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1. Synthesis 

1.1.  Synthesis of intermediates 6 and 7 

 

N

N

TsO
Cl  

8-chloro-1,5-naphthyridin-2-yl 4-methylbenzenesulfonate (6) 

To a solution of 8-chloro-1,5-naphthyridin-2-ol (500 mg, 2.80 mmol) in DCM (15 mL) and 

triethylamine (0.97 mL, 6.90 mmol) was added p-toluenesulfonyl chloride (792 mg, 4.10 

mmol) portion-wise. The resultant reaction was then stirred at room temperature for 18 h. 

Purification was carried out by normal phase (silica gel) column chromatography to afford 8-

chloro-1,5-naphthyridin-2-yl) 4-methylbenzenesulfonate (6, 725 mg, 78% yield) as a pale 

yellow solid. LC-MS: tR = 2.505 min (method 2, purity 100%); m/z = 335.0 [M+H]+ (anal. 

calcd. for C15H11ClN2O3S: m/z = 334.0). 

 

N

N

S OO

Cl

 

8-chloro-2-(3-methylsulfonylphenyl)-1,5-naphthyridine (7a) 

A mixture of (8-chloro-1,5-naphthyridin-2-yl) 4-methyl benzenesulfonate (600 mg, 1.79 

mmol), potassium phosphate tribasic (646 mg, 3.00 mmol), 3-methylsulfonylphenylboronic 

acid (394 mg, 2.00 mmol) in  1-butanol (24 mL) and water (4 mL) was degassed with nitrogen 

for 20 min before [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium(II), complex with 

dichloromethane (73 mg, 0.090 mmol) was added. The mixture was degassed again for 2–3 

min. The reaction was stirred at room temperature for 18 h. The reaction mixture was filtered 

through a Celite® pad and the filtrate adsorbed onto silica. Purification was carried out by 

normal phase column chromatography to give 8-chloro-2-(3-methylsulfonylphenyl)-1,5-

naphthyridine (7a, 394 mg, 68% yield) as a pale brown powder. 1H NMR (300 MHz, DMSO-

d6) δ 8.95 (d, J = 4.7 Hz, 1H), 8.86 (t, J = 1.6 Hz, 1H), 8.70 (d, J = 7.8 Hz, 1H), 8.65 (s, 2H), 

8.12 (d, J = 7.9 Hz, 1H), 8.09 (d, J = 4.7 Hz, 1H), 7.90 (t, J = 7.8 Hz, 1H), 3.34 (s, 3H). LC-
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MS: tR = 2.403 min (method 2, purity 100%); m/z = 319.0 [M+H]+ (anal. calcd. for 

C15H11ClN2O2S: m/z = 318.0). 

N

N

N
Cl

F3C  

8-Chloro-2-[6-(trifluoromethyl)pyridin-3-yl]-1,5-naphthyridine (7b) 

(8-Chloro-1,5-naphthyridin-2-yl) 4-methylbenzenesulfonate (4.0 g, 12 mmol), 2-

(trifluoromethyl)pyridine-5-boronic acid (2.5 g, 13 mmol), [1,1′-

bis(diphenylphosphino)ferrocene]dichloropalladium(II) (0.44 g, 0.60 mmol) and potassium 

phosphate tribasic (4.3 g, 20 mmol) were added to a flask flushed with N2. To this was added 

degassed 1-butanol (20 mL) and degassed water (2 mL), and the reaction was stirred at 25 oC 

for 3 h. The reaction mixture was extracted with DCM and water. The organic phase was dried 

over MgSO4 and adsorbed onto silica gel. Purification was performed by normal phase column 

chromatography to give 8-Chloro-2-[6-(trifluoromethyl)pyridin-3-yl]-1,5-naphthyridine (7b, 

1.1 g, 27 % yield) as a beige solid. 1H NMR (300 MHz, DMSO-d6) δ 9.61 (d, J = 2.1 Hz, 1H), 

8.94 – 8.87 (m, 2H), 8.63 (s, 2H), 8.11 (dd, J = 8.3, 0.8 Hz, 1H), 8.06 (d, J = 4.7 Hz, 1H). LC-

MS: tR = 1.134 min (method 1, purity 100%); m/z = 310.0 [M+H]+ (anal. calcd. for 

C14H7ClF3N3: m/z = 309.0). 

 

N

N

N
Cl

CF3  

8-chloro-2-(2-(trifluoromethyl)pyridin-3-yl)-1,5-naphthyridine (7c) 

Synthesized from (8-chloro-1,5-naphthyridin-2-yl) 4-methylbenzenesulfonate (400 mg, 1.20 

mmol) and 2-(trifluoromethyl)pyridine-3-boronic acid (296 mg, 1.50 mmol) as described 

above for 7b. Beige solid (180 mg, 47% yield); LC-MS: tR = 2.370 min (method 2, purity 96%); 

m/z = 310.0 [M+H]+ (anal. Calcd. For C14H7ClF3N3: m/z = 309.0). 

 

N

N

N
Cl

F3C  
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8-chloro-2-(2-methyl-6-(trifluoromethyl)pyridin-3-yl)-1,5-naphthyridine (7d) 

Synthesized from (8-chloro-1,5-naphthyridin-2-yl) 4-methylbenzenesulfonate (300 mg, 0.900 

mmol) and [2-methyl-6-(trifluoromethyl)pyridin-3-yl]boronic acid (220 mg, 1.10 mmol) as 

described above for 7b. Beige solid (150 mg, 52% yield); LC-MS: tR = 2.535 min (method 2, 

purity 92%); m/z = 324.1 [M+H]+ (anal. Calcd. For C15H9ClF3N3: m/z = 323.1). 

 

N

N

N
Cl

H
N

O  

5-(8-chloro-1,5-naphthyridin-2-yl)-N-methylpicolinamide (7e) 

Synthesized from (8-chloro-1,5-naphthyridin-2-yl) 4-methylbenzenesulfonate (2.0 g, 6.0 

mmol) and [6-(methylcarbamoyl)pyridin-3-yl]boronic acid (1.3 g, 7.2 mmol) as described 

above for 7b. Brown solid (1.2 g, 55% yield); LC-MS: tR = 2.399 min (method 1, purity 80%); 

m/z = 299.1 [M+H]+ (anal. calcd. for C15H11ClN4O: m/z = 298.1). 

 

N

N

NO
Cl

 

8-chloro-2-(6-methoxypyridin-3-yl)-1,5-naphthyridine (7f) 

Synthesized from (8-chloro-1,5-naphthyridin-2-yl) 4-methylbenzenesulfonate (700 mg, 2.10 

mmol) and 2-methoxypyridine-5-boronic acid (319 mg, 2.10 mmol) as described above. Beige 

solid (317 mg, 56% yield); 1H NMR (300 MHz, DMSO-d6) δ 9.14 (d, J = 2.6 Hz, 1H), 8.88 (d, 

J = 4.7 Hz, 1H), 8.65 (dd, J = 8.8, 2.5 Hz, 1H), 8.53 (d, J = 2.7 Hz, 2H), 8.02 (d, J = 4.7 Hz, 

1H), 7.04 (d, J = 8.7 Hz, 1H), 3.97 (s, 3H); LC-MS: tR = 1.085 min (method 1, purity 100%); 

m/z = 272.1 [M+H]+ (anal. calcd. for C14H10ClN3O: m/z = 271.0). 
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1.2. Synthetic scheme for compounds 29 and 32. 

 

N

N

O
Cl

2
8 N

N

O
HN

29, 32

a

N

b

N

N

HO
HN

N

c

N

N

TsO
HN

N

d

38 39
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4

 

Scheme S1: Synthesis of 29 and 32.  

Reagents and conditions: (a) 4-amino-1-methylpiperidine, Cs2CO3, Pd(OAc)2, rac-2-(Di-tert-

butyl-phosphino)-1,1'-binaphthyl, 1,4-dioxane, 120 °C, 4 h; (b) HBr, 120 oC, 18 h; (c) p-TsCl, 

DMAP, NEt3, DCM, 25 oC, 18 h; (d) boronic acid or pinacol ester, Pd(PPh3)Cl2, K2CO3, 

DMF/water (3:1), 100 - 110 oC, 4 - 16 h. 

 

O N

N

HN

N  

6-methoxy-N-(1-methylpiperidin-4-yl)-1,5-naphthyridin-4-amine (38) 

To 8-chloro-2-methoxy-1,5-naphthyridine (4, 7.50 g, 38.5 mmol), cesium carbonate (25.1 g, 

77.1 mmol) and 4-amino-1-methylpiperidine (7.90 g, 69.3 mmol) in 1,4-dioxane (75 mL) at 

room temperature under nitrogen condition was added rac-2-(di-tert-butyl-phosphino)-1,1'-

binaphthyl (1.5 g, 3.5 mmol) and followed by palladium(II) acetate (0.43 g, 1.9 mmol). The 

reaction was stirred at 120 °C for 4 h under a nitrogen atmosphere. The reaction was cooled to 

room temperature and filtered through Celite®. The filter-cake was washed with MeOH/DCM 

(2:8) and the filtrate concentrated to afford 6-methoxy-N-(1-methylpiperidin-4-yl)-1,5-

naphthyridin-4-amine (38, 7 g, 59% yield) as a dark brown gum. The intermediate was used in 

the following step without further purification. LC-MS: tR = 0.132 min (method 1, purity 88%); 

m/z = 273.2 [M+H]+ (anal. calcd. for C15H20N4O: m/z = 272.2). 
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HO N

N

HN

N  

8-((1-methylpiperidin-4-yl)amino)-1,5-naphthyridin-2-ol (39) 

A solution of 38 (7.0 g, 26 mmol) and aqueous hydrogen bromide solution (48% w/w) (62.3 

mL, 771 mmol) was stirred at 120 °C for 18 h. The reaction was cooled to room temperature 

and concentrated under reduced vacuum to afford 8-[(1-methylpiperidin-4-yl)amino]-1,5-

naphthyridin-2-ol (39, 5 g, 73% yield) as a brown solid. The intermediate was obtained as the 

hydrogen bromide salt and used in the following step without further purification. LC-MS: tR 

= 0.124 min (method 1, purity 96%); m/z = 259.1 [M+H]+ (anal. calcd. for C14H18N4O: m/z = 

258.1). 

 

TsO N

N

HN

N  

[8-[(1-methylpiperidin-4-yl)amino]-1,5-naphthyridin-2-yl] 4-methylbenzenesulfonate 

(40) 

A solution of 39 (5.0 g, 19 mmol), DCM (80 mL), p-toluenesulfonyl chloride (7.3 g, 38 mmol), 

triethylamine (10.8 mL, 77.4 mmol) and 4-(dimethylamino)pyridine (0.24 g, 1.9 mmol) was 

stirred at 25 oC for 18 h. Purification was carried out by reverse phase column chromatography 

to afford [8-[(1-methylpiperidin-4-yl)amino]-1,5-naphthyridin-2-yl] 4-

methylbenzenesulfonate (40, 4.0 g, 9.5 mmol, 49.2% yield) as a beige powder. LC-MS: tR = 

1.004 min (method 1, purity 98%); m/z = 413.2 [M+H]+ (anal. Calcd. For C21H24N4O3S: m/z = 

412.2). 
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1.3. Synthetic scheme for compound 35. 

 

a
N

N

TsO
HN

N

N

N

HN

N
NF

b N

N

HN

N
NOHO

3540 41  

Scheme S2: Synthesis of 35.  

Reagents and conditions: (a) 6-fluoropyridine-3-boronic acid, PdCl2(dppf), K3PO4 or Cs2CO3, 

n-BuOH/water (7:1), 25 °C, 3 h; (b) 1,3-propanediol, sodium tert-butoxide, tert-BuOH, 70 oC, 

4 h.  

N

N

HN

N
NF

 

6-(6-fluoropyridin-3-yl)-N-(1-methylpiperidin-4-yl)-1,5-naphthyridin-4-amine (41) 

 Intermediate 40 (2.0 g, 4.8 mmol), 6-fluoropyridine-3-boronic acid (0.75 g, 5.3 mmol), [1,1′-

bis(diphenylphosphino)ferrocene]dichloropalladium(II) (0.18 g, 0.24 mmol) and potassium 

phosphate tribasic (1.54 g, 7.30 mmol) were mixed in degassed 1-butanol (20 mL) under N2. 

Following this, degassed water (3 mL) was added, and the reaction was stirred at ambient 

temperature for 3 h. The reaction mixture was filtered through a Celite® pad.  The filtrate was 

purified by reverse phase column chromatography to afford 6-(6-fluoropyridin-3-yl)-N-(1-

methylpiperidin-4-yl)-1,5-naphthyridin-4-amine (41, 1.0 g, 61% yield) as a beige solid. 1H 

NMR (300 MHz, DMSO-d6) δ 9.30 (d, J = 2.5 Hz, 1H), 9.00 (td, J = 8.2, 2.6 Hz, 1H), 8.43 

(d, J = 5.3 Hz, 1H), 8.37 (d, J = 8.8 Hz, 1H), 8.26 (d, J = 8.8 Hz, 1H), 7.37 (dd, J = 8.6, 2.8 

Hz, 1H), 7.21 (d, J = 8.5 Hz, 1H), 6.74 (d, J = 5.4 Hz, 1H), 3.55 (d, J = 10.0 Hz, 1H), 2.82 

(d, J = 11.1 Hz, 2H), 2.21 (s, 3H), 2.08 (t, J = 11.4 Hz, 2H), 1.95 (d, J = 10.8 Hz, 2H), 1.80 

(td, J = 12.3, 3.4 Hz, 2H). LC-MS: tR = 0.304 min (method 1, purity 97%); m/z = 338.1 [M+H]+ 

(anal. calcd. for C19H20FN5: m/z = 337.1). 

  



S10 
 

1.4.  Synthetic scheme for compounds 36 and 37. 

N

N

N
Cl

F3C F3C N
Cl

N

N
O

F3C N
Cl

N

H
N O

F3C N
Cl

Cl

N

N

N
F3C N
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N
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N
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e

e

f

42 43

4445
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Scheme S3: Synthesis of 36 and 37. Reagents and conditions: (a) m-CPBA, DCM, 25 oC, 1 h; 

(b) methanesulfonyl chloride, DCM, H2O, 25 oC, 0.5 h; (c) POCl3, 100 oC, 1 h; (d) 4-amino-1-

methylpiperidine, DMF, 70 oC, 18 h; (e) amines, Cs2CO3, Pd(OAc)2, rac-BINAP, 1,4-dioxane, 

105 - 115 °C, 2 - 5 h; (f) TFA, 85 oC, 4 h. 

 

F3C N
Cl

N

N
O

 

4-chloro-6-(6-(trifluoromethyl)pyridin-3-yl)-1,5-naphthyridine 1-oxide (42) 

To a solution of 7b (500 mg, 1.60 mmol) in DCM (5 mL) was added 3-chloroperbenzoic acid 

(1.1 g, 6.4 mmol) at 25 oC and the reaction stirred at this temperature for 1 h. The mixture was 

diluted with DCM and washed with a saturated aqueous solution of K2CO3. The organic layer 

was dried over Na2SO4 and concentrated to obtain the product, 4-chloro-1-oxido-6-[6-

(trifluoromethyl)pyridin-3-yl]-1,5-naphthyridin-1-ium (42, 488 mg, 83% yield) as a yellow 

solid. The intermediate was used in the next step without further purification. LC-MS: tR = 
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0.975 min (method 1, purity 90%); m/z = 326.0 [M+H]+ (anal. calcd. for C14H7ClF3N3O: m/z 

= 325.0). 

 

F3C N
Cl

N

H
N O

 

4-chloro-6-(6-(trifluoromethyl)pyridin-3-yl)-1,5-naphthyridin-2(1H)-one (43) 

To a solution of 42 (100 mg, 0.27 mmol) in DCM (3 mL) was added water (3 mL). To the 

stirred mixture was added methanesulfonyl chloride (0.24 mL, 2.76 mmol) dropwise. The 

reaction proceeded for 30 min, within which the product precipitated. The mixture was 

transferred to a separatory funnel, and the aqueous layer was collected. The solid residue 

present was collected by suction filtration and rinsed sequentially with a saturated solution of 

Na2CO3 followed by water. The resultant was thoroughly dried to afford the product, 4-chloro-

6-[6-(trifluoromethyl)pyridin-3-yl]-1H-1,5-naphthyridin-2-one (43, 30 mg, 29% yield) as a 

white solid which was used in the following step without further purification. LC-MS: tR = 

2.50 min (method 2, purity 87%); m/z = 326.0 [M+H]+ (anal. calcd. for C14H7ClF3N3O: m/z = 

325.0). 

 

F3C N
Cl

Cl

N

N

 

2,4-dichloro-6-(6-(trifluoromethyl)pyridin-3-yl)-1,5-naphthyridine (44) 

A suspension of 43 (1.4 g, 4.3 mmol) in POCl3 (15.1 mL, 160 mmol) was refluxed at 100 oC 

for 1 h. The reaction mixture was cooled to room temperature and the excess POCl3 removed 

in vacuo. The residue was taken up in ice-cold water and sonicated to afford a solid precipitate 

which was collected by suction filtration. The filter-cake was rinsed with saturated NaHCO3 

solution  followed by water and dried under vacuum to obtain the product 2,4-dichloro-6-[6-

(trifluoromethyl)pyridin-3-yl]-1,5-naphthyridine (44, 1.1 g, 78% yield) as a yellow solid, 

which was used in the next step without further purification. LC-MS: tR = 2.719 min (method 

2, purity 9%); m/z = 344.0 [M+H]+ (anal. calcd. for C14H6Cl2F3N3: m/z = 342.9). 
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N
F3C N

HN

Cl

N

N

 

2-chloro-N-(1-methylpiperidin-4-yl)-6-(6-(trifluoromethyl)pyridin-3-yl)-1,5-

naphthyridin-4-amine (45) 

To a solution of 44 (490 mg, 1.30 mmol) in DMF (4 mL) was added 4-amino-1-

methylpiperidine (0.67 mL, 5.3 mmol). The mixture was heated at 70 °C for 18 h. The crude 

was purified by normal phase column chromatography to obtain the product 2-chloro-N-(1-

methylpiperidin-4-yl)-6-[6-(trifluoromethyl)pyridin-3-yl]-1,5-naphthyridin-4-amine (45, 156 

mg, 28% yield) as a yellow solid. LC-MS: tR = 2.331 min (method 2, purity 100%); m/z = 422.2 

[M+H]+ (anal. calcd. for C20H19ClF3N5: m/z = 421.1). 

PMB

N
F3C N

HN

H
N

N

N

 

N2-(4-methoxybenzyl)-N4-(1-methylpiperidin-4-yl)-6-(6-(trifluoromethyl)pyridin-3-yl)-

1,5-naphthyridine-2,4-diamine (46) 

To a solution of 45 (320 mg, 0.760 mmol) in 1,4-dioxane (5 mL) was added 4-

methoxybenzylamine (0.13 mL, 0.99 mmol), cesium carbonate (494 mg, 1.50 mmol), 

palladium(II) acetate (17.0 mg, 0.080 mmol) and  [1-(2-diphenylphosphanylnaphthalen-1-

yl)naphthalen-2-yl]-diphenylphosphane (24 mg, 0.040 mmol) sequentially. The solution was 

degassed by bubbling nitrogen through the mixture. The reaction was heated at 115 °C until 

completion (5 h). The reaction was cooled to room temperature and and concentrated. The 

residue was dissolved in EtOAc and washed with water. The organics were dried over Na2SO4 

and adsorbed onto silica gel. The crude was purified by normal phase column chromatography 

to obtain the product, 2-N-[(4-methoxyphenyl)methyl]-4-N-(1-methylpiperidin-4-yl)-6-[6-

(trifluoromethyl)pyridin-3-yl]-1,5-naphthyridine-2,4-diamine (46, 58 mg, 12% yield) as a 

yellow solid. LC-MS: tR = 2.272 min (method 1, purity 80%); m/z = 523.3 [M+H]+ (anal. calcd. 

for C28H29F3N6O: m/z = 522.2). 
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1.5. Analytical spectra for compound 17. 

HPLC_UV and MS spectra of 17 
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1H NMR spectrum of 17 

 

13C NMR spectrum of 17 
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1.6. HPLC traces for compounds tested in vivo. 

HPLC_UV and MS spectra of 1 
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HPLC_UV and MS spectra of 14 
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HPLC_UV and MS spectra of 21 
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2. Parasitology methods 

2.1. Parasite culture 

Human malaria parasites were cultured as described previously with minor modifications.1 

Several culture-adapted strains of Plasmodium falciparum were used for the different 

assessments. Parasites were maintained at 5-10% parasitemia in human erythrocytes (type O+) 

suspended in RPMI-1640 growth media supplemented with HEPES, glucose, bicarbonate and 

Albumax-II. Cultures were incubated at 37°C in a mixture of 3% O2 and 4% CO2 in nitrogen 

and had growth media replenished daily to ensure viability. 

2.2. Antiplasmodial activity assessments 

A full dose-response assessment was performed for all compounds in a 96-well plate to 

determine the concentration inhibiting 50% of parasite growth (IC50–value), with parasite 

survival measured using radiolabelled DNA precursor incorporation or lactate dehydrogenase 

(pLDH) activity as a proxy.2 Samples were prepared to a 10 mmol/L stock solution in 100% 

DMSO and stored at room temperature until testing. Dilutions to the desired starting 

concentration were freshly prepared in growth media on each occasion of the experiment The 

standard antimalarial drugs chloroquine and artesunate were used as the reference drug in all 

experiments. The highest concentration of solvent to which the parasites were exposed was 

<0.5% and has no measurable effect on the parasite viability. The assay plate was incubated at 

37°C for 72h in a sealed gas chamber under 3% O2 and 4% CO2 in nitrogen. 

For activity assessed using the pLDH method, the wells in the assay plate were gently 

resuspended after 72h, and 15µL from each well was transferred to a corresponding well in a 

duplicate plate containing 100µL of Malstat reagent and 25µL of nitroblue tetrazolium 

solution. Plates were left to develop for 20 minutes in the dark and then absorbance of each 

well was quantified using a spectrophotometer at 620nM wavelength. Regression analysis was 

performed using the Dotmatics software platform to quantify the IC50. 

For activity measured using DNA incorporation, tritiated hypoxanthine was added to each well 

after 54h and cultures returned to the incubator for the remainder of the 72h period. After that, 

cells were harvested, washed and transferred to a scintillation counter to determine uptake. 

Relative amounts were plotted and regression analysis carried out using Graphpad Prism 

software to determine the IC50 value. 
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Cross-resistance profiling against lab-raised resistant lines and field isolates was performed at 

Swiss TPH using the [3H]-hypoxanthine incorporation assay, as previously reported.3 4 5 

2.3. Stage Specificity 

Stage specificity assessments were carried out as described previously, using the pLDH assay 

as above with minor modifications.6 Parasites at each stage were exposed to a range of drug 

concentrations from 6mM to 12nM and growth at each concentration compared between stages. 

Assessment of ring stage activity was carried out using a synchronous ring-stage culture at 2% 

parasitemia and growth determined via pLDH activity after 24h in the late trophozoite stage 

when pLDH activity is greatest. Schizont stage assessments were carried out using synchronous 

schizont cultures, and growth determined after 48h in the next late trophozoite stage. 

Comparison of the relative parasite survival at each concentration between the two stages 

showed when the killing action was taking place. 

2.4. Cytotoxicity assessment 

The IC50 against mammalian cells (human HepG2 or Chinese Hamster Ovary (CHO)) was 

determined using the MTT assay over 48h as described.7 Samples were prepared to a 10 

mmol/L stock solution in 100% DMSO and stored at room temperature until testing. Dilutions 

to the desired starting concentration were freshly prepared in growth media on each occasion 

of the experiment. Cells were plated 24h prior to exposure and allowed to adhere to the well 

surfaces. After 24h, media was aspirated, compounds and fresh media were introduced and 

plates were returned to the incubator for a further 44h of growth; thereafter 25mL of sterile 

MTT dye was added to each well and plates were incubated for the final 4h of the experiment. 

Plates were centrifuged for 10 minutes to concentrate the reduced dye crystals; the supernatant 

was aspirated and 50mL DMSO added to dissolve the dye. Absorbance was measured at 

540nM, and the IC50 determined by regression analysis of these values using the Dotmatics 

software platform.   

2.5. PRR assessment 

Parasite reduction ratio evaluation was carried out as described using P. falciparum 3D7.8 

Parasites were exposed to a concentration of each compound equivalent to 10x the IC50 value, 

determined for the strain immediately prior to the start of the exposure. An aliquot of parasites 

was removed daily until 120 h and plated using a limiting dilution technique after washing to 

remove all traces of the compound from the extracellular environment. Remaining parasites 
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were washed, media and drug were replenished and parasites were returned to the incubator 

until 120 h of exposure. Parasite viability in the plates containing the limiting dilutions was 

maintained with regular replenishment of growth media and fresh erythrocytes for 28 days 

before plates were read to determine the killing rate of each compound during the exposure 

period. 

 

Figure S1. Killing profile of P. falciparum 3D7 after treatment with 10X IC50 concentration 
of A) compound 1 and B) compound 17.  
 

2.6. Stage-specific gametocyte production and luciferase assay 

Gametocytogenesis was induced from a tightly synchronised (>97 % rings, 0.5 % parasitemia, 

6 % hematocrit grown in RPMI media containing Albumax II in A+/O+ human erythrocytes) 

asexual parasite culture from a NF54-Pfs16-GFP-luc P. falciparum transgenic line,9 under 

stationary, hypoxic conditions as described before.10 The hematocrit was reduced to 4 % after 

on day 0 as anemic stressor and immature gametocytes (stage II/III) harvested on day 5-6 from 

cultures exposed to 50 mM N-acetyl glucosamine (NAG) on days 1-4. For late-stage (stage 

IV/V) and/or mature (stage V) gametocytes, NAG treatment occurred from days 3-7, and 

gametocytes were harvested on day 10 or 13.  

 Compounds were evaluated for stage-specific gametocytocidal activity with a 48h drug 

pressure on either immature (stage II/III) or mature (stage V) gametocytes (2 % 

gametocytemia, 1.5 % hematocrit) under hypoxic conditions at 37 ºC. Luciferase activity was 

determined as a proxy for viability as described before.10 Effective half-maximal inhibition 

(IC50) values were determined for 2-fold dilutions over 9 concentration points, in technical 

triplicates and for three independent biological replicates, with methylene blue and 
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MMV390048 serving as internal controls. IC50 was determined through non-linear, 4-

parameter curve fitting in GraphPad and is indicated as means ± S.E. 

2.7. Male gamete formation assay 

Male gamete exflagellation inhibition was determined as described previously in carry-over 

format11 by treating mature (>95 % stage V) gametocytes from the P. falciparum NF54 strain 

with 2 µM of each compound in RMPI media with 50 % (v/v) A+ male human serum, for 48 

h at 37 ºC under hypoxic conditions. Male gametes was subsequently induced from these 

populations by exposure to 100 µM xanthurenic acid at room temperature for 16 min. 

Exflagellating centres were recorded with video microscopy and quantified as described.10 The 

total exflagellating centres per treatment were quantified using ICY (open-source imaging 

software GPLv3) normalised to an untreated control. 

2.8. Activity against liver stage P. falciparum NF54 

Primary human hepatocytes are cultured for 2 days and then overlaid with P. falciparum NF54 

sporozoites and compounds.12 Supernatant is refreshed daily with fresh compounds. 4 days 

post-infection, hepatocytes are stained for the presence of liver stage parasites. Cryopreserved 

human primary hepatocytes (H1500.H15B+ Lot No. HC0-6, TebuBio or F00995-P Lot No. 

IRZ, BioIVT) were thawed and seeded at 60,000 (HC0-6) or 18,000 (IRZ) cells per well in 

collagen-coated 96w or 384w microtiter plates, respectively. Cells were cultured at 37°C in 5% 

CO2. Five and 24 hours post plating, medium was replaced for donor HC0-6, whereas for donor 

IRZ medium was refreshed 24 hours post plating only. 48 hours post plating, salivary glands 

from Plasmodium-NF54-infected Anopheles stephensi mosquitoes were dissected, and 50,000 

or 25,000 sporozoites per well were added to 96w or 384w plates respectively and allowed to 

infect for 3 hours. Sporozoites were then aspirated and compounds diluted in medium were 

added to the hepatocytes. Compounds were tested in duplicate. Medium containing compounds 

was refreshed daily for four days. Hepatocytes were fixed with ice-cold methanol and 

monolayers were blocked with 10% hiFBS in PBS. Schizonts were stained with rabbit anti-

PfHSP70 (heat shock protein 70) in 10% hiFBS for 1-2 hours followed by incubation with a 

mixture of secondary goat anti-rabbit AlexaFluor 594 antibody and 4′,6-Diamidine-2′-

phenylindole dihydrochloride (DAPI) in 10% hiFBS for 30 min. Samples were washed with 

PBS containing 0.05% Tween 20 between different steps. Cells were imaged on a PicoExpress 

high content imager (Molecular Devices) and images were analyzed automatically using 

https://www.sigmaaldrich.com/NL/en/product/roche/10236276001
https://www.sigmaaldrich.com/NL/en/product/roche/10236276001
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CellReporterXpress software. Data were analyzed by logistic regression using a four-parameter 

(Hill equation) model and a least-squares method to find the best fit. 
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3. PvPI4K enzyme assay 

Full-length PvPI4Kβ (PVX_098050) recombinant protein was expressed in a baculovirus-

insect cell expression system and purified as previously described.13, 14 Briefly, N-terminal His-

tagged recombinant PvPI4Kβ protein was purified using a HisTrap HP column (GE 

Healthcare), followed by size exclusion chromatography (HiLoad 16/600 Superdex 200 pg 

column, GE Healthcare). Final buffer composition of purified protein was 20 mM HEPES pH 

7.5, 500 mM NaCl, 5% (v/v) glycerol, 10 mM β-mercaptoethanol.  

PvPI4Kβ kinase inhibition assays were performed using the ADP-Glo kinase assay kit 

(Promega) to measure ADP formation as described previously.15 L-alpha-phosphatidylinositol 

(PI; Avanti Polar Lipid, cat. 840042P) dissolved in 3% n-Octylglucoside to a stock 

concentration of 20 mg/mL was used as the lipid substrate. Briefly, a 3-fold serial dilution of 

each inhibitor was carried out in DMSO and inhibitors were subsequently diluted into assay 

buffer (25 mM HEPES pH 7.4, 100 mM NaCl, 3 mM MgCl2, 1 mM DTT, 0.025 mg/ml BSA, 

0.2% (v/v) Triton-X-100) to 1.5 × the final required concentration. 2 μL of each inhibitor 

dilution was transferred into a white 384-shallow well plate (Nunc #264706). A MANTIS® 

Liquid Handler (Formulatrix) was used to dispense the remaining assay components. 0.5 μL 

PvPI4Kβ protein was added and following a 5-minute pre-incubation with inhibitor, 0.5 μL 

substrate buffer (ATP and PI) was added to each well. The final 3 μL kinase reaction contains 

~6 nM PvPI4Kβ protein, 10 μM ATP, 0.1 mg/ml PI, 1% (v/v) DMSO and inhibitor in assay 

buffer. Reactions were incubated for 40 minutes at 22°C (resulting in < 10% ATP conversion). 

ADP formation was measured using the ADP-Glo Kinase Kit (Promega). Briefly, 2 μL ADP-

Glo reagent containing 10 mM MgCl2 was added to each well and incubated for 40 minutes at 

22°C to deplete the remaining ATP. 2 μL of Kinase Detection Reagent was then added and the 

reaction was incubated for a further 30 minutes at 22°C. The plate was sealed with an adhesive 

foil seal for all incubation steps. Luminescent signal was measured using the EnSpire 

Multimode Plate Reader (PerkinElmer). The data was normalised based on the 100% activity 

controls (1% DMSO only) and the 100% inhibition controls (10 μM MLN0128 (sapanisertib).15 

Mean IC50 values were calculated from N ≥ 2 independent experiments, each with technical 

duplicates (log(inhibitor) vs. normalized response - Variable slope). IC50 values within 3-fold 

from independent experiments are considered reproducible.   
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4. P. falciparum PI4K conditional knockdown assays 

Compound susceptibility assays using P. falciparum PI4K cKD lines were carried out as 

previously described.15 Briefly, synchronous ring-stage PI4K (PF3D7_0509800) cKD 

parasites, as well as a control parasite line expressing an aptamer-regulatable fluorescent 

protein were maintained in the presence of high aTc (500 nM) or no aTc and distributed into 

384-well polystyrene microplates (Corning). Stock solutions of compounds were serially 

diluted and transferred to the parasite-containing plates using the Janus platform 

(PerkinElmer). DMSO and dihydroartemisinin treatment (500 nM) served as reference 

controls. Luminescence was measured after 72 hours using the Renilla-Glo Luciferase Assay 

System (Promega E2750) and the GloMax Discover Multimode Microplate Reader (Promega), 

and IC50 values were obtained from corrected dose-response curves using Graph-Pad Prism 

(Refer Table S5). 

5. NP-40 mediated cell-free β-hematin assay. 

The modified NP-40 detergent-based assay described by Carter et al.16 and Sandlin et al.17 was 

modified and used to determine the β-hematin inhibition activity of the reported compounds. 

Chloroquine diphosphate (CQDP) was used as the positive control for this assay. Each 

compound was tested in triplicate using a 10 mM stock solution of the sample in DMSO. 20 

μL of the respective compound was delivered into column 12 of a 96-well plate. Milli-Q water 

(140 μL) and NP40 substitute detergent (305.5 mM, 40 μL) was also added to column 12. A 

solution of water/NP40 substitute (305.5 mM)/DMSO at a v/v ratio of 70%/20%/10% was 

prepared and 100 μL was added to all wells in columns 1-11. A serial dilution of each 

compound (100 μL) was carried out from column 12 to column 2, with the disposal of 100 μL 

of solution from column 2. Column 1 has 0 mM of compound and serves as a blank. A 25 mM 

hematin stock solution was prepared by sonicating hemin in DMSO for one minute and then 

suspending 178 μL of this in a 1 M acetate buffer (20 mL, pH 4.8). The homogenous suspension 

(100 μL) was then added to all the wells to give final buffer and hematin concentrations of 0.5 

M and 100 μM respectively. The plates were covered and incubated at 37 °C for 5-6 h. Analysis 

was carried out using the pyridine-ferrichrome method developed by Ncokazi and Egan.18 A 

solution of 50% (v/v) pyridine, 30% (v/v) H2O, 20% (v/v) acetone and 0.2 M HEPES buffer 

(pH 7.4) was prepared and 32 μL added to each well to give a final pyridine concentration of 

5% (v/v). Acetone (60 μL) was then added to assist with hematin dispersion. The UV-vis 

absorbance of the plate wells was read on a Thermo Scientific MultiskanGO plate reader using 
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a wavelength of 405 nm. Sigmoidal dose-response curves were fitted to the absorbance data 

using GraphPad Prism v.5.0 to obtain a 50% inhibitory concentration (IC50) of each compound. 

Table S1. β-hematin IC50s of representative compounds. 

Compound β-hematin IC50 (μM)* 

1 >500 

8 >500 

12 66 ± 1 

14 33 ± 0.3 

16 32 ± 1.1 

17 55 ± 0.7 

18 137 ± 4 

19 94 ± 3 

20 37 ± 2 

21 35 ± 1 

23 30 ± 3 

27 140 ± 7 

28 95 ± 16 

30 75 ± 6 

32 51 ± 2 

33 131 ± 6 

35 >200 

36 35 ± 0.9 

Chloroquine 21 ± 2.1 

*Data from n = 2 
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6. Cellular heme fractionation assay 

Target validation was carried out through a cellular fractionation assay, optimized to a 

multiwell colorimetric assay for determining heme species in P. falciparum as previously 

described.19 The cellular fractionation allows the direct quantification of heme species in 

isolated trophozoites such as the freely exchangeable heme and hemozoin.  

Ring stage PfNF54 parasites (5% parasitemia and 2% hematocrit) were synchronized and 

incubated with different concentrations of the compounds investigated for 36 h as well. A no 

drug control was also included. After 36 h, the rings mature to trophozoites. The matured 

trophozoites were liberated from the RBCs through saponin lysis and resuspended in 100 μL 

PBS and precisely transferred into a 0.5 mL round-bottomed, 96-well plate (Axygen 

Scientific). This plate is known as the “stock plate.” Another plate known as “counting plate” 

was made by transferring 10 μL of the resuspended trophozoites to a SYBR green-based cell 

counting (FACS) solution made up of PBS pH 7.5 containing 0.125% (v/v) glutaraldehyde and 

0.5% (v/v) DNase and the total volume of each well in the counting plate was adjusted to 200 

μL. The counting plate is stored in the fridge at 4 °C. Cells were counted and evaluated using 

flow cytometry on a Becton Dickinson (BD) AccuriTM C6 Plus system with SSC/FL1530 nm 

using BD AccuriTM C6 Plus software. To prepare the cells for sorting on the flow cytometer, 

20 μL of thoroughly resuspended cells from the counting plate were transferred into a flat-

bottomed, 96-well plate containing 160 μL of a solution of 1× SYBR Green in PBS. 20 μL of 

TrucountTM beads (BD) were then added to this solution to make a final volume of 200 μL. 

This plate was kept in an aluminium foil to prevent light interference and incubated at 37 °C 

for 30 minutes. Before reading on the flow cytometer, the mixture was properly resuspended. 

Usually, about 10,000 total events were counted for each sample. The concentration of cells in 

the wells was calculated according to equation:  

CF = (T/B) × CB, 

where CF is the cells’ concentration in 1mL; T is the number of trophozoites gated; B is the 

number of TrucountTM beads gated, and CB is the concentration of TrucountTM beads in each 

well per mL (calibrated bead count according to supplier stipulation).  

FlowJo software (V10) is used to analyze the data. The stock plate was stored at −20 °C for at 

least a day. A series of cellular fraction steps were performed to quantify hemoglobin, heme, 

and hemozoin amounts in the cell after compound action. The content of the stock plate is 
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thawed after freezing to lyse the parasite’s membrane. 100 μL of water was added, and the 

contents of the plate were sonicated for 5 min. 50 μL of a 0.02 M Hepes buffer pH 7.5 was 

added, and the sample was centrifuged at 3600 rpm for 20 min. The supernatant was transferred 

to an adjacent set of wells on the same plate. 50 μL of 4% SDS was added to this supernatant 

and sonicated for 5 min. After that, the plate was incubated on the bench for 30 minutes. This 

was followed by the addition of 50 μL of 0.3 M NaCl and 25% pyridine (v/v) in 0.2 M Hepes 

pH 7.5. 200 μL of this supernatant was pipetted to a flat-bottomed, 96-well plate referred to as 

the “reading plate.”  

50 μL water and 50 μL of 4% SDS were added to the remaining pellets and mixed well. After 

sonicating for 5 minutes and incubation for 30 minutes to promote the solubilization of free 

heme, 50 μL of 0.2 M Hepes pH 7.5, 50 μL of 0.3 M NaCl, and 25% pyridine were added. The 

plate was then centrifuged at 3600 rpm for 20 min. On the same plate, the supernatants, after 

centrifugation, were transferred to the adjacent wells and diluted with 150 μL of water to give 

a final volume of 400 μL. 200 μL of this solution was transferred to the reading plate.  

To the remaining pellets, representing the hemozoin fraction, 50 μL of water and 0.3 M NaOH 

were added and sonicated for 15 minutes to dissolve hemozoin. The plate was kept on the bench 

for 20 minutes to incubate at room temperature. Finally, 50 μL of 0.2 M Hepes buffer, 50 μL 

of 0.3 M HCl, and 50 μL of 25% pyridine solution were added, and the supernatant was diluted 

with water to a final volume of 400 μL. 200 μL of the supernatant was transferred to the reading 

plate.  

The UV-visible spectra of these fractions were recorded between 400 nm and 415 nm on a 

multi-well plate reader (Spectramax 340PC, Molecular Devices). Hemoglobin, heme, and 

hemozoin percentages were obtained from the absorbance values of the three fractions. A 

standard curve was used to assess the total heme in each of these samples. The analyses were 

done using GraphPad Prism version 6.0.0 software. A two-tailed t-test (95% CI) was used for 

determination of statistical significance of differences in measurements relative to controls. 

The data represent a minimum of three repeats with standard deviations calculated for each of 

the average results. 
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7. In vitro ADME assays. 

7.1.Solubility 

Solubility was performed using a miniaturized shake flask method. 10 mM stock solutions of 

each compound were used to prepare calibration standards (10-220 µM) in DMSO. The same 

10mM stock solutions were accurately dispensed in duplicate into 96-well plates and the 

DMSO dried down (MiVac GeneVac, 90 min, 37 ˚C). Thereafter, the samples were 

reconstituted (200 µM) in aqueous solution and shaken (20 hours, 25 °C). The solutions were 

analysed by means of HPLC-DAD (Agilent 1200 Rapid Resolution HPLC with a diode array 

detector). Solubility was then determined using the peak areas of the aqueous samples and the 

best fit calibration curves constructed using the calibration standards.20 

7.2.LogD 

The LogD assay was performed in triplicate using a shake-flask procedure. 10 mM stock 

solutions of each test compound were used to spike (100 µM) a 1:1 mixture of phosphate buffer 

(pH 7.4) and n-octanol. The solutions were shaken vigorously (1500 rpm) on an orbital shaker 

for 3 hours at room temperature. Thereafter the samples were centrifuged in order to fully 

separate the two immiscible fluids. The samples were analyzed by HPLC-DAD (Agilent 1200 

Rapid Resolution HPLC with a diode array detector) and the amount of compound in the buffer 

and n-octanol were used to determine the partition coefficient, LogD7.4.21 

7.3.In vitro Microsomal stability 

The in vitro microsomal stability assay was performed in duplicate in a 96-well micro titre 

plate. The test compounds (1 µM) were incubated individually in mouse, rat and pooled human 

liver microsomes (final protein concentration of 0.4 mg/mL; XenoTech, Lenexa, KS), 

suspended in 0.1M phosphate buffer (pH 7.4) for predetermined time points, in the presence 

and absence of the cofactor NADPH (1 mM). Reactions were quenched by adding 300 µL of 

ice-cold acetonitrile containing internal standard (carbamazepine, 0.0236 µg/mL). The samples 

were centrifuged and test in the supernatant were analyzed by means of LC-MS/MS (Agilent 

Rapid Resolution HPLC, AB SCIEX 4500 MS). The relative loss of parent compound over 

time was monitored and plots (concentration vs. time) were prepared per compound to 

determine the first order rate constant for compound depletion. This was in turn used to 

calculate half-life, in vitro intrinsic clearance and in vivo hepatic extraction ratio.22 
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7.4. Plasma protein binding (PPB) 

Plasma protein binding was determined by ultracentrifugation. In brief, pooled human plasma 

was spiked with test compound (5 µM) from a 10mM DMSO stock. An aliquot was 

immediately removed and quenched using ice cold acetonitrile containing internal standard 

(carbamazepine, 0.0236 µg/mL), and placed in the freezer. This served as the total 

concentration sample. After pre-incubation (37 °C for 1 hour) duplicate aliquots of the spiked 

plasma were transferred to ultra-centrifugation tubes, and ultracentrifuged for 4 hours (42000 

rpm, 37 °C, Beckman Optima L-80XP).  The samples were then analysed by LC-MS/MS 

(Agilent Rapid Resolution HPLC, AB SCIEX 4500 QTRAP MS). Protein binding was then 

calculated by comparing analyte:peak area ratios of the ultracentrifuged sample to those of the 

total concentration sample. 

8. Mouse pharmacokinetic studies 

8.1.Ethics 

Animal studies were conducted at the Holistic Drug Discovery and Development (H3D) Centre 

Animal Research Facility, University of Cape Town (UCT). Ethical approval was granted by 

the UCT Animal Ethics Committee prior to study commencement (ethics approval reference 

number 022/004), and all procedures were performed in accordance with UCT’s animal ethics 

policies. Food and water were supplied ad libitum before and during the study. 

 

8.2. Animal studies 

Male BalbC mice were part of the Animal Unit located at the Division of Clinical 

Pharmacology, University of Cape Town, South Africa.  The intravenous dose was 

administered as a bolus injection through the penile vein as solutions formulated in 

Dimethylacetamide/Polyethylene glycocl/Polypropylene Glycol  (10:30:60). The oral dose was 

administered to 3 animals as an aqueous suspension containing 0.5% (w/v) hydroxypropyl 

methylcellulose and 0.2% (v/v) Tween 80. Mice were not fasted overnight and were permitted 

access ad libitum to water. 

8.3. Sample analysis 

Blood samples were collected from mice into heparinised microcentrifugation tubes at 0.17 (IV 

only), 0.5, 1, 3, 5, 8, 12, 24 hours after dosing and stored frozen (-80 °C) until analysis. 
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8.4. Bioanalytical method 

The compound concentration was determined by LC-MS/MS.  Samples were thawed and 

extracted by protein precipitation using acetonitrile containing an internal standard.  The 

supernatant was then submitted for LC-MS/MS analysis. Calibration standards and quality 

controls prepared in drug-free whole mice blood were processed similarly. Elution of analytes 

was confirmed by multiple-reaction monitoring and compound concentrations were 

determined using the analyte response of the analytes relative to the calibration curve. The 

accuracy, precision, and recovery for each compound were within acceptable limits. 

8.5. Calculation of pharmacokinetic parameters 

Pharmacokinetic parameters were calculated by non-compartmental analysis using PK 

Solutions 2.0 (Summit Research Services, Montrose, CO, USA) using a method based on curve 

stripping. 

9.  In vivo efficacy and pharmacokinetics in malaria-infected humanized mice 

9.1.Ethics 

Animal studies were conducted at the Holistic Drug Discovery and Development (H3D) Centre 

Animal Research Facility, University of Cape Town (UCT). Ethical approval was granted by 

the UCT Animal Ethics Committee prior to study commencement (ethics approval reference 

number 021/015), and all procedures were performed in accordance with UCT’s animal ethics 

policies. Food and water were supplied ad libitum before and during the study. 

 
9.2.P. falciparum infection of humanized mice 

The antimalarial activity of 17 was determined in the P. falciparum-infected NSG mouse 

model, in 6- to 10-week-old, male NSG mice, weighing between 25 and 30 g, using methods 

previously described.23, 24 Briefly, NSG mice were intravenously engrafted daily with prepared 

human erythrocytes for 10 days, then the mice were intravenously injected in the tail vein with 

2 x 107 asynchronous Pf3D70087/N9-infected human erythrocytes (day 0). Pf3D70087/N9 is a 

chloroquine-sensitive strain that was developed and selected for infection in NSG mice at 

GlaxoSmithKline, Tres Cantos, Spain. The infection was left to establish for 3 days before 

commencement of treatment on day 3. The percentage of human erythrocytes was maintained 

above 50% with daily engraftments until the experimental endpoint on day 7 after infection. 

9.3.Administration and blood sampling 
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Compound 17 was administered as a single dose as either 100, 50, 30, 10 or 3 mg/kg, starting 

on the third day after infection with P. falciparum.  

 

Whole-blood PK and efficacy samples were collected via tail vein bleeding into lithium 

heparin-coated tubes. PK blood samples were collected for each dosage group at 0.5, 1, 2, 4, 

6, 24, 48, 72 and 96 h after administration on day 3. PK samples were stored at -80°C until 

bioanalysis. Efficacy blood samples were collected before treatment for all experimental 

groups on days 3, 4, 5, 6, and 7. These samples were processed immediately after collection, 

and the percentage of infected human erythrocytes, or the parasitemia, and the percentage 

engraftment measurements were determined by fluorescence-activated cell sorting using an 

Accuri C6 Plus flow cytometer and FlowJo 10.8 software (Becton, Dickinson and Company), 

as previously described.25 The relevant pharmacokinetic parameters for the oral groups are 

presented in Table S2. The efficacy result and the whole blood profiles obtained for the oral 

groups are graphically presented in Fig. 4 in the main manuscript.24   

Table S2: Pharmacokinetic parameters of compound 17 in NSG mouse 

Parameter 100 mg/kg 50 mg/kg  30 mg/kg  10 mg/kg 3 mg/kg 

Cmax (µM)  3.29 (0.3) 2.07 (0.64) 0.84 (0.02) 0.05 (0.02) 0.04 (0.01) 

Cmax (µM)/Dose 0.03 0.04 0.03 0.01 0.01 

AUC(0-96) (µM.h)  52.01 

(1.82) 

32.63 

(14.56) 

14.45 (0.24) 1.86 (0.03) 0.53 (0.27) 

AUC(0-96) (µM.h)/Dose 0.52 0.65 0.48 0.19 0.18 

Tmax (h)  3.0 (1.4) 1.5 (0.7) 3.3 (3.9) 5.0 (1.4) 0.5 (0.0) 

 

To determine the ED90 and AUCED90 values of 17 non-linear fitting to a sigmoid dose-response 

curve of log10 of % parasitemia on day 7 following infection versus the dose and AUC(0-96) was 

used, respectively (Fig. S1). Compound 17 showed an ED90 value of 31.98 mg/kg. The 

exposure levels responsible for the ED90 was 16.28 µM.h. 
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9.4. Pharmacokinetic–pharmacodynamic modeling. Nonlinear mixed effects modeling, in 

Monolix 

2021R1 software (Lixoft), was used to develop a sequential PK-PD model for the total whole-

blood concentration-time data for 17 after the efficacy study in the P. falciparum-infected NSG 

mouse model. Concentration values that were below the lower limit of quantification (LLOQ) 

of 2 ng/mL were censored in the PK analysis. The model parameters were estimated using 

stochastic approximation expectation maximization algorithm.26 A one compartment model 

with first-order absorption and elimination was used to describe the oral PK of 17. Table S3 

shows the population PK-PD parameters. 

The rate of change in the parasitemia was described by the direct effect pharmacodynamic 

model, which was sequentially modelled with population pharmacokinetic data. The compound 

EC50 was 31.4 ng/mL with a wide variation in the kill rate (Kkill) of parasites and the steepness 

(H) of the pharmacodynamic curve. 
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Figure S2. Estimation of ED90 and AUCED90 values of 17 
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Table S3. Population PK-PD parameters for 17 against P. falciparum Pf3D70087/N9 

 

  

 

 

 

10. Predicted human PK parameters 

Table S4 summarizes the predicted human PK parameters as well as the dose required for a 9 

and 12 log-kill.  

Table S4. MMVSola predicted Human PK parameters and dose for compound 17 

Parameter  Predicted Value 

Human Clearance (mL/min/kg) 0.7 

Human Vss (L/kg) 9.4 

Terminal half-life (h) 155 

Human dose prediction (9/12 log-kill) (Based 
on in vitro data) 51 mg/69 mg 

Human dose prediction (9/12 log-kill) (Based 
on NSG data) 10 mg/10 mg 

 

 

 

 

 

 

 

 

 

 

Parameter Estimate RSE (%) 

Kkill (1/h) 0.0292 4 

EC50 (ng/mL) 31.4 37.6 

H 3.95 87 
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