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Abstract

ABSTRACT

The contents of the present thesis entitled as “Lewis Acid Driven Synthetic Approaches for
Benzannulated N-Heterocycles from 2-Aminobenzonitrile” have been divided into five
chapters based on the results obtained from the experimental works performed during the

entire course of the PhD research programme.

Chapter 1 highlights an overview on nitrogen containing heterocyclic compounds, cascade
reactions and the reactivity of 2-aminobenzonitrile. This includes a brief discussion about
synthetic reactivity and utility of 2-aminobenzonitrile as a precursor for synthesis of various
simple or complex heterocyclic frameworks. It emphasizes on its unique structure bearing
both amine and nitrile functionalities, thus undergoing different acid/base/transition-metal
promoted cascade reactions with a coupling partner to generate highly functionalized

heterocycles.

amine functionality concomitant reactivity
act as nucleophile from both ends
YN annulation/

cascade cyclization

X .
NH NH "N
s ) y ) — Heterocyclic
’ Compounds
CN CN -7 Undergoes acid,

A/ base, transition
T metal mediated reactions
nitrile functionality Heterocyclization

acts as electrophile

Chapter 2 represents a tunable one pot synthesis of tetrahydro-4H-pyrrolo[3,2-c]quinolin-4-
ones and dihydro-1H-benzo[b]azepines from 2-aminobenzonitriles and donor-acceptor
cyclopropanes in presence of SnCls. The reaction proceeds via the initial ring opening of
cyclopropane ring by 2-aminobenzonitrile followed by nucleophilic attack by amine to give
adduct, which after unprecedented rearrangement at two different reaction temperatures
provide two sets of structurally diverse nitrogen heterocyclic compounds. This methodology
can be used for the synthesis of tricyclic hexahydropyrrolo[3,2-c]quinolinones (tricyclic core

of martinelline).
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2
R CO,R? R CO,R? R ozch R
CO,R? - VH: CO,R? | N
SnCl, |// SnCl, _ R// —
DCE R CN DCE H.N CO,R?
2
21 examples 80 °C 0°C 14 examples
yield upto 80% yield upto 89%
R=H, Cl, Br, F, Me; R'= aryl, alkyl; R?= Me, Et, ‘Pr
@ cC-C and C-N bond formation @ temperature tunable synthesis
Q rotamers @ tricyclic core of martinelline

Org. Lett. 2022, 24, 9038-9042.

Chapter 3 describes an efficient methodology for the synthesis of highly diverse 4-methylene
substituted tetrahydroquinazoline scaffolds from 2-aminobenzonitriles and alkylidene
malonates in presence of SnCls. The reaction proceeds via initial 1,4-conjugate addition of 2-
aminobenzonitrile to the activated alkene followed by an unprecedented rearrangement. The
methodology can be extended towards the synthesis of quinazoline analogues as well as
tetracyclic dihydroisoquinolino[1,2-b]quinazoline derivatives. Some of the synthesized

compounds show excellent photophysical properties.

R' R'
B N_R' gt e N
.-=~. _NHR' EWG SnCl, . annulation .
. 1 4 . '
CA +R '\\Kr e = \r — > . Ar
r EWG DCE . NH . N =
CN 80°C I Ar
r
R'=H. Me EWG~ "EWG EWG EWG
R'= aryl, alkyl 28 examples 3 examples
upto 90% yield upto 60% yield

EWG= CO,Me, CO,Et, CO,Pr, SO,Ph

@ C-N and C-C bond formation @ gram scale synthesis
@ easily available starting materials @ Pphotophysical study

Chem. Commun. 2024, 60, 4358-4361.

Chapter 4 demonstrates an efficient methodology for the synthesis of highly diverse 2,3-
disubstituted 4-aminoquinoline derivatives from 2-aminobenzonitriles and activated alkynes in
presence of FeCls. The reaction proceeds via sequential aza-Michael addition and
intramolecular annulation to afford highly substituted 4-aminoquinolines in good yields. The

salient features of this protocol include the use of a minimally toxic, eco-benign and less

Vi
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Abstract

expensive Fe(l11)-salt and has high atom-economy with broad substrate scope and operational
simplicity. The post synthetic application of the reaction provides 4H-

benzo[de][1,6]naphthyridines.

O~_R' NH, O
CN FeCl; .
I : + || o | : AN R
AP NH, n DCE, 80 °C R R2
R=H, F, Cl, Br, NO,, CF;, OMe, Me 27 examples

R'= OEt, OMe, Ph (up to 87% yield)

2= CO,Et, CO,Me, aryl, (het)aryl, alkyl

@ C-N and C-C bond formation @ gram scale synthesis

O inexpensive Fe(lll) salt promoted O easily available starting materials

Synthesis 2024, 56, 3131-3141.

Chapter 5 highlights an efficient methodology for the synthesis of 2,4-diaminoquinazolines
and 2-amino-4-iminoquinazolines from 2-aminobenzonitriles and carbodiimides. This SnCl4
mediated reaction exhibits substrate driven switchable selectivity in product formation based
on the substituents of the carbodiimides used. Aryl and primary alkyl-substituted carbodiimides
predominantly give 2-amino-4-iminoquinazolines, while secondary or tertiary alkyl and
benzyl-substituted carbodiimides yield 2,4-diaminoquinazolines. The methodology can be
extended towards the synthesis of 2-aminoquinazolin-4(3H)-one analogues as well as

pentacyclic annulated derivatives.

R'= 2°alkyl,
3°alkyl, benzyl R'= 1°alkyl, aryl
,--=*« __NH, R' sncl, & ‘R1 R
PR e Y : Y
".__»' CN R’ DCE ‘*..
80°C NH,
14 examples 8 examples
(up to 86% yield) (up to 73% yield)
@ C-N and C-C bond formation @ gram scale synthesis
O easily available starting materials O substrate controlled selectivity

ChemistrySelect 2025, 10, e202405899.
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Chapter 1

CHAPTER 1

An Overview of Nitrogen Containing Heterocyclic Compounds, Cascade
Reactions and Utility of 2-Aminobenzonitrile as a Precursor for N-

Heterocycles

1.1. Introduction to Nitrogen Containing Heterocyclic Compounds

Organic molecules featuring a ring structure that includes carbon along with at least one
heteroatom are called heterocyclic compounds. Generally, nitrogen, oxygen and sulphur are
the most common heteroatoms encountered but rings containing other heteroatoms, such as,
boron, silicon, phosphorus and selenium are also known. Among these, nitrogen containing
heterocycles constitute an important class of naturally occurring and biologically active
molecules. Many of the naturally occurring molecules are constituted of a nitrogen containing
heterocyclic core unit as key structural component e. g. photosynthesizing pigment chlorophyll,
alkaloids. Nitrogen heterocycles are also active members of our biological system, e. g. heme,
nucleic acid (purine and pyrimidine bases), vitamins (thiamine, riboflavin, vitamin B1) etc.?
Pharmaceutically relevant molecular entities are often characterized by nitrogen-richness. A
recent comprehensive analysis of US FDA approved small molecules revealed that 59%
contain at least one nitrogen heterocycle,? which is quite remarkable when compared to the
percentage of drugs containing sulphur (26%) or fluorine (13%).2 Nitrogen heterocycles can be
broadly classified as aliphatic and aromatic heterocycles. The aliphatic nitrogen heterocycles
are the cyclic analogues of amines. The most common ones with one or two nitrogen atoms in
the ring are aziridine (1), azetidine (2), pyrrolidine (3), imidazolidine (4), piperidine (5),
piperazine (6) and azepane (7) (Figure 1.1.1.).

HHH“"I

H  —_NH N _N_ N N
Led G oo 0O
4 5 6 7

1 2 3

Figure 1.1.1. Some examples of aliphatic nitrogen heterocycles.
On the other hand, aromatic nitrogen heterocycles are those which follow Hiickel’s rule i.e.
being conjugated, planar and have (4n+2) © electron system such as pyrrole (8), imidazole (9),
pyridine (10), pyrimidine (11) and pyrazine (12) (Figure 1.1.2.).
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H H N N NS
O g O G
8 9 10 1

12

Figure 1.1.2. Some examples of aromatic nitrogen heterocycles.

Besides these monocycles, fused heterocyclic ring systems consist a major class of
heterocyclic compounds. These are formed by the fusion of heterocycles with other rings, either
carbocyclic or heterocyclic. Most common ones feature a benzene ring fused to the heterocyclic
ring, called as benzo-fused or benzannulated heterocycles. Some usually encountered benzo-
fused nitrogen heterocycles are indole (13), benzoimidazole (14), indoline (15), quinoline (16),
isoquinoline (17), quinazoline (18), tetrahydroquinoline (19), tetrahydroquinazoline (20),
benzazepine (21), 2,3-dihydro-1H-benzo[b]azepine (22) (Figure 1.1.3.).

H H H
N N N Na N
/ /> — Z
N
13 14 15 16 17
H H
N H H N N
N 3 \
ZN NH
— —
19 20 21 22

Figure 1.1.3. Some examples of benzo-fused nitrogen heterocycles.

18

Benzo-fused nitrogen heterocycles are frequent motifs in biologically active molecules and
synthetic compounds. These materials have a variety of applications including
pharmaceuticals, photoactive compounds, and conducting polymers.* This introductory
chapter is designed to highlight the importance of some benzo-fused nitrogen heterocycles such

as quinolines, quinazolines, benzoazepines and their analogues.

1.1.1. Importance of Quinolines, Quinazolines, Benzazepines and their Analogues
Quinolines are a class of benzo-fused nitrogen heterocycles which contain a benzene ring
fused to pyridine moiety. Chemically, quinoline is a tertiary amine base that can form a salt
with acids and shows both electrophilic and nucleophilic substitution reactions. Quinoline
nucleus occurs in several natural compounds (mainly in cinchona alkaloids) and is a versatile
pharmacophore possessing anti-malarial, anti-bacterial, antifungal, anthelmintic, cardiotonic,
anticonvulsant, anti-inflammatory, and analgesic activities.®> For instance, quinine (23) is an

alkaloid with quinoline core, first isolated in 1820, from the bark of cinchona tree which is

2
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native to Peru, has long established anti-malarial properties.® Marketed drugs like bosutinib
(24)7, used to treat myelogenous leukemia, and antrafenine (25)8, used as an anti-inflammatory

and analgesic agent contain 4-aminoquinoline core (Figure 1.1.1.1.).

N
HN OMe K/ \/\0)5@
~
~
FsC N

Quinine (23) Bosutinib (24) Antrafenine (25)
(anti-malarial) (anti-cancer) (analgesic)

Figure 1.1.1.1. Examples of bioactive molecules with quinoline skeleton.

Similarly, quinazolines are another class of bicyclic nitrogen heterocycles consisting of a
benzene ring fused to a pyrimidine moiety. Quinazolines make up a significant class of nitrogen
heterocycles which exhibit a diverse array of biological activities including anti-microbial,
anti-convulsant, anti-cancer, anti-hypertensive, anti-inflammatory, anti-tumor, anti-
cholinesterase and kinase inhibitory activities.® There are many synthetic and natural product-
based drugs, containing quinazoline and its derivatives as core moiety. For example, gefitinib
(26)™ is used to treat metastatic non-small cell lung cancer, and trimetrexate (27)! is a well-
known medication for pneumocystis pneumonia. Selurampanel (28) is a kainate receptor
(KAR) antagonist that has been investigated in clinical trials for the treatment of epilepsy by
Novartis (Figure 1.1.1.2.).*

o™ HN MeO \N ,N‘N

Gefitinib (26) Trimetrexate (27) Selurampanel (28)
(anti-cancer) (dihydrofolate reductase (kainate receptor
(DHFR) inhibitor) (KAR) antagonist)

Figure 1.1.1.2. Examples of bioactive molecules with quinazoline and its derivatives.
On the other hand, benzazepines represent a particularly important class of seven-
membered N-heterocycles, characterized by a benzene ring fused to a azepine ring.
Benzazepines and its hydrogenated derivatives are embedded in a wide variety of bioactive
natural products and pharmaceuticals.’® Tetrahydro-1-benzazepine scaffold based drug,

benazepril (29) is commonly used to lower high blood pressure (hypertension) ** whereas

3
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tolvaptan (30) is used clinically to treat autosomal dominant polycystic kidney disease and
hyponatremia.*®> Compound 31, is an orally active CCR5 antagonist for the potential treatment
of HIV infection (Figure 1.1.1.3.).1°

Ho Q e

O

-NH © o} =
o HN O
%0

HO Me Me
Benazepril (29) Tolvaptan (30) orally active CCR5 antagonist (31)
(anti-hypertensive) (anti-hyponatremia) (anti-HIV)

Figure 1.1.1.3. Examples of bioactive molecules with benzazepine and its derivatives.

Over the years, several synthetic strategies have been employed to construct these
heterocycles. The most prominent methods are the ene reaction, 1,n-enyne rearrangement,
hetero-Diels-Alder cyclization, cascade reaction, Prins cyclization reaction, ring-closing
metathesis and transition-metal catalyzed cyclization. Out of these methods, this thesis
particularly focuses on cascade approaches for the synthesis of N-heterocycles. In the following
section of this chapter, we will explore cascade reactions in detail, highlighting its use as a
synthetic tool for N-heterocycles.
1.2. Cascade Reaction

Modern synthetic organic chemistry relies on development of methods for the synthesis of
heterocycles, that are vital components in various pharmaceuticals, agrochemicals and natural
products. Among them, cascade reaction has emerged as a powerful strategy to synthesize
structurally diverse heterocycles with molecular complexity offering excellent selectivity.
Cascade reactions, also often termed indistinguishably as ‘domino’, ‘tandem’, ‘sequential’,
‘concurrent’ and ‘one-pot’ reactions in synthetic chemistry, are chemical processes that
streamlines at least two consecutive reactions to result in one synthetic operation.*” A key point
to note here is that subsequent conversion step results from the functionality developed in the
previous step in these transformations. Additionally, the subsequent steps (second, third, etc.)
after the initial step in a cascade reaction proceed without any external intervention. Also the
reaction condition doesn’t change among the consecutive steps of a cascade. Cascade reactions,
whether planned and somewhat serendipitous, have enhanced our understanding of
mechanisms and molecular reactivity. Besides being artistically appealing, it is often associated
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with improved atom economy as well as economies of time, labour, resource management, and
waste generation and thus also considered to fall under the banner of ‘green chemistry’.*"47f
They are, therefore, a means to achieve green chemistry and to develop eloquent and economic
chemical processes for the manufacture of pharmaceuticals and other fine chemicals.

In 1917, Robert Robinson reported the first cascade reaction with the groundbreaking total
synthesis of the alkaloid tropinone 36.38 In this remarkable three component single-step
transformation, succinaldehyde 32, acetone dicarboxylic acid 33, and methylamine
hydrochloride 34 reacted in one pot to afford the bridged bicyclic alkaloid tropinone with 42%
yield. The key steps involved in this transformation includes various fundamental reactions
such as condensation of methylamine with dialdehyde to afford cyclic iminium
adduct followed by a double Mannich and subsequent decarboxylation (Scheme 1.2.1.). By
employing a strategy based on fundamental mechanistic understanding and exploitation of
molecular symmetry, four key bonds and two rings are formed all in a single reaction vessel,
highlighting the ability of synthesis of complex molecules from simple compounds through the

principles of synthetic and retrosynthetic logic.

o 34 Me_
0O o o MeNH,-HCI N> +CO2H HCl N
H o, )j\/[j\/u\ Me %
H HO OH  Ca,COs, H,0 O then NaOH o
rt HOZC
0 32 33
35 36

Scheme 1.2.1. Robinson’s tropinone synthesis.

Classification of cascade reactions into different categories is somewhat challenging because
of the diversity in the steps involved for the transformation. Still, they can be labelled only on
the basis of the main theme that is responsible for initiating the cascade sequence and a variety
of opinions exist on how such reactions should be distinguished. K. C. Nicolaou classified the
cascade reactions based on the mechanism of the key step involved into the following
categories:

= Nucleophilic cascade

= Electrophilic cascade

= Radical cascade

= Pericyclic cascade

= Transition-metal-catalyzed cascade

However, these reactions are loosely divided into these themes and a variety of opinions exist
on how such reactions should be classified. But, the quality and importance of a cascade
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reaction can be correlated to the number of bonds generated in such a process and the increase
in molecular complexity.
1.2.1. Representative Examples of Cascade Reaction for Synthesis of N-Heterocycles

A one-pot cascade protocol has been developed by Saikia and co-workers for the synthesis of
substituted tetrahydropyrroloisoindolones 39 from N-propargyl amido alcohols 37 and 1,3-
dicarbonyl compounds 38 using a catalytic amount of In(OTf)s. This highly regioselective
reaction proceeds via Mannich reaction followed by a subsequent Conia-ene cyclization to give
the products with an exo-cyclic double bond in the pyrrolidine ring (Scheme 1.2.1.1a.).1°

0 ; 0
R In(OTf)3 (20 Mol%)

R |:‘<<N + o R N
_\ R3 toluene, reflux
on \ . )
R R3
37 39

R'= H CI; R?= R3= electron withdrawing groups
Scheme 1.2.1.1a. In(OTf)3 catalyzed synthesis of tetrahydropyrroloisoindolones.
The same group also reported a protocol for the synthesis of 1-tosyl-2,3,4,5-tetrahydro-1H-
indeno[1,2-b]pyridine scaffold 42 from a-sulfonamido alkyne 40 with aryl aldehyde 41 under
Lewis acidic conditions. The major steps involved in this cascade transformation comprises of
the nucleophilic attack of alkyne on the aldehyde, followed by a Friedel-Crafts type reaction
(Scheme 1.2.1.1b.).%°

1
R
N FZ BF4-OEt, (2 equiv) \ 7
. + R2CHO
Re'e) R DCE, 0°C to rt
RZ
40 41 42

R'= H, Me, Br; R2= aryl
Scheme 1.2.1.1b. BF3-OFEt mediated synthesis of tetrahydroindenopyridines.

Wang and co-workers also demonstrated another BF3z-OEt;-mediated protocol for the
synthesis of spiro[indene-benzosultam]s 44 from cascade reaction of propargyl alcohols 43.
The reaction proceeded in a cascade sequence of events, which involves an intramolecular
trapping of allene carbocation with sulfonamide, followed by a sequential electrophilic
cyclization, and intramolecular Friedel-Crafts alkylation. Moreover, the corresponding iodo-
or bromo-substituted spiro[indene-benzosultam]s can also be obtained with reasonable yields
in the presence of NIS or NBS (Scheme 1.2.1.1c.).%!
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o
R R’ HR R3-N
0=$=0  BF4-OEt, (1 equiv)
A N A
DCE,rtto80°Cc Ry X(H)
NXS or H* -
44

R'= aryl, Me; R2= H, Me, OMe, ClI
R3= H, Me, Et, 4-MeCgHs, Bn; X=Br, |

Scheme 1.2.1.1c. BF3-OEt mediated intramolecular synthesis of spiro[indene-
benzosultam]s.

Xu’s group described a transition-metal free cascade approach for the efficient synthesis of
pyrrolo[2,3-b]quinolone derivatives 47 using ortho-nitrochalcones 45 with activated
methylene isocyanides 46. This base promoted one-pot protocol proceeds via a [3+2]
cycloaddition to in situ generate the dihydropyrroline moiety and subsequent Cadogan-type

reductive cyclization reaction to form the tricyclic framework (Scheme 1.2.1.1d.).2?

(o} R2
Sodium tert-amylate
aill X A R2 ~es (1 equiv) R = | N\_R3
| — + CN R ! —

NO, EtOH, 140 °C N~ N
H H

45 46
47

R'=H, CI, dioxolo; R?= aryl, alkyl
R3= CO,Et, CO,Me, CO,'Bu, 4-CO,MeCgHy, 4-CNCgH,

Scheme 1.2.1.1d. Base promoted synthesis of pyrrolo[2,3-b]quinolones.
Biju’s group accomplished a chemo- and enantio-selective synthesis of tricyclic
oxoquinolines 50 by reacting enals 49 with malonates bearing a 2-aminophenyl group 48. The
asymmetric synthesis involves an NHC catalyst 51 and follows a domino quadrapole cascade

sequence of Michael-aldol-lactamization-dehydration reactions (Scheme 1.2.1.1e.).2

CO,R3 R%0,C y
CO,R
CO,R? NHC (10 mol%) 2
OHC OX|dant (2 equw) —
il X o n\ LiCl ( 1eqU|v oS N__\CI
T + g \
F NH R4  DMAP (1.5 equiv) O\/L\N,'E‘Mes
R2 toluene:benzene (4:1)
25°C >
48 49 9953 oxidant = bisquinone
>99:1er

R'= H, CI, dioxolo; R?= Ts, Ms, Ns
R3=Me, Et, 'Pr, Bn; R*= aryl, alkyl

Scheme 1.2.1.1e. NHC-catalyzed enantioselective synthesis of tricyclic oxoquinolines.
Hajra and co-workers also demonstrated a one-pot cascade reaction involving nitroolefins 52
and 2-aminopyridines 53 for synthesizing imidazo[1,2-a]pyridine derivatives 54. The Fe(lll)-
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catalyzed reaction proceeds through sequential cascade of Michael addition, intramolecular
cyclization and in situ denitration (Scheme 1.2.1.1f.).2*

NH, F 0 N
AN eCl; (20 mol%) Z =
1/\/N02 + RZ(\r 3 ° Rzm/ R1
R '\/N x-N /

Z DMF, 80°C

52 53 54

R'= aryl, alkyl; R?= H, CI, Br, Me
Scheme 1.2.1.1f. FeCls catalyzed synthesis of imidazo[1,2-a]pyridines.

Kwon and co-workers reported phosphine-catalyzed intermolecular cyclization between 2-
sulfonamidobenzaldehyes 55 and ynones 56 to access substituted benzo[b]azepin-3-ones 57
under mild conditions. The key steps involved in this cascade approach includes phosphine-
catalyzed a-umpolung addition, followed by an aldol reaction to form the products with
exclusive E-selectivity (Scheme 1.2.1.1g.).%°

(o}
=
N NHR? = 4 PPh,Et (20 mol%)
R1L + R34 =
| 1
Y CHO = n-propanol, rt
55 56

R'= H, Me,OMe, Cl, I, Br;R?>= Ts, SO,Ph, SO,(4-MeOCgH,), SO5(4-BrCeH,)
R3= H, OMe, Me, CI

Scheme 1.2.1.1g. PPhoEt-catalyzed intermolecular synthesis of benzo[b]azepin-3-ones.
Saikia’s group investigated a radical mediated protocol for oxidative N-centered radical
initiated self-dimerization of N-propargylamines 58 to access tetra- and penta-substituted
pyrroles (60 and 59). The mechanism depicts in situ generation of imine from N-
propargylamine via SET mechanism followed by intermolecular coupling with another

molecule of N-propargylamine to give the highly functionalized products (Scheme 1.2.1.1h.).25

O O
R2 R3
. R2= aryl R3 /N\ R2
R’ N _R? K;S,0g (3 equiv) II?1 59

AgOBz (30 mol%)

It CH3CN:H,0 (3:1)

2_
R3 100°C,ar  L_"-H _ oHc R3
58 X
R3

R'= R3= aryl; R2= H, aryl R

Scheme 1.2.1.1h. K>S,0g mediated synthesis of multi-substituted pyrroles.
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1.3.  An Overview of 2-Aminobenzonitrile as Synthetic Precursor

Naturally occurring or synthetically produced fused nitrogen containing heterocycles are
ubiquitous frameworks in many organic materials, pharmaceuticals and important ligands in
catalysis. Therefore, there is a strong demand for the development of rapid, efficient, and
versatile methods for their synthesis. Thus, new emerging strategies for the synthesis of
nitrogen heterocycles using readily available starting precursor with less number of steps,
environment-friendly, and accommodating a broad range of substrate scope are still of great
interest. In this context, assembling small molecules via a tandem reaction to synthesize
nitrogen-containing heterocycles has received intensive attention in the past few decades. One
such interesting precursor molecule is 2-aminobenzonitrile also synonymously known as 2-
cyanoaniline or anthranilonitrile. It features both an amino group and a nitrile group, embedded

vicinally to a benzene ring and can participate in a variety of chemical transformations.

1.3.1. Utility of 2-Aminobenzonitrile in Organic Transformations

The utility of 2-aminobenzonitriles is significant in organic synthesis due to their accessibility
and versatile reactivity to undergo an organic transformation into a range of diverse functional
groups. 2-Aminobenzonitrile is considered as a building block due to the unique positioning of
an amine group at the ortho-position of a nitrile functionality that enhances the reactivity of
the substrate for efficient tandem cyclization and annulations. Conventionally, it behaves as a
1,4-dipolarophile and undergoes intermolecular cyclization with a coupling partner by
concomitant attack as a nucleophile from the amine functionality as well as electrophilic attack
on the unsaturated nitrile motif. Thus, utilizing 2-aminobenzonitrile as a synthetic precursor
for heterocyclization reaction is a well-known concept (Scheme 1.3.1.1.). It can be used to

synthesize various nitrogen-containing heterocycles such as quinazolines, pyrimidines, or even

amine functionality concomitant reactivity
act as nucleophile from both ends
YR annulation/
X A . .
NH, NH, . cascade cyclization -
—) ' sl Heterocyclic
’ Compounds
CN CN v " “  Undergoes acid,
~__/ base, transition
T metal mediated reactions
nitrile functionality Heterocyclization
acts as electrophile

Scheme 1.3.1.1. General reactivity of 2-aminobenzonitrile.

TH-3602_186122007



Chapter 1

fused bicyclic systems and their derivatives, depending on the reaction conditions and
additional reagents used. In this regard, several efficient methodologies have been developed
by using tandem multi-component acid, base and transition-metal promoted cascade reactions

with a coupling partner to generate highly functionalized benzannulated N-heterocycles.

The discussion in the following section of this chapter will be directed to cover various
synthetic pathways for benzannulated N-heterocycles with 2-aminobenzonitrile as the initial
architectonic precursor. Moreover, classification of these reactions is done on the basis of

reagents and catalysts used and the examples are enlisted below.

1.3.1.1. Metal Catalyzed Cyclizations

Transition metals are effectively used to initiate various cascade reactions. Besides the
nucleophilic amino group, the nitrile functionality of 2-aminobenzonitrile can interact with the
metal in two modes i.e. with the n-electron system of the triple bond of the nitrile and with the
lone pair of the nitrogen atom.?” These interactions trigger the catalytic cycle by increasing the
possibility of nucleophilic attack on the nitrile carbon atom ultimately leading to product
formation.

Chen and his group disclosed an efficient strategy for one-pot assembly of diverse
quinazolines 63 from 2-aminobenzonitrile 61, aldehyde 42, and arylboronic acid 62. The
Pd(I1)-catalyzed protocol follows a catalytic cycle with carbopalladation of the cyano group to
deliver the products in moderate to good yields (Scheme 1.3.1.1.1a.).2 The method is
remarkably chemoselective even with bromo and iodo group substitutions, thus affording
versatility for further synthetic manipulations.

Pd(acac), (5 mol%) )
NH, Ligand (10 mol%) R

X TfOH (4 equiv
R1L +  R2B(OH), *+ R3CHO ( q, L. rilL NN
7 cN KF (2 equiv) > /)\ 3
DMF, 80 °C N© R
61 62 41 Ligand = 5,5"-dimethyl- 63

2,2"-bipyridine
R'= H, Me, OMe, halogen, NO,, CF3
R?= aryl; R3= aryl
Scheme 1.3.1.1.1a. Pd-catalyzed one-pot synthesis of quinazolines.
The same group also developed a convenient synthetic route for poly-substituted quinolines
65 by palladium catalysis under acidic conditions from 2-aminobenzonitriles 61, arylboronic
acids 62 and ketones 64. This operationally simple transformation proceeds through a cascade

sequence involving Pd-catalyzed aryl addition to the cyano group, hydrolysis, and Friedl&ander-
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type cyclization to access functionalized quinolines in moderate to good yields with high
functional group tolerance (Scheme 1.3.1.1.1b.).?°

NH o) Pd(CF5C00), (10 mol%) R?
B 2 bpy (20 mol%) R*
R + R2B(OH), *+ R3 A
ZcN R4 TsOH+H,0 (5 equiv) " U___ g
toluene, 120 °C
61 62 64

R'= H, Me, OMe, halogen, NO,, CF5; R?>= aryl
R3= aryl, alkyl; R*= aryl, alkyl, Cl, Br

Scheme 1.3.1.1.1b. Pd-catalyzed one-pot synthesis of quinolines.
Gogoi and co-workers reported a synthetic approach for the synthesis of functionalized
spiro(indoline-3,2'-quinazolin)-2-ones 67 by the reaction of 2-aminobenzonitriles 61,
arylboronic acids 62 and isatins 66. This multicomponent cascade strategy catalyzed by Pd(I1)

in presence of a ligand system utilizes readily available starting materials to give the spiro N-
heterocycles in good yields (Scheme 1.3.1.1.1¢.).%°

R2

o o o)

NH, N qu(dba)g (5 moJA:) Rl N

R1—: A . RZB(OH), * R3!— P o Ligand (10 mol%) L > q N—R®

ZcN N ) TfOH (4 equiv) H —
o1 62 R KF, DMF, 80 °C \//

66 Ligand = 4,4-dimethyl- R3

2,2"-bipyridine 67

R'= H, Me; R?= aryl; R®= H, Me, OMe, halogen, NO,
R*= H, Me, Ph, Bn

Scheme 1.3.1.1.1c. Pd-catalyzed one-pot synthesis of spirooxindoles.

An one-pot domino synthesis of 5-amino-indolo[1,2-aJquinazoline derivatives 69 from easily
available 2-(2-bromophenyl)acetonitriles 68 and 2-aminobenzonitriles 61 has been described
by Yang and his group. This Pd-catalyzed protocol involves a Buchwald—Hartwig type
coupling and a base-promoted intramolecular nucleophilic reaction to deliver the indole-

R3
R3
" Pdy(dba)s (10 mol%) N\
X 2 - ">cN  BuxPhos (20 mol%) Rt N
R1_| + RZT > N \ NH2
ZcN Z Br 'BUOK (2 equiv) —

toluene, 80 °C \ N
2
61 68 N, atm R

69

R'=H, Me, F, CF3
R2= H, F, OMe; R3= CN, CO,Et

Scheme 1.3.1.1.1d. Pd-catalyzed cyclization of 2-(2-bromophenyl)acetonitriles and 2-

aminobenzonitriles.
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containing heterocycles with excellent yields (Scheme 1.3.1.1.1d.).3!

Ahmed and co-workers developed an approach to O-protected-4-hydroxyquinazolines 70 by
the reaction of 2-aminobenzonitriles 61 with various aldehydes 42. The key steps of this
copper-benzotriazole (Cu-BtH)-catalyzed transformation are the intramolecular electrophilic
cyclization of in situ generated N-arylimine followed by oxidative coupling with alcohol
(Scheme 1.3.1.1.1¢).%2

3
Cul (10 mol%) oR
NH 1,2,3-benzotriazole
A X 2 ) (10 mol%) X" SN
RYt + R“CHO R'T- )\
= CN K2CO3 (2 equiv) = N/ RZ
R3OH, reflux
61 42 70

R'=H, Cl, Br, OMe
R?= H, aryl, alkyl; R3= Me, Et

Scheme 1.3.1.1.1e. (Cu-BtH)-catalyzed synthesis of 4-hydroxyguinazolines.

A direct oxidative synthesis of quinazolinones 72 has been demonstrated by Li and co-
workers from 2-aminobenzonitrile 61 and readily available benzyl alcohols 71. This copper-
catalyzed strategy exhibits a broad substrate scope and a variety of quinazolinones are obtained
in moderate to excellent yields with economically and environmentally friendly air as the sole
oxidant (Scheme 1.3.1.1.1f.).%3

Cu(OAc), (10 mol%) 0
NH, Cs,CO3 (1.5 equiv
R1—:\ ¢ Re™on 2CO3 (1.5 eq )‘R1_|\ )N\H
0 ! Z
2~ en DMSO/H,0, 120 °C NN R?
air balloon
60 71 72

R'=H, CI, F, Br, NO,, Me, OMe; R?= aryl
Scheme 1.3.1.1.1f. Cu-catalyzed synthesis of quinazolinones.
A mild and efficient cyclization of 2-aminobenzonitriles 61 and methyl perfluoroalk-2-
ynoates 73 has been reported by Cao and co-workers leading to 2-perfluoroalkylated 4-

aminoquinolines 74. This one-pot coupling protocol utilizes inexpensive copper(l) bromide

NH R2 1. DMSO 1 mL, 60 °C NH,
Rl A 2 | | 2. CuBr (15 mol%) N\ C0Me
o |
O CN * piperidine (15 mol%) R'T P
CO,Me 60 °C N" R
61 73 74

R'= H, halogen, Me, OMe, CF3; R?>= CF3, C,Fs, n-C3F5

Scheme 1.3.1.1.1g. CuBr-catalyzed synthesis of 2-perfluoroalkylated 4-aminoquinolines.
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and an organic base in catalytic amount to deliver the perfluoroalkylated quinolones in
moderate to excellent yields (Scheme 1.3.1.1.1g.).%*

Ghosh and his group also demonstrated a copper/zinc catalyzed synergetic protocol to
synthesize 1H-pyrrolo[3,2-c]quinoline-2,4-diamine derivatives 76 from 2-aminobenzonitriles
61 and ynamide-derived buta-1,3-diynes 75. This cascade strategy follows a double cyclization

pathway to deliver the multi-fused N-heterocycles in moderate to good yields (Scheme

1.3.1.1.1h.).%°
R2
|
N_ _N
XY X “so,R?
- NH2 R? SO;R®  Cu(OAc), (10 mol %) R 2
R1_: + N—————N NG
. R30,8 R2 Zn(OTf), (10 mol%) HN Y/
1,4-dioxane
’ N-SO,R?
61 75 110 °C R2
R'=H, Me, CI, F, NO,; R?= Bn, Me 76
R3= Me, aryl

Scheme 1.3.1.1.1h. Synergetic Cu/Zn catalyzed synthesis of 1H-pyrrolo[3,2-c]quinolines.

Chen and co-waorkers reported the synthesis of highly substituted quinazolin-4(3H)-imines 78
and acridines 79 by assembling o-cyanoanilines 61 and diaryliodonium salts 77. This copper-
catalyzed two component protocol selectively follows two distinct tandem cyclization modes.
The method can be tuned to give both the products with good yields under two different
conditions (Scheme 1.3.1.1.1i.).36

@ OTf
NOR BN 08
R2 “R2 OTf 77 NH
2
R2 (2 equiv) N (0.5 equiv) | B N'R
Rl Cu(OTf), (10 mol%) A Cu(OTf), (20 mol%) R'E P
T _ R N N g
ZSN DCE, 65 °C Z~NH.  DCE, 110 °C | R
2 =
H,N
79 61 78
R'=H, F, Cl, Me, Ph R'=H, F, CI, Br, Me, OMe; R?= aryl

R2=H, F, Cl, Br, Me, OMe, CO,Me
Scheme 1.3.1.1.1i. Cu-catalyzed synthesis of quinazolin-4(3H)-imines and acridines.

A similar strategic route to synthesize substituted quinazolin-4(3H)-imines 78 and acridines
79 has been reported by Das and co-workers from 2-aminobenzotriles 61 and anthranilic acid
derivatives 80. The reaction is catalyzed by ytterbium(l11) triflate, where 2-aminobenzonitrile
acts as the 1,4-dipolarophilic species and anthranilic acid as the benzyne precursor leading to
selective formation of two different N-heterocycles under two set of conditions (Scheme
1.3.1.1.1j.).%
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COOH COOH
RZL N RZL N
R2 L 80 O~ 80
// NH2 NH2
N | NH (2.2 equiv) (2.2 equiv) NH = D ge
'BUONO (2.2 equiv) N 'BUONO (1.1 equiv) A N
R1l\ A \_Rz -10°Ctort A -10°Ctort R'T A = N
L P RS _ N | D Rt
N Yb(OTf)3 (20 mol%) NH, Yb(OTf)3 (30 mol%) HNTNF
79 THF, 60 °C 61 THF, 100 °C 78 2
Ar atm Ar atm
R'=H, CI, I; R?= H, Me, CI, Br R'=H, CI, I; R?= H, Me, CI, Br

Scheme 1.3.1.1.1j. Yb-catalyzed synthesis of quinazolin-4(3H)-imines and acridines.
A dual catalytic cascade strategy for the synthesis of amine-substituted
diaryl[c,h][1,6]naphthyridines 82 from amine-substituted 2-alkynylarylnitriles 81 and 2-
aminobenzonitriles 61 has been demonstrated by Ghosh and his group. They employed
bimetallic catalytic system comprising of gold(l) and zinc(ll) for this two-fold annulation to
access tetracyclic heteroaromatic products in good to excellent yields and with high functional

group tolerance (Scheme 1.3.1.1.1k.).%®

NC
o - NH2 R“; N\ Ph3PAUNTf, (1.5 mol %)
o + I Np2 o
/i = THF
sy RA R ,90°C
then Zn(OTf), (5 mol%)
61 81

R'= H, Me, OMe, halogen, NO,, CF5; R?= H, Me, OMe, halogen, NO,, CF3, Ph
R3= Me, Bn, Ms; R*= Bn, Ms, Ts, Bs, -SO,Ph

Scheme 1.3.1.1.1k. Au and Zn-catalyzed annulation of amine-substituted 2-
alkynylarylInitriles and 2-aminobenzonitriles.

Sahoo’s group also devised an efficient Au(l)-catalyzed strategic route featuring direct
coupling of ynamides 83 and 2-aminobenzonitriles 61 to access 2,4-diamino-substituted
quinolines 84 via nitrile activation. This transformation is explicitly regioselective and
highlights the syn-1,2-difunctionalization of ynamide through the intramolecular 6-exo-dig

NH
NH, R? PhsPAUNTf, ’ R4
1l X . 0=S=0 (1 mol%) rill NN
= N . AN PR
CN R3 \ 1,4-dioxane N r:j
Nge s0°C 0=5=0
61 83 84 R2

R'=H, CI, F, NO,, Me; R?= aryl, Bn, "Bu
R3= Me, Bn, cyclopropyl; R*= aryl, alkyl

Scheme 1.3.1.1.11. Au catalyzed coupling of ynamides and 2-aminobenzonitriles.
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cyclization of ketene aminal to the -coordinated nitrile moiety by Au(l) (Scheme 1.3.1.1.11.).%
1.3.1.2.  Metal-free Cyclizations

Metal-free reactions have garnered considerable attention in the past two decades. They are
recognized as an indispensable tool in organic synthesis, as it is not only cost-effective but also
environmentally friendly by eliminating expensive metal complexes and toxic metal
contamination. 2-Aminobenzonitrile behaves as a dipolarophile in these reactions with a
nucleophilic amine moiety and a weakly coordinating electrophilic nitrile functionality.

Popowycz and co-workers developed a three step synthesis of 2-unsubstituted 4-
aminoquinolines 86 starting from substituted 2-aminobenzonitriles 61 and 1,1,1-trichloro-4-
ethoxybut-3-enone 85. The key steps involved in this transformation includes condensation
and then cyclization in trifluoromethanesulfonic acid which provided unstable intermediate.
This intermediate when treated with NaOEt in ethanol, leads to the formation of the expected
esters (Scheme 1.3.1.2.1a.).%

NH
y o 1. EtOH, reflux e
X 2 2. TfOH, 150°C_ . N > °
R'T + BT cl - R'g
ZNCN ® 3.NaOEt, EtOH PN
o
61 85 0°C 86

R'=H, CI, Br, F, OMe, NO,
Scheme 1.3.1.2.1a. TfOH mediated synthesis of 4-aminoquinolines.
Wu’s group reported an efficient method for constructing 2-acyl-3-aminoindoles 88 from
methyl ketones 87 and 2-aminobenzonitriles 61 under ambient conditions. The method utilizes
sulphur salt NaHS-nH20 as an umpolung reagent and iodine for this transformation where the

key step is Eschenmoser sulfide contraction reaction (Scheme 1.3.1.2.1b.).**

H
X NH, o I, (1.6 equiv) X N R?
R'T H 2”\ >Ry /
ZNcN R NaHS:nH,0 (5 equiv) Z o
o DMSO, 100 °C NH,
87 88

R'= H, Me, OMe, F, Cl, Br; R?>= aryl
Scheme 1.3.1.2.1b. Umpolung strategy for synthesis of 2-acyl-3-aminoindoles.

A formal cascade [4+1+1] cyclization for the synthesis of 2-acyl-4-aminoquinazolines 89 has
also been reported by Wu’s group employing 2-aminobenzonitrile 61, methyl ketone 87 and
ammonium acetate as N source. This operationally simple reaction is co-promoted by iodine
and cupric chloride under mild conditions and proceeds via C(sp®)-H bond deamination
(Scheme 1.3.1.2.1¢.).%
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NH,
NH,OAc
NH o amr
Rl A 2 . ”\ l, (1.6 equiv) Rl XN
P R2 . 2 Z R?
CN CuCl, (1.5 equiv) N
DMSO, 100 °C (o]
61 87 89

R'= H, Me, OMe, F, Cl, Br; R?>= aryl
Scheme 1.3.1.2.1c. 12/CuClz-copromoted synthesis of 2-acyl-4-aminoquinazolines.
Diaz and co-workers disclosed a novel method for the synthesis of quinazolin-4(3H)-imines
91 from 2-aminobenzonitriles 61 and secondary amides 90. This operationally simple protocol
is promoted by trimethylsilyl polyphosphate (PPSE) and allows for the synthesis of N3-aryl and
N3-alkyl substituted heterocycles affording high yields (Scheme 1.3.1.2.1d.).%3

NH
PSSE 3
N NH, 9 neat S N’R
R1—I + 2”\ ,R3 N R1_!
ZcN R* SN 150 °C NP R2
61 90 closed vessel 91

R'= H; R>=R3= aryl, alkyl
Scheme 1.3.1.2.1d. PSSE promoted synthesis of quinazolin-4(3H)-imines.
Wu’s group reported the synthesis 2-amino-4-iminoquinazoline derivatives 93 by the reaction
of 2-aminobenzonitriles 61 with N-benzyl cyanamides 92. A wide range of substrates is
tolerated in this acid mediated [4+2] annulation in HFIP giving high yields and good functional

group tolerance (Scheme 1.3.1.2.1e.).4

NH
NH, AN
= N HCI . X N~ “R?2
R': + RSN _ACl(cone) | palt I
= o = ~
CN H HFIP, 70 °C N NH,
61 92 93

R'=H, Me, Cl; R?= aryl
Scheme 1.3.1.2.1e. [4+2] annulation of 2-aminobenzonitriles with N-benzyl
cyanamides.

A transition metal-free approach for the synthesis of heterocyclic dihydroquinazolinones 95
has been developed by Dash and co-workers involving the reaction of 2-aminobenzonitriles 61
with aldehydes or ketones 94. This base mediated method under mild conditions utilizes
potassium tert-butoxide in tert-butanol and follows a radical pathway with a broad substrate

scope including a range of aliphatic and aromatic aldehydes and ketones (Scheme 1.3.1.2.1f.).%®
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o}
NH o)
RIS 2 I KOBU (2equiv)  gifi Y NH
O * RYOR? - K )VRB
CN 'BuOH, rt N k2
H
61 94 95

R'= H, Me; R?= aryl, alkyl; R3= aryl, alkyl, H
Scheme 1.3.1.2.1f. KO'Bu promoted synthesis of dihydroquinazolinones.

The protocol was later employed for the synthesis of biologically significant analogues of
rutaecarpine alkaloid 97 by the same group by replacing aldehyde with indole-2-carbaldehydes
96. The salient feature of this potassium tert-butoxide mediated approach is the promotion of
a sequence initiated by radical-driven quinazolinone formation followed by a cyclization

process to give the pentacyclic core (Scheme 1.3.1.2.1g.).%

(o)
N NH, N KOBu (2 equiv)  paff
R'G + gl N—cHo - "
ZNeN Z~N 'BuOH, 90 °C
R3
61 96

R'= H, halogen, Me, OMe, Bu; R?= H, F, Me, OMe
R3= Me, Et, allyl, Bn

Scheme 1.3.1.2.1g. KO'Bu promoted synthesis of rutaecarpine alkaloid analogues.
Verma and his group also developed a base mediated one pot annulation of ynones 98 with
2-aminobenzonitriles 61 to give substituted 2,3—disubstituted 4-aminoquinolines 99. The
reaction was initiated through sequential aza-Michael addition/intramolecular annulation and
has high atom economy with broad substrate scope furnishing the products in good to excellent
yields (Scheme 1.3.1.2.1h.).#” Additionally, N-arylquinolones were obtained when o-
haloarylynones were used as substrate.

NH, O
i Xy VH2 . P KO'Bu (2 equiv) LAY R2
U 2 R'S
Z NN Rl\w DMSO, 100 °C Z SN R?
61 98 99

R'=H, CI, F, Br, Me, OMe; R?= aryl ; R3= aryl, alkyl
Scheme 1.3.1.2.1h. KO'Bu promoted annulation of ynones and 2-aminobenzonitriles.
Ramanathan and his group demonstrated a transition metal-free cascade approach for the
synthesis of multisubstituted quinazolin-4(3H)-imines 91 by assembling aryldiazonium salts
100, nitriles 101, and 2-cyanoanilines 61 in a one-pot reaction. This strategy proceeds via in
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situ formation of reactive N-arylnitrilium intermediate, which undergoes further amination and

tandem cyclization with consecutive formation of N—C bonds to afford the heterocycles

(Scheme 1.3.1.2.1i.).%8

101
NH
N g ©O RGN _
L + R2N,BF, )\
CN 80 0C

61 100
R'=H, CI, Br, 2-MeCgH,4; R?= aryl
Scheme 1.3.1.2.1i. Metal-free synthesis of multisubstituted quinazolin-4(3H)-imines.
The same group later extended the protocol for the synthesis of tetracyclic quinazolino[3,4-
a]-quinazolin-13-ones 103 by reacting o-(methoxycarbonyl)benzenediazonium salts 102,
nitriles 101, and 2-aminobenzonitriles 61. The reaction follows a similar mechanistic pathway
of in situ generation of reactive N-arylnitrilium ion, followed by further amination, tandem

cyclization and amidation to deliver the desired polycyclic scaffolds (Scheme 1.3.1.2.1j.).4°

o
101
NH, N BF4 RN NN g
(:[ (:[ 80 OC R I \ N 1
CO,Me g
/
4 N)\R3
103

R'=H, CI, Br, I, 2-MeCgH,4, a-naphthyl;
R2= Me, Br, I, CO,CH,Ph; R3= alkyl, aryl

Scheme 1.3.1.2.1j. Metal-free synthesis of multisubstituted quinazolinoguinazolinones.
Boyarskiy and his co-workers demonstrated a convenient protocol to synthesize N-(2-
pyridyl)-substituted 4-(amino)quinazolin-2(1H)-ones 105 by reacting N,N-dimethyl-N'"-
pyridylureas 104 with 2-aminobenzonitriles 61. The method, effective in neat conditions,

utilizes N,N-dimethyl-N"-pyridylurea as masked isocyanate under thermal conditions following

/ |
_R2
Xy P
NH, _ o HN” °N
N RZ- | 120 °C
R o R A L me —Z o NN
= N~ "N~ °N° LR
CN N | neat R'S P /&
Me H o
61 104
105

R'=H, F, CI, Br, Me, OMe
R2=H, Cl, CO,Me, CN, NO,, Ph, Bn, Me, OMe

Scheme 1.3.1.2.1j. Annulation of 2-aminobenzonitriles with N'-(pyridin-2-
yl)-N,N-dimethyl ureas.
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a Dimroth rearrangement to furnish the products (Scheme 1.3.1.2.1k.).%°

A novel green method of preparing quinazoline derivatives from 2-aminobenzonitriles 60 has
been discovered by Zheng and his group in reusable, room-temperature, reversible ionic liquids
(RelLs). This green protocol is utilized to capture CO2 and CS: in the RelLs I and Il (108 and
109) which acted as a catalyst and solvent at the same time to give quinazoline-2,4(1H,3H)-
diones 106 and quinazoline-2,4(1H,3H)-dithiones 107 respectively under mild conditions and
with high yields (Scheme 1.3.1.2.11.).°!

RelLS(l) Q @,\éj . r
CO,, 1 atm I A NH -N OZC’O
H
)

R'S
40 °C F N/g
NH H RelLS(l)
X 2 106
R'E — 108
ZcN S
CsHqq
61 RelLs(l) —— pall N ,tl HN’@ <
0 Z N S ¥ S /o
40 °C
H l’;‘I S,C
107
R'=H, CI, F, Br, NO,, OMe RelLS(ll)
109

Scheme 1.3.1.2.11. Synthesis of quinazoline derivatives in RelLs by capturing CO; and
CSs.

In summary, the above mentioned literatures give an overview on the strategic use of cascade
reactions for the synthesis of N-heterocycles. It emphasizes on the synthetic reactivity and
utility of 2-aminobenzonitrile as a starting precursor for various benzannulated N-heterocycles
under different reaction conditions. It also reflects the idea how 2-aminobenzonitrile can be

utilized as 1,4-dipolarophilic species that can engage in various cascade approaches.

1.4. Objective of the Present Work

The primary objective of this research is to explore and develop new synthetic approaches for
complex heterocyclic frameworks through the strategic use of cascade reactions. This study
aspires to advance the synthesis of privileged heterocyclic frameworks exhibiting a diverse
array of bioactivities, such as quinolines, quinazolines, benzazepines, and their various
derivatives, by assembling small molecules via a cascade approach. The research specifically
focuses on designing methodologies for constructing benzannulated N-heterocycles from 2-
aminobenzonitrile and different coupling partners, such as donor—acceptor cyclopropanes,

electron-deficient alkenes, activated alkynes and carbodiimides using Lewis acids. The
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motivation of this work is about the potential to innovate and contribute to the field of drug

discovery and material sciences.
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CHAPTER 2
Temperature Tunable Synthesis of Tetrahydro-4H-pyrrolo[3,2-c]quinolin-
4-ones and Dihydro-1H-benzo[b]azepines from 2-Aminobenzonitriles and

Donor-Acceptor Cyclopropanes

Abstract: This chapter highlights a tunable one pot synthesis of tetrahydro-4H-pyrrolo[3,2-
c]quinolin-4-ones and dihydro-1H-benzo[b]azepines from 2-aminobenzonitriles and donor-
acceptor cyclopropanes in presence of SnCls. The reaction proceeds via the initial ring opening
of cyclopropane ring by 2-aminobenzonitrile followed by nucleophilic attack by amine to give
adduct, which after unprecedented rearrangement at two different reaction temperatures
provide two sets of structurally diverse nitrogen heterocyclic compounds. This methodology
can be used for the synthesis of tricyclic hexahydropyrrolo[3,2-c]quinolinones (tricyclic core

of martinelline).

2
r"<J-CcO,R? r*<J-co,Rr? R OZCN R
CO,R? X NH, CO,R? | N
SnCl, |// SnCl, _ R// —
DCE R CN DCE H.N | CO2R?
2
21 examples 80 °C 0°C 14 examples
yield upto 80% yield upto 89%
R= H, Cl, Br, F, Me; R'= aryl, alkyl; R?>= Me, Et, 'Pr
@ C-C and C-N bond formation @ temperature tunable synthesis
@ rotamers @ tricyclic core of martinelline
O | ‘ Organic
Letters )
pubs.acs.org/OrglLett
Org. Lett. 2022, 24, 9038-9042.
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2.1. Introduction

Benzannulated heterocycles are core units of various biologically active molecules
which display a wide range of pharmaceutical activities. For instance, benzo[b]azepine
skeleton represents an important class of benzannulated medium-sized seven membered
N-heterocycles due to its broad bioactivity and presence as core unit in a variety of
natural products and pharmaceutically active molecules. Mozavaptan (a) is a nonpeptide
vasopressin V2 receptor antagonist and used for the treatment of hyponatremia.®
Evacetrapib (b) is a potent cholesteryl ester transfer protein (CETP) inhibitor, which
increases HDL and lowers LDL levels, and therefore, modify the risk of cardiovascular
disease.? On the other hand, 3,5-bis(trifluoromethyl)benzyl protected 2,3,4,5-
tetrahydro-1H-benzo[b]azepine (c) is used for the treatment of dyslipidemia.®
Similarly, hexahydropyrrolo[3,2-c]-quinolinones are privileged scaffold endowed with
diverse and potent pharmacological activities. For example, guanidine alkaloids
martinellic acid (d) and martinelline (e) isolated from Martinella iquitosensis roots,
found in Amazonian lowland rainforests, possess antibacterial activity and potent

antagonist activity toward bradykinin (BK) B1 and B2 receptors (Figure 2.1.1.).*

CF3
~N7 o
y CF3 Me~g N
CF3
N
o o N NYN CF3 N
| “N 0}\0
R H N\N'
O~"
Me =\ \ Me” “Me
OH
(a) Mozavaptan (b) Evacetrapib (c) 3,5-bis(trifluoromethyl)benzyl protected
vasopressin 2 receptor potent cholesteryl ester 2,3,4,5-tetrahydro-1H-benzo[b]lazepine
antagonist transfer protein (CETP) inhibitor drug for dyslipidemia
N "“\/\N Z Me JNJ\H Me ,n\\/\H = Me
H
P (o)
HoocC H,N N/\)\/
H
N o N
HN—( HN—(
NH NH
/ " /
Me Me ¢ Me
(d) Martinellic acid (e) Martinelline
antibacterial activity and potent antagonist activity toward bradykinin (BK) B1 and B2 receptors

Figure 2.1.1. Some examples of biologically active molecules.
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2.2. Literature Survey on Construction of N-Heterocycles from

Donor-Acceptor Cyclopropanes

Donor—acceptor cyclopropanes (DACs) are known as versatile three-atom carbon-based
building blocks in organic synthesis. Over the past two decades, donor—acceptor cyclopropanes
are employed as starting precursors in modern organic synthesis due to their ease of synthesis
and diverse reactivity under different reaction conditions.® The high reactivity of DACs is due
to its inherent ring strain along with the additional strain bestowed by push—pull effect of the
vicinal donor and acceptor substituents. Thus, the synthetic utility of DACs can be widely
exploited by fine tuning the donor and acceptor groups. DACs readily participates in ring
opening, rearrangement, annulation and cycloaddition reactions with diverse substrates for the
construction of hetero-, and carbocyclic compounds. The ring opening of DACs by Lewis acid
and/or nucleophile is one of the important strategies for construction of various complex cyclic

and acylic compounds.5*®
2.2.1. N-Heterocycles from DACs and Primary Arylamines

Charette and Wurz developed a protocol for the regiospecific synthesis of highly
functionalized dihydropyrroles 3 from doubly activated cyclopropanes 1 and primary amines
2. This modular synthesis was further extended to yield functionalized pyrroles 4 using DDQ
as oxidant (Scheme 2.2.1.1.).

2 R2 RZ
R DDQ (1.5 equiv)

\ )
/\ .. R®NH, (1 equiv) g1 N r. N__R
R1 > J— ol
COR toluene, reflux q toluene, reflux U

1 EWG EWG
3 4

R = Me, aryl; R = Ph, aryl;
R2 = aryl, allyl, Bn; EWG = NO,, CO,Me, CN

Scheme 2.2.1.1. Regiospecific synthesis of functionalized dihydropyrroles.

Similarly, Zhang and his group also reported an alternative route for the construction of

R4
|
COR' .. FeCly6H0 (0.5 equi) R® \N/ R!
2
R3 COR2 DCE, 100 °C o
5 2 6 R2

R' = Me, Ar; RZ2 = NHAr, OMe
R3=H, Me: R* = Ar, Bn

Scheme 2.2.1.2. FeCl3 catalyzed synthesis of substituted pyrroles.
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multisubstituted pyrrole derivatives 6 from doubly activated cyclopropanes 5 and anilines 2.
This Fe(lll)-catalyzed domino reaction involves sequential ring-opening, cyclization, and
dehydrogenation reaction as key steps to give the products in moderate to good yields (Scheme
2.2.12)8

Luo’s group demonstrated a relay catalysis strategy involving [3+1] annulation between
cyclopropane 1,1-diester 7 and aromatic amine 2 to synthesize substituted azetidine 8 in
presence of Ni(ll), tetrabutyl ammonium iodide (TBAI), tertbutylhydroperoxide (TBHP) and
Al(OTf)s. The key steps involved includes Lewis acid catalyzed nucleophilic ring opening of
cyclopropane 1,1-diester with amine and (hypo)iodite-catalyzed oxidative a-amination of
carbonyl compounds. Further, the obtained azetidines rearranged to give tetrahydroquinolines
9 under the catalysis of Lewis acid, when there is an electron-rich aryl group in some
cyclopropane 1,1-diesters (Scheme 2.2.1.3.).°

R’ MeO,C CO,Me
Ni(CIO4)'6H,0 (20 mol%) 2
0 N HN

ACOMe oy TBAI (20 mol%)

R' CO,Me TBHP (2 equiv) MeO,C Lo | X R?
AI(OTf)5 (10 mol%) 2Me ~
7 CH4CN, 60 °C 8 R g
R' = aryl, vinyl ; R? = aryl forms only when R = electron rich
aryl group

Scheme 2.2.1.3. Relay catalysis for synthesis of substituted azetidines.

Srinivasan and Thangamani synthesized dibenzo[c,h]acridines 12 from the reaction of aroyl-
substituted donor—acceptor cyclopropanes 10 with two equivalents of 1-naphthylamines 11 in
the presence of a catalytic amount of scandium(l1)triflate. The key steps of this transformation
are the ring opening of cyclopropane, the addition of naphthylamine, fragmentation of resulting
intermediate, and subsequent cyclization (Scheme 2.2.1.4.).1°

NH,
Et0,C_ CO,Et Sc(OTf)3

E Oe (10 mol%)
.. R2 * -
R 3 toluene

g
(o]

10 1"

R3 reflux

R' = aryl; R? = aryl; R®=H, Br, NO,
Scheme 2.2.1.4. Sc(OTf)s catalyzed synthesis of dibenzo[c,h]acridines.
Recently, Saikia and his group also implemented a concise sequential protocol for the
synthesis of 3C-alkylated active methylene substituted 2H-indazole derivatives 14 from ortho-

nitro aryl substituted donor—acceptor cyclopropanes 13 and primary arylamines 2. The reaction
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is catalyzed by Ni(ClO4)2:6H20 for the nucleophilic ring opening reaction (NRO) of
cyclopropanes with primary arylamines followed by SnCl;-2H>O mediated intramolecular

reductive cyclization to give the products in moderate to good yields (Scheme 2.2.1.5.).1

CO,R? 1. Ni(ClO,),*6H,0 (5 mol%)
| N CORZ ,  Rminm DCM reflux
2
R Z~NO 2. SnCl,*2H,0 (2 equiv)

2
MeOH reflux

13 2

R'= EWG, EDG; R? = Me, Et
R3 = aryl

Scheme 2.2.1.5. Synthesis of 3C-alkylated active methylene substituted 2H-indazoles.
Reddy and his group also disclosed a concise synthetic approach for the synthesis of
substituted 1,2-dihydroisoquinolines 16 via double nucleophilic addition of primary arylamines
2 to ortho-alkynyl aryl substituted donor—acceptor cyclopropanes 15 in the presence of a
catalytic Ni(ClOa4)2-6H20 and Cul/AgOTf system (Scheme 2.2.1.6.).12

RZ
N CO,Me g B
CO,Me Ni(ClO4),:6H,0 (10 mol%) & N‘R3
1/ = q + R3NH2
R X, Cul (10 mol%), DCE MeO,C
R or AgOTf (10 mol%) CH;CN
15 2 reflux COzMe
16

R'=H, 3,4-diOMe, 3,4,5-triOMe
R? = aryl, alkyl; R3= aryl

Scheme 2.2.1.6. Synthesis of 1,2-dihydroisoquinolines via double nucleophilic addition.
2.2.2. N-Heterocycles from DACs and Nitriles

Trushkov and co-workers first reported a formal [3+2] cycloaddition of donor—acceptor
cyclopropanes 7 activated by less electron-rich aryl donors but enhanced with germinal ester
groups with aceto- and propionitriles 17 under stoichiometric SnCls conditions to give highly
functionalized 1-pyrrolines 18 in good to excellent yields (Scheme 2.2.2.1.).%3 Later, Wang and

. COZMe
CO,Me SnCly (2 equiv) ; CO,Me
1 A< +  R2-=N R=X.=
R co,Me CH3NO,, 55 °C N R2
- 17 18

R" = aryl; R? = Me, Et

Scheme 2.2.2.1. Synthesis of 1-pyrrolines via formal [3+2] cycloaddition.
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co-workers also reported a catalytic version of this similar [3+2] cycloaddition using triflic acid
as the catalyst.*

Srinivasan and Sathishkannan also developed a similar but highly diastereoselective
synthetic route for functionalized 1-pyrrolines 19 from activated donor—acceptor
cyclopropanes 10 and nitriles 17. The methodology utilizes nitriles as dipolarophiles with
trans-diastereomers of cyclopropanes in this SnCls promoted formal [3+2] cycloaddition to

obtain the product as single cis-diastereomers in moderate to good yields (Scheme 2.2.2.2.).1
o]

EtO,C CO,Et )
SnCl, (1 equiv) R CO,Et
R2 + R3—N > CO,Et
1 e T 1
R i DCE, rt R Ao
0 17
10
19

R'=aryl; R? = aryl; R®= Me, Et
Scheme 2.2.2.2. SnCl, promoted diastereoselective synthesis of functionalized 1-pyrrolines.
Similarly, Srinivasan and Tamilarasan also explored the [3+2] annulation of y-butyrolactone-
fused donor—acceptor cyclopropanes 20 with nitriles 17 to access y-butyrolactone-fused 1-
pyrrolines 21. The SnCls mediated annulation is highly diastereoselective and the products were
obtained as single diastereomers in moderate to good yields (Scheme 2.2.2.3.).1°

RZ

H 2 O
snCl, (1 equiv) R R
R! O + R3=N ~ H CO,Et
DCE, 40 °
Et0,C 17 B 5 RN\ "R
20 21

R' = aryl; R? = aryl; R® = alkyl, aryl

Scheme 2.2.2.3. SnCls mediated synthesis of y-butyrolactone-fused 1-pyrrolines.
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2.3. Present Work

As evident from the literature review, there are several existing reports for the nucleophilic
ring opening of donor—acceptor cyclopropanes by primary aryl amines followed by subsequent
reactions to form different N-heterocycles. Similarly, annulation reaction of donor—acceptor
cyclopropanes with nitriles to synthesize N-heterocycles is also well established, majorly via
[3+2] cycloaddition route. However, despite the numerous reports, it may be noted that the
reaction of donor—acceptor cyclopropanes with 2-aminobenzonitrile which has vicinal amine
and nitrile functionalities to construct heterocycles is not known yet. It was envisioned that 2-
aminobenzonitrile will undergo two subsequent nucleophilic additions with donor-acceptor
cyclopropanes in the presence of Lewis acid to give the seven membered 5-imino-1,2,3,5-
tetrahydro-4H-benzo[b]azepine scaffold. But, to our surprise, the proposed reaction provided
tetrahydro-4H-pyrrolo[3,2-c]quinolin-4-ones and dihydro-1H-benzo[b]azepines. Thus, in this
chapter, a temperature tunable synthesis of tetrahydro-4H-pyrrolo[3,2-c]quinolin-4-ones and

(a) Previous reports on reactivity of DACs with arylamines and nitriles

CN NH, ’
C A ews o T

= EWG
R EEV\\’IV(? [acid] EWG [acid] -
[3+2] nucleophilic
diverse annulation ring opening 1,3-functionalized
1-pyrrolines compounds

(b) Our hypothesis on reactivity of DACs with 2-aminobenzonitrile

H R
N
NH, .
C[ ), ) /\ EWG Lewis
EWG i EWG
CN acid Hh EWG

Two subsequent
nucleophilic additions

(c) This work

R CO,R? R! CO,R? RZOZ% R’
cor? 2 NH, coR? 23 | N
SnCl, |/: SnCly, R// — X
DCE,80°C R CN DCE, 0 °C HN  COR
22 24

R=H, Cl, Br, F, Me; R'= aryl, alkyl; R>= Me, Et, 'Pr

Scheme 2.3.1. Temperature tunable synthesis of tetrahydro-4H-pyrrolo[3,2-c]quinolin-4-
ones and dihydro-1H-benzo[b]azepines.
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dihydro-1H-benzo[b]azepines from 2-aminobenzonitriles and donor—acceptor cyclopropane is
disclosed. The reaction involves the initial ring opening of cyclopropane ring due to activation
by SnCly4 followed by nucleophilic attack by amine to give adduct, which after unprecedented
rearrangement at two different reaction temperatures provide two different nitrogen

heterocyclic compounds.

2.4. Results and Discussion

2.4.1. Optimization of the Reaction

In the beginning, 2-aminobenzonitrile (22a) was treated with dimethyl 2-(p-
tolyl)cyclopropane-1,1-dicarboxylate (23a) in presence of 1.0 equiv of SnCls in
dichloromethane (DCM) at room temperature under nitrogen atmosphere (Table
2.4.1.1., entry 1). This resulted in the formation of two products dimethyl 5-amino-2-
(p-tolyl)-2,3-dihydro-1H-benzo[b]azepine-1,4-dicarboxylate (24aa) and methyl 4-oxo-
2-(p-tolyl)-3,4,5,9b-tetrahydro-3aH-pyrrolo[3,2-c]quinoline-3a-carboxylate (25aa) in 15%
and 20% yields, respectively. Encouraged by the result, the reaction was examined with other
solvents like DCE and toluene at room temperature, however it failed to produce any
satisfactory yield, and selectivity of the products (Table 2.4.1.1., entries 2 and 3). Also, the
reaction in acetonitrile failed to give any product (Table 2.4.1.1., entry 4). Further, the reaction
was checked with varying load of reagent; use of 1.5, and 2.0 equiv of SnCls in DCM at room
temperature (Table 2.4.1.1., entries 5 and 6) resulted in no significant increase in yield and
selectivity in comparison with the use of 1.0 equiv of SnCls. However, fortunately when the
reaction was performed with 2.0 equiv of SnCls in DCM at 40 °C, exclusively product 25aa
was isolated with 45% yield (Table 2.4.1.1., entry 7). When switched the solvent to DCE at 40
°C and 80 °C, yield was increased up to 50% and 55% respectively with exclusive formation
of 25aa (Table 2.4.1.1., entries 9 and 10). Further, optimization condition for the formation of
25aa exclusively was arrived with 1.2 equiv of SnCls in DCE at 80 °C giving 65% yield (Table
2.4.1.1., entry 11). When screened with other Lewis acids such as In(OTf)s, FeCls, InCls,
Cu(OTf)2in DCE at 80 °C, the reaction did not proceed at all (Table 2.4.1.1., entries 12-15).
Next, to arrive at an optimization condition with the exclusive formation of product 24aa, the
same reaction was performed with 1.2 equiv of SnCls in DCE at 0 °C (Table 2.4.1.1., entry 16).
To our delight, the product 24aa was obtained exclusively with 76% yield. Furthermore, the
reaction was also performed at —25 °C and —40 °C, but the yield was decreased to 40% and
32% respectively, indicating that the selectivity, as well as the yield of the reaction is highly

dependent on temperature (Table 2.4.1.1., entries 17 and 18). The reaction was also
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Table 2.4.1.1.: Optimization of the reaction?

NHz CO,Me  catalyst
CO,Me solvent
temperature

entry  reagent (equiv) solvent temp /°C  24aa %yield® 25aa %yield °
1. SnCls (1.0) DCM 25 15 20
2 SnCls (1.0) DCE 25 13 18
3 SnCl4 (1.0) toluene 25 5 7
4 SnCls (1.0) CHsCN 25 - -
5. SnCl4(1.5) DCM 25 22 27
6 SnCls (2.0) DCM 25 28 33
7 SnCls (2.0) DCM 40 i 45
8 SnCls (3.0) DCM 40 - 40
9 SnCl, (2.0) DCE 40 i 50

10. SnCls (2.0) DCE 80 - 55
11, SnCls (1.2) DCE 80 - 65
12, In(OTA)s (0.5) DCE 80 i .
13, FeCls (1.2) DCE 80 i .
14, InCls (0.5) DCE 80 i .
15. Cu(OTf)2 (0.5) DCE 80 - -
16. SNCla(1.2) DCE 0 76 -
17. SnCls (1.2) DCE -25 40 -
18. SnCls (1.2) DCE -40 32 -
19. TiCls (1.2) DCE 0 46 -
20. AICI3 (2) DCE 0 - -
21. FeCl3(1.2) DCE 0 - -
22. InCls (0.5) DCE 0 - -
23, In(OT)s (0.5) DCE 0 - -
33
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24, ‘ Cu(OTf)2(0.5) DCE 0 - -
25. ‘ BF3-OFEt; (1.2) DCE 0 - -
26. ‘ TfOH (2.0) DCE 0 - -

aAll the reactions were carried out in (0.66 mmol) 22a, (0.6 mmol) 23a in 2.0 mL solvent, N, atmosphere, °Isolated
yields.

investigated with other Lewis acids. It was observed that, with TiCls (1.2 equiv) in DCE at 0
°C, 24aa formed with 46% yield (Table 2.4.1.1., entry 19). Other Lewis acids such as AlCls,
FeCls, InCls, In(OTf)3, Cu(OTf)2 and BF3-OEt, failed to give any product (Table 2.4.1.1.,
entries 20-25). Brgnsted acid, TfOH was also totally ineffective in this reaction (Table 2.4.1.1.,
entry 26). From overall optimization, it was concluded that, 1.2 equiv of SnCls in DCE at 0 °C
Is the best optimum condition for the product 24aa, whereas 1.2 equiv of SnCls in DCE
at 80 °C is the optimum condition for the product 25aa. Among the Lewis acids studied
only tetravalent SnCls and TiCls could produce desired products. However, SnCls is
superior to TiCls in terms of yield and cost.
2.4.2. Substrate Scope

With the optimized reaction conditions in hand, we set out to explore the compatibility
and scope for the synthesis of dihydro-1H-benzo[b]azepines with different donor—
acceptor cyclopropanes and substituted 2-aminobenzonitrile derivatives as depicted in
Scheme 2.4.2.1. It was observed that both electron-donating such as —Me, —OMe and
electron-withdrawing groups such as —NO. and halogens in the aromatic ring of the
cyclopropanes were equally well-tolerated providing corresponding products 24aa-24aj
in good yields. The dicarboxylate group of the cyclopropane was also varied to —CO2Et
to form product 24ak in 83% vyield. On the other hand, introducing bulky substituent
(isopropyl group) in the dicarboxylate part of the cyclopropane resulted in product 24al
with 70% vyield. Also, to increase the substrates scope of the reaction, differently
substituted 2-aminobenzonitriles were used, which furnished the corresponding
products in good yields (24ba-24dd). Reaction of cyclopropane 23m with benzoyl
group gave compound 24am with 43% vyield. The structure of compounds was
determined by *H and *C{*H} NMR spectroscopy, mass spectrometry and finally, by
single crystal X-ray analysis of compound 24aa.

Similarly, with the second optimal reaction conditions, the scope of this reaction for

the synthesis of tetrahydro-4H-pyrrolo[3,2-c]quinolin-4-ones was examined with
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2
ROz‘L R
NH SnCly (1.2 equiv
R—'\ 2 1AvCOzR2 % R¢\
- N + R CO,R? DCE, 0 °C LA
20-30 min CO,R?
22 23 HN o4
Me

CO,Me N COzMe

24ab, 89%

H,N

24aa, 76% (70%)°

CO,Me CO,'Pr

H,N H,N

24ai, 60% 24al, 70%

CO,Me

COzMe HzN HzN

H,N
24ba, 65% 24ch, 69% 24dd, 71% 24am, 43%

#Reaction conditions: 22 (0.66 mmol), 23 (0.6 mmol), SnCl, (1.2 mmol) in DCE (3 mL), 0 °C,
N, atmosphere.PIsolated yield of the product.Yield for 1.5 mmol scale synthesis.

Scheme 2.4.2.1. Scope for the synthesis of dihydro-1H-benzo[b]azepines.2?

different donor—acceptor cyclopropanes and substituted 2-aminobenzonitrile
derivatives as depicted in Scheme 2.4.2.2. Interestingly, substrates with both electron-
donating such as —Me, -OMe and electron-withdrawing groups such as —NO2 and
halogen substitution in the aromatic ring gave corresponding products 25aa-25aj, 25an
in good yields. Even varying the dicarboxylate group in the cyclopropane part also gave

product 25a0 and 25ap in good yields. On the other hand, to increase the substrates
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NH SnCly (1.2 equiv
o« N 2 co R2 4( q ) R—I )
RT + R 2 > g CO,R
N CO,R? DCE, 80 °C
15-20 min
22 23 25 R1

25aa, 65%
(62%)°

25ah, 75%
Br

25eb, 63% 25ek, 51%

#Reaction conditions: 22 (0.66 mmol), 23 (0.6 mmol), SnCl, (1.2 mmol) in DCE (3 mL), 80 °C, N,
atmosphere.’Isolated yield of the product.®Yield for 1.5 mmol scale synthesis.

Scheme 2.4.2.2. Scope for the synthesis of tetrahydro-4H-pyrrolo[3,2-c]quinolin-4-ones.P
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scope differently substituted 2-aminobenzonitriles with —Me, —ClI, —Br, —F groups were
screened, which furnished the corresponding products in moderate to good yields (25ba-
25ek). Further the reaction was also successfully carried out with alkyl substituted
donor—acceptor cyclopropanes and 2-aminobenzonitrile to give products 25aqg and 25br
in 50% and 47% yields, respectively. The reaction is highly diastereoselective and only
one diastereomer was obtained. The structure of compounds was determined by *H and
13C{*H} NMR spectroscopy, mass spectrometry and finally by single crystal X-ray
analysis of compound 25ag.
2.4.3. Rotamers

Amide C(O)-N bonds possess a rotational barrier because of the double bond character.
Rotational isomerism based on such amide bonds plays an important role in the structural and
chemical reactivity of substrates having an amide tether. Amide rotamers are generally difficult
to isolate because their interconversion occurs easily at room temperature. The compounds
24aa-24ak, 24ba, 24cb and 24dd are rotamers at room temperature due to the restricted
rotation about the amide bond.!” A variable temperature (VT)'H NMR experiment was
performed to study the dynamic amide bond of 24aa. At higher temperatures the rotamers
convert into single isomer indicating free rotation of the amide bond as evident from the

coalescing peaks at 3.4-3.6 ppm and 5.2-5.3 ppm in the plot (Figure 2.4.3.1.).

80°C
meC L J-j\ ’
_IL

60 °C

L
=

50°C N\ JI L_

~40°C N J u

wee  fl_ Jmh

T T T T T T T T T T T T T T T T T
59 58 57 56 55 54 53 52 50 50 48 48 47 48 45 44 43 42 4l 40 3% 3B L7 36 35 34 33 32 31 30
11 {pprn)

Figure 2.4.3.1. Variable temperature *H NMR spectra (400 MHz, DMSO-ds) of 24aa. Scale
is increased to emphasize coalescing peaks at 3.4-3.6 ppm and 5.2-5.3 ppm.

i
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2.4.4. Plausible Mechanism
A plausible mechanism for the formation of tetrahydro-4H-pyrrolo[3,2-c]quinolin-4-

ones and dihydro-1H-benzo[b]azepines is depicted in Scheme 2.4.4.1. Initially, SnCl4

20y O-\¢
CI4Sn/ R“0 S(;CI4

R1‘
&

N
0\
=

Scheme 2.4.4.1. Plausible reaction mechanism for synthesis of tetrahydro-4H-pyrrolo[3,2-

c]quinolin-4-ones and dihydro-1H-benzo[b]azepines.
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activates the diester moiety of the donor—acceptor cyclopropane 23 for the nucleophilic
attack by amine functionality of 2-aminobenzonitrile 22 to generate intermediate A. The
enolyzed intermediate A then undergoes intramolecular attack to the activated nitrile
group to form intermediate B. The intermediate B at 80 °C forms lactam C with
elimination of an alcohol molecule. The intermediate C after enolization and subsequent
C—N bond cleavage gives carbocation E which is attacked by imine to give intermediate
F. The intermediate F after 1,3-hydrogen shift gives final compound 25. On the other
hand, at 0 °C intermediate B forms intermediate G via nucleophilic attack by amine to
one of the ester functionality and subsequent C—C bond cleavage. The intermediate G
after deprotonation and protonation gives final product 24. It is worth mentioning that
protonated intermediate A was isolated after workup and characterized by spectroscopic
methods. The intermediate A when subjected to standard reaction conditions furnished
the corresponding products 24aa (R = H, R! = 4-Me, R? = Me) and 25aa (R = H, R =
4-Me, R? = Me), respectively.

2.5. Post-synthetic Applications

The post synthetic application of the methodology was extended towards the synthesis
of tricyclic hexahydropyrrolo[3,2-c]quinolinones (Scheme 2.5.1.). It is noteworthy to
mention that tricyclic hexahydropyrrolo[3,2-c]quinolinone is core unit of martinelline,
an alkaloid isolated from Martinella iquitosensis roots, possesses anti-bacterial activity

and antagonist activity toward bradykinin (BK) B1 and B2 receptors.* Thus, the reaction

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

NaCNBH; (6 equiv)

EtOH:AcOH = 10:1
rt, 12 h

26aa:26aa’ = 90:10 (82%) 26da, 89% 26aq:26aq’ = 85:15 (89%)

Scheme 2.5.1. Scope for the synthesis of hexahydropyrrolo[3,2-c]quinolinones.
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of tetrahydropyrrolo[3,2-c]lquinolines 25aa, 25da and 25aq with sodium
cyanoborohydride in ethanol and acetic acid (ratio of 10:1) at room temperature resulted
in hexahydropyrrolo[3,2-c]quinolinones, 26aa and 26aa’ in 82% yield (diastereomeric
ratio 90:10); 26aq and 26aq’ in 89% yield (diastereomeric ratio 85:15) respectively,
whereas hexahydropyrrolo[3,2-c]quinolinones, 26da was obtained as a single
diastereomer with 75% yield. The stereochemistry of the compounds was determined
by 'H NMR and NOE experiment of 26ag. The presence of a strong NOE between
Ha and Hyp of 26aq clearly indicates that they are cis to each other, thus confirming the

major diastereomer to have cis-configuration.

2.6. Conclusion

In conclusion, a practical and general one-pot procedure for the synthesis of
dihydrobenzo[b]azepines and tetrahydropyrrolo[3,2-c]quinolines from donor-acceptor
cyclopropanes and 2-aminobenzonitriles mediated by SnCls has been developed. The
reaction is tuned at two different temperatures to provide two sets of structurally diverse
molecules. The reaction is compatible to a variety of functional groups giving moderate
to good vyields and can be extended towards the synthesis of tricyclic

hexahydropyrrolo[3,2-c]quinolinones (tricyclic core of martinelline).

2.7. Experimental Section
2.7.1. General Information and Instrumentation

All the reagents were of reagent grade (AR grade) and were used as purchased without further
purification. Silica gel (60-120 mesh size) was used for column chromatography. Reactions
were monitored by TLC on silica gel GF254 (0.25 mm). Melting points were recorded in an
open capillary tube and are uncorrected. Fourier transform-infra red (FT-IR) spectra were
recorded as neat liquid or KBr pellets. NMR spectra were recorded in CDCls with
tetramethylsilane as the internal standard for *H (600 MHz, 500 MHz and 400 MHz) or
BC{H} (150 MHz, 125 MHz and 100 MHz) NMR. *F{*H} NMR spectra were recorded at
376MHz and 470 MHz and chemical shifts are relative to hexafluorobenzene in CDCl3 at & =
-164.9 ppm (external reference). Chemical shifts (8) are reported in ppm with abbreviations, s
= singlet, d = doublet, dd = doublet of doublets, ddd = doublet of doublets of doublets, dt =
doublet of triplets, t = triplet, g = quartet, m = multiplet, bs = broad singlet and spin-spin
coupling constants (J) are given in Hz. HRMS spectra were recorded using Q-TOF and
microTOF-Q Il mass spectrometer.
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2.7.2. Reaction Procedure
2.7.2.1. Experimental Procedure for Synthesis of Donor—Acceptor Cyclopropanes

All donor-acceptor cyclopropanes 23a-23q were synthesized by Knoevenagel/Corey-
Chaykovsky reactions sequence from the corresponding aldehydes, previously reported and
confirmed by comparison to the reported characterization data.!82* The starting material, (2-
phenylcyclopropane-1,1-diyl)bis(phenylmethanone) (23m) was also synthesized according to
a literature report, and the spectroscopic data of the compound is in good agreement with the
literature data.®
2.7.2.2. General Procedure for the Synthesis of Compounds 24aa-24ab, 24ad, 24af-24am,
24ba, 24cb and 24dd

R202q

R1
o VH2 CO.R? SnCl, ( 12eqU|v) N N
R-T A N\ 22 R4~
Z~eN CO,R DCE, 0 °C N\ —
20-30 min CO,R?
22 23 H2N 24

To a solution of donor—acceptor cyclopropane 23 (0.6 mmol, 1 equiv) and 2-
aminobenzonitrile derivatives 22 (0.66 mmol, 1.1 equiv) in 1,2-dichloroethane (2 mL) was
added SnCls (0.72 mmol, 1.2 equiv) at 0 °C under nitrogen atmosphere. The reaction was
continued at 0 °C for 30 min. After completion of the reaction, excess SnCls was quenched
with NaHCOz solution at 0 °C. Then the organic layer was extracted with EtOAc (3 x 10 mL)
and was further washed with brine solution for 2-3 times. The combined organic layers were
dried over anhydrous Na>SO4 and concentrated in rotary evaporator. The crude mixture was
subjected to column chromatography over silica gel (n-hexane/EtOAc eluent) to give the
corresponding product 24.
2.7.2.3. General Procedure for the Synthesis of Compounds 25aa-25ah, 25aj, 25an-25aq,
25ba, 25bl, 25br, 25cg, 25ci, 25da, 25eb and 25ek

X NH, —/} CO.R2 SnCl, (1.2 equiv)‘
R_I + R1 22 -
7 CO,R DCE, 80 °C

CN
15-20 min
22 23

To a refluxing solution of donor—acceptor cyclopropane 23 (0.6 mmol, 1 equiv) and 2-
aminobenzonitrile derivatives 22 (0.66 mmol, 1.1 equiv) in 1,2-dichloroethane (2 mL) was
added SnCls (0.72 mmol, 1.2 equiv) under nitrogen atmosphere. The reaction was continued

for 20 min. After completion of the reaction, the solvent was removed under reduced pressure
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and diluted with saturated NaHCOs solution. Then the organic layer was extracted with EtOAc
(3 x 10 mL). The organic layer was further washed with brine solution for 2-3 times. The
combined organic layers were dried over anhydrous Na;SOs and concentrated in rotary
evaporator. The crude mixture was subjected to column chromatography over silica gel (n-
hexane/EtOAc eluent) to give the corresponding product 25.

2.7.2.4. General Procedure for the Synthesis of Compounds 26aa, 26aq and 26da

H
N__O
N ° NaCNBH; (6 equiv) ,
CO,R? - CO,R
H EtOH:AcOH = 10:1 H
N= rt, 12 h HN 3
25 R 26 major S 26' minor H R

To a solution of tetrahydropyrrolo[3,2-c]quinoline derivative 25 (0.45 mmol, 1 equiv) in the
mixed solvent of ethanol and acetic acid (10:1, 2 mL) was added sodium cyanoborohydride (6
equiv) at room temperature. The reaction mixture was stirred for 12 h at the same temperature
and then quenched with saturated aqueous sodium bicarbonate solution. The mixture was
extracted with DCM and the combined organic layers were washed with brine and dried over
anhydrous sodium sulphate. The solvent was removed under reduced pressure and the crude
mixture was purified by column chromatography over silica gel (n-hexane/EtOAc eluent) to
give the corresponding product 26.

2.7.3. Crystallographic Description

Single crystals of compounds 24aa and 25ag were obtained by slow evaporation of ethyl
acetate and hexane solution (1:9). Bruker APEX-I1 CCD diffractometer was used to collect the
intensity data. The instrument is equipped with a fine focus 1.75 kW sealed tube Mo Ka
radiation (A = 0.71073 A) at 297 K. The data acquisition was done with the APEX4 software.
APEX4 software was implemented for data integration and reduction. Multi-scan empirical
absorption corrections were employed to the data using the program APEX4. Structures were
solved by direct methods using SHELXL-2019 and refined with full-matrix least-squares on
F2 using SHELXL-2019/1.2 Structural illustrations have been drawn with ORTEP-3 for
Windows.” The detailed data collection and structure refinement are summarized in Tables
2.7.3.1.and 2.7.3.2.

a. G. M. Sheldrick, SHELXS-2014, Program for the crystal structure solution; University of
Gottingen: Gottingen, Germany, 2014.

b. L. J. Farrugia, XRDIFF: simulation of X-ray diffraction patterns, J. Appl. Crystallogr. 1997,
30, 565.
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Figure 2.7.3.1. ORTEP diagram of compound (24aa) with 30% probability.
Table 2.7.3.1. Crystal parameters of compound 24aa

CCDC 2192136
Formula C21H22N204
Formula weight 366.40
T/IK 296(2)
Crystal system Triclinic
Space group P-1
alA 9.9656(8)
b/A 10.1889(9)
c/A 11.0598(10)
al® 70.450(3)
pl° 78.962(3)
/° 63.006(3)
VIA3 941.91(14)
Z 2
Abs. Coeff./mm? 0.090
Abs. Correction multi-scan
GOF on F2 1.070
Final R indices [I> 26(I)] R1=0.0535
wR2 =0.1128
R indices [all data]
R1=0.1393
wR2 =0.1704
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Figure 2.7.3.1. ORTEP diagram of compound (25ag) with 30% probability.

25ag

Table 2.7.3.2. Crystal parameters of compound 25ag

TH-3602_186122007

CCDC 2192137
Formula C19H15CIN203
Formula weight 354.78
T/IK 296(2)
Crystal system Triclinic
Space group P-1
a/lA 7.792(3)
b/A 10.461(3)
c/A 11.202(4)
al® 105.713(8)
pI° 94.629(8)
/° 106.548(7)
VIA3 830.2(5)
Z 2
Abs. Coeff./mm* 0.251
Abs. Correction none
GOF on F2 1.043
Final R indices [I> 26(I)] R1 = 0.0421
R indices [all data] WR2=0.0473
R1=0.1013
wR2 = 0.1063
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2.9. Characterisation Data

Dimethyl 5-amino-2-(p-tolyl)-2,3-dihydro-1H-benzo[b]azepine-1,4-dicarboxylate
(rotamer ratio = 7:3, 24aa):

Colourless solid; Rf (hexane/EtOAc, 8:2) 0.40; mp 211-213°C; yield
166 mg, 76%. IR (KBr, neat) v 3421, 3316, 2953, 1709, 1615, 1536,
1236, 1186, 1057, 770 cm™!; 'H NMR (500 MHz, CDCls) &
7.57-7.55 (m, 1 H), 7.47-7.38 (m, 2 H), 7.19 (d, J = 7.7 Hz, 2 H),
7.16-7.09 (m, 3 H), 5.52 (dd, J = 13.5 and 4.4 Hz, 1 H, major), 5.33
(dd, J=13.5and 4.2 Hz, 1 H, minor), 3.76 (s, 3 H, minor), 3.73 (s, 3
H, major), 3.66 (s, 3 H, minor), 3.51 (s, 3 H, major), 2.93 (dd, J = 14.7 and 4.5 Hz, 1 H), 2.32
(s, 3 H, minor), 2.31 (s, 3 H, major), 2.15 (dd, J = 14.7 and 13.6 Hz, 1 H). *C{*H} NMR (125
MHz, CDCls) 6 170.0, 157.4, 157.0, 156.8, 156.1, 139.9, 139.2, 138.3, 137.8, 137.2, 137.1,
136.6, 136.5, 131.9, 131.7, 130.7, 130.3, 129.2, 128.1, 128.0, 127.2, 127.1, 127.0, 126.6, 93.4,
69.2, 53.1, 53.0, 51.1, 32.7, 31.6, 21.3, 21.2. HRMS (ESI) calcd. for C21H23N20s (M + H)*
367.1652, found 367.1650.

Dimethyl 5-amino-2-phenyl-2,3-dihydro-1H-benzo[b]azepine-1,4-dicarboxylate (rotamer
ratio = 7:3, 24ab):

Colourless gum; Rf (hexane/EtOAc, 8:2) 0.40; yield 187 mg, 89%. IR
(KBr, neat) v 3418, 2953, 1701, 1664, 1536, 1441, 1257,1183, 1037,
765, 699 cm™'; 'H NMR (500 MHz, CDCls) § 7.58-7.56 (m, 1 H),
7.48-7.41 (m, 2 H), 7.35-7.22 (m, 5 H), 7.14-7.12 (m, 1 H), 5.55 (dd,
J=13.6 and 4.4 Hz, 1 H, major), 5.36 (dd, J = 13.6 and 4.2 Hz, 1 H,
minor), 3.77 (s, 3 H, minor), 3.75 (s, 3 H, major), 3.67 (s, 3 H, minor), 3.54 (s, 3 H, major),
2.96 (dd, J =14.8 and 5.0 Hz, 1 H), 2.16 (dd, J = 14.1 and 14.8 Hz, 1 H). BC{*H} NMR (125
MHz, CDCls) 6 167.0, 157.0, 156.2, 142.2, 137.9, 136.6, 131.8, 130.4, 128.6, 128.2, 127.6,
127.1, 127.0, 126.7, 93.5, 93.3, 69.5, 53.1, 52.7, 51.2, 32.8, 31.6. HRMS (ESI) calcd. for
C20H21N204 (M + H)* 353.1496, found 353.1499.

Dimethyl 5-amino-2-(3-methoxyphenyl)-2,3-dihydro-1H-benzo[b]azepine-1,4-

dicarboxylate (rotamer ratio = 7:3, 24ad):
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Colourless gum; Rt (hexane/EtOAc, 8:2) 0.40; yield 171 mg,
75%. IR (KBr, neat) v 3421, 3316, 2950, 1701, 1607, 1536, 1438,
1249, 1107, 1046, 765, 699 cm™!; *H NMR (500 MHz, CDCls) §
7.58-7.56 (m, 1 H), 7.49-7.37 (m, 2 H), 7.23-7.17 (m, 3 H),
6.90-6.78 (m, 3 H), 5.52 (dd, J = 13.2 and 4.3 Hz, 1 H, major),
5.33 (dd, J = 13.2 and 4.0 Hz, 1 H, minor), 3.77 (s, 3 H, major), 3.75 (s, 3 H, minor), 3.69 (s,
3 H, minor), 3.55 (s, 3 H, major), 2.96 (dd, J =14.8 and 4.7 Hz, 1 H), 2.14 (dd, J = 14.8 and
13.2 Hz, 1 H). BC{*H} NMR (125 MHz, CDCls) § 170.0, 159.8, 157.0, 156.2, 143.9, 138.0,
136.7, 131.8, 130.8, 130.4, 129.6, 128.3, 127.1, 119.4, 119.0, 113.0, 112.9, 112.5, 93.6, 69.5,
55.4,53.2,51.2, 31.8. HRMS (ESI) calcd. for C2:H23N20s (M + H)* 383.1601, found 383.1621.
Dimethyl 5-amino-2-(4-fluorophenyl)-2,3-dihydro-1H-benzo[b]azepine-1,4-

dicarboxylate (rotamer ratio = 7:3, 24af):

Colourless gum; R (hexane/EtOAc, 8:2) 0.40; yield 162 mg, 73%. IR
(KBr, neat) v 3424, 3321, 2953, 1704, 1662, 1509, 1441, 1296, 1186,
1043, 770, 539 cm™!; *H NMR (400 MHz, CDCl3) § 7.58-7.55 (m, 1
H), 7.45-7.40 (m, 2 H), 7.29-7.22 (m, 2 H), 7.10-7.07 (m, 1 H), 6.97
(t, J=8.6 Hz, 2 H), 5.53 (dd, J = 13.4 and 4.4 Hz, 1 H, major), 5.34
(dd, J=13.4 and 4.2 Hz, 1 H, minor), 3.75 (s, 3 H, minor), 3.73 (s, 3
H, major), 3.65 (s, 3 H, minor), 3.51 (s, 3 H, major), 2.93 (dd, J = 14.8 and 4.4 Hz, 1 H), 2.13
(dd, J=14.8 and 13.2 Hz, 1 H). *C{*H} NMR (100 MHz, CDCls)  169.7, 162.2 (d, J = 243.8
Hz), 157.4, 157.0, 156.5, 156.0, 137.84, 137.8, 137.4, 136.4, 131.5, 130.3, 128.6 (d, J = 7.8
Hz), 128.2, 128.1, 127.1, 115.2 (d, J = 21.0 Hz), 92.9, 68.5, 53.0, 52.9, 51.0, 32.6, 31.5. 1°F
NMR (376 MHz, CsFes/CDCl3) 6 -118.24 (s, -F). HRMS (ESI) calcd. for C2oH20FN204 (M +
H)* 371.1402, found 371.1392.

Dimethyl 5-amino-2-(4-chlorophenyl)-2,3-dihydro-1H-benzo[b]azepine-1,4-

dicarboxylate (rotamer ratio = 7:3, 24ag):

Colourless gum; Rf (hexane/EtOAcC, 8:2) 0.40; yield 162 mg, 70%. IR
(KBr, neat) v 3418, 3319, 2950, 1707, 1667, 1615, 1494, 1252, 1091,
1015, 768, 536 cm™!; 'H NMR (400 MHz, CDCl3) § 7.52-7.48 (m, 1
H), 7.40-7.35 (m, 2 H), 7.23-7.10 (m, 4 H), 7.04-7.00 (m, 1 H), 5.43
(dd, J =13.4 and 4.4 Hz, 1 H, major), 5.25 (dd, J = 13.4 and 4.2 Hz,
1 H, minor), 3.70 (s, 3 H, minor), 3.67 (s, 3 H, major), 3.61 (s, 3 H,
minor), 3.47 (s, 3 H, major), 2.86 (dd, J = 14.8 and 4.4 Hz, 1 H), 2.05 (dd, J = 14.8 and 13.4
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Hz, 1 H). ®*C{*H} NMR (100 MHz, CDCls) § 169.9, 157.0, 156.2, 140.6, 137.5, 136.5, 133.4,
131.6,130.5,128.7,128.5,128.4,128.3,128.1, 127.2,93.2, 68.7, 53.2,51.2, 32.6, 31.4. HRMS
(ESI) calcd. for C2oH20CIN204 (M + H)*" 387.1106, found 387.1110.

Dimethyl 5-amino-2-(4-bromophenyl)-2,3-dihydro-1H-benzo[b]azepine-1,4-
dicarboxylate (rotamer ratio = 7:3, 24ah):

Colourless gum; R (hexane/EtOAcC, 8:2) 0.40; yield 209 mg, 81%. IR
(KBr, neat) v 3418, 3324, 2850, 1701, 1662, 1491, 1302, 1252, 1183,
1010, 770, 538 cm™!; *H NMR (400 MHz, CDCl3) & 7.58-7.56 (m, 1
H), 7.45-7.41 (m, 3 H), 7.32-7.29 (m, 1 H), 7.19-7.07 (m, 3 H), 5.49
(dd, J =13.4 and 4.4 Hz, 1 H, major), 5.31 (dd, J = 13.4 and 3.8 Hz,
1 H, minor), 3.77 (s, 3 H, minor), 3.75 (s, 3 H, major), 3.68 (s, 3 H,
minor), 3.54 (s, 3 H, major), 2.93 (dd, J = 14.8 and 4.6 Hz, 1 H), 2.12 (dd, J = 14.8 and 13.2
Hz, 1 H). *C{*H} NMR (100 MHz, CDCl3) & 169.8, 157.0, 156.2, 141.1, 137.5, 136.6, 131.7,
131.6, 130.5, 128.9, 128.4, 128.3, 121.6, 93.2, 68.8, 53.2, 51.2, 32.6, 31.4. HRMS (ESI) calcd.
for C20H20BrN2O4 (M + H)"431.0601, found 431.0607.

Dimethyl 5-amino-2-(4-nitrophenyl)-2,3-dihydro-1H-benzo[b]azepine-1,4-dicarboxylate

(rotamer ratio = 7:3, 24ai):

Pale yellow gum; R (hexane/EtOAc, 6:4) 0.40; yield 142 mg, 60%.
IR (KBr, neat) v 3411, 3316, 2853, 1701, 1664, 1441, 1344, 1257,
1186, 1096, 770, 556 cm™'; *H NMR (500 MHz, CDCls) & 8.17 (d,
J=8.0Hz, 2 H), 7.62-7.60 (m, 1 H), 7.52—7.43 (m, 4 H), 7.14-7.12
(m, 1 H), 5.60 (dd, J = 13.3 and 4.3 Hz, 1 H, major), 5.42 (dd, J =
13.3 and 4.1 Hz, 1 H, minor), 3.79 (s, 3 H, minor), 3.77 (s, 3 H,
major), 3.69 (s, 3 H, minor), 3.57 (s, 3 H, major), 2.98 (dd, J=14.8 and 4.5 Hz, 1 H), 2.17 (dd,
J=14.8 and 13.5 Hz, 1 H). 3C{*H} NMR (150 MHz, CDCls) & 169.7, 157.0, 156.3, 149.4,
147.4, 137.3, 136.4, 131.5, 130.8, 128.6, 127.9, 127.4, 124.0, 92.8, 68.8, 53.4, 51.3, 31.5.
HRMS (ESI) calcd. for C20H20N30s (M + H)* 398.1347, found 398.1351.

Dimethyl 5-amino-2-(naphthalen-1-yl)-2,3-dihydro-1H-benzo[b]azepine-1,4-

dicarboxylate (rotamer ratio = 7:3, 24aj):
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White solid; R¢ (hexane/EtOAc, 7:3) 0.40; mp 215-217 °C; yield
164 mg, 68%. IR (KBr, neat) v 3418, 3321, 2956, 1686, 1662, 1612,
1441, 1302, 1299, 1191,1047, 770 cm™'; 'H NMR (500 MHz,
DMSO-des/CDCl3) 6 8.48 (d, J = 8.6 Hz, 1 H, major), 8.33 (d, J =
8.6 Hz, 1 H, minor), 7.84 (d, J=8.6 Hz, 1 H), 7.74 (d, J = 8.0 Hz,
1 H), 7.64 (d, J = 8.0 Hz, 1 H), 7.58-7.51 (m, 2 H), 7.49-7.42 (m,
3 H), 7.40-7.36 (m, 2 H), 6.37 (d, J = 13.0 Hz, 1 H, major), 6.22 (d, J = 13.0 Hz, 1 H, minor),
3.86 (s, 3 H, minor), 3.84 (s, 3 H, major), 3.53 (s, 3 H, major), 3.52 (s, 3 H, minor), 3.12 (d, J
=14.0Hz, 1 H), 2.12 (dd, J=14.0 and 13.4 Hz, 1 H). BC{*H} NMR (150 MHz, CDCls/DMSO-
de) 6 169.4, 157.3, 156.9, 156.5, 155.9, 139.8, 139.2, 138.6, 138.0, 136.0, 135.9, 133.6, 133.5,
131.6,131.5,130.4, 130.3, 130.1, 130.0, 128.6, 128.5, 127.7, 127.6, 127.5, 127.4, 127.3, 126.0,
125.9,125.4,125.2,125.0, 123.0, 122.6, 121.8, 121.6, 92.8, 66.3, 52.7, 50.8, 33.0, 32.4. HRMS
(ESI) calcd. for C24H23N204 (M + H)* 403.1652, found 403.1656.

Diethyl 5-amino-2-phenyl-2,3-dihydro-1H-benzo[b]azepine-1,4-dicarboxylate (rotamer
ratio = 6:4, 24ak):

Colourless gum; Rt (hexane/EtOAc, 7:3) 0.40; yield 189 mg, 83%. IR
(KBr, neat) v 3424, 3316, 2937, 1696, 1657, 1615, 1536, 1404, 1299,
1186, 1107, 765, 702 cm™!; *H NMR (500 MHz, CDCl3) § 7.53 (d, J
=7.2Hz, 1 H), 7.44-7.20 (m, 7 H), 7.14 (d, J = 7.5Hz, 1 H), 5.55 (dd,
J=13.4 and 4.4 Hz, 1 H, major), 5.36 (dd, J = 13.4 and 5.6 Hz, 1 H,
minor), 4.25-4.16 (m, 2 H), 4.06-3.91 (m, 2 H), 2.98 (ddd, J = 14.8,9.2 and 4.5 Hz, 1 H), 2.16
(ddd, J = 14.8, 7.4 and 6.7 Hz, 1 H), 1.28 (t, J = 7.2 Hz, 3 H), 1.18 (t, J = 7.2 Hz, 3 H, minor),
1.01 (t, J = 7.2 Hz, 3 H, major). *C{*H} NMR (150 MHz, CDCls3) § 169.4, 169.3, 157.3, 156.9,
156.1, 155.5, 142.9, 142.3,138.1, 137.7, 136.4, 131.6, 131.5, 130.4, 130.0, 128.4, 128.3, 127.8,
127.7,127.3, 127.2, 127.1, 126.9, 126.8, 126.5, 93.0, 69.2, 61.8, 61.5, 59.5, 59.4, 32.5, 31.6,
14.6, 14.5, 14.4, 14.3. HRMS (ESI) calcd. for C2H2N204 (M + H)™ 381.1809, found
381.1793.

Diisopropyl 5-amino-2-(4-chlorophenyl)-2,3-dihydro-1H-benzo[b]azepine-1,4-

dicarboxylate (24al):
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Colourless gum; Rs (hexane/EtOAc, 8:2) 0.50; yield 185 mg, 70%. IR
(KBr, neat) v 3454, 3375, 2985, 2932, 1720, 1630, 1491, 1380, 1272,
1014, 911, 753,523 cm™"; *H NMR (500 MHz, CDCl3) § 7.87 (d, J =
8.5 Hz, 2 H), 7.41 (d, J = 8.5 Hz, 2 H), 7.02 (t, J = 7.2 Hz, 1 H), 6.78
(d,J=85Hz,1H),6.63(t,J=7.2Hz,2H),6.33 (s, 1 H),5.17-5.11
(m, 1 H), 4.50-4.44 (m, 1 H), 4.18 (dd, J = 17.8 and 2.5 Hz, 1 H), 3.38
(d,J=17.8 and 1.5 Hz, 1 H), 1.30 (d, J = 6.2 Hz, 3 H), 1.27 (d, J = 6.2 Hz, 3 H), 1.02 (d, J =
6.2 Hz, 3H), 0.62 (t, J = 6.2 Hz, 3 H). BC{*H} NMR (150 MHz, CDCls) § 171.9, 169.0, 168.6,
145.6, 137.3, 132.0, 129.5, 129.0, 128.9, 128.8, 122.8, 118.3, 116.2, 76.1, 70.4, 70.2, 64.9,
45.0,21.9, 21.6, 21.61, 20.6. HRMS (ESI) calcd. for C24H2sCIN204 (M + H)* 443.1732, found
443.1735.

Dimethyl 5-amino-8-methyl-2-(p-tolyl)-2,3-dihydro-1H-benzo[b]azepine-1,4-

dicarboxylate (rotamer ratio= 7:3, 24ba):

Colourless gum; Rf (hexane/EtOAc, 8:2) 0.40; yield 148 mg,
65%. IR (KBr, neat) v 3418, 3319, 2953, 1701, 1609, 1496,
1438, 1307, 1236, 1183, 1120, 762, 534 cm™!; 'H NMR (400
MHz, CDCls) & 7.43 (d, J = 7.4 Hz, 1 H), 7.25-6.97 (m, 5 H),
6.93 (s, 1 H), 5.51 (dd, J = 13.4 and 4.2 Hz, 1 H, major), 5.33
(dd, J =13.4 and 4.2 Hz, 1 H, minor), 3.74 (s, 3 H, minor), 3.72
(s, 3 H, major), 3.65 (s, 3 H, minor), 3. 52 (s, 3 H, major), 2.92 (dd, J = 15.0 and 4.4 Hz, 1 H),
2.37 (s, 3 H), 2.32 (s, 3 H), 2.14 (dd, J = 14.2 and 14.0 Hz, 1 H), *C{*H} NMR (150 MHz,
CDClIs) 4 170.0, 169.9, 157.7, 157.2, 156.8, 156.1, 141.0, 140.7, 139.9, 139.2, 138.1, 137.5,
137.1,137.0,133.6, 133.5,132.2,132.1, 130.8, 129.3, 129.1, 128.9, 128.8, 127.6, 126.9, 126.8,
126.5, 93.0, 69.1, 53.0, 52.9, 51.1, 51.0, 32.7, 31.5, 21.6, 21.5, 21.4, 21.2, 21.21, 21.1. HRMS
(ESI) calcd. for C22H25N204 (M + H)*™381.1809, found 381.1829.

Dimethyl 5-amino-7-chloro-2-phenyl-2,3-dihydro-1H-benzo[b]azepine-1,4-dicarboxylate

(rotamer ratio= 7:3, 24chb):

Colourless gum; R¢ (hexane/EtOAc, 8:2) 0.50; yield 159 mg, 69%.
IR (KBr, neat) v 3424, 3321, 2956, 1701, 1664, 1615,1444, 1328,
1238, 1186, 1115, 765, 520 cm™!; *H NMR (500 MHz, CDCl3) §
7.56 (s, 1 H), 7.44-7.38 (m, 1 H), 7.31-7.22 (m, 5 H), 7.06 (d, J =
8.6 Hz, 1 H), 5.54 (dd, J = 13.5 and 4.3 Hz, 1 H, major), 5.35 (dd,
J=13.5and 4.1 Hz, 1 H, minor), 3.77 (s, 3 H, minor), 3.75 (s, 3 H, major), 3.67 (s, 3 H, minor),
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3.54 (s, 3 H, major), 2.97 (dd, J = 15.0 and 4.6 Hz, 1 H), 2.16 (dd, J = 14.3 and 14.2 Hz, 1 H).
BC{*H} NMR (125 MHz, CDCls) § 169.7, 156.6, 155.8, 155.5, 142.5, 141.8, 138.0, 136.4,
134.0, 133.2, 133.0, 130.7, 130.4, 128.6, 127.7, 127.6, 127.4, 127.3, 127.0, 126.5, 94.1, 69.5,
69.4, 53.2, 53.1, 51.2, 32.6, 31.6, 31.4. HRMS (ESI) calcd. for C20H19CIN2NaO4 (M + Na)*
409.0926, found 409.0925.

Dimethyl 5-amino-7-bromo-2-(3-methoxyphenyl)-2,3-dihydro-1H-benzo[b]azepine-1,4-
dicarboxylate (rotamer ratio= 7:3, 24dd):

White solid; R (hexane/EtOAc, 8:2) 0.40; mp 229-231 °C;
yield 195 mg, 71%. IR (KBr, neat) 3426, 3315, 2945, 1701,
1667, 1615, 1438, 1326, 1238, 1186, 1115, 765, 520 cm™!;
'H NMR (400 MHz, CDCl3) 6 7.71 (s, 1 H), 7.58-7.54 (m, 1
H), 7.22 (t, J = 7.8 Hz, 1 H), 7.04 (d, J = 8.4 Hz, 1 H),
6.88—6.78 (m, 3 H), 5.50 (dd, J = 13.4 and 4.3 Hz, 1 H, major), 5.31 (dd, J = 13.4 and 3.8 Hz,
1 H, minor), 3.78 (s, 3 H, major), 3.75 (s, 3 H, minor), 3.68 (s, 3 H, minor), 3.55 (s, 3 H, major),
2.97 (dd, J = 14.8 and 4.6 Hz, 1 H), 2.14 (dd, J = 14.8 and 13.4 Hz, 1 H). ®C{*H} NMR (125
MHz, CDCls) 6 169.7, 159.8, 155.8, 155.3, 143.5, 138.4, 137.1, 133.7, 133.5, 133.4, 130.3,
129.7, 122.0, 119.3, 118.9, 113.0, 112.9, 112.5, 94.3, 94.0, 69.5, 55.4, 53.2, 51.3, 32.7, 31.5.
HRMS (ESI) calcd. for C21H22BrN2Os (M + H)* 461.0707, found 461.0691.
(5-amino-2-phenyl-2,3-dihydro-1H-benzo[b]azepine-1,4-diyl)bis(phenylmethanone)
(24am):

Colourless gum; Rf (hexane/EtOAc, 8:2) 0.50; yield 114 mg, 43%. IR
(KBr, neat) v 3069, 2924, 2227, 1691, 1596, 1491, 1449, 1391, 1262,
1175, 1023, 760, 697 cm™!; 'TH NMR (500 MHz, CDCl3) § 7.44 (d, J =
8.6 Hz, 2 H), 7.31-7.25 (m, 5 H), 7.22 (t, J = 7.2 Hz, 1 H), 7.16 (t, J =
8.0 Hz, 1 H), 7.07 (t, J = 7.2 Hz, 1 H), 6.98-6.93 (m, 5 H), 6.85 (t, J =
7.2Hz,2H),6.75(d,J=8.0 Hz, 1 H), 5.59 (dd, J =13.8 and 11.5 Hz, 1 H), 3.83 (dd, J = 19.5
and 13.9 Hz, 1 H), 3.48 (dd, J = 19.5 and 11.7 Hz, 1 H). ®*C{*H} NMR (125 MHz, CDCl3) §
193.4,158.7,144.6, 141.0, 140.5, 133.5, 133.0, 130.6, 130.5, 129.9, 129.6, 129.2, 128.9, 128.5,
127.9, 127.7, 127.4, 126.4, 117.3, 114.9, 112.0, 69.2, 41.5. Anal. Calcd. for C3oH24N202: C,
81.06; H, 5.44, found: C, 81.09; H, 5.46.

Methyl 4-0x0-2-(p-tolyl)-3,4,5,9b-tetrahydro-3aH-pyrrolo[3,2-c]quinoline-3a-

carboxylate (25aa):
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H White solid; R (hexane/EtOACc, 7:3) 0.40; mp 170-172 °C; yield 130
N mg, 65%. IR (KBr, neat) v 3212, 3064, 2922, 1738, 1675, 1601, 1430,
1383, 1246, 1185, 1012, 816 cm'; *H NMR (400 MHz, CDCls) §
8.81 (s, 1 H), 7.72 (d, J = 8.0 Hz, 2 H), 7.61 (d, J = 8.0 Hz, 1 H),
7.29-7.25 (m, 1 H), 7.20-7.14 (m, 3 H), 6.83 (d, J = 7.8 Hz, 1 H),
5.42 (s, 1 H), 4.06 (dd, J = 17.2 and 1.6 Hz, 1 H), 3.95 (dd, J =17.2
and 2.2 Hz, 1 H), 3.70 (s, 3 H), 2.36 (s, 3 H). 3C{*H} NMR (100
MHz, CDCls) 6 171.5, 171.0, 168.3, 142.0, 135.5, 130.5, 130.4, 129.5, 129.4, 128.2, 124.3,
120.6, 116.0, 76.7, 59.4, 53.6, 45.9, 21.7. HRMS (ESI) calcd. for CaH1sN2Os (M + H)*
335.1391, found 335.1395.

Methyl 4-oxo-2-phenyl-3,4,5,9b-tetrahydro-3aH-pyrrolo[3,2-c]quinoline-3a-carboxylate
(25ab):

H White solid; R¢ (hexane/EtOAc, 7:3) 0.40; mp 232-234 °C; yield 131
N mg, 68%. IR (KBr, neat) v 3209, 3064, 2953, 1736, 1678, 1601, 1496,
1441, 1383, 1340, 1211, 1045, 856 cm™!; *H NMR (400 MHz, CDCls)
58.75(s, 1 H), 7.86-7.84 (m, 2 H), 7.64 (dd, J = 7.2 and 1.4 Hz, 1 H),
7.46-7.38 (m, 3 H), 7.33-7.28 (m, 1 H), 7.18 (dt, J = 7.2 and 1.2 Hz,
1 H), 6.86 (dd, J=7.2and 1.2 Hz, 1 H), 5.46 (t, J = 1.8 Hz, 1 H), 4.05
(dd, J=17.2 and 1.6 Hz, 1 H), 4.00 (dd, J = 17.2 and 2.2 Hz, 1 H), 3.74 (s, 3 H). *C{*H} NMR
(100 MHz, CDCls) 6 171.6, 170.9, 168.0, 135.5, 133.1, 131.6, 130.6, 129.5, 128.8, 128.2,
124.4, 120.5, 116.0, 76.8, 59.5, 53.7, 45.9. HRMS (ESI) calcd. for C1gH17N203 (M + H)*
321.1234, found 321.1231.

Methyl 2-(4-methoxyphenyl)-4-oxo-3,4,5,9b-tetrahydro-3aH-pyrrolo[3,2-c]quinoline-3a-

carboxylate (25ac):

White solid; R¢ (hexane/EtOAc, 7:3) 0.40; mp 178-180 °C; yield 121
mg, 58%. IR (KBr, neat) v 3206, 3069, 2956, 1736, 1678, 1601,
1570, 1343, 1246, 1177, 1032, 829 cm™'; 'H NMR (500 MHz,
CDCl3) 6 8.74 (s, 1 H), 7.78 (d, 3 =8.0 Hz, 2 H), 7.61 (d, J = 7.5 Hz,
1H),7.29-7.25(m, 1 H), 7.15(t, J=75Hz, 1 H),6.88 (d,J=7.5
Hz, 2 H), 6.83 (d, J = 8.0 Hz, 1 H), 5.40 (s, 1 H), 4.03 (dd, J = 17.0
and 1.2 Hz, 1 H), 3.94 (dd, J = 17.0 and 1.6 Hz, 1 H), 3.82 (s, 3 H),
3.70 (s, 3 H). BC{*H} NMR (125 MHz, CDCls3) § 171.0, 170.9, 168.1, 162.3, 135.5, 130.6,
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130.0,129.5,125.9, 124.3, 120.7, 116.0, 114.1, 76.6, 59.5, 55.6, 53.6, 45.8. HRMS (ESI) calcd.
for C20H19N204 (M + H)* 351.1339, found 351.1339.

Methyl 2-(3-methoxyphenyl)-4-oxo-3,4,5,9b-tetrahydro-3aH-pyrrolo[3,2-c]quinoline-3a-
carboxylate (25ad):

White solid; R¢ (hexane/EtOAc, 7:3) 0.40; mp 163-165 °C; yield
128 mg, 61%. IR (KBr, neat) v 3206, 3064, 2924, 1736, 1675,
1430, 1377, 1240, 1180, 1030, 830 cm™'; *H NMR (400 MHz,
CDClI3) 6 8.40 (s, 1 H), 7.65 (dd, J = 7.8 and 1.4 Hz, 1 H),
7.43-7.39 (m, 2 H), 7.34-7.28 (m, 2 H), 7.19 (dt, J = 7.8 and 1.2
Hz, 1 H), 7.03-7.00 (m, 1 H), 6.84 (dd, J = 8.0 and 1.2 Hz, 1 H),
5.46 (t, J=1.8Hz, 1 H), 4.07 (dd, J=17.2 and 1.6 Hz, 1 H), 4.00 (dd, J =17.2 and 2.2 Hz, 1
H), 3.84 (s, 3 H), 3.74 (s, 3 H). *C{*H} NMR (125 MHz, CDCl3) § 171.6, 170.9, 167.9, 160.0,
135.5, 134.6, 130.7, 129.8, 129.5, 124.3, 121.0, 120.6, 118.2, 115.9, 112.6, 76.8, 59.6, 55.7,
53.7, 46.1. HRMS (ESI) calcd. for C20H19N204 (M + H)* 351.1339, found 351.1340.

Methyl 4-0x0-2-(3,4,5-trimethoxyphenyl)-3,4,5,9b-tetrahydro-3aH-pyrrolo[3,2-

c]quinoline-3a-carboxylate (25ae):

White solid; R (hexane/EtOAc, 6:4) 0.40; mp 187-188 °C; yield
132 mg, 54%. IR (KBr, neat) v 3267, 2851, 1736, 1686, 1501,
1356, 1235, 1124, 1003, 856 cm™'; *H NMR (500 MHz, CDCls)
58.15(s, L H), 7.64 (d, J=7.6 Hz, 1 H), 7.30 (dt, J = 7.8 and
1.5 Hz, 1 H), 7.18 (dt, J = 7.6 and 1.2 Hz, 1 H), 7.07 (s, 2 H),
6.81 (dd, J = 7.8 and 1.2 Hz, 1 H), 5.42 (s, 1 H), 4.05 (dd, J =
17.0 and 1.4 Hz, 1 H), 3.95 (dd, J = 17.0 and 2.2 Hz, 1 H), 3.88
(s, 6 H), 3.87 (s, 3 H), 3.72 (s, 3 H). ®C{*H} NMR (125 MHz, CDCls) § 171.6, 170.8, 167.7,
153.4, 141.2, 135.5, 130.8, 129.6, 128.6, 124.3, 120.6, 115.8, 105.6, 76.7, 61.2, 59.7, 56.5,
53.7, 45.9. HRMS (ESI) calcd. for C22H23sN206 (M + H)* 411.1551, found 411.1551.

Methyl 2-(4-fluorophenyl)-4-ox0-3a,4,5,9b-tetrahydro-3aH-pyrrolo[3,2-c]quinoline-3a-

carboxylate (25af):
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White solid; Rt (hexane/EtOAc, 7:3) 0.40; mp 164-166 °C; yield 148
mg, 73%. IR (KBr, neat) v 3206, 3067, 2922, 1738, 1678, 1601, 1430,
1383, 1243, 1106, 1043, 816 cm™!; *H NMR (500 MHz, CDCl3) §9.11
(s,1H),7.84-781(m,2H),7.60(d,J=76Hz,1H),7.27 (t,J=7.6
Hz, 1H),7.15(t,J=7.6 Hz, 1 H), 7.06 (t, J = 8.6 Hz, 2 H), 6.86 (d, J
=7.9Hz,1H),5.42(s,1H),4.03(dd, J=17.2 and 1.6 Hz, 1 H), 3.96
(dd, J=17.2and 2.2 Hz, 1 H), 3.70 (s, 3 H). *C{*H} NMR (125 MHz,
CDClI3) 6 170.8, 170.4, 168.2, 164.9 (d, J = 250.6 Hz), 135.5, 130.5, 130.4 (d, J = 8.6 Hz),
129.5, 129.4, 124.4, 120.3, 116.1, 115.8 (d, J = 21.6 Hz), 76.8, 59.5, 53.7, 45.9. *F NMR (470
MHz, CsFs/CDCl3) 6 -111.37 (s, -F). HRMS (ESI) calcd. for C1gH16FN203 (M + H)* 339.1140,
found 339.1143.

Methyl  2-(4-chlorophenyl)-4-oxo0-3,4,5,9b-tetrahydro-3aH-pyrrolo[3,2-c]quinoline-3a-
carboxylate (25ag):

White solid; Rs (hexane/EtOAc, 7:3) 0.40; mp 154-156 °C; yield 167
mg, 79%. IR (KBr, neat) v 3193, 3053, 2919, 1746, 1673, 1593, 1427,
1338, 1238, 1180, 1040, 760 cm™'; 'H NMR (400 MHz,
CDCI3/DMSO-de) 6 9.64 (s, 1 H), 7.79-7.76 (m, 2 H), 7.6—7.58 (m, 1
H), 7.40-7.33 (m, 2 H), 7.30-7.26 (m, 1 H), 7.17— 7.12 (m, 1 H), 6.94
(dd, J=8.0 and 2.8 Hz, 1 H), 5.42 (s, 1 H), 4.02 (dd, J = 17.2 and 3.0
Hz, 1 H), 3.93 (dd, J = 17.2 and 2.8 Hz, 1 H), 3.72 (dd, J = 3.6 Hz, 3
H). *C{*H} NMR (125 MHz, CDCIl3s/DMSO-ds) & 170.8, 170.3, 167.3, 137.4, 136.0, 131.6,
130.2, 129.4, 129.3, 128.8, 123.8, 119.8, 116.1, 76.7, 59.3, 53.5, 45.6. HRMS (ESI) calcd. for
C19H16CIN203 (M + H)* 355.0844, found 355.0850.

Methyl  2-(4-bromophenyl)-4-oxo0-3,4,5,9b-tetrahydro-3aH-pyrrolo[3,2-c]quinoline-3a-

carboxylate (25ah):

White solid; R (hexane/EtOACc, 7:3) 0.40; mp 183-185 °C; yield 167
mg, 75%. IR (KBr, neat) v 3193, 3051, 2853, 1746, 1667, 1593, 1430,
1338, 1238, 1180, 1006, 956, 760 cm™'; 'H NMR (600 MHz,
CDCI3/DMSO-de) 6 9.46 (s, 1 H), 7.67 (d, J = 8.2 Hz, 2 H), 7.56 (d, J
=7.6 Hz, 1 H), 750 (d, J=8.2 Hz, 2 H), 7.25 (t, J = 7.6 Hz, 1 H),
7.12 (t,J=7.6 Hz, 1 H), 6.90 (d, J = 7.6 Hz, 1 H), 5.37 (s, 1 H), 4.00
(d,J=17.2 Hz, 1 H), 3.90 (d, J = 17.2 Hz, 1 H), 3.69 (s, 3 H). 3C{'H}
NMR (150 MHz, CDCIs/DMSO0-ds) 6 170.9, 170.5, 167.3, 135.9, 131.90, 131.87, 130.2, 129.6,
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129.4,126.0,123.9,119.8, 116.1, 76.7, 59.3, 53.6, 45.6. HRMS (ESI) calcd. for C19H16BrN203
(M + H)*"399.0339, found 399.0340.

Methyl 2-(naphthalen-1-yl)-4-0xo0-3,4,5,9b-tetrahydro-3aH-pyrrolo[3,2-c]quinoline-3a-
carboxylate (25aj):

H White solid; Rt (hexane/EtOAc, 7:3) 0.40; mp 206-208 °C; yield
N 122 mg, 55%. IR (KBr, neat) v 3212, 3034, 2956, 1736, 1680,
1599, 1441, 1306, 1248, 1009, 803, 755 cm™!; *H NMR (400 MHz,
CDCI3/DMSO-ds) 6 9.83 (s, 1 H), 8.88-8.84 (m, 1 H), 7.90 (d, J =
8.0 Hz, 1 H), 7.86-7.82 (m, 1 H), 7.64 (d, J = 7.6 Hz, 1 H),
7.51-7.46 (m, 3 H), 7.36-7.33 (m, 1 H), 7.28 (t, J = 7.6 Hz, 1 H),
7.14 (t,J=7.6 Hz, 1 H), 6.98 (d, J = 8.0 Hz, 1 H), 5.61 (s, 1 H), 4.20-4.10 (m, 2 H), 3.73 (s,
3 H). BC{*H} NMR (125 MHz, CDCls/DMSO-ds) & 172.9, 171.1, 167.7, 135.8, 134.1, 131.6,
131.1, 130.6, 130.5, 129.4, 128.6, 127.6, 126.5, 126.4, 124.9, 124.1, 120.5, 116.0, 77.5, 59.1,
53.6, 49.0. HRMS (ESI) calcd. for C23H19N203 (M + H)*"371.1391, found 371.1394.

Methyl 2-(2-bromophenyl)-4-ox0-3a,4,5,9b-tetrahydro-3aH-pyrrolo[3,2-c]quinoline-3a-

carboxylate (25an):

White solid; R (hexane/EtOAc, 7:3) 0.40; mp 190-192 °C; yield 140
mg, 59%. IR (KBr, neat) v 3209, 3061, 2919, 1738, 1680, 1601, 1430,
1391, 1277, 1019, 753 cm!; *H NMR (400 MHz, CDCl3) § 9.57 (s, 1
H), 7.51 (dd, J=7.8and 1.4 Hz, 1 H), 7.47 (dd, J=7.8 and 1.2 Hz, 1
H), 7.37 (dd, J=7.6 and 1.8 Hz, 1 H), 7.22—7.17 (m, 2 H), 7.16-7.12
(m, 1 H), 7.05 (dt, J = 7.6 and 1.2 Hz, 1 H), 6.83 (dd, J = 7.8 and 1.2
Hz, 1 H), 5.38 (s, 1 H), 4.11-4.00 (m, 2 H), 3.63 (s, 3 H). *C{*H} NMR (100 MHz, CDCl3) &
173.9,170.7,168.1, 135.8, 135.6, 133.5, 131.3, 130.5, 130.4, 129.6, 127.6, 124.3, 121.4, 119.7,
116.2, 76.4,59.9, 53.7, 48.9. HRMS (ESI) calcd. for C19H16BrN203 (M + H)*399.0339, found
399.0343.

Ethyl 2-(4-chlorophenyl)-4-oxo-3,4,5,9b-tetrahydro-3aH-pyrrolo[3,2-c]quinoline-3a-
carboxylate (25a0):
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White solid; Rt (hexane/EtOAcC, 6:4) 0.50; mp 215-217 °C; yield 147
mg, 67%. IR (KBr, neat) v 3209, 3064, 2924, 1733, 1678, 1427, 1335,
1275, 1043, 829 cm™!; *H NMR (400 MHz, CDCl3) § 9.05 (s, 1 H),
7.76 (d, J = 8.4 Hz, 2 H), 7.60 (dd, J = 7.8 and 1.4 Hz, 1 H), 7.35 (d,
J=84Hz 1H),7.28 (dt,J=7.8and 1.8 Hz, 1 H), 7.15 (dt, J = 7.6
and 1.2 Hz, 1 H), 6.85 (dd, J = 7.8 and 1.2 Hz, 1 H), 5.42 (s, 1 H),
417 (9, J=7.2Hz, 2 H), 4.03-3.93 (m, 2 H), 1.14 (t, J=7.2 Hz, 3
H). BC{*H} NMR (100 MHz, CDCls3) 6 170.7, 170.1, 137.7, 135.5, 131.6, 130.4, 129.5, 129.4,
129.0, 124.3, 120.2, 116.0, 76.8, 62.7, 59.6, 45.5, 14.1. HRMS (ESI) calcd. for C2oH1sCIN203
(M + H)"369.1000, found 369.0998.

Isopropyl 4-0x0-2-(p-tolyl)-3,4,5,9b-tetrahydro-3aH-pyrrolo[3,2-c]quinoline-3a-

carboxylate (25ap):

White solid; R¢ (hexane/EtOAc, 7:3) 0.40; mp 238-240 °C; yield 173
mg, 80%. IR (KBr, neat) v 3212, 3061, 2924, 1733, 1678, 1372, 1248,
1185, 1043, 821, 758 cm™!; *H NMR (500 MHz, CDCls) § 8.53 (s, 1
H), 7.73(d,J=8.0Hz, 2 H), 7.60 (dd, J = 7.7, 1.4 Hz, 1 H), 7.29-7.25
(m, 2 H),7.16 (d, J =8.0 Hz, 2 H), 7.13 (dt, J = 7.6 and 1.0 Hz, 1 H),
6.81 (dd, J=8.0 and 1.2 Hz, 1 H), 5.38 (s, 1 H), 5.03-4.98 (m, 1 H),
4.00 (dd, d, J=17.2 and 1.2 Hz, 1 H), 3.93 (dd, J = 17.2 and 1.8 Hz,
1 H), 2.37 (s, 3 H), 1.17 (d, J = 6.3 Hz, 3 H), 1.07 (d, J = 6.3 Hz, 3 H). 8C{*H} NMR (125
MHz, CDCl3) 6 171.8, 169.7, 168.3, 141.9, 135.6, 130.5, 130.4, 129.5, 129.4, 128.2, 124.2,
120.8, 115.8, 70.4, 59.8, 45.1, 21.8, 21.7, 21.6. HRMS (ESI) calcd. for C22H23N203 (M + H)*
363.1703, found 363.1710.

Ethyl 2-isobutyl-4-0x0-3,4,5,9b-tetrahydro-3aH-pyrrolo[3,2-c]quinoline-3a-carboxylate

(25a0):
Yellow liquid; R (hexane/EtOAcC, 6:4) 0.40; yield 94 mg, 50%. IR
N 802& (KBr, neat) v 3212, 3064, 2866, 1733, 1678, 1601, 1425, 1211, 1101,
9 1037, 755 cm™!; *H NMR (400 MHz, CDCl3) § 9.25 (s, 1 H), 7.51 (dd,

N=(  Me| j=78and1.4Hz 1H),7.25(dt J=7.4and 2.2 Hz, 1 H), 7.10 (dt,
Me| J=7.4and1.2Hz, 1H),6.84(d,J=7.8Hz, 1H) 523, 1H), 4.14

(0, J = 7.2 Hz, 2 H), 3.58-3.47 (m, 2 H), 2.25 (dd, J = 8.2 and 2.0 Hz,

2 H), 2.03-1.94 (m, 1 H), 1.12 (t, J = 7.2 Hz, 3 H), 0.92 (d, J = 6.6 Hz, 3 H), 0.85 (d, J = 6.6
Hz, 3 H). BC{"H} NMR (125 MHz, CDCl3) & 177.3, 170.4, 168.6, 135.5, 130.2, 129.3, 124.2,
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120.5, 115.9, 76.2, 62.5, 59.6, 47.7, 42.7, 26.6, 22.8, 22.7, 14.1. HRMS (ESI) calcd. for
Ci18H23N203 (M + H)* 315.1704, found 315.1705.

Methyl 7-methyl-4-oxo-2-(p-tolyl)-3,4,5,9b-tetrahydro-3aH-pyrrolo[3,2-c]quinoline-3a-
carboxylate (25ba):

White solid; R¢ (hexane/EtOAc, 7:3) 0.40; mp 195-197 °C; yield
125 mg, 60%. IR (KBr, neat) v 3212, 3032, 2956, 1738, 1675,
1607, 1435, 1340, 1277, 1185, 1040, 816 cm™!'; *H NMR (500
MHz, CDClz) & 8.68 (s, 1 H), 7.71 (d, J = 8.0 Hz, 2 H), 7.49 (d,
J=78Hz,1H),7.18(d, J=8.0Hz,2H),6.96 (dd, J=7.8 and
1.6 Hz, 1 H), 6.63 (s, 1 H), 5.38 (s, 1 H), 4.03 (dd, J = 17.0 and
1.4 Hz, 1 H), 3.94 (dd, J = 17.0 and 2.2 Hz, 1 H), 3.70 (s, 3 H),
2.36 (s, 3 H), 2.33 (5, 3 H). ®°C{*H} NMR (125 MHz, CDCl3) & 171.3, 171.1, 168.3, 141.9,
139.7,135.4, 130.5, 130.4, 129.5, 128.2, 125.2, 117.7, 116.5, 76.6, 59.6, 53.6, 45.9, 21.7, 21.5.
HRMS (ESI) calcd. for C21H21N203 (M + H)* 349.1547, found 349.1544.

Isopropyl 2-(4-chlorophenyl)-7-methyl-4-oxo-3,4,5,9b-tetrahydro-3aH-pyrrolo[3,2-

c]quinoline-3a-carboxylate (25bl):

White solid; R (hexane/EtOAcC, 7:3) 0.40; mp 223-225 °C; yield
173 mg, 73%. IR (KBr, neat) v 3201, 3098, 2856, 1736, 1675,
1372, 1277, 1106, 1014, 829 cm™'; *H NMR (500 MHz, CDCls)
5 8.49 (bs, 1 H), 7.77 (dd, J = 8.6 and 2.0 Hz, 2 H), 7.47 (d, J =
7.8 Hz, 1 H), 7.36 (dd, J =8.6 and 2.0 Hz, 2 H), 6.96 (dd, J = 7.8
and 1.6 Hz, 1 H), 6.62 (s, 1 H), 5.36 (s, 1 H), 5.03-4.98 (m, 1 H),
3.98-3.90 (m, 2 H), 2.33 (s, 3 H), 1.18 (d, J = 6.3 Hz, 3 H), 1.09
(d, J = 6.3 Hz, 3 H). BC{*H} NMR (125 MHz, CDCls) § 170.6, 169.6, 168.3, 139.7, 137.6,
135.5, 131.8, 130.2, 129.5, 129.0, 125.2, 117.5, 116.3, 76.7, 70.5, 60.0, 45.1, 21.7, 21.6, 21.5.
HRMS (ESI) calcd. for C22H22CIN203 (M + H)"397.1314, found 397.13109.

Ethyl 7-methyl-4-oxo-2-propyl-3,4,5,9b-tetrahydro-3aH-pyrrolo[3,2-c]quinoline-3a-

carboxylate (25br):

Yellow liquid; Rf (hexane/EtOAc, 6:4) 0.40; yield 88 mg, 47%.
IR (KBr, neat) v 3210, 3055, 2870, 1733, 1672, 1601, 1433, 1205,
1108, 1037, 755 cm™!; *H NMR (500 MHz, CDCl3) § 9.08 (s, 1
H), 7.37 (d, J =7.7 Hz, 1 H), 6.90 (d, J = 7.7 Hz, 1 H), 6.63 (s, 1
Me| H),5.18 (s, 1 H),4.12(q,J=7.1Hz, 1 H),3.54 (d, J=17.5 Hz,

H
Me N (0]
CO,Et
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1 H), 3.46 (d, J = 17.5 Hz, 1 H), 2.34-2.31 (m, 2 H), 2.30 (s, 3 H), 1.63-1.55 (m, 2 H), 1.12 (t,
J=7.1Hz,3H),0.89 (t, J = 7.4 Hz, 3 H). ¥C{*H} NMR (150 MHz, CDCls3) § 177.6, 170.5,
168.7, 139.4, 135.3, 130.0, 125.1, 117.5, 116.4, 76.0, 62.5, 59.5, 47.4, 35.6, 21.4, 19.9, 14.1,
14.0. HRMS (ESI) calcd. for C1gH23N203 (M + H)* 315.1703, found 315.1731.

Methyl 8-chloro-2-(4-chlorophenyl)-4-oxo-3,4,5,9b-tetrahydro-3aH-pyrrolo[3,2-
c]quinoline-3a-carboxylate (25cg):

White solid; Rf (hexane/EtOAc, 8:2) 0.40; mp 203-205 °C; yield
169 mg, 73%. IR (KBr, neat) v 3212, 3067, 2924, 1738, 1683,
1435, 1398, 1243, 1011, 826 cm!; 'H NMR (500 MHz,
CDCI3/DMSO-dg) 8 9.87 (s, 1 H), 7.77 (d, J = 8.0 Hz, 2 H), 7.56
(s,1H),7.38(d,J=8.0Hz 2H),7.23(d, J=85Hz, 1 H), 6.91
(d,J=85Hz,1H),5.35(s,1H),4.00 (d,J=17.2 Hz, 1 H), 3.92
(d, J = 17.2 Hz, 1 H), 3.73 (s, 3 H). ®C{*H} NMR (125 MHz,
CDCI3/DMSO-ds) 6 170.8, 170.5, 167.1, 137.6, 134.8, 131.4, 130.0, 129.41, 129.37, 129.0,
128.5, 121.4, 117.5, 76.2, 59.1, 53.6, 45.5. HRMS (ESI) calcd. for C19H15CI2N203 (M + H)*
389.0455, found 389.0461.

Methyl 8-chloro-2-(4-nitrophenyl)-4-oxo-3,4,5,9b-tetrahydro-3aH-pyrrolo[3,2-

c]quinoline-3a-carboxylate (25ci):

Yellow solid; Rt (hexane/EtOAc, 6:4) 0.40; mp 209-211 °C;
yield 184 mg, 77%. IR (KBr, neat) v 3214, 3075, 2959, 1741,
1678, 1539, 1522, 1430, 1346, 1277, 1111, 1043, 821 cm™'; *H
NMR (500 MHz, CDCls) 6 8.83 (s, 1 H), 8.26 (d, J =8.4 Hz, 2
H), 8.00 (d, J=8.4 Hz, 2 H), 7.62 (d, J = 2.3 Hz, 1 H), 7.29 (dd,
J=8.4and2.3Hz, 1 H),6.82 (d,J=8.4Hz, 1 H),543 (s, 1L H),
4.07 (dd, J = 17.4 and 1.8 Hz, 1 H), 4.02 (dd, J = 17.4 and 2.4
Hz, 1 H), 3.75 (s, 3 H). BC{*H} NMR (125 MHz, CDCl3) § 170.3, 170.1, 167.4, 149.7, 138.4,
134.1, 130.6, 129.9, 129.5, 129.2, 124.1, 121.2, 117.3, 76.7, 59.3, 54.0, 45.9. HRMS (ESI)
calcd. for C19H15CIN3Os (M + H)* 400.0695, found 400.0698.

Methyl 8-bromo-4-oxo-2-(p-tolyl)-3,4,5,9b-tetrahydro-3aH-pyrrolo[3,2-c]quinoline-3a-

carboxylate (25da):
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Pale yellow solid; Rf (hexane/EtOAcC, 8:2) 0.40; mp 219-221 °C;
yield 173 mg, 70%. IR (KBr, neat) v 3212, 3069, 2953, 1736,
1678, 1567, 1433, 1340, 1275, 1182, 1040, 861 cm™'; *H NMR
(400 MHz, CDCl3) 6 9.17 (s, 1 H), 7.75-7.70 (m, 3 H), 7.38 (dd,
J=8.4and 2.2 Hz 1H),7.20(d,J=7.6Hz,2H),6.75(d,J=
8.4 Hz, 1 H), 5.35 (s, 1 H), 4.03 (dd, J = 17.2 and 1.4 Hz, 1 H),
3.95(dd, J = 17.2 and 2.2 Hz, 1 H), 3.71 (s, 3 H), 2.37 (s, 3 H).
BC{*H} NMR (100 MHz, CDCl3) § 172.0, 170.5, 168.2, 142.2, 134.7, 133.3, 132.4, 130.2,
129.6, 128.2, 122.5, 117.7, 116.7, 76.1, 59.2, 53.8, 45.8, 21.8. HRMS (ESI) calcd. for
C20H18BrN2Os (M + H)* 413.0495, found 413.0491.

Methyl 9-fluoro-4-oxo-2-phenyl-3,4,5,9b-tetrahydro-3aH-pyrrolo[3,2-c]quinoline-3a-

carboxylate (25eb):

White solid; R¢ (hexane/EtOAc, 7:3) 0.40; mp 199-201 °C; yield 127
mg, 63%. IR (KBr, neat) v 3225, 3064, 2953, 1738, 1680, 1604, 1446,
1343, 1235, 1032, 866 cm!; H NMR (400 MHz, CDCl3) 6 9.45 (s, 1
H), 7.86—7.83 (m, 2 H), 7.46—7.36 (m, 3 H), 7.28-7.23 (m, 1 H), 6.88
(dt,J=8.4and 1.0 Hz, 1 H), 6.70 (dd, J=8.0 and 1.0 Hz, 1 H), 5.64
(s, 1 H), 4.15 (dd, J = 17.2 and 1.4 Hz, 1 H), 3.94 (dd, J = 17.2 and
2.4 Hz, 1 H), 3.71 (s, 3 H). BC{*H} NMR (100 MHz, CDCl3) § 172.1, 170.4, 168.4, 161.5 (d,
J=247.0 Hz), 137.4 (d, J = 6.4 Hz), 133.0, 131.6, 130.8 (d, J = 9.8 Hz), 128.8, 128.3, 111.7
(d, J=3.2 Hz), 111.2 (d, J = 21.2 Hz), 108.7 (d, J = 20.0 Hz), 70.5, 59.2, 53.8, 45.5. °F NMR
(470 MHz, CsFe/CDCl3) & -118.54 (s, -F). HRMS (ESI) calcd. for C1oH1sFN203 (M + H)*
339.1140, found 339.1141.

Ethyl 9-fluoro-4-oxo-2-phenyl-3,4,5,9b-tetrahydro-3aH-pyrrolo[3,2-c]quinoline-3a-

carboxylate (25ek):

White solid; Rs (hexane/EtOAc, 7:3) 0.40; mp 207-209 °C; yield 107
mg, 51%. IR (KBr, neat) v 3220, 3064, 2988, 1736, 1675, 1446, 1343,
1275, 1188, 1035, 1022, 761 cm™!; *H NMR (500 MHz, CDCls) § 8.42
(s, 1 H), 7.84 (d, J = 7.2 Hz, 2 H), 7.46-7.43 (m, 1 H), 7.41-7.38 (m,
2 H), 7.30-7.25 (m, 2 H), 6.90 (t, J=8.0 Hz, 1 H), 6.63 (d, J = 8.0 Hz,
1 H),5.63 (s, 1 H), 4.20-4.16 (m, 3 H), 3.91 (dd, J = 17.2 and 2.4 Hz,
1 H), 1.16 (t, J = 7.2 Hz, 3 H). 3C{*H} NMR (150 MHz, CDCls) & 172.3, 169.7, 168.0, 161.
6 (d, J =247.2 Hz), 137.5 (d, J = 6.4 Hz), 133.1, 131.6, 130.8 (d, J = 6.0 Hz), 128.8, 128.3,

60
TH-3602_186122007



Chapter 2

111.4 (d, J = 1.0 Hz), 111.2 (d, J = 21.4 Hz), 109.0 (d, J = 20.2 Hz), 70.5, 62.8, 59.5, 45.2,
14.1. °F NMR (470 MHz, CsFs/CDCl3) § -118.93 (s, -F). HRMS (ESI) calcd. for C2oH1sFN203
(M + H)" 353.1296, found 353.1300.

Methyl (2R*,3aS*,9bR*)-4-0x0-2-(p-tolyl)-1,2,3,4,5,9b-hexahydro-3aH-pyrrolo[3,2-

c]quinoline-3a-carboxylate (diastereomeric mixture; dr = 9:1, 26aa):

H Colourless gum; Rt (hexane/EtOAc, 7:3) 0.40; yield 80 mg, 80%. IR
O N Z° (KBr, neat) v 3206, 2924, 1733, 1673, 1433, 1214, 1040, 755 cm™!;
'H NMR (500 MHz, CDCl3) § 9.07 (s, 1 H), 7.33(d, J=7.5Hz, 1
H), 7.30-7.20 (m, 3 H), 7.05-7.01 (m, 3 H), 6.87 (d, J=8.0 Hz, 1 H),
Q 4.80 (s, 1 H, minor), 4.53 (s, 1 H, major), 3.65 (s, 3 H), 3.29 (dd, J =
me | 13.1and 7.3 1 H, minor), 3.11 (dd, J = 13.1 and 8.7 Hz, 1 H, major),
2.80 (dd, J=13.8 and 7.8 Hz, 1 H, major), 2.72 (dd, J = 13.0 and 8.7
Hz, 1 H, minor), 2.33 (s, 3 H, minor), 2.26 (s, 3 H, major), 2.02 (bs, 1 H). 3C{*H} NMR (125
MHz, CDCls) 6 171.3, 169.6, 139.4, 137.3, 136.2, 129.6, 129.4, 127.1, 123.6, 121.3, 116.2,
65.1, 61.1, 59.6, 53.3, 43.3, 21.2. HRMS (ESI) calcd. for CaH21N203 (M + H)* 337.1547,
found 337.1557.
Methyl (2R*,3aS*,9bR*)-8-bromo-4-oxo-2-(p-tolyl)-1,2,3,4,5,9b-hexahydro-3aH-
pyrrolo[3,2-c]quinoline-3a-carboxylate (26da):

Colourless gum; R¢ (hexane/EtOAcC, 8:2) 0.40; yield 75 mg, 75%.
IR (KBr, neat) v 3206, 2926, 1733, 1677, 1425, 1256, 1040, 753
cm'; *H NMR (400 MHz, CDCls) 6 9.50 (s, 1 H), 7.38 (s, 1 H),
7.26 (dd, J=8.4 and 2.2 Hz, 1 H), 7.11 (d, J = 7.8 Hz, 2 H), 6.96
(d,J=7.8Hz, 2 H), 6.72 (d, J=8.4 Hz, 1 H), 4.39 (s, 1 H), 4.35
(t, J=8.21H),3.59 (s,3H),3.02 (dd, J=13.8and 8.8 Hz, 1 H),
2.67 (dd, J=13.8 and 7.8 Hz, 1 H), 2.19 (s, 3 H), 2.06 (bs, 1 H).
BC{*H} NMR (125 MHz, CDCls) § 170.6, 169.1, 139.2, 137.1, 135.1, 132.2, 132.1, 129.2,
126.8, 123.3, 117.4, 115.6, 64.2, 60.6, 59.1, 53.2, 42.8, 21.0. HRMS (ESI) calcd. for
C20H20BrN203 (M + H)*"415.0652, found 415.0649.

Ethyl (25*,3aS*,9bR*)-2-isobutyl-4-0x0-1,2,3,4,5,9b-hexahydro-3aH-pyrrolo[3,2-
c]quinoline-3a-carboxylate (diastereomeric mixture, dr = 85:15, 26aq):

61
TH-3602_186122007



Chapter 2

Pale yellow gum; Rs (hexane/EtOAc, 6:4) 0.40; yield 90 mg, 89%. IR
(KBr, neat) v 3212, 2953, 1733, 1675, 1466, 1246, 1098, 753 cm™!;
'H NMR (400 MHz, CDCl3) 8 9.50 (s, 1 H), 7.24 (d, J = 7.6 Hz, 1 H),
7.15(t,J=7.6 Hz, 1 H), 6.94 (t, J = 7.6 Hz, 1 H), 6.84 (d, J = 7.6 Hz,
Me 1 H), 4.47 (s, 1 H, minor), 4.27 (s, 1 H, major), 4.05-3.95 (m, 2 H),
3.39-3.31 (m, 1 H, major), 3.30-3.25 (m, 1 H, minor), 2.87 (dd, J = 12.9 and 7.2 Hz, 1 H,
minor), 2.81 (dd, J =12.9 and 8.2 Hz, 1 H, major), 2.29 (dd, J = 13.6 and 7.6 Hz, 1 H, major),
2.23(dd, J=13.6 and 8.4 Hz, 1 H, minor), 2.10 (bs, 1 H), 1.62-1.55 (m, 1 H, major), 1.43-1.33
(m, 1 H, minor), 1.31-1.24 (m, 1 H), 1.22-1.18 (m, 1 H), 0.99 (t, J = 7.2 Hz, 3 H), 0.84-0.80
(m, 6 H). BC{*H} NMR (125 MHz, CDCls) § 170.8, 170.3, 169.5, 136.1, 129.5, 129.4, 129.3,
1235, 121.3, 116.1, 65.0, 63.4, 62.1, 62.0, 59.1, 56.1, 55.3, 46.5, 45.8, 41.8, 41.1, 26.2, 23.1,
22.8, 14.0. HRMS (ESI) calcd. for C1sH2sN203 (M + H)* 317.1860, found 317.1864.
Dimethyl 2-(2-((2-cyanophenyl)amino)-2-(p-tolyl)ethyl)malonate (Intermediate A, when
R =H, R!=R2= Me):

CO,Et

Ve Colourless gum; Rr (hexane/EtOAc, 8:2) 0.50; yield 121 mg, 82%.
CN H IR (KBr, neat) v 3367, 2956, 2213, 1733, 1604, 1580, 1459, 1277,
©/ 1078, 753 cm *; *H NMR (500 MHz, CDCl3) § 7.35 (dd, J = 7.8
and 1.6 Hz, 1 H), 7.25-7.19 (m, 3 H), 7.14 (d, J = 7.8 Hz, 2 H),
6.62 (t, J=7.6 Hz, 1 H), 6.54 (d,J=8.6 Hz, 1 H),5.05(d, J=7.2
Hz, 1 H), 453 (q, J = 7.2 Hz, 1 H), 3.77 (s, 3 H), 3.70 (s, 3 H), 3.49 (t, J = 7.6 Hz, 1 H),
2.55-2.49 (m, 1 H), 2.44-2.38 (m, 1 H), 2.30 (s, 3 H). *C{*H} NMR (125 MHz, CDCls) &
169.6, 169.5, 149.2, 138.1, 137.7, 134.2, 132.9, 129.8, 126.3, 117.8, 117.3, 112.2, 96.6, 55.9,
53.0,52.9,49.1, 36.7, 21.1. HRMS (ESI) calcd. for C21H22N2NaO4 (M + H)*389.1472, found
389.1493.

CO,Me
CO,Me
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2.10. Representative Spectra

!H (CDCls, 500 MHz) spectrum of compound (24aa):
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'H (CDCls, 500 MHz) spectrum of compound (24ak):
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H (CDCIs, 400 MHz) spectrum of compound (25aa):
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'H (CDCIs, 500 MHz) spectrum of compound (25br):
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'H (CDClIs, 400 MHz) spectrum of compound (26aq):
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NOE (400MHz, CDCls) spectrum of compound 26aq;:
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H, R! = R? = Me):

BC{*H} (CDClIs, 125 MHz) spectrum of intermediate A (R
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CHAPTER 3
Domino Synthesis of 4-Methylene Substituted Tetrahydroquinazolines

from 2-Aminobenzonitriles and Alkylidene Malonates

Abstract: This chapter highlights an efficient methodology for the synthesis of highly diverse
4-methylene substituted tetrahydroquinazoline scaffolds from 2-aminobenzonitriles and
alkylidene malonates in presence of SnCls. The reaction proceeds via initial 1,4-conjugate
addition of 2-aminobenzonitrile to the activated alkene followed by an unprecedented
rearrangement. The methodology can be extended towards the synthesis of quinazoline
analogues as well as tetracyclic dihydroisoquinolino[1,2-b]quinazoline derivatives. Some of
the synthesized compounds show excellent photophysical properties.

R' R’
i | 1 [Ru] L l!l
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. — ! —_— .
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EWG= CO,Me, CO,Et, CO,/Pr, SO,Ph upto 90% yield upto 60% yield
-N and C-C bond formation gram scale synthesis
C-N and C-C bond f ti | thesi
easily available starting materials photophysical study
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71
TH-3602_186122007



Chapter 3

72

TH-3602_186122007



Chapter 3

3.1. Introduction

Quinazolines and its tetrahydro derivatives are well known structural motifs, ubiquitous in
natural products, pharmaceutically relevant compounds and value-added clinical drugs.*
Among them, benzo-fused tetrahydroquinazoline has an interesting structural skeleton with
ring fused aminal, where two nitrogen atoms are attached to the same sp3-carbon atom. They
serve as fundamental units in biologically active compounds and are building blocks for a wide
range of commercially available pharmaceuticals and potential drug candidates (Figure 3.1.1.).
For instance, fenquizone (a)?> is a FDA approved diuretic drug that exhibits chronic
hypertensive effect, whereas DPC 083 (c)? is an anti-HIV drug. Quinethazone (b),* a thiazide
diuretic is commonly used for the treatment of hypertensive disorder and compound (e)° is
butyrylcholinesterase inhibitor. Afacifenacin (d)® is an antimuscarinic drug widely used to treat
people with an overactive bladder. Tetrahydroquinazolines possessing strong electron
withdrawing group at 4-position also has immense potential with biological activities and
enhanced fluorescence properties. It is considered as a privileged scaffold and can be easily

tuned to achieve further transformations.

o
HZN\SI/O HZN\SI/O o cl F3C ‘:\
d NH d NH NH
cl N cl N)\/ N/&O
H H H
(a) fenquizone (b) quinethazone (c) DPC 083
(diuretic) (anti hypertensive) (HIV inhibitor)
N.__o
Ph N
7 /O C/Hig” \[]/ N
@(\N 0 N
I
N’J*o OCFs CH;
H
(d) Afacifenacin (e) BChE inhibitor
(antimuscarinic) (IC50 = 60 nM)

Figure 3.1.1. Some examples of pharmaceutical drugs with tetrahydroquinazoline core.
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3.2. Literature Survey on Synthesis of Substituted Tetrahydroquinazolines

Traditional approaches for the synthesis of 1,2,3,4-tetrahydroquinazolines are the routine
condensation of various 2-(aminomethyl)anilines with aldehydes and ketones in conventional
organic media, only providing C2 substituted tetrahydroquinazolines.” In 2002, Scott and his
co-workers developed a method for synthesis of 2-aryl-1,2,3,4-tetrahydroquinazolines 3 by
direct reaction of 2-aminobenzylamine 1 and aryl aldehydes 2. This solvent— and reagent—free
protocol gave excellent yields of the products by simple mixing of the reagents either neat, or

as an aqueous slurry (Scheme 3.2.1.).8

NH
NH, | TS ground @(\)\

NH, N

1 2 3

R'= aryl

Scheme 3.2.1. Solvent-free synthesis of 2-aryl substituted tetrahydroquinazolines.
Prajapati’s group also demonstrated a microwave assisted one pot, multicomponent synthesis

of 2,4-diaryltetrahydroquinazoline derivatives 5 from 2-naphthyl amine 4, aryl aldehydes 2 and
ammonium acetate as a nitrogen source. This catalyst— and solvent—free cascade strategy
proceeds via in situ generation of both the diene and the dienophile and their subsequent aza—

Diels—Alder cyclization to give the product (Scheme 3.2.2.).°

H
R' _N_ _R’
NH, NH,OAc p
+ R'CHO —
microwave
2 700 W
4 5

R'= aryl, heteroaryl
Scheme 3.2.2. Microwave assisted synthesis of 2,4-diaryl substituted tetrahydroquinazolines.
G. K. Surya Prakash and his group reported a Lewis acid catalyzed synthesis of
difluoro/trifluoromethylated  1,2,3,4-tetrahydroquinazolines 8 from anilines 6 and
difluoro/trifluoroacetaldehyde methyl/ethyl hemiacetal 7. This one pot protocol follows a
sequential condensation—cyclization reaction to form fluorinated products in good yields
(Scheme 3.2.3.).1°
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H
N_ _R
©/NH2 )O\H Ga(OT)s (1mol%) Y F
+ ,Rz [ 4 N
W Rg” O 100-150 °C, neat | N i
g R ~

R'= Me, Et, 'Pr, Bu, OMe, F, Cl; R?= Me, Et
RF= CF3, CF2H

Scheme 3.2.3. Synthesis of difluoro/trifluoromethylated 1,2,3,4-tetrahydroquinazolines.
In 2008, Siedel and his co-workers explored a a—amination reaction of secondary amines 10
with ortho—aminobenzaldehydes 9 to access fused 1,2,3,4-tetrahydroquinazolines 11. This
thermally promoted transition metal free protocol follows a redox neutral cascade condensation

and 1,6-hydrogen transfer/cyclization to give the product in good to excellent yields (Scheme

3.2.4).4

CHO s

X ., EtOH o Y NT

| > * T N )\ /

R4 NH2 N reflux H -
9 10 1

R'=H, Cl, Br, Me, CO,Me, OMe, Ph, CN
Scheme 3.2.4. Redox neutral a—amination reaction of secondary amines.

Sun and co-workers disclosed an asymmetric formal [4+2]-cycloaddition of ethynyl
benzoxazinanones 12 and  hexahydro-1,3,5-triazines 13  providing  chiral
tetrahydroquinazolines 14. This copper catalyzed cycloaddition features the formation of in
situ generated copper—allenylidene complex and formaldimine during the reaction process to
give chiral tetrahydroquinazoline in moderate to good yields and up to 98% enantiomeric

excess (Scheme 3.2.5.).12

I I ~
3 (0] y/ lo)
R2 ‘R? Cu(MeCN)PFq i _R? § N
X Yo NN (5 mol%) XYY" "N " <,’ |
2 N S R N
Rq/ N o N L (6 mol%) N )
SO,Ar R2 CH3OH/MeCN (2:1) SO,Ar
12 13 0°C 14 L
15

R'= H, Me, CI, Br, CF3; R?>= aryl, alkyl
Scheme 3.2.5. Copper catalyzed asymmetric synthesis of chiral tetrahydroquinazolines.
Similarly, Liu and co-workers developed a base promoted synthetic route featuring inverse—
electron—-demand  [4+2]-cycloaddition  for  the  synthesis of  functionalized

tetrahydroquinazolines 17. This mild protocol involves cycloaddition reaction of in situ
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generated aza—ortho—quinone methides from N—(o—chloromethyl) aryl amides 16 with 1,3,5-

triazinanes 13 to form products with good to excellent yields (Scheme 3.2.6.).2

R3 R4
X Cl N82CO3
> * r j C(l\)
Ré l;lH R4 \/ R4 THF
OZS\R1
16 13 17

R'= aryl; R?=H, CI, Br, F, Me, OMe
R3= H, Me; R*= aryl, benzyl

Scheme 3.2.6. Base mediated inverse—electron—demand [4+2]—cycloaddition for synthesis of
tetrahydroquinazolines.

Later, Chen and his group also reported an inverse—electron—demand [4+2]—cycloaddition
reaction to access perfluoroalkylated tetrahydroquinazolines 20 utilizing an iridium complex
as photocatalyst. This key steps in this redox neutral method include photocatalytic radical
mediated generation of aza—ortho—quinone methides from 2-vinylanilines 18 and
perfluoroalkyl radical precursors 19 and subsequent reaction with the formaldimines from
1,3,5-triazinanes 13 to deliver the products with moderate to good yields (Scheme 3.2.7.).14

F,C
fac-[Ir(ppy)s]

R2
(2 mol%) R N”
| e
4 N NazHPO4 — N
R R2 ~~"""R2 (2 equiv) )

CF3 OTf 7 w blue LEDs

18 19 13 DCM, rt 20

R'=H, CI, Br, F, Me, OMe, CN, CF4
R2= benzyl, alkyl, aryl

Scheme 3.2.7. Photocatalyzed cycloaddition for synthesis of perfluoroalkylated

tetrahydroquinazolines.
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3.3. Present Work

As already revealed, highly substituted tetrahydroquinazolines are frequently found in various
natural products and pharmaceuticals, making their synthesis a significant challenge for
synthetic chemists. Despite the numerous existing literature reports for synthesis of various
substituted tetranhydroquinazolines, it may be noted substituted tetrahydroquinazolines bearing
active methylene group at 4-position has not been reported yet. As per the existing literature
reports, conventionally an inter-molecular method with concomitant attack of a nucleophile on
an electron deficient alkene, followed by electrophilic attack on an unsaturated heteroatom
motif can lead to the generation of different functionalized heterocycles. In this context, we
hypothesized that the reaction of 2-aminobenzonitrile with electron deficient alkylidene
malonate would yield 4-imino-1,4-dihydroquinoline moiety, however, tetrahydroquinazoline
was isolated. Thus, this chapter describes SnCls mediated efficient protocol for the synthesis of
4-methylene substituted tetrahydroquinazolines from 2-aminobenzonitriles and alkylidene
malonates. The reaction proceeds via initial 1,4-conjugate addition of 2-aminobenzonitrile to
the activated alkene followed by an unprecedented rearrangement with the migration of
electron withdrawing groups.

(a) Our hypothesis
EWG

Nu ] N [acid] Nu _R
PRI u PIIN u aci 0T
‘ B i I EWG :
: EWG 1.4-conjugate w)\ or :
\ Ar K ’/L k - Ar' R 5 ‘\Ar’ EWG
Tt \\X R addition .- \\X [base] 4 CWG
XH
X=N, CR
Intermolecular
cyclization
(b) This work R (known concept)
|
1
.-=~. _NHR' % --~_N__R
. ¢ EWG SnCly /
‘<..-* >CN EWG DCE —ad
0
21 22 ga°c EWG EWG
23

R'=H, Me; R'= aryl, alkyl
EWG= CO,Me,CO,Et,CO,Pr, SO,Ph

Scheme 3.3.1. Domino synthesis of 4-methylene substituted tetrahydroquinazolines.
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3.4. Results and Discussion

3.4.1. Optimization of the Reaction

In the beginning, we initiated the optimization studies by treating diethyl 2-(4-
chlorobenzylidene)malonate (22b) with 2-aminobenzonitrile (21a) in the presence of 2.0 equiv
of SnCls in DCM at room temperature under an inert atmosphere (Table 3.4.1.1., entry 1). To

Table 3.4.1.1.: Optimization of the reaction?

Et0,C.__CO,Et
@[ cot e ©\I
NH, CozEt temperature
23ab

entry reagent (equiv) solvent temp/°C %yieldb
1. SnCls (2.0) DCM 25 52
2. SnCl4 (2.0) DCE 25 55
3. SnCls (2.0) toluene 25 20
4, SnCl4 (2.0) THF 25 -
5. SnCl4 (2.0) CH3CN 25 -
6. SnCls (2.0) DCE 40 65
7. SnCl4 (2.0) DCE 80 83
8. SnCls(1.2) DCE 80 86
9. SnCl4 (0.5) DCE 80 52
10.° SnCls (1.2) DCE 100 77
11.9 SnCls (1.2) DCE 80 46
12. TiCls(1.2) DCE 25 35
13. AlICl3(2.0) DCE 25 -
14. FeCls3 (1.5) DCE 80 -
15. InCl3 (0.5) DCE 80 -
16. In(OTf)3(0.5) DCE 80 -
17. Cu(OTf)2(0.5) DCE 80 -
18. BF3-OEt2 (1.2) DCE 25 -
19. TfOH (1.2) DCE 25 -
20. p-TsOH (2.0) DCE 25 -

aAll the reactions were carried out in (0.48 mmol) 21a, (0.4 mmol) 22b in 2.0 mL solvent, N2 atmosphere,
®Isolated yields, In a sealed tube, YO, atmosphere.

78
TH-3602_186122007



Chapter 3

our delight, the reaction occurred to deliver the product diethyl 2-(2-(4-chlorophenyl)-2,3-
dihydroquinazolin-4(1H)-ylidene)malonate (23ab) in 52% yield. Encouraged by the
result, we attempted the reaction in a set of non-polar and polar solvents like DCE,
toluene, THF and acetonitrile at room temperature. Similar yield was obtained with
DCE (Table 3.4.1.1., entry 2) whereas toluene produced inferior yield (Table 3.4.1.1.,
entry 3). The reaction did not proceed at all with moderately and highly polar solvents
such as THF and acetonitrile, respectively (Table 3.4.1.1., entries 4 and 5). However,
increasing the reaction temperature to 50 °C in DCE resulted in 65% yield of 23ab
(Table 3.4.1.1., entry 6). Further elevating the temperature to 80 °C in DCE led to 83%
yield (Table 3.4.1.1., entry 7). Decreasing the loading of SnClsto 1.2 equiv and 0.5 equiv
in DCE at 80 °C resulted in a synchronous yield of 86% (Table 3.4.1.1., entry 8) and an
inferior yield of 52% (Table 3.4.1.1., entry 9) respectively. The reaction was performed
at 100 °C in DCE in a sealed tube resulting in a decreased yield of 77% (Table 3.4.1.1.,
entry 10). When the reaction was performed with 1.2 equiv of SnCls in DCE at 80 °C
under O atmosphere, it produced an inferior yield of 46% (Table 3.4.1.1., entry 11). The
reaction was also investigated under different Lewis and Brgnsted acidic conditions. It
was observed that, with TiCls (1.2 equiv) in DCE at room temperature 23ab was formed
with 35% vyield (Table 3.4.1.1., entry 12). Other Lewis acids such as AIClz, FeCls, InCls
in DCE at 80 °C failed to give any product (Table 3.4.1.1., entries 13-15). Metal triflates
such as indium and copper triflates and BF3-OEt> were also screened for the reaction but
did not give any products (Table 3.4.1.1., entries 16-18). Brgnsted acids TfOH and p-
TsOH in DCE at room temperature were also found to be ineffective (Table 3.4.1.1.,
entries 19 and 20). Therefore, 1.2 equiv of SnCls in DCE at 80°C are the optimum
conditions for the reaction.
3.4.2. Substrate Scope

With the established optimal conditions in hand, the generality of the reaction was explored
with different substrates as depicted in Scheme 3.4.2.1. It was observed that the reaction
proceeds well with a series of arylidene malonates having both electron-donating and electron-
withdrawing groups at different positions of the aromatic ring. The reaction of 2-
aminobenzonitrile 21a with moderately electron-withdrawing halo groups in the ortho- and
para-position of the aromatic ring of arylidene malonates provided the corresponding products
23ab-23ad and 23ah in good yields. Whereas, arylidene malonates with strong electron-
withdrawing groups such as —NO2, —CO2Me and —CF3z furnished excellent yields up to 90%,

of the corresponding products 23ae, 23af and 23ag, respectively. Likewise, the reaction when
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EWG EWG
CN EWG .
@[ . R“\r SnCly (1.2 equw)= NH
NHZ EWG DCE, 80 °C N)\R1
21a 22 23 H

Et0,C.__CO,Et [EtO,C_ _CO,Et  Et0,C_ _CO,Et  Et0,C._ _CO,Et Et0,C_ _CO,Et
d[NH d[NH (:EENH NH ©\J[NH

N N N N

H H H H

N
H
23aa, 70% 23ab, 86% ci

23ac, 73% Br 23ad, 75% F 23ae 90% NO,

Et0,C.__CO,Et

Et0,C.__CO,Et Et0,C._ _CO,Et  EtO,C._ _CO,Et  Et0,C_ _CO,Et
@(\[NH d[NH d[NH Br NH CEENH
Me
N N N N N
H H H H H
C e CF; Me Me

o,M
23af, 85% 275 23ag, 87% 23ah, 89% 23ai, 76% 23aj, 69%
Et0,C.__CO,Et Et0,C._ _CO,Et Et0,C_ _CO,Et Et0,C._ _CO,Et
CEENH NH Me NH NH
om

N € N N N

H H H H
23ak, 59% OMe 23al, 60% 23am, 63% NMez  23an. 73% Ph

OMe

EtOZC COZEt Et02C C02Et Et02C C02Et M902C c02Me

NH NH Me d(NH NH

N
H H | / H
23a0, 63% O 23ap, 77% 23aq, 52% 23ar, 84% cl
iPrO,C CO,iPr EtO,C SO,Ph
NH NH
N N
H H
23as, 45% g 23at, 25%
Unsuccessful substrates (o)
CO,Et CN
Z CN CN
NO, N Br
22u 23au, 40% 22v 22w

#Reaction conditions: 21a (0.48 mmol), 22 (0.4 mmol), SnCl, (0.48 mmol), DCE (2 mL), N, atmosphere.
bIsolated yield of the product.

Scheme 3.4.2.1. Scope for the formation of substituted tetrahydroquinazolines with different
alkyl/arylidene malonates.®"
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screened with arylidene malonates bearing weak electron-donating methyl group at the para-
and ortho- positions provided the products 23ai and 23al in 76% and 60% yields, respectively.
On the other hand, both di- and tri-substituted arylidene malonates with moderate and strong
electron donating groups furnished the expected products 23aj and 23ak in moderate yields.
The reaction was also tested with bulky aromatic polysubstituted arylidene malonate 220,
which produced the corresponding product 23a0, in 63% yield. Intriguingly, biphenyl as well
as electron rich 4-N,N-dimethylamino substituted arylidene malonates gave the desired
products 23an and 23am in 63% and 73% yields, respectively. Heteroaromatic i.e. 2-thiophene
substituted arylidene malonate was also compatible with the reaction conditions affording the
respective product 23aq in 52% yield. Primary alkylidene malonate also proceeded well in this
reaction conditions giving the product 23ap with 77% yield. Even varying the dicarboxylate
part of the arylidene malonates gave products 23as and 23ar in moderate and good yields.

EWG EWG
CN
X RISy EWC SnCl, (1.2 equiv) X ONH
A - (L X
R NHR EWG DCE, 80 °C R ONTR!
21 22 R 23
Et0,C._ _CO,Et Et0,C_ _CO,Et Et0,C._ _CO,Et Et0,C_ _CO,Et
NH NH NH NH
cl N Br N O,N N N
H H H F H
Cl Ph Cl i Me
23bb, 87% 23cn, 78% 23db, 72% 23ei, 77%
EtO,C._ _CO,Et EtO,C.__CO,Et EtO,C._ _CO,Et EtO,C._ _CO,Et
M M
N NM STON N
H H H Me
Br Cl
23fa, 83% 23fx, 47% 23gc, 52% 23hb, 40%
#Reaction conditions: 21 (0.48 mmol), 22 (0.4 mmol), SnCl, (0.48 mmol), DCE (2 mL), N, atmosphere.
bsolated yield of the product.

Scheme 3.4.2.2. Scope for the formation of substituted tetrahydroquinazolines with different
alkyl/arylidene malonates and substituted 2-aminobenzonitriles. &P
Electron-deficient alkenes having two different electron-withdrawing groups such as ester and
sulfone also produced the corresponding product 23at but with a low yield. Interestingly,
alkylidene substrate 22u having nitro and ester groups provided 2-phenylquinazolin-4(3H)-one

23au in 40% yield. The spectroscopic data of compound 23au was in agreement with literature
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reports.’® On the other hand, substrates having nitrile group 22v and 22w failed to give any

product. This might be due to the low reactivity of nitrile group compared to ester group.

To further ascertain the scope, additionally different electron-donating and electron-
withdrawing substituted 2-aminobenzonitriles were screened, which furnished the
corresponding products in good yields 23bb-23fx as shown in Scheme 3.4.2.2. Moreover, when
2-aminobenzonitrile was substituted with 2-aminothiophene-3-carbonitrile under the
standard set of reaction conditions afforded the desired product 23gc with 52% yield.
N-methyl substituted 2-aminobenzonitrile also react with the arylidene malonate to give
the expected product 23hb. The structure of the compounds was determined by *H and
13C{*H} NMR spectroscopy, mass spectrometry and finally by X-ray crystallographic
analysis of the compound 23ar.

A gram scale synthesis was carried out to check the scalability of the methodology
(Scheme 3.4.2.3.). 2-Aminobenzonitrile (21a) (502 mg, 4.25 mmol) reacted with diethyl
2-(4-chlorobenzylidene)malonate (22b) (1.0 g, 3.54 mmol) under the standard
conditions to provide the corresponding product 23ab with 71% (1.0 g) yield.

Et0,C._ _CO,Et

@ECN mcoﬁt SnCl, (1.2 equiv) -
. .
NH, ‘W DCE, 80 °C N)\©\
H
23ab o

21a 22b

502 mg (4.25 mmol) 1.0 g (3.54 mmol) 711/0y?e|d
(]

Scheme 3.4.2.3. Gram-scale synthesis.

3.4.3. Plausible Mechanism

A plausible mechanism for the formation of tetrahydroquinazoline is depicted in
Scheme 3.4.3.1. Initially, SnCl4 activates the alkylidene malonate 22 via coordination
with ester functionality for the conjugate addition of 2-aminobenzonitrile 21 leading to
1,4 adduct A. Under Lewis acidic conditions, the enolyzed intermediate A undergoes
intramolecular addition to the activated nitrile group to form adduct B. Further, the
unstable intermediate C is generated via delocalisation of nitrogen lone pair followed
by C—C bond cleavage of adduct B under the action of SnCls. The intermediate C
subsequently proceeds through intramolecular Mannich type reaction to give our final
product 23. It is evident from the mechanism that SnCl4 activates alkylidene malonate,

diester moiety, nitrile as well as imine functionality during the reaction. Also, a
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stoichiometric amount of SnCls is required because it is neutralized by the basic nitrogen

atoms formed in the product (Lewis complex).

Cly
Sn R
R on g P R N_R" or? R
I\\ i I , —H® e OR
P ’0 | OR | oo
N R 22 +HO Sy [l
AN N [To=sn*
21 Cl,Sn OR?
A

Scheme 3.4.3.1. Plausible reaction mechanism.

3.5. Post-synthetic Applications

3.5.1. Synthesis of Quinazolines

EtO,C._ __CO,Et EtO,C.___CO,Et
DDQ (1.5 equiv)
| N NH —_— | N \)N\
toluene (reflux) A~
R s R N ar
23 24

Et0,C.__CO,Et Et0,C.__CO,Et Et0,C.__CO,Et
~ ~ ~
N)\©\ . N)\©\ N)\O
cl Ph

24a, 70% 24b, 76% 24c, 84%

Scheme 3.5.1.1. Scope for the synthesis of quinazolines.

The utility of the methodology can be further extended towards the synthesis of quinazolines.
Aromatization of the products 23ab, 23cn and 23fa with DDQ in toluene under reflux
conditions lead to the formation of 2,4-disubstituted quinazoline derivatives 24a, 24b and 24c
respectively with 70%, 76% and 84% yields (Scheme 3.5.1.1.). It may be noted that some

quinazolines and its derivatives exhibit diverse spectrum of pharmacological activities such as
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anti-inflammatory and anti-cancer activities.'® They are also used as synthetic precursors in
organic synthesis.!’

3.5.2. Synthesis of Tetracyclic Annulated Compounds

EtO,C CO,Et
Et0,C.__CO,Et Ar—=—Ar 2 ’Ar
Ru(p-cymene)Cl
|\ NH [Ru(p-cy )2]2= |\ N\Ar
Ac),.H
LN N, Cu(OAckH0 R// N Y
R g ‘AmOH, 120 °C H N
23 R{/ pressure tube, 24 h 25 X R3
EtO,C COzEt EtO,C COzEt Et0,C CO,Et
Ar
N N N AT
N
H
Me
25a, 51% 25b, 60% 25c, 57%
Ar= 4-BrCgHs

Scheme 3.5.2.1. Scope for the synthesis of tetracyclic annulated compounds.

The methodology can also be further expanded towards the synthesis of highly fluorescent
annulated tetracyclic products giving moderate to good yields. The products 23bb, 23fa and
23ai undergo selective C—H, N annulation at one of the phenyl rings with diphenylacetylene
derivatives in the presence of a Ru(ll) catalyst giving annulated products 25a, 25b and 25c¢
respectively with 51%, 60% and 57% yields. (Scheme 3.5.2.1.).

3.5.3. Photophysical Studies

The =-conjugated nitrogen containing heterocyclic compounds are excellent
fluorescent compounds, suitable for various applications such as the fluorescent probe
for bio-imaging,*® solar cells,*® and OLED.?° Thus, the photophysical properties of some
selected synthesized compounds were studied considering their potential in
photoelectronic field. The ultraviolet absorbance (Aabs) and fluorescence emission (Aem)
for compounds 23ab, 23ac, 23ah, 23am, 23db, 25a, 25b and 25c were studied in
dichloromethane, which are shown in Figures 3.5.3.1.(a) and 3.5.3.1.(b), respectively.
The absorbance at Amax and calculated molar extinction coefficient (€) are summarized
in (Table 3.5.3.1.). It was observed that the compounds 23ab, 23ac, 23ah, 23am and
23db with 340 nm photoexcitation showed fluorescent emission band at 430 nm, which
might be due to the formation of excited species because of the presence of adjacent

nitrogen atom in conjugation with the active methylene group. However, there is a
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drastic enhancement of fluorescence and red shift in the compounds 25a, 25b and 25c
in the range of 450-490 nm, due to the extra conjugation offered by the diphenyl-1,2-
dihydroisoquinoline moiety. As the compounds exhibit fluorescence, they may find

potential application in various fields of material science.

0.258 _.4.98
:? —23ab
@© — 23ac
o ~ — 23ah
O 0172 " % 332 B 23am
% — —23db
< X o
©0.086 21.66f e
o 0
< c
9 .
0.000 : : 23 £0.00 : — (¢)
310 350 390 430 350 433 516 599
Wavelength (nm) Wavelength (nm)
(a) (b)

Figure 3.5.3.1. (a) UV-vis and (b) Fluorescence Spectra (c) Compounds 23ab, 23ac,
25c, 25a and 25b under UV irradiation at 365 nm.

Table 3.5.3.1. UV-vis and photoluminescence parameters.

entry compound Amax (NM)®  absorbance at Amax € (1 x 10* Mcm™)  Aem (NnM)°

1. 23ab 335 0.176 1.76 430
2. 23ac 336 0.165 1.65 430
3. 23ah 336 0.172 1.72 431
4. 23am 338 0.231 231 431
5. 23db 339 0.252 2.52 430
6. 25a 369 0.174 1.74 476
7. 25b 356 0.199 1.99 466
8. 25¢ 360 0.126 1.26 471

a Absorption wavelengths. ® Emission wavelengths in DCM at a concentration of 1 x 107> M.

3.6. Conclusion

In summary, we have described a general procedure for the synthesis of methylene
substituted tetrahydroquinazoline derivatives from 2-aminobenzonitriles and activated

alkenes. The reaction is compatible to a variety of functional groups giving moderate to
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good yields. The methodology can be extended towards the synthesis of quinazoline
analogues as well as tetracyclic dihydroisoquinolino[1,2-b]quinazoline derivatives.

Some of the synthesized compounds show excellent photophysical properties.

3.7. Experimental Section
3.7.1. General Information and Instrumentation

All the reagents were of reagent grade (AR grade) and were used as purchased without further
purification. Silica gel (60-120 mesh size) was used for column chromatography. Reactions
were monitored by TLC on silica gel GF254 (0.25 mm). Melting points were recorded in an
open capillary tube and are uncorrected. Fourier transform-infra red (FT-IR) spectra were
recorded as neat liquid or KBr pellets. NMR spectra were recorded in CDCIl3; and DMSO-ds
with tetramethylsilane as the internal standard for *H (600 MHz, 500 MHz and 400 MHz) or
BC{*H} (150 MHz and 125 MHz) NMR. **F{*H} NMR spectra were recorded at 470 MHz
and chemical shifts are relative to hexafluorobenzene in CDCls at 6 = -164.9 ppm (external
reference). Chemical shifts (8) are reported in ppm with abbreviations, s = singlet, d = doublet,
t = triplet, g = quartet, p = quintet, dd = doublet of doublets, dt = doublet of triplets, td = triplet
of doublets, m = multiplet, bs = broad singlet and spin-spin coupling constants (J) are given in
Hz. HRMS spectra were recorded using Q-TOF and microTOF-Q Il mass spectrometer. All
UV experiments were performed in 1mL quartz cuvettes of path length 1cm at 25 °C in UV/Vis
spectrometer in HPLC grade solvent.
3.7.2. Reaction Procedure
3.7.2.1. Experimental Procedure for Synthesis of Alkylidene Malonates

All starting materials 22a-22x were synthesized by Knoevenagel reaction from the
corresponding aldehydes®, as per literature reports and confirmed by comparison to the
reported characterization data.??
3.7.2.2. General Procedure for the Synthesis of Compounds 23aa-23at, 23bb, 23cn, 23db,
23ei, 23fa, 23fx, 23gc and 23hb

EWG_ _EWG
CN
| X . R EWG SnCl, (1.2 equiv) | X7~ NH
P . >
&~Z NHR EWG DCE, 80 °C R// N)\R1
21 22 R 23

To a solution of electron deficient alkene 22 (0.4 mmol, 1 equiv) and 2-aminobenzonitrile
derivative 21 (0.48 mmol, 1.1 equiv) in 1,2-dichloroethane (2 mL) was added SnCls (0.72
mmol, 1.2 equiv) at 0 °C under nitrogen atmosphere. The reaction was then heated in an oil
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bath at 80 °C for 30 min. After completion of the reaction, the solvent was removed under
reduced pressure and diluted with saturated NaHCOs3 solution. Then the organic layer was
extracted with EtOAc (3 x 10 mL). The organic layer was further washed with brine solution
for 2-3 times. The combined organic layers were dried over anhydrous Na,SOs and
concentrated in rotary evaporator. The crude mixture was subjected to column chromatography
over silica gel (n-hexane/EtOAc eluent) to give the corresponding product 23.

3.7.2.3. General Procedure for the Synthesis of Compounds 24a, 24b and 24c

EtO,C.__CO,Et EtO,C.__CO,Et
DDQ (1.5 equiv

| N M (1.5eq )= | X \)N\
toluene (reflux) P>

e n)\Ar RZ N ar

23 24
To a solution of 4-methylene substituted tetrahydroquinazoline derivative 23 (0.3 mmol, 1
equiv) in toluene (2 mL) was added 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) (0.45
mmol, 1.5 equiv) portionwise at room temperature. The reaction mixture was stirred in an oil
bath under reflux for 12 h. After completion of the reaction, the solvent was removed under
reduced pressure and diluted with saturated aqueous sodium bicarbonate solution. The mixture
was extracted with DCM and the combined organic layers were washed with brine and dried
over anhydrous sodium sulphate. The solvent was removed under reduced pressure and the
crude mixture was purified by column chromatography over silica gel (n-hexane/EtOAc eluent)
to give the corresponding product 24.

3.7.2.4. General Procedure for the Synthesis of Compounds 25a, 25b and 25¢

Et0,C.__CO,Et R Et0,C_CO,Et

= Ar
[Ru(p-cymene)Cly]
| N - (p-cy ) 2z | X N AT
Cu(OAc),.H,O
R// \ S (OAc)2.H R// NT N
N AmOH, 120 °C H N
23 R{ 7 pressure tube, 24 h 25 SR

To an oven-dried pressure tube containing a magnetic bar was added 4-methylene substituted
tetrahydroquinazoline derivative 23 (0.2 mmol, 1 equiv), diphenylacetylene derivative (0.4
mmol, 2 equiv), [Ru(p-cymene)Cl2]2 (0.01 mmol, 0.05 equiv), Cu(OACc)..H20 (0.02 mmol, 0.1
equiv), and "AmOH. The reaction mixture was stirred in an oil bath preheated at 120 °C for 24
h. After completion of the reaction (monitored by TLC analysis), the reaction mixture was
cooled to ambient temperature, filtered through a small plug of Celite and then washed with

ethyl acetate (3 x 10 mL). The solvents were evaporated under reduced pressure and the crude
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material was purified using column chromatography on silica gel (n-hexane/EtOAc eluent) to
give the desired product 25.
3.7.2.5. Experimental Procedure for the Gram-Scale Synthesis of 23ab

To a solution of diethyl diethyl 2-(4-chlorobenzylidene)malonate (22b) (1.0 g., 3.54 mmol)
and 2-aminobenzonitrile (21a) (502 mg, 4.25 mmol) in 1,2-dichloroethane (12 mL) was added
SnCl4 (0.5 mL,4.25 mmol) at 0 °C under nitrogen atmosphere. The reaction was then heated in
an oil bath at 80 °C for 30 min. After completion of the reaction, the solvent was removed
under reduced pressure and diluted with saturated NaHCOg3 solution. Then the organic layer
was extracted with EtOAc (3 x 10 mL). The organic layer was further washed with brine
solution for 2-3 times. The combined organic layers were dried over anhydrous Na,SO4 and
concentrated in rotary evaporator. The crude mixture was subjected to column chromatography
over silica gel with n-hexane/EtOAc as eluents to give the corresponding product 23ab with
71% yield (1.0 g, yellow solid).
3.7.3. Crystallographic Description

Single crystals of compound 23ar was obtained by slow evaporation of ethyl acetate and
hexane solution (1:9). Bruker APEX-11 CCD diffractometer was used to collect the intensity
data. The instrument is equipped with a fine focus 1.75 kW sealed tube Mo Ka radiation (A =
0.71073 A) at 297 K. The data acquisition was done with the APEX4 software. APEX4
software was implemented for data integration and reduction. Multi-scan empirical absorption
corrections were employed to the data using the program APEX4. Structures were solved by
direct methods using SHELXL-2019 and refined with full-matrix least-squares on F2 using
SHELXL-2019/1.2 Structural illustrations have been drawn with ORTEP-3 for Windows.? The
detailed data collection and structure refinement are summarized in Table 3.7.3.1.
a. G. M. Sheldrick, SHELXS-2014, Program for the crystal structure solution; University of
Gottingen: Gottingen, Germany, 2014.
b. L. J. Farrugia, XRDIFF: simulation of X-ray diffraction patterns, J. Appl. Crystallogr. 1997,
30, 565.
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MeO,C.__CO,Me

S

H
23ar Cl

Figure 3.7.3.1. ORTEP diagram of compound (23ar) with 30% probability.

Table 3.7.3.1. Crystal parameters of compound 23ar

TH-3602_186122007

CCDC 2323124
Formula C19H17CIN2O4
Formula weight 366.40
T/IK 297
Crystal system Triclinic
Space group P-1
a/A 9.6699 (15)
b/A 9.6753 (15)
c/A 10.4512 (16)
al® 76.908 (4)
Blo 71.347 (4)
yl° 71.318 (4)
VIA3 869.2 (2)
Z 2
Abs. Coeff./mm* 0.248
Abs. Correction multi-scan
GOF on F2 1.037
Final R indices [I> 26(I)] R1 =0.0369
wR2 = 0.0927
R indices [all data]
R1=0.0403
WR2 = 0.0966
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3.9. Characterisation Data

Diethyl 2-(2-phenyl-2,3-dihydroquinazolin-4(1H)-ylidene)malonate (23aa):
Pale yellow solid; Rf (hexane/EtOAc, 4:1) 0.50; mp 133-135 °C; yield
102 mg, 70%; IR (KBr, neat) v 3326, 2981, 1643, 1556, 1478, 1267,

Et0,C._ _CO,Et

NH

1234,1153, 1115, 1073, 758 cm!; *H NMR (500 MHz, CDCl3) § 9.95
)\© (s,1H),7.40 (dd,J=5.9and 3.8 Hz, 2 H), 7.33 (d, J = 8.1 Hz, 1 H),
7.27-7.25(m, 3 H), 7.11 (t, J=7.7 Hz, 1 H), 6.66 (t, J = 7.8 Hz, 1 H),
6.60 (d, J=8.1 Hz, 1 H), 5.20 (d, J = 1.9 Hz, 1 H), 4.75 (s, 1 H), 4.06-3.95 (m, 4 H), 1.13-1.04
(m, 6 H). BC{*H} NMR (150 MHz, CDCls) § 169.7, 169.1, 155.2, 147.3, 138.1, 132.6, 130.1,
129.3,128.5,127.9, 119.7,117.2, 116.4, 89.7, 66.7, 61.1, 59.9, 14.6, 14.0. HRMS (ESI) calcd.
for C21H23N204 (M + H)* 367.1652, found 367.1656.
Diethyl 2-(2-(4-chlorophenyl)-2,3-dihydroquinazolin-4(1H)-ylidene)malonate (23ab):
Yellow solid; Rf (hexane/EtOAc, 4:1) 0.50; mp 150-152 °C; vyield
EtO,C CO-Et 138 mg, 86%; IR (KBr, neat) v 3321, 2980, 1644, 1590, 1556, 1480,
NH 1266, 1234, 1153, 1075, 759 cm!; *H NMR (400 MHz, CDCls) &
ﬂ)\©\ 10.05 (s, 1 H), 7.53-7.45 (m, 3 H), 7.38 (d, J = 8.4 Hz, 2 H), 7.27-
cil 7.23(m,1H),6.81(t,J=7.7Hz, 1H),6.72(d, J=8.1 Hz, 1 H), 5.37
(d, J=1.8Hz,1H),4.60 (s, 1 H), 4.22-4.10 (m, 4 H), 1.27-1.15 (m,
6 H). C{*H} NMR (150 MHz, CDCl3) & 169.7, 169.1, 154.9, 147.0, 136.8, 136.0, 132.7,
129.5,129.3,128.4, 119.8, 117.1, 116.5, 89.9, 65.9, 61.2, 60.0, 14.6, 14.0. HRMS (ESI) calcd.
for C21H22CIN204 (M + H)*401.1263, found 401.1285 and 403.1253.
Diethyl 2-(2-(4-bromophenyl)-2,3-dihydroquinazolin-4(1H)-ylidene)malonate (23ac):
Bright yellow solid; R (hexane/EtOAc, 4:1) 0.50; mp 174-176 °C;
yield 129 mg, 73%; IR (KBr, neat) v 3322, 2980, 1644, 1557,

N
H

Et0,C._ _CO,Et

NH 1480, 1266, 1235, 1153, 1074, 759 cm™'; 'H NMR (500 MHz,
H)\©\ CDCls) § 10.06 (s, 1 H), 7.54 (d, J = 7.9 Hz, 2 H), 7.44 (dd, J =

Br| 135and 7.9 Hz, 3H), 7.25 (t, J=7.7 Hz L H), 6.81 (t, J = 7.7 Hz,
1H), 6.72 (d, J=8.1 Hz, 1 H), 5.36 (d, J = 2.0 Hz, 1 H), 4.60 (s, 1H), 4.22-4.08 (m, 4 H), 1.26-
1.15 (m, 6 H). 3C{*H} NMR (125 MHz, CDCls) § 169.7, 169.1, 154.9, 147.0, 137.4, 132.7,
132.4,129.6, 128.4, 124.2, 119.9, 117.1, 116.5, 89.9, 66.0, 61.2, 60.0, 14.6, 14.0. HRMS (ESI)
calcd. for C21H22BrN20O4 (M + H)* 445.0758, found 445.0768 and 447.0750.
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Diethyl 2-(2-(4-fluorophenyl)-2,3-dihydroquinazolin-4(1H)-ylidene)malonate (23ad):
Et0,C. _CO,Et Pale yellow solid; Rt (hexane/EtOAc, 4:1) 0.50; mp 144-146 °C,;
yield 115 mg, 75%; IR (KBr, neat) v 3328, 2983, 1690, 1567, 1453,
" 1266, 1212, 1155, 1073, 759 cm™!; *H NMR (400 MHz, CDCls) &
HJ\©\ 10.03 (s, 1 H), 7.56-7.53 (m, 2 H), 7.46 (d, J = 8.0 Hz, 1 H), 7.27-
£ 7.23 (m, 1 H), 7.09 (t, J =85 Hz, 2 H), 6.81 (t, J = 7.7 Hz, 1 H),
6.72 (d, J=8.1 Hz, 1 H), 5.37 (d, J = 1.8 Hz, 1 H), 4.60 (s, 1 H), 4.24-4.10 (m, 4 H), 1.26-1.15
(m, 6 H). BC{*H} NMR (150 MHz, CDCls) & 169.7, 169.1, 163.7 (d, J = 247.6 Hz), 155.0,
147.2,134.2 (d, J = 3.1 Hz), 132.7, 129.9 (d, J = 8.3 Hz), 128.4, 119.7, 117.0, 116.4, 116.3,
116.1, 89.8, 66.0, 61.2, 60.0, 14.5, 14.0. °F NMR (470 MHz, C¢Fs/CDCl3) & -114.21 (s, -F).
HRMS (ESI) calcd. for C21H22FN204 (M + H)* 385.1558, found 385.1562.
Diethyl 2-(2-(4-nitrophenyl)-2,3-dihydroquinazolin-4(1H)-ylidene)malonate (23ae):
Primrose yellow solid; Rt (hexane/EtOAc,7:3) 0.40; mp 179-181
°C; yield 148 mg, 90%; IR (KBr, neat) v 3329, 2982, 1723, 1644,

Et0,C._ _CO,Et

N 1523, 1345, 1239, 1153, 1075, 762 cm"; 'H NMR (400 MHz,
H)\@ DMSO-d6) 6 10.22 (d, J = 4.0 Hz, 1 H), 8.25 (d, J = 8.8 Hz, 2
NO H), 7.72 (d,J =8.2Hz,2H), 7.61 (s, 1 H), 7.27 (t, J=7.6 Hz, 1
H), 7.21 (d, J =8.0 Hz, 1 H), 6.89 (d, J = 8.1 Hz, 1 H), 6.68 (t, J = 7.6 Hz, 1 H), 5.89 (s, 1 H),
4.09-4.04 (m, 4 H), 1.13 (t, J = 7.1 Hz, 6 H). 13C{1H} NMR (150 MHz, DMSO-d6) 5 168.2,
153.8, 148.1, 147.5, 146.6, 132.9, 128.2, 127.4, 123.7, 118.1, 116.5, 115.3, 88.6, 62.3, 59.7,
14.0. HRMS (ESI) calcd. for C21H22N306 (M + H)* 412.1503, found 412.1526.
Diethyl 2-(2-(4-(methoxycarbonyl)phenyl)-2,3-dihydroquinazolin-4(1H)-

ylidene)malonate (23af):

Yellow solid; R¢ (hexane/EtOAc, 7:3) 0.50; mp 188-190 °C;
yield 144 mg, 85%; IR (KBr, neat) v 3323, 2986, 1705, 1609,

Et0,C.__CO,Et

NH 1553, 1335, 1234, 1123, 1036, 759 cm™'; *H NMR (600 MHz,
H)\©\ CDCls) § 10.13 (s, 1 H), 8.07 (d, J = 8.0 Hz, 2 H), 7.64 (d, J =

COzMe| g0 Hz 2H),7.47 (d, J=8.1 Hz, 1 H), 7.29-7.26 (m, 1 H), 6.82
(t,J=7.7Hz, 1H),6.75 (d, J = 8.0 Hz, 1 H), 5.47 (d, J = 1.9 Hz, 1 H), 4.56 (s, 1 H), 4.23-4.17
(m, 1 H), 4.15-4.08 (m, 3 H), 3.92 (s, 3H), 1.25 (t, J = 7.1 Hz, 3 H), 1.16 (t, J = 7.2 Hz, 3 H).
BC{'H} NMR (150 MHz, CDCl3) § 169.6, 169.1, 166.7, 154.9, 146.8, 143.0, 132.8, 131.8,
130.5, 128.5, 128.0, 120.0, 117.2, 116.5, 90.1, 66.1, 61.3, 60.1, 52.6, 14.6, 14.0. HRMS (ESI)
calcd. for C23H2sN20s (M + H)* 425.1707, found 425.1725.
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Diethyl 2-(2-(4-(trifluoromethyl)phenyl)-2,3-dihydroquinazolin-4(1H)-ylidene)malonate
(23ag):

Pale yellow solid; Rf (hexane/EtOAc,7:3) 0.50; mp 145-147 °C;
yield 151 mg, 87%; IR (KBr, neat) v 3320, 2983, 1700, 1643,
NH 1555, 1321, 1234, 1115, 1034, 759 cm™'; *H NMR (500 MHz,
ﬂ)\©\ CDClI3) 8 10.16 (s, 1 H), 7.71 (dd, J = 14.0 and 8.4 Hz, 4 H), 7.51
CF3| (dd,J=8.1and 1.4 Hz, 1 H), 7.31-7.28 (m, 1 H), 6.87-6.84 (m, 1
H), 6.76 (dd, J = 8.0 and 1.2 Hz, 1 H), 5.51 (d, J = 1.9 Hz, 1 H), 4.44 (s, 1 H), 4.26-4.10 (m, 4
H), 1.26 (t, J = 6.9 Hz, 3 H), 1.18 (t, J = 7.3 Hz, 3 H). ¥C{*H} NMR (150 MHz, CDCl3) §
169.6, 169.2, 154.7, 146.7, 142.2, 132.8, 132.4 (q, J = 32.2 Hz), 128.5 (d, J = 7.7 Hz), 126.4
(q,J=3.6 Hz), 124.9, 123.1, 120.3, 117.3, 116.6, 90.5, 66.1, 61.3, 60.2, 14.6, 14.1. °F NMR
(470 MHz, CeFs/CDCls) & -66.27 (s, -CF3). HRMS (ESI) calcd. for CaH22F3N204 (M + H)*
435.1526, found 435.1521.
Diethyl 2-(2-(2-bromophenyl)-2,3-dihydroquinazolin-4(1H)-ylidene)malonate (23ah):
Bright yellow solid; Rf (hexane/EtOAc, 4:1) 0.50; mp 171-173 °C;
yield 158 mg, 89%; IR (KBr, neat) v 3323, 2980, 1699, 1645, 1592,

Et0,C.__CO,Et

Et0,C._ _CO,Et

N| H 1558, 1475, 1237, 1154, 1076, 755 cm™!; *H NMR (500 MHz, CDCls)
Br

5 10.28 (s, 1 H), 7.68 (dd, J = 7.7 and 1.8 Hz, 1 H), 7.58 (dd, J = 8.1
and 1.3 Hz, 1 H), 7.50 (dd, J =8.1and 1.3 Hz, 1 H), 7.35 (t, J = 7.6 Hz,
1 H), 7.25-7.22 (m, 2 H), 6.81 (t, J = 7.7 Hz, 1 H), 6.71 (d, J = 8.0 Hz, 1 H), 5.90 (d, J = 2.8
Hz, 1 H), 4.69 (s, 1 H), 4.18 (p, J = 7.0 Hz, 4 H), 1.29-1.17 (m, 6 H). **C{*H} NMR (125 MHz,
CDCI3) 6 169.7, 169.2, 155.1, 146.3, 137.6, 133.5, 132.8, 131.1, 129.2, 128.5, 128.4, 123.0,
119.9, 117.1, 116.6, 90.3, 64.8, 61.3, 60.1, 14.6, 14.1. HRMS (ESI) calcd. for C21H22BrN2O4
(M + H)* 445.0757, found 445.0775 and 447.0757.

Diethyl 2-(2-(p-tolyl)-2,3-dihydroquinazolin-4(1H)-ylidene)malonate (23ai):

Pale yellow solid; R¢ (hexane/EtOAc, 4:1) 0.50; mp 159-161 °C;
yield 116 mg, 76%; IR (KBr, neat) v 3326, 2982, 1643, 1585, 1550,

N
H

Et0,C.__CO,Et

NH 1479, 1268, 1238, 1153, 1074, 757 cm™'; *H NMR (500 MHz,
H)\©\ CDCls) 5 10.03 (s, 1 H), 7.47 (d, J = 8.1 Hz, 1 H), 7.43 (d, J = 7.8
Me| Wz, 2 H),7.27-7.23 (m, 1 H), 7.2 (d, J = 7.8 Hz, 2 H), 6.80 (t, J =
7.7Hz, 1 H), 6.71(d, I =8.0 Hz, 1 H), 5.33 (d, J = 1.8 Hz, 1 H), 4.51 (s, 1 H), 4.21-4.11 (m, 4
H), 2.36 (s, 3 H), 1.30-1.15 (m, 6 H). *C{*H} NMR (125 MHz, CDCls) 5 169.8, 169.1, 155.3,
147.4, 140.1, 135.2, 132.6, 129.9, 128.5, 127.8, 119.6, 117.2, 116.3, 89.5, 66.5, 61.1, 59.9,
21.4,14.6, 14.0. HRMS (ESI) calcd. for CaoH2sN204 (M + H)* 381.1819, found 381.1809.
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Diethyl 2-(2-(3,4-dimethylphenyl)-2,3-dihydroquinazolin-4(1H)-ylidene)malonate (23aj):
Pale yellow solid; Rt (hexane/EtOAc, 4:1) 0.50; mp 138-140 °C;
yield 108 mg, 69%; IR (KBr, neat) v 3318, 2978, 1643, 1588,
NH Ve 1555, 1477, 1232, 1151, 1114, 1074, 757 cm™'; *H NMR (500
H)\C[ MHz, CDCls) 6 10.00 (s, 1 H), 7.47 (d, J =8.1 Hz, 1 H), 7.33 (d,
Me| J=20Hz 1H),7.26-7.23 (m, 2 H), 7.15 (d, J = 7.8 Hz, 1 H),

6.79 (t,J=7.7Hz, 1 H), 6.71 (d, J = 8.0 Hz, 1 H), 5.29 (d, J = 1.7 Hz, 1 H), 4.52 (s, 1 H), 4.20-
4.05 (m, 4 H), 2.27 (s, 6 H), 1.26-1.13 (m, 6 H). B®C{*H} NMR (125 MHz, CDCl3) § 169.8,
169.1, 155.4, 147.5, 138.7, 137.6, 135.5, 132.6, 130.3, 129.0, 128.5, 125.3, 119.5, 117.2, 116.3,
89.4, 66.5, 61.0, 59.9, 20.0, 19.8, 14.6, 14.0. HRMS (ESI) calcd. for C23H27N20s (M + H)*

395.1965, found 395.1982.
Diethyl  2-(2-(3,4,5-trimethoxyphenyl)-2,3-dihydroquinazolin-4(1H)-ylidene)malonate

Et0,C.__CO,Et

(23ak):
Pale yellow solid; R¢ (hexane/EtOAc, 4:1) 0.50; mp 184-186 °C; yield 108 mg, 59%; IR (KBr,
EtO,C.__CO,Et neat) v 3327, 2978, 1643, 1590, 1555, 1463, 1234, 1121, 1075,
NH 761 cm™!; 'H NMR (600 MHz, CDCls) § 9.99 (s, 1 H), 7.47 (d, J
N OoMe| =81Hz, 1H),7.28( J=7.3Hz 1H),6.82(t,J=7.7Hz, 1H),
H

OMe 6.78-6.75 (m, 3 H), 5.30 (d, J = 1.7 Hz, 1 H), 4.61 (s, 1 H), 4.23-
OMe 4.19 (m, 1 H), 4.16-4.07 (m, 3 H), 3.85 (d, J = 6.2 Hz, 9 H), 1.25
(t,J=7.1Hz,3H), 1.15 (t, J = 7.2 Hz, 3 H). 3C{*H} NMR (150
MHz, CDCl3) 6 169.8, 169.1, 155.2, 153.7, 147.5, 139.0, 133.6, 132.7, 128.5, 119.7, 116.9,
116.3,104.9, 89.5, 67.1, 61.2, 61.0, 60.0, 56.4, 14.6, 14.0. HRMS (ESI) calcd. for C23H27N204
(M + H)*457.1969, found 457.1970.
Dimethyl 2-(2-(o-tolyl)-2,3-dihydroquinazolin-4(1H)-ylidene)malonate (23al):
Yellow solid; Rf (hexane/EtOAcC, 4:1) 0.50; mp 118-120 °C; yield 91
mg, 60%; IR (KBr, neat) v 3326, 2980, 1643, 1589, 1556, 1478, 1267,

Et0,C._ _CO,Et

N 1H), 7.68 (dd, J = 7.3and 1.9 Hz, 1 H), 7.51 (d, J = 8.1 Hz, 1 H), 7.32-
7.25 (m, 3 H), 7.21 (dd, J = 7.0 and 1.9 Hz, 1 H), 6.82 (t, J = 7.7 Hz,
1H),6.75(d, J=8.0 Hz, 1 H), 5.61 (d, J = 1.9 Hz, 1 H), 4.44 (s, 1 H), 4.20-4.09 (m, 4 H), 2.43
(s, 3 H), 1.26-1.16 (m, 6 H). *C{*H} NMR (125 MHz, CDCls) 5 169.7, 169.1, 155.3, 147.9,
136.8, 135.6, 132.6, 131.4, 129.7, 128.6, 127.7, 127.0, 119.7, 117.3, 116.5, 89.8, 63.5, 61.1,

59.9,19.3,14.6, 14.1. HRMS (ESI) calcd. for C22H25N204 (M + H)* 381.1809, found 381.1818.

" 1237, 1153, 1074, 757 cm™'; 'H NMR (500 MHz, CDCl3) & 9.96 (s,
e

M
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Diethyl 2-(2-(4-(dimethylamino)phenyl)-2,3-dihydroquinazolin-4(1H)-ylidene)malonate
(23am):

Light green solid; Rr (hexane/EtOAc,7:3) 0.50; mp 174-176 °C;
yield 103 mg, 63%; IR (KBr, neat) v 3331, 2980, 1612, 1704,

Et0,C._ _CO,Et

NH 1648, 1587, 1554, 1361, 1237, 1152, 1073, 755 cm™'; *H NMR
,'I‘,)\©\ (600 MHz, CDClz) 6 10.00 (s, 1 H), 7.50 (d, J = 8.0 Hz, 1 H),
NMey| 743 (d, J=8.5Hz, 2 H), 7.29-7.27 (m, 1 H), 6.82 (t, J = 7.6 Hz,
1 H), 6.75-6.72 (m, 3 H), 5.31 (d, J = 1.8 Hz, 1 H), 4.43 (5, 1 H), 4.22-4.08 (m, 4 H), 3.00 (s, 6
H), 1.28 (d, J = 8.2 Hz, 3 H), 1.17 (d, J = 8.0 Hz, 3 H). ®*C{*H} (150 MHz, CDCls) & 169.9,
169.1, 155.7, 151.8, 147.8, 132.5, 128.9, 128.6, 125.1, 119.4, 117.2, 116.2, 112.6, 89.1, 66.6,
61.1, 59.8, 40.7, 14.7, 14.1. HRMS (ESI) calcd. for C2sH2sN3Os (M + H)* 410.2074, found
410.20609.
Diethyl 2-(2-([1,1'-biphenyl]-4-yl)-2,3-dihydroquinazolin-4(1H)-ylidene)malonate
(23an):

Pale yellow solid; Rf (hexane/EtOAC, 4:1) 0.40; mp 149-151 °C;
yield 129 mg, 73%; IR (KBr, neat) v 3326, 2981, 1628, 1560,

Et0,C.__CO,Et

N 1480, 1270, 1234, 1153, 1115, 1073, 768 cm!; 'H NMR (500
H)\©\ MHz, CDCl3) 6 10.13 (s, 1 H), 7.65 (s, 4 H), 7.59 (d, J=7.7 Hz, 2
Pl H), 7.51 (d, J=8.1 Hz, 1 H), 7.46 (t, J = 7.6 Hz, 2 H), 7.38 (1, J =
7.4 Hz, 1 H), 7.29 (t, J=7.7 Hz, 1 H), 6.84 (t, J = 7.7 Hz, 1 H), 6.76 (d, J = 8.0 Hz, 1 H), 5.45
(d, J=1.9 Hz, 1 H), 4.48 (s, 1 H), 4.24-4.09 (m, 4 H), 1.28-1.16 (m, 6 H). *C{*H} NMR (125
MHz, CDCl3) 6 169.8, 169.2, 155.2, 147.3, 143.3, 140.6, 137.0, 132.7, 129.1, 128.6, 128.5,
128.1,128.0,127.5,119.9, 117.3, 116.4, 89.8, 66.6, 61.2, 60.0, 14.7, 14.1. HRMS (ESI) calcd.
for C27H27N204 (M + H)* 443.1965, found 443.1981.
Diethyl 2-(2-(naphthalen-1-yl)-2,3-dihydroquinazolin-4(1H)-ylidene)malonate (23a0):
Yellow solid; Rf (hexane/EtOAc, 4:1) 0.50; mp 143-145 °C; yield
104 mg, 63%; IR (KBr, neat) v 3324, 2980, 1644, 1589, 1554, 1478,
NH ‘ 1368, 1233, 1150, 1073, 762 cm™"; 'H NMR (500 MHz, CDCls) §
O 10.23 (s, 1 H), 8.35 (d, J =8.0 Hz, 1 H), 7.92 -7.90 (m, 2 H), 7.80
(d, J=7.2Hz, 1 H), 7.57-7.48 (m, 4 H), 7.29 (t, J = 7.6 Hz, 1 H),
6.85(t,J=7.7Hz, 1 H), 6.75 (d, J = 8.0 Hz, 1 H), 6.07 (d, J = 1.9 Hz, 1 H), 4.61 (5, 1 H), 4.25-
4.06 (m, 4 H), 1.23-1.19 (m, 6 H). *C{*H} NMR (125 MHz, CDCls) & 169.8, 169.1, 155.3,
147.8,134.4,132.7,132.6, 131.0, 130.7, 129.3, 128.7, 127.1, 126.5, 126.4, 125.5, 123.7, 119.8,

Et0,C._ _CO,Et

Iz
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117.4,116.5, 90.1, 64.6, 61.2, 59.9, 14.6, 14.1. HRMS (ESI) calcd. for C2sH25N204 (M + H)*
417.1809, found 417.1827.
Diethyl 2-(2-isobutyl-2,3-dihydroquinazolin-4(1H)-ylidene)malonate (23ap):
White solid; Rf (hexane/EtOAc, 7:3) 0.50; mp 142-144 °C; yield 107
mg, 77%; IR (KBr, neat) v 3338, 2927, 1690, 1640, 1576, 1428,
1288, 1117, 1077, 787 cm™'; *H NMR (500 MHz, CDCl3) & 10.08 (s,
1 H), 7.44-7.42 (m, 1 H), 7.25-7.22 (m, 1 H), 6.78 (t, J = 7.7 Hz, 1
H), 6.71 (d, J = 8.0 Hz, 1 H), 4.85-4.46 (m, 1 H), 4.27 (s, 1 H), 4.21-
4.15 (m, 3 H), 4.09 (s, 1 H), 1.93-1.82 (m, 1 H), 1.76-1.69 (m, 1 H), 1.64-1.59 (m, 1 H), 1.34 -
1.11 (m, 6 H), 0.99 (t, J = 7.2 Hz, 6 H). *C{*H} NMR (125 MHz, CDCls) & 169.8, 169.3,
155.8, 147.5, 132.5, 128.5, 119.6, 117.8, 116.6, 89.2, 61.6, 61.0, 59.9, 43.5, 24.4, 23.1, 22.6,
14.6, 14.1. HRMS (ESI) calcd. for C19H27N204 (M + H)* 347.1965, found 347.1965.
Diethyl 2-(2-(thiophen-2-yI)-2,3-dihydroquinazolin-4(1H)-ylidene)malonate (23aq):
Light yellow solid; Rt (hexane/EtOAc, 4:1) 0.50; mp 150-152 °C; yield
77 mg, 52%; IR (KBr, neat) v 3320, 2980, 1643, 1589, 1555, 1476 1422,
s 1236, 1150, 1071, 759 cm™!; *H NMR (500 MHz, CDCls3) § 10.19 (s, 1
| | H),7.49(d,J=8.1Hz, 1H),7.36(d J=51Hz 1H),7.29-7.26 (m, 1
H), 7.21 (d, J=3.5Hz, 1 H), 7.00 (t, J = 4.3 Hz, 1 H),6.83 (t, J = 7.7
Hz, 1 H), 6.75 (d, J = 8.1 Hz, 1 H), 5.73 (s, 1 H), 4.64 (s, 1 H), 4.25-4.08 (m, 4 H), 1.32-1.14
(m, 6 H). BC{"H} NMR (125 MHz, CDCl3) & 169.6, 169.1, 154.6, 146.6, 141.4, 132.7, 128.5,
127.6,127.5,127.1,120.1, 117.4, 116.6, 90.1, 62.2, 61.2, 60.1, 14.6, 14.0. HRMS (ESI) calcd.
for C19H21N204S (M + H)* 373.1217, found 373.1205.
Dimethyl 2-(2-(4-chlorophenyl)-2,3-dihydroquinazolin-4(1H)-ylidene)malonate (23ar):
Pale yellow solid; R¢ (hexane/EtOAc, 4:1) 0.50; mp 138-140 °C;
yield 124 mg, 84%; IR (KBr, neat) v 3320, 2976, 1649, 1589, 1480,
N 1277, 1234, 1150, 1120, 1073, 758 cm™!; 'H NMR (600 MHz,
”)\©\ CDCl3) 8 10.12 (s, 1 H), 7.52 (d, J = 8.4 Hz, 2 H), 7.41 (dd,
€I} 3=87and 2.4 Hz, 3 H), 7.31-7.28 (m, 1 H), 6.87-6.84 (m, 1H),
6.76 (d,J =8.1 Hz, 1 H), 5.41 (d, J = 1.8 Hz, 1 H), 4.58 (s, 1 H), 3.67 (d, J = 23.0 Hz, 6 H).
13C{*H} NMR (150 MHz, CDCls3) & 170.1, 169.4, 155.6, 147.0, 136.6, 136.2, 132.9, 129.5,
129.3,128.3,120.0, 117.0, 116.6, 89.1, 66.0, 52.3, 51.5. HRMS (ESI) calcd. for C19H18CIN204
(M + H)*"373.0950, found 373.0969 and 375.0937.
Diisopropyl 2-(2-(4-chlorophenyl)-2,3-dihydroquinazolin-4(1H)-ylidene)malonate
(23as):

Et0,C._ _CO,Et

NH Me

Me

Iz

Et0,C._ _CO,Et

NH

I=

MeOZC COzme
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Pale yellow solid; Rf (hexane/EtOAc, 17:3) 0.50; mp 142-144 °C;
yield 77 mg, 45%,; IR (KBr, neat) v 3324, 2978, 1697, 1641, 1590,
NH 1558, 1480, 1237, 1195, 1072, 757 cm™'; *H NMR (600 MHz,
H)\©\ CDCl3) 6 9.95 (s, 1 H), 7.56 (d, J =8.1 Hz, 1 H), 7.49 (d, J = 8.3
Cll Hz, 2 H),7.37(d, J=83Hz, 2 H), 7.23 (t, J = 7.4 Hz, 1 H), 6.79
(t,J=7.7Hz,1H),6.69 (d,J=8.0Hz, 1 H), 5.36 (d, J =2.0 Hz, 1 H), 5.08 (p, J= 6.3 Hz, 1
H), 4.96 (p, J = 6.2 Hz, 1H), 4.52 (s, 1 H), 1.32 (d, J = 6.3 Hz, 3H), 1.24 (d, J = 6.2 Hz, 3 H),
1.19 (dd, J = 12.2 and 6.3 Hz, 6 H). *C{*H} NMR (150 MHz, CDCls) § 169.2, 168.7, 153.7,
147.0, 137.0, 136.0, 132.6, 129.5, 129.4, 128.4, 119.8, 117.0, 116.4, 91.2, 68.5, 67.2, 66.0,
22.3,21.9, 21.6. HRMS (ESI) calcd. for C23H26CIN204 (M + H)* 429.1576, found 429.1575
and 431.1570.
Ethyl (2)-2-(2-phenyl-2,3-dihydroquinazolin-4(1H)-ylidene)-2-(phenylsulfonyl)acetate
(23at):
Orange gum; Rt (hexane/EtOAc, 7:3) 0.50; yield 43 mg, 25%; IR (KBr, neat) v 3325, 2985,
EtO,C.__SO,Ph 1742, 1615, 1548, 1447, 1252, 1189, 1080, 755 cm™!; *H NMR (400
NH MHz, DMSO-ds) § 9.81 (d, J = 4.5 Hz, 1 H), 7.88-7.85(m, 3 H), 7.60-
N 7.53 (m, 3 H), 7.49-7.46 (m, 2 H), 7.36-7.29 (m, 4 H), 7.03 (d, J =7.9
H)\© Hz, 1 H), 6.93 (d, J=8.2 Hz, 1 H), 6.61 (t, J=7.6 Hz, 1 H), 5.86 (s, 1
H), 3.84-3.73 (m, 2 H), 0.85 (t, J = 7.0 Hz, 3 H). 3C{*H} NMR (150
MHz, DMSO-de) 8 165.7, 156.9, 147.5, 145.4, 139.5, 134.4, 131.9, 130.3, 128.7, 128.5, 128 4,
126.7,126.2,117.4,116.2, 114.9, 90.8, 62.6, 59.5, 13.6. HRMS (ESI) calcd. for C24H23N204S
(M + H)" 435.1373, found 435.1386.
Diethyl 2-(2-(4-chlorophenyl)-2,3-dihydroquinazolin-4(1H)-ylidene)malonate (23bb):
Yellow solid; R¢ (hexane/EtOAc,17:3) 0.50; mp 156-158 °C;

PrO,'C.__CO,Pr

Et02C-CO-Ft yield 151 mg, 87%; IR (KBr, neat) v 3323, 2928, 1647, 1586,

NH 1555, 1478, 1231, 1153, 1112, 1079, 825, 648 cm™'; 'H NMR

cl H)\©\ (500 MHz, CDCls)  10.00 (s, 1 H), 7.49 (d, J = 8.4 Hz, 2 H), 7.44
cil (d,3=22Hz 1H),7.39(d,J =84 Hz 2 H), 7.20 (dd, J = 85

and 2.3 Hz, 1 H), 6.66 (d, J = 8.6 Hz, 1 H), 5.36 (d, J = 1.9 Hz, 1
H), 4.64 (s, 1 H), 4.25-4.10 (m, 4 H), 1.24 (td, J = 7.2 and 2.6 Hz, 6 H). 3C{*H} NMR (125
MHz, CDCls) § 153.3, 145.5, 136.5, 136.2, 132.5, 129.6, 129.3, 128.0, 124.8, 118.2, 117.7,
90.7, 66.0, 61.6, 60.2, 14.6, 14.1. HRMS (ESI) calcd. for Ca1H21C1aN2O4 (M + H)* 435.0873,
found 435.0886 and 437.0857.
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Diethyl 2-(2-([1,1'-biphenyl]-4-yl)-7-bromo-2,3-dihydroquinazolin-4(1H)-

ylidene)malonate (23cn):

Yellow solid; Rr (hexane/EtOAc, 17:3) 0.50; mp 181-183 °C;
yield 162 mg, 78%; IR (KBr, neat) v 3344, 2926, 1738, 1646,

Et0,C._ _CO,Et

NH 1552, 1475, 1369, 1246, 1153, 1071, 765, 698 cm™'; *H NMR

Br H)\O\ (400 MHz, CDCls) 8 10.06 (s, 1 H), 7.65-7.56 (m, 7 H), 7.48-

Phi  7.44 (m, 2 H), 7.40-7.37 (m, 1H), 7.35 (dd, J = 8.5 and 2.2 Hz,

1 H), 6.64 (d, J = 8.6 Hz, 1 H), 5.40 (d, J = 1.8 Hz, 1 H), 4.63 (s, 1 H), 4.29-4.10 (m, 4 H),

1.27-1.22 (m, 6 H). ¥*C{*H} NMR (150 MHz, CDCl3) & 169.3, 169.0, 153.5, 146.2, 143.4,

140.5, 136.7, 135.2, 131.1, 129.1, 128.4, 128.1, 128.0, 127.4, 118.8, 118.0, 111.6, 90.5, 66.4,

61.5, 60.2, 14.6, 14.2. HRMS (ESI) calcd. for Cz7H26BrN20s (M + H)* 521.1071, found
521.1076 and 523.1059.

Diethyl 2-(2-(4-chlorophenyl)-7-nitro-2,3-dihydroquinazolin-4(1H)-ylidene)malonate

(23db):
Et0,C_ _CO,Et Yellow solid; R (hexane/EtOAcC,7:3) 0.50; mp 157-159 °C;
yield 128 mg, 72%: TR (KBr, neat) v 3336, 2980, 1612, 1594,
NH
1488, 1329, 1235, 1152, 1089, 829, 745 cm; 'H NMR (400
O=N H)\©\ MHz, CDClg) & 10.00 (s, 1 H), 8.45 (d, J = 2.4 Hz, 1 H), 8.05
Cl

(dd, J =9.0 and 2.4 Hz, 1 H), 7.47 (d, J = 8.6 Hz, 2 H), 7.40

(d, J=8.5Hz, 2 H), 6.69 (d, J = 9.0 Hz, 1 H), 5.50-5.48 (m, 2 H), 4.35-4.24 (m, 2 H), 4.21-

4,09 (m, 2 H), 1.32 (t, J= 7.1 Hz, 3 H), 1.25 (t, J = 7.1 Hz, 3 H). *C{*H} NMR (125 MHz,

CDCls) 5 169.4, 168.8, 151.7, 151.6, 140.1, 136.6, 135.9, 129.8, 129.2, 127.8, 125.1, 116.2,

115.2, 100.0, 65.5, 62.1, 60.5, 14.5, 14.1. HRMS (ESI) calcd. for C21H21CIN3Os (M + H)*

446.1113, found 446.1131 and 448.1100.

Diethyl 2-(8-fluoro-2-(p-tolyl)-2,3-dihydroquinazolin-4(1H)-ylidene)malonate (23ei):

Bright yellow solid; Rt (hexane/EtOAc, 4:1) 0.50; mp 137-139 °C;

yield 122 mg, 77%; IR (KBr, neat) v 3333, 2978, 1707, 1645, 1565,

N 1311, 1234, 1125, 1033, 762 cm™"; 'H NMR (600 MHz, CDCl3) 5

£ H)\©\ 10.53 (s, 1 H), 7.43 (d, J = 8.0 Hz, 2 H), 7.24-7.22 (m, 3 H), 6.57-

Vel 6.53 (m, 2 H), 5.26 (d, J = 2.4 Hz, 1 H), 4.59 (s, 1 H), 4.25-4.07

(m, 4 H), 2.38 (s, 3H), 1.26 (t, J = 7.1 Hz, 3 H), 1.14 (t, J = 7.2 Hz, 3 H). C{*H} NMR (150

MHz, CDCl3) & 169.9, 168.3, 161.5 (d, J = 251.8 Hz), 153.1, 149.8 (d, J = 5.5 Hz), 149.77,

140.4,134.4,133.2 (d, J = 11.1 Hz), 130.1, 127.9, 112.0 (d, J = 3.2 Hz), 107.8 (d, J = 15.5 Hz),
107.3 (d, J = 23.6 Hz), 91.2, 66.5, 60.5, 60.1, 21.5, 14.6, 14.2. °F NMR (470 MHz,

Et0,C._ _CO,Et
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CsFs/CDCl3) 6 -109.93 (s, -F). HRMS (ESI) calcd. for C22H24FN204 (M + H)* 399.1715, found
399.1706.
Diethyl 2-(6-methyl-2-phenyl-2,3-dihydroquinazolin-4(1H)-ylidene)malonate (23fa):
Pale yellow solid; R¢ (hexane/EtOAc, 4:1) 0.50; mp 128-130 °C;
yield 126 mg, 83%:; IR (KBr, neat) v 3333, 2980, 1645, 1557, 1479,
NH 1268, 1234, 1150, 1111, 1074, 759 cm™'; 'H NMR (500 MHz,
H)\© CDCl3) 6 10.04 (s, 1 H), 7.55-7.53 (m, 2 H), 7.42-7.40 (m, 3 H),
7.36 (d, J =8.3 Hz, 1 H), 6.63 (dd, J =8.2 and 1.7 Hz, 1 H), 6.52
(s, 1H),5.36(d, J=1.8Hz, 1 H),4.46 (s, 1 H), 4.22-4.11 (m, 4 H), 2.28 (s, 3 H), 1.26-1.20
(m, 6 H). BC{*H} NMR (125 MHz, CDCl3) § 169.9, 169.2, 155.4, 147.3, 143.6, 138.3, 130.1,
129.2, 128.4, 127.9, 121.0, 116.7, 114.5, 89.1, 66.7, 61.0, 59.8, 21.8, 14.5, 14.1. HRMS (ESI)
calcd. for C22H25N204 (M + H)* 381.1809, found 381.1808.
Diethyl 2-(2-cyclohexyl-6-methyl-2,3-dihydroquinazolin-4(1H)-ylidene)malonate (23fx):
White solid; R (hexane/EtOACc,7:3) 0.50; mp 143-145 °C; yield
73 mg, 47%; IR (KBr, neat) v 3340, 2928, 1694, 1640, 1588,

Et0,C._ _CO,Et

Me

Et0,C.__CO,Et

NH

1445, 1268, 1117, 1077, 787 cm™'; *H NMR (400 MHz, CDCls)
M 510.20 (s, 1 H), 7.30 (d, J=8.2 Hz, 1 H), 6.58 (d, J=8.2 Hz, 1
H), 6.52 (s, 1 H), 4.21-4.15 (m, 4 H), 2.28 (s, 3 H), 1.93 (d, J =
12.9 Hz, 1 H), 1.85-1.79 (m, 3H), 1.72-1.66 (m, 2H), 1.61 (d, J = 5.0 Hz, 2 H), 1.29-1.17 (m,
9 H), 1.16-1.06 (m, 2 H). BC{*H} NMR (150 MHz, CDCls3) § 170.0, 156.0, 147.3, 143.4, 128 4,
120.7, 116.8, 114.7, 88.4, 67.6, 61.0, 60.0, 41.3, 28.3, 28.2, 26.3, 25.99, 25.96, 21.8, 14.4.
HRMS (ESI) calcd. for C22Hz1N204 (M + H)* 387.2278, found 387.2276.
Diethyl 2-(2-(4-bromophenyl)-2,3-dihydrothieno[2,3-d]pyrimidin-4(1H)-
ylidene)malonate (23db):
Yellow solid; Rf (hexane/EtOAc,4:1) 0.35; mp 167-169 °C; yield 94
mg, 52%; IR (KBr, neat) v 3285, 2981, 1734, 1645, 1572, 1368,
717 ™ 1257, 1098, 1071, 737 cm™": H NMR (400 MHz, DMSO-ds) 3 9.51
> H)\©\ (d,J=2.2 Hz, 1 H), 8.38 (s, 1 H), 7.64 (d, J = 8.4 Hz, 2 H), 7.44 (d,
BTl j=g4 Hz, 2 H), 6.61 (d, J=5.8 Hz, 1 H), 6.53 (d, J =5.9 Hz, 1 H),
5.84 (s, 1 H),4.08 (9, J = 7.1 Hz, 4 H), 1.17 (t, J = 7.1 Hz, 6 H). ¥*C{*H} NMR (125 MHz,
DMSO-de) 6 168.0, 156.7, 150.1, 139.4, 131.5, 128.9, 122.7, 122.0, 111.6, 110.0, 87.1, 64.8,
59.6, 14.0. HRMS (ESI) calcd. for C19H20BrN204S (M + H)* 451.0322, found 451.0328 and
453.0327.

N
H

Et0,C._ _CO,Et
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Diethyl 2-(2-(4-chlorophenyl)-1-methyl-2,3-dihydroquinazolin-4(1H)-ylidene)malonate
(23hb):

Yellow solid; Rf (hexane/EtOAc, 4:1) 0.60; mp 150-152 °C; yield
66 mg, 40%:; IR (KBr, neat) v 2927, 1712, 1644, 1587, 1488, 1266,
NH 1243, 1115, 1087, 757 cm™!; *H NMR (500 MHz, CDCls) § 10.38
E/llj\@\ (s,1H),749(d,J=83Hz,1H),7.36(t,J=7.8Hz, 1 H), 7.30(q,
Cll J=8.6Hz,4H),6.83(t J=7.6Hz, 1H),6.78(d, J=8.3Hz, 1 H),
5.22 (d, J = 3.4 Hz, 1 H), 4.16 (g, J = 7.1 Hz, 4 H), 2.68 (s, 3 H), 1.29-1.13 (m, 6H). *C{'H}
NMR (150 MHz, CDCl3) 6 169.7, 169.3, 155.0, 147.8, 136.6, 135.5, 133.3, 129.4, 129.2, 128 4,
119.3, 118.3, 114.4, 89.4, 71.1, 61.2, 60.1, 35.5, 14.6, 14.1. HRMS (ESI) calcd. for
C22H24CIN204 (M + H)* 415.1420, found 415.1393 and 417.1429.
Diethyl 2-(2-(4-chlorophenyl)quinazolin-4-yl)malonate (24a):
White solid; Rt (hexane/EtOAc, 4:1) 0.50; mp 140-142 °C; yield
84 mg, 70%; IR (KBr, neat) v 2985, 1730, 1591, 1511, 1496, 1333,
P 1241, 1165, 1032, 708 cm'; 'H NMR (400 MHz, DMSO-ds) &
NJ\@\ 8.48 (d, J = 8.6 Hz, 2 H), 8.14-8.12 (m, 2 H), 8.09-8.04(m, 1 H),
Cl]  7.79-7.75 (m, 1 H), 7.66 (d, J = 8.6 Hz, 2 H), 6.26 (s, 1 H), 4.30-
4.23 (m, 4 H), 1.20 (t, J = 7.1 Hz, 6 H). BC{*H} NMR (150 MHz, DMSO-dg) & 166.5, 163.6,
157.6, 150.3, 136.1, 135.7, 135.2, 129.7, 129.0, 128.8, 128.5, 125.0, 121.9, 61.8, 57.0, 14.0.

HRMS (ESI) calcd. for C21H20CIN204 (M + H)* 399.1107, found 399.1116 and 401.1084.
Diethyl 2-(2-([1,1'-biphenyl]-4-yl)-7-bromoquinazolin-4-yl)malonate (24b):

Et0,C.__CO,Et

Et0,C.__CO,Et

Et0,C_ _CO,Et White solid; R (hexane/EtOAc, 4:1) 0.4; mp 150-152 °C; yield

SN 118 mg, 76%; IR (KBr, neat) v 2980, 1735, 1599, 1499, 1445,

P 1331, 1249, 1168, 1032, 710 cm!; 'H NMR (600 MHz,

B N)\©\Ph DMSO-d6) 6 8.57 (d, J =8.2 Hz, 2 H), 8.46 (d, J = 2.1 Hz, 1

H), 8.20 (dd, J =9.0 and 2.2 Hz, 1 H), 8.08 (d, J = 8.9 Hz, 1 H),
7.92 (d,J=8.4Hz, 2 H),7.80 (d,J=7.2Hz,2H), 752 (t, J=7.6 Hz, 2 H), 7.43 (t, J = 7.4
Hz, 1 H), 6.40 (s, 1 H), 4.30 (q, J = 7.1 Hz, 4 H), 1.23 (t, J = 7.1 Hz, 6 H). *C{*H} (150 MHz,
DMSO0-d6) 6 166.9, 163.3,159.1, 149.7, 143.3, 139.7, 138.6, 135.9, 131.5, 129.6, 129.1, 128.6,
127.9, 127.6, 127.3, 123.5, 121.5, 62.3, 57.3, 14.4. HRMS (ESI) calcd. for C27H24BrN204 (M
+ H)*519.0914, found 519.0929 and 521.0912.

Diethyl 2-(6-methyl-2-phenylquinazolin-4-yl)malonate (24c):
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Et0,C_ _CO,Et White solid; Rt (hexane/EtOAcC, 4:1) 0.42; mp 143-145 °C; yield

Me 95 mg, 84%; IR (KBr, neat) v 2982, 1737, 1598, 1549, 1496, 1348,
SN

_ 1245, 1173, 1031, 708 cm™!; *H NMR (600 MHz, DMSO-dg) §
NJ\@ 8.50-8.48 (m, 2 H), 8.03 (d, J = 8.5 Hz, 1 H), 7.92 (s, 1 H), 7.60-
7.56 (m, 4 H), 6.24 (s, 1 H), 4.29-4.25 (m, 4 H), 2.58 (s, 3 H), 1.21
(t, J=7.1Hz, 6 H). ®C{*H} NMR (150 MHz, DMSO-ds) 5 167.1, 163.3, 159.1, 151.1, 146.2,
137.4, 131.5, 130.8, 129.3, 128.4, 128.0, 125.1, 120.6, 62.2, 57.4, 22.1, 14.4. HRMS (ESI)
calcd. for C22H23N204 (M + H)* 379.1652, found 379.1642.
Diethyl 2-(3,11-dichloro-5,6-diphenyl-13,13a-dihydro-8H-isoquinolino[1,2-b]quinazolin-
8-ylidene)malonate (25a):

Et0,C CO,Et Off white solid; R¢ (hexane/EtOAc, 9:1) 0.50; mp 228-230 °C;
Ph yield 62 mg, 51%; IR (KBr, neat) v 3340, 1744, 1710, 1604,
Ph
NTS 1571, 1445, 1248, 1091, 1014, 817, 695 cm '; *H NMR (600
cl N MHz, CDCl3) & 7.56 -7.54 (m, 2 H), 7.49 (d, J = 8.2 Hz, 1 H),
Cl| 7.39-7.37(m, 2 H), 7.30-7.24 (m, 4 H), 7.23-7.20 (m, 3 H), 7.12-

7.11 (m, 3 H), 6.75 (d, J =8.2 Hz, 1 H), 5.49 (s, 1 H), 4.70 (s, 1 H), 4.32-4.22 (m, 2 H), 4.20-
4.14 (m, 1 H), 4.06-4.01 (m, 1 H), 1.18 (t, J = 7.1 Hz, 3 H), 1.07 (t, J = 7.1 Hz, 3 H). BC{*H}
NMR (150 MHz, CDCl3) 6 168.2, 167.1, 153.7, 152.5, 143.8, 141.0, 138.7, 136.6, 134.77,
134.75, 133.0, 132.2, 132.0, 130.8, 130.6, 129.2, 128.4, 127.5, 127.4, 127.1, 126.9, 120.2,
116.6, 109.9, 68.6, 62.3, 61.8, 61.8, 14.2, 14.0. HRMS (ESI) calcd. for C3sH29CI2N204 (M +
H)*611.1499, found 611.1509 and 613.1488.

Diethyl 2-(10-methyl-5,6-diphenyl-13,13a-dihydro-8H-isoquinolino[1,2-b]quinazolin-8-
ylidene)malonate (25b):

EtO,C CO,Et Off white solid; Rr (hexane/EtOAc, 9:1) 0.50; mp 178-180 °C;

e Ph op| Vield 66 mg, 63%; IR (KBr, neat) v 3346, 1739, 1707, 1621,
N™S 1577, 1446, 1256, 1095, 1024, 839, 696 cm™'; H NMR (600

N MHz, CDCls) § 7.64-7.63 (m, 2 H), 7.42-7.37 (m, 8 H), 7.35 (dd,

J=7.3and 2.1 Hz, 1 H), 7.28-7.26 (m, 1 H), 7.16-7.13 (m, 3 H),
6.84 (s, 1 H), 6.65 (d, J = 1.3 Hz, 1 H), 5.57 (s, 1 H), 4.65 (s, 1 H), 4.38-4.32 (m, 2 H), 4.20-
4.15 (m, 1 H), 4.05-4.00 (m, 1 H), 2.36 (s, 3 H), 1.27 (t, J = 7.1 Hz, 3H), 1.06 (t, J= 7.1 Hz, 3
H). 3C{'H} NMR (150 MHz, CDCls) 5 168.5, 167.5, 153.2, 149.5, 144.3, 141.9, 140.9, 138.7,
138.2,137.6, 131.6, 131.4, 130.9, 129.6, 129.1, 128.7, 128.5, 128.5, 128.1, 127.4, 127.3, 127.0,
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115.3,113.9, 110.6, 68.7, 62.9, 62.0, 61.5, 22.8, 14.3, 14.0. HRMS (ESI) calcd. for C3sH33N204
(M + H)*557.2435, found 557.2427.
Diethyl 2-(5,6-bis(4-bromophenyl)-3-methyl-13,13a-dihydro-8H-isoquinolino[1,2-

b]quinazolin-8-ylidene)malonate (25c):

EtO,C CO,Et
Ar

N

N
H

Ar= 4-BFC6H5

Ar

Me

Off white solid; R (hexane/EtOAcC, 9:1) 0.50; mp 232-234 °C; yield
81 mg, 57%; IR (KBr, neat) v 3343, 1732, 1710, 1618, 1579, 1458,
1247, 1096, 1020, 830, 696 cm™'; *H NMR (600 MHz, CDCls) &
754 (d,J=7.8Hz, 2 H), 747 (d, J=7.6 Hz,2 H), 7.41 (t, J= 7.8
Hz, 1 H), 7.30 (d, J = 8.0 Hz, 2 H), 7.23-7.17 (m, 5 H), 7.13 (d, J =
8.0 Hz, 1 H), 6.96 (d, J = 8.3 Hz, 1 H), 6.79 (d, J = 7.5 Hz, 1 H),

5.50 (s, 1 H), 4.70 (s, 1 H), 4.33-4.27 (m, 2 H), 4.18-4.13 (m, 1 H), 4.03-3.97 (m, 1 H), 2.39 (s,
3 H), 1.24 (t, J = 7.0 Hz, 3 H), 1.04 (t, J = 7.1 Hz, 3 H). *C{*H} NMR (150 MHz, CDCls) &
168.3, 167.3, 154.2, 148.0, 144.8, 139.4, 138.7, 137.2, 136.7, 135.2, 133.08, 133.05, 132.5,
132.03, 132.00, 131.8, 130.8, 129.0, 128.94, 128.91, 122.0, 121.8, 115.4, 115.3, 109.2, 68.7,
62.8, 62.1, 61.6, 21.5, 14.4, 14.0. HRMS (ESI) calcd. for CasHaiBraN204 (M + H)* 713.0645,
found 713.0648 and 715.0640.
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3.10. Representative Spectra
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'H (CDCls, 600 MHz) spectrum of compound (23af):
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'H (CDCls, 400 MHz) spectrum of compound (23fx):
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'H (DMSO-ds, 400 MHz) spectrum of compound (23gc):
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H (DMSO-ds, 400 MHz) spectrum of compound (24c):
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'H (CDCIs, 600 MHz) spectrum of compound (25b):
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Chapter 4

CHAPTER 4
Lewis Acid Mediated Synthesis of 4-Aminoquinoline Derivatives from 2-

Aminobenzonitriles and Activated Alkynes

Abstract: This chapter highlights an efficient methodology for the synthesis of highly diverse
2,3-disubstituted 4-aminoquionoline derivatives from 2-aminobenzonitriles and activated
alkynes in presence of FeCls. The reaction proceeds via sequential aza-Michael addition and
intramolecular annulation to afford highly substituted 4-aminoquinolines in good yields. The
salient features of this protocol include the use of a minimally toxic, eco-benign and less
expensive Fe-(111) salt and has high atom-economy with broad substrate scope and operational
simplicity. The post synthetic application of the reaction provides 4H-
benzo[de][1,6]naphthyridines.

O~_-R! NH, O
CN FeCl; ]
I
L - — (L
(o]
/- NH, R2 DCE, 80 °C R N~ "R
R=H, F, Cl, Br, NO,, CF;, OMe, Me 27 examples

R1= OEt, OMe, Ph (up to 87% yleld)

R2 = CO,Et, CO,Me, aryl, (het)aryl, alkyl

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

@ C-N and C-C bond formation O gram scale synthesis

O inexpensive Fe(lll) salt promoted O easily available starting materials

B. Porashar et al.

Synthesis 2024, 56, 3131-3141.
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4.1. Introduction

Quinolines are important class of N-heterocycles which exhibit significant biological
activities and are widely employed in the manufacture of pharmaceutical drugs, synthetic
intermediates and building blocks.! Among them, 4-aminoquinolines have gained extensive
research interest as they serve as potent chemotherapeutic agents majorly treating erythrocytic
plasmodial infections and is still of high interest for developing novel anti-malarials.? However,
this privileged scaffold is also present in tremendous number of other approved anti-cancer,
anti-bacterial, anti-inflammatory drugs (Figure 4.1.1.). For example, marketed drugs like
chloroquine (a),® discovered in 1934, and amodiaquine (b)* has been extensively utilized for
the treatment of malaria for more than half century. However, complications associated with
these drugs such as resistance and toxicity have led to the development of other promising
structural analogues such as isoquine (c).> Similarly, commercially available floctafenine (d)®
is a non-steroidal anti-inflammatory analgesic drug, whereas, tacrin ()’ is a centrally acting
acetylcholinesterase inhibitor drug for treatment of Alzheimer's disease. Nerlynx (f)® is a
targeted breast cancer drug possessing 4-aminoquinoline as the core unit. Thus, 4-

Aminoquinolines also appear as a significant assembly motif for developing new drug entities.

(a) Chloroquine (b) Amodiaquine (c) Isoquine
(anti-malarial) (anti-malarial) (structural analogue,
anti-malarial)

z
0 |
| Cl
o™ on g 0
NH OH
NH, AN HN
z
N ~
N P Z
CF, 0 N
(d) Floctafenine (e) Tacrin (f) Nerlynx
(anti-inflammatory) (acetylcholinesterase inhibitor) (anti-cancer)

Figure 4.1.1. Some examples of pharmaceutical drugs with 4-aminoquinoline core.
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4.2. Literature Survey on Synthesis of Substituted 4-Aminoquinolines

4-Aminoquinolines can be directly accessed by selective displacement of the corresponding
4-halogen atom in the original heteroaryl halide backbone of 4-halo substituted quinolines.
Traditional methods mainly involve SnAr reactions by amines with conventional heating at
elevated temperatures, microwave irradiation or catalysis by costly reagents.® Other approaches
are transition metal catalyzed annulation of multicomponent systems, intramolecular cascade
reactions as well as cycloadditions. In 2013, Cui and Cheng reported the synthesis of 4-
sulfonamidoquinolines 3 using sulfonyl azides 2 with alkynyl imines 1. This copper catalyzed
cascade protocol involves 1,3-dipole cycloaddition, ketenimine formation, 6m-
electrocyclization and [1,3]-H shift reaction to give products in moderate to good yields under

mild reaction conditions (Scheme 4.2.1.).1°

X J|\ Cul (5 mol%) NHSO,R?
3 K;CO3 (1.5 equiv)
R|4©\N/ R2 + R°SO;N; 23 . B
1

R1_
DCM, rt, N, at ' V7
. 2 alm = N Rz

R'= H, alkyl, alkoxy, halogen
R2= aryl, heteroaryl; R3= aryl
Scheme 4.2.1. Copper catalyzed synthesis of 4-sulfonamidoquinolines.
Park’s group disclosed a modular synthesis of highly functionalized 4-aminoquinolines 7
using nitriles 6, diaryliodonium salts 4 and ynamides 5. This regiocontrolled [2+2+2] three-

component tandem reaction is catalyzed by Cu catalyst giving the products in good to excellent

yields (Scheme 4.2.2.).1
3

@ Bn\N,R Bn\ ,R3
OTf N

| N y, Il + Récn _CuTC (10 mol%) R

o ®/Mes = gpill

1 | 2 EtOAc, MS 4 A LA~

R R 6 N~ R
4 5 70 °C

R'=H, Me, OMe, F, Cl, Br, CO,Et
R2= R*= aryl, heteroaryl, alkyl; R®= Ms, Ts

Scheme 4.2.2. Regiocontrolled tandem synthesis of functionalized 4-aminoquinolines.
Ruijter and his group also developed a three component modular synthetic route for 2-
substituted 4-aminoquinolines 11 from o-bromoanilines 8, terminal alkynes 9 and isocyanides
10. This Pd catalyzed one-pot protocol involves an imidoylative Sonogashira coupling,

followed by acid mediated cyclization facilitating the products in good yields (Scheme 4.2.3.).1?
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1. Pd(OAc), (5 mol%) R3
Br c XantPhos (10 mol%) HN”
D | | H CuBr (15 mol%)

I P + + N P ) /i NN

/. 3 s equiv R

1 NH 2 R 2->3 -

R 2 R DMF, 90 °C Z N7 R2
8 9 10 2. 2 M HCI, rt 1"

R'=H, Me, OMe, F, CI, CO,Et
R2= R3= aryl, alkyl

Scheme 4.2.3. Pd catalyzed modular synthesis of 2-substituted 4-aminoquinolines.

Lin and co-workers also demonstrated an efficient synthesis of 3-acyl-4-aminoquinolines 14
from B-(2-aminophenyl)-a,B-ynones 12. This Cu(l)-catalyzed aerobic cyclization utilizes
dimethylformamide 13 as a dual synthon to afford both methine source as C2 carbon and a
nitrogen source to incorporate amino functionality in the 4™ position (Scheme 4.2.4.).13

0 EN

N o
_ Y, \ O CuCl(20mol%)
| N 7 | /—R + /N_q DMSO (1 equiv) il Y i \_R2
o H 0,, 120 °C NN Z
R1 NH2
12 13 14

R'=H, alkyl, halogen, CF5, CO,Et, NO,, SMe, SPh
R2=H, alkyl, halogen, CF5

Scheme 4.2.4. Cu catalyzed synthesis of 3-acyl-4-aminoquinolines.

Zhang and his group also explored a one-pot synthetic route for synthesis of 2,3-disubstituted
4-aminoquinolines 18 using 2-azidobenzaldehydes 15, a-fluoro-f-ketoesters 16 and amines 17.
This three component atom and step economic protocol involves cascade Mannich, aza-Wittig
and dehydrofluorinative aromatization to give the products in moderate to good yields (Scheme

4.2.5)1
R* _R®
. CHO 0O o N°T 0
| . 1 H PPh; (1.2 equiv)
7 R2 R? R4 R o g gl
R N3 E MeCN, 100 °C RT I _
N~ "R?
15 16 17
18

R'=H, OMe, CI, Br; R?= aryl, alkyl; R3= OEt, OPh
R*=R%= H, alkyl

Scheme 4.2.5. PPhz mediated synthesis of 2,3-disubstituted 4-aminoquinolines.
Brése and co-workers synthesized a diverse set of highly substituted 4-aminoquinolines 17
from ynamides 15 and amides 16 using triflic anhydride and 2-chloropyridine as reagents.
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Electrophilically activated amides react readily with sulfonyl amides in this one-pot procedure

to give highly functionalized 4-aminoquinolines in good yields (Scheme 4.2.6.)."°

) 1
R
R2
Tf,0 (1.1 equiv) \©\ ’/
\ . @\ JOL 2-CIPy (1.2 equiv)_ V3 N
O/ iZ N7ORS DCM R®

4 XN
-78°C 0 0 °C RYT 7

16

R'= Me, CO,H, CO,Me; R2=aryl; R3= H, aryl, alkyl

R*= H, Cl, alkyl, CF3; R®= alkyl

Scheme 4.2.6. Tf,0 mediated synthesis of highly functionalized 4-aminoquinolines.
Similarly, several synthetic approaches for synthesis of 4-aminoquinolines from 2-
aminobenzonitriles have also been reported.’® In 2018, Sahoo’s group demonstrated Au(l)
catalyzed strategic route featuring direct coupling of ynamides 18 and 2-aminobenzonitriles 19
to access 2,4-diamino-substituted quinolones 20 via nitrile activation. This transformation is
explicitly regioselective, showcasing broad scope and tolerates various functional groups
(Scheme 4.2.7.).17

] NH,

R Ph3;PAUNTf 3
NH, 3 2 R

7 L )

RzN\ Ré Z CN 1,4-dioxane = N/ N’R
]

N R3 80 °C 0=S=0
18 19 20 R!

R'= aryl, Bn, "Bu; R?>= Me, Bn, cyclopropyl
R3= aryl, alkyl; R*= H, CI, F, NO,, Me

Scheme 4.2.7. Au(l) catalyzed synthesis of 2,4-diamino-substituted quinolines.
Other promising approaches include base promoted synthesis of 2-perfluoroalkylated 4-
aminoquinolines from 2-aminobenzonitriles by reacting with perfluoroalk-2-ynoates or
fluorinated alkynyl phosphonates.'® Recently, Verma and his group also developed a base

mediated one pot annulation of ynones 21 with 2-aminobenzonitriles 19 to give substituted 2,3-

NH, O
NH
(0] . @: 2 KO'Bu (2 equiv) WdYLm
1 G
R" ™y 2 RS SCN DMSO, 100 °C ANNPR2
21 19 22

R'= aryl ; R?>= aryl, alkyl; R3= H, CI, F, Br, Me, OMe

Scheme 4.2.8. Base promoted synthesis of multisubstituted 4-aminoquinolines.
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disubstituted 4-aminoquinolines 22. The reaction has high atom economy with broad substrate

scope furnishing the products in good to excellent yields (Scheme 4.2.8.).1°
4.3. Present Work

Since 4-aminoquinolines occur as core unit in various natural products and pharmaceuticals,
development of strategies for their synthesis is a significant challenge for synthetic chemists.
As evident from the literature reports, it was observed that although the existing methods are
unique and elegant, the limitations include requirement of an expensive catalyst, additives,
inert atmospheric reaction conditions and harsh reaction conditions. Thus, in this chapter we
introduce a Lewis acid mediated convenient and simple protocol to access of 2,3-disubstituted
4-aminoquinolines from 2-aminobenzonitriles and activated alkynes as an alternative
approach. Notably, the reaction follows an aza-Michael reaction followed by annulation to give
the N-heterocycles. The salient features of this protocol include the use of a minimally toxic,

eco-benign and less expensive iron(l11) salt along with broad substrate scope and operational

simplicity.
NH, O
CN o

» + /1\1 b w DB |
Z Z R

R/ NH, RZ/ DCE NP N/ RE

80 °C R

19 21 22

R=H, F, Cl, Br, NO,, CF3, OMe, Me
R'= OEt, OMe, Ph
R2= CO,Et, CO,Me, aryl, (het)aryl, alkyl

Scheme 4.3.1. FeClz promoted synthesis of substituted 4-aminoquinolines.

4.4. Results and Discussion

4.4.1. Optimization of the Reaction

Initially, we commenced our optimization studies by treating diethyl but-2-ynedioate (21a)
with 2-aminobenzonitrile (19a) in the presence of 0.2 equiv of In(OTf)s in DCE at room
temperature (Table 4.4.1.1., entry 1). However, no product was obtained even after continuing
it up to 24 h. To our delight, the reaction occurred to deliver the product diethyl 4-
aminoquinoline-2,3-dicarboxylate (22aa) in 24% yield when the temperature was raised to 60
°C (Table 4.4.1.1., entry 2). Further elevation of temperature to 80 °C led to comparative
increase of yield to 38% (Table 4.4.1.1., entry 3). Encouraged by the results, the reaction was
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Table 4.4.1.1.: Optimization of the reaction?
NH,

CN GO,Et reagent CO,Et
@[ + |’| teniglt\elzarzfjre g @fj[
NH, ¢o,Et N~ ~CO,Et
19a 21a 22aa
entry reagent (equiv) solvent temp/°C %yield®
1. In(OTf)3(0.2) DCE 25 -
2. In(OTf)3(0.2) DCE 60 24
3. In(OTf)3(0.2) DCE 80 38
4, In(OTf)3(0.2) toluene 110 40
5. In(OTf)3(0.2) THF 65 -
6. In(OTf)3(0.2) CH3CN 80 -
7. In(OTf)3(0.2) DMF 100 -
8. Bi(OTf)3(0.2) DCE 80 17
9. Cu(OTf)2(0.2) DCE 80 20
10. Zn(0Tf)2(0.2) DCE 80 15
11. AgOTf (0.2) DCE 80 35
12. AICI3(0.5) DCE 80 -
13. FeCls(0.5) DCE 80 58
14. FeCls3(1.2) DCE 80 82
15. FeCls(2.0) DCE 80 80
16. BF3-OEt2 (1.2) DCE 25 -
17. TfOH (2.0) DCE 25 -
18. p-TsOH (2.0) DCE 25 -

aAll the reactions were carried out in (0.4 mmol) 19a, (0.48 mmol) 21a in 2.0 ml solvent, Plsolated yields.

performed in a series of non-polar as well as polar solvents like toluene, THF, acetonitrile and
DMF. While toluene produced similar yield of 40% (Table 4.4.1.1., entry 4), the reaction didn’t
proceed at all with moderately and highly polar solvents (Table 4.4.1.1., entries 5-7). The
reaction was then screened in a set of different Lewis and Brgnsted acids. Metal triflates like
AgOTf (Table 4.4.1.1., entry 11) gave the desired product with 35% yield, whereas other metal
triflates i.e. Bi(OTf)3, Cu(OTf)2 and Zn(OTf)2 produced inferior yield (Table 4.4.1.1., entries
8-10). Lewis acid, AICl3 also failed to give any product (Table 4.4.1.1., entry 12). Gratifyingly,
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4.4.2. Substrate Scope
With the optimized reaction conditions in hand, we set out to explore the compatibility and

when the reaction was performed with 0.5 equiv of FeCls in DCE at 80 °C, the desired product
was obtained with a better yield of 58% (Table 4.4.1.1., entry 13). Increasing the reagent to a
stoichiometric amount of 1.2 equiv furnished 22aa with an optimum yield of 82% (Table
4.4.1.1., entry 14). However, further increasing the reagent loading to 2.0 equiv did not lead to
any significant improvement in the yield (Table 4.4.1.1., entry 15). On the other hand, other
non—-metal Lewis acids like BF3:OEt2 and Brgnsted acids such as TfOH and p-TsOH in DCE
at room temperature was also found to be ineffective (Table 4.4.1.1., entries 16-18). Therefore,
1.2 equiv FeClz in DCE at 80 °C are the optimum conditions for the reaction.

scope of the reaction with different activated alkynes and 2-aminobenzonitrile substrates as

22aa, 82%

F  NH,
Z
N~ >Cco,Et

22da, 76%

22ga, 75%

NH,
~
Me N~ CO,Et

O-__R!

O,N

MeO

MeO

FeCl3 (1.2 equiv)

DCE, 80 °C

N~ Co,Et

22ba, 78%

NH,
A\ CO2Et

Z
N~ ~CO,Et
22ea, 78%

NH,
‘- CO2Et

Z
N~ Co,Et

22ha, 71%

—
’ o

NH, O
XX R?

N
(0]
22
NH,
Br\d\ICOZEt
~
N~ CO,Et
22ca, 84%
NH,

F5C CO,Et

A

s

Z
N~ ~CO,Et
22fa, 60%

NH,

A\ CO:zMe

-

Z
N~ >co,Me

22ib, 85%

#Reaction conditions: 19 (0.4 mmol), 21 (0.48 mmol), FeCl; (0.48 mmol) in DCE
(2 ml). "Isolated yield of the product.

Scheme 4.4.2.1. Scope for the formation of substituted 4-aminoquinolines with different

TH-3602_186122007
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depicted in Scheme 4.4.2.1. Initially, the influence of R substituents on the 2-
aminobenzonitriles were investigated with the introduction of various electron donating as well
as electron withdrawing groups. The reaction was not significantly affected by electronic
effects, steric effects and position of the substituent groups on the benzene ring of 2-
aminobenzonitriles. The reaction of substituted 2-aminobenzonitriles (19b-19d) having
moderately electron-withdrawing halo substituents such as 5-Cl, 5-Br and 6-F with diethyl but-
2-ynedioate furnished the corresponding products 22ba, 22ca and 22da in good yields up to
84%. On the other hand, 2-aminobenzonitriles with strongly electron-withdrawing groups -CFs
and -NO; at 5- position was well tolerated providing the desired products 22fa and 22ea with
60% and 78% vyields, respectively. Different substituted 2-aminobenzonitriles (19g and 19h)
with electron-donating substituents such as 4-methyl and 4,5-dimethoxy group gave the
corresponding products 22ga and 22ha with good yields. The reaction of 2-amino-4-
chlorobenzonitrile with dimethyl but-2-ynedioate furnished the expected product 22ib with an

excellent yield of 85%.

Further, to demonstrate the substrate scope of this method, activated alkynes with aryl/alkyl
and keto/ester groups were also employed in the reaction as depicted in Scheme 4.4.2.2. The
reaction of ethyl 3-phenylpropiolate (19c) with 21a under the optimized condition yielded the
expected product ethyl 4-amino-2-phenylquinoline-3-carboxylate (22ac) with 62% vyield.
Decoration of the aryl group with various substituents led to the desired 2,3-disubstituted 4-
aminoquinolines in moderate to good yields. A variety of ethyl 3-phenylpropiolates (19b-199)
with moderately electron-withdrawing halo groups as well as strongly electron-withdrawing
CO2Me and -CF3 substituents at the para-position on phenyl ring underwent reaction with 2-
aminobenzonitrile (21a), providing the corresponding products 22ad-22ah in 54-71% yields.
Likewise, installing electron-donating substituents, such as -Me and -OMe, at the para-, meta-
and ortho-positions resulted in the expected products 22ai-22al and 22cm in 64-81% yields.
The reaction was also tested with bulky polyaromatic substituted propiolate 19n, which
produced the corresponding product 22an, in a low yield of 50%. Intriguingly, heteroaromatic,
i.e. thiophen-2-yl-substituted propiolate, when treated with 2-amino-4-chlorobenzonitrile
furnished the respective product 22io in 65% isolated yield. Subsequently, the protocol also
exhibited compatibility with 3-alkylpropiolates like ethyl 4,4,4-trifluorobut-2-ynoate (19p) and
ethyl hep-2-ynoate (19q) resulting in the alkyl-substituted 4-aminoquinolines 22gp and 22dq
with 87% and 43% yields, respectively. The low yield in the case of ethyl hept2-ynoate (19q)

was attributed to deactivation of alkyne group. The reaction was also screened with ynones and
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gave corresponding 4-aminoquinolines 22ar, 22hr, and 22gs with moderate yields. It was

evident that electron-withdrawing groups in the side chain of alkynes provided better yield

NH, O
CN 0
| A . /J\ 1 FeCl; (1.2 equiv) | Xr Xy CR!
= R >
ZF N, r27Z DCE, 80 °C N R?
8h
21 19 22

NH, NH, NH, NH,

O A\~ CO2Et O A\ CO:Et O - CO:Et O A\ CO:Et
2 ~ ~ ~
"0 AR "0

Cl Br F

22ac, 62% 22ad, 64% 22ae, 61% 22af, 71%

NH, NH, NH,

A\~ CO:Et A\~ CO2Et O A\ CO:Et

~ Z ~

NS YT

CO,Me CF Me

22ag, 54% 77 22ah,56% 22ai, 67%

NH, NH,

O - CO:Et \~CO:Et  Br
~
O 0
Me OMe

22ak, 64% 22al, 81%

NH,

A\ CO2Et

~
cl N a

W
22i0, 65%

#Reaction conditions: 21 (0.4 mmol), 19 (0.48 mmol), FeCl; (0.48 mmol) in DCE (2 ml).
PIsolated yield of the product.

Scheme 4.4.2.2. Scope for the formation of substituted 4-aminoquinolines with different

activated alkynes.2®
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(22ab-22ib, Scheme 4.4.2.1.), (22gp, Scheme 4.4.2.2.) compared to electron-donating groups
(22ac-22io, 22dq, Scheme 4.4.2.2.). This is attributed to the increase in electrophilicity of
activated alkyne in case of electron-withdrawing groups in the side chain of the alkyne. The
present Lewis acid protocol has advantages over the conventional basic conditions as base-
mediated protocol is strictly limited to ynones,'® whereas in Lewis acidic conditions both
ynones 19r and 19s and propiolates can be carried out. The structure of the compounds was
determined by *H and *C{*H} NMR spectroscopy, mass spectrometry and finally by X-ray
crystallographic analysis of the compound 22io0.

A scale up experiment was also performed using 2-aminobenzonitrile (21a) (800 mg,
6.78 mmol) and diethyl but-2-ynedioate (19a) (1.3 mL, 8.14 mmol) under the standard
conditions to provide 73% (1.4 g) yield of the corresponding product 22aa (Scheme

4.4.2.3).
CO,Et hH:
CN 2

@[ N |I| FeCl; (1.2 equiv) mCOZEt
NH, DCE, 80 °C NZ Nco,Et

21a 19a 22aa

810 mg (6.78 mmol) 1.3 mL (8.14 mmol) 1449
73% yield

Scheme 4.4.2.3. Gram-scale synthesis.

4.4.3. Control Experiments

To gain insight of the reaction pathway, two control experiments were performed. The
substrate 21a when reacted with diphenylacetylene (19a’) under the standard conditions
failed to give the desired product 22aa’ which indicates that the alkyne group is not
activated by FeCls to facilitate the hydroamination reaction followed by cyclization
reaction (Scheme 4.4.3.1.).

NH
NH Ph standard 2 Ph
2 | | conditions A
+ e _
CN Ph N~ ~Ph
21a 19a’ 22aa’' 0%

Scheme 4.4.3.1. Control experiment for reaction route.
When the reaction of 2l1a with 19a under the standard reaction conditions was

qguenched after 15 minutes, the aza-Michael product 22a’ was isolated with 10% yield
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as Z-isomer. The Z-configuration of 22a" was determined from NOE experiment as
there was no interaction between —NH and olefinic —CH protons. The intermediate 22a"
was subjected to standard reaction conditions and it was observed that it provided
desired product 22aa with 90% yield. This indicates that the reaction proceeds via aza-

Michael reaction followed by annulation (Scheme 4.4.3.2.).

H
EtO,C
27 COo,Et NH,
NH CO,Et standard NH standard CO,Et
@[ 2 .\ |‘| conditions @[ conditions N
—_— —_—
fter 15 min “
CN a CN N~ SCo,Et
CO,Et 2
21a 19a 22a" 10% 22aa 90%
Z-isomer

Scheme 4.4.3.2. Control experiment for intermediate 22a".

4.4.4. Plausible Mechanism

,FeC|3
R1fo’
.. Y 19
ozl FeCl
|// N 2 C\;& FeCI3 // (| // _
R CN
NH, R’
l
21 FeCI3 FeCI3

Scheme 4.4.4.1. Plausible reaction mechanism.

Based on the previous reports® and control experiments, a plausible mechanism is postulated
as shown in Scheme 4.4.4.1. Lewis acid activates the carbonyl group of the alkyne 19 for aza-
Michael reaction with 2-aminobenzonitrile to form enolic allene intermediate A. The
intermediate A after nucleophilic attack to activated nitrile forms unstable quinoline-4(1H)-

imines B which after aromatization forms stable product 22.
4.5. Post-synthetic Applications

The synthetic utility of the products is demonstrated by performing a few synthetic
transformations as depicted in Scheme 4.5.1. For instance, functionalization in the backbone of
product 22ca with pyrene moiety was accomplished by using palladium catalysis (Suzuki Cross
coupling reaction), delivering 23 in 96% vyield. The product 22ib was transformed into
annulated product 24 in the presence of a Ru(ll) catalyst via selective C—H, N annulation at the
phenyl ring with diphenylacetylene derivatives. Additionally, selective reduction of the C-N
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bond of the pyridine ring of 22ib was also achieved using the NiCl.-NaBH4 combination to
give 25 with 60% yield.

pyrene
NH, boronic acid
Br B CozEt Pd(PPh3)4, K2003 -
7 Toluene:H,O:EtOH (4:2:1)
N~ "CO,Et
95°C, 8 h
22ca 23, 96%
Ph
NH, NiCl,*6H,0 NH, Ph—=——~Ph Ph~ NH
. CO2Me NaBH, N CO:zMe [Ru(p-cymene)Cl2]2= \\CO Me
MeOH, rt 7 Cu(OAc),*H,0 _
cl N~ “come cl N* "COMe ¢\ OH 120°c CI N~ ~co,Me
25 60% 22ib pressure tube, 24 h 24 62%

Scheme 4.5.1. Post synthetic modifications.
4.6. Conclusion

In conclusion, we have developed an efficient Lewis acid promoted annulation of alkynyl
esters or ynones with 2-aminobenzonitrile for the synthesis of multi-substituted 4-
aminoquinolines in good to excellent yields. The reaction proceeds via aza-Michael addition
and intramolecular annulation reaction. The present strategy is inexpensive, and highly atom-
economical with broad substrate scope. Additionally, 4H-benzo[de][1,6]naphthyridine was
obtained as a post synthetic modification of 4-aminoquinoline. Similarly, 1,2-dihydroguinolin-
4-amine was also synthesized from 4-aminoquinoline by selective reduction with NiCl>—
NaBHa.

4.7. Experimental Section
4.7.1. General Information and Instrumentation

All the reagents were of reagent grade (AR grade) and were used as purchased without further
purification. Silica gel (60-120 mesh size) was used for column chromatography. Reactions
were monitored by TLC on silica gel GF254 (0.25 mm). Melting points were recorded in an
open capillary tube and are uncorrected. Fourier transform-infra red (FT-IR) spectra were
recorded as neat liquid or KBr pellets. NMR spectra were recorded in CDCls with
tetramethylsilane as the internal standard for *H (600 MHz, 500 MHz and 400 MHz) or
1B3C{H} (150 MHz and 125 MHz) NMR. **F{*H} NMR spectra were recorded at 470 MHz
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and chemical shifts are relative to hexafluorobenzene in CDCls at 6 = -164.9 ppm (external
reference). Chemical shifts (8) are reported in ppm with abbreviations, s = singlet, d = doublet,
t = triplet, q = quartet, p = quintet, dd = doublet of doublets, m = multiplet, bs = broad singlet
and spin-spin coupling constants (J) are given in Hz. HRMS spectra were recorded using Q-

TOF and microTOF-Q Il mass spectrometer.

4.7.2. Reaction Procedure
4.7.2.1. Experimental Procedure for Synthesis of Activated Alkynes

Propiolate derivatives 19c-190, 19g were synthesized according to literature reports?® and
confirmed by comparison to the reported characterization data. Ynones 19r and 19s were also

prepared using the standard reported procedure.®

4.7.2.2. General Procedure for the Synthesis of Compounds 22aa-22ha, 22ib, 22ac-22al,
22an, 22ar, 22cm, 22io, 22gp, 22dq, 22hr and 22gs

NH, O
CN o
| A R /J\ 1 FeClz (1.2 equiv) | XrX~ CR!
Z R =
R// NH, R2 4 DCE, 80 °C WP N/ R2
R
8h
21 19 22

To a solution of 2-aminobenzonitrile derivatives 21 (0.4 mmol, 1 equiv) and activated alkyne
19 (0.48 mmol, 1.2 equiv) in 1,2-dichloroethane (2 mL) was added FeCls (0.48 mmol, 1.2
equiv). The reaction was then heated in an oil bath at 80 °C. The progress of the reaction was
monitored by TLC analysis technique. After completion of the reaction, the solvent was
removed under reduced pressure and diluted with saturated NaHCOz solution. Then the organic
layer was extracted with EtOAc (3 x 10 mL). The organic layer was further washed with brine
solution for 2-3 times. The combined organic layers were dried over anhydrous Na,SO4 and
concentrated in rotary evaporator. The crude mixture was subjected to column chromatography
over silica gel (n-hexane/EtOAc eluent) to give the corresponding product 22.

4.7.2.3. Experimental Procedure for the Synthesis of Compound 23

pyrene
NH, boronic acid
Br. N COZEt Pd(PPh3)4, K2003 -
= Toluene:H,O:EtOH (4:2:1)
N~ co,Et
95 °C, 8h

22ca
To an oven-dried Schlenk Tube containing a magnetic bar, 22ca (50 mg, 0.14 mmol, 1 equiv),

pyrene-1-boronic acid (52 mg, 0.21 mmol, 1.5 equiv), anhydrous K>COs (93 mg, 2.7 mmol,
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5.0 equiv), Pd(PPhs)s (8 mg, 0.007 mmol, 5 mol%), H20 (1.0 mL), EtOH (0.5 mL) and toluene
(2.0 mL) were added. The reaction vessel was charged with nitrogen and sealed. The mixture
was heated to 95 °C using an oil bath and stirred for 8 h. The mixture was filtered over a small
pad of Celite and diluted with CH2Cl. and H20 and extracted with CHzCl.. The organic layer
was washed with brine solution, dried over anhydrous Mg>SOa, concentrated, and then residue
was purified by column chromatography on silica gel using ethyl acetate/ hexane as the eluent
to afford the desired product 23.

4.7.2.4. Experimental Procedure for the Synthesis of Compound 24

Ph
NH, RPh = Pgl Ph O Z~NH

mcozm [Ru(p-cymene)Clyl, _co,Me
~ Cu(OAc),+H,0 P

cl N' COMe  yimoH, 1200c N” “Co,Me
22ib pressure tube, 24 h 24, 62%

To an oven-dried pressure tube containing a magnetic bar was added 22ib (50 mg, 0.17 mmol,
1 equiv), diphenylacetylene (68 mg, 0.38 mmol, 2 equiv), [Ru(p-cymene)Cl2]> (5 mg, 0.009
mmol, 5 mol%), Cu(OAc)2.H20 (3 mg, 0.017 mmol, 10 mol%), and ‘AmOH (2 mL). The
reactions mixture was stirred in an oil bath preheated at 120 °C for 24 h. After completion of
the reaction (monitored by TLC analysis), the reaction mixture was cooled to ambient
temperature, filtered through a small plug of Celite and then washed with ethyl acetate (3 x 10
mL). The solvents were evaporated under reduced pressure and the crude material was purified
using column chromatography on silica gel (n-hexane/EtOAc eluent) to give the desired
product 24.

4.7.2.5. Experimental Procedure for the Synthesis of Compound 25
NH, NH,

NiCl,*6H,0
R
7
(o]} N~ ~Cco,Me MeOH,rt ¢ H CO,Me
22ib 25, 60%

In an oven dried round bottomed flask, 22ib (50 mg, 0.17 mmol, 1 eqiuv) was taken with
NiCl26H20 (81 mg, 0.34 mmol, 2 equiv) in methanol and stirred at room temperature for 5
minutes. To this reaction mixture NaBH4 (25 mg, 0.68 mmol, 4 equiv) was added in portions
at 0 °C and allowed to stir at room temperature for 8 h. After completion of the reaction as
confirmed by TLC, the solvent was removed under vacuum. The organic phase was extracted

with ethyl acetate and washed with brine solution. The organic layer was dried over anhydrous
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Na.SOj4, concentrated, and then residues were purified by column chromatography with ethyl
acetate/hexane eluents to afford the desired product 25.
4.7.2.6. Experimental Procedure for the Gram-Scale Synthesis of 22aa

To a solution of 2-aminobenzonitrile (21a) (810 mg, 6.78 mmol, 1 equiv) and diethyl but-2-
ynedioate (19a) (1.3 mL, 8.14 mmol, 1.2 equiv) in 1,2-dichloroethane (10 mL) was added
FeClz (1.3 g, 8.14 mmol, 1.2 equiv). The reaction was then heated in an oil bath at 80 °C. The
progress of the reaction was monitored by TLC analysis technique. After completion of the
reaction, the solvent was removed under reduced pressure and diluted with saturated NaHCO3
solution. Then the organic layer was extracted with EtOAc (3 x 30 mL). The organic layer was
further washed with brine solution for 2-3 times. The combined organic layers were dried over
Na>SO4 and concentrated in rotary evaporator. The crude mixture was subjected to column
chromatography over silica gel using hexane and ethyl acetate (3:2) as eluents to obtain the

desired product 22aa in 73% yield (1.4 g, green gum).
4.7.3. Crystallographic Description

Single crystals of compound 26io was obtained by slow evaporation of ethyl acetate and
hexane solution (1:9). Bruker APEX-11 CCD diffractometer was used to collect the intensity
data. The instrument is equipped with a fine focus 1.75 kW sealed tube Mo Ka radiation (A =
0.71073 A) at 297 K. The data acquisition was done with the APEX4 software. APEX4
software was implemented for data integration and reduction. Multi-scan empirical absorption
corrections were employed to the data using the program APEX4. Structures were solved by
direct methods using SHELXL-2019 and refined with full-matrix least-squares on F2 using
SHELXL-2019/1.2 Structural illustrations have been drawn with ORTEP-3 for Windows.? The
detailed data collection and structure refinement are summarized in Table 4.7.3.1.

a. G. M. Sheldrick, SHELXS-2014, Program for the crystal structure solution; University of
Gottingen: Gottingen, Germany, 2014.

b. L. J. Farrugia, XRDIFF: simulation of X-ray diffraction patterns, J. Appl. Crystallogr. 1997,
30, 565.
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NH,
A\ CO2Et
7
cl N S
|
22io

Figure 4.7.3.1. ORTEP diagram of compound (22i0) with 50% probability.

Table 4.7.3.1. Crystal parameters of compound 22io

TH-3602_186122007

CCDC 2360781
Formula C16H15CIN2O3S
Formula weight 350.81
T/K 302
Crystal system Triclinic
Space group P-1
a/A 8.4115 (4)
b/A 9.1740 (4)
c/A 12.4619 (6)
al® 111.1010 (10)
84 94.2160 (10)
/° 111.6360 (10)
VIA3 810.03 (7)
z 2
Abs. Coeff./mm? 0.380
Abs. Correction multi-scan
GOF on F2 1.099
Final R indices [I> 26(1)] R1 =0.0829
wR2 =0.1931
R indices [all data] R1=0.0898
wR2 = 0.1985
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4.9. Characterisation Data

Diethyl 4-aminoquinoline-2,3-dicarboxylate (22aa):

NH, Light green oil; Rf (hexane/EtOAc, 4:1) 0.40; yield 94 mg, 82%. IR
\CO2Et (KBr, neat) v 3450, 3332, 2982, 1734, 1613, 1557, 1247, 1095, 1029,
©|\/Nt[cozEt 766, 556 cm . 'H NMR (600 MHz, CDCl3) § 7.92 (d, J = 8.4 Hz, 1
H), 7.83 (d, J = 8.4 Hz, 1 H), 7.64 (t, J = 7.7 Hz, 1 H), 7.46 (bs, 2 H),

7.42-7.40 (m, 1 H), 4.41 (q, J = 7.1 Hz, 2 H), 4.32 (q, J = 7.1 Hz, 2 H), 1.39-1.33 (m, 6
H).BC{*H} NMR (150 MHz, CDCls3) § 168.3, 167.2, 154.5, 153.7, 147.4, 132.0, 130.1, 126.6,

121.1, 118.0, 98.4, 62.1, 61.4, 14.2, 14.2. HRMS (ESI) calcd. for C1sH17N204 (M + H)*
289.1183, found 289.1187.
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Diethyl 4-amino-6-chloroquinoline-2,3-dicarboxylate (22ba):

NH, White solid; Rf (hexane/EtOAC, 4:1) 0.40; mp 96-98 °C; yield 100

cl \\CO:Et | mg, 78%. IR (KBr, neat) v 3450, 3319, 2984, 1716, 1621, 1549,
\C(NICOZH 1249, 1107, 1027, 831, 593 cm ™. *H NMR (500 MHz, CDCls) §
7.84-7.81 (m, 2 H), 7.54 (dd, J = 8.9 and 2.2 Hz, 1 H), 7.44 (bs, 2

H), 441 (q, J=7.2 Hz, 2 H),4.31(q, J=7.2 Hz, 2 H), 1.38 (t, J = 7.2 Hz, 3 H), 1.33 (t, J =
7.2 Hz, 3 H). ¥C{*H} NMR (125 MHz, CDCls) § 168.1, 166.9, 153.8, 153.7, 145.8, 132.6,

132.4, 131.6, 120.8, 118.9, 99.0, 62.2, 61.6, 14.2, 14.2. HRMS (ESI) calcd. for C1sH16CIN204
(M + H)* 323.0793, found 323.0786.

Diethyl 4-amino-6-bromoquinoline-2,3-dicarboxylate (22ca):

NH, White solid; Rt (hexane/EtOAc, 4:1) 0.40; mp 100-102 °C; yield

Br \COzEt | 123 mg, 84%. IR (KBr, neat) v 3450, 3326, 2980, 1719, 1621,
\©|\/Nj:C02Et 1545, 1257, 1101, 1029, 833, 591 cmt. *H NMR (500 MHz,
CDCl3) 6 8.00 (s, 1 H), 7.74 (d, J =8.9 Hz, 1 H), 7.66 (d, J = 8.8

Hz, 1 H), 7.46 (bs, 2 H), 4.41 (q, J= 7.2 Hz, 2 H), 4.31 (q, J = 7.1 Hz, 2 H), 1.37 (t, J = 7.2 Hz,
3 H),1.32 (t,J = 7.2 Hz, 3 H). BC{*H} NMR (125 MHz, CDCls) § 168.1, 166.9, 153.9, 153.6,

146.1, 135.2, 131.7, 124.1, 120.4, 119.4, 99.0, 62.2, 61.6, 14.2, 14.2. HRMS (ESI) calcd. for
Ci1sH16BrN204 (M + H)* 367.0288, found 367.0292.

Diethyl 4-amino-5-fluoroquinoline-2,3-dicarboxylate (22da):

F o NH, Colorless gum; Rt (hexane/EtOAc, 4:1) 0.30; yield 93 mg, 76%. IR
N CO2Et (KBr, neat) v 3520, 3305, 2991, 1742, 1687, 1603, 1557, 1250, 1045,
@;t[cozﬂ 827, 537 cm ™. 'H NMR (500 MHz, CDCl3) & 7.67-7.65 (m, 1 H),
7.52-7.48 (m, 1 H), 7.02-6.98 (m, 1 H), 4.37 (q, J = 7.2 Hz, 2 H), 4.28

(9,J=7.1Hz, 2 H), 1.35 (t, J = 7.2 Hz, 3 H), 1.30 (t, J = 7.2 Hz, 3 H). BC{*H} NMR (125
MHz, CDCl3) § 167.6, 166.8, 160.3 (d, J = 251.0 Hz), 154.6, 154.5 (d, J = 2.9 Hz), 149.4, 131.6
(d, J=11.5Hz), 126.2 (d, J = 3.6 Hz), 111.6 (d, J = 23.9 Hz), 108.5 (d, J = 6.6 Hz), 98.4 (d, J

= 1.8 Hz), 61.9, 61.4, 14.1, 14.0. 1*F NMR (470 MHz, CeFs/CDCl3) 5 -116.96 (s, -F). HRMS
(ESI) calcd. for C1sH16FN204 (M + H)* 307.1089, found 307.1110.

Diethyl 4-amino-6-nitroquinoline-2,3-dicarboxylate (22ea):
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NH, Yellow solid; R (hexane/EtOAC, 4:1) 0.40; mp 175-177 °C; yield

O,N \\_CO:Et | 104 mg, 78%. IR (KBr, neat) v 3445, 3336, 2985, 1732, 1622,
mcoza 1521, 1335, 1251, 1091, 1030, 847, 745 cm. *H NMR (400
MHz, CDCl3) 6 8.93 (d, J = 2.4 Hz, 1 H), 8.39 (dd, J = 9.2 and

2.3 Hz, 1H),7.99 (d, J=9.2 Hz, 1 H), 7.85 (bs, 2H), 4.44 (9, J=7.2Hz,2 H),4.36 (9, J=7.2
Hz, 2 H), 1.42-1.35 (m, 6 H). 3C{*H} NMR (125 MHz, CDCls3) § 167.5, 166.6, 156.6, 155.6,

150.4, 145.1, 131.6, 125.5, 119.0, 117.4, 99.6, 62.5, 62.1, 14.2, 14.2. HRMS (ESI) calcd. for
C15H16N306 (M + H)* 334.1034, found 334.1039.

Diethyl 4-amino-6-(trifluoromethyl)quinoline-2,3-dicarboxylate (22fa):

NH, White gum; Rs (hexane/EtOAc, 5:1) 0.40; yield 85 mg, 60%. IR

F,C N CO2Et (KBr, neat) v 3463, 3334, 2988, 1724, 1613, 1521, 1319, 1246,
\©|\)NICOZB 1161, 1091, 838, 515 cm 1. *H NMR (600 MHz, CDCls) § 8.22

(s, 1 H), 8.00 (d, J=8.7 Hz, 1 H), 7.81 (dd, J = 8.8 and 1.9 Hz, 1

H), 7.70 (bs, 2 H), 4.43 (q,J=7.2Hz,2 H),4.34(q, J=7.2 Hz, 2 H), 1.39 (t, J = 7.2 Hz, 3 H),
1.35(t, J=7.2 Hz, 3 H). *C{*H} NMR (150 MHz, CDCl3) § 167.9, 166.9, 155.5, 155.0, 148.9,
131.1, 128.2 (g, J = 32.7 Hz), 127.8 (g, J = 3.2 Hz), 123.9 (q, J = 270.8 Hz), 119.6 (d, J = 4.4

Hz), 117.4, 99.3, 62.4, 61.8, 14.2, 14.1. 9F NMR (470 MHz, CeFs/CDCls) 8 -65.37 (s, -F).
HRMS (ESI) calcd. for CisH1sFsN204 (M + H)* 357.1057, found 357.1061.

Diethyl 4-amino-7-methylquinoline-2,3-dicarboxylate (22ga):

NH, Light brown gum; R¢ (hexane/EtOAc, 5:1) 0.40; yield 91 mg,
\CO:Et 75%. IR (KBr, neat) v 3458, 3333, 2983, 1735, 1619, 1564, 1251,
Memcoza 1099, 1034, 795, 551 cm™ L. *H NMR (400 MHz, CDCls) § 7.70—
7.66 (m, 2 H), 7.41 (bs, 2 H), 7.20 (d, J = 8.2 Hz, 1 H), 4.39 (q, J

=7.2Hz,2H),4.31(q, J=7.1Hz, 2 H), 2.41 (s, 3 H), 1.39-1.31 (m, 6 H). ®C{*H} NMR (125

MHz, CDCl3) 6 168.3,167.1, 154.5, 153.6, 147.3, 142.5,128.9, 128.3,121.2, 115.7,97.7, 61.9,
61.2, 21.6, 14.1. HRMS (ESI) calcd. for C16H19N204 (M + H)* 303.1339, found 303.1337.

Diethyl 4-amino-6,7-dimethoxyquinoline-2,3-dicarboxylate (22ha):

NH Red solid; Rf (hexane/EtOAc, 1:1) 0.40; mp 118-120 °C; yield
MeO \2 co,et| 99 mg, 71%. IR (KBr, neat) v 3450, 3340, 2981, 1731, 1621,
| _ 1505, 1234, 1112, 1030, 857, 519 cm™*. *H NMR (400 MHz,

N

MeO CO,Et
CDCls) § 7.31 (s, 1 H), 7.13 (bs, 2 H), 6.98 (s, 1 H), 4.43 (g, J =
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7.2 Hz, 2 H), 434 (q, J = 7.1 Hz, 2 H), 4.00 (s, 3 H), 3.96 (s, 3 H), 1.41 (t, J = 7.2 Hz, 3 H),
1.36 (t, J=7.2 Hz, 3 H). ¥*C{*H} NMR (125 MHz, CDCl3) § 168.5, 167.2, 153.8,153.2, 151.9,
149.5,144.0,112.0, 108.8, 100.3, 98.0, 62.0, 61.3, 56.3, 56.2, 14.18, 14.15. HRMS (ESI) calcd.
for C17H21N206 (M + H)* 349.1394, found 349.1390.

Dimethyl 4-amino-7-chloroquinoline-2,3-dicarboxylate (22ib):

NH, Off white solid; Rf (hexane/EtOAc, 3:1) 0.40; mp 193-195 °C;

A\ CO:2Me yield 100 mg, 85%. IR (KBr, neat) v 3373, 3152, 2941, 1749,
/©|\/j: 1685, 1603, 1432, 1232, 1105, 911, 794, 557 cm™. *H NMR (500
CI N CoaMe MHz, CDCl3) & 7.99 (s, 1 H), 7.77-7.75 (m, 1 H), 7.49-7.47 (m, 1
H), 7.29 (bs, 2 H), 4.01 (s, 3 H), 3.91 (s, 3 H). *°C{*H} NMR (125 MHz, CDCls) & 168.3,

167.4, 154.6, 154.1, 148.3, 138.4, 129.6, 127.6, 122.4, 116.4, 99.0, 53.1, 52.6. HRMS (ESI)
calcd. for C13H12CIN204 (M + H)* 295.0480, found 295.0479.

Ethyl 4-amino-2-phenylquinoline-3-carboxylate (22ac):

Off white solid; R¢ (hexane/EtOAc, 4:1) 0.30; mp 167-169 °C; yield
72 mg, 62%. IR (KBr, neat) v 3407, 3166, 2970, 1679, 1618, 1544,
1240, 1167, 1078, 767, 573 cm . *H NMR (500 MHz, CDCl3) & 8.03
(d,J=84Hz,1H),782(d, J=83Hz,1H), 771 (t, J=7.6 Hz, 1
H), 7.53 (d, J = 6.4 Hz, 2 H), 7.47 (t, J = 7.7 Hz, 1 H), 7.42-7.37 (m,
3 H), 6.75 (bs, 2 H), 3.95 (g, J = 7.1 Hz, 2 H), 0.74 (t, J = 7.2 Hz, 3 H). ®C{'H} NMR (125
MHz, CDCls) 6 169.8, 160.7, 153.0, 147.8, 143.5, 131.5, 130.3, 128.3, 128.2, 128.1, 125.7,
120.8,117.2, 103.2, 60.8, 13.3. HRMS (ESI) calcd. for C1gH17N202 (M + H)* 293.1285, found
293.1282.

Ethyl 4-amino-2-(4-chlorophenyl)quinoline-3-carboxylate (22ad):

Off white solid; Rf (hexane/EtOAc, 4:1) 0.30; mp 184-186 °C;
yield 83 mg, 64%. IR (KBr, neat) v 3407, 3164, 2980, 1680, 1614,
1544, 1237, 1089, 1016, 769, 598 cm*. 'H NMR (600 MHz,
CDCl3) 8 7.99 (d, J = 8.4 Hz, 1 H), 7.79 (d, J = 8.4 Hz, 1 H), 7.69
(t, J=7.7Hz, 1H), 7.47 (d,J=8.2Hz, 2 H), 7.43 (t, J=7.6 Hz, 1
H), 7.37 (d, J=8.2 Hz, 2 H), 6.85 (bs, 2 H), 3.98 (q, J = 7.1 Hz, 2 H), 0.81 (t, J = 7.2 Hz, 3 H).
1B3C{*H} NMR (150 MHz, CDCls) § 169.5, 159.6, 153.2, 147.7, 142.2, 134.0, 131.6, 130.2,
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129.6, 128.2, 125.8, 120.8, 117.2, 102.6, 60.9, 13.4. HRMS (ESI) calcd. for C1g8H16CIN202 (M
+ H)* 327.0895, found 327.0898.

Ethyl 4-amino-2-(4-bromophenyl)quinoline-3-carboxylate (22ae):

Off white solid; Rf (hexane/EtOAc, 4:1) 0.30; mp 153-155 °C;
yield 91 mg, 61%. IR (KBr, neat) v 3406, 3164, 2980, 1678, 1616,
1542, 1236, 1068, 1011, 768, 585 cm™. *H NMR (500 MHz,
CDCls) 5 8.00 (d, J = 8.4 Hz, 1 H), 7.81 (d, J = 8.4 Hz, 1 H), 7.70
(t, J=7.6 Hz,1H), 7.53(d, J=8.2Hz, 2 H), 7.45 (t, J= 7.6 Hz, 1
H), 7.41 (d, J = 8.1 Hz, 2 H), 6.85 (bs, 2 H), 3.98 (q, J = 7.2 Hz, 2 H), 0.82 (t, J = 7.2 Hz, 3 H).
BBC{*H} NMR (125 MHz, CDCls) & 169.4, 159.6, 153.3, 147.7, 142.6, 131.7, 131.2, 130.2,
130.0, 125.8, 122.2,120.8, 117.2, 102.6, 60.9, 13.4. HRMS (ESI) calcd. for C1gH16BrN202 (M
+ H)*"371.0390, found 371.0338.

Ethyl 4-amino-2-(4-fluorophenyl)quinoline-3-carboxylate (22af):

Off white solid; Rf (hexane/EtOAc, 4:1) 0.30; mp 215-217 °C;
yield 88 mg, 71%. IR (KBr, neat) v 3405, 3166, 2982, 1679, 1618,
1546, 1219, 1155, 1080, 768, 557 cm™*. *H NMR (500 MHz,
CDCl3) 6 8.01 (d,J=8.4Hz,1H),7.81(d,J=8.4Hz, 1H), 7.72—-
7.69 (m, 1 H), 7.53-7.50 (m, 2 H), 7.48-7.44 (m, 1 H), 7.10 (t, J =
8.7 Hz, 2 H), 6.79 (bs, 2 H), 3.98 (q, J = 7.1 Hz, 2 H), 0.82 (t, J = 7.2 Hz, 3 H). 3 C{"H} NMR
(125 MHz, CDCls) 6 169.6, 163.0 (d, J = 245.3 Hz), 159.6, 153.1, 147.7, 139.7 (d, J = 3.2 Hz),
131.6, 130.2, 130.1 (d, J = 8.11 Hz), 125.7, 120.8, 117.2, 115.1 (d, J = 21.4 Hz), 102.9, 60.9,
13.5. 1%F NMR (470 MHz, CéF6/CDCl3) & -117.65 (s, -F). HRMS (ES) calcd. for C1sH16FN202
(M + H)*311.1190, found 311.1189.

Ethyl 4-amino-2-(4-(methoxycarbonyl)phenyl)quinoline-3-carboxylate (22ag):

Off white solid; Rt (hexane/EtOAc, 4:1) 0.30; mp 206-208 °C;
yield 76 mg, 54%. IR (KBr, neat) v 3405, 3169, 2953, 1719,
1681, 1615, 1544, 1271, 1174, 1099, 771, 566 cm™*.*H NMR
(500 MHz, CDCl3) 6 8.09 (d,J=7.9Hz,2H),8.01(d,J=8.5
Hz, 1 H), 7.83(d, J=8.3Hz, 1 H), 7.72 (t, J = 7.7 Hz, 1 H),
7.60 (d,J=79Hz, 2H),7.48(t, J=7.6 Hz, 1 H), 6.89 (bs, 2 H), 3.97-3.92 (m, 5 H), 0.72 (t,
J=7.1Hz, 3H). BC{*H} NMR (125 MHz, CDCl3) § 169.3, 167.3, 159.9, 153.4, 148.4, 147.8,
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131.7, 130.4, 129.5, 129.4, 128.4, 126.0, 120.8, 117.3, 102.6, 60.9, 52.4, 13.4. HRMS (ESI)
calcd. for C2oH19N204 (M + H)* 351.1339, found 351.1348.

Ethyl 4-amino-2-(4-(trifluoromethyl)phenyl)quinoline-3-carboxylate (22ah):

Off white solid; R (hexane/EtOAc, 4:1) 0.30; mp 193-195 °C;
yield 80 mg, 56%. IR (KBr, neat) v 3403, 3162, 2993, 1682, 1620,
1548, 1321, 1244, 1118, 1064, 772,579 cm™*.*H NMR (500 MHz,
CDCl3) 6 8.02 (d,J=8.4Hz,1H),7.83(d,J=85Hz,1H),7.74
(t,J=7.7Hz, 1 H), 7.66 (dd, J=23.4 and 8.1 Hz, 4 H), 7.51 (t, J
= 7.6 Hz, 1 H), 6.92 (bs, 2 H), 3.96 (q, J = 7.2 Hz, 2 H), 0.73 (t, J = 7.2 Hz, 3 H). ¥ C{*H}
NMR (125 MHz, CDCl3) & 169.2, 159.6, 153.5, 147.8, 147.6, 131.8, 130.0 (q, J = 32.1 Hz),
128.6, 126.1, 125.1 (q, J = 3.8 Hz), 124.8 (q, J = 270.4 Hz), 120.8, 117.3, 102.43 60.9, 13.2.
19F NMR (470 MHz, C6Fs/CDCls) & -65.58 (s, -F). HRMS (ESI) calcd. for C1gH16F3sN202 (M
+ H)*361.1158, found 361.1110.

Ethyl 4-amino-2-(p-tolyl)quinoline-3-carboxylate (22ai):

Off white solid; Rf (hexane/EtOAc, 4:1) 0.30; mp 144-146 °C;
yield 82 mg, 67%. IR (KBr, neat) v 3409, 3167, 2978, 1678, 1617,
1542, 1236, 1166, 1076, 770, 559 cm 1. 'H NMR (500 MHz,
CDCl3) 6 8.01 (d,J=8.4Hz,1H), 7.80 (d, J=8.3 Hz, 1 H), 7.70-
7.66 (m, 1 H), 7.44-7.41 (m, 3 H), 7.20 (d, J = 7.7 Hz, 2 H), 6.70
(bs, 2 H),3.97 (9, J=7.1 Hz, 2 H), 2.38 (s, 3 H), 0.77 (t, J = 7.1 Hz, 3 H). ¥)C{*H} NMR (125
MHz, CDCls) 6 169.9, 160.7, 152.8, 147.8, 140.6, 137.9, 131.4, 130.2, 128.8, 128.2, 125.4,
120.8, 117.1, 103.3, 60.8, 21.5, 13.4. HRMS (ESI) calcd. for C1gH1sN202 (M + H)* 307.1441,
found 307.1451.

Ethyl 4-amino-2-(3,5-dimethylphenyl)quinoline-3-carboxylate (22aj):

Off white solid; Rf (hexane/EtOAc, 4:1) 0.30; mp 135-137 °C;
yield 83 mg, 65%. IR (KBr, neat) 3400, 3158, 2981, 1681, 1615,
1550, 1249, 1170, 1094, 765, 576 cm*. 'H NMR (500 MHz,
CDCl3) 6 8.02 (d, J=8.3Hz, 1 H), 7.79 (d, J = 8.4 Hz, 1 H), 7.70—
7.66 (m, 1H), 7.42 (t, J=7.6 Hz, 1 H), 7.14 (s, 2 H), 6.99 (s, 1 H),
6.67 (bs, 2 H), 4.00-3.95 (m, 2 H), 2.33 (s, 6 H), 0.78 (t, J = 7.1
Hz, 3 H). BC{*H} NMR (125 MHz, CDCl3) § 169.9, 161.0, 152.7, 147.9, 143.3, 137.5, 131.3,
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130.3, 129.6, 126.1, 125.4, 120.8, 117.1, 103.4, 60.7, 21.5, 13.3. HRMS (ESI) calcd. for
C20H2:N202 (M + H)*321.1598, found 321.1589.

Ethyl 4-amino-2-(o-tolyl)quinoline-3-carboxylate (22ak):

Off white solid; Rs (hexane/EtOAc, 4:1) 0.30; mp 97-99 °C; yield 78
mg, 64%. IR (KBr, neat) 3408, 3168, 2978, 1679, 1616, 1542, 1234,
1168, 1076, 775, 559 cm 1. *H NMR (500 MHz, CDCls3) § 8.01 (d, J =
84Hz,1H),783(d,J=8.3Hz,1H),7.70 (t, J=7.6 Hz, 1 H), 7.46
(t,J=7.6 Hz, 1 H), 7.22-7.16 (m, 4 H), 7.02 (bs, 2 H), 3.90 (g, J = 7.2
Hz, 2 H), 2.21 (s, 3 H), 0.70 (t, J = 7.1 Hz, 3 H). 3C{*H} NMR (125 MHz, CDCls) & 169.4,
161.3,153.5,147.8, 143.7,135.2, 131.5, 130.2, 129.9, 127.8, 127.5, 125.6, 125.5, 120.8, 117.2,
103.3, 60.6, 19.8, 13.2. HRMS (ESI) calcd. for Ci9H19N202 (M + H)" 307.1441, found
307.1447.

Ethyl 4-amino-2-(4-methoxyphenyl)quinoline-3-carboxylate (22al):

Off white solid; R¢ (hexane/EtOAc, 7:3) 0.50; mp 128-130 °C;
yield 104 mg, 81%. IR (KBr, neat) v 3404, 3161, 2927, 1676,
1608, 1541, 1244, 1166, 1074, 771, 560 cm™. 'H NMR (500
MHz, CDCls) 5 8.01 (dd, J = 8.5 and 1.3 Hz, 1 H), 7.79 (dd, J =
8.4 and 1.3 Hz, 1 H), 7.70-7.67 (m, 1 H), 7.50 (d, J = 8.8 Hz, 2
H), 7.45-7.42 (m, 1 H), 6.94 (d, J = 8.7 Hz, 2 H), 6.66 (bs, 2 H), 4.00 (q, J = 7.1 Hz, 2 H), 3.84
(s, 3 H), 0.83 (t, J = 7.1 Hz, 3 H). BC{*H} NMR (125 MHz, CDCl3) & 170.0, 160.1, 160.0,
152.7, 147.8, 136.0, 131.4, 130.2, 129.7, 125.4, 120.8, 117.0, 113.7, 103.3, 60.9, 55.7, 13.6.
HRMS (ESI) calcd. for C1gH19N203 (M + H)* 323.1390, found 323.1395.

Ethyl 4-amino-7-bromo-2-(3-methoxyphenyl)quinoline-3-carboxylate (22cm):

Off white solid; Rf (hexane/EtOAc, 4:1) 0.30; mp 103-105
°C; yield 115 mg, 72%. IR (KBr, neat) v 3458, 3350, 2980,
1685, 1613, 1552, 1251, 1102, 1043, 755, 565 cm™. H
NMR (600 MHz, CDCl3) § 7.97 (d, J = 2.1 Hz, 1 H), 7.86
(d, J=8.9Hz, 1 H), 7.72 (dd, J = 8.9 and 2.1 Hz, 1H), 7.28
(t,J=7.86 Hz, 1 H), 7.11 (s, 1 H), 7.06-7.04 (m, 1H), 6.92-6.90 (m, 1 H), 6.72 (bs, 2 H), 3.97
(9,3 =7.2 Hz, 2 H), 3.82 (s, 3 H), 0.78 (t, J = 7.2 Hz, 3 H). BC{*H} NMR (150 MHz, CDCl5)
0 169.4, 160.8, 159.6, 151.9, 146.4, 144.4, 134.6, 131.9, 129.2, 123.7, 120.9, 119.2, 118.6,
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114.4, 113.3, 103.8, 61.0, 55.6, 13.4. HRMS (ESI) calcd. for C19H18BrN2Os (M + H)*
401.0495, found 401.0483.

Ethyl 4-amino-2-(naphthalen-1-yl)quinoline-3-carboxylate (22an):

Off white solid; Rf (hexane/EtOAc, 4:1) 0.30; mp 140-142 °C; yield
68 mg, 50%. IR (KBr, neat) v 3410, 3169, 2977, 1675, 1608, 1542,
1244, 1167, 1075, 769, 565 cm™X. *H NMR (500 MHz, CDCls) & 8.05
(d,J=8.4Hz, 1 H), 7.89-7.85(m, 3 H), 7.74 (t, J=7.6 Hz, 1 H), 7.69
(d, J =84 Hz, 1 H), 7.51 (q, J = 7.1 Hz, 2 H), 7.46-7.42 (m, 2 H),
7.38-7.35 (m, 1 H), 7.06 (bs, 2 H), 3.68-3.61 (m, 1 H), 3.57-3.50 (m,
1H),0.19 (t, J = 7.2 Hz, 3 H). BC{*H} NMR (125 MHz, CDCls) & 169.2, 160.2, 153.5, 148.0,
141.9, 133.7, 132.1, 131.6, 130.5, 128.2, 127.8, 126.2, 125.9, 125.73, 125.71, 125.49, 125.46,
120.8,117.5, 104.2, 60.4, 12.6. HRMS (ESI) calcd. for C22H19N202 (M + H)* 343.1441, found
343.1458.

Ethyl 4-amino-7-chloro-2-(thiophen-2-yl)quinoline-3-carboxylate (22i0):

Off white solid; Rf (hexane/EtOAc, 4:1) 0.30; mp 121-123 °C;
\\CO2Et | yield 86 mg, 65%. IR (KBr, neat) v 3471, 3367, 2978, 1686, 1606,
cl | N7 S 1554, 1437, 1241, 1096, 788, 707cmt. 'H NMR (500 MHz,

| 4 CDCl3) 6 7.94 (s, 1 H), 7.63 (d, J =89 Hz,1H),7.40 (d, J=5.0
Hz, 1 H), 7.30 (dd, J = 8.8 and 2.1 Hz, 1 H), 7.18 (d, J = 3.6 Hz, 1 H), 7.05 (t, J = 4.4 Hz, 1 H),
6.47 (bs, 2 H), 4.12 (q, J = 7.1 Hz, 2 H), 0.99 (t, J = 7.1 Hz, 3 H). BC{*H} NMR (125 MHz,
CDCI3) 6 169.4, 154.1, 152.0, 148.5, 144.8, 137.4, 129.0, 127.7, 127.3, 127.2, 126.2, 122.3,
115.6, 103.9, 61.3, 13.6. HRMS (ESI) calcd. for C16H14CIN202S (M + H)* 333.0459, found
333.0450.

NH,

Ethyl 4-amino-7-methyl-2-(trifluoromethyl)quinoline-3-carboxylate (22gp):

Off white solid; Rf (hexane/EtOAc, 4:1) 0.30; mp 142-144 °C;
‘\~CO:Et| yield 103 mg, 87%. IR (KBr, neat) v 3478, 3367, 2987, 1696, 1619,

Me | N> CF, 1454, 1259, 1182, 1018, 978, 796 cm*. 'H NMR (500 MHz,
CDClI3) 6 7.81 (s, 1 H), 7.66 (d, J =8.6 Hz, 1 H), 7.35 (dd, J = 8.5

and 2.2 Hz, 1 H), 6.60 (bs, 2 H), 4.40 (9, J =7.1 Hz, 2 H), 2.50 (d, J = 2.1 Hz, 3 H), 1.39 (t, J
=7.2 Hz, 3H). ¥C{*H} NMR (125 MHz, CDCl3) § 167.8, 152.8, 147.0 (q, J = 33.3 Hz), 146.6,
142.7, 130.1 (d, J = 2.7 Hz), 129.7, 121.8 (q, J = 274.4 Hz), 120.5, 116.1, 101.4, 62.1, 21.8,

NH,
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13.9. 1F NMR (470 MHz, CsFs/CDCls) 5 —66.38 (s, -F). HRMS (ESI) calcd. for C14H14FsN202
(M + H)* 299.1002, found 299.1005.

Ethyl 4-amino-2-butyl-5-fluoroquinoline-3-carboxylate (22dq):

Yellow oil; Rf (hexane/EtOAc, 9:1) 0.30; yield 50 mg, 43%. IR
\CO2Et (KBr, neat) v 3468, 3338, 2985, 1691, 1619, 1459, 1259, 1152,
P 1040, 796 cm™*. *H NMR (500 MHz, CDCls) § 7.65 (d, J = 8.4 Hz,
1H),7.52 (g, J = 8.0 Hz, 1 H), 7.43 (bs, 2 H), 6.99 (dd, J = 14.2 and
7.8 Hz, 1 H), 4.41 (g, J = 7.1 Hz, 2 H), 3.09-3.06 (m, 2 H), 1.72-1.66 (m, 2 H), 1.45-1.39 (m,
5H), 0.94 (t, J = 7.3 Hz, 3 H). *C{"H} NMR (125 MHz, CDCls) 5 169.4, 164.3, 160.5 (d, J =
251.0 Hz), 153.6 (d, J = 3.1 Hz), 149.9, 130.8 (d, J = 11.8 Hz), 125.4 (d, J = 3.4 Hz), 110.0 (d,
J=24.1Hz),107.9 (d, J= 6.4 Hz), 103.1 (d, J = 1.9 Hz), 61.3, 39.8, 32.6, 23.4, 14.4, 14.3. *°F
NMR (470 MHz, CéFs/CDCl3) & -118.03 (s, -F). HRMS (ESI) calcd. for C1sH20FN202 (M +
H)*291.1503, found 291.1502.

F  NH,

N

(4-Amino-2-phenylquinolin-3-yl)(phenyl)methanone (22ar):

Light yellow solid; R¢ (hexane/EtOAc, 4:1) 0.30; mp 222-224 °C;
yield 74 mg, 57%. IR (KBr, neat) v 3464, 3364, 3055, 1612, 1547,
1256, 762, 695 cm™'. *H NMR (500 MHz, CDCl3) § 8.11 (d, J = 8.4
Hz, 1 H), 7.87 (d, J =8.2 Hz, 1 H), 7.75 (t, J = 7.7 Hz, 1 H), 7.52—
7.48(m,3H),7.39(d,J=7.6Hz,2H),7.21(t, J=7.4Hz, 1 H),7.13-
7.07 (m, 5 H), 6.43 (s, 2 H). ®C{"H} NMR (125 MHz, CDCl3) &
199.7,160.2, 151.6, 148.3,141.9, 140.2, 132.2, 131.4, 130.4, 129.9, 129.4, 128.7, 128.3, 128.0,
125.7, 121.0, 117.3, 111.0. HRMS (ESI) calcd. for C22H17N2.0 (M + H)* 325.1336, found
325.1331.

(4-amino-6,7-dimethoxy-2-phenylquinolin-3-yl)(phenyl)methanone (22hr):

Light yellow solid; Rf (hexane/EtOAc, 2:1) 0.30; mp 220-222
°C; yield 91 mg, 59%. IR (KBr, neat) v 3459, 3370, 2933, 1619,
1503, 1232, 1001, 919, 728 cm™!. *H NMR (600 MHz, CDCls)
§7.47 (s, 1 H), 7.44 (d,J=7.3 Hz, 2 H), 7.38 (d, J = 7.7 Hz, 2
H), 7.20 (t, J = 7.4 Hz, 1 H), 7.11-7.05 (m, 6 H), 6.32 (s, 2 H),
4.03 (s, 3 H), 4.00 (s, 3 H). *C{*H} NMR (150 MHz, CDCl3) §
199.8, 158.5, 153.8, 150.6, 149.2, 145.0, 141.5, 140.4, 132.1, 129.9, 129.4, 128.5, 128.2, 127.9,
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111.3, 110.8, 109.2, 99.9, 56.5, 56.4. HRMS (ESI) calcd. for C24H2:N203 (M + H)* 385.1547,

found 385.1536.

(4-amino-7-methyl-2-(thiophen-2-yl)quinolin-3-yl)(phenyl)methanone (22gs):

Yellow solid; Rt (hexane/EtOAc, 5:1) 0.30; mp 240-242 °C; yield
76 mg, 55%. IR (KBr, neat) v 3373, 3075, 3055, 1618, 1550, 1437,
1253, 886, 699 cm™'. *H NMR (600 MHz, CDCls3) § 7.84 (s, 1 H),
7.70(d,J=8.4Hz,1H),7.55(d,J=7.7Hz,2H),7.30(q,J=75
Hz, 2 H), 7.20-7.15 (m, 3 H), 6.98 (d, J = 3.7 Hz, 1 H), 6.70 (s, 1

H), 6.23 (s, 2 H), 2.54 (s, 3 H). 3C{*H} NMR (150 MHz, CDCls)

0 198.9, 152.9, 151.1, 148.5, 144.8, 142.0, 139.6, 132.5, 130.3, 129.4, 129.3, 128.4, 128.2,
127.7, 127.4, 120.8, 115.0, 110.1, 21.9. HRMS (ESI) calcd. for C21H17N20S (M + H)*
345.1057, found 345.1059.

Z-Diethyl 2-((2-cyanophenyl)amino)fumarate (22a"):

H

EtO,C
27 co,Et

CL,
CN

Yellow oil; Rf (hexane/EtOAc, 9:1) 0.30; yield 12 mg, 10%. IR (KBr,
neat) v 3473, 3379, 2984, 2217, 1730, 1620, 1265, 1209, 1030, 756
cm L. *H NMR (500 MHz, CDCls3) § 9.90 (s, 1 H), 7.58 (d, J = 7.7 Hz,
1H),7.44(t,J=7.9Hz,1H),7.12 (t, J=7.6 Hz, 1H),6.85(d, J =8.2
Hz, 1 H), 5.71 (s, 1 H), 4.26-4.17 (m, 4 H), 1.31 (t, J = 7.1 Hz, 3 H),

1.15 (t, J = 7.1 Hz, 3 H). 83C{*H} NMR (125 MHz, CDCl3) & 169.1, 163.6, 145.8, 143.9, 133.4,
133.3, 123.9, 121.3, 116.7, 105.1, 99.5, 62.6, 60.8, 14.5, 13.9. HRMS (ESI) calcd. for
C1sH17N204 (M + H)* 289.1183, found 289.1192.

Diethyl 4-amino-6-(pyren-2-yl)quinoline-2,3-dicarboxylate (23):

Off white solid; R (hexane/EtOAc, 5:1) 0.40; mp 170-172
°C; yield 66 mg, 96%. IR (KBr, neat) v 3374, 3278, 2981,
1741, 1686, 1616, 1557, 1246, 1100, 1028, 844, 763, 553
cm™™. 'H NMR (500 MHz, CDCls) § 8.16 (d, J = 7.6 Hz, 2
H), 8.09 (d, J = 8.1 Hz, 2 H), 8.05 (s, 2 H), 8.00-7.95 (m, 2
H), 7.94-7.92 (m, 2 H), 7.90-7.86 (m, 2 H), 7.35 (bs, 2 H),

4.44 (9, =72 Hz, 2 H), 433 (g, J=7.1 Hz, 2 H), 1.40 (t, J = 7.2 Hz, 3 H), 1.36 (t, J = 7.1
Hz, 3 H). ®C{*H} NMR (125 MHz, CDCl3) § 168.2, 167.3, 154.5, 153.9, 146.6, 139.5, 136.3,
134.6,131.6, 131.1, 131.0, 130.0, 128.6, 128.2, 127.9, 127.8, 127.5, 126.4, 125.6, 125.3, 125.0,
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1249, 124.8, 124.7, 122.8, 118.0, 98.9, 62.1, 61.5, 14.3, 14.2. HRMS (ESI) calcd. for
Cs1H2sN204 (M + H)*489.1809, found 489.1812.

Dimethyl 8-chloro-5,6-diphenyl-4H-benzo[de][1,6]naphthyridine-2,3-dicarboxylate (24):

Ph Light green solid; Rr (hexane/EtOAc, 5:1) 0.40; mp 208-210 °C;
Ph yield 50 mg, 62%. IR (KBr, neat) v 3172, 2946, 1754, 1671,

~ "NH
\_CO;Me | 1593, 1441, 1255, 1213, 1081, 998, 701, 561 cm *. *H NMR (500
_ MHz, CDCls) § 11.94 (s, 1 H), 7.58 (d, J = 1.9 Hz, 1 H), 7.41-
cl N~ >co,Me

7.35(q, J = 6.0, 5.4 Hz, 3H), 7.32-7.28 (m, 5 H), 7.20 (d, J = 7.0
Hz, 2 H), 6.85 (d, J = 1.8 Hz, 1 H), 4.00 (s, 3 H), 3.89 (s, 3 H). 3C{*H} NMR (125 MHz,
CDCls) 5 168.0, 167.4, 155.9, 149.8, 148.7, 140.6, 138.4, 137.6, 134.8, 134.7, 131.0, 129.5,
129.4,129.0,128.9, 128.3, 122.2, 121.6, 118.4, 117.0, 94.2, 53.0, 52.5. HRMS (ESI) calcd. for
Ca7H20CIN2O4 (M + H)* 471.1106, found 471.1106.

Dimethyl 4-amino-7-chloro-1,2-dihydroquinoline-2,3-dicarboxylate (25):

Light green gum; Rt (hexane/EtOAc, 4:1) 0.40; yield 30 mg, 60%.

/()\)N\HIZCOZMG) IR (KBr, neat) v 3454, 3332, 2953, 1734, 1607, 1439, 1242, 1082,
792 cm™L. 'H NMR (400 MHz, CDCl3) § 7.19 (d, J = 8.3 Hz, 1 H),

“ N %Ml 576 672 (m, 2 H), 5.00 (d, J = 2.3 Hz, 1 H), 4.90 (s, 1 H), 3.77
(s, 3 H), 3.63 (s, 3 H). BC{"H} NMR (125 MHz, CDCls) 5 174.0, 168.8, 150.2, 147.3, 137.9,

124.4,119.3,115.3, 115.0, 88.3, 52.73, 52.71, 51.4. HRMS (ESI) calcd. for C13H14CIN204 (M
+ H)*297.0637, found 297.0636.
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4.10. Representative Spectra

'H (CDCls, 500 MHz) spectrum of compound (22ab):
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'H (CDCls, 500 MHz)) spectrum of compound (22ag):
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'H (CDClIs, 500 MHz)) spectrum of compound (22dq):
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19F (CF6/CDCls, 470 MHz) spectrum of compound (22dq):
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13C{*H} (CDClIs, 125 MHz) spectrum of compound (23):
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13C{'H} (CDClI3, 125 MHz) spectrum of compound (24):
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13C{*H} (CDClIs, 125 MHz) spectrum of compound (25):
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BC{*H} (CDClIs, 125 MHz) spectrum of compound (22a"):
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CHAPTER 5
Synthesis of 2,4-Diaminoquinazolines and 2-Amino-4-iminoquinazolines via
Substrate-Controlled Annulation of 2-Aminobenzonitriles and

Carbodiimides

Abstract: This chapter highlights an efficient methodology for the synthesis of 2,4-
diaminoquinazolines and 2-amino-4-iminoquinazolines from 2-aminobenzonitriles and
carbodiimides. This SnCls mediated reaction exhibits substrate driven switchable selectivity in
product formation based on the substituents of the carbodiimides used. Aryl and primary alkyl-
substituted carbodiimides predominantly give 2-amino-4-iminoquinazolines, while secondary
or tertiary alkyl and benzyl-substituted carbodiimides yield 2,4-diaminoquinazolines. The
methodology can be extended towards the synthesis of 2-aminoquinazolin-4(3H)-one

analogues as well as pentacyclic annulated derivatives.

R'= 2°alkyl,
3°alkyl, benzyl R'= 1°alkyl, aryl

Lo NH2 R1 SnCI4 o’ R1 o’ R1
v Ar[ + N=C=N — > -: \r ) \r
... NCN R’ DCE

80°C NH,

14 examples 8 examples
(up to 86% yield) (up to 76% yield)

@ C-N and C-C bond formation @O gram scale synthesis

O easily available starting materials O substrate controlled selectivity

Chemistry

ChemistrySelect LI Euro

ChemistrySelect 2025, 10, €202405899.
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5.1. Introduction

Quinazolines represent a pre-eminent class of annulated six-membered N-heterocycles with
diverse bioactivities, like anti-inflammatory,® antifungal,® antibacterial,® antitumor* and
analgesic activities.> Numerous approved quinazoline based drugs known for their therapeutic
applications are in clinical use to manage various medical conditions. Marketed drugs like
prazosin (a), an a-adrenergic blocker anti-hypertensive drug® and alfuzosin (b), used to treat
benign prostatic hyperplasia®¢ have 2 4-diaminoquinazoline scaffold as core unit. Also,
erlotinib is a well-known drug with N-phenylquinazolin-4-amine skeleton, is used for the
treatment of pancreatic cancer.” Similarly, quinazolin-4(3H)-imines such as (d) and (e), are
another important subclass which exhibit biological activities like antimicrobial,
antiproliferative, cholinesterase, and cMET kinase inhibitory properties.® Further interest stems
in for its role as a key precursor to its oxo-analogues quinazolin-4(3H)-ones, which are
regarded as “privileged” skeletons, ubiquitous in natural products, synthetic compounds and
pharmaceutically active molecules.® For example, Nolatrexed (c) an aromatic sulphur
containing drug with quinazolin-4(3H)-one scaffold acts as thymidylate synthase inhibitor
(Figure 5.1.1.).2° Thus, quinazoline derivatives also appear as a significant assembly motif for
developing new drug entities.

NH, NH,
MeO MeO
e e o

N SN
MeO N/)\N/\ 0 MeO N/)\l;l/\/\NJ\Lo)
K/N S Me H

(a) Prazosin o (b) Alfuzosin
(anti hypertensive drug) (drug for prostatic hyperplasia)
N
| NH N—-N
=
S o . cl I »\Q
Me N
p!H “ /)\ 3 NO
PN N NN 2
N NH, l\/O
(c) Nolatrexed (d) acetylcholinesterase (e) antimicrobial agent
(thymidylate synthase inhibitor) inhibitor

Figure 5.1.1. Some examples of bioactive molecules with quinazoline skeleton.
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5.2. Literature Survey on Synthesis of Substituted 2-Amino-4-

Iminoquinazolines and 2,4-Diaminoquinazolines

Over the years, several synthetic efforts have been prompted in the literature for quinazoline
synthesis.!! Because of the impressive biological activity of amino- and imino-quinazolines
development of methodologies for constructing these moieties are gaining importance in
organic synthesis. Recent methods for the synthesis of quinazolin-4(3H)-imines include
reaction of 2-aminobenzonitriles with aryldiazonium salts and nitriles,*? copper catalyzed
reaction of diaryliodonium salts®® and polyphosphoric acid ester promoted reaction with
secondary amides.’* Other notable approaches for these heterocycles are base mediated
reaction of 2-cyanoimidoyl chlorides and primary amines®® and synthesis of phenanthridine-
fused quinazoliniminiums by cyclization of heteroenyne-allenes.’® On the contrary, there are
just a handful of literature reports for the synthesis of 2-amino-4-imino-quinazolines.

Pu and his co-workers reported an efficient route for the synthesis of substituted 2-amino-
quinazolin-4(3H)-imines 4 by assembling ortho-bromo substituted carbodiimide 1, isocyanide
2, and cyclic amine 3. The palladium-catalyzed three component protocol follows a tandem
reaction pathway to give the products with good yields, where the insertion of isocyanide was
illustrated to be the key step (Scheme 5.2.1.)."

R3
N Pd(OAc), (10 mol%) N°
Xy “Cs,,.R? / PCyj3 (20 mol% 2
@: N + RNNC + H-N ! a ) A NR
R1 Br \ Cs,CO3 (Bequiv) R A A
1 2 3 toluene, 110 °C ': T

R'=H, F, Me; R?= aryl, alkyl; R3= alkyl
Scheme 5.2.1. Pd-catalyzed synthesis of substituted 2-amino-quinazolin-4(3H)-imines.
Wu and his group also demonstrated the synthesis of 2-amino-4-iminoquinazoline derivatives
7 from N-benzyl cyanamides 6 and 2-aminobenzonitriles 5. The methodology utilizes
hydrochloric acid as a mediator in the [4+2] annulation reaction and tolerates a wide range of
substrates and exhibit good functional group tolerance (Scheme 5.2.2.).18

NH
~CN N
~
|/ _ . RZ/\N// HCI (conc.) 0 X N R2
R NH, H HFIP, 70 °C Rig AL
N~ NH,
5 6

R'=H, CI, Me; R?= aryl

Scheme 5.2.2. Acid mediated synthesis of 2-amino-quinazolin-4(3H)-imines.
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Conversely, various distinct methods have also been implemented to synthesize 2,4-
diaminoquinazolines. Conventionally, N-substituted 2,4-diaminoguinazolines can be obtained
directly from 2,4-dichloroquinazolines that can be efficiently prepared from quinazoline-2,4-
diones by refluxing in phosphorus oxychloride.'® Routine techniques also involve cyclization
of substituted 2-fluorobenzonitriles or 2-aminobenzonitriles with guanidine carbonate,
dicyandiamide, or chloroformamidine hydrochloride to give 2,4-diaminoquinazolines.?

Hynes and his group developed a direct method for synthesis of 2,4-diaminoquinazolines 10
from substituted 2-fluorobenzonitriles 8 and guanidine carbonate 9. The reaction is operated at
elevated temperature with dimethylacetamide as solvent to give the products in good to

excellent yields (Scheme 5.2.3.).%

NH,
N NH dimethylacetamide XY N
| . L H,CO; Rt L _I_
R F H,N™ "NH, A 140 °C N™ "NH;
8 9 10

R'= H, halogen, Me, OMe, OEt, SMe, NMe,

Scheme 5.2.3. Direct synthesis of 2,4-diaminoquinazolines from 2-fluorobenzonitriles.
Qiao and his group later reported another efficient synthetic route for 24-
diaminoquinazolines 10 from substituted 2-bromobenzonitriles 11 and guanidine
hydrochloride 12. This economical and operationally simple copper-catalyzed reaction
undergoes Ullmann-type cross coupling to give the products in good yields (Scheme 5.2.4.).%

NH
® o  cul (10 mol%) 2

CN
N NH, DMEDA (20 mol%) XY SN
|/ P + JL R'T _ /)\
R Br H,N™ "NH, K,CO3 (2 equiv) N~ “NH,
DMF, 80 °C
1 12 10

R'=H, Me, NO,
Scheme 5.2.4. Direct synthesis of 2,4-diaminoquinazolines from 2-bromobenzonitriles.
He and his co-workers disclosed a two-step protocol for the synthesis of N*-substituted 2,4-
diaminoquinazolines 15 with ortho-nitroaldehyde 13 as the starting precursor. The method
involves cyanoimidation of ortho-nitroaldehyde to give N-cyano-2-nitrobenzimidate 14,
followed by condensation of cyanoimidate-amine and reductive cyclization in iron-HCI system

furnishing the aminated quinazolines in good yields (Scheme 5.2.5.).
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NCN RIGR
CHO H,NCN (4 equiv)
@[ ‘BuONa (4 equiv) @\)LOMe R? 1.1t AN
(P - = *HN T R A
R TNO, 4 AMS, MeOH R~ No, R3 2. Fe/HCl N7 “NH,
then NBS (2 equiv) reflux
13 50 °C 14 3 15

R'=H, CI, Br, OMe; R?= alkyl
R3=H, alkyl

Scheme 5.2.5. Two-step synthesis of N*-substituted 2,4-diaminoquinazolines.

Xi and co-workers also reported a triflate triggered coupling of carbodiimides to access 2,4-
diaminoquinazolines 19. This metal-free, one pot and two-step protocol proceeds via alkyl
triflate induced intermolecular cyclization of two carbodiimides (16 and 17) to provide 2-
amino-4-imino-quinazoline 18, which after hydrolysis can be easily transformed to 2,4-
diaminoquinazolines in high yields (Scheme 5.2.6.).2*

16 R1
/\/ R2 RZ
Ve \l N_ N N_ N
S “p3 <p3
|// N ROTE 4 ) ) R' MeOH-HCI (aq) ol SR
R i T P N . N
R2 DCE, 110 °C R reflux
N:C:NI RZN HN‘RZ
RZ
17 18 19

R'=H, F, CI, CF3;, Me, OMe; R?= alkyl
R3= Me, Et

Scheme 5.2.6. Alkyl triflate induced synthesis of 2,4-diaminoquinazolines from

carbodiimides.

5.3. Present Work

Since 2,4-diaminoquinazolines as well as 2-amino-4-iminoquinazolines occur as core unit in
various natural products and pharmaceuticals, development of strategies for their synthesis is
of prime interest for synthetic chemists. While there are many methods available for synthesis
of 2-aminoquinazolines and 4-aminoquinazolines in the literature, it is very limited for 2,4-
diaminoquinazolines. Also as evident from the previous reports, it was observed that although
the few existing methods provide access to 2,4-diaminoquinazolines, their applications are
limited by a lack of suitable substrates, poor substitution diversity, and the requirement for
harsh reaction conditions. Accordingly, there is a considerable need in developing newer paths
for synthesis of 2,4-diaminoquinazolines. Thus, we envisioned to develop a more practical and

economic route utilizing carbodiimides and 2-aminobenzonitriles as the initial architectonic
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precursors for the synthesis of 2,4-diaminoquinazolines. This chapter demonstrates a Lewis
acid mediated substrate controlled synthesis of substituted 2,4-diaminoquinazolines from 2-
aminobenzonitriles and carbodiimides. Furthermore, 2-amino-4-iminoquinazoline derivatives

are selectively formed with aryl and primary alkyl substituted carbodiimides.

H H
---. _N__N .--~. _N__N
P R1\ . N BN \R1 . > NS \R1
oo NH: N snCly ¢ Ar Y ! Ar T
R Ar + c - . \\ . ~N or S N\R1
... >CN 1 DCE e N
~“R! 80°C NH, NH
20 17 21 22
when when
R'= 2°,3° alkyl and benzyl R'=1° alkyl, aryl

Scheme 5.3.1. Substrate-controlled synthesis of 2-amino-4-iminoquinazolines and 2,4-

diaminoquinazolines.

5.4. Results and Discussion

5.4.1. Optimization of the Reaction

Initially, we commenced our preliminary investigation by treating di-tert-
butylmethanediimine (17a) with 2-aminobenzonitrile (20a) in the presence of 1.2 equiv of
FeClz in DCM at room temperature (Table 5.4.1.1., entry 1). However, no product was obtained
even after continuing it up to 24 h. Next, we switched the solvent to DCE, but the reaction
failed to take place (Table 5.4.1.1., entry 2). To our delight, the reaction occurred to deliver the
product N2-(tert-butyl)quinazoline-2,4-diamine 21aa in 48% yield when the temperature was
raised to 80 °C (Table 5.4.1.1., entry 3). Encouraged by the results, the reaction was performed
in a series of non-polar as well as polar solvents like toluene, acetonitrile and DMF. While
toluene produced similar yield of 50% (Table 5.4.1.1., entry 4), the reaction didn’t proceed at
all with moderately and highly polar solvents (Table 5.4.1.1., entries 5 and 6). The reaction
was then screened in a set of different Lewis acids. Metal triflates like In(OTf)s, Bi(OTf)s,
Cu(OTf)2 and Zn(OTf)2 (Table 5.4.1.1., entries 8-11) gave the desired product with inferior
yield, whereas metal chloride InCls also gave the product with a low yield of 23% (Table
5.4.1.1., entry 7). Fortunately, when the reaction was performed with 1.2 equiv of SnCls in
DCE at 80 °C, the desired product was obtained with an excellent yield of 86% (Table 5.4.1.1.,
entry 12). The reaction was also optimized by varying the reagent load, where increasing it to
2 equiv furnished similar yield of 85% (Table 5.4.1.1., entry 14), decreasing it to 0.5 equiv
dropped the yield to 50% (Table 5.4.1.1., entry 13). On the other hand, non—metal Lewis acids
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Table 5.4.1.1.: Optimization of the reaction?

H
CN §< reagent N N
solvent \\r \ﬁ
+ N=C=N _ = _N
NH, )v temperature
NH
17a 2

20a 21aa
entry reagent (equiv) solvent temp/°C %yield®

1. FeCls (1.2) DCM 25 -
2, FeCls (1.2) DCE 25 -
3. FeCls (1.2) DCE 80 48
4. FeClz (1.2) toluene 110 50
5. FeCls (1.2) CHsCN 80 -
6. FeCls (1.2) DMF 100 -
7. InClz (0.5) DCE 80 23
8. In(OTf)3 (0.5) DCE 80 13
9. Bi(OTf)3(0.5) DCE 80 trace
10. Cu(OTH)2(0.2) DCE 80 12
11. Zn(0Tf)2(0.2) DCE 80 20
12. SnCls (1.2) DCE 80 86
13. SnCl4 (0.5) DCE 80 50
14, SnCls (2) DCE 80 85
15. BF3-OFEt2 (1.2) DCE 25 -
16. TfOH (2) DCE 25 -
17. p-TSOH (2) DCE 25 -

aAll the reactions were carried out in (0.4 mmol) 20a, (0.48 mmol) 17a in 2.0 mL solvent, N, atmosphere,
blsolated yields.

like BF3-OEt2 and Brgnsted acids such as TfOH and p-TsOH in DCE at room temperature was
also found to be ineffective (Table 5.4.1.1., entries 15-17). Based on our observation it was
concluded that 1.2 equiv of SnCls in DCE at 80 °C are the optimum conditions for the

annulation.
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5.4.2. Substrate Scope

With the optimized reaction conditions in hand, we set out to explore the compatibility and
scope of the reaction with carbodiimides and 2-aminobenzonitrile derivatives as depicted in
Scheme 5.4.2.1. Initially, a series of differently substituted 2-aminobenzonitriles with various

H

Lt NHy R sncl (12equiy) 7 NS
" Ar [ + N=C=N > | Ar ~N
o R'  DCE, 80°C e
20 17 o
7< Cl Y j<

CCDC= 2374312

21aa, 86% 21ba, 79% 21ca, 80%
Q b @g " J@g " Cg "
21da, 76% 21ea, 82% 21fa, 73% 21ga, 65%
eO N\ \K Y \% Me
eO N
NH,
21ha, 67% 21ab, 83% 21gb, 80% 21ac, 78%
s ey
S
o A i T 1K
N_ N
\W/ \\( QLN
A N
Br ~
NH,
NH, NH,
21dd, 70% 21ae, 66% 21ia, 68%

#Reaction conditions: 20 (0.4 mmol), 17 (0.48 mmol), SnCl, (0.48 mmol), DCE (2 mL), N, atmosphere.
bIsolated yield of the product.

Scheme 5.4.2.1. Scope for the synthesis of substituted 2,4-diaminoquinazolines.®®
electron donating as well as electron withdrawing groups was successfully used in this tandem
reaction. It was observed that the transformation was very general and also a pronounced
dependence of the product yield on the electronic or steric effect of the substituent or its
position in the benzene ring of 2-aminobenzonitriles was not observed. The reaction of 2-
aminobenzonitriles (20b-20e) having moderately electron-withdrawing halo substituents such

as 4-Cl, 5-Cl, 5-Br and 6-F with di-tert-butylmethanediimine furnished the corresponding
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products 21ba-21ea in good yields up to 82%. On the other hand, 2-aminobenzonitrile with
strongly electron-withdrawing group -CFz at 5-position was well tolerated providing the
desired product 21fa with 73% yield. 2-Aminobenzonitriles (20g and 20h) with electron-
donating substituents such as 4-methyl and 4,5-dimethoxy group gave the corresponding
products 21ga and 21ha with moderate yields. Furthermore, the protocol was checked with
other alkyl carbodiimides such as di-cyclohexyl and di-iso-butyl carbodiimide derivatives (17b
and 17c) with substituted 2-aminobenzonitriles, which also afforded the corresponding
diaminated products 2lab, 21gb and 2lac in good yields. The reaction of di-
benzylcarbodiimides also furnished the substituted 2,4-diaminoquinazolines 21ae and 21dd
with 66% and 70% yields, respectively. We attempted to expand the reaction scope to include
2-aminothiophene-3-carbonitrile (20i) (a product of the Gewald reaction) as an aminonitrile
component. Excitingly, the reaction underwent smoothly with di-tert-butylcarbodiimide to

give the thiophene unit installed substrate 21ia with a moderate yield of 68%.

H
o7 NHz R! SnCl, (1.2 equiv) . N\\|/N‘R1
' Ar[ + N=C=N » ' Ar N
e NeN R1 DCE,80°C “R!
20 17 22 NH
Br
Ph
c4|-|9
N\/\
Ph C4"'9
22af, 67% 22eq, 76% 22ah, 56% CCDC= 2374313 22ai, 50%

9 Gt @
O e N &

22aj, 58% 22dk, 68% 22fl, 42% 22ij, 58%

#Reaction conditions: 20 (0.4 mmol), 17 (0.48 mmol), SnCl, (0.48 mmol), DCE (2 mL), N, atmosphere.
bIsolated yield of the product.

Me

Scheme 5.4.2.2. Scope for the synthesis of substituted 2-amino-4-iminoquinazolines.®®
To further extend the substrate scope, different substituted carbodiimides were also employed
in the reaction as depicted in Scheme 5.4.2.2. When the reaction was tested with primary alkyl
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substituted carbodiimides (17f and 17g), interestingly the unexpected product 2-amino-4-
iminoquinazoline (22af and 22eg) was obtained instead of the aromatized products in 67% and
76% isolated yields, respectively. Besides, we examined various aryl carbodiimides to assess
the diversity of our protocol. However, when switched to N,N’- phenylcarbodiimide (17h)
selective formation of 2-amino-4-iminoquinazoline (22ah) was observed. The substrates
containing both electron-donating (e.g., ~CHs, —C2Hs) and moderately electron-withdrawing
(e.g., —Br) groups on the aryl ring of the carbodiimide were efficiently reacted with different
substituted 2-aminobenzonitrile derivatives to give the corresponding products 22ai, 22aj,
22dk and 22fl in 42-68% yields. Moreover, N,N’-p-tolylcarbodiimide also reacted with 2-
aminothiophene-3-carbonitrile under the standard set of reaction conditions to afford the
desired product 22ij with 58% vyield. The reaction exhibits switchable selectivity in product
formation depending on the nature of the substituents of the carbodiimides used. The structure
of the compounds was determined by *H and *C{*H} NMR spectroscopy, mass spectrometry
and finally by X-ray crystallographic analysis of the compounds 21ca and 22ah.

A scale up experiment was also performed using 2-amino-4,5-dimethoxybenzonitrile 20h (1
g, 5.68 mmol) and di-tert-butylmethanediimine 17a (1.3 mL, 6.82 mmol) under the standard
conditions to provide 61% (956 mg) yield of the corresponding product 21ha (Scheme 5.4.2.3.).

H
MeO CN MeO N N
A( SnCl, (1.2 equiv) N \|<
+ N=C=N _N
MeO NH, )T_ MeO

DCE, 80 °C
NH,
20h 17a 21ha
956 mg
1.0 g, 5.68 mmol 1.3 mL, 6.82 mmol 61% yield

Scheme 5.4.2.3. Gram-scale synthesis.

5.4.3. Plausible Mechanism

A plausible mechanism for the reaction is depicted in Scheme 5.4.3.1. Initially, Lewis acid
activates the carbodiimide 17 via coordination for the nucleophilic attack of 2-
aminobenzonitrile 20 leading to adduct A. The adduct A subsequently undergoes an
intramolecular nucleophilic attack by amine to the activated cyano group and cyclizes into
intermediate B. The intermediate B tautomerizes to form 2-amino-4-iminoquinazoline 22,
which is the final product obtained for aryl/primary alkyl substituted carbodiimides. However,
for secondary, tertiary and benzyl substituted carbodiimides, the reaction continues under the
influence of Lewis acidic conditions. Elimination of R! substituent takes place that leads to the

formation of aromatized intermediate C, which after work up gives the final product 21. Also,
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it may be noted that the intermediate carbocation R' may be further converted into
corresponding alkenes or alcohols. GC-MS analyses of the crude reaction mixture of the
substrate 21ab where cyclohexyl group was present in carbodiimide indicated the formation of
cyclohexene. It is worth mentioning that the intermediate 22ab’ where R is cyclohexyl group
was isolated, when the reaction was quenched after 1 h and characterized by spectroscopic
methods. The intermediate, N,3-dicyclohexyl-4-imino-3,4-dihydroquinazolin-2-amine (22ab’)
on further being subjected to standard reaction conditions furnished the corresponding product
21ab with 88% yield. From the mechanism, it is evident that Lewis acid is coordinated to the
nitrogen-containing species until the work-up process. Therefore, a stoichiometric amount of

Lewis acid is used in the reaction process.

R1 1 R1
‘N-- H
Nﬁ;\N LA r
@[ Ej N N \r tautomer/zes \r
M ———=
CN N, Nogi
R NH
20 |
17 |
LA 22
R'= 1°alkyl, ary!
when R" = cyclohexyl
detected by GC-MS \(,/
R R?
® |
N\\rNH H N\ NH
N R’l 2"alkyl \r work Up \Nr
3%alkyl, benzyl 2
NH
NH, NH
22ab’ 21 c LA
©

Scheme 5.4.3.1. Plausible reaction mechanism.

5.5. Post-synthetic Applications

5.5.1. Synthesis of 2-Aminoquinazolin-4(3H)-ones

The utility of the methodology can be further extended towards the synthesis of 2-
aminoquinazolin-4(3H)-ones. Hydrolysis of compounds 22eg and 22ai with conc. HCI in
acetonitrile at 80 °C resulted in the formation of its oxo-analogue 2-aminoquinazolin-4(3H)-
ones 23eg and 23aj with 98% and 96% Yyields, respectively (Scheme 5.5.1.1.). Interestingly,

treatment of compound 22ij with conc. HCI in acetonitrile at 80 °C gave the rearranged product
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H H
N._N. R
| N \\r R'  Hal (37% aqueous) | S \Y R
_ N = L= N,
R/ R’ CH4CN, 80 °C R R
NH 1h ©
22 23

N_ _N_
N
C4H9 Ar
Jij ’
Me 23ij', 96% 23eg, 98% 23ai, 96%

Ar = p-BrCgHs

Scheme 5.5.1.1. Scope for the synthesis of 2-aminoquinazolin-4(3H)-ones.

23ij’ instead of its oxo-analogue. The reaction follows Dimroth type rearrangement pathway
under acidic conditions.?
5.5.2. Synthesis of Pentacyclic Annulated Compounds

The methodology can be further extended towards the synthesis of m-conjugated
nitrogen containing heterocyclic compounds with good yields. The products 21 undergo
unprecedented two-fold C—H, N annulation in the presence of a Ru(ll) catalyst giving
annulated products 24 (Scheme 5.5.2.1.). This tandem reaction proceeds with initial
selective C—H, N annulation at the phenyl ring of 21 with diphenylacetylene, followed
by a subsequent annulation of the in situ generated intermediate D with another

molecule of diphenylacetylene to give the highly conjugated pentacyclic product.

Ph—=—Ph 'j“\ R _N" N
\K [Ru(p-cymene)Clalz N| =
Cu(OAc),.H,0 HN
tAmOH, 120 °C |
NH,
pressure tube, 24 h Ph
21 B Ph
HN)<
Ph N \N Ph N \N
Ph Ph M
= N 4 N OMe
N OMe
24aa, 52% 24ha, 58%

Scheme 5.5.2.1. Scope for the synthesis of pentacyclic annulated compounds.
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5.6. Conclusion

In summary, we have developed an efficient Lewis acid promoted annulation of
carbodiimides with 2-aminobenzonitrile for the synthesis of substituted 2,4-
diaminoquinazolines and 2-amino-4-iminoquinazolines in good to excellent yields. This
cyclization accomplishes the selective synthesis of two nitrogen heterocycles depending
on the substituents of the carbodiimide moiety. The protocol demonstrates
characteristics involving readily available starting materials, relatively wide substrate
scope, high reaction efficiency, and readily scaled up. The methodology can be extended
towards the synthesis of 2-aminoquinazolin-4(3H)-one analogues as well as pentacyclic
annulated derivatives.

5.7. Experimental Section
5.7.1. General Information and Instrumentation

All the reagents were of reagent grade (AR grade) and were used as purchased without
further purification. Silica gel (60-120 mesh size) was used for column chromatography.
Reactions were monitored by TLC on silica gel GF254 (0.25 mm). Melting points were
recorded in an open capillary tube and are uncorrected. Fourier transform-infra red (FT-
IR) spectra were recorded as neat liquid or KBr pellets. NMR spectra were recorded in
CDClIs with tetramethylsilane as the internal standard for *H (600 MHz, 500 MHz and
400 MHz) or 3C{*H} (100 MHz, 150 MHz and 125 MHz) NMR. **F{*H} NMR spectra
were recorded at 470 MHz and chemical shifts are relative to hexafluorobenzene in
CDCls at 6 = -164.9 ppm (external reference). Chemical shifts (8) are reported in ppm
with abbreviations, s = singlet, d = doublet, t = triplet, g = quartet, p = quintet, dd =
doublet of doublets, m = multiplet, bs = broad singlet and spin-spin coupling constants
(J) are given in Hz. HRMS spectra were recorded using Q-TOF and microTOF-Q Il
mass spectrometer.

5.7.2. Reaction Procedure
5.7.2.1. Experimental Procedure for Synthesis of Carbodiimides

The starting materials dibenzylcarbodiimide (17d), di(n-butyl)carbodiimide (179),
diphenylcarbodiimide (17h), di(p-bromophenyl)carbodiimide (a7i), di(p-
tolyl)carbodiimide a7y, di(o-ethylphenyl)carbodiimide (17Kk) and
dimesitylcarbodiimide (17l) were prepared according to the literature reported

procedures and confirmed by comparison to the reported characterization data.?62° The
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remaining starting materials (17¢e) and (17f) were also prepared following the literature
reports?®.

5.7.2.2. General Procedure for the Synthesis of Compounds 21aa-21lia, 21ab, 21ac, 21ae,
21dd, 21gb, 22af, 22ah-22aj, 22dk, 22eg, 22fl and 22ij

H H
R! --«~. _N__N .--~. _N__N
.-=~._NH N S R! SO R
N i DCE Y “R!
*---* CN N 0
R' 80°C NH, NH
20 17 21 22
when when
- - - 1— 1=
To asolution of carbodiimide 17 (0.48 mmol R'= 2°3° alkyl and benzyl . R'=1°alkyl, aryl 1.2

equiv) and 2-aminobenzonitrile derivative 20 (0.4 mmol, 1 equiv) in 1,2-dichloroethane (2 mL)
was added SnCls (0.72 mmol, 1.2 equiv) at 0 °C under nitrogen atmosphere. The reaction was
then heated in an oil bath at 80 °C. The progress of the reaction was monitored through TLC.
After completion of the reaction, the solvent was removed under reduced pressure and diluted
with saturated NaHCOs solution. Then the organic layer was extracted with EtOAc (3 x 10
mL). The organic layer was further washed with brine solution for 2-3 times. The combined
organic layers were dried over anhydrous Na2SO4 and concentrated in rotary evaporator. The
crude mixture was subjected to column chromatography over silica gel to give the
corresponding product 21 or 22.

5.7.2.3. General Procedure for the Synthesis of Compounds 23eg, 23ai and 23ij’

H H
N_ _N. N.__N__,
| N \\r R" ' Hcl (37% aqueous) | S \\r R
NN > L/ AN,
S R CH4CN, 80 °C R R
NH 1h 0
22 23

To a stirring solution of 2-amino-4-iminoquinazoline 22 (0.1 mmol, 1 equiv) in acetonitrile
(2 mL) conc. HCI (37% aqueous, 25 pL) was added dropwise at room temperature. The
reaction was then heated in an oil bath at 80 °C for 1 h. After completion of the reaction, the
solvent was removed under reduced pressure and diluted with saturated NaHCO3 solution.
Then the organic layer was extracted with EtOAc (3 x 10 mL). The organic layer was further
washed with brine solution for 2-3 times. The combined organic layers were dried over
anhydrous Na>SO4 and concentrated in rotary evaporator. The crude mixture was subjected to

column chromatography over silica gel to give the corresponding product 23.
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5.7.2.4. General Procedure for the Synthesis of Compounds 24aa and 24ha

Ph———Ph

\ﬁ [Ru(p-cymene CI2]2
CU OAC)Z Hzo
{AmOH, 120 °C

NH,

pressure tube, 24 h

21

To an oven-dried pressure tube containing a magnetic bar was added 2,4-diaminoquinazoline
derivative 21 (0.2 mmol, 1 equiv), diphenylacetylene derivative (0.4 mmol, 2 equiv), [Ru(p-
cymene)Cl2]2 (0.01 mmol, 0.05 equiv), Cu(OAc)2.H20 (0.02 mmol, 0.1 equiv), and ‘AmOH.
The reaction mixture was stirred in an oil bath preheated at 120 °C for 24 h. After completion
of the reaction (monitored by TLC analysis), the reaction mixture was cooled to ambient
temperature, filtered through a small plug of Celite and then washed with ethyl acetate (3 x 10
mL). The solvents were evaporated under reduced pressure and the crude material was purified
using column chromatography on silica gel (n-hexane/EtOAc eluent) to give the desired
product 24.
5.7.2.5. Experimental Procedure for the Gram-Scale Synthesis of 21ha

To a solution of di-tert-butylmethanediimine (17a) (1.3 mL, 6.82 mmol) and 2-amino-4,5-
dimethoxybenzonitrile (20h) (1 g, 5.68 mmol) in 1,2-dichloroethane (12 mL) was added SnCl4
(0.8 mL, 6.82 mmol) at 0 °C under nitrogen atmosphere. The reaction was then refluxed at 80
°C. The progress of the reaction was monitored through TLC. After completion of the reaction,
the solvent was removed under reduced pressure and diluted with saturated NaHCO3 solution.
Then the organic layer was extracted with EtOAc (3 x 30 mL). The organic layer was further
washed with brine solution for 2-3 times. The combined organic layers were dried over
anhydrous Na>SO4 and concentrated in rotary evaporator. The crude mixture was subjected to
column chromatography over silica gel with EtOAc and hexane as eluents to give the
corresponding product 21ha with 61% yield (956 mg, brown gum).

5.7.3. Crystallographic Description

Single crystals of compounds 21ca and 22ah was obtained by slow evaporation of ethyl
acetate and hexane solution (1:9). Bruker APEX-I1 CCD diffractometer was used to collect the
intensity data. The instrument is equipped with a fine focus 1.75 kW sealed tube Mo Ka
radiation (A = 0.71073 A) at 297 K. The data acquisition was done with the APEX4 software.
APEX4 software was implemented for data integration and reduction. Multi-scan empirical
absorption corrections were employed to the data using the program APEX4. Structures were

165
TH-3602_186122007



Chapter 5

solved by direct methods using SHELXL-2019 and refined with full-matrix least-squares on
F2 using SHELXL-2019/1.2 Structural illustrations have been drawn with ORTEP-3 for

Windows.? The detailed data collection and structure refinement are summarized in Tables

5.7.3.1. and 5.7.3.2.

a. G. M. Sheldrick, SHELXS-2014, Program for the crystal structure solution; University of

Gaottingen: Gottingen, Germany, 2014.

b. L. J. Farrugia, XRDIFF: simulation of X-ray diffraction patterns, J. Appl. Crystallogr. 1997,

30, 565.

Figure 5.7.3.1. ORTEP diagram of compound (21ca) with 50% probability.

H
NYN\’<
N
cl 7
NH,

Table 5.7.3.1. Crystal parameters of compound 21ca

21ca

CCDC 2374312
Formula C12H15CINg
Formula weight 250.73
T/IK 295
Crystal system Trigonal
Space group R-3
alA 24.5851 (18)
b/A 24.5851 (18)
c/A 13.1673 (15)
al® 90
BI° 90
y° 120
VIA3 6892.4 (13)
Z 18
Abs. Coeff./mm? 0.236

TH-3602_186122007
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Abs. Correction multi-scan
GOF on F? 1.016
Final R indices [I> 2o(I)] R1 =0.0904
wR2 =0.1992
R indices [all data] R1=0.1852
WR2 = 0.2642

3
e

22ah

Figure 5.7.3.2. ORTEP diagram of compound (22ah) with 50% probability.

Table 5.7.3.2. Crystal parameters of compound 22ah

CCDC 2374313
Formula Ca0H16N4
Formula weight 312.37
T/IK 297
Crystal system Monoclinic
Space group P21/n
a/A 11.3381 (12)
b/A 9.1140 (10)
c/A 15.7488 (17)
al® 90
BI° 94.520 (3)
/° 90
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VIA3 1622.3 (3)
Z 4
Abs. Coeff./mm? 0.078
Abs. Correction multi-scan
GOF on F2 1.058
Final R indices [I> 2o(I)] R1=0.0437
WR2 = 0.1058
R indices [all data] R1=0.0583
wR2 =0.1215
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5.9. Characterisation Data

Bis(4-fluorobenzyl)methanediimine (17e):
Yellow liquid; Rf (hexane/EtOAc, 100:1) 0.50; yield
F‘O_\NzczN 760 mg, 68%: *H NMR (500 MHz, CDCl3) § 7.14 (dd,
L@*F J=8.4and 5.4 Hz, 4 H), 6.99 (t, J = 8.4 Hz, 4 H), 4.25
(s, 4 H). BC{*H} NMR (125 MHz, CDCl3) & 162.4 (d,
J=244.4Hz),141.4,134.3 (d, J=3.2 Hz), 129.4 (d, J=8.0 Hz), 115.6 (d, J = 21.4 Hz), 49.81.
F NMR (470 MHz, C¢F6/CDCl3) & -117.82 (s, -F).
Diphenethylmethanediimine (17f):
Yellow liquid; Rf (hexane/EtOAc, 100:1) 0.50; yield 560 mg,
sN>FPM L 65%; 'H NMR (500 MHz, CDCl3) 8 7.21 (t, J = 7.5 Hz, 4 H),
7.13-7.10 (m, 2 H), 7.09-7.07 (m, 4 H), 3.21 (t, J = 7.0 Hz, 4
H), 2.65 (t, J = 7.0 Hz, 4 H). BC{*H} NMR (125 MHz, CDCl3) § 140.4, 139.0, 129.0, 128.6,
126.7, 47.8, 37.6.
NZ2-(tert-butyl)quinazoline-2,4-diamine (21aa):
Pale yellow gum; Rf (hexane/EtOAc, 1:1) 0.50; yield 74 mg, 86%; IR

H
N\\rN\’< (KBr, neat) v 3327, 2981, 1643, 1567, 1491, 1422, 1210, 758 cm™'; H
~-N
NH,

Ny
Ph” "¢

NMR (500 MHz, CDClz3) & 7.52-7.48 (m, 2 H), 7.43 (d, J = 8.6 Hz, 1
H), 7.01 (t, J = 7.5 Hz, 1 H), 5.61 (s, 2 H), 5.03 (s, 1 H), 1.46 (s, 9 H).
BC{*H} NMR (125 MHz, CDCls) 5 161.8, 159.2, 152.5, 133.2, 125.8, 122.1, 121.1, 110.2,
51.0, 29.5. HRMS (ESI) calcd. for C12H17N4 (M + H)* 217.1448, found 217.1451.
NZ2-(tert-butyl)-7-chloroquinazoline-2,4-diamine (21ba):

Off white solid; Rf (hexane/EtOAc, 3:1) 0.50; mp 132-134 °C;

H
cl NYN\K yield 79 mg, 79%; IR (KBr, neat) v 3333, 2963, 1616, 1566, 1276,
N
NH,

1210, 829, 749 cm™; 'H NMR (500 MHz, CDCl3) 6 7.42-7.37 (m,
2 H), 6.92 (dd, J = 8.7 and 2.1 Hz, 1 H), 5.68 (s, 2 H), 5.08 (s, 1
H), 1.43 (s, 9 H). BC{*H} NMR (125 MHz, CDCl3) § 161.5, 159.7, 153.6, 139.0, 124.9, 123.4,
121.6, 108.7, 51.1, 29.4. HRMS (ESI) calcd. for C12H16CINs (M + H)* 251.1058, found
251.1059.

N2-(tert-butyl)-6-chloroquinazoline-2,4-diamine (21ca):
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H Off white solid; Rs (hexane/EtOAc, 2:1) 0.50; mp 136-138 °C;
N\\(N\'< yield 80 mg, 80%; IR (KBr, neat) v 3333, 2965, 1616, 1566, 1271,

cu/E:Lf'q 1220, 829, 756 cm™'; 'H NMR (600 MHz, CDCl3) & 7.48—7.45 (m,
NH, 2 H),7.37 (d, J =8.9 Hz, 1 H), 5.28 (s, 2 H), 4.98 (s, 1 H), 1.47 (s,

9 H). BC{*H} NMR (150 MHz, CDClz) & 160.8, 159.3, 151.4, 133.8, 127.7, 125.9, 121.3,

110.7, 51.2, 29.5. HRMS (ES]) calcd. for C12H16CIN4 (M + H)* 251.1058, found 251.1060.

6-Bromo-N?-(tert-butyl)quinazoline-2,4-diamine (23da):

Off white solid; Rf (hexane/EtOAc, 7:3) 0.50; mp 144-146 °C;

H
N N
m 7< yield 89 mg, 76%; IR (KBr, neat) v 3336, 2964, 1613, 1564, 1475,
~-N
Br
NH,

1276, 1210, 828, 749 cm™!; *H NMR (500 MHz, CDCl3) & 7.64 (s,
1H),7.58(d, J=8.6 Hz, 1 H), 7.31 (d, J = 8.6 Hz, 1 H), 5.27 (s, 2
H), 5.01 (s, 1 H), 1.47 (s, 9 H). *C{*H} NMR (125 MHz, CDCl3) § 160.7, 159.3, 151.6, 136.4,
127.9,124.5,113.2, 111.4,51.2, 29.5. HRMS (ESI) calcd. for C12H16BrN4 (M + H)* 295.0553,
found 295.0548

NZ2-(tert-butyl)-5-fluoroquinazoline-2,4-diamine (21ea):
Brown liquid; Rf (hexane/EtOAc, 4:1) 0.50; yield 77 mg, 82%; IR

H
N\YN7< (KBr, neat) v 3309, 2961, 1606, 1564, 1391, 1208, 1058, 812, 739
~-N
F  NH,

cm % *H NMR (500 MHz, CDCl3) & 7.39 (q, J = 7.7 Hz, 1 H), 7.18 (d,
J=17.7Hz, 1H),6.66 (dd, J = 12.2 and 7.7 Hz, 1 H), 5.87 (s, 2 H),
4.98 (s, 1 H), 1.47 (s, 9 H). *C{*H} NMR (125 MHz, CDCl3)  159.8 (d, J = 248.1 Hz), 159.6
(d, J = 4.1 Hz), 159.5, 155.0, 132.5 (d, J = 11.8 Hz), 121.5 (d, J = 1.2 Hz), 105.6 (d, J = 23.2
Hz), 100.4 (d, J = 10.5 Hz), 50.8, 29.2. °F NMR (470 MHz, CsFs/CDCls) & -116.59 (s, -F).
HRMS (ESI) calcd. for C12H16FN4 (M + H)* 235.1354, found 235.13509.

N2-(tert-butyl)-6-(trifluoromethyl)quinazoline-2,4-diamine (21fa):
White gum; R¢ (hexane/EtOAc, 4:1) 0.50; yield 83 mg, 73%; IR

H
/@Q/\YN\K (KBr, neat) v 3327, 2925, 1634, 1574, 1440, 1317, 1283, 1118,
~-N
F;C
NH,

839 cm™!; 'H NMR (500 MHz, CDCl3) 6 7.79 (s, 1 H), 7.68 (d, J
=8.1Hz, 1 H),7.48 (d, J=8.8 Hz, 1 H), 5.44 (s, 2 H), 5.09 (s, 1
H), 1.48 (s, 9 H).*C{*H} NMR (125 MHz, CDCls) & 161.8, 160.3, 154.8, 129.1 (q, J = 3.1
Hz), 126.8, 124.5 (q, J = 269.7 Hz), 122.5 (q, J = 32.1 Hz), 120.1 (q, J = 4.2 Hz), 109.3, 51.4,
29.5. 1%F NMR (470 MHz, CeFs/CDCls) & -64.83 (s, -F). HRMS (ESI) calcd. for C13H16F3N4
(M + H)*285.1322, found 285.1325.

N2-(tert-butyl)-7-methylquinazoline-2,4-diamine (21ga):
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H Red gum; Rs (hexane/EtOAc, 7:3) 0.50; yield 60 mg, 65%; IR
Me N\YN\’< (KBr, neat) v 3328, 2961, 1621, 1566, 1497, 1427, 1209, 877, 778
\@fN em™': IH NMR (500 MHz, CDCl3) & 7.40 (d, J = 8.2 Hz, 1 H),
NH, 7.24 (s, 1 H), 6.87 (d, J = 8.2 Hz, 1 H), 5.41 (s, 2 H), 5.07 (s, 1
H), 2.39 (s, 3 H), 1.47 (s, 9 H). 3C{*H} NMR (125 MHz, CDCl3) § 161.6, 159.2, 152.5, 143.9,
125.1, 123.2, 121.8, 108.1, 51.1, 29.6, 22.1. HRMS (ESI) calcd. for Ci3HigNsa (M + H)*
231.1604, found 231.1604.
N2-(tert-butyl)-6,7-dimethoxyquinazoline-2,4-diamine (21ha):
Brown gum; Rt (hexane/EtOAc, 1:1) 0.50; yield 74 mg, 67%; IR

H
M N N
eom \ﬁ (KBr, neat) v 3378, 2961, 1625, 1573, 1496, 1206, 1001, 789,
~-N
MeO
NH,

735 cm!;*H NMR (600 MHz, CDCl3) § 6.87 (s, 1 H), 6.82 (s, 1
H), 5.47 (s, 2 H), 5.27 (s, 1 H), 3.93 (s, 3 H), 3.88 (s, 3 H), 1.46
(s, 9 H). “C{*H} NMR (150 MHz, CDCl3) § 160.7, 158.1, 155.4, 148.0, 145.9, 104.6, 102.8,
101.9, 56.4, 56.3, 51.3, 29.6. HRMS (ESI) calcd. for C14H2:N4O2 (M + H)* 277.1659, found
277.1669.

N2-cyclohexylquinazoline-2,4-diamine (21ab):

Colourless gum; R¢ (hexane/EtOAc, 3:1) 0.30; yield 80 mg, 83%;

H
N N
IR (KBr, neat) v 2928, 2853, 1655, 1598, 1566, 1491, 1407, 759
@ A
~
NH,

cm™'; *H NMR (400 MHz, CDClg) & 7.54-7.50 (m, 2 H), 7.44 (d,
J=7.9Hz, 1H), 7.06-7.02 (m, 1 H), 5.60 (s, 2 H), 4.92 (s, 1 H),
3.98-3.89 (m, 1 H), 2.06-2.02 (m, 2 H), 1.74-1.69 (m, 2 H), 1.63-1.58 (m, 1 H), 1.45-1.34
(m, 2 H), 1.25-1.14 (m, 3 H). **C{*H} NMR (100 MHz, CDCls) § 162.3, 159.0, 152.9, 133 .4,
125.6, 122.2, 121.2, 110.5, 49.5, 33.8, 26.0, 25.2. HRMS (ESI) calcd. for C14H19Ns (M + H)*
243.1604, found 243.1617.

N2-cyclohexyl-7-methylquinazoline-2,4-diamine (21gb):

Colourless gum; Rt (hexane/EtOAc, 7:3) 0.30; yield 82 mg,

H
Me\@?{”ﬁ 80%; TR (KBr, neat) v 2932, 2853, 1659, 1586, 1543, 1491,
NH,

1402, 759 cm!; *H NMR (500 MHz, CDCls) § 7.41 (d, J =
8.2 Hz, 1 H), 7.26 (s, 1 H), 6.92 (d, J = 8.2 Hz, 1 H), 5.36 (5,
2 H), 3.95-3.88 (m, 1 H), 2.41 (s, 3 H), 2.11-2.03 (m, 2 H), 1.76-1.72 (m, 2 H), 1.64-1.60 (m,
1 H), 1.46-1.37 (m, 2 H), 1.26-1.21 (m, 3 H). ¥C{*H} NMR (150 MHz, CDCl3) 5 162.1,
158.7, 144.4, 124.5, 123.4, 121.9, 108.2, 49.7, 33.7, 26.1, 25.2, 22.1. HRMS (ESI) calcd. for
CisH21Ns (M + H)* 257.1761, found 257.1754.

N2-isopropylquinazoline-2,4-diamine (21ac):
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H Colourless gum; Rt (hexane/EtOAc, 3:1) 0.30; yield 63 mg, 78%; IR
| N\\rNY (KBr, neat) v 3319, 2969, 1617, 1562, 1501, 1421, 1281, 1173, 759
@N cm™"; 'H NMR (400 MHz, CDCl3) § 7.62 (d, J = 7.9 Hz, 1 H), 7.53—
NH, 7.49 (m, 1 H), 7.43 (d, J = 8.3 Hz, 1 H), 7.07-7.03 (m, 1 H), 4.23 (q, J
=6.5Hz, 1 H), 1.21 (d, J = 6.5 Hz, 6 H). 3C{*H} NMR (125 MHz, CDCls) 5 162.4, 158.3,
151.0, 133.7, 1245, 122.6, 121.6, 110.3, 42.9, 23.3. HRMS (ESI) calcd. for C11H1sN4 (M +
H)*203.1291, found 203.1299.
N2-benzyl-6-bromoquinazoline-2,4-diamine (21dd):
Colourless gum; Rs (hexane/EtOAc, 7:3) 0.30; yield 92 mg,

N HQ 70%; IR (KBr, neat) v 3339, 2968, 1613, 1578, 1455, 1270,
T
Br Z

N 1198, 845, 749 cm™!; 'H NMR (400 MHz, CDCl3) § 7.59 (d,
NH, J=22Hz,1H),7.53(dd,J=89and 2.2 Hz, 1 H), 7.31-7.25
(m, 4 H), 7.24-7.19 (m, 2 H), 5.71 (s, 2 H), 4.64 (d, J = 5.3
Hz, 2 H). ®C{*H} NMR (125 MHz, CDCl3) & 161.4, 159.7, 151.4, 139.7, 136.5, 128.7, 127.6,
127.5,127.3,124.8,113.6, 112.0, 45.4. HRMS (ESI) calcd. for C1sH14BrN4 (M + H)"329.0397,
found 329.0395.
N2-(4-fluorobenzyl)quinazoline-2,4-diamine (21ae):
Colourless gum; R¢ (hexane/EtOAc, 1:1) 0.40; yield 64 mg,

F
{ Hﬁ 66%; IR (KB, neat) v 3323, 2967, 1618, 1556, 1450, 1273,
©|;:Y 1201, 848, 751 cm™"; 'H NMR (500 MHz, CDCls) & 7.59-7.53
7

(m, 2 H), 7.48 (d, J = 8.4 Hz, 1 H), 7.32 (dd, J = 8.4 and 5.5
Hz, 2 H), 7.13-7.09 (m, 1 H), 6.97 (t, J = 8.7 Hz, 2 H), 5.56 (s,
2 H), 4.66 (d, J = 4.8 Hz, 2 H). ®*C{*H} NMR (125 MHz, CDCl3) § 162.3, 162.2 (d, J = 243.1
Hz), 159.4, 152.4,135.7 (d, J = 3.2 Hz), 133.7,129.4 (d, = 7.9 Hz), 125.8, 122.1, 121.8, 115.5
(d, J=21.2 Hz), 110.7, 44.9. F NMR (470 MHz, CsF¢/CDCl3) § -119.08 (s, -F). HRMS (ESI)
calcd. for C1sH14FN4 (M + H)* 269.1197, found 269.1195.
N2-(tert-butyl)thieno[2,3-d]pyrimidine-2,4-diamine (21lia):

Green oil; Rf (hexane/EtOAc, 7:3) 0.50; yield 60 mg, 68%; IR (KBr,

H
S | N\YN\'< neat) v 3328, 2963, 1613, 1542, 1443, 1212, 787, 734, 682 cm™'; H
N\ _N
NH,

NMR (500 MHz, CDClz) 6 6.93 (d, J = 5.8 Hz, 1 H), 6.75 (d, J = 5.8
Hz, 1 H), 5.22 (s, 2 H), 4.94 (s, 1 H), 1.42 (s, 9 H). ®C{*H} NMR (125
MHz, CDCI3) 6 170.4, 159.6, 158.0, 117.7, 116.8, 109.0, 51.1, 29.4. HRMS (ESI) calcd. for
C10H15N4S (M + H)"223.1012, found 223.1016.
4-1mino-N,3-diphenethyl-3,4-dihydroquinazolin-2-amine (22af):
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White gum; R¢ (hexane/EtOAc, 7:3) 0.50; yield 99 mg, 67%; IR
\\l/N\/\ph (KBr, neat) v 3333, 2924, 1598, 1567, 1474, 1298, 1144, 992, 750,
No"ph 698 cm™!; 'H NMR (400 MHz, CDCl3) § 7.70 (dd, J = 8.0 and 1.4
NH Hz, 1 H), 7.49-7.45 (m, 1 H), 7.35-7.28 (m, 6 H), 7.25-7.21 (m, 3
H), 7.14-7.08 (m, 3 H), 4.18 (s, 3 H), 4.01 (s, 1 H), 3.54 (t, J=6.9 Hz, 2 H), 296 (t, J = 7.2
Hz, 2 H), 2.75 (t, J = 7.2 Hz, 2 H). ®C{*H} NMR (125 MHz, CDCl3) § 158.5, 149.7, 146.4,
139.3,139.0,132.9,129.2,129.03, 129.01, 127.1, 126.9, 125.8, 124.0, 122.7, 116.1, 45.3, 43.2,
35.4, 33.2. HRMS (ESI) calcd. for C24H2sN4 (M + H)* 369.2074, found 369.2079.
N,3-dibutyl-5-fluoro-4-imino-3,4-dihydroquinazolin-2-amine (22eg):
H Yellow liquid; R¢ (hexane/EtOAc, 7:3) 0.50; yield 88 mg, 76%; IR
N\\rN\c4H9 (KBr, neat) v 3397, 2957, 1607, 1557, 1467, 1291, 1146, 1055, 812,
@%(N\Cmg 753 cm™'; 'H NMR (500 MHz, CDCl3) & 7.26 (q, J = 8.4 Hz, 1 H),
F__NH 7.00 (d, J = 8.2 Hz, 1 H), 6.65 (dd, J = 12.9 and 8.2 Hz, 1 H), 4.48 (s,
1H),4.03 (t,J=8.0Hz, 2 H), 3.48-3.44 (m, 2 H), 1.69 (p, J=8.0Hz,2H),1.61 (p,J=7.3
Hz, 2 H), 1.47-1.37 (m, 4 H), 0.98-0.94 (m, 6 H). BC{*H} NMR (125 MHz, CDCl3) § 162.9
(d, J = 250.8 Hz), 154.9 (d, J = 3.7 Hz), 150.4, 148.8, 132.3 (d, J = 12.2 Hz), 121.1 (d, J = 3.4
Hz), 108.3 (d, J = 23.6 Hz), 106.0 (d, J = 3.4 Hz), 41.9, 41.5, 31.8, 29.0, 20.5, 20.3, 14.0. 1°F
NMR (470 MHz, CsFs/CDCl3) & -122.04 (s, -F). HRMS (ESI) calcd. for C16H24FNs (M + H)*
291.1980, found 291.1976.
4-Imino-N,3-diphenyl-3,4-dihydroquinazolin-2-amine (22ah):
White solid; Rt (hexane/EtOAc, 1:2) 0.50; mp 158-160 °C; yield 70
Q mg, 56%; IR (KBr, neat) v 3345, 2963, 1616, 1554, 1472, 1279, 1146,
N. NH 1033, 840, 753 cm™!; *H NMR (600 MHz, CDCls) 6 8.07 (d, J = 7.9
@E;Nr Hz, 1 H), 7.70 (t, = 7.9 Hz, 2 H), 7.64 (t, J = 7.5 Hz, 1 H), 7.54 (t, J
NH \© =7.5Hz,1H),7.48-7.41 (m,5H),7.30 (t, J=7.8Hz, 2 H), 7.20 (t,
J=7.4Hz,1H),7.07 (t,J=7.4Hz, 1H),5.75 (s, 2 H). *)C{*H} NMR
(150 MHz, CDCls) 8 157.0, 145.7, 145.5, 138.3, 135.0, 133.1, 131.6, 130.7, 129.9, 128.9,
125.7,125.2, 123.8, 123.6, 120.9, 118.4. HRMS (ESI) calcd. for CaoH17N4 (M + H)* 313.1448,
found 313.1454.
N,3-bis(4-bromophenyl)-4-imino-3,4-dihydroquinazolin-2-amine (22ai):
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Br

N NH
( I
N
NH\©\
Br

White gum; Rt (hexane/EtOAc, 7:3) 0.30; yield 94 mg, 50%; IR
(KBr, neat) v 3326, 2964, 1619, 1545, 1472, 1283, 1167, 1048, 840,
756 cm™'; 'H NMR (400 MHz, CDCl3) § 7.96 (d, J = 7.6 Hz, 1 H),
7.83 (d, J = 8.2 Hz, 2 H), 7.54 (t, J = 7.6 Hz, 1 H), 7.40 (s, 5 H),
7.31(d,J=8.2Hz,2H),7.19 (s, 1 H), 5.66 (s, 1 H). *C{*H} NMR
(150 MHz, CDCI3) & 157.6, 145.2, 137.3, 135.0, 134.4, 133.4,
132.0,131.6,126.1,125.1,124.2,122.8, 118.0, 116.7. HRMS (ESI)

calcd. for C2oH1sBraN4 (M + H)™470.9638, found 470.9630.
4-1mino-N,3-di-p-tolyl-3,4-dihydroquinazolin-2-amine (22aj):

Me

N\\rNH
N
L CL
Me

White gum; R¢ (hexane/EtOAc, 1:1) 0.30; yield 79 mg, 58%; IR
(KBr, neat) v 3333, 2959, 1616, 1557, 1471, 1279, 1111, 1033, 845,
758 cm!;*H NMR (500 MHz, CDCl3) 6 8.07 (d, J = 8.0 Hz, 1 H),
7.53-7.47m, 3 H), 7.38 (d, J=8.0 Hz, 1 H), 7.34 (d, J =8.0 Hz, 2
H), 7.30 (d,J=8.0Hz, 2 H), 7.17 (t, J=7.6 Hz, 1 H), 7.09 (d, J =
8.1 Hz, 2 H), 2.50 (s, 3 H), 2.30 (s, 3 H). *C{*H} NMR (125 MHz,
CDClg) 6 157.2, 146.2, 145.8, 141.2, 135.8, 133.6, 133.1, 132.4,

132.2, 129.7, 129.5, 125.7, 125.4, 1235, 121.4, 118.4, 21.6, 21.0. HRMS (ESI) calcd. for
C22H21N4 (M + H)* 341.1761, found 341.1751.
6-Bromo-N,3-bis(2-ethylphenyl)-4-imino-3,4-dihydroquinazolin-2-amine (22dKk):

E
N NH
N
Br
NH \©

t

White gum; Rt (hexane/EtOAC, 3:2) 0.50; yield 122 mg, 68%); IR
(KBr, neat) v 3345, 2961, 1603, 1567, 1445, 1211, 1138, 1045,
848, 756 cm!; *H NMR (500 MHz, CDCls) § 8.29 (d, J = 2.4 Hz,
1 H),8.16 (d, J=8.1 Hz, 1 H), 7.62 (d, J = 4.2 Hz, 2 H), 7.58 (dd,
J=8.7and 2.3 Hz, 1 H), 7.56-7.53 (m, 1 H), 7.37 (d, J = 7.7 Hz,
1 H), 7.26-7.23 (m, 3 H), 7.11-7.04 (m, 2 H), 5.76 (s, 1 H), 2.59

(9,J=76Hz,2H),215(q,J=7.6 Hz, 2 H), 1.22 (t, J=7.6 Hz, 3H),0.84 (t, J=7.6 Hz, 3
H). BC{*H} NMR (125 MHz, CDCls) & 154.7, 146.4, 145.1, 143.8, 136.1, 135.7, 134.6, 132.5,
131.6, 131.3, 130.0, 129.3, 129.0, 128.2, 127.5, 126.9, 124.9, 123.1, 120.1, 116.3, 24.7, 23.8,
14.07, 14.05. HRMS (ESI) calcd. for C24H24BrN4 (M + H)*447.1179, found 447.1165.
4-1mino-N,3-dimesityl-6-(trifluoromethyl)-3,4-dihydroquinazolin-2-amine (22fl):

TH-3602_186122007

176



Chapter 5

Me

Colourless gum; Rt (hexane/EtOAc, 4:1) 0.30; yield 78 mg,
42%; IR (KBr, neat) v 3368, 2989, 1617, 1578, 1490, 1245,

Ve ve | 1146, 1056, 849, 753 cm™'; 'H NMR (500 MHz, CDCls) &

8.47 (s, 1 H), 7.63 (d, J=8.6 Hz, 1 H), 7.28 (d, J = 8.6 Hz, 1
H), 7.19 (s, 2 H), 6.90 (s, 2 H), 5.38 (s, 1 H), 2.40 (s, 3 H),
2.29 (s, 3 H), 2.28 (s, 6 H), 2.16 (s, 6 H). 3C{'*H} NMR (125

Me

MHz, CDClz) 6 154.0, 149.8, 148.0, 141.3, 137.5, 137.4,

135.8, 131.34, 131.32, 129.4, 129.3 (q, J = 3.6 Hz), 128.8, 126.0, 124.63 (q, J = 269.9 Hz),
124.59 (g, J = 32.7 Hz), 123.7 (q, J = 4.1 Hz), 117.7, 21.4, 21.2, 18.9, 17.6. 1°F NMR (470
MHz, CsFs/CDCl3) & -64.84 (s, -F). HRMS (ESI) calcd. for Ca7HasFsNs (M + H)* 465.2261,

found 465.2257.

4-Imino-N,3-di-p-tolyl-3,4-dihydrothieno[2,3-d]pyrimidin-2-amine (22ij):

Me

s N _NH
@EWI
L L
Me

Colourless gum; R (hexane/EtOAc, 2:1) 0.40; yield 80 mg, 58%;
IR (KBr, neat) v 3348, 2960, 1611, 1578, 1490, 1222, 1100, 1039,
853, 756 cm !; 'H NMR (500 MHz, CDCl3) 6 7.49 (d, J = 7.9 Hz, 2
H), 7.31-7.29 (m, 2 H), 7.28-7.26 (m, 2 H), 7.24 (s, 1 H), 7.10 (d,
J=8.1Hz,2H),6.88(d, J=5.8Hz, 1H),5.79 (s, 1 H), 2.79 (bs, 1
H), 2.50 (s, 3 H), 2.31 (s, 3 H). *C{*H} NMR (125 MHz, CDCls)

1295, 121.9, 121.8, 11
347.1325, found 347.13
N,3-dicyclohexyl-4-imi

5
Gy

0 160.2, 155.2, 147.6, 141.2, 135.2, 134.2, 132.4, 132.1, 129.6,
8.2, 117.1, 21.7, 21.1. HRMS (ESI) calcd. for CaoH1sN4S (M + H)*
22.
no-3,4-dihydroquinazolin-2-amine (22ab’):

White solid; Rs (hexane/EtOAc, 3:1) 0.30; mp 145-147 °C; yield 67
mg, 52%; IR (KBr, neat) v 3389, 2970, 1610, 1556, 1477, 1280, 1234,
1145, 1067, 758 cm™!; *H NMR (600 MHz, CDCl3) 6 7.58 (dd, J=8.1
and 1.4 Hz, 1 H), 7.38-7.36 (m, 1 H), 7.20 (d, J = 8.1 Hz, 1 H), 7.01
(t,J=7.5Hz,1H),5.46-5.42 (m, 1 H),4.54 (d, J=7.5Hz, 1 H), 4.09-
4.05 (m, 1 H), 2.11-2.06 (m, 4 H), 1.96-1.89 (m, 4 H), 1.79-1.78 (m,

1 H), 1.73-1.69 (M, 2 H), 1.65-1.61 (m, 1 H), 1.55-1.44 (m, 4 H), 1.33-1.24 (m, 3 H), 1.20—
1.11 (m, 1H). BC{*H} NMR (150 MHz, CDCls) 5 160.1, 149.3, 146.5, 132.3, 125.1, 124.0,

121.8, 116.8, 54.5, 49

.8, 33.3, 30.6, 26.8, 26.02, 25.97, 24.8. HRMS (ESI) calcd. for

Ca2H37N4O2 (M + H)* 325.2387, found 325.2380.
3-Butyl-2-(butylamino)-5-fluoroquinazolin-4(3H)-one (23eg):
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H Colourless liquid; Rt (hexane/EtOAc, 7:3) 0.50; yield 29 mg, 98%; IR
N\\rN‘C4H9 (KBr, neat) v 3383, 2957, 1661, 1554, 1469, 1352, 1148, 1070, 812,
N<c.H, 749 cm™'; *H NMR (500 MHz, CDCl3) & 7.45-7.41 (m, 1 H), 7.12 (d,
F O J=8.3Hz, 1 H),6.74 (dd, J = 11.0 and 8.0 Hz, 1 H), 4.69 (s, 1 H),
3.98 (t, J = 7.8 Hz, 2 H), 3.53-3.49 (m, 2 H), 1.61-1.61 (m, 4 H), 1.45-1.39 (m, 4 H), 0.98-
0.94 (m, 6 H). 3C{*H} NMR (125 MHz, CDCls) § 162.0 (d, J = 261.9 Hz), 159.9 (d, J = 4.3
Hz), 151.5, 150.3, 134.4 (d, J = 11.0 Hz), 120.9 (d, J = 3.8 Hz), 108.8 (d, J = 21.0 Hz), 106.9
(d, J = 5.7 Hz), 42.0, 40.6, 31.6, 29.8, 20.44, 20.36, 14.00, 13.9. F NMR (470 MHz,
CsFs/CDCl3) 6 -115.71 (s, -F). HRMS (ESI) calcd. for C16H23FN3O (M + H)*292.1820, found
292.1814.

3-(4-Bromophenyl)-2-((4-bromophenyl)amino)quinazolin-4(3H)-one (23ai):
Br White gum; Rf (hexane/EtOAc, 4:1) 0.50; yield 45 mg, 96%; IR
(KBr, neat) v 3380, 2963, 1659, 1559, 1460, 1380, 1129, 1079, 815,
750 cm™!; *H NMR (400 MHz, CDCl3) § 8.12 (d, J = 7.8 Hz, 1 H),
@Q(\YNH 7.74 (d,J=7.8 Hz, 2 H), 7.64 (d, J = 7.6 Hz, 1 H), 7.47 (d, J = 8.4
N Hz, 1 H), 7.39 (s, 4 H), 7.25 (d, J = 8.4 Hz, 4 H), 5.82 (s, 1 H).
0 \©\Br BC{*H} NMR (100 MHz, CDCl3) & 162.5, 148.3, 145.8, 137.0,
135.3,134.5, 133.6, 132.1, 131.0, 127.5, 125.9, 125.0, 124.4, 122.8,
118.5, 117.1. HRMS (ESI) calcd. for C20H14BraNzO (M + H)* 471.9478, found 471.9479.
N?,N“-di-p-tolylthieno[2,3-d]pyrimidine-2,4-diamine (23ij’):
H White solid; R (hexane/EtOAc, 2:1) 0.40; mp 286-288 °C;
S | N\Y N\@\ yield 40 mg, 98%; IR (KBr, neat) v 3404, 2923, 1653, 1600,
AN Me| 1535, 1316, 964, 819, 749 cm'; H NMR (600 MHz,
/@/N“ CDCls) § 8.42 (d, J = 6.0 Hz, 1 H), 7.62 (d, J = 8.0 Hz, 2
Me H), 7.40 (d, J=8.5Hz,2 H),7.22 (d, J=8.5Hz, 2 H), 7.14
(d,J=8.0Hz,2H), 7.10(d,J=6.0 Hz, 1 H), 6.17 (s, 1 H),
2.55 (s, 3 H), 2.32 (s, 3 H). BC{*H} NMR (150 MHz, CDCl3) § 167.9, 152.7, 146.1, 144.5,
136.3, 133.9, 133.4, 129.9, 128.2, 127.7, 123.5, 122.8, 122.4, 111.2, 21.8, 21.2. HRMS (ESI)
calcd. for C20H1sN3OS (M + H)" 347.1325, found 347.1328.
N-(tert-butyl)-7,12,13-triphenylbenzo[8,9]quinolizino[4,3,2-de]quinazolin-2-amine
(24aa):
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Yellow gum; Rt (hexane/EtOAc, 4:1) 0.40; yield 52 mg, 59%; IR
HNJ< (KBr, neat) v 3056, 2961, 1623, 1572, 1490, 1322, 826, 753, 699
cm™'; *H NMR (500 MHz, CDCl3) & 7.46-7.37 (m, 6 H), 7.21-7.15
(m, 4 H), 7.12 (t, J = 7.3 Hz, 3 H), 7.04-7.00 (m, 2 H), 6.95-6.90
(m, 6 H), 6.78-6.74 (m, L H), 6.59 (d, J = 7.7 Hz, 1 H), 1.16 (s, 9 H).
B3C{*H} NMR (125 MHz, CDCl3) § 159.1, 156.4, 138.6, 137.0,
136.95, 136.7, 134.5, 134.2, 134.0, 131.9, 131.8, 129.94, 129.91, 129.1, 128.6, 128.4, 128.2,
128.1, 127.2, 126.9, 126.5, 125.6, 120.8, 119.1, 114.2, 114.0, 50.9, 29.4. HRMS (ESI) calcd.
for C4oH33N4 (M + H)"569.2700, found 569.2696.
N-(tert-butyl)-4,5-dimethoxy-7,12,13-triphenylbenzo[8,9]quinolizino[4,3,2-
de]quinazolin-2-amine (24ha):

Yellow gum; Rf (hexane/EtOACc, 3:1) 0.40; yield 73 mg, 58%j;
HNJ< IR (KBr, neat) v 3055, 2962, 1618, 1562, 1460, 1397, 1211,
832, 752, 703 cm!; *H NMR (500 MHz, CDCl3) § 7.38-7.36
(m, 2 H), 7.32-7.28 (m, 3 H), 7.21-7.18 (m, 3 H), 7.17-7.12
(m, 3 H), 7.01-6.99 (m, 2 H), 6.93-6.88 (m, 5 H), 6.75-6.69
(m, 3 H), 3.84 (s, 3 H), 3.08 (s, 3 H), 1.13 (s, 9 H). B¥C{*H}
NMR (125 MHz, CDCls) 6 159.7, 155.7, 139.3, 138.1, 136.81, 136.75, 136.65, 134.7, 134.4,
131.9,131.3,129.9,129.7,128.7,128.3, 128.1, 128.0, 127.5, 127.2, 127.1, 126.9, 126.2, 125.3,
125.2, 119.2, 109.5, 102.1, 61.8, 56.1, 50.9, 29.5. HRMS (ESI) calcd. for C42H37N4+O2 (M +
H)*629.2911, found 629.2912.
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5.10. Representative Spectra

!H (CDCls, 500 MHz) spectrum of compound (21aa):
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'H (CDClIs, 500 MHz) spectrum of compound (21gb):
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'H (CDClIs, 500 MHz) spectrum of compound (22eg):
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19F (CDCls, 470 MHz) spectrum of compound (22eg):
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1BC{*H} (CDClIs, 125 MHz) spectrum of compound (23eg):
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'H (CDCls, 600 MHz) spectrum of compound (23ij"):
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BC{'H} (CDCIs, 150 MHz) spectrum of compound (23ij'):
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H (CDCIs, 600 MHz) spectrum of intermediate (22ab"):
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SUMMARY AND OUTLOOK

[~}

D Thesis Overview

CHAPTER 2 CHAPTER 3
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This thesis focuses on development of synthetic pathways for benzannulated

with 2-aminobenzonitrile as the initial architectonic precursor.

Chapter 1 highlights an overview on nitrogen containing heterocyclic compounds, cascade
reactions and the reactivity of 2-aminobenzonitrile. This includes a brief discussion about
synthetic reactivity and utility of 2-aminobenzonitrile as a precursor for synthesis of various

simple or complex heterocyclic frameworks.

Chapter 2 represents a tunable one pot synthesis of tetrahydro-4H-pyrrolo[3,2-c]quinolin-4-

ones and dihydro-1H-benzo[b]azepines from 2-aminobenzonitriles and

cyclopropanes in presence of SnCls. The reaction proceeds via the initial

cyclopropane ring by 2-aminobenzonitrile followed by nucleophilic attack by amine to give

adduct, which after unprecedented rearrangement at two different reaction temperatures

189

TH-3602_186122007

N-heterocycles

donor-acceptor

ring opening of




Summary and Outlook

provide two sets of structurally diverse nitrogen heterocyclic compounds. This methodology
can be used for the synthesis of tricyclic hexahydropyrrolo[3,2-c]quinolinones (tricyclic core

of martinelline).

Chapter 3 describes an efficient methodology for the synthesis of highly diverse 4-methylene
substituted tetrahydroquinazoline scaffolds from 2-aminobenzonitriles and alkylidene
malonates in presence of SnCls. The reaction proceeds via initial 1,4-conjugate addition of 2-
aminobenzonitrile to the activated alkene followed by an unprecedented rearrangement. The
methodology can be extended towards the synthesis of quinazoline analogues as well as
tetracyclic dihydroisoquinolino[1,2-b]quinazoline derivatives. Some of the synthesized
compounds show excellent photophysical properties.

Chapter 4 demonstrates an efficient methodology for the synthesis of highly diverse 2,3-
disubstituted 4-aminoquinoline derivatives from 2-aminobenzonitriles and activated alkynes in
presence of FeCls. The reaction proceeds via sequential aza-Michael addition and
intramolecular annulation to afford highly substituted 4-aminoquinolines in good yields. The
salient features of this protocol include the use of a minimally toxic, eco-benign and less
expensive Fe(l1l)-salt and has high atom-economy with broad substrate scope and operational
simplicity. The post synthetic application of the reaction provides 4H-
benzo[de][1,6]naphthyridines.

Chapter 5 highlights an efficient methodology for the synthesis of 2,4-diaminoquinazolines
and 2-amino-4-iminoquinazolines from 2-aminobenzonitriles and carbodiimides. This SnCl4
mediated reaction exhibits substrate driven switchable selectivity in product formation based
on the substituents of the carbodiimides used. Aryl and primary alkyl-substituted carbodiimides
predominantly give 2-amino-4-iminoquinazolines, while secondary or tertiary alkyl and
benzyl-substituted carbodiimides yield 2,4-diaminoquinazolines. The methodology can be
extended towards the synthesis of 2-aminoquinazolin-4(3H)-one analogues as well as

pentacyclic annulated derivatives.
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