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PREFACE

Heterocyclic compounds play a vital role in our daily life. A cyclic organic compound
containing all carbon atoms in ring formation is designated as a carbocyclic compound, while
the cyclic compounds consisting of at least one hetero (i.e., noncarbon) atom in the ring are
known as heterocyclic compounds. Among these heterocyclic compounds, quinoline, also
known as benzo[b]pyridine or 1-aza naphthalene, are privileged scaffolds because of their
wide range of applications. Quinoline is a heterocyclic base and was first isolated in 1834 by
Runge from coal tar and he named it Leukol. Later in 1842, Gerhardt isolated it by heating
the alkaloid cinchonine extracted from the bark of Cinchona officinalis with an alkali and
named as quinoline. The Peruvian stick insect, scientifically known as Oreophoetes peruana
is the sole identified natural source of unsubstituted quinoline in the animal kingdom. When
these insects feel threatened or disturbed, they release a defensive secretion that contains
quinoline, emanating from a pair of thoracic glands. The biosynthesis of quinoline in nature
typically occurs through a series of enzymatic reactions, starting from the amino acid L-
tryptophan. The class of quinoline derivatives pose a continuous challenge to synthetic
chemists in devising straightforward routes for accessing them. The profound interest
invested in this heterocyclic moiety is due to its wide applicability in pharmaceuticals,
materials and industry. Substituted quinolines exhibit promising biological activities such as
antimalarial, antibacterial, antiviral, antitumor, analgesic, anticonvulsant, anti-inflammatory
etc. These findings have resulted in the development of blockbuster drugs (of natural and
synthetic origin) such as quinine, chloroquine, camptothecin, pitavastatin, bedaquiline,
lenvatinib, tipifarnib and saquinavir which are being heavily used worldwide for the
treatment of different ailments. Because of their relevance, various techniques for
synthesizing quinolines have been documented. The synthesis of quinoline derivatives with

substituents at specified positions is still a challenge.

We have seen that quinoline and its derivatives have found immense applications in
medicine and related areas. There are a plethora of synthetic methodologies reported for the
synthesis of quinoline derivatives. However, none of the methods described thus far are
without drawbacks. Low efficiency, harsh reagents and reaction conditions, and functional
group incompatibility are some of the common challenges of these well known classical
reactions. Therefore, the quest to find new synthetic methodologies to address these inherent
issues has been a recurring endeavour of numerous research groups. Through the work

depicted in this thesis, we have tried to answer some of the issues by introducing

Xiv



methodologies for accessing quinoline motifs wherein substituents can be introduced at

various positions at will.

First we have developed a superbase-mediated indirect Friedlander reaction towards
functionalized quinolines. The reaction was performed with o-aminobenzyl alcohol and
ketones having an active methylene moiety in the presence of KOH and in DMSO. The
reaction proceeds predominantly via the initial formation of an imine intermediate and
subsequent oxidation of the benzyl alcohol functionality and condensation to afford
substituted quinolines. We could also demonstrate that a minor fraction of the reaction
proceeds via a chalcone intermediate. The transition metal-free oxidative annulation was
found to be general affording 2-substituted, 2,3-disubstituted/fused or multi-substituted
quinolines. The reaction was extended towards the functionalization of natural products and

the applicability of the reaction for gram scale synthesis of quinolines was also demonstrated

In addition, we have featured a superbase mediated chemoselective reaction of
tosylhydrazone with two aza-ortho-quinone methide precursors namely o-aminobenzyl
alcohol and N-tosyl chloroarylamine. We observed the formation of substituted quinoline
when tosylhydrazone was treated with o-aminobenzyl alcohol under superbasic conditions. In
contrast, the reaction between N-tosyl chloroarylamine and tosylhydrazone results in the

formation of sulfonamide derivatives.

Further, we designed an inverse electron demand Diels Alder cycloaddition between aza-
o-quinone methide and enaminones for the synthesis of 3-aroyl quinolines. The reaction was
found to be general with a range of substituted enaminones and aza-o-quinone methides and
we could validate the applicability of the methodology in gram-scale. We also demonstrated a
one-pot strategy towards 3-aroyl quinolines starting from the corresponding aliphatic ketones.
Finally, we utilized the 3-aroyl quinolines for synthesizing indeno[1,2-b]quinolinones via a

Pd-catalyzed dual C-H activation approach.
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Chapter 1

Quinoline a Versatile N-Heterocycle - An Overview

1.1. Abstract

Heterocyclic compounds play a crucial role in our everyday lives. Among these

heterocyclic compounds, quinoline, also known as benzo[b]pyridine or 1-aza naphthalene,
stands out as an exceptional scaffold for synthetic chemists due to its broad range of
applications. Quinoline, a heterocyclic base, was initially extracted from coal tar by Runge in
1834 and named Leukol. Later, in 1842, Gerhardt isolated it by heating the alkaloid cinchonine
obtained from the bark of Cinchona officinalis, with an alkali, thus coining the term
"guinoline." The profound interest in this heterocyclic structure arises from its extensive utility
in pharmaceuticals, materials, and various industries. Substituted quinolines demonstrate
significant biological potential, showcasing a range of beneficial activities such as
antimalarial, antibacterial, antiviral, antitumor, analgesic, anticonvulsant, and anti-
inflammatory properties. These findings have driven the creation of widely used blockbuster
drugs, whether derived from natural sources or synthesized, including medications like
quinine, chloroquine, camptothecin, pitavastatin, bedaquiline, lenvatinib, tipifarnib, and
saquinavir, employed globally to address diverse medical conditions. Given their significance,
numerous techniques for synthesizing quinolines have been documented. However, the
synthesis of quinoline derivatives with specific substituents in defined positions remains a
challenging problem for organic chemists. In this chapter, we extensively covered the diverse
natural sources, biosynthesis, recent methodologies concerning quinoline and its derivatives,

and their position in the global market.
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1.2 Introduction

Heterocyclic chemistry holds a significant position within the realm of organic chemistry,
contributing to approximately one-third of scientific publications. Heterocyclic compounds are
cyclic organic compounds that contain at least one atom, aside from carbon, within the circular
structure. The most prevalent heteroatoms found in these compounds include nitrogen (N),
oxygen (O), and sulfur (S). Heterocyclic compounds are commonly present in plants and
animal-derived substances, constituting a significant portion of nearly half of all known natural
organic compounds. They play a crucial role in various natural substances, including alkaloids,
natural dyes, drugs, proteins, enzymes, and more. Much study has been conducted into the
applications of nitrogen-containing heterocyclic molecules.! Green chemical strategies? for
organic compound synthesis are gaining popularity in organic chemistry research domains.
Metal-free coupling processes have advanced significantly in recent years. They are ideal for
selectively forming carbon-carbon and carbon-heteroatom bonds to synthesize natural

products and functionalized compounds.?

The history of heterocyclic chemistry finds its roots in the 1800s, paralleling the growth of
organic chemistry.* Several key milestones (Fig. 1.1) that mark its progression are the isolation
of alloxan from uric acid by Brugnatelli in 1818, the production of furfural (a furan) by
Dobereiner by treating starch with sulfuric acid, and the distillation of bones to isolate pyrrole
(also known as "fiery oil") by Runge. In 1906, Friedlander's synthesis of indigo dye marked a
pivotal moment, displacing the agricultural industry with synthetic chemistry. In 1936, Treibs
made a breakthrough by isolating chlorophyll derivatives from crude oil, shedding light on the
biological origin of petroleum. The year 1951 witnessed the description of Chargaff's rules,
which underscored the significance of heterocyclic compounds, specifically purines and
pyrimidines, in the genetic code. These historical events showcase the growth and significance
of heterocyclic chemistry in the broader context of organic chemistry's development. N-
heterocyclic chemistry occupies a central and vital position within the domain of heterocyclic
chemistry. Its significance stems from the prevalence of nitrogen-containing ring structures in
a wide array of natural products, pharmaceuticals, and biomolecules. N-heterocyclic chemistry
is a fascinating and dynamic field of study within the realm of organic chemistry. It is dedicated

to the exploration and understanding of compounds that contain one or more nitrogen atoms
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incorporated within a heterocyclic ring structure. These compounds play a pivotal role in
numerous aspects of science and technology, ranging from pharmaceuticals and agrochemicals
to material science and catalysis. Variations in the structure and functionality of nitrogen-
containing heterocyclic compounds stem from the presence and properties of the heteroatom,
customizing the compound for specific purposes.

Brugnatelli Dobereiner Runge Fiicdlandes Treibs Ché;gaff
1818 1832 1834 1906 1936 1951

Fig. 1.1: History of Heterocyclic Chemistry

Even though N-heterocyclic chemistry has made significant contributions to various fields,
there are still obstacles to overcome. The synthesis of complex N-heterocyclic compounds can
be challenging due to the potential for side reactions and low yields. Moreover, there is an
increasing demand for sustainable and environmentally friendly methods. Since the future of
N-heterocyclic chemistry is promising, the ongoing research aims at developing novel

synthetic strategies, exploring uncharted reactivity, and expanding the scope of applications.

Heterocyclic chemistry centered around nitrogen is a distinctive and vital category within
the applied disciplines of organic chemistry. It garners considerable research attention aimed
at creating innovative compounds and composite materials. Among these, quinoline and its
derivatives hold a privileged status owing to their extensive range of applications. The
profound interest invested in this heterocyclic moiety is due to its wide applicability in
pharmaceuticals,! materials?, and industry. Substituted quinolines exhibit promising biological

activities such as antimalarial, antibacterial, antiviral, antitumor, analgesic, anticonvulsant,
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anti-inflammatory, etc. These findings have resulted in the development of blockbuster drugs
(of natural and synthetic origin) such as quinine, chloroquine, camptothecin, pitavastatin,
bedaquiline, lenvatinib, tipifarnib, and saquinavir which are being heavily used worldwide for
the treatment of different ailments. The initial discovery of quinoline is attributed to the English
chemist F. Runge in 1834, who isolated it as a byproduct during the distillation of coal tar.
Initially, Runge referred to this compound as " leukol " ("white oil" in Greek) and later renamed
as quinoline. The pivotal breakthrough in deciphering the molecular structure of quinolone was
in the year 1869, courtesy of the efforts of another English chemist, Sir William Henry Perkin.
Perkin successfully synthesized quinoline from aniline and acrolein, a milestone that not only
confirmed its structure but also significantly contributed to the enhanced understanding of this

intriguing chemical entity.

1.3 Natural occurrence and isolation

Quinine, strychnine, and cinchonine (Fig. 1.2) are quinoline-based alkaloids present in the
stembark of Cinchona officinalis (Fig. 1.3). Charles Gerhardt, a French chemist obtained a
compound through the dry distillation of quinine, strychnine, or cinchonine with potassium
hydroxide and named as Chinoilin or Chinolein in 1842. Apart from this, quinoline-based
natural products are isolated from various plants such as Lycopodium, Lunasia, Papaver,

Galipea, Cryptolepis, and Camptotheca etc.

quinine strychnine cinchonine

Fig. 1.2: Quinoline based alkaloids

Fig. 1.3: Cinchona officinalis

1.4 Biosynthesis of quinoline
The Peruvian stick insect, scientifically known as Oreophoetes peruana (Fig.1.4), is the
sole identified natural source of unsubstituted quinoline in the animal kingdom. When these

insects feel threatened or disturbed, they release a defensive secretion that contains quinoline,
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emanating from a pair of thoracic glands. The biosynthesis of quinoline in nature typically

occurs through a series of enzymatic reactions (Scheme 1.1). Attygalle et al. comprehensively

elucidated the biosynthesis of unsubstituted quinoline,
starting from the amino acid L-tryptophan 1.° The process
commences with tryptophan 2,3-dioxygenase catalyzing
the cleavage of the 2,3-double bond in the pyrrole ring of
tryptophan, resulting in the production of N-
formylkynurenine 2. The elimination of the formyl group
is carried out by a kynurenine formylase to produce

Fig. 1.4: Oreophoetes peruana

kynurenine 3. Subsequently, kynurenine aminotransferase catalyzes the cyclization of

kynurenine into kynurenic acid 4. Alternatively, prior to cyclization, the ketone group in

kynurenine may undergo reduction. Ultimately, a deoxygenation step transforms kynurenic

acid into quinaldic acid 5. In the case of O. peruana, the species has evolved to decarboxylate

quinaldic acid, leading to the production of quinoline 6 as the final product. Nevertheless, this

marks the initial account of the biosynthetic source for the defensive allomones in any stick

insects.
COOH
GOOH Tryptophan-2,3-
i NH
NH, dioxygenase . 2
A\ o
_.CHO
N N
1 2 H
L-Tryptophan N-Formylkynurenine

COOH
Kynurenine
formylase

Kynurenine

Kynurenine
aminotransferase

OH
- -
_ Pz P2
6 N 5 N COOH 4 N~ "COOH

Quinoline Quinaldic acid Kynurenic acid

Scheme 1.1 Biosynthesis of quinoline

1.5 Quinoline in the global market

The Quinoline Market is projected to achieve a value of USD 545 billion by 2035, with an

estimated growth rate of approximately 4% from 2023 to 2035. By 2022, the quinolone market
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had surpassed USD 340 billion in size (Fig.1.5).% The propelling market growth in the
foreseeable future is credited to the increasing global utilization of quinoline in drug synthesis,
ranging from antimalarial, antibacterial, antifungal, cardiotonic, anti-inflammatory, analgesic,

anticonvulsant, and anthelmintic (Fig. 1.6).

Global Market Analysis,
By Type (in %), 2035

Global Quinoline Market Overview

Key Players in
the Market

Salvi Chemical Industries

Vijay Chemical Industries

Kao Corporation

Merck KGaA

Xiaoyi JinJing Chemical Co., Ltd
ABC Compounding Company
Ansteel

Steris PLC

L0 e

Asia Pacific ® Purity Upto 99% Ecolab
Q Piirite A ” ) Henkel
m Purity Above 99%
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Fig. 1.5: Overview of global quinoline market®
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Fig. 1.6: Diverse pharmacological applications of quinoline derivatives

Apart from the diversified applications in the drug industry, quinoline finds application in
the manufacturing of various personal care products including conditioners, shampoos, bath
soaps, toothpaste, hair gels, lotions, etc. Furthermore, the food and beverage industry also use
quinoline as a food additive or colorant, casting a yellow hue on various food products.

Quinoline yellow, a synthetic lemon-yellow azo dye is used widely in the food industry. It has
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been utilized particularly as a coloring agent in various food products such as desserts,
beverages, snacks, and various processed foods which imparts a bright yellow hue. Also,
studies have shown that quinoline derivatives serve as effective materials for the emission layer
in organic light-emitting diodes (OLEDs) and are also utilized in transistors.

Quinoline has been detected at historical wood treatment
sites and is frequently reported as an environmental pollutant

connected to coal or oil shale processing plants, like other

nitrogen heterocyclic compounds. Quinoline exhibits a notable
degree of water solubility, rendering it highly mobile in the
environment and potentially contributing to water Fig. 1.7: Quinoline Yellow
contamination. If nature can generate these heterocyclic patterns, it also possesses mechanisms
for breaking them down. For instance, Rhodococcus, a Gram-positive bacterium typically

present in soil and the effluent of paper mills can effectively degrade quinoline.

1.6 Milestones in quinoline synthesis

The synthesis of quinoline has a rich history with several key milestones. Quinoline was
first isolated by Friedlieb Ferdinand Runge from coal tar. This marked the discovery of the
compound in a natural source, which later led to its synthesis. There is a plethora of classical
reactions such as Gould-Jacob, Friedlander, Pfitzinger, Skraup, Doebner—von Miller, Conrad—

Limpach, etc. for accessing quinoline and its derivatives.*
1.61 Skraup Synthesis

This was one of the earliest synthetic methods for quinoline, named after the Czech chemist
Zdenko Hans Skraup (Scheme 1.2).” This synthetic process involves the formation of quinoline
derivatives from aniline (or its derivatives), sulfuric acid, glycerol, and an oxidizing agent such
as nitrobenzene. The reaction typically occurs at high temperatures. The Skraup synthesis
typically involves the condensation of aniline (a primary aromatic amine) with a ketone, such
as acetylacetone or methyl ethyl ketone, in the presence of a strong acid, usually concentrated
sulfuric acid. The Skraup synthesis is a versatile method for the preparation of quinoline

derivatives with various substituents.
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CH,0H N
©\ - H—f-oH ConcH,S0, ©\/j
NH; N

CH,OH  Nitrobenzene,heat
7 8 6

Scheme 1.2 Skraup synthesis

1.62 Combes Quinoline Synthesis

The Combes quinoline synthesis, introduced by Combes in 1888, is a well-known method
for producing the 2,4-substituted quinoline 11 structure (Scheme 1.3).8 This process involves
an acid-catalyzed condensation where an aromatic amine 7 such as aniline reacts with
compounds like acetylacetone (a 1,3-diketone) 9, a keto aldehyde, or a dialdehyde to create the

quinoline framework.

R,
©\ . j\/ﬁ\ _heat H80, §
NH, R R, ©\ T HO )
7 9 N R
1

Scheme 1.3 Combes Quinoline Synthesis

Enamine formation occurs during the reaction, leading to cyclization. The presence of a
strong electron-withdrawing group (-NO2) inhibits this cyclization process. However, a

rearrangement is noticeable when using ketoaldehyde during the cyclization step.

1.63 Friedlander Synthesis

Friedlander synthesis is one of the simplest approaches for the synthesis of quinolines. This
method involves the reaction between o-aminoaryl aldehydes or ketones 12 and a ketone with
an a-methylene group 13 (Scheme 1.4).° This reaction can be effectively catalyzed by either a

base or an acid, including a Brgnsted acid or a Lewis acid.

2
) R R
(:f‘\ conc.H,SOy(cat.) N
=
R RJJ\RAt ACOH,reflux L7 NTR
12 14

Scheme 1.4 Friedl&nder synthesis
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Additionally, ionic liquids are also capable of effectively activating it. Moreover, it can
efficiently advance without a catalyst by simply heating the reaction mixture. The advantage
of this reaction lies in its broad substrate scope, accommodating diverse functional groups on
both arylamine and ketone components.

1.64 Conrad-Limpach Synthesis

The Conrad—Limpach synthesis, unveiled by Max Conrad and Leonhard Limpach in 1887,
includes the reaction of anilines 7 with -ketoesters 15 to generate 4-hydroxyquinolines 17 via
the formation of a Schiff base (Scheme 1.5).1° The general reaction involves a combination of
an addition and a rearrangement reaction. The choice of solvent and temperature significantly
influences the yield of the 4-hydroxyquinoline 17 product. The nitrogen atom of the aniline
can attack either at the less reactive ester group or the highly reactive keto group. Initially
observed by Conrad and Limpach at room temperature, the reaction resulted in high yields of
the kinetic product, p-aminoacrylate, followed by the formation of the stable product,

4-hydroxyquinoline.

O O
R, OR3 0 OH
B O e O
NH, -H,0 _ -R30OH _
N~ "Ry N~ "R,
7 16 17

Scheme 1.5 Conrad-Limpach synthesis

1.65 Doebner Reaction

This reaction describes the synthesis of quinoline-4-carboxylic acids 20 via aniline 7 with
aldehyde 19 and pyruvic acid 18. This reaction serves as an alternative to the Pfitzinger reaction
(Scheme 1.6).}' While the exact mechanistic pathway remains uncertain, two proposed
mechanisms have been suggested. One possibility includes an initial aldol condensation,
followed by a Michael addition with aniline, cyclization at the benzene ring, and two proton
shifts, ultimately resulting in the formation of quinoline-4-carboxylic acid through the
elimination of water. An alternative mechanism focuses on the formation of a Schiff base
between the aniline and the aldehyde. Subsequent reaction with the enol form of pyruvic acid
leads to the creation of the previously mentioned aniline derivative, followed by a mechanism

akin to the one mentioned earlier.
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Scheme 1.6 Doebner reaction

1.66 Doebner—Miller Reaction

The Doebner-Miller reaction accounts another method for quinoline synthesis via the
reaction of aniline 7 with a,B-unsaturated carbonyl compounds (Scheme 1.7).12 Various Lewis
acids, such as tin tetrachloride and scandium(l1l) triflate, and also Brgnsted acids, including
p-toluenesulfonic acid, perchloric acid, amberlite, and iodine facilitate this reaction. This

chemical transformation is also known as Skraup-Doebner-Von Miller quinoline synthesis.

J)kH
21
R X
> —
NH, N" R
7

22

Scheme 1.7 Doebner—Miller reaction

1.67 Gould-Jacobs Reaction

The process for creating 4-hydroxyquinoline derivatives involves the interaction of aniline
7 with an alkoxy methylenemalonic ester 23, producing anilidomethylenemalonic ester 24
(Scheme 1.8).23 Following this, a 6-electron cyclization resulting in the formation of
4-hydroxy-3-carboalkoxyquinoline 25, famously known as the Gould—Jacobs reaction. This is
succeeded by the decarboxylation vyielding 4-hydroxyquinoline 26. This reaction's
effectiveness is remarkable for anilines that possess electron-donating groups positioned at the
meta-position. The Gould-Jacobs approach can be extended to fabricate unsubstituted parent
heterocycles characterized by a fused pyridine ring in the style of the Skraup type.
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Scheme 1.8 Gould-Jacobs reaction

1.68 Camps Quinoline Synthesis

The Camps quinoline synthesis, or Camps cyclization, describes a chemical reaction where
the conversion of an o-acylaminoacetophenone 28 results in the formation of two distinct
hydroxyquinolines 29 and 30 in the presence of a hydroxide ion (Scheme 1.9).1* The
proportions of the two hydroxyquinolines produced are influenced by the reaction conditions
and the initial compound's structure. Despite the common representation of the reaction
product as a quinoline (in its enol form), it is widely accepted that the keto form is predominant,

both in the solid state and in solution, classifying the compound as a quinolone.

O
© OH
OH R
S
N N~ OH
O%\/ 29 30

R

28
Scheme 1.9 Camps quinoline synthesis

1.69 Knorr Quinoline Synthesis

This intramolecular synthesis converts a [-ketoanilide 31 into a 2-hydroxyquinoline 32,
assisted by sulfuric acid. In specific reaction conditions, the competing formation of a
4-hydroxyquinoline is also observed (Scheme 1.10).° Ludwig Knorr initially reported this
reaction in 1886. It involves an electrophilic aromatic substitution process accompanied by
water elimination. A reaction mechanism identifies the presence of an N,O-dicationic
intermediate in excess acid conditions, which aids in ring closure, and a monocationic
intermediate that eventually disassembles to generate aniline and, ultimately, acetophenone.

Aniline then reacts with another equivalent of benzoylacetanilide before vyielding
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4-hydroxyquinoline. A later study revisited the reaction mechanism and proposed that a super

electrophilic O,O-dicationic intermediate is more favorable than the N,O-dicationic

O R
L ﬁR e @f\i
~
N (@) N OH
H
31

intermediate.

32

Scheme 1.10 Knorr quinoline synthesis

1.610 Niementowski Quinoline Synthesis

In 1894, Niementowski reported the formation of 4-hydroxyquinoline 17 from the heating
of anthranilic acid 33 and ketone 13 at temperatures ranging between 120 and 130 °C (Scheme
1.11).1® This reaction is less common than other synthetic methods for quinoline because of
the high-temperature requirements. However, variations have been proposed to make it a more
pragmatic and useful reaction. The mechanism is only minimally different from that of the
Friedlander synthesis. The process is believed to initiate by forming a Schiff base, followed by
an intra-molecular condensation, resulting in an imine intermediate. Subsequently, the
elimination of a water molecule induces ring closure, yielding the quinoline derivative. This
mechanism is widely supported under standard conditions around 120-130 °C. Conversely,
under acidic or basic conditions, an alternative mechanism starts with an intermolecular
condensation, leading to the formation of the imine intermediate. It has been noted that the

latter mechanism is more prominent in these specific acidic or basic environments.

0
0 OH
Ruj\ ’ 1
= 7
NH, -2H,0 N~ "R?

33 17

Scheme 1.11 Niementowski quinoline synthesis

1.611 Pfitzinger Reaction
This chemical transformation, also recognized as the Pfitzinger-Borsche reaction, entails
the production of substituted quinoline-4-carboxylic acids through the interaction of isatin 34

with a base and a carbonyl compound 13 (Scheme 1.12).1” When a ketone (or aldehyde) reacts
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with the aniline, it forms both the imine and the enamine. The enamine undergoes cyclization

and dehydration, resulting in the formation of the targeted quinoline.

(@]
o) O+~ _OH
R1M\/R2 2
[ :[ /> R
e} 13 N
H KOH

34 35

Scheme 1.12 Pfitzinger reaction

1.612 Povarov Reaction

Povarov reaction is a multicomponent process that encompasses a formal cycloaddition
between an aromatic imine 36 and an alkene 37 (Scheme 1.13).1® The reaction product in the
original Povarov reaction is quinoline. According to the mechanistic studies, in the first step,
aniline and benzaldehyde react to form a Schiff base. In the Povarov reaction, the activation of
the imine for electrophilic addition to the activated alkene is facilitated by a Lewis acid, such
as boron trifluoride. This process results in the formation of an oxonium ion, which
subsequently undergoes a classical electrophilic aromatic substitution with the aromatic ring.

Two further elimination reactions lead to the formation of the quinoline ring structure.

252

Scheme 1.13 Povarov reaction

These classical reactions reflect the evolution of quinoline synthesis starting from its initial
discovery to the development of diverse and more efficient methods for accessing quinoline
and its derivatives. Over time, these landmark synthesis methods have been modified,
improved, and adapted to produce various quinoline derivatives for applications in
pharmaceuticals, material science, and in other industries. These historic methodologies laid
the groundwork for the development of numerous modern strategies for synthesizing quinoline

and its derivatives.
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1.7 Recent approaches towards the synthesis of quinoline
The development of new methodologies for quinoline synthesis remains an active area of
research. Researchers continually explore innovative techniques to improve efficiency,

selectivity, and sustainability in the synthesis of quinoline and its derivatives.

Panda et al. in 2004 devised a straightforward and effective method for synthesizing
2-(methylthio)quinolines 42 and their derivatives (Scheme 1.14).2° This synthesis entailed an
acid-catalyzed cyclocondensation process, wherein the corresponding anilines 40 were
combined with 3,3-bis(methylthio)acrylaldehyde 41.

R R

R : Q R :
3 AcOH 3 X

* H
| A z
R2 NH2 R2 N SMe
MeS SMe
Ri Rq
40 41 42

Scheme 1.14 Acid-induced cyclocondensation of anilines with 3-bis(methylthio)acrolein

Over the past decade, the adoption of microwave irradiation as an alternative to traditional
heat sources has gained popularity. Zhu et al. introduced a convenient microwave-assisted
method in 2010 to synthesize a range of quinoline-4-carboxylic acids 45.2° The process
involves the production of 2-non-substituted quinoline-4-carboxylic acids through the
Pfitzinger reaction. This reaction occurs by combining isatins 43 with sodium pyruvate,

followed by subsequent decarboxylation under microwave irradiation (Scheme 1.15).

Re o R, COOH R, COOH

R R3 Rs AN

3 CH3COONa X MW,

0, P

R N 1. NaOH/ H,0, MW R, NZ >cooH 190-200°C  R; N

2 I 2. HCl R, H,0 R,

1
43 44 45

Scheme 1.15 Microwave-assisted synthesis of quinoline-4-carboxylic acids

Based on this research, Amarasekara et al. utilized microwave heating for the Skraup
synthesis, employing a 1:3 ratio of anilines 46 to glycerol 8 (Scheme 1.16).2! Interestingly, by
substituting concentrated sulfuric acid with an imidazolium cation-based sulfonic acid ionic

liquid 47, the reaction outcome notably improved. Moreover, it was observed that the addition
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of an external oxidant was no longer required. With these improvisations, they achieved
excellent yields of the quinoline product.

S
Cl

+

~ NI
R N N
1 HO 2 /\/\/SO3H R4

QNHZ 3\ . b
* HO MW, 100s
R OH R; 7

2 46 g 1:3:1.5 Ar- NH,:glycerol:ionic liquid 48

Scheme 1.16 Imidazolium cation-based sulfonic acid mediated Skraup synthesis

A solid acid-catalyzed microwave-assisted method for producing substituted quinolines is
detailed by Kulkarni et al. in 2010 (Scheme 1.17).2? The process involves a multicomponent
domino reaction that combines anilines 49, aldehydes 50, and terminal aryl alkynes 51.
Initially, an imine is formed, followed by subsequent intermolecular addition of an alkyne to

the imine. The resulting intermediate subsequently undergoes rapid ring closure and oxidative

ol )
/
NH 7
2 CHO K-10, MW
R1 + R2 + R3 > X
Ry R
49 50 51 szN

Scheme 1.17 Multicomponent domino reaction of anilines, aldehydes, and terminal aryl

aromatization.

alkynes

This multi-component approach results in nearly 90% atom efficiency, yielding high
product quantities in just minutes. Moreover, employing microwave activation substantially

decreases the reaction duration.

In 2019, Chandra and co-workers introduced a microwave-assisted multicomponent
synthesis, reminiscent of the Povarov reaction, to produce 4-arylated quinolines using anilines
49, paraformaldehyde, and alkynes 51 (Scheme 1.18).2% This reaction involves the initial
formation of an imine from aniline and paraformaldehyde, followed by a [4+2] cycloaddition

between the imine and alkynes. The cycloaddition process is facilitated by camphor-10-
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sulfonic acid (CSA), which activates the imine. The resulting products were acquired in yields

ranging from moderate to excellent, showcasing adaptability with different anilines and

alkynes.
Ar
NH; CSA (0.5 equiv) N
R Ar—— R4
! * (HCHO)g.100 NT

49 51 MW, 20 min 53

Scheme 1.18 Microwave-assisted Povarov-type multicomponent synthesis

Kowsari et al. introduced a method for synthesizing a quinoline derivative using ultrasound
in combination with an ionic liquid (Scheme 1.19).%* This process involves a two-component,
one-pot condensation reaction between isatin 34 and an enolizable ketone 13, resulting in the
production of the quinoline derivative 54. Notably, this method achieves high selectivity.
Another advantage of this approach is the avoidance of secondary reactions, such as aldol
condensation. In comparison to traditional methods, this procedure stands out for its eco-
friendliness, milder reaction conditions, reduced reaction time, and higher yields with

enhanced selectivity, all accomplished without the requirement for a transition metal catalyst.

O o BIL R,
%O . R1)bR2 ) C(t[
N H20 N™ "Ry
34 13 54
Scheme 1.19 Synthesis of quinoline derivative using ultrasound in combination with an ionic
liquid

Park and co-workers described a one-step process to produce 4-ethoxy-1,2,3,4-
tetrahydroquinoline 57. This method involved a heterogeneous solution comprising nitroarene
55, ethanol, and TiO, under UV light irradiation (Scheme 1.20).2° Substrates containing
oxygen or amino substituents, like m-nitroanisole, notably display slower reaction rates when
compared to those with alkyl substituents under identical reaction conditions. An important
benefit of this method is the direct synthesis of quinoline derivatives from nitroarenes instead

of aminoarenes, achieved under environmentally friendly conditions.
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Scheme 1.20 One-pot method for synthesizing 4-ethoxy-1,2,3,4-tetrahydroquinoline

Guo et al. employed a Doebner-like approach for quinoline synthesis, initially condensing
aniline 49 with an aldehyde 58 (Scheme 1.21).2% Diverging from the conventional approach,
they replaced the pyruvic acid component with an additional aldehyde molecule, leading to
quinolines substituted at the 2- and 3-positions. Their study revealed that integrating a sub
stoichiometric amount of H>O> as an environmentally friendly oxidant alternative significantly
enhanced the yield of the quinoline product when used alongside a catalytic quantity of
aluminum chloride. The proposed mechanism for this annulation begins with the AICIs-
mediated condensation of aniline with one aldehyde molecule, leading to the formation of the
imine. The enol tautomer of a second aldehyde molecule subsequently adds to the imine,
initiating cyclization to generate the tetrahydroquinoline. Elimination of one equivalent of H,O
forms the dihydroquinoline, which then undergoes aromatization through oxidation with
hydrogen peroxide, ultimately resulting in the formation of the product.

R,
N

NH; 0.1 equiv. AICl5, 0.5 equiv. H0, o X
R1 + 3 RZWO 1 /
CH2C|2 R2

49 58 59

Scheme 1.21 Synthesis of quinoline via condensation of aniline with an aldehyde

Gu and co-workers reported the Lewis acid-catalyzed synthesis, resulting in unexpected
benzazepine-fused quinoline products from the combination of 2-aminobenzaldehydes 60,
2-methylindole 61, and acetophenone 62 (Scheme 1.22).2” The proposed mechanism initiates
with the union of 2-aminobenzaldehyde 60 and 2-methylindole 61 mediated by a Lewis acid.
This intermediate undergoes nucleophilic cyclization, leading to the breaking of the C-N bond.
The resulting arylamine then engages with acetophenone 62, forming a compound that
undergoes an enamine-activated Mannich-like cyclization. This process ultimately leads to the

creation of benzazepine-fused quinolines 63, with yields varying from fair to excellent.
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Scheme 1.22 Lewis acid-catalyzed synthesis of quinoline

Taking advantage of the inherent electrophilic and nucleophilic properties of allenoates (a-
allenic esters), Selig and Raven examined their application in generating quinolines (Scheme
1.23).% Initially, their attempts with o-aminobenzaldehyde did not yield the expected
cyclization product. However, upon monoprotection of the amine, they observed successful
cyclization. Interestingly, they noted the formation of both the desired quinoline product and a
secondary product showcasing a protecting group migration leading to the creation of a new
quaternary center. The suggested mechanism encompasses an aza-Michael addition, assisted
by a Bragnsted base-promoted amide anion of the 2-aminobenzaldehyde, targeting the § carbon
of the allenoate. This particular step induces cyclization specifically from the y position. The
resulting intermediate, in its zwitterionic state, experiences a 1,3-shift of the protecting group,
culminating in the production of the desired product. Through refined reaction conditions, they
achieved the selective synthesis of rearrangement products featuring diverse protecting groups,

resulting in high yields.
o)
I CO,Et X2
K,COg3 CO,Et
+ /\Rz - N/ R1
NH DMF or DMSO

Scheme 1.23 Utilization of allenoates in quinoline synthesis

The synthesis of quinoline through a three-component reaction involving methyl ketones
67, arylamines 49, and a-ketoesters 68 is achieved in the presence of iodine and a catalytic
quantity of hydroiodic acid (Scheme 1.24).2° In this process, the co-produced HI serves as a

promoter, displaying excellent functional compatibility. This straightforward procedure
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introduces a novel facet of reactivity to the Povarov reaction, exhibiting remarkable

compatibility with various functional groups.

COOR,
o)
NH O l,, DMSO X
Ri—- D " )K + )J\H/O\OR 2 LR
= Ry 3 * 130°C NT N Re
49 67 68 69 (0]

Scheme 1.24 Synthesis of quinoline through a three-component reaction involving methyl

ketones, arylamines, and a-ketoesters

Ghorai et al. devised a metal-free cycloisomerization approach for quinoline synthesis,
replacing molecular oxygen with dimethyl sulfoxide (DMSO) for the oxidation step. By
reacting ortho-allylanilines with a sub stoichiometric quantity of potassium tert-butoxide in
DMSO, a series of quinoline products, notably 2-styryl derivatives, were successfully
generated, providing a solution to the lack of synthetic alternatives. The proposed mechanism
involves the oxidation of 2-allylaniline 70 via t-BuOK and DMSO, followed by a six-electron
cyclization, resulting in the formation of dihydroquinoline (Scheme 1.25).2° Subsequent

oxidation transforms the dihydroquinoline into the final quinoline product 71.

R,
R4 KO'Bu @\/j\
NH, —— > Ry
_ 2 DMSO, rt N/ Rj
% Rj
70 71

Scheme 1.25 Metal-free cycloisomerization of 2-allylaniline

These diverse approaches in quinoline synthesis reflect an ongoing effort to develop more
efficient, sustainable, and versatile methods while exploring a range of chemical and catalytic

principles.

1.8 Recent advancements in the synthesis of quinolines from 2-aminobenzyl

alcohol
Researchers have focused on developing innovative methodologies to construct quinoline
derivatives using 2-aminobenzyl alcohol as a starting material. This compound serves as a

valuable building block due to its structural versatility and potential for diverse chemical
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transformations. Recent studies have explored various synthetic routes, including
multicomponent reactions, metal-catalyzed processes, and novel catalytic strategies, aiming to
streamline and enhance the efficiency of quinoline synthesis. These advancements not only
contribute to expanding the repertoire of available synthetic routes but also hold promise for
applications in medicinal chemistry, material science, and other scientific domains. Such
progress highlights the continual exploration and refinement of methodologies in the quest for

novel and efficient routes to quinoline derivatives.

One such approach presents a variation of the Friedlaender quinoline synthesis, employing
a ruthenium-catalyzed oxidative cyclization of 2-aminobenzyl alcohol 72 with ketones 67
(Scheme 1.26).%! The product yield increased with an increase in reaction temperature up to
80°C. A range of ketones was systematically examined to explore the reaction's applicability,
and key findings were summarized. Alkyl aryl ketones readily underwent cyclization with
2-aminobenzyl alcohol, yielding 2-arylquinolines 22 in high to satisfactory yields. The reaction
pathway appears to initiate with the initial oxidative bonding of ruthenium to the O—H bond in
2-aminobenzyl alcohol, followed by a p-hydrogen elimination step that produces
2-aminobenzaldehyde. For this transformation, Cho et al. utilized a rhodium (RhCI(PPh3)s)
catalyst instead of ruthenium.32

(;COH O RuCly(=CHph)(PCys), m
) _
NH, R)K KOH, Dioxane N/

72 67  80°C.1h. 22

R

Scheme 1.26 Ruthenium-catalyzed oxidative cyclisation

Elangovan and co-workers introduced an iron-catalyzed approach to produce quinoline and
its derivatives (Scheme 1.27).33 Utilizing the comparatively stable 2-amino-benzyl alcohol 72
in the presence of a catalytic quantity of base under hydrogen-borrowing conditions offers
significant advantages for this reaction compared to methods that require stoichiometric

amounts of base.
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Scheme 1.27 Iron-catalyzed synthesis of quinoline and its derivatives

Cho and co-workers detailed ruthenium-catalyzed oxidative coupling followed by
cyclization between 2-aminobenzyl alcohol 72 and secondary alcohol 74. This process was
facilitated by KOH and 1-dodecene to accomplish quinoline synthesis (Scheme 1.28).3* This
method employs a catalytic quantity of RuCl2(PPhs)s and KOH, with 1-dodecene serving as a
hydrogen acceptor, enabling the synthesis of quinolines with satisfactory yields. The
cyclization method is applicable to a wide range of alkyl(aryl) and alkyl(alkyl) carbinols. The
catalytic process seems to begin with the initial oxidation of both substrates to create carbonyl

compounds, followed by a cross-aldol reaction and cyclodehydration.

RUClz(PPh3)3
(;(\OH OH  1-dodecene - m
NH, " )\R KOH, Dioxane N/ R
72 74 80°C,20h. 22

Scheme 1.28 Ruthenium-catalyzed oxidative coupling reaction

Martinez et al. revealed a transition-metal-free indirect Friedlander synthesis method for

quinolines derived from alcohols (Scheme 1.29).%

R iy
1 O(H) R
'BuOK, Ph,CO NP
OH R3 > —
- + R, 1.4-dioxane, 90 °C N" R
75 76 77

Scheme 1.29 Indirect Friedlander synthesis of quinolines derived from alcohols

The direct synthesis of polysubstituted quinolines was achieved by reacting

2-aminobenzylic alcohol with a ketone or alcohol in the presence of a base. This method
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eliminates the necessity for a transition-metal catalyst, thus establishing a more

environmentally friendly and simpler approach.

Genc et al. recently detailed an iridium-catalyzed process for quinoline synthesis (Scheme
1.30).%¢ Iridium(l) complexes, incorporating an imidazol-2-ylidene ligand, efficiently
facilitated this acceptor less dehydrogenative cyclization of 2-aminobenzyl alcohol with
ketones via a borrowing hydrogen pathway. Employing a limited quantity of the catalyst in
combination with a catalytic amount of NaOH or KOH in an air atmosphere resulted in the

formation of products. In this process, water and H> were generated as byproducts.

©\AOH 0 Ir(1) Cat.(100 ppm) m&
R
NH, R1)J\/ 2 5 mol % KOH NT

Scheme 1.30 Iridium-catalyzed quinoline synthesis

Das and co-workers detailed the production of diverse polysubstituted quinolines by
employing commercially accessible aminoaryl alcohol in combination with acyclic/cyclic
ketones or secondary alcohols (Scheme 1.31).3” This synthesis process involves a successive
dehydrogenation and condensation reaction. The advantage of employing this method is the

utilization of a cost-effective and easy-to-manage nickel(ll) catalyst.

R4 R4
gOH )Oli—l) Cat. [Ni] <©\)j
R2 > R 1
Ry t 2 N
NH, + 3 BuOK, Toluene N R;
75 78 79

Scheme 1.31 Nickel-catalyzed quinoline synthesis

Verma and co-workers outlined a chemo- and regioselective [4 + 2]-cycloaddition process
involving alkynes and azadienes generated in situ (Scheme 1.32).3 The process is believed to
commence with the dehydration of 2-aminobenzyl alcohol 80 facilitated by DMSO/KOH,
producing the azadiene, which was isolated in controlled experiments. Subsequently, this
azadiene undergoes cyclization with the alkyne 81, ultimately leading to the formation of

quinoline upon oxidation.
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80 81 82

Scheme 1.32 Chemo- and regioselective [4 + 2]-cycloaddition of alkynes with azadienes

So far, we detailed some of the recent approaches towards the synthesis of quinoline and its
derivative. Overall, metal-free approaches to quinoline synthesis and its derivatives offer
advantages in terms of environmental sustainability, cost-effectiveness, safety, and
applicability, making them a valuable choice in various chemical and pharmaceutical research

endeavors.

1.9 Superbase

Organic chemists frequently employ terms like 'strong' or 'super’ to intensively express basic
properties. Nevertheless, the criteria for such terms are vague and rely on the individual
chemists who use them. Consequently, the use of expressions such as 'strong' or 'super’ leads
to ambiguity and confusion within the organic chemistry community. In an insightful review
by Caubére,* a proposed definition of superbases is introduced. According to this definition,
the term 'superbases’ is used to describe bases formed by the combination of two or more
individual bases, resulting in entirely new basic species with unique properties. It's important
to note that the term 'superbase’ does not necessarily imply that the base is thermodynamically
or kinetically stronger than another; rather, it signifies the development of a basic reagent by
incorporating attributes from different bases. An essential and advantageous characteristic of
an organic base, particularly concerning environmental considerations, is its ability to be
recycled for repeated reactions involving reversible proton transfers between the base and an
acidic counterpart substrate. As a result, highly potent organic bases that can serve as effective

base catalysts in various organic syntheses have garnered significant attention.

1.10 Conclusion
The future of quinoline chemistry holds promise and potential in various areas, building on
its diverse properties and applications (Fig. 1.8). Some key aspects of its future trajectory

include drug development, material science, electronics, agrochemicals, etc.
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Fig. 1.8: An overview of quinoline sources and applications

Numerous synthetic methods have been documented for producing quinoline and its
derivatives. However, their drawbacks include low efficiency, the use of harsh reagents,
reaction conditions, and incompatibility with various functional groups. Consequently, the
ongoing pursuit of discovering new synthetic methodologies aims to address these intrinsic
challenges and has remained a consistent focus for numerous research groups. Through the
work depicted in this thesis, we have tried to answer some of the issues by introducing
methodologies for accessing quinoline motifs wherein substituents can be introduced at various

positions at will.
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Chapter 2

Super Base Mediated Indirect Friedlander Reaction: A Metal-

Free Oxidative Annulation toward Functionalized Quinolines
-

2.1. Abstract

A super base mediated indirect Friedlander reaction towards functionalized quinolines has
been realized. The reaction was performed with o-aminobenzyl alcohol and ketones having
an active methylene moiety in the presence of KOH and DMSO. The reaction proceeds
predominantly via the initial formation of an imine intermediate and subsequent oxidation of
the benzyl alcohol functionality and condensation to afford substituted quinolines. We could
also demonstrate that a minor fraction of the reaction proceeds via a chalcone intermediate.
The metal-free oxidative annulation was found to be generally affording 2-substituted, 2,3-
disubstituted/fused, or multi-substituted quinolines. The reaction was extended toward the
functionalization of natural products, and its applicability was demonstrated for the gram-

scale synthesis of quinolines.

2.2 Introduction

The class of quinoline derivatives pose a continuous challenge in devising straightforward
routes for accessing them. * The profound interest invested in this heterocyclic moiety is due
to its wide applicability in pharmaceuticals,? materials,® and industry.* Substituted quinolines
exhibit promising biological activities such as antimalarial, antibacterial, antiviral, antitumor,

analgesic, anticonvulsant, anti-inflammatory, etc, are detailed in Chapter 1.

Several classical organic reactions exist that utilize arylamines as precursors for quinoline
synthesis and its derivatives. Friedlander quinoline synthesis can still be considered one of
the most direct routes for accessing this important heterocycle.® The traditional Friedlander
reaction involves a base-promoted condensation of 2-amino-substituted carbonyl compound

(aromatic) and an a-methylene group containing carbonyl derivative followed by
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dehydration. The high reactivity and instability of 2-aminobenzaldehyde demand its in-situ

generation. Such kind of reactions are termed indirect Friedlander quinoline synthesis.

Recently, modified or indirect Friedlander quinoline synthesis protocols with
dehydrogenative cyclization of 2-aminobenzyl alcohol with carbonyl compounds (or
alcohols) were developed in the presence of metal catalysts (Scheme 2.1).° Different
complexes of metals such as Ru,®® Rh,% Ir,5" Cu,%9 Ni®"™ and Re® were utilized as catalysts
in indirect Friedlander quinoline synthesis. In addition, several heterogeneous catalysts,
which include Ru-HT (ruthenium on hydrotalcite support), Pd/C, Pd(OAc)./PEG-2000,
Ag-Pd alloy on carbon and a Cu-based MOF were also developed and used for synthesizing

©\/\OH
NH»
Hydride T
scavenger )\ )
O "

or
aerobic

substituted quinolines (Scheme 2.1).”

Metal-free

A\\\, or J\\\‘l )\\\’
NH, Ru, Rh, Ir, Cu, Ni, Re N/ % Ru-HT, Ag-Pd/C , NH,

Cu-MOF
Homogeneous Heterogeneous

catalysis catalysis

e

Metal-free

o
NH,

Scheme 2.1 Indirect Friedlander synthesis of quinolines from 2-aminobenzyl alcohol

NHC catalysis

In the middle of the 1970s, Trofimov began using the phrase "superbase media™
frequently, which also appeared in monographs then. Superbase media of lithium
dialkylamides in hexamethylphosphoric triamide (HMPT) also referred as "hyperbasic

media” by Normant and his team, were utilized for the synthesis of nitriles via
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metalation of hydrazine. KOH/DMSO suspension is the best among the superbases
and consists of two phases, namely alkali metal hydroxide and dipolar nonhydroxylic
solvent, which are thought to be the most widely used, accessible, stable, and easy to
handle. This is a two-phase equilibrium system is similar to phase-transfer catalytic
processes in that it has a small amount of the superbase in the liquid phase that must
be continuously supplied from the solid phase when it is spent. The ability of the
water molecules held in the solid phase by excess KOH to progressively provide
protons (strictly on "demand") to change the anions generated during the reaction into
new stable molecules without diminishing the medium's basicity is crucial. Superbasic
medium (mainly the combination of KOH and DMSO) have been utilized extensively
for different organic transformations such as chalcogenation, cross-coupling,
intramolecular  cyclization, heterocyclic synthesis, styrylation, inter- and

intramolecular hydroaminations, etc.®

Verma and co-workers made use of the KOH-DMSO system for the synthesis of
functionalized quinolines from o-aminobenzyl alcohol and alkynes (Scheme 2.2).%0
The reaction proceeded via a [4+2] cycloaddition of alkyne with azadiene (in situ

generated from o-aminobenzyl alcohol).

R R1 R2 R1
1 R KOH, DMSO 7 A "
OH + / ’ - H —_— >
R NH N™ Rs
NH; 2 FG
FG
1 2

R
FG 3 upto 82%
3

Scheme 2.2 Synthesis of quinolines from o-aminobenzyl alcohol and alkynes

Another advancement in the area of indirect Friedlander quinoline synthesis was the
introduction of metal-free strategies.® The first among them was reported in 2008 by Ramén,
Yus and co-workers which combined the Meerwein-Ponndorf-Verley reaction of
2-aminobenzyl alcohols with benzophenone and the Friedlander annulation to synthesize

quinoline derivatives (Scheme 2.3).8
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1 4 3

Scheme 2.3 Metal-free indirect Friedlander quinoline synthesis

Zhu and Cai recently disclosed an N-heterocyclic carbene-catalyzed indirect Friedlander
quinoline synthesis by executing a reaction of 2-aminobenzyl alcohol with ketones (Scheme
2.4).%° The appropriate multi-substituted quinolines are produced via this tandem reaction,
which involves alpha-alkylation followed by indirect Friedl&nder annulation in the presence

of air.

R, \stv'ﬂj/ R,
R O B
O, s —"Cr
* Ry ¢ ~
NH, KOH, Toluene N
1 5 3

Scheme 2.4 N-heterocyclic carbene-catalyzed indirect Friedlander quinoline synthesis

Singh et al reported a one-pot aerobic process for the synthesis of functionalized
quinolines devised from 2-aminobenzyl alcohol or 2-aminobenzophenones with alkyl or aryl
alcohols (Scheme 2.5).8° The process involves two sequential reactions, namely in situ aerial
oxidation of alcohols to the corresponding aldehydes and ketones followed by Friedlander
annulation. These reported metal-free methodologies required additional reagents
(benzophenone) for the MPV reaction of 2-aminobenzyl alcohol® or the presence of a
catalyst.®° We were interested in developing a transition metal-free and additional reagent-

free methodology for quinoline synthesis based on the indirect Friedlander reaction.

KOH R,
@ . R1)\ Air, ( Open flask) N N
- —
N

Y=CH,OH, COPh R;&R,=H, alkyl, aryl  Rj =H, Ph

Scheme 2.5 One-pot aerobic process for the synthesis of functionalized quinolines
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2.3 Statement of the problem

We have seen that quinoline and its derivatives are widely used both in medicine and
materials, but the routes for synthesizing these motifs still pose a challenge to synthetic
chemists. In the preceding section, we have covered a variety of ways to make quinoline
moieties. These techniques can be used effectively to synthesize a wide variety of quinolines,
from monosubstituted to highly functionalized or fused motifs. But all of the techniques that
have been outlined so far have shortcomings. Low efficiency, costly reagents, harsh reaction
conditions, and functional group incompatibility are common problems encountered in the
reported methods. Therefore, several research groups have engaged in efforts to modify these
reactions to address their underlying problems. These characteristics have sparked interest in
creating more effective synthetic pathways to synthesize quinoline derivatives.

@)
Rl A
R1 NS /')\\ A R1
9 ~
—
NH, Base N I»’/ \%‘Ra
1 10 Rt

Scheme 2.6 Superbase mediated indirect Friedlander quinoline synthesis

An efficacious methodology for the oxidation of active methylenes and
benzhydrols to corresponding carbonyl compounds mediated by a base-DMSO system
was reported by Ravikumar et al.'* Motivated by the above mentioned reports on the
use of superbasic media and owing to our interest in heterocyclic synthesis,? we
hypothesized that functionalized quinolines could be generated from o-aminobenzyl
alcohol and an a-methylene group containing carbonyl derivatives via an oxidation-
condensation sequence in the presence of a base-DMSO system and most importantly

in the absence of any additional reagent or catalyst (Scheme 2.6).

2.4 Result and discussions
We commenced our investigations by selecting o-aminobenzyl alcohol la and
4’-methoxy acetophenone 9a as model substrates (Scheme 2.7). The initial reaction was

performed with one equivalent each of 1a and 9a in the presence of KOH (1.0 equivalent)
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and DMSO (1.0 mL) at 80 °C for 7 h. After completion of the reaction, water was added and
the aqueous layer was extracted thrice with ethyl acetate. The organic layer was dried over
anhydrous Na>SO4 and the solvent was removed under vacuum. The residue was then
purified by column chromatography. As expected, 2-(4-methoxyphenyl)quinoline 10aa was
isolated in 80% vyield (Table 2.1, entry 1).

0O

OH i =
@\ . KOH(1 equiv.) _ N/
NH;  MeO O

DMSO, 80 °C
1a 9a 10aa (80%) OMe

Scheme 2.7 Superbase mediated indirect Friedlander quinoline synthesis

The structural assignment of the product was done with the aid of various spectroscopic
techniques such as *H NMR, ¥C NMR, and HRMS analysis. In the 'H NMR spectrum
(Fig 2.1) the aromatic protons resonated between 8.18-7.04 ppm. The methoxy protons
resonated at 3.89 ppm. In the *C NMR (Fig 2.2) the methoxy carbon resonated at 55.4 ppm.
All other signals in the *H and 3C NMR spectra were in agreement with the proposed
structure and literature. The high-resolution mass spectral analysis showed a peak at m/z
236.1078 (M+H)*, which also supported the proposed structure.

Then we moved on with optimizing the reaction conditions starting with base screen.
Different bases other than KOH such as 'BuONa, '‘BuOK, NaOH, and K>COs; were screened
for the present indirect Friedlander quinoline synthesis (Table 2.1, entries 1-5). From the
tested bases, KOH was found to be the best and the reaction failed to furnish any product in
the presence of Ko.COs. Increasing the equivalents of o-aminobenzyl alcohol had a beneficial
effect on the outcome of the reaction. Thus, with 1.1 equivalents of la, the substituted
quinoline was isolated in 83% yield, and with 1.2 equivalents of 1a, the substituted quinoline
was isolated in 88% vyield respectively (Table 2.1, entries 1, 6, and 7). It was found that both
increasing (to 120 °C) and decreasing the temperature (to RT) considerably decreased the
yield of 10aa (Table 2.1, entries 7-9). A decrease in the equivalents of KOH (to 0.5
equivalents) was found to lower the yield of 10aa to 72% (Table 2.1, entry 10) and the
reaction failed to afford any product in the absence of KOH (Table 2.1, entry 11).



Super base Mediated Indirect Friedldnder Reaction

35

—3.887

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5 4.0
f1 (ppm)

Figure 2.1 *H NMR (500 MHz) Spectra of 10aa

o~ — mn o ™M

@3 n SRAREIIGAR I adn N
o v ® wvANARBNOLD T+ N @iy =
o 1A F MMONNNNNNA o ~if o w
- — A A A A A A N~ wn
[ | =\l | ~ |

160 150 140 130 120 110 100 90 80
f1 (ppm)

Figure 2.2 BC{*H} NMR (125 MHz) Spectra of 10aa



36 Chapter 2

Finally, conducting the reaction under an inert atmosphere didn’t significantly influence
the outcome of the reaction proving that oxygen is not required for the oxidation step (Table
2.1, entry 12). In conclusion, the reaction holds best at one equivalent each of 1a and 9a in
the presence of KOH (1.0 equivalent) and DMSO (1.0 mL) at 80 °C for 7h. False order
during the reaction is due to the evolution of dimethyl sulfide (DMS).

Table 2.1 Optimization studies

Entry  Base Time T Yield of 10aal®
(h) (°C) (%)
1 KOH 7 80 80
2  'BuONa 7 80 48
3 'BUOK 7 80 51
4 NaOH 7 80 61
5 K,COs3 7 80 -
6lt] KOH 7 80 83
7tc] KOH 7 80 88
glc] KOH 7 120 59
oldl KOH 48 RT 23
10 koH 7 80 72
110 . 7 80 .
121 koH 7 80 86

Reaction conditions: [a] 1a (1.0 equiv.), 9a (1.0 equiv., 0.6 mmol), base (1.0 equiv.), DMSO (1.0
mL), 80 °C, 7 h. [b] 1a (1.1 equiv.). [c] 1a (1.2 equiv.). [d] 1a (1.2 equiv.), KOH (0.5 equiv.). [e] 1la
(1.2 equiv.), argon atmosphere.

The scope and limitation of the indirect Friedlander quinoline synthesis were then studied
(Table 2.2) under the optimized conditions [1 (1.2 equiv.), 9 (1.0 equiv.), KOH (1.0 equiv.),
DMSO (1.0 mL), 80 °C, 7 h]. Both acetophenone 9b and 4’-methylacetophenone 9c
participated in the oxidative annulation with o-aminobenzyl alcohol la affording the
corresponding products 10ab and 10ac in 75 and 80% respectively. 2-Phenyl quinoline 10ab
was also synthesized in a gram scale and good yield (70%) by starting with 1.0 g of
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acetophenone 9b. A substituent on the ortho-position of the aryl ring of acetophenone did not
affect the reaction yield and in this line, the reactions with 2’-methoxy (9d) and
2’-methylacetophenone (9e) afforded the products 10ad and 10ae in good yields, whereas the
reaction with 2’-hydroxyacetophenone (9f) furnished the product 10af only in 56% yield.

Table 2.2 Generality of indirect Friedl&ander reaction toward 2-substituted quinolines

Entry Ortho- aminobenzyl ~ Ketones having active Product Yield (%)
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Reaction conditions: 1a (1.2 equiv.), 9 (1.0 equiv., 0.6 mmol), KOH (1.0 equiv.), DMSO (1.0 mL), 80 °C, 7 h.
2 started with 1.0 g of 9b. °120°C, 12 h. © 14 h.
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Entry Ortho- aminobenzyl Ketones having active Product Yield (%)
alcohol methylene moiety
OMe O
A OMe
N
H
NH, 9g 10ag O
Ia OMe
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12 O\/\OH F\e 45%
NH
1o VH2 @ ol [ 10al
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Reaction conditions: 1a (1.2 equiv.), 9 (1.0 equiv., 0.6 mmol), KOH (1.0 equiv.), DMSO (1.0 mL), 80 °C, 7 h.
@ started with 1.0 g of 9b. ® 120 °C, 12 h. © 14 h.
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Entry Ortho- aminobenzyl Ketones having gctive Product Yield (%)
alcohol methylene moiety
SOJFS SN
15 N
NH, | N N/ N\ 75%
=
=

1a 9%
o
AN
NH, \_6 N7 O/ 69%

1a 9p 10ap
O
OH o
17 o N7 S 65%
NH, \_g | )
la 9q 10aq

Reaction conditions: 1a (1.2 equiv.), 9 (1.0 equiv., 0.6 mmol), KOH (1.0 equiv.), DMSO (1.0 mL),
80 °C, 7 h.  started with 1.0 g of 9b. ® 120°C, 12 h. © 14 h.

The superbase mediated oxidative annulation proceeded well with di- (9g) and tri-
methoxy acetophenones (9h) affording the products 10ag and 10ah in excellent yields. The
presence of electron-withdrawing groups were found to influence the reaction outcome as the
reactions with both 3’-(trifluoromethyl)acetophenone (9i) and 3-nitroacetophenone (9j) could
only furnish the corresponding 2-substituted quinolines 10ai and 10aj in poor yields. Another
interesting observation that we came across was in the reaction with 4’-chloroacetophenone
(9k) and o-aminobenzyl alcohol la. Contrary to our expectation of 2-(4-chlorophenyl)
quinoline 10ak, we obtained a dehalogenated quinoline derivative (10ab). The
dehalogenation of aromatic compounds with a DMSO-base combination was reported earlier
which might be the reason for the present observation.’® The oxidative annulation also
worked with acetylferrocene affording 2-ferrocenylquinoline 10al in 45% vyield.
2-Naphthylquinoline 10am was synthesized in excellent yield but after 14 h of reaction time.
By starting with 1,3-dicetylbenzene we could synthesize 1,3-di-quinolylbenzene 10an in

69% vyield. Finally, the reactivity of different acetyl heteroarenes toward the present indirect
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Friedlander reaction was examined and thus pyridyl (10ao), furyl (10ap), and thienyl (10aq)

substituted quinolines were synthesized in good yields.

Next, we focused on synthesizing 2,3-disubstituted/fused quinolines via the developed
superbase mediated oxidative annulation (Table 2.3). We commenced our investigations with
o-aminobenzyl alcohol 1la and cyclohexanone under the optimized conditions and 1,2,3,4-
tetrahydroacridine 10ar was isolated in 72% yield. The reaction with 4-methylcyclohexanone
also afforded the corresponding substituted tetrahydroacridine derivative 10as in 68% yield.
Other cyclic ketones such as cycloheptanone and cyclooctanone afforded the 2,3-fused
quinoline derivatives 10at and 10au in good yields. The indirect Friedlander reaction was
also found to work well with tetralone 9v and methoxytetralone 9w from which the
respective dihydrobenzo[c]acridine derivatives 10av and 10aw were isolated in excellent
yields. We then checked the reactivity of propiophenone 9x and butyrophenone 9y and these
ketones reacted well under the optimized conditions affording the corresponding 2,3-
disubstitued quinolines 10ax and 10ay in good yields. We have also checked the reactivity of
acyclic ketones such as acetone and 2-hexanone but to our dismay, after the required time an
intractable reaction mixture was observed. The importance of the present oxidative
annulation was exemplified by performing ‘quinolization’ of natural products containing an
enolizable ketone moiety. Thus both menthone (mixture of isomers) and 5a-cholestan-3-one
were treated with o-aminobenzyl alcohol la under our optimized conditions and the

corresponding annulated natural products 10az and 10aaa were isolated.

Table 2.3 Generality of indirect Friedlander reaction toward 2,3-disubstituted quinolines

Entry Ortho- aminobenzyl Ketones having active Product Yield (%)

alcohol methylene moiety
-, 900
pZ 72%
H N
10ar

OH (0)
i, Ty
la 9r
OH 0 A
2 _ 68%
NH, N
1a 9s

10as

Reaction conditions: 1a (1.2 equiv.), 9 (1.0 equiv., 0.6 mmol), KOH (1.0 equiv.), DMSO (1.0 mL),
80°C, 7h.
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Entry Ortho- aminobenzyl Ketones having 'fictive Product Yield (%)
alcohol methylene moiety
(0]
=
NH, N
la 9t 10at

z %
G (@

jan}
s
z%\ /%

52%
2
1a 9u 10au
O
OH
5 0,
NH, 89%
1a 9v
6
NH, 90%
1a
OH
7 0
NH, 61%
1a
OH
8 0
NH, 62%
la
68%

©
Eog
jan)

N

1a 9z 10az
isomeric mixture

Reaction conditions: 1a (1.2 equiv.), 9 (1.0 equiv., 0.6 mmol), KOH (1.0 equiv.), DMSO (1.0 mL),
80 °C, 7 h.
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Entry Ortho- aminobenzyl Ketones having active

; Product Yield (%)
alcohol methylene moiety

28%

10aaa

Reaction conditions: 1a (1.2 equiv.), 9 (1.0 equiv., 0.6 mmol), KOH (1.0 equiv.), DMSO (1.0 mL),
80 °C, 7 h.

Subsequently, we examined the effect of substituents on o-aminobenzyl alcohols on the
outcome of the superbase mediated quinoline synthesis (Table 2.4). We commenced with the
reaction of acetophenone 9b with 1-(2-aminophenyl)ethan-1-ol 1b. The reaction was
complete in 7 h from which the 2,4-disubstituted quinoline 10bb was isolated in 75% yield.
2-aminobenzhydrol 1c also reacted with ease affording the 2,4-diphenylquinoline 10cb in
good yield. Next, we checked the reactivity of 2-amino-3-methylbenzyl alcohol 1d under the

optimized conditions, and the respective quinoline derivative 10db was obtained in 86%
yield.

Table 2.4 Generality of indirect Friedlander with substituted o-aminobenzyl alcohols

Entry Ortho- aminobenzyl Ketones having active

Product Yield (%
alcohol methylene moiety " ield (%)

75%

W e

Me O
| CK\OH ©)J\
NH,
1b 9 10bb
Ph 0
2 @on @)J\
NH,
1e 9

o
gz\/;

O 72%

Reaction conditions: 1 (1.2 equiv.), 9b (1.0 equiv., 0.6 mmol), KOH (1.0 equiv.), DMSO (1.0 mL), 80 °C, 7 h.
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Entry Ortho- aminobenzyl Ketones having active

Product Yield (%
alcohol methylene moiety rocue teld (%)

X
/

O 86%
Me 10db

CF,
4 oH = 74%
/
10eb O

Reaction conditions: 1 (1.2 equiv.), 9b (1.0 equiv., 0.6 mmol), KOH (1.0 equiv.), DMSO (1.0 mL),
80 °C, 7 h.

The reaction of 1-(2-aminophenyl)-2,2,2-trifluoroethan-1-ol 1le also proceeded well
affording 2-phenyl-4-(trifluoromethyl)quinoline 10eb in 74% vyield. Lastly, we checked the
reactivity of 2-amino-4-chlorobenzyl alcohol 1f with acetophenone and as observed earlier
(Table 2.2, compound 10ab) we obtained the dehalogenated product (Table 2.4).

2.5 Mechanism

To prove the mechanism of the superbase mediated indirect Friedlander quinoline
synthesis, we conducted several experiments with substrates 1a and 9b (Scheme 2.8). The
possibility for a radical-mediated reaction was ruled out with the first reaction (Scheme 2.8
(@)) where 1la and 9b were allowed to react under the optimized conditions but in the
presence of 1.0 equivalent of BHT from which 2-phenylquinoline 10ab was isolated in 73%
yield. The excellent yield, even in the presence of a radical scavenger like BHT, indicates

that the reaction doesn’t involve any radical mechanism.
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BHT (1.0 equiv.)
KOH (1.0 equiv)
DMSO

80°C,7h 10ab (73%)

W,
A/
W,

KOH (1.0 equiv)

®) ©\) Z DMSO
N ®
11 80°C, 1h 10ab (90%)

W,
A/

o)
X KOH (1.0 equiv) o
© DMSO N7
w (7 T
(o]
12 80°C,5h 10ab (88%)

109

KOH (1.0 equiv

(d) la + 9b (1.0 equiv) NS .
DMSO O

Detected by
80°C,7h
10ab GCMS

Scheme 2.8 Control experiments

It is reported that the classical Friedlander quinoline synthesis can proceed either via the
imine 11 or o-amino chalcone 12 as intermediates.’® So we synthesized the possible
intermediates imine and o-amino chalcone with the reported procedure. When 11 was
subjected to the optimized conditions, we isolated the expected product 10ab in 90% yield
after an hour (Scheme 2.8 (b)). On the other hand, when o-amino chalcone 12 was allowed to
react at the optimized conditions, the reaction took 5 h to furnish 88% of 10ab (Scheme 2.8
(c)). These results show that the present superbase mediated quinoline synthesis might be
proceeding predominantly via the imine intermediate 11 rather than the chalcone 12 and that
imine formation must be happening preferentially over the oxidation of the benzyl alcohol
moiety. Finally, we detected the formation of Me»S as a by-product by conducting a GCMS
experiment (Scheme 2.8 (d)).!* The false odour that evolved during the reaction is due to the

formation of dimethylsulphide.

From the results obtained for the experiments depicted above, we believe that the first step
of quinoline synthesis (predominant pathway) would be the condensation of the amino group

of 2-aminobenzylalcohol and acetophenone to yield the imine 11 (Scheme 2.9). This will be
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followed by the oxidation of the alcohol to the corresponding carbonyl group which proceeds
via a mechanism analogous to the one proposed by Ravikumar et al.!'? Initially, the base will
generate the alkoxide intermediate A from 11 by eliminating a water molecule. The adduct B

is then formed by the attack of the alkoxide to the electrophilic sulfur of DMSO.

|
o) ) |
©)\ OH 3 o 0" g
1
S H
—_— _ —_— _
NH, -H,0 N -H,0 N N7
1a 1

proton
transfer

*@®A$ﬂ©

Scheme 2.9 Predominant Pathway

-

Subsequently, proton transfer occurs from the benzylic carbon to the alkoxide generating
the carbanion C which further undergoes an Elc, elimination furnishing the corresponding
carbonyl compound D along with dimethylsulphide as a by-product. An intramolecular aldol
addition occurs in intermediate D to furnish the dihydroquinoline E from which water is
eliminated to finally afford the substituted quinoline derivative.®> The secondary pathway will
commence with the benzylic alcohol functionality to the o-amino benzaldehyde | by
following a similar mechanism as shown before (Scheme 2.10). The base will generate the
alkoxide intermediate F from 2-aminobenzylalcohol by the elimination of a water molecule.
The adduct G is then formed by the attack of the alkoxide to the electrophilic sulfur of
DMSO. Subsequently, proton transfer occurs from the benzylic carbon to the alkoxide
generating the carbanion H which further undergoes an Elc elimination furnishing the
corresponding carbonyl compound 1 along with dimethylsulphide as a by-product. The
0-amino chalcone 12 is then formed by the condensation of | with acetophenone. The
intermediate 12 subsequently undergoes intramolecular annulation to furnish 2-substituted

quinoline by the elimination of H-O.
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('l/
/ 8 O/ ~
proton é\
©\/\OH ©\) ©\/L HD _transfer ©\)
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N
N7 T
- H
O 2 NH, ,0

Scheme 2.10 Secondary Pathway

2.6 Conclusion

In conclusion, we have developed a mild, transition metal-free, and general methodology
for the synthesis of functionalized quinolines. In contrast to the reported methods that
required either metal catalysts (homogeneous or heterogeneous) or additional reagents
(hydride scavenger or NHC catalyst) our strategy required only the combination of KOH in
DMSO. In this superbasic medium, the reaction proceeds predominantly via the formation of
an imine and successive oxidation of 2-aminobenzyl alcohol to the corresponding aldehyde
followed by condensation with the enamine moiety. We could propose a mechanistic
postulate by isolating the imine intermediate and subjecting it to oxidative annulation
conditions. We could also show that a minor fraction of the reaction proceeds via a chalcone
intermediate. This oxidative annulation worked well affording mono-, di- and poly-
substituted quinolines in good yields. In the case of halogen substituted quinoline derivatives,
dehalogenation was observed as reported earlier. It is noteworthy to mention that we could
synthesize substituted quinoline by this methodology in gram scale thereby proving the
applicability of the reaction. In addition, we also utilized this superbase mediated

oxidative annulation to functionalize natural products.
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2.7 Experimental section
2.71 General experimental methods

All chemicals were of the best grade commercially available and were used without
further purification. All solvents were purified according to the standard procedures; dry
solvents were obtained according to the literature methods and stored over molecular sieves.
Analytical thin-layer chromatography was performed on polyester sheets pre-coated with
silica gel containing fluorescent indicator (POLYGRAMSIL G/UV254). Gravity column
chromatography was performed using neutral alumina, and mixtures of ethyl acetate/ hexanes
were used for elution. Melting points were determined using a calibrated digital melting point
apparatus (Biichi 530 melting point apparatus). NMR spectra were recorded with Bruker
Avance-300 (300 MHz for *H NMR, 75 MHz for *C{1H} NMR) and Bruker AMX-500
(500 MHz for *H NMR, 125 MHz for *C{1H} NMR) instruments. All spectra were
measured at 300 K unless otherwise specified. The chemical shifts & are given in ppm and
referenced to the external standard TMS or internal solvent standard. *H NMR coupling
constants (J) are reported in Hertz (Hz) and multiplicities are indicated as follows s (singlet),
d (doublet), t (triplet), g (quartet), m (multiplet), dd (doublet of doublets). Mass spectra were
performed with a ThermoFinnigan MAT95XL, a ThermoFisher Scientific LTQ Orbitrap
Velos, and an Agilent 6890 gas chromatograph with JMS-T100GC spectrometer or with an
ESI/ HRMS at 60,000 resolution using Thermo Scientific Exactive mass spectrometer with
orbitrap analyzer. Gas chromatographic analysis was performed using GCMS-TQ8030
SHIMADZU.

2.72 Detection of dimethylsulphide (DMS) by GCMS

Gas chromatographic analysis was performed using GCMS-TQ8030 SHIMADZU.
Reaction (0-aminobenzyl alcohol 1a (12 mg, 0.1 mmol), acetophenone 9b (10 mg, 0.08
mmol), KOH (5 mg, 0.08 mmol) in DMSO (0.5 mL)) was incubated in Head Space reaction
chamber (15 min at 60 °C). 1uL of the gaseous sample was injected onto a GC equipped with
an MS and a medium polar capillary column Rxi-5Sil MS, (30m X 0.25mm I. D., 0.25um),
the oven program had an initial temperature of 30 °C for 1 min, increased to 60 °C for 2min
at the rate of 5 °C /min followed by the temperature was increased to 220 °C for 1min at the

rate of 5 °C /min. Finally, the temperature was increased to 250 °C at the rate of 2 °C /min for
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8 min. The total run time was 47.75 min. The detector temperature and injection temperature

were 250 °C, and helium was used as the carrier gas with a purity of 99.999% at a flow rate

of ImL/ min. The samples were injected in the splitless mode. The ion energy used for the

electron impact ionization (EI) mode was 70eV. The mass range scanned was 50 - 1000 m/z.

The formation of DMS was identified by comparing the mass spectra with the spectra of

reference compound (DMS) in the mass spectral library of NIST and WILEY.

Chromatogram (All TIC)

[}
31,981,652 B
~
/]
R
3 >
g g 3
(2]
5 o | TIC*L.00
% N
T,w /’.{y I e I “ s
200 30.0 40.0 470
min
Figure 2.3: GC-MS Spectra 1
Spectrum
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Figure 2.4: GC-MS Spectra 2
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Peaki| Ret.Time | Start Tm End Tm m/z Area Area® Height Height % A/H Mark Name
1 1.887 1775 2115 TIC 1558097 012 212043 063 735 | MI Dimethyl sulfide

2 7543 6.590 8.420 TIC | 1305250564 96.91 27739885 8248 4705 | MI Dimethylsulfoxanium formylmethyiide

3 9641 9.550 9.805 TIC | 10845217 0.81 2511315 747 432 | M Benzene . (1-methrylethyd}-

4 11.976 11.865 12130 Tic 2345489 0.a7 630940 188 372 M Benzene . {1-methylethenyl)-

5 38.570 38510 39.560 TIC | 26868573 199 2535502 754 1060 | MI Quinolinium, 1-methyl-2-phernyl-, iodide

Figure 2.5: GC-MS Spectra 3
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Figure 2.6: Mass spectral data of DMS (WILEY library)

2.73 Experimental procedure for the synthesis of substituted quinoline derivatives

To a reaction tube equipped with a magnetic stirring bar, acetophenone 9 (1.0 equiv.),
o-aminobenzylalcohol 1 (1.2 equiv.) KOH (1 equiv.) and 1 mL of DMSO were added. The
resultant reaction mixture was kept for stirring at 80°C for 7 h. After completion of the
reaction, water was added and the aqueous layer was extracted thrice with ethylacetate. The
organic layer was dried over anhydrous Na.SO4 and the solvent was removed under vacuum.
The residue was then purified by column chromatography (neutral alumina, eluent: mixtures
of ethylacetate/hexanes) to afford the corresponding 2-substituted quinolones.

2-(4-methoxyphenyl)quinoline (10aa)®"4
Following the general experimental procedure with o-aminobenzylalcohol 1a (99 mg,
0.80 mmol), 4-methoxyacetophenone 9a (100 mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in
DMSO (1.0 mL) at 80 °C and subsequent stirring for 7 h. The crude product was purified by
neutral alumina column chromatography (10% ethyl acetate in hexane) to afford the desired
product 10aa as a white solid (138mg, 88%).
Analytical data of 10aa
Mp: 125-126 °C.
'H NMR (500 MHz, CDCls, TMS): & 8.18-8.13
(m, 4H), 7.84-7.79 (m, 2H), 7.70 (t, J = 7.5 Hz,
O t 1H), 7.49 (t, J = 7.5 Hz, 1H), 7.05 (d, J = 8.5 Hz,
N O 1H), 3.89 (s, 3H) ppm.
OCHs 13C{IH} NMR (125 MHz, CDCls): & 160.8, 156.9,
148.3, 136.6, 132.3, 129.6, 129.5, 128.9, 127.4,
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126.9, 125.9, 118.6, 114.2, 55.4 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H)* calcd for
C16H14NO 236.1070, found 236.1078.
2-phenylquinoline (10ab)®h142
Following the general experimental procedure with o-aminobenzyl alcohol 1a (99 mg,
0.80 mmol), acetophenone 9b (81 mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in DMSO (1.0
mL) at 80 °C and subsequent stirring for 7 h. The crude product was purified by neutral
alumina column chromatography (10% ethyl acetate in hexane) to afford the desired product
10ab as a white solid (103 mg, 75%). For the gram-scale preparation of 10ab, the yield was
70% (1.19 g).
Analytical data of 10ab
Mp: 84-87 °C.
'H NMR (500 MHz, CDClz, TMS): § 8.20-8.15
(m, 4H), 7.85 (d, J = 8.5 Hz, 1H), 7.80 (d, J = 8
O j Hz, 1H), 7.73-7.70 (m, 1H), 7.53-7.49 (m, 3H),
N O 7.47-7.44 (m, 1H) ppm.
BC{IH} NMR (125 MHz, CDCls, TMS): 5 157.4,
148.3, 139.7, 136.8, 129.8, 129.7, 129.3, 128.9,
127.6, 127.5, 127.2, 126.3, 119.1 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
C15H12N 206.0964, found 206.0975.
2-(p-tolyl)quinoline (10ac)®142
Following the general experimental procedure with o-aminobenzyl alcohol 1a (99 mg,
0.80mmol), 4-methylacetophenone 9¢ (90mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in
DMSO (1.0 mL) at 80 °C and subsequent stirring for 7 h. The crude product was purified by
neutral alumina column chromatography (10% ethyl acetate in hexane) to afford the desired
product 10ac as a white solid (117 mg, 80%).
Analytical data of 10ac
Mp: 81-84 °C.
'H NMR (500 MHz, CDCls, TMS): 6 8.17 (t, J =
9 Hz, 2H), 8.07 (d, J = 8 Hz, 2H), 7.84 (d, J = 8.5
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O X Hz, 1H), 7.80 (d, J = 8 Hz, 1H), 7.71 (t, J = 8 Hz,
NT O 1H), 7.50 (t, J = 7.5 Hz, 1H), 7.32 (d, J = 7.5 Hz,
2H), 2.43 (s, 3H) ppm.

BC{H} NMR (125 MHz, CDCl): & 157.4,
148.3, 139.4, 136.9, 136.7, 129.7, 129.6, 127.4,
127.1, 126.1, 118.9, 21.4 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
CieH14N 220.1121, found 220.1124.

2-(2-methoxyphenyl)quinoline (10ad)5"42

Following the general experimental procedure with o-aminobenzylalcohol 1a (99 mg,
0.80 mmol), 2-methoxyacetophenone 9d (100 mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in

DMSO (1.0 mL) at 80 °C and subsequent stirring for 7 h. The crude product was purified by

neutral alumina column chromatography (10% ethyl acetate in hexane) to afford the desired

product 10ad as a colourless liquid (129 mg, 82%).

Analytical data of 10ad
'H NMR (500 MHz, CDCls, TMS): 6 8.18-8.13
(m, 2H), 7.89-7.82 (m, 3H), 7.70 (t, J = 7.5 Hz,

1H), 7.52 (t, J

O ) OMe 1H), 7.13 (t, J

7.5 Hz, 1H), 7.42 (t, J = 8 Hz,
7.5Hz, 1H), 7.03 (d, J = 8 Hz,

~
N O 1H), 3.86 (s, 3H) ppm.
BBC{!H} NMR (125 MHz, CDCl): & 157.2,

157.2, 148.3, 135.1, 131.5, 130.4, 129.8, 129.6,
129.2, 127.4, 127.1, 126.2, 123.5, 121.3, 1114,

55.7 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
C16H14NO 236.1070, found 236.1072.

2-(o-tolyl)quinoline (10ae)®"42

Following the general experimental procedure with o-aminobenzylalcohol 1a (99 mg,
0.80 mmol), 2-methylacetophenone 9e (90 mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in

DMSO (1.0 mL) at 80 °C and subsequent stirring for 7 h. The crude product was purified by
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neutral alumina column chromatography (10% ethyl acetate in hexane) to afford the desired
product 10ae as a white solid, 104 mg (71%).

=
e

2-(quinolin-2-yl)phenol (10af)!4

Analytical data of 10ae:

Mp: 69-71°C

IH NMR (500 MHz, CDCl3, TMS): 5 8.21 (d, J =
8 Hz, 1H), 8.16 (d, J = 8.5 Hz, 1H), 7.86 (d, J = 8
Hz, 1H), 7.74 (t, J = 8 Hz, 1H), 7.58-7.53 (m,
2H), 7.50 (d, J = 7 Hz, 1H), 7.36-7.33 (m, 3H),
2.41 (s, 3H).

BC{!H} NMR (125 MHz, CDCl3): & 160.3,
147.9, 140.8, 136.1, 136.0, 130.9, 129.7, 129.6,
128.5, 127.5, 126.8, 126.4, 126.0, 122.4, 20.4
ppm.

HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
C1sH14N 220.1121, found 220.1124

Following the general experimental procedure with o-aminobenzylalcohol 1a (99 mg,
0.80 mmol), 2-hydroxyacetophenone 9f (92 mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in
DMSO (1.0 mL) at 80 °C and subsequent stirring for 7 h. The crude product was purified by

neutral alumina column chromatography (10% ethyl acetate in hexane) to afford the desired
product 10af as a white solid (83 mg, 56%).

Analytical data of 10af

Mp: 113-115 °C.

IH NMR (500 MHz, CDCls, TMS): § 15.24 (s,
1H), 8.27 (d, J = 9 Hz, 1H), 8.06-8.03 (m, 2H),
7.95 (d, J =8 Hz, 1H), 7.83 (d, J =8 Hz, 1H), 7.74
(t, J=8 Hz, 1H), 7.57-7.54 (m, 1H), 7.37 (t, J = 7.
5Hz,1H) 7.09 (d, J =8.5Hz, 1H),6.96 (t, J=7.5
Hz, 1H) ppm.

BC{*H} NMR (125 MHz, CDCI3): & 161.0,
158.0, 144.8, 137.6, 130.5, 127.6, 127.5, 126.9,
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126.7, 126.6, 119.0, 118.7, 118.7, 117.3 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H)* calcd for

C15H12NO 222.0913, found 222.0924.
2-(2,5-dimethoxyphenyl)quinolone (10ag)

Following the general experimental procedure with o-aminobenzylalcohol 1a (99 mg,
0.80 mmol), 2,5-dimethoxyacetophenone 9g (121 mg, 0.67 mmol), KOH (38 mg, 0.67 mmol)
in DMSO (1.0 mL) at 80 °C and subsequent stirring for 7 h. The crude product was purified
by neutral alumina column chromatography (10% ethyl acetate in hexane) to afford the
desired product of 10ag as a white solid (138 mg, 78%).

Analytical data of 10ag
Mp: 141-143 °C.
!H NMR (500 MHz, CDCls, TMS) 5 8.16 (t, J
= 9.5 Hz, 2H), 7.91 (d, J = 8 Hz, 1H), 7.83 (d, J
= 8.5 Hz, 1H), 7.72-7.70 (m, 1H), 7.53 (t, J =
7.5 Hz, 1H), 7.45 (s, 1H), 6.98 (s, 2H), 3.86 (s,
O N OCHs 3H), 3.81 (s, 3H) ppm.

N O BC{H} NMR (125 MHz, CDCls) & 156.9,
154.1, 151.6, 148.3, 135.2, 130.4, 129.7, 129.3,
127.4, 127.1, 126.3, 123.4, 116.2, 116.1, 113.3,
56.6, 55.9 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
C17H16NO2 266.1176, found 266.1181.

2-(2,3,4-trimethoxyphenyl)quinoline (10ah)

Following the general experimental procedure with o-aminobenzylalcohol 1a (99 mg,
0.80 mmol), 2,3,4-trimethoxyacetophenone 9h (141 mg, 0.67 mmol), KOH (38 mg, 0.67
mmol) in DMSO (1.0 mL) at 80 °C and subsequent stirring for 7 h. The crude product was
purified by neutral alumina column chromatography (10% ethyl acetate in hexane) to afford
the desired product of 10ah a white solid (172 mg, 87%).

Analytical data of 10ah
Mp: 104—-106 °C.
'H NMR (500 MHz, CDClz, TMS) & 8.16-8.15



54 Chapter 2

(m, 2H), 7.90 (d, J = 9 Hz, 1H), 7.84 (d, J = 8 Hz,
1H), 7.71 (t, J = 7.5 Hz, 1H), 7.62 (d, J = 8.5 Hz,
1H), 7.53 (t, J = 7.5 Hz, 1H), 6.85 (d, J = 8.5Hz,
1H), 3.95 (s, 3H), 3.93 (s, 3H), 3.77 (s, 3H) ppm.
13C{IH} NMR (125 MHz, CDCI3): & 156.6,
154.6, 152.3, 148.3, 142.4, 135.5, 129.6, 129.3,
127.6, 127.4, 127.0, 126.1, 125.8, 122.9, 108.1,
61.5, 61.1, 56.2 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
Ci1sH1sN0O3 296.1281, found 296.1287.
2-(3-(trifluoromethyl)phenyl)quinoline (10ai)**°

Following the general experimental procedure with o-aminobenzylalcohol 1a (99 mg,
0.80 mmol), 3-trifluoromethyl acetophenone 9i (126 mg, 0.67 mmol), KOH (38 mg, 0.67
mmol) in DMSO (1.0 mL) at 80 °C and subsequent stirring for 7 h. The crude product was
purified by neutral alumina column chromatography (10% ethyl acetate in hexanes) to afford
the desired product 10ai as a white solid (84 mg, 46%).

Analytical data of 10ai

Mp: 51-53 °C.

'H NMR (500 MHz, CDClz, TMS): & 8.47 (s,
1H), 8.36 (d, J = 7.5 Hz, 1H), 8.28 (d, J = 8.5 Hz,

O A 1H), 8.19 (d, J = 8.5 Hz, 1H), 7.90 (d, J = 8.5 Hz,
N O 1H), 7.86 (d, J = 8.5 Hz, 1H), 7.78-7.72 (m, 2H),
7.65 (t, J = 7.5 Hz, 1H), 7.57 (t, J = 7.5 Hz, 1H)

CFs oom.

BC{IH} NMR (125 MHz, CDCls): & 155.6,
148.3, 140.4, 137.2, 131.3 (g, j = 32.5 Hz),
130.7, 130.0, 129.8, 129.3, 127.5, 127.4, 126.8,
125.9 (g, j = 3.8 Hz), 124.4 (q, j = 3.8 Hz), 118.6
ppm.

HRMS (ESI-Orbitrap) m/z: (M+H)* calcd for
CisH11F3N 274.0844, found 274.0851.
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2-(3-nitrophenyl)quinoline (10aj)**

Following the general experimental procedure with o-aminobenzylalcohol 1a (99 mg, 1.2
0.80 mmol), 3-nitroacetophenone 9j (110.6 mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in
DMSO (1.0 mL) at 120 °C and subsequent stirring for 12 h. The crude product was purified
by neutral alumina column chromatography (10% ethyl acetate in hexanes) to afford the
desired product 10aj as a white solid (44 mg, 26%).

Analytical data of 10aj
'H NMR (500 MHz, CDCl3, TMS): 8 9.06 (s,
1H), 8.57 (d, J = 8 Hz, 1H), 8.33—8.31 (m, 2H),
8.20 (d, J = 8 Hz, 1H), 7.95 (d, J = 8.5Hz, 1H),
O h 7.88 (d, J = 7.5 Hz, 1H), 7.79 (t, J = 8 Hz, 1H),
N O 7.72 (t, J = 8 Hz, 1H), 7.60 (t, J = 7.5 Hz, 1H).
BC{*H} NMR (125 MHz, CDCls): § 148.3,
141.3, 137.4, 137.1, 133.3, 130.2, 129.9, 129.8,
127.6,127.1, 123.9, 122.5, 118.4 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
C15H11N20; 251.0815, found 251.0825.

NO,

2-Ferrocenylquinoline (10al)4
Following the general experimental procedure with o-aminobenzylalcohol 1a (99 mg,

0.80 mmol), acetylferrocene 9l (153 mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in DMSO
(1.0 mL) at 80 °C and subsequent stirring for 7 h. The crude product was purified by neutral
alumina column chromatography (10% ethyl acetate in hexane) to afford the desired product
10al as red solid (94 mg, 45%).

Analytical data of 10l

Mp: 135-138 °C.

'H NMR (500 MHz, CDCls, TMS): 6 8.04 (d, J

=
- = 8.5 Hz, 2H), 7.75 (d, J = 8 Hz, 1H), 7.66 (d, J
N
= 7.5 Hz, 1H), 7.57 (d, J = 8.5 Hz, 1H), 7.48—
Fe 7.45 (m, 1H), 5.07 (s, 2H), 4.47 (s, 2H), 4.06 (s,

5H) ppm.
BC{IH} NMR (125 MHz, CDCI3): & 159.5,
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148.3, 135.4, 129.4, 129.0, 127.5, 126.7, 125.4,

119.5, 84.0, 70.4, 69.7, 68.0 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H)* calcd for

C13H10NS 314.0627, found 314.0621.
2-(naphthalen-2-yl)quinoline (10am).14

Following the general experimental procedure with o-aminobenzyl alcohol 1a (99 mg,
0.80 mmol), 2-acetonaphthone 9m (114 mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in
DMSO (1.0 mL) at 80 °C and subsequent stirring for 14 h. The crude product was purified by
neutral alumina column chromatography (10% ethyl acetate in hexane) to afford the desired
product 10am as a pale yellow solid (135 mg, 79%).

Analytical data of 10am

Mp: 136 —139 °C

'H NMR (300 MHz, CDClz, TMS): 6 8.63 (s,

1H), 8.39 (dd, J1= 8.7 Hz, J2 = 1.8 Hz, 1H), 8.27—
O \/ 8.23 (m, 2H), 8.04-7.99 (m, 3H), 7.93-7.89 (m,

N OO 1H), 7.86-7.83 (m, 1H), 7.79-7.74 (m, 1H)

7.58-7.53 (m, 3H) ppm.

BC{*H} NMR (75 MHz, CDClz3): 6 157.1, 148.3,

136.9, 136.8, 133.8, 133.5, 129.7, 129.7, 128.8,

128.6, 127.7, 127.5, 127.2, 127.1, 126.7, 126.3,

126.3, 125.0, 119.1 ppm.

1,3-di(quinolin-2-yl)benzene (10an).**

Following the general experimental procedure with o-aminobenzylalcohol 1a (197 mg,
1.6 mmol), 1,3-diacetylbenzene 9n (109 mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in
DMSO (1.0 mL) at 80 °C and subsequent stirring for 7 h. The crude product was purified by
neutral alumina column chromatography (10% ethyl acetate in hexane) to afford the desired
product 10an as a white solid (153 mg, 69%).

Analytical data of 10an
Mp: 138-141 °C.
'H NMR (500 MHz, CDCls, TMS): & 8.97 (s,
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1H), 8.30-8.27 (m, 4H), 8.23 (d, J = 8.5 Hz, 2H),
8.04 (d, J = 9 Hz, 2H), 7.86 (d, J = 8 Hz, 2H),
7.75 (t, J = 7.5 Hz, 1H), 7.70 (t, J = 8 Hz, 1H),
7.55 (t, J =8 Hz, 2H) ppm.

BC{!H} NMR (125 MHz, CDCls): & 157.2,
148.3, 140.3, 136.9, 129.8, 129.8, 129.5, 128.6,
127.5, 127.3, 126.8, 126.4, 119.2 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
C17H24N2 333.1386, found 333.1395.

2-(pyridin-2-yl)quinoline (10ao)*

Following the general experimental procedure with o-aminobenzylalcohol 1a (99 mg,
0.80 mmol), 2-acetylpyridine 90 (81 mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in DMSO
(1.0 mL) at 80 °C and subsequent stirring for 7 h. The crude product was purified by neutral
alumina column chromatography (10% ethyl acetate in hexane) to afford the desired product
10a0 as a white solid (103 mg, 75%).

Analytical data of 10ao

Mp: 98—100°C.

'H NMR (500 MHz, CDCls, TMS): 6 8.74-8.73
(1H, m), 8.65 (d, J = 8 Hz, 1H), 8.56 (d, J = 8.5
Hz, 1H), 8.28 (d, J = 8.5 Hz, 1H), 8.18 (d,J=8.5

N Hz, 1H), 7.88-7.84 (m, 2H), 7.73 (t, J = 8 Hz,
N/ | AN 1H) 7.55 (t, J = 7.5Hz, 1H), 7.35 (t, J = 6 Hz,
Z 1H) ppm.

BC{'H} NMR (125 MHz, CDCls): & 156.4,
156.2, 149.2, 148.0, 137.0, 136.8, 129.8, 129.6,
128.3, 127.6, 126.8, 124.1, 121.9, 119.0 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
C14H11N2 207.0917, found 207.0922.
2-(furan-2-yl)quinoline (10ap)**?
Following the general experimental procedure with o-aminobenzylalcohol 1a (99 mg,
0.80 mmol), 2-acetylfuran 9p (74 mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in DMSO (1.0
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mL) at 80 °C and subsequent stirring for 7 h. The crude product was purified by neutral

alumina column chromatography (10% ethyl acetate in hexanes) to afford the desired product

10ap as a white solid (90 mg, 69%).

2-(thiophen-2-yl)quinoline (10aqg)*

Analytical data of 10ap

Mp: 87-89 °C.

'H NMR (500 MHz, CDCls, TMS): 6 8.17 (d,J =
8.5 Hz, 1H), 8.13 (d, J = 8.5 Hz, 1H), 7.83 (d, J =
8.5 Hz, 1H), 7.79 (d, J = 8 Hz, 1H), 7.72-7.69 (m,
1H), 7.63 (s, 1H), 7.50 (t, J = 7.5 Hz, 1H), 7.22 (s,
1H), 6.60 (s, 1H) ppm.

BC{*H} NMR (125 MHz, CDCl3): & 149.0,
144.2, 136.7, 129.9, 129.4, 127.6, 127.2, 126.2,
117.5,112.2, 110.2 ppm.

Following the general experimental procedure with o-aminobenzylalcohol 1a (99 mg,
0.80 mmol), 2-acetylthiophene 99 (85 mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in DMSO
(1.0 mL) at 80 °C and subsequent stirring for 7 h. The crude product was purified by neutral

alumina column chromatography (10% ethyl acetate in hexane) to afford the desired product

10aq as a white solid (92 mg, 65%).

Analytical data of 10aq

Mp: 131-134 °C.

'H NMR (500 MHz, CDCls, TMS): 8 8.15(d,J =
8.5 Hz, 1H), 8.10 (d, J = 8.5 Hz, 1H), 7.82-7.76
(m, 3H), 7.70 (t, J = 7.5 Hz, 1H), 7.51-7.47 (m,
2H), 7.18—=7.16 (m, 1H), ppm.

BC{IH} NMR (125 MHz, CDCl3): & 1524,
148.1, 136.7, 129.8, 129.3, 128.6, 128.1, 127.5,
126.1, 125.9, 117.7 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
C13H10NS 212.0528, found 212.0539.
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1,2,3,4-tetrahydroacridine (10ar)c

Following the general experimental procedure with o-aminobenzylalcohol la (99 mg,
0.80 mmol), cyclohexanone 9r (66 mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in DMSO
(1.0 mL) at 80 °C and subsequent stirring for 7 h. The crude product was purified by neutral
alumina column chromatography (10% ethyl acetate in hexane) to afford the desired product
10ar as a pale yellow solid (88 mg, 72%).

Analytical data of 10ar

'H NMR (300 MHz, CDCls, TMS): 8 7.99 (d,J =
N 8.4 Hz, 1H), 7.77 (s, 1H), 7.67 (d, J = 8.1 Hz, 1H),

m 7.62-7.56 (m, 1H), 7.44-7.39 (m, 1H), 3.13 (t, J =

N 6.6 Hz, 2H), 2.94 (t, J = 6.6 Hz, 2H), 2.02-1.93

(m, 2H), 1.88-1.83 (m, 2H) ppm.

BC{IH} NMR (75 MHz, CDCls): § 159.2, 146.3,

135.1, 130.9, 128.5, 128.0, 127.1, 126.8, 125.5,

33.4,29.1, 23.1, 22.8 ppm.

2-methyl-1,2,3,4-tetrahydroacridine (10as)*

Following the general experimental procedure with o-aminobenzylalcohol 1a (99 mg,
0.80 mmol), 4-methylcyclohexanone 9s (75mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in
DMSO (1.0 mL) at 80 °C and subsequent stirring for 7 h. The crude product was purified by
neutral alumina column chromatography (10% ethyl acetate in hexane) to afford the desired
product 10as as a white solid (90 mg, 68%).

Analytical data of 10as

Mp: 78—79°C.

IH NMR (500 MHz, CDCls, TMS): & 7.97 (d, J

= 8.5 Hz, 1H), 7.74 (s, 1H), 7.66 (d, J = 8 Hz,

1H), 7.59 (t, J = 7.5 Hz, 1H), 7.41 (t, J = 7.5 Hz,

1H), 3.23-3.20 (m, 1H), 3.12-3.05 (m, 1H),

X 3.00-2.96 (m, 1H), 2.59-2.53 (m, 1H),

(;(N:O/ 2.06-1.95 (m, 2H), 1.62—1.54 (m, 1H), 1.11 (d, J

= 7 Hz, 3H).

BC{IH} NMR (125 MHz, CDCls): & 159.1,
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146.7, 135.0, 130.6, 128.5, 128.3, 127.2, 126.9,
125.5, 37.8, 33.1, 31.4, 29.1, 21.7 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H)* calcd for
C14H16N 198.1277, found 198.1286.
7,8,9,10-tetrahydro-6H-cyclohepta[b]quinoline (10at)4
Following the general experimental procedure with o-aminobenzylalcohol la (99 mg,
0.80 mmol), cycloheptanone 9t (75 mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in DMSO
(1.0 mL) at 80 °C and subsequent stirring for 7 h. The crude product was purified by neutral
alumina column chromatography (10% ethyl acetate in hexane) to afford the desired product
10at as a white solid (84 mg, 64%).
Analytical data of 10at
Mp: 92-94°C.
'H NMR (500 MHz, CDCls, TMS): 8 8.00 (d, J =
8.5 Hz, 1H), 7.79 (s, 1H), 7.70 (d, J = 8 Hz, 1H),
7.61 (t, J =8 Hz, 1H), 7.44 (t, J = 7.5 Hz, 1H),

m 3.21-3.20 (m, 2H), 2.93-2.92 (m, 2H), 1.89-1.74
N (m, 6H) ppm.

BBC{IH} NMR (125 MHz, CDCls): & 164.7,

146.2, 136.5, 134.6, 128.5, 128.4, 127.4, 126.8,

125.8, 40.1, 35.5, 32.2, 28.9, 27.0 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for

C1aH16N 198.1277, found 198.1270.
6,7,8,9,10,11-hexahydrocycloocta[b]quinoline (10au)*

Following the general experimental procedure with o-aminobenzylalcohol 1a (99 mg,
0.80 mmol), cyclooctanone 9u (85mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in DMSO (1.0
mL) at 80 °C and subsequent stirring for 7 h. The crude product was purified by neutral
alumina column chromatography (10% ethyl acetate in hexane) to afford the desired product

10au as a colorless liquid (74 mg, 52%).

Analytical data of 10au
'H NMR (500 MHz, CDCls, TMS): 6 8.03 (d, J =



Super base Mediated Indirect Friedldnder Reaction 61

)
=
N

5,6-dihydrobenzo[c]acridine (10av)*

8.5 Hz, 1H), 7.84 (s, 1H), 7.73 (d, J = 8 Hz, 1H),
7.62 (t, J =7.5Hz, 1H), 7.45 (t, J = 7.5 Hz, 1H),
3.17 (t, J = 6.5 Hz, 2H), 2.96 (t, J = 6 Hz, 2H),
1.90 (s, 2H), 1.78 (s, 2H), 1.41 (s, 4H) ppm.
BC{IH} NMR (125 MHz, CDCls): & 163.2,
147.0, 135.2, 135.0, 128.5, 128.4, 127.6, 126.9,
125.6, 35.3, 32.7, 32.1, 31.0, 26.0, 25.9 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
CisH1sN 212.1434, found 212.1438.

Following the general experimental procedure with o-aminobenzylalcohol 1a (99 mg,
0.80), 1-tetralone 9v (98 mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in DMSO (1.0 mL) at
80°C and subsequent stirring for 7 h. The crude product was purified by neutral alumina

column chromatography (10% ethyl acetate in hexane) to afford the desired product 10av as

a white solid (138 mg, 89%).

Analytical data of 10av

Mp: 59-62°C.

'H NMR (500 MHz, CDCls, TMS): 6 8.57 (d, J =
8 Hz, 1H), 8.13 (d, J = 8.5 Hz, 1H), 7.92 (s, 1H),
7.74 (d, J = 8 Hz, 1H), 7.66-7.63 (m, 1H),
7.48—7.41 (m, 2H), 7.37 (t, J = 7. 5 Hz, 1H), 7.27
(d, J=7.5Hz, 1H), 3.13 (t, J = 7 Hz, 2H), 3.01 (t,
J=7Hz, 2H) ppm.

BC{IH} NMR (125 MHz, CDCls): § 153.4,
147.7, 139.4, 134.7, 133.7, 130.6, 129.7, 129.4,
129.1, 128.7, 128.0, 127.9, 127.4, 126.9, 126.1,
28.9, 28.4 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
Ci7HuN 232.1121, found 232.1129.
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4-methoxy-5,6-dihydrobenzo[c]acridine (10aw)

Following the general experimental procedure with o-aminobenzylalcohol 1a (99 mg,
0.80 mmol), 5-methoxy-1-tetralone 9w (118 mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in
DMSO (1.0 mL) at 80 °C and subsequent stirring for 7 h. The crude product was purified by
neutral alumina column chromatography (10% ethyl acetate in hexane) to afford the desired
product 10aw as a white solid (157 mg, 90%).

Analytical data of 10aw

Mp: 120-123°C.

'H NMR (500 MHz, CDCls, TMS): § 8.22 (d,J =
7.5 Hz, 1H), 8.12 (d, J = 8.5 Hz, 1H), 7.92 (s, 1H),
7.74 (d, =8 Hz, 1H), 7.65-7.62 (m, 1H), 7.47 (4,
J =75 Hz, 1H), 7.38 (t, J = 8.5Hz, 1H), 6.96 (d, J
=8 Hz, 1H), 3.90 (s, 3H), 3.09 (t, J = 6.5 Hz, 2H),
3.02 (t, J = 6.5 Hz, 2H) ppm.

BC{*H} NMR (125 MHz, CDCl3): & 156.3,
153.4, 147.6, 135.9, 133.6, 130.6, 129.5, 128.5,
128.2, 127.9, 127.4, 126.9, 126.1, 118.4, 111.4,
55.7, 28.3, 20.4 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H)* calcd for
C1sH16NO 262.1226, found 262.1236.

3-methyl-2-phenylquinoline (10ax)*

Following the general experimental procedure with o-aminobenzylalcohol 1a (99 mg,
0.80 mmol), propiophenone 9x (90 mg, 0.67 mmol), KOH (38 mg, 0.67 mg) in DMSO (1.0
mL) at 80 °C and subsequent stirring for 7 h. The crude product was purified by neutral
alumina column chromatography (10% ethyl acetate in hexane) to afford the desired product
10ax as a colourless liquid (89 mg, 61%).

Analytical data of 10ax

1H NMR (500 MHz, CDCls, TMS): & 8.13 (d, J
= 8 Hz, 1H), 8.00 (s, 1H), 7.76 (d, J = 8 Hz, 1H),
7.67-7.64 (m, 1H), 7.58 (d, J = 7 Hz, 2H),
7.52-7.47 (m, 3H), 7.44-7.41 (m, 1H), 2.45 (s,
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X 3H) ppm.
O NG BC{*H} NMR (125 MHz, CDCl3): & 160.6,
O 146.6, 140.9, 136.8, 129.3, 129.2, 128.9, 128.8,
128.3, 128.2, 127.6, 126.8, 126.4, 20.7 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
C1eH14N 220.1121, found 220.1134.
3-ethyl-2-phenylquinoline (10ay)*

Following the general experimental procedure with o-aminobenzylalcohol 1a (99 mg,0.80
mmol), butyrophenone 9y (99 mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in DMSO (1.0
mL) at 80 °C and subsequent stirring for 7 h. The crude product was purified by neutral
alumina column chromatography (10% ethyl acetate in hexanes) to afford the desired product
10ay as a colourless liquid (90 mg, 58%).

Analytical data of 10ay

'H NMR (500 MHz, CDCls, TMS): 6 8.13 (d, J

= 8.5 Hz, 1H), 8.06 (s, 1H), 7.82 (d, J = 8 Hz,

1H), 7.68-7.65 (m, 1H), 7.56—7.53 (m, 3H),
O j 7.50-7.42 (m, 3H), 2.90 (q, J = 7.5 Hz,2H), 1.20

N O (t, J = 7.5Hz, 3H) ppm.

BC{*H} NMR (125 MHz, CDCls): & 160.7,

146.4, 140.9, 135.3, 134.9, 129.3, 128.8, 128.7,

128.3, 128.1, 127.8, 127.0, 126.4, 26.0, 14.7

ppm.

HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for

Ci17H16N 234.1277, found 234.1283.

4-isopropyl-1-methyl-1,2,3,4-tetrahydroacridine (10az)

Following the general experimental procedure with o-aminobenzylalcohol 1a (99 mg,
0.80 mmol), menthone (isomeric mixture) 9z (104 mg, 0.67 mmol), KOH (38 mg, 0.67
mmol) in DMSO (1.0 mL) at 80 °C and subsequent stirring for 7h. The crude product was
purified by neutral alumina column chromatography (10% ethyl acetate in hexanes) to afford
the desired product 10az as a colourless liquid and as an isomeric mixture (ratio 2:1) (109
mg, 68%).
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Analytical data of 10az

'H NMR (500 MHz, CDCls, TMS): 6 7.99 (d, J =
8.5 Hz,1.5 H), 7.94 (s, 0.53H), 7.85 (s, 1H), 7.72
(t, J = 8.5 Hz, 1.5H), 7.60 (t, J = 7Hz, 1.54H), 7.43
(t, J =7 Hz, 1.54H), 3.13-3.07 (m, 1.62H), 3.02 —
2.95 (m, 3.17H), 2.06-2.04 (m, 1.2H), 1.94-1.85
(m, 3.30H), 1.76-1.74 (m, 1.63H), 1.41 (d, J = 6.5
Hz, 1.6H), 1.37 (d, J = 7 Hz, 3.08H), 1.11 (d, J =
6.5 Hz, 3.04H), 1.07 (d, J = 7 Hz, 1.70H), 0.75 (d,
J = 6.5 Hz, 3.00H), 0.67 (d, J = 6.5 Hz, 1.63H)
ppm.

BC{!H} NMR (125 MHz, CDCls): § 162.0,
161.7, 146.7, 146.4, 137.1, 136.8, 134.2, 132.4,
128.7, 128.5, 128.3, 128.2, 127.1, 126.9, 126.8,
125.4, 47.6, 47.0, 33.3, 32.9, 31.4, 31.3, 30.5, 28.6,
23.1,21.8,21.2,21.0,20.8, 18.7, 17.5, 17.0 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
Ci17H22N 240.1747, found 240.1752.

(3aS,3bR,13S,13bS,15aR)-13,15a-dimethyl-1-(6-methylheptan-2-yl)-2,3,3a,3b,4,5,5a,6,
13,13a,13b,14,15,15a-tetradecahydro-1H-cyclopenta[5,6]naphtho[1,2-b]acridine (10aaa)
Following the general experimental procedure with o-aminobenzylalcohol 1a (99 mg,
0.80 mmol), cholestan-3-one 9aa (260 mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in DMSO
(2.0 mL) at 80 °C and subsequent stirring for 7 h. The crude product was purified by neutral

alumina column chromatography (10% ethyl acetate in hexane) to afford the desired product

10aaa as a white solid (88 mg, 28%).

Analytical data of 10aaa

Mp: 183-186 °C.

IH NMR (500 MHz, CDClz, TMS): 8 7.97 (d, J =
8.5 Hz, 1H), 7.81 (s, 1H), 7.70 (d, J = 8 Hz, 1H),
7.60 (t, J =7.5Hz, 1H), 7.43 (t, J = 7.5 Hz, 1H),
3.08 (dd, J1 =18 Hz, J2 = 5.0 Hz, 1H), 2.99 (d, J =
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4-methyl-2-phenylquinoline (10bb)49

16 Hz, 2H), 2.79 (dd, J: = 18 Hz, J; = 13 Hz, 1H),
2.61 (d, J = 16.0 Hz, 1H), 2.06 (d, J = 12 Hz, 1H),
1.88—1.75 (m, 3H), 1.67-1.62 (m, 5H), 1.54—1.47
(m, 2H), 1.40-1.34 (m, 4H), 1.28-1.21 (m, 2H),
1.15-1.04 (m, 6H), 1.02—0.98(m, 2H), 0.94 (d, J =
6 Hz, 3H), 0.87 (d, J = 6 Hz, 6H), 0.80 (s, 3H),
0.70 (s, 3H) ppm.

BC{IH} NMR (125 MHz, CDCls): & 158.6,
146.7, 135.7, 130.3, 128.5, 128.3, 127.3, 126.8,
125.4, 56.5, 56.4, 53.6, 43.6, 42.5, 42.3, 40.0, 39.5,
37.5, 36.2, 35.8, 35.6, 35.3, 31.7, 28.8, 28.3, 28.2,
24.3,23.9,22.8,22.6,21.4,18.7,12.0, 11.7 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
C17H22N 472.3938, found 472.3962.

Following the general experimental procedure with 1-(2-aminophenyl)ethan-1-ol 1b (110
mg, 80 mmol), acetophenone 9b (81 mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in DMSO
(1.0 mL) at 80 °C and subsequent stirring for 7 h. The crude product was purified by neutral

alumina column chromatography (10% ethyl acetate in hexane) to afford the desired product
10bb as a pale yellow solid (110 mg, 75%).

Analytical data of 10bb

'H NMR (300 MHz, CDCls, TMS): 5 8.31 —8.24
(m, 3H), 7.99 (d, J = 8.7 Hz, 1H), 7.80- 7.75 (m,
1H), 7.72 (s, 1H), 7.62 — 7.53 (m, 4H), 2.74 (s,
3H) ppm.

BC{*H} NMR (75 MHz, CDCl3): 5 156.8, 147.9,
144.6, 139.6, 130.1, 129.1, 129.0, 128.6, 127.4,
127.0, 125.8, 123.4, 119.5, 18.8 ppm.
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2,4-diphenylquinoline (10cb)!49
Following the general experimental procedure with (2-aminophenyl)(phenyl)methanol 1c
(159 mg, 0.80 mmol), acetophenone 9b (81 mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in
DMSO (1.0 mL) at 80 °C and subsequent stirring for 7 h. The crude product was purified by
neutral alumina column chromatography (10% ethyl acetate in hexane) to afford the desired
product 10cb as a pale yellow solid (135 mg, 72%).
Analytical data of 3ae
!H NMR (300 MHz, CDCls, TMS): § 8.27 (d,J =
8.4 Hz, 1H), 8.22 — 8.20 (m, 2H), 7.92 (d, J = 8.7
N Hz, 1H), 7.83 (s, 1H), 7.77 — 7.72 (m, 1H), 7.58 —
O NG 7.46 (m, 9H) ppm.
O BC{IH} NMR (75 MHz, CDCls): § 156.9, 149.2,
148.8, 139.6, 138.4, 130.1, 129.6, 129.4, 128.8,
128.6, 128.4, 127.6, 126.3, 125.8, 125.6, 119.4
ppm.
8-methyl-2-phenylquinoline (10db)4
Following the general experimental procedure with (2-amino-3-methylphenyl)methanol
1d (110 mg, 0.80 mmol), acetophenone 9b (81 mg, 0.67 mmol), KOH (37.5 mg, 0.67 mmol)
in DMSO (1.0 mL) at 80 °C and subsequent stirring for 7 h. The crude product was purified
by neutral alumina column chromatography (10% ethyl acetate in hexane) to afford the
desired product 10db as a pale yellow solid (126 mg, 86%).
Analytical data of 10db
'H NMR (300 MHz, CDCls, TMS): § 8.29-8.26 (m,
« 2H), 8.19 (d, J = 8.4 Hz, 1H), 7.91 (d, J = 8.4 Hz, 1H),
O P 7.67 (d, J = 8.1 Hz, 1H), 7.59 — 7.56 (m, 1H),
Me N O 7.54-7.51 (m, 2H), 7.49-7.45 (m, 1H) 7.44-7.39 (m,
1H), 2.92 (s, 3H) ppm.
BC{IH} NMR (75 MHz, CDCls): & 155.5, 147.1,
139.8, 137.7, 137.0, 129.7, 129.2, 128.8, 127.5, 127.1,
126.0, 125.4, 118.2, 17.9 ppm.
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2-phenyl-4-(trifluoromethyl)quinoline (10eb)

Following the general

experimental procedure with 1-(2-aminophenyl)-2,2,2-

trifluoroethan-1-ol 1e (151 mg, 0.80 mmol), acetophenone 9b (81 mg, 0.67 mmol), KOH
(37.5 mg, 0.67 mmol) in DMSO (1.0 mL) at 80 °C and subsequent stirring for 7 h. The crude
product was purified by neutral alumina column chromatography (5% ethyl acetate in
hexane) to afford the desired product 10eb as a white solid, 135 mg (74%).

Analytical data of 10eb

'H NMR (500 MHz, CDCls, TMS): 6 8.30 (d, J
= 8 Hz, 1H), 8.23-8.20 (m, 3H), 8.17 (d, J =8.5
Hz, 1H), 7.85 (t, J = 7.5 Hz, 1H), 7.69 (t, J = 8
Hz, 1H), 7.60-7.52 (m, 3H) ppm.

BC{!H} NMR (125 MHz, CDCls): & 156.7,
149.2, 138.5, 130.7, 130.4, 130.0 129.0, 127.9,
127.5, 123.9 (g, J = 2.5 Hz), 116.0(q, J = 1.3Hz)
ppm.

HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
Ci6H11F3N 274.0838, found 274.0842.

(2-((1-phenylethylidene)amino)phenyl)methanol (11)

The imine intermediate was synthesized by treating o-aminobenzylalcohol 1a (200 mg,
1.62 mmol), acetophenone 9b (194 mg, 1.62 mmol) in benzene (5.0 mL) at 100 °C during

which water was removed by azeotropic distillation. After 12 h, the reaction mixture was

allowed to cool and the precipitate formed was filtered and purified by washing with benzene
to afford the desired product 11 as a white solid (218 mg, 60%).

OH

CL,

Analytical data of 11

'H NMR (500 MHz, Acetone-ds, TMS): & 8.22
(d, J = 8.5 Hz, 1H), 8.16 (d, J = 8.5 Hz, 2H), 7.93
(d, J = 8.5 Hz, 2H), 7.80 (d, J = 8. Hz, 2H), 7.62
(t, J = 75. Hz, 1H), 7.41 (t, J = 7.5. Hz, H),
6.97(d, J = 8 Hz, 2H), 3.76 (s, 2H), 1.92 (s, 3H)
ppm.

BC{IH} NMR (125 MHz, CDCls): & 161.2,
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156.3, 148.3, 136.7, 131.8,129.5, 129.3, 128.7,
127.6, 127.0, 125.9, 118.1, 114.1, 54.8, 29.4
ppm.
HRMS (ESI-Orbitrap) m/z: (M+Na)* calcd for
C1sH1sNNaO 248.1046, found 248.1055.
(E)-3-(2-aminophenyl)-1-phenylprop-2-en-1-one (12)%°
To a mixture of 2-nitrobenzaldehyde (2g, 13.2 mmol) in ethanol (10 mL.) was added
acetophenone 9b (1.589 g, 13.24 mmol), NaOH (53 mg, 1.32mmol) and stirred at room
temperature for 2h. After the complete consumption of 2-nitrobenzaldehyde, the reaction
mixture was quenched with water. The crude product was filtered and recrystallized from
ethanol. To a solution of the resulting (E)-2-nitrochalcone (1 mmol) in ethanol (15 mL) was
added iron powder (183 mg, 3 mmol), followed by HCI (1.0 N, 1.3 mL). The reaction
mixture was vigorously stirred at 80 °C. After the complete consumption of (E)-2-
nitrochalcone, the reaction mixture was allowed to cool at room temperature and then
extracted with ethyl acetate. The organic layer was washed with saturated Na.COs solution
and brine dried over Na>.SOs, and concentrated to afford the desired product 12 as a yellow
solid, 116 mg (52%).
Analytical data of 12
IH NMR (500 MHz, CDCls, TMS): & 8.04-8.02
(m, 2H), 8.00 (d, J = 15.5 Hz, 1H), 7.60-7.57 (m,
0 1H), 7.54-7.48(m, 4H), 7.23-7.20 (m, 1H),

O X O 6.81(t, J = 7.5 Hz, 1H), 6.73 (d, J = 8 Hz, 1H),
NH, 4.07 (s, 2H) ppm.

BC{IH} NMR (125 MHz, CDCls): & 190.3,
146.2, 140.1, 138.4, 132.8, 131.7, 128.6, 128.5,
128.2,121.8, 120.3, 119.0, 116.8, ppm.
HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
C1sH1aNO 224.1070, found 224.1072.
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Chapter 3

Investigations on Superbase Mediated Reactivity of N-

Tosylhydrazones with Aza-ortho-Quinone Methide Precursors
-

3.1 Abstract

We have encountered a superbase-mediated chemoselective reaction of N-tosylhydrazones
with aza-ortho-quinone methide precursors. When tosylhydrazone was treated with ortho-
aminobenzyl alcohol in super basic conditions (KOH+DMSO), we observed the formation of
2-substituted quinoline. The reaction was found to be general, and by this method, mono-, di-
and tri-substituted quinolines could be made. We could prove experimentally that the reaction
proceeded via the formation of an azine from the basic decomposition of N-tosylhydrazones.
Whereas the reaction of tosylhydrazone with N-(2-(chloromethyl)phenyl)-4-methylbenzene
sulfonamide (aza-ortho-quinone methide precursor) under super basic conditions afforded

hydrazine substituted sulphonamides.

3.2 Introduction

N-Tosylhydrazones have found a plethora of applications in synthetic organic chemistry as
a source of diazo compounds, as a reagent in metal-free reactions, and as a coupling partner in
metal-catalyzed reactions.! N-Tosylhydrazones are stable organic compounds that can be
easily synthesized and purified, and the wide reactivity pattern exhibited by these was utilized
for carbon-carbon and carbon-heteroatom bond formation towards synthesizing acyclic,
carbocyclic, and heterocyclic compounds.? Organic chemists have utilized these nitrogenated
compounds for generating alkenes (Bamford-Stevens & Shapiro), cyclopropanes, pyrazoles,
triazoles, indazoles, benzofurans, indoles, pyridazines, thiadiazoles, phenanthridines to name
a few.1? In this Chapter, we disclose a chemoselective transformation of N-tosylhydrazones

towards functionalized quinolines and hydrazine-substituted sulphonamides.

Over the years, several methods were developed to generate aza-ortho-quinone methides,
and these reactive intermediates were utilized for accessing diverse families of
N-heterocycles.>* Ortho-aminobenzyl alcohol has been utilized to generate different
N-heterocycles, especially quinolines, via metal-catalysed® and metal-free methodologies.®
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Verma and co-workers have shown that aza-ortho-quinone methides can be generated from
ortho-aminobenzyl alcohol under super basic conditions, and they utilized these intermediates

to generate substituted quinolines by reacting with alkynes (Scheme 3.1).’

Ph Ph
Q0 /) e O
DMSO, 90 °C “
NHz o N~ ~Ph
1 2 3
Scheme 3.1 Superbase mediated synthesis of quinoline derivatives

Since the first report by Steinhagen and Corey on the generation of aza-ortho-quinone
methides from N-(o-chloromethyl)arylamides,® many groups have made use of this

intermediate as a 4r component for the [4+2] cycloaddition towards N-heterocycles.®

In 2017, Takaki et al. created a direct approach for synthesizing acridane derivatives based
on a 2:1 coupling reaction between arynes and imines (Scheme 3.2). As the arynes and imines
undergo a net [2+2] cycloaddition, transitory aza-ortho-quinone methides are produced. An

imine carbon requires the introduction of steric bulk to undergo this simple coupling.'%

KF (8.8 equiv.)

H 18-crown-6 (4.4 equiv.
SIECANEIE
R’ DME, 25 °C

Scheme 3.2 [4+2] Cycloaddition of aza-o-quinone methides with arynes

Wang et al. (2018) successfully developed an effective and convenient method for
synthesizing fullerotetrahydroquinolines from the hetero-Diels-Alder reaction of Ceo With in
situ generated aza-o-quinone methides from N-(o-chloromethyl)aryl sulfonamides using
catalytic amounts of Cu20 and 1,10-phenanthroline (Scheme 3.3).1% This approach is more
efficient than those that use inorganic bases such as Cs,COz, Na,COgz, and K>COa. This is the
first report of in situ aza-o-quinone methides generation via metal oxide mediation and this

methodology offers a high functional group tolerance and a broad substrate range.
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Z PN ol Cu,0 (20 mol %)
+ R1 >
NHSO,R; 1, 10-phen (30 mol %)

A, 3-6 h, CB (6 mL)

Scheme 3.3 [4+2] cycloaddition reaction of [60]fullerene with aza-o-quinone methides

In 2018, Liu and colleagues reported a moderate and catalyst-free inverse-electron-demand
[4+2] cycloaddition process of in situ produced aza-o-quinone methides with 1,3,5-triazinanes
(Scheme 3.4).1% This approach provides a simple and efficient way to obtain
tetrahydroquinazolines with a high yield.

R T R
cl N Na,CO, N~
R1@ N s )
NH N N. THF, r.t. l}l
4
0,S.
2> R

3
9 12

Scheme 3.4 Inverse-electron-demand [4+2]-cycloaddition for the synthesis of 1,3,5-

triazinanes

In 2020, the first instance of [4+2] cycloaddition of photogenerated aza-0-QMs with 1,3,5-
triazinane-derived formaldimines was disclosed by Chen and colleagues (Scheme 3.5). The
formation of aza-0-QMs from 2-vinylanilines and perfluoroalkyl radical precursors through
photocatalytic radicals, as well as the in situ release of formaldimines from 1,3,5-triazinanes,
are essential to these three-component process.% With the straightforward operation, easily
accessible substrates, and strong functional group tolerance, this redox-neutral technique offers

broadly applicable access to perfluoroalkylated tetrahydroquinazolines.

R¢
R S O O Re fac-{Ir(ppy)3] (2 mol%) N2
1 + + + N - Ry )
I}IH § o j Na,HPO, (2.0 equiv) N
SHOLAr R, OTf Rz/NvN\Rz 7W Blue LEDs, CH,Cl,. r.t S$0,Ar
13 14 11 15

Scheme 3.5 Accessing perfluoroalkylated tetrahydroquinazolines via an inverse-electron-

demand [4+2] cycloaddition
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Mo and colleagues came up with a method for making furo[3,2-b]quinolines and furo[2,3-
b:4,5-b"tetrhydroquinoline in the year 2020. Diquinolines are produced through a metal-free
[4+2] cycloaddition of readily accessible in situ produced aza-o-quinone methides and furans
(Scheme 3.6).2°" The reaction can produce the matching dihydro- or tetrahydrofuroquinolines
in good to excellent yields with wide substrate scope. Mechanistic investigations have revealed
that the reaction involves a coordinated [4+2] cycloaddition pathway and exhibits strong
regioselectivity and diastereoselectivity for furans. The reaction conditions were mild,

exhibited dearomatization of furans, and were also able to demonstrate gram-scalability.

S
R3
= % o)

SN Na,CO3, DCM, rt. X

16 18
Scheme 3.6 [4+2] cycloaddition of aza-o-quinone methides and furans yields furo[3,2-

b]quinolines and furo[2,3-b:4,5-b"]diquinolines.

In 2021, using N-(o-chloromethyl)aryl amides as a template, aza-o-quinone methides (aza-
0-QMs) underwent a base-mediated [4+2] cycloaddition (Scheme 3.7).1%9 With azlactones as
a coupling partner, this method produced several dihydroquinolinone derivatives in good to
excellent yields (up to 98%). This procedure has helped to increase the understanding of aza-
0-QM-related reactions while also providing a helpful technique for creating physiologically

significant dihydroquinolinone frameworks.

H
10 mol% TBAB R>
R : N_ _R;
Cl 2 N 1.1 equiv. Cs,CO
S NI S B £
NHTs o~ O CH3CN, r.t. ’}‘ ®)
9 20 MgSO, Ts 21

Scheme 3.7 [4+2] cyclization of aza-0-quinone methides with azlactones

In the same year, using aza-o-quinone methides (aza-0-QMs) and bicyclic alkenes in a
Cu20O-catalyzed [4+2] cycloaddition, Mo et al. created a range of tetrahydroquinoline-fused
bicycles carrying numerous stereocenters in excellent yields with great diastereoselectivity
(Scheme 3.8).1°" Mechanistic studies show that the Cu(l) catalyst expedites [4+2]
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cycloaddition, as well as accelerates the radical process that leads to the formation of aza-o-
QMs. The process is effortless to execute on a gram scale, and the resulting

tetrahydroquinoline-fused bicycles can be utilized to create a variety of tetrahydroquinoline

scaffolds.
R
R2 o ZH
R Cu,0 (5 mol%) 5 R,
R Cl 3 neocuproine (7.5 mol%) R Q w
1 + = A
[}jH R, PhCI, 120°C, 6 h l\ll |i| R4
T:
Ts X = CH,, O S
9 23
22

Scheme 3.8 A copper(l)-catalyzed [4+2] cycloaddition of aza-ortho-quinone methides and

bicyclic alkenes

Fartade et al. established a procedure employing intramolecular formal [4+2]-cycloaddition
of in situ-produced aza-o-quinone methide for the simple synthesis of 1,4-heterocycle-fused
quinoline motifs in 2021 (Scheme 3.9).1%" A tandem C-O, C-C, and C-N bond formation was
demonstrated, with a high degree of functional group tolerance. Enantiomerically enriched
1,4-oxazepino quinolines were produced utilizing alkynols generated from L-amino acids.
Pummerer cyclization was used to convert the sulfoxide-embedded quinolines to pentacyclic
1,4-thiepino tethered indeno-quinoline scaffolds.
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24

Scheme 3.9 1,4-heterocycle-fused quinolines synthesis through formal [4+2] cycloaddition

3.3 Statement of the problem
Different organic transformations such as styrylation, chalcogenation, cross-coupling,
heterocyclic synthesis, inter- and intramolecular hydroaminations were effected in superbasic

medium by Trofimov and others.**"*2 In most of the cases mentioned previously, a combination
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of KOH and DMSO was used to create the superbasic medium. From N-tosylhydrazones, we
could only find one report by Wang and Ji where the reaction of the former with anthranils
furnished 2-aryl-3-sulfonyl substituted quinoline derivatives under Cu(Il)/Ag(l) catalysis

(Scheme 3.10).13
NNHTs

_— Cu(OAc),, AgOTF O X
O +
=\ DCE, 110 °C

N d N//
28 29 30

Scheme 3.10 Synthesis of quinoline derivatives from N-tosylhydrazones and anthranils

In light of the reports on the use of aza-ortho-quinone methides and N-tosylhydrazones for
the generation of N-heterocycles and due to our continued interest in synthetic methodologies
towards heterocycles,** we chose to study the reactivity difference of aza-ortho-quinone
methide precursors such as ortho-aminobenzyl alcohol and N-(o-chloromethyl)arylamides

with N-tosylhydrazones in super basic medium (Scheme 3.11).

KOH
DMSO, 80 °C, 12 h
KOH
DMSO, 80 °C, 12 h ©\/\
NHTs

R4

32
NHTs

9

NNHTs

29

Scheme 3.11 Superbase mediated reactivity of N-tosylhydrazones with aza-ortho-quinone

methide precursors

3.4 Results and discussion
We planned to initiate the investigations on chemoselectivity with N-tosylhydrazone and

ortho-aminobenzyl alcohol under super basic conditions, and by following literature
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precedents,” 1° we were expecting either [4+1] or [4+3] addition products from the aza-ortho-
quinone methide and the hydrazine (Scheme 3.12). N-tosylhydrazone 29a (1.0 equiv.) derived
from acetophenone and ortho-aminobenzyl alcohol 1la (1.0 equiv.) were taken as test
substrates, and these were treated in the presence of KOH (1.0 equiv.) in DMSO at 80 °C for
12 h (Scheme 3.12). In contrast to our expectation, we isolated 2-phenyl quinoline 31aa from
the reaction mixture in 29% yield, and the product's structure was characterized by various
spectroscopic techniques such as *H NMR, *C NMR, and HRMS analysis, and compared with

the literature.

77777777777777777777777777777777777777777777

NNHTs : N :
) ©\/\OH KOH | @(\ NH |
: DMSO, 80 °C, 12 h | N @ |
NHy l H H ;
29a 1a 31aa (29% [4+1] adduct [4+3] adduct
not formed not formed

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Scheme 3.12 Reaction of N-tosylhydrazone and ortho-aminobenzyl alcohol

In the *H NMR spectrum (Fig 3.1) the aromatic protons were found to resonate between
8.25-7.46 ppm. In the 3C NMR (Fig 3.2) carbon signals were found to appear between 157.4-
119.1 ppm. All other signals in the H and *C NMR spectra were in agreement with the
proposed structure and literature. The high-resolution mass spectral analysis showed a peak at

m/z 206.0973 (M+H)*, which also supported the proposed structure.

The reaction was then optimized with 29a and 1a as substrates, and first, the amount of base
was increased to 2 and 3 equivalents (Table 3.1, entries 1-3), and it was found that for the
present annulation, 2.0 equivalents of the base was optimal. Then, the investigations by
increasing the amounts of ortho-aminobenzyl alcohol 1a were carried out, and the reaction
with 1.2 equivalents of 1a furnished 2-phenyl quinoline 31aa in 79% vyield. Next, the effect of
temperature on the reaction outcome was studied, and it was found that both increasing (100
°C) and decreasing (60 °C) the reaction temperature had a negative effect on the yield. Finally,
the optimized condition was a combination of 1.0 equivalents of 29a, 1.2 equivalents of 1a,
2.0 equivalents of KOH in DMSO at 80 °C for 12 h.
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Table 3.1 Optimisation studies

NNHTs
(7 O e OO
+
DMSO, T°C, 12 h Z
" C
29a la 3laa
Entry | la(equiv.) | KOH (equiv.) | T°C | Yield of 3laa (%)?
1 1.0 1.0 80 29
2 1.0 2.0 80 48
3 1.0 3.0 80 49
4 1.1 2.0 80 65
5 1.2 2.0 80 79
6 1.3 2.0 80 78
7 1.2 2.0 60 66
8 1.2 2.0 100 70

Reaction conditions:; 29a (1.0 equiv., 0.17 mmol), 1a, KOH, DMSO (1.0 mL), 60-100 °C,
12 h.

This unforeseen observation made us examine the mechanism and perform some control
experiments. First, we treated N-tosylhydrazone 29a with KOH in DMSO at 80 °C, and this
reaction resulted in the formation of the azine A in 94% yield, as shown in scheme 3.13(i). The
formation of azines from N-tosylhydrazones under basic conditions was reported earlier.'® By
considering the azine A as the stable intermediate formed from N-tosylhydrazone 29a, we
treated the former with twice the amount of ortho-aminobenzyl alcohol 1a, and this reaction
resulted in the formation of 2-phenyl quinoline 31aa in 94% yield (Scheme 3.13(ii)). The next
intermediate, i.e. aza-ortho-quinone, the generation of which was proved by Verma and co-

workers, methides from ortho-aminobenzyl alcohol under super basic conditions.’
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TsHN i_
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Scheme 3.13 Control experiments

Based on the control experiments and the literature precedents,”!® we have postulated a

CLx
NH,

1a

mechanism, as shown in scheme 3.14.

KOH-DMSO

\ ref. 7
TsHN .
base / tautomensm 4+2 cycloadditon
- -N HN—NH + -
ref.16 4%} ?} NH (hetero-Diels Alder)

o auto oxidation ' O | base
N ref.7 : H [
31aa ! E

Detected by
' mass spectroscopy |

Scheme 3.14 Mechanistic postulate for the formation of 2-aryl quinoline from the reaction of

N-tosylhydrazone and ortho-aminobenzyl alcohol under super basic conditions



Investigations on Superbase Mediated Reactivity of N-Tosylhydrazones 83

The azine A formed from N-tosylhydrazone 29a will undergo tautomerism to form
intermediate B, which will undergo a hetero Diels-Alder reaction with aza-ortho-quinone
methide C to form D. From the intermediate D, the formation of 2-phenyl-1,4-
dihydroquinoline E can occur by eliminating N.. From the intermediate E, 2-phenyl quinoline
31aa is formed by auto oxidation as reported by Verma et al.” We tried to detect the proposed
intermediates by mass spectroscopy, and from the data, we could confirm the presence of
2-phenyl-1,4-dihydroquinoline E, and we believe that all other intermediates must be having

extremely short half-lives.

The regioselectivity of the reaction can also be explained by the enamine addition, as shown
in Figure 3.3 The carbon end of the enamine B will add to the methide end of C, followed by
the cyclization from the N-end of C to the quaternary carbon of B, leading to the regioselective

formation of 2-aryl quinoline.

(J (]
e
fk

A

The regioselectivity can be explained by the
enamine addition to the methide carbon

|

Ph

\/

Fig. 3.3: Addition of enamine to azine

We then planned to study the generality of this reaction by varying N-tosylhydrazones and
ortho-aminobenzyl alcohols (Table 3.2). Under the optimized conditions, N-tosylhydrazone
derived from acetophenones bearing electron-donating substituents on the aryl ring reacted
well with ortho-aminobenzyl alcohol 1a, affording the products 31ba, 31ca, and 31da in
excellent yields. 2-Naphthyl quinoline 31ea and 2-phenanthrenyl quinoline 31fa were also
formed in good yields from the reactions of corresponding N-tosylhydrazones and ortho-
aminobenzyl alcohol 1a. The reaction yield decreased with acetophenones bearing electron-
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withdrawing substituents on the aryl ring, and thus 31lga was obtained in 58% vyield.
N-tosylhydrazone derived from 2-hexanone and acetyl cyclohexane also participated in the
reaction with 1a under superbasic medium, affording the products 2-butylquinoline 31ha and
2-cyclohexylquinoline 3lia in good yields. By this methodology, we could synthesize
2-heteroayl quinolines such as 2-(furan-2-yl)quinoline 31ja and 2-(thiophen-2-yl)quinoline
31ka in excellent yields. 1,2,3,4-tetrahydroacridine 31la was synthesized in good yield by
starting from the N-tosylhydrazone derived from cyclohexanone and ortho-aminobenzyl
alcohol 1a. The present reaction was extended from N-tosylhydrazone derived from
acetophenone to the one derived from propiophenone, whereby we could synthesize 3-methyl-
2-phenylquinoline 31ma in a 73% yield. By using ortho-aminobenzyl alcohols 1b-1d with
different substituents on the methylene unit and aryl ring, we could synthesize
2,4-diphenylquinoline  3lab, 4-methyl-2-phenylquinoline  3lac, and 7-chloro-2-
phenylquinoline 31ad in good to excellent yields. We could also synthesize 2,3,4-trisubstituted
quinolines 31mb and 31mc by starting from appropriately functionalized N-tosylhydrazone
and ortho-aminobenzyl alcohol. Finally, we utilized the N-tosylhydrazone derived from the

natural product vanillin to synthesize 31na in a 66% yield.

Table 3.2 The generality of the reaction between N-tosylhydrazone and ortho-aminobenzyl

alcohol under super basic conditions

Entry Tosylhydrazone Ortho- aminobenzyl Product Yield (%)
alcohol
NNHTs X
OH
1 N7 79%
NH,
29a 31aa
NNHTs O X
=
2 J©)\ ©\/\ N O 86%
H,CO OCH;
29b 31ba
NNHTs X
OH
3 N7 83%
NH,

29c¢ la 31ca

Reaction conditions: 29 (1.0 equiv., 0.35 mmol), 1a (1.2 equiv.), KOH (2.0 equiv.), DMSO (2.0mL), 80 °C, 12 h
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Entry Tosylhydrazone Ortho- aminobenzyl Product Yield (%)
alcohol
OMe NNHTs O Xy OMe
OH =
4 SO o I
NH,
OMe OMe
29d la 31da
NNHTs X
OH
> N7 71%
NH,
29e 1a 3lea
NNHTs N
OH
6 N7 78%
NH,
29f la 31fa
NNHTs X
OH _
7 N 58%
NH,
O,N NO,
29g 1a 31ga
NNHTs OH X
8 _ 62%
NH, N
29h la 31ha
NNHTs X
OH
? N7 77%
NH,
29i la 3lia
NNHTs X
OH
10 N/ (0} 90%
NH, |/
29j 1la 31ja

Reaction conditions: 29 (1.0 equiv., 0.35 mmol), 1a (1.2 equiv.), KOH (2.0 equiv.), DMSO (2.0 mL), 80 °C, 12 h.
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Entry Tosylhydrazone Ortho- aminobenzyl Product Yield (%)
alcohol
NNHTs AN
OH
11 S N/ S 88%
\ | NH, |/
29k la 31ka
NNHTs
OH X
12 _ 66%
NH, N
291 la 31la
NNHTSs AN
OH
13 N7 73%
NH,
29m la 31ma
Ph
NNHTs Ph
X
14 OH O _ 81%
N
NH,
29a 1b 31ab
NNHTs
AN
OH 0
NH, N
29a 1c 3lac
NNHTs X
OH _
(V)
16 Cl N 76%
cl NH,
29a 1d 31ad
Ph
NNHTs Ph
X
17 _ 71%
N

't

29m

z ;
o
T

3]

1b

31mb

Reaction conditions: 29 (1.0 equiv., 0.35 mmol), 1 (1.2 equiv.), KOH (2.0 equiv.), DMSO (2.0 mL),80 °C, 12 h.
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Entry Tosylhydrazone Ortho- aminobenzyl Product Yield (%)
alcohol
NNHTs
X
©)‘\/ OH O _ 74%
N
&
29m 1c 31mc
NNHTs
9
/©)‘\ N/ OCH, 66%
OCH3
31na

Reaction conditions: 29 (1.0 equiv., 0.35 mmol), 1 (1.2 equiv.), KOH (2.0 equiv.), DMSO (2.0 mL), 80 °C, 12 h.

Next, we planned to study the reactivity of aza-ortho-quinone methides generated from
N-(2-(chloromethyl)phenyl)-4-methylbenzenesulfonamide with N-tosylhydrazones under
super basic conditions. The initial reaction was set up with N-tosylhydrazone 29a (1.0 equiv.)
derived from acetophenone and N-(2-(chloromethyl)phenyl)-4-methylbenzenesulfonamide 9a
in the presence of KOH and DMSO at 80 °C (Scheme 3.15). Contrary to our expectations of
[4+1] or [4+3] addition products or quinoline derivatives as shown before,”*° we observed the
formation of an azine sulphonamide 32aa in 49% vyield. The structure of the compound was
characterized by various spectroscopic techniques and then confirmed by single-crystal X-ray

analysis.

m @f@

[4+1] adduct [4+3] adduct
not formed not formed

X
[ I DMSO, 80 °C 7h ©\/\
NHTs _
32aa ; N O
; Quinoline

not formed

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

NNHTs

Scheme 3.15 Reaction of N-tosylhydrazone and N-(2-(chloromethyl)phenyl)-4-

methylbenzenesulfonamide under super basic conditions
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«

Fig. 3.6: Single crystal X-ray structure of 32aa (CCDC No. 2298825)

In the *H NMR spectrum (Fig 3.4) the aromatic protons resonated between 8.64-7.05 ppm.
The proton attached to the nitrogen atom resonated at 12.17 ppm. The methyl protons resonated
at 2.67 ppm and the tosylmethyl protons resonated at 2.35 ppm. In the 3C NMR (Fig 3.5),
methyl carbon appears at 21.5 ppm and the tosyl methyl carbon appears at 16.3 ppm. All other
signals in the *H and *3C NMR spectra were in agreement with the proposed structure. The
high-resolution mass spectral analysis showed a peak at m/z 237.1395 (M+H)*, which also
supported the proposed structure.

From the literature, we found that the synthesis of azine sulphonamide was reported by Li
and co-workers, where they describe a Rh-catalyzed C-H amidation of azines with
sulphonamides.!” As sulphonamides are considered privileged scaffolds in medicinal
chemistry mainly due to sulpha drugs,® we thought of studying the reaction in detail. By taking
N-tosylhydrazone 29a and N-(2-(chloromethyl)phenyl)-4-methylbenzenesulfonamide 9a as
substrates for optimisation, we tried a few reactions by changing the time and equivalents of
9a. Increasing the reaction time from 7 h to 12 h did not influence the yield of the azine
sulphonamide (Table 3.3, entries 1-2). Then, we tried increasing the equivalents of 9a from 1.0
to 2.0, and the best yield for 32aa of 68% was obtained with 1.5 equivalents of 9a. The
optimized condition for the azine sulphonamide synthesis was found to be a combination of
1.0 equivalents of 29a, 1.5 equivalents of 9a, and 2.0 equivalents of KOH in DMSO at 80 °C
for 12 h.
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Table 3.3 Optimisation studies

T O s GO
+
NHTs DMSO, T °C, time NHTs
29a 9a 32aa
Entry | 9a (equiv.) | Time | Yield of 32aa (%)?
(h)
1 1.0 7 49
2 1.0 12 50
3 1.2 12 54
4 1.5 12 68
5 2.0 12 68

Reaction conditions: 29a (1.0 equiv., 0.17 mmol), 9a, KOH (2.0 equiv.), DMSO (1.0 mL),
80 °C, time.

Under the optimized conditions, we planned to study the generality of the azine
sulphonamide synthesis (Table 3.4). The electron-donating substituent on N-tosylhydrazone
had a detrimental effect on the reaction, and when OMe and Me- substituents were present, the
corresponding products 32ba, 32ca, and 32oa were obtained in moderate yields. The
N-tosylhydrazone derived from 2-acetyl naphthalene, when reacted with 9a, afforded the
corresponding azine sulphonamide 32ea in 61% yield. The presence of electron-withdrawing
substituents on N-tosylhydrazone had a positive effect on the reaction, and by this
methodology, we could synthesize four azine sulphonamides 32ga, 32pa, 32qa, and 32ra
(bearing NO2, CFz groups) in excellent yields. We could also synthesize halogen (F, Cl, Br &
I) bearing azine sulphonamides 32sa-32va in moderate to good yields starting from the
corresponding halogen containing N-tosylhydrazone. Acetylated heterocycle derived
N-tosylhydrazones also reacted with 9a under super basic medium, producing 32ja, 32ka, and

32wa in good vyields where we could introduce furan, thiophene, and pyridine rings
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respectively. Finally, by starting from N-(5-chloro-2-(chloromethyl)phenyl)-4-methylbenzene
sulfonamide 9d and N-(2-(chloromethyl)phenyl)-2,4,6-triisopropylbenzene sulfonamide 9e,
we could synthesize 32ad and 32ae in 60% and 48% yields.

Table 3.4 The generality of the reaction between N-tosylhydrazone and N-(2-(chloromethyl)
phenyl)-4-methylarenesulfonamide under super basic conditions

Entry Tosylhydrazone aza-ortho-quinone Product Yield (%)
methide precursor

NNHTSs
cl
1 AN 68%
NHTs
NHTs
29a

9

9a 32aa
NNHTs OCH;
Cl
NHTs
H;CO NHTs
29b 9a 32ba
NNHTs
Cl
3 ©\/\ SN 51%
NHTs
NHTs
29¢ 9a 32ca
NNHTs
Cl
NHTs
NHTs
290 9a 320a
NNHTs OO
Cl
> ©\/\ SN 61%
NHTs
NHTs
29e 9a 32ea
NNHTs NO,
Cl
6 ©\/\ SN 78%
NHTs
O,N NHTs
29g 9a 32ga

Reaction conditions: 29 (1.0 equiv., 0.35 mmol), 9a (1.5 equiv.), KOH (2.0 equiv.), DMSO (2.0 mL), 80 °C, 12 h.
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Entry Tosylhydrazone

aza-ortho-quinone
methide precursor

Product Yield (%)

NNHTs

Q

NO,
29p

NNHTs

Q

CF;
29q

NNHTs

O
=5}
w
Oi:

CF;
29r
NNHTS
10 /©)‘\
F
29s
NNHTs
CO
Cl
29t
NNHTs
12 /©)‘\
Br
29u
NNHTs
13

et

29v

Cl

B

NHTs

9a

Cl

o

NHTs

9a

5

NHTs

9a

5

NHTs

9a

5

NHTs

9a

Cl

o

NHTs

9a

Cl

o

NHTs

9a

X, -N
NHTs

NHTs
32pa

©\W\N'N\ CF, 5%
NHTs

32qa
CF,

88%

32ra

NHTs

32sa
Cl

NHTs

32ta
Br

NHTs

32ua

I

NHTs
32va

Reaction conditions: 29 (1.0 equiv., 0.35 mmol), 9a (1.5 equiv.), KOH (2.0 equiv.), DMSO (2.0 mL),80 °C, 12 h
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Entry Tosylhydrazone aza-ortho-quinone Product Yield (%)
methide precursor
NNHTs
Cl
14 O N \ 62%
\ | NHTs
NHTs
29j 9a 32ja
NNHTs
Cl
15 S N \ 62%
\ | NHTs
NHTs
29k 9a 32ka
NNHTs
Cl
NHTs
N
“ NHTs
29w 9a 32wa
NNHTs
17 /@\/\ NN 60%
NHTs
NHTs
29a 9¢ 32ac
NH
NNHTs I
0=8=0 NH
18 0=S=0 48%
29a
9e 32ae

Reaction conditions: 29 (1.0 equiv., 0.35 mmol), 9 (1.5 equiv.), KOH (2.0 equiv.), DMSO (2.0 mL), 80 °C, 12 h.

We propose a mechanism for the formation of azine sulphonamides from the reaction
between N-tosylhydrazone and N-(2-(chloromethyl)phenyl)-4-methylbenzenesulfonamide
under super basic conditions as shown in Scheme 3.16. We believe that the reaction is initiated
by the base-mediated formation of aza-ortho-quinone methide F from 9a. At the same time,

an anionic species G is formed from 29a,®® which then adds to the carbon end of the aza-
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ortho-quinone methide F, resulting in the intermediate H. Then, one benzylic proton is

abstracted, followed by the elimination of the Ts-group to afford the azine sulphonamide 32aa.

lbase
T H
/\*N\N 3 N < N
cl base ) ‘ NS base ©\/\N X
e + _— ™ N
-HCI NS NHT:
NHTs ('NTS N s
9a F G

|
Ts R 32aa

Scheme 3.16 Mechanistic postulate for the formation of azine sulphonamide

3.5 Conclusion

In conclusion, we have investigated chemoselectivity in superbase-mediated reactions of
N-tosylhydrazones with aza-ortho-quinone methide precursors. We have observed the
regioselective formation of 2-substituted quinoline from the reaction of tosylhydrazone with
ortho-aminobenzyl alcohol under super basic conditions (KOH+DMSO). It was revealed that
the reaction was universal and that mono-, di-, and tri-substituted quinolines could be produced
using this methodology. We demonstrated experimentally that the reaction was carried out by
the basic decomposition of N-tosylhydrazones, which created an azine. Finally, we could
generate a series of azine sulphonamides from the reaction of tosylhydrazone and N-(2-
(chloromethyl)phenyl)-4-methylbenzenesulfonamide under super basic conditions. We
believe that the determining factor of chemoselectivity is the formation speed of aza-ortho-

quinone methide intermediates from the precursors.

3.6 Experimental section

3.61 General experimental methods

All reactions were performed in oven-dried glassware with magnetic stirring. All chemicals
used were of analytical quality, were of the best grade, were commercially available, and were
used without further purification. All solvents were purified according to the standard
procedures; dry solvents were obtained according to the literature methods and stored over

molecular sieves. Analytical thin-layer chromatography was performed on polyester sheets
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pre-coated with silica gel containing fluorescent indicator (POLYGRAMSIL G/UV254).
Gravity column chromatography was performed using silica gel, and ethyl acetate and hexane
mixtures were used for elution. Melting points were determined using a calibrated digital
melting point apparatus (Biichi 530 melting point apparatus). NMR spectra were recorded with
Bruker AMX-500 (500 MHz for *H NMR, 125 MHz for $3C {!H} NMR) instruments. All
spectra were measured at 300 K unless otherwise specified. The chemical shifts ¢ are given in
ppm and referenced to the external standard TMS or internal solvent standard. *H NMR
coupling constants (J) are reported in Hertz (Hz), and multiplicities are indicated as follows s
(singlet), d (doublet), t (triplet), q (quartet), m (multiplet), dd (doublet of doublets). Mass
spectra were performed with a ThermoFinnigan MAT95XL, a ThermoFisher Scientific LTQ
OrbitrapVelos, and an Agilent 6890 gas chromatograph with JMS-T100GC spectrometer or
with an ESI/ HRMS at a resolution of 60,000, using Thermo Scientific Exactive mass
spectrometer with orbitrap analyzer. The diffraction data of single crystals were collected on a
Bruker Apex-I11 diffractometer using graphite monochromated Mo-Ka radiation. The data was
processed with the SMART software suite. The structure solution was carried out by direct
methods, and the refinements were performed by full-matrix least-squares on F2 using the
SHELXTL suite of programs.
3.62 General procedure for the preparation of N-tosylhydrazones

The N-tosylhydrazones were prepared according to the literature procedure.? To a round
bottom flask (100 mL), a solution of p-toluene sulfonylhydrazide (16 mmol) in anhydrous
methanol, aryl ketone (16 mmol) was added dropwise under refluxing. The reaction mixture
was stirred at 60 °C for 3 h, and the complete consumption of aryl ketone was confirmed by
TLC. The solution was cooled until a solid precipitate was formed. The product aryl
sulfonylhydrazone 29 was obtained by filtering, washing with petroleum ether, and drying in
a vacuum.
3.63 General procedure for the preparation of sulfonaminobenzyl chlorides

The sulfonaminobenzyl chlorides were synthesized according to the reported literature.?
To a solution of substituted 2-aminobenzyl alcohol (1g, 8.12 mmol) in CHCIs (40 mL) was
added pyridine (720 pL, 8.93mmol). The reaction was stirred for 25 min, and a solution of
p-TsCl (1.703g, 8.93 mmol) in CHCI3z was added dropwise over 20 min. After 12 h, the reaction

was quenched with sat. ag. NH4Cl. The layers were separated, and the aqueous layer was
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extracted with CHCIs. The combined organic layers were then washed with brine and dried
over Na;SOs4. Evaporation of the solvent under reduced pressure afforded the crude
N-protected 2-aminobenzyl alcohol, which was used in the subsequent transformation without
further purification. To a solution of N-protected 2-aminobenzyl alcohol (2.1g, 7.58 mmol) in
CHCl3 (40 mL), was added a solution of thionyl chloride (764 pL, 9.10mmol 9.10 mmol) in
CHCI; (5mL) over 1 min. The reaction was heated to 40 °C overnight, cooled to room
temperature, and poured into ice water (30 mL). The layers were separated, and the aqueous
layer was extracted with CHCI3z (3 x 40 mL). The combined organic layers were washed with
brine (30mL) and dried over Na>SOs. Evaporation of the solvent under reduced pressure
afforded crude sulfonaminobenzylchloride as a brown solid and was used without further
purification.

3.64 General procedure for the [4+2] cycloaddition reaction of 2- aminobenzyl alcohol
with N- tosylhydrazones

A mixture of N-tosylhydrazone 29 (0.35 mol, 1 equiv.), 2- aminobenzyl alcohol 1 (0.42
mmol, 1.2 equiv.) and KOH (0.70 mmol, 2.0 equiv.) were weighed into a dry reaction tube.
Dimethyl sulphoxide (2 mL) was added using a micropipette and allowed to stir at 80 °C on a
reaction block for 12 h. After completion of the reaction, as indicated by the TLC, water was
added and the aqueous layer was extracted thrice with ethyl acetate. The organic layer was
dried over anhydrous Na>SO4 and the solvent was removed under vacuum. The residue was
then purified by column chromatography (silica gel, eluent: ethyl acetate/hexane (1:9) to afford
the corresponding products 31.

3.65 Synthesis and characterization of quinoline derivatives
2-phenylquinoline (31aa)?

The reaction was performed according to the general procedure. (E)-4-methyl-N'-(1-
phenylethylidene)benzenesulfonohydrazide 29a (100 mg, 0.35 mmol), 2-aminobenzyl alcohol
la (52 mg. 0.42 mmol), and KOH (39 mg, 0.70 mmol) were weighed into a dry reaction tube.
DMSO (2 mL) was added and allowed to stir at 80 °C for 12 h. After solvent removal, the
residue was then purified by silica gel column chromatography (10% EtOAc/ Hexane) to afford
the desired product 31aa as a white solid (57 mg, 79%).
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2-(4-methoxyphenyl)quinoline (31ba)?

—
e

Analytical data of 31aa

Mp: 85-87 °C.

'H NMR (500 MHz, CDCls, TMS): § 8.25-8.16
(m, 4H), 7.89 (d, J = 8.5 Hz, 1H), 7.84 (d, J = 8.0
Hz, 1H), 7.74 (t, J=7.5Hz, 1H), 754 (t, J = 7.5
Hz, 3H), 7.47 (t, J = 7.0 Hz, 1H) ppm.

13C {*H} (125 MHz, CDCls, TMS): & 157.4,
148.3, 139.7, 136.8, 129.8, 129.7, 129.3, 128.9,
127.6, 127.5,127.2, 126.3, 119.1 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
CisH12N 206.0964, found 206.0973.

The reaction was performed according to the general procedure. (E)-N'-(1-(4-methoxy

phenyl)ethylidene)-4-methylbenzenesulfonohydrazide 29b (0.35 mmol, 112 mg), 2-

aminobenzyl alcohol 1a (52mg, 0.42 mmol), and KOH (39 mg, 0.70 mmol) were weighed into
a dry reaction tube. DMSO (2 mL) was added and allowed to stir at 80 °C for 12 h. After
solvent removal, the residue was then purified by silica gel column chromatography (10%
EtOAc/ Hexane) to afford the desired product 31ba as a white solid (71 mg, 86%).

X

~
e
OCH;

Analytical data of 31ba

Mp: 123-125 °C.

'H NMR (500 MHz, CDCl3, TMS): § 8.21-8.14
(m, 4H), 7.85- 7.80 (m, 2H), 7.72 (t, J = 8 Hz,
1H), 7.51 (t, J = 8 Hz, 1H), 7.06 (d, J = 8.5 Hz,
2H), 3.89 (s, 3H) ppm.

BC {{H} NMR (125 MHz, CDCls): § 160.9,
156.9, 136.9, 129.7, 129.3, 129.0, 127.4, 126.9,
126.0, 118.6, 114.3, 55.4 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
C16H14NO 236.1070, found 236.1078.
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2-(p-tolyDquinoline (31ca)??

The reaction was performed according to the general procedure. 4-methyl-N'-(1-(p-
tolyl)ethylidene)benzenesulfonohydrazide 29¢ (106 mg, 0.35 mmol), 2- aminobenzyl alcohol
la (52 mg, 0.42 mmol) and KOH (39 mg, 0.70 mmol) were weighed into a dry reaction tube.
DMSO (2 ml) was added and allowed to stir at 80 °C for 12 h. After solvent removal, the
residue was then purified by silica gel column chromatography (10% EtOAc/ Hexane) to afford
the desired product 31ca as a white solid (64 mg, 83%).

Analytical data of 31ca

Mp: 82—84 °C.

'H NMR (500 MHz, CDCl3, TMS): 5 8.20 (d, J
= 8.5 Hz, 1H), 8.16 (d, J = 8.5 Hz, 1H), 8.07 (d,
J = 8.0 Hz, 2H), 7.87 (d, J = 8.5 Hz, 1H), 7.82

O S (d, J=8.0 Hz, 1H), 7.72 (t, J = 7.5 Hz, 1H), 7.51
—
N O (t, =8.0 Hz, 1H), 7.34 (d, J = 8.0 Hz, 2H), 2.44
(s, 3H) ppm.

13C {H} NMR (125 MHz, CDCls): & 157.4,

148.3, 139.4, 136.9, 136.7, 129.7, 129.6, 127.4,

127.1,126.1, 118.9, 21.4 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for

CisH14N 220.1121, found 220.1124.
2-(2,5-dimethoxyphenyl)quinoline (31da)?

The reaction was performed according to the general procedure. (E)-N'-(1-(2,5-
dimethoxyphenyl)ethylidene)-4-methylbenzenesulfonohydrazide 29d (122mg, 0.35 mmol), 2-
aminobenzyl alcohol 1a (52 mg, 0.42 mmol) and KOH (39 mg, 0.70 mmol) were weighed into
a dry reaction tube. DMSO (2 mL) was added and allowed to stir at 80 °C for 12 h. After
solvent removal, the residue was then purified by silica gel column chromatography (10%
EtOAc/ Hexane) to afford the desired product 31da as a white solid (76 mg, 82%).

Analytical data of 31da

Mp: 140 —142 °C.
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OCHj,

2-(naphthalen-2-yl)quinoline (31ea)?®

IH NMR (500 MHz, CDCls, TMS): § 8.16 (t, J =
10.0 Hz, 2H), 7.91 (d, J = 8.5 Hz, 1H), 7.83 (d, J
= 8.0 Hz, 1H), 7.71 (t, J = 7.5 Hz, 1H), 7.53 (t, J
= 7.5 Hz, 1H), 7.45 (s, 1H), 6.98 (s, 2H), 3.86 (s,
3H), 3.81 (s, 3H) ppm.

13C {{H} NMR (125 MHz, CDCls): 5 156.9,
154.1, 151.6, 148.3, 135.2, 130.4, 129.6, 129.3,
127.4, 127.1, 126.3, 123.4, 116.2, 116.1, 113.3,
56.5, 55.9 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
C17H16NO2 266.1176, found 266.1181.

The reaction was performed according to the general procedure. 4-methyl-N'-(1-

(naphthalen-2-yl)ethylidene)benzenesulfonohydrazide 29 ( 0.35 mol, 118 mg), 2-

aminobenzyl alcohol 1a (52 mg0.42 mmol) and KOH (39 mg, 0.70 mmol) were weighed into
a dry reaction tube. DMSO (2 mL) was added and allowed to stir at 80 °C for 12 h. After
solvent removal, the residue was then purified by silica gel column chromatography (10%

EtOAc/ Hexane) to afford the product 31ea as a pale yellow solid (64 mg, 71%).

Analytical data of 31lea

Mp: 136 —139 °C.

'H NMR (500 MHz, CDClz, TMS): § 8.62 (s,
1H), 8.38 (d, J = 8.5 Hz, 1H), 8.27 (d, J = 8.5
Hz, 1H), 8.23 (d, J = 8.5 Hz, 1H), 8.05 (d, J =
8.5 Hz, 1H), 8.01 (d, J = 8.0 Hz, 2H), 7.90 — 7.85
(m, 2H), 7.76 (t, J = 8.0 Hz, 1H), 7.56 — 7.54 (m,
3H).

13C {!H} NMR (125 MHz, CDCls): & 157.2,
148.4, 137.0, 136.8, 133.9, 133.5, 129.8, 128.8,
128.6, 127.8, 127.5, 127.3, 127.2 126.7, 126.4,
126.4,125.1, 119.2 ppm.
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HRMS (ESI-Orbitrap) m/z: (M+H)* calcd for
C1oH14N 256.1121, found 256.1124.
2-(phenanthren-3-yl)quinoline (31fa)?

The reaction was performed according to the general procedure. (E)-4-methyl-N'-(1-
(phenanthren-3-yl)ethylidene)benzenesulfonohydrazide 29f (136 mg, 0.35 mmol), 2-
aminobenzyl alcohol 1a (52 mg. 0.42 mmol) and KOH (39 mg, 0.70 mmol) were weighed into
a dry reaction tube. DMSO (2 mL) was added and allowed to stir at 80 °C for 12 h. After
solvent removal, the residue was then purified by silica gel column chromatography (10%
EtOAc/ Hexane) to afford the desired product 31fa as a yellow solid (83 mg, 78%).
Analytical data of 31fa
Mp: 136 —139 °C.

'H NMR (500 MHz, CDCls, TMS): 8 9.53 (s,
1H), 8.92 (d, J = 8.5 Hz, 1H), 8.42 (d, J =85
Hz, 1H), 8.29 (t, J = 7.0 Hz, 2H), 8.11 (d, J =
8.5 Hz, 1H), 8.04 (d, J = 8.5 Hz, 1H), 7.93 (d, J
= 7.5 Hz, 1H), 7.87 (d, J = 8.0 Hz, 1H), 7.81 —
7.77 (m, 3H), 7.73 (t, J = 7.5 Hz, 1H), 7.64 (t, J
=7.5Hz, 1H), 7.57 (t, J = 7.5 Hz, 1H).

13C {*H} NMR (125 MHz, CDCls): § 157.5,
148.5, 137.6, 136.9, 132.7, 132.3, 130.7, 130.6,
129.8, 129.8, 129.2, 128.7, 127.9 127.5, 127.3,
126.8, 126.8, 126.6, 126.4, 125.8, 123.0, 122.1,
119.3 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
C23H16N 306.1277, found 306.1286.

2-(4-nitrophenyl)quinoline (31ga)?

The reaction was performed according to the general procedure. ((E)-4-methyl-N'-(1-(4-
nitrophenyl)ethylidene)benzenesulfonohydrazide 29g (117 mg, 0.35 mmol), 2- aminobenzyl
alcohol 1a (52 mg, 0.42 mmol) and KOH (39 mg, 0.70 mmol) were weighed into a dry reaction
tube. DMSO (2 mL) was added and allowed to stir at 80 °C for 12 h. After solvent removal,
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the residue was then purified by silica gel column chromatography (10% EtOAc/ Hexane) to
afford the desired product 31ga as a white solid (51 mg, 58%).
Analytical data of 31ga
Mp: 122-125 °C.
'H NMR (500 MHz, CDCI3, TMS): & 8.16 -
8.13 (m, 2H), 8.04 (d, J = 8.0 Hz, 2H), 7.82 -

O N 7.78 (M, 2H), 7.69 (t, J = 8.0 Hz, 1H), 7.48 (t, J
N O = 7.5 Hz, 1H), 6.82 (d, J = 8.5 Hz, 2H) ppm.
NO, 13C {IH} NMR (125 MHz, CDCl3): § 157.2,

147.9, 136.6, 129.6, 129.2, 128.9, 127.4, 126.8,
125.7,118.4, 115.1 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H)* calcd for
C15H11N20; 251.0815, found 251.0821.
2-butylquinoline (31ha)?3
The reaction was performed according to the general procedure. (E)-N'-(hexan-2-ylidene)-
4-methylbenzenesulfonohydrazide 29h (94 mg, 0.35 mmol), 2- aminobenzyl alcohol 1a (52
mg, 0.42 mmol) and KOH (39 mg, 0.70 mmol) were weighed into a dry reaction tube. DMSO
(2 mL) was added and allowed to stir at 80 °C for 12 h. After solvent removal, the residue was
then purified by silica gel column chromatography (10% EtOAc/ Hexane) to afford the desired
product 31ha as a colourless liquid (40 mg, 62%).
Analytical data of 31ha
'H NMR (500 MHz, CDClI3, TMS): 5 8.05 (t,J =
7.0 Hz, 2H), 7.77 (d, J = 8.0 Hz, 1H), 7.68 (t, J =
7.5Hz,1H), 748 (t, J=7.5Hz, 1H), 7.30 (d, J =
8.5 Hz, 1H), 2.98 (t, J = 8.0 Hz, 2H), 1.83 — 1.77

m\/\/ (m, 2H), 1.47 — 1.42 (m, 2H), 0.96 (t, J = 7.0 Hz,
NT 3H) ppm.

13C {{H} NMR (125 MHz, CDCls): § 163.1,
147.9, 136.2, 129.3, 128.8, 127.5, 126.7, 125.6,
121.4, 39.1, 32.2, 22.7, 14.0 ppm.
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HRMS (ESI-Orbitrap) m/z: (M+H)* calcd for
C13H16N 186.1277, found 186.1283.
2-cyclohexylquinoline (31ia)?*

The reaction was performed according to the general procedure. (E)-N'-(1-
cyclohexylethylidene)-4-methylbenzenesulfonohydrazide 29i (103 mg, 0.35 mmol), 2-
aminobenzyl alcohol 1a (52 mg, 0.42 mmol) and KOH (39 mg, 0.70 mmol) were weighed into
a dry reaction tube. DMSO (2 mL) was added and allowed to stir at 80 °C for 12 h. After
solvent removal, the residue was then purified by silica gel column chromatography (10%
EtOAc/ Hexane) to afford the desired product 31lia as a colourless liquid (57 mg, 77%).

Analytical data of 3lia
'H NMR (500 MHz, CDClz, TMS): § 8.09 —
8.04 (m, 2H), 7.77 (d, J = 8.0 Hz, 1H), 7.67 (t, J
=7.5Hz, 1H), 7.47 (t, J = 7.5 Hz, 1H), 7.33 (d,
J=8.5Hz, 1H), 2.92 (t, J = 12.0 Hz, 1H), 2.03
X (d, J =13.0 Hz, 2H), 1.90 (d, J = 12.5 Hz, 2H),
N 1.80 — 1.76 (m, 2H), 1.63 (q, J = 12.5 Hz, 2H),
1.47 (g, J = 13.0 Hz, 2H).
13C {!H} NMR (125 MHz, CDClz): 166.9,
147.8, 136.3, 136.3, 129.2, 129.2, 129.0, 127.4,
127.0, 125.6, 119.6, 47.7, 32.9, 26.6, 26.1ppm.
HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
Ci1sH1sN 212.1434, found 212.1439.

\

2-(furan-2-yl)quinoline (31ja)*

The reaction was performed according to the general procedure. (E)-N'-(1-(furan-2-
yl)ethylidene)-4-methylbenzenesulfonohydrazide 29j (97 mg, 0.35 mmol), 2-aminobenzyl
alcohol 1a (52 mg, 0.42 mmol) and KOH (39 mg, 0.70 mmol) were weighed into a dry reaction
tube. DMSO (2 mL) was added and allowed to stir at 80 °C for 12 h. After solvent removal,
the residue was then purified by silica gel column chromatography (10% EtOAc/ Hexane) to
afford the desired product 31ja as a white solid (62 mg, 90%).
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2-(thiophen-2-yl)quinoline (31ka)*

Analytical data of 31ja

Mp: 87-89 °C.

IH NMR (500 MHz, CDCls, TMS): § 8.17 (d, J
= 8.5 Hz, 1H), 8.13 (d, J =8.5 Hz, 1H), 7.83 (d, J
= 8.5 Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H), 7.71 (t, J
= 8.0 Hz, 1H), 7.63 (s, 1H), 7.50 (t, J = 7.5 Hz,
1H), 7.22 (s, 1H), 6.59 (s, 1H) ppm.

13C {*H} NMR (125 MHz, CDCIls): & 149.0,
144.2, 136.7, 129.9, 129.4, 127.6, 127.2, 126.2,
117.5,112.2, 110.2 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
C13H10NO 196.0757, found 196.0762.

The reaction was performed according to the general procedure. (E)-4-methyl-N'-(1-

(thiophen-2-yl)ethylidene)benzenesulfonohydrazide 29k (103 mg, 0.35 mmol), 2-

aminobenzyl alcohol 1a (52 mg, 0.42 mmol) and KOH (39 mg, 0.70 mmol) were weighed into
a dry reaction tube. DMSO (2 mL) was added and allowed to stir at 80 °C for 12 h. After

solvent removal, the residue was then purified by silica gel column chromatography (10%
EtOAc/ Hexane) to afford the desired product 31ka as a white solid (65 mg, 88%).

Analytical data of 31ka

Mp: 131-134 °C.

'H NMR (500 MHz, CDCls, TMS): § 8.15 (d,
J =8.5Hz, 1H), 8.09 (d, J = 8.5 Hz, 1H), 7.82 —
7.77 (m, 2H), 7.74 (d, J = 2.5 Hz, 1H), 7.70 (t, J
= 7.5 Hz, 1H), 7.51- 7.47 (m, 2H), 7.17 (t, J =
4.5 Hz, 1H) ppm.

13C {*H} NMR (125 MHz, CDCls): & 152.4,
136.6, 129.8, 129.3, 128.6, 128.1, 127.5, 126.1,
125.9, 117.7 ppm.
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HRMS (ESI-Orbitrap) m/z: (M+H)* calcd for
C13H10NS 212.0528, found 212.0536.
1, 2, 3, 4-tetrahydroacridine (31la)*

The reaction was performed according to the general procedure. N'-cyclohexylidene-4-
methylbenzenesulfonohydrazide 291 (0.35 mmol, 93 mg), 2- aminobenzyl alcohol 1a (52 mg.
0.42 mmol) and KOH (39 mg, 0.70 mmol) were weighed into a dry reaction tube. DMSO (2
mL) was added and allowed to stir at 80 °C for 12 h. After solvent removal, the residue was
then purified by silica gel column chromatography (10% EtOAc/ Hexane) to afford the desired
product 31la as a colourless liquid (42 mg, 66%).

Analytical data of 31la

'H NMR (500 MHz, CDCl3, TMS): 6 7.97 (d, J

= 8.5 Hz, 1H), 7.81 (s, 1H), 7.70 (d, J = 8.0 Hz,

1H), 7.60 (t, J = 7.5 Hz, 1H), 7.43 (t, J = 7.5 Hz,

X 1H), 3.13 (t, J = 6.5 Hz, 2H), 2.98 (t, J = 6.5 Hz,

(;(NI) 2H), 2.00-1.99 (m, 2H), 1.92—1.90 (m, 2H) ppm.

BC {{H} NMR (125 MHz, CDCls): & 159.4,

146.6, 135.0, 131.0, 128.5, 128.3, 127.2, 126.9,

125.6, 33.6, 29.3, 23.2, 22.9.ppm.

HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for

Ci3H1sN 184.1121, found 184.1124.

3-methyl-2-phenylquinoline (31ma)?*

The reaction was performed according to the general procedure. (E)-4-methyl-N'-(1-phenyl
propylidene)benzenesulfonohydrazide 29m (106 mg, 0.35 mmol), 2-aminobenzyl alcohol 1a
(52 mg, 0.42 mmol) and KOH (0.70 mmol, 39 mg) were weighed into a dry reaction tube.
DMSO (2 mL) was added and allowed to stir at 80 °C for 12 h. After solvent removal, the
residue was then purified by silica gel column chromatography (10% EtOAc/ Hexane) to afford
the desired product 31ma as a colourless liquid (56 mg, 73%).

Analytical data of 31ma

IH NMR (500 MHz, CDCls, TMS): § 8.14
(d, J=8.0Hz, 1H), 8.01 (s, 1H), 7.78 (d, J =
8 Hz, 1H), 7.67 (t, J = 8.0 Hz, 1H), 7.60 (d,
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J = 7 Hz, 2H), 7.53— 7.48 (m, 3H), 7.46 —
7.43 (m, 1H), 2.47 (s, 3H) ppm.

O t 13C {!H}NMR (125 MHz, CDCl3): 5 160.6,
N O 146.6, 140.9, 136.8, 129.3, 129.2, 128.9,
128.8, 128.3, 128.2, 127.6, 126.8, 126.4,

20.7 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H)" calcd
for C16H14N 220.1121, found 220.1123.
2,4-diphenylquinoline (31ab)?*

The reaction was performed according to the general procedure. (E)-4-methyl-N'-(1-
phenylethylidene)benzenesulfonohydrazide 29a (100 mg, 035 mmol), (2-
aminophenyl)(phenyl)methanol 1b (84 mg, 0.42 mmol) and KOH (39 mg, 0.70 mmol) were
weighed into a dry reaction tube. DMSO (2 mL) was added and allowed to stir at 80 °C for 12
h. After solvent removal, the residue was then purified by silica gel column chromatography
(10% EtOAc/ Hexane) to afford the desired product 31ab as a pale yellow solid (80 mg, 81%).

Analytical data of 31ab

Mp: 104-106 °C.

'H NMR (500 MHz, CDClz, TMS): & 8.25 (d, J
Ph = 8.5 Hz, 1H), 8.20 (d, J = 7.5 Hz, 2H), 7.92 (d, J

O \ =8 Hz, 1H), 7.83 (s, 1H), 7.74 (t, J = 8.0 Hz, 1H),

N O 7.57 —7.47 (m, 9H) ppm.

13C {*H} NMR (125 MHz, CDCls): § 157.0,

149.2, 139.7, 138.4, 130.1, 129.6, 129.6, 129.4,

128.9, 128.6, 128.4, 127.6, 126.4, 125.8, 125.7,

119.4 ppm.

HRMS (ESI-Orbitrap) m/z: (M+ H)* calcd for

C21H1sN 282.1277, found 282.1282.

4-methyl-2-phenylquinoline (3ac)?*

The reaction was performed according to the general procedure. (E)-4-methyl-N'-(1-phenyl
ethylidene)benzenesulfonohydrazide 29a (100 mg, 0.35 mmol), 1-(2-aminophenyl) ethan-1-ol
1c (58 mg, 0.42 mmol) and KOH (39 mg, 0.70 mmol) were weighed into a dry reaction tube.
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DMSO (2 mL) was added and allowed to stir at 80 °C for 12 h. After solvent removal, the
residue was then purified by silica gel column chromatography (10% EtOAc/ Hexane) to afford
the desired product 31ac as a colourless liquid (64 mg, 83%).
Analytical data of 31ac
'H NMR (500 MHz, CDClz, TMS): 5 8.27 (d, J
= 7.5 Hz, 2H), 8.19 (d, J = 8.0 Hz, 1H), 7.91 (d, J
= 8.5 Hz, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.58 (d, J
O A =6.5Hz, 1H),7.54 (t, J=7.0 Hz, 2H), 7.48 - 7.45
N O (m, 1H), 7.43 — 7.40 (m, 1H), 2.91 (s, 3H) ppm.
3BC {{H} NMR (125 MHz, CDCls): & 154.5,
146.1, 138.8, 136.6, 135.9, 128.6, 128.2, 127.8,
126.4, 126.1, 125.0, 124.4, 117.2, 16.9 ppm.
HRMS (ESI-Orbitrap) m/z: (M+ H)* calcd for
Ci6H14N 220.1121, found 220.1126.
7-chloro-2-phenylquinoline (31ad)?*

The reaction was performed according to the general procedure. (E)-4-methyl-N'-(1-phenyl
ethylidene)benzenesulfonohydrazide 29a (100 mg, 0.35 mmol), (2-amino-5-chloro phenyl)
methanol 1d (66 mg, 0.42 mmol) and KOH (39 mg, 0.70 mmol) were weighed into a dry
reaction tube. DMSO (2 mL) was added and allowed to stir at 80 °C for 12 h. After solvent
removal, the residue was then purified by silica gel column chromatography (10% EtOAc/
Hexane) to afford the desired product 31ad as a pale yellow solid (64 mg, 76%).

Analytical data of 31ad
Mp: 107-109 °C.
'H NMR (500 MHz, CDCl3, § 8.24 (d, J = 8.5
O N Hz, 1H), 8.19 — 8.16 (m, 2H), 7.89 (d, J = 8.5 Hz,
Cl N7 O 1H), 7.84 (d, J = 7.5 Hz, 1H), 7.74 (t, J = 7.5 Hz,
1H), 7.54 (t, J=7.0 Hz, 3 H), 7.48 (t, J = 7.5 Hz,
1H) ppm.
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3C {H} NMR (125 MHz, CDCls): & 157.4,

139.7, 136.8, 129.8, 129.7, 129.3, 128.9, 127.6,

127.5,127.2, 126.3, 119.1 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H)* calcd for

C15H11CIN 240.0575, found 240.0586.
3-methyl-2,4-diphenylquinoline (31mb)?*

The reaction was performed according to the general procedure. (E)-4-methyl-N'-(1-
phenylpropylidene)benzenesulfonohydrazide 29m (106 mg, 0.35 mmol), (2-
aminophenyl)(phenyl)methanol 1b (84 mg, 0.42 mmol) and KOH (39 mg, 0.70 mmol) were
weighed into a dry reaction tube. DMSO (2 mL) was added and allowed to stir at 80 °C for 12
h. After solvent removal, the residue was then purified by silica gel column chromatography
(10% EtOAc/ Hexane) to afford the desired product 31mb as a pale yellow solid (73 mg, 71%).

Analytical data of 31mb

Mp: 130 — 132 °C.

!H NMR (500 MHz, CDClz, TMS): & 8.16 (d, J
=8.0 Hz, 1H), 7.65—7.61 (m, 3H), 7.55 (t, J = 7.0

o Hz, 2H), 7.50 — 7.49 (m, 3H), 7.45 (d, J = 7 Hz,
N 1H), 7.39 (s, 2H), 7.32 (d, J = 7.0 Hz, 2H), 2.15

D 5.3 pom.
O 13C {IH} NMR (125 MHz, CDCl3): & 160.9,

147.8, 146.2, 141.5, 137.8, 129.4, 129.4, 128.9,

128.7, 128.6, 128.3, 128.1, 127.8, 127.1, 126.8,

126.3, 126.0, 18.6 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for

C22H1sN 296.1434, found 296.1432.
3,4-dimethyl-2-phenylquinoline (31mc)?*

The reaction was performed according to the general procedure. (E)-4-methyl-N'-(1-
phenylpropylidene)benzenesulfonohydrazide 29m (106 mg, 0.35 mmol), 1-(2-
aminophenyl)ethan-1-ol 1c (58 mg, 0.42 mmol) and KOH (39 mg, 0.70 mmol) were weighed
into a dry reaction tube. DMSO (2 mL) was added and allowed to stir at 80 °C for 12 h. After
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solvent removal, the residue was then purified by silica gel column chromatography (10%
EtOAc/ Hexane) to afford the desired product 31mc as a colourless liquid (61 mg, 74%).
Analytical data of 31mc
'H NMR (500 MHz, CDCls, TMS): § 7.98 (s,
1H), 7.69 (d, J = 7.5 Hz, 2H), 7.62 (d, J = 8.0 Hz,
1H),7.51-7.48 (m, 3H), 7.45 (d, J = 7.0 Hz, 1H),
O j 7.40 (t, J = 8 Hz, 1H), 2.81 (s, 3H), 2.51 (s, 3H)
N O ppm.
BC {{H} NMR (125 MHz, CDCls): & 141.3,
137.1, 129.4, 128.7, 128.7, 128.1, 127.4, 126.1,
124.6, 20.8, 18.0 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
Ci7H16N 234.1277, found 234.1284.
2-methoxy-4-(quinolin-2-yl)phenol (31na)

The reaction was performed according to the general procedure. (E)-N'-(1-(4-hydroxy-3-
methoxyphenyl)ethylidene)-4-methylbenzenesulfonohydrazide 29n (117mg, 0.35 mmol,), 2-
aminobenzyl alcohol 1a (52 mg, 0.42 mmol) and KOH (39 mg, 0.70 mmol) were weighed into
a dry reaction tube. DMSO (2 mL) was added and allowed to stir at 80 °C for 12 h. After
solvent removal, the residue was then purified by silica gel column chromatography (10%
EtOAc/ Hexane) to afford the desired product 31na as a colourless liquid (58 mg, 66%).

Analytical data of 31na
'H NMR (500 MHz, CDCls, TMS): § 8.19 (d, J
= 9.0 Hz, 1H), 8.14 (d, J = 8.0 Hz, 1H), 7.88 (s,

N 1H), 7.85 - 7.80 (m, 2H), 7.71 (t, = 7.0 Hz, 1H),
O N" OCHs, 7.62 (d, J = 8.0 Hz, 1H), 7.51 (t, J = 7.5 Hz, 1H),
O OH 7.05(d, J =8.0 Hz, 1H), 5.84 (s, 1H), 4.06 (s, 3H)

ppm.

BBC{IH} NMR (125 MHz, CDCls): & 157.0,
153.0 147.2, 136.7, 132.1, 129.6, 129.4, 127.5,
127.0, 126.0, 120.9, 118.6, 114.5, 109.9, 56.1

ppm.
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HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
C16H1aNO2 252.1019 found 252.1027.
3.66 Synthesis and characterization data for (1E,2E)-1,2-bis(1-phenylethylidene)
hydrazine (A)

A mixture of (E)-4-methyl-N'-(1-phenylethylidene)benzenesulfonohydrazide 29a (100 mg,
0.35 mmol) and KOH (19 mg, 0.35 mmol) were weighed into a dry reaction tube. DMSO (2
mL) was added and allowed to stir at 80 °C for 12 h. After completion of the reaction, as
indicated by the TLC, water was added and the aqueous layer was extracted thrice with ethyl
acetate. The organic layer was dried over anhydrous Na>SO4 and the solvent was removed
under vacuum. The residue was then purified by silica gel column chromatography (5%
EtOAc/ Hexane) to afford the desired product A as a yellow solid (39 mg, 94%).

Analytical data of A

Mp: 126-129 °C.

\(© IH NMR (500 MHz, CDCls, TMS): § 7.92 (d,

N’lN J=6Hz, 4H), 7.42 (s, 6H), 2.32 (s, 6H) ppm.

| 13C {IH} NMR (125 MHz, CDCls, TMS): &
157.7, 138.4, 129.6, 128.4, 126.6, 15.1 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
Ci1s6H17N2 237.1386, found 237.1395.

3.67 General procedure for the reaction of aza-o-quinone methides with N-
tosylhydrazones

To a mixture of N-tosylhydrazone 29 (0.35 mmol, 1 equiv.), aza-0-QM precursor 9 (0.52
mmol, 1.5 equiv.), and KOH (0.70 mmol, 2.0 equiv.) were weighed into a dry reaction tube.
Dry DMSO (2 mL) was added via a syringe and allowed to stir at 80 °C on a reaction block
for 12 h. After completion of the reaction, as indicated by the TLC, water was added and the
aqueous layer was extracted thrice with ethyl acetate. The organic layer was dried over
anhydrous Na>SO4 and the solvent was removed under vacuum. The residue was then purified
by column chromatography (silica gel, eluent: ethyl acetate/hexane (1:9) to afford the

corresponding product 32.
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3.68 Synthesis and characterization data for Sulfonamide derivaives 32

4-methyl-N-(2-((E)-(((E)-1-phenylethylidene)hydrazineylidene)methyl)phenyl)
benzenesulfonamide (32aa)

The reaction was performed according to the general procedure. (E)-4-methyl-N'-(1-
phenylethylidene)benzenesulfonohydrazide 29a (100 mg, 0.35 mmol), N-(2-
(chloromethyl)phenyl)-4-methylbenzenesulfonamide 9a (154 mg, 0.52 mmol), and KOH (39
mg, 0.70 mmol) at 80 °C for 12 h. After solvent removal, the residue was purified by silica gel
column chromatography (10% EtOAc/hexane) to afford the desired product 32aa as a yellow
solid (93 mg, 68%).

Analytical data of 32aa
Mp: 102 -105 °C.
'H NMR (500 MHz, CDCls, TMS): 5 12.17 (s,
1H), 8.64 (s, 1H), 7.95 (d, J = 7.5 Hz, 2H), 7.78
@N/Nﬁ (d, J = 7.5 Hz, 2H), 7.66 (d, J = 8.5 Hz, 1H),
NHTs 7.47 (d, J = 6.5 Hz, 3H), 7.36 — 7.32 (m, 2H),
7.22(d,J=8.0Hz, 2H), 7.07 (t, J= 7.5 Hz, 1H),
2.67 (s, 3H), 2.35 (s, 3H) ppm.
13C {*H} NMR (125 MHz, CDCI3): & 167.6,
162.8, 143.8, 138.8, 137.8, 136.8, 133.9, 131.9,
130.7, 129.7, 128.6, 127.3, 127.2, 122.8, 120.0,
117.4,21.5, 16.3 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
C22H22N30,S 392.1427, found 392.1428.
N-(2-((E)-(((E)-1-(4-methoxyphenyl)ethylidene)hydrazineylidene)methyl)phenyl)-4-
methylbenzenesulfonamide (32ba)

The reaction was performed according to the general procedure with (E)-N'-(1-(4-
methoxyphenyl)ethylidene)-4-methylbenzenesulfonohydrazide 29b (111 mg, 0.35 mmol), N-
(2(chloromethyl)phenyl)-4-methylbenzenesulfonamide 9a (154 mg, 0.52 mmol) and KOH (39

mg, 0.70 mmol,) at 80 °C for 12 h. After solvent removal, the residue was purified by silica
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gel column chromatography (10% EtOAc/hexane) to afford the desired product 32ba as a pale

yellow solid (66 mg, 45%).

Analytical data of 32ba

Mp: 88-90 °C.

'H NMR (500 MHz, CDCl3, TMS): § 12.22 (s,

1H), 8.62 (s, 1H), 7.94 (d, J = 8.5 Hz, 2H), 7.77

(d, J = 8.0 Hz, 2H), 7.65 (d, J = 8.5 Hz, 1H),

7.35-7.30 (m, 2H), 7.21 (d, J = 8.0 Hz, 2H),

©\AN/N\ 7.06 (t,J=7.5Hz, 1H),6.97 (d, J = 8.5 Hz, 2H),
NHTs 3.88 (s, 3H), 2.64 (s, 3H), 2.35 (s, 3H) ppm.

13C {{H} NMR (125 MHz, CDCls):  167.1,
162.1, 161.8, 143.7, 138.8, 136.8, 133.8, 131.7,
130.2, 129.7, 128.9, 127.2, 122.7, 120.2, 117 .4,
113.9, 113.6, 55.4, 21.5, 16.0 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
C23H24N303S 422.1533, found 422.1544.

4-methyl-N-(2-((E)-(((E)-1-(p-tolylethylidene)hydrazineylidene)methyl)phenyl)

benzenesulfonamide (32ca)

OMe

The reaction was performed according to the general procedure with 4-methyl-N'-(1-(p-
tolyl)ethylidene)benzenesulfonohydrazide 29c¢ (104 mg, 0.35 mmol), N-(2(chloromethyl)
phenyl)-4-methylbenzenesulfonamide 9a (154 mg, 0.52 mmol) and KOH (39 mg, 0.70 mmol)
at 80 °C for 12 h. After solvent removal, the residue was purified by silica gel column
chromatography (10% EtOAc/hexane) to afford the desired product 32ca as a pale-yellow solid
(72 mg, 51%).

Analytical data of 32ca

Mp: 125-128 °C.

'H NMR (500 MHz, CDCl3, TMS): § 12.13
(s, 1H), 8.56 (s, 1H), 7.78 (d, J = 8.0 Hz,
2H), 7.70 (d, J = 8.0 Hz, 2H), 7.59 (d, J =
8.5 Hz, 1H), 7.27 (t, J = 7.5 Hz, 1H), 7.20
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(d,J=7.0Hz, 3H), 7.15 (d, J = 8.0 Hz, 2H),
\N/N\\(©/ 6.99 (t, J = 7.5 Hz, 1H), 2.58 (s, 3H), 2.35
mk (s, 3H), 2.28 (s, 3H) ppm.
BC {fH} NMR (125 MHz, CDCl3):
167.6, 162.4, 143.7, 141.1, 138.8, 136.8,
135.0, 133.8, 131.8, 129.7, 129.3, 122.7,
120.1, 117.4, 21.53, 21.46, 16.2 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H)* calcd
for C23H24N30.S 406.1584, found 406.1588.
4-methyl-N-(2-((E)-(((E)-1-(o-tolyl)ethylidene)hydrazineylidene)methyl)phenyl)
benzenesulfonamide (320a)

The reaction was performed according to the general procedure with (E)-4-methyl-N'-(1-
(o-tolyl)ethylidene)benzenesulfonohydrazide, 290 (104 mg, 0.35 mmol), N-(2(chloromethyl)
phenyl)-4-methylbenzenesulfonamide 9a (154 mg, 0.52 mmol) and KOH (39 mg, 0.70 mmol)
at 80 °C for 12 h. After solvent removal, the residue was purified by silica gel column
chromatography (10% EtOAc/hexane) to afford the desired product 320a as a pale yellow solid
(60 mg, 42%).

Analytical data of 320a

Mp: 87-88 °C.

'H NMR (500 MHz, CDCI3, TMS): 6 12.07 (s,
1H), 8.52 (s, 1H), 7.72 (d, J = 7.5 Hz, 2H), 7.57
(d, J=8.5Hz, 1H), 7.31 - 7.23 (m, 4H), 7.20 —

7.17 (m, 4H), 6.99 (t, J = 7.5 Hz, 1H), 2.53 (s,
(r NS 3H), 2.39 (s, 3H), 2.30 (s, 3H) ppm.
NHTs 13C {*H} NMR (125 MHz, CDCls): & 171.4,
163.0, 143.8, 139.3, 138.9, 137.0, 135.5, 134.0,
132.0, 131.0, 129.7, 129.1, 127.8, 127.2, 126.0,
122.7,119.8, 117.4, 21.5, 20.4, 20.2 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for

C23H24N302S 406.1584, found 406.1588.
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4-methyl-N-(2-((E)-(((E)-1-(naphthalen-2-yl)ethylidene)hydrazineylidene)
methyl)phenyl)benzenesulfonamide (32ea)

The reaction was performed according to the general procedure with (E)-4-methyl-N'-(1-
(naphthalen-2-yl)ethylidene)benzenesulfonohydrazide 29e (118mg, 0.35 mmol), N-
(2(chloromethyl)phenyl)-4-methylbenzenesulfonamide 9a (154 mg, 0.52 mmol) and KOH (39
mg, 0.70 mmol) at 80 °C for 12 h. After solvent removal, the residue was purified by silica gel
column chromatography (10% EtOAc/hexane) to afford the desired product 32ea as a pale
yellow solid (94 mg, 61%).

Analytical data of 32ea
Mp: 195-198 °C.
'H NMR (500 MHz, CDClz, TMS): & 12.22 (s,
1H), 8.70 (s, 1H), 8.34 (s, 1H), 8.20 (d, J = 8.5
Hz, 1H), 7.96 — 7.94 (m, 1H), 7.91 - 7.87 (m, 2H),
7.80 (d, J =8.0 Hz, 2H), 7.68 (d, J = 8.0 Hz, 1H),
OO 7.56 — 7.54 (m, 2H), 7.38— 7.33 (m, 2H) 7.23 (d,
©\AN/N\\(“ 3=8.0Hz, 2H), 7.08 (t, J = 7.5 Hz, 1H), 2.78 (s,
NHTs 3H), 2.35 (s, 3H) ppm.
13C {!H} NMR (125 MHz, CDClz): & 165.3,
157.7, 144.0, 138.9, 136.6, 135.9, 134.5, 134.1,
133.1, 132.7, 129.7, 128.7, 128.0, 127.7, 127.2,
126.8, 126.7, 126.3, 124.0, 123.2, 119.3, 118.1,
21.6, 15.0 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for
Co6H24N302S 442.1584, found 442.1602.
4-methyl-N-(2-((E)-(((E)-1-(4-nitrophenyl)ethylidene)hydrazineylidene)methyl)
phenyl)benzenesulfonamide (32ga)

The reaction was performed according to the general procedure with (E)-4-methyl-N'-(1-
(4-nitrophenyl)ethylidene)benzenesulfonohydrazide 29g (117 mg, 0.35 mmol), N-
(2(chloromethyl)phenyl)-4-methylbenzenesulfonamide 9a (154 mg, 0.52 mmol) and KOH (39
mg, 0.70 mmol) at 80 °C for 12 h. After solvent removal, the residue was purified by silica gel
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column chromatography (10% EtOAc/hexane) to afford the desired product 32ga as a yellow
solid (119 mg, 78%).
Analytical data of 32ga
Mp: 211-213 °C.
'H NMR (500 MHz, CDCl3, TMS): & 11.99 (s,
1H), 8.66 (s, 1H), 8.31 (d, J = 8.0 Hz, 2H), 8.12
NO2 (d,J=8.0Hz, 2H), 7.78 (d, J = 7.5 Hz, 2H), 7.64
SINEAS (d, J=8.5Hz, 1H), 7.39 — 7.35 (m, 2H), 7.24 (d,
(;qﬂs J=8.0 Hz, 2H), 7.08 (t, J = 7.5 Hz, 1H), 2.69 (s,
3H), 2.36 (s, 3H) ppm.
BBC {{H} NMR (125 MHz, CDCls): & 165.2,
164.1, 149.0, 143.9, 143.6, 139.1, 136.8, 134.3,
132.5, 129.7, 128.1, 127.3, 123.7, 122.8, 119.6,
117.4, 21.5, 16.2 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for
C22H21N404S 437.1278, found 437.1290.
4-methyl-N-(2-((E)-(((E)-1-(3-nitrophenyl)ethylidene)hydrazineylidene)methyl)phenyl)
benzenesulfonamide (32pa)

The reaction was performed according to the general procedure with (E)-4-methyl-N'-(1-
(3-nitrophenyl)ethylidene)benzenesulfonohydrazide 29p (117 mg, 0.35 mmol), N-
(2(chloromethyl)phenyl)-4-methylbenzenesulfonamide 9a (154 mg, 0.52 mmol) and KOH (39
mg, 0.70 mmol) at 80 °C for 12 h. After solvent removal, the residue was purified by silica gel
column chromatography (10% EtOAc/hexane) to afford the desired product 32pa as a yellow
solid (125 mg, 82%).

Analytical data of 32pa

Mp: 127-130 °C.

'H NMR (500 MHz, CDCls, TMS): § 12.01 (s,

1H), 8.85 (s, 1H), 8.68 (s, 1H), 8.33 (d, J = 8.0
@fw”j/@mz Hz, 1H), 8.27 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 8.5

NHTs Hz, 2H), 7.67 - 7.64 (m, 2H), 7.40 - 7.35 (m, 2H),
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7.24 (d, J =8.5Hz, 2H), 7.09 (t, J = 7.5 Hz, 1H),

2.70 (s, 3H), 2.36 (s, 3H) ppm.

13C {!H} NMR (125 MHz, CDCls): & 164.9,

164.1, 143.9, 139.5, 139.0, 136.7, 134.3, 132.9,

132.4, 129.8, 129.6, 127.3, 125.0, 122.8, 122.2,

119.6, 117.4, 21.6, 16.1 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for

C22H21N404S 437.1278, found 437.1296.
4-methyl-N-(2-((E)-(((E)-1-(3-(trifluoromethyl)phenyl)ethylidene)hydrazineylidene)
methyl)phenyl)benzenesulfonamide (32qa)

The reaction was performed according to the general procedure with (E)-4-methyl-N'-(1-
(3-(trifluoromethyl)phenyl)ethylidene)benzenesulfonohydrazide 29q (125 mg, 0.35 mmol), N-
(2(chloromethyl)phenyl)-4-methylbenzenesulfonamide 9a (154 mg, 0.52 mmol) and KOH (39
mg, 0.70 mmol) at 80 °C for 12 h. After solvent removal, the residue was purified by silica gel
column chromatography (10% EtOAc/hexane) to afford the desired product 32qa as a pale-
yellow solid (121 mg, 75%).

Analytical data of 32qa

Mp: 110-112 °C.

'H NMR (500 MHz, CDClz, TMS): 6 12.06 (s,

1H), 8.66 (s, 1H), 8.26 (s, 1H), 8.10 (d,J=7.5

Hz, 1H), 7.78 (d, J = 8.0 Hz, 2H), 7.73 (d, J =

7.5 Hz, 1H), 7.66 (d, J = 8.0 Hz, 1H), 7.59 (t, J

=8.0 Hz, 1H), 7.38 - 7.33 (m ,2H), 7.23 (d, J =
@fN’NjQCFs 8.0 Hz, 2H), 7.08 (t, J = 7.5 Hz, 1H), 2.68 (s,

NHTs 3H), 2.36 (s, 3H) ppm.

13C {*H} NMR (125 MHz, CDClz): & 165.9,

163.6, 143.9, 139.0, 138.6, 136.8, 134.1, 132.2,

131.1(q, J = 244.0 Hz, 121.5 Hz), 130.4, 129.7,

129.1,127.2,127.1 (d, J = 13.2 Hz), 124.0 (d, J

= 14.2Hz), 122.8, 119.8, 117.4, 21.5, 16.1 ppm.
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19F NMR (471 MHz, CDCl3): & -62.69 (s, 3F)

ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for

C23H21F3N302S 460.1301, found 460.1314.

N-(2-((E)-(((E)-1-(3,5-bis(trifluoromethyl)phenyl)ethylidene)hydrazineylidene)methyl)
phenyl)-4-methylbenzenesulfonamide (32ra)

The reaction was performed according to the general procedure with (E)-N'-(1-(3,5-

bis(trifluoromethyl)phenyl)ethylidene)-4-methylbenzenesulfonohydrazide 29r (149 mg, 0.35

mmol), N-(2(chloromethyl)phenyl)-4-methylbenzenesulfonamide 9a (154 mg, 0.52 mmol) and
KOH (39 mg, 0.70 mmol) at 80 °C for 12 h. After solvent removal, the residue was purified

by silica gel column chromatography (10% EtOAc/hexane) to afford the desired product 32ra

as a pale yellow solid (162 mg, 88%).

CF,

_N
NHTs

Analytical data of 32ra

Mp: 147-149 °C.

'H NMR (500 MHz, CDCl3, TMS): 8 11.96 (s,
1H), 8.69 (s, 1H), 8.41 (s, 2H), 7.98 (s, 1H), 7.78
(d, J = 8.0 Hz, 2H), 7.66 (d, J = 8.0 Hz, 1H),
7.40 — 7.36 (m, 2H), 7.24 (d, J = 8.0 Hz, 2H),
7.09 (t, J = 7.5 Hz, 1H), 2.70 (s, 3H), 2.36 (s,
3H) ppm.

13C {*H} NMR (125 MHz, CDCls3): & 164.4,
164.2, 144.0, 139.8, 139.1, 136.7, 134.3, 132.6,
132.0 (g, J = 254.8 Hz, 125.8 Hz), 129.8,
127.25, 127.2 (d, J = 11.3 Hz), 122.9, 119.5,
117.4,21.5, 15.9 ppm.

F NMR (471 MHz, CDCls): & -62.87 (s, 6F)
ppm.

HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for
Ca4aH20FsN302S 528.1175, found 528.1168.
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N-(2-((E)-(((E)-1-(4-fluorophenyl)ethylidene)hydrazineylidene)methyl)phenyl)-4-
methylbenzenesulfonamide (32sa)

The reaction was performed according to the general procedure with (E)-N'-(1-(4-
fluorophenyl)ethylidene)-4-methylbenzenesulfonohydrazide 29s (107 mg, 0.35 mmol), N-
(2(chloromethyl)phenyl)-4-methylbenzenesulfonamide 9a (154 mg, 0.52 mmol) and KOH (39
mg, 0.70 mmol)at 80 °C for 12 h. After solvent removal, the residue was purified by silica gel
column chromatography (10% EtOAc/hexane) to afford the desired product 32sa as a pale
yellow solid (100 mg, 70%).

Analytical data of 32sa
Mp: 123-125 °C.
'H NMR (500 MHz, CDCl3, TMS): § 12.13 (s,
1H), 8.63 (s, 1H), 7.98 — 7.95 (m, 2H), 7.77 (d,
J=7.5Hz, 2H), 7.65 (d, J =8.5 Hz, 1H), 7.36 —
F 7.32 (m, 2H), 7.22 (d, J = 8.0 Hz, 2H), 7.14 (t, J
\N/N\T/Q/ = 8.0 Hz, 2H), 7.07 (t, J = 7.5 Hz, 1H), 2.65 (s,
E:qﬂs 3H), 2.35 (s, 3H) ppm.
13C {*H} NMR (125 MHz, CDCls): & 166.4,
162.8, 143.8, 138.8, 136.8, 133.9, 132.0, 129.7,
129.3 (d, J = 32,5 Hz), 127.2, 122.8, 119.9,
117.4,115.6 (d, J = 81 Hz), 21.5, 16.2 ppm.
F NMR (471 MHz, CDCls): 6 -109.65 (s, 1F)
ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) " calcd for
C22H21FN30,S 410.1333, found 410.1346.
N-(2-((E)-(((E)-1-(4-chlorophenyl)ethylidene)hydrazineylidene)methyl)phenyl)-4-methyl
benzenesulfonamide (32ta)

The reaction was performed according to the general procedure with (E)-N'-(1-(4-
chlorophenyl)ethylidene)-4-methylbenzenesulfonohydrazide 29t (113 mg, 0.35 mmol), N-
(2(chloromethyl)phenyl)-4-methylbenzenesulfonamide 9a (154 mg, 0.52 mmol) and KOH (39
mg, 0.70 mmol) at 80 °C for 12 h. After solvent removal, the residue was purified by silica gel
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column chromatography (10% EtOAc/hexane) to afford the desired product 32ta as a pale

yellow solid (91 mg, 61%).

Cl

NHTs

Analytical data of 32ta

Mp: 135-138 °C.

'H NMR (500 MHz, CDCl3, TMS): § 12.11 (s,
1H), 8.63 (s, 1H), 7.90 (d, J = 8.5 Hz, 2H), 7.77
(d, J = 85 Hz, 2H), 7.65 (d, J = 8.0 Hz, 1H),
7.43 (d, J = 8.5 Hz, 2H), 7.36 - 7.32 (m, 2H),
7.22 (d,J=8.0 Hz, 2H), 7.07 (t, J = 7.5 Hz, 1H),
2.64 (s, 3H), 2.36 (s, 3H) ppm.

13C {*H} NMR (125 MHz, CDCl3): & 166.3,
163.0, 143.8, 138.9, 136.85, 136.77, 136.2,
134.0, 132.1, 129.74, 129.71, 128.8, 128.5,
127.3, 122.8, 119.8, 117.3, 21.5, 16.0 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for
C22H21CIN303S 426.1038, found 426.1033.

N-(2-((E)-(((E)-1-(4-bromophenyl)ethylidene)hydrazineylidene)methyl)phenyl)-4-

methylbenzenesulfonamide (32ua)

The reaction was performed according to the general procedure with (E)-N'-(1-(4-

bromophenyl)ethylidene)-4-methylbenzenesulfonohydrazide 29u (129 mg, 0.35 mmol) N-
(2(chloromethyl)phenyl)-4-methylbenzenesulfonamide 9a (154 mg, 0.52 mmol) and KOH (39

mg, 0.70 mmol) at 80 °C for 12 h. After solvent removal, the residue was purified by silica gel

column chromatography (10% EtOAc/hexane) to afford the desired product 32ua as a pale

yellow solid (95 mg, 58%).

Analytical data of 32ua

Mp: 118-120 °C.

'H NMR (500 MHz, CDCI3, TMS): § 12.03 (s,
1H), 8.56 (s, 1H), 7.76 (d, J = 8.0 Hz, 2H), 7.70
(d, J = 8.5 Hz, 2H), 7.58 (d, J = 8.5 Hz, 1H), 7.52
(d, = 8.0 Hz, 2H), 7.29 — 7.25 (m, 2H), 7.15 (d,
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Br  J=8.0Hz 2H), 7.00 (t, J = 7.5 Hz, 1H), 2.56 (s,
\N,N\\(©/ 3H), 2.28 (s, 3H).
mTS 13C {*H} NMR (125 MHz, CDCls): & 166.4,

163.1, 143.8, 138.9, 136.8, 136.6, 134.0, 132.1,
131.8, 129.7, 128.7, 127.3, 125.3, 122.8, 119.8,
117.4,21.5, 16.0 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for
C22H21BrN302S 470.0532, found 470.0540.

N-(2-((E)-(((E)-1-(4-iodophenyl)ethylidene)hydrazineylidene)methyl)phenyl)-4-methyl

benzenesulfonamide (32va)

The reaction was performed according to the general procedure with (E)-N'-(1-(4-
iodophenyl)ethylidene)-4-methylbenzenesulfonohydrazide 29v (145 mg, 0.35 mmol), N-
(2(chloromethyl)phenyl)-4-methylbenzenesulfonamide 9a (154 mg, 0.52 mmol) and KOH (39
mg, 0.70 mmol) at 80 °C for 12 h. After solvent removal, the residue was purified by silica gel
column chromatography (10% EtOAc/hexane) to afford the desired product 32va as a yellow
solid (94 mg, 52%).

Analytical data of 32va
Mp: 130-132 °C.
'H NMR (500 MHz, CDCl3, TMS): § 12.09 (s,
1H), 8.62 (s, 1H), 7.81- 7.76 (m, 4H), 7.68 (d, J
| = 8.0 Hz, 2H), 7.65 (d, J = 8.5 Hz, 1H), 7.36 -
/N\(©/ 7.32 (m, 2H), 7.22 (d, J = 8.0 Hz, 2H), 7.06 (t, J
@N h = 7.5 Hz, 1H), 2.62 (s, 3H), 2.35 (s, 3H) ppm.
NHTs 15C {{H} NMR (125 MHz, CDCl3): & 166.5,
163.0, 143.8, 138.9, 137.8, 137.3, 136.9, 134.0,
132.1, 129.7, 128.8, 127.2, 122.8, 119.9, 117.4,
97.4,21.5, 15.9 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H)* calcd for
C22H21IN302S 518.0394, found 518.0391.
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N-(2-((E)-(((E)-1-(furan-2-yl)ethylidene)hydrazineylidene)methyl)phenyl)-4-methyl
benzenesulfonamide (32ja)

The reaction was performed according to the general procedure with (E)-N'-(1-(furan-2-
yl)ethylidene)-4-methylbenzenesulfonohydrazide 295 (97 mg, 0.35 mmol), N-
(2(chloromethyl)phenyl)-4-methylbenzenesulfonamide 9a (154 mg, 0.52 mmol) and KOH (39
mg, 0.70 mmol) at 80 °C for 12 h. After solvent removal, the residue was purified by silica
gel column chromatography (10% EtOAc/hexane) to afford the desired product 32ja as a pale
yellow solid (88 mg, 66%).

Analytical data of 32ja
Mp: 137-139 °C.
'H NMR (500 MHz, CDCl3, TMS): & 12.09 (s,
1H), 8.69 (s, 1H), 7.75 (d, J = 8.0 Hz, 2H), 7.66 —
O™ 7.62 (m, 2H), 7.33 (d, J = 7.5 Hz, 2H), 7.21 (d, J
@N’N\ h = 8.0 Hz, 2H), 7.07 — 7.04 (m, 2H), 6.57 (s, 1H),
NHTs 2.59 (s, 3H), 2.34 (s, 3H) ppm.
13C {*H} NMR (125 MHz, CDClz): & 163.0,
158.6, 151.7, 145.6, 143.8, 138.8, 136.7, 134.0,
132.0, 129.7, 127.2, 122.8, 120.0, 117.5, 114.9,
112.2, 21.5, 15.4 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for
C20H20N303S 382.1220, found 382.1237.
4-methyl-N-(2-((E)-(((E)-1-(thiophen-2-yl)ethylidene)hydrazineylidene)methyl)
phenyl)benzenesulfonamide (32ka)

The reaction was performed according to the general procedure with (E)-4-methyl-N'-(1-
(thiophen-2-yl)ethylidene)benzenesulfonohydrazide 29k (103 mg, 0.35 mmol), N-
(2(chloromethyl)phenyl)-4-methylbenzene sulfonamide 9a (154 mg, 0.52 mmol) and KOH (39

mg, 0.70 mmol) at 80 °C for 12 h. After solvent removal, the residue was purified by silica

gel column chromatography (10% EtOAc/hexane) to afford the desired product 32ka as a pale
yellow solid (86 mg, 62%).
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Analytical data of 32ka
Mp: 134-136 °C.
'H NMR (500 MHz, CDCl3, TMS): § 12.11 (s,
1H), 8.62 (s, 1H), 7.75 (d, J = 8.0 Hz, 2H), 7.65
(d,J=8.0Hz, 1H), 7.58 (d, J = 2.0 Hz, 1H), 7.48
SIPLRGZN (d, J=5.0 Hz, 1H), 7.34 — 7.30 (m, 2H), 7.21 (d,
©\ANHTS J=7.5Hz, 2H), 7.13 (t, J = 4.0 Hz, 1H), 7.06 (t,
J=7.5Hz, 1H), 2.68 (s, 3H), 2.35 (s, 3H) ppm.
13C {*H} NMR (125 MHz, CDClz): § 163.0,
162.5, 143.8, 143.1, 138.8, 136.8, 133.9, 131.9,
130.2, 129.70, 129.67, 127.8, 127.2, 122.8,
120.1, 117.5, 21.5, 16.2 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for
C20H20N302S2 398.0991, found 398.1003.
4-methyl-N-(2-((E)-(((E)-1-(pyridin-2-yl)ethylidene)hydrazineylidene)methyl)phenyl)
benzenesulfonamide (32wa)

The reaction was performed according to the general procedure with (E)-4-methyl-N'-(1-
(pyridin-2-ylethylidene)benzenesulfonohydrazide 29w (101 mg, 0.35 mmol), N-
(2(chloromethyl)phenyl)-4-methylbenzenesulfonamide 9a (154 mg, 0.52 mmol) and KOH (39
mg, 0.70 mmol) at 80 °C for 12 h. After solvent removal, the residue was purified by silica
gel column chromatography (10% EtOAc/hexane) to afford the desired product 32wa as a pale
yellow solid (80 mg, 58%).

Analytical data of 32wa

Mp: 185-188 °C.

'H NMR (500 MHz, CDCI3, TMS): § 12.06 (s,

1H), 8.71 (d, J = 3.5 Hz, 1H), 8.63 (s, 1H), 8.22

(d, J=8.0Hz, 1H), 7.80 - 7.77 (m, 3H), 7.70 (d,
LN | J=8.5Hz, 1H), 7.39 — 7.33 (m, 3H), 7.22 (d, J

E:C = 8.0 Hz, 2H), 7.07 (t, J = 7.5 Hz, 1H), 2.74 (s,

NHTs
3H), 2.35 (s, 3H) ppm.
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BBC {*H} NMR (125 MHz, CDCls): & 168.2,
165.3, 163.2, 155.3, 149.1, 143.8, 139.0, 136.9,
136.4, 134.0, 132.2, 129.7, 127.2, 124.8, 123.2,
122.8, 121.7, 119.8, 117.5, 21.5, 14.8 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) " calcd for
C21H21N40,2S  393.1380, found 398.1382.

N-(4-chloro-2-((E)-(((E)-1-phenylethylidene)hydrazineylidene)methyl)phenyl)-4-

methylbenzenesulfonamide (32ad)

The reaction was performed according to the general procedure with (E)-4-methyl-N'-(1-

phenylethylidene)benzenesulfonohydrazide 29a (0.35 mmol, 100 mg), N-(5-chloro-2-
(chloromethyl)phenyl)-4-methylbenzenesulfonamide 9d (172 mg, 0.52 mmol) and KOH (39
mg, 0.70 mmol) at 80 °C for 12 h. After solvent removal, the residue was purified by silica gel

column chromatography (10% EtOAc/hexane) to afford the desired product 32ad as a pale

yellow solid (89 mg, 60%).

Cl\@%N/N\\(@

NHTs

Analytical data of 32ad

Mp: 205-208 °C.

'H NMR (500 MHz, CDClz, TMS): 6 12.06 (s,
1H), 8.55 (s, 1H), 7.95 (d, J = 7.5 Hz, 2H), 7.75
(d, J =75 Hz, 2H), 7.63 (d, J = 9.0 Hz, 1H),
7.48 (t,J=7.5Hz,3H), 7.38 (d, J=4.0 Hz, 1H),
7.31(s,1H), 7.23 (d, J = 8.0 Hz, 2H), 2.66 (s,
3H), 2.37 (s, 3H) ppm.

13C {*H} NMR (125 MHz, CDClz): 6 168.3,
161.4, 144.1, 137.6, 137.3, 136.5, 133.0, 131.6,
130.9, 129.8, 129.6, 128.7, 128.6, 128.3, 128.0,
127.3, 127.2, 126.5, 124.9, 121.4, 118.9, 21.6,
16.3 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for
C22H21CIN30,S 426.1038, found 426.1048.
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2,4,6-triisopropyl-N-(2-((E)-(((E)-1-phenylethylidene)hydrazineylidene)methyl)
phenyl)benzenesulfonamide (32ae)

The reaction was performed according to the general procedure with (E)-4-methyl-N'-(1-
phenylethylidene)benzenesulfonohydrazide 29a (100 mg, 0.35 mmol), N-(2-
(chloromethyl)phenyl)-2,4,6-triisopropylbenzenesulfonamide 9e (212 mg, 0.52 mmol) and
KOH (39 mg, 0.70 mmol) at 80 °C for 12 h. After solvent removal, the residue was purified
by silica gel column chromatography (10% EtOAc/hexane) to afford the desired product 32ae
as a pale yellow solid (125 mg, 48%).

Analytical data of 32ae
Mp: 151-153 °C.
'H NMR (500 MHz, CDCl3, TMS): 8 12.19 (s,
1H), 8.64 (s, 1H), 7.87 (d, J = 7.5 Hz, 2H), 7.39

@N/Nﬁ (d, 3 = 6.5 Hz, 2H), 7.31 (d, J = 7.5 Hz, 1H),

NH 7.28 (d, J = 8.5 Hz, 1H), 7.19 (s, 2H), 7.08 (s,
2H), 6.95 (t, J = 7.5 Hz, 1H), 4.40 — 4.35 (m,
2H), 2.83- 2.78 (m,1H), 2.44 (s, 3H), 1.16 (d, J
= 6.5 Hz, 18H) ppm.
13C {*H} NMR (125 MHz, CDCls): & 167.1,
163.3, 153.3, 150.7, 139.5, 137.8, 134.0, 132.6,
131.9, 130.6, 128.6, 127.2, 124.0, 121.8, 119.0,
115.8, 34.1, 29.5, 24.7, 23.5, 15.7 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for
CaoH3sN30,S 504.2679, found 504.2696.
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Chapter 4

Inverse Electron Demand Diels Alder Reaction of Aza-o-
Quinone Methides and Enaminones: Accessing 3-Aroyl

Quinolines and Indeno[1,2-b]quinolinones
]

4.1. Abstract

We have developed a Diels Alder cycloaddition route towards 3-aroyl quinolines from
enaminones and in situ generated aza-o-quinone methides. The reaction was found to be
general with a range of substituted enaminones and aza-o-quinone methides, and we could
validate the applicability of the methodology in a gram-scale. We also demonstrated a one-
pot strategy towards 3-acyl quinolines starting from the corresponding aliphatic ketones.
Finally, we utilized the 3-aroyl quinolines for synthesizing indeno[1,2-b]quinolinones via a

Pd-catalyzed dual C-H activation approach.

4.2 Introduction

Quinolines are a class of heterocycles of utmost importance in medicinal chemistry and
industry.? The need for new methods for the synthesis of quinolines is driven by the demand
for diverse and tailor-made compounds for pharmaceuticals, materials, and other
applications, as well as the desire to make the synthesis process more efficient, cost-effective,
and sustainable. This Chapter describes a new approach to synthesize 3-aroyl/acyl
quinolines. Organic chemists have exploited the reactivity of aza-o-quinone methides for the
generation of different classes of N-heterocycles.® Several groups have utilised this reactive
intermediate as an aza-diene for the Diels Alder cycloaddition.” Steinhagen and Corey
reported the use of N-(o-chloromethyl)arylamides for the first time as the precursor of aza-o-
quinone methides (for [4+2] cycloaddition with electron-rich olefins) after which it has
become the most common approach for the generation of these reactive intermediates
(Scheme 4.1).2 An inverse-electron-demand [4+2]-cycloaddition of 1,3,5-triazinanes with
aza-o-quinone methides towards tetrahydroquinazolines was reported by Liu and
co-workers.® Another report on the use of aza-o-quinone methide as a diene came recently
for the synthesis of furo[3,2-b]quinolines.’® Utilization of [60]fullerene as a dienophile in the

[4+2]-cycloaddition with aza-o-quinone methide for the generation of fullerotetrahydro
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quinolines was reported by Wang and co-workers.!? It's noteworthy to mention that in all the
above mentioned reports, the product obtained was tetrahydro quin(az)olines wherein we
observed aromatization of the cycloadduct towards the formation of substituted quinolines.
H
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Scheme 4.1 [4+2] cycloaddition of aza-o-quinone methides with dienophiles

Enaminones are a class of electron-rich olefins that were exploited to generate a wide
variety of heterocycles such as pyrroles, pyrazoles, isoxazoles, imidazoles, oxadiazoles,
aziridines, 1,2,4-triazoles, etc.'? They are considered as a synthetic equivalent to ynones. In
2016, an elegant report on the use of enaminones as a dipolarophile in the dipolar
cycloaddition with azides towards 4-acyl-1H-1,2,3-triazoles came from the group of Dehaen
(Scheme 4.2).13

: 1 O s
\N%O'VIe MW, 150 oC. 25 min. N N 4 . _ N@
Ri "/ oMme or > | Toluene ! N=pN
5

1 2 100 °C, 12 h. 3 100 °C, 12 h.

Scheme 4.2 Dipolar cycloaddition reaction of enaminones with azides

Later, Wan and co-workers reported the synthesis of 3-acyl quinolines by an acid-
mediated reaction of enaminones and anilines (Scheme 4.3).142 The synthesis of quinolines

involves breaking the branched C=C and C=N bonds in enaminones to yield C2-C3 and C4
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fragments, respectively. This process results in the formation of two new C-C bonds and a

new C-N bond as part of the product formation.

0
NH, TfOH XN
r | DMSO, 130 °C NG

Scheme 4.3 Acid-mediated reaction of enaminones and anilines

At the same time, the same group reported the synthesis of 2,3-disubstituted quinolines via
a three-component reaction involving enaminones, aldehydes, and anilines (Scheme 4.4).14
The current approach enables the rapid and selective generation of 2,3-disubstituted

quinolines, representing an enhanced and updated iteration of the Povarov reaction.

a N Cul (20 mol%), Air
Ry | © Ry * Ry
TfOH, DMF, 90 °C

Scheme 4.4 Transition metal-free synthesis of quinolines from acetophenones and anthranils

A transition metal-free synthesis of functionalized quinolines from readily available
acetophenones and anthranils was disclosed by Wakade et al. in 2017 (Scheme 4.5).24¢ This
one-pot reaction entails the aza-Michael addition of anthranils, annulation, and one-carbon

homologation by DMSO, which produces a,p-unsaturated ketones in situ from the

acetophenone.
e} (0]
S5 K»S,0
O 0 e O T
N DMSO, 120°C, 24 h. NT
1 10 7

Scheme 4.5 Transition metal-free synthesis of quinolines from acetophenones and anthranils

Another synthesis of 3-acyl quinoline was achieved by a palladium-catalyzed C—H
transformation from aldehydes and (hetero)aryl halides by Wakaki et al. in 2018 (Scheme

4.6).1* Picolinamide ligands were used for this transformation.
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o
P L-18 (6.0 mol%)
N tAmylOH, 150 °C, 24 h.

11 12

Scheme 4.6 Palladium catalyzed C—H transformation from aldehydes and aryl halides

Dang et al. utilized a copper metal-organic framework (Cu-MOF) for the synthesis of
3-aroyl quinolines via one-pot domino reactions of 2-aminobenzylalcohols with

propiophenones (Scheme 4.7).14¢

0 0
O\AOH Cu,(OBA),(BPY) O A O
NH, TEMPO, pyridine N7
14 15 DMF 7

Scheme 4.7 One-pot domino reactions of 2-aminobenzylalcohols with propiophenones

In 2019, Wakade and co-workers reported an alternative transition metal-free method for
synthesizing functionalized 3-acyl quinolines (Scheme 4.8).14" This process utilizes readily
accessible anilines, enaminones, and dimethyl sulfoxide (DMSO) in the presence of
potassium persulfate (K2S20s). The reaction involves a tandem process that proceeds through
a [3+2+1] cycloaddition reaction, where DMSO, enaminones, and amines play pivotal roles

in the formation of these quinolines.

saaRlcIEE o ge
—
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Scheme 4.8 [3+2+1] cycloaddition reaction for the synthesis of 3-acyl quinolines

4.3 Statement of the problem

There is a plethora of classical reactions such as Gould—Jacob, Friedlander, Pfitzinger,
Skraup, Doebner-von Miller, and Conrad-Limpach for accessing quinoline and its
derivatives.* Apart from these methods, several transition metal-catalyzed approaches and
green protocols were also developed. Many of these methods have drawbacks, such as

intricate reaction systems, stringent reaction conditions, and the generation of complex
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by-products. The transition metal-free approaches for the synthesis of quinoline and its
derivative are particularly appealing from a synthetic standpoint. In line with our interest in
the chemistry of heterocycles'® and based on the reactivity of aza-o-quinone methide and
enaminone, we envisaged whether these two would react to generate acyl quinoline
derivatives. We also hypothesized that via a Pd-catalyzed dual C-H activation in the
synthesized acyl quinoline motifs, indeno[1,2-b]quinolinones could be generated (Scheme
4.9).

o (@) O
Cl P base A — =
+ NMe, ——> — _
2 —_—
NH [4+2] N N O
17 Ts 3 3-aroyl quinoline Indeno[1,2-b]quinolinone

Scheme 4.9 Inverse Electron Demand Diels Alder Reaction of Aza-0- Quinone Methides and
Enaminones and a Pd-catalyzed dual C-H activation

4.4 Result and discussions

To test our hypothesis, we chose to work with N-(2-(chloromethyl)phenyl)-4-
methylbenzenesulfonamide 17a and 3-(dimethylamino)-1-phenylprop-2-en-1-one 3a as
substrates (Scheme 4.10). Our first attempt to react both 17a and 3a in the presence of 2.0
equiv. of NaxCOz at room temperature in DCM (1mL) turned out to be futile (Table 4.1,
entry 1). When the same reaction was kept at 50 °C, we could isolate the expected
phenyl(quinolin-3-yl)methanone 7aa after 24 h of reaction time (Table 4.1, entry 2). After
completion of the reaction, as indicated by the TLC, the solvent was removed under vacuum.
The residue was then purified by column chromatography (silica gel, eluent: Ethyl
acetate/hexane (1:4)) to afford the corresponding product phenyl(quinolin-3-yl)methanone
7aa in 78% vyield.

e} (0]

(;CCI . NN~ NayCOs, DCM O N O
NHTs | 50°C, 24 h N/
17a 3a 7aa, (78%)

Scheme 4.10 3 acyl quinoline synthesis from aza-0- quinone methides and enaminones
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The structure of the product was assigned based on various spectral analyses such as 'H
NMR, *C NMR, and HRMS analysis. In the 'H NMR spectrum (Fig 4.1) the aromatic
protons resonated between 9.27-7.47 ppm. The proton attached to C4 carbon resonated at
9.27 ppm.

In the $3C NMR (Fig 4.2) the carbonyl carbon resonated at 194.4 ppm. All other signals in
the *H and *C NMR spectra were in agreement with the proposed structure and literature.
The high-resolution mass spectral analysis showed a peak at m/z 234.0918 (M+H)*, which
also supported the proposed structure.

Then we moved on with optimizing the reaction conditions starting with the solvent
screen. Among the different solvents such as DCM, Acetonitrile, THF, 1,4-dioxane, toluene,
1,2-DCE, DMF, and CHClIg, the best medium for the reaction was found to be DCM (Table
4.1, entries 2-9). Next, a base screen was carried out among Na,COs3, K>CO3z, Cs2COsg,
NaOAc, KOH, and NaHCO3 (Table 4.1, entries 2, 10-14). The reaction mediated by NaOAc
was found to be the best affording 7aa in 81% yield. Finally, we observed an increase in
yield by increasing the amount of N-(2-(chloromethyl) phenyl)-4-methylbenzenesulfonamide
17a (Table 4.1, entries 15-16). In this line, we found that the reaction with 1.3 equiv. of la
resulted in a yield of 89% for 7aa.

Table 4.1 Optimization studies for the synthesis of 7aa?

o) (0]
Cl AN\~ base, solvent A
+ B ——
NHTs | ToC, 24 h N
17a 3a 7aa
Entry  Base Solvent Temp. Yield of 7aa
1 Na.CO3 DCM rt NR

2 Na2COs DCM 50°C 78%
3 Na2COs ACN 50°C 66 %
4 Na2COs THF 50°C 51%

5 NapCOs 1,4-Dioxane 50°C 46%
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6 Na.CO3 Toluene 50 °C 53%
7 Na,CO3 1,2-DCE 50 °C 71%
8 NaxCOs DMF 50°C trace

9 Na2COs CHCIs 50°C 73%
10 K2COs3 DCM 50°C 68%
11  Cs2:CO3 DCM 50°C 76%

12 NaOAc DCM 50°C 81%

13 KOH DCM 50°C 56%
14 NaHCOs DCM 50°C 56%

15°  NaOAc DCM 50°C 84%
16° NaOAc DCM 50°C 89%
Reaction conditions: 217a (1.0 equiv., 0.17 mmol), 3a (1.0 equiv., 0.17 mmol), base (2.0 equiv.),
solvent (1.0 mL), 24 h, isolated yields; P 17a (1.2 equiv.); ¢ 17a (1.3 equiv.); NR — No reaction
We then concentrated our efforts towards studying the generality of 3-acyl quinoline
synthesis under the optimized conditions (Table 4.2). We first tried the gram-scale synthesis
of 7aa starting from 1 gram of 17a which resulted in a yield of 84%. The reactivity of
different enaminones 3b-3f derived from 4-substituted acetophenones (substituents were F,
Br, Cl, OMe, and Me) was then tested. From these reactions, we could isolate the
corresponding functionalized 3-acyl quinolines 7ab to 7af in good to excellent yields. We
then checked the reactivity of enaminones 3g-3h derived from 2-substituted acetophenones
(substituents were Cl and OMe) and the respective reactions yielded the products 7ag and
7ah in 84% and 87% yields respectively. Enaminones 3i & 3j synthesized from dimethoxy
and trimethoxy acetophenones also underwent the base-mediated tandem Diels Alder
reaction-aromatization affording the products 7ai and 7aj in excellent yields. Naphthyl
quinolinyl ketone 7ak was obtained in 94% yield from the reaction between 3-
(dimethylamino)-1-(naphthalen-2-yl)prop-2-en-1-one 3k and aza-o-quinone methide derived
from 17a. By this methodology, we could also synthesize 1-(naphthalen-2-yl)pentan-1-one

7al in 81% yield starting from 2-hexanone derived enaminone 3l. Interestingly, our attempt
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to synthesize 1,3-phenylene bis(quinolin-3-ylmethanone) 7am was successful starting from

the corresponding di-enaminone 3m. Finally, we could introduce the Cl-substituent to the

quinoline ring in product 7ba (89%) by starting from the appropriately substituted 17b.

Table 4.2 Generality of 3-acyl quinoline synthesis?

Yield (%)

Entry  aza-o-quinone methide enaminone Product
precursor
0 (0]
Cl
e O
NHTs I P
N
17a 3a 7aa

NHTs

s
o
\
—Z
\
W,
A/
W,

17a 3b 7ab

NHTs

~
o}
o
\
—
W,
A/
W,
?

17a 3¢ 7ac

NHTs

i
®!
a
o
\
—Z
\
A/
a

17a 3d 7ad

9
/
o
\
~
W
A/
W,
N

NHTs
0
17a 3e Tae
0 0
Cl
. CC e s
NHTs | _
N
17a 3f 7af

89%,84%"

74%

92%

93%

91%

88%

Reaction conditions: * 17 (1.3 equiv., 0.44 mmol), 3 (1.0 equiv., 0.34 mmol), NaOAc (2.0 equiv.),

DCM (2.0 mL), 50 °C, 24 h, isolated yields. b from 1 gram of 3a.
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Entry aza-o-quinone methide enaminone Product Yield (%)
precursor
0 O
7 “ SN N
84%
NHTs I P
Cl N
17a 3g Tag

87%
NHTs

a
O\ o
\
—Z
\
A/

17a 3h 7ah

Cl
84%

NHTs

\
o
O\ o
\
—Z
\
A/

10 89%

NHTs

Qz i)
o/
o\ :
\
—z
\
A/
o

% 5
a
\
—Z
\

11 N 94%
NHTs P
N

17a 3k 7ak
0]
(0]
Cl .
12 WN/ A 3 81%
NHTs | pZ
N
17a 31 7al
o (¢} o o
Cl
” ACANseacnechy
NHTs ~ - P X
i ¥ s
17a 3m 7am

Reaction conditions: ? 17 (1.3 equiv., 0.44 mmol), 3 (1.0 equiv., 0.34 mmol), NaOAc (2.0 equiv.),
DCM (2.0 mL), 50 °C, 24 h, isolated yields. b from 1 gram of 3a.
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Entry aza-o-quinone methide enaminone Product Yield (%)
precursor

Cl
150,
14
NHTs
17b
Cl
15
1 NHTs

17¢

(0] (0]
= - Cl
©)K/\IT O N O -
~
N
3a
0 (0]
AN N 86%
I P
1 N
3a

Reaction conditions: # 17 (1.3 equiv., 0.44 mmol), 3 (1.0 equiv., 0.34 mmol), NaOAc (2.0 equiv.),
DCM (2.0 mL), 50 °C, 24 h, isolated yields. b from 1 gram of 3a.

During our investigations on the generality of this tandem quinoline synthesis, we treated
N-(2-(chloromethyl)phenyl)-4-methylbenzenesulfonamide 17a with 3-(dimethylamino)-1-(4-
nitrophenyl)prop-2-en-1-one 3n under optimized conditions and found that 7an’ was forming
exclusively (38%) which we believed this to be the intermediate of this tandem

transformation (Scheme 4.11).

0 O
+ —_—
| 0
50 °C, 24 h
NHTs O,N ’ l}l NO,
Ts
17a 3n 7an' (38%)

Scheme 4.11 Base mediated reaction of 17a with 3n

The structure of this intermediate was confirmed by *H NMR and *C NMR analysis. In
the *H NMR spectrum (Fig 4.3) the aromatic protons resonated between 8.29-7.06 ppm. The
benzylic proton appears at 3.50 ppm, and the methyl protons of the tosyl ring resonate at 2.33
ppm. In the 3C NMR (Fig 4.4) the benzylic carbon resonated at 25.8 ppm, and methyl
carbon resonated at 21.7 ppm. All other signals in the *H and *C NMR spectra were in
agreement with the proposed structure. We then optimized the reaction conditions including

an oxidizing agent in order to obtain the 3-aroyl quioline derivative exclusively.®
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Figure 4.3: *H NMR (500 MHz) Spectra of 7an’

—192.70
77.28
76.78

—25.83
—21.69

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 110f 100 9 80 70 60 50 40 30 20 10 0 -10
1 (ppm)

Figure 4.4: BC{*H} NMR (125 MHz) Spectra of 7an’

The Table 4.3 shows the optimization of the reaction using 17a and 3n as substrates. First,

we checked the effect of oxidizing agents DDQ and chloranil on the previously optimized
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conditions. These two reactions also furnished the intermediate 7an’ as the sole product.
Then, we changed the solvent to toluene and increased the reaction temperature to 120 °C by
using DDQ as the oxidant. To our dismay, this reaction gave an intractable reaction mixture.
Finally, our attempt with chloranil as the oxidizing agent furnished the full aromatized

3-aroyl quinoline 7an in 66% yield.

Table 4.3 Optimization studies

(0] O e}
Cl AN~ base, solvent N
+ £ senciicens
NHTs o N oxidant, l}l NO, \ NO,
Ts
17a 3n 7an’ 7an
Yield(%)
Sovent Base Oxidant T °C -
7an' 7an
Dichloromethane? NaOAc —_— 50 38%
Dichloromethane® NaOAc DDQ 50 37%
. 35%
Dichloromethane® NaOAc Chloranil 50
Toluene® NaOAc DDQ 120 _ —
Toluene? NaOAc Chloranil 120 — 66%

Reaction conditions: ? (i) 17a (1.3 equiv., 0.22 mmol), 3n (1.0 equiv., 0.17 mmol),
NaOAc (2.0 equiv.),solvent (1.0 mL), T °C, 24 h; ®(ii) oxidant (2.0 equiv.), T °C,
12 h, isolated yields.

All the substrates that failed to afford 3-aroyl quinolines under the conditions depicted in
Table 4.1 were allowed to react under the newly optimized condition (Table 4.4). We started
with the reaction of 17a and 3n from which the corresponding 3-aroyl quinoline derivative
7an was isolated in 66% yield. Enaminones derived from acyl ketones of tricyclic aromatic
hydrocarbons such as anthracene and phenanthrene 30-3q were then treated with 17a and
these reactions also furnished the respective products 7ao-7aq in good yields. Our efforts to

check the reactivity of different enaminones 3r-3v derived from heterocyclic acyl ketones
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also were successful and the corresponding bis-heterocyclic ketones 7ar-3av were isolated in
excellent yields. With this methodology, we could introduce heterocycles such as furan,
thiophene, indole, and benzothiophene as heteroaryl functionalities. The enaminone 3w
derived from acetyl ferrocene also underwent the one-pot quinoline synthesis with 17a
affording the product 7aw in 95% yield. Finally, we could introduce phenyl (7da, 44%) and
methyl (7ea, 62%) groups to the 4™ position of the quinoline ring by starting from the

corresponding aza-o-quinone methide precursors 17d and 17e.

Table 4.4 Generality of 3-acyl quinoline synthesis®

Entry aza-o-quinone methide Enaminone Product Yield (%)
precursor

Cl
66%

B

NHTs

17a

66%

&}
a

NHTs

17a

59%

W
a

NHTs
17a

~
a

63%
NHTs

17a 3q Taq

Reaction conditions: ? (i) 17 (1.3 equiv., 0.44 mmol), 3 (1.0 equiv., 0.34 mmol), NaOAc (2.0 equiv.),
toluene (2.0 mL), 120 °C, 24 h; (ii) oxidant (2.0 equiv.), 120 °C, 12 h, isolated yields.
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Entry aza-o-quinone methide Enaminone Product Yield (%)
precursor
0 O
Cl
i ©\/\ 0 AN = \0/ 87%
NHTs | P
\ I N
17a 3r Tar
(0] (0]
Cl S = -
6 X S ,
Vi ) 5%
NHTs Pz
N
17a 3s Tas
O (0]
Cl =
NHTs \ | P /
Cl N ¢l
17a 3t Tat
O
Cl = e
NHTs N N N
/ \
17a 3u Tau
(6] O
Cl = e S
NHTs s | P Q
N
17a 3v Tav
(0) O
cl Qﬁa / N N
10 ©\/\ . \ N , 95%
NHTs Fe \ N Fe
< <
17a 3w Taw
Ph 0 Ph O
11 cl SN X 44%
I P
NHTs N
17d 3a 7da
o) O
12 cl WN/ X O 62%
NHTs | N
17e 3a Tea

Reaction conditions: 2 (i) 17 (1.3 equiv., 0.44 mmol), 3 (1.0 equiv., 0.34 mmol), NaOAc (2.0 equiv.),
toluene (2.0 mL), 120 °C, 24 h; (ii) oxidant (2.0 equiv.), 120 °C, 12 h, isolated yields.
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4.5 Mechanism for inverse electron demand Diels Alder reaction of aza-o-

guinone methides and enaminones

In scheme 4.12, we propose a mechanism for the 3-aroyl quinoline synthesis from aza-o-

71213 and our own observations.

quinone methide and enaminone based on literature reports
The first step of the mechanism starts with the base-mediated generation of aza-o-quinone
methide A from 17a. The enaminone 3a tautomerizes to B from which the anionic center
attacks the terminal carbon of the methide functionality in A leading to the formation of the
cycloadduct C after ring closure from the N-end. A quick elimination of HNMe: from
intermediate C affords D, the formation of which was proved by the isolation of 7an’ as
depicted in scheme 4.11. Finally, a base/oxidizing agent-mediated aromatization affords
3-aroyl quinoline.

0]

/—\ o)

- o

N/

@CCI base @ B O d O
NHTs ¢! NTs N"=NM
la A

I H €2
Ts ¢
base
-HNMe,
(0] (0]
AN aromatization
Cor O T oy e
N N
Taa Ts p

Scheme 4.12 Proposed mechanism for the synthesis of 3-aroyl quinoline from aza-o-quinone
methide and enaminone

In order to formulate a one pot synthetic protocol for the syntheses of 3-substituted
quinolines, we started from the ketone rather than enaminone (Scheme 4.13). Here aliphatic

ketones (acetone and 2-octanone; 1.0 equiv.) were chosen as substrates and were refluxed
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with DMF.DMA (1.2 equiv.) in toluene to form the corresponding enaminones. For this, we

started by treating acetone 3y’ and 2-octanone 3z" with DMF.DMA in refluxing toluene to

furnish the corresponding enaminones 3y & 3z. Upon completion of enaminone formation, to
the same pot, 17a was added along with the base. After 24 h, chloranil was added and
refluxed for 12 more hours after which the corresponding substituted quinolines 7ay and 7az

were isolated in 52% and 31% overall yields respectively.
0
NHTs
o 17a
o 0 A
DMF.DMA 1.NaOAc, 120°C, 24 h R
/U\ R)J\/\N/ avnac, i - ©\/j)‘\
R 2. Chloranil, 12 h N

toluene, 120°C, 12 h |

3y-3z 7ay, R= CH; (52%)
7aZ, R= CH3(CH2)5- (3 1%)

Scheme 4.13 One-pot reaction for the synthesis of 3-substituted quinolines starting from

ketones

4.6 Pd-catalyzed dual C—H activation

Due to our continued interest in devising methodologies towards heteroarenes!” and
inspired by the report on Pd-catalyzed dual C—H activation of 3-phenoxypyridine-1-oxides,'®
we planned to utilize 3-aroyl quinolines to synthesize rarely known indeno[1,2-b]quinoline-
11-ones.!” We started with the N-oxidation of 3-aroyl quinolines with mCPBA and the
obtained quinolinyl-N-oxides were directly taken for the Pd-catalyzed dual C-H activation
after optimization'¢ (Table 4.5). We commenced our investigations by selecting
3-benzoylquinoline 1-oxide as the model substrate. The initial reaction was performed with
1.5 equivalents of Ag-O as oxidant and 10 mol% of PdCl; as the catalyst in acetic acid. As
expected, 11-oxo-11H-indeno[1,2-b]quinoline 5-oxide 19aa was isolated in a 69% yield
(Table 4.5, entry 1). Different Pd-catalysts other than PdCl, such as Pd(OAc).,
Pd(CF3COO0)2, Pd(CH3CN).Clz, and Pd(PPhs)Cl. were screened for the present Pd(Il)-
catalyzed dehydrogenative cyclization (Table 4.5, entries 1-5). Among the Pd-catalysts
tested, PdClI,, Pd(CH3CN)2Cl2, and Pd(PPh3)2Cl> were found to catalyze the reaction equally
(Table 4.5, entries 1, 4-5). An increase in the catalyst loading from 10 mol% to 20 mol% had

a beneficial effect on the outcome of the reaction and Pd(CHsCN)2Cl> showed better



144 Chapter 4

catalysis (Table 4.5, entries 6-8). Among the solvents screened, acetic acid was found to be
the best medium for the Pd-catalyzed dual C-H activation. Thus the expected product,
11-ox0-11H-indeno[1,2-b]quinoline 5-oxide 19aa was isolated in 76% vyield with 1.5
equivalents of Ag20, and 20 mol% Pd(CH3CN)2Cl in acetic acid at 140 °C.

Table 4.5 Optimization studies

0]
O N O catalyst, oxidant .
@_/ solvent, 140 °C, 48 h
18aa
Sl Solvent Catalyst Catalyst Oxidant Yield
No. loading
1 CH3COOH PdCl, 10 mol% Ag.0 69%
2 CHsCOOH Pd(OAC): 10 mol% Ag.0 44%
3 CHsCOOH Pd(CF:C0O0), 10 mol% Ag:0 32%
4 CHsCOOH  Pd(CH3CN).Cl, 10 mol% Ag:0 69%
5 CHsCOOH Pd(PPhs).Cl, 10 mol% Ag:0 69%
6 CHsCOOH PdCl, 20 mol% Ag:0 69%
7 CH;COOH Pd(PPhs).Cl, 20 mol% Ag:0 73%
8  CHsCOOH Pd(CHsCN),Cl, 20 mol% Ag:0 76%
9 DMSO Pd(CHsCN).Cl, 20 mol% Ag:0 36%
10 CFCOOH  Pd(CH3CN).Cl2 20 mol% Ag:0 20%
11 PivOH Pd(CHsCN).Cl, 20 mol% Ag:0 -

Reaction conditions: (i) 18aa (0.10 mmol, 1.0 equiv.), oxidant (1.5 equiv.) solvent (1.0 mL),
140 °C, 48 h, isolated yields.

The quinolinyl-N-oxides 19 upon treatment with Pd(CH3CN)2Cl> (20 mol%) and Ag>O (1.5
equiv.) in HOAc at 140 °C for 48 h afforded the corresponding indeno[ 1,2-b]quinolinone-N-
oxides in good yields (Table 4.6). We could also confirm the structure of the heteroacene

with a single crystal X-ray of 19ae.
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Table 4.6 The generality of Pd-catalyzed dual C-H activation?

Entry Quinoline N-oxide Product Yield (%)
0 0
X X
! . +/ 74%
=
5 )
o o
18aa 19aa
O
X
)
N
&
0 OMe
N 19ae
2 y 53%
w OMe o AN ‘
o} N,
18ae v )
X-ray of 19ae
CCDC: 2174803 -
(0]
X
3 llli: . 76%
~
N
e
18af
(0]
X
eease
+
b o
0] 18ak
X
5 O . /S 33%
~
N
&
18av

Reaction conditions: 18 (0.10 mmol), PA(CH3CN)2CI2 (20 mol%), Ag20 (1.5 equiv.),
AcOH (1.0 mL), 140 °C, 48 h; isolated yields.
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It's noteworthy to mention that we could extend the method for the synthesis of five-ring
fused systems 19ak and 19aw by starting from appropriately functionalized quinolinyl-N-
oxides. We then subjected 11-oxo-indeno[1,2-b]quinoline-N-oxide 19aa and 19af to
reduction with HCOONH4 in the presence of Pd/C in THF at rt to synthesise the
corresponding indeno[ 1,2-b]quinolinones 20aa and 20af in good yields (Scheme 4.14).

Pd/C, HCOONH,

N_ R THF i, 12h

0

19aa, R=H 20aa, R = H (82%)
19af, R = Me 20af, R = Me (85%)

Scheme 4.14 Reduction of indeno[1,2-b]quinolinone-N-oxides to indeno[1,2-b]quinolinones

4.7 Conclusion

To conclude, we have developed a methodology for the synthesis of 3-aroyl/acyl
quinolines by the inverse electron demand [4+2] cycloaddition of in situ generated
aza-o-quinone methides and enaminones. The reaction was found to be general with a range
of enaminones and aza-o-quinone methides affording the corresponding quinoline derivatives
in good to excellent yields. We have proposed a mechanism that involves two stages; [4+2]
cycloaddition and aromatization. The applicability of the developed methodology in the
gram-scale synthesis of 3-aroyl quinolines was validated. We have also demonstrated a one-
pot method starting from ketones to generate enaminones and have utilized it to synthesize
alkyl quinolinyl ketones. Lastly, we have employed the synthesized 3-aroyl quinolines for

accessing indeno| 1,2-b]quinolinones via a Pd-catalyzed dual C-H activation route.

4.8Experimental section

4.81 General experimental methods

All chemicals used were of analytical quality of the best grade, commercially available,
and were used without further purification. All solvents were purified according to the
standard procedures; dry solvents were obtained according to the literature methods and
stored over molecular sieves. Analytical thin-layer chromatography was performed on

polyester sheets pre-coated with silica gel containing fluorescent indicator (POLYGRAMSIL
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G/UV254). Gravity column chromatography was performed using silica gel, and mixtures of
ethyl acetate and hexane were used for elution. Melting points were determined using a
calibrated digital melting point apparatus (Blchi 530 melting point apparatus). NMR spectra
were recorded with Bruker AMX-500 (500 MHz for *H NMR, 125 MHz for *C{*H} NMR)
instruments. All spectra were measured at 300 K, unless otherwise specified. The chemical
shifts 0 are given in ppm and referenced to the external standard TMS or internal solvent
standard. *H NMR coupling constants (J) are reported in Hertz (Hz) and multiplicities are
indicated as follows s (singlet), d (doublet), t (triplet), g (quartet), m (multiplet), dd (doublet
of doublets). Mass spectra were performed with a ThermoFinnigan MAT95XL,
a ThermoFisher Scientific LTQ Orbitrap Velos, and an Agilent 6890 gas chromatograph with
JMS-T100GC spectrometer or with an ESI/ HRMS at a resolution of 60,000, using

ThermoScientific Exactive mass spectrometer with orbitrap analyzer.

4.82 General procedure for the preparation of sulfonaminobenzyl chlorides

OH idi OH SO,CI Cl
R|_©\/\ TsCl, Pyridine . RL@\/\ 2Ll R
NH2  CHCIg, rt, 12 h NHTs CHCls, rt, 12 h NHTs

14 14 17

Scheme 4.15 Synthesis of sulfonaminobenzyl chlorides

The sulfonaminobenzyl chlorides were synthesized according to the reported literature. 162
To a solution of 2-aminobenzyl alcohol (1g, 8.12 mmol) in CHCIz (40 mL) was added
pyridine (720 pL, 8.93mmol). The reaction was stirred for 25 min, and a solution of TsCI
(1.703g, 8.93 mmol) in CHCIs was added dropwise over 20 min. After 12 h, the reaction was
quenched with sat. ag. NH4Cl. The layers were separated and the aqueous layer was extracted
with CHCIz. The combined organic layers were then washed with brine, and dried over
Na>S0s. Evaporation of solvent under reduced pressure afforded the crude N-protected 2-
aminobenzyl alcohol, which was used in the subsequent transformation without further
purification. To a solution of N-protected 2-aminobenzyl alcohol (2.1g 7.58 mmol) in CHCl3
(40 mL), was added a solution of thionyl chloride (764 uL, 9.10mmol) in CHCI3z (5mL) over
1 min. The reaction was heated to 40 °C overnight, cooled to rt, and then poured into ice

water (30 mL). The layers were separated and the aqueous layer was extracted with CHCl3
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(3 x 40 mL). The combined organic layers were washed with brine (30 mL) and dried over
Na,SO4. Evaporation of the solvent wunder reduced pressure afforded crude

sulfonaminobenzyl chloride as a brown solid, and is used without further purification.

4.83 General procedure for the preparation of enaminones

X \ \O T SN

g oluene T N

R~ + N—< — Ry |
= / 0 100 °C, 12 h =

Scheme 4.16 Synthesis of enaminones

The enaminones were synthesized by following the reported procedures.'®* A mixture of
acetophenone (1.0 equiv.) and N, N-dimethylformamide dimethyl acetal (2.4 equiv.) in dry
toluene was taken in a round bottom flask. The reaction mixture was then stirred at 100°C for
12 h. After completion of the reaction, as indicated by the TLC, the reaction mixture was
poured into water and extracted with ethyl acetate. The organic layer was dried over Na;SO4
and evaporated to obtain the crude product which was then purified by column

chromatography using silica gel.

4.84 Optimized procedure for the synthesis of 3-acyl quinolines

A mixture of sulfonaminobenzyl chloride 17 (1.3 equiv., 0.44 mmol), enaminone 3 (1.0
equiv., 0.34 mmol), and NaOAc (2.0 equiv.) was weighed into a dry reaction tube. Dry DCM
(2.0 ml) was added and allowed to stir at 50 °C for 24 h. After completion of the reaction, as
indicated by the TLC, the solvent was removed under vacuum. The residue was then purified
by column chromatography (silica gel, eluent: Ethyl acetate/hexane (1:4)) to afford the

corresponding products.

4.85 Synthesis and characterization of 3-acyl quinolines 7aa-7ca
phenyl(quinolin-3-yl)methanone (7aa)®°

The reaction was performed according to the general procedure with N-(2(chloromethyl)
phenyl)-4-methylbenzenesulfonamide 17a (130 mg, 0.44 mmol), (E)-3-(dimethylamino)-1-
phenyl prop-2-en-1-one 3a (60 mg, 0.34 mmol) and NaOAc (56 mg, 0.68 mmol) at 50 °C for
24 h. After solvent removal, the residue was purified by silica gel column chromatography

(Ethyl acetate/hexane) to afford the desired product 7aa as a colourless solid (70 mg, 89%).
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Analytical data of 7aa

Mp: 74-76 °C.
IH NMR (500 MHz, CDCls, TMS): & 9.27 (d,
o J =15 Hz, 1H), 8.57 (d, J = 1.5 Hz, 1H), 8.22

O X O (d, J = 8.5 Hz, 1H), 7.89 (d, J = 8 Hz, 1H), 7.84
~
N

—7.79 (m, 3H), 7.61 (dd, J = 13.5, 7 Hz, 2H),

7.49 (t, J =7.5 Hz, 2H) ppm.

3C {{H} NMR (125 MHz, CDCls): & 194.4,

149.6, 148.3, 139.7, 136.8, 133.3, 132.5, 130.2,

130.1, 129.3, 128.8, 128.0, 126.8 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H) * calcd

for C16H12NO 234.0913, found 234.0918.
(4-fluorophenyl)(quinolin-3-yl)methanone (7ab) &

The reaction was performed according to the general procedure with N-(2(chloromethyl)
phenyl)-4-methylbenzenesulfonamide 17a (130 mg, 0.44 mmol), (E)-3-(dimethylamino)-1-
(4-fluorophenyl)prop-2-en-1-one 3b (66 mg, 0.34 mmol) and NaOAc (56 mg, 0.68 mmol) at
50 °C for 24 h. After solvent removal, the residue was purified by silica gel column
chromatography (Ethyl acetate/hexane) to afford the desired product 7ab as a colourless solid
(64 mg, 74%).

Analytical data of 7ab
Mp: 104-106 °C.
'H NMR (500 MHz, CDCls): & 9.22 (s, 1H),

o 8.47 (s, 1H), 8.13 (d, J = 8.5 Hz, 1H), 7.87 —
O N O 7.78 (m, 4H), 7.58 (t, J = 7.5 Hz, 1H), 7.15 (t, J
N7 F =8 Hz, 2H) ppm.

13C {1H} NMR (125 MHz, CDCl3): & 193.2,
165.8 (d, J = 255 Hz), 149.8, 149.7, 148.9,
139.1, 133.2 (d, J = 3.75 Hz), 132.7 (d, J = 8.75
Hz), 132.3, 130.1, 129.2, 129.1(d, J = 3.75
Hz),128.0, 126.7, 116.0 (d, J = 21.25 Hz) ppm.
19F NMR (CDCls, 471 MHz) & -104.4 ppm.
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HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for
C16H1:FNO 252.0819, found 252.0819.
(4-bromophenyl)(quinolin-3-yl)methanone (7ac)®
The reaction was performed according to the general procedure with N-(2(chloromethyl)
phenyl)-4-methylbenzenesulfonamide 17a (130 mg, 0.44 mmol), (E)-1-(4-bromophenyl)-3-
(dimethylamino)prop-2-en-1-one 3c (86 mg, 0.34 mmol) and NaOAc (56 mg, 0.68 mmol) at
50 °C for 24 h. After solvent removal, the residue was purified by silica gel column
chromatography (Ethyl acetate/hexane) to afford the desired product 7ac as a colourless solid
(98 mg, 92%).
Analytical data of 7ac
Mp: 108-110 °C.
'H NMR (500 MHz, CDCls): 6 9.22 (d, J =
0 2Hz, 1H), 8.46 (d, J = 2Hz, 1H), 8.13 (d, J = 8.5
O X O Hz, 1H), 7.86 (d, J = 8 Hz, 1H), 7.80 (t, J = 7
N" Br Hz, 1H), 7.67 (d, J = 8.5 Hz, 2H), 7.63 — 7.57
(m, 3H) ppm.
BC {'H} NMR (125 MHz, CDCls): & 193.8,
150.1, 1495, 138.8, 135.8, 132.1, 132.0, 131.5,
129.7,129.5, 129.2, 128.3, 127.8, 126.6 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for
C16H1:BrNO 312.0019, found 312.0036.
(4-chlorophenyl)(quinolin-3-yl)methanone (7ad)®

The reaction was performed according to the general procedure with N-(2(chloromethyl)
phenyl)-4-methylbenzenesulfonamide 17a (130 mg, 0.44 mmol), (E)-1-(4-chlorophenyl)-3-
(dimethylamino)prop-2-en-1-one 3d (72 mg, 0.34 mmol) and NaOAc (56 mg, 0.68 mmol) at
50 °C for 24 h. After solvent removal, the residue was purified by silica gel column
chromatography (Ethyl acetate/hexane) to afford the desired product 7ad as a colourless solid
(84 mg, 93%).

Analytical data of 7ad
Mp: 104-106 °C.
'H NMR (500 MHz, CDCl3): 6 9.23 (d, J =
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0 1.5 Hz, 1H), 8.48 (d, J = 1Hz, 1H), 8.14 (d, J =
O N O 8.5 Hz, 1H), 7.87 (d, J = 8 Hz, 1H), 7.81 (t, J =
N" cl 7 Hz, 1H), 7.76 (d, J = 8.5 Hz, 2H), 7.60 (t, J =
7.5 Hz, 1H), 7.46 (d, J = 8.5 Hz, 2H) ppm.
BC {tH} NMR (125 MHz, CDCls): & 193.7,
150.1, 149.5, 139.7, 138.8, 135.3, 132.1, 131.4,
129.8, 129.5, 129.2, 129.1, 127.8, 126.6 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
C16H11CINO 268.0524, found 268.0532.
(4-methoxyphenyl)(quinolin-3-yl)methanone (7ae)*6®
The reaction was performed according to the general procedure with N-(2(chloromethyl)
phenyl)-4-methylbenzenesulfonamide 17a (130 mg, 0.44 mmol), (E)-3-(dimethylamino)-1-
(4-methoxyphenyl)prop-2-en-1-one 3e (70 mg, 0.34 mmol) and NaOAc (56 mg, 0.68 mmol)
at 50°C for 24 h. After solvent removal, the residue was purified by silica gel column
chromatography (Ethyl acetate/hexane) to afford the desired product 7ae as a colourless
liquid (82 mg, 91%).
Analytical data of 7ae
'H NMR (500 MHz, CDCls): & 9.20 (s, 1H),
8.46 (s, 1H), 8.12 (d, J = 8.5 Hz, 1H), 7.86 —
0 7.76 (m, 4H), 7.57 (t, J = 7 Hz, 1H), 6.95 (d, J =
O N O 8 Hz, 2H), 3.84 (s, 3H) ppm.
N7 OMe 13C{IH} NMR (125 MHz, CDCls): & 193.5,
163.8, 150.3, 149.2, 138.3, 132.6, 131.6, 130.8,
129.7, 129.4, 129.0, 127.6, 126.7, 114.0, 55.6
ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for
C17H14NO2 264.1019, found 264.1007.
quinolin-3-yl(p-tolyl)methanone (7af)*6d
The reaction was performed according to the general procedure with N-(2(chloromethyl)
phenyl)-4-methylbenzenesulfonamide 17a (130 mg, 0.44 mmol), (E)-3-(dimethylamino)-1-
(p-tolyl)prop-2-en-1-one 3f (64 mg, 0.34 mmol) and NaOAc (56 mg, 0.68 mmol) at 50 °C for
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24 h. After solvent removal, the residue was purified by silica gel column chromatography
(Ethyl acetate/hexane) to afford the desired product 7af as a liquid (74 mg, 88%).

Analytical data of 7af

IH NMR (500 MHz, CDCls): § 9.25 (s, 1H),
8.62 (s, 1H), 8.30 (d, J = 8 Hz, 1H), 7.92 (d,
J =85 Hz, 1H), 7.86 (t, J = 7.5 Hz, 1H),
7.71 (d, J = 8 Hz, 2H), 7.65 (t, J = 7.5 Hz,

“ 1H), 7.29 (d, J = 8 Hz, 2H), 2.42 (s, 3H)
CL) L

BC{*H} NMR (125 MHz, CDCls): & 193.5,

148.8, 144.6, 140.6, 133.9, 133.0, 130.7,

130.3, 129.6, 129.3, 128.5, 127.8, 127.1, 21.8

ppm.

HRMS (ESI-Orbitrap) m/z: (M+H) * calcd

for C17H14NO 248.1070, found 248.1075.
(2-chlorophenyl)(quinolin-3-yl)methanone (7ag)*6*

The reaction was performed according to the general procedure with N-(2(chloromethyl)
phenyl)-4-methylbenzenesulfonamide 17a (130 mg, 0.44 mmol), (E)-3-(dimethylamino)-1-
(2-chlorophenyl)prop-2-en-1-one 3g (72 mg, 0.34 mmol) and NaOAc (56 mg, 0.68 mmol) at
50 °C for 24 h. After solvent removal, the residue was purified by silica gel column
chromatography (Ethyl acetate/hexane) to afford the desired product 7ag as a liquid (76 mg,
84%).

Analytical data of 7ag

IH NMR (500 MHz, CDCls): § 9.27 (d, J
= 2 Hz, 1H), 8.41 (d, J = 1.5 Hz, 1H), 8.11
(d, J = 85 Hz, 1H), 7.83 — 7.77 (m, 2H),
755 (t, J = 7.5 Hz, 1H), 7.45 — 7.35 (m,

N 4H) ppm.
O P O BC{*H} NMR (125 MHz, CDCls): 3

193.9, 149.9, 139.6, 132.5, 131.9, 131.5,
130.4, 129.5, 129.5, 129.4, 129.1, 127.7,
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127.1, 126.8 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) *
calcd for CisH1:CINO 268.0524, found
268.0531.
(2-methoxyphenyl)(quinolin-3-yl)methanone (7ah)6f
The reaction was performed according to the general procedure with N-(2(chloromethyl)
phenyl)-4-methylbenzenesulfonamide 17a (130 mg, 0.44 mmol), (E)-3-(dimethylamino)-1-
(2-methoxyphenyl)prop-2-en-1-one 3h (70 mg, 0.34 mmol) and NaOAc (56 mg, 0.68 mmol)
at 50 °C for 24 h. After solvent removal, the residue was purified by silica gel column
chromatography (Ethyl acetate/hexane) to afford the desired product 7ah as a liquid (78 mg,
87%).
Analytical data of 7ah
IH NMR (500 MHz, CDCls): & 9.17 (s, 1H),
8.48 (s, 1H), 8.08 (d, J = 8.5 Hz, 1H), 7.82 (d, J
=85Hz, 1H), 7.74 (t, J =7 Hz, 1H), 7.52 (t, J =
7.5 Hz, 1H), 7.49 — 7.43 (m, 2H), 7.04 (t, J= 7.5
O OMe Hz, 1H), 6.95 (d, J = 8 Hz, 1H), 3.61 (s, 3H)

g0 %
N 13C {!H} NMR (125 MHz, CDCIl3): & 194.8,

157.6, 150.5, 149.5, 138.6, 133.1, 131.8, 130.6,
130.2, 129.4, 129.3, 127.8, 127.4, 127.0, 121.0
111.5, 55.6 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for
C17H1aNO2264.1019, found 264.1007.

2, 5-dimethoxyphenyl(quinolin-3-yl)methanone (7ai)

The reaction was performed according to the general procedure with N-(2(chloromethyl)
phenyl)-4-methylbenzenesulfonamide 17a (130 mg, 044 mmol), (E)-1-(2,5-
dimethoxyphenyl)-3-(dimethylamino)prop-2-en-1-one 3i (80 mg, 0.34 mmol) and NaOAc
(56 mg, 0.68 mmol) at 50 °C for 24 h. After solvent removal, the residue was purified by
silica gel column chromatography (Ethyl acetate/hexane) to afford the desired product 7ai as
a liquid (84 mg, 84%).
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Analytical data of 7ai

'H NMR (500 MHz, CDCl3): 6 9.17 (d, J = 2
Hz, 1H), 8.50 (s, 1H), 8.09 (d, J = 8.5 Hz, 1H),
7.84 (d, J =8 Hz, 1H), 7.75 (t, J = 7 Hz, 1H),
7.53 (t, J = 7.5 Hz, 1H), 7.04 — 6.99 (m, 2H),
6.89 (d, J =9 Hz, 1H), 3.75(s, 3H), 3.56 (s, 3H)
ppm.

BC{IH}INMR (125 MHz, CDCls): § 194.5,
153.8, 151.7, 150.4, 149.4, 138.7, 131.9, 130.5,
129.5, 129.2, 128.2, 127.4, 127.0, 118.8, 114.7,
113.1, 56.1, 55.9 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H) * calcd
for C1sH16N03294.1125, found 294.1130.

quinolin-3-yl(2,4,6-trimethoxyphenyl)methanone (7aj)

The reaction was performed according to the general procedure with N-(2(chloromethyl)

phenyl)-4-methylbenzenesulfonamide 17a (130 mg, 0.44 mmol), (E)-3-(dimethylamino)-1-
(2,4, 6 -trimethoxyphenyl)prop-2-en-1-one 3j (91 mg, 0.34 mmol) and NaOAc (56 mg, 0.68

mmol) at 50 °C for 24 h. After solvent removal, the residue was purified by silica gel column

chromatography (Ethyl acetate/hexane) to afford the desired product 7aj as a colourless solid

(98 mg, 89%).

Analytical data of 7aj

Mp: 127-129 °C.

'H NMR (500 MHz, CDClz): § 9.31 (s,
1H), 8.60 (s, 1H), 8.17 (d, J = 8.5 Hz, 1H),
7.93 (d, J = 8 Hz, 1H), 7.84 (t, J = 7.5 Hz,
1H), 7.61 (t, J = 7.5 Hz, 1H), 6.24 (s, 2H),
3.92 (s, 3H), 3.72 (s, 6H) ppm.

BC{!H} NMR (125 MHz, CDCls): & 193.2,
163.1, 159.2, 150.5, 149.6, 138.5, 131.7,
130.8, 129.5, 129.2, 127.2, 109.9, 90.8, 55.8,
55.6 ppm.
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HRMS (ESI-Orbitrap) m/z: (M+H) * calcd
for C19H18NO4 324.1230, found 324.1239.
naphthalen-2-yl(quinolin-3-yl)methanone (7ak)?¢°

The reaction was performed according to the general procedure with N-(2(chloromethyl)
phenyl)-4-methylbenzenesulfonamide 17a (130 mg, 0.44 mmol), (E)-3-(dimethylamino)-1-
(naphthalen-2-yl)prop-2-en-1-one 3k (76 mg, 0.34 mmol) and NaOAc (56 mg, 0.68 mmol) at
50 °C for 24 h. After solvent removal, the residue was purified by silica gel column
chromatography (Ethyl acetate/hexane) to afford the desired product 7ak as a colourless solid
(90 mg, 94%).

Analytical data of 7ak

Mp: 102-104 °C.

'H NMR (500 MHz, CDCl3): 6 9.29 (d, J =2

Hz, 1H), 8.53 (d, J = 1 Hz, 1H), 8.23 (s, 1H),

o 8.13 (d, J = 8.5 Hz, 1H), 7.91 (s, 2H), 7.85 —
O N OO 7.83 (M, 3H), 7.78 (t, J = 7.5 Hz, 1H), 7.58 —
NT 7.54 (m, 2H), 7.48 (t, J = 7.5 Hz, 1H) ppm.

3C {{H} NMR (125 MHz, CDCls): & 194.9,

150.4, 149.4, 138.8, 135.5, 134.3, 132.3, 132.1,

131.9, 130.5, 129.5, 129.5, 129.2, 128.8, 128.8,

127.9,127.7,127.1, 126.7, 125.4 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for

C20H14NO 284.1070, found 284.1065.

1-(quinolin-3-yl)pentan-1-one (7al)

The reaction was performed according to the general procedure with N-(2(chloromethyl)
phenyl)-4-methylbenzenesulfonamide 17a (130 mg, 0.44 mmol), (E)-1-(dimethylamino)hept-
1-en-3-one 3l (53 mg, 0.34 mmol) and NaOAc (56 mg, 0.68 mmol) at 50 °C for 24 h. After
solvent removal, the residue was purified by silica gel column chromatography (Ethyl
acetate/hexane) to afford the desired product 7al as a liquid (59 mg, 81%).

Analytical data of 7al
'H NMR (500 MHz, CDCls3): $ 9.37 (d, J =
2.0 Hz, 1H), 8.65 (d, J = 2 Hz, 1H), 8.09 (d,
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J=8.5 Hz, 1H), 7.89 (d, J = 8 Hz, 1H), 7.79
—7.76 (m, 1H), 7.57 (t, J = 7.5 Hz, 1H), 3.04
(t, J=7.5Hz, 2H), 1.74 — 1.70 (m, 2H), 1.43
—1.36 (m, 2H), 0.92 (t, J = 7 Hz, 3H) ppm.
BC{!H} NMR (125 MHz, CDCls): & 199.3,
149.7, 149.2, 137.0, 131.9, 129.4, 129.4,
129.2, 127.6, 126.9, 38.7, 26.3, 22.5, 14.0
ppm.

HRMS (ESI-Orbitrap) m/z: (M+H) * calcd
for C14H16NO 214.1226, found 214.1235.
1,3-phenylenebis(quinolin-3-ylmethanone) (7am)

\

The reaction was performed according to the general procedure with N-(2(chloromethyl)
phenyl)-4-methylbenzenesulfonamide 17a (260 mg, 0.88mmol), (2E,2’E)1,1°(1,3phenylene)
bis(3-(dimethylamino)prop-2-en-1-one) 3m (93 mg, 0.34 mmol) and NaOAc (56 mg, 0.68
mmol) at 50 °C for 24 h. After solvent removal, the residue was purified by silica gel column
chromatography (Ethyl acetate/hexane) to afford the desired product 7am as a yellow solid
(112 mg, 85%).

Analytical data of 7am
Mp: 168-170 °C.
!H NMR (500 MHz, CDCl3): & 9.28 (s, 2H),
8.53 (s, 2H), 8.25 (s, 1H), 8.11 (dd, J =175, 8
o o Hz, 4H), 7.89 (d, J =8 Hz, 2H), 7.80 (t, J = 7.5
| t O | t Hz, 2H), 7.70 (t, J = 7.5 Hz, 1H), 7.59 (t, J =
N N 7.5 Hz, 2H) ppm.
BC{IH} NMR (125 MHz, CDCls) & 193.9,
150.1, 149.6, 139.1, 137.7, 134.0, 132.3, 131.0,
129.5, 129.4, 129.3, 127.8, 126.6 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
C26H17N202 389.1285, found 389.1286.
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(6-chloroquinolin-3-yl)(phenyl)methanone (7ba)*%?

The reaction was performed according to the general procedure with N-(4-chloro-2-
(chloromethyl)phenyl)-4-methylbenzenesulfonamidel7b (148 mg, 0.44 mmol), (E)-3-
(dimethylamino)-1-phenyl prop-2-en-1-one 3a (62 mg, 0.34 mmol) and NaOAc (56 mg, 0.68
mmol) at 50 °C for 24 h. After solvent removal, the residue was purified by silica gel column
chromatography (Ethyl acetate/hexane) to afford the desired product 7ba as a liquid (81 mg,
89%).

Analytical data of 7ba

IH NMR (500 MHz, CDCls): § 9.25 (s, 1H),
8.51 (s, 1H), 8.22 (d, J = 8.5 Hz, 1H), 7.90 (s,
1H), 7.78 (t, J = 8 Hz, 3H), 7.63 (t, J = 7 Hz,

Cl N 1H), 7.50 (t, J = 7.5 Hz, 2H) ppm.
O P O 3C {{H} NMR (125 MHz, CDCls): 5 194.5,
150.5, 147.8, 137.6, 136.8, 133.5, 133.3, 132.7,
131.1, 130.9, 130.0, 128.7, 127.6, 127.3 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) * calcd
for C16H1:CINO 268.0524, found 268.0532
(7-iodoquinolin-3-yl)(phenyl)methanone (7ca)
The reaction was performed according to the general procedure with N-(2-(chloromethyl)-
5- iodophenyl)-4-methylbenzenesulfonamide 17c¢ (186 mg, 0.44 mmol), (E)-3-
(dimethylamino)-1- phenyl prop-2-en-1-one 3a (62 mg, 0.34 mmol) and NaOAc (56 mg,
0.68 mmol) at 50 °C for 24 h. After solvent removal, the residue was purified by silica gel
column chromatography (Ethyl acetate/hexane) to afford the desired product 3ca as a liquid
(105 mg, 86%).
Analytical data of 7ca
'H NMR (500 MHz, CDCI3): § 9.24 (d, ] = 1.0
Hz, 1H), 8.35 (s, 1H), 8.24 (s, 1H), 8.00 (d, J =9

o Hz, 1H), 7.85 (d, J = 9 Hz, 1H), 7.78 (d, J = 8 Hz,
O N O 2H), 7.60 (d, J = 7.5 Hz, 1H), 7.48 (t, J = 7.5 Hz,
| N 2H) ppm.

13C {1H} NMR (125 MHz, CDCI3): § 194.5,
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150.8, 148.3, 140.5, 137.7, 137.4, 136.7, 133.3,
131.0, 130.6, 130.1, 128.8, 128.3, 93.3. ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) + calcd for
C16H11INO 359.9880, found 359.9895.
4.86 Procedure for the synthesis and characterization of 3-acyl quinolines 7an-7ea
A mixture of sulfonaminobenzyl chloride 17 (1.3 equiv., 0.44 mmol), enaminone 3 (1.0
equiv., 0.34 mmol), and NaOAc (2.0 equiv. 0.68 mmol) was weighed into a dry reaction
tube. Toluene (2.0 ml) was added and allowed to stir at 120 °C for 24 hours, after which
chloranil (167 mg, 0.68 mmol) was added and further refluxed for 12 h more. After
completion of the reaction, as indicated from the TLC, the solvent was removed under
vacuum. The residue was then purified by column chromatography (silica gel, eluent: Ethyl
acetate/hexane (1:4)) to afford the corresponding products.
(4-nitrophenyl)(quinolin-3-yl)methanone (7an)*6d
The reaction was performed according to the general procedure with N-(2(chloromethyl)
phenyl)-4-methylbenzenesulfonamide 17a (130 mg, 0.44 mmol), (E)-3-(dimethylamino)-1-
(4-nitrophenyl)prop-2-en-1-one 3n (75 mg, 0.34 mmol) and NaOAc (56 mg, 0.68 mmol) at
120 °C for 24 h, after which chloranil (167 mg, 0.68 mmol) was added and further refluxed
for 12 h more. After solvent removal, the residue was purified by silica gel column
chromatography (Ethyl acetate/hexane) to afford the desired product 7an as a colourless solid
(63 mg, 66%).
Analytical data of 7an
Mp: 135-137°C.
'H NMR (500 MHz, CDCls): 6 9.26 (s, 1H), 8.49
0 (s, 1H), 8.34 (d, J = 8.5 Hz, 2H), 8.15 (d, J =
O A O 8.5Hz, 1H), 7.95 (d, J = 8.5Hz, 2H), 7.88 — 7.82
N7 NO,  (m,2H),7.62 (t,J = 7.5 Hz, 1H) ppm.
13C {!H} NMR (125 MHz, CDCls): & 193.2,
150.2, 149.8, 149.8, 142.1, 139.3, 132.6, 130.8,
129.6, 129.3, 128.8, 128.1, 126.5, 123.9 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for
C16H11N203 279.0764, found 279.0774.



Inverse Electron Demand Diels Alder Reaction 159

anthracen-9-yl(quinolin-3-yl)methanone (7a0)%"

The reaction was performed according to the general procedure with N-(2(chloromethyl)
phenyl)-4-methylbenzenesulfonamide 17a (130 mg, 0.44 mmol), (E)-3-(dimethylamino)-1-
(4-nitrophenyl)prop-2-en-1-one 30 (94 mg, 0.34 mmol) and NaOAc (56 mg, 0.68 mmol) at
50 °C for 24 h, after which chloranil (167 mg, 0.68 mmol) was added and further refluxed for
12 h more. After solvent removal, the residue was purified by silica gel column
chromatography (Ethyl acetate/hexane) to afford the desired product 7ao as a solid (75 mg,
66%).

Analytical data of 7ao

Mp: 112-114 °C.

'H NMR (500 MHz, CDCl3): 6 9.36 (s, 1H),
9.14 (s, 1H), 8.58 (t, J = 8.5 Hz, 2H), 8.18 (d,
J =85 Hz, 1H), 7.98 (dd, J = 21.0, 7.5 Hz,
2H), 7.88 — 7.80 (m, 4H), 7.75 (d, J = 9 Hz,
1H), 7.61 — 7.58 (m, 3H) ppm.

BBC{*H} NMR (125 MHz, CDCls): & 195.0,
150.4, 149.5, 139.0, 135.0, 134.7, 132.3,
131.9, 130.6, 130.5, 130.0, 129.8, 129.5,
129.2, 129.1, 128.9, 127.7, 127.4, 127.4,
127.0, 126.8, 126.3, 125.9, 122.8 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) * calcd
for C24H16NO 334.1226, found 334.1236.
phenanthren-9-yl(quinolin-3-yl)methanone (7ap)

The reaction was performed according to the general procedure with N-(2(chloromethyl)
phenyl)-4-methylbenzenesulfonamide 17a (130 mg, 0.44 mmol), (E)-3-(dimethylamino)-1-
(159uinoline159ne-9-yl)prop-2-en-1-one 3p (94 mg, 0.34 mmol) and NaOAc (56 mg, 0.68
mmol) at 120 °C for 24 h, after which chloranil (167 mg, 0.68 mmol) was added and further
refluxed for 12 h more. After solvent removal, the residue was purified by silica gel column
chromatography (Ethyl acetate/hexane) to afford the desired product 7ap as a colourless solid
(67 mg, 59%).
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Analytical data of 7ap

Mp: 108-110 °C.

'H NMR (500 MHz, CDCl3): 6 9.42 (d, J =2
Hz, 1H), 8.73 (d, J = 8.5 Hz, 1H), 8.69 (d, J = 8
Hz, 1H), 8.54 (d, J = 2 Hz, 1H), 8.14 (d, J = 8
Hz, 2H), 7.86 (s, 1H), 7.83 (d, J = 8 Hz, 1H),
7.80 —7.76 (m, 2H), 7.74 — 7.70 (m, 1H), 7.68 —
7.65 (m, 1H), 7.59 (t, J = 7.5 Hz, 1H), 7.56 —
7.52 (m, 2H) ppm.

BC{*H} NMR (125 MHz, CDCIl3): § 196.4,
150.5, 149.9, 139.8, 134.4, 132.3, 131.6, 130.8,
130.8, 130.2, 129.9, 129.7, 129.5, 129.5, 129.1,
128.8, 127.7, 127.5, 127.5, 127.3, 126.8, 126.5,
123.1, 122.8 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for
C24H16NO 334.1226, found 334.1236.
phenanthren-3-yl(quinolin-3-yl)methanone (7aq)

The reaction was performed according to the general procedure with N-(2(chloromethyl)
phenyl)-4-methylbenzenesulfonamide 17a (130 mg, 0.44 mmol), (E)-3-(dimethylamino)-1-
(160uinoline160ne-3-yl)prop-2-en-1-one 3q (62 mg, 0.34 mmol) and NaOAc (56 mg, 0.68
mmol) at 120 °C for 24 h, after which chloranil (167 mg, 0.68 mmol) was added and further
refluxed for 12 h more. After solvent removal, the residue was purified by silica gel column
chromatography (Ethyl acetate/hexane) to afford the desired product 7aq as a colourless solid
(72 mg, 63%).

Analytical data of 7aq

Mp: 106-108 °C.

'H NMR (500 MHz, CDCls): & 9.48 (s, 1H),
8.65 (s, 1H), 8.34 (s, 1H), 8.17 (d, J = 8.5 Hz,
1H), 8.12 (d, J = 8.5 Hz, 2H), 7.83 (t, J = 8.5 Hz,
1H), 7.75 (d, J = 9 Hz, 2H), 7.71 (d, J = 8 Hz,
1H), 7.56 — 7.49 (m, 3H), 7.43 — 7.40 (m, 2H)
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ppm.
13C{{H} NMR (125 MHz, CDCls): & 199.0,

150.2, 149.9, 140.0, 132.7, 132.5, 131.1, 130.5,
129.6, 129.5, 129.1, 128.9, 128.7, 127.6, 127.0,
126.9, 125.7, 125.0 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for
C24H16NO 334.1226, found 334.1236.
furan-2-yl(quinolin-3-yl)methanone (7ar)?6P
The reaction was performed according to the general procedure with N-(2(chloromethyl)
phenyl)-4-methylbenzenesulfonamide 17a (130 mg, 0.44 mmol), (E)-3-(dimethylamino)-1-
(furan-2-yl)prop-2-en-1-one 3r (56 mg, 0.34 mmol) and NaOAc (56 mg, 0.68 mmol) at 120
°C for 24 h, after which chloranil (167 mg, 0.68 mmol) was added and further refluxed for 12
h more. After solvent removal, the residue was purified by silica gel column
chromatography (Ethyl acetate/hexane) to afford the desired product 7ar as a liquid (66 mg,
87%).
Analytical data of 7ar
IH NMR (500 MHz, CDCls): & 9.40 (s, 1H),
8.78 (s, 1H), 8.13 (d, J = 8.5 Hz, 1H), 7.91 (d, J
o = 8 Hz, 1H), 7.80 (t, J = 7.5 Hz, 1H), 7.71 (s,
1H), 7.59 (t, J = 7.5 Hz, 1H), 7.33 (d, J = 2.5 Hz,
1H), 6.61 (s, 1H) ppm.
BC{*H} NMR (125 MHz, CDCl3): & 180.4,
152.4, 149.8, 149.6, 147.5, 138.4, 131.9, 129.7,
129.5, 129.3, 127.6, 126.8, 120.8, 112.7 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for
C14H10NO2 224.0706, found 224.0735.
quinoline-3-yl(thiophen-2-yl)methanone (7as)f
The reaction was performed according to the general procedure with N-(2(chloromethyl)
phenyl)-4-methylbenzenesulfonamide 17a (130 mg, 0.44 mmol), (E)-3-(dimethylamino)-1-
(thiophen-2-yl)prop-2-en-1-one 3s (62 mg, 0.34 mmol) and NaOAc (28 mg, 0.68 mmol) at
120 °C for 24 h, after which chloranil (167 mg, 0.68 mmol) was added and further refluxed
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for 12 h more. After solvent removal, the residue was purified by silica gel column
chromatography (Ethyl acetate/hexane) to afford the desired product 7as as a liquid (68 mg,
83%).

Analytical data of 7as

I1H NMR (500 MHz, CDCls): § 9.27 (s, 1H),

8.59 (s, 1H), 8.13 (d, J =8.5 Hz, 1H), 7.88 (d, J

o = 8 Hz, 1H), 7.78 (t, J = 7.5 Hz, 1H), 7.73 (d, J
N S/ = 4.5 Hz, 1H), 7.65 (d, J = 2.5 Hz, 1H), 7.58 (t,
N7 J=7.5Hz, 1H), 7.15 (s, 1H) ppm.

BC{*H} NMR (125 MHz, CDCls): & 186.2,
149.6, 149.4, 143.2, 137.8, 135.1, 135.1, 131.8,
130.7, 129.4, 129.1, 128.4, 127.7, 126.7 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) * calcd
for C14H10NOS 240.0478, found 240.0475
(3,5-dichlorothiophen-2-yl)(quinolin-3-yl)methanone (7at)

The reaction was performed according to the general procedure with N-(2(chloromethyl)
phenyl)-4-methylbenzenesulfonamide 17a (130 mg, 0.44 mmol), (E)-1-(3,5-
dichlorothiophen-2-yl)-3-(dimethylamino)prop-2-en-1-one 3t (85 mg, 0.34 mmol) and
NaOAc (56 mg, 0.68 mmol) at 120 °C for 24 h after which chloranil (167 mg, 0.68 mmol)
was added and further refluxed for 12 h more. After solvent removal, the residue was
purified by silica gel column chromatography (Ethyl acetate/hexane) to afford the desired
product 7at as a liquid (87 mg, 83%).

Analytical data of 7at
IH NMR (500 MHz, CDCls): & 9.23 (s, 1H),
8.51 (s, 1H), 8.12 (d, J = 8.5 Hz, 1H), 7.89 (d, J

0 =8 Hz, 1H), 7.81 (t, J = 7.5 Hz, 1H), 7.59 (t, J =
S
N [ )¢ 7.5 Hz, 1H), 7.02 (s, 1H) ppm.
—
N ¢l 3C{IH} NMR (125 MHz, CDCls): & 186.0,

148.8, 148.6, 138.0, 135.0, 131.4, 130.6, 128.9,
128.5, 128.5, 128.4, 127.6, 126.8, 126.8, 126.30,
125.7 ppm.
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HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for
C14HgCI2NOS 307.9698, found 307.9696.
(1-methyl-1H-indol-3-yl)(quinolin-3-yl)methanone (7au)

The reaction was performed according to the general procedure with N-(2(chloromethyl)
phenyl)-4-methylbenzenesulfonamide 17a (130 mg, 0.44 mmol), (E)-3-(dimethylamino)-1-
(1-methyl-1H-indol-3-yl)prop-2-en-1-one 3u (78 mg, 0.34 mmol) and NaOAc (28 mg, 0.68
mmol) at 120 °C for 24 h, after which chloranil (167 mg, 0.68 mmol) was added and further
refluxed for 12 h more. After solvent removal, the residue was purified by silica gel column
chromatography (Ethyl acetate/hexane) to afford the desired product 7au as a colourless solid
(84 mg, 86%).

Analytical data of 7au

Mp:172-174 °C.

'H NMR (500 MHz, CDCl3): 6 9.27 (d,J =15
Hz, 1H), 8.53 (s, 1H), 8.38 (dd, J = 6, 2.5 Hz,
1H), 8.13 (d, J = 8.5 Hz, 1H), 7.89 (d, J = 8 Hz,
1H), 7.77 (t, J = 8 Hz, 1H), 7.58 (t, J = 7.5 Hz,
1H), 7.53 (s, 1H), 7.36 — 7.30 (m, 3H), 3.82 (s,
3H) ppm.

BC{*H} NMR (125 MHz, CDCIls): § 188.3,
149.9, 149.1, 138.0, 137.7, 136.7, 133.4, 131.1,
129.4, 128.9, 127.4, 127.1, 127.0, 124.1, 123.2,
122.7,115.8, 109.8, 33.8 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for
C19H15N20" 287.1179, found 287.1184.
benzo[b]thiophen-2-yl(quinolin-3-yl)methanone (7av)

The reaction was performed according to the general procedure with N-(2(chloromethyl)
phenyl)-4-methylbenzenesulfonamide 17a (130 mg, 0.44 mmol), (E)-1-(benzo[b]thiophen-2-
yl)-3-(dimethylamino)prop-2-en-1-one 3v (79 mg, 0.34 mmol) and NaOAc (56 mg, 0.68
mmol) at 50 °C for 24 h, after which chloranil (167 mg, 0.68 mmol) was added and further

refluxed for 12 h more. After solvent removal, the residue was purified by silica gel column
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chromatography (Ethyl acetate/hexane) to afford the desired product 7av as a colourless solid
(75 mg, 76%).

Analytical data of 7av

Mp: 132-134 °C.

'H NMR (500 MHz, CDClz): 6 9.32 (d, J =
1.5 Hz, 1H), 8.64 (s, 1H), 8.14 (d, J = 8.5 Hz,
1H), 7.91 (d, J = 8 Hz, 1H), 7.87 — 7.78 (m,
4H), 7.60 (t, J = 8 Hz, 1H), 7.44 (t, J = 8 Hz,
1H), 7.37 (t, J = 7.5 Hz, 1H) ppm.

BC{*H} NMR (125 MHz, CDCls): & 187.7,
149.6, 149.6, 142.9, 142.7, 139.0, 138.0, 132.7,
132.0, 130.5, 129.6, 129.2, 127.9, 127.8, 126.7,
126.3, 125.4, 123.0 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H) * calcd
for C1sH12NOS* 290.0634, found 290.0642.
ferrocene-2-yl(quinolin-3-yl)methanone (7aw)

The reaction was performed according to the general procedure with N-(2(chloromethyl)
phenyl)-4-methylbenzenesulfonamide 17a (130 mg, 0.44 mmol), (E)-1-(ferrocene-2-yl)-3-
(dimethylamino)prop-2-en-1-one 3w (96 mg, 0.34 mmol) and NaOAc (56 mg, 0.68 mmol) at
120 °C for 24 h, after which chloranil (167 mg, 0.68 mmol) was added and further refluxed
for 12 h more. After solvent removal, the residue was purified by silica gel column
chromatography (Ethyl acetate/hexane) to afford the desired product 7aw as a red solid (110
mg, 95%).

Analytical data of 7aw
Mp: 138-140 °C.
'H NMR (500 MHz, CDCls): & 9.45 (s, 1H),

o 8.70 (s, 1H), 8.19 (d, J = 8.5 Hz, 1H), 7.97 (d, J
O = = 8 Hz, 1H), 7.85 (t, J = 8 Hz, 1H), 7.67 — 7.61
= Fe
N = =
£ (m, 1H), 4.97 (d, J = 1 Hz, 2H), 4.68 (d, J = 8Hz,

2H), 4.27 (s, 5H) ppm.
BC{*H} NMR (125 MHz, CDCls): & 197.0,
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149.3, 136.4,132.3, 131.4, 129.7, 129.4, 129.0,
127.5, 127.5, 127.0, 73.2, 71.5, 70.4 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for
C2oH16FeNO™ 342.0576, found 342.0587.
phenyl(4-phenylquinolin-3-yl)methanone (7da)*6P
Then reaction was performed according to the general procedure with N-(2-
(chloro(phenyl)methyl)phenyl)-4-methylbenzenesulfonamide 17d (163 mg, 0.44 mmol), (E)-
3-(dimethylamino)-1-phenylprop-2-en-1-one 3a (60 mg, 0.34 mmol) and NaOAc (56 mg,
0.68 mmol) at 120 °C for 24 h, after which chloranil (167 mg, 0.68 mmol) was added and
further refluxed for 24 h more. After solvent removal, the residue was purified by silica gel
column chromatography (Ethyl acetate/hexane) to afford the desired product 7da as a
colourless solid (46 mg, 44%).
Analytical data of 7da
Mp: 156 -158 °C.
'H NMR (500 MHz, CDCls): & 8.95 (s, 1H), 8.31

Ph O (d, J = 8 Hz, 1H), 7.82 — 7.75 (m, 2H), 7.55 (t, J =
O = O 7.5 Hz, 3H), 7.39 (t, J = 7.5 Hz, 1H), 7.24 — 7.22
N7 (m, 7H) ppm.

BC{*H} NMR (125 MHz, CDCI3): & 196.0,
147.2, 137.0, 134.5, 133.5, 132.0, 131.5, 130.0,
129.8, 128.9, 128.4, 128.2, 127.0, 126.8 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for
C22H1sNO™ 310.1226, found 310.1237.
(4-methylquinolin-3-yl)(phenyl)methanone (7ea)®°
The reaction was performed according to the general procedure with N-(2-(1-
chloroethyl)phenyl)-4-methylbenzenesulfonamide 17e (136 mg, 0.44 mmol), (E)-3-
(dimethylamino)-1-phenylprop-2-en-1-one 3a (60 mg, 0.34 mmol) and NaOAc (56 mg, 0.68
mmol) at 120 °C for 24 h, after which chloranil (167 mg, 0.68 mmol) was added and further
refluxed for 12 h more. After solvent removal, the residue was purified by silica gel column
chromatography (Ethyl acetate/hexane) to afford the desired product 7ea as a liquid (84 mg,
62%).
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Analytical data of 7ea

'H NMR (500 MHz, CDCls): & 9.25 (s, 1H),
8.46 (s, 1H), 7.79 (d, J = 8 Hz, 2H), 7.68 (d, J =
8 Hz, 1H),7.61(d,J=7Hz, 1H), 757 (t, J=7.5
Hz, 1H), 7.45 (dd, J = 14.5, 7 Hz, 3H), 2.78 (s,

N 3H) ppm.
O > O BC{*H} NMR (125 MHz, CDCIls): & 195.0,

149.2, 148.5, 139.0, 137.5, 137.2, 133.0, 132.0,
130.1, 129.8, 128.6, 127.3, 127.2, 126.7, 18.04

ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for

C17H14NO* 248.1070, found 248.1078.

4.87 Procedure for gram-scale synthesis of 7aa

e) O
©\/\CI AN~ NaOAc, DCM O N O
+ B E—
NHTs | 50°C, 24 h N/
17a,1.3 g 3a, 620 mg 7aa (84%, 862 mg)

Scheme 4.17 Gram-scale synthesis

The reaction was performed according to the general procedure with N-(2(chloromethyl)
phenyl)-4-methylbenzenesulfonamide 17a (1.30 g, 4.4 mmol), (E)-3-(dimethylamino)-1-
phenyl prop-2-en-1-one 3a (620 mg, 3.4 mmol) and NaOAc (560 mg, 6.8 mmol) in DCM (20
mL) at 50 °C for 24 h. Upon completion of the reaction, the solvent was removed and the
residue was purified by silica gel column chromatography (eluent: a mixture of ethyl
acetate/hexane) to afford the desired product 7aa as a colourless solid (862 mg, 84%).
(1-(quinolin-3-yl)ethanone (7ay)

The reaction was performed according to the general procedure with acetone (25 mg, 0.43
mmol) and DMF.DMA (62 mg, 0.52 mmol) in toluene (1.0 mL) which was refluxed for 12 h
to furnish the corresponding enaminone. Subsequently N-(2(chloromethyl) phenyl)-4-
methylbenzenesulfonamide 17a (165 mg, 0.56 mmol) and NaOAc (71 mg, 0.86 mmol) were
added to the same pot and refluxed at 120 °C for 24 h, after which chloranil (211 mg, 0.86
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mmol) was added and further refluxed for 12 h more. Upon completion of the reaction, the
solvent was removed and the residue was purified by silica gel column chromatography
(eluent: a mixture of ethyl acetate/hexane) to afford the desired product 7ay as a liquid (38
mg, 52%).
Analytical data of 7ay
'H NMR (500 MHz, CDCls): 8 9.36 (s, 1H), 8.66
(s, 1H), 8.10 (d, J = 8.5 Hz, 1H), 7.89 (d, J = 8 Hz,
0 1H), 7.78 (t, J = 7.7 Hz, 1H), 7.58 (t, J = 7.5 Hz,

©\/j)J\ 1H), 2.68 (s, 3H) ppm.
N7 15C{tH} NMR (125 MHz, CDCls): & 196.6,

149.6, 149.1, 137.5, 132.1, 129.4, 129.3, 127.7,

126.9, 26.8 ppm.

HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for

C11H10NO* 172.0757, found 172.0763.
1-(quinolin-3-yl)heptan-1-one (7az)

The reaction was performed according to the general procedure with octanone (55 mg,
0.43 mmol) and DMF.DMA (62 mg, 0.52 mmol) in toluene (1.0 mL) which was refluxed for
12 h to furnish the corresponding enaminone. Subsequently N-(2(chloromethyl) phenyl)-4-
methylbenzenesulfonamide 17a (165 mg, 0.56 mmol) and NaOAc (71 mg, 0.86 mmol) were
added to the same pot and refluxed at 120 °C for 24 h after which chloranil (211 mg, 0.86
mmol) was added and further refluxed for 12 h more. Upon completion of the reaction, the
solvent was removed and the residue was purified by silica gel column chromatography
(eluent: mixture of ethyl acetate/hexane) to afford the desired product 7az as a liquid (32 mg,
31%).

Analytical data of 7az
'H NMR (500 MHz, CDCI3): § 9.37 (s, 1H), 8.67
(s, 1H), 8.11 (d, J = 8.5 Hz, 1H), 7.90 (d, J = 8 Hz,

o 1H), 7.78 (t, J = 7.5 Hz, 1H), 7.58 (t, J = 7.5 Hz,
A 5 1H), 3.07-3.02 (m, 2H), 1.77 — 1.71 (m, 2H), 1.38
N7 _ 118 (m, 6H), 0.84 (t, J = 6 Hz, 3H) ppm.

BC{IH} NMR (125 MHz, CDCls): & 199.2,
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149.1, 137.1, 132.0, 129.4, 129.3, 129.3, 127.6,
127.0, 39.0, 31.7, 29.0, 24.2, 22.5, 14.0 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for
C16H20NO 242.1539, found 242.1544.
4.88 Procedure for Pd(l1)-catalyzed dehydrogenative cyclization
The Pd(Il)-catalyzed dehydrogenative cyclization was carried out using quinolinyl-N-
oxides. Quinolinyl-N-oxides were synthesized according to reported literature,'* and were
used without further purification. The quinolinyl-N-oxides upon treatment with
Pd(CH3CN)2Cl2 (20 mol%) and Ag-O (1.5 equiv.) in acetic acid at 140 ° C for 48 h afforded
the corresponding cyclized intermediates. After completion of the reaction, as indicated by
the TLC, the mixture was cooled to room temperature and neutralized with saturated K.CO3
solution, extracted with ethyl acetate, and the organic layer was dried with Na;SO4. The
residue was then purified by column chromatography (silica gel, eluent: Ethyl

acetate/hexane) to afford the corresponding products.

4.89 Synthesis and characterization of indeno[1,2-b]quinoline 5-oxides
11-ox0-11H-indeno[1,2-b]quinoline 5-oxide (19aa)

The dehydrogenative cyclization was carried out by heating the 3-benzoylquinoline 1-
oxide 18aa (25 mg, 0.10 mmol) in a sealable reaction tube charged with Pd(CH3CN)2Cl> (20
mol%) and Ag20 (35 mg, 0.15 mmol) in AcOH at 140 °C for 48 h. After the reaction was
completed, the mixture was cooled to room temperature and neutralized with saturated
K2COs solution, extracted with ethyl acetate, and the organic layer was dried with Na>SOa.
After the solvent removal, the residue was purified by silica gel column chromatography
(Ethyl acetate/hexane (3:7)) to afford the desired product 19aa as a yellow solid (18 mg,
74%).

Analytical data of 19aa

'H NMR (500 MHz, CDClz): & 8.81 (d, J =
7.5 Hz, 1H), 8.75 (d, J = 8.5 Hz, 1H), 8.02 (s,
1H), 7.92 (d, J = 8 Hz, 1H), 7.82 (d, J = 5.5 Hz,
2H), 7.69 (t, J = 7.5 Hz, 1H), 7.63 (t, J = 7.5
Hz, 1H), 7.52 (t, J = 7 Hz, 1H) ppm.
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BC{tH} NMR (125 MHz, CDCls): & 187.7,
1442, 143.2, 137,5, 134.9, 134.5, 131.6, 130.7,
130.1, 128.5, 128.3, 127.8, 125.2, 123.4, 121.2,
119.0 ppm.

HRMS (ESI-Orbitrap) m/z: (M/Z) * calcd for
C16H10NO2 248.0706, found 248.0714.

3-methoxy-11-oxo0-11H-indeno[1,2-b]quinoline 5-oxide (19ea)

The dehydrogenative cyclization was carried out by heating 3-(4-methoxybenzoyl)

quinoline 1-oxide 18ea (28 mg, 0.10 mmol) in a sealable reaction tube charged with
Pd(CH3CN)2Cl2 (20 mol%) and Ag20 (35 mg, 0.15mmol) in AcOH at 140 °C for 48 h. After

the reaction was completed, the mixture was cooled to room temperature and neutralized

with saturated K,COs solution, extracted with ethyl acetate, and the organic layer was dried

with Na>SOs. After the solvent removal, the obtained residue was purified by silica gel

column chromatography (Ethyl acetate/hexane (3:7)) to afford the desired product 19ea as a

yellow solid (15 mg, 53%).

Analytical data of 19ea

'H NMR (500 MHz, CDCls): & 8.71 (d, J = 85
Hz, 1H), 8.36 (s, 1H), 7.93 (s, 1H), 7.89 (d, J = 8.0
Hz, 1H), 7.78 (t, J = 7.5 Hz, 1H), 7.73 (d, J = 8.5
Hz, 1H), 7.60 (t, J = 7.5 Hz, 1H), 6.95 (d, J = 8.5
Hz, 1H), 3.95 (s, 3H) ppm.

BC{*H} NMR (125 MHz, CDCl3): & 187.1,
166.1, 141.3, 132.4, 130.9, 130.0, 129.7, 129.4,
128.7, 126.4, 121.8, 119.8, 118.5, 110.4, 56.2
ppm.

HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for
C17H12NO 278.0812, found 278.0821.

3-methyl-11-o0x0-11H-indeno[1,2-b]quinoline 5-oxide (19af)

The dehydrogenative cyclization was carried out by heating 3-(4-methylbenzoyl)quinoline
1-oxide 18af (26 mg, 0.10 mmol) in a sealable reaction tube charged with Pd(CH3CN)2Cl>
(20 mol%) and Ag20 (35 mg, 0.15mmol) in AcOH at 140 °C for 48. After the reaction was
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completed, the mixture was cooled to room temperature and neutralized with saturated
K2COs solution, extracted with ethyl acetate, and the organic layer was dried with Na>SOa.
After the solvent removal, the obtained residue was purified by silica gel column
chromatography (Ethyl acetate/hexane (3:7)) to afford the desired product 19af as a yellow
solid (20 mg, 76%).
Analytical data of 19af
'H NMR (500 MHz, CDCls3): 6 8.73 (d,J =9
Hz, 1H), 8.63 (s, 1H), 7.95 (s, 1H), 7.89 (d, J =8
Hz, 1H), 7.78 (t, J = 7.5 Hz, 1H), 7.69 (d, J = 7.5
Hz, 1H), 7.60 (t, J=7.5Hz, 1H), 7.29 (d,J=7.5
Hz, 1H), 2.47 (s, 3H) ppm.
BC{H} NMR (125 MHz, CDCls): & 188.3,
147.6, 145.1, 138.8, 133.4, 132.5, 132.4, 131.0,
129.6, 129.4, 129.3, 126.9, 124.5, 122.1, 120.0,
22.4 ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) * calcd for
C17H12NO2 262.0863, found 262.0870.
12-o0x0-12H-benzo[5,6]indeno[1,2-b]quinoline 5-oxide (19ak)

The dehydrogenative cyclization was carried out by heating 3-(2-naphthoyl)quinoline 1-
oxide 18ak (31 mg, 0.10 mmol) in a sealable reaction tube charged with Pd(CH3CN)2Cl> (20
mol%) and Ag20 (35 mg, 0.15mmol) in AcOH at 140 °C for 48 h. After the reaction was

completed, the mixture was cooled to room temperature and neutralized with saturated

K>COs solution, extracted with ethyl acetate, and the organic layer was dried with Na>SOa.
After the solvent removal, the obtained residue was purified by silica gel column
chromatography (Ethyl acetate/hexane (3:7)) to afford the desired product 19ak as a red solid
(20 mg, 68%).
Analytical data of 19ak
IH NMR (500 MHz, CDCls): 5 10.48 (d, J =
8.5 Hz, 1H), 8.82 (d, J = 8.5 Hz, 1H), 7.99 (s,
1H), 7.94 (d, J = 8.5 Hz, 1H), 7.88 (d, J = 8 Hz,
1H), 7.82 — 7.77 (m, 3H), 7.66 — 7.58 (m, 3H)
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ppm.
HRMS (ESI-Orbitrap) m/z: (M+H) * calcd

for C20H12NO2 298.0863, found 298.0860.
We faced difficulty in solubilizing the

compounds 19ak in deuterated solvents and
hence only *H NMR spectra are reported.
11-ox0-11H-benzo[4',5']thieno[2’,3":4,5]cyclopenta[1,2-b]quinoline 5-oxide (19aw)

The dehydrogenative cyclization was carried out by heating 3-(benzo[b]thiophene-2-
carbonyl)quinoline 1-oxide 18aw (31 mg, 0.10 mmol) in a sealable reaction tube charged
with Pd(CH3CN)2Cl2 (20 mol%) and Ag20 (35 mg, 0.15mmol) in AcOH at 140 °C for 48 h
to afford 3-(benzo[b]thiophene-2-carbonyl)quinoline 1-oxide. After the reaction was
completed, the mixture was cooled to room temperature and neutralized with saturated
K2COs solution, extracted with ethyl acetate, and the organic layer was dried with Na>SOa.
After the solvent removal, the obtained residue was purified by silica gel column
chromatography (Ethyl acetate/hexane (3:7)) to afford the desired product 19aw as a red
solid (10 mg, 33%).

Analytical data of 19aw

'H NMR (500 MHz, CDCls): 6 9.49 (d, J =
7.5 Hz, 1H), 8.71 (d, J = 8.5 Hz, 1H), 7.83 —
7.82(m, 3H), 7.76 (t, J = 7.5 Hz, 1H), 7.58 (t, J
=7.5Hz, 1H), 7.52 — 7.46 (m, 2H) ppm.
HRMS (ESI-Orbitrap) m/z: (M+H)" calcd for
C18H10NO2 304.0427, found 304.0436.

We faced difficulty in solubilizing the

compounds 19aw in deuterated solvents and
hence only *H NMR spectra are reported.
11H-indeno[1,2-b]quinolin-11-one (20aa)®
The reduction of indeno[1,2-b]quinolinone-N-oxides was performed according to the
reported literature.!?> To a stirring solution of 11-oxo-indeno[1,2-b]Jquinoline-5-oxide 19aa
(15 mg, 0.06 mmol) in THF, HCOONH;4 (57 mg, 0.92mmol) and Pd/C (10 mol%) were
added and allowed to stir at ambient temperature. Upon completion of the reaction, the
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solvent was removed and the residue was purified by silica gel column chromatography
(Ethyl acetate/hexane (3:7)) to afford the desired product 20aa as a yellow solid (11 mg,
82%).
Analytical data of 20aa
'H NMR (500 MHz, CDClz): § 8.80 (d, J =
7.5 Hz, 1H), 8.74 (d, J = 8.5 Hz, 1H), 7.98 (s,
1H), 7.91 (d, J = 8.0 Hz, 1H), 7.80 (t, J = 7.5
Hz, 2H), 7.67 (t, J = 7.5 Hz, 1H), 7.61 (t, J =
7.5 Hz, 1H), 7.50 (t, J = 7.5 Hz, 1H) ppm.
BC{*H} NMR (125 MHz, CDCls): & 188.7,
145.2, 138.5, 136.0, 135.6, 132.6, 131.7, 131.1,
129.6, 129.4, 128.9, 126.2, 124.5, 122.2, 120.0
ppm.
HRMS (ESI-Orbitrap) m/z: (M/Z) * calcd for
C16HaNO 231.0684, found 231.0679.
3-methyl-11H-indeno[1,2-b]quinolin-11-one (20af)

The reduction of indeno[1,2-b]quinolinone-N-oxides was performed according to the

reported literature. To a stirring solution of 3-methyl-11-oxo-11H-indeno[1,2-b]quinoline 5-
oxide 19af (20 mg, 0.08 mmol) in THF, HCOONH4 (73 mg, 1.15mmol) and Pd/C (10
mol%) were added and allowed to stir at ambient temperature. Upon completion of the
reaction, the solvent was removed and the residue was purified by silica gel column
chromatography (Ethyl acetate/hexane (3:7)) to afford the desired product 20af as a yellow
solid (17 mg, 85%).

Analytical data of 20af

1H NMR (500 MHz, CDCls): & 8.74 (d, J = 8.5
Hz, 1H), 8.64 (s, 1H), 7.96 (s, 1H), 7.90 (d, J =
8.0 Hz, 1H), 7.79 (t, J = 7.5 Hz, 1H), 7.70 (d, J =
7.5Hz, 1H), 7.60 (t, J=7.5Hz, 1H), 7.29 (d, J =
7.5 Hz, 1H), 2.47 (s, 3H) ppm.

BC{*H} NMR (125 MHz, CDCls): & 188.3,
147.6, 138.8, 133.4, 132.5, 132.4, 131.0, 129.3,
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126.9, 124.5, 122.1, 120.0, 22.4 ppm.
HRMS (ESI-Orbitrap) m/z: (M/Z) * calcd for
C17H11NO 245.0841, found 245.0834.
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Heterocyclic compounds play a crucial role in our everyday lives. The significance of heterocyclic chemistry is
multifaceted, impacting various fields such as drug discovery, material science, and agriculture. Among these, Quinolines
are privileged scaffolds, the inherent properties render it a compound of substantial interest and value across a multitude
of scientific and industrial applications. Substituted quinolines demonstrate remarkable medicinal properties such as
antimalarial, antibacterial, antiviral, antitumor, analgesic, anticonvulsant, and anti-inflammatory etc. These findings have
driven the creation of widely used blockbuster drugs, whether derived from natural sources or synthesized, including
medications like quinine, chloroquine, camptothecin, pitavastatin, bedaquiline, lenvatinib, tipifarnib, and saquinavir,
employed globally to address diverse medical conditions. There are a plethora of synthetic methodologies reported for
the synthesis of quinoline derivatives. However, none of these methods described thus far are without drawbacks. Low
efficiency, harsh reagents and reaction conditions, and functional group incompatibility are some of the common
challenges of these well known classical reactions. Therefore, the quest to find new synthetic methodologies to address
these inherent issues has been a recurring endeavor of numerous research groups. Through the work depicted in this
thesis, we have tried to answer some of the issues by introducing methodologies for accessing quinoline motifs wherein
substituents can be introduced at various positions at will.

Chapter 1, begins with a quick introduction of heterocycles, especially quinoline N-heterocycles, and we extensively
covered the diverse natural sources, biosynthesis, and its position in the global market. The chapter also encompasses
the rich history of the synthesis of quinolines, starting from the classical milestone reactions to recent methodologies
towards quinoline and its derivatives.

In Chapter 2, a superbase-mediated indirect Friedlander reaction applied to the synthesis of functionalized quinolines
is described. The process involved the use of o-aminobenzyl alcohol and ketones containing an active methylene group
in the presence of KOH and DMSO. This transition metal-free oxidative annulation was found to be generally applicable,
producing 2-substituted, 2,3-disubstituted/fused, or multi-substituted quinolines. The research extended to the
functionalization of natural products and showcased the feasibility of gram-scale synthesis of quinolines.

In Chapter 3, we tried to account the superbase-mediated reactivity of tosylhaydrazones with aza-ortho-quinone
methide precursors, namely o-aminobenzyl alcohol and N-tosyl chloroarylamine. This chapter is divided into two
sections. In Part A, we delve into the reaction of tosylhydrazone with o-aminobenzyl alcohol, focusing on the
regioselective synthesis of 2-substituted quinoline derivatives. Part B unveils our findings related to the reaction between
N-tosyl chloroarylamine and tosylhydrazone, leading to the synthesis of sulfonamide derivatives.

Chapter 4, illustrates a Diels Alder cycloaddition route towards 3-aroyl quinolines from enaminones and in situ
generated aza-0-quinone methides. The reaction was found to be general with a range of substituted enaminones and aza-
o-quinone methides and we could validate the applicability of the methodology in gram-scale. We also demonstrated a
one-pot strategy towards 3-aroyl quinolines starting from the corresponding aliphatic ketones. Finally, we utilized the

3-aroyl quinolines for synthesizing indeno[1,2-b]quinolinones via a Pd-catalyzed dual C-H activation approach.
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I Indirect Friedlander Reaction

Superbase-Mediated Indirect Friedlander Reaction: A Transition

Metal-Free Oxidative Annulation toward Functionalized

Quinolines

Rahul P21 Nitha P. R.[2P! Vishnu K. Omanakuttan,’®P! Sheba Ann Babu,®®! P. Sasikumar,!®!
Vakayil K. Praveen,*P! Henning Hopf,*!<) and Jubi John*[F]

Abstract: A superbase mediated indirect Friedlander reaction
towards functionalized quinolines has been realized. The reac-
tion was performed with o-aminobenzyl alcohol and ketones
having an active methylene moiety in the presence of KOH and
in DMSO. The reaction proceeds predominantly via initial for-
mation of an imine intermediate and subsequent oxidation of
the benzyl alcohol functionality and condensation to afford
\substituted quinolines. We could also demonstrate that a minor

fraction of the reaction proceeds via a chalcone intermediate.
The transition metal-free oxidative annulation was found to
be general affording 2-substituted, 2,3-disubstituted/fused or
multi-substituted quinolines. The reaction was extended to-
wards the functionalization of natural products and the applica-
bility of the reaction for gram-scale synthesis of quinolines was
also demonstrated.

/

Introduction

The class of quinoline derivatives pose a continuous challenge
to synthetic chemists in devising straightforward routes for ac-
cessing them.[" The profound interest invested in this heterocy-
clic moiety is due to its wide applicability in pharmaceuticals,™
materials®! and industry.” Substituted quinolines exhibit prom-
ising biological activities such as antimalarial, antibacterial, anti-
viral, antitumor, analgesic, anticonvulsant, anti-inflammatory
etc.?! These findings have resulted in the development of
blockbuster drugs (of natural and synthetic origin) such as
quinine, chloroquine, camptothecin, pitavastatin, bedaquiline,
lenvatinib, tipifarnib and saquinavir which are being heavily
used worldwide for the treatment of different ailments.

Several classical organic reactions exist which utilize aryl-
amines as precursors for the synthesis of quinoline and its de-
rivatives and out of which Friedldnder quinoline synthesis can
still be considered as one of the most direct routes for accessing
this important heterocycle.™ The traditional Friedlander reac-
tion involves a base promoted condensation of a 2-amino-sub-
stituted carbonyl compound (aromatic) and an a-methylene

[a] Chemical Sciences and Technology Division, CSIR-National Institute for
Interdisciplinary Science and Technology (CSIR-NIIST),
Thiruvananthapuram-695019, India
E-mail: vkpraveen@niist.res.in
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[b] Academy of Scientific and Innovative Research (AcSIR),
Ghaziabad-201002, India

[c] Institut fir Organische Chemie, Technische Universitdt Braunschweig,
Hagenring 30, 38106 Braunschweig, Germany
E-mail: h.hopf@tu-bs.de

Supporting information and ORCID(s) from the author(s) for this article are
available on the WWW under https://doi.org/10.1002/ejoc.202000365.
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group containing carbonyl derivative followed by dehydration.
Recently, modified or indirect Friedldnder quinoline synthesis
protocols with dehydrogenative cyclization of 2-aminobenzyl
alcohol with carbonyl compounds (or alcohols) were developed
in the presence of metal catalysts (Scheme 1).[% Different com-
plexes of metals such as Ru,!®®! Rh,ec! |r,[64-6f1 Cy,[69] Njl6h-61 ang
Rel®! were utilized as catalysts in indirect Friedlander quinoline
synthesis. In addition, several heterogeneous catalysts including
Ru-HT (ruthenium on hydrotalcite support), Pd/C, Pd(OAc),/
PEG-2000, Ag-Pd alloy on carbon and a Cu based MOF were
also developed and used for synthesizing substituted quinol-
ines (Scheme 1).1”!

Z ;
s+ o
I

Hydride o
scavenger ,l
or
NHC catalysis
or
aerobic

e :
NH, Ru, Rh, Ir, Cu, Ni, Re

e~ N

Metal-free®

Ru-HT, Ag-Pd/C ,

Cu-MOF
Homogeneous Heterogeneous
catalysis® catalysis’
____________ o7~
i KOH-DMSO;
Our transition
metal-free
strategy

e
NH;
Scheme 1. Indirect Friedldnder synthesis of quinolines from 2-aminobenzyl
alcohol.
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Another advancement in the area of indirect Friedlander
quinoline synthesis was the introduction of metal-free strate-
gies.!®l The first among them was reported in 2008 by Ramén,
Yus, and co-workers which combined the Meerwein-Ponndorf-
Verley reaction of 2-aminobenzyl alcohols with benzophenone
and the Friedlander annulation to synthesize quinoline deriva-
tives.l®al Recently, an N-heterocyclic carbene-catalyzed indirect
Friedlander quinoline synthesis was reported by Zhu and Cai.[®"]
and an aerobic one-pot synthesis by Singh et al. (Scheme 1).89
These reported metal-free methodologies required additional
reagents (benzophenone for the MPV reaction of 2-amino-
benzyl alcohol®! or the presence of a catalyst.®®! We were in-
terested in developing a transition metal-free and additional
reagent-free methodology for quinoline synthesis based on the
indirect Friedlander reaction.

Superbasic media (mainly the combination of KOH and
DMSO) have been utilized extensively by Trofimov and others
for effecting different organic transformations such as chalco-
genation, cross-coupling, intramolecular cyclization, hetero-
cyclic synthesis, styrylation, inter- and intramolecular hydro-
aminations, etc.””) Verma and co-workers made use of the KOH-
DMSO system for the synthesis of functionalized quinolines
from o-aminobenzyl alcohol and alkynes.'™ The reaction pro-
ceeded via a [4 + 2] cycloadditions of alkyne with azadiene
(in situ generated from o-aminobenzyl alcohol). An efficacious
methodology for the oxidation of active methylenes and benz-
hydrols to corresponding carbonyl compounds mediated by a
base-DMSO system was reported by Ravikumar et al."! Moti-
vated by the above-mentioned reports on the use of superbasic
media and owing to our interest in heterocyclic synthesis,!'?
we hypothesized that functionalized quinolines could be gener-
ated from o-aminobenzyl alcohol and a-methylene group con-
taining carbonyl derivatives via an oxidation-condensation se-
quence in the presence of a base-DMSO system and most im-
portantly in the absence of any additional reagent or catalyst.

Result and Discussions

We commenced our investigations by selecting o-aminobenzyl
alcohol 1a and 4’-methoxy acetophenone 2a as model sub-
strates. The initial reaction was performed with one equivalent
each of 1a and 2a in the presence of KOH (1.0 equivalent) and
DMSO (1.0 mL) at 80 °C for 7 h. As expected, 2-(4-methoxy-
phenyl)quinoline 3a was isolated in 80 % yield (Table 1, entry
1). Different bases other than KOH such as tBuONa, tBuOK,
NaOH and K,CO5; were screened for the present indirect Fried-
lander quinoline synthesis (Table 1, entries 1-5). From the
tested bases, KOH was found to be the best and the reaction
failed to furnish any product in the presence of K,COs. Increas-
ing the equivalents of o-aminobenzyl alcohol had a beneficial
effect on the outcome of the reaction. Thus, with 1.2 equiva-
lents of 1a, the substituted quinoline was isolated in 88 % vyield
(Table 1, entries 1, 6 and 7). Next, we checked the effect of
change in temperature on the yield of the reaction. It was found
that both increasing (to 120 °C) and decreasing the temperature
(to r.t.) considerably decreased the yield of 3a (Table 1, entries
7-9). A decrease in the equivalents of KOH (to 0.5 equivalents)
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was found to lower the yield of 3a to 72 % (Table 1, entry 10)
and the reaction failed to afford any product in the absence of
KOH (Table 1, entry 11). Finally, conducting the reaction under
inert atmosphere didn’t significantly influence the outcome of
the reaction proving that oxygen is not required for the oxid-
ation step (Table 1, entry 12).

Table 1. Optimization studies.

Entry Base Time TC Yield of
3a[a] [%]

1 KOH 7 80 80

2 tBuONa 7 80 48

3 tBuOK 7 80 51

4 NaOH 7 80 61

5 K,CO5 7 80 -

6! KOH 7 80 83

71 KOH 7 80 88

g8l KOH 7 120 59

old KOH 48 rt. 23

10t KOH 7 80 72

111 - 7 80 -

120 KOH 7 80 86

[a] Reaction conditions: 1a (1.0 equiv.), 2a (1.0 equiv., 0.6 mmol), base
(1.0 equiv.), DMSO (1.0 mL), 80 °C, 7 h. [b] Reaction conditions: 1a (1.1 equiv.).
[c] Reaction conditions: 1a (1.2 equiv.). [d] Reaction conditions: 1a (1.2 equiv.),
KOH (0.5 equiv.). [e] Reaction conditions: 1a (1.2 equiv.), argon atmosphere.

The scope and limitation of the indirect Friedlander quinol-
ine synthesis were then studied (Table 2) under the optimized
conditions [1 (1.2 equiv.), 2 (1.0 equiv.), KOH (1.0 equiv.), DMSO
(1.0 mL), 80 °C, 7 h]. Both acetophenone 2b and 4’-methylaceto-
phenone 2c participated in the oxidative annulation with o-
aminobenzyl alcohol 1a affording the corresponding products
3b and 3c in 75 and 80 % respectively. 2-Phenyl quinoline 3b
was also synthesized in gram scale and good yield (70 %) by
starting with 1.0 g of acetophenone 2b. A substituent on the
ortho-position of the aryl ring of acetophenone did not affect
the reaction yield and in this line, the reactions with 2’-methoxy
(2d) and 2’-methylacetophenone (2e) afforded the products 3d
and 3e in good yields, whereas the reaction with 2’-hydroxy-
acetophenone (2f) furnished the product 3f only in 56 % yield.

The superbase mediated oxidative annulation proceeded
well with di- (2g) and tri-methoxy acetophenones (2h) afford-
ing the products 3g and 3h in excellent yields. The presence of
electron-withdrawing groups was found to influence the reac-
tion outcome as the reactions with both 3’-(trifluoromethyl)-
acetophenone (2i) and 3-nitroacetophenone (2j) could only fur-
nish the corresponding 2-substituted quinolines 3i and 3j in
poor yields. Another interesting observation that we came
across was in the reaction with 4’-chloroacetophenone and o-
aminobenzyl alcohol 1a. Contrary to our expectation of 2-(4-
chlorophenyl)quinoline 3k, we obtained a dehalogenated quin-
oline derivative. The dehalogenation of aromatic compounds
with a DMSO-base combination was reported earlier which
might be the reason for the present observation.'! The oxid-
ative annulation also worked with acetylferrocene affording 2-
ferrocenylquinoline 3l in 45 % yield. 2-Naphthylquinole 3m was
synthesized in excellent yield but after 14 h of reaction time.
By starting with 1,3-dicetylbenzene we could synthesize 1,3-di-
quinolylbenzene 3n in 69 % yield. Finally, the reactivity of differ-
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Table 2. Generality of indirect Friedlander reaction toward 2-substituted quin-
olines. (Reaction conditions: 1a (1.2 equiv.), 2 (1.0 equiv,, 0.6 mmol), KOH

(1.0 equiv., 0.6 mmol), DMSO (1.0 mL), 80 °C, 7 h).
KOH (1 0 equiv)
©\/\ DMSO

2a-2q 80°C,7h 3a-3q

3a (88%)

3b (75%) (m%yla] 3c (80%) 3d (82%)

T

3k (expected) isolated (41 %)

3j (26%)™
CFs NO,

S \
() N,"

3m (79%)(°

3p (69% 3q (65%)

[a] Started with 1.0 g of 2b. [b] 120 °C, 12 h. [c] 14 h.

3i (46%)

31 (45%)

3n (69%)

30 (75%)

ent acetylheteroarenes toward the present indirect Friedlander
reaction was examined and thus pyridyl (30), furyl (3q) and
thienyl (3r) substituted quinolines were synthesized in good
yields.

Next, we turned our attention in synthesizing 2,3-disubsti-
tuted/fused quinolines via the developed superbase mediated
oxidative annulation (Table 3). We commenced our investiga-
tions with o-aminobenzyl alcohol 1a and cyclohexanone under
the optimized conditions and 1,2,3,4-tetrahydroacridine 3r was
isolated in 72 % yield. The reaction with 4-methylcyclohexan-
one also afforded the corresponding substituted tetrahydro-
acridine derivative 3s in 68 % yield. Other cyclic ketones such
as cycloheptanone and cyclooctanone afforded the 2,3-fused
quinoline derivatives 3t and 3u in good yields. The indirect
Friedlander reaction was also found to work well with tetralone
4e and methoxytetralone 4f from which the respective dihydro-
benzo[c]acridine derivatives 3v and 3w were isolated in excel-
lent yields. We then checked the reactivity of propiophenone
4g and butyrophenone 4h and these ketones reacted well un-
der the optimized conditions affording the corresponding 2,3-
disubstituted quinolines 3x and 3y in good yields. We have also
checked the reactivity of acyclic ketones such as acetone and
2-hexanone but to our dismay, after the required time an in-
tractable reaction mixture was observed. The importance of the
present oxidative annulation was exemplified by performing
“quinolization” of natural products containing an enolizable
ketone moiety. Thus both menthone (mixture of isomers) and
5a-cholestan-3-one were treated with o-aminobenzyl alcohol
1a under our optimized conditions and the corresponding an-
nulated natural products 3ab and 3ac were isolated.
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Table 3. Generality of indirect Friedlander reaction toward 2,3- disubstituted/
fused quinolines. (Reaction conditions: 1a (1.2 equiv.), 4 (1.0 equiv.,
0.6 mmol), KOH (1.0 equiv., 0.6 mmol), DMSO (1.0 mL), 80 °C, 7 h).

o)
OH , 7 )k KOH (1.0 equiv)
b M DMSO N
NH; : s_ |
1a 4a-4] 80°C,7h 3r-3ac .
3r (72% 68% 3t (64%) 3u (52%)

‘%‘%Cﬂ

3v, R=H (89%) 3x, R=Me (61%) 3z, R = Meld
3w,R= OMe (90%) 3y, R = Et (58%) 3aa, R = n-Buldl

3ab (68%)
isomeric mixture

[a] Intractable reaction mixture.

Subsequently, we examined the effect of substituents on o-
aminobenzyl alcohols on the outcome of the superbase medi-
ated quinoline synthesis (Table 4). We commenced with the
reaction of acetophenone 2b with 1-(2-aminophenyl)ethan-1-ol
1b. The reaction was complete in 7 h and from which the
2,4-disubstituted quinoline 3ad was isolated in 75 % yield.
2-aminobenzhydrol 1c also reacted with ease affording the
2,4-diphenylquinoline 3ae in good yield.

Table 4. Generality of indirect Friedldnder with substituted o-aminobenzyl
alcohol.a

R1

KOH (1 0 equiv) RZ—/ | =

TDMSO | S

1b- 1f 80°C,7h 3ad-3ah

3ad (75% 3ae (72% 3af 86%)
CF4

CL;
)
e

3ag (74%)

[a] Reaction conditions: 1a (1.2 equiv.), 2 (1.0 equiv, 0.6 mmol), KOH
(1.0 equiv., 0.6 mmol), DMSO (1.0 mL), 80 °C, 7 h.
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Next, we checked the reactivity of 2-amino-3-methylbenzyl
alcohol 1d under the optimized conditions and the respective
quinoline derivative 3af was obtained in 86 % yield (Table 4).
The reaction of 1-(2-aminophenyl)-2,2,2-trifluoroethan-1-ol 1e
also proceeded well affording 2-phenyl-4-(trifluoromethyl)-
quinoline 3ag in 74 % yield. Lastly, we checked the reactivity
of 2-amino-4-chlorobenzyl alcohol 1f with acetophenone and
as observed earlier (Table 2, compound 3k) we obtained the
dehalogenated product.

To prove the mechanism of the superbase mediated indirect
Friedlander quinoline synthesis we carried out several experi-
ments with substrates 1a and 2b (Scheme 2). The possibility for
a radical-mediated reaction was ruled out with the first reaction
(Scheme 2a) where 1a and 2b were allowed to react under the
optimized conditions but in the presence of 1.0 equivalent of
BHT from which 2-phenylquinoline 3b was isolated in 73 %
yield. It is reported that the classical Friedlander quinoline syn-
thesis can proceed either via the imine 5 or o-amino chalcone
6 as intermediates.’! When 5 was subjected to the optimized
conditions, we were able to isolate the expected product 3b in
90 % yield after an hour (Scheme 2b). On the other hand, when
0-amino chalcone 6 was allowed to react at the optimized con-
ditions, the reaction took 5 h to furnish 88 % of 3b (Scheme 2¢).
These results show that the present superbase mediated quin-

3b (73%)

3b (90%)

\
P>
N

3b (88%)

BHT (1.0 equiv.)
KOH (1.0 equiv)
DMSO
80°C,7h

S
W,

KOH (1.0 equiv)
B
DMSO
80°C,1h

S/
W,

Ny
N
5

KOH (1.0 equiv)
e
DMSO
80°C,5h

KOH (1.0 equiv)
—_—
DMSO

80°C,7h Detected by

GCMS

Scheme 2. Reactions to support the mechanism of superbase mediated indi-
rect Friedlander quinoline synthesis.

\
,s{ o

Q
S
C}He
P -
N -H;0
B

J proton

transfer Predominant Pathway

oy e~ 03 o] =

oline synthesis might be proceeding predominantly via the im-
ine intermediate 5 rather than the chalcone 6 and that imine
formation must be happening preferentially over the oxidation
of the benzyl alcohol moiety. Finally, we were able to detect
the formation of Me,S as a by-product by conducting a GC-MS
experiment (Scheme 2d).'4

From the results obtained for the experiments depicted
above, we believe that the first step of quinoline synthesis (pre-
dominant pathway) would be the condensation of amino group
of 2-aminobenzyl alcohol and acetophenone to yield the imine
5 (Scheme 3). This will be followed by the oxidation of the
alcohol to the corresponding carbonyl group which proceeds
via a mechanism analogous to the one proposed by Ravikumar
et al."'? Initially the base will generate the alkoxide intermedi-
ate A from 5. The adduct B is then formed by the attack of
the alkoxide to the electrophilic sulfur of DMSO. Subsequently,
proton transfer occurs from the benzylic carbon to the alkoxide
generating the carbanion C which further undergoes an E1,
elimination furnishing the corresponding carbonyl compound
D. An intramolecular aldol addition occurs in intermediate D to
furnish the dihydroquinoline E from which water is eliminated
to finally afford the substituted quinoline derivative.l”! The sec-
ondary pathway will commence with the benzylic alcohol func-
tionality to the o-amino benzaldehyde | by following a similar
mechanism as shown before. The o-amino chalcone 6 is then
formed by the condensation of I with acetophenone. The inter-
mediate 6 subsequently undergoes intramolecular annulation
to furnish 2-substituted quinoline by the elimination of H,0.

Conclusion

In conclusion, we have developed a mild, transition metal-free
and general methodology for the synthesis of functionalized
quinolines. In contrast to the reported methods that required
either metal catalysts (homogeneous or heterogeneous) or ad-
ditional reagents (hydride scavenger or NHC catalyst) our strat-
egy required only the combination of KOH in DMSO. In this
superbasic medium, the reaction proceeds predominantly via
the formation of an imine and successive oxidation of 2-amino-
benzyl alcohol to the corresponding aldehyde followed by con-
densation with the enamine moiety. We could propose a mech-
anistic postulate by isolating the imine intermediate and by
subjecting it to oxidative annulation conditions. We could also
show that a minor fraction of the reaction proceeds via a chalc-

, S‘|>/
O O’ \8 O;\ “OH
H proton )
(::L) ? d 2 _transfer
NHz -H:0 NH,
1 H

Secondary Pathway

e
F /5\. + OH
o]
o
NH, NH;

Scheme 3. Mechanism of superbase mediated indirect Friedlander quinoline synthesis.
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one intermediate. This oxidative annulation worked well-afford-
ing mono-, di- and poly-substituted quinolines in good yields.
In the case of halogen-substituted quinoline derivatives, de-
halogenation was observed as reported earlier. It is noteworthy
to mention that we could synthesize substituted quinoline by
this methodology in gram scale thereby proving the applicabil-
ity of the reaction. In addition, we also utilized this superbase
mediated oxidative annulation to functionalize natural prod-
ucts. We are currently focusing on other superbase mediated
reactions of 2-aminobenzyl alcohol and the results will be pub-
lished.

Experimental Section

General

All chemicals were of the best grade commercially available and
were used without further purification. All solvents were purified
according to the standard procedures; dry solvents were obtained
according to the literature methods and stored over molecular
sieves. Analytical thin-layer chromatography was performed on
polyester sheets pre-coated with silica gel containing fluorescent
indicator (POLYGRAMSIL G/UV254). Gravity column chromatography
was performed using neutral alumina, and mixtures of ethyl acet-
ate/hexanes were used for elution. Melting points were determined
using a calibrated digital melting point apparatus (Bichi 530 melt-
ing point apparatus). NMR spectra were recorded with Bruker
Avance-300 (300 MHz for "H NMR, 75 MHz for "*C{1H} NMR) and
Bruker AMX-500 (500 MHz for "H NMR, 125 MHz for '3C{1H} NMR)
instruments. All spectra were measured at 300 K, unless otherwise
specified. The chemical shifts O are given in ppm and referenced to
the external standard TMS or internal solvent standard. TH NMR
coupling constants (J) are reported in Hertz (Hz) and multiplicities
are indicated as follows s (singlet), d (doublet), t (triplet), q (quartet),
m (multiplet), dd (doublet of doublets). Mass spectra were per-
formed with a ThermoFinnigan MAT95XL, a ThermoFisher Scientific
LTQ Orbitrap Velos, and an Agilent 6890 gas chromatograph with
JMS-T100GC spectrometer or with a ESI/ HRMS at 60,000 resolution
using Thermo Scientific Exactive mass spectrometer with orbitrap
analyzer. Gas chromatographic analysis was performed using GC-
MS-TQ8030 SHIMADZU.

Experimental procedure for the synthesis of substituted quinol-
ine derivatives: To a reaction tube equipped with a magnetic stir-
ring bar, acetophenone 2 (1.0 equiv.), o-aminobenzyl alcohol 1
(1.2 equiv.) and KOH (1 equiv.) and 1 mL of DMSO were added. The
resultant reaction mixture was kept for stirring at 80 °C for 7 h.
After completion of the reaction, water was added and the aqueous
layer extracted thrice with ethyl acetate. The organic layer was dried
with anhydrous Na,SO, and the solvent was removed under vac-
uum. The residue was then purified by column chromatography
(neutral alumina, eluent: mixtures of ethyl acetate/hexanes) to af-
ford the corresponding 2-substituted quinolines.

2-(4-Methoxyphenyl)quinoline (3a).°"'%? Following the general
experimental procedure with o-aminobenzyl alcohol 1a (99 mg,
0.80 mmol), 4-methoxyacetophenone 2a (100 mg, 0.67 mmol), KOH
(38 mg, 0.67 mmol) in DMSO (1.0 mL) at 80 °C and subsequent
stirring for 7 h. The crude product was purified by neutral alumina
column chromatography (10 % ethyl acetate in hexane) to afford
the desired product 3a as white solid (138 mg, 88 %). Analytical
data of 3a: Mp: 125-126 °C. 'H NMR (500 MHz, CDCls, TMS): 6 =
8.18-8.13 (m, 4H), 7.84-7.79 (m, 2H), 7.70 (t, J = 7.5 Hz, TH), 7.49 (t,
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J =75 Hz, 1H), 7.05 (d, J = 8.5 Hz, TH), 3.89 (s, 3H) ppm. "3C{'H}
NMR (125 MHz, CDCl3): 6 = 160.8, 156.9, 148.3, 136.6, 132.3, 129.6,
129.5, 128.9, 127.4, 126.9, 125.9, 118.6, 114.2, 55.4 ppm. HRMS (ESI-
Orbitrap) m/zz (M +H)* calcd. for C;¢H.4NO 236.1070, found
236.1078.

2-Phenylquinoline (3b)."'4a] Following the general experimental
procedure with o-aminobenzyl alcohol 1a (99 mg, 0.80 mmol),
acetophenone 2b (81 mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in
DMSO (1.0 mL) at 80 °C and subsequent stirring for 7 h. The crude
product was purified by neutral alumina column chromatography
(10 % ethyl acetate in hexane) to afford the desired product 3b as
white solid (103 mg, 75 %). For the gram-scale preparation of 3b,
the yield was 70 % (1.19 g). Analytical data of 3b: Mp: 84-87 °C. 'H
NMR (500 MHz, CDCl;, TMS) 6 = 8.20-8.15 (m, 4H), 7.85 (d, J =
8.5 Hz, 1H), 7.80 (d, J = 8 Hz, 1H), 7.73-7.70 (m, 1H), 7.53-7.49 (m,
3H), 7.47-7.44 (m, 1H) ppm. *C{"H} NMR (125 MHz, CDCls;, TMS)
0 =157.4,148.3,139.7, 136.8, 129.8, 129.7, 129.3, 128.9, 127.6, 127.5,
127.2, 126.3, 119.1 ppm. HRMS (ESI-Orbitrap) m/z: [M + H]* calcd.
for CysH1,N 206.0964, found 206.0975.

2-(p-Tolyl)quinoline (3¢)."'4 Following the general experimental
procedure with o-aminobenzyl alcohol 1a (99 mg, 0.80 mmol), 4-
methylacetophenone 2c¢ (90 mg, 0.67 mmol), KOH (38 mg,
0.67 mmol) in DMSO (1.0 mL) at 80 °C and subsequent stirring for
7 h. The crude product was purified by neutral alumina column
chromatography (10 % ethyl acetate in hexane) to afford the de-
sired product 3c as white solid (117 mg, 80 %). Analytical data
of 3c: Mp: 81-84 °C. 'TH NMR (500 MHz, CDCl;, TMS) 6 = 8.17 (t,
J =9 Hz, 2H), 8.07 (d, J = 8 Hz, 2H), 7.84 (d, J = 8.5 Hz, 1H), 7.80 (d,
J=8Hz 1H), 7.71 (t, J = 8 Hz, 1H), 7.50 (t, J = 7.5 Hz, 1H), 7.32 (d,
J =175 Hz, 2H), 2.43 (s, 3H) ppm. "*C{"H} NMR (125 MHz, CDCl3) ¢ =
157.4, 148.3, 1394, 136.9, 136.7, 129.7, 129.6, 127.4, 127.1, 126.1,
118.9, 21.4 ppm. HRMS (ESI-Orbitrap) m/z: [M + H]* calcd. for
Cy6H14N 220.1121, found 220.1124.

2-(2-Methoxyphenyl)quinoline (3d).°"'4a Following the general
experimental procedure with o-aminobenzyl alcohol 1a (99 mg,
0.80 mmol), 2-methoxyacetophenone 2d (100 mg, 0.67 mmol), KOH
(38 mg, 0.67 mmol) in DMSO (1.0 mL) at 80 °C and subsequent
stirring for 7 h. The crude product was purified by neutral alumina
column chromatography (10 % ethyl acetate in hexane) to afford
the desired product 3d as colorless liquid (129 mg, 82 %). Analytical
data of 3d: "H NMR (500 MHz, CDCl5, TMS) 6 = 8.18-8.13 (m, 2H),
7.89-7.82 (m, 3H), 7.70 (t, J = 7.5 Hz, 1H), 7.52 (t, J = 7.5 Hz, 1H),
742 (t, J =8 Hz, 1H), 7.13 (t, J = 7.5Hz, 1H), 7.03 (d, J = 8 Hz, 1H),
3.86 (s, 3H) ppm. "3C{"H} NMR (125 MHz, CDCl3) 6 = 157.2, 157.2,
148.3, 135.1, 131.5, 130.4, 129.8, 129.6, 129.2, 127.4, 127.1, 126.2,
123.5, 121.3, 111.4, 55.7 ppm. HRMS (ESI-Orbitrap) m/z: [M + HI*
calcd. for C;4H,4NO 236.1070, found 236.1072.

2-(o-Tolyl)quinoline (3e).['44 Following the general experimental
procedure with o-aminobenzyl alcohol 1a (99 mg, 0.80 mmol), 2-
methylacetophenone 2e (90 mg, 0.67 mmol), KOH (38 mg,
0.67 mmol) in DMSO (1.0 mL) at 80 °C and subsequent stirring for
7 h. The crude product was purified by neutral alumina column
chromatography (10 % ethyl acetate in hexane) to afford the de-
sired product 3e as white solid, 104 mg (71 %). Analytical data of
3e: Mp: 69-71 °C 'H NMR (500 MHz, CDCl3, TMS) 6 = 8.21 (d, J =
8 Hz, 1H), 8.16 (d, J = 8.5 Hz, 1H), 7.86 (d, J = 8 Hz, 1H), 7.74 (t, J =
8 Hz, 1H), 7.58-7.53 (m, 2H), 7.50 (d, J = 7 Hz, 1H), 7.36-7.33 (m,
3H), 241 (s, 3H). "*C{"H} NMR (125 MHz, CDCl;) 6 = 160.3, 147.9,
140.8, 136.1, 136.0, 130.9, 129.7, 129.6, 128.5, 127.5, 126.8, 126.4,
126.0, 122.4, 20.4 ppm. HRMS (ESI-Orbitrap) m/z: [M + H]*{cal<dl for
CyeH1aN 220.1121, found 220.1124.
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2-(Quinolin-2-yl)phenol (3f).I'4! Following the general experimen-
tal procedure with o-aminobenzyl alcohol 1a (99 mg, 0.80 mmol),
2-hydroxyacetophenone 2f (92 mg, 0.67 mmol), KOH (38 mg,
0.67 mmol) in DMSO (1.0 mL) at 80 °C and subsequent stirring for
7 h. The crude product was purified by neutral alumina column
chromatography (10 % ethyl acetate in hexane) to afford the de-
sired product 3f as white solid (83 mg, 56 %). Analytical data of 3f:
Mp: 113-115 °C. 'TH NMR (500 MHz, CDCl;, TMS) 6 = 15.24 (s, 1H),
8.27 (d, J = 9 Hz, 1H), 8.06-8.03 (m, 2H), 7.95 (d, J = 8 Hz, 1H), 7.83
(d, J=8Hz 1H), 7.74 (t, J = 8 Hz, 1H), 7.57-7.54 (m, 1H), 7.37 (t, J =
7.5 Hz, 1H) 7.09 (d, J = 8.5 Hz, 1H), 6.96 (t, J = 7. 5 Hz, 1H) ppm.
T3C{"H} NMR (125 MHz, CDCI3) 6 = 161.0, 158.0, 144.8, 137.6, 130.5,
127.6, 127.5, 126.9, 126.7, 126.6, 119.0, 118.7, 118.7, 117.3 ppm.
HRMS (ESI-Orbitrap) m/z: [M + H]* calcd. for Cy5H;,NO 222.0913,
found 222.0924.

2-(2,5-Dimethoxyphenyl)quinolone (3g). Following the general
experimental procedure with o-aminobenzyl alcohol 1a (99 mg,
0.80 mmol), 2,5-dimethoxyacetophenone 2g (121 mg, 0.67 mmol),
KOH (38 mg, 0.67 mmol) in DMSO (1.0 mL) at 80 °C and subsequent
stirring for 7 h. The crude product was purified by neutral alumina
column chromatography (10 % ethyl acetate in hexane) to afford
the desired product 3g as white solid (138 mg, 78 %). Analytical
data of 3g: Mp: 141-143 °C. "H NMR (500 MHz, CDCl, TMS) & =
8.16 (t, J = 9.5 Hz, 2H), 7.91 (d, J = 8 Hz, 1H), 7.83 (d, J = 8.5 Hz,
1H), 7.72-7.70 (m, TH), 7.53 (t, J = 7.5 Hz, 1H), 7.45 (s, TH), 6.98 (s,
2H), 3.86 (s, 3H), 3.81 (s, 3H) ppm. "*C{"H} NMR (125 MHz, CDCl5)
0=156.9, 154.1,151.6, 148.3, 135.2, 130.4, 129.7, 129.3, 127.4,127.1,
126.3,123.4,116.2, 116.1, 113.3, 56.6, 55.9 ppm. HRMS (ESI-Orbitrap)
m/z: [M + HI* calcd. for C;,H,6NO, 266.1176, found 266.1181.

2-(2,3,4-Trimethoxyphenyl)quinoline (3h). Following the general
experimental procedure with o-aminobenzyl alcohol 1a (99 mg,
0.80 mmol), 2,3,4-trimethoxyacetophenone 2h (141 mg,
0.67 mmol), KOH (38 mg, 0.67 mmol) in DMSO (1.0 mL) at 80 °C
and subsequent stirring for 7 h. The crude product was purified
by neutral alumina column chromatography (10 % ethyl acetate in
hexane) to afford the desired product 3h as white solid (172 mg,
87 %). Analytical data of 3h: Mp: 104-106 °C. "H NMR (500 MHz,
CDCl5, TMS) 6 = 8.16-8.15 (m, 2H), 7.90 (d, J = 9 Hz, 1H), 7.84 (d,
J=8Hz 1H), 771 (t, J = 7.5 Hz, 1H), 7.62 (d, J = 8.5 Hz, 1H), 7.53
(t, J = 7.5 Hz, 1H), 6.85 (d, J = 8.5Hz, TH), 3.95 (s, 3H), 3.93 (s, 3H),
3.77 (s, 3H) ppm. 3C{'"H} NMR (125 MHz, CDCI3) 6 = 156.6, 154.6,
152.3, 148.3, 1424, 135.5, 129.6, 129.3, 127.6, 127.4, 127.0, 126.1,
125.8, 122.9, 108.1, 61.5, 61.1, 56.2 ppm. HRMS (ESI-Orbitrap) m/z:
[M + H]* calcd. for C;gH,gNO3 296.1281, found 296.1287.

2-(3-(Trifluoromethyl)phenyl)quinoline (3i).'*"! Following the
general experimental procedure with o-aminobenzyl alcohol 1a
(99 mg, 0.80 mmol), 3-trifluoromethylacetophenone 2i (126 mg,
0.67 mmol), KOH (38 mg, 0.67 mmol) in DMSO (1.0 mL) at 80 °C
and subsequent stirring for 7 h. The crude product was purified
by neutral alumina column chromatography (10 % ethyl acetate in
hexanes) to afford the desired product 3i as white solid (84 mg,
46 %). Analytical data of 3i: Mp: 51-53 °C. "TH NMR (500 MHz, CDCls,
TMS) 6 = 847 (s, TH), 8.36 (d, J = 7.5 Hz, 1H), 8.28 (d, J = 8.5 Hz,
1H), 8.19 (d, J = 8.5 Hz, 1H), 7.90 (d, J = 8.5 Hz, 1H), 7.86 (d, J =
8.5 Hz, 1H), 7.78-7.72 (m, 2H), 7.65 (t, J = 7.5 Hz, 1H), 7.57 (t, J =
7.5 Hz, TH) ppm. "3C{"H} NMR (125 MHz, CDCl5) 6 = 155.6, 148.3,
140.4, 137.2, 131.3 (q, j = 32.5 Hz), 130.7, 130.0, 129.8, 129.3, 127.5,
127.4, 126.8, 125.9 (q, j = 3.8 Hz), 1244 (q, j = 3.8 Hz), 118.6 ppm.
HRMS (ESI-Orbitrap) m/z: [M + H]* calcd. for CigH;;F3N 274.0844,
found 274.0851.

2-(3-Nitrophenyl)quinoline (3j).”4a] Following the general experi-
mental procedure with o-aminobenzyl alcohol 1a (99 mg, 1.2
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0.80 mmol), 3-nitroacetophenone 2j (110.6 mg, 0.67 mmol), KOH
(38 mg, 0.67 mmol) in DMSO (1.0 mL) at 120 °C and subsequent
stirring for 12 h. The crude product was purified by neutral alumina
column chromatography (10 % ethyl acetate in hexanes) to afford
the desired product 3j as white solid (44 mg, 26 %). Analytical data
of 3j: "H NMR (500 MHz, CDCl5, TMS) 6 = 9.06 (s, 1H), 8.57 (d, J =
8 Hz, 1H), 8.33-8.31 (m, 2H), 8.20 (d, J = 8 Hz, 1H), 7.95 (d, J = 8.5Hz,
1H), 7.88 (d, J = 7.5 Hz, 1H), 7.79 (t, J = 8 Hz, TH), 7.72 (t, J = 8 Hz,
1H), 7.60 (t, J = 7.5 Hz, 1H). "3C{"H} NMR (125 MHz, CDCl3) 6 = 148.3,
141.3, 137.4, 137.1, 133.3, 130.2, 129.9, 129.8, 127.6, 127.1, 123.9,
122.5, 1184 ppm. HRMS (ESI-Orbitrap) m/z: [M + H]* calcd. for
Cy5Hq1N,0, 251.0815, found 251.0825.

2-Ferrocenylquinoline (31).['4? Following the general experimental
procedure with o-aminobenzyl alcohol 1a (99 mg, 0.80 mmol), acet-
ylferrocene 2l (153 mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in
DMSO (1.0 mL) at 80 °C and subsequent stirring for 7 h. The crude
product was purified by neutral alumina column chromatography
(10 % ethyl acetate in hexane) to afford the desired product 3l as
red solid (94 mg, 45 %). Analytical data of 3I: Mp: 135-138 °C. 'H
NMR (500 MHz, CDCls, TMS) 6 = 8.04 (d, J = 8.5 Hz, 2H), 7.75 (d, J =
8 Hz, 1H), 7.66 (d, J = 7.5 Hz, 1H), 7.57 (d, J = 8.5 Hz, 1H), 7.48- 7.45
(m, TH), 5.07 (s, 2H), 4.47 (s, 2H), 4.06 (s, 5H) ppm. 3C{'"H} NMR
(125 MHz, CDCl5) 6 = 159.5, 148.3, 135.4, 129.4, 129.0, 127.5, 126.7,
125.4, 119.5, 84.0, 70.4, 69.7, 68.0 ppm. HRMS (ESI-Orbitrap) m/z:
[M + HI]* calcd. for C;3H;oNS 314.0627, found 314.0621.

2-(Naphthalen-2-yl)quinoline (3m).!"*! Following the general ex-
perimental procedure with o-aminobenzyl alcohol 1a (99 mg,
0.80 mmol), 2-acetonaphthone 2m (114 mg, 0.67 mmol), KOH
(38 mg, 0.67 mmol) in DMSO (1.0 mL) at 80 °C and subsequent
stirring for 14 h. The crude product was purified by neutral alumina
column chromatography (10 % ethyl acetate in hexane) to afford
the desired product 3m as a pale yellow solid (135 mg, 79 %). Ana-
lytical data of 3m: "H NMR (300 MHz, CDCl;, TMS) 6 = 8.63 (s, TH),
8.39 (dd, J;= 8.7 Hz, J2 = 1.8 Hz, TH), 8.27- 8.23 (m, 2H), 8.04-7.99
(m, 3H), 7.93-7.89 (m, 1H), 7.86-7.83 (m, 1H), 7.79-7.74 (m, 1H)
7.58-7.53 (m, 3H) ppm. "*C{"H} NMR (75 MHz, CDCl;) 6 = 157.1,
148.3, 136.9, 136.8, 133.8, 133.5, 129.7, 129.7, 128.8, 128.6, 127.7,
127.5,127.2,127.1, 126.7, 126.3, 126.3, 125.0, 119.1 ppm.

1,3-Di(quinolin-2-yl)benzene (3n).'*¥ Following the general ex-
perimental procedure with o-aminobenzyl alcohol 1a (197 mg,
1.6 mmol), 1,3-diacetylbenzene 2n (109 mg, 0.67 mmol), KOH
(38 mg, 0.67 mmol) in DMSO (1.0 mL) at 80 °C and subsequent
stirring for 7 h. The crude product was purified by neutral alumina
column chromatography (10 % ethyl acetate in hexane) to afford
the desired product 3n as white solid (153 mg, 69 %). Analytical
data of 3n: Mp: 138-141 °C. 'TH NMR (500 MHz, CDCl3, TMS) 6 =
8.97 (s, 1H), 8.30-8.27 (m, 4H), 8.23 (d, J = 8.5 Hz, 2H), 8.04 (d, J =
9 Hz, 2H), 7.86 (d, J = 8 Hz, 2H), 7.75 (t, J = 7.5 Hz, 1H), 7.70 (t, J =
8 Hz, 1H), 7.55 (t, J = 8 Hz, 2H) ppm. "*C{"H} NMR (125 MHz, CDCl3)
0 =157.2,148.3,140.3, 136.9, 129.8, 129.8, 129.5, 128.6, 127.5, 127.3,
126.8, 126.4, 119.2 ppm. HRMS (ESI-Orbitrap) m/z: [M + H]* calcd.
for Cy,H,4N, 333.1386, found 333.1395.

2-(Pyridin-2-yl)quinoline (30)."%3 Following the general experi-
mental procedure with o-aminobenzyl alcohol 1a (99 mg,
0.80 mmol), 2-acetylpyridine 20 (81 mg, 0.67 mmol), KOH (38 mg,
0.67 mmol) in DMSO (1.0 mL) at 80 °C and subsequent stirring for
7 h. The crude product was purified by neutral alumina column
chromatography (10 % ethyl acetate in hexane) to afford the de-
sired product 3o as white solid (103 mg, 75 %). Analytical data of
30: Mp: 98-100 °C. 'TH NMR (500 MHz, CDCl;, TMS) ¢ = 8.74-8.73
(1H, m), 8.65 (d, J = 8 Hz, TH), 8.56 (d, J = 8.5 Hz, 1H), 8.28 (d, J =
8.5 Hz, 1H), 8.18 (d, J = 8.5 Hz, 1H), 7.88-7.84 (m, 2H), 7.73 (t, J =
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8 Hz, 1H) 7.55 (t, J = 7.5Hz, TH), 7.35 (t, J = 6 Hz, TH) ppm. "3C{'H}
NMR (125 MHz, CDCl;) 6 = 156.4, 156.2, 149.2, 148.0, 137.0, 136.8,
129.8, 129.6, 1283, 127.6, 126.8, 124.1, 121.9, 119.0 ppm. HRMS
(ESI-Orbitrap) m/z: [M + HI* calcd. for Ci4H;;N, 207.0917, found
207.0922.

2-(Furan-2-yl)quinoline (3p).'*?! Following the general experimen-
tal procedure with o-aminobenzyl alcohol 1a (99 mg, 0.80 mmol),
2-acetylfuran 2p (74 mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in
DMSO (1.0 mL) at 80 °C and subsequent stirring for 7 h. The crude
product was purified by neutral alumina column chromatography
(10 % ethyl acetate in hexanes) to afford the desired product 3p as
white solid (90 mg, 69 %). Analytical data of 3p: Mp: 87-89 °C. 'H
NMR (500 MHz, CDCl3, TMS) 6 = 8.17 (d, J = 8.5 Hz, 1H), 8.13 (d, J =
8.5 Hz, 1H), 7.83 (d, J = 8.5 Hz, 1H), 7.79 (d, J = 8 Hz, 1H), 7.72-7.69
(m, TH), 7.63 (s, 1H), 7.50 (t, J = 7.5 Hz, 1H), 7.22 (s, 1H), 6.60 (s, TH)
ppm. "*C{"H} NMR (125 MHz, CDCl3) 6 = 149.0, 144.2, 136.7, 129.9,
129.4,127.6, 127.2, 126.2, 117.5, 112.2, 110.2 ppm.

2-(Thiophen-2-yl)quinoline (3q).'*? Following the general experi-
mental procedure with o-aminobenzyl alcohol 1a (99 mg,
0.80 mmol), 2-acetylthiophene 2q (85 mg, 0.67 mmol), KOH (38 mg,
0.67 mmol) in DMSO (1.0 mL) at 80 °C and subsequent stirring for
7 h. The crude product was purified by neutral alumina column
chromatography (10 % ethyl acetate in hexane) to afford the de-
sired product 3q as white solid (92 mg, 65 %). Analytical data of
3g: Mp: 131-134 °C. "H NMR (500 MHz, CDCls, TMS) 6 = 8.15 (d, J =
8.5 Hz, 1H), 8.10 (d, J = 8.5 Hz, 1H), 7.82-7.76 (m, 3H), 7.70 (t, J =
7.5 Hz, TH), 7.51-7.47 (m, 2H), 7.18-7.16 (m, TH), ppm. "3C{"H} NMR
(125 MHz, CDCl;) 6 = 152.4, 148.1, 136.7, 129.8, 129.3, 128.6, 128.1,
127.5, 126.1, 125.9, 117.7 ppm. HRMS (ESI-Orbitrap) m/z: [M + H]*
calcd. for C;3H,oNS 212.0528, found 212.0539.

1,2,3,4-Tetrahydroacridine (3r).I'“! Following the general experi-
mental procedure with o-aminobenzyl alcohol 1a (99 mg,
0.80 mmol), cyclohexanone 4a (66 mg, 0.67 mmol), KOH (38 mg,
0.67 mmol) in DMSO (1.0 mL) at 80 °C and subsequent stirring for
7 h. The crude product was purified by neutral alumina column
chromatography (10 % ethyl acetate in hexane) to afford the de-
sired product 3r as pale yellow solid (88 mg, 72 %). Analytical data
of 3r: 'TH NMR (300 MHz, CDCl3, TMS) 6 = 7.99 (d, J = 8.4 Hz, 1H),
7.77 (s, TH), 7.67 (d, J = 8.1 Hz, 1H), 7.62-7.56 (m, 1H), 7.44-7.39 (m,
1H), 3.13 (t, J = 6.6 Hz, 2H), 2.94 (t, J = 6.6 Hz, 2H), 2.02-1.93 (m,
2H), 1.88-1.83 (m, 2H) ppm. *C{'H} NMR (75 MHz, CDCl5) 6 = 159.2,
146.3, 135.1, 130.9, 128.5, 128.0, 127.1, 126.8, 125.5, 33.4, 29.1, 23.1,
22.8 ppm.

2-Methyl-1,2,3,4-tetrahydroacridine (3s).'“] Following the gen-
eral experimental procedure with o-aminobenzyl alcohol 1a (99 mg,
0.80 mmol), 4-methylcyclohexanone 4b (75 mg, 0.67 mmol), KOH
(38 mg, 0.67 mmol) in DMSO (1.0 mL) at 80 °C and subsequent
stirring for 7 h. The crude product was purified by neutral alumina
column chromatography (10 % ethyl acetate in hexane) to afford
the desired product 3s as white solid (90 mg, 68 %). Analytical data
of 3s: Mp: 78-79 °C. 'TH NMR (500 MHz, CDCl3, TMS) 6 = 7.97 (d, J =
8.5 Hz, 1H), 7.74 (s, 1H), 7.66 (d, J = 8 Hz, 1H), 7.59 (t, J = 7.5 Hz,
1H), 741 (t, J = 7.5 Hz, 1H), 3.23-3.20 (m, 1H), 3.12-3.05 (m, 1H),
3.00-2.96 (m, 1H), 2.59-2.53 (m, 1H), 2.06-1.95 (m, 2H), 1.62-1.54
(m, TH), 1.11 (d, J = 7 Hz, 3H). "3C{"H} NMR (125 MHz, CDCl;) 6 =
159.1, 146.7, 135.0, 130.6, 128.5, 128.3, 127.2, 126.9, 125.5, 37.8, 33.1,
31.4, 29.1, 21.7 ppm. HRMS (ESI-Orbitrap) m/z: [M + H]* calcd. for
Cy4H16N 198.1277, found 198.1286.

7,8,9,10-Tetrahydro-6H-cyclohepta[blquinoline (3t).'“”! Follow-
ing the general experimental procedure with o-aminobenzyl alco-
hol 1a (99 mg, 0.80 mmol), cycloheptanone 4c (75 mg, 0.67 mmol),
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KOH (38 mg, 0.67 mmol) in DMSO (1.0 mL) at 80 °C and subsequent
stirring for 7 h. The crude product was purified by neutral alumina
column chromatography (10 % ethyl acetate in hexane) to afford
the desired product 3t as white solid (84 mg, 64 %). Analytical data
of 3t: Mp: 92-94 °C. "H NMR (500 MHz, CDCl3, TMS) 6 = 8.00 (d, J =
8.5 Hz, 1H), 7.79 (s, TH), 7.70 (d, J = 8 Hz, 1H), 7.61 (t, J = 8 Hz, TH),
744 (t, J = 7.5 Hz, 1H), 3.21-3.20 (m, 2H), 2.93-2.92 (m, 2H), 1.89-
1.74 (m, 6H) ppm. 3C{"H} NMR (125 MHz, CDCl5) 6 = 164.7, 146.2,
136.5, 134.6, 128.5, 128.4, 127.4, 126.8, 125.8, 40.1, 35.5, 32.2, 28.9,
27.0 ppm. HRMS (ESI-Orbitrap) m/z: [M + H]* calcd. for Cy4H 6N
198.1277, found 198.1270.

6,7,8,9,10,11-Hexahydrocycloocta[blquinoline (3u).'“d! Follow-
ing the general experimental procedure with o-aminobenzyl alco-
hol 1a (99 mg, 0.80 mmol), cyclooctanone 4d (85 mg, 0.67 mmol),
KOH (38 mg, 0.67 mmol) in DMSO (1.0 mL) at 80 °C and subsequent
stirring for 7 h. The crude product was purified by neutral alumina
column chromatography (10 % ethyl acetate in hexane) to afford
the desired product 3u as colorless liquid (74 mg, 52 %). Analytical
data of 3u: "H NMR (500 MHz, CDCl;, TMS) 6 = 8.03 (d, J = 8.5 Hz,
1H), 7.84 (s, TH), 7.73 (d, J = 8 Hz, 1H), 7.62 (t, J = 7.5 Hz, 1H), 7.45
(t, J=7.5Hz 1H), 3.17 (t, J = 6.5 Hz, 2H), 2.96 (t, J = 6 Hz, 2H), 1.90
(s, 2H), 1.78 (s, 2H), 1.41 (s, 4H) ppm. >C{"H} NMR (125 MHz, CDCl5)
0 =163.2, 147.0, 135.2, 135.0, 128.5, 128.4, 127.6, 126.9, 125.6, 35.3,
32.7, 32.1, 31.0, 26.0, 25.9 ppm. HRMS (ESI-Orbitrap) m/z: [M + H]*
calcd. for Cy5H;gN 212.1434, found 212.1438.

5,6-Dihydrobenzo[clacridine (3v).'* Following the general ex-
perimental procedure with o-aminobenzyl alcohol 1a (99 mg, 0.80),
1-tetralone 4e (98 mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in
DMSO (1.0 mL) at 80 °C and subsequent stirring for 7 h. The crude
product was purified by neutral alumina column chromatography
(10 % ethyl acetate in hexane) to afford the desired product 3v as
white solid (138 mg, 89 %). Analytical data of 3v: Mp: 59-62 °C. 'H
NMR (500 MHz, CDCl3, TMS) 6 = 8.57 (d, J = 8 Hz, 1H), 8.13 (d, J =
8.5 Hz, 1H), 7.92 (s, 1H), 7.74 (d, J = 8 Hz, 1H), 7.66-7.63 (m, TH),
7.48-7.41 (m, 2H), 7.37 (t, J = 7. 5 Hz, 1H), 7.27 (d, J = 7.5 Hz, 1H),
3.3 (t, J = 7 Hz, 2H), 3.01 (t, J = 7 Hz, 2H) ppm. '3C{"H} NMR
(125 MHz, CDCl5) 6 = 153.4, 147.7, 139.4, 134.7, 133.7, 130.6, 129.7,
129.4,129.1, 128.7, 128.0, 127.9, 127.4, 126.9, 126.1, 28.9, 28.4 ppm.
HRMS (ESI-Orbitrap) m/z: [M + H]* calcd. for Cy;H 4N 232.1121,
found 232.1129.

4-Methoxy-5,6-dihydrobenzo[c]acridine (3w). Following the gen-
eral experimental procedure with o-aminobenzyl alcohol 1a (99 mg,
0.80 mmol), 5-methoxy-1-tetralone 4f (118 mg, 0.67 mmol), KOH
(38 mg, 0.67 mmol) in DMSO (1.0 mL) at 80 °C and subsequent
stirring for 7 h. The crude product was purified by neutral alumina
column chromatography (10 % ethyl acetate in hexane) to afford
the desired product 30 as white solid (157 mg, 90 %). Analytical
data of 3w: Mp: 120-123 °C. "H NMR (500 MHz, CDCl;, TMS) 6 =
8.22 (d, J=7.5Hz 1H), 8.12 (d, J = 8.5 Hz, 1H), 7.92 (s, 1H), 7.74 (d,
J =8 Hz, 1H), 7.65-7.62 (m, TH), 7.47 (t, J = 7.5 Hz, 1H), 7.38 (t, J =
8.5Hz, 1H), 6.96 (d, J = 8 Hz, TH), 3.90 (s, 3H), 3.09 (t, J = 6.5 Hz, 2H),
3.02 (t, J = 6.5 Hz, 2H) ppm. 3C{'"H} NMR (125 MHz, CDCl;) 6 =
156.3, 153.4, 147.6, 135.9, 133.6, 130.6, 129.5, 128.5, 128.2, 127.9,
127.4, 126.9, 126.1, 1184, 111.4, 55.7, 28.3, 20.4 ppm. HRMS (ESI-
Orbitrap) m/z[M + HI* calcd. for CigHsNO 262.1226, found
262.1236.

3-Methyl-2-phenylquinoline (3x).'#?! Following the general exper-
imental procedure with o-aminobenzyl alcohol 1a (99 mg,
0.80 mmol), propiophenone 4g (90 mg, 0.67 mmol), KOH (38 mg,
0.67 mg) in DMSO (1.0 mL) at 80 °C and subsequent stirring for
7 h. The crude product was purified by neutral alumina column
chromatography (10 % ethyl acetate in hexane) to afford the de-
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sired product 3x as colourless liquid (89 mg, 61 %). Analytical data
of 3x: "H NMR (500 MHz, CDCl3, TMS) 6 = 8.13 (d, J = 8 Hz, TH),
8.00 (s, 1H), 7.76 (d, J = 8 Hz, 1H), 7.67-7.64 (m, 1H), 7.58 (d, J =
7 Hz, 2H), 7.52-7.47 (m, 3H), 7.44-7.41 (m, 1H), 2.45 (s, 3H) ppm.
3C{"H} NMR (125 MHz, CDCl5) 6 = 160.6, 146.6, 140.9, 136.8, 129.3,
129.2, 1289, 128.8, 128.3, 128.2, 127.6, 126.8, 126.4, 20.7 ppm.
HRMS (ESI-Orbitrap) m/z: [M + H]* calcd. for C;gH;4N 220.1121,
found 220.1134.

3-Ethyl-2-phenylquinoline (3y).'"* Following the general experi-
mental procedure with o-aminobenzyl alcohol 1a (99 mg,
0.80 mmol), butyrophenone 4h (99 mg, 0.67 mmol), KOH (38 mg,
0.67 mmol) in DMSO (1.0 mL) at 80 °C and subsequent stirring for
7 h. The crude product was purified by neutral alumina column
chromatography (10 % ethyl acetate in hexanes) to afford the de-
sired product 3y as colourless liquid (90 mg, 58 %). Analytical data
of 3y: "TH NMR (500 MHz, CDCl5, TMS) ¢ = 8.13 (d, J = 8.5 Hz, TH),
8.06 (s, 1H), 7.82 (d, J = 8 Hz, 1H), 7.68-7.65 (m, 1H), 7.56-7.53 (m,
3H), 7.50-7.42 (m, 3H), 2.90 (q, J = 7.5 Hz,2H), 1.20 (t, J = 7.5Hz, 3H)
ppm. 3C{"H} NMR (125 MHz, CDCl5) 6 = 160.7, 146.4, 140.9, 135.3,
134.9, 129.3, 128.8, 128.7, 128.3, 128.1, 127.8, 127.0, 126.4, 26.0,
14.7 ppm. HRMS (ESI-Orbitrap) m/z: [M + HI* calcd. for C;;H;6N
2341277, found 234.1283.

4-Isopropyl-1-methyl-1,2,3,4-tetrahydroacridine (3ab). Follow-
ing the general experimental procedure with o-aminobenzyl alco-
hol 1a (99 mg, 0.80 mmol), menthone (isomeric mixture) 4i
(104 mg, 0.67 mmol), KOH (38 mg, 0.67 mmol) in DMSO (1.0 mL) at
80 °C and subsequent stirring for 7 h. The crude product was puri-
fied by neutral alumina column chromatography (10 % ethyl acet-
ate in hexanes) to afford the desired product 3ab as a colourless
liquid and as an isomeric mixture (ratio 2:1) (109 mg, 68 %). Analyti-
cal data of 3ab: "H NMR (500 MHz, CDCl;, TMS) 6 = 7.99 (d, J =
8.5 Hz,1.5 H), 7.94 (s, 0.53H), 7.85 (s, 1H), 7.72 (t, J = 8.5 Hz, 1.5H),
7.60 (t, J = 7Hz, 1.54H), 7.43 (t, J = 7 Hz, 1.54H), 3.13-3.07 (m, 1.62H),
3.02-2.95 (m, 3.17H), 2.06-2.04 (m, 1.2H), 1.94-1.85 (m, 3.30H), 1.76-
1.74 (m, 1.63H), 1.41 (d, J = 6.5 Hz, 1.6H), 1.37 (d, J = 7 Hz, 3.08H),
1.11 (d, J = 6.5 Hz, 3.04H), 1.07 (d, J = 7 Hz, 1.70H), 0.75 (d, J =
6.5 Hz, 3.00H), 0.67 (d, J = 6.5 Hz, 1.63H) ppm. "*C{"H} NMR
(125 MHz, CDCl5) 6 = 162.0, 161.7, 146.7, 146.4, 137.1, 136.8, 134.2,
132.4,128.7,128.5,128.3,128.2,127.1, 126.9, 126.8, 125.4, 47.6, 47.0,
33.3,329,314,31.3,30.5, 28.6, 23.1, 21.8, 21.2, 21.0, 20.8, 18.7, 17.5,
17.0 ppm. HRMS (ESI-Orbitrap) m/z: [M + HI* calcd. for C;;H N
240.1747, found 240.1752.

(3aS,3bR,13S,13bS,15aR)-13,15a-Dimethyl-1-(6-methylheptan-
2-yl)-2,3,3a,3b,4,5,5a,6,13,13a,13b,14,15,15a-tetradecahydro-
1H-cyclopenta[5,6]naphtho[1,2-b]acridine (3ac). Following the
general experimental procedure with o-aminobenzyl alcohol 1a
(99 mg, 0.80 mmol), cholestan-3-one 4j (260 mg, 0.67 mmol), KOH
(38 mg, 0.67 mmol) in DMSO (1.0 mL) at 80 °C and subsequent
stirring for 7 h. The crude product was purified by neutral alumina
column chromatography (10 % ethyl acetate in hexane) to afford
the desired product 3ac as white solid (88 mg, 28 %). Analytical
data of 3ac: Mp: 183-186 °C. "H NMR (500 MHz, CDCl;, TMS) 6 =
7.97 (d, J = 8.5 Hz, 1H), 7.81 (s, TH), 7.70 (d, J = 8 Hz, 1H), 7.60 (t,
J=75Hz 1H), 743 (t, J = 7.5 Hz, 1H), 3.08 (dd, J; = 18 Hz, J, =
5.0 Hz, TH), 2.99 (d, J = 16 Hz, 2H), 2.79 (dd, J; = 18 Hz, J, = 13 Hz,
1H), 2.61 (d, J = 16.0 Hz, 1H), 2.06 (d, J = 12 Hz, 1H), 1.88-1.75 (m,
3H), 1.67-1.62 (m, 5H), 1.54-1.47 (m, 2H), 1.40-1.34 (m, 4H), 1.28-
1.21 (m, 2H), 1.15-1.04 (m, 6H), 1.02-0.98(m, 2H), 0.94 (d, J = 6 Hz,
3H), 0.87 (d, J = 6 Hz, 6H), 0.80 (s, 3H), 0.70 (s, 3H) ppm. *C{'H}
NMR (125 MHz, CDCl5) 6 = 158.6, 146.7, 135.7, 130.3, 128.5, 128.3,
127.3, 126.8, 125.4, 56.5, 56.4, 53.6, 43.6, 42.5, 42.3, 40.0, 39.5, 37.5,
36.2,35.8,35.6,35.3,31.7, 28.8, 28.3, 28.2, 24.3, 23.9, 22.8, 22.6, 21 .4,
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18.7, 12.0, 11.7 ppm. HRMS (ESI-Orbitrap) m/z: (M + H)* calcd. for
Cy7H,,N 472.3938, found 472.3962.

4-Methyl-2-phenylquinoline (3ad).'9! Following the general ex-
perimental procedure with 1-(2-aminophenyl)ethan-1-ol 1b
(110 mg, 80 mmol), acetophenone 2b (81 mg, 0.67 mmol), KOH
(38 mg, 0.67 mmol) in DMSO (1.0 mL) at 80 °C and subsequent
stirring for 7 h. The crude product was purified by neutral alumina
column chromatography (10 % ethyl acetate in hexane) to afford
the desired product 3ad as a pale yellow solid (110 mg, 75 %).
Analytical data of 3ad: '"H NMR (300 MHz, CDCl;, TMS) 6 = 8.31-
8.24 (m, 3H), 7.99 (d, J = 8.7 Hz, 1H), 7.80- 7.75 (m, 1H), 7.72 (s, TH),
7.62-7.53 (m, 4H), 2.74 (s, 3H) ppm. 3C{'"H} NMR (75 MHz, CDCl,)
0 =156.8,147.9, 144.6, 139.6, 130.1, 129.1, 129.0, 128.6, 127.4, 127.0,
125.8, 1234, 119.5, 18.8 ppm.

2,4-Diphenylquinoline (3ae).l'#9! Following the general experi-
mental procedure with (2-aminophenyl)(phenyl)methanol 1c
(159 mg, 0.80 mmol), acetophenone 2b (81 mg, 0.67 mmol), KOH
(38 mg, 0.67 mmol) in DMSO (1.0 mL) at 80 °C and subsequent
stirring for 7 h. The crude product was purified by neutral alumina
column chromatography (10 % ethyl acetate in hexane) to afford
the desired product 3ae as a pale yellow solid (135 mg, 72 %).
Analytical data of 3ae: "H NMR (300 MHz, CDCl3, TMS) 6 = 8.27 (d,
J = 8.4 Hz, 1H), 8.22-8.20 (m, 2H), 7.92 (d, J = 8.7 Hz, TH), 7.83 (s,
1H), 7.77-7.72 (m, 1H), 7.58-7.46 (m, 9H) ppm. "3C{"H} NMR
(75 MHz, CDCl5) 6 = 156.9, 149.2, 148.8, 139.6, 138.4, 130.1, 129.6,
129.4, 128.8, 128.6, 128.4, 127.6, 126.3, 125.8, 125.6, 119.4 ppm.

8-Methyl-2-phenylquinoline (3af).l'*? Following the general ex-
perimental procedure with (2-amino-3-methylphenyl)methanol 1d
(110 mg, 0.80 mmol), acetophenone 2b (81 mg, 0.67 mmol), KOH
(37.5 mg, 0.67 mmol) in DMSO (1.0 mL) at 80 °C and subsequent
stirring for 7 h. The crude product was purified by neutral alumina
column chromatography (10 % ethyl acetate in hexane) to afford
the desired product 3af as a pale yellow solid (126 mg, 86 %). Ana-
lytical data of 3af: '"H NMR (300 MHz, CDCls, TMS) ¢ = 8.29-8.26
(m, 2H), 8.19 (d, /= 8.4 Hz, 1H), 7.91 (d, J = 8.4 Hz, 1H), 7.67 (d, J =
8.1 Hz, 1H), 7.59-7.56 (m, 1H), 7.54-7.51 (m, 2H), 7.49-7.45 (m, 1H)
7.44-7.39 (m, 1H), 2.92 (s, 3H) ppm. "3C{'H} NMR (75 MHz, CDCl5)
0 =155.5,147.1,139.8,137.7,137.0, 129.7, 129.2, 128.8, 127.5, 127.1,
126.0, 1254, 118.2, 17.9 ppm.

2-Phenyl-4-(trifluoromethyl)quinoline (3ag). Following the gen-
eral experimental procedure with 1-(2-aminophenyl)-2,2,2-trifluoro-
ethan-1-ol 1e (151 mg, 0.80 mmol), acetophenone 2b (81 mg,
0.67 mmol), KOH (37.5 mg, 0.67 mmol) in DMSO (1.0 mL) at 80 °C
and subsequent stirring for 7 h. The crude product was purified
by neutral alumina column chromatography (5 % ethyl acetate in
hexane) to afford the desired product 3ag as a white solid, 135 mg
(74 %). Analytical data of 3ag: "H NMR (500 MHz, CDCl3, TMS) 6 =
830 (d, J = 8 Hz, TH), 8.23-8.20 (m, 3H), 8.17 (d, J = 8.5 Hz, TH),
7.85(t,J=7.5Hz 1H), 7.69 (t, J = 8 Hz, 1H), 7.60-7.52 (m, 3H) ppm.
3C{"H} NMR (125 MHz, CDCl3) 6 = 156.7, 149.2, 138.5, 130.7, 130.4,
130.0 129.0, 127.9, 127.5, 1239 (q, J = 2.5 Hz ), 116.0(q, J = 1.3Hz)
ppm. HRMS (ESI-Orbitrap) m/z: [M + H]* calcd. for C;¢H;;F3N
274.0838, found 274.0842.

(2-((1-Phenylethylidene)amino)phenyl)methanol (5). The imine
intermediate was synthesized by treating o-aminobenzyl alcohol 1a
(200 mg, 1.62 mmol), acetophenone 2b (194 mg, 1.62 mmol) in
benzene (5.0 mL) at 100 °C during which water was removed by
azeotropic distillation. After 12 h, the reaction mixture was cooled
and the precipitate formed was filtered and purified by washing
with benzene to afford the desired product 5 as a white solid
(218 mg, 60 %). Analytical data of 5: 'TH NMR (500 MHz, [D¢]Acetone,
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TMS) 6 = 8.22 (d, J = 8.5 Hz, 1H), 8.16 (d, J = 8.5 Hz, 2H), 7.93 (d,
J =8.5Hz, 2H), 7.80 (d, J = 8. Hz, 2H), 7.62 (t, J = 7.5. Hz, 1H), 7.41
(t, J = 7.5. Hz, H), 6.97(d, J = 8 Hz, 2H), 3.76 (s, 2H), 1.92 (s, 3H)
ppm. 3C{'H} NMR (125 MHz, CDCl5) 6 = 161.2, 156.3, 148.3, 136.7,
131.8,129.5, 129.3, 128.7, 127.6, 127.0, 125.9, 118.1, 114.1, 54.8,
29.4 ppm. HRMS (ESI-Orbitrap) m/z: [M + Nal* calcd. for
Cy5H,sNNaO 248.1046, found 248.1055.
(E)-3-(2-Aminophenyl)-1-phenylprop-2-en-1-one (6).'>! To a mix-
ture of 2-nitrobenzaldehyde (2 g, 13.2 mmol) in ethanol (10 mL.)
was added acetophenone 2b (1.589 g, 13.24 mmol), NaOH (53 mg,
1.32 mmol) and stirred at room temperature for 2 h. After the com-
plete consumption of 2-nitrobenzaldehyde, the reaction mixture
was quenched with water. The crude product was filtered and re-
crystallized from ethanol. To a solution of the resulting (E)-2-nitro-
chalcone (1 mmol) in ethanol (15 mL) was added iron powder
(183 mg, 3 mmol), followed by HCI (1.0 N, 1.3 mL.). The reaction
mixture was vigorously stirred at 80 °C. After the complete con-
sumption of (E)-2-nitrochalcone, the reaction mixture was cooled at
room temperature and then extracted with ethyl acetate. The or-
ganic layer was washed with saturated Na,COj; solution and brine,
dried with Na,SO,, and concentrated to afford the desired product
6 as yellow solid, 116 mg (52 %). Analytical data of 6: "H NMR
(500 MHz, CDCl5, TMS, 6 = 8.04-8.02 (m, 2H), 8.00 (d, J = 15.5 Hz,
1H), 7.60-7.57 (m, 1H), 7.54-7.48(m, 4H), 7.23-7.20 (m, 1H), 6.81(t,
J=7.5Hz, 1H), 6.73 (d, J = 8 Hz, TH), 4.07 (s, 2H) ppm. *C{'"H} NMR
(125 MHz, CDCl;) 6 = 190.3, 146.2, 140.1, 138.4, 132.8, 131.7, 128.6,
128.5, 128.2, 121.8, 120.3, 119.0, 116.8, ppm. HRMS (ESI-Orbitrap)
m/z: [M + H]* calcd. for C;5H;4NO 224.1070, found 224.1072.
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ABSTRACT: We have developed a Diels Alder cycloaddition route toward 3-aroyl quinolines from enaminones and in situ
generated aza-o-quinone methides. The reaction was found to be general with a range of substituted enaminones and aza-o-quinone
methides, and we could validate the applicability of the methodology in gram scale. We also demonstrated a one-pot strategy toward
3-acyl quinolines starting from the corresponding aliphatic ketones. Finally, we utilized the 3-aroyl quinolines for synthesizing

indeno[1,2-b]quinolinones via a Pd-catalyzed dual C—H activation approach.

B INTRODUCTION

Quinolines are a class of heterocycles which are of utmost
importance in medicinal chemistry and industry." Quinoline
derivatives exhibit a wide range of biological activities such as
antibacterial, antioxidant, anticancer, anti-inflammatory, anti-
fungal, and antileishmanial.” The excellent antimalarial activity
of these heterocycles have indeed resulted in the development
of blockbuster drugs like pamaquine, chloroquine, tafenoquine,
bulaquine, quinine, and mefloquine.” There is a plethora of
classical reactions such as Gould—Jacob, Friedlander, Pfit-
zinger, Skraup, Doebner—von Miller, and Conrad—Limpach
for accessing quinoline and its derivatives.* Apart from these
methods, a number of transition metal catalyzed approaches
and green protocols were also developed.” In this letter, we
describe a new approach to synthesize 3-aroyl/acyl quinolines.

Organic chemists have exploited the reactivity of aza-o-
quinone methides for the generation of different classes of N-
heterocycles.’ This reactive intermediate has been utilized as
an aza-diene by several groups for the Diels Alder cyclo-
addition.” Steinhagen and Corey reported the use of N-(o-
chloromethyl)arylamides for the first time as the precursor of
aza-o-quinone methides (for [4 + 2] cycloaddition with
electron rich olefins) after which it has become the most
common approach for the generation of these reactive
intermediates (Scheme 1).° An inverse-electron-demand [4 +
2]-cycloaddition of 1,3,5-triazinanes with aza-o-quinone
methides toward tetrahydroquinazolines was reported by Liu
and co-workers.” Another report on the use of aza-o-quinone
methide as a diene came recently for the synthesis of furo[3,2-
b]quinolines."® Utilization of [60] fullerene as dienophile in
the [4 + 2]-cycloaddition with aza-o-quinone methide for the

© 2022 American Chemical Society

WACS Publications

Scheme 1. [4 + 2] Cycloaddition of Aza-0-Quinone
Methides With Dienophiles
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generation of fullerotetrahydroquinolines was reported by
Wang and co-workers.'" It is noteworthy to mention that in all
of the above mentioned reports, the product obtained was
tetrahydroquin(az)olines wherein we observed aromatization
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of the cycloadduct toward the formation of substituted
quinolines.

Enaminones are a class of electron-rich olefins that were
exploited to generate a wide variety of heterocycles such as
pyrroles, pyrazoles, isoxazoles, imidazoles, oxadiazoles, azir-
idines, 1,2,4-triazoles, and so forth.'* In 2016, an elegant report
on the use of enaminones as a dipolarophile in the dipolar
cycloaddition with azides toward 4-acyl-1H-1,2,3-triazoles
came from the group of Dehaen."* Later, Wan and co-workers
reported the synthesis of 3-acyl quinolines by an acid-mediated
reaction of enaminones and anilines.'** At the same time, the
same group reported the synthesis of 2,3-disubstituted
quinolines via a three- component reaction involving enami-
nones, aldehydes, and amhnes " In line with our interest in
the chemistry of heterocycles'® and based on the reactivity of
aza-o-quinone methide and enaminone, we envisaged that
these two would react to generate quinoline derivatives.

B RESULTS AND DISCUSSION

To test our hypothesis, we chose to work with N-(2-
(chloromethyl)phenyl)-4-methylbenzenesulfonamide la and

Table 1. Optimization Studies for the Synthesis of 3aa®

o) (0]
©\/\C| . ©)V\N/ base, solvent O X O
NHTs | T°C,24h N
1a 2a 3aa
entry base solvent temp. yield of 3aa
1 Na,CO; DCM Rt NR
2 Na,CO; DCM 50 °C 78%
3 Na,CO; ACN 50 °C 66%
4 Na,CO; THE 50 °C S51%
S Na,CO; 1,4-dioxane 50 °C 46%
6 Na,CO;, toluene 50 °C 53%
7 Na,CO; 1,2-DCE 50 °C 71%
8 Na,CO;, DMEF 50 °C trace
9 Na,CO, CHCl, 50 °C 73%
10 K,CO, DCM 50 °C 68%
11 Cs,CO;4 DCM 50 °C 76%
12 NaOAc DCM 50 °C 81%
13 KOH DCM 50 °C 56%
14 NaHCO; DCM 50 °C 56%
15” NaOAc DCM 50 °C 84%
16° NaOAc DCM 50 °C 89%

“Reaction conditions: 1a (1.0 equiv., 0.17 mmol), 2a (1.0 equiv., 0 17
mmol), base (2.0 equiv), solvent (1.0 mL), 24 h, isolated yields. bla
(1.2 equiv.). “la (1.3 equiv); NR—No reaction.

Scheme 2. Base-Mediated Reaction of 1a with 2n

o
@\Au W ~ NaOAc, DCM__ m
+
NHTs 0N 50 oC 24 h NO,

1a 2n 3an (38%)

3-(dimethylamino)-1-phenylprop-2-en-1-one 2a as substrates.
Our first attempt to react both 1a and 2a in the presence of 2.0
equiv. of Na,COj; at room temperature turned out to be futile
(Table 1, entry 1). When the same reaction was kept at 50 °C,
we could isolate the expected phenyl(quinolin-3-yl)methanone
3aa in 78% yield after 24 h of reaction time (Table 1, entry 2).

Among the different solvents such as DCM, acetonitrile, THF,
1,4-dioxane, toluene, 1,2-DCE, DMF, and CHCl,;, the best
medium for the reaction was found to be DCM (Table 1,
entries 2—9). Next, a base screen was carried out among
Na,CO;, K,CO; Cs,CO; NaOAc, KOH, and NaHCO;
(Table 1, entries 2, 10—14). The reaction mediated by
NaOAc was found to be the best affording 3aa in 81% yield.
We observed an increase in yield by increasing the amount of
N-(2-(chloromethyl)phenyl)-4-methylbenzenesulfonamide 1a
(Table 1, entries 15—16). In this line, we found that the
reaction with 1.3 equiv. of 1a resulted in a yield of 89% for 3aa.
Finally, the reaction does not proceed in the absence of a base.

We, then concentrated our efforts toward studying the
generality of 3-acyl quinoline synthesis under the optimized
conditions (Table 2). We first tried the gram-scale synthesis of
3aa starting from 1 gram of 1a which resulted in a yield of 84%.
The reactivity of different enaminones 2b—2f derived from 4-
substituted acetophenones (substituents were F, Br, Cl, OMe,
and Me) were then tested. From these reactions, we could
isolate the corresponding functionalized 3-acyl quinolines
3ab—3af in good to excellent yields. We then checked the
reactivity of enaminones 2g—2h derived from 2-substituted
acetophenones (substituents were Cl and OMe), and the
respective reactions yielded the products 3ag and 3ah in 84
and 87% yields, respectively. Enaminones 2i and 2j synthesized
from dimethoxy and trimethoxy acetophenones also under-
went the base-mediated tandem Diels Alder reaction-
aromatization affording the products 3ai and 3aj in excellent
yields. Naphthyl quinolinyl ketone 3ak was obtained in 94%
yield from the reaction between 3-(dimethylamino)-1-(naph-
thalen-2-yl)prop-2-en-1-one 2k and aza-o-quinone methide
derived from 1la. By this methodology, we could also
synthesize 1-(naphthalen-2-yl)pentan-1-one 3al in 81% yield
starting from 2-hexanone-derived enaminone 2I. Interestingly,
our attempt to synthesize 1,3-phenylenebis(quinolin-3-ylme-
thanone) 3am was successful starting from the corresponding
di-enaminone 2m. Finally, we could introduce Cl- and I-
substituents to the quinoline ring in products 3ba (89%) and
3ca (86%) by starting from the appropriately substituted 1b
and Ic.

During our investigations on the generality of this tandem
quinoline synthesis, we treated N-(2-(chloromethyl)phenyl)-4-
methylbenzenesulfonamide 1a with 3-(dimethylamino)-1-(4-
nitrophenyl)prop-2-en-1-one 2n under optimized conditions
and found that 3an’ was forming exclusively (38%) which we
believe is the intermediate of this tandem transformation
(Scheme 2).

We then optimized the reaction conditions including an
oxidizing agent in order to obtain the 3-aroyl quinoline
derivative exclusively.'® All substrates that failed to afford 3-
aroyl quinolines under the conditions depicted in Table 1 were
allowed to react under the newly optimized condition. We
started with the reaction of la and 2n from which the
corresponding 3-aroyl quinoline derivative 3an was isolated in
66% yield (Table 3). Enaminones derived from acyl ketones of
tricyclic aromatic hydrocarbons such as anthracene and
phenanthrene 2n—2q were then treated with 1la, and these
reactions also furnished the respective products 3ap—3ar in
good yields. Our efforts to check the reactivity of different
enaminones 2r—2v derived from heterocyclic acyl ketones also
were successful, and the corresponding bis-heterocyclic
ketones 3as—3aw were isolated in excellent yields. With this
methodology, we could introduce heterocycles such as furan,
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Table 2. Generality of 3-Acyl Quinoline synthesis“

C(\ Z N~ NaOAc, DCM_
+ R2
NHTs 50 °C 24 h

R2
1a-1c 2a-2m 3aa-3am, 3ba, 3ca
3aa (89%)(84%)° 3ab (74%) 3ac (92%) 3ad (93%)
3ae (91%) 3af (88%) 3ag (84%) 3ah (87%)
N N
o O
o O o o
O g0
X X
— — 3
' @ oo (LY T )
O— \ \ N N
3ai (84%) 3aj (89%) 3ak (94%) 3al (81%)
3am (85% 3ba (89%) 3ca 86%)

Reactlon conditions: 1a (1.3 equiv., 0.44 mmol), 2a (1.0 equiv., 0.34 mmol), NaOAc (2.0 equiv), DCM (2.0 mL), 50 °C, 24 h, isolated yields.
*From 1 gram of la.

Table 3. Generality of 3-Acyl Quinoline synthesis”

2
1. NaOAc, Toluene R o
120 °C,24h 1 NN N
+ Ry ——————— R~ | R
NHTs 2. Chloranil, 120 °C, 12 h SN Z
1a, 1d-1e 2a, 2n-2x 3an-3ax, 3da, 3ea

/

NO,
3an (66%) 3ap (66%) 3aq (59%) 3ar (63%)
(0]
@(Yb @O*Q m 9
N \
3as (87%) 3at (83%) 3au (83%) 3av (86%)
3aw (76%) 3ax (95%) 3da (44%) 3ea (62%)

“Reaction conditions: (i) 1a (1.3 equiv., 0.44 mmol), 2a (1.0 equiv., 0.34 mmol), NaOAc (2.0 equiv), toluene (2.0 mL), 120 °C, 24 h; (ii) oxidant
(2.0 equiv), 120 °C, 12 h, isolated yields.
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Scheme 3. Proposed Mechanism for the Synthesis of 3-
Aroyl Quinoline From Aza-o-Quinone Methide and
Enaminone

o
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Scheme 4. One-Pot Reaction for the Synthesis of 3-
Substituted Quinolines Starting From Ketones

C
NHTs
1

a
(o} o 0 X
DMF.DMA 1.NaOAc, 120°C, 24 h R
R - s RMN/ PP > w
toluene, 120°C, 12 h | 2. Chloranil, 120 °C, 12 h N
2y-2z 3ay, R= CHj (52%)

3az, R= CHy(CH,)s- (31%)

thiophene, indole, and benzothiophene as heteroaryl function-
alities. Enaminone 2x derived from acetyl ferrocene also
underwent the one-pot quinoline synthesis with la affording
the product 3ax in 95% yield. Finally, we could introduce
phenyl (3da, 44%) and methyl (3ea, 62%) groups to the fourth
position of the quinoline ring by starting from the
corresponding aza-o-quinone methide precursors 1c and 1d.

Scheme 5. Reduction of indeno[1,2-b]Quinolinone-N-
Oxides to indeno[1,2-b]Quinolinones

Pd/C, HCOONH,
THF, rt, 12 h

6aa, R = H (82%)
6af, R = Me (85%)

In Scheme 3, we propose a mechanism for the 3-aroyl
quinoline synthesis from aza-o-quinone methide and enami-
none based on literature reports”'*'? and our own
observations. The first step of the mechanism starts with the
base-mediated generation of aza-o-quinone methide A from 1la.
Enaminone 2a tautomerizes to B from which the anionic
center attacks the terminal carbon of the methide functionality
in A leading to the formation of the cycloadduct C after ring
closure from the N-end. A quick elimination of HNMe, from
intermediate C affords D, the formation of which was proved
by the isolation of 3an’ as depicted in Scheme 2. Finally, a
base/oxidizing agent-mediated aromatization affords 3-aroyl
quinoline. The oxidation of intermediate D is promoted by
chloranil as it gets reduced by the attack of the hydride from
the methylene part of D.

We then concentrated on devising a one-pot process to
synthesize 3-substituted quinolines starting from the ketone,
rather than the enaminone (Scheme 4). For this, we started by
treating acetone 2y’ and 2-octanone 2z’ with DMF.DMA in
refluxing toluene to furnish the corresponding enaminones 2y
and 2z. Upon completion of enaminone formation, to the same
pot, 1a was added along with the base. After 24 h, chloranil was
added and refluxed for 12 more hours after which the
corresponding substituted quinolines 3ay and 3az were
isolated in 52 and 31% overall yields, respectively. These
experiments were then repeated after isolating the enaminones
2y and 2z which furnished 3ay and 3az in 71 and 62% yields,
respectively.

Table 4. Generality of Pd-Catalyzed Dual C—H activation®

Q 0
X - X
| 3R PA(CHaCN),Cly, A0 O Q .
ltl/ - + Y
M CH4COOH, 140°C, 48 h N xR
(@) o)
4 5

5aa(74%) 5ae (53%)

0
X
Lo~ C
()
o

5af (76%)

5ak (68%)

OMe X-ray of 5ae o
CCDC: 2174803 -
e}
O
o S
N 7
&

5aw (33%)

“Reaction conditions: 4 (0.10 mmol), Pd(CH;CN),Cl, (20 mol %), Ag,O (1.5 equiv), AcOH (1.0 mL), 140 °C, 48 h; isolated yields.
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Due to our continued interest in devising methodologies
toward heteroarenes'’ and inspired from the report on Pd-
catalyzed dual C—H activation of 3-phenoxypyridine-1-
oxides,"® we planned to utilize 3-aroyl quinolines to synthesize
rarely known indeno[1,2-b]quinoline-11-ones."” We started
with the N-oxidation of 3-aroyl quinolines with mCPBA, and
the obtained quinolinyl-N-oxides were directly taken for the
Pd-catalyzed dual C—H activation after optimization'® (Table
4).

Quinolinyl-N-oxides 4 upon treatment with Pd-
(CH4CN),Cl, (20 mol %) and Ag,O (1.5 equiv.) in HOAc
at 140 °C for 48 h afforded the corresponding indeno[1,2-
b]quinolinone-N-oxides in good yields. We could also confirm
the structure of the heteroacene with the single-crystal X-ray of
Sae. It is noteworthy to mention that we could extend the
method for the synthesis of five-ring fused systems Sak and
Saw by starting from appropriately functionalized quinolinyl-
N-oxides.

We then subjected 11-oxo-indeno[1,2-b]quinoline-N-oxide
Saa and Saf to reduction with HCOONH, in the presence of
Pd/C in THF at rt to synthesize the corresponding
indeno[1,2-b]quinolinones 6aa and 6af in good yields
(Scheme 5).

B CONCLUSIONS

To conclude, we have developed a methodology for the
synthesis of 3-aroyl/acyl quinolines by the inverse electron
demand [4 + 2] cycloaddition of in situ generated aza-o-
quinone methides and enaminones. The reaction was found to
be general with a range of enaminones and aza-o-quinone
methides affording the corresponding quinoline derivatives in
good to excellent yields. We have proposed a mechanism
which involves two stages; [4 + 2] cycloaddition and
aromatization. The applicability of the developed methodology
in the gram-scale synthesis of 3-aroyl quinolines was validated.
We have also demonstrated a one-pot method starting from
ketones for the generation of enaminones and have utilized it
for the synthesis of alkyl quinolinyl ketones. Last, we have
employed the synthesized 3-aroyl quinolines for accessing
indeno[1,2-b]quinolinones via a Pd-catalyzed dual C-H
activation route.
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Abstract: We have encountered a superbase-mediated
chemoselective reaction of N-tosylhydrazones with aza-ortho-
quinone methide precursors. When tosylhydrazone was treated with
ortho-aminobenzyl alcohol in super basic conditions (KOH+DMSO),
we observed the formation of 2-substituted quinoline. The reaction
was found to be general, and by this method, mono-, di- and tri-
substituted quinolines could be made. We could prove experimentally
and theoretically that the reaction proceeded via the formation of an
azine from the basic decomposition of N-tosylhydrazones. Finally, the
reaction of tosylhydrazone with N-(2-(chloromethyl)phenyl)-4-
methylbenzenesulfonamide (aza-ortho-quinone methide precursor)
under super basic conditions afforded hydrazine substituted
sulfonamides.

Introduction

N-Tosylhydrazones have found a plethora of applications in
synthetic organic chemistry as a source of diazo compounds, as
a reagent in metal-free reactions, and as a coupling partner in
metal-catalysed reactions.[' N-Tosylhydrazones are stable
organic compounds that can be easily synthesized and purified,
and the wide reactivity pattern exhibited by these was utilized for
carbon-carbon and carbon-heteroatom bond formation towards
synthesizing acyclic, carbocyclic and heterocyclic compounds.?!
Organic chemists have utilized these nitrogenated compounds for

generating alkenes (Bamford-Stevens & Shapiro), cyclopropanes,

pyrazoles, triazoles, indazoles, benzofurans, indoles, pyridazines,
thiadiazoles, phenanthridines to name a few.["? In this report, we
disclose a chemoselective transformation of N-tosylhydrazones
towards functionalized quinolines and hydrazine-substituted
sulfonamides.

Over the years, several methods were developed to generate
aza-ortho-quinone methides and these reactive intermediates
were utilized for accessing diverse families of N-heterocycles.?
Ortho-aminobenzyl alcohol has been utilized to generate different
N-heterocycles, especially quinolines, via metal-catalysed® and
metal-free methodologies.!®! Verma and co-workers have shown
that aza-ortho-quinone methides can be generated from ortho-
aminobenzyl alcohol under super basic conditions, and they
utilized these intermediates to generate substituted quinolines by

reacting with alkynes (Scheme 1a).[l Since the first report by
Steinhagen and Corey on the generation of aza-ortho-quinone
methides from N-(o-chloromethyl)arylamides,’® many groups
have made use of this intermediate as a 41 component for the
[4+2] cycloaddition towards N-heterocycles.® Recently, we found
out that the aza-ortho-quinone methides generated from
N-(2-(chloromethyl)phenyl)-4-methylbenzenesulfonamide easily
reacted with enaminones to furnish 3-aroyl quinolines (Scheme
1b)_[10]
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oed
DMSO, 90 °C N Ph
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s
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0 7
DCE, 110 °C N O
d. Present work
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Scheme 1. Synthesis of quinoline derivatives by different synthetic routes.

NNHTs

Different organic transformations such as styrylation,
chalcogenation, cross-coupling, heterocyclic synthesis, inter- and
intramolecular hydroaminations were effected in superbasic
medium by Trofimov and others.['''? In most of the cases
mentioned previously, a combination of KOH and DMSO was

This article is protected by copyright. All rights reserved.
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used to create the superbasic medium. From N-tosylhydrazones,
we could only find one report by Wang and Ji where the reaction
of the former with anthranils furnished 2-aryl-3-sulfonyl
substituted quinoline derivatives under Cu(ll)/Ag(l) catalysis
(Scheme 1c).l'3l In light of the reports on the use of aza-ortho-
quinone methides and N-tosylhydrazones for the generation of N-
heterocycles and due to our continued interest in synthetic
methodologies towards heterocycles,!'¥ we chose to study the
reactivity difference of aza-ortho-quinone methide precursors
such as ortho-aminobenzyl alcohol and N-(o-
chloromethyl)arylamides with N-tosylhydrazones (Scheme 1d).

Results and Discussion

We planned to initiate the investigations on chemoselectivity with
N-tosylhydrazone and ortho aminobenzyl alcohol under super
basic conditions, and by following literature precedents,”' we
were expecting either [4+1] or [4+3] addition products from the
aza-ortho-quinone methide and the hydrazine (Scheme 2). N-
tosylhydrazone 1a (1.0 equiv.) derived from acetophenone and
ortho-aminobenzyl alcohol 2a (1.0 equiv.) were taken as test
substrates, and these were treated in the presence of KOH (1.0
equiv.) in DMSO at 80 °C for 12 h. In contrast to our expectation,
we isolated 2-phenyl quinoline 3aa from the reaction mixture in
29% yield, and the product's structure was characterized by
various spectroscopic techniques and compared with the
literature.

NNHTs 1 [4+1] adduct

not formed
©)k . OH
DM ‘DMSO, 80°C, 120 12h
[ INH; SO, 80 °C,
1a 2a 3aa (29%)

[4+3] adduct
not formed

Scheme 2. Reaction of N-tosylhydrazone and ortho-aminobenzyl alcohol under

super basic conditions.

The reaction was then optimized with 1a and 2a as substrates,
and first, the amount of base was increased to 2 and 3 equivalents
(Table 1, entries 1-3), and it was found that for the present
annulation, 2.0 equivalents of the base was optimal. Then, the
investigations by increasing the amounts of ortho-aminobenzyl
alcohol 2a were carried out and the reaction with 1.2 equivalents
of 2a furnished 2-phenyl quinoline 3aa in 79% yield. Next, the
effect of temperature on the reaction outcome was studied, and it
was found that both increasing (100 °C) and decreasing (60 °C)
the reaction temperature had a negative effect on the yield. Finally,
the optimized condition was a combination of 1.0 equivalents of
la, 1.2 equivalents of 2a, 2.0 equivalents of KOH in DMSO at
80 °C for 12 h.

10.1002/ejoc.202400151

WILEY . vcH
Table 1. Optimization studies.
NNHTs
OH KOH A
©)K ' ©\/,;|2 DMSO, T°C, 12 h O N O
1a 2a 3aa
Entry 2a (equiv.) KOH (equiv.) T°C Yield of
3aa (%)?
1 1.0 1.0 80 29
2 1.0 2.0 80 48
3 1.0 3.0 80 49
4 1.1 2.0 80 65
5 1.2 2.0 80 79
6 1.3 2.0 80 78
7 1.2 2.0 60 66
8 1.2 2.0 100 70

Reaction conditions: 1a (1.0 equiv.), 0.17 mmol), 2a, KOH, DMSO (1.0 mL), 60-
100 °C, 12 h.

This unforeseen observation made us examine the mechanism
and perform some control experiments. First, we treated N-
tosylhydrazone 1a with KOH in DMSO at 80 °C, and this reaction
resulted in the formation of the azine A in 94% yield, as shown in
scheme 3(i). The formation of azines from N-tosylhydrazones
under basic conditions was reported earlier. ['8! By considering the
azine A as the stable intermediate formed from N-tosylhydrazone
la, we treated the former with twice the amount of ortho-
aminobenzyl alcohol 2a, and this reaction resulted in the
formation of 2-phenyl quinoline 3aa in 84% yield (Scheme 3(ii)).
The next intermediate, i.e. aza-ortho-quinone methides C, the
generation of which was proven by Verma and co-workers from
ortho-aminobenzyl alcohol under super basic conditions.

TSHN.\ koH-Dpmso

/
—_— N—N
©)\ 80°C,3h a4
(94%)
ii.
?3

X
OH KOH -DMSO O
—_— s
80°C, 12 h N O

Ha
3aa (84%)

Scheme 3. Control experiments.
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To investigate the mechanism of the reaction, density

functional theory calculations have been performed using
Gaussian 16 suite of programs.['” All the calculation were carried
out at the M06-2X/6-311G(dp)"® level and the solvent effects
(DMSO) were incorporated using SMD model.l'"¥ From the
literature and control experiments, we believe that the azine A
formed from N-tosylhydrazone la will undergo tautomerism to
form the intermediate B, which will react with aza-ortho-quinone
methide CI to form 2-phenyl-1,4-dihydroquinoline D, which
subsequently undergoes autooxidation yielding 3aa.l”’ The overall
reaction is exothermic by 99 kcal/mol, which provides the driving
force for the reaction.
The reaction initiates with the hetero Diels-Alder reaction between
B and C. Two possible cycloaddition pathways, viz., the addition
of the carbon end of the enamine B to the methide end of C,
followed by the cyclization from the N-end of C to the quaternary
carbon of B, and vice versa, can be observed, and the calculated
free energy profile diagrams for both reaction pathways are
depicted in Figure 1. Because of the lower activation barrier
(16.55 kcal/mol) and higher exothemcity (43.92 kcal/mol),
INT1la—which is produced via the former reaction pathway—is
favored over INT1b.
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Figure 1. Free energy profile for the two possible hetero Diels-Alder reaction
pathways for B and C. Relative free energy values are in kcal/mol.
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Figure 2. Summary of the structural changes involved in the formation of D from INT1a. Relative free energy values in kcal/mol.
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The intermediates and transition states involved in the formation
of 2-phenyl-1,4-dihydroquinoline D from the intermediate INT1a
are presented in Figure 2. (All the transition states are depicted in
Figure S1 in the Supporting Information). The hetero Diels-Alder
reaction of a second molecule of C with INT1la occurs via the
transition state TS2 (similar to that of TS1a) to form the second
intermediate INT2. The activation barrier for the cycloaddition
between INT1a and C is 1.95 kcal/mol and the formation of INT2
is exothermic by 30.7 kcal/mol. (A transition state for the
simultaneous addition of two molecules of C with B could not be
located.). The abstraction of a —CH; proton in INT3 by a hydroxide
ion via the transition state TS3 leads to INT4 and the conversion
from INT2 to INT4 is exothermic by 22.83 kcal/mol. INT4
represents a carbanionic structure stabilized by nearby H,O. The
shifting of the negative charge to the C-C bond leads to the
dissociation of the C-N bond in the transition state TS4, which
produces one molecule of D (represented by INT5). We could
detect the presence of intermediate D from mass spectroscopy as
a (M+H)* peak at 237.1395. The activation barrier for the C-N
bond dissociation is 14.61 kcal/mol. The C-N bond breaking shifts
the negative charge to the terminal nitrogen (-NH-), which leads
to the abstraction of a proton from H,O to form —NH,. The
transition state TS5 represents the proton abstraction by -NH-
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from H>O, which generates a hydroxide ion (INT7). The activation
barrier for the proton abstraction is only 0.63 kcal/mol (the relative
free energy of TS5 is -107.88 kcal/mol), and the relative energy of
-108.28 kcal/mol for INT7 indicates a shallow minimum in the
potential energy surface. The hydroxide ion in INT7 abstracts a —
CH2 proton and forms INT8 via the transition state TS6. The
transformation of INT7 to INT8 is endothermic by 11.27 kcal/mol,
and the activation barrier for the proton abstraction is 11.63
kcal/mol. The C-N bond in INT8 dissociates in the transition state
TS7 as a result of the shifting of the negative charge to the C-C
bond and releases the second molecule of D. The final step is
exothermic by 2.72 kcal/mol and the activation barrier is 16.18
kcal/mol. The high exothermicity and the low activation barriers (>
18 kcal/mol) well demonstrate the formation of D by the reaction
of B and C. In a synthetic and mechanistic point of view, the
reaction of 1a under super basic conditions is interesting as the
intermediate azine A could be judicioulsy utilized for generating
heterocyclic or carbocyclic motifs with appropriate reaction
partners.

An alternate pathway towards 3aa from 1a and 2a can be via
the formation of acetophenone. Under super basic conditions, the
slow hydrolysis of N-tosylhydrazone l1la can give rise to

Table 2. The generality of the reaction between N-tosylhydrazone and ortho-aminobenzyl alcohol under super basic conditions.

R2 R?
NNHTs
N s Pl e
NH, ’ ' N~ R!
1a-1m 2a-2d 3 (19 examples)
O Xy  OCH,
3aa (7 9% 86°/ OCHz  3ca(s 3% 3da (82%)

%W‘%

3ea (71%) 3fa (78%)

OCH3

3ha (62%)

3ga (58%)

X g, GO O

3ia (77%) 3ja (90%)

3ka (88%) 3la (66%)

O OB T S

3ma (73%) 3ab (81%)

oy O B

3mc (74%)

3mb (71%)

3ac (83%) 3ad (76% )

l OMe
OH

3na (66%)

Reaction conditions: 1a (1.0 equiv., 0.35 mmol), 2a (1.2 equiv.), KOH (2.0 equiv.), DMSO (2.0 mL), 80 °C, 12 h.
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Scheme 4. Reaction of N-tosylhydrazone and N-(2-(chloromethyl)phenyl)-4-methylbenzenesulfonamide under super basic conditions.

acetophenone which can react with ortho-aminobenzyl alcohol 2a
to afford 2-phenyl quinoline 3aa in the way that we have reported
earlier.9

We then planned to study the generality of this reaction by varying
N-tosylhydrazones and ortho-aminobenzyl alcohols. Under the
optimized  conditions, N-tosylhydrazone  derived  from
acetophenones bearing electron-donating substituents on the aryl
ring reacted well with ortho-aminobenzyl alcohol 2a, affording the
products 3ba, 3ca, and 3da in excellent yields. 2-Naphthyl
quinoline 3ea and 2-phenanthrenyl quinoline 3fa were also
formed in good yields from the reactions of corresponding N-
tosylhydrazones and ortho-aminobenzyl alcohol 2a. The reaction
yield decreased with acetophenones bearing electron-
withdrawing substituents on the aryl ring, and thus 3ga was
obtained in 58% vyield. N-tosylhydrazone derived from 2-
hexanone and acetyl cyclohexane also participated in the reaction
with 2a under super medium, affording the products 2-
butylquinoline 3ha and 2-cyclohexylquinoline 3ia in good yields.
By this methodology, we could synthesize 2-heteroayl quinolines
such as 2-(furan-2-yl)quinoline 3ja and 2-(thiophen-2-yl)quinoline
3ka in excellent yields. 1,2,3,4-tetrahydroacridine 3la was
synthesized in good yield by starting from the N-tosylhydrazone
derived from cyclohexanone and ortho-aminobenzyl alcohol 2a.
The present reaction was extended from N-tosylhydrazone
derived from acetophenone to the one derived from
propiophenone, whereby we could synthesize 3-methyl-2-
phenylquinoline 3ma in 73% yield. By using ortho-aminobenzyl
alcohols 2b-2d with different substituents on the methylene unit
and aryl ring, we could synthesize 2,4-diphenylquinoline 3ab, 4-
methyl-2-phenylquinoline 3ac, and 7-chloro-2-phenylquinoline
3ad in good to excellent yields. We could also synthesize 2,3,4-
trisubstituted quinolines 3mb and 3mc by starting from
appropriately  functionalized N-tosylhydrazone and ortho-
aminobenzyl alcohol. Finally, we utilized the N-tosylhydrazone
derived from the natural product vanillin to synthesize 3nain 66%
yield.

Next, we planned to study the reactivity of aza-ortho-quinone
methides  generated from  N-(2-(chloromethyl)phenyl)-4-
methylbenzenesulfonamide with N-tosylhydrazones under super
basic conditions. The initial reaction was set up with N-
tosylhydrazone 1a (1.0 equiv.) derived from acetophenone and N-
(2-(chloromethyl)phenyl)-4-methylbenzenesulfonamide 4a in the
presence of KOH and in DMSO at 80 °C (Scheme 4). Contrary to

our expectations of [4+1] or [4+3] addition products or quinoline
derivatives as shown before, [-'% we observed the formation of an
azine sulfonamide 5aa in 49% yield. The structure of the
compound was characterized by various spectroscopic
techniques and then confirmed by single-crystal X-ray analysis
(see supporting information). From the literature, we found that
the synthesis of azine sulfonamide was reported by Li and co-
workers, where they describe a Rh-catalyzed C-H amidation of
azines with sulfonamides.?%

As sulfonamides are considered privileged scaffolds in medicinal
chemistry mainly due to sulpha drugs,?" we thought of studying
the reaction in detail. By taking N-tosylhydrazone la and N-(2-
(chloromethyl)phenyl)-4-methylbenzenesulfonamide  4a  as
substrates for optimisation, we tried a few reactions by changing
the time and equivalents of 4a. Increasing the reaction time from
7 h to 12 h did not influence the yield of the azine sulfonamide
(Table 3, entries 1-2). Then, we tried increasing the equivalents
of 4a from 1.0 to 2.0, and the best yield for 5aa of 68% was
obtained with 1.5 equivalents of 4a. The optimized condition for
the azine sulfonamide synthesis was found to be a combination
of 1.0 equivalents of 1a, 1.5 equivalents of 4a, 2.0 equivalents of
KOH in DMSO at 80 °C for 12 h.

Table 3. Optimization studies.

NNHTs
al KOH S Na
_ kKoH
DMSO, T °C, time

+

NHTs NHTs
1a 4a 5aa
Entry 4a (equiv.) Time (h) Yield of 5aa (%)
1 1.0 7 49
2 1.0 12 50
3 1.2 12 54
4 1.5 12 68
5 2.0 12 68

Reaction conditions: 1a (1.0 equiv., 0.17 mmol), 4a, KOH (2.0 equiv.), DMSO
(1.0 mL), 80 °C, time.
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Under the optimized conditions, we planned to study the
generality of the azine sulfonamide synthesis (Table 4). The
electron-donating substituent on N-tosylhydrazone had a
detrimental effect on the reaction, and when OMe and Me-
substituents were present, the corresponding products 5ba, 5ca
and 50a were obtained in moderate yields. The N-tosylhydrazone
derived from 2-acetyl naphthalene, when reacted with 4a,
afforded the corresponding azine sulfonamide 5ea in 61% yield.
The presence of electron-withdrawing substituents on N-
tosylhydrazone had a positive effect on the reaction, and by this
methodology, we could synthesize four azine sulfonamides 5ga,
5pa, 5ga and 5ra (bearing NO,, CF3 groups) in excellent yields.
We could also synthesize halogen (F, Cl, Br & |) bearing azine
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sulfonamides 5sa-5va in moderate to good yields starting from
the corresponding halogen containing N-tosylhydrazone.
Acetylated heterocycle derived N-tosylhydrazones also reacted
with 4a under super basic medium, producing 5ja, 5ka and 5wa
in good yields where we could introduce furan, thiophene and
pyridine rings respectively. Finally, by starting from N-(5-chloro-2-
(chloromethyl)phenyl)-4-methylbenzenesulfonamide 4d and N-
(2-(chloromethyl)phenyl)-2,4,6-triisopropylbenzene  sulfonamide
4e, we could synthesize 5ad and 5ae in 60% and 48% yields.

Table 4. The generality of the reaction between N-tosylhydrazone and N-(2-(chloromethyl)phenyl)-4-methyl arenesulfonamide under super basic conditions.

NNHTs X, .N.__R’
+ R@\/\m KOH ©\/\N N
R" "R DMSO, 80 °C, 12 h R
2 NHTs NHTs 2

1 4 5 (18 examples)
OMe
\N’N\ \N’N \N’N\
NHTs NHTs NHTs
5aa (68%) 5ba (45%) 5ca (51%)
NHTs NHTs NHTS
50a (42%) Sea (61%) 5ga (78%)

CF3

N N
SN CF3

NHTs NHTs
o NHTs

5pa (82%) 5qa (75%) 5ra (88%)

et T i DT e
NHTs NHTs NHTs
5sa (70%) 5ta (61%) 5ua (58%)

PN

e oo CCr
NHTS NHTs NHTs
5va (52%) 5ja (66%) 5ka (62%)

=
I
N \ c

D oo

NHTs NHTs

5wa (58%)

5ad (60%)

Sae (48%)

Reaction conditions: 1a (1.0 equiv., 0.35 mmol), 4a (1.5 equiv.), KOH (2.0 equiv.), DMSO (2.0 mL), 80 °C, 12 h.
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Scheme 5. Mechanistic postulate for the formation of azine sulfonamides from the reaction of N-tosylhydrazone and N-(2-(chloromethyl)phenyl)-4-

methylbenzenesulfonamide under super basic conditions.

We propose two mechanistic pathways for the formation of azine
sulfonamides from the reaction between N-tosylhydrazone and N-
(2-(chloromethyl)phenyl)-4-methylbenzenesulfonamide under
super basic conditions (Scheme 5). Both the pathways are
believed to commence with the generation of the anionic species
F from 1a.['622 Then, in pathway-1, an Sy2 attack of the anionic
species F on the benzylic carbon of 4a, furnishes the intermediate
G. The alternate pathway may involve the base-mediated
formation of aza-ortho-quinone methide H from 4a.B! The anionic
species F then reacts with the carbon end of the aza-ortho-
quinone methide H, forming intermediate 1. Subsequently,
abstraction of a benzylic proton from either intermediate G or |
occur, followed by the elimination of the Ts-group, ultimately
leading to the formation of azine sulfonamides 5aa.

Conclusion

In conclusion, we have investigated chemoselectivity in
superbase-mediated reactions of N-tosylhydrazones with aza-
ortho-quinone methide precursors. We have observed the
regioselective formation of 2-substituted quinoline from the
reaction of tosylhydrazone with ortho-aminobenzyl alcohol under
super basic conditions (KOH+DMSO). It was revealed that the
reaction was universal and that mono-, di-, and tri-substituted
quinolines could be produced using this methodology. We
demonstrated experimentally and theoretically that the reaction
was carried out by the basic decomposition of N-tosylhydrazones,
which created an azine. Finally, we could generate a series of
azine sulfonamides from the reaction of tosylhydrazone and N-(2-
(chloromethyl)phenyl)-4-methylbenzenesulfonamide under super
basic conditions. We believe that the determining factor of
chemoselectivity is the formation speed of aza-ortho-quinone
methide intermediates from the precursors. Currently, efforts are
underway to extend this observation of the chemoselectivity of
aza-ortho-quinone methides with different reaction partners, and
the results will be communicated in due course.

Experimental Section

General Experimental Methods. All reactions were performed in
oven-dried glassware with magnetic stirring. All chemicals used

7

were of analytical quality, were of the best grade, were
commercially available, and were used without further purification.
All solvents were purified according to the standard procedures;
dry solvents were obtained according to the literature methods
and stored over molecular sieves. Gravity column
chromatography was performed using silica gel, and ethyl acetate
and hexane mixtures were used for elution. Melting points were
determined using a calibrated digital melting point apparatus
(Buichi 530 melting point apparatus). NMR spectra were recorded
with Bruker AMX-500 (500 MHz for 'H NMR, 125 MHz for *C {'H}
NMR) instruments. All spectra were measured at 300 K, unless
otherwise specified. The chemical shifts & are given in ppm and
referenced to the external standard TMS or internal solvent
standard. "H NMR coupling constants (J) are reported in Hertz
(Hz), and multiplicities are indicated as follows s (singlet), d
(doublet), t (triplet), q (quartet), m (multiplet), dd (doublet of
doublets). Mass spectra were performed with a ThermoFinnigan
MAT95XL, a ThermoFisher Scientific LTQ OrbitrapVelos, and an
Agilent 6890 gas chromatograph with JMS-T100GC spectrometer
or with an ESI/ HRMS at a resolution of 60,000, using Thermo
Scientific Exactive mass spectrometer with orbitrap analyzer. The
diffraction data of single crystals were collected on a Bruker Apex-
Il diffractometer using graphite monochromated Mo-Ka radiation.
The data was processed with the SMART software suite. The
structure solution was carried out by direct methods, and the
refinements were performed by full-matrix least-squares on F2
using the SHELXTL suite of programs.

General procedure for the preparation of N-
Tosylhydrazones: The N-tosylhydrazones were prepared
according to the literature procedure. ¥ To a round bottom flask
(100 mL), a solution of p-toluene sulfonylhydrazide (16 mmol) in
anhydrous methanol, aryl ketone (16 mmol) was added dropwise
under refluxing. The reaction mixture was stirred at 60 °C for 3 h,
and the complete consumption of aryl ketone was confirmed by
TLC. The solution was cooled until a solid precipitate was formed.
The product aryl sulfonylhydrazone 1 was obtained by filtering,
washing with petroleum ether, and drying in vacuum.

General procedure for the preparation of sulfonamino-
benzyl chlorides: The sulfonaminobenzyl chlorides were
synthesized according to the reported literature. 4! To a solution
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of substituted 2-aminobenzyl alcohol (1g, 8.12 mmol) in CHCl3 (40
mL) was added pyridine (720 pL, 8.93 mmol). The reaction was
stirred for 25 min, and a solution of p-TsClI (1.703g, 8.93 mmol) in
CHCI; was added dropwise over 20 min. After 12 h, the reaction
was quenched with sat. ag. NH4Cl. The layers were separated,
and the aqueous layer was extracted with CHCI3. The combined
organic layers were then washed with brine and dried over
Na,SO,. Evaporation of the solvent under reduced pressure
afforded the crude N-protected 2-aminobenzyl alcohol, which was
used in the subsequent transformation without further purification.
To a solution of N-protected 2-aminobenzyl alcohol (2.1g, 7.58
mmol) in CHCI; (40 mL), was added a solution of thionyl chloride
(764 pL, 9.10 mmol) in CHCI3z (5mL) over 1 min. The reaction was
heated to 40 °C overnight, cooled to room temperature, and
poured into ice water (30 mL). The layers were separated, and
the aqueous layer was extracted with CHCI3; (3 x 40 mL). The
combined organic layers were washed with brine (30mL) and
dried over Na;SO4. Evaporation of the solvent under reduced
pressure afforded crude sulfonaminobenzyl chloride as a brown
solid and was used without further purification.

General Procedure for the [4+2] Cycloaddition Reaction of 2-
aminobenzyl alcohol with N- Tosyl hydrazones: A mixture of
N-tosylhydrazone 1 (0.35 mol, 1 equiv.), 2- aminobenzyl alcohol
2 (0.42 mmol, 1.2 equiv.) and KOH (0.70 mmol, 2.0 equiv.) were
weighed into a dry reaction tube. Dimethyl sulphoxide (1 mL) was
added using a micropipette and allowed to stir at 80 °C on a
reaction block for 12 h. After completion of the reaction, as
indicated by the TLC, water was added and the aqueous layer
was extracted thrice with ethyl acetate. The organic layer was
dried over anhydrous Na,SO4 and the solvent was removed under
vacuum. The residue was then purified by column
chromatography (silica gel, eluent: ethyl acetate/hexane (1:9) to
afford the corresponding products 3.

General Procedure for the Reaction of aza-o-Quinone
Methides with N-Tosylhydrazones: To a mixture of N-
tosylhydrazone 1 (0.35 mmol, 1 equiv.), aza-0-QM precursor 4
(0.52 mmol, 1.5 equiv.), and KOH (0.70 mmol, 2.0 equiv.) were
weighed into a dry reaction tube. Dry DMSO (2 mL) was added
via a syringe and allowed to stir at 80 °C on a reaction block for
12 h. After completion of the reaction, as indicated by the TLC,
water was added and the aqueous layer was extracted thrice with
ethyl acetate. The organic layer was dried over anhydrous
Na,SO, and the solvent was removed under vacuum. The residue
was then purified by column chromatography (silica gel, eluent:
ethyl acetate/hexane (1:9) to afford the corresponding product 5.

Supporting Information

Full experimental details and characterization data are included
in the supporting information. The authors have cited additional
references within the supporting information. [28- 31l
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Investigations were made on the chemoselectivity in superbase-mediated reactions of N-tosylhydrazones with aza-ortho-quinone
methide precursors. Under super basic conditions, the reaction of N-tosylhydrazone with ortho-aminobenzyl afforded 2-substituted
quinoline while the reaction of former with N-(2-(chloromethyl)phenyl)-4-methylbenzenesulfonamide furnished azine sulphonamides.
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