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Scheme S1. Synthesis of 18. Reagents and conditions: (a) 37% HCl, 20 °C (b) Br2, AcOH, 20 

°C; (c) 3-pyridylboronic acid, K2CO3, Pd(PPh3)4, 1,4-dioxane/H2O (6:1), 100 °C. 

 

 

 

Scheme S2. Synthesis of 20. Reagents and conditions: (a) 1-methylpyrazole-5-boronic acid 

pinacol ester, K2CO3, Pd(PPh3)4, 1,4-dioxane/H2O (6:1), 100 °C. 

 

 

 

 

Scheme S3. Synthesis of 21. Reagents and conditions: (a) H2SO4, EtOH, 78 °C. 
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Scheme S4. Synthesis of 22, 23 and 24. Reagents and conditions: (a) substituted amine, 20 °C. 

 

 

 

Scheme S5. Synthesis of 26 and 27. Reagents and conditions: (a) substituted secondary amine, 

HATU, DIPEA, DMF, 20 °C. 
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Figure S1. P. falciparum 3D7 asexual LDH dose response curves of representative 
compounds. EC50 data represents means and SDs for four or more technical replicates 
measuring LDH activity of P. falciparum 3D7 parasites following exposure to compounds in 
10-point dilution series for 72 h. 
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Figure S2. Giemsa stained microscopy images showing the asexual stage of arrest treated with 

ATQ (3), 17 and 41 at different time points to support representative images shown in Figure 

2B. 
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Figure S3. A. A homology model of P. falciparum cyt b showing mutations found in 41, 
ELQ300 and ATQ P. falciparum resistant strains is shown in Figure 3 and Table 5 respectively. 
The homology model of P. falciparum cyt b was created from Gallus gallus cyt bc1 (PDB: 
3H1I).1 TM90-C2B strain cyt b Y268S Qo site mutation is shown in magenta; Dd2 strain cyt b 
I22L Qi site mutant is shown in orange; 3D7 41 resistant strain cyt b V259L Qo site mutation 
is shown in cyan. Heme molecules are shown in grey. The relative position of 41 (blue) is 
predicted by docking to the Qo site, while ATQ (green) and ubiquinol (pink) in the Qo site, and 
ELQ300 (brown), ubiquinone (yellow) in the Qi site were overlayed using previous structural 
data.2, 3 B. Qo site of cyt b showing the interaction of 41 with Rieske protein (salmon) and the 
proximity to Fe-S cluster (orange/yellow). 
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Figure S4. Non-synonymous single nucleotide polymorphism identified in cyt b 

(PF3D7_MIT02300) from compound 41 resistant parasite populations r1, r2 and r3 (samples 

in duplicate). 

 

 

 

 

 

 

 

 

 

 



S9 
 

 

 

 

Figure S5. Dose response curves represent averages and SDs of 3 independent experiments 

against the Pf SB1-A6 strain with a CNV (~2-fold) and a C276F mutation in DHODH or Pf 

Dd2 expressing ScDHODH over 72 h measuring SYBR green by FACS.  
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Figure S6. P. falciparum NF54 DFGA dose response curves from a 20-pt dilution series of 

compounds 17 and 21. Data represents means and SD of 4 technical replicates. 
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A. 

 

B. 

 

 

Figure S7. A. Evaluation of 17 in a P. berghei 4 day mouse model. P. berghei ANKA parasites 

expressing GFP were injected into the tail vein to infect mice on day 0. Compound 17 was 

administered q.d. at 20 mg/kg by p.o. 2 h after infection (day 0) and then on days 1, 2, and 3. 

Parasitemia was measured by flow cytometry on days 2, 3 and 4. unpaired t test (vs vehicle), P 

values. B. Plasma concentration of 17 after dose 1 in the P. berghei mouse model. 
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Table S1. Non-synonymous and synonymous single nucleotide polymorphisms identified from 

compound 41 resistant genomes. 

Chromosome Pos Base 
Change 

AA change AA pos in 
transcript 

transcript ID 

Pf3D7_02_v3 a 110010 A->C F->V 155 PF3D7_0202100.1 

Pf3D7_10_v3 b 1436924 T->G D->E 203 PF3D7_1036400.1 

Pf3D7_10_v3 1436954 A->G Synonymous 213 PF3D7_1036400.1 

Pf3D7_10_v3 1437149 G->A Synonymous 278 PF3D7_1036400.1 

Pf3D7_10_v3 1437158 A->G Synonymous 281 PF3D7_1036400.1 

Pf3D7_10_v3 1437287 T->A Synonymous 324 PF3D7_1036400.1 

Pf3D7_10_v3 1437302 G->A Synonymous 329 PF3D7_1036400.1 

Pf3D7_10_v3 1437305 A->G Synonymous 330 PF3D7_1036400.1 

Pf3D7_10_v3 1437307 A->G E->G 331 PF3D7_1036400.1 

Pf3D7_10_v3 1437321 T->C Synonymous 336 PF3D7_1036400.1 

Pf3D7_10_v3 1437456 C->A Q->K 381 PF3D7_1036400.1 

Pf3D7_10_v3 1437695 T->A Synonymous 460 PF3D7_1036400.1 

Pf3D7_10_v3 1437701 A->G Synonymous 462 PF3D7_1036400.1 

Pf3D7_14_v3 3000703 T->C Synonymous 551 PF3D7_1473700.1 

Pf3D7_14_v3 3000763 C->T Synonymous 531 PF3D7_1473700.1 

Pf3D7_MIT_v3 4266 G->C V->L 259 PF3D7_MIT02300.1 
a Pf3D7_02_v3:110010 is a miscall due to a deletion. 
b Pf3D7_10_v3:1436924 is present in the WT parent at 29%. 
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Table S2. EC50 values (nM) of 17, 41, ATQ and ELQ300 against 41 resistant populations 

(with a V259L cyt b Qo site mutation). EC50 values represent an average of 3 experiments 

using the LDH assay (Figure 3). 

 compound 3D7 41 r#1 41 r#2 41 r#3 

41 
32.1                  

(21.5-47.1) 
809               

(593-1234) 
733              

(533-1171) 
896            

(701-1131) 

17 7.622                  
(4.0-10.7) 

369           
(282-491) 

248             
(213-289) 

235           
(204-272) 

ATQ 1.6                  
(1.1-2.1) 

13.0              
(10.9-15.5) 

11.9            
(9.6-14.6) 

13.7            
(11.2-16.6) 

ELQ-300 17.8               
(14.8-21.1) 

13.0               
(10.9-15.5) 

12.3           
(10.3-14.6) 

12.4         
(10.3-14.8) 

a EC50 values (95% confidence intervals) from 3 biological replicates (nM). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



S14 
 

 

 

 

Table S3. Evaluation of selected compounds against P. falciparum asexual parasites resistant 
to mitochondria targeted drugs. 

 

 

 

 

 

 

 
 

 

 

 

 

 

a Activity values against the Pf Dd2 parental line, Pf TM90-C2B strain with a Y268S mutation 
in the Qo site of cyt b or Pf Dd2 strain with an I22L mutation in the Qi site cyt b using a 3H-
hypoxanthine 72 h assay. EC50 values are an average of two experiments. Average data is 
shown in Table 4. 

 

 

 

 

 

 

 

 

 

 

Cmpd Pf Dd2 EC50 
μM a 

Pf cytBC1 mutant strains 
EC50 μM 

TM90-C2B a Dd2 cyt b (I22L) a 

17 
0.010 
0.008 

1.91 
1.29 

0.006 
0.007  

21 
0.062 
0.048 

0.051 
0.030 

0.051 
0.030 

41 
0.005 
0.003 

0.177 
0.206 

0.003 
0.002 

43 
0.017 
0.013 

0.069 
0.042  

0.014 
0.009  

ATQ 0.001 
6.46 
4.35  

0.005 

ELQ300 
0.027 
0.014 

- 
0.194 
0.157 

DSM265 
0.028 
0.020 

- 
0.008 
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Table S4. Activity of selected compounds against drug resistant P. falciparum strains. 

a EC50 data represents means for each 3H-hypoxanthine experiment using a selection of drug 
resistant P. falciparum strains following exposure to compounds in 10-point dilution series for 
72 h. Average data is shown in Table 5. 

 

 

 

 

 

 

 
 

 

 

Cmpd Dd2  
EC50 μM a 

Pf multidrug resistant strains. EC50 μM a 
Dd2 
CARL 

(I1139K) 

Dd2 
DHODH 

(C276F) 

Dd2 
eEF2 

(Y86N) 

Dd2 
PI4K 

(S743T) 
K1 NF54 RF12 7G8 

17 
0.011 
0.009 

0.009 
0.010  

0.018 
0.013  

0.008 
0.008  

0.011 
0.011  

0.013 
0.007  

0.019 
0.006  

0.007 
0.005  

0.008 
0.010 

21 
0.062 
0.048 

0.014 
0.029 

- 
0.016 
0.020 

0.023 
0.031 

0.016 
0.033  

0.041 
0.047  

0.014 
0.023  

0.036 
0.040  

41 
0.004 
0.004  

0.004  
0.004 

0.006 
0.003  

0.002 
0.003 

0.005 
0.005  

0.006 
0.004 

0.006 
0.003  

0.002 
0.001  

0.003 
0.002  

43 
0.017 
0.014 

0.005 
0.009 

- 
0.004 
0.008 

0.009 
0.010 

0.009 
0.021  

0.008 
0.028  

0.004 
0.006  

0.015 
0.010  

KAF156 
0.008 
0.008 

1.36 
1.69  

- - - - - - - 

DSM265 
0.027 
0.020 

- 0.576 
0.362 

- - - - - - 

DDD 
107498 

0.001 
0.022 

- - 
0.859 
0.842  

- - - - - 

MMV 
048 

0.009 
0.022 

- - - 
0.117 
0.116  

- - - - 
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1H NMR spectra for final compounds 

Compound 16 

 

 

Compound 17 
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Compound 18 

 

 

Compound 19 
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Compound 20 

 

 

Compound 21 
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Compound 26 
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Compound 34 
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Compound 36 

 

 

Compound 37 

 



S27 
 

Compound 38 
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Compound 40 
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Compound 42 

 

 

Compound 43 
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Compound 44 
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HPLC traces for final compounds 
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