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ABSTRACT

Quinoline or benzopyridine, a nitrogen containing compound has been known to
possess antimalarial, anti-bacteria, and anti-fungal properties. In this study, a
derivative of quinoline-N-oxide-4-thiol was obtained by a five step reaction. The
compounds synthesized in the stepwise reactions were: quinoline-N-oxide, 4-
nitroquinoline-N-oxide, 4-chloroquinoline-N-oxide and quinoline-N-oxide-4-thiol.
Furthermore, the latter was coupled with benzoyl chloride under basic condition to
obtain quinoline-N-oxide-4-benzoylsulphide. The physical properties of the
compound obtained are percentage yield 1.86%, melting point 96-98°C, and

retention factor value 0.83.



CHAPTERONE
INTRODUCTIONANDLITERATUREREVIEW
1.0 Introduction

Heterocycliccompoundisaclassofcyclicorganiccompoundshavingatleastoneheteroat
ominthecyclicringsystem. Themostcommonheteroatomsarenitrogen,oxygenandsulp

hur(Jouleetal.,2000).

Heterocycliccompoundsarealsofoundinplantsandanimalproducts;andtheyareoneofth
eessentialconstituentofnaturalorganiccompoundsnamelyalkaloids,naturaldyes,drugs,

proteins,andenzymes(Finar,2004).

Heterocycliccompoundsareprimarilyclassifiedassaturatedandunsaturated. Thesaturat
edheterocycliccompoundsbehaveliketheacyclicderivativeswithmodifiedstericproper
ties.Piperidineandtetra-
hydrofuranaretheconventionalaminesandethersofthiscategory.However,unsaturated
heterocycliccompoundsof5-and6-
memberringshavebeenstudiedextensivelybecauseoftheirunstrainednature. Theunstra
inedunsaturatedheterocycliccompoundsincludepyridine,thiophene,pyrrole,furanand
theirbenzofusedderivatives.Quinoline,isoquinoline,indole,benzothiophene,andbenz

ofuranaresomeimportantexampleotbenzofusedheterocycles(Gilchrist,1999).

Quinolineisaversatilebicyclicheterocyclicscaffoldwithimmensetherapeuticpotential.
Someofthecompoundscontainingquinolinenucleusareagentsofchoiceforthetreatment

ofvariousailments,particularlycancerandmalaria(Hussaini,2016).

Severalmoleculescontainingquinolineskeletonareclinicallysignificantdrugsandexte

nsivelyusedforthetreatmentofvarioushumandiseases/disorders. Theclinicalsuccessof
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someofthesecompoundsandtheversatilecharacterofthequinolinenucleusattractedmed

icinalchemistsinthedevelopmentofnewerchemotherapeuticagents(Yanetal.,2013).

Quinolinenotonlyhasawiderangeofbiologicalandpharmacologicalactivitiesbuttherea

reseveralestablishedprotocolsforthesynthesisofthisring.

Thesynthesisofquinolineshasbeenofconsiderableinteresttochemistsbecausetheiroxy
genheterocyclesmaycontributetopotentialantimalarial,antibacterial ,antiasthmatic,an
tihypertensive,antiinflammatory,andantiplateletproperties(Maguireetal.,1994).Vari
ousmethodshavebeenreportedforthesynthesisofquinolinessuchastheSkraup,Conrad-
Limpach-

Knorr,Pfitzinger,Friedlander,andCombesmethods(Fehnel,1966). However,theFriedl
andercondensationisstillconsideredasapopularmethodforthesynthesisofquinolineder

ivatives(Fehnel,1966).

1.1 BackgroundoftheStudy
Heterocyclicchemistryisoneofthemostvaluablesourcesofnovelcompoundswithdiver
sebiologicalactivitybecauseoftheiruniqueabilityoftheresultingcompoundtomimicthe
structureofthepeptidesandtobindreversiblywithproteins(Adreaniezal.,2008). Amongs
theterocycliccompounds,quinolinesysteminavastrangeofmedicinalandindustrialsetti
ngscanbedescribedmainlybyitsversatilityandbroadpotentialforfunctional(Evansetal.,
1988).Moreover,thequinolineringsystemoccursinvariousnaturalproducts,particularl
yinalkaloids,anditsseldomlyusedfortheplanofmanysyntheticcompoundswithvariedp
harmacologicalproperties(Matadaetal.,2021). Theknownquinolinealkaloidsdictamni
neandy-
fagarineisolatedfromrootsofZanthoxylumulutaienswerereportedtoexhibitmoderatea

ntibacterialactivitywithMICsof30ug\ml(Garciaetal.,2012).
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Thefusionofseveralringsleadtogeometricallywell-
definedrigidpolycyclicstructuresandthusholdsthepromiseofahighfunctionalspecializ
ationresultingfromtheabilitytoorientsubstituentinthreedimensionalspace(Adreanieta
[.,2008).Compoundswithheterocyclicringsareinextricablywovenintothemostbasicbi
ochemicalprocessesoflife.Ifoneweretochooseastepinabiochemicalpathwayatrandom,
therewouldbeaverygoodchancethatoneofthereactantsorproductswouldbeaheterocycl
iccompound.Eventhoughthisisfalse,participationotheterocycliccompoundsinthereac
tioninquestionwouldalmostbecertainasallbiochemicaltransformationsarecatalyzedb

yemzymes,andthreeofthetwentyaminoacidsfoundinemzymescontainheterocyclicrin

gs.

Manyenzymesfunctiononlyinthepresenceofcertainsmallnon-
aminoacidsmoleculescalledcoenzymes(orcofactor),whichmoreoftenthannotareheter

ocycliccompounds.

Assumingtheenzymeinquestioncontainsnoneofthesecoenzymesorthethreeaminoacid
sreferredtoabove,anessentialrolewouldstillbeplayedbyheterocycliccompoundsasalle
nzymesaresynthesizedaccordingtothecodeinDNA ,whichofcourseisdefinedbytheseq
uenceoftheheterocyclicbasesfoundinDNA.Chemotherapyconcernsthetreatmentofinf
ectious,parasitic,ormalignantdiseasesbychemicalagents,usuallysubstancesthatshows
selectivetoxicitytowardsthepathogen. Thediseasesofbodilydysfunctionandtheagents
employedaremainlycompoundsthataffectthefunctioningofenzymes,thetransmission
ofnerveimpulsesortheactionothormonesonreceptors.Heterocycliccompoundsareuse
dforallthesepurposesbecausetheyhaveaspecificreactivity,forexample,epoxides,aziri
dinesandB-
Lactams(Adreanietal.,2008)becausetheyresembleessentialmetabolitesandcanprovid
efalsesymptomsinbiosynthesisprocesses,forexample,antimetabolitesusetreatmentso

fcancerandvirusdiseasesbecausetheyfitbiologicalreceptorsandblocktheirnormalwor
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king,orbecausetheyprovideconvenientbuildingblockstowhichbiologicallyactivesubs
tituentcanbeattached. Theintroductionofheterocyclicgroupsintodrugsmayaffecttheir
physicalproperties,forexample,thedissociationconstantofsulfadrugs,modifytheirpatt
ernsofabsorption,metabolismortoxicity.Manysignificantdiscoverieshavebeenmade,
however,bytherationaldevelopmentofobservationofbiologicalactivitymadebychance
inworkdesignedforotherpurposes(Nagendraetal.,2013).Thetheoreticalbasisofmedici
nalchemistryhasbecomemuchmoresophisticated,butisnaivetosupposethatthediscove
ryofdrugsismerelyamatterofstructure-
activerelationships.Thesuccessofamedicinalagentdependsonthebalancebetweenitsd
esirablepharmacologicaleffectsandtheharmitmayotherwisedotoapatient,andthiscann
otyetbepredictedwithcertainty.Serendipityandluckwilldoubtlesscontinuetoplayanim

portantpartanimportantpartinnewdiscoveries(Nagendraetal.,2013).

1.2 StatementoftheProblem
Despitethesubstantialeffortmadebysyntheticchemisttosynthesizecompoundshavinga
ntimalarialpropertiesfordrugdevelopmentinthetreatmentofparasiticinfections,malari
acontinuetobeoneofthemajorpublichealthchallengeinprevalentpartoftheworld,partic
ularlyintropical Africa(Irunguetal.,2012),principallyduetothewell-
knownresistanceoftheparasitestoalreadyavailableantimalarialsuchaschloroquineand
quinine(Zofouetal.,2011).Duetothelimitedsuccessinthedevelopmentofmalariavacci
nesandthedestructivereactionsoftheconventionalantimalarialdrugs,thereisanurgentn

eedtoprovidescientificreportonquinolinebasedagentthatcaninhibitmalariastrain.
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1.3  JustificationofStudy

Marellaetal.,2013reportedthatquinolineanditsderivativespossessantimalarial,antibac
terial,anti-inflammatory,anti-
fungiactivities. Therefore,tothebestofourknowledgequinolineringsystemhavingbenz

oylchloridesubstituenthasnotbeenscientificallysynthesized.

1.4 ScopeoftheWork

Thisresearchworkfocusesonthesynthesisandsomephysicalcharacterizations(percent
ageyield,colour,state,meltingpointandretentionfactor)ofQuinoline-N-oxide-4-

benzoylsulphide.

1.5 AimandObjectivesofThesis
Theaimofthisworkistosynthesisquinoline-N-oxide-4-benzoylsulphide.
Toachievethisaim,thefollowingobjectiveswereset:

e Synthesisofquinoline-N-oxide

e Synthesisof4-nitroquinoline-N-oxide

e Synthesisof4-chloroquinoline-N-oxide

¢ Synthesisofquinoline-N-oxide-4-thiol

¢ Synthesisofquinoline-N-oxide-4-benzoylsulphide

e PhysicalCharacterizationoftheSynthesizedCompounds

14



1.6 LITERATUREREVIEW

Heterocycliccompoundshaveawideapplicationinpharmaceuticals,agrochemicalsand
veterinaryproducts.Manyheterocycliccompoundsareveryusefulandessentialforhuma
nlife.Variouscompoundssuchashormones,alkaloidsantibiotic,essentialaminoacids,h

emoglobin,vitamins,dyestuffsandpigmentshaveheterocyclicstructure(Solomons,199
7).

Basedonthestructuralandelectronicarrangement,theheterocycliccompoundsmaybecl

assifiedintotwocategories(Bansal,1998):

1. aliphaticheterocycliccompounds

i1. aromaticheterocycliccompounds

Thealiphaticheterocycliccompoundsarethecyclicamines,cyclicamides,cyclicethersa
ndcyclicthioethers.Aliphaticheterocyclesthosedonotcontaindoublebondsarecalledsa
turatedheterocycles. Thepropertiesofaliphaticheterocyclesaremainlyaffectedbytheri

ngstrain.Examplesofaliphaticheterocycliccompoundsareshowninfigurel.

H ’\A AG S/\ ‘ | I

0 NH S
Aziridine Ethylene oxide Thiirane Qxetane Azetidine Thietane

SHORONSIE!

Tetrahydrofuran 1 2-dioxane 1 4-dioxane Pyrrolidine Piperidine
(THF)

Figurel. Examplesofaliphaticheterocycliccompounds

However,aromaticheterocycliccompoundsareanalogousofbenzene. Thearomatichete

rocycliccompoundsalsofollowtheHuckel’srule.
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AccordingtoHuckel’srule,anaromaticcompoundsmustbecyclicinnaturewithplanarge
ometryduetoconjugatedoublebondsandmusthave(4n+2)nelectrons.Examplesofarom

aticheterocycliccompoundsareshowninfigure?.

Furan Pyrrole Thiophene Pyridine Indole Benzofuran
H N ; NH
HN— O
S T \\ g N Z
Carbazole Cuinoline lsoquinoline Imidazole Oxazole Pyrazole
N N
SAOReS
| S ) N =N
o N H
Pyridazine  Pyrimidine Purine

Figure2. Examplesofaromaticheterocycliccompounds

1.6.1 Quinolines

QuinolineisaheterocyclicaromaticorganiccompoundwiththechemicalformulaCoH7N.
Itiscolourlesshydroscopic(asubstancethatreadilyattractswaterfromitssurroundingsth
rougheitherabsorptionoradsorption)liquidwithastrongodour.Quinolineisonlyslightly
solubleincoldwaterbutdissolvesreadilyinhotwaterandmostorganicsolvent.Itisabicycl
icheterocyclehavingabenzeneringfusedwithapyridineringin2,3-
position(BahlandBahl,2014).Itderivesitsnamefromthefactthatitwasfirstobtainedbyh
eatingthefamousantimalarialalkaloid“quinine”,withalkali.Beingaweaktertiarybase,it
formssaltswithacidsandexhibitsreactionssimilartobenzeneandpyridine.Itparticipates

inbothelectrophilicandnucleophilicsubstitutionreactions.

16



Quinolineisusedmainlyasanintermediateinthemanufactureofotherproducts.Potential
exposuretoquinolinemayoccurfromtheinhalationofcigarettesmoke.Quinolinebreaks

downquicklyintheatmosphereand water.Acute(short-
term)inhalationexposuretoquinolinevapoursirritatestheeyes,nose,andthroatandmayc

auscheadaches,dizziness,andnauseainhumans.

Informationonthechronic(long-

term),reproductive,developmental,orcarcinogeniceffectsofquinolineinhumansisnota
vailable.Liverdamagehasbeenobservedinratschronicallyexposedtoquinolinebyinges
tion.Anincreasedincidenceoflivervasculartumorshasbeenobservedinratsandmiceoral

lyexposedtoquinoline.

EPAhasprovisionallyclassifiedquinolineasaGroupC,possiblehumancarcinogen(Mer

ck.,1989).

1.6.2 StructureofQuinoline

Quinolineisabicyclicheterocyclewhichconsistsofabenzeneringfusedtothealphaandbe
tapositionsofapyridinering. ThelUPACnameofquinolineisbenzo[b]pyridine.itisbeing
theb-facebenzo-

fusedisomer.Theatomsarenumberedasshowninbelowstructure. Thenumberingbegins
fromtheNitrogenatomandgoingcounterclockwisearoundthetwocondensedrings. Thes

tructureofquinolineisshownasfollow(Bansal,1998).
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Juinoline

AlltheringatomsinQuinolinearesp2hybridized. Thesp2orbitalsofallcarbonandnitroge
natomoverlapwitheachotherandalsowiththesorbitalsothydrogentoformC-C,C-
N,andC-

Hnbonds.Eachringatomalsopossessesaporbital. Theseporbitalsareperpendiculartothe
planeofthering.Lateraloverlapofthesep-
orbitalsproduceanmolecularorbitalcontaining 1 Oelectrons.Quinolineisanaromaticco

mpoundsinceitfollowstheHuckel’srule(i.e.4n+2mnelectronrule)forn=2.

Unlikelndole,thelonepairofnitrogenofquinolinedoesnotparticipateinthedelocalizatio
n.Quinolineisaresonancehybridofseveralcanonicalformsasshownbelow(Dewar,.196

6)

= T = =
= T | /H w|*—; eJ
N N N N
@® @I
- G- -G
a8 =] 2]
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1.6.3 OccurrenceofQuinoline

QuinolinewasdiscoveredincoaltardistillatebyRunge(Allan,1971)in1834andnamed"
Leukol"(fromoleummeaningwhiteoilinGreek). ThebasewasalsoobtainedbyGerhardt(
Koenigs,1879)in1842byalkalinedistillationofquinine,cinchonine,orstrychnine,andw
asnamedbyhimas"Chinolein"or"Chinolin".Notuntil 1 882wastheidentityofleukoland
chinolinfirmlyestablished,whenHoogewerffandVanDorp(Koenigs,1880)showedtha
tthesamplesfromcoaltarandfromalkaloiddistillationhadthesameboilingpoint,formedt
hesamehydrate(3H,0),platinichloride,bichromate,andargentonitrate. Bothspecimens
werealsoconvertedbyoxidationintoquinolinicacid,whichwasdecarboxylatedtonicoti
nicacid.Kornerwascitedasthefirsttoproposethestructuralformulaforquinoline(inDieC
hemievonPyridinsundSeinerDevioatebyA.Calm)butDewar(Mann,1922)in1871sugg
estedthatquinolineborethesamerelationshiptopyridinethatnaphthaleneboretobenzene.
Thestructurebelowwasconfirmedbythesynthesesinwhichallylanilinewaspassedover
glowingleadoxide(Koenigs,1879),orfromo-

nitrocinnamaldehydeasshowninreactionbelow(Baeyers,1879);

= \.fCHD B ¢ =
| - B f
X~"“NO, N"So NZ

I
H

@ Zn/HCL. * POCI,/PCl;. ¢ HI, AcOH, 240 °C.

1.6.4 SynthesisofQuinoline

Quinolinesareoftensynthesizedfromsimpleanilinesusinganumberof namedreactions(

Yanetal.,2013).
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R

=

s

N™ R OH
2

uoﬂ3
NH‘!
R h OH
OH
{‘.! )J\rf =
()
-
C(‘“i
e
M R

N™ R
Goingclockwisefromtop,theseare:

e combesquinolinesynthesis using anilines andp-diketones.

e conrad-Limpachsynthesis using anilines andp-ketoesters.

e doebnerreaction using anilines withan aldehyde and pyruvicacid toformquin
oline-4-carboxylicacids

e doebner-
Millerreaction using anilines anda,Bunsaturated carbonyl compounds.

e gould-
Jacobsreaction startingfromananilineandethylethoxymethylenemalonate

e Skraupsynthesis using ferroussulfate, glycerol, aniline, nitrobenzene,and sulf

uricacid.

20



Anumberofotherprocessesexist,whichrequirespecificallysubstitutedanilinesorrelate

dcompounds:

» campsquinolinesynthesis usingano-acylaminoacetophenoneandhydroxide

» friedldndersynthesis using 2-aminobenzaldehyde and acetaldehyde

» knorrquinolinesynthesis,usingaf-ketoanilideandsulfuricacid

» niementowskiquinolinesynthesis,usinganthranilicacidandketones

» pfitzingerreaction usingan isatin withbaseandacarbonylcompoundtoyieldsubs
titutedquinoline-4-carboxylicacids

» povarovreaction usinganiline,a benzaldehyde andanactivated alkene.

PreparationMethodsofQuinolines

1. BySkraupSynthesis:(CommercialMethod)
Thisisoneofthemostimportantmethodsforthepreparationofquinoline.Inthisrea
ction,amixtureofanilineandglycerolisheatedinthepresenceofsulphuricacidand
amildoxidizingagent,usuallynitrobenzeneorarsenicpentoxide. Thereactionisex
othermicandtendstobecomeveryviolent.Ferroussulphateorboricacidisgenerall

yaddedtomakethereactionlessviolent(uop.edu.pk\ocontents\Quinoline.pdf).

OH
F; Conc. H,50,4 =
) OH —CHNO,.A Z
NH, OH ’ N

Aniline Propane-1.2.3-triol Quinoline
(Glycerol)

Mechanism

Step1:Glycerolundergoesdehydrationwithsulphuricacidtogiveacrolein.
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(|3H20H CHO

Conc. H,S0,4 I
(l'}HOH =P (IZI:H + 2H,0
CH,OH CH, Step2:Anilineaddstoacrolein(1,
Glycerol Acrolein 4-addition)togive(A).
H
/ H H
0=C O—c” HO—C~
\‘-icl:H 0 C{\CH \\\\CH
©\../iﬂCH2 e ot CH, ~ ©\,,’('3H
N N petet
/N YN |
H H H H R
(A)

Step3:Compound(A)Undergoesringclosureinthepresenceofsulphuricacidtoform1,2-

dihydroquinoline.
H
rd
HO C.\\ H
H 'CH Cs
@I | H2S0,4 @[ \(i-:H H,O

B, T " * e

|'\|]/ 2 T’CHE

H H

(A) 1,2-Dihydroquinoline
Step4:1,2-

Dihydroquinolineundergoesoxidationwithnitrobenzenetofinallyyieldquinoline.Nitr

obenzeneitselfisreducedtoanilinewhichisreusedinstep(2).
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Qlh. 2 Q) - wo
o /CH + H2
N . N/

1,2-Dihydroquinoline Quinoline

Thestepwiseschemeofthereactionisgivenbelow

OH [0}
Conc. H,50,
—
OH H
TPH |
0\-
/fff\
i
o N “\%/
H
e
Ny CH.NO, i e /’ >
| Oxidant -H,0 |
1—\'—/ T _.q/” = MN
1 X .

2. BytheFriedlanderSynthesis:
Quinolinecanalsobepreparedbythecondensationofo-
aminobenzaldehydewithacetaldehydeinsodiumhydroxidesolution. Thereactio

nmechanismisshownasfollow(uop.edu.pk\ocontents\Quinoline.pdf).

- CHO CHO
(T - j3 S G B
-H-,0 | -H-,0
v,/ O H 2 %N’%A\ ““H 2

o-aminobenzaldehyde Acetaldehyde Quinoline
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3. TheDobner-MillerSynthesis:
ThisisamodifiedformoftheSkraupsynthesis.Inthisreaction,thesimplealdehyde
sandketonesactasprecursorofa,3-
unsaturatedcarbonylcompounds. Thereactionfollowsthesimilarreactioncourse
asintheSkraupsynthesistoproducederivativesofquinoline. Whenacetaldehydeis
usedasprecursorofa,-unsaturatedcarbonylcompound2-

methylquinolineisformed. Thereactionmechanismisshownasfollow(Jouleetal.,

2000)
O @ O
H;0 J
= _1/% .
H;C~ H 1. Aldol condensation H3C H
2.-H,0
H
'l
0= - < ; ;
”.fﬂﬁiﬁ \ {/ “}‘% T, [Cl] ‘|,/‘\m‘“\-: ‘Mx
i CgHsN=CHCH
= . f/// __,./" o 6t 5 3| - -
N S, N SN en, SN e,
CH; H

1.6.5 PhysicalPropertiesofQuinolines

Quinolineisacolourlesshygroscopicliquid,boilingpoint238°C, havingadisagreeable,p
yridine-

likeodour.Itissolubleinwaterandcompletelymisciblewithalcohol,ether,acetoneandca
rbondisulphide.Quinolineisaliquidwithapeculiarodour,slightlydenserthanwater,Itha
samolarmassof129.16g/mol,densityof1.093g/ML.Itisacolourlessoilyliquidwithamel

tingpointof-15°candboilingpointof237°C.
24



Contactwiththeskinmayirritatetheskinandeyes.Onexposuretoair,quinolineturnsintoy
ellowcoloured.Itismiscibleinorganicsolvents.Quinolineishighlyaromaticinnatureand
ithasresonanceenergy47.3kcal/mole.QuinolineisaweakbasehavingpKa4.94. Thebasi

cityofquinolineisintermediatebetweenaniline(pKa4.58)andpyridine(pKa5.17)(Finar,
2004).

1.6.6 ChemicalPropertiesofQuinoline

1. Basicity:Duetoavailabilityoflonepairofelectronsonnitrogen,quinolineactsasa

baseandformssaltswithacidsandquaternarysaltswithalkylhalides.

a) Reactionwithacids:

Pl = Gl HCI i

Uwﬁ_{;’f ., \]-';f’f" LA/\%-’J Cp
H

b) Reactionwithmethyliodide:
S-S ;fﬁ‘i‘% CH;I = H’:‘:}Q -
| | ©
e fo:-f:‘“ P

2. ElectrophilicSubstitutions
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Outofthetwofusedringsinquinoline,thecarbocyclic(benzene)ringisrelativelymore
electronrichandresemblesbenzeneringwhilethenitrogencontainingring(lesselectr

onrich)resembleswithpyridinering.

Therefore,theelectrophilicsubstitutioninquinolinetakesplacemorereadilyatbenze
nering(atpositionSand8ofbenzenering)ratherthanthepyridinering. Thus,ifboththe
positionsinbenzeneringarevacantthanmixtureofsubstitutedproductisobtained. The

generalmechanismofelectrophilicsubstitutiononquinolineisshownbelow.

Atposition5
_— B A H T
SeoBeooss e
Q N P fo/ \'La/\h c-J &“J\N&{
Atposition8
= = S
. /\H/j
\ Lx\/xk_.\]_/ @®

—
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Bromination:QuinolineundergoesbrominationwithBrinpresenceofsilversulphate(
Ag>S0O4)andH>SO4.BrominationoccursatpositionSand8hencemixtureofproductsisfor

med.

f;«&\\‘-\‘//%-\\ Br,/Ag,50, H
W S H,50,

Quinoline 5-Bromoquinoline -anmqmnolmc

Nitration:Quinolinecanundergonitrationbyreactingwiththewell-
knownnitratingagent(Conc.H>SO4s+conc. HNOs).Nitrationofquinolineoccursatpositi

onSands.

NO,
ﬁ"\f‘“&\ conc.H,S0, + conc HNO; 4 s A T
R 'N'j W ‘ N_f;” . = |x S\J
NO,
Quinoline 5-Nitroquinoline 8-Nitroquinoline
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Sulphonation:InpresenceofConc.H>SOsathightemperature(~600K)sulphonationof

quinolinetakesplace.Likenitrationorbromination,thesulphonationofquinolineoccurs

atposition5andS.
TD_;H
Pt
// -—/\“'\..k ;"/ - a‘/ h{:—h‘
i [ N} conc. H,50, = \‘ g r\[ J
~ 600K Rl W
R o 600 K g, s R
SOH
Quinolme Quuinoline-5-sulphonic  Quinoline-8-sulphonic
acid acid

3. NucleophilicSubstitutions

Quinolinealsogivesnucleophilicsubstitutionreactions.Since,pyridineringofquinol
ineiscomparativelylesserelectronrichincomparisontothebenzenering,therefore,nu
cleophilicsubstitutioninquinolinetakesplaceonpyridinering. Thenucleophilicsubst
itutiononpyridineringtakesplaceatposition2ofpyridinering.Ifposition2isoccupied,

thenthesubstitutiontakesplaceatposition4.

a) ReactionwithSodamide:Quinolinereactswithsodamide,astrongbaseinliquidam

moniaatabout100°Ctoform2-aminoquinoline

28



= Lig. NH
Q0 - e =2 QO
N N~ NH

Quinoline 2-Aminoquinoline

2

b) ReactionwithPotassiumHydroxide.Quinolinereactswithpotassiumhydroxidea

t220°Ctogive2-hydroxyquinoline.

@(N)j + KOH -2 ©\/N®\0H

Quinoline 2-Hydroxyquinoline

¢) Reactionwithn-Butyl-lithium

Quinolinereactswithn-butyl-lithiumtoyield2-n-butylquinoline.

HCH&:’E —P @C)j\ + LiH
Q bR S ~CH,CH,CH,CHs

, 2.n-Butylquinoline
Quinoline i

4. Oxidation.

Quinolineisoxidizedbyperaceticacidtogivequinoline-N-oxide.
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0
@@j . (O] CHACOOH @E@

-m | +
o
Quinoline Quinoline-N-oxide

5. Reduction

Mildreductionofquinolinewithtinandhydrochloricacidgives1,2,3,4-

tetrahydroquinoline. And,reductionwithhydrogenandplatinumcatalystproducesde

cahydroquinoline.
Sn = | = H,/Pt
. HCI XN\, P 140°C .
| )
H H
1,2,3,4-Tetrahydroquinoline Quinoline Decahydroquinoline

6. ReactionwithAlkylhalides:
Quinolinegives/N-
alkylquinolintumhalidesbyreactingwithalkylhalides.Forexample,withmethyli
odideitgivesN-methylquinoliniumhalide.
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Q0 -« &f — QO
N Y N
\/ (|:H3 -

Quinoline N-Methylquinolium iodide
(1-Methylquinolium iodide)

1.7 NitrationofQuinoline

QuinolineN-oxideismoreeasilynitratedthanpyridine1-

oxide(Ochiai,.1953). Amixtureofnitricandsulfuricacidsat65-70°ctogive4-
nitroderivativein60-70%yields.Forproofofitsstructure,itwasconvertedinto4-
ethoxyquinolinel -
oxidebytreatmentwithsodiumethoxide;thiswasidenticalwithasamplepreparedbyoxid

ationof4-ethoxyquinoline.

Asby-productsofnitration,smallamountsof5-and8-nitroquinolinel -
oxideswereobtained.Bothofthelatterwereconvertedbyheatingwithsulphurylchloridei
ntothecorresponding?2-
chloronitroquinolinesandtheseweretransformedbycatalyticreductionintotheknownS5-

and8-aminoquinolines.

Thepositiontakenbynitrogrouponnitrationofquinoline V-
oxideshowsastrikingtemperaturedependence.At0-10°,onlythe5-and8-

nitroderivativesareformed. Above40°C, thereactivityofthe4-
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positionbecomesevident,andat65-70°Cmainly,the4-
nitroderivativeisproduced. Above100°,deoxygenationoftheN-
oxidefunctionbeginstooccur,andat120-130°Ctheformationofthe4-
nitroderivativeismuchdecreasedwithsimultaneousformationofquinoline5-and8-
nitroquinolineinsmallamounts.Again,ifoneallowsquinolinel-
oxidetostandalongtimeatroomtemperaturewithpotassiumnitrateinfumingsulfuricaci
d(10%S05),oneobtains4,8-dinitroquinoline1-oxidebesidesthe5-and8-

nitroderivatives.

4-and5-Nitroquinolinel-oxidesgiveonanalogousnitrationthesame4,5-
dinitroderivativeand6-and8-nitroquinolinel-oxidessimilarlyyieldthe4,6-and4,8-
dinitroderivatives.Bothofthelattergive,onheatingwithphosphorusoxychloride,thecor
responding?2,4-
dichloroquinolineswhichwereconvertedbycatalyticreductionintotheknown6-and8-

aminoquinolines;thisestablishedtheirstructures.

NITRODERIVATIVESOFQUINOLINE-N-OXIDE

QUINOLINE-N-OXIDE PROPERTIES MELTINGPOINT(°C)
4-Nitro Yellowneedlesorplatelet 154

4-Nitro,2-ethyl Yellowneedles 155-157

8-Nitro Yellowprisms 180-181

5-Nitro Yellowplatelet 161

4,5-Nitro Yellowprisms 260-262

4,8-Nitro Orange-yellowrhombs 233

4,6-Nitro Orange-yellowprisms 218

32



TABLE1.1:NITRODERIVATIVESOFQUINOLINEN-OXIDE

QuinolineN-oxideisnitratedat65-70°toa4-
nitroderivative.Bytreatmentwithsodiumethoxide,itwastransformedintothecorrespon
dingethoxyquinaldineN-oxidewhichwasrecognizedas4-ethoxyquinaldinel-
oxidebydirectcomparisonwithasamplepreparedfrom4-
chloroquinaldineviaitsamineoxide.InthenitrationofN-

oxidesofthequinolineseries,theformationof2-nitroderivativeswasneverobserved.

4-Nitroquinolinel-oxide (alsoknownas4-
NQO,4NQO,4Nqo,NQOandNQNO)isa quinoline derivativeanda tumorigenic com
poundusedintheassessmentoftheefficacyof diets, drugs,andproceduresinthepreventi
onandtreatmentof cancer in animalmodels.ItinducesDNAlesionsusuallycorrectedby

nucleotideexcisionrepair.

4-nitroquinolinel-

oxide(4NQO)isaquinoline,acarcinogenicandmutagenicchemical.Quinolines,like4N
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QO,possessaheterocyclicaromaticstructureandthesamebasicchemicalformulaofCoH

7N.

4ANQOmaynaturallyoccurintheenvironmentbutistypicallymanufacturedforresearchp
urpose. 4NQOisknowntomimicthebiologicaleffectsofultravioletlightonvariousorga

nisms.

Both4NQOanditsreducedmetabolite4-hydroxyaminoquinoline1-
oxide(4HAQO)bindcovalentlytocellularmacromoleculessuchasnucleicacidsandprot

eins.

4NQOhasbeenshowntotraptopoisomeraselcleavagecomplexes.Itmayalsoinduce DN

Adamagethroughtheproductionofreactiveoxygenspeciesthoughttoarisefromenzymat
icreductionofitsnitrogroup,althoughitsexactmechanismisunknown. 4NQQO’sreactive
oxygenspeciesmayserveasabyproductofDNAdamageorsignalingmoleculefromdama
ge. Inresponsetodamagefrom4NQO,cellsattempttorepairandinitiateatranscriptionalr

esponsetodetoxifythecellfrom4NQOanditsmetabolites.

4-NitroquinolineN-
oxidehasthechemicalformulaCoHsN>O3 Molarmassof190.60g/mol.Itformsayellow-

browncrystalorpowderanditisslightlysolubleinwater.

1.8BiologicallmportanceofQuinolineandItsDerivatives

Quinolinehasbeendiscoveredtopossesspotentialapplicationsinmajorfieldnamelyinm
edicine.Severalquinoline-

derivedcompoundslikequinolonesareusedasdrugs,targetingavarietyofdiseases,e.g.ba
cterialinfections,cancer,hepatitis, HI'V herpes,fungalinfections,immunodepression,n

eurodegenerativediseases,tuberculosisormalaria.(Hortaetal.,2019)
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1.8.1QuinolinesasAntimalarialAgents

Malariaisadeadlyinfectiousdiseasethathasaffectedmankindforseveralmillennia.ltisc
ausedbyaprotozoanparasiteofthePlasmodiumgenusandtransmissionoftheparasiteocc

ursviathebiteofaninfectedfemaleAnophelesmosquito(vector).

Thecontrolofmalariahaslongbeen,andremains,apriority,especiallybecauseofthefastd

evelopmentofparasitesresistanttoalmostallavailableantimalarialdrugs.

TheuseofquinolinederivativesasantimalarialdrugsinEuropegoesbacktothebeginning
ofthe17"century,whenJesuitpriestsreturningfromPeruintroducedanextractfromCinc
hona,atreeoriginallyfoundinthehighhillsofSouthAmerica,asatreatmentformalaria.Th
ebarkofthistreewaslaterfoundtobeamixtureofabout35alkaloids,fromwhichtheantima

larialdrugquininewouldbeisolated.

Thediscoveryofmethylenebluebytheendofthe 1 9thcenturyledtothesynthesisof8-
aminoquinolines(pamaquine,mepacrine)and4-
aminoquinolineswithpotenttoxicityagainstPlasmodiumspp.Chloroquine,thefirstanti
malariallyactive4-
aminoquinolineobtainedfromsynthesis,wasreportedin1934.Thisdrugdemonstratedto
behighlyeffectiveagainstPlasmodiumparasites,welltoleratedbyhumans(lesstoxicand
moreeffectivethanquinine)and,inaddition,wascheaperthanothercontemporaryantima

larialdrugs.

However,resistanceoferythrocyticasexualformsofP. falciparumtochloroquinehasbee
ndescribedshortlyafteritsdiscoveryandiscurrentlycommoninallendemicareasaroundt
heworld.Despitetheselimitations,chloroquineisstillusedforprophylaxisandtreatment

ofmalariainthefewAfricanregionswhereP.falciparumremainssensitivetothisdrug.
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o L o Structuralrepr

esentationofQuinineandChloroquine

Theeffortstothediscoveryofnewantimalarialseffectiveagainstchloroquine-
resistantstrainsofPlasmodiumspp.resultedinthedevelopmentofvariousquinolinederiv
eddrugs,(mefloquine,piperaquine,primaquine,tafenoquine,amodiaquineandisoquine)
.However,someofthesenewdrugsevidencedlimitations,mainlyrelatedtotoxicityandco
st,andweresoonovershadowedthroughthedevelopmentofdrugresistancebytheparasite.
Nowadays,quinineremainsanalternativeantimalarialdrugtotreatinfectionscausedbyp
arasitestrainsresistanttootherdrugs(e.g.chloroquine),althoughsideeffectsrelatedtoits

useareknown.
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StructuralRepresentationofQuinolinebasedAntimalarial DrugswithHistoricaland/or
currentRelevanc

1.8.2QuinolineasanAntibacterial Agent
Theuseofquinolinesasantibacterialagents(awell-
establishedclassofantibiotics)beganin1963,withthediscoveryofnalidixicacid,al,8-
naphthyridone3-
acid,duringthesynthesisoftheantimalarialagentchloroquine.Nalidixicacid,thefirstsyn
theticquinolone-
basedantibacterialagent,wasusedagainstsomeentericbacteriainthetreatmentofurinary
tractinfections.Itisafirs¢-
generationquinolonepresentingfavourablestructuralfeatures,suchastheethylgroupat

N-1position,andgoodGram-negativeactivity.

However,nalidixicacidneverbecameausefulagenttotreatsystemicinfections,duetoitsn
arrowspectrumofaction,poortissuepenetrability,rapidemergenceofbacterialresistanc

eandfrequentadverseeffectsinthecentralnervoussystem.
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StructuralrepresentationofQuinolinesusedasantibacterialagents

1.8.3QuinolinesasanAnti-mycobacterial Agent
Tuberculosis(TB)isaninfectiousbacterialdiseasecausedbyMycobacteriumtuberculos
is(MTB)and,mostcommonly,affectsthelungs,causingcough(sometimeswithsputumo
rblood),chestpain,weakness,weightloss,feverandnightsweats. Despitetheavailabletre
atmentsTBtreatmentremainsaglobalhealthproblem,sinceresearchanddevelopmentre
gardingthisdiseasehasnotevolvedformanyyearsuntilrecentlyandthepathogenicagent
hasevidencedanincreasedprevalenceofmultiandextensivedrug-

resistantstrains(MDRandXDR respectively).

Theresistancephenomenonmayresult,mostly,fromthemisuseofcurrentanti-
tuberculosischemotherapeuticregimens,whichinvolvecombinationsof,atleast,threedi
fferentdrugsandtherapeuticregimensofsixmonthsorlonger,withthepossibilityofsome

characteristicsideeffects.

Overthepastyears,severalsubclassesof4-oxo-
quinolinederivatives,incorporatingvarioussubstituentsinthestructureofthequinolinec

ore,havedemonstrateddiversebioactivities,includinghighactivityagainstbacterialpath
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ogens.Particularly,gatifloxacinandmoxifloxacinareunderevaluationinthisfield,assub
stitutesforisoniazidandasapossibilityofshorteningtheoverallregimenduration,providi

nggreatersafetyandtolerabilityprofilesinTBtreatment.

Inadditiontothepreexistingquinolonedrugsunderinvestigation,severalotherquinolone

sarebeingdesignedfortheirpotentialasanti-tuberculosisagents.

Someanaloguesincorporatingvariationsonthe4-
quinolonecoreofthefluoroquinolonedrugsresultedinaseriesofdifferentanalogueswith

goodactivity.

1.8.4 QuinolineasAnticancerAgents

Cancerdefinesagroupofdiseasescharacterizedbyrapidandabnormaldivisionofcells,w
hichcanoccurinanypartofthebodyandinvadesurroundingtissuesorevenspreadthrough
outthebodyafterreachingthebloodstream. Whenthisaberrantcelldivisionoriginates,am

assoftissuethatresultsiscalledasolidtumor.

DNAtopoisomerasesplayakeyroleincancersincetheyregulatecelldivisionthroughmo
dulationofDNAsupercoilingprocessduringreplication.Quinolinesareknownforahighi
nhibitorycapacitytowardseukaryotictopoisomerases,thusemergingasthepotentiallea

dsforthetreatmentandcontrolofsolidtumors.

Basedonthepreexistingfluoroquinolones,whichshowedactivityonhumantopoisomera
selIwhileusedfortheirantibacterialeffect,Foroumadietal. evaluatedtheintroductionof
N-substitutedpiperazinylgroupsatC-
Tpositionoftheciprofloxacinandnorfloxacincore. Theemployedmodificationschange

dthebiologicalactivitiesofthesequinolonedrugs,fromantibacterialtocytotoxicagents.
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ThemostexpressiveresultwasobtainedfortheO-methyloximederivative(a6-fluoro-4-
oxo-quinolinederivative,compound,thatshowed95-
foldincreasedactivity(IC50=2.5uM)inMCF-

7cells(breastcancer),comparedtoitsparentquinolone,norfloxacin.

1.8.5 Quinolineswithantiviralactivity

Viralinfectionsarestillamajorhealthissueworldwide. The HIV(HumanImmunodeficie
ncyVirus)representsoneofthemostdangerousvirusesaffectingpublichealth,sinceitcau

sesanincurablediseaseandmorethan36millionpeoplearecurrentlyinfected.

Althoughtherapeuticadvancestransformedthisdeadlydiseaseintoachronicone,manyis
suesregardingHIVtherapyremain,includingdrugresistancethatpromotesgraduallosso
fefficacyothighlyactiveantiretroviraltherapycombinations,oftenduetopoorpatientco

mpliance,andcost.

Integraseinhibitorsemergedrecentlyasanovelanti-HIVdrugclass,andquinolone-
typecompoundsplayanimportantroleinthisclasssincetheyshowedgoodactivityagainst

theviral DN Astrandtransferstepmediatedbyintegraseenzymes(IN).

Morerecently,quinoloneantibioticderivativesprovedtobepotentagainstthestrandtrans
ferstepofintegraseactivityandtheuseofthedrug,Elvitegravir,wasapprovedforthisindic
ation.Moreover,thequinolonescaffoldalsoshowedinteractionwithviralReverseTransc
riptase(RT),whichmakesitapromisingstructurefordual-

mechanismdevelopment81orsolelyagainstviralretro-transcriptase.
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Additionally,studiesshowanotherpromisinguseforthequinoloneclassinanti-
HIVtherapy,withthediscoveryofastronginteractionof6-
desfluoroquinoloneswiththe TARregionofviralRNA,inhibitingitsinteractionwithTat

protein,whichisessentialforthevira RN Atranscriptionprocess.

Severalviralinfectionscontinuetoaffectpopulationsworldwide.HepatitisC(HCV)and
Herpessimplex(HSV )virusesrepresenttwoexampleswherenovelandmoreefficientthe

rapeutictoolsareneededforanimprovedoutcome.

CurrenttreatmentforHC Vinfectionsconsistsofacombinationofonce-a-
weeksubcutaneouspegylatedInterferon(peg-IFN)alphainjectionsandtwice-

dailyoralRibavirin.

However,thesefailtoprovidefulltreatmentinmorethan50%ofpatientsandtheincidence
ofsevereadverseeffectsishigh. HCVNSS5Bpolymeraseenzymedisplaysahighactive-

sitesimilaritywithHIVintegrase’sactivesite.

Since4-quinolone-3-
carboxylicacidsexhibitsuchgoodactivitiesagainstHI Vintegrase,theycouldalsoreprese

ntapromisingscaffoldforinteractionwithHCVpolymerase.
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However,inthiscase,structure-activityrelationshipsshowthatbestanti-
HCVactivityisachievedthroughsubstitutionatC-
6witharomaticmoieties,whilesubstitutionatC-
Tpositionseemstobedetrimentalforactivity. Giventhepositiveresultsobtainedfromthes
emolecules,itisofmaininteresttofurtherexplorethe4-quinolone-3-

carboxylicacidscaffoldforuseinthisfield.

Instudiescarriedoutby(Chenetal.,2012),itwasobservedthatquinolonederivativeswith
aC-7substitutionpatternwereinactive,whereassomeisomerssubstitutedatC-
6showedsignificantactivity,especiallythosebearinganaromaticgroupassubstituent.R
elativelytotheN-1position,unsubstitutedorsimplealkyIN-

I substitutedanaloguesshowednoactivitywhilehydroxyethylandhydroxypropylgroup
sweresubstantiallybetterforinhibition. Thebestinhibitoryactivitywasachievedwith2-
benzothiophene9and2-benzofuransubstitutedanalogues.Notably,theN-
lhydroxypropylsubstitutedanaloguewasconsiderablylesspotent.Nevertheless,thebes
tcompoundsclearlyshowedbetterinhibitoryactivitytowardHCVthanRibavirin,sugges
tingthatthequinolone-3-

carboxylicacidscaffoldbearspotentialforantiviraldiscoveryagainstHCV.

HSV-
lvirusiscausativeoffacial,oralandsometimesgenitallesionsinhumansanditscurrenttre
atmentreliesontheuseoforalortopicantiviraldrugs,suchasAcyclovir,Famciclovir,and
Valacyclovir.Drug-

resistancedevelopmentbytheHS Vvirusraisestheneedfornewalternativetreatments,eff
ectiveagainstresistantstrains.Quinolone-

basedacycloviranaloguesareapromisingclassofnovelanti-HSV-1drugs.
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Thesemaintainthe1-(2-hydroxy-
ethoxy)methylsubstituent,butalterthepurinecoretoaquinoloneone,allowingforsmalls

ubstituentsatC-6orC-7.

Anevaluationoftheantiviralactivityofquinolonecarboxylicacidsandtheircorrespondin
gestersshowedthatalmostallofthecompoundsreducedtheviralloadin70-

99% ,beingtheacids,ingeneral,moreeffectiveinhibitorsthantheircorrespondingesters.

1.8.6 QuinolineswithAntifungalActivity

Quinoline-
derivativequinoloneswerealsoshowntoactagainstfungalinfections,eitherbytheirsyner
gisticeffectwithotherantifungaldrugsorashybriddrugs,containingCiprofloxacinanda
nantifungalFluconazolelinkedtothe7-

positionofthequinolonecore. Thispositionisknowntoallowforchemicaldiversityandth
epossibilityofoptimizationassociatedwithbroadspectrumandgoodpharmacokineticpr

opertiesasreportedbyWangetal.,(2012).

CHAPTER?2

MATERIALSANDMETHODOLOGY
2.1 Materials

Thematerialsusedduringthecourseofthisworksincludereagents,glasswares,apparatus

andinstruments.
2.1.1 Reagents

Thefollowingreagentsusedinthesynthesisandtheirsourcesare
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REAGENTS SOURCES
QuinolineJDH

Hydrogenperoxide(H20:) BDH
Glacialaceticacid(CH3;COOH) BDH
Sodiumcarbonate(Na,COs3)Kermel

Chloroform(CHCl») JDH
ConcentratedSulphuricacid(H.SO4)BDH

Potassiumnitrate(KNOsz)Kermel

ConcentratedHydrochloricacid(HCI)BDH

Thiourea Sigma
Benzoylchloride JDH
DistilledWaterUniversityofBeninChemistryLaboratory

AbsoluteEthanol JDH
Silicagel LOBA

TABLE2.1:REAGENTSANDTHEIRSOURCE
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2.1.2 GLASSWARES

Theglasswaresusedinthesynthesisandsourcesaregivenbelow

GLASSWARES SOURCE

CondenserUniversityofBeninChemistryLaboratory
RoundbottomflasksUniversityofBeninChemistryLaboratory
FlatbottomflasksUniversityofBeninChemistryLaboratory
DrechselbottleUniversityofBeninChemistryLaboratory
SeparatingfunnelUniversityofBeninChemistryLaboratory
ConicalflasksUniversityofBeninChemistryLaboratory
BeakersUniversityofBeninChemistryLaboratory
MeasuringcylinderUniversityofBeninChemistryLaboratory

FunnelUniversityofBeninChemistryLaboratory

TABLE2.2:GLASSWARESANDTHEIRSOURCE

2.1.3. APPARATUSANDINSTRUMENTS

Theapparatusandinstrumentsusedduringthesynthesisandtheirssourcesareasfollows

APPARATUS/INSTRUMENT SOURCE

Retortsstandandclamps UniversityofBeninChemistryLaboratory



Filterpaper UniversityofBeninChemistryLaboratory

Litmuspaper UniversityofBeninChemistryLaboratory

Weighingbalance UniversityofBeninChemistryLaboratory
Oven UniversityofBeninChemistryLaboratory
Capillarytube UniversityofBeninChemistryLaboratory
Glassslide UniversityofBeninChemistryLaboratory
Magneticstirrerandbar UniversityofBeninChemistryLaboratory
Heatingmantle UniversityofBeninChemistryLaboratory
Hotplate UniversityofBeninChemistryLaboratory
Vacuumpump UniversityofBeninChemistryLaboratory
Waterbath UniversityofBeninChemistryLaboratory
Meltingpointinstrument UniversityofBeninChemistryLaboratory

TABLE2.3:APPARATUS/INSTRUMENTUSEDANDTHEIRSOURCES

2.2 METHODSOFCHARACTERIZATIONANDIDENTIFICATION

2.2.1 ThinLayerChromatography(TLC)

TheascendingTLCwasrunonsilicagelpre-
coatedplatesforcheckingthepurityoftheproductsaswellasmonitoringtheprogressofthe

reaction. Thefinalproductsweredetectedbyreactingwithiodinevapour.
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2.2.2 MeltingPointDetermination

FofferMeltingPointApparatuswasusedtodetermineallthemeltingpointsreportedinthis

work.Thiswasdoneusingopenglasscapillaries.

2.3. METHODOLOGY

2.3.1 SYNTHESISOFQUINOLINEN-OXIDE(COMPOUNDI)

CH,COOH/H,0, 4 CH.COOH
e
' T
0
QUINOLINE QUINOLINE-N-0XIDE

A20mlofdistilledquinolinewasdissolvedin53.3mlglacialaceticacid.8.3mlothydrogen
peroxidewasaddedandthemixturewasheatedat70-

80°Cfor6hours.5mlothydrogenperoxidewasfurtheradded,andthentheprocedurerepea
ted. Themixturewasconcentratedunderreducedpressureasmuchaspossible,then,thebr
ownsyrupobtainedwastreatedwithconcentratedsodiumcarbonatesolutionuntilstrongl
yalkaline. Themixturewasextractedwithchloroform(25mlx5),anddriedwithsodiumca

rbonateanhydrous.Aftertheremovalofthesolvent,theproductwasallowedtostandforab
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outadayforsolidification. Thefollowingdayitwasbrokenupinetherandpowderedtoobta

intheresultingproduct.

2.3.2 SYNTHESISOF4-NITROQUINOLINE-N-OXIDE(COMPOUNDII)

[
AN s,
H,50,
KNO, ’
P S
+ +
N N
I I
o 8]

4-Nitroquinoline-N-oxide

QuinolineN-
oxide(10g)wasdissolvedinicecoldconcentratedH>SO4(23.3ml).Potassiumnitrate(8.6
6g)wasaddeddropwiseoveraperiodof35-
40minutesat65to70°candheatedforanextratwohourswithfrequentstirring. Thereafter,t
hemixturewascooledandpouredintoexcessicewater. Thecrudeproductwasfiltered,was
hedthoroughlywithwater,sodiumcarbonatesolutionandfinallywithwater. A fterdrying,

thecrudeproductwasrecrystallizedfromacetone.

2.3.3 SYNTHESISOF4-CHLOROQUINOLINEN-OXIDE(COMPOUNDIII)
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4-Chloroguinoline-N-oxide

ASgof4-nitroquinoline V-

oxidewasdissolvedinhydrochloricacidandevaporatedtodrynessatlowtemperature. Th
esolidobtainedwasthendissolvedinwaterandprecipitatedusingsodiumhydroxidesolut
ionuntilstronglyalkaline. Thereactionmixturewasthenfilteredundervacuumtoobtaina

colourlessproduct.

2.3.3.1 SYNTHESISOFQUINOLINE-N-OXIDE-4-THIOURONIUMCHLORIDE

4-chloroquinolineNV-
oxide(0.65g)andthiourea(0.29g)weredissolvedinabsoluteethanol(6.5ml),andrefluxe
dforlhour.Aftercooling,itwasfiltered,toobtainquinoline-N-oxide-4-

thiouroniumchlorideaslightyellowneedles.

2.3.4 SYNTHESISOFQUINOLINE-N-OXIDE-4-THIOL
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Quinoline-MN-oxide-4-thiol

Thesynthesizedthiouroniumchloridewassuspendedinl.95mlofwaterand3mlof10%so
diumhydroxidesolutionwasadded,whereuponthecrystalsdissolvedtoformanorange-
redsolution. Thesolutionwasfiltered,acidifiedwithaceticacid,andtheresultingorange-

redcrystalswascollectedandwashedwithdistilledwater.

2.3.5 SYNTHESISOFQUINOLINE-N-OXIDE-4-BENZOYLSULPHIDE

N Ot A
c—cl
—
Vi

P Na£,

=0

+
N
|

o—=#

Quinaline-N-oxide-a-Benroylsulphide

A0.03gofQuinolineN-oxide-4-
thiolwasdissolvedinsodiumcarbonateandthencoupledwithbenzoylsulphide(6ml).Th
emixturewasstirredcontinuouslyfor3hours. Thereafter,thesolidwasextractedusingben

zene.
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CHAPTERS3

RESULTS

3.1 RESULTS
3.1.1 PhysicalCharacterizationoftheSynthesizedCompounds

3.1.1.1Determinationofmeltingpoint,percentageyieldandappearance

Themeltingpoints,percentageyieldandappearanceofthesynthesizedcompoundsaresh

ownintable3.1

Table3.1PhysicalDataoftheSynthesizedCompounds

Properties Compoundl Compound]II CompoundIII CompoundlV  CompoundV
NameofCompound Quinoline-  4- 4- Quinoline-N-  Quinoline-N-
N-oxide Nitroquinoline- Chloroquinoline- oxide-4-thiol oxide-4-
N-oxide N-oxide benzoylsulphid
State Oily Solid Solid Solid Solid
Colour Brown Yellow Yellow Orange-red Paleyellow

Meltingpoint\Boilingpoint(°c)

9]

3 154-156 133-135 142-144 96-98

PercentageYield(%) 44 48 38.17 13.80 9.38 1.86
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3.1.1.2ThinLayerChromatography

Thetable3.2showstheRrvaluesofthesynthesizedintermediatesandfinalcompounds,w

hichshowssingleroundspotafterexposingthechromatogramstoiodinevapourindicatin

gthepurityofthecompoundsandthecompletionofthereaction.

RetentionFactor(Rr)=

ComparativeRrvaluesofallsynthesizedcompound.

Compounds

CompoundI
CompoundII
CompoundIII
CompoundIV

CompoundV

RrValues

0.63

0.79

0.90

0.94

0.83

Solvents

Chloroform
Chloroform
Chloroform
Chloroform

Benzene/Ethanol(1:1)
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3.2 Conclusion

Attheendofthisresearchwork,quinoline-N-oxide-4-
benzoylsulphidewassuccessfullysynthesized. ThiswasconfirmedbyTLCandmeltingp
ointdetermination.However,theanalyticalcharacterisationofthecompoundscouldnotb

eascertained.

3.3Recommendation

Analyticalcharacterisationofthesynthesizedcompoundshouldbedone.Furthermore,th

ecompoundshouldalsobetestedforitsantimicrobialpotential.

3.4Limitation

Analyticalcharacterisationofthesynthesizedcompoundscouldnotbeascertainedduetol
imitedtimeandnoneavailabilityofanalyticalinstrumentssuchas'! HNMR, ' 3CNMR_,FT-
IR,andGC-MS.
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APPENDIX

CALCULATIONFORTHEPERCENTAGEYIELDOFCOMPOUND
I-COMPOUNDV

COMPOUNDI
ImoleofQuinolone=1moleofQuinolone-N-oxide
129g/mol=145g/mol

20g=X(g)

145 20
129

X

22.48¢.

Hence,theoreticalyield=22.48g
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Theoreticalyield=22.48¢g

Actualyield=10g

100

Percentageyield(%)=

10 100
2248 1

%yield

Yoyield=44.48

COMPOUNDII

ImoleQuinoline-N-oxide=1mole4-nitroquinoline-N-oxide

145g/mol=190g/mol

10g=X

190 10
145

X

X=13.30g

Theoreticalyield=13.10g
Actualyield=5g

100

Percentageyield(%)=

5 100
13.10 1

%yield=

%yield=38.17

60



COMPOUNDIII
I mole4-nitroquinoline-N-oxide=1moleof4-chloroquinoline-N-oxide
190g/mol=179g/mol

S5g=X

179 5
190

X

X=4.71g
Theoreticalyield=4.71g

Actualyield=0.65g

100

Percentageyield(%)=

0.65 100

4.71 1

%yield

%yield=13.80

COMPOUNDIV
Imoleof4-chloroquinoline-N-oxide=1moleofquinoline-N-oxide-4-thiol
179g/mol=177g/mol

0.65g=X

177 065
179

X

X=0.64g
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Theoreticalyield=0.64g

Actualyield=0.25¢g

100

Percentageyield(%)=

Yoyield—— —=

0.64 1

%yield=9.38

COMPOUNDV
Imoleofquinoline-N-oxide-4-thiol=1moleQuinoline-N-oxide-4-bezoylsulphide
256.7g/mol=140.6g/mol

0.057g=X

0057 1406
256.7

X=0.03g
Theoreticalyield=0.03g

Actualyield=5.76g

100

Percentageyield(%)=

576 100

0.03 1

Y%yield
%yield=1.86

RETENTIONFACTORFORALLCOMPOUNDS
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Retentionfactor=

COMPOUNDI

Re(Chloroform)== = 0,63

COMPOUNDII

RF(Chloroform)Zg =0.79

COMPOUNDIII

RF(Chloroform)% =0.90

COMPOUNDIV

RF(Chloroform)=Z'—4 = 0.94

COMPOUNDV

RF(Benzene/Ethanol)% =0.83
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