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ABSTRACT

In this work, we designed and synthesized 35 néazdlopyrimidine, pyrazolopyrimidine and
quinoline derivatives a®. falciparum inhibitors (3D7 strain). Thirty compounds exhibitantiP.
falciparum activity, with 1G, values ranging from 0.030 to 9.1 uM. The [1,2jdHolo[1,5-
a]pyrimidine derivatives were more potent than tgeagolo[1,5a]pyrimidine and quinoline analogues.
Compound<£20, 21, 23 and24 were the most potent inhibitors, withsiGralues in the range of 0.030 -
0.086 uM and were equipotent to chloroquine. Initamd the compounds were selective, showing no
cytotoxic activity against the human hepatoma te# HepG2. All [1,2,4]triazolo[1,%]pyrimidine
derivatives inhibited®fDHODH activity in the low micromolar to low nanonaolrange (IG values of
0.08 - 1.3uM) and did not show significant inhibition againise HSDHODH homologue (0 - 30% at 50
uM). Molecular docking studies indicated the bindimgode of [1,2,4]triazolo[1,Bpyrimidine
derivatives toPfDHODH, and the highest interaction affinities fdretPfDHODH enzyme were in
agreement with then vitro experimental evaluation. Thus, the most active mmmnds againsP.
falciparumparasite20 (R = CR, Ry = F; 1G5 = 0.086uM), 21 (R = CK; Ry = CHg; ICs0 = 0.032uM),
23, (R = CR, Ry = CR; IC50 = 0.030uM) and24 (R = Ck, 2-naphthyl; I1G, = 0.050uM) and the most
active inhibitor again®?fDHODH 19 (R = Ck, Ry = Cl; ICs0 = 0.08uM - PfDHODH) stood out as new
lead compounds for antimalarial drug discovery.iif petentin vitro activity againsP. falciparumand
the selective inhibition of thBefDHODH enzyme strongly suggest that this is the rapdm of action
underlying this series of new [1,2,4]triazolo[Bfpyrimidine derivatives.
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1. Introduction

The World Health Organization (WHO) has reportededuction of approximately 23 million
cases of malaria since 2010, when 251 million casse reported with 585 000 deaths. However, the
number of cases remain alarming. In 2018, there\approximately 405 000 deaths, mainly children
under 5 years of age, representing 67% of all nealdeaths in the world and the death of one child
every 2 minutes [1]. The development of new andatife antimalarials is considered necessary due to
the resistance of the malaria parasite to existinggs. Thus, the identification of drugs with new
mechanisms of action is imperative for malaria coéverapy [2].

The WHO recommends artemisinin-based combinatia@rafly (ACT) as the gold-standard
treatment for this disease. This therapy combinfstaacting artemisinin derivative with a longiagt
antimalarial with a different mode of action. Howeeythe future of this treatment is at risk duehte
development of resistance to both drugs, and @ssalready led to some treatment failures [3,4].

There are still many challenges to overcome, rdgssdof the advancement in the control and
elimination of malaria in recent years. With theezgence oPlasmodium falciparundrug resistance
and insecticide-resistant mosquitoes in additiothéodifficulty of formulating a potent malaria \Gice
and the existence of many areas where there andgtigms that are not appropriately cared for kg th
health system, it is not difficult to understandywmalaria is still considered a global public hiealt
emergency [1,5,6]. Moreover, there is a need teldgvantimalarials to decrease the high number of
deaths caused by severe malaria [5]. Therefore  st@tegies to achieve malaria eradication areeteed
[7,8].

Currently, researchers have increased interestploiting dihydroorotate dehydrogenase enzyme
(DHODH) inhibition as a strategy to treat malar®y. [Pyrimidines are important metabolites that are
vital for DNA and RNA biosynthesis. The malaria ggite cannot save preformed pyrimidine bases or
nucleosides, and pyrimidines must be developedugiroa de novo biosynthetic pathway. This
biosynthesis is catalysed by DHODH and shows thagomance of DHODH to parasite survival [10].
An example of aP. falciparumdihydroorotate dehydrogenase enzyr®dDHODH) inhibitor is the
[1,2,4]-triazolo[1,5a]pyrimidine derivative DSM265, which was discovetadPhillips and co-workers
and has advanced to clinical development [11,12].

Molecular hybridization has been used in currentioieal chemistry and is based on hybrid
derivatives that combine two or more different phacophoric fragments in a single molecule with
possible dual or multiple activities [13,14]. Owsearch group has been synthesizing several hybrids
that have shown anB- falciparumactivity [15-17]. One example is a series of @A]iazolo[1,5-
alpyrimidine derivatives, which are hybrid derivags/of mefloquine and amodiaquine (Fig. Ih)vitro

test results against chloroquine-resistant (C@RJ¥alciparumW?2 strains showed that compoutd



which contains the bulky 2-naphthylamine group &adG;o of 0.023 uM but showed no toxicity to the
human hepatoma cell line HepG2 and was 10-fold motent than chloroquine (4¢= 0.22 uM) Fig.

1). Enzymatic assays confirmed that compoung a PIDHODH inhibitor (IGo = 0.70 uM) [18].
Another example is the pyrazolo[lafpyrimidine series system synthesizeding ring isosteric
replacement and molecular hybridization based enpoundl. These derivatives were active against
the P. falciparumW2 CQR strain and showed no toxicity to the kidregithelial cell line BGM.
Compound displayed the highest and most selective inhibiobthePIDHODH enzyme with an 16
value of 0.16 uMFig. 1) [19].

A quinoline-sulfadoxine hybrid series was actineritro against thé®. falciparumwW?2 CQR clone
and not toxic to mammalian kidney BGM cells. Compa3 (Fig. 1), with an IG, value of 0.09 uM,
was more potent than chloroquine {§& 0.22 pM). Anin vivo activity test(P. bergheimodel) showed
that compoun® reduced parasitaemia by 49% 5 days postinfectiontributing to the discovery of a
new prototype with antimalarial activity [17]. Inspd by the promising results obtained by our group
with prototypesl-3, the [1,2,4]triazolo[1,%]pyrimidine scaffold was chosen for the design efvn
compounds as antimalarial candidates.

In this work, new [1,2,4]triazolo[1,8}pyrimidine derivatives4-24 were designedbased on the
concepts of molecular hybridization. The study f®ul on maintaining the pharmacophoric groups:
arylamines present in prototyde(blue) and the benzenesulfonamide moiety presemraototype3
(green) Fig. 1). At the 7 position of the [1,24]triazolo[1dpyrimidine ring, the 4-amindN-
arylbenzenesulfonamide moiety was added in ordendert the benzenesulfonamide moiety between
the heterocyclic system and arylamines, contindimegstudy of the anf®. falciparumactivity of this
system [18]. In previous works [17,19], we obserteal the pyrazolo[1,8]pyrimidine and quinoline
rings play important roles in antiplasmodial adyiviThe 4-amindN-arylbenzenesulfonamide moiety
was also added to this system in compou2®ls31 and 32-38 to investigate their ani- falciparum
activity.
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Fig. 1: Rational approach to the design of compouh38

2. Results and discussion

2.1. Chemistry

The synthetic route used to prepare the 35 new oangs 4-38 was developed in 3 steps
according taSchemel. In the first step, the condensation reactionminaguanidine bicarbonate with
the appropriate carboxylic acid in refluxing toleef110 °C) for 24 h afforded the respectivé-1,2,4-
triazoles-5-amines39a-c in 70-97% yield [20]. 5-Methyl-Hi-pyrazol-3-amine(39d) was obtained
commercially. The reaction d9a-d with ethyl acetoacetate in toluene at 110 °C fori2in the
presence of catalytip-toluenesulfonic acid gave 5-methyl-[1,2,4]triad&l&-a]pyrimidin-7(4H)-ones
40a-cin 71-95% yields and the 2,5-dimethylpyrazolo[&]pyrimidin-7(4H)-one (40d) in 98% vyield
[18]. CompoundglOa-dwere treated with phosphorus oxychloride (P§@&t 105 °C for 4 h to produce
key intermediariedla-din 51-97% yield [18,19].

In the second step, the chlorosulfonation reaatifoacetanilide was carried out without solvent at
0 °C for 1 h and then heated to 60 °C for anotloair ito obtain 4-acetamidobenzene-1-sulfonyl chiorid
(42) in 77% vyield without purification [21]. The addin-elimination reaction betweef2 and the
respective aniline using chloroform, triethylamit@EA) under reflux for 5 h gave protected
sulfonamidegt3a-gin 42-87% yield. The hydrolysis reactions4f#a-gwith 6N HCI at 100 °C for 6 h
followed by neutralization with 20% NaOH, producéeéhminoN-arylbenzenesulfonamide®ta-g in
63-89% yield without purification [22].

The third step is a convergent synthesis was aeppbilic substitution reaction betwedda-g
and the appropriate intermedia#jla-d was performed in ethanol at 78 °C for 2 h to obtarget
compounds 4-31 [18,19]. To obtain quinolinic derivative82-38 the reaction between 4,7-
dichloroquinoling(45) and the appropriate counterpédia-gwas carried out under the same conditions.
Purification was performed by recrystallizationtbin layer chromatography (TLC). After purification
target compound4-38were obtained in yields of 24 to 98%.

The derivatives}-38 were isolated as hydrochloride and their strustwere confirmed by IR,
NMR (*H, **C and*®F) and HRMS. Theé'H and *C NMR assignments were confirmed by COSY
(homonuclear COrrelation SpectroscopYWHSQC Heteronuclear Single Quantum Coherence —
Editing) and HMBC Heteronuclear MultipleBond Coherenaexperiments.

For [1,2,4]triazolo[1,5a]pyrimidine derivatives4-10, compound5 was used to exemplify the
NMR assignments. In th&H NMR spectrum, singlets at 8.79 ppm, 6.78 ppm ar&D ppm was
identified as H2, H6, and methyl hydrogens ¢;Hespectively. The phenyl hydrogens showed sgynal



at 7.17 - 7.86 ppm. For the hydrogens of the salfimde group (S&NH) a singlet around 10 ppm was
assigned. In thé’C NMR spectrum, C2, methyl carbon (Hand C6 were assigned as signals at a
signal at 152.4 ppm, 23.5 ppm and 91.7 ppm, resfedet

For derivativesl1-17, two singlets around 2.43 ppm and 2.48 ppm refgro the hydrogen of the
CHs group can be observed in the spectrurttoRMR.

In the **C NMR spectrum of derivative$8-24 quartets with] = 269 Hz referring to the C-F
coupling of the CEkgroup, and a quartet with= 38 Hz by the coupling of the fluorine atoms Wik
were observed. In thH8F NMR spectrum, the signal can be observed at 66dp8n for the CEgroup.

The data of compound8 will be used as an example for assignments ofpyr@zolo[1,5-
alpyrimidine derivatives. In théH NMR spectrum, two singlets can be observed & pBn and 2.42
ppm referring to the hydrogen of @lgroup. For H3 and H6, singlets were assigned2# ppm and
6.40 ppm, respectively. Hydrogens of phenyl rings ia the range of 7.01-7.78 ppm. The simplets at
10.02 ppm and 10.30 ppm were attributed to thedygeins linked to the NH and @dH groups. In the
13C NMR spectra, the two carbons of €gtoup presented the signals at 14.1 ppm and ¥ phe
C3 and C6 carbons of the pyrazolo[&]pyrimidine ring showed a signal at 87.6 and 93pMmp
respectively.

The data of compoun@6 will be used as an example for the assignmentth@fquinoline
derivatives. H2 couple with H3 = 6.2 Hz) and these hydrogens were assigned asil@detat 8.61
ppm and 7.09 ppm, respectively. H6 was assigneddmible doublet at 7.79 ppm by coupling with H5
and H8 § = 9.1 Hz andl = 2.0 Hz). H5 and H8 were assigned as a doublei6dt ppm and 8.08 ppm,
respectively. For hydrogen of NH and the sulfonargdoup (S@NH), singlets were assigned at 10.52
ppm and 9.97 ppm, respectively. For hydrogens ®QRH; group, a singlet was assigned at 3.67 ppm.
In the NMR**C spectra, the assignments were as follow: C2&9p#hm, C3 at 102,5 ppm, C5 at 125,4
ppm, C6 at 126,8 ppm and C8 122,5 ppm. It was éartionfirmed by HSQC. Quaternary carbons were
identified with HSQC. The spectra are in the sup@etary material.

Based on X-ray crystallographic analysis, the mdbac structure of the derivativé7 was
confirmed and allowed us to determine that the #arN-arylbenzenesulfonamide moiety was
introduced at the 7 position of the [1,2,4]triaZ@l&-a]pyrimidine ring. Fig. 2 shows the Oak Ridge
Thermal Ellipsoid Plot (ORTEP) diagram of this carapd, and the crystal data and refinements are

provided inTable S1(Supplementary Information).
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Scheme 1Synthetic route used to prepare compouh88



Fig. 2: Asymmetric unit representation of derivativeand17 (ellipsoids at 50% probability).

In addition, it was possible to identify those nmies that did not need a purification process,
such as derivativé, which was found in the form of a hydrochloriddt,ssince the X-ray diffraction
study revealed protonation of the nitrogen atom)N#4)CI(1) of derivative7, as shown Fig. 2. The
same did not apply to the purified molecules tlaateha neutral form, such as derivativle

It was not possible to observe that some compoumel® present as hydrochlorides in the
analyses previously carried out. Therefore, basethe results of the X-ray analyses, it was decided
standardize all compounds in the form of a hydregté. Initially, the molecules were dissolved in a
water/methanol (1:1) solution, and the respectidenas measured. The fact that there were molecules
in both the hydrochloride and free base forms wadiened after analysis of the melting points (m.p.
values), when it was determined that the molecudekdifferent patterns, some in the range of 17-19
°C and others in the range of 200-288 °C. The nubdscwith the lower m.p. values (174-195 °C) had a
neutral pH, and the molecules with higher m.p. @al(200-288 °C) had a more acidic pH.

It was observed that the molecules that did notdnteebe purified were in the form of a
hydrochloride and presented a lower pH range (2%-3vhich was the case for derivative The
molecules that were purified, either by recrystaliion or by preparative TLC, lost their hydrocider
form and presented a higher pH (6.5-7.8), which thascase for derivativé7. Thus, molecules with
pH values in the range of 6.5-7.8 were treated @&itiCIl/HO (1:1) solution for 15 minutes and then

concentrated under vacuum. The respective hydrade®were used in biological tests.

2.2. Biological evaluation

New compound#-38 were assayed against tRefalciparum 3D7 chloroquine-sensitive (CQS)
strain and human hepatoma cell line HepG2. Chlarnegand artesunate were used as positive controls
for inhibition (Table 1).



Comparing the [1,2,4]triazolo[1,&pyrimidine derivativest-24, it can be seen that a substituent
at the 2 position of the [1,2,4]triazolo[1afpyrimidine ring influences activity. All compounds
containing the 2-trifluoromethyl grouB-24were more potent than the corresponding unsubediti+
10 and methylated 1-17 derivatives. This result reinforced the importan€¢he trifluoromethyl group
at the 2 position for an#- falciparumactivity [18].

Analyses of the importance of the substituents l@ # position of the 4-amind-
phenylbenzenesulfonamide moiety indicated that tplay a significant role in the arféi- falciparum
activity. 4-Trifluoromethylated compoun®(R = H, R = CFk;; IC50 = 0.15uM), 16 (R = CH;, Ry =
CF;; ICs0 = 0.39uM) and23 (R = Ck, Ry = CF;; ICs0 = 0.03uM) showed enhanced inhibitory activity
(up to 61-fold) compared with unsubstituted anaésgu(R = H, R = H; I1C50 = 9.1uM), 11 (R = CH;,

R1 = H; 1Gs0 = 6.9uM) and18 (R = Ck, Ry = H; 1G5 = 1.3uM), which were the least potent analogues
among the triazolopyrimidine derivatives. The 4doromethylated compounds were also more potent
than analogues containing methoxy groups, suéh(Bs= H, R =R = OCH; IC50 = 3.5uM), 15 (R =
CHs, Ry = OCHg; IC50 = 4uM) and22 (R = Ck, Ry = OCHg; 1C50 = 0.8uM). The greater activity of the
trifluoromethylated derivatives was also seen aftanparison with other substituents in the sefibss
leads us to believe that electron withdrawing geoap the 4 position is favourable for inhibitory
activity. Another factor to be considered is theager lipophilicity that these compounds have eeldb

the others, which is another factor attributechi €k group [23].

Compounds containing a methoxy substituent fROCH;; 8, 15 and22) did not show relevant
inhibitory activity when compared to the other campds in the series; however, introduction of this
substituent increased the potency of the compounés to 2.6-fold when compared with their
unsubstituted analogues. The introduction of a phedlh the 4 position significantly increased the
activity of the compounds (up to 40-fold), as sedren comparing the Kg values of compoundEi3 (R
= Ck, R = H; IC50 = 1.3uM) and 21 (R = Ck, Ry = CHg; IC50 = 0.032uM). The introduction of a
halogen, such as 9 (R = Ck, Ry = Cl; IG5 = 0.4uM) and 20 (R = Ck, Ry = F; 1Gso = 0.086uM),
was favourable for inhibitory activity when compart the unsubstituted analogues. In this sense,
fluorinated derivativ0 was 15-fold more potent thds.

The bulkyN-(naphthalen-2-yl)benzenesulfonamide group presectmpoundd.0 (R = H; IG5 =
0.23uM), 17 (R = CH; ICs0 = 0.64uM) and24 (R = CF;; ICso = 0.05uM) proved to be very important
for antiP. falciparumactivity, significantly increasing the activity éfiese compounds up to 39-fold
when compared to compound¢R = H, R = H; IC50=9.1uM), 11 (R = CH;, Ry = H; IC50 = 6.9uM)
and18 (R = Ck, Ry = H; 1G5 = 1.3uM). This finding reinforces the importance of theegence of a
bulky group with the [1,2,4]triazolo[1,8}pyrimidine ring for antiP. falciparumactivity.



Derivatives containing the pyrazolo[lafpyrimidine ring 25-31were the least potent inhibitors.
Compound£5 (R; = H) and30 (R; = CF), the only active compounds in this series, hag \@lues of
2.8 and 8.QuM, respectively; however, they were less potenn tthee [1,2,4]triazolo[1,%]pyrimidine
and quinoline analogues. It is interesting to nibi@ among the active compounds, derivafieis
trifluoromethylated. What is surprising is the wait{i of 25 and the loss of activity of the other
compounds in the series containing compoul@<L9 including derivative3l that has the bulk-
(naphthalen-2-yl)benzenesulfonamide group. Thigcatds that the [1,2,4]triazolo[1dpyrimidine
ring is important for activity in molecules contaig a pattern of bulky substituents. Thus, we can
hypothesize that compounds containing a pyrazdedjpyrimidine nucleus are not effective with this
substitution pattern.

Quinoline derivatives32-38 showed activity with I values ranging from 0.89 to 4,8M.
Compounds35 (R; = CHs) and38 (2-naphthyl) were the most potent, withsd@alues of 0.97 and 0.89
uM, respectively. Quinoline derivativé (R; = H; 1C5p = 2.0 uM) and36 (R; = OCHg; ICs0 = 2.8 uM)
were more potent than their respective unsubstitote2-methylated [1,2,4]triazolo[1 &pyrimidine
derivatives; however, all of these derivatives sbdwlecreased inhibitory activity compared to the 2-
trifluoromethylated [1,2,4]triazolo[1,8}pyrimidine derivatives 8-24

Compound23 (ICsp = 0.03 uM) was selected as a representative contbrom this series for
cross-resistance evaluatidn.this assaya panel of drug-resistant strainshoffalciparum including K1
(resistant to chloroquine), DD2 (resistant to chtprine and mefloquine), IPC4912 (partial resistance
artemisinin) and a laboratory-generated strairstast to phosphatidylinositol 4-kinases PIl4K intols
(PI4KRES), was used. The evaluated ratios ofol@alues (IG**ICs.*°") were equal to or less than
one Fig. SlandTable S3 Supplementary Information). These ratios suggest tiine mechanism of
action of compoun@3 is distinct from the standard antimalarials, thgrendicating no cross-resistance
against genetically diverse strains of the parasite

In summary, [1,2,4]triazolo[1,8}pyrimidine hydrochlorides4-24 showedin vitro inhibitory
activity againstP. falciparumwith 1Cso values ranging from 0.030 to 9uM and were not toxic in the
HepG2 cell assay. Compoung§, 21, 23 and24 were the most potent inhibitors, withsif3ralues of
0.086, 0.032, 0.03 and 0.05 uM, respectively, bedggipotent to chloroquine (¢ = 0.03 uM).
Compound23 stood out as the most potent and selective irsénes with a selectivity index (SI) of
3000 and no signs of cross-resistance in a pardrugtresistant strains &f. falciparum

The [1,2,4]triazolo[1,3]pyrimidine scaffold is a privileged scaffold aaivagainst DHODH
enzymes [10]. Therefore, thE. falciparum and human DHODH RfDHODH and HsDHODH,
respectively) inhibitory activities of compounds31 were assessed (quinoline derivatiB32s38 were

not evaluated againBfDHODH because it is known that the quinoline moistyot recognized by this



enzyme). The enzymatic inhibitory activity evaloeatiwas carried out in two stages. The first stage
involved the evaluation of each compound’s inhifyitactivity against botlHsDHODH andPfDHODH
enzymes at a single concentration (50 ulWBble 2S (Supplementary Information). The compounds
that considerably inhibited the enzymatic actipty80% inhibition) were evaluated in a second step
(Table 25 Supplementary Information). In this stagesd@aluesagainstPfDHODH were determined.
Compounds DSM265 [24] and ML390 [25] were used asitpn controls forPfDHODH and
HsDHODH inhibition, respectively. The results of teezyme inhibition evaluation are shownTiable

1

Compoundl8 showedPfDHODH inhibition below 80% at 50 puM; for this reasdhis compound
was not subjected to g evaluation. The 16 values of compounds, 8, 9, 11 and 23 were not
determined because it was not possible to measomsumption of the substrates at a certain
concentration on the kgcurve.

The 1G5, values of the [1,2,4]triazolo[1,&pyrimidine derivativest-24 spanned from 0.08 to 1.3
uM. On the other hand, pyrazolo[lgfpyrimidine derivatives25-31 did not show significant
PfDHODH inhibition (25 to 66% at 50 pM), which is lime with thein vitro inhibitory activity against
P. falciparum It is interesting to note that compourd81 showed no significant inhibition against the
HsDHODH enzyme (0-30% at 50 uM), thereby indicatimgttthey are selective inhibitors of the
PfDHODH enzyme.

The [1,2,4]triazolo[1,5]pyrimidines 20 (R; = F, 1Gp = 0.5 uM) and21 (R; = CHg; IC50 = 0.8
uM) had very close 16 values to prototypé (ICso = 0.7 uM) [19], and can be considered equipotent
bioactive compounds, where22 (R; = OCH;; ICs0 = 0.21uM), 24 (R; = 2-naphthyl; 1Gy = 0.22uM),
and19 (R; = CI; ICso = 0.08uM) were 3.5, 3.5 and 8.75-fold more potent thariqiypel, respectively.

It is worth mentioning that a reasonable correfatimetween enzymatic and whole parasite
inhibition was verified for the low micromolar arglibmicromolar inhibitorgl-18, suggesting that
PfDHODH is the main target underlying the inhibita@sgtivity of this series. However, a difference in
the IGg values of 5- to 25-fold againB®fDHODH and theP. falciparum3D7 strain was observed for
the most potent parasite inhibito20( 21 and 24, Table 2). These inconsistencies may be due to the
lower limit of detection of the enzymatic assaythe inhibition assay, thefDHODH enzyme was used
at a final concentration of 50 nM. Therefore, timzyeme concentration might have a significant effect
on the IGp value assessment of the most potent inhibitortheis 1G5 values approach the enzyme

concentration [26].



Table 1: In vitro inhibitory activity againstP. falciparum parasites (3D7 strain, chloroquine-
sensitive), human hepatocarcinoma cells (HepG2) PADHODH, and the selectivity index (SI) values
for compounds4-38 Chloroquine and artesunate were used as positwrols for whole parasite

inhibition.

Substituents 1C5e>>7 (LM) ICs (M)
Compounds P. falciparum ICsg (M) SI* PDHODH
. 4 R, = H 9.1+0.9 365 £ 10 > 40 0.8+0.1
@ 5 R, =Cl 3.0+05 92+2 >31 >50
W o 6 R, =F 2.0+0.4 367 £12 >187 0.3+0.1
O%g Os\g 7 R, =CHs 0.50 + 0.05 367 = 10 >728 0.41+0.04
Hy HN 8 R; = OCH, 4+1 46 +2 >13 >50
Q™ <:,fNi " 9 R, =CR  0.15%0.01 >100 >667 >50
) o) 10 - 0.23 +0.01 56+ 2 243 0.3+0.1
. 11 Ri=H 6.9+0.2 193+ 9 28 >50
Q 12 R, =Cl 0.8+0.1 >50 >62.5 0.6 0.1
o e 13 Ri=F 2.7+0.8 150 + 20 55.6 1.0+0.2
O% O % 14 Ry = CHs 0.91 +0.09 110 + 10 121 0.3+0.2
Nk o N\NHL/k o 15 Ry = OCH, 4t1 170+10 425 13401
%Niﬁ —~L 16 R.=Ch 0.39 + 0.06 125 + 12 321 0.6 £0.3
a116) an 17 - 0.64 +0.01 56 +2 87.4 0.4+0.1
5 18 Ri=H 1.3+0.4 92 +4 >70 >50
Q 19 R, = Cl 0.4+0.2 47 +£2 >123 0.08 + 0.01
i o m o 20 R, 0.086 +0.004 101 +7 1174 05+0.1
Q% HN@ b 21 R; = CH, 0.032 +0.005 54 +4 1688 0.8+0.1
P N\ij. 22 R, = OCH 0.8+0.1 93+6 >114 0.21 + 0.06
FH’NiN/ P 23 R,=CRK 0.030 + 0.003 90 + 10 3000 >50
(18:23) ) 24 - 0.050 + 0.002 >100 >2000 0.22 +0.07
R, 25 Ri=H 2.8+0.1 27 +4 9.6 >50
@ 26 R, = Cl >10 ND ND >50
o o 27 R =F >10 ND ND >50
Os\b OS{, 28 R, = CH, >10 ND ND >50
L L 29 R, = OCH, >10 ND ND >50
—thk " —Qi)ﬁ\ o 30 R, = CR 8.0+1 42+4 5.25 >50
(5:30) on 31 - >10 ND ND >50
32 R=H 2.0+0.2 92 + 4 >46 -
& 33 R=Cl 17402 93+5 >56 -
N R 34 R=F 4.6+06 9242 >21 -
Oﬁg Q/Sag 35 R = CH; 0.97 £ 0.08 92+6 >95 =
H N 36 R = OCH 2.8+0.4 92 + 4 >33 -
NOOR q@ e 37 R=CR 21402 23+1 11 -
(32-37) (38) 38 - 0.89 £0.06 13+1 15.1 -
chloroquine 0.03+0.01 384 + 62 12,800 -
artesunate 0.009 £0.002 267 +21 29,666

*S| = |C50HepG%’IC503D7

2.3. Molecular docking
Molecular docking simulations were performed coesity only the triazolo[1,8pyrimidine

derivativeswhich were active againBt falciparumand inhibited th&fDHODH enzyme Table 1).



Validation of the docking protocol was carried asing the inhibitor DSM265 complexed to
PIDHODH (PDB code5BOO, Fig. S2A-B Supplementary Information) [12]. Thus, redockofghis
inhibitor showed a root-mean-square deviation (RY8&ue of 1.16 A, predicting the co-crystallized
binding pose correctlyFig. S2A) with a MolDock score value of -169.45 arbitraryitana.u.). The
inhibitor DSM265interacts via H-bonds with Arg265 and His185 (H-hamergy = -5.56 a.u.) and
presents steric interactions with Arg265, His188 &ru240 (steric interaction energy = -187.48 a.u.)
(Table S4andFig. S3A Supplementary Information).

Consequently, the predicted complexes betweendleeted triazolo[1,&pyrimidine inhibitors
and PIDHODH showed their lowest energy poses docked timosame binding pocket as the inhibitor
DSM265 Fig. S2B. Hydrogen bonds (H-bonds) and steric interactiorsevalso evaluated able S4
andFig. S3A-P) Among the active compounds, oldl9 (Fig. 3A-C), the most potent in the enzymatic
assay (IGo = 0.08 uM), and 21 (Fig. S4A-D) (Supplementary Information) presented similar
interactions with the enzyme compared to those 8MR65. Thus, here, we described only the
interactions concerning these two inhibitors, vt others reported in the supplementary matéfigl
S3A-P)

Interestingly, the best superposition of the triag5-alpyrimidine and the phenylamine groups
occurs between the predicted posel8fand the co-crystallizedtructure of DSM265. Thus, this
inhibitor interacts via H-bonds with the same ras&l as described for the inhibittEM265, Arg265
and His185 (H-bond energy = -3.85 a.u.), and sh&tensc interactions with Arg265, Cys233, His185,
Gly192, Leu240, Leu531, Leul97, Met536, and Phg$&3ic interaction energy = -196.20 a.ukjg(
3B-C).

Inhibitor 21 also interacts via the same H-bonds as the imniBiEM265 (H-bondenergy = -3.85
a.u.), and shows steric interactions with Arg269sZ33, Gly192, His185, Leul97, Leu240, Leu531,
Met536, and Phel88 (steric interaction energy 4.9® a.u.) Table S4andFig. S3N. However, its
predicted pose shows superposition only with thezato[1,5a]pyrimidine ring when compared to
DSM265.

Overall, the molecular docking results suggest tihatactive triazolo[1,&pyrimidine derivatives
interact within at same binding site as DSM265. ldegr, among the newly synthesized derivatives,
compoundl9 presents the most similar binding mode as thatrdesi for DSM265, with a higher
interaction affinity for theefDHODH enzyme and a negative interaction energyev@lable S4.

Therefore, the molecular docking simulations coorake the tests carried out on RREDHODH
enzyme since the most active triazolo[a]pyrimidine (19), which shows similar interactions and a
similar pose to that of DSM26%hibited PIDHODH activity at low nanomolar concentrations 4JOf
0.08uM; Table 1).
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Fig. 3: (A) Representation of the superposition between DSMggrey) and19 (green)
complexed td*fDHODH. (B) Hydrogen-bonding interactionB) and steric interaction£j betweernl9
and the amino acid residues BIDHODH. The structures are represented as stickscalalred by
atom: nitrogen atoms in blue, sulfur atoms in yel|lfluorine atoms in pink, oxygen atoms in red, and

carbon atoms in grey, green or white.

3. Conclusions

Among the 35 synthesized compounds, 30 exhibitedritro inhibitory activity againstP.
falciparum (3D7 strain) with IGgvalues ranging from 0.030 to 9.1 puM. Of the threses synthesized,
the [1,2,4]triazolo[1,5]pyrimidine derivatives4-24 were the most potent and showed no cytotoxicity.
Compound®0 (R = Ck, Ry = F; 1G5 = 0.086uM), 21 (R = Ck, Ry = CHg; IC50 = 0.032uM), 23 (R =



CF;, Ry = CR;; IC50 = 0.03uM), and 24 (R = Ck, 2-naphthyl; 1Gy = 0.05uM) were equipotent to
chloroquine (IGy = 0.03uM), and compoun@3 stood out as the most active in the series. Comg®u
with a trifluoromethyl group at the 2 position biet[1,2,4]triazolo[1,5%]pyrimidine ring were the most
potent among the four series. This finding is ir@dagreement with a previous structure-activity
relationship study [18].

Compound® (R = H, R = CF;; IC50 = 0.150uM), 16 (R = CH;, Ry = CF;; 1C50 = 0.39uM) and
23 (R = CR, Ry = CR;; ICs0 = 0.030uM) containing a CEgroup at the 4 position of the 4-amiNe-
phenylbenzenesulfonamide moiety showed substantraleased activity (up to 61-fold) compared to
the unsubstituted analogues. These results indi¢ghtd CF groups, with greater lipophilicity at the 2
position of the [1,24]triazolo[1,8}pyrimidine ring and the 4 position of the 4-amiNe-
phenylbenzenesulfonamide moiety are attractivetgubats to increase potency. Compolt@l(R =
CR;, Ry = F; 1G5 = 0.086uM) and compoun®l (R = Ck, Ry = CHg; IC50 = 0.032uM) showed an
increase in activity by 15- and 40-fold, respedtiv&vhen compared with their unsubstituted éRH)
analogues. In addition, the bulky 4-amiNenaphthalen-2-yl)benzenesulfonamide moiety prawede
important for the inhibitory activity (up to 40-tblmore potent when compared to the unsubstituted
analogue). Compoun2B (ICso = 0.03 uM), a representative compound of thiseseghowed no cross-
resistance against genetically diverse straineephrasite.

The series of pyrazolo[1&pyrimidine derivatives 25-31 were less potent than the
[1,2,4]triazolo[1,5a]pyrimidine and quinoline analogues. These ressiiggest that the pyrazolo[1,5-
alpyrimidine ring was not relevant for arRi- falciparum activity among molecules that have this
pattern of substituents. A similar trend was obsérfor quinoline derivative82-38 which showed
decreased inhibitory activity related to the [1]Ridzolo[1,5a]pyrimidine series. The most potent
quinoline derivatives were low micromolar inhib8so35 R; = CHs; I1Cso = 0.97 uM and 38, 2-
naphthyl; 1Go = 0.89uM).

The [1,2,4]triazolo[1,3]pyrimidine derivativest-24 selectively inhibited th@fDHODH enzyme,
confirming that this system is active against #tagget. These derivatives showed potent inhibitory
activity of thePfDHODH enzyme with IG values in the range of 1.3-0.Q81. These derivatives did
not show significant inhibition against tisDHODH enzyme (0-30% at 50 uM), thereby indicating
that they are selective for the parasite homologhe. potentn vitro activity againsP. falciparumand
inhibition of the PIDHODH enzyme strongly suggest that this is the raem of action underlying
this series of new [1,2,4]triazolo[1d&pyrimidine derivatives. Pyrazolo[1 &lpyrimidines25-31did not
significantly inhibit thePfDHODH enzyme or the parasite in timevitro tests

Molecular docking studies suggest that compouh@d interact at the same site as DSM265, a

PfDHODH inhibitor, which is in phase Il of clinicakials. Among the pyrazolo[1,8}pyrimidine



inhibitors, compoundl9 presented the most similar binding mode when coethbéo DSM265 but
showed a higher interaction energy for IBHODH enzyme.

Thus, the most active inhibitor agaim3DHODH 19 (R = Ck, Ry = CI; 1G5 = 0.08 uM -
PfDHODH) and the most active compounds agahdalciparumparasite0, (R = Ck, Ry = F; IGo =
0.086uM; 21, R = Ck, Ry = CHg; ICs0 = 0.032uM; 23, R = Ck, Ry = CR; ICs0 = 0.030uM; and24, R
= CR, 2-naphthyl; 1G, = 0.050uM) stand out as the new prototypes of the group.

Overall, these results demonstrate the potentidl @ 4]triazolo[1,5a]pyrimidine derivatives as

inhibitors of thePfDHODH enzyme and represent new lead compoundshfonalarial drug discovery.

4. Materials and methods

4.1. Chemistry

All reagents and solvents used were of analyticatlg. TLC (thin layer chromatography) was
performed using silica gel Merck TLC F-254 PTLCgparative TLC) Glass Plates (20x20 cm). The
melting points (m.p. values) were determined usirguchi model B-545 apparatus. Electron-ionization
mass spectrometry (EI-MS, scan ES+capillary (3.0/¢dne (30 V)/extractor (1 V)/RF lens (1.0
V)/source temperature (150 °C)/desolvation tempeeai300 °C)) spectra were recorded using a
Micromass/Waters spectrometer (model: ZQ-4000).hHgpsolution mass spectrometry (HRMS) data
were obtained using an LC-MS Bruker Daltonics Middd- (time of flight) analyser. Fourier transform
infrared (FTIR) absorption spectra were recorded an Shimadzu mode IR Prestige-21
spectrophotometer using the attenuated total tefleqATR) technique.*H, **C and '°F nuclear
magnetic resonance (NMR) spectra were obtained@i08, 100.00 and 376.00 MHz, respectively,
using a Bruker Avance instrument equipped with erd probe. Tetramethylsilane was used as the
internal standard. The chemical shifty @re reported in ppm, and the coupling constafitsafe
reported in Hertz. Analysis by high-performanceuithchromatography (HPLC) was performed on an
LC-20AD Shimadzu liquid chromatograph using a HggeBDS C18 column (sm, 250 x 4.6 mm).

4.2. Synthesis

4.2.1. General procedure for the preparation of 1H-1,2jé#ole-5-amine§89a-c

A mixture of 6.8 g (0.05 mol) of aminoguanidine domlconate and 5 mL (0.066 mol) of the
appropriate acid (formic, acetic or trifluoroaceatitid) was kept under magnetic stirring until tekease
of carbon dioxide was complete. Then, toluene (fdQ was added, and the reaction mixture was
heated to reflux (110 °C) with a Dean-Stark apperatnder stirring for 24 h. A white precipitate

formed and was cooled, vacuum filtered and wash#daeld toluene [20].



1H-1,2,4-triazol-5-aming39a) Yield: 97%. m.p. 152-154 °C. IR (¢ht 3399-3324; 1590-1533; 1631;
1266."H NMR (400 MHz, DMSO-¢, TMS, § in ppm):5.77 (s; 2H; NH); 7.44 (s; 1H; H3); 11.99 (s;
1H; NH). **C NMR (100 MHz, DMSO-¢f TMS, & in ppm): 147.7 (C3); 157.9 (C5). ESI [M +*1]
85.47.

3-methyl-H-1,2,4-triazol-5-aming39b) Yield: 70%. m.p. 145-146 °C. IR (¢ht 3419-3189; 1708;
1599-1544; 1255'H NMR (400 MHz, DMSO-¢, TMS, § in ppm): 2.05 (s; 3H; Ch); 5.49 (s; 2H:;
NH,); 11.68 (s; 1H; NH}’C NMR (100 MHz, DMSO-¢TMS, & in ppm): 13.2 (Ch). 168.5 (C3);
172.7 (C5). ESI [M+1]99.38.

3-(trifluoromethyl)-H-1,2,4-triazol-5-aming39c) Yield: 93%. m.p. 197 °C. IR (cm -1): 3487-3360;
1634; 1580-1490; 1361, 1177, 738.NMR (400 MHz, DMSO-¢ TMS, § in ppm): 6.46 (s; 2H; NbJ;
12.71 (s; 1H; NH)*C NMR (100 MHz, DMSO-¢ TMS, & in ppm): 119.6 (q;) = 267.1 Hz; CR);
149.9 (g;J = 36.8 Hz; C3); 157.8 (C5}°F NMR (376 MHz, DMSO-¢ TMS, 5 in ppm): -64.78. ESI
[M + 1]" 153.10.

4.2.2. General procedure for the preparation of &tnyl[1,2,4]triazolo[1,5-a]pyrimidine-7(4H)-
onesd0a-c and 2,5-dimethylpyrazolo[1,5-a]pyrimidin-7(4H)-o(40d)

To 0.01 mol of the appropriafidH-1,2,4-triazole-5-amine39a-cor 5-methyl-H-pyrazol-3-amine
(39d) was added 13 mL of ethyl acetoacetate (0.1 m8&I)nl of toluene and a catalytic amountpef
toluenesulfonic acid. The reaction mixture stirgader reflux (110 °C) for 24 h. The mixture was
cooled to room temperature, and the white predgitarmed was vacuum filtered and washed with cold
toluene [18,19].

5-methyl-[1,2,4]triazolo[1,%]pyrimidin-7(4H)-one (40a) Yield: 71%. m.p. 278-279 °C. IR (cm-1):
2807; 1697; 1620; 1338H NMR (400 MHz, DMSO-¢, TMS, & in ppm): 2.32 (s; 3H; Ch); 5.83 (s;
1H; H6); 8.18 (s; 1H; H2)**C NMR (100 MHz, DMSO-¢ TMS, & in ppm): 18.6 (CH); 98.1 (C6);
150.6 (C5); 151.7 (C3a); 151.8 (C2); 155.8 (C7). [B&1] 149.17.

2,5-dimethyl-[1,2,4]triazolo[1,B]pyrimidin-7(4H)-one (40b) Yield: 95%. m.p. 313-314°C. IR (chr
2703; 1692; 1641; 1323H NMR (400 MHz, DMSO-¢ TMS, 5 in ppm): 2.29 (s; 3H; Ck); 2.33 (s;
3H; CHy); 5.76 (d; 1H;J = 0.56 Hz; H6); 13.00 (s; 1H; NH)*C NMR (100 MHz, DMSO-¢ TMS, § in
ppm): 14.2 (CH); 18.6 (CH); 98.1 (C6); 150.8 (C5); 151.0 (C3a); 155.5 (CIHO.7 (C7). ESI [M-1]
163.18.

5-methyl-2-(trifluoromethyl)-[1,2,4]triazolo[1,8}pyrimidin-7(4H)-one(40c) Yield: 84%. m.p. 262-263
°C. IR (cm?): 2887; 1694; 1605; 1399; 75'H NMR (400 MHz, DMSO-¢ TMS, & in ppm): 2.35 (d;
3H;J = 0.60 Hz; CH); 5.99 (d; 1H;J = 0.72 Hz; H6); 13.58 (s; 1H; NH}’*C NMR (100 MHz, DMSO-
ds TMS, 6 in ppm): 18.6 (CH); 99.1 (C6); 119.1 (q) = 269.0 Hz; Ck); 151.4 (C5); 151.8 (g] = 38.5

Hz; C2); 152.6 (C3a); 155.1 (CHF NMR (376 MHz, DMSO-¢ TMS, & in ppm): -64.96. ESI [M-1]

217.06.

2,5-dimethylpyrazolo[1,%]pyrimidin-7(4H)-one (40d) Yield: 98%. m.p. 253-255 °C. IR (¢ht 1664;

1612; 1330'H NMR (400 MHz, DMSO-g, TMS, § in ppm): 2.26 (d; 3HJ = 0.36 Hz; CH); 2.27 (s;
3H; CHg); 5.50 (d; 1H;J = 0.56 Hz; H6); 5.91 (s; 1H; H3); 12.10 (s; 1H; NFC NMR (100 MHz,



DMSO-d;, TMS, § in ppm): 14.0 (CH); 18.5 (CH); 87.9 (C3); 94.8 (C6); 142.0 (C3a); 149.5 (C5);
151.6 (C2); 156.0 (C7). ESI [M+23]86.0687.

4.2.3. General procedure for the preparation of hleco-5-methyl-[1,2,4]triazolo[1,5-
a]pyrimidines4la-c and 7-chloro-2,5-dimethylpyrazolo[1,5-a]pyrimidi{#ld)

A mixture of 0.006 mol of the appropriate carbomgthintermediatéOa-d and 10 mL of POGI
was stirred under reflux (105 °C) for 4 h. The teacmixture was carefully poured into ice watedan
made alkaline with 20% NaOH to reach pH 9-10. Theture was diluted with water (50 mL) and
extracted with ethyl acetate (3 x 50 mL). The organhase was dried over anhydrous sodium sulfate
and filtered, and the solvent was evaporated unaeurum [18,19].
7-chloro-5-methyl-[1,2,4]triazolo[1,5}pyrimidine (41a) Yield: 51%. m.p. 139-140 °C. IR (¢t
1619; 1525; 868'H NMR (400 MHz, DMSO-g, TMS, 5 in ppm): 2.63 (s; 3H; C}); 7.66 (s; 1H; H6).

8.67 (s; 1H; H2)*C NMR (100 MHz, DMSO-¢, TMS, § in ppm): 4.4 (CH); 111.8 (C6); 138.0 (C5);
155.2 (C3a); 155.5 (C2); 165.4 (C7). ESI [M¥1$9.10.

7-chloro-2,5-dimethyl-[1,2,4]triazolo[1,8}pyrimidine (41b) Yield: 67%. m.p. 143-145 °C. IR (¢th
3065; 1610; 1519; 862H NMR (400 MHz, DMSO-g, TMS, § in ppm): 2.50 (s; 3H; ChY; 3.60 (s; 3H:;
CHy); 7.55 (s; 1H; H6).2*C NMR (100 MHz, DMSO-g TMS, & in ppm): 14.6 (CH); 24.3 (CHb);
110.9 (C6); 137.2 (C5); 155.5 (C3a); 164.7 (C25.06C7). ESI [M+1]182.97.
7-chloro-5-methyl-2-(trifluoromethyl)-[1,2,4]triaka[1,5-a]pyrimidine (41c) Yield: 79%. m.p. 107-108
°C. IR (cmb): 3061; 1613; 1522; 877; 7481 NMR (400 MHz, DMSO-¢, TMS, § in ppm): 2.68 (s;
3H; CHy); 7.88 (s; 1H; H6)**C NMR (100 MHz, DMSO-g TMS, § in ppm): 24.6 (Ch); 113.9 (C6);
119.1 (g;J = 269.0 Hz; CE); 138.8 (C5); 154.5 (g] = 38.6 Hz; C2); 155.3 (C3a); 167.8 (CF NMR
(376 MHz, DMSO-@, TMS, § in ppm): -64.60. HRMS (ESI): [M+1p37.0142.
7-chloro-2,5-dimethylpyrazolo[1,8lpyrimidine (41d) Yield: 97%. m.p. 51-53 °C. IR (cf: 1603;
1543; 831H NMR (400 MHz, DMSO-g, TMS, 5 in ppm): 2.43 (s; 3H; Ck); 2.50 (s; 3H; CH); 6.51
(s; 1H; H3); 7.22 (s; 1H; H6):*C NMR (100 MHz, DMSO-g TMS, § in ppm): 14.1 (CH); 23.8
(CHs); 95.9 (C3); 108.2 (C6); 136.3 (C3a); 149.4 (A%4.5 (C2); 158.4 (C7). ESI [M+1182.0451.

4.2.4. General procedure for the preparation ofcéi@mmidobenzene-1-sulfonyl chlori@e)

Ten grams (0.073 mol) ™¥-phenylacetamide was slowly added to 24,6 mL obrcdulfonic acid
(0.37 mol) with magnetic stirring. During the adiolit, an ice-water bath was used to keep the
temperature at approximately 0 °C; then, the badk vemoved, and the temperature was raised to 60
°C. The reaction mixture was stirred and heatedLfar The mixture was then slowly poured into ice,
and the precipitate formed was vacuum filtered wadhed with water. The product was used without
purification [21].

4-acetamidobenzene-1-sulfonyl chloridd2) Yield: 77%. HRMS (ESI):calc. for CgH7CINO3S
231.9841; found [M-1]231.9861.



4.2.5. General procedure for the preparation ofANA{-arylsulfamoyl)phenyl)acetamidé3a-g

A mixture of 2.3 g (0.01 mol) of 4-acetamidobenzrifnyl chloride(42), 1 equivalent of the
respective aniline, 5 mL of TEA (2.5 equivalentahd 25 mL of chloroform was kept with stirring
under reflux for 5 h. Then, the solvent was evajgaraand ice water was added to the mixture. The
precipitate formed was vacuum filtered, washed witistilled water and recrystallized from

ethanol/water (1:1).

N-(4-(N-phenylsulfamoyl)phenyl)acetamidé3a) Yield: 67%. m.p. 197-199 °C. IR (¢hr 3445-3249;
1669; 1592; 1314-1156H NMR (400 MHz, DMSO-¢, TMS, § in ppm): 2.04 (s; 3H; C¥; 6.93 (t;
1H; J = 7.4 Hz; H4"); 7.02 (dd; 2HJ = 1.2 Hz;J = 7.4 Hz; H2', HE’); 7.16 (t; 2H)) = 7.4 Hz; H3’,
H5'); 7.66 (s; 4H; H2, H3, H5, HB); 10.26 (s; 1HO$IH). °C NMR (100 MHz, DMSO-¢, TMS, 5 in
ppm): 23.9 (CH); 118.3 (C3, C5); 119.9 (C2’, C6"); 122.8 (C4')276 (C2, C6); 128.8 (C3', C5);
134.0 (C1); 139.2 (C1’); 142.5 (C4); 168.8 (C=ORMS (ESI): [M+23[ 313.0612.

N-(4-(N-(4-chlorophenyl)sulfamoyl)phenyl)acetami¢43b) Yield: 42%. m.p. 194-195 °C. IR (chr
3358-3192; 1682; 1601; 1326-1150; 8#3.NMR (400 MHz, DMSO-g, TMS, § in ppm): 2.05 (s; 3H;
CHa); 7.07 (d; 2H;J = 8.8 Hz; H2', H6"); 7.28 (d; 2HJ = 8.8 Hz; H3’, H5’); 7.67 (d; 4HJ = 9.1 Hz;
H2, H6); 7.70 (d; 4HJ = 9.1 Hz; H3, H5); 10.30 (s; 1H; NH); 10.31 (s;;15:NH). **C NMR (100
MHz, DMSO-d&, TMS, 5 in p.p.m): 24.0 (Ch); 118.4 (C3, C5); 121.4 (C2’, C6’); 127.84 (C2,)C6
127.88 (C4’); 128.9 (C3’, C5’); 132.4 (C1); 136QX(); 143.1 (C4), 168.9 (C=0). HRMS (ESI): [M-1]
323.0143.

N-(4-(N-(4-fluorophenyl)sulfamoyl)phenyl)acetamidd43c) Yield: 59%. m.p. 177-179 °C. IR (chr
3356-3229; 1688; 1592; 1324-1147; 1084.NMR (400 MHz, DMSO-¢, TMS, & in ppm): 2.05 (s;
3H; CHs); 7.07-7.06 (m; 4H; H2’, H3’, H5’, H6’); 7.63 (&H; J = 7.0 Hz; H2, H6); 7.68 (d; 2H;,= 7.0
Hz; H3, H5); 10.09 (s; 1H; SMH); 10.29 (s; 1H; NH)}*C NMR (100 MHz, DMSO-¢f TMS, § in
ppm): 24.1 (CH); 115.8 (d;J = 22.3 Hz; C3’, C5’); 118.4 (C3, C5); 122.7 @z 8.1 Hz; C2’, C6’);
127.9 (C2, C6); 132.6 (C1); 134.0 W5 2.3 Hz; C1’); 143.1 (C4); 158.9 (d;= 239.2 Hz; C4’); 169.0
(C=0).*F NMR (376 MHz, DMSO-¢, TMS, 5 in ppm): -118.57. HRMS (ESI): [M+23B31.0462.

N-(4-(N-(p-tolyl)sulfamoyl)phenyl)acetamidé43d) Yield: 74%. m.p. 190-192 °C. IR (chr 3352-
3199; 1683; 1594; 1397; 1327-11451 NMR (400 MHz, DMSO-¢, TMS, & in ppm): 2.05 (s; 3H;
CHy); 2.17 (s; 3H; CHl); 6.94 (d; 2H;J = 8.4 Hz; H2’, HE’); 7.01 (d; 2HJ = 8.4 Hz; H3’, H5'); 7.63
(d; 4H;J = 9.0 Hz; H2, H6); 7.67 (d; 4H),= 9.0 Hz; H3, H5); 9.97 (s; 1H; $MH); 10.27 (s; 1H; NH).
3C NMR (100 MHz, DMSO-¢ TMS, 5 in ppm): 20.2 (CH)); 24.0 (CH;); 118.4 (C3, C5); 120.5 (C2,
C6"); 127.8 (C2, C6); 129.4 (C3’, C5’); 133.0 (CA133.2 (C1); 135.1 (C1"); 142.9 (C4); 168.9 (C=0).

HRMS (ESI): [M+23] 327.0778.

N-(4-(N-(4-methoxyphenyl)sulfamoyl)phenyl)acetamid@e) Yield: 87%. m.p. 195-197 °C. IR (¢t

3302-3242; 1668; 1586; 1315-1156; 10%2.NMR (400 MHz, DMSO-¢, TMS, & in ppm): 2.05 (s;
3H; CHg); 3.66 (s; 3H; OCh); 6.78 (d; 2H;J = 9.0 Hz; H2’, H6"); 6.95 (d; 2HJ = 9.0 Hz; H3’, H5");
7.59 (d; 2HJ = 7.0 Hz; H2, H6); 7.67 (d; 2K} = 7.0 Hz; H3, H5); 9.76 (s; 1H; SOH); 10.27 (s; 1H;
NH). **C NMR (100 MHz, DMSO-¢ TMS, & in ppm): 24.1 (CH); 55.1 (OCH); 114.2 (C3’, C5');



118.4 (C3, C5); 123.4 (C2', C6’); 127.9 (C2, C6R012 (C1); 133.0 (C1’); 142.9 (C4); 156.4 (C4);
168.9 (C=0). HRMS (ESI): [M+23B343.0702.

N-(4-(N-(4-(trifluoromethyl)phenyl)sulfamoyl)phenyl) acetade (43f) Yield: 44%. m.p. 185-188 °C.
IR (cm™): 1673; 1591; 1320-1152H NMR (400 MHz, DMSO-¢, TMS, § in ppm): 2.05 (s; 3H; CH);
7.27 (d; 2H;J = 8.4 Hz; H2’, H6); 7.59 (d; 2HJ = 8.6 Hz; H3', H5’); 7.72 (d; 4HJ = 9.2 Hz; H2,
H6); 7.76 (d; 4H;) = 9.2 Hz; H3, H5); 10.33 (s; 1H; SOH); 10.77 (s; 1H; NH)**C NMR (100 MHz,
DMSO-d&;, TMS, 8 in ppm): 24.0 (Ch); 118.52 (C3, C5); 118.58 (C2', C6"); 123.4 Jo= 31.8 Hz;
C4’); 124.1 (g;J = 269.7 Hz; CF3); 126.4 (¢ = 3.7 Hz; C3', C5’); 127.9 (C2, C6) 132.4 (C1)1B4
(C1'); 143.3 (C4); 168.9 (C=OJF NMR (376 MHz, DMSO-¢ TMS, § in ppm): -60.42. HRMS (ESI):
[M-1]"357.0459.

N-(4-(N-(naphthalen-2-yl)sulfamoyl)phenyl)acetami@g) GrossYield: 61%. HRMS (ESI): calc. for
[M-1]" C1gH15N203S 339,0803; found [M-1B39,0812 (used without purification).

4.2.6. General procedure for the preparation ofmtao-N-arylbenzenesulfonamidggta-g)

A mixture of 0.006 mol of the respectiite(4-(N-arylsulfamoyl)phenyl)acetamidiBa-gin 30 mL
of 6N HCI was kept with stirring under reflux (10CQ) for 6 h. Then, the solution was cooled and
neutralized with 20% NaOH. The precipitate formedswacuum filtered, washed with water and

recrystallized from ethanol/water (1:1).

4-aminoN-phenylbenzenesulfonamidd4a) Yield: 81%. m.p. 189 °C. IR (cf): 3250-3219; 1593;
1300-1147*H NMR (400 MHz, DMSO-¢, TMS, § in ppm): 5.95 (s; 2H; NbJ; 6.51 (d; 2H;J = 8.7

Hz; H3, H5); 6.96 (t; 1HJ) = 7.5 Hz; H4’); 7.05 (dd; 2H] = 0.9 Hz;J = 7.5 Hz; H2’, HE’) 7.19 (t; 2H;
J = 7.5 Hz; H3', H5"); 7.37 (d; 2HJ = 8.7 Hz; H2, H6); 9.83 (s; 1H; SMH). **C NMR (100 MHz,

DMSO-¢;, TMS, 6 in ppm): 112.5 (C3, C5); 119.3 (C2', C6"); 123R4(); 124.3 (C1); 128.6 (C3’,
C5’); 128.9 (C2, C6); 138.4 (C1’); 152.7 (C4). HRNESI): [M+23] 271.0531.

4-aminoN-(4-chlorophenyl)benzenesulfonamit#tb) Yield: 75%. m.p. 191-193 °C. IR (cht 3413-
3341; 1594; 1312-1147; 81*H NMR (400 MHz, DMSO-¢, TMS, 5 in ppm): 5.99 (s; 2H; NbJ; 6.53
(d; 2H;J = 8.1 Hz; H3, H5); 7.06 (d; 2K = 8.2 Hz; H2', H6"); 7.24 (d; 2H) = 8.2 Hz; H3’, H5); 7.37
(d; 2H;J = 8.1 Hz; H2, H6); 10.00 (s; 1H; SH). **C NMR (100 MHz, DMSO-¢ TMS, § in ppm):
112.4 (C3, C5); 120.8 (C2’, C6’); 123.8 (C1); 127Q4"); 128.6 (C2, C6); 128.8 (C3’, C5’); 137.3
(C1); 152.8 (C4). HRMS (ESI): [M+23B305.0214.

4-aminoN-(4-fluorophenyl)benzenesulfonami@é4c) Yield: 84%. m.p. 163-164 °C. IR (cht 3391-
3345; 1593; 1308-1146; 1088 NMR (400 MHz, DMSO-¢, TMS, 5 in ppm): 5.96 (s; 2H; NbJ; 6.51
(d; 2H;J = 8.7 Hz; H3, H5); 7.05 (d; 4Kk = 6.8 Hz; H2’, H3’, H5’, HE’); 7.33 (d; 2HJ = 8.7 Hz; H2,
H6); 9.77 (s; 1H; S@NH). **C NMR (100 MHz, DMSO-¢ TMS, 5 in ppm): 112.4 (C3, C5); 115.5 (d;
J =224 Hz; C3, C5); 121.9 (d] = 8.1 Hz; C2’, C6’); 123.9 (C1); 128.5 (C2, C63416 (d;J = 2.2
Hz; C1'); 152.7 (C4); 158.5 (dt = 238.5 Hz; C4")!°F NMR (376 MHz, DMSO-¢ TMS, § in ppm): -
119.43. HRMS (ESI): [M+23]289.0442.

4-aminoN-(p-tolyl)benzenesulfonamidé44d) Yield: 89%. m.p. 187-188 °C. IR (cht 3411-3343;
1594; 1397; 1317-1147H NMR (400 MHz, DMSO-¢, TMS, § in ppm): 2.17 (s; 3H; C§); 5.92 (s;
2H; NHy); 6.50 (d; 2HJ = 8.7 Hz; H3, H5); 6.93 (d; 2H;= 8.4 Hz; H2’, H6’); 6.99 (d; 2HJ = 8.4 Hz;



H3', H5)); 7.34 (d; 2H;J = 8.7 Hz; H2, H6); 9.65 (s; 1H; SOH). °C NMR (100 MHz, DMSO-¢
TMS, 5 in ppm): 20.2 (CH); 112.4 (C3, C5); 119.9 (C2’, C6’); 124.4 (C1)81& (C3', C5'); 129.3 (C2,
C6); 132.4 (C4’); 135.8 (C1’); 152.6 (C4). HRMS (ESM+23]" 285.0681.

4-aminoN-(4-methoxyphenyl)benzenesulfonami@éde) Yield: 66%. m.p. 194-195 °C. IR (chr
3401-3258; 1589; 1317-1149; 103H NMR (400 MHz, DMSO-¢, TMS, & in ppm): 3.65 (s; 3H;
OCHg); 5.91 (s; 2H; NH); 6.50 (d; 2H;J = 8.7 Hz; H3, H5); 6.76 (d; 2H} = 8.9 Hz; H2’, H6’); 6.94
(d; 2H;J = 8.9 Hz; H3', H5); 7.2 (d; 2HJ = 8.7 Hz; H2, H6); 9.44 (s; 1H; SOH). **C NMR (100
MHz, DMSO-d, TMS, 8 in ppm): 55.0 (OCH); 112.4 (C3, C5); 114.0 (C3, C5’); 122.8 (C2', 6
124.4 (C1); 128.6 (C2, C6); 131.0 (C1’); 152.6 (CKH6.0 (C4’). HRMS (ESI): [M+23]301.0631.

4-aminoN-(4-(trifluoromethyl)phenyl)benzenesulfonami@etf) Yield: 63%. m.p. 165-167 °C. IR (Cm
1): 3348; 1592; 1316-1144; 73'"H NMR (400 MHz, DMSO-¢, TMS, 5 in ppm): 6.04 (s; 2H; NB;
6.54 (d; 2H;J = 8.7 Hz; H3, H5); 7.23 (d; 2K = 8.5 Hz; H2’, H6’); 7.44 (d; 2HJ = 8.7 Hz; H2, H6);
7.57 (d; 2H;J = 8.6 Hz; H3", H5'); 10.45 (s; 1H; SAH). **C NMR (100 MHz, DMSO-¢, TMS, § in
ppm): 112.5 (C3, C5); 117.9 (C2', C6'); 122.7J¢;, 31.8 Hz; C4’); 123.5 (C1); 124.2 (= 269.6 Hz;
CF3); 126.2 (q;) = 3.8 Hz; C3', C5'); 128.6 (C2, C6); 142.1 (C153.0 (C4).*F NMR (376 MHz,
DMSO-d;, TMS, § in ppm): -60.29.HRMS (ESI): [M-1B15.0314.

4-aminoN-(naphthalen-2-yl)benzenesulfonamig@elg) Yield: 67%. m.p. 207-208 °C. IR (¢t 3412-
3341; 1594; 1307-1142H NMR (400 MHz, DMSO-¢, TMS, 5 in ppm): 5.93 (s; 2H; NbJ; 6.49 (d;
2H; J = 8.7 Hz; H3, H5); 7.27 (dd; 1H;,= 2.1 Hz;J = 8,8 Hz; H4’); 7.38-7.34 (m; 1H; H5’); 7.43 (d;
3H; J = 8.7 Hz; H2, H6); 7.45-7.40 (m; 3H; H8’); 7.51, (iH; J = 1.76 Hz; H1); 7.78-7.72 (m; 3H,;
H3'", H6’, H7’); 10.10 (s; 1H; SeNH). **C NMR (100 MHz, DMSO-¢, TMS,  in ppm): 112.5 (C3,
C5); 114.9 (C1"; 120.0 (C4"); 124.2 (C1); 124.66(C126.5 (C8'); 127.0 (C6’ or C7’); 127.4 (C6’ or
C7); 128.7 (C2, C6, C3’); 129.6 (C4a’); 133.2 (Q8d36.1 (C2); 152.8 (C4). EM (ESI): [M-1]
296.97.

4.2.7. General procedure for the preparation of(34hethyl-[1,2,4]triazolo[1,5-a]pyrimidin-7-
yl)amino)-N-arylbenzenesulfonamide hydrochlorigé4), 4-((2,5-dimethylpyrazolo[1,5-a]pyrimidin-
7-yl)amino)-N-arylbenzenesulfonamide hydrochlorig@s-31) and 4-((7-chloroquinolin-4-yl)amino)-
N-arylbenzenesulfonamide hydrochlorid@2-38)

A mixture of 0.001 mol of compoun@la-d or 45), 1 equivalent of the respective 4-amiNo-
arylbenzenesulfonamiddg4a-g) and 3 mL of ethanol was stirred and refluxed (Z§ for 2 h. The
reaction mixture was poured into ice water, andptteeipitate formed was vacuum filtered and washed
with water. The precipitate was purified by recajisation from methanol/water (2:1) or
chromatography TLC Glass Plates (Merck TLC Silied §0 RP-18 fsss) in chloroform/methanol
(9.5:0.5). After purification, the respective hydntoride was prepared, and the molecules were
solubilized and stirred for 15 minutes in a 1:lusioh of HCI/H,O and concentrated under vacuum [17—
19].



4-((5-methyl-[1,2,4]triazolo[1,&]pyrimidin-7-yl)amino)N-phenylbenzenesulfonamide hydrochloride
(4) Yield: 48%. m.p. 250-252 °C. IR (¢hr 3036; 1655; 1608; 1332-11534 NMR (400 MHz,
DMSO-ds;, TMS, 6 in ppm): 2.49 (s; 3H; CkJ; 6.75 (s; 1H; H6); 7.04 (t; 1H;= 7.3 Hz; H4"); 7.15 (d;
2H; J = 7.5 Hz; H2”, H6"); 7.25 (t; 2H;J = 7.4 Hz; H3”, H5"); 7.63 (d; 2H;J = 8.7 Hz; H2', HE");
7.86 (d; 2H;J = 8.7 Hz; H3', H5"); 8.76 (s; 1H; H2) 10.45 (s; 18ONH). *C NMR (100 MHz,
DMSO-d&;, TMS, 6 in ppm): 23.5 (CH); 91.6 (C6); 119.8 (C2”, C6™); 123.6 (C2’, C6'%23.9 (C4");
128.2 (C3’, C5’); 129.1 (C3", C5"); 136.3 (C1'137.5 (C1"); 140.5 (C4’); 145.5 (C5); 152.5 (C3a);
152.6 (C2); 164.1 (C7). HRMS (ESI): calc. forg8:7Ns0>S 381.1128; found [M+1]381.1115. HPLC:
98%.

N-(4-chlorophenyl)-4-((5-methyl-[1,2,4]triazolo[1&pyrimidin-7-yl)amino)benzenesulfonamide
hydrochloride(5) Yield: 98%. m.p. 286-288 °C. IR (¢t 3100-3034; 1655; 1605; 1327-1156; 846.
NMR (400 MHz, DMSO-¢, TMS, 8 in ppm): 2.50 (s; 3H; C§J; 6.78 (s; 1H; H6); 7.17 (d; 2H;,= 8.9
Hz; H2”, H6"); 7.32 (d; 2H;J = 8.9 Hz; H3”, H5"); 7.64 (d; 2H,J = 8.7 Hz; H2’, H6’); 7.86 (d; 2HJ

= 8.7 Hz; H3', H5'); 8.79 (s; 1H; H2) 10.65 (s; 18ONH). **C NMR (100 MHz, DMSO-¢ TMS, &

in ppm): 23.5 (CH); 91.7 (C6); 121.4 (C2", C6"); 123.6 (C2’, C6'£28.0 (C4"); 128.2 (C3’, C5");
129.0 (C3”, C5"); 135.9 (C1’); 136.5 (C1”); 146.(C4’); 145.5 (C5); 152.41 (C3a); 152.48 (C2);
164.1 (C7). HRMS (ESI): calc. f@;gH16CINO2S 415.0738; found [M+1}415.0729. HPLC: 98.5%.

N-(4-fluorophenyl)-4-((5-methyl-[1,2,4]triazolo[1,8}pyrimidin-7-yl)amino)benzenesulfonamide
hydrochloride(6) Yield: 79%. m.p. 274-276 °C. IR (¢ht 3293; 1624; 1587; 1333-1154; 10961
NMR (400 MHz, DMSO-¢, TMS, 6 in ppm): 2.46 (s; 3H; C§); 6.68 (s; 1H; H6); 7.14-7.08 (m; 4H;
H2”, H3"”, H5"; H6"); 7.63 (d; 2H; J= 8.5 Hz; H2’, H6); 7.77 (d; 2HJ = 8.5 Hz; H3’, H5'); 8.53 (s;
1H; H2) 10.29 (s; 1H; SANH); 10.47 (s; 1H: NH)*C NMR (100 MHz, DMSO-¢ TMS, & in ppm):
24.6 (CH); 90.6 (C6); 115.8 (dj = 22.4 Hz; C3”, C5”) 122.5 (dJ = 8.2 Hz; C2”, C6"); 122.7 (C2,
C6’); 128.1 (C3', C5'); 133.7 (dJ = 2.5 Hz; C1"); 134.9 (C1’); 141.3 (C4"); 144.85%); 154.3 (C2);
155.3 (C3a); 158.9 (d] = 239.5 Hz; C4"); 164.6 (C7)'*F NMR (376 MHz, DMSO-¢ TMS, § in
ppm): -118.41. HRMS (ESI): calc. f@igH16FNsO>S 399.1033; found [M+11399.1035. HPLC: 99.7%.

4-((5-methyl-[1,2,4]triazolo[ 1, pyrimidin-7-yl)amino)N-(p-tolyl)benzenesulfonamide hydrochloride
(7) Yield: 83%. m.p. 266-267 °C. IR (cht 3103; 1659; 1614; 1385; 1339-1198. NMR (400 MHz,
DMSO-d;, TMS, & in ppm): 2.19 (s; 3H; CB); 2.50 (s; 3H; CH); 6.76 (s; 1H; H6); 7.04 (d; 4H} =
9.0 Hz; H2”, H3”, H5”, H6"); 7.62 (d; 2H;J = 8.7 Hz; H2’, HE’); 7.83 (d; 2H) = 8.7 Hz; H3’, H5’);
8.79 (s; 1H; H2) 10.28 (s; 1H; SH). **C NMR (100 MHz, DMSO-¢ TMS,  in ppm): 20.3 (CH)
23.5 (CH); 91.8 (C6); 120.5 (C2", C6™); 123.7 (C2’, C6'L28.3 (C3', C5"); 129.6 (C3", C5") 133.4
(C4"); 134.9 (C1'); 136.5 (C1™); 140.4 (C4"); BA7 (CH); 152.4 (C3a); 152.5 (C2); 164.2 (C7). HRMS
(ESI): calc. foiC1gH1oNg02S 395.1284; found [M+11395.1283. HPLC: 98.5%.

N-(4-methoxyphenyl)-4-((5-methyl-[1,2,4]triazolo[X&§pyrimidin-7-yl)amino)benzenesulfonamide
hydrochloride(8) Yield: 53%. m.p. 261-262 °C. IR (¢ht 3100-3034; 1655; 1605; 1327-1156; 8486.
NMR (400 MHz, DMSO-¢, TMS, 6 in ppm): 2.50 (s; 3H; CkJ; 3.67 (s; 3H; OCH); 6.75 (s; 1H; H6);
6.82 (d; 2H;J = 9.0 Hz; H2”, H6™); 7.03 (d; 2H;J = 9.0 Hz; H3"”, H5"); 7.62 (d; 2H,J = 8.7 Hz; H2',
H6'); 7.79 (d; 2H;J = 8.7 Hz; H3’, H5'); 8.78 (s; 1H; H2) 10.07 (s; 1BONH). **C NMR (100 MHz,
DMSO-d;, TMS, s in ppm): 23.6 (ChH); 55.1 (OCH); 91.7 (C6); 114.3 (C3”, C5”); 123.4 (C2’, C6’);
123.6 (C2”, C6”); 128.3 (C3’, C5’); 130.0 (C1'136.4 (C1™); 140.3 (C4’); 145.7 (C5); 152.5 (C3a);



152.6 (C2); 156.5 (C4”); 164.2 (C7). HRMS (ESIglc. for CigH1gNsOsS 411.1233; found [M+1]
411.1236. HPLC: 99.2%.

4-((5-methyl-[1,2,4]triazolo[1,&]pyrimidin-7-yl)amino)N-(4-
(trifluoromethyl)phenyl)benzenesulfonamide hydrachle (9) Yield: 25%. m.p. 265-268 °C. IR (¢ht
3266; 1621; 1589; 1325-1150; 778l NMR (400 MHz, DMSO-¢, TMS, 5 in ppm): 2.45 (s; 3H; CH);
6.68 (s; 1H; H6); 7.27 (d; 2H;= 8.5 Hz; H2”, H6"); 7.58 (d; 2H;J = 8.6 Hz; H3”, H5"); 7.63 (d; 2H;
J=8.7 Hz; H2', HE’); 7.87 (d; 2HJ = 8.7 Hz; H3’, H5’); 8.52 (s; 1H; H2) 10.45 (s; 1NH); 10.60 (s;
1H; SQNH). **C NMR (100 MHz, DMSO-g TMS, 5 in ppm): 24.6 (Ch); 90.5 (C6); 118.6 (C2”,
C6"); 122.4 (q;J = 32.8 Hz; C4™); 122.8 (C2', C6"); 124.2 (§;= 269.5; CEk); 126.3 (q;J = 3.7 Hz;
C3”, C5”); 128.0 (C3', C5’); 135.9 (C1’); 141.4G4’); 143.1 (C1"); 144.4 (C5); 154.3 (C2); 155.3
(C3a); 164.5 (C7)*F NMR (376 MHz, DMSO-¢ TMS, & in ppm): -60.21. HRMS (ESI): calc.
C1oH16F3N6O,S 449.1002; found [M+I]4491010 HPLC: 99.3%.

4-((5-methyl-[1,2,4]triazolo[1, %] pyrimidin-7-yl)amino)N-(naphthalen-2-yl)benzenesulfonamide
hydrochloride(10) Yield: 32%. m.p. 264-265 °C. IR (¢t 3287; 1621; 1569; 1320-11534 NMR
(400 MHz, DMSO-g, TMS, & in ppm): 2.43 (s; 3H; CkJ; 6.65 (s; 1H; H6); 7.34 (dd; 1H;= 2.16 Hz;

J = 8.8 Hz; H4"); 7.41-7.37 (m; 1H; H5"); 7.47-7.4@n; 1H; H8"); 7.62-7.61 (m; 3H; H2', HE’,
H1"); 7.80-7.78 (m; 3H; H3", H6”, H7”); 7.87 (d 2H;J = 8.7 Hz; H3’, H5’); 8.50 (s; 1H; H2); 10.43
(s; 1H; NH); 10.58 (s; 1H; SIH). *C NMR (100 MHz, DMSO-¢ TMS, § in ppm): 24.6 (CH); 90.5
(C6); 115.7 (C17); 120.1 (C47); 122.7 (C2’, C6'124.9 (C5”); 126.5 (C8"); 127.0 (C6” ou C7”);
127.4 (C6” ou C77); 128.1 (C3’, C5); 129.0 (C3; 129.8 (C4a”); 133.1 (C8a”); 135.20 (C1";
135.25 (C2”); 141.3 (C4’); 144.2 (C5); 154.3 (CA)B5.3 (C3a); 164.6 (C7). HRMS (ESI): calc. for
CooH18N6O.S 431.1285; found [M+I]4311286 HPLC: 98.3%

4-((2,5-dimethyl-[1,2,4]triazolo[ 1,8 pyrimidin-7-yl)amino)N-phenylbenzenesulfonamide
hydrochloride(11) Yield: 27%. m.p. 256-258 °C. IR (¢t 3380; 1626; 1586; 1339-116*H NMR
(400 MHz, DMSO-¢, TMS, 6 in ppm): 2.42 (s; 3H; C¥) 2.47 (s; 3H; CH); 6.62 (s; 1H; H6); 7.03 (t;
1H; J = 7.4 Hz; H4"); 7.12 (d; 2H;) = 7.6 Hz; H2”, HE™); 7.24 (t; 2H;J = 7.5 Hz; H3”, H5"); 7.60
(d; 2H;J= 8.7 Hz; H2’, H6’); 7.80 (d; 2H) = 8.7 Hz; H3’, H5’); 10.33 (s; 1H; SMH); 10.40 (s; 1H;
NH). **C NMR (100 MHz, DMSO-¢f TMS, & in ppm): 14.7 (CH)); 24.7 (CHy); 90.3 (C6); 119.8
(C27, C6™); 122.6 (C2’, C6"); 124.0 (C4™); 128.2C3’, C5’); 129.2 (C3”, C5”); 135.2 (C1"); 137.7
(C1"); 141.5 (C4"); 143.8 (C5); 155.8 (C3a); 163(€2); 164.1 (C7). HRMS (ESI): calc. for
C19H10N6O2S 395.1284; found [M+1]395.1269. HPLC: 99.9%

N-(4-chlorophenyl)-4-((2,5-dimethyl-[1,2,4]triazolbb-a]pyrimidin-7-yl)amino)benzenesulfonamide
hydrochloride(12) Yield: 44%. m.p. 270-271 °C. IR (¢ht 3371-3099; 1620; 1586; 1338-1160; 833.
'H NMR (400 MHz, DMSO-¢, TMS, 5 in ppm): 2.43 (s; 3H; C¥) 2.48 (s; 3H; CH); 6.64 (s; 1H:;
H6); 7.14 (d; 2HJ = 8.8 Hz; H2”, H6); 7.32 (d; 2H.J = 8.8 Hz; H3”, H5"); 7.62 (d; 2H,J = 8.6 Hz;
H2’, H6’); 7.80 (d; 2H;J = 8.7 Hz; H3’, H5’); 10.43 (s; 1H; NH); 10.50 ($41SONH). **C NMR (100
MHz, DMSO-d&, TMS, 8 in ppm): 14.5 (CHl); 24.6 (CHs); 90.3 (C6); 121.2 (C2”, C6”); 122.5 (C2,
C6"); 127.9 (C4"); 128.1 (C3', C5"); 129.1 (C3'C5"); 134.7 (C1"); 136.6 (C1”); 141.6 (C4’); 143.
(C5); 155.7 (C3a); 163.5 (C2); 164.0 (C7). HRMS IjES8alc. for C1gH1sCINO.S 429.0894; found
[M+1]"429.0901. HPLC: 100%.

4-((2,5-dimethyl-[1,2,4]triazolo[ 1,8 pyrimidin-7-yl)amino)-N-(4-fluorophenyl)benzenesulfonamide
hydrochloride(13) Yield: 25%. m.p. 252-254 °C. IR (¢t 1625; 1559; 1328-1157; 10954 NMR



(400 MHz, DMSO-g, TMS, 6 in ppm): 2.43 (s; 3H; C¥); 2.48 (s; 3H; CH); 6.62 (s; 1H; H6); 7.15-
7.08 (m; 4H; H2”, H3”, H5"”; H6™); 7.60 (d; 2H;J = 8.7 Hz; H2’, H6"); 7.76 (d; 2HJ = 8.7 Hz; H3’,
H5'); 10.29 (s; 1H; SENH); 10.43 (s; 1H; NH)**C NMR (100 MHz, DMSO-¢ TMS, § in ppm): 14.5
(CHg"); 24.5 (CHg); 90.2 (C6); 115.8 (dJ = 22.5 Hz; C3”, C5”) 122.4 (d;J = 7.1 Hz; C2”, C6");
122.5 (C2’, C6’); 128.1 (C3’, C5); 133.7 (d;= 2.5 Hz; C1”); 134.8 (C1"); 141.4 (C4’); 143.T%);
155.6 (C3a); 158.9 (d] = 239.5 Hz; C4"); 163.4 (C2); 164.0 (C7'F NMR (376 MHz, DMSO-g
TMS, & in ppm): -118.45. HRMS (ESI): calc. f@ioH:1sFNsO2S 413.1190; found [M+1]413.1184.
HPLC: 100%.

4-((2,5-dimethyl-[1,2,4]triazolo[ 1,8 pyrimidin-7-yl)amino)N-(p-tolyl)benzenesulfonamide
hydrochloride(14) Yield: 29%. m.p. 257-260 °C. IR (¢ht 3372-3128; 1621; 1562; 1387; 1337-1158.
'H NMR (400 MHz, DMSO-¢, TMS,  in ppm): 2.18 (s; 3H; CH#); 2.42 (s; 3H; CH); 2.47 (s; 3H;
CHy); 6.61 (s; 1H; H6); 7.05-6.99 (m; 4H; H2”, H3'H5", H6); 7.59 (d; 2H;J = 8.6 Hz; H2', HE’);
7.76 (d; 2H;J = 8.6 Hz; H3’, H5'); 10.16 (s; 1H; SMH); 10.40 (s; 1H; NH)**C NMR (100 MHz,
DMSO-a;, TMS, § in ppm): 14.6 (CH); 20.2 (CH;”) 24.7 (CHg); 90.2 (C6); 120.3 (C2”, C6”); 122.6
(C2, C6"); 128.1 (C3, C5’); 129.6 (C3”, C5”) 133 (C4"); 135.0 (C1’); 135.2 (C1”); 141.4 (C4);
143.8 (C5); 155.9 (C3a); 163.6 (C2); 164.1 (C7).MER(ESI): calc. forC0H21N60O2S 409.1441; found
[M+1]"409.1441. HPLC: 98%.

4-((2,5-dimethyl-[1,2,4]triazolo[ 1,8 pyrimidin-7-yl)amino)-N-(4-methoxyphenyl)benzenesulfonamide
hydrochloride(15) Yield: 82%. m.p. 281-284 °C. IR (¢t 1656; 1578; 1332-1159; 10254 NMR
(400 MHz, DMSO-g, TMS, 6 in ppm): 2.49 (s; 3H; CH); 2.56 (s; 3H; CH); 3.67 (s; 3H; OCH); 6.76
(s; 1H; H6); 6.82 (d; 2H) = 9.0 Hz; H2”, H6"); 7.03 (d; 2HJ = 9.0 Hz; H3"”, H5"); 7.59 (d; 2HJ =
8.7 Hz; H2', H6"):; 7.79 (d; 2H; = 8.7 Hz; H3’, H5'); 10.09 (s; 1H; SMH); 11.09 (s;1H; NH)**C
NMR (100 MHz, DMSO-¢, TMS, § in ppm): 13.4 (CH); 23.5 (CH); 55.0 (OCH); 92.2 (C6); 114.2
(C3”, C57); 123.2 (C2, C6’); 123.5 (C2", C6");128.2 (C3', C5’); 129.9 (C1’); 136.4 (C1"); 140.0
(C4’); 145.2 (C5); 151.5 (C4”); 156.4 (C3a); 160(€2); 164.4 (C7). HRMS (ESI): calc. for
Ca20H21N603S 425.1390; found [M+1§425.1387. HPLC: 99.2%.

4-((2,5-dimethyl-[1,2,4]triazolo[1,%]pyrimidin-7-yl)amino)N-(4-
(trifluoromethyl)phenyl)benzenesulfonamide hydraclde (16) Yield: 30%. m.p. 250-252 °C. IR (Cm
'): 3369; 1621; 1562; 1321-1157; 8481 NMR (400 MHz, DMSO-g, TMS, 5 in ppm): 2.42 (s; 3H;
CHzy'); 2.47 (s; 3H; CH); 6.63 (s; 1H; H6); 7.30 (d; 2H = 8.4 Hz; H2", H6”); 7.61 (d; 2H;J = 8.4
Hz; H3”, H5"); 7.62 (d; 2H;J = 8.6 Hz; H2', HE’); 7.87 (d; 2HJ = 8.8 Hz; H3’, H5'); 10.43 (s; 1H;
SO,NH); 10.91 (s; 1H; NH)**C NMR (100 MHz, DMSO-¢ TMS, 8 in ppm): 14.7 (CH); 24.6 (CHb);
90.4 (C6); 118.6 (C2”, C6"); 122.7 (C2’, C6); B2 (q;J = 32.0 Hz; C4”); 124.2 (9 = 269.6; Chk);
126.5 (q;J = 3.7 Hz; C3”, C5”); 128.2 (C3’, C5’); 135.1 (O 141.8 (C4’); 142.2 (C1”); 143.8 (C5);
155.8 (C3a); 163.6 (C2); 164.1 (CTJF NMR (376 MHz, DMSO-¢f TMS, § in ppm): -60.28. HRMS
(ES') calc. fOIC20H18F3N6028 463.1158; found [M+I]4631147 HPLC: 98%.

4-((2,5-dimethyl-[1,2,4]triazolo[ 1,8 pyrimidin-7-yl)amino)N-(naphthalen-2-yl)benzenesulfonamide
hydrochloride(17) Yield: 27%. m.p. 246-248 °C. IR (¢ht 3335; 1620; 1563; 1308-115"H NMR
(400 MHz, DMSO-g, TMS, 6 in ppm): 2.40 (s; 3H; C¥); 2.45 (s; 3H; CH); 6.58 (s; 1H; H6); 7.33
(dd; 1H;J = 2.16 Hz;J = 8.8 Hz; H4"); 7.41-7.37 (m; 1H; H5"); 7.47-7.4@n; 1H; H8"); 7.61-7.58
(m; 3H; H2’, H6’, H1"); 7.83-7.78 (m; 3H; H3"”, HB, H7""); 7.86 (d; 2H; J= 8.7 Hz; H3’, H5’); 10.38
(s; 1H; NH); 10.57 (s; 1H; SOIH). *C NMR (100 MHz, DMSO-¢ TMS, § in ppm): 14.6 (CH); 24.7



(CHg); 90.3 (C6); 115.7 (C1”); 120.2 (C4"); 122.6 (CT6'); 125.0 (C5”); 126.6 (C8”"); 127.2 (C6”
or C77); 127.5 (C6” or C7"); 128.2 (C3', C5'); 29.1 (C3"); 129.9 (C4a”); 133.2 (C8a”); 135.1
(C1); 135.3 (C27); 141.5 (C4’); 143.7 (C5); 155(83a); 163.6 (C2); 164.1 (C7). HRMS (ESI): calc.
for CogH2oNGO,S 445.1437; found [M+1}45.1438. HPLC: 99.9%.

4-((5-methyl-2-(trifluoromethyl)-[1,2,4]triazolo[%;a]pyrimidin-7-yl)amino)N-
phenylbenzenesulfonamide hydrochlorid®) Yield: 27%. m.p. 201-203 °C. IR (¢hr 3350; 1629;
1562; 1296-1163H NMR (400 MHz, DMSO-g, TMS, § in ppm): 2.49 (s; 3H; Ck); 6.81 (s; 1H; H6);
7.06-7.02 (m; 1H; H4”); 7.14-7.12 (m; 2H; H2”, H§ 7.27-7.23 (m; 2H; H3”, H5"); 7.63 (d; 2HJ =
8.6 Hz; H2', HE'); 7.83 (d; 2HJ = 8.6 Hz; H3’, H5'); 10.35 (s; 1H; SMH); 10.72 (s; 1H; NH)*C
NMR (100 MHz, DMSO-¢, TMS, & in ppm): 24.7 (ChH); 92.5 (C6); 119.4 (¢ = 269.1; CEk); 119.8
(C27, C6”); 123.2 (C2, C6’); 123.9 (C4”); 128.1C3’, C5’); 129.1 (C3", C5"); 135.8 (C1’); 137.5
(C1"); 140.8 (C4); 145.2 (C5); 154.1 (¢;= 38.3; C2); 155.6 (C3a); 166.7 (CTF NMR (376 MHz,
DMSO-ds, TMS, § in ppm): -64.30. HRMS (ESI): calc. f@igH15F3NsNaO,S 471.0821; found [M+23]
471.0811. HPLC: 97.1%.

N-(4-chlorophenyl)-4-((5-methyl-2-(trifluoromethyl}, 2,4]triazolo[1,5a]pyrimidin-7-
yl)amino)benzenesulfonamide hydrochlorid®) Yield: 31%. m.p. 216-218 °C. IR (¢ht 1628; 1566;
1290-1155; 828'H NMR (400 MHz, DMSO-g, TMS, 5 in ppm): 2.49 (s; 3H; Ch); 6.82 (s; 1H; H6);
7.13 (d; 2H;J= 8.8 Hz; H2", H6"); 7.32 (d; 2H;J = 8.8 Hz; H3”, H5"); 7.64 (d; 2H;J = 8.7 Hz; H2',
H6'); 7.82 (d; 2H:J = 8.7 Hz; H3’, H5); 10.51 (s; 1H; SMIH); 10.72 (s; 1H; NH)*C NMR (100
MHz, DMSO-d;, TMS, § in ppm): 14.5 (CHl); 24.9 (CHy); 92.7 (C6); 119.5 (q] = 269.1; Ch); 121.4
(C2”, C6™); 123.3 (C2, CF’); 128.1 (C4”); 128.2C3’, C5"); 129.2 (C3”, C5”); 135.5 (C1’); 136.6
(C1"); 141.1 (C4’); 145.3 (C5); 154.2 (¢;= 38.1; C2); 155.7 (C3a); 166.8 (CTF NMR (376 MHz,
DMSO-d;, TMS, 6 in ppm): -64.31. HRMS (ESI): calc. fd219H14CIFsNgNaG,S 505.0431; found
[M+23]7505.0409. HPLC: 95.4%.

N-(4-fluorophenyl)-4-((5-methyl-2-(trifluoromethy[)t,2,4]triazolo[1,5a]pyrimidin-7-
yl)amino)benzenesulfonamide hydrochlori@®) Yield: 36%. m.p. 206-209 °C. IR (¢ht 3356; 1629;
1562; 1297-1151; 1132H NMR (400 MHz, DMSO-¢, TMS, § in ppm): 2.49 (s; 3H; Ck); 6.80 (s;
1H; H6); 7.12-7.10 (m; 4H; H2", H3", H5”, H6");7.62 (d; 2H;) = 8.6 Hz; H2’, H6); 7.78 (d; 2HJ =
8.6 Hz; H3’, H5'); 10.30 (s; 1H; SANH); 10.72 (s; 1H; NH)**C NMR (100 MHz, DMSO-¢, TMS, §
in ppm): 24.9 (CH); 92.6 (C6); 115.9 (dj = 22.5 Hz; C3”, C5”) 119.5 (qJ = 269.0; Ck); 122.7 (d;J

= 8.1 Hz; C2”, C6"); 123.3 (C2’, CF’); 128.2 (C3C5’); 133.8 (d;J = 2.4 Hz; C1"); 135.6 (C1";
141.0 (C4’); 145.3 (C5); 154.2 (4;= 38.3; C2); 155.7 (C3a); 159.0 @+ 239.6 Hz; C4™); 166.8 (C7).
% NMR (376 MHz, DMSO-¢ TMS, & in ppm): -64.31 (C§); -118.37 (F). HRMS (ESI): calc. for
Ci9H14FsNgNaQ,S 489.0727; found [M+23489.0706. HPLC: 97.1%.

4-((5-methyl-2-(trifluoromethyl)-[1,2,4]triazolo[%;a]pyrimidin-7-yl)amino)N-(p-

tolyl)benzenesulfonamide hydrochlorig21) Yield: 25%. m.p. 210-212 °C. IR (¢ht 1627; 1565;
1328; 1288-1150'H NMR (400 MHz, DMSO-¢, TMS, & in ppm): 2.19 (s; 3H; C#); 2.38 (s; 3H;
CHg); 6.47 (s; 1H; H6); 7.05-6.99 (m; 4H; H2”, H3H5", H6"); 7.42 (d; 2H;J = 8.7 Hz; H2', HE’);
7.72 (d; 2H:;J = 8.7 Hz; H3', H5’); 10.10 (s; 1H; SMH); 10.70 (s; 1H; NH)*C NMR (100 MHz,
DMSO-ad;, TMS, 6 in ppm): 20.1 (CH) 24.5 (CH); 91.5 (C6); 119.6 (g = 268.9; CE); 120.3 (C2",
C6"); 122.8 (C2', C6’); 128.1 (C3, C5); 129.4 &, C5”) 133.1 (C4”); 134.1 (C1’); 135.0 (C1");
145.0 (C4’); 146.2 (C5); 156.1 (C3a); 153.54a 37.9; C2); 164.9 (C7}*F NMR (376 MHz, DMSO-



ds, TMS, & in ppm): & -64.35. HRMS (ESI): calc. fo€,gH17/F3NsNaO,S 485.0970; found [M+23]
485.0970. HPLC: 98.5%.

N-(4-methoxyphenyl)-4-((5-methyl-2-(trifluoromethyjl},,2,4triazolo[1,5a]pyrimidin-7-
yl)amino)benzenesulfonamide hydrochlori@?®) Yield: 67%. m.p. 201-202 °C. IR (¢ht 3322-3263;
1628; 1569; 1312-1144; 1094 NMR (400 MHz, DMSO-¢, TMS, 5 in ppm): 2.49 (s; 3H; Ck); 3.67
(s; 3H; OCH); 6.79 (s; 1H; H6); 6.82 (d; 2Kt = 9.0 Hz; H2”, H6"); 7.02 (d; 2H;J = 9.0 Hz; H3”,
H5"); 7.61 (d; 2H;J = 8.7 Hz; H2’, HE’); 7.75 (d; 2H] = 8.7 Hz; H3’, H5'); 9.97 (s; 1H; SMIH);
10.71 (s;1H; NH)X*C NMR (100 MHz, DMSO-g TMS, & in ppm): 24.8 (Ch); 55.0 (OCH); 92.4
(C6); 114.2 (C3”, C5"); 119.4 (gJ = 269.0; Ck); 123.2 (C2’, C6’); 123.4 (C2”, C6™); 128.1 (C3’
C5%; 129.9 (C1’); 135.8 (C1™); 140.6 (C4"); 145(5); 154.1 (gJ = 38.2; C2); 155.6 (C3a); 156.4
(C4"); 166.7 (C7).°F NMR (376 MHz, DMSO-¢ TMS, § in ppm): -64.31. HRMS (ESI): calc. for
CaoH17FsNgNaQsS 501.0927; found [M+23p01.0932. HPLC: 99.1%.

4-((5-methyl-2-(trifluoromethyl)-[1,2,4]triazolo[®;a]pyrimidin-7-yl)amino)N-(4-
(trifluoromethyl)phenyl)benzenesulfonamide hydractde (23) Yield: 28%. m.p. 230-231 °C. IR (cm
1): 1628; 1566; 1323-1150; 748 NMR (400 MHz, DMSO-g, TMS, 5 in ppm): 2.41 (s; 3H; CH);
6.60 (s; 1H; H6); 7.30 (d; 2H;,= 8.5 Hz; H2”, H6"); 7.52 (d; 2H;J= 8.5 Hz; H3”, H5"); 7.59 (d; 2H;
J = 8.6 Hz; H2", H6"); 7.85 (d; 2HJ = 8.6 Hz; H3’, H5'); 10.83 (s; 1H; NH)*C NMR (100 MHz,
DMSO-d;, TMS, 6 in ppm): 24.6 (ChH); 91.9 (C6); 118.6 (C2”, C6”); 119.5 (¢t = 268.9; Ck); 123.1
(C2', C6"); 122.7 (q;J = 32.3 Hz; C4”); 124.2 (g = 269.4; Ck); 126.3 (g;J = 3.6 Hz; C3”, C5");
128.1 (C3’, C5’); 135.0 (C1’); 142.6 (C4’); 143.81"); 145.8 (C5); 155.9(C3a); 153.7 (§= 37.9 Hz;
C2); 165.5 (C7)**F NMR (376 MHz, DMSO-¢ TMS, 5 in ppm): -60.28 (CF); -64.34 (CR); HRMS
(ESI): calc. foiCaoH14FsN602S 516.0803; found [M+23p39.0686. HPLC: 98.8%.

4-((5-methyl-2-(trifluoromethyl)-[1,2,4]triazolo[®;a]pyrimidin-7-yl)amino)-N-(naphthalen-2-
yl)benzenesulfonamide hydrochlori@@4) Yield: 26%. m.p. 225-226 °C. IR (cht 3272; 1629; 1560;
1354-1151H NMR (400 MHz, DMSO-¢, TMS, § in ppm): 2.19 (s; 3H; Ch; 6.02 (s; 1H; H6); 7.17
(d; 2H;J = 8.1 Hz; H2’, HE’); 7.32 (dd; 1HJ = 2.1 Hz;J = 8.8 Hz; H4"); 7.40-7.36 (m; 1H; H5");
7.46-7.42 (m; 1H; H8"); 7.56 (d; 1H] = 1.8 Hz; H1"); 7.81-7.76 (m; 3H; H3”, H6”, H7Y; 7.72 (d;
2H; J = 8.6 Hz; H3’", H5"): 10.45 (s; 1H; NH)}*C NMR (100 MHz, DMSO-g TMS, § in ppm): 24.3
(CHg); 90.3 (C6); 115.6 (C17); 119.9 (g} = 268.5 Hz; CE); 120.3 (C4"); 122.3 (C2, C6’); 125.7
(C5”); 126.4 (C8"); 126.9 (C6” or C7”); 127.3@¢6” or C77); 128.1 (C3’, C5’); 128.8 (C3”); 129.
(C4a”); 131.8 (C8a”); 133.1 (C1"); 135.7 (C2"t47.4 (C4’); 152.8 (qJ = 37.4 Hz; C2); 156.9 (Cb5);
162.7 (C3a); 171.9 (C7}°F NMR (376 MHz, DMSO-¢g TMS, § in ppm): -64.42 (C§.HRMS (ESI):
calc. forCysH17FsNgNaQ:S 521.0966; found [M+23521.0967. HPLC: 100%.

4-((2,5-dimethylpyrazolo[1,%pyrimidin-7-yl)amino)N-phenylbenzenesulfonamide hydrochloride
(25) Yield: 27%. m.p. 255-257 °C. IR (¢ht 1617; 1551; 1340-1153H NMR (400 MHz, DMSO-¢,
TMS, 6 in ppm): 2.36 (s; 3H; C¥) 2.42 (s; 3H; CH); 6.22 (s; 1H; H3); 6.40 (s; 1H; H6); 7.05-7.01; (m
1H; H4”); 7.14-7.11 (m; 2H; H2”, H6"); 7.27-7.22m; 2H; H3”, H5"); 7.61 (d; 2H;J = 8.8 Hz; H2',
H6'); 7.78 (d; 2H;J = 8.8 Hz; H3", H5'); 10.02 (s; 1H; NH); 10.30 (sH1SO:NH). **C NMR (100
MHz, DMSO-d&;, TMS, 6 in ppm): 14.1 (CH); 24.4 (CH); 87.6 (C3); 93.7 (C6); 119.6 (C2”, C6");
122.0 (C2, C6’); 123.8 (C4”); 128.0 (C3’, C5');2D.1 (C3”, C57); 134.3 (C1’); 137.6 (C1"); 142.1
(C4"); 142.5 (C3a); 149.4 (C5); 152.9 (C2); 158C7). HRMS (ESI): calc. fo€0H19Ns0,S 394.1330;
found [M+1] 394.1331. HPLC: 96.4%.



N-(4-chlorophenyl)-4-((2,5-dimethylpyrazolo[1dpyrimidin-7-yl)amino)benzenesulfonamide
hydrochloride(26) Yield: 25%. m.p. 218-220 °C. IR (¢ht 1612; 1551; 1328-1154; 82"H NMR (400
MHz, DMSO-d&;, TMS, d in ppm): 2.37 (s; 3H; C¥) 2.42 (s; 3H; CH); 6.22 (s; 1H; H3); 6.42 (s; 1H;
H6); 7.14 (d; 2HJ = 8.9 Hz; H2”, H6™); 7.32 (d; 2H.J = 8.9 Hz; H3”, H5"); 7.62 (d; 2H,J = 8.6 Hz;
H2’, H6'); 7.78 (d; 2H;J = 8.7 Hz; H3', H5’); 10.04 (s; 1H; NH); 10.46 ($41SONH). **C NMR (100
MHz, DMSO-d&;, TMS, 3 in ppm): 14.1 (CHl); 24.4 (CH); 87.7 (C3); 93.8 (C6); 121.2 (C2”, C6");
122.0 (C2', C6’); 127.9 (C4"); 128.0 (C3', C5);2D.0 (C3", C5"); 133.9 (C1); 136.6 (C1"); 142.3
(C4); 142.4 (C3a); 149.4 (C5); 152.9 (C2); 158Q7). HRMS (ESI): calc. foiCyoH1sCIN5O.S
428.0924; found [M+1]428.0925. HPLC: 99.2%.

4-((2,5-dimethylpyrazolo[1,%pyrimidin-7-yl)amino)N-(4-fluorophenyl)benzenesulfonamide
hydrochloride(27) Yield: 33%. m.p. 225-227 °C. IR (¢ht 3073; 1622; 1552; 1326-1152; 109H
NMR (400 MHz, DMSO-¢, TMS, & in ppm): 2.36 (s; 3H; CH); 2.42 (s; 3H; CH); 6.21 (s; 1H; H3);
6.36 (s; 1H; H6); 7.07-7.01 (m; 4H; H2", H3”, H%'H6"); 7.57 (d; 2H;J = 8.7 Hz; H2’, H6); 7.73 (d;
2H; J = 8.7 Hz; H3', H5"); 9.98 (s; 1H; NH)}*C NMR (100 MHz, DMSOde): 14.1 (CH); 24.3 (CHb);
87.4 (C3); 93.7 (C6); 115.5 (d;= 22.1 Hz; C3”, C5”) 122.0 (C2', C6’); 122.1 (& = 8.0 Hz; C2",
C6”); 127.9 (C3', C5’); 135.8 (C17); 136.1 (C1)141.5 (C4'); 142.7 (C3a); 149.4 (C5); 152.8 (C2);
158.1 (d:J = 237.7 Hz; C4"); 158.6 (C7)°F NMR (376 MHz, DMSOds): -120.38. HRMS (ESI): calc.
for CooH1gFNsO,S 412.1247; found [M+11412.1248. HPLC: 99%.

4-((2,5-dimethylpyrazolo[1,%]pyrimidin-7-yl)amino)N-(p-tolyl)benzenesulfonamide  hydrochloride
(28) Yield: 31%. m.p. 253-255 °C. IR (¢t 3265; 1622; 1551; 1382; 1330-11%8.NMR (400 MHz,
DMSO-d;, TMS, 6 in ppm): 2.18 (s; 3H; CH); 2.36 (s; 3H; CH); 2.42 (s; 3H; CH); 6.21 (s; 1H;
H3); 6.37 (s; 1H; H6); 7.04-6.98 (m; 4H; H2”, H3'H5", H6"); 7.58 (d; 2H;J = 8.7 Hz; H2’, HE");
7.74 (d; 2H;J = 8.7 Hz; H3', H5'); 10.02 (s; 2H; SMH; NH). *C NMR (100 MHz, DMSO-¢ TMS,

3 in ppm): 14.1 (CHl); 20.1 (CH"); 24.3 (CHg); 87.4 (C3); 93.7 (C6); 120.2 (C2", C6"); 122(C2’,
C6’); 127.9 (C3', C5'); 129.4 (C3”, C5"”) 132.6 (€); 134.9 (C1’); 135.7 (C1"); 141.9 (C4)); 142.6
(C3a); 149.4 (C5); 152.8 (C2); 158.6 (C7). HRMS IjeSalc. for Cy1H2oNs0,S 408.1476; found
[M+1]*408.1476 . HPLC: 100%

4-((2,5-dimethylpyrazolo[1,%]pyrimidin-7-yl)amino)N-(4-methoxyphenyl)benzenesulfonamide
hydrochloride(29) Yield: 79%. m.p. 261-262 °C. IR (¢ht 1655; 1606; 1335-1160; 10254 NMR
(400 MHz, DMSO-g, TMS, 6 in ppm): 2.49 (s; 3H; CH); 2.51 (s; 3H; CH); 3.67 (s; 3H; OCH); 6.42
(s; 1H; H3); 6.48 (s; 1H; H6); 6.83 (d; 2Bl= 8.9 Hz; H2"”, H6™"); 7.05 (d; 2H;J = 8.9 Hz; H3”, H5");
7.63 (d; 2H;J = 8.6 Hz; H2’, H6’); 7.82 (d; 2HJ = 8.6 Hz; H3’, H5’); 10.15 (s; 1H; SMIH); 11.62
(s;1H; NH).**C NMR (100 MHz, DMSO-g TMS, & in ppm): 14.0 (CH); 19.7 (CHy); 55.0 (OCH);
91.3 (C6); 114.2 (C3”, C5”); 123.2 (C2’, CF’); B21L (C2”, C6™); 128.1 (C3’, C5’); 129.8 (C1’); 1B6
(C17); 139.2 (C4’); 141.0 (C3a); 146.8 (C4"); 833 (C5); 155.8 (C2); 156.4 (C7). HRMS (ESI): calc.
for Cle21N503S 424.1432; found [M+I]4241433 HPLC: 96.4%.

4-((2,5-dimethylpyrazolo[1,%pyrimidin-7-yl)amino)N-(4-
(trifluoromethyl)phenyl)benzenesulfonamide hydraclde (30) Yield: 29%. m.p. 230-232 °C. IR (Cm
1): 1589; 1556; 1324-1105; 8384 NMR (400 MHz, DMSO-¢, TMS, § in ppm): 2.34 (s; 3H; CH);
2.42 (s; 3H; CH); 6.19 (s; 1H; H3); 6.30 (s; 1H; H6); 7.05 (d; 2Hs 8.5 Hz; H2”, H6”); 7.35 (d; 2H,;
J=8.5Hz; H3”, H5”); 7.50 (d; 2HJ = 8.6 Hz; H2’, HE’); 7.78 (d; 2HJ) = 8.6 Hz; H3’, H5’); 9.87 (s;
1H; NH). **C NMR (100 MHz, DMSO-¢, TMS,  in ppm): 14.2 (CH); 24.3 (CHy); 86.9 (C3); 93.5



(C6); 118.1 () = 31.8 Hz; C4"); 119.1 (C2”, C6"); 122.3 (C2'C6’); 125.0 (q;J = 268.7; CR);
125.5 (g;J = 3.6 Hz; C3”, C5"); 127.5 (C3’, C5'); 139.8 (€)1 139.9 (C4’); 143.1 (C3a); 149.4 (C1");
149.8 (C5); 152.8 (C2); 158.6 (C?fF NMR (376 MHz, DMSO-¢ TMS, & in ppm): -59.32. HRMS
(ES|) calc. fOIC21H19F3N5028 462.1194; found [M+I]4621195 HPLC: 98%.

4-((2,5-dimethylpyrazolo[1,%pyrimidin-7-yl)amino)N-(naphthalen-2-yl)benzenesulfonamide
hydrochloride(31) Yield: 80%. m.p. 194-196 °C. IR (c¢ht 3055; 2651; 1652; 1589; 1352-1158
NMR (400 MHz, DMSO-¢, TMS, 6 in ppm): 2.46 (s; 6H; C¥); 2.46 (s; 6H; CH); 6.39 (s; 1H; H6);
6.44 (s; 1H; H3); 7.36 (dd; 1K= 2.1 Hz;J = 8.8 Hz; H4"); 7.41-7.39 (m; 1H; H5"); 7.47-7.4@n;
1H; H8”); 7.63-7.61 (m; 3H; H2’, H6’, H1"); 7.837.78 (m; 3H; H3"”, H6, H7"); 7.94 (d; 2H.J = 8.7
Hz; H3', H5"); 10.74 (s; 1H; NH); 11.46 (s; 1H; $)H). *C NMR (100 MHz, DMSO-¢ TMS, 5 in
ppm): 14.0 (CH); 20.2 (CH); 87.7 (C3); 91.5 (C6); 115.7 (C1"); 120.1 (C4124.93 (C5"); 124.99
(C2’, C6’); 126.6 (C8"); 127.0 (C6” or C7"); 124 (C6” or C7"); 128.2 (C3’, C5’); 129.0 (C3");
129.8 (C4a”); 133.1 (C8a”); 135.1 (C1’); 137.220; 139.7 (C4’); 141.8 (C3a); 146.3 (C5); 155.4
(C2); 155.7 (C7). HRMS (ESI): calc. f@@4H2oNs0,S 444.1481; found [M+1]444.1481. HPLC:
95.3%.

4-((7-chloroquinolin-4-yl)aminoN-phenylbenzenesulfonamide hydrochlori¢@?) Yield: 77%. m.p.
291-293 °C. IR (cn): 3088; 1610; 1580; 1333-11484 NMR (400 MHz, DMSO-¢, TMS, 8 in ppm):
7.01 (d; 1H;J = 6.9 Hz; H3); 7.05 (t; 1H) = 7.3 Hz; H4"); 7.14 (d; 2H;) = 7.5 Hz; H2”, H6"); 7.26
(t; 2H;J=7.5 Hz; H3”, H5"); 7.68 (d; 2H;J = 8.6 Hz; H2’, HE’); 7.89 (dd; 1Hj = 2.1 Hz;J = 9.1 Hz;
H6); 7.91 (d; 2HJ = 8.7 Hz; H3’, H5’); 8.21 (d; 1H) = 2.0 Hz; H8); 8.60 (d; 1H] = 6.9 Hz; H2); 8.88
(d; 1H;J = 9.1 Hz; H5); 10.44 (s; 1H; SAH); 11.30 (s; 1H; NH)**C NMR (100 MHz, DMSO-g
TMS, 6 in ppm): 101.2 (C3); 116.5 (C4a); 119.3 (C8); P2(C2”, C6”); 124.2 (C4"); 124.8 (C2,
C6’); 126.2 (C5); 127.6 (C6); 128.5 (C3, C5’); 129C3", C5”); 137.3 (C1”); 137.5 (C1’); 138.5
(C7); 139.2 (C8a); 141.2 (C4); 143.9 (C2); 15404). HRMS (ESI): calc. foiCy1H17CIN3O,S
410.0724; found [M+1]410.0705. HPLC: 97.8%.

N-(4-chlorophenyl)-4-((7-chloroquinolin-4-yl)amin@hzenesulfonamide hydrochlorid€33) Yield:
33%. m.p. 254-256 °C. IR (chr 3409; 1613; 1580; 1335-1158; 81H NMR (400 MHz, DMSO-¢,
TMS, 6 in ppm): 7.05 (d; 1HJ = 6.8 Hz; H3); 7.16 (d; 2H] = 8.8 Hz; H2”, H6"); 7.33 (d; 2HJ = 8.8
Hz; H3”, H5”); 7.69 (d; 2H;J = 8.7 Hz; H2', HE’); 7.92-7.89 (m; 3H; H6, H3’, HB'8.18 (d; 1H;J =
2.0 Hz; H8); 8.62 (d; 1HJ = 6.8 Hz; H2); 8.83 (d; 1H} = 9.1 Hz; H5); 10.61 (s; 1H; SAH); 11.20
(s; 1H; NH).®*C NMR (100 MHz, DMSO-¢ TMS, & in ppm): 101.3 (C3); 116.4 (C4a); 119.5 (C8);
121.6 (C2", C6"); 124.6 (C2', C6’); 126.0 (C5);2¥.5 (C6); 128.2 (C4™); 128.4 (C3’, CH); 129.1
(C3”, C5"); 136.4 (C1"); 136.7 (C1"); 138.3 (C7)139.3 (C8a); 141.4 (C4’); 144.1 (C2); 153.7 (CA4).
HRMS (ESI): calc. fo€21H16CloN30,S 444.0334; found [M+1}§44.0325. HPLC: 98.5%.

4-((7-chloroquinolin-4-yl)aminoN-(4-fluorophenyl)benzenesulfonamide hydrochloriqd4) Yield:
24%. m.p. 264-267 °C. IR (chx 3021; 1612; 1581; 1326-1152; 109”. NMR (400 MHz, DMSO-¢,
TMS, 6 in ppm): 7.16-7.08 (m; 5H; H3, H2”, H3”, H5”, B"); 7.60 (d; 2H;J = 8.7 Hz; H2', HE);
7.83-7.80 (m; 3H; H6, H3’, H5’); 8.10 (d; 1H;= 2.1 Hz; H8); 8.61 (d; 1Hj = 6.4 Hz; H2); 8.68 (d;
1H; J = 9.1 Hz; H5); 10.33 (s; 1H; S8H); 10.68 (s; 1H; NH)**C NMR (100 MHz, DMSO-¢ TMS,
o in ppm): 102.3 (C3); 115.8 (d;= 22.5 Hz; C3”, C5"); 117.2 (C4a); 121.8 (C8)24.8 (d;J = 8.2 Hz;
C2”, C6”); 123.0 (C2’, C6’); 125.6 (C5); 126.9C); 128.4 (C3’, C5’); 133.7 (d] = 2.6 Hz; C17),
135.3 (C1’); 137.1 (C7); 142.2 (C8a); 142.4 (C4%6.3 (C2); 151.4 (C4); 159.0 (d;= 239.6 Hz;



C4”). “F NMR (376 MHz, DMSO-¢ TMS, & in ppm): -118.2314. HRMS (ESI): calc. for
Ca1H16CIFNSO,S 428.0630; found [M+11428.0652. HPLC: 95.8%.

4-((7-chloroquinolin-4-yl)aminoN-(p-tolyl)benzenesulfonamide hydrochlorig85) Yield: 84%. m.p.
278-280 °C. IR (cr): 3166; 1614; 1581; 1329-115H NMR (400 MHz, DMSO-¢, TMS, § in ppm):

2.19 (s; 3H; CH); 7.07-7.00 (m; 5H; H3, H2”, H3”, H5”, H6"); 765 (d; 2H;J = 8.7 Hz; H2', HE");

7.88-7.84 (m; 3H; H6, H3’, H5"); 8.17 (d; 1H;= 2.0 Hz; H8); 8.60 (d; 1Hj = 6.7 Hz; H2); 8.81 (d;
1H; J = 9.1 Hz; H5); 10.23 (s; 1H; SBH); 11.08 (s; 1H; NH)**C NMR (100 MHz, DMSO-¢ TMS,

& in ppm): 20.2 (CH); 101.5 (C3); 116.6 (C4a); 120.1 (C8); 120.6 (CZ6”); 124.1 (C2’, C6’); 125.9
(C5); 127.3 (C6); 128.4 (C3', C5’); 129.5 (C3”, 05133.4 (C4"); 134.7 (C1"); 136.7 (C1’); 138.0
(C7); 140.1 (C8a); 141.4 (C4); 144.7 (C2); 15304). HRMS (ESI): calc. foiCyoH1oCIN3O,.S

424.0881; found [M+1]424.0865. HPLC: 96.9%.

4-((7-chloroquinolin-4-yl)aminoN-(4-methoxyphenyl)benzenesulfonamide hydrochlori@é) Yield:
47%. m.p. 271-272 °C. IR (chx 3244; 1612; 1567; 1320-1154; 109”. NMR (400 MHz, DMSO-¢,
TMS, & in ppm): 3.67 (s; 3H; OCH, 6.82 (d; 2H;J = 9.0 Hz; H2”, H6"); 7.02 (d; 2H;J = 9.0 Hz;
H3”, H5"); 7.09 (d; 1H; J = 6.2 Hz; H3); 7.57 (d; 2H] = 8.7 Hz; H2’, HE’); 7.76 (d; 2HJ = 8.7 Hz;
H3’, H5"); 7.79 (dd; 1H;J = 2.1 Hz;J = 9.1 Hz; H6); 8.08 (d; 1Hj = 2.1 Hz; H8); 8.61 (d; 1H] = 6.2
Hz; H2); 8.64 (d; 1H; = 9.1 Hz; H5); 9.97 (s; 1H; SMH); 10.52 (s; 1H; NH)**C NMR (100 MHz,
DMSO-d&;, TMS, § in ppm): 55.0 (OCH); 102.5 (C3); 114.2 (C3”, C5"); 117.4 (C4a); 182(C8);
122.6 (C2", C6”); 123.4 (C2, C6’); 125.4 (C5);26.8 (C6); 128.4 (C3’, C5'); 129.9 (C1"); 135.3
(C1"); 136.8 (C7); 142.4 (C4’); 143.0 (C8a); 146CR); 150.8 (C4); 156.4 (C4"). HRMS (ESI): calc.
for CooH19CIN3OsS 440.0830; found [M+1}440.0813. HPLC: 98.9%.

4-((7-chloroquinolin-4-yl)aminoN-(4-(trifluoromethyl)phenyl)benzenesulfonamide hychloride (37)
Yield: 29%. m.p. >300 °C. IR (c): 1614; 1582; 1322-1154; 8154 NMR (400 MHz, DMSO-¢,
TMS, 8 in ppm): 7.14 (d; 1H) = 6.3 Hz; H3); 7.65-7.62 (m; 4H; H2’, H6’, H3", 5Y); 7.34 (d; 2H;J
= 8.4 Hz; H2”, H6"); 7.79 (dd; 1HJ = 2.1 Hz;J = 9.0 Hz; H6); 7.92 (d; 2HJ = 8.7 Hz; H3’, H5");
8.09 (d; 1H;J = 2.1 Hz; H8); 8.61 (d; 1Hj = 6.3 Hz; H2); 8.65 (d; 1Hj = 9.0 Hz; H5); 10.99 (s; 1H;
SONH); 10.60 (s; 1H; NH)**C NMR (100 MHz, DMSO-¢ TMS, § in ppm): 102.8 (C3); 117.5 (C4a);
118.6 (C2”, C6”); 122.4 (C5); 122.6 (C2', C6'}23.5 (g;J = 31.9 Hz; C4”); 124.1 (9 = 269.7 Hz;
CRs); 125.5 (C8); 126.4 (g = 3.6 Hz; C3", C5"); 126.8 (C6); 128.4 (C3’, Op'134.7 (C1"); 136.8
(C7); 141.5 (C1”); 143.0 (C8a); 143.1 (C4'); 14q02); 150.7 (C4)**F NMR (376 MHz, DMSO-g
TMS, § in ppm): -60.4125. HRMS (ESI): calc. f65,H16CIFsN30,S 478.0598; found [M+11478.0600.
HPLC: 98.6%.

4-((7-chloroquinolin-4-yl)aminoN-(naphthalen-2-yl)benzenesulfonamide hydrochlori@®8) Yield:
28%. m.p. 265-268 °C. IR (Chr 3232; 1582; 1354-1153H NMR (400 MHz, DMSO-¢, TMS, 5 in
ppm): 7.09 (d; 1H;J = 6.0 Hz; H3); 7.33 (dd; 1H]} = 2.16 Hz;J = 8.8 Hz; H4"); 7.41-7.37 (m; 1H;
H5") 7.47-7.43 (m; 1H; H8"); 7.53 (d; 2HJ = 8.7 Hz; H2’, H6'); 7.61 (d; 1HJ = 2.0 Hz; H1"); 7.73
(dd; 1H;J= 2.0 Hz;J = 9.0 Hz; H6); 7.83-7.78 (m; 3H; H3”, H6”, H7")7.88 (d; 2HJ = 8.7 Hz; H3’,
H5"); 8.04 (d; 1H;J = 2.0 Hz; H8); 8.53 (d; 1H] = 9.1 Hz; H5); 8.57 (d; 1H] = 6.0 Hz; H2); 10.27 (s;
1H; NH); 10.57 (s; 1H; S®IH). **C NMR (100 MHz, DMSO-g TMS, § in ppm): 103.1 (C3); 115.8
(C17); 117.7 (C4a); 120.2 (C47); 122.0 (C2', C6'123.4 (C8); 124.9 (C5™); 125.2 (C5); 126.5 (C6,
C8”); 127.0 (C6” or C7); 127.4 (C6” or C77);128.4 (C3'. C5’); 128.9 (C3"); 129.8 (C4a™); 13B.



(C8a”): 134.6 (C1’): 135.3 (C2"); 136.3 (C7): 148(C4’): 144.1 (C8a); 147.8 (C2); 149.8 (C4).HRMS
(ES|)Z calc. fOICz5H19N3OzS 460.0880; found [M+I]460.0881. HPLC: 97.3%.

4.3. X-ray data collection and structure refinement

Single-crystal X-ray data fof and17 were collected on a Bruker D8 Venture diffractoenetsing
graphite-monochromated MaKradiation & = 0.71073 A) at 298 K. Data collection, cell refinent
and data reduction were performed with Bruker tmagnt Service v4.2.2, APEX2 [27] and SAINT
[28], respectively. The absorption correction usiguivalent reflections was performed with the
SADABS program [29]. The structure solutions anli-atrix least-squares refinements basedrdn
were performed with the SHELX package [30,31]. Allatoms were refined with fixed individual
displacement parameters [Uiso\(H) = 1.2 Ueq (Gspl G,) or 1.5 Uq (Csp)] using a riding model. All
non-hydrogen atoms were refined anisotropicallyju@ure illustrations were generated using ORTEP-3
for Mercury [32], and crystallographic tables weomstructed using Olex2 [33].

X-ray crystallographic data in cif format are aaaie at the CCDC 2023181 and 2023182 and can

be obtained free of charge via www.ccdc.cam.acaik/dequest/cif

4.4. Biological evaluation

4.4.1. Antiplasmodial in vitro assays against P. falcipariblood parasites

P. falciparumblood parasites were cultured as previously deedr[34]. Parasite strains cultured
for this study included 3D7 (chloroquine-sensitiwrain), K1 (chloroquine-resistant), DD2
(chloroquine- and mefloquine-resistant), IPC491artfpl resistance to artemisinin) and a laboratory-
generated strain resistant to P14K inhibitors (P1#% Fresh sorbitol synchronized ring stages [35]ever
incubated with the test samples at various conagotrs previously dissolved in 0.05% DMSO (v/v).
Each assay was performed in triplicate. The resuéisee compared with control cultures in complete
medium with no sample. Chloroquine was used in eaqgieriment as an antimalarial control. The
activity of the test samples was measured usingSttYiBR green assay [36]. Briefly, the plates were
centrifuged at 700 g for 5 minutes at room tempeeato remove the medium, washed with 1 x PBS,
and incubated for 30 minutes with lysis buffer sioln [2.4228 g of TRIS, ultrapure (for a 20 mM
solution), pH 7.5; 1.8612 g of EDTA, (for a 5 mMltoon); 80ug of saponin (0.008% w/v); 8Q€L of
Triton X-100 (0.08% v/v); H20 Type I] and SYBR greeDNA stain (1:20 000). The fluorescence of
uninfected erythrocytes was considered as the backd. Fluorescence was measured on a
SpectraMax340PC384 fluorimeter at 485/535 nm. Tdlerhaximal compound inhibitory concentration

(ICs0) was estimated by curve fitting using softwararfrthe OriginLab Corporation and compared to



the parasite growth in test sample-free medium. @amds with IG, values below 10 uM were

considered active agairdt falciparum

4.4.2. Cytotoxicity tests using immortalized cells

The cytotoxicity of the tested compounds was evatlian a human hepatoma cell line (HepG2)
using cells cultured in 75 cnsterile flasks containing RPMI-1640 medium (suppated with 10%
heat-inactivated foetal bovine serum and 40 mg/fhtayaicin) under a 5% CQatmosphere at 37 °C.
When confluent, the cell monolayer was washed witlture medium, trypsinized, distributed in a flat-
bottomed 96-well plate (5 x i@ells/well), and incubated for 18 h at 37 °C fell adherence [37]. The
compounds (in 2@L of solution) at various concentrations (1000x@/mL) were placed in 96-well
plates and incubated with the cultured cells foh72nder a 5% C@Oatmosphere at 37 °C. Then, a 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliubnomide (MTT) solution (5 mg/mL; 20L/well for 3
h) was used to evaluate mitochondrial viabilityeTdupernatants were carefully removed, and 00
of DMSO was added to each well followed by mixiogsblubilize the formazan crystals. The optical
density was determined at 570 nm. Cell viabilityswaxpressed as a percentage of the control
absorbance in the untreated cells after subtradieg appropriate background. The half-maximal
compound inhibitory concentration @¢°®3 was estimated by curve fitting using softwarenfrthe

HepG2

OriginLab Corporation. The ratio between the €’ and 1Go values was used to determine the

selectivity index (SI) of the compounds. Compouwith values above 10 were considered non-toxic.

4.4.3. Recombinant production of human and Plasmodiunipg@atam DHODH and DHODH
activity assays were performed as previously dbsdiil9,38]

4.4.4. Molecular docking

The molecular structures of compourddg4 were built using Spartan’14 software (Wavefunction
Inc., Irvine, CA). Docking of the inhibitors intBfDHODH was performed using the Molegro Virtual
Docker 6.0 (MVD) program (CLC Bio, Aarhus, Denmaf89], which uses a heuristic search algorithm
that combines differential evolution with a cavjsediction algorithm. The MolDock scoring function
used is based on a modified piecewise linear pele(PLP) with new hydrogen bonding and
electrostatic terms included. The full descriptafnthe algorithm and its reliability compared tdhet
common docking algorithms have been described [B8¢ search algorithm MolDock optimizer was
used with a minimum of 100 runs, and the paramst#ings were as follows: population size=500;
maximum iteration=2000; scaling factor=0.50; offsgr scheme, Scheme 1; termination scheme,

variance-based; crossover rate=0.90. Due to thehastic nature of the algorithm search, three



independent simulations per ligand were perfornmegbredict the binding mode. Consequently, the
complexes with the lowest interaction energy wesrgweated. The interactions betweRfDHODH and
each inhibitor were analysed using the ligand mgpraghm, a standard algorithm in the MVD program
[39]. The usual threshold values for H-bonds aedsinteractions were used.

All figures for PDHODH modelling and molecular docking results wedited using the Visual
Molecular Dynamics 1.9.3 (VMD) program (http://wwks.uiuc.edu/Research/vmd/vmd-1.9.3/) [40].
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Table 1: In vitro inhibitory activity againsP. falciparum parasites (3D7 strain,
chloroquine-sensitive), human hepatocarcinoma ¢aipG2), and’fDHODH, and the
selectivity index (SI) values for compoungi88. Chloroquine and artesunate were used

as positive controls for whole parasite inhibition.

Substituents 1Css>>’ (uM) ICs0 (UM)
Compounds Ry P. falciparum ICs0 "% (uM) Sl PfDHODH
N 4 R, =H 9.1+0.9 365 + 10 > 40 08+0.1
Q 5 R, =Cl 3.0+05 92+2 >31 >50
ol . . 6 R, =F 20+0.4 367 + 12 >187 0.3+0.1
O%o Q% 7 R, =Chs 0.50 +0.05 367 + 10 >728 0.41 +0.04
N HN 8 R, = OCH 4+1 46 +2 >13 >50
<:i?\k " <:iﬁ " 9 R, =CR  0.15%0.01 >100 >667 >50
#9) (0) 10 - 0.23+0.01 56 + 2 243 0.3+0.1
5 11 Ri=H 6.9+0.2 193+9 28 >50
Q 12 R, = Cl 0.820.1 >50 >62.5 0.6+0.1
W g 13 Ri=F 27408 150 + 20 55.6 1.0+£0.2
O% O % 14 R, = CHs 0.91 + 0.09 110 + 10 121 0.3+0.2
T 15 R, = OCH 4+1 170 + 10 425 1.3+0.1
%Niﬁ —</N/Atk 16 R, = CR 0.39 +0.06 125 + 12 321 0.6+0.3
(1-16) an 17 - 0.64 +0.01 56 + 2 87.4 0.4+0.1
N 18 Ri=H 1.3+04 92 +4 >70 >50
Q 19 R, =Cl 0.4+0.2 47 %2 >123 0.08 +0.01
i o mo 20 R =F 0.086 + 0.004 101+7 1174 0.5+0.1
/@(% HN@r o 21 R; = CH; 0.032 +0.005 54 +4 1688 0.8+0.1
N~ HN\ Hel Ny, Hel 22 R; = OCH; 0.8+£0.1 93+6 >114 0.21 +0.06
%H/NiN/ e 23 R,=CR 0.030 + 0.003 90 +10 3000 >50
(18-23) @) 24 - 0.050 + 0.002 >100 >2000 0.22 +0.07
R 25 Ri=H 2.8+0.1 27+4 9.6 >50
Q 26 R, = Cl >10 ND ND >50
W o ag 27 R =F >10 ND ND >50
% Os\g 28 R, = CHy >10 ND ND >50
e 29 R, = OCH >10 ND ND >50
—QL?}& —Qék '”°' 30 R.=Ch 8.0x1 4214 5.25 >50
(25-30) 31) N 31 - >10 ND ND >50
. 32 R=H 2.0£0.2 92+4 >46 -
Q 33 R=Cl 1.7+0.2 93+5 >56 -
s R 34 R=F 4.6+0.6 92 +2 >21 -
/@/S\g Os\g 35 R=CH 0.97 +0.08 92+6 >95 =
S s 36 R = OCH 2.8+0.4 92 + 4 >33 -
mm C.@ 37 R =CR 21£0.2 23+1 11 -
(32:37) @8) 38 - 0.89 £ 0.06 13+1 15.1 -
chloroquine 0.03+0.01 384 + 62 12,800 -
artesunate 0.009 + 0.002 267 +21 29,666

*S| = |C50HepG%’IC503D7
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Fig. 1. Rational approach to the design of compounds 4-38.



Fig. 2. Asymmetric unit representation of derivatives 7 and 17 (ellipsoids at 50%
probability).
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Fig. 3: (A) Representation of the superposition between DSM 265 (grey) and 19 (green)
complexed to PFIDHODH. (B) Hydrogen-bonding interactions (B) and steric interactions
(C) between 19 and the amino acid residues of PFDHODH. The structures are
represented as sticks and coloured by atom: nitrogen atoms in blue, sulfur atoms in
yellow, fluorine atoms in pink, oxygen atoms in red, and carbon atomsin grey, green or

white.
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Reagents and conditions: (i) toluene, 110 °C, 24 h, 70-97%; (ii) toluenaf.@-TsOH, 110 °C,
20 h, 71-98%; (iii) POGJ 105 °C, 4 h, 51-97%; (iv) HSQI, 0 °C, 1 h, 60 °C, 1 h, 77%; (v)
CHCl;, TEA, 61 °C, 5 h, 42-87%; (vi) 1) 6N HCI, 100 °€ h; 2) 20% NaOH, 63-89%; (vii)
EtOH, 78 °C, 2 h, 24-98%; (viii) HCI/}D 1:1, 15 minutes.

Scheme 1. Synthetic route used to prepare compouhdas.



New triazolopyrimidine, pyrazolopyrimidine and quinoline derivatives as P.
falciparum inhibitors, showing no cytotoxic activity against the human
hepatoma cell line HepG2.

The [1,2,4]triazolo[1,5-a]pyrimidine derivatives were more potent with 1Csg
eguipotent to chloroquine.

All [1,2,4]triazol o[ 1,5-a] pyrimidine derivatives inhibited PFDHODH activity in
the low micromolar and did not show significant inhibition against the
HsDHODH homologue.

Molecular docking studies indicated the binding mode of compounds to
PfDHODH, and the highest interaction affinities for the PfIDHODH enzyme
were in agreement with the in vitro experimenta evaluation.

Their potent in vitro activity against P. falciparum and the selective inhibition
of the PIDHODH enzyme strongly suggest that this is the mechanism of action
underlying this series of new compounds.



Comparative study between the anti-P. falciparum activity of triazolopyrimidine,
pyrazolopyrimidine and quinoline derivatives and the identification of new
PfDHODH inhibitors

Flavia F. Silveira, Juliana O. de Souza, Lucas V.H®elz, Vinicius R. Campos,

Valquiria A. P. Jabor, Anna C. C. Aguiar, M. CmstiNonato, Magaly G. Albuquerque,
Rafael V. C. Guido, Nubia Boechat and Luiz C. $iheiro

The authors declare that they have no known comgdthancial interests or
personal relationships that could have appearedfiicence the work reported in this

paper.



