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Abstract
Candidates of triazole-containing amino acid derivatives 5a−k were prepared under green chemistry conditions via
multicomponent reaction using lemon juice as an acidic catalyst. All compounds were7 characterized by different spectral
and elemental analyses. They were evaluated for their in vitro antileishmanial activity against miltefosine and amphotericin
B deoxycholate as reference drugs. Compounds 5c, 5d, 5e and 5f showed superior potencies to miltefosine by 200 folds.
These compounds are well tolerated by experimental animals orally up to 250 mg/kg and parenterally up to 100 mg/kg.
Reverse docking approach against validated leishmanial targets pinpointed mitogen-activated protein kinase (MAPK) as a
possible putative antileishmanial target. In addition, in silico predictions revealed that these compounds exhibited promising
drug-likeness and pharmacokinetics profile.
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Introduction

Leishmaniasis is a protozoal and a dangerous disease that is
common in tropical African regions, Southern Europe,
Central and South America, the Middle East, and the Indian
subcontinent (Khattab et al. 2017). According to WHO, it is
classified as one of dangerous tropical protozoal diseases.
Leishmaniasis is founded by obligate intracellular vector-
borne parasites, which belong to genus Leishmania and
family Trypanosomatidae (Shokri et al. 2017). Protozoan
parasites of the genus Leishmanial cause a wide spectrum of
diseases including visceral, cutaneous, mucocutaneous and
diffused cutaneous leishmaniasis (Khattab et al. 2017).
Cutaneous Leishmania (CL) is a parasitic infectious disease
that affects the skin, cartilage and mucosa of the upper
respiratory tract (Khattab et al. 2017). L. major, L. tropica
and L. aethiopica are causative agents for CL (Salerno et al.
2014). Sodium stibogluconate, meglumine antimoniate,
amphotericin B, miltefosine, pentamidine and paromomycin
are drugs used for the treatment of leishmaniasis, but
resistance, high cost and side effects have been reported
almost for all the current therapeutic agents in addition to
their toxicity (Alviano et al. 2012). To tackle this problem,
new agents are urgently needed (Walker et al. 2012; Bekhit
et al. 2015). Azoles especially triazoles are well known to
have a broad spectrum of biological activities (Demirbas
et al. 2004; Shams el-Dine and Hazzaa 1974; Cansiz et al.
2001; Misato et al. 1977; El-Kerdawy et al. 1989; Moustafa
2001; Sun et al. 2007; Shivarama Holla et al. 2003;
Khanmohammadi et al. 2008). Furthermore, several reports
showed that A (Papadopoulou et al. 2012), B (Girmenia
2009) and C (Mast et al. 2013) (Fig. 1) exhibited antil-
eishmanial activity. Moreover, ravuconazole, albaconazole,
and isavuconazole (triazole derivatives) are currently under
investigation in clinical trials (Mindt et al. 2006).

As a continuation of our efforts to discover diverse
chemotypes (Ibrahim et al. 2015) for potent antileishmanial
agents (Atta et al. 2017; Bekhit et al. 2015; Birhan et al.
2014; Khattab et al. 2017), we aim at preparing new 1,2,4-
triazole derivatives coupled with different amino acids. The
synthetic process comprises green conditions, e.g., using

lemon juice as green catalyst and aqueous medium as green
solvent.

Materials and methods

Chemistry

Melting points were determined in open-glass capillaries
using a Griffin melting point apparatus and are all uncor-
rected. Infrared spectra (IR) were recorded on Perkine
Elmer1430 infrared spectrophotometer. 1HNMR and
13CNMR were scanned on Jeol-400MHzNMR-spectrometer
(DMSO-d6) and chemical shifts are given in d (ppm) down
field from tetra methyl silane as internal standard. Micro
analyses were performed on Vario El Fab-Nr elemental
analyser. Mass spectra were determined on a Hewlett
Packard 5988 spectrometer (Microanalysis Center, Cairo
University, Egypt). Following up of the reactions as per-
formed by thin-layer chromatography (TLC) on silica gel
(60GF254)-coated glass plates and the spots were visualized
by exposure to iodine Vapours or UV-lamp at 1254 nm for
few seconds.

General procedure for the extraction of lemon juice

Fresh lemon (Citrus limon) was cut by using a knife and
then pressed by hand using a presser to extract the juice;
then juice was filtered through filter paper to remove solid
material to obtain a clear juice that was used as a catalyst.
The main ingredients of lemon juice are moisture (85%),
carbohydrates (11.2%), citric acid (5–7%), protein (1%),
vitamin C (0.5%), fat (0.9%), minerals (0.3%), fibres
(1.6%), and some other organic acids.

Lemon juice is acidic in nature (pH ≈ 2–3) and its cata-
lytic efficiency mainly came from the relatively higher
percentage of citric acid (5–7%) compared to other acids.
Lemon juice is previously reported to be used as active
weak soluble catalyst (Patil et al. 2012; Pal et al. 2013).

General method for preparation of 2-amino-5(2-
hydroxyphenyl)-1,2,4-triazole carboxylic acid 5a−k

An equimolar mixture of 2-hydroxy benzaldehyde/2-
hydroxy acetophenone (0.01 mol), substituted amino acids
(B-alanine, a-alanine, tryptophane, valine, aspartic acid,
histadine, phenyl alanine and methonine, respectively)
(0.01 mol), and thiosemicarbazide (0.01 mol) in solvent (15
mL water, containing 1−2 mL of ethanol) in the presence of
lemon juice (2 mL) was mixed in a round-bottomed flask
and the mixture was refluxed for the time needed to com-
plete the reaction (2−3 h) (as monitored by TLC). After
completion of the reaction, the mixture was cooled to roomFig. 1 Structures of lead antileishmania of 1,2,4-triazole moiety
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temperature and the solid mass of the compounds was fil-
tered and recrystallized from ethanol.

2-[3-Amino-5-(2-hydroxy-phenyl)-1,5-dihydro-[1,2,4]triazol-
4-yl]-propionic acid (5a)

Yield (86%), off-white crystal, mp 238–240 °C, anal. Calcd.
for C11H15N4O3 (Mr= 250.26): C, 52.58; H, 6.02; N,
22.30; O, 19.10. Found: C, 52.30; H, 6.09; N, 22.40; O,
20.21%. IR (KBr, cm−1): 3502 (O–H), 3439 (O–H), 3314–
3210 (NH2), 3170 (NH), 3032 (C–H)aromatic, 2983 (C–H)

aliphatic, 1616 (C=N), 1598 (COOasy), 1535 (COOsy), 1263
(Ph–O). 1HNMR (400MHz; δ ppm, d6-DMSO: 2.52 (d, J
= 4.69 Hz, 3H, CH3), 2.95 (q, J= 4.75 Hz, 1H, CH
−COOH), 3.78 (s, 1H, CHtriazole), 7.91 (s, 1H, NH, dis-
appeared by D2O), 6.79–7.90 (m, 4H, ArH), 8.10 (s, 1H,
NH, disappeared by D2O), 8.39 (s, 1H, OH, disappeared by
D2O), 9.88 (s, 1H, NH, disappeared by D2O), 11.37 (s, 1H,
OH, disappeared by D2O),

13CNMR (100MHz; d6-DMSO,
δ ppm); 20.39 (CH3), 35.74 (CH-COOH), 60.59 (CHtriazole),
116.80–140.84 (m, ArC), 156.91 (C=N), 178.41(C=O).
MS (m/z+, %): 249 (M−1, 1.76%); 232 (4.76); 195 (100%);
178 (8.29); 120 (88.16); 107 (20.45); 91 (30.72).

2-[3-Amino-5-(2-hydroxy-phenyl)-5-methyl-1,5-dihydro-
[1,2,4]triazol-4-yl]-propionic acid (5b)

Yield (87%), off-white crystal, mp 189–191 °C, anal. Calcd.
for C12H17N4O3 (Mr= 265.59): C, 54.33; H, 6.46; N,
21.12; O, 18.19. Found: C, 54.23; H, 6.30; N, 21.22; O;
18.25 %. IR (KBr, cm−1); 3552 (O–H), 3390 (O–H), 3289–
3202 (NH2), 3254 (NH), 3010 (C–H)aromatic, 2991 (C–H)

aliphatic, 1641 (C=N), 1614 (COOasy), 1587 (COOsy), 1227
(Ph–O). 1HNMR (400MHz; d6-DMSO, δ ppm); 2.22 (s,
3H, CH3), 2.32 (d, J= 6.12 Hz, 3H, CH3), 2.97(q, J= 6.40
Hz, 1H, CH−COOH), 6.86–7.54 (m, 4H, ArH), 8.02 (s, 1H,
NH, disappeared by D2O), 10.52(sbroad, 3H, NH3,
exchangeable by D2O), 12.73 (s, 1H, OH, disappeared by
D2O).

13CNMR (100MHz; d6-DMSO, ppm); 15.08 (CH3),
24.55 (CH3), 36.42 (CH−COOH), 57.72 (Ctriazole), 117–
149.37 (m, ArC), 152.91 (C=N), 157.72 (C-OH), 180.95
(C=O). MS (m/z+, %): 268 (M+2, 100%); 251 (34.34); 210
(16.35); 195 (70%); 175 (6.92); 134 (61.52); 120 (39.45).

2-[3-Amino-5-(2-hydroxy-phenyl)-1,5-dihydro-[1,2,4]triazol-
4-yl]-3-(1H-indol-3-yl)-propionic acid (5c)

Yield (81%), yellow crystal, mp 230–232 °C, anal. Calcd.
for C19H19N5O3 (Mr= 365.39): C, 62.46; H, 5.24; N,
19.17; O, 13.14. Found: C, 61.99; H, 5.20; N, 19.41; O,
13.27%. IR (KBr, cm−1); 3554 (O–H), 3413 (O–H), 3311–
3200 (NH2), 3171 (NH), 3142 (NH indole), 3018 (C–H)aro-
matic, 2989 (C–H)aliphatic, 1629 (C=N), 1612 (COOasy),

1548 (COOsy), 1254 (Ph–O). 1HNMR (400MHz; d6-
DMSO, δ ppm): 2.84 (t, J= 14.47 Hz, 1H, CH−COOH),
3.10 (d, J= 14.93 Hz, 1H, CH2), 3.76 (d, J= 15.04 Hz, 1H,
CH2), 5.51 (s, 1H, CHtriazole), 6.70 (s, 1H, CH indole),
6.72 (s, 1H, NH, disappeared by D2O), 6.70–7.83 (m, 8H,
ArH), 7.85 (s, 1H, NH, disappeared by D2O), 8.40 (s, 1H,
OH, disappeared by D2O), 10.14 (s, 1H, NH, disappeared
by D2O), 10.73 (s, 1H, NH indole, disappeared by D2O),
11.20 (s, 1H, OH, disappeared by D2O).

13CNMR (100
MHz; d6-DMSO, δ ppm): 25.44 (CH2), 52.36 (CH
−COOH), 55.23 (CHtriazole), 107.35 (CHindole), 111.81–
140.65 (m, ArC and C of indole), 156.98 (C=N), 173.66 (C
−OH), 178.48 (C=O).

2-[3-Amino-5-(2-hydroxy-phenyl)-5-methyl-1,5-dihydro-
[1,2,4]triazol-4-yl]-3-(1H-indol-3-yl)-propionic acid (5d)

Yield (85%), off-white crystal, mp 220–222 °C, anal. Calcd.
for C20H21N5O3 (Mr= 379.41): C, 63.31; H, 5.58; N,
18.46; O, 12.65. Found: C, 63.01; H, 5.21; N, 18.83; O,
12.95%. IR (KBr, cm−1); 3542 (O–H), 3438 (O–H), 3313–
3212 (NH2), 3168 (NH), 3132 (NHindole), 3014 (C–H)aro-
matic, 2983 (C–H)aliphatic, 1617 (C=N), 1600 (COOasy),
1534 (COOsy), 1263 (Ph–O). 1HNMR (400MHz; d6-
DMSO, δ ppm): 2.33 (s, 3H, CH3), 3.11 (t, J= 3.96 Hz, 1H,
CH−COOH), 3.34 (d, J= 4.08 Hz, 1H, CH2), 3.66 (d, J=
3.81 Hz, 1H, CH2), 6.84 (s,1H, CHindole), 6.89 (s, 1H, NH,
disappeared by D2O), 6.90–7.91 (m, 8H, ArH), 8.12
(sbroad, 3H, NH3, exchangeable by D2O), 10.94 (s, 1H,
NHindole, disappeared by D2O), 12.96 (s, 1H, OH, dis-
appeared by D2O).

13CNMR (100MHz; d6-DMSO, δ ppm):
14.37 (CH3), 24.43 (CH2), 27.63 (CH−COOH), 55.03
(Ctriazole), 109.40 (CHindole), 111.82–136.80 (m, ArC and C
of indole), 149.42 (C−NH), 157.90 (C=N), 172.30 (C
−OH), 181.82 (C=O). MS (m/z+, %): 379.10 (M, 0.1%);
192.10 (11.83%).

2-[3-Amino-5-(2-hydroxy-phenyl)-1,5-dihydro-[1,2,4]triazol-
4-yl]-3-methyl-butyric acid (5e)

Yield (88%), off-white crystal, mp 247–249 °C, anal. Calcd.
for C13H18N4O3 (Mr= 278.31): C, 56.10; H, 6.52; N,
20.13; O, 17.25. Found: C, 56.12; H, 6.30; N, 20.15; O,
17.42%. IR (KBr, cm−1); 3542 (O–H), 3439 (O–H), 3319
(NH), 3177 (NH), 3022 (C–H)aromatic, 2983 (C–H)aliphatic,
1624 (C=N), 1612 (COOasy), 1537 (COOsy), 1273 (Ph–
O). 1H NMR (400MHz; d6-DMSO, δ ppm); 0.87 (d, J=
7.05 Hz, 3H, CH3), 0.93 (d, J= 6.76 Hz, 3H, CH3), 2.13
(m, 1H, CH−CH3), 3.05 (d, J= 3.20 Hz, 1H, CH−COOH),
3.76 (s, 1H, CHtriazole), 6.80–7.25 (m, 4H, ArH), 7.93 (s, 1H,
NH, disappeared by D2O), 8.11 (s, 1H, OH, exchangeable
by D2O), 8.37 (s, 1H, NH, disappeared by D2O), 9.98 (s,
1H, NH, disappeared by D2O), 11.37 (s, 1H, OH,
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disappeared by D2O).
13CNMR (100MHz; d6-DMSO, δ

ppm): 17.74 (CH3), 19.12 (CH3), 29.42 (CH−CH3), 47.87
(CH−COOH), 60.61 (CHtriazole), 121.47–133.95 (m, ArC),
158.48 (C=N), 167.85 (C−OH), 190.46 (C=O).

2-[3-Amino-5-(2-hydroxy-phenyl)-5-methyl-1,5-dihydro-
[1,2,4]triazol-4-yl]-3-methyl-butyric acid (5f)

Yield (91%), off-white crystal, mp 195–197 °C, anal. Calcd.
for C14H20N4O3 (Mr= 292.33): C, 57.52; H, 6.90; N,
19.17; O, 16.42. Found: C, 57.22; H, 7.10; N, 19.35; O,
16.14%. IR (KBr, cm−1): 3498 (O–H), 3402 (O–H), 3291
(NH), 3120 (NH), 3022 (C–H)aromatic, 2951 (C–H)aliphatic,
1636 (C=N), 1608 (COOasy), 1508 (COOsy), 1244 (Ph–
O). 1H NMR (400MHz; d6-DMSO, δ ppm); 0.83 (d, J=
6.45 Hz, 3H, CH3), 0.98 (d, J= 6.48 Hz, 3H, CH3), 1.09 (s,
3H, CH3), 2.29 (m, 1H, CH−CH3), 3.00 (d, J= 4.67 Hz,
1H, CH–COOH), 6.66 (s, 1H, NH, disappeared by D2O),
6.76–7.25 (m, 4H, ArH), 7.52, 7.62 (ss, 2H, NH, OH,
disappeared by D2O), 8.30 (s, 1H, OH, exchangeable by
D2O), 8.55 (s, 1H, NH, disappeared by D2O).

13CNMR
(100MHz; d6-DMSO, δ ppm); 18.99 (CH3), 19.11 (CH3),
22.15 (CH3), 32.23 (CH−CH3), 49.05 (CH−COOH), 62.99
(Ctriazole), 109.84–136.16 (m, ArC), 152.72 (C=N), 154.22
(C−OH), 176.11 (C=O).

2-[3-Amino-5-(2-hydroxy-phenyl)-1,5-dihydro-[1,2,4]triazol-
4-yl]-3-(3H-imidazol-4-yl)-propionic acid (5g)

Yield (80%), brown crystal, mp 232–234 °C, anal. Calcd.
for C14H16N6O3 (Mr= 316.32): C, 53.16; H, 5.10; N,
26.57; O, 15.17. Found: C, 53.30; H, 5.16; N, 26.27; O,
15.07%. IR (KBr, cm−1); 3410 (O–H), 3398 (O–H), 3282
(NH), 3234 (NH), 3212 (NH), 3012 (C–H)aromatic, 2988 (C–
H)aliphatic, 1648 (C=N), 1619 (COOasy), 1594 (COOsy),
1235 (Ph–O). 1H NMR (400MHz; d6-DMSO, δ ppm); 3.44
(t, J= 3.75 Hz, 1H, CH−COOH), 4.06 (d, J= 3.96 Hz, 1H,
CH2), 4.28 (d, J= 4.16 Hz, 1H, CH2), 5.25 (s, 1H, CHtria-

zole), 7.40, 8.58 (ss, 2H, 2CHimidazole), 6.85 (s, 1H, NH,
disappeared by D2O), 6.81–7.83 (m, 4H, ArH), 7.78 (s, 1H,
OH, disappeared by D2O), 8.98 (s, H, NHimidazole, dis-
appeared by D2O), 9.82 (s, 1H, NH disappeared by D2O),
11.24 (s, 2H, NH, OH, disappeared by D2O).

13CNMR
(100MHz; d6-DMSO, δ ppm); 23.65 (CH2), 32.96 (CH
−COOH), 60.09 (CHtriazole), 115.12–132.05(m, ArC),
129.44, 141.32 (2CH of imidazole), 146.22 (C=N), 156.58
(C−OH), 177.45 (C=O).

2-[3-Amino-5-(2-hydroxy-phenyl)-5-methyl-1,5-dihydro-
[1,2,4]triazol-4-yl]-3-(3H-imidazol-4-yl)-propionic acid (5h)

Yield (82%), orange crystal, mp 166–168 °C, anal. Calcd.
for C15H18N6O3 (Mr= 330.32): C, 54.54; H, 5.49; N,

25.44; O, 14.53. Found: C, 54.54; H, 8.37; N, 25.49; O,
14.50%. IR (KBr, cm−1); 3389 (O–H), 3372 (O–H), 3282–
3204 (NH2), 3243 (NH), 3022 (C–H)aromatic, 2993 (C–H)

aliphatic, 1644 (C=N), 1614 (COOasy), 1591 (COOsy), 1229
(Ph–O). 1H NMR (400MHz; CDCl3, δ ppm); 2.34 (s, 3H,
CH3), 2.40 (d, J= 4.37 Hz, 1H, CH2), 2.61 (d, J= 4.56 Hz,
1H, CH2), 3.92 (t, J= 4.28 Hz, 1H, CH−COOH), 6.50
(sbroad, 3H, NH3, disappeared by D2O), 6.97, 7.50 (ss, 2H,
2CHimidazole), 6.99–7.50 (m, 4H, ArH), 7.35 (s, 1H, NH,
disappeared by D2O), 8.75 (s, 1H, NHimidazole, disappeared
by D2O), 10.68 (s, 1H, OH, disappeared by D2O).

13CNMR
(100MHz; CDCl3, δ ppm); 19.66 (CH3), 29.20 (CH2),
50.20 (CH−COOH), 65.88 (Ctriazole), 121.87–132.88 (m,
ArC), 122.26,135.88 (2CH of imidazole), 158.27 (C=N),
160.46 (C−NH), 162.65 (C−OH), 186.92 (C=O).

2-[3-Amino-5-(2-hydroxy-phenyl)-1,5-dihydro-[1,2,4]triazol-
4-yl]-3-phenyl-propionic acid (5i)

Yield (84%), brown crystal, mp 255–257 °C, anal. Calcd.
for C17H18N4O3 (Mr= 326.35): C, 62.57; H, 5.56; N,
17.17; O, 14.71. Found: C, 62.10; H, 5.57; N, 17.57; O,
14.77%. IR (KBr, cm−1); 3439 (O–H), 3374(O−H), 3312
(NH), 3136 (NH), 3015 (C–H)aromatic, 2983 (C–H)aliphatic,
2942 (CH2)aliphatic, 1627 (C=N), 1602 (COOasy), 1534
(COOsy), 1262 (Ph–O). 1HNMR (400MHz; d6-DMSO, δ
ppm); 1.54 (d, J= 12.0 Hz, 1H, CH2), 1.61 (d, J= 12.0 Hz,
1H, CH2), 3.01 (t, J= 12.5 Hz, 1H, CH−COOH), 5.24 (s,
1H, CHtriazole), 6.81 (s, 1H, NH, disappeared by D2O), 6.82–
7.87 (m, 9H, ArH), 8.01 (s, 1H, NH, disappeared by D2O),
8.39 (s, 1H, OH, exchangeable by D2O), 10.24 (s, 1H, NH,
disappeared by D2O), 11.27 (s, 1H, OH, disappeared by
D2O). 13CNMR (100MHz; d6-DMSO, δ ppm); 18.97
(CH2), 44.40 (CH−COOH), 56.52 (CHtriazole), 116.63–
136.16 (m, 2ArC), 163.23 (C−OH), 178.51 (C=O).

2-[3-Amino-5-(2-hydroxy-phenyl)-5-methyl-1,5-dihydro-
[1,2,4]triazol-4-yl]-4-methylsulfanyl-butyric acid(5j)

Yield (79%), yellow crystal, mp 173–175 °C, anal. Calcd.
for C14H20N4O3S (Mr= 324.40): C, 51.83; H, 6.21; N,
17.27; O, 14.80. Found: C, 51.34; H, 6.70; N, 17.31; O,
14.86%. IR (KBr, cm−1); 3434 (O–H), 3302–3204 (NH2),
3120 (NH), 3044 (C–H)aromatic, 2998 (C–H)aliphatic, 1634
(C=N), 1614 (COOasy), 1539 (COOsy), 1263 (Ph–O).
1HNMR (400MHz; d6-DMSO, δ ppm); 2.46 (q, J= 6.00
Hz, 2H, CH2), 2.54 (s, 3H, CH3), 3.53 (t, J= 5.96 Hz, 2H,
CH2-S), 3.66 (s, 3H, CH3-S), 4.06 (t, J= 6.12 Hz, 1H, CH
−COOH), 6.76 (s, 1H, NH, disappeared by D2O), 6.82 (s,
1H, NH, disappeared by D2O), 6.83–7.58 (m, 4H, ArH),
7.22 (s, 1H, NH, disappeared by D2O), 8.49 (s, 1H, OH,
disappeared by D2O), 13.07 (s, 1H, OH, disappeared by
D2O).

13CNMR (100MHz; d6-DMSO, δ ppm); 14.32
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(CH3), 18.97 (CH2), 31.91 (CH3), 46.55 (S−CH2), 56.51
(CH−COOH), 60.58 (Ctriazole), 117.38–138.97 (m, ArC),
159.46 (C=N), 162.66 (C−OH), 174.37 (C=O).

2-[3-Amino-5-(2-hydroxy-phenyl)-1,5-dihydro-[1,2,4]triazol-
4-yl]-succinic acid (5k)

Yield (83%), brown crystal, mp 180–182 °C, anal. Calcd.
for C12H14N4O5 (Mr= 294.26): C, 48.98; H, 4.80; N,
19.04; O, 27.19. Found: C, 49.09; H, 4.54; N, 19.30; O,
27.08%. IR (KBr, cm−1); 3427 (O–H), 3310–3204 (NH2),
3108 (NH), 3022 (C–H)aromatic, 2987(O–H), 2951 (C–H)

aliphatic, 1640 (C=N), 1614 (COOasy), 1539 (COOsy), 1261
(Ph–O). 1H NMR (400MHz; d6-DMSO, δ ppm); 2.90 (t, J
= 9.30 Hz, 1H, CH-COOH), 3.17 (d, J= 9.49 Hz, 1H,
CH2), 3.51 (d, J= 9.32 Hz, 1H, CH2), 4.26 (s, 1H, CHtria-

zole), 6.83 (s, 1H, NH, disappeared by D2O), 6.90–7.81 (m,
4H, ArH), 7.22 (s, 1H, NH, disappeared by D2O), 7.40 (s,
1H, NH, disappeared by D2O), 7.81 (s, 1H, OH, dis-
appeared by D2O), 8.41 (s, 1H, OH, disappeared by D2O),
10.83 (s, 1H, OH, disappeared by D2O).

13CNMR (100
MHz; d6-DMSO, δ ppm); 38.23 (CH2), 57.22 (CH
−COOH), 58.32 (CHtriazole), 116.57–135.88 (m, ArC),
158.27 (C−OH), 170.98 (C=O), 179.21 (C=O).

Biological screening

In vitro antileishmanial activity on Leishmanial major
promastigotes

All the test compounds were dissolved in DMSO and were
evaluated for their antileishmanial activity on L. major
promastigotes as reported earlier (Bekhit et al. 2015; Atta
et al. 2017).

In vivo acute toxicity testing

The most active compounds 5c, 5d, 5e and 5f, which
showed promising antileishmanial activity, were tested for
their oral acute toxicity in mice as reported earlier (Bekhit
et al. 2015; Atta et al. 2017).

In silico study

Reverse docking experiments

The coordinates for MAPK (PDB code: 4QNY), trypa-
nothione reductase (PDB code: 5EBK) N-myristoyl-
transferase (PDB code: 5G20) and Lm-PTR1 (PDB code:
2BFM) crystal structures were retrieved from the PDB. The
prepared structures with Molecular Operating Environment
(MOE) (Molecular Operating Environment (MOE 2016),
Chemical Computing Group Inc.: Montreal, http://www.

chemcomp/com) were adopted and used directly from our
previous report (Atta et al. 2017).

The compounds were built and prepared by MOE.
Generation of meaningful protonation states, energy mini-
mization steps and calculation of partial charges were
conducted as reported earlier (Atta et al. 2017). The pre-
pared molecules were then saved as SD file for the docking
experiments.

GOLD (version 5.2) (Hartshorn et al. 2007; Jones et al.
1995a, 1995b, 1997; Korb et al. 2009, 2012) was used for
docking experiments employing ChemPLP scoring func-
tion. The docking parameters and settings were used as
reported earlier (Atta et al. 2017). All graphical repre-
sentations in Fig. 2 were rendered by MOE.

Physicochemical properties and pharmacokinetics profile
predictions

The most active compounds 5c, 5d, 5e and 5f and their
stereoisomers were tested for their drug-likeness, lead-
likeness criteria and their pharmacokinetic profile was pre-
dicted using SwissADME (Daina et al. 2017) with its
underlying methodologies to calculate descriptors for phy-
sicochemical parameters, drug-likeness parameters, and
medicinal chemistry friendliness parameters.

Results and discussion

Chemistry

Reactions of amino acids to afford the synthesis of 1,2,4-
triazole derivatives are well discussed in literature (Sach-
deva et al. 2013b; Mali and Telvekar 2017; Blayo et al.
2011). The target compounds 2-amino-5-hydroxyphenyl-
1,2,4-triazole carboxylic acid derivatives 5a−k were pre-
pared by one-pot multicomponent reaction approach via the
reaction of an aromatic aldehyde/ketone (2-hydroxy ben-
zaldehyde 1/2-hydroxy acetophenone 2), different L(S)-
amino acids 3 (alanine, tryptophan, valine, histidine, phenyl
alanine, methionine and aspartic acid) and thiosemicabazide
4 in the presence of lemon juice as a natural acidic catalyst
in aqueous medium (13 mL H2O: 2 mL ethanol) (Sachdeva
et al. 2013a) with refluxing at 100 °C for 2−3 h (Scheme 1,
Table 1).

The IR spectral data of 2-amino-5-hydroxyphenyl-1,2,4-
triazole carboxylic acid derivatives 5a−k showed a wide
vibration band of (O–H) group situated in the range of
3391–3439 cm−1, bands of NH2 and NH groups appeared in
the range (3289–3202)–(3314–3310) and 3169–3242 cm−1,
respectively. Also, intense band of (C=N) group was
observed in the range 1633–1648 cm−1. The vibration
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bands of (COO) sy and (COO) asy are distinct since they
appear at a range between 1614–1589 and 1567–1494 cm
−1, respectively. We observed that when using tryptophan,
histidine and aspartic acid, new bands corresponding to
NHindole group of compounds 5c, 5d at 3132, 3130 cm−1,
NHimidazole group of compounds 5g, 5h at 3212, 3178 cm−1

and OHcarboxylic group of compounds 5k at 2987 cm−1 had
appeared, respectively.

The 1HNMR spectral analysis of compound 5a illu-
strated the existence of five deuterium exchangeable singlet
signals which were attributed to NH2, OH phenolic, NH and

OH carboxylic groups at 7.91, 8.10, 8.39, 9.88 and 11.37
ppm, respectively. Also, doublet signals of CH3 alanine
group at 2.60 ppm were observed. Compound 5b showed
doublet signals of CH3 alanine group at 2.22 ppm as well as
CH3 triazole group at 2.32 ppm. Also, three singlet signals
related to NH, NH3 and OH phenolic at 8.02, 10.52 and
12.73 ppm were observed respectively. Deshielded NH3

signals were also noticed presumably due to occurrence of
intramolecular hydrogen bond interaction with the car-
boxylic group. 13C-NMR confirmed the structure of com-
pounds 5a and 5b via demonstrating singlet signals
corresponding to carbonyl group at 178 and 180 ppm,
respectively. 1H-NMR spectra of compounds 5c and 5d
showed signals appearing at 10.73 and 10.94 ppm,
respectively, relevant to NHindole of tryptophan which dis-
appeared by deuterium oxide. Also, there were two doublet
signals owing to the CH2 group at 2.85, 3.10 ppm for
compound 5c, and at 3.13, 3.33 ppm for compound 5d.

1H-NMR spectral analysis of compounds 5e and 5f
reflect the presence of signals multiplicity, namely of two

Fig. 2 a Overlay of docking poses of 5c (orange sticks) and 5d (cyan
sticks) in 3D representation in the binding site of leishmanial MAPK.
b, c are 2D interactions of 5c and 5d, respectively. The red and green

colours of the surface representation of (a) indicate hydrophilic and
hydrophobic areas, respectively. Polar hydrogen atoms were omitted
for clarity

Scheme 1 Synthesis of 1,2,4-triazole derivatives 5a−k
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CH3 groups of valine at 0.87–0.93 and 0.83–0.98 ppm.
Compounds 5g and 5h showed singlet signals appeared at
11.24 and 8.75 ppm corresponding to NHimidazole of histi-
dine, respectively. Also two singlet signals of 2CH imida-
zole ring at 7.40, 8.58 ppm of compound 5g and at 6.97,
7.35 ppm of compound 5h were seen. 13C-NMR spectra of
compounds 5e, 5f, 5g and 5h showed the existence of new
signals of valine and imidazole rings.

The 1H-NMR spectrum analysis of compound 5i illu-
strated that number of aromatic protons increased owing to
the presence of phenyl group of phenyl alanine. However,
compound 5j contained five signals of aliphatic protons for
2CH3, 2CH2 and CH of methionine at δ (2.46, 3.51), (2.51,
3.66), and 4.86 ppm, respectively. Additionally, compound
5k reflected the presence of a new singlet signal at 8.41 ppm
relevant to the second OH carboxylic group of aspartic acid.
13C-NMR spectra confirmed the chemical structure of these
compounds. Besides, mass spectra confirmed the respective
mass of our compounds. Examples of 1H-NMR, 13C-NMR
and mass spectra can be found in the Supplementary

Material. We also report method optimization for the
synthesis in the Supplementary Material.

Biological screening

In vitro antileishmanial activity on Leishmanial major
promastigotes

Compounds 5c, 5e, 5f, 5i, 5j and 5k showed IC50 values
better than standard drugs miltefosine and comparable
activity to amphotericin B deoxycholate against L. Major
promastigote forms. The lead compound 5d demonstrated
higher activity with 200 folds better than miltefosine. Fur-
thermore, compounds 5a, 5b, 5g and 5h showed lower IC50

values than amphotericin B and more than miltefosine
against L. major promastigotes (Table 2).

The effect of varying R1 between H (from 2-hydroxy
benzaldehyde) and CH3 (from 2-hydroxy acetophenone) on
the antileishmanial activity appeared to be minimum.
However, variation of R2 via reacting different amino acids

Table 1 Characterization data of 2-amino-5-hydroxyphenyl-1,2,4-triazole carboxylic acid derivatives 5a−k

Compound No. R1 R2
Time
(hrs) Yield (%)

5a H -CH3 2 86

5b CH3 -CH3 2 87

5c H N
H

- H2C 3 81

5d CH3 N
H

- H2C 3 85

5e H -CH(CH3)2 2 88

5f CH3 -CH(CH3)2 2 91

5g H
N

H
N

- H2C 3 80

5h CH3
N

H
N

- H2C 3 82

5i H - H2C 3 84

5j CH3 -CH2-CH2-S-CH3 2 79

5k H -CH2-COOH 2 83
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showed obvious change in activity. For instance, com-
pounds (5c and 5d) that are reaction products of tryptophan
amino acid showed the highest antileishmanial activity
among other amino acid products. Similarly, reaction pro-
ducts of valine amino acid (5e and 5f) demonstrated the
uppermost antileishmanial activity. On the other hand,
reaction products of alanine (5a and 5b) and histidine (5g
and 5h) showed the lowest antileishmanial activity among
the synthesized compounds. Generally, from such structure
−activity relationship (SAR) observations one can conclude
that antileishmanial activity favours more hydrophobic
moiety with certain topology like isopropyl and indolyl
groups, while disfavouring smaller or polar groups like
methyl or imidazolyl groups, respectively. One factor to
explain that is the nature and size features of the pocket
accommodating R2 group in the binding site of the possible

putative target(s). This point can be rationalized in the
docking section afterwards.

In vivo acute toxicity testing

The most active antileishmanial compounds, 5c, 5d, 5e and
5f, were tested for their toxicity in mice. The experimental
mice did not show any toxicity signs after treatment with
the test compounds. There was no significant difference in
the weight of the mice and no death cases were recorded
during 3 days of observation post administration of the test
compounds (data not shown). The test compounds were
well tolerated by the experimental animals orally up to 250
mg/kg.

In silico study

Reverse docking experiment

To pinpoint a possible putative target for our compounds
against Leishmania, we performed a reverse docking
approach against some known leishmanial targets reported
in literature (Rajasekaran and Chen 2015). We examined
the in silico binding affinities (i.e. docking fitness) of the
most active compounds 5c, 5d, 5e and 5f and their stereo-
isomers on the following novel targets for Leishmania
species (Rajasekaran and Chen 2015): (a) Mitogen-
activated protein kinase (MAPK—PDB code: 4QNY) as
an example of protein kinase; (b) Trypanothione reductase
(PDB code: 5EBK) as an example in Thiol metabolism; (c)
N-myristoyltransferase (PDB code: 5G20) as an example in
vital signal transduction; and (d) Leishmania major pter-
idine reductase Lm-PTR1 (PDB code: 2BFM) as an exam-
ple in pteridine metabolism. Since all compounds are
coupling products of L(S)-amino acids, they presumably
show a mixture of both R and S absolute configuration at
only one stereogenic centre (carbon number 5 of the tria-
zolyl moiety), while the other stereogenic centre (carbon

Table 2 Antipromastigote activity (IC50) of the synthesized
compounds

Compound IC50
a values (µg/mL)

5a 1.0642 ± 0.12

5b 1.6484 ± 0.16

5c 0.0516 ± 0.28

5d 0.0312 ± 0.21

5e 0.0866 ± 0.04

5f 0.0484 ± 0.06

5g 1.1142 ± 0.14

5h 1.6249 ± 0.28

5i 0.8644 ± 0.04

5j 0.4662 ± 0.05

5k 0.8668 ± 0.02

Miltefosine 3.1924 ± 0.14

Amphotericin B deoxycholate 0.0472 ± 0.02

aIC50: values indicate the effective concentration of a compound
required to achieve 50% growth inhibition in μg/mL. Values are means
of at least three experiments

Table 3 Reverse docking approach of the most active compounds against novel targets of Leishmania

Leishmanial targets PDB Docking fitness (SDa)

5c (R)b 5c (S) 5d (R) 5d (S) 5e (R) 5e (S) 5f (R) 5f (S)

Lm-PTR1 2BFM 68.46 (1.02) 66.11 (5.35) 62.81 (0.21) 62.3 (0.50) 56.52 (4.04) 55.18 (0.52) 59.12 (1.02) 51.74 (0.08)

N-
myristoyltransferase

5G20 66.31 (0.75) 66.23 (0.01) 61.21 (1.58) 64.06 (0.14) 50.3 (0.36) 49.78 (1.24) 47.31 (1.48) 49.2 (1.47)

MAPK 4QNY 80.58 (1.36) 84.46 (1.87) 75.43 (0.73) 76.37 (2.63) 65.84 (0.09) 62.56 (2.67) 53.76 (2.61) 60.64 (0.03)

Trypanothione
reductase

5EBK 63.1 (1.44) 53.53 (0.02) 57.66 (0.44) 61.55 (0.14) 50.24 (1.95) 46.05 (0.27) 44.71 (0.03) 43.69 (0.33)

The fitness values are for best-scored poses
aSD is the standard deviation of three consecutive runs. The docking score is expressed as fitness of ChemPLP scoring function of GOLD (v 5.2)
bThe absolute configuration denoted is for carbon number 5 of the triazole group
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number 2 of propionic/butyric acid derivative) will remain
(S). Therefore, we state the absolute configuration for our
compounds, e.g., 5c (S), 5c (R), etc., denoting the absolute
configuration of carbon number 5 of the triazolyl moiety
only, as mentioned in Table 3.

The docking results (Table 3) showed that the most
active compounds 5c and 5d displayed the highest affinity
towards MAPK among the aforementioned targets. In
addition, all the docked compounds 5c, 5d, 5e and 5f
demonstrated preferable in silico affinity against MAPK
compared to other targets. Only exception can be observed
for 5f (R) where it showed better preference to Lm-PTR1.
Generally, this presumably points to MAPK as a possible
putative target for our compounds and, therefore, further in
silico investigation concerning this enzyme was carried out.

MAPKs are crucial regulators of differentiation and cell
proliferation in many eukaryotes (Rajasekaran and Chen
2015). Only few reports on targeting the leishmanial MAPK
are available (Rajasekaran and Chen 2015). They designate
that MAPK is essential for the growth of amastigote and
could be investigated as a drug target (Rajasekaran and
Chen 2015; Naula et al. 2005).

The most active compound 5d showed high affinity
binding to the binding site of MAPK. Its docking pose
appeared to show various types of interaction. For instance,
H-bonding interactions of N1 of triazolyl group with Ala 29
can be seen (Fig. 2). Also, its carboxylate group appeared to
chelate with the metal ion Mg2+. Besides, the indolyl group
is observed to be packed between Ala 49, Met 104, Ile 106
and Met 107, highlighting favourable hydrophobic inter-
actions. However, hydroxyl phenyl group showed limited
access to Gly 28 forming hydrophobic interaction while the
major topology of it is solvent exposed. Like 5d, 5c
reproduced the key H-bonding interactions with the back-
bone of Ala 29, the chelation with Mg2+ metal ion and the
other hydrophobic interactions. This can be observed from
the optimum overlay of the docking poses of 5c and 5d, as
shown in Fig. 2. However, the extra 5-methyl group of 5d
appeared to access more hydrophobic region comprised by
Gly 30 and Val 35 residues.

Rationalizing the SAR observed in the in vitro antil-
eishmanial section, one can inspect that R2 group is gen-
erally packed in a sub-pocket formed by the residues Ala
49, Met 104, Ile 106 and Met 107. Such sub-pocket
appeared to accommodate optimally indolyl group of 5c and
5d (Fig. 2a) and presumably capable to accommodate iso-
propyl group of 5e and 5f. However, binding event to such
sub-pocket would not benefit from much smaller groups
like methyl or imidazolyl for (5a and 5b) and (5g and 5h),
respectively.

Based on our analysis to the docking poses of different
stereoisomers of our compounds, we did not observe dra-
matic changes in the docking fitness between the respective

5d and 5e stereoisomers, while 5c and 5f showed minor
differences. This observation is consistent with other
screened leishmanial targets as well (Table 3). This roughly
concludes that stereoisomerism at carbon number 5 of the
triazolyl group does not appear to be crucial for antil-
eishmanial activity.

Physicochemical properties and pharmacokinetics profile
predictions

The aim of this part is to test the drug-likeness, lead-
likeness criteria and to predict the pharmacokinetic profile
of the most active compounds 5c, 5d, 5e and 5f and their
stereoisomers. Generally, such predictions and metrics do
not provide an absolute guarantee that a compound would
be an optimum drug for an illness. Nevertheless, com-
pounds that do not succeed the drug-likeness criteria often
do not thrive to be an efficient clinical candidate due to poor
bioavailability, adverse effects or other concerns. We used
the automated SwissADME (Daina et al. 2017) server for
such calculations and predictions.

Drug-likness parameters section (Table 4) evaluates
qualitatively the chance for a molecule to become an oral
drug with respect to bioavailability. Drug-likeness concept
was basically established from structural or physicochem-
ical inspections of development compounds advanced
enough to be considered oral drug candidates. Here in our
study we demonstrate some parameters calculated by
SwissADME tool namely, Lipinski violations, Veber vio-
lations and Bioavailability Score.

Lipinski violations parameter counts the number of
violations of the pioneer rule-of-five. Lipinski rule-of-five
can be summarized as a compound to be orally bioavailable
only if one violation of the following physicochemical
properties conditions can be tolerable: lipophilicity (logP) ≤
5, molecular weight ≤ 500, number of hydrogen bond
donors ≤ 5 and number of hydrogen bond acceptors ≤ 10. A
summary of such properties is shown in Table 4.

Nevertheless, Lipinski rule focusses on only physico-
chemical properties of the compounds; additional efforts
(Ghose et al. 1999; Veber et al. 2002; Egan et al. 2000;
Muegge et al. 2001)—such as Veber (Veber et al. 2002)
violations parameter—are trying to encounter relevant
structural properties to oral bioavailability such as topolo-
gical polar surface area (TPSA) and number of rotatable
bonds (NRB). Veber violation parameter counts the number
of violations of Veber rule summarized as: NRB ≤ 10 and
TPSA ≤ 140 Å2. However, since physicochemical properties
that manage the bioavailability and permeability of nega-
tively charged compounds at pH 6−7 diverge from those
that govern bioavailability of uncharged or positively
charged compounds at same pH (Daina et al. 2017), we
considered the “Bioavailability Score” (Martin 2005) of
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SwissADME. Bioavailability Score is formulated as the
likelihood that a compound will have >10% bioavailability
in rat or measurable Caco-2 permeability. The score is 0.11
for anions for which TPSA is >150 Å2, 0.56 if TPSA is
between 75 and 150 Å2, and 0.85 if TPSA is <75 Å2. For the
remaining compounds, Bioavailability Score is 0.55 if it
passes Lipinski rule-of-five and 0.17 if it fails (Martin
2005). Bioavailability Score also identifies poorly- and
well-absorbed compounds tested in humans. Interestingly,
all four compounds and their stereoisomers showed pro-
mising bioavailability score without any violations of
Lipinski or Veber rules. This together with the high GIA
(Table 5) and good solubility (Table 4) emphasize the

elevated chance of these compounds to possess high oral
bioavailability and drug-likeness.

Medicinal chemistry friendliness parameters section
(Table 4) gives support to early discover any possible
artifacts in the discovery process of drug candidates. For
instance, all the four compounds and their stereoisomers are
considered safe according to Brenk (Brenk et al. 2008)
structural alert. Brenk alert consists in a list of 105 frag-
ments identified to be putatively toxic, chemically reactive,
metabolically unstable or to bear properties responsible for
poor pharmacokinetics. However, all compounds showed
only one PAINS (pan-assay interference compounds) (Baell
and Holloway 2010) alert which is the presence of phenolic

Table 4 In silico predictions of the physicochemical, drug-likeness and medicinal chemistry friendliness parameters for the most active compounds

Physicochemical parameters

Compound Mwt NRB NHBA NHBD TPSA XLOGP3 ESOL Log S ESOL Sol. (mg/mL) ESOL Class

5c 365.38 5 4 4 129.8 2.34 −3.65 0.08 Soluble

5d 379.4 5 4 4 129.8 2.52 −3.84 0.05 Soluble

5e 278.3 4 4 3 114.01 1.55 −2.49 0.89 Soluble

5f 292.33 4 4 3 114.01 1.74 −2.69 0.6 Soluble

Drug-likeness parameters Medicinal chemistry friendliness parameters

Compound Lipinski violations Veber violations Bioavailability Score PAINS alerts Brenk alerts Lead-likeness violations

5c 0 0 0.55 1 0 1

5d 0 0 0.55 1 0 1

5e 0 0 0.55 1 0 0

5f 0 0 0.55 1 0 0

The calculations performed using SwissADME

Mwt molecular weight, NRB number of rotatable bonds, NHBA number of hydrogen-bond acceptor, NHBD number of hydrogen bond donor, TPSA
topological polar surface area, XlogP3 a lipophilicity descriptor (logarithm of compound partition coefficient between n-octanol and water)
calculated by the XLOGP program (Cheng et al. 2007), ESOL Log S a solubility descriptor (logarithm of solubility) calculated according to the
ESOL model (Delaney 2004), ESOL Class log S scale, insoluble <−10 < poorly soluble <−6 < moderately soluble <−4 < soluble <−2 < very
soluble < 0 < highly soluble, PAINS pan-assay interference compounds

Table 5 In silico
pharmacokinetics parameters
calculated by SwissADME

Pharmacokinetics parameters

Compound GIA BBB
permeation

P-gp
substrate

CYP1A2
inhibition

CYP2C19
inhibition

CYP2C9
inhibition

CYP2D6
inhibition

CYP3A4
inhibition

5c (S) High No Yes No No No No No

5c (R) High No Yes No No No No No

5d (S) High No Yes No No No No No

5d (R) High No Yes No No No No No

5e (R) Low No No No No No No No

5e (S) Low No No No No No No No

5f (R) High No No No No No No No

5f (S) High No No No No No No No

GIA human gastrointestinal absorption, BBB permeation blood−brain barrier permeation, P-gp permeability
glycoprotein

CYP1A2, CYP2C19, CYP2C9, CYP2D6 and CYP3A4 are the five major isoforms of cytochromes P450
(CYP)
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Mannich base substructure. This means that the com-
pounds’ chemical structure may possess an interfering
substructure that can have a potent response in protein
assays irrespective of the protein target. However, we
expect that the influence of such PAINS substructure is
minimal since the antileishmanial activity quantified in our
study depends mainly on the promastigote viability which is
indicated by the catalytic conversion of Alamar blue® (blue
and non-fluorescent) to resorufin (pink and highly fluor-
escent) (Bekhit et al. 2015; Atta et al. 2017) rather than
specific protein photometric assay.

Another parameter of medicinal chemistry parameters is
lead-likeness. Lead-likeness concept is comparable to drug-
likeness, yet centring on physicochemical borders defining a
good lead, i.e. a molecular entity appropriate for further
optimization (Daina et al. 2017). Basically, leads would
undergo chemical alterations which would most likely
enhance the size and lipophilicity features (Hann and
Keseru 2012). Consequently, leads are required to be
smaller and less hydrophobic than drug-like molecules. We
used the lead-likeness parameter of SwissADME which is a
rule-based method (Teague et al. 1999).

Based on lead-likeness violations parameter, one can
declare that compounds 5c, 5d and their stereoisomers are
potential candidates for drug discovery, while 5e, 5f and their
stereoisomers are potential candidates for further lead
optimization.

Pharmacokinetics parameters section (Table 5) employ-
ing specialized models assesses individual ADME beha-
viours of the four compounds and their stereoisomers. The
predictions for passive human gastrointestinal absorption
(GIA) and blood−brain barrier (BBB) permeation both
extracted from the readout of the BOILED-Egg model
(Daina and Zoete 2016; Daina et al. 2017). All four com-
pounds and their stereoisomers showed high gastrointestinal
absorption, with exception of 5e stereoisomers which
showed low GIA. This can be compensated by other para-
meters for drug-likeness prediction (Table 4) which
assumes that all compounds would demonstrate acceptable
oral bioavailability and drug-likeness properties. For-
tunately, all these compounds do not qualify to be perme-
able through BBB, and hence, they expected to be with low
incidence for central nervous system (CNS) adverse effects.

P-gp substrate parameter gives information about a
compound being substrate or non-substrate of the perme-
ability glycoprotein (P-gp) (Daina et al. 2017). P-gp is
suggested to be the most important member among ATP-
binding cassette transporters or ABC-transporters. P-gp is a
key to judge active efflux through biological membranes,
for instance to protect the CNS from xenobiotics (Szakacs
et al. 2008; Daina et al. 2017). Although not all our com-
pounds being substrates for P-gp (e.g., 5e and 5f in Table

5), the chance for CNS adverse effects is minimum due to
low BBB permeation.

Having information about interaction of compounds with
the cytochromes P450 (CYP) superfamily is of great
importance. This superfamily of isoenzymes is the main
actor in drug elimination through metabolic bio-
transformation (Testa and Kraemer 2007). It has been
estimated that 50–90% of therapeutic molecules are sub-
strate of five major isoforms (CYP1A2, CYP2C19,
CYP2C9, CYP2D6, CYP3A4) (Wolf et al. 2000; Di 2014;
Daina et al. 2017). Inhibition of these isoenzymes is
undoubtedly one main source of pharmacokinetics-related
drug−drug interactions (Hollenberg 2002; Huang et al.
2008) leading to toxic or adverse effects. Interestingly, all
our investigated compounds did not show inhibition of any
CYP five major isoforms (Table 5), indicating low inci-
dence of drug−drug interactions.

Conclusions

The objectives of the present study were to synthesize and
investigate the antileishmanial activities of some amino
acids hybrids with 1,2,4-triazole derivatives. The in vitro L.
major antipromastigote activity demonstrated that all syn-
thesized compounds 5c–5k showed better antileishmanial
activity than standard drugs miltefosine. Particularly, the
most active compound 5d exhibited 200 folds more antil-
eishmanial activity than miltefosine. Interestingly, com-
pounds 5c, 5d, 5e and 5f demonstrated promising
antileishmanial activity comparable to amphotericin B
deoxycholate. Furthermore, compounds 5a, 5b, 5g and 5h
showed lower antileishmanial activity than amphotericin B
and more than miltefosine against L. major promastigotes.
Reverse docking approach pinpointed MAPK as a putative
antileishmanial target and the mode of action of the most
active compounds was rationalized. This highlights the
importance of further in vitro molecular investigations on
leishmanial MAPK via vast biophysical techniques in the
near future. Toxicity studies for the most active compounds
indicated their safety via oral and parenteral routes up to
250 and 100 mg/kg, respectively. Also, acceptable in silico
predictions of drug-likeness and pharmacokinetics profile
were elaborated.
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