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ABSTRACT

Aromatic heterocycles are highly important structural units found in a large number of
biologically active natural compounds, pharmaceuticals and catalytic compounds. They have
a crucial role in organic syntheses, which results in the generation of high value products.
Among heterocycles, those containing nitrogen are the most indispensable structural motifs
and are widely used against dreaded diseases such as Malaria, TB, HIV/AIDS and Cancer.
The inclusion of highly electronegative atoms such as fluorine in these organic molecules
render them very reactive towards proteins. Furthermore these molecules exhibit strong
interactions with surfaces of quantum range particles of elemental gold. Various approaches
for the synthesis of novel gold nanoparticles linked to potent bioactive molecules are
documented and their application as drug delivery systems are of immense value to human
health. Also many chemical and physical methods are available for the synthesis of gold,
silver and palladium nanoparticles however these methods are usually laborious and produce
toxic by-products. The green approach is to use plant extracts to synthesise various size and
shape nanoparticles which could be used in biological and catalytic systems.

A simple one-pot two component and three component reaction using formyl quinoline, 2-
aminothiophenol, thiosemicarbazone and trifluoromethylbenzaldehyde as a reactant to
synthesise quinoline, pyridine and pyran based bioactive small molecules; these products are
a quinoline type bearing a benzothiazole moiety, quinoline thio semicarbazone ligand,
fluorine substituted dihydro pyridine, fluorine substituted dihydropyran and fluorine
substituted pyridine derivatives. In total, fifteen compounds were synthesized eleven of
which were novel; all compounds were characterized by spectroscopic techniques. In vitro
anti-bacterial activities of the synthesized compounds were investigated against a
representative panel of pathogenic strains. Compounds 6, 7, 8, 11 and 13 exhibited excellent
anti-bacterial activity compared with first line drugs. Potent p53-MDMZ2 interaction
inhibitors  2-thio-1,2-dihydroquinoline-3-carbaldehyde thiosemicarbazone and fluorine

substituted new pyridine scaffold were successfully identified by structure-based design.

An efficient one-pot four component route to the synthesis of trifluorinated
pyrrolophenanthroline and fluoroquinoline pyrrolophenanthrolines was designed. In this
reaction 1-butyl-2,3-dimethylimidazolium tetrafluoroborate ionic liquid (DMTIL) was used
as a reaction medium; no catalyst was required. The structure of the pyrrolophenanthrolines

was deduced by IR and NMR analysis. These compounds were studied with Bovine Serum



Albumin (BSA) through molecular docking. Hydrophopic, electrostatic and hydrogen
bonding interaction played a crucial role in the binding to sub domain of BSA. Interaction
studies of DMTIL with BSA by emission, absorption, synchronous fluorescence, circular
dichroism (CD) and three dimensional emission (3D) spectroscopic techniques were under
taken. The results from emission titration experiments revealed the existence of a strong
interaction between BSA and DMTIL ionic liquid. It showed that compounds with lesser
number of hydrogen bonds are found to be more active which is attributed to hydrophobic
interaction and electrostatic interaction which also played a vital role in DMTIL binding to
sub domain 1B of BSA.

A novel copper-loaded boron nitride nanosheet (Cu/BN) catalyst was prepared and fully
characterized. It was used as an efficient and chemoselective catalysts for the synthesis of a-
aminophosphonates by the Kabachnik-Fields reaction; twenty one a-aminophosphonates
were synthesised. The enhanced catalytic activity and product yield was attributed to the
increase of surface acidity. Overall, this methodology offered competitive advantages such as
recyclability of the catalyst without further purification or without using additives or
cofactors, low catalyst loading, broad substrate applicability and high yields. The application
of this new nanocatalyst in organic synthesis will provide a novel pathway for the synthesis

of pharmaceutically important compounds.

Gold nanoparticle surfaces were modified with self-assembled monolayers of important thiol
and disulfide bioactive molecules since considerable interest is due to their potential
application as anti-cancer agents. Herein, a carbazole was conjugated to lipoic acid by using
an amide coupling catalyst HBTU and DIEA reaction. The structure of the carbazole thio
octanic acid (CTN) was identified by IR and NMR. CTN was attached to the gold
nanoparticles surface and the capping behaviour was characterized by UV-vis spectroscopy,
TEM, DLS and FTIR. The cytotoxicity of CTNAUNPs on A549 cell lines was determined
using the MTT assay. The results suggest CTN and CTNAuUNPs possess anti-proliferative
properties in the cancerous A549 cells.

Furthermore a dual thiol ligand was synthesized by using equimolar 4-aminothiophenol (4-
ATP) and amino oxadiazole thiol (AXT). This dual ligand was attached to the gold
nanoparticles surface (DTAu) and the capping behaviour was characterized by UV-vis
spectroscopy, TEM, DLS and FTIR. The cytotoxicity of DTAu on A549 cell lines was



determined using the MTT assay. The results suggest dual ligands (4-ATP, AXT) and DTAu

possess anti-proliferative properties in the cancerous A549 cells.

South African indigenous plants and agroforestry waste were also used in the synthesis of
silver, gold and palladium nanoparticles (NPs). Green protocols such as the use of
environmentally benign solvents and non-hazardous reagents were an added advantage to
physical and chemical means. Furthermore these reactions were rapid and the size and shape
of the NPs could be manipulated by choosing the correct medium. The formulation of natural
medicinal compounds capped onto NPs was assessed for their anti-cancer activity, in A549
lung cancer line, and catalytic reduction of dyes and nitrobenzene derivatives were studied.

These NPs displayed:

¢ Significant cytotoxicity to lung cancer cells with minimal effect on normal healthy
cells.
e Outstanding catalytic reduction of pharmaceutical and textile waste effluents such as

dyes and nitro aromatic compounds.

In addition, palladium nanoparticles containing capped Moringa olifera compounds were
used effectively in the Suzuki coupling reaction of iodobenzene and phenylboronic acid. The

reaction was rapid and was conducted in an aqueous medium.



General Remarks

The chemical structures appearing in each chapter are given numbers, which
apply only to the respective chapters, whereas, the reference numbers are common to

all chapters. Each chapter contains separate experimental section.

The following abbreviations are used in the text:

°C - centigrade

pl - microlitre

UM - micrometre

4-ATP - 4-aminothiophenol
AgNPs - silver nanoparticles
alc - alcoholic

anhy - anhydrous

aq - agueous

AUNPs - gold nanoparticles
AXT - 5-(4-aminophenyl)-1,3,4-oxadiazole-2-thiol
BN - boron nitride

BSA - bovine serum albumin
calcd - calculated

CDCl; - chloroform

cm - centimetre

conc - concentration

CTAB - cetyl trimethyl ammonium bromide



CTN

CTNAUNPs

DIEA

dil

DMAP

DMF

DMSO

DNA
DSC
DTAu
EDS
EtOAC
GC
gla

h

HBTU

ml
mm
mp

ms

- carbazole thiooctanic acid

- carbazole thiooctanic acid capped gold nanoparticles
- N,N-diisopropylethylamine

- diluted

- 4-dimethylaminopyridine

- dimethyl formamide

- dimethylsulfoxide

- deoxy ribo nucleic acid

- differential scanning calorimeter

- dual thiol gold nanoparticles

- energy dispersive X-ray spectroscopy
- ethyl acetate

- gas chromatography

- glacial

- hour(s)

- 0-(benzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium
hexafluorophosphate

- infrared

- millilitre

- millimetre

- melting point

- mass spectrum



MW - microwave

nm - nanometre

NMR - nuclear magnetic resonance
PDB - protein data bank

PE - petroleum ether

Phen - phenanthroline

POCl; - phosphoryl chloride

PTSA - p-toluene sulfonic acid

SDS - sodium-n-dodecyl sulphate
SEM - scanning electron microscope
TEA - triethylamine

TEM - transmission electron microscope
THF - tetrahydrofuran

TLC - thin layer chromatography
UV-vis - ultraviolet visible

XRD - X-ray diffraction

XRPD - X-ray powder diffraction

The purity of the products was tested by TLC using glass coated with silica gel
G and the mixture of petroleum ether/ ethyl acetate, methanol and ethanol were used
as the developing solvents. UV chamber and a chamber containing iodine vapour
were used to locate the spots. Columns packed with activated silica gel (60-120 mesh)
were used to purify the crude products. The solvents and reagents used for the
synthesis were of reagent grade and were purified/dried by standard methods.

Petroleum ether used was of boiling range 60-80°C.



Melting points were determined by using Stuart SMP10 apparatus (Bibby
Scientific, UK) and were uncorrected. IR spectra were recorded using KBr on a

Varian FTIR-800 spectrophotometre (Agilent Technology, United States).

Particle analyses were done on JEOL 1010 TEM using Megaview Il camera
and ITEM software (Jeol, Japan), Philips PW 1050 diffractometer for X-ray
diffraction, PANalytical, Netherlands, Malvern Zetasizer Nano ZS for DLS (Malvern
Instruments Ltd, UK) and Zeiss EVO 60 ESEM (Bruker, Germany). Mass spectra

were recorded on Shimadzu LC20AT mass spectrometer (Shimadzu, Japan).

NMR spectra were recorded in CDCI3/DMSO-ds on a Bruker Avance
(TOPSPIN) - 400, 600 (Bruker, Germany) using tetramethylsilane (TMS) as internal
standard. In general for all compounds CDCl; is used as a solvent, wherever DMSO-
de has been used, it is mentioned in the experimental part. The chemical shifts were
expressed in ppm. The following abbreviations are used in the NMR spectral data.

S - singlet

d - doublet

t - triplet

q - quartet

m - multiplet

dd - doublet of doublet
brs - broad singlet

J - coupling constant
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CHAPTER | INTRODUCTION

1.1. Introduction

Highly skilled organic chemists are venturing deeper into the unknown! When
reading this statement, Retinal 1, an organic compound, converts visible light into nerve
impulses. As this dissertation is physically lifted, sugar molecules in the muscles causes
chemical reactions. During this process, gaps between the brain cells are being bridged by
neuro-transmitter amines such as serotonin 2. This allows nerve impulses to travel around
the brain. Although these processes occur in the human body, they are not fully
understood. To date, no one, however brilliant, understands the detailed mechanism that

occurs in the human mind and body. As a result, there is an opportunity to venture into the

unknown®.
AN HO NH,

= \

N N

H

1 o 2
11-cis-retinal serotonin
absorbs light when we see human neurotransmitter

Figure 1. Representative example of a light absorbing and human neuro-transmitter

Organic chemistry research is a dynamic field mainly concerned with developing
and applying new methods for making molecules, understanding their reactivity and
enhancing knowledge in other research fields. The application of organic chemistry
research and education programs into an integrated trans disciplinary program is important
for good research. In 2012, two biologists, Professor Robert J Lefkowitz and Professor
Brian Kobika, were awarded the Nobel Prize for Chemistry. They unveiled the signalling
mechanism of G protein-coupled receptors (GPCRs). These proteins belong to one of the
largest families of human proteins. They are involved in many physiological activities and
therefore are targets of a number of drugs. Determination of the molecular structures of
this class of receptors helps researchers to understand the actual mechanism of different
cellular processes. Also life saving and more effective drugs can be designed.

Recently, nano and organic chemists have captured the high-resolution images of a
molecule as it breaks and reforms chemical bonds. Using a high resolution atomic force

microscope, these scientists have taken the first atom-by-atom picture which shows how a
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CHAPTER | INTRODUCTION

molecule's structure changes during a reaction. In the past, scientists have obtained this
type of information from spectroscopic analysis. This great achievement was only realised
through interdisciplinary collaboration between organic chemists and nanotechnologists.

Figure 2. Direct imaging of covalent bond structure in single-molecule chemical

reactions.

During the 20th century, total synthesis of complex natural product was the main
theme of organic chemistry®. Fundamental information into reactivity and selectivity
principles were obtained by these synthetic projects. Nowadays, synthetic chemists can
construct molecules which are complex. However, a change in the perception defining
organic synthesis as an art, is needed. In 1975, a key issue was addressed by Hendrickson.

He defined an “ideal synthesis” as one which®*:

“...Creates a complex molecule... In a sequence of only construction reactions involving
no intermediary refunctionalizations, and leading directly to the target, not only its

skeleton but also its correctly placed functionality.”

K.Anand, 2014 Page 2
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Today's Total Synthesis
Commercially
available
starting .
materials
The Ideal Synthesis

Figure 3. A schematic diagram showing a pathway of ideal synthesis

Aromatic heterocycles are highly important structural units in a vast number of
biological active natural compounds, pharmaceuticals and materials. They are also
important intermediates in organic synthesis, often providing access to other highly
desirable structures. Thus, there is a compelling need to develop novel and more general
methods for the synthesis of heterocycles. Functionalized heterocycles are excellent
scaffolds for preparing diversity-oriented compounds for medicinal and pharmaceutical
applications®. This is due to their ability to mimic the structure of peptides and their
protein binding potential. Among the heterocycles, the nitrogen based ones such as
quinoline and carbazole derivatives are one of the most indispensable structural motifs.
These are wide spread in nature and are key structural component in several families of
bioactive compounds®. Several alkaloids isolated from natural resources or prepared

synthetically are important for medicinal and biomedical use.

Fluorine, a small and highly electronegative atom, has a huge impact in medicinal
chemistry. The presence of fluorine in a therapeutic or diagnostic small molecule enhances
many pharmacokinetic and physicochemical properties. These include improved metabolic
stability and enhanced membrane permeation. Increased binding affinity of fluorinated
drug candidates enhance interaction with biomolecules. Other properties are an increased
blood brain barrier (BBB) permeability which is important in CNS active drugs’.

Therefore fluorinated drugs are exploited for therapeutic applications.

K.Anand, 2014 Page 3



CHAPTER | INTRODUCTION

lonic liquids (ILs) are organic nitrogen-containing heterocyclic cations with
inorganic anions or organic salts with low melting points. These are being used for many
fields of chemistry and industry, due to their potential as “Green’’ recycle alternatives to
the traditional organic solvents. They possess a wide liquid range, in some cases in excess
of 400°C. Their very favourable properties, such as high polarity, negligible vapour
pressure, high ionic conductivity and thermal stability, make them effective in catalysis.
Recently, hydrated ILs have been identified as an ideal medium for long-term DNA and
protein storage. Hence, understanding the binding characteristics and molecular

mechanism of interactions of ILs with DNA and protein is of paramount importance.

The power of chemistry lies in being able to create new forms of matter and/or
nanostructures. Both the covalent and non-covalent bond are essential in fabricating
nanostructures. By understanding the kinetics and thermodynamics of many fundamental
chemical processes, nanosized molecules and nanomaterials can be produced, thereby
leading to discoveries of new phenomena. Figure 4 shows some synthetic nanosized
molecules size-dependent properties of quantum dots and organic nanoparticles.
Nanomaterial have gained focus due to their potential applications in drug delivery,
sensing, imaging and chemotherapy; drug delivery includes polymeric nanoparticles,

dendrimers, liposomes and quantum dots®.

K.Anand, 2014 Page 4
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CdSe Nanoparticles

size increase

34323 28 26 24 2.2 2

1250- Pamcle size increases

Pyrazoline emission

10004

Exciplex emission

e 15nm nanospheres 7501
e 30nm nanospheres
e 2 5AR nanorods 500+
(=== 4 5AR nanorods
7 5AR nanorods 250+

‘400 600 800 1000 7200
A/ nm >

Figure 4. A) Examples of nanosized molecules and assemblies: 1) fused porphyrins 2)
molecular graphene 3) dendrimers 4) a self-assembled vesicle. B) Fluorescence emission
of CdSe quantum dots with different sizes. C) Absorption spectra of gold nanoparticles
with various sizes and shapes. D) Fluorescence emission spectra of organic nanoparticles
with different sizes”

Metal nanoparticles are recently being widely explored. In particular, design of
drug functional gold nanomaterial is of interest because of a variety of potential
applications ranging from chemistry to biological sciences. Silver, gold and palladium
nanoparticles have unique optical, thermal, hetero and homogeneous catalytic properties'®.
After the discovery of carbon nanotubes (CNT) it was suggested that carbon is not a
unique element being able to form nanotubes; boron nitride (BN) appears as a potential
material for this class in view of the structural similarity of graphite and bulk BN,
Hexagonal boron nitride (h-BN) is well known as one important ceramic material with
outstanding thermal and electrical properties. Furthermore, it has excellent chemical

stability, good resistance to corrosion, low density and high melting point. Boron nitride
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nanotubes are a good alternative to carbon nanotubes and other kinds of inorganic
materials, because of their improved chemical properties. They possess good
heterogeneous catalytic activity and theoretically guarantee better stability and

compatibility for safe drug delivery and targeting carriers*.
1.2. Synthesis and Utility of Nitrogen Heterocycle System

Heterocyclic compounds are cyclic compounds in which one or more of the ring
carbons are replaced by another atom. The non-carbon atoms in such rings are referred to
as “heteroatoms”. Heterocycles form the largest class of organic compounds. The majority
of pharmaceutical products that mimic natural products with biological activity are
heterocycles. Therefore, researchers are designing and producing better pharmaceuticals,
pesticides, insecticides, rodenticides and weedicides by following natural models. Other
important practical applications of these compounds are used as additives and modifiers in
a wide variety of industries including cosmetics, reprography, information storage,
plastics, solvents, anti-oxidants and vulcanization accelerators. Hence, heterocyclic
chemistry is an inexhaustible resource of novel compounds. Many combinations of
carbon, hydrogen and heteroatoms can be designed, providing compounds with the most
diverse physical, chemical and biological properties™. Among the approximately 20
million chemical compounds identified by the end of the second millennium, more than
two-thirds are fully or partially aromatic and approximately one-half are heteroaromatic™*.
Heterocyclic compounds, especially nitrogen heterocycles, are the most important class of
compounds in the pharmaceutical and agrochemical industries, in which heterocycles
comprising around 60% are covered as a drug substances. 5-membered N-heterocycles
such as pyrroles, indoles and carbazoles are important structural motifs and are present in
an extensive number of biologically active compounds®®. The 5-membered N-heterocycles
are of exceptional interest in the pharmaceutical industry, as they appear in the core
structure of several drugs. Six membered heterocycles such as substituted pyridines
exhibit a broad range of biological activity. They are used to modulate hypertension,
angina pectoris act as Ca’* channel blockers and are anti-diabetic, hepatoprotective and
show anti-tumor properties'®. The fused quinoline moiety is also present in an extensive
number of naturally occurring sources and are biologically active'’. In addition, pyridine
derivatives are also used as organic bases and organo catalysts in organic synthesis. Six

membered aromatic rings containing two nitrogen atoms, such as phthalazinones,
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quinazolinones, pyrimidines and pyrimidinones possess a broad spectrum of biological
activities and are therefore of interest as target compounds in pharmaceutical and
medicinal chemistry™. Six membered rings containing three nitrogen atoms, like 1,3,5-
triazines are used as a templates in supramolecular chemistry and dendrimer synthesis, due
to their unlike C3 symmetric core structure®. Seven and higher membered nitrogen
containing compounds, e.g. benzodiazepines, show interesting anti-cancer properties and

inhibit HIV-1 reverse transcriptase®.

The following few sections cover the review of the nitrogen heterocyclic
compounds as a core area of research. Several quinoline derivatives isolated from natural
resources or prepared synthetically are significant with respect to medicinal chemistry and
biomedical use. Compounds containing pyridine, quinoline, carbazole and indole motif are
most widely used as anti-malarials®*, anti-bacterials?, anti-fungals®® and anti-cancer?
agents. Furthermore, quinoline derivatives are used in the synthesis of fungicides,

virucides, biocides, rubber chemicals and flavouring agents>.

Kimpe De N et al.,? reported the high-yielding, asymmetric synthesis of novel 4-
formyl-1-(2- and 3-haloalkyl) azetidin-2-ones 3. It was developed as a valuable starting
material for the synthesis of different enantiomerically enriched bicycles azetidin-2-ones
4. These include preparation of morpholine, and 1,4-diazepane annulled B-lactam

derivatives.

N
HH | RH H |
R R
H 2eq. NaBH, . j;Y)\N 1
N MeOH or EtOH Nﬁ)

o M reflux, 1-3h O n

R : Ph

R4 : Secondary amine

Li Z et al.,”’ reported the iodine-mediated intramolecular cyclization of enamines
5. This leads to various 3H-indole derivatives 6 containing multifunctional groups.

Transition metal-free reaction conditions are used and yields are good.
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11 eq. I F10C
1.2 eq. K,CO3
- 7

N Ry DMF, 100°C, 1h N

H CO,Et

5 6
R : alkyl, Bn. CO5Et,
p-NO,-CgH,4

Chauhan et al.,?® reported the synthesis of 2, 3-dihydro/spiroquinazolin-4(1H)-ones
10 via. three-component cyclocondensation reaction of isatoic anhydride 7, amines 8 and

Isonicotinaldehyde 9.

o o
o 1 eq. tartaric acid R
@\)J\O . HN-R . H N 0.2 eq. SDS - ©\)J\N’
N/go | _N H,O / EtOH N AN
H (3:1, few drops), H |
rinding, r.t., 1-8 min N
- 8 9 grinding. -t 10
R: Alkyl,
Ph.H

Perumal et al.,?®

reported an environmentally friendly method for the cyclization of
2-aminochalcones 11 to 2-aryl-2,3-dihydroquinolin-4(1H)-ones 12 on the surface of silica

gel impregnated with indium(lll)chloride. They used microwave irradiation without a

solvent.
0 (0]
O Z O 0.2 eq.InCly O
MeCN, reflux
) N
NH; 2.5 h H O
11 12

Chuchi Tang et al.,*

reported an efficient procedure for the stereo controlled
construction of 2H-thiopyrano [2, 3-b] quinoline 15 starting from simple compounds. The
domino Michael/Aldol reactions between 2-mercapto benzaldehydes 13 and 3-
Phenylprop-2-enal 14, promoted by chiral diphenylprolinol TMS ether, proceeded with
excellent on chemo- and enantioselectivity. A synthetically useful and pharmaceutically

valuable 2H-thiopyrano[2,3-b]quinolines in high yields with 90-99% ee was obtained.
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Ph

I H OTMS
~_CHO Il (20 mol%) N CHO
R 2-NO,BzOH(30 mol%) )
— '
N” SH CHCl,, 0°C N" s O
13 14 15

Ramrao A. Mane et al.,* reported a one-pot water-mediated synthesis via. 2-
chloro-3-formyl quinoline 16 and phenyl hydrazine 17 for pyrazolo[3,4-b] quinolines 18.
They used microwave energy irradiation. This route is convenient, eco-friendly and can be

scaled up easily.

R CHO
1 H H,0 Rq N
Ay TN Tww A
R, N~ Cl N~ N
16 17 18

R1:H,R2:H,R3:H,Me
Ry = OMe, Ry = H, Ry = H, Me
R1=Me, R2=H, R3=H, Me
R1:H,R2:Et,R3:H,Me

Sikha S Dave et al.,* reported the synthesis of diversely substituted chalcones 20
derived from 2-chloro-3-formylquinoline 16, with appropriately substituted 2-hydroxyl
acetophenones 19 via. Claisen Condensation. All derivatives showed promising potent
pfLDH activity.
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0 0
R X CHO ) )ﬁ@RS 40 % EtOH T Rs
—_—
R, N Ho NaOH,RT g
R3 RZ
16 19 20

Ri=H, Ry = H, R = H, Me
R1=OM6, R2=H,R3=H,Me
R1=Me, R2 =H, R; =H, Me
Ry =H, R, = Et, Rs = H, Me

1.2.1. Multi- Component Reactions (MCRs)

Among the known strategies of drug discovery, high throughput screening is one
that serve most efficient to the pharmaceutical industry. To guarantee the success on
acquiring lead compounds via. this kind of screening tactic, sources of large amount of
molecular libraries are important preconditions. With the advent of multi- resistant strains
of bacteria, viruses and cancer cells, the search for new drugs is paramount®. Although the
use of monoclonal anti-bodies as drugs is on the rise, the majority of new drugs are still-
and are likely to continue to be small molecules. A key step in the drug discovery process
is the generation of novel chemical entities that can serve as potential drug candidates®**°.
Successful drug development relies on high efficiency and low cost and short cycles of
design make test and therefore requires short and efficient synthetic sequences for lead
discovery. Multi-component reactions (MCRs) are a one-pot process that involves the
reaction of at least three components to form a single product that incorporates essentially
all the atoms of the starting materials. These reactions are atom economic, step efficient
and have high exploratory power with regard to chemical space and are therefore ideally

suited for the generation of libraries of compounds®’.
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Linear assembly

2 5
FG 3 FG? FG
FG D/
o D)
[ R

MCRs assembly

" O

Scheme 1. Traditional linear synthesis (3 steps) vs. multi-component assembly (1 step)

Complex Product

Zhen Yang et al.,*®

reported a novel functionalized quinolines via. Ugi and Pd-
catalyzed intramolecular arylation reactions. To prepare this interesting ring system, the

authors made use of an Ugi-Heck MCRs aryl-aryl coupling which occurs in a second step.

NH,
CHO
H S o _ +{> 1. MeOH, RT
+ + Y/ + C=N —
@ OH 2.Pd(OAc),
OCHs ' K,COs, dppf O
n-Bu4NBr
DMF, 80°C
21 22 23 24 25

The second most important iso cyanide-based MCR is the Ugi four component
reaction. This elegant four-component reaction between cyclcohexyl isocyanide 24, 3-
iodobenzo[b]thiophene-2-carboxylic acid 23, benzaldehyde 21 and p-toluidine 22, afford
dipeptide-like structures 25. Song Cao et al.,* prepared pseudopeptides bearing a
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difluoromethyl 30. A Ugi reaction using aniline 27, trimethylacetonitrile 29, 4-
fluorobenzaldehyde 26 and 2, 2-difluoro-2-(phenylthio) acetic acid 28 as one component

is used to prepare 31.

F
CHO NH, o o ’
S%k . MeOH, RT S%N N\’<
G e ek R
FF
F
26 27 28 29 30

BusSnH / AIBN
Toluene

Non-isocyanide-based multi-component reactions usually involve an activated
carbonyl species. Biginelli reaction discovered, in 1891, used p-tolualdehyde 32, (thio)
ureas 33 and ethyl acetoacetate 34 to synthesize dihydro pyrimidinones 35. The products
of the Biginelli reaction are widely used in the pharmaceutical industry as calcium channel

blockers®, anti-hypertensive agents and alpha-1-a-antagonists.
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CH;
CHO 0]
. . 1 -
MeOH, RT 0) NH
+  HoN NH» + MOCZHs > | /g
N X
CHs H
32 33 34 35
X=0,8

1.3. Fluorine Substituted Heterocyclic Nitrogen Systems

The incorporation of fluorine atom(s) within organic molecule enhances their

biopotency, bioavailability, metabolic stability and lipophilicity*’. It has shown to

42,43

modulate the stereo electronic parameters of organic molecules™ ™, alters the electronic

environment, but also influences the p-value of neighboring Bronsted acid/base centers,
polarity, and influences lipophilicity. Organo fluorine interactions with protein residues is
used to enhance protein-ligand binding affinity and selectivity* and hence synthesis of

45,46

bioactive compounds for the treatment of infectious diseases™ ™ are being undertaken.

CN
R 0
CN
IN /©/ <CN R2>©\ piperidine
+ + R NH — >
N"No CN 3 ~. EtOH
3
CHO
Re Ry
Rs
36 37 38

R4 =H, CH;. Cl, OCH; R, =H, CHj
R3=R5=R6=H,F R4=H,F,CF3
Manish P. Patel et al.,*’ reported a one-pot three component cyclocondensation of
betaaryloxyquinoline-3-carbaldehydes 36, malononitrile 37 and beta enaminones 38. They
used a catalytic amount of piperidine. In vitro anti-microbial activity and anti-tuberculosis

activity were evaluated against Mycobacterium tuberculosis H37Rv.

K.Anand, 2014 Page 13



CHAPTER | INTRODUCTION

CHO NH, R,

F F
= CuBr-Montmorillonite g I
4 | j + R,—— > R4 F

F F '\R1

F F

F
40 41 42 43

R1 = H, p-OMe, p-NO,, P-Me;
R2 = Ph, CH,OH, CH,OAc

Microwave irradiation was used for the synthesis of 2-pentafluorophenylquinoline
derivatives 43 by Zhang and co-workers®®. This was a one pot reaction of
pentafluorobenzaldehyde 40, aromatic anilines 41 and alkynes 42 on the surface of
montmorillonitle clay impregnated with a catalytic amount of CuBr under solvent-free

conditions. Improved yields and enhanced reaction rates were recorded.

1.4. Organic Nitrogen-Containing Heterocylic Cations and Inorganic Fluorine

Anions (lonic Liquids)

In recent years, interest in ionic liquids has grown rapidly. Fluorine containing
heterocycles is a class of organofluoro molten salts. The synthesis and properties of
quaternary alkyl substituted ammonium, imidazolium, triazolium and pyridinium salts

with fluorine containing anions have unique applications in biological and catalysis field*.

Prajapati et al.,*® reported an eco-friendly method for the synthesis of phenyl
substituted quinolines 46 via. Meyer-Schuster rearrangement of 2-aminoaryl ketones 44
and phenylacetylenes 45 in the presence of a catalytic amount of zinc trifluoromethane
sulfonate in the ionic liquid 1-butyl-3-methylimidazolium hexafluorophosphate [hmim]
PFe.

R
fl

1 mole % Zn(OTf), AN %\ +
o) > N—CgH13
+ . — N\//
[hmim]PFg N -~ ~
NH; 85°C, 2-2.5 h PFs

R: Ar,
44 45 46 Me
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Zhu et al.,”* reported the interactions of bovine serum albumin (BSA) with two
alkyl imidazolium based ionic liquids, 1-butyl-3-methylimidazolium tetrafluoroborate
([lomim]BF4) and 1-butyl-3-methylimidazolium hexafluorophosphate [bmim] PFg, in
buffer solutions at pH~7.0. These were analysed by isothermal titration calorimetry (ITC)
and circular dichroism (CD); spectra showed that the two ionic liquids changed the
secondary structure of BSA.

1.5. Gold-Sulfur Nanoparticles

Poly(ethylene glycol)
\}\ ! ' Targeting Group
Q \ u

-

.ww

\\JB\W Au DNA/RNA
\ &
Smart Polymer
el B

Charged Molecules
or Polymers

Figure 5. Gold nanoparticle

The covalent bond between gold and sulfur stabilizes nanostructures and transmits
electronic interactions between gold and sulfur containing molecules®®. These interactions
are mediated through the sulfhydryl (SH) functional group in thiols (RSH). A wide variety
of studies in molecular biology, inorganic chemistry, surface science and materials science
are undertaken. Potential applications include in site specific bioconjugate labelling and

sensing®®, drug delivery and medical therapy>, molecular recognition and molecular
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electronics™. The interplay between experiment and theory has aided in developing the

understanding of the gold sulfur nano interface.
1.5.1. Bioactive Thiolated Molecules-Conjugated Gold Nanoparticles

Self-assembly of organothiols (OTs) and thiolated biomolecules is used

extensively for AuNPs surface modification. This improves functionality,

biocompatibilities, and target specificities>®°,

HO

Z%%

GHo
0 OH
HO OH/ Drug carrier

OH Doxorubicin

(@]

OH

OH
O OH C?H 0O
O

Linker
ﬁ/\/\)J\N
(0]

HN

Targeting

Figure 6. Bioactive thiolated molecule conjugated gold nanoparticle.

Bing Yan et al.,”

reported that multi-functionalized nanoparticles are important for
nano biomedical applications. However, synthesis are tedious and time consuming. Hence,
multi-component reactions on nanostructures is a good way to prepare nanomaterials.
Gold nano organothiol system, illustrated in the scheme, was made. This shows enhanced

cancer cell targeting and killing.

Surinder P. Singha et al.,%® reported 11-mercaptoundecanoic acid modified gold

nanoparticles (~7 nm). These were conjugated with chloroquine to assess their potential
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application in cancer therapeutics. The anti-cancer activity of chloroquine-gold

nanoparticle conjugates (GNP-ChIQ) was demonstrated in MCF-7 breast cancer cells.
1.6. Metal-Loaded Boron nitride

Elemental palladium, nickel and rhodium have a high affinity for hydrogen and
form hydrides in reaction with hydrogen. They are used in hydrogen storage technology
and as catalysts for hydrogenation due to their high hydrogen solubility, diffusivity, and
corrosion resistance®®. Boron nitride (BN) is a catalyst support. It is a benign powder
possessing a hexagonally shaped crystal structure composed of continuous boron-nitrogen
bonds. The numerous lone pairs on the nitrogen atoms can co-ordinate with Pd metal and

suppress catalyst activity for hydrogenation and coupling reactions®”.

COOH COOH
H, Balloon
0.3% Pd/BN(0.01%)
MeOH, 25°C
Ns NH,
47 48
fl CH,
H, Balloon
0.3% Pd/BN(0.01%)
MeOH, 25°C
NO, NO,
49 50

Hironao Sajiki et al.,®®

reported a hydrogenation catalyzed heterogeneous reaction
by Pd on boron nitride (Pd/BN) in methanol. Hydrogenation product of azides 47 and
alkynes 49 in the presence of other reducible functionalities such as benzyl ethers, aryl
halides, aryl ketones and nitro groups were obtained. Also, the semi hydrogenation of
alkynes could be achieved without the reduction of other coexisting reducible

functionalities.
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1.7. Biomolecules Functionalized Nanoparticles

Living organisms have high potential for nanoparticles® production. Hence, green
synthetic methods using biological extracts have gained importance in nanoparticle
synthesis®’. However, the mechanism of involvement of biomolecules is not well
understood. Plants, algae, diatoms, heterotrophic human cell lines and some biocompatible
agents are reported to synthesize greener nanoparticles. Metals such as cobalt, copper,
silver, gold, bimetallic alloys, silica, palladium, platinum, iridium and magnetite are used.
However, the use of phototrophic and heterotrophic eukaryotes and biocompatible agents

for the synthesis of nanomaterials is yet to be fully explored®®.

Yunzhi Fu et al.,%®

reported the biosynthesis of silver nanoparticles using aqueous
aloe leaf extract. Their results suggest that nanoparticles can be used as effective growth
inhibitors against the test microorganisms. Greater bactericidal activity was observed for
silver nanoparticles. The Escherichia coli, a gram negative bacterium, was reported as
more efficient for gold and silver nanoparticles synthesis than S. aureus, a gram positive

bacterium.

Mata et al.,”® reported the bio reduction of Au(lll) to Au(0) using biomass of the
brown alga Fucus vesiculosus. Bioreduction with F. vesiculosus could be an alternative
and environmentally friendly process. It can be used for recovering gold from dilute
hydrometallurgical solutions and leachates of electronic scraps and for the synthesis of
gold nanoparticles of different size and shape.

Venkataraman et al.,”

reported the synthesis of biomolecules functionalized gold
nanoparticles using edible mushroom Pleurotus florida by photo-irradiation method. The

mixture containing aqueous gold ions and mushroom extract was kept in sunlight.

Sharma et al.,’” reported on metal nanoparticles having catalytic activities.
However, they are difficult to recover after downstream processing of chemical reactions.

Therefore, plant-based nanoparticles have enormous advantages.

Also, an increased awareness towards green chemistry has necessitated the

development of simple, cost-effective and eco-friendly procedures.
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1.8. The Objectives and Scope of Study
The present work pertains to the synthesis of:

i) pharmacologically active planar quinoline bearing benzothiazole, quinoline
thiosemicarbazone, fluorinated dihydropyridine and dihydropyran derivatives via.
a one-pot reaction approach and evaluation of their antibacterial activities and
inter molecular interaction with MDM2 human protein by molecular docking.

i) fluorinated pyrrolophenanthroline derivatives using ionic liquids, as catalyst.
BSA protein binding and detailed physicochemical and spectroscopic analysis
with supporting molecular docking studies.

iii) copper-loaded boron nitride (Cu/BN) nanomaterials as an innovative support for
the Kabachnik-Fields reaction involving the condensation of amines, aldehydes
and diethyl phosphite species. This facile method is a good choice for the
synthesis of a-aminophosphonates. The Cu/BN was recyclable for a minimum of
four cycles making it highly effective.

iv) gold nano surfaces capped with anchor sulfur organic groups, such as thiols and
disulfides; these are the proto type components of supramolecular systems. Two
novel systems were used for the synthesis of gold capped small bioactive
molecules and their cytotoxicity elucidated.

V) silver, gold and palladium nanoparticles (NPs) by using South African indigenous
medicinal plants via. simple green chemistry approach. Aqueous extracts of leaf
and flower were used as a natural reducing agent. The application of NPs as anti-
cancer agents and catalytic reduction of dyes and nitrobenzene derivatives were
undertaken

Chapter 2, describes the synthesis of quinoline, pyridine and pyran based bioactive small
molecules; these were of a quinoline type bearing a benzothiazole moiety, quinoline thio
semicarbazone ligand, fluorine substituted dihydro pyridine, fluorine substituted
dihydropyran and fluorine substituted pyridine derivatives. In total, fifteen compounds
were synthesized via. a one-pot reaction. Eleven compounds were novel. All compounds
were characterized by straight forward consideration of spectroscopic techniques. A good
number of analogues have shown considerable in vitro anti-bacterial activity against two
gram-negative bacteria, Escherichia coli (ATCC 25922) and Pseudomonas aeruginosa
(ATCC 27853) and one gram-positive bacterium, Staphylococcus aureus (ATCC 29213).
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All the compounds showed the minimum inhibitory concentration 256 pg/ml against
Escherichia coli and Pseudomonas aeruginosa except for compound 13 which showed
activity at 128 pg/ml MIC. The binding interaction of the compounds through molecular

docking with p53—MDM2 tumor suppressor protein is also discussed.

Chapter 3, discusses an efficient one-pot four component route to the synthesis of tri
fluorinated pyrrolophenanthroline and fluoroquinoline pyrrolophenanthrolines. In this
reaction 1-butyl-2,3-dimethylimidazolium tetrafluoroborate ionic liquid (DMTIL) was
used as a reaction medium; no catalyst was required. This structure of the
pyrrolophenanthroline were deduced by IR and NMR analysis. Compounds were studied
with Bovine Serum Albumin (BSA) through molecular docking. Hydrophopic,
electrostatic and hydrogen bonding interaction played a crucial role in the binding to sub
domain of BSA. Interaction studies of DMTIL with BSA by emission, absorption,
synchronous fluorescence, circular dichroism (CD) and three dimensional emission (3D)
spectroscopic techniques is discussed. The results from emission titration experiments
revealed the existence of a strong interaction between BSA and DMTIL ionic liquid. It
showed that compounds with lesser number of hydrogen bonds are found to be more
active which is attributed to hydrophobic interaction and electrostatic interaction which
also played a vital role in DMTIL binding to sub domain IB of BSA.

Chapter 4, describes preparation of copper-loaded boron nitride (Cu/BN) and used as an
efficient and chemoselective catalysts for the synthesis of a-aminophosphonates by the
Kabachnik-Fields reaction; 21 a-aminophosphonates were synthesised. The enhanced
catalytic activity and product yield could be attributed to the increase of surface acidity.
Overall, this methodology offers competitive advantages such as recyclability of the
catalyst without further purification or without using additives or cofactors, low catalyst
loading, broad substrate applicability and high yields. The application of this new
nanocatalyst in organic synthesis will provide a novel pathway for the synthesis of

pharmaceutically pertinent compounds.

Chapter 5, describes modified gold surfaces with self-assembled monolayers of thiol and
disulfide bearing bioactive small molecules; this received considerable interest due to their
potential application as anti-cancer agents. In this study a carbazole was conjugated to
lipoic acid by using an amide coupling catalyst HBTU and DIEA reaction. The structure
of the carbazole thio octanic acid (CTN) was identified by IR and NMR. CTN was
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attached to the gold nanoparticles surface and the capping behaviour was characterized by
UV-vis spectroscopy, TEM, DLS and FTIR. The cytotoxicity of CTNAuUNPs on A549 cell
lines was determined using the MTT assay. The results suggest CTN and CTNAuUNPs

posses anti-proliferative properties in the cancerous A549 cells.

Furthermore this chapter includes the thiol dual ligand capped gold nanoparticle synthesis,
characterization and their cytotoxic evaluation in A549 lung cancer cells. DTAu was
synthesized by equimolar 4-aminothiophenol (4-ATP) and amino oxadiazole thiol (AXT).
This dual ligand was attached to the gold nanoparticles surface and the capping behaviour
was characterized by UV-vis spectroscopy, TEM, DLS and FTIR. The cytotoxicity of
DTAu on A549 cell lines was determined using the MTT assay. The results suggest dual
ligands (4-ATP, AXT) and DTAu posses anti-proliferative properties in the cancerous
A549 cells.

Chapter 6, communicates the role of South African indigenous plants and agroforestry
waste in the synthesis of silver, gold and palladium nanoparticles (NPs). Green protocols
are presented such as environmentally benign solvents, non-hazardous and highly rapid
synthesis of NPs. The formulation of natural medicinal compounds capped onto
nanoparticles (NPs) are assessed for their anti-cancer activity and catalytic reduction of
dyes and nitrobenzene derivatives. In addition, the palladium nanoparticles were used

effectively in the Suzuki coupling reaction carbon-carbon formation in water.
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CHAPTER II

One pot synthesis, anti-bacterial and molecular docking studies of new

quinoline and fluorinated pyridine, pyran nucleus

2.1. Abstract

A new class of bioactive small molecules was synthesized; these were a quinoline
type bearing a benzothiazole moiety, fluorine substituted dihydro pyridine, fluorine
substituted dihydro pyran and fluorine substituted pyridine derivatives. In total, fifteen
compounds were synthesized, eleven of which were novel. These compounds were fully
characterised by spectroscopic techniques, i.e. IR, *H-NMR, *C-NMR, *F-NMR and MS.
Compounds 1, 2, 3 and 4 were synthesized previously by known protocols established in
our laboratory. Three novel planar compounds 6, 7 and 8 were synthesized efficiently with
2-aminothiophenol and  3-formylquinoline-2-one,  3-formylquinoline-2-thione and
tetrazoloquinoline respectively, by aerobic oxidative cyclization. Of these three
compounds, 6 was selected as a representative and analysed for its crystal structure by
XRD.

While extensive work has been carried out with thiosemicarbazone scaffold, there
is no reported literature on compounds derived from 2-thio-1,2-dihydro-quinoline-3-
carbaldehyde; we synthesized novel compounds 11 and 13 by using thiosemicarbazide and
4-methyl- 3-thiosemicarbazide, respectively. Compounds 18, 21, 23 and 25 are novel poly
functional fluorine substituted dihydro pyridine and dihydro pyran quinolines which were
synthesized via. a one-pot multi-component reaction. Compounds 18 and 21 were
synthesized by a practical and efficient procedure through a unique four-component
reaction of trifluoromethylbenzaldehyde, malononitrile, 2-fluoroaniline and acetylene
dicarboxylate in the presence of triethylamine as a base promoter and catalyst. Compounds
23 and 25 were synthesized by refluxing trifluoromethylbenzaldehyde, malononitrile,
activated phenol or dimedone in the presence of PTSA or DMAP as a catalyst.

Compound 28 was synthesized from fusaric acid and phenylhydrazine whilst
compound 30 was synthesized from fusaric acid and pentafluoro phenylhydrazine, in the
presence of the coupling reagents HBTU and DIEA, respectively.

The synthesized compounds were evaluated in vitro for anti-bacterial activity
against two gram-negative bacteria, Escherichia coli (ATCC 25922) and Pseudomonas

aeruginosa (ATCC 27853) and one gram-positive bacterium, Staphylococcus aureus
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(ATCC 29213). Standard anti-biotics were used as positive control. An examination of the
data revealed that all compounds, that were tested, indicated no inhibitory effect against
staphylococcus. However, all the compounds showed the minimum inhibitory
concentration of 256 pug/ml against Escherichia coli and Pseudomonas aeruginosa except
for 13 which showed activity at 128 pg/ml MIC.

Molecular docking experiments were carried out against p53—-MDM2 tumor
suppressor protein using Surflex-Dock GeomX programme of Sybyl software on Dell T-
1500 work station to confirm the mechanism of action of active compounds among the
series. The p5S3—MDM?2 interaction is a valuable target to develop effective anti-tumor
agents. In this study we discovered potent p53-MDM2 inhibition by 2-thio-1,2-
dihydroquinoline-3-carbaldehyde thiosemicarbazone and fluorine substituted new pyridine

derivatives as identified by structure-based design.

2.2. Introduction

Heterocyclic compounds have fascinating chemical behaviour as well as
pharmacological properties which are beneficial to mankind. In particular quinolines are
ubiquitous heterocycles in nature. Quinoline alkaloids are mainly isolated from Rutaceae
and Solanaceae plant species and they show significant biological activities which include
vasoconstrictive, anti-diuretic, anti-arrhythmic, spamolytic, sedative, hypothermal effects’,
anti-tumaral, anti-pyretic, anti-platelet, cytotoxic activities and also photosensitization for
DNA damage and mutation®. Due to such a wide range of biological activities, increased
attention is directed to the synthesis of quinoline derivatives and alkaloids.

It is known that the chloroquinoline moiety serves as a backbone of many natural
products and analogues. A wide range of heterocycles can be generated from the quinoline
type of compounds. However quinoline are not only good synthetic intermediates but also
act as good pharmacophores. Owing to their relevant biological activities including anti-
microbial®, anti-malarial®, anti-cancer and cytotoxic activities®, the synthesis of novel
chloroquinoline and others compounds are promising research areas of study.

The 2-chloro-3-formylquinolines are versatile precursors which serve as good
building blocks for more complex organic structures. Acccording to literature, this
precursor is prepared from an amine derivative leading to acetanilides followed by a
double formylation reaction via. a Vilsmeier Haack reaction. These reaction sequences are

presented below.
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Scheme 1. A reaction outline for formation of 2-chloro-3-formylquinoline

The mole ratio of acetanilide, DMF and POCI; is 1:2.5:7, respectively and the
temperature of 96°C is standardized as the optimum condition to get maximum vyield.
Yields are generally good especially with anilides carrying electron donating groups.
Acetanilides containing an electron withdrawing groups such as NO, and CI produces low
yield of the final product. Hence to increase the yield, many attempts were made which
included microwave induced Vilsmeier reaction and formylation in the presence of
micelles. The micelles act as a kind of mini reactor and are produced either using
cetyltrimethyl ammonium bromide (CTAB), sodium n-dodecyl sulphate (SDS) or Triton-
X-100 under Vilsmeier condition, in acetonitrile. In this methodology the yields are
increased even though acetanilide bearing electron withdrawing groups are present.

Over the last few decades, drug resistance to the commonly used anti-biotics has
become a serious problem. Therefore, the synthesis of compounds that could be used for

the effective treatment of infectious diseases without side effects is an urgent biomedical
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issue®. Various heterocyclic compounds have shown anti-microbial potential and quinoline
is one of the most promising heterocyclic nuclei having prominent anti-bacterial activity.
Realizing the medicinal importance of quinoline compounds, it was considered
worthwhile to incorporate this moiety. It was therefore thought interesting to synthesize
these quinoline compounds with an object of determining whether such compounds could
enhance their anti-bacterial activity.

Although many quinoline and quinolones have been synthesized and reported, the
most notable ones being developed, or used, in veterinary medicine worldwide include,
amifloxacin, benofloxacin, ciprofloxacin, danofloxacin, difofloxacin, norfloxacin and
sarafloxacin. Other major quinolones in human medicine include enoxacin, ofloxacin and
tosufloxacin. These fluoroquinolones show good oral bioavailability in all monogastric
species. A large volume of distribution and low binding to plasma proteins allows them to
cross membranes and reach the most remote parts of the body at concentrations above the
minimum inhibitory concentrations (MIC’s) of most pathogens7.

Molecular docking is a typical computational approach of modern drug discovery;
it serves as a rapid method for the theoretical prediction of binding mode of the “drug like
candidates” with active site of the known macromolecular structure. Despite its
complexity in molecular docking algorithm and scoring function, accuracy is the only
standalone solution of this approach leading to drug discovery. One of the techniques used
is Glide; it is an esteemed docking panel which operates with the help of funnel type
modules locating the binding geometry of the small molecule with protein active site.
Glide is conserved as the top search algorithm in the docking community and was used in
this study. The 3D coordinates of X-ray crystal structure of human mdm2 (PDB ID:
3VZV) is complexed from the Protein data bank. To perform docking, the most crucial
aspect is to prepare the protein is such way that it can be read by the algorithm and
subsequently to match with the parameter existing in the protein preparation wizard. The
band of operations executed in preparing the protein are assigned bond orders, adding
hydrogen, treating metals, deleting water molecules, removing co-crystal ligand, treating
disulfide bonds, adjusting bond order, building missing heavy atoms, formal charges and
alleviating potential steric clashes. OPLS-2005 force field is employed for energy
minimization at quantum level 0.3 A RMSD; cut off is taken as threshold valve to

diagnose the protein refinement strategies.
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2.3. Experimental
2.3.1. General

Melting points were determined by using a Stuart SMP10 Melting Point Apparatus
and were uncorrected. IR spectra were recorded on Varian 800 FTIR using KBr pellets
and the absorption frequencies are expressed in reciprocal centimeters (cm™). NMR
spectra were taken on BRUKER TOPSPIN 400 MHz and 600 MHz spectrometer using
TMS as an internal reference. The chemical shifts were expressed in parts per million
(ppm). The mass spectra were determined on a GC mass spectrometer. Elemental analyses
were performed on Perkin Elmer Analyzer. CrysAlisPRO (Oxford Diffraction, 2009)
Empirical absorption correction using spherical harmonics, implemented in SCALE3
ABSPACK scaling algorithm.

2.3.2. Synthesis and Spectroscopic Data of Organic Compounds
2.3.2.1. Synthesis of 2-chloro-3-formylquinoline (1)

An accurate mass of acetanilide (6.08 g, 45 mmol) was dissolved in DMF (10.4 ml,
135 mmol). The solution was cooled to 0-5 C. Then POCl; (52 ml, 540 mmol) was added
dropwise and the mixture was stirred at 90-100'C for 24 hours. The progress of the
reaction was monitored by TLC. The reaction mixture was poured into 500 g of crushed
ice; the precipitate was neutralized with dil NaOH and filtered. The crude mixture was
separated by column chromatography using petroleum ether: EtOAc mixture (95:5) v/v as
the eluent. A white solid was obtained. The yield was 90 %.
2.3.2.2. Synthesis of 2-0xo0-1, 2-dihydroquinoline-3-carbaldehyde (2)

A suspension of 2-chloro-3-formylquinoline 1 (4.7 g, 25 mmol) in 50 % acetic acid
(150ml) was heated under reflux for six hours. The completion of the reaction was
checked by TLC. Upon cooling the reaction mixture, a solid product precipitated out
which was filtered, washed with distilled water and dried. The yield was 92 %.
2.3.2.3. Synthesis of 2-thio-1, 2-dihydroquinoline-3-carbaldehyde (3)

To a solution of 2-chloro-3-formylquinoline 1 (4.7 g, 25 mmol) in dry DMF (25
ml), sodium sulphide (2.4 g, 26 mmol) was added and the mixture stirred for two hours at
room temperature. On completion of the reaction, monitored by TLC; the reaction mixture
was poured into 500 g of crushed ice. The resulting residue was filtered off, washed with
distilled water and dried. The yield was 85 %.
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2.3.2.4. Synthesis of 2-azide-1, 2-dihydroquinoline-3-carbaldehyde (4)

To a solution of 2-chloro-3-formylquinoline 1 (4.7 g, 25 mmol) in absolute ethanol
(25ml), p-toluenesulphonic acid (PTSA) (0.17 g, 1 mmol) and sodium azide (1.6 g, 26
mmol) were added. The reaction mixture was heated under reflux for seven hours. After
completion of the reaction, monitored by TLC; the reaction mixture was poured into 500 g
of crushed ice. The resulting residue was filtered to afford the desired product. The yield
was 80 %.
2.3.2.5. Synthesis of 3-(benzo[d]thiazol-2-yl)quinolin-2(1H)-one (6)

Equimolar quantities of 2-oxo-1,2-dihydroquinoline-3-carbaldehyde 2 (1.038 g, 6
mmol) and 2-aminothiophenol (0.64 ml, 6 mmol) were dissolved in 50 ml ethanol. A few
drops of glacial acetic acid was added. The solution was refluxed for six hours to produce
a pale yellow solid. The solid was filtered and then recrystallized in DMSO to produce the
target compound as pale-yellow crystals, (94 % vyield). mp: 347°C; IR (KBr, cm™): 3358,
2874, 1685, 1577, 1332; *H-NMR (600 MHz, DMSO-dg): & (ppm) 12.41 (brs, 1H), 9.1 (s,
1H), 8.0 (d,1H), 7.47 (t, 1H), 7.31 (t, 1H), 7.45 (d, 1H), 8.14 (d, 1H), 7.65 (t, 1H), 7.57 (t,
1H), 8.08 (d, 1H); *C-NMR (600 MHz, DMSO-ds): & (ppm) 115.88, 119.40, 122.43,
122.79, 123.17, 123.66, 125.41, 126.75, 130.07, 132.63, 136.75, 139.07, 139.59; Anal
Calcd. C16H10N20OS (278.33): C, 69.04; H, 3.62; N, 10.06; O, 5.75; S, 11.52 %. Found: C,
69.05; H, 3.696; N, 10.23; S, 11.45
2.3.2.6. Synthesis of 3-(benzo[d]thiazol-2-yl)quinoline-2(1H)-thione (7)

Equimolar guantities of 3-formylquinoline-2(1H)-thione 3 (1.134 g, 6 mmol) and
2-aminothiophenol (0.64 ml, 6 mmol) were dissolved in 50 ml ethanol. A few drops of
glacial acetic acid was added. The solution was refluxed for six hours to produce a yellow
solid, (84 % yield). mp: 254 °C; IR (KBr, cm™): 3358, 2345.17, 1685, 1577, 1332, 1241.77,
1157.88, 1057.82, 930.54, 750.811; *H-NMR (400 MHz, DMSO-de): & (ppm) 9.4 (s, 1H),
8.8 (s, 1H), 7.4-7.8 (dd, 1H), 7.4-7.14 (m, 2H), 7.15-7.10 (m, 1H), 7.09-6.92 (d, 2H), 6.8
(d, 2H); *C-NMR (400 MHz, DMSO-dg): & (ppm) 181.07, 156.84, 151.35, 137.72,
134.18, 133.15, 132.62, 129.35, 127.90, 124.78, 122.25, 119.62, 119.34, 116.17, 40.40,
40.11, 39.90, 39.69, 39.48, 39.28, 39.07, 38.86.
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2.3.2.7. Synthesis of 2-(2-azidoquinolin-3-yl)benzo[d]thiazole (8)

Equimolar quantities of 4-formyltetrazolo[1,5-a]quinoline (1.188 g , 6 mmol) and
2-aminothiophenol (0.64 ml, 6 mmol) were dissolved in 50 ml ethanol. A few drops of
glacial acetic acid was added. The solution was refluxed for six hours to produce a yellow
solid, (90 % vyield). mp: 268°C; IR (KBr, cm™): 3489.44, 2848.40, 1667.88, 1556.87,
1384.47, 1319.70, 1150.77, 979.53, 749.89; *H-NMR (400 MHz, DMSO-dg): & (ppm) 9.3
(s, 1H), 8.10 (s, 1H), 7.9-8.00 (d, 2H), (d, 1H), 7.47-7.78 (dd, 4H), 7.4 (t, 1H); *C-NMR
(400 MHz, DMSO-de): 8 (ppm) 161.37, 160.69, 152.18, 139.59, 139.70, 136.75, 132.63,
130.07, 126.75, 125.41, 123.17, 122.79, 199.40, 115.88, 40.72, 40.60, 40.46, 40.32, 40.04,
39.90, 39.76.
2.3.2.8. Synthesis of (E)-2-((2-thioxo-1,2-dihydroquinolin-3-yl)methylene) hydrazine
carbothioamide (11)

Thiosemicarbazide (0.911 g, 0.01 mol), dissolved in warm methanol (50 ml), was
added to a methanol solution (50 ml) containing 2-oxo-1,2-dihydroquinoline-3-
carbaldehyde (1.73 g, 0.01 mol). The mixture was refluxed for one hour during which
period a yellow precipitate was formed. The reaction mixture was then cooled to room
temperature and the solid compound was filtered. It was then washed with methanol and
dried under vacuum. The crude product was recrystallized with 50 % methanol and chloro
form combination to give a yellow powder, (92 % yield). mp: 234°C; IR (KBr, cm™):
2361.63, 1621.16, 1582.26, 1463.09, 1344.66, 851.05; ‘H-NMR (400 MHz, DMSO-ds,): &
(ppm) 13.98 (s, 1H), 11.92 (s, 1H), 8.88 (s, 1H), 8.42 (s, 2H), 8.38 (s, 1H), 7.96 (d, 2H),
7.86 (t, 1H), 7.76 (d, 1H), 7.35 (t, 1H); *C-NMR (400 MHz, DMSO-dg): & (ppm) 180.00,
178.21, 151.67, 138.82, 138.119, 132.16, 131.88, 131.63, 128.53, 124.70, 122.33, 116.03,
40.04, 39.84, 39.63, 39.42, 39.21, 39.00, 38.79, 24.97, 17.48.
2.3.2.9. Synthesis of (E)-N-methyl-2-((2-thioxo-1,2-dihydroquinolin-3-yl)methylene)
hydrazinecarbothioamide (13)

4-methyl-3-thiosemicarbazide (1.05 g, 0.01 mol), dissolved in warm methanol (25
ml), was added to a methanol solution (25 ml) containing 2-oxo-1,2-dihydroquinoline-3-
carbaldehyde (1.73 g, 0.01 mol). The mixture was refluxed for one hour during which
period a yellow precipitate was formed. The reaction mixture was then cooled to room
temperature and the solid compound was filtered. It was then washed with methanol and
dried under vacuum. The final product was recrystallized with 50 % methanol and chloro

form combination to give a yellow powder, (89 % yield). mp: 255°C; IR (KBr, cm™):
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1943.44, 1704.14, 1623.67, 1489.37, 1383.16; 'H-NMR (400 MHz, DMSO-ds): & (ppm)
13.87 (s, 1H); 11.78 (s, 1H); 8.85 (s, 1H, ); 8.65-8.61 (s, 2H); 7.78 (s, 1H,); 7.64-7.58 (d,
1H); 7.40 (t, 1H); 3.34 (s, 3H); **C-NMR (400 MHz, DMSO-dg): & (ppm) 180.03, 177.86,
139.47, 139.18, 132.34, 131.64, 131.29, 128.44, 124.74, 122.26, 116.09, 40.08, 39.87,
39.66, 39.45, 39.23, 39.04, 38.83, 30.81, 30.69, 30.65, 24.93, 17.47.

2.3.2.10. Synthesis of Dimethyl 6-amino-5-cyano-1-phenyl-4-(4-(trifluoromethyl)
phenyl)-1,4-dihydropyridine-2,3-dicarboxylate (18)

In a round bottom flask, a mixture of 4-trifluoromethyl benzaldehyde (0.27 ml, 2.0
mmol), malononitrile (0.144 g, 2.0 mmol) and triethylamine (0.27 ml, 2.0 mmol) in 10
mlethanol was stirred at room for ten minutes. Then a solution of aniline (0.18 ml, 2.0
mmol) and dimethyl acetylenedicarboxylate (0.24 ml, 2.0 mmol) in 10 ml ethanol was
added. The whole solution was stirred at room temperature for 24 hours. The precipitate
was filtered, washed with cold ethanol to give a white solid, (82 % yield). mp: 202°C; IR
(KBr, cm™): 3466.64, 3378.99, 3228.27, 3058.42, 3009.39, 2955.14, 2904.22, 2844.90,
2181.79, 1749.75, 1653.95, 1579.79, 1418.64, 1066.07, 977.20, 929, 861.79, 888.09,
669.43; *H-NMR (600 MHz, CDCls): & (ppm) 7.51 (s, 2H), 7.31 (s, 1H), 7.59 (d, 2H),
7.60 7.58 (d, 2H), 7.42 (d, 2H), 4.98 (s, 2H), 4.25 (s, 1H), 3.77 (s, 3H), 3.54 (s, 3H); *C-
NMR (600 MHz, CDCls): & (ppm) 165.41, 163.27, 149.80, 148.63, 142.27, 134.89,
130.75, 130.20, 130.08, 127.35, 125.94, 125.90, 125.86, 120.13, 104.48, 62.12, 52.66,
52.16, 38.49; *F-NMR (400 MHz, CDCls): & (ppm) 62.403.
2.3.2.11. Synthesis of dimethyl 6-amino-4(4-chlorophenyl)-5-cyano-1-(2-fluorophenyl-
1,4-dihydropyridine-2,3-dicarboxylate (21)

In a round bottom flask, a mixture of 4-chloro benzaldehyde (0.281 g, 2.0 mmol),
malononitrile (0.144 g, 2.0 mmol) and triethylamine (0.27 ml, 2.0 mmol) in 10 ml ethanol
was stirred at room for ten minutes. Then a solution of 2-fluoroaniline (0.19 ml, 2.0 mmol)
and dimethyl acetylenedicarboxylate (0.24 ml, 2.0 mmol) in 10 ml ethanol was added. The
whole solution was stirred at room temperature for ten hours. The precipitate was filtered
and washed with cold ethanol to give a white solid, (94 % vyield). mp: 193°C; IR (KBr, cm®
1): 3042.26, 2997.41, 2842.88, 2294.13, 1748.59, 1651.43, 1574.59, 1353.78, 1260.06,
1151.59, 1045.11, 971.11, 831.45, 770.61, 673.82; *H-NMR (600 MHz, CDCls): & (ppm)
7.53-7.52 (s, 1H), 7.38-7.34 (s, 5H), 7.29- 7.25 (m,2H), 4.58 (s, 1H), 4.25 (s, 2H), 3.68 (s,
3H), 3.45 (s, 3H); *C-NMR (600 MHz, CDCls); & (ppm) 165.34, 163.24, 149.25, 143.03,
141.40, 133.03, 132.95, 131.86, 128.93, 128.73, 125.10, 122.95, 122.93, 119.92, 117.40,
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117.21, 105.92, 63.51, 52.73, 52.12, 38.34; F-NMR (400 MHz, CDCls): & (ppm)
116.856.

2.3.2.12. Synthesis of 2-amino-7,7-dimethyl-5-oxo-4-(4-(trifluoromethyl)phenyl)-5,6,7,
8-tetrahydro-4H-chromene-3-carbonitrile (23)

Into a mixture of 4-trifluoromethyl benzaldehyde (0.13 ml, 1 mmol) and
malononitrile (0.066 g, 1 mmol) in 4 ml of ethanol, was added the catalyst DMAP (0.025
g, 0.2 mmol) and stirred at room temperature. The white solid precipitate was formed
immediately. Dimedone (0.14 g, 1 mmol) was added into the reaction mixture and it was
kept for stirring under reflux conditions. After sometime, the reaction mixture turned into a
clear solution. After completion of the reaction, the solid precipitated out under hot
conditions. The reaction mixture was cooled and the precipitate was filtered to give the
desired product as a white solid, (94 % yield). mp: 224°C; IR (KBr, cm™): 3789.81,
3183.50, 3049.04, 2976.39, 2894.04, 2644.04, 2191.70, 2083.57, 1926.78, 1875.17,
1746.53, 1609.49, 9014.83, 8057.35, 661.88; 'H-NMR (400 MHz, DMSO-dg): & (ppm)
1.05 (s, 3H), 1.10 (s, 3H), 2.14-2.23 (m, 2), 2.43 (s, 2H), 4.26 (s, 1H), 7.08 (s, 2H), 7.25-
7.28 (d, 2H), 7.70-7.85 (d, 2H); *C-NMR (400 MHz, DMSO-dg): & (ppm) 195.69,
162.90, 168.49, 158.90, 128.06, 125.26, 119.41, 111.95, 59.71, 57.39, 49.86, 40.10, 39.89,
30.68, 39.38, 39.27, 39.08, 38.85, 35.56, 31.79, 26.24, 26.88; *F-NMR (400 MHz,
CDCI3): 6 (ppm) 60.79.
2.3.2.13. Synthesis of 3-amino-1-(4-(trifluoromethyl)phenyl)-1H-benzo[f]lchromene-2-
carbonitrile (25)

A mixture containing 4-trifluoromethyl benzaldehyde (0.13 ml, 1 mmol),
malononitrile (0.066 g, 1 mmol), B-naphthol (0.144 g, 1 mmol) and p-toluenesulfonic acid
(PTSA) (0.03 g), in acetonitrile (5 ml), was refluxed for 3 hours. After completion of the
reaction, which was monitored by TLC, the mixture was cooled to room temperature and
filtered. The crude product was recrystallized from methanol to give a pale yellow solid,
(95 % vyield). mp: 228°C; IR (KBr, cm™): 2219.63, 1925.06, 1741.11, 1655.61, 1626.29,
1555.71, 1492.15, 1450.94, 1325.88, 1296.77, 1214.66, 1166.52, 1088.52, 906.86, 846.64,
801.92, 688.49; *H-NMR (400 MHz, DMSO-dg): & (ppm) 5.25 (s, 1H), 7.15-7.43 (s, 2H),
7.19 (s, 1H), 7.60-7.62 (d, 2H), 7.63-7.65 (d, 2H), 7.74-7.79 (m, 3H), 9.07-9.09 (d, 1H);
B3C-NMR (400 MHz, DMSO-dg): & (ppm) 129.77, 128.05, 126.08, 125.65, 122.21; “F-
NMR (400 MHz, DMSO-dg): 6 (ppm) 62.7733.
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2.3.2.14. Synthesis of 5-butyl-N'-phenylpicolinohydrazide (28)

Fusaric acid (0.5 g, 2.75 mmol) was dissolved in DMF (15 ml), THF (5 ml),
HBTU (1 g, 3.05 mmol), DIEA (1 ml, 6.00 mmol) and phenylhydrazine (0.3 ml, 2.7
mmol) were added. The reaction mixture was then stirred at room temperature until no
more starting material could be detected by TLC analysis. The reaction mixture was
poured into 50 ml of distilled water; the mixture was then extracted thrice with ethyl
acetate (25 ml). The combined extracts were dried over anhydrous sodium sulfate, filtered
and then concentrated to dryness affording the crude product. This crude product was
purified by column chromatography (50:50 EtOAc/Hexane) to afford a white solid, (90 %
yield). mp: 98°C; IR (KBr, cm™): 3266.39, 2955.39, 2924.85, 2566.91, 2311.07, 1843.13,
1676.56, 1605.25, 1531.89, 1440.70, 1399.54, 1333.71, 1177.01, 1088.15, 906.47, 858.79,
755.27, 693.27; 'H-NMR (400 MHz, CDCls): & (ppm) 0.90 (t, 3H), 1.31( (t, 2H), 1.59 (t,
2H), 2.62 (t, 2H), 6.75 (s, 1H), 6.85-7.20 (t, 2H), 7.3-7.4 (t, 3H), 7.65-7.68 (dd, 2H), 8.0-
8.01 (d, 1H), 8.4-8.41 (s, 1H), 9.6 (d, 1H); *C-NMR (400 MHz, CDCls): & (ppm) 206.9,
163.5, 147.9, 147.8, 145.9, 142.3, 137.9, 129.16, 122.64, 121.3, 113.88, 32.97, 32.76,
30.92, 22.20, 13.79.
2.3.2.15. Synthesis of 5-butyl-N'-(perfluorophenyl)picolinohydrazide (30)

Fusaric acid (0.5 g, 2.75 mmol) was dissolved in DMF (15 ml) and THF (10 ml),
HBTU (1 g, 3.5 mmol), DIEA (1 ml, 6.00 mmol) and pentafluorophenylhydrazine (0.54 g,
2.7 mmol) were added. The reaction mixture was then stirred at room temperature until no
more starting material could be detected by TLC analysis. The reaction mixture was
poured into 50 ml of distilled water; the mixture was then extracted thrice with ethyl
acetate (25 ml). The combined extracts were dried over anhydrous sodium sulfate, filtered
and then concentrated to dryness affording the crude product. This crude product was
purified by column chromatography (50:50 EtOAc/Hexane) to afford a white solid, (92 %
yield). mp: 101°C; IR (KBr, cm™): 3282.48, 2929.64, 2858.78, 2448.08, 1665.5, 1472.86,
1399.54, 1383.89, 1252.02, 1203.15, 1131.47, 966.014, 857.79, 712.69, 630.85; *H-NMR
(400 MHz, CDCls3): 6 (ppm) 0.94 (t, 3H), 1.36 (t, 2H), 1.6 (t, 2H), 2.70 (t, 2H), 6.35 (s,
1H), 7.65-7.68 (dd, 1H), 8.0-8.01 (d, 1H), 8.4-8.41 (s, 1H), 9.6 (d, 1H); **C-NMR (400
MHz, CDCl3): & (ppm) 164.34, 148.81, 145.88, 142.35, 137.08, 122.26, 32.99, 32.78,
22.19, 13.79; **F-NMR (400 MHz, CDCls): & (ppm) 155.80, 163.21, 164.70.
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2.3.3. General Procedure used for Bacterial Studies

2.3.3.1. Preparation of media

Fresh Nutrient Agar, Oxoid LTD (Hampshire, England) was used according to the
manufacturers instruction as follows: 28 g was weighed out into 3 separate one-litre glass
bottles. Distilled water was added until the one litre mark of each bottle was reached using
a measuring cylinder. The solution was mixed until the powder completely dissolved.
Bottles were sterilized by autoclaving for 15 min at 121°C. The agar was then poured into
plates to solidify.
2.3.3.2. Preparation of the nutrient broth

Fresh Mueller Hinton Broth (Sigma Aldrich) was made up according to the
manufacturers instruction as follows: 23 g of nutrient broth powder was weighed into a
one-litre glass bottle. Distilled water was added until the 1 litre mark was reached. The
solution was mixed until the powder completely dissolved. This solution was dispensed
into Bijou bottles before autoclaving. The Bijou bottles were sterilized by autoclaving for
15 min at 121°C.
2.3.3.3. Microbial Cultures used

The cultures of Staphylococcus aureus (ATCC 29213), Escheriachia coli (ATCC
25922) and Pseudomonas aeuginosa (ATCC 27853) were maintained on nutrient agar
slopes at 4°C and subcultured on to blood agar plates for 24 hours before use.
2.3.3.4. Preparation of Reagent: Microplate Alamar Blue Assay (MABA)

An amount of 0.2 g of Resazurin powder was dissolved in 10 ml autoclaved
distilled water and the dye solution was vortex rigorously; the solution was immediately
covered with aluminium foil to keep away from light as it is light sensitive®”.
2.3.3.5. Anti-bacterial activity

The activities of the synthesized compounds were studied by Microplate Alamar
Blue Assay (MABA) using 96-wells microplates including positive control (containing
standard anti-biotic) and growth control (containing culture broth without testing
materials). Three bacteria strains were selected and were diluted in broth. Each microtitre
plate well was inoculated with a bacterial suspension containing 1 x 10° CFU/ml and
incubated at 37°C for 24 hours. Then 20 pl of each concentration of the synthesized
compound was added to two neighbour wells except for positive and growth control wells.
After adding alamar blue (20 pl) to all of 96 wells, the total volume in each well reached
200 ul. The final concentrations of the tested compound were 256, 128, 64, 32, 16, 8, 4, 2,
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1 pug/ml. After incubation, results were recorded as MIC (minimum concentration of each
synthesized compound which completely inhibited growth of microorganism). Standard

anti-biotics were used as positive control.

2.3.4. The Protocol used for Molecular Docking Studies

2.3.4.1. Preparation of protein structure

The crystal structure of human mdm?2 (PDB ID: 3VZV), were retrieved from the
Protein Data Bank. After selecting the protein structure, protein preparation wizard of
Schrodinger suite was used to prepare the protein structure. All the water molecules were
removed from the protein structure, metals were treated and hydrogen atoms were added;
all atom force field (OPLS-2005) charges and atom types were assigned. The protein
structure energy was minimized.
2.3.4.2. Preparation of ligand and Dockingstudies

Since the structure of the organic compounds are not available in pubchem
database, chemsketch was used to draw the structure and all these ligands were prepared
for molecular docking studies using ligprep version 2.3'’. The ligand structure energy was
minimized; partial atomic charges were computed using the OPLS-2005 force field by
using Schrodinger suite. The prepared protein structure follows up the grid—fashion kinetic
docking which commonly holds several physical parameters; there is great significance in
prescribing the ligand interaction with the receptor. Grid files generation for protein was
accomplished with “Receptor Grid Generation” panel of Glide. The grid box was
generated by assigning a common constituency point; from there an actually cubic grid
box was extended to touch the bounty of 20 A in size or in words allocated size for grid
generation for protein-ligand docking is 20 A since our approach is site-specific not
generalized. Co-crystal ligand binding pattern with protein is well documented in recent
studies. Hence, we attempted to crop the grid box to focus on the centroid of human mdmz2
(PDB ID: 3VZV) refined structure and box coordinate X, Y, Z were set at (X=18.341215
A, Y=-3.662453 A, 7=0.929674 A). The foremost process in the hit identification

pipeline, docking was performed using Glide of Schrodinger*.
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2.4. Results, Discussion and Conclusion

The synthesis of organic compounds for application in different research areas,
such as medicine, used to be a tedious and laborious process; the synthesis was a step-wise
reaction of individual steps requiring purification after each process. However recently,
much research interest has been generated in the multi-component (MCRs) approach since
the desired product could be obtained in a one pot reaction containing the correct
substrates. In the initial years much research activity in MCRs was based on understanding
the course of reaction and the effect of different catalysts. Subsequently MCRs became a
high profile reaction since it could be used to produce important scaffolds for
pharmaceutical applications.

Recently, we have embarked on MCRs based projects to achieve synthetic targets
in an ideal and expeditious way. Since our organic research focus is on heterocyclic
compounds especially quinoline derivatives, we decided to use our current knowledge of
simple synthesis and extend it to MCRs. In the synthetic part of this study, we report the
synthesis of novel quinoline derivatives by conventional step-wise reaction followed by
synthesis of dihydro pyridine and pyran derivatives by MCRs. In the case of MCRs, we
decided to focus on poly-functionalised dihydropyridine and dihydropyran type molecules
containing a quinoline moiety with the intention of improving the biological activity of the
final product. As mentioned earlier in the thesis, quinoline derivatives display a wide
range of activities. Furthermore, we wanted to increase our research synthetic activity in
terms of a green approach.

Our research plan was to use a simple quinoline derivative as one of the substrates
in a MCR, hence we decided to start by synthesizing a chloro formyl quinoline derivative
that could be used to obtain other simple novel derivatives.

The first step of this research study was to synthesize 2-chloro-3-formyl quinoline
according to the procedure reported by Otto-Meth Cohn et al.,*%. This reaction proceeds
via. the Vilsmeier-Haack reaction; the protocol is well established in our laboratory. This

reaction is presented in Scheme 2 below:
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Scheme 2. Synthesis of 2-chloro-3-formyl quinoline from acetanilide

In the second part of the synthesis, we replaced the chloro group in 1 by
heteroatoms oxygen, sulphur and nitrogen according to the procedure reported by Singh et
al.,. For the transformation of 1 to compounds 2, 3 and 4, we used 70% acetic acid,

sodium sulphide and sodium azide in DMF, respectively; the reaction is presented in

Scheme 3.
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Scheme 3. Synthesis of quinoline nucleus with different substituents
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In the third part of the synthesis, we reacted compounds 2, 3 and 4 with ortho-
amino thiophenol, in the presence of glacial acetic acid, to obtain 6, 7 and 8, respectively.
This reaction is a simple condensation followed by in situ aerobic oxidative cyclization.
Characterization of these compounds were achieved by IR, *H-NMR, *C-NMR, *F-NMR
and MS. Compound 6 was chosen as a model structure; mass spectroscopic and XRD data
were obtained. A typical interpretation of data for 6 is presented; the compound’s
molecular weight was confirmed by GC-MS ; M+ (m/z) 278.11 amu (Figure 2.5: page
61). The IR spectra (Figure 2.1: page 59): the carbonyl (-CO = 1685) and secondary
amine (-NH= 3358) stetching frequency was present. The starting compound functional
group SH stretch 2600-2540 cm™ was not observed. The *H-NMR spectrum (Figure 2.2:
page 59) of 21 showed a broad singlet signal near § 12.15 (ppm) due to NH. In the **C-
NMR (Figure 2.3: page 60), a signal at 161.37 was due to the carbonyl carbon.
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Scheme 4. Synthesis of quinoline bearing benzothiazole
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Figure 1. X-ray crystal structure and the packing, viewed down the b axis of 6. Dashed
lines indicate hydrogen bonds.
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XRD analysis Figure 1 showed the quinoline moiety bearing a nitrogen and an
oxygen atom approximates to a planar conformation to the benzothiazole. The compound
is linked to an adjacent molecule by N—Hee«O and C—He**N hydrogen bonding thereby
producing a one-dimensional chain.

With the knowledge gained from literature, a series of reactions were carried out to
prepare thiosemicarbazones, hydrazones and semicarbazones. Novel thiosemicarbazone
derivatives 11 and 13 were prepared by a simple one step reaction of 2-thio-1,2-
dihydroquinoline-3-carbaldenyde 3 with thiosemicarbazide 9 and 4-methyl-3-thio
semicarbazide 12 respectively. The IR spectrum of 11 and 13 (Figure 2.12 and 2.15;
pages 64 and 66) showed strong absorption in the range of 1140 cm™ and 1142 cm™
attributable to C=S. These molecules have three functional groups in position that will
enable affective co-ordination with metal salts. The tridentate ligand is indicated in Figure
2.

‘Metal salts

Xy SN’ ‘R
Uy
M—

N S~ 10

I

Figure 2. The metal ion in a neutral manner via. SNS donor atoms
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Scheme 5. Synthesis of 2-thio-1,2-dihydroquinoline-3-carbaldehyde thiosemicarbazone
and N-methylthiosemicarbazone

The most important part of the synthetic plan was to use the MCR concept to
synthesize fluorinated poly-functionalised dihydropyridine and dihydropyran derivatives.
The MCRs used for this synthesis is presented in Scheme 6 Compound 18, a fluorinated
poly functionalized dihydropyridine derivative was synthesized in excellent yields through
a one-pot condensation and cyclisation containing four substrates viz. 4-trifluoromethyl
benzaldehyde, malononitrile, aniline and dimethyl acetylenedicarboxylate in the presence
of a catalytic amount of triethylamine. TLC anlaysis showed a single spot indicating all
the substrates were used up in the reaction. After usual work-up, a white solid was
obtained in 82 % yield.

Compound 21 was synthesized in a similar way except that 4-chlorobenzaldehyde
and 2-fluoro aniline were used; all other reaction conditions were similar. The final
product was a white solid, 80 % vyield.

The structure of fluorinated poly-functionlised dihydropyrdine 21 was
characterized by IR, *H-NMR, **C-NMR and *F-NMR and is in complete agreement with
the proposed structure as described. The *F-NMR spectrum of 21 (Figure 2.25: page 71)
furnised singlet at 116.856 attributed to the fluorine (C-F) function. In IR spectra (Figure
2.22: page 69) the nitrile (-CN = 2182), amine (-NH, = 3042) and (C-F = 1353) stetching
frequency were present. The *H-NMR spectrum (Figure 2.23: page 70) showed a singlet
signal near & (ppm) 7.25 for NH.. In the *C-NMR (Figure 2.24: page 70) signals at &
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143.03 (ppm) and 6 125.10 (ppm) were due to the carbonyl carbon and nitrile carbon,
respectively.

In the synthesis of 23, 4-trifluoromethylbenzaldehyde, malononitrile and dimedone
were refluxed in DMAP. This product was a white solid produced in 94 % yield.

The structure of fluorine substituted dihydropyran 23 was characterized by IR, *H-
NMR, **C-NMR and *F-NMR analysis and are in complete agreement with the proposed
structure as described. The *F-NMR spectrum of 23 (Figure 2.29: page 73) furnished a
singlet at 6 60.79 (ppm) attributed to the fluorine (-CF3) function. The IR spectra (Figure
2.26: page 72) the nitrile (-CN = 2182) and amine (-NH; = 3042) stetching frequency were
present. The *H-NMR spectrum (Figure 2.27:page 72) of 21 showed a singlet signal near
8 4.25 (ppm) due to NH,. In *C-NMR (Figure 2.28:page 73) signals at 162.90 and 125.26
were due to the carbonyl carbon and nitrile carbon, respectively.

In the synthesis of 25, 4-trifluoromethylbenzaldehyde, malononitrile and 2-
naphthol were used in the presence of PTSA. The product was a white solid produced in
95 % vyield.

The structure of 25 was characterized by IR, *H-NMR, **C-NMR and °*F-NMR
analysis and are in complete agreement with the proposed structure as described. The *°F-
NMR spectrum of 25 (Figure 2.38: page 76) furnished singlet at 62.77 attributed to the
fluorine (-CF3) function. In the IR spectra (Figure 2.30: page 74) the nitrile (-CN = 2219)
and trifluoromethyl (-CF3 = 1325) stetching frequency were present. The 'H-NMR
spectrum (Figure 2.31: page 74) of 25 showed a singlet signal near 6 7.15-7.43 (ppm) due
to NH,. In *C-NMR (Figure 2.32: page 75) a signal at 125.66 was due to the nitrile

carbon.
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Scheme 6. Synthesis of fluorine substituted pyridine and pyran nucleus
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In the final part of the synthetic plan, we synthesized two novel picolinohydrazide

derivatives 28 and 30 from fusaric acid; the substrates were phenyl hydrazine and

UL @ e ® HN@
= NH
N COOH T DEA N
DMF/THF

pentafloro phenyl hydrazine Scheme 7.

o)
26 27
H,N
2 SNH
F
/\/\(j\ __HBTU
COOH F F © DEA
£ DMF/THF
26 29

Scheme 7. Synthesis of hydrazides from fusaric acid
The IR, *H-NMR and **C-NMR interpretation of data for 28 and 30 are presented
in (Figures 2.34, 2.35 and 2.36: pages 77 and 78). The *H-NMR, *C-NMR and **F-NMR
interpretation of data for 30 are presented in (Figures 2.39, 2.40 and 2.41: pages 80 and

81). Also, the compound 30 was confirmed by its X-ray crystal structure Figure 3.

Figure 3. ORTEP views of compound 30
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After having synthesized novel compounds, we selected some of the quinoline
derivatives for their bacterial activity. In vitro analysis for anti-bacterial activity against
two gram-negative bacteria, Escherichia coli (ATCC 25922) and Pseudomonas
aeruginosa (ATCC 27853) and one gram-positive bacterium, Staphylococcus aureus
(ATCC 29213) were undertaken; the results are presented in Table 1. We used standard
anti-biotics, Ciprofloxacin and Nalidixic acid, as positive control. An examination of the
data revealed that all compounds, that were tested, indicated no inhibitory effect against
staphylococcus. However, all the compounds showed the minimum inhibitory
concentration 256 pg/ml against Escherichia coli and Pseudomonas aeruginosa except for
13 compound which showed activity at 128 pg/ml MIC.

Table 1. Anti-bacterial activities of quinoline derivatives: Minimum Inhibitory
Concentration

Compound Staphylococcus Pseudomonas Escherichia coli
aureus (pg/ml) aeruginosa (pg/ml) (ng/ml)
6 ND 256 256
7 ND 256 256
8 ND 256 256
11 ND ND ND
13 ND 128 128

KEY: ND indicates not detected

Figure 4 indicates a typical microtitre plate showing the MIC’s for the tested
compounds against Gram-negative bacteria Pseudomonas aeruginosa, whilst Figure 5
shows a typical microtitre plate showing the MIC’s for tested compounds against Gram-
negative bacteria Escherichia coli. Figure 6 indicates a typical microtitre plate showing

the MIC’s for tested compounds against Gram-positive bacteria Staphylococcus aureus.
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ATce 277853

Figure 4. Typical microtitre plate showing the MIC’s for tested compounds against Gram-
negative bacteria Pseudomonas aeruginosa.

ATce 2259292

Figure 5. Typical microtitre plate showing the MIC’s for tested compounds against Gram-
negative bacteria Escherichia coli.
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Figure 6. Typical microtitre plate showing the MIC’s for tested compounds against Gram-

positive bacteria Staphylococcus aureus.
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Docking of the human mdm?2 protein with our synthesized compounds provided
insights into the binding regions. The theoretical conformations of 6, 7, 8, 11, 13, 18, 21,
23, 25, 28 and 30 in the binding cleft furnished valuable details of the interaction with
active site of the human mdm2 protein. Only 2-amino-7,7-dimethyl-5-oxo-4-(4-(trifluoro
methyl)phenyl)-5,6,7,8-tetrahydro-4H-chromene-3 carbonitrile 23 constituted with least
glide score of -7.7509244 Kcal/mol and glide energy -34.14 Kcal/mol Table 2. Three
hydrogen bonds were formed between the Thr 26, Glu 25 and Tyr 104 atoms. The
distances between in the three bonded atoms are 2.18 A, 1.88 A, 2.48 A.

Figure 7. Mdm2 p53 binding protein.
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Figure 8. Binding modes and docking of the MDMZ2 protein with 11. This shows three
hydrogen bonds were formed between the Thr 26, Glu 25, Tyr 104 atoms.
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Figure 9. Binding modes and docking of the MDMZ2 protein with 21. This shows three
hydrogen bonds were formed between the Thr 26, Glu 25, Tyr 104 atoms.
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Figure 10. Binding modes and Docking of the MDM2 protein with 28. This shows three
hydrogen bonds were formed between the Thr 26, Glu 25, Tyr 104 atoms.
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Figure 11. Binding modes and Docking of the MDM2 protein with 30. This shows three
hydrogen bonds were formed between the Thr 26, Glu 25, Tyr 104 atoms.
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Table 2. Glide extra-precision (XP) results for 11 compounds with human mdm2 (PDB
ID: 3VZV), by use of Schrodinger 9.5.

Code | Glide Glide No. Interacting | Distance | Hydrogen | Hydrogen
Score Energy of H | Residues | (A) bond bond
bonds donor acceptor
23 - - - - - - -
7.750919 | 34.143351
11 -7.21025 | -31.3582 |2 Glu 25 1.85 Ligand: A: GLU
(HH 25:(0) O
Thr 26 2.09 Ligand: A: THR
(H)H 26: (0) O
13 -6.84675 | -34.945 2 Glu 25 1.84 Ligand: A: THR
(H) 26: (0) O
2.3 Ligand: A: THR
(H) 26: (0) O
25 - - - - - -
6.651432 | 30.923184
28 -6.197 -54.176 1 LEU 54 2.11 Ligand: B: LUE
(H) 54:(0) O
30 -5.871 -53.822 1 LEU 54 2.2 Ligand: B: LUE
(H) 54: (0) O
18 - - - - - -
4.324394 | 48.218878
8 - -38.5525 | - - - -
4.146666
7 -3.95436 | -30.0365 |1 Thr 26 1.98 A: THR | Ligand:
26: (H) (0))
HG1
6 -0.95745 | -22.2567 |1 Arg 29 2.14 Ligand: A: ARG
(N) 29: (H)
HH21
21 - - 3 Tyr 100 2.19 B:TYR Ligand:
0.654346 | 25.396569 100: (H) | (N)
HH Ligand:
Glu25(2) | 1.73 Ligand: (N)
(H) A: GLU
2.24 Ligand: 25: (0)
(H) OE2

This table shows the name of the compounds, Glide score (Kcal/mol), Glide
energy (Kcal/mol), Interacting residues, Distance between the protein and ligand (A),
Hydrogen bond donor, Hydrogen bond acceptor. 3k only shows least glide score and

energy.
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In conclusion, a total of fifteen compounds were synthesized, eleven of which were
novel. These compounds were fully characterised by spectroscopic techniques, i.e. IR, *H-
NMR and *C-NMR, *F-NMR, MS and Single crystal XRD were used for selected
compounds. The anti-bacterial evaluation of selected quinoline derivatives showed a
minimum inhibitory concentration 256 pg/ml against Escherichia coli and Pseudomonas
aeruginosa except for 13 compound which showed activity at 128 pg/ml MIC. The
docking score of the synthesized compounds could not be correlated with the in-vitro anti-
cancer activity and conclusion could not be drawn on their exact mechanism of action. So
further molecular modification is required in order to arrive at a more accurate structure
activity relationship with their anti-cancer activity on breast cancer cell lines or different
crystal structure of tyrosine kinase domain could be selected from PDB to study their

mechanism of action.
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