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KEYWORDS Abstract Inflammation is the immune system’s adaptive response to tissue dysfunction or home-
Diclofenac acid: ostatic imbalance, inducing fever, pain, physiological and biochemical changes via the cyclooxyge-
Naproxen; nase (COX) and lipoxygenase (LOX) pathways. NSAIDs (non-steroidal anti-inflammatory drugs),
Hydrazones; such as diclofenac acid and naproxen, are the most common inhibitors of the COX pathway. These
LOX inhibitors; drugs, however, are currently being studied as LOX inhibitors as well. Therefore, in the present
Molecular docking studies study, a novel series of diclofenac acid and naproxen-bearing hydrazones 7(a-r) were designed, syn-

thesized, and characterized by different spectroscopic methods like '"H NMR, '*C NMR, IR and
HRMS (EI) analysis. All these synthesized compounds were evaluated for their in vitro inhibitory
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potential against the Soybean 15-lipoxygenase (15-LOX) enzyme. These compounds exhibited vary-
ing degrees of inhibitory potential ranging from ICs;4.61 + 3.21 uM to 193.62 £ 4.68 pM in com-
parison to standard inhibitors quercetin (ICsy 4.84 + 6.43 pM) and baicalein (ICsy 22.46 + 1.
32 uM). The most potent compounds in the series were compounds 7¢ (ICsy 4.61 £+ 3.21 uM),
and 7f (ICsy 6.64 + 4.31 uM). These compounds were found least cytotoxic and showed 96.42 +
1.3 % and 94.87 + 1.6 % viability to cells at 0.25 mM concentration respectively. ADME and in
silico studies supported the drug-likeness and binding studies of the molecules with the target

enzyme.

© 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Inflammation is the body’s defensive response to infection or
injury which is critical for both innate and adaptive immunity.
It can be considered as part of the complex biological response
of vascular tissues to harmful stimuli such as pathogens, dam-
aged cells, or irritants (Ricciotti and FitzGerald, 2011). Once
the tissue is damaged, membrane phospholipids produce
arachidonic acid that gets oxidized either through the
cyclooxygenase (COX) pathway or the lipoxygenase (LOX)
pathway (Hanna and Hafez, 2018). COX pathway is mediated
by cyclooxygenase enzyme that results in the production of
biologically active species including thromboxanes, prostacy-
clin, and prostaglandins whose elevated levels cause an inflam-
matory response (Rouzer and Marnett, 2009). LOX pathway is
mediated by a family of enzymes called lipoxygenases which
convert arachidonic acid into leukotrienes that are the media-
tor of inflammation and allergic response thus being involved
in diseases like asthma, cardiovascular diseases, Alzheimer’s
disease, rheumatoid arthritis, diabetes mellitus, carcinoma,
bacterial or viral infections that lead to severe inflammation
and some types of cancers (Kuhn and Banthiya, 2015; Van
et al., 1998).

Lipoxygenases (LOXs) are non-heme iron-containing
dioxygenases that catalyze the oxygenation of polyunsaturated
fatty acids such as arachidonic acid (Jabbari et al., 2012;
Brash, 1999). The crystal structure of different LOXs from
microorganisms, plants, and mammals shows non-heme iron
with conserved amino acids (Wennman et al., 2016). Several
studies about the sequence identity of different LOXs from
mammalian and plant origins revealed that maximum
sequence identity between these LOXs members occurred in
the area of the catalytic domain (Droege et al., 2017; Saura
et al., 2017; Minor et al., 1996; Prigge et al., 1997). These sig-
nificant outcomes attracted the medicinal chemists to soybean
lipoxygenase (15-sLOX) which is cheaper and easily accessible
than human LOXs to define the mechanisms of inhibition.
Further, it was also found that 15-sLOX inhibitors are good
inhibitors of human LOXs too (Armstrong et al., 2016).

LOXs enzymes that are well conserved amongst mam-
malian specie, catalyze the production of proinflammatory
mediators from arachidonic acids like leukotrienes, and eoxins
(Adel et al., 2016; Green et al., 2016; Neves et al., 2020). They
are classified according to the peroxidation site of the unsatu-
rated fatty acid into 5-LOX, 12-LOX, and 15-LOX isoforms
(Shen et al., 2017). Among these isoforms, 15-lipoxygenase
(15-LOX) is one of the main metabolic pathways that alters
arachidonic acid into 15-Hydroxyeicosatetraenoic acid (15-

HETE) and additional pro-inflammatory mediators
(Mousavian et al., 2020). 15-LOX and its metabolites have
been implicated in various physiological processes including
inflammatory, cardiovascular, hyperproliferative, neurodegen-
erative (like Alzheimer’s disease) and several other diseases
(Prismawan et al., 2019; Eleftheriadis et al., 2015; Kayama
et al., 2009; Yang et al., 2010; Guo et al., 2019; Checa and
Aran, 2020). The literature study revealed that the direct
involvement of 15-HETE results in inflammation, induced dys-
function of the retina in diabetic retinopathy, numerous cate-
gories of cancers, osteoarthritis, and multiple sclerosis (Singh
and Rao, 2018; Elmarakby et al., 2019; Nawaz et al., 2019;
Klil-Drori and Ariel, 2013; Safizadeh et al., 2018; Rossi
et al., 2010). Quercetin and baicalein are used as 15-LOX inhi-
bitors. Zileuton is the only approved 5-LOX inhibitor (You
et al., 2020) that acts by chelating the iron metal located in
the active site of the LOX enzyme and its unfavorable pharma-
cokinetic properties are associated with liver toxicity
(Eleftheriadis et al., 2015). Moreover, the increased demand
for anti-LOX therapies has enhanced the interest in developing
new, safe, and effective LOX inhibitors. Although, various
LOXs inhibitors have been reported (Vlag et al., 2019; Hu
and Ma, 2018; Mirzaei et al., 2015) that are proved to be chal-
lenging to produce potent inhibitors with promising physio-
chemical properties (Youssif et al., 2019; Liaras et al., 2018;
Aslam et al., 2016). Amongst them, imine containing deriva-
tives such as compounds 1 (ICsy 22.50 uM), and compound
2 (ICsg 17.10 uM) were found potent LOX inhibitors (Omar
et al., 2020; Aslam et al., 2016). Some compounds containing
heterocycles with C—=N functionality are common scaffolds
as 15-LOX inhibitors, for example, compounds 3 (ICsg
2.74 uM) having 1,3,4-thiadiazole-thiazolidinones hybrid with
imine moiety and indole containing imine derivatives like com-
pounds 4 and 5 inhibited LOX enzyme with ICs, value
53.61 uM and ICso 5.78 uM respectively (Afifi et al., 2019;
Yar et al., 2014; Lamie et al., 2016). (Fig. 1).

Non-steroidal anti-inflammatory drugs (NSAIDs) are the
most widely used anti-inflammatory drugs to treat a variety
of inflammatory diseases including several types of pain related
to arthritis (Benbow et al., 2019; Gouda et al., 2016). These
drugs inhibit the catalysis of arachidonic acid into prostaglan-
dins, thromboxanes, and prostacyclins through the cyclooxy-
genase (COX) pathway (Grosser et al., 2017). Recently, it is
shown that nonsteroidal anti-inflammatory drugs (NSAIDs)
not only inhibit the COX pathway but also LOX pathways
(Shahid et al., 2021; Abbas et al., 2020). Diclofenac acid and
naproxen belong to this class which has significant medical
applications in arthritis (rheumatoid arthritis, osteoarthritis),
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pain, gout, joint swelling, ankylosing spondylitis etc (Ammar
et al., 2017; Shah et al., 2018; Smith et al., 2017; Goldstein
and Cryer, 2015). But, the chronic use of these drugs can
adversely produce gastric ulceration and bleeding (Hafeez
et al., 2018). This effect is associated with the direct contact
of the free carboxylic group with the gastric mucosa
(Fiorucci et al., 2001; Mendes et al., 2012) and decrease in
the production of prostaglandins in tissue. However,
NSAID-associated gastrointestinal complications can be
decreased when NSAIDs are administered with gastroprotec-
tive agents such as histamine H2-receptor antagonists, prosta-
glandin E2 analogs, or proton-pump inhibitors (Graham and
Chan, 2008; Lanza, 1998). There is still uncertainty as to which
of these strategies is more effective or cost-effective. Thus,
despite remarkable progress within the last decade, the devel-
opment of a safe, effective, and inexpensive therapy for treat-
ing inflammatory conditions remains a challenge. To optimize
the current risk and improve the therapeutic effect, synthetic
approaches based on chemical modifications have been
adapted. Several studies have described the derivatization of
the carboxylate function of representative NSAID with the less
acidic groups (Cacciatore et al., 2016; Raji¢c et al., 2009;
Kausar et al., 2021; Muzaffar et al., 2021; Daud et al., 2022).

Hydrazones are a class of biologically active organic com-
pounds in the Schiff base family (Raczuk et al., 2022) that have
attracted the attention of medicinal chemists due to their wide
range of pharmacological properties (Mamta et al., 2019;
Pham et al., 2019; Kratky et al., 2017). These compounds
are being synthesized as drugs by many researchers to combat
diseases with minimal toxicity and maximal effects. Several
hydrazone derivatives have been reported to exert notable bio-
logical activities (Asghar et al., 2020; Kocabalkanli et al., 2017;
Popiofek et al., 2020; Rahim et al., 2019). Some examples of
NSAIDs derivatives 6-9 (Kumar et al., 2015; Bhandari et al.,
2008; Sujith et al., 2009; Azizian et al., 2016) are depicted in
Fig. 2 as potent anti-inflammatory agents.

Scaffolds reported as LOX inhibitors.

Recently our research group has identified some NSAIDs,
including diclofenac acid, naproxen, ibuprofen, and their
derivatives as potent 15-LOX inhibitors (Shahid et al., 2021;
Sardar, 2022; Daud et al., 2022) Fig. 3.

In continuation of our previous work, in the present study,
we report the synthesis of diclofenac acid and naproxen bear-
ing hydrazones. All the synthesized derivatives were evaluated
for 15-LOX inhibition, cytotoxicity, and ADME studies. I sil-
ico studies were carried out to find the binding interaction of
the synthesized derivatives with the enzyme.

2. Results and discussion

2.1. Chemistry

The synthesis of intermediate and target hydrazones 7(a-r) is
illustrated in Scheme 1. Firstly, diclofenac acid and naproxen
were converted to their hydrazides 3(a,b) via esterification
(Ibrahim et al., 2018; Azizian et al., 2016). These products were
confirmed through "H NMR and '*C NMR data, in which the
characteristics signal appeared at 9.09 ppm and 9.08 ppm
which were assigned to amidic NH, in '"H NMR spectra while
peaks at 171.18 ppm and 176.43 ppm in '*C NMR spectra con-
firmed compound 3(a,b) being synthesized. Then to synthesize
intermediate 6(a-f), Isatin 4(a-c) was alkylated by its reaction
with alkyl bromides 5(a-d) in the presence of K,COj; using
dimethylformamide (DMF) as a solvent. The synthesis of
intermediate 6(a-f) was verified through 'H NMR, !*C
NMR, and HRMS (EI) analysis. In the 'H NMR spectra
the appearance of peaks at the range of 5.53-1.01 ppm in
the up-field region assigned to the N-alkylated protons, con-
firmed the synthesis of intermediates 6(a-f), while all the aro-
matic protons appeared in their relevant range. In '*C NMR
spectra of the same compounds, the appearance of peaks in
the range of 189.1-186.1 ppm and 162.6-158.9 ppm were
assigned to the two-carbonyl moiety, i.e., NC—=0O and C=0
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Fig. 2 NSAIDs derived hydrazones as anti-inflammatory agents.
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Fig. 3  Rationale of the current work.

of the isatin ring, respectively, further confirmed the synthesis.
Compounds 6(a-f) were further refluxed with hydrazides 3(a,
b) in the presence of few drops of glacial acetic acid using etha-
nol as a solvent to afford hydrazone derivatives 7(a-r). The
synthesis of desired hydrazone derivatives 7(a-r) was confirmed
through '"H NMR,">*C NMR, IR and, HRMS (EI) analysis. In
'"H NMR spectra, the appearance of characteristics peaks in

the range of 10.27-9.96 ppm was assigned to amidic NH moi-
ety, while an additional peak at the range of 9.93-9.35 ppm in
some compounds (7a, 7d, 7i, 7j, 7m, 7r) was assigned to NH
group of isatin ring that confirmed the compounds 7(a-r) syn-
thesis. All the aromatic protons appeared in their pertinent
range. In >*C NMR spectra of the same series, the peaks that
appeared at the characteristics range of 139.8-139.1 ppm were
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Scheme 1  Synthesis of hydrazone derivatives 7(a-r).

assigned to C=N functionality that confirmed the synthesis of
hydrazone derivatives 7(a-r). Further confirmation of synthe-
sized compounds was done by IR and HRMS (EI) analysis,
which are summarized in the experimental section (see
Table 1).

2.2. Biological evaluation

2.2.1. 15-LOX inhibition and SAR

Eighteen diclofenac acid and naproxen-bearing hydrazones 7
(a-r) were synthesized and evaluated for in vitro 15-LOX inhi-
bition (Table 2). All derivatives of the whole series exhibited a
varying degree of inhibitory potential with 1Cs, values ranging
from 4.61 + 3.21 uM to 193.62 + 4.68 uM in comparison to

quercetin (ICso 4.84 + 6.43 uM) and baicalein (ICsy 22.46 +
1.32 uM) as standards. Limited structure—activity relationship
(SAR) has been established for all derivatives of the series by
incorporating a change at the hydrazide part (R) and slightly
altering the substituents at the 5 position (R') or at the N-
substitution of the isatin ring (R?), respectively, as shown in
Fig. 4.

To simplify and determine SAR for 15-LOX inhibition, all
the synthesized hydrazones derivatives 7(a-r) were divided into
two categories, based on hydrazide moiety. Moreover, the
detailed SAR was also rationalized based on substituent pat-
terns at the indoline ring. Category A comprises nine com-
pounds 7(a-i), where R represents the diclofenac group as
the hydrazide part, while category B consists of the remaining

Table 1 Structures of hydrazone derivatives 7(a-r).

S.No R R! R? S.No R R! R?

7a cl 4 % cl H 7j Cl H

7b y Cl CH,CH,CH,— 7k OO i cl CH;CH,CH,—

Tc Cl C¢HsCH,— 7 Cl CgHsCH,»

7d = H H Tm H,CO H H

Te H CH3CH2CH2_ Tn H CH3CH2CH2_

7t H C4HsCH, 70 H C¢HsCH,

7h H CH;CH,CH,CH,— 7q H CH;CH,CH,CH,—
7i NO, H 7 NO, H
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Table 2 15-LOX inhibitory potential and cell viability profile of hydrazone derivatives 7(a-r).
S.No. 15-LOX ICso (uM) Cell viability (%) at 0.25mM S.No. 15-LOX ICsg (uM) Cell viability (%) at 0.25mM
Ta 12.62 + 4.19 86.25 + 1.2 7j 175.52 + 4.27 70.12 + 1.4
Tb 11.64 £ 5.32 9423 £ 1.5 7k 2743 £+ 4.39 84.77 £ 1.3
Te 4.61 £ 3.21 9642 £ 1.3 71 30.12 + 6.32 71.57 £ 1.5
7d 22.52 £ 5.37 68.83 £ 1.7 7m 144.84 + 6.43 78.12 £ 1.5
Te 20.25 + 6.23 9423 £ 1.5 n 138.21 £+ 3.31 66.25 + 1.7
7t 6.64 + 431 94.87 + 1.6 70 137.62 + 5.48 70.12 + 1.4
g 55.12 + 4.3 67.57 £ 1.7 p NA 393 +£ 1.7
Th 34.63 £ 5.35 85.28 + 1.3 7q 193.62 + 4.68 744 + 1.3
Ti 65.32 £ 4.27 793 £ 1.9 Tr NA 525 £ 1.6
Quercetin 4.84 + 6.43 - - 4.84 £ 643 -
Baicalein 2246 £ 1.32 - — 2246 £ 1.32 —
Cyclophosphamide - 56.5 = 1.6 - - 56.5 = 1.6
Cisplatin — 51.7 £ 1.7 - - 51.7 £ 1.7
Curcumin - 739 £ 1.5 - - 73.9 £ 1.5
Data is mean = sem, n = 3. NA = Not Active.
switching to category B, two compounds i.e., compound 7k
(ICsg 27.43 + 4.39 uM), and compound 71 (ICs, 30.12 + 6.
Diclofenac and 32 uM) showed moderate activity, while the rest of the com-
% Naproxen group pounds showed poor activity. Compounds 7p and 7r showed
no inhibition and were considered inactive. The two most
®(O Imine group active comp;ounds of this category i.e., 71, and 77k, havil.lg Cl
group as R and propyl and benzyl group as R, respectively,
1 when compared with category A compounds, 7¢ (ICsq 4.61 +
@ O R'=H,CLNO; 3.21 uM) and 7b (ICs, 11.64 £ 5.32 uM), having the same sub-
stitution pattern at R' and R? groups but different R group
Isatin group i.e., hydrazide part, a decrease in inhibitory activity was
L = = « observed and this decrement was further worsened when the
@ compound 7o (137.62 = 5.48 uM) of the same category was
=g Rz:PfOPYLbUtYLaH)’l collated to the category A compound 7f (ICsy 6.64 + 4.31 p
and benzyl group M) which was the second most potent compound of the series.
7(a'r) So, from these findings, it could be concluded that the deriva-
tives with the chloro substitution at position 5 of the isatin ring

Fig.4  General representation of hydrazone derivatives 7(a-r) for
SAR analysis.

nine compounds 7(j-r), representing R as the naproxen group.
The variations in the inhibitory potential of these compounds
might be due to different substituents at the isatin group and
more due to the hydrazide part. Amongst category A, the com-
pound 7¢ (ICs0 4.61 + 3.21 uM) was found as the most potent
inhibitor, having a Cl group at 5-position of the isatin ring (R")
and benzyl group as an N-substituted group (R?). The second
most potent compound was compound 7f (ICsy 6.64 + 4.31
pM), having no substituent as R! but had the same benzyl
group as R% On comparing compound 7c with 7f, a slight
change in inhibitory potential was observed that might be con-
sidered due to the Cl group and benzyl group. The third most
active compound of the series was compound 7b (ICsy 11.64

+ 5.32 uM), having the CI group as R' and propyl group
as R% The comparison of 7b with 7e (ICso 20.25 + 6.23 pM)
having no substituent at R' but the same propyl group as R
This change in inhibitory potential might be due to the pres-
ence of the Cl group at R!, which was absent otherwise. By

(R") exhibited good inhibitory potential but the variations in
inhibitory potential were mainly affected by changing the
hydrazide part (R) and also the diclofenac acid derivatives 7
(a-i) were found to be more potent than naproxen derivatives
7(j-r). Consequently, these findings were further supported
by molecular docking studies in order to understand the bind-
ing interactions of synthesized derivatives with the active site
of the 15-LOX enzyme.

When the findings of our designed analogues were com-
pared to the existing 15-LOX inhibitors, we observed that
some of our derivatives outperformed the existing ones. In lit-
erature, Thiolox having a thiophene ring with ICs, value
12 puM (Eleftheriadis et al.,, 2016), NDGA (nordihy-
droguairetic acid) with ICsy value 11.0 £ 0.7 uM (Jameson
et al., 2014), ML351 with ICsy value 200 nM (Rai et al.,
2014), an indoline derivative with ICsy 53.61 uM (Lai et al.,
2010) are heterocyclic and aromatic 15-lipoxygenase inhibi-
tors. In the comparison of these inhibitors some of our synthe-
sized compounds like 7¢ (ICsg 4.61 + 3.21 uM), 7f (ICs, 6.
64 £ 4.31 uM), and 7b (ICso 11.64 £+ 5.32 uM) showed potent
15-LOX inhibition and were found least cytotoxic and showed
96.42 £ 1.3 %, 94.87 + 1.6 %, and 94.23 £ 1.5 % viability to
cells at 0.25 mM concentration respectively Fig. 5.
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2.2.2. Cellular viability studies

Hydrazone derivatives 7(a-r) were screened for their cytotoxi-
city against MNCs (mononuclear cells) at 0.25 mM concentra-
tion, as mentioned in the experimental section. Compounds 7
(a-r) exhibited 96.42 + 1.3 to 39.3 + 1.7 % cellular viability
as determined by the MTT assay. Compound 8¢ was found
to be the least toxic and showed 96.42 £ 1.3 % cell viability,
followed by compounds 7f and 7e which exhibited 94.87 + 1.
6 % and 94.23 + 1.5 % viability, respectively, and were least
toxic toward MNCs amongst the series. The highly toxic com-
pound 7p showed 39.3 + 1.7 % cell viability which means it
killed about 61.7 % of cells at 0.25 mM concentration in the
assayed conditions and was also inactive against the enzyme
15-LOX. However, all the remaining compounds were less
toxic even better than the standard cytotoxic drugs cyclophos-
phamide, cisplatin, and curcumin. The data altogether
revealed that potent inhibitors showed greater cell viability

Table 3 ADME properties of hydrazones derivatives 7(a-r).

7c \\© 7* :

ICs 4.61 3.2 uM ICsg 6.64 £ 4.31uM :
ci :

o cl
NH _N
NTN
cl
0” N
7b \\|

ICs011.64 £5.32 UM

‘ Current study's most potent 15-LOX inhibitors ‘

Overlap study of synthesized derivatives with existing LOX inhibitors.

and offered their candidature as lead compounds against 15-
LOX viz compounds 7¢, 7f, 7a, 7b, and 7e (Table 2).

2.2.3. ADME studies

The drug development processes need optimization of pharma-
codynamics and require efficient delivery of drug to the target
site and, therefore, are considered essential parameters in what
is called ADME (absorption, distribution, metabolism, excre-
tion) studies. Med Chem Designer software ver. 3.0 was used
for the prediction of ADME properties of molecules (Table 3).
This has been explained in Lipinski’s rule of five. According to
this rule, good oral bioavailability is observed if at least three
of the following aspects are obeyed, that is, molecular weight
should not be >500 Da; H-bond donors should not be >5;
H-bond acceptors should not be >10; logP should not be
>5 (Lipinski et al., 1997). Further, there is a close relation
between polar surface area, rotatable bonds, and oral bioavail-

Comp. MlogP S +logP S+logD M. Wt M_NO T_PSA HBDH
7a 4.268 4.739 4.732 475.738 6 82.6 3
7b 4.871 5.375 5.372 515.819 6 73.8 2
Tc 5.427 5917 5.910 563.863 6 73.8 2
7d 4.060 4.318 4.315 439.296 6 82.6 3
Te 4.673 4.986 4.984 481.377 6 73.8 2
7f 5.240 5.526 5.524 529.421 6 73.8 2
7g 4.532 4.903 4.898 479.361 6 73.8 2
7h 4.8 5.57 5.567 495.404 6 73.8 2
7i 3.84 4.422 4.405 484.293 9 128.4 3
75 3.849 4.628 4.616 407.854 6 79.8 2
7k 4.472 5.104 5.094 449.150 6 71.0 1
7 5.049 5.697 5.688 497.979 6 71.2 1
7m 3.366 3917 3.910 373.412 6 79.8 2
Tn 4.000 4.452 4.447 415.493 6 71.6 1
70 4.589 5.106 5.101 463.537 6 71.3 1
7p 3.928 4.18 4.174 413.173 6 71.1 1
7q 4.204 4.771 4.767 429.520 6 71.0 1
Tr 3.485 3.985 3.972 418.409 9 125.6 2
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ability of the drug. Drugs having a polar surface area < 140 A2
and rotatable bonds <10 are indicators of good orally
bioavailable (Veber et al., 2002). The molecular properties of
hydrazone derivatives 7(a-r) are given in Table 3. The molecu-
lar weights of almost all compounds were in close agreement
with the standard value ((500). All the compounds followed
Lipinski’s rule, having hydrogen bonds < 5. Drug lipophilicity
defines the potential of molecules to cross cell membranes and

bind to proteins, and it is calculated using logP or logD. The
high lipophilic drug displays higher ADME properties, and
values should be in a logP range between 2 and 4 or a logD
between ~1 and 3 (Waring, 2010). Compounds (7¢, 7f, and
7k) represent logP, and logD values >35 have good potential
to cross the cell membrane. In summary, several compounds
show good lipophilicity and promising ADME profile with
promising drug-likeness.

Table 4 Protein-ligand interaction data of active hydrazones with human 15-LOX.

Comp. Docking Score  Interaction details
Ligand  No./position  Receptor = Amino acid  Number of Interaction  Distance  Energy
of atom residue amino acid (A) (kcal/mol)
Ta —7.0878 (0] S NH2 ARG 429 H-acceptor  2.88 -3.7
b —7.1123 6-ring NH1 ARG 429 T -cation 3.39 —0.6
Tc —7.5186 N 12 OD1 ASP 202 H-donor 3.08 =25
(0] 3 NzZ LYS 196 H-acceptor  3.40 —0.8
6-ring NH2 ARG 429 m-cation 3.67 -1.1
7d —6.6649 N 9 OD1 ASP 602 H-donor 3.15 —1.5
Te —6.8701 - - - - - - - -
7t —7.2541 Cl 7 OEl GLN 425 H-donor 3.41 —1.1
N 18 ODl1 ASP 602 H-donor 2.96 —7.7
7g —6.5423 N 18 ODl1 Ile 604 H-donor 3.00 —6.7
7h —6.8824 Cl 13 OEl GLN 425 H-donor 3.42 -0.9
7i —6.8492 N 46 ODl1 ASP 602 H-donor 2.98 24
7j —6.4101 - - - - - - - -
7k —7.2115 (0] 8 NH2 ARG 429 H-acceptor  2.94 —1.1
7 —6.9030 - - - - - - - -
7m —6.5772 - - - - - - - -
Tn —6.6476 - - - - - - - -
70 —6.6652 6-ring - NHI1 ARG 429 n-cation 4.38 —0.8
7q —6.4726 - - - - - - - -
Quercetin  —6.1451 O 18 OEl GLU 613 H-donor 2.73 -5.4
6-ring - CB LEU 669 n-H 3.67 -1.0

Ligand(7f)

Quercetin

Glu613

Fig. 6 Protein-ligand interaction, purple color shows ligand atoms.
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2.3. Molecular docking

All active hydrazone derivatives 7(a-r) along with quercetin
were docked into the active site of the enzyme. Among all
the compounds, two compounds and quercetin were found
with the best docking scores and ligand interactions. Com-
pound 7c¢ was found better among all the other compounds
having the lowest docking score of —7.5186 (ICsy 4.61 + 3.2
1 uM). The compound formed three strong intermolecular
bonds with active site residues of LOX. The nitrogen 12 and
oxygen 3 of the compound formed hydrogen bonds with resi-
due Asp202 and Lys196, respectively, as well the « -electrons
of aromatic 6-ring formed = interaction with residue Arg429
with several hydrophobic interactions. The greater interaction
of this compound may be because of the free n -electron of the
terminal 6-ring (benzene). Similarly, because of high elec-
tronegativity, nitrogen and oxygen formed hydrogen bonding.
The interaction details are given in Table 4 and Fig. 6. The
compound 7f was also found with lower docking score of
—7.2541 and stronger interaction likewise in in vitro studies.
It formed two stronger hydrogen bonds with the enzyme. Cl
7 and nitrogen 18 formed interaction with GIn425 and
Asp602, respectively. The compound has high electronegative
electron withdrawing chlorine at aromatic ring of hydrazone
which formed interaction with enzyme and similarly nitrogen
18 formed similar interaction (Table 4 and Fig. 6). Quercetin
was also found with stronger affinity for the enzyme and
bound strongly to the active site of enzyme forming two strong
intermolecular interactions with lower docking score, i.e.,
—6.1451. The oxygen 18 of quercetin formed interaction with
residue Glu613 and 6-ring with Leu669 (Table 4 and Fig. 6).
Hence these three compounds may have the ability to strongly
bind to the corresponding active site of enzyme.

3. Conclusions

In continuation of our studies in search for potential LOX
inhibitors, hydrazones of diclofenac acid and naproxen 7(a-r)
were designed, synthesized, and characterized with different
spectroscopic methods like 'H NMR, C NMR, IR and
HRMS (EI) analysis. The synthesized compounds were evalu-
ated against the soybean 15-LOX enzyme. Almost all the com-
pounds were found active as 15-LOX inhibitors especially 7c,
and 7f, as potent inhibitors. These compounds maintained suf-
ficient blood mononuclear cell viability, and in silico studies
supported the drug-ligand interactions. The data collectively
suggests the active molecules with the least toxicity are poten-
tial ‘lead’ molecules for further studies in the development of
anti-LOX properties.

4. Experimental

4.1. General

All chemicals and reagents were purchased from Sigma
Aldrich and Alfa aesar and were of analytical grade. Isatin,
2-(2-((2,6-dichlorophenyl) amino) phenyl) acetic acid (diclofe-
nac acid) and 2-(6-methoxynaphthalen-2-yl) propanoic acid

(naproxen) were obtained from alfa aesar. '"H and *C NMR
spectra were performed on Avance Bruker AV 400 MHz &
300 MHz (‘"H NMR) and 100 MHz & 75 MHz ('*C NMR)
NMR spectrophotometer, in deuterated solvent i.e.,
DMSO ds, while HRMS (EI) was recorded on a Finnegan
MAT-311A mass spectrometer. Chemical shift (3) was
reported in ppm relative to TMS as an internal standard. Split-
ting pattern was reported as singlet (s), broad signal (br s),
doublet (d), double of doublet (dd), triplet (t), double of triplet
(dt), quartet (q), and multiplet (m). Through thin layer chro-
matography using TLC, pre-coated silica gel GF-254 alu-
minium plates (Kieselgel 60, 0.5 mm thick, E. Merck,
Germany), and all synthesized compounds were initially con-
firmed and visualized by a UV lamp at 254 and 365 nm. Melt-
ing points of all synthesized compounds were determined in
open capillary tubes using the Stuart melting point apparatus
(SMP10) and were uncorrected.

4.2. General procedure for the synthesis methyl esters 2(a, b)

The methyl esters 2(a, b) of both drugs i.e., (diclofenac acid
and naproxen) were prepared by treating their acids 1(a, b)
(0.01 mol) with dry methanol (20 ml) in the presence of few
drops of conc. H,SO,. The reaction mixture was refluxed for
6-7 h and monitored through TLC. After completion of the
reaction, the excess solvent was evaporated and extracted
through DCM and water (1:1.6) mixture to obtain a solid pro-
duct that was further purified through recrystallization with
ethanol.

Methyl 2-(2-(2,6-dichlorophenylamino) phenyl) acetate (2a)

White crystalline solid, Yield 86 %, m.p 98-99 °C; M. for-
mula; C;sH13CLNO,; "H NMR (400 MHz, DMSO dg) 6 7.44
(d, J = 8.1 Hz, 2H, Ar-H), 7.25(dd, J = 7.4, 2.4 Hz, 1H, Ar-
H), 7.08 (t, / = 8.1 Hz, 1H, Ar-H), 6.98 (td, / = 7.7, 3.8 Hz,
1H, Ar-H), 6.94 (s, IH,NH), 6.76 (t, J = 7.5 Hz, 1H, Ar-H),
6.22 (d, J = 7.8 Hz, 1H, Ar-H), 3.86 (s, 2H, CH,), 3.61 (s,
3H, OCHj3).!>*C NMR (100 MHz, DMSO dy) 6 172.4, 145.0,
143.3, 130.8, 130.6, 129.4, 127.3, 125.4, 123.9, 119.2, 116.2,
52.2, 37.9.

Methyl-2-(6-methoxynaphthalen-2-yl) propanoate (2b)

White solid. Yield 82 %, m.p 91-93 °C; M. formula;
Cy1sH1¢0s; '"H NMR (400 MHz, DMSO dy) 6 7.64 (dd,
J = 8.5, 2.1 Hz, 1H, Ar-H), 7.56 (dd, J = 8.8, 2.2 Hz, 1H,
Ar-H), 7.47 (s, 1H, Ar-H), 7.39 (dd, J = 8.2, 2.0 Hz, 1H,
Ar-H), 7.13 (d, J = 2.3 Hz, 1H, Ar-H, Ar-H), 6.92 (dd,
J = 8.9, 2.5 Hz, 1H, Ar-H), 3.83 (s, 3H, OCHs;), 3.78 (q,
J = 7.2 Hz, 1H, CHCH,;), 3.62 (s, 3H, C—OCHs;), 1.49 (d,
J = 7.2 Hz, 3H, CHCH,)."*C NMR (100 MHz, DMSO dy)
0 174.4, 157.7, 137.4, 133.2, 129.2, 128.6, 127.3, 126.6, 125.3,
118.7, 105.6, 55.6, 51.9, 43.6, 18.5.

4.3. General method for the synthesis of hydrazides 3(a, b)

To a solution of methyl ester 2(a,b) (0.01 mol) in absolute etha-
nol (25 ml), hydrazine hydrate (0.02 mol) was added and the
reaction mixture was refluxed for about 16-17 h. After comple-
tion of the reaction monitored through TLC, it was then con-
centrated, cooled until the solid product was formed. The solid
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thus separated out was filtered, dried and recrystallized from
absolute ethanol to afford the corresponding hydrazides as
intermediate 3(a,b).

2-(2-((2,6-dichlorophenyl)amino)phenyl) acetohydrazide (3a)

White amorphous solid; Ry = 0.16 (n-hexane: ethyl acetate
4:1); Yield 84 % m.p 134-136 °C; M. formula; C4H;3CI,N;0O;
"H NMR (400 MHz, DMSO dg) d 9.09 (s, 1H, NH), 7.44 (d,
J = 8.1 Hz, 2H, Ar-H), 7.19-7.09 (m, 2H, Ar-H), 6.98 (t,
J = 7.6 Hz, 1H, Ar-H), 694 (s, 1H, NH), 6.79 (t,
J = 7.5 Hz, 1H, Ar-H), 6.22 (d, J = 7.8 Hz, 1H, Ar-H),
4.28 (s, 2H, NH,), 3.44 (s, 2H, CH,). '>*C NMR (100 MHz,
DMSO dg) 6 171.1, 143.6, 143.3, 130.6, 129.4, 129.1, 127.8,
125.4, 123.9, 123.2, 116.9, 38.3.

2-(6-methoxynaphthalen-2-yl)propane hydrazide (3b)

Brown solid; Ry = 0.18 (n-hexane: ethyl acetate 4:1); Yield
76 %; m.p 138-140 °C; M. formula; C4HsN,O,; 'H NMR
(400 MHz, DMSO dg) 6 9.08 (s, 1H, NH), 7.69 (dd, J = 8.5,
2.1 Hz, 1H, Ar-H), 7.61 (dd, J = 8.0, 2.1 Hz, 1H, Ar-H),
7.49 (s, 1H, Ar-H), 7.39 (dd, J = 8.0, 2.2 Hz, 1H, Ar-H),
7.13 (d, J = 2.1 Hz, 1H, Ar-H, Ar-H), 6.92 (dd, J = 8.9,
2.5 Hz, 1H, Ar-H), 4.22 (s, 2H, NH,), 3.82 (s, 3H, OCH3),
3.69 (q, J = 7.2 Hz, 1H, CHCH3), 1.45 (d, J = 7.4 Hz, 3H,
CHCH;).">*C NMR (100 MHz, DMSO dy) é 176.4, 157.7,
139.8, 133.2, 129.1, 128.3, 127.2, 126.6, 125.2, 118.7, 105.6,
55.5,44.9, 18.12.

4.4. General method for the synthesis of intermediate 6 (a-f)

To a solution of isatin/5-chloroisatin (0.002 mol) in DMF,
K,COj3 (0.0025 mol) was added gradually upon stirring and
the whole mixture was stirred for half an hour. After this, dif-
ferent alkyl bromide 5(a-d) (0.002 mol) was added to the reac-
tion mixture and the reaction mixture was refluxed for another
3—4 h. After completion of the reaction (monitored through
TLC), the reaction mixture was poured into distilled water
(50 ml). The solid thus formed was filtered, washed with water,
and recrystallized using ethanol to afford pure products 6(a-f).
1-propylindoline-2,3-dione (6a)

Reddish solid; Ry = 0.33 (n-hexane: ethyl acetate 4:1);
Yield 82 %; m.p 68-70 °C; M. formula; C;;H,;NO,; 'H
NMR (300 MHz, CDCl3) 6 7.65 (t, J = 6.7 Hz, 1H, Ar-H),
7.60-7.50 (m, 2H, Ar-H), 7.12 (t, J = 7.4 Hz, 1H, Ar-H),
4.28 (t, J = 7.4 Hz, 2H, NCH,CH,CHs), 1.73-1.68 (m, 2H,
NCH,CH,CH3), 1.01 (t, J = 5.4 Hz, 3H, NCH,CH,CH3).
13C NMR (75 MHz, CDCl;) 6 186.9, 160.9, 150.3, 137.2,
127.4, 122.8, 121.7, 116.3, 46.4, 23.5, 11.4. HRMS (EI) calcd
for C;H;;NO, [M "]: 189.0790, found 189.0782.

1-benzylindoline-2, 3-dione (6b)

Orange solid; Ry = 0.34 (n-hexane: ethyl acetate 4:1); Yield
74 %; m.p 133-135 °C; M. formula; C;sH;{NO,; '"H NMR
(300 MHz, CDCl5) 6 791 (d, J = 6.2 Hz, 1H, Ar-H), 7.74
(t, J = 6.8 Hz, 1H, Ar-H), 7.54 (d, J = 7.7 Hz, 1H, Ar-H),
7.27-7.24 (m, SH, Ar-H), 7.12 (t, J = 7.4 Hz, 1H, Ar-H),
5.53 (s, 2H, NCH,). '*C NMR (75 MHz, CDCl;) § 186.8,
162.6, 145.1, 136.8, 131.5, 128.6, 127.7, 127.4, 127.1, 122.8,
121.2, 111.9, 45.4. HRMS (EI) caled for C;sH;;NO, [M ']
237.0790, found 237.0782.

1-butylindoline-2,3-dione (6¢)

Bright orange solid; Ry = 0.38 (n-hexane: ethyl acetate 4:1);
Yield 73 %; m.p 93-95 °C. M. formula; C;,H,3NO,; '"H NMR
(300 MHz, CDCl3) 6 7.65 (t, J = 6.7 Hz, 1H, Ar-H), 7.60-7.50

(m, 2H, Ar-H), 7.12 (t, J = 7.4 Hz, 1H, Ar-H), 4.67 (t,
J = 5.7 Hz, 2H, NCH,CH,CH,CH3;), 2.16-1.05 (m, 2H,
NCH,CH,CH,CH3), 1.53-1.42 (m, 2H, NCH,CH,CH,CH3),
1.04 (t, J = 4.8 Hz, 3H, NCH,CH,CH,CH;)."*C NMR
(75 MHz, CDCls) 6 187.3, 158.9, 148.9, 137.2, 127.4, 122.8,
121.6, 117.4, 48.1, 29.2, 19.4, 13.6. HRMS (EI) caled for
C1,H3NO; [M T ]: 203.0946, found 203.0938.
1-allylindoline-2,3-dione (6d)

Brick red solid; Ry = 0.31 (n-hexane: ethyl acetate 4:1);
Yield 78 %; m.p 87-89 °C; M. formula; C;HoNO,; 'H
NMR (300 MHz, CDCl3) ¢ 7.91 (d, J = 6.3 Hz, 1H, Ar-H),
7.66 (t, J = 6.8 Hz, 1H, Ar-H), 7.40 (d, J = 7.7 Hz, 1H,
Ar-H), 7.12 (t, J = 7.3 Hz, 1H, Ar-H), 5.99-5.87 (m, 1H,
NCH,CH—CH,), 5.18 (d, J = 10.7 Hz, 2H, NCH,-
CH=CH,), 4.90 (d, J = 7.6 Hz, 2H, NCH,CH=CH,). *C
NMR (75 MHz, CDCl3) ¢ 189.1, 161.0, 150.9, 138.3, 133.6,
127.2, 122.8, 119.3, 117.7, 111.0, 39.5. HRMS (EI) calcd for
C1HoNO, [M *]: 187.0633, found 187.0625.

5-chloro-1-propylindoline-2,3-dione (6¢)

Reddish crystalline solid; Ry = 0.34 (n-hexane: ethyl acetate
4:1); Yield 78 %; m.p 113-115 °C; M. formula; C;;H;(CINO,;
'"H NMR (300 MHz, CDCl5) 6 8.09 (d, / = 1.9 Hz, 1H, Ar-H),
7.70 (d, J = 8.1 Hz, 1H, Ar-H), 7.59-7.50 (m, 1H, Ar-H), 4.28
(t, J = 7.4 Hz, 2H, Ar-H, NCH,CH,CH3;), 1.78-1.62 (m, 2H,
Ar-H, NCH,CH,CHs;), 1.05 (t, J/ = 5.3 Hz, 3H, Ar-H, NCH,-
CH,CH;). '3C NMR (75 MHz, CDCl;) 6 186.1, 160.9, 144.3,
132.7, 128.3, 124.8, 122.8, 112.3, 46.3, 23.5, 11.4. HRMS (EI)
caled for C;H;oCINO, [M " ]: 223.0400, found 223.0392.

1-benzyl-5-chloroindoline-2,3-dione (6f)

Orange powder; Ry = 0.33 (n-hexane: ethyl acetate 4:1);
Yield 74 %; m.p 144-146 °C; M. formula; C;sH,,CINO,; 'H
NMR (300 MHz, CDCl3) ¢ 7.88 (d, J = 2.0 Hz, 1H, Ar-H),
7.75 (d, J = 8.1 Hz, 1H, Ar-H), 7.58-7.49 (m, 1H, Ar-H),
7.37-7.07 (m, 5H, Ar-H), 5.54 (s, 2H, NCH,).!?*C NMR
(75 MHz, CDCl;) 6 186.1, 162.6, 143.8, 136.8, 132.5, 128.5,
128.2,127.7, 127.4, 124.6, 122.6, 112.4, 45.4. HRMS (EI) calcd
for CsH;oCINO, [M " ]: 271.0400, found 271.0390.

4.5. General method for the synthesis hydrazones derivatives 7

(a-r)

An equimolar mixture of hydrazides 3(a, b) (0.001 mol) and
intermediates (Isatin/substituted Isatin 4(a-c) or N-alkylated
Isatin 6(a-f) (0.001 mol)) was refluxed in ethanol in the pres-
ence of few drops of glacial acetic acid for about 2-3 h. The
completion of the reaction was monitored through TLC. After
completion of the reaction, excess solvent was evaporated and
the solid separated out was thus filtered, washed with water
and recrystallized with ethanol to obtain pure hydrazone
derivatives 7(a-r).

N’-(5-chloro-2-oxoindolin-3-ylidene)-2-(2-((2,6-dichlorophe
nyl)amino)phenyl) acetohydrazide (7a)

Orange solid; Ry = 0.46 (n-hexane: ethyl acetate 4:1); Yield
72 % m.p 222-228 °C. M. Formula; C»H;sCI3N40,;'H NMR
(300 MHz, DMSO dg) 6 10.03 (s, 1H, NH), 9.73 (s, 1H, NH),
7.77 (d, J = 2.6 Hz, 1H, Ar-H), 7.62 (d, J = 6.7 Hz, 1H, Ar-
H), 7.52-7.38 (m, 3H, Ar-H), 7.26 (s, |H, NH), 7.12-6.98 (m,
2H, Ar-H), 6.86 (t, J = 7.5 Hz, 1H, Ar-H), 6.67 (t, J = 7.5 Hz,
1H, Ar-H), 6.23 (d, J = 7.8 Hz, 1H, Ar-H), 3.60 (s, 2H, CH;).
13C NMR (75 MHz, DMSO dg) 6 170.3, 168.7, 143.6, 143.4,
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142.6, 139.1, 130.6, 129.4, 129.2, 129.1, 127.8, 126.2, 125.5,
123.9, 123.3, 122.8, 122.1, 118.5, 116.2, 38.5. IR (KBr,
em™"): vmax 3248 (N—H), 3038 (C—H), 1665 (C=0), 1633
(N=CH), 672(C—Cl). HRMS (EI) caled for C,;,H;sCl;
N,O, [M*]: 472.0261 found 472.0253.

N’-(5-chloro-2-oxo0-1-propylindolin-3-ylidene)-2-(2-((2,6-dich
lorophenyl)amino)phenyl) acetohydrazide (7b)

Orange solid; Ry = 0.45 (n-hexane: ethyl acetate 4:1); Yield
80 %; m.p 169-172 °C; M. formula; C,sH,;Cl3N405; '"H NMR
(300 MHz, DMSO dg) ¢ 10.12 (s, 1H, NH), 7.89 (d,
J = 2.6 Hz, 1H, Ar-H), 7.60-7.41 (m, 4H, Ar-H), 7.23 (s,
1H, NH), 7.10-6.98 (m, 2H, Ar-H), 6.87 (t, J = 7.6 Hz, 1H,
Ar-H), 6.70 (t, J/ = 7.5 Hz, 1H, Ar-H), 6.26 (d, J = 7.8 Hz,
1H, Ar-H), 4.28 (t, J = 4.3 Hz, 2H, CH,CH,CH3), 3.59 (s,
2H, CH,), 1.72-1.60 (m, 2H, CH,CH,CH;), 1.03 (t,
J = 63 Hz, 3H, CH,CH,CH;). *C NMR (75 MHz,
DMSO dg) 6 170.4, 163.4, 143.6, 143.4, 139.1, 137.4, 1314,
130.6, 129.4, 129.1, 127.8, 126.2, 125.5, 123.9, 123.3, 122.9,
1222, 118.7, 116.7, 43.6, 38.5, 21.3, 11.4. IR (KBr, cm™")):
vmax 3307 (N—H), 3047 (C—H), 1662 (C=0), 1620 (N=CH),
671(C—Cl). HRMS (EI) caled for C,sH,;ClsN40, [M™]:
514.0730 found 514.0719.

N’-(1-benzyl-5-chloro-2-oxoindolin-3-ylidene)-2-(2-((2,6-dich
lorophenyl)amino)phenyl) acetohydrazide (7c)

Yellow solid; Ry = 0.42 (n-hexane: ethyl acetate 4:1); Yield
76 % m.p 212-219 OC; M. formula; C29H2|C13N40£;H NMR
(300 MHz, DMSO ds) 6 10.04 (s, 1H, NH), 7.78 (d,
J = 2.7 Hz, 1H, Ar-H), 7.62 (d, J = 7.8 Hz, 1H, Ar-H),
745 (d, J = 8.1 Hz, 3H, Ar-H), 7.35-7.25 (m, 5H, Ar-H),
7.22 (s, 1H, NH), 7.10-7.05 (m, 2H, Ar-H), 6.93 (t,
J = 84 Hz, 1H, Ar-H), 6.79 (t, J = 7.5 Hz, 1H, Ar-H),
6.30 (d, J = 8.1 Hz, 1H, Ar-H), 4.94 (s, 2H, NCH,), 3.68 (s,
2H, CH,). '3C NMR (75 MHz, DMSO d;) 6 170.4, 165.9,
143.6, 143.3, 139.2, 137.4, 136.5, 131.3, 130.6, 129.4, 129.1,
128.5, 127.8, 127.5, 127.4, 126.2, 125.4, 123.9, 123.2, 122.5,
122.2, 1189, 116.4, 44.7, 38.4. IR (KBr, cm™'): vmax 3243
(N—H), 3006 (C—H), 1671 (C=0), 1634 (N=—CH), 648
(C_Cl) HRMS (EI) caled for C29H21C13N402 [M+]:
562.0730 found 562.0718.

2-(2-((2,6-dichlorophenyl)amino)phenyl)-N’-(2-oxoindolin-3-
ylidene)acetohydrazide (7d)

Yellowish orange solid; Ry = 0.42 (n-hexane: ethyl acetate
4:1); Yield 70 % m.p 238-240 °C; M. formula; Cy,H;sCIl,Ny-
0,; '"H NMR (300 MHz, DMSO dg) & 10.27 (s, 1H, NH),
9.93 (s, 1H, NH), 7.85 (d, J = 6.7 Hz, 1H, Ar-H), 7.75 (d,
J = 7.5 Hz, 1H, Ar-H), 7.61 (td, J = 7.4, 1.3 Hz, 1H, Ar-
H), 7.47-7.24 (m, 3H, Ar-H), 7. 26 (s, 1H, NH), 7.07-6.89
(m, 3H, Ar-H), 6.73 (t, J = 7.5 Hz, 1H, Ar-H), 6.26 (d,
J = 7.8 Hz, 1H, Ar-H), 3.63 (s, 2H, CH,)."*C NMR
(75 MHz, DMSO dg) o 171.1, 168.3, 143.6, 143.4, 139.2,
135.9, 130.6, 129.4, 129.1, 127.8, 126.2, 124.7, 123.7, 122.6,
121.4, 120.2, 119.6, 118.4, 117.4, 38.5. IR (KBr, cm™"): vmax
3242 (N—H), 2997 (C—H), 1660 (C=0), 1628 (N—CH), 639
(C_Cl) HRMS (EI) caled for C22H1()C12N402 [M+]:
438.0650 found 438.0637.

2-(2-((2,6-dichlorophenyl)amino)phenyl)-N’-(2-0xo0-1-propy
lindolin-3-ylidene)aceto hydrazide (7e)

Yellow cotton like solid; Ry = 0.45 (n-hexane: ethyl acetate
4:1); Yield 64 % m.p 140-143 °C; M. formula; C,sH,,Cl,Ny-
0,; '"H NMR (300 MHz, DMSO dg) & 10.04 (s, 1H, NH),
7.79 (d, J = 6.4 Hz, 1H, Ar-H), 7.68 (d, J/ = 6.4 Hz, 1H,

Ar-H), 7.54-7.35 (m, 4H, Ar-H), 7.23 (s, 1H, NH), 7.09-7.00
(m, 2H, Ar-H), 6.92 (t, J = 7.6 Hz, 1H, Ar-H), 6.73 (t,
J = 7.5 Hz, 1H, Ar-H), 624 (d, J = 7.8 Hz, 1H, Ar-H),
428 (t, J = 4.3 Hz, 2H, CH,CH,CH;), 3.64 (s, 2H, CH>),
1.70-1.59 (m, 2H, CH,CH,CH3), 1.06 (t, J = 7.1 Hz, 3H,
CH,CH,CH;). *C NMR (75 MHz, DMSO dg) & 171.0,
163.5, 143.6, 143.4, 140.1, 137.8, 130.6, 129.4, 129.1, 128.2,
127.83, 125.5, 123.9, 123.3, 122.3, 121.2, 119.3, 117.0, 115.8,

43.6, 38.5, 21.3, 11.4. IR (KBr, cm™'): vmax 3306 (N—H),
2989 (C—H), 1653 (C=0), 1638 (N—CH), 662 (C—Cl).
HRMS (EI) caled for Cy5H»Cly, N4O» [M F]: 480.1120 found
480.1107.

N’-(1-benzyl-2-o0xoindolin-3-ylidene)-2-(2-((2,6-dichlorophe
nyl)amino)phenyl)aceto hydrazide (7f)

Light yellow solid; Ry = 0.44 (n-hexane: ethyl acetate 4:1);
Yield 70 % m.p 212-219 OC; M. formula; C29H22C12N402; lH
NMR (300 MHz, DMSO d;) 6 10.05 (s, 1H, NH), 7.76-7.60
(m, 2H, Ar-H), 7.52 (d, J = 8.0 Hz, 2H, Ar-H), 7.41-7.31
(m, 6H, Ar-H), 7.28-7.15 (m, 3H, Ar-H &NH), 7.09-7.04
(m, 2H, Ar-H), 6.87 (t, J = 7.2 Hz, 1H, Ar-H), 6.24 (d,
J = 7.8 Hz, 1H, Ar-H), 4.96 (s, 2H, NCH,), 3.68 (s, 2H,
CH,). *C NMR (75 MHz, DMSO dg) & 171.0, 165.9, 143.6,
143.3, 140.1, 137.8, 136.6, 130.6, 129.4, 129.1, 128.5, 128.1,
127.8, 127.6, 127.4, 125.5, 123.9, 123.3, 121.6, 121.3, 119.4,

116.9, 115.2, 44.7, 38.4. IR (KBr, cm™'): vmax 3230 (N—H),
3014 (C—H), 1685 (C=0), 1605 (N=—CH), 680 (C—Cl).
HRMS (EI) caled for CooH,,CLN4O, [M ] 528.1120 found
528.1109.

N’-(1-allyl-2-oxoindolin-3-ylidene)-2-(2-((2,6-dichlorophenyl)
amino)phenyl)acetohydrazide (7g)

Yellow solid; Ry = 0.42 (n-hexane: ethyl acetate 4:1); Yield
68 % m.p 163-165 °C; M. formula; C,sH»yClLN4O,;'"H NMR
(300 MHz, DMSO ds) ¢ 10.05 (s, 1H, NH), 791 (d,
J = 7.2 Hz, 1H, Ar-H), 7.68 (dd, J = 7.2, 2.1 Hz, 1H, Ar-
H), 7.45 (d, J = 8.1 Hz, 2H, Ar-H), 7.35-7.28 (m, 3H, NH
& Ar-H), 7.10-7.05 (m, 2H, Ar-H), 6.93 (t, / = 7.5 Hz, 1H,
Ar-H), 6.79 (t, J/ = 7.5 Hz, 1H, Ar-H), 6.30 (d, J = 8.1 Hz,
1H, Ar-H), 5.99-5.87 (m, 1H, NCH,CH=—CH,), 5.16 (d, 2H,
J = 7.5 Hz NCH,CH=CH>), 4.90 (d, J = 4.8 Hz, 2H, NCH,-
CH=—CH.), 3.68 (s, 2H, CH,). >*C NMR (75 MHz, DMSO dj)
0 170.4, 163.8, 143.6, 143.3, 140.0, 137.8, 133.2, 130.6, 129.4,
129.1, 128.1, 127.8, 125.4, 123.9, 123.2, 121.9, 121.2, 119.3,
117.5, 116.9, 115.8, 42.3, 38.5. IR (KBr, cm™'): vmax 3238
(N—H), 3082 (C—H), 1668 (C=0), 1615 (N=—CH), 679
(C—CIl). HRMS (EI) caled for C,sH,oCLN4O> [M™]:
478.0963 found 478.0950.

N’-(1-butyl-2-oxoindolin-3-ylidene)-2-(2-((2,6-dichlorophe
nyl)amino)phenyl)aceto hydrazide (7h)

Light orange micro crystals; Ry = 0.49 (n-hexane: ethyl
acetate 4:1); Yield 75 % m.p 158-162 °C; M. formula; CosHyy-
CLL,N,40,; "H NMR (300 MHz, DMSO dg) 6 10.04 (s, 1H, NH),
7.90 (dd, J = 6.2, 1.6 Hz, 1H, Ar-H), 7.63-7.46 (m, SH, Ar-H),
7.25 (s, 1H, NH), 7.19-7.02 (m, 2H, Ar- H), 692 (t,
J = 7.6 Hz, 1H, Ar-H), 6.73 (t, J = 7.5 Hz, 1H, Ar-H),
6.27 (d, J = 7.1 Hz, 1H, Ar-H), 4.34 (t, / = 6.1 Hz, 2H,
NCH,CH,CH,CHj;), 3.61 (s, 2H, CH,), 2.11 (quin,
J = 6.2 Hz, 2H, NCH,CH,CH,CH3), 1.62-1.48 (m, 2H,
NCH,CH,CH,CH3), 1.04 (t, J = 6.7 Hz, 3H, NCH,CH,CH,-
CHs). '*C NMR (75 MHz, DMSO d) 6 171.1, 163.4, 143.6,
143.4, 140.1, 137.9, 130.6, 129.4, 129.1, 128.2, 127.8, 125.5,
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123.9, 123.3, 122.3, 121.2, 119.3, 117.4, 115.9, 46.8, 38.5, 29.3,
19.4, 13.5. IR (KBr, cm™'): vmax 3210 (N—H), 3077 (C—H),
1665 (C=0), 1626 (N—CH), 673 (C—CIl). HRMS (EI) calcd
for C26H24C12N402 [M+]Z 494.1276 found 494.1263.

2-(2-((2,6-dichlorophenyl)amino)phenyl)-N’-(5-nitro-2-oxoin
dolin-3-ylidene)acetohydrazide (7i)

Orange solid; Ry = 0.36 (n-hexane: ethyl acetate 4:1); Yield
78 % m.p 192-196 °C; M. formula; C5,H5C1,N50y4; "H NMR
(300 MHz, DMSO dg) 6 10.13 (s, 1H, NH), 9.89 (s, 1H, NH),
799 (d, J = 2.0 Hz, 1H, Ar-H), 7.89 (d, J = 8.0 Hz, 1H, Ar-
H), 7.77 (d, J = 7.7 Hz, 1H, Ar-H), 7.44 (d, J = 8.1 Hz, 2H,
Ar-H), 7.26 (s, 1H, NH), 7.09-6.97 (m, 3H, Ar-H), 6.73 (t,
J = 7.5 Hz, 1H, Ar-H), 6.24 (d, J = 7.7 Hz, 1H, Ar-H),
3.63(s, 2H, CH,). >*C NMR (75 MHz, DMSO d;) ¢ 171.0,
168.7, 146.2, 143.6, 143.4, 142.2, 139.1, 130.6, 129.4, 129.1,
127.8, 125.5, 125.2, 123.9, 123.3, 119.8, 119.2, 117.6, 115.7,
38.5. IR (KBr, cm™'): vmax 3253 (N—H), 3010 (C—H),
(1645C—=0), 1610 (N—CH), 628 (C-Cl). HRMS (EI) calcd
for C,,H;sCLLNs0, [M *]: 483.0501 found 483.0488.

N’-(5-chloro-2-oxoindolin-3-ylidene)-2-(6-methoxynaphtha
len-2-yl)propanehydrazide (7j)

Yellow solid; Ry = 0.40 (n-hexane: ethyl acetate 4:1); Yield
70 % m.p 230-232 °C. M. formula; C»,H,sCIN;O5; 'H NMR
(300 MHz, DMSO dg) 6 10.03 (s, 1H, NH), 9.47 (s, 1H, NH),
791 (d,J = 2.1 Hz, 1H, Ar-H), 7.74-7.66 (m, 3H, Ar-H), 7.60
(d, J = 7.0 Hz, 1H, Ar-H), 7.45 (dd, J = 7.3, 1.9 Hz, 1H, Ar-
H), 7.39 (dd, J = 8.4, 2.0 Hz, 1H, Ar-H), 7.16-7.11 (m, 2H,
Ar-H), 3.84 (s, 3H, OCH3), 3.58 (g, J/ = 6.2 Hz, 1H, CH),
1.34 (d, J = 6.2 Hz, 3H, CH;). '>*C NMR (75 MHz, DMSO dj)
0 170.1, 168.7, 157.7, 142.6, 139.9, 139.4, 133.2, 129.1, 128.9,
128.3, 127.3, 126.6, 126.2, 125.3, 122.8, 122.1, 118.7, 114.2,

105.6, 55.6, 44.1, 18.1. IR (KBr, cm™"): vmax 3271 (N—H),
3098 (C—H), 1677 (C=0), 1630 (N=—CH), 638 (C—Cl).
HRMS (EI) caled for C5,H 3CIN;O5 [M ]: 407.1037 found
407.1024.

N’-(5-chloro-2-0x0-1-propylindolin-3-ylidene)-2-(6-methoxy
naphthalen-2yl)propane hydrazide (7k)

Yellow solid; Ry = 0.50 (n-hexane: ethyl acetate 4:1); Yield
74 % m.p 142-146 °C; M. formula; C»5H,4CIN;O5; '"H NMR
(400 MHz, DMSO dg) 6 10.09 (s, IH, NH), 7.77-7.69 (m, 3H,
Ar-H), 7.56-7.46 (m, 2H, Ar-H), 7.29 (d, J = 8.4 Hz, 1H, Ar-
H), 7.15-7.08 (m, 2H, Ar-H), 6.76 (d, J = 8.4 Hz, 1H, Ar-H),
4.62 (t, J = 4.8 Hz, 2H, NCH,CH,), 3.88 (s, 3H, OCH3;), 3.57
(q, J = 6.8 Hz, IH, CHCH3;), 1.70-1.61 (m, 5H,CH,CH,-
CH;& CHCHjy), 0.92 (t, J = 7.2 Hz, 3H, CH,CH,CH,). '*C
NMR (100 MHz, DMSO d¢) ¢ 170.4, 163.4, 157.7, 139.9,
139.1, 137.9, 133.2, 131.4, 129.1, 128.4, 127.3, 126.6, 126.2,
125.3, 122.9, 122.2, 118.7, 113.3, 105.6, 55.6, 44.1, 43.6, 21.3,
18.1, 11.4. IR (KBr, cm™'): vmax 3235 (N—H), 3011 (C—H),
1671 (C=0), 1638 (N—CH), 647 (C-Cl). HRMS (EI) calcd
for CsH,4CIN30; [M 7]: 449.1506 found 449.1489.

N’-(1-benzyl-5-chloro-2-oxoindolin-3-ylidene)-2-(6-methoxy
naphthalen-2-yl)propane hydrazide (71)

Yellow solid; Ry = 0.45(n-hexane: ethyl acetate 4:1); Yield
75 % m.p 156-160 °C; M. formula; CoH,4CIN;O5; 'H NMR
(300 MHz, DMSO ds) 6 10.01 (s, 1H, NH), 7.97 (d,
J = 1.8 Hz, 1H, Ar-H), 7.83-7.78 (m, 4H, Ar-H), 7.75 (s,
IH, Ar-H), 7.62 (d, J = 8.1 Hz, 1H, Ar-H), 7.49-7.43 (m,
6H, Ar-H), 7.18 (dd, J = 8.7, 2.4 Hz, 1H, Ar-H), 4.90 (s,
2H, NCH,), 3.87 (s, 3H, OCH;), 3.53 (q, J/ = 5.4 Hz, 1H,

CHCHs;), 134 (d, J = 5.1 Hz, 3H, CHCH;). 3*C NMR
(75 MHz, DMSO dg) 6 170.3, 165.9, 157.7, 139.8, 139.2,
137.9, 136.5, 133.1, 131.3, 129.1, 128.5, 128.3, 127.7, 127.5,
127.2, 126.6, 126.2, 125.2, 122.5, 122.2, 118.7, 113.3, 105.6,
55.5, 44.7, 44.0, 18.1. IR (KBr, cmfl): vmax 3244 (N—H),
3085 (C—H), 1655 (C=0), 1624 (N—CH), 666 (C—CIl).
HRMS (EI) caled for CyoH»sCIN3O5 [M ]: 497.1506 found
497.1491.
2-(6-methoxynaphthalen-2-yl)-N’-(2-oxoindolin-3-ylidene)

propane hydrazide (7m)

Yellow solid; Ry = 0.40 (n-hexane: ethyl acetate 4:1); Yield
71 % m.p 217-220 °C; M. formula; Cy,H9N303; '"H NMR
(300 MHz, DMSO ds) 6 10.03 (s, 1H, NH), 9.69 (s, 1H,
NH), 796 (dd, J = 7.0, 1.6 Hz, 1H, Ar-H), 7.87 (dd,
J = 173,19 Hz, 1H, Ar-H), 7.79-7.66 (m, 4H, Ar-H), 7.51-
7.36 (m, 2H, Ar-H), 7.15-7.13 (m, 2H, Ar-H), 3.83 (s, 3H,
OCH3), 3.58 (q, J = 6.2 Hz, 1H, CHCH3;), 1.33 (s, 3H,
CHCH;). *C NMR (75 MHz, DMSO dg) 6 170.4, 168.3,
157.7, 139.9, 139.5, 135.9, 133.2, 129.1, 128.4, 127.3, 126.6,
125.3, 121.7, 121.1, 119.4, 119.0, 118.7, 111.4, 105.6, 55.6,
44.1, 18.1. IR (KBr, cm™'): vmax 3290 (N—H), 3008 (C—H),
1667 (C=0), 1640 (N=—CH). HRMS (EI) calcd for
C22H19N303 [M+]Z 373.1426 found 373.1413.

2-(6-methoxynaphthalen-2-yl)-N’-(2-oxo-1-propylindolin-3-y
lidene)propanehydrazide (7n)

Yellow micro crystals; Ry = 0.43 (n-hexane: ethyl acetate
4:1); Yield 70 % m.p 131-134 °C; M. formula; C,sH,5N505;
'"H NMR (300 MHz, DMSO dg) 6 10.17 (s, 1H, NH), 7.92
(dd, J = 6.0, 1.8 Hz, 1H, Ar-H), 7.83-7.78 (m, 2H, Ar-H),
7.72 (d, J = 2.4 Hz, 1H, Ar-H), 7.62 (d, J = 7.1 Hz, 1H,
Ar-H), 7.48 (d, J = 8.4 Hz, 1H, Ar-H), 7.36-7.27 (m, 3H,
Ar-H), 7.18 (dd, J = 8.7, 2.7 Hz, 1H, Ar-H), 4.23 (t,
J = 5.4 Hz, 2H NCH,CH,CH3), 3.87 (s, 3H, OCH3;), 3.58
(q, J = 5.4 Hz, 1H, CHCHy), 1.75-1.65 (m, 2H NCH,CH,-
CH3), 1.33 (d, J = 5.1 Hz, 3H, CHCH;), 1.00 (t,
J = 5.1 Hz, 3H, NCH,CH,CH;). *C NMR (75 MHz,
DMSO di) ¢ 170.3, 163.4, 157.7, 140.0, 139.8, 138.4, 133.2,
129.1, 128.3, 128.0, 127.2, 126.6, 125.2, 122.2, 121.2, 119.2,
118.7, 111.7, 105.6, 55.5, 44.0, 43.6, 21.2, 18.1, 11.3. IR
(KBr, cm™"): vmax 3257 (N—H), 3082 (C—H), 1674 (C=0),
1635 (N=CH). HRMS (EI) caled for CsH,sN;05; [M*]:
415.1896 found 415.1879.

N’-(1-benzyl-2-oxoindolin-3-ylidene)-2-(6-methoxy
naphthalen-2-yl)propanehydrazide (70)

Yellow solid; Ry = 0.43 (n-hexane: ethyl acetate 4:1); Yield
68 % m.p 179-183 °C; M. formula; Cy0H,5N303; 'H NMR
(300 MHz, DMSO d¢) ¢ 10.19 (s, 1H, NH), 7.99 (dd,
J = 6.3, 1.3 Hz, 1H, Ar-H), 7.73-7.65 (m, 4H, Ar-H), 7.58
(td, J = 6.7, 1.2 Hz, 1H, Ar-H), 7.49-7.43 (m, 1H, Ar-H),
7.40 (dd, J = 8.3, 2.1 Hz, 1H, Ar-H), 7.34-7.24 (m, 5H, Ar-
H), 7.13 (s, 1H, Ar-H), 7.06 (dd, J = 8.7, 2.3 Hz, 1H, Ar-
H), 494 (s, 2H, NCH,), 3.84 (s, 3H, OCH;), 3.57 (q,
J = 6.2 Hz, 1H, CHCH3), 1.34 (d, J = 6.2 Hz, 3H, CHCH,;).
13C NMR (75 MHz, DMSO dy) d 170.4, 165.9, 157.7, 140.1,
139.9, 138.5, 136.6, 133.2, 129.1, 128.5, 128.4, 128.1, 127.8,
127.6, 127.3, 126.6, 125.3, 121.6, 121.3, 119.4, 118.7, 111.7,
105.6, 55.6, 44.7, 44.1, 18.1. IR (KBr, cm™'): vmax 3232
(N—H), 3063 (C—H), 1656 (C=0), 1612 (N=—=CH). HRMS
(EI) caled for CoH,sN3O3 [M *]: 463.1896 found 463.1883.
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N’-(1-allyl-2-oxoindolin-3-ylidene)-2-(6-methoxy
naphthalen-2-yl)propanehydrazide (7p)

Yellow solid; Ry = 0.45 (n-hexane: ethyl acetate 4:1); Yield
64 % m.p 97-99 °C; M. formula; C,5sH»3N303; '"H NMR
(300 MHz, DMSO ds) ¢ 10.08 (s, 1H, NH), 7.93 (dd,
J = 6.4, 1.4 Hz, 1H, Ar-H), 7.75-7.65 (m, 4H, Ar-H), 7.58
(td, J = 6.7, 1.3 Hz, 1H, Ar-H), 7.47-7.37 (m, 2H, Ar-H),
7.17-7.10 (m, 2H, Ar-H), 5.97-5.89 (m, 1H, NCH,CH=—CH,),
5.19-5.12 (m, 2H, NCH,CH=CH,), 4.89 (d, J = 5.3 Hz, 2H,
NCH,CH=CH,), 3.85 (s, 3H, OCH3;), 3.57 (q, J = 5.7 Hz,
1H, CHCH,), 1.35 (d, J = 5.4 Hz, 3H, CHCH;)."’C NMR
(75 MHz, DMSO dg) 6 170.3, 163.8, 157.0, 140.1, 139.8,
138.5, 133.2, 133.2, 129.1, 128.4, 128.1, 127.3, 126.6, 125.3,
121.9, 121.2, 119.3, 118.74, 117.5, 111.7, 105.6, 55.6, 44.1,
42.3,18.1. IR (KBr, cm™"): vmax3256 (N—H), 3030 (C—H),
1681 (C=0), 1599 (N=—CH). HRMS (EI) caled for
C55H,3N;05 [M F]: 413.1739 found 413.1727.

N’-(1-butyl-2-oxoindolin-3-ylidene)-2-(6-methoxynaphtha
len-2-yl)propane hydrazide (7q)

Yellow solid; Ry = 0.36 (n-hexane: ethyl acetate 4:1); Yield
70 % m.p 94-96 °C; M. formula; CogH,7N;05;; 'H NMR
(300 MHz, DMSO dg) 6 9.96 (s, 1H, NH), 7.82 (dd, J = 6.4,
1.3 Hz, 1H, Ar-H), 7.75 (dd, J = 6.5, 1.3 Hz, 1H, Ar-
H),7.66-7.59 (m, 3H, Ar-H), 7.51 (td, J = 6.7, 1.2 Hz, 1H,
Ar-H), 7.41-7.33 (m, 2H, Ar-H), 7.13 (s, 1H, Ar-H), 6.99
(dd, J = 8.9, 2.4 Hz, 1H, Ar-H), 4.34 (t, J = 6.1 Hz, 2H,
NCH,CH,CH,CH3), 3.83 (s, 3H, OCHj3), 3.56 (q,
J = 6.2 Hz, 1H, CHCH,;), 2.11 (quin, J = 6.2 Hz, 2H, NCH,-
CH,CH,CH3;),1.48-1.40 (m, 2H, NCH,CH,CH,CH3), 1.34 (d,
J = 5.2 Hz, 3H, CHCH3), 1.04 (t, J = 6.7 Hz, 3H, CH,CH,-
CH,CH;). *C NMR (75 MHz, DMSO dg) 6 170.4, 163.4,
157.7, 140.1, 139.8, 138.5, 133.2, 129.1, 128.4, 128.1, 127.3,
126.6, 125.3, 122.3, 121.2, 119.3, 118.7, 111.8, 105.6, 55.6,
46.8, 44.1, 29.3, 19.4, 18.1, 13.5. IR (KBr, cm™'): vmax 3258
(N—H), 3050 (C—H), 1675 (C=0), 1601 (N=—=CH). HRMS
(EI) calcd for CogHp7N305 [M *]: 429.2052 found 429.2039.

2-(6-methoxynaphthalen-2-yl)-N’~(5-nitro-2-oxoindolin-3-yli
dene)propanehydrazide (7r)

Yellow solid; Ry = 0.39 (n-hexane: ethyl acetate 4:1); Yield
80 % m.p.230-233 °C; M. formula; Cy,HgN4Os; 'H NMR
(300 MHz, DMSO ds) 6 10.03 (s, 1H, NH), 9.35 (s, 1H,
NH), 833 (d, J = 18 Hz, 1H, Ar-H), 8.14 (dd,
J = 17.5,2.1 Hz, 1H, Ar-H), 7.99 (d, J = 7.8 Hz, 1H, Ar-H),
7.83-7.78 (m, 2H, Ar-H), 7.72 (s, 1H, Ar-H), 7.52 (dd,
J = 84, 2.1 Hz, 1H, Ar-H), 7.34 (d, J = 2.7 Hz, 1H, Ar-
H), 7.22 (dd, J = 7.5,2.4 Hz, 1H, Ar-H), 3.87 (s, 3H,
OCH3), 3.58 (q, J = 54 Hz, 1H, CHCH;), 1.33 (d,
J = 5.4 Hz, 3H, CHCHj;). >*C NMR (75 MHz, DMSO ;) §
170.3, 168.7, 157.7, 146.2, 142.1, 139.8, 139.3, 133.1, 129.1,
128.3, 127.2, 126.6, 125.5, 125.2, 119.7, 119.1, 118.7, 113.0,
105.6, 55.6, 44.0, 18.1. IR (KBr, cm™!): vmax 3246 (N—H),
2926 (C—H), 1666 (C=0), 1620 (N=—CH). HRMS (EI) calcd
for C22H18N405 [M+]Z 418.1277 found 418.1268.

4.6. Biological evaluation

4.6.1. 15-LOX inhibition assay

The assay was carried out using the previously described method
(Sardar, 2022; Kondo et al., 1994). In a total volume of 100 pL of

the reaction mixture, 60 pL of borate buffer (200 mM, pH 9.0),
10 uL of test compound or solvent, and 10 pL enzyme solution
(soybean 15-LOX) were added, and the contents were incubated
for five minutes at 25 °C in the dark. The luminescence was mea-
sured using a 96-well plate reader (Synergy HTX, BioTek, USA)
in luminescence mode after a 10 pL solution of luminol (3 nM)
containing cytochrome ¢ (I nM) was added to each well. The
reaction was started by adding 10 pL of linoleic acid substrate
solution. Chemiluminescence was timed between 100 and
300s. All of the experiments were done in triplicate. As a positive
control, quercetin and baicalein were utilized. The % inhibitions
of the active substances were obtained after successive dilutions.
Using Ez-Fit enzyme kinetics software, the ICsq was calculated.

4.6.2. Cell viability assay

The cell viability assay was carried out as reported earlier
(Muzaffar et al., 2021). Mononuclear cells were separated by
loading fresh blood taken from healthy volunteers onto lym-
phocyte separation medium (density 1.077 g/mol) and used
in the MTT assay as described (Sardar, 2022).

4.7. Molecular docking

In order to explore the binding modes of newly synthesized com-
pounds in the active site of LOX enzyme, all the compounds
were docked into the binding pocket of LOX using Molecular
Operating Environment (MOE). The crystal structure of human
15-lipoxygenase (15-LOXh) with PDB code 4NRE was down-
loaded from protein data bank. The protein structure was pre-
pared using the preparation module of MOE and was
subjected for 3D protonation and finally was energy minimized
to get a stable conformation of the target protein. All com-
pounds were subjected to MOE for protonation and energy min-
imization using the default parameters (gradient: 0.05, Force
Field: MMFF94X). The default parameters of MOE were used
for molecular docking purpose, i.e., Placement: Triangle
Matcher, Rescoring-1: London dG, Refinement: Forcefield,
Rescoring-2: GBVI/WSA. For each ligand, total ten conforma-
tions were allowed to generate, and the top-ranked conforma-
tions based on docking score were selected for protein-ligand
interaction profile analysis. Ligand interaction and visualization
were carried out via Pymol.
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