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Biological studies  

 

To assess antimalarial activity, percentage viability of Plasmodium falciparum (3D7 strain) parasites incubated 

for 48 hours with 20 µM of the test compounds was determined by detecting plasmodium lactate 

dehydrogenase (pLDH) activity as described previously by Lunga et al.(ChemMedChem 2018, 13, 1352-1362). 

For anti-trypanosomal and cytotoxicity evaluation,  percentage viability of Trypanosoma brucei brucei (427 

strain) parasites or HeLa cells incubated with 20 µM of the test compounds for 48 hours was determined using 

resazurin, as previously described by Veale and Hoppe (Med. Chem. Commun. 2018, 9, 2037). 

 

 

 

 

 

 

Table 1. Bioassay data for compounds 9a-f showing % viability of pLDH, T.b. brucei and HeLa cells at 20 μM 

concentrations 

 

Compound 

 

R 

 

PLDH % 

parasite 

viability  

T.b. brucei 

% parasite 

viability  

Cytotoxicity 

% HeLa 

cells 

viability  

9a H 93.0 33.5 82.6 

9b F 100.0 37.9 77.7 

9c Cl 94.2 31.3 96.3 

9d Br 100.0 23.3 100.0 

9e Me 100.0 96.4 100.0 

9f MeO 71.1 89.1 100.0 

Control  IC50 = 

0.010µMa 

IC50 = 0.022 

µM b 

IC50 = 0.019 

µM c 

     

Controls:    a chloroquine;  b pentamidine and  c emetine 
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Table 2. Bioassay data for compounds 13a-g, showing % viability of pLDH, T.b. brucei and HeLa and activity 

against mycobacterial cells at 20 μM concentrations. 

 

 
Ar 

 

PLDH % 
viabilitya 

T.b. 
brucei % 
viability b 

% HeLa 
cells 
viability c 

Visual 
MIC90 7D 
7H9 GLU 
CAS Tx(μM)  
 

Calculated 
MIC90 7D 7H9 
GLU CAS Tx 
(μM)  

       

 
13a 

 

 
100.00 

 
97.40 

 
96.98 

 
>125 

 
>125 

13b 

 

100.00 52.34 92.26 >125 >125 

13c 

 

100.00 80.86 89.75 125 >125 

13d 

 

100.00 100.00 83.50 - - 

13e 
 

63.93 100.22 67.78 >125 >125 

13f 

 

81.62 58.11 59.80 >125 >125 

13g 

 

86.51 1.53 
(IC50 
0.90)  

65.25 62.50 62.44 

Control  IC50 = 
0.01 µM 

a 

IC50 = 
0.022 µM 

b 

IC50 =  
0.021 
µM c 

0.019 d 0.007 d 

       

Controls.   a Chloroquine b Pentamidine c emetine  d Rifampicin e IC50 value 
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Table 3. Bioassay data for compounds 15a-g, showing % activity against pLDH, T.b. brucei and HeLa cells at 20 

μM concentrations 

 
 

Compound 
 

Ar 

 

PLDH % viability a T.b. brucei %  

viability b 

Cytotoxicity % 

HeLa cells viability 
c 

15a 

 

100.00 96.35 78.49 

15b 

 

100.00 100.00 78.04 

15c 

 

100.00 94.57 84.71 

15d 

 

100.00 90.96 80.70 

15e 

 

100.00 64.77 72.24 

15f 

 

100.00 90.01 89.55 

15g 

 

100.00 80.49 79.38 

Control  IC50 = 0.01µM a IC50 = 0.022 µM 

b 

IC50 = 0.021 µM c 

Controls.   a chloroquine  b pentamidine  c emetine 
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NMR Spectra 

 

3-[(N-4-benzyloxyphenyl)iminoethyl]-4-hydroxycoumarins 9a-f 

 
 

Figure 1. 400 MHz 1H NMR spectrum of compound 9a in CDCl3. 

 

 
Figure 2. 100 MHz 13C NMR spectrum of compound 9a in CDCl3. 
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Figure 3. 400 MHz 1H NMR spectrum of compound 9b in CDCl3. 

 

 
Figure 4. 100 MHz 13C NMR spectrum of compound 9b in CDCl3. 
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Figure 5. 400 MHz 1H NMR spectrum of compound 9c in CDCl3. 

 

 
Figure 6. 100 MHz 13C NMR spectrum of compound 9c in CDCl3. 
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Figure 7. 400 MHz 1H NMR spectrum of compound 9d in CDCl3. 

 

 
Figure 8. 100 MHz 13C NMR spectrum of compound 9d in CDCl3. 
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Figure 9. 400 MHz 1H NMR spectrum of compound 9e in CDCl3. 

 

 
Figure 10. 100 MHz 13C NMR spectrum of compound 9e in CDCl3. 
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Figure 11. 1H 400 MHz NMR spectrum of compound 9f in CDCl3. 

 

 
Figure 12. 100 MHz 13C NMR spectrum of compound 9f in CDCl3. 
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3-[1-(Benzylidenehydrazono)ethyl]-4-hydroxycoumarins 13a-g 

 

 
Figure 13. 1H 600 MHz NMR spectrum of compound 13a in CDCl3. 

 

 
Figure 14. 150 MHz 13C NMR spectrum of compound 13a in CDCl3. 
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Figure 15. 1H 600 MHz NMR spectrum of compound 13b in CDCl3. 

 

 
Figure 16. 150 MHz 13C NMR spectrum of compound 13b in CDCl3. 
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Figure 17. 1H 600 MHz NMR spectrum of compound 13c in CDCl3. 

 

 
Figure 18. 150 MHz 13C NMR spectrum of compound 13c in CDCl3. 
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Figure 19. 1H 600 MHz NMR spectrum of compound 13d in CDCl3. 

 

 
Figure 20. 150 MHz 13C NMR spectrum of compound 13d in CDCl3. 
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Figure 21. 1H 600 MHz NMR spectrum of compound 13e in DMSO-d6. 

 

 
Figure 22. 150 MHz 13C NMR spectrum of compound 13e in DMSO-d6. 
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Figure 23. 1H 400 MHz NMR spectrum of compound 13f in DMSO-d6. 

 

 
Figure 24. 100 MHz 13C NMR spectrum of compound 13f in DMSO-d6. 
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Figure 25. 1H 400 MHz NMR spectrum of compound 13g in DMSO-d6. 

 

 
Figure 26. 100 MHz 13C NMR spectrum of compound 13g in DMSO-d6. 
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3-{1-[(prop-2-yn-1-yloxy)benzylidenehydrazono]ethyl}-4-hydroxycoumarins 15a-g 

 

 
Figure 27. 1H 400 MHz NMR spectrum of compound 15a in CDCl3. 

 

 
Figure 28. 100 MHz 13C NMR spectrum of compound 15a in CDCl3. 
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Figure 29. 1H 300 MHz NMR spectrum of compound 15b in CDCl3. 

 

 
Figure 30. 75 MHz 13C NMR spectrum of compound 15b in CDCl3. 
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Figure 31. 1H 300 MHz NMR spectrum of compound 15c in CDCl3. 

 

 
Figure 32. 75 MHz 13C NMR spectrum of compound 15c in CDCl3. 
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Figure 33. 1H 600 MHz NMR spectrum of compound 15d in CDCl3. 

 

 
Figure 34. 150 MHz 13C NMR spectrum of compound 15d in CDCl3. 
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Figure 35. 1H 400 MHz NMR spectrum of compound 15e in CDCl3. 

 

 
Figure 36. 100 MHz 13C NMR spectrum of compound 15e in CDCl3. 
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Figure 37. 1H 600 MHz NMR spectrum of compound 15f in CDCl3. 

 

 
Figure 38. 150 MHz 13C NMR spectrum of compound 15f in CDCl3. 
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Figure 39. 1H 400 MHz NMR spectrum of compound 15g in CDCl3. 

 

 
Figure 40. 100 MHz 13C NMR spectrum of compound 15g in CDCl3. 
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HRMS Spectrometric data 

 

9a 

 
9b 

 
 

 

 

9c 
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9d 

 
 

 

 

 

 

9e 
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9f 
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13a 

 
 

13b 

 
 

 

 

 

 
  

MMG4

m/z
350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 600

%

0

100

MS_Direct_211013_RU_RG4 13 (0.103) Cm (11:17) 1: TOF MS ES+ 
7.11e4457.1766

365.1063
344.1764

353.2195
444.1742

398.2408385.2925 413.2663

458.1802

479.1593

459.1818

460.1769

480.1624
557.1727495.1335

481.1668
539.0996

513.1756 527.1933 540.1055
581.2339567.2222 599.1149

MMG5

m/z
250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450

%

0

100

MS_Direct_211013_RU_RG5 13 (0.103) Cm (13:20) 1: TOF MS ES+ 
6.55e4447.1111

307.0836

289.1765

258.9608
288.1936 300.1198

307.5858

322.1029
312.1927

353.2212
330.2045

413.2650365.1058 370.2463

449.1086

450.1115

451.1119
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13c 

 
 

 

13d 
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13e 

 
 

13f 

 
 

 

 

 

 

 
  

MMG1

m/z
200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460

%

0

100

MS_Direct_211013_RU_RG1 14 (0.107) Cm (13:21) 1: TOF MS ES+ 
2.17e5339.0981

247.1667

248.1690

289.1781

340.1014

361.0803341.1039

439.0946377.0533

MMG2

m/z
160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 530

%

0

100

MS_Direct_211013_RU_RG2 14 (0.107) Cm (12:19) 1: TOF MS ES+ 
1.48e5339.0983

179.0176

157.0354

165.1139

247.1667

181.0126

237.1392

304.1549

248.1693
300.1198

307.0845

340.1019

361.0796

341.1031
377.0543

439.0927
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13g 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

MMG3

m/z
120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780 800 820 840 860 880

%

0

100

MS_Direct_211013_RU_52 37 (0.232) Cm (17:47-2:7) 1: TOF MS ES+ 
2.68e5361.0806

339.0987

186.9966

158.9977

155.9751

269.0000

262.9828

254.9843

309.2047

699.1703

362.0838

383.0624

413.2666

437.0661
619.1796531.3878465.0658

575.4143
696.1625

639.2319

700.1733

701.1762

721.1519
865.2064751.3574

866.7085
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15a 

 

 
 

 

 

 

 

 

 

 

 

 
  

MMH1

m/z
225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385 390 395 400 405

%

0

100

MS_Direct_211013_RU_57 26 (0.171) Cm (12:36-2) 1: TOF MS ES+ 
1.54e5361.1191

268.9998

262.9824

254.9838

244.9543241.0579

229.0808

344.9857

284.9756278.9555

270.9569

309.2047299.0099

292.9927 305.1573 330.9692326.3798 338.9698

351.0032

383.1010

362.1224

380.0927363.1261

399.0746

384.1044

385.1069

405.0826
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15b 

 

 
 

 

 

 

 

 

 

 

 

 
  

MMH2

m/z
225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385 390 395 400 405

%

0

100

MS_Direct_211013_RU_58 37 (0.232) Cm (13:39-2:5) 1: TOF MS ES+ 
1.33e5383.1011

268.9999

262.9825

254.9843

244.9555

239.1611232.0909

361.1190

344.9859

309.2046

301.1412
284.9746

278.9558

271.0043

299.0096

292.9917 301.2114 330.9683310.2085
326.3784

338.9684

351.0027

360.9587

353.2647

362.1224

380.0919

363.1241

399.0748

384.1034

385.1080

405.0826
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15c 

 

 
 

 

 

 

 

 

 

 

 

 
  

MMH3

m/z
300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 530

%

0

100

MS_Direct_211013_RU_59 24 (0.144) Cm (14:24-2:5) 1: TOF MS ES+ 
3.05e5459.1285

391.1295

317.0457

309.1214 353.1130 375.0957

413.1117

392.1329

399.1320

456.1200

429.0852414.1140

460.1317

513.1753

499.1590461.1342
481.1108

475.0952 485.1452 500.1633 527.1896
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15d 

 

 
 

 

 

 

 

 

 

 

 

 
  

MMH4

m/z
300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 530

%

0

100

MS_Direct_211013_RU_60 25 (0.168) Cm (13:36-(2:7+120:130)) 1: TOF MS ES+ 
1.63e5405.1457

309.2039
347.2298

326.3787310.2068 389.1105

427.1274

406.1486

406.1852

424.1199

428.1306

449.1091

443.1019

429.1347
464.2184

459.0641

503.1137
465.0859

531.1134
504.1141

525.0960 532.1153
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15e 

 
 

 

 

15f 

 
 

 

 

 
  

MMH5

m/z
300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 530

%

0

100

MS_Direct_211013_RU_61 13 (0.103) Cm (11:32-(2:5+141:147)) 1: TOF MS ES+ 
7.86e4389.0747

309.2043

347.2309

310.2071

329.2421315.1915
333.2191

367.0927

353.2653
384.1186

381.2984

428.0860

406.1035

390.0777

393.2947

403.2932

427.0896
407.1047

413.2655

414.2677

444.0593
429.0880

443.3326

471.0770

449.0728

465.0568450.3628 487.3560472.0797 531.3848504.0716
517.3677

MMH6

m/z
300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760

%

0

100

MS_Direct_211013_RU_62r 13 (0.103) Cm (8:29) 1: TOF MS ES+ 
2.29e5395.0793

307.0836

397.0773

398.0806

417.0614
495.0751419.0605 613.1599



General Papers ARKIVOC 2022, v, S1-S37 

Page S37 ©AUTHOR(S) 

15g 

 
 

 

 

 


