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ABSTRACT 

A series of 1H-indeno[2’,1’:5,6]dihydropyrido[2,3-d]pyrimidine and 1H-

indeno[2’,1’:5,6]pyrido[2,3-d]pyrimidine derivatives was prepared and screened for 

antiparasitic and viral RNase H inhibitory activity. Several compounds showed considerable 

activity against Toxoplasma gondii parasites and Leishmania major amastigotes, which 

warrants further investigation. Based on the structural similarities of certain derivatives with 

common viral RNase H inhibitors, a HIV-1 RNase H assay was used to study the RNase H 

inhibition by selected test compounds. Docking of active derivatives into the active site of the 

HIV-1 RNase H enzyme was carried out. The new compound 2a, inactive in the antiparasitic 

tests, showed distinct HIV-1 RNase H inhibition. Thus, ring substitution determines 

antiparasitic or HIV-1 RNase H inhibitory activity of this promising compound class.  

 

Keywords: Pyrimidine; multi-component reaction; Antiviral drugs; Antiparasitic drugs; HIV-

1 RNase H 

 

1. Introduction 

Infectious diseases can be harmful and even lethal ailments posing a considerable threat to 

humans.1 Some tropical infectious diseases belong to the class of neglected tropical diseases 

(NTDs), where proper treatments are unavailable, toxic, and/or too expensive for patients in 

tropical regions.2 In addition, viral infections can quickly spread to form worldwide epidemics 

with considerable danger to health and economic systems.3 
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Leishmaniasis is classified as an NTD and clinically subdivided into visceral leishmaniasis 

(VL), cutaneous leishmaniasis (CL), and mucocutaneous leishmaniasis (MCL), affecting vast 

regions from South and Central America over Africa to Asia. The CL form brought about by 

various Leishmania species such as L. major, L. tropica, L. mexicana, L. amazonensis etc., 

causes severe skin lesions. It is the most prevalent leishmaniasis form responsible for up to 1 

million, mostly young, patients annually.4,5 Although usually not lethal, CL leads to stark and 

disfiguring skin lesions and to stigmatization of affected persons.6,7 CL patients are currently 

treated with pentavalent antimonials, miltefosine, amphotericin or pentamidine.5 Aside from 

the general toxicity of clinically applied drugs such as antimonials, another growing problem is 

the emergence of drug-resistant parasite forms. Thus, new potent anti-parasitic drugs against 

leishmaniasis are needed. As immune-compromised people risk severe complications when 

infected with the globally occurring Toxoplasma gondii parasites (i.e., the causative agents of 

toxoplasmosis), new drugs for the treatment of toxoplasmosis in such patients are necessary.8 

About 35 million people have globally died of the acquired immunodeficiency syndrome 

(AIDS) since the 1980’s (www.unaids.com). AIDS is a consequence of an infection with the 

human immunodeficiency virus type 1 and type 2 (HIV-1 and HIV-2), and ca. 38.4 million 

people including ca. 1.7 million children under 15 were infected in 2021 worldwide leading to 

650.000 annual AIDS-related deaths (www.unaids.com). There is neither cure of nor vaccine 

for HIV, and the latent infection of tissue reservoirs make it difficult to cure the disease.9,10 

Highly active antiretroviral therapy (HAART) based on a cocktail of HIV protease inhibitors, 

HIV reverse transcriptase (RT, inhibition of its DNA polymerase subunit RDDP/RNA-

dependent DNA polymerase) inhibitors, and inhibitors of HIV integrase (IN), is currently 

applied for the treatment of HIV aiming at a suppression of HIV replication and the prevention 

of an outbreak of AIDS. However, treatment with these antiviral drugs often leads to notable 

side-effects and drug resistance.11–13 In addition, HIV patients, who are co-infected with other 
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harmful diseases such as hepatitis B (HBV) or leishmaniasis, are experiencing considerable 

health issues especially in under-developed countries.14,15  

In order to overcome HIV resistance to the treatment with RT inhibitors, new targets must be 

identified and investigated. In addition to a DNA polymerase domain, the HIV-1 RT enzyme 

also has an RNase H domain, which degrades unspecifically the RNA of RNA/DNA 

intermediates, but also catalyzes specifically the hydrolysis of RNA primers of integration-

competent pro-viral DNA precursors.16 The active site of the HIV-1 RT-associated RNase H is 

formed by the DEDD motif of four conserved negatively charged amino acids coordinating two 

Mg2+ ions required for phosphate ester hydrolysis in RNA molecules. These Mg2+ ions can be 

exchanged by Mn2+ without loss of enzymatic activity.17,18 In terms of possible new drugs 

against HIV, several HIV-1 RNase H inhibitors were investigated meanwhile. While 

competitive active site inhibitors of HIV-1 (and of HBV) RNase H coordinate the active site 

Mg2+ ions, allosteric inhibitors destabilize the protein.19 In addition to synthetic inhibitors, 

various natural products were found active against HIV-1 RNase H, too.20–22 The great potential 

of RNase H inhibitors is corroborated by the fact, that the HIV-1 RT-associated RNase H 

domain is highly conserved among naïve and drug-experienced patients as well as by the 

recently observed breach of RT resistance upon inhibition of HIV-1 RNase H.23,24  

Considering the critical health care situation in poor countries and the emergence of drug 

resistance, new cost-effective drugs and treatment options for viral and protozoal infectious 

diseases are needed (www.dndi.org). Multicomponent reactions are a useful, atom-economic 

and cost-effective tool for synthesizing new anti-infective drug candidates.25 The fusion of 6-

aminouracil with indan-1,3-dione and an aryl aldehyde led to the formation of anticancer active 

1H-indeno[2,1:5,6]dihydropyrido[2,3-d]pyrimidines such as compounds 1a and 1b (Figure 1). 

Subsequent oxidation to the corresponding pyrimidines 1c and 1d generated topoisomerase II 

inhibitors indicating that 1a and 1b can be considered as prodrugs of such topoisomerase II 
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inhibitors, which can be activated by intracellular oxidation.26 Some of these compounds 

published before were repurposed for anti-infective testing in the present work. In addition, by 

modification of the aryl aldehyde component, several new antiparasitic compounds and/or 

HIV1 RT-associated RNase H inhibitors were identified in this study. 

 

Fig. 1. Structures of anticancer active pyrimidines 1a–d. 

 

2. Materials and Methods 

2.1. Chemistry 

Starting compounds and reagents were purchased from Aldrich, Alfa Aesar, and TCI. The 

known compounds 2b, 2c, 2e-g, 2n, 3e, and 3n were prepared according to literature 

procedures, analyzed, and found identical to published data.26,27 

2.1.1. Synthesis of test compounds 
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5-(3,4-Dihydroxyphenyl)-5,11-dihydro-1H-indeno[2’,1’:5,6]pyrido[2,3-d]pyrimidine-

2,4,6(3H)-trione 2a 

Indan-1,3-dione (117 mg, 0.8 mmol), 6-aminouracil (97 mg, 0.76 mmol) and 3,4-

dihydroxybenzaldehyde (110 mg, 0.8 mmol) were suspended in AcOH / ethylene glycol (6 mL, 

2:1). The reaction mixture was stirred at 120 °C for 4 h. After cooling to room temperature, the 

formed precipitate was collected and washed with ethanol. Yield: 120 mg (0.32 mmol, 42%); 

red solid of mp >340 °C (dec.); υmax(ATR)/cm-1 3548, 3320, 3281, 3063, 2879, 1712, 1687, 

1661, 1644, 1607, 1517, 1442, 1392, 1367, 1347, 1261, 1247, 1206, 1169, 1139, 1111, 1073, 

1022, 977, 941, 907, 872, 823, 789, 762, 749, 730, 714, 702, 669, 655, 636, 611; 1H NMR (300 

MHz, DMSO-d6)  4.50 (1 H, s), 6.4-6.6 (2 H, m), 6.64 (1 H, s), 7.2-7.5 (4 H, m), 8.56 (1 H, 

s), 8.70 (1 H, s), 10.06 (1 H, s), 10.27 (1 H, s), 10.88 (1 H, s); 13C NMR (75.5 MHz, DMSO-

d6)  32.4, 91.4, 110.2, 115.1, 118.3, 118.8, 120.7, 130.2, 132.1, 132.6, 135.9, 136.4, 143.7, 

144.2, 144.6, 149.8, 153.0, 162.8, 190.9; m/z (%) 265 (100), 222 (62), 110 (51). 

5-(3-Hydroxy-4-methoxyphenyl)-5,11-dihydro-1H-indeno[2’,1’:5,6]pyrido[2,3-

d]pyrimidine-2,4,6(3H)-trione 2d 

Analogously to the synthesis of 2a, compound 2d was obtained from indan-1,3-dione (117 mg, 

0.8 mmol), 6-aminouracil (97 mg, 0.76 mmol) and isovanillin (122 mg, 0.8 mmol) in AcOH / 

ethylene glycol (6 mL, 2:1). Yield: 126 mg (0.32 mmol, 42%); orange solid of mp 294-295 °C; 

υmax(ATR)/cm-1 3519, 3324, 3260, 3225, 3203, 3105, 2940, 2810, 1716, 1689, 1655, 1620, 

1500, 1456, 1428, 1381, 1371, 1358, 1321, 1274, 1255, 1210, 1174, 1148, 1120, 1074, 1015, 

981, 941, 911, 880, 822, 787, 764, 750, 709, 695, 678, 643, 623, 608; 1H NMR (300 MHz, 

DMSO-d6)  3.67 (3 H, s), 4.53 (1 H, s), 6.6-6.8 (3 H, m), 7.2-7.5 (4 H, m), 8.81 (1 H, s), 10.0-

10.3 (2 H, m), 10.92 (1 H, s); 13C NMR (75.5 MHz, DMSO-d6)  32.6, 55.7, 91.3, 110.0, 112.1, 
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115.1, 118.2, 118.9, 120.8, 130.3, 132.1, 132.6, 135.9, 138.1, 144.3, 146.1, 149.9, 153.1, 162.8, 

190.9; m/z (%) 389 (74) [M+], 358 (27), 266 (100), 223 (53). 

5-(4-Methoxy-3-methylphenyl)-5,11-dihydro-1H-indeno[2’,1’:5,6]pyrido[2,3-d]pyrimidine-

2,4,6(3H)-trione 2h 

Analogously to the synthesis of 2a, compound 2h was obtained from indan-1,3-dione (117 mg, 

0.8 mmol), 6-aminouracil (97 mg, 0.76 mmol) and 3-methyl-4-methoxybenzaldehyde (120 mg, 

0.8 mmol) in AcOH / ethylene glycol (6 mL, 2:1). The reaction mixture was stirred at 120 °C 

for 4 h. Yield: 126 mg (0.33 mmol, 43%); orange solid of mp 318-319 °C; υmax(ATR)/cm-1 

3209, 3112, 2948, 2832, 1736, 1688, 1662, 1637, 1601, 1533, 1493, 1455, 1439, 1388, 1362, 

1346, 1322, 1295, 1256, 1210, 1170, 1143, 1130, 1075, 1036, 1008, 941, 913, 816, 800, 788, 

743, 718, 702, 665, 609; 1H NMR (300 MHz, DMSO-d6)  2.06 (3 H, s), 3.70 (3 H, s), 4.58 (1 

H, s), 6.9-7.0 (2 H, m), 7.2-7.5 (4 H, m), 10.0-10.3 (2 H, m), 10.88 (1 H, s); 13C NMR (75.5 

MHz, DMSO-d6)  16.1, 32.6, 55.1, 91.3, 109.8, 110.0, 118.9, 120.7, 124.7, 126.0, 129.5, 

130.3, 132.1, 132.6, 135.9, 137.0, 144.3, 149.8, 153.1, 155.8, 162.8, 190.9; m/z (%) 387 (93) 

[M+], 356 (43), 266 (100), 223 (52). 

5-(3-Bromo-4-methoxyphenyl)-5,11-dihydro-1H-indeno[2’,1’:5,6]pyrido[2,3-d]pyrimidine-

2,4,6(3H)-trione 2i 

Analogously to the synthesis of 2a, compound 2i was obtained from indan-1,3-dione (117 mg, 

0.8 mmol), 6-aminouracil (97 mg, 0.76 mmol) and 3-bromo-4-methoxybenzaldehyde (172 mg, 

0.8 mmol) in AcOH / ethylene glycol (6 mL, 2:1). Yield: 133 mg (0.29 mmol, 38%); orange 

solid of mp 316-318 °C; υmax(ATR)/cm-1 3243, 3205, 3099, 2842, 1738, 1688, 1662, 1638, 

1602, 1533, 1494, 1456, 1438, 1387, 1285, 1259, 1215, 1169, 1142, 1075, 1053, 1022, 914, 

788, 765, 743, 709, 637, 625, 606; 1H NMR (300 MHz, DMSO-d6)  3.77 (3 H, s), 4.62 (1 H, 

s), 6.97 (1 H, d, J = 8.6 Hz), 7.20 (1 H, d, J = 8.6 Hz), 7.3-7.5 (5 H, m), 10.1-10.4 (2 H, m), 
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10.95 (1 H, s); 13C NMR (75.5 MHz, DMSO-d6)  32.7, 56.1, 90.7, 110.0, 112.3, 119.1, 120.9, 

128.1, 130.4, 131.8, 132.2, 135.7, 139.0, 144.6, 149.8, 153.4, 153.8, 162.8, 190.8; m/z (%) 451 

(83) [M+], 424 (10), 422 (15), 372 (45). 266 (100), 233 (75). 

5-(3-Bromophenyl)-5,11-dihydro-1H-indeno[2’,1’:5,6]pyrido[2,3-d]pyrimidine-2,4,6(3H)-

trione 2j 

Analogously to the synthesis of 2a, compound 2j was obtained from indan-1,3-dione (117 mg, 

0.8 mmol), 6-aminouracil (97 mg, 0.76 mmol) and 3-bromobenzaldehyde (148 mg, 0.8 mmol) 

in AcOH / ethylene glycol (6 mL, 2:1). Yield: 114 mg (0.27 mmol, 36%); orange solid of mp 

>290 °C (dec.); υmax(ATR)/cm-1 3357, 3130, 1705, 1657, 1615, 1589, 1517, 1456, 1396, 1357, 

1283, 1162, 1086, 1025, 849, 805, 781, 763; 1H NMR (300 MHz, DMSO-d6)  5.31 (1 H, s), 

6.6-6.8 (3 H, m), 7.0-7.5 (5 H, m), 10.34 (2 H, s), 10.54 (1 H, s); 13C NMR (75.5 MHz, DMSO-

d6)  32.4, 90.3, 108.8, 119.2, 120.9, 121.3, 125.8, 126.8, 127.9, 129.2, 129.8, 130.3, 130.5, 

132.5, 135.7, 142.8, 147.8, 149.7, 153.7, 162.8, 190.7; HRMS for C20H13O3N3Br [M+ + H] 

calcd. 422.01348, found 422.01291. 

5-(3-Fluoro-4-methoxyphenyl)-5,11-dihydro-1H-indeno[2’,1’:5,6]pyrido[2,3-d]pyrimidine-

2,4,6(3H)-trione 2k 

Analogously to the synthesis of 2a, compound 2k was obtained from indan-1,3-dione (117 mg, 

0.8 mmol), 6-aminouracil (97 mg, 0.76 mmol) and 3-fluoro-4-methoxybenzaldehyde (123 mg, 

0.8 mmol) in AcOH / ethylene glycol (6 mL, 2:1). Yield: 140 mg (0.36 mmol, 47%); orange 

solid of mp >270 °C (dec.); υmax(ATR)/cm-1 3163, 3062, 1742, 1708, 1665, 1642, 1604, 1537, 

1516, 1497, 1442, 1388, 1322, 1272, 1214, 1172, 1141, 1116, 1076, 1027, 978, 938, 908, 849, 

824, 788, 760, 745, 722, 703, 689, 667; 1H NMR (300 MHz, DMSO-d6)  4.63 (1 H, s), 7.0-

7.1 (3 H, m), 7.3-7.5 (4 H, m), 10.1-10.4 (2 H, m), 10.92 (1 H, s); 13C NMR (75.5 MHz, DMSO-

d6)  32.5, 55.9, 90.7, 109.2, 113.4, 115.0-115.2 (m), 119.1, 120.9, 123.5, 130.4, 132.2, 132.5, 
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135.8, 144.6, 145.4-145.5 (m), 149.5, 149.8, 152.7, 153.4, 162.9, 190.9; HRMS for 

C21H15O4N3F [M+ + H] calcd. 392.10411, found 392.10351. 

5-(3,4,5-Trimethoxyphenyl)-5,11-dihydro-1H-indeno[2’,1’:5,6]pyrido[2,3-d]pyrimidine-

2,4,6(3H)-trione 2l 

Analogously to the synthesis of 2a, compound 2l was obtained from indan-1,3-dione (117 mg, 

0.8 mmol), 6-aminouracil (97 mg, 0.76 mmol) and 3,4,5-trimethoxybenzaldehyde (157 mg, 0.8 

mmol) in AcOH / ethylene glycol (6 mL, 2:1). Yield: 155 mg (0.36 mmol, 47%); pale-brown 

solid of mp 339-340 °C; υmax(ATR)/cm-1 3349, 3269, 3196, 3122, 2959, 2825, 1719, 1694, 

1661, 1627, 1600, 1585, 1524, 1493, 1455, 1427, 1415, 1390, 1368, 1350, 1328, 1317, 1296, 

1235, 1213, 1202, 1189, 1169, 1138, 1128, 1094, 1076, 1028, 1003, 979, 952, 909, 895, 858, 

842, 817, 801, 774, 766, 756, 732, 717, 700, 658, 651, 627, 607; 1H NMR (300 MHz, DMSO-

d6)  3.59 (3 H, s), 3.70 (6 H, s), 4.67 (1 H, s), 6.53 (2 H, s), 7.3-7.5 (4 H, m), 10.1-10.3 (2 H, 

m), 10.94 (1 H, s); 13C NMR (75.5 MHz, DMSO-d6)  33.7, 55.8, 59.8, 90.5, 105.0, 109.3, 

119.0, 120.9, 130.3, 132.1, 132.6, 135.8, 136.1, 140.6, 144.8, 149.8, 152.5, 153.4, 162.9, 190.9; 

m/z (%) 433 (100) [M+], 402 (83), 359 (21), 266 (53), 223 (32). 

5-(3-Chloro-4,5-dimethoxyphenyl)-5,11-dihydro-1H-indeno[2’,1’:5,6]pyrido[2,3-

d]pyrimidine-2,4,6(3H)-trione 2m 

Analogously to the synthesis of 2a, compound 2m was obtained from indan-1,3-dione (117 mg, 

0.8 mmol), 6-aminouracil (97 mg, 0.76 mmol) and 3-chloro-4,5-dimethoxybenzaldehyde (160 

mg, 0.8 mmol) in AcOH / ethylene glycol (6 mL, 2:1). Yield: 122 mg (0.28 mmol, 37%); orange 

solid of mp 340-341 °C; υmax(ATR)/cm-1 3343, 3274, 3205, 3126, 2966, 2828, 1721, 1698, 

1663, 1627, 1572, 1524, 1489, 1453, 1417, 1393, 1368, 1351, 1314, 1279, 1261, 1231, 1198, 

1169, 1138, 1075, 1050, 997, 982, 951, 909, 892, 855, 812, 801, 788, 764, 750, 743, 729, 716, 

697, 653; 1H NMR (300 MHz, DMSO-d6)  3.68 (3 H, s), 3.79 (3 H, s), 4.68 (1 H, s), 6.78 (1 

H, s), 6.97 (1 H, s), 7.2-7.5 (4 H, m), 10.1-10.4 (2 H, m), 10.96 (1 H, s); 13C NMR (75.5 MHz, 
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DMSO-d6)  33.5, 56.0, 60.0, 90.1, 108.7, 111.7, 119.1, 119.8, 120.9, 126.4, 130.5, 132.2, 

132.5, 135.7, 141.9, 143.0, 144.9, 149.8, 153.0, 153.6, 162.9, 190.8; m/z (%) 437 (57) [M+], 

402 (35), 266 (100), 223 (52). 

5-(3-Iodo-4,5-dimethoxyphenyl)-5,11-dihydro-1H-indeno[2’,1’:5,6]pyrido[2,3-

d]pyrimidine-2,4,6(3H)-trione 2o 

Analogously to the synthesis of 2a, compound 2o was obtained from iIndan-1,3-dione (117 mg, 

0.8 mmol), 6-aminouracil (97 mg, 0.76 mmol) and 3-iodo-4,5-dimethoxybenzaldehyde (234 

mg, 0.8 mmol) in AcOH / ethylene glycol (6 mL, 2:1). Yield: 147 mg (0.28 mmol, 37%); orange 

solid of mp 333-335 °C; υmax(ATR)/cm-1 3198, 3056, 3009, 2933, 2868, 2788, 1713, 1693, 

1662, 1639, 1607, 1586, 1537, 1496, 1480, 1448, 1425, 1407, 1388, 1361, 1313, 1274, 1254, 

1237, 1218, 1174, 1145, 1075, 1040, 1001, 940, 913, 852, 829, 806, 788, 764, 738, 727, 708, 

688, 652; 1H NMR (300 MHz, DMSO-d6)  3.64 (3 H, s), 3.77 (6 H, s), 4.65 (1 H, s), 6.99 (1 

H, s), 7.08 (1 H, s), 7.3-7.5 (4 H, m), 10.1-10.4 (2 H, m), 10.95 (1 H, s); 13C NMR (75.5 MHz, 

DMSO-d6)  33.7, 55.8, 59.7, 90.2, 92.3, 108.8, 113.3, 119.2, 120.9, 128.3, 130.5, 132.2, 132.5, 

135.7, 143.2, 144.8, 146.6, 149.8, 151.8, 153.6, 162.8, 190.8; m/z (%) 529 (63) [M+], 402 (31), 

266 (100), 223 (52), 44 (30). 

5-(3-Bromo-4-methoxyphenyl)-1H-indeno[2’,1’:5,6]pyrido[2,3-d]pyrimidine-2,4,6(3H)-

trione 3i 

2i (37 mg, 0.082 mmol) was dissolved in hot DMF (1 mL) and p-chloranil (21 mg, 0.085 mmol) 

was added. The reaction mixture was stirred at 120 °C for 5 min. H2O (0.1 mL) was added and 

the reaction mixture was stirred at 120 °C for 3 min. After cooling to room temperature, the 

formed precipitate was collected and washed with ethanol. Yield: 34 mg (0.076 mmol, 93%); 

yellow solid of mp >290 °C (dec.); υmax(ATR)/cm-1 3167, 3056, 2841, 1713, 1642, 1567, 1497, 

1396, 1365, 1288, 1255, 1204, 1185, 1133, 1055, 1021, 1000, 942, 872, 830, 816, 797, 782, 
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749, 717, 692, 673; 1H NMR (300 MHz, DMSO-d6)  3.92 (3 H, s), 7.11 (1 H, d, J = 8.6 Hz), 

7.27 (1 H, d, J = 8.6 Hz), 7.51 (1 H, s), 7.6-7.7 (2 H, m), 7.7-7.9 (2 H, m), 7.95 (1 H, s), 11.33 

(1 H, s), 12.22 (1 H, s); 13C NMR (75.5 MHz, DMSO-d6)  56.2, 106.8, 109.1, 111.1, 120.6, 

121.5, 123.4, 127.4, 129.1, 132.5, 132.9, 140.1, 149.8, 155.1, 157.4, 161.2, 168.3, 188.2; HRMS 

for C21H13O4N3Br [M+ + H] calcd. 450.00839, found 450.00818. 

5-(3-Fluoro-4-methoxyphenyl)-1H-indeno[2’,1’:5,6]pyrido[2,3-d]pyrimidine-2,4,6(3H)-

trione 3k 

Analogously to the synthesis of 3i, compound 3k was obtained from 2k (32 mg, 0.082 mmol) 

and p-chloranil (21 mg, 0.085 mmol) in hot DMF (1 mL). Yield: 22 mg (0.057 mmol, 70%); 

yellow solid of mp 314 °C; υmax(ATR)/cm-1 3019, 2932, 1736, 1710, 1690, 1679, 1611, 1552, 

1515, 1443, 1373, 1316, 1288, 1274, 1258, 1213, 1204, 1179, 1166, 1155, 1134, 1107, 1022, 

1007, 951, 921, 905, 840, 826, 796, 770, 742, 713, 706, 686, 671; 1H NMR (300 MHz, DMSO-

d6)  3.91 (3 H, s), 7.0-7.2 (3 H, m), 7.6-7.7 (2 H, m), 7.7-7.9 (2 H, m), 7.95 (1 H, s), 11.32 (1 

H, s), 12.22 (1 H, s); 13C NMR (75.5 MHz, DMSO-d6)  55.9, 106.8, 112.3, 116.0-116.2 (m), 

120.6, 121.5, 123.4, 124.7, 126.4-126.5 (m), 132.9, 135.4, 136.0, 139.5, 140.1, 146.8-146.9 

(m), 148.9, 149.8, 150.1, 152.1, 157.4, 161.1, 168.2, 188.1; HRMS for C21H13O4N3F [M+ + H] 

calcd. 390.08846, found 390.08824. 

5-(3,4,5-Trimethoxyphenyl)-1H-indeno[2’,1’:5,6]pyrido[2,3-d]pyrimidine-2,4,6(3H)-trione 

3l 

Analogously to the synthesis of 3i, compound 3l was obtained from 2l (36 mg, 0.082 mmol) 

and p-chloranil (21 mg, 0.085 mmol) in hot DMF (1 mL). Yield: 35 mg (0.081 mmol, 99%); 

yellow solid of mp 357-359 °C; υmax(ATR)/cm-1 3179, 3086, 3004, 2966, 2928, 2890, 2840, 

1705, 1582, 1556, 1522, 1507, 1454, 1428, 1414, 1403, 1369, 1329, 1304, 1274, 1256, 1245, 

1230, 1168, 1151, 1124, 1047, 1026, 993, 962, 917, 839, 824, 776, 753, 737, 718, 705, 699, 

690, 680, 647, 615; 1H NMR (300 MHz, DMSO-d6)  3.71 (6 H, s), 3.75 (3 H, s), 6.50 (2 H, s), 
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7.6-7.7 (2 H, m), 7.7-7.9 (2 H, m), 11.29 (1 H, s), 12.19 (1 H, s); 13C NMR (75.5 MHz, DMSO-

d6)  55.9, 60.0, 105.7, 106.8, 120.6, 121.5, 123.4, 129.6, 132.9, 135.3, 136.0, 137.2, 140.1, 

149.8, 151.6, 152.0, 157.3, 160.8, 168.2, 187.9; m/z (%)  431 (100) [M+], 416 (33), 302 (25). 

5-(3-Chloro-4,5-dimethoxyphenyl)-1H-indeno[2’,1’:5,6]pyrido[2,3-d]pyrimidine-2,4,6(3H)-

trione 3m 

Analogously to the synthesis of 3i, compound 3m was obtained from 2m (36 mg, 0.082 mmol) 

and p-chloranil (21 mg, 0.085 mmol) in hot DMF (1 mL). Yield: 30 mg (0.069 mmol, 84%); 

yellow solid of mp 314-315 °C; υmax(ATR)/cm-1 3603, 3171, 3009, 2940, 2833, 1712, 1608, 

1557, 1532, 1489, 1447, 1429, 1406, 1365, 1319, 1296, 1270, 1257, 1235, 1211, 1177, 1148, 

1127, 1096, 1052, 1027, 1003, 958, 919, 864, 827, 817, 797, 744, 712, 694, 685, 667, 635, 612; 

1H NMR (300 MHz, DMSO-d6)  3.76 (3 H, s), 3.84 (3 H, s), 6.95 (1 H, s), 6.99 (1 H, s), 7.6-

7.9 (4 H, m), 11.35 (1 H, s), 12.25 (1 H, s); 13C NMR (75.5 MHz, DMSO-d6)  56.2, 60.2, 

106.8, 112.1, 120.6, 120.7, 121.5, 123.5, 125.7, 130.9, 133.0, 135.4, 136.0, 140.1, 144.1, 149.6, 

149.7, 152.5, 157.3, 160.9, 168.2, 188.0; m/z (%)  437 (33) [M+], 435 (100) [M+], 420 (22), 342 

(27). 

5-(3-Iodo-4,5-dimethoxyphenyl)-1H-indeno[2’,1’:5,6]pyrido[2,3-d]pyrimidine-2,4,6(3H)-

trione 3o 

Analogously to the synthesis of 3i, compound 3o was obtained from 2o (43 mg, 0.082 mmol) 

and p-chloranil (21 mg, 0.085 mmol) in hot DMF (1 mL). Yield: 21 mg (0.040 mmol, 49%); 

yellow solid of mp 332-333 °C; υmax(ATR)/cm-1 3162, 3060, 2929, 2834, 1713, 1645, 1608, 

1564, 1527, 1482, 1463, 1428, 1407, 1366, 1315, 1294, 1255, 1203, 1174, 1144, 1100, 1046, 

1019, 1000, 952, 919, 822, 794, 776, 743, 681, 653, 632, 612; 1H NMR (300 MHz, DMSO-d6) 

 3.75 (3 H, s), 3.79 (3 H, s), 7.04 (1 H, s), 7.23 (1 H, s), 7.6-7.9 (4 H, m), 11.33 (1 H, s), 12.23 

(1 H, s); 13C NMR (75.5 MHz, DMSO-d6)  56.0, 59.9, 91.0, 106.7, 113.7, 120.6, 121.5, 123.5, 
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128.9, 132.2, 132.9, 135.4, 136.0, 140.1, 147.7, 149.4, 149.8, 151.2, 157.4, 161.1, 168.2, 188.1; 

m/z (%) 527 (100) [M+], 512 (14), 357 (17), 342 (22). 

2.2. Antiparasitic activity and cytotoxicity assays 

The investigations with the compounds conducted as described previously.28 T. gondii 

tachyzoites (RH strain) that were obtained from Dr. Saeed El-Ashram (State Key Laboratory 

for Agrobiotechnology, China Agricultural University, Beijing, China) were grown in 96-well 

plates by using RPMI 1640 containing 10% fetal bovine serum (FBS). As host cells, Vero cells 

(ATCC® CCL81TM, USA) were employed. Different concentrations of the test compounds 

were added to determine their activity after 4 hours, with atovaquone (ATO) serving as a 

positive control. The following equation was used to determine cell viability under an inverted 

microscope: 

Inhibition (%) = (1 - infected experimental cells/infected control cells) x 100. 

L. major promastigotes that were isolated from a Saudi individual in February 2016 and L. 

major amastigotes that were isolated from infected BALB/c mice were cultured and used for 

antileishmanial assays as reported previously.29,30 The King Saud University's Pharmaceutical 

College provided the BALB/c mice, which were maintained in accordance with the committee 

on research ethics’ rules under permit number 20-03-20 from the Deanship of Scientific 

Research at Qassim University. In 96-well plates, both types of L. major amastigotes and 

promastigotes were grown using RPMI 1640 with 10% FBS. The host cells for growing 

amastigotes were mouse macrophage cells. Different concentrations of the test compounds were 

added to determine their activity after 4 hours, with amphotericin B (AmB) serving as a positive 

control. MTT (tetrazolium salt of 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl tetrazolium 

bromide) was applied and analyzed spectrophotometry by ELISA reader (spectrophotometer) 

at 570 nm for the identification of viable parasites. 
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Vero cells were also grown and used for the MTT assays of the test compounds as mentioned 

before.30,31 96-well plates were utilized for a 3-day incubation period with cells at various doses 

in RPMI 1640 with 5% FBS to test the cytotoxicity of the compounds. Then, to evaluate cell 

toxicity, a colorimetric assay using spectrophotometer was employed at 540 nm (CC50). 

 

2.3. HIV-1 RDDP-independent RNase H inhibition assay 

HIV-1 RT-associated RNase H inhibition assay was carried out as described previously.32,33 All 

experiments were done in triplicate. 

 

2.4. Computational procedures 

2.4.1. DFT calculations 

Density functional theory computations were performed using Gaussian 16 package.34 Full 

geometry optimization was conducted employing Becke3 and Lee-Yang-Parr correlation 

(B3LYP) functional in conjunction with the atom-pairwise dispersion correction based on tight-

binding partial charges (D3) coupled with the 6-311G(d, p) basis set.35–37 These optimizations 

consider the influence of solvent water through the CPCM model.38 Tautomerism increases the 

effectiveness of compound 2a as an enzyme inhibitor by modifying its interaction with the 

active site. Tautomerization results from the exchange of hydrogen atoms between nitrogen and 

oxygen atoms of the uracil moiety (Figure 2).39 Transition states refer to the hydrogen transfer 

between tautomeric forms via a 4-ring system (TS23, TS45 and TS16) or torsional motion out 

of the plane (TS34).40 

 

2.4.2. Molecular docking 
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Molecular Operating Environment (MOE) software was employed for molecular docking 

calculations, which followed the same protocol steps as in our previously published studies.41–

43 The following default parameters were used: Placement: Triangle Matcher; Rescoring 1: 

London dG. The London dG scoring function was employed to estimate the lowest score energy 

of the complex with the best ligand pose. We used the previously DFT/b3lyp/6-311g (d.p) 

optimized structure of the two major 2a tautomers IPU1 and IPU2 as ligands for the MOE-

docking. The database was created by converting the tautomers into the format .mdb. The 

crystal structure of the complex between the HIV-1 RNase H domain (PDB IDs: 3K2P) with 

the co-crystallized ligand β-thujaplicinol (C10H12O3) was downloaded from the RCSB website 

(http://www.rcsb.org/pdb) (Table S1).44 The ligand of 3K2P is β-thujaplicinol, [2,7-dihydroxy-

4-(propan-2-yl)cyclohepta-2,4,6-trien-1-one]. The X-ray crystal of the HIV-1 RNase H domain 

(PDB ID: 3K2P) was simplified by removing water molecules, ions, cofactors, and co-crystal 

ligands from the PDB structure. The co-crystallized ligand β-thujaplicinol was redocked into 

the HIV-1 RNase H domain (PDB ID: 3K2P) using MOE software in order to validate the 

docking method.41 The resulting pose was nearly perfectly superimposed with the native ligand 

with an RMSD value of 0.952, which is below 2 Å.45 This value testifies the accuracy of this 

method. Finally, the protein structure 3K2P was used to investigate the interaction of the 2a 

tautomers IPU1 and IPU2 with the HIV-1 RNase H domain. 

 

2.4.3. Machine learning: ADME-T predictions and physiochemical property calculations 

Various parameters of physicochemical properties such as TPSA, nROT, MW, LogP, number 

of hydrogen bond acceptors (nHA) and number of hydrogen bond donors (nHD) were 

calculated by using SwissADME (http://www.swissadme.ch/) online server in order to verify 

the drug-likeness rules according to Lipinski, Veber, and Ghose.46,47 



 

16 
 

PRE- PRINT VERSION _ UNICA  HTTPS://DOI.ORG/10.1016/J.BMC.2023.117376 

The absorption (Caco-2: Colon adenocarcinoma, HIA: Human intestinal absorption), 

distribution (PPB: Protein plasma binding, BBB: Blood–brain barrier), metabolism (CYP1A2 

inhibitor, CYP2C19 inhibitor, CYP2D6 inhibitor), excretion (renal OCT2 substrate, total 

clearance in mL/min/kg) and toxicity (hERG: human Ether-à-go-go-Related Gene and AMES 

toxicity) parameters were analyzed using the pkCSM server 

(http://biosig.unimelb.edu.au/pkcsm/prediction).48 

3. Results and discussion 

Compounds 2 were prepared from 6-aminouracil, indan-1,3-dione and the corresponding 

substituted benzaldehyde by a one-pot reaction in a mixture of hot acetic acid and ethylene 

glycol. Compounds 3 were subsequently prepared from the oxidation of the corresponding 

compounds 2 with p-chloranil (Scheme 1).26 In this study, 14 new compounds 2a, 2d, 2h–m, 

2o, 3i, 3k–m, and 3o were obtained as colored solids, and analyzed by NMR, IR and MS 

techniques. In addition, eight known compounds 2b, 2c, 2e–g, 2n, 3e, and 3n were prepared for 

the following biological activity tests in order to round out this study on anti-infectives.26,27 

Scheme 1. Reagents and conditions: (i) AcOH/ethylene glycol (2:1), 120°C, 4 h, 36–47%; (ii) 
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p-chloranil, DMF, 120°C, 5 min, 49–99%. 

 

The compounds were initially tested for their inhibition of T. gondii growth (Table 1). 

Compounds 2m–o and 3m showed high activities against T. gondii parasites with sub-

micromolar IC50 values. 2i, 3e, and 3n also showed considerable activity with IC50 values below 

2.0 µM, followed by 2l, 3l, and 3o with IC50 values of 2–3 µM. However, these compounds 

also exhibited high toxicity to non-malignant Vero cells indicating no or only slight selectivities 

for the T. gondii parasites. The lowest activities against T. gondii cells were observed for the 

hydroxyphenyl compounds 2f and 2g with IC50 values of 20.0 and 23.7 µM indicating a strong 

activity-reducing effect by mono-hydroxyphenyl substituents. 

Table 1. Inhibitory cytotoxic concentrations CC50 (in µM) of test compounds when applied to cells of 

the Vero (African green monkey kidney epithelial) cell line, inhibitory concentrations IC50 when applied 

to cells of Toxoplasma gondii.a Atovaquone (ATO) was applied as positive control for the indicated 

cells. 

Compd. IC50 (T. gondii) CC50 (Vero) SI (Vero / T. gondii)b 

2a 9.99 7.03 0.70 

2b 10.97 6.08 0.55 

2c 8.35 6.16 0.74 

2d 11.43 8.99 0.79 

2e 7.31 8.03 1.10 

2f 23.7 9.46 0.40 

2g 20.0 3.95 0.20 

2h 9.81 2.89 0.30 

2i 1.81 1.73 0.96 

2j 11.37 16.1 1.42 

2k 9.71 7.16 0.74 

2l 2.77 2.10 0.76 

2m 0.41 0.30 0.73 

2n 0.73 0.50 0.69 

2o 0.47 0.42 0.89 

3e 1.12 0.87 0.78 

3i 11.77 9.55 0.91 
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3k 9.25 4.11 0.44 

3l 2.09 2.02 0.97 

3m 0.69 0.85 1.23 

3n 1.87 2.31 1.24 

3o 2.47 2.22 0.90 

ATO 0.07 9.5 136 

aValues are the means of at least three independent experiments (SD ± 15%). They were obtained from 

concentration–response curves by calculating the percentage of treated cells in comparison to untreated 

controls after 72 h. bSelectivity index SI (CC50/IC50) was calculated from the corresponding CC50 values 

for the Vero cells and the IC50 values against T. gondii.  

Compounds 2l–o and 3l–o have di- and trimethoxyphenyl substituents, which are also present 

in various tubulin binding anticancer agents, and might serve as an explanation for the relatively 

high activities and toxicities of these compounds.49 The 3-chloro-4,5-dimethoxyphenyl 

derivatives 2m and 3m were distinctly more active than the analogous 3,4,5-trimethoxyphenyls 

2l and 3l, thus, indicating a positive effect of chloro-substitution on anti-toxoplasmal activity 

in this compound series. 3-Bromo- and 3-iodo-3,4-dimethoxy substituents were only superior 

to 3,4,5-trimethoxyphenyl compounds among the compound 2 series (2n and 2o) in terms of 

anti-toxoplasmal activity, and showed no advantages in series 3 compounds (3m and 3o), which 

indicates that the oxidation state of the heterocyclic core of these compounds also contributes 

to activity against T. gondii. Such considerable activity differences were also observed for 3-

bromo-4-methoxyphenyl compounds 2i and 3i, and it is noteworthy that 2i showed virtually the 

same activity as 3n. 

In addition, the compounds were tested in vitro for their activity against L. major promastigotes 

and amastigotes (Table 2). Interestingly, several compounds were more active against 

amastigotes than against promastigotes, which is of clinical relevance since killing 

intramacrophageal amastigotes is a hallmark of potent antileishmanial drugs.50 Compound 2i 

was most active against the amastigotes with an IC50 of 1.9 µM, while it was inactive against 

the promastigotes (IC50 > 27.6 µM). Notably, the 3-bromo-4-methoxyphenyl derivative 2i was 

distinctly active against T. gondii, too. Compounds 2e, 2m, 3e, and 3l also showed moderate 
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activities against the amastigotes with IC50 values of 5–7 µM, which were much higher than 

against promastigotes. In contrast to that, compounds 2k and 3k were more active against 

promastigotes than against amastigotes. Catechol 2a was inactive against promastigotes and 

amastigotes. 

Table 2. Inhibitory concentrations IC50 (in µM) of test compounds when applied to promastigotes and 

amastigotes of Leishmania major.a Amphotericin B (AmB) was applied as a positive control. 

Compd. IC50 promastigotes IC50 amastigotes 

2a >33.3 >33.3 

2b 31.7 21.2 

2c 35.4 21.3 

2d >32.1 21.3 

2e >31.0 6.94 

2f >34.8 27.0 

2g >34.8 22.0 

2h >32.3 22.2 

2i >27.6 1.90 

2j 11.6 36.5 

2k 7.16 16.9 

2l >28.8 21.2 

2m >28.6 6.17 

2n >25.9 16.4 

2o >23.6 14.0 

3e 29.4 6.73 

3i 25.1 35.8 

3k 6.68 15.7 

3l >29.0 5.80 

3m 28.2 18.6 

3n 26.0 16.2 

3o 23.0 15.4 

AmB 0.83 0.47 

aValues are the means of three experiments (SD ± 15%). They were obtained from concentration–
response curves by calculating the percentage of treated cells in comparison to untreated controls after 

72 h. 
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Several catechol-based compounds exhibited inhibitory activity against HIV-1 RT-associated 

RNase H.19,23,24,32 Hence, 2a and its close analogs 2b–g and 2l were selected for the evaluation 

of their RNase H inhibitory activity (Table 3). Their activities were compared with the activity 

of the known HIV1-RNase H inhibitor RDS1759. 2a showed considerable inhibition of the 

wild-type HIV1-RNase H (IC50 = 11.2 µM), which was only slightly lower than the activity of 

the positive control RDS1759 (IC50 = 8.7 µM). Moderate inhibitory activities were observed 

for 2b (IC50 = 17.08 µM), 2e (IC50 = 20.27 µM) and 2l (IC50 = 21.50 µM). 2c, 2d, 2f and 2g 

showed no RNase H inhibitory activity.  Aside the dihydroxyphenyl motif of 2a, di-and 

trimethoxyphenyl motifs (2b, 2e, 2l) led to moderate RNase H inhibition, while (iso)vanillyl- 

(2c, 2d) and mono-hydroxyphenyl scaffolds (2f, 2g) had no RNase H inhibitory activity. 

Table 3. Inhibitory concentrations IC50 (in µM)a of test compounds when tested against HIV-1 RT-

associated RNase H activity of wildtype RTs. RDS1759 was applied as positive control. 

 

 

 
 

 

 

 

 

 

 

 

aCompound concentration required to reduce the HIV-1 RT-associated RNase H activity by 

50% 

 

In order to investigate the HIV-1 RNase H binding mode of 2a, docking calculations were 

performed. Detailed results of the docking calculations and the best poses received after 

docking of the 2a-tautomers IPU1 and IPU2 (Figures 2 and S1) and the known ligand β-

thujaplicinol with the HIV RNase H domain (PDB ID: 3K2P) are summarized in Table 4. The 

docking outputs generated by MOE software were converted into (.pdb) files and visualized 

Compound HIV-1 RT RNase H 

2a 11.2 ± 1.6 

2b 17.08 ± 0.8 

2c >100 

2d >100 

2e 20.27 ± 2.8 

2f 93.43 ± 11.8 

2g >100 

2l 21.50 ± 7.2 

RDS1759 8.7 ± 3.1 
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with the default parameters of the BIOVIA DS visualizer package (Dassault Systèmes BIOVIA, 

Discovery Studio Modeling Environment, 2020) to estimate all possible bonds. 

Table 4. S-score (binding energy in kcal mol-1) and interactions between 2a-tautomers IPU1 and IPU2 and 

the active site residues of the HIV-1 RNase H domain (PDB ID: 3K2P). 

Tautomers of 

2a 

 

Score  

(kcal mol-1) 

 

Bonds between atoms of compounds and active site residues 

Atom of 

compound 

Involved 

receptor 

atoms 

Involved 

receptor 

residues 

Category Type of 

interaction/ 

bond 

Distance 

(Å) 

IPU1 

 

-3.531 

 

O HE21 GLN475(A) Hydrogen bond 
Conventional 

H-bond 
2.41 

H OG SER499(A) Hydrogen bond 
Conventional 

H-bond 
2.32 

O MN MN901(A) Other Metal-Acceptor 1.89 

/ MN MN901(A) Electrostatic Pi-Cation 4.73 

/ / ALA538(A) Hydrophobic Pi-Alkyl 4.06 

/ / ALA538(A) Hydrophobic Pi-Alkyl 4.19 

IPU2 

 

-1.954 

 

H OD1 ASP498(A) Hydrogen bond 
Conventional 

H-bond 
2.98 

H O ALA446(A) Hydrogen bond 
Conventional 

H-bond 
2.60 

H OD1 ASN474(A) Hydrogen bond 
Conventional 

H-bond 
2.91 

O MN MN901(A) Other Metal-Acceptor 1.92 

/ HD21 ASN474(A) Hydrogen bond 
Pi-Donor H-

bond 
2.55 

/ / ALA538(A) Hydrophobic Pi-Alkyl 4.12 

 

β-Thujaplicinol 
-10.327 

H2 NE2 HIS539(A) Hydrogen bond 
Conventional 

H-bond 
1.85 

O1 MN MN901(A) Other Metal-Acceptor 1.79 

O7 MN MN901(A) Other Metal-Acceptor 1.32 

  
O HH21 ARG557(A) Hydrogen bond 

Conventional 

H-bond 
3.09 

RDS1759 -8.514 

H OD1 ASP498(A) Hydrogen bond 
Conventional 

H-bond 
2.36 

H OD1 ASN474(A) Hydrogen bond Carbon H-bond 2.90 

H O ASP498(A) Hydrogen bond Carbon H-bond 3.00 

O1 MN MN901(A) Other Metal-Acceptor 2.83 

O1 MN MN901(A) Other Metal-Acceptor 2.03 

O1 MN MN902(A) Other Metal-Acceptor 1.92 

/ NH2 ARG557(A) Electrostatic Pi-Cation 3.27 

/ HD21 ASN474(A) Hydrogen bond 
Pi-Donor H-

bond 
2.78 

C / ALA538(A) Hydrophobic Alkyl 4.00 

/ / ALA445(A) Hydrophobic Pi-Alkyl 5.13 
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Fig. 2. Optimized geometry (left) and schematic representation of the tautomerisation of 2a 

(IPU1-6, right). 

 

Hydrogen transfer gives six tautomers, the di-keto form (IPU1), the keto-enol tautomers (IPU2, 

IPU5 and IPU6), and the di-enol tautomers (IPU3 and IPU4). Moreover, transition states were 

localized and denoted as TSXY (X and Y refer to the correlated tautomer numbers, e.g., TS16, 

TS23, TS34, TS45), which can be found in the Supporting Information (Figure S1, supporting 

information). The five isomers are stable (no imaginary frequency) and there is only one 

negative frequency for each transition state. The optimized geometries of five tautomers, the 

corresponding transition states and the relative free energies (ΔG0 in kcal mol-1) are given in 

Figure S1 concerning in relation to the most stable isomer IPU1 tautomer (di-keto form), which 

functions as a reference. ΔG0 values of the tautomers IUP2-IPU6 were 7.80, 12.8, 12.81, 13.45 

and 18.05 kcal mol-1, respectively. Note that the energy differences among these five tautomers 

are nearly 18 kcal mol-1. Therefore, the intramolecular interconversion barriers are evaluated. 

The interconversion between IPU3 and IPU4 results from the rotation of the O1H1 band, and 

the barrier between both rotamers is ca. 8 kcal mol-1. Except for TS34, all barrier energies are 

greater than 40 kcal mol-1. The two most stable tautomers IPU1 and IPU2 were used for 

molecular docking and ADME-T calculations. 
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The molecular docking results show that the score of binding (S-score) of both compounds were 

-3.531 and -1.954 kcal mol-1, respectively, while the S-score of the β-thujaplicinol was -10.327 

kcal mol-1 (Table 4). Both compounds established various types of interaction including H-

bonds, metal-acceptor, and π-donor/alkyl interactions. Previous studies confirmed that similar 

types of binding are responsible for the formation of the binding complex in the active site, in 

particular, the interaction of β-thujaplicinol with the Mn2+ ion, which plays an essential role in 

the functioning of the enzyme.17,18,51 

Both 2a-tautomers IPU1 and IPU2 established six interactions with the pocket of the HIV-1 

RNase H domain (Table 4 and Figure 3). Two strong hydrogen bonds were formed between 

tautomer IPU1 and GLN475(A) and SER499(A) at distances of 2.41 and 2.32 Å, respectively, 

while IPU1 was also involved in two hydrophobic contacts with ALA538.24,52,53 In addition, 

tautomer IPU1 formed two bonds with the manganese ion (Mn+2) of the active site, the first 

one is chelating the metal ion according to the metal-acceptor bond type (distance of 1.89 Å), 

the second one is of the π-cation type (distance of 4.73Å) (Table 4 and Figure 3a). 

The second tautomer of 2a, IPU2, established four strong H-bonds with the active site of the 

HIV-1 RNase H domain (PDB ID: 3K2P), three conventional H-bonds formed between IPU2 

and the ASP498(A), ALA446(A) and ASN474(A) at distances of 2.98, 2.60 and 2.91 Å, 

respectively. The fourth one is a strong π-donor type H-bond, which is formed between IPU2 

and ASN474(A) with a distance of 2.55 Å. In addition, one hydrophobic interaction appeared 

with ALA538(A) (Table 4 and Figure 3b), which is a binding mode described before by Zhang 

and coworkers.54 The binding affinity of both tautomers of 2a was lower than for β-

thujaplicinol, which gave the lowest score energy of -10.327 kcal mol-1. β-Thujaplicinol 

established three interactions with the binding pocket of the HIV-1 RNase H domain (PDB ID: 

3K2P) receptor, among them one strong conventional H-bond formed between the native ligand 

and HIS539(A) with a distance of1.85 Å.52 β-Thujaplicinol also coordinated the manganese ion 
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(Mn+2) by forming two metal-acceptor bonds with a distance of 1.79 and 1.32 Å (1.89 Å), 

respectively (Table 4 and Figure 3c). A similar binding mode was shown for the natural product 

garcinol only recently.33 

In addition, the chemical structure of the positive control RDS1759 showed a high affinity for 

the binding site of the HIV-1 RNase H domain (PDB ID: 3K2P), which was confirmed by the 

average score energy of -8.514 kcal mol-1. RDS1759 formed four hydrogen bonds: two 

conventional bonds with ARG557(A) and ASP498(A) (distances: 3.09 and 2.36 Å, 

respectively) and two carbons with ASN474(A) and ASP498(A) (distances: 2.90 and 3.00 Å, 

respectively). Another π -donor H-bond was established between this compound and 

ASN474(A) with a distance of 2.78 Å.  RDS1759 also formed three metal-acceptor bonds (with 

Mn+2) with distances of 2.83, 2.03, and 1.91 Å (Table 4 and Figure 3d). Additionally, one 

electrostatic interaction with ARG557(A) and two hydrophobic interactions with ALA538(A) 

and ALA445(A) were observed (Table 4 and Figure 3d). 
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Fig. 3. The 3D and 2D visualization of docked posed structure of the selected ligands with HIV-

1 RNase H (PDB: 3K2P); (a): IPU1, (b): IPU2, (c): β-thujaplicinol, (d): RDS1759. 

(a) 

(c) 

(d) 

(b) 



 

26 
 

PRE- PRINT VERSION _ UNICA  HTTPS://DOI.ORG/10.1016/J.BMC.2023.117376 

ADME-T predictions, physicochemical property calculations and drug-likeness evaluation of 

the 2a-tautomer IPU1 were performed using these online servers: SwissADME 

(http://www.swissadme.ch/) and pkCSM (http://biosig.unimelb.edu.au/pkcsm/prediction). The 

results are given in Table 5.   

Table 5. ADME-T prediction and physicochemical properties of 2a (IPU1 tautomer), 2i, and 

2m. 

 
Entry TPSA 

Å2 

n-ROTB MW 

g/mol 

MLog P n-ON 

acceptors 

n-

OHNH 

donors 

Rules 

WLog P Lipinski Veber 

 

Ghose 

 

Rule <140 <11 <500 ≤5 <10 <5 / / / 

2a 135.28 1 375.33 
1.23 

5 5 Accepted Accepted Accepted 
1.07 

2i 104.05 2 452.26 
2.16 

4 3 Accepted Accepted Accepted 
2.43 

2m 113.28 3 437.83 
1.74 

5 3 Accepted Accepted Accepted 
2.33 

A
D

M
E

-T
 Absorption Distribution Metabolism Excretion Toxicity 

Caco2 

(10-6 

cm/s) 

HIA 

% 

CNS 

(logPS) 

BBB 

(log BB) 

CYP1A2 

inhibitor 

CYP2C19 

inhibitor 

CYP2D6 

substrate 

Renal 

OCT2 

substrate 

Total  

 Clearance 

(mL/min/kg) 

AMES 

toxicity 

hERG Inhibitor 

 

2a -0.394 84.5 -2.575 -0.706 YES YES NO NO 0.121 NO NO 

2i 0.999 96.7 -2.231 -0.822 YES YES NO NO -0.101 YES NO 

2m 0.544 99.1 -2.395 -0.998 YES YES NO NO 0.217 YES NO 

ABS: Absorption, TPSA: Topological polar surface area, n-ROTB: Number of rotatable bonds, MW: Molecular weight, MLog P: 

logarithm of partition coefficient of compound between n-octanol and water, n-ON acceptors: Number of hydrogen bond acceptors, n-

OHNH donors: Number of hydrogen bonds donors. 

Caco-2: Colon adenocarcinoma, HIA: Human intestinal absorption, CNS: Central nervous system permeability, BBB: Blood–brain–

barrier permeability. 

Green = Good, Red = Bad. 

 

According to the results presented in Table 5, the compounds 2a (IPU1 tautomer), 2i and 2m 

show no violations and comply with the Lipinski, Veber and Ghose rules. These compounds 

also showed a considerable permeability of the cellular plasma membrane and the blood-brain 

http://biosig.unimelb.edu.au/pkcsm/prediction
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barrier (BBB). They revealed a very useful parameter for the transport of drug molecules 

because their TPSA values are lower than 140 Å2. 

Based on their high HIA values (> 70%), 2a (IPU1), 2i and 2m are expected to be strongly 

absorbed in the gastrointestinal system to the bloodstream when they are administered orally. 

The logPS values for 2a (IPU1), 2i and 2m are -3< logPS<-2, which means that they can 

penetrate the CNS. The logBB values are -0.706, -0.822, and -0.998 for 2a (IPU1), 2i and 2m, 

which are > -1, indicating a readily crossing of the blood–brain barrier. 

In addition, its high Caco-2 value greater than -5.15 (> -5.15 cm/s) indicates that it has no 

considerable carcinogenic potential. The IPU1 tautomer of 2a, as well as 2i and 2m, are 

negative for AMES and, thus, they are not mutagenic.   

2a (IPU1), 2i, and 2m can be an inhibitor of the CYP1A2 and CYP2C19 isoforms. However, 

they are not a substrate of CYP2D6. 2a, 2i and 2m are likely not an OCT2 substrate either. 

Besides, these compounds have low excretion potential with a clearance rate below 5 

mL/min/kg. In addition to that, they are no hERG inhibitors (Table 5). 

 

4. Conclusions 

Various pyrido- and dihydropyrido[2,3-d]pyrimidine derivatives were identified as potent 

antiparasitic agents in the described activity tests with T. gondii and L. major parasites. Four 

compounds (2m–o, 3m) were highly active against T. gondii cells at doses of the nanomolar 

range, albeit without selectivity for these parasites as to test results from non-malignant Vero 

kidney cells. Hence, structural modifications of pyrido- and dihydropyrido[2,3-d]pyrimidines 

in future works should aim at increased selectivities for T. gondii parasites in order to acquire 

reasonable drug candidates for the treatment of T. gondii infections. Alternatively, suitable 

formulations of these compounds, eventually with parasite-targeting properties, can be rational 
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strategies in order to reach advanced stages of antiparasitic activity evaluation in living 

organisms.  

Interestingly, certain compounds (2e, 2i, 2m, 3e, 3l) showed distinctly higher activities against 

L. major amastigotes than against promastigotes. This finding is of significance for the potential 

of this compound class as future antileishmanials. Again, additional optimisation of these 

compounds appears to be necessary in terms of selectivity for L. major amastigotes in order to 

reduce side-effects. 

Catechol 2a, which displayed only weak antiparasitic activities, showed significant HIV-1 RT-

associated RNase H inhibitory activity and docking calculations revealed the relevance of 1,2-

dihydroxy-3-nitrophenyl moiety. Thus, the antiviral activity of 2a is worth further exploration 

in ex vivo and in vivo models, with the perspective of its formulation as a cost-effective HIV 

treatment, in particular, in cases where resistance of RT occurred.  

Both tautomers of 2a dubbed as IPU1 and IPU2 can be considered as lead candidates for the 

inhibition of the HIV-1 RNase H domain. They established several interactions with active site 

residues of the HIV1 RNase H domain as to docking calculations. Thus, results obtained from 

molecular docking supported the potential of 2a, especially in its IPU1 tautomer form, as a 

promising new HIV-1 RNase H inhibitor. ADME-T prediction and physicochemical properties 

were calculated to verify the pharmacodynamics and pharmacokinetics, and the results proved 

that 2a, 2i, and 2m comply with the Lipinski, Veber and Ghose rules. 
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Abbreviations 

ADME-T Absorption, distribution, metabolism, 

excretion - toxicity 

AmB Amphotericin B 

ATO Atovaquone 

BBB Blood brain barrier 

CL Cutaneous leishmaniasis 

CNS Central nervous system 

CYP Cytochrome P 

FBS Fetal bovine serum 

hERG Human ether-à-go-go-related gene 

HIA Human intestinal absorption 

HIV Human immunodeficiency virus 

MCL Mucocutaneous leishmaniasis 

MW Molecular weight 

NTD Neglected tropical disease 

OCT2 Organic cation transporter 2 

PDB Protein data bank 

ROTB Rotable bonds 

RT Reverse transcriptase 

RPMI Roswell Park Memorial Institute 

SI Selectivity index 
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TPSA Topological polar surface area 

VL Visceral leishmaniasis 
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Highlights 

• 1H-Indeno[2’,1’:5,6]dihydropyrido[2,3-d]pyrimidine and 1H-

indeno[2’,1’:5,6]pyrido[2,3-d]pyrimidine derivatives were prepared. 

• High activity against Toxoplasma gondii parasites and Leishmania major amastigotes 

was observed. 

• A catechol derivative inhibits HIV-1 RT-associated RNase H. 

• Docking and ADME-T calculations confirmed drug-like properties of active 

compounds. 
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