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ABSTRACT

Quinoline scaffold has been used to synthesize antibacterial, antimalarial and anticancer «
is easily amenable to introduce various bioisosteres on the scaffold and for developing
bioactive molecules. Thus this project was designed tthesize novel quinoline analogs ¢
evaluate their antibacterial and antioxidant activities. In this dissertation, 26 quinoline ai
and 2 Schiff bases were synthesized. The structures of the synthesized compound were
using spectroscopic thoiques. The drugkeness properties of eighteen of the synthe
compounds were evaluated and results showed that all the eighteen synthesized compou
Li pinskio6s rule of five with zero vi oeene
for their antibacterial activities using paper disc diffusion against three Gram positive anc
Gram negative bacteria strains. Ciprofloxacin and DMSO was used as a positive and t
control, respectively. Compour®5(19.3 + 3.1 mm)227(20.7 £ 1.5 mm) an@28 (19.7+ 1.t
mm) were among those that showed comparable antibacterial mean inhibition zone com
ciprofloxacin (22.0 £ 1.0 mm). The in silico molecular docking study of the synthesized cor
were evaluated against DNA gyrafee Gram negative and topoisomerase |V for Gram pos
bacterial strains. Compound®9, 219, 225, 227, 228hd230displayed good docking scores i
were in a good agreement with the in vitro antibacterial analyses. The radical scavenging a
of the compounds were evaluated using-dighenyi2-picryl hydrazyl (DPPH) method. T
findings of this assay indicated that some of them possess strong to moderate antioxidant |
compared to ascorbic acid. Two of them, compo2@d(ICso= 1 . Znh) ardd35 ((ICso =
1.755 e€g/ mL) were stronger than ascorbic
the presence of easily transferable electron with in the molecules. The molecular docking -
the two compound against human pedaxin 5 were also significant. The in silico anticar
properties of the compounds were eval uat
them showed stronger binding energy than the reference drug (Voreloxin). Thus, compot
213, 216, 27, 224, 225, 226nd 228 might have better anticancer activities. Among the sca
developed in this study, various bioisosteres can be attached on quistdlesmes and [2,3
biguinoline]-4-carboxylic acid scaffold to improve their bioactivities.eféfore, these scaffol
may serve as leads to develop effective drug candidates if further research is being conc
them.

Key words: Quinoline, Antibacteria, Ant.i
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CHAPTER ONE

1. INTRODUCTION
1.1 Background of the study

Scientific discoveries and their application have changeavorld has changed dramatically

in the last two centurie3he adventobr gani ¢ synt hesi s as mar ked
ureain 1828was one of therflCohen and Cohen 199@)he latter part of the twentieth century
showed greaadvances in the area of new synthetic methodology, wiichght organic
synthetic methodologtp higher levels of elegance, practicality and efficiefiizolaou 2014;

Nicolaou, Rigol, and Yu 2019)

The development of experimental methods foactical chemistry and the discoveries of
naturally occurring substances such as (ig¢aquinine(2), morphine(3) and strychning4)

(Figure 1)in the late eighteenth and early nineteenth centuries laid the foundations and provided
the impetus for themergence of organic synthe@iscolaou 2014)Soon after its occurrence,

the alvent of organic synthesis gave birth first to the dye industry and then to the pharmaceutical
industry with the synthesis and commercialization of magee mauveine) §) and
acetylsalicylic acid (aspirin(6), respectively, triggering these industriatolitions(Figure 1)
(Nicolaou and Hale 2012)

Figure 1. The structuref urea andsome natural products



Even the current society, active substances are needed to control various illnesses which
continually challenge mankind badly and deserves effective treatheivte substances are

small bioactive moleculeswhich played therapeutic and preventing rolébey may be
phytochemicals or artificiallgynthesizedsubstance¢Rotella 2016) Medicinal and organic
chemists employ itferent g/nthetic methodologies in the synthesis of various effecti
bioactve molecules. Organic synthetic methodoldws also been used in modifying and
optimizing of bioactive secondary metabolites to improve their effidaicpvailabilityandto
minimize their side effect®Baillie and MacCoss 2004)

Infectious diseases are caused by both pard3i@t¢zoa and wormshd microorganisms
(viruses, bacterisand fungi ( P i g § o w)sAkpathogeid ddganism is an organism which
is able to causig diseases in a host (pers¢Rpnayidou, loanidou, and Apidianakis 2014)
Bacterial infections is the main Kkiller of all the pathogenicroorganismgHu et al. 2015)
According 1996 the World Health Reporifectious diseaseslkover 17 million people a year
(Go and Bar n.dL996).

The discovery of antibiotics in the early6enturywas the main corner stone in fighting
infectious disease caused by pathogenic microorganfsmibiotics nowsave millions of lives

every yeararound the worldAminov 2010) However,the control of infectious diseases is
seriously threatened by the steady increase in the number ofongaonisms that at@eecoming
resistant tahe exitingantimicrobial agentsResistant indctions lead to increased morbidity

and prolonged hospital stays, as well as to prolonged periods during which individuals are
infectious and can spread their infections to other individuals. The evolution of drug resistance
is facilitated by a number of€tors, including increasing use of antibiotics antimalarial
agents insufficient controls on drug prescribingnadequate copiliance with treatment
regimens, poor dosing, lack of infection contrioigreasing frequency and speed of travel,
which leadto the rapd spread of resistant organisms. Insufficient awarenesgatients,
physiciansand/or even government authorities have been found to contributeirortieesing
drugresistancédJackson, Czaplewski, and Piddock 2018; Powers 2004; Rendon et al. 2016)
Antimicrobial drugresistane mechanisms fall into four main categories: limiting uptake of a
drug, modifying a drug target, inactivatingdleug, and active drug efflufC Reygaert 2018)
Because of differences in their morphology, there is varigiiothe types of mechamss used



by Gram negative bacteria as opposed to Gram positive bacteria. Gram negative bacteria make
use of allfour main mechanisms, whereaga@ positive bacteria less commonly useiting
the uptake of a druC Reygaert 2018)

Bacterial resistanc® the existing drugss increasing, yet drug development in this arena is
decreasinglue to lack of fundsThus,there is clearly a need for negafe, and more effective
antimicrobials to combat disease due to resistant pathogeserious and liféhreatening
diseasesnd which in turn has opened up a new area of research for medicinal and organic
chemists. Besides the development of completely new agents possessing chemical
characteristics that clearly differ from those of existomes, there is another approach,
molecular hybridizationinvolving the combination of two or more biologically active

heterocyclic systemis a single molecular scaffoldrile 2005; Irbas 2012; Powers 2004)

Among the pharmacologicallynportant heterocyclic compounds,quinoline scaffold has
become an important construction motif for the development of new drugs. Quiantiries
derivatives possess many types of biological activities inclualitignalarial(Parhizgar 2017)
antibiotic (Lam et al. 2014; Verbanac et al. 201éhticancef(Rashad et al. 2010; Shobeiri et
al. 2016) antrinflammatory(Rizk et al. 2005)antihypertensivéShang et al. 2018and ant
HIV (Shruthi, Subramanian, and Eswaran 2020)

Herein an attempt was made to synthesis some analogs of quinoline using Vildesailkey
Wittig, Doebner, nucleophilic substitutiooxidation, reduction and hydrolysis reactiohs
vitro antibacterial evaluation, DPPH antioxidant assay,maakécular docking analystd the

synthetic compounds computed andorporated

1.2  Statement of the problem
Life threatening systemic infectionsmtnues to be incredible main challenges in the health
care. The microbial setllefeng genetic mutations increased mudltug resistant strains of
pathogens causing limitless infection disegdd&arisa L. Winkler, Krisztina M. Papjvallace,
Andrea M. Hujer et al. 2014; Momoh et al. 201B¢cause of the failure of many of marketed
antibiotic agents antthe high incidence of microorganigesistancéo them there is a urgent
demand for search faafer and more effective antimicrobial drujee modification of some
of functional group of the existing antibiotics and developing new drug candidatersicied
strategy to mitigaténfections caused bymulti-drug resistant strains of pathoge8ynthetic
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antibiotics based on quinolone scaffdidve saved millions of lives and invegtiion is going
on to synthesizanore effective and safe analo@gehiroglu and Ozturk Sarikaya 2019)
Quinoline remains an important scaffold to develop new drugs owing to ity palifiable
nature,severalbioisosteric grouped can be introduced otoibvercome the drug resistance
developed by patigens(Zehiroglu and Ozturk Sarikaya 2019)

Besides pathogens, excess oxidative stress also affect humanHfrealttadicals and oxidants
produced either from normal cell metaboligm from external sourcePhamHuy 2019)
Depending on their concentrationthre body, free radicalse either harmful or helpful to the
body. At moderate cocentration, theyare necessary for the maturation qgass ofcellular
structures and defensgystem. BRagocytes dischargaeke radicals to combatathogenic
microbes(PhamHuy 2019)

However, high concentration of free radicedaisechronic and degenerative illness including
autoimmune disorderprematureaging, cancercardovascular and neurodegeneratgeases
(PhamHuy 2019) The humarbody produces normally antioxidant tounteract oxidative

stress.

But there situations where our body needs external source of antioxidants to neutralize excess
free radicalsThus consumin@g wide variety of antioxidargources ar@mportantto provide

the body with thecomplete protean against freeradical damagdZehiroglu and Ozturk
Sarikaya 2019)Compounds exhibiting antioxidant activibelpsto keep more of the body's

cells healthy and less susceptible to becoming cancépoirsoline analogareknown to have

antioxidant activities and tireantioxidant activityhave been evaluated.

Therefore this research was designed to synthesize mpuebline analogs that have
antibacteriband antioxidant properties to solve challenges mentioned above.

1.3 Objectives

1.3.1 General objective
The geneal objective of this project wde synthesizeovel quinoline analogsnd investigate
thar in vitro antibacterial andantioxidantactivities as well as to evaluate themolecular

docking analysisigainst selected giein targets



1.3.2 Specific objectives

V Tosynthesize quinolin@-carbaldehyde, quinolirstibeneandbiquinoline4-
carboxylic acid analogs

V To characterize the synthesized compounds using spectroscopic methods including IR,
UV-Vis and NMR

V To evaluate thantibacteriahctivities of the synthesized compounds ugiager disc
diffusion against three Gram negati@e coli, S. typhimurium., P. aerugingsand
threeGram positive bacterial straifS. aureus B. subtilis, S. pyogengs

V To evaluate theadicd scavenging activitiesf the synthetic compounds usibiPH
assay

V To conduct molecular dockirggudyof the synthetic compoundsjainstE. coli DNA
gyrase andS. aureugopoisomerase |V

V To conducthe molecular dockingtudy of the synthesizembmpound against human

t opoi s o naedHanmsae peroXirddloxin 5

1.4 Significance of the study

Drug discovery process typically involves target identifaratand design of suitable drug
molecules against these targ@sug design and synthesis involves maaytners both in the
design, synthesis and evaluatiproceses The scanning and quantifying of the biological
activity needs partners from medicine and microlgmal department. The desigsynthesis

and evaluatiomethodologies developdtreinmight be used as a references for researchers
who intend toinvestigateon related synthetiprotocok. Theresults of the presemesearch

might be useful in search for drug lead candidates for treating various infectious diseases, and
in drug design and dewsmentantibacterial and antioxidant drugs

1.5 Delimitations of the study

Drug development is a cumbersome process which involves huge amount of investment in
terms of money and timeResears for designing and synthesizing drug molecules need
sophisticated laboratory apparatuses. The design and synthesis of these bioactive molecules
ddimited in varieties ananly paper disc diffusion was used fior vitro evaluation of the

antimicrobial actiities. Other important bioassay techniques including determination of



minimum inhibitory concentration, cytotoxicity assaiyo antibacterial assay, and both in vitro

and vivo anticancer assays were not incluoiechuse of the following constraints

\%
\%

Shortage of budget

Shortage of laboratory apparatus and equipment

In Ethiopia, there is no any laboratory whishable toconductin vitro anticancer
analysis for the time being

Most of the required chemicals are poty expensive but alghey arenotavailable at the
local market.

There are no NMR and IR spectroscopic instruments in ASTUthenstructural
establishment ahe synthetic compounds werenductecht the Chemistr{pepartment of

Addis Ababa Universitywhich added financial burdeanddelay to get the spectra on time



2.1

CHAPTER TWO

2. LITERATURE REVIEW

Bioactive molecules
Since ancient times, people hameploredand found in nature remedidor various diseases.
Traditiorally, peoplepay a special attention to plants which attributes them the properties of
living beings (sal, feeling, hearing and sighfpegneanu et al. 201'Blants are not the only
saurces of these bioactive materialnimal and othermarinelives are also the source of
several bioactive moleculedang et al. 2013)Bioactive molecules are basically those
secondary metabolites exhibiting therapeutic, preventing, toxicological and immune
stimulating activities(Segneanu et al. 2017pynthetic modification ofbioactive natural
productsgreatly improved their bioactivityKang et al. 2013Bioactive natural products were
not enough to treat the continuous autpng of variouspathogenic infections. Aging,
immunosuppression and invasive surgical procedures have increased the risk of contracting
severe infections, while globalization is contributing to the rapid spreauailtidrug-resistant

pathogengMonciardini et al. 2014)

However the difficulty and high cost of isolation ofovel structure and antimicrobial agents

for medicaluses becameerious barrier in the aréBemain 1999)Meanwhile new medicines

are continually needebecause of (1) the rigd resistant pathogens, (2) the evolution of new
diseases (e.gAIDS, Hanta virus, Ebola virustc. (3) the existence of naturalrugresistant
bacteriastrainsand (4) the toxicity bsome of the current compoun8emain 1999)Thus
improving the bioactivity of natural products by structumaldifications and synthesizing new
bioactive moleculesontinues to béhe hottest area of researches for yéBeszic and loan

2015) Except the huge efforts, antibiotics unfortunately have not won the war against infectious
microorganisms, because of théerat which pathogenic microbes develop resistance. It is
evident that the war will continue for a long time and thus the search for new drugs must not

cease.

All antibiotics used in human therapy since the dawn of the antibiotics era in the early 1900s
can be divided into three distinct cabegs according to how theytimately manufactured on

large scale. These categorizations foll@emain 1999; Wright, Seiplend Myers 2014)



Natural products: compounds manufactured directly by laggale fermentation of bacteria

or fungi.

SemisyntheticCompound: aremanufactured by chemical synthegsng natural product as

starting material.
Fully synthetic compound Compoundshat are manufactured by fully synthetic routes.

In papest h e \atibiadicsandlr ugo ar e u s.&tiictlyespeakingmibgotgca b |y
are the chemicals obtained naturally or synthetically produced t@aictsé certain bacteria
thatcausenfections (Adeniyi Adefegha2019) If they act against a specific bacteria orhgy
aretermed as narrow spectrum whereas ttaaten a number of bacteria are termed as broad
spectrumantibiotics drugs ardefined as chemical substantkat are used to prevent or cure
diseases in humans, animals and plaBtsthe term drug has a broadeeaning(Adeniyi
Adefegha2019; Balaban et al2019) Generally, dugs act by interfering with biological

processes, so no drug is completely safe.

Among drug scaffoldsthe quinoline scaffolds found in the structure of many drugs and

rational drug design in medicinathemistry for thediscovery of novel bioactive molecules.
Persistent efforts have been made over the years to develop novel congeners with superior
biological activities and minimal potential for undesirable side effeats quinoline(Musiol

2017)

2.2 The chemistry of quinoline
Among heterocyclic compounds, quinoli(® (Figure 2)is a privileged scafid that appears
as an importantonstruction motif for the del@ment of new drugs. Mvas discovered by
Runge in 1834 as one tife many comonents extracted from coal f@®amann and Cowen
2015b) Quinoline also known asl-azanapthalene or benzgpyridine is a heterocyclic
aromatic organic compound having molecular formud-®l, characterized by a doubtmg
structure that contains a benzene ring fused to pyridine at two adjacent carbonltai®ias.
weak tertiary base. It can form salt with acids and displays reactioitar$o those of pyridine
andbenzene. It shows botiectrophilic and nucleophilic substitution reactions. It is nontoxic
to humans owral absorption and inhalatigMarella et al. 2013)Quinoline nucleus occurs in

several naturatompounds such asnchona &aloidsand pharmacologically active substances



displaying a broad range bfological activities Quinoline(7) (Figure 3 has ber found to
possess antimalariéifoley and Tilley 1998)antibacteria{Lucia 2012)antifungal(J. Zhang et
al. 2019) antrelmintic(Shang et al. 2018¢ardiotoniqAbdelwahid et al. 2019anticonvulsant
(Muruganantham et al. 20Q4ntrinflammatory (de la Guardia et al. 2018nd analgesic
activities(Marella et al. 2013)

S5 10 4
6 X3
7 2

9N

8

7

Figure2. Thestructure of ginoline scaffold

2.2.1 Electrophilic reactions of quinoline
In quinolines,the benzene ring is relatively electron rich than pyridine ring anstaidard
electrophilicsubstitutions occur on ischeme 1)Similar to the tendendgr naphthalene to be
attacked most rapidly at thepbsition, such electrophilic substitutions @fiinolines and
isoquinolines take place only at the &d 8positions. It is important toealizethat these
substitutions probably involve attack on quinolinium (reaction occurs via the ammonium salt).
Electrophilic substitutiongactions are faster thahose of pyridine butlewer than those of
naphthalené¢Joule 2010)The positionakelectivity for proton exchange is partly mirrored in
nitrations quinoline gives approximatelgqual amounts of 5 and 8- nitro T quinolones
whereas sulfonation of quinoline gives largelyh¢ 8sulfonic acid, reactions at higher
temperatures produtke 6isomers, under thermodynamic control, for example both quinoline
8 - sulfonic acid and quinoline Bsulfonic acidare isomerised to theiGacid (Joule 201Q)The
5/8-positin intermediates have one additional resonaocdributor with disturbing the pyridine

ring.
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Schemel. Nitration andsulfonation of quinoline

2.2.2 Substitution of leaving groups

Nucleophilic displacement of leaving groups from the quineBnand -4-positions occurs
under quite mild conditionsia the twostep, additionelimination mechanism. Halogens at
other positions are best regarded as being exactly like those in benzene confpoeche 2)
(Joule 2010)

4

AN EtONa m AN
o — L OEt )

N el N" &) N” OEt
12 13 14

Scheme2. Displacement of chlorine by Ethoxide

2.2.3 Substitution of hydrogen
As the intermediates for nucleophilic addition to the heterocyclic ring still contain a complete
benzene ring, with its associated resonatakilization nucleophilic addition is easierhese
bicyclic systems than in pyridindsless resonance staliition is lost in ppceeding to the
intermediate For exampleguinoline can be hydroxylatedt G2 by heding with potassium
hydroxide or sodium hydroxideo such transformation is possible with pyridig®sheme 3)
The products exist ithe carbonyl tawmeric formgJoule 2010)
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Scheme3. Substitution of Hydrogen by Hydroxyl

2.3  Synthesisand bioactivity of quinolines

Quinoline and its fusedeterocyclic derivatives endowed witldiverse pharmacological
activities The quinoline scaffold is widely present in several naturalsgnthetic molecules
and endowed with a viety of therapeutic activitie@lusegun et al. 2012Quinoline and its
derivatives form an important class of heterocyclic compouaus$,hencenany researchers
have devidped various synthetic methoflSumar, Bawa, and Gupta 201@uinolines are
being synthesized both by classical and various newclassical methods which involve
metdlic or organometellic reagen{&umar, Bawa, and Gupta 2010jhe general classical
method of quinoline synthiesincludes SkraufDenmark and Venkatraman 2006; Ramann and
Cowen 2015a; Wu et al. 200®oebnetvon Miller (Denmark and Venkatraman 2006; Ramann
and Cowen 2015a)Friedlande(Li et al. 2010) Pfitzinger(Knight, Porter, and Calaway 1944;
Lu et al. 2017; Shvekhgeimer 200@QonradLimpach(Z. Wang 2010g)and CombegSloop
2009; Yamashkin, Yudin, and Kost 1993nthess.

A large number of quinoline derivatives have been prepamdt@mwed gnificant biological
activities(Heravi, Asadi, and Azarakhshi 2014)ich as antinalarial(Joshi and Viswanathan
2006) antibacterial(Nayyar et al. 2007)antrinflammatory(Savini et al. 2001)anticancer
(Chou et al. 2010)antidiabetiq Edmont et al. 200Q)antrasthmatioqDubé et al. 1998) antt
hypertensivéMuruganantham et al. 20Q4ntialzheimef(Camps et al. 2001and antiplatelet
potenciegKo et al. 2001) It has also been found that they are HIVeplication inhibitors,
tyrosine kinase inhibitors and GkT (LTD4) receptor antagonistéHeravi, Asadi, and
Azarakhshi 2014)These compounds can also be applied as chanabfluorescergensorgor
fluoride ions(Heravi, Asadi, and Azarakhshi 2014)

2.3.1 The classicalmethods of quinoline synthesis
2.3.1.1 The Skraup reaction
The Skraup reaction was first studied in 1880 by Zdenko Hans Skraup12&8) a Czech

scientist born in Prague city of Czech Repulik r aup6s synt hesi s is

11



to synthesize quinolines by the condensation of glycerine in the peeska strong acid (con
H.SQy) and an oidizing agent like nitrobenzengaggadi, Luart, Thiebault, Polaert, et al.
2014) It involves heating aniline or a substituted aniline with glycerol in the presence of
sulphuric acid, ferrous sulphate and nitrobenZémns procedure has the advantage of a simple
experimental procedure and the use of glycerol as majprdmjuct of the biodied industry
(Saggadi, Luart, Thiebault, and Polaert 2014)

The Skraup synthesis of quinoline apeées a position of interest in organic chemistry because
it offers a ready method of synthesis of the quinoline group of compoBwieeral
modifications have been proposed since finethod was inaugurated in 1880. The most
important advance has been #hdargement of the yield. The ferrous sulfate modification is
outstanding in this phase of the developniErgch 1989; Ronald R. Eva, Bahama 2000)

The mechanism of Skraupreaction

The mechanism of the Skraup reaction involves initial dehydration of the glycerol to give
acrolein, which under goes a 4dddition by the aniline. The resultingo-
anilinopropionaldehyde is then cyclized to a dihydroquinoline, which is finaltjized to give

the produc({Scheme 4jRamann and Cowen 2015b; Ronald R. Eva, Bahama 2000)
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Schemed. The Mechanism of Skrauguinoline synthesis
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2.3.1.2 Improvement of Skraup reaction

Most of classical reactions including Skraup reaction, suffer from inefficiency, harsh reaction
conditions, and toxic reagents. To minimize the drawbadtkSkraupreaction a lot of
initiatives have been undertaken by several researchers. The improvierwieds microwave
irradiation, ionic liquid media, and novel annulation partners, all of which have shown increased
reaction efficiency and improved yield of theeteroringunsubstituted quinoline products
(Saggadi, Luart, Thiebault, and Polaert 2084nilarly, modifications to other synthetic routes
have been implemented, with the quinoline products displaying a wide variety of substitution

patterns
2.3.1.3Doebnervon Miller reaction

The Doebnewon Miller reaction was initially reported by Doebner and Vdiiler in
1881 Weyesa and Mulugeta 20288 a modification of the origal SkraugReaction, and it was
subsegantly modified by Beyer in 188@lills, Harris, and Lambourne 1921; Z. Wang 2010b)
It is an acidic condensation between primary aromatic amines (e.g., anilines) arid
unsaturated carbonyl compounds (mostly-umsaturated aldehydes) to give-Bj8ubstituted
quinolines (Scheme 5Yhe SkraupDoebnesvon Miller synthesis, which is often iweed out
using protic acids or Lewis acids, gives predominantguBstitutedquinolines from the
reaction of 3substitutedJ ,-umsaturated carbonyl compounds. One plausible explanation for
this regioselectivity is that the reaction proceeidsl,4-addiion of anilines tdJ ,-umsaturated
carbonyl compounds, followed by dehydrative ring closurecdationvia route | (Scheme
5) (Z. Wang 2010h)

RL@\ Rs conc. HCI R

29 30 heat N~ 2>°R2
31
R3
4
conc. HCI R
R1© + RZ\/\’&O —_— R1{:ﬁj\
NH, heat “ > R2
33 N™ 2R
32 R3 34

Schemeb. General Doebnevon Miller reaction
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The mechanism of the Doebrdiller synthesis of quinaldines has been the subject of many
investigations, leading to the currently adegp mechanism which involves an aldol
condensation forming aw ,-umsaturated aldehyde followed by Michael addition of the
aromatic aminéScheme 6jForrest, Dauphinee, and Miles 1969)

It is evident that the condensation of aniline with a substituted acrolein to yield quinoline
involves the loss not only of watertinf two hydrogen atoms as w@flanske 1942)Therefore,
the illustrative mechanism is proposed here for the reaction between a simple aniline and

acrolein using iodine as an oxidizing reag@&uheme §.

9 R3 (\7 R3 O\ R3
R1—©\ . o_R? o]
TSy e L AT I W
29 "\/‘RZ N N — N~ R2
35

3 H L, 37 H g 3g H
+ H 3
R3 O) +”H R3 HO RSH R
H+
IS IR S SIS o Pty T
+ 4 R R
N “R2 2 Ny 2 N
R R N
39 H 40 4 MY 42 H

Scheme6. The Mechanism of Doebneon Miller quinoline synthesis

The Doebnewron Miller reaction have undergone various improvemsinise its discovery in
1881(Weyesa and Mulugeta 2020)The DoebneMiller reaction has found a great deal of
synthetc utility for the preparation of substitutediigaldines (2methylquinolinesWeyesa

and Mulugeta 2020)Jnlike the closely related Skraggnthesis of quinolines, the Doebner
Miller reaction is experimentally much simpler, and not nearly as hazardous to run. However,
the method does sufférom some major disadvantag@&/eyesa and Mulugeta 2020)he

yields reported are usually low owing to thany byproducts formed in the reacti¢weyesa

and Mulugeta 2020)Among the improvements, addition of anuagolar amount of zinc
chloride (Weyes and Mulugeta 2020using the diethyhcetal of acrolein as an annulation

partner(Ramann and Cowen 2015application of a continuous flow in wates a rapid ad

14



green route for the symesis(Weyesa and Mulugeta 202@Wereillustrative examples of these

modifications.
2.3.1.4 Friedlander quinoline synthesis

The Friedlander synthesideals with the formation of a quinoline derivative by the
condensation of an aromateaminoaldehyde or-aminoketone with an aldehyde or a ketone
cortaining a methylene group- to the carbonyl moiety, unddrasic or acidic conditions
(Muchowski and Maddox 2004Friedlander annulations are generally carried out either by
refluxing an ageous or alcoholic solution of the reactants in the presence of a base or acid or
by heating a mixture of the reactants at-220 °C in the absence of a catal{gtheme Y (Pe

et al. 2009)

R2

Acid or R3
@* ; e~
~

4
reflux R1 N R
46

Scheme?. General route Friedlandgquinoline synthesis

The development of the heteroataiinectedo-metalation of aromatic systengSnieckus 1990)
which has provided facile access to a varietp-aiminoaldehydes anotaminoketones, has
made the Friedlander reaction one of the most reliable of all quinoline syntheses. Basit reactio
conditions are particularly efficient for the generation of quinoline derivatives from ketones and
o-aminoaldehydes, whereas the condensation of ketoneg-aittinoketonessi best effected

in acidic medigMuchowski and Maddox 2004)

The most notable advantage of the Friedlander synthesis is that the positions of the substituents
in the homocyclic ring are fixed by the structure of th@minocarbonycomponent, and the
regiochemistry of the substituents in the heterocyclic ring is predictable because
nonsymmetrical ketones usually give rise to the quinoline derived from the thermodynamic

enolate ashe major or exclusive produ@uchowski and Maddox 2004)

The Friedlander reactiomay be achieved from-witrocarbonyl componentia two steps:

reduction of aro-nitro aldehyde or keton#7 into ano-amino aldehgle or ketone&4 followed

15



by condensation of this intermediate with a ketone or aldethfyd8cheme gHeravi, Asadi,
and Azarakhshi 2014)

R2 R2
R1@O reduction R1@O
—_—

NO, NH,

Scheme8. General route Friedlander reactiioom an enitro aldehyde or ketone

R4

i R?
0~ "R8
45

condensetion

Although the features of the FriediZer reaction are generally well undeslt, its mechanism
has notbeen unambiguously establish@ke et al. 2009)Experimental reports support two
different mechanistic routeStarting from 2aminosubstituted aromatic carbonyl compoddad
and the carbonyl partndb, one pathway involves the initial formation of the Schiff b&Sz
followed by an intramolecular aldol reaction to give the hydroxy irb&llowed by loss of
water to produce the quinolidé (Scheme R Alternatively, it has been proposed that thaahi
ratelimiting step is an intermolecular aldol reaction to afford proditwhich gives the
guinoline via the same intermedi&®and52 (Scheme P(Muchowski and Maddox 2004; Pe
et al. 2009)

16



O

, OH | R2 R?
R R 3 R3
R34‘ AN R X 4
R1 N:(7 N/ R4 N R4 %
49a R4 e RY 5 “,L) OH
1
2

N
/ 2
OHl Hy
RZOH

(0]
2 R3
oL W == iy
R'] NH2 10) R4
44 45

R1 NH
49

Schemed. The Mechanism of Friedlander Quinoline Synthesis

2.3.1.5 Scope and the improvementhe Friedlander reaction

The particular value of the Friedlander reaction is largely due to the broad rangetmnal
group compatibility Regarding the -amino @rbonyl component, a wide rangéfunctional
groupsis toleraed on the aromatic ring systewith respect to thketonepartner, a number of
differenttypes have been employed including symmetrical ketandsketones ith additional
activating groupalpha to thecarbonyl function(Pe et al. 2009)However, the Friedlander

reactionexhibited regioseleatity with unsymmetrical ketong®e et al. 2009)

The classical Friedlander reaction has been improved and appliechitm-8ubstituted
aromatic carbonyl deratives. This synthesis is usually carried out via a-$tep procedure
(Scheme 8) After the aldollike condensation with the active methylene component, the
reduction of the nitro grquto the amine produces in situ the reactive intermediate thateycliz

to give the quinoline, avoiding the usual preparation and isolation of the potentially unstable 2
amino aromatic carbonyl component, which can readily guoleelfcondensation reactions
(Chelucci and Thummel 1999; Muchowski and Maddox 2004)
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A convenient aepot rote for the Friedlander synthesis of quinolinssg various starting
materals(-nitroarylcarbaldehyd@gLi et al. 2007, 2010and various catalysts suchsagfonic
acid functionalized ioniddjuid in combinatorial approacfAkbari et al. 201Q)multifunctional
catalysis of a rutheniurgrafted hydrotalcit€ Motokura et al. 2004¢tc. are among the latest

development inFriedlander sytiesis ofquinolines.
2.3.1.6 Pfitzinger quinoline synthesis

The formation of derivatives of-guinolinecarboxylic (cinchoninic) acid as a result of the
reaction of isatin(51) or its derivatives with ketones containing th@H>CGOi group in the
presence ofodium hydroxide or potassium hydroxide was first discovered at the end of the
nineteenth century by Pfitzingé8hvekhgeimer 2004 )Pfitzinger quinoline synthesisvolves

isatin and its derivatives on the one hand and various ketones on thieastti@ndit was used

to synthesizéiologically active substeceswith good yields from readily available matesial
(Shvekhgeimer 2004)

The reaction of isatins with ketones leadingguinolinecarboxylic acids is carried out in the
presence of strong nucleophiles (sodiumrbydale or potassium hydroxidelhe isatind3 are
converted by the action of alkalis into tats of isata acids54, which condense with ketones
with the release of water, formirige salt$5. The latter undergo cyclization through the CO
and CH groups and are converted into the saltsqéitholinecarboxylic acids6, the treatment
of which with acids (usually acetfjcgives the required compounds/ (Scheme 1P
(Shvekhgeimer 2004)

0 o /YO 0
o'M* R oM*
MOH 2
o} 45 R,
N O [ :O(\RZ
R H R NH, N
" 53 " 54 Ri 85 RI o
-2
CO,H co,
R H* R
N R3 a
R4 s N~ "R
57 1 56

Schemel0.The mechanism of Pfitzinger synthesis
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The classic Pfitzinger chemical reaction is commonly performed in atBpgrocess based on
strong base ansuibsequently acidified with strong acid, which can only generate quiabline
carboxylic acids and is unable to abtahe quinolined-carboxylates(Lu et al. D17)
Therefore, selective synthesis of the quinoltearboxylate motifs under mild reaction
condition (strong basand acidfree) has remained @daunting challenge, especiallyrough
onestep methodLu et al. 2017) Among the latest imprx@mentLu. et al (2017) developed
an improvedonestep cascade protocdfitzinger reaction for the synthesis of highly
functionalized quinaldind-carboxylates, from isatins with Xdcarbonyl compounds in
alcohols mediated by TMSC6cheme 1)j1(Lu et al. 2017)

R20_ _O
? Q 9 R20H i
X M
1 N 58 TMSCI, N” Me
53

Schemell. Synthesis of functionalized quinaldidecarboxylates

Lv et al(2012)reported a simple oAgot synthesis of quinolind-carboxylic acidderivatives
by an improvedPfitzinger reaction of isatins with varioustbnes and catalysts in aqueous
medium(Scheme 1p(Lv et al. 2013)

0o CO,H
0] 1. KOH A R®
o " LR EOHH,0
1 2 N
H R s I N" R
51 2. HCI 56

Scheme 12. Onepot synthesis of quinolird-carboxylic acid derivatives in agueous medium
2.3.1.7 Doebner quinoline synthesis

The Doebner quinoline synthesis comprises coupling of an aniline, pyruvic acid, and an
aldehyde to provide guinoline4-carboxylic acid(Scheme 1B Recently, there have been

several reports about modified Doebner reaction for preparing diverse quikaarboxylic
acids via soligphase synthesiél.. M. Wang et al. 2009)
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Schemel3. Doebner quinoline synthesis

The proposed mechanism of the Doebner synthesis was shown in Scheme 14
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Schemel4. Themechanism of Doebner quinoline synthesis

2.3.1.8Conrad-Limpach quinoline synthesis

ConradLimpach quinoline synthesidealt with the synthesis of-quinolones(Scheme 1p
(Brouet et al. 2009; Z. Wang 201040 Scheme 15, th condensation of primary aromatic

a mi n e s-ketoesterl, thé amino group might also react at the ester grbtketafesters to
form Db-ketoacetamide intermediates (isomerize to ketoacetanilides), which cyclize to 2

hydroxyquinolines; this type of consgon was initially discovered gnorr in 1886(Z. Wang

2010a)
NH, 0O O N R
©/ + R1JJ\/U\0R2 > ©/ \LH/ORZ —
17 70 71 o

Schemel5s. The general reaction of Conraimpach quinoline synthesis

Theproposed mechanisms of Gad-Limpach quinoline synthesisas shown in &hemel6
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Schemel6. The Proposed mechanism of Contachpach quinoline synthesis

2.3.1.9Combes quinoline synthesis

The Combes reaction consists of tbendensation of aromatic amines with -iijBeto
compoundgYamashkin, Yudin, and Kost 199Zhe acidcatalyzedcondensation of aromatic
amine like aniline with acetyl acetone (di&etone), keto aldehyde or dialdehyde to furnish
quinoline skeleton is regarded as Combes quinoline synthesis or Combes sySittesse
17) (Born 1972)

Me Me
(0] X
. /) _
©/ + M/U\/U\Me N~ "Me
€ N" "Me
17 81

Schemel7. The gerral Combe quinoline synthesis

During the reaction, enamine is formed which cyclises. The strong electron withdrawing group
(-NO») does not allow cyclisation. The rearrangement is observed when ketoaldehyde is used
during cyclisation. The reagents used ZnC}, acetic acid, #0s or POCZ% as well as sulphuric

acid, PPA, lactic acid, chloroacetic acid, con. hydrochlodidl,ap-toluenesulphonic acid,
hydrofluoric acidetc(Surrey 1961)
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The mechanism of ghreaction involves formation of enamine by dehydration and protonation
of ketone and cyclisation followed by loss of wgt&cheme 18(Born 1972; Sloop 2009)

Me

b
NH, HO, Me
@ @
heat Me protonatlon SN
58 i 81 H 83
O

Schemel8. The mechanism of Combes quinoline synthesis
2.3.2 Bioactivities of quinolines

Several quinoline analogs exhibited antimicrobial potencydiratged from good to excellent
(Desali, Patel, and Dave 201Fpr examplePesaiet d (2016) develped a quinoline analog
thatshowed highest inhibition at MIC = 12.5 pg'fthgainst sme Gramnegative bacterium

(E. col) and agaist Gram positive bacteriuns( aureuy (Desai, Patel, and Dave 2017)
Insuasty et al (2019) reported quinoline hybrids showing some degree of antifungal activity
with MIC values between 15.6 and 250 pg/fhhsuasty et al. 2019)nsuasty D. et al (2019)
reportedthat moleculeswith MICs >250 pg/mL to beconsideredasinactive;in the range of

250 to 62.5 umL™?, with modeate or low activity, and metuleswi t h  Mi.26 ggnL® 3
were considered high activitfClinical and Laboratory Standards Institute (CLSI) 2008;
Insuasty et al. 2019)

2.3.2.1 Antimalarial properties of quinoline analogs

The discovery of quining) is considered the most serendipitous medical discovery of the 17th
century ad malaria treatment with quinine marked the first successful use of a chemical
compound to treat an inféestis diseasgAchan et al. 2011)Quinine (2) which was a
component of the bark of tr@nchonatree, was used to treat malaria from as early as the
1600s, when it was r ef erdriendaltbos absa rthkifAeharolre sfiusia
et al. 2011) It was isolatedn 1820as the active ingrediemind replaed the crude bark the
treatmeni{Wiesner et al. 2003)Although quinine has relatively low efficacy and tolerability,
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it played a historical role in the development of quinoline alkaloids, and still plays an important

role in the treahent of multiresistantmalaria(Wiesner et al. 2003)

Quinolinebased antimalarial (QBA) compounds arealwbases that accumulate in dwédic
food vacuolegAFVs) of Plasmodium falciparum parasites. The chemical structureserase
QBAs are displayed in Figure &hloroquine(87), the prototypical antimalarial compound,
interferes with ferriprotoporphyrin IX detoxification in the AFVs Bf falciparum theeby
causing parasite death. In addition to AFVs, CQ has bemmnsto accumulate in the acidic
lysosomes of tumor cal] thereby disrupting autophaf@olden et al. 2015; Martinez, Krake,
and Poggi 2018)

Figure 3. Chemical structures of Quinolifmsed antimalarial (QBAs

Quinolinebased antimalarial compoundsich a<Chloroquing(CQ) (87), hydroxychloroquine
(HCQ) (88), quinine (QN)(2), mefloquine (MFQ)(86), and quinacrine (QNX)89), are
mainstay therapies that effectively Kl falciparumparasites87a commonly prescribed QBA

that harbors weakly basic properties, traverses erythrocyte Pantalciparum cellular
membranes down a pH gradient to accumulate inside AFVs and disrupt heme detoxification,
thereby causing pasite death88 has antimalariaadivity similar to that of87, however, since

88 has a lower associated risk of ocular toxicityisitlinically preferred ove87 when high

doses are necesgdor the treatment of malar(&olden et al. 2015; Martinez, Krake, and Poggi
2018)

2.3.2.2  Antitumor activities of quinoline analogs
Quinoline alkaloids are important-based heterocyclic aromatic compounds withraad

range of bioactities Severakynthetioquinoline analogues were reportedshow antibacterial
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and anticancer propertiesCamptothecin 40), topotecan 91), zanttosimuline 02),
huajiaosimuling93) and irinotecar{94) are quinoline based anticancer dr{gigure 4) Some
quinolinealkaloids werelsoisolated and evaluated ftireir cytotoxic activitiesAmong them,
Chen and coworkerd99) isolated two pyranoquinolinalkaloids, zanthosimuline9@) ard
huajiaosimulire (93) from the rootbark of Zanthoxylum simulan@-igure 4. In cytotoxicity
testing,zanthosimulin@xhibited a general cytotoxic response to various cultuiegn cancer
cell lines, such ateukaemia cell§P-388 cell$ (ECso 5.20° M). However,huajiaosimuline
produced a more selective cytotoxic activity profile and was especially effective against
estrogen receptepositive breast cancer ZR5-1 (EGo 11.1° M) andP-388 (EGo 9.80° M)
cells. The two compounds also induced the expressionlafareiarkers associated with cell
differentiation in cultured HEGO0 cells(Garuti et al. 2000)

Figure 4. Quinoline based anticancer agents.

2.4  Synthesis and bioactivitiesactivities of quinolones
The origins of the quinolone da lie in the use A7 as an antimalarial agent. A compound
isolated from the commercial preparation of chloroquine proved to have antibacterial activity
and was modified to produce the firstnketed quinoloned5 (patented in 1962 ucia 2012)
which had moderate activity against graggative organisms and was used for treating urinary
tract infections.In 1968, Kaminsky and Melfezer discovered an oxolinic acid, which was lately
approved by the United States F@tl Drug Administration (USFDABharma, Jain, and Jain
2009)
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Structurally quinolone is hicyclic structure, which contains two fused rings (A and B) with
aromatic or heeroaromatic structure. Thé Abng (4-piridinong is a ring with absolute
necessityfor its bioactivity an unsaturatin in position 23, a free acidunction in position 3

and a substituent at nitreg in positiod (Figure 5)(Lucia 2012) 95 was devipedin 1960s

by George Lescher and-@mrkers at SterlingWinthrop Research Institute when-aroguct

from an earlier synthesis of the anélarial drug87 was incuded in a new screening program
(Wright, Seiple, and Myers 20145ully synthetic approaches to antibacterialgldiscovery

(which began with the arsenicals and sulfa drugs) have also led to important new classes of
antibiotics and large numbers of approved drugs. The most widely appreciated examples may
be the quinolones, carbapene(®§), and oxazolidinonef7), but the development of these
families occurred well after the discovery of four other important fully synthetic
antibacterial® chloramphenico{98), metronidazol€99), trimethoprim(100), and fosfomycin

(101 (Figure 5)(Wright, Seiple, and Myers 2014)
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Figure 5. Some synthetic antibiotics

It has been estimated that more than 10 000 quinolones or structurally related agents have been
synthesized as part of quinolone antibacterial research and devatppewmulting in the
approval of more than 25 fully symgtic antibiotics of this clas@righty and Gootz 2000)
Fluoroquinolones arstill the mostwidely used antibacterial agent, whiahe characterized by

broad spectrumof antibacteriahctivitiesand excellent oral bioavailabilitf.he enzyme DNA

gyrase and topoisomerase IV werettrget for the fluoroquinolongBrighty and Gootz 2000)

The general trend in the developmehsynthetic quinoloner@ibacterial is summarized below

(Figure 6)

25



Gram negative
activity Broad-spectrum
activity
generatlon OH
Discovery of first 2" generation
o 3" generatlon

antibacteriaquinolone qumolone
(Sterling-Winthrop-1960  4st

generation
O O quinolone
Appoval of
X OH Moxifloxacin
| OH (1999 Bayer)
N N

95 ‘\ SyntheS|s of
Discovery of nalidixic acid ?10593)(?(0'” ) Approval of Levoﬂoxacm
yorin .
‘ . -“(Sterling-Winthrop-1962) : (1996 Ortho-McNeil) !
1960 1970 ! 1980 1990 2000

Figure 6. Progress in the developmenfitfully synthetic quinolone antibacterials, 196999
Since thena large gamma aferivatives from common scaffoldere synthesized, wth could
be grouped bynaphthyridine(95) crinoline (cinoxacin)(102), pyrido-pyrimidine pipemidic
acid (103); piromidic acid(104)) and quinobnes (oxolinic acig105), miloxacin(106) (Figure
7) etc These derivatives, withifferentiated structures, have tvaommon pharmacological
properties, which allowed them to be classified as first generation biologicztilye a
derivatives with quinolone structure. The two common characteristicfirébrgeneration

quinolones arélLucia 2012)

a) a narrow antibacterial spectrum, designed especially for enterobacteriaceae;
b) a pharmacokinetic which allows for rapid elimination and reduced tissue absorption,

only allowing them to be used as urinary antigsp
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Figure 7. The chemical structure of some a&f-generation quinolones.
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Research continued to improve pharmacokinetics and pharmacodynamicss pobfile
guinolones and Flumequine was the fitabroquinolone which was patented in 1973, after
which numerous fluoroquinolone derivativesve been panted and are still used today. These
are norfloxacin(107), pefloxacin(108), enoxacin(109), fleroxacin(110), ciprofloxacin(111)

and ofloxacin(112) (Figure 8)(Appelbaum and Hunter 2000; Sharma, Jain, and Jain 2009)
An advantage of these compounds over previous ones is their broad spmsttvitias A big
revolution was made in 1980s wh e n a M5 enoxacin@(dg wasfderied with
significantly increased spectrum of activity agaibsth Gram negative or Gram positive
bacteria(Sharma, Jain, and Jain 2009)
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Figure 8. The chemical structure of some eftend generation fluoroquinolones

All clinically important compounds of fliroquinolone class afluorinated analogues 86
(Moshirfar et al. 2008) The main chemical feature that distinguishes fluoroquinolones from
the early quinolones is the presencevafious substituents at“N, carboxylic acid at'8 C,

Oxo at 4" C, fluorine at6™-C and piperazinyl substituent dt 7C. (Scholar 2002RQuinolones

and fluoroquinolones are classified on the basis of their chemical structure, their spectrum of
activity and their pharmacokinetic proléTable 1)(Kocsis, Domokosand Szabo 2016;
Sharma, Jain, and Jain 2009)

Recently, varioushird and fourth generation fluoroquinolones (FQs)dbeerdeveloped and
patented for us€Scoper 2008)These new generatiorshow a more potent and broader
spectrum antibacterial activities and befarmacé&inetic properties relativéo the earlier
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FQs. However, some of themexhibit moderateto-severe toxicitywhich involve their

restriction, suspension or evetithdrawal flom the markefFigure 9)(Scoper 2008)

Table 1. The four generation fluoroquinolones
First generation Second gneration  Third generation Fourth generation
Nalidixic Acid (95) Norfloxacin(107) Sparfloxacin(137)  Trovafloxacin(144)
Fleroxacing110) Grepafloxacin138 Clinafloxacin(145)
Ciprofloxacin(111) Moxifloxacin (143
Enoxacin(108) Gatifloxacin(142)
Lomefloxacin(114)
Ofloxacin(112

Among allfluoroquinolonesnorfloxacin and ciprofloxacin have been safely administered for

various several bacteria related diseases for decades.

2.4.1 The general synthesis methods ofubroquinolones

2.4.1.1 Gould-Jacobs method

Basically, there are two principal strategies for the construdfithe quinolin4-one nucleus
both proceeding via enanones intermediategshe GouldJacobsand the Bayer route
(Charushin et al. 2014; LeyaRamos et al. 2017)GouldJacobs(1939) is most common
synthetic methodology to prepare quinolone derivat{@msild and Jacobs 193%)involvesa
thermal or aciecatalysed Gould and Jacobs 1938yclizationof anilinomethylene malonates
(Scheme 19. This cyclisation is essentially a modification of the classical Cebragach

synthesis of 4quinolones from anilines aratetoacetic este(€onrad and Limpach 1887)
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. H N
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Schemel9. The mechanism of Gouwdiacobs quinolone synthesis
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To illustrate the application of the Gowddcobs quinolone synthesis wibecific examples,
nine quinolonesdevelopedy Pintilie L. (2009) are given belowscheme 2D(Pintilie et al.
2009)

R! EMME EtO,C COzEt CO,Et
N Dowterm CO,Et
cl NH, 130 C ci DES/Rhal ¢}
1.5h 250°C cl

R2
123 ) K,CO3
45 min
o DMF 126
1 1 EtOZC
—_—
cl NH 146°C Cl N 90-100°C oo
R2 R3 1.5h R2 RS ¢
129 130 1. DES/NaOH ag.

2. HCL
EMME = diethylethoxy methylene malonate 0 COxH
DES = diethyl sulphate R! CO,H heterocycle
| D .
R N
4 2 |

127

128a-i

Compound R R? R® R*

128 F H ethyl 3-methylpiperidinl-yl
128 Cl H ethyl 3-methylpiperidinl-yl
128 F H ethyl 3-methylpiperidinl-y
12&d F H isopropyl 3-methylpiperidinl-yl
128e F H isopropyl morpholinl-yl

12 F H ethyl morpholin1-yl

128 Cl H ethyl morpholin-1-yl

12&h Cl H ethyl 3-methylpiperidinl-yl
128 F Cl ethyl morpholin1-yl

Scheme20. Synthesis of somguinolones

The second approach suggests use of fluaramganing benzoyl derivative§131 A = CF or
CH) or their nicotinoyl analogsl81, A = N) as buildingblocks (Scheme 31 The key
intermediates in this case are benzayl pyridinoyl arylates133(Charushin et al. 2014)

Cyclization of emaminonesl34 can be carried out by heatitige reaction mixturen DMF in

30



the presence of potassium carbonate, or in ethyl acetate with NaH. Other basic conditions can
also be apled, including organic amines or amidines, -#lidzabicyclo[2.2.2]pctane
(DABCO) or 1,8diazabicyclo[54.0Jundee7-ene (DBU)(Charushin et al. 2014)

Y o Y 0 o0 Y 0 o0
F HC(OEt), F
| R FWOB (OED: | X ok R—NH,
_ - 5 _
X A F X A/ F X~ AT F TOEt
131 132 133

Y O O Y O O
F F
Moa base Moa A=CF, CH,N;X=F, Cl,Br;Y=F, H.
“ =
X" AT CF UNH X7 KON
[
134 R 135 Ri

Scheme21. Synthesis of fluoroquinolones from fluorinated benzoyl derivatives

2.4.2 The antibacterial activities of fluoroquinolones

Since the discover95, a nonfluorinated agentvhich was used clinically for treatment of
urinary tract infections in 1962, with in decades, new fluoroquinolones, also called quinolones,
4-quinolones, carboxyquinolones, or quinolone carboxylic acids, haveds»efoped.The
typical new fluoroquinoloes include norfloxacirf106), pefloxacin (07), enoxacin 108),
fleroxacin (L09), ciprofloxacin(110), ofloxacin(111), temafloxacin(112), lomefloxacin(113),
tosufloxacin(114), difloxacin(115) and others (Table 1). These drugs differ significantlynfro

the earlier agents in having increased potency, a broadetrsm of antibacterial activities

and dcreased selection of resistabfcteria. Manyof them also exhibit favorable
pharmacokinetic properties, permitting treatment of systemic bacterietiorfe(Wolfson and
Hooper 1989; Y.X. Furet 1991%everal nely developed fluoroquinolones amore active
against Gam-positive bacteria than the presently marketed fluoroquinol@figsre 8 & 9.

Their main biological targets are the DNfyrase (Gyr)andtopoisomerase IV (TopAwo
enzymes belonging to the typktopoisomerasdamily (Sissi and Palumbo 2003 hese
enzymes are essential in all bacteria and are expressed in prokaryotic organisms only, features
that make them ideal antibacterial drug tardet$eed, the prominent selectivity of quinolones

in poisoning the bacterial typetopoisomerases versus the corresponding mammalian enzymes
represents the rational basis for their sateinsantibacterial chemotheraffyissi and Palumbo

2003. They essentially block th®poisomerase catalytic cyckhen the protein is covalently
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linked to the cleaved DNA [gavage complex). Stabilizatiaf the enzymeDNA complex has
been confirmed to blocthe progression of the replicative machinery encreateDNA lesions
that induce bacterial SOS respofidéentzell and Maxwell 2000)

Indeed, the prominent selectivity of quinolonesoag the neviluoroquinolonesWIN 57273
(136), the most potent compouirdvitro on a weight basis, is 16 1@8times more active than
ciprofloxacin againstarious $aphylocaci, Sreptococci, Enterococcispp, Corynebacterium
spp., Listeria monocytogenasd Bacillus spp temafloxacin {12 tosufloxacin {14), BMY
40062(137), PD 117558138, PD 12739X139), andsparfloxacin(134) (Figure 9)also show
enhancedn vitro efficacy ajainst these species. These dralg® possess increased activity
against various anaerobes, notallipsfridium perfringens Clostridium difficile and the
Bacteroidesfragib group. Mycobacterium tuberculosis, rapidly growing mycobacteria other
than Mycolacterium chelonae, and Mycobacterium leprae are often susceptible to quinolones
displaying bactericidal activity whichsi potentially useful for curingdifficult-to-treat
mycobacteriosis. In addition, a number of new productsphotiosecontaining a cglopropyl
group, are more active than eeénce fluoroquinolones againsycobacterium leprae.
Sparfloxacin(140), BMY 40062(137) and WIN 57278136) (Figure 9)compare favorablwith

older fluoroquinolones irkilling of intracellular Legionella spp andseveral ofthe newer
compounds have great@ntichlamydial potency. Improved antibacterial activity has also been
found againstMycoplasma bminis, Ureaplasma urealyticumAcinetobacter spp and
Pseudomonas maltophilidBy contrast, the newer quinolonésve similar or less activity
against Pseudomonas aeruginosand Enterobacteriaceae.Recently, pefloxacin(107),
ciprofloxacin (110 andofloxacin (111 (Figure 8)were found to be active againsitozoa,
including Plasmodium sppTrypanosoma cruandLeishmania donovani hope, n the near
future, more specific research testing unusual pathogens may lead to the identification of

quinoiones with more selective activity.X. Furet 1991)

Among all bacterial pathogens, Mycobacterium tubercu(®4iB) deserves speciattention.
Tuberculosis (TB) remains the leading cause of rhtytalue to bacterial pathogen
Mycobacterium tuberculosidt is estimated that nearly 1 billion people will become newly
infected, over 150 million will become sick, and 3@lion will die worldwide every three
years if contol is not further strengthend&enthilkumar, Dinakaran, and Yogeeswari 2010)

32



Among fluoroquinolines, ciprofloxacin (11), ofloxacin (112 and levofloxacin 113 are

frequently used for the treatment of tuberculosis (TB) including rdulty resistant TB (DR-

TB) as componas of secordine regiments Two new generatin 8C-methoxy
fluoroquinolone gatifloxacin (42 and moxifloxacin 143) (Figure 9) currently in Phase Il

clinical trialsfor Mycobacterium tuberculosis (MTB) and MBRTB(Figure 7)(T. Zhang et

al. 2015) Interestingly a lot obthernewly developed fluoroquinolones alsbowedexcellent

in vitro activity agai nst NIintBerfivat ghdsesdeerthgo f r a |
against MTB(Gorzynski, Gutman, and Allen 1989; Senthilkumar, Dinakaran, and Yogeeswari

2010)

2.4.3 The Anticancer properties of fluoroquinolones

Sincethe discovery 085, quinolones became a point of interest for researchers all over the
world. In addition to antibacterigbotential, some qublones showedariable biological
activities,including anticancer, antifungal, antiviralnad ant i i nf |l abdalt or y a
Aal et al. 2019)Cancer is continuing to be a major health problem wodewind ishe leading
cause of human deatAbdelaziz et al. 2016)Anticancer drugs are broadly categorized either
as cytotoxic (cell killing drugs) or as cytostatic (gmtoliferative drugs), both of whichael to
reduction in tumor growth(Yadav and Talwar 2019)As anticancer agents, quinolones
comprise promising candidates; some of them reached different stagesocatf trial phases
(Advani et al. 2010)Advani RH. et al (2010) studiedoreloxin (143) in detaisand revealed

that it hasan acceptable safety profile with clinical activity in patients with relapsed/refractory
solid tumors(Figure 7) (Advani et al. 201Q) AbdelAziz et al (2016) evaluated igteen
different quinolones based on norfloxa¢it®7) andciprofloxacin (11) (Figure 8)scaffdds

for their antitumor activitieswhere most of the tested compounds exhibisggnificant

antitumor activitiegAbdelaziz et al. 2016)

Investigation of existing quinolone drugs for their antitumor potential against different types of
cancers revealed thiéitey possess anticancer activitibsough inhibition of mammalian DNA
topoisomerasedn addition to other mechanism@bdelAal et al. 2019) Inhibition of
eukaryotic Top 2 correlates with cytotoxicity in thosells; and clinicallyrelevant
fluoroquinolones are known to be safe and tolerated at emtr@ations that far exceed their

cytotoxic threshold without bearing cytotoxic, genotoxic or carcinogenic potefitle they
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also mediate antitumor activities in humans at clinically achievable concentrations, how they
perform these extended roles is d@ar (Idowu 2017) Just to mention few of them,
ciprofloxacin(111) exhibited a significant activity and induced apoptosis in diffecamicer

cell lines (S et al. 2011)lomefloxacin(114) reduced the viability of thbuman melanoma
COLO829 cell{Beberok et al. 2017and trovafloxacir{144) combated metastasis and spread

of leukemia cells to other body tissues, and could lengthen theauof laboratory animals
(Thadepalli et al. 2005However, there are also reports that shotednewer generation
fluoroquinolonesGatifloxacin(142) and Moxifloxacin (143 (Figure 9) were able to suppress

the proliferation of pancreatic canceidlseand induce apoptosis lmausing S/G2 phase cell

cycle arres{Yadav et al. 2015)

136

) HN
137 138

Figure 9. Structure ohew generatiofluoroquinolones

2.5 Synthesis of2-chloroquinoline-3-carbaldehydes and its analogising Vilsmeier-Haack

reagent

(Chloromethylene)dimethyliminium chloride (Vilsmeier reagent,VR) is well known as a

versatile synthetic tool for the formylation of electnoch aromatics, chlorination of alcolsgl

34



conversion of carboxylic acid into the corresging acid chloride and so qKimura and
Matsuura 2013; Su et al. 201Q)pical preparation methods for VRtise treatment oN,N-
dimethylformamide (DMF) with chlorinating agents such as phosphoryl trichloride, thionyl
chloride, phosgene, or oxalyl chlori@imura and Warashina 2017hose chlorinating agents
are not suitable though for large scale synthesis due texjrensive or hazardous natof the

reagents or byproduc{Kimura et al. 2012)

VR also foundapplication in the synthesis of a large number of heterocyclic compddtids.
Meth-Cohnet al (1981), showedthe treatment of acetanilide and its activated analogs with
dimethylformamidein phasphoryl chlorideunder reflux in a d/ing tube fitted flask #orded
guonoline3-carbaldehydan good yield (Scheme 22jMeth-Comn, Narine, and Tarnowski
1981) Quinoline-3-carbaldehyde analogs demonstrated considerable biological and
pharmacologicahctivities as antimicrobigFarghaly et al. 1990antrinflammatory(Herencia

et al. 1998)antimdarial (Sekar and Prasad 1998)d antivirs activities(AbdelFWahab and
Khidre 2013) Recently Hamamaet al (2018) proposed mechanism of for synthesis 2
chloroquinoline3 carbaldehydé148) via VilsmeierHaack reagent&Scheme 22jHamama et

al. 2018)
N
m/ 2.5 equiv DMF 0]
@ @) 7 equiv POCl5 E:(\YJ\H
Heat 85-95°C =
R = Hor EDG R N Cl

Scheme22. .Synthesis of Zhloroquinoline3-carbaldehyd€148)
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2.6 Schiff bases
Schiff bases are the compounds containing azomethin giid@=N-). They are condensation

products of ketones or aldehyd@$4) with primary amineg165. Formation of Schiff base
generally takes place under acid or base cata|gsiseme 24) Schiff bases are considered as

a very important class of organic compounds and have a wide agplicatmany biological
aspects, proteins, visual pigments, enzymatic aldolization and decarboxylation reactions.
Moreover, some Schithases exhibitedntibiotic, antiviral and antitumor agents because of
their specific structuse(Al-Garawi, Tomi, and ADaraji 2012)

0]

)J\ idor b R>1 R
1 + H.N—R2 acid or base N
R R ] 2 catalyst R
R/R'=H or alkyl or aryl R = Alkyl or Aryl
164 165 166

.Scheme24. The General reaction of Schiff base
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2.6.1 The mechanism of 8hiff base formation
Imines canreadily be synthesized through the reversible reaction of am{i€® with
aldehydes or keton€l64). This reaction proceeds through an addition step which forms a
carbinolamine intermedia{@70), which is then dehydrated to the imine in the-ggtermining
step (Scheme 25) The released water is usually removed from glgstem to shift the
equilibrium towards the products. The reaction rate is quite sensitive to pH: moderate amounts

of acid greatly accelerat&anterre 1953put excess acid preventgdencks 1959)

carbinolamine

formation
1
R _OH R! H. H
R! o ——~  oen., ©
=0 TR, T " Fér\iH H 166,
H
164 165 169 " H*
R! \ 1
Cc=0 1 R
H/ - R_+/H \C/OH R1 H H\ ,H
164 O ot 1 0]
N H H NH C=N__,
) 168 R2 H + R
R™NH, R2—NH 171
167 2 170
165

Scheme25. The mechanism of Sdhbase formation

Schiff bases appear to meportant intermediatin a number of enzymatic reactions involving
interaction of an enzyme with an amino or a carbonyl group of the substrate. One of the most
important types of catalytic mechanism is thechmmical process which involves the
condensation of a primary amine in an enzyme usually that of a lysine residue, with a carbonyl
group of the substrate form an imine, or Schiff bagél-Garawi, Tomj and AlDaraji 2012)

There are many interesting studies on the Schiff basgsnpounds derived from amino acids.
There are alseeports which indicas various Schiff base with good antibacterial activities in
good range when compartdcontrol drug (Ampicilin) (Al-Garawi, Tomi, and ADaraji 2012;
Antony, Arun, and Manickam 2019; Fattuoni, Vascellari, and Pivetta 2020)
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2.7 Therole of hybrid moleculesin improving bioactivity

The hybridization of biologically aiste molecules is a powerful ethodfor drug discovery

used to target a variety of deses. It helps to géetter drugs for the treatment of a number of
illnesses including cancer, malaria, tuberculosis and AIDS. Hybrid drugs can provide
combination therapies in a single milinctional agent and, by doing so, be more specific and
powerful thanconventional classic treatmen@@érubé 2016) The molecular hybridization

(MH) is a strategy of rational design of new ligands or prototypes basdw sadognition of
pharmacophoric subnities in the molecular structure of two or more known bioactive
derivatives which, through the adequate fusion of thesausilies, lead to the design of new

hybrid architectures that maintain ggelected charactstics of the original t@plates(Lazar

et al. 2004; Viegagunior et al. 2007)Designing hybid drugs, by covalently linking two

di stinct chemical moieties with multiple eff
treatment of various diseases. In recent years, various structurally diverse hybrid molecules
were r@orted with better lmiactivity (News et al. 2010)Considering the different approaches
regarding to thelevelopment of hybrid molecul¢€. Chen et al. 2005)hey are defined as a
chemical entity with two (or more than two) structural domains which acts on different/same

bi ol ogi cal functions or targets via differen
indicates that it acts as two distinct pharmacogfanside the blogical systen{News et al.

2010)

Classification of hybrids:

On the basis of types of linkers connecting the two pharmacophores, hybrid molecules can be

classified as follows:

1)  Conjugate hybrids:- molecules in which both the pharmacophores are joined through

a metabolically stable linker which is not a part of eithiethe individual pharmacophores
(Dechycabaret and Benettical 2000)

2) Cleavage conjugate hybrids molecules joied through a linker designed to be
metabolized inside the biological system to release the two pharmacophoric units that interact
independently with different targe(&rellepois and Grellier 2005)

3) Fused hybrids- molecules, in which the size of the linker is decreased / removed such

that the framework ohe pharmeophores is in conta¢Fikkert et al. 2003)
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4) Merged hybrids:- have their frameworks merged by taking advantage of the common
pharmacophore in the structures of the starting compounds, whichiggveo smaller and
simpler moéculeg(Fikkert et al. 2003)

2.8 Stilbenes: their Chemistry and application

The name for stilbene (:2i phenyl et hyl ene) was stlmgwhieched fr o
means shining. There are two isomeric forms ofdighenylethylene: (E3tilbene (trans
stilbene)(172), which is not sterically hindered, and {&)Ibene (cisstilbene)(173) (Figure

10), which is sterically hindered and therefore less st®jathesis, Methods, and
Development 2003)tilbene (1,Aiphenylethene) does not exist in nature itself, but its
derivatives as plant secondary metabolites are present in various plant speciaseanittisem

are considered phytoali@s (Z. A. Khan, Igbal, and Shahzad 2017)

OO QO

172 173

Figure 10. Thestructure of cis anttansStilbere

Stilbene is a relatively unreactive colorless compound practically insoluble in water. It
possesses intense absorption and fluorescence propertiescam@dpond to the excitation of
pi-electrons of the conjugated ethdiy groupto p-orbitals, as well as reversible, traos
photoisomerization (photochromism). Stilbenes are widely used in the manufacture of
industrial dyes, dye lasers, optical brigieérs, phosphors, scintillators, and othweaterials
(Synthesis, Methods, and Development 2008)tural stilbenes are characterized by several
biological activities such as defense mechanispiants, fungicidal activity, cardioprotective
effects, antioxidant, diabetes control, antimicrobial and anticancer actattiéBizzarri et al.

2019) Especially, hydroxylated stilbenes have attracted the attention of many scientific groups
because of their reankable biological properties and therapeutic potentials including anti
inflammatory, antioxidative, lipidowering, radical scavenging, neuroprotection,
anticarcinogenic, antiviral, and also platelet aggregation inhibition activity. One of the best
repregntative compounds of this group is tréhs  Brihydrdx® stilbene (resveratro{l74)
(Figure 12) a phytoalexin found in grapes, fruitadavegetables of several plarf@eddy,
Prakash, and Diwakar 201%esearch also has revealed that the E form or trans exhibits more
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potent anticancer activity compared to the Z form or cis f@nf. Khan, Igbal, and Shahzad
2017)

OH 174

Figure 11.The Structure ofesveratrol

2.8.1 The Synthesis of stilber analogs

The nonavailability of naturally occurring stilbenes in sufficient quantities attracted the
development of synthetic methodologies for their preparation at large scale such as Wittig or
Horneii Wadswortii Emmons(HWE) olefination, Perkin aldol condensation, transition metal
coupling, i.e., MizorokiHeck, Negishi, Stille, Sonogashira, Suilkiyaura, Grubbs &
McMurry, KnoevenagélDoemer, RamberngBucklund reactiongZ. A. Khan, Igbal, and
Shahzad 2017)

2.8.1.1Synthesis of stilbenavia Wittig reaction

The Wittig reaction is perhaps the most commonly used adéfibr the synthesis of alkenes
(Schweizer et al. 1971bYhere are a number of features of the Wittig reaction that makes
attractive in synthesist is regiospecific reaction conditions are usually mildhe starting
materials are frequently easily obtaingbliédes are tolerant of a number of other functional
groups and the stereoselectivity of the reaction can often be directed towards the desired alkene
isomer by expdient choice of the nature of the reactants uBlbd.mechanism of the Wittig
reaction has long been a contentious issue in organic chemistry. Evemoi@ithan 50 years
after its announcement, its presentation in many modern undergraduate textbeibferis
overly smplified or entirely inaccuratéSchweizer et al. 197 11ffor examplelohnson was able

to enumerate a total efght mechanisms. Here only tBetaineand Schweizemechanisnhas
been discusseg®cheme 26 and 27
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Scheme26. The betaine mechanism for the Wittig reaction

Essential features &chweizer mechanisim on the basis of the observatiiat certain seri
stabilised and stabilised phosphonium ylides and conjugated carbonyl compounds reacted in
alcohol solvents to give vinylphosphine oxid&82) in addition to the expected alke(80)

and phosphine oxide produc&chweizert d., proposedhat these reactants initially form a
betaine, which becomes protonated by the alcohol, and then undergo net elimination of water
to give a vinylphosphonium sg}t81). This could undergo nucleophilic attack at phosphorus

by either alkoxide or tgroxide. The resultant alkoxy or hydroxyl phosphonium salt could expel
either the vinyl group as alkene, giving triphenylphosphine ofi8é€) (the expected Wittig
product), or benzene, giving vinyl phosphine oXit&3) (Scheme 2)y(Schweizer et al. 1971a)

PhyP—H PhsP+
Cj H’/-\ HPhsp/AQ EOH O -OH" Fhs /
PhaP o

base

Ph3P
=0

“OH or EtO”
60 Q O
Ph,P
\

© 4@

Scheme27. The poposed mechanism for Wittig reactions and vinylphosphine oxide formation in

alcohol
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2.8.1.2 Synthess of stilbene analogues by the \ittig/Horner i Wadsworthi Emmons

(HWE) reaction
In synthesis of Stilbene analogse methodological selection depends on several factors such
as the low atom economy, the-Z-ratio, cost of solvents, the cost of catalyst € Horner
WadsworthEmmons (HWE) olefination is the synthest olefins from the condensation
between carbonyl compounds (both aldehydekatawhes) and carboanions derived from alkyl
phosphhn e o xi des ( Ho phosphorates (Wanertth and Enanmn,s 6 s condi t i
phosphonamides (Corgyand their thiono counterparts (Coreypynthesis, Methods, and
Development 2003)n fact, it is the further modification dhe Wittig reaction(Schweizer et
al. 1971b) The Wittig/HWE olefinations undergoes several improvements sumimasrt with
metal catalyzed crossoupling reactions, Domino Wittig/HW& cycloadditon andWittig-
Michael transformations. Wittig/HWE with phase transfer catalysts is simplicity, involves
inexpensive reagentsonducted under mild conditions, high reaction rate and high selectivity
to thedesired produdqScheme8) (Description and The 1961)

0]

p PTC
R >~OEt OHC cCHO __
OEt
184 185

O HoN
1. NaBH,4 II:I’—OEt \ 1.CH3CNO 60%
No 2-PBry /©/\6Et ) ©/\o o =
02N 2. SnC|22H2) O
3. PO(OEt);

ON 188 60 ETOAc, 74% 189

187
Scheme28. Synthesis of stilbene analogues by (HWE) readticdhe presence and absence of PTC

2.8.2 The biological activities of silbenes

Natural stilbenegspecially resveratrdlLl74) play important roles in plant protection by acting

as both constitutive and inducible defenses. However, their exogenous applicatorops as
fungicidal agents are challenged by their oxidative déggran and limited availabilitgJian,

He, and Song 2016 fact, natural stilbenes e.g. resveratiai4) (Figure 12)appear to act as
constitutive and inducible defenses in response to fungal infections sBolryss cinereaas
well as to abiotic stresses and plant growth regulators. Consequently, a positive correlation
between stilbenes production potential aneéake resistance itgots has been well established
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(Jian, He, and Song 2016%tilbenes superior to resveratrol in antibacterial activity were
identified in latest study. One study revealed dimerization, halogenation and hydroxy group in
conjundion with methoxy group resulted in the best antibacterial molecules. Design of stilbene
based drugs would be benefitted with the outcome and rationale presented in the current
investigation. The analogues -Bromoresveratrol and pinosylvi(l90) exhibited higher

inhibition than resveaatrol, when evaluated againsta@ negative acteria(Singh et al. 209).

HOBr
HO 190

Figure 12. Antibacterial activity of resveratrol structural analogues

2.9 Radical scavenging activity

Free radicals are atoms, grogistoms or molecules that have amremore unpairedlectrons
in theoutemost orbital. Theyarechemically highly reactive and tend tcegeelectron pairs to
be able tdind to achieve stability. Free radisare constantly attackirgpdy's cells including
normal cells forobtaining electron pairgDon 2017) Free radicals react with biological
compounds in body continuousdnd if they do not stop, they can damage bmallg and result
in harmful effects to body health. This fremdical reaction will als@ausevarious diseases

such as cancer, heargtaract, premature aging, aoither degenerative diseag&on 2017)

There are various souef free radicalsthey may be originateutsideourbody such amotor

vehicle pollution, cigarette smoke, and ultraviolet light. In addition, free radicals catoaiso

from within body itself i.e during the process of respiration, oxidative enzyme, as well as
oxidative phosphorylation in mitochondri@xygen is undniably essential for the survival for

all living things. Approximately5% of inhaled oxygen is reduced to oxygen derived free
radicals in normal physiological and metabolic processes (hydroxyl rad@#l), (the
superoxide radical () and hydroperoxykadical (HQ) (HangunBalkir and McKenney

2012) Thus, even if w avoid free radicals fromutside the body, thewill automatically be
generated from normal biological processes of body. To overcome this, antidote of free radicals
or antioxidants are needed that serve to inhibit or stop the negative effects cadsssl by

radicals(Don 2017) Antioxidants are substances that neutralize the harmful free radicals in our
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bodies. Antioxidants act as oO00free radical
done by thee free radicalsTheir function is as a reducing agent, which ultimately removes
free radical intermediates and prevents further oxidation by being oxidized themselves. Fruits
and vegetables are known as good sources of antioxidants, such as retinoh(Xjtaascorbic

aci d (Vi t-tacopherol (Zitamin HY, carotenoids, flavonoids, taspiand other
phenolic compound@iangunBalkir and McKenney 2012Because of thisn some countries

antioxidant substancese utilized as food additivéslimamura et al. 2014)

A number of assays have been introduced for the measurement of the toxadamit activity
of substance®PPH(1, 1-Diphenyt2-Picrylhydrazyl)radical scavenging activitABTS (2,2-
azinobiz3-ethylbenthiazolineé-sulfonic acid radical cation scavenging activitifRAP (erric
reducing antioxidant powgrandhydrogen peroxidé H @udidal scavenging activitgre

among these metho@Sivaramakrishnan et al. 2017)

2.9.1 DPPH (1, :Diphenyl-2-Picrylhydrazyl) radical scavenging activity

This assay is based on the measurement of the scavenging ability of antioxidants towards the
stable radical 1,kdiphenytl-picrylnydrazyl (DPPH (191). 191 is reduced to the
corresponding hydrazin@93) when t reacts with hydrogenr electrondonors(Contreras
Guzman and Strong 1982; Sanchéareno 2002) Antioxidants react with free radisaby
different mechanisnd@s hydrogen atom transfer (HAT) or single electron transfer mechanism
(SET); or the combination of both HAT and SET mechanisms being primary examples. The
HAT reaction is a concerted movement of a proton and an electron in aldmgfie step
(Scheme 2p(Liang and Kitts 2014)

O,N

Q Q
N_N@NOZ @ — ). @
H
O,N NO,
193

191

192

Scheme29. Reaction of 1,diphenytl-picrylhydrazyl (DPPH) with antioxidant.

191 possesses a purple color, with a maximum absorption at 519 nm in ethanol; hence,
scavenging the DPPH radical by antioxidant substances will result in a decrease in absorption

readings over timethe extent of decrease itO1 absorption being proportiah to the
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concentration of micals that are being scavenggshng and Kitts 2014)Measurements are
made using a UWisible spectrophotometat room temperature, andetscavenging capdy

is repored aghe percentage df91radicalinhibition (eq. 1.)

% DPPH radical scavenging activity=— x100------------ (EQ1)

Whereo the absorbance of the control, andis is the absorbance tife

extractives/standard.

Then% of inhibition was plotted agast concentration, and from tgeaph 1Go was

calculated.

2.10 In-silico drug-likeness predictions

According to statistics, the success rate of candidate compounds found in preclinical detection
is about 40%, while the rate oédndidate compounds entering the market is only 10% due to
their poor biopharmaceutical properties (poor chemical stability, poor solubility, poor
permeability and poor metaboli€)ian et al. 2015)The timeconsuming nature and enormous
resources required in performingvivo studies to determine the drug likeness of a compound
have urged to develop computai# techniques as a viable alternative. Christopher Lipinski
and coworkers reported the earliest report on decisive criteria for identifyinglikieug
compounds at Pfizer in the mi®90s (Agoni et al. 2020) Thus, generating worthy
computational methods for prediction of dilgeness of bioacte molecule is very important

to increase the successdrtig discovery and developmeAtccording to Walters and Murcko
(1999) (Walters, Murcko, and Murcko 1999ruglike compounds are molecslevhich
contain functional groups and/or have physical properties consistent with the majority of known
drugs, and hence can bderred as compounds which might be active biologically mhin

show therapeutic potentidlipinski (2000)definet hos e compoluinkdes 6 awwhide lu g
sufficiently acceptable ADME (absorption, distribution, metabolism, excretion, and toxicity)
properties to survive tlough the Phase | clinical tri@C.-Y. Jia et al. 2020)The concept of
druglikeness, generated by taking into consideration the structural, physicochemical,
biochemial, pharmacokinetic (PK), and toxicity characteristics of a compound; thus, a drug
like compound possesses sufficiently acceptable ADME properties, as well as sufficiently

acceptable toxicity properti€€.-Y. Jia et al. 2020; C. Y. Jia et al. 202Qurrently,there are
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various available online resources for diikgness prediction, including integrated databases,
druglikeness evaluating servers, and resourcedriagylikeness based on natural products and

special drugs.

Thus, understanding these properties has become an integral part of drug discovery and has
enabled the accurate selections of hits that are suitable starting points for the itlentibica
newclinical candidategAgoni et al. 202Q)Lipinski et al. (2012)(Lipinski et al. 2012pointed

out that leads obtained through high throughput screening (HTS) tend to have higher molecular
weights and greater lipophuity than leads in the prBITS era. Lipinski's Rule of 5 was
devel oped atho | $ ¢ ty 6 0 djevwinwleculdar enstisENMES) (Lipinski 2016)

The Lipinski ARul e of Fiveo states that com

permeation in biological systems and are more likely to be successfulardiglates if they

meetthe following criteria(X. Chen et al. 2020¥ive or fewer hydrogetbbond donors (HBD),

ten or fewer hydrogebond acceptors (HBA), molecular weight (MW) less than or equal to

500, and Calglated logP ((cLogP)) less than or equal to Survive through the Phase I clinical

trials were considered drdidke (Huang et al. 2019 As a gui del i ne, t he

conceptually simple and straightforward to implement, hence its widespreadioadop

However, it does not apply to natural products or satesrof biological transportedgoni

et al. 2020) Further research has added two more conditions: a polar surface area (PSA) of
140 Awnd ten or less thantatable bonds (Rot B) which are correlated with drug permeability

and flexibility, respectivelyC. Y. Jia et al. 2020)

2.11 Molecular docking

Molecular docking is one of the most frequently usexthods in structurbased drug design,

due to its ability to predict the bindirgpnformation of smaliolecule ligands to the
appropriate taget binding sitgS. U. Khan et al. 2020)t assists in the po@ss of computer

aided drug designing by considering every possible conformation of the protein and ligand
molecule(S. U. Khan et al. 2020Molecular docking techniques aim to predict the best
matching binling mode of a ligand to a macromolecular par{i@&maso and Moro 2018)
Ligand binding to macromolet@s plays a key role in biologgnd medicine as guiding
medanism in biological processesdhd binding of drugs to proteins and DNXAs led to a vast

structural studies using both experinargnd theoretical methods. Because of the major role
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of DNA in replication and transcrign, DNA has been a major tarder antibiotic, anticancer
and antiviral druggRohs et al. 2005Nucleic acid binding drugare known fortreatment of
various diseasesuch as cancer, malaria, Al[28d other viral, bacterial and fungal infections
(Rohs et al. 2005)he different modes of drug binding to DNiaclude intercalation between
adjacent base pairs, intrusiomo the minor groove and inthe majo groove. Intercalatioand
minor-groove binding are the predominant DNnding modes of small ligandfohs et al.
2005)

Molecular docking or computaimulated ligand binding is a powerful technique for
invedigating intermolealar interactions. lis an attractive todb understand drugiomolecular
interactions for the ratioha@rug design and discovery, a®ll as inthe mechanistic study by
introducing a molecule (ligand) into tipeeferred binding sitefdhe target spsfic region of
the DNA/protein(receptor)mainly in a norcovalent fasion to form a stable complex of
potential eficacy and more specificity. The information obtairiexin the docking technique
can be usetb suggest the binding enerdsee energy and stability of complexed. gkesent,
docking technique isitilized to predict the tentative binding rpaeters of ligandeceptor
complex beforehan(Dar and Mir 2017)

The main objective of molecular docking is to attain ligaedeptor complex with optimized
conformation and with the intention of possessing less binding free energy. The net predicted binding
free energy (@G bind) is rbaydabgédnindjodedmnspageGof v a
( & , torsionalw) fredéespaesgenuwpddde el tol@lon ( (PG
internal w® namgy ulnd® und susTherefofe sgood nndarstanding ofpte
generalet hi cs that govern pr eg)ipotdesdaddiiona dues apoufthee e e n
nature of various kinds of interactions leading to the molecular do¢kgaywal, Chadha, and Mehrotra

2015; Dar and Mir 2017)

47



3 CHAPTER THREE

3. MATERIALS AND METHODS
3.1 General

All solvents and organic reagents were purchased from LOVA CHEMIE PVT IAID.
analytical grade solvents and reagents were used without further purifidédgtimg points
were determined using capillary tubes with Japson analytical melting goodnT hide tube
apparatus and are uncorrect€éde NMR and IR speatscopy analysewere conductedt the
Chemistry Department gfddis Ababa UniversityThe NMR spectra of the compounds were
obtained using NMR Bruker Avance 400 spectrometer operating aatD@M0 MHz using
DMSO-d6, CDClsz and D30H as a solvent and chemical shiftg (ere reported in ppm and
the coupling constantsg)(are reportd in Hertz. The IRf the compounds were recorded using
KBr pellets on a PerkiElmer BX IR Spectrometer (408000 cm. UV-Vis spectra were
determined using double beam WAS Spectrophotometer(SM600 Spectrophotometer))
using methanol as solvent. Analytical thaayer chromatography was conducted on a 0.2 mm
thick layer of silicagel GRsas (Merck) an aluminum plate ahthe spots were visualizaging

UV lamp at254 and 366nm. Silica gel gravity column chromatography was carried out using

100 mesh silica gel.
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3.2Lists of chemicals, reagents and apparatus

The lists of chemicals, reagents and appanases during experiments of thissearch were

list below.

Chemicals

Methanol
ethanol

Ethyl acetate
Acetonitrile
chloroform
Ethanol amine
benzaldehyde
acetic anhydride
Pyridine

Acetic acid
aniline
Benzyltriphenylphosphoniurchloride
Acetone
n-hexane
Pyruvic acid
2-methylaniline

p-nitrooaniline

Potassium hydroxide
Silica gel 108200 mesh
Hydrochloric acid
Moist copper

Nitric acid

Potassium dichromate
Copper oxide

Zinc powder
Aluminum powder
Copper sulfate
Phosphorusoxy chloride
Calcium chloride
Sulfuric acid

Sodium sulfate
Sodium hydroxide

Sodium thiosulfite

Apparatus
Beakers
Buchner funnel
Condenser
Erlenmyer flask
Filter flask
Funnel
Graduate Cylinder
hood
Magnetic Stirrer
Rota vapor
RB flasks
Separatory Funnel
Test tubes
Thermometer
UV lamp 254866 nm
Vacuum pump

Wire gauze
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3.3 Antibacterial activity a ssay

Six dtrains of bacterial species, thre@rampositive bacteriaStaphylococcus aureus
(ATCC25923),Bacillus subtilis(ATCC6633), Streptococcus pyogeneATCC19615)ard

three Gamnegative bacterigEscherichia coli(ATCC, 25922),Salmonella typhimurium
(ATCC 13311),Pseudomonas aerugino$ATCC 27853) which were provided by Adama
Public Health Research & Referral Laboratory Centere used to evaluate dvdcterid
activitiesof the synthetic compods. The antibacterial efficacies of the compounds tested

by using the disc diffusion method. The microbial cultures were grown overnight at 37 °C in
nutrient broth, adjusted to 0.5 McFarland standard using distiteger and lawn inoculated
onto MuellerHinton agar (MHA) plagés.The synthetic compounds were dissolved in DMSO
and adjusted to desiredconcentratiorfor the three different experiments as described in the
discussion section Sterile filter paper discof 6 mm diameter were soaked in 1 mL DMSO
solution of the compoundat various concentration for each of the experimenien, the
saturated paper discs were placed on the centre of each MHA @iptefloxacinwas the
standard drug used as positiveanttol and DMSO was as negative control. The plates were
then inverted and incubated for 24 hours at

results were expressed as the mean of three measurements.

3.4 DPPH radical scavenging activity

The radich scavenging activitieof methanolic solutions of the synthetic compounds was
evaluated using DPPH and compared with ascorbic acid. All synthetic compounds were
separately dissolved in methanol and serially diluted uBif4% methanolic solution of
DPPHto furnishfive different concentration for each sample as indicated in the discussion
section The mixtures were incubated af@7%or 30 min inthedark. Thentheabsorbance was
measured witllouble beam spectrophotometer at 517(8M-1600 Spectrophotoete). The

DPPH radicalscavenging rate of each sample was calculated using the folldanimgla
(Verbanac et al. 2016)

Percentage inhibition =— p Tt 1T

Where A is the absorbance dfie control reaction d A; is the absorbanameasuremenn

thepresence athetest or standard sample
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The control DPPH dation was prepared by mixingriL 0.004% DPPH with 4 mL methanol

The results were presented in marcradical scavenging activitysing tables antine grapts.

The 1Go values of the sample were determined by drawing percent inhibition versus
concentration on excel and by changing the scatter diagram in to linear with an equaRon and
scare values. Then from the linear equation (y = mx + b), wiepds is percent radical
scavenging, m is the slope an@xis is concentration of the antioxidant andolzalue will be

calculated using the following equation

IC50:

R squarevalue indicateghe quality of the measurement. For gaprlity data R] T80

3.5 In-silico Drug-Likeness and toxicity pedictions

In silico drug-likeness is a prediction that concludes whether a particular pharmacological agent
has properties consistent with being an orally active drug. This prediction is based on an already
established concept by Lipins&t al (1997) called Lipinski rule offive.(Lipinski 2016)The
structures bsynthesized compoundsere danged to their canonical simplified molecular

input line entry system (SMILE) then submitted to SwissSADME tool to estinmagglico
pharmacokinetic parameters and other molecular properties based on the methodology reported
by Aminaet al, (2016 (Daina, Michielin, and Zoete 2017)he analyses of the compounds

were compared with that of clinical drug (vosoroxin), and ¢ndsecompoundsvithout any

violation of the rulesvere used fothe molecular docking analysis.

3.6 Molecular dockinganalyses of synthetic compoundagainst E. coligyraseand S.
aureustopoisomerase 1V

To investigate the mode of interaction betweengheoli gyraseand symthetic compounds in

a 3D projectionthe compounds were docked within the binding site of the protein. AutoDock
Vina protocol was used to dock the proteins (PDB ID: 1RDB ID: 6F86 and PDB ID: 2XQT

and synthetic compounds into the active sitethe protein(Adejoro et al. 2020)The 2D
chemical structures of compounds were drawn using Chem Offic§@beim Draw 16.0)
assigned with proper orientation followed by the energy minimization of each molecule using

ChemBio3D. The energy minimized ligand molecules were then used as input for AutoDock
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Vina, in order to carry out the docking simulati@dejoro et al. 2020)The crystal structure

of receptor moleculé. coli DNA gyrase(PDB ID 1ZI0) and S. aureustopoisomerase IV

complex with Ciprofloxacin and DNA (PDB ID: 2XCT) were dowaded from protein data

bank The protein preparation was done using the repgNedamore et al. 201%tandard

protocol by removing the eorystallized ligand, deleting water molecules, adding polar
hydrogens and cofactor s, then the target pr
residue with protein by using Auto Preparation of target proteiy | e Aut o Dock 4
tools1.5.6). The graphical user interface program was used to set the grid box for docking
simulations. To surround the region of interest in the macromolecule, grid was used. The best
docked conformation between the compoundsthadrotein was explored with the docking

algorithm provided with Auto Dock VingCarr et al. 2006; Schoeffler and Berger 200&iring

the docking pocess, a maximum of nine conformers were considered for each liGiaad.
conformations with the mosgavorable(least) free binding energy were selected for analyzing

the interactions between the target receptor and ligands by Discovery suite visdalezer.

ligands are represented in different colomhdhdsand the interacting residues are represented

in stick model representation

3.7 Molecular docking analysisagainsthumant opoi somer ase 1|1 U

To study the interactions and binding affinity between hbenant o poi somandase | |
synthetic compounds in a 3D fashion, the compounds were docked within the binding site of
the protein. AutoDock Vina was used to dock the pret@iDB ID: 4fm9) and compound#o

the active site of protei@adhav and KaruppayR2017) The chemical structures of the
compounds were drawn using Chem Office tool (Chem Draw 16.0) assigned with proper
orientation followed by the energy minimization of each molecule using ChemBio3D. The
energy minimized ligand molecules were then useihput for AutoDock Vina, to carry out

the docking simulationThe graphical user interface program waed to set the grid box for
docking simulations. To surround the region of interest in the macromolecule, grid was used.
The best docked conformatidbetween the compounds and the protein was explored with the
docking algorithm provided with Auto Dock VingAllouche 2012) During the docking
process, a maximum of nine conformers were considered for each (AJamethe 2012) The
conformations with the most favorable (least) free binding energy were selected for analyzing

the interactions &tween the target receptor and ligands by Discovery studio visualizer. The
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ligands are represented in different colofhdhdsand the interacting residues are represented

in ball and stick model representation.

3.8 Synthesisof somenovel quinoline derivatives

Ten (10) quinolined-carbaldehyde derivatives weatso prepared and their antioxidant, and
antibacterial properties were evaluated using the methods didcbstow.Also presented
below isthe molecular dockingnalysisconducted using AutoDock 4(R1GLTools 1.5.6).

3.8.1 Synthesis(Scheme 30 and 31

3.8.1.1 Synthesis of acetanilide (195

In 250mL round flask, anilin€17) (20 mL), acetic anhydrid@94) (22 mL), zinc powder (0.2

g), and acetic acid (23 mL) were added. The mixture was boiled under reflux using water
condenser for an hour. Then, it was cooled to room temperature and poured into 200 mL of
crushed ice water. The solid product was collectesiuation filtration. The product was white
powder; yieldwas 20.1 g&9 %), mp 112113°C.

3.8.1.2 Synthesis of 2chloroquinoline-3-carbaldehyde (19%

N,N-dimethylformamideZ0 mL, 0.26 mol) was added td@0mL roundbottom flask garded
with drying tube; it wagooled to OC using ice bath. Then, phosphorus oxychlofitieé mL,
0.75 mol) was adetl dropwise to it from droppinfginnel guarded by drying tulvehile being
stirred by magnetic stirrer. Traglditionwas done during 30 mines. Then acetamidé&3.5 g,
0.1 mol) was added to it. After 5 minutes, thepper funnel was replaced by air condenser
with guardingtube at its end, and the mixtusas heated for 22 hours on bath at 85690°C.
Then it was cooled tooom temperaturggoured into a beaker caiting 400mL crushed ice
water, and stirred for 20 minutes. The yellow solid productaeisected by suction filtrigon
and washed with 100 mL cold water.eTbrude yield was 118 (60%) and was recrystallized
from ethyl acetateThe final pure product wagllow crystaland Yield was 9.3 g(48.5%inp
146 148C; Rs = 0.22 (rhexane : EtOAG 9 : 1); UV-Vis (MeOH);amax= 280 nm; IR {
cm' 1, KBr): 3035 (CHarom.), 1693 (€ O aldehyde), 1621 (quinoline=Q\ str.), 599 (aromatic
C=C str.);*"H NMR (400 MHz, CDCJ) Uk 7.65 (1H, m, H6), 7.88 (1H, m, H7), 7.97 (1Hd,

J = 8.25 Hz, H8), 8.07 (1Hd, J= 8.25 Hz, H5), 8.74 (1Hs, H-4), and 10.54 (1Hs, H-9);
13C NMR (100 MHz, CDCI3)ic 126.3 (G3), 126.5 (G8), 128.2 (G6), 128.6 (G4a), 129.7 (€
5), 133.6 (G7), 140.3 (Z4), 149.6 (C8a), 150.1 (€2), and 189.1 (D).
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3.8.1.3 Synthesis of 2methoxyquinoline-3-carbaldehyde (197

A 100 mL two-neck rounebottom flask was charged with methanol (10 mDN,N-
dimethylformamide (10 mL)2-chloroquinoline3-carbaldehyde (0.5 g, 0.0026 mol), and
potassium carbonate (0.67 g, 0.0048 mol); the mixture was refluxed using water condenser for
6 hours; and the progress of reaction was monitored by TLC. After completion of the reaction,
methanol wa removed by distillation, and the remaining DMF mixture allowed to cool to room
temperature, and added to 100mL ice cold water. The solid product was collected by suction
filtration and washd with excess iceold water. Theamount of product was 0.44(90.2%).

Gray powder; md06 108°C;Rs= 0.32 (rhexane:EtOA& 9 : 1; UV-Vis amax (MeOH) 295

nm; IRAcm', KBr): 3065.4 (aromatic ¢ str.), 2919.3 (aliphatic €l str.), 2847 (aliphatic

C-H str.), 1673 (aldehyde=30 str.), 1620 (quinoline €N str.), 159%nd 1579 (aromatic€C

str.); '"H NMR (400 MHz, CDCJ) i 4.22 (3H,s, H-10), 7.45 (1Hf, J = 7.3 Hz, H7), 7.76
(1H,t,J= 7.7 Hz, H6), 7.85 (2Hm, H-5, H-8), 8.60 (1Hs, H-4), and 10.49 (1Hs, H-9); 1°C

NMR (100 MHz, CDC4) Uc 55.9 (G10), 120.0 (€3), 124.4 (G6), 125.1 (G4a), 127.1 (€8),

129.8 (G5), 132.6 (G7), 140.0 (C3), 149.0 C8a), 161.2 (€2), and 189.4 (D).

3.8.14 Synthesis of 2Ethoxyquinoline-3-carbaldehyde (193

A 100 mL twoneck rounebottom flask was charged wigichloroquinoline3-carbaldehyde

(0.5 g, 0.0026 mol), potassium carbonate (0.6 g, 0.0044 mol), ethanol (10 mL), and N,N
dimethylformamide (10 mL), and the necks were fitted with water condenser and stopper. The
mixture was refluxed for 5 hours and the pess of the reaction was monitored with TLC. At
the end, the ethanol was removed by d&tdn, and the remaining coldixture waspoured

into 100 mL crushed ice ater. The solid mass wasllected by suction filtran. Yield was

0.35 g (67.3% white ppwder;mp 63 65°C,Rs = 0.38 (nrhexaneEtOAc= 9: 1), UV-Vis amax
(MeOH) 300 nm; IRic mi 1, KBr ) 33@58 @roriaGciH sir), 2930)9 (aliphatic

C-H str.),2874.45 (aliphatic €1), 1683 (GO str.), 1621 (quinolin€=N str.), 1589.6 and
1566(aromatic G C str.);"H NMR (400 MHz, CDC$) Uk 1.53 (3H, tJ = 7.05 Hz, H11), 4.89

(2H, g, J = 7.05 Hz, H10), 7.43 (1H}, J= 7.3 Hz, H7), 7.72 (1H,t, J= 7.3 Hz, H6) 7.84
(2H,d, J= 8.37 Hz, H8, H-5), 8.59 (1Hs, H-4), and 10.61 (1H, H-9); 13C NMR (100 MHz,
CDCly) U 14.5 C-11), 62.4 (G10) 120.0 (C3), 124.3 (G4a), 124.9 (€B), 127.3 (G8), 129.8
(C-5), 132.5(C-7), 139.7 (G4), 149.1(C-8a), 161.2 (€2), and 189.07C-9).
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3.8.15 Synthesis of 2thiocyanatoquinoline-3-carbaldehyde (199

Potassiunthiocyanate (0.25 g, 0.00260l), 2-chloro-8-methyl quinolne-3-carbaldehyde (0.5

g, 0.0026mol), and potassium carbonate (0.65 g, 0.0047 mol) were added to 100 medko
roundbottom flask containing N,Mimethylformamide (20 mL). A water condenser was
placed on one of its neck, and the other was closed with glass stopper and then refluxed for 3
hours, and the progse of the reaction was monitorled TLC. The system was cooled to room
temperature and poured into 50 mL crushed ice water. The solidcpneda collected with
suction filtration and washed with 10 mL cold water. Yield was 0.43g (83.6%); orange powder;
mp 134 136°C; R= 0.44 (rhexane: EtOAe 2 : 1); UV-Vis amax(MeOH) 255 nm; IR&cm' %,

KBr) 3045 (aromatic €H str.), 2919.9 (aliphatic €l str.), 2182 (cyanide-€ N st r . ) , 1¢
(aldehyde €O str.), 1610 (quinoline €N str.), 1572 (aromatic €C str.), 1512 and 1340
(O=N-O str.);*"H NMR (400 MHz, CDCJ) Un 7.50(1H, d, J = 7.8 Hz, H8), 7.61 (1Hd, J=

8.9 Hz, H6), 7.741H, d, J = 8.8 Hz, H7), 7.85 (1Hd, J = 8.9 Hz, H5), 8.74(1H, s, H-4),

10.65 (1Hs, H-9); 13C NMR (100 MHz,CDCl) lic 87.6 (G10), 1211 (G-3, G6), 122.4 (G5,
C-8),125.8 (G4), 127.7 (C5), 129.7 (C7), 132.8 (C8a), 1356 (C-4a), 163.6 (2), and 188.9

(C-9).

3.8.1.6 Synthesis of 2chloroquinoline-3-carboxylic Acid (200)

Sodium hydroxide solution (1 mL, 10%) was added to a suspensiocidb@quinoline3-
carbaldehyde (0.5 g, 0.0026 mol) in water (20 mL). Then a saturated solution of potassium
permanganate iwater was added dropwise until a definite purple color remains after shaking
the solution. The mixture was acidified with 10% sulfuric acid, and a saturated oxalic acid was
added to destroy the excess permanganate solution. The carboxylic acid predsiiatdated

by suction filtration. Yield was 0.34 g (59.3%); white powder, mpi202°C; R= 0.63
(EtOAc: dichloromethane: metharel (3: 2 3); UV-Vis amax (MeOH) 280 nm; IR Acm'?,

KBr) 3440 2483 (broad OH str. of acid), 1725 (G O str), 1621 (quinahe C=N str.), 1540

and 1496.6 (aromatic<C str.);'H NMR (400 MHz, DMSQd®6), U 7.72 (1H,t, J = 7.0 Hz,

H-6), 7.92 (1Hf, J= 7.0 Hz, H7), 7.98 (1Hd, J= 7.8 Hz, H8), 8.15 (1Hd, J= 7.8 Hz, H

5), 8.93 (1Hs, H-4); 1*C NMR (100 MHz, DMS@®d6) iic 130.65 (G3),131.10 (G4a), 132.83

(C-8), 133.21 (G5), 134.50 (66),137.92 (C7), 146.93 (&4), 151.62 (C8a), 152.5 (C2), and
170.90 (G9).
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3.8.1.7 Synthesis of 4nitrophenol (202

Concentrated sulfuric acid (5.5 mL) was added to a 100 mL beaker contaaterg(w5 mL).

To the solution, finely powderedatroaniline (3.5 g, 0.025 mol) and 15 g of finely crushed
ice were added and stirred until thaifroaniline converted into a homogeneous paste. It was
cooled to ©5°C by immersion of the beaker in crudhee. A cold solution of sodium nitrite

(1.8 g) in 4 mL of water was added to it dropwise while keeping temperature below 5°C during
the diazotization process. While the diazotization reaction was in progress, a mixture of 16.5
mL concentrated sulfuric &tin 15 mL of water was heated to just boiling in 100 mL round
flask, and the diazonium solution was added to it dropwise within 5 minutes. After additional
5 minutes of boiling, the mixture was cooled in ice bath while being stirred continuously. The
solid mass was collected by suction filtration and washed with 10 mL of cold water. The crude
product was recrystallized in 6M hydrochloric acid. The yield of yellow crystal product was 2.1
g (60%). The melting point was 1i1P13°C. Purity was analyzed with Tl,.and its authenticity
was ascertained by comparing its melting point with literature value (literature value is
113.8°C).

3.8.1.8 Synthesis of 2Nitro -12H-chromeno[2,3b]quinolin -12- one (203

p-Nitrophenol (0.36 g, 0.002&0l), 2-chloro-8-methylquinolhe-3-cabaldehyde (0.5 g, 0.0026
mol), potassium carbona(8.67 g, 0.0047 mol), and moisbpper powdered (0.1, @.0016)
were added to a 100 niivo-neck rounebottom flask ontainingN,N-dimethylformamidg20
mL). A water condenser wadtéd intoone of the necks, and tlm¢her one was closed with
glass stopper. mixture wa refluxed for 5 hours with thgrogress followed by LC. After
being cooled to roortemperature, it was addeal100mL crushed ice water. Thelid product
was separatedytsuction filtration and washedith 5% sodium hydroxide solution (50 mL).
Yield was 0.61 d81.3%);yellow powder, mp 177179°C; R = 0.67 (rhexane EtOAc= 2
1),UV-Vi s amax ( MdRgdn) !, KB 3055n(aromatic & str.), 1703 (& O str.),
1615 (qinoline G=N str.), 1577 (aromatic€C str.), 1512 and 1340 €N-O str.); 1H NMR:
(400 MHz, CDC}) tn 6.97 (2H,t, J = 7.4 Hz, H8, H-9), 7.04 (2Hd, J = 8.4 Hz, H4, H-7),
7.55 (2H, t, ¥ 7.4 Hz, H1, H10), 7.96 (2Hd, J= 8.0 Hz, H3, H-11); 3C NMR (100 MHz,
CDCl) Uc 111.4 (G11a, G12a), 117.8 (€1, G4, CG9), 119.6 (€7, G10, G10a), 131.0 (€3,
C-8), 137.0 (G2, G6a, G11), 162.2 (€4a, G5a), 175.0 (€12).
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3.8.1.9 Synthesis of 2Methylacetanilide (205

To a 250mL roundbottom flask, etoluidine (22mL, 22.2 g, 0.207 mol), acetic anhydride (23

mL, 24.84 g, 0.24 mol), acetic acid (23 mL, 24.15 g, 0.40 mol), and zinc powder (0.2 g, 0.003
mol) were added. The mixture was refluxed for an hour using water condenser. It was cooled
to room temperature and getl to 200 mL crushed ice water. The product was collected by
suction filtration. Yield 21.2 g (69%); white powder; mp 1080°C (Lit. 109112°C).

3.8.1.10 Synthesis of 2Chloro-8-methylquinoline-3-carbaldehyde(206)

To a 100mL roundbottom flask equipped with diryg tube N,N-dimethylformamide (20 mL,

18.88 g, 0.26 mol) was added, and the mixture was cooled to 0°C using ice bath. Then
phosphorus oxychloride (70 mL, 115.15agd 0.75mol) was added dropwise from dropping
funnel guarded by drying tube which wagddit to flask with adaptor while being stirred by
magnetic stirrer for 30 minutes. Next;(bHtolyl)acetamide (13.5 g, 0.1 mol) was added to it,

the dropper funnel was replaced by air condenser with guarding tube, and the mixture was
heated for 22 hours aril bath at 8590°C. After that, it was cooled to room temperature and
poured into a beaker containing 400mL crushed ice water, while being stirred with glass road.
The yellow solid product was collected by suction filtration and washed with cold wager. Th
crude yield was 9.2 g (44.77%%and it was recrystallized froethyl acetate. Thegield of the

final of product was 6.8 g 809%); pale yellow crystal; mp36 140°C;Rs = 0.30 (rhexane:
EtOAc= 9: 1), UV-Vis amax(MeOH) 295 nm; IR Acm' 1, KBr) 3223, 25 (aromC-H.), 2956
(alip-C-H), 2837 (alipC-H), 1683.3 (GO str.), 1621 (quinoline €N str.), 1579 (aromatic

C=C str.);'H NMR (400 MHz; CDC4) Un 2.80 (3H,s, H-10), 7.53 (1H{, H-6), 7.70 (1Hd,

H-7), 7.78 (1H, d, B), 8.70 (1Hs, H-4), 10.6 (1Hs, H-9); 13C NMR (100 MHz, CDGJ): Uc

17.8 (G10), 126.0 (€3), 126.5 (G6), 127.5 (C5), 127.8 (C4a), 133.6 (€7), 136.9 (C8),

140.4 (G4), 148.7 C-8a), 149.4 (€2) and 189.5 (D).

3.8.1.11 Synthesis of 8methyl-2-oxoquinoline-3-carbaldehyde (207
2-Chloro-8-methylquinolne-3-carbaldehyde (0.5 g, 0.0080l) was added to a mixture of 6M

HCI (10 mL) and glacial acetic acid (10 mL). The mixture was refluxed for 3 hours, at which
the TLCshowed complete disappearance of the starting material. Then the acetixaaid

was removed with distillation under reduced pressure. The solid residue was washed with cold

water and allowed to dry in wood cupboard. The yield eftoduct was 395 mg (78; yellow
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powder; mp 176178°C; R = 0.41 (nhexane:EtOAG 1: 1); UV-ViS amax (MeOH) 375 nm;
IR (Acm' %, KBr) 3429 (GH str.), 3179.5 (NH str.), 3023 (aromatieHJ, 2919.8 (aliphatic CH
stro. ), 2 8 3H).1&73 (Gl sir.)p b6a0t (quimolin€ €N str.), 1558 and 1465
(aromatic G- C str.);'H NMR (400 MHz; CDC4) Un 2.56(3H, s, C-10), 7.23 (1Ht, J= 7.5
Hz, H6), 7.51 (1Hd, J= 7.32 Hz, H7) 7.61 (IHm, J = 7.7 Hz, H5), 8.49 (1Hs, H-4) and
10.48 (1H,s, H-9): 3C NMR (100 MHz, CDGJ) iic 16.7 (G10), 117.9 (G6), 123.3 (C3, G
8), 129.1 (G4a, G7), 135.0 (C5), 139.1 (G8a), 144.2 (&4), 162.7 (C2), 190.00 (&9).

3.8.1.12 Synthesis of (2Zmethoxy-8-methylquinolin-3-yl)methanol (208

A gram of sodium (0.043 mol) was dissolved in 10mL methanol, ammihlidzo-8-
methylquinolne-3 carbaldehyde (0.5 g, 0.00260l) and 10mL ofN,N-dimethylformamide

were added to it. The mixture was refluxed for 6 hours, at which TLC analysis showed complete
disappearance of the aldehyde. After removal of methanol using distillation, the remaining
content was cooled to room temperature and add&6aoL icecold water. The precipitate

was collected bguction filteration Yield of the product was 0.26 g (53%); gray powder, mp
98/ 99°C; R= 0.51 (rhexane: EtOAe 3 :1), UV-Vis amax(MeOH) 315 nm; IRAcm' %, KBr):

3470 (bralcohol CHGH str.), 3013 @#romatic GH str.), 2930.9 (aliphatic €l str.), 1625
(quinoline G=N str.), 1589.6 and 1475.5 (aromatis C str.);*H NMR (400 MHz; CDCJ) tiH

2.80 (3H,s, H-10), 4.11 (3Hs, H-9), 4.79 (2Hs, H-1), 7.28 (1Ht, J = 7.58 Hz, H6), 7.42
(1H,d, J = 7.0 Hz,H-7), 7.58 (2Hd, J = 8.34.Hz, H5), 7.86 (1Hs, H-4); 13°C NMR (100

MHz, CDGg) Uc 18.1 (G10), 51.3 (€9), 61.9 (C1), 123.8 (C3), 124.1 (C6), 124.2 (C4a),

125.0 G5), 129.4 (C7), 135.1 (G8), 135.9 (C4), 144.7 (C8a), 160.2 (). The product was
washed repeated with hexane and some hexane impurity was observed on NMR sp@8tra of

3.8.1.13 Synthesis of (2ethoxy-8-methylquinolin -3-yl)methanol (209

Sodium (1 g, 0.043 mol) was dissolved in ethanol (10 mL), and 0.5 g (0.0024 mal) of 2
chloroquinoline3-carbaldehyde and 10mL of Nsimethylformamide were added to it. The
mixture was refluxed fo5 hours, at which TLGhowed complete disappearance of the
aldehyde. The ethanol was removed by distillation, and the remaining content was gooled t
room temperature and added to 100 ml cold water. The precipitate was collesiectiby
filtration. Yield was 0.43 g (82.7%); dull brown; mpi&’°C; R = 0.54 (rhexane: EtOAc =

3: 1); UV-Vis amax(MeOH) 315 nm; IR Acm' !, KBr) 3502 3148 (OH str.), 3@5 (aromatic €
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H str.), 2930.9 (aliphatic <®l str.), 1625 (quinoline C=N str.), 1582 (aromatic C=C stH);
NMR (400 MHz; CDC%) U4 1.5 (3H,t, J=7.01 Hz, H10), 2.74 (3Hs, H-11) 4.63 (2HQ, J =

7.01 Hz, H9), 4.48 (2Hs, H-1), 7.26 (1Ht, J= 7.04 Hz, H6), 7.47 (1Hd, J= 6.89 Hz, H7),

7.56 (1H,d, J= 7.80 Hz, H5), 7.93 (1Hs, H-4); 13C NMR (100 MHz, CDGJ) tic 13.7 (G10),

19.3 (G11), 61.5 (G1), 61.8 (G9), 123.0 (G9), 124.2 (G6), 124.90 (&4a), 125.0 (€5), 130.3
(C-7), 135.0 (€8), 135.8 (G4), 144.7 (C8a), 158.3 (2).

3.9 Synthesis of the stilbenes and pinacol ofuinolines
Schemes 335 portrayedthe synthesis of stilbenes and pinacaofjeinolones.

3.9.1 Synthesis of (Z)2-chloro-3-styrylquinoline (211)

A solution prepared by dissolving 0.4g pellets of KOH in 1 mL water was added dropwise to a
mixture of  2chloroquinoline3-carbaldehyde (0.5¢, 2.6 mmol) and
benzyltriphenylphosphonium chloride (1.01g, 2.6 mmol) dissolved in 10 mL DMF in 100 mL
round botton flask while being stirred with magnetic stirrer. The stirring was continued for 5

hrs at which TLC analysis showed the complete consumption-dila2oquinoline3-
carbaldehyde. Then the mixture was poured to 100 mL crushed ice water and the precipitate
was collected with suction filtration. The crude product was (0.62 g, 89.88€)produc{300

mg) was purified using silica gel column chromatographipéxane: acetate 9:1) aseluent.

Yield was (106.5 mg, 35.5%); white powder; mp@&BC; R = 0.63 f-hexane:EtOAc = 9:1);

UV-V i sax(eOH) =375 nm; IR§cm %, KBr): 3035 (CHarom.), 1635 (C=C alkene), 1621
(quinoline C=N str.), 599 (aromatic C=C stit NMR (400 MHz, DMSQd6): ih 6.72 (1H,d,

J=12.25 Hz, H10), 6.91 (1Hd, J=12.25 Hz, H9), 7.6 2H.m H-4 6 ;56 , 7m44 ( 2 H
H-6, H7), 756 (AHM, H-36 ), 7Tm&&6(0) 1 H,7mHS HEBEDH, 7t,P4 (1H,
7.45Hz, H8) and 8.14 (1H, s, #4); 13C NMR (100 MHz, DMSQd6): tic 125.7 (G9), 127.2

(C-4), 127.4 (C5), 127.9 (G6), 128.0 (C3), 128.3(C4 6 ) , 1-8,81290(CF &,- C
66), 1-36;5160C 118)1132.7 (€41,135.9(C-7), 138.9 (C11), 146.6 (&8a), and

149.9 (G2).

3.9.2 Synthesis of (Z)3-styrylquinolin -2(1H)-one 213
Firsty, 2-oxo-1,2-dihydroquinolne3-carbaldehyde was prepared by refluxing- 2
Chloroquinoline3-carbaldehyde (1.0 g, 5.2 mmol) in a mixture of 6M HCI (10 mL) and glacial

acetic acid (15 mL) with occasional monitoring with TLC. After 3 hptlmsexcess acetic acid
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was removedy distillation under reduced pressure. Then the residue was addesD mL
crushed ice cold water attteprecipitate was collected by suction filtration, washed three times
with 10 mL cold waterand allowed to dry imwood cupboardAqueous solution oKOH (1

mL, 40%) was added dropwiseto themixture of 2oxo-1,2-dihydroquinoline3-carbaldehyde
(0.45 g, 2.6 mmol) and benzyltriphenylphosphonium chloride (1.01g, 2.6 mmol) dissolved in
10 mL DMF in 100 mL round bottomask while being stirred with magnetic stirrer. After
stirring for 4 hrs, the mixture was pouredatb00 mL crushed ice water and the precipitate was
collected with suction filtration. The crude product (0.55g, 85%) was purifiedites gel (50

g) columm chromatography using n-hexane: ethyl acetate (8:1) aseluent. Yield, 40.5%;

dull yellow powder; mp 174 8 0 ; R fn-hexan@:EtQAL = §:1); UW i sax (BleOH)

=400 nm; IR §cm' L, KBr) 3429 (NH str.), 3023 (aromatic-El), 1673 (alkene C=C stf.}610
(quinoline C=N str.), 1558 and 1465 (aromatic C=C sStd)NMR (400 MHz, DMSGd6): tiH

6.56 (1Hd,J=12.55Hz ,H9), 6.75 (1Hd, J=12.55 Hz, H10), 7.09 (1Ht,J=7.07 Hz, H

6), 7.23 (1Hd, J=7.05 Hz ,H7), 7.32 (bHmM, H-2 6 ;3 6H4 6H5 6H6 6 , 7d, =4 ( 1 H,
6.64 Hz, H5), 7.59 (1Hd, J= 7.3 Hz, H8). 7.66 (1H, s, Hi) and 11.97 (1H, s, #); 1°C NMR

(100 MHz, DMSQd6): iC 115.3 (G8), 119.3 (C4a), 122.4 (€3), 125.4 (Z4), 127.0 (C6),

1279 (G9), 1289 (G2 6 ,6 6G , BDI5 &Y ,C 12®).,3 [{)T032.5 (C1],
136.9(G1 6 ) , U@, 7138 (C8a)and 161.8 (Q)

3.9.3 Synthesis of (4-2-methoxy-3-styrylquinoline (214)

Aqueous solution of KOH(1 mL, 40%) was added dropwise to a mixture of 2
methoxyuinoline 3-carbaldehydg0.50 g, 2.6 mmolsynthesized by the above procedure
(Section2.5.1.3.)and benzyltriphenylphosphonium chloride (1.01g, 2.6 mmol) dissolved in 10
mL DMF in 100 mL round bottom flask while being stirred with magnetic stirrer.stihéng

was continued for 8 hrs at which TLC analysis showed the complete consumption of the
reactant. Thenthe mixture was poured to 100 mL crushed ice water and the precipitate was
collected with suction filtration. The crude product (0.6 g, 88%) waiied by silica gel (50

g) column chromatography usimghexane:ethylacetate (9:1) as eluent. Yield was 0.192¢g
(28.399; gray powder; mp 13840°C; R = 0.52 (-hexane:EtOAc = 9:1); UW i Snax &
(MeOH) = 322 nm; IRAcm', KBr): 3065.4 (aromatic & str.), 2919.3 (aliphatic & str.),

2847 (aliphatic &H str.), 1630 (alkene C=C str.), 1620 (quinoline C= N str.), 1599 and 1579
(aromatic C=C str.)}H NMR (400 MHz, CDCJ): i 3.97 (3H,s, -OCH), 6.65 (1H,d, J =
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11.96 Hz, H10), 6.78 (1Hg, J= 11.96 HzH-9), 7.21 (4Hm, H-3, H5 6 ;4 6H6), H34 (1H,
mH606), 7m#206] 1H7m 87 H2)H.78 (1Hd, H-5) and 7.91 (1Hs, H-4);

13C NMR (100 MHz, CDGJ): Uic 54.1¢OCHs), 122.1 (G3), 124.6 (C4a), 124.7 (€9), 126.9

(C26), 18pI7.9(CH), C28.0(G6 6) , 162(5.683 qQC, 1-26) 2918C. 0 (
10), 132.7 (€4), 136.7 (G7), 137.7(GL 6 ) ,  184)5ands160(2Q2)

3.9.4 Synthesis of 2(((2-((2-hydroxyethyl)amino)quinolin-3-yl)methylene)amino)ethan

1-0l (219

2-Chloroquiomoline3-carbaldehyd€0.5 g, 2.6 mmol) was added to 10 miainoetharl-ol

in a 100 mL round bottom flask and heated @98°C for an hourin a water bath. The
completion of the reaction was monitored by TLC. The resulting mixture was cooledr
temperature and added to 100 mL cold ice water. The precipitate was separated by suction
filtration and washed with 20 mL cold water. Yielchs0.59g, 84%; yellow powder; mp 80

8 2 ;=0R5 (r-hexane: Methanol = 7:3); UV i sax(leOH) = 390 nm|R(Gcm' 2, KBr):
35253510 ( GH and NH), 3065.4 (aromatic & str.), 2919.3 (aliphatic €& str.), 2847
(aliphatic GH str.), 1623 (imine C=N str.), 1620 (quinoline C= N str.), 1599 and 1579 (aromatic
C=C str.)*H NMR (400 MHz, DMSGd6): Un 3.65 (8H,d, H-11, H-12,H-14, and H15), 4.72(
(1H,s, OH), 4.92 (1Hs, OH), 7.19 (1Ht, J = 7.25Hz, HB), 7.55(2Hm, H-5, H-8), 7.72 (1H,

d, J=8.36 Hz, H7), 8.21 (1Hs, H-4), 8.5(1H,s, H-9), and 9.55 (1Hs, NH); 1*C NMR (100
MHz, DMSO-d6): Uc 43.4(G14), 60.5 (€12), 61.2(C15), 63.7(C11), 117.2 (€3), 121.9 (C

8), 122.4(C4a), 125.7 (€5), 128.9(C6), 131.5 (C7), 143.0 (G4), 148.3(C8a), 155.4 (),

and 163.8 (9) ; DEPT-1 35 U C -14 Begadive)C60.5 (@2 negative), 61.2(@5
negaive), 63.7 negativ¢C-11), 121.9 (€8), 125.7 (G5), 128.9(C6), 131.5 (C7), 143.0 (C

4), and 163.8 (D)

3.9.5 Synthesis of (Z)2-chloro-8-methyl-3-styrylquinoline (216

1 mL 40% aqueous KOH was added dropwise to a mixtureQifl@ro-8-methylquinoline3-
cartaldehyde (0.53g, 2.6 mmol) synthesized by thmocedure insection 2.5.1.10and
benzyltriphenylphosphonium chloride (1.01g, 2.6 mmol) dissolved in 10 mL DMF in 100 mL
round bottom flask while being stirred with magnetic stirrer. The stirring was contiou&d

hrs at which TLC analysis showed the disappearance of the reactant. Then the mixture was

poured to 100 mL crushed ice water and the precipitate was collected with suction filtration.
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The crude prodit was 0.64g (88.2%)was purified over silica gel (®g) column
chromabgraphy usingi-hexaneethyl acetate (9:1as an eluentYield 33% ayellow gummy;

Rf = 0.7 f-hexane:EtOAc = 9:1); UWi s amax ( Me OH fem% KB)7325n m; | F
(aromC-H.), 2956 (alipC-H), 2837 (alipC-H), 1630 (alkene C=C str.}621 (quinoline C=N

str.), 1579 (aromatic C=C str.JH NMR (400 MHz, DMSQd6): i 7.36 (IHmM H-46) , 7. 44
(4H,m, H-5 6 ;3 6H9, H0), 7.52 (Hdd, H-6 6 ) , 7dt&HR 6() 1 H,7m&-6, H( 2 H,

7), 7.85 (1Hdd, H-5), 7 and 8.78 (1H, s,-H); 3C NMR (100 MHz, DMSQd6): tic 17.5 (G

11), 123.1 (€6), 126.4 (G6), 126.4 (C9),127.4 (G5, G8) 127.7. (€9), 1278 (46 ) , 128 . 1
(C66) , 120560 ( C14a9137.1(R €) 173, 3359(C4), T35.8(C8),

136.8(CG1 6) , 124amd 1A8 (C8a).

3.9.6 Synthesis of (Z)8-methyl-3-styrylquinolin -2(1H)-one @17)

Aqueous solution of KOH (1 mL, 40%) was added dropwise to a mixturaratByl2-oxo-
1,2-dihydroquinoline3-carbaldehyde (0.50 g, 2.6 mmagijepared by procedure in section
2.5.1.11 ard benzyltriphenylphosphonium chloride (1.01g, 2.6 mmol) in 10 mL DMF in 100
mL round bottom flask while being stirred with magnetic stirrer. The stirring was continued for
7 hrs at which TLC analysis showed the complete consumption of the reactant.eTimexttine

was poured to 100 mL crushed ice water and the precipitate was collected with suction filtration.
The crude produawas 0.55g (85%yvas purified bysilica gel (50 grolumnchromatography
usingsolventn-hexane: ethylacetate 8:1 aseluent Yield 36.8% dull yellow powder; mp
60-62°C; Rf = 0.381f-hexane:EtOAc = 6:1); UN i sax(leOH) = 375 nm; IRdcn &, KBr)

3429 (NH str.), 3023 (aromatic-€l), 2919.8 (aliphaticCk$ t r 6 . ), 28 3Hj162 (al i p
(alkene C=C str.), 1610 (quinoline C=siit.), 1558 and 1465 (aromatic C=C std)NMR (400

MHz, DMSO-d6): U 2.56 (3H,s, C-11), 7.11 (1Hf, J = 8.46 Hz, HB), 7.247.42(5H,m, H-
10,H7,H5, H3 6 ;56 , 7m62 6 (M6 6H9), 8123 (1H,s H-4) and 11.10
(1H,s, H-1); *C NMR (100 MHz, DMSQd6):lic 17.7 (G11), 119.9 (€8), 122.37 (G6), 123.4

(C-4), 123.6 (G5),123.7 (C9), 126.5(C4 6 ) , 12267;6 G ( C142)81284 (@306 ; C
56), 173 133.3(C3).C36.1(C10),137.7(C1 6 ) , 183a)&and162.( E2)

3.9.7 Synthesis of 8methyl-N-(4-nitrophenyl) -3-styrylquinolin -2-amine (219
8-methyt2-((4-nitrophenyl)amino)quinolind-carbaldehyde was synthesized by addm
Nitroaniline (0.36 g, 0.0026n0l), 2chloro-8-methylquinolne-3-carbaldehyde (0.5 g, 0.0026
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mol), and potassiumcarbonate (0.67 g, 0.00479 a 100 mL tweneck rounebottom flask
containing NN-dimethylformamide (20 mL). A water condenser was fitted into one of the
necks, and the other one was closed wiglass stopper The mixture was refluxed f&rhours,
meanwhile the progress tfie reaction was attended by TLC. After being cooled to room
temperature, it was added to 100 mL crushed ice water. The solid product was separated by
suction filtration and washed with 20 mL 5% H&ilution (50 mL) andllowed to dry in air.
Then aqueous solution of KOH (1 mLO%) was added dropwise to thexture of 8methyt
2-((4-nitropheny)amino)quinoline3-carbaldehyde  (0.68g, 2.2 mmol) and
benzyltriphenylphosphonium chloride (0.86g, 2.2 mmol) dissolved in 1DME in 100 mL
round bottom flask while being stirred with magnetic stirrer. The stirring was continued
overnight until TLC analysis showed the complaiewersion of the reactant. Thehe mixture

was poured to 150 mL crushed ice water and the precipriteteseparated by suction filtration
and washed with 30 mL cold water. The crude product (0.76 ¢g¥®®8s purified by silica

gel (50 g) column chromatography usimghexane: ethylacetate (7:43% an eluentrield was
0.0999(10.8%). Pink powder; mp 18D 5 2 =0.8R fi-hexane:EtOAc =7:3); UW i $ax &
(MeOH) 315nm, 319 nm; IR mT 1, KBr ) 3 oHs.), 1620 (atkena @=C str.),C
1615 (quinoline C=N str.), 1577 (aromatic C=C str.), 1512 and 1340 {@=MN.);'H NMR

(400 MHz, DMSQGd 6 ) : 60(3H,s2CHg), 6.78 (1Hd, J= 12.75 Hz, H10), 6.88 (1Hd,
J=12.75 Hz, H9), 7-21-7.78 (22H,m, H-5, H-6, H-7, H-9, H-12, H13, H14, H15, H16,
H-18, H22 and their stereoisomers), 8.14(tH1-6 6 ) , 8m, B-B ar{d &sk$tereoisomer),
8.33(2H, m, H-21 and its stereoisomers) and 8.72 ($HyH), *C NMR (100 MHz, DMSQ
d6): Uc 17.4¢CHa), 121.1 (C9), 122.3(G18, G21), 122.7 (&%), 123.6 (C5), 127.3 (€19, G

22), 128.1 (C14), 128.8 (€12, G16), 129.3 (€13, G15), 130.5 (€10), 133.8 (C7), 135.0
(C-3, G4a), 136.9(€8, G11), 137.1 (€20), 140.0 (&4), 143.6 (C17), 1572 (C-8a) and 159.2

(C-2) and peaks due to their stereocisomers were also seen.

3.9.8 Synthesis of (Z)N-(4-((8-methyl-3-styrylquinolin -2-yl)methyl)phenyl)acetamide
(222

First, (4-((3-formyl-8-methylquinolin2-yl)methyl)phenyl)acetamide was prepared by mixing
N-(4-hydroxyphenyl)acetamide (0.36 g, 2.4 mmol)),-cioro-8-methylquinoline3-
carbaldehyde (0.5 g, 2.4 mmodnd potassium carbonate (0.67 g, 4.7 mmad) a 100 mL
roundbottom flask containing 20 mL DMF. An air condenser was fitted to neck. The mixture
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was refluxed for 5 hours and the disappearance of the reactant was monitored by TLC. It was
cooled to room temperature and poured to 100 mL crushed ice water. The qieciEs
separated by suction filtration and washed with 50 mL of 5% sodium hydroxide solution and
allowed to dry in air. Then aqueous solution of KOH (1 mL, 40¢4$ added dropwise to a
mixture of N(4-((3-formyl-8-methylquinolir2-yl)methyl)phenyl)acetardie (0.64g, 2.0
mmol) and benzyltriphenylphosphonium chloride (0.78g, 2.0 mmol) dissolved in 15 mL DMF
in 100 mL round bottom flask while being stirred with magnetic stirrer. The stirring was
continued for 16 hours at which TLC analysis showed the comgeteersion of the reactant.
Then the mixture was poured to 150 mL crushed ice water and the precipitate was separated by
suctionfiltration and washed with 30 mL cold water. The crude product 0(924.%) was
purified by silica gel (50 g) column chromataghy (with rhexane: ethyl acetate (7:4) as
eluent.Yield was 0.180 ¢19.1%); white powder; mp 178 8 0 ;= 0.8 (-hexane:EtOAc

= 7:5); UV-V i $nax (8eOH); IR (fcm'!, KBr) 3281.8 (NH str), 3055 (aromatic <€ str.),
1645.7 (NHC=0) 1620 (alkene C=C.}3t1615 (quinoline C=N str.), 1577 (aromatic C=C str.);

'H NMR (400 MHz, DMSQd6): Uk 2.3 (3H,s, H-24) 2.33 (3Hs, 25), 6.81 (1Hd, J= 12.75

Hz, H-10), 6.89 (1Hd, J = 12.75 Hz, H9), 7.08(2Hd, J = 8.97 Hz ,H18, H22), 7.25 (5H,

m, H-6, H-13, H14, H15, H16), 7.42 (1Hm, H-12), 7.63(2Hm, H-21, H19), 7.68 (1Hd, J
=8.97, H5), 8.06(1H, s, H4) and 8.66 (NH)**C NMR (100 MHz, DMSQGJ6): tic 17.4(G25),

24.4 (G24),120.0 (€8, G22), 122.3(C19, G21), 124.2 (€6), 125.1(CG5), 125.5 (C3, G4a),

127.2 (G9),128.0 (G28), 128.9 (€12, G16), 129.3 (C13), 130.3 (Cl5), 133.3 (€7),
134.7(G20) 136.4 (€8), 137.0 (G11), 139.2 (€10), 143.9 (€17), 148.9 (CBa), 158.6 ()

and 168.6 (€3).

3.9.9 Synthesis of nethoxy-5-methylquinolin-3-yl)-2-(2-methoxy-8-methylquinolin-3-
yhethane-1,2-diol (224)

2-methoxy8-methylquinoline3-carbaldehydg6 g, 3 mmol) aluminum powdel0.16 g, 6

mmol) and potassium hydroxide1g,18 mmol) were alded to 10 mL methanol in 100Lm

round bottom flask closed with a glass stopper. The flask was mounted over a magnetic stirrer
and the reaction mixture was stirred for 12 hours. The pregrfethe reaction was monitored

by TLC. The reaction mixture was filtered to remove unreactedialuumpowder and 50 mL

water was added to the filtrate. The precipitate was collected by suction filtratioin driddch

The crude product(53 9 was charged to a silicalg®&0g) column chromatographysingn-
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hexane: ethylaceta{8:1) as eluentYield 16.1% White powder; mp 202 0 4 = 0.R{-
hexane: EtOAc = 7:3); UW i snax (MeOH) 325 nm; IR Acm', KBr): 3470 (bralcohol -
CHO-H str.), 3013 (aromatic & str.), 2930.9 (aliphatic & str.), 1625 quinoline C=N
str.),1620 (aromaticC=C str.) 158% and 1475.5 (aromatic C=C stiff NMR (400 MHz,
DMSO-De): U 2.65 (3H,s, H-10), 3.99 (3Hs, H-11), 5.20 (1Hd, J= 7.51 Hz, H9), 5.25
(1H,d,J=7.51 Hz, H12), 7.31 (1H, t)=8.13 Hz, H6), 7.51(H, dJ=8.11 Hz, H7), 7.72
(1H,d, J=8.11Hz, H5), and 8.28 (1H, s, #4); :3C NMR (100 MHz, DMS@d6): Uic 17.3(G
10), 52.9 (C11), 69.2(G9), 117.2 (G6), 124.79 (€3), 125.33(C5), 127.1 (G4a), 128.9(€
7), 133.8 (C8), 136.7 (G4),143.6(G8a), and 158.26 ().

3.10  Synthesis of Novel2,3-biquinoline]-4-carboxylic acid and additional quinoline-
3-carbaldehyde analogs
The synthesis 0of2,3-biquinoline}4-carboxylic acid andjuinoline3-carbaldehyde analogs

was outlined in Scheme 37, 38 and 39.

3.10.1 Synthesis

2-Chloroquinoline3-carbaldehyde and 2chloro-8-methylquinoline3-carbaldehyde were
prepared by literature report meth@deth-Cohn et al. 1981; Zehiroglu and Ozturk Sarikaya
2019)

3.10.1.1 Synthesis of 2phenylquinoline-4-carboxylic acid (62)

Benzaldehyde (1L, 0.020 mol) and pyruvic acid (1.5 mL, 0.020 mol) were added to glacial
acetic acid (15 mL) and the mixture was refluxed for an hour with stirring. To the mixture,
aniline (1.9 mL, 0.02 mol) was added and refluxedafdditional 10 hours. It was cooled to
room temperature and basified with 5% aqueous NaOH. Then it was filtered by gravity filtration
and the filtrate was acidified with 5% aqueous HCI. It was cooled in an ice bath. The precipitate
was collected by suctidfiltration. The crude product was recrystallized from methahioé

yield was 3.10g (62.2%) Yellow powder; mp 21214 : IR(Acm'!, KBr): 3389(br, acid

OH.), 3040 (aromatic €H), 292( C-H str.), 2848 (GH str.), 1709( acidic C=0), 1607
(aromatic C=C), 384 'H NMR (400 MHz, DMSQd6): Uiy 7.56 (H, m,H-3 6 -4 0H5 HH
7.72 (1H,t, J = 7.02Hz H-6), 7.871H, t, J = 7.02Hz, H7), 8.25 (H, m, H-8, H-2 & ;6 BHH
8.44(MH, s, H-3) and 8.63 (1Hgl, J = 7.91Hz, Kb); 3C NMR (100 MHz, DMSGd6): lic 119.9

(C-3), 123.9(CG5), 125.9C-4a), 128.0 (2 6 ;6 6G , (Ci62 829.8(C8) 1295(C3d6; C
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5)130.8 (G4 6131.2(G7),137.5(C-4), 131.1 (C7), 139.0C-1 6 ) , BA),8562(C
and 167.8C-9).

3.10.1.2 Synthesis of 2chloro-[2,3'-biquinoline]-4-carboxylic acid (225
2-chloroquinoline3-carbaldehyde (0.38 g, 0.002 mol) and pyruvic acid (0.15 mL, 0. 002 mol)

were added to 15 mL glacial acetic acid in 100 mL round bottom flask. The mass was mounted

on a magnetic stirrer and refluxed for an hour while being stiAm,itine (0.17 mL, 0.002 mol)

was added to the reaction mixture and then refluxed for additional 8 hours. The mixture was
cooled to room temperature and the precipitate was separated by suction filtration. The crude
yield (569 mg, 85%) was purified ovdlica gel column chromatography with GEl>:MeOH

(9:1) as eluent. Yield 54%; Yellow powder; mp 20d6 : IR(Acm'?, KBr): 3423 2521 fr,

acidOH.), 2979 ( GH str.), 2838 C-H str.), 1675 ( acidic C=0), 1584 (aromatic C=CMj

NMR (400 MHz, DMSQd6): Un 7.26 (1H,t, J=7.21Hz, H-6 6 ) , (1H/ m, 457.25Hz, H

6), 7.60 (Hm, H-76) , 7mHJI), (8BI(IHM H506) , 7d 9=27.14 HzlH;5),

8.19 (1Hd,J=7.4HzH-86 ) , 7d B=7.4Hz,118),889(1HsH46), 8st8 ( 1H,
3)and 12.26 (1H, s, ®l); 1*C NMR (100 MHz, DMS®d6): lic 115.5 (G3), 119.6 (G5), 122.8
(C-4a),123.4(B6 6 ) , 18204).,3 16pBE28.H(C3(6C) , 1420%.)1, (A@P, 618 C. 1
(C-8), 130.4(C7), 132.0 (C7), 136.2(G4), 139.8(C4 6 ) , BH HIR7((EBa),154.3 (€

20), 125 and 768.2 (®).

3.10.1.3ynthesis of 2chloro-8,8-dimethyl-[2,3'-biquinoline]-4-carboxylic acid (226
2-chloro-8-methylquinoline3-carbaldehydg0.41 g, 0.002 mol) and pyruvic acid (0.15mL
0.0026 mo) were added to 1BL glacial acetic acid in a 100 mL round bottom flask. The
mixture was refluxed for an hour on stirringmagnetic stirrer. To the mixture;toluidine
(0.18 mL, 0.002 mol) was added and refluxadadditional 8 hours. The precipitate formed
after cooledovernight was separated by suction filtration. The product was 557 mg (76.6%)
which was purified by silica gel column chromatography using@#MeOH (18:1) as eluent.
Dark powder; mp 18484 ; IR(Acm'?, KBr): 35692577 (br, acidOH.), 3141 (aromatic €

H) 2904 ( GH str.), 2848 (€H str.), 1663(acidic C=0),1630 (imine C=N), 1562aromatic
C=C); 'H NMR (400 MHz, DMSGQGd6): Ui 2.20 (3H, s, H10), 2.43 (3Hs,H-11), 6.37 (1Hd,
J=7.96Hz,H6 6 ) , 6m, 3=96.88 HzH46),6.91 (Hm, H-7 6 ) , 7mHEO {7)2H,
7.26 (1H,d, J= 7.96 Hz, H5), 7.38 (1Hd, J=6.88Hz, H5 6 ) , 7 s,18-3), afjd11HQ1
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(1H, s, OH); 3C NMR (100 MHz, DMSQUS6): tic 17.8 (G10), 18.6 (C11), 109.8(G3),
116.4(G5), 119.5 (G6 6 ) , 142062a.)1, (CLBY2123.64C3 6 ) , BHDG . 1 (#4207a.)1, ( C
127.2(G7 6) , 177 8295 (C§)A30.3(C8 6 ) , HUBIBLI(EAD ) , 183065a)9, ( C
136.6(G8a), 146.5(2), 162.8(G26) , anfd). 170. 3( C

3.10.1.4 Synthesis of 2'methoxy-8'-methyl-[2,3'-biquinoline]-4-carboxylic acid

(227)

2-chloro-8-methylquinoline3-carbaldehyd€1.70 g, 0.008 mol) was refluxed for 4 hours in a
mixture of methanol (15 mL), potassium bicarbonate (1.10 g, 0.008 mol) and DMF (10 mL).
The methanol was removed by distillatiomdathe residue was added to 100 mL crushed ice
water. The precipitate was separated by suction filtration and was washed with excess cold
water. The purity o2-methoxy8-methylquinoline3-carbaldehydaas checked with TLC. The

yield was 1.4 g (82.4%)-Methoxy8-methylquinoline3-carbaldehyd¢0.4 g, 0.002 mol) was
added to pyruvic acid (0.15 mL, 0.002 mol) in 15 mL glacial acetic acid. The mixture was
refluxed for an hour while being stirred. Aniline (0.17 mL, 0.6€#) was added to the reaction
mixture and the refluxed for 12 hours while the progress of the reaction was monitored
occasionally with TLC. The product was then collected by filtration after cooling to room
temperature. The crude product (650 mg, 72.5%) was purified over silica gel column
chromatography using Ci€l>:MeOH (8:1) as eluent. The yield was 160 mg (53.3 %;) Gray
powder; mp 20204 ; IR(Acm'?, KBr): 3456-2644(br, acidOH.), 2938( C-H str.), 2848

(C-H str.), 1709 ( acidic C=0), 1630 (imine C=N), 158%omatic C=C)H NMR (400 MHz,
DMSO-d6): Un 2.68(3H, sH-10), 4.11 (3H,s, H-11), 7.37(1H,t, J= 7.53Hz, H-6 67).59(1H,

d, J=6.72Hz, H-7 ) 7.74(H, m, H-60 Y7.86(2H, mH-5 6 ;7), 820(1H, d, J = 7.53Hz, H-

8), 8.51(1H, s, J = 6.88Hz, H-3), and 8.74 (2HmM, H-4 6 ;5); fC NMR (100 MHz, DMSQ

d6): Uc 17.8 (G10), 53.9 (C11), 123.6(C3 6 ) , (CBR R4.(BC-4 §9,4248(C66) 125. 2
(C-5), 125.9 (G4a), 126.8 (€50 )128.5(C6), 130.2(C-8), 130.5(C-7 ¥ 131.5(C-7), 134.6

(C-4), 136.7(C-8 }p 140.9C-40 ) , 1 8b)a 129.C-&), 154.6(G2), 158.6(C2 6 ) , and
168.21C-9).
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3.10.1.5 Synthesis of 2methoxy-8,8-dimethyl-[2,3'-biquinoline]-4-carboxylic acid

(228

2-Methoxy-8-methylquinoline3-carbaldehydg0.40 g, 0.002 mol) was mixed with pyruvic

acid (0.15 mL, 0.002o0l) in 15mL glacial acetic aciénd refluxed for an hour with stirring.
Then,o-toluidine (0.15 mL, 0.002nol) was added to the reaction mixture and the reflux was
continued for additional 10 hours. It was cooled to room temperature and precipitate was
separated by suction filtration. The crude yield (579.7 mg, 80.7% was purified over silica gel
chromatography using GBl>:MeOH (18:1) as eluent. Yield 154 mg (51.3%); Gray powder;
mp 9799 ; IR(Acm'?, KBr): 3377.92531.8(br, acidOH.), 2982.q C-H str), 2903.7 (CH

str.), 1721.2 (acidic C=0), 1641.0 (imine C=N), 1584omatic C=C)!H NMR (400 MHz,
DMSO-d6): Uk 2.69(3H, sH-10), 2.83 (3H,s, H-11), 4.13 (3Hs, H-12), 7.39(1H, m,H-6 6 ) ,
7.60 (H, m, H-6, H-7 0 7.71(1H, m, H-7), 7.742 (H, m, H-5 0 8.51(H, d, H-4 6 ;5, JH

8.28 Hz) and 8.81 (1H, H-3); 1*C NMR (100 MHz, DMSQ®d6): lic 17.8 (G10), 18.6 (H11),

53.9 (G12), 123.0(C3 6 ) , (CBR R3.9(C5), 124.1(C-4 §,4248(C66) , 143a5. 3 ( C
126.8 (C6), 128.2(C5 ) 130.4(C-7), 131.1 (G7), 134.6(C-8), 137.1C-8 ) 137.6 (G4),
141.qC-46) , 1-8 §,447.8(C81), 153.02),158.7(G26) , afC®). 168. 4

3.10.1.6 Synthesis of 2(o-tolylimino)propanoic acid (230)
2-thiocyanatoquinoline-carbaldehyd€0.43 g, 0.002nol) and pyruvic acid (0.15 mL, 0.002
mol) was added to glacial acetic acid (15 mL) and the mixture was refluxed for an hour with
stirring. Then to mixturep-toluidine (0.18mL, 0.002 mol)was added and refluxed for
additional 10 hours. The mixture was all@v® cool to room temperature and basified with
5% aqueous NaOH. Then it was filtered by gravity filtration and the filtrate was acidified with
5% aqueous HCI. It was cooled in an ice bath. The precipitate was collected by suction filtration
and purified @er silica gel column chromatography usingZCH:MeOH (9.5; 0.5) as an eluent

to furnish not the desired produz29 but the undesired produ280. The yield was 125 mg
(48.5%); Yellow powdennp 285287 :  AcRi{, KBr): 3385(br, acidOH), 3042 (aromtc

C-H), 2921 C-H str.), 2848 (GH str.), 1720 (carboxylic C=0), 1674 ( imine C=N), 1607
(aromatic C=C), 1584'H NMR (400 MHz, DMSGd6): ii4 2.06 (3H, s, H3), 2.22 (3H, s, H
7),7.06 (H,t,J=7.9Hz,H-4 %7.14 (1Ht,J=7.90 HZH-5 % 7.191H, d, J= 8.41Hz H-

3), 7.39 (H, d, J= 8.41 H6), and 9.29 (H, s, H-N=); 13C NMR (100 MHz, DMSQ®d6): iic
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18.2 (G3), 23.7 (G7), 125.4 (C5 6 ;6 6G , #D§. 3 (1@®) 7 ¥2306%.,00C1(30G . 0
16) andl, G&B.8. 6(C

3.10.1.7 Synthesis of 2((2-hydroxyethyl)amino)quinoline-3-carbaldehyde (232
2-chloroquinoline3-carbaldehyde (0.5, 2.6 mnol) was added to ethanolamine (10 mL) in a

100 mL round bottom flask and headodimjitton an o
ambient temperature, the mixtusaspoured into 100 mL crushed ice water. The precipitate

was collected by suction filtration and allowed to dry in air (0.62 g, 2.4 mmol). The dried
product was refluxed in 20%2804 (10 mL) for 2 hours. It was cooled to room temperature

and added into crusd ice water (50 mL). The precipitate was collected by suction filtration.

The yield was 0.46 g (89%). It was a yellow |
IR(Acm' 1, KBr): 3367(alcoholOH), 2938( C-H-str.), 28D (C-H str.), 1652( aldehyde C=Q)

1630 (imine C=N) 156@romatic C=C)H NMR (400 MHz, CDCJ): Uy, 3.65 (4H, H10, H

11),4.96 (1H,s, O-H), 7.26 (1Hs, H-8),7.557.84 (3H,m, H-6, H-7, H-5), 8.24 (1H,s, H-4),

8.68(1H,s, H-9), and 10.02 (1H,s, N-H); 3C NMR (100 MHz, DMSGd): Uc 43.1 (G10),

60.1 (G11), 117.7 (€3), 122.1(CG4a), 122.8(€8), 126.2 (C6), 130.2 (C7), 134.0 (C5), 149.7

(C-4), 151.6(G8), 154.7 (C2), and 194.8(®)

3.10.1.8 Synthesis of 3chloro-3-(2-chloro-6-iodoquinolin-3-yl)acrylaldehyde (239
4-lodoaniline (3 g, @14 mol) was refluxed imixture of acetic anhydride (10 mL) and acetic
acid (10 mL) for two hours in a 250 mL round bottom flask. After cooling to room temperature,
it was added to 100 mL crushed ice water and the precipitate was collected by stietimmfil

The yield was 3.3 g. Then a Vilsmeier reagent was prepared by addNrtgmethylformamide

(5 mL, 0.09 mol) to a 100 mL rourabttom flask guarded with drying tube; it was cooled to
0°C using ice bath. Then, phosphorus oxychloride (59 mL, 0.68wasl added dropwise to it
from dropping funnel guarded by drying tube while being stirred by magnetic stirrer. This
addition was done for 30 minutes. ThEr4-iodophenyl)acetamid€3.3 g, 0.013 mol) was
added to it. After 5 minutes, the dropper funnel was replaced by air condenser with guarding
tube at its end, and the mixture was heated for 24 hours on oil bathS&°85 Then it was
cooled to room temperature, poured into a keaontaining 150 mL crushed ice water, and
stirred for 20 minutes. The brown solid product was collected by suction filtration and washed
with 50 mL cold water. TLC analysis revealed that the product (1.29 g) was a mixture of two
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compounds. The product wauspended in hot EtOAc and the soluble part was foune 3o
chloro-3-(2-chloro-6-iodoquinolin3-yl)acrylaldehyde (235 (125 mg, 0.48 mmol, 3.7%).
Whereagheinsoluble part was identified as compo@86(1.16 g 96.3%). Brown crystal; mp
154156°C  IR(A cm'!, KBr): 2927 C-H-str), 2848 (GH str.), 1686(aldehyde C=0),
1608(imine C=N) 157@romatic C=C)*H NMR (400 MHz, CDC} & CD30H): Uih 7.77 (1H,
d,J=8.67 Hz, H9), 7.92(1H, m, H-8), 8.10(1H, m, H-7), 8.35(1H, s, H-5),8.61 (1H s, H-
4)and 10.53 (1Hs, H-11); 13C NMR (100 MHz, DMSQds): tic 93.7 (G6), 124.9 (C3), 126.8
(C-4a), 128.1(€8), 130.0(C10), 138.2 (&4), 138.7(C5), 138.9 (9), 142.2 (C7), 148.4 (C
8a) 150.6(C-2), ard 188.8(C11).

The NMR result of compound 236 (96.3%) revealed as it is N-(((4-

iodophenyl)amino)methylendy-methylmethanaminiung236). A brown powder; mp, 128
1 3 0 IR(Acm'?, KBr): 2966.1 ( GH-str.), 2922.0 (€H str.), 1709.3 ( formamide C=N(M#)

1607.5 (imine C=N) 1578(@romatic C=C)!H NMR (400 MHz DMSO-d6): Ui 3.34 (3H, s,
CHs), 3.48 (3H, s, CH), 7.72(2H, mH-2, H-6), 7.75 (2H, dJ = 7.20Hz, H3, H-5), and 8.65
(1H, s, H8); °C NMR (100 MHz, DMS@d6): Uic 37.0 (CH), 43.6 (CH), 90.3 (G4), 121.3
(C, G2, G6), 137.1 (C1), 138.6C, C3, G5), 130.0(C10), 138.2 (&4), 138.7(C5), and
153.5(G8).
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CHAPTER FOUR
4. RESULTSAND DISCUSSION

This dhapter comprises afynthesisiovel quinoline derivativegjuinolinestilbeneand pinacol
of quinolinesand|[2,3-biquinoline}4-carboxylic acidIn vitro evaluation of the antibacterial,
radicd scavenging activities, druiikeness prediction and molecular docking studieshe
synthesized compoundisive also be incorporated.

4.1 Synthesis and antibacterial, antioxidant, and molecular docking analysis of some

novel quinoline derivatives

4.1.1 Synthesisof Quinoline-3-carbaldehyde and its derivatives
In an attempt to generate quinoline derivatives which have antibacterial properties, various

quinoline derivativegScheme 30 and 3iyere prepared using various reaction conditions. In
the processacetanilide(195 andN-(o-tolyl)acetamide Z05 were prepared by refluxing the
corresponding anilin€l7 and204) in acetic ai and acetic anhydridd.94) mixture Then 2
chloroquinoline3-carbaldehydg196) and 2chloro-8-methylquinoline3-carbaldehydg206)
were prepared from the acetanilide by the Vilsmeier appr@deth-Cohn et al. 1981 he
chlorine in position 2 of quinolines was substituted bgrores nucleophiles by refluxing96
and206in N,N-dimethylformamide with various nucleophilic reagents in basic mediyh.
dimethylformamidedeemed appropriate solvent in this procdsssause of its attractive
featuresncluding high dielectric constant, its aprotic nature, wide liquid range, low volatility,
dissolve allpolar reactants an@ble tosupply sufficient activation energy for the reactions
because of it s hi lguithermoré, itis alsg miplein water whidhedses)
the isolation of the desired product by adding the reaction mixture into celdaiee which
causes water insolublproduct to precipitate o@farwal and Thankachan 2015a, 2015b)
Potassiumcarbonate was used to induce the basic medium sinsaeviéak base and poor
nucleophile, id o e $nterfete in most nucleophilic substitution reéant Refluxing206in 6M

HCI and acetic acidl¢ 1) mixture afforded 8nethyl2- oxoquinoline3-carbaldehydg207).

The carbaldehyde functional group of quinoline was oxidized to carboxylic acid by
permanganate method and was subsequently reduced tolalsotg metallic sodium. The

overall sequence of reactions used in the synthesis of various targeted quinoline derivatives are
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illustrated in Sckmes 30 and 3TThe structure elucidation of the synthesized compounds was

accomplished using WWis, FTIR,

©/NHi )Oj\oi

17 194

1- NaNO,
conc. H,SO,4
crushed ice

0-5°%
HZNO—NOZ

201 2. hot 9M H,S0,

andNMR spectroscopic methods.

POClI,

v
reflux ©/ DMF 7

1hr 85-90°c
195 22 hrs

Acetic acid

CH;0OH
K2003 )
DMF

reflux, 5 hrs

CH3CH,OH

K;CO4 3
DMF
reflux, 5hr

KSCN

DMF
reflux 5hr,

Saturated KMnOy,

ethanol

K,CO3, DMF
reflux 5 hr
moist Cu

HO@NOQ

202

Scheme30. Synthesis of Zhloroquinoline3-carbaldehyde and its derivatives

72



NH; O O Acetic acid
H
* )J\o* reflux

204 194 Thr 205

6 M HCI
acetic acid

o) reflux, 3 hr

Na, CH3%
DMF,
reflux 6 hrs

S/

Cl

206

Na, CH3CH20H

L
DMF
reflux, 6 hrs

Scheme31. Synthesis of Zhloro-8-methylquinoline3-carbaldehyde and its derivatives

4.1.2 Synthesis ofquinoline-stilbenes and pinacol of quinolines
Quinoline-stilbenes(a type ofmerged hybrid of quinoline and stilbene) and pinacols of
guinolines (fused hybrid of quinoline)were synthesizedn process of drug discovery, the
hybridization of biologically actie molecules is a powerful to(@érubé 2016)Hybridization
provides better drugs for the treatment of a bernof illnesses including malariaberculoss,
cancer and AIDS. Hybrid drugs cafford combination therapies ia single multifunctional
unit (Bérubé 2016)

After securing the crucial intermediat€86 and206 Scheme 30 and 3lattention was given

to the synthesis of a series @fiinolinestilbenesand their substituted analogs using Wittig
reaction.Subsequent replacement of chlorine by various nucleophiles were achieved in N,N
dimethyl formamide (DMF) as solvent and®0Oz as a base. Compou2d2was prepared by
refluxing 196 in a mixture of acetic acid and 6 M aqueous hydrochloric acid. The desired
productswas obtained in excellent yields after removing acetic acid by distillation under
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reduced pressure. An attempt to displabe thlorine atom in compountl96 with 2-
aminoethari-ol furnished the unexpected compoutibin excellent yield (84%). Thimight

bevia a classical condensation reaction of the amine groupaofiBethanol with carbonyl of
compoundl96. The other desiredroducts were made by &g derivatives of compounds

196 and206 with benzyltriphenylphosphonium chloride using DMFaasolvent and KOHs

a base. The synthesizede mainly thecis isomers which were confirmed by the coupling
constant of the olefinic double bonds in the stilbenes. This agreed very well with previous
products of Wittig reactions done at ambient tempeeatu DMF/KOH which gives theis
stilbenes in good yiel(Bergelson, Barsukov, and Shemyakin 196iwever, compound19

was produced as a mixture @$ andtrans stereoisomers. Further attempt to pu2ify using

silica gel columrchromatography was unsuccessful since the spots of the two stereoisomers
overlapped in all TLC profile€Scheme 32 and 33)

1 equiv PhiP 210

40% aqueos KOH, DMF
stirring 4 h rt
work up p
Acetic acid 1 equiv PhsP ol 210
6 M HCI 40% aqueos KOH, DMF
s 4 9 reflux 3 h stirring 4 h rt
! work up work up
4a _
8a _ 2
N Cl
8 1
196
. s 4 o ECh
1:1 CH;OH/DMF N s 1 equiv PhsP~540
4a 3 >
KoCO3 8a 40% aqueos KOH, DMF
Reflux 6 h s N OC|1'|03 stirring 4 h rt
1 work up
work up 197
11 OH
. 4 9 / 12
2-aminoethan-1-ol —N
o ga\ 3
a
heat at 100°C, 1h /\/ OH
work up 8 1 '?'3
215
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Scheme32. Synthesis of qunoinoline stilbenes and Schiff b§2&%215

i +C|'§
1 equiv PhsP 210 6

40% aqueos KOH, DMF 7
stirring 4 h rt

work up
Acetic acid . +QQ
91 equiv PhsP 210
6 M HCI >
reflux 3 h 40% aqueos KOH, DMF
10 206 work up Svt:)r:anSpAf hrt

OzN@NHz

. + Cly
201 1 equiv PhsP 210
Ko,CO3 40% aqueos KOH,
DMF DMF
Reflux 6 h stirring 4 h rt
work up work up
218 14
13 219 20

Scheme33. Synthesis of 8nethylquinoline stilbene@19-219

Pinacolization reaction can be used two couple bioactive molecules with an aldehyde functional
group.Pinacolization of carbonyleas been reported by using a number of reagents such as
Mg-Mglz,(Gomberg and Bachmann 1922n-ZnC1, transition méals, actinides and
lanthanides(Khurana et al. 1996)Ti" and TI" reagents have also received considerable
attention although olefination is a comipgtreaction with these reagdithurana et al. 1996)
Among the various pinacolization agents of aromatic carbonypoards, aluminium powder

with potassium hydroxide in methanol was chosen and applied in the synthesis since it was
reported to provide coupling rapid(iXhurana et al. 1996; Khurana and Sehgal 1994; Yuan,
Wang, and Li 2006)In this reaction, a ratio of 1:2:6 equivalent2#3 aluminum powder

KOH were used in the procg&cheme 34{(Sottoet al 2015) Methanol was chosen as solvent
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because the reaction was fast and themidéucts were minimurgKhurana and Sehgal 1994)

The crude product was purified by using silica gel column chromatography

O>‘ .
10 1equiv PhaP= 210
220 1 -~
40% aqueos KOH,
K2CO3 4N DMF,
Reflux 6 h 221 HN. _O a}g::(ngs h rt, -
work up 1gf 222 o .
17 23«’4

0]
9 2 eqiv Al powder
1:1 CH;0OH/DMF -
—— 6 equiv KOH,
reflux 6 h OSH3 15 mL methanol,
wOrk up 10 99 stirred 12 h,
3 work up

Scheme34. Synthesis of 8nethylquiroline stilbenes and pinacol of equaline (222and224)

4.1.3 Synthesis ofmovel [2,3-biquinoline]-4-carboxylic acid andadditional
guinoline-3-carbaldehyde analogs

I n the third pa r-tiquinolne}scarboxybcecids,gphenytgiiinoline-, 3 6
carboxylic acid andadditional quinoline3-carbaldehyde derivatives vee synthesized by
employing the Vilsmeier, Doebner, condensation, hydrolysis and nuclegpsilbstitution
reactiongScheme 356).

In synthesis196and 206were treated separatelyth pyruvic acid, aniline and-toluidine to
synthesis four new (2;Biquinoline}4-carboxylic acids by using Doebner quinoline synthesis
approachScheme 35)Forrest, Dauphinee, and Miles 1969; Wu et al. 2008}thermore, 2
phenylquinolined-carboxylic acid (62) was also prepared by the same procedure from
benzaldehyd€60), aniline (17), and pyruvic acid61) in order to compare the antibacterial

activity of biquonoline4-carboxylic acid analogs with mono quinoldecarboxylic acid
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(Schemed5). The Doebner method, introduced by Oscar Doebner in 1887, combines aniline
with an aldehyde and pyruvic acid to givesbstitied quinolined4-carboxylic acid(Ramann

and Cowen 2016).ow yield, longer reaction times, harsh reaction condition and requirement
of large amount of organic solvent are tygical limitations of Doebner methddl. M. Wang

et al. 2009)Various solventgstems including absolute ethar(®atel et al. 2017 acetic acid

(X. Wang et al. 2016pand solvent free reactioX. Wang et al. 20163s well as different acid
catalysts including sulfuric acid, trifluoro acetic acid and Lewis fcid/l. Wang et al. 2009)

were employed by various researchers to overcome these limitations. A recent report showed
the replacement of trifluoroatic acid with acetic acid and using excessive acetic acid as the
solvent insteadfceethanol provides better yie(&. Wang et al. 2016)Based on this and other
rel ated r epor tbgyinolifeletcarboxylice acids [afd, -Bhénylquinolined-
carboxylic acid (Schee35 and 3pwere synthesized in glaciatetic acid. The synthesis of
compounds2, 225 226, 227, and228 (Scheme 35 and 36were achieved by refluxing the
corresponding quinolin8-carbaldehyde analsgvith pyruvic acid in acetic acid for an hour
followed by treatment with aniline ortoluidine. These compounds were purified using silica
gel column chromatography with GEl>:MeOH as eluent in good yield€n the other hand,
refluxing a mixture of benzaldehyde and pyruvic acid in glacial acetic acid for an hour followed

by treatment with miline gave 2phenylquinolined-carboxylic acid §2) in 62.2% vyield

77



60 61
0
AN AN
_ ° )J\’&O
N~ ~cl  t
196 61 OH
X X0 0]
_ + o
N~ I
206 g1 OH

1. acetic acid (15 ml) &
reflux 1 h
—_—
2- aniline (17)
reflux 8 h

Acetic acid
reflux 1h
—_—
Aniline (17)
reflux 8 h

Acetic acid,
reflux 1h

o-toluidine(204)
reflux 8 h

Scheme35. Synthesis of [2,3biquinoline}4-carboxylic acids and-Bhenylquinolined-carboxylic
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Scheme36. Synthesis of [2,3iquinoline}4-carboxylic acids and-ghenylquinolined-carboxylic

acid 227and228
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Even though, glacial acetic acid was used both as solvent and catalyst, Doebner method is very
sensitive both to electronic astkric effects. Wheattemptwas madédo synthesis compound

229 using the abve procedure from99 o-toluidine (204), and pyruvic acid61), was failed.

The major product was identified using NMR as compd&8tivhich wasa Schiff base formed

between eoluidine and pyruvic acid (Scheme)37

(@]
I O Acetic acid
X . )J\fo reflux 1 h
p7 —N
N S
199

OH  o-toluidine (204) OH
61 3. o1
e I °
: N 4
L} 7
4 2|
230

Scheme37. Synthesis of Zo-tolylimino)propanoic aciqd230)

Previously Schiff bas@15was synthesized (Scheme 32) by condensatid®6fvith excess
ethanol amine. However, its antibacterial activity was fdugygbor and in attempt to increase
its antibacterial activity, the imine part was removed by hydroly2ibgwith 20% HSQ:
(Scheme 38) The synthesi®35 and 236 (Scheme 3B achieved first by the application
Vilsmeier reaction, recrystallization in ethyl & followed by substitution of chlorine by
various nucleophiles. Vilsmei¢taack formylation uses dimethylformamide and phosphoryl
chloride to furnish/ilsmeier reagentvhich is a mild electrophilic agent and proceeds only with
activated aromatic systeni@leth-Cohn et al. 1981; Thomas and Asokan 2004dine is the
least electronegative element of halogens, and we anticjpateld acetanilide to provide good
yield when it is trated byVilsmeier reagentHowever compoun@35 Scheme 3Bwas not
according to our expectation. Firstly, compo@3%was3-chloro-3-(2-chloro-6-iodoquinolin
3-yl)acrylaldehyde(235) rather than the expectédchloro-6-iodoquinoline3-carbaldehyde
Secomlly, its amount was only 3.7% of the total yield.

79



H,N
N \/\OH /\/OH 20% H,SO, N o
COXC e L2

reflux H
Heat at 100°C 2h 232
2h
6Pocb
10 —N CI‘
Acetic anhydrlde DMF 8a \> 8
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Scheme38. Synthesis of Zhloroquinoline3-carbaldehyde analog232, 235and236)

.The major product abolf6.3% of the yield wasN-(((4-iodophenyl)amino)methylendy-
methylmethanaminiurt236) which was confirmed from the spectral data obtained ftdand
13C NMR and DEPTL35. Presumably, it was formed by attack of Wilsmeier reagenat
nitrogen giving theN-(((4-iodophenyl)amino)methylendy-methylmethanaminiunas major
product. Scheme 38nd 40 showed the proposed mechanism for the formation of these two

molecules.

VilsmeierHaack formylation using dimethylformamide apldosphoryl chloridenvolves the
formation ofhalomethyleniminium sat39named as Vilsmeier reagent is an intermediate. The
broad synthetic utility of this halomethyleniminium salt is not restricted to formylation but is
also suitable for eleaiphilic substitution reactiondhomas and Asokan 2008resumably,
when excesamount of chlormethyleniminium saltvas generated and when the reaction was
allowed to take place for longer duration (22hrs) before quenching interm@diatsith
crushed ice, further conjugation througfiloromethyleniminium sakddition and eliminabn

of protons afforded compouri35 through several sequential steps. Originally, the precise
mechanism oMeth-Cohn synthesis ajuinolones was not discussexplicitly (Meth-Cohn et

al. 1981) Recently, Hamameet al (2018) proposed related mechanism using S@Oplace POGI
whichprovided a good vision on the ofenism of Vilmeier formulatio(Hamama etl. 2018) Dain

et al(2004) had also proposed related mechanism of Vilsirtéaack reactions of carbonyl compounds

in the synthesis of substituted pyrones and pyrid{ié¢®mas and Asokan 2004) Herea related

mechanisninas beeisuggested fathe reaction leading to the formation of compo@88(Scheme39).
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N-(((4-iodophenyl)amino)nthylene}N-methylmethanaminiursalt 36) may be formed by
direct attack of nitrogen @&34o0n chloromethyleniminium salt giving an intermedi26£.

The rest of the intermediates were formed by elimination of protonsZé@followed
electrophilic addition of PO@hffording intermediat@61, which then underwent addition of
Cl and elimination of Hto provide261which further rearranged 286 (Scheme 4D

|
=N Cl~__N /
~ Cl N
N
o 2% ﬁ//H T &
N O ? u*?’ ‘3
\n/ (o] POC|3 O + HPOZClz
| o — | — “POCI, W/CI
234 260 H -HCI | 261
-l
Cr o l\/l
AN *N AN
o Nlrj - el ‘ ,E(Cl-
N ¢l cl cl
N cl H+ | H
s ! J 264 cl ! Q,
266 265 —N 263 T/=N+
\ Cl C}'\
oo 239
N\&'}r‘\
|
236

Schemed0. Proposednechanism of N((4-iodophenyl)amino)methylendy-methylmethanaminium

(236)
4.2Antibacterial activities synthesized ompounds
Pathogens are caused both by prokaryatd eukaryotic organism@rack, Weeks, and
Museum 2016)Bacteria and viruses are the typikabwn pathogensicroorganismsBacteria
causea hnumber of infections that vafyom agymptomatic to acute and fatdloxins produed
by bacteria are responsible for varidaacterialdisease¢Brack, Weeks, and Museum 2016)
Based on the characteristics of their cell wall, bacteria are classif@@gaspositive or Gram
negative(Doron and Gorbach 2008nfections including bloodstream infectioqmeumania,
wound or surgical site infections, and meningitis in healthcare setiregausedoy Gram
negative bateria while diseases such as anthrax, diphtheria, enterococcal infections,
erysipelothricosis and listeriosis are caused by Quasitive bacteria(Woodford and
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Livermore 2009) Gramnegative bacteria are resistant to multiple drugs and are increasingly

resistanto most available antibiotiq®ontefract et al. 2020)

4.2.1 Antibacterial activity of quinoline-3-carbaldehydederivatives
Quinolines are pharmacologically active compounds used to treausdife threatening
diseaseg§Sreenivasa 1998 an attempt to find duead compounds againstdieriathe synthesized
compounds werevaluated for their antibacterial activities against various strains of bacterial pathogens.
The result®btained are depicted in Tablad Figure 1. The data in Table 2 show thedt syrnthesized
compounds displayed medium to good activity against two or more bacterial strains. The mean
inhibition zones ranged from the lowestfGn at 300 e g/ mL) mmoat h®l).Gi gdlk s
Three of the ten compound®)0, 203 and208, showed good activities agairistcoli, among which
200and203revealed better activities with mean inhibition zone of 11.00 + 1.33 and 11.33 m11
di amet er at 500 eg/ mL, respaagniguasi20o.2062@yamdr o f t h
209) (Scheme 31 and 38howed antibacterial activity agairstsubtilis maximum inhibition zone in
the series (7.67 £ 0.4dm) was observed faompound496and198 None of the synthigtcompounds
demonstrated activity against S. aureus ext86t197, 200, and207 which showed little activity (7.0
+0.67 mm).

Among the synthetic compound®6, 197, 198 and207displayed comparable activity against

P. aeruginosa and the maximum inhibition zone was 10.00 + 0.44 mm for comp&0id
better than that of the positive control (8.33 + 0.44 mm) at the same concentration of (500
e g/ mL) . Mo soko fumatiandd grdup sgema responsible for bioactivitgGifagainst

P. aeruginosaCompound4.96 and200displayed moderate to good adiyvagainst all tested
bacterial species, while compoud5showed no activity against all tested organisms except
B. subtiliswith inhibition zones of 6.33 £ 0.44 mm and 7.33 + 0.44 mm at concentrations of
300 and 500 e€g/ mL, r etlsef-eahaldehwde laryd-Garbdxylic acidi ndi c «
groups are essential for bioactivity of quinilones. The two compounds even exhibited better
activities than ciprofloxacin againgt. aeruginosaCompound208 and 209 have a related
structure, the only differencetise substituent at@ostion which is methoxy f@08and ethoxy

for 209 Thus, it seems thatrethoy group is important for activities 208 especially against

E. coli.
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Table 2. The inhibition zone ofuinoline3-carbaldehydelerivativesn mm (mean + SD).

conc Compounds Bacteria strains
( gml) 196 197 198 199 200 ciprofloxacin
300 6.33 = 0 0 0 9.0 £0.55 19.0+0.67 E. coli
0.44
500 6.67+0.89 0 0 0 11.33+£1.11 21.0+0.55
300 7.0£0.67 O 7.0+£0.67 7.0+0.67 6.67+0.89 30+0.67 B. subtilis
500 7.67+0.44 0 7.67+0.44 7.33+0.44 7.0+0.67 3310.67
300 6.33+0.44 6.0£.00 O 0 6.0£0.00 9 +0.67 S. aureus
500 7.0£0.67 6.33+0.44 6.0+0.00 O 6.33+0.44 11+0.67
300 7.0+£0.67 7.67+0.44 8.0+0.67 6.33+0.44 7.0+0.00 7.0+0.00 P. aeruginosa
500 9.0+0.67 9.33+0.44 9.67+1.11 6.33+0.44 8.0+0.67 8.33+0.44
conc compounds bacteria stran
( gml) 203 206 207 208 209 ciprofloxacin
300 7.3310.66 0 0 8.0+0.67 O 19.0+0.67 E. coli
500 11.0£1.33 0 0 9.33+0.89 0 21.0+0.55
300 0 6.67+0.44 0 6.33+0.44 6.33+0.44 30+0.67 B. subtilis
4
500 0 7.33£0.44 0 7.33+0.44 7.33+0.44 33+0.67
300 0 0 6.0+0.44 O 0 9 +0.67 S. aureus
500 0 0 6.67 0 0 11+0.67
+0.44
300 6.0+.00 6.33+0.44 8.33+0.44 0 0 7.0+0.00 P. aeruginosa
500 6.33+0.44 7.33+0.44 10.0 0.4 O 0 8.33+0.44
4

0: no inhibition zone
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The antibacterial activity of the synthesized analogs of quinolines were further presented
Figure 13

I 196
34 - [ 197
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| 1199
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28 7 1203
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Bacterial strains

Figure 13. Thei nhi bi ti on zone of the synthetic compoun

4.2.2 Antibacterial activit iesof quinoline-stilbenes and pinacol of quinolines

Quinolines and their derivatives have been associated with various biological activities.
Compounds containing quinoline moiety have shown good amoebicidal, bactericidal,
fungicidal, andantimalarial activitiegKaminsky and Meltzer 196&xpecting similar &nds,
theantibacterial activitiesf the nevy synthetic compunds were screened against twoaG
negativeand two Granpositive bacteriaamelyE. coli(ATCC, 25922)S. typhimuriunfATCC
13311). S. aureus(ATCC25923),and B.subtilis (ATCC6633) using paper disc ffusion
method. Tleresults argyiven belowmTable5 andFigure 14.
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The results in Tabl, revealed that some the compounds exhibited antibacterial activity. The

mean inhibition zone for five of the synthetic compounds ag&inebli varies from 8.0+0.82

to 160 +0.82 mm while for standard drug (ciprofloxacin) at the same concentration was
18.67+0.47 diameter. Compoufd6 (with mean inhibition zone of 12.67+0.82 mm) 219

(with mean inhibition zone of 16.0 £0.82 mm) were with maximactivity againsk. coli.

Table 3. Antibacterial activities ofjuinoline-stilbenes and pinacol of quinolines

Bacterial S. aureus B. subtilis E. coli S. typhimurium
strains
Concentra 500:250eg 500¢ 250 500¢e 250¢ 500¢e 250¢
tion
211 0 0 0 0 10+0.82 8.67+1. 8.33+t1l. 6.67+0.
25 72 47
213 0 0 0 0 0 0 0 0
214 0 0 0 0 8.0+1.2 8.0+t1.2 O 0
5 5
215 0 0 0 0 9.33+1. 8.0+0.8 O 0
0 25 2
2 226 0 0 0 0 12.67+0 11.33+1 O 0
3 .82 .70
g 217 0 0 0 0 0 0 9.67+1. 9.67+0.
8 25 47
219 0 0 0 0 16.0 14.67+0 O 0
+0.82 .94
222 0 0 0 0 0 0 0 0
224 16.0+ 13.67+04 O 0 0 0 8.67+0. 8.33tl.
163 7 47 25
ciprofloxacin - 11,67 11.33+0.6 15.59+0 14.67+0 18.67+0 18.67+0 13.56+0 11.33+0
+0.47 7 .82 .82 A7 A7 .82 .67

0: inhibition zone was not observed

Compound 211, 217, and224 have moderate activities agairgttyphimurium Within the

series compoundl7with mean inhibition zone &.6740.47 mm diameter was the maximum

while 13.56+0.82 mm mean inhibition zone was observed for the standard dregsath

concentration. In additigr224showed strongest activity agaiisstaureusvith 16.0+1.63 mm

mean inhibition zone compared with 11.67+0.47 mm for ¢fighe standard drug. However
none of the compounds showed activity agahsubtilis(ATCC6633.
Overall, among compounds reported hereiny selverof them 211, 214, 215, 216,217, 219,

and 224 displayed promisindpioactivity. In these synthetic compound, the phenyl nucleus

di

dnot

bear

any

substi

t uent s aslimitedte thhdbsecbndt u e n t
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and eight position. As a limitation, quinoline analogs synthesized by application of Vilsmeier
Hack reaction require activated aniline derivatives (activated ortho position relative to amino
group) to afford sufficient yields. Hower, most important bioisosters such as F, Cl, carbonyl,
carboxylic acid, sulfonyl group@re electron withdrawers and deactivators and cannot be
incorporated in the quinoline nucle(Meanwell 2013)But the current scédld overcomes

this limitation since the phenyl nucleus can bears various type of functional groups (electron
withdrawer or donors) in one or mooé thefive positionson the phenyl ringThus current
strategy provides manageable way to optimize the twagahrough structural modification.
Owing to the tolerance of Wittig reaction fgarious functional groups, phenyl ring can
comprise one or more bioisosters which would be used to improve the bioactivity of quinoline
stilbenes. Regarding compou@4, which was generated by pinacolization ettdoro-8-
methylquinoline3-carbaldehyde(223), huge improvement in the bacterial activity was
observed relative to the monoalcohoini@thoxy5-methylnapthalen2-yl)methanol of the
related reacant. In part oneabove, we reported3-methoxy5-methylnaphthale2-
yl)methanol had poor antibacterial activity. It exhibited activity only ag&nsboli (with mean
inhibition zone of 9.33 + 0.89 mm diameter) wéws, the correspondent di@k4) was active
against bothS. aureus(with mean inhibition zone of 16.0+1.63 mm diameter) &hd
typhimurium(with mean inhibition zone of 8.67+0.47 mm diameter) respectiiieple 3)
Furthermore, the study revealed that an opportunity of developing stronger bioactive
molecules by pinacolization of quionolin®-carbaldehyde derivatives bearing various

bioisosteric substituents.
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Figure 14. Antibacterialactivity of quinolinestilbenes and pinacol of quinolinast 500 € g/ mL

4.2.3 Antibacterial activities of novel [2,3"biquinoline]-4-carboxylic acid and
additional quinoline-3-carbaldehyde analogs

All of the synthetic compounds were screened for timeuritro antibacterial activities using
paper disc diffusion methods against twoaf@ positiveS. aureus (ATCC25923) arfl
pyogenesATCC 27853) and two Gram negative. coli (ATCC 25922andP. aeruginosa
(ATCC2592 bacterial strains (Table 4Six of the compounds, nameél@5 226, 227, 227, 232
and214showed good activity with mean inhibition zone ranged from 9.7+2.5 to 20.7+1.5 mm
compared with ciprofloxacin with a mean inhibition zone range 14.3+0.58 to 22.0+£1.0 mm,
which was the reference drug in the experiment. However, none of them were sthamger t
ciprofloxacin.Only compound®27had equal activity with ciprofloxacin agairst coli. Among them,
the two none quinoline Schiff base compourZB0@nd236) and 2phenylquinolined-carboxylic acid

62 didnét show any s Canpounds 280 dand28basheowed litthe hctivityi t i o n .

with mean inhibition zone of 7.0+.0 and 9.67+0.58 mm ag&insbliandP. aeruginosa.
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Table 4. The antibactrial activities ofnovel [2,3'biquinoline}4-carboxylic acid an@dditional

quinoline3-carbaldehyde analogs

Compounds Concentration Zone of inhibition in mm
(eglel S. aureus S. pyogenes E. coli P.aeruginosa

62 0.10 0.0£0.0 0 0 0

0.20 7.0£0.0 0 7.0+0.0 0
225 0.10 11.0£1.0 11.0£1.0 12.7£2.5 15.7+1.5
0.20 12.3+0.58 13.7+0.58 13.0£2.0 19.3£3.1
226 0.10 10.3+0.58 10.0£0.0 9.7£2.5 11.3+2.3
0.20 13.0+1.7 13.3x2.1 12.7+1.2 19.7£1.5
227 0.10 11.0£3.0 10.3+1.2 14.3+1.5 12.0£2.0
0.20 14.3+1.5 12.3+1.2 14.0+1.5 20.7+1.5
228 0.10 11.0+1.0 11.0+1.0 13.7+2.51 14.0+1.0
0.20 15.7+0.58 11.0+1.7 16.0+1.7 19.7+1.5
230 0.10 8.33+0.58 7.0£0.0 7.040.58 7.334.58
0.20 9.67+0.58 8.33#).58 8.67+0.58 9.67+0.58

232 0.10 9.71£2.3 0 9.0+£1.0 0
0.20 10.7x2.1 0 9.7£2.9 9.3x2.1
235 0.10 12.7+0.58 8.712.1 13.7£2.5 13.3£1.5
0.20 13.3£1.5 11.0£0.0 14.7+2.1 19.7£1.5

236 0.10 0 0 0 0

0.20 0 0 7.7+0.58 0
Ciprofloxacin 0.10 14.7+0.58 14.7+0.58 14.3+0.58 19.0+0.0
0.20 16.33+0.58 16.0+0.0 14.3+2.1 22.0+1.0

DMSO 0 0 0 0 0

0: inhibition zone was not observed

The results arexpressed as mean * SD for three experiments (n = 3).

When the maximum mean inhibition zone was considered per bacterial strain, corgd@8und

exhibited 15.7+0.58 mm mean inhibition agai@saureus

ciprofloxacin was 16.33+0.58 mm at the same concentration, comga@éstiowed 13.7+0.58

at

concentrat.
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mm againss. pyogeneshile ciprofloxacin was16.0+£0.0 mm, compowBshowed 16.0+1.7

mm againste. coli whereas ciprofloxacinvas 14.3+0.58 mm, and compourZR7 showed

20.7+1.5 mm agains®. aeruginosawhereasc i pr of | oxacin was 22.0N1.
concentration. In general, on average maximum inhibition zone (15.6 mm) was recorded by
compound228while (17.7 mm) by the corurl| at the <conc?228displaysdl. 2 ¢ g/
best mean inhibition zone among the synthetic compounds reported herein followed by

compound226, 227 and235consecutively.

Literature report showed moderate activity for the antibacterial activitypbiaylquinoline
4-carboxylicacid§2) and some of its analogs, however :
and O0.262d¢igdrd&at) show any (Rateltet & &2017;aMadherletalact i v
2009while the [2,3'biquinoline}4-carboxylic acid analogs showed much better activity
compared to it. The antibacterial activities of the synthetic compounds were elaborated further
inFigure 15and compared with that <ciprofloxacin a
clearly showed that compou2@5 226, 228 and235have better actities againsall the four

bacterial strains.

Compound232which was developed by acid hydrolysis2dfs showed little improvement in

its antibacterial activity. Compoung15 showed activity only againgg-coli with mean

inhibition zone of 9.33x1.25mmabancent r ati on of 50 @32shgvednL whi
activity againste-Coli, S. aureuand P.aeruginosawith mean inhibition zone of 8.67+0.58,
9.67N0.58, and 9.3N2.1 mm at a concent-ration

3-carbaldehyde analaghowed better activity than its ethanol amine Schiff base analog.
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4.3 Radical scavengingactivities of compounds

DPPH antioxidant assayas developed by Bloid958 with the view point to determine the
antioxidant activity in a like manner by using a stable free radi¢aldiphenytb-
picrylhydrazyl (DPPH)XSaha et al. 1970pPPPH antioxidant assay is basedtba ability of
1,1-diphenyt2-picryl-hydrazyl (DPPH), a stable free radicalpwdecolorizel in the presence

of antioxidantgSaha et al. 1970 DPPH radical contains an odd electron, which is responsible
for the absorbance at 517 nm and also for a visible deep purple@o#ditatively, antioxidants
decolorize the purple color of DPPH and the intensity of the color notifies the extent of the
reaction. Quantitatively the change in absorbance at 517 nm was used to quantify the radical
scavenging capacity of substancéise DPPH assay is based on botlttetn transfer (SET)
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and hydroge atom transfer (HAT) reactiorfsiang and Kitts 2014)DPPH assay is relatively
an easy, economic and rapid method to evaluate the radical scavenginty attinon
enzymatt antioxidantgLiang and Kitts 2014)Because of these merits, DPPH was used to
determine the radical scavenging capacity of the synthetic compounds.

4.3.1 Radical scavengingactivity of quinoline-3-carbaldehydederivatives
Compounds exhibiting antioxidant activity reduced the absorbance at 517 nm, which is due to
DPPH radical in addition to their ability to turn the purple colored DPPH to yellow. In this
work, the radical scavenging activitieg the synthesized compounds wenealuated using
DPPHmethod and the fndings are depicted belowdble 5.

Tableb. Percentage Imbition of quinoline3-carbaldehyde and its derivativasdascorbic acid

Compounds| % radical scavenging activity at ICso
12.5eq9/|25¢eg/ m50eg/ n10k g/ m|(eg/

196 20.91 22.86 26.77 32.64 2175
197 14.76 18.95 26.14 31.53 188.8
198 16.71 16.99 23.7 35.44 162.3
199 37.4 45.22 51.93 67.02 45.9
200 22 86 24.82 28.73 33.76 216.9
203 18.11 21.71 23.7 23.98 5123
206 5.81 6.65 9.45 15.04 3817
207 1.9 12.24 22.86 23.42 196.3
208 16.7 20.63 25.94 33.2 191.1
209 18.39 23.98 24.54 25.1 493.3
ASCOMDICA. | g3 53 84.91 85.19 85.47 45

The DPPH radicakcavenging activity of the synthesized compounds was compared with

ascorbic acid which is used as positive conttad the result is presented beldwg(re14).
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Figure 16. The Percentage inhibition &ke radical DPPH by the synthetic compounds

Generally the antioxidant scavenging activities of the synthetic compounds in this batch are low
relativeto ascorbic acid. Only compourdi®9exhibited percentage inhibition greater than half

that of ascorbic ad (Table 5).Compoundl99, doesndt have such easily
however, sulfur of thiocyanate functional group may donate an electron to lone pair electron on

the nitrogen atom ttorm bond with sulfur (Scheme %1
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4.3.2 The Radical Scavenging Activiies ofquinoline-stilbenes and pinacol of
guinolines
Most of the synthetic quinolinstilbenes and their analogs possess modemtexidant
activity rdative to ascorbic acid (Tablg.8Compound11, 216 and222were only strong just
as a half of the ascorbic acid at same concentration and the others were even weaker. However
the procedure can be optimized to increasatti@xidant properties by introducing hydroxyl,
thiol, and selenium groups on phenyl nucleus as much as redtirea@ntioxidant activity of

these synthetic compounds was elaborated and codhparéigure 17 with line diagram
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guinolines
Compounds % radical scavenging activity at ICso
12.5e9g25eg9g/ m50eg/ n100¢eg/ (gl

211 32.21+0.44 35.39+067 41.06+0.87 50.10+0.25 43.32
213 40.09+0.47 42.21+0.82 43.27+0.47 45.93+0.67 33.08
214 33.72+0.27 42.48+0.52 43.81+0.47 43.98+067 41.58
215 33.54+0.82 36.73+0.82 38.58+0.67 40.09+0.92 37.48
216 20.97+0.82 34.07+0.82 36.64%+1.25 36.73t1.25 33.41
217 27.88+0.67 31.86+0.72 38.50+0.47 41.06+0.87 35.34
219 31.15+0.82 35.13+0.82 45.13+0.67 55.54+0.92 42.63
222 37.17+0.57 39.555+0.87 48.58+0.67 52.21+0.72 45.03
224 33.62+0.47 36.73+0.67 42.21+1.25 42.21+082 39.06
Ascorbic acid 86.9+0.52  89.99+0.67 90.03+0.71 90.33+0.82 4.50
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Figure 17. Percent radical scavenging activityadfstilbenes and pinacol of quinolines
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Table6. Percent radical scavenging activity andolZalues ofguinolinestilbenes and pinacol of
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The 1Go values of he synthetic compound were calculatédlfle6). As, the lower the 163,

the higher thantioxidant activity of substancessf al ues vary fr 2lfio 33. 41
4 3. 32 ¢ 21 Tnk dafa mmdicated th#tie syntlesized compounds displayed high@so

value compared with ascor biaotioxadant. Thisihdicatds0 € g/ r
that the activitieshown by the synthetic compounds are modexstedical scavengerBhis

is in good agreement with literature reported for closely related comp@Bodkullu et al.

2016)

4.3.3 The radical scavenging agvities of novel [2,3-biquinoline]-4-carboxylic acid
and additional quinoline-3-carbaldehyde analogs

The measurements were made after DRP&Imp | e mi xtures were kept a
30 minutes to @ain steady state equilibrium. The results showed thastof the synthetic

compound to possessery god radical scavenging activifffable 7) Two of the synthetic
compoundsnamely 227 and 235 with ICsp values1.25and1.75¢ g/ mL , respectiv
stronger radical scavengtranascorbic acidICso of value of4.5¢ g/ mL ) . Thus the
compounds were the strongest antioxidant agents. Struct@2fyhas acidic proton and

electron rich aromatic nucleus a@d@5 possesses an iodine atom which is labile and has low
electronegativity with easy transferable elestamd arlJ ,-conjugated double bond may also

be involved in an electron transfer process with DPPH. For, the other three com@aéds;

62, and236, thelCsovalues are betweend55 € g/ mL showing that, thes
antioxidants even thgin weaker than ascorbic acid. Structurally these compounds contain

C=C, carboxylic acid and iodo as a labile functional grolijp& remaining two compounds
230and232are moderate in their radical scavenging activitiberea®25, and228displayed

weak activity (Table 7)The antioxidant properties of these compouaisis shown below along

with that of ascorbic acid (Figude).
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Table 7. The % inhibition ofnovel [2,3'biquinoline}4-carboxylic acid an@ddditionalquinoline 3-
carbaldehyde analogs

concentrations in g€g9g. ICs
Compounds 25 20 15 10 5 (egli
62 52.48+1.23 51.34+0.49 27.52+1.72 25.81+0.49 7.81+0.25 22.40
225 29.22+1.37 27.38+0.49 26.67+1.07 24.96+0.49 21.98+2.45 85.4
226 58.78+2.53 52.20+0.65 50.64+186 40.36+1.59 34.75+2.46 17.2
227 83.26+1.72 80.85+0.43 79.86+0.99 77.72+1.05 52.27+2.98 1.25
228 17.64+1.31 14.61+0.25 13.48+0.25 10.35#0.25 2.55%0.0 75.1
230 25.25+0.88 27.23+0.0 24.82+0.25 11.20+0.25 4.40+0.24  42.75
222 33.48+1.48 24.54+0.88 24.68+0.43 22.13+1.86 9.36%1.27 41.8
235 89.50+0.65 84.78+0.37 80.30+0.97 64.52+1.12 53.41+0.87 1.75
236 45.53+1.28 44.40+0.24 31.34+0.98 29.32+1.08 6.52+0.25 25.0
Ascorbic 95.83+1.19 86.46+0.54 76.60+0.53 64.40+0.62 48.91+0.49 4.5
acid
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Figure18. The percent inhibition of the compounds and the standard
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4.4 Molecular docking value of compounds (199, 227 and 235) against human

peroxidoxin 5PDB ID:1HD2)
Antioxidant compounds playfandamental role as health protecting factor. Free radicals such
as nitric oxide, superoxide and hydroxyl are the oxygamtered free radicals, and they are also
called reactive oxygen species (RQ8layab et al. 2020)'hese oxygen species are produced
in the human body and can become toxic when generated in excess. Mammalian uses various
enzymes to mintain the redox homeostasis of celBeroxiredoxins(PRDX), glutathione
reductase (GR), glutathione peroxidase (GPx), catalase (CAT), superoxide dismutase (SOD),
glutathiones-transferase (GST), as well as redugkdathione (GSH) some of these enzymes
(Declercget al 2001; Fisher 2011We have performed an silico molecular docking study
to investigate the antioxidant binding pattern of three most active molet@®227, and235)
againstagainsthuman peroxedoxin (PDB ID: 1HD2)and the result was compared witfat
of the reference compoundgcorbic aciyl (Table §. The result showethat thebinding
energies of the compleg between the threempounds andumanperoxiredoxin §Table §
were found to be in the rangé -4.1 to -4.5 kcal/mol. Moreover the binding energies of the
compounds were found to be comparable with binding energy of ascorbic acid (Table 8). The
resuls indicated that the thremompound inteact favorably with the target proteins. From our
molecular docking results, it was found that compoR2dwas the most potent inhibitor of
human peroxiredoxin Snteracting favorably with its catalytic siteia three Hbonding
interactions with(Cys-47, Thr44 andThr-147); two van der Waals interactioiBro-40 and
Gly-46); and four Alkyl/Pi Alkyl interactions with(Pro-45, lle119, Phel20 andArg-127)
(Table 8) Compoundl99was interacting with the active site of the enzynagour der Waals
interactionsvith Thr-44, Phel20, Thrl47, and_eu-149 two H-bonding interaction with Arg
127 andGly-46 and withPro-45via Alkyl/Pii Alkyl interactions Compound35interactswith
the enzyme through fivalkyl/Pii Alkyl interactionswith Pro-45, Leu116, lle-119, Phel20
andLeuw-149, and twovVan-der Walls interactionwith Thr-44 andGly-46 (Table 8) Compound
235 didn.t interact withhuman peroxidoxin via H-bonding. Its strong antioxidant property
may be attributed to its interaction to other redom#ostasis enzymes.
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Table 8. Molecular docking value of compound$®@, 227 and235 againshhuman peroxidoxiiPDB

ID:1HD?2)
Compound  Affinity H-bond Residual Amino acid Interactions
S (kcal/mol) droshoniciP
ro ic/Pi-
Cat?/on/FE)i-Anion/ Pi- V_an-der Walls
: . interactions
Alkyl interactions
199 -4.2 Argl27, Pro-45 Thr-44, Phel20, Thrl47,
Gly-46 Leu-149
227 -4.5 Cys47, Pro45, llel19, Phel20, Pro40, Gly-46
Thr-44, Arg-127
Thr-147
235 -4.1 -- Pro45, Leull6, lle119, Thr-44, Gly-46
Phel20, Leu149
Ascorbic -4.9 Cys47, Pro-40, Pre45, Phel20, --
Acid Thr-44, Arg-127, Leul49
Gly-46,
Thr-147

4.51n silico Pharmacokinetics (Druglikeness) study

Drug discovery and development needs to pass through various stages. Synthesizingpar isolati
of a lead compound may considered as first step of the multistep process. Then optimization of
a lead compound which involvesvitro andin vivobio screening is the next time and resource
demanding complex multistep process. Tihesivo lead compoundptimization comprises
investigating the pharmaceutical, pharmacokinetic and pharmacodynamic interactions of a lead
compoundBalani et al. 2005)Each of these steps demands resources including sophisticated
laboratories. Thus various silico analysis methaglwere developed to mitigate the time and
resources required for optimization of a lead compqUieh et al. 2015)PredictingADME
(absorption, distribution, metabolism and excretion) profiles of the bioactive uhedes one

of the best filters in the virtual screening of bioactive compounds in order to be an effective
drug in early preclinical development. Therefore diilkgness analysis of the synthetic
compounds was computed with SwissADME prediction softwarevalate their drugike
propertiesln silico analysis toolsvere employedo evaluate and optimize the novel synthetic

compaunds developed herein
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4.5.1 In silico Pharmacokinetics (Druglikeness) study & quinoline-stilbenes and
pinacol of quinolones

The SwissADME predictiomesultshowed that all the eightesgnthesizedTable 9 and 10)
satisfy Lipi nskercdvelationsThe Kp wdluesfoi alt molevulege within
the range ofi( 3.9 to1 7.38cm/s) inferring low skin permeability. The predicted logP values
revealed that they have optimgdphilicity (ranging from-1.13to 3.89. The SwissADME
prediction parameters showed that all the compounds have high gastrointestinal (Gl)
absorptionmostof themhaveblood brain barrier (BBB) permeatiqexcept215 219, 222,
224, and226) and no compounds are substrate of permeability glydemmo(Rgp) (except
compound215 224 and235). From the structure of compou286the negative value of logP
is expected. Compoun#36 bears a positive charge on one of the nitrogen atoms which
contributed for its poor lipophilicity. The same compound is also the substrate of P
glycoprotein. Of course, compou286 showed poor in vitro and molecular doakiactivity.
Thus thee synthesized compound3$able 9 and 10are expected to exhibit good intestinal
absorption and bioavailability. These prediction results indicate that all the synthesized
compounds (Table 9 and 10) can be active pharmacological agents.
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Table 9. In-Silico druglikeness preidtions ofquinolinestilberes and pinacol of quinolonesmputed by SwissADME.

Formula Mol. NHD | NHA | NRB | TPSA | LogP Skin Li pins
o Permeation .
S Wi, ) Gl Pgp | rule of Five
5 (A | (cLogP) Value absorpt BB | substrat|
3 ion permeant e Violation
£ (9/mol) (log Kp)
8 cm/s
211 | C17H12CIN 265.74| O 1 2 12.89| 3.16 -4.07 High Yes No 0
213 | C17H13NO 247.29| 1 1 2 32.86| 2.58 -5.23 High Yes No 0
214 | C1gH15sNO 261.32| O 2 3 22.12| 3.36 -4.51 High Yes No 0
215 | C14H17N302 259.3 3 4 6 7774 2.22 -7.38 High No Yes 0
216 | C1g8H14CIN 279.76| O 1 2 12.89| 3.41 -3.9 High Yes No 0
217 | CigH15sNO 261.32| 1 1 2 32.86| 2.94 -5.07 High Yes No 0
219 | Co4H1aN3O2 | 38143 1 3 5 70.74| 3.58 -3.99 High No No 0
222 | CogH22N202 | 394.47 | 1 3 6 51.22| 3.86 -4.55 High No No 0
224 | CooH20N204 | 376411 2 6 5 84.7 3.64 -6.42 High No Yes 0
£ CigH1oNsO4 | 401.45| 2 9 5 136.1| 0.963 -8.98 High No Yes 0
% S 3
8
>

NHD = Number of Hydrogen donor, NHA = Number of Hydrogen acceptor, NRB = Numbetatéble bonds, and TPSA = total

polar surface area

Table 10. In Silico dug-likeness predictions ¢2,3-biquinoline}4-carboxylic acid and additional quinolifBcarbaldehyde analodgs SwisSADME
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NHD = Number of Hydrogen donor, NHA = Number of Hydrogen acceptor, NRB = Number of rotatable bon3Sand total

° Formula Mol. Wt. | NH | NHA | NRB | TPSA | LogP Skin Lipin
z Permeatio
D Gl Pgp | srule of
ie] o
S (g/mol) (A% | (cLogP)| NValue | ot BBB substrat| _.
e} permeant Five
S (log Kp) : € .
5 cm/s Violation
O
225 0
CiH11CIN2O, | 334.76 | 1 4 2 63.08| 2.34 -5.07 High Yes No
226 | CyH1sCIN,O, | 36281 | 1 | 4 2 | 6308 28 -4.72 High No No 0
227 | CaaH1eN20s 34436 | 1 5 3 72.31| 2.89 -5.33 High Yes No 0
228 | CaHieN20s 34436 | 1 5 3 72.31| 2.82 -5.33 High Yes No 0
62 CieH1INO2 249.26 | 1 3 2 50.19| 1.98 -5.42 High Yes No 0
230 | CiH1INO, 177.2 1 3 2 49.66| 1.42 -6.05 High Yes No 0
232 | Ci2H12N202 216.24 | 2 3 4 62.22| 1.58 -6.31 High Yes No 0
235 | C12HeCLl2INO 37799 | O 2 2 29.96 | 2.63 -5.69 High Yes No 0
236 | CoH12IN2 27511 | 1 0 2 15.04| -1.13 -6.66 High Yes Yes 0
Vosaroxi | CigH19NsOsS | 40145 |2 |9 5 136.13 | 0.963 -8.98 High No Yes 0
n

polar surface &a
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4.6In slico molecular docking study

Bacterial DNA gyrase are vital for the survival of bactdRacently, researchers have explored
a range of synthetic inhibitors as antibaietledrugs to targeDNA gyrasgGhorab et al. 2020;
Hailekiros, Kedir, and Endale 2021DNA gyrase an enzyme belonging to amteer of
bacterial topoisomerase whidontrols the topology oDNA (Dorman and Dorman 2016;
Ziraldo, Hanke, and Levene 201%olecular docking is frequently used in the process of
computer aided drug design (CADD). It can be appliedifierent stages of the drug design
process in order to: (1) predict the binding mode of already known ligands; (2) identify novel
and potent ligands and (3) as a bindafignity predictive tool(Bartuzi et al. 2017)Therefore,

we have carried oubé molecular docking analysis for the synthesizempounds to elucidate
their binding interactions witiDNA gyraseand compared with the clinical drug inhibitor
(ciprofloxacin)

4.6.1 In silico molecular docking study of quinoline-3-carbaldehydederivatives
againstE. coliDNA gyrase B

In generalantimicrobial agents target the key components of bacterial metabolism to disable
the bacteria such as celialls, DNA gyrase, DNAdirected RNA polymerase, protein synthesis,
and enzymes. DNA gyrase, an enzyme belonging to a member of bacterial topasomera
controls the topology of DNA during transcription, replication, and recombination by
introducing tranent breaks to both DNA stran¢llouche 2012; Dorman and Dorman 2016)
In this regad, bacterial DNA gyrase is essential for bacterial survival and therefore necessary
to be exploited as an antibacterial drug tafBetk et al. 2015)Therefore, in the present study,
the molecular docking analysis of thgntheticcompoundsvas conductetb investigateheir
binding pattern with DNA gyrase and comphtkem with standarchhibitor (ciprofloxacin).
The syntheticcompoundgqTable 1) were foundto have minimum binding energwanging
from16.2 to1 7.3 kcal/mol (Table ¥ with thebest result achieved witompound203( 1 7 . 3
kcal/mol). Thebinding affinity, Hbond, and residual interaction thfe ten compounds and

ciprofloxacin were summarized in Table.11
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Table 11 Molecular docking value afuinoline-3-carbaldehydelerivatives

Compounds Affinity H-bond Receptor interactions
(kcal/mol)
196 -6.2 Asp-73, Val-43, Val71, lle-78, Ala-47
197 -6.2 Asp-73, Thrl65, lle-94, lle-78
Gly-77
198 -6.4 Asp-73, Thrl65, lle-94, lle-78, Ala-47
Gly-77
199 -6.3 Asp-73, Asn46, Val-43, Val167, Ala4d7
Thr-165, Gly-77
200 -6.3 Asnt46, Glu50, Asp-73, Ala47, lle78, Proa79, Arg76, Gly
Gly-77 75, Thrl65
203 -7.3 Arg-76, Asn46,  Asp-73, lle78, lle94, Pra79, Glub0, Gly
Gly-77, Thrl65 75
206 -6.3 - lle-78,Val-167, Vat120
207 -6.2 - Ala-47, Asn46, lle 78, Thrl65, Vall67
208 -6.0 Asp-73 lle-78
209 -6.3 Asp-73, Gly-77 Ala-47, Glu50, lle-78, Pra79
Ciprofloxacin -6.9 Asp-73, Arg76, Ala-47, lle-78, lle-94, Pra79, Glub0, Gly
Asn-46 77

Compared taciprofloxacin, the synthesized compounds (Table 4idwed similar residual
interactions profile with amino acid residues3, Pro79 Glu50, Gly-77, lle-78, and Alad7

and Hbond with Asp73, Arg-76, and Asp6. Compound497, 198 and199have additioal

hydrogen bonding interaction with amino acid residue II8%. The compoundk96 (Val-43,
Val-71),199(Val-167),206 (Val-120 and Vall67), and207 (Val-167) have shown additional
hydrophobic interaction with amino acid residues. Tégidual amino acid interactions of
synthesized ligands (excep®6 and207) with DNA gyrase (6f86) in this study were well in
agreement with the previously reported binding modes that include the crucial interactions
between the ligah Asp73(Xiao et al. 2014)and the water molecule. Thesilico interaction

results math the in vitro analysis ohe synthesized compound$96( 1 6. 2 k20381 / mol )
(T 7. 3mok,e®11/6 . 3 kc ab8(mdcdl. )0, karad goadoattiyitiesabgainst e d

E. coli, among which compoun®0(i 6.3 kcal/mol) an®03( 1 7. 3 kcal / mol ) r ev
activity. The compouds 206 and 207 docking results partiallymatched the ciprofloxacin
interactionswvith amino acidesidues. Based on tivesilico molecular docking analysigsults,
compounds200 and 203 showed comparable residugteractions and atking score of
ciprofloxacin. Thereforecompound203 might hae the best antibacterial agem@siong the

conmpounds reported herebased on molecular docking study. Howeivevitro antibacterial
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activity againsk. coliis zero and contradicts the molecular docking sddre indingaffinity,
H-bond, and residual interaction tbfe ten compounds wergummarized in Table 1The 3
dimensional binding interaction of compourd®8 203and ciprofloxacin again&. coligyrase

B complex is illustrated in Figurd$i 21.
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Figure 19. The binding interactions of Ciprofloxin against E.coli DNA gyraseB (PDB ID: 6F86).
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Figure 20. The binding interactions of compouf@i8againste.coli DNA gyraseB (PDB ID: 6F86
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Figure 21. The binding interactions of compoug@i3againste.coli DNA gyraseB (PDB ID: 6FB

4.6.2 In silico molecular docking studyof quinoline-stilbenes and pinacol of
guinolonesE. coliDNA gyrase A

Similar to the previougxperimentthe molecular docking studyf the synthetic compounds
was carried out to examine their binding pattern ag&inedli DNA gyrase A and compared
with standard clinical dru¢Ciprofloxacin). The compounds (Table 1d@splayed minimum
binding errgiesranging fromi 5.6 to1 7.1 kcal/mol, with the best result achieved using
compounds216(i 6.7 kcal/mol),217i 6.7 kcal/mol),198i 6.9 kcal/mol), and224 (i 7.1
kcal/mo)). The binding affinity, Hbond and residual interdan of the nine compoundsnd
ciprofloxacin are presented in Table. I the compounds displayg interactions within the
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binding site of the clinical drug Ciprofloxacin. The synthesized compouiratdg 13 shown
residual interactions profile with amino acid residues-838, Vat685, Leu735, Val787,
Arg-838 and Hbond with 11e683, Val737, and GIlA788. Amongthem, the synthesized
compound224 (i 7.1 kcal/mol) had almost similathydrogen bondingand hydrophobic
interactions withthat of ciprofloxacin { 7.3 kcal/mole). The compoun@i5 and 217 have
shown hydrogen bond interactewith amino acid residue Leti35. The compoundal5and
224 have shown hydrogen bond interaction with amino acid residué88esimilar to
Ciprofloxacin. The ompound213(Val-737),and216(Arg-838,219(Arg-630, Thr632)have
shown hydrogen bond interaction with different amino acid residuesinTdikco interaction
results are agreeing with in vitro amticrobial analysis of the synthesized compounds again
E.Coli. The compound216 (i 6.7 kcal/mol),217 (i 6.7 kcal/mol),219 (i 6.9 kcal/mol), and
224(1 7.1 kcal/mol) showed good activities agaiasbli, among them compour&?4revealed
better activitySeeliger and De Groot 2010)he compoun@19, and 222 do not show any

hydrogen bond interaction with anytheamino acid esidues within the active site

The compound211, 213, 214, 21%and222docking results were partially matching the clinical

drug Ciprofloxacin interactions with amino adidsidues. Based on the silico molecular

docking analysis result compou2@4 (i 7.1 kcal/mol) showed the highesinding affinity

compared to iprofloxacin { 7.3 kcal/mol). Thereforehased on molecular docking result,
compound224 might be a better @nbacterial agent than the other synthesized compounds
reported hereirlowever, then vitro assay againg. colii s zer o and doesnoét
has been predicted by molecular docking scofee binding affinity, Hbond and residual

interaction & nine compundspresented in this sectiare summarized in Table Hhd the

binding interactions o219and224 againstE.coli DNA gyrase A were depicted in Figures 22

and 23
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Table 12. Molecular docking studgf quinolinestilbenes anginacol of quinoloneagainste.coli DNA gyrase A (PDB ID 1ZID

Residual Amino acid Interactions

Ligands Affinity H-bond Hydrophobic/PiCation/Pi Van-der Walls interactions
(keal/mol) Anion/ PrAIKyl interactions
211 16.1 -- lle-736, Asp686, Val787 Val-685, Vat737, lle683, Gly684, Thr632, GIn788
213 164 Val-737 lle-736, Arg739 Val-685, Leu735, GIn788
214 16.2 -- lle-736, Asp686 Val-685, Val737, 11e683, Gly684, Thr632, Val787, GIr788,
Leu-735
215 156 lle-683, Leu | Le-736 Gly-684, Val685, GIn788, Sei734, Val787
735
216 6.7 Arg-838 lle-736, Val787, gin837 Val-685, Asp686, Leu735, Val737, Ala786, GIn788, Leu836
217 6.7 Leu735 Val-787 Val-685, Asp686, Sef734, Vat737, 11e683, Gly684,Arg-838,
Leu-836, GIn837
219 6.9 Arg-630, Thr | Ala-633 Arg-580, lle634, lle631, lle683, Gly684, Val685, Asp686, Vat
632 733, Sei734, Leu735, Ala786, Leu836
222 16.5 lle-634, Arg | Ala-633, 1le736, Asp686 Asp-579, Thr632, 11e683,Gly-684, Val685, Vat737, Leu735,
580 GIn-788
224 171 lle-683 Val-787, 1le 736, Asp686 Arg-580, Thr632, Asp579, Gly684, Val685, Leu735, Val737,
Arg-739, GIn788, GIn837, Arg838
Ciprofloxacin |1 7.3 lle-683, Val | Ala-633, Val685, Lal-735, Gly-684, Asp686, lle 736, Arg739
737, GIn788, | Val-787, Arg838
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Figure 22. The binding interactions of compoud9againstE.coli DNA gyrase A (PDB ID: 1ZID
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Figure 23. The birding interactions of compourtR4againste.coli DNA gyrase A (PDB ID: 1ZID

4.6.3 In silico molecular docking evaluation ofquinoline-stilbenesand pinacol of
quinolonesagainstlumanTo p o i s 0 m@DBaB: ém9 | U

Topoisomeraseandll havebeen the key targein the anticancerdrugdevelopmen{Jadhav

and Karuppayil 2017V ertebrate species produce two isoforms of topo It p oandtopdJ)

| 1. These enzymes display a high degree of amino acid sequence iden@itg)( however,

they differ in their protomer molecular masses (170 kDa versus 180 kDa, respectively) and are
encoded by separate gen@dcClendon and Osheroff 2007) o p o is bvierexpressed in
proliferating cellsand servess a bi omar ker for cel |l prolifer

is evenly distributed across all cells. Ther
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anticancer décts of topo Il imibitors (Skok et al. 2020)In the present investigation, we have
studied the molecular docking interactonf the synthesized coropnds against human
t opoi s o mandaanpared With the artancer drug (vosorax). The synthesized
compoundsTable 13 were found to have minimum binding energy ranging fr@r toi 8.0
kcal/mol (Table 13 with the best result achieved using gmund224 (i 8.0 kcal/mol),217

(T 7.9 kcal/mol),211, 213and216 (i 7.8kcal/mol), 219 (i 7.7 kcal/mol), 213and222i 7.5
kcal/mol), 215(i 7.0 kcal/mo) and Vosaroxini 6.9 kcal/mol);The binding affinity, Hbond
and residual interaction ofhe nine compounds and vosaroxin (acdincer drug) are
summarized in Table 1&ompared to vosoroxin, the synthesized compouratdé¢ 13 shown
similar residual interactions profile with amino acid residuesh as eu-705, lle577, Pre593
Glu-682, Tyr684, Arg-672, GIn542 and Hbond wih Ser591, Leu685, and Letb92 The
compoundsalso showed additionaVan-der Walls interactionsesidue as compared the
reference druglhein-silico analysis shown that the compow2# (i 8.0kcal/mol),217(i 7.9
kcal/mol),211, 213and216 (i 7.8 kcal/ma) revealed better activitieBased on thén silico
molecular dockig analysis results, compounds (Tablest®&wn high residual interactions and
docking scors than wosoroxin.Hence compounds211, 213 216, 217 and 224 might have
better anticancer agents than the other compounds reported herein. The binding affinity, H
bond and residual interaction of ten campds are summarized in Table. I}e in silico
molecular docking analysisgainsthumantopoisomerasé | idJstronger than the docking
againstE.coli DNA gyrase A
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Table 13. Molecular docking alues of quinolinestilbenes and pinacol of quinolonagainst imanto p 0 i s 0 m¢RDB De4fmd)l U

Compounds (I(Acfglr/]:;yol) H-bond Residual Amino acid Interactions
Hydrophoblc/R-|Cat|on_/P+An|on/ Pk Varrder Walls interactions
Alkyl interactions
211 -7.8 Leu-685 Pro593, Leu705 Glu-682, Serb91, Tyr684, Leu592, GInb44,
Glu-702, Ses709, Lys701
213 -7.8 Leu-685 Leu-705 Arg-672, Tyr684, Tyr686,Se591, GInb44,
Glu-702, Sef709, Lys701
214 -7.5 Leu-685 Pro593, Leu705 Arg-672, Tyr686, Leu592, GIn544, Glu682,
Glu-702, Serb47, Sef709, Lys701
-7.0 Tyr-590, Leu-705, Pre593, Leu592, Glu Thr-540, Asp541, Setb47, GInb544, Ser709,
215 Lys-550, 702, Ser591, Tyr686, GIn542
Asp-543,
Leu-685
216 -7.8 Leu-685 Pro593, Leu705 Tyr-686, Glu702, Setb47, Sei709, GInb44,
Tyr-590, Lys701, Tyr684
217 -7.9 Leu592, Pro593,Leu-705, Tyr686, Leu Ser591, Glu702, Seb47, GInb42
GIn-544 685
219 -7.7 Serb47 Pro593, Leu705, Leu592, lle Asp-543, Tyr590, GIn544, Glu702, Leu685,
577, GIn542, Tyr-684, Asp683, Glu682
299 -7.5 -- Pro-593, Leu592, GIn542, Leu Ser547, Asp543, GIn544, Leu685, Tyr684,
705. lle577 Asp-683, Glu596
-8.0 Arg-672, Pro593, Leu592, Glu682, lle Asp-543, Tyr590, Tyr686, Setb91, Leu685,
204 GIn-544 577, GIn544, Leu705 Tyr-684, Glu596, jAsp831
GIn-542
-6.9 Ser591, Leu-705, lle577, Pre593 Glu-682, Tyr684, Arg672, GIn542
Vosaroxin Leu-685,
Leu592
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The 3dimensionalbinding interaction of211, 217, 224 and vosaroxi against human

topoisomerase Uis illustrated in Figures 227
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Figure 27. The binding interactions &24against Humaif o p 0 i s 0 m@DBalB: éim9).1 U

4.6.4 Insilico Molecular docking study of [2,3'-biquinoline]-4-carboxylic acid and
additional quinoline-3-carbaldehyde analogsgainstE-coli DNA gyrase A
Bacterial DNA gyrase are vital for the survival of bacteria. Recently, researchers have explored
a range of synthetic inhibitors as antibaietledrugs to targeDNA gyrasgGhorab et al. 2020;
Hailekiros, Kedir, and Endale 202Therefore, we have carried ounet molecular docking
analysis for the sythesized compounds to evalutiteir binding interactions witDNA gyrase
A and compared with the clinicdrug inhibitor (ciprofloxacin). The synthesized compounds
(Table 14 were found to have maximubinding energywaluesranging fromi 5.4 toi 7.9
kcal/mol (Table 14, with the bestcore achieved focompound228 (i 7.9 kcal/mol). The
binding affinity, Hbond and residual interaction of nine compounds @pafloxacinwere
summarized in Tabld4. Compared to ciprofloxacigompounds (Table 14hown similar
residual interactions with amino acid resid@g-50, Gly-77, lle-78, Asn46, lle-94, and Ala
47 and Hbond with Asp73, Arg76, and Thil65 Compounds225 226, and 227 have
additional hydrogen bonding interaction with amino acid residue7Brorhe compounds
225Asn-46, Glub50), 226 (Asn-46), 62 (Asn46, Gly77), and232 (Gly-77) have shown
additional hydrogen bonding interagi®with amino acid residues. Theompound228
recapitulate the residual amino acid interactions of ciprofloxacin adgaiitgyraseA (6f86).
In this study, the redual interactiosof thecompoundsTable 14 were well in agreement with
the previously reported binding modes that includes the essential interactions between the
ligand, Asp73, and thevater moleculeThe molecular docking analyseesults are in good
agreement wittn vitro analysis of the synthesized compouriz; (-6.9 kcal/mol),226(-6.8
kcal/mol),227(-6.9 kcal/mol) 228(-7.9 kcal/mol),62 (-7.2 kcal/mol) an®32(-6.8 kcal/mol)

activities againsk. coli. Thein-silico analysis shown that the compow2B (i 7.9 kcal/mol)
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and62 (i 7.2 kcal/mol) revealed better activity. The compou28&i 5.4 kcal/mo) 235 6.1
kcal/mol), and236 (i 5.4 kcal/mol)) docking results were partially matching the ciprofloxacin
interactions with amino acid residues. Based o ith silico mdecular docking study
compounds228 and 62 shown comparable residual interactions and docking scerth
reference compoundaiprofloxacin. Therefore, compour226might have better anbacterial
agents than thetlwer compounds reported herein. But ith&itro antibacterial assay result for
62is very law and it is in sharply contradiction with the molecular docking value.

The molecular docking data diie synthesized compound&re also carried owgainstS.
aureus topoisomerase IV(PDB ID 2INR) to evaluatetheir binding interactions with
topoisomerase 1Vh case of @am positive bacteriand comparable with the data obtained for
drug inhibitor (ciprofloxacin). The synthesized compounid(e 15) here alsdoundto have
maximum linding energy ranging from 4.5 toi 5.9 kcal/mol (Take 15, with the best result
achieved using compou2@8(i 5.9 kcal/mol)and { 4.9 kcal/mol)for ciprofloxacin. The same
three synthetic compounds namedg5 227, and228displayed the maximum binding affinity
with topoisomerase I\of S. aureus Thus compounds225 227 and 228 exhibited good
antibacterial activities against both gram negative and gram positive bacteria both in in vitro
and molecudr docking evaluationg éble 15 and further optimization of these compounds can
be used to develop effective broad spectrum antibacterial activity lead comp®hed3
dimensional binding interaction of nine compounds and ciprofloxacin againsii gyraseA
complex is illusrated in Figure28i 36
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Table 14. Molecular dockig value of[2,3-biquinoline}4-carboxylic acid and additional quinolige
carbaldehyde analoggainstt.coli DNAgyrase APDB ID: 6F86

Compound  Affinity H-bond Residual Amino acid Interactions
S (kcal/mol)
Hydrophobic/PiCation/Pt Van-der Walls
Anion/ PrAIKkyl interactions interactions
62 -7.2 Gly-77,  Ala-47, Val43, Val167, Gly-75
Thr-165, lle-78
Asn-46
225 -6.9 Glu-50, lle-94, lle78 Asp-73, Asp49, Gly-77
Pro-79,
Asn-46
226 -6.8 Pro-79, lle-78, lle-94, Glu50 Asp-73, Asp49, Gly77,
Asn-46 Thr-165
227 -6.9 Thr-165 Asn46, lle-78, Pro79, lle Asp-73, Ala47, Arg 76,
94, Glu50 Gly-77
228 -7.9 Asp-73, Ala-47,Vatl67, lle78, lle Val-43
Thr-165, 94
Pro-79,
Glu-50
230 -5.4 Val-43 Asp-73, Glu50, lle-78 Gly-77, Asnr46, Ala47,
Val-167
232 -6.8 Asp-73, Asn46, lle-78, lle-94 Val-43, Ala47, Arg76,
Thr-165, Pro79, Gly-75, Glu50
Gly-77
235 -6.1 -- Pro79, lle78, Arg76, Glu  Asp-73, Asnr46, Ala47,
50 Gly-77,Thr-165
236 -5.4 Val-43 Asp-73, Glu50, lle-78 Gly-77, Asr46, Ala47,
Val-167
ciprofloxacin -7.2 Asp-73, Glu-50, Gly-77, lle-78, Ala-47
Arg-76, Asn-46
Thr-165
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Table 15. Molecular docking valuesf [2,3-biquinoline}4-carboxylic acid and additional quinoline
3-carbaldehyde analoggainstS. aureus topoisomerase (RDB ID 2INR

Compounds  Affinity
(kcal/mol)

62

225

226

227

228

230
232

235

236
Ciprofloxacin

-5.7

-5.4
-4.9

H-bond

Serldl,
Asn-360,
Thr-139
Glu-356

Serl4l

Serl4l,
Asn-360
Serl4l,
Asn-360,
Thr-139
Val-140
Glu-138

Asn-352

Val-140
Glu-138,
Serl4l,
Asn-360

Residual Amino acid Interactions

Hydrophobic/P4

Cation/PiAnion/ Pk

Alkyl interactions
Phel42

Glu-138, Asn360
Glu-138, Thrl39

Glu-138

Phel42, Asn360

Arg-35, Glu-356,
lle-355, Ser349,
Asp-335
Glu-138
Thr-139, Glu356,
Arg-35

Van-der Walls
interactions

Val-140

Arg-35, Ser349,
His-353, Asn352,
Asp-335, 1le355,
Ala-359
Phel42, The139,
Val-140
Glu-356, Vat140,
Phel42
Glu-356, Vat140

Serl41, Thrl39

Serl41, Phel4?,

Val-140, Asn360,
Thr-139
His-353

Thr-139, Phel42
Met-154
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Figure 29. The binding interactions @26againste. coli DNA gyrase APDB ID: 6F86).
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Figure 31. The binding interactions &28againste.coli DNA gyrase APDB ID: 6F86).
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Figure 36. The binding interactions &36againste.coli DNA gyrase APDB ID: 6F86).

4.6.5 Molecular docking study of [2,3'-biquinoline]-4-carboxylic acid and additional
quinoline-3-carbaldehyde analogsigainsthumant opoi somer ase || U

We havealso investigatedhe bindinginteractiors of these compoundgTable 16)against
humant o p o i s o naadrcampared With the asdancer drug (vosoroxin). The synthesized
compoundsTable 1§ were found to have minimum binding energy ranging fiog6 toi

8.8 kcal/mol (Table 16 with the highest scores were obtained dompound225i 8.6
kcal/mol), 226 (i 8.8 kcal/mol), an®28 (i 8.3 kcal/mol). The binding affinity, Hhond and
residual interactiosiof the nine compounds and vosaroxin (acdincerdrug) are summarized

in Table 16. Compared to vosoroxin, thempounds Table 1§ shovn similar residual
interactionprofiles with amino acid residues Let05, lle577, Pre593, Glu682, Tyr684,
Arg-672, GIn542 and Hbond with Sei591, Leu685, and Letb92. Compound&25, 226, and

227 have additional hydrogen bonding interaction with amino acid residu& ®rbhe
compound225 (Asn-46, Glu50), 226/Asn-46), 62 (Asn-46, Gly77), and232Gly-77) have
shown additional hydrogen bonding interaction with amino acid residuessyrfeesized
compounds (excef@35and236) shown similar residual amino acid intefaot of vosoroxin
against humah o p o i s o n{4fm9% I éhis $tudy) the residual interactions of compounds
(Table 16 were well in agreement with the previously reported binding modes that includes
the essential hydrogen interactions between thedigem the amino acid residues (564,

and Leu685). Thein-silico analysis revealethat the compours25 (i 8.6 kcal/mol),226 (i

8.8 kcal/mol), and2 (i 8.3 kcal/mol) to possedsetter activity.The compound235i 5.6
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kcal/mol), and236 (i 6.6 kcal/mol) docking results were partially matching the vosoroxin
interactions with amino acid residues. Based on the in silico moleculandakalysis results,
compounds225 226, and 228 shown high residual interactions and docking score than
vosoroxin. Therefore, compoun@85 226, and228 might have better antiancer agents than
the other compounds reported herein. The binding affinitlgphid and residual interaction of
ten compunds were summarized beloWwaple 16.

Thus, in thduture it will be important to undergo intro and invivo anticancer evaluation for
the three compound2245, 226, and228 which showed highest docking analyses scores.
These compounds may also serve as a lead to plan further anticancer compsaddsnb

similar scaffold.
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Table 16. Molecular docking valugof [2,3-biquinoline}4-carboxylic acid and additional quinolitiecarbaldehyde analoggainst Human

Topoi som@DBaB: éfmd) | U

Compounds '(Alglglll%ol) H-bond Residual Amino acid Interactions
Hydrophoblc/ P-|§:at|on/P+An|on/ Van-der Walls interactions
Pi-Alkyl interactions
62 -7.6 Ser591, Leu685 Pro-593, Leu705 grggg Glu702, Sei547, Asp543,
u_
295 -8.6 Leu-685 Leu592, Pre593, Leu705 Glu-682, Tyr684, Set591, Tyr686,
GIn-542, Glu702, Set547, Asp543
-8.8 Ser591, Leub85 Pro593, Leu592, Leu705 Arg-672, Tyr684, Tyr686, Glu702,
226 GIn-542
297 -7.7 Leu-685, GIn544 Ser709, Leub92, Pre593, Leu Arg-672, Asp543,Glu-702, Tyr686,
705,Glu682 Ser591, Tyr590, Tyr684
208 -8.3 Ser591, Leu685, Leuw592, Pre593, Leu705, Glu682, Tyr-686, Glu702, GIn542, Asp543
GIn-544 Tyr-684, Sef709
230 -7.6 Ser547, Glu702, Leu-705, Leu685,Tyr686 Ser591, Tyr590,Tyr-684, Lys701,
Lys-550, GIn542 GIn-544, Gly546, Asp543, Asp541
232 -7.1 Serb47, Lys550 Leu-705, Tyr590, GInb44, Asp543, Ser709, Glu702, Asp541, Leu592
Tyr-686, GIn542
235 -5.6 Ser547, Asp543 Leu685, Leu705, Glu702, Lys701 Ser591, Tyr590, Lys550,GIn-542,
Tyr-686, Asp683, Tyr684
236 -6.6 Lys-550 Leu-705, Glu702, GIn542, Leu685 Tyr-684, Lys701, Tyr686, Asp543,
Ser547, Setb91, Leub592
. -6.9 Ser591, Leu685, Leu-705, lle577, Pre593 Glu-682, Tyr684, Arg672, GIn542
Vosaroxin Leu592
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The 3dimensional binding interaction of compouragminst humatopoisomerase Uis

illustrated inFigures 3744
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Figure 38. The binding interactions &25against Humaf o p 0 i s 0 m@DBaB: éfmd) | U
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5. CONCLUSION AND RECOMMENDATIONS

5.1.Conclusion
In this dissertation26 novel quinoline analogs and &chiff bases were synthesized by the

employing of VilsmeierHaack, Wittig, Doebner, nucleophilic substitution, oxidation,
redwtion and hydrolysis reactionslhe in vitro antibacterial activity of thesynthetic
compounds wasvaluated by paper distiffusion method against three Gram negative and
three Gram positive bacterial strainf€ompoundl72 (9.0 £0.67 mn) againstP. aguginosa
183(8.33 £0.44 mmpagainstP. auruginosa, 190(10.0 £ 0.8 mm)198(16.0 £0.82 mmboth
againstE. Coli, 203 (16.0 = 1.63 mm) agains$. aureusand 8.67+ 0.47 mm againss.
typhimurium 204and205 (13.7 £0.58 mrpagainstP. pyogene206(20.7 = 1.5 mm against

P. aguginosaand207( 15.7 £ 0.58 mm again§t. aureusl6.0 £ 1.7 mm againgt. coli, 19. %

1.5 mm againsP. aeruginosa were among those that showed higher antibacterial mean
inhibition zone compared to ciprofloxadiwhose mean inhibition range 16.33.58 mm to
22.0+ 1.0 mm on above four strains)in-silico druglikeness predictiongand molecular
dockingevaluations wre witha good agreement the resuliofitro antibacterial activities of
some of compound®225,226, 227, and228) and disagree with few of ther®(3. The radical
scavenging properties of the compounds veéseevaluated by DPPH assand most oftiem
showed moderate antioxidant activities. Three of tHE98,(ICs0 45.9eg/mL), 227 (IC501.25

e g/ mland235(ICs01.75 ¢ g ,/exhibi)ed the strongest antioxidant activity relative the
reference (ascorbic acgidvith ICso 4 . 5 & gvioletllgr docking scores of the three
compounds 199 227 and235) and that of the ascorbic against hurpanoxiredoxin5 varies
from -4.1t0 -4.9 kcalmol supporting the in vitro assay reshitther. The molecular docking
score 0f227 (-4.5 kcal/mol) is much closer to ascorbic acdlg kcal/mol) tharl99 and235
andthe acidic proto on compoun@27 might be involved in Fbond interactions within the
active site of the enzymEighteen (18pf the synthetic compounds were docked ag&irsili
DNA gyraseS. aureusopoisomerase IVandhumant o p o i s o mreardarsgodnvetigate
their anticancer activitee Someof them showed stroniginding affinity for the enzyme than
the reference drugr@saroxir), of whichcompoundsl90, 192 195, 196, 203 204, 205, and
207 showed highbinding energyalues. These suggest the compounds can possess better

anticancer properties
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5.1.Recommendations
Thelack ofchemicals|aboratory apparatus, equipment, and butiget limitedthescope and
variety of the synthesis as well #se evaluationof their biological activitiesHowever, than
vitro antibacterial andh-silico molecular docking evaluation results revealed that some of the

synthetic compounds have strong antibacterial property., Wauseommend the followings:

1. The bioactivity ofquinolinestilbene hybridg€anbe further improved by incorporating
the necessary bioisosite groups around the nescaffold. Thus,it appears possible to
incorporate varioubiosteric group®n phenyl ring of quinolinetilbenes whicttould

improve theirbioactivity furtheras long as the necessaigisostersare obtainable

2. Both in vitro andin vivo anticancer assay are not currently conducted in Ethiopia.
Compound 190 192, 195, 196, 203 204, 205 and207that showed minimum affinities
in molecular dockinganalyse against human o p 0 i s o maeseaves durthiein U

vitro andin vivoanticancer assay in case opportunity is availabiee future

3. The evaluation of biological activitieseed to be expanded varietiesand quality.
Currentlyin vitro antibacterial assay is the only method used@daductantibacterial
activities However, in the future it will be essential to determine the minimum
inhibitory concentration (MICandconducting in vivo assays ftitose compounds that
showed better mean inhibition zones

4. However,besides bacterial infectiofungusinfection alsoimpose serious threat to
human health.
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APPENDIXES
Appendix 1. TheH NMR (400 MHz, CDC}) spectrunof 2-Chloroquinoline3-carbaldehyd (196)
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Appendix 2.The*C NMR (100 MHz, CDCls) spectrunof 2-Chloroquinoline3-carbaldehyd€196)
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Appendix 3.The DEPT(100 MHz, DCls) spectrunof 2-Chloroquinoline3-carbaldehyd€196)
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Appendix 4. The IR spectrum of-2hloroquinoline3-carbaldehyd¢196)
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Appendix 5. TheH NMR (400 MHz, CDC}) spectrunof 2-methoxyquinoline3-carbaldehyd€197)

91-1788(AD15).1.fid F]
" e anwumow oMo o o ) 320
S Y P/
|-300
I-280
|-240
220
|- 200
|- 180
D (1)
776 |- 160
A (m) B (s) C (m) E(t) Fll(dd)
10.49 8.60 7.86 7.45 .21

|- 140
120
|- 100

|-80

|-60

|-40

o
T 7 L2

T
8.0 7.0 6.5 6.0 55 5.0 4.5 4.0 35

11.0

S| 08T
oot
2
1]

H
°
©
n
©
°
m
@

7.5
f1 (ppm)

Appendix 6. The ®*C NMR (100 MHz, CDC}) spectrunof 2-methoxyquinoline3-carbaldehyd€197)
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Appendix 7. The DEPT(100 MHz, CDC}) spectrunof 2-methoxyquinoline3-carbaldehyd€197)
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Appendix 8. The IR spectrum of -Enethoxyquinoline3-carbaldehydé197)
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Appendix 9. TheH NMR (400 MHz, CDC}) spectrunof 2-Ethoxyquinoline3-carbaldehyd€198)

91-1784(AD17).1.fid P
Hes N b e e e e F-250

v Py AR R

6.0
f1 (ppm)

Appendix 10.The*C NMR (100 MHz, CDC}) spectrunof 2-Ethoxyquinoline3-carbaldehyde
(198
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Appendix 11 DEPT (100 MHz, CDC#) spectrunof 2-Ethoxyquinoline3-carbaldehyd¢198)

Appendix 12. The FTIR spectrum d-Ethoxyquinoline3-carbaldehyd€198
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