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ARTICLE INFO ABSTRACT
Keywords: Inflammation is a multifaceted phenomenon triggered by potentially active mediators acutely released arach-
15-LOX inhibition idonic acid metabolites partially in lipoxygenase (LOX) pathway which are primarily accountable for causing

In silico studies
MTT assay
DFT calculations

several diseases in humans. It is widely believed that an inhibitor of the LOX pathway represents a rational
approach for designing more potent antiinflammatory leads with druggable super safety profiles. In our continual
ADME studies efforts in search for anti-LOX molecules, the present work was to design a new series of N-alkyl/aralkyl/aryl
Pipridinetriazole methylacetamides derivatives (7a-0) of 4-phenyl-5-(1-phenylcarbamoylpiperidine)-4H-1,2,4-triazole-3-thiol ~which was
Synthesis commenced in seriate formation of phenylcarbamoyl derivative (1), hydrazide (2), semicarbazide (3) and 4-
Characterization phenyl-5-(1-phenylcarbamoylpiperidine)-4H-1,2,4-triazole-3-thiol (4). The aimed compounds were obtained by
reacting 4-phenyl-5-(1-phenylcarbamoylpiperidine)-4H-1,2,4-triazole-3-thiol with assorted N-alkyl/aralkyl/aryl
electrophiles. All compounds were characterized by FTIR, 'H-, >C-NMR spectroscopy, EI-MS and HR-EI-MS
spectrometry and screened against soybean 15-LOX for their inhibitory potential using chemiluminescence
method. All the compounds except 7m and 7h inhibited the said enzyme remarkably. Compounds 7¢, 71, 7j and
7a displayed potent inhibitions ranging from ICsp 1.92 + 0.13 uM to 7.65 £ 0.12 uM. Other analogues 7g, 7o,
7e, 7b, 7d, 7k and 7n revealed excellent inhibitory values ranging from ICsg 12.45 + 0.38 uM to 24.81 + 0.47
uM. All these compounds did not reveal DPPH radical scavenging activity. Compounds 7i-o maintained > 90 %
human blood mononuclear cells (MNCs) viability at 0.125 mM as assayed by MTT whilst others were found toxic.
Pharmacokinetic profiles predicted good oral bioavailability and drug-likeness properties of the active scaffolds.
SAR investigations showed that phenyl substituted analogue on amide side decreased inhibitory activity due to
inductive and mesomeric effects while the mono-alkyl substituted analogues were more active than disubstituted
ones and ortho substituted analogues were more potent than meta substituted ones. MD simulation predicted the
stability of the 7c ligand and receptor complex as shown by their relative RMSD (root mean square deviation)
values. Molecular docking studies displayed hydrogen bonding between the compounds and the enzyme with
Arg378 which was common in 7n, 7g, 7h and baicalein. In 7a and quercetin, hydrogen bonding was established
through Asn375. RMSD values exhibited good inhibitory profiles in the order quercetin (0.73 A) < 7 g < bai-
calein < 7a < 7n < 7 h (1.81 A) and the binding free energies followed similar pattern. Density functional theory
(DFT) data established good correlation between the active compounds and significant activity was associated
with more stabilized LUMO (lowest unoccupied molecular orbitals) orbitals. Nevertheless, the present studies
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declare active analogues like 7¢, 7 1, 7a, 7j as leads. Work is ongoing in derivatizing active molecules to explore
more effective leads as 15-LOX inhibitors as antiinflammatory agents.

1. Introduction

Inflammation is a protracted evolved process linked with the acti-
vation, recruitment, and efficiency of innate as well as adaptive immune
system cells. It is considered as a causal factor in the progression of
several types of inflammatory diseases including cancer. Due to some
external or internal stimuli, membrane phospholipids are hydrolyzed by
phospholipase A, to liberate arachidonic acid and lysophosphatidic
acid; the former on oxidation by two independent lipoxygenase (LOX)
and cyclooxygenase (COX) pathways, yields biologically active media-
tors involved in the inflammatory processes [1]. LOX pathway is regu-
lated by the rate limiting step carried out by 5-LOX, 12-LOX or 15-LOX,
depending upon the number of double bond being oxidized to give 5-
hydroperoxyeicosatetraenoic acid (5-HPETE), 12-HPETE, and 15-
HPETE which further produce leukotrienes (LTs). 15-LOX is imple-
mented in chronic bronchitis, asthma and cancer development [2,3].
The 12-HPETE interacts with G protein-coupled receptor in the PI3K/
Akt/NF-kB pathway and increases the TNFo and IL-1/ production which
in turn increase reactive oxygen species (ROS) production. 5-LOX is
involved in the synthesis of mediators implemented in bronchocon-
strictor and several types of cancers [4-6].

The expression of 5-LOX and 12-LOX mRNA in four human pancre-
atic cancer cell lines (PANC-1, MiaPaca2, Capan2, and ASPC-1) was
estimated by nested RT-PRC. The first type of 12-LOX, termed human
platelet-type 12-LOX, accumulates in platelets, human erythroleukemia
cells, and umbilical vein endothelial cells. The second type, porcine
leukocyte-type 12-LOX, can metabolize both arachidonic acid and
linoleic acid and can produce 12(S)-HETE and a trace amount of 15-(S)-
HETE. The third type, called epithelium leukocyte-type 12-LOX and
reticulocyte 15-lipoxygenase are both enzymes that catalyze the for-
mation of 12(S)-HETE and 15(S)-HETE [5]. In humans, two types of 15-
LOX have been identified: reticulocyte type 15-LOX-1 and epidermis
type 15-LOX-2. In a rabbit reticulocyte mass, 15-LOX-1 was found as a
single, 75-kp polypeptide chain, while 15-LOX-2 was subsequently
discovered in the human prostate, skin, and cornea.

The small molecules to be used as enzyme inhibitors are heterocycles
containing nitrogen, sulfur or other heteroatoms. The design, synthesis
and development of these bioactive molecules each with unique phar-
macological properties is the most challenging [7]. In the last few de-
cades, azolic derivatives like triazole, thiazole, thiadiazole and
oxadiazole have attracted much attention because of their biological and
synthetic importance and involvement in the formation of their fused
heterocyclic-derived products [8]. Triazoles are five-member ring
structures of three nitrogen atoms and their derivatives can interact
easily towards various receptors and enzymes as hydrogen bond ac-
ceptors and donors resulting in a wide range of biological activities
[9-11]. 1,2,4-Triazoles have garnered the attention because of their
diverse pharmacological actions, minimal toxicities, powerful pharma-
cokinetic and pharmacodynamic features. Further, these molecules
afford great variety of molecules, straight forward synthetic plans and
usage in an array of combined analogues and non-fused scaffolds [8].

1,2,4-Triazole skeletons are incorporated in drugs including tri-
azolam, estazolam, alprazolam (tranquillizer and anticonvulsant), flu-
conazole, itraconazole (antifungal), ribavirin (antiviral), anastrozole
and rizatriptan (anti-migraine agents) and many others [12]. It is shown
that the triazole ring can serve various weak interactions, including
hydrophobic effects, coordination bonds, ion-dipole and hydrogen
bonding providing a linker of pharmacophore with the targeted multiple
binding sites [13]. In addition, 1,2,4-triazole nucleus exhibits stability
against chemical and metabolic degradation. It can increase the solu-
bility of the ligand and its polar nature can significantly enhance the

pharmacokinetics and pharmacodynamics properties of the drug [8].

According to the pharmacodynamical principle of superposition,
1,2,4-triazole is a versatile scaffold reported to have potential pharma-
cological activities, such as anticancer [14], antifungal [15], antiurease
[16], antiinflammatory [17], antioxidant [18] as well as anticonvulsant
[19] properties. Currently, letrozole, anastrozole and vorozole are
commonly used to treat estrogen-dependent breast cancer [20] (Fig. 1).
Some derivatives of clotrimazole have been reported as antifungal
agents [21]. Song et al synthesized a series of 4-N-nitro-
phenylsubstituted amino-4H-1,2,4-triazole derivatives as promising
aromatase inhibitors [22] Further, Cevik et al explored a new
benzimidazole-triazolothiadiazine hybrid with potent aromatase inhib-
itory activities [23]. Akhter et al reported a series of 1,2,4-triazole de-
rivatives with potent inhibitory activity against the HepG2 cancer cell
line [24].

In addition, Ouyang et al showed that a set of 1,2,4-triazole de-
rivatives completely inhibited the tubulin polymerization by inducing
cell cycle arrest at the G2/M phase of the A431 cell line [25]. Acetamide
and azinane-bearing lead compounds are significant and essential
pharmacophores of anticancer drugs [26]. Cefatrizine and tazobactam
are triazole based antimicrobial and anticancer drugs, respectively.
Therefore, 1,2,4-triazole nucleus can certainly provide avenues for re-
searchers to find inventive potential drug candidates with more efficacy
and selectivity [27].

1.1. Rationale of the work

Literature survey revealed that the piperidine analogues as vital
components of the molecular structure of some important drugs in the
treatment of various kinds of cancer, including cervical, pancreatic,
colon, and breast cancer [28,29]. Piperidine carboxamide and the ben-
zamide ring linked scaffolds are also found effective against SARS-CoV
[30]. Triazole caffeic acid esters (i-iii) are found potent LOX inhibitors
in sub-micromolar concentrations [31]. Compound (iv) with sulfone or
sulfonamide groups also inhibited 5-LOX due to the involvement of
hydrogen bonding and electrostatic interactions with various OH and
NH functionalities of amino acids that supported the inhibitions [32].
Likewise, triazolylpyrazole oximes with sulfonamido derivative (v)
showed potent inhibition (Fig. 2). The inhibitory potential compounds
(v,vi) revealed that they fitted easily into the hydrophobic U-shaped
pocket of the active site of the enzyme [33]. 4-Phenyl-1,2,4-triazole and
N-(4-chlorophenyl)acetamide (vii) had various substituents (R = OMe,
R; = Phenyl, Ry = Cl) which increased the possibilities of hydrogen
bonding and several hydrophobic interactions though the replacement
of phenyl ring with an allyl group substantially decreased the binding
affinity for 5-LOX [34]. Nevertheless, the conjugation of two or more
biologically active scaffolds presents innovative hybrid pharmacophores
with retained predetermined features. On this premise, earlier we syn-
thesized and reported several pharmacologically active triazole and
oxadiazole-based polyvalent derivatives (viii-xi) with acetamide func-
tionalities as LOX inhibitors [35-42]. In the present study, triazole and
propanamide hybrid pharmacophore with phenylcarbamoylpiperidine-
4-carboxylate core was designed and derivatized decorated with hy-
drophobic aryl rings on each side of the triazole ring in search for po-
tential leads as antiinflammatory agents (Fig. 2).

2. Results and discussion
2.1. Chemistry

In the present work, the synthesis of a new series of triazole
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methylacetamides (7a-0) was carried out as described in Scheme 1 and
further assessed for their in vitro enzyme inhibition potential against 15-
LOX favored by cytotoxicity and in silico inquisition. Intending to reach
the target compounds (7a-o0), phenylisocyanate was first rubbed with
isonepacotate (a) to get N-substituted ester (1), which was stirred with
hydrazine hydrate and furnished hydrazide (2). Emergence of two sin-
glets at § 4.03 (1H, NH) and 8.92 in TH NMR spectrum of 2 endorsed the
presence of NHNH; moiety. 4-Phenyl-(1-phenylcarbamoylpiperidine)
thiosemicarbazide (3) was obtained when the hydrazide (2) was
refluxed with phenyl isothiocyanate which was further refluxed in
presence of 10 % NaOH, to get an intramolecular cyclized product, 4-
phenyl-5-(1-phenylcarbamoylpiperidine)-4H-1,2,4-triazole-3-thiol (4).
These interceders were recognized by 'H NMR analysis, as N-phenyl
nuclei resonated at § 7.24 (5H, br s, N-Ph) in tandem with signals of
phenyl carbamoyl moiety at § 7.20 (1H, t, J = 7.5 Hz, H-4"), 7.42 (2H, t,
J = 7.5 Hz, H-3',5), 7.59 (2H, d, J = 7.5 Hz, H2',6') in spectrum of 3.
Besides, the C=S carbon nucleus reverberated at § 179.7 in the ">C-NMR
spectrum of 3, while, the peak for SH proton became visible at 5 11.3 in
the 'H NMR spectrum of compound 4. Successful transformation of 3
into phenyl substituted 1,2,4-triazol-3-thiol (4) was confirmed by the
absence of NH and carbonyl carbon signals in their respective NMR
spectra. The alkyl/aralkyl/aryl amines (5a-0; Table 1) were stirred with
2-bromopropionyl bromide in a basic medium (pH 9-10) with the focus
to get N-alkyl/aralkyl/aryl-2-bromopropanamides (6a-0), the other
precursors of intended compounds. Finally, the targeted derivatives
were procured by the coalescence of compound 4 separately with the
precursors 6a-o0, respectively. The details of the procedures to achieve
designed derivatives are laid out in the experimental section. Supple-
mentary material.

The compound 7a was synthesized as a white amorphous powder.
The infrared (IR) spectrum showed the absorption bands at 3364, 3044,
2942, 1680, 1663, 1620-1543, 1262 for N—H, Ar-H, C—H, C=0, Ar-
C=C, C=N, C—N functional groups, accordingly. In the 'H NMR
spectrum, two N-ethyl groups signaled at § 1.06 (3H, t, J = 7.1 Hz, H-
2"), 1.19 (3H, t, J = 7.1 Hz, H-2""), and 3.35 (4H, m, H-1"",1""),
respectively. A doublet of methyl appeared at § 1.62 (3H, d, J = 6.8 Hz,
H-3") allocated to the methyl group of linker amide. The resonating
peaks at 56 1.78-1.98 (4H, m, H-3',5"), 2.71 (1H, m, H-4"), 2.88 (2H, m, H-
2',6") and 4.03 (2H, m, H-2',6") advocated the presence of azinane ring
bonded to 1,2,4-triazole. The methine of propanamide was detected by
quartet arose at 5 4.97 (1H, q, J = 7.3 Hz, H-2"). The peaks displayed at §
7.29 (2H, m), 7.54 (3H, m) were allotted to the phenyl group attached to
a nitrogen atom of triazole, whereas, a triplet and a multiplet signal
exhibited at 5 7.00 (1H, t, J = 7.3 Hz, H-4"), 7.23 (4H, m, H-2",3",5",6")
confirmed the presence of second phenyl group in the molecule. The BB
and DEPT '3C NMR spectra showed totally 23 carbon signals for 27
carbons which underpinned the presence of three methyl, six methylene,
eight methine, and six quaternary carbon atoms. The most downfield
peaks at 6 170.7, 155.0, 158.0, and 152.0 were assigned to two amide
carbonyls and two quaternary carbons of triazole ring, respectively. The
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signal at § 40.9 was corroborated for methine carbon atom linked to
sulphur atom. The carbon signals at § 43.8, 43.8, 29.9 and 29.8 sub-
stantiated the existence of azinane ring. The carbon atoms of N-ethyl
groups resonated at § 43.2, 42.8, 14.9, and 13.0. The signals at § 139.1,
129.0, 123.2 and 120.1 were specified for the phenyl ring of phenyl-
carbamoyl moiety, while, the signals at § 133.0, 130.5, 130.4, 127.3
were assigned to the phenyl bonded to triazole nucleus. The molecular
formula Cy7H34NeO2S of 7a was established using HR-EI-MS which
showed the molecular ion [M]" peak at m/z 456.2330. The structure
elucidation of the remaining compounds 7b-o of the series was
composed in the same way and their spectral data is presented in the
experimental section.

2.2. 15-LOX inhibitory activities and SAR studies

The SAR studies have provided insights into the structural charac-
teristics that influenced the compounds inhibitory profiles against 15-
LOX enzyme. The core structure of triazole itself has three nitrogens
as heteroatoms and may exhibit different interactions with the enzyme’s
active site. Nonetheless, the substituents phenylcarbamoylpiperidine
and methylacetamides having a variety of substituents on amide nitro-
gen can change the activity pattern of the compounds by variable in-
teractions or differential inhibitory effects. In vitro 15-LOX inhibition of
designed compounds 7a-o using quercetin (ICsg 4.86 + 0.14 uM) and
baicalein (ICsg 2.24 + 0.13 uM) as references, and the activity data of
the compounds are summarized as ICsg (Mean + SEM) in Table 2.

As per our designing strategy to synthesize active moieties, all the
compounds except 7 h and 7 m inhibited the 15-LOX activity wherein 7c,
7 1, 7j and 7a showed the potent inhibitions with IC5y 1.92 + 0.13 uM,
3.29 £+ 0.19 uM, 6.75 + 0.34 uM and 7.65 £ 0.12 uM, respectively.
Further, compounds 7 g, 70, 7e, 7b, 7d, 7 k and 7n showed excellent
inhibitory values with ICsp 12.45 + 0.38 uM, 13.72 + 0.38 uM, 17.26 +
0.48 uM, 18.24 £ 0.45 uM, 19.25 £ 0.54 uM, 21.35 £+ 0.45 uM, 24.81 +
0.47 uM, respectively. Compounds 7i and 7f presented good inhibition
against the enzyme with ICsg 31.95 + 0.59 yM and 35.87 + 0.69 uM,
respectively (Fig. 3).

In this series (7a-0), four pharmacophoric groups are added for
predictable interactions with the substrate binding site and possible
hydrogen bonding with the oxygen and nitrogen atoms. The compound
with the cyclohexyl substituted analogue 7c (ICsp 1.92 + 0.13 pM)
observed 13-fold higher activity than its structural analogue containing
phenyl ring in 70 (IC5¢ 13.72 + 0.38 uM), suggesting that the unsatu-
ration of the ring caused a remarkable decrease in activity. This behavior
can be justified based on the positive inductive effect of phenyl sub-
stituent, while the cyclohexyl had the positive mesomeric effect, thus
enhancing the hydrogen bonding potential of the attached nitrogen
atom. Inhibitory activities of 7a (ICso 7.65 + 0.12 uM) and 7b (ICsg
18.24 + 0.45 uM) demonstrated that the diethyl groups in 7a have
intensified the charge density on nitrogen atom, increasing > 2-fold
activity than propyl substitution in 7b. To further elucidating the effects

N
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Fig. 1. Chemical structures of some 1,2,4-triazole based drugs.
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Scheme 1. Protocol for the synthesis of triazole amides (7a-0) from isonepacotate.

of the saturated alkyl substituents, we investigated the effects of sub-
stitutions at ortho, meta, and para positions on the phenyl group. A
methyl functional group at the 2,4- (7j) and 2,6- (71) positions of the
benzene ring resulted in a significant increase in activity of compounds
7j and 7 1 with IC50 6.75 + 0.34 uM and 3.29 + 0.19 pM, respectively, in
comparison with unsubstituted derivative 70 (IC5¢ 13.72 + 0.38 puM);
this effect may be due to the electron-donating nature of methyl groups,
that is, in 7 1, both methyl groups are near to the nitrogen atom,
increasing the potential of hydrogen bonding in 7 1 than in 7j.

Analysis of other disubstituted compounds with methyl groups (7i, 7
k, 7n) reinforced the role of the substituents position on the activity.
Equipotent compounds 7 k and 7n (IC5g 21.35 + 0.45 uM and ICsq 24.81
+ 0.47 uM) have one methyl group at the same meta position, while the
second methyl group at ortho (in 7 k) or meta (in 7n), causing a minor
increase in activity of 7 k than 7n, because of the presence of ortho
position near to nitrogen atom (Fig. 3). Activities of the monosubstituted
derivatives (7e, 7f, 7 g, 7 h) also supported the SAR analysis as
mentioned for disubstituted compounds. When collating the activities of
7eand 7 g (IC50 17.26 + 0.48 uM and 12.45 + 0.38 uM), it is illustrated
that the ethyl and methyl groups have comparable mesomeric effect. It is
also displayed from the ICsg values of 7e and 7f, that ortho substituted
derivative was more potent than meta substituted and same was true for
7g and 7h. From these investigations, it can be deliberated that the type
and positions of substituents at the phenyl ring are of considerable sig-
nificance in 15-LOX inhibitory activities (Fig. 3).

2.3. Cellular viability studies

Blood MNCs were employed for cytotoxic studies by MTT method at

0.125 mM concentration. Data in Table 2 shows that all the treated
MNCs maintained their viability in the range from 73.56 + 1.38 % to
98.75 £ 1.25 % and showed little toxicity as compared with the stan-
dard cytotoxic drugs at the same studied concentration. Compound 7g
displayed 73.56 + 1.38 % viability under the experimental conditions
and 7a as 98.75 + 1.25 % viability at 0.125 mM concentration.

2.4. Antioxidant activities

The DPPH radical scavenging activities of compounds 7a-o were
determined at 0.5 mM sample concentration along with the standard
quercetin. All the compounds exhibited < 30 % antioxidant activity
compared with the standard (83.61 + 1.3 %) at this concentration.

2.5. ADME studies

The pharmacodynamics properties of the compounds 7a-o were
determined by MedChem Designer software ver. 3.0 (Table 3). The
calculated properties of 7a-o illustrate their druglikeness profiles. All
compounds displayed good oral absorption properties as shown by their
M logP, S + logP and S + logD values. The molecular weights of all
compounds except one were > 500. The values of the number of rotat-
able bonds, molecular polar surface area and number of hydrogen bond
donors are within the limits as predicted by the rule of five and Veber
rule [43,44].

Successful drug absorption in the gastrointestinal tract (GIT) and
penetration of the blood-brain barrier (BBB) are crucial for effective
drug development. The boiled egg plot serves as a visual depiction
illustrating the absorption and penetration processes within the GIT and
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Table 1
Alkyl/aralkyl/aryl substituted amines.
Comp R Comp R
» 2™
a 2x #__CH, f
e
b L/\/ CH; g

%
g
=2

the BBB. The white portion of the egg represents the GIT absorption,
while the yolk-like interior signifies the compound’s passage through
the BBB. Fig. 4 shows that the compounds 7a, 7b and 7d possess the
ability to penetrate GIT and none of the analogues exhibited BBB
penetration or GIT absorption. The poor GIT penetration hinders effec-
tive absorption and reduces therapeutic benefits while molecules unable
to cross the BBB may fail to reach their CNS targets, hence leading to
limited efficacy (Fig. 5).

2.6. Molecular docking studies

Protein crystal structure of 15-LOX from soybean (PDB ID: 1IK3, 2.0
A) was downloaded and processed using Autodock and Biovia Discovery
Studio [45-47]. Every heteroatom, including the co-crystal ligand, was
eliminated from the protein and polar hydrogen atoms were added to get
the protonated protein crystal. All the active ligands were docked into
the active pocket of this 15-LOX protein using the built-in united atom
scoring function with 10 runs for each ligand after protein and ligand
preparation. The following amino acid residues make up the protein
active pocket; Glu197, Arg260, Val26, Asp25, Val256, Lys278, Leu560,
Leu563, Ala263, Phe272, GIn598, Asp592, Lys388, Asp 603, Tyr512,
Asp431, Leu729, GIn574, Pro759, GIn762, Phe761, Thr443, Gly579,
Arg580, Ile440, Trp578. During stiff receptor docking, the active pocket
was considered to be static, allowing for prolonged interaction times
between particular amino acid residues and chosen chemicals [46].
Finally, 2D and 3D poses were created, and best poses were selected for
further investigations.

The antiinflammatory potential of 7c and 7 1 was investigated by the

docking manifestations. The results show that the derivatives 7¢ and 71
formed the most stable contacts and had the highest docking scores
against the 15-LOX protein, —10.2 and —9.9 kcal/mol, respectively. The
information gleaned from docking studies is compiled in Table 4.

2.6.1. Binding interaction of potent derivatives

The docking scores and binding interactions of all the derivatives
(7a-0) were determined and visualized using Discovery studio and their
2D, 3D diagrams were generated. The results show that compound 7c
forms various stable bonding and non-bonding interactions with the
following amino acids of the active pocket, i.e., Ser444, Thr443, Arg580,
le440, Trp578, Gly579, Pro286, Leu285. Among all the binding in-
teractions, two conventional hydrogen bonds and one carbon hydrogen
bond is formed by the Ser444, Thr443 and Arg580 with the carbonyl
oxygen atom and nearby benzene ring. The 3 m-alkyl contacts are
established by the Ile440, Leu285 and Pro286 amino acid residues. All
the n-anion interactions are also observed by the two benzene rings of
both sides. The detailed interactions are illustrated Fig. 6.

Similarly, the docking interactions of compound 71 are compara-
tively more stable among all the studied analogues (7a-0). The binding
interactions of this compound include the amino acid residues, i.e.,
GIn762, Asn218, Thr443, Arg580, His219, Trp578, Ile440, Gly579,
Pro759. The docking score of 7c is slightly higher than 71 which may be
attributed to the addition of two methyl groups at the benzene ring. The
bonding and non-bonding interactions of 71 involve the formation of two
conventional hydrogen bonds and two n-donor hydrogen bonds along
with n-sigma and n-alkyl contacts. The two conventional hydrogen
bonds are formed by the amino acids Asn218 and GIn762 with the
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Table 2
15-LOX inhibitory, cytotoxicity profiles and antioxidant potential of compounds
7a-o (Mean + SEM, n = 3).

Comp 15-LOX assay MTT assay Antioxidant
Inhibition ICso Cell activity (%) at
(%) at 0.25 (uM) viability 0.5 mM
mM (%) at
0.125 mM
7a 89.12 + 1.27 7.65 98.75 + 136 +1.2
+0.12 1.25
7b 91.25 +1.24 18.24 87.45 + 143 + 1.4
+ 0.45 1.43
7c 93.15+1.28 1.92 78.76 + 125+ 1.6
+0.13 1.52
7d 92.34 £1.35 19.25 83.15 + 12.8 £ 1.2
+ 0.54 1.27
7e 91.23 £1.47 17.26 92.76 + 157 £ 1.5
+ 0.48 1.52
7f 74.19 £ 1.25 35.87 94.32 + 16.3 +£1.7
+0.69 1.47
78 8232 £1.46 1245 73.56 + 235+1.9
+0.38 1.38
7h 71.56 + 1.24 52.63 95.42 + 21.4+ 1.4
+0.67 151
7i 87.13+£1.59 31.95 92.75 + 325+1.6
+ 0.59 1.32
7j 88.14 £1.63 6.75 84.23 + 182+ 1.8
+0.34 143
7k 87.23 + 1.46 21.35 95.57 + 285+ 1.5
+045 1.23
71 89.12+1.39 3.29 75.17 + 16.3 + 1.7
+019 1.34
7m 48.26 £ 1.42 > 250 96.58 + 19.4 + 1.8
1.26
7n 87.35 +£1.23 24.81 94.72 + 139+ 1.5
+047 127
70 84.12+1.27 13.72 91.35 + 165+ 1.6
+0.38 1.23
Quercetin 96.63 + 1.24 4.86 - 83.61 +1.3
+0.14
Baicalein 93.79 £1.27 2.24 - -
+0.13
Cyclophosphamide - - 68.46 + -
1.95
Cisplatin - - 72.58 + -
1.93
Curcumin - - 73.92 + -
1.56

oxygen atom of both carbonyl groups. Correspondingly, two n-donor
hydrogen linkages are observed by the amino acids Thr443 and Arg580
with the phenylpiperidine ring present in the center of the molecule. All
other weak linkages are also observed with the same phenyl ring and
Trp578, 1le440, Gly579, Pro759 (Fig. 7).

2.7. Density functional theory calculations

Using B3LYP functional theory and the 6-31G basis set, all the DFT
calculations for the triazole derivatives (7a-0) were carried out as 6-32G
is the most popular medium basis set for the atoms up to argon [48].
Gaussian software was used to determine the dipole moment, molecular
polarizability, optimization energy, and numerous other characteristics
[49]. The maximum stability of any chemical is linked to its lowest
optimization energy, which may be reflected in its optimized structures.
The most powerful compounds, 7¢ and 71, optimized structures and
frontier molecule orbitals (FMOs) are shown in the Fig. 8.

2.8. Frontier molecular orbitals

The energy of any compound for its highest occupied and lowest
unoccupied molecular orbitals, or HOMO and LUMO, is used to deter-
mine the range of chemical properties related to its electronic

Bioorganic Chemistry 143 (2024) 106984

distribution. Any derivative with a high HOMO value appears to be an
excellent electron donor, and its electron acceptors property is reflected
by its LUMO values [51]. The determination of local reactivity at various
places in a compound is made easier with the help of the overall FMO
calculations. A compound’s HOMO/LUMO energy differential is a sig-
nificant indicator to observe its reactivity profile. Any compound with a
larger energy gap tends to be less reactive, as indicated by the high
hardness value of the compound. All the compounds (7a-0) appear to be
equally reactive based on the DFT calculations as shown by the nearly
equal energy gap, Eg,, = -0.168 eV, which is attributable to the simi-
larity in the structural of the compound. The Table 5 lists several
characteristics as well as the energy gap values for each compound
(Table 6).

The behavior of reactive sites for any compound can be estimated by
the value of its dipole moment, which is connected to the charge
segregation in a molecule. The relative charge separation in a molecule
is shown by the dipole moment’s highest value for 7h, i.e., 11.02 D, and
the lowest for 7f (4.80 D), respectively. The architectures of the HOMO
and LUMO orbitals for the most potent compounds are shown in Fig. 9,
while the polarizability, dipole moment, energy, and relative energy
gaps are calculated and presented in Table 5, Fig. 10.

2.8.1. Chemical descriptors

The different parameters used to assess a compound’s reactivity also
include chemical hardness, chemical softness, electronegativity, elec-
trophilicity index, and electronic chemical potential. The chemical for-
mula (Erymo-Enomo)/2) is used to determine the chemical hardness of a
chemical system based on its stability and reactivity [52]. The ability of
an atom in a molecule to draw electrons towards itself is known as
electronegativity, which is quantified by the formula X = - (Egyomo +
Erumo)/2). The electrophilicity index measures a molecule’s capacity to
accept electrons by utilizing its chemical hardness and electronic
chemical potential. Table 5 contains the values of several chemical de-
scriptors for all substances were determined and found similar.

2.8.2. Molecular dynamics simulations

The dynamic stability of the docked complex and the flexibility of the
receptor protein were assessed using the MD simulation, an analytical
technique that employs Newton’s equations of motion. The LOX protein
was in the most stable docking position when the protein-ligand com-
plex of the 7c¢ derivative was simulated in aqueous conditions for 50 ns
using NAMD software. Root mean square deviation (RMSD) and root
mean square fluctuation (RMSF) data were utilized to forecast and
analyze protein and behavior of the complex over the course of a
trajectory.

For any complex, an RMSD value of < 2 is regarded as stable [50].
The score of 7c¢ ligand-receptor complex demonstrates its relative high
behavior stability as compared to the value of the single protein. The
ligand-protein complex remained in steady state throughout the whole
process with minor changes along the trajectory as predicted by the
RMSD values. The graphical representation of the ligand-receptor
complex coupled with the RMSD and RMSF values is given in Fig. 8.
The flexibility of protein residues is measured by RMSF values. RMSF is
used in molecular dynamics simulations to identify protein areas that
are more flexible than others. For instance, residues that participate in
molecule-to-molecule interaction are frequently more flexible than
other residues. The RMSF of our 7c protein ligand complex indicate that
the protein is relatively stable during simulation. The few amino acids
are more flexible as indicated by the higher peaks in the graph.

3. Conclusions

In conclusion, a series of N-alkyl/aralkyl/aryl analogues (7a-o) of 4-
phenyl-5-(1-phenylcarbamoylpiperidine)-4H-1,2,4-triazole-3-thiol was
designed, synthesized, characterized and evaluated for inhibitory
studies against soybean 15-LOX. Most of the compounds revealed
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Fig. 3. Combined structure activity relationship (SAR) and docking study of 7a-o.

Table 3
The calculated ADME properties of compounds 7a-o.
Comp MlogP S + logP S + logD M. W. M_NO T_PSA HBDH nv
Lipinski/ Veber <5 <5 <5 <500 <10 <140 A2 <5 <1
7a 3.815 3.244 3.244 506.674 8 83.360 1 1
7b 3.614 3.016 3.016 492.647 8 92.150 2 0
7c 4.209 3.910 3.910 532.712 8 92.150 2 1
7d 4.188 3.536 3.536 540.691 8 92.150 2 1
7e 4.456 4.076 4.076 540.691 8 92.150 2 1
7f 4.456 4.151 4.151 540.691 8 92.150 2 1
78 4.646 4.433 4.433 554.718 8 92.150 2 1
7h 4.646 4.547 4.547 554.718 8 92.150 2 1
7i 4.646 4.396 4.396 554.718 8 92.150 2 1
7j 4.646 4.441 4.440 554.718 8 92.150 2 1
7k 4.464 4.436 4.436 554.718 8 92.150 2 1
71 4.464 4.353 4.353 554.718 8 92.150 2 1
7m 4.464 4.478 4.478 554.718 8 92.150 2 1
7n 4.464 4.509 4.509 554.718 8 92.150 2 1
70 4.263 3.814 3.814 526.664 8 92.150 2 1
Quercetin —0.235 1.958 1.529 302.242 7 131.36 5 0
Baicalein 1.296 3.019 2.823 270.243 5 90.9 3 0

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.

remarkable inhibitions against 15-LOX. Compounds 7¢, 71, 7j and 7a
exhibited potent inhibitions from ICsy 1.92 + 0.13 pM to 7.65 + 0.12
uM and other derivatives 7g, 70, 7e, 7b, 7d, 7k and 7n exposed excellent
inhibitory profiles from ICsy 12.45 + 0.38 uM to 24.81 + 0.47 uM. These
compounds did not show DPPH radical scavenging activity and observed
less toxicity towards blood MNCs. The potent analogues displayed
druglikeness features. The types and positions of substituents at the
phenyl ring greatly influenced 15-LOX inhibitory activities. Mono-alkyl
substituted analogues were comparatively more potent than the disub-
stituted and ortho substituted derivatives were more active than meta
substituted ones. The reduced inhibitory activities in the unsaturated
cyclohexyl substituted analogues was due to the intensive inductive and
mesomeric effects. Compounds 7c¢ and 71 were found most stable with
lowest binding free energies of —10.2 and —9.9 kcal/mol, respectively,

during the docking studies. Arg378 was involved in hydrogen bonding
between the baicalein and 7n, 7g, 7h and the receptor while Asn375
participated in hydrogen bonding in 7a and quercetin. DFT calculations
revealed that compounds with more stabilized LUMO orbitals were good
inhibitors as predicted by in vitro data. The MD simulations of pro-
tein-ligand complex 7c¢ projected its stability of 7c¢ under 100 ns simu-
lation. The data altogether demonstrates 7c, 71, 7a, 7j analogues as
leads in search for 15-LOX inhibitors as antiinflammatory agents. Work
is in progress in search for more analogues as potential leads.
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Fig. 4. Boiled egg plot depicting the human intestinal absorption (HIA) and blood brain barrier (BBB) penetration ability of the analogues. PGP in the graph indicate
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Fig. 5. Crystal structure of protein 15-LOX (PDB ID: 1IK3) and its active pocket with the ligands.

4. Experimental
4.1. Materials

All the chemicals and solvents of analytical grade were purchased
from Sigma, Aldrich, and Alfa Aesar. The 'H- and 13C-NMR spectra were
inscribed on Bruker instrument operating at 400 and 100 MHz,
respectively, employing tetramethylsilane as an internal standard. IR
spectra were obtained on Shimadzu 460 FTIR spectrometer as KBr pel-
lets. The mass spectra were recorded on JMSA 500 mass spectrometer
and JMS H x 110 spectrometer with a data system. Melting points were
ascertained by using Gallen Kemp electrothermal apparatus.

4.2. Synthesis of ethyl 1-phenylcarbamoylpiperidine-4-carboxylate (1)

Phenyl isocyanate (0.025 mol, 2.98 mL) was trickled to ethyl
piperidine-4-carboxylate (a; 0.025 mol, 3.8 mL) taken in a watch glass
with incessant grinding, which continued (15-20 min) till the appear-
ance of a single spot on TLC. The physical and spectroscopic data of
compound 1 is given below: White solid; Yield: 97 %; M.P.: (104-109C);
IR (KBr, Vmax, cm_l): 3397 (N—H), 3042 (Ar-H), 2951 (C—H), 1733,
1661 (C=0), 1614-1561 (Ar-C=C), 1262 (C—0, C—N); 'H NMR (400
MHz, CDCls, ppm): 5 1.24 (3H, t, J = 7.0 Hz, CH3-CH,-0), 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-CH,-0),7.07 (1H, t, J = 8.3 Hz, H-4'), 7.37 (2H, J = 8.3 Hz, H-3',5"),
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Table 4

Binding free energy (kcal/mol) and molecular binding interactions displayed by
ligand—protein complexes. Quercetin (*Q) and baicalein (*B) are standard
inhibitors.

Comp Binding Interaction type  Amino acid residues RMSD
free energy A)
7a -8.6 Hydrogen GIn574, Arg731, 1.32
Bonding GIn762, Thr443,
Arg580
Hydrophobic Leu729, Pro759,
interactions Gly579, 1le440, Trp578
7b -85 Hydrogen GIn762, Arg299, 1.51
bonding Thr443, Arg580,
Glu573, GIn574
Hydrophobic Gly579, Pro759,
interactions Trp578, Ile440,
7c -10.2 Hydrogen Ser444, Thr443, Arg580  1.41
Bonding
Hydrophobic 1le440, Trp578, Gly579,
interactions Pro286, Leu285
7d -8.3 Hydrogen Ser444, Arg731, 1.28
Bonding Arg580, Thr443
Hydrophobic Trp578, Ile440, Gly579,
interactions Leu729
7e -9.2 Hydrogen GIn574, Arg580, 0.45
Bonding Thr443, GIn762
Hydrophobic Trp578, Gly579, Ile440,
interactions Arg731
7f -9.3 Hydrogen Ser444, Thr443, 0.98
Bonding GIn574, Arg580
Hydrophobic Gly579, 1le440, Trp578,
interactions Leu285, Pro286
78 -89 Hydrogen GIn762, Arg580, Gly579  1.63
Bonding
Hydrophobic Arg299, Phe761,
interactions Pro759, Leu729,
7h -8.7 Hydrogen Thr443, Ser444, GIn762 1.14
bonding
Hydrophobic Phe761, Phe292,
interactions Glu573, Arg221, His219
7i -9.1 Hydrogen Thr443, Arg580, 0.76
Bonding GIn574
Hydrophobic His219, Arg731, Pro759
interactions
7j -9.2 Hydrogen Thr443, Arg580, 1.52
Bonding GIn762
Hydrophobic Phe761, Leu729, 1le440,
interactions Gly579
7k -9.0 Hydrogen GIn762, Arg580, 1.93
Bonding Thr443, Ser444
Hydrophobic Phe761, Leu729,
interactions Pro759, Gly579,
Trp578, 1le440
71 -9.9 Hydrogen GIn762, Asn218, 0.42
Bonding Thr443, Arg 580
Hydrophobic His219, Trp578, Ile440,
interactions Gly579, Pro759,
7m -9.6 Hydrogen Ser444, Thr443, 1.42
Bonding Arg580, GIn574
Hydrophobic Gly579, Trp578,
interactions Pro286, Leu385
7n -9.4 Hydrogen Thr445, Ser444, 1.46
Bonding Thr443, GIn762
Hydrophobic Phe761, Arg299,
interactions Pro759, Arg221,
Glu573, His219
70 -9.1 Hydrogen Ser444, Thr443, 1.21
bonding Arg580, GIn574
Hydrophobic Gly579, 1le440, Trp578,
interactions Leu285, Pro286
*Q —8.47 Hydrogen Arg389, Asp608, 1.13
bonding Lys388, Asn375
Hydrophobic Val589, Asp592,
interactions Asp390, Asp428,
Leu,380
*B —8.96 Hydrogen Asp431, Arg378, 1.53
bonding Leu376
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Table 4 (continued)

RMSD
&

Comp  Binding Amino acid residues

free energy

Interaction type

Hydrophobic
interactions

Val594, Trp593,
Leu520, Tyr512,
Val589, GIn598, Cys379

7.50 (2H, d, J = 8.3 Hz, H-2',6"); 3¢ NMR (100 MHz, CDCl3): § 14.1
(CHj3), 28.5 (C-3,5), 40.4 (C-4), 46.5 (C-2,6), 61.6 (CHy), 121.6 (C-2',6"),
128.0 (C-4"), 128.9 (C-3',5"), 139.4 (C-1"), 153.3 (C=0), 175.8 (COOEL);
HR-EI-MS (m/2): 276.1491 [M]" calculated for C;5HooN203; 276.1571.

4.3. Synthesis of 1-phenylcarbamoylpiperidine-4-carboxamide (2)

White fleecy precipitates of 1-phenylcarbamoylpiperidine-4-carbox-
amide (2) were synthesized when ethyl 1-phenylcarbamoylpiperidine-4-
carboxylate (1; 0.024 mol, 6.7 g) was stirred for 4-5 h with 30 mL of
hydrazine hydrate (80 %) in 100 mL round bottom flask. Precipitates
were filtered, washed with cold distilled water, and dried. The physical
and spectroscopic data of 2 is as follows: White shiny powder; Yield: 99
%; M.P.: (160-163 °C); IR (KBr, vmax, Cmfl): 3385, 3353 (N—H), 3031
(Ar-H), 2948 (C—H), 1672, 1651 (C=0), 1617-1562 (Ar-C=C), 1239
(C—N); 'H NMR (400 MHz, CDCl3, ppm): § 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-4"), 7.30
(2H, t, J = 8.5 Hz, H-3',5, 7.58 (2H, d, J = 8.5 Hz, H-2,6"; '3C NMR
(100 MHz, CDCl3): § 29.4 (C-3,5), 40.1 (C-4), 47.0 (C-2,6), 121.6 (C-
2',6", 128.0 (C-4", 128.9 (C-3',5", 139.4 (C-19, 153.5 (C=0), 178.2
(CONH); HR-EI-MS (m/z): 262.1449 [M]" calculated for C;3H;gN4O00;
262.1483.

4.4. Synthesis of 4-phenyl-(1-phenylcarbamoylpiperidine)thiosemicarba-
zide (3)

Phenyl isothiocyanate (2.63 mL, 0.022 mol) was added drop by drop
with stirring to a 100 mL round bottom flask containing solution of
compound 2 (5.9 g, 0.022 mol) using 30 mL of methanol as solvent. The
mixture was refluxed and stirred for 3-4 h and the precipitates were
formed on cooling which were filtered, washed and dried. Below is the
physical and spectroscopic data of 3: White powder; Yield: 97 %; M.P.:
181-185C; IR (KBr, vmax, em™1): 3363 (N—H), 3032 (Ar-H), 2938
(C—H), 1677, 1662 (C=0), 1616-1551 (Ar-C=C), 1213 (C—N); ‘H
NMR (400 MHz, CDCl3, ppm): § 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-4"), 7.25 (5H, br's, N-Ph),
7.30 (2H, t, J = 8.5 Hz, H-3',5, 7.58 (2H, d, J = 8.5 Hz, H-2,6"; 1°C
NMR (100 MHz, CDCl3): § 29.4 (C-3,5), 40.1 (C-4), 47.0 (C-2,6), 121.6
(C-2',6", 128.0 (C-4", 128.9 (C-3',5"), 139.4 (C-1"), N-Ph [126.5 (C-2,6),
128.6 (C-4), 127.8 (C-3,5), 134.5 (C-1)], 153.8 (C=0), 173.2 (CO),
181.5 (C=S); HR-EI-MS (m/z): 397.1593 [M]" calculated for
C20H23N502S; 397.1570.

4.5. Synthesis of 4-phenyl-5-(1-phenylcarbamoylpiperidine)-4H-1,2,4-
triazole-3-thiol (4)

In a 100 mL round bottom flask, compound 3 (0.021 mol, 8.5 g) was
taken and dissolved in 10 % aqueous NaOH (30 mL) then refluxed for 4
h. After having single spot on TLC, the reaction mixture was poured into
ice-cold water, pH 5-6 was attained using dilute HCl, precipitates were
formed which were filtered, washed, and dried. The physical and
spectroscopic data of 4 is as follows: White powder; Yield: 96 %; M.P.:
263-265C; IR (KBr, vmax, cm 1): 3367 (N—H), 3029 (Ar-H), 2931
(C—H), 1663 (C=0), 1617-1561 (Ar C=C, C=N), 1236 (C—N); 'H
NMR (400 MHz, CDCls, ppm): § 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-4"), 7.37 (2H, t,J = 8.5
Hz, H-3",5"), 7.50 (2H, d, J = 8.5 Hz, H-2",6"), 13.1 (1H, SH), N-Ph [7.41
(2H, m, H-2,6), 7.60 (3H, m, H-3-5)]; '*C NMR (100 MHz, CDCl3): &
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Energy Optimized

Fig. 8. Optimized structures along with HOMO and LUMO for 7c¢ using B3LYP/6-31G level of theory. Red, yellow and blue atoms indicate O, S and N atoms. Green
color indicates electrophilic behavior and red color nucleophilic behavior. (For interpretation of the references to color in this figure legend, the reader is referred to

the web version of this article.)

29.4 (C-3,5", 40.1 (C-4"), 47.0 (C-2',6", 121.6 (C-2",6"), 128.0 (C-4"),
128.9 (C-3",5"), 139.4 (C-1"), N-Ph [126.5 (C-2,6), 128.6 (C-4), 127.8
(C-3,5), 134.5 (C-1)]1, 153.8 (C=0), 173.2 (CO), 181.5 (C=S); HR-EI-
MS (m/2): 379.1451 [M] " calculated for CogHa1Ns5OS; 379.1464.

4.6. General procedure for the synthesis of compounds (6a-0)

Computed amounts of alkyl/aralkyl/aryl amines (5a-o, 0.01 mol)

11

were added separately in a quick fit Erlenmeyer flask containing 20 %
aqueous NayCOg solution to sustain the pH 9-10. The bromopropionyl
bromide (0.01 mol) was added slowly into the flask over 3-4 min with
persistent vigorous shaking until the appearance of precipitates followed
by stirring to get homogenous precipitates after 1-2 h. The solid product
was filtered, washed with cold water, and dried to get the respective
electrophile(s), N-alkyl/aralkyl/aryl substituted-2-bromopropanamides
(6a-0).
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Table 5
HOMO, LUMO and Optimization energies and their energy gaps.
Comp Optimization Dipole moment (D) Polarizability (o) HOMO (eV) LUMO (eV) HOMO-LUMO (A eV)
Energy
(eV)
7a —1916.38 9.27 386.56 —0.221 —0.053 —0.168
7b —1877.29 6.93 374.24 —0.222 —0.0534 —0.169
7c —1993.40 7.04 406.33 —0.222 —0.053 —-0.169
7d —2028.88 9.25 407.77 —0.224 —0.062 —0.162
7e —2028.88 6.22 419.35 —0.223 —0.055 —0.168
7f —2028.67 4.80 360.89 —0.207 —0.034 —-0.173
78 —2067.99 6.70 430.53 —0.223 —0.054 —0.169
7h —2067.75 11.35 391.32 —0.225 —0.065 —0.160
7i —2067.99 10.22 432.95 —0.222 —0.055 —0.167
7j —2067.99 10.90 389.22 —0.222 —0.054 —0.168
7k —2067.99 6.69 432.07 —0.223 —0.054 —0.169
71 —2067.99 6.34 430.62 —0.223 —0.055 —0.168
7m —2067.99 6.50 439.29 —0.222 —0.054 —0.168
7n —2068.00 6.44 438.29 —0.223 —0.054 —0.169
70 —1989.78 6.20 411.78 —0.223 —0.055 —0.168
Table 6
The calculated values of chemical descriptors for all scaffolds (7a-o0).
Comp Chemical Potential p (eV) Electronegativity X (eV) Hardness n (eV) softness S (eV-1) Electrophilicity index ® (eV)
7a —0.137 0.137 0.084 5.95 0.112
7b —0.138 0.138 0.084 5.93 0.112
7c —0.138 0.138 0.085 5.92 0.112
7d —0.143 0.143 0.081 6.17 0.126
7e —0.139 0.139 0.084 5.95 0.115
7f -0.121 0.121 0.087 5.78 0.084
78 —0.139 0.139 0.085 5.92 0.114
7h —0.145 0.145 0.080 6.25 0.131
7i —0.139 0.139 0.084 5.99 0.115
7j —0.138 0.138 0.084 5.95 0.113
7k —0.139 0.139 0.085 5.92 0.114
71 —0.389 0.389 —0.166 -3.01 —0.456
7m —0.138 0.138 0.084 5.95 0.113
7n —0.139 0.139 0.085 5.92 0.114
70 —0.139 0.139 0.084 5.95 0.115

HOMO (eV) =-0.223
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Fig. 9. Optimized structures along with the HOMO and LUMO orbitals for 71 using B3LYP/6-31G level of theory. Red, yellow and blue atoms indicate O, S and N
atoms. Green color indicates electrophilic behavior and red color nucleophilic behavior. (For interpretation of the references to color in this figure legend, the reader
is referred to the web version of this article.)
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Fig. 10. Prediction of the dynamic stability of 7c ligand-protein complex as expressed by their RMSD and RMSF values.

4.7. General method for the synthesis of compounds (7a-0)

Compound 4 (0.2 g, 0.5 mmol) was dissolved in 5 mL methanol
followed by the addition of 30 mL ethanolic KOH (0.5 mmol) and the
mixture was stirred for 30 min at room temperature. The electrophiles
(6a-0), separately, were added slowly to the mixture and set to reflux for
4-5 h. An excess amount of cold distilled water was added to get the
precipitates of the final products, 7a-o, separately, which were filtered,
washed, and dried.

4.7.1. 2-(5-(1-Phenylcarbamoylpiperidine-4-yD-4-phenyl-4H-1,2,4-
triazol-3-ylthio)-N, N-diethylmethylacetamide (7a)

White amorphous powder; Yield: 92 %; M.P.: 95-100C; IR (KBr, vmax,
em 1) 3364 (N—H), 3044 (Ar-H), 2942 (C—H), 1680, 1663 (C=0),
1620-1543 (Ar-C=C, C=N), 1262 (C—N); 'HNMR (400 MHz, CDCl3): §
1.07 (3H, t,J = 7.0 Hz, H-2""), 1.22 (3H, t, J = 7.0 Hz, H-2""), 1.62 (3H,
d, J= 6.8 Hz, H-3"), 1.78-1.98 (4H, m, H-3',5"), 2.70 (1H, m, H-4"), 2.88
(2H, m, H-2',6", 3.35 (3H, m, H-1",1"™), 3.58 (1H, m, H-1"",1"), 4.03
(2H, m, H-2',6"), 4.97 (1H, q, J = 6.8 Hz, H-2"™), 7.00 (1H, t, J = 8.3 Hz,
H-4"), 7.22-7.27 (4H, overlapped signal, H-2",3",5",6"), N-Ph [7.29 (2H,
m, H-2,6), 7.54 (3H, m, H-3-5)]; 13C NMR (100 MHz, CDCls): 5 13.0 (C-
2", 14.9 (C-2""), 20.1 (C-3"), 29.8 (C-5"), 29.9 (C-3"), 32.5 (C-4"), 40.9
(C-2"), 42.8 (C-1"), 43.2 (C-1"), 43.7 (C-6"), 43.8 (C-2"), 120.1 (C-
2".6"),123.2 (C-4"), 129.0 (C-3",5"), N-Ph [127.3 (C-2,6), 130.4 (C-3,5),
130.5 (C-4), 133.0 (C-1)], 139.1 (C-1"M), 152.0 (C-3), 155.0 (C=0),
158.0 (C-5), 170.7 (C-1"); HR-EI-MS (m/2): 456.2330 [M]" calculated
for C27H34N602S; 456.2307.

4.7.2. 2-(5-(1-Phenylcarbamoylpiperidine-4-yl)-4-phenyl-4H-1,2,4-
triazol-3-ylthio)-N-n-propylmethylacetamide (7b)

White amorphous powder; Yield: 94 %; M.P.: 114-120C; IR (KBr,
Vmax, em™1): 3361 (N—H), 3034 (Ar-H), 2952 (C—H), 1681, 1660
(C=0), 1619-1541 (Ar-C=C, C=N), 1262 (C—N); 'H NMR (400 MHz,
CDCls): 5 0.84 (3H, t, J = 7.0 Hz, H-3"), 1.46-1.53 (2H, m, H-2""), 1.47
(3H, d, J = 7.0 Hz, H-3"), 1.50 (2H, m, H-2""), 1.78-1.98 (4H, m, H-
3',5", 2.73 (1H, m, H-4", 2.88 (2H, m, H-2',6", 3.18 (3H, t, J = 7.0 Hz, H-
1", 4.05 (2H, m, H-2',6", 4.32 (1H, q, J = 7.0 Hz, H-2"), 7.01 (1H, t, J
= 8.2 Hz, H-4"), 7.22-7.27 (4H, overlapped signal, H-2",3",5",6"), N-Ph
[7.29 (2H, m, H-2,6), 7.57 (3H, m, H-3-5)]; 13C NMR (100 MHz, CDCl3):
§11.4(C-3"), 16.9 (C-3"), 22.7 (C-2""), 29.8 (C-5"), 29.9 (C-3"), 32.6 (C-
4", 41.6 (C-2"), 43.5 (C-1"), 43.7 (C-6"), 43.8 (C-2"), 120.1 (C-2",6"),
123.2 (C-4"), 127.2 (C-2",6""), 129.0 (C-3",5"), N-Ph [127.2 (C-2,6),
130.5 (C-3,5), 130.8 (C-4), 132.7 (C-1)]1, 139.0 (C-1"), 152.5 (C-3),
154.9 (C=0), 158.0 (C-5), 170.6 (C-1"); HR-EI-MS (m/z): 492.2169
[M]" calculated for CogHs3aNgO5S; 492.2150.

4.7.3. 2-(5-(1-Phenylcarbamoylpiperidine-4-yl)-4-phenyl-4H-1,2,4-
triazol-3-ylthio)-N-cyclohexylmethylacetamide (7c)
White amorphous powder; Yield: 92 %; M.P.: 208-220 C; IR (KBr,
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Vmaxo cmfl): 3352 (N—H), 3032 (Ar-H), 2956 (C—H), 1682, 1664
(C=0), 1624-1544 (Ar-C—C, C=N), 1260 (C—N); 'H NMR (400 MHz,
CDCl3): 6 1.10-1.37 (4H, m, H-2"",3""), 1.46 (3H, d, J = 7.0 Hz, H-3"),
1.54 (2H, m, H-4""), 1.66-1.89 (5H, m, H-1"",5"",6""), 1.91-2.00 (4H, m,
H-3',5), 2.73 (1H, m, H-4), 2.87 (2H, m, H-2',6"), 3.71 (1H, m, H-1""),
4.05 (2H, m, H-2',6"), 4.28 (1H, q, J = 7.0 Hz, H-2"), 7.00 (1H, t, J = 8.2
Hz, H-4"), 7.20-7.26 (2H, overlapped signal, H-2",3",5",6"), N-Ph
[7.20-7.23 (2H, m, H-2,6), 7.56 (3H, m, H-3-5)]; 13¢ NMR (100 MHz,
CDCl5): 6 16.8 (C-3"), 24.6 (C-3"",5"), 29.8 (C-5", 30.0 (C-3), 32.3 (C-
4", 32.6 (C-2",6™), 32.7 (C-4"), 43.5 (C-2™), 43.8 (C-6'), 43.9 (C-2",
48.4 (C-1"), 120.1 (C-2",6"), 123.2 (C-4"), 127.2 (C-2"",6""), 129.0 (C-
3",5"), N-Ph [127.2 (C-2,6), 130.4 (C-3,5), 130.7 (C-4), 132.8 (C-1)],
139.1 (C =1"), 152.2 (C-3), 155.0 (C=0), 158.0 (C-5), 170.3 (C-1");
HR-EI-MS (m/z): 532.2483 [M]" calculated for C3gH3gNg05S; 532.2463.

4.7.4. 2-(5-(1-Phenylcarbamoylpiperidine-4-yl)-4-phenyl-4H-1,2,4-
triazol-3-ylthio)-N-benzylmethylacetamide (7d)

White amorphous powder; Yield: 91 %; M.P.: 194-200C; IR (KBr,
Umax, €M V) 3354 (N—H), 3038 (Ar-H), 2956 (C—H), 1681, 1661
(C=0), 1620-1540 (Ar-C=C, C=N), 1260 (C—N); 'H NMR (400 MHz,
CD30D): 6§ 1.52 (3H, d, J = 7.0 Hz, H-3"), 1.73-1.94 (4H, m, H-3',5"),
2.72 (1H, m, H-4"), 2.89 (2H, m, H-2',6"), 4.02 (2H, m, H-2',6"), 4.41 (3H,
overlapped signal, H-2",7""), 7.01 (1H, t, J = 8.2 Hz, H-4"), 7.22 (5H, m,
H-2""-6""), 7.25 (4H, m, H-2",3",5",6"), N-Ph [7.30 (2H, m, H-2,6), 7.56
(3H, m, H-3-5)]; 13C NMR (100 MHz, CD30D): §16.7 (C-3"), 29.8 (C-5"),
29.9 (C-3", 32.5(C-4"), 42.8 (C-2"), 43.6 (C-1"), 43.7 (C-6"), 43.8 (C-2),
120.1 (C-2",6™), 123.2 (C-4"), 127.1 (C-5"), 127.2 (C-4",6""), 127.7 (C-
3"™,7"), N-Ph [128.6 (C-2,6), 130.5 (C-3,5), 130.7 (C-4), 132.6 (C-1)1,
138.6 (C-2"), 139.0 (C-1"), 152.4 (C-3), 155.0 (C=0), 158.0 (C-5),
171.4 (C-1™); HR-EI-MS (m/z): 540.2169 [M]" calculated for
C30H32N6025; 540.2150.

4.7.5. 2-(5-(1-Phenylcarbamoylpiperidine-4-yl)-4-phenyl-4H-1,2,4-
triazol-3-ylthio)-N-(2-methylphenyDmethylacetamide (7e)

White amorphous powder; Yield: 86 %; M.P.: 175-182C; IR (KBr,
Umax, Cm V) 3352 (N—H), 3037 (Ar-H), 2953 (C—H), 1680, 1665
(C=0), 1620-1530 (Ar-C—=C, C=N), 1260 (C—N); 'H NMR (400 MHz,
CDCl3): 61.58 (3H, d, J = 7.0 Hz, H-3"), 1.76-2.00 (4H, m, H-3',5"), 2.33
(3H, s, CH3), 2.73 (1H, m, H-4"), 2.87 (2H, m, H-2',6"), 4.03 (2H, m, H-
26", 4.64 (1H, q, J = 7.0 Hz, H-2"), 7.02 (2H, overlapped signal, H-
4" 6", 7.14 (2H, m, H-4"",5"), 7.24 (4H, m, H-2",3",5",6"), N-Ph [7.31
(2H, m, H-2,6), 7.57 (3H, m, H-3-5)1, 8.01 (1H, d, J = 8.2 Hz, H-3""); 13C
NMR (100 MHz, CDCl3): § 16.5 (C-3"), 18.4 (CH3), 29.9 (C-3", 30.0 (C-
5", 32.6 (C-4), 42.9 (C-2"), 43.7 (C-6", 43.8 (C-2"), 120.1 (C-2",6"),
122.2 (C-2"), 123.3(C-4"), 124.7 (C-5""), 127.1 (C-4""), 128.9 (C-3",5"),
129.0 (C-3""), N-Ph [126.6 (C-2,6), 130.5 (C-3,5), 130.6 (C-4), 132.5 (C-
1)], 130.9 (C-2"), 136.5 (C-1"), 139.0 (C-1"), 152.7 (C-3), 155.0
(C=0), 158.3 (C-5), 169.7 (C-1"); HR-EI-MS (m/z): 540.2170 [M]™"
calculated for C3gH35Ng05S; 540.2150.



Z. Nawaz et al.

4.7.6. 2-(5-(1-Phenylcarbamoylpiperidine-4-yD)-4-phenyl-4H-1,2,4-
triazol-3-ylthio)-N-(3-methylphenyl)methylacetamide (7f)

White amorphous powder; Yield: 88 %; M.P.: 125-130C; IR (KBr,
Vmaxs cmfl): 3351 (N—H), 3034 (Ar-H), 2952 (C—H), 1681, 1662
(C=0), 1618-1525 (Ar-C=C, C=N), 1262 (C—N); 'H NMR (400 MHz,
CDClg): 61.56 (3H, d, J =7.0 Hz, H-3"), 1.79-1.99 (4H, m, H-3',5"), 2.32
(3H, s, CHs), 2.74 (1H, m, H-4"), 2.88 (2H, m, H-2',6"), 4.07 (2H, m, H-
2',6"), 4.50 (1H, q, J = 7.0 Hz, H-2"), 6.89 (1H, d, J = 8.5 Hz, H-6""),
7.02 (1H, t, J = 8.0 Hz, H-4"), 7.18 (1H, t, J = 8.5 Hz, H-5""), 7.25 (4H,
m, H-2",3",5",6"), N-Ph [7.29 (2H, m, H-2,6), 7.57 (3H, m, H-3-5)]; 7.41
(1H, d, J = 8.5 Hz, H-4"™), 7.48 (1H, s, H-2""), 13C NMR (100 MHz,
CDCl3): § 16.3 (C-3"), 21.6 (CH3), 29.8 (C-5", 30.0 (C-3", 32.6 (C-4"),
43.4 (C-6", 43.4 (C-2"), 43.9 (C-2"), 116.9 (C-2"), 120.1 (C-2",6"),
120.3 (C-6""), 123.2 (C-4"), 123.3 (C-4"), 128.8 (C-5""), 129.0 (C-3",5"),
N-Ph [124.9 (C-2,6), 130.5 (C-3,5), 130.9 (C-4), 138.4 (C-1)], 138.9 (C-
1", 139.0 (C-1"), 152.9 (C-3), 154.9 (C=0), 158.1 (C-5), 169.3 (C-1");
HR-EI-MS (m/z): 540.2170 [M]" calculated for C3oH32Ng05S; 540.2150.

4.7.7. 2-(5-(1-Phenylcarbamoylpiperidine-4-yl)-4-phenyl-4H-1,2,4-
triazol-3-ylthio)-N-(2-ethylphenyl)methylacetamide (7 g)

White amorphous powder; Yield: 90 %; M.P.: 94-105C; IR (KBr, vmax,
cmfl): 3351 (N—H), 3030 (Ar-H), 2952 (C—H), 1680, 1664 (C=0),
1618-1520 (Ar-C—=C, C—=N), 1261 (C—N); THNMR (400 MHz, CDCl53): 6
1.14 (3H, t, J = 7.1 Hz, CH3-CHy), 1.58 (3H, d, J = 7.0 Hz, H-3"),
1.77-1.99 (4H, m, H-3',5", 2.60 (2H, q, J = 7.1 Hz, CH3-CH>), 2.74 (1H,
m, H-4, 2.88 (2H, m, H-2',6"), 4.05 (2H, m, H-2',6"), 4.67 (1H, q, J = 7.0,
H-2"), 7.01 (1H, t, J = 8.2 Hz, H-4"), 7.07 (1H, t, J = 8.6 Hz, H-5""), 7.18
(2H, m, H-4",6™), 7.24 (4H, m, H-2",3",5",6"), N-Ph [7.27 (2H, m, H-
2,6), 7.55 (3H, m, H-3-5)], 7.90 (1H, d, J = 8.6 Hz, H-3""); 13C NMR
(100 MHz, CDCl3): § 14.3 (CH3-CH,-N), 16.5 (C-3"), 24.7 (CH3-CH2-N),
29.9 (C-5"), 30.0 (C-3", 32.6 (C-4"), 42.9 (C-2"), 43.7 (C-6"), 43.8 (C-2",
120.1 (C-2",6"), 123.3 (C-6"), 123.4 (C-4"), 125.2 (C-4"), 126.5 (C-3"),
N-Ph [127.1 (C-2,6), 130.6 (C-3,5), 130.8 (C-4), 135.4 (C-1)], 128.8 (C-
5", 129.0 (C-3",5"), 132.6 (C-2"), 135.6 (C-1""), 139.0 (C-1"), 152.8
(C-3), 155.0 (C=0), 158.3 (C-5), 169.8 (C-1"); HR-EI-MS (m/2):
554.2325 [M] " calculated for G3;H34NgO05S; 554.2307.

4.7.8. 2-(5-(1-Phenylcarbamoylpiperidine-4-yl)-4-phenyl-4H-1,2,4-
triazol-3-ylthio)-N-(4-ethylphenyl)methylacetamide (7 h)

White amorphous powder; Yield: 96 %; M.P.: 100-104C; IR (KBr,
Vmaxs €m~1): 3350 (N—H), 3035 (Ar-H), 2960 (C—H), 1682, 1661
(C=0), 1616-1516 (Ar-C=C, C=N), 1260 (C—N); 'H NMR (400 MHz,
CDCl3): 6 1.19 (3H, t, J = 7.2 Hz, CH3-CH»), 1.55 (3H, d, J = 7.0 Hz, H-
3"), 1.77-1.99 (4H, m, H-3',5"), 2.58 (2H, q, J = 7.2 Hz, CH3-CH>), 2.72
(1H, m, H-4), 2.87 (2H, m, H-2',6"), 4.04 (2H, m, H-2',6"), 4.50 (1H, g, J
= 7.0 Hz, H-2"), 7.01 (1H, t, J = 8.2 Hz, H-4"), 7.12 (2H, d, J = 8.4 Hz,
H-2",6""), 7.24 (4H, m, H-2",3",5",6"), N-Ph [7.26 (2H, m, H-2,6), 7.53
(3H, m, H-3-5)], 7.31 (2H, d, J = 8.4 Hz, H-3"" 5""); 13C NMR (100 MHz,
CDCls): 6 15.9 (CH3-CH>), 16.4 (C-3"), 28.4 (CH3-CHb>), 29.8 (C-5), 29.9
(C-3Y, 32.6 (C-4", 42.4 (C-2"), 43.4 (C-6"), 43.8 (C-2"),119.8 (C-2"",6",
120.08 (C-2",6"), 120.09 (C-3™,5™), 123.3 (C-4"), 128.3 (C-2",6"),
129.0 (C-3",5"), N-Ph [128.3 (C-2,6), 130.5 (C-3,5), 130.9 (C-4), 132.6
(C-1)], 136.2 (C-4"), 139.0 (C-1", 140.1 (C-1"), 152.9 (C-3), 155.0
(C=0), 158.2 (C-5), 170.0 (C-1"™); HR-EI-MS (m/z): 554.2325 [M]"
calculated for C31H34NgO3S; 554.2307.

4.7.9. 2-(5-(1-Phenylcarbamoylpiperidine-4-yl)-4-phenyl-4H-1,2,4-
triazol-3-ylthio)-N-(2,3-dimethylphenylDmethylacetamide (71)

White amorphous powder; Yield: 90 %; M.P.: 160-170C; IR (KBr,
Umaxs €m1): 3353 (N—H), 3037 (Ar-H), 2967 (C—H), 1683, 1667
(C=0), 1615-1515 (Ar-C=C, C=N), 1264 (C—N); 'H NMR (400 MHz,
CDCl3): 61.58 (3H, d, J =7.0 Hz, H-3"), 1.77-1.97 (4H, m, H-3',5"), 2.19
(3H, s, CH3), 2.27 (3H, s, CH3), 2.73 (1H, m, H-4"), 2.87 (2H, m, H-2',6"),
4.04 (2H, m, H-2',6"), 4.64 (1H, q,J = 7.0, H-2"), 6.95 (1H, d, J = 8.3 Hz,
H-6™), 7.01 (1H, t, J = 8.2 Hz, H-4"), 7.06 (1H, t, J = 8.3, H-5"), 7.24
(4H, m, H-2",3",5",6"), N-Ph [7.27 (2H, m, H-2,6), 7.57 (3H, m, H-3-5)],

14

Bioorganic Chemistry 143 (2024) 106984

7.68 (1H, d, J = 8.3 Hz, H-4"™); '3C NMR (100 MHz, CDCl5): 5 13.94
(CH3), 16.5 (C-3"), 20.8 (CHz), 29.7 (C-5"), 30.0 (C-3"), 32.6 (C-4"), 43.1
(C-6", 43.7 (C-2"), 43.8 (C-2", 120.1 (C-2",6"), 121.1 (C-6""), 123.2 (C-
4", 125.7 (C-4™), 126.9 (C-5""), N-Ph [127.2 (C-2,6), 130.5 (C-3,5),
130.8 (C-4), 136.1 (C-1)], 128.8 (C-3""), 128.9 (C-3",5"), 132.6 (C-2"),
137.4 (C-1"), 139.0 (C-1"), 152.7 (C-1), 154.9 (C=0), 158.3 (C-2),
169.8 (C-1"); HR-EI-MS (m/2): 554.2325 [M]" -calculated for
C31H34N6025; 554.2307.

4.7.10. 2-(5-(1-Phenylcarbamoylpiperidine-4-yl)-4-phenyl-4H-1,2,4-
triazol-3-ylthio)-N-(2,4-dimethylphenyl)methylacetamide (7j)

White amorphous powder; Yield: 89 %; M.P.: 88-100C; IR (KBTI, Vmax,
em™1): 3349 (N—H), 3038 (Ar-H), 2970 (C—H), 1683, 1663 (C=0),
1611-1514 (Ar-C=C, C=N), 1265 (C—N); 'H NMR (400 MHz, CDCls): 5
1.57 (3H, d, J = 7.0 Hz, H-3"), 1.78-1.97 (4H, m, H-3',5"), 2.26 (3H, s,
CH3), 2.27 (3H, s, CHs), 2.71 (1H, m, H-4"), 2.87 (2H, m, H-2',6"), 4.04
(2H, m, H-2',6", 4.60 (1H, q, J = 7.0, H-2"), 6.98 (1H, d, J = 8.1 Hz, H-
6"),7.01 (1H, t,J =8.2Hz, H-4"), 7.24 (4H, m, H-2",3",5",6"), 7.27 (1H,
s, H-3""), N-Ph [7.29 (2H, m, H-2,6), 7.58 (3H, m, H-3-5)], 7.82 (1H, d,
J = 8.1 Hz, H-5""); 13C NMR (100 MHz, CDCl3): § 16.4 (C-3"), 18.3
(CHg3), 29.9 (C-5", 30.0 (C-3Y, 32.6 (C-4"), 42.9 (C-6", 43.7 (C-2"), 43.8
(C-2, 120.1 (C-2",6"), 122.4 (C-6"), 123.3 (C-4"), 127.2 (C-5"), 129.0
(C-3",5"),129.2 (C-3""), N-Ph [127.1 (C-2,6), 130.5 (C-3,5), 130.8 (C-4),
133.9 (C-1)], 131.2 (C-4"), 131.2 (CH3), 132.5 (C-2"), 134.4 (C-1"),
139.0 (C-1"), 152.7 (C-1), 154.5 (C=0), 158.3 (C-2), 169.6 (C-1"); HR-
EI-MS (m/z): 554.2325 [M] " calculated for C3;H34NgO05S; 554.2307.

4.7.11. 2-(5-(1-Phenylcarbamoylpiperidine-4-yl)-4-phenyl-4H-1,2,4-
triazol-3-ylthio)-N-(2,5-dimethylphenylDmethylacetamide (7 k)

White amorphous powder; Yield: 94 %; M.P.: 175-182C; IR (KBr,
Umax, €M V) 3355 (N—H), 3045 (Ar-H), 2968 (C—H), 1685, 1665
(C=0), 1614-1514 (Ar-C—=C, C=N), 1266 (C—N); 'H NMR (400 MHz,
CDCl3): 61.57 (3H, d, J = 7.0 Hz, H-3"), 1.76-1.99 (4H, m, H-3',5"), 2.27
(3H, s, CH3), 2.28 (3H, s, CH3), 2.73 (1H, m, H-4"), 2.87 (2H, m, H-2',6",
4.04 (2H, m, H-2',6"), 4.65 (1H, q, J = 7.0 Hz, H-2"), 6.89 (1H, d, J = 8.6
Hz, H-4"), 6.99 (1H, d, J = 8.6 Hz, H-3"), 7.02 (1H, t, J = 7.2 Hz, H-4"),
7.26 (4H, m, H-2",3",5",6"), N-Ph [7.29 (2H, m, H-2,6), 7.58 (3H, m, H-
3-5)1, 7.85 (1H, s, H-6"); *C NMR (100 MHz, CDCl3): 5 16.5 (G-3"),
17.9 (CH3), 21.2 (CH3), 29.9 (C-5", 30.0 (C-3"), 32.6 (C-4), 42.9 (C-6",
43.7 (C-2"), 43.8 (C-2", 120.1 (C-2",6"), 123.2 (C-4"), 125.4 (C-6""),
125.9 (C-4""), N-Ph [125.9 (C-2,6), 130.5 (C-3,5), 130.9 (C-4), 136.2 (C-
1)1, 127.2 (C-3"), 129.0 (C-3",5"), 130.3 (C-5""), 132.5 (C-2""), 136.3
(C-1"), 139.0 (C-1"), 152.7 (C-1), 154.9 (C=0), 158.3 (C-2), 169.7 (C-
1"); HR-EI-MS (m/z): 554.2523 [M]" calculated for Cs;H34NgO-S;
554.2307.

4.7.12. 2-(5-(1-Phenylcarbamoylpiperidine-4-yl)-4-phenyl-4H-1,2,4-
triazol-3-ylthio)-N-(2,6-dimethylphenylDmethylacetamide (7 1)

White amorphous powder; Yield: 92 %; M.P.: 192-198C; IR (KBr,
Umax, €M V) 3357 (N—H), 3040 (Ar-H), 2967 (C—H), 1680, 1666
(C=0), 1616-1517 (ArC = C, C=N), 1260 (C—N); 'H NMR (400 MHz,
CD30D): 6 1.65 (3H, d, J = 7.1 Hz, H-3"), 1.81-1.92 (4H, m, H-3',5"),
2.13 (6H, s, CH3), 2.83 (1H, m, H-4"), 3.34 (2H, m, H-2',6"), 4.17 (2H, m,
H-2'6", 4.69 (1H, q, J = 7.1 Hz, H-2"), 7.07 (3H, m, H-3""-5""), 7.01
(1H, t, J = 8.3 Hz, H-4"), 7.25 (4H, m, H-2",3",5",6"), N-Ph [7.33 (2H, m,
H-2,6), 7.63 (3H, m, H-3-5)]; '3C NMR (100 MHz, CD30D): § 21.6 (2 x
CH3), 21.7 (C-3"), 33.8 (C-5"), 33.9 (C-3", 36.8 (C-4"), 47.6 (C-6"), 47.7
(C-2", 48.7 (C-2"), 124.9 (C-2",6"), 126.9 (C-4"), 127.0 (C-5"), 131.2
(C-4""), 131.3 (C-3""), N-Ph [131.9 (C-2,6), 134.5 (C-3,5), 134.8 (C-4),
139.4 (C-1)]1, 127.2 (C-3"), 132.4 (C-3",5"), 136.4 (C-2"",6""), 143.1 (C-
1", 143.3 (C-1"), 152.7 (C-1), 154.9 (C=0), 158.3 (C-2), 169.7 (C-1");
HR-EI-MS (m/z): 554.2523 [M] " calculated for C3;H34NgO05S; 554.2307.

4.7.13. 2-(5-(1-Phenylcarbamoylpiperidine-4-yl)-4-phenyl-4H-1,2,4-
triazol-3-ylthio)-N-(3,4-dimethylphenyDmethylacetamide (7 m)
White amorphous powder; Yield: 91 %; M.P.: 115-117C; IR (KBr,
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Umaxs €M Y): 3353 (N—H), 3044 (Ar-H), 2966 (C—H), 1685, 1668
(C=0), 1617-1518 (Ar-C=C, C=N), 1264 (C—N); 'H NMR (400 MHz,
CDCl3): 61.55(3H, d, J = 7.0 Hz, H-3""), 1.78-1.98 (4H, m, H-3',5"), 2.19
(8H, s, CHj), 2.22 (3H, s, CH3), 2.74 (1H, m, H-4"), 2.88 (2H, m, H-2',6"),
4.05 (2H, m, H-2',6"), 4.50 (1H, q, J = 7.0 Hz, H-2"), 7.00 (1H, t, J = 8.4
Hz, H-4"), 7.05 (1H, s, H-2""), 7.26 (4H, m, H-2",3",5",6"), N-Ph [7.29
(2H, m, H-2,6), 7.57 (3H, m, H-3-5)], 7.34 (1H, dd, J = 8.1 Hz, H-5""),
7.41 (1H, d, J = 8.1 Hz, H-6""); '3C NMR (100 MHz, CDCls): 5 16.4 (C-
3"), 19.3 (CH3), 19.9 (CH3), 29.8 (C-5", 32.7 (C-4"), 36.0 (C-3"), 43.4 (C-
6", 43.8 (C-2"), 43.9 (C-2"), 117.2 (C-2"), 120.1 (C-2",6"), 121.0 (C-
6", 123.3 (C-4"), N-Ph [127.2 (C-2,6), 130.5 (C-3,5), 130.8 (C-4), 136.2
(C-1)1,129.0(C-3",5"),130.0(C-5"),130.8 (C-4™), 132.4 (C-4"), 132.6
(c-3"), 137.2(C-1"), 139.0 (C-1"), 152.8 (C-3), 154.9 (C=0), 158.1 (C-
5), 169.1 (C-1"); HR-EI-MS (m/z): 554.2325 [M]" calculated for
C31H34N6025; 554.2307.

4.7.14. 2-(5-(1-Phenylcarbamoylpiperidine-4-yl)-4-phenyl-4H-1,2,4-
triazol-3-ylthio)-N-(3,5-dimethylphenyl)methylacetamide (7n)

White amorphous powder; Yield: 89 %; M.P.: 144-150C; IR (KBr,
VUmaxs cmfl): 3353 (N—H), 3043 (Ar-H), 2968 (C—H), 1682, 1666
(C=0), 1617-1518 (Ar-C=C, C=N), 1261 (C—N); 'H NMR (400 MHz,
CDCl3): 61.54 (3H, d, J = 7.0 Hz, H-3""), 1.78-1.99 (4H, m, H-3',5"), 2.27
(6H, s, CH3), 2.73 (1H, m, H-4"), 2.89 (2H, m, H-2',6"), 4.07 (2H, m, H-
2',6Y, 4.50 (1H, g, J = 7.0, H-2"), 6.39 (1H, s, H-4™), 6.71 (2H, s, H-
2" 6"),7.01 (1H, t,J = 8.2 Hz, H-4"), 7.25 (4H, m, H-2",3",5",6"), N-Ph
[7.29 (2H, m, H-2,6), 7.57 (3H, m, H-3-5)]; 3C NMR (100 MHz, CDCl3):
§16.4 (C-3"), 21.4 (2 x CHj3), 29.9 (C-5", 30.0 (C-3", 32.7 (C-4", 43.5
(C-6", 43.9 (C-21, 43.9 (C-2"), 117.5 (C-2",6""), 120.1 (C-2",6"), 123.3
(C-4"), 125.9 (C-4""), N-Ph [127.1 (C-2,6), 130.5 (C-3,5), 130.9 (C-4),
138.3 (C-1)], 129.0 (C-3",5"), 130.9 (C-4""), 132.6 (C-3"",5"), 138.7 (C-
1", 139.0 (C-1"), 152.8 (C-3), 154.9 (C=0), 158.2 (C-5), 169.3 (C-1");
HR-EI-MS (m/z): 554.2325 [M]" calculated for C3;H34Ng05S; 554.2307.

4.7.15. 2-(5-(1-Phenylcarbamoylpiperidine-4-yl)-4-phenyl-4H-1,2,4-
triazol-3-ylthio)-N-phenylmethylacetamide (70)

White amorphous powder; Yield: 90 %; M.P.: 210-213C; IR (KBr,
Vmax» em™1): 3351 (N—H), 3035 (Ar-H), 2955 (C—H), 1680, 1661
(C=0), 1618-1519 (Ar-C=C, C=N), 1260 (C—N); 'H NMR (400 MHz,
CD30D): § 1.59 (3H, d, J = 7.1 Hz, H-3"), 1.72-1.94 (4H, m, H-3',5"),
2.79 (1H, m, H-4"), 3.34 (2H, m, H-2',6"), 4.15 (2H, m, H-2',6"), 4.48 (1H,
q,J="7.1Hz,H-2"), 7.0 (1H, t, J = 8.3 Hz, H-4"), 7.10 (2H, t, J = 8.4 Hz,
H-3"™,5"), 7.25 (1H, t, J = 8.4 Hz, H-4""), 7.30 (4H, m, H-2",3",5",6"),
7.50 (2H, d, J = 8.4 Hz, H-2"",6""), N-Ph [7.27 (2H, m, H-2,6), 7.58 (3H,
m, H-3-5)]; 13C NMR (100 MHz, CD30D): §17.8 (C-3"), 20.3 (C-5"), 30.4
(C-3Y, 33.4 (C-4Y), 44.2 (C-6", 44.2 (C-2"), 45.7(C-2", 120.3 (C-2"",6",
121.3 (C-2",6"), 123.5 (C-4"), 124.9(C-4"), 128.9 (C-3",5"), 129.3 (C-
3"™,5™), N-Ph [127.7 (C-2,6), 130.8 (C-3,5), 131.3 (C-4), 132.8 (C-1)],
138.5 (C-1"), 139.8 (C-1"), 152.5 (C-3), 156.7 (C=0), 159.1 (C-5),
170.3 (C-1"); HR-EI-MS (m/2): 526.2014 [M]" calculated for
C29H30N6025; 526.1994.

4.8. 15-LOX inhibition assay

The 15-LOX inhibition assay was carried out as reported earlier
[39,41]. Briefly, a total volume of 100 uL reaction mixture contained 60
uL of 200 mM borate buffer pH 9.0, 10 uL of test solution and 10 uL
soybean 15-LOX solution. After mixing and pre-incubation for 5 min at
25C, 10 pL of 3 nM luminol containing 1 nM cytochrome c solution was
pipetted in the reaction well. Reaction was started by the addition of 10
uL substrate linoleic acid solution. The relative counts were measured
from 100 to 300 s by 96-well plate Synergy HTX BioTek USA. All ex-
periments were carried out 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 ICsq values.
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4.9. MNCs cell viability assay

Cell viability assay was performed using blood mononuclear cells
(MNCs) method as reported [39,41]. Briefly, human blood was taken
from healthy volunteer with consent and MNCs were isolated using
density gradient Lymphocyte Separation Medium of density 1.077 g/
mL. MNCs were collected at the interface and washed and suspended in
50 mM phosphate buffer saline, pH 7.4 (PBS). The assay contents con-
tained PBS, 20 pL test solution and 40 uL. MNCs (20,000-30,000 cells) in
the 96 well plate. The contents were incubated for 2 h at 37C followed by
the addition of 10 pL 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-
trazoliumbromide)tetrazolium solution (MTT, 5 mg/mL). After 18-20 h
incubation at 37C, 100 pL. DMSO was added to make 200 pL volume. The
contents were further incubated for 2 h and absorbance read at 540 nm.
All test solutions along with positive and negative controls were used in
triplicates and data was expressed as Mean + SEM, n = 3.

4.10. . Antioxidant assay

Antioxidant assay was carried out by the method reported [53]. The
reaction mixture of 100 pL involved 10 pL of test solution (0.5 mM) and
90 pL of 0.5 mM DPPH solution in methanol in 96-well plate. The con-
tents were mixed and incubated for 20-25 min in the dark at 30 °C.
Absorbance was measured at 517 nm. Assays were done in triplicates
with both positive (quercetin) and negative controls and data was
expressed as Mean + SEM, n = 3.

4.11. . Computational analysis
4.11.1. Molecular docking

To perform molecular docking, the protein crystal structure of 15-
LOX from soybean (PDB ID: 1IK3, 2.0 10\) was downloaded from RCSB
protein data bank and processed using Autodock and Biovia Discovery
Studio [54]. Every heteroatom, including the co-crystal ligand, was
eliminated from the protein and polar hydrogen atoms were added to get
the protonated protein crystal using autodock tools. All the active li-
gands were docked into the active pocket of this 15-LOX protein using
the built-in united atom scoring function of autodock vina with 10 runs
for each compound to find the best possible active configuration [55].

4.11.2. DFT calculations

Density functional theory (DFT) calculations were performed using
the Guassian09 software. All the files were executed using the B3LYP
functional scheme, and the 3-21G basis set. This B3LYP is an effective
theory used in the DFT calculation to determine the electronic structure
of atoms and molecules. In this process of DFT studies all the chemical
structures of selected derivatives were depicted in ChemDraw 12.0. For
the superficial energy reduction, ChemDraw 3D Pro was used. Along
with the improved geometric parameters, FMOs, global, and local
reactivity descriptors were derived. In order to analyze the results Guass
View 6 was used [56-58].

4.11.3. MD simulations

To ascertain the binding interactions and stability of the ligand—-
protein complex under accelerated circumstances, MD simulations were
performed. Using Nano scale molecular dynamic (NAMD) software on a
CUDA-accelerated GPU machine with a 16 core CPU and 64 GB RAM
memory, a molecular dynamic simulation investigation of the top-
ranked conformation was carried out. VMD software was utilized to
visualize MD simulation results [59]. The most highly ranked ligand—
protein complex was chosen, and topology data for the protein and the
ligand were created using the CHARMMS36 forcefield [60]. Charges of
NaCl were added to neutralize the system. To eliminate any near atomic
interactions, the system was minimized to the sharpest energy gradient.
The system was equilibrated in an NVT ensemble for 500,000 steps,
followed by another 500,000 steps in an NPT ensemble. Afterward,
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simulation was performed for 50 ns under periodic boundaries condition
[61].
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