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Figure S1.1H NMR (400 MHz, CDCl3) and 13C NMR (125 MHz, CDCl3) of 3. 
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Figure S2.1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) of 5. 
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Figure S3.1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) of 6. 
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Figure S4.1H NMR (300 MHz, CDCl3) and13C NMR (75 MHz, CDCl3) of 10a. 
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Figure S5.1H NMR (300 MHz, CDCl3) and 13C NMR (75 MHz)10b. 
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Figure S6.1H NMR (500 MHz, CDCl3) and 13C NMR (125 MHz, CDCl3) of 11.  
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Figure S7.1H NMR (500 MHz, CDCl3) and 13C NMR (125 MHz, CDCl3) of 12  
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Figure S8.1H NMR (500 MHz, CDCl3) and 13C NMR (125 MHz, CDCl3) of13. 
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Figure S9.1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) of 14. 
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Figure S10.1H NMR (400 MHz, CDCl3) and 13C NMR (100 MHz, CDCl3) of 15. 
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Figure S11.1H NMR (500 MHz, CDCl3) and 13C NMR (125 MHz, CDCl3) of 16. 
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Figure S12.1H NMR (500 MHz, CDCl3) and 13C NMR (125 MHz, CDCl3) of 17. 
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Figure S13.1H NMR (500 MHz, CDCl3)  and 13C NMR (125 MHz, CDCl3)of 18. 
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\Figure S14.1H NMR (500 MHz, CDCl3)  and 13C NMR (125 MHz, CDCl3)of 19. 
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Figure S15.1H NMR (500 MHz, CDCl3)  and 13C NMR (125 MHz, CDCl3)of 20. 
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Figure S16: IR  spectrum of 3. 

 

 

Figure S17: IR  spectrum of 5. 
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Figure S18: IRspectrum of 6. 

 

Figure S19: IR spectrum of 10a. 
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Figure S20: IR spectrum of 10b. 

 

 

Figure S21: IR spectrum of 11. 
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Figure S22: IR spectrum of 12. 

 

 

Figure S23: IR spectrum of 13. 
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                      Figure S24: IR spectrum of 14. 

 

 

Figure S25: IR spectrum of 15. 
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Figure S26: IR spectrum of 16. 

 

 

                 Figure S27: IR spectrum of 17 
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Figure S28: IR spectrum of 18. 

 

 

 

Figure S29: IR spectrum of 19. 
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Figure S30: IR spectrum of 20. 
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Figure S31: HRMS of 3. 

 

 

Figure S32: HRMS of 5. 
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Figure S33: HRMS of 6. 

 

 

Figure S34: HRMS of 10a. 
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Figure S35: HRMS of 10b. 

 

 

Figure S36: HRMS of 11 
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Figure S37: HRMS of 12 

 

 

Figure S38: HRMS of 13. 
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Figure S39: HRMS of 14. 
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Figure S40: HRMS of 15. 
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Figure S41: HRMS of 16. 

 

Figure S42: HRMS of 17. 
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Figure S43: HRMS of 18. 

 

 

Figure S44: HRMS of 19. 
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Figure S45: HRMS of 20. 
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Figure S46: Assessment of in vitro activity of LP compounds/ivermectin derivatives against the 

hepatic stage of P. berghei infection. Total parasite load (infection scale, bars) and cell viability 

(cell confluency scale, dots) are shown. Results were normalized to the negative control, the drug 

vehicle dimethyl sulphoxide (DMSO), and are represented as mean ± SD, n = 1. 

 

 

Figure S47: Mouse survival following spz administration and treatment using 19 and 3. (Red line: 

DMSO; Light grey: 19; Dark grey: 3.) 
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Figure S48. HPLC chromatograph of 1. 

 

 

 



36 
 

 

Figure S49. HPLC chromatograph of 3. 
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Figure S50. HPLC chromatograph of 16. 
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Figure S51. HPLC chromatograph of 18. 
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Figure S52. HPLC chromatograph of 19. 
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Figure S53. HPLC chromatograph of 20. 
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FigureS54.1H NMR (400 MHz, CDCl3)  and13C NMR (100 MHz, CDCl3)of 22. 
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FigureS55.1H NMR (400 MHz, CDCl3)  and13C NMR (100 MHz, CDCl3)of 23. 
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FigureS56: HRMS of 22. 

 

 

 

FigureS57: HRMS of 23. 
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Figure S58: IR spectrum of 22. 

 

 

 

Figure S59: IR spectrum of 23. 
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Procedure for Molecular docking studies 

 

The 2D structure of the ligand was drawn using 2D sketcher (Schrödinger_Suites_2019-3, LLC, 

New York, 2019). The 3D structure of the ligand with the lowest energy was generated using 

LigPrep module of Schrödinger. The correct ionization states (pH 7.0±2.0) of the ligand was 

generated and optimized with default settings (Ligprep, Schrödinger_Suites_2019-3). The 3D 

crystal structure of C. elegans Glutamate-gated chloride channel (GluCl) in complex with Fab and 

Ivermectin (PDB ID:3RHW; resolution 3.26 Å) was retrieved from protein data bank 

(www.rcsb.org). The proteins were prepared for docking using Protein Preparation Wizard 

(Maestro 12.1, Schrödinger_Suites_2019-3). Further to refine the structure, OPLS-3E force field 

parameter was used to alleviate steric clashes. The location of co-crystalized ligand Ivermectin 

was used to choose the center and size of the receptor grid, which was generated using Glide 

(Schrödinger_Suites_2019-3, LLC, New York, 2019) with default settings for all parameters. The 

grid size was chosen sufficiently large to include all active site residues involved in substrate 

binding. The ligand was docked to the receptor grid file (GluCl) using Glide Standard precision 

(SP) mode. Default settings were used for the refinement and scoring. 
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Compound 
number 

Smiles Antiplasmodial activity 

IC50 (µM)  
P. berghei 

IC50 (nM) 
PfNF54 

3 O=C([C@@H]1C=C(C)C(O)[C@]2([H])[C@@]1(O)/C(CO2)=C
/C=C/[C@H](C)[C@H](O)/C(C)=C/C3)O[C@H]4C[C@]3([H])
O[C@]5(O[C@H]([C@H](C)CC)[C@@H](C)CC5)C4 

4.557 ± 
1.981 

 

5 O=C([C@@H]1C=C(C)C(O[Si](C)(C)C(C)(C)C)[C@]2([H])[C@
@]1(O)/C(CO2)=C/C=C/[C@H](C)[C@H](O)/C(C)=C/C3)O[C
@H]4C[C@]3([H])O[C@]5(O[C@H]([C@H](C)CC)[C@@H](C
)CC5)C4 

  

6 O=C([C@@H]1C=C(C)C(O[Si](C)(C)C(C)(C)C)[C@]2([H])[C@
@]1(O)/C(CO2)=C/C=C/[C@H](C)[C@H](OC(CCl)=O)/C(C)=
C/C3)O[C@H]4C[C@]3([H])O[C@]5(O[C@H]([C@H](C)CC)[
C@@H](C)CC5)C4 

  

7 O=C([C@@H]1C=C(C)C(O[Si](C)(C)C(C)(C)C)[C@]2([H])[C@
@]1(O)/C(CO2)=C/C=C/[C@H](C)[C@H](OC(CN=[N+]=[N-
])=O)/C(C)=C/C3)O[C@H]4C[C@]3([H])O[C@]5(O[C@H]([C
@H](C)CC)[C@@H](C)CC5)C4 

  

8 [][Fe][].C#Cc1cccc1.c2cccc2   

9 [][Fe][].C#CC(C=C1)=CC=C1c2cccc2.c3cccc3   

10a O=C(OC(C)C)C1=C(C)N=C(OCC#C)N=C1C2=CC=CC([N+]([O-
])=O)=C2 

  

10b O=C(OCC)C1=C(C)N=C(OCC#C)N=C1C2=C([N+]([O-
])=O)C=C(OC)C(OC)=C2 

  

10c O=C(OCC)C1=C(C)N=C(OCC#C)N=C1C2=CC=CC=C2   

11 O=C([C@@H]1C=C(C)C(O[Si](C)(C(C)(C)C)C)[C@]2([H])[C@
@]1(O)/C(CO2)=C/C=C/[C@H](C)[C@H](OC(CN3C=C(c4cccc
4)N=N3)=O)/C(C)=C/C5)O[C@H]6C[C@]5([H])O[C@]7(O[C
@H]([C@H](C)CC)[C@@H](C)CC7)C6.[][Fe][].c8cccc8 

  

12 O=C([C@@H]1C=C(C)C(O[Si](C)(C(C)(C)C)C)[C@]2([H])[C@
@]1(O)/C(CO2)=C/C=C/[C@H](C)[C@H](OC(CN3C=C(C(C=C
4)=CC=C4c5cccc5)N=N3)=O)/C(C)=C/C6)O[C@H]7C[C@]6([
H])O[C@]8(O[C@H]([C@H](C)CC)[C@@H](C)CC8)C7.[][Fe][
].c9cccc9 

  

13 O=C(OC(C)C)C1=C(C)N=C(OCC(N=N2)=CN2CC(O[C@@H]([C
@@H](C)/C=C/C=C(CO3)/[C@]4(O)[C@@]3([H])C(O[Si](C)(
C(C)(C)C)C)C(C)=C[C@H]4C(O5)=O)/C(C)=C/C[C@]6([H])C[C
@H]5C[C@@]7(O[C@H]([C@H](C)CC)[C@@H](C)CC7)O6)=
O)N=C1C8=CC=CC([N+]([O-])=O)=C8 

  

14 O=C(OCC)C1=C(C)N=C(OCC(N=N2)=CN2CC(O[C@@H]([C@
@H](C)/C=C/C=C(CO3)/[C@]4(O)[C@@]3([H])C(O[Si](C)(C(
C)(C)C)C)C(C)=C[C@H]4C(O5)=O)/C(C)=C/C[C@]6([H])C[C@
H]5C[C@@]7(O[C@H]([C@H](C)CC)[C@@H](C)CC7)O6)=O)
N=C1C8=C([N+]([O-])=O)C=C(OC)C(OC)=C8 

  

15 O=C(OCC)C1=C(C)N=C(OCC(N=N2)=CN2CC(O[C@@H]([C@
@H](C)/C=C/C=C(CO3)/[C@]4(O)[C@@]3([H])C(O[Si](C)(C(
C)(C)C)C)C(C)=C[C@H]4C(O5)=O)/C(C)=C/C[C@]6([H])C[C@
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H]5C[C@@]7(O[C@H]([C@H](C)CC)[C@@H](C)CC7)O6)=O
)N=C1C8=CC=CC=C8 

16 O=C([C@@H]1C=C(C)C(O)[C@]2([H])[C@@]1(O)/C(CO2)=C
/C=C/[C@H](C)[C@H](OC(CN3C=C(c4cccc4)N=N3)=O)/C(C)
=C/C5)O[C@H]6C[C@]5([H])O[C@]7(O[C@H]([C@H](C)CC)[
C@@H](C)CC7)C6.[][Fe][].c8cccc8 

0.990 ± 
0.068 

256.7 ± 
46.6 

17 O=C([C@@H]1C=C(C)C(O)[C@]2([H])[C@@]1(O)/C(CO2)=C
/C=C/[C@H](C)[C@H](OC(CN3C=C(C(C=C4)=CC=C4c5cccc5)
N=N3)=O)/C(C)=C/C6)O[C@H]7C[C@]6([H])O[C@]8(O[C@
H]([C@H](C)CC)[C@@H](C)CC8)C7.[][Fe][].c9cccc9 

  

18 O=C(OC(C)C)C1=C(C)N=C(OCC(N=N2)=CN2CC(O[C@@H]([C
@@H](C)/C=C/C=C(CO3)/[C@]4(O)[C@@]3([H])C(O)C(C)=C
[C@H]4C(O5)=O)/C(C)=C/C[C@]6([H])C[C@H]5C[C@@]7(O
[C@H]([C@H](C)CC)[C@@H](C)CC7)O6)=O)N=C1C8=CC=CC
([N+]([O-])=O)=C8 

0.911 ± 
0.076 

161.2 ± 
40.49 

19 O=C(OCC)C1=C(C)N=C(OCC(N=N2)=CN2CC(O[C@@H]([C@
@H](C)/C=C/C=C(CO3)/[C@]4(O)[C@@]3([H])C(O)C(C)=C[
C@H]4C(O5)=O)/C(C)=C/C[C@]6([H])C[C@H]5C[C@@]7(O[
C@H]([C@H](C)CC)[C@@H](C)CC7)O6)=O)N=C1C8=C([N+](
[O-])=O)C=C(OC)C(OC)=C8 

0.503 ± 
0.002 

50.2 ± 24.5 

20 O=C(OCC)C1=C(C)N=C(OCC(N=N2)=CN2CC(O[C@@H]([C@
@H](C)/C=C/C=C(CO3)/[C@]4(O)[C@@]3([H])C(O)C(C)=C[C
@H]4C(O5)=O)/C(C)=C/C[C@]6([H])C[C@H]5C[C@@]7(O[C
@H]([C@H](C)CC)[C@@H](C)CC7)O6)=O)N=C1C8=CC=CC=
C8 

0.990 ± 
0.050 

110.5 ± 64 

21 O=C(OCC)C1=C(C)NC(NC1C2=CC=C(OC)C(OC)=C2)=O   

22 O=C(OCC)C1=C(C)NC(N=C1C2=C([N+]([O-
])=O)C=C(OC)C(OC)=C2)=O 

  

23 O=C(OCC)C1=C(C)N=C(Cl)N=C1C2=C([N+]([O-
])=O)C=C(OC)C(OC)=C2 

  

 


