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ABSTRACT

The thesis entitled “Synthesis and Biological Applications of Flavonoid Based
Natural Products™ is reported in six chapters.

The present work is aimed to design and synthesis of novel flavonoids-based
derivatives involving C-C, C-O, C-N bonds formation using different reactions like
Ullmann coupling, Aza-Michael ring opening and cyclization, C-H amination,
dehalogenation reaction. The novel synthesized compounds were characterized through
different spectral techniques such as *H NMR, *C NMR, IR, LC-MS, HRMS and x-ray
diffraction and their biological evaluations were reported as anti-proliferative
applications. The thesis has been divided into six chapters for the sake of convenience

and clarity and organized as follows:

Chapter 1: Introduction

Flavonoids are found in most of the higher plants as secondary metabolites and are water
soluble due to polyphenolic nature. These naturally occurring compounds are widely
distributed in plants like vegetables, tea, soya bean, berries and other citrus fruits as
dietary sources. They have exhibited antioxidant and chelating properties so have many
health promoting effects. Some of the activities attributed to flavonoids include anti-
allergic, anti-cancer, antioxidant, anti-inflammatory and anti-viral. Flavonoids as central
core containing compounds are used as drugs such as xanthokeismins A-C and dime fine
for the treatment of bronchial asthma. Chromene and quinoline based conjugates belong
to important class of natural and synthetic compounds displaying a broad spectrum of
pharmacological ‘activities including anticancer, antitubercular, anti-inflammatory,
antimicrobial, antihistaminic, antihypertensive and anti-HIV activity.

Natural product is a substance or compound, created via living organism such as -
plants, fruits and microorganisms, etc. exclusively found in nature, formed with
metabolism. For the development in the field of organic chemistry, natural products have
participated a vital role by providing confronting synthetic targets in drug development
and drug synthesis. Directly and indirectly, a huge percentage of drugs in modern
medicine are originated from natural sources. Traditionally significant concept for the
natural products is that it is applied as a therapeutic agent in different disease such as
cancer infectious disease and reduced pain flavonoids, carotenoids, chromones,
coumarins, alkaloids and quinolines etc. are considered as a significant part of natural
products and usually utilized around the world due to their assorted pharmacological

properties. In general, flavonoids, chromenes and quinolines have occupied a
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considerable amount of research space owing to their diverse pharmacological,

therapeutic and chemo-sensor applications.

Chapter 2. Route to Highly Functionalized stereospecific-Aminated

Aurones from 3-bromo flavones with aniline and N-phenyl urea via a

Domino- Aza Michael- ring opening-cyclization reaction

In this chapter, We describe the synthesis and characterization stereospecific
aminated aurone scaffold by cascade Domino reaction (Aza Michael addition, ring
opening and cyclization reaction) between 3-bromoflavone and aniline or N- phenyl urea
is make known to continue economically in the presence of potassium tertiary but-oxide
as a base and copper lodide as a catalyst. Optimization of the reaction conditions and
screening of copper lodide 5 mol % best catalyst and 3 equivalents of KO'Bu best base
and DMF is suitable solvent for the stereospecific aminated aurone which gave products
in good yields to excellent yields (62-84%). This protocol is operationally successful with
ease, avoids the requirement of additives and ligand, less reaction time, and offers broad
substrate scope with high yielding.

Cul(10 mol%) R,
~ 0 N KO'Bu, DMF
Ry = o) 20-30min, rt Rg
— - -

Cul(10 mol%)
KO'Bu, DMF
20-30min, rt

R Rg
R R
B - . ‘ o 37 examples
R4, R, =H, Cl good to excellent yield

Rs, Rs = H, OMe,
R4 = H,Cl, Me, OMe
Re= H,F,Cl,OMe, NO,

less reaction time
Wide substrate scope
gram scale synthesis

R; = H, NO, Rg, Rg = H,Me

Scheme: 1 Synthesis of stereospecific aminated aurone from 3-bromo flavone and aniline
and N-phenyl urea.
All synthesized compounds were fully characterized by *H-NMR, 3C-NMR, FT-

IR, HR-MS and single crystal X-ray analysis.

Chapter 3: Cul mediated synthesis of heterocyclic flavone-benzofuran

fused derivatives

In this chapter, A copper iodide catalyzed the coupling reaction of substituted 2-
(2-chlorophenyl)-3-hydroxy-4H-chromen-4-ones with base i.e. KoCO3z followed by

intramolecular cyclization between -OH (hydroxy) and -Cl (Chloro) group leads to
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assembling of functionalized Flavone fused benzofuran derivative with good to excellent
yield (75-90%), a natural product with a broad range of biological activities. This
protocol involves less reaction time, low catalyst loading, ligand free, fast conversion and

mild reaction condition.

R
Rj N
R O O Rs
Cul (10 mol%) O |
K,C DMF
2COg, R; o
(6]

Ry, Rs = H, CI Zé-sg % ylield
R, =H, Cl, Br, F, Me, OMe. examples

Ry, Rs = H, CI, Br

Scheme: 2 Synthesis of flavone fused benzofuran derivative.

All Synthesized compounds were fully characterized by *H NMR, $3C NMR, FT-
IR and LCMS.

Chapter 4. Synthesis, estrogen receptor binding affinity and molecular

docking of pyrimidine-piperazine-chromene and -quinoline conjugates

In this chapter, we report a simple, mild and efficient multi-component reaction
in one pot synthesis and characterization of substituted 2-amino-7-((6-(4-(2-
hydroxyethyl) piperazin-1-yl)-2-methylpyrimidin-4-yl)oxy)-4-phenyl-4H-chromene-3-
carbonitrile and 2-amino-7-((6-(4-(2-hydroxyethyl)piperazin-1-yl)-2-methylpyrimidin-
4-yl)oxy)-4-phenyl-1,4-dihydroquinoline-3-carbonitrile conjugates under mild reaction
condition. The synthesised compounds (5a -5t) were assessed their antiproliferative
activities against human embryonic kidney cells (HEK293) (Normal cell) and human
breast cancer cell lines (MCF-7). Compounds 5f, 5g, 50, 5q and 5s showed better
cytotoxic activities as (48+ 1.70, 65+ 1.13, 92+ 1.18, 30+ 1.17 and 16+ 1.10) with (ICso<
50 mM) against human breast cancer line than curcumin drug (48 £ 1.11) as compare to
other compounds. We also perform molecular docking with compounds 5f, 5g and 50
against Bcl-2 protein which gave good binding affinity (AG = -9.08 kcal/mol, -8.29
kcal/mol and -7.70 kcal/mol). Furthermore, the structure-activity relationship (SAR)
study exposed that the optimal amalgamation enhanced anti-proliferative activities when
quinoline and chromene moiety attached with pyrimidine and piperazine moiety. All
synthesized compounds were fully characterized by *H-NMR, 3C-NMR, FT-IR, LC-MS.
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HO /\ Acetone, 80 °C O

0
_—
- K/N~H Reflux,K,CO3 fklN
3a (\N \N)\CH3 4a
HO/\/N\)

R1=H,Me R1="H.,Me

R2 = H, OMe p2 = H, OMe

R3 = H, Me, OMe, F, Cl, Br, NO2, R3 = H;Me, OMe, F, Cl, Br, NOZ,
R4 = H, OMe R4 =H, OMe

R5 = H, CI R5=H, &

X =0, NH X =0, R

Scheme: 3 Synthesis of chromene and quinoline derivative with pyrimidine and
piperazine and their biological evolution against human breast cancer cell line and human
embryonic kidney cell line.

Chapter-5: Design, Synthesis, Molecular docking and Molecular

Insights Inhibition studies of Microtubule Affinity Regulating Kinase 4

of novel 3-N-aryl substituted-2-heteroarylchromones for Cancer

Therapy

In this chapter we describe a series of 3-N-aryl substituted-2-

heteroarylchromones were designed and efficiently synthesized via Pd-mediated
oxidative coupling using 2-heteroarylchromones and anilines as selective human
Microtubule affinity regulating kinase 4 (MARK4) enzyme inhibitors, a recently
identified anti-cancer drug target. Among 22 synthesized molecules, compounds para -
iodo, para- nitro and para- methyl were identified as hit and exhibited excellent in vitro
inhibitory effect against MARK4 with 1Cso value (50% of ATPase activity) at 2.12+
0.22uM, 1.98 + 0.34uM and-5.56 + 0.42uM respectively. The fluorescence binding and
dot blot assay were found in UM range for compounds para- iodo, para- nitro and para-
methyl substituted derivative which indicates a better binding affinity. In vitro studies
against the cancerous cells (MCF-7 and HepG2) revealed that the compounds para-iodo,
para- nitro and para-methyl substituted derivative inhibit the cell viability, induce
apoptosis and tau-phosphorylation. Cell viability studies gave the growth inhibition of
cancerous cells with 1Cso values of 3.22 + 0.42, 4.32 + 0.23 uM and 16.22 + 1.33uM for
human breast cancer cells (MCF-7) and 6.45+1.12,5.22+0.72 uM and 19.12 + 1.43uM

for human liver carcinoma cells (HepG2) respectively.

iv
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Rxn condition 1

| Yield- (79 -82% Rxn condition 1: O o
o) Yield-(30- 35% I
™ NH
NH % Re
0 Rxn condition 2:
R R5
Rxn. condition 2: R1,R, =H, Cl; R3, Rs = H, Me Yleld (72-84%) 3 R,
R,  Yield-(83-87%)% R4=H, Cl, Br, NOy, |, Me, OMe
Rg = H, NO,

Rxn. condition 1: Cu(OAc); (20 mol%) Ag,COj (3 equiv), DMSO, 120°C, 12 h

Rxn. condition 2: Pd(OAc); (20 mol%) Ag,COj (3 equiv), DMSO, 120°C, 12 h

Scheme: 4 Synthesis of 3-N-aryl substituted-2-heteroarylchromones and their
Microtubule Affinity Regulating Kinase 4for human breast cancer cell line, human liver
carcinoma cells and human embryonic kidney cell line.

Also, compounds para-iodo, para-nitro and para-methyl put the cancerous cells
on oxidative stress as suggested by ROS quantification. Based on above studies,
molecular docking of compounds para-iodo, para-nitro and para-methyl showed
hydrogen bonding, charge or polar and van der Waals interactions by the active site
residues of MARK4. These observations clearly showed that the compounds fit nicely in
the active site with high binding affinity. Thus, compounds may be as potential inhibitors
and further explored to design novel therapeutic molecules in the drug discovery against
MARKA4-related diseases. All synthesized compounds were fully characterized by H-
NMR, ¥C-NMR, FT-IR, HRMS.

Chapter 6. Regioselective Hydrodehalogenation of Aromatic a- and B-

Halo carbonyl Compounds by Cul in Isopropanol

An operationally simple copper-catalyzed hydro-dehalogenation of £’-halo-
chalcone and a-halo-flavone has been developed with isopropanol used as a solvent and
also serve as a hydride source in basic medium at 90 ° C leads to the corresponding hydro
dehalogenation chalcone and flavone products with high selectivity. By this reagent
combination, lodide, bromide and chloride can be reduced without any ligand involving
good to excellent yield. The reduction is companionable with numerous electron-
withdrawing or electron-donating groups. All synthesized compounds were fully
characterized by *H-NMR, *C-NMR, FT-IR, HRMS.
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/-\' 10 examples

X DG DG R-=H,F CI,Br,
CH;, OCH; NO,
| ‘ Yields X = Cl, 87-81%
X ‘ N X= BI', 92-8% X DG

7 examples

Yields X = Cl, 89-77%

R; = H, CIl, Br, OMe,

NO,, OH, Phathaline

DG = Directing Group

X = a, b to Directing Group

Cul (10 mol%),

10 examples
K2CO3 (3 equiv.)

Yields X = Cl, 68-86%
X = Br, 73-92%
X=1, 82-95%
R = H, F, Cl, Br,
CH3, OCH,

'ProH (3 mi

Regioselective Hydro-dehalogenation
Cheap and easily available catalyst

Low loading of catalyst

Broad substrate scope with natural product

Scheme 5. Synthesis of p’-dehalogenated chalcone and o-flavone product from g-
halochalcone and a-haloflavone.

Vi
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1.1. Introduction

1.1.1. General Introduction of Natural products

Natural product is a substance or compound, created via living organism such as -
plants, fruits and microorganisms etc. and are exclusively found in nature, formed with
secondary metabolism [1-2]. For the development in the field of organic chemistry,
Natural products have played a vital role by providing confronting synthetic targets in
drug development and discoveries. Directly and indirectly, a huge percentage of drugs
in modern medicine originate from natural sources. Traditionally, the concept for the
natural product is that it is applied as a therapeutic agent in different disease such as
Cancer infectious disease [3]. Flavonoids, Carotenoids, Chromenes, coumarins,
alkaloids and quinolones etc. are considered as a significant part of natural products and
are usually utilized around the world due to their assorted pharmacological properties
[4]. In Particular, flavonoids, chromene and quinoline have occupied a considerable
interest, owing to their diverse pharmacological, therapeutic and chemosensor

applicability’s [5].

Natural products

]

New skeletons
L A

Bioactivity Organic Synthesis
= Structure-Activity Relationship = New Synthetic Strategy
= The Mode Action =  New Synthetic Method
= Development of Medicine = Supply of Natural products
®=  Determination of Stereochemistry
=  Synthesis of New Analogues

Figure.1.1. Uses of natural products.
1.2. Flavonoid

Flavonoids (or bioflavonoids) are main sort of natural compounds, firstly invented by
Hungarian scientist Albert Szent-Gyorgyi in 1938 and comes from the Latin
word “flavus ” signifying yellow. They are an assorted group of phytonutrients (plant
chemicals) found in almost all fruits and vegetables [6]. Flavonoids are usually found in
plants as glycosylated derivatives and have numerous functions for flower coloration,
including attracting insects for pollination and dispersal of seeds, transport of auxin,
acting in defence systems, root and shoot development, modulation of reactive oxygen
species, (e.g., as UV-B protectants and phytoalexins), signalling between plants and

1
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microbes [7-9]. These compounds also have antioxidant and chelating properties and
therefore show many health promoting effects [10]. In addition, they have antibacterial,
antioxidant, anticancer effects, antiulcer, anti-viral, cardiovascular disorders, diabetes
mellitus and celiac disease [11]. Moreover, epidemiologic studies propose studies a
defensive quality of dietary flavonoids besides coronary heart disease [12].

Various additional properties ascribed to flavonoids include: Non-steroidal anti-
inflammatory drugs (NSAIDS) intended for the rationales of dipping swelling, reducing
fever, reducing pain affecting Alzheimer's af production on the basis of NF«kB
dependent mechanism and aromatase inhibitors enzyme [13-14].

1.2.1. Classification of flavonoids

Chemically flavonoids are polyphenolic constituents that support the flavan nucleus,
which are‘classified on the basis of fifteen-carbon skeleton (C6-C3-C6) containing two
benzene rings i.e. A and B joined through a pyran heterocyclic ring (C) (Figure 1.2)
[15].

Polyphenols
Phenolic acid Flavonoids Stilbenes Lignuns
| eg resveratrol  eg matairesinol
Hydroxybenzoic acid Hydroxycinnamic acid
eg vanilic acid eg caffeic acid

Flav0n01§ Flavones Flavanones Flavonols Isoflavones Anthocyal.ai(.lins
eg qu?rc‘?tln eg apigenin  eg naringenin eg catechin  €g genistein 8 Cya?“.dm

myricetin miteolin hesperidin epicatechin daidzein malvidin
kaempferol eriodictyol glycitein delphinidin

pelargonidin
Figure.1.2. Classification of flavonoid

Flavonoids are classified into one of many subclasses which are different in the level of
central ring oxidation, absence or presence of double bond, and form of substitution on
the C ring. The flavonoid class on the basis of location of ring B at 2-position are called
flavonoids i.e. 2-phenyl-benzopyrans, at 3-position is called isoflavonoids i.e. 3-phenyl-
benzopyrans and at 4-position are called neoflavonoids i.e. 4-phenyl-benzopyrans
(Figure 1.3). The major flavonoid groups when the B ring is attached with 2 carbon i.e.
flavones, flavanones, flavonols, flavanols, chalcones, aurones (Figure 1.4).

Isoflavonoids embrace isoflavones i.e. the analogue of flavones. Next is 4-arylcoumarin,
2
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its reduced form is 3, 4-dihydro-4-arylcoumarin main neoflavonoids which derived from

neoflavan structure (Figure 1.5) [16].

4 g 2
5 7 2 -0 C @
C 4
6 9
7

flavan isoflavan Neoflavan

Figure.1.3. Basic skelton flavan, isoflavan and neoflavan structure.

NS

OH

O (0]
chalcone flavone flavonol flavanone
+
sl ) o ¢ o )
[ i
OH OH Z
OH o o) 1
Flavandiol flavanol Aurone Anthocyanine

Figure.1.4. General structures of flavonoids.

5 %6 7%

(isoflavone)

4-aryl coumarin 3,4 dihydro-4-aryl coumarin
Figure.1.5. General structures of neo-flavonoid and isoflavonoid.
1.2.2. Natural Occurring Biologically Active Flavonoids
Some natural, synthetic and semi-synthetic flavonoids (Figure 1.6) have been
extensively accounted to exhibit diverse biological activities and are of significant
interest in the development of innovative therapeutic agents to treat different diseases
[17-23].

HO O .
OH

OH OH

OH

HO OH OH
Epigallocatechin gallate

_ Urundeoy|_nes prevention of tumour invasion
analgesic and anti-inflammatory or angiogenesis

8-Prenylnaringenin
Colo320DM human tumour cell line
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P o OH ‘ 0
£ E Bpleon

H MX-781
(0] 0 transcriptional activities and Cycloaltilisin
Theaflavins TNF-induced activation of NF-B DNA o ) .
inhibition of micelle development binding in diverse cancer cells inhibitor against cathepsin K
ICso= 840 nM

Figure.1.6. Some Natural and synthetic and semi-synthetic flavonoids structure.

Some alternations and inclusion of new functional groups like hydroxyl and aryl group
in the flavonoids structure, lead to considerable alteration in biological activities, for
e.g; quercetin has more antioxidant activity as compared to the chrysin, owing to the
presence of three supplementary hydroxyl groups [24], yet chrysin and flavone are more

efficient in the inhibition of the human aromatase enzyme as compared to the biochanin

A. (Figure 1.7) [25].
o O HO O Ol
Aol
) e

biochanin A

OH O

Chrysin Flavone

OH O

Querecetin
Figure.1.7. Structure of quercetin, chrysin, Flavone and biochanin A.
1.3. Chalcone

Chalcones (benzalacetophenone, benzylidene acetophenone and Phenyl styryl ketone),
are defined as open- flavonoid that appearances of the central core aimed as a diversity
of vital biologically active compounds, were primary isolated from Chinese liquorice
(Glycyrrhizae inflata) which are important constituents of natural source. The term
chalcone (a-phenyl-f-benzoyl ethylene) was firstly specified by Kostanecki and Tambor
[26].

Figure.1.8. Basic Skelton of chalcone.
Chalcones have nearly planar or linear structure; the two rings are interconnected via an
aliphatic three carbon chain and have completely delocalized-z-electron system due to

the presence of conjugated double bonds. Chalcones are generally coloured compounds
4
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on account of the occurrence of the chromophore (-ketoethylenic group) -CO-CH=CH
and auxochrome (Figure 1.8).

1.3.1. Methods for the synthesis of chalcone

1.3.1.1. Biosynthetic method of chalcone:

Chalcone biosynthesis set offs from the phenylalanine amino acid originating from
carbohydrate, which is synthesized by the shikimate arogenate pathway from
chorismate. The key step is the formation of trans-cinnamate via deamination of
phenylalanine in the presence of phenylalanine ammonia-lyase enzyme (PAL)
Cinnamate 4-hydroxylase monooxygenase synthesized from 4-coumarate by the
hydroxylation of trans-cinnamate. 4-coumaroyl-CoA is generated from the reaction of
coenzyme A and 4-coumarate which is catalysed through the 4-coumarate-CoA ligase
as of the phenylpropanoid pathway. It reacts with three acetate unit of malonyl-CoA
producing naringenin chalcone by losing coenzyme A in presence of naringenin

chalcone synthase (Scheme 1.1) [27].

o) Ceoz i _ Trans-cinnamate ~_COO"
Phenylalanine
H3N-—|-H G XC00O  4-monooxygenase /Ej/V
CHa T» T HO
N (4-coumarate)
@ NH3 (trans-cinnamate) & ? a Q
(shlklmate) 5: + < T
(L-phenylalanine) ST =+ COoA-SH+ATP
AMP+PPI
S-CoA naringenin chalcone o
HO OH I:;‘/\/Q/ synthase Q/\As_coA
HO
3 CoA-S-CO-CH,-CO,
CoA SH L L
OH O 3 CoA-SH + 3CO, ) (4-coumaroyl-CoA)

(naringenin chalcone)
Scheme.1.1. Biosynthesis pathway of chalcone.

1.3.1.2. Synthetic methods for chalcone preparation

Chalcone purification and extraction from plant is time taking and is a pricey method.
Because of this, scientists decided to develop easy, cheap, less reaction time, efficient
and effective methods in the laboratory. The general and easy method is the Claisen-
Schmidt condensation by using acids and bases such as potassium hydroxide (KOH),
sodium, hydroxide (NaOH), Piperidine, Lithium hydroxide (LiOH), Calcium Oxide
(Ca0), Aluminium Oxide (Al203), Barium hydroxide (Ba(OH).), Titanium tetrachloride

(TiCls), Zirconium tetrachloride(ZrCls) etc. is used in polar solvents.
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Scheme.1.2. Various chalcone derivatives from different starting material.

Additionally, some other striking protocols have been described such as palladium
mediated Heck coupling reaction of styrene, Bromobenzene and carbonmonooxide [28].
Suzuki Miyaura coupling reaction between phenyl boronic acids and cinnamoyl
chloride in the presence of palladium catalyst [29]. One more method is oxidation of 1,
3-diphenylpropenol with sodium bicarbonate and Oxone [30]. Further witting reaction
via equimolar concentration of a-carbonylated ylide with aldehydes [31]. Chalcones
have been also prepared directly by Friedel Crafts acylation 3-chloro-1-phenylprop-2-
en-1-one and anisole [32]. Another approach is palladium catalysed reaction of
chlorobenzene and 1-phenylprop-2-yn-1-ol by using copper iodide as a co-catalyst in
THF [33]. Interestingly a new approach is also introduced using dienyl silanes and
desilylative acylation of styryl with Iridium catalyst through acid anhydrides [34].

1.3.2. Application of chalcones

1.3.2.1. Synthetic Application

1.3.2.1.1. Synthesis of flavonoids derivatives

Chalcones have a simple chemistry, 2-hydroxy chalcone is used as main synthon in the

synthesis and biosynthesis of different flavonoids (scheme 1.3).
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Piperidine

OH

Scheme.1.3. Various flavonoid derivatives from 2-hydroxy chalcone as starting
material.

Chemists have developed large number of synthetic methodologies for cyclized
flavonoid synthesis like DMSO and iodine is one of the most common method for the
formation of flavones [35]. In addition, the use of ag. NaOH solution with L-alanine has
offered flavanone in excellent yields [36]. Aurone is synthesized by using mercury
acetate and pyridine under reflux condition [37]. Reduction of 2'-Hydroxy Chalcones
over Phase Transfer Catalysis catalysed condition offered Flavan-4-ols [38].
Dihydroflavonols prepared through H2O2 and diethyl amine in dioxane solvent [39] and
flavanols synthesized via ag. Solution of NaOH and hydrogen peroxide in the presence
of H20 and Methanol [40].

1.3.2.1.2. Synthesis of other heterocycles derivatives

Chalcones possess a, f-unsaturated carbonyl moieties and have two electrophilic centres
which allows them to take part in addition reactions (both 1,2-addition and 1,4-
conjugate addition) via delocalization of electron density in the C=C—C=0 system.
Conjugate addition leading to the combination of potential biologically active five
membered nitrogen containing heterocyclic ring in the presence of NH.OH.H0,
NH2NHCSNH,, NH2NH2.H20 and six membered nitrogen heterocyclic compounds due
to NH2CXNH2 (X = S, O), with ethanol. Sometimes it is used for the synthesis of three
membered heterocyclic compounds with ag. NaOH solution with Hydrogen peroxide
[41].
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Scheme.1.4. Various flavonoid derivatives from chalcone as starting material.

Abebaz and group described the total synthesis of bichalcone i.e. Rhuschalcone via
acetophenone transferred into ketal form through HoNSO3sH/ 2,3-butanediol in toluene.
Halogen exchange into boronate ester by adding up of 2-isopropoxy-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane with n-BuLi. Compound (1) was coupled with bromo
chalcone by Suzuki-Miyaura cross coupling using tetrakis(triphenylphosphine) as

catalyst to give compound (2).

W O OMe
: S
Meo\@( MeO Pd(PPhs)s MeO OMe
. o o) MeO
toulene
i e S

OMeO OMe ©

1 OMeO\{‘
2

I, Acetone
reflux

MeO
O OH O OMe O OMe
SRS ) H h
B O 5 U
HO OH — > MeO OMe meg OMe
e

HO OH CHCl, MeO OMe NaOH O

NS NS

OMeO OMeO 4 3 OMeO

Scheme.1.5. Synthesis of bichalcone.
Deprotected through molecular iodine in acetone produces acetophenone (3).

Condensation of compound (3) under solvent free condition in the presence of NaOH
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converted into hexamethoxybichalcone (4) Finally, by demethylation, bichalcone
converted into Rhuschalcone by using BBrs (Scheme 1.5) [42].

1.3.2.2. Biological Applications

Chalcone play a significant role as intermediates and key step in the synthesis and
biosynthesis of cyclised flavonoids [43]. Major chalcone are phlorizin, arbutin,
phloretin and chalconaringenin. It is an exclusive model that is associated with
numerous pharmacological properties like anti-diabetic [44], anti-retroviral [45], anti-
gout [46], anti-hypertensive [47], anti-histaminic [48], anti-inflammatory [49], anti-
obesity [50], @ anti-oxidant [51], anti-neoplastic - [52], anti-platelet [53],
immunosuppressant [54], anti-fungal [55], anti-arrhythmic [56], anxiolytic [57], anti-
parasital [58], anti-spasmodic [59], hypnotic [60], anti-malarial [61], anti-nociceptive
[62], anti-tubercular [63], hypolipidemic [64].

OH O OH
=7
o

o) OH Z
(e} OH
(@)
= I |
Millepachine Oxyphyllumchalcone
OH (6]

rhuschalcone

HO OH OH
O O
HO OH OH o

Candidachalcone Xanthoangelol Naringenin chalcone

HO OH
\©\/"u o ‘©/

HO OMe OH O
[ e, T :
y HO OH OH
OH O
N

Xanthohumol

OH

epicalyxin

Figure.1.9. Some naturally occurring biologically active chalcone derivatives.

Some naturally occurring chalcones such as an oxygenated chalcone Licochalcone A
obtained from the Chinese licorice root have been shown to inhibit the growth of both
chloroquine-resistant (CQR) Dd2 and chloroquine-susceptible (CQ®) 3D7 Plasmodium
falciparum strains [40]. Some other chalcones were assessed for their potential
inhibitory activities in contrast to the Inhibition of enzymes such as COX-1, COX-2,
LOX's, PLA2-V, and release of pro-inflammatory cytokines like IL-6 and TNF-o show

9
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ups the anti-inflammatory characteristics [65]. Chalcone is also use for the inhibition of
Mitochondrial fumarate reductase enzyme which is responsible for production of
succinate, leads to reduction of succinate level in parasites through suppressing glucose
metabolism [66].

In 2003, Khan et al. described the synthesis of boronic acid chalcone (5) which shows
anticancer activity against human breast cancer (MDA-MB-231) and (MCF7) cell line
at micromolar concentration [67]. Domi'nguez and group prepared a series of
Phenylurenyl chalcones (6) and used as antimalarial agent against Plasmodium
falciparum [68]. Kumar and co-workers reported the preparation of 1H-1,2,3-triazole
tethered fS-lactam—phenyl styryl ketone bifunctional hybrids (7) and were estimated for
their cytotoxic activity against a human lung cancer (A-549), colon cancer (Caco-2),
leukaemia cancer (THP-1) and prostate cancer (PC-3) cell line [69].

R4 o}

OH .
R1 B\ O
M X ©\ i O ‘ %
O N O
Rz N)LN NS g
o] H \
5

H o N-N
c N
Ry =FCl, | R,=H, F,Cl, Br, Me, OMe, "Ry
R,=H,F, Cl, Br R4 =H, F, Cl, R3 = OMe \ R =-OCHj, CH
7  Cyclohexyl

R2 = H, OCH,

R = OCHj, OC,H;5

Ry =H, CHs, Cl
HicoM_~ [/OCHs H,\ll
HIOCH4 NS o
Y
N
H/OCHS
7\
12 7\R
1" —— . . 13
R = Pipridine, piprazine
R = Ph, 4-CH3Ph, 3-CHsPh R pyrrolidine, morpholine R =H, 4-NO3, 3-NO,4-Cl
2-F-Ph, 2-CIPh, -CH,-Furan, pyrrole, imidazole, triazine 3-Cl, 2-Cl, 4-OCH3, 2,6 di-Cl,
2Me-4-CIPh 2,4-di-Cl

Figure.1.10. Some Synthetic biologically active chalcone derivatives.
Joksovic et al. described the synthesis, electrochemical study and antiproliferative
activity against human cervix carcinoma (HelLa) and human myelogenous leukaemia

(K562) of ferrocenyl pyrazole containing chalcone (8) derivatives [70]. A series of
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biscoumarin chalcone (9) was synthesized by Shukla et al. exhibiting potential; anti-
inflammatory and anti-oxidant agents [71]. Shashidhara and group reported the
synthesis of coumarin based chalcone (10) and presented their biological evolution
against one normal mouse embryo fibroblast (NIH3T3) and four Human cancer cell line
such as oral squamous cell carcinoma (KB) breast adenocarcinoma (MCF-7), cervical
carcinoma (C33A), lung cell line (A549) [72]. Joksovic™ and Co-workers described the
formation of chalcone (11) including an imine and anthraquinone group and were
evaluated for cytotoxic activity in contrast to HelLa, non-small cell lung carcinoma
(A549) and human colon carcinoma (LS174) cancer cells invitro conditions [73].
Bhasin et al. described the preparation of novel chalcone derivatives (12) and assessed
their anti-plasmodial activity against asexual blood stages of Plasmodium Falciparum in
vitro [74]. Liaras and co-workers prepared a series of thiazole containing chalcones (13)
and used them as potential antimicrobial active agent against Gram positive (S. Aureus,
Micrococcus flavus, Bacillus cereus, Leishmania monocytogenes) and gram-negative
bacteria (Salmonella typhimurium, P. aeruginosa Enterococcus faecalis and E. coli) and
fungi (Aspergillus fumigates, Penicillium funiculosum and Trichoderma viride) [75].

Geranyl, Prenyl and farnesyl are important substituents that are connected with
chalcone and are widely distributed in nature. They have shown a wide variety of
pharmacological and biological activities like anti-diabetic, anti-reverse transcriptase,
anti-fungal, anti-malarial, anti-tubercular, anti-bacterial, anti-tumor, anti-oxidative,

anti-metastatic and anti-inflammatory [76].

OH O
HO OH
OH

(Prorepensin(Prenyl chalcone)
(0}

OH OH
/ /
O (0] (0) & Z %

=

farnesyl chalcone
Geranyl chalcone Y

Figure.1.11. Prenyl, Geranyl and farnesyl chalcone.

Tadigoppula and co-workers reported the formation of chromano-chalcones (14) and
(15) and screened their anti-malarial activity against plasmodium falciparum in vitro
(Scheme 1.7) [77].
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=
|
OH Isoprene/phytol 0 OH 3 formylpyridine o <N
e
BF3-Et,0 aq. KOH, Ethanol, |
1,4 Dioxane,rt, 12h rt, 48h
OH O o) OH O
Citraldimethyl|  Pyridine 14
acetal 150°C, 11h
=

o OH 0 o N
Pd/C 3 formylpyridine |
X ag. KOH, Ethanol
Methanol,rt,3h y ' '
) o) OH O rt, 48h OH O
15

Scheme.1.6. Synthesis of Chromeno chalcones

1.4. Flavone

Flavone is one of the significant subgroups of flavonoids. The essential unit of flavone
is pyrone, which is there as benzo-pyrone (chromone). If its C-2 position is substituted
by phenyl group to give the first member, flavone (1) of the class Flavones (Figure
1.12). Flavones have a planar structure due to C-O-C bond angle 120.9°. The bond
length of C-O is 1.376 A and dihedral angle of about 179.2°.

Figure.1.12. General Structure of flavone.

1.4.1. Methods for the synthesis of flavone

1.4.1.1. Biosynthetic method of flavone

In flavone biosynthesis, chalcone synthase enzyme catalysed the flavone which is
synthesised by 3eq. malonyl-CoA and 1 eg. p-Coumaroyl-CoA to forms chalcone (16)
(naringenin chalcone), via cyclization chalcone isomerase enzyme to give flavanone
(17) (naringenine) (Schemel.7). Flavanone is the key intermediate for biosynthesis of
flavone. Flavones are generated by introduction of a double bond between C-2 and C-3
via flavone synthase | enzyme (2-oxoglutarate-dependent dioxygenase) to flavone
(Apigenin). In presence of flavone 3'-hydroxylase (F3“H) hydroxylation on apigenin
proceeding to give luteolin [78].
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OH OH OH
C| C| F3'H
"o o CHI HO © CYP75B4 HO 0 O
| SO,
J——— _—
OH O

OH O OH O
17 Eriodictyol
/ (Naringenin) ( yol)
FSll
Malonyl C A_/ FSll (CYP93B6)
a(%”é’ )° CHS (CYP93B6)
4 OH
HO o O HO
O | F3H
CYP75B4
p-coumaroyl-CoA
(1eq.) OH O OH O
(Apigenin) (Luteolin)

Scheme.1.7. Biosynthesis pathway of flavone.

1.4.1.2 Synthetic Methods of flavone:

Many methods have been developed for the formation of flavones in the laboratory such
as 2'-hydroxy chalcones give flavones by oxidative cyclization, in presence of iodine
catalyst and DMSO at 130° C [36].

1,/DMSO
(Oxidative
cyclization)

)K@ 1. KOH, pyridine
2. H2804 reflux

rearrangement

PhCOONa ©/lk )b
AIIan

Robinson
synthesis

1,/DMSO
(Oxidation)

Scheme.1.8. Synthesis of flavone via different starting materials.

Another method is oxidation of flavanone via DMSO and lodine [79]. Allan-Robinson
method in which benzoic anhydride and 2'-hydroxyacetophenone reacts in presence of
sodium salt of acid to afford flavone [80]. Baker-Venkataraman rearrangement in which
2'-hydroxy acetophenone and benzoyl chloride reacts in presence of base in pyridine
forms 1,3-diketone which in presence of acidic medium cyclizes to afford flavone [81].
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1.4.2. Application of flavone

1.4.2.1. Synthetic applications

In flavones, C-3 and «, f-unsaturated double bond is active center for electrophilic
attack therefore, numerous reactions performed at C-3 position afford the 3-substituted

flavone such as 3-iodoflavone by using I CAN and ACN [82],

PhI(OAC),, TMSCI, LDA,

Py, DCM CF3SOzMe

flavone " (3-methylflavone)

o A, o
S 3 | g “0cy.

3,

-Auyewip-¢‘e

[©]
%
INDQ ‘euelixolp

(3-nitroflavone)

(flavanone)

(epoxyflavone)

Scheme.1.9. Synthetic transformation from flavone.

next for 3-bromoflavone use NBS and DCM [86], methylation by using
LDA/CF3SOsMe to afford 3-methylflavone [83], nitration by using NHsNOs and
trifluoroacetic anhydride to afford 3-nitroflavone [84], Chlorination using TMSCI
affords 3-chloroflavone [85], hydroxylation through (diacetoxyiodo) benzene and KOH
to afford 3-hydroxy flavone [86], double bond reduction of «, f-unsaturated via NaBH,4
as reducing agents and NiCl,.6H,O as catalyst in methanol to afford flavanone [87].
Similarly, epoxidation of «, f-unsaturated double bond epoxidation can be carried out
with dimethyldioxirane (Scheme 1.9) [88].

1.4.2.2. Biological applications

Flavones are mostly found in fruits, vegetables and cereals which we consume

involuntarily in our day to day diet and they have an encouraging effect on our health
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without any vital side effects. The major natural flavones are luteolin (3'4',5,7-
tetrahydroxyflavone), chrysin  (5,7-dihydroxyflavone) and apigenin  (4',5,7-
trihydroxyflavone), and show antioxidant activities at low concentrations due to
presence of hydroxyl groups [89]. 6-hydroxy-flavone used in neurological disorder is
obtained from leaves of Barleria prionitis. Some other natural occurring flavones are
tangeritin (4',5,6,7,8- pentamethoxyflavone), Diosmetin (3',5,7 -trihydroxy-4-methoxy
flavone), baicalein (5,6,7- trihydroxyflavone), wogonin (5,7-dihydroxy-8-methoxy

flavone) and scutellarein (5,6,7,4'-tetrahydroxyflavone).

OH O
X = OH, Y = OH, luteolin OHENO )
X=OH, Y = H, apigenin chrysin

X = 0OMe, Y OH, Diosmetin

Qi g0 OH O

tangeritin baicalein wogonin
Figure.1.13. Some naturally occurring biologically active flavone derivatives
In 2007, Lewin and group reported the synthesis of piperazinyl flavones derivative (18)
and tested its antimalarial activity against and resistant (FcB1, K1) P. falciparum strains
and chloroquine-sensitive (Thai) ranging from micromolar to sub micromolar [90]. In
2012, Pratap et.al. described the preparation of Antidyslipidemic and Antidiabetic active
aminopropanol based flavones (19) derivative [91]. Ertan and co-workers designed
flavonyl-2,4-thiazolidinediones (20) and studied their insulin releasing and aldose
reductase (AR) inhibitory activity effects in vitro [92]. Hillard and group synthesises
ferrocenyl Flavone derivative (21) and showed cytotoxicity against the murine B16
melanoma cells. They are more cytotoxic as compared to the organic analogues and
have ICso value in micromolar range [93]. In 2015, our group synthesises flavones-
estradiol conjugates (22) and studied their antiproliferative activity beside human
cervical (HeLa cells) and estrogen-dependent breast cancer (MCF-7), with the estrogen-
independent (MDA-MB-23) breast cancer cell line [94]. Prior, we also described the
formation of triazole associated with flavone and tetrahydropyran (23), They have
shown a wide variety of biological activity for example antiproliferative activity against
human lymphoblastoid (KCL22), human breast (MDA-MB 231) and human cervical
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(HeLa) carcinoma cell lines [95]. Prenylflavone (24) have shown a widespread variety
of biological activities and pharmacological activities for example anti-diabetic, anti-
reverse transcriptase, anti-fungal, anti-malarial, antitubercular, anti-bacterial, antitumor,
anti-oxidative, anti-metastatic and anti-inflammatory. Ye et al. reported the synthesis of
imidazole and indole flavones fused derivative (25) and significantly shown excellent

antidepressant activity [96].

o OMe
ool
R : @ O | OCH, COOEt

OH
- OH O OR 19
R = 3, 4,5 triOMe, 2,4,5 triOMe, 2,3 diOMe, H, 4-Cl R = H, CH,Ph NH
R R4 = Tertbutyl,Isopropyl Ri
1
o. 1<
|
R =
2
e}

21
R1, Ry = H, F, Cl, Br

22
R = 4-OMe, 3-NO,-4-OH, 3,4DiOMe
4-OMe: R1 = 3-OAc, 3,5-OH

R = H, 4-Cl,4-Br, 4-OMe, 3,4,5 TriOMe
R1 = H, 4-F, 4-Cl,4-Br, 4-OMe R2 = Ph
R3 = H, Me, OMe, Cl, 3,4DiOMe

Figure.1.14. Some Synthetic biologically active Flavone derivatives.
Kattige and group described the synthesis of flavopiridol anticancer agent (26) from

| |
N

N
MeO OMe N [e) NaBH4 Lo
— =S m ) MeO i MeO OMe
Ethanol
OMe
OMe OMe

ACzO,
CH,Cl, | BF3OEt

N
Pyridine C'j@
HCl
- MeOOC HO

180°C -— MeO OMe
1. NaH, dry DMF
2. HCI (g)

OH O 3. Na,CO; OMe O
26

Scheme.1.10. Synthesis of flavopiridol alkaloid as anticancer agent.
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1,3,5 trimethoxybenzene and N-Methylpiperidone via multistep process involving many
organic reactions (Scheme 1.11) [97].

Iso-Prenylflavones, usually obtained from plants, have studied antioxidant properties
and their synthesis is used for structure activity relationship (SAR) studies. Minassi et
al. describes the formation of natural compound cannflavin B (27) and its regioisomer,
cannflavin A (28) i.e. unnatural have isoprenyl group in ring A, potentially active for
COX inhibiting. The iso-prenyl unit was introduced on protected acetophenone (28)
through a Mitsonbu reaction followed by Cope-Claisen rearrangement to synthesized
prenylated acetophenone (29). Regioselectivily, the pivaloyl unit in (30) is used as a
protecting group and the compound (31) is formed chemoselectively via o-desilylation
through TFA into water/THF. Compound (31) and (29) react with benzoyl chloride (32)
to give the diaroylmethanes in the presence of NaH i.e. (33) and (34). Regioisomerically
diaroylmethanes (33) and (34) were cyclized to give compound (27) and (28) through
Lewis acid TMS chloride and (CuCly) (Scheme 1.13) [98].

1. Prenyl
TBDMSO OTBDMS  _iconal TEELE oTBOMS  NaH TBDMSO OTBDMS OPiv
DEAD TPP
OMe
OH o 2. Eu(fod)s OH ) OH O O

Toulene, reflux

OMe
OPlv
| PivCl, Py m
TBDMSO OTBDMS TBDMSO l OH O OPiv
L 2 TBDMSO OTBDMS " O'V'e
OPivO THF.H,0 TBDMSO O O
34
OPivO %3 D—J‘ 2 9
gx|g°
S 0
OMe 3
OH O

CuCl, TBDMSO
TMSCI

TBAF,
Pyrrolidine OPivO 28

33 cannflavin B 27 cannflavin A

Scheme.1.11. Synthesis of iso-prenylflavone.
Biflavonoids have received great attention due to their varied biological application like
antileishmanial, anti-inflammatory, antiviral, antiplasmodial and S-secretase inhibitory

activity [99]. In general, biflavonoids activity is much higher as compared to individual
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Step-1
OH HO OH 1.HO—QCH0
1. CICH,CN/ZnCl,/HCI \Qi"/\ HO
J@\ 2.H,0 [ € 2 Ha
HO OH
OH O,
HCF,Cl/
NaOH
OCF,H OCF,H

HF,CO HF,CO
CHil/K,COy - AgOAc/l "2
|
OMe O OH O
38 36
Scheme.1.12. Synthesis of 6-iodoflavone.
Step-2
| OMe
HO OH HO OH
cl u O |

o] 40%
W Bis(pinacolato)

3 diboron O. .0
“B” PdCl,(dppf)

o
B OMe
OMe
- O HO 0
H 0
3 O ‘ CH3l/K,COs O |
-—
o)
g =2 41

Scheme.1.13. Synthesis of boronate flavone.
Step-3

o) OMe O

Scheme.1.14. Synthesis of biflavone via Suzuki cross coupling reaction.

monomers  [100]. Zheng - et al. described the synthesis of gem
Difluoromethylenated biflavone (35) in three steps. In Ist step they synthesized
protected apigenin, hydroxyl group via difluoromethyl. The intermediate, 6-iodonated
flavone (36) synthesized from (37) and intermediates i.e. flavone (39) which is
synthesized by 2-chloroacetophenone and benzaldehyde, was regioselectively produced
under mild reaction with 12/AgOAc. Methylation of compound (37) was done in the
presence of K,COswith CHsl to give compound (38) (Scheme 1.12). In 2" step

protected boronate flavone (43) was synthesized from 3-iodonated flavone (41)

18



Chapter 1: Introduction

(Scheme 1.13). In 3" Step they performed Suzuki cross coupling with 6-iodoflavone
(39) and boronate flavone (43) by using tetrakis (triphenylphosphine)palladium (0)
catalyst. (Scheme 1.14) [101].

1.5. Flavonol

Flavonol is a subgroup of flavonoid, chemically known as 3-Hydroxy flavone support
(3-hydroxy-2-phenylchromen-4-one). Flavonols exist in a wide variety of fruits, red
wine, tea and vegetables (Figure 1.10). Various fruits, leafy vegetables, tubers, bulbs
spices and herbs in addition to wine and tea contain flavonols mostly in the form of
glycosides [102]. Particularly peppers, onions, blueberries, cranberries, cherries, apples
and grapes that have the flavonol at levels as high as around 350 ppm.

Figure.1.15. Basic skeleton of flavanol.

1.5.1. Methods for the synthesis of flavonol

1.5.1.1. Biosynthetic method of flavonol

The frame of flavonol is synthesized by reacting malonyl-CoA (3eq.) and para-
coumaroyl-CoA (leq.) in presence of CHS (chalcone synthase enzyme) to form
Naringenin chalcone, which in the presence of chalcone isomerase enzyme (CHI)
undergoes cyclization to afford flavanone(naringenin) (43). This compound (43) in the

OH OH
Malonyl CoA O O
p-coumaroyl-CoA (Beq) HO OH chi HO o
(1eq.) ‘ = R
CHS

43
OH O OH O

(naringenin chalcone) (naringenin)

OH

OH O
45
(taxifolin)

(aromadendrin)

46
/ (quercetin) \
quercetin j
A . methylated
3-O-glycosides guercetin derivatives
quercetin
7-O-glycosides

Scheme.1.15. Biosynthesis pathway of flavone.
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presence of enzymes flavone-3-hydroxylase (F3H) and flavone3'-hydroxylase (F3'H)
give rise to aromadendrin (44) and taxifolin (45) respectively. Finally, taxifolin (45) in
the presence of flavonol synthase (FLS) furnishes quercetin (46) and this further can
undergo various transformations to give glycosides (Figure 1.15) [103].

1.5.1.2. Synthetic methods of flavonol

In laboratory for the synthesis of flavonols several synthetic processes have been
developed such as Auwers synthesis in which benzofuranone (47) reacts with
benzaldehyde (48) in acidic medium followed by bromination and then rearrangement
in presence of base to provide flavonol (49). [104] Alger-Flynn-Oyamada reaction in
which the reaction of 2’ hydroxychalcone (50) with H20 afforded chalcone oxiranes
which undergo cyclization to give flavonol (scheme 1.16) [105].

5 o) 1. conc. HCI, EtOH O
2. Bry, CHCly H20, OH
. T
(6] 3. KOH, EtOH Algar-Flynn-Oyamada

47 48 Auwers synthesis reaction o S0

49
(flavonol)

Scheme.1.16. Synthesis of flavonol via Auwers synthesis and Algar-Flynn-Oyamada
reaction.
Kostanecki and group reported the synthesis of flavonol (55) via oximation of

flavanone (52) which is synthesized from chalcone (51). Resulting Oximino ketone (53)
subsequently by hydrolysis converted into a-diketone intermediate (54), which enolized

to flavonol (55) (Scheme 1.17) [106].
OMe
0 ‘ MeO

OMe
MeO OH OMe MeO
HCI OMe c.H,,ONO
x _ > S

OMe O OMe O HCI

51 52

Scheme.1.17. Synthesis of flavonol.
In 2000, Wandless et al. reported the synthesis of the substituted kaempferol (60) (3-

hydroxyflavone) is shown in (Scheme 1.19). This reaction is carried out by benzyloxy
acetonitrile and Phloroglucinol in ether, Ketone (56) is formed. The ketone (56) product
when treated with triethylamine and tert-butylchlorodiphenylsilane gave bis-protected

phenol (57) derivative. Phenol derivative (57) was acylated by 4-azidobenzoic acid,
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using of EDCI and catalytic amount of DMAP and TsOH. In the presence of potassium
carbonate and pyridine, acylated phenol (58) transformed into the protected flavonol via
partial deprotection of the TBDPS ethers. Resulting mixture was treated with
tetrabutylammonium fluoride (TBAF) in THF to give intermediate (59). The Azide
group was reduced and benzyl ether was hydrogenolysed by using 5% palladium on
carbon (Pd/C) under a hydrogen balloon to give the desired p-amino-substituted product
(60) [207].

OH OH O TBDPSO (0]
©/\O/\CN HCI, ether OBn TBDPS-CI /(jftk/OBn
+ —_—
[ :1 EtsN
HO OH HO OH } TBDPSO OH
Le CH,Cl, 57
N3 EDCI
O DMAP, TsOH
HoOC CHoCl,
TBDPSO O
i). KoCO3,Pyridine OBn
N3
i). TBAF, THF  TBDPSO O\n/©/
N3 58 O

Scheme.1.18. Synthesis of kaempferol (65).

1.5.2. Application of flavonol

1.5.2.1. Synthetic Applications

In flavonol, the reactive site is 3-hydroxy group which undergoes various chemical

transformations to give amination, ethers, esters and glycosylation.

i) KoCOs, | i) NHs, THF,
TsCl rt

(0]

K,CO3
(0] O%\©

KOH
18-crown-6

PhCH,Br J

Scheme.1.19. Synthetic transformations of flavonol.
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Propargylation, benzylation, amination and benzoylation of flavone can be obtained by
reaction with ammonia solution [108], propargyl bromide [95], benzyl bromide [109],
and benzoyl chloride [110] respectively in presence of base (scheme 1.19).

1.5.2.2. Biological Application

Flavonols afford several health benefits such as; increased consumption of flavonols is
associated with lessened risk of cancer, stroke and cardiovascular diseases [111]. These
can be attributed to their anti-oxidant properties due to occurrence of aromatic rings of
the flavonoid molecule, which permit the acceptance and donation of electrons since
free radical species. Furthermore, some flavanols approve bone health, healthy brain,
prevent osteoporosis and possess anti-inflammatory and neuroprotective properties.
Hence, ingesting of foods rich in flavanols is associated with long-term health profits.
The major dietary flavanols are quercetin (61), myricetin (62), kaempferol (63), and
rutin (64) (Figure 1.16).

(quercetin) (myricetin) (kaempferol) (rutin)

Figure.1.16. Biologically active structure of flavonol.

1.6 Aurone

Aurones i.e. 2-benzylidenebenzofuran-3(2H)-ones) are less common flavonoid
derivatives in which chalcone is closed into a 5-membered ring as an alternative of the 6
membered ring that possess a benzofuran frame associated with a benzylidene linked in
position 2. They are the resultant metabolites natural products go to the flavonoids
family, and structurally they are isomers of flavones, distributed in flowers, fruits and
vegetables anywhere they participate in the pigmentation of ornament flower like

snapdragon, dahlia and cosmos [112].

Figure.1.17. Basic skeleton of Aurone.
1.6.1. Methods for the Synthesis of Aurone
1.6.1.1. Biosynthetic method of Aurone
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Aurones are obtained from biosynthesis of chalcone via rearrangement and oxidation as
well as other flavonoids by aurone synthase [113], also found in numerous natural
sources and show antioxidant activity by free radical’s scavenger [114] (Scheme 1.21).

OH
Chalcone ‘ Polyphenol HO
3-MalonylCoA Synthesis HO O OFi Oxidase

+ B ——

cinnamyolCoA

OH O

Scheme.1.20. Biosynthesis pathway of Aurone.

1.6.1.2. Synthetic method of Aurone

Yao et al. explained a highly simple and efficient phosphine ligand promoted method
with silver nano-particle catalysed the annulation of 2-(1-hydroxy-3-arylprop-2-

ynyl)phenol (65) behave as an intermediate in the formation of aurone (66) [115].

OH

Catalyzed annulation
[ IS y
o O

65

' BulLi
CHO // H Ag(l) complex-catalyzed
: + - .
OH addition- cyclization

Scheme.1.21. Gold catalysed synthesis of (Z)-aurone via salicyldehyde and phenyl
acetylene.
Su and group developed an efficient and expedient method for the preparation of (2)-

0O

Oxidation

oty B R
(0]
D

aurones (68) via intramolecular ring opening and cyclization reaction of (2-
halogenphenyl)(3-phenyloxiran-2-yl) (67), yielding methanone (67) using copper
iodide and 1,10 phenanthroline in DMF at heating [116].

o} ©)

aq. NaOH, | 30% H,02
0°c THF

O _ Cul(10 mol%), 1, 10- phen (20 mol%) o
o

. (0]
Cs2CO03, (1.5 equiv), DMF O O
. O (15 equiv) N .

o 67

Scheme.1.22. synthesis of (Z)-aurone through 2-bromo acetophenene and p-

chlorobenzaldehyde.

Qi and co-workers reported a universal and practical strategy to prepare aurone

derivative through palladium catalyst with 2-iodophenol and terminal alkyne via formic
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acid as the CO source through acetic anhydride used as an activator in moderate to good

yields with high selectivity and good functional group tolerance [117].

OH d(PPha)s @
+ + HCOOH —— >
| Toluene, Et3N

Scheme.1.23. Formation of aurone by 2-iodophenol and phenylacetylene.
Sauso group described the synthesis of aurone scaffold (2-(diphenylmethylene) -4-
hydroxy benzo furan 3(2H)-one) (69) under thermal reaction condition via 2,6 —

dihydroxy- acetophenone and aromatic ketone in the presence of potassium tertiary

butoxide [118].
PGS

t-BuOK, DMSO
@fU\ ‘/U\‘ 200 °C O S
o O
Scheme.1.24. Synthesis of (2-(diphenylmethylene) -4-hydroxy benzofuran 3(2H)-one).

Doi et al. reported the regioselective exo-Cyclization of o-Alkynoylphenols (70) with

the catalytic amount of tributyl phosphine under ambident reaction condition [119].

R3
R 2.5 mol% PBus

5 OH
O FZ R2  EtoH (50 mM), 30 °C

70

R; = H, Cl, OMe; Rg = H, CI, Br, OMe
R, =R3 =Ry =Rs=R;=H, OMe

Scheme.1.25. Synthesis of aurone by exo-cyclization of o-Alkynoylphenol.
Li and group described the effective and simple formation of ‘Aureusidine (71) in one

pot
OH O MOMO 0
MOMCI
HO OH MOMO OH
1.NaOH, EtoH —~MOMO
o) 0 2. H20, MeOH, 10% HCI OMOM
reflux,
H K,CO3 H
HO MOMCI  Momo )
OH OMOM

Scheme.1.26. Synthesis of Aureusidin by Algar—Flynn—Oyamada reaction.
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synthesis from substituted benzaldehyde and acetophenone on account of a development
of an Algar—Flynn—Oyamada reaction in the presence of base (NaOH), ethanol and
H202 and H20 at room temperature in 24h [120].

Seminally, Schoepfer et al. described the multistep synthesis of 2-benzylidene-
benzofuran-3-ones (72) by mean of acid-catalysed condensation reaction of 1-methyl-4-
piperidone (74) and dimethoxy phenol (73) yielding unsaturated derivative (75) in the
presence of acetic acid. The compound (75) with Pd/C followed by hydrogenation in the
presence of acetic acid gave (76). The benzo furanone (77) derivative synthesized when
compound (76) ‘consecutively react with aluminium - trichloride and chloroacetyl
chloride in a one-pot fashion. The compound (77) was condensed with substituted
benzaldehyde (78) and synthesized 2-Benzylidene-benzofuran-3-ones (72) using two
equivalents of potassium hydroxide and ethanol. Pyridinium hydrochloride is directly
used for the deprotection of dimethoxy at 180 °C. This compound is used for the
inhibition of CDKs. (Scheme 1.29) [121].

OMe OMe
OMe |
N HCI gas, acetic acid H,, Pd/C, 25 °C
+ MeO OH__—  _MeO OH
MeO OH i 25°C, 20h SN 20h, acetic acid
N \
\

73 74

75 76

Chloroacetyl AlCl, :
chloroacetyl | 0-100°C
chloride, 1h

OMe o)
H. O
) KOH, ethanol, 25 °C, 1h R, . o
MeO
ii) pyridinium hydrochloride,
180 °C,3h R
3 N
78 ‘ 77

Scheme.1.27. Formation of 2-Benzylidene-benzofuran-3-ones as Flavopiridol Mimics.

R1 =H, NOz, SOQNHz
R,=H, Cl

1.6.2. Biological Applications

Naturally occurring cotinus coggygria leaves have been extensively utilized for injure
therapeutic asset and antidiabetes that are rich in three aurones namely sulfurein (79),
sulfuretin (80) and its dimer form disulfuretin (81) [122]. 3',4,4',6-Tetramethoxy aurone
(82) is one of numerous constituents that has been obtained from the methanolic extract
of Cyperus radians (Cyperaceae) demonstrate insect antifeedant activity against
Spodoptera litura larvae [123]. Li and group identified a prenyl derivative, pauciaurone
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A (83) which is derived from plant i.e. Garcinia paucinervis. They tested their cytotoxic
activity in contrast to human leukaemia (NB4), human neuroblastoma (SH-SY5Y),
Carcinomic human alveolar basal epithelial (A549), Human prostate (PC3), Human

breast adenocarcinoma (MCF-7) cell lines [124].

b R=H 84 86
R = OCHj 85

OorR, ©
87

R4= R, = H,Me, Ac, alkyl
R3=R4=Rs = H, halogen, alkyl,alkoxy
X =Y = H,benzyl,prenyl,alkyl,alkoxy R1,R2,R3,R4 = H, Ac

Figure.1.18. Some structure of naturally occurring aurone.

Huong and co-workers extracted and isolated three geranyl-aurones (84), (85) and (86)
that were found in Artocarpus altilis leaves. These compounds are effective for a-
glucosidase inhibitory (ICso = 4.9 to 5.4 uM) and Tyrosinase inhibitory activities and
also used as anti-aging and anti-diabetic agents [125]. Its prenyl-aurone derivative
displayed nitric oxide (NO) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging activities [126]. Chu and group described the ability of aurones to prevent
microbial infections, like bacterial and fungal infections. The Synthetic aurones (87) and
(88) and naturally occurring dimer form of aurone (89) which is isolated from plant cell
cultures. The capability to inhibit infections has been estimated in numerous bacterial
and fungal (mycoses) agents on the basis of cell-based inhibition, by using an enzyme
[127]. Subbaraza et al. described the synthesis of 3',4',6, 7 tetrahydroxy aurone and its
analogues showing antioxidant activity via the superoxide NBT and DPPH free radical

scavenger methods [128].
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Ry, Ry=H, Ry, Ry = OH

R1, R4 =H, R2 = OCH3, R4= OH
R1, R2, R4 = H, R3 =OH

Ry, Ry =H, Ry, Ry = OH

Ry, R3, Ry= OH, R1=H

R1, Rz, R4 =H, R3= F

Figure.1.19. Structure of substituted aurone.

Okombi and group reported the formation of aurone scaffolds and used them as an
inhibitor of Tyrosinase which is originated from Human Melanocytes. They developed
4,6,4'-trihydroxyaurone which is used for hyperpigmentation-related anomalies [129].

R3 = H,OH,Et
R4 = H, OH, Et, OMe, OEt
t-Bu, 3'OMe, 4'OH, n-pr

Figure.1.20. Structure of aurone.
Gilbert and group described the synthesis of aurone bind with chromene and coumarin
scaffold via aldol type condensation reaction under catalytic amount of basic condition and

evaluate biological activity against K562 human leukaemia cancer cell line [130].

R = H, 6-Me, 7-Me, 7-CI,5-OMe,
7-OMe, 8-OMe,6-Cl, 6-F, 7-F
Ry = H, Me,

H5CO
Figure.1.21. Structure of chromene and coumarin aurone scaffold.

Hillard et.al. explained the synthesis of ferrocene (organometallic) aurone (90) and
organic aurone (91) using mercury (I1) acetate at 80 °C in pyridine for 3-5 h with good
yield. They evaluated their cytotoxic effect against estrogen receptor negative breast
carcinoma (MDA-MB-231) (ICso = 2.8 + 0.5 - 3.8 = 0.1) and human fetal lung cells
(MRC-5) (ICs0=3.5% 0.0 - 3.7 £ 0.1) of organic aurone at concentration ranging from
100 to 0.005 uM. Ferrocenyl aurones show antibacterial activity ranging from 2—-32 mg
L against Gram positive bacteria and gram-negative bacteria for example

Staphyloccoci aureus and Escherichia coli [131].

27



Chapter 1: Introduction

| =
R4 Fe R =H, OMe
R3 0 > R,=H, Cl, Br,F, OMe Rs
— R3 =H, OMe
R R4=H, Cl,Br, F Ry
R4 0 R4 0
920 91

Figure.1.22. Structure of ferrocene (organometallic) and simple aurone.

Inspired by the inclusive range of medicinal and biological properties, electronic or
photonic as fluorescence probes of aurone, we turned our attention to the synthesis of
biologically active stereospecific aminated aurone under ambident reaction condition
with strong base are discussed in chapters 3 (Scheme 1.28).

NH o,
Cul 5 mory | o =)

20-30min, 25°C

KOBu, DMF
20-30min, 25 °C

O™

Scheme.1.28. Synthesis of substituted aminated aurone.

1.7. Polycyclic Benzofuran

Functionalized Polycyclic benzofuran systems are significant structural motifs in an
enormous range of natural products such as Psoralidin (92), Medicarpin (93), plicadin
(94), Anastatin (£) A (95) and Anastatins () B (96). Naturally obtained fused furan
polycyclic heterocyclic compounds have been descripted to display intriguing and
substantial biological activities like cardiotonic, antibiotic, antiviral and protein tyrosine
kinase inhibitory activities as got in halenagquinone and another allied natural compound
(Figure 1.23) [132].

o)
0 o /&=
O el P L 0
HO 0
94

Psoralidin plicadin

92

Medicarpin OH
93

HO ?
HO,
ol $ )0 o
(e} OH
(x)-Anastatin A HO OH (x)-Anastatin B
95 96

Figure.1.23. Some naturally occurring structure of Polycyclic Benzofuran derivative.

28



Chapter 1: Introduction

Larock et al. described the synthesis of naturally and biologically interesting polycyclic
coumestrol (97), and their related derivatives that involve Sonogashira coupling
reaction, followed by iodo-cyclization of acetoxy derivative, thereafter it undergoes

palladium- catalysed carbonylation/lactonization [133].

on ACO OAc TsO OMe
\@/ ICI AcCl, EtsN Cat. Pd/C, 60 °C OAG
— - _—

[ ACO\©<C x O
X OAc
FPENH S
I

OH OTs
0 Q o) Q | AcO
0,
N TBAF,100 °c N Cat. 5% PdC|2(PPh3)2 OAC
il ol O
O o)
g o o HO 5% KoCO3, CO, DMF,60 °C 15O

Scheme.1.29. Synthesis of naturally and biologically active coumestrol.

Zheng and Shen team described the total synthesis of hirtellanine A (98), At first the
pyran ring was formed regioselectively, after that one-pot tandem boronation and
Suzuki coupling reaction under palladium-catalyzed condition followed by tautomerism

offered poly cyclic furan ring [134].

Cl

\'&
© 0 i) CH30OH,Piperidine o) (o)

HO O
i). Ko.COg3, K, Cul ! reflux
I (CH3),CO X N |
ii) CH3Clg, pyridine
OCHLO OCHL

0,
QR0 ii). Xylene, NaH, 130 °C 89% -
3.M92304, K2CO3 NaZCOS, HZO
89%

DDQ, DCM

i 90%(3 steps)
OH 1.DMF,NaH Br QERIE Pinacolborane o o
/@: PMBBr j@: Pd(PPhs), 0B OPMB
MR, _Pd(PPhals
HO OH PMBO OPMB THF.TEA :@:
% WBR.DMF g PMBO OPMB

Scheme.1.30. Total synthesis of hirtellanine A.

Lupinalbin H (101) was synthesized via the formation of intermediate lupinalbin A
(100) by regiospecific condensation with prenal. Lupinalbin A (100) prepared from
prior synthesized 2'-hydroxygenistein (99) through oxidative cyclization [135].

29



Chapter 1: Introduction

OH OMOM  MOMO o} Pd(C), Na,CO3 HO O HO
(HO),B . ||  DMEM,0 O |
—_— | ——————— O
OH OMOM o 0 CH3OH,HCI OH O OH
g 99
S
lTHF, DDQ
SR
N (o
O OH O
OH O

101

Scheme.1.31. Total synthesis of lupinalbin H.

Pinto and co-workers reported the synthesis of tetracyclic furan such as novel and
highly functionalized Psoralen analogues (102) and (103) and evaluated their
antiproliferative activity against three human tumor cell lines like MCF-7 (breast
cancer), SF-268 (CNS cancer), and NCI-H460 (non-small cell lung cancer) [136].
Similarly, Shchekotikhin et al. reported the synthesis of anthra[2,3-b]furan-3-
carboxamides and its derivative (104) led to the evolution the antiproliferative activity
of cervical HeLa and human leukaemia K562 cell line [137]. Shchekotikhin and group
developed the synthesis of series of anthrafurandiones derivatives (105) that have ability
to modulate topo | activity [138]. Nemoto and group designed and developed the
synthesis of furan-fused tetracyclic (106) which shows antiviral activity. HVJ in LLC-

MK2 cells was utilized for the evaluation [139].

Etooc. 2 Et00C
3 /o 7
o)
(D ® e
(0] o) N\
102 103 O‘O d
J B O OH
0 HN /> H R
NC ﬁ R = (>7N—R
N
CLCTy - e AR LT,
¢ R,R"=HCH; R" R™M=H,CHj,
RO o
O HN._~, " 104
R=TBS
R =Me, t-Bu X=NH,; NHMe, NMe,; R=H
X=NH ( CH,),OH :NHMe; NMe, R = TIPS

105
Figure.1.24. Some synthetic structure of Polycyclic Benzofuran derivative.
In 1952, Wedelolactone first obtained it from the extraction of Wedelia calandulaceae
and which exhibits a wide range of biological activities including an antidote for snake

venom.
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AcO OBn HO OBn
OH O ‘ OB
OBn n
P — = oBn  NHaNHz. HxO = OBn
O THF O
HO OH MeO OBn MeO OBn
107

108

MeOH, THF, | Pdl,- thiourea

CO,5OOC CBI'4, 052CO3

OH O O OH OBn OBn
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9 EtOAc
MeO o Yo AcOH(95%) O OMe O OMe
" 110 109

Scheme.1.32. Synthesis of wadelolactone.

Yang et al. described the total synthesis of wedelolactone 111 via key steps 107 which
is synthesized through palladium-catalysed Sonogashira cross. coupling reaction.
Compound 107 reacts with hydrazine hydrated in THF to give o-hydroxyaryl acetylene
(108) after that through the palladium-catalysed carbonylation annulation reaction we
got compound 109. Wedelolactone 111 synthesized via when compound 110 was
treated with 10% sulfuric acid in acetic acid [140].

In chapter 3, We also also synthesized the tetracyclic fused furan derivative via a simple
and efficient Ullmann type coupling reaction involving the 3-hydroxyl flavone
employing copper iodide at 80 °C in DMF under basic condition. This methodology has
rewarded, high yields, less reaction time and easy and tentative experimental procedures

over previous literature reports (described in chapter -2). (Scheme 1.37).

: o)
| Cl Cul, K,CO4 O |

O
o 80 °C, DMF, 2 - 4h
O O

Scheme.1.33. Synthesis of tetracyclic fused furan derivative.

1.8. Chromene and Quinoline

In 2012, Miller and group described the synthesis and pharmacologically activity of 2-
amino-7-(dimethylamino)-4-(naphthalen-1-yl)-4H-chromene-3-carbonitrile  conjugates
112. They studied their antiproliferative activity in two human prostate (LnCap and
PC3) cancer cell lines and two human metastatic melanoma (A375 and WM164) cell
lines with taxol resistant prostate (PC3-TxR) cancer cell line [141]. In 2008, again Cai
and group described the synthesis of new Series of 4-Aryl-4H-chromenes 113, 114 and
115 as novel anticancer agents. But they explore the (SAR) structural activity

relationship on the basis of substituted pyrrole with alkyl fused at the 7,8- positions of
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chromene [142]. In 2010, Foroumadi et al. synthesises the derivatives of 4- aryl-4H-
chromene with 2-arylthiazol-4-yl 116 at 4-position, showing inhibitory action against
colon adenocarcinoma cells SW480, breast cancer (MCF-7) and lung cancer (A549)
cells with 1Csg values below 5 uM [143].

Ri Rz

CN R
| =A"
~ /
N 07 "NH, \
| 112 —S
N~
R1=H, OCH3,
F, N(CH3), CN
R2=F, Br, H \
O \I\‘l 0~ >NH,
NH, Ry 116
o NN R, N R2 Rs = H, 2-CI,3-CI,
o 4-Cl, 4-Br
~
CL 0 e
N 118 N
\
HN~<\ R, = CHj, CgHs
o] Ry =H,F
117 Ry = H,CI

Figure.1.25. Synthesis of chromene and quinoline derivative.

Langer and groups reported the synthesis of [1,2,4]triazolo[1,5-a]quinoline-11-
carbonitrile 117 and their analogs. They were used in vitro as anti-HIV-1 (strain 11IB)
and anti-HIV- 2 (strain ROD) activity in human cells (MT-4) depend on MTT assay
[144]. In 2017, Zinjarde and co-workers synthesized quinoline with piperazine 118
scaffold with their antiproliferative activity against human breast cancer (MCF-7) cell
line and human embryonic kidney (HEK293) cell line on the basis of MTT assay [145].
The synthesized series of compounds have antibacterial activity as tested against
standard strains of Staphylococcus aureus (ATCC 25923), Escherichia coli (ATCC
25922) and Pseudomonas aeruginosa (ATCC 27853) in vitro via Broth Microdilution
MIC method range between 64 and 128 | g/ml. Having this range of pharmacological

application by these derivatives, that framework is attractive for our particular attention.

J\ J\ cl
K\N = S o (\N)\/k”/ks O
Ho—~ N 119 HON 120
Dasatinib BMS-354825

Figure.1.26. pyrimidine with piperazine derivative.
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Dasatinib 119 is a potent pan-Src kinase inhibitors. Compound 120 was potentially
active in K562 Xenograft model of CML (chronic myeloid leukaemia), demonstrating
complete tumour reversion and little toxicity at multiple dose level [146].

Therefore, keeping all these details in mind about pyrimidine, piperazine, chromene
and quinoline, we decided to join together these three moieties such as chromene,
pyrimidine and piperazine to synthesize the diversely substituted chromene and
quinoline pyrimidine piperazine conjugates 71 discussed in chapter 4 (Figure 1.25).

R'=H,Me,Cl R?=H, OMe
R3=H, Me, OMe, F, Cl, Br, NO,
R*=H, OMe R%=H, CI

X =0, NH

HO/\/N\)

Figure.1.27. Chromene and quinoline pyrimidine piperazine conjugates.

The products were evaluated for their anti-proliferative activities and molecular
docking. Bioassay results exhibited excellent activities against both hormone-dependent
MCF-7 and hormone-independent MDA-MB-231 cancer cells and human embryonic
kidney cell line (HEK293). To see the biological applications of flavone in above
literature we join flavone with aniline and show biological activities in chapter 5.

We describe a series of 3-aminated flavone through Pd-mediated oxidative coupling
using 2-heteroarylchromones and anilines as selective human Microtubule affinity
regulating kinase 4 (MARK4) enzyme inhibitors, a recently identified anti-cancer drug
target. Synthesized molecules were identified as hit and exhibited excellent in vitro
inhibitory effect against MARK4 with 1Cso value (50% of ATPase activity).

3

Pd(OAc); (20 mol%),
Ag,COg3 (3 equiv)
DMSO, 120 °C, 12h

Pd(OAc); (20 mol%),
Ag,CO3 (3 equiv)
DMSO, 120 °C, 12h

Scheme.1.34. Synthesis of 3-N-aryl substituted-2-heteroarylchromones and their
Microtubule Affinity Regulating Kinase 4 for human breast cancer cell line, human
liver carcinoma cells and human embryonic kidney cell line.

The fluorescence binding and dot blot assay were found in UM range. In vitro studies

against the cancerous cells (MCF-7 and HepG2) inhibits the cell viability, induce
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apoptosis and tau-phosphorylation.

1.9. Dehalogenation Reactions

Organic halides compounds (charcoal) that have carbon-halogen bond, firstly
synthesized by Justus von Liebig by chlorination of ethanol in 1832. After that,
organohalides have achieved a great attention [147]. Organohalides are normally used
as biodegradables, refrigerants, pesticides, chemical reagents — solvents, and polymers
and soil fumigants [148]. It has.been classified as pollutant in spite of their extensive
use in numerous applications. Because of this, dehalogenation reaction plays a vital role
to convert toxic organohalides to nontoxic products.

Lee and group used sterically hindered phosphites ligand and palladium as a catalyst for
the aryl bromide and chloride 121 in isopropanol at 80 °C to afford corresponding
dehalogenated product 122 in 3 hours [149].

R@X Pd,(dba)s/Ligand @H
(B o

X = Cl, Br Basec,) i-PrOH
121 S 122

Scheme.1.35. Dehalogenation of aryl chlorides using palladium/phosphite catalyst.

Ruiu et al. established a novelmethods for the hydrodehalogenation of halo-
heteropentalenes 123 with NaBH4-TMEDA serve as a hydride source using PdClx(dppf)
as a catalyst in THF to give Heteropentalenes 124 [150].

NaBH4, TMEDA
R X/‘/—X - - R H
L4 Pd-catalyst, THF, rt "\A//
123 124
A=NR, O, S

Y = CH,N; X =Cl, Br

Scheme.1.36. Hydrodehalogenation of Halogenated Heteropentalenes.

Jimenez co-workers developed a Pd/C catalyzed dehalogenation strategy for the
synthesis of different substituted arenes under basic condition at room temperature.
[151].

R1 R1
Rz H, 10% Pd/C R2
NaHCO3, MeOH, rt
X H
X =Cl, Br

R1 = OMe, NH2, OH, CH3, CN
R2 = F, NOz, CH3, C(O)CH3

Scheme.1.37. Hydrodehalogenation of halobenzenes with molecular hydrogen.
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The hydrodehalogenation of aryl halide reaction was performed by Wangelin and Co-
workers in the presence of iron and commercially available t-BuMgCl as a hydride source
with S-hydride elimination under milder reaction conditions [152].

Br H
‘ [Fe(acac)s], t-BuMgCl O
O THF, 0°C, 1h O

Scheme.1.38. Fe-catalysed hydrodehalogenation of aryl halide.

Xia et al. describe the dehalogenation adduct 125 by Ru(ll)-catalyst with 2-propanol aid

as a solvent and hydride source by transfer hydrodehalogenation of organic halides

[153].
0 o)
©\)LNH2 2.5 mol% [RuCly(p-cymene)],, 100 °C dNHZ
Br H

Solvent (1ml), base

125
Scheme.1.39. Ru-catalysed hydrodehalogenation of aeromatic halide.
In chapter 6, An operationally simple copper-catalysed hydro dehalogenation adduct has
been developed with isopropanol used as a solvent and also serve as a hydride source in
basic medium at 90 °C with high selectivity. By this reagent combination, lodide,
bromide and chloride can be reduced without any ligand involving good to excellent
yield. The reduction is companionable with numerous electron-withdrawing or electron-

donating groups of natural products.

0 ] O -
Cul (10 mol%)

KZCO3 3 equiv.)
Br O

‘%‘ 'PrOH (3 ml), 90 °C

Scheme.1.40. Synthesis of /5 -dehalogenated chalcone and a flavone product.
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3.1. Introduction

Ullmann coupling reaction is one of the most significant tools for the carbon-carbon,
carbon-oxygen, carbon-sulphur, carbon-selenium carbon-phosphorus and carbon-
nitrogen bond formation in the synthesis of diverse heterocyclic compounds and natural
products of biological importance [1]. Another application that is it used in organic
synthesis, various industrial applications, bioactive heterocyclic compounds, organic
semiconductor materials, natural products, alkaloids, drug like molecules, chiral
auxiliaries and polymer chemistry etc. [2]. A classical Ullmann coupling reaction,
however, suffers from several limitations such as high reaction temperature (125-220 °C),
long reaction time, use of stoichiometric or greater quantities of the copper-complex, poor
functional group tolerance, the little amount of the products only and less applications of
Ullmann coupling products [3]. Recently, several reaction conditions have been
developed for Ulimann coupling reactions for giving better yields using chelating ligands
such as 8-Hydroxyquinoline [4], amino acids such as L-proline [5], N,N-dimethylglycine
[6] and L-tyrosine [7], phenanthroline [8], 1,2 diamine [9], triphenylphosphine [10],
2,2,6,6-tetramethylheptane-3,5-dione [11], phosphazene Ps-t-Bu base [12], B-diketone
[13], neocuproine [14], monodendate and bidendate ligands [15], B-ketoester [16],
picolinic acid [17], aminophenols [18], DMPAO [19], diimine ligands [20], pivalic acid
[21], salicylamides [22] to enhance the solubility of copper salts.

Oxygen-containing five membered heterocycles are important synthetic intermediates

in an assorted range of naturally occurring and pharmacologically active molecules [23].

Et00C_ 9 0
HO,
/o
? o
6 =P
() d
0" o

(0]

Coumestone (1) Benzofurocoumarin (2)  hydroxylated dibenofuran-1,4-dione (3) Achyrofuran(4)

Figure.3.1. Biologically active benzofuro heterocyclic derivatives

Some synthetic and naturally occurring dibenzofuran derivatives shows different
effects such as furan motifs with polycyclic ring skeleton like coumestan are resourceful
intermediates in numerous natural products and therapeutic agents such as wedelolactone
(1) used as inhibitor of IKK complex that contain LPS-persuaded caspase-11 expression

[24]. Benzofurocoumarin (2) interestingly escorts to inhibit the growth of numerous
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human cancer cell lines [25]. Hydroxylated dibenzofuran-1,4-dione (3) is central frame
of Popolohuanone E to demonstrated the inhibition of topoisomerase 11 [26]. Achyrofuran

(4) is conscientious for anti-diabetic [27].

Additionally, they possess a wide range of applications and act as antibacterial,
antioxidant, antifungal, antibiotic, cardiotonic, protein tyrosine kinase inhibitory, anti-
HIV, anti-Alzheimer and anticancer agents [28]. They are also employed as
pharmaceutical agents in cyclic dependent kinase (CDK) inhibitors [29]. Some
remarkable efforts have been made towards intramolecular C-O bond formations,
involving transition metal catalysts. For example, through the dehalocoupling of diaryl
ether via Benzyne-Tethered Aryl Lithiums intermediate formation [30]. Another
approach is by the cyclization of o-iodophenols with silylaryl triflates [31] and oxidative
coupling of diaryl ether [32]. Furthermore Pd-catalyzed reaction has been extensively
used in the construction of furan ring via oxidative cyclisation of diaryl phenol in presence
of air as oxidant [33] or 3-nitropyridine and tertbutylperoxybenzoate (BzOOtBu) as
ligand and oxidant respectively [34]. Moreover, Nakano et al. have been developed a
resourceful protocol for C—O coupling reactions with intramolecular O-arylation,

generating ladder-type heteroacenes with palladium-catalyst and phosphine ligand [35].

O Pd(OAc), Q
cl

: | K3POy, 100°C
B(OH), i) Suzuki-Miyaura o)

cross-coupling OH toluene/DME O
+ _— |O

| ii) Deprotection

[} ;
HO

3 ; ()
RO O (R1)2P

R, ='Bu

Scheme.3.1. Synthesis of ladder-type heteroacenes

Liu co-worker’s successfully developed fused benzo[4,5]furoheterocycles with pre-
synthesized copper(l) thiophene-2-carboxylate (CuTC)-complex via intramolecular
cyclisation under inert atmosphere [36]. Zhu group explained CuBr catalyzed cyclo-

etherification reaction using pivalic acid (PivOH) as additive [37].

A\
i) Pd(OAc),, PPhy Q_«o O
cl OMe K3POy, 100 °C cl \Cu/
Br O
HO

B(OR), rt to 80 °C ) o
ii) BBrz, DCM 120-180 °C

Scheme.3.2. Synthesis of Dibenzofuran.

82



Chapter 3: Synthesis of flavones fused benzofuran derivatives

In 2017, Koshino and group described the synthesis of 3-phenyldibenzo[b,d]furan i.e.
Vialinin B which is used as a tumor necrosis factor (TNF)—a production inhibitor.

Phenyldibenzofuran moiety prepared through Cu2O in pyridine [38].

(HO)szosn
o OO 385
Br‘%;§*8r Pd(PPhs),, Cs,CO4 OBn

toluene, 110 °C MOMO
MoMS  OMOM OMOM MOMO  OMOM

Cl

(HO)QB@OBn

10% HCI-MeOH, cl
Pd(OH),, H O OBn DCM,rt
wﬁ# S Ao
OMOM i) Cuy0,pyridine,
110 °C MOMO OMOM

Scheme.3.3. Synthesis of phenyldibenzofuran.

Recently, Hong et al. reported C—O cyclisation of flavones via C—H functionalization
to form heterocyclic-annelated benzofuran skeleton. However, the product formation
requires more than stiochiometric amount of Cu(OAC)2 along with Zn(OTf)3 as additive.
Also, the reaction took longer time and high temperature (120 °C) [39]. Therefore, these
methods undergo from several limitations such as inert atmosphere, expensive catalyst
loading, high temperature (above 100-140 °C), oxidant, additive and requirement of
sterically hindered ligands etc. To overcome these problems, many synthetic chemists
have been attempted to develop economical, facile, efficient and environmentally benign
protocols for the construction of benzofuran scaffolds. Hence, Expansion of an innovative
catalytic process for the synthesis of flavanone fused benzofuran skeleton is highly
desirable. Herein, we describe new protocol i.e. simple, efficient, easy, straightforward
and ligand free copper-catalyzed Ullmann type coupling reactions for the intramolecular
C—O bond formation between OH and Cl group to afford-biologically active flavone-
benzofuran fused heterocyclic derivatives [40] from substituted 2-(2 chlorophenyl)-3-
hydroxy-4H-chromen-4-ones relatively under mild reaction conditions with wide ranging
of substrate scope.
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3.2. Results and discussion

Table.3.1 Optimization of reaction conditions®

o @ Catalyst, base (o) @
: B D

@ B | Cl Temp, Time @ | o

OH

o o
1a 4a
Entry Catalyst Base solvent  Temp Time Yield
(10 mol%) (3 equiv) (°C) (h) (%)°

1 Pd(OAC),  K2COs DMSO 100 °C 24
2 Cu(OAc), KzCO3 DMSO 100 °C 24 1
3° Cu(OAc), -/KzCOs DMSO 100°C 24 -

4 Cu(OAc) KoCOs DMSO 80°C 4 25%
5 CuBr; Na.CO: DMSO 80°C 3 40%
6 CuCl; Na.CO: DMSO 80°C 3 44%
7 CuBr; K2CO3 DMSO 80°C 3 49%
8 CuCl; K2COs3 DMSO 80 °C 3 52%
9 CuCl Na.CO: DMSO 80°C 3 67%
10 CuBr Na.COz DMSO 80°C 3 70%
11 Cul Na.CO3 DMSO 80°C 3 72%
12 CuCl K2COs3 DMF 80 °C 3 75%
13 CuBr K2COs3 DMF 80 °C 2 79%
14 Cul K2CO3 DMF 80 °C 2 90%
15 “Cul K2COs3 DMF 80°C 4 81%
16 dcul K2COs3 DMF 80°C 12 85%

aReaction were carried out at 1 mmol scale, catalyst (10 mol%), base (K2COs) solvent (4ml), temperature, ® Zn(OTf)2
(20 mol %), °Cul (15 mol%), “Cul (5 mol%), Isolated yield.

We commenced our reaction with 2-(2-chlorophenyl)-3-hydroxy-4H-chromen-4-one as a
model substrate for the formation of product 4a by using Pd(11)(OAc) in DMSO at 100
°C, but not succeeded to get the desired product (Table 3.1, entry 1). So we replaced
Pd(OACc). with Cu(ll)acetate, but again we attained no product (Table 3.1, entry 2).Using
Cu(Il)acetate and Zn(OTf)2 with or without a base i.e. KoCOz was also vain as the
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required product was not obtained (Table 3.1, entry 3).However, when we used
Cu(Dlacetate (10 mol%) the reaction furnished the product 4a in 25% vyield in 4h (Table
3.1, entry 4). Encouraged by the results, we investigated the reaction under different
conditions. We proceed the reaction with different copper salts such as CuCl,, CuBr» (10
mol%) in presence of base Na>COs and DMSO solvent. The yield of product formation
slightly improved (30% and 34%) (Table 3.1, entry 5 and 6). Changing the base to K.CO3
as compare to Na2COs, the product yield slightly improved (39% and 42% respectively)
(Table 3.1, entry 7 and 8). The reaction was also performed with CuCl, CuBr (10 mol%)
and Cul (10 mol%) in presence of base Na2COs which afforded the desired product in
67%, 70% and 72% respectively (Table 3.1, entry 9, 10 and 11). In order to improve the
yield of the product formation, a comprehensive screening was adopted by changing the
solvent and base conditions. It was also observed that with CuCl, and CuBr (10 mol%) in
presence of K>COz the desired product was obtained in slightly better yield (75% and
79% respectively) as compared to Na>COs (Table 3.1, entry 12 and 13). Efficiency of the
reaction was encouraging, when the reaction was carried out with Cul (10 mol%) in
presence of base K.COs at 80 °C temperature in DMF for 2 hrs, excellent yield of product
90% was obtained (Table 3.1, entry 14). when reaction was carried out in presence of Cul
with (15 mol%) and base K>COs, no more variation in yields of the desired product was
obtained (Table 3.1, entry 15). However, when we used Cul with (5 mol%) with base
K2COs it improved the yield but took more time (10-12) hrs (Table 3.1, entry 16).

3.3. Substrate scope

Under optimized reaction conditions, we further focused on the scope of substrates in Cul
catalyzed reaction of 2-(2-chlorophenyl)-3-hydroxy-4H-chromen-4-one derivatives for
the synthesis of flavones-benzofuran fused derivatives (scheme 3.4). We explored the
substrate scope for the tetracyclic flavone fused benzofuran compounds. The reaction
exhibited wider substrate scope and showed good tolerance for both electron-donating
and electron-withdrawing groups. Marginally, Electron withdrawing group —CI and —Br
substituted aryl ring A and ring C afforded products in higher yield (4e, 4f, 4g, 4h, 4i, 4j,
4n, 40 and 4p) than electron donating group — Me and — OMe substituted 2-(2-
chlorophenyl)-3-hydroxy-4H-chromen-4-one (4k, 4l, 4m, 4q, 4r). The substituent at
different positions of ring A also furnished products in satisfactory yields. We also

performed reactions with ortho-substituted on C-ring like methyl and phenyl groups.
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R4

R3 R3
| Cl Cul, K,CO;
oH 80 °C, DMF, 2 - 4h
o A)
L
o
o]

4a 87%
Cl

MeO o} O Cl
(L
(0]
(¢}

4r 76%

4s78% 4t, trace amount

@Reaction condition: 1a (1 mmol, 272mg), K2COs (3 equiv., 414mg), Cul (0.1 mmol, 20mg) in DMF
solvent (4 mL). "Isolated yield.

Scheme.3.4. Synthesis of heterocyclic flavones-benzofuran fused derivatives.
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Methyl substituted reactant gave the product 4s in moderate yield (78%) might be due to
steric hinderance while a bulkier phenyl groups at ortho position failed to give the
product.

3.4. Structure determination

The structure elucidation of C15H7CIO3 (4d) and C15HgCl203 (1g) was established on the
basis of the collective information obtained from a variety of spectroscopic techniques
such as U.V visible spectroscopy, FT-IR, *H-NMR, *C-NMR and LC-MS. Compound
4d was obtained as a white solid. UV-visible spectrum of 1g demonstrate three absorption
peaks at 245 nm, 307 nm and 343 nm on the other hand 4d shows two absorption peaks
at 245 nm (due to n-n* transition) and 300 nm (due to n-n* transition). The IR spectrum
of 4d showed absorptions at 1705, 1271, 1027, 751 cm™ for carbonyl asymmetric
stretching, C—O—C (ether) and C—Cl, symmetric stretching frequency respectively 1g
shows —OH at 3430 cm* and the disappearance of 3430 (—-OH) cm™ peak in 4d confirmed
the cyclization product. In *H NMR—OH peak appear at 10.80 ppm in 1g. Disappreance
of —OH peak and some shifting shows of proton in aromatic region shows the formation
of cyclized products. In C-NMR spectrum, 1g shows carbonyl peak (~C=0) at 180.2
ppm and thirteen signals due to symmetry of ring C, on the other hand 4d exhibits
carbonyl peak (-C=0) at 169.1 and fifteen signals due to loss of symmetry of ring C.
Further the cyclized structure of the product C15sH7CIO3z was confirmed by LC-MS. The
m/z molecular ion peak (M+1) at 271.2, 273.2 due to removal of one Cl-group from 1g
(expected = 271.0, 271.0).

3.5 Reaction mechanism

A plausible mechanism for the formation of product 4a has been depicted on the basis of
previous literature [41]. In the presence of K>COs, 2-(2-chlorophenyl)-3-hydroxy-4H-
chromen-4-one converted into a potassium 2-(2-chlorophenyl)-4-oxo0-4H-chromen-3-
olate salt which reacted with Cul to form a copper (I) complex i.e. intermediate A. Copper
(1) complex switched into copper (I1I) complex i.e. intermediate B via the oxidative
addition of —CI group of ring D. Finally, copper (111) complex’s reductive elimination
afforded the desired product 4a and regenerated Cul for the next catalytic cycle (Scheme
3.5).
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KCI
.
(0] O Cul
T
(¢}
(0]

Reductive
elimination

O

o ————
A
B Oxidative
addition

Scheme.3.5. Proposed mechanism

3.6. Conclusion

In summary, we have demonstrated an expedient copper-catalyzed intramolecular Ullman
type-coupling reaction between —OH and —CI group of substituted 2-(2-chlorophenyl)-3-
hydroxy-4H-chromen-4-ones for the C-O bond formation to afford heterocycle flavones-
benzofuran fused derivatives involving basic condition. Efficient and fast conversion
under mild reaction conditions with excellent yield are great advantages of our method.
Simplicity, reliability and Straightforwardness accomplish it an attractive tool for
environmental and organic chemists. This path has wide substrate scope and should be
appropriate for the synthesis of numerous pharmacologically interesting molecules.

3.7. Experimental Section

3.7.1. General information

All the required chemicals were purchased from Merck, Avra, Sigma aldrich and
Himedia. IR spectra were recorded on a Thermo Nicolet FT-IR spectrophotometer
with KBr. NMR was recorded on Bruker Spectrospin DPX 500 MHz and Jeol
Resonance ECX 400 MHz spectrometer using CDClIs as solvent. In 'H NMR
Chemical shifts were recorded in parts per million and referenced internally to the
residual with tetramethylsilane (TMS 6 -0.00 ppm) or proton resonance in CDCl3
(8 -7.26ppm). 3C NMR spectra were referenced to CDCls (5 -77.0 ppm, the middle
peak). Coupling constant are calculated in Hz. The following abbreviations are
used to explain the multiplicities: s = singlet, d = doublet, dd = doublet of doublet,
dt = doublet of triplet, t = triplet, q = quartet, m = multiplet. Mass spectra were

measured with ESI ionization in MSQ LCMS mass spectrometer. Electronic
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absorption spectra of 1j and 3d in dichloromethane solvent were recorded with an
Evolution 600, Thermo scientific (shimadzu) UV. Visible spectrometer.

3.7.2. General procedure

3.7.2.1. Synthesis of Chalcone derivatives

To a solution of 10 millimole of o-hydroxy acetophenone (1.1ml) in 10 ml ethanol and 3
equiv. of sodium hydroxide, 1.1 millimole of benzaldehyde was added and the mixture
was left overnight at 35- 40 "C. After regular TLC monitoring. The deep orange solution
become appear that solution was poured into crushed ice and acidified with hydrochloric
acid for neutralization. The yellow precipitate comes out and separated by filtration and
recrystallized from methanol [42].

3.7.2.2. Synthesis of 3-hydroxy flavone derivatives

To a suspension of 1millimole of chalcone in 10 ml of methanol was added 10 ml of 20%
aqueous sodium hydroxide with stirring, after 15 min followed by the careful addition of
I8 ml of 30% hydrogen peroxide over a period of 0.5 hours. After regular TLC
monitoring. The reaction mixture was stirred for 3.5 hours at 30 °C and was poured into
crushed ice containing 5 N hydrochloric acid for neutralization. The light-yellow colour
precipitate was coming out then filtered, washed, dried and recrystallized from Methanol
[43].

3.7.2.3. Synthesis of Flavone fused benzofuran derivatives

A round bottom flask with a magnetic stirring bar was charged with 2-(2-chlorophenyl)-
3-hydroxy-4H-chromen-4-ones (1 mmol, 272 mg), K2CO3 (3 equiv., 414 mg), Cul (10
mol %, 0.1 mmol, 20 mg) in DMF solvent (4 mL). The reaction mixture was heated at 80
°C for 2-4 hrs. After regular TLC monitoring because of complete conversion of starting
material, the mixture was poured into cold ice water and neutralized carefully using 1N
hydrochloric acid which gave the precipitated product. It was filtered and washed with
water under vacuum. The product was re-crystallized with methanol to get a light green
colored solid because of copper iodide. Further purification by column chromatography
(hexane/ethyl acetate, 9:1) afforded the desired product as a white solid with good to

excellent yield.
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3.8. Characterization data
2-(2,6-dichlorophenyl)-3-hydroxy-4H-chromen-4-one (1j): Yield: 96% as light

yellow solid; mp: 242-244 °C; *H NMR (500 MHz, CDCl3 ppm): o

& 10.80 (s, 1H), 8.45 (d, J = 7.9 Hz, 1H), 7.78-7.71 (m, 2H), o
7.59-7.54 (m, 2H), 7.52-7.47 (m, 2H), 7.41 (d, J = 7.9 Hz, 1H); | on”
13C NMR (100MHz, CDCl3, ppm): 5 180.1, 156.0, 155.5, 148.0, ©

137.8,133.7, 130.9, 127.8, 126.5, 125.0, 118.8, 117.0, 111.9; FT-IR (KBr): 3430, 1726,
1692, 1270, 1027, 918, 754, 657 cm™*; LC-MS (ESI*): m/z calculated for CisHsOs3
[M+H]*: 306.9, found: 306.9.

11H-benzofuro [3, 2-b] chromen-11-one (4a): Yield: 87% as white solid; mp: 187-189
"C; 'H NMR (500 MHz, CDCl; ppm): & 8.48 (d, J= 7.9 Hz, 1H), 8.00
(d, J = 7.8 Hz, 1H), 7.76 (t, J = 7.5 Hz, 1H), 7.71-7.68 (m, 2H), 7.64 O o | O
(t, J = 7.5 Hz, 1H), 7.52-7.45 (m, 2H); 3C NMR (100MHz, CDCls, ¢
ppm): 8 167.3,156.0, 155.5, 148.0, 137.8, 133.8, 130.9, 127.7, 126.5,
125.2,125.0,124.9,118.8,117.1,112.0; FT-IR (KBr): 1705, 1670, 1270, 1027, 918, 754,
657 cm; LC-MS (ESI*): m/z calculated for C1sHgOs [M+H]*: 237.0, found: 237.2.

(o)

8-chloro-11H-benzofuro [3,2-b]jchromen-11-one (4b): Yield: 90% as white
solid; mp: 254-256°C; *H NMR (500 MHz, CDCls ppm): &
8.47 (d,J=7.9 Hz, 1H), 7.92 (d, J = 8.4 Hz, 1H), 7.77 (t, J O o ‘ O N
= 7.5 Hz, 1H), 7.70-7.69 (m, 2H), 7.51 (t, J =7.5 Hz, 1H),
7.46 (d, J = 8.5 Hz, 1H); **C NMR (100 MHz, CDCls ppm):
0168.5,156.4,152.1,141.6,135.4,130.4,129.1,126.4,122.2,121.3,117.4,117.1,
115.0, 112.7, 110.0; FT-IR (KBr): 1705, 1670, 1271, 1027, 918, 751, 658 cm™;
LC-MS (ESI™): m/z calculated for C15H7CIO3 [M+H]": 271.0, 273.0 found: 271.1,
273.2.
6-fluoro-11H-benzofuro [3,2-b]Jchromen-11-one (4c): Yield: 83% as white
solid; mp: 232-234°C; 'H NMR (400 MHz, CDCls ppm): &
8.45(d, J=7.9 Hz, 1H), 7.77-7.70 (m, 2H), 7.59-7.54 (m,1H),
7.50-7.46 (m, 2H), 7.11 (t, J = 8.6 Hz, 1H); 3C NMR (100
MHz, CDClz ppm): 167.1, 156.2(d, 8'Jc.F = 242.8 Hz), 156.1,
156.0, 155.0, 147.2, 137.2, 133.8, 131.2(d, 3Jcr = 7.8 Hz), 126.5, 125.2, 118.6,
110.0,(d, 2Jc-e= 17.7 Hz), 109.2 (d, 3Jc.r = 4.3 Hz), 108.2 (d, 2Jc-r = 20.4 Hz) ppm;
FT-IR (KBr): 1705, 1672, 1270, 1027, 918, 753, 658 cm™; LC-MS (ESI*): m/z
calculated for C1sH7FO3 [M+H]*: 255.0, found: 255.2.
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6-chloro-11H-benzofuro[3,2-b]jchromen-11-one (4d): Yield: 89% as white
solid; mp: 264-266°C; *H NMR (500 MHz, CDCls ppm): §
8.50 (d, J =7.9 Hz, 1H), 7.82-7.77 (m, 2H), 7.63 (d, J = 8.3
Hz, 1H), 7.55-7.52 (m, 2H), 7.45 (d, J = 7.6 Hz, 1H); 3C
NMR (100 MHz, CDClsz ppm): 6 169.1, 154.4, 150.8, 141.1,
131.2, 126.6, 120.3, 115.2, 113.9, 112.1, 111.3, 110.3, 108.2, 107.6, 106.7; IR
(KBr): 1703, 1672, 1270, 1027, 918,753, 658 cm™; LC-MS (ESI*) m/z calculated
for C1sH7ClO3 [M+H]": 271.0, 273.0, found-271.2, 273.2.

3, 6-dichloro-11H-benzofuro [3,2-b]Jchromen-11-one (4e): Yield: 88% as white
solid; mp: 281-282°C; *H NMR (400 MHz, CDCls ppm): &
8.57 (s, 1H), 7.84 (d, J = 8.8 Hz, 1H), 7.63 (d, J = 8.8 Hz,
1H), 7.60-7.53 (m, 2H), 7.41 (d, J = 7.2 Hz, 1H); *C NMR
(100 MHz, CDCls ppm): 169.6, 152.0, 141.4, 135.0, 130.0,
129.9, 127.7, 126.5, 125.7, 122.8, 121.7, 120.7, 117.4, 114.6, 110.2; IR (KBr):
1705, 1672, 1270, 1027, 918, 753, 658 cm™; LC-MS (ESI") m/z calculated for
C15HsCl203 [M+H]" : 304.9 found: 304.9.
3-chloro-11H-benzofuro[3,2-b]jchromen-11-one (4f): Yield: 86% as white solid;
mp: 272-274°C; 8 '"H NMR (500 MHz, CDCls ppm): & 8.51
(s, 1H), 7.89 (d, J = 7.8 Hz, 1H), 7.74 (d, J = 8.8 Hz, 1H), |“ O © ‘ O
7.61-7.55 (m, 2H), 7.51 (d, J=8.8 Hz, 1H), 7.39 (t, J = 7.4
Hz, 1H); 3C NMR (100 MHz, CDClz ppm): 8 166.1, 155.4,
154.8, 149.5, 137.2, 136.5, 131.0, 129.3, 124.5, 120.8, 120.3, 118.6, 117.9, 113.7);
IR (KBr): 1703, 1672, 1270, 1027, 918,753, 658 cm™; LC-MS (ESI*) m/z
calculated for C1sH7CIO3 [M+H] *: 271.0, 273.0, found-271.2, 273.2.
2,4-dichloro-11H-benzofuro[3,2-b]chromen-11-one (49): Yield: 83% as white
solid; mp: 261-263'C; *H NMR (400 MHz, CDCl3 ppm): §
8.16 (s, 1H), 7.86 (d, J = 7.5 Hz, 1H), 7.62 (s, 1H), 7.55 (s, X o) O
2H), 7.38-7.34 (m, 1H). *C NMR (100 MHz, CDCl3 ppm): C|
0 165.1, 155.3, 150.0, 149.3, 136.8, 133.7, 131.3, 130.8, °
127.2,124.8,124.7,124.6, 120.8, 117.5, 113.5; IR (KBr): 1705, 1672, 1270, 1027,
918, 753, 658 cm; LC-MS (ESI*) m/z calculated for C1sHsCl203 [M+H]*:

304.9 found: 304.9.
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2,4,6-Trichloro-11H-benzofuro[3,2-b]Jchromen-11-one (4h) :Yield: 84% as
white solid; mp: 273-275 °C, 'H NMR (400 MHz, CDCls;
ppm): & 8.33 (s, 1H), 7.81 (s, 1H), 7.59 (d, J = 6.0 Hz, 2H),
7.45 (d, J=6.4 Hz, 1H); *C NMR (100 MHz, CDCl3 ppm): | ¢
d 165.2, 155.8, 150.3, 148.3, 137.3, 134.0, 131.5, 131.1,
128.0,127.1,125.3,125.0, 124.6, 116.7, 112.0; IR (KBr): 1705, 1672, 1270, 1027,
918, 753; 658 cm; LC-MS (ESI*) m/z calculated for C1sHsCl303 [M+H]*: 338.9
found: 338.9.

2,4-dichloro-6-fluore-11H-benzofuro[3,2-bjchromen-11-one (4i): Yield: 82%
as white solid; mp: 226—-228 °C; *H NMR (400 MHz, CDCls;
ppm): & 8.17 (s, 1H), 7.75 (s, 1H), 7.51-7.45 (m, 1H), 7.37
(d, J=8.0 Hz, 1H), 7.17 (t, J = 8.6 Hz, 1H); 1*C NMR (100
MHz, CDClsz ppm): 169.0, 160.8 (d, *Jc.r = 252 Hz), 155.0,
140.8, 140.6, 137.0, 135.5(d, 3Jc-r= 3.6 Hz), 132.8 (d, 3Jcr=9.5 Hz), 128.2, 125.8
(d, Jc-e= 3.4 Hz), 122.8, 120.5, 117.9 (d,?Jc-r= 18.6Hz), 118.2, 114.7 (d, 2Jc¢=
21.5 Hz); IR (KBr): 1705, 1672, 1270, 1027, 918, 753, 658 cm ; LC-MS (ESI)
m/z calculated for C1sHsCl303 [M+H]: 322.9, found- 322.9.
2,4,8-Trichloro-11H-benzofuro[3,2-b]Jchromen-11-one (4j): Yield: 84% as
white solid; mp: 280-282 °C, 'H NMR (400 MHz,
CDCls ppm): 6 8.27 (s, 1H), 7.91 (d, J = 8.4 Hz, 1H), o )
7.74 (s, 1H), 7.65 (s, 1H), 7.42 (d, J = 8.4 Hz, 1H); *C | c O |

NMR (100 MHz, CDCl; ppm): & 165.1, 155.3, 150.0,
148.9, 137.5, 137.4, 134.0, 131.1, 127.2, 125.9, 124.8, 124.6, 121.6, 116.3, 114.1;
IR (KBr): 1705, 1672, 1270, 1027, 918, 753, 658 cm™?; LC-MS (ESI") m/z
calculated for C1sHsClsO3 [M+H]: 338.9, found- 338.9.
3-methyl-11H-benzofuro[3,2-b]Jchromen-11-one (4k): Yield: 81% as white
solid, mp: 203-205 °C; *H NMR (400 MHz, CDCl3 ppm): &
8.24 (s, 1H), 7.96 (d, J = 7.8 Hz, 1H), 7.68-7.63 (m, 1H), O ° | O
7.61-7.59 (m, 1H), 7.57-7.55 (m, 2H), 7.44 (t, J = 7.0 Hz, ©

1H), 2.49 (s, 1H); ¥C NMR (100 MHz, CDCls; ppm): &

167.5, 155.2, 154.2, 149.1, 137.4, 135.0, 134.7, 130.5, 126.0, 124.9, 124.2, 120.6,
118.2, 118.1, 113.5, 21.0; IR (KBr): 1705, 1671, 1271, 1027, 918, 753, 657 cm™%;
LC-MS (ESI¥): m/z calculated for C16H1003 [M+H]*: 251.0 found: 251.2.

O
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6-chloro-3-methyl-11H-benzofuro[3,2-b]Jchromen-11-one (4l): Yield: 82% as
white solid; mp: 259-261 ‘C; 'H NMR (400 MHz, CDCls;
ppm): & 'H NMR (400 MHz) & 8.05 (s, 1H), 7.60—7.56 (m, o “

2H), 7.53-7.50 (m, 1H), 7.42-7.38 (m, 2H), 2.48 (s, 3H); 13C
NMR (101 MHz, CDCls ppm): & 165.9, 154.3, 144.3, 139.0, ©

137.1, 135.5, 134.9, 134.8, 132.5, 130.4, 128.3, 127.3, 124.7, 121.0, 118.3, 21.0;
IR (KBr): 1705, 1670, 1271, 1029, 920, 753, 657 cm™; LC-MS (ESI*):m/z
calculated for C16H1003 [M+H]*: 281.0 found: 281.2.
6-fluoro-3-methyl-11H-benzofuro[3,2-b]Jchromen-11-one (4m): Yield: 79% as
white solid; mp: 240-242 °C; *H NMR (400 MHz, CDCl3
ppm): & 8.06 (s, 1H), 7.52 (d, J = 8.5Hz, 1H), 7.45-7.40
(m, 2H), 7.35 (d, J = 7.8 Hz, 1H), 7.15 (t, J = 8.4 Hz, 1H);
13C NMR (100 MHz, CDCls ppm): 169.0, 160.85 (d, Jcr
=253 Hz), 154.8, 140.1, 139.8, 135.6(d, *Jcr = 3.8 Hz), 135.5, 134.8, 132.5 (d, 3Jc-
F=9.5Hz), 125.8 (d, 4Jc-r= 3.4 Hz), 124.8,121.1, 118.8 (d,%Jcr=18.6Hz), 118.4,
114.6 (d, 2Jcr = 21.5 Hz), 21.0; IR (KBr): 1705, 1673, 1272, 1027, 918,753, 658
ecmt; LC-MS (ESI") m/z calculated for C16HoFO3 [M+H] *: 269.0 found: 269.2.
3-bromo-6-chloro-11H-benzofuro[3,2-b]chromen-11-one (4n): Yield: 86% as
white solid; mp: 279-281 °C; *H NMR (400 MHz, CDCls
ppm): & 8.58 (s, 1H), 7.85 (d, J = 8.8 Hz, 1H), 7.68— 7.64 | B
(d, J=8.8 Hz, 1H), 7.69-7.54 (m, 2H), 7.42 (d, J = 7.2 Hz,
1H), 7.44 (t, J = 7.0 Hz, 1H); **C NMR (100 MHz, CDCls
ppm): 6 165.9, 155.7,154.8, 148.3,137.6, 136.7, 131.2, 129.1, 127.7, 126.4, 125.1,
120.6,118.8, 116.8, 112.0; IR (KBr): 1705, 1673, 1270, 1027, 918, 753, 658 cm™;
LC-MS (ESIY) m/z calculated for C15H7BrClO3 [M+H]*: 348.9 found :348.9.
3-bromo-6-fluoro-11H-benzofuro[3,2-bJchromen-11-one (40): Yield: 80% as
white solid; mp: 226-228 ‘C; *H NMR(400 MHz, CDCl3
ppm): 6 8.41 (s, 1H), 7.77-7.75 (m, 1H), 7.48-7.43 (m,
1H), 7.42-7.39 (m, 1H), 7.36-7.34 (m, 1H), 7.15(t, J = 8.5
Hz, 1H); 13C NMR (100 MHz, CDCl3 ppm): 169.0, 160.88
(d, Yecr = 254 Hz), 150.5, 140.9, 140.5 135.6(d, 3Jc.r = 3.6 Hz), 134.1, 133.0 (d,
3)c.r= 9.5 Hz), 130.4, 125.5 (d, “Jc-r= 3.5 Hz), 125.0, 123.7, 123.2, 117.9 (d,%Jcr
= 18.5Hz), 114.7(d, 2Jcr = 21.5 Hz); IR (KBr): 1704, 1672, 1270, 1025, 918, 753,
658 cm*; LC-MS (ESI*) calculated for m/z C1sH7FO3 [M+H]*: 339.9 found: 339.8.

=
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3-Bromo-11H-benzofuro[3,2-b]Jchromen-11-one (4p): Yield-85% as white
solid; mp: 271-273°C; 'H NMR (500 MHz, CDCls ppm):
§8.63 (s, 1H), 8.02 (d, J = 7.8 Hz, 1H), 7.87 (d, J = 8.7Hz, Br
1H), 7.74-7.69 (m, 2H), 7.64 (d, J = 8.7 Hz, 1H), 7.51 (, T ©

J = 7.1 Hz, 1H); 3C NMR (100 MHz, CDCI3): & 167.3,
157.0, 146.4, 140.0, 134.9, 134.8, 132.7, 131.5, 130.7, 127.8, 126.7, 125.7, 122.4,
119.6, 115.2; IR (KBr): 1702, 1672, 1270, 1027, 918, 753, 658 cm™; LC-MS (ESI*)
calculated for m/z C15sH7BrOs [M+H]": 314.9, 316.9 found: 314.9, 316.9.
3-methoxy-11H-benzofuro[3,2-bJchromen-11-one (4Q): Yield-75% as white
solid; mp: 278-280°C, *H NMR (400 MHz, CDCls; ppm):
& 'H NMR (400 MHz,) & 8.59 (s, 1H), 7.97 (d, J = 7.9 MeOJ
Hz, 1H), 7.82 (d, J = 8.8 Hz, 1H), 7.69 — 7.62 (m, 2H), I 3

7.59 (d, J = 8.8 Hz, 1H), 7.46 (t, J = 7.4 Hz, 1H), 3.82
(s, 3H); . 13C NMR (100 MHz, CDClIs ppm): & 170.3, 156.4, 152.1, 141.6, 135.4,
130.4, 129.0, 126.4, 122.2, 121.3, 119.9, 117.1, 115.0, 112.7, 110.0, 56.0; IR
(KBr): 1705, 1672, 1270, 1027, 918, 753, 658 cm™; LC-MS (ESI*) m/z calculated
for C16H1004 [M+H]": 266.0 found: 266.3.
8-chloro-3-methoxy-11H-benzofuro[3,2-bJchromen-11- one (4r): Yield-76%
as white solid; mp: 285-287 °C, *H NMR (400 MHz,
CDCls ppm): & 8.57 (s, 1H), 7.83 (d, J = 8.9 Hz, 1H), |Me© O i ' O L
7.63 (d, J = 8.9 Hz, 1H), 7.60-7.53 (m, 2H), 7.60 (d, J =
7.2 Hz, 1H), 7.47 (t, 3 = 7.3 Hz, 1H); *C NMR (100
MHz, CDCls ppm): 6 169.0, 158.8, 157.9, 151.5, 140.7, 139.9, 134.3,132.2, 130.9,
129.6, 128.3, 123.8, 121.9, 119.9, 115.1, 55.4; IR (KBr): 1705, 1672, 1270, 1028,
918, 753, 658 cm; LC-MS (ESI*) m/z calculated for C16HoClO4 [M+H]*: 301.0
found: 301.2.

6-methyl-11H-benzofuro[3,2-b]Jchromen-11-one (4s): Yield-76% as white solid;
!H NMR (400 MHz, CDCl3 ppm): § 8.48 (d, J = 6.8 Hz 1H),
7.81-7.75 (m, 2H), 7.74-7.62 (m, 1H), 7.60-7.57 (m, 1H), 7.55-
7.50 (m, 1H), 7.42 (t, J = 7.6 Hz, 1H); *C NMR (100 MHz,
CDClz ppm): 8 167.5, 155.2, 154.3, 149.2, 137.5, 135.1, 134.8,

130.5, 126.0, 124.9, 124.2, 120.7, 118.3, 118.2, 113.6, 21.0 cm™; HRMS (ESI*)
m/z calculated for C16Hi10NaO3z [M+Na]*: 273.0528 found: 273.0578
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4.1. Introduction

Cancer is deadliest disease and almost affects every society in every country. Breast
cancer is the most prevalent cancer in women (25% of all cancers) with an approximately
1.67 million new cases diagnosed in 2012 [1]. The incidence of cancer cases is increasing
day by day because of change in life style and other risk factors like overweight, physical
inactivity, smoking, mutations in anticancer gene and aberrant expression of some
proteins/protein kinases [2]. Estrogen, a female sex hormone, play vital role in the
development and growth of breast tumors. Around 80% of breast cancers occur in post-
menopausal women whose ovarian estrogen production has ceased with remaining
estrogens originating in extra-glandular tissues. Several symptoms suggest that the
tumorigenesis is a multi-step process that replicates genetic mutation and progressive
alteration of normal human cells into a highly malignant derivatives [3]. It was also found
that progestron and estrogen receptors take part in proliferation of breast cancers.
Approximately 80% estrogen receptor (called estrogen receptor a and estrogen receptor
b) modulate the target gene expression via transcription factor and signal transducers [4].
However, ERa is a major regulator of breast cancer progression. It can be classified on
the basis of their ERa status i.e. ERa-positive and ERa-negative, related with better
prognosis and response to hormone therapy treatment [5]. ERa acts as a ligand-activated
transcription which belong to the family of nuclear steroid receptors and binds towards
17b-estradiol (E>), with specific DNA sequence (ERE), E>-liganded-ER (E2-ER) with co-
activator proteins and RNA polymerase Il components to transcription initiation complex
in the promoters of target genes in the nucleus [6].The steroid hormone receptors (SHRS)
also recognize the derivatives of naturally occurring non-steroidal and steroidal
hormones, either as agonist and antagonists in the hormone dependent breast cancers
(HDBCs) prevention and cure, depending on their interaction with steroid hormone
receptors (SHRs) [7-9]. Breast cancer diagnosis and development of selective estrogen
receptors modulators (SERMs) has been improved through exploration of developing
drug tamoxifen (TAM) and other selective ER modulators [10-12]. During
chemotherapy, some unnecessary side effects are often observed where drugs failed to
kill cancerous cells selectively without harming the normal cells. However, some
unnecessary side effects are often observed where drugs failed to kill cancerous cells
selectively. Therefore, it is a challenge to develop new cancer drugs for the
pharmaceutical industry and the scientific community. During the past decades,

bioconjugate biomolecules bearing unnatural organic structures have found an increasing
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number of applications in molecular and cell biology. Conjugated groups provide
biomolecules with novel properties that include fluorescence emission, catalytic activity,
altered hydrophobicity or bio-affinity, resistance toward biodegradation and the ability to
carry metal-ions [13]. 4-Aryl-4H-chromene and quinoline derivatives also showed wide
range of biological applications [14] and used as potent apoptosis inducers [15]. In
addition, an assortment of compounds bearing a pyrimidine ring [16-18] and substituted
piperazine [19-24] have been shown cytotoxic effects against human cancers. Therefore,
we synthesized a series of 2-amino-7-((6-(4-(2-hydroxyethyl) piperazine 1-yl)-2-methyl
pyrimidin-4-yl)oxy)-4-phenyl-4H-chromene-3- carbonitriles and 2-amino-7-((6-(4-(2-
hydroxyethyl)piperazin-1-yl)-2-methylpyrimidin-4-yl)oxy)-4-phenyl-1,4-
dihydroquinoline-3-carbonitriles. Further, we accomplished SAR (Structure activity
relationship) and molecular docking studies to get the best compounds 5f, 5g and 50
against Bcl-2 protein, a breast cancer causing protein to see the interactions and to
establish the correlations both in vitro and in silico studies.

4.2. Results and discussion

4.2.1. Chemistry

2-Amino-7-hydroxy-4-phenyl-4H-chromene-3-carbonitrile derivatives were synthesized
using piperazine base and water solvent heated at 80 °C for 2 h. While, one pot synthesis
for -novel compounds 2-amino-7-((6-(4-(2-hydroxyethyl) piperazin-1-yl)- 2-
methylpyrimidin-4-yl)oxy)-4-phenyl-4H-chromene-3-carbonitriles were obtained from a
three-component reaction of 2-amino7-hydroxy-4-phenyl-4H-chromene-3-carbonitrile,
4,6-dichloro-2- methyl pyrimidine and 2-(piperazin-1-yl)ethanol using acetone solvent in
the presence of K>COz base under reflux condition for 12 h with excellent yield (90—
97%). Similarly, 2-amino-7- hydroxy-4-phenyl-1,4-dihydroquinoline-3-carbonitrile
derivatives were synthesized in the presence of ammonium acetate in water solvent,
heated at 80 °C for 2 h. Then, 2-amino-7-((6-(4-(2-hydroxyethyl) piperazin-1-yl)-2-
methyl pyrimidin-4-yl)oxy)-4-phenyl1,4-dihydroquinoline-3-carbonitriles were
synthesized using three components one pot reaction of 2-amino-7-hydroxy-4-phenyl-
1,4- dihydroquinoline-3-carbonitrile, 4,6-dichloro-2-methyl pyrimidine and2-(piperazin-
1-yl) ethanol in acetone solvent with K2COz base under reflux condition for 12 h with
excellent yield (91-94%) (Scheme 4.1)
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Condition (A) for X= O: piperazine, water (solvent), 80 °C and Condition (B) for X=
NH: ammonium acetate, water (solvent), 80 °C.

Scheme: 4.1. Synthesis of pyrimidine-piperazine-chromene and -quinoline conjugates
4.2.1.1. Structure determination

The synthesized compounds were confirmed on the basis of their spectral data i.e. *H
NMR, *C NMR, IR spectra and APCI-ESI/Mass spectra. For example, compound 5e i.e.
2-amino-4-(4-bromophenyl)-7-((6-(4-(2-hydroxyethyl)piperazin-1-yl)-2-
methylpyrimidin-4-yl)oxy)-1,4-dihydroquinoline-3-carbonitrilein the *H NMR spectra,
the characteristic singlet signal of -CH3 (H-27) at 2.39 ppm and multiplet of six protons
(H-22,23 and 25) at 2.59-2.53 ppm, triplet of four protons (H-21 and 24) at d 3.59 ppm
and triplet of two proton (H-26) at d 3.64 ppm. Singlet of two proton of NH: at d 4.68
ppm attached with chromene moiety and singlet of tertiary carbon (H-13) of chromene
moiety at d 4.69 ppm and singlet of (H-17) at d 5.71 ppm confirmed the structure of
C27H2sBrN70;. In 3C NMR spectral signal of -CH3 (C-27) at 26 and C-20 at 84.0, C-4
at 57.9, C-17 at 167.8 and C=0 (C-7) at 169.9 ppm indicated the conformation of
synthesized compound. In IR spectroscopy, peak at 3400 (—-OH), 3200 (—-NHz have two
bend), 2217 (-C=N), 1640 (-C=C), 1542 (-C=N), 1100 (-C=0), 580 (C-Br) satisfied the

product structure. Further, the product was concluded by APCI —MS mass spectroscopy.

103



Chapter 4: Synthesis of pyrimidine-piperazine-chromene and -quinoline conjugates

/~\
pd
C
pd
)
g S/
©
=
Z
Z/
):

™
) NJ 5d,(92%)

iy o2 ﬁ
o WL = by
Iy

N
H
)

5a, (92%) [ 5b, (93%) [
o

(0]
Br
CN
(L]
(o) NH,

Q/E/:)N\ Nﬁwf: QK:JN\ 'Ol \NJ\

[ 5e, (92%) [ 5f, (94%) [ 59, (94% [OH 5h, (92%)
OH OH OH

e
o O ‘ (@) 0" NH,

d C
OH i, (96%) L 54, (95%) [ » 5k, (96%) OH  5L(97%)

[ 5m, (97%) [NQ

OH OH

NO,

@
L L s
g O v

[OH 5q, (90%) [OH 5r, (93%) [ 55, (94%) [OH 5t, (91%)

CN

2

Scheme: 4.2. Substrate scope of pyrimidine-piperazine-chromene and -quinoline
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The molecular ion peak m/z at (M) 546.1 and (M+2) 548.1 of Co7H2sBrN7O> (expected
= 546.1, 548.1) was supported a molecular composition, provided the formation of the
product.

4.2.2. Biology

4.2.2.1. MTT assay

Biological activity of all synthesized compounds 5a-5t was confirmed by performing
MTT assay on the human breast cancer cell lines (MCF-7). For cell cytotoxicity studies
normal cells named human embryaonic kidney cells (HEK293), was used. MTT assay was
performed according to standard protocol [25]. In brief, exponentially growing MCF-7
and HEK?293 cells were seeded in a 96-well micro liter plate (approximately 9000 cells
per well). Subsequently cells were treated with varying concentrations (SuM to 200uM)
of inhibitors. Curcumin was used as a positive control for both cytotoxicity and activity
studies. After 48hrs, the whole mixture containing media and inhibitor was aspirated from
the cells followed by 2 time washing with PBS, then 100uL DMEM and 20uL MTT
(from 5mg/mL stock) was added to each well. Plates were incubated for 4-5hr at 37 °C

in a CO2 incubator.
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Figure.4.1. Effect of synthesized compounds 5a to 5e on the viability of HEK293 cells.
HEK?293 cells were incubated with the denoted concentrations of each compound for 48
h. The cell viabilities were evaluated by MTT assay. Data represent three independent
sets of experiments and results are shown as the mean + SD.
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Figure.4.2. Effect of synthesized compounds 5f, 5g, 50, 5q and 5s on the viability of
HEK293 cells. HEK293 cells were incubated with the denoted concentrations of each
compound for 48 h. The cell viabilities were evaluated by MTT assay. Curcumin is used
as a positive control. Data represent three independent sets of experiments and results are
shown as the mean + SD.
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Figure.4.3. Effect of synthesized compounds 5h to 51 on the viability of HEK293 cells.
HEK?293 cells were incubated with the denoted concentrations of each compound for 48
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h. The cell viabilities were evaluated by MTT assay. Data represent three independent
sets of experiments and results are shown as the mean + SD.
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Figure.4.4. Effect of synthesized compounds 5m, 5n, 5p, 5r and 5t on the viability of
HEK293 cells. HEK293 cells were incubated with the denoted concentrations of each
compound for 48 h. The cell viabilities were evaluated by MTT assay. Data represent
three independent sets of experiments and results are shown as the mean + SD.

After that, the remaining medium was pipetted out using a multi-channel pipette carefully
to leave the formazan crystals formed behind. Finally, to dissolve the formazan crystals,
in each well, 100uL DMSO was added. The plates were then agitated for 15-20 minutes
on an orbital plate shaker after which they were read immediately on titer plate reader
(BioRad) at 570 nm.

The percentages of relative cell viabilities were estimated by comparing the viability of
the treated cells with that of the control [26]. To study the functional significance of
synthesized inhibitors, we examined the anti-cancer activity and cytotoxicity on human
cancer cell line and normal cell lines respectively. To address the anti-cancerous activity
of these inhibitors, we performed MTT on cancerous cell line (MCF-7) and to check the
cytotoxic nature of synthesized inhibitors, HEK293 cells were used. As shown in Figure
3.2, no significant cytotoxicity was observed when varying concentration. Inhibitors 5f,
5¢, 50, 5g and 5s were used in a dose-dependent manner.
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1%

Relative cell viability
(Absorption at 570 nm, %)

Concentration (uM)
Figure.4.5. Effect of synthesized compounds 5a, 5b, 5c, 5d and 5e on the viability of
human breast cancer MCF-7 cells. MCF-7cells cells were incubated with the denoted
concentrations of each compound for 48 h. The cell viabilities were evaluated by MTT
assay. Data represent three independent sets of experiments and results are shown as the
mean + SD.
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Figure.4.6. Effect of synthesized compounds 5f, 5g, 50, 5q and 5s on the viability of
MCEF-7 cells. MCF-7cells were incubated with the denoted concentrations of each
compound for 48 h. The cell viabilities were evaluated by MTT assay. Curcumin is used
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as a positive control. Data represent three independent sets of experiments and results are
shown as the mean + SD.

Relative cell viability
(Absorption at 570 nm, %)

25

Concentration (pM)

Figure.4.7. Effect of synthesized compounds 5h, 5i, 5j, 5k, and 5l on the viability of
human breast cancer MCF-7 cells. MCF-7cells cells were incubated with the denoted
concentrations of each compound for 48 h. The cell viabilities were evaluated by MTT
assay. Data represent three independent sets of experiments and results are shown as the
mean + SD.

Relative cell viability
(Absorption at 570 nm, %)

Concentration (nM)
Figure.4.8. Effect of synthesized compounds 5m, 5n, 5p, 5r and 5t on the viability of
human breast cancer MCF-7 cells. MCF-7cells cells were incubated with the denoted
concentrations of each compound for 48 h. The cell viabilities were evaluated by MTT
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assay. Data represent three independent sets of experiments and results are shown as the

mean + SD.

Table.4.1. Shows the calculated 1Cso values of synthesized compounds on MCF-7 and

HEK-293 cells
S. Ri R Rs Rs Rs X ICs0 (UM) ICs0 (uM) (HEK-
No (MCF -7 cells) 293 cells)
1 ClI H H H H NH 190+ 2.01 70+ 1.22
2 Me H H H NH 198+ 1.83 57+1.23
3 H H : H H NH 48+ 1.60 72+2.11
4 H H Cl H H NH 170+ 1.71 95+ 2.10
5 H H Br H H NH 193+ 3.22 62+ 1.80
6 H H Me H H NH 48+ 1.70 140+ 3.22
7 A H H H H NH 65+ 1.13 141+ 2.10
8 ClI H H H Cl NH 102+ 1.77 62+ 1.22
9 (I H H H H 0] 119+ 1.22 79+ 1.77
10 Me H H H H 0] 61+ 1.31 56+ 1.06
11 H H F H H O 166+ 3.12 52+ 1.22
12 H H Cl H H 0] 73+ 1.07 18+ 1.10
13 H H Br H H 0] 91+1.13 19+ 1.80
14 H H OMe H H 0] 104+ 2.08 55+ 1.62
15 H H H H H O 92+ 1.18 >200
16 ClI H H H Cl 0] 136+ 1.12 51+1.12
17 H H NO, H H 0] 30+ 1.17 105+ 3.72
18 CI OMe H H Cl 0] 166+ 2.80 39+ 1.08
19 H H Me H H O 16+ 1.10 >200
20 H H OMe H H NH 12+1.11 62+ 1.10
21 Curcumin 48 +1.11 >400

These results are comparable to natural anti-cancer compound curcumin; used as a

positive control in this study. It can be easily observed from (Figure 3.6 & Figures 3.5,

3.7 and 3.8) that a significant anti-cancer activity of these synthesized compounds was

perceived against the studied of human breast cancer cell lines. But if we compare the

results, we found that from all of the studied compounds, compound 5f, 5g, 50, 5q and

5s showed the better activity as well as less cytotoxicity (Figure 3.2 & 3.6).
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Results of percentage viabilities indicated that till 50 pM concentrations, all of these
inhibitors are non-toxic for HEK293T cells (Figure 3.2). Whereas inhibitors 5a-5e, 5h-
5n, 5p, 5s and 5t showed significant levels of cytotoxicity (Figure 3.1, 3.3 and 3.4) even
at low concentrations (below 50 uM). To check the anti-cancerous activity of these
inhibitors, all the cells were treated with increasing concentrations of inhibitors (5 to 200
p1M). Extent of cell proliferation with respect to concentration is shown in the Figure 3.6,
3.5, 3.7 and 3.8. From these results, percentage viability was calculated and determines

the 1Cso (50% inhibitory concentration) values for each inhibitor (Table 4.1).

4.2.2.2. Material and Methods

Bcl-2 appears to be a possible target for compounds 5f, 5g, 50, 5q and 5s as it induces
the apoptosis by decreasing the level of anti-apoptotic protein Bcl-2 in MTT assay.
Further, in silico molecular docking (MD) was performed using the three-dimensional
structure of Bcl-2 from the Protein Data Bank (www.rcsb.org) (PDB ID: 4LVT) [27].
The steepest descent method from Gromacs 4.5.5 was used to optimize the coordinates
and Bcl-2 protein was saved in. pdbqt format to carry docking analysis. AutoDock 4.2
with standard protocol was used to dock the test compounds with Bcl-2 [28]. The
Lamarckian genetic algorithm (LGA) was applied to deal with protein-ligands
interactions. The most favorable free binding energy and docking orientations lying
within the range of 1.0 A in root-mean square deviation (rmsd) tolerance were used to
cluster the molecule and ranked accordingly. The lowest binding energy conformation
was considered as the most favorable docking pose, after the docking search was
completed. PyMOL was used to visualize molecular interactions.

4.2.2.3. Molecular Docking

Docking studies predicted the interaction of inhibitors with protein and residues involved
in this complex. The orientation and conformation of inhibitors bound in the active site
of the protein and formed protein-ligand complex with the highest binding energy value
are the most important requirement for docking studies [29]. Therefore, optimal
interactions and the best AutoDock score were used as criteria to interpret the best
inhibitor. All the five compounds were docked into structure of Bcl-2. The docking
results of Bcl-2 and inhibitors were shown in Table 3.2. Among the above docked
compounds 59 and 5s had the highest binding energy with Bcl-2 protein while
compounds 5f, 5g and 50 showed the lowest binding energy. Docking poses of the best
conformation of compounds 5f and 5g in binding site of Bcl-2 protein were shown in

Figure 4.9 and 4.10 respectively.

111


http://www.rcsb.org/

Chapter 4: Synthesis of pyrimidine-piperazine-chromene and -quinoline conjugates

Figure.4.9. (A) 2-amino-7-((6-(4-(2-hydroxyethyl) piperazin-1-yl)-2-methylpyrimidin-
4-yl)oxy)-4-(p-tolyl)-1,4-dihydroquinoline-3-carbonitriledocked with Bcl-2. (B) Surface
representation of Bcl-2 docked with 2-amino-7-((6-(4-(2-hydroxyethyl)piperazin-1-yl)-
2-methylpyrimidin-4-yl)oxy)-4-(p-tolyl)-1,4-dihydroquinoline-3-carbonitrile.

A

Figure: 4.10. (A) 2-amino-7-((6-(4-(2-hydroxyethyl)piperazin-1-yl)-2-methylpyrimidin-
4-yl)oxy)-4-phenyl-1,4-dihydroquinoline-3-carbonitriledocked with Bcl-2. (B) Surface
representation of Bcl-2 docked with 2-amino-7-((6-(4-(2-hydroxyethyl)piperazin-1-yl)-
2-methylpyrimidin-4-yl)oxy)-4-phenyl-1,4-dihydroquinoline-3-carbonitrile.

Figure.4.11. (A) 2-amino-4-(4-bromophenyl)-7-((6-(4-(2-hydroxyethyl)piperazin-1-yl)-
2-methylpyrimidin-4-yl)oxy)-4H-chromene-3-carbonitriledocked  with  Bcl-2.  (B)
Surface representation of Bcl-2 docked with 2-amino-4-(4-bromophenyl)-7-((6-(4-(2-
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hydroxyethyl)piperazin-1-yl)-2-methylpyrimidin-4-yl)oxy)-4H-chromene-3-
carbonitrile.

The compounds 5f and 5g were nicely bound into the active site of Bcl-2 with minimum
binding energy (AG) = —9.08 kcal/mol (Ki = 221.60 pM) and (AG) = —8.29 kcal/mol
(Ki =705.90 uM) respectively (Table 3.2). The p-tolyl and phenyl group in compounds
5f and 5g formed three H-bond interactions one with Asp100 and two with Asp108,
respectively (Figs. 3.9A, 3.10A). The residue Y199 of Bcl-2 protein form cation-p
interactions with compounds 5f and 5g respectively and stabilizing the protein—ligand
complex (Figs. 3.9B, 3.10B). Interestingly, compounds 5f and 5g exhibit good
interactions of Bcl-2 which showed that these two compounds can bind strongly to the
BH3 binding regions of Bcl-2 protein (Table 3.2). Compound 50 also showed good
interaction with binding energy (AG) 7.70 kcal/- mol, Ki = 2.26 mM). The chromene
ring in.compound 5oformed four H-bond interactions with Glu133, Arg136, Asp137 and
Alal46 (Figure. 3.11).However, molecular docking results showed quite different
orientation of compounds 5f, 5g and 50 at the binding site of Bcl-2 due to substituent
changing at 4-position of chromene derivatives. Therefore, concluding from the docking
study that compounds 5f, 5g and 50 have good binding with Bcl-2 among all five
compounds. Compounds 50 and 5t possessing p-tolyl or phenyl group have similar
biological activities but the docking studies results are quite different.

Table.4.2. Docking score of compounds 5f, 5g and 5o0.

S.No. Compounds Binding affinity Estimated

(AG) Ki
1 5f -9.08 kcal/mol 221.60 uM
2 5¢ -8.29 kcal/mol 705.90 uM
3 50 -7.70 kcal/mol 2.26 uM

This may be due to chromene derivatives with p-tolyl have different binding orientation
than chromene derivatives which possessing phenyl group. Compound 5o fits well in the
binding pocket of Bcl-2 while compound 5t binds also in pocket but less than compound
50. Compound 5t have different stoichiometry than compound 50 due to the presence of
phenyl group. But In case of quinolone derivatives, p-tolyl or phenyl group do not have
much different stoichiometry. Thus, these compounds have similar biological activities

and the similar docking results. The compound 5t contains p-tolyl group and due to the
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presence of extra methyl group it fits perfectly in the pocket and methyl group increase
the binding affinity [30].
4.3. Conclusion
In conclusion, we have synthesized highly functionalized novel pyrimidine-piperazine-
chromene and -quonoline derivatives under multi-component one step reaction under
mild reaction condition. Compounds were screened for their anti-proliferative activity
against estrogen-responsive human breast cancer cell lines (MCF-7) and cytotoxicity in
normal cell line i.e. human embryonic kidney cells (HEK293). Among them, compounds
5f, 5g, 50, 5q and 5sdisplayed good anti-proliferative activity (48 + 1.70, 65+ 1.13,92 +
1.18,30£1.17 and 16 + 1.10 mM) where chromene and quinoline moiety attached with
4,6-dichloro-2-methylpyrimidine and 2-(piperazinl1-yl)ethanol and other compounds also
showed comparable enhanced activities to the standard drug curcumin (ICso value 48 £
1.11 mM). Concluding from the docking study, compounds 5f, 5g and 50 showed good
binding affinity (AG= 9.08, 8.29 and 7.70 kcal/mol) with Bcl-2 among all synthesized
compounds.
4.4. Experimental Section
4.4.1. General Information
All the required chemicals were purchased from Sigma Aldrich, Himedia and Aavra. IR
spectra were recorded on a Thermo Nicolet FT-IR spectrophotometer with KBr. NMR
was recorded on a Jeol Resonance ECX 40011 spectrometer using CDClsand DMSO as
solvent. In *H NMR Chemical shifts are recorded in parts per million and referenced
internally to the residual with tetramethylsilane (TMS 6 0.00ppm) or proton resonance in
CDCl3(3 7.26 ppm). *3C NMR spectra were referenced to CDCIs (8 77.0 ppm, the middle
peak). Coupling constant were recorded in Hz. The following abbreviations are used to
explain the multiplicities: s = singlet, d = doublet, dd = doublet of doublets, dt = doublet
of triplets, t = triplet, q = quartet, m = multiplet. Mass spectra were measured with ESI
ionization in MSQ LCMS mass spectrometer.
4.4.2. General procedure

In a round bottom flask, 2-amino-7-hydroxy-4- phenyl-4H-chromene-3-carbonitrile or
2-amino-7-hydroxy-4-phenyl-1,4- dihydroquinoline-3-carbonitrile (1 mmol), K2COs (3
equiv.), acetone (3 mL) was charged and stirred at room temperature for 15 min. After
15 min., the color change and then 4,6-dichloro-2-methylpyrimidine was added and
further stirred at 80 °C for 15 min in an oil bath, followed by 2-(piperazin-1-yl)ethanol
was added. The reaction mixture was refluxed at 80 C until complete consumption of the
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starting material, monitored by TLC using 10% chloroform and methanol. After
completion of the reaction, the mixture was poured into crushed ice, precipitate formed,
which was filtered under vacuum. The residue was purified by washing with diethyl ether

(no need for column chromatography) with excellent yield (90-97%).

4.5. Characterization data
2-amino-4-(2-chlorophenyl)-7-((6-(4-(2-hydroxyethyl)piperazin-1-yl)-2-methyl
pyrimidin-4-yl) oxy) -1,4-dihydroquinoline-3-carbonitrile (5a) : Yield: 92% as pale
yellow; 'H NMR (400 MHz, CDCls, 6): 7.37 (d, J = 7.4 Hz,

1H), 7.22—7.18 (m, 3H), 7.01 (d,J = 8.0 Hz, 1H),6.79-6.77 O N
(m,2H), 5.67 (s, 1H), 5.38 (s, 1H), 4.68 (s, 2H), 3.65 (t, J = 5.0

Hz, 2H),3.59 (t, J = 4.1 Hz, 4H), 2.59 — 2.54 (m, 6H), 2.39(s, Ho
1H); C NMR (100 MHz, CDCls, §): 170.2, 167.9, 164.6,

159.1, 152.8, 149.2, 142.3, 135.6, 131.2, 130.2, 129.9,127.4,
126.9, 119.8, 119.6, 118.1, 109.2, 83.8, 60.5, 59.5, 57.9,52.6,
44.2,37.1, 19.7; LC-MS (ESI"): m/z calculated forCz7H29CIN7O3 [M+H]*: 518.2, 520.2

found: 518.1, 520.0.
2-amino-7-((6-(4-(2-hydroxyethyl)piperazin-1-yl)-2-methylpyrimidin-4-

yl)oxy)-4-(o-tolyl)-1,4-dihydroquinoline-3-carbonitrile

(5b) : Yield: 97% as Green color; *H NMR (400 MHz,
CDCI3, ¢); 7.14 — 7.13 (m, 3H), 7.06 — 7.03 (m, 1H), 6.85
—~6.83 (M, 1H), 6.79 — 6.74 (m, 2H), 5.68 (s, 1H), 4.70 (s,
2H), 4.55 (s, 1H) 3.64 (t, J =5.2 Hz, 2H), 3.59 (t, J = 4.7
Hz, 4H), 2.58 — 2.53 (m, 6H), 2.40 (s, 1H), 2.39 (s, 1H);

N

N

C

Loz

(O
O N
H
f\N
\
\N)\

CN

NH|

OH

13C NMR (100 MHz, CDCls, §): 170.8, 168.5, 165.2,
159.7, 153.5, 149.8, 142.9, 136.2, 131.8, 130.8, 130.4, 128.0, 127.5, 120.4, 120.2,
118.7, 109.8, 84.4, 61.1, 60.1, 58.5, 53.2, 44.8, 37.7, 26.7, 20.4; FT-IR (KBr):
3400, 3200, 2217, 1640, 1542, 1100, 580 cm™; LC-MS (ESI*): m/z calculated for
C27H29CINsO3 [M+H] *: 498.2 found: 498.1.
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2-amino-4-(4-chlorophenyl)-7-((6-(4-(2-hydroxyethyl)piperazin-1-yl)-2-
methylpyrimidin-4-yl)oxy)-1,4-dihydroquinoline-3-carbonitrile (5¢): Yield: 92% as

Pale yellow; *H NMR (400 MHz, CDCls, ¢); 7.28 (d, J = 8.4 ¢l

Hz, 2H), 7.14 (d, J = 8.4 Hz, 2H), 6.92 — 6.90 (m, 1H), 6.80 — O
6.78 (M, 2H), 5.72 (s, 1H), 4.71 (s, 3H), 3.65 (t, J = 5.2 Hz, O o
2H), 3.60 (t, J = 4.7 Hz, 4H), 2.59 — 2.54 (m, 6H), 2.39 (s, /0 NN
1H); 3C NMR (100 MHz, CDCls, §): 169.9, 167.8, 164.6, pNJiNA

159.2, 153.1, 148.9, 143.0, 133.3; 130.4, 129.4, 129.1, 119.6, [Zf

118.7, 118.1, 109.3, 83.9, 60.1, 59.5, 57.9, 52.6, 44.2, 40.2,
26.0; FT-IR (KBr) : 3400, 3200, 2217, 1640, 1542, 1100, 578 cm™; LC-MS (ESI*): m/z
calculated for C27H29CIN7O3 [M+H]*: 518.2, 520.2 found: 518.1, 520.0.
2-amino-4-(4-bromophenyl)-7-((6-(4-(2-hydroxyethyl)piperazin-1-yl)-2methyl
pyrimidine -4-yl) oxy) -1,4-dihydroquinoline-3-carbonitrile (5d): Yield: 92% as Dark
brown; *H NMR (400 MHz, CDCI3, ¢); 7.43 (d, J = 8.4 Hz, "
2H), 7.08 (d, J = 8.4 Hz, 2H), 6.92 — 6.90 (m, 1H), 6.80 — 6.78 O
(m, 2H), 5.71 (s, 1H), 4.74 (s, 2H), 4.69(s, 1H), 3.65 (t, J = 5.2 CN
Hz, 2H), 3.60 (t, J = 4.6Hz, 4H), 2.59 — 2.54 (m, 6H), 2.38 (s, o O | NH,
1H); 1*C NMR (100 MHz, CDCI3, §)169.9, 167.8, 164.6, 159.2, f:)'“\

N
153.2, 148.9, 143.5, 132.1, 132.0, 130.3, 129.8, 121.4, 118.6, @

118.1, 109.3, 83.9, 60.2, 59.5, 57.9, 44.2, 40.3, 26.1;FT-IR EOH
(KBr): 3400, 3200, 2216, 1640, 1542, 1100, 580 cm™; LC-MS (ESI*): m/z calculated for
C27H20BrN7O2 [M+H]*:562.1, 564.1 found: 562.1, 564.1.
2-amino-7-((6-(4-(2-hydroxyethyl)piperazin-1-yl)-2-methylpyrimidin-4-yl)oxy)-4-

-tolyl)-1,4-dihydroquinoline-3-carbonitrile (5e): Yield: 94% as Light Pink; *H NMR
(p-toly ydroq g

(400 MHz, CDCI3, 8); 7.13 - 7.08 (m, 2H), 6.95 (d, J = 7.9

Hz, 2H), 6.79 — 6.76 (m, 4H), 5.68 (s, 1H), 4.68(s, 2H), 4.63(s, @
1H), 3.64 (t, J = 5.2 Hz, 2H), 3.59 (t, J = 4:6 Hz, 4H), 2.59- ] 0 b ::
253 (m, 6H), 2.39 (s, 1H), 2.30(s, 1H); °C NMR (100M f” RO
Hz,CDC, ) 170.1, 1679, 1646, 1590, 1528, 149.0, 1415, | (™ S

137.1, 1305, 129.6, 127.9, 119,53, 118.0, 109.2, 83.7, 61.1, [:H

59.4, 57.9, 52.6, 44.2, 40.3, 26.1, 21.2; FT-IR (KBr): 3400,
3200, 2217, 1640, 1542, 1100, 580 cm™ LC-MS (ESI*): m/z calculated for C2gHs2N7O2
[M+H]": 498.2 found: 498.2.

116



Chapter 4: Synthesis of pyrimidine-piperazine-chromene and -quinoline conjugates

2-amino-7-((6-(4-(2-hydroxyethyl)piperazin-1-yl)-2-methylpyrimidin-4-
yl)oxy)-4-phenyl-1,4-dihydro-quinoline-3-carbonitrile (5g): Yield: 94% as

Pale yellow; 'H NMR (400 MHz, CDCls, 6); 7.34 — 7.30 O
(m, 2H), 7.24 — 7.21 (m, 3H), 6.99 — 6.97 (m, 1H),6.80 - N
6.78 (m, 2H), 5.72 (s, 1H), 4.80 (s, 2H), 4.74(s, 1H), 3.66(t, . O L

N 2

J = 5.3 Hz, 2H), 3.61(t, J = 4.7Hz, 4H), 2.60- 2.55 (m, ZN
6H), 2.41 (s, 1H); **C NMR (100 MHz, CDCls, §) 170.1, f’“ '
167.8, 164.5,159.3, 152.9, 149.0, 144.5, 130.5, 129.0, [OH
128.1, 127.4, 120.0, 119.4, 118.0, 109.2, 83.8, 60.4, 59.4, 57.9, 52.6, 44.2, 40.7,
26.1; FT-IR (KBr) : 3400, 3200, 2217, 1640, 1542, 1100, 580 cm™; LC-MS (ESI*):
m/z calculated for C27Hz0N702 [M+H]*: 484.2, found: 484.2.
2-amino-4-(2,6-dichlorophenyl)-7-((6-(4-(2-hydroxyethyl)piperazin-1-yl)-2-methyl

pyrimidin-4-yl)oxy)-1,4-dihydroquinoline-3-carbonitrile (5h): Yield: 92% as pale

yellow; *H NMR (400 MHz, CDCls, 6); 7.39 (d, J = 7.9 Hz, O
1H), 7.23 (d, J = 7.8 Hz, 1H), 7.15 (t, J = 7.9 Hz, 1H), 6.87 (d, ci g
J=8.3Hz, 1H), 6.78—6.75 (m, 2H), 5.95 (s, 1H), 4.76 (s, 2H), ) ® -

N 2

4.62 (s, 1H), 3.65 (t, J = 5.2 Hz, 2H), 3.59 (t, J = 4.6 Hz, 4H),
2.59 — 2.54 (m, 6H), 2.40 (s, 1H); *C NMR (100 MHz,
CDCl3+DMSO-ds, 0): 169.6, 166.8, 163.9, 160.5, 152.7, [OH
149.5, 137.3, 135.8, 135.1, 129.0, 128.5, 128.1, 117.0, 116.4, 108.4, 83.2, 59.9, 58.2,
53.3,52.5, 43.6, 35.9, 25.6.FT-IR (KBr) : 3400, 3200, 2217, 1640, 1542, 1100, 580 cm!
LC-MS (ESI"): m/z calculated for C2sH32N703 [M+H]*: 552.2 found: 552.1

2-amino-4-(2-chlorophenyl)-7-((6-(4-(2-hydroxyethyl)piperazin-1-yl)-2-

N \NJ\

N

methylpyrimidin-4-yl)oxy)-4H-chromene-3-carbonitrile (5i): Yield: 96% as pale
yellow; *H NMR (400 MHz, CDCI3, 6); 7.37 (d, J = 7.5Hz,
1H), 7.22 - 7.17 (m, 3H), 7.01 (d, J = 8.1 Hz, 1H), 6.79 — 6:77,
(m, 2H), 5.67 (s, 1H), 5.38 (s, 1H), 4.68 (s, 2H), 3.64 (t, J =
5.2 Hz, 2H), 3.51 (t, J = 4.4 Hz, 4H), 2.59 — 2.53 (m, 6H), 2.39
(s, 1H); 3C NMR (100 MHz, CDCls, ¢); 170.0, 167.7, 164.4,
158.9, 152.7, 149.0, 147.0, 142.0, 135.4, 131.0, 130.1, 129.7, [
127.2, 126.7, 119.6, 119.5, 117.9, 109.0, 83.6, 60.3, 59.3,
57.7,52.4, 44.0, 26.0; FT-IR (KBr): 3400, 3200, 2217, 1640, 1542, 1100, 580 cm™LC-
MS (ESI*): m/z calculated for C27H20CINsO3 [M+H]™: 519.1, 521.1 found: 519.1, 521.2.
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2-amino-7-((6-(4-(2-hydroxyethyl)piperazin-1-yl)-2-methylpyrimidin-4-yl)oxy)-4-
(o-tolyl)-4H-chromene-3-carbonitrile (5j) Yield: 97% as
Green color; *H NMR (400 MHz, CDCls, 9); 7.13 — 7.13 (m,
3H), 7.05 - 7.04 (m, 1H), 6.85 - 6.83 (m, 1H), 6.78 — 6.73 (M,
2H), 5.68 (s, 1H), 5.05 (s, 1H), 4.70 (s, 2H), 3.64 (t, J = 5.2 2N
Hz, 2H), 3.59 (t, J = 4.7 Hz, 4H), 2.58 — 2.53 (m, 6H), 2.40 (s, f“ W
1H), 2.39 (s, 1H); 3C NMR (100 MHz, CDCls, ¢): 170.1, [OH
167.8, 164.5, 159.1, 152.8, 149.2,142.3, 135.5, 131.0, 130.2, 129.8, 127.3, 126.8, 119.8,
119.6, 118.1, 109.2, 83.7, 60.2, 59.5, 57.9, 52.6, 44.2, 37.1, 26.0, 19.7; FT-IR (KBr):
3400, 3200, 2217, 1640, 1542, 1100, 580 cm™; LC-MS (ESI*): m/z calculated for
C27H29CINgO3 [M+H]*: 499.2 found: 499.1.
2-amino-4-(4-chlorophenyl)-7-((6-(4-(2-hydroxyethyl)piperazin-1-yl)-2-methyl

pyrimidin-4-yl)oxy)-4H-chromene-3-carbonitrile  (5I)

Yield: 94% as Pale yellow; *H NMR (400 MHz, CDCI3, §);
7.39(d, J = 7.9 Hz, 1H), 7.23 (d, J = 7.9 Hz, 1H), 7.15 (¢, J = L
7.9 Hz, 1H), 6.86 (d, J = 8.3 Hz, 1H), 6.78 — 6.77 (m, 1H), 6.76 J ® o
—6.74 (M, 2H), 5.94 (s, 1H), 5.62 (s, 1H), 4.67 (s, 2H), 3.64 (t, J\%NA

J =52 Hz, 2H), 3.58 (t, J = 4.4Hz, 4H), 2.59 — 2.53(m, 6H), @ L

2.40 (s, 1H); *C NMR (100 MHz, CDCls and DMSO-ds 6): EOH

169.9, 167.2,164.2, 160.5, 152.8, 149.7, 137.4, 136.1, 135.3, 129.0, 128.7, 128.2, 117.2,
116.6, 108.6, 83.2, 59.9, 58.2, 53.6, 52.6, 43.7, 36.0, 25.8; FT-IR (KBr): 3400, 3200,
2217, 1640, 1542, 1100, 580 cm:LC-MS (ESI*): m/z calculated for C27H29CINGO3
[M+H]*: 519.1, 521.1 found: 519.1, 521.2.
2-amino-4-(4-bromophenyl)-7-((6-(4-(2-hydroxyethyl)piperazin-1-yl)-2-methyl
pyrimidin-4-yl)oxy)-4H-chromene-3-carbonitrile (5m)

Yield: 95% as Pale yellow; ®H NMR (400 MHz, CDCls, 5); |
7.44 (d, J = 8.3 Hz, 2H), 7.09 (d, J = 8.4 Hz, 1H), 6.92 — 6.90 »
(m, 1H), 6.81 — 6.78 (m, 2H), 5.72 (s, 1H), 4.69 (s, 1H), 4.68 ) ® N ::
(s, 2H), 3.65 (t, J = 5.2 Hz, 2H), 3.60 (t, J = 4.7 Hz, 4H), 2.59- f”

2.54 (m, 6H), 2.39 (s, 1H): *C NMR (100 MHz, CDCls 6): O o

169.9, 167.8, 164.6, 159.2, 153.1, 1489, 1435, 132.1, 130.3, |(_

129.8,121.4,119.6,118.6, 118.1, 109.3, 83.9, 60.2, 59.4, 57.9,
52.6,44.2,40.3, 26.1; FT-IR (KBr): 3400, 3200, 2217, 1640, 1542, 1100, 580 cm™; LC-
MS (ESI*): m/z calculated for C27H29BrNsO3 [M+H]": 563.1, 565.1 found: 563.1, 565.2.
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2-amino-7-((6-(4-(2-hydroxyethyl)piperazin-1-yl)-2-methylpyrimidin-4-yl)oxy)-4-
(4-methoxyphenyl)-1,4-dihydroquinoline-3-carbonitrile (5n) :  Yield: 98% as Light
green; *H NMR (400 MHz, CDCls, 6); 7.12 (d, J = 8.6 Hz, 2H), OMe
6.95 - 6.93 (m, 2H), 6.83 (d, J = 8.6 Hz, 2H), 6.79 — 6.76 (m,
2H), 5.69 (s, 1H), 4.72 (s, 2H), 5.07 (s, 1H), 4.71 (s, 2H), 3.76
(s, 3H), 3.64 (t, J = 5.3 Hz, 2H), 3.59 (t, J = 4.8Hz, 4H), 2.58
—2.53 (m, 6H), 2.39 (s, 1H); 3C NMR (100 MHz, CDCls, 6)
170.0, 167.7, 164.4, 158.9,-158.7, 152.6, 148.8, 136.6, 130.3,
129.0,119.8,119.6, 117.8,114.2,109.0, 83.6, 60.7, 59.3, 57.7,
55.35,52.4,44.0, 39.8, 25.9; FT-IR (KBr): 3400, 3200, 2217, 1640, 1542, 1100, 580 cm"
LLC-MS (ESI*): m/z calculated for C2sH32N7O3 [M+H]": 514.2 found: 514.2.
2-amino-4-(2,6-dichlorophenyl)-7-((6-(4-(2-hydroxyethyl)piperazin-1-yl)-2-methyl

OH

pyrimidin-4-yl) oxy)-4H-chromene-3-carbonitrile (50):

Yield: 93% as Pale yellow; 'H NMR (400 MHz, CDCls, 9); i O cl
7.38 (d, 3 = 7.9 Hz, 1H), 7.22 (d, J = 7.9 Hz, 1H), 7.14 (t, J = : O | ::
7.9 Hz, 1H), 6.86 (d, J = 8.3 Hz, 1H), 6.77 — 6.74 (m, 2H), 5.93 J\%NA

(s, 1H), 5.62 (s, 1H), 4.75 (s, 2H), 3.64 (t, J = 5.3 Hz, 2H), 3.58 NJ N

(t, J = 4.3 Hz, 4H), 2.58-2.53 (m, 6H), 2.39 (s, 3H). °C NMR [OH

(100 MHz, DMSO and CDCls, 9): 169.6, 166.7, 163.9, 160.4, 152.6, 149.5, 137.3, 135.8,
135.0,128.9, 128.4, 128.0, 116.9, 116.3, 108.3, 83.2, 59.9, 58.2, 53.1, 52.5, 43.6, 35.9,
25.6; FT-IR (KBr): 3400, 3200, 2217, 1640, 1542, 1100, 580 cm™® LC-MS (ESI*): m/z
calculated for C27H29Cl2NeO3 [M+H]": 553.2 found: 553.1.
2-amino-7-((6-(4-(2-hydroxyethyl)piperazin-1-yl)-2-methylpyrimidin-4-yl)oxy)-4-
(4-nitrophenyl)-4H-chromene-3-carbonitrile (5p): Yield: 90% as Light Yellow; H
NMR (400 MHz, CDCl3, 9); 8.12 —8.10 (m, 1H), 8.01 (s, 1H),
7.61 (d, J=7.5Hz, 1H), 7.51(t, J = 7.7 Hz, 1H), 6.91 (d,J =
8.1 Hz, 1H), 6.83 — 6.81 (m, 2H), 5.73 (s, 1H), 5.12 (s, 1H),
4.91 (s, 2H), 3.65 (t, J =5.2 Hz, 2H), 3.60 (t, J = 4.9 Hz,4H),
2.58-2.54 (m, 6H), 2.38 (s, 1H); **C NMR (100 MHz, CDCls,
). 169.9, 167.8, 164.6, 159.5, 153.5, 149.0, 148.8, 146.6,
134.8, 130.3, 130.0, 123.0, 122.7, 117.7, 109.6, 84.0, 59.0,
59.2,57.9,52.6,44.2, 40.6,26.1; FT-IR (KBr): 3400, 3200, 2217, 1640, 1542, 1100, 580
cm™;LC-MS (ESI*): m/z calculated for CagH27N7Os [M+H]*: 528.2 found: 528.2.
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2-amino-7-((6-(4-(2-hydroxyethyl)piperazin-1-yl)-2-methylpyrimidin-4-yl)oxy)-4-
(3-methoxyphenyl)-4H-chromene-3-carbonitrile (5q) :Yield: 93% as Pale Yellow; 1H
NMR (400 MHz, CDCls, 0); 7.23 (d, J = 8.0 Hz, 1H), 6.99-

OMe
6.97 (M, 1H), 6.81 — 6.75 (M, 4H), 6.73 — 6.72 (M, LH), 5.69 ()
(s, 1H), 5.13 (s, 1H), 4.74 (s, 2H), 3.76 (s, 3H), 3.64 (t, J = 5.2 28 o
Hz, 2H), 3.59 (t, J = 4.7 Hz, 4H), 2.58 — 2.53 (m, 6H), 2.39 (s, L

1H); °C NMR (100 MHz, CDCls, §): 170.1, 167.8, 164.5, | ™« \NJN\
160.0, 159.2, 152.9, 149.0, 130.5, 130.0, 120.5, 119.8, 119.2, [:f

118.0, 114.2, 112.4, 109.2, 83.8, 60.9, 59.5, 57.9, 55.3, 52.6,

44.2, 40.7, 26.1; FT-IR (KBr): 3400, 3200, 2217, 1640, 1542, 1100, 580 cm™; LC-MS
(ESI™): m/z calculated for C2sH32NsOs [M+H]*: 515.2 found: 515.0.
2-amino-7-((6-(4-(2-hydroxyethyl)piperazin-1-yl)-2-methylpyrimidin-4-yl)oxy)-4-
(p-tolyl)-4H-chromene-3-carbonitrile (5s) : Yield: 94% as
Pale yellow; *H NMR (400 MHz, CDCls, ¢): 7.13 — 7.12 (m,
3H), 7.05 — 7.03(m, 1H), 6.85 — 6.83 (m, 1H), 6.77 — 6.73(m,
2H), 5.69 (s, 1H), 5.06 (s, 1H), 4.75 (s, 2H), 3.64 (t, J = 5.2 Hz, NE.
2H), 3.59 (t, J = 4.4 Hz, 4H), 2.58 — 2.53(m, 6H), 2.40 (s, 1H), pNJiN*

2.39 (s, 1H): 3C NMR (100 MHz, CDCls, ) 170.1, 167.9, [NJ
164.6, 159.0, 152.8, 149.0, 141.5, 137.1, 130.5, 129.7, 127.9, —
119.5, 118.0, 109.2, 83.7, 61.0, 59.4, 57.9, 52.5, 44.2, 40.3, 40.1, 26.1, 21.1; FT-IR
(KBr): 3400, 3200, 2217, 1640, 1542, 1100, 580 cm™ LC-MS (ESI*): m/z calculated for
C2sH30NO3 [M+H]": 499.2 found: 499.1.
2-amino-7-((6-(4-(2-hydroxyethyl)piperazin-1-yl)-2-methylpyrimidin-4-yl)oxy)-4-

(4-methoxyphenyl)-4H-chromene-3-carbonitrile  (5t) OMe

Yield: 91% asLight green; *H NMR (400 MHz, CDCI3, 6); O

7.12 (d, J = 8.6 Hz, 2H), 6.95 - 6.93 (m, 1H), 6.83 (d, J = 8.6 O ‘ CN
O N NH

Hz, 2H), 6.78 — 6.76 (m, 1H), 5.69 (s, 1H), 4.72 (s, 2H), 4.67 N
(s, 1H), 3.76 (s, 3H), 3.64 (t, J = 5.2 Hz, 2H), 3.59 (t, J = 4.8 ﬁNKNk)N\
Hz, 4H), 2.58- 2.53 (m, 6H), 2.39 (s, 1H); C NMR (100 [NJ

MHz, CDCls): 170.0, 167.8, 164.5, 159.0, 158.9, 152.8, 148.9, —=*

136.7, 130.5, 129.1, 119.9, 119.7, 117.9, 114.2, 109.2, 83.8, 60.9, 59.5, 57.8, 55.3, 44.1,
39.9, 26.0; FT-IR (KBr) : 3400, 3200, 2217, 1640, 1542, 1100, 580 cm™*; LC-MS (ESI*):
m/z calculated for C2gHs2NsO3 [M+H]": 515.2 found:515.1.
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Figure.4.13. LC-MS spectra of 5j compound.
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5.1. Introduction

Despite advances in the multi-modal management of a wide spectrum of human cancers,
it remains a major global killer of human in almost all ages in every society, warranting
the need for improved and targeted specific therapies. The incidence of cancer cases is
increasing day by day because of changing in life style and other risk factors like
overweight, physical inactivity, smoking, mutations in anti-cancer gene and aberrant
expression of some proteins/protein kinases [1-2]. The cancer cells are distinguished by
self-sufficiency in growth signals, and hypo-sensitivity to anti-growth signals, unlimited
replicative potential, metastasis, sustained angiogenesis, and evasion of apoptosis. Many
proteins are responsible for cancer growth and progression. However, kinases are main
class that have been studied and exploited for the development of potential anticancer
molecules [3-7].

Microtubules affinity regulated kinase 4 (MARK4) is the member of microtubule
affinity-regulating kinases (MARKSs) expressed in multiple tissues. [8]. Besides
microtubule dynamics regulation MARK4 is also implicated with signal transduction,
adipogenesis, cell polarity and cell cycle progression has been also played by MARK4
[9-12]. Initially, the over-expression or dys-regulation of MARK4 was studied in
neurological disorders like Alzheimer’s disease [13]. But, it was also found that MARK4
is over-expressed in case of different type of cancer like hepatocellular carcinomas,
gliomas and inhibits hippo signalling in breast cancer cells, suggesting the role for
MARK4 in cancer progression and development [14-16]. Recent studies have shown that
inhibition of MARK4 through small molecule inhibitors like chemically synthesized as
well as natural molecules hindered the viability of cancerous cells [5,17,18]. Inhibition
of MARKA4 reduces the cell migration in breast cancer cells and increases the survival of
breast and lung cancer patients [19]. These observations clearly suggested that MARK4
may be chosen as a molecular target for cancer prevention and treatment.

The discovery and development of new drugs that can be used in the treatment of cancer
remains one of the biggest challenges for the scientific community. Interestingly, nature
has demonstrated to be one of the best sources of molecules that can bind to the cancer
specific targets [20]. Therefore, the search for new natural molecules, semi-synthetic and
synthetic compounds that display specific activity against cancers are of great interest.
For example, flavonoids based pyran derivatives that include epicalyxin F, calyxin F,
epicalyxin G, calyxin G, epicalyxin K, calyxin K, calyxin L, calyxin I have previously
been isolated from the seeds of Alpinia blepharocalyx sp. [21]. These plants are widely
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distributed in south-western China and their seeds are commonly used in traditional
medicine for the treatment of various stomach disorders [22]. Many of these natural
products have shown interesting hepatoprotective activity and anti-proliferative activity
against cancer cells [23]. Earlier studies further suggested that the flavone and its
derivatives have wide-range of diverse biological applications such as anti-cancer
activities, antiestrogenic [24] activities against aromatase enzyme [25] and interaction
with estrogen receptors [26].

Due to our interest in this field [21, 27-28], we went on modifying the flavonoids
scaffold in order to identify new compounds with comparable biological properties in the
respect of natural molecules but with reduced or abolished side effects.

In recent years, metal catalysed direct functionalization of aryl C(sp?)—H bonds to diaryl
amine have received great deal of attention. With this concept, a number of modifications
to C-H amination were developed by Rhodium [29] and Iridium [30] mediated C(sp?—H
amination of benzamide with aryl azide and aniline, and others [31] reported with
bidentate auxiliary and 8-amino quinoline-directed Cu(ll)/air/Ag(l)catalysed C(sp?)—H
amination with electron poor aniline and aliphatic amine and also described with copper
catalysed C-H amination reaction on electron rich aniline with the influence of
Ag(l)/TBAB. Still, it is challenging to create an inexpensive, efficient, and atom-
economic amination method. Direct utilization of the instinctive nucleophilic
characteristics of chromones via C—H bond functionalization could afford a valuable
approach for preparing a series of varied related products with high site selectivity [32].
Keeping this in view, we explored biologically active natural products to investigate the
3-aminated flavones analogues. We performed amination reaction of flavones derivatives
using reported methods but failed to get the product. Then, we tried amination of 2-
heteroarylchromones using furan and pyridine as directing groups and hoped to create an
efficient process for the synthesis of 3-aminated flavone derivatives. In this context,
herein we developed a general method with the idea of utilizing flavone moiety for the
amination via Pd(OAc). used as a catalyst and Ag.CO3 as an oxidant to catalysed
oxidative cross-coupling reactions. To discover and develop potent and selective Mark4
inhibitors for cancer therapy, we tried an efficient preparation of novel 3-N-aryl
substituted-2-heteroarylchromones by carbon —heteroatom bond formation using 2-
heteroarylchromones and anilines via transition metal mediated C-H functionalization
reaction. Under optimal reaction conditions, 2-heteroarylchromones and anilines

afforded the desired products in good to excellent yield (70-84%).
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5.2. Results and discussion

5.2.1. Chemistry

Table 5.1. Optimization of reaction conditions

Chapter 5: Synthesis of 3-N-aryl substituted-2-heteroarylchromones

| N\
o M o\ o R Catalyst, oxidant © o
| Solvent, temp NH
i (6]
1j
1i 6q
S. No. Catalyst Oxidant solvent  Temp (°C) yieldd
(20 mol%) (equiv) (%)
1 Pd(OAc):  K2S20s DMF 120 -
2 Pd(OAc). NaxS20g DMSO 120 -
3 Pd(OAc):  K:2S20s DMF 120 -
4 Pd(OAc)2  Ag0 (1) DMSO 120 20
5 Pd(OAc)2 Ag0 (2) DMF 120 30
6 Pd(OAc):  AgNOs (1) DMF 120 35
il Pd(OAc): AgNOs (1.5) DMSO 120 41
8 Pd(OAc):  AgNOs3 (2.0) DMSO 120 45
9 Pd(OAc)2  AgNOs (3.0)0 DMSO 120 47
10 Pd(OAc):  AgCOs (1) DMSO 120 42
11 Pd(OAc):  Ag.COs (1.5) DMSO 120 49
12 Pd(OAc):  AgCOs (2) DMSO 120 67
13 Pd(OAc).  Ag2COs (3) DMSO 120 84%
14 Pd(OAc). Ag.CO3 (3) DMSO 80 Trace
15 Pd(OAc)2 Ag2COs (3) DMSO 140 76
16 Pd(OAc)®  Ag.COs (3) DMSO 120 39
17 Pd(OAc)* Ag.COs3 (3) DMSO 120 74
18 Pd(OAc)2  Phi(OAc): (1) DCE 80 -
19 Pd(OAc),  PhI(OAcC): (2) DCE 100 -
20 Pd(OAc).  PhI(OAC)2 (3) DCE 120 -

aReaction were carried out at 1 mmol scale, catalyst (20 mol%), additive, solvent (4ml), temperature, "Pd(OAc)210
mol %), Pd(OAC)2 (30 mol%), YIsolated yield.
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We commenced our reaction with 2-(furan-2-yl)-4H-chromen-4-one and aniline as a
model substrate for the formation of product 6q by using Pd(OAc)2 (20 mol%) as a
catalyst and K2S20g (3 equiv.) as an oxidant in DMF at 120 °C, but failed to get the desired
product (Table 5.1, entry 1). So, we replaced K2S>0s with Na»S»20s in 1,4-dioxane but
we got no product improvement (Table 5.1, entry 2). Using Pd(OAc); with K2S;0sg (5
equiv.) in DMSO at 120 °C was also in vain as the desired product was not obtained
(Table 5.1, entry 3). However, when we used Pd(OAc). (20 mol%) with Ag20 (5.1 and
2 equiv.) which furnished the product 3a in 20% and 30% vyields respectively in 12 h
(Table 5.1, entry 4 and 5). Encouraged by the results, we investigated the reaction under
various oxidants. We screened the reaction Pd(OAc)2 (20 mol%) with different oxidant
with different amount of silver salts such as Ag2NOs (1 equiv.), AgaNOz (1.5 equiv.),
Ag2NOs3 (2 equiv.) and AgoNOs (3 equiv.) in the presence of DMSO solvent at 120 °C.
The yield of product formation slightly improved (35%, 41%, 45% and 47% respectively
(Table 5.1, entries 6, 7, 8 and 9). The yield was reduced sharply by changing the oxidant
to Ag2COz3 (1 equiv.), (42%) (Table 5.1, entry 10). If we use Ag2CO3 (1.5 equiv.) and
Ag2CO3 (2 equiv.) the product yield further improved (49% and 67%) respectively (Table
5.1, entry 11 and 12). Efficiency of the reaction was encouraging, when the reaction was
carried out with Pd(OAc). (20 mol%) in the presence of oxidant Ag>COs (3 equiv.), an
excellent product yield 78% was obtained at 120 °C in DMSO for 12 h (Table 5.1, entry
13). Either lowering the temperature or increasing the temperature failed to give a better
yield (Table 5.1, entries 14 and 15). The reaction with Pd(OAc). (10 mol%) with Ag.CQO3
(3 equiv.) afforded lower yield (39%) (Table 1, entry 16). No further increment in the
desired product yield was also obtained when the reaction was performed in presence of
Pd(OAc)2 with (30 mol%) and oxidant Ag.CO3(3 equiv.) in DMSO solvent at 120 °C
(Table 1, entry 17). Similarly, no better yield was obtained with Pd(OAc)2 (20 mol%)
with different equivalent of phenyliododiacetate such as Phl1(OAc)2 (1 equiv.), Phl(OAc)2
(2 equiv.) and Phl(OAcC). (3 equiv.) as an oxidant in dichloroethane (DCE) solvent at 80
°C, 100 °C and 120 °C (Table 5.1, entry 18, 19 and 20).

5.2.1.1. Substrate scope

Under optimized reaction conditions, we further investigated the scope of substrates in
Pd(OAC), catalysed reaction of 2-(furan-2-yl)-4H-chromen-4-one and aniline derivatives
for the synthesis of 3-aminoflavone derivatives (Scheme 5.1). The reaction exhibited
wider substrate scope and showed good tolerance for electron-withdrawing groups,

electron donating groups and without substrate at aniline.
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H, Pd(OAc), (20 mol%),
Ag,CO3 (3 equiv)
DMSO, 120 °C, 12h

6a, (80%) 6b, (82%) 6c, (78%) 6d, (71%)

/©\ 6h, (77%)
6e, (75%) 6f, (84%) 6g, (73%)

C;ID@;I“

6i, (79%) 6j, (83%) 6k, (76%) 61, (80%)
NO
6n, (70%) 5
6m, (73% 60, (79%) 9
m, (73%) CI o (79%) 6p, (73/.,)
o M 7 3
[ N
NH cl NH
649, (76%) 6s, (72%)

Scheme 5.2. Scope of aniline for the direct C-H amination furan as a directing group.

Para substituted nitroaniline showed to be good substrate for this reaction (compounds
6b, 61). To our surprise, ortho substituted nitroaniline delivered the corresponding

aminated product in high yields (compounds 6f, 6j). The reaction proved good tolerance
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toward halogenated substituents including F, Cl, Br and | to provide the corresponding
aminated products in acceptable yields (compounds 6a, 6¢, 6i, 6m, 60 and 6p). The
substituent like —NO2, and halogen groups such as -1, -Br—CIl and F on aniline ring
afforded products in good yield as compare to without substituent (compounds 8, 17) and
the -Me and —OMe substituted products (compounds 6d, 6e, 6g, 6k, 6n and 6s). The
products yield also varied depending upon the position of the substituents on flavones

molecule.

Pd(OAc); (20 mol%),
Ag,CO3 (3 equiv)

Cl OMe Br
6t, (92%) 6u, (85%) 6v, (87%) 6w, (89%)

Scheme 5.3. Scope of substrates for the direct C-H amination with pyridine as a directing
group.

Additionally, we examined the scope of substrates in Cu(OAc): catalysed reaction of 2-
(pyridin-2-yl)-4H-chromen-4-one and aniline derivatives for the synthesis of 3-
aminoflavone derivatives (Scheme 5.2). The reaction showed extensive substrate scope
with Cl, I, Me and OMe (6t, 6u, 6v and 6w) with excellent yield (85-92%) in the presence
of Pd(OACc). and Ag-COs at 120 °C for 12h . We tried that reaction with copper acetate
get acceptable yield in that case also (Scheme 5.3).

5.2.2. Biology

5.2.2.1. Expression and purification of protein

MARK4 was expressed and purified successfully. Purity of eluted protein was checked
by running SDS-PAGE. Details of protein expression and purification have been

described in our previous communications [34].

132



Chapter 5: Synthesis of 3-N-aryl substituted-2-heteroarylchromones

5.2.2.2. ATPase enzyme inhibition assay

Initially, all of the synthesized compounds were screened against MARK4 with the help
of ATPase inhibition assay. We observed that out of 22 compounds, three compounds
(6b, 6¢ and 6n) significantly inhibit the MARK4 activity. To evaluate the inhibitory
potential of these selected compounds, enzyme assay of MARK4 was performed with
increasing concentrations of each compound (0-10 uM). Subsequently, 1Cso value (50%
of ATPase activity) for compound (6b, 6¢ and 6n) was calculated as 2.12+ 0.22uM, 1.98
+ 0.34uM, and 5.56+ 0.42uM, respectively (Figure 5.1A). These findings clearly
suggested that selected compounds (6b, 6¢ and 6n) inhibits the activity of MARK4 and
is presumably considered as potential inhibitor of MARKA4.

A B

BSA + 50ng 100ng 200ng

Ligand --05 1 2 3 510
Prowm®- + _F + 5 + 8 +

o | VI
T 00000008 !

Protein (ng) BSA -+ + + + +

Pi ,,’. ’ Compound (uM) BSA - - 3.0 5.0 10.0
¢l 4 bl T

Compound 3 Compound 2

il ‘M‘“‘
L T

Compound 14 b
ICo=5.56 uM ‘ ‘
;\TH ‘ Compound 14

Figure.5.1. Kinase inhibition assay. (A). Shows the hydrolysis of Pi from ATP, position
of Pi and ATP spots are indicated. Lane 1, negative control (without protein); lane 2, 100
nM MARKA4 (positive control); and lanes labelled as 0.5,1.0, 2.0, 3.0, 5.0 and 10.0, shows
the concentration of compound (6b, 6¢c and 6n). (B). Binding of MARK4 with
radiolabelled oligos (C). Inhibition of kinase activity of MARK4 verified by DOT-blot
assay by using radiolabelled oligos as substrate showing that all three selected molecules
inhibits MARKA4.

We have further screened MARK4 against radio labelled phosphate based oligos and
found that it binds with oligos and hydrolyse phosphate significantly (Figure 5.1B). Thus,
we studied the binding and inhibition of MARK4 by compounds (6b, 6¢ and 6n) with the
help of dot blot assay. MARK4 was incubated with increasing the concentrations of these

compounds and subsequently labelled oligos were added as a substrate. It was observed
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that these compounds bind to MARK4 and significantly inhibit the release of phosphate
from oligos (Figure 5.1C).

5.2.2.3. Binding of selected compounds to the MARKA4

Molecular docking approaches have been used to see any molecular interaction exist
between each synthesized compounds and residues lies in the active site cavity of
MARK4,

/ Ly
{ ed.

{

L) b RN (e
\ Z \ g B (AP Zm ’ Npeeoi, “J
=, \ o GLUY a4 ‘G—ig‘d
(5% v, om Y & - ® ® &
W o % B ' e .
138) L (ALAY ~ — | / g
Yy | \ai3s) . (f; {','54 At
Compound 14

Compound 2 Compound 3

Figure.5.2. Molecular docking studies of (A) compound 6b, (B) compound 6¢ and (C)
compound 6n. Upper panel shows the pocket view of MARK4 binding with selected
compounds. Lower panel is showing the 2D schematic diagram of interactions of
MARK4 with selected compounds. Residues involved in hydrogen bonding, charge or
polar interactions, van der Waals interactions are represented in different color.

We have used Autodock (version 4.2), an automated tool to perform docking which was
installed on Windows 7 OS (on HP Proliant DL180 G6 workstation) [35]. It helps to
estimate the intermolecular distance between the interacting residues and binding
energies of each protein-ligand complex. Binding energy obtained from molecular
docking and number of interacting residues helps us to select the best-docked complex
among the selected synthesized compounds, results of docking are shown in Table 2.2.
Analysis of docking results indicates a sufficient number of interactions are offered by
the active site residues of MARK4 to the selected compounds (Figure 5.2). These

observations clearly indicate that the synthesized compounds possess high binding
134



Chapter 5: Synthesis of 3-N-aryl substituted-2-heteroarylchromones

affinity for the MARK4 and specifically bind to the active site residues, which may
significantly inhibit its activity.

Table.5.2. Molecular docking results showing binding energy and interacting residues
from the active site of MARK4 with 6b, 6¢ and 6n derivatives.

Protein ligand interaction

Compoun  Bindin '
dp energy(kgall No. of H A;Ei'go Distan Other interacting
number mol) bonds _Giies Ce(A) residues
Ala68, Lys64, Gly63,
Gly65, Val70, Ala195,
6b 8.8 2 Glu139 3.4  Glul33, Ala83, Vallls,

Glul82 35  lle62, Alal35, Leul8s,
Tyrl34, Gly138, Aspl42,
Glu139, GIu182, Asp196
Gly65, Glu182, Gly63,
Glu139, Aspl42, Gly138,
Tyr134, Ala135, le62,
6c 8.4 1 CIT825, 812 Me)t/132, Leu185, Val116,
Ala83, Val70, Ala195,
Lys85, Asn183, Asp196,
Ala68
Gly138, Tyri34, Lys8s,
Ala135, Leu185, Alag3,
Ala195, Met132, Val116,
6n 8.2 1 Aspl96 3.2 Val70, Asni83, Gly63,
Lys64, Gly65, Lys69,
Ala68, Glu182. Glu139,
11e62

5.2.2.4. Fluorescence binding studies

To see the binding affinities of synthesized compounds with MARK4, we used
fluorescent emission spectra measurements. Protein was excited at 280 nm and emission
spectra were recorded in the range of 300-400 nm with the increasing concentrations of
each compound (0-100uM). A decrease in fluorescence intensity with increasing the
concentration of each compound is fitted in the modified Stern-Volmer equation (1) to
calculate the binding constant, Ka and number of binding site per protein molecule (n).

log(Fo —F)/F = logKa + nlog[Q] 1)

Where Fo is the fluorescence intensity of protein and F is the fluorescence intensity of
ligand, Ka is the binding constant and n is the number of binding sites, Q represents
quenching constant. For the ligand—protein complex, the values for Ka and n can be

derived from the intercept and slope.
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Figure.5.3. Flourescence binding studies. Fluorescencespectra of MARK4 (5 uM) with
increasing concentration of (A) Compound 6b, (B) Compound 6¢ and Compound 6n (0—
10 uM). Excitation wavelength was fixedto 280 nm and emission was recorded in the
range 300-400 nm. Lower pannel shows Maodified Stern-Volmer plot used to calculate
binding affinity (Ka) and number of binding sites (n).

The binding affinities of selected compounds have been studied by fluorescence binding
(Figure 5.3). However, it was found that for each compound a single binding site has
been present on MARKA4. It is interesting to note that the results of fluorescence binding
are consistent with that of enzyme activity results and suggested that the high binding
affinity compounds significantly inhibit the enzyme activity of MARKA4. Further, it was
concluded from the dot blot assay, docking studies and fluorescence based binding assay
that these compounds bind with the active site cavity of MARK4 and this binding hinders
the substrate accessibility to MARK4. This observation also confirms our notion that
binding of these compounds leads to the enzyme inhibition [5].

5.2.2.5. Cell proliferation assay

Initially, the selected synthesized compounds were evaluated for their cytotoxicity
potential on MCF-7(Human breast cancer cell line), HepG2 (human liver cancer cell
line), and HEK293 (Human embryonic kidney cells) cell lines by MTT assay. For
HEK?293 cells, these compounds were screened in the concentration range of 0-200 UM,
and treatments were given for 24 and 48 h. Whereas, in case of MCF-7 and HepG2 cells
the compounds 6b, 6¢ and 6n as selected by binding and enzyme inhibition assays are

studies in detail. The results had shown that the studied concentration range of these
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compounds inhibit the proliferation of MCF-7 as well as HepG2 cells (Figure 5.4).
Consistent with earlier studies, cell proliferation studies also showed that compound 6b,
6¢ and 6n provoked superior toxicity in a concentration dependent manner on MCF-7
and HepG2 cells. It was also interesting that in the studied sub-micromolar concentration

range these compounds don’t show considerable cytotoxicity towards HEK293 cell lines.
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Figure.5.4. Cell proliferation studies. Effect of compound 6b, 6¢ and 6n (A) MCF-7
(Breast Cancer) and (B) HepG2 (Liver cancer) cells. Cells were treated with increasing
concentrations of compound 6b, 6¢ and 6n (0-200 uM) for 48 h. Cell viabilities were
shown as a percentage of the number of viable cells to that of the control. Each data point
shown is the mean £ SD from n = 3.

The 1Cso values for compound 6b, 6¢ and 6n were found to be 3.22+ 0.42, 4.32+ 0.23
uM, and 16.22 £ 1.33 for MCF-7 cells, and 6.45+ 1.12, 5.22+ .72 uM, and 19.12 £+ 1.43
for HepG2 cells. Cytotoxicity of these selected compounds at their respective ICso value
were also studied on HEK293 cells. It was observed that more than 85% of embryonic
kidney cells were viable even after 72 h of treatment. Cytotoxicity results clearly
suggested that these compounds are non-toxic to normal cells and specifically bears
toxicity for cancerous cells. Thus, compound 6b, 6¢ and 6n were taken for further cell-
based studies such as apoptosis and reactive oxygen species (ROS) production.

5.2.2.6. Apoptosis assay

Evasion of apoptosis is a striking hallmark of cancerous cells, it is an essential process
that controls abnormal growth of cells, but impaired signalling helps the cancerous cells
to escape apoptosis [36]. MARK4 over-expression also supports the growth and evasion
of cancerous cells [37]. Thus, the probability of apoptosis induction by inhibiting
MARK4 was studied. MCF-7 and HepG2 cells were starved in reduced serum medium
and treated with ICso dose of each compounds for 24 h and subsequently annex in-V

staining was used to assess the apoptotic potential of these compounds.
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Figure.5.5. Apoptosis studies. (A) Annexin-V staining of MCF-7 and HepG2 cells; cells
were treated with 1C50 concentrations of each compound for 48 h and subsequently
stained with FITC Annex in-V. Stimulation of apoptosis was quantified by flow
cytometry. Representative flow images showing FITC-Annex in-V labeled cells, which
directly corresponds to the percentage of apoptotic cells. Bar graphs of (B) MCF-7 and
(C) HepG2 cells represents the percentage of apoptotic cells stained with Annex in-V for
duplicate measurements + SD.**p < 0.001, compared with the control (untreated cells).
Statistical analysis was done using one-way ANOVA and t-test for unpaired samples. For
anticancer activities doxorubicin has been taken as positive control.

Stained cells were analysed by flow cytometry and it was found that the treatment of
compound 6b, 6¢ and 6n considerably induces the apoptosis in the MCF-7 as well as
HepG2 cells (Figure 5.5). Analysis of results suggested that treatment of compound 6b,
6¢c and 6n induces apoptosis in 44.12%, 29.95% and 22.00 %, of MCF-7 cells, and
19.40%, 17.77% and 13.04 %, of HepG2 cells respectively as compared to the control
cells (Figure 5.5). These observations clearly indicate that these three compounds induce
apoptosis in MCF-7 and HepG2 cells.

Consistent to the results of binding, enzyme inhibition and cell proliferation, apoptosis

assays also suggested that compound 6b and 6¢ induces apoptosis in more number of
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cells (Figure 5.5). Though these three compounds elicited the apoptosis in highly
significant number of cells but compound 6b and 6c found to be activates apoptosis more
prominently. Inference from the decreased cell proliferation as a result of selected
compound treatment also suggests that these molecules may inhibit the MARKA4.,
Because MARK4 is recently identified to inhibit hippo signalling in MCF-7 cell [37]
and also acts as the negative regulator of mTORC1 [38], these two pathways are
accountable for rapid cell proliferation and migration of cancer cells. So the molecule
which inhibits the MARK4 might also be responsible to regulate these pathways. Thus,
our results are in consistency with these earlier reports that MARK4 inhibition
considerably reduces that cell proliferation and induces apoptosis in MCF-7 cells.
5.2.2.7. Tau-phosphorylation assay

Cell free in vitro ATPase inhibition studies clearly suggested that compound 6b, 6¢ and
6n inhibit the MARK4 significantly.
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Figure.5.6. (A) Representative flow cytometry histogram of MCF-7 cell fractions stained
with phosphorylated anti-tau antibodies, each histogram represents the phosphorylation
status of tau under different treatments as mentioned in inset. (B). Showing the
concentration of ROS at different concentrations of selected compounds.

In order to confirm this observation, enzyme inhibition activity is extended to a cell

system-based tau-phosphorylation assay. Tau proteins act as the substrate for MARK4
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mediated phosphorylation. For this cell were allowed to grow in presence of compound
6b, 6¢ and 6n, subsequently phosphorylation of tau has been assessed with the help of
flow cytometry. It was found that compound 6b, 6¢ and 6n inhibit the phosphorylation
of tau (Figure 5.6A). Result presented in the Figure 7A shows that treatment of
compounds 6b, 6¢ and 6n shifts the position of histogram towards the lower side of
untreated cells (shown by red color: control). These results signify compounds 6b, 6¢ and
6n inhibit the phosphorylation of tau. MARK4 phosphorylates the Tau: so, we study the
effect of MARK4 inhibition on Tau phosphorylation.

5.2.2.8. Estimation of levels of reactive oxygen species

The respiratory cycle of mitochondria is the foremost source of reactive oxygen species
(ROS), and ROS has the potential to induce cell apoptosis [38]. Thus it was speculated
that the treatment of selected compounds might leads to the production of ROS. The
MCEF-7 cells were treated with I1Cso dose of compound 6b, 6¢ and 6n for 5-6 h incubation
(Figure 5.6B). ROS levels were quantified with the help of flow cytometry by using 2-
Dichlorofluorescein diacetate (DCFDA) staining. Interestingly, it was found that
treatment of compound 6b, 6¢ and 6n increases the production of ROS. Representative
histogram was shown in Figure 6B, which suggests that incubation of MCF-7 cells with
compound 6b, 6¢ and 6n shifts the position of respective histogram towards right (higher
value), that shows an increase in the levels of ROS. Results of ROS measurement
suggested that compound 6b, 6¢ and 6n considerably increases the levels of ROS that
might be also a reason for cellular death of MCF-7. Generation and accumulation of ROS
result in-oxidative stress and play a crucial role in the governing of cancer cell behaviour.
Increased levels of ROS can activate a sequence of pro-apoptotic pathways, like
mitochondrial dysfunction and ER stress and, which eventually leads to deterioration of
cell function and apoptosis [39]. Taken together, all these observations suggesting that

the inhibitory potential of these compounds against cancerous cells.

5.3. Conclusion
In conclusion, we developed an efficient method for the synthesis of novel 3-N-aryl

substituted-2-heteroarylchromones via Pd-mediated oxidative coupling using 2-
heteroarylchromones and anilines. Among the 22 synthesized compounds, compounds
6b, 6¢ and 6n gave excellent results used as enzyme inhibition aligned with human
MARK4 with ICsp value 2.12+ 0.22uM, 1.98 =+ 0.34uM, and 5.56 + 0.42uM with better
binding affinity. They also showed anti-proliferative activity against human breast cancer
line with 3.22 +0.42, 4.32 + 0.23, and 16.22 =+ 1.33uM and human liver carcinoma cells
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with 6.45+1.12,5.22 +0.72, and 19.12 + 1.43uM. This study ensued in the identification
of potential lead compounds for prospective in vitro and in vivo anticancer studies
suggesting MARK4 as promising anti-cancer target.

5.4. Experimental section

5.4.1. General Information

All the required chemicals were purchased from Sigma Aldrich, Himedia and Aavra. IR
spectra were recorded on a Thermo Nicolet FT-IR spectrophotometer with KBr. NMR
was recorded on a Jeol Resonance ECX 40011 spectrometer using CDCl3z as solvent. In
'H NMR Chemical shifts are recorded in parts per million and referenced internally to
the residual with tetramethylsilane (TMS 6 0.00 ppm) or proton resonance in CDCl3 (8
7.26 ppm). BC NMR spectra were referenced to CDCls (8 77.0 ppm, the middle peak).
Coupling constant were recorded in Hz. The following abbreviations are used to explain
the multiplicities: s = singlet, d = doublet, dd = doublet of doublets, dt = doublet of
triplets, t = triplet, g = quartet, m = multiplet. Mass spectra were measured with ESI
ionization in MSQ LCMS mass spectrometer.

5.4.1.1. Chemistry

5.4.1.1.1. General procedure

A round bottom flask with a magnetic stirring bar was charged with flavone (1 mmol),
Pd(OAC)2, (10 mol%), Ag.COz used as an oxidant (3 equivalent ), DMSO solvent (3 mL)
and the reaction was stirred at 120 °C temperature after 10 min aniline (1.5 mmol) is
added. The reaction mixture was refluxed at 120 °C until complete consumption of the
starting material as detected by TLC. TLC checked in 10% hexane and ethyl acetate.
After completed the reaction, the mixture was poured into water and extract with water.
The residue was purified via column chromatography with good to excellent yield (6a-
6w).

5.4.1.2. Biology

5.4.1.2.1. ATPase assay

ATPase assay was performed to evaluate the enzyme activity of MARKA4 in the presence
of different compounds; for this previously published protocol from our group has been
followed [4, 16]. Briefly, we measured 2Pi released from [y-32P] ATP hydrolysis, which
was catalysed by MARKA4. After incubating proteins with ice-cold ATP (1 mM) and [y-
32p] ATP (specific activity 222 TBg mmol™?) for 2 h at 37 °C thin layer chromatography
was performed. We first preceded our experiment in the presence of increasing

concentrations of all the synthesized compounds with MARK4. Finally, after initial
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screening, MARK4 were incubated with increasing concentrations of selected
compounds. These results were taken to measure the MARK4 inhibition in terms of
percentage hydrolysis of ATP.
5.4.1.2.2. Molecular docking
Autodock Vina and Autodock 4 package was used for molecular docking (Trott and
Olson, 2010). Autodock Vina uses an advanced docking algorithm and scoring function
of protein ligand interactions. Atomic coordinates of MARK4 was retrieved from RCSB
Protein Data Bank database (www.rcsb.org) using the PDB ID 5ES [40]. Prior to docking
analysis, the structure was emended by removing the ligand and co-crystallized water
molecules, followed by addition of polar hydrogens and Gasteiger charges using Auto
Dock Tool (ADT). The 2D and 3D structures of all the synthesized compounds were
generated and energy minimized by ChemBio3D Ultra 12.0. After preparing the
coordinate files of MARK4 and respective compounds, they were subjected to molecular
docking.in order.to see the bound conformations, binding affinity and possible protein-
ligand interactions. PyMOL viewer (Schrodinger, LLC) and “Receptor-Ligand
Interactions” modules of BIOVIA/Discovery Studio 2017R2 were used for the
visualization and structure analysis of the docked complexes of MARK4 and to generate
two-dimensional docking for the analysis of hydrogen bonds and hydrophobic
interactions [41].
5.4.1.2.3. Fluorescence measurements
The binding study of synthesized compounds with recombinant MARK4 was carried out
by monitoring fluorescence intensity change of emission spectrum of MARK4 by
following our previously published protocol [33]. Each titration of protein was performed
in triplicates and the average was taken for analysis. A significant decreased in
fluorescence intensity of protein with increase in the concentration of selected
compounds were used as the criteria to calculate the binding constant (Ka) as well as
number of binding sites (n) present on the protein molecule using the modified Stern-
Volmer equation [42]:

log (Fo-F)/F = log Ka + nlog[L] 1)
where, Fo = Fluorescence intensity of native protein, F = Fluorescence intensity of protein
in the presence of ligand, Ka = Binding constant, n = number of binding sites, L =
concentration of ligand. The values for binding constant (Ka) and number of binding sites

(n) were derived from the intercept and slope, respectively.
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5.4.1.2.4. Cell culture

HEK-293, HepG2 and MCF-7 human cell lines were grown and maintained in a DMEM
supplemented with 10% heat-inactivated fetal bovine serum (Gibco) and 1% penicillin,
streptomycin solution (Gibco), in a 5% CO. humidified incubator at 37°C. Cells were
cultured, maintained and trypsinized not more than 30 passages.

5.4.1.2.5. Cell viability assay

To study the effect of synthesized compounds on cell viability and proliferation, standard
MTT method was carried out. Cells were plated (8000-9000/well) in a 96-well plate and
incubated overnight. On the next day, cells were treated with increasing concentrations
(0.1-80 puM) of compounds in a final volume of 200 pl for 48 h at 37°C in a humidified
chamber. At the end of treatment time point, 20 pl of MTT solution (from 5mg/ml stock
solution in phosphate buffer saline, pH 7.4) was added to each well and incubated further
for4-5hat 37°C inthe CO> incubator. After stipulated time the supernatant was aspirated
and the colored formazan crystal produced as a result of MTT reduction was dissolved in
100 pl of DMSO. The absorbance (A) of colored product was then measured at 570 nm
on a multiplate ELISA reader (Bio-Rad). The percentage of viable cells was calculated
and used to estimate the ICso (50% inhibitory concentration) values for studied
compounds. For cell proliferation and anticancer activities paclitaxel has been taken as
positive control.

5.4.1.2.6. Cell apoptotic assay

Annexin-V staining was used to analyse the apoptotic potential of selected synthesized
compounds as described earlier [43]. Briefly, MCF-7 and HepG2 cells were treated with
ICso dose of selected compoundfor 24 h at 37 °C, and the control cells were treated with
the media only. After 24 h treatment, nearly 2.5 x10° cells were trypsinized and collected
by centrifuging the cell suspension at 1800 rpm for 4 min. Collected cells were washed
two times with 5 ml of PBS. Finally, cells were strained with FITC-Annex in-V with the
help of FITC-Annex in-V kit according to the manufacturer’s guidelines (BD-
Biosciences, USA). Approximately, 10,000 events were analyzed for each sample
through flow cytometry on BD LSR Il Flow Cytometry Analyzer and FlowJo.

5.4.1.2.7. Tau-phosphorylation assay

For tau-phosphorylation inhibition assay, MCF-7 cells were grown in 6-well cell culture
plate and treated with ICso dose of selected compounds. After 24 hrs, 1x 10° cells were
harvested and staining was done within 1 h of harvest. Followed by three times washing
with PBS containing 2% BSA cells were fixed with fixation buffer (2%
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paraformaldehyde) for 40 min (4 °C) and permeabilized with permeabilization buffer
(eBioscience) and 0.5% saponin for 30 min at 4 °C. The cells were washed two times, re-
suspended in incubation buffer and incubated with primary antibodies of anti-tau
(pSer262), at 25 °C for 2 hr. After incubation cells were washes as before and labelled
with FITC labelled goat anti-rabbit 1gG secondary antibody for 30 min at room
temperature. Flow cytometry analysis was performed on FlowJo (BD Bioscience, USA).)
At least 100,000 events were acquired for each sample.

5.4.1.2.8. Reactive oxygen species measurement

As DCF fluorescence helps to measure different types of reactive oxygen species (ROS),
DCFDA staining was used to quantify the ROS level inside the cell as described earlier
(Khan et al., 2017). Briefly, the MCF-7 cells (70-80% confluent) were treated with 1Cso
dose of each compound and positive control H20,, respectively in a 24-well culture plate.
After 5-6 h incubation of cells with respective compounds, cells were gently washed with
500ul of prewarmed (at 37°C) Kreb’s Ringer buffer (20 mM HEPES, 2 mM MgSOs, 10
mM dextrose, 127 mM NaCl, 1 mM CaCl; and 5.5 mM KCI), subsequently 10 uM
DCFDA (Invitrogen Grand Island, NY) has been added to each well and incubated further
for 30 min in dark at 37 °C in a humidified CO; incubator. After 30 min incubation, the
cells were collected by trypsinization and ROS levels were quantified with the help of
Flow Cytometry. Nearly 10,000 events for each sample were collected on BD LSR H
Flow Cytometry Analyzer, and analyze with help of FlowJo.

5.5. Characterization data
6,8-dichloro-3-((4-chlorophenyl)amino)-2-(furan-2-yl)-4H-chromen-4-one (6a):

Yield: 80% as yellow solid; *H NMR (400 MHz, CDCls, ¢): 10.8 Ei A
(s, 1H), 7.71 (s, 1H), 7.54 (s, 1H), 7.48 (s, 1H), 7.44 — 7.43 (m, 2 O
1H), 7.38 (d, J = 8.7 Hz, 2H), 6.80 (d, J = 8.7 Hz, 2H), 6.67 — | © I
6.66 (m, 1H); 3C NMR (100 MHz, CDCls, ¢):177.8, 155.6, ©
1458, 142.4, 139.1, 134.2, 133.2,132.8, 132.0, 128.3, 126.3, | c

123.9, 121.4, 120.7, 118.9, 117.9, 111.6; IR (KBr): v = 3062, 2928, 1642, 1614, 15609,
1500, 1451, 1367, 918, 771, 684 cm-!; HRMS (ESI*): m/z calculated for C19H10CIsNO3
[M+Na]*: 427.9624 found: 427.9647.
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6,8-dichloro-2-(furan-2-yl)-3-((4-nitrophenyl)amino)-4H-chromen-4-one (6b):
Yield: 82% as yellow solid; mp -142—144 °C; *H NMR (400 MHz,

Cl
CDCls, 9): 10.6 (s, 1H), 8.13 (d, J = 9.0 Hz, 1H), 7.70 (s, 1H), 7.59 © | : o\
(s, 1H), 7.52 (s, 1H), 7.49 — 7.48 (s, 1H), 6.88 (d, J = 9.0 Hz, 2H), [C! NH
6.73-6.70 (m, 1H); **C NMR (100 MHz, CDCls, §): 182.2, 146.4, °
142.5, 141.7, 141.1, 135.0, 130.0, 129.7, 129.3, 16.5, 125.0, 124.0, NO,

123.4, 122.8, 120.2, 111.2.; IR (KBr): v = 3061, 2926, 1641, 1614, 1569, 1500, 1451,
1367, 917, 771, 685 cm™*; HRMS (ESI*): m/z calculated for C19H10Cl.N2Os [M+Na]*:
438.9864 found: 438.9894.

6,8-dichloro-2-(furan-2-yl)-3-((4-iodophenyl)amino)-4H-chromen-4-one (6c¢): Yield:

78% as yellow solid; mp - 183-185 °C; 'H NMR (400 MHz, 3 A
CDCl3, 6): 10.8 (s, 1H), 7.70 (s, 1H), 7.56 (s, 1H), 7.54 — 7.53 (s, P o
2H), 7.48 (s, 1H), 7.43—7.42 (m, 1H), 6.67 —6.65 (m, 3H); °C | ¢ I

NMR (100.MHz, CDCls, 6): 178.0, 155.7, 145.9, 145.6, 142.5, ©

140.0, 138.0, 134.1, 133.3, 128.4, 126.4, 124.2, 121.4, 120.8, |

119.0, 113.1, 88.6; IR (KBr): v = 3063, 2924, 1641, 1614, 1569, 1501, 1451, 1367, 916,
771, 685 cm™. HRMS (ESI*): m/z calculated for C1gH10Cl2INOs [M+Na]*: 519.8980
found: 519.9020.

6,8-dichloro-2-(furan-2-yl)-3-((4-methoxyphenyl)amino)-4H-chromen-4-one - (6d):

Yield: 71% as yellow solid; mp-156 - 158 °C; *H NMR (400 MHz, i M
CDCls, 6): 10.91 (s, 1H), , 7.71 (s, 1H), 7.51 (s, 1H), 7.45 (s, 1H), 1 T ©
7.40—7.39(m, 1H), 7.07 (d, J =8.1 Hz, 2H), 6.83 (d, J =8.2 Hz, | 1S54
2H); 6.64 — 6.62 (m, 1H), 3.91 (s, 3H); 3C NMR (100 MHz, ©
CDCls, 9): 179.9, 154.8, 145.2,143.2, 140.7, 137.9, 134.1, 133.5, OMe

131.6, 123.9, 123.6, 123.5, 123.4, 122.7, 119.0, 112.8, 111.8, 55.5; IR (KBr): v = 3061,
2928, 1641, 1614, 1569, 1500, 1452, 1367, 918, 771, 685 cm-; HRMS (ESI*): m/z
calculated for C20H13Cl2NO4 [M+Na]*: 424.0119 found: 424.0147.
6,8-dichloro-2-(furan-2-yl)-3-(p-tolylamino)-4H-chromen-4-one (6e): Yield:
75% as yellow semisolid; *H NMR (400 MHz, CDCls, 9): o =
11.06 (s, 1H), 7.71 (s, 1H), 7.51 (s, 1H), 7.45 (s, 1H), 7.40 — © O
7.39 (m, 1H), 7.07(d, J = 8.1 Hz, 2H), 6.83 (t, J = 8.2 Hz, |© NH
2H), 6.64 — 6.62 (m, 1H), 2.31 (s, 3H); 13C NMR (100 MHz,
CDCl3, 0): 179.59, 156.7, 146.6, 146.1, 143.4, 142.3, 138.0,

134.2,131.2, 129.0, 125.9, 125.0, 121.8, 120.5, 119.2, 113.3, 111.6. IR (KBr): v =
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3061, 2929, 1642, 1615, 1569, 1502, 1451, 1367, 918, 771, 683 cm-!; HRMS
(ESI™): m/z calculated for C20H13CI2NO3 [M+Na]*: 408.0170, found: 408.0202.

6,8-dichloro-2-(furan-2-yl)-3-((2-nitrophenyl)amino)-4H-chromen-4-one (6f):
Yield: 84% as yellow solid; mp -157—159 °C; 'H NMR

Cl
(400 MHz, CDCls, 8): 11.08 (s, 1H), 7.70 (s, 1H), 7.51(s, o M
1H), 7.45(s, 1H), 7.40 — 7.39(m, 1H), 7.07 (d, J =8.1Hz, | o .
2H), 7.83 (d, J = 8.2 Hz, 2H), 6.64 — 6.62 (m, 1H), 2.31(s, © NOz

3H); 3C NMR (100 MHz, CDCls, 6): 180.2, 163.5, 145.2,
144.9, 144.0, 138.5, 138.3, 135.7, 133.8, 126.0, 125.5, 124.2, 123.5, 121.5, 118.3,
113.1, 111.4; IR (KBr): v =3061, 2928, 1642, 1614, 1567, 1500, 1451, 1366, 918,
771, 685 cm™; HRMS (ESI"): m/z calculated for CigH10Cl2N2Qs [M+Na]*:
438.9864 found: 438.9892.
6,8-dichloro-3-((3,5-dimethylphenyl)amino)-2-(furan-2-yl)-4H-chromen-4-
one (6h): Yield: 73% as yellow solid; mp - 162—164 °C; H

Cl
\
NMR (400 MHz, CDCls, 8): 10.91 (s, 1H), 7.71 (s, 1H), 7.52 a5 L
(s, 1H), 7.47 (s, 1H), 7.39-7.38(m, 1H), 6.76(s, 1H), 6.65 — | c NH
(0]
6.64 (m, 1H), 6.53(s, 2H), 2.23(s, 6H); 3C NMR (100 MHz, )@\

CDCl3, 0): 180.5, 161.9, 144.9, 143.2, 140.5, 133.6, 132.8, X

128.9, 124.0, 123.9, 123.8, 122.4, 121.8, 118.7, 112.6, 112.4, 29.6. IR (KBr): v =
3062, 2928, 1642, 1614, 1569, 1500, 1451, 1367, 918, 771, 684 cm-t; HRMS
(ESI™): m/z calculated for C21H1sCI2NO3 [M+Na]*: 422.0327 found:. 422.0363
6,8-dichloro-2-(furan-2-yl)-3-(phenylamino)-4H-chromen-4-one (6i): Yield:

77% as semisolid; *H NMR (400 MHz, CDCls, 6): 11.00 e A
(s, 1H), 7.71 (s, 1H), 7.52 (s, 1H), 7.45 (s, 1H), 7.42 — 7.41 oo
(m, 1H), 7.27 (t,J = 7.6 Hz, 1H), 7.13 (t, J = 7.3 Hz, 1H), | © I hH
6.94 (d, J = 7.9 Hz, 2H),6.65 — 6.64 (m, 1H): 13C NMR @

(100 MHz, CDCls, 0): 177.4, 155.4, 145.7, 142.7, 139.9,
135.1, 133.2, 132.5,129.1, 128.2, 126.6, 125.0, 122.7, 121.4, 120.5, 119.0, 111.4;
IR (KBr): v = 3061, 2927, 1642, 1614, 1569, 1502, 1451, 1368, 918, 773, 684 cm-
1. HRMS (ESI*): m/z calculated for C19H1:CI2NOs [M+Na]*: 394.0014found:
394.0054.
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6,8-dichloro-3-((4-fluorophenyl)amino)-2-(furan-2-yl)-4H-chromen-4-one

(6): Yield: 73% as yellow solid; mp - 142—144 °C; *H NMR Cl B
(400 MHz, CDCls, 6): 10.91 (s, 1H), 7.72 (s, 1H), 7.53 (s, o
1H), 7.44 — 7.42 (m, 2H), 7.00 — 6.91 (m, 4H), 6.64-6.63 (m, | © A

2H); 13C NMR (100 MHz, CDCls, §): 171.49, 160.29 (J = ©

244.01 Hz), 155.4, 145.7, 142.6, 136.0, 135.5, 133.0, 132.6 F

(4J = 3.57Hz), 128.3, 126.6, 124.7 (3J = 8.92 Hz), 121.4, 120.8, 119.0, 115.9 (&) =
22.91 Hz), 113.0; IR (KBr): v = 3062, 2928, 1642, 1614, 1569, 1500, 1451, 1367,
918, 771, 684 cm-%; HRMS (ESI*): m/z calculated-for C2:H1sFNOs [M+Na]*:
411.9919 found: 411.9955.

2-(furan-2-yl)-3-((2-nitrophenyl)amino)-4H-chromen-4-one (6k): Yield: 83%
as yellow solid; mp — 172 -174 °C; 'H NMR (400 MHz,

\
CDClI3, 6): 11.26 (s, 1H), 8.13 (d, J = 8.3 Hz, 1H), 7.83 (d, J R P
= 7.8 Hz; 1H), 7.59 (t, J = 7.8 Hz, 1H), 7.46 — 7.44 (m, 3H), NH

O NO
7.32 — 7.26 (m, 1H), 7.20 (t, J = 7.4 Hz, 1H), 6.99 (t, J = 7.2 )

Hz, 1H), 6.64-6.62 (m, 2H); *C NMR (100 MHz, CDCls, 9):
179.0, 159.3, 145.2, 144.9, 144.0, 138.5, 138.3, 135.7, 133.9, 126.2, 125.5, 124.2,
123.5, 121.5, 118.3, 113.1, 111.6; IR (KBr): © = 3062, 2928, 1642, 1614, 1569,
1500, 1451, 1367, 918, 771, 684 cm™; HRMS (ESI*): m/z calculated for
C19H12N205 [M+Na]*: 371.0644 found: 371.0644.

2-(furan-2-yl)-3-(p-tolylamino)-4H-chromen-4-one (6l):  Yield: 76% as
semisolid; *H NMR (400 MHz, CDCls, 6): 10.88 (s, 1H), 7.84

(d,J =7.7 Hz, 1H), 7.53 (t, J = 7.1 Hz, 1H), 7.47-7.46 (s, 1H), - | o\
7.29 (d,J =8.3 Hz, 1H), 7.24 — 7.23 (m, 1H), 7.19 (d, J = 7.6 NH
Hz, 1H), 7.02(d,J = 7.6 Hz, 1H), 7.04 (d, J =8.4 Hz, 2H), 6.78 ° ©
(d, J =8.3 Hz, 2H), 6.61—6.59 (m, 1H), 2.29 (s, 3H); 3C NMR

(100 MHz, CDCls, 0): 180.3, 154.7, 145.0, 144.3, 143.4 137.9, 134.0, 133.5, 133.4,
129.6, 124.2, 123.4, 122.4, 122.0, 118.8, 112.7, 112.4, 21.0; IR (KBr): v = 3061,
2924, 1641, 1614, 1569, 1503, 1451, 1367, 918, 772, 685 cm-1; HRMS (ESI*): m/z
calculated for C2oH1sNO3 [M+Na]*: 340.0988 found: 340.0431.
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2-(furan-2-yl)-3-((4-nitrophenyl)amino)-4H-chromen-4-one (6m): Yield: 80%
as yellow solid; mp - 159—161 °C; *H NMR (400 MHz, CDCls, 6):10.47 (s, 1H),

8.08 (d, J = 8.4 Hz, 1H), 7.82 (d, J = 7.6 Hz, 1H), 7.60 (t, J = o I
7.6 Hz, 1H), 7.52 (s, 1H), 7.34 — 7.30 (m, 2H), 7.22 (t, J = 7.3 | NHO
Hz, 1H), 6.79 (d, J = 8.4 Hz, 1H), 6.91 — 6.67 (m, 2H); 13C 0
NMR (100 MHz, CDCls, 8): 179.7, 154.1, 147.4, 145.4, 143.0, T

142.7, 135.2, 134.2, 128.5, 125.1, 124.0, 123.4, 123.1, 120.0,

119.0, 113.2, 112.0; IR (KBr): v = 3061, 2928, 1642, 1617, 1569, 1500, 1452,
1367, 918, 771, 683 cm™; HRMS (ESI"): m/z calculated for-C19H12N2Os [M+Na]™:

371.0644 found: 371.0644.
3-((4-chlorophenyl)amino)-2-(furan-2-yl)-4H-chromen-4-one
79% as yellow solid; mp -164—166 °C; 'H NMR (400 MHz,
CDCls, 6): 10.72 (s, 1H), 7.84 (d, J = 7.6 Hz, 1H), 7.59 — 7.57

(6n):

Yield:

o)

| N\
o

(m, 1H), 7.48 (s, 1H), 7.32 — 7.29 (m, 2H), 7.20 (d, J = 8.5 Hz, NH

3H), 6.80 (d, J = 8.6 Hz, 2H), 6.63 — 6.63 (m, 2H); *C NMR
(100 MHz, CDCls, 0): 178.5, 154.6, 145.1, 143.2, 139.5, 134.0, ]
133.1, 132.1, 129.3, 129.0, 124.0, 123.6, 123.0, 122.6, 119.0, 112.8, 111.8; IR
(KBr): b = 3061, 2928, 1642, 1615, 1569, 1503, 1451, 1367, 918, 771, 685 cm%;
HRMS (ESI"): m/z calculated for Ci9H12CINO3z [M+Na]*: 360.0403 found:
360.0441.

2-(furan-2-yl)-3-((4-methoxyphenyl)amino)-4H-chromen-4-one (60): Yield:
70% as-yellow solid; mp - 142—144 °C; 'H NMR (400 MHz,
CDCls, 6): 11.12 (s, 1H), 7.85 (d, J = 7.7 Hz, 1H), 7.53 (d,J = |
7.9 Hz, 1H), 7.44 (s, 1H), 7.30 (d, J = 8.3 Hz, 1H), 7.23 — 7.22
(m, 1H), 7.19 (t,J =7.4 Hz, 1H), 6.88 (d, J = 8.8 Hz, 1H), 6.79
(d, J=8.8 Hz, 1H), 6.60 — 6.58 (m, 2H), 3.78(s, 3H); *C NMR
(100 MHz, CDCl3, 0): 180.5, 155.4, 145.1, 143.7, 141.2, 135.0, 132.2, 124.5,
124.1, 124.0, 124.0, 123.2, 119.5, 113.3, 112.4, 56.1; IR (KBr): v = 3061, 2927,
1641, 1615, 1569, 1500, 1451, 1367, 918, 771, 685 cm™; HRMS (ESI*): m/z
calculated for C2o0H1sNO3 [M+Na]*: 356.0899 found: 356.0971.

I N
o)

NH

OMe

148



Chapter 5: Synthesis of 3-N-aryl substituted-2-heteroarylchromones

3-((4-bromophenyl)amino)-2-(furan-2-yl)-4H-chromen-4-one  (6p): Yield:
79% as semi-solid; *H NMR (400 MHz, CDCls, 6): 10.71 (s, 1H),

7.83 (d, J = 7.7 Hz, 1H), 7.55 (t, J = 7.5 Hz, 1H), 7.46 (s, 1H), © | lo\
7.30 — 7.27 (m,2H), 7.21 — 7.18 (m, 3H), 6.80 — 6.78 (m, 2H), A"
6.62 — 6.61 (m, 2H); ¥*C NMR(100 MHz, CDCls, d): 179.6,

154.6, 145.0, 143.1, 139.3, 133.9, 132.9, 131.9, 129.2, 128.9, Br

123.8, 123.4, 122.8, 122.5, 118.9, 112.6, 111.5; IR (KBr): v = 3061, 2928, 1641,
1614, 1570, 1502, 1451, 1367, 916, 771, 685 cm-; HRMS (ESI*): m/z calculated
for C19H12BrNO3 [M+Na]*: 403.9898 found: 403.9935.
2-(furan-2-yl)-3-((4-iodophenyl)amino)-4H-chromen-4-one (6q): Yield: 78%
as yellow solid; mp - 149—-151 °C; *H NMR (400 MHz, CDCls, T\
5): 10.66 (s, 1H), 7.83(d, J = 7.6 Hz, 1H), 7.57 — 7.48 (m, 4H),  °
7.30 — 7.27-(m, 2H), 7.19 (t, J = 7.2 Hz, 1H), 7.22-7.19 (m, I
3H), 6.63 - 6.62 (m, 2H), 6.61 — 6.59 (m, 2H); 13C NMR (100 ©
MHz, CDCls, 0): 181.1, 162.3, 145.2, 143.2, 140.7, 138.0, '
134.1, 133.1, 131.6, 124.0, 123.6, 123.5, 122.7, 119.0, 112.8, 112.7, 87.4; IR
(KBr): © =3061, 2927, 1642, 1614, 1569, 1500, 1451, 1367, 918, 772, 684 cm-1;
HRMS (ESI*): m/z calculated for Ci9H12INOs [M+Na]™: 451.9760 found:
451.9798.

2-(furan-2-yl)-3-(phenylamino)-4H-chromen-4-one (6s): Yield: 76% as semi-
solid; *H NMR (400 MHz, CDCls, §): 10.82 (s, 1H), 7.85 (d, J

= 7.6 Hz, 1H), 7.55 (t, J = 8.4 Hz, 1H), 7.46 (s, 1H), 7.31 (d, J o M O\
= 84 Hz, 1H), 7.27 = 7.26 (m, 1H), 7.24 (d, J = 8.3.Hz, 2H), | "
7.08 (t, J = 7.4 Hz, 1H), 6.99 (d, J = 7.6 Hz, 1H), 6.63 - 6.61 © @
(m, 1H); 3CNMR (100 MHz, CDCls, 6): 178.0, 154.7, 145.0,

143.4, 140.6, 133.8, 132.9, 132.9, 129.0, 124.2, 124.1,123.5, 122.5, 121.9, 118.8,
112.7,111.8; IR (KBr): v =3060, 2928, 1642, 1614, 1569, 1502, 1451, 1368, 918,
771, 684 cm™; HRMS (ESIY): m/z calculated for C19H13NO3 [M+Na]*: 326.0793
found: 326.0829.
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3-((4-bromophenyl)amino)-6,8-dichloro-2-(furan-2-yl)-4H-chromen-4-one

(6r): Yield: 72% as yellow solid; mp - 164—166 °C;*H NMR Cl B\
(400 MHz, CDCls, 9): 10.77 (s, 1H), 7.64 (s, 1H), 7.47 (s, °| 0
1H), 7.41 (s, 1H), 7.37 = 7.36 (m, 1H), 7.31(d, J= 7.8 Hz, |“ I NH

2H), 6.80 (d, J = 7.8 Hz, 2H), 6.60—6.59 (m, 1H); *C NMR

(100 MHz, CDCls, 6):177.9, 155.7, 145.8, 142.5, 139.2, Br

134.3, 133.3, 132.0, 128.4, 126.4, 124.1, 121.5, 120.7,119.0, 118.0, 113.1, 111.6;
IR (KBr): v =3061, 2928, 1642, 1614, 1570, 1500, 1452, 1368, 918, 771, 685 cm™
1. HRMS (ESI*): m/z calculated for C19H10BrCI2NO3s [M+Na]*: 471.9119 found:
471.9157.

3-((4-chlorophenyl)amino)-2-(pyridin-2-yl)-4H-chromen-4-one (6u): Yield: 92% as
semi solid; *H NMR (400 MHz, CDCls §): 11.49 (s, 1H), 9.07 (d, J
= 6.9 Hz, 1H), 7.78 (d, J = 9.0 Hz, 1H), 7.51 - 7.48 (m, 1H), 7.40
(d, J=8.4 Hz, 2H), 7.28 (t, J = 7.4 Hz, 1H), 7.17 (d, J = 8.6 Hz, 3H),
7.05(t,J =6.9 Hz, 1H), 6.96 (d, J = 8.3 Hz, 1H), 6.35 (t, J = 7.6 Hz,
1H); 3C NMR (100 MHz, CDCls, ¢): 190.1, 162.1, 152.2, 147.5,
136.2,134.9, 133.1, 132.1, 131.3, 129.2, 128.6, 127.7, 119.6, 119.0,
118.7, 117.9, 117.8, 114.7; HRMS (ESI*): m/z calculated for C20H13CIN202 [M+Na]:
371.0563 found: 371.0572; IR (KBr) v = 3061, 2923, 1642, 1629, 1570, 1517, 1455,
1368, 918, 771, 689 cm™.
3-((4-methoxyphenyl)amino)-2-(pyridin-2-yl)-4H-chromen-4-one (6v): Yield: 85%
as semi-solid; *H NMR (400 MHz, CDCls, 6): 11.55 (s, 1H), , 9.08
(d, J = 6.92 Hz, 1H), 7.75 (d, J = 8.9 Hz, 1H), 7.46 (t, J = 7.6 Hz,
1H), 7.24 — 7.21 (m, 3H), 7.11 (d, J = 8.2 Hz, 1H), 7.01(t, J = 6.8
Hz, 1H), 6.94-6.91 (m, 2H), 6.70 (d, J = 8.3 Hz, 1H), 6.34 (t, J =
7.5Hz, 1H), 3.81 (s, 3H); *3C NMR (100 MHz, CDCls, §): 190.25,
161.9, 153.4, 149.5, 148.5, 147.5, 135.8, 133.2, 129.0, 127.6, 126.1, 123.0, 120.0, 118.5,
117.4,114.3,113.0,110.8,55.7; IR (KBr) b = 3061, 2923, 1642, 1629, 1570, 1517, 1455,
1368, 918, 771, 689 cm™. HRMS (ESI*): m/z calculated for C21H16N203 [M+Na]*:
367.1059 found: 367.1091.
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3-((4-bromophenyl)amino)-2-(pyridin-2-yl)-4H-chromen-4-one (6w): Yield: 87% as
semi-solid; mp - 142—144 °C; *H NMR (400 MHz, CDCls, §): 11.48
(s, 1H), 9.07 (d, J = 6.9 Hz, 1H), 7.78 (d, J = 8.9 Hz, 1H), 7.50 —
7.48 (m, 1H), 7.40 (d, J = 8.4 Hz, 2H), 7.29 — 7.25 (m, 1H), 7.16 (d,
J=8.3Hz, 3H), 7.04 (t, J = 6.9 Hz, 1H), 6.94 (d, J = 8.3 Hz, 1H),
6.34 (t, J = 7.6 Hz, 1H); 1*C NMR (100 MHz, CDCls, §): 190.1,
162.1, 152.2, 147.5, 136.2, 134.9, 133.1, 132.3, 131.3, 129.2, 128.6,
127.7, 119.6, 119.0, 118.7, 117.9, 117.8, 114.7; HRMS (ESI"): m/z calculated for
C20H13BrN2O2 [M+Na]*: 415.0058 found: 415.0096; IR (KBr) © = 3061, 2923, 1642,
1629, 1570, 1517, 1455, 1368, 918, 771, 689 cm'™.
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Figure.5.7. HRMS spectra of 6n compound.
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Figure.5.8. HRMS spectra of 61 compound.
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6.1. Introduction

In the past decades, generally copper is innocuous, inexpensive and mild catalyst in
diverse organic syntheses and has been found to be vastly effective for the carbon-carbon
and C-heteroatom (X = N, O, S, P, Se etc.) bond formation reactions [1]. Halides
derivatives are extensively used as starting materials and intermediates in several
chemical transformations, and the effective C—X (X = Br, Cl, I) bond formation has been
actively studied. Still, substantial progresses are made towards the development of new
dehalogenation protocols, to eliminate halogenated pollutants and for other synthetic
applicabilities [2,3]. To date, set of different catalysts and reagents have been employed
for the same. Traditionally, for hydride source molecular H: is used for dehalogenation
of halides with Pd/C—EtsN [4], and other palladium catalysts [5], palladium and rhodium
nanoparticles [6,7]. Different Photocatalyzed methodologies are also been documented
for the dehalogenation reactions with alcohols, amine and water as hydrogen transferring
agents under light irradiation conditions [8-13].

Strikingly, some alternative hydride source for carrying out the dehalogenation
reactions with different transition metals have been also described, such as palladium
with the usage of polymethylhydrosiloxane (PMHS) or sodium formate [14], Palladium,
Rhodium and iridium complex with bidentate ligand involving silane [15], Pd(I1) through
cyclic amine [16], Pt(ll) with hydrosilanes [17], Palladium involving DMF [18],
Ruthenium(11) Phosphine Complex, Rh complex, palladium by phosphine and carbene
ligand and Ni—Al clusters with alcohol [19], palladium and Nickel include alkoxides [20],
halogen-metal exchange reaction [21], Pd/C contain hydrazine hydrochloride [22],
indium-catalyzed dehalogenation of halo heteroarene in water [23], Pd(0) and iron with
Grignard reagents through intramolecular g-hydride elimination of aryl halide [24], cobalt
porphyrin in the presence of KOH [25], transition metals-catalyzed via metal hydride
[26], Pd/C with sodium and ammonium formate [27] and NaBH4 with TMEDA are
usually accessible for this reductive dehalogenation transformation [28]. Recently, Xia et
al. described a Ru-catalyzed dehalogenation protocol for the hydro-dehalgenation of
organic halides [29]. All of these existing methods are allied with some of the serious
drawbacks such as use of expensive catalyst, requirement of phosphine, carbene or other
auxiliary ligands, which are either air sensitive, toxic or difficult to prepare. Hence,
expansion of an innovative catalytic process for the selectively ortho-hydro-
dehalogenation is highly desirable. Herein we report a new Cu-catalyzed protocol for the
regioselectively hydro dehalogenation of S-halo-chalcone, a-halo-flavone and different
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a-aryl halides using iso-propanol as a hydrogen donor solvent under milder reaction
conditions.

6.2. Results and discussion

Our initial optimization commenced with the identification of proper catalyst and
appropriate reaction conditions. A model reaction was performed with 3-bromoflavone
(1K) using 10 mol % of copper iodide in the presence of formic acid as hydrogen donating
solvent with K>COs at r.t. to 80 °C for 24 h (Table 6.1, entry 1). Unfortunately, the
reaction failed to yield the desired product. Furthermore, the usage of acetic acid and
TFA were also ineffective in producing any result (Table 6.1, entry 2 and 3). To our
delight the formation of hydro-dehalogenated product flavone (7a) was obtained in 36%
and 16% vyield upon the usage of HCOOH/Et:N (7:3 and 1:1 molar ratio) under similar
conditions (Table 6.1, entry 4 and 5). Gratifyingly, the application of Isopropanol as a
hydride source, under basic condition, using 3 mol % of Cul offers the desired product in
38% yield (Table 6.1, entry 6). Wherein, a noticeable betterment in the isolated yield up,
to 71% was noticed with the gradual increase in the amount of catalysts loading from 3
mol % to 7 mol % at 80 °C for 24h (Table 6.1, entry 7 & 8). Delightfully, the employment
of 10 mol % catalyst has offered the desired product in best yield of 92%, also reducing
the reaction time to 12h (Table 6.1, entry 9). Moreover, further increment in the catalyst
loading has not aid any amelioration in the yield (Table 6.1, entry 10). Notably, the
reaction fails to proceed at all in the absence of catalyst and base, signifying the crucial
importance of catalyst and base for the described transformation (Table 6.1, entry 11 &
12). (The use of other copper salt such as CuBr and CuCl results in the declination of
isolated i.e. 75% and 64% respectively under similar reaction condition (Table 6.1, entry
13 and 14). Use of other hydrogen donating solvent such as; EtOH and MeOH failed in
flourishing the desired product (7a). (Table 6.1, entry 15 & 16). The reaction was
performed under nitrogen, and the reactions provided yield (89 %) of the product 7a.

Table.6.1. Optimization of reaction condition:

Catalyst, Additive

—_—
Solvent, Temp

Entry Catalyst Additive Solvent Temp. Time Yield®
(10 mol %) (3 equiv.) (hydrogen (h) (%)
donor)
1 Cul K2COs HCOOH rt to 80 °C 24 NR
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2 Cul K2COs3 CH3COOH rt to 80 °C 24 NR
3 Cul K,COs CF;COOH rt to 80 °C 24 NR
4 Cul - HCOOH/EtsN rtto80°C 12-24 36
(7:3)
5 Cul - HCOOH/EtsN  rtto 80 °C 24 16
(1:1)
62 Cul K,COs iPrOH 90 24 38
7P Cul K.COz PrOH 90 24 52
8¢ Cul K.CO3 iPrOH 90 24 71
9d Cul K2COs3 PrOH 90 12 92
10¢ Cul K,COs iPrOH 90 24 91
11 : - PrOH rt to 90 24 NR
12 Cul J iPrOH 90 24 NR
13 CuBr K>CO3 'PrOH 90 12 75
14 CucCl K.CO3 'PrOH 90 12 64
15 Cul K>2COs3 EtOH 90 36 NR
16 Cul K>COs MeOH 90 36 NR
17f Cul K>CO3 'PrOH 90 12 89

Reaction conditions unless specified otherwise: 1k (1.0 mmol), catalyst, (10 mol%), additive (3 equiv.)
Solvent as hydrogen donor (3ml) stirred at 80 °C for 12h. 2Cul (1mol%). ®Cul (3mol%). °Cul (5mol%).
dCul (7mol%). 1a (1.0 mmel), catalyst, (10 mol%), additive (3equiv.) Solvent (DMF, 3ml), éL-Proline as
hydrogen donor (1 equiv.) stirred at 80 °C for 12h. Under Ny, ¢ Isolated yield.

With the optimal reaction conditions in hand, the substrate scope of the copper-
catalysed dehalogenation of a-bromoketones are possible. The benzaldehyde, benzamide,
acetophenone, benzoic acid and esters containing halo group next to the a carbon of the
carbonyl group undergo dehalogenation reaction with excellent yield i.e. 97% - 91% yield
(Scheme 6.3.3).
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6.3. Substrate Scope

6.3.1. Substrate scope of a-halo arene derivative

(0]

0
Cul (10 mol%)
R K,CO, (3 equiv.) ©\)L R
X X

iPrOH (3 ml), 90 °C

ot L g

- 7d,R=H, CH
il o 7b. 2 by Roke'y Bk [ = By X = Br, 97%
=Cl, 91% = 9 = Cl, 94% ’
e i = Cl, 95%

Reaction conditions: 11 (1.0 mmol), catalyst, (10 mol%), additive (3 equiv.) Solvent as hydrogen donor
i.e. Isopropanol (3ml) stirred at 80 °C for 12h.

Scheme.6.1. Dehalogenation reaction of a-halo arene derivative.

6.3.2. Substrate scope of 3-halo flavone

After a-halocarbonyls derivatives, we described the substrate scope for a series of 3-
bromo flavone (a-halo carbonyl compounds) bearing different electron withdrawing and
electron donating substituents (Scheme 6.2). As expected the reduction of the C—I bond
is more efficiently achieved in comparison to C—Br and C-CI bonds yielding the desired
product 7e in 95%, 92% and 86% vyields respectively. Without substituent and the
presence of halogen group (F, Br and CI) on the 2-phenyl ring has not shown much
alteration in yields of 7f-7i. Seminally, presence of methoxy, dimethoxy, trimethoxy
functional groups has also not shown noticeable variation, offering the described product
7J-7m in 81-84% yields respectively. However, nitro containing derivative showcased
sluggish reactivity resulting in the formation of targeted product 2i in comparatively
lower yields. Gratifyingly, the methodology was also successful with 3-bromo-2-(furan-

2-yl)-4H-chromen-4-one, offering 7n in 82% yield.

Cul (10 mol%)
Ko,COj3 ( 3 equiv.)

iPrOH (3 ml), 90 °C
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7e,X=1, 95% 7, X=1, 92% 79, X=1, 89% 7h, X=1, 88%
T Br, 92% = Br, 90% = Br, 85% = Br, 82%
= CI. 86% =Cl, 81% =Cl, 76% =Cl, 71%

OMe

0 0o
7i, X=1, 86% 7j,X=1, 84% ik, XZliake 7IX=1, 81%
= Br, 78% =Br, 75% g o = Br, 75%
= Cl, 69% =Cl, 64% = Cl, 63% =Cl,61%
o M3
o
0
o 7n, X=1, 82%
g m. Xoulg e = Br, 73%
Cp B R =Cl, 60%

= Cl, 64%

Reaction conditions: 1m (1.0 mmol), catalyst, (10 mol%), additive (3 equiv.) Solvent as hydrogen donor
i.e. Isopropanol (3ml) stirred at 80 °C for 12h.

Scheme.6.2. Dehalogenation reaction of 3-halo flavone.

6.3.3. Substrate scope of p-halo-chalcone

To extend the substrate scope of the present methodology, we explored the reaction with
/" halo-chalcone derivatives, bearing different electron donating and withdrawing groups
(Scheme 6.3). Under the present condition, reaction has not shown any noticeable impact
of electronic environments, offering the respective products 70-7w in seminal yields (88-
92%) (Scheme 3). Moreover, 2-haloindoline Chalcone was also successfully
dehalogenated under the current reaction conditions, affording product 7x in 82% yield.
It is noteworthy that the methodology showcased excellent selectivity in reducing the

halogen functionalities, specifically reduces a and 5 halo functional group over the other.

‘ Cul (10 mol%) O
O | KoCO3 ( 3 equiv. O |

PrOH (3 ml), 90 °C
Br O o
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oy oy o o

70, X= Br, 92% 7p, X=Br, 91% 79, X= Br, 90% 7r, X= Br, 90%
=Cl, 87% =Cl, 86% =Cl, 84% =Cl, 84%
OMe
O Br OMe O OMe O OMe
O OMe O ‘ OMe
0 0 0 o
7s, X= Br, 90% 7t, X= Br, 90%
° = (;| 84:/“ =Cl 34?% Tu, X= Br, 88% 7v, X= Br, 88%
’ J = Cl, 84% = Cl, 84%
7
QIY“ ~ K
o]
N
0 § O
7w, X= Br, 88% 7x, X= Br, 82%
= Cl, 84% =Cl, 81%

Reaction conditions: 1n (1.0 mmol), catalyst, (10 mol%), additive (3 equiv.) Solvent as hydrogen donor
i.e. Isopropanol (3ml) stirred at 80 °C for 12h.

Scheme.6.3. Dehalogenation reaction of 5’-halochalcone.

6.3.4. Substrate scope of 3-acetyl-4-chlorocoumarin
Furthermore, the scope of the methodology was expanded by without and with substituted

4-Chloro-3-acetyl-4-chlorocoumarin (Scheme 6.4).

cl, =6 Cul (10 mol %) O
M K,COg3 (3 equiv.) ©\/\/CJ\
i o
o o) PrOH (3 mL), 90°C 0 (e}
o - o [ 0
I
oo oS0 0o gF o
8a, X=Cl, 89% 8b, X = Cl, 87% 8c, X=Cl, 85% Jb X=Cl, 84%
o
o L O
O2N A A
0 o
Cl (SN 0" o
8e, X=Cl, 83% 8f, X=Cl, 80% 89, X=Cl, 77%

Reaction conditions:10 (1.0 mmol), catalyst, (10 mol %), additive (3 equiv.) Solvent as hydrogen donor i.e. Isopropanol (3ml) stirred at
90 °C for 12h.

Scheme.6.4. Dehalogenation reaction of 3-acetyl-4-chlorocoumarin.

It was noted that, 4-Chloro-3-acetyl-4-chlorocoumarin bearing electron donating group

like OH and -OMe and without group (8a-8c) offered the corresponding products
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smoothly in 89% to 85% yields respectively. Wherein other derivatives containing Br,
di-Cl and NO; functional groups (8d-8f) substituents. Contentedly, fused 4-Cholro-3-
acetyl-4-chlorocoumarin also produces the same result, albeit in slight lesser yield i.e.
77%.

6.4. Controlled Experiment

In order to demonstrate the pathway of hydrogen transfer in reaction, we performed the
control experiments using deuterated isopropanol and L-proline with different substrate
group i.e. 8i-8l (Scheme 6.6).

Cul (10 mol %)
K,COj3 (3 equiv.)

iProH-d", (3 mL), 90 °C

X=Me, Y= H; M+Na = 238.0978 (8i)
X=H, Y= NO,; M+Na = 269.0673 (8j)
X=Br, Y=H; M+Na = 269.9927 (8k)

OMe OMe
O Cul (10 mol %) O
O l K,COj3 (3 equiv.) O ’
iPrOH-d", (3 mL), 90 °C

Br O D 0

M+Na = 262.0954 (81)

Scheme.6.5. Reaction of substituted flavone and chalcone with deuterated isopropanol.
Under observation we found the deuterated product instead of hydrogenation. This
experiment confirm that hydrogen comes from isopropanol and L-proline. All deuterated

compounds confirm by Mass. (Figure 6.1 and 6.2).

Br

Standard condition ]
No reaction
(6]
Standard condition
No reaction
Br

Scheme.6.6. reactivity of bromo derivatives.

In order to explore the reactivity of position of Bromo group some reactions were
conducted (Scheme 6.6). Seemingly, the debromination reaction at para position of

acetophenone and bromo benzene is fail to deliver the desired product.
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Figure.6.1. Deuterated HRMS spectrum of 8k.
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Figure.6.2. Deuterated HRMS spectrum of 8l.

6.5. Mechanism
On the basis of previous literature reports, a plausible mechanism for this copper
catalyzed hydro-dehalogenation reaction is proposed in Scheme 6.7 [30]. Cu(l) iodide

initially undergoes oxidative addition with halide to generate an intermediate A.
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Thereafter, by mean of base isopropanol solvent was introduced into intermediate A in
the form of isopropyl oxide ligand forming intermediate B or intermediate C. Followed
by B-hydride elimination from isopropyl oxide, generating the final product with the
elimination of acetone with the regeneration of catalyst which continues the cycle, which
was confirmed by GC-MS.

Cul , K,CO3

—_—
OH
/K ~ 90 oc

-Kl, -KHCOg3

0

_CuX (X = Cl, Br)
(0] -— =
P O i -H,0, -COZT
0

Scheme.6.7. Proposed Mechanism
6.6. Conclusion

In summary, we have described an easy, efficient and simple hydrodehalogenation
reaction of a-halocarbonyl compounds, a-haloflavone f’-halochalcone and substituted 4-
Cholro-3-acetyl-4-chlorocoumarin derivative by copper iodide catalysis under transfer
hydrogenation conditions. This method is featured with cheap and commercially
available copper iodide catalyst with additive isopropanol turning both as the solvent and
as the hydrogen source and without any additional ligand, broad substrate scope under
mild reaction condition.

6.7. Experimental Section

6.7.1. General Information

All the required chemicals were purchased from Avra, Himedia and sigma Aldrich
and available reagents were used without further purification. Thin layer
chromatography was performed on 0.25 mm silica gel plates (60F-254) using UV
light as the visualizing agent. Silica gel (100—200 mesh) was used for column
chromatography. Melting points were determined on a capillary point apparatus
equipped with a digital thermometer and are uncorrected. Nuclear magnetic
resonance spectra were recorded on Jeol resonance ECX400MHz and Brucker
spectrospin DPX 500 MHz spectrometer, and chemical shifts are reported in o
units, parts per million (ppm), relative to residual chloroform (7.26 ppm) in the
deuterated solvent or with tetramethylsilane (TMS, 6 0.00 ppm) as the internal

standard. 3C NMR spectra were referenced to CDClz (5 77.00 ppm, the middle
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peak). Coupling constants were expressed in Hz. The following abbreviations were
used to explain the multiplicities: s = singlet, d = doublet, t = triplet, m = multiplet.
High resolution mass spectra were recorded with a micro TOF-Q analyzer
spectrometer by using the electro-spray mode. IR spectra of the compounds were
recorded on Thermo Nicolet FT-IR spectrometer with and are expressed as wave
number (cm™).

6.7.2. General Procedure

A round bottom flask with a magnetic stirring bar was charged with 3- bromo
flavone (1 mmol), potassium carbonate (3 equivalent), isopropanol solvent and as
a hydride transfer (3-4 ml), with copper iodide (10 mol%). The reaction mixture
was stirred at 80 °C untill complete consumption of the starting material as detected
by TLC. TLC was checked in 10% Hexane and ethyl acetate. After completion of
the reaction, The reaction mixture was cooled to ambient temperature and extract with
ethyl acetate. The residue was purified via column chromatography with excellent
yield (7a-8g).

6.8. Characterization data

2-(p-tolyl)-4H-chromen-4-one (7e) [31]: Yield-92% as white solid; mp 109-111 °C; IR
(KBr); 1666, 1376, 1095, 824, 753 cm™; *H NMR ( 500 MHz,
CDCl3) 9 8.24 (d, J = 7.8Hz, 1H), 7.90 (d, J = 8.8 Hz, 2H), 7.70 (t, J O

= 8.3 Hz, 1H), 7.56 (d, J = 8.3 Hz, 1H), 7.42 (t, J = 7.45 Hz, 1H),
7.04 (d, J = 8.8 Hz, 2H), 6.76 (s, 1H), 2.41 (s, 3H); *C NMR (125
MHz, CDCls) ¢ 178.4, 163.4, 162.44, 156.2, 133.5, 128.0, 125.6, 125.0, 124.0, 123.9,
117.9, 114.4, 106.2, 21.9; HRMS (ESI): calcd for C16H1202 [M + Na]* 259.0753; found
259.0747.

2-phenyl-4H-chromen-4-one (7f) [31]: Yield-90% as yellow solid; mp 100-102 °C; IR
(KBr); 1689, 1376, 1095, 824, 755 cm™; *H NMR (CDCls3, 400 MHz)
§8.22 (d, J = 7.9 Hz, 1H), 7.92 (d, J = 8.1 Hz, 2H), 7.69 (t, J = 7.8
Hz, 1H), 7.56 (d, J = 8.4 Hz, 1H), 7.52 (d, J = 6.0 Hz, 3H), 7.41 (t, J
= 7.5 Hz, 1H), 6.82 (s, 1H); 3C NMR (CDCls, 100 MHz) § 178.6,
163.5, 156.3, 133.9, 131.9, 131.7, 129.1, 126.4, 125.8, 125.3, 124.0, 118.2, 1077; HRMS
(ESI): calcd for C15H1002 [M + Na]* 245.0578; found 245.0594.

166



Chapter 6: Synthesis of Regioselectively dehalogenated product

2-(4-bromophenyl)-4H-chromen-4-one (7h) [31]: Yield-82% as white solid; mp 185-
189 °C; IR (KBr); 1666, 1376, 1095, 824, 753 cm™*; *H NMR (400
MHz,); *H NMR (CDCls 400 MHz) § 8.22 (d, J = 7.9 Hz, 1H),
7.87 (d, J =8.6 Hz, 2H), 7.73-7.69 (m, 1H), 7.56 (d, J = 8.4 Hz,
1H), 7.50 (d, J = 8.4 Hz, 2H), 7.43 (t, J = 7.5 Hz, 1H), 6.80 (s,
1H); *C NMR (CDCls 100 MHz) & 178.5, 162.3, 156.2, 138.0, 134.0, 130.3, 129.5,
127.6, 125.8, 125.5, 124.0, 118.2, 107.7; HRMS (ESI): calcd for C1sH9BrOz [M + Na]*
322.9684; found 322.9708.

2-(4-chlorophenyl)-4H-chromen-4-one (7i) [31]: Yield-78% as white solid; mp 168-
170 °C; IR (KBr); 1666, 1376, 1095, 824, 753 cm™; 'H NMR
(CDCl3, 400 MHz,) 0 8.21 (d, J=7.9 Hz, 1H), 7.86 (d, J = 8.6 Hz,
2H), 7.72-7.68 (m, 1H), 7.56 (d, J = 8.4 Hz, 1H), 7.51-7.49 (m,
2H), 7.42 (t, J = 7.6 Hz, 1H), 6.79 (s, 1H); °C NMR (CDCl3, 100
MHz) & 178.5, 162.4, 156.3, 138.0, 134.1, 130.3, 129.5, 127.3, 125.8, 125.5, 124.0,
118.2, 107.8; HRMS (ESI): calcd for C1sH9CIO2 [M + Na]*279.0189; found 279.0205.
2-(4-methoxyphenyl)-4H-chromen-4-one (7j) [31]: Yield-75% as Pale-yellow solid;
mp134-136 °C;*H NMR (CDCl3,500 MHz) 6 8.24 (d, J = 7.8 Hz,
1H), 7.91 (d, J = 8.8 Hz, 2H), 7.70 (t, J = 8.3 Hz, 1H), 7.57 (d, J
=8.2 Hz, 1H), 7.43 (t,J=7.35Hz, 1H), 7.04 (d, J = 8.8 Hz, 2H),
6.77 (s, 1H), 3.91 (s, 3H); *C NMR (CDCl3, 125 MHz) § 178.9, L

163.9, 162.9, 156.7, 134.0, 128.5, 126.2, 125.6, 124.5, 124.4, 118.4, 115.0, 106.7, 56.0;
HRMS (ESI): calcd for C16H1203 [M + Na]* 275.0684; found 275.0706.
2-(3,4-dimethoxyphenyl)-4H-chromen-4-one (7k): Yield-75% as Pale yellow solid; mp
156-157 °C;'H NMR (CDCls, 500 MHz) § 8.25 (d, J = 9.1 Hz,
1H), 7.73-7.69 (m, 1H), 7.60 (d, J = 6.3 Hz, 2H), 7.45-7.42 (m,
2H), 7.02 (d, J = 8.5 Hz, 1H), 6.78 (s, 1H), 4.01 (s, 3H), 3.99 (s,
3H); C NMR (CDCls3, 125 MHz,) ¢ 178.4, 163.4, 156.2, 152.1,
149.3, 133.6, 125.7, 125.1, 124.3, 120.0, 118.0, 115.0, 111.2, 108.9, 106.5, 56.1, 56.0;
HRMS (ESI): calcd for C17H1404 [M + Na]* 305.0790; found 305.0816.

Cl

OMe
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2-(3,4,5-trimethoxyphenyl)-4H-chromen-4-one (71) [31]: Yield-75% as Pale yellow
solid; mp 176-178 °C; *H NMR (CDCl3, 500 MHz) 6 8.25 (d, J = oo
7.9Hz, 1H),7.73 (t, J=8.4 Hz, 1H), 7.61 (d, J = 8.2 Hz, 1H), 7.46 O OM
(t, J=7.8 Hz, 1H), 7.16 (s, 2H), 6.80 (s, 1H), 3.99 (s, 6H), 3.95 (s, © | oM
3H); BC NMR (CDCls3, 125 MHz) ¢ 178.4, 163.3, 156.2, 153.6, 1

141.2, 133.76, 127.02, 125.7, 125.3, 123.9, 118.0, 107.4, 103.8, 61.05, 56.3; HRMS
(ESI): calcd for C18H1605 [M + Na]* 335.0895; found 335.0920.
2-(3-nitrophenyl)-4H-chromen-4-one (7m): Yield-74% as White solid; mp 66-68 °C;
!H NMR (CDCl3, 400 MHz,) & 8.80 (s, 1H), 8.39 (d, J = 8.1 Hz,
1H), 8.22 (d, J =7.9 Hz, 2H), 7.77-7.72 (m, 2H), 7.63 (d, J = 8.4
Hz, 1H), 7.46 (t, J = 7.5 Hz, 1H), 6.90 (s, 1H); **C NMR (CDCls
125 MHz,) 6 178.2, 160.6, 156.2, 148.8, 134.5, 133.7, 131.9,
130.4,126.1,125.9,125.8, 123.9, 121.4, 118.3, 108.9; HRMS (ESI): calcd for C15H10NO4
[M + Na]*290.0429; found 290.0445.

2-(furan-2-yl)-4H-chromen-4-one (7n): Yield-73% as white solid; mp 185-189 °C; H

NMR (CDCls, 400 MHz) 6 8.19 (d, J = 7.9 Hz, 1H), 7.66 (t, J = 7.4 LD
Hz, 1H), 7.61 (s, 1H), 7.48 (d, J = 8.4 Hz, 1H), 7.39 (t, J = 7.5 Hz, I °
1H), 7.13-7.12 (m,1H), 6.73 (s, 1H), 6.60 -6.59 (m, 1H); *C NMR o

(CDCI3,100 MHz) 6 169.7,143.4,137.6, 136.9, 134.0, 132.8,129.0, 128.9,128.1, 126.5,
123.0, 120.7, 110.3; HRMS (ESI): calcd for C13HgOs [M + Na]* 235.0371; found
235.0393.

(E)-1-phenyl-3-(p-tolyl)prop-2-en-1-one (70) [32]: Yield-92% as White solid; mp 95-
96°C; 'H NMR (CDCI3,500 MHz, ) 6 8.01 (d, J = 7.7 Hz, 2H), 7.79

(d, J=15.7 Hz, 1H), 7.58-7.55 (m, 1H), 7.54-7.46 (m, 5H), 7.21 (d, O | O
J=7.8 Hz, 2H), 2.38 (s, 3H); 3C NMR (CDCls, 125 MHz,) 6 190.7,
144.9,141.1, 138.4,132.7, 132.2, 130.0, 129.7, 128.6, 128.5, 121.2,
21.5; HRMS (ESI): calcd for C16H140 [M + Na]* 245.0942; found 245.0964.
(2E)-1,3-Diphenylprop-2-en-1-one (7p) [32]: Yield-91% as Yellow needles; mp 55—
57 °C; IR (KBr): 2935, 2877, 1585, 1266, 1088, 862, 733 cm*; H
NMR (CDCls, 400 MHz) & 8.00 (d, J = 7.8Hz, 1H), 7.74 (d, J = 15.7
Hz, 1H), 7.60-7.55 (m, 3H), 7.51-7.46 (m, 3H), 7.38 (d, J = 8.0 Hz, O |

1H); C NMR (CDCls 100 MHz,) 5§ 190.4, 143.4,138.1, 136.5, 133.4, °

133.0, 129.7, 129.4, 128.9, 128.6, 122.5;: HRMS (ESI): calcd for C1sH1,0 [M + Na]*
231.0786; found 231.0804.

0]
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(E)-3-(4-chlorophenyl)-1-phenylprop-2-en-1-one (7r) [32]: Yield-90% as white solid;
mp 113-115 °C; IR (KBr): 2954, 2880, 1610, 1271, 1107, 845, o
729 cmt; 'H NMR (CDCl3, 400 MHz) 6 8.01 (d, J = 7.8 Hz, 2H), O | O
7.75 (d, J = 15.9 Hz, 1H), 7.61 (t, J = 7.4 Hz, 1H), 7.57-7.50 (m,
7H); 13C NMR (CDCls, 100 MHz,) 6 190.2, 143.4, 137.9, 133.7,
133.0, 129.8, 128.5, 124.8, 122.5; (HRMS (ESI): calcd for CisH11ClIOs [M + Na]*
265.0396; found 265.0418.

(E)-3-(4-bromophenyl)-1-phenylprop-2-en-1-one (7s) [32]: Yield-90% as pale yellow
solid; mp 55-57 °C; IR (KBr): 2951, 2880, 1607, 1271, 1107, 843,
729 cm1;'H NMR (CDCls, 400 MHz,) 6 8.00 (d, J = 7.8 Hz, 2H), O
7.72 (d, J =15.7 Hz, 1H), 7.58 (t, J = 7.4 Hz, 1H), 7.55-7.48 (m, O |

7H); 3C NMR (CDCls 100 MHz,) 6 190.3, 143.5, 138.1, 133.9, S

133.0, 132.3,129.9, 128.8, 128.6, 124.9, 122.6; HRMS (ESI): calcd for C15H11BrO [M +
Na]* 308.9891; found 308.9905.

(E)-3-(4-methoxyphenyl)-1-phenylprop-2-en-1-one (7t): Yield-90% as White solid
mp: 70-72 °C; IR (KBr): 3040, 1582, 1240, 1175, 1059, 1015, O aMe
854 cm*; 'H NMR (CDCl3,400 MHz) 6 8.03 (d, J = 8.9 Hz, 2H), |

7.80 (d, J =15.6 Hz, 1H), 7.64 — 7.62 (m, 2H), 7.54 (d, J =15.6

Hz, 1H), 7.41-7.39 (m, 3H), 6.97 (d, J = 8.9 Hz, 2H), 3.88 (s,

3H); 3C NMR (CDCls, 100 MHz) § 188.8, 163.5, 144.1, 135.2, 131.2, 130.9, 130.4,
129.0, 128.4, 122.0, 113.9, 55.6; HRMS (ESI): calcd for C16H1402 [M + Na]*261.0891;
found 261.0915.

(E)-1-phenyl-3-(3,4,5-trimethoxyphenyl)prop-2-en-1-one (7v) [32]: Yield-88% white

Br

solid mp: 147-149 °C; IR (KBr): 3035, 1640, 1575, 1245, 1170, .
1150, 1115 cm™; *H NMR (CDCls, 500 MHz,) 68.03 (d, J = 7.9 O OMe
Hz, 2H), 7.74 (d, J = 15.6 Hz, 1H), 7.61 (t, J = 6.9 Hz, 1H), 7.53 O | OMe
(t, J = 7.4 Hz, 2H), 7.42 (d, J = 15.6 Hz, 1H), 6.89 (s, 2H), 3.94 I

(s, 6H), 3.92 (s, 3H); HRMS (ESI): calcd for C1gH1804[M + Na]*
321.1103; found 321.1119.
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(E)-3-(4-nitrophenyl)-1-phenylprop-2-en-1-one (7w): Yield-88% as Pale yellow solid;
mp 175-177 °C; IR (KBr): 3035, 1640, 1575, 1245, 1170, 1150,

1115 cm™; *H NMR (CDCls, 400 MHz) & 8.28 (d, J = 8.0 Hz, O
1H), 8.04 (d, J = 7.9 Hz, 2H), 7.91 (d, J = 7.6 Hz, 1H), 7.83 (d, O
J =15.7 Hz, 1H), 7.66-7.59 (m, 4H), 7.53 (d, J = 7.3 Hz, 2H);
13C NMR (CDCls3, 100 MHz,) 6 189.8, 141.7, 137.7, 136.7, 134.4, 133.4, 130.1, 128.9,
128.7, 124.7, 122.4; HRMS (ESI): calcd for C1sH11NO3 [M + Na]*256.0637; found
256.0661.

(Z2)-3-(2-oxo-2-phenylethylidene)indolin-2-one (7x): Yield-82% as orange solid; mp
179-181 °C; IR (KBr): 2935, 1661, 1462, 1326, 1230, 1016, 862,
749 cm*; 'H NMR (CDCl3, 400 MHz) § 8.55 (s, 1H), 8.29 (d, J = Q Z O
7.8 Hz, 1H), 8.10 (d, J = 7.1 Hz, 2H), 7.85 (s, 1H), 7.64-7.60 (m, N"No 2

1H), 7.52 (t, J = 7.8 Hz, 2H), 7.30 (t, J = 7.7 Hz, 1H), 7.00 (t, J = 7.7 Hz, 1H), 6.86(d, J
= 7.8 Hz, 1H); *C NMR (100 MHz, CDCl3) § 191.2, 169.7, 143.4, 137.6, 136.9, 134.0,
132.8, 129.0, 128.9, 128.1, 126.5, 123.0, 120.7, 110.3; HRMS (ESI): calcd for
C16H1aNO2[M + Na]* 272.0687; found 272.0705.
3-acetyl-7-hydroxy-2H-chromen-2-one (8a) [33]: Yield- 89% as Light pink solid; mp
236-237 'C; 'H NMR (DMSO ds, 400 MHz) 6 ppm 8.58 (s, 1H), 5)
7.77 (d, J = 8.6 Hz, 1H), 6.83 (d, J = 8.6 Hz, 1H), 6.73 (s, 1H), 2.54 Hoj@ffj
(s, 3H); 3C NMR (DMSO ds, 100 MHz) 6 ppm 194.7, 157.6, 149.8, 3 3
145.8, 134.1, 130.2, 127.7, 126.1, 122.8, 120.0, 30.6; HRMS (ESI): calcd for C11HgO4
[M + Na]*227.0320; found 227.0344.

3-acetyl-8-methoxy-2H-chromen-2-one (8b) [33]: Yield-87% Light yellow solid; mp
167-168°C; *H NMR (CDCls, 400 MHz) & ppm 8.47 (s, 1H), 7.29- o
7.18 (m, 3H), 3.98 (s, 3H), 2.72 (s, 3H); **C NMR (CDCls, 100 MGOM
MHz) 6 ppm 195.7, 158.8, 147.8, 147.7, 147.1, 145.0, 124.7, 121 4, o 0
118.9, 115.9, 56.4, 30.6; HRMS (ESI): calcd for C12H1004 [M + Na]* 241.0477; found
241.0495.

3-acetyl-2H-chromen-2-one (8¢c) [33]: Yield-85% as White solid; mp 121-122°C; 'H
NMR (CDCls, 400 MHz) § ppm 8.49 (s, 1H), 7.65-7.62 (m, 2H), 7.37-
7.31 (m, 1H), 2.71 (s, 3H); 3C NMR (CDCls, 100 MHz)  ppm 195.6, ©\/ﬁ‘\
159.3, 155.4, 147.6, 134.5, 130.3, 125.1, 124.6, 118.3, 116.7, 30.6; 0”70
HRMS (ESI): calcd for C11HsO3 [M + Na]* 211.0371; found 211.0393.

NO,

)
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3-acetyl-6-bromo-2H-chromen-2-one (8d): Yield-84%; as White solid; mp 232-233°C;
'H NMR (DMSO ds, 400 MHz) & ppm 8.56 (s, 1H), 8.18 (s, 1H), 0
7.84 (d, J = 8.6 Hz, 1H), 7.40 (d, J = 8.5 Hz, 1H), 2.53 (s, 3H); 1*C y h
NMR (DMSO de, 100 MHz) & ppm 195.2, 157.7, 149.5, 145.9, e
133.6, 129.2, 129.0, 126.6, 121.3, 121.1, 30.2; HRMS (ESI): calcd for C11H7BrOsz [M +
Na]* 288.9476; found 288.9492.

3-acetyl-6,8-dichloro-2H-chromen-2-one (8e): Yield-83% as White solid; mp 169-

171°C; *H NMR (CDCl3, 400 MHz) & ppm 8.38 (s, 1H), 7.69 (d, J = 0
Cl

2.3 Hz, 1H), 7.55 (d, J = 2.3 Hz, 1H), 2.73 (s, 3H): 3C NMR h

(CDCls, 100 MHz) 5 ppm 194.8, 157.6, 149.6, 145.8, 134.1, 130.2, ro°

127.7, 126.1, 122.8, 120.0, 30.6; HRMS (ESI): calcd for C1:HeCl.0s [M + Na]*
278.9592,; found 278.9618.

3-acetyl-6-nitro-2H-chromen-2-one (8f) [33]: Yield-80% as Light yellow solid; mp
167-168 °C; *H NMR (400 MHz,) § 8.59-8.58 (m, 1H), 8.54 (s, 1H), 0
8.49 (dd, J = 9.1, 2.6 Hz, 1H), 7.51 (d, J = 9.1 Hz, 1H), 2.72 (t, 3H): OZNM
13C NMR (CDCls, 100 MHz) 6 ppm 194.3, 158.5, 157.7, 146.0, e
145.9, 128.6,125.9, 118.3, 118.1, 118.0, 30.5; calcd for C11H7NOs [M + Na]+ 256.0222;
found 256.0240.

2-acetyl-3H-benzo[flchromen-3-one (8g): Yield-77% as Light yellow solid; mp 185-
187°C; *H NMR (CDCls, 400 MHz) 6 ppm 9.25 (s, 1H), 8.31 (d, J = 5
8.4 Hz, 1H), 8.06 (d, J = 9.0 Hz, 1H), 7.89 (d, J = 8.0 1H), 7.71 (t, J OO N

=8.2 Hz, 1H), 7.58 (t, J = 7.8Hz, 1H), 7.42 (d, J = 9.0 Hz, 1H), 2.75 (e
(s, 3H); *C NMR (CDCls, 100 MHz) ¢ ppm 195.5, 159.4, 156.1, 143.2, 136.2, 130.1,
129.8, 129.2, 126.6, 122.4, 121.6, 116.4, 112.7, 30.6; HRMS (ESI): calcd for C15H1003
[M + Na]*261.0528; found 261.0554.
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Figure S-31: *H spectrum of 4i.
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Figure S-61: *H NMR Spectrum of 6h.
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SUMMARY

Natural products have many intriguing properties which have caught the attention of
scientists and hence the study of natural products and related flavonoids has seen a huge
surge in terms of the number of publications in the last decade or so. Flavonoids are
polyphenolic stable aeromatic species but at the same time reactive enough to allow
modifications by different kinds of reactions known as functionalization methods.
flavonoids substituted with appropriate functional groups have been successfully
explored for their use in medicine and drugs such as xanthokeismins A-C and dime fine
for the treatment of bronchial asthma. In chapter 1, we have given a brief introduction
regarding the synthetic methods and properties of flavonoids.

In Chapter 2 we described an unprecedent base catalysed domino C-O bond
cleavage of 3-bromoflavone by insertion of substituted aniline and N-phenyl urea has
been described. This method involves the formation of two new C-N and C-O bonds
utilizing base and copper iodide for pharmacologically important stereospecific aminated
aurone derivatives. These compounds were characterized by various spectroscopic
techniques and single crystal XRD studies. Based on our extensive literature survey,
aurone synthesis revealed harsh reaction condition, long reaction time, expensive catalyst
loading. Our protocol is operationally successful with ease, avoids the requirement of

additives, fast conversion and offers broad substrate scope.

In chapter 3, we synthesized biologically active tetracyclic flavone fused
benzofuran derivative through mild condition. This reaction includes, sequential C-O
bond formation followed by C-CI bond cleavage. Diversely substituted flavone fused
benzofuran are obtain in moderate to good yields. The compounds were characterized by
various spectroscopic measurements. In compression with the available methods for the,

the present method is highly efficient and easy to operate with good substrate scope.

In chapter 4 we have developed multicomponent one pot synthetic route for the
pharmacologically important pyrimidine-piperazine-chromene and -quinoline conjugates
from readily available starting material. These synthesized compounds were assessed
their antiproliferative activities against human embryonic kidney cells (HEK293)
(Normal cell) and human breast cancer cell lines (MCF-7). The quinoline derivative with
methyl group and without substitute and chromene derivative with methyl and nitro and
without substituent show good activity than curcumin drug. Furthermore, quinoline
derivative with methyl group and without substitute and chromene derivative gave good
binding affinity against Bcl-2 protein.



SUMMARY

In chapter 5, we have reported the facile synthesis of 3-N-aryl substituted-2-
heteroarylchromones via Pd-mediated through oxidative coupling reaction in good yield.
These compounds show human Microtubule affinity regulating kinase 4 (MARK4)
enzyme inhibitors. Among 22 synthesized molecules, compounds para -iodo, para -nitro
and para -methyl were identified as hit and exhibited excellent in vitro inhibitory effect
against MARK4 with ICso value (50% of ATPase activity) and through fluorescence
binding and dot blot assay indicates a better binding affinity. In vitro studies against the
cancerous cells (MCF-7 and HepG2) revealed that the compounds para -iodo, para -nitro
and para -methyl substituted derivative inhibit the cell viability, induce apoptosis and tau-
phosphorylation. Cell viability studies gave the growth inhibition of cancerous cells with
good ICso for human breast cancer cells (MCF-7) and for human liver carcinoma cells
(HepG2) respectively. compounds para-iodo, para-nitro and para-methyl put the
cancerous cells on oxidative stress as suggested by ROS quantification. Molecular
docking of compounds para-iodo, para-nitro and para-methyl showed hydrogen
bonding, charge or polar and vander waals interactions by the active site residues of
MARKA4. These observations clearly showed that the compounds fit nicely in the active
site with high binding affinity. Thus, compounds may be as potential inhibitors and
further explored to design novel therapeutic molecules in the drug discovery against
MARK4-related diseases

In chapter 6, This chapter illustrates a novel copper catalyzed annulation reaction of a-
and p-halo carbonyl compounds via isopropanol as a hydride donor and solvent under
basic and mild condition. This reaction involve C-H bond formation followed by C-X
bond cleavage. we performed the control experiments using deuterated isopropanol with
different substrates. All deuterated products confirmed by HRMS spectroscopy.
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