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ABSTRACT
Schistosomiasis is a neglected tropical disease and the secorfdtaldsbpical disease. The
2024World Health OrganizatioyHO) report indicates global mortality rates of 130,000 and
150,000schistosomiasideaths attributed tthe causative agenB&chistosoma mansoaindS.
haematobium,respectively both of which species are endemic to Zambia. Although
praziquantel (PZQ) remains the almost exclusive standard of care drbgs isome
shortcomings includingneffectivenessagainst immature parasites, challenges in paediatric
dosing, a high adult dose and has shown drug resistance. Therefore, there remains an un
medical need tdevelop other treatment options with different modes of action to circumvent
the now wellknown mechanism of resistance. This study was based on Medicines for Malari
Vent ur e 6 s MMVeANgDH whcl was preliminarily shown to possess promising
vitro antischistosomal activity but whose extensive strueagtevity exploration was not
undertaken yet. The study was also inspired by the desire to design analogues with bet
physicochemical properties suchlagarithmsof partition coefficient or distbution (ogP or
LogD) and solubility. Accordingly, the study introducedNupyridazin3-yl heterocyclic ring
in lieu of the N-phenyl carbocyclic ring thereby editing thephenylbenzamideN-PhBA)
scaffold of MMV687807, MK1-11, etc, to the N-pyridazin3-ylbenzamides N-PdzBAs)
seeing thatN-PhBAs had high hydrophobicity (e.dMMV687807: LogD = 5.14; MK1-11:
LogD = 4.36) and hence possessed low aqueous solul@lgyMK1 -11: Siq= 13.3uM). Six
target compounds were successfully synthesized by #Ediated amide coupling to the
required po%.ctLiquid ghromatographydnass Spectrometry.C-MS) was used as
the ultimate criterion of purity and to profile retention tiftig while ultravioletvisible UV-
Vis), infrared (R), proton ¢H) and carbon13 (°C) nuclear magnetic resonancdMR)
spectroscopic methodsere used for characterization. Compared to the-deserationN-
PhBAs (e.gMK1 -11), N-PdzBAs showed much lowar vitro activity (severity scoré®1) on
S. mansonadult worms but favourably lowen vitro cytotoxicity (CCso> 20 uM) on the
HEK293 cell line &n experimental result which also agreed withsilico predictions,
favourably higher estimatedqueoussolubility (Siq> 100 uM) and lower hydrophobicity
(cLogP O4). Therefore, although inferiactivity-wise, the new pyridazinic analogues possess
favourable physicochemical properteasd could still find utility against other disease

KEY WORDS: EDCI-mediatedamide coupling N-pyridazin3-yloenzamide S. mansoni
antischistosomadctivity, HEK293cytotoxicity, hydrophobicity aqueous solubility
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CHAPTER 1

INTRODUCTION

1.1 Chapter Overview

Africa is home toaboutone billion of the 1.6 billionpeopleglobally affected by neglected
tropical diseases (NTDSNTDs perpetuate poverty and limit economic growththie very
countriesthatare always grappling witfood insecurity Jack of sanitation infrastructurppor
healthcareand foreign aid dependenceThese NTDs are eendemic with other tropical
diseases such as malaria, .*etcThis introductory chapter provides a background of
schistosomiasisn terms of its terminology, history, pathogens, prevalenceetiology,
pathology andliagnosis This isfollowed bytreatmenin terms of antischistosomal agenfs
clinical significance drug mode of actioandpraziquantetesistancenechanisra Finally, it
highlightsthe statement oftte problemsignificance of the studyim,objectivesandresearch

guestiors.

1.2 Schistosomiasis

1.2.1Etymology, History and Human Pathogenic Species

&Sc hi st os omi a s thesudionofotwoeE@eekbots oseldistod meaningd s pand t 6
Gomameaningd b o tThedhame was proposed Bgavid Friedrich Weinlan@1858 because

of the malewormés split body morphology? Schistosomiasi€SCH), or snail feverjs a water
bornehelminthiasigype of parasiticdisease caused by trematsdiatworms of the genus
Schistosoma The human medically relevantspecies(in alphabetical ordeland year of
discovery are S. guineensig1972, S. raematobium(1852) S. intercalatum(1934) S.
japonicum(1904) S. manson{1907)andS. mekong({1978) Thereexist s&eral other species

of veterinaryrelevanceand many other nemedical wildtype species and hybrid spediés

Earlier n 1851, Dr Theodor Bilharza German physian discovered the diseasmined it
ilharziadwhich term was later adapted dailharziasig§ dilharziosisd He alsodescribeds.
haematobiunfalso spelhematobiun S haematobiun{Sh) S mansoni(Sm)andS. japonicum
(Sj) accountfor the highest disease burdamong the sixSchistosomapeciesthat infect
humansand the diseases are named according to the spscebistosomiasis haematobjum
mansoniand japonicaetc, respectively.* Katayama syndrome iacute schistosomiasjs

especially schistosomiagaponica discovered byatsuradan 19044°
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1.22 Epidemiology andMedical Geography. World, Africa, Zambia and Lusaka

WHO reportspublished i”2023 and2024 indicatethat253.8 millionpeopleglobally required

antischistosomapreventative chemotherapy in 2023, a dase of 10.9 million from 2022

when it wa264.7 million Additionally, more thar700 million peoplevereeitherliving with

the diseas®r at riskof infectionespecially indevelopingcountrieswith a mortality rate of
more thar280,000 deaths per annur®f these deathsyer 150, 000 and 130, 000 deaths per

annumweredue toS. haematobiurandS. mansoninfections respectivelyAfter malaria,it

is the second mogtrevalent, virulenaind fataltropical diseasé ®

Figurel below shows itglobal distributiortypical of thetropics and subtropig®

_,-57‘“- ——— 3 = = — - ““V‘
- — g ‘ -
) d/ e
P A
;5? t:‘) : f‘_r) -
: . ‘l A '.
: ‘s’\)} X [T
):;, “) A0 Pt .
AL O
[ 30N LS SN e
_ tropic of cancer (23 40151) SUB- TROPIQS
. <. :
\ % S r NG
Yd"“,ﬁ“.‘ 00\,\.‘.. o 7 J 5 =
i e b _TROPICS
~ 7 Sl
f (LA ,
l J \ )/ \l.. World distribution of
; \7 schistosomiasis
f tmptc Of gsncon SUB- fROPlOS
J L . £ S. manseni
y 3 35°5 5. haematobium
Q = W S guineensis
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Figure 1: World map showinghumanschistosomiasis prevalente

In Africa, thelatest WHO stimates show that at least 218 million people requiredentative

chemotherapyor schistosomiasise. 90% of global case¢Figure2).59%1?
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SCHISTOSOMIASIS ENDEMICITY i

B S. mansoni, S. haematobium, S. intercalatum (7) .

B S. mansoni, S. haematobium (27)

S. mansoni (3)

S. haematobium, S. intercalatum (1)

S. haematobium (1)

[] S. intercalatum (1)

B Non endemic (6) - .
] Non AFRO (11)

0 1,000 2,000
kilometers

Figure 2: Map of Africa showingprevalenceof humanschistosome infectioby species

In Zambia the prevalences approximately 26 %, with anestimated 2.39 million individuals
infected and an additional 3 million at rigkhich aredue toS. laematobiumandS. mansoni
(Figure3d).t?

S. mansoni S. haematobium Blood-in-Urine surveys
parasitological surveys parasitological surveys (Questionnaires, Haemastix)
A v A v
g 4
o
> @’ ) = <
o
Prevalence (%) ’t
® <10 o 1099 © 100199 e 200499 e >=500

Figure 3: Mapsof ZambiashowingS. mansonandS.haematobiunsurveys'
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The former species the more commornd is endemic in all theen provinces of Zambia
Generally, the disease is prevalent in rural areas close to thetakegsbut also slum urban
areas which lack water supply and sation infrastructuré®?! (A study outside Zambitund
that the reduction of schistosomiasis new infections and child mortality decreaséd bp@7

55%, respectively, with improved water supply and sanitaon.
Lusaka provincéas the highegirevalencexmongZambianprovinces Figure §.14

Other provinces, 2.645
Copperbelt, 2.5

Southern, 13.6

Lusaka,
49,575

Western, 15

Eastern, 16.66

Figure 4: Pie chart showing provincial schistosomiasis preval@eceentages in Zambta

Urinary schistosomiasis commonamong childrenn some parts of usaka povince where
water contact activity is higdndsanitationispooe . g. Ng 0 o méshanty composgnd i p
in Lusaka urban districtnrd Chongwe district as iRigure5.1>'1823

(@) e Ra A RG] () I A él .
Figure 5: Schistosomiasixposurein Chongwe district of Lusaka provinte(a) oys
swimming(b) girlsholding containers of their respectiraematuric urine
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1.23 Parasitology, Aetiology andPathology
Schistoemes are parasitic with digeneticlife cycle alternating between a skhadind a
vertebral hostS. raematobiunandS. mansonmiracidiainfect Bulinus (e.g.B. globosuysand

Biomphalaria(e.g B. glabrata, B. pfeiffer, B. sudanica snail vectorsrespectively(Figure
6).10,241' 29

5 Adult
worms
Human
(U g -
/ \f Eggs
/ P
\7' Cercariae S. mansoni “:"\L.'} S. Intercalatum
— 7 S. haematobium

Biomphalana species

Bulinus species

3 Snails

Figure 6: Life cycleand transmission afchistosomehbighlighting snail host specificit}?

Generally, he most @mthogenicspecieshavea similar life cycle Adult worms living in tle
blood venulesay about 300 eggsaily, which are releasedn defecatiofmicturition. In water
eggshatch intomiracidia,and these locate themfect snails changdnto sporocystsiltimately
yielding infective cercariae Cercariadose their tailsduring percutaneougenetration of the
humanh o s skid and becomdarvae which are calledewly-transformedschistosomula
(NTS). NTS migrate to thehepatic portal veinsvhere they mature into adult wornfsdult

5 Also spelt agBolinugh®?°
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male and female worms pair ugppulate and thentravel to theintestines bladder Under

experiment, prmissivevertebralhostsarerodents(mice/rats/hamsters§-3!

Urogenitaland intestinakchistosomiasigdue toS. haematobiumand S. mansoniinfections,
respectively are the main diseaserms whose nfection is divided intdheacute, established
active andlate chronic with slightly differentsymptomatologymainly fever, lethargy and
malaisebut mayalsobe asymptomatit®3! ShexacerbatesilV transmission, whileSmand
pulmonary arterial hypertensioare comorbitie$>*® In Zambia, Sh exposure andSm
hepatosplenic schistosomiasis HSS (Figure 7) have each been found among HIV/AIDS

patientsco-infectedwith hepatitis B virus#3

Medico-geographically, chistosomiasigShand Sn) and malarialPlasmodium falciparuin
known to belargely co-endemicas tropical diseasdsave shown co-infection commonly
associated with anaem@amely in Nigeria and Ghana, among other tropical courifif€s

1.24 Diagnogic Methods and Mechanisms of Detection

There are thremainclinical methodgTable1) andseverabthess undervalidation#t' 44

Table 1. Schistosomiasis diagnostmethod and their mechanisms of detection

Diagnosticmethod Mechanism ofdetection

Microscopic detection Egg counting fronurine® or fece$§ (Kato-Katz coprology}**' 43

Immuno/ kteral flow  Circulating cathodicantigen (CCA)/ antibody:active infection/
pastinfectiorf-143

Molecular diagnostic Nucleic acidamplification test (NAAT) active infectiofi*

3Source Adapted(with modificatior) from Weberet al, 2019 See Reft. "especiallySh cespeciallySm
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1.3 Treatment, Management, Control and Prevention

1.3.1Chemotherapy: Composition,Enantiomerism, Names andDosages
Praziquantel, oxamniquingnd metrifonat@re theinternationahonproprietary namgsNNs)

of active pharmaceutical ingredients (APIs) of antischistosomal disggs extensively, with
the latter two drugs having now largely been withdrdaWf The INNs have stems which can

be used talecipheithe key moieties in the APl molecul@Sgure §.4°

cl 0o
N0 N0 OaN N \|/ i
H H. ) OH
(R)-oxamniquine (R)-metrifonate
N N
o aJ v f.ou
H H B.oMe
o)
0 e SRy
O,N N \r
' OH
H

(R)-praziquantel (S)-praziquantel (S)-oxamniquine (S)-metrifonate

Figure 8: Structuresof enantiomers opraziquanteloxamniquineand metrifonaté® 4

Note: Key to stems (oots/prefixes/suffixésin druginternational nofproprietary name (INNs) praz = pyrazine;
iqu = isoquinoline; antel ;anthelminthic; ox = oxygen (O); am = amine (R = nitro (NOy); me = methyl
(Me/CHg); fon = phosphonate PO(ORate = estéf

60Praziquantel 6 (PZQ), t he st pyrazohydisoglinolimd C
antihelminticowhich comes fronthe main scaffold in théull name2-(cyclohexylcarbonyb
1,2,3,6,7,1b-hexahydre4H-pyrazinop,1-a]isoquinolin4-one*%! It is usually manufactured

as a racemagalispensedt WHO recommendedoseof 40 mg/kg However, oly theR-PZQ
enantiomeis active i.eL-PZQ/(-)-PZQ, whereas th&enantiomeibeing inactivas mostly

responsible for the bitter tasfEhe enantiomerism connotes didigig interactions%>°

BesidesP Z @ drug metabolism pharmacokinetics (DMPK) profile is wieltumented*
Epigastric pain, anorexia drheadache amdversesffects Commonly branded as Biltricife
etc, besides thé\Pl, the excipients arecorn starchmagnesium stearate, microcrystalline
cellulose, povidone, sodium lauryl sulfatpplyethylene glycol, titanium dioxide and
hydroxypropylmethylcellulose. Thesexcipients(in this marketed product) and others (in
research and development) are meant to optimize the solubility and st&Bflityis cheap
when subsidized though the annual d¢esiS$ 17.92 million globally a 600 mg adultablet
rangingbetween US$.08 and6.60 usually donatedby WHO. PZQ prophylactic rass drug
administration (MDA)molluscicides snail habitat biologicontrolalso used~®

Oxamniquine 250 mg isommonly branded as/ansil®, etc while metrifonate 50 mg was

commonlybranded as Dipter&¢°
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1.32 Targets andModes of Action of SelectedClinically A pproved Drugs

Although PZQ has been tineaintreatmenfor many yearsits precisemodeof action hachot
been fully elucidaed?>? The disruptedcalcium ion C&*) homeostasis observed upon
administration of PZQ hableenpostulatedto be due to an alterddnction of the voltage
operated C4 channels whicltauses contraction of the worm muscledibby causingCa*
influx. The transient receptor potential (TRP) chamsndiad drawnthe attention of
parasiologists by 2016vho highlighted the eight TRP families in metazoanIR®C TRPYV,
TRPA, TRPM (melastati), TRPML, TRPP, TRPN and TRPVIn 2019 a schistosom€a’*-
permeableS. mansoniTRPM channelactivated by PZQ wasideedidentified genetically
mappedas SMTRPMpzq, Smp_246790,5chromosome ;3moleculaly docked with PZQ
(Figure9), which wasconfirmed by further studiesn 2021 and 20236065

S2 W KEY
TRP: transient receptor
potential
S1to S4 transmembrane
helices;
Amino acid single letter
symbols:
D: aspartate;
E: glutamate;
F: phenylalanine;
I isoleucine;
L: leucine;
N: asparagine;
P: proline;
R: arginine;
S: serine;
T: threonine;
W: tryptophan;
Y: tyrosine;
R1514/ R1681Arginine on
the 1514 and 1681 position,
respectively in th&°
TRP box polypeptidestructure etc.
- from the amino end

Figure 9: PZQdockedonto S. mansoniRP-zqtarget(Schidinger Maestrg  software)®

Note: Two carbonyl oxygens of PZQ act as hydrogen bond accgptBiss) to amide, phenoxyl and guanidino
hydrogens of arginingR), tyrosine(Y) andasparaginéN) amino acid residue side chaifiydrogen bond donors
i.e. HBDs) Also notable areydrophobic interactions between the phenyl group of RZtpth YandR.®

Arachidonic acid metabolism isRZQ target inS. mekongdfi’ Oxamniquineinhibits nucleic

acid synthesisvhile metrifonatealters cholinesterase activit}/:*®
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1.33 Mechanisms of Resistanceagainst PZQ

The efficacy ofPZQ oneach ofthe major speciese. S haematobiumS mansoniand S
japonicumwas established bythe clinical trialsinitially conducted in ZambjaBrazil and
Philippines respectively?® ° Indeed 50% effective concentratiolECso) values for PZQ were
0.1pg/mL at 4h, 0.05ug/mL at 72h in one followup study and 0.1uM at 72h in another®
However, of latdPZQresistancéas been reported Kenyaamongothercountriespotentially
fuelledby MDA in such jurisdictionsThe resistance mechanismsS. mansonareexplained
mainly using two postulates adenosine triphosphatending cassette (ABCs) and
sarcoplasmicéndoplasmic reticulum calcium ATPases (SERCAgult S. mansonworms
with reduced PZQ susceptibilithave been found to have higher levelsABCs e.g. R
glycoprotein,suggesting that they remove PZQalmodulin kinase Il activation followed by
nuclear activated factor kappa B activation, is linked to SERC®3 imansonwas shown to
have PZQ sensitivity reductiof’

1.4 Statement of the Problem

PZQ has beerthe amost eclusive standard of carsince 1977, whose downside include
resistancgpaediatriadosingchallengesadverse effects and a shainelflife. Besides,tiisalso
ineffective onyounger life cycle stagewhich may trigger renfectionsby failure to stop
transmission,necessitatingrepetitive administrationIn fact, little has been doneto

developng newantischistosomadrugsor vaccineg™ 4’

Therefore, there remains an unmet medical need to develop other treatment options wi
different modes of action to circumvent the now wkelbwn C&' channelmediated
mechani sm of r esi st a-isaguwenoliaggcare stadfoldEvEnAhovVeHOp v r
donations, Zambia still failed to reach the¥a@freshold national coverage in preventative
chemotherapy in schoalgal childrenin 2023unlike theneighboursDemocratic Republic of

the Congo and Malawi, among other African iies.®

In fact resistance @lsoalready of concern even in the most promising antimalarial repurposed
antischistosomal candidatesclinical developmermglobally since the responsible parasites are
co-endemic in tropical and sttbopical regiongsection 23) especially in their canfection
cases (subsection 1.23% Advisedly, the use of such drugs should be restricted to areas
outside those where there is any trace of malaria transmi§gid@esidespoorsolubility and

related properties as well asverecytotoxicity and target organ toxicithave made several
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goodantischistesamal drugcandidates discovergelven those more potent than B2Qt reach

the marketgection 25 andTable4).”8'82

1.5 Significance of the Study

This study hagontributed insights into medicinal chemistry optimization of a new class of
compounds, which future researcheosild exploit in thepursuit of novelantischistosomal
treatmentsn terms ofa less hydrophobic, morevater soluble, less cytotoxiagheaperand
orally activecandidatesincehigheraqueousolubility (Sg) in vitro translates into higher blood
solubility and bioavailabilityn vivo. Besides, a orally administrable drug would not require
injectionsandrefrigeratordor low temperature and the constant carbedlth workerdhience
would be cheaper to administer by MDA even to the pSBtnuctureactivity relationshig
(SARs) are key in drug discovery as a ddige molecule is taken to consist of a
pharmacophore, a metabophore and a toxicophore which are basically mdiegrtents
responsible for therapeutic effect, metabolism and toxicology, respect8&R exploration

is key to hitto-lead optimization in medicinal chemistry and drug discovery before drug
development of a molecule can be consideredaddition,the study ha highlighted howin

silico computer aided drug discovery aareaplybe applied to NTDs likechistosomiasiand
hence prevent wastage of chemicals and other resources by prediction of sormr
physicochemical andirug metabolism pharmacokineti®NIPK) properties as well as
cytotoxicity using free readily available wetased databagesftwaresuch as SwissADME ,

PkCSME andCyto-SaféE at design stage prior to the actual synthesis.

1.6 Aim, Objectivesand Research Questions

1.6.1 Aim
Theaim of this studywas tosynthesie N-pyridazin3-ylbenzamidgN-PdzBA)analogues and
profile theirhydrophobicity solubility, cytotoxicity andantischistosomadctivity.

1.6.2 Objectives
1. Todesign ansgynthesizeN-PdzBAtargetcompoundwia carbodiimidemediatecamide
coupling
2. Tocomprehensivelgharacterizéarget compoundssingLC-MS, UV-Vis, IR, *H- and
13C-NMR spectroscoyp.
3. To evaluatan vitro antischistosomal SARs d& mansonadult worms.
4. To profile the N-PdzBAs in terms of hydrophobicityaqueous solubility (S),

cytotoxicity usingin vitro and/orin silico approaches
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1.6.3Research Question

1.
2.

Is it possible tsynthesizéN-PdzBAs via carbodiimidemediated amide coupliffg

Is it feasibleto characterizéarget compoursglusing LGMS, UV-Vis, IR, H- and**C-
NMR?

Is thee appreciablein vitro antischistosomal activity o%. mansoniadult worms
exposed tiN-PdzBA chemical insuland if yes what is the SAR?

What are thecalculatedLogP (cLogP), agueoussolubility, cytotoxicity (on HEK293

cells) profiles of theN-PdzBAs, as determinagsingin vitro and/orin silico approaches?
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CHAPTER 2

LITERATURE REVIEW

2.1 Chapter Overview

In its roadmap to eliminatekistosomiasis b2030, theA/VHO calledfor the development of
drugsor vaccinesutdue to limited incentives, very little has been d8Ad hus,this chapter
briefly reviews drug discovery and development approaches anchigbhghtsthe notable
effortsin antischistosomatirug developmenat clinical andpre-clinical stages. The chapter
then discusses drug repurposing efforts in the area of antischistosomal drug diatbntery
to-lead (H2L) stageThe chapter also discusse®wn, albeit few pharmacological properties
of N-PdzBAs a chemotype which was explored in thesearch workand ends with a

summary of the literature search and patent search

2.2 Approaches to Drug Discovery and Development in Brief

There are three main kinds of drug discovery approaches: phenotypic scregetipased
approactanddrug repurposing/ repositioning/ rescB&enotypic screening is door whole
cells/ microbeswhile targetbasedapproachfocuses on enzymes receptorsetc The latter
tends to incorporatein silico methals which are computedaided simulatiors based on
artificial intelligence/ machine learnin@lI/ML) . Drug repurposings the application of an
existing drug to aew indication.e. a disease for which it was not originathrgeted while
drug repositioning is the medicinal chemistry optimization of a known drutjugrlead to
suit another diseaseriy rescue employs medicinal chemigiptimizationto improveupon
the properties of a drug that has been abandoned in development or withdrawn from clinic
use®n drug development, preclinical trigfise. in lower animalsare followed by clinical
trials i.e. in humansPhase | (1) trials are carried out on healthy volunteers Whidese Il (2)

trials are arried out orafew patientsPhase Il (3) trials areacried out ormanypatientst

2.3 RecentEfforts in Antischistosomal Drug Development

Recently, therehave beerl0 antschistosomavaccine in developmenbne in Phase IjJlone

in Phase lithree in Phasedndfive in preclinicaltrials * Besides, sveralnatural products
have been tested agaisshistosones'¥ 16 However, both vaccines and natural products were
beyond the scope of thissearch workthe focus being synthetic small moleculds.new

API moleculeapprovedas amantischistosomal drdgacciné’ was found o t he aut h
knowledge Severakfforts have involved antimalarial drug repurposirgpositioning®"18
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2.3.1 Approval

Fordecadesthere has been mraziquanteformulationfor childrenaged 3 mnths to 6/ears
Fortunately, clinical trialfor such a formulationvere successfully completéu 2021 now
referred to asgediatric praziquantel formulatioit is a 150 mg tablet containinige bioactive
R-PZQenantiomermannitolandsucralose tamprovepalatabilityBy2 022, t he f or
regulatory submission to the European Medicines Agency (EN&S)finalizedvalidated for
review inthe same yeathenreceived pprovalasapositive opinion from EMA by 2023vas
added to the list of prequalified medicines by WHQ@24currently roled-out in Uganda

However this development does not add any new API molecule to the pipéiffie.

2.3.2 Phase llI Clinical Trials
Cheukehadargued that there wa® antischistosomal in thgipelineby 2020% However, this
may not be accurate sinGe-Arinate®, an artemisinirfbased combination therafyigure D)

underwent Phase Ill triahgainstS. haematobiunin 2019%

(@) 2 Cl
OH
Sulfamethoxypyrazine/ Pyrimethamine

Artesunate o Sulfalene

Figure 10: Structures of desunate, sulfalene apgrimethamine

Actually, the first (2009) clinical triabf artesunate sulfamethoxypyrazine pyrimethamine
againsS haematobiunmada cure ratéCR) of 44%versuss3% forPZQ2” Muok andObonyo
hadfurther shown that a single oral doseGatArinate® had comparable efficacyptPZQ on

S. mansoninfected childrer’®?® They and others replicated thigal in 2024 with the
following results In S. mansoninfected children, the CRsere 75.6%, 60.7% and 77.8%;
andegg reduction rates (ERRs) were 80.1%, 85.0%, and 88.4% for PZ&ri2de, and
PZQ +Co-Arinate combination, respectivelwhile inS. haematobiurmfected children, the
correspondin@Rs were 81.4%, 71.1%d 82.2%andERRswere 95.6%, 97.1%nd 97.7%
respectively’>!  Unfortunately, co-endemic malaria is resistant to artemisinin and

pyrimethamine 243234
2.3.3 Phase lIClinical Trials

Artesunate ‘mefloquinehas just undergone aase Il trial provingo be norinferior to PZQ
(CR: 59.6% vs 62.1% for PZJ Moxidectin, Snrianf (piperaquine +arterolane
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combination and $nrianf + PZQ combinatior(Figure 1) first underwent Phase ttials
againstShandSmin 2016 with better ERRs d®@m?+%6:37

/O‘N N O HO
HY T N
o H
A
J\O P
N
R-PZQ

CF; Mefloqum

]

Moxidectin - OH Arterolane/ RBx11160/ 0Z277 NH2 Plperaqume

Figure 11: Structures of moxidectin, arterolane, piperaquimefloquineandR-PZQ.

Similarly, resistance to piperaquine imgalaria from which they are repurposed is vkelbwn
taking into account ecinfectionwhich also affects artesunate since a common metabblite

all artemisininsterivatives which isithydroartemisinin (DHA) has also shown resistafice

2.3.4 Phase IClinical Trials
No antischistosomal candidatadergoing phase | clinical trials was found at press time in

this |Iiterature search to the best of t he

2.3.5 Pre-clinical Trial s

A series of imidazopyrazinggctive on both the adult and juvenile stggssundergoing
preclinical trials after being derivated to prodrugs having indily faced solubility issues
These molecules patented und®g©2018130853wvere discovered by London School of
Hygiene and Tropical Medine in collaboration with Salvensis and have since been adopted !
Merck. The most notable moleculeLiSHTM -3642which was a lead optimized frothe hit
LSHTM -1945 from Medicinesfor Malaria Venture (MMV)as shown irFigure12.243%41

N-NH
MeO !

F
FsC CF
. ~
i-Pr CF3 N
NS F /_):N
/_):N N=
N= LSHTM-3642

LSHTM-1945 or SAL 656
an antischistosomal hit antischistosomal lead

Figure 12 H2L optimizationof LSHTM -1945to LSTMH -3642/SAL656
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R o ¢ hRoB55458 (Figure 13) in 2020 showeekfficagy in several animal modebgainst
mostschistosomspeciesnhibiting geneexpressionts effectis similar to that of PZQ though
has different binding sitesand alsoaffects the immature stages better tHRRBQ*>*
Miltefosine Eigure 13), a repurposed antileistanal drug, in2015 underwentpreclinical
trials in mice after showingsignificant activity against various stages 8f mansonin

vitro.24%7

[\

N

f

T

S

\

O

>
-’

P’O\/\N"
S 0N

ANt
7
Miltefosine (MFS)

R015-5458

Figure 13: Structures of Ro155458and miltefosine

2.4 Antimalarial Drug Repositioning at Hit-to-Lead Drug Discovery Stage
Schistosomaand Plasmodiunspp (schistosomiasis and malapathogensrespectively are
both bloodfeeding parasitesnd haveevolvedhemedetoxification mechanismas can also
be inferred in their synergistic anaemic effects in -iodection?* 4’ Several drug hit
compound haveoriginated fromcompoundibraries,such as th&#IMV Malaria:, Pathogen
etc. compound librarieso called Boxe&' > SAR exploration ofMMV665852, an N,N&
diphenyl urea from the Malaria Bpgy Cowan et aland IngramSieberet al, led tocompound
35which isanN-phenylbenzamidéFigure 14).24490

H H HO
cl N _N cl
i §
FsC N
o] cl
cl cl

(e}
MMV 665852 an N,N'-diphenyl ureg;

invitro ICs (S adult) = lower mM range;

L6 CCgq = unfavourably low

in vivo (Smrinfected mice) = moderately active;

Compound 35 an N-PhBA;
invitro 1Cg, (NTS) = 0.03 mM;
invitro |Cgp(Smadult) = 0.5 mM; cLogP = 5.44

Figure 14 Structuresand pharmacologicalata forMMV665852 andCompound35.49%°

Compounds from the Pathogen Baere first screenedh vitro on S. mansoniNTS from

which 43 hitswere further tested against adult worlbrysPaschest al From this secondary

screen;11 hits wereidentifiedand tested for albumibindingandin vitro activity on adultS

Harrison Banda, Dissertation (MSc in Chemistry) © 2024

21



haematobiumMMV687807 (Figure15), was identified asre of the promising hitgOnin
vitro evaluaion againstS. mansoniNTS after 24 hit showedanICso= 0.3 pMand0.2 puM at
24 h and 72 h, respectivelffhe soc a | ICed Wa | u estsictlyshécalleddE&Ls00since
they are based owhole-cell screening.On adult worms it showedICsovaluesof 9.7 uM,
2.6 UM, 2.2 uM,2.3 uM and 2.1 uM atl h, 16 h, 24 h, 48 h and 72 h postubation,
respectively. In the presence of albumii@sovalues of 5.7 uM, 5.5 pM and 5.6 pM were
reported a4 h, 48 h and 72 h pestcubation, respectively. This hit compound was letimal
screeningn vitro at 10 pM against aduh wormsat 24 h, 48 h and 72 postincubation®
MMV hassincereportedits chromatographit.ogD (ChromLodd) as 5.14higher than the
Lipinskié Rule of 5 cutoff (5) and 20% cytotoxic concentration dmmman hepatoma cells
(HepG2CCy) as 0.65& M(<< 80g Mcut-off) 245152

HO
H
FsC N
j@’ cl

O

FsC MMV 687807
an N-PhBA

Figure 15: Structureof MMV687807.

Table2 shows ratn vivo DMPK datafor MMV687807.51:52
Table 2: Raf in vivoDMPK data folMMV 687807152

RouteDose Tmax C%Cmax  AUCkst AUCins CL Viss Tz %
(ma/kg) (h)  (ng/mL) (ng.h/mL) (ng.h/mL) (mL/min/kg) (L/kg) (h) F

v/l N/A 640 108 110 151 16.5 258 -

PO/5* 0.625 20 29.8 33.2 N/A N/A 178 6

Notes "Sprague Dawley male rdtlata for n = 1 animalC = concentrationTmax = time to maximuncC; C° =
initial C; Cmax= maximumC; AUC = areaunder the curveAUGC,s:= AUC up to the last data poimUGCi =
AUC up toinfinity; CL = clearanceluss= volume of distribution asteady statef, = half-life; %F = %
bioavailability, IV = intravenous; PG oral (per 09; N/A = nonapplicable

Other parameters are also documented by MAbut not aqueous solubility explicitly, as
confirmed by emailAdam, A. (MMV). email communication, August 20, 2023n the
studiesby Cowanet aland Paschet al, trifluoromethyl (TFM) on N-phenyland/or benzoyl
moieties (Figure 16) showed favourable asthistosomalactivity, just as in recent
MMV687807 SAR exploration studielsy Kanyantaet al, etc.other TFMN-PhBAsSMK1-11

and MK1-09 were quite potenin vitro (Figure 16) which have since been repeated in this
stu d)p_24,49|' 53

8 Unpublished
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CF
Cl
Cl
N CF;3 H CF;3 o]
H
cl
OH OH CF3

Iz

29
MMV 687807 cLogP = 5.44
HepG2 CCyp = 0.658 MM << 80 MM; OH 37
ChromLogD = 5.14; cLogP = 4.85" cLogP = 6.47

NB: all substituents were from the 1% and 3™ quadrants of the Crag plot
*All cLogP vaues in this figure were calculated in ChemDrawO ; ** Experimental data from
WCAIR, DDU, UoD, UK (unpublished)

Cl
H H
FsC FsC

MK 1-09 (DDD02953325) MK1-11 (DDD02953326)
Smadult ECsy = 0.08 uM; HepG2 ECqp = Smadult EC5p=1.10 pM; HepG2 ECy5q =
152mM <30 M (moderate)**; 17.77M <30 MM (moderate)**;
HEK 293 CCgy = 8.02 + 0.71 UM; HEK293 CCsy=8.46 = 1.45 pM;
LCtg= 2.676 min; cLogP = 5.31; CHI-logD = 4.67**; LC tg=2.631 min; cLogP = 4.99; CHI-logD = 4.36**;
Sag= 0.30 UM < 1 (low)**; Sag= 13.3 uM < 50 (moderate)**;
MLM CL= 3.92 ml/min/g < 5 (moderate)** MLM CL= 10.9 ml/min/g > 5 (high)**

Figure 16: Structures and pharmacological datdNePhBAs in Cowan et al, Paschet aland

Kanyantaet al studies*%>3

Note: CCy = 20% cytotoxic concentratiofC); CCso = 50% cytotoxicC; Chrom= chromatographicCL =

clearancegLogP = calculated I08; ECso = 50% effectiveC; HEK293 = human embryonic kidney celppG2
= hepatocellular carcinoma cellC = liquid chromatographyt.ogD = logarithm ofD; MK1-09 and M1-11

(DDD02953325and DDD02953326 respectively werefirst synthesized byasebeK anyanta while DMPK
studies by University oDu n d eBruly ®iscovery Unit; MLM = mouse liver microsomeS,, = aqueous
solubility; tr = retention timeNB: CHI-logD = ChromLod; HepG2ECso = HepG2CCsg™*

Like earlier studies, which unraveled compouf€s35, 37andMMV687807, the studies by
Kanyantaet alalso demonstrated the importancest#ctron withdrawing groupEWGs to
activity (ECso) with respect to th&l-Ph ring 3,4-Cl was less active tha®tCFs. This was also
observed fompolarity in terms ofLC tr with respect to th&-Ph ring 3,4-Cl was less polar
than3-CFs. Similar trends can be observed éhogP, LogD and solubility(Figure16).49 >3

2.5 Poor PhysicochemicalProperties of N-PhBAs

In thephenotypicscreenseferred to abee conducted byCowanet al, IngramSiberet aland

Pascheet al, measured aqueous solubilities someof the hit compoundswvere low*9 5t

Niclosamide Figurel7),anN-PhBA, which hasundergone repositionirfigr schistosomiasjs

etc, has not been successfully optimiziee topoor solubility?4>4 5

NO,
0
Cl
N
H
Cl
OH

Figure 17: Niclosamide apoorly solubleextensively repositioned-PhBA.
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2.6 The Pyridazine Scaffold in Medicinal Chemistry Optimization

Pyridazine (Pdz) is a stnemberedaromaticheterocycle witltwo adjacennitrogensPdzis
less lipophilic, with a weak basicity, a high dipolenoment and dual hydrogerbonding
capacity, whickcontribute to the lower Ldg(cLogP =-0.58 and Lod as well asimproved
crystalline saltsompared to phenytLogP = 2.14)%" A study concludethat abouhalf of all
drugs contain a phenying which can beeithersubstituted or nate. with heterocycles.g.
pyridazing to improve physicochemical properti€sin another study, idzepam was

derivatized to a pyridazingerivative to improve solubilitgFigure18):%’

\ o \ o
N N
O :§ Ph to Pdz switch . :§
....... : I:: gz
193 i

Cl

Diazepam (ValiumN) Its pyridazine analogue
LogP = 2.84 LogP = 0.96

Figure 18: Attenuation ofLogP of diazepam via a phenyl to pyridazine switth

In yet another studyminaprinewas salted in as a soluble crystalline powder based on the

hydrogenbonding capacityf pyridazinei in addition to that of morpholingigure19).>’

H Cly
H cr ‘N* O

O
HCI
\—/deri —/

N
N=N /—/_ vatization *N=N

Minaprine-di-HCI

white water-sol uble crystalline powdery salt
protonated on the ring nitrogens of pyridazine
(Pdz: N*) and morpholine (Mor)

Minaprine
free base: oily water insoluble liquid

Figure 19: Solubility optimization of nmaprinevia a pyridazinemorpholine salting iR’

Although MK1 -09 andMK1 -11 havemarkedin vitro antischistosomadctivity (section 24,

a study which has been since repeated alongsidéBozBA analogues in this stuly* they
have unfavourablecLogP values and which haveindeed been confirmed bylogD and
solubility experimental valués These could negatively impact other physicochemical
parameters andievelopability profile of this earlier seriesifPhBAs. Hence, in thisesearch

work ther N-phenyl ringwas replaced with a pyridazit@form N-PdzBAs,to optimizeLogP

7 Unpublished
8 Unpublished
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and solubility. Studies have reporteidcreasednhibition of cytochrome P450 (CYPpn
phenyl to Pdz substitutior?® %2 Prenyl (Ph)to Pdz derivatizationcan increa®, reduceor
maintain potenc{>* In a surveyinvolving replacinga Pdz with a Ph (i.e. areverse
substitutionto that of thisresearch work etc: 16% reduced, 47% maintained aBd%
increagd potency® In another study, Rhanalogie,i.e. 27, exhibitedmuch betteinhibition
of phosphatidylinositeB-kinasedelta(PI3KU) relative to that oPdz i.e. 29 (Table3).5

Table 3: PI3K i ICso SAR exploratiors of phenyl versus-fiembered heterocyes %

R
c o /@ o
N Il
z § NH
N Z I 2
N§/N

Compd code R7 PI13K U ICs0(nM) Comment
27 0.3
Potency in terms of the BK
Ph ICso decreases with increasir
28 N 0.5 . .
< numbers on nitrogens in they |
Py aromatic ring since the lower tf
30 '.“/ | 240 concentration the more potent
Ny
~ Pdz

2.7 Pharmacological Properties olN-PdzBAs
In 2022 astudy reportedan N-PdzBA cerivativeasan anttCOVID 19 compoundwherethe

pyridazine nitrogens @arekey intargetbinding (Figure20).5°

]
I=

A,

H
Figure 20: Structure of 4acrylamideN-pyridazin3-ylbenzamideanN-PdzBAantk
COVID19 compound

In 2019 anothestudy reportedN-pyridazinylbenzamidesvith high potencies of leucirgch
repeat kinase 2 inhibition, improved phy:
disease utility’® No antschistosomaN-PdzBAs were found in this literature seaactul patent

searchothebe st of the a(labldpr 6s knowl edge
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Table 4: Summary ofiteraturesearch and patent search

Literature Findings Knowledge Gap

Fortin and Co-Arinate® (artesunate- Combinations involved drugs for €c

Jansen2011;% sulfalene+ pyrimethaming endemic malariapyrimehamine (and

Muok et al, hadcomparable efficacy to artesunate resistant (to the clos

2024;° Obonyo  PZQon ShandSmin analogue artemisinin) especially in-c

et al, 2024° Phase Ill trials witta cure  infectionsince their commometabolite
rate CR) of 44% (\653% DHA has also been shown to be
PZQ)%2%% (patented resistant
W02007028413AF’

Bottieauet al, Artesunatet mefloquine Combinations involved drugs for €c

2024 hada comparable CR endemic malariaboth mefloquine and
(59.6%): PZQ (62.1%) on artesunate(and its metabolite DHA)
Shin Phase Iclinical resistant esgeially in co-infectior?=°
trial®

Bardaetal, Moxidectin, Synriarfi Combinations nvolved drugs for co

2016° (piperaquinet arterolane), endemic malaria  (piperaquine)

Synriam+ PZQin Phase Il especiallyin co-infection, to whichit is
trial on Sh; Smwith better  resistant and PZQ withlready known
egg redution rates ERRY  SCHresistanc®

on Sm*® (application for

No. PCT/IB202/057493%

Pascheet al, MMV687807 (N-PhBA): Unfavourably, Lo@® was high (5.14)

2018* active onSh Sm in vitrojn  and aqueous solubility (Sg was
vivo rat$%? (both spp low;>% hence unsuitable for regula
endemic to Zambia) oral use

Gardneret al, LSHTM1945 SAR study Siqwas low*% this is explainable fromr

2021940 found the flat aromatic rings ani
LSHTM3642/SAL656, polyhalogenationgnsuitable for regulal

etc. imidazopyrazines8x oral use This is being circumvented b
more potent than PZQ o the prodrug approach.
Schistosomaspp in Vvivo

mice now in preclinical

trials (W02018130858°4°

Xu et al,2023%° PzZQ SAR studies founc P96 active only onS. japonicum (Sj)
J a6 aefah r u P96asonly active analogue endemic to Japan (eradicatedketc.
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CHAPTER 3

METHODOLOGY

3.1 Chapter Overview
The study was multcentric and thanaterials and methods used in the design, synthesis,
purification, characterization, physicochemical and pharmacological screening of targe

compounds are described in this chapter

3.2 Research Design

3.2.1 Ethics Statement

All protocols including those of the primary lab at UNZA and the IR labasht ife Sciences
(YLS), were in accordance witkthical approval from the Natural and Applied Sciences
Research Ethics Committee (NASRE®)e respective Institutional Review Bogll&kB No.
0000646% Organization(IORG No. 00053760f UNZA documented aRef No. NASREG
2023 AUG-013as inAppendix A.Shipment of samples between labs was done in compliance
with shipment laws of various jurisdictioesy.the United States Toxic Substance Cortxct
(Appendix B. Bioassaysione abroad at UCSD(USA) were carried out with approval by the
Institutional Animal Care & Use Committeeof the UCSD in accordance with protocol
AN107779 which derives its authority from th&®ublic Health Service Policy on Humane
Care& Use of Laboratory Animals, and the Animal Wk Act& Regulationsas beforé.

3.2.2Screening Cascade

Theresearctbegan withdesign ana&hemical synthesighiswas followed bymulti-technique
compound characterization protocols nameB+MS at the UCTV-Vis spectroscopy at the
UNZA, IR spectroscopy at YLS; artti- and*C-NMR spectroscopy at UCT in that methodical
order This was according tile logical progression from purity determination (LC), molecule
weighing (MS), chromophore determination (UV), ftional group determination (IR)
hydrogen atom connectivityq-NMR) and carbon skeleton connectivityG-NMR). This was
followed by biological assays: antischistosomal a@ultmansonriand in vitro cytotoxicity
assays atCSD andlastly physicochemicaDMPK parametergxperimentalandbr in silico

methods“® Figure21 summarizes thecreening cascade

0 Hence no approval from the UNZA Biomedical Research Ethics Committee (BREC) (or other similar IRB)
nor the National Health Research Authority (NHRA) was sought as elséwhere
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KEY

DM PK: drug metabolism and
pharamcokinetics

ECgo=50% effective concentration
Sl: selectivity index = CCsq/ECsg
S. mansoni: Schistosoma mansoni

[purification: washing, column chromatograph)a

I

[ purity determination: LC-M S]

experimental in silico physicochemical
physicochemical and DMPK property .
measur ements computation J

[characterization: UV-vis, IR, IH-NMR, 13C-NMR] s X

("insilico cytotoxicity h
\Z O
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target compound achieved
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in vitro cytotoxicity) {————— J

Figure 21: Screening cascaad the MSc researolork.}®

3.2.3 Desigrof Target Compounds
In this research worka novel series dl-PdzBAswas designed, using the SAR exploration
planin Figure22, replacing theN-phenyl ring inMMV687807 with theN-pyridazin3-yl ring.°

- e
|
|

SAR2| FsCH - NH
\
Cl
—

%:1;3 SO O O

Figure 22 A graphical plan onSAR explorationon MMV687807 to N-PdzBA target
compound.
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The nitrogen atoms in the pyridazine scaffold were anticipated to be able to optimize
physicochemical properties such as hydrophobicity, solubility and DMPK propgéftias.
rational quantitative SAR (QSARXploration approach was used in selecting which substituted
analogues to synthesizZéhe different substituents on tNePdzBA core scaffold, in this study,

were selected from the Craig plot covering quadrants | anBigufe23).

i +0_| 10 I
+o - . +o +T
o NO, CF53S0,
—+0.75
° cN® o 5
o 4 3
SONH,  CH3S0: e 1050 (\CF;>
©° CH3CO -
CONH,; ® OCF;
e —+—0.25 ? .’\ .I
COH | (g) l\gi)
-20 -16 -12 -08 -04 QF)OA 0.8 1.2 1.6 2.0
| | | | | el | | | | |
I T T l. 1 I T T T T
. CH;CONH R
. £t o
025 Me t-Butyl
ocH 2 e
@
OH
—+-0.50
NMe
WNH 2 7
mrd —+-0.75 IV
-0 -7 -0 +T
—+-1.0
-0

Figure 23: Craig plot highlighting substituents utilizéd

aSource Adapted (with modification) from PatricR023 See Reb. (Project utilized substituents encircled)

Key:” = substituent hy dzsHlammeitbubstituentysigng) constedet ohbmomo;@Fn t ;
= trifluoromethyl; CRSQ; = trifluoromethylsulfonyl; CHCO = acetylCHsCONH =acetamidpCHsSO; =
methylsufonyl; Cl = chloro; CN = cyano; CONH= aminocarbonylCO;H = carboxyl; Et = ethl F = fluoro;

Me = methyl; NH = amino; NMe = dimethlyaminoNO; = nitro; OCF; = trifluoromethoxyl; OH =hydroxyl;

SF; = trifluoro-af-sulfanyt SOQ:NH, = aminosulfonyl-Butyl = tertiary butyl

This was done in order to yield the list of designed target compouifdtgire24.
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HO
H
F3C o
MMV687807

Nivatization
(o) (@] O,
e 3O o PO gy O
cl N Br—’ Y)—N Br—’ Y)—N

HB1-03 HB2-02 HB2-03
HO F
o) o) R
N-N N-N AN F
Br—’ Y—N Br— Y—N Br _J)N
=/ " =/ H
HB2-04 HB2-12 HB2-13
o) 0 ]
N-N NH, N-N CF, N=N
4 \ /4 \ E.C 7 \ N
Br N FiC N L_/N
=/ =/ H CF,
HB2-14 HB3-02 HB3-05
0 o 0
7 SN 7 H—N c— YN
= H = H CF;3 = H
FC HB402 F«C  HB4-05 cl HB5-02

Figure 24: Structures of designédtPdzBAtarget compourgderivatized frorMMV687807.

Some of designed target compoundsFigure 24 were designed on arexact matched
molecular pai(MMP) basisof the most potent compounds in tieéerence studie@ ableb)
which were then collected from thiNZA MCDD chemical Ibrary and assayed alongsfdé

Table 5: Comparison oN-PdzBAs designecbn MMP basiswrt N-PhBAs.*:10

N-PhBA N-PdzBA
Compd code Structure Compd code Structure
MK1-11} To‘/©/ HB4-02 N%j TJ/@/
N NN
AD-3% @ o, HB3-05 S
F3C © F;C Z ©
CF3 CFs
H H
MK1-10 ‘n’©/ HB3-02 N3 N“,@/
/@ © 30 I Z ©

MK1 -09t

FC

HB5-02 =

Cl
Cl

NB: Compounds on thieft-handside (LHS) were synthetized in referred to stutfiés
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3.2.4Adaptation of Synthetic Methods
3.2.4.1 Retrosynthetic Analysis

The disconnection approach was used in the retrosyntetlgsisshown inFigure25.

Rs R,
N N o
N=N Rs \ W
7 \ C-N amide Rl _ NH + ok Rs

Re

N-PdzBA U

N=N o
- \
Ry & NH, favourable polarities (-/+ non-umpolung) ‘& Rs
— of synthons but coupling agent H O'
R needed to avoid ammonium sat formation
2 amine between a benzoic acid and pyridazinamine acid R

A
Ho\

N N EDCI/DMAP
NH, Br \

HB1 HB2
CAS 5469-69-2* CAS 8497-27-2* 1_3_)_ Hs CAS 455 24-2* CAS 65 85-0* CAS 69 72-7*
N=N N=N R
7
— O\\
B3

H FsC  HB4 L
CAS935777-24-5*  CAS1211591-88-6* 0 CAS 455 92-2* CAS 45538 9* CAS 456 22-4
N

=N

c— H—nH,
—_ ammonium salt
HB5

NOT formed in the presence
Cl

of coupling agent CAS 150_ 13.0%

CAS 1167417-13-1** KEY: *available; **unavailable)

Figure 25: Retrosynthetic analysis, synthons anbistrates

3.2.4.2 Forward Synthesis: Synthetic Scheme
Figure 26 outlines the synthetic schenaglapted from those dfarsenet al, Prasadet al,
Savijaniet al andle Manachet al, the modification being the use of methafidieOH) to

dissolve the @aaminopyridazinalerivative(R-Pdz3-NH>) in situ.t1114

1. EDCI, DMAP/ DCM, 0°C, 5 min

— (0] ' — O
Rl\O_( 2. N Rl\\o_q A
7\
\ / OH R2<<_)_—NH2 HN_<_>\Z

N-PdzBA R,
MeOH, r.t., 48 h (target compound)

Figure 26: A one-potgeneralized synthetic schemeNsPdzBA analogues®

Target compourglwere realzed via coupling &enzoicacidor itsderivativewith aR-Pdz3-
NH2 in the presence of-&thyl3-(3-dimethylamiropropyl)carbodiimide (EDCl)coupling
agent and 4limethylaminopyridine (DMAP}atalystin dichloromethane (DCM)°
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3.3 Experimental for Chemtcal Synthesis

3.3.1 Materials and Equipment
The reagents andother chemicals were procured from Merck/ Sightdrich KGaA
(Germany) Hi Media (India) and Chem Scene (RS#id used without further purification.

The apparatus includeBuchi Rotavapdt R-100 rotary evaporatorgotavaps) an Ohau$
Guardia® 5000 hot platemagnetic stirrerDavisil® desiccatorsa Marburd® UV lamp, Emif
lab thermometers-10 i 11C°C), Gallenkamf§ melting point (m.p.) apparatus, Mettler®
AE100 analytical balance, aCama TL-600° UV lamp, a Shimadz® UVE 2600i
spectrophotometen the Organic SynthesiandDrug Discovery Lab (Room 03%igure 27,
Table6) in the Department d?ure and Applie€hemistry othe School of Natural and Applied
Sciences at/NZA.

Figure 27: Buchi® rotavapcomponentsind accessories

Table 6: Buchi® rotavapcomponents and accessories

Component Accessor Specifications
Rotavapor Buchi® R100
Hot bath Buchi® B100
Recirculating biller Buchi® F100
Vacuum pump Buchi® V100
Interface Buchi® 1100
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Figure 28 and Figure 29 show the rest of the key apparatnghe primary and auxiliary labs at

Department of Pure and Applied Chemistry at UNZA.

(2) — A (@) () B "
Figure 28 Primary chemlstry lab anits apparatus (aprganic Synthe5|& Drug Discovery Lab
035 (b) AnOhau€ Guardiaf 5000stirrer (c)A Marburd® UV lamp (d) An Emil® thermometer
(e) A Davisil® desiccator (f A GallenKam(® m.p. apparatus

Source Pictures taken ithe Department oPure and Applie€Chemistry, UNZA.

(a) (b)
Figure 29: Apparatusn auxiliary labs(a) A Mettle@ AE100 analytlcal balance (Weighing Room
015) (b) An EIm& Elmasoni€ S4(H sonicator (c)A Cama® TL-600 UV lamp (b) and (c):
Phamaceutical Analysis Lab 114))@ Buchi® rotavap(Analytical Services/ Consulting Lab 118)
(e) A Shimadz® UVE 2600i spectrophotometer (UV Lab 041)

Source Picturegaken in the Department of Pure and Applied ChemistiyZA.

3.3.2 Organic Synthesis, Reaction Monitoringnd Purification

3.3.2.1 General Synthtc Protocol

The following was the procedure ftire synthesis of ead+PdzBAanalogus(Figure30). 1.5 eq

of EDCI hydrochloride i.eEDCI.HCland 0.1 eq of DMAP were added to a 50 mL rebottom
flask containing 20 mL of iceooled DCM f{or HB1-03, 2-12, 213, 214, 3-02, 3-05 and4-02)
with constant stirring on a magiestirrer for up to 30 minOn achieving 0°C, 1.2 eq of and
appropriate benzoic acid derivative-B2OH) was added and allowed to contirgigring for a
further 5 min Then the mixture was removed from the dodd water bath and allowed to continue
stirring until room temperature (r.t.) was achieved and then 1.0agarhinopyridazine derivative
(R-PdzNHy) dissolved in 5 mL of MeOH was added to the reaction mixithie.reaction was
sonicated for Gnin at 30°Candallowed b stir magnetically for 48 lat 500 rpm while being
monitored by thin layer chromatography (TLC) using 50% ethyl acetate in hexane as mobil
phasel_,lo' 14
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On reaction completion, the reamti mixture was taken up in 40 nibCM; washed with water

(40 mL x 3, saturated aqueous solutions of sodium bicarbonate (NaHO@L x 4, ammonium
chloride (NHCI: 40 mL x 4 and finally sodium chloride (NaCH0 mL x 3; and dried over
anhydrous sodium sulfate (pB8Qs). The solvent was then removidvacuoon a BuchH? R100
rotavap Since the crude products were usually very impure, they were subjected to colum
chromatographyEtOAc: Hex, 1: ) and crystallized im-pertane/ diethyl ether to yielthe N-
PdzBA as a solid(N,N-dicyclohexylcarbodiimide ®CC) and dimethylformamide DMF) were

tried in lieu of EDCI and DCM, respectively, fdiB2-02, 2-03 and 2-04 but with insufficient
puritiesdue to the water insolubility of the product and the unfavourable boiling point of DMF

hencethese compoundsere not progressed for bioassy$*®

(a) B () 8 d | ©
Figure 30: (a) Magnetic stirring (b) Washing (b) Colurahromatography

Source Pictures taken iMCDD Lab 035,Department of Pure and Applied ChemistgNZA.

3.3.2.2 TLC,Column Chromatography and Melting Point Determination

The progress of synthetic reactions and the preparative gravity column chromatograph
experiments were monitored by analytical TIO®e synthesized compounds were preliminarily
characterized by classical methegsmelting point (m.p. ofm) and retardation factoR{) values
before spectroscopic methods were employe@ Silica gel 60 Bsawith fluorescenginc sulfide,
ZnS chromatoplates placembated on aluminium shedfslerck) and were visualized undérv
light (= 256 nm).Column chromatography was usied isolaion and purifcation. The manual
glass tubeolumn chromatographgmployedHi Media silica geltpore size 60 A60-120 mesh,
particle size = 74 250 pum forHB1-03, HB2-02, HB2-03 and HB2-04 and laterMerck high
purity grade silica gedt pore size 60 A, 70 230 mesh, 6832 0 0 ¢ hB2-120HB2-13, HB2-
14,HB3-02,HB3-05andHB4-02. Melting points were determined in open capillary tubes with a

Gallenkamp np. apparatus and are uncorrecté
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3.4 Experimental for Spectroscopic Characterization

3.4.1 LG-MS Analysis

LC-MS was usedor purity determinationFigure31,Table7) and wasstrictly ultra-performance

LCat O 1,5aprésfure msch higher thaigh performancéC (HPLC) a t

- |’
Figure 31: (a) An Agilenf1290 UPLGAgilent®6150 MS (LGMS) hyphenated instrument system
with a controllingcompute (b) Automated sampling.

Source: Pictures takeat H3D Centre Department of Chemistry, UCT, RSA.

O 6¢Ho

Table 7: LC-MS hyphenated instrument system components and accessories.

Instrument Component Specifications

accessory
Ultra Autosampler Agilent® 1290 G7129B vial sampler
Performance Pump Agilent® 1290 G7120A high speed pump

Liquid compartment (TCC)
Chromatograpt Column KineteXc ol u mn

: ID x 2.1 mm length
UPLC: Figure

Fixed slit diode array Agilent® 1290 G7117A DAD FS

Thermostatted colum Agilent® 1290 G1316C TCC

1 .®T18¢100A, B0

31) detector (DAD FS)
Nitrogen generator Peak Scientifi® Geniu§ 3010 nitrogen
generator
Mass Mass analyzer Agilent® 6150 Single Quadruple
Spectrometer
(MS) lon source Agilent® 6150 ESt Jet Stream ion source

aSource Ref15; "Accessory to Agilert 1290 UPLC.

Key: C18 =octadecylsilang=SI* = Electrospray dnization positive mode; ID = internal diameter
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UPLC chromatograms are expressed as absorbanadlli-absorbance units (mAU) versus
retention timgtr) in minutes (minhaving been recorded between 0 to 2.7 WiiNReverse Phase

UPLC (RRUPLC) runs were conducted using the gradient elution meth®able8:101°

Table 8: RP-UPLC gradient elutiormethod parameteend conditions

Time Aqueousphase: Organic phase: Flow rate
(min) 0.1% HCOOH/H 20™ 0.1% HCOOH/CH 3sCN (mL/min)
A (%) B (%)
0.0 95 5 1.2
0.2 95 5 1.2
1.5 0 100 1.2
2.2 95 5 1.2
2.7 95 5 L2

“Columnt emper atur e: 50AC;"LCgrade Typeil wvateKeyoHCO®iHe=:fornicacidiHO =
water; CHCN = ae@tonitrile

Mass spectra were recorded between 100 tax8@0xpressed as percentage (%) abundance versus
mass to charge ratio(. The mass analyzer used employed electrospray ionization in the positive
ionization modd.e. ESF. Sample purities were established by considering the peak area on the

chromatogram corresponding to the compound peak as a perceftisige peak arek'*®

3.4.2 U\-Vis Spectroscopic Analysis

One mg of eachasnple was dissolved ileOH in a 10 mL measuring cylinder and the solution
made to the highest markhis was done knowing thtte OH st ruct ur al |l y has
electron system hence ©V-Vis inactive. Absorption spectra were recorded between 200 nm
(below the205 nmcut-off for MeOH) and 700 nm on a ShimadZUWVE 2600ispectrophotometer
shown inFigure32.3%

controlling computer

spectrophotometer — g

blank holder
sample holder

3

(@) \ (b)
Figure 32 A Shimadz® UVE 2600i spectrophotometend accessorigs) A spectrophotometer
anda controllingcomputer running UVProB52.3 software (bBpectrophotometer inside view

Source: Pictures takein the UV Lab 042tthe Department oPure &Applied Chemistry, UNZA
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The wavelength range selected was 19000 nm and were baseltgerrectedprocessed was via
UVProbé&2.3 software expressed asbsorption versus wavelengbut printed from Origifi8

software'® The molar absorptivity id) was calculated using tieeerLambert law Equationl):

0 - wa
Equation 1. BeerLambert law

WhereA is absorbancdjhaxis molar absorptivityO(L mol™* cni?), at theamax, ¢ is concentration

i.e. molarity (mol LY); andl is path length (cm) which, in this case, was lafithe quartz cuvette

3.4.3 IR Spectroscopic Analysis

IR measurements were dooie a ShimadZUIRE Spirit FT-IR benchtop spectrometéfigure33).

\ Pressure arm
Metal rnounting plate: \
316 S/S or Hasta lloy Diamond

|

—

ZnSe (or KRS-5)

|
) ©) focusing element ) (e)l‘ 1
Figure 33: () A Shimadz®i IR-Spirit= FT-IR spectrometefb) QATRE -Stop (c) ATR schematic
diagram (d)A controllingcomputerunningLabSolution8 software () QATR-S side

@)

Sources Pictures (a), (b), (d) and (e) taken during compound characterization at Yash Life Sciences (Z) Ltd, Kafue,
Zambia. Image (c) reprinted from Deanal, 2017. See Refl8.

Each sample was loaded onto a singiitection Attenuated Total Reflecti¢ATR) measurement
attachment of zinc selenide (ZnSe) crystal with a diamond fgmianded as a Quantum Attenuated
Total Reflectiof i.e. Single reflection (QAT?Q-S) sample loading accessofye IR was recorded

in the wave numberd) range 400 4000 cm* at 4 cm! resolution and Hapenzel apodization

and was convertelddy Fourier transformation (FT) from reflectance to percentage transmittance
(%T). The IR spectra were processesthg LabSolution softwareand expressed as %T vergus
(cm1).}"The abbreviations used to classify intensities of absorption were: s = strong, m = mediun
w = weak while those for breadth of intensity were denoted in brackets ashfimad; (s) = sharp

andfor intensity multiplicity asd = doublet.
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3.4.4 NMR Spectroscopic Analysis
In generalpoth*H-NMR and'*C-NMR type of NMRexperiments were performed in deuterated
DMSO (DMSO-de) using a 5 mm outer diametsample tube insertedtma spinner. AIINMR

spectra were r ecor detetransethylsRabsvhicravagdan interhakestamdare e ¢
(Figure34).

)
Figure 34: (a) Sample dissolution in DMS@x (b) Sample tube insertion into spinner.

Source Pictures taken during compound characterization at 88btre Department of Chemistry, UCT, RSA

Spectra were expressed as resonance intensity versus ctemicaf t ( @xpressedu as parta t t
per million (ppm) rounded off to two decimal plac&pin-spin splitting patterns were reported
using the following abbreviationd:= doublet,dd = doublet of doubletgjt = doublet of tripletsm

= multiplet, p = pentates = singlet,t = triplet andtd = triplet of doubletsCoupling constantsJ(
values) were reported in hertz (Hz) to two decimal places and denoted by the number of bon
between coupling atoms (Al NMR spectra were processed usiBguker MestReNoveE 14.2

Build 26256 in conjunction with ChemDr&w5.010:1923

3.4.4.1'H-NMR Analysis

H-NMR spectra were acquired betwedrppm to 16 pprand various degeneracias an Oxford
Varian Mercur{ 300 ¢H 300.1 MHz) NMR spectrometer run Byuker TopSpiFn 3.7.0(Figure
35):51'[53
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@ : ;
Figure 35 (@) An Oxford Varian Mercuf§ 300 ¢(H 300.1 MHz) FFNMR mononuclear
spectrometer (b controllingcomputer running@ruker TopSpif 3.7.0software

Source: Pictures taken during compound characterization at B8btre Department of Chemistry, UCT, RSA

Protons represented by the chemical shifts are indicated by a superscript int@gehilgithe

number of protonsorresponding to an NMR signal is reported by an integral coefficient{i4).

3.4.4.2"3C-NMR Analysis

13C-NMR spectra were acquired betwesf ppm to 240 pprand various degeneraci@sa Bruker
Ascend 600 ¢H 600.0,5*C 151 MHz)multinuclear NMR spectrometer run by Bruker Top§pin
3.2 softwareFigure36):%2

r i 1«,3)

(a) ) ' . |
Figure 36: (a) A Bruker Ascenfl 600 ¢H 600,*C 151 MHz) FFNMR multinuclear spectrometer

(b) A controlling computerunning Bruker TopSpfh 3.2 software
Sources Imagedaken during compound characterization at H3Ehtre Department of Chemist, UCT, RSA.

Signals for'3C-NMR were obtained in the broadband pretecoupled mod&?3
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3.5 Pharmacalynamic Assays

Each bioassaywas performedn asampleof O p@r#y Whereby theN-PdzBAs where assayed
alongside twd\-PhBAs namelyMK1 -11 andAD-3 as known positive reference compounds

3.5.1In Vitro Adult S. mansoniAssays

Life cycle maintenance, preparation andimcubation of the Naval Medical Research Institute
(NMRY) isolate ofS. mansonadult worms hore thard2 days old) were supported in part by
Biomphalaria glabrataintermediatesnail hoss and micedefinitive hostsprovided by the
Schigosomiasis Resource Centdrthe National Institute of Allergy and Infectious Diseasts
Biodefense and Emerging InfectioResourcesResources Infections with S. mansoniwere
initiated by subcutaneous injections of 800000 cercariae.

3.5.1.1 Severity Score Assays on Aduls. mansoni

At 617 7 weeks posinfection, mice were euthanized with intraperitoneal injections of 50 mg/kg
sodium pentobarbital and adult worms harvested by reverse perfusion of the hepatic portal systt
in Roswell Park Memorial Institute (RPMD)640 medium (Invitrogen, Carlsbad, CAarasite

responses to chemical insult were visually recorded at 2 h, 5 h, 24 h ai(gig8ra37: i to iv).11°

Figure 37: Severity score assay procedéfte
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This was done sing multhetricdescriptors and severity scores from zero to 4 (maximuable

9 shows the phenotypic change descriptors for schistosomes on exposure twtapgetnd-°

Table 9: Phenotypic change descriptors for schistosomes on compound exposure.

Descriptor Meaning Score Colour
(No activity) o
On sides Male worms are not adhering to dish with ventral suc 1
S Slow 1
(Slight) Shrunk  Worms are not flexing and are smaller than usual 1
unc Uncoordinated movements 1
Dark Dark 1
I Immobile 2
Deg Degenerating 4
Teg damage Outer surface (tegument) of the worm is damaged 4
D Dead 4

S c 036e cayalmvaloes not necessarily have assignedescriptor so was not present on raw
data but is an additive cumul ative scoide o

scor e® rl2das céa mal a Eachvcempsuadowasescreen twice as a singlefon

3.5.1.2 Motility Assays on Adult S. mansoni

From the severity scores obtained, W@m motility was measured (@ indicator of parasite
viability on compound exposure) at M. Worm motility was measured after 24 h using a
WormAssay , a camerdased system that tracktse average motility of worms per well in an

assay platé1°

3.5.2Cytotoxicity: In Silico Predictionsand In Vitro Assays

3.5.2.1In Silico Predictions on HEK293

This was done using LabMol InsightAl Cyto-SafeéE web  application
(http://insightai.labmol.com.brivhich utilizesAl/ML techniques and is trainedn a data set of
approximately 90,000 compounds, evaluatedregjavo cell lines, HER93and 3T3(butin this
research worlonly theformercell line was considered to match fflannedexperimerdl assays
This was possible by inputting &implified Moleculafinput LineEntry System (SMILES)

representation or sketching molecubesthe molecular operating environment (MCOE)
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3.5.22In Vitro Assays on HEK293

Human embryonic kidne\HEK293) cells were culturedidu | beccodés Modi fi ec
(DMEM) with 10% heatinactivated fetal bovine serum and 1% peniciitreptomycin. Cells were
grown in tissue culture flask of 175 émurface area (T175) maintained3a® in 5%
dioxide (CQ) and subkcultured when at 60 80% cell confluence. Cytotoxicity in HEK293 cells
was measured using the resazurin cell viability as§agt compounds were serially diluted in
DMSO and added to 9%ell polystyrene assay plates to give final assay concentrations ranging
from 20 puM to 0.87 nM (1 pL; 1% total DMSO). Fresh medium was added to the assay plate (4
uL/well). HEK293 cells were sygended to 4 x Bgells/mL in DMEM and added to eaclei(100

uL) for a total density of 2 x T@ells/well. Assay plates were incubated at 37°C and 5%f@0O

48 h, followed by addition of 20 uL 0.5 mM/well resazurin (Alfa Aesar, Cat. B21187) in phosphate
buffered saline to each well. Assay plates were incubated in the dark for 2 h at 37°C. Fluorescer
was measured at 531 nm and 595 nm excitation andiemisgvelengths, respectively, using a
2104 EnVisiof multilabel plate reader with DMSO and bortezom@TZ), an Utubulin
complexing anttumour agent snilar to cevipabulin as negative and positive controls,

respectively1°

3.6 Physicochemical Property DeterminationsExperimental and In Silico
Methods

Experimental physicochemicalproperties determined included the m.fr, R and MW.
Hydrophobicity of a drug can be measured ex
into n-octanol and water in a mixture of the two solvents. This property is expressed a:
concentration of the drug imoctanol divided by the concentration in water and is known as the
partition coefficien{P) usually expressed as LiBgFor ionizable drug molecules the concentration
of the drug in botm-octanol and water represents the sum of neutral and ionized species in whicl
case the partitionoefficient is known as the distribution coefficient (IDygOn the other hand, if

the partition experiment is carried out at a pH where the drug moleculesiareaad, the resulting
partition coefficient is usually expressed a PogVhile Log? and Lod are more accurately
determined bexperiment using, for instance the HRb&sed method, the formeerecalculated
usingSWissADMF_E in silico chemeinformatics web tooand are reporteds cLodpP. Other drug

physicochemical propertiesiculatednclude rdatable bondsRB), topological polar surface area
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(TPSA) and hydrogen bond donors/ acceptors (HBD/HBAS), wtudhifect the capacity to cross

membrane barriers>?’

Direct wet solubility(S)methods used in drug discovery include experimental methods such as th
turbidimetric kinetic solubilityand the HPLGased DMSQso called Dry Down thermodynamic
(equilibrium) solubility methods among othgusually with acuto f f v a I0u e Hdwéver, 3
algebraic methods can also be u3érbse include th¥alkowsky general solubility equation (GSE)
and Delaney GSistyle equationamong others; some e.g. Delaney and Ali &8He equations,
being used algorithmized inthe SwissADMEE in silico tool (by use of either SMILES or MOE)
used herein hence the solubilithata werereported asestimated or calculed solubility as a
logarithm (o0gS).>®

3.7Pharmacokinetic Property Determinations: In Silico Methods
Pharmacokinetically speakindgactors to consider ar@bsorption, distribution, metabolism,
excretion and toxicity (ADMET)Absorptionrwise, orally taken drugs must cross the gut wall to
reach the blood supply. Orally absorbed dr
Five (Ro5) in which factors are prescribed in multiples of fikecording to this rule, an oral drug
must have a molecular weigfMW) less than 500; no motkan 5 HBD groups; no more than 10
HBA groups; a cLoB value less than +5. Vebet al (2002)demonstrated that for oral activity, the
requirement i s TPSAM 1R4BOs ja nodr eO tih2e rH Bifirdbutiann d
was expressed as volume of distribution at stesdte(Vds9. Metabolism was measured in terms
of CYP inhibition. BioSigLab PkCSMF  andther web chemdnformatics toolutilized via eiher
SMILES or MOE®®?°
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Chapter Overview

This penultimate chapteeroes in on the synthesis, purity and characterization data of the targe
compounds, their synthetic approach having been-@ponhgynthesis. The bioactivity experimental
data of target compounds agaiSsmansonivorms, as well as HEK293 cytotoxicity data, are then
presented and discussed followed by SARs. The chapter then goes further to present and disc

physicochemicahnd DMPK dataand draw structurproperty relationships (SPRs).

4.2Yield, Optimization, Characterization Salient Featuresand Reaction
Mechanism

Neither the'H-NMR nor 3C-NMR spectra for compoundsompds)HB2-02, HB2-03 andHB2-
Odwer e acquired due t o i amefthénte thesedoartcompourrds were
not progressed tbioassaysEDCI offered the advantage ovdre other even more abundant
coupling agente. DCCwhich was also initially trietbf possessing a polar amino group and being
water sduble. This was advantageousiuring workup unlike DCC which turned out to be
problematic as in the contemporaneous projstexpected® DCM was used in preference for
DMF which was also initially tried being a more polar solverit.Poor solubility of 3-
aminogyridazines in DCMaffected thdnitial yields hence the quantities were scaled up to four
times for one compound i.elB1-03 and two timegor the rest

For MS, the singly protonated pseudomolecular ion i.e. [M+hs detected together with its
various isotopic variationsf most importantly the bromine doubletxpectedly, little or no
fragmentation patterns are discernible frB8l, being soft ionizatiahln NMR spectrafor most
compoundsgoupling of*H to *H andH to 'F are both considerédzachraw > C-NMR specta
showeda characteristic peak upfieifounda literature value 0889.5 ppmbeing for the'C in
DMSO,° zoomed out to clarify the analyte peaRis was also observedth 'H-NMR spectra
with characteristic peaks literature values a.5- 2.54" ! and3.33ppmt®*2 for partially protiated
DMSO (CH3).SOandH20 impurity in DMSQds, respectivelyexcept forHB4-02, 2-14 and3-02.
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The onepot EDCI/DMAP-mediated amide coupling plausibly proceeds via thedppendent

mechanism outlined belowFigure38).:314

Step 1 involveseversibleacidbase deprotonation of the benzoic acid derivativi(RH) by
EDCI.HCI salt!¥® Depending on pH, a reversible side reaction is possible in which the now
doubly protonated coupling reagent [EDGGH ™ cyclizes with proton exchange to a reduced
pyrimidine guanidinium intermediat&Z® This undergoes tautomerization of the guanidino group
which has repeatedly beaonfirmed by IR,*H-NMR, ¥*C-NMR, nitrogen15 (°N)-NMR

spectroscopy and reaatikinetics/ equilibria studies 0071720

Step 2 involves a nucleophilic addition of the benzoate iaBZ&) on [EDCI.HCI]" leading to

an unstableO-acytisourea which is vulnerable to reversiilecular reeangement being
reactive. Thiould rearrange by intramolecular acyl transfer to form a shidaleylurea®>4If

this occurs, the quantity @-acykisourea available fofurther attack could be low and hence
affect the product yielé®!® That explains why the benzoic acid derivative is added to EDCI.HCI
at 0°C%

Step 3 involves competitive nucleophilic acyl addition of DMAP catalysterically hindered
basic nucleophilgo theO-acykisourea in a kineticalkgontrolled reversible but faster 5 minutes
reaction producing an unstable tetrahedral intermediate, favoured by the low tempgetature.
This reaction occurs in preference to the thermodynamically controdeersible but slowed-
acykisourea intramolecularearrangement side reaction. In this case, DMAP prewtigs

unwanted side reactidr!®

In step 4 the unstable tetrahedral intermediate undergoes an intramolecular bimolecul
nucleophilic substitution (&) to yield a reactive intermediate and a urea intermediate which is
resonance stabilizdd!® In step 5 the benzoa@MAP amide intermediate undergoes
nucleophilic acyl addition with the aminopyridazine leading to the formation of another
tetrahedral intermediafé.®® Step 6 is DMAP catalyst restoration by an intramoleculd# S

reaction**

Finally, in step 7 an acibdase deprotonation drives the reaction towardsh\eirelzBA target

compoundand a soluble urea kyroduct*1416
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Figure 38: A plausible reaction mechanism of EDCI/DMARediated amide coupling.

Synthesis of ten designed target compounds was attempted as suminafaae 10"
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Table 10: Summary of the synthesized target compounds pvigiminary characterization data

S/ Compt Struct uMW Exac [ M+H] Yi «% PurTm(ACRf tR(mi
code mas s m/ z
1 HBD 3 )Jn’© 233. 233. 234 46 . 10 1384 0.( 0.8
2 HBZ 2  _Ji “’©\ 296. 294. 296 56 . 10 15D5 0.: 0.9
3 HBZ 3 /n/@/ 296. 294. 296 77. 10 1495 0.! 0.8
plHBE A ,11’@/ 293, 292, 293 68. 95,  21F20. 0.7
5 HB® 5 , “ 335, 335. 336 71. 10 2021 0.( 1.0
6 HBD 2 /Tr©/ 335. 335. 336 69 . 10 2020 0.( 1.0
7 HB302 /Jwr'@/ 33521 33505 345 43. 10 194198 078 0.1
8 HB2-03 Pe Tf© 278.10  276.99 ND ND 8249  ND ND ND
9 HB2:02 T|’©/ T 34610 34497 ND ND 7385  ND ND ND
1 g HB2-04 1(@ 29410  292.98 ND ND 6422 ND ND ND

Br OH

Key: [M+H]* = pseudomolecular ioff;» = melting point;MW = molecular weightND = not determinedR; = retardation factory = retention time
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4.3 Characterization of Target Compounds
4.3.1Characterization of HB4-02
4.3.1.1 LGMS Analysis

Figure39s hows t he mass s@HdB2 um for compound

LC ChromategTs aamB (at
DAD1 B. Sig=280.4 Ref=550.100 (C:\H3D\20231009'20231009 2023-10-09 08-44-55\061-P 1-B5-HB4-02.D)
mAU =
3000 ?
2800
2000 I
1500
1000 |‘
s00
o
0‘5 1‘ 1‘5 2‘ 2‘,5 |||||
CF3
H
N N
N™ S
Signal 2: DAD1 B, Sig=280,4 Ref=550,100 | P o
Peak RetTime Type Width Area Height Area HB4-02
# [min] [min] [mAU*s ] [mAU] % CF3
zxnslessssce [=szalsnsssas |===rannsse |=s=rmanssn [S==mssss | Cq13H/FeN3O
1 1.085 BB ©.0123 2796.12964 3490.53296 100.0000 Exact Mass: 335.05
Totals : 2796.12964 3490.53296 Molecular Weight: 335.2
ME Spectrusm
NAESD 1 S, e 103 of @ 0N S00 S V00 S0 3 POIDS D00 - W00 DE—aa— 5o 7 | S0 ASS-ED., oo, Scan, Frog 120
_— = ‘.
[M + H] *: 336.0
J = w3 -enoe
—
—
-]
= =
o [ PO - -
JL E— 77::!:7777 = =] = >5C 74:!'_' -n:i

F?igiure 39 LC Chrorhatogram (inset) and EQNS spectrum oHB4-02.1
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CompotwBd 2wa s successfully synt hesi zed as
pseudomol ecul=836.0i oinn (t[hMe+r HJS sHigare39,r ucno nsshi oswt ne
a cal cul at e385.085%kha IcCtchromategsam adquiredsst 280 nm showethat the
compound had a retention tirte) of 1.085min with a purity of 100%.

4.3.1.2 UMVVis Analysis

In theUV-Vis spectrum Figure40), the wavelength of maximum absorpti@ay) was observed
at 330 nm The experimental molar absorptivity (»»was found to & 8,380.2 moltcm?, as
calculated byhe BeerLambert law Equationl).

r CF,
25 -1 "11/@/
————————————————— - _ |
N N
N* <
1 ' . 0
2.0 - ; F;  HB4-02
| Chemical Formula: CyH,FsN;O
: Exact Mass: 335.05
Molecular Weight: 335,21
1 5 i : k olecular Elg _)
i
l
. 1
2 |
1.0 1 !
< l
1
1
|
1
05- :
1
1
|
1
0.0 1 |
1
1
1
|
1
-05 -

260 l 360 ' 460 l SCIJO ' 660 l TCIJO
Wavelength nm.
Figure 40: UV-Vis spectrum oHB4-02in MeOH.
4.3.1.3 IR Analysis
In the IR spectrumRigure41), the doubleNd H stretch observed 8450cm' ! consistent with
aliterature valueof 3400 cmi! and the isplane N5 H bend band &t510cm'! (literature value =

1600 cm?) was evidence fahe successful installation of thenide grougTable11).?
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Figure 41: FT-IR spectrum oHB4-02 using ATR (%T mode; 4 crhresolution)
Table 11. Summary of~T-IR data forHB4-02.
Absorption Band Bond type Functional Vibration
band f description group type
3450 m, (s) N-H Amide Stretch
3150 m, (br) C-H Stretch
1600 m, (S) Cc=0 Amide Stretch
1550 m, (S) Cc=C Aromatic Stretch
1510 m, (S) N-H Amide Bend
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4.3.1.4'H-NMR Analysis

The'H-NMR spectrum Figure42) omitstwo most prominent singlgeaks upfieldvith the tallest
oneat 2.51 ppm being for residual DMS@Qe. (CHz)>SO) within literature valus of 2.5- 2.54810

while that at 332 ppmcorresponded to the>O impurity in DMSO-de (around diterature value=

3.33 ppm®*L This was zoomed to clarify the unique analyte peaks as explained above.

NEW NMR.6104.fid ~ " P ©m
HR4-0? % PMSN i 3 a4 aa L 4000
| | \/ \/
3 CFs
Y IH NMR (300 MHz, DMSO) § 12.22 (s, 1H), 9.52 (s, 1H), 8.73 (s,
1H), 8.26 (d, /= 8.00 Hz, 2H), 7.94 (d,J = 8.06 Hz, 2H). L
N N 1 ) 8.26 ( z, 2H) ( z,2H) 3500
N N
I o 2
5 4
3000
CF3
2500
" - 2000
A(s) B(s) Ce) 8.(26) 7(94)
12.22 9.52 8.73 13(8.00)| | 3(8.06)
1500
H2 H1
H5 H4 1000
H3
500
Fo
! 4 4 T

T T T T T T T T T T T T T T T T T T T T T T T T
124 122 120 11.8 11.6 114 11.2 11.0 108 106 104 102 100 98 96 94 92 90 88 86 84 82 80 7.8
f1 (ppm)

Figure 42: H-NMR spectrum oHB4-02in DMSO-ds at 300 MHZz!

The resof the peaksire shown andre for five(5) protonenvironments corresponding adotal
of seven 7) protors (7H) present in the target compourithe most downfielginglets i g n a |
= 12.22 ppnintegrates for 1H (F) which represents théH in the amide bond thereby confirming
amidebond formationThe singleat G = 9. 52 ppm i nt egtRuthers
upfield, the singleatli = 8 ., iAt&yragng for 1H correlates witH*. The doublett t 826 =
ppm integrates for 2éicorresponding to Hwithin literature value of 6.2 - 8.4 ppm for phenyl
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protons!! that experiences a shaenge vicinal coupling to Hat 3Ju.n = 8.00 Hz(literature J =
7.5-10 Hz forPhproton3.?! Thedoubleat & = 7. 94 ppm integtat:i
that experiences a shaenge vicinal coupling to H3Ju-+ = 8.06 Hz)!'?! Peak H corresponds

to the most deshielded proton indicatoannectivity to a highly electronegative atoN).(

4.3.1.5'3C-NMR Analysis

The peaks arfor eleven chemically distinct carbon environmedts@, Figure43).

[ ouu

Octolfer.31108.fid 2 g @ w N 5 CIE 5
HB4-82 8 b B 7 &R § 87 3
13C %pectrum ‘ ‘ \ , ‘ ‘ ‘ ‘ t 750
1 700
CE 3CNMR (151 MHz, DMSO0) 6 166.70, 156.61, 144.09,
> 3 137.46, 132.65, 129.71, 129.39, 125.89, 123.35, 121.82, 115.86. 650
H L
N Nae N 6 3
I 7 5 4 600
108 8 ©
550
11 500
450
400
350
300
250
A(s) B (s)
166.70 156.61 200
150
100
150
o
d é F-50
T T T T T T T T T T T T T T T T T T T T T
165 160 155 150 145 140 135 130 125 120 115
f1 (ppm)

Figure 43: 13C-NMR spectrum oHB4-02in DMSO-ds at 151 MHz!
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Although some signals could not heambiguously assigned, the peak G = 1Wa6 . 7 (
attributed to the carbonyl carbon®jGwithin literature value of 150 - 180 ppmfor carbonyl

carbong?? Anotherone r el ati vel y u pvhsassdcidtedavitmidine<arkibrb 6 .
C’ which is substantially deshielded by virtue of its aromaticity and connection to two nitrogens

which areelectronegativatoms®?

4.3.1.6ldentification of HB4-02 as4-(Trifluoromethyl) -N-(5-(trifluoromethyl)pyridazin -3-
yl)benzamide

Obtained from Htrifluoromethyl)pyridazin3-amine (0.202 g,
o éhx©1/ 1.24 mmol, 1.0 €gand 4(trif‘ll.Joromethyl)benzoic acidi(284 g,
'|\|;J’4 > 1.48 mmol, 1.2 eq Purlfled. by. column chrc?matography
(EtOAc:Hex 50:50) andrgstallizedin n-pentane/diethyl ether

Beige crystalline solidQ(.287 g, 67.2% R: (EtOAc:Hex, 50:50)
0.69.'!H-NMR (300 MHz, DMSGds) U 12.22 (s, 1H), 9.52 (s, 1H), 8.73 (s, 1H), 8.26)(d8.00
Hz, 2H), 7.94 (dJ = 8.06 Hz, 2H)1*C-NMR (151 MHz, DMSO-ds) c 166.70, 156.61, 144.09,
137.46, 132.65, 129.71, 129.39, 125.89, 123.35, 121.82, 11IREGZnSe ATR cell)/crit 3450
(N-H, amide), 3150 (€H), 1600 (C=0O, amide), 1550 (C=C, aromatit)V-Vis (MeOH):

ooin- Yo &t | 11 A ; LC-MS (ESI): foundm/z[M+H]* = 336.0,
calculated exact mass = 335.05, purity0&%b, tr = 1.085 min, m.p= 2017 205°C

.. HB4-02

4.3.2Characterization of HB2-14

4.3.2.1 LGMS Analysis

Compoli®R-d 4vas successfully synthesi ze[fl+Hd]s co
293i.nNl MSseectrumFishhdodveacdmsi st ent wi t h 2a9 2c.a0l Oc
The LC chromatogram acquiredat 280 nm showethat the compound hadtaof 0.728min

with a purity of 100%.

Bromine 79 ("°Br) and®!Br isotopes are known to be naturally abundant almost tatine extent
(50.69% and 49.31% respectivelin).this regard, the incorporation of a bromizentaining sub
structure into the target molecule was evident fromMISespectrum pattern observedfni gur e

4 4yhich isconsistent with literaturedsh e s o cal | ed® Aabromine dou
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LC Chromatogram at & = 280 nm
DAD1 B, Sig=280,4 Ref=550,100 (C:\H3D\20231009\20231009 2023-10-09 08-44-59\060-P1-B4-HB2-14.D)
mAU ‘i
800 ‘
600 |
400
200 ‘! ©
0 " \-r o~ - — | 7“.
T T T T T T
0.5 1 1.5 2 25
NH,
Signal 2: DAD1 B, Sig=280,4 Ref=550,100 H
N N
: . " N N
Peak RetTime Type Width Area Height Area |
#  [min] [min]  [mAU*s] [mAU] % B 2 (@)
s samamae s ]immammas | #mmmmaaaae | smmmmmaans | s amman | Br HB2-14
1 ©0.728 BB 0.0105 703.09680 1023.53473 95.9792 CoHBINLO
2 2.418 BBA 0.1463  29.45453 2.39784  4.0208 11FgBrNy
Exact Mass. 292
Totals : 732.55133 1025.93256 Molecular Weight: 293.12
— Spﬂi;z‘:—“::‘c.l'rﬁ—a.‘ﬁa:fC'+-2=-J:|:31EI:F?_"'.'I.:31EI:‘3 A0S DSl - s D ARE—=h.. Fos. Soan. Freg 120
OO0 — Z
[M + H]*: 293.1 I
o]
o]
o
=]
1
T - [ _|I.|.| S
| I S =T~ o P = P P =

Figure 44: LC chromatogram (inset) and ESNIS spectrum oHB2-14.1
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4.3.2.2 UMVis Analysis
In the UV-Vis spectrum Eigure45), the amax was observed &30nm. The experimentak o o

was found to b 11,134.4. mol*cm?, as calculated by Eetion1.

HEI-14

Chemical Formula: €, H,BrN,0
Exact Mnss: 192,00
Mlolecular Weight: 193,12

Abs.

L -

' " | T | ' T : T '
400 300 600 700

Wavelength nm.

| |
200 300

Figure 45; UV-Vis spectrum oHB2-14in MeOH.
4.3.2.3 IR Analysis
In the IR spectrumAigure46), most of the signals in the range 46500 cm? are due to the
water vapour in the aff The doubletNd H stretch observed @480 cm?! arounda literature
valueof 3400 cmi! and the isplane N5 H bend band &t600 cm? (literature value = 1600 cr

was evidence for the successful installation ofaimide grougTable12).?
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Figure 46: FT-IR spectrum oHB2-14 usingZnSeATR cell.

Table 122 Summary of FTIR data forHB2-14 using ZnSe ATR cell

Absorption Band Bond type Functional Vibration

band #f description group type
3480 m, (S) N-H Amide Stretch
3350 m, (S) C-H Stretch
1650 S, (s) Cc=0 Amide Stretch
1650 S, (S) c=C Aromatic Stretch
1600 s, (S) N-H Amide Bend
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4.3.2.4'H-NMR Analysis

In the'H-NMR spectrum Figure47), the peakshownare for six(6) signals are as assigned to a

total of 9H present in the target compound.

NEW NMR.6106.fid
HB2-1% in DMSO

—8.36
—7.98
—7.85
—6.61
—5.95

IH NMR (300 MHz, DMSO) & 11.05 (s, 1H), 8.36 (d/J = 8.25 Hz, 1H), 7.98 (d,/ =

1 8.00 Hz, 1H), 7.88 (dJ = 8.60 Hz, 2H), 6.61 (d,J = 8.06 Hz, 2H), 5.95 (s, 2H).
4 NH;
H
G Ng N 2
| 3
5 O
Br
D (d)
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3(8.60)
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Figure 47: 'H-NMR spectrum ofiB2-14in DMSO-dsat 300 MHZz!

The most downfielasinglet signar e sonant at O =

T T T T T T T T T T T
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11. 0% comfipmm

amidebond formatiorbeing connected to a highly electronegative nitrogé). The doubleat

ad = 8.36 ppm

to H° (3Jn-n = 8.25 Hz)?? Further upfield, the doublett o = 7. 98

ppm i

with H3that experiences a shaenge vicinal coupling to H3J4.1 = 8.00 Hz)?2 The doublet t

= 7.88 ppm integrates for 2¢icorresponding t4® within literature valus of 6.2 - 8.4 ppm for

phenylprotonsthat experiences a shaenge vicinal coupling to H(;Ju.n = 8.25 Hz)*??The

doublet a t ua =
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vicinal coupling to H (3Jus = 8.06 Hz)!**2Thesingetat G = 5. 95 ppm

correlates with M

4.3.2.513C-NMR Analysis
The nine (9) peakshownare representative of 9C environments as numbé&iigdre48), and a

total of 11Cs present in the target compound.

/750

October.26101.fid 8 g o ] 8 R 3 3
HB234 § 7 § 78 ] 2 3
13C Jpectrum \ | \ \ | boo
NH 13CNMR(ISIMHZ, DMSO0)d 166.57, 156.66, 153.56, 650
1 2 142.41,133.21, 130.68, 122.75, 119.48, 112.99.
H
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Figure 48: 13C-NMR spectrum oHB2-14in DMSO-dsat 151 MHZ

Thep esence of two di a@66.57sppm iemostidavnfiald aftributed ¢

the carbonyl carbon & within literature valus of 150 - 180 ppmfor carbonylcarbong®??
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Another one relatively p f i el d at ,@&ssociated Svigh.thErene/@RBy carbon(C®),
correlating with literature values of 152.855.7 ppnfor aryl halide carbon$#?2 confirmed the
synthesisof the target compoundlike for the preceding compound, the signal at 15618 pan
unambiguously be assignedttee amidine carbo@®.2 The signals at 133.2dpmand 122.75

ppm can also be attributed to the aromatic carbohan@ C, respectivelyBeing aromatic and
nontquaternarythese carbons are expected to resonate as relatively intense signals compared
the quaternarycarbons such as'CC* C° and C. As for the signals at 130.68 and 112.99 ppm,
which are nearly twice as intense as those far@ C, these can be assigned to 2Cs each

4.3.2.6ldentification of HB2-14 asN-(6-bromopyridazin-3-yl)-4-aminobenzamide

Obtained from @romopyridazir3-amine 0.213 g,

0 1
N—=N >_©_NH2 1.24 mmol, 1.0 egand4-aminobenzoic acid (0.204 g,
Br—<_\)—N 1.49 mmol, 1.2 eq) Purified by column

4
k 3 2

6 5 H chromatography (EtOAc:HeX%0:50 andcrystallized
HB2-14

in n-pentane/diethyletherWhite amorphous solid
(0.248 g, 68.3%), REtOAC:Hex, 50:50) 0.74H-NMR (300 MHz, DMSQds) Ui 11.05 (s, 1H),
8.36 (d,J = 8.25 Hz, 1H), 7.98 (d] = 8.00 Hz, 1H), 7.88 (d] = 8.60 Hz, 2H), 6.61 (d] = 8.06
Hz, 2H), 5.95 (s, 2H}3C-NMR (151 MHz,DMSO-ds) iic 166.57, 156.66, 153.56, 142.41, 133.21,
130.68, 122.75, 119.48, 112;98 { (ZnSe ATR cell)/crit 3480(N-H, amide) 3350(C-H), 1650
(C=0, amide), 1600 (C=C, aromatic); UV-Vis (MeOH): _ ocaomin-

pmmoa, i 11 A ;LC-MS (ESI): found m/z[M+H]* = 293.1, calculated exact mass =
292.0, purity = 95.98%Rr = 0.728 min, m.p= 2151 221°C

4.3.3Characterization of HB1-03

4.3.3.1LC-MS Analysis

CompokB®fi3vas successfully synthesi ze[dVM+aHs] co
234. 1MBaip @ dhiter u mFiguie4d®wnc a mwsii tsh eamtcal cul ated e
The LC chromatogram acquiredat 280 nm showethat the compound hadtaof 0.839 min

with a purity of 100%.
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Totals : 625.23895 942.56158

MS Spectrum

LCChromatogram at & = 280 nm
DAD1 B, Sig=280,4 Ref=550,10 (C:\H3D\20220916\20220916 2022-09-17 07-15-56\1BC-0701.D)
maU &
800 %
600 —
400 |
200 ||
|
o i I R— G . —
T T T T
a5 1 15 2 25 min|
H
Signal 2: DAD1 B, Sig=280,4 Ref=550,10 N'N\ N
|
Peak RetTime Type Width Area Height Area S @)
#  [min] [min] [mAU*s]  [mAU] % cl HB1-03
Sl EELCEEE [----]-mmmmm- [-=mmmm---- [-==------- [-------- |
1 ©.839 BB ©.0102 625.23895 942.56158 100.0000 C13HgCIN3O

Exact Mass. 233.04
Molecular Weight: 233.65

*MSD1 SPC, time=0.841:0.868 of CAHIDA2022101M20221017 2022-10-17 12-45-19V1FB-0201.D AJIS-ES, Pos, Scan, Frag: 120
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Figure 49: LC chromatogram (inset) and ESNS spectrum ofHB1-03.!
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4.3.3.2 UMVis Analysis
In theUV-Vis spectrum igure50), theamaxwas observed at 225 nm. The experimentalawvas
found to & 3,271.2. moltcm?, as calculated by Etionl.

—— ADs.

16 - s 5 ~\
Wl e
o] Molscar Weight 23368
081
06 -
04 -
02 -
0.0 -

02

044

I ’ I ' 1 v 1 ' | ' |
200 300 400 500 600 700
Wavelength nm.

Figure 50: UV-Vis spectrum oHB1-03in MeOH.

4.3.3.3 IR Analysis

In the IR spectrumRigure51), most of the signals in the range 4608600 cn! are due to the
water vapour in the af® The doubleNd H stretch observed at 3100 éraroundaliterature value
of 3400 cm? and the isplane N8 H bend band at 1700 ¢h(literature value = 1600 crf) was

evidence for the successful installation of éineide grougTable13).12
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Figure 51: FT-IR spectrum oHB1-03 using ZnSe ATR cell
Table 13: Summary of FTIR data forHB1-03 using ZnSe ATR cell
Absorption Band Bond type Functional Vibration
band ®F description group type
3100 w, (S) N-H Amide Stretch
2800 w, (br) C-H Stretch
1620 s, (s) C=0 Amide Stretch
1600 m, (S) N-H Amide Bend
1570 m, (S) c=C Aromatic Stretch
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4.3.3.4'H-NMR Analysis

The'H-NMR spectrum Figure52) showssix (6) signals assigned to a total of 8H present in the
target compound. The most downfidihglet signat G = 11.68 ppmHint
confirms amidebondformation (NH).”

September 2022.2696.fid
GMF-HB1-03 IH NMR (300 MHz, DMSO) & 11.68 (s, 1H), 8.49 (d,J = 9.40 Hz, 1H), 8.03 (d/ = 8.23
Hz, 2H), 7.91 (4, J = 9.40 Hz, TH), 7.63 (t, = 8.10, 1H), 7.55 (t,/ = 8.00 Hz, 2H). 19000
4
1 8000
NN
N™ S 2
| 3
5 0 7000
Cl 6
E(t)
7.63
1(8.10) 6000
.‘,‘,‘,T,‘?‘,HVSOOO
‘81 80 79 78 77 76 74
\ f1 (ppm) ,
\ 1
\ D() i
\ 7.91 1 4000
‘\‘ 3(9.40) :
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Figure 52 'H-NMR spectrum oHB1-03in DMSO-ds at 300 MHZ!
Thedoubleat UG = 8. 49 ppm i nt e g Ptlaatezpsriedcadcinaltddplicgo r r

(3Jh-n = 9.40 Hz) to H. Further upfield, the doublett 3 ppm iBtegi@ting for 2Hiallying with

H? that experiences a shagnge vicinal coupling to H(3Jun = 8.23 Hz)?2 A tripletat O = |
ppmintegrates for 1H corresponding t8 that experiencegcinal coupling €Ju-+) to H° (J = 9.40

Hz).2
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Anothertripletat U = imegrétidg far pHwas associated with within literature valus
of 6.2- 8.4 ppm for phenybrotonsthatexperiences a sherainge vicinal coupling to H3Ju.1 =
8.10 Hz)!*2 Yet anothertripletat U0 = 7.55 ppm i nt egr &thats
experiences a sherange vicinal coupling to #and H (3Ju.n = 8.00 Hz)t??

4.3.3.513C-NMR Analysis
The nine (9) peaks shown are representative of 9C environnkégisg53), and atotal of 11Cs
present in the target compound.

[ 2uuu

OctoRer 2022.5104.fid
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Figure 53 13C-NMR spectrum oHB1-03in DMSO-dsat 151 MHZ!

The presence of a di agwhlsisthemostdownfield was atttibutéd
to the carbonyl carbon fLfalling within literature valus between150- 180 ppmfor carbonyl
carboné*?2. The other downfield signal at 156.02 ppm was attributeté¢amidine carbog?,

which is also relatively deshielded due to its attachment to two nitrég@ns.ot her s
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152.03 ppm was associated with thiéne/ C-Cl carbon (&) within literature valus of 152.8-
155.7 ppm? for aryl halide carbonsThe other less intense peak at 133.60 ppm arises ffom C
while those signals dt32.99 pm, 130.45 ppm and 123.34 ppm were associated @/itic® and
C’, respectivelyThis assignment is reasonable becausis e most deshielded amongst these
three carbon$ the deshielding effect arising from the resonance effect opéna-carbonyl
functionality. On the other hand! @ shielded by electreanriching resonance effect of thetho-
amino while the effect is absent on carbdnThe signals at 128.94 ppm and 128.66 ppm, which
are twice as intense as those fdy C’ and &, were unambiguouslgssigned to €and C,

respectively.

4.3.3.6ldentification of HB1-03 asN-(6-chloropyridazin-3-yl)benzamide

Obtained from &hloropyridazin3-amine (0.314 g, 2.46

(0]
N=N >_©1 mmol, 1.0 eq) and benzoic acid (0.364 g, 2.96 mmol, 1.2
C1—<_\)—N eq). Purified by column chromatographyetQAc:Hex,
— H 50:50 and crystallized inn-pentane/diethyletheMVhite
¢ *HB1-03

crystalline solid (0.267 g, 46.5% s (EtOAc:Hex, 50:50)
0.60.'H-NMR (300 MHz, DMSQd) Uih 11.68 (s, 1H), 8.49 (d,= 9.40 Hz, 1H), 8.03 (d} = 8.23

Hz, 2H), 7.91 (d,J = 9.40 Hz, 1H), 7.63 (] = 8.10 Hz, 1H), 7.55 (t] = 8.00 Hz, 2H)*C-NMR

(151 MHz,DMSO-dg) Uic 167.22,156.02, 152.03, 133.60, 132.99, 130.45, 128.94, 128.66, 123.34
IR T (ZnSe ATR cell)/crit 3100 (NH, amide), 2800 (&), 1620 (C=0, amide), 1570 (C=C,
aromatic); UV-Vis (MeOH): _ ¢cbin- ot x&, 1 11 A ; LC-MS
(ESI): foundm/z[M+H] "= 234.1, calculated exact mass = 233.04, puritp@s, tr = 0.839min,
m.p.=134 171 141°C.

4.34 Characterization of HB2-13

4.34.1 LC-MS Analysis

CompohiBal 3vas successfully synthesized ds cc
296.0i n MSse@ect r umFigaresdwncadamsi st ent with 28498 al c
The LC chromatogram acquiredat 280 nm showethat the compound hadta= 0.890min

with a purity of 100%.
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LCChromat ogr am2mo

Totals : 2218.60864 2078.16187

MS Spectrum

DAD1 B, Sig=280.4 Ref=550,10 (C:\H3D\20230908\20230908 2023-09-08 14-30-15\001-P1-B5-HB2-12.D)
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Exact Mass: 294.98
Molecular Weight: 296.1
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Figure 54: LC chromatogram (insegnd EST MS spectrum oHB2-13.!
Harrison Banda, Dissertation (MSc in Chemistry) © 2024 74




Asfor HB2-14 (vide suprasulsectiord.3.2.)), the successful installation of a bromicmntaining
substructure was confirmed by a characteristic bromine pattern MStspectrum arising from

an almost equal abundance of the two naturally occurring isotopes of bfomine

4.34.2 UV-Vis Analysis
In theUV-Vis spectrum Figure55), theamaxwas observed &25nm. The experimentak o avas
found to k& 4,145.4 L motcm?, as calculated by Eetion1.
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Figure 55: UV-Vis spectrum oHB2-13in MeOH.

4.34.3 IR Analysis
In the IR spectrumRigure56), the doubleiNd H stretch observed 8450 cmit around diterature
valueof 3400 cm?! and the irplane N§ H bend band &at520 cm? (literature value = 1600 ¢

was evidence for the successful installation ofdiméde grougTable14).t?
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Figure 56: FT-IR spectrum oHB2-13 using ZnSe ATR cell

Table 14: Summary of FTIR data forHB2-13 usingZnSe ATR cell

Absorption B band Bond type Functional Vibration

band 9f description group type
3450 m, (s),d N-H Amide Stretch
3200 m, (br) C-H Stretch
1680 s, () C=0 Amide Stretch
1580 m, (S) Cc=C Aromatic Stretch
1520 m, (S) N-H Amide Bend
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4.34.4H-NMR Analysis
The'H-NMR spectrumFigure57) showsfive (5) signals assigned to a total of 7Hs present in the

targetcompound.

NEWONMR.92Aid G connne Cymmon mmon L 6000

HB2=12 in DMSO P e b e B B R RN

[ N NE NN
IH NMR (300 MHz, DMSO} 11.73 (s, 1H), 8.37 (dt/=9.15, 1.88 Hz, 1H), 8.05 [5500

5 (dt,J=9.09 1.88 Hz, 1H), 7.90 (m, 2H), 7.57 (m, 1H), 7.50 ft= 8.69 Hz, 1H).
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Figure 57: *H-NMR spectrum oHB2-13in DMSO-ds at 300 MHZz!

The most downfielginglet signak t 0 73 ppmintegrates for 1H (Bl confirming amidebond
formation (NH). Thedouletof tripletsa t 07 ppm iBtegraites for 1H correlating witH Which
experienceshortrangevicinal coupling to H ((Ju.n = 9.15 Hz) andlong-rangecoupling to H
(CJn-n = 1.88 Hz). Further upfield, thedoublet of tripletsa t u05 ppm #tegrating for 2H
correlates with B within literature valus between6.2 - 8.5 ppm for phenyprotons!! that
experienceshortrangecoupling toH? (3Ju.n,= 9.09Hz) and longrange coupling t& (CJx--= 1.88
Hz).22 Themultipleta t 780 ppm integrates for 1H correspondingtband H that experiences
shortrangevicinal coupling to B (3Js-n= 9.53 Hz) and longange coupling to M(*Ju.n= 1.89
Hz).
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Themutipleta t (67 ppm itegrating for 2H correlates wittf khat experiences a sheenge
vicinal coupling toF (3Ju.x = 2.69 Hz)while the triplet at 7.50 pp integrating forlH correlated
to H? which experiences sherange vicinal coupling to Hand H (3Ju.n = 8.69 Hz)?

4.34.513C-NMR Analysis

Thenine peakshownare of 9C environment&igure58), and a total of 11Cs present in the target

compound.
Octoger.30102.fid 3 5 ] g4 o B 25 A AR 3%
HB292 % & 8 g g8 8 g 5 N a9 00
g S - - SR s N o SE 1800
13C ypectumy | VoY Voo \/
13C NMR (151 MHz, DMSOJ 165.90, 163.12, 161.50, 156.07, 750
3 143.36, 133.61, 131.10, 124.9, 122.99, 119.92, 115.44.
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Figure 58 13C-NMR spectrum oHB2-13in DMSO-ds at 151 MHz!
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Adi agnostic si grathenastidowafieldvashtBiliute®td®thegarbonghrbon
(C") which falls within literature valueof 150- 180 ppmfor carbonylcarbons’>?2 Another one
further upfQ07ppmaasassociaied with thi#ife/ C-Br carbon(C®) correlating
with literature values of 152.8155.7 ppnfor aryl halide carbon¥?2

The relatively downfield peak @t = 24ppm is, most likely, due tthe amidine carbog®,

which is considerably deshielded by its attachment to two nitrogen &t@%s more deshielded
than C, the latter being shielded by the resonance effect from the ortho nitrogen. Therefore, tr
peak at U0 = 143. 20 8phien€ israsposh é | &t tf oirb tthed pte
ppm While the other signals may be much more challenging to accurately assign, tha gignali

=115.83 ppm is a doublathich can be attributed to'@hich couples tdhe fluorine atom

4.34.6 Identification of HB2-13 asN-(6-bromopyridazin -3-yl)-4-fluorobenzamide

Obtained from @&romopyridazir3-amine (0.213 g,

0
N=N >_®_F 1.24 mmol, 1.0 eq) and-#uorobenzoic acid (0.208 g,
Br—O—N 3 1.48 mmol, 1.2 eqPurified by column chromatography

\ 2 1
5 4 H (EtOAc:Hex, 50:5) and crystallized in n-
HB2-13 pentane/diethylethelBeige crystalline solid (0.286 g,

77.91%), R (EtOAc:Hex, 50:50) 0.51'H-NMR (300
MHz, DMSO-de) Un 11.68 (s, 1H), 8.37 (dfl = 9.21, 2.00 Hz, 1H), 8.15 (m, 2H), 8.05 (@t
9.53, 1.89 Hz, 1H), 7.39 (m, 2HYC-NMR (151 MHz, DMSQds) ¢ 165.90, 164.24, 156.20,
143.20, 133.55, 131.59, 130.20, 122.96, 11983 (ZnSEATR cell)/cnit 3450 (NH, amide),
3200 (GH), 1680 C=0, amide), 1580 (C=C, aromatit)VV-Vis (MeOH): _ cchin
- tptd, I 11 A ;LC-MS (ESI: foundm/z[M+H]* = 296.0, calculated exact
mass = 294.98, purity #00%, tr = 0.890min, m.p.= 1497 153°C

4.3.5Characterization of HB3-05

4.3.5.1 LCGMS Analysis

CompolB&fi svas successfully synthesized 4&as cc¢
336.0i n MSs@ect r uimkiggres®wmow nsi st ent with a336.65l cu
The LC chromatogram acquiredat 280 nm showethat the compound hadtaof 1.089min

with a purity of 100%.
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LC Chromatogram at & = 280 nm
DAD1 B, Sig=280,4 Ref=550,100 (C:\H3D\20231009\20231009 2023-10-09 08-44-58\041-P1-C3-HB3-05.D)
mAU =
1000 ?
800
600 |
400 ‘
200 |
o —
os i 15 : 2s min
P 2 H
Signal 2: DAD1 B, Sig=280,4 Ref=550,100 _N N
N™ N CF3
Peak RetTime Type Width Area Height Area | Z 0]
#  [min] [min]  [mAU*s] [mAU] % FsC HB3-05
R PR |---o]-mmnn- |--oeeeeee- |--meeeeee- |---mne- |
1 1.089 BB 8.91e-3 659.89722 1114.81873 100.0000 C13H7FeN3O
Exact Mass. 335.05
Totals : 659.89722 1114.81873 Molecular Weight: 335.2
MS Spectrum
"MSD1 SPC, tme=1.114 of C\H3IDA2023 100920231009 2023-10-00 05-44-59021-P1-C3-HEI-DS.D AJS-ES, Pos, Scan, Frag: 120
=
100 — = +
[M + H] *: 336.0
Max: S.TE€102a+006
=0 -
.
40 -
0 =1
5
ad- | S - - -
——— T T T —
300 X220 20 JED 380 400 420 440 480 m3

Figure 59: LC chromatogram (inset) and EIS spectrum oHB3-05.!
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4.3.5.2 UMVVis Analysis
In theUV-Vis spectrum Figure60), theamaxwasobservedt 330 nm. The experimental i avas

found to be 11,732.8B mol*cm?, as calculated bquation.

—— Abs.
40 -
T ' oy
"~ W
25 - i
2.0 4
2 154 |
< ‘ |
1 .0 - i
054
054 i

I ! | v | I
200 300 400 500
Wavelength nm.

| ! |
600 700

Figure 60: UV-Vis spectrum oHB3-05in MeOH.
4.3.5.3 IR Analysis
In the IR spectrumRigure61), the doubletNd H stretch observed 8480cm'around diterature
value = 3400 cit and the isplane N H bend band at500cm'! (literature value = 1600 crf)

was evidence for the successful installation ofaiméde groug{Table15).1?
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Figure 61: FT-IR spectrum oHB3-05using ZnSe ATR cell

Table 15: Summary of FTIR data forHB3-05using ZnSe ATR cell

Absorption Band Bond type Functional Vibration

band ®Ff description group type
3480 m, (s),d N-H Amide Stretch
3380 m, (s) C-H Stretch
1650 s, () C=0 Amide Stretch
1600 S, (S) Cc=C Aromatic Stretch
1500 S, (s) N-H Amide Bend
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4.3.5.4'H-
The'H-NMR spectrumFigure62) showsfive (5) signalsassigned to a total of 7Hs present in the

NMR Analysis

target compound.

NEW NMR.6105.fid comanvemNon uawnynow 4200
HB3405 in DMSO Shetncunaas  saniiRm
e A AN i
IH NMR (300 MHz, DMS0)3 12.26 (s, 1H), 8.69 (d./ = 8.00 Hz, 1H), 8.46 (s, 1H), 8.38 (m,  |3800
1H), 8.33 (dd,J = 9.45, 2.45 Hz, 1H), 8.03 (d/ = 7.94 Hz, 1H), 7.82 (t/ = 8.22 Hz, 1H).
2 3600
5 3
’ 1 3400
N'N\ N 7 CF3 3200
|
(0] 13000
FsC ? 6
2800
2600
2400
F(d) 2200
8.03
D (m) 2000
638 1(7.94)
B (d) G (t) |[-1800
AGS) 8.69 || € 7.82
1226 18.00)| 84 18.22)| 1600
E (dd) 1400
8.33
J(9.45, 2.45) 1200
1000
800
H H6
H2 400
JL -
r0
g § d& 4 4
' 1%.2' 1%.0' 1T1.8' 1;.6' 1;.4' 1T1.2' li.Ov 1(3.8' 16.6' 16.4' I(TJ.Z' 16.0' 9i8v 9‘.6' é.4' 5;.2 ' 9‘.0' ST.S ' §.6' 8t4v 5.2 ' 8‘.0' 7t8v
f1 (ppm)
Figure 62 *H-NMR spectrum oHB3-05in DMSO-ds at 300 MHZz!
The most downfielgingletsignaat U0 = 12. 26 ppm i nt d confianting s
amidebond formation (M). Thedoubletat G = 8. 69 ppm i ntegrates
with H® that experiences a shaenge vicinal coupling to H3Ju.+ = 8.00 Hz)?? Further upfield,
thesinglesi gnal at U = 8. 46 ppm i“*withie eratute valug6.2f o r

- 8.4 ppm for phenyprotons!?
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Themultipletat & = 8. 38 ppm i nt egr .aheasubldofodoubldtHt c ar

= 8.33ppm integrating for 1H correlates with Hhat experiences a shaengevicinal coupling to

H? (3Ju-n,= 9.45Hz) with aliteraturevaluerangeof J= 7.5- 10 Hz forphenylprotonsand long

range coupling tdF (*Ju-r= 2.45 H2.11?122 The doubletat U = 8. 03 ppm

correlates with Bithat experiences a shaengevicinal coupling toH” (3Ju.n = 7.94Hz).!* The

tripleta t

U 2 ppm ifitegBates for 1H correlating witl? Bhat experiences a shaenge vicinal

coupling to H and H (3Ju.1 = 8.22 Hz)2?

4.3.5.513C-NMR Analysis

The peaksshownare representative of thirteen (13) chemically distinct carbon environments as

numberedFigure63), and a total of thirteen (13) carbon atoms present in the target compound.

Octofer.26102.fid
HB3%§35
13C Sfpectrum

158.41
125.60

r22

_-147.76
~147.54
— 134.59
—132.98
_-130.26
—-129.76
~-129.55
— 126.95
12563
- 123.44
— 122,97
—121.15
— 120.55

N\ 125.24

F21

I3C NMR (151 MHz, DMSO0)35 166.33, 158.41, 147.76, 134.59, 132.98, - 20

130.26, 129.76, 126.95, 125.63, 123.44,122.97, 121.15, 120.55. L1g

HSG 21 17

.N
N N CF 16
9 7 3
13)'\)/10 o [
F3C 12 11

90
80

~70
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k40
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k20
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Figure 63: 13C-NMR spectrum oHB3-05in DMSO-dsat 151 MHZ
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The pesence oadiagnosticsignalat = 166. 33 ppm ( mo sdttributen von f i
the carbonyl carbon @ within literature valus of 150 - 180 ppmfor carbonyl carbong-342

confirmed that the compound was successfully synthesized.

The signala t U = 1 ®a8asdodiateg withhe amidinecarbon G which is relatively
deshielded for the same reasons given in the discussion of the NMR data for other corftpound:s
TheiminearbonCG?account ed f or 64penm whie the aher signals dannet bel 4

assigned unambiguously the absence of other advanced NMR techni@sestion 5.4

4.3.5.6ldentification of HB3-05 as3-(Trifluoromethyl) -N-(6-(trifluoromethyl)pyridazin -3-
ylbenzamide

Obtained from {trifluoromethyl)pyridazin3-amine

2
3 1 (0.202 g, 124 mmol, 1.0 ¥q and 3-
5
N i (trifluoromethyl)benzoic acidX284 g, 1.48 mmol, 1.2
N; ~ 4 CF;| eg). Purified by column chromatography (EtOAc:Hex
F,C = 6 © 50:50 and cystallized in n-pentane/diethyl ether
7 .
HB3-05 Brown amorphous solid 0296 g, 71.3% R

(EtOAc:Hex, 50:50) 0.66.H-NMR (300 MHz,
DMSO-dg) th 12.26 (s, 1H), 8.69 (dl = 8.00 Hz, 1H), 8.46 (s, 1H), 8.38 (m, 1H), 8.33 (@
9.45, 2.45 Hz, 1H), 8.03 (d,= 7.94 Hz, 1H), 7.82 (tJ = 8.22 Hz, 1H)13C-NMR (151 MHz,
DMSO-ds) Uc 166.33, 158.41, 147.76, 134.59, 132.98, 130.26, 1292%95, 125.63, 123.44,
122.97, 121.15, 120.58R | (ZnSe ATR cell)/crit 3480 (NH, amide), 3380 (&), 1650 (CO,
amide), 1600 (C=C, aromatic); UV-Vis (MeOH): _ ooin-
pfxog, i 1l A ;LC-MS(ESH: miz[M+H]* = 336.0, calculated exact mass = 335.05,
purity =100%, tr = 1.089 min, m.p= 2097 214°C

4.3.6Characterization of HB2-12
4.3.6.1 LGMS Analysis

CompokBal 2vas successfully synthesized as co
296.0i n MSse@ ect r umFigule@wnc omsi stent with 29498al c
The LC chromatogram acquiredat 280 nm showethat the compound hadtaof 0.905min

with a purity of 100%.
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LC Chromatogram at & = 280 nm

DAD1 B. Sig=280.4 Ref=550.10 (C:\H3D\20230908\20230908 2023-09-08 14-30-15\001-P1-B5-HB2-12.D)
mAU w0

1750 %
1500 |
1250 |
1000 I‘

|

750
500

zsg I‘ ‘I\*". o
015 ‘ll 1‘,5 é 2‘5 min
F
Signal 2: DAD1 B, Sig=280,4 Ref=550,10 H
NO N
Peak RetTime Type Width Area Height Area NI N
# [min] [min] [mAU*s] [mAU] % B S ¢}
s e [----]------- i s i | ——— [-------- I ' HB2-12
1 0.905 BB 0.0165 2218.60864 2078.16187 100.0000 C11H7BrFN3O
Exact Mass: 294.98
Totals : 2218.60864 2078.16187 Molecular Weight: 296.1

MS Spectrum

"MSD1 SPC. tme=0.004 of C.H3D\ 20230008 20230008 2023-09-08 14-30-15001F1-B5-HB2-120 AJS-ES, Pos. Scan, Frag: 120
100 =
. r_
[M + H]*=296.0%
Max: 1.42643=+006
80—
60
40
204
s
‘ 4
\ l
0 MW I P R Y W || —
1 1 | 1 L L
260 280 300 320 240 380 m/3

Figure 64: LC chromatogram (inset) and EQIS spectrum oHB2-12.1
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As for HB2-14 andHB2-13 (vide suprasulsection 4.3.2.-And 4.3.2.}), the successful installation
of a brominecontaining substructure was confirmed by a characteristic bromine patterrM®the
spectrum arising from an almost equal abundance of the two naturally occurring isotopes ¢

bromine .

4.3.6.2 UMVis Analysis
In theUV-Vis spectrum Figure65), theamaxwas observed &25nm. The experimentak ¢ wvas
found to & 4,145.4. mol*cm?, as calculated by Eationl.

1.6
144

1 2 Chemical Formula: CyH7BrEN;O
-1 Exact Mass: 294.98
Molecular Weight: 296.10

1.0 -
0.8 -

0.6

Abs.

0.4 -

0.2 -

0.0 4
-0.2

-04 -

1 ! I ' I ! I ' | ' I
200 300 400 500 600 700
Wavelength nm.

Figure 65: UV-Vis spectrum oHB2-12in MeOH.
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4.3.6.3 IR Analysis

In the IR spectrumRigure66), the doubletNd H stretch observed 8450 cm!around diterature
value = 3400 cit and the irplane N§ H bend band at600 cm! (literature value = 1600 crf)
was evidence for the successful installation ofaimide grougTable16).'2

1 [HB2.121 —
%T ] /_/ ﬂ
80 ( K CF i

- 7N

Br N
1 HB2-12

] . : . Chemical Formula: CyyHsBrFN;O i

| N-H anide | B ¥
70 : ; ¥ I

| P ¥ ( |

b
%0 T ¥ |

T | ! :l |

. G i ﬁ ’|
ol — A

] C=P carbonyl '

1 Lo Lo
of——t— =

. a

! b Lo

1 v_v v vY

rrrryrrra rrrrypryrrw T rryrrrrprrryryprrer gy e reyfryrnrgp
4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500
FTIR-SPECTRUM cm-1

C:¥LabSolutions¥LabSolutionsIR¥Data¥HBZ2-12 1ispd

Figure 66: FT-IR spectrum oHB2-12 using ZnSe ATR cell
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Table 16: Summary of FTIR data forHB2-12 using ZnSe ATR cell

Absorption Band Bond type Functional Vibration
band ®F /description group type
3450 m, (s),d N-H Amide Stretch
3200 m, (br) C-H Stretch
1680 s, () C=0 Amide Stretch
1620 S, (S) c=C Aromatic Stretch
1600 w (S) N-H Amide Bend

4.3.6.4'H-NMR Analysis
The!H-NMR spectrum Eigure67) showsseven(7) signalsassigned to 7H present in the target

compound

NEW NMR.893.fid 6500

HB2-13 in DMSO IH NMR (300 MHz, DMSO} 11.68 (s, 1H), 8.37 (dtJ = 9.21, 2.00 Hz, 1H), 8.15

(m, 2H), 8.05 (dtJ = 9.53, 1.89 Hz, 1H), 7.39 (m, 2H). | 6000

3 F
N H )(@1 5500
Nl N 2 5000
5 I 4500
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3500
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3(9.53, 1.89) L2500
A(s) Bs(;j;) D (m)
11.68 Josi 2.00) 7.39 |- 2000
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|
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Lo
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s 2 & 8 s
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Figure 67: *H-NMR spectrum oHB2-12in DMSO-ds at 300 MHZz!
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The most downfieldingletsignalatti 1%.68 ppmintegrates for 1H (B confirming amidation.
In this compoundtH to *H coupling andH to '°F are bothconsidered.Upfield, thedoubletof
tripletsatli 837 ppmintegrating for 1H correlates with®Kvithin literature value of6.2- 8.4
ppm for phenyprotong? that experiencegcinal coupling toF (3Jx-+ = 9.21 Hz) within literature
values of J = 7.5- 10 Hz forphenylprotong® and longrange coupling tdd! (*Ju.r = 2.00Hz).
Upfield, thedoubletof multipletatti 85 ppmintegrating for 1H correlates with*HThedoublet
of tripletsat8.05ppm integrating for B correlates with Bthatexperiences a sherange vicinal
coupling to H (3Ju.n = 9.53 Hz) and F30n.1 = 1.89HZz).22 The multipletat 739 ppm integrating

for 1H correlates with H

4.3.6.513C-NMR Analysis
The peaksshownare for 11 chemically distinct €nvironmentsKigure68), and a total of 11C
present in the target compound.

Octaper.39103.fid
HB2813 & R Rkl

13C$pecq'um | VY]

I3C NMR (151 MHz, DMSO) § 165.90, 164.24,
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Figure 68: 13C-NMR spectrum oHB2-12in DMSO-dsat 151 MHZz
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As was the case with previous compounds discussgelsuprd, thesignalaii = 165. 90
attributed tothe carbonylcarbon C within literature value of 150 - 180 ppm for carbonyl

carbon$**“confirming the successful synthesis of the target compound.

The amidine arbon &, which is common across all compounds, resonatégdat 156 . 07 p
the new si daparhwasa assodiated with & riaw carbon environmengrsing from

the incorporation of a fluorin@ the benzene ring®>'® The imine/C-Br carbon G, also being
relatively deshielded, resonatediiat 161.9 ppmaroundliterature valus of 152.8- 155.7 ppm

for aryl halide carbon¥?2

4.3.6.6ldentification of HB2-12 asN-(6-bromopyridazin-3-yl)-3-fluorobenzamide
Obtained from &romopyridaziR3-amine (0.213 g, 1.24

0 Sy mmol, 1.0 eq) and-Buorobenzoic acid (0.208 g, 1.48 mmol,
N=N Il 1.2 eq).Purified by column chromatographftOAc:Hex,
BY_Q_N\ 5 4 50:50 and crystallized inn-pentane/diethyletherLight
7 6 ! ! brown crystalline solid (0.209 g, 56.9%); EEtOAc:Hex,
HB2-12

50:50) 0.43.H-NMR (300 MHz, DMSQds) Uk 11.73 (s,
1H), 8.37 (dtJ = 9.15, 1.88 Hz, 1H), 8.05 (dt= 9.09, 1.88 Hz, 1H), 7.90 (m, 2H), 7.57 (m, 1H),
7.50 (t,J = 8.69 Hz, 1H).*C-NMR (151 MHz, DMSQds) ¢ 165.90, 163.12, 161.50, 156.07,
143.36, 133.61, 131.10, 124.9, 122.99, 119.92, 11544 (ZnSe ATR cell)/crit 3450 (NH,
amide), 3200 (€H), 1680 (C=0, amide), 1620 (C=C, aromatit)y-Vis (MeOH): _
¢ccin- thpt®, 1 11 A ;LC-MS (ESI: foundm/z[M+H]* = 296.0, calculated
exact mass = 294.98, purityl®0%, tr = 0.905min, m.p.= 1507 156°C

4.4 Characterization of Unwanted Products

HB3-02 appears to have been unsuccessful as can be judged by the absence of its correspont
pseudmolecular ion in thS spectrum. Close scrutiny of th@'zratio for thebase pealn Figure

69 reveals that the recorded mass to change ratio is 345.0 which is less than the expected ve
(355.05) by 10 mass units which is too much to rationalize deproton&ilce the method of

ionization was soft, fragmentatiovould also notbea rational explanation.
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Figure 69: LC chromatogram (inset) and ESM1S spectrum oHB3-02.

Close scrutiny of then/zratio for thebase peakn Figure 69 and NMR spectrgFigure 71 and
Figure 72) suggests that this unwanted product could correspond to the intermediate forme
between the carboxylic acid and EDCI (exact maskl5.166, as per mechanism in Figure 69

which is not complete as expectedrigure38.
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4 _ _ )
I Cr o HNJ
+ STEP 2
o) N /,C”N\/\/N}_I\ nucleophilic attack by 0)§N
N7 Epcruql, 0°C i e
" o) R{BzO" on electrophilic HCI
{)‘/ STEP 1 carbodiimide carbon F5C
(O
F;C acid-base proton H unstable N
abstraction on \/]:I*\ H O-acyl-isourea / ~
BzOH derivative R, N v CI — N
+ C SNN"SN_  Chemical Formula: C ¢H,,F;N;0,
/ Exact Mass: 345.17
\_ Molecular Weight: 345.37 )

Figure 70: Incomplete mechanism showing formation of an unwa@teatyl isourea product

instead oHB3-02.
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Figure 71: *H-NMR
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Figure 72: 13C-NMR spectrum oHB3-02in DMSO-dsat 151 MHz
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Thenumbers of peaks in botMMR spectraFigure71 andFigure72) are not consistent with the
final product identifiednhence this could have been @racyl isourea intermediatd-igure 72)

having13 peaks irthe 3 C-NMR spectrum accordingjyiot the 11 peaks expected féB3-02.

Reactions meant toirnishother target compound®dedasHB2-03, HB2-02 andHB2-04 appear
to have been unsuccessful as judged fromME experiments.

4.5In Vitro Antischistosomal Assays

4.5.1 Severity ScoreAssays orAdult S. mansoni

The compounds synthesized in ttésearch workvere all inactivgseverity scor€l) albeit some
revealed interestingstructureactivity relationships with respect to the previously reported
analoguesTable 17. In this regardHB4-02 was noteworthy. This compound is a closely related
analogue oMK1 -11 with a very subtle differencietwo carbons in the aniline portion biK1 -11
being replaced by nitrogen@able 5).2 Although subtle, this change resulted in complete
elimination of in vitro antischistosomahctivity. This may suggest that the introduction of a

pyridazine ring system is detrimentalactivity.

Similarly, HB3-05 is a closely related analogue AD-03 71 the later compound was shown to
exhibit substantiahctivity on adult wormsn vitro. The almost complete elimination a€tivity
which accompanies the replacement of two carbons on the aniline porfier@3 with nitrogens

to furnishHB3-05reveals the pyridazine ring system is unfavourabbetvity.

The other four pyridaziniccompounds in this study were equally inactive on adult worms
suggesting the anilinpyridazine replacement may not be toleratdsich is rot surprising as such
molecular edits of this type can indeed either increasiice or even maintain activityection
2.6).

Table 17 shows the phenotypic changes and severity saufrése target compounds assayed
alongsideMK1-11:1
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Table 17: Phenotypic changes and severity scores for the effect of target compound exposureimaahspnat 5 pM!

Phenotypic changes Severity score$
2h 5h 24 h 48 h 2h 5h 24 h 48 h

H
HB1-03 LN N~n/© sUnc
T
HB2-12 /.N.\Nj’g‘nJ@\ s
~, (o]

Compd code Structure

HB2-13

HB2-14

HB3-05 NI'N\ IEIIT(@\cn S SUnc

FiC Z, o

HB4-02 Y13 Tg’©/
S on S,on Dying, Dying,
sides sides, deg, fat deg, fat

MK1-11% slight  dark

shrunk

*Each compound was screened twice as a singleton and what is tabulated is representative data

1 The data is very much similar to the initial findidgs
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