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1. Experimental spectra of final compounds 

 

Figure S1. 1H NMR spectrum of 3a in CDCl3, on a Bruker ARX 250 spectrometer. 
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Figure S2. 13C NMR spectrum of 3a in CDCl3, on a Bruker ARX 63 spectrometer. 

 

Figure S3. 1H NMR spectrum of 3b in CDCl3, on a Bruker ARX 250 spectrometer. 
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Figure S4. 13C NMR spectrum of 3b in CDCl3, on a Bruker ARX 63 spectrometer 

 

Figure S5. 1H NMR spectrum of 3c in CDCl3, on a Bruker ARX 250 spectrometer. 
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Figure S6. 13C NMR spectrum of 3c in CDCl3, on a Bruker ARX 63 spectrometer 

 

Figure S7. 1H NMR spectrum of 3d in CDCl3, on a Bruker ARX 250 spectrometer. 
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Figure S8. 13C NMR spectrum of 3d in CDCl3, on a Bruker ARX 63 spectrometer 

 

Figure S9. 1H NMR spectrum of 3e in CDCl3, on a Bruker ARX 250 spectrometer 
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Figure S10. 13C NMR spectrum of 3e in CDCl3, on a Bruker ARX 63 spectrometer 

 

Figure S11. 1H NMR spectrum of 3f in CDCl3, on a Bruker ARX 250 spectrometer 
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Figure S12. 13C NMR spectrum of 3f in CDCl3, on a Bruker ARX 63 spectrometer 

 

Figure S13. 1H NMR spectrum of 3g in CDCl3, on a Bruker ARX 250 spectrometer 
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Figure S14. 13C NMR spectrum of 3g in CDCl3, on a Bruker ARX 63 spectrometer 

 

Figure S15. 1H NMR spectrum of 3h in CDCl3, on a Bruker ARX 250 spectrometer 
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Figure S16. 13C NMR spectrum of 3h in CDCl3, on a Bruker ARX 63 spectrometer 

 

Figure S17. 1H NMR spectrum of 3i in CDCl3, on a Bruker ARX 400 spectrometer 
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Figure S18. 13C NMR spectrum of 3i in CDCl3, on a Bruker ARX 101 spectrometer 

 

Figure S19. 1H NMR spectrum of 3j in CDCl3, on a Bruker ARX 250 spectrometer 
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Figure S20. 13C NMR spectrum of 3j in CDCl3, on a Bruker ARX 63 spectrometer 

 

Figure S21. 1H NMR spectrum of 3k in CDCl3, on a Bruker ARX 250 spectrometer 
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Figure S22. 13C NMR spectrum of 3k in CDCl3, on a Bruker ARX 63 spectrometer 

 

Figure S23. 1H NMR spectrum of 3l in CDCl3, on a Bruker ARX 250 spectrometer 
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Figure S24. 13C NMR spectrum of 3l in CDCl3, on a Bruker ARX 63 spectrometer 

 

Figure S25. 1H NMR spectrum of 3m in CDCl3, on a Bruker ARX 250 spectrometer 
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Figure S26. 13C NMR spectrum of 3m in CDCl3, on a Bruker ARX 63 spectrometer 

 

Figure S27. 1H NMR spectrum of 3n in CDCl3, on a Bruker ARX 250 spectrometer 
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Figure S28. 13C NMR spectrum of 3n in CDCl3, on a Bruker ARX 63 spectrometer 

 

Figure S29. 1H NMR spectrum of 3o in CDCl3, on a Bruker ARX 250 spectrometer 
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Figure S30. 13C NMR spectrum of 3o in CDCl3, on a Bruker ARX 63 spectrometer 

 

Figure S31. 1H NMR spectrum of 3q in CDCl3, on a Bruker ARX 250 spectrometer 
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Figure S32. 13C NMR spectrum of 3q in CDCl3, on a Bruker ARX 63 spectrometer 

 

Figure S33. 1H NMR spectrum of 3r in CDCl3, on a Bruker ARX 250 spectrometer 
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Figure S34. 13C NMR spectrum of 3r in CDCl3, on a Bruker ARX 63 spectrometer 

 

Figure S35. 1H NMR spectrum of 3s in CDCl3, on a Bruker ARX 250 spectrometer 
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Figure S36. 13C NMR spectrum of 3s in CDCl3, on a Bruker ARX 63 spectrometer 

 

Figure S37. 1H NMR spectrum of 3t in CDCl3, on a Bruker ARX 250 spectrometer 
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Figure S38. 13C NMR spectrum of 3t in CDCl3, on a Bruker ARX 63 spectrometer 

 

Figure S39. 1H NMR spectrum of 3p in CDCl3, on a Bruker ARX 250 spectrometer 
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Figure S40. 13C NMR spectrum of 3p in CDCl3, on a Bruker ARX 63 spectrometer 

 

Figure S41. 1H NMR spectrum of 3u in CDCl3, on a Bruker ARX 250 spectrometer 
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Figure S42. 13C NMR spectrum of 3u in CDCl3, on a Bruker ARX 63 spectrometer 

 

Figure S43. 1H NMR spectrum of 3v in CDCl3, on a Bruker ARX 250 spectrometer 
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Figure S44. 13C NMR spectrum of 3v in CDCl3, on a Bruker ARX 63 spectrometer 

 

Figure S45. 1H NMR spectrum of 3w in CDCl3, on a Bruker ARX 250 spectrometer 
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Figure S46. 13C NMR spectrum of 3w in CDCl3, on a Bruker ARX 63 spectrometer 

 

Figure S47. 1H NMR spectrum of 2i in CDCl3, on a Bruker ARX 250 spectrometer 



27 
 

 

Figure S48. 13C NMR spectrum of 2i in CDCl3, on a Bruker ARX 101 spectrometer 

 

2. Evaluation on artemisinin-resistant and artemisinin-sensitive parasites 

Artemisinin-resistance is demonstrated by the recrudescence assay with a significant faster 

recrudescence for F32-ART5 than for F32-TEM after 48 h ART exposure [33,34] (log-rank Mantel-Cox 

test p-value = 0.0049). Similarly, the ART-resistant strain F32-ART5 present a faster recrudescence than 

the strain F32-TEM after a 48-h treatment with (3i) 2.5 µM (log-rank Mantel-Cox test p-value = 0.0082) 

(Figure S49A). This delay in recrudescence time between both strains evidences a cross resistance 

between (3i) and ART on ART-resistant parasites. Moreover, (3i) did not present any activity against 

ART-resistant parasites at the quiescent stage as reported in the quiescent-stage survival assay (QSA) 

[35]. Indeed, there is no difference in recrudescence times of parasites treated with the combination 

“DHA / (DHA + 3i)” and the parasites treated with DHA alone regardless of the concentration used 

(Figure S49B). 
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Figure S49. Evaluation of (3i) on the ART-resistant strain F32-ART5. A) Kaplan-Meier survival analysis of recrudescence 
assays data of synchronous ring-stage parasites of F32-ART5 (solid lines) and F32-TEM (broken lines) after a 48-h drug 

exposure. Artemisinin was used as drug control. The final event was defined as the time necessary for P. falciparum cultures 
to reach the initial parasitemia. Observations were considered censored if no recrudescence was observed at day 30. Log-

rank (Mantel-Cox) test was performed (p-value < 0.05 is considered as significant, ** = < 0.01), treatment with 18 µM ART (n 
= 5) or 2.5 µM 3i (n = 4). B) Recrudescence time of the strain F32-ART5 after treatment of quiescent parasites with 2.5 or 5 

µM 3i obtained by QSA. Each experiment was performed once, DHA: dihydroartemisinin (700 nM). 

 

3. Studying the effect of (3i) on the liver stage development of P. falciparum 

Cryopreserved primary human hepatocytes were seeded in 96 well plates with a pre-determined 

seeding dose that gave a single dense layer of attached hepatocytes. Four days post seeding, each 

plate well was infected with 30,000 freshly extracted P. falciparum sporozoites. A dose range (0.9-30 

µM) of (3i) was added to each well simultaneously with the sporozoites. Atovaquone (ATQ) was used 

as a positive parasite killing control at 25 nM. Each experimental condition included three culture wells. 

The culture medium with or without drugs was refreshed every 48 hours and two independent plates 

were studied. One was fixed at day 6 post-infection which corresponds to almost full maturation of P. 

falciparum schizonts in hepatocytes. The second plate was fixed at day 12 post-infection to follow the 

parasites for a longer time having in mind the possible effect of (3i) on parasite apicoplast. Upon 

fixation, parasites were immunostained with anti-HSP70 antibody. Plates were subjected to 

quantification using an automated plate scanner. 

Treatment with (3i) had no effect on exoerythrocytic forms (EEF or schizont) size and numbers while 

ATQ could completely clear all parasites from the culture (Figure S50). The increase in parasite 
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numbers in 1.8 µM and 3.75 µM could be attributable to a well-known ‘plate effect’ as it has 

accompanied by a slight higher number of hepatocytes counted in these wells (Figure S50) thus giving 

a higher infection rate. 

 

 

 
Figure S50. Quantification of P. falciparum hepatic exo-erythrocytic forms (EEFs) number (A) and size (B) in hepatocyte 

culture plate fixed at day 6 post-infection. 

Next, we studied parasites fixed at day 12 post infection. When compared to parasites fixed at day 6, 
the number of parasites was drastically reduced which is normal since schizogony of P. falciparum is 5 
to 7 days and at day 12, more than 75% of parasites are liberated from hepatocytes, enter the culture 
medium and are washed away when culture medium is changed (Figure S51). Concerning (3i), we could 
not observe a significant effect on parasite growth. 

 

 

 
Figure S51. Quantification of P. falciparum hepatic exo-erythrocytic forms (EEFs) number (A) and size (B) in hepatocyte 

culture plate fixed at day 12 post-infection. 

 

4. The effect of (3i) on apicoplast in liver stage development of P. falciparum 

Fixed cultures of P. falciparum infected primary human hepatocytes were fixed six days following 

sporozoite infection when intracellular schizonts reach full maturity. Parasite apicoplast was visualized 

by immunostaining cultures with an antibody that recognizes the acyl carrier protein (ACP). ACP is 

localized to stroma of apicoplast and is considered a marker for the organelle. Simultaneous counter 

staining against the heat shock protein 70 of P. falciparum (PfHSP70) was used to detect parasites 
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under a confocal microscope. In full mature non-treated P. falciparum the apicoplast is mature and fills 

the parasite cytoplasm and the ACP signal has a punctate pattern. In parasites exposed to a high dose 

of 30 µM (3i) around 2% of parasites displayed an abnormal apicoplast with loss of ACP signal in the 

core cytoplasmic regions and its further aggregation towards the periphery (Figure S52). 

 

Figure 52. The effect of 3i on apicoplast in liver stage development of P. falciparum 

 

 


