dioxol-5-yl)-3-(benzo[d][1,3]dioxol-5-ylmethyl)quinolin-4(1H)-one (3.3t):'®

Purification by column chromatography (SiO,, 100200 mesh, cluent: Pet.
ether/EtOAc = 50/50) to afforded the title compound in 56% yield (0.224 g,
0.56 mmol) as a white solid. '"H NMR (500 MHz, DMSO-ds) 5 11.63 (brs, 1H),
8.11 (d, /= 8.1 Hz, 1H), 7.62 (d, J = 3.7 Hz, 2H), 7.32 — 7.29 (m, 1H), 7.06 —
7.03 (m, 2H), 6.93 (d, J= 7.9 Hz, 1H), 6.68 (d, J = 7.9 Hz, 1H), 6.58 (s, 1H),
6.40 (d,J=7.9 Hz, 1H), 6.11 (s, 2H), 5.89 (s, 2H), 3.68 (s, 2H). *C NMR (125
MHz, DMSO-dy) 6 176.3, 148.7, 148.1, 147.2, 146.9, 144.9, 139.5, 135.5, 131.5, 128.4, 125.1, 123.8,
122.9,122.8,120.5, 118.3, 117.9, 109.2, 108.5, 108.3, 107.7, 101.5, 100.5, 30.8.
2-(thiophen-2-yl)-3-(thiophen-2-ylmethyl)quinolin-4(1H)-one (3.3u):!8

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
ether/EtOAc = 50/50) to afforded the title compound in 72% yield (0.233 g, 0.72
mmol) as a white solid. '"H NMR (600 MHz, DMSO-ds) & 11.78 (brs, 1H), 8.13 (d,
J=28.1 Hz, 1H), 7.86 (d, J= 5.0 Hz, 1H), 7.67 — 7.64 (m, 2H), 7.42 (d, J = 3.6,
1H), 7.35 - 7.32 (m, 1H), 7.26 (t, J=4.3 Hz, 1H), 7.17 (d, /= 5.1 Hz, 1H), 6.83 (t,
J=4.3Hz, 1H), 6.63 (d,J=3.5 Hz, 1H), 4.03 (s, 2H). *C NMR (125 MHz, DMSO-ds) § 176.0, 144.3,
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142.2,139.7,134.2, 132.1, 130.0, 129.2, 127.7, 126.6, 125.2, 124.4, 123.7, 123.5, 123.4, 119.0, 118.5,
26.4.

2-(furan-2-yl)-3-(furan-2-ylmethyl)quinolin-4(1H)-one (3.3v):!8

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
ether/EtOAc = 40/60) to afforded the title compound in 50% yield (0.146 g, 0.50
mmol) as a white solid. '"H NMR (600 MHz, DMSO-d5) 5 11.64 (brs, 1H), 8.10 (d,
J=28.1Hz, 1H), 8.03 (s, 1H), 7.79 (d, /= 8.3 Hz, 1H), 7.65 (t,J= 7.7 Hz, 1H), 7.45
(s, 1H), 7.32 (t,J= 7.5 Hz, 1H), 6.99 (d, J= 3.5 Hz, 1H), 6.76 (s, 1H), 6.27 (s, 1H),
5.86 (s, 1H), 4.06 (s, 2H). *C NMR (125 MHz, DMSO-ds) § 176.1, 154.2, 146.2, 145.2, 141.1, 139.7,
137.8, 132.0, 125.1, 123.4, 123.2, 118.5,114.2, 113.9, 112.4, 110.5, 105.2, 24.4.
3-((1H-imidazol-2-yl)methyl)-2-(1H-imidazol-2-yl)quinolin-4(1H)-one (3.3w):

=\ Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.

" ether/EtOAc = 10/90) to afforded the title compound in 54% yield (0.157 g, 0.54

| H mmol) as a white solid. 'H NMR (500 MHz, DMSO-d;) § 11.78 (brs, 1H), 8.11 (d,

N N‘J) J=28.1Hz, 1H), 7.86 (d, /= 8.4 Hz, 1H), 7.63(t, /=7.9 Hz ,1H), 7.48 (s, 2H), 7.31

(t, J=7.5 Hz, 1H), 6.98 (s, 2H), 3.98 (s, 2H). '3C NMR (125 MHz, DMSO-d;) 5

176.2,147.7,140.7, 139.7, 138.7, 132.0, 131.6, 131.5, 128.9, 128.8, 124.8, 123.4, 123.2, 118.8, 114.8,
23.9. HRMS (ESI-TOF) m/z [M+H]" calculated for C;¢H4sNsOis292.1198 Found 292.1211.

3-((1H-indol-3-yl)methyl)-2-(1H-indol-3-yl)quinolin-4(1H)-one (3.3x):

Purification by column chromatography (SiOz, 100-200 mesh, eluent: Pet.
ether/EtOAc = 30/70) to afforded the title compound in 57% yield (0.222 g, 0.57
mmol) as a white solid. "H NMR (500 MHz, DMSO-ds) 5 11.61 (brs, 1H), 10.78
(s, 2H), 8.17 (d, J = 8.2 Hz, 1H), 7.57 (t, J= 7.7 Hz, 1H), 7.53 (d, /= 5.8 Hz,
1H), 7.49 (d, J= 8.3 Hz, 1H), 7.34 (d, /= 8.1 Hz, 2H), 7.30 (d, /= 7.9 Hz, 2H),
7.26 (d, J = 7.5 Hz, 1H), 7.01 (t, J = 7.6 Hz, 2H), 6.86 — 6.83 (m, 3H), 3.59 (s, 2H). *C NMR (125
MHz, DMSO-ds) 6 175.3, 139.5, 137.4, 137.0, 136.8, 136.5, 133.2, 131.3, 127.2, 126.8, 125.5, 124.9,
124.6, 124.0, 123.7, 123.5, 122.8, 120.9, 119.5, 119.1, 118.7 ,118.3, 118.2, 117.7, 111.6, 30.0. HRMS
(ESI-TOF) m/z [M+H]" calculated for C26H2N30 is 390.1606 Found 390.1610.
3-(quinolin-2-ylmethyl)-[2,2'-biquinolin]-4(1H)-one (3.3y):

Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
ether/EtOAc = 40/60) to afforded the title compound in 67% yield (0.277 g,
0.67 mmol) as a white solid. 'H NMR (500 MHz, DMSO-d;) § 12.05 (brs,
1H), 8.50 (d, /= 8.5 Hz, 1H), 8.15 (d, /= 8.4 Hz, 2H), 8.04 (t,J=9.5 Hz, 3H),
7.85 (d, J= 8.0 Hz, 1H), 7.82 (d, J= 7.8 Hz, 1H), 7.76 (d, J = 8.5 Hz, 1H),
7.72 -7.68 (m, 3H), 7.63 — 7.60 (m, 2H), 7.47 (t,J = 7.5 Hz, 2H), 7.43 (d, J =
8.5 Hz, 1H), 7.36 (t, J = 7.5 Hz, 1H), 4.17 (s, 2H). 3*C NMR (125 MHz, DMSO-ds) § 176.7, 153.3,

147.8,147.1, 139.7, 137.1, 135.9, 132.0, 130.4, 129.2, 129.2, 128.3, 128.1, 127.7, 127.6, 127.6, 126 4,
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125.6,125.2,123.9, 123.3,122.1, 121.7, 118.6, 117.0, 34.7. HRMS (ESI-TOF) m/z [M+H]" calculated
for C2sH20N301s414.1606 Found 414.1586.
3-(4-(allyloxy)benzyl)-2-(4-(allyloxy)phenyl)quinolin-4(1H)-one (3.3z):

0 NF Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
ether/EtOAc = 40/60) to afforded the title compound in 61% yield (0.258
g, 0.61 mmol) as a white solid. '"H NMR (500 MHz, DMSO-d) & 11.64
(brs, 1H), 8.13 (d, J = 7.6 Hz, 1H), 7.65 — 7.60 (m, 2H), 7.37 (d, J = 8.3
Hz, 2H), 7.30 (t,J= 7.0 Hz, 1H), 7.07 (d, J = 8.5 Hz, 2H), 6.88 (d, /= 8.3
Hz, 2H), 6.73 (d, /= 8.4 Hz, 2H), 6.09 — 5.95 (m, 2H), 5.42 (dd, /= 17.3,
1.8 Hz, 1H), 5.34 (dd, J=17.3, 2.0 Hz, 1H), 5.28 (dd, /= 10.5, 1.8 Hz, 1H), 5.23 — 5.18 (m, 1H), 4.64
(d, J= 5.1 Hz, 2H), 4.45 (d, J = 4.8 Hz, 2H), 3.70 (s, 2H). 1*C NMR (125 MHz, DMSO-ds) 5 176.4,
159.0, 156.1, 148.9, 139.6, 133.9, 133.8, 133.4, 131.4, 130.1, 128.8, 127.3, 125.1, 123.8, 122.8, 118.3,
118.2, 117.7, 117.2, 114.6, 114.2, 68.3, 68.1, 30.3. HRMS (ESI-TOF) m/z [M+H]" calculated for
CasH26NO31s424.1293 Found 424.1311.

o/\/

2-cyclopropyl-3-(cyclopropylmethyl)quinolin-4(1H)-one (3.3za):

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
ether/EtOAc = 40/60) to afforded the title compound in 45% yield (0.108 g, 0.45
! mmol) as a white solid. '"H NMR (400 MHz, DMSO-d;) § 10.34 (brs, 1H), 8.04 (d,
J=28.1Hz, 1H), 7.67 (d, J= 8.4 Hz, 1H), 7.54 (t, /= 7.6 Hz, 1H), 7.22 (t,J="7.5 Hz,
1H), 2.66 (d, J = 6.6 Hz, 2H), 2.28 — 2.21 (m, 1H), 1.11 — 0.98 (m, 5H), 0.33 — 0.30 (m, 2H), 0.23 —
0.21 (m, 2H).3C NMR (125 MHz, DMSO-ds) § 175.7, 149.8, 139.2, 130.9, 125.0, 123.5, 122.4, 119.9,
118.0, 28.4, 12.7, 10.9, 7.6, 4.4. HRMS (ESI-TOF) m/z [M+H]" calculated for C;¢H;sNO is 240.1388
Found 240.1379.

2-heptyl-3-octylquinolin-4(1H)-one (3.3zb):'®

Iz

o Purification by column chromatography (SiO,, 100—200 mesh, eluent:
m Pet. ether/EtOAc = 70/30) to afforded the title compound in 32% yield

N (0.114 g, 0.32 mmol) as a brown solid. 'H NMR (500 MHz, CDCl;) &

11.48 (brs, 1H), 8.27 (d, J= 8.2 Hz, 1H), 7.63 (d, J= 8.4 Hz, 1H), 7.41

(t, J=17.6 Hz, 1H), 7.16 (t, J = 7.6 Hz, 1H), 2.65 (t, J = 8.1 Hz, 2H), 2.57 (t, /= 7.8 Hz, 2H), 1.63 —
1.56 (m, 2H), 1.50 — 1.44 (m, 2H), 1.25 — 1.09 (m, 16H), 0.81 — 0.74 (m, 8H). '3C NMR (125 MHz,

CDClL) 6 177.8, 151.4, 139.8, 131.1, 125.7, 124.1, 123.0, 120.3, 118.3, 32.5, 32.0, 31.8, 30.3, 30.0,
29.9,29.8,29.7,29.5,293,29.1,22.8,22.7,14.2, 14.2.

3-decyl-2-nonylquinolin-4(1H)-one (3.3zc):

o Purification by column chromatography (SiO,, 100-200 mesh,
M eluent: Pet. ether/EtOAc = 70/30) to afforded the title compound in
N 40% yield (0.165 g, 0.40 mmol) as a brown solid. '"H NMR (500
MHz, CDCl) 6 11.64 (brs, 1H), 8.32 (d, J = 8.2 Hz, 1H), 7.67 (d,
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J=8.1Hz, 1H), 7.46 (t, /= 7.8 Hz, 1H), 7.22 (t, J=7.7 Hz, 1H), 2.69 (t, /= 8.2 Hz, 2H), 2.62 (t, J =
8.0 Hz, 2H), 2.38 (t, /= 7.7 Hz, 2H), 1.67 — 1.64 (m, 4H), 1.56 — 1.49 (m, 2H), 1.36 — 1.19 (m, 20H),
0.89 — 0.84 (m, 8H)."*C NMR (125 MHz, CDCl3) § 177.7, 151.5, 139.5, 131.1, 125.6, 123.8, 123.1,
120.3, 118.1, 34.5, 32.3, 32.0, 32.0, 30.2, 29.8, 29.8, 29.8, 29.6, 29.6, 29.5, 29.4, 29.4, 29.3, 25.8, 25.0,
22.8, 22.8, 14.2, 14.2. HRMS (ESI-TOF) m/z [M+H]" calculated for CasHs6NO is 412.3579 Found
412.3583.

2-(2,6-dimethylhept-5-en-1-yl)-3-(3,7-dimethyloct-6-en-1-yl)quinolin-4(1H)-one (3.3zd):

Purification by column chromatography (SiO2, 100200 mesh, eluent:
Pet. ether/EtOAc = 75/25) to afforded the title compound in 60% yield
(0.245 g, 0.60 mmol) as a yellow liquid. '"H NMR (400 MHz, CDCl;) §
11.71 (brs, 1H), 8.33 (d, J= 8.1 Hz, 1H), 7.70 (d, J = 8.4 Hz, 1H), 7.46
(t,J=7.7Hz, 1H), 7.22 (t,J = 7.5 Hz, 1H), 5.05 (t, /= 7.2 Hz, 1H), 4.98
(t,J=7.1 Hz, 1H), 2.79 — 2.52 (m, 2H), 2.42 — 2.17 (m, 2H), 2.06 — 1.83 (m, 6H), 1.67 (s, 3H), 1.64 (d,
J=6.7 Hz, 2H), 1.60 (s, 3H), 1.56 (s, 3H), 1.52 (s, 3H), 1.42 — 1.28 (m, 1H), 1.26 — 1.12 (m, 1H), 1.00
(d, J= 6.6 Hz, 2H), 0.91 (d, J = 6.3 Hz, 3H), 0.87 (d, J = 6.5 Hz, 3H). *C NMR (125 MHz, CDCl;) §
177.5, 150.4, 139.6, 131.5, 131.44, 131.42, 131.0, 130.91, 130.90, 125.5, 125.0, 124.4, 124.3, 123.9,
123.1,121.3,118.4,42.1,39.6,37.1,37.1,36.9, 36.7, 33.4, 33.4,33.3,30.1, 25.8, 25.7, 25.7,25.7, 25.5,
23.7,19.7, 19.5,19.5, 19.2, 17.7. HRMS (ESI-TOF) m/z [M+H]" calculated for C>sH4NO is 408.3266
Found 408.3260.

3-benzyl-6-bromo-2-phenylquinolin-4(1H)-one (3.3ze):*

Purification by column chromatography (SiO2, 100200 mesh, eluent: Pet.
ether/EtOAc = 60/40) to afforded the title compound in 60% yield (0.234 g,
0.60 mmol) as a white solid. 'H NMR (600 MHz, DMSO-ds) 5 11.92 (brs, 1H),
8.22 (s, 1H), 7.79 (d, J= 8.7 Hz, 1H), 7.61 (d, J= 8.8 Hz, 1H), 7.53 (t, /=9.2
Hz, 3H), 7.44 (d,J=7.1 Hz, 2H), 7.13 (t, J= 7.5 Hz, 2H), 7.08 — 7.06 (m, 1H),
6.94 (d, J = 7.5 Hz, 2H), 3.73 (s, 2H). ®C NMR (150 MHz, DMSO-ds) 5 175.1, 149.6, 141.2, 138.4,
134.5,134.3,129.7, 128.7, 128.6, 128.0, 127.8, 127.3, 125.5, 125.2, 121.0, 118.3, 115.6, 31.1.
3-benzyl-2,6-diphenylquinolin-4(1H)-one (3.3zf):'8

Purification by column chromatography (SiO,, 100—200 mesh, eluent: Pet.
ether/EtOAc = 50/50) to afforded the title compound in 68% yield (0.264
g, 0.68 mmol) as a white solid. '"H NMR (500 MHz, DMSO-d;s) 5 11.86
(brs, 1H), 8.39 (s, 1H), 8.00 (d, J = 8.6 Hz, 1H), 7.74 (d, J = 6.9 Hz, 3H),
7.57-7.45 (m, 7H), 7.38 (t,J="7.4 Hz, 1H), 7.14 (t, /= 7.4 Hz, 2H), 7.07
(t, J=17.3 Hz, 1H), 6.98 (d, J = 7.4 Hz, 2H), 3.76 (s, 2H). *C NMR (125 MHz, DMSO-ds) 5 176.4,
149.2, 141.5, 139.6, 139.0, 134.8, 130.3, 129.6, 129.2, 128.7, 128.6, 128.0, 127.9, 127.5, 126.6, 125.4,
124.0, 122.5,119.2, 117.9, 31.2.
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3-benzyl-1-methyl-2-phenylquinolin-4(1H)-one (3.3zg):'®

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
ether/EtOAc = 60/40) to afforded the title compound in 60% yield (0.195 g, 0.60
mmol) as a yellow solid. "H NMR (600 MHz, DMSO-d;) 5 8.29 (d, J = 7.8 Hz,
1H), 7.78 — 7.77 (m, 2H), 7.52 — 7.48 (m, 3H), 7.45 — 7.42 (m, 1H), 7.27 — 7.26
(m, 2H), 7.09 (t,J= 7.3 Hz, 2H), 7.04 (t,J= 7.2 Hz, 1H), 6.85 (d, J= 6.8 Hz, 2H),
3.56 (s, 2H), 3.42 (s, 3H). *C NMR (150 MHz, DMSO-ds) 5 175.5, 152.6, 141.2, 140.9, 134.5, 132.2,
129.2,128.9, 128.5, 127.9, 127.8, 125.8, 125.3, 125.1, 123.3, 119.7, 117.1, 37.3, 32.3.
3-methyl-2-phenylquinolin-4(1H)-one (3.52):'8

o Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
O | ether/EtOAc = 40/60) to afforded the title compound in 82% yield (0.193 g, 0.82
N O mmol) as a white solid. "H NMR (600 MHz, DMSO-ds) 5 11.64 (brs, 1H), 8.14

(d,J=8.1 Hz, 1H), 7.63 — 7.61 (m, 2H), 7.60 — 7.54 (m, 5H), 7.31 — 7.29 (m, 1H),
1.89 (s, 3H). 3C NMR (150 MHz, DMSO-ds) § 176.9, 147.9, 139.5, 135.2, 131.4, 129.5, 129.0, 128.7,
125.0, 123.1, 122.8, 118.2, 114.5, 12.3.

2-(4-methoxyphenyl)-3-methylquinolin-4(1H)-one (3.5b):'®

o Purification by column chromatography (SiO2, 100-200 mesh, eluent: Pet.
| ether/EtOAc = 40/60) to afforded the title compound in 87% yield (0.231 g,
N O 0.87 mmol) as a white solid. 'H NMR (600 MHz, DMSO-d;s) 6 11.52 (brs,
OMe 1H), 8.12 (d, J = 8.1 Hz, 1H), 7.63 — 7.58 (m, 2H), 7.49 (d, J = 8.6 Hz, 2H),
7.28 (t, J = 7.1 Hz, 1H), 7.12 (d, J = 8.6 Hz, 2H), 3.84 (s, 3H), 1.91 (s, 3H). 3*C NMR (150 MHz,
DMSO-ds) 6 176.8, 160.0, 147.6, 139.5, 131.2, 130.4, 127.3, 124.9, 123.0, 122.6, 118.1, 114.3, 113.9,
55.4,12.3.
3-methyl-2-(p-tolyl)quinolin-4(1H)-one (3.5¢):*

(7

o Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
O | ether/EtOAc = 40/60) to afforded the title compound in 83% yield (0.231 g,
N O 0.83 mmol) as a white solid. "H NMR (500 MHz, DMSO-ds)  11.55 (brs, 1H),

Me

8.12 (d, J=8.1 Hz, 1H), 7.63 — 7.58 (m, 2H), 7.44 (d, J = 7.8 Hz, 2H), 7.37 (d,
J=7.8 Hz, 2H), 7.28 (t, /= 7.2 Hz, 1H), 2.40 (s, 3H), 1.90 (s, 3H). 3C NMR (125 MHz, DMSO-dj) 5
176.7, 147.7, 139.5, 139.0, 132.3, 131.2, 129.0, 128.8, 124.9, 123.0, 122.6, 118.1, 114.3, 20.9, 12.2.
2-(4-fluorophenyl)-3-methylquinolin-4(1H)-one (3.5d):*

o Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.

| ether/EtOAc = 40/60) to afforded the title compound in 74% yield (0.187 g,
N O 0.74 mmol) as a white solid. "H NMR (400 MHz, DMSO-d;) 5 11.62 (brs, 1H),
Fl 813 (d, J=28.1 Hz, 1H), 7.64 — 7.60 (m, 4H), 7.41 (t, J = 8.7 Hz, 2H), 7.32 —
7.27 (m, 1H), 1.88 (s, 3H). *C NMR (125 MHz, DMSO-ds) § 176.7, 162.6 (d, J = 245.3 Hz), 146.8,

(7
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139.5,131.5(d,/J=3.3 Hz), 131.42, 131.35, 131.33, 125.0, 123.1, 122.7, 118.2, 115.5 (d, /= 21.5 Hz),
114.6, 12.1.'F NMR (470 MHz, DMSO-ds) § -111.8.
2-(4-chlorophenyl)-3-methylquinolin-4(1H)-one (3.5¢):'®

o Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.

O | ether/EtOAc = 40/60) to afforded the title compound in 70% yield (0.189 g,
N O 0.70 mmol) as a white solid. '"H NMR (500 MHz, DMSO-d) 5 11.63 (brs, 1H),

©] 8.13(d,/=8.1Hz 1H), 7.64 — 7.58 (m, 6H), 7.31 — 7.28 (m, 1H), 1.88 (s, 3H).

13C NMR (125 MHz, DMSO-ds) 5 176.7, 146.5, 139.5, 134.2, 133.8, 131.3, 130.9, 128.6, 125.0, 123.1,
122.7,118.1, 114.5, 12.1.
3-methyl-2-(4-(trifluoromethyl)phenyl)quinolin-4(1H)-one (3.5f):'®

o Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.

O | ether/EtOAc = 30/70) to afforded the title compound in 57% yield (0.173 g,
N O 0.57 mmol) as a white solid. 'H NMR (400 MHz, DMSO-d;) & 11.70 (brs,

©Fs 1H), 8.14 (d, J = 8.1 Hz, 1H), 7.94 (d, J = 8.0 Hz, 2H), 7.81 (d, /= 7.9 Hz,

2H), 7.65 — 7.58 (m, 2H), 7.31 (t, J = 7.1 Hz, 1H), 1.87 (s, 3H). *C NMR (125 MHz, DMSO-d;) &
176.7, 146.2, 139.5, 139.0, 131.5, 130.1, 129.7 (q, J = 22.2 Hz), 125.5 (q, J = 3.8 Hz), 125.1, 125.0,
123.1,122.9,122.8, 118.2, 114.6, 12.0. ’F NMR (470 MHz, DMSO-d;) § -61.2.
2-(3-methoxyphenyl)-3-methylquinolin-4(1H)-one (3.5g):'®

o Purification by column chromatography (SiO», 100-200 mesh, eluent: Pet.
O | ether/EtOAc = 30/70) to afforded the title compound in 78% yield (0.207 g, 0.78

N O mmol) as a white solid. '"H NMR (600 MHz, DMSO-d;) § 11.60 (brs, 1H), 8.13
(s, 1H), 7.63 — 7.60 (m, 2H), 7.48 (t, /= 6.4 Hz, 1H), 7.31 — 7.27 (m, 1H), 7.12
— 7.11 (m, 3H), 3.83 (s, 3H), 1.90 (s, 1H). *C NMR (150 MHz, DMSO-ds) §
176.8, 159.2, 147.5, 139.5, 136.4, 131.3, 129.8, 124.9, 123.1, 122.7, 121.2, 118.2, 115.0, 114.5, 114.3,
55.4,12.2.
2-(2-methoxyphenyl)-3-methylquinolin-4(1H)-one (3.5h):'®

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
ether/EtOAc = 20/80) to afforded the title compound in 42% yield (0.111 g, 0.42
mmol) as a white solid. 'H NMR (600 MHz, DMSO-d;) 5 11.60 (brs, 1H), 8.12
(d, /J=8.2 Hz, 1H), 7.59 (t, /= 7.5 Hz, 1H), 7.55 - 7.52 (m, 2H), 7.36 (d, /= 7.3
Hz, 1H), 7.28 (t, J= 7.5 Hz, 1H), 7.22 (d, J = 8.4 Hz, 1H), 7.12 (t, /= 7.4 Hz, 1H), 3.78 (s, 3H), 1.74
(s, 3H). BC NMR (150 MHz, DMSO-ds) & 176.5, 156.4, 145.2, 139.5, 131.1, 131.1, 130.2, 124.9,
123.8,123.2,122.5,120.5, 118.0, 115.6, 111.8, 55.6, 11.9.
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2-(benzo[d][1,3]dioxol-5-yl)-3-methylquinolin-4(1H)-one (3.5i):'®

®

o Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
I ether/EtOAc = 20/80) to afforded the title compound in 46% yield (0.128 g,
N O o> 0.46 mmol) as a white solid. '"H NMR (600 MHz, DMSO-d;) 5 11.55 (brs, 1H),
° 8.11 (d,J=8.1 Hz, 1H), 7.62 — 7.58 (m, 2H), 7.30 — 7.27 (m, 1H), 7.15 (s, 1H),
7.09 (d, J = 7.9 Hz, 1H), 7.03 (d, J = 7.9 Hz, 1H), 6.12 (s, 2H), 1.91 (s, 3H). ®C NMR (150 MHz,
DMSO-ds) 6 176.9, 148.1, 147.5, 147.3, 139.5, 131.3, 128.8, 125.0, 123.2, 123.1, 122.7, 118.2, 114.5,
109.5, 108.4, 101.6, 12.4.
3-methyl-2-(thiophen-2-yl)quinolin-4(1H)-one (3.5j):

o Purification by column chromatography (SiO;, 100-200 mesh, eluent: Pet.

| . ether/EtOAc = 20/80) to afforded the title compound in 70% yield (0.169 g, 0.70
N | »| mmol) as a white solid. '"H NMR (600 MHz, DMSO-d;)  11.59 (brs, 1H), 8.11 (d,
J=28.1Hz, 1H), 7.88 (d, /= 5.0 Hz, 1H), 7.65 — 7.60 (m, 2H), 7.50 (d, J= 3.5 Hz,
1H), 7.31 — 7.28 (m, 2H), 2.05 (s, 3H). 3C NMR (150 MHz, DMSO-ds) 5 176.6, 140.9, 139.5, 135.0,
131.5,129.9, 128.9, 127.6, 125.0, 123.0, 122.9, 118.2, 115.6, 12.4.

3-methyl-2-(4-(phenylethynyl)phenyl)quinolin-4(1H)-one (3.5k):

Purification by column chromatography (SiO2, 100200 mesh, eluent:
Pet. ether/EtOAc = 20/80) to afforded the title compound in 68% yield
(0.228 g, 0.68 mmol) as a white solid. '"H NMR (400 MHz, DMSO-dj)
o 11.66 (brs, 1H), 8.14 (d, J = 8.1 Hz, 1H), 7.75 (d, J = 7.8 Hz, 2H),
7.63 —7.59 (m, 6H), 7.46 — 7.45 (m, 3H), 7.33 — 7.29 (m, 1H), 1.91 (s,
3H). *C NMR (125 MHz, DMSO-ds) & 176.7, 146.8, 139.5, 135.1,
131.5, 131.5, 131.4, 129.5, 129.1, 128.8, 125.0, 123.3, 123.1, 122.8, 122.0, 118.2, 114.5, 90.6, 88.8,
12.1. HRMS (ESI-TOF) m/z [M+H]" calculated for C24H;sNO is 336.1388 Found 336.1406.
2-cyclohexyl-3-methylquinolin-4(1H)-one (3.51):'®

o Purification by column chromatography (SiO,, 100-200 mesh, ecluent: Pet.

| ether/EtOAc = 30/70) to afforded the title compound in 65% yield (0.157 g, 0.65
mmol) as a white solid. "H NMR (400 MHz, DMSO-ds) 5 10.69 (brs, 1H), 8.04
(d, /J=8.1 Hz, 1H), 7.71 (d, /= 8.3 Hz, 1H), 7.56 (t, /= 7.6 Hz, 1H), 7.23 (t, J =
7.5 Hz, 1H),2.99 - 2.91 (m, 1H), 2.04 (s, 3H), 1.86 — 1.72 (m, 7H), 1.46 — 1.29 (m, 3H). *C NMR (125
MHz, DMSO-ds) 6 176.4, 153.0, 139.4,130.8, 124.9, 122.8, 122.3, 117.9, 112.9, 40.0, 29.7, 26.0, 25.3,
10.1.

=

2-heptyl-3-methylquinolin-4(1H)-one (3.5m):!8

o Purification by column chromatography (SiO», 100-200 mesh, eluent: Pet.
@ﬁi/\/\/\ ether/EtOAc = 60/40) to afforded the title compound in 63% yield (0.162
N g, 0.63 mmol) as a white solid. '"H NMR (600 MHz, DMSO-ds) 6 11.34

(brs, 1H), 8.04 (d, J = 8.0 Hz, 1H), 7.56 (t, J = 7.7 Hz, 1H), 7.49 (d, J =
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8.4 Hz, 1H), 7.23 (t, J= 7.5 Hz, 1H), 2.67 (t, /= 7.9 Hz, 2H), 1.98 (s, 3H), 1.64 — 1.59 (m, 2H), 1.37 -
1.22 (m, 8H), 0.85 (t, J = 6.6 Hz, 3H). 3C NMR (150 MHz, DMSO-ds) 5 176.3, 149.7, 139.2, 130.9,
125.0, 122.9, 122.3,117.6, 113.7, 31.7, 31.2, 28.8, 28.5, 28.3, 22.1, 14.0, 10.3.
3-methyl-2-nonylquinolin-4(1H)-one (3.5n):'®

o Purification by column chromatography (SiO2, 100-200 mesh, eluent:
@fji/\/\/\/\ Pet. ether/EtOAc = 60/40) to afforded the title compound in 65% yield

N (0.186 g, 0.65 mmol) as a white solid. 'H NMR (400 MHz, DMSO-
ds) 5 11.39 (brs, 1H), 8.05 (d, /= 8.2 Hz, 1H), 7.56 (t, J = 7.0 Hz, 1H),
7.49 (d,J=8.3 Hz, 1H), 7.23 (t, J= 7.3 Hz, 1H), 2.66 (t, J = 7.7 Hz, 2H), 1.98 (s, 3H), .64 — 1.56 (m,
2H), 1.36 — 1.21 (m, 12H), 0.83 (t, J = 6.7 Hz, 3H). 3C NMR (100 MHz, DMSO-ds) § 176.4, 149.9,
139.2,131.0,125.1,122.9,122.4,117.6,113.8,31.7,31.3,29.0, 28.9, 28.8, 28.7,28.4, 22.1, 14.0, 10.4.

3-methyl-2-pentadecylquinolin-4(1H)-one (3.50):

Purification by column chromatography (SiO», 100-200

o)

@ﬁi/\/\/\/\/\/\/\ mesh, eluent: Pet. ether/EtOAc = 60/40) to afforded the
N
H

title compound in 71% yield (0.262 g, 0.71 mmol) as a

white solid. '"H NMR (500 MHz, CDCl; + CD;OD) &
8.17(d, J=8.2 Hz, 1H), 7.43 (t,J= 7.4 Hz, 2H), 7.35 (d, /= 8.3 Hz, 2H), 7.19 (t, /= 7.5 Hz, 2H), 2.58
(t, J = 8.0 Hz, 2H), 2.04 (s, 3H), 1.59 — 1.53 (m, 2H), 1.32 — 1.27 (m, 2H), 1.24 — 1.17 (m, 22H), 0.79
(t, J=6.9 Hz, 3H). *C NMR (125 MHz, CDCIl; + CD;0D) § 178.3, 151.1, 139.0, 131.1, 125.3, 123.2,
123.1,117.3,115.1, 32.6,31.9, 29.6, 29.6, 29.6, 29.6, 29.6, 29.6, 29.5, 29.5, 29.3, 29.3, 28.8, 22.6, 14.0,
10.4. HRMS (ESI-TOF) m/z [M+H]" calculated for C25H4NO is370.3110 Found 370.3111.
2-(2,6-dimethylhept-5-en-1-yl)-3-methylquinolin-4(1H)-one (3.5p):'®

o Purification by column chromatography (SiO,, 100—200 mesh, eluent: Pet.

©\)I)\/\)\ ether/EtOAc = 60/40) to afforded the title compound in 57% yield (0.162
Z

N g, 0.57 mmol) as a white solid. '"H NMR (500 MHz, CDCls) § 10.01 (brs,

1H), 8.37 (d, J= 8.1 Hz, 1H), 7.56 — 7.50 (m, 2H), 7.29 — 7.26 (m, 1H),
5.01 (t,J=7.1 Hz, 1H), 2.79 (dd, J = 13.8, 6.5 Hz, 1H), 2.54 (dd, J = 13.7, 8.6 Hz, 1H), 2.18 (s, 3H),
2.05 - 1.89 (m, 2H), 1.79 — 1.75 (m, 1H), 1.65 (s, 3H), 1.55 (s, 3H), 1.41 — 1.33 (m, 1H), 1.29 — 1.21
(m, 1H), 0.91 (d, J = 6.9 Hz, 3H). 3C NMR (125 MHz, CDCl;) § 178.2, 149.0, 139.2, 131.9, 131.3,
126.1, 124.3,123.7, 123.1, 117.5, 116.4, 40.3, 37.0, 33.0, 25.8, 25.6, 19.4, 17.8, 11.4.
(Z)-2-(heptadec-8-en-1-yl)-3-methylquinolin-4(1H)-one (3.5q):

o Purification by column chromatography (SiO,, 100-200 mesh,
| eluent: Pet. ether/EtOAc = 60/40) to afforded the title compound in

\ 62% yield (0.245 g, 0.62 mmol) as a white solid. '"H NMR (400
MHz, DMSO-ds + C¢Dg) 6 11.38 (brs, 1H), 8.18 (d, /=8.1 Hz, 1H),
7.58 — 7.56 (m, 2H), 7.28 — 7.23 (m, 1H), 5.36 (s, 2H), 2.68 (t, J =

7.4 Hz, 2H), 2.06 (s, 3H), 1.97 (d, J = 17.0 Hz, 4H), 1.63 (m, 1H), 1.36 — 1.22 (m, 22H), 1.12 — 1.08
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(m,1SSH), 0.85 (dd, J=6.7, 3.8 Hz, 3H). '*C NMR (125 MHz, DMSO-d;s) 5 176.3, 149.7, 139.2, 130.9,
129.7,129.6, 125.0, 122.9,122.3,117.6,113.7,31.7,31.3, 29.1, 29.1, 28.8, 28.7, 28.6, 28.6, 28.5, 28.3,
26.6, 22.1, 14.0, 10.3. HRMS (ESI-TOF) m/z [M+H]" calculated for C;H4NO is 396.3266 Found
396.3260.

6-chloro-3-methyl-2-phenylquinolin-4(1H)-one (3.5r):'®

0 Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
CI O | ether/EtOAc = 50/50) to afforded the title compound in 80% yield (0.216 g,

N O 0.80 mmol) as a white solid. '"H NMR (400 MHz, DMSO-ds) 5 11.78 (brs,
1H), 8.05 (s, 1H), 7.64 (s, 2H), 7.58 — 7.54 (m, 5H), 1.88 (s, 3H). *C NMR

(125MHz, DMSO-ds) 6 175.6, 148.1, 138.0, 134.8, 131.5, 129.6, 128.9, 128.6, 127.3, 124.0, 123.8,
120.7, 114.9, 12.2.

4-0x0-2-phenyl-1,4-dihydroquinoline-3-carbonitrile (3.5s):'8

o Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
‘\)‘\/l(; ether/EtOAc = 10/90) to afforded the title compound in 45% yield (0.111 g, 0.45
N O mmol) as a white solid. "H NMR (500 MHz, DMSO-ds) § 12.31 (brs, 1H), 8.15
(d, /=79 Hz, 1H), 7.81 —7.79 (m, 3H), 7.75 (d, /= 8.2 Hz, 1H), 7.70 — 7.67 (m,

3H), 7.50 (t, J = 7.5 Hz, 1H). 3C NMR (125MHz, DMSO-ds) 6 175.1, 157.3, 139.3, 133.5, 132.3,
131.5, 128.9, 128.8, 125.6, 124.9, 123.9, 119.6, 117.0, 93.4.

W

2-phenyl-3-propylquinolin-4(1H)-one (3.5t):'8

o Purification by column chromatography (SiO», 100200 mesh, eluent: Pet.
ether/EtOAc = 20/80) to afforded the title compound in 78% yield (0.205 g, 0.78
N O mmol) as a white solid. "H NMR (600 MHz, DMSO-ds) 6 11.57 (brs, 1H), 8.12
(d, J=8.1 Hz, 1H), 7.62 — 7.56 (m, 5H), 7.51 (d, /J=6.2 Hz, 2H), 7.29 (t,J=7.2
Hz, 1H), 2.29 (t, J = 7.6 Hz, 2H), 1.40 — 1.34 (m, 2H), 0.71 (t, J = 7.4 Hz, 3H). *C NMR (150 MHz,

DMSO-ds) 6 176.5, 148.3, 139.5, 135.2, 131.4, 129.3, 128.7, 128.6, 125.0, 123.6, 122.7, 119.2, 118.2,
28.0,22.1, 14.2.

2-(4-methoxyphenyl)-3-propylquinolin-4(1H)-one (3.5u):'®

o Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
‘\)n\ ether/EtOAc = 10/90) to afforded the title compound in 71% yield (0.208 g,
N O 0.71 mmol) as a white solid. '"H NMR (500 MHz, DMSO-ds) § 11.48 (brs,

OMe 1H), 8.11 (d, /= 8.1 Hz, 1H), 7.61 — 7.58 (m, 2H), 7.44 (d, J = 8.6 Hz, 2H),

7.30 —7.25 (m, 1H), 7.11 (d, J = 8.7 Hz, 2H), 3.84 (s, 3H), 2.32 (t, /= 7.6

Hz, 2H), 1.42 - 1.35 (m, 2H), 0.73 (t,J = 7.4 Hz, 3H). 3*C NMR (125 MHz, DMSO-d;) 5 176.4, 159.9,
148.0, 139.4, 131.2, 130.1, 127.5, 125.0, 123.5, 122.5, 119.3, 118.1, 113.9, 55.3, 28.0, 22.1, 14.2.

(7
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2-(4-chlorophenyl)-3-propylquinolin-4(1H)-one (3.5v):'®

o Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.

| ether/EtOAc = 10/90) to afforded the title compound in 76% yield (0.226 g,

N O 0.76 mmol) as a white solid. '"H NMR (400 MHz, DMSO-ds) § 11.58 (brs,

Cll 1H), 8.12 (d, J= 8.2 Hz, 1H), 7.65 — 7.54 (m, 6H), 7.31 — 7.27 (m, 1H), 2.28

(t, J = 7.7 Hz, 2H), 1.42 — 1.32 (m, 2H), 0.72 (t, J = 7.3 Hz, 3H). *C NMR (125 MHz, DMSO-ds) &

176.4, 147.0, 139.4, 134.1, 133.9, 131.4, 130.7, 128.6, 125.0, 123.6, 122.8, 119.3, 118.1, 27.9, 22.0,
14.2.

(7

3-propyl-2-(4-(trifluoromethyl)phenyl)quinolin-4(1H)-one (3.5w):!3

o Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.

O | ether/EtOAc = 10/90) to afforded the title compound in 48% yield (0.159 g,

N O 0.48 mmol) as a white solid. 'H NMR (600 MHz, DMSO-d;) & 11.63 (brs,

CFs| 1H), 8.13 (d, J= 8.1 Hz, 1H), 7.95 (d, J = 7.9 Hz, 2H), 7.78 (d, J = 7.9 Hz,

2H), 7.63 (t, J = 7.5 Hz, 1H), 7.56 — 7.55 (m, 1H), 7.33 (t, J = 7.4 Hz, 1H), 2.30 (t, J = 7.7 Hz, 2H),

1.41 — 1.35 (m, 2H), 0.71 (t, J = 7.4 Hz, 3H). 3C NMR (150 MHz, DMSO-d5) 6 176.3, 146.7, 139.5,

139.1, 131.5, 129.7 (q, J = 26.5 Hz), 125.5 (q, J = 3.7 Hz), 125.0, 124.9, 123.6, 123.1, 122.8, 119.2,
118.1,27.8,22.0, 14.1.'F NMR (470 MHz, DMSO-ds) 6 -61.2.

2-(3-methoxyphenyl)-3-propylquinolin-4(1H)-one (3.5x):'®

o Purification by column chromatography (SiO2, 100-200 mesh, eluent: Pet.
O | e ether/EtOAc = 10/90) to afforded the title compound in 65% yield (0.191 g,

N O 0.65 mmol) as a white solid. '"H NMR (500 MHz, DMSO-ds) § 11.57 (brs,
1H), 8.12 (d, J= 8.1 Hz, 1H), 7.64 — 7.59 (m, 2H), 7.48 (t, /= 8.0 Hz, 1H),
7.30 — 7.27 (m, 1H), 7.12 (d, J = 8.3 Hz, 2H), 7.08 — 7.07 (m, 2H), 3.82 (s, 3H), 2.31 (t, /= 7.4 Hz,
2H), 1.44 — 1.37 (m, 2H), 0.74 (t, J = 7.3 Hz, 3H). ®C NMR (125 MHz, DMSO-ds) 6 176.4, 159.2,
147.9, 139.4, 136.5, 131.3, 129.8, 125.0, 123.6, 122.6, 120.9, 119.1, 118.1, 114.9, 114.3, 55.4, 28.1,
22.1,14.2.
3-propyl-2-(thiophen-2-yl)quinolin-4(1H)-one (3.5y):'®

o Purification by column chromatography (SiO,, 100-200 mesh, ecluent: Pet.
ether/EtOAc = 20/80) to afforded the title compound in 60% yield (0.162 g, 0.60
mmol) as a white solid. "H NMR (600 MHz, DMSO-ds) 5 11.59 (brs, 1H), 8.10
(d,/J=8.1 Hz, 1H), 7.85 (d, J=5.1 Hz, 1H), 7.62 — 7.59 (m, 2H), 7.44 (d, /= 3.4
Hz, 1H), 7.33 — 7.22 (m, 2H), 2.45 (t,J= 7.8 Hz, 2H), 1.48 — 1.41 (m, 2H), 0.82 (t, J = 7.4 Hz, 3H). *C
NMR (150 MHz, DMSO-dy) 6 176.3, 141.0, 139.6, 134.9, 131.6, 129.5, 128.7, 127.5, 125.0, 123.4,
122.9,120.8, 118.2, 28.3, 22.5, 14.2.
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3-propyl-[2,2'-biquinolin]-4(1H)-one (3.5z):

Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
ether/EtOAc = 10/90) to afforded the title compound in 63% yield (0.198 g,
0.63 mmol) as a yellow solid. '"H NMR (400 MHz, DMSO-d;) & 11.81 (brs,
1H), 8.61 (d, J = 8.4 Hz, 1H), 8.18 — 8.11 (m, 3H), 7.88 (t, /= 7.5 Hz, 1H),
7.83 (d,J=8.5Hz, 1H), 7.73 (t,J=7.5 Hz, 1H), 7.67 — 7.62 (m, 2H), 7.35 - 7.31 (m, 1H), 2.41 (t,J=
7.5 Hz, 2H), 1.48 — 1.38 (m, 2H), 0.69 (t, J = 7.4 Hz, 3H). ®C NMR (125 MHz, DMSO-ds) 5 176.7,
153.7,147.1, 146.5, 139.5, 137.1, 131.6, 130.5, 129.2, 128.1, 127.7, 127.4, 125.1, 123.7, 122.9, 121.9,
119.5, 118.3, 27.6, 22.1, 14.2. HRMS (ESI-TOF) m/z [M+H]" calculated for C,1H;sN,O is 315.1497
Found 315.1502.

2-heptyl-3-propylquinolin-4(1H)-one (3.5za):'

o Purification by column chromatography (SiO,, 100-200 mesh, eluent:
m Pet. ether/EtOAc = 50/50) to afforded the title compound in 48% yield

N (0.137 g, 0.48 mmol) as a white solid. 'H NMR (500 MHz, CDCls) §
11.43 (brs, 1H), 8.33 (d, /= 8.1 Hz, 1H), 7.69 — 7.64 (m, 1H), 7.48 (t, J
=7.6 Hz, 1H), 7.23 (t,J=7.5 Hz, 1H), 2.70 (t, /= 8.1 Hz, 2H), 2.61 (t, /= 7.7 Hz, 2H), 2.38 (t,J=17.5
Hz, 1H), 1.69 — 1.61 (m, 2H), 1.59 — 1.52 (m, 2H), 1.34 — 1.17 (m, 5SH), 0.93 (t, /= 7.3 Hz, 3H), 0.88
(t,J= 6.8 Hz, 2H), 0.83 (t,J= 7.0 Hz, 3H). 3C NMR (125 MHz, CDCl;) § 177.8, 139.7, 131.2, 125.7,
123.9,123.1, 120.1, 118.2, 34.5,32.4, 31.8, 29.7, 29.2, 29.1, 27.8, 25.0, 22.7, 14.5, 14.1.

2-cyclohexyl-3-propylquinolin-4(1H)-one (3.5zb):'®

o Purification by column chromatography (SiO2, 100-200 mesh, eluent: Pet.
ether/EtOAc = 50/50) to afforded the title compound in 60% yield (0.162 g, 0.60
mmol) as a white solid. '"H NMR (600 MHz, DMSO-d;) § 10.70 (brs, 1H), 8.03
(d, J=8.1 Hz, 1H), 7.69 (d, J = 8.3 Hz, 1H), 7.56 (t, J= 7.6 Hz, 1H), 7.22 (t, J =
7.5 Hz, 1H), 2.92 (t, J = 12.0 Hz, 1H), 2.56 — 2.53 (m, 2H), 1.87 — 1.79 (m, 4H), 1.75 — 1.68 (m, 3H),
1.45 - 1.30 (m, 5H), 0.91 (t, J = 7.3 Hz, 3H). *C NMR (150 MHz, DMSO-ds) 5 176.2, 153.1, 139.5,
130.9, 125.0, 123.1, 122.3, 117.8, 117.7, 40.1, 30.3, 26.4, 26.0, 25.2, 22.9, 14.1.
2-(4-(tert-butyl)phenyl)-3-phenylquinolin-4(1H)-one (3.5zc):

Iz

o Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.

O | O ether/EtOAc = 20/80) to afforded the title compound in 65% yield (0.230 g,
N O 0.65 mmol) as a white solid. 'H NMR (500 MHz, DMSO-d;s) & 11.71 (brs,

1H), 8.15 (d, /= 8.1 Hz, 1H), 7.70 — 7.64 (m, 2H), 7.36 — 7.32 (m, 3H), 7.25

(d, J=8.1Hz, 2H), 7.17 (t, J=7.3 Hz, 2H), 7.13 (d, /= 6.9 Hz, 1H), 7.07 (d,
J = 6.8 Hz, 2H), 1.24 (s, 9H). 1*C NMR (125 MHz, DMSO-ds) & 175.4, 151.5, 148.4, 139.7, 135.8,
132.4, 131.7, 131.6, 129.3, 127.2, 126.0, 125.3, 124.9, 124.6, 123.1, 120.3, 118.4, 34.4, 30.9. HRMS
(ESI-TOF) m/z [M+H]" calculated for C»sH24NOis 354.1858 Found 354.1811.
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3-benzyl-2-(4-methoxyphenyl)quinolin-4(1H)-one (3.5zd):'8

Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
ether/EtOAc = 20/80) to afforded the title compound in 82% yield (0.280 g,
0.82 mmol) as a white solid. 'H NMR (600 MHz, DMSO-d;) 5 11.62 (brs,
1H), 8.11 (d, J= 8.1 Hz, 1H), 7.63 (d, J = 4.0 Hz, 2H), 7.38 (d, J = 8.2 Hz,
2H), 7.32 — 7.29 (m, 1H), 7.15 (t, /= 7.5 Hz, 2H), 7.07 (d, J = 7.9 Hz, 3H),
6.98 (d, J = 7.6 Hz, 2H), 3.82 (s, 3H), 3.76 (s, 2H). *C NMR (125MHz, DMSO-ds) 5 176.3, 160.1,
149.0, 141.6, 139.6, 131.4, 130.1, 127.9, 127.8, 127.1, 125.3, 125.0, 123.7, 122.8, 118.2, 117.6, 113.9,
55.4,31.2.

2-phenylquinolin-4(1H)-one (3.6a):'°

o Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.

O | ether/EtOAc = 20/80) to afforded the title compound in 72% yield (0.159 g, 0.72
N O mmol) as a white solid. 'H NMR (500 MHz, DMSO-ds) § 11.78 (brs, 1H), 8.12

(d, J=8.1 Hz, 1H), 7.84 — 7.82 (m, 2H), 7.78 (d, /= 8.4 Hz, 1H), 7.67 (t, J="7.7

Hz, 1H), 7.59 — 7.57 (m, 3H), 7.34 (t, J = 7.5 Hz, 1H), 6.37 (s, 1H). 3C NMR (100 MHz, DMSO-d;)
6 177.0, 150.1, 140.5, 134.2, 131.8, 130.5, 129.0, 127.4, 124.9, 124.8, 123.3, 118.7, 107 4.
2-(4-methoxyphenyl)quinolin-4(1H)-one (3.6b):*!

o Purification by column chromatography (SiO2, 100-200 mesh, eluent: Pet.

O I ether/EtOAc = 10/90) to afforded the title compound in 75% yield (0.189 g,
N O 0.75 mmol) as a white solid. '"H NMR (500 MHz, DMSO-ds) & 11.61 (brs,

OMe | 1H), 8.09 (d, J = 8.0 Hz, 1H), 7.80 (d, J = 8.3 Hz, 2H), 7.76 (d, J = 8.4 Hz,

1H), 7.65 (t, J = 7.8 Hz, 1H), 7.32 (t, J = 7.5 Hz, 1H), 7.13 (d, J = 8.3 Hz, 2H), 6.31 (s, 1H), 3.84 (s,
3H). 3C NMR (125 MHz, DMSO-ds) 5 176.9, 161.1, 149.8, 140.5, 131.7, 128.9, 126.2, 124.8, 124.7,
123.2,118.6, 114.4, 106.5, 55.5.

2-(4-(tert-butyl)phenyl)quinolin-4(1H)-one (3.6¢):*

o Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.

O | ether/EtOAc = 20/80) to afforded the title compound in 80% yield (0.222 g,
N O 0.80 mmol) as a white solid. '"H NMR (400 MHz, DMSO-d;) & 11.67 (brs,

1H), 8.10 (d, J = 8.0 Hz, 1H), 7.77 — 7.74 (m, 3H), 7.66 (t, /= 7.6 Hz, 1H),

7.60 (d, J = 8.4 Hz, 2H), 7.33 (t, J = 7.4 Hz, 1H), 6.32 (s, 1H), 1.33 (s, 9H).
13C NMR (125 MHz, DMSO-ds) 5 177.0, 153.3,150.0, 140.5, 131.8, 131.4, 127.2, 125.8, 124.9, 124.7,
123.2, 118.7, 107.0, 34.6, 31.0.
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2-(p-tolyl)quinolin-4(1H)-one (3.6d):**

(o)

N
H

(7

®

Me

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
ether/EtOAc = 20/80) to afforded the title compound in 78% yield (0.183 g,
0.78 mmol) as a white solid. '"H NMR (500 MHz, DMSO-ds) § 11.66 (brs,
1H), 8.10 (d, J = 8.0 Hz, 1H), 7.79 — 7.65 (m, 4H), 7.38 — 7.32 (m, 3H), 6.33

(s, 1H), 2.39 (s, 3H). ®C NMR (125 MHz, DMSO-ds) § 177.0, 149.9, 140.5, 140.4, 131.8, 131.3, 129.6,
127.2,124.9,124.7,123.2, 118.7, 106.9, 20.9.
2-(3-methoxyphenyl)quinolin-4(1H)-one (3.6¢):*

o

N
H

(7

o

Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
ether/EtOAc = 10/90) to afforded the title compound in 68% yield (0.171 g,
0.68 mmol) as a white solid. 'TH NMR (500 MHz, DMSO-ds) § 11.70 (brs,
1H), 8.11 (d, /= 8.0 Hz, 1H), 7.77 (d, J = 8.3 Hz, 1H), 7.67 (t, J= 7.7 Hz,

1H), 7.49 (t, J = 7.9 Hz, 1H), 7.40 — 7.32 (m, 3H), 7.14 (d, J = 7.1 Hz, 1H), 6.36 (s, 1H), 3.87 (s, 3H).
13C NMR (125 MHz, DMSO-ds) 5 177.0, 159.6, 149.9, 140.5, 135.6, 131.8, 130.2, 124.9, 124.7, 123.3,
119.6, 118.8, 116.1, 112.8, 107.4, 55 .4.

2-(3-phenoxyphenyl)quinolin-4(1H)-one (3.6f):*

(o}

N
H

(7

l OPh

Purification by column chromatography (SiO2, 100-200 mesh, eluent: Pet.
ether/EtOAc = 10/90) to afforded the title compound in 65% yield (0.204 g,
0.65 mmol) as a white solid. '"H NMR (400 MHz, DMSO-ds) § 11.74 (brs,
1H), 8.10 (d, /= 8.1 Hz, 1H), 7.76 (d, J = 8.4 Hz, 1H), 7.69 — 7.64 (m, 1H),

7.62 —7.56 (m, 2H), 7.51 (s, 1H), 7.43 (t, J = 7.9 Hz, 2H), 7.33 (t, J= 7.6 Hz, 1H), 7.20 — 7.15 (m, 2H),
7.10 (d, J = 8.1 Hz, 2H), 6.33 (s, 1H). 3C NMR (125 MHz, DMSO-d;) 5 177.0, 157.1, 156.2, 149.2,
140.5, 136.1, 131.9, 130.8, 130.2, 130.0, 124.9, 124.7, 123.9, 123.4, 122.5, 120.1, 118.9, 118.8, 118.7,
117.5, 107.5.
2-(2-methoxyphenyl)quinolin-4(1H)-one (3.6g):*

(o}

(7

Iz

W,

OMe

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
ether/EtOAc = 10/90) to afforded the title compound in 48% yield (0.121 g, 0.48
mmol) as a white solid. 'H NMR (500 MHz, CDCl;) § 10.06 (brs, 1H), 8.26 (d,
J=28.1 Hz, 1H), 7.54 — 7.49 (m, 2H), 7.38 (d, J = 8.2 Hz, 1H), 7.36 — 7.33 (i,

1H), 7.25 (1, J = 7.6 Hz, 1H), 6.99 (t, J = 7.5 Hz, 1H), 6.93 (d, J = 8.5 Hz, 1H), 6.42 (s, 1H), 3.85 (s,
3H). 3C NMR (125 MHz, CDCl;) § 179.1, 156.8, 148.5, 139.7, 132.1, 132.0, 130.6, 126.0, 125.3,
123.8,122.2,121.9,117.9, 112.1, 109.6, 56.2.

2-(o-tolyl)quinolin-4(1H)-one (3.6h):'

(o}

N
H

W

TH-3636_186122010

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
ether/EtOAc = 10/90) to afforded the title compound in 45% yield (0.106 g, 0.45
mmol) as a white solid. "H NMR (500 MHz, DMSO-ds) 5 11.81 (brs, 1H), 8.13
(d, J=8.1 Hz, 1H), 7.66 (t,J=7.1 Hz, 1H), 7.62 (d, J = 8.2 Hz, 1H), 7.46 — 7.43
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(m, 2H), 7.40 (d, J = 7.4 Hz, 1H), 7.35 (q, J = 7.0 Hz, 2H), 5.97 (s, 1H), 2.31 (s, 3H). *C NMR (125
MHz, DMSO-d;) 6 176.7, 150.7, 140.2, 135.6, 135.0, 131.8, 130.5, 129.6, 129.1, 126.1, 124.8, 123.2,
118.4,109.3, 19.4.

2-(4-fluorophenyl)quinolin-4(1H)-one (3.6i):*

0 Purification by column chromatography (SiO2, 100-200 mesh, eluent: Pet.

| ether/EtOAc = 10/90) to afforded the title compound in 70% yield (0.168 g, 0.70
N O mmol) as a white solid. "H NMR (500 MHz, DMSO-ds) 5 11.74 (brs, 1H), 8.10
F (d, J= 8.1 Hz, 1H), 7.91 — 7.88 (m, 2H), 7.75 (d, J = 8.4 Hz, 1H), 7.67 (t, J =
7.5 Hz, 1H), 7.42 (t, J = 8.5 Hz, 2H), 7.34 (t, J = 7.2 Hz, 1H), 6.33 (s, 1H). *C NMR (125 MHz,
DMSO-ds) 6 177.0, 163.4 (d, J = 246.6 Hz), 149.1, 140.5, 131.9, 130.7, 129.9 (d, J = 8.5 Hz), 124.8,
124.7,123.3,118.7, 116.0 (d, J= 21.7 Hz), 107.4. Y’F NMR (470 MHz, DMSO-d) 5 -110.5.
2-(4-chlorophenyl)quinolin-4(1H)-one (3.6j):'*

W

(o)

N
H

W

.,

Purification by column chromatography (SiO,, 100—200 mesh, eluent: Pet.
ether/EtOAc = 10/90) to afforded the title compound in 65% yield (0.166 g,
0.65 mmol) as a white solid. 'H NMR (600 MHz, DMSO-ds) 5 11.76 (brs, 1H),
8.10 (d,J=8.1Hgz, 1H), 7.87 (d, /= 8.2 Hz, 2H), 7.75 (d, /= 8.3 Hz, 1H), 7.69

—7.65 (m, 3H), 7.34 (t, J = 7.5 Hz, 1H), 6.35 (s, 1H). 3C NMR (150 MHz, DMSO-d) 5 177.0, 148.8,
140.5, 135.3, 133.0, 132.0, 129.3, 129.0, 124.9, 124.8, 123.4, 118.8, 107.5.
2-(4-bromophenyl)quinolin-4(1H)-one (3.6k):*°

(o}

N
H

(7

®

Br

Purification by column chromatography (SiO2, 100200 mesh, eluent: Pet.
ether/EtOAc = 10/90) to afforded the title compound in 56% yield (0.168 g,
0.56 mmol) as a white solid. 'H NMR (400 MHz, DMSO-ds) 5 11.76 (brs, 1H),
8.10 (d, /= 8.1 Hz, 1H), 7.84 — 7.74 (m, 5H), 7.68 (t, /= 7.7 Hz, 1H), 7.34 (t,

J=17.5 Hz, 1H), 6.35 (s, 1H). C NMR (125 MHz, DMSO-d;) § 177.0, 148.9, 140.5, 133.3, 132.0,
130.9, 129.5, 124.9, 124.8, 124.0, 123.4, 118.7, 107.5.
2-(4-(trifluoromethyl)phenyl)quinolin-4(1H)-one (3.61):4

Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
ether/EtOAc = 10/90) to afforded the title compound in 48% yield (0.139 g,
0.48 mmol) as a white solid. '"H NMR (400 MHz, DMSO-d;)  11.87 (brs,
1H), 8.12 (d, J= 8.0 Hz, 1H), 8.06 (d, J = 8.1 Hz, 1H), 7.95 (d, J = 8.1 Hz,

1H), 7.77 - 7.75 (m, 1H), 7.70 (t, J= 7.6 Hz, 1H), 7.64 — 7.59 (m, 1H), 7.57 —

7.53 (m, 1H), 7.36 (t, J = 7.5 Hz, 1H), 6.41 (s, 1H). 3C NMR (125 MHz, DMSO-ds) & 177.0, 148.5,
140.5, 138.2, 133.1, 132.3, 132.1, 131.5, 131.4, 130.4 (q, J = 31.2 Hz), 128.8, 128.7, 128.5 125.9 (q, J
=3.8 Hz), 125.0, 124.9, 124.8, 123.6, 122.8, 118.8, 115.6, 108.1. °F NMR (470 MHz, DMSO-dq) & -
61.3.
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2-(naphthalen-2-yl)quinolin-4(1H)-one (3.6m):!*

o Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
ether/EtOAc = 10/90) to afforded the title compound in 66% yield (0.179 g,

N Oe 0.66 mmol) as a white solid. '"H NMR (600 MHz, DMSO-ds) & 11.88 (brs,
1H), 8.46 (s, 1H), 8.14 — 8.12 (m, 2H), 8.11 — 8.09 (m, 1H), 8.04 — 8.02 (m,
1H), 7.94 (dd, J = 8.5, 1.9 Hz, 1H), 7.82 (d, J = 8.3 Hz, 1H), 7.70 (t, /= 7.6 Hz, 1H), 7.65 — 7.62 (m,
2H), 7.36 (t, J = 7.5 Hz, 1H), 6.50 (s, 1H). ®C NMR (150 MHz, DMSO-ds) § 177.0, 149.9, 140.6,
133.6, 132.6, 131.9, 131.5, 128.7, 128.7, 127.7, 127.6, 127.2, 127.0, 124.9, 124.8, 124.5, 123.3, 118.8,

107.8.
2-(thiophen-2-yl)quinolin-4(1H)-one (3.6n):*

o Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
mﬁ) ether/EtOAc = 5/95) to afforded the title compound in 70% yield (0.159 g, 0.70

N » | mmol) as a brown solid. 'H NMR (500 MHz, DMSO-ds) § 11.65 (brs, 1H), 8.08
(d, J=8.1 Hz, 1H), 7.90 (s, 1H), 7.85 (t, /= 3.5 Hz, 1H), 7.76 (d, /= 8.3 Hz, 1H),
7.67 (t, J=17.7 Hz, 1H), 7.34 — 7.29 (m, 2H), 6.33 (s, 1H). *C NMR (125 MHz, DMSO-ds) 5 176.7,

143.6, 140.3, 136.1, 132.0, 129.7, 128.6, 128.2, 124.9, 124.7, 123.4, 118.5, 115.7, 106.1.
2-(1H-pyrrol-2-yl)quinolin-4(1H)-one (3.60):

o Purification by column chromatography (SiO;, 100200 mesh, eluent: Pet.
ij\i') ether/EtOAc = 5/95) to afforded the title compound in 55% yield (0.116 g, 0.55
N N/ mmol) as a brown solid. "H NMR (400 MHz, DMSO-ds) § 11.74 (brs, 1H), 11.28
(brs, 1H), 8.04 (d, J = 8.0 Hz, 1H), 7.70 (d, J = 8.4 Hz, 1H), 7.62 (t, J= 7.7 Hz,
1H), 7.28 (t,J = 7.5 Hz, 1H), 7.07 (d, J = 11.8 Hz, 2H), 6.47 (s, 1H), 6.28 (s, 1H). *C NMR (150 MHz,
DMSO-ds) 6 176.9, 142.7, 140.4, 131.7, 124.8, 124.7, 123.1, 122.9, 118.2, 115.8, 110.6, 110.0, 102.6.

HRMS (ESI-TOF) m/z [M+H]" calculated for C;3H;iN>Ois 211.0871 Found 211.0880.
2-(benzo|[d][1,3]dioxol-5-yl)quinolin-4(1H)-one (3.6p):*!

o Purification by column chromatography (SiO;, 100-200 mesh, eluent: Pet.
ether/EtOAc = 5/95) to afforded the title compound in 63% yield (0.167 g, 0.63
N O 0> mmol) as a white solid. '"H NMR (500 MHz, DMSO-ds) & 11.57 (brs, 1H),
° 8.08 (d,/=8.0 Hz, 1H), 7.75 (d, J=8.3 Hz, 1H), 7.65 (t,J= 7.7 Hz, 1H), 7.42
(s, 1H), 7.36 (d, /= 8.0 Hz, 1H), 7.31 (t, J= 7.5 Hz, 1H), 7.11 (d, J = 8.0 Hz, 1H), 6.30 (s, 1H), 6.14

(s, 2H). ®C NMR (125 MHz, DMSO-ds) 5 176.9, 149.6, 149.2, 147.9, 140.4, 131.7, 128.0, 124.8,
124.7,123.1, 121.8, 118.6, 108.7, 107.6, 106.8, 101.8.
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2-(4-(allyloxy)phenyl)quinolin-4(1H)-one (3.6q):

o Purification by column chromatography (SiO,, 100200 mesh, eluent:

O | Pet. ether/EtOAc = 5/95) to afforded the title compound in 58% yield
N O (0.161 g, 0.58 mmol) as a white solid. "H NMR (500 MHz, DMSO-ds) 3
o 11.61 (brs, 1H), 8.09 (d, J = 8.0 Hz, 1H), 7.80 — 7.75 (m, 3H), 7.65 (t, J

— 7.7 Hz, 1H), 7.32 (. J= 7.5 Hz, 1H), 7.15 (d, J = 8.2 Hz, 2H), 6.31 (s, 1H), 6.11 — 6.02 (m, 1H), 5.43
(d,J=17.1 Hz, 1H), 5.29 (d, J = 10.4 Hz, 1H), 4.67 (d, J = 5.2 Hz, 2H). 3C NMR (125 MHz, DMSO-
de) 6 176.9, 160.0, 149.7, 140.5, 133.4, 131.7, 128.9, 126.4, 124.7, 123.1, 118.6, 117.8, 115.7, 115.3,
106.5, 68.4. HRMS (ESI-TOF) m/z [M+H]" calculated for C1sH;sNO2is278.1181 Found 278.1184.
6-bromo-2-phenylquinolin-4(1H)-one (3.6r):*

o Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
Br O | ether/EtOAc = 10/90) to afforded the title compound in 57% yield (0.171 g,
N O 0.57 mmol) as a white solid. 'H NMR (600 MHz, DMSO-ds) 5 11.76 (brs,

1H), 8.12 (d, /= 8.0 Hz, 1H), 7.84 — 7.81 (m, 2H), 7.78 (d, J = 8.3 Hz, 1H),
7.67 (t, J = 7.2 Hz, 1H), 7.58 — 7.57 (m, 2H), 7.34 (t, J = 7.5 Hz, 1H), 6.35 (s, 1H). *C NMR (150
MHz, DMSO-ds) 6 177.0, 150.1, 140.6, 134.2, 131.9, 130.5, 129.1, 129.0, 127.5, 124.8, 123.3, 118.8,
107.4.

1-methyl-2-phenylquinolin-4(1H)-one (3.6s):*

Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
ether/EtOAc = 20/80) to afforded the title compound in 55% yield (0.129 g, 0.55
mmol) as a white solid. 'H NMR (400 MHz, CDCls) & 8.48 (d, J = 8.0 Hz, 1H),
7.71 (t,J=7.2 Hz, 1H), 7.58 (d, J= 8.6 Hz, 1H), 7.51 — 7.49 (m, 3H), 7.43 — 7.39
(m, 3H), 6.37 (s, 1H), 3.63 (s, 3H). ®C NMR (125 MHz, CDCl3) § 177.7, 155.2, 141.8, 135.6, 132.6,
129.7, 128.9, 128.6, 126.6, 126.4, 123.9, 116.1, 112.3, 37 .4.
2-(benzo|[d][1,3]dioxol-5-yl)-1-methylquinolin-4(1H)-one (3.6t):!

Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
ether/EtOAc = 20/80) to afforded the title compound in 51% yield (0.142 g,
0.51 mmol) as a pale brown solid. "H NMR (500 MHz, CDCl;) 6 8.49 (d, J =
7.6 Hz, 1H), 7.73 — 7.69 (m, 1H), 7.55 (d, J = 8.4 Hz, 1H), 7.44 — 7.41 (m,
1H), 6.94 — 6.86 (m, 3H), 6.30 (s, 1H), 6.07 (s, 2H), 3.64 (s, 3H). *C NMR (125 MHz, CDCl3) 5 177.8,
154.5, 148.9, 148.1, 142.1, 132.5, 129.6, 127.0, 126.9, 123.8, 122.9, 116.1, 112.8, 109.1, 108.8, 101.8,
37.4.
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3.5.18.2. Analytical data for post synthetic modifications:
2-(benzo|[d][1,3]dioxol-5-yl)-4-methoxyquinoline (3.13):*!

&

OMe Purification by column chromatography (SiO;, 100200 mesh, eluent: Pet.
N ether/EtOAc = 85/15) to afforded the title compound in 86% yield (0.240 g,
N O o> 0.86 mmol) as a pale brown solid. 'H NMR (500 MHz, CDCl;) § 8.15 (d, J
° = 8.3 Hz, 1H), 8.05 (d, J= 8.4 Hz, 1H), 7.69 — 7.66 (m, 2H), 7.59 (d, /= 8.1
Hz, 1H), 7.44 (t, J= 7.7 Hz, 1H), 7.06 (s, 1H), 6.93 (d, J = 8.1 Hz, 1H), 6.02 (s, 2H), 4.07 (s, 3H). 3C
NMR (125 MHz, CDCl3) 6 162.8, 158.2, 149.2, 148.8, 148.4, 134.9, 130.1, 129.1, 125.3, 121.7, 121.7,
120.4, 108.5, 108.1, 101.5, 97.6, 55.7.

3-bromo-2-phenylquinolin-4(1H)-one (3.14):%

o Purification by column chromatography (SiO;, 100200 mesh, eluent: Pet.
O | Br ether/EtOAc = 40/60) to afforded the title compound in 80% yield (0.240 g, 0.80

N O mmol) as a light pink solid. "H NMR (600 MHz, DMSO-ds) 5 12.33 (brs, 1H),
8.17 (d, J=8.7 Hz, 1H), 7.73 — 7.67 (m, 2H), 7.64 — 7.62 (m, 2H), 7.59 — 7.58 (m,
3H), 7.41 (t, J = 7.2 Hz, 1H). *C NMR (125 MHz, DMSO-ds) § 171.7, 149.9, 139.0, 135.0, 132.2,
130.0, 129.0, 128.5, 125.3, 124.1, 123.0, 118.5, 105.3.
3-bromo-1-methyl-2-phenylquinolin-4(1H)-one (3.15):>

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
ether/EtOAc = 40/60) to afforded the title compound in 90% yield (0.283 g, 0.90
mmol) as a white solid. 'H NMR (500 MHz, CDCl;)  8.61 (d, J = 2.4 Hz, 1H),
7.74 (dd, J=9.1, 2.5 Hz, 1H), 7.60 — 7.53 (m, 4H), 7.42 (d, J= 9.1 Hz, 1H), 7.33
(d, J = 6.7 Hz, 2H), 3.55 (s, 3H). *C NMR (125 MHz, CDCl3) & 171.39, 153.06, 139.45, 135.88,
135.57, 130.02, 129.87, 129.39, 128.36, 126.06, 118.15, 118.04, 109.38, 38.75.

ethyl (2-phenylquinolin-4-yl) carbonate (3.16):3":%

o Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
J\OEt ether/EtOAc = 90/10) to afforded the title compound in 75% yield (0.220 g, 0.75
O t mmol) as a light-yellow liquid. '"H NMR (500 MHz, CDCl;) § 8.18 (d, J = 8.6 Hz,
" O 1H), 8.16 —8.13 (m, 2H), 8.03 (d, /= 8.1 Hz, 1H), 7.89 (s, 1H), 7.73 (t, /= 7.9 Hz,
1H), 7.55 — 7.49 (m, 3H), 7.46 — 7.43 (m, 1H), 4.39 (q, J= 7.1 Hz, 2H), 1.42 (t, J
= 7.1 Hz, 3H). *C NMR (125 MHz, CDCl;) 5 158.3, 154.9, 152.5, 150.0, 139.2, 130.4, 129.8, 129.7,
128.9, 127.6, 126.7, 121.0, 120.9, 109.9, 65.6, 14.3.
1-hydroxy-2-phenylquinolin-4(1H)-one (3.17):3" %

o

o Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
O | ether/EtOAc = 10/90) to afforded the title compound in 70% yield (0.166 g, 0.70
v O mmol) as a yellow solid. '"H NMR (400 MHz, DMSO-ds) & 11.76 (brs, 1H), 8.11

(d,J=7.9 Hz, 1H), 7.84 — 7.82 (m, 2H), 7.78 (d, J = 8.4 Hz, 1H), 7.67 (t, J= 7.5
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Hz, 1H), 7.59 — 7.56 (m, 3H), 7.34 (t, J = 7.5 Hz, 1H), 6.35 (s, 1H). *C NMR (125 MHz, DMSO-d;)
6 177.0, 150.1, 140.5, 134.2, 131.8, 130.5, 129.0, 127.4, 124.9, 124.7, 123.3, 118.7, 107 4.
4-chloro-2-phenylquinoline (3.18):!°

cl Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
O = ether/EtOAc = 85/15) to afforded the title compound in 87% yield (0.209 g, 0.87

N O mmol) as a white solid. '"H NMR (500 MHz, CDCl;) § 8.13 (d, J = 8.4 Hz, 2H),
8.08 (d, /= 6.9 Hz, 2H), 7.87 (s, 1H), 7.69 (t,J=7.6 Hz, 1H), 7.51 (t, J=7.9 Hz,
1H), 7.47 (t, J = 7.1 Hz, 2H), 7.42 (t, J = 7.0 Hz, 1H). *C NMR (125 MHz, CDCl;) § 157.2, 149.1,
143.1, 138.6, 130.5, 130.1, 129.8, 128.9, 127.5, 127.2, 125.3, 123.9, 119.1.
N-(2-(1H-indol-3-yl)ethyl)-2-phenylquinolin-4-amine (3.19):%

Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
ether/EtOAc = 50/50) to afforded the title compound in 70% yield (0.255 g,
O X 0.70 mmol) as a brown solid. 'H NMR (400 MHz, CDCl;) & 8.31 (s, 1H),

N O 8.07 — 8.02 (m, 3H), 7.67 (d, J= 7.3 Hz, 1H), 7.59 (t, J = 7.4 Hz, 1H), 7.52
(d,/=8.4Hgz, 1H), 7.49 — 7.39 (m, 3H), 7.36 — 7.29 (m, 2H), 7.24 — 7.20 (m,
1H), 7.17 — 7.13 (m, 1H), 7.03 (s, 1H), 6.89 (s, 1H), 5.14 (t, /= 5.3 Hz, 1H), 3.71 (q, J = 6.2 Hz, 2H),
3.24 (t,J= 6.6 Hz, 2H). 3C NMR (125 MHz, CDCl;) § 158.6, 150.2, 148.7, 141.0, 136.6, 130.2, 129.3,
129.0, 128.7, 127.7, 127.4, 124.5, 122.5, 122.4, 119.8, 119.3, 118.6, 118.0, 112.7, 111.6, 97.1, 43.4,
24.8.

2-phenyl-4-(pyrrolidin-1-yl)quinoline (3.20):%

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
ether/EtOAc = 10/90) to afforded the title compound in 85% yield (0.233 g, 0.85
O : mmol) as a light-yellow liquid. "H NMR (500 MHz, CDCl;) § 8.12 (d, /= 8.6 Hz,

§ O 1H), 8.06 (d, J = 7.5 Hz, 3H), 7.55 (t, J= 7.6 Hz, 1H), 7.45 (t, J = 7.5 Hz, 2H),
7.38 (t,J=7.3 Hz, 1H), 7.25 (t, J="7.6 Hz, 1H), 6.82 (s, 1H), 3.61 — 3.58 (m, 4H),
1.93 — 1.90 (m, 4H). 3C NMR (125 MHz, CDCl3) 5 157.4, 153.2, 150.4, 141.1, 130.0, 128.7, 128.6,
128.5, 127.5, 124.9, 122.8, 120.4, 100.7, 52.1, 25.9.

3-benzyl-4-bromo-2-phenylquinoline (3.21):'

Purification by column chromatography (SiO,, 100-200 mesh, ecluent: Pet.
ether/EtOAc = 95/5) to afforded the title compound in 85% yield (0.318 g, 0.85
mmol) as a white solid. '"H NMR (500 MHz, CDCl;) § 8.26 (d, J = 8.5 Hz, 1H),
8.15(d, /=8.5 Hz, 1H), 7.73 (t, J= 7.6 Hz, 1H), 7.62 (t, /= 7.6 Hz, 1H), 7.38 —
7.34 (m, SH), 7.19 — 7.12 (m, 3H), 6.90 (d, J = 7.2 Hz, 2H), 4.40 (s, 2H). 3C NMR
(125 MHz, CDCl3) 6 161.4, 147.1, 140.6, 138.9, 138.0, 132.4, 130.0, 129.9, 128.7, 128.5, 128.4, 128.3,
128.2,127.9, 127.6, 127.3, 126.2, 39.7.

156
TH-3636_186122010



Chapter-3: Mn-catalyzed (De)hydrogenative Synthesis of 4-Quinolones

3-(hydroxy(phenyl)methyl)-2-phenylquinolin-4-ol (3.22):

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
O ether/EtOAc = 40/60) to afforded the title compound in 75% yield (0.246 g, 0.75
O N mmol) as a white solid. '"H NMR (500 MHz, CDCl;) & 10.41 (brs, 1H), 8.11 (d, J
N O = 8.2 Hz, 1H), 7.50 (t, /= 7.7 Hz, 1H), 7.38 (d, J = 8.4 Hz, 1H), 7.29 — 7.13 (m,
11H), 5.45 (s, 1H), 4.66 (brs, 1H). ®C NMR (125 MHz, CDCl;) 6 179.0, 149.2,
144.3, 139.3, 133.5, 132.6, 130.2, 128.9, 128.6, 128.2, 127.1, 126.2, 125.5, 124.8, 124.3, 119.3, 118.0,
72.9. HRMS (ESI-TOF) m/z [M+H]" calculated for CxHisNO is 328.1338 Found 328.1341
12-benzyl-6,7-diphenyl-13H-isoquinolino[2,1-a]quinolin-13-one (3.23):

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
ether/EtOAc = 90/10) to afforded the title compound in 78% yield (0.380 g, 0.78
mmol) as a white solid. '"H NMR (400 MHz, CDCl;) § 7.78 (d, J = 8.6 Hz, 1H),
7.51(d,J=8.8 Hz, 2H), 7.47 (d, /= 8.2 Hz, 1H), 7.41 — 7.35 (m, 5H), 7.28 — 7.20
(m, 6H), 7.13 (t, J= 7.1 Hz, 3H), 7.05 (t, J = 7.6 Hz, 2H), 6.89 (d, J = 7.8 Hz,
2H), 6.66 (d, J=7.4 Hz, 1H), 4.13 (s, 2H). 3C NMR (150 MHz, CDCl3) 5 162.9,
157.6,149.3, 148.2, 140.8, 140.6, 134.9, 133.4, 131.2, 131.1, 130.8, 129.3, 129.0,
129.0, 128.7, 128.5, 128.4, 128.3, 128.3, 128.1, 127.8, 126.1, 125.4, 119.2, 117.2, 116.1, 113.4, 32.5.
HRMS (ESI-TOF) m/z [M+H]" calculated for C36HxsNO is 489.2048 Found 489.2037.

3-benzyl-4-chloro-2-phenylquinoline (3.24):'

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
ether/EtOAc = 95/5) to afforded the title compound in 90% yield (0.297 g, 0.90
mmol) as a white solid. '"H NMR (500 MHz, CDCl;) § 8.29 (d, J = 8.4 Hz, 1H),
8.17 (d, J= 8.4 Hz, 1H), 7.76 (t, J = 7.5 Hz, 1H), 7.65 (t, J= 7.6 Hz, 1H), 7.41 —
7.36 (m, SH), 7.20 — 7.13 (m, 3H), 6.92 (d, J = 6.2 Hz, 2H), 4.36 (s, 2H). *C NMR
(125 MHz, CDCl3) 6 161.6, 147.2, 143.5, 140.6, 139.0, 130.1, 130.0, 129.9, 128.8, 128.6, 128.5, 128.4,
128.2,127.7,126.2, 126.0, 124.4, 36.8.

3-benzyl-4-(ethylthio)-2-phenylquinoline (3.25):

Purification by column chromatography (SiO,, 100-200 mesh, ecluent: Pet.

s O ether/EtOAc = 98/2) to afforded the title compound in 83% yield (0.295 g, 0.83

O X mmol) as a white solid. '"H NMR (500 MHz, CDCl;) § 8.40 (d, J = 8.4 Hz, 1H),

N O 8.06 (d, /= 8.2 Hz, 1H), 7.53 (t, J= 7.6 Hz, 1H), 7.44 (t, J= 7.6 Hz, 1H), 7.22 —

7.20 (m, 2H), 7.19 — 7.16 (m, 3H), 6.97 (t, J= 7.2 Hz, 2H), 6.92 (d, /= 7.1 Hz,

1H), 6.67 (d, J= 7.3 Hz, 2H), 4.44 (s, 2H), 2.62 (q, J = 7.4 Hz, 2H), 0.98 (t, J = 7.4 Hz, 3H). 3C NMR

(125 MHz, CDCl3) 6 161.1, 146.9, 144.3, 141.1, 140.5, 136.4, 130.3, 129.2, 129.0, 128.6, 128.2, 128.1,

128.1, 128.0, 127.1, 126.5, 125.7, 37.9, 31.1, 14.9. HRMS (ESI-TOF) m/z [M+H]" calculated for
C24H2:NS is357.1507 Found 357.1512.
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3.7. Selected NMR copies of the compounds:
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Figure 3.9. 'H (500 MHz) and “C{'H} (150 MHz) NMR Spectrum of 3-(2-methylbenzyl)-2-(o-
tolyl)quinolin-4(1H)-one (3.3h) in DMSO-ds,
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Figure 3.10. 'H (500 MHz) and *C{'H} (125 MHz) NMR Spectrum of 3-(4-(allyloxy)benzyl)-2-(4-

(allyloxy)phenyl)quinolin-4(1H)-one (3.3z) in DMSO-ds.
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3.8. Important crystal parameters of Mn-24:

Mn-24
Empirical formula Ci5sH1sBrMnN,Oq4
Formula weight 421.1290
Temperature, T 296 K
Crystal system 'monoclinic'
Space group P2i/n
Unit cell dimensions a=11.6809(12), b= 15.4785(16), c= 11.8805(12)

o= 90, p= 107.629(3), y=90

Volume, V (A*) 2047.2(4)
Z 4
Index ranges -14<h<14,-19<k<19,-14<1< 14
Final R indices [[>2sigma(I)] Ri=0.0393, wR»=0.1007
R indices (all data) Ri=0.0522, wR,=0.1102
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4.1. Introduction:

Saturated and unsaturated N-heterocyclic compounds are highly appealing and emergent structural
scaffolds as they frequently appear as key structural units in several life-saving drugs which aim to treat
a variety of medical issues.' Such privileged scaffolds are ubiquitous in various natural products,
agrochemicals, pharmaceuticals as well as bulk and fine chemicals.? Owing to its growing impetus and
profound applications, the development of concise, efficient and greener protocols to synthesize these
N-heterocyclic scaffolds directly from renewable and widely available starting materials is very
enticing.’ In this perspective, acceptorless dehydrogenation (AD) and borrowing hydrogen catalysis
have become an elegant toolbox for the benign construction of these intricate molecular scaffolds;

where only H, and/or H,O are liberated as nontoxic byproducts.*

O H
N
N\
2 {
(o}
\>~NH ) A 9
MeO 0.
2 Mseon FOC oy oy
X P _
7 ~o 2
R I:t= F and H . Antibacterial agent Anticonvulsant lcotinib Fruquintinib
ntitumor agents Anti-cancer activity Anti-cancer activity

Figure 4.1. Biologically important molecules bearing 3-substituted quinoline and quinazoline scaffold.
The precious noble metal-based catalytic system has advanced significantly in recent decades.’
However, environmental and economic pressure has confined the continual use of noble metals in
homogeneous catalysis. Thus, recent years have witnessed an exigency for developing new and efficient
base metal catalysts for useful organic transformations.® In this regard cobalt complex catalyzed
reactions have gained unwavering attention because of their lower toxicity and diverse electronic
structural behaviour, substitutional lability and ability to adopt different coordination geometry, which
offers unique selectivity and reactivity patterns.” However, the construction of diversely functionalized
heterocyclic scaffolds via dehydrogenative coupling of alcohols with an assortment of nucleophiles
catalyzed by cobalt complex is still in the budding phase.® The synthesis of various N-heterocyclic
scaffolds was made possible by the use of 2-aminobenzaldehydes as key precursors.” However, 2-
aminobenzaldehydes and their analogues are quite unstable at room temperature and they are
polymerized by self-condensation.'’ This creates a storage problem and also promotes side reactions
during heterocycle synthesis. Thus, the use of 2-aminobenzyl alcohols as stable and inexpensive
feedstocks for heterocycle synthesis has garnered considerable interest. The method's effectiveness
hinges on the slow dehydrogenation-based in situ formation of 2-aminobenzaldehydes which further
undergoes quick condensation with various coupling partners to produce diverse N-heterocycles.
Consequently, there is an exponential growth in the dehydrogenative synthesis of various heterocycles
like 2-aminoquinolies,'' poly-substituted quinolines'? and quinazolines'? through the dehydrogenative
condensation of 2-aminobenzyl alcohols with different coupling partners. However, until recently, the

dehydrogenative construction of C-3 substituted quinolines directly from 2-aminobenzyl alcohols with
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primary alkyl alcohols remained unknown. The deoxygenative self-coupling of 2-aryl ethanol and the
Guerbet reaction of aliphatic alcohols'* obfuscate the selective synthesis of C-3 substituted quinolines.
In the next segment, literature reports on C-3 substituted quinolines and quinazolines synthesis was
discussed.
4.2. Literature survey:
4.2.1. Synthesis of C-3 substituted quinolines:
In 2017, Wu and co-workers reported an iron-mediated domino reductive cyclization of o-nitro
benzaldehydes and p-nitrostyrenes to synthesize 3-arylquinolines (Scheme 4.1).'** To conduct the
reaction they have used 3.0 equiv. of Fe in presence of AcOH which delivered good isolated yield of
the targeted 3-arylquinolines. However, the generation of toxic by-products and cumbersome work-up
procedures confined the applicability of this protocol in green and sustainable methodology.
> Fe (3.0 equiv.), Ar
e e UL
R=H Wu, 2017

Scheme 4.1. Fe-catalyzed synthesis of C-3 substituted quinoline.
Therefore, there is a need of an atom-economical, environmentally benign, and sustainable approach
for the synthesis of C-3 substituted quinolines, where catalytic dehydrogenative reactions are suitable
approach. In that quest, in 2022, Balaraman and his group utilized Mn(I)-MACHO"" catalyst (Mn-3)
to produce C-3 substituted quinolines in good yield under solventless condition via double
dehydrogenative pathway.'*® However, in this catalytic protocol they have utilized air and moisture
sensitive phosphine containing ligand and relatively costly Mn(I) metal precursor. Later Banerjee ef al.
employed their nickel system for this purpose circumventing the aforementioned problem, nevertheless,
this methodology suffers from relatively high catalyst loading with an assortment of acquisition of

excess amount of primary alcohols (Scheme 4.2)."

A OH R Catalyst N B
R—,/ + R ~oH R,/ . +2H,T + 2H,0
NH, N
|
N / \
e H;C-O._ ,0~CHy + ¢/ N
Ph,P——Mn PPh, ’Ni‘CI =N N=
oc” | c
co NiCl,.DME
Mn-3
Balaraman, 2022 Banerjee, 2023

Scheme 4.2. Mn and Ni-catalyzed synthesis of C-3 substituted quinoline.
4.2.2. Synthesis of Quinazolines from 2-aminobenzylalcohol:
In 2013, Wu’s group reported the first example of Cu-catalyzed cascade synthesis of substituted
quinazolines employing 2-aminobenzylalcohol, aldehyde and ammonium chloride as substrates. In

order to improvise the yield of the desired product they have used strong oxidants like cerium nitrate
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hexahydrate and TEMPO together with Cu-catalyst under the environment of oxygen balloon (Scheme
4.3) which generates toxic waste."

CuCl (20 mol%)
bpy (10 mol%)

d OH TEMPO (10 mol%) T XY SN
R4 RO
T +ArCHO + NH,CI = /)\ + H,0
NH, Ce(NO3);.6H,0 (10 mol%) N7 DAr

KOH (2.5 equiv.), CH;CN
0,,30°C,24 h
then 80 °C for 24 h

Wu, 2013

Scheme 4.3. Cu-catalyzed synthesis of Quinazolines.
Therefore, to circumvent this problem scientific community accomplished the synthesis of quinazolines
either from 2-aminobenzylalcohols or 2-aminobenzylamines via Acceptorless Dehydrogenative
Coupling (ADC) pathway which has been discussed in Chapter I of Section, 1.3.1.2.1.3.
4.3. Present work:
Thus, there is a demand to devise a sustainable catalytic route to synthesize functionally diverse C-3
substituted quinolines using earth-abundant nontoxic metals like cobalt. In this chapter, NNO-ligand-
derived Co(II)-complexes were synthesized, well characterized with HRMS and SC-XRD and their
catalytic activity has been explored upon synthesizing a wide range of functionalized C-3 substituted
quinoline. Furthermore, the developed protocol was also used to synthesize quinazolines via
dehydrogenative condensation of 2-aminobenzyl alcohols with nitriles.
4.3.1. Results and discussion:
4.3.1.1. Synthesis of ligands and their Co-complexes:
At the outset, three NNO-based phosphine-free ligands and their Co(Il) complexes upon reacting with
their precursor CoBr, was synthesized. Afterwards, their molecular structures were confirmed with SC-
XRD upon growing their single crystals in suitable combination of solvent (experimental section 4.5.2.)
which revealed that Co-8 and Co-10 have monomeric structures albeit Co-9 bearing N-methylated
ligand delivered the p2-bromobridged dinuclear structure in which the ligand coordinated in a facial

manner (preparation procedure is mentioned in experimental section) (Scheme 4.4).

1. Synthesis of Ligands: 2. Synthesis of Complex:
N 1. DCM, Stirring, RT, 12 h 0

R=H,MeandR'=H,Me ¢

. R!
RRNY 4 U
R NHR! 4 Z | 3 __ Naso, /\ | B N/\ CoBr,
o N HON A2 : o. N | N
N7 9 2.NaBH,, 2 NaBH, MeOH R MeOH,RT, 4-5h 2 \ —

L R= H, Me and R'= H, Me
75-85% yield Co-complexes

re of our three NNO-Co(ll) complexes:

l
=
®

CCDC:2309693 CCDC:2309694 CCDC:2309695

Scheme 4.4. Synthesis of NNO-Co(II)-based complexes and their structures.
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Table 4.3.1.2:

Phenylquinoline®P

L

Reaction Optimization for the Co-catalyzed

OH  Co-catalyst
C(\ ©/\/ Base Temp', O N7 * ZHZT + 20,0
Time, Solvent, Ar 4.3a

Entry Cat. Solvent ~ Base 4.1a4.2a 1eMP"  Time Yield®
(mol%) (equiv.) (°C) (h) (%)
1. Co-8 (5) Xylene KOBu(1.0) 1:1.5 130 36 40
2. Co-8(5) Xylene  KO'Bu(1.5) 1:1.5 130 36 45
3. Co-8 (5) KO™Bu(1.5) 1:1.5 130 36 60
4. Co-8 (5) KOH(1.5) 1:1.5 130 36 70
5. Co-8 (5) KOH(2.0) 1:1.5 130 36 72
6.  Co-9(2.5) KOH(1.5)  1:1.5 130 36 76
7.  Co-10(5) KOH(1.5)  1:1.5 130 36 57
8.  Co-9(2.5) KOH(1.5)  1:1.5 130 48 78
9.  Co-9(2.5) KOH(1.5)  1:1.5 130 24 51
10.  Co-9 (2.5) KOH(1.5)  1:1.2 130 36 58
1.  Co-9 (2.5) KOH(1.5)  1:1.5 110 36 67
12.  Co-9 (2.5) NaO'Bu(1.5) 1:1.5 130 36 48
13. Co-9 (2.5) NaOH(1.5) 1:1.5 130 36 62
14. Co-9 (2.5) K,CO5(1.5) 1:1.5 130 36 40
15. Co-9 (2.5) Toluene KOH(1.5) 1:1.5 130 36 30
16. Co-9(2.5) 'AmOH  KOH(1.5)  1:1.5 130 36 ND
17. KOH(1.5) 1:1.5 130 36 15
18.  Co-9(2.5) 1:1.5 130 36 ND
19. CoBr, (5) KOH(1.5) 1:1.5 130 36 12

synthesis of 3-

H
| S ﬁ/\
. N\(I: o<o-|v|e

/7

Co-8

(VR
> N\éo/,o-H
7N

Me

\/

NNFN
Me
Co-9

A

\g—z-x

~N—0 —0-Me
Co\

Co-10

“Reaction conditions: 4.1a (0.5 mmol), 4.2a (0.6 — 0.75 mmol), base (0.5 — 1.0 mmol), Co-cat. (2.5 —

5 mol %), solvent (0 — 2 mL), at temperature 110 °C —

’Isolated yield. ND = Not detected.

130 °C of a preheated oil bath under argon.

Initially, the potentiality of three phosphine free NNO-Co(Il) complexes towards the synthesis of 3-

phenylquinoline (4.3a) was checked. In this acceptorless double dehydrogenative coupling (ADDC)

pathway 2-aminobenzyl alcohol (4.1a) and 2-phenylethanol (4.2a) was chosen as model substrate to

investigate the optimal reaction conditions. In that regard, when a xylene solution containing 1.0 equiv.

of 2-aminobenzyl alcohol (4.1a) and 1.5 equiv. of 2-phenylethanol (4.2a) was refluxed at 140 °C for 36
h in presence of 5 mol% of Co-8 and 1.0 equiv. of KO'Bu only 40% yield of the desired product (4.3a)

was isolated (Table 4.3.1.2, entry 1). However, increasing the base loading from 1.0 equiv. to 1.5 equiv.
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and pursuing the reaction under solvent free condition there was a drastic increase in the yield was
noticed (Table 4.3.1.2, entry 2-3). Pleasingly, changing of base from KO'Bu to KOH yield again
increased albeit increase of base loading does not exhibit such remarkable effect in the yield (Table
4.3.1.2, entry 4-5). Afterwards, the catalytic applicability of other two as prepared catalysts was checked
in which Co-9 exhibit better catalytic activity over Co-8 whilst Co-10 showed lower activity (Table
4.3.1.2, entry 6-7). Nevertheless, several reaction parameters such as reaction time, alcohol loading,
nature of base, solvent have been screened, however, all of them failed to afford the optimal reaction
condition (Table 4.3.1.2, entry 8-16). Therefore, acceptorless double dehydrogenative coupling of 1.0
equiv. of 2-aminobenzyl alcohol (4.1a) with 1.5 equiv. of 2-phenylethanol (4.2a) in presence of 2.5
mol% of Co-9 catalyst and 1.5 equiv. of KOH base at 140 °C for 36 h under solventless condition
furnished the optimal yield of the desired 3-Phenylquinoline (4.3a) product (Table 4.3.1.2, entry 6).
Upon conducting the control experiments, it underpins that both catalyst and base were essential to
accomplish a detectable conversion of the desired product (4.3a). In presence of the metal precursor
CoBr3, 12% of desired product 4.3a was furnished (Table 4.3.1.2, entry 17-19).

Next, the efficacy of this developed protocol was accomplished upon examining the spectrum of 2-aryl
ethanols and primary alkyl alcohols with various 2-aminobenzyl alcohols under the optimized reaction
conditions. Various electronically neutral and electronically biased groups present at the o-, m-, and p-
positions of the aromatic nucleus of 2- phenylethyl alcohols are well tolerated, resulting in moderate to
good yields of the desired 3-aryl quinoline (4.3a-4.3f). Of note, halide substituted aryl ethanols survived
well achieving good yields without dehalogenation (4.3g-4.3j). 2-Phenylethanol containing hydroxyl,
and amino functional group was effective furnishing moderate isolated yield, however, presence of
strong electron withdrawing group -NO, was found to be catalytically incompatible in the current
catalytic protocol (4.3k-4.3m). 2-heteroaryl ethyl alcohols such as 2-thiophene ethanol, 3-indolyl
ethanol are well compatible under those Co-catalyzed conditions (4.30-4.3p). Next, the intension was
moved towards the activation of a series of more challenging aliphatic primary alcohols to construct
short to long chain 3-alkyl substituted quinoline derivatives, which were difficult to synthesize under
conventional pathway. Interestingly, the current catalytic protocol activates these aliphatic alcohols
except ethanol and 1-propanol and delivers 4.3s-4.3x in good to moderate yields. Notably, natural
monoterpenoids, citronellol and fatty alcohols such as capric, cetyl, stearyl alcohols reacted well to form
the targeted heterocycles in good yields (60-70%) (4.3y-4.3zb). Naturally occurring unsaturated oleyl
alcohol and undecen-1-ol chemoselectively reacted and furnished the 3-substituted quinolines under
double dehydrogenative reaction conditions (4.3zc-4.3zd). Afterwards, the scope of 2-aminobenzyl
alcohol was scrutinized. (2-amino-3-methyl phenyl) methanol (4.1b) reacted with 2-phenylethanol
(4.2a) to furnish the expected product 4.3ze in moderate yield. 2-aminobenzyl alcohols with halide (-F,
-Cl, -Br) group successfully furnished the corresponding 3-substituted quinolines in 48-72% yields
harnessing in late-stage functionalization (4.3zf-4.3zi). Of note, synthesized 4.3zf exhibits antitumor
activity.
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4.3.1.3. Co-catalyzed synthesis of 3-Substituted Quinoline: substrate scope®®

: H

: d }“ /)

R E \// /

XN NoH Co-9 (2.5 mol%) I : ( NI

R'U RNAOH ~Rg | ]+ szT + 2H,0 ! Me—N—-(?O\ P N—Me

NH, KOH (1.5 equiv.) N ' N \O

Neat, 130 °C, 36 h : /AR [

4.1 4.2 4.3 : —_— H

(Variation of aryl-ethanols)

76%, 4.3a R= OMe, 78%, 4.3b

70%, 4.3d 50%, 4.3e
1.182g, 72%, 4.3a ReMej, 73%M.4c R
OMe O
OMe O S
gl 7
N OMe N
O _ R= OH, 52%, 4.3k
N X=F, 61%, 4.3g 65%, 4.3j R= NH,, 43% 4.31
X = Cl, 68%, 4.3h R= NO,, 0%, 4.3m
68%, 4.3f X = Br, 69%, 4.3
NH
QC 0 R, W —
& H
P ~ P . Z
N N N : N
0 72%, 4.3p : %, 4.
65%, 4.3n 74%, 4.30 o : 0%, 4.3q
0 Ethanol

ot oct o G

n =0, 0%, 4.3r, 1-Propanol n=2, 45%, 4.3t, 1-Pentanol 56%, 4.3v, 1-Heptanol 61%, 62%9, 64%° 4.3w, 1-Octanol
n =1, 42%, 4.3s, 1-Butanol N =3, 52%' 54%°, 4.3u, 1-Hexanol

sepnad

) N
. - - <
: N N N

63%, 4.3x 1-Nonanol 65%, 4.3y 68%, 4.3z 70%, 4.3za
.................................... From capric alcohol From cetyl alcohol From stearyl alcohol
60%, 4.3zb 65%, 4.3zc 68%, 4.3zd

From citranellol From oleyl alcohol From undecen-1-ol

62%, 4.3zf X=-Cl, 72%, 4. 3Zg .
54%, 4.3ze Antitumor agent X= -Br, 65%, 4.3zh 48%, 4.3zi

“Reaction conditions: 4.1 (0.5 mmol), 4.2 (0.75 mmol), KOH (0.75 mmol), Co-9 (2.5 mol % i.e. 5
mol% w.r.t. monomeric form of Co-9), Neat condition, 36 h, 130 °C, under argon. “Isolated yield.

“Alcohol 3.0 equiv. “Co-9 (5.0 mol %) 72 h.
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Table

4.3.1.4:

Reaction optimization for the

phenylquinazoline”

o
NH,

CN
10

Co-catalyst

Base, Temp",
Time, Solvent, Ar

e

Co-catalyzed

+ HZT + H,0

4.1a 4.4a 4.11a
Entry  Cat. Solvent  Base 4.1a:4.4a TeMP"  Time Yield?

(mol%) (equiv.) (°C) (h) (%)
1. Co-8 (5) Toluene NaO™Bu(1.0) 1:1 130 36 45
2. Co-8(5) Toluene NaOBu(1.0) 1:1.5 130 36 68
3. Co-8(5) Xylene NaOBu(1.0) 1:1.5 130 36 82
4. Co-8(5) ‘'AmOH NaOBu(1.0) 1:1.5 130 36 ND
5. Co-8 (4) Xylene NaOBu(1.0) 1:1.5 130 36 72
6. Co-8(5) Xylene NaOBu(1.0) 1:1.5 130 24 68
7. Co-8(5) Xylene NaOBu(1.0) 1:1.5 110 36 70
8. Co-8(5) Xylene NaO™Bu(0.75) 1:1.5 130 36 70
9. Co-8(5) Xylene KO™Bu(1.0) 1:1.5 130 36 65
10. Co-8 (5) Xylene NaOH(1.0) 1:1.5 130 36 60
11. Co-8 (5) Xylene KOH(1.0) 1:1.5 130 36 50
12. Co-8 (5) Xylene CsOH(1.0) 1:1.5 130 36 45
13. Co-8 (5) Xylene Na,CO5(1.0) 1:1.5 130 36 35
14. Co-8 (5) Xylene K,C03(1.0) 1:1.5 130 36 26
15. Co-9 (2.5) Xylene  NaO'Bu(1.0) 1:1.5 130 36 64
16. Co-10(5) Xylene NaOBu(1.0) 1:1.5 130 36 62
17. - Xylene  NaO'Bu(1.0) 1:1.5 130 36 17
18. Co-8 (5) Xylene - 1:1.5 130 36 ND
19. CoBr; (5) Xylene NaO'Bu(0.5) 1:1.5 130 36 14

synthesis of

Z N— —0-Me
Co\

Co-10

“Reaction conditions: 4.1a (0.5 mmol), 4.4a (0.5 — 0.75 mmol), base (0.375 — 0.5 mmol), Co-cat. (2.5

— 5 mol %), solvent (2 mL), at temperature 110 °C — 130 °C of a preheated oil bath under argon. “Isolated
yield. ND = Not detected.

Then the potentiality of the developed catalyst was investigated towards the dehydrogenative coupling

of 2-aminobenzyl alcohols with other coupling partners such as nitriles to furnish quinazolines. In that

regard, when a toluene solution containing an equimolar mixture of 2-aminobenzylalcohol (4.1a) and

benzonitrile (4.4a) has been refluxed at 130 °C in the presence of 5 mol% of Co-8 and 1 equiv. of

NaO'Bu for 36 h only 45% yield of the desired product (4.11a) was isolated (Table 4.3.1.4, entry 1).

The yield was improved to 68% upon increasing the loading of benzonitrile (4.4a) (Table 4.3.1.4, entry
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2) however, furthermore switching of the solvent from toluene to high boiling xylene it manifested the
optimal yield of the desired 2-phenylquinazoline (4.11a) product (Table 4.3.1.4, entry 3). Here, the
loadings of the catalyst and alcohol are relatively lower as compared to the previously reported Co-
catalyzed synthesis of quinazolines."*® Afterwards, several other reaction parameters such as nature of
solvent and base, base loading, catalyst loading, reaction time were screened nevertheless, all of them
failed to deliver better yield of the intended product 4.11a (Table 4.3.1.4, entry 4-14). Herein also, the
catalytic applicability of other two as prepared complexes i.e. Co-9 and Co-10 were checked albeit,
both of them furnished detriment result under the optimal reaction condition (Table 4.3.1.4, entry 15-
16). The control experiments were conducted which underpin that both catalyst and base were essential
to accomplish a detectable conversion of the desired product (4.11a) (Table 4.3.1.4, entry 17-18). In
presence of the metal precursor, CoBr, trace amount of desired product (4.11a) was delivered (Table
4.3.1.4, entry 19).

4.3.1.5. Co-catalyzed synthesis of quinazoline: substrate scope®’

: H
o, . |
RIE ST OH | o en Co-8 (5 mol%) C(\)\ +H2 NP T
“Z NaO'Bu (1.0 equiv.) t N\EN—Co= e
. VAR

Xylene, 130 °C, 36 h

.......................................................................................................

Glariation of aryl nitriles)

Oy CotrmmClily O
= Me, 76% 4.11c
R= Me, 68%, 4.11d
82%, 4.11a " S 53%, 4.11f

g, @m Clty C

X=F, 77%, 4.11g 75%, 4.11k 9
X=Cl, 75"/1 4.11h - 69%, 4.111 57%, 4.11m
X=Br, 72%, 4.11i

X=1, 63%,4.11j

---------------- Qlariation of alkyl nitrile§ seseesegeeesees -(Varlatlon of amino alcohols)- B L LEETT TP Py
seWlve
z /)\/\/
NJ\/\ N d\
44%, 4.11n 48%, 4.110 )\©
F itril F | itril '
rom butyronitrile rom valeronitrile 56%, 4.11p 60%, 4.11q

.................................................

Me
cl ~N Br ~N ~N
P P/ P ~N
N N N _
Br N

78%, 4.11r 52%, 4.11s 40%, 4.1t 51%, 4.11u

“Reaction conditions: 4.1 (0.5 mmol), 4.10 (0.75 mmol), NaO'Bu (0.5 mmol), Co-8 (5 mol %), under
argon in xylene (2 mL) at 130 'C (oil bath temperature), for 36 h. * Isolated yield.
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After accomplishing the optimal reaction condition, the applicability and limitation of the current
protocol towards the synthesis of diverse range of quinazolines was investigated from 2-
aminobenzylalcohols with an array of benzonitriles. At the outset, electronically neutral as well as
electronically biased groups bearing at the o-, m- and p-position of aromatic nucleus of benzonitrile
were tested which found to be well tolerated under the streamline reaction condition furnishing
moderate to good isolated yield of the desired products (4.11a-4.11f). Furthermore, halo substituted
aromatic nitriles were well compatible under the standard catalytic protocol manifesting good yield
without achieving dehalogenated product (4.11g-4.11j). Encouragingly, heterocyclic nitriles such as
piperonyl and 2-pyridine nitriles were well susceptible to afford the respective quinazoline products
(4.11k-4.111) in nearly 70% isolated yield. Indeed, the reducible functional groups such as -C=C—Ph
present at the p-position of benzonitrile can survive under the current conditions to give the desired
product in moderate yield (4.11m). The reaction is somewhat sluggish for butyronitrile (4.10n) and
valeronitrile (4.100), which furnish moderate yield of the products (4.11n-4.110). Afterwards, the scope
of 2-aminobenzylalcohol was explored where, it has been found that halo substituted alcohols were
survived furnishing good yields (4.11q-4.11s) giving room for further derivatizations. Secondary amino

alcohols were also catalytically compatible furnishing moderate isolated yield (4.11t-4.11u).

4.3.1.6. Mechanistic investigation:

In order to gain mechanistic insight towards the synthesis of C-3 substituted quinolines and quinazolines
several control experiments were carried out (Scheme 4.5). Initially, the conversion of 2-aminobenzyl
alcohol (4.1a) to its corresponding aldehyde 4.8 was observed in presence of Co-9 (Scheme 4.5, 1).
Further, the dehydrogenative pathway was confirmed by the detection of evolved H, gas during the
synthesis of 3-phenylquinoline (4.3a) under the optimal reaction conditions (Scheme 4.5, 2).
Afterwards, the involvement of the intermediates (4.8, 4.9 and 4.12) towards the construction of both
3-phenylquinoline (4.3a) and 2-phenylquinazoline (4.11a) product was checked which was confirmed
by reacting 4.8 with 4.2a, 4.8 with 4.10a (Scheme 4.5, 3a), 4.1a with 4.9 (Scheme 4.5, 3b) and 4.1a
with 4.12 (Scheme 4.5, 3e) under their respective standard conditions. However, the lower yield of 4.3a
and 4.11a have been resulted from the initial high concentration of 4.8 as it promotes the self-
condensation'’ and the high concentration of 4.9 furnished yield several side reactions'® before
converting to 4.3a. This also underpins the usefulness of dehydrogenative approach for such a process
to get maximum efficacy. Then an intermolecular coupling of 4.8 with 4.9 was conducted under
streamlined reaction conditions and even in absence of Co-9 complex, whereas a similar yield of 4.3a
was isolated (Scheme 4.5, 3¢) which underpin that catalyst has no role in the condensation and
intermolecular cyclization step. Afterwards, in order to check the possibility of in situ formation of

intermediate benzamide (4.12) from benzonitrile via NaO'Bu mediated transformation towards the
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1. Dehvdrogenation test: H
@\/\OH Co-9 (2.5 mol%) ©:§0
NH, KOH (1.5 equiv.) NH,
Neat, 130°C, 3 h
4.1a 4.8,15%
2. H, detection:
Co-9 (2 5 mol%)
KOH (1.5 equiv.), Neat N/
130 °C, 36 h, Ar
4.1a 4.3a

3. Involvement of probable |ntermedlate
3.a) Intermediate aminoaldehyde:
o OH " 6.9 (2.5 mol%)
+
KOH (1.5 equiv.), Neat
NH,
130°C, 36 h

o CN 0.8 (5 mol%)
©\/N\H2 * ©/ NaO'Bu (1.0 equiv.)
Xylene, 130 °C, 36 h
4.8 4.10a
3.b) Intermediate phenylacetaldehyde:

O O s

4.1a

Co-9 (2.5 mol%) O
3.c) Intermediate amlnoaldehm and phenylacetaldehyde:

KOH (1.5 equiv.), Neat
130°C,36 h

CC

4.8 4.2a 4.

B®:

P

N)\©
4.11a, 68%

L

3a, 63%

LI

P
N

4.3a, 50%

3. f) Intermediate gmmgglggh\@_q and benzamide:
: 0

: \
[ealivags
: NH,

' 4.8 4.12

E 4. Radical scavenger test:

+Hz]

(Detected by GC)

E @(\ ©/\/ Radical scavenger (2.0 equiv.) N/

5. Homogeneity test:

O e

3. e) Intermediate benzamide:

§©€©*

Co-8 (5 mol%)

~N
NaO‘Bu (1.0 equiv.) N/
Xylene, 130 °C, 36 h

4.1a 4.11a, 80%

Co-8 (5 mol%)

!
NaO'Bu (1.0 equiv.) N/)\©

Xylene, 130 °C, 36 h
4.11a, 82%

!

P

N)\@
4.11a, 78%

N i

NaO'Bu (1.0 equiv.)

Xylene, 130 °C, 36 h

Co-9 (2.5 mol%)

KOH (1.5 equiv.), Neat
130°C, 36 h 4.3a

TEMPO (2.0 equiv.): 72%

BHT (2.0 equiv.): 71%

oy

4.3a

Co-9 (2 5 mol%)

KOH (1.5 equiv.), Neat
130°C,36 h

oo

4.3a,43%

K

[Addition of 2.0 equiv. of Hg(0): 73%]

oy

KOH (1.5 equiv.), Neat

1 6. Proof of involvement of Co-H:
130°C,36 h :

Co-9 (2.5 mol%)
o :
& z .
: B
NH ' NH, KOH (1.5 equiv.), Neat

KOH (1.5 equiv.) O 130 °C, 36 h
Neat, 130 °C, 36 h N/ 4.1a 4.2a Ar fillediglove box 4.3a
Ph;C i -
3. d) Intermediate benzamide from benzonitrile: O 4.3a, 40% ¢ BFy without Ph;C BF, :76%

PhsC’ BF, (20 mol%): 18%

- 9 H
Co-8 (5 mol%) NH, 7 Deuterium labelling experiment:
NaO'Bu (1.0 equiv.) OMe
CN Xylene, 130 °C, 36 h 412, 42% O
Co-9 (2 5 mol%) N
o

@fm

4.2b-d,

L
N “H/D

4.3b-dq, 37%

KOH (1.5 equiv.), Neat
130°C,36 h

4.10a NaO'Bu (1.0 equiv.)

o

4.12, 40%

L_____ .
Xylene, 130 °C, 36 h 52% D

Scheme 4.5. Control experiments.
synthesis of 2-phenylquinazoline (4.11a) when only benzonitrile 4.10a was treated under the optimal
reaction condition it afforded only 42% of 4.12, however, in absence of catalyst, it accomplished a
similar yield of 4.12 (Scheme 4.5, 3d). The involvement of intermediate 4.12 was proved upon
conducting the reaction of 4.1a with intermediate 4.12 under the standard reaction (Scheme 4.5, 3e).
The intermolecular coupling of 4.8 with 4.12 under streamlined reaction conditions and even in absence
of Co-8 complex furnishes similar yield of 4.11a (Scheme 4.5, 3f). The aforementioned three control
experiments (Scheme 4.5, 3d-3f) underpin that other than the dehydrogenation of 2-aminobenzyl
alcohol (4.1a) to its corresponding aldehyde 4.8 the catalyst has no role during the construction of 2-
phenylquinazoline (4.11a) product, only base plays the crucial role. The involvement of single electron
in the catalytic cycle has been invalidated upon accomplishing the radical trapping experiment (Scheme
4.5, 4). The reaction's homogenous nature was probed by adding mercury drops, where no detrimental
effect has been manifested (Scheme 4.5, 5). In presence of 20 mol% of trityl cation (with respect to
catalyst) there was a significant decrement in the yield has been noticed which underpins the
involvement of Co-H species in the reaction pathway (Scheme 4.5, 6). In addition, the deuterium
labelling experiment confirms the dehydrogenative pathway and underpins dehydrogenation of alcohols

might be the rate-determining step (Scheme 4.5, 7).
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4.3.1.7. Kinetic experiments:
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Figure 4.2. A) Kinetic monitoring of Co(Il)-catalyzed acceptorless dehydrogenative coupling (ADC)
of 2-aminobenzyl alcohol 4.1a with benzonitrile 4.10a towards the synthesis of 2-phenylquinazoline
4.11a; B) Concentration of 4.11a vs time plot with various concentration of benzonitrile 4.10a; C) log
(rate) vs log (conc. 4.10a).

To understand the reactivity pattern for the synthesis of 2-phenylquinazoline (4.11a) via ADC a kinetic
profile diagram was drawn (Figure 4.2) which showed that the formation of the product (4.11a) steadily
increases and the concentration of the formed 2-aminobenzaldehyde (4.8) was lower throughout the
reaction which indicated dehydrogenation of alcohol was slower as compare to the condensation step
(Figure 4.2 A). The time course profile of the reaction at various concentrations of benzonitrile (4.10a)
points that the reaction was first order with respect to benzonitrile (4.10a) (Figure 4.2 B and 4.2 C).
4.3.1.8. Proposed catalytic cycle:

Accounting for all controlled experiments and preceding literature reports,'>'* hereby, a plausible
mechanistic cycle for the synthesis of both 3-phenylquinoline (4.3a) and 2-phenylquinazoline (4.11a)
have been proposed (Scheme 4.8 and 4.9). For the synthesis of 3-phenylquinoline (4.3a) initially, the
active Co-catalyst (Co-9-A) was generated from the precatalyst Co-9 in presence of KOH which
dehydrogenates both alcohol (4.1a and 4.2a) to their corresponding aldehydes (4.8 and 4.9) via metal-
ligand cooperation (MLC) at the alkoxy site to form Co-H species (Co-9-D). The in situ formed
aldehydes (4.8 and 4.9) undergoes base mediated condensation and subsequent intermolecular
cyclization to form 3-substituted quinoline (4.3a) upon eliminating two water molecules. By liberation
of H, gas via MLC the active Co-catalyst (Co-9-A) was regenerated from the intermediate Co(II)-
hydrido complex (Co0-9-D) species (Scheme 4.8 Al). Nonetheless, the involvement of Co(I)-H also
cannot be ignored. Again, the Co(Il)-alkoxy species also may behave as an active catalyst in the
synthesis of intended product 3-phenylquinoline (4.3a) (Scheme 4.8 A2).

In case of synthesis of 2-phenylquinazoline (4.11a) initially, the precatalyst Co-8 was transformed into
its active Co-catalyst (Co-8-A) in presence of NaO'Bu which dehydrogenates 2-aminobenzyl alcohol
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A1. Proposed catalytic cycle for 3-phenylauinoline Me
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Scheme 4.8. Plausible catalytic cycle of 3-phenylquinoline (4.3a).

(4.1a) to its corresponding aldehyde 4.8 via metal-ligand cooperation (MLC) forming Co-H species
(Co-8-C). Then, the in situ formed aldehydes 4.8 undergoes base mediated condensation with another
in situ formed intermediate benzamide (4.12) via NaO'Bu mediated transformation of benzonitrile
furnishing the desired 2-phenylquinazoline (4.11a) by eliminating a single water molecule and the
active species Co-catalyst (Co-8-A) was regenerated upon liberation of H, gas via MLC from Co-H
species (Co-8- C) (Scheme 4.8 B1). Again, herein also, the Co(I1)-alkoxy species also may behave as
an active catalyst in the synthesis of intended product 2-phenylquinazoline (4.11a) (Scheme 4.8 B2).
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B1. Proposed catalytic cycle for 2-phenvlquinazoline H H
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Scheme 4.9. Plausible catalytic cycle of 2-phenylquinazoline (4.11a).
4.3.1.9. Post-synthetic modification:

a. C2-H functionalization: O
N (8.0 equiv.)
H

Cul (10 mol%) O PN
O Toulene, air, 50 °C, 9 h o
X m-CPBA (2.5 equiv.)

O ' , O X — 75%, 4.5
N/ DCM, r.t., 12 h N

Me;SiCN (2.2 equiv.
4.3a 95%, 4.4 3 (22 equiv.) O =
Neat, 130 °C, 1 h, Ar NG

b. Suzuki couplina:

70%, 4.6
O PhB(OH), (1.1 equiv.)
Br. O BN Pd(OAc); (10 mol%) O BN
NG Na,COj; (3.0 equiv.)

EtOH:H,0 (9:1),
4.3zh 90 °C, 16 h, Ar 85%, 4.7

Scheme 4.10. Post functionalization.
The synthetic applicability of the current catalytic protocol was manifested by converting 4.3a into
other valuable molecules via N-oxide directed C2-H functionalization (Scheme 4.10, a). When 4.3a

was treated with 2.5 equiv. of m-CPBA in DCM for 12 h at room temperature, the corresponding N-
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oxide product (4.4) was formed. The reaction of 4.4 with piperidine in presence of Cul delivered the
amination product (4.5) in 75% yield (Scheme 4.10, a). The C-H cyanation product (4.6) was furnished
in moderate isolated yield upon treatment of the corresponding N-Oxide (2.4) with trimethylsilyl
cyanide (Scheme 4.10, a). In addition, a Suzuki coupling reaction with 4.3zh was also conducted

accomplishing the desired compound 4.7 in excellent yield (Scheme 4.10, b).

4.4. Conclusion:

This catalytic process showed excellent tolerance to a large variety of reducible functional groups as
well as a broad substrate scope. The mechanistic investigation strongly suggests that slow in situ
dehydrogenation of amino alcohol and the primary alcohol are crucial in the pathway to afford the 3-
substituted quinolines. The wuse of readily accessible starting materials and an earth-
abundant phosphine-free cobalt complex makes this strategy atom-economical, environmentally green
and sustainable.

4.5. Experimental Section:

4.5.1. Ligands synthesis:

To an oven dried 50 mL round bottomed flask, Pyridine-2-carboxaldehyde (0.535 g, 5.0 mmol, 1.0
equiv.) and 2-amino ethanol derivatives (5.0 mmol, 1.0 equiv.) were dissolved in 15 mL of dry CH,Cl,
and then Na,SO4 (2.131 g, 15.0 mmol, 3.0 equiv.) was added to the reaction mixture. The resulting
suspension was stirred for 12 h at room temperature. Then, it was filtered, the residue was washed
thoroughly with CH,Cl, and the combined solvent was removed under reduced pressure. The residue
obtained was directly used for the next step without further purification. The residue was dissolved in

30 mL of methanol and NaBH,4 (0.378 g, 10.0 mmol, 2.0 equiv.) was added in a portion wise manner

i) Dry DCM,

Na,SO, (3.0 equiv.) R
XY So OR! RT, 12 h S I!l/\
L\ + RHNY |
Z ii) MeOH, Z Onpt
NaBH, (2.0 equiv.)
RT, 12 h R=H,R'=Me = L1 92%
R=Me,R"=H = L2 90%
i) Dry DCM,
Na,S0, (3.0 equiv.)
~ ~_OMe RT, 12 h N
P H * HN - _
N ii) MeOH, N
(o} NaBH, (2.0 equiv.) HN
RT, 12 h
85%, L3
MeO

Scheme 4.11. Schematic representation of ligand synthesis.
under stirring condition at 0 °C and the stirring was continued for overnight at room temperature. Then
the solvent was evaporated and 15 mL of water was added. After that, it was extracted by CH,Cl, and
the combined organic phase was dried over Na>SOs. Then the solvent was evaporated to get the crude
product, which was further purified by silica gel (100-200 mess) column chromatography using 60 —
70% ethyl acetate in Petroleum ether (Scheme 4.11)."”
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To an oven dried 50 mL round bottomed flask, 2-Quinolinecarboxaldehyde (0.785 g, 5.0 mmol, 1.0
equiv.) and 2-Methoxyethylamine (0.375 g, 5.0 mmol, 1.0 equiv.) were dissolved in 15 mL of dry
CH,Cl, and then Na,SO4 (2.131 g, 15.0 mmol, 3.0 equiv.) was added to the reaction mixture. The
resulting suspension was stirred for 12 h at room temperature. Then, it was filtered, the residue was
washed thoroughly with CH,Cl, and the combined solvent was removed under reduced pressure. The
residue obtained was directly used for the next step without further purification. The residue was
dissolved in 30 mL of methanol and NaBH4 (0.378 g, 10.0 mmol, 2.0 equiv.) was added in a portion
wise manner under stirring condition at 0 °C and the stirring was continued for overnight at room
temperature. Then the solvent was evaporated and 15 mL of water was added. After that, it was
extracted by CH>Cl, and the combined organic phase was dried over Na,SO4. Then the solvent was
evaporated to get the crude product, which was further purified by silica gel (100-200 mess) column
chromatography using 60 —70% ethyl acetate in Petroleum ether (Scheme 4.11)."®
2-methoxy-N-(pyridin-2-ylmethyl)ethan-1-amine (L1):'’

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
ether/EtOAc = 40/60) to afforded the title compound in 92% yield (0.764 g, 4.6
L1 mmol) as a brown liquid. 'H NMR (500 MHz, CDCl;) & 8.55 (d, J = 4.3 Hz,
1H), 7.64 (td, J = 7.7, 1.8 Hz, 1H), 7.33 (d, J = 7.8 Hz, 1H), 7.25 — 6.94 (m,
1H), 3.94 (s, 2H), 3.53 (t,J = 5.2 Hz, 2H), 3.36 (s, 3H), 2.85 (t, J = 5.2 Hz, 2H). 2.23 (brs, 1H). *C{'H}
NMR (125 MHz, CDCls) 6 159.87, 149.39, 136.55, 122.29, 122.00, 72.17, 58.90, 55.31, 48.98.
2-(methyl(pyridin-2-ylmethyl)amino)ethan-1-ol (L2):"

A N

Me Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.

| \N N/\o ether/EtOAc = 40/60) to afforded the title compound in 90% yield (0.748 g, 4.5
= ~

L2 " mmol) as a yellow liquid. "H NMR (400 MHz, CDCls) 6 8.48 (d, J = 4.9 Hz,

1H), 7.60 (t, J = 7.5 Hz, 1H), 7.27 (d, J= 7.8 Hz, 1H), 7.11 (dd, J = 7.5, 4.9 Hz,
1H), 3.68 (s, 2H), 3.59 (t, J= 5.3 Hz, 2H), 2.97 (s, 1H), 2.60 (t, J = 5.3 Hz, 2H), 2.27 (s, 3H). BC{'H}
NMR (150 MHz, CDCl3) 6 158.74, 149.27, 136.75, 123.26, 122.35, 63.29, 58.98, 58.95, 42.57.
2-methoxy-N-(quinolin-2-ylmethyl)ethan-1-amine (L3):'®

H Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.

| :N ’!‘/j ether/EtOAc = 30/70) to afforded the title compound in 85% yield (0.919 g,
“Me | 4.25 mmol) as a yellow liquid. '"H NMR (500 MHz, CDCl3) 5 8.11 — 7.92

L3 (m, 2H), 7.73 (d, J= 7.3 Hz, 1H), 7.64 (d, J = 6.8 Hz, 1H), 7.44 (ddd, J =

11.4,8.1,2.8 Hz, 2H), 4.10 (d, J= 2.7 Hz, 2H), 3.53 (td, J= 5.3, 2.4 Hz, 2H), 3.34 (d, J = 2.9 Hz, 3H),
2.88 (td, J= 5.3, 2.4 Hz, 2H), 2.42 (s, IH). *C{'H} NMR (125 MHz, CDCl3) § 160.16, 147.52, 136.10,
129.12, 128.79, 127.31, 127.04, 125.75, 120.19, 71.90, 58.51, 55.59, 48.77.
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4.5.2. Procedure for synthesis of Co (II) complexes (Co8-Co10):

1. Synthesis of Ligands: 2 Synthesis of Complex:

.~._ 1.DCM, Stirring, RT, 12 h : $1 c '31
] : oBry
Rt o Y meso @ ™ eoen ~
HO SN~ 2.NaBH,, MeOH Og MeOH,RT,45h - /N\(I:D N
i
R=H, Me and R'= H, Me o i i: ,j /N

4:‘ -
“ R=H, Me and R'=H, Me ht

5 mmol 5 mmol 75-85% yield Co-complexes

CCDC:2309693 CCDC:2309694 CCDC:2309695

In an oven dried 25 mL round bottomed flask, CoBr; (0.219 g, 1.0 mmol, 1.0 equiv.) and methanolic
solution of [(PyCH,)RN(CH,CH,0R,), R = H, Me, R; = H, Me] (0.166 g, 1.0 mmol, 1.0 equiv.) was
added drop wise. Then, the suspension was stirred at room temperature under argon atmosphere for 6
h. After 6 h, the solvent was removed under reduced pressure and the residue was rinsed with diethyl
ether and dried under vacuum to get deep violet crystalline solid. The single crystal for Co-8 complex
was grown by slow diffusion of diethyl ether in the CH,Cl, solution of the complex whilst for Co-9
complex the single crystal was grown by slow diffusion of diethyl ether in the CH3CN solution of the
complex. After 3 — 4 days crystals were come which are suitable for single crystal analysis to obtain
molecular structure of the complex.

In an oven dried 25 mL round bottomed flask, CoBr; (0.219 g, 1.0 mmol, 1.0 equiv.) and methanolic
solution of 2-methoxy-N-(quinolin-2-ylmethyl)ethan-1-amine (L.3) (0.217 g, 1.0 mmol, 1.0 equiv.) was
added drop wise. Then, the suspension was stirred at room temperature under argon atmosphere for 6
h. After 6 h, the solvent was removed under reduced pressure and the residue was rinsed with diethyl
ether and dried under vacuum to get deep violet crystalline solid. The single crystal for Co-10 complex
was grown by slow diffusion of diethyl ether in the in the CH3CN solution of the complex. After 3 — 4
days crystals were come which are suitable for single crystal analysis to obtain molecular structure of
the complex.

4.5.3. General experimental procedure for the synthesis of 3-substituted Quinoline
derivatives:

To an oven dried 10 mL round bottomed flask, 2-aminobenzyl alcohols 4.1 (0.5 mmol, 1.0 equiv.),
primary aryl or alkyl alcohols 4.2 (0.75 mmol, 1.5 equiv.), KOH (0.042 g, 0.75 mmol, 1.5 equiv.) and
Co0-9 (0.010 g, 0.0125 mmol, 2.5 mol%) were taken under argon atmosphere. The reaction mixture was
heated at 130 °C in a preheated oil bath for 36 h. After completion of the reaction, the reaction mixture
was subjected to cool at room temperature and ethyl acetate (15 mL) was added to dilute the mixture
and filtered through celite. The resultant volatiles were evaporated under reduced pressure and the crude
product was purified by silica gel (100-200 mesh size) column chromatography using Petroleum

ether/ethyl acetate as eluent to get the desired products.
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4.5.4. General experimental procedure for the synthesis of Quinazoline derivatives:

To an oven dried 10 mL round bottomed flask, 2-aminobenzyl alcohols 4.1 (0.5 mmol, 1.0 equiv.),
nitriles 4.10 (0.75 mmol, 1.5 equiv.), NaO'Bu (0.048 g, 0.5 mmol, 1.0 equiv.) and Co-8 (0.010 g, 0.025
mmol, 5 mol%) in xylene (2 mL) were taken under argon atmosphere. The reaction mixture was heated
at 130 °C in a preheated oil bath for 36 h. After completion of the reaction, the reaction mixture was
subjected to cool at room temperature and ethyl acetate (15 mL) was added to dilute the mixture and
filtered through celite. The resultant volatiles were evaporated under reduced pressure and the crude
product was purified by silica gel (100—200 mesh size) column chromatography using Petroleum
ether/ethyl acetate as eluent to get the desired products.

4.5.5. Cobalt catalyzed dehydrogenation of alcohol:

To an oven dried 10 mL round bottomed flask, 2-aminobenzyl alcohol 4.1a (0.123 g, 1.0 mmol, 1.0
equiv.), KOH (0.084 g, 1.5 mmol, 1.5 equiv.) and Co-9 (0.019 g, 0.025 mmol, 2.5 mol%) were taken
under argon atmosphere. The reaction mixture was heated at 130 °C in a preheated oil bath for 3 h.
After completion of the reaction, the reaction mixture was subjected to cool at room temperature and
ethyl acetate (15 mL) was added to dilute the mixture and filtered through celite. The resultant volatiles
were evaporated under reduced pressure and the crude reaction mixture was submitted and analysed by
'H-NMR confirming that 15% of 2-aminobenzaldehyde (4.8) was detected. After analysing the 'H-
NMR of the crude reaction mixture it was isolated by silica gel (100—200 mesh size) column
chromatography (eluent: Pet. ether/EtOAc = 98/2) which afforded the desired 2-aminobenzaldehyde
(8) as a yellow solid. 'H NMR (400 MHz, CDCls) § 9.84 (s, 1H), 7.44 (d, J= 7.8 Hz, 1H), 7.28 (t, J =
7.9 Hz, 1H), 6.71 (t, J= 7.5 Hz, 1H), 6.62 (d, J= 8.4 Hz, 1H), 6.16 (s, 2H).

4.5.6. Detection of evolved gas by GC-Thermal Detector (GC-TCD):

A mixture of 2-aminobenzyl alcohol 4.1a (0.246 g, 2.0 mmol, 1.0 equiv.), 2-phenylethanol 4.2a (0.366
g, 3.0 mmol, 1.5 equiv.), KOH (0.168 g, 3.0 mmol, 1.5 equiv.) were taken in an oven dried Ace pressure
tube (100 mL) containing a stirring bar and connected with high vacuum for 10 mins, then Co-9 (0.039
g, 0.05 mmol, 2.5 mol%) was added to the mixture under gentle flow of argon. Afterwards, the reaction
mixture was kept for stirring into preheated oil bath at 130 °C for next 36 h. After completion of the
reaction, the Ace pressure tube was cooled at 0 °C, the evolved gas was syringe out and detected from
PerkinElmer clarus-590 GC instrument using Elite Plot-Q column (30 m length x 530 pm x 20 um ID)
employing the following method:

TCD starting temperature: 40 °C

Oven temperature: 60 °C

Time at starting temperature: 0 min

Hold time: 5 min

Ramp: 28 °C/ min up to 200 °C

Flow rate: 5 mL/ min (N3)
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Split ration: 20
Inlet temperature: 40 °C
Detector temperature TCD: 200 °C

The detected gas chromatogram was shown in figure 4.3. (right).

'
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Figure 4.3. Chromatogram of standard hydrogen gas (left) and evolved hydrogen gas during catalysis

(right).
4.5.7. Cobalt catalyzed synthesis of 3-phenylquinoline (4.3a) from 2-aminobenzaldehyde

(4.8) and 2-phenylethanol (4.2a):

To an oven dried 10 mL round bottomed flask, 2-aminobenzaldehyde 4.8 (0.061 g, 0.5 mmol, 1.0
equiv.), 2-phenylethanol 4.2a (0.092 g, 0.75 mmol, 1.5 equiv.), KOH (0.042 g, 0.75 mmol, 1.5 equiv.)
and Co-9 (0.010 g, 0.0125 mmol, 2.5 mol%) were taken under argon atmosphere. The reaction mixture
was heated at 130 °C in a preheated oil bath for 36 h. After completion of the reaction, the reaction
mixture was subjected to cool at room temperature and ethyl acetate (15 mL) was added to dilute the
mixture and filtered through celite. The resultant volatiles were evaporated under reduced pressure and
the crude product was purified by silica gel (100—200 mesh size) column chromatography (eluent: Pet.
ether/EtOAc = 95/5) to afford the desired 3-phenylquinoline (4.3a) in 63% yield (0.065 g, 0.315 mmol)

as a white solid.
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4.5.8. Cobalt catalyzed synthesis of 2-phenylquinazoline (4.11a) from 2-
aminobenzaldehyde (4.8) and benzonitrile (4.10a):

To an oven dried 10 mL round bottomed flask, 2-aminobenzaldehyde 4.8 (0.061 g, 0.5 mmol, 1.0
equiv.), benzonitrile 4.10a (0.077 g, 0.75 mmol, 1.5 equiv.) and NaO'Bu (0.048 g, 0.5 mmol, 1.0 equiv.)
were taken together and connected with high vacuum for 10 minutes. Then dry xylene (2 mL) and Co-
8 (0.010 g, 0.025 mmol, 5 mol%) were added to the mixture under gentle flow of argon. The reaction
mixture was heated at 130 °C in a preheated oil bath for 36 h. After completion of the reaction, the
reaction mixture was subjected to cool at room temperature and ethyl acetate (15 mL) was added to
dilute the mixture and filtered through celite. The resultant volatiles were evaporated under reduced
pressure and the crude product was purified by silica gel (100—200 mesh size) column chromatography
(eluent: Pet. ether/EtOAc = 95/5) to afford the desired 2-phenylquinazoline (4.11a) in 68% yield (0.07
g, 0.34 mmol) as a yellow solid.

4.5.9. Cobalt catalyzed synthesis of 3-phenylquinoline (4.3a) from 2-aminobenzyl alcohol
(4.1a) and phenylacetaldehyde (4.9):

To an oven dried 10 mL round bottomed flask, 2-aminobenzyl alcohol 4.1a (0.062 g, 0.5 mmol, 1.0
equiv.), phenylacetaldehyde 4.7 (0.090 g, 0.75 mmol, 1.5 equiv.), KOH (0.042 g, 0.75 mmol, 1.5 equiv.)
and Co-9 (0.010 g, 0.0125 mmol, 2.5 mol%) were taken under argon atmosphere. The reaction mixture
was heated at 130 °C in a preheated oil bath for 36 h. After completion of the reaction, the reaction
mixture was subjected to cool at room temperature and ethyl acetate (15 mL) was added to dilute the
mixture and filtered through celite. The resultant volatiles were evaporated under reduced pressure and
the crude product was purified by silica gel (100—200 mesh size) column chromatography (eluent: Pet.
ether/EtOAc = 95/5) to afford the desired 3-phenylquinoline (4.3a) in 50% yield (0.051g, 0.25 mmol)
as a white solid.

4.5.10. Cobalt catalyzed synthesis of 3-phenylquinoline (4.3a) from 2-aminobenzaldehyde
(4.8) and phenylacetaldehyde (4.9):

To an oven dried 10 mL round bottomed flask, 2-aminobenzaldehyde 4.8 (0.061 g, 0.5 mmol, 1.0
equiv.), phenylacetaldehyde 4.9 (0.090 g, 0.75 mmol, 1.5 equiv.), KOH (0.042 g, 0.75 mmol, 1.5 equiv.)
and Co-9 (0.010 g, 0.0125 mmol, 2.5 mol%) were taken under argon atmosphere. The reaction mixture
was heated at 130 °C in a preheated oil bath for 36 h. After completion of the reaction, the reaction
mixture was subjected to cool at room temperature and ethyl acetate (15 mL) was added to dilute the
mixture and filtered through celite. The resultant volatiles were evaporated under reduced pressure and
the crude product was purified by silica gel (100—200 mesh size) column chromatography (eluent: Pet.
ether/EtOAc = 95/5) to afford the desired 3-phenylquinoline (4.3a) in 43% yield (0.044 g, 0.215 mmol)
as a white solid. Afterwards, when the reaction was conducted in absence of Co-9 catalyst 40% (0.041

g, 0.2 mmol) of the desired 3-phenylquinoline (4.3a) was isolated.
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4.5.11. Synthesis of benzamide (4.12) from benzonitrile (4.10a):

To an oven dried 10 mL round bottomed flask, benzonitrile 4.10a (0.103 g, 1.0 mmol, 1.0 equiv.) and
NaO'Bu (0.096 g, 1.0 mmol, 1.0 equiv.) were taken together and connected with high vacuum for 10
minutes. Then dry xylene (3 mL) and Co-8 (0.019 g, 0.05 mmol, 5 mol%) were added to the mixture
under gentle flow of argon. The reaction mixture was heated at 130 °C in a preheated oil bath for 36 h.
After completion of the reaction, the reaction mixture was subjected to cool at room temperature and
ethyl acetate (15 mL) was added to dilute the mixture and filtered through celite. The resultant volatiles
were evaporated under reduced pressure and the crude product was purified by silica gel (100—200
mesh size) column chromatography (eluent: Pet. ether/EtOAc = 50/50) to afford the benzamide (4.12)
in 42% yield (0.051 g, 0.42 mmol) as a white solid. Afterwards, when the reaction was conducted in
absence of Co-8 catalyst 40% (0.049 g, 0.40 mmol) of the benzamide (4.12) was isolated.

4.5.12. Cobalt catalyzed synthesis of 2-phenylquinazoline (4.11a) from 2-aminobenzyl
alcohol (4.1a) and benzamide (4.12):

To an oven dried 10 mL round bottomed flask, 2-aminobenzyl alcohol 4.1a (0.062 g, 0.5 mmol, 1.0
equiv.), benzamide 4.12 (0.091 g, 0.75 mmol, 1.5 equiv.) and NaO'Bu (0.048 g, 0.5 mmol, 1.0 equiv.)
were taken together and connected with high vacuum for 10 minutes. Then dry xylene (2 mL) and Co-
8 (0.010 g, 0.025 mmol, 5 mol%) were added to the mixture under gentle flow of argon. The reaction
mixture was heated at 130 °C in a preheated oil bath for 36 h. After completion of the reaction, the
reaction mixture was subjected to cool at room temperature and ethyl acetate (15 mL) was added to
dilute the mixture and filtered through celite. The resultant volatiles were evaporated under reduced
pressure and the crude product was purified by silica gel (100—200 mesh size) column chromatography
(eluent: Pet. ether/EtOAc = 95/5) to afford the desired 2-phenylquinazoline (4.11a) in 80% yield (0.082
g, 0.4 mmol) as a yellow solid.

4.5.13. Cobalt catalyzed synthesis of 2-phenylquinazoline (4.11a) from 2-
aminobenzaldehyde (4.8) and benzamide (4.12):

To an oven dried 10 mL round bottomed flask, 2-aminobenzaldehyde 4.8 (0.061 g, 0.5 mmol, 1.0
equiv.), benzamide 4.12 (0.091 g, 0.75 mmol, 1.5 equiv.) and NaO'Bu (0.048 g, 0.5 mmol, 1.0 equiv.)
were taken together and connected with high vacuum for 10 minutes. Then dry xylene (2 mL) and Co-
8 (0.010 g, 0.025 mmol, 5 mol%) were added to the mixture under gentle flow of argon. The reaction
mixture was heated at 130 °C in a preheated oil bath for 36 h. After completion of the reaction, the
reaction mixture was subjected to cool at room temperature and ethyl acetate (15 mL) was added to
dilute the mixture and filtered through celite. The resultant volatiles were evaporated under reduced
pressure and the crude product was purified by silica gel (100—200 mesh size) column chromatography
(eluent: Pet. ether/EtOAc = 95/5) to afford the desired 2-phenylquinazoline (4.11a) in 82% yield (0.085
g, 0.41 mmol) as a yellow solid. Afterwards, when the reaction was conducted in absence of Co-8

catalyst 78% (0.08 g, 0.39 mmol) of the 2-phenylquinazoline (4.11a) was isolated.
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4.5.14. Radical involvement test in the catalysis:

To an oven dried 10 mL round bottomed flask, 2-aminobenzyl alcohol 4.1a (0.123 g, 1.0 mmol, 1.0
equiv.), 2-phenylethanol 4.2a (0.183 g, 1.5 mmol, 1.5 equiv.), KOH (0.084 g, 1.5 mmol, 1.5 equiv.) and
TEMPO or BHT (0.312 g or 0.441 g, 2.0 mmol, 2.0 equiv.) were taken and remove air through vacuum.
Then Co-9 (0.019 g, 0.025 mmol, 2.5 mol%) was added under gentle flow of argon. The resulting
reaction mixture was heated at 130 °C in a preheated oil bath for 36 h. After completion of the reaction,
the reaction mixture was subjected to cool at room temperature and ethyl acetate (15 mL) was added to
dilute the mixture and filtered through celite. The resultant volatiles were evaporated under reduced
pressure and the crude product was purified by silica gel (100—200 mesh size) column chromatography
(eluent: Pet. ether/EtOAc = 95/5) to afford the desired 3-phenylquinoline (4.3a) as a white solid (for
TEMPO, 72% yield, 0.148 g, 0.72 mmol and for BHT, 71% yield, 0.146 g, 0.71 mmol).

4.5.15. Homogeneity test:

To an oven dried 10 mL round bottomed flask, 2-aminobenzyl alcohol 4.1a (0.123 g, 1.0 mmol, 1.0
equiv.), 2-phenylethanol 4.2a (0.183 g, 1.5 mmol, 1.5 equiv.), KOH (0.084 g, 1.5 mmol, 1.5 equiv.) and
2.0 equiv. metallic Hg were taken together and connected with high vacuum for 10 minutes. Then Co-
9 (0.019 g, 0.025 mmol, 2.5 mol%) was added under gentle flow of argon. The resulting reaction
mixture was heated at 130 °C in a preheated oil bath. After stirring for 36 h, the reaction mixture was
subjected to cool at room temperature and ethyl acetate (15 mL) was added to dilute the mixture and
filtered through celite. The resultant volatiles were evaporated under reduced pressure and the crude
product was purified by silica gel (100200 mesh size) column chromatography (eluent: Pet.
ether/EtOAc = 95/5) to afford the desired 3-phenylquinoline (4.3a) in 73% yield (0.150 g, 0.73 mmol)
as a white solid.

4.5.16. Metal hydride trapping experiment:

To an oven dried 100 mL Ace pressure tube, 2-aminobenzyl alcohol 4.1a (0.123 g, 1.0 mmol, 1.0
equiv.), 2-phenylethanol 4.2a (0.183 g, 1.5 mmol, 1.5 equiv.), KOH (0.084 g, 1.5 mmol, 1.5 equiv.) and
Co0-9 (0.019 g, 0.025 mmol, 2.5 mol%) were added sequentially inside the argon filled glove box. Then
the reaction mixture is stirred at room temperature. After stirring for 0.5 h, tritylium tetrafluoroborate
(Ph;C" BFy) (0.066 g, 0.20 mmol, 20 mol%) was added to the reaction mixture. Then, the tube was
sealed and placed at 130 °C in a preheated oil bath. After stirring for 36 h, the reaction mixture was
subjected to cool at room temperature and ethyl acetate (15 mL) was added to dilute the mixture and
filtered through celite. The resultant volatiles were evaporated under reduced pressure and the crude
reaction mixture was purified by silica gel (100—200 mesh size) column chromatography (eluent: Pet.
ether/EtOAc = 95/5) to afford the desired 3-phenylquinoline (4.3a) in 18% yield (0.040 g, 0.18 mmol)

as a white solid which indicated that the in situ formed cobalt hydride involved in the catalytic cycle.
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4.5.17. Determination of the Kinetic isotope effect:

DS-AIC-MAIN-1H.1.fid SSS888LRARARRARTIYSSSRRAGK
DS-AIC-MAIN-1H DA BWBOONNNNNNNNNNNNNNNNGO®M
e ——— 4

l OMe
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Figure 4.4. '"H (400 MHz) NMR Spectrum of 4.3b-d; in CDCl;,

To an oven dried 10 mL round bottomed flask, 2-aminobenzyl alcohol 4.1a (0.123 g, 1.0 mmol, 1.0
equiv.), 2-(4-methoxyphenyl)ethan-1,1-d>-1-o0l 4.2b-d>"* (0.231 g, 1.5 mmol, 1.5 equiv.), KOH (0.084
g, 1.5 mmol, 1.5 equiv.) were taken together and connected with high vacuum for 10 minutes. Then
Co0-9 (0.019 g, 0.025 mmol, 2.5 mol%) was added under gentle flow of argon and the resulting reaction
mixture was heated at 130 °C in a preheated oil bath for 36 h. After completion of the reaction, the
reaction mixture was subjected to cool at room temperature and ethyl acetate (15 mL) was added to
dilute the mixture and filtered through celite. The resultant volatiles were evaporated under reduced
pressure and the crude product was purified by silica gel (100—200 mesh size) column chromatography
(eluent: Pet. ether/EtOAc = 95/5) to afford the desired 4.3b-d; in 37% yield as a white solid. When the
same reaction was performed employing 2-(4-methoxyphenyl)ethan-1-ol 4.2b as a coupling partner
under the similar reaction conditions 78% of 4.3b was isolated which revealed that the value of KIE=
ku/kp=2.11.

4.5.18. Gram scale synthesis:

To an oven dried 50 mL round bottomed flask, 2-aminobenzyl alcohol 4.1a (0.985 g, 8.0 mmol, 1.0
equiv.), 2-phenylethanol 4.2a (1.46 g, 12.0 mmol, 1.5 equiv.) and KOH (0.673 g, 12.0 mmol, 1.5 equiv.)
were taken sequentially and connected with high vacuum for 15 minutes. Then Co-9 (0.154 g, 0.2
mmol, 2.5 mol%) was added under gentle flow of argon. The resulting reaction mixture was heated at

130 °C in a preheated oil bath. After stirring for 36 h, the reaction mixture was subjected to cool at room
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temperature and ethyl acetate (30 mL) was added to dilute the mixture and filtered through a pad of
celite. The filtrate was concentrated under reduced pressure and the residue was purified by silica gel
(100—200 mesh size) column chromatography (eluent: Pet. ether/EtOAc = 95/5) to afford the desired
3-phenylquinoline (4.3a) in 72% yield (1.182 g, 0.72 mmol) as a white solid.

4.5.19. Kinetic experiments:

4.5.19.1. Monitoring the Kinetics of the reaction:

4.5.19.1.1. Experimental procedure: To an oven dried 10 mL 2-neck round bottomed flask, 2-
aminobenzyl alcohol 4.1a (0.616 g, 5.0 mmol, 1.0 equiv.), benzonitrile 4.10a (0.773 g, 7.5 mmol, 1.5
equiv.) and NaO'Bu (0.480 g, 5.0 mmol, 1.0 equiv.) were taken sequentially and connected with high
vacuum for 15 minutes. Then, Co-8 (0.096 g, 0.25 mmol, 5 mol%), mesitylene (0.601 g, 5.0 mmol, 1.0
equiv.) as an internal standard and dry xylene were added to the mixture under gentle flow of argon to
make up the total volume of the reaction mixture 5 mL. Afterwards, the reaction mixture was kept in a
preheated oil bath for stirring at 130 °C. At regular intervals (1 h,2h,3h,4h,5h,6h,9h, 12 h, 15h,
18 h, 21 h, 24 h, 27 h, 30 h, 33 h, 36 h) the reaction mixture was cooled to ambient temperature and an
aliquot of mixture was taken in a GC vial. The GC sample was diluted with ethyl acetate and subjected
to gas chromatographic analysis. The concentration of the product was determined with respect to
mesitylene internal standard. The data was accomplished to draw the concentration of the product
(mmolar) vs time (h) plot (Figure 4.2 A).

4.5.19.2. Rate order determination:

The initial rate method was used to determine the rate order of the 2-phenylquinazoline 4.11a synthesis
reaction with respect to various components of the reaction. The data of the concentration (mM) vs time
(h) plot was fitted to linear using origin pro 8.5. The slope of the linear fitted curve represents the initial
rate of the reaction. The order of the reaction was determined by plotting initial rate (mM/h) vs
concentration (mM) of that particular component.

4.5.19.2.1. Rate order determination with respect to benzonitrile (4.10a):

To determine the order of the 2-phenylquinazoline 4.11a synthesis reaction, initial rates at different
initial concentration of benzonitrile 4.10a were recorded.

4.5.19.2.1.1. Experimental procedure: To an oven dried 10 mL 2-neck round bottomed flask, 2-
aminobenzyl alcohol 4.1a (0.123 g, 1.0 mmol, 1.0 equiv.) and NaO'Bu (0.096 g, 1.0 mmol, 1.0 equiv.)
were taken together and connected with high vacuum for 10 minutes. Then, Co-8 (0.019 g, 0.05 mmol,
5 mol%), mesitylene (0.120 g, 1.0 mmol, 1.0 equiv.) as an internal standard, specific amount of
benzonitrile 4.10a and dry xylene were added to the mixture under gentle flow of argon to make up the
total volume of the reaction mixture 5 mL. Afterwards, the reaction mixture was kept in an oil bath of
130 °C for stirring. At regular intervals (13 h, 14 h, 15 h, 16 h, 17 h, 18 h, 19 h, 20 h) the reaction
mixture was cooled to ambient temperature and an aliquot of mixture was taken in a GC vial. The GC

sample was diluted with ethyl acetate and subjected to gas chromatographic analysis. The concentration
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of the product was determined with respect to mesitylene internal standard. The data was accomplished
to draw the concentration of the product (mM) vs time (h) plot (Figure 4.2 B). The rate of the reaction
at different initial concentration of benzonitrile 4.10a was given below and used to plot the log(rate) vs
log(concentration of benzonitrile 4.10a) to determine the order of the reaction with respect to
benzonitrile 4.10a (Figure 4.3.C).

4.5.20. Post-synthetic modification:

4.5.20.1. Preparation procedure of 3-phenylquinoline 1-oxide (4.4):2°

3-phenylquinoline 4.3a (1.03 g, 5.0 mmol, 1.0 equiv.) and CH>Cl, (10 mL) was added to an oven-dried
50 mL round bottom flask and the mixture was cooled to 0 °C. Afterwards, m-Chloroperoxybenzoic
acid (m-CPBA, 2.16 g, 12.5 mmol, 2.5 equiv.) was added slowly in a portion wise manner under stirring
condition at 0 °C and the stirring was continued for 12 h at room temperature. After 12 h, the reaction
mixture was quenched with saturated aqueous NaHCO3 solution (35 mL) and the aqueous layer was
extracted with CH»Cl, (3%20 mL) and the combined organic extracts were dried over Na,SOy, filtered,
and concentrated under reduced pressure. The residue was purified by silica gel (100—200 mesh size)
column chromatography (eluent: Pet. ether/EtOAc = 30/70) to afford the desired 3-phenylquinoline 1-
oxide (4.4) in 95% yield (1.05 g, 9.5 mmol) as a brown liquid.

4.5.20.2. Preparation procedure of 3-phenyl-2-(piperidin-1-yl)quinoline 1-oxide (4.5):!
To an oven-dried 25 mL round bottom flask, piperidine (0.341 g, 4.0 mmol, 8.0 equiv.) in 3.75 mL
toluene was added into a mixture of 3-phenylquinoline 1-oxide (4.4) (0.111 g, 0.5 mmol, 1.0 equiv.)
and copper iodide (0.010 g, 0.05 mmol, 10 mol%) and the reaction mixture was stirred at 50 °C for 9 h
under aerobic condition. After 9 h, the reaction mixture was subjected to cool at room temperature,
diluted with 25 mL CH,Cl, and washed with 25 mL H»O. The aqueous layer was extracted with CH,Cl,
(3%20 mL) and the combined organic extracts were dried over Na,SOs, filtered, and concentrated under
reduced pressure. The residue was purified by silica gel (100—200 mesh size) column chromatography
(eluent: Pet. ether/EtOAc = 50/50) to afford the desired 3-phenyl-2-(piperidin-1-yl)quinoline 1-oxide
(4.5) in 75% yield (0.114 g, 0.375 mmol) as a yellow solid.

4.5.20.3. Preparation procedure of 3-phenylquinoline-2-carbonitrile (4.6):2
3-phenylquinoline 1-oxide (4.4) (0.111 g, 0.5 mmol, 1.0 equiv.) and trimethylsilyl cyanide (0.109 g, 1.1
mmol, 2.2 equiv.) were added successively to an oven dried Ace pressure tube (15 mL) containing a
stirring bar. Then the tube was flushed with argon and the resulting mixture was heated at 130 °C in a
preheated oil bath for 1 h. After completion of the reaction, the reaction mixture was subjected to cool
at room temperature and ethyl acetate (15 mL) was added to dilute the mixture and filtered through
celite. The resultant volatiles were evaporated under reduced pressure and the crude product was
purified by silica gel (100—200 mesh size) column chromatography (eluent: Pet. ether/EtOAc = 95/5)
to afford the desired 3-phenylquinoline-2-carbonitrile (4.6) in 70% yield (0.081 g, 0.35 mmol) as a

white solid.
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4.5.20.4. Preparation procedure of 3,6-diphenylquinoline (4.7):2

To an oven-dried 10 mL round bottom flask under argon atmosphere was charged with 6-bromo-3-
phenylquinoline (4.3zh) (0.656 g, 2.31 mmol, 1.0 equiv.), phenylboronic acid (0.310 g, 2.55 mmol, 1.1
equiv.), Pd(OAc), (0.052 g, 0.23 mmol, 10 mol%) and Na,COs (0.736 g, 6.94 mmol, 3.0 equiv.) in
EtOH:H>O (9:1) (1.0 mL) mixture. The resulting mixture was flushed with argon and was heated at 90
°C in a preheated oil bath for 16 h. After completion of the reaction, the reaction mixture was subjected
to cool at room temperature and ethyl acetate (30 mL) was added to dilute the mixture and filtered
through a pad of celite. The resultant volatiles were evaporated under reduced pressure and the crude
product was purified by silica gel (100—200 mesh size) column chromatography (eluent: Pet.
ether/EtOAc = 90/10) to afford the desired 3,6-diphenylquinoline (4.7) in 85% yield (0.552 g, 1.96
mmol) as a white solid.

4.5.21. Analytical data:

4.5.21.1. Analytical data for substrate scopes:

3-phenylquinoline (4.3a):'>

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.

N O ether/EtOAc = 95/5) to afforded the title compound in 76% yield (0.156 g, 0.76
O Nz mmol) as a white solid. "H NMR (600 MHz, CDCls) § 9.18 (s, 1H), 8.27 (s, 1H),
8.14 (d, J=8.4 Hz, 1H), 7.85 (d, J= 7.7 Hz, 1H), 7.72 — 7.69 (m, 3H), 7.55 (t, J
= 7.5 Hz, 1H), 7.51 (t, J = 7.7 Hz, 2H), 7.42 (t, J = 7.3 Hz, 1H). B*C{'H} NMR (125 MHz, CDCl;) §
150.0, 147.5, 138.0, 134.0, 133.3, 129.5, 129.3, 129.3, 128.2, 128.2, 128.1, 127.5, 127.1.

3-(4-methoxyphenyl)quinoline (4.3b):'5?

OMe Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
O ether/EtOAc = 95/5) to afforded the title compound in 78% yield (0.183 g,
O : 0.78 mmol) as a white solid. '"H NMR (500 MHz, CDCl;) 5 9.01 —9.00 (m,
- 1H), 8.03 (s, 1H), 7.99 (d, /= 8.4 Hz, 1H), 7.65 (d, /= 8.0 Hz, 1H), 7.52 (d,
J=7.2Hz, 1H), 7.46 (d, J=8.7 Hz, 2H), 7.37 (t,J=7.3 Hz, 1H), 6.87 (d, J= 8.5 Hz, 2H), 3.68 (s, 3H).
BC{'H} NMR (125 MHz, CDCl;) § 159.8, 149.7, 146.9, 133.4, 132.3, 130.1, 129.1, 129.0, 128.4,
128.1, 127.8, 126.9, 114.6, 55.3.
3-(p-tolyl)quinoline (4.3c):'*"

me | Purification by column chromatography (SiO2, 100-200 mesh, eluent: Pet.

O ether/EtOAc = 95/5) to afforded the title compound in 75% yield (0.164 g,

O : 0.75 mmol) as a white solid. '"H NMR (600 MHz, CDCl;) 5 9.04 (s, 1H), 8.08

- (s, 1H), 8.01 (d, /= 8.4 Hz, 1H), 7.68 (d, /= 8.1 Hz, 1H), 7.54 (t,J= 7.6 Hz,

1H), 7.44 (d, J = 7.8 Hz, 2H), 7.39 (t, J = 7.5 Hz, 1H), 7.16 (d, J = 7.7 Hz, 2H), 2.27 (s, 3H). BC{'H}

NMR (150 MHz, CDCl3) 6 149.9, 147.2, 138.0, 134.9, 133.7, 132.8, 129.9, 129.2, 129.2, 128.1, 127.9,
127.2,126.9, 21.2.

193
TH-3636_186122010



Chapter-4: Co-catalyzed Synthesis of Quinoline and Quinazoline Derivatives

3-(3-methoxyphenyl)quinoline(4.3d):**

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
X 0 OMe ether/EtOAc = 95/5) to afforded the title compound in 70% yield (0.165 g,

(7

N 0.70 mmol) as a white solid. 'H NMR (600 MHz, CDCls) § 9.15 (s, 1H),
8.20 (s, 1H), 8.13 (d, /= 8.4 Hz, 1H), 7.79 (d, J=7.9 Hz, 1H), 7.66 (t, J =

7.4 Hz, 1H), 7.50 (t, J= 7.3 Hz, 1H), 7.38 (t, /= 7.8 Hz, 1H), 7.23 (d, J= 7.4 Hz, 1H), 7.19 (s, 1H),

6.93 (d, J=8.1 Hz, 1H), 3.83 (s, 3H). *C{'H} NMR (150 MHz, CDCl3) 6 160.1, 149.8, 147.3, 139.2,

133.6, 133.2, 130.1, 129.3, 129.13, 128.0, 127.9, 119.8, 113.3, 113.2, 55.3.

3-(o-tolyl)quinoline (4.3¢):'*"

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
O ether/EtOAc = 95/5) to afforded the title compound in 50% yield (0.110 g, 0.50
Me | mmol) as a white solid. 'H NMR (500 MHz, CDCl;) & 8.75 (s, 1H), 7.99 (d, J =
8.5 Hz, 1H), 7.83 (s, 1H), 7.60 — 7.58 (m, 1H), 7.51 — 7.48 (m, 1H), 7.34 — 7.30
(m, 1H), 7.11 — 7.08 (m, 4H), 2.11 (s, 3H). *C{'"H} NMR (125 MHz, CDCl;) 5 151.3, 146.9, 138.0,
135.6, 135.1, 134.7, 130.5, 130.0, 129.2, 129.2, 128.1, 127.7, 127.6, 126.7, 126.1, 20.3.
3-(3,4,5-trimethoxyphenyl)quinoline (4.3f):2

W),
S/

OMe Purification by column chromatography (SiO2, 100-200 mesh, eluent: Pet.

OMe | ether/EtOAc = 90/10) to afforded the title compound in 68% yield (0.201 g,

AN 0 oMe | 0.68 mmol) as a white solid. '"H NMR (600 MHz, CDCl;) § 9.04 (s, 1H),

N? 8.13 (s, 1H), 8.03 (d, /= 8.4 Hz, 1H), 7.76 (d, /= 7.7 Hz, 1H), 7.61 (t, J =

8.5 Hz, 1H), 7.46 (t, J=7.6 Hz, 1H), 6.77 (s, 2H), 3.85 (s, 6H), 3.82 (s, 3H).

BC{'H} NMR (150 MHz, CDCl3) & 153.8, 149.8, 147.3, 138.3, 133.9, 133.7, 133.1, 129.4, 129.2,
127.9, 127.1, 104.7, 61.0, 56.3.

(7

3-(4-fluorophenyl)quinoline (4.3g):'>

g| Purification by column chromatography (SiO;, 100200 mesh, eluent: Pet.
X O ether/EtOAc = 92/8) to afforded the title compound in 61% yield (0.136 g, 0.61
O NP mmol) as a brown solid. '"H NMR (500 MHz, CDCl;) & 9.04 (s, 1H), 8.14 (s,
1H), 8.05 (d, J=7.6 Hz, 1H), 7.78 — 7.76 (m, 1H), 7.64 — 7.62 (m, 1H), 7.58 —
7.55 (m, 2H), 7.50 — 7.47 (m, 1H), 7.14 — 7.10 (m, 2H). BC{'H} NMR (125 MHz, CDCl;s) § 163.0 (d,
J=246.5 Hz), 149.8, 147.4, 134.1 (d, J = 3.2 Hz), 133.2, 133.0, 129.6, 129.4, 129.2 (d, J = 8.2 Hz),
128.0,127.2,116.3 (d, J = 21.5 Hz). ”’F NMR (470 MHz, CDCls) § -114.05.
3-(4-chlorophenyl)quinoline (4.3h):'

¢ | Purification by column chromatography (SiO2, 100-200 mesh, eluent: Pet.
O ether/EtOAc = 92/8) to afforded the title compound in 68% yield (0.163 g,

O N: 0.68 mmol) as a white solid. "H NMR (600 MHz, CDCl;) § 9.02 (s, 1H),
8.13 (s, 1H), 8.04 (d, J = 8.4 Hz, 1H), 7.74 (d, J = 8.0 Hz, 1H), 7.61 (t, J =

8.0 Hz, 1H), 7.50 (d, J = 8.2 Hz, 2H), 7.46 (t, J = 7.5 Hz, 1H), 7.37 (d, J = 8.1 Hz, 2H). BC{'H} NMR
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(150 MHz, CDCl3) 6 149.5, 147.5,136.4, 134.4,133.2,132.7,129.7, 129.4, 129.3, 128.7, 128.1, 128.0,
127.2.
3-(4-bromophenyl)quinoline (4.3i):'>?

gr | Purification by column chromatography (SiO2, 100-200 mesh, eluent: Pet.
N O ether/EtOAc = 92/8) to afforded the title compound in 69% yield (0.196 g,
N 0.69 mmol) as a pale yellow solid. '"H NMR (500 MHz, CDCl;) § 9.17 (s,
1H), 8.25 (s, 1H), 8.14 (d, J = 8.4 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.68 (d,
J=17.6 Hz, 2H), 7.54 (t, J = 7.5 Hz, 1H), 7.49 (t, J = 7.6 Hz, 2H), 7.41 (t, J = 7.3 Hz, 1H). BC{'H}
NMR (125 MHz, CDCl3) 6 150.0, 147.4, 137.9, 133.9, 133.3, 129.4, 129.3, 129.2, 128.2, 128.1, 127.5,
127.0.
3-(3,4-dichlorophenyl)quinoline (4.3j):*

(7

ci| Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
N O ol ether/EtOAc = 92/8) to afforded the title compound in 65% yield (0.178 g,
\? 0.65 mmol) as a white solid. 'H NMR (500 MHz, CDCl3) 5 8.98 (s, 1H), 8.09
—8.07 (m, 1H), 8.01 (d, /= 8.6 Hz, 1H), 7.71 — 7.69 (m, 1H), 7.60 — 7.56 (m,
1H), 7.46 — 7.40 (m, 2H), 7.32 (d, J = 8.4 Hz, 1H), 7.30 — 7.23 (m, 1H). BC{'H} NMR (125 MHz,
CDCl3) o 1494, 147.5, 139.7, 136.3, 135.1, 134.4, 133.3, 132.5, 130.4, 129.5, 128.6, 128.0, 127.5,
127.2, 125.5.
4-(quinolin-3-yl)phenol (4.3k):?’

7

on| Purification by column chromatography (SiO2, 100-200 mesh, eluent: Pet.

N O ether/EtOAc = 70/30) to afforded the title compound in 52% yield (0.115 g,

Nz 0.52 mmol) as a white solid. '"H NMR (400 MHz, DMSO-ds) 5 9.77 (s, 1H),
9.20 (s, 1H), 8.49 (s, 1H), 8.09 — 7.88 (m, 2H), 7.83 — 7.62 (m, 3H), 7.59 (t,

J=17.5Hz, 1H), 6.95 (d, J= 8.5 Hz, 2H). *C{'H} NMR (125 MHz, DMSO-ds) 5 157.9, 149.3, 146.4,

132.9,131.4,129.0, 128.6, 128.4, 128.2, 127.9, 127.7, 126.9, 116.2.

4-(quinolin-3-yl)aniline (4.31):*’

(7

NH, Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
N O ether/EtOAc = 70/30) to afforded the title compound in 43% yield (0.095 g,
Rz 0.43 mmol) as a white solid. '"H NMR (400 MHz, CDCl;) § 9.16 (s, 1H),

8.22 (s, 1H), 8.11 (d, J = 8.4 Hz, 1H), 7.85 (d, J= 8.1 Hz, 1H), 7.68 (t, J =
7.5 Hz, 1H), 7.63 — 7.46 (m, 3H), 6.83 (d, J = 8.4 Hz, 2H), 3.83 (s, 2H). *C{'H} NMR (125 MHz,
CDCl) 6 150.0, 146.9, 146.8, 134.0, 131.9, 129.3, 128.9, 128.5, 128.4, 128.0, 127.9, 128.0, 115.8.
3-(naphthalen-2-yl)quinoline (4.3n):'5?

(7

Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
OO ether/EtOAc = 95/5) to afforded the title compound in 65% yield (0.166 g,
0.65 mmol) as a white solid. '"H NMR (600 MHz, CDCl;) 6 9.19 (s, 1H),
8.26 (s, 1H), 8.06 (d, /= 8.4 Hz, 1H), 8.02 (s, 1H), 7.85 (d, J= 8.5 Hz, 1H),

W,
S/
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7.81 (d,J=7.7 Hz, 1H), 7.77 = 7.75 (m, 2H), 7.69 (d, J = 9.0 Hz, 1H), 7.61 (t, /= 7.7 Hz, 1H), 7.46 (t,
J=17.5 Hz, 1H), 7.44 — 7.39 (m, 2H). BC{'H} NMR (150 MHz, CDCls) 5 150.1, 147.4, 135.2, 133.8,
133.7,133.5, 133.0, 129.5, 129.3, 129.1, 128.4, 128.1, 128.1, 127.8, 127.1, 126.7, 126.6, 126.5, 125.3.
3-(thiophen-2-yl)quinoline (4.30):">¢

Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
ether/EtOAc = 90/10) to afforded the title compound in 74% yield (0.156 g, 0.74
mmol) as a white solid. "H NMR (600 MHz, CDCls) § 9.04 (s, 1H), 8.05 (s, 1H),
7.96 (d, J= 8.5 Hz, 2H), 7.62 (d, J = 7.9 Hz, 2H), 7.51 (t,J=7.6 Hz, 2H), 7.37 (t,
J =172 Hz, 2H), 7.30 (s, 1H), 7.27 — 7.13 (m, 1H), 6.99 — 6.97 (m, 1H). BC{'H} NMR (150 MHz,
CDCl3) 6 148.5, 147.2, 140.7, 131.3, 129.3, 129.2, 128.4, 127.9, 127.8, 127.5, 127.2, 126.1, 124.4.
3-(1H-indol-3-yl)quinoline (4.3p):2®

B\

NS

N
p
N

NH Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.

X ’ Q ether/EtOAc = 55/45) to afforded the title compound in 72% yield (0.176 g,

O N7 0.72 mmol) as a yellow solid. 'H NMR (600 MHz, CDCls) § 9.20 (s, 1H), 9.17

(s, 1H), 8.32 (s, 1H), 8.06 (d, J = 8.3 Hz, 1H), 7.92 (d, J= 7.8 Hz, 1H), 7.77

(d, J=8.0 Hz, 1H), 7.58 (t, J= 7.5 Hz, 1H), 7.49 — 7.44 (m, 2H), 7.38 (d, J= 7.9 Hz, 1H), 7.21 — 7.15

(m, 2H). BC{'H} NMR (150 MHz, CDCl;) & 150.6, 146.4, 137.0, 132.4, 129.2, 129.0, 128.8, 128.7,
127.8,127.1,125.7, 123.0, 122.9, 120.9, 119.4, 114.5, 112.0

3-ethylquinoline (4.3s):'>¢

N Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
Seh
N

ether/EtOAc = 95/5) to afforded the title compound in 42% yield (0.066 g, 0.42
mmol) as a colourless liquid. 'H NMR (600 MHz, CDCl;) § 8.78 (s, 1H), 8.08 (d,
J=8.6 Hz, 1H), 7.87 (s, 1H), 7.72 (d, J= 8.2 Hz, 1H), 7.62 (t, J= 7.6 Hz, 1H), 7.48 (t,J=7.4 Hz, 1H),
2.79 (q, J = 7.7 Hz, 2H), 1.32 (t, J = 7.8 Hz, 3H). *C{'H} NMR (150 MHz, CDCl;) § 151.8, 146.7,
136.6, 133.4, 129.1, 128.5, 128.2, 127.3, 126.5, 26.2, 15.2.

3-propylquinoline(4.3t):'5
X Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
C(ND/\/ ether/EtOAc = 95/5) to afforded the title compound in 45% yield (0.077 g, 0.45
mmol) as a colourless liquid. "H NMR (600 MHz, CDCl;) & 8.66 (s, 1H), 7.98
(d, J=8.5 Hz, 1H), 7.75 (s, 1H), 7.62 (d, J = 8.2 Hz, 1H), 7.52 (t, J= 7.6 Hz, 1H), 7.38 (t, /= 7.5 Hz,
1H), 2.62 (t, J= 7.7 Hz, 2H), 1.64 — 1.58 (m, 2H), 0.86 (t, J = 7.5 Hz, 3H). BC{'H} NMR (150 MHz,

CDCL) 6 152.1, 146.7, 135.1, 134.2, 129.1, 128.5, 128.2, 127.3, 126.5, 35.2,24.2, 13.7.

3-butylquinoline (4.3u):'5¢
X Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
@(Nj/\/\ ether/EtOAc = 95/5) to afforded the title compound in 52% yield (0.096 g,
0.52 mmol) as a colourless liquid. "H NMR (600 MHz, CDCl;) § 8.78 (s, 1H),
8.08 (d, J=8.5 Hz, 1H), 7.90 (s, 1H), 7.76 (d, J= 8.1 Hz, 1H), 7.64 (t, J=7.6 Hz, 1H), 7.51 (t,J="7.5
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Hz, 1H), 2.79 (t, J = 7.8 Hz, 2H), 1.70 (p, J= 7.6 Hz, 2H), 1.41 (h, J=7.4 Hz, 2H), 0.96 (t, /= 7.4 Hz,
3H). BC{'H} NMR (150 MHz, CDCl3) 5 152.2, 146.8, 135.5, 134.2, 129.2, 128.6, 128.3, 127.4, 126.6,
33.3,33.0,22.4, 14.0.
3-pentylquinoline (4.3v):!*
X Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
@(N:I/\/\/ ether/EtOAc = 95/5) to afforded the title compound in 56% yield (0.112 g,
0.56 mmol) as a white solid. 'H NMR (600 MHz, CDCls) § 8.76 (s, 1H),
8.09 (d, J= 8.5 Hz, 1H), 7.83 (s, 1H), 7.70 (d, /= 8.2 Hz, 1H), 7.60 (t, /= 7.7 Hz, 1H), 7.45 (t, /= 7.6
Hz, 1H), 2.71 (t, J = 7.9 Hz, 2H), 1.68 — 1.63 (m, 2H), 1.36 — 1.27 (m 4H), 0.88 (t, J = 6.7 Hz, 3H).
BC{'H} NMR (150 MHz, CDCl3) § 151.9, 146.6, 135.2, 134.0, 129.0, 128.3, 128.1, 127.2, 126.4, 33.0,
31.2,30.6,22.4,13.9.

3-hexylquinoline (4.3w):5¢
X Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
C(NJ/W\ ether/EtOAc = 95/5) to afforded the title compound in 61% yield (0.130 g,
0.61 mmol) as a yellow liquid. 'H NMR (600 MHz, CDCl;) 6 8.77 (s, 1H),
8.08 (d, /J=8.5 Hz, 1H), 7.88 (s, 1H), 7.74 (d, J= 8.2 Hz, 1H), 7.63 (t,J=7.7 Hz, 1H), 7.49 (t,J=".5
Hz, 1H), 2.77 (t, J= 7.8 Hz, 2H), 1.72 — 1.67 (m, 2H), 1.39 — 1.35 (m, 2H), 1.32 — 1.26 (m, 4H), 0.88

(t,J=6.7 Hz, 3H). *C{'H} NMR (150 MHz, CDCl;) § 152.1, 146.7, 135.4, 134.2, 129.1, 128.5, 128.3,
127.3,126.6,33.2,31.7, 31.1, 28.9, 22.6, 14.1.

3-heptylquinoline (4.3x):
m/\/\/\/ Purification by column chromatography (SiO», 100200 mesh, eluent:
N7 Pet. ether/EtOAc = 95/5) to afforded the title compound in 63% yield
(0.143 g, 0.63 mmol) as a yellow liquid. "H NMR (600 MHz, CDCl;)
3 8.76 (s, 1H), 8.09 (d, J= 8.5 Hz, 1H), 7.85 (s, 1H), 7.71 (d, J= 8.2 Hz, 1H), 7.61 (t, J = 7.7 Hz, 1H),
7.47 (t,J=17.5 Hz, 1H), 2.73 (t, /= 7.8 Hz, 2H), 1.70 — 1.65 (m, 2H), 1.38 — 1.21 (m, 8H), 0.87 (t, /=

7.0 Hz, 3H). *C{'H} NMR (150 MHz, CDCl3) 5 152.0, 146.6, 135.3, 134.0, 129.0, 128.4, 128.2, 127.2,
126.4,33.1,31.7,31.1, 29.1, 29.1, 22.6, 14.0.

3-octylquinoline (4.3y):!*"

N Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
N ether/EtOAc = 95/5) to afforded the title compound in 65% yield (0.157 g, 0.65
mmol) as a yellow liquid. 'H NMR (600 MHz, CDCls) § 8.77 (s, 1H), 8.09 (d,
J=8.5Hz, 1H), 7.85 (s, 1H), 7.72 (d, J=8.3 Hz, 1H), 7.61 (t,J="7.7 Hz, 1H), 7.47 (t,J= 7.6 Hz, 1H),
2.74 (t,J=7.9 Hz, 2H), 1.68 (p, J= 7.5 Hz, 2H), 1.36 — 1.23 (m, 10H), 0.87 (t, J= 7.0 Hz, 3H). *C{'H}
NMR (150 MHz, CDCl3) 6 152.0, 146.7, 135.3, 134.0, 129.1, 128.4, 128.2, 127.3, 126.5, 33.2, 31.8,
31.1,29.4,29.2,29.2,22.6, 14.1.
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3-tetradecylquinoline (4.3z):

X - Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
Nz ether/EtOAc = 95/5) to afforded the title compound in 68% yield (0.221 g,
0.68 mmol) as a colourless liquid. 'H NMR (600 MHz, CDCl;) § 8.64 (s,
1H), 7.97 (d, /= 8.5 Hz, 1H), 7.71 (s, 1H), 7.58 (d, /= 8.2 Hz, 1H), 7.48 (t, /= 7.7 Hz, 1H), 7.34 (t, J
=17.5 Hz, 1H), 2.61 (t, J= 7.9 Hz, 2H), 1.55 (p, J= 7.5 Hz, 2H), 1.24 — 1.10 (m, 22H), 0.76 (t, J=7.1
Hz, 3H). BC{'H} NMR (150 MHz, CDCl3) § 152.0, 146.7, 135.3, 133.9, 129.1, 128.4, 128.1, 127.2,
126.4,33.1,31.9,31.1, 29.70, 29.68, 29.66 (2C), 29.64, 29.6, 29.4,29.36,29.2,22.7, 14.1. HRMS (ESI-

TOF) m/z [M+H]" calculated for C23H3sN is 326.2848. Found 326.2855.

3-hexadecylquinoline (4.3za):'>¢

X 3 Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
NP ether/EtOAc = 95/5) to afforded the title compound in 70% yield (0.247 g, 0.70
mmol) as a colourless liquid. '"H NMR (600 MHz, CDCl;)  8.63 (s, 1H), 7.96
(d, J=8.5 Hz, 1H), 7.68 (s, 1H), 7.55 (d, J = 8.2 Hz, 1H), 7.45 (t, J= 7.7 Hz, 1H), 7.31 (t, /= 7.5 Hz,
1H), 2.58 (t, J= 7.9 Hz, 2H), 1.53 (p, J= 7.5 Hz, 2H), 1.22 — 1.08 (m, 26H), 0.75 (t, /= 7.1 Hz, 3H).
BC{'H} NMR (150 MHz, CDCl3) 5 151.9, 146.6, 135.2, 133.8, 129.0, 128.3, 128.1, 127.1, 126.3, 33.1,
31.9,31.0, 29.65, 29.63, 29.61, 29.6, 29.5, 29.4, 29.3, 29.1, 22.6, 14.0.

3-(6-methylhept-5-en-2-yl)quinoline (4.3zb):'5¢

Purification by column chromatography (SiO2, 100—200 mesh, eluent: Pet.
ether/EtOAc = 95/5) to afforded the title compound in 60% yield (0.144 g,
0.60 mmol) as a colourless liquid. 'H NMR (600 MHz, CDCl;)  8.79 (s,
1H), 8.09 (d, J = 8.5 Hz, 1H), 7.88 (s, 1H), 7.75 (d, J = 8.2 Hz, 1H), 7.62 (t, /= 7.6 Hz, 1H), 7.48 (t, J
=7.5Hz, 1H), 5.09 (t,J = 7.3 Hz, 1H), 2.94 — 2.88 (m, 1H), 1.99 — 1.88 (m, 2H), 1.80 — 1.68 (m, 2H),
1.66 (s, 3H), 1.49 (s, 3H), 1.34 (d, J = 7.3 Hz, 3H). BC{'H} NMR (150 MHz, CDCl;) 6 151.3, 147.0,
140.0, 132.7, 131.9, 129.1, 128.5, 128.2, 127.4, 126.5, 123.9, 38.0, 37.1, 26.0, 25.7, 22.1, 17.7.
(Z)-3-(pentadec-7-en-1-yl)quinoline (4.3zc):'>

N
Z
N

Purification by column chromatography (SiO,, 100200 mesh, eluent:

: 5 ~ Pet. ether/EtOAc = 95/5) to afforded the title compound in 65% yield

N 6 (0.219 g, 0.65 mmol) as a colourless liquid. '"H NMR (400 MHz, CDCl;)

6 8.65 (s, 1H), 7.98 (d, /= 8.4 Hz, 1H), 7.75 (s, 1H), 7.61 (d, /= 8.1 Hz,

1H), 7.50 (t, J= 7.6 Hz, 1H), 7.36 (t, J= 7.5 Hz, 1H), 5.28 — 5.22 (m, 2H), 2.64 (t, J = 7.8 Hz, 2H),

1.98 — 1.83 (m, 4H), 1.62 — 1.54 (m, 2H), 1.25 — 1.15 (m, 18H), 0.76 (t, J= 6.3 Hz, 3H). *C{'H} NMR

(125 MHz, CDCl3) 6 152.0, 146.8, 135.3, 134.0, 130.5, 130.1, 129.6, 129.1, 128.4, 128.2, 127.2, 126.5,
33.2,32.6,31.9,31.1,29.8,29.7, 29.5,29.3,29.2, 29.1, 29.1, 28.9, 27.2, 27.1, 22.7, 14.1.
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3-(non-8-en-1-yl)quinoline (4.3zd):

X ; N Purification by column chromatography (SiO», 100-200 mesh, eluent: Pet.
NZ ether/EtOAc = 95/5) to afforded the title compound in 68% yield (0.172 g,
0.68 mmol) as a colourless liquid. 'H NMR (500 MHz, CDCl;) & 8.68 (s,
1H), 7.99 (d, J= 8.5 Hz, 1H), 7.80 (s, 1H), 7.66 (d, J=8.2 Hz, 1H), 7.55 (t, /= 7.6 Hz, 1H), 7.41 (t, J
=7.5Hz, 1H), 5.37 - 5.26 (m, 1H), 2.69 (t,J= 7.8 Hz, 2H), 1.95 — 1.86 (m, 2H), 1.65 — 1.59 (m, 2H),
1.55 - 1.49 (m, 2H), 1.31 — 1.17 (m, 6H), 0.79 (t, J = 6.5 Hz, 1H). BC{'H} NMR (125 MHz, CDCl5)
0 152.2,146.9, 134.1, 131.5, 128.5, 128.3, 127.4, 126.6, 124.8, 123.9, 33.3, 32.6, 32.0, 31.2,29.6, 29 .4,
29.3, 29.1, 29.0, 26.9, 22.7, 18.0, 14.2. HRMS (ESI-TOF) m/z [M+H]" calculated for CisHa;N is

254.1909. Found 254.1914.

8-methyl-3-phenylquinoline (4.3ze):*

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.

I O ether/EtOAc = 95/5) to afforded the title compound in 54% yield (0.118 g, 0.54

O N? mmol) as a white solid. 'H NMR (600 MHz, CDCl;) § 9.04 (s, 1H), 8.02 (s, 1H),

e 7.50 — 7.47 (m, 3H), 7.35 — 7.29 (m, 3H), 7.25 — 7.21 (m, 2H), 2.69 (s, 3H).

BC{'"H} NMR (150 MHz, CDCl;) & 148.6, 146.4, 137.9, 136.9, 133.4, 133.36, 129.6, 129.1, 128.0,
127.3,126.7, 126.1, 18.2.

5-fluoro-3-(3-methoxyphenyl)quinoline (4.3zf):'5

Purification by column chromatography (SiO, 100-200 mesh, eluent: Pet.
ether/EtOAc = 95/5) to afforded the title compound in 62% yield (0.157 g,
0.62 mmol) as a white solid. '"H NMR (500 MHz, CDCl;) § 9.07 (s, 1H),
8.40 (s, 1H), 7.81 (d, J= 8.5 Hz, 1H), 7.49 (q, /= 7.2 Hz, 1H), 7.30 (t, J =
8.3 Hz, 1H), 7.16 (d, J = 7.2 Hz, 1H), 7.11 — 7.06 (m, 2H), 6.85 (d, J = 8.1 Hz, 1H), 3.76 (s, 3H).
BC{'H} NMR (150 MHz, CDCls) § 160.3, 158.02 (d, J = 253.5 Hz), 150.8, 149.9, 148.09 (d, J = 3.0
Hz), 147.4, 139.3, 138.9, 133.9, 133.7, 133.3, 130.3, 129.3 (d, J = 32.7 Hz), 129.2, 128.8 (d, J = 8.9
Hz), 128.1, 127.0, 126.4 (d, J = 4.4 Hz), 125.1 (d, J = 4.0 Hz), 119.9, 118.9 (d, J = 16.0 Hz) 113.7,
113.3,110.6 (d, J=19.1 Hz), 55.4.F NMR (470 MHz, CDCls) § -122.72.

6-chloro-3-phenylquinoline(4.3zg):'*"

Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.

cl X O ether/EtOAc = 95/5) to afforded the title compound in 72% yield (0.173 g,

O N? 0.72 mmol) as a white solid. '"H NMR (600 MHz, CDCl;) 6 9.07 (s, 1H), 8.09

(s, 1H), 7.98 (d, J = 8.9 Hz, 1H), 7.75 (s, 1H), 7.60 (d, J = 7.7 Hz, 2H), 7.55

(d,J=8.9 Hz, 1H), 7.44 (t,J = 7.5 Hz, 2H), 7.36 (t, J= 7.4 Hz, 1H). BC{'H} NMR (150 MHz, CDCl;)
6 150.2,145.7, 137.4, 134.8, 132.9, 132.3, 130.9, 130.4, 129.4, 128.8, 128.5, 127.5, 126.7.
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6-bromo-3-phenylquinoline (4.3zh):'>?

Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.

Br X 0 ether/EtOAc = 95/5) to afforded the title compound in 65% yield (0.185 g,

O NG 0.65 mmol) as a white solid. '"H NMR (600 MHz, CDCl3) $9.11 (s, 1H), 8.14

(s, 1H), 7.97 (s, 1H), 7.95 (d, J= 8.9 Hz, 1H), 7.71 (d, J = 8.9 Hz, 1H), 7.62

(d,J=7.4Hz, 2H), 7.46 (t,J = 7.6 Hz, 2H), 7.39 (t, J = 7.4 Hz, 1H). BC{'H} NMR (150 MHz, CDCl5)
0 150.2, 145.7,137.4,134.9, 133.1, 132.4, 130.9, 130.1, 129.4, 129.4, 128.6, 127.6, 121.2.

6,8-dibromo-3-phenylquinoline (4.3zi):'>?

Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.

Br X O ether/EtOAc = 95/5) to afforded the title compound in 48% yield (0.174 g,

O N 0.48 mmol) as a white solid. 'H NMR (600 MHz, CDCl3) 5 9.19 (s, 1H), 8.10

Br (s, 1H), 8.04 (s, 1H), 7.91 (s, 1H), 7.60 (d, J = 6.8 Hz, 2H), 7.46 (t, J= 7.5

Hz, 2H), 7.39 (t,J= 7.3 Hz, 1H). ®*C{'H} NMR (150 MHz, CDCl;) 5 151.0, 143.2,136.7, 135.8, 135.6,
132.7,130.1, 130.0, 129.5, 128.9, 127.6, 125.8, 120.5.

2-phenylquinazoline (4.11a):!!

N Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.

©\/N\/)\© ether/EtOAc = 95/5) to afforded the title compound in 82% yield (0.169 g, 0.82

mmol) as a yellow solid. '"H NMR (600 MHz, CDCl;) & 9.43 (s, 1H), 8.61 (d, J

=7.1 Hz, 2H), 8.06 (d, J= 8.6 Hz, 1H), 7.87 (d, /= 8.1 Hz, 2H), 7.57 — 7.48 (m,

4H). BC{'H} NMR (150 MHz, CDCl;) § 161.1, 160.6, 150.8, 138.1, 134.2, 130.7, 128.7, 128.7, 128.7,
127.3,127.2,123.7.

2-(4-methoxyphenyl)quinazoline (4.11b):"!

N Purification by column chromatography (SiO, 100200 mesh, eluent: Pet.
@(N\/)\©\ ether/EtOAc = 95/5) to afforded the title compound in 78% yield (0.184 g,
ome| 0.78 mmol) as a yellow solid. "H NMR (500 MHz, CDCl;) § 9.32 (s, 1H),
8.49 (d, J= 8.2 Hz, 2H), 7.95 (d, J = 8.4 Hz, 1H), 7.80 — 7.76 (m, 2H), 7.47
(t, J=7.5 Hz, 1H), 6.96 (d, J = 8.4 Hz, 2H), 3.81 (s, 3H). *C{'H} NMR (125 MHz, CDCl;) § 162.0,
161.0, 160.5, 151.0, 134.1, 130.9, 130.3, 128.5, 127.2, 126.9, 123.4, 114.1, 55.5.
2-(p-tolyl)quinazoline (4.11¢):"

@N Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
N7 ether/EtOAc = 95/5) to afforded the title compound in 76% yield (0.167 g,
)\©\Me 0.76 mmol) as a yellow solid. '"H NMR (500 MHz, CDCl3) § 9.28 (s, 1H),
8.40 (d, /= 8.3 Hz, 2H), 7.93 (d, J = 8.8 Hz, 1H), 7.74 — 7.71 (m, 2H), 7.41
(t, J=17.5 Hz, 1H), 7.22 (d, J = 8.0 Hz, 2H), 2.31 (s, 3H). BC{'H} NMR (125 MHz, CDCl;3) § 161.2,
160.4, 150.8, 140.9, 135.4, 134.0, 129.5, 128.6, 128.6, 127.1, 127.0, 123.5, 21.6.
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2-(m-tolyl)quinazoline (4.11d):!

N Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
©\/N\/ ether/EtOAc = 95/5) to afforded the title compound in 68% yield (0.150 g, 0.68
mmol) as a yellow solid. '"H NMR (600 MHz, CDCl;) & 9.40 (s, 1H), 8.43 — 8.40

Me | (m, 2H), 8.05 (d, J= 8.7 Hz, 1H), 7.85 — 7.82 (m, 2H), 7.53 (t, J = 7.3 Hz, 1H),
7.41 (t, J = 7.6 Hz, 1H), 7.30 (d, J = 7.3 Hz, 1H), 2.47 (s, 3H). BC{'H} NMR (150 MHz, CDCl;) §
161.2, 160.5, 150.8, 138.3, 138.0, 134.1, 131.5, 129.2, 128.6, 128.6, 127.2, 127.1, 125.9, 123.6, 21.6.
2-(3-bromophenyl)quinazoline (4.11¢):!

©\/§N Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
NG ether/EtOAc = 95/5) to afforded the title compound in 65% yield (0.184 g, 0.65
mmol) as a yellow solid. 'H NMR (600 MHz, CDCl;) § 9.45 (s, 1H), 8.79 (s, 1H),
8.55(d,J=7.3 Hz, 1H), 8.09 (d, /= 8.4 Hz, 1H), 7.94 - 7.91 (m, 2H), 7.65 — 7.62
(m, 2H), 7.40 (t, J= 7.8 Hz, 1H). *C{'H} NMR (150 MHz, CDCl;3) 5 160.7, 159.7, 150.8, 140.2, 134.5,
133.6, 131.7, 130.3, 128.8, 127.8, 127.3, 127.2, 123.9, 123.1.

2-(o-tolyl)quinazoline (4.11f):3

Br

N Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
% ether/EtOAc = 95/5) to afforded the title compound in 53% yield (0.117 g, 0.53
Me mmol) as a yellow solid. 'TH NMR (600 MHz, CDCl;) § 9.40 (s, 1H), 8.04 (d, J=

8.6 Hz, 1H), 7.98 — 7.97 (m, 1H), 7.80 — 7.77 (m, 2H), 7.49 (t, J = 7.6 Hz, 1H),
7.34 —7.29 (m, 3H), 2.63 (s, 3H). *C{'H} NMR (150 MHz, CDCl;) & 163.7, 159.8, 150.1, 138.4,
137.3,133.8, 131.1, 130.6, 129.1, 128.2, 127.2, 126.8, 125.7, 122.6, 21.0.
2-(4-fluorophenyl)quinazoline (4.11g):"!

N Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
@(N\/J\@ ether/EtOAc = 95/5) to afforded the title compound in 77% yield (0.173 g, 0.77
¢ | mmol) as a white solid. "H NMR (500 MHz, CDCls) 6 9.45 (s, 1H), 8.67 — 8.57
(m, 2H), 8.07 (d, /= 8.4 Hz, 1H), 7.94 — 7.89 (m, 2H), 7.62 (t, /= 7.5 Hz, 1H),
7.21 (t, J = 8.6 Hz, 2H). BC{'H} NMR (125 MHz, CDCl;) § 163.7 (d, J = 248.8 Hz), 159.5, 159.1,
149.7,133.2,132.8, 129.6 (d, J=8.5 Hz), 127.5, 126.3, 126.1, 125.9, 125.8, 125.1, 122.5, 114.5 (d, J =
21.5 Hz). ’F NMR (470 MHz, CDCl;) 6 -110.58.
2-(4-chlorophenyl)quinazoline (4.11h):!!

N Purification by column chromatography (SiO», 100200 mesh, eluent: Pet.

©\/N\/)\©\ ether/EtOAc = 95/5) to afforded the title compound in 75% yield (0.180 g,

ci 0.75 mmol) as a white solid. 'H NMR (500 MHz, CDCl;) & 9.44 (s, 1H),

8.57 (d, J = 8.2 Hz, 2H), 8.07 (d, /= 8.4 Hz, 1H), 7.91 (t, J = 8.7 Hz, 2H),

7.62 (t,J = 7.5 Hz, 1H), 7.49 (d, J = 8.2 Hz, 2H). *C{H} NMR (125 MHz, CDCl3) § 160.7, 160.2,
150.8, 137.0, 136.7, 134.4, 130.0, 129.0, 128.7, 127.6, 127.3, 123.8.

201
TH-3636_186122010



Chapter-4: Co-catalyzed Synthesis of Quinoline and Quinazoline Derivatives

2-(4-bromophenyl)quinazoline (4.11i):!!

N Purification by column chromatography (SiO», 100200 mesh, eluent: Pet.
©\/\/ ether/EtOAc = 95/5) to afforded the title compound in 72% yield (0.205 g,
J\©\Br 0.72 mmol) as a white solid. 'H NMR (500 MHz, CDCl;) 6 9.41 (s, 1H),
8.48 (d, J= 8.8 Hz, 2H), 8.05 (d, /= 8.8 Hz, 1H), 7.90 — 7.87 (m, 2H), 7.64
(d, J=8.7 Hz, 2H), 7.60 (t, J = 7.5 Hz, 1H). BC{'"H} NMR (125 MHz, CDCl3) § 160.6, 160.2, 150.8,
137.1, 134.4, 131.9, 130.3, 128.7, 127.6, 127.3, 125.5, 123.7.
2-(4-iodophenyl)quinazoline (4.11j):'%¢

N Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
©\/\/J\©\ ether/EtOAc = 95/5) to afforded the title compound in 63% yield (0.209 g, 0.63
i | mmol) as a white solid. "H NMR (500 MHz, CDCl;) § 9.43 (s, 1H), 8.35 (d, J
= 8.3 Hz, 2H), 8.06 (d, J = 8.4 Hz, 1H), 7.92 — 7.85 (m, 4H), 7.61 (t, /= 7.4
Hz, 1H). BC{'H} NMR (125 MHz, CDCl;) § 160.6, 160.4, 150.8, 137.9, 137.7, 134.4, 130.4, 128.8,
127.6, 127.3, 123.8, 97.9.
2-(benzo|[d][1,3]dioxol-5-yl)quinazoline (4.11k):!!

N Purification by column chromatography (SiO», 100200 mesh, eluent: Pet.

©\/N\/)\©:o ether/EtOAc = 95/5) to afforded the title compound in 75% yield (0.188 g,

0> 0.75 mmol) as a yellow solid. '"H NMR (500 MHz, CDCl;) § 9.39 (s, 1H),

8.23 (d, J=8.2 Hz, 1H), 8.11 (s, 1H), 8.02 (d, /= 8.9 Hz, 1H), 7.88 — 7.85

(m, 2H), 7.56 (t, J = 7.4 Hz, 1H), 6.95 (d, J = 8.2 Hz, 1H), 6.05 (s, 2H). *C{'"H} NMR (125 MHz,

CDCl) § 160.7, 160.5, 150.9, 150.0, 148.3, 134.2, 132.7, 128.6, 127.2, 127.0, 123.6, 123.5, 108.9,
108.4, 101.6.

2-(pyridin-3-yl)quinazoline (4.111):

N Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.

@(N\/ N | cther/EtOAc = 85/15) to afforded the title compound in 69% yield (0.143 g, 0.69

NG mmol) as a brown solid. 'TH NMR (500 MHz, CDCl;) & 9.80 (s, 1H), 9.45 (s,

1H), 8.85 (d, J= 7.8 Hz, 1H), 8.73 (d, /= 4.8 Hz, 1H), 8.07 (d, /= 9.2 Hz, 1H),

7.91 (t,J=7.5Hz,2H), 7.63 (t,J=7.5 Hz, 1H), 7.45 — 7.43 (m, 1H). BC{'H} NMR (125 MHz, CDCl;)
6 160.7,159.2, 151.2, 150.6, 150.3, 135.9, 134.4, 133.6, 128.7, 127.8, 127.2, 123.8, 123.5.

2-(4-(phenylethynyl)phenyl)quinazoline (4.11m):

N Purification by column chromatography (SiO,, 100-200 mesh,
C(N\/ eluent: Pet. ether/EtOAc = 95/5) to afforded the title compound in
O S 57% yield (0.175 g, 0.57 mmol) as a brown solid. "H NMR (500

N O MHz, CDCl) 6 9.47 (s, 1H), 8.63 (d, /= 8.1 Hz, 2H), 8.09 (d, J =

8.4 Hz, 1H), 7.94 — 7.90 (m, 2H), 7.70 (d, J = 8.1 Hz, 2H), 7.62 (t,

J=17.5Hz, 1H), 7.58 — 7.57 (m, 2H), 7.39 — 7.36 (m, 3H). *C{'H} NMR (125 MHz, CDCL;) 5 160.6,

202
TH-3636_186122010



Chapter-4: Co-catalyzed Synthesis of Quinoline and Quinazoline Derivatives

160.5, 150.9, 137.8, 134.4, 132.0, 131.8, 128.8, 128.6, 128.6, 128.5, 127.6, 127.3, 125.6, 123.8, 123.3,
91.4, 89.6. HRMS (ESI-TOF) m/z [M+H]" calculated for C,,H;4N,is307.1235. Found 307.1239.
2-propylquinazoline (4.11n):3!

N Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.

C(N\/)\/\ ether/EtOAc = 98/2) to afforded the title compound in 44% yield (0.076 g, 0.44

mmol) as a yellow solid. "H NMR (600 MHz, CDCl) § 9.25 (s, 1H), 7.89 (d, J

=8.5 Hz, 1H), 7.79 — 7.77 (m, 2H), 7.50 — 7.48 (m, 1H), 3.01 (t, /= 7.7 Hz, 2H), 1.87 (h, J= 7.6 Hz,

2H), 0.95 (t, J = 7.4 Hz, 3H). BC{H} NMR (150 MHz, CDCl3) 5 167.7, 160.4, 150.4, 134.1, 127.9,
127.1,127.0, 123.1,41.9, 22.4, 14.1.

2-butylquinazoline (4.110):"

N Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.

©\/N\/)\/\/ ether/EtOAc = 98/2) to afforded the title compound in 48% yield (0.089 g, 0.48

mmol) as a yellow solid. 'H NMR (400 MHz, CDCl;) § 9.22 (s, 1H), 7.88 —

7.85 (m, 1H), 7.76 — 7.73 (m, 2H), 7.45 (t, J= 7.5 Hz, 1H), 3.02 (t, /= 7.7 Hz, 2H), 1.85 — 1.77 (m,

2H), 1.40 — 1.31 (m, 2H), 0.87 (t, J = 7.4 Hz, 3H). BC{'H} NMR (150 MHz, CDCl3) 5 167.9, 160.3,
150.3, 133.9, 127.8, 127.0, 126.9, 123.0, 39.7, 31.1, 22.6, 13.9.

8-methyl-2-phenylquinazoline (4.11p):3°

N Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
% ether/EtOAc = 95/5) to afforded the title compound in 56% yield (0.123 g, 0.56
Me mmol) as a yellow solid. '"H NMR (600 MHz, CDCl;) 5 9.18 (s, 1H), 8.53 (d, J

= 8.3 Hz, 2H), 7.48 (d, J = 7.6 Hz, 2H), 7.39 (t, J = 7.7 Hz, 2H), 7.35 (t, J = 7.0
Hz, 1H), 7.24 (t, /= 7.6 Hz, 1H), 2.66 (s, 3H). ®C{'H} NMR (150 MHz, CDCL) 5 160.5, 159.8, 149.6,
138.4, 137.0, 133.8, 130.5, 128.6, 128.6, 126.9, 124.8, 123.4, 16.9.
5-fluoro-2-phenylquinazoline (4.11q):*'

F Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
@\/%N ether/EtOAc = 95/5) to afforded the title compound in 60% yield (0.134 g, 0.60
N/)\© mmol) as a white solid. "H NMR (500 MHz, CDCl;)  9.66 (s, 1H), 8.56 — 8.54

(m, 1H), 7.82 — 7.80 (m, 1H), 7.78 — 7.73 (m, 1H), 7.49 — 7.45 (m, 3H), 7.15 (t, J

— 8.8 Hz, 1H). BC{'H} NMR (150 MHz, CDCl;) § 161.9, 158.4 (d, J = 257.6 Hz), 155.0 (d, J = 3.3
Hz), 151.7 (d, J = 2.1 Hz), 137.7, 134.3 (d, /= 9.2 Hz), 131.1, 128.9 (d, J = 7.1 Hz), 124.8 (d, J = 4.4
Hz), 114.6 (d,J=15.5 Hz), 111.2 (d, J = 18.4 Hz). °F NMR (470 MHz, CDCl;) 5 -122.94.
6-chloro-2-phenylquinazoline (4.11r):!!

Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.

Cl
NN
\KD\/N\/I : ether/EtOAc = 95/5) to afforded the title compound in 78% yield (0.192 g,

0.78 mmol) as a white solid. '"H NMR (500 MHz, CDCl3) 5 9.29 (s, 1H), 8.52
—8.50 (m, 2H), 7.93 (d, J= 8.9 Hz, 1H), 7.80 — 7.79 (m, 1H), 7.74 - 7.71 (m,
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1H), 7.47 — 7.43 (m, 3H). *C{'H} NMR (125 MHz, CDCl;) 5 161.4, 159.6, 149.3, 137.7, 135.2, 132.9,
131.0, 130.5, 128.8, 128.7, 125.9, 124.1.
6,8-dibromo-2-phenylquinazoline (4.11s):%

Br N Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.
\@(N\/)@ ether/EtOAc = 95/5) to afforded the title compound in 52% yield (0.189 g,
Br 0.52 mmol) as a white solid. '"H NMR (600 MHz, CDCl3) 5 9.31 (s, 1H), 8.67
—8.66 (m, 2H), 8.26 (s, 1H), 8.00 (s, 1H), 7.54 — 7.53 (m, 3H). *C{H} NMR
(150 MHz, CDCl3) 6 162.0, 159.9, 147.2, 140.2, 137.2, 131.5, 129.0, 128.9, 128.9, 125.6, 125.2, 120.3.

4-methyl-2-phenylquinazoline (4.11t):*

Me Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
@N ether/EtOAc = 98/2) to afforded the title compound in 40% yield (0.088 g, 0.40
N/)\© mmol) as a white solid. "H NMR (500 MHz, CDCls) 5 8.62 (d, J = 6.8 Hz, 2H),

8.08 (t, /J=7.9 Hz, 2H), 7.86 (t, J= 7.8 Hz, 1H), 7.57 (t, J= 7.6 Hz, 1H), 7.54 —

7.47 (m, 3H), 3.01 (s, 3H). *C{'H} NMR (125 MHz, CDCls) § 168.4, 160.3, 150.5, 138.4, 133.6,
130.5, 129.4, 128.7, 127.7, 127.0, 125.1, 123.2, 22.1.
4-butyl-2-phenylquinazoline (4.11u):*

Purification by column chromatography (SiOz, 100-200 mesh, eluent: Pet.
ether/EtOAc = 98/2) to afforded the title compound in 51% yield (0.134 g, 0.51
IN mmol) as a white solid. '"H NMR (500 MHz, CDCl;) § 8.69 (d, J= 8.0 Hz, 1H),
N/)\© 8.08 (d, /J=8.2 Hz, 1H), 7.97 (d, J = 8.4 Hz, 1H), 7.80 (t, /= 7.6 Hz, 1H), 7.52

(t,J=17.5Hz, 1H), 7.25 - 7.22 (m, 1H), 6.82 (t, /= 7.5 Hz, 1H), 6.77 (d, /= 8.1
Hz, 1H), 3.31 (t, J = 7.5 Hz, 2H), 1.98 — 1.92 (m, 2H), 1.56 — 1.48 (m, 2H), 1.01 (t, /= 7.4 Hz, 3H).
BC{'H} NMR (125 MHz, CDCl3) & 170.7, 161.7, 149.8, 149.1, 133.3, 131.6, 128.8, 126.5, 124.7,
121.7,119.7, 117.2, 117.0, 34.4, 30.6, 22.9, 14.1.

4.5.21.2. Analytical data for post synthetic modifications:
3-phenylquinoline 1-oxide (4.4):%°

Purification by column chromatography (SiO,, 100—200 mesh, eluent: Pet.

X O ether/EtOAc = 30/70) to afforded the title compound in 95% yield (0.210 g, 0.95

O N mmol) as a yellow liquid. 'H NMR (500 MHz, CDCl;) § 8.84 (s, 1H), 8.69 (d,

o J=28.7 Hz, 1H), 7.87 — 7.85 (m, 2H), 7.70 (t, /= 7.8 Hz, 1H), 7.62 — 7.59 (m,

3H), 7.45 (t, J = 7.5 Hz, 2H), 7.41 — 7.38 (m, 1H). *C{'H} NMR (125 MHz, CDCl;) § 140.3, 136.0,
135.5,135.1, 130.5, 130.4, 129.5, 129.3, 129.2, 128.5, 127.2, 124.3, 119.9.
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3-phenyl-2-(piperidin-1-yl)quinoline 1-oxide (4.5):

Purification by column chromatography (SiO,, 100-200 mesh, eluent: Pet.
X O ether/EtOAc = 50/50) to afforded the title compound in 75% yield (0.228 g, 0.75
O NCa mmol) as a yellow solid. "H NMR (500 MHz, DMSO-ds) 5 12.04 (s, 1H), 8.21
I\/) (d, J=8.1 Hz, 1H), 8.15 (d, J= 6.1 Hz, 1H), 7.72 (d, J = 7.6 Hz, 2H), 7.66 (t, J
=7.6 Hz, 1H), 7.59 (d, J = 8.3 Hz, 1H), 7.39 (t, J= 7.6 Hz, 2H), 7.35 (t, J="7.6
Hz, 1H), 7.28 (t, J= 7.4 Hz, 1H), 3.31 —3.17 (m, 3H), 3.30 — 2.90 (m, 1H), 1.67 — 1.42 (m, 4H), 1.33
—1.22 (m, 2H). *C{'H} NMR (125 MHz, DMSO-d) 5 174.8, 139.3, 138.2, 136.1, 131.6, 128.4, 127.9,
126.4,125.9, 125.6, 123.3, 119.8, 118.2, 45.8, 43.8, 8.6. HRMS (ESI-TOF) m/z [M+H]" calculated for
C20H20N201s 305.1654. Found 305.1663.

3-phenylquinoline-2-carbonitrile (4.6):*

Purification by column chromatography (SiO,, 100200 mesh, eluent: Pet.

X O ether/EtOAc = 95/5) to afforded the title compound in 70% yield (0.161 g, 0.70

O N7 “CN mmol) as a white solid. 'H NMR (500 MHz, CDCl;) § 8.18 (s, 1H), 8.10 (d, J =

8.6 Hz, 1H), 7.82 (d, J= 8.2 Hz, 1H), 7.75 — 7.72 (m, 1H), 7.62 (t, J = 8.0 Hz,

1H), 7.55 (d, J = 6.7 Hz, 2H), 7.47 — 7.39 (m, 3H). *C{'"H} NMR (125 MHz, CDCl;) 6 147.2, 137.1,
137.0, 135.8, 133.1, 131.1, 129.9, 129.8, 129.2, 129.1, 128.7, 127.9, 117.2.

3,6-diphenylquinoline (4.7):%

Purification by column chromatography (SiO2, 100-200 mesh, eluent: Pet.

O X 0 ether/EtOAc = 95/5) to afforded the title compound in 85% yield (0.239 g,

O N7 0.85 mmol) as a white solid. '"H NMR (500 MHz, CDCl;) & 9.05 (s, 1H),

8.19 (s, 1H), 8.09 (d, J = 8.7 Hz, 1H), 7.91 (s, 1H), 7.85 (dd, J = 8.7, 2.1

Hz, 1H), 7.61 — 7.59 (m, 4H), 7.43 — 7.37 (m, 4H), 7.34 — 7.29 (m, 2H). *C{'H} NMR (125 MHz,

CDCl) § 150.0, 146.8, 140.4, 139.8, 137.9, 134.3, 133.4, 129.7, 129.3, 129.2, 129.1, 128.3, 128.2,
127.9,127.5,127.5, 125.7.
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4.7. Selected NMR copies of the compounds:
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Figure 4.5. 'H (600 MHz) and "*C{'H} (150 MHz) NMR Spectrum of 3-tetradecylquinoline (4.3z) in
CDCls,
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4.8. Important crystal parameters of Co-8, Co-9 and Co-10:

B=95.186(11)°
o= 14.525(5)A, y=90°

B=96.579(2)°
c=11.5040(7)A, y= 90°

Co-8 Co-9 Co-10
Empirical CoHis Br, CoN, O Cis Hos Brs Co, N4 O, | Ci3 His Br CoN; O
formula
Formula weight | 384.97 769.94 434.00
Temperature, T | 295 K 275K 298 K
Crystal system | monoclinic monoclinic monoclinic
Space group P21/n P21/n P121/m1
Unit cell | a=8.132(3)A, a=90° a=8.0193(5)A, a=90° | a=18.917(4) A, a=90 °
dimensions b=11.134(4)A, b=13.3037(8)A, b=11.038(2)A,

B=74.16(3)°
¢=15.945(3) (7)A, y=90 °

Volume, V (A3)

1309.8(8)

1219.24(13)

3203.0(12)

V4

4

2

8

Index ranges

-9<h<9,-13<k<13,-
17<1<17

-9<h<9,-15<k<15,
-13<1<13

22<h<22,-13<k<13,
-18<1<18

TH-3636_186122010

Final R indices | R1= 0.0362(1708), wR2= | RI=  0.0175(2057), | R =  0.0909(3389),
[[>2sigma(l)] | 0.0915(2310) wR2=0.0451(2137) | wR2=10.1815(5638)
R indices (all | R1= 0.0185, wR2= | RI= 0.0610, wR2=|RI= 0.1572,  wR2=
data) 0.0445 0.0832 0.1673

212




Chapter 5
Well-defined Cobalt(Il) Catalyzed Synthesis of 2,3-Dihydro-
1H-Perimidines via Acceptorless Dehydrogenative

Annulation

Inexpensive metal precursor Green by-products

Wa
H) Broad substrate scope

Acceptorless dehydrogenation

Co(ll) catalysis
RS  Mechanistic and kinetic investigations

D. Pal, R. Sarmah, A. Mondal, I. Mallick, D. Srimani, Org. Biomol. Chem. 2024, 22, 8602—8607

TH-3636_186122010



Chapter-5: Co-Catalyzed Synthesis of 2,3-Dihydro-1H-Perimidine derivatives

5.1. Introduction:

The synthesis of N-containing heterocycles has piqued a lot of interest as they are the key structural
units of various natural alkaloids, hormones, amino acids,' essential product of everyone daily lives®
and have a distinctive ability to exhibit numerous applications in the field of medicinal and agricultural
chemistry.’ N-containing tricyclic perimidine scaffolds are ubiquitous in both synthetic and natural
products, displaying a broad spectrum of biological activity.* De Aguiar discovered the perimidine
moiety for the first time in 1874, and Sachs conducted a thorough investigation in 1909.° Since then,
this heterocyclic motif has attracted significant attention for its prolific biological and pharmaceutical
activities. Perimidine derivatives behave as an antitumor agent against the MCF-7 breast cancer cell
line and HEPG-2 liver cancer cell line and also have antimicrobial, antifungal, antiulcer properties.®
Apart from that, the perimidine moiety was also identified as a DNA-intercalating agent, fluorescent

chemo-sensors and stoppers for supramolecules’ an corrosion inhibitor (Figure 5.1).%

o, CO
EQ? z:<? OO

BT ot "I"“ T

Antimicrobial Anti-inflammatory Antimicrobial Cytotoxic  Antimicrobial agent Antitumour agent Photochromic compound Squarylium dye

Figure 5.1. Representative examples of some important compounds bearing perimidine scaffold.
Due to the prevalence of this scaffold, the creation of new routes to attain this tricyclic N-heterocycle
moiety remains a subject of current research.

5.2. Literature survey:

The classical approach involves the condensation reaction of 1,8-diaminonapthalene with a carbonyl
group in presence of a Lewis or mineral acid’ such as Zn(OAc), .2H,0,” NiCl, .6H,0,”® 2% W nano-
CuY Zeolite,” SiO, nanoparticles,” nickel-decorated SBA-15 nanocomposite,” Fe;O4 nanoparticles
immobilized on zeolite — SO3H,’" chitosan hydrochloride and so forth.’® Herein, in this chapter, one of
the literature reports was delineated.

In 2019, Kalhor and co-workers developed a magnetic solid acid catalyst using Fe;Os magnetic
nanoparticles supported on zeolosulforic nanocomposite and applied them towards the synthesis of 2,3-
dihydro-1H-perimidines (DHPs). After several screening the author found the optimal reaction
condition in which equimolar ratio of benzaldehyde and 1,8-diaminonapthalene in presence of 0.008 g
of Fe;04/SOsH@zeolite-Y in the ethanol solvent at 4 min delivered 98% yield of the desired product
(Scheme 5.1).”°

0
O NH, ] ©)LH Fe10,/SO H@zeolite-Y (0.008 g) O N;-@

+ e r /,
O NH, G RT, EtOH Q NH \ 7R

Kalhor, 2019

Scheme 5.1. Fe;04/SO3H@zeolite-Y- magnetic solid acid catalyzed synthesis of dihydroperimidine.
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However, most of these methods suffer from prolonged reaction times, poor yields, and tedious work-
up procedures, which generate plentiful waste. So, the development of new, efficient, environmentally
benign and sustainable routes to access the perimidine derivatives from stable and readily accessible
starting materials remains fascinating. Recently, the acceptorless dehydrogenative coupling (ADC) of
alcohols derived from lignocellulosic biomass,'” with suitable coupling partner to synthesize various
heterocycles has sparked interest in green and sustainable catalysis where only H,O and H, gas were
formed as sole by-products.'’ Spurred by this, in Chapter I of Section, 1.4.5.1.2.1.12.1. the
dehydrogenative synthesis of 2,3-dihydro-1H-perimidines (DHPs) by both noble metal ae well as 3d-
metal was discussed.

5.3. Present work:

In chapter-4, new inexpensive, earth-abundant and nontoxic NNO-ligand-derived Co(Il)-complexes
were synthesized, well characterized with HRMS and SC-XRD and explored their ability in
dehydrogenative reactions.'? So, in the current chapter envisioned on developing a sustainable catalytic
method for synthesizing a wide range of DHPs with the pre-synthesized cobalt(Il)-complexes. Herein,
Co-catalyzed synthesis of 2,3-dihydro-1H-perimidine derivatives via ADC of 1,8-diaminonapthalene
(DAN) with diverse range of primary alcohols including benzylic, heteroaryl-containing, cyclic/acyclic
aliphatic alcohols and various naturally occurring terpinols was described.

5.3.1. Results and discussion:

5.3.1.1. Synthesis of ligands and their Co-complexes:

The synthetic strategy of three ligands, their respective Co(Il)-complexes and characterization

techniques are mentioned in previous chapter i.e. in chapter-4 of section 4.3.1.1. in a detailed way.

At the onset, the reactivity of three phosphine free NNO-Co(Il) complexes towards the dehydrogenative
construction of DHP derivatives was investigated. The screening of the reaction conditions was done
by employing 1,8-diaminonapthalene (5.1a) and benzyl alcohol (5.2a) as substrates to obtain maximum
yields. An equimolar mixture of 1,8-diaminonapthalene (5.1a) and benzyl alcohol (5.2a) generated a
64% isolated yield 2-phenyl-2,3-dihydro-1H-perimidine (5.3a) after 36 h reflux in xylene solvent at
140°C with 5 mol% of Co-8 and 1.0 equiv. of KO'Bu. (Table 5.3.1.2, entry 1). Upon increasing the
amount of benzyl alcohol (5.2a) from 1.0 equiv. to 1.2 equiv. an increment in the yield from 64% to
78% was observed, however, furthermore increasing the yield remained similar (Table 5.3.1.2, entry 2-
3). Afterwards, keeping other parameters intact upon decreasing the base loading (1 equiv. to 0.75
equiv.) it furnished a similar yield of 5.3a (Table 5.3.1.2, entry 4), however, additional decrease of the
base showed a detrimental effect (Table 5.3.1.2, entry 5). Later, several reaction parameters such as
catalyst loading, reaction time, temperature, nature of base, solvent was screened, nevertheless, none of
them was able to raise the yield (Table 5.3.1.2, entry 6-16). The catalytic applicability of other two as
prepared catalysts i.e. Co-9 and Co-10 have also checked albeit both of them manifested
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Table 5.3.1.2: Reaction Optimization for the Co-catalyzed synthesis of 2,3-Dihydro-1H-

Perimidine*

O NH, OH Co-catalyst O NH
+ > >—© +Hy |+ Hy0
O NH, Base, Solvent, O NH

Temp', Time, Ar

5.1a 5.2a 5.3a
Entry Cat. Solvent Base 5.1a:5.2a  1emp Time Yield®
(mol%) (equiv.) (°C) (h) (%)
1. Co-8 (5) Xylene KO'Bu(1.0) 1:1 140 36 64
2, Co-8 (5) Xylene KO'Bu(1.0) 1:1.2 140 36 78
3. Co-8 (5) Xylene KOBu(1.0) 1:1.5 140 36 78
4, Co-8 (5) Xylene KO!Bu(0.75)  1:1.2 140 36 78 : H
. |
S N
5. Co-8 (5) Xylene KO'Bu(0.5) 1:1.2 140 36 62 : _ N\éO/O—Me
. AN
6. Co-8 (4) Xylene KO'!Bu(0.75)  1:1.2 140 36 67 ' 7
t Co-8
7. Co-8 (5) Xylene KOBu(0.75) 1:1.2 140 24 60
8. Co-8 (5) Xylene KO'Bu(0.75) 1:1.2 120 36 64 'YIe
. N N
9. Co-8 (5) Xylene NaOBu(0.75) 1:1.2 140 36 65 . | | ﬁ
H P N\CO/O_H
10. Co-8 (5) Xylene KOH(0.75) 1:1.2 140 36 68 KW

: \/
1. Co-8(5)  Xylene NaOH(0.75)  1:1.2 140 36 55 | H_O//crjj
RS

12. Co-8(5)  Xylene CsOH(0.75)  1:1.2 140 36 46 i
e
13, Co-8 (5) Xylene K,CO4(0.75)  1:1.2 140 36 35 Cod
14. Co-8(5)  Xylene Na,CO5(1.0)  1:1.2 140 36 28
: : 4
15. Co-8 (5) Toluene KO'!Bu(0.75)  1:1.2 140 36 56 3 N N/\
¢ 4 . P N\J:O/O-Me
16. Co-8 (5) AmOH KO'Bu(0.75) 1:1.2 140 36 N.D. N
17. Co-9 (2.5)  Xylene KO'Bu(0.75) 1:1.2 140 36 63 Co-10
18. Co-10 (5) Xylene KO™Bu(0.75) 1:1.2 140 36 61
19. - Xylene KOBu(0.75)  1:1.2 140 36 18
20. Co-8 (5) Xylene - 1:1.2 140 36 N.D.
21. CoBr, (5)  Xylene KO'Bu(0.75)  1:1.2 140 36 15

“Reaction conditions: 5.1a (0.5 mmol), 5.2a (0.5-0.75 mmol), base (0.25-0.5 mmol), Co-cat. (2.5-5 mol
%), solvent =2 ml, 120 —140 °C, preheated oil bath under argon. bIsolated yield. N.D. = Not detected.

lower catalytic activity under the optimal reaction condition (Table 5.3.1.2, entry 17-18). Thus, after
implementing 5 mol% of Co-8 and 0.75 equiv. of KO'Bu base in xylene solvent, 1.2 equiv. of benzyl
alcohol (5.2a) and 1.0 equiv. of 1,8-diaminonapthalene (5.1a) would react at 140 °C for 36 h to generate
the best yield of the intended product 5.3a (Table 5.3.1.2, entry 4). The control studies demonstrated
that both the catalyst and the base were necessary to achieve a high yield of the desired 5.3a. In presence

of the metal precursor, CoBr, only 15% of product (5.3a) was obtained (Table 5.3.1.2, entry 19-21).
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5.3.1.3. Co-catalyzed synthesis of 2,3-Dihydro-1H-Perimidine: substrate scope®”

5 H
' |
N
O NH, ~ Co-8 (5 mol%) O NH i |/\
+ R NOH ——M—X > PR+ Hy |+ H0 { UN— L —O-pe
Q NH, KO'Bu (0.75 equiv.) O NH 77O\
Xylene, 140 °C, 36 h h

5.1a Co-8
': ': ': : E ': ': :
78%, 5.3a = OMe, 78%, 5.3b R=F, 72%, 5.3k
. X R= OMe, 65%, 5.3 = OMe, 52%, 5.3h y
1.4179,72%,5.3a R= Me, 75%, 5.3c R= OPh, 72%5.3g R= Me, 50%, 5.3i R=Cl, 68%, 5.3I
R='Bu, 80%, 5.3d R= S'Bu, 48%, 5.3] R=Br, 62%, 5.3m¢
R= NMe,, 74%, 5.3¢ R= CF; 57%, 5.3n

=CN, 0%, 5.30

@ t”*\ t”@ tw 262

- 72%, 5.3t 78%, 5.3u
R=F, 54%, 5.3 s
R=Cl, 5002, 5. 3’; 67%, 5.3r 65%, 5.3s Antimicrobial agent
s oy i
o
) NH NH NH Q NH
60%, 5.3y
70%, 5.3v 70%, 5.3w 56%, 5 3x No double bond 63>~

Anticancer agent
retained product formed

n=4, 32%, 45%°, 5.3zd, 1-Hexanol

0, 0,
60%, 5.3za 60%. Sdeh i b n=5, 35%, 48%°, 5.3ze, 1 -Heptanol

Q)

W ()"
)—(CHZ),CH, )—(CH2),CH; >_(CH2)nCH3
ot 1 i ™ o ~H ~H
5 \—

n= 6, 40%, 52%°, 5.3zf,  n=8, 45%, 56%°, 5.3zg n= 10, 50%, 60%°, 5.3zh 54%, 5.3zi, 59%, 5. 321
1-Octanol From capric alcohol From lauryl alcohol From oleyl alcohol From 9-decen-1-ol

“Reaction conditions: 5.1a (0.5 mmol), 5.2 (0.6 mmol), KO'Bu (0.375 mmol), Co-8 (5 mol %), Xylene
(2 ml), 36 h, 140 °C (bath temperature), under argon, “Isolated yield. “72 h, “3:1 ratio of 5.3m and its
corresponding dehalogenated product (5.3a) was obtained.

After achieving the optimal reaction conditions, the generality of the discovered protocol was set out to
explore the spectrum of potential DHP-derivative synthesis. Initially, a wide variety of benzylic
alcohols with neutral and electronically biassed groups at the ortho, meta, and para-position of the
phenyl ring were examined. It provided excellent yields of the desired products with good functional
group tolerance (5.3a-5.3j). Good isolated yields were obtained with aromatic alcohols with halide
substitutions, however, in case of 5.3m, in the isolated mixture 25% of its corresponding dehalogenated
product (5.3a) was present (5.3k-5.3m). Strong electron withdrawing substituent -CF3 at p-position and
-F at 2,6-position of phenyl ring reacted sluggishly to give moderate yield of 5.3n and 5.3p. However,
4-cyanobenzyl alcohol failed to deliver the desired product in the current catalytic protocol. When 2,6-
dichlorobenzylalcohol was taken as a coupling partner only 50% yield was isolated (5.3q) probably due

to steric encumbrance. Polyaromatic alcohols also afforded moderate isolated yield (5.3r-5.3s).
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Heteroaromatic alcohols reacted smoothly to furnish the respective 2,3-dihydro-1H-perimidine
products (5.3t-5.3w). Amidst of that, perimidine product 5.3u and 5.3w exhibit antimicrobial and
anticancer activity respectively.**® Of note, the benzyl alcohol bearing reducible substituents such as,
—OCH,CH=CH,, -OCH,C=CH and —C=C-Ph at its para-position couple chemoselectively with 1,8-
diaminonapthalene (5.1a) accomplishing the desired product with good isolated yield without any
disturbance (5.3z, 5.3zb-5.3zc), however, for cinnamyl alcohol the double bond hydrogenated product
was obtained (5.3y). Interestingly, the current catalytic protocol able to activate both cyclic and acyclic
aliphatic alcohols and delivered a good to moderate yields employing longer reaction time (5.3za,
5.3zd-5.3zf). Notably, fatty alcohols e.g. capric, lauryl alcohol, and naturally occurring unsaturated
oleyl alcohol, 9-decen-1-ol reacted well affording the targeted heterocycles chemoselectively with good
yields (5.3zg-5.3zj, 45-60%). Furthermore, to showcase the scalability and practical utility of the
present protocol a gram-scale synthesis (5.3a, 72%, 1.417 g) was conducted.
5.3.1.4. Mechanistic investigation:

A) Dehvdrogenation test: ' {E) Competitive Experiment

@%@ t""z S o = T

5.2a 5.4,16%
B) H, detection: 42%, 5.3a-d4

5.1a 5.2a-d,

NH, OH Co-8 (5 mol%) F) Radlcal Scavenzor Test:
NH, Ko'Bu (0.75 equiv.) C NH, oH Co-8 (5 mol%) NH
Xylene, 140 °C, 36 h Q NH, e

5 1a 5.3a (Detected by GC) KO'Bu (0.75 equiv.)
C) Intermediate Intermedlate henzaldehvde Xylene, 140 °C, 36 h TEMPO (1 equiv.):75%

‘ 5.1a 5.2a 5.3a |BHT (1 equiv.):73%
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No catalyst and base: 0%
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Ki 7 D
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Xylene, 140 °C, 36 h Xylene, 140 °C, 36 h

51a 5.2a-d, 37%, 5.3a- d : N 53a | Without PhoC’ BF,:78%
85% D incorporation Ph3C BF, Ph;c‘ BIEA (20 mol%): 20%

Scheme 5.3. Control experiments.
To gain mechanistic insight towards the synthesis of DHP, a series of control experiments were
performed (Scheme 5.3). Dehydrogenation of alcohol 5.2a to its aldehyde (5.4) was observed using Co-
8 (Scheme 5.3, A). Afterwards, the liberated H, gas was detected during the catalysis and confirmed by
GC, which showed that the reaction involved the dehydrogenative pathway (Scheme 5.3, B).
Additionally, to demonstrate how the catalyst and base work together throughout the condensation
process, reaction between benzaldehyde (5.4) and 1,8-diaminonapthalene (5.1a) was conducted
(Scheme 5.3, C). Notably, it was found that base plays an effective role in the condensation process
probably by abstracting the amine proton and enhancing its nucleophilicity whereas catalyst enhances
the electrophilicity of aldehyde through coordination. When 1,8-diaminonapthalene (5.1a) reacted with
deuterated benzylalcohol-d> (5.2a-d;), under standard reaction conditions, 85% of deuterium

incorporation (5a-d;) was noticed (Scheme 5.3, D). A competition reaction was performed taking 5.2a
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and 5.2a-d; in 1:1 ratio, which resulted that Ku/Kp = 2.23, indicating that dehydrogenative
transformation of benzyl alcohol (5.2a) to its corresponding aldehyde (5.4) might be the slowest step
(Scheme 5.3, E). Then, a radical scavenger experiment with TEMPO and BHT was carried out, where
75% and 73% of the desired product 5.3a were isolated, respectively, invalidating the involvement of
radical-pathway (Scheme 5.3, F). Furthermore, the homogeneity of the present catalytic system was
tested using a Hg(0) poisoning experiment, and the findings revealed no adverse impacts on the yield
of the intended DHP product (5.3a) (Scheme 5.3, G). In presence of 20 mol% of trityl cation (with
respect to catalyst) there was a significant decrement in the yield has been noticed which underpins the
involvement of Co-H species in reaction pathway (Scheme 5.3, H)."

5.3.1.5. Kinetic experiments:

5.1a
CHO NH, NH,
OH Co-8 (5 mol%) \ NH N o
- z \Co’ ~Me
Standard c°ndensation
conditions .
5.2a 5.4 H,0 5.3a 0-8
-H,
—&— Benzylalcohol (2a) - 0.18 mM 0.16 mM
a) Benzaldehyde (4} b) Zoud o 0.20 mM c) T 0284 ® 020mm
1.2 —=— 1,8-diaminonapthalene (1a) E A D22mM k4 4 02amM
2-phenyl-2,3-dihydro-1H-perimidine (3a) E . * 024mM E 028 0.28 mM
1.0 = . =
Tozzd a 80244 a
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H L4 £ i . §oz -
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8 i . L .
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Figure 5.2. a) Kinetic profile of Co-catalyzed ADC of 1,8-diaminonapthalene 5.1a and benzyl alcohol
5.2a towards the synthesis of 2-phenyl-2,3-dihydro-1H-perimidine 5.3a; b) Concentration vs time plot
at various concentration of S.1a; c¢) Concentration vs time plot at various concentration of 5.2a, d)

log(rate) vs log (conc. of 5.1a), e) log(rate) vs log (conc. of 5.2a).

Time-dependent kinetic experiments were conducted to investigate the reactivity pattern of the Co-
catalyzed ADC reaction. (Figure 5.2). The kinetic monitoring displayed that the concentration of the in
situ generated aldehyde 5.4 gradually increases and accumulation of it maximum at 9 h which gradually
converted to the product 5.3a formation (Figure 5.2, a). Furthermore, an initial rate approach was used

to determine the rate order for acceptorless dehydrogenative annulation (ADA) process to understand
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the role of both the reactants 5.1a and 5.2a in this catalysis. This data suggests that the reaction is first
order with respect to both 1,8-diaminonapthalene (5.1a) and benzyl alcohol (5.2a) (Figure 5.2, b, 5.2,
c,5.2,dand 5.2, e).

5.3.1.6. Proposed catalytic cycle:

1. Proposed ic cvcle for 2-phenyl-2,3-dihydro-1H-perimidine
Ph” OH
5.2a

!
N
|

/N\

/0

| _ Co-8B I\
C(\T/j) KO'Bu, 140°C _ | \N T/j)
/N\pq/ “Me -KEr, -BuOH Z=Co™ "Me Dehydrogenatmn cycle
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Detected by GC OO
# H
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2. Ano(her """""" ic cycle for 2-phenyl-2 3-dihvdro-1H-perimidine T
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_KOBy140 T
AN~ —Og i BuoH . NNdo—Ory
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/N\c —O
o H

Co-B-Anme
Scheme 5.4. Plausible catalytic cycle.
Based on the previous literature reports and current control studies a plausible catalytic cycle was
proposed where the in situ formation of cobalt hydride (Co-8-C) was responsible for the
dehydrogenative transformation of alcohol 5.2a to its corresponding aldehyde 5.4 which undergoes
condensation with diamine 5.1a to afford the desired 2-phenyl-2,3-dihydro-1H-perimidine (5.3a) upon
liberating one water molecule (Scheme 5.4, 1). Again, the Co(Il)-alkoxy species also may behave as an
active catalyst in the synthesis of intended product 2-phenyl-2,3-dihydro-1H-perimidine (5.3a)
(Scheme 5.4,2).'
5.4. Conclusion:
In conclusion, herein, the present chapter presented cobalt complexes catalyzed dehydrogenative
annulation between alcohol and 1,8-diaminonapthalene for synthesizing perimidine derivatives. A
number of kinetic and control studies were conducted in order to understand the reaction pathway. The

developed method exhibits wide range of substrate scope and the chemoselective transformation of
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different fatty alcohols to produce perimidines with distal unsaturation demonstrates the utility of the
approach.

5.5. Experimental Section:

5.5.1. Preparation of ligands and Co-complexes (Co-8, Co-9 and Co-10):

The synthetic procedures and their characterization data are described in chapter-4 (experimental
section 4.5.1. and 4.5.2.).

5.5.2. General experimental procedure for the synthesis of 2,3-Dihydro-1H-Perimidine
derivatives:

To an oven dried 10 mL round bottomed flask, 1,8-diaminonapthalene 5.1a (0.50 mmol, 1.0 equiv.),
primary aryl or alkyl alcohols 5.2 (0.60 mmol, 1.2 equiv.), KO'Bu (0.042 g, 0.375 mmol, 0.75 equiv.)
and Co-8 (0.010 g, 0.025 mmol, 5 mol%) were taken under argon atmosphere, afterwards 2 ml of xylene
was added to the reaction mixture. The reaction mixture was heated at 140 °C in a preheated oil bath
for 36 h. After completion of the reaction, the reaction mixture was subjected to cool at room
temperature and ethyl acetate (15 mL) was added to dilute the mixture and filtered through celite. The
resultant volatiles were evaporated under reduced pressure and the crude product was purified by silica
gel (100—200 mesh size) column chromatography using 5-60% ethyl acetate in Petroleum ether as an
eluent to get the desired products.

5.5.3. Cobalt catalyzed dehydrogenation of alcohol:

To an oven dried 10 mL round bottomed flask, Benzyl alcohol 5.2a (0.108 g, 1.0 mmol, 1.0 equiv.),
KO'Bu (0.084 g, 0.75 mmol, 0.75 equiv.) and Co-8 (0.020 g, 0.05 mmol, 5 mol%) were taken under
argon atmosphere, afterwards 2 mL of xylene was added to the reaction mixture. The reaction mixture
was heated at 140 °C in a preheated oil bath for 36 h. After completion of the reaction, the reaction
mixture was subjected to cool at room temperature and ethyl acetate (15 mL) was added to dilute the
mixture and filtered through celite. The resultant volatiles were evaporated under reduced pressure and
the crude reaction mixture was submitted and analysed by 'H-NMR confirming that 16% of
Benzaldehyde (5.4) was detected.

5.5.4. Detection of evolved gas by GC-Thermal Detector (GC-TCD):

A mixture of 1,8-diaminonapthalene 5.1a (0.316 g, 2.0 mmol, 1.0 equiv.), benzyl alcohol 5.2a (0.260
g, 2.4 mmol, 1.2 equiv.), KO'Bu (0.168 g, 1.5 mmol, 0.75 equiv.) were taken in an oven dried Ace
pressure tube (100 mL) containing a stirring bar and connected with high vacuum for 10 mins, then Co-
8(0.039 g, 0.1 mmol, 5 mol%) and 5 mL of xylene was added to the mixture under gentle flow of argon.
Afterwards, the reaction mixture was kept for stirring into preheated oil bath at 140 °C for next 36 h.
After completion of the reaction, the Ace pressure tube was cooled at 0 °C, the evolved gas was syringe
out and detected from PerkinElmer clarus-590 GC instrument using Elite Plot-Q column (30 m length
x 530 pm x 20 pm ID) employing the following method:

TCD starting temperature: 40 °C, Oven temperature: 60 °C, Time at starting temperature: 0 min,
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Hold time: 5 min, Ramp: 28 °C/ min up to 200 °C, Flow rate: 5 ml/ min (N.), Split ration: 20

Inlet temperature: 40 °C, Detector temperature TCD: 200 °C

The detected gas chromatogram was shown in figure 5.3. (right).
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Figure 5.3. Chromatogram of standard hydrogen gas (left) and evolved hydrogen gas during catalysis

(right).

5.5.5. Cobalt catalyzed synthesis of 2-phenyl-2,3-dihydro-1H-perimidine (5.3a) from 1,8-
diaminonapthalene (5.1a) and benzaldehyde (5.4):

To an oven dried 10 mL round bottomed flask, 1,8-diaminonapthalene 5.1a (0.079 g, 0.50 mmol, 1.0
equiv.), benzaldehyde 5.4 (0.064 g, 0.60 mmol, 1.2 equiv.), KO'Bu (0.042 g, 0.375 mmol, 0.75 equiv.)

and Co-8 (0.010 g, 0.025 mmol, 5 mol%) were taken under argon atmosphere, afterwards 2 mL of

xylene was added to the reaction mixture. The reaction mixture was heated at 140 °C in a preheated oil

bath for 36 h. After completion of the reaction, the reaction mixture was subjected to cool at room

temperature and ethyl acetate (15 mL) was added to dilute the mixture and filtered through celite. The

resultant volatiles were evaporated under reduced pressure and the crude product was purified by silica

gel (100—200 mesh size) column chromatography (eluent: Pet. ether/EtOAc = 95/5) to afford the desired
2-phenyl-2,3-dihydro-1H-perimidine (5.3a) in 67% yield (0.083 g, 0.335 mmol) as a white solid. When

the reaction was conducted either in absence of Co-8 or in absence of KO'Bu, it only furnished 50%

(0.062 g, 0.25 mmol) and 21% yield (0.026 g, 0.105 mmol) of the desired product 5.3a respectively,

however, in absence of both Co-8 and KO'Bu no detectable conversion of the desired product 5.3a was

observed.
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5.5.6. Cobalt catalyzed synthesis of 2-phenyl-2,3-dihydro-1H-perimidine-2-d (5.3a-di)
from 1,8-diaminonapthalene (5.1a) and phenylmethan-d;-ol (5.2a-d):

To an oven dried 10 mL round bottomed flask, 1,8-diaminonapthalene 5.1a (0.079 g, 0.50 mmol, 1.0
equiv.), phenylmethan-d,-ol 5.2a-d," (0.066 g, 0.60 mmol, 1.2 equiv.), KO'Bu (0.042 g, 0.375 mmol,
0.75 equiv.) and Co-8 (0.010 g, 0.025 mmol, 5 mol%) were taken under argon atmosphere, afterwards
2 mL of xylene was added to the reaction mixture. The reaction mixture was heated at 140 °C in a
preheated oil bath for 36 h. After completion of the reaction, the reaction mixture was subjected to cool
at room temperature and ethyl acetate (15 mL) was added to dilute the mixture and filtered through
celite. The resultant volatiles were evaporated under reduced pressure and the crude product was
purified by silica gel (100—200 mesh size) column chromatography (eluent: Pet. ether/EtOAc = 95/5)
to afford the 2-phenyl-2,3-dihydro-1H-perimidine-2-d (5.3a-d;) in 37% yield (0.049 g, 0.20 mmol) as
a white solid with 85% deuterium incorporation. The percentage of deuterium incorporation was

analysed using '"H NMR spectroscopy.
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Figure 5.4. 'H (400 MHz) NMR Spectrum of 2-phenyl-2,3-dihydro-1H-perimidine-2-d (5.3a-d;) in
CDCl;.
5.5.7. Competitive Experiment:
To an oven dried 10 mL round bottomed flask, 1,8-diaminonapthalene 5.1a (0.079 g, 0.50 mmol, 1.0
equiv.), phenylmethan-d,-ol 5.2a-d, (0.066 g, 0.60 mmol, 1.2 equiv.), benzyl alcohol 5.2a (0.065 g,
0.60 mmol, 1.2 equiv.), KO'Bu (0.042 g, 0.375 mmol, 0.75 equiv.) and Co-8 (0.010 g, 0.025 mmol, 5
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mol%) were taken under argon atmosphere, afterwards 2 mL of xylene was added to the reaction
mixture. The reaction mixture was heated at 140 °C in a preheated oil bath for 36 h. After completion
of the reaction, the reaction mixture was subjected to cool at room temperature and ethyl acetate (15
mL) was added to dilute the mixture and filtered through celite. The resultant volatiles were evaporated
under reduced pressure and the crude product was purified by silica gel (100—200 mesh size) column
chromatography (eluent: Pet. ether/EtOAc = 95/5) to afford a mixture of 2-phenyl-2,3-dihydro-1H-
perimidine (5.3a) and 2-phenyl-2,3-dihydro-1H-perimidine-2-d (5.3a-d;) in 42% yield as a white solid.
The experiment revealed that the value of KIE= kn/kp=2.23.

5.5.8. Radical involvement test in the catalysis:

To an oven dried 10 mL round bottomed flask, 1,8-diaminonapthalene 5.1a (0.079 g, 0.50 mmol, 1.0
equiv.), benzyl alcohol 5.2a (0.065 g, 0.60 mmol, 1.2 equiv.), KO'Bu (0.042 g, 0.375 mmol, 0.75
equiv.), Co-8 (0.010 g, 0.025 mmol, 5 mol%) and TEMPO or BHT (0.078 g or 0.110 g, 0.50 mmol, 1.0
equiv.) were taken under argon atmosphere, afterwards 2 mL of xylene was added to the reaction
mixture. The reaction mixture was heated at 140 °C in a preheated oil bath for 36 h. After completion
of the reaction, the reaction mixture was subjected to cool at room temperature and ethyl acetate (15
mL) was added to dilute the mixture and filtered through celite. The resultant volatiles were evaporated
under reduced pressure and the crude product was purified by silica gel (100—200 mesh size) column
chromatography (eluent: Pet. ether/EtOAc = 95/5) to afford the desired 2-phenyl-2,3-dihydro-1H-
perimidine (5.3a) as a white solid. (for TEMPO, 75% yield, 0.092 g, 0.375 mmol and for BHT, 73%
yield, 0.090 g, 0.365 mmol).

5.5.9. Homogeneity test:

To an oven dried 10 mL round bottomed flask, 1,8-diaminonapthalene 5.1a (0.079 g, 0.50 mmol, 1.0
equiv.), benzyl alcohol 5.2a (0.065 g, 0.60 mmol, 1.2 equiv.), KOBu (0.042 g, 0.375 mmol, 0.75 equiv.)
and 2.0 equiv. metallic Hg were taken together and connected with high vacuum for 10 minutes.
Afterwards, Co-8 (0.010 g, 0.025 mmol, 5 mol%) and 2 mL of xylene was added to the reaction mixture
under gentle stream of argon. Then the resulting reaction mixture was heated at 140 °C in a preheated
oil bath for 36 h. After completion of the reaction, the reaction mixture was subjected to cool at room
temperature and ethyl acetate (15 mL) was added to dilute the mixture and filtered through celite. The
resultant volatiles were evaporated under reduced pressure and the crude product was purified by silica
gel (100—200 mesh size) column chromatography (eluent: Pet. ether/EtOAc = 95/5) to afford the desired
2-phenyl-2,3-dihydro-1H-perimidine (5.3a) in 72% yield (0.089 g, 0.36 mmol) as a white solid.
5.5.10. Metal hydride trapping experiment:

To an oven dried 100 mL Ace pressure tube, 1,8-diaminonapthalene 5.1a (0.079 g, 0.50 mmol, 1.0
equiv.), benzyl alcohol 5.2a (0.065 g, 0.60 mmol, 1.2 equiv.), KO'Bu (0.042 g, 0.375 mmol, 0.75 equiv.)
and Co-8 (0.010 g, 0.025 mmol, 5 mol%) were added sequentially inside the argon filled glove box.

Afterwards 2 mL of xylene was added to the reaction mixture and the reaction mixture was allowed to
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stir at room temperature. After stirring for 0.5 h, tritylium tetrafluoroborate (Ph;C" BF4) (0.033 g, 0.10
mmol, 20 mol%) was added to the reaction mixture. Then, the tube was sealed and placed at 140 °C in
a preheated oil bath. After stirring for 36 h, the reaction mixture was subjected to cool at room
temperature and ethyl acetate (15 mL) was added to dilute the mixture and filtered through celite. The
resultant volatiles were evaporated under reduced pressure and the crude product was purified by silica
gel (100—200 mesh size) column chromatography (eluent: Pet. ether/EtOAc = 95/5) to afford the desired
2-phenyl-2,3-dihydro-1H-perimidine (5.3a) in 20% yield (0.025 g, 0.10 mmol) as a white solid. The
drastic detriment in the yield manifested that the in situ formed cobalt hydride involved in the catalytic
cycle.

5.5.11. Gram scale synthesis:

To an oven dried 50 mL round bottomed flask, 1,8-diaminonapthalene 5.1a (1.266 g, 8.0 mmol, 1.0
equiv.), benzyl alcohol 5.2a (1.038 g, 9.6 mmol, 1.2 equiv.) and KO'Bu (0.673 g, 6.0 mmol, 0.75 equiv.)
were taken sequentially and connected with high vacuum for 15 minutes. Then Co-8 (0.154 g, 0.40
mmol, 5 mol%) and 15 mL of xylene was added to the reaction mixture under gentle stream of argon.
The resulting reaction mixture was heated at 140 °C in a preheated oil bath. After stirring for 36 h, the
reaction mixture was subjected to cool at room temperature and ethyl acetate (30 mL) was added to
dilute the mixture and filtered through a pad of celite. The filtrate was concentrated under reduced
pressure and the residue was purified by silica gel (100—200 mesh size) column chromatography
(eluent: Pet. ether/EtOAc = 95/5) to afford the desired 2-phenyl-2,3-dihydro-1H-perimidine (5.3a) in
72% yield (1.417 g, 5.6 mmol) as a white solid.

5.5.12. Kinetic experiments:

5.5.12.1. Monitoring the Kinetics of the reaction:

5.5.12.1.1. Experimental procedure: To an oven dried 10 mL 2-neck round bottomed flask
equipped with a condenser and a magnetic stir bar, 1,8-diaminonapthalene 5.1a (0.791 g, 5.0 mmol, 1.0
equiv.), benzyl alcohol 5.2a (0.649 g, 6.0 mmol, 1.2 equiv.) and KO'Bu (0.421 g, 3.75 mmol, 0.75
equiv.) were taken sequentially and connected with high vacuum for 15 minutes. Then, Co-8 (0.096 g,
0.25 mmol, 5 mol%), mesitylene (0.601 g, 5.0 mmol, 1.0 equiv.) as an internal standard and dry xylene
were added to the mixture under gentle flow of argon to make up the total volume of the reaction mixture
5 mL. Afterwards, the reaction mixture was kept in a preheated oil bath for stirring at 140 °C. At regular
intervals (1 h,2h,3h,4h,5h,6h,9h,12h, 15h, 18 h, 21 h, 24 h, 27 h, 30 h, 33 h, 36 h) the reaction
mixture was cooled to ambient temperature and an aliquot of mixture was taken in a GC vial. The GC
sample was diluted with ethyl acetate and subjected to gas chromatographic analysis. The concentration
of the product was determined with respect to mesitylene internal standard. The data was accomplished

to draw the concentration of the product (mmolar) vs time (h) plot (Figure 5.2, a).
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5.5.12.2. Rate order determination:

The initial rate method was used to determine the rate order for the synthesis of 2-phenyl-2,3-dihydro-
1 H-perimidine 5.3a with respect to various components of the reaction. The data of the concentration
(mM) vs time (h) plot was fitted to linear using origin pro 8.5. The slope of the linear fitted curve
represents the initial rate of the reaction. The order of the reaction was determined by plotting initial
rate (mM/h) vs concentration (mM) of that particular component.

5.5.12.2.1. Rate order determination with respect to 1,8-diaminonapthalene (5.1a):

To determine the order of the 2-phenyl-2,3-dihydro-1H-perimidine 5.3a synthesis reaction, initial rates
at different initial concentration of 1,8-diaminonapthalene 5.1a were recorded.

5.5.12.2.1.1. Experimental procedure: To an oven dried 10 mL 2-neck round bottomed flask
equipped with a condenser and a magnetic stir bar, benzyl alcohol 5.2a (0.130 g, 1.2 mmol, 1.2 equiv.)
and KO'Bu (0.84 g, 0.75 mmol, 0.75 equiv.) were taken together and connected with high vacuum for
10 minutes. Then, Co-8 (0.019 g, 0.05 mmol, 5 mol%), mesitylene (0.120 g, 1.0 mmol, 1.0 equiv.) as
an internal standard, specific amount of 1,8-diaminonapthalene 5.1a and dry xylene were added to the
mixture under gentle flow of argon to make up the total volume of the reaction mixture 5 mL.
Afterwards, the reaction mixture was kept in an oil bath of 140 °C for stirring. At regular intervals (0
min, 30 min, 60 min, 90 min, 120 min, 150 min, 180 min) the reaction mixture was cooled to ambient
temperature and an aliquot of mixture was taken in a GC vial. The GC sample was diluted with ethyl
acetate and subjected to gas chromatographic analysis. The concentration of the product was determined
with respect to mesitylene internal standard. The data was accomplished to draw the concentration of
1,8-diaminonapthalene 5.1a (mM) vs time (h) plot (Figure 5.2, b). The rate of the reaction at different
initial concentration of 1,8-diaminonapthalene 5.1a was given below and used to plot the log(rate) vs
log(concentration of 1,8-diaminonapthalene 5.1a) to determine the order of the reaction with respect to
1,8-diaminonapthalene 5.1a (Figure 5.2, d).

5.5.12.2.2. Rate order determination with respect to benzyl alcohol (5.2a):

To determine the order of the 2-phenyl-2,3-dihydro-1H-perimidine 5.3a synthesis reaction, initial rates
at different initial concentration of benzyl alcohol 5.2a were recorded.

5.5.12.2.2.1. Experimental procedure: To an oven dried 10 mL 2-neck round bottomed flask
equipped with a condenser and a magnetic stir bar, 1,8-diaminonapthalene 5.1a (0.158 g, 1.0 mmol, 1.0
equiv.) and KO'Bu (0.84 g, 0.75 mmol, 0.75 equiv.) were taken together and connected with high
vacuum for 10 minutes. Then, Co-8 (0.019 g, 0.05 mmol, 5 mol%), mesitylene (0.120 g, 1.0 mmol, 1.0
equiv.) as an internal standard, specific amount of benzyl alcohol 5.2a and dry xylene were added to
the mixture under gentle flow of argon to make up the total volume of the reaction mixture 5 mL.
Afterwards, the reaction mixture was kept in an oil bath of 140 °C for stirring. At regular intervals (0
min, 30 min, 60 min, 90 min, 120 min, 150 min, 180 min) the reaction mixture was cooled to ambient

temperature and an aliquot of mixture was taken in a GC vial. The GC sample was diluted with ethyl
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acetate and subjected to gas chromatographic analysis. The concentration of the product was determined
with respect to mesitylene internal standard. The data was accomplished to draw the concentration of
benzyl alcohol 5.2a (mM) vs time (h) plot (Figure 5.2, ¢). The rate of the reaction at different initial
concentration of benzyl alcohol 5.2a was given below and used to plot the log(rate) vs log(concentration
of benzyl alcohol 5.2a) to determine the order of the reaction with respect to benzyl alcohol 5.2a (Figure
5.2, ¢).

5.5.13. Analytical data for substrate scopes:

2-phenyl-2,3-dihydro-1H-perimidine (5.3a):¢
Purification was done by column chromatography (SiO,, 100-200 mesh,

O NH eluent: Pet. ether/EtOAc = 95/5) which afforded the title compound in 78%
NZT@ yield (0.192 g, 0.78 mmol) as a white solid. "TH NMR (500 MHz, CDCl;) &
7.58 —7.56 (m, 2H), 7.40 — 7.39 (m, 3H), 7.23 — 7.17 (m, 4H), 6.44 (d, J= 6.8
Hz, 2H), 5.37 (s, 1H), 4.45 (brs, 2H). BC{'H} NMR (125 MHz, CDCl;) 5 142.2, 140.2, 135.0, 129.7,

128.9, 128.0, 126.9, 117.9, 113.5, 105.9, 68.4.
2-(4-methoxyphenyl)-2,3-dihydro-1H-perimidine (5.3b):'®

Purification was done by column chromatography (SiO,, 100-200
N;—@—OMe mesh, eluent: Pet. ether/EtOAc = 95/5) which afforded the title
Q NH compound in 78% yield (0.215 g, 0.78 mmol) as a white solid. '"H NMR
(500 MHz, CDCl3) 6 7.42 (d, J=8.1 Hz, 2H), 7.15 — 7.09 (m, 4H), 6.83
(d, J= 8.2 Hz, 2H), 6.37 (d, J= 7.1 Hz, 2H), 5.26 (s, 1H), 4.36 (brs, 2H), 3.72 (s, 3H). *C{'H} NMR
(125 MHz, CDCl) 6 160.6, 142.4, 135.0, 132.4, 129.2, 126.9, 117.8, 114.2, 113.5, 105.8, 68.0, 55.5.
2-(p-tolyl)-2,3-dihydro-1H-perimidine (5.3¢c):'¢

Purification was done by column chromatography (SiO», 100-200 mesh,
O N;—@—Me eluent: Pet. ether/EtOAc = 95/5) which afforded the title compound in
O NH 75% yield (0.195 g, 0.75 mmol) as a white solid. 'H NMR (500 MHz,
CDCl) 6 7.38 (d, J= 8.0 Hz, 2H), 7.15 - 7.09 (m, 6H), 6.35 (d, /= 6.7
Hz, 2H), 5.26 (s, 1H), 4.34 (brs, 2H), 2.29 (s, 3H). *C{'H} NMR (125 MHz, CDCls) § 142.3, 139.5,
137.3,135.0, 129.5, 127.9, 127.0, 117.9, 113.5, 105.9, 68.2, 21.4.
2-(4-(tert-butyl)phenyl)-2,3-dihydro-1H-perimidine(5.3d):"’
Purification was done by column chromatography (SiO,, 100-200 mesh,

O N;_@_tBu eluent: Pet. ether/EtOAc = 95/5) which afforded the title compound in

O NH 80% yield (0.242 g, 0.80 mmol) as a white solid. '"H NMR (500 MHz,
CDCL) 6 7.47 (d, J= 8.0 Hz, 2H), 7.38 (d, /= 8.1 Hz, 2H), 7.18 - 7.11
(m, 4H), 6.40 (d, J= 7.1 Hz, 2H), 5.35 (s, 1H), 4.41 (brs, 2H), 1.27 (s, 9H). *C{'H} NMR (125 MHz,
CDCL) 6 152.9, 142.3, 137.3, 135.1, 127.7, 127.0, 125.9, 117.9, 113.6, 105.9, 68.2, 34.9, 31.5.
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4-(2,3-dihydro-1H-perimidin-2-yl)-N,N-dimethylaniline (5.3¢):'®

Purification was done by column chromatography (SiO,, 100-200
O N;—O—N Me, mesh, eluent: Pet. ether/EtOAc = 95/5) which afforded the title
O NH compound in 74% yield (0.214 g, 0.74 mmol) as a brown solid. 'H
NMR (500 MHz, CDCl3) 6 7.44 (d, J= 8.7 Hz, 2H), 7.22 — 7.18 (m,
4H), 6.72 (d,J = 8.8 Hz, 2H), 6.43 (d, J= 7.5 Hz, 2H), 5.31 (s, 1H), 4.43 (brs, 2H), 2.94 (s, 6H). *C{'H}
NMR (125 MHz, CDCl3) 6 151.5, 142.7, 135.1, 128.8, 127.7, 126.9, 117.6, 113.5, 112.4, 105.7, 68.2,
40.6.
2-(3-methoxyphenyl)-2,3-dihydro-1H-perimidine (5.3f):"’

Purification was done by column chromatography (SiO,, 100-200 mesh,

NH
O >_Q eluent: Pet. ether/EtOAc = 95/5) which afforded the title compound in
O NH ome | 65% vield (0.180 g, 0.65 mmol) as a white solid. '"H NMR (500 MHz,

CDChL) 6 7.22 (t,J=17.9 Hz, 1H), 7.16 — 7.10 (m, 5H), 7.05 (d, /= 7.4
Hz, 1H), 6.88 — 6.85 (m, 1H), 6.39 (d, J= 7.0 Hz, 2H), 5.29 (s, 1H), 4.41 (brs, 2H), 3.71 (s, 3H). *C{'H}
NMR (125 MHz, CDCl3) 6 160.1, 142.1, 141.7, 135.0, 129.9, 127.0, 120.2, 118.0, 115.7, 113.5, 112.8,
105.9, 68.4, 55.5.

2-(3-phenoxyphenyl)-2,3-dihydro-1H-perimidine (5.3g):

Purification was done by column chromatography (SiO2, 100200 mesh,

NH
O >_Q eluent: Pet. ether/EtOAc = 95/5) which afforded the title compound in
O NH oPh 72% yield (0.244 g, 0.72 mmol) as a white solid. "H NMR (600 MHz,

CDCly) 5 7.46 — 7.39 (m, 4H), 7.36 — 7.35 (m, 1H), 7.32 — 7.29 (m, 2H),
7.28 —7.27 (m, 2H), 7.20 (t, J = 7.4 Hz, 1H), 7.14 — 7.11 (m, 3H), 6.54 (d, J = 7.5 Hz, 2H), 5.41 (s,
1H), 4.56 (brs, 2H). BC{'H} NMR (150 MHz, CDCL) 5 157.8, 156.7, 142.1, 141.9, 134.8, 130.2,
130.0, 126.9, 123.7, 122.6, 119.7, 119.2, 118.0, 117.9, 113.4, 105.9, 68.0. HRMS (ESI-TOF) m/z
[M+H]" calculated for C23H19N2O is 339.1497 Found 339.1480
2-(2-methoxyphenyl)-2,3-dihydro-1H-perimidine (5.3h):'¢

Purification was done by column chromatography (SiO,, 100200 mesh,

NH
O eluent: Pet. ether/EtOAc = 95/5) which afforded the title compound in 52%
Q N;eo yield (0.144 g, 0.52 mmol) as a white solid. "H NMR (500 MHz, CDCL3) &

7.56 (d,J="7.6 Hz, 1H), 7.22 (t, J= 7.8 Hz, 1H), 7.14 (t, J= 7.7 Hz, 2H), 7.09
—7.08 (m, 2H), 6.88 (t, J= 7.5 Hz, 1H), 6.81 (d, J= 8.3 Hz, 1H), 6.42 (d, J= 7.2 Hz, 2H), 5.80 (s, 1H),
4.55 (brs, 2H), 3.75 (s, 3H). BC{'H} NMR (125 MHz, CDCl) 5 157.1, 142.2, 135.0, 129.8, 128.7,
127.5,126.9, 121.1, 117.7, 113.5, 110.6, 106.0, 61.4, 55.6.
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2-(o-tolyl)-2,3-dihydro-1H-perimidine (5.3i):"

Purification was done by column chromatography (SiO,, 100200 mesh,

NH
O >_© eluent: Pet. ether/EtOAc = 95/5) which afforded the title compound in 50%
Q N yield (0.130 g, 0.50 mmol) as a white solid. "H NMR (500 MHz, CDCls)

7.63-17.61 (m, 1H), 7.21 — 7.15 (m, 2H), 7.14 - 7.07 (m, 5H), 6.36 (d, /= 7.2
Hz, 2H), 5.56 (s, 1H), 4.28 (brs, 2H), 2.37 (s, 3H). BC{'H} NMR (125 MHz, CDCl;) § 142.5, 137.6,
136.6, 135.0, 131.0, 129.1, 128.2, 126.9, 126.7, 117.9, 113.6, 106.0, 65.2, 19.2.
2-(2-(tert-butylthio)phenyl)-2,3-dihydro-1H-perimidine (3.3j):

Purification was done by column chromatography (SiO;, 100200 mesh,

NH
O eluent: Pet. ether/EtOAc = 95/5) which afforded the title compound in 48%
O N,“Bu S yield (0.161 g, 0.48 mmol) as a white solid. '"H NMR (500 MHz, CDCL) &

7.92 —7.90 (m, 1H), 7.61 — 7.60 (m, 1H), 7.43 (t, J = 7.6 Hz, 1H), 7.34 (td, J
= 7.6 Hz, 1.7 Hz, 1H), 7.25 — 7.22 (m, 2H), 7.20 — 7.18 (m, 2H), 6.49 (d, J = 7.0 Hz, 2H), 6.29 (s, 1H),
4.49 (brs, 2H), 1.28 (s, 9H). *C{'H} NMR (125 MHz, CDCl;) 5 145.0, 142.3, 138.9, 134.9, 131.9,
130.0, 128.9, 128.8, 127.0, 117.8, 113.4, 105.9, 64.9, 47.3, 31.1. HRMS (ESI-TOF) m/z [M+H]"
calculated for C21H23N>S is 335.1582. Found 335.1604.
2-(4-fluorophenyl)-2,3-dihydro-1H-perimidine (5.3k):'®

O Purification was done by column chromatography (SiO,, 100-200 mesh,
NH
>—©—F eluent: Pet. ether/EtOAc = 95/5) which afforded the title compound in 72%
O NH yield (0.190 g, 0.72 mmol) as a white solid. "H NMR (500 MHz, CDCl;)

8 7.50 — 7.47 (m, 2H), 7.17 — 7.12 (m, 4H), 7.01 (t, J = 8.5 Hz, 2H), 6.41
(d, J = 6.9 Hz, 2H), 5.31 (s, 1H), 4.36 (brs, 2H). *C{'H} NMR (125 MHz, CDCl;) 8 163.5 (d, J =
246.6 Hz), 142.1, 136.1 (d, J = 3.0 Hz), 135.0, 129.9 (d, J = 8.5 Hz), 127.0, 118.1, 115.8 (d, /= 21.5
Hz), 113.5, 106.0, 67.8. F NMR (470 MHz, CDCl;) § -111.74.
2-(4-chlorophenyl)-2,3-dihydro-1H-perimidine (5.31):'
Purification was done by column chromatography (SiO,, 100200 mesh,
N;—@—m eluent: Pet. ether/EtOAc = 95/5) which afforded the title compound in
O NH 68% vyield (0.191 g, 0.68 mmol) as a white solid. 'H NMR (500 MHz,
CDCls) 6 7.47 (d, J = 8.5 Hz, 2H), 7.32 (d, J = 8.5 Hz, 2H), 7.19 — 7.14
(m, 4H), 6.43 (d, J = 6.8 Hz, 2H), 5.34 (s, 1H), 4.38 (brs, 2H). *C{'H} NMR (125 MHz, CDCl3) §
141.9, 138.8, 135.5, 135.0, 129.4, 129.2, 127.0, 118.2, 113.5, 106.1, 67.8.
2-(4-bromophenyl)-2,3-dihydro-1H-perimidine (5.3m):!8
NH O " Purification was done by column chromatography
>—©—Br R ': >—© (Si05, 100-200 mesh, eluent: Pet. ether/EtOAc = 95/5)
Q W O W which afforded the title compound in 62% yield (0.202

g, 0.62 mmol) as a yellow solid. "H NMR (500 MHz,
CDCl3) 6 7.53 — 7.51 (m, 1H), 7.46 — 7.44 (m, 2H), 7.37 — 7.35 (m, 2H), 7.34 — 7.33 (1H), 7.17 - 7.10
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(m, 7H), 6.41 — 6.39 (m, 3H), 5.27 (s, 1H), 4.35 (brs, 3H). BC{'H} NMR (125 MHz, CDCl;) 5 142.2,
141.8, 140.2, 139.2, 135.0, 134.9, 132.1, 129.7, 128.9, 128.0, 127.0, 123.7, 118.2, 118.0, 113.6, 113.5,
106.1, 105.9, 68.5, 67.8.

2-(4-(trifluoromethyl)phenyl)-2,3-dihydro-1H-perimidine (5.3n):"°

Purification was done by column chromatography (SiO,, 100-200
O N;'_@_cp3 mesh, eluent: Pet. ether/EtOAc = 92/8) which afforded the title
O NH compound in 57% yield (0.179 g, 0.57 mmol) as a white solid. 'H NMR

(500 MHz, CDCl3) 6 7.71 — 7.66 (m, 4H), 7.25 — 7.21 (m, 4H), 6.52 —

6.50 (m, 2H), 5.46 (s, 1H), 4.45 (brs, 2H). BC{'H} NMR (125 MHz, CDCl;) § 144.1, 141.6, 135.0,

131.9 (q,J=32.3 Hz), 128.5, 127.0, 125.9 (q, /= 3.7 Hz), 124.1 (d, J=270.7 Hz), 118.4, 113.6, 106.3,

67.8.F NMR (470 MHz, CDCls) § -62.63.

2-(2,6-difluorophenyl)-2,3-dihydro-1H-perimidine (5.3p):2

E Purification was done by column chromatography (SiO,, 100200 mesh,
O NH eluent: Pet. ether/EtOAc = 90/10) which afforded the title compound in 54%
O NH yield (0.152 g, 0.54 mmol) as a white solid. '"H NMR (500 MHz, CDCls) &
F

7.27-7.21 (m, 1H), 7.18 — 7.15 (m, 4H), 6.85 (t, J = 8.7 Hz, 2H), 6.52 — 6.49
(m, 2H), 5.87 (s, 1H), 4.53 (brs, 2H). *C{'H} NMR (125 MHz, CDCl;) 5 161.8 (dd, J = 251.0, 7.0
Hz), 141.6, 135.0, 131.2 (t, J = 10.8 Hz), 126.8, 118.8, 115.4 (t, J = 14.5 Hz), 114.8, 112.4 (dd, J =
21.5, 4.5 Hz), 107.6, 60.3 (t, J= 3.1 Hz). F NMR (470 MHz, CDCl3) § -112.27.
2-(2,6-dichlorophenyl)-2,3-dihydro-1H-perimidine (5.3q):*

cl Purification was done by column chromatography (SiO», 100200 mesh,
O N;_@ eluent: Pet. ether/EtOAc = 90/10) which afforded the title compound in 50%
O NH yield (0.158 g, 0.54 mmol) as a white solid. "H NMR (500 MHz, CDCl;) &
° 7.40 (d, J = 8.0 Hz, 1H), 7.31 — 7.27 (m, 6H), 6.62 (dd, J = 5.9, 2.4 Hz, 2H),
6.36 (s, 1H), 4.56 (brs, 2H). BC{'H} NMR (125 MHz, CDCl;) § 141.6, 136.6, 135.0, 133.0, 130.7,

130.1, 126.9, 118.6, 114.2, 107.5, 65.0.
2-(9H-fluoren-3-yl)-2,3-dihydro-1H-perimidine (5.3r):2!

O NH Purification was done by column chromatography (SiO,, 100200 mesh,
N eluent: Pet. ether/EtOAc = 95/5) which afforded the title compound in
O 67% yield (0.224 g, 0.67 mmol) as a white solid. '"H NMR (500 MHz,

CDCl3) 6 7.81 — 7.79 (m, 3H), 7.58 (d, /= 7.8 Hz, 1H), 7.55 (d, J=17.5

Hz, 1H), 7.39 (t, J=7.5 Hz, 1H), 7.33 (t, /= 7.4 Hz, 1H), 7.26 — 7.20 (m, 4H), 6.50 (d, J= 6.9 Hz, 2H),
5.49 (s, 1H), 4.52 (brs, 2H), 3.91 (s, 2H). BC{'H} NMR (125 MHz, CDCl;) § 144.0, 143.7, 143.3,

142.3, 141.2, 138.7, 135.1, 127.3, 127.0, 126.8, 125.3, 124.6, 120.3, 120.1, 118.0, 113.6, 106.0, 68.7,
37.0.

229
TH-3636_186122010



Chapter-5: Co-Catalyzed Synthesis of 2,3-Dihydro-1H-Perimidine derivatives

2-(naphthalen-1-yl)-2,3-dihydro-1H-perimidine (5.3s):!°

Purification was done by column chromatography (SiO,, 100-200 mesh,
O N O eluent: Pet. ether/EtOAc = 95/5) which afforded the title compound in 65%
O NH O yield (0.193 g, 0.65 mmol) as a white solid. '"H NMR (500 MHz, CDCLs) &
8.49 (s, 1H), 7.81 (d, /= 8.0 Hz, 2H), 7.72 (d, J=7.1 Hz, 1H), 7.42 — 7.38 (m,
3H), 7.18 — 7.13 (m, 4H), 6.40 (d, J = 6.3 Hz, 2H), 6.01 (s, 1H), 4.42 (brs, 2H). BC{'H} NMR (125
MHz, CDCL) & 142.4, 135.2, 134.9, 134.3, 131.3, 130.2, 129.0, 127.0, 126.6, 126.5, 126.2, 125.5,
124.6, 118.0, 113.7, 106.1.
2-(furan-2-yl)-2,3-dihydro-1H-perimidine (5.3t):!
Purification was done by column chromatography (SiO,, 100-200 mesh,
N;_@ eluent: Pet. ether/EtOAc = 92/8) which afforded the title compound in 72%
Q NH yield (0.170 g, 0.72 mmol) as a white solid. "H NMR (500 MHz, CDCLs) § 7.19
(s, 1H), 7.08— 7.03 (m, 4H), 6.31 (dd, J = 6.3, 2.4 Hz, 2H), 6.12 (s, 2H), 5.32
(s, 1H), 4.49 (brs, 2H). 3C{'H} NMR (125 MHz, CDCls) 5 153.4, 142.4, 140.7, 134.6, 126.8, 118.0,
113.7, 110.4, 107.6, 106.5, 61.3.
2-(thiophen-2-yl)-2,3-dihydro-1H-perimidine (5.3u):!
Purification was done by column chromatography (SiO,, 100200 mesh,
N;_@ eluent: Pet. ether/EtOAc = 92/8) which afforded the title compound in 78%
O NH yield (0.197 g, 0.78 mmol) as a white solid. '"H NMR (500 MHz, CDCl;) &
7.25-7.24 (m, 1H), 7.14 — 7.07 (m, 5H), 6.89— 6.88 (m, 1H), 6.37 (d, J = 8.2
Hz, 2H), 5.61 (s, 1H), 4.50 (brs, 2H). *C{'H} NMR (125 MHz, CDCL;) § 144.1, 141.4, 134.9, 127.0,
126.9, 126.5, 126.4, 118.2, 113.7, 106.2, 63.8.
2-(benzo|d][1,3]dioxol-5-y1)-2,3-dihydro-1H-perimidine (5.3v):"’
Purification was done by column chromatography (SiO,, 100-200 mesh,
NH o | ecluent: Pet. ether/EtOAc = 92/8) which afforded the title compound in
O NH | 70% yield (0.203 g, 0.70 mmol) as a white solid. "H NMR (500 MHz,
CDCl3) 6 7.26 — 7.20 (m, 4H), 7.17 (s, 1H), 7.04 (d, /= 8.6 Hz, 1H), 6.83
(d, J=7.9 Hz, 1H), 6.50 (d, J = 7.0 Hz, 2H), 5.99 (s, 2H), 5.37 (s, 1H), 4.46 (brs, 2H). *C{'"H} NMR
(125 MHz, CDCl3) 6 148.7, 148.3, 142.2, 135.0, 134.3, 127.0, 121.7, 118.0, 113.5, 108.3, 108.2, 105.9,

101.5, 68.2.
2-(1H-imidazol-2-yl)-2,3-dihydro-1H-perimidine (5.3w):

O H Purification was done by column chromatography (SiO», 100200 mesh,
NH N

A ] eluent: Pet. ether/EtOAc = 50/50) which afforded the title compound in 70%
O NH N yield (0.184 g, 0.70 mmol) as a white solid. '"H NMR (500 MHz, DMSO-ds) 5

12.33 (brs, 1H), 7.18 (t, J= 7.8 Hz, 2H), 7.04 — 7.02 (m, 4H), 6.87 (s, 2H), 6.56
(d, J=17.5 Hz, 2H), 5.51 (s, 1H). BC{'H} NMR (125 MHz, DMSO-ds) & 147.0, 142.6, 134.4, 127.1,
126.9 (2C), 115.7, 112.7, 104.8, 61.6.

230
TH-3636_186122010



Chapter-5: Co-Catalyzed Synthesis of 2,3-Dihydro-1H-Perimidine derivatives

2-benzyl-2,3-dihydro-1H-perimidine (5.3x):2

Purification was done by column chromatography (SiO», 100-200 mesh,
NH eluent: Pet. ether/EtOAc = 95/5) which afforded the title compound in 56%
O NZ'_@ yield (0.146 g, 0.56 mmol) as a white solid. 'H NMR (500 MHz, CDCl;) §

7.54 —7.44 (m, 3H), 7.42 - 7.37 (m, 4H), 7.31 (d, J= 6.9 Hz, 2H), 6.56 (d, J
= 7.8 Hz, 2H), 4.64 (t, J = 6.6 Hz, 1H), 4.49 (brs, 2H), 2.98 (d, J = 6.7 Hz, 2H). *C{'"H} NMR (125

MHz, CDCl) 6 141.2, 135.9, 134.8, 129.4, 128.8, 127.0, 126.9, 117.4, 113.7, 105.9, 65.1, 42.0.
2-phenethyl-2,3-dihydro-1H-perimidine (5.3y):?

Purification was done by column chromatography (SiO,, 100—200 mesh,
NH eluent: Pet. ether/EtOAc = 95/5) which afforded the title compound in
O NZI_\_O 60% yield (0.165 g, 0.60 mmol) as a white solid. 'H NMR (500 MHz,
CDCL) 6 7.19 (t, J= 7.5 Hz, 2H), 7.13 — 7.07 (m, 7H), 6.31 (d, /= 7.2
Hz, 2H), 4.30 (t, J = 5.5 Hz, 1H), 4.10 (brs, 2H), 2.65 (t, J = 7.9 Hz, 2H), 1.88 — 1.82 (m, 2H). *C{'H}
NMR (125 MHz, CDCL) 6 141.8, 141.0, 134.9, 128.7, 128.4, 126.9, 126.4, 117.7, 114.0, 106.1, 64.6,

37.2,30.9.
2-(4-(allyloxy)phenyl)-2,3-dihydro-1H-perimidine (5.3z):

/ Purification was done by column chromatography (SiO, 100-200
W, N;_@,o/—/ mesh, eluent: Pet. ether/EtOAc = 95/5) which afforded the title
NH compound in 65% yield (0.196 g, 0.65 mmol) as a white solid. "H
NMR (500 MHz, CDCl3) 6 7.43 (d, J= 8.3 Hz, 2H), 7.16 — 7.10 (m,
4H), 6.86 (d, J = 8.3 Hz, 2H), 6.38 (d, /= 7.1 Hz, 2H), 6.01 — 5.93 (m, 1H), 5.34 (d, /= 17.3 Hz, 1H),
5.28 (s, 1H), 5.22 (d, J = 10.5 Hz, 1H), 4.46 (d, J = 5.3 Hz, 2H), 4.37 (brs, 2H). BC{'H} NMR (125
MHz, CDCl) 6 159.7, 142.4, 135.1, 133.2, 132.6, 129.2, 127.0, 117.9 (2C), 115.1, 113.6, 105.8, 69.0,
68.0. HRMS (ESI-TOF) m/z [M+H]" calculated for C2H19N,O is 303.1497. Found 303.1481.
2-cyclohexyl-2,3-dihydro-1H-perimidine (5.3za):*

O Purification was done by column chromatography (SiO,, 100-200 mesh,
NH

>_<:> eluent: Pet. ether/EtOAc = 95/5) which afforded the title compound in 60%
Q NH yield (0.151 g, 0.60 mmol) as a white solid. 'H NMR (500 MHz, CDCl;) 3 7.13

(t,J=7.8 Hz, 2H), 7.06 (d, J= 8.2 Hz, 2H), 6.39 (d, J= 7.3 Hz, 2H), 4.26 (brs,
2H), 4.14 (d, J = 5.4 Hz, 1H), 1.80 — 1.72 (m, 4H), 1.65 — 1.62 (m, 1H), 1.52 — 1.47 (m, 1H), 1.22 —
1.03 (m, SH). BC{'H} NMR (125 MHz, CDCl3) § 142.1, 135.0, 127.0, 117.4, 113.9, 105.8, 69.0, 42.3,
27.9, 26.5, 26.1.
2-(4-(prop-2-yn-1-yloxy)phenyl)-2,3-dihydro-1H-perimidine (5.3zb):

/ Purification was done by column chromatography (SiO,, 100-200

O =i
>—©—o mesh, eluent: Pet. ether/EtOAc = 95/5) which afforded the title
O NH compound in 60% yield (0.180 g, 0.60 mmol) as a white solid. 'H
NMR (500 MHz, CDCls) 6 7.49 (d, J=8.7 Hz, 2H), 7.19 — 7.12 (m,
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4H), 6.96 (d, J = 8.7 Hz, 2H), 6.42 (d, J= 7.0 Hz, 2H), 5.34 (s, 1H), 4.65 (s, 2H), 4.40 (brs, 2H), 2.46
(s, 1H). BC{'H} NMR (125 MHz, CDCl;3) § 158.6, 142.3, 135.1, 133.4, 129.3, 127.0, 118.0, 115.3,
113.6, 105.9, 78.5, 75.9, 68.0, 56.0. HRMS (ESI-TOF) m/z [M+H]" calculated for CzH;7N>O is
301.1341. Found 301.1339.

2-(4-(phenylethynyl)phenyl)-2,3-dihydro-1H-perimidine (5.3zc):

O Purification was done by column chromatography (SiO,, 100—

NH
200 mesh, eluent: Pet. ether/EtOAc = 95/5) which afforded the
o

title compound in 68% yield (0.235 g, 0.68 mmol) as a white

solid. '"H NMR (500 MHz, CDCl3) § 7.57 (s, 4H), 7.55 — 7.53
(m, 2H), 7.35 — 7.33 (m, 3H), 7.24 — 7.20 (m, 4H), 6.49 (d, J = 6.9 Hz, 2H), 5.40 (s, 1H), 4.46 (brs, 2H).
BC{'H} NMR (125 MHz, CDCl;) 5 142.0, 140.2, 132.1, 131.8, 128.6, 128.5, 128.0, 127.0, 124.7,
123.1, 118.1, 113.6, 106.1, 90.5, 89.0, 68.1. HRMS (ESI-TOF) m/z [M+H]" calculated for CasH 9N, is
347.1548. Found 347.1538.
2-pentyl-2,3-dihydro-1H-perimidine (5.3zd):%*

Purification was done by column chromatography (SiO,, 100-200 mesh,
O N eluent: Pet. ether/EtOAc = 98/2) which afforded the title compound in 45%
O N?-I_\—\7 yield (0.108 g, 0.45 mmol) as a white solid. 'H NMR (500 MHz, CDCls)
6 7.11 (t, J = 7.7 Hz, 2H), 7.06 (d, J = 8.2 Hz, 2H), 6.37 (d, J = 7.3 Hz,
2H), 4.27 (t, /= 5.8 Hz, 1H), 4.18 (brs, 2H), 1.55 — 1.51 (m, 2H), 1.35 - 1.29 (m, 2H), 1.26 — 1.17 (m,
4H), 0.82 (t, J = 6.8 Hz, 3H). BC{H} NMR (125 MHz, CDCl;) § 142.1, 135.0, 126.9, 117.6, 114.1,
105.9,64.9,35.9,31.8,24.1, 22.6, 14.1.
2-hexyl-2,3-dihydro-1H-perimidine (5.3ze):*

Purification was done by column chromatography (SiO, 100-200 mesh,
NH eluent: Pet. ether/EtOAc = 98/2) which afforded the title compound in
O NZ'_\—\_\ 48% yield (0.122 g, 0.48 mmol) as a white solid. 'H NMR (400 MHz,

CDCls) 6 7.15 (t, J = 8.5 Hz, 2H), 7.10 — 7.08 (m, 2H), 6.43 (d, J= 7.1
Hz, 2H), 4.40 (t, J=5.7 Hz, 1H), 4.27 (brs, 2H), 1.69 — 1.64 (m, 2H), 1.46 — 1.39 (m, 2H), 1.35—1.29,
(m, 2H), 1.28 — 1.23 (m, 4H), 0.8 (t, J = 6.6 Hz, 3H). B*C{'H} NMR (125 MHz, CDCl;) § 142.1, 135.1,

127.0, 117.8, 114.2, 106.1, 65.0, 36.1, 31.8, 29.4, 24.5, 22.7, 14.2.
2-heptyl-2,3-dihydro-1H-perimidine (5.3zf):'¢

Purification was done by column chromatography (SiO,, 100-200
O N mesh, eluent: Pet. ether/EtOAc = 98/2) which afforded the title
O N?"—\_\_\7 compound in 52% yield (0.140 g, 0.52 mmol) as a white solid. "H

NMR (500 MHz, CDCl3) 6 7.14 (t, J= 7.7 Hz, 2H), 7.09 — 7.07 (m,
2H), 6.41 (d, J=7.2 Hz, 2H), 4.36 (t, /= 5.8 Hz, 1H), 4.24 (brs, 2H), 1.65 — 1.60 (m, 2H), 1.42 — 1.36

(m, 2H), 1.28 — 1.18 (m, 8H), 0.82 (t, J = 6.8 Hz, 3H). *C{'H} NMR (125 MHz, CDCl;) § 142.1,
135.0, 126.9, 117.7, 114.1, 106.0, 65.0, 36.0, 31.9, 29.7, 29.3, 24.5, 22.7, 14.2.
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2-nonyl-2,3-dihydro-1H-perimidine (5.3zg):%

Purification was done by column chromatography (SiO,, 100-200

NH

O mesh, eluent: Pet. ether/EtOAc = 98/2) which afforded the title

O NH compound in 56% yield (0.166 g, 0.56 mmol) as a white solid. "H
NMR (500 MHz, CDCl;) 6 7.10 (t, J = 7.7 Hz, 2H), 7.06 — 7.04

(m, 2H), 6.35 (d, J = 7.2 Hz, 2H), 4.23 (¢, J = 5.7 Hz, 1H), 4.15
(brs, 2H), 1.52 — 1.47 (m, 2H), 1.29 — 1.26 (m, 2H), 1.23 — 1.19 (s, 12H), 0.81 (t, J = 6.8 Hz, 3H).
BC{'H} NMR (125 MHz, CDCl) & 142.0, 135.0, 126.8, 117.5, 114.0, 105.9, 64.8, 35.9, 31.9, 29.6
(3C), 29.4,24.4,22.7, 14.2.

2-undecyl-2,3-dihydro-1H-perimidine (5.3zh):

Purification was done by column chromatography (SiO,, 100—

NH
200 mesh, eluent: Pet. ether/EtOAc = 98/2) which afforded the
Q NH title compound in 60% yield (0.195 g, 0.60 mmol) as a white
solid. '"H NMR (500 MHz, CDCl3) 6 7.09 (t, J = 7.7 Hz, 2H),

7.05 — 7.03 (m, 2H), 6.33 (d, J = 7.3 Hz, 2H), 4.20 (t, J=5.7
Hz, 1H), 4.12 (brs, 2H), 1.48 — 1.44 (m, 2H), 1.27 — 1.22 (m, 4H), 1.21 — 1.18 (m, 14H), 0.80 (t, /= 6.8
Hz, 3H). *C{'H} NMR (125 MHz, CDCl;) 5 142.0, 134.9, 126.8, 117.5, 114.0, 105.9, 64.8, 35.8, 32.0,
29.7 (2C), 29.6 (2C), 29.4,24.4,22.7, 14.2.

(Z2)-2-(heptadec-8-en-1-yl)-2,3-dihydro-1H-perimidine (5.3zi):

Purification was done by column chromatography (SiO», 100-200
NH mesh, eluent: Pet. ether/EtOAc = 98/2) which afforded the title
O NM compound in 54% yield (0.220 g, 0.54 mmol) as a yellow liquid. "H
NMR (500 MHz, CDCl;3) 6 7.09 — 7.04 (m, 4H), 6.34 (d,/J=7.1 Hz,
2H), 5.28 = 5.25 (m, 2H), 4.26 — 4.23 (m, 1H), 4.15 (brs, 2H), 1.95 - 1.91 (m, 4H), 1.52 — 1.49 (m, 2H),
1.30 — 1.15 (m, 22H), 0.8 (t, J= 6.2 Hz, 3H). *C{'H} NMR (125 MHz, CDCl;) § 142.0, 134.9, 130.1,
129.8, 126.8, 117.5, 114.0, 105.9, 64.8, 35.9, 32.0, 29.8, 29.6, 29.5, 29.4, 29.2, 27.3, 24.4,22.7, 14.2.

HRMS (ESI-TOF) m/z [M+H]" calculated for CosH43N> is 407.3426. Found 407.3440.
2-(non-8-en-1-yl)-2,3-dihydro-1H-perimidine (5.3zj):

Purification was done by column chromatography (SiO,, 100-200
': mesh, eluent: Pet. ether/EtOAc = 98/2) which afforded the title

NZI_I\-)_\_\; compound in 59% yield (0.174 g, 0.59 mmol) as a yellow liquid. 'H
NMR (400 MHz, CDCl3) 6 7.12 — 7.04 (m, 4H), 6.34 (d, /= 7.2 Hz,
2H), 5.77 — 5.67 (m, 1H), 4.94 — 4.84 (m, 2H), 4.21 (t, J= 5.5 Hz, 1H), 4.15 (brs, 2H), 1.98 — 1.92 (m,
2H), 1.49 — 1.44 (m, 2H), 1.30 — 1.18 (m, 10H). BC{'H} NMR (125 MHz, CDCl;) 5 142.0, 139.1,

134.9, 126.8, 117.5, 114.3, 114.0, 105.8, 64.8, 35.8, 33.8, 29.5, 29.4, 29.0, 28.9, 24.4. HRMS (ESI-
TOF) m/z [M+H]" calculated for Co0H27N2is 295.2174. Found 295.2175.

233
TH-3636_186122010



Chapter-5: Co-Catalyzed Synthesis of 2,3-Dihydro-1H-Perimidine derivatives

5.6. References:

1. J. W. Daly, H. M. Garraffo, T. F. Spande, M. W. Decker, J. P. Sullivan, M. Williams, Nat. Prod.
Rep. 2000, /7, 131-135.

2. a) J. J. O’Brien, D. M. Campoli-Richards, Drugs 1989, 37, 233-309; b) P. Arora, V. Arora, H. S.
Lamba, D. Wadhwa, Int. J. Pharm. Sci. 2012, 3,2947-2954; ¢) J. Walkembach, M. Briiss, B. W. Urban,
M. Barann, Br. J. Pharmacol. 2005, 146, 543-552; d) A. Rudi, G. Shmul, Y. Benayahu, Y. Kashman,
Tetrahedron Lett. 2006, 47, 2937-2939.

3. a) A. R. Katritzky, C. W. Rees, Comprehensive Heterocyclic Chemistry II, Eds., Elsevier, Oxford,
1996; b) J. A. Joule and K. Mills, Heterocyclic Chemistry, Blackwell, Oxford, UK, 2000; c) N. Sahiba,
S. Agarwal, Top. Curr. Chem. 2020, 378, 44; d) J. M. Herbert, P. D. Woodgate, W. A. Denny, J. Med.
Chem.1987, 30, 2081-2086; e) Z. Petkova, R. Rusew, S. Bakalova, B. Shivachev, V. Kurteva, Molbank
2023, 2023, M1587.

4. a) M. Elce, C. E. Dearden, E. Matutes, J. Garcia-Talavera, A. Z. S. Rohatiner, S. A. N. Johnson, N.
T. J. O’Connor, A. Haynes, N. Osuji, F. Forconi, F. Lauria, D. Catovsky, Br. J. Haematol. 2009, 145,
733-740; b) J. A. Joule, E. F. V. Scriven, C. A. Ramsden, Adv. Heterocycl. Chem. 2016, 119, 81-106.
5.a) A. de Aguiar, Ber. Dtsch. Chem. Ges. 1874, 7, 309-319; b) F. Sachs, Justus Lieb. Ann. der Chem.
1909, 365, 135-166.

6. a) M. Azam, [. Warad, S. 1. Al-Resayes, N. Alzaqri, M. R. Khan, R. Pallepogu, S. Dwivedi, J.
Musarrat, M. Shakir, J. Mol. Struct. 2013, 1047, 48-54; b) M. Azam, I. Warad, S. I. Al-Resayes, M.
Zahin, I. Ahmad, M. Shakir, Anorg. Allg. Chem. 2012, 638, 881-886; c) F. A. Bassyouni, S. M. Abu-
Bakr, K. H. Hegab, W. El-Eraky, A. A. El-Beih, M. E. A. Rehim, Res. Chem. Intermed. 2012, 38, 1527—
1528; d) M. F. Brana, M. Garrido, M. L. LopezRodriguez, M. J. Morcillol, Y. Alvarez, Y. Valladares,
G. Klebe, Eur. J. Med. Chem. 1990, 25, 209-215; e) B. Stefanska, M. Dzieduszycka, M. M. Bontemps-
Gracz, E. Borowski, S. Martelli, R. Supino, G. Pratesi, M. A. de Cesare, F. Zunino, H. Kus$nierczyk, J.
Med. Chem. 1999, 42, 3494-3501; f) X. Bu, W. L. Deady, G., J. Finlay, B. C. Baguley, W. A. Denny,
J. Med. Chem. 2001, 44, 2004-2014.

7.S.Y. Fan, H. T. Xu, Q. G. Li, D. M. Fang, W. H. Yu, S. K. Xiang, Liq. Cryst. 2020, 47, 1041-1054.
8. a) P. Bazinet, G. P. A. Yap, D. S. Richeson, J. Am. Chem. Soc. 2003, 125, 13314-133155; b) K.
Verlinden, C. Ganter, J. Organomet. Chem. 2014, 750, 23-29.

9. a) M. M. Belmonte, E. C. Escudero-Ada’ n, J. Benet-Buchholz, R. M. Haak, A. W. Kleij, Eur. J.
Org. Chem. 2010, 2010, 4823-4831; b) N. A. Harry, R. M. Cherian, S. Radhika, G. Anilkumar,
Tetrahedron Lett. 2019, 60, 150946; c) K. Bahrami, S. Saleh, Synth. React. Inorg. Met.-Org. Nano-Met.
Chem. 2016, 46, 852—-856; d) M. Kalhor, N. Khodaparast, Res. Chem. Intermed. 2015, 41, 3235-3242;
e) H. Alinezhad, A. Ahmadi, P. Hajiabbasi, J. Chem. Sci. 2019, 131, 34; f) M. Kalhor, F. Rezaee-
Baroonaghi, A. Dadras, Z. Zarnegar, Appl. Organometal. Chem. 2019, 33, 4784; g) M. Kalhor, Z.
Zarnegar, F. Janghorban, S. A. Mirshokraei, Res. Chem. Intermed. 2020, 46, 821-836; h) P. B. Shelke,
S. N. Mali, H. K. Chaudhari, A. P. Pratap, J. Heterocycl. Chem. 2019, 56, 3048.

234
TH-3636_186122010



Chapter-5: Co-Catalyzed Synthesis of 2,3-Dihydro-1H-Perimidine derivatives

10. a) M. Besson, P. Gallezot, C. Pinel, Chem. Rev. 2014, 114, 1827—1870; b) H. T. Luk, C. Mondelli,
D. C. Ferre, J. A. Stewart, J. Pe rez- Ramirez, Chem. Soc. Rev. 2017, 46, 1358—1426; ¢) D. M. Alonso,
J. Q. Bond, J. A. Dumesic, Green Chem. 2010, 12, 1493—1513; d) K. Barta, P. C. Ford, Acc. Chem.
Res. 2014, 47, 1503—1512.

11. a) C. Gunanathan, D. Milstein, Science 2013, 341, 1229712; b) G. E. Dobereiner, R. H. Crabtree,
Chem. Rev. 2010, 110, 681-703; c) M. Maji, D. Panja, I. Borthakur, S. Kundu, Org. Chem. Front. 2021,
8, 2673-2709; d) Q. Yang, Q. Wang, Z. Yu, Chem. Soc. Rev. 2015, 44, 2305—-2329; ¢) A. Kumar, P.
Daw, D. Milstein, Chem. Rev. 2022, 122, 385—441.

12. D. Pal, A. Mondal, R. Sarmah, D. Srimani, Org. Lett. 2024, 26, 514—518.

13. a) S. N. R. Donthireddy, M. Siddique, A. Rit, J. Org. Chem. 2023, 88, 1135—1146; b) T.-Y. Cheng,
B. S. Brunschwig, R. M. Bullock, J. Am. Chem. Soc. 1998, 120, 13121-13137.

14. S. Pattanaik, C. Gunanathan, ACS Catal. 2019, 9, 5552—5561.

15. B. Chatterjee, C. Gunanathan, Org. Lett. 2015, 17, 4794—4797.

16. K. Das, A. Mondal, D. Pal, H. K. Srivastava, D. Srimani, Organometallics 2019, 38, 1815—1825.
17. B. Zhang, J. Li, H. Zhu, X.-F. Xia, D. Wang, Catal. Lett. 2023, 153, 2388-2397.

18. M. Mannarsamy, M. Nandeshwar, G. Muduli, G. Prabusankar, Chem.—-Asian J. 2022, 17,
€202200594.

19. J. Soni, A. Sethiya, N. Sahiba, D. Joshi, S. Agarwal, Polycyclic. Aromat. Compd. 2023, 43, 674—
685.

20. Z. Sadri, F. K. Behbahani, E. Keshmirizadeh, Polycyclic Aromat. Compd. 2023, 43, 1898—1913.
21. A. Mobinikhaledi, N. Forughifar, N. Bassaki, Turk. J. Chem. 2009, 33, 555-560.

22. C.-C. Chou, H.-J. Liu, L. H.-C. Chao, H.-B. Syu, T.-S. Kuo, Polyhedron 2012, 37, 60—65.

23. K. Bahrami, S. Saleh, Synth. React. Inorg., Met.-Org., NanoMet. Chem. 2016, 46, 852—856.

24. R. Parui, N. Zehraa, P. K. lyer, J. Mater. Chem. C 2023, 11, 11243-11251.

25. S. Ernst, J. Mistol, B. Senns, L. Hennig, D. Keil, Dyes Pigm. 2018, 154, 216— 228.

26. R.F. Malherbe, US Patent 4389321 (1983).

235
TH-3636_186122010



Chapter-5: Co-Catalyzed Synthesis of 2,3-Dihydro-1H-Perimidine derivatives

5.7. Selected NMR copies of the compounds:
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Figure 5.5. 'H (600 MHz) and *C{'H} (150 MHz) NMR Spectrum of 2-(3-phenoxyphenyl)-2,3-
dihydro-1H-perimidine (5.3g) in CDClIs.
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Figure 5.6. '"H (500 MHz) and *C{'H} (125 MHz) NMR Spectrum of 2-(2-(tert-butylthio)phenyl)-
2,3-dihydro-1H-perimidine (5.3j) in CDCl;,

237
TH-3636_186122010



Chapter-5: Co-Catalyzed Synthesis of 2,3-Dihydro-1H-Perimidine derivatives

DP-DS-O-ALLYL-PERI-1H.1.fi
DP-DS-O-ALLYL-PERI-IH [ NN N N R N 6 16 6 6 © G 16 16 14 14 14 14 18 18 18 18 18 ¢ ¢

Hro

48
42
16
15
13
12
10
87
85
39
38
01
00
99
98
96
95
94
93

O L
S B © oSS ==
N T N o~ ~— o o N
T T T T T T T T T T T T T T T T T T T T T T T T T T
115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 00 -05 -1.0 -15
f1 (ppm)
DP-DS-O-ALLYL-PERI-13C.3.fid Q 7823825832 Y NO ot
DP-DS-O-ALLYL-PERI-13C P ANBOMANRS NN M W S e g e
n TMmOMmMMOANN A~~~ O NN OO
— o o o o e o o e NINN OO
NS N ~ N/

O NH O/—//
oS as

T
20 10 0 -10

T T T T T T
150 140 130 120 110 100 90 80 70 60 50 40 30
f1 (ppm)

T T T T T T
210 200 190 180 170 160

Figure 5.7. '"H (500 MHz) and “C{'H} (125 MHz) NMR Spectrum of 2-(4-(allyloxy)phenyl)-2,3-
dihydro-1H-perimidine (5.3z) in CDCl;,

238
TH-3636_186122010



Chapter-5: Co-Catalyzed Synthesis of 2,3-Dihydro-1H-Perimidine derivatives

DP-DS-TRIPLE-PERI-P-1H.1.fid NI MMUmYTMTmaNSoo ° ©
N AN NN
DP-DS-TRIPLE-PERI-P-1H RIS R A ¥
NSNS
o=
HEO=0
|
|
| I
|
A "
Ko dR d 0
So&S 5 8 S
T NN o~ — (o]
T T T T T T T T T T T T T T T T
13 12 11 10 9 8 7 6 5 3 2 1 0 -1 2
f1 (ppm)
DP-DS-TRIPLE-PERI-P-13C.3.fid COoONONMINHNTMN O
o o VWOUWMNMOoOOoON n o o N O <
DP-DS-TRIPLE-PERI-P-13C BRI R el s RIS e el 8 T23a %
TTFTmmmANaNANANANNSA—AO oo NNWO ©
oA A A A A A o NNN O
& S S T NN
o=
NH
i
[
| M'
i i ! ! I
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0  -10

f1 (ppm)

Figure 5.8. 'H (500 MHz) and "*C{'H} (125 MHz) NMR Spectrum of 2-(4-(phenylethynyl)phenyl)-
2,3-dihydro-1H-perimidine (5.3zc) in CDCl;,
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