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A B S T R A C T   

In our continuous efforts to find out leads against the enzyme 15-lipoxygenase (15-LOX), the 
current study deals with the synthesis of a series of new N-alkyl/aralkyl/aryl derivatives of 2-(4- 
ethyl-5-(1-phenylcarbamoyl)piperidine-4H-1,2,4-triazol-3-ylthio)methylacetamide (7a-n) with 
anti-LOX activities. The synthesis was started by reacting phenylisocyanate with isonipecotate 
that sequentially converted into N-substituted ester (1), hydrazide (2), semicarbazide (3) and N- 
ethylated 5-(1-phenylcarbamoyl)piperidine-1,2,4-triazole (4). The final compounds, 7a-n, were 
obtained by reacting 4 with various N-alkyl/aralkyl/aryl electrophiles. Both the intermediates 
and target compounds were characterized by FTIR, 1H, 13C NMR spectroscopy, EI-MS and HR-EI- 
MS spectrometry and screened against soybean 15-LOX by chemiluminescence method. The eight 
compounds 7e, 7j, 7h, 7a, 7g, 7b, 7n, 7c showed potent inhibitory activities against 15-LOX with 
values ranging from IC50 0.36 ± 0.15 μM (7e) to IC50 6.75 ± 0.17 μM (7c) compared with the 
reference quercetin (IC50 4.86 ± 0.14 μM) and baicalein (IC50 2.24 ± 0.13 μM). Two analogues 
(7l, 7f) had significantly outstanding inhibitory potential with IC50 values 12.15 ± 0.23 μM and 
15.54 ± 0.26 μM, whereas, the derivatives 7i, and 7d displayed IC50 values of 21.56 ± 0.27 μM, 
23.59 ± 0.24 μM and the compounds 7k, 7m were found inactive. All analogues exhibited blood 

* Corresponding author. 
** Corresponding author. 

E-mail addresses: lecturer.zahid@gmail.com (Z. Nawaz), nrch322@yahoo.com (N. Riaz), drsaleem_kr@yahoo.com (M. Saleem), ambar.iqbal@ 
iub.edu.pk (A. Iqbal), abidaejaz2010@gmail.com (S.A. Ejaz), saimarao@ue.edu.pk (S. Muzaffar), b4bushra786@gmail.com (B. Bashir), dr.m. 
ashraf@gmail.com (M. Ashraf), azizryk@yahoo.com (A.-u. Rehman), khawajasajjad44@gmail.com (M.S. Bilal), bapra@sdu.dk (B.K. Prabhala), 
salvia.sajid@sund.ku.dk (S. Sajid).  

Contents lists available at ScienceDirect 

Heliyon 

journal homepage: www.cell.com/heliyon 

https://doi.org/10.1016/j.heliyon.2024.e35278 
Received 19 March 2024; Received in revised form 25 July 2024; Accepted 25 July 2024   

mailto:lecturer.zahid@gmail.com
mailto:nrch322@yahoo.com
mailto:drsaleem_kr@yahoo.com
mailto:ambar.iqbal@iub.edu.pk
mailto:ambar.iqbal@iub.edu.pk
mailto:abidaejaz2010@gmail.com
mailto:saimarao@ue.edu.pk
mailto:b4bushra786@gmail.com
mailto:dr.m.ashraf@gmail.com
mailto:dr.m.ashraf@gmail.com
mailto:azizryk@yahoo.com
mailto:khawajasajjad44@gmail.com
mailto:bapra@sdu.dk
mailto:salvia.sajid@sund.ku.dk
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2024.e35278
https://doi.org/10.1016/j.heliyon.2024.e35278
https://doi.org/10.1016/j.heliyon.2024.e35278
http://creativecommons.org/licenses/by-nc/4.0/


Heliyon 10 (2024) e35278

2

mononuclear cells (MNCs) viability >75 % at 0.25 mM concentration as determined by MTT 
method. Calculated pharmacokinetic properties projected good lipophilicity, bioavailability and 
drug-likeness properties and did not violate Lipinski’s/Veber rule. Molecular docking studies 
revealed lower binding free energies of all the derivatives than the reference compounds. The 
binding free energies were − 9.8 kcal/mol, − 9.70 k/mol and − 9.20 kcal/mol for 7j, 7h and 7e, 
respectively, compared with the standard quercetin (− 8.47 kcal/mol) and baicalein (− 8.98 kcal/ 
mol). The docked ligands formed hydrogen bonds with the amino acid residues Gln598 (7e), 
Arg260, Val 126 (7h), Gln762, Gln574, Thr443, Arg580 (7j) while other hydrophobic in
teractions observed therein further stabilized the complexes. The results of density functional 
theory (DFT) revealed that analogues with more stabilized lower unoccupied molecular orbital 
(LUMO) had significant enzyme inhibitory activity. The data collectively supports these mole
cules as leads against 15-LOX and demand further investigations as anti-inflammatory agents.   

1. Introduction 

Inflammation is considered a passive process occurring due to the withdrawal of pro-inflammatory signals. When body cells are 
damaged or face external stimuli, cellular membrane phospholipids are hydrolyzed by phospholipase A2 yielding arachidonic acid 
which is oxidized in cyclooxygenase (COX) and lipoxygenase (LOX) pathways to yield biologically active mediators of endocrine, 
autocrine and paracrine nature [1,2]. LOX-pathway involves a family of four enzymes (LOXs, EC 1.13.11.12) viz. 5-LOX, 8-LOX, 
12-LOX, 15-LOX depending upon the double bond being oxidized in the reaction to produce the respective hydro
peroxyeicosatetraenoic acid (HPETE) which are precursors of other secondary lipid mediators [2]. In case of 5-LOX, 5-HPETE is formed 
which is further oxidized to leukotriene A4 (LTA4) that subsequently yields LTB4 by LTA4 hydrolase. Most of these mediators are 
implicated in several disorders including asthma, arthritis, heart disease, colitis, diabetes mellitus, Alzheimer’s disease and even in 
several types of cancers [3,4]. Human LOXs are differentially expressed in immune, endothelial and epithelial cells and play pivotal 
role in immunity, cell differentiation and skin barrier formation and, therefore, the biochemical properties of human LOXs are widely 
studied [1,5,6]. 15-LOX is involved in the promotion of cancer by amplifying peroxisome proliferator-activated receptor-gamma 
(PPARγ) [7]. The expression of 5-LOX, 12-LOX and 15-LOX is increased in asthma, atherosclerosis, neuroinflammation, neurode
generative disorders and some types of cancers [8]. 

Human and plant LOXs possess the highest levels of sequence similarity in the catalytic domain and contain non-heme iron. It is 
well established that inhibitors of soybean 15-LOX are also good inhibitors for human 5-LOX [1,6]. The homology in sequences of LOX 
family members have hampered the development of specific inhibitors and no pharmaceutical product except zileuton 
(N-[1-(1-benzothien-2-yl)ethyl]-N-hydroxyurea) has been approved for the treatment of asthma [9]. Thus, there is continued interest 
for various LOX inhibitors as leads in search for anti-inflammatory agents. 

A plethora of compounds have been reported as LOX inhibitors in search for leads for the development of anti-inflammatory agents 
to be used in the treatment of various inflammatory disorders [7,10–12]. Nitrogen and/or sulfur atoms containing heterocyclic 
compounds are of prime worth for medicinal chemists because they also bind DNA with hydrogen bonding and show anticancer and 
related activities with diverse medicinal applications [13,14]. Among others, triazoles are five membered three nitrogen atoms 
containing scaffolds with two isomers, that is, 1,2,3- and 1,2,4-triazoles, and occupy special place in drug discovery program. The 
aromaticity of the ring, resistance towards oxidation, reduction, hydrolysis and metabolic degradation are major features which assist 
in hydrogen bonding, dipole-dipole interactions and π-stacking interactions with diverse biological targets. 1,2,4-Triazole invent from 
pyrazole by replacing carbon at 4-position with N-atom and its integration in other heterocyclic structures induces compounds with 
potential exceptional pharmacological properties [15–23]. 

Nonetheless, 1,2,4-triazole analogues show an impressive array of activities, including antibacterial, antifungal, antitubercular, 
antioxidant, antitumor, analgesic, anti-inflammatory, and insecticidal properties [24–32]. The race to develop triazoles containing 
valuable substituents has ignited a fervent creative competition. 1,2,4-Triazole scaffold is present in several clinically used drugs like 
fluconazole, alprazolam, rizatriptan, trapidil, trazodone, and loreclezole, owing to its unique structural features. These compounds 
open new avenues for the development of analogues that manifest inhibitory potential towards various metabolic enzymes, such as 
metallo-β-lactamase, cyclooxygenase, glutathione S-transferase, tyrosinase, acetylcholinesterase, butyrylcholinesterase, monoamine 
oxidase, alkaline phosphatase, α-amylase, and α-glucosidase [28,33–44]. Given the significance of these findings, the objective of the 
recent work is to emphasize the need for continued exploration and development of novel 1,2,4-triazole analogues in the pursuit of 
promising lead compounds as potential anti-inflammatory agents. 

1.1. Rationale of the work 

A comprehensive literature review showed that piperidine scaffolds are implicated in preclinical and clinical testing as they 
demonstrate a variety of biological activities including anti-inflammatory, anticancer, antibacterial, antimalarial and antihypertensive 
[45]. As mentioned in Fig. 1, among several reported analogues, 3-(4-methoxyphenyl)-N-(2,4,4-trimethylpentane-2-yl)-6-phenyli
midazo [2,1-b]thiazol-5-amine (i; IC50 11.5 ± 0.78 μM) substantially inhibited LOX due to the strong network of hydrophobic in
teractions with the target moiety [46]. Pyrazole moiety is also reported as potent LOX inhibitor like 
4-{3-amino-4-[(4-methylphenyl)-hydrazono]-5-imino-4,5-dihydropyrazol-1-yl}-benzenesulfonamide (ii; IC50 1.92 ± 0.01 μM) [47]. 
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In addition to this, compounds iii and iv in the Fig. 1 are recognized as potent LOX inhibitors with IC50 values of 2.79 ± 0.24 μM and 
2.11 ± 0.006 μM, respectively. Their activity was due to the formation of hydrogen bonds between NH of 2-hydroxy aminopropoxy, 
O-atom of chromen ring and OH group of 2-hydroxy aminopropoxy that interacted with the active pocket of the target enzyme [48]. 
Indolylpyrazoline (v; IC50 3.84 ± 0.01 μM) also displayed potent LOX inhibition wherein the pyrazoline ring substituted with 3-pyridyl 
moiety possessed lone pairs that were involved in binding interactions with the target enzyme. The phenyl ring of indole inhibitor was 
appropriately bound into the hydrophobic binding pocket with pyrazoline ring that was stabilized by the π-cation linkage [49]. 
Nevertheless, in another study, 3-methoxy substituent on the N-benzyl moiety with a p-tosyl group on the sulfonamide moiety of spiro 
[chromene-2,4′-piperidin]-6-amine (vi) was responsible for the improved inhibitory activity (Fig. 1) [50]. On the other hand, as 
mentioned in Fig. 1, triazole base heterocyclic analogues possessed potent LOX inhibitory profiles particularly the compounds (vii, 

Fig. 1. Rationale of current research plan and reported LOX inhibitors.  
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viii; IC50 2.9 μM and 0.85 ± 0.02 μM) which were equipped with electron rich substituents responsible for extraordinary activity [51, 
52]. 

The above-mentioned importance of 1,2,4-triazoles as potent enzyme inhibitors describes the reason for the development of new 
compounds having triazole core. Considering this denotation, we published several papers on 1,2,4-triazoles and 1,3,4-oxadiazoles 
wherein the azinane ring and furfuryl groups were cohered and offered excellent 15-LOX inhibitory activities (ix, IC50 7.15 ± 0.26 
μM; x, IC50 19.59 ± 0.83 μM; xi, IC50 9.43 ± 0.17 μM; xii, IC50 12.52 ± 0.35 μM) [53–55]. It is rationalized that hydrophobic ter
minals, heteroatoms and hydrogen bonding played major role to boost the LOX inhibitory activity. In our continuous efforts in search 
for new LOX inhibitors with triazole ring, the present study deals with the design and synthesis of a series of new N-alkyl/aralkyl/aryl 
triazole analogues (7a-n) with hydrophobic arms, more heteroatoms including maximum possibility of hydrogen donors and acceptors 
as powerful 15-LOX inhibitors using in vitro and in silico approaches. 

2. Experimental 

2.1. Materials & methods 

The needed chemicals and solvents of analytical grade were vended from local retailer of Sigma, Aldrich and Alfa Aesar. The 1H and 
13C NMR (Copenhagen, Denmark) spectra were recorded on Bruker instrument running at 400 and 100 MHz, respectively, employing 
tetramethylsilane as an internal standard. The IR (Copenhagen, Denmark) spectra were nailed on Shimadzu 460 FTIR spectro3meter 
using KBr disk. The mass spectra were attained on JMSA 500 mass spectrometer and JMS H × 110 spectrometer with data system. 
GallenKemp electro-thermal apparatus was used to garner melting points of synthesized derivatives. The reactions follow up and 
completions of reactions was monitored by thin layer chromatography (TLC). 

2.2. Synthetic procedures 

2.2.1. Synthesis of ethyl 1-phenylcarbamoylpiperidine-4-carboxylate (1) 
Phenyl isocyanate (0.06 mol, 7.15 mL) was added dropwise to a watch glass having ethyl piperidine-4-carboxylate (a; 0.06 mol, 10 

mL) with incessant rubbing, which further continued for 15–20 min until the development of one spot on TLC. The physical and 
spectroscopic data of 1 is as follows: 

White solid; Yield: 99 %; M.P.: 107–110 ◦C; IR (KBr, νmax, cm-1): 3393 (N–H), 3038 (Ar–H), 2949 (C–H), 1732–1659 (C=O), 
1613–1558 (Ar–C=C), 1261 (C–O, C–N); 1H NMR (400 MHz, CDCl3, ppm): δ 1.21 (3H, t, J = 7.0 Hz, CH3–CH2–O), 2.12 (4H, m, H-3,5), 
2.38 (1H, m, H-4), 3.59 (4H, m, H-2,6), 4.16 (2H, q, J = 7.0 Hz, CH3–CH2–O), 7.07 (1H, t, J = 8.5 Hz, H-4ʹ), 7.37 (2H, t, J = 8.5 Hz, H- 
3ʹ,5ʹ), 7.50 (2H, d, J = 8.5 Hz, H-2ʹ,6ʹ); 13C NMR (100 MHz, CDCl3): δ 14.1 (CH3–CH2–O), 28.5 (C-3,5), 40.4 (C-4), 46.5 (C-2,6), 61.6 
(CH3–CH2–O), 121.6 (C-2ʹ,6ʹ), 128.0 (C-4ʹ), 128.9 (C-3ʹ,5ʹ), 139.4 (C-1ʹ), 153.3 (C=O), 175.8 (COOEt); HR-EI-MS (m/z): 276.1493 
[M]+ calculated for C15H20N2O3; 276.1573. 

2.2.2. Synthesis of 1-phenylcarbamoylpiperidine-4-carboxamide (2) 
White fluffy precipitates of 1-phenylcarbamoylpiperidine-4-carboxamide (2) were obtained when ethyl 1-phenylcarbamoylpiper

idine-4-carboxylate (1; 0.056 mol, 15.6 g) was stirred for 4–5 h with 50 mL of hydrazine hydrate (80 %) in 100 mL round bottom flask. 
Precipitates obtained were filtered, washed with cold distilled water, and dried. The physical and spectroscopic data of 2 is as follows: 

White shiny powder; Yield: 97 %; M.P.: 163–166 ◦C; IR (KBr, νmax, cm-1): 3386, 3354 (N–H), 3030 (Ar–H), 2947 (C–H), 1673, 1652 
(C=O), 1617–1563 (Ar–C=C), 1239 (C–N); 1H NMR (400 MHz, CDCl3, ppm): δ 2.01 (4H, m, H-3,5), 2.49 (1H, m, H-4), 3.59 (4H, m, H- 
2,6), 7.07 (1H, t, J = 8.5 Hz, H-4ʹ), 7.30 (2H, J = 8.5 Hz, H-3ʹ,5ʹ), 7.58 (2H, d, J = 8.5 Hz, H-2ʹ,6ʹ); 13C NMR (100 MHz, CDCl3): δ 29.4 
(C-3,5), 40.1 (C-4), 47.0 (C-2,6), 121.6 (C-2ʹ,6ʹ), 128.0 (C-4ʹ), 128.9 (C-3ʹ,5ʹ), 139.4 (C-1ʹ), 153.5 (C=O), 178.2 (CONH); HR-EI-MS (m/ 
z): 262.1449 [M]+ calculated for C13H18N4O2; 262.1429. 

2.2.3. Synthesis of 4-ethyl-(1-phenylcarbamoylpiperidine)thiosemicarbazide (3) 
The carboxamide 2 (0.025 mol, 6.5 g) was snapped up in a 50 mL round bottom flask, and an equimolar of ethyl isothiocyanate 

(0.025 mol, 2.28 mL) was dropped slowly with continuous mixing. The reaction was refluxed and stirred for 3–4 h after adding 30 mL 
of methanol as a solvent. The precipitates formed on cooling that were filtered, washed, and dried. The physical and spectroscopic data 
of 3 is as follows: 

White powder; Yield: 97 %; M.P.: 180–183 ◦C; IR (KBr, νmax, cm-1): 3364 (N–H), 3030 (Ar–H), 2916 (C–H), 1669, 1652 (C=O), 
1614–1554 (Ar–C=C), 1214 (C–N); 1H NMR (400 MHz, CDCl3, ppm): δ 1.29 (3H, t, J = 7.0 Hz, CH3–CH2–N), 1.89 (4H, m, H-3,5), 2.49 
(1H, m, H-4), 3.49 (4H, m, H-2,6), 4.43 (2H, q, J = 7.0 Hz, CH3–CH2–N), 7.07 (1H, t, J = 8.5 Hz, H-4ʹ), 7.37 (2H, J = 8.5 Hz, H-3ʹ,5ʹ), 
7.50 (2H, d, J = 8.5 Hz, H-2ʹ,6ʹ); 13C NMR (100 MHz, CDCl3): δ 15.2 (CH3–CH2–N), 29.4 (C-3,5), 40.0 (CH3–CH2–N), 40.7 (C-4), 47.1 
(C-2,6), 121.6 (C-2ʹ,6ʹ), 128.0 (C-4ʹ), 128.9 (C-3ʹ,5ʹ), 139.4 (C-1ʹ), 153.1 (C=O), 173.2 (CO), 184.2 (C=S); HR-EI-MS (m/z): 349.1592 
[M]+ calculated for C16H22N5O2S; 349.1572. 

2.2.4. Synthesis of 4-ethyl-5-(1-phenylcarbamoylpiperidine)-4H-1,2,4-triazole-3-thiol (4) 
The semicarbazide 3, obtained in the third step was dissolved in 1 % aqueous NaOH (30 mL) in a 100 mL round bottom flask and 

refluxed for 4 h. After that, the reaction mixture was transposed into chilled water. Precipitates appeared when acidified to pH 5–6 
using dilute HCl, which were filtered, washed, and dried. The physical and spectroscopic data of 4 is as follows: 
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White powder; Yield: 97 %; M.P.: 210–213 ◦C; IR (KBr, νmax, cm-1): 3366 (N–H), 3030 (Ar–H), 2930 (C–H), 1661 (C=O), 
1616–1549 (Ar–C=C, C=N), 1233 (C–N); 1H NMR (400 MHz, CDCl3, ppm): δ 1.31 (3H, t, J = 7.0 Hz, CH3–CH2–N), 1.89 (4H, m, H- 
3ʹ,5ʹ), 2.83 (1H, m, H-4ʹ), 3.59 (4H, m, H-2ʹ,6ʹ), 4.12 (2H, q, J = 7.0 Hz, CH3–CH2–N), 7.07 (1H, t, J = 8.5 Hz, H-4ʹʹ), 7.37 (2H, J = 8.5 
Hz, H-3ʹʹ,5ʹʹ), 7.50 (2H, d, J = 8.5 Hz, H-2ʹʹ,6ʹʹ), 13.1 (1H, SH); 13C NMR (100 MHz, CDCl3): δ 14.9 (CH3), 29.0 (C-3ʹ,5ʹ), 31.5 (C-4ʹ), 31.1 
(CH2), 46.7 (C-2ʹ,6ʹ), 121.6 (C-2ʹʹ,6ʹʹ), 128.0 (C-4ʹʹ), 128.9 (C-3ʹʹ,5ʹʹ), 139.4 (C-1ʹʹ), 157.7 (C-5), 156.1 (C=O), 162.3 (C-3); HR-EI-MS (m/ 
z): 331.1486 [M]+ calculated for C16H21N5OS; 331.1466. 

2.2.5. General procedure for the synthesis of compounds (6a-n) 
The measured amounts of alkyl/aralkyl/aryl amines (5a-n, 0.01mol) were taken in quick fit Erlenmeyer flasks (separate for each 

reaction) containing 20 % aqueous Na2CO3 solution (50 mL) to attain the pH 9–10. Then equimolar amount of 2-bromopropionyl 
bromide was added with constant rigorous shaking till the precipitation occurred. Further stirring the mixture for 1–2 h resulted in 
homogenous precipitates, which were filtered, washed with cold water, and dried to acquire the particular electrophile(s), N-alkyl/ 
aralkyl/aryl substituted-2-bromopropionamides (6a-n). 

2.2.6. General method for the synthesis of compounds (7a-n) 
Compound 4 (0.0006 mol, 0.2 g) was dissolved in ethanolic solution of KOH (0.6 mmol, 0.036 g) and the mixture was stirred for 30 

min at RT. The electrophiles (6a-n, separately for each analogue) were added and the mixture was refluxed for 4–5 h. The progress of 
the reaction mixture was monitored by TLC. On completion of the reaction, the excess amount of cold water was added, and the 
precipitates formed of the targeted products (7a-n) were filtered, washed, and dried. 

2.2.7. Spectral characterization of the compounds 7a-n 

2.2.7.1. 2-(5-(1-Phenylcarbamoylpiperdine-4-yl)-4-ethyl-4H-1,2,4-triazol-3-ylthio)-N,N-diethylpropanamide (7a). White amorphous 
powder; Yield: 95 %; M.P.: 98–101 ◦C; IR (KBr, νmax, cm-1): 3362 (N–H), 3033 (Ar–H), 2932 (C–H), 1682, 1663 (C=O), 1618–1550 
(Ar–C=C, C=N), 1258 (C–N); 1H NMR (400 MHz, CDCl3): δ 1.06 (3H, t, J = 7.0 Hz, H-2ʹʹʹʹ), 1.19 (3H, t, J = 7.0 Hz, H-2ʹʹʹʹʹ), 1.31 (3H, t, J 
= 7.0 Hz, CH3–CH2–N), 1.61 (3H, d, J = 7.0 Hz, H-3ʹʹʹ), 1.90–2.05 (4H, m, H-3ʹ,5ʹ), 2.82 (1H, m, H-4ʹ), 3.08 (2H, m, H-2ʹ,6ʹ), 3.33 (2H, q, 
J = 7.0 Hz, H-1ʹʹʹʹ), 3.54 (2H, q, J = 7.0 Hz, H-1ʹʹʹʹʹ), 3.90 (2H, q, J = 7.0 Hz, CH3–CH2–N), 4.16 (2H, td, J = 7.5, 1.2 Hz, H-2ʹ,6ʹ), 4.90 
(1H, q, J = 7.0 Hz, H-2ʹʹʹ), 6.70 (1H, s, NH), 7.01 (1H, t, J = 8.0 Hz, H-4ʹʹ), 7.26 (2H, t, J = 8.0 Hz, H-3ʹʹ,5ʹʹ), 7.33 (2H, d, J = 8.0, H- 
2ʹʹ,6ʹʹ); 13C NMR (100 MHz, CDCl3): δ 12.9 (C-2ʹʹʹʹ), 14.9 (C-2ʹʹʹʹʹ), 15.9 (CH3–CH2–N), 19.9 (C-3ʹʹʹ), 30.3 (C-5ʹ), 30.4 (C-3ʹ), 32.8 (C-4ʹ), 
38.8 (C-2ʹʹʹ), 41.0 (C-1ʹʹʹʹ), 42.7 (C-1ʹʹʹʹʹ), 43.8 (CH3–CH2–N), 43.9 (C-2ʹ), 44.0 (C-6ʹ), 120.1 (C-2ʹʹ,6ʹʹ), 123.2 (C-4ʹʹ), 129.0 (C-3ʹʹ,5ʹʹ), 139.2 
(C-1ʹʹ), 149.6 (C-3), 155.1 (C=O), 157.4 (C-5), 170.7 (C-1ʹʹʹ); HR-EI-MS (m/z): 458.2483 [M]+ calculated for C23H34N6O2S; 458.2463. 

2.2.7.2. 2-(5-(1-Phenylcarbamoylpiperdine-4-yl)-4-ethyl-4H-1,2,4-triazol-3-ylthio)-N-cyclohexylpropanamide (7b). White amorphous 
powder; Yield 95 %; M.P.: 142–145 ◦C; IR (KBr, νmax, cm-1): 3361 (N–H), 3034 (Ar–H), 2933 (C–H), 1681, 1663 (C=O), 1617–1550 
(Ar–C=C, C=N), 1259 (C–N); 1H NMR (400 MHz, CDCl3): δ 1.14–1.27 (6H, m, H-3ʹʹʹʹ-5ʹʹʹʹ), 1.33 (3H, t, J = 7.3 Hz, CH3–CH2–N), 1.53 
(3H, d, J = 7.3 Hz, H-3ʹʹʹ), 1.62–1.67 (2H, m, H-2ʹʹʹʹ,6ʹʹʹʹ), 1.80–1.84 (2H, m, H-2ʹʹʹʹ,6ʹʹʹʹ), 1.95–2.05 (4H, m, H-3ʹ,5ʹ), 2.83 (1H, m, H-4ʹ), 
3.08 (2H, m, H-2ʹ,6ʹ), 3.68 (1H, m, H-1ʹʹʹʹ), 3.89 (2H, q, J = 7.3 Hz, CH3–CH2–N), 4.18 (2H, m, H-2ʹ,6ʹ), 4.25 (1H, q, J = 7.3 Hz, H-2ʹʹʹ), 
7.02 (1H, t, J = 8.3 Hz, H-4ʹʹ), 7.26 (2H, t, J = 8.3 Hz, H-3ʹʹ,5ʹʹ), 7.33 (2H, d, J = 8.3 Hz, H-2ʹʹ,6ʹʹ); 13C NMR (100 MHz, CDCl3): δ 15.8 
(CH3–CH2–N), 16.9 (C-3ʹʹʹ), 24.6 (C-3ʹʹʹʹ), 25.5 (C-5ʹʹʹʹ), 30.3 (C-4ʹʹʹʹ), 30.3 (C-2ʹʹʹʹ), 30.4 (C-6ʹʹʹʹ), 31.7 (C-3ʹ), 32.3 (C-5ʹ), 32.7 (C-4ʹ), 38.9 
(C-2ʹʹʹ), 44.1 (C-2ʹ), 44.4 (C-6ʹ), 44.9 (CH3–CH2–N), 48.4 (C-1ʹʹʹʹ), 120.2 (C-2ʹʹ,6ʹʹ), 123.3 (C-4ʹʹ), 128.9 (C-3ʹʹ,5ʹʹ), 139.1 (C-1ʹʹ), 150.3 (C- 
3), 155.1 (C=O), 157.4 (C-5), 170.2 (C-1ʹʹʹ); HR-EI-MS (m/z): 484.2640 [M]+ calculated for C25H36N6O2S; 484.2620. 

2.2.7.3. 2-(5-(1-Phenylcarbamoylpiperdine-4-yl)-4-ethyl-4H-1,2,4-triazol-3-ylthio)-N-benzylpropanamide (7c). White amorphous pow
der; Yield 94 %; M.P.: 107–109 ◦C; IR (KBr, νmax, cm-1): 3363 (N–H), 3032 (Ar–H), 2931 (C–H), 1683, 1664 (C=O), 1619–1551 
(Ar–C=C, C=N), 1259 (C–N); 1H NMR (400 MHz, CDCl3): δ 1.31 (3H, t, J = 7.3 Hz, CH3–CH2–N), 1.60 (3H, d, J = 7.3 Hz, H-3ʹʹʹ), 
1.90–2.01 (4H, m, H-3ʹ,5ʹ), 2.80 (1H, m, H-4ʹ), 3.09 (2H, q, J = 7.3 Hz, CH3–CH2–N), 3.85 (2H, m, H-2ʹ,6ʹ), 4.15 (1H, td, J = 7.5, 1.2 Hz, 
H-2ʹ,6ʹ), 4.40 (3H, m, signal overlapped, H-2ʹʹʹ,7ʹʹʹʹ), 7.04 (1H, t, J = 7.3 Hz, H-4ʹʹ), 7.22 (3H, m, H-2ʹʹʹʹ-4ʹʹʹʹ), 7.25 (2H, m, H-5ʹʹʹʹ,6ʹʹʹʹ), 7.28 
(2H, t, J = 8.3 Hz, H-3ʹʹ,5ʹʹ), 7.34 (2H, d, J = 8.5 Hz, H-2ʹʹ,6ʹʹ); 13C NMR (100 MHz, CDCl3): δ 15.7 (CH3–CH2–N), 16.9 (C-3ʹʹʹ), 30.2 (C- 
3ʹ), 30.3 (C-5ʹ), 32.6 (C-4ʹ), 38.9 (C-2ʹʹʹ), 43.6 (C-7ʹʹʹʹ), 43.6 (CH3–CH2–N), 43.7 (C-6ʹ), 43.9 (C-2ʹ), 120.1 (C-2ʹʹ,6ʹʹ), 123.3 (C-4ʹʹ), 127.2 
(C-4ʹʹʹʹ), 127.6 (C-3ʹʹʹʹ,5ʹʹʹʹ), 128.5 (C-2ʹʹʹʹ,6ʹʹʹʹ), 129.0 (C-1ʹʹʹʹ), 129.0 (C-3ʹʹ,5ʹʹ), 138.5 (C-3), 139.0 (C-1ʹʹ), 155.1 (C=O), 157.4 (C-5), 171.4 
(C-1ʹʹʹ); HR-EI-MS (m/z): 492.2327 [M]+ calculated for C26H32N6O2S; 492.2307. 

2.2.7.4. 2-(5-(1-Phenylcarbamoylpiperdine-4-yl)-4-ethyl-4H-1,2,4-triazol-3-ylthio)-N-2-methylphenylpropanamide (7d). White amor
phous powder; Yield: 94 %; M.P.: 163–165 ◦C; IR (KBr, νmax, cm-1): 3361 (N–H), 3032 (Ar–H), 2933 (C–H), 1683, 1664 (C=O), 
1617–1549 (Ar–C=C, C=N), 1257 (C–N); 1H NMR (400 MHz, CDCl3): δ 1.34 (3H, t, J = 7.0 Hz, CH3–CH2–N), 1.66 (3H, d, J = 7.0 Hz, 
H-3ʹʹʹ), 1.89–2.06 (4H, m, H-3ʹ,5ʹ), 2.20 (3H, s, CH3), 2.84 (1H, m, H-4ʹ), 3.07 (2H, m, H-2,ʹ6ʹ), 3.84 (2H, q, J = 7.0 Hz, CH3–CH2–N), 
4.16 (2H, m, H-2ʹ,6ʹ), 4.63 (1H, q, J = 7.0 Hz, H-2ʹʹʹ), 6.90–7.03 (2H, m, H-5ʹʹʹʹ,6ʹʹʹʹ), 7.11–7.14 (2H, m, H-3ʹʹʹʹ,4ʹʹʹʹ), 7.16 (1H, t, J = 8.0 
Hz, H-4ʹʹ), 7.29 (2H, t, J = 8.0 Hz, H-3ʹʹ,5ʹʹ), 7.36 (2H, d, J = 8.0 Hz, H-2ʹʹ,6ʹʹ); 13C NMR (100 MHz, CDCl3): δ 15.6 (CH3–CH2–N), 16.6 (C- 
3ʹʹʹ), 18.3 (CH3), 30.3 (C-5ʹ), 30.4 (C-3ʹ), 32.7 (C-4ʹ), 38.9 (C-2ʹʹʹ), 43.6 (CH3–CH2–N), 43.9 (C-2ʹ), 44.0 (C-6ʹ), 120.1 (C-2ʹʹ,6ʹʹ), 122.4 (C- 
6ʹʹʹʹ), 123.3 (C-3ʹʹʹʹ), 124.8 (C-4ʹʹ), 129 (C-3ʹʹ,5ʹʹ), 129.3 (C-5ʹʹʹʹ), 130.5 (C-2ʹʹʹʹ), 136.4 (C-1ʹʹʹʹ), 150.9 (C-3), 155.1 (C=O), 157.9 (C-5), 
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169.7 (C-1ʹʹʹ); HR-EI-MS (m/z): 492.2327 [M]+ calculated for C26H32N6O2S; 492.2307. 

2.2.7.5. 2-(5-(1-Phenylcarbamoylpiperdine-4-yl)-4-ethyl-4H-1,2,4-triazol-3-ylthio)-N-3-methylphenylpropanamide (7e). White amor
phous powder; Yield: 94 %; M.P.: 100–103 ◦C; IR (KBr, νmax, cm-1): 3363 (N–H), 3031 (Ar–H), 2933 (C–H), 1681, 1663 (C=O), 
1616–1551 (Ar–C=C, C=N), 1259 (C–N); 1H NMR (400 MHz, CDCl3): δ 1.33 (3H, t, J = 7.3 Hz, CH3–CH2–N), 1.64 (3H, d, J = 7.3 Hz, 
H-3ʹʹʹ), 1.90–2.06 (4H, m, H-3ʹ,5ʹ), 2.29 (3H, s, CH3), 2.82 (1H, m, H-4ʹ), 3.06 (2H, m, H-2ʹ,6ʹ), 3.86 (2H, q, J = 7.3 Hz, CH3–CH2–N), 
4.16 (2H, m, H-2ʹ,6ʹ), 4.48 (1H, q, J = 7.3 Hz, H-2ʹʹʹ), 6.85 (1H, d, J = 8.5 Hz, H-6ʹʹʹʹ), 7.02 (1H, t, J = 8.3 Hz, H-4ʹʹ), 7.14 (1H, t, J = 8.8 
Hz, H-5ʹʹʹʹ), 7.27 (2H, t, J = 8.3 Hz, H-3ʹʹ,5ʹʹ), 7.33 (1H, s, H-2ʹʹʹʹ), 7.35 (2H, d, J = 8.3 Hz, H-2ʹʹ,6ʹʹ), 7.38 (1H, d, J = 8.8 Hz, H-4ʹʹʹʹ); 13C 
NMR (100 MHz, CDCl3): δ 15.7 (CH3–CH2–N), 16.5 (CH3), 21.6 (C-3ʹʹʹ), 30.3 (C-5ʹ), 30.4 (C-3ʹ), 32.8 (C-4ʹ), 39.0 (C-2ʹʹʹ), 44.0 (C-2ʹ,6ʹ), 
44.4 (CH3–CH2–N), 116.9 (C-2ʹʹʹʹ), 120.2 (C-2ʹʹ,6ʹʹ), 120.3 (C-6ʹʹʹʹ), 123.3 (C-4ʹʹ), 124.9 (C-4ʹʹʹʹ), 128.8 (C-5ʹʹʹʹ), 129.0 (C-3ʹʹ,5ʹʹ), 138.4 (C- 
3ʹʹʹʹ), 138.9 (C-1ʹʹʹʹ), 139.0 (C-1ʹʹ), 150.1 (C-3), 155.1 (C=O), 157.6 (C-5), 169.3 (C-1ʹʹʹ); HR-EI-MS (m/z): 492.2327 [M]+ calculated for 
C26H32N6O2S; 492.2307. 

2.2.7.6. 2-(5-(1-Phenylcarbamoylpiperdine-4-yl)-4-ethyl-4H-1,2,4-triazol-3-ylthio)-N-2-ethylphenylpropanamide (7f). White amorphous 
powder; Yield: 97 %; M.P.: 179–180 ◦C; IR (KBr, νmax, cm-1): 3361 (N–H), 3032 (Ar–H), 2931 (C–H), 1683, 1664 (C=O), 1618–1552 
(Ar–C=C, C=N), 1259 (C–N); 1H NMR (400 MHz, CDCl3): δ 1.08 (3H, t, J = 7.5 Hz, CH3–CH2), 1.35 (3H, t, J = 7.3 Hz, CH3–CH2–N), 
1.67 (3H, d, J = 7.3 Hz, H-3ʹʹʹ), 1.91–2.05 (4H, m, H-3ʹ,5ʹ), 2.55 (2H, q, J = 7.5 Hz, CH3–CH2), 2.83 (1H, m, H-4ʹ), 3.08 (2H, m, H-2ʹ,6ʹ), 
3.87 (2H, q, J = 7.3 Hz, CH3–CH2–N), 4.17 (2H, m, H-2ʹ,6ʹ), 4.61 (1H, q, J = 7.3 Hz, H-2ʹʹʹ), 7.03 (1H, t, J = 8.0 Hz, H-4ʹʹ), 7.06 (1H, d, J 
= 8.0 Hz, H-6ʹʹʹʹ), 7.17 (1H, t, J = 8.0 Hz, H-4ʹʹʹʹ), 7.26 (2H, t, J = 8.0 Hz, H-3ʹʹ,5ʹʹ), 7.27 (1H, t, J = 8.0 Hz, H-5ʹʹʹʹ), 7.35 (2H, d, J = 8.0 Hz, 
H-2ʹʹ,6ʹʹ), 7.84 (1H, d, J = 8.0 Hz, H-3ʹʹʹʹ); 13C NMR (100 MHz, CDCl3): δ 14.3 (CH3), 15.6 (CH3–CH2–N), 16.7 (C-3ʹʹʹ), 24.6 (CH2), 30.3 
(C-5ʹ), 30.4 (C-3ʹ), 32.7 (C-4ʹ), 38.9 (C-2ʹʹʹ), 43.5 (CH3–CH2–N), 43.9 (C-2ʹ), 44.0 (C-6ʹ), 120.1 (C-2ʹʹ,6ʹʹ), 123.3 (C-4ʹʹ), 123.5 (C-4ʹʹʹʹ), 
125.3 (C-6ʹʹʹʹ), 126.4 (C-3ʹʹʹʹ), 128.8 (C-5ʹʹʹʹ), 129.0 (C-3ʹʹ,5ʹʹ), 135.5 (C-2ʹʹʹʹ), 135.7 (C-1ʹʹʹʹ), 139.0 (C-1ʹʹ), 151.0 (C-3), 155.0 (C=O), 157.7 
(C-5), 169.8 (C-1ʹʹʹ); HR-EI-MS (m/z): 506.2483 [M]+ calculated for C27H34N6O2S; 506.2463. 

2.2.7.7. 2-(5-(1-Phenylcarbamoylpiperdine-4-yl)-4-ethyl-4H-1,2,4-triazol-3-ylthio)-N-4-ethylphenylpropanamide (7g). White amorphous 
powder; Yield: 95 %; M.P.: 106–108 ◦C; IR (KBr, νmax, cm-1): 3363 (N–H), 3034 (Ar–H), 2933 (C–H), 1683, 1664 (C=O), 1617–1551 
(Ar–C=C, C=N), 1256 (C–N); 1H NMR (400 MHz, CDCl3): δ 1.17 (3H, t, J = 7.6 Hz, CH3–CH2), 1.33 (3H, t, J = 7.3 Hz, CH3–CH2–N), 
1.64 (3H, d, J = 7.3 Hz, H-3ʹʹʹ), 1.90–2.06 (4H, m, H-3ʹ,5ʹ), 2.57 (2H, q, J = 7.6 Hz, CH3–CH2), 2.84 (1H, m, H-4ʹ), 3.07 (2H, m, H-2,ʹ6ʹ), 
3.89 (2H, q, J = 7.3 Hz, CH3–CH2–N), 4.19 (2H, m, H-2ʹ,6ʹ), 4.48 (1H, q, J = 7.3 Hz, H-2ʹʹʹ), 7.02 (1H, t, J = 8.5 Hz, H-4ʹʹ), 7.08 (2H, d, J 
= 8.5 Hz, H-2ʹʹʹʹ,6ʹʹʹʹ), 7.25 (2H, d, J = 8.5 Hz, H-3ʹʹʹʹ,5ʹʹʹʹ), 7.27 (2H, t, J = 8.5 Hz, H-3ʹʹ,5ʹʹ), 7.34 (2H, d, J = 8.5 Hz, H-2ʹʹ,6ʹʹ); 13C NMR 
(100 MHz, CDCl3): δ 15.7 (CH3), 15.9 (CH3–CH2–N), 16.5 (C-3ʹʹʹ), 28.4 (CH2), 30.3 (C-5ʹ), 30.4 (C-3ʹ), 32.8 (C-4ʹ), 39.0 (C-2ʹʹʹ), 44.0 
(CH3–CH2–N), 44.1 (C-2ʹ), 44.2 (C-6ʹ), 119.8 (C-2ʹʹʹʹ,6ʹʹʹʹ), 120.1 (C-2ʹʹ,6ʹʹ), 123.3 (C-4ʹʹ), 128.3 (C-3ʹʹʹʹ,5ʹʹʹʹ), 129.0 (C-3ʹʹ,5ʹʹ), 136.2 (C-4ʹʹʹʹ), 
139.0 (C-1ʹʹ), 140.2 (C-1ʹʹʹʹ), 150.9 (C-3), 155.0 (C=O), 157.6 (C-5), 169.1 (C-1ʹʹʹ); HR-EI-MS (m/z): 506.2483 [M]+ calculated for 
C27H34N6O2S; 506.2463. 

2.2.7.8. 2-(5-(1-Phenylcarbamoylpiperdine-4-yl)-4-ethyl-4H-1,2,4-triazol-3-ylthio)-N-2,3-dimethylphenylpropanamide (7h). White 
amorphous powder; Yield 90 %; M.P.: 142–145 ◦C; IR (KBr, νmax, cm-1): 3361 (N–H), 3032 (Ar–H), 2931 (C–H), 1681, 1662 (C=O), 
1618–1551 (Ar–C=C, C=N), 1258 (C–N); 1H NMR (400 MHz, CDCl3): δ 1.34 (3H, t, J = 7.3 Hz, CH3–CH2–N), 1.65 (3H, d, J = 7.3 Hz, 
H-3ʹʹʹ), 1.90–2.04 (4H, m, H-3ʹ,5ʹ), 2.11 (3H, s, CH3), 2.24 (3H, s, CH3), 2.84 (1H, m, H-4ʹ), 3.07 (2H, m, H-2ʹ,6ʹ), 3.89 (2H, q, J = 7.3 Hz, 
CH3–CH2–N), 4.15 (2H, m, H-2ʹ,6ʹ), 4.61 (1H, q, J = 7.3 Hz, H-2ʹʹʹ), 6.94 (1H, d, J = 8.5 Hz, H-4ʹʹʹʹ), 7.01 (1H, t, J = 8.5 Hz, H-4ʹʹ), 7.05 
(1H, t, J = 8.5 Hz, H-5ʹʹʹʹ), 7.27 (2H, t, J = 8.5 Hz, H-3ʹʹ,5ʹʹ), 7.34 (2H, d, J = 8.5 Hz, H-2ʹʹ,6ʹʹ), 7.74 (1H, d, J = 8.5 Hz, H-6ʹʹʹʹ); 13C NMR 
(100 MHz, CDCl3): δ 13.9 (CH3), 15.6 (CH3), 16.7 (CH3–CH2–N), 20.7 (C-3ʹʹʹ), 30.3 (C-3ʹ), 30.4 (C-5ʹ), 32.7 (C-4ʹ), 39.0 (C-2ʹʹʹ), 43.8 
(CH3–CH2–N), 43.8 (C-6ʹ), 44.0 (C-2ʹ), 120.1 (C-2ʹʹ,6ʹʹ), 121.4 (C-4ʹʹʹʹ), 123.3 (C-4ʹʹ), 125.7 (C-5ʹʹʹʹ), 126.9 (C-6ʹʹʹʹ), 129.0 (C-3ʹʹ,5ʹʹ), 129.2 
(C-3ʹʹʹʹ), 136.0 (C-2ʹʹʹʹ), 137.3 (C-1ʹʹʹʹ), 139.0 (C-1ʹʹ), 150.9 (C-3), 155.0 (C=O), 157.6 (C-5), 169.8 (C-1ʹʹʹ); HR-EI-MS (m/z): 506.2483 
[M]+ calculated for C27H34N6O2S; 506.2463. 

2.2.7.9. 2-(5-(1-Phenylcarbamoylpiperdine-4-yl)-4-ethyl-4H-1,2,4-triazol-3-ylthio)-N-2,4-dimethylphenylpropanamide (7i). White amor
phous powder; Yield: 96 %; M.P.: 190–193 ◦C; IR (KBr, νmax, cm-1): 3362 (N–H), 3033 (Ar–H), 2932 (C–H), 1682, 1663 (C=O), 
1618–1550 (Ar–C=C, C=N), 1258 (C–N); 1H NMR (400 MHz, CDCl3): δ 1.34 (3H, t, J = 7.3 Hz, CH3–CH2–N), 1.65 (3H, d, J = 7.3 Hz, 
H-3ʹʹʹ), 1.89–2.03 (4H, m, H-3ʹ,5ʹ), 2.18 (3H, s, CH3), 2.24 (3H, s, CH3), 2.83 (1H, m, H-4ʹ), 3.08 (2H, m, H-2ʹ,6ʹ), 3.89 (2H, q, J = 7.3 Hz, 
CH3–CH2–N), 4.15 (2H, m, H-2ʹ,6ʹ), 4.61 (1H, q, J = 7.3 Hz, H-2ʹʹʹ), 7.03 (1H, t, J = 8.5 Hz, H-4ʹʹ), 7.25 (1H, s, H-3ʹʹʹʹ), 7.28 (2H, t, J =
8.5 Hz, H-3ʹʹ,5ʹʹ), 7.29 (1H, d, J = 8.2 Hz, H-6ʹʹʹʹ), 7.32 (1H, d, J = 8.2 Hz, H-5ʹʹʹʹ), 7.34 (2H, d, J = 8.5 Hz, H-2ʹʹ,6ʹʹ); 13C NMR (100 MHz, 
CDCl3): δ 15.6 (CH3–CH2–N), 16.7 (C-3ʹʹʹ), 18.2 (CH3), 20.9 (CH3), 30.3 (C-5ʹ), 30.4 (C-3ʹ), 32.7 (C-4ʹ), 38.9 (C-2ʹʹʹ), 43.7 (CH3–CH2–N), 
43.9 (C-6ʹ), 44.0 (C-2ʹ), 120.1 (C-2ʹʹ,6ʹʹ), 122.6 (C-6ʹʹʹʹ), 123.3 (C-4ʹʹ), 127.0 (C-3ʹʹʹʹ), 129.0 (C-3ʹʹ,5ʹʹ), 129.5 (C-5ʹʹʹʹ), 131.2 (C-4ʹʹʹʹ), 133.7 
(C-2ʹʹʹʹ), 134.5 (C-1ʹʹʹʹ), 139.0 (C-1ʹʹ), 150.9 (C-3), 155.0 (C=O), 157.7 (C-5), 169.6 (C-1ʹʹʹ); HR-EI-MS (m/z): 506.2483 [M]+ calculated 
for C27H34N6O2S; 506.2463. 

2.2.7.10. 2-(5-(1-Phenylcarbamoylpiperdine-4-yl)-4-ethyl-4H-1,2,4-triazol-3-ylthio)-N-2,5-dimethylphenylpropanamide (7j). White 
amorphous powder; Yield: 93 %; M.P.: 167–170 ◦C; IR (KBr, νmax, cm-1): 3362 (N–H), 3034 (Ar–H), 2932 (C–H), 1683, 1664 (C=O), 
1618–1553 (Ar–C=C, C=N), 1259 (C–N); 1H NMR (400 MHz, CDCl3): δ 1.34 (3H, t, J = 7.3 Hz, CH3–CH2–N), 1.66 (3H, d, J = 7.3 Hz, 
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H-3ʹʹʹ), 1.89–2.06 (4H, m, H-3ʹ,5ʹ), 2.14 (3H, s, CH3), 2.27 (3H, s, CH3), 2.82 (1H, m, H-4ʹ), 3.10 (2H, m, H-2ʹ,6ʹ), 3.83 (2H, q, J = 7.3 Hz, 
CH3–CH2–N), 4.15 (2H, m, H-2ʹ,6ʹ), 4.62 (1H, q, J = 7.3 Hz, H-2ʹʹʹ), 6.82 (1H, d, J = 8.5 Hz, H-4ʹʹʹʹ), 6.99 (1H, d, J = 8.5 Hz, H-3ʹʹʹʹ), 7.03 
(1H, t, J = 8.5 Hz, H-4ʹʹ), 7.25 (1H, s, H-6ʹʹʹʹ), 7.28 (2H, t, J = 8.5 Hz, H-3ʹʹ,5ʹʹ), 7.34 (2H, d, J = 8.5 Hz, H-2ʹʹ,6ʹʹ); 13C NMR (100 MHz, 
CDCl3): δ 15.5 (CH3–CH2–N), 16.6 (C-3ʹʹʹ), 17.8 (CH3), 21.2 (CH3), 30.3 (C-5ʹ), 30.4 (C-3ʹ), 32.6 (C-4ʹ), 38.9 (C-2ʹʹʹ), 43.9 (CH3–CH2–N), 
44.0 (C-2ʹ), 120.1 (C-2ʹʹ,6ʹʹ), 123.0 (C-4ʹʹʹʹ), 123.2 (C-4ʹʹ), 123.5 (C-6ʹʹʹʹ), 126.1 (C-3ʹʹʹʹ), 129.0 (C-3ʹʹ,5ʹʹ), 130.3 (C-2ʹʹʹʹ), 136.1 (C-5ʹʹ), 136.2 
(C-1ʹʹʹʹ), 139.0 (C-1ʹʹ), 150.9 (C-3), 155.0 (C=O), 157.5 (C-5), 169.6 (C-1ʹʹʹ); HR-EI-MS (m/z): 506.2483 [M]+ calculated for 
C27H34N6O2S; 506.2463. 

2.2.7.11. 2-(5-(1-Phenylcarbamoylpiperdine-4-yl)-4-ethyl-4H-1,2,4-triazol-3-ylthio)-N-2,6-dimethylphenylpropanamide (7k). White 
amorphous powder; Yield: 83 %; M.P.: 188–190 ◦C; IR (KBr, νmax, cm-1): 3361 (N–H), 3032 (Ar–H), 2931 (C–H), 1681, 1662 (C=O), 
1618–1549 (Ar–C=C, C=N), 1258 (C–N); 1H NMR (400 MHz, CDCl3+CD3OD): δ 1.36 (3H, t, J = 7.2 Hz, CH3–CH2–N), 1.69 (3H, d, J =
7.2 Hz, H-3ʹʹʹ), 1.90–2.00 (4H, m, H-3ʹ,5ʹ), 2.11 (6H, s, 2 × CH3), 2.99 (1H, m, H-4ʹ), 3.07 (2H, m, H-2ʹ,6ʹ), 3.40 (2H, q, J = 7.2 Hz, 
CH3–CH2–N), 4.16 (2H, m, H-2ʹ,6ʹ), 4.68 (1H, q, J = 7.2 Hz, H-2ʹʹʹ), 6.67–6.99 (3H, m, H-3ʹʹʹʹ-5ʹʹʹʹ), 7.02 (1H, t, J = 8.6 Hz, H-4ʹʹ), 7.29 
(2H, t, J = 8.6 Hz, H-3ʹʹ,5ʹʹ), 7.37 (2H, d, J = 8.6 Hz, H-2ʹʹ,6ʹʹ); 13C NMR (100 MHz, CDCl3+CD3OD): δ 15.3 (CH3–CH2–N), 15.6 (C-3ʹʹʹ), 
18.2 (CH3), 20.9 (CH3), 29.1 (C-3ʹʹ), 29.1 (C-5ʹ), 31.6 (C-4ʹ), 37.4 (CH3–CH2–N), 37.7 (C-2ʹʹʹ), 42.6 (C-6ʹ), 44.3 (C-2ʹ), 119.5 (C-2ʹʹ,6ʹʹ), 
121.9 (C-4ʹʹ), 128.1 (C-5ʹʹʹʹ), 128.1 (C-3ʹʹʹʹ), 128.6 (C-3ʹʹ,5ʹʹ), 131.0 (C-4ʹʹʹʹ), 132.8 (C-6ʹʹʹʹ), 132.9 (C-2ʹʹʹʹ), 134.0 (C-1ʹʹʹʹ), 138.0 (C-1ʹʹ), 
148.4 (C-3), 155.0 (C=O), 157,0 (C-5), 169.3 (C-1ʹʹʹ); HR-EI-MS (m/z): 506.2483 [M]+ calculated for C26H32N6O2S; 506.2463. 

2.2.7.12. 2-(5-(1-Phenylcarbamoylpiperdine-4-yl)-4-ethyl-4H-1,2,4-triazol-3-ylthio)-N-3,4-dimethylphenylpropanamide (7l). White 
amorphous powder; Yield: 85 %; M.P.: 180–183 ◦C; IR (KBr, νmax, cm-1): 3356 (N–H), 3036 (Ar–H), 2944 (C–H), 1686, 1663 (C=O), 
1618–1551 (Ar–C=C, C=N), 1267 (C–N); 1H NMR (400 MHz, CDCl3): δ 1.32 (3H, t, J = 7.3 Hz, CH3–CH2–N), 1.63 (3H, d, J = 7.3 Hz, 
H-3ʹʹʹ), 1.89–2.08 (4H, m, H-3ʹ,5ʹ), 2.17 (3H, s, CH3), 2.19 (3H, s, CH3), 2.83 (1H, m, H-4ʹ), 3.08 (2H, m, H-2ʹ,6ʹ), 3.88 (2H, q, J = 7.3 Hz, 
CH3–CH2–N), 4.47 (1H, q, J = 7.3 Hz, H-2ʹʹʹ), 4.16 (2H, m, H-2ʹ,6ʹ), 6.70 (1H, s, H-2ʹʹʹʹ), 7.03 (1H, t, J = 8.6 Hz, H-4ʹʹ), 7.04 (1H, d, J =
8.5 Hz, H-6ʹʹʹʹ), 7.28 (2H, t, J = 8.6 Hz, H-3ʹʹ,5ʹʹ), 7.29 (1H, d, J = 8.5 Hz, H-5ʹʹʹʹ), 7.32 (2H, d, J = 8.6 Hz, H-2ʹʹ,6ʹʹ) 7.33 (1H, d, J = 8.5 Hz, 
H-6ʹʹʹʹ); 13C NMR (100 MHz, CDCl3): δ 15.6 (CH3–CH2–N), 16.5 (C-3ʹʹʹ), 19.2 (CH3), 19.9 (CH3), 30.2 (C-5ʹ), 30.3 (C-3ʹ), 32.8 (C-4ʹ), 39.0 
(C-2ʹʹʹ), 43.9 (CH3–CH2–N), 44.0 (C-6ʹ), 44.4 (C-2ʹ), 117.5 (C-2ʹʹʹʹ), 117.5 (C-6ʹʹʹʹ), 120.1 (C-2ʹʹ,6ʹʹ), 123.3 (C-4ʹʹ), 125.9 (C-5ʹʹʹʹ), 129.0 (C- 
3ʹʹ,5ʹʹ), 138.2 (C-1ʹʹʹʹ), 138.6 (C-3ʹʹʹʹ), 138.6 (C-4ʹʹʹʹ), 139.0 (C-1ʹʹ), 150.1 (C-3), 155.0 (C=O), 157.6 (C-5), 169.2 (C-1ʹʹʹ); HR-EI-MS (m/z): 
506.2483 [M]+ calculated for C22H32N6O2S; 506.2463. 

2.2.7.13. 2-(5-(1-Phenylcarbamoylpiperdine-4-yl)-4-ethyl-4H-1,2,4-triazol-3-ylthio)-N-3,5-dimethylphenylpropanamide (7m). White 
amorphous powder; Yield: 96 %; M.P.: 196–199 ◦C; IR (KBr, νmax, cm-1): 3353 (N–H), 3035 (Ar–H), 2950 (C–H), 1680, 1661 (C=O), 
1616–1552 (Ar–C=C, C=N), 1268 (C–N); 1H NMR (400 MHz, CDCl3): δ 1.33 (3H, t, J = 7.3 Hz, CH3–CH2–N), 1.63 (3H, d, J = 7.3 Hz, 
H-3ʹʹʹ), 1.91–2.06 (4H, m, H-3ʹ,5ʹ), 2.25 (6H, s, CH3), 2.83 (1H, m, H-4ʹ), 3.06 (2H, m, H-2,ʹ6ʹ), 3.87 (2H, q, J = 7.3 Hz, CH3–CH2–N), 
4.48 (1H, q, J = 7.3 Hz, H-2ʹʹʹ), 4.16 (2H, m, H-2ʹ,6ʹ), 6.70 (1H, s, H-4ʹʹʹʹ), 7.03 (1H, t, J = 8.5 Hz, H-4ʹʹ), 7.23 (1H, s, H-2ʹʹʹʹ), 7.25 (1H, s, 
H-6ʹʹʹʹ), 7.28 (2H, t, J = 8.5 Hz, H-3ʹʹ,5ʹʹ), 7.34 (2H, d, J = 8.5 Hz, H-2ʹʹ,6ʹʹ); 13C NMR (100 MHz, CDCl3): δ 15.6 (CH3–CH2–N), 16.5 (C- 
3ʹʹʹ), 21.5 (2 × CH3), 30.2 (C-5ʹ), 30.3 (C-3ʹ), 32.8 (C-4ʹ), 39.0 (C-2ʹʹʹ), 43.9 (CH3–CH2–N), 44.0 (C-6ʹ), 44.4 (C-2ʹ), 117.5 (C-2ʹʹʹʹ), 117.5 
(C-6ʹʹʹʹ), 120.1 (C-2ʹʹ,6ʹʹ), 123.3 (C-4ʹʹ), 125.9 (C-4ʹʹʹʹ), 129.0 (C-3ʹʹ,5ʹʹ), 138.2 (C-1ʹʹʹʹ), 138.6 (C-3ʹʹʹʹ), 138.6 (C-5ʹʹʹʹ), 139.0 (C-1ʹʹ), 150.1 (C- 
3), 155.0 (C=O), 157.6 (C-5), 169.2 (C-1ʹʹʹ); HR-EI-MS (m/z): 506.2483 [M]+ calculated for C27H34N6O2S; 506.2307. 

2.2.7.14. 2-(5-(1-Phenylcarbamoylpiperdine-4-yl)-4-ethyl-4H-1,2,4-triazol-3-ylthio)-N-phenylpropanamide (7n). White amorphous 
powder; Yield: 94 %; M.P.: 131–133 ◦C; IR (KBr, νmax, cm-1): 3354 (N–H), 3040 (Ar–H), 2953 (C–H), 1682, 1663 (C=O), 1614–1550 
(Ar–C=C, C=N), 1265 (C–N); 1H NMR (400 MHz, CDCl3): 1.33 (3H, t, J = 7.3 Hz, CH3–CH2–N), 1.64 (3H, d, J = 7.3 Hz, H-3ʹʹʹ), 
1.89–2.08 (4H, m, H-3ʹ,5ʹ), 2.82 (1H, m, H-4ʹ), 3.11 (2H, m, H-2ʹ,6ʹ), 3.88 (2H, q, J = 7.3 Hz, CH3–CH2–N), 4.16 (2H, m, H-2ʹ,6ʹ), 4.50 
(1H, q, J = 7.3 Hz, H-2ʹʹʹ), 7.04 (1H, q, J = 8.5 Hz, H-4ʹʹ), 7.25 (1H, t, J = 8.5 Hz, H-4ʹʹʹʹ), 7.26 (1H, t, J = 8.5 Hz, H-3ʹʹʹʹ), 7.29 (1H, t, J =
8.5 Hz, H-5ʹʹʹʹ), 7.29 (2H, t, J = 8.5 Hz, H-3ʹʹ,5ʹʹ), 7.35 (2H, d, J = 8.5 Hz, H-2ʹʹ,6ʹʹ), 7.59 (1H, d, J = 8.5 Hz, H-2ʹʹʹʹ), 7.60 (1H, d, J = 8.5 
Hz, H-6ʹʹʹʹ); 13C NMR (100 MHz, CDCl3): δ 15.6 (CH3–CH2–N), 16.5 (C-3ʹʹʹ), 30.2 (C-5ʹ), 30.3 (C-3ʹ), 32.8 (C-4ʹ), 39.0 (C-2ʹʹʹ), 43.9 
(CH3–CH2–N), 44.0 (C-6ʹ), 44.4 (C-2ʹ), 117.5 (C-2ʹʹʹʹ,6ʹʹʹʹ), 120.1 (C-2ʹʹ,6ʹʹ), 123.3 (C-4ʹʹ), 125.9 (C-4ʹʹʹʹ), 129.0 (C-3ʹʹ,5ʹʹ), 138.2 (C-1ʹʹʹʹ), 
138.6 (C-3ʹʹʹʹ,5ʹʹʹʹ), 139.0 (C-1ʹʹ), 150.1 (C-3), 155.0 (C=O), 157.6 (C-5), 169.2 (C-1ʹʹʹ); HR-EI-MS (m/z): 478.2170 [M]+ calculated for 
C22H32N6O2S; 478.2150. 

2.3. 15-LOX inhibition assay 

The 15-LOX inhibition assay was carried out using chemiluminescence method as described ealier [56]. Briefly, a overall volume of 
100 μL reaction mixture in a black 96-well plate contained 60 μL of 200 mM borate buffer pH 9.0, 10 μL of test solution and 10 μL 
soybean 15-LOX solution. The reaction material was mixed and pre-incubated at 25 ◦C in the dark for 5 min. Ten μL of 3 nM luminol 
comprising 1 nM cytochrome c solution was added in the reaction well. Ten μL of the substrate linoleic acid solution was added to 
initiate the reaction. The relative counts were measured from 100 to 300 s of the start of reaction by Synergy HTX BioTek USA plate 
reader. All experiments were performed in triplicates with negative and positive controls. The active test solutions were suitably 
diluted and assayed to determine their percentage inhibitions and data was used for the determination of IC50 values [56,57]. 
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2.4. Cell viability assay 

Cell viability assays were performed using MTT method optimized using human blood mononuclear cells (MNCs) as reported [56, 
57]. Briefly, MNCs were isolated using density gradient Lymphocyte Separation Medium of density 1.077 g/mL. MNCs collected at the 
interface were washed 50 mM phosphate buffer saline (PBS), pH 7.4 and stored in the concentration of 20,000 to 30,00 cells per 10 μL 
volume. The assay contents contained known volume of PBS, 20 μL test solution and 10 μL MNCs in the 96 well plate and were 
incubated for 2 h at 37 ◦C. After given time, 10 μL of 5 mg/mL solution of MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte
trazoliumbromide) tetrazolium) was added. The plate was incubated for 18–20 h at 37 ◦C. Next day, 100 μL DMSO was added to make 
the total volume of 200 μL. The incubation was continued for further 2 h and absorbance measured at 540 nm. All test solutions along 
with both positive and negative controls were used in triplicates and data was expressed as Mean ± SEM, n = 3. 

2.5. ADME studies 

The pharmacodynamic properties (ADME: absorption, distribution, metabolism, excretion) of the compounds 7a-n were calculated 
using MedChem Designer software version 3.0. 

2.6. Computational studies 

2.6.1. Molecular docking 
Molecular Operating Environment (MOE, version 2015.10) system was used for molecular docking studies [58–60]. Protein was 

downloaded from PDB (ID: 3PZW) and prepared for docking using the standard procedure. Desired features of protein were generated 
first, forcefield MMFF94x loaded and heteroatoms and water molecules were removed. Polar hydrogen and charges were incorporated. 
The database of ligands was created. Dummies on amino acids of the active pocket were built and the ligands were docked with the 
prepared receptor protein. Over ten poses were set for docking. Docking poses with minimum binding free energy and RMSD value ≤ 2 
were selected and visualized for the interactions of ligand and the receptor. 

2.6.2. DFT calculations 
Density functional theory (DFT) calculations were used to calculate the optimized geometry of the said molecules. DFT data 

demonstrates the ability of chemical reactivity and stability of a compound. These investigations were carried out using Gaussian 09W 
software with the basis set of STO-3G [60–62]. The file was visualized in Gauss View 6.0. 

3. Results and discussion 

3.1. Chemistry 

The endeavor of our research was to synthesize 14 new N-alkyl/aralkyl/aryl triazole derivatives (7a-n) with various substituents 
and to appraise them for their in vitro enzyme inhibition screening against 15-LOX supported by in silico studies. Synthesis of in
termediates as well as the target compounds was ascertained by the procedure as shown in Scheme 1. The synthesis was started by 
mixing/rubbing phenylisocyanate with isonipecotate (a) which on further treatment with hydrazine hydrate resulted in N-substituted 
ester (1) first and then hydrazide (2), respectively. The 1H NMR spectrum of 2 sported two singlets at δ 4.04 (1H, NH) and 8.90 (2H, 
NH2) that prove the presence of NHNH2 group. The hydrazide (2), refluxed with ethyl isothiocyanate, yielded N-ethyl-(1-phenyl
carbamoylpiperidine)thiosemicarbazide (3). To obtain intramolecular cyclized product 4-ethyl-5-(1-phenylcarbamoylpiperidine)-4H- 
1,2,4-triazole-3-thiol (4), the thiosemicarboxamide 3 was refluxed in alkaline conditions (10 % NaOH). The N-alkyl/aralkyl/aryl of 2- 
bromopropanamides (6a-n), the subsequent entities of target compounds were achieved by stirring alkyl/aralkyl/aryl amines (5a-n; 
Table 1) with 2-bromopropionyl bromide in an alkaline solution (pH 9–10). The culminating step was the reaction of compound 4, 
separately with each of the electrophile (6a-n), separately, to acquire the target compounds 7a-n, respectively. This chore was ach
ieved according to the protocol as detailed in the experimental part. 

The compound 7a was obtained as a white amorphous powder. The infrared (IR) spectrum showed the absorption bands at 3262, 
3033, 2932, 1682, 1663, 1618–1550, 1258 cm-1 for N–H, Ar–H, C–H, C=O, Ar–C=C, C=N and, C–N functionalities, respectively. 
Resonance due to three N-ethyl moieties in the 1H NMR spectrum of 7a was found at δ 1.05 (3H, t, J = 7.0 Hz, H-2ʹʹʹʹ), 1.18 (3H, t, J =
7.0 Hz, H-2ʹʹʹʹʹ), 1.32 (3H, t, J = 7.0 Hz, CH3–CH2–N), and 3.33 (2H, q, J = 7.0 Hz, H-1ʹʹʹʹ), 3.54 (2H, q, J = 7.0 Hz, CH3–CH2–N), 3.90 
(2H, q, J = 7.0 Hz, H-1ʹʹʹʹʹ), respectively. A doublet of methyl appeared at δ 1.61 (3H, d, J = 7.0 Hz, H-3ʹʹʹ) together with a quadrat at δ 
4.62 (1H, q, J = 7.0 Hz, H-2ʹʹʹ) was allotted to the sulfur-linked methine proton. The protons of azinane ring was resonated at δ 
1.90–2.05 (4H, m, H-3ʹ,5ʹ), 2.82 (1H, m, H-4ʹ), 3.08 (2H, m, H-2ʹ,6ʹ) and 4.16 (2H, m, H-2ʹ,6ʹ). Two triplets and a doublet displayed at δ 
7.01 (1H, t, J = 8.0 Hz, H-4ʹʹ), 7.26 (2H, t, J = 8.0 Hz, H-3ʹʹ,5ʹʹ) and 7.33 (2H, d, J = 8.0, H-2ʹʹ,6ʹʹ) assigned to the protons of mono- 
substituted phenyl group. The 13C NMR spectra (BB and DEPT) showed a total of 21 carbon signals for 23 carbon nuclei, which 
endorsed the presence of four methyl, six methylene, four methine, and five quaternary carbon atoms. The upmost downfield peaks at δ 
170.7, 157.4, 155.1, and 149.6 were consigned to two carbonyls of amide groups and two quaternary carbons of triazole, respectively. 
The resonances at δ 139.2, 129.0, 123.2, and 120.1 corroborated the presence of phenyl ring. The signals for three N-ethyl groups 
appeared at δ 43.8, 42.7, 41.0, 15.9, 14.9 and 12.9. Furthermore, the carbons of azinane ring reverberated at δ 44.0, 43.9, 32.8, 30.4 
and 30.3. The molecular formula C23H33N6O2S was figured through HR-EI-MS, which displayed the molecular ion [M]+ peak at m/z 
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458.2483. The spectral data for the remaining compounds 7b-n of the series is presented in the experimental section. 

3.2. 15-LOX inhibitory activities and SAR studies 

In our continual efforts in search for 15-LOX inhibitors as potential leads in the development of anti-inflammatory agents as re
ported in the preceding studies [53–56], the present work was designed to assess the inhibitory activities of newly synthesized 1,2, 
4-triazole derivatives (7a-n) towards soybean 15-LOX enzyme. The results displayed substantial inhibitory profiles as given in 
Table 2. Quercetin (IC50 4.86 ± 0.14 μM) and baicalein (IC50 2.24 ± 0.13 μM) were used as standards during these studies. These 
results demonstrate that the introduction of a methyl group to the carbon chain of the linker exaggerated the inhibitory potential of the 
synthesized compounds. All analogues except 7k and 7m (which were inactive) had enormous inhibitory potential (IC50 0.36 ± 0.15 to 
23.59 ± 0.24 μM) en route to 15-LOX (Table 2, Fig. 2). 

Previous studies have revealed that molecules possessing the m-methyl substituent on the phenyl ring observed potent anti-LOX 
activity [56,63,64]. In the present studies, the analogues 7e, 7j, 7h, 7a, 7g, 7b, 7n and 7c showed the potent inhibitory activities 
with IC50 values 0.36 ± 0.15 μM, 0.48 ± 0.18 μM, 0.84 ± 0.15 μM, 2.65 ± 0.11 μM, 3.83 ± 0.13 μM, 4.93 ± 0.12 μM, 5.76 ± 0.14 μM 
and 6.75 ± 0.17 μM, respectively. The comparison of molecules 7a and 7b with analogues 7c-7n possessing a non-aromatic substituent 
stipulates that the substituent on the phenyl ring has more influence on the inhibitory activity than the structural feature related to 
aromatized electrophilic substituent. As stated, the best inhibition potential was shown by compounds 7e, 7h and 7j possessing 
disubstituted and monosubstituted benzene ring demonstrating the electron donating effect of these groups to enhance the hydro
phobic interactions established with the enzyme (Table 2, Fig. 2). 

While comparing the inhibitory profiles of 7a and 7b (IC50 2.65 ± 0.11 μM and IC50 4.93 ± 0.12 μM, respectively) it is observed 
that the diethyl groups diffused greater electron donating effects that resulted in somewhat higher IC50 of 7b. By evaluating the activity 
of 7f (IC50 15.54 ± 0.26 μM) and 7g (IC50 3.83 ± 0.13 μM), the same substituents (ethyl group) were attached at the ortho and para 
positions, respectively, which corroborated that the electron donating effect of ethyl group was more prominent at para position as 
compared to ortho position. The ethyl group enhanced the electron density on nitrogen atom to establish better π-π interaction for the 
active site of the enzyme. It is justified that the electron donating substituents augmented the prohibitory action of the drug candidate. 
However, the paradoxical values found in activity are due to the position of these groups, and the inhibitory action abates where their 
stearic obstruction is tyrannized as in 7i (IC50 21.56 ± 0.27 μM) and 7j (IC50 0.48 ± 0.18 μM) and 7l (IC50 12.15 ± 0.23 μM). The lower 
inhibitory potential of 7d (IC50 23.59 ± 0.24 μM) advocated that the electron releasing effect of methyl group at meta position was less 
as compared to ortho and para positions (Table 2, Fig. 2). Although, both analogues 7c and 7n displayed remarkable and comparable 

Scheme 1. Protocol for the synthesis of triazole amides (7a-n) from isonipecotate.  
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inhibition properties (IC50 6.75 ± 0.17 μM and 5.76 ± 0.14 μM), but the presence of methylene bridge between nitrogen and phenyl 
ring in former hampered the involvement of lone pair of nitrogen with phenyl ring by resonance that caused a trivial lack of inhibitory 
potential as reported earlier [53–56]. The results altogether infer that the nature along with the position of substituents attached to 
phenyl ring had great consequences on the enzyme inhibitory potential. 

3.3. Cell viability studies 

MTT assay was performed to determine the MNCs viability at 0.25 mM concentration. The results show that all the compounds 
maintained >75 % viability (Table 2). They observed less toxicity towards MNCs under the assay conditions as compared with the 
standard anticancer drugs at the same studied concentration. 

Table 1 
Alkyl/aryl substituted amines.  

Comp R Comp R Comp R 

a f k 

b g l 

c h m 

d i n 

e j 

Table 2 
15-LOX inhibitory and cytotoxicity profiles of compounds 7a-n (Mean ± SEM, n = 3).  

Comp 15-LOX assay MTT assay 

Inhibition (%) at 0.25 mM IC50 (μM) Cell viability (%) at 0.25 mM 

7a 89.54 ± 1.24 2.65 ± 0.11 81.35 ± 2.8 
7b 87.62 ± 1.27 4.93 ± 0.12 83.75 ± 2.9 
7c 88.47 ± 1.23 6.75 ± 0.17 79.65 ± 2.8 
7d 85.62 ± 1.47 23.59 ± 0.24 76.57 ± 2.7 
7e 89.64 ± 1.23 0.36 ± 0.15 84.43 ± 2.9 
7f 87.34 ± 1.34 15.54 ± 0.26 76.26 ± 2.8 
7g 86.61 ± 1.23 3.83 ± 0.13 87.64 ± 2.6 
7h 89.72 ± 1.35 0.84 ± 0.15 78.62 ± 2.8 
7i 85.64 ± 1.46 21.56 ± 0.27 86.25 ± 2.7 
7j 89.48 ± 1.28 0.48 ± 0.18 87.63 ± 2.9 
7k 56.49 ± 1.59 >200 75.67 ± 2.8 
7l 88.49 ± 1.25 12.15 ± 0.23 79.31 ± 2.9 
7m 57.37 ± 1.46 >200 78.24 ± 2.7 
7n 84.65 ± 1.29 5.76 ± 0.14 82.17 ± 2.9 
Quercetin 96.63 ± 1.24 4.86 ± 0.14 – 
Baicalein 93.79 ± 1.27 2.24 ± 0.13 – 
Cyclophosphamide – – 58.45 ± 2.6 
Cisplatin – – 57.34 ± 2.4 
Curcumin – – 71.82 ± 2.8  
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3.4. ADME studies 

The ADME (absorption, distribution, metabolism, elimination) properties of the analogues were determined by MedChem Designer 
5.5. The results are mentioned in Table 3. For oral absorption of the drug, the drug solubility and absorption parameters are indicated 
in terms of their log values (MlogP, S + logP and S + logD). As per rule, the values of these parameters should be < 5.0 and all 
compounds exhibited good behavior towards these profiles. 

As per Lipinski’s/Veber rule, the M.W. should be ≤ 500 and eight compounds (7f-m) possessed M.W. slightly above 500 (MW 
506.6) and is also acceptable under the rule. As per rule, the calculated number of rotatable bonds (M_NO) should be ≤ 10, and all 
analogues revealed the acceptable number of rotatable bonds. As per rule, the molecules should have polar surface area of (T_PSA) of 
≤140 Å2, and all compounds displayed these values in the limit. Lastly, the number of H-bond donors (HBDB) should be ≤ 5 and the 
sum of hydrogen bond donors and acceptors (M_NO + HBDH) should be ≤ 12 and both these parameters are within the drug-likeness 
properties of the compounds [63,64]. The data given in the Table overall reveals the good ADME properties without the violation of the 
Lipinski’s/Veber rules. 

3.5. Computational studies 

Molecular docking of all the 1,2,4-triazole derivatives (7a-n) was performed using Autodock Vina [58]. The targeted protein crystal 
structure, 15-LOX from soybean (PDB ID: 1IK3, resolution: 2.0 Å), was downloaded from RCSB PDB [59]. Prior to docking procedures, 
the downloaded protein was prepared using Autodock Vina and visualized in Biovia Discovery studio [60]. All the hetero atoms 
including co-crystal ligand were removed. The protein crystal was protonated by adding polar hydrogen atoms and partial charges 
were added. After the preparation of both ligands and protein, all ligands were docked into the active pocket of 15-LOX protein using 
inbuilt united atom scoring function with 10 runs for each ligand. The protein active pocket is composed of amino acids residues which 

Fig. 2. SAR studies of 15-LOX inhibitors of the series 7a-n.  
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included Glu197, Arg260, Val26, Asp25, Val256, Lys278, Leu560, Leu563, Ala263, Phe272, Gln598, Asp592, Lys388, Asp 603, 
Tyr512, Asp431, Leu729, Gln574, Pro759, Gln762, Phe761, Thr443, Gly579, Arg580, Ile440, Trp578. The active pocket was assumed 
to be static during rigid receptor docking, which allowed for extended contact time between specific amino acid residues and selected 
compounds [61]. Finally, 2D and 3D poses were generated and further analyzed. 

3.5.1. Molecular docking studies 
The soybean 15-LOX is a large protein with an oblong shape and several domains that wrap around single-nuclear heme iron active 

sites (Fig. 3). The beta barrel domain and primary catalytic site make up active 15-LOX. The hydrophobic residues that make up its C- 
terminal domain constitute the substrate binding site. When the substrate binds to hydrophobic residues, inflammatory processes may 
be triggered and the potential targets for docking at the binding site include these hydrophobic amino acid residues (Fig. 3). 

The results of docking studies are highly consistent with the in vitro activities. The most active analogues 7e, 7h and 7j exhibited the 
most potent and stable interactions with the highest docking scores compared to the other compounds against 15-LOX protein. The 
docking results augmented the anti-LOX potential of 7e, 7h and 7j analogues (Table 4). 

3.5.2. Binding interactions of potent derivatives 
The docking results of all the derivatives (7a-n) including their binding interactions and binding free energies were determined and 

the 2D, 3D poses of the most potent compounds are shown below (Figs. 4–6). The compound 7e displayed various stable bonding and 
non-bonding interactions with the amino acid residues of the active pocket, i.e., Gln598, Asp592, Lys388, Asp 603, Tyr512, Asp431 
and observed binding free energy of − 9.20 kcal/mol. Among all the bonding interactions, one conventional hydrogen bond and one 
carbon hydrogen bond is formed by Gln598 and Asp 592 with the carbonyl oxygen atom and tolylamino ring. Three π-anion bonds are 
formed with the amino acids Asp431, Asp592 and Asp603. The first two π-anion bonds are formed with the tolylamino ring and 3rd 
bond is formed with the piperidine ring. Nevertheless, other alkyl and π-alkyl bonds are also formed by the amino acids Lys388 and 
Tyr512 (Table 4, Fig. 4). 

Likewise, the docking interaction of compound 7h are comparatively more stable and extended which included Arg260, Val26, 
Glu197, Asp25, Val256, Lys278, Leu560, Leu563, Ala263, Phe272, Lys591, Arg386 (Fig. 5). The higher binding free energy of − 9.70 
kcal/mol of 7h may be attributed to the substitution of additional methyl group at tolylamino ring forming dimethylphenyl amino ring 
which enhanced the resulted stability of the compound. The bonding interactions of 7h also include two conventional hydrogen bonds, 
one carbon hydrogen bond, two π-anion bonds, one π-π stacked bond and five weak alkyl interactions. The two hydrogen bonds are 
formed by the amino acid Arg260 and Val26 with the nitrogen atom of triazole ring and carbonyl oxygen atom attached to dime
thylphenyl amino ring which also forms the conventional hydrogen bond with amino acid Asp25. The π-anionic bonds are formed by 
Glu197 and Lys278 with the 2nd nitrogen of triazole ring and piperidine ring. All other amino acids are involved in forming weak alkyl 
and π-alkyl associations (Fig. 5). 

The binding free energy of 7j was found the highest among the series, i.e., − 9.8 kcal/mol which is almost equal to the compound 7h 
and may be attributed to the striking structural similarity. The position of 2nd methyl group on the same ring is slightly changed in 7j 
which lead to most potent bonding interactions. The bonding and non-bonding interactions include two conventional hydrogen bonds, 
two carbon hydrogen bonds, one π-donor hydrogen bond, one π-δ bond, two π-stacked bond and various alkyl and π-alkyl interactions. 
The amino acids involved in bonding interactions are Leu729, Pro759, Phe761, Gly579, Ile440, Trp578, Gln762, Gln574, Thr443, 
Arg580 (Fig. 6). The amino acid Gln762 forms two conventional hydrogen bonds with the nitrogen atom of triazole ring and carbonyl 
oxygen attached to diphenyl amino ring. The other three hydrogen bonds are formed by the amino acids Arg580, Thr443 and Gln574, i. 
e., two with the piperidine ring and one with the ring adjacent to the piperidine ring. The only π-δ bond is formed by Gly579 with 

Table 3 
Calculated ADME properties of the analogues (7a-n)a.  

Comp MlogP S + logP S + logD M. W. M_NO T_PSA HBDH nVs 

Lipinski/Veber ≤ 5 ≤ 5 ≤ 5 ≤ 500 ≤ 10 ≤ 140 Å2 ≤ 5 ≤ 1 
7a 2.950 2.593 2.593 458.629 8 83.360 1 0 
7b 3.369 3.216 3.216 484.667 8 92.150 2 0 
7c 3.346 2.765 2.765 492.647 8 92.150 2 0 
7d 3.614 3.315 3.315 492.647 8 92.150 2 0 
7e 3.614 3.384 3.384 492.647 8 92.150 2 0 
7f 3.815 3.696 3.696 506.674 8 92.150 2 1 
7g 3.815 3.803 3.803 506.674 8 92.150 2 1 
7h 3.815 3.633 3.633 506.674 8 92.150 2 1 
7i 3.815 3.690 3.690 506.674 8 92.150 2 1 
7j 3.815 3.687 3.686 506.674 8 92.150 2 1 
7k 3.815 3.596 3.596 506.674 8 92.150 2 1 
7l 3.815 3.719 3.719 506.674 8 92.150 2 1 
7m 3.815 3.739 3.739 506.674 8 92.150 2 1 
7n 3.410 3.045 3.045 478.620 8 92.150 2 0 
Quercetin − 0.235 1.958 1.529 302.242 7 131.36 5 0 
Baicalein 1.296 3.019 2.823 270.243 5 90.900 3 0  

a Footnote: MlogP: Lipophilicity, M_NO: No. of rotatable bonds, T_PSA: Molecular polar surface area, HBDH: No. of H-bond donors, nV: No. of rule 
violations. 
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piperidine ring suggesting the role in the stabilization of this ring. The π-stacked bonds are formed by Phe761 and Trp578 with both 
terminal rings, that is, diphenylamine ring and piperidine ring. The alkyl and π-alkyl bonds are formed by amino acids Leu729, Pro759 
and Ile440. The docking results of all the derivatives suggest that substitution of methyl group at the diphenylamino ring enhances the 
stability and anti-LOX properties of the compounds. 

3.6. Density functional theory calculations 

DFT calculations play pivotal role in drug discovery because of the lower computational cost and reliable predictions. The present 
investigations projected the electrophilic and nucleophilic features, hardness and softness properties and reactivity potential in intra- 
and intermolecular interactions (Supplementary file). The descriptors related with the DFT calculations are described below. 

3.6.1. Frontier molecular orbitals 
The energy of frontier molecular orbitals, i.e., highest occupied molecular orbital (HOMO) and lowest unoccupied molecular 

orbital (LUMO) of any compound are used to estimate various chemical properties associated with the electronic distribution. Any 
compound with high value of HOMO appears to be good electron donor and in the same way higher LUMO value are shown by electron 
acceptors. The overall calculation of these orbitals helps in the determination of local reactivity at different sites in a compound. The 
difference between HOMO and LUMO energy of a compound is an important reflection of its reactivity profile. Any compound with 
higher energy gap tends to be the least reactive which is represented by its high hardness value. According to these results, the 
compound 7m appears to be highly reactive which is evident from its lowest energy gap, i.e., ΔEgap = − 0.157 eV. The energy gap for 
all the other compound is positive and is given along with other parameters (Table 5). 

The dipole moment of any compound is associated with the charge segregation in a molecule and represents the behavior of 
reactive sites. The highest value of dipole moment for 7f, i.e., 9.05 D and the lowest for 7d represents its relative charge separation in 
the molecule. Polarizability, dipole moment, energy of HOMO and LUMO orbitals along with their relative energy gap and structures of 
HOMO and LUMO orbitals for the most potent compounds are described and are given in Figs. 7–8. 

Fig. 3. Crystal structure of protein 15-LOX (PDB ID: 1IK3) (above) and the docked conformations of active ligand-protein complexes (below).  
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Table 4 
Binding free energies and molecular binding interactions observed by potent ligand-protein complexes.  

Comp Binding free energy (kcal/ 
mol) 

Interaction type Amino acid residues RMSD 
(Å) 

7a − 7.72 Hydrogen Bonding Gln762, Gln5574, Thr443 1.24 
Hydrophobic 
interactions 

Phe761, Pro759, Ile440, Gly579, Tpr578 

7b − 8.12 Hydrogen bonding No hydrogen Bond 0.73 
Hydrophobic 
interactions 

Leu426, Leu376, Tyr512, Arg378 

7c − 7.80 Hydrogen Bonding Gln762, Ser444, Thr443, Arg580 1.54 
Hydrophobic 
interactions 

Leu729, Gly579, Ile440, Trp578 

7d − 8.42 Hydrogen Bonding No hydrogen Bond 1.90 
Hydrophobic 
interactions 

Leu376, Tyr512, Leu426 

7e − 9.20 Hydrogen Bonding Gln598 1.47 
Hydrophobic 
interactions 

Asp592, Lys388, Asp 603, Tyr512, Asp431 

7f − 8.22 Hydrogen Bonding Arg731, Gln574, Arg580, Thr443 1.52 
Hydrophobic 
interactions 

Lys755, Arg732, Leu729, Gly579, Trp578, Ile440 

7g − 8.24 Hydrogen Bonding Arg260, Val26 1.71 
Hydrophobic 
interactions 

Glu197, Lys278, Val256, Leu563, Phe272 

7h − 9.70 Hydrogen bonding Arg260, Val26 1.98 
Hydrophobic 
interactions 

Glu197, Asp25, Val256, Lys278, Leu560, Leu563, Ala263, Phe272, 
Lys591, Arg386 

7i − 8.52 Hydrogen Bonding Arg378, Asp428 0.94 
Hydrophobic 
interactions 

Leu380, Pro385, Lys388, Asp603 

7j − 9.8 Hydrogen Bonding Gln762, Gln574, Thr443, Arg580 0.81 
Hydrophobic 
interactions 

Leu729, Pro759, Phe761, Gly579, Ile440, Trp578 

7k − 8.52 Hydrogen Bonding Asp428 1.51 
Hydrophobic 
interactions 

Leu426, Tyr512, Leu376, Tyr512 

7l − 8.42 Hydrogen Bonding Gln574, Thr443, Arg580 1.68 
Hydrophobic 
interactions 

Ile440, Trp578, Gly579, Leu729, Arg731, Pro759 

7m − 8.72 Hydrogen Bonding Arg731, Gln574, Thr443, Arg580 1.96 
Hydrophobic 
interactions 

Leu729, Pro759, Arg732, Gly579, Trp578 

7n − 8.22 Hydrogen Bonding Asp428 1.36 
Hydrophobic 
interactions 

Leu426, Val589, Tyr512, Leu376 

Quercetin − 8.47 Hydrogen bonding Arg389, Asp608, Lys388, Asn375 1.13 
Hydrophobic 
interactions 

Val589, Asp592, Asp390, Asp428, Leu380 

Baicalein − 8.98 Hydrogen bonding Asp431, Arg378, Leu376 1.53 
Hydrophobic 
interactions 

Val594, Trp593, Leu520, Tyr512, Val589, Gln598, Cys379  

Fig. 4. 2D and 3D binding interactions of 7e with in the active pocket of 15-LOX.  
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3.6.2. Chemical descriptors 
Chemical hardness, chemical softness, electronegativity, electrophilicity index, and electronic chemical potential are various pa

rameters used to determine the reactivity of a compound. The reactivity and stability of a chemical system serves as indicators of its 
chemical hardness which is calculated by chemical formula (ELUMO-EHOMO)/2). The ability of an atom to attract electrons is 
measured by its electronegativity, which is the ability of an atom in a molecule to draw electrons towards itself, i.e., X = - (EHOMO +
ELUMO)/2). The ability of a molecule to receive electrons utilizing its chemical hardness and electronic chemical potential is known as 
its electrophilicity index. The values of various chemical descriptors for all the compounds were found comparable and are given in the 
Table 6 below. 

Fig. 5. 2D and 3D binding interactions of 7h with in the active pocket of 15-LOX.  

Fig. 6. 2D and 3D binding interactions of 7j with in the active pocket of 15-LOX.  

Table 5 
Optimization energies, HOMO and LUMO energies and energy gap values of compounds (7a-n).  

Comp Optimization 
Energy 

Dipole Moment Polarizability (α) EHOMO (eV) ELUMO (eV) EHOMO-LUMO (Δ eV) 

7a − 1773.66 5.81 312.34 − 0.209 − 0.019 0.190 
7b − 1851.08 4.99 331.40 − 0.210 − 0.022 0.188 
7c − 1886.76 4.84 336.25 − 0.216 − 0.210 0.006 
7d − 1886.76 3.47 341.64 − 0.216 − 0.211 0.005 
7e − 1886.77 3.95 346.37 − 0.211 − 0.038 0.173 
7f − 1925.90 9.05 358.45 − 0.210 − 0.021 0.189 
7g − 1926.07 4.33 360.46 − 0.218 − 0.037 0.181 
7h − 1926.07 7.54 352.51 − 0.216 − 0.028 0.188 
7i − 1926.07 3.91 355.87 − 0.219 − 0.036 0.183 
7j − 1926.07 3.76 354.84 − 0.211 − 0.037 0.174 
7k − 1926.07 4.02 352.46 − 0.210 − 0.033 0.177 
7l − 1926.07 4.39 360.80 − 0.217 − 0.036 0.181 
7m − 1926.07 4.23 359.41 − 0.212 − 0.369 − 0.157 
7n − 1847.46 3.80 333.57 − 0.217 − 0.039 0.178  
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Fig. 7. The optimized structures of three active compounds 7e, 7h and 7j.  

Fig. 8. The HOMO and LUMO illustrations of three active compounds 7e, 7h and 7j.  
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4. Conclusions 

In conclusion, a series of N-alkyl/aralkyl/aryl derivatives (7a-n) of 4-(5-mercapto-4-phenyl-4H-1,2,4-triazol-3-yl)-N-phenyl
piperdine-1-carboxamide was designed, synthesized, characterized and screened against 15-LOX. Eight compounds disclosed potent 
inhibitory profiles with IC50 values < 7 μM (7e, 7j, 7h, 7a, 7g, 7b, 7n, 7c), two compounds (7l, 7f) displayed IC50 values < 16 μM, two 
compounds (7i, 7d) observed IC50 values (21.56 ± 0.27 μM, 23.59 ± 0.24 μM) and 2 compounds (7k, 7m) were found inactive against 
the 15-LOX enzyme. SAR studies revealed that the nature and the position of substituents bonded to phenyl ring greatly [65] affected 
the inhibitory potential of the enzyme. These compounds demonstrated least toxicity towards MNCs as determined by MTT assay. 
ADME properties predicted good lipophilicity, bioavailability, drug-likeness properties and other physicochemical properties of the 
analogues. These in vitro studies were supported by molecular docking studies. Molecular docking studies revealed binding free energy 
values lower than the standard quercetin and baicalein with RMSD <2.0 (Å). The amino acids Gln598 (7e, RMSD 1.47), Arg260, Val 
126 (7h, RMSD 1.98) and Gln762, Gln574, Thr443, Arg580 (7j, RMSD 0.81) established hydrogen bonding with the ligands and 
hydrophobic interactions stabilized the protein ligand interactions. DFT calculations established that species with more stabilized 
LUMO had higher enzyme inhibitory potential. Further investigations are warranted in search for leads as 15-LOX inhibitors. 
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