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Abstract

Some novel triazole-bearing ketone and oxime derivatives were synthesized from Ibuprofen. In vitro cytotoxic activities of
all synthesized molecules against five cancer lines (human breast cancer MCF-7, human lung cancer A549, human prostate
cancer PC-3, human cervix cancer HeLa, and human chronic myelogenous leukemia K562 cell lines) were evaluated by MTT
assay. In addition, mouse embryonic fibroblast cells (NIH/3T3) were also evaluated to determine the selectivity. Compounds
18, 36, and 45 were found to be the most cytotoxic, and their ICy, values were in the range of 17.46-68.76 uM, against the
tested cancer cells. According to the results, compounds 7 and 13 demonstrated good anti-inflammatory activity against
the microsomal enzyme prostaglandin E2 synthase-1 (mPGES-1) enzyme at IC50 values of 13.6 and 4.95 uM. The low
cytotoxicity and non-mutagenity of these compounds were found interesting. Also, these compounds significantly prevented
tube formation in angiogenesis studies. In conclusion, the anti-inflammatory and angiogenesis inhibitory activities of these
compounds without toxicity suggested that they may be promising agents in anti-inflammatory treatment and they may be
supportive agents for the cancer treatment.

This research was partly presented at the 2nd International Gazi
Pharma Symposium Series (GPSS 2017) on 11-13 October 2017,
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Introduction

Cancer is recognized as an essential health issue with
many types which are believed to be associated with the
chronic effect of prostaglandin E2 (PGE,) [1]. On the other
hand, PGE, is a vital eicosanoid that plays a crucial role in
homeostasis. By examining the reports on cancer biology,
it can be seen that PGE, stimulates tumor cell proliferation,
migration, and invasion [1, 2] and supports angiogenesis
by increasing vascular endothelial growth factor (VEGF)
production [1-3]. In addition, PGE, also influences cells in
the tumor microenvironment and promotes tumor growth
by suppressing immunosurveillance [1, 4]. According to
Zhang et al., the mean metastasis of A549 cells in PGE,
loaded mice was more than that in control mice. Contrarily,
treatment with Celecoxib suppressed lung metastasis in the
same experiment. The same report also shows that PGE,
increased migration and invasion of A549 cells by wound
healing and Transwell assays, which could be reversed by
Celecoxib [5]. Clinical studies have noted a reduced risk for
breast, lung, prostate, and colon cancers after treatment with
non-steroidal anti-inflammatory drugs (NSAIDs) [1, 4-6].
Many studies focus on cyclooxygenase-2 (COX-2)
expression in tumors [3-5], but there is a hidden etiology in
many clinical pathologies that is co-expressed with COX-2,
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called microsomal prostaglandin E2 synthase-1 (mPGES-1)
and in particular, PGE, is produced by the collaboration of
COX-2 and mPGES-1 enzymes [1, 2, 6-12]. Furthermore,
due to the facts mentioned above mPGES-1 has been iden-
tified as a promising target for treating inflammatory and
neoplastic diseases.

Ibuprofen usage in the prophylaxis and treatment of
cancer is an entirely new therapeutic approach [13-16]. To
avoid the gastrointestinal damage caused by chronic drug
use, the researchers focused on the search for more effec-
tive and less harmful compounds particularly obtained by
derivatizing carboxylic acid function [17, 18]. One of these
derivatization approaches is the cyclization to the triazole
ring [19-25]. The interest of our team working on this het-
erocyclic ring system and its bioisosteres has turned into
the search for new compounds showing anticancer anti-
inflammatory effects [1, 26, 27]. The anticancer activity or
mPGES-1 enzyme inhibitory effects of the main skeletons
we progressively synthesize [26] were also reported by dif-
ferent research groups [28-30] (Fig. 1).

Following a careful literature study, selected compounds
were synthesized and their structures were elucidated as
well as their biological activities were tested. Molecular
docking was operated for the most active compounds. This
study aims to confirm the structures of the synthesized
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Fig.1 1,2,4-Triazole bearing compounds with anticancer or anti-inflammatory activities

1,2,4-triazole carrying thioether compounds by spectral
methods and to investigate their possible anticancer or anti-
inflammatory effects.

Results and discussion
Chemistry

The primary starting material of our study was Ibuprofen. In
order to support the structure determination and biological
activity studies, it was decided to prepare one more series
of compounds from phenylacetohydrazide (compound 1).
For the Ibuprofen-derived structures, an esterification reac-
tion was performed first [25, 31-33]. The resulting Ibupro-
fen-ester (Fig. S1) was refluxed in ethanol with hydrazine
monohydrate to give 2-[4-(2-methylpropyl)phenyl]propane-
hydrazide structure (compound 2, Figs. S2-S4) [25, 31-34].
Then, the synthetic route given in Scheme 1 was followed to
obtain the target compounds. Refluxing compound 1 (com-
mercial phenylacetohydrazide), and compound 2 (Ibupro-
fen hydrazide) with methyl-/ethylisothiocyanate in ethanol
yielded substituted thiosemicarbazides (compounds 3-6,
Figs. S5-S15) [25, 35-45]. All cyclization products (com-
pound 7-10, Figs. S16-S27) were prepared by refluxing all
substituted thiosemicarbazide compounds in NaOH solution
followed by acidifying the produced sodium salts with dilute
solution of HCI [25, 26, 39, 42—49]. The compounds 7-10
and bromo/chloroacetophenone derivatives were reacted in
acetonitrile with TEA to gain thioether compounds 11-28
(Figs. S28-S89, Table S1-S3) [50, 51]. Next, the carbonyl
group was converted to oxime to obtain the compounds
29-46 in pyridine with hydroxylamine hydrochloride (Figs.
S90-S152, Table S3-S5) [52].

All synthesized compounds were checked for purity
using TLC, HPLC-UV/DAD, and elemental analysis. Melt-
ing point determinations and IR spectra of the synthesized
compounds were operated in our laboratory. Also, '"H-NMR
spectra were obtained for all intermediates and target com-
pounds except for a few intermediates consistent with the
literature data. The molecular weights of all target com-
pounds were confirmed by MS. HMBC spectra were taken
for compounds 13, 14, 31, and 32. X-ray diffraction analysis
of compound 32 was obtained to clarify the Z/E isomeric
forms in the oxime functionality.

When the FTIR spectra of the synthesized target com-
pounds were examined, it was seen that the triazole-3-thione
tautomeric C=S stretching bands disappeared [19, 26,
41, 44, 45, 53-56] (Figs. S16, S36). Due to the hydrogen
bonding in oxime derivatives, O—H stretching bands were
observed in the frequency region of 3311-3078 cm™!. In
ketone compounds, any —OH stretching band was not found
[50-57]. The exception for that observation was compound
21, which was proven to carry crystal water, and showed
an —OH stretching band at 3410 cm™' (Fig. S66). Carbonyl
stretching bands were not observed in compounds 7-10
and were observed in ketones between the frequency range
of 1697-1647 cm™'[25]. It was observed that these bands
disappeared when converted to oximes. In addition, C=N
and N-O stretching bands of oxime moiety were observed
between 1643-1693 cm™! and 950-979 cm™! frequency
regions, respectively [50, 52].

In the '"H-NMR spectra of the target compounds, the
peaks attributable to SCH, hydrogens were observed in the
range of 4.21-4.91 ppm, but they exhibited unexpected cou-
pling, which gave rise to AB quartets. To ensure that the
chirality is the reason for these observations, compounds
11, 12, 29, and 30 were synthesized. The peaks of SCH,
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19, 37: R': isobutyl R%: CH,, R*: CHj, R*: 3-F 28, 46: R': isobutyl R%: CH3, R?: C,Hs, R*: 4-Br

Scheme 1 Synthetic route to compounds 1-46. Key to reagents: i R;NCS, EtOH; ii a 2N NaOH, b.

ACN, TEA; iv NH,OH.HCI, pyridine

hydrogens 'H-NMR spectra were observed singlet between
4.21-4.91 ppm as expected (Fig. S29, S33, S91, S95) [50,
51]. In order to understand the effect of the chirality caus-
ing this difference, a literature study was conducted. As a
result, the concepts of diastereotopism and atropisomer-
ism have emerged. Since our Ibuprofen-based compounds
are racemic and have one stereogenic center, all methylene
hydrogens in these structures are chemically non-equivalent
and they are diastereotopic [58, 59]. In case of free rotation
inhibition around one single bond, the molecule becomes
atropisomeric [60—62]. According to Fraczek et al., atropiso-
meric molecule’s methylene hydrogens become chemically
non-equivalent and interact with each other geminally [60].

The methylene function is adjacent to the sulfur atom
with n electrons, and the carbonyl function with the & bond.
In this case, the sulfur atom can donate electron couple
by resonance. On the other hand, the carbonyl withdraws
electrons from H,C—C=0 methylene inductively. Since we
have a conjugation, it was thought that these interactions on
the “S—(CH2)-C=0" system might cause delocalization of
electrons, which would prevent free rotation and cause atro-
pisomerism ultimately [58-60]. In light of these, "H-NMR
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10% HCI, iii 2-bromo/chloroacetophenone,

spectra of compounds were examined, and it was observed
that S-CH,—C=0 methylene protons of compounds 13-28
showed AB quartet type division (Fig. 2a). In the compounds
31-46, these methylene protons showed singlet or AB quar-
tet divisions due to the lower electronegativity difference
between C and N atoms of oxime function (Fig. 3) [63, 64].

In conclusion, the diastereotope S—-CH, hydrogens were
observed to act in the magnetic field according to the sum
of all their molecular medium’s electromagnetic effects and
could become atropisomers [58-60, 65]. The SCH, hydro-
gen peaks of compounds 23 and 24 were the exceptions
for that divisions. The difference between these molecules'
SCH, hydrogen peaks and the other AB quartet divisions
was that each peak nail was split into two identical parts.
That division pattern was thought to be caused by two fluo-
rines in each molecule Fig. 2b. When the oxime derivatives
of these compounds (compounds 41, 42) were examined,
the peaks were observed to be complex multiplet and highly
shielded. They interfered with the —CH hydrogen peaks of
the Ibuprofen-derived structures (Fig. 2c¢).

Methylene protons of compounds 8, 12, and 30 at the
triazole N* position gave quartet peaks at 3.88 and 3.76 ppm
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Fig.2 a AB quartet coupling of compounds 13-28 due to the S—-CH,—C=0 methylene protons. b S-CH,-C=0 methylene multiplet division of
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Fig.3 S-(CH,)-C=0
methylene singlet peak and
N’-CH,CHj, double multiplet
division of compounds 31-46

S-(CH2)-C=0
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as expected (Figs. S29, S33, S91, S95) [44, 45, 50]. How-
ever, the same methylene hydrogens were observed to give
two multiplet signal groups in the range of 3.42-3.92 ppm
for the compounds 10, 14 and 32. (Fig. 3). Similar observa-
tions were also reported by different research groups without
mentioning atropisomerism [58, 59]. However, according to
the earlier report by Karczmarzyk et al. [66], N4—CH2—CH3
bonding of the triazoles could have an angle of 88.55°
between the 1,2,4-triazole ring central plane, and the free
rotation of the methylene considered to be restricted due to

N‘-CH,CH3

46 45 44 43 4.2 41 4.0
f1 (ppm)

the intramolecular interactions [66]. In the evaluation made
by considering all this information, it was concluded that the
source of these extreme divisions observed are both atropi-
somerism and diastereotopism. (Figs. S108, S109, Table S6)
[58, 59, 66].

When the 'H-NMR spectra of all oxime derivatives
29-46 were examined, it was observed that the whole spec-
tra shifted to TMS with the transition from ketone to oxime
due to the lower electronegativity difference between carbon
and nitrogen [50]. It was also observed that, in some spectra,
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the peak area of oxime hydrogen C=N-O-H corresponds
to less than 1H and had a sister peak in the shielded field
(Fig. 4). According to Baji et al. [57], oxime compounds can
show these sister peaks due to the Z/F isomeric impurity,
and the sister peak: peak ratio can give us the isomeric ratio.
Also, it was reported that the same sister peak pattern could
be seen in the rest of the spectrum, and the sister peak: peak
ratio should be the same [57]. When the remaining parts of
our such spectra were examined, it was found that some of
the alkyl peaks could show the same sister peak properties.
Also, it has been observed that the sister peak ratio of the
oxime is the same as the alkyl sister peak ratios in the same
spectrum (Figs. S91, S136, Table S7).

In order to support the structure elucidation studies,
HMBC spectra were taken for compounds 13, 14, 31, and
32 due to the same main skeleton of the synthesized com-
pounds (Fig. 5). In the HMBC spectra of compounds 13
and 31, the C-28 carbon did not interact with any of the
hydrogens (Figs. S39, S101, Table S1, S4). However, when
the HMBC spectra of compounds 14 and 32 were exam-
ined, it was seen that C-28 carbon interacted with the adja-
cent C-29 hydrogens. Likewise, C-29 carbon was coupled
with only C-28 hydrogens for compounds 14 and 32 (Figs.
S45, S107, Table S3, S5). C-11 carbon interacted only with
the adjacent C-10 hydrogen for each compound, while the
C-11 hydrogens interacted with C-5, C-10, and C-18 car-
bons. For the C-10 carbon, the hydrogen interactions except
the C-11 hydrogens are seen in the aromatic region coming
from Ibuprofen. The C-7 carbon did not show any hydrogen
interactions in each spectrum. It was observed that the C-7
carbon’s hydrogens coupled with the C-2 and C-8 carbons

Fig.4 '"H-NMR spectrum of
compound 29 cross section
showing the oxime sister peak
divisions
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Fig.5 Structure numbering for the HMBC and *C NMR studies

in each spectrum (Figs. S39, S45, S101, S107, Table S1,
S3, S4, S5).

C-12 and C-15 ipso carbons only interacted with the
acetophenone aromatic hydrogens. C-18 and C-21 carbons
interacted with aromatic hydrogens of the Ibuprofen. Also,
C-18 carbon, C-10, and C-11 aliphatic hydrogen interac-
tions, and for C-21 carbon, C-24 aliphatic hydrogen interac-
tions were observed in each spectrum. C-2 ipso carbon inter-
acts with C-7 and C-28 hydrogens, and ipso C-5 interacts
with C-10, C-11, and C-28 hydrogens in each spectrum. All
these findings were evaluated to confirm the structures of
the compounds 13, 14, 31, and 32 (Fig. 5, S39, S45, S101,
S107, Tables S1, S3, S4, S5).

13C NMR data of compounds 13, 14, 31, and 32 were
obtained from the HMBC spectra. When the '*C NMR data
of the ketone-oxime compound pairs were compared, it
was seen that most of the chemical shifts did not change,
unlike 'H-NMR data. The most shifting carbons in both
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oxime spectra were C-7-8-12—13-17 carbons, which were
all shielded [50]. Mainly C-8 carbon is shielded from 193
to 152 ppm, confirming the carbonyl to oxime change.
C-7-12-13-17 Carbon shielding is caused by the loss of
the carbonyl function's electron-withdrawing ability (Fig. 5,
S38, S44, S100, S106, Table S2).

In order to elucidate the geometric isomerism of the
oxime compounds synthesized in our work, the X-ray dif-
fraction studies of compound 32 with the lowest isomeric
impurity and the highest crystal quality were carried out.
According to the XRD results, compound 32 was crystal-
lized in the triclinic unit cell, and it was in the P1 space
group, and there were two independent molecules in one
asymmetric unit (Table S6). Results showed that com-
pound 32 was Z-isomer. In the 'TH-NMR spectrum of the
compound, the OH peak of the oxime hydrogen was seen at
11.84 ppm. When the 'H-NMR spectra of all oxime com-
pounds were examined, it was seen that the oxime —OH
peaks with higher intensity are seen between the 11.57 and
11.99 range. Concerning this similarity, it was thought that
all oxime compounds preferred Z-isomer during the syn-
thesis or purifying processes (Fig. 6). Results also show a
robust intermolecular hydrogen bonding between oxime O?
and triazole N? (Fig. 6, Table S6).

The reported structural conformation, which is fixed by
intramolecular interactions restricting the rotation of the tri-
azole N*-CH,CHj [66] is also found in our skeletons accord-
ing to our XRD findings of compound 32. Our XRD obser-
vations showed that the N*~CH,- was oriented with 80.4 and
83.4 degrees torsion angles for two independent molecules

in one asymmetric unit. Also, this angular conformation was
fixed by intramolecular interactions. Our thoughts about the
atropisomerism for this N*~CH,— group were confirmed by
these findings (Fig. 6).

As discussed before, since compound 32 is chiral, its
methylenes are diastereotopic. XRD observations show that
the SCH, methylene H-C-H bonding angle is 108°. The
geminal interaction constant corresponding to this angle
is between the 14 and 15 Hz range [63-65]. Despite these
values within the Karplus Curve boundaries, the absence
of geminal interaction made us think that free rotation is
possible for this methylene of compound 32.

Biological activity studies
Antiproliferative and cytotoxic activities

As mentioned before, compounds 7 [49], 8 [44, 45], 11
[67-69], and 12 [67—-69] have been synthesized to support
the structure determination and biological activity studies.
Compounds 7-46 were screened for their antiproliferative
activity against MCF-7, A549, PC-3, HeLa, K562, and
NIH/3T3 cells. When selecting cancer cells to study the
efficacy of synthetic inhibitors, we gave priority to cancer
types in which mPGES-1 is overexpressed or for which
mPGES-1 has been proven to play a role [10, 70-74]. Most
of the compounds showed cytotoxic activity against the
tested cell lines. The % proliferation results at 10 pM have
been presented in Table S9, and the compounds with higher
than 40% inhibitory activity are summarized in Table 1.

Fig.6 The two independent ?
molecules in the asymmetric Cc4 ca
unit of compound 32. The dis- C;\ ” N0
placement ellipsoids are drawn '
at 25% probability level l c2'
o
e NP
S SR . |C1
. \ciz' 4 AL
= Yoo #”NoNa C1a p
Cc15 / = ,-\/88 TT\C12 _oF°
o lNl \ Ogr “wem
C166/ G S2 D-? \
] c Jcir 02 N2 [/ 0
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Table 1 Percent inhibition

. . Compound MCF-7 HeLa PC-3 A549 K562 NIH3T3
of proliferation results of
compounds with higher than 10 58.16 51.44 58.53 88.17 6.62 36.43
40% inhibitory activity at 18 83.40 89.80 92.56 89.08 5630 71.95
10 uM concentration
27 23.84 38.55 23.09 49.46 - 155 47.95
28 83.20 90.50 92.15 88.70 50.48 76.00
36 0.59 89.80 93.62 88.17 60.581 65.56
39 15.48 - 1.06 40.97 4.98 13.94 3.93
45 81.82 86.95 90.81 87.29 71.26 82.38

These compounds were selected to determine ICs, values in
respective cell lines. The results of these ICs, studies are also
presented in the Table 2. According to these results, selectiv-
ity indexes were calculated between 0.34 and 1.97. Compound
45 showed the best IC, values for the MCF-7 and A549 cell
lines. The values were 14.66 uM and 20.14 pM; the selectiv-
ity indexes were 1.97 and 1.43, respectively. The second best
was compound 36. Its IC, value for the HeLa cell line was
19.40 pM, and the selectivity index was 1.20. The third mol-
ecule was compound 28, and it showed the best results for PC-3
and K562 cell lines. The results were 32.15 pM and 38.15 pM,
and the selectivity indexes were 0.90 and 0.75, respectively.

Apoptosis studies

Biochemical and morphological methods demonstrated the
apoptotic effects of compound 45 on A549 and MCF-7 cells.
First of all, Annexin V staining was performed to detect early
apoptosis in cells [75, 76]. This method is based on phos-
phatidylserine, which is found in the inner part of healthy cell
membranes, and rises to the outer part of the cell in apop-
totic cells. During the early period of apoptosis, phosphati-
dylserine, which is located on the inner surface of the plasma
membrane, rises to the cell surface with the disruption of the
phospholipid asymmetry in the membrane. Annexin V, an
anticoagulant protein, binds with high sensitivity to phos-
phatidylserine. In this way, it is possible to detect cells under-
going apoptosis with annexin V at an early stage [75, 76].
‘When the results obtained were evaluated, it was determined
that Compound 45 induced early apoptosis in both cell lines

in a dose-dependent manner. On the other hand, this effect
was more pronounced, especially on MCF-7 cells (Fig. 7).
Caspases are proteases that initiate and terminate apop-
totic cell death. The activity of these enzymes, which are syn-
thesized as inactive zymogens, is strictly protected. Caspase
enzymes, which become active when the cell receives a death
signal, cause activation or inactivation of various substrates
involved in cell signaling. In apoptotic cell death, there are
two processes carried out by the cysteine protease family
known as caspases: the extrinsic (mitochondrial) pathway
initiated by Caspase-8 and the activation of intrinsic path-
ways triggered by caspase-9, triggering cell death. The most
commonly measured caspase activity at the end of extrinsic or
intrinsic apoptotic processes is the caspase-3 enzyme [75-77].
In this study, we determined the activities of caspase 8, 9, and
3 enzymes to indicate which apoptotic pathway of compound
45 on A549 and MCF-7 cells. The analysis determined that
compound 45 triggered internal and external apoptotic path-
ways in both cell lines (Fig. 8). Furthermore, caspase-3 activ-
ity increased due to the activation of both caspase enzymes.
The activity of the internal apoptotic pathway was con-
firmed by JC-1 staining (Fig. 9). JC-1 is a dye used in deter-
mination of mitochondrial membrane polarization. The JC-1
dye aggregates in mitochondria in healthy cells, giving it a
red fluorescent color. In apoptotic cells, however, since the
mitochondrial membrane potential has collapsed, the JC-1
dye cannot accumulate in the mitochondria and remains in
monomeric form in the cytoplasm, giving a green fluores-
cent color. Compound 45 triggered apoptosis through the
internal apoptotic pathway, especially in the A549 cell line.

Table 2 ICs, (M) values of

Y Compound 1Csy (uM)

compounds with higher than

40% inhibitory activity MCF-7 HeLa PC-3 A549 K562 NIH3t3
10 33.26 4225 74.40 4545 - 45.28
18 17.46 34.81 29.79 24.49 36.45 25.39
27 - 93.717 - 121.83 - 54.73
28 18.35 37.56 32.15 31.19 38.15 28.62
36 - 19.40 31.37 28.34 68.76 23.40
39 - - 57.47 - - 32.29
45 14.66 32.06 32.70 20.14 49.20 28.95
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Fig.7 The effects of compound —~ 200+ Jokk
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Fig.9 A JC-1 staining images a
after 48-h treatments with 20

and 50 uM of compound 45. B
Red/green fluorescence inten-

sity for JC-1 staining of MCF-7

and A549 cells after treatment

of compound 45 at different
concentrations. ***p <0.001 vs

control

Mitochondrial activity (JC-1 staining)

' **i’l

The ratio of red/green fluorescense

Cell migration assay

A wound healing assay was applied to determine the inhibi-
tory effect of compound 45 on cell migration. Cell migration
for wound healing assay was taken for O h and 24 h. The
wound healing assay proved that compound 45 inhibited
A549 and MCF-7 cell migration dose-dependent (Fig. 10).

Inhibition of mPGES-1 enzyme and COX-1/2
enzymes

Compounds 7-46 were tested for their inhibitory activity
against mPGES-1 at a concentration of 10 pM. Most of
the synthesized compounds showed mild mPGES-1 inhibi-
tory activity. The compounds that showed higher inhibi-
tion than 70% (compound 7, 13) were further screened for
the ICs,, values. Compound 4b and MK-886 were used as

@ Springer
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the standard to compare. Compound 4b [5-{[3-Chloro-
4-(4-Cyclohexylbutoxy)phenyl]methylidene }-1,3-diazi-
nane-2,4,6-trione] is a potent mPGES-1 inhibitor devel-
oped by the Zhan’s group [78], and MK-886 is also another
well-recognized inhibitor [1]. IC50 values of MK-886 and
reference compound 4b were found as 2.58 +0.48 and
0.034 +0.014 pM, respectively. The results are presented
in Table 3.

As a next step to determine the anti-inflammatory activ-
ity, compounds with promising inhibitory activity against
mPGES-1 (compound 7, 13) were tested to determine
whether they have a significant inhibition profile against
COX-1 and COX-2. The test was applied at 10 and 100 pM
concentrations. COX-2 inhibition values were significantly
higher than the COX-1 inhibitions at both concentrations for
each compound. Since the mPEGS-1 and COX-2 enzymes
are colocalized, these similar results were reasonable. It was
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Control

Ohr

24 hr

b

Control
3 2 Uk

Fig. 10 The anti-migratory effects of compound 45 on MCF-7 breast
cancer (A) and A549 lung cancer (B) cells. Monolayer scratch assays
demonstrated that compound 45 inhibited the migratory potential

also observed that the COX inhibition values did not change
with the concentration increase (Table 4).

Measurement of angiogenesis by the tube forma-
tion assay

Tube formation assay is a practical test to determine the
stage of angiogenesis. The assay is based on the ability of
endothelial cells to form three-dimensional capillary-like
structures and measuring the ability of compounds which
promote or inhibit the formation of these tubes [79]. Due
to the reported relationship between inhibition and dele-
tion of the mPGES-1 enzyme and angiogenesis [11, 80],
the matrigel tube formation assay was performed for com-
pounds 7 and 13. As shown in Fig. 11, compounds 7 and 13
prevented tube formation significantly.

To reveal the mechanism under this prevention, the via-
bility of HUVEC cells was measured in a dose-dependent
manner (5 nM-10 pM). At all doses, compound-treated cell
viability values are equal to untreated cells. These results
indicated that compounds 7 and 13 had no effect on cell
viability but on tube formation (Fig. 12).

Mutagenicity studies

Genotoxicity testing is a critical component of the safety
assessment of xenobiotics. It is designed to detect genetic
damage, which may be reflected in the tumorigenic or herit-
able mutation potential of the materials [81]. In this study,

Relative Wound Closure

1.54

&3 Control

B3 Compound 45-20 um
1.0+ &3 Compound 45-50 um
0.54
0.0

in MCF-7 and A549 cells depending on dose and time (Magnifica-
tion, X 10). ***p <0.001, **p <0.01 vs control

results of the mutagenicity assay showed that none of the
tested concentrations of compounds 7 and 13 induced a sig-
nificant increase in the revertant number of TA98, TA100,
and TA102 strains, indicating no mutagenicity to the tested
strains with and without metabolic activation (S9 fraction).

Table 5 represents the mutagenicity assay results induced
by compounds 7 and 13 in the tested strains with and with-
out metabolic activation. For both tested compounds, any
of the tested concentrations did not significantly increase
the revertant colony numbers, indicating no mutagenicity
in tested strains (p > 0.05).

In silico studies
Molecular docking and conformation analysis

The structure of the mPGES-1 enzyme forms a homotrimer,
but only one monomer is active at a time in the open con-
formation of the enzyme used for modeling studies. Glu-
tathione (GSH) is the cofactor for the catalytic conversion of
mPGES-1 that catalyzes the isomerization of PGH, to PGE,.
GSH binds to the active site of the mPGES-1 enzyme in
a U-shaped conformation by hydrogen bonds, hydrophobic
interactions, and polar interactions. The U-shaped conforma-
tion of the designed inhibitors is essential for efficient inhibi-
tion of the mPGES-1 enzyme. Most of the mPGES-1 inhibi-
tors also interact with glutathione (GSH) when interacting
with the active site residues of the enzyme [82]. Therefore,
docking studies were performed using the active site of the
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Table 3 Percent inhibitions of compounds 7-46 against mPGES-1

/AR /AR
R NN NN
s [ >=s" % [ >=s"
N N 4
2 3 2 13 HO
R R R R
7-10 11-28 29-46
Compound R! R? R® R* % Inhibition at 10 pM®  ICs, (UM, Mean + SD)?
7 H H CH, - 75423 13.6+7.3
8 H H C,H, - 55418
9 Isobutyl CH, CH, - 0
10 Isobutyl CH;, C,Hs - 62+4.9
1 H H CH, H 0
12 H H C,H; H 0
13 Isobutyl CH; CH; H 73+21 4.95+2.07
14 Isobutyl CH, C,H; H 50£6.9
15 Isobutyl CH, CH, 3-Cl 0
16 Isobutyl CH;, C,H; 3-Cl 0
17 Isobutyl CH;, CH;, 4-Cl 38+12
18 Isobutyl CH;, C,H;s 4-Cl 57+9.1
19 Isobutyl CH; CH; 3-F 0
20 Isobutyl CH, C,H; 3-F 0
21 Isobutyl CH; CH; 4-F 30+6.7
22 Isobutyl CH, C,H, 4-F 0
23 Isobutyl CH, CH, 2,4-F, 0
24 Isobutyl CH, C,H; 2,4-F, 0
25 Isobutyl CH;, CH; 2,5-(0OCHjy), 0
26 Isobutyl CH; C,Hs 2,5-(0OCHjy), 45+8.7
27 Isobutyl CH; CH; 4-Br 33+1.3
28 Isobutyl CH, C,H, 4-Br 45457
29 H H CH, H 0
30 H H C,H; H 0
31 Isobutyl CH; CH;, H 2.9+0.5
32 Isobutyl CH; C,H; H 0
33 Isobutyl CH; CH; 3-Cl 0
34 Isobutyl CH, C,H; 3-Cl 0
35 Isobutyl CH; CH; 4-Cl 50+7.6
36 Isobutyl CH, C,H; 4-Cl 47447
37 Isobutyl CH; CH; 3-F 27+7.1
38 Isobutyl CH, C,H; 3-F 0
39 Isobutyl CH; CH; 4-F 18+2.8
40 Isobutyl CH, C,H; 4-F 26+12
41 Isobutyl CH, CH, 24F, 38+7.2
42 Isobutyl CH, C,H, 24-F, 20+1.4
43 Isobutyl CH, CH, 2,5-(OCH,), 37423
44 Isobutyl CH, C,H; 2,5-(OCHj;), 0
45 Isobutyl CH, CH, 4-Br 0
46 Isobutyl CH; C,H; 4-Br 0
MK-886° 2.58+0.48
4b° 0.034+0.014
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Table 3 (continued)

*Data are expressed as means + SD of single determinations obtained in triplicate. Compounds that caused an inhibition greater than 70% were
further screened at a concentration of 1 uM. Data are expressed as means + SD of single determinations obtained in duplicate

*ICs, values were determined only for the compounds that showed >70% inhibition at 10 uM. Data are expressed as means +SD of single deter-

minations obtained in triplicate

“Compounds MK-886 [1] and 4b [78] were used as reference compounds for the determination of ICs,, values. MK-886 is a well-recognized
inhibitor against mPGES-1 and 4b is the inhibitor developed by Zhan’s Lab

mPGES-1 enzyme in the presence of glutathione (GSH).
The resulting docking studies suggested that the most active
compounds were compounds 7 (Fig. S153) and 13 (Fig.
S154), which retain the U-shape conformations supporting
the enzyme inhibition assay. Among the compounds show-
ing the best enzyme inhibition was compound 7, which car-
ries 1,2,4 triazole-3 thione moiety and exhibits thione-thiol
tautomers. The tautomer formation is a reversible process
that plays an essential role in biological systems [83]. For
compound 7, docking studies also showed that the thione
form's binding energy and binding pose are more significant
than that of the thiol form. Therefore, the thione form has
been used in this study.

Interaction modes and binding energies of inhibitors with
binding site residues of enzymes are given in Table 6. When
the interaction types and binding energies of compound 7
are compared with the reference compounds, the hydropho-
bic interaction of TYR130 (pi-pi stacking) in both reference
compounds and compound 7 for mPGES-1 was seen to be
familiar to all. This mutual interaction contributes signifi-
cantly to the binding energy. There are many hydrophobic
interactions and hydrogen bonds for COX-1 in compound
7, but they do not contribute to binding energy as potent
as reference compounds. No co-interactions with reference
compounds for COX-2 were found in compound 7. The
observed hydrophobic and hydrogen bond interactions were
observed specific to the molecules. When the interaction
types and binding energies of compound 13, according to
Table 6, were compared with the reference compounds, the
hydrophobic interaction of TYR130 (pi-pi stacking) in both
reference compounds, compound 7, and compound 13 for
mPGES-1 was common to all. It is possible to observe here
that this typical interaction contributes to binding energy
significantly. In addition, hydrogen bonds formed with
ASN74 and ARG73 in compound 13 were also found in
reference compounds. Hydrogen bonding with ARG120 and
pi—Cation interaction with ARG120 for COX-1 in compound
13 positively affected the binding. No co-interactions were
found with reference compounds for COX-2 in compound
13 as for compound 7. On the other hand, this compound
provided close binding energy to reference compounds with
strong hydrogen bonds with the active site.

The positions of the active site of the mPGES-1 enzyme
with compounds 13 (blue) and MK-886 (pink) are shown
in Fig. 13a. Accordingly, compound 13 showed activity at a

position close to MK-886 in the active site of the mPGES-1
enzyme. The positions of the active site of the mPGES-1
enzyme with compounds 13 (blue) and 4b (orange) are
shown in Fig. 13b. Accordingly, compound 13 showed
activity at a close position between 4b and MK-886. How-
ever, when these binding positions were compared, it was
observed that compound 13 binds with 4b in a more similar
position. As a result of this positioning, binding energies and
poses of 4b and compound 13 were similar. The positioning
and poses of MK-886, which seemed different from com-
pounds 13 and 4b, positively affected the binding energy.

In silico ADMET studies

The ADME properties of compounds 7—46 calculated using
SwissADME (http://www.swissadme.ch/) online tools are
given in Table S7. Lipinski’s rule suggests that molecu-
lar weight < 500 daltons, partition coefficient (Log P) <5,
H-bond acceptors < 10, H-bond donors <5 [84]. Result
details of the in silico ADMET studies concerning the
Veber’s rule [85], in silico toxicity risks [86], and intestinal
absorption [87] are presented in supplementary file under
the same heading.

Conclusion

According to the results, compounds 10, 18, 27, 28, 36, 39,
and 45 showed the highest cytotoxic activity against the
studied cancer cell lines. However, these also showed toxic
effects on the healthy NIH/3T3 cell line. According to their
high cytotoxicity and selectivity indexes, 28, 36, and 45 were
the most promising among these compounds. No cytotoxic
activity was observed for compounds 7 and 8, which do not
carry isobutyl or methyl residues. For the Ibuprofen-derived
triazole compounds, an ethyl group at the triazole N* posi-
tion increased the cytotoxicity. The ten compounds showed
moderate cytotoxic activity against MCF-7, HeLa, PC-3,
and A549 cell lines. Among the triazole N* methyl-bearing
compounds, only 27 and 39 showed cytotoxic activity. The
brome-bearing compound 27 showed only 49.46% inhibi-
tion against the A549 cell line, but its selectivity was very
low. Compound 39 carried fluoride at the same location
and showed 40.97% inhibition against the PC-3 cell line.
In addition, it inhibited the NIH /3T3cells by only 3.93%,
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offering the highest selectivity. When all these results were
examined, it was seen that the alkyl residues from Ibuprofen
were found to be necessary for cytotoxicity. It is also note-
worthy about the length of the alkyl chain of the triazole; as
the N* substitution gets bigger, the cytotoxicity increases,
but the selectivity decreases. The presence of halogen at
the acetophenone's para position was evaluated to affect the
cytotoxicity positively. As the halogen became smaller, it
was observed that the toxicity and activity decreased, and
the selectivity increased.

Compound 45, which had the best ICs, values against
A549 and MCF-7 cells, was selected for apoptosis experi-
ments. It was determined that compound 45 dose-depend-
ently induced apoptosis on both cell lines. In addition, com-
pound 45 also inhibited cell migration in a dose-dependent
manner. Considering these results, it can be proposed
that compound 45 could be a lead compound for further
development.

Remarkably, the most promising compounds (compounds
7 and 13) in terms of anti-inflammatory activity were also
low in cytotoxicity. They also exhibited antiangiogenesis
potential without toxicity over HUVEC cells. Also, they
were found to be non-mutagenic over S. typhimurium strains.
Although molecular modeling studies of compounds 7 and
13 agreed well with the experimental results, interactions of
13 were found more potent than 7. According to these find-
ings, these molecules were evaluated as new candidates for
further investigations in anti-inflammatory drug research.

Experimental
Chemistry

All solvents and reagents were obtained from commercial
sources and used without purification. All melting points
(°C uncorrected) were determined using Thermo Scientific
9300 melting point apparatus. Elemental analyses were
obtained using Leco CHNS-932. Infrared spectra were
recorded on a Shimadzu FTIR 8400S, and data are expressed
in wavenumbers v (cm™"). NMR spectra were recorded
on Briiker AVANCE-DPX 400 at 300 MHz for '"H-NMR,
300 MHz, and 75 MHz for HMBC. The chemical shifts
were expressed in 8 (ppm) downfield from tetramethylsi-
lane (TMS) using DMSO dg as solvent. The liquid chroma-
tographic system consisted of an Agilent technologies 1100
series instrument equipped with a quaternary solvent deliv-
ery system and a model Agilent series G1315 A photodiode
array detector. A Rheodyne syringe loading sample injector
with a 50 ml sample loop was used to inject the analytes.
Chromatographic data were collected and processed using
Agilent ChemStation Plus software. The separation was per-
formed at ambient temperature using a reversed-phase ZOR-
BAX C8 (250 X4 mm) column. The mobile phase -1- was
prepared by mixing acetonitrile and water (80:20 v/v during
0-10 min), the mobile phase -2- was prepared by mixing
acetonitrile and pH 4.7 phosphate buffer solution (60:40 v/v
during 0—10 min), and subsequently degassed by ultrasoni-
cation, prior to use. Solvent delivery was employed at a flow

Table4 COX % inhibitory

o . Compound COX-1 COX-2 COX-1/COX-2
activities of the studied
compounds 10 uM 100 uM 10 M 100 uM 10 uM 100 uM
7 64.01 67.11 83.45 85.64 0.76 0.78
13 53.37 57.54 82.70 83.20 0.64 0.69

Fig. 11 Inhibition of tube formation by mPGES-1 inhibitors compounds 7 and 13 in HUVEC cells. a cells treated with compound 7; b cells

treated with compound 13; ¢ untreated cells
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Compound 7 Compound 13
il - E3 10uM
B 1w
g & 100+ 3 100nM
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Fig. 12 Cytotoxicity testing of compounds 7 and 13 on HUVEC cells
Table 5 Mutagenicity of Number of revertant/plate
samples in Salmonella
typhimurium TA98, TA100, and Strains TA98 TA100 TA102
TA102 strains
Samples 13 7 13 7 13 7
Without S9¢
Dose (ug/plate)
1000 29.5+9.2 20.5+2.1 124.3+9.5 120.0+£14.3 358.5+12.0 364.0+9.9
100 29.0+2.38 24.5+2.1 121.0+9.5 122.0+8.2 368.5+21.9 368.0+£36.8
10 245+6.4 21.5+£7.8 127.0+4.0 116.5+£27.6 350.0x+14.1 370.0+12.7
1 29.5+2.1 22.0+4.2 126.0+6.6 128.5+3.5 366.0+£25.5 349.5+12.0
With S9
Dose (ug/plate)
1000 32.8+6.2 30.0+4.6 144.0+1.4 148.0£12.7 371.5+9.2 361.5+10.6
100 323+4.1 29.0+5.6 140.0£14.1 145.5+10.6 360.5+16.3 374.0+9.9
10 32.0+5.2 31.5+2.1 146.5+7.8 138.5+6.4 375.0+5.7 368.5+£24.7
1 33.5+6.6 29.0+7.5 139.5+2.1 142.0+19.8 368.5+28.3 373.0x+1.4

“Dunnett’s multiple comparison test was carried out for statistical analysis

INPD (20 pg/plate), SA (1 ug/plate), and MMC (0.5 ug/plate) were used as positive mutagens without
S9. 2-AA (10 ug/plate) was used as positive mutagen for with S9 experiment. In the experiment with-
out S9 activation, revertant colony numbers in negative control groups were 22.2+5.2, 120.8+7.8 and
386.0+25.5 for TA98, TA100 a,nd TA102 strains, respectively.

®In the experiment with S9 activation, revertant colony numbers in negative control groups were 31.8+5.4,
138.5+12.8, and 377.5+4.9 for TA98, TA100, and TA102 strains, respectively. In the experiment with-
out S9 activation, revertant colony numbers in positive control groups were 843.5+26.2, 986.5+106.4,
and 928.7 +£68.0 for TA98, TA100, and TA102 strains, respectively. In the experiment with S9 activation,
revertant colony numbers in positive control groups were 804.5+50.2, 1610.0+99.0, and 1036.3 +78.6 for
TA98, TA100, and TA102 strains, respectively

rate of 1 ml min~'. Detection of the analytes was carried out
at 254 nm. XRD studies were performed by Rigaku (r-axis
rapid 2, DW Micro Max 007) device.

Synthesis of ethyl-2-[4-(2-methylpropyl)phenyl]
propanoate (CAS: 41283-72-1) [25, 31-33]

Ibuprofen (20 mmol) was dissolved in 20 ml of ethanol.
After adding 1 ml of concentrated sulfuric acid, it was boiled
under reflux for 3 h. After 3 h, the reaction vessel is cooled

to room temperature. The reaction medium was taken into
the ice bath and neutralized with 5% sodium bicarbonate. It
was then extracted with diethyl ether and filtered. The filtrate
is dried with anhydrous sodium sulfate. The pure substance
is obtained by evaporating the solvent [30, 31, 40]. It was
obtained as a colorless liquid, yielding 90%. IR cm™': 1732
(ester C=0), 1199, 1159 (ester C-0).
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Table 6 Interaction types and binding energies of inhibitors with binding site residues of enzymes

Compound Enzyme Binding energy ~ Number of Distance of H-bonds interactions Hydrofobic interactions
(kcal/mol) H-bond H-bonds (A)
MK-886 mPGES-1 —7.38 1 3.28 ARG73:S TYRI130 (pi—pi stacking)(2)
GLU77 (pi-anion)
COX-1 —8.00 1 3.27 TYR355:H(CH3) VAL116(pi-sigma)
SER353(pi-sigma)
PHES518(pi-sigma)
PHES518(pi-sulfur)
COX-2 - 6.34 ASN87(pi-sigma)
4b mPGES-1 - 6.74 2 3.01 ASN74:0 TYRI130 (pi-pi stacking)
3.27 ARG126:Cl HIS113(halogen)
COX-1 -9.34 3 2.03 TYR385:0 VAL349(pi-sigma)
1.93 MET522:H(NH) ALAS527(pi-sigma)
2.93 ALAS527:0 METS522(pi-sulfur)
COX-2 —-7.49 2 2.04 THRS88:0 TYR91(pi-pi stacking)
3.61 PRO514:0 ASN87(pi-sigma)
7 mPGES-1 —5.04 1 2.63 ARG126:Triazole(N) TYR130 (pi-pi stacking)
TYR130 (pi-sigma)
COX-1 - 642 1 1.98 LEU352:H(NH) ILE523(pi-sigma)
GLY526(amide-pi stacking)
HIS90(pi-sulfur)
METS522(pi-sulfur)
COX-2 —-5.28 1 2.08 LYS511:H(NH) TYR475(pi-sulfur)
13 mPGES-1 —-6.71 2 3.39 ASN74:Triazole(N) TYR130 (pi—pi stacking)
2.65 ARG73:0 ARG126(pi-Cation)
COX-1 —-8.52 1 2.01 ARG120:0 TYR355(pi-sulfur)
ARG120(pi-Cation)
COX-2 - 6.49 2 2.44 ASNB87:Triazole
247 THR88:Phenyl

Synthesis of 2-[4-(2-Methylpropyl)phenyl]propane-
hydrazyde (2) (CAS: 127222-69-9) [25, 31-34]

Ibuprofen ethyl ester (10 mmol) and hydrazine monohy-
drate (0.040 mol) were taken into a flask. 10 ml of etha-
nol was added, and the mixture was refluxed for 8 h. The
reaction was terminated by pouring onto the ice. The pre-
cipitate was washed three times with distilled water. The
crude product was recrystallized from petroleum ether and
obtained as a white shiny solid [31-34]. HPLC tR (min):
4.03, Mp: 80 °C, yield 90%. IR cm™': 3269, 3207, 3176
(N-H), 1639 (hydrazide C=0). "H-NMR (300 MHz, DMSO
dy): 8 0.84 (6H, d, J=6.60 Hz, CH(CH,;),), 1.31 (3H, d,
J=17.20 Hz, CH(CHy;), 1.72-1.85 (1H, m, CH(CHy),), 2.39
(2H, d, J=6.90 Hz, CH(CH,)), 2.51 (CD,HSOCD;3), 3.42
(DMSO d4 H,0), 3.47-3.56 (1H, m, CH(CHy)), 4.17 (2H,
d, J=3.60 Hz, NHNH,, exchangeable with D,0), 7.06 and
7.21 (4H, 2d, J=8.10 Hz C¢H,), 9.15 (1H, s, NHNH,). Anal.
Calcd. For C3H,(N,0: C, 70.87; H, 9.15; N, 12.72. Found:
C,70.69; H, 8.87; N, 12.67.
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Synthesis of 1,4-disubstituted thiosemicarbazide
derivatives

The corresponding hydrazide (0.020 mol) and methyl or
ethylisothiocyanate (0.020 mol) were weighed into a flask,
and 40 ml of ethanol was added. It was refluxed for 3 h. The
reaction was stopped by pouring onto the ice. The precipitate
was washed twice with distilled water and dried. Next, it was
washed twice with petroleum ether, dried, and crystallized
from ethanol.

N-Methyl-2-(phenylacetyl)hydrazine-1-Carbothioamide (3)
(CAS:51291-26-0) [42, 43]

It was obtained as white solid and recrystallized from etha-
nol, HPLC t; (min): 2.99, Mp: 162 °C, yield 60%. IR cm™h:
3165 (N-H), 1693 (hydrazide C=0), 1236 (C=S). '"H-NMR
(300 MHz, DMSO dy): & 2.51 (CD,HSOCD;), 2.88 (3H,
d, J=4.50 Hz, C=SNHCH,), 3.38 (DMSO d4 H,0), 3.47
(2H, s, ArCH,C=0), 7.17-7.34 (5H, m, C¢Hs), 7.97 (1H, d,
J=4.20 Hz, S=CNHCH,), 9.22 (1H, s, C=ONHNHC=S),
9.93 (1H, s, C=ONHNHC=S). Anal. Calcd. for
C,oH3N508,1/5 H,0: C, 52.93; H, 5.95; N, 18.52; S, 14.13.
Found: C, 53.10; H, 5.28; N, 19.01; S, 14.10.

N-ethyl-2-(phenylacetyl)hydrazine-1-carbothioamide (4)
(CAS: 31409-13-9) [43-45]

It was obtained as white solid and recrystallized from etha-
nol, HPLC t, (min): 3.27, Mp: 156 °C, yield 40%. IR cm™":
3300, 3142 (N-H), 1691 (hydrazide C=0), 1220 (C=S).
'H-NMR (300 MHz, DMSO d,): § 1,06 (3H, t, J=7.20 and
6.90 Hz, NHCH,CH,), 2.51 (CD,HSOCD), 3.38 (DMSO
ds, H,0), 3.41-3.51 (4H, m, ArCH,C=0, and C=SNHCH,),
7.17-7.34 (5H, m, C¢Hs), 7.93 (1H, t, J=5.40 Hz,
S=CNHCH,CH,), 9.17 (1H, s, C=ONHNHC=S), 9.92
(1H, s C=ONHNHC=S). Anal. Calcd. for C;;H;sN;0S: C,
55.67;H,6.37; N, 17.71; S, 13.51. Found: C, 55.18; H, 5.77;

N, 17.93; S, 13.42.

N-methyl-2-{2-[4-(2-methylpropyl)phenyl]propanoyl}
hydrazine-1-carbothioamide (5)(CAS: 2473569-92-3) [25]

It was obtained as white solid and recrystallized from etha-
nol, HPLC t, (min): 3.29, Mp: 163-165 °C, yield 90%. IR
cm™!: 3518, 3456, 3146 (N-H), 1672 (hydrazide C=0),
1219 (C=S). '"H-NMR (300 MHz, DMSO d,): § 0.85
(6H, d, J=6.60 Hz, CH(CH,;),), 1.36 (3H, d, /=7.20 Hz,
CH(CH,;), 1.73-1.86 (1H, m, CH(CHj;),), 2.40 (2H, d,
J=6.90 Hz, CH(CH,)), 2.51 (CD,HSOCD3), 2.86 (3H, d,
J=4.20 Hz, C=SNHCH,), 3.42 (DMSO d4, H,0), 3.59 (1H,
q. J=7.00 Hz, CH(CHj)), 7.08 (2H, d, J=8.10 Hz C;H,),

7.23 (2H, d, J=7.80 Hz, C¢H,), 7.75 (1H, d, J=3.60 Hz,
S=CNHCH,;), 9.17 (1H, s, C=ONHNHC=S), 9.83 (1H, s,
C=ONHNHC=S). Anal. Calcd. For C,5H,;N;08, 4/5 H,O:
C, 58.52; H, 8.05; N, 13.65; S, 10.42. Found: C, 58.10; H,
7.38; N, 13.59; S, 10.29.

N-ethyl-2-{2-[4-(2-methylpropyl)phenyl]propanoylihydra-
zine-1-carbothioamide (6) (CAS: 184706-13-6) [41]

It was obtained as white solid and recrystallized from etha-
nol, HPLC tg (min): 3.49, Mp: 152 °C, yield 70%. IR cm™:
3298, 3176 (N-H), 1672 (hydrazide C=0), 1217 (C=S).
Anal. Calcd. For C,(H,5;N;0S,1/3 H,O: C, 61.31; H, 8.25;
N, 13.41; S, 10.23. Found: C, 61.59; H, 7.50; N, 13.59; S,
10.51.

Synthesis of 1,4-dihydro-3H-1,2,4-triazol-3-thione
derivatives

The corresponding thiosemicarbazide (10 mmol) was dis-
solved in sodium hydroxide solution (37.5 ml, 2 N). The
mixture was refluxed for 4 h. In the end, the reaction vessel
was left to cool down to room temperature. It is neutralized
with a 2 N hydrochloric acid solution. The precipitate is
filtered and washed twice with distilled water. After drying,
it is crystallized from ethanol.

5-Benzyl-4-methyl-2,4-dihydro-3H-1,2,4-triazole-3-thione (7)
(CAS:51291-31-7) [49]

It was obtained as white solid and recrystallized from etha-
nol, HPLC t, (min): 3.53, Mp: 157 °C, yield 50%. IR cm™:
3084 (N-H), 2758 (S-H), 1600 (C=N), 1282 (C=S). 'H-
NMR (300 MHz, DMSO dg): 6 2.51 (CD,HSOCD;), 3.31
(3H, s, NCH;), 3.38 (DMSO d4, H,0), 4.11 (2H, s, ArCH,),
7.22-7.38 (5H, m, C¢Hs), 13.60 (1H, s, NH). Anal. Calcd.
For C,(H;N;S,1/6H,0: C, 57.67; H, 5.48; N, 20.17; S,
15.39. Found: C, 57.77; H, 4.99; N, 20.62; S, 15.06.

5-Benzyl-4-ethyl-2,4-dihidro-3H-1,2,4-triazole-3-thione (8)
(CAS: 31405-22-8) [44, 45, 66]

It was obtained as white solid and recrystallized from
ethanol, HPLC t, (min): 3.94, Mp: 159 °C, yield 40%. IR
cm™': 3095 (N-H), 2766 (S—H), 1658 (C=N), 1280 (C=S).
'H-NMR (300 MHz, DMSO d,): § 0.93 (3H, t, J=7.2 Hz,
CH,CH,), 2.51 (CD,HSOCD3), 3.38 (DMSO d,4, H,0),
3.88 (2H, q, J=7.10 Hz, NCH,CHy), 4.13 (2H, s, ArCH,),
7.25-7.38 (5H, m, C¢Hs), 13.60 (1H, s, NH). Anal. Calcd.
For C, H3N;S: C, 60.24; H, 5.97; N, 19.16; S, 14.62.
Found: C, 59.93; H, 5.54; N, 19.38; S, 14.12.
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4-Methyl-5-{1-[4-(2-methylpropyl)phenyl]ethyl}-2,4-di-
hydro-3H-1,2,4-triazole-3-thione (9)(CAS:2641122-43-0)
[25]

It was obtained as white solid and recrystallized from etha-
nol, HPLC tg (min): 3.90, Mp: 173 °C, yield 86%. IR cm™!:
3091 (N-H), 2750 (S-H), 1689 (C=N), 1267 (C=S). 'H-
NMR (300 MHz, DMSO d): 8 0.83 (6H, d, J=6.60 Hz,
CH(CHy),), 1.52 (3H, d, J=6.90 Hz, CH(CHy;), 1.72-1.86
(1H, m, CH(CH,),), 2.40 (2H, d, /=7.20 Hz, CH(CH,)),
2.51 (CD,HSOCD;), 3.14 (3H, s, NCH,;), 3.42 (DMSO
ds H,0), 4.27 (1H, q, J=7.10 Hz, CH(CH3;), 7.12 (4H, s,
CeH,), 13.65 (1H, s, NH). Anal. Calcd. For C;sH, N;S: C,
65.41; H,7.69; N, 15.26; S, 11.64. Found: C, 65.62; H, 7.05;
N, 15.29; S, 10.78.

4-Ethyl-5-{1-[4-(2-methylpropyl)phenyl]ethyl}-2,4-di-
hydro-3H-1,2,4-triazole-3-thione (10)

It was obtained as white solid and recrystallized from etha-
nol, HPLC t; (min): 4.26, Mp: 131-132 °C, yield 60%. IR
cm™!: 3084 (N-H), 2764 (S-H), 1612 (C=N), 1278 (C=S).
"H-NMR (300 MHz, DMSO d): 8 0.71 (3H, t, J=7.20 Hz,
CH,CH,), 0.81 (6H, d, J=6.60 Hz, CH(CHy;),), 1.52 (3H, d,
J=6.90 Hz, CH(CH,)), 1.71-1.85 (1H, m, CH(CH,),), 2.40
(2H, d, J=6.90 Hz, CH(CH,), 2.51 (CD,HSOCD), 3.42
(DMSO dg4, H,0), 3.60-3.72 3.76-3.88 (2H, 2 m, NCH,),
4.29 (1H, q, J=7.00 Hz, CH(CH;)), 7.13 (4H, s, CcH,),
13.64 (1H, s, NH). Anal. Calcd. For C,(H,;N,S: C, 66.39;
H, 8.01; N, 14.52; S, 11.08. Found: C, 66.24; H, 7.45; N,
14.55; S, 11.26.

Synthesis of 2-[(4H-1,2,4-triazol-3-yl)sulphanyl]
ethane-1-one derivatives (11-35)

The corresponding 2,4-dihydro-3H-triazole-3-thione
(4 mmol) was dissolved in 50 ml acetonitrile. Next, Trieth-
ylamine (4.80 mmol/0.670 ml) was added to the solution.
The mixture was refluxed for 1 h. Next, the corresponding
2-bromo-1-phenylethan-1-one derivative was added to the
medium (4 mmol). The mixture was refluxed for 6 h. The
solvent was then evaporated to dryness under reduced pres-
sure. The precipitate was dissolved in diethyl ether and fil-
tered. The solid material precipitated from diethyl ether was
recrystallized from 80% ethanol.

2-[(5-Benzyl-4-methyl-4H-1,2,4-triazole-3-yl)
sulphanyl]-1-phenylethane-1-on (11) (CAS: 332934-32-4)
[67-69]

It was obtained as white solid, recrystallized from diethy-

lether initially, and 80% ethanol latterly, HPLC t; (min):
5.15, Mp: 157 °C, yield 40%. IR cm™!: 1685 (C=0), 1645
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(C=N), 723 (C-S). '"H-NMR (300 MHz, DMSO dy): § 2.51
(CD,HSOCD;), 3.38 (DMSO d4 H,0), 3.40 (3H, s, NCH,),
4.15 (2H, s, ArCH,), 4.82 (2H, s, SCH,C=0), 7.18-7.36
(5H, m, C¢H5), 7.52-7.58 (2H, m, C(Hs), 7.65-7.71 (1H,
m, CHs), 7.99 (2H, dd, J=8.40, 1.20 Hz, C¢H;). HRMS
(EI*) (m/z): calculated for C,¢H,;N;0S (M+H)* 322.1009,
found 322.1021. Anal. Calcd. For C,gH,;N;0S.1/3H,0: C,
65.63; H, 5.41; N, 12.76; S, 9.73. Found: C, 66.19; H, 4.93;
N, 13.11; S, 9.48.

2-[(5-Benzyl-4-ethyl-4H-1,2,4-triazole-3-yl)
sulphanyl]-1-phenylethane-1-on (12) (CAS: 663158-45-0)
[68, 69]

It was obtained as white solid, recrystallized from diethy-
lether initially, and 80% ethanol latterly, HPLC t; (min):
6.13, Mp: 138 °C, yield 30%. IR cm™': 1685 (C=0), 1645
(C=N), 719 (C-S). 'H-NMR (300 MHz, DMSO dy): § 0.95
(3H, t, J=7.20 Hz NCH,CH,), 2.51 (CD,HSOCD), 3.38
(DMSO d4 H,0), 3.88 (2H, q, /J=7.20 Hz, NCH,CH,;),
4.17 (2H, s, ArCH,), 4.91 (2H, s, SCH,C=0), 7.22-7.36
(5H, m, C¢Hy), 7.53-7.58 (2H, m, C¢Hy), 7.66-7.72 (1H, m,
CeHs), 7.99-8.03 (2H, m, C¢Hy). HRMS (EI*) (m/z): calcu-
lated for C,oH,(N;OS (M+H)* 336.1165, found 336.1189.
Anal. Calcd. For C,gH,(N;0S.1/3H,0: C, 66.45; H, 5.77; N,
12.23; S, 9.34. Found: C, 66.52; H, 5.11; N, 12.54; S, 9.01.

1-Phenyl-2-({4-methyl-5-[1-(4-isobutylphenyl)
ethyl]-4H-1,2,4-triazole-3-yl} sulphanyl)ethan-1-one (13)

It was obtained as white solid, recrystallized from diethyl-
ether initially, and 80% ethanol latterly, HPLC t; (min): 4.68,
Mp: 107 °C, yield 60%. IR cm™': 1693 (C=0), 1645 (C=N),
746 (C-S). '"H-NMR (300 MHz, DMSO d,): § 0.84 (6H, d,
J=6.60 Hz, CH(CHj;),), 1.57 (3H, d, /=7.20 Hz, CH(CHy,)),
1.72-1.86 (1H, m, CH(CH,;),), 2.40 (2H, d, J=7.20 Hz,
CH(CH,)), 2.51 (CD,HSOCD3), 3.24 (3H, s, NCH,), 3.40
(DMSO d4 H,0), 4.23 (1H, q, J=7.00 Hz, CH(CHy)),
4.81 (2H, ABq, Ad,5=0.038, J=16.83 Hz, SCH,C=0),
7.09 (4H, s, C¢Hy), 7.51-7.56 (2H, m, C¢Hy), 7.64-7.70
(1H, m, C¢H,), 7.97-8.00 (2H, m, C¢H,). ppm; °C NMR
(75.47 MHz, DMSO dg): & 20.90, 22.13, 29.56, 29.89,
35.47,40.52,44.15, 126.83, 128.38, 128.75, 129.29, 133.67,
135.17, 139.38, 139.62, 148.83, 157.97, 193.41. HRMS
(EI*) (m/z): calculated for C,3H,,N;OS (M+H)* 392.1791,
found 392.1808. Anal. Calcd. For C,;H,,N;0S.1/3H,0: C,
69.14; H, 6.98; N, 10.52; S, 8.03. Found: C, 69.29; H, 6.57,
N, 10.69; S, 8.07.
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1-Phenyl-2-({4-ethyl-5-[1-(4-isobutylphenyl)
ethyl]-4H-1,2,4-triazole-3-yl}sulphanyl) ethane-1-one (14)

It was obtained as white solid, recrystallized from diethyl-
ether initially, and 80% ethanol latterly, HPLC t; (min): 5.20,
Mp: 115 °C, yield 50%. IR cm™': 1689 (C=0), 1651 (C=N),
748 (C-S). 'H-NMR (300 MHz, DMSO d): § 0.75 (3H, t,
J=7.20 and 6.90 Hz, CH,CH,), 0.82 (6H, d, /=6.60 Hz,
CH(CH,),), 1.58 (3H, d, /=7.20 Hz, CH(CHy)), 1.71-1.85
(1H, m, CH(CH,),), 2.40 (2H, d, /=7.20 Hz, CH(CH,)),
2.51 (CD,HSOCD,), 3.40 (DMSO d4 H,0), 3.61-3.73
and 3.80-3.92 (2H, 2 m, NCH,), 4.31 (1H, q, /=7.00 Hz,
CH(CH,3)), 4.90 (2H, ABq, Ad,3=0.037, J=17.13 Hz,
SCH,C=0), 7.11 (4H, s, C¢H,), 7.52-7.57 (2H, m, CsH,),
7.65-7.71 (1H, m, CcHy), 7.99-8.02 (2H, m, C¢H,). ppm;
13C NMR (75.47 MHz, DMSO dy): & 14.15, 21.29, 22.04,
29.57, 35.43, 38.27, 40.43, 44.11, 126.88, 128.36, 128.76,
129.31, 133.67, 135.27, 139.68, 140.08, 148.50, 157.42,
193.31. HRMS (EI*) (m/z): calculated for C,,H,oN;0S
(M+H)* 406.1947, found 406.1988. Anal. Calcd. For
C,,H,4N;0S: C, 70.73; H, 7.17; N, 10.31; S, 7.87. Found:
C,70.37; H, 6.59; N, 10.26; S, 7.43.

1-(3-Chlorophenyl)-2-({4-methyl-5-[1-(4-isobutylphenyl)
ethyl]-4H-1,2,4-triazole -3- yl}sulphanyl)ethane-1-one (15)

It was obtained as white solid, recrystallized from diethyl-
ether initially, and 80% ethanol latterly, HPLC t; (min): 5.75,
Mp: 144 °C, yield 60%. IR cm™': 1683 (C=0), 1651 (C=N),
727 (C-S). '"H-NMR (300 MHz, DMSO d,): § 0.84 (6H, d,
J=6.60 Hz, CH(CH,),), 1.57 (3H, d, /=6.90 Hz, CH(CH,)),
1.73-1.86 (1H, m, CH(CH,),), 2.40 (2H, d, /=7.20 Hz,
CH(CH,)), 2.50 (CD,HSOCD3), 3.25 (3H, s, NCH,), 3.34
(DMSO d4 H,0), 4.29 (1H, q, /=7.00 Hz, CH(CH,)),
4.80 (2H, ABq, Ad,5=0.037, J=16.83 Hz, SCH,C=0),
7.06-7.12 (4H, m, C¢Hy), 7.58 (1H, t, J=7.80 Hz, C;H,),
7.74-7.77 (1H, m, C¢Hy), 7.92-7.96 (1H, m, C;H,), 8.01
(1H, t,J=1.50 and 1.80 Hz, C;H,). LC-MS (EI") (im/z): cal-
culated for C,3H,¢CIN;OS (M—H)™ 426, found 426. Anal.
Calcd. For C3H,,CIN;0S.1/3H,0: C, 63.65; H, 6.19; N,
9.68; S, 7.39. Found: C, 64.02; H, 6.86; N, 9.94; S, 7.54.

1-(3-Chlorophenyl)-2-({4-ethyl-5-[1-(4-isobutylphenyl)
ethyl]-4H-1,2,4-triazole-3-yl} sulphanyl)ethane-1-one (16)

It was obtained as white solid, recrystallized from diethyl-
ether initially, and 80% ethanol latterly, HPLC t, (min): 6.59,
Mp: 89 °C, yield 50%. IR cm™': 1693 (C=0), 1660 (C=N),
729 (C-S). 'H-NMR (300 MHz, DMSO dy): 8 0.76 (3H, t,
J=17.20 Hz CH,CH,), 0.83 (6H, d, /=6.60 Hz, CH(CH,),),
1.58 (3H, d, /=6.90 Hz, CH(CH,)), 1.72-1.85 (1H, m,
CH(CHs;),), 2.40 (2H, d, /=7.20 Hz, CH(CH,)), 2.51

(CD,HSOCD3), 3.35 (DMSO ds H,0), 3.61-3.73 3.80-3.92
(2H, 2 m, NCH,), 4.31 (1H, q, J=7.00 Hz, CH(CH,)), 4.89
(2H, ABq, Ad,5=0.042, /=16.80 Hz, SCH,C=0), 7.11
(4H, s, C¢Hy), 7.59 (1H, t, J=8.10 and 7.80 Hz, CcHy),
7.74-7.78 (1H, m, C{Hy), 7.95-7.98 (1H, m, C{H,), 8.02
(1H, t, J=1.80 Hz, CiH,). LC-MS (EI") (m/z): calculated
for C,,H,4CIN;0S (M—H)™ 440, found 440. Anal. Calcd.
For C,,H,4CIN;0S.1/3H,0: C, 64.34; H, 6.45; N, 9.38; S,
7.16. Found: C, 64.53; H, 5.94; N, 9.49; S, 7.18.

1-(4-Chlorophenyl)-2-({4-methyl-5-[1-(4-isobutylphenyl)
ethyl]-4H-1,2,4-triazole -3-yl}sulphanyl)ethane-1-one (17)

It was obtained as white solid, recrystallized from diethyl-
ether initially, and 80% ethanol latterly, HPLC t; (min): 5.65,
Mp: 148 °C, yield 60%. IR cm™: 1672 (C=0), 1637 (C=N),
729 (C-S). 'TH-NMR (300 MHz, DMSO dy): 8 0.84 (6H, d,
J=6.60 Hz, CH(CHy;),), 1.57 (3H, d, /=6.90 Hz, CH(CHy,)),
1.73-1.86 (1H, m, CH(CHj;),), 2.40 (2H, d, /=7.20 Hz,
CH(CH,)), 2.51 (CD,HSOCDs3), 3.24 (3H, s, NCH,), 3.42
(DMSO d4 H,0), 4.28 (1H, g, J=7.00 Hz, CH(CHy)), 4.77
(2H, ABq, Ad,5=0.033, J=16.82 Hz, SCH,C=0), 7.07
and 7.10 (4H, 2d, J=8.40 Hz, C¢H,), 7.61 and 7.99 (4H,
2d, J=8.70 Hz, C{H,). LC-MS (EI") (m/z): calculated for
Cy3HycCIN;OS (M—H)™ 426, found 426. Anal. Calcd. For
C,;3H,(CIN;0S: C, 64.54; H, 6.12; N, 9.82; S, 7.49. Found:
C,64.37;H, 5.60; N, 9.73; S, 7.13.

1-(4-Chlorophenyl)-2-({4-ethyl-5-[1-(4-isobutylphenyl)
ethyl]-4H-1,2,4-triazole-3-yl} sulphanyl)ethane-1-one (18)

It was obtained as white solid, recrystallized from diethy-
lether initially, and 80% ethanol latterly, HPLC t; (min):
6.27, Mp: 125 °C, yield 50%. IR cm™': 1670 (C=0), 1645
(C=N), 759 (C-S). '"H-NMR (300 MHz, DMSO dy): § 0.73
(3H, t, J=7.20 Hz, CH,CH,), 0.82 (6H, d, /J=6.60 Hz,
CH(CHy),), 1.57 (3H, d, J=6.90 Hz, CH(CHy,)), 1.71-1.85
(1H, m, CH(CH;),), 2.39 (2H, d, /=7.20 Hz, CH(CH,)),
2.51 (CD,HSOCD3), 3.42 (DMSO d4 H,0), 3.60-3.72
3.79-3.91 (2H, 2 m, NCH,), 4.30 (1H, q, J=7.00 Hz,
CH(CH,3)), 4.86 (2H, ABq, Ad,3=0.033, J=16.80 Hz,
SCH,C=0), 7.10 (4H, s, C¢H,), 7.62 and 8.01(4H, 2d,
J=8.70 Hz CiH,). LC-MS (EI") (m/z): calculated for
C,4HyCIN;OS (M—H)™ 440, found 440. Anal. Calcd. For
C,,H,4CIN;0S.1/3H,0: C, 64.34; H, 6.45; N, 9.38; S, 7.16.
Found: C, 64.21; H, 5.99; N, 9.37; S, 6.91.

1-(3-Fluorophenyl)-2-({4-methyl-5-[1-(4-isobutylphenyl)
ethyl]-4H-1,2,4-triazole-3-yl}sulphanyl)ethane-1-one (19)

It was obtained as white solid, recrystallized from diethy-
lether initially, and 80% ethanol latterly, HPLC t; (min):
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5.19, Mp: 140 °C, yield 60%. IR cm™': 1681 (C=0), 1653
(C=N), 729 (C-S). 'H-NMR (300 MHz, DMSO dy): 8 0.84
(6H, d, J=6.60 Hz, CH(CH,;),), 1.57 (3H, d, /=6.90 Hz,
CH(CHy)), 1.73-1.87 (1H, m, CH(CH;),), 2.40 (2H, d,
J="17.20 Hz, CH(CH,)), 2.51 (CD,HSOCD), 3.25 (3H, s,
NCH,), 3.35 (DMSO d4 H,0), 4.29 (1H, q, J=7.00 Hz,
CH(CH,3)), 4.79 (2H, ABq, Ad,3=0.039, J=16.80 Hz,
SCH,C=0), 7.07 and 7.11 (4H, 2d, J=8.40 Hz, C¢H,),
7.51-7.64 (2H, m, CcHy,), 7.76-7.80 (1H, m, CcH,),
7.83-7.86 (1H, m, CiH,). LC-MS (EI") (im/z): calculated
for C,3H,,FN,OS (M—H)™ 410, found 410. Anal. Calcd. For
C,3H,,FN;08.1/4H,0: C, 66.40; H, 6.42; N, 10.10; S, 7.77.
Found: C, 66.73; H, 5.95; N, 10.25; S, 7.77.

1-(3-Fluorophenyl)-2-({4-ethyl-5-[1-(4-isobutylphenyl)
ethyl]-4H-1,2,4-triazole-3-yl}sulphanyl)ethane-1-one (20)

It was obtained as white solid, recrystallized from diethy-
lether initially, and 80% ethanol latterly, HPLC t; (min):
5.76, Mp: 108 °C, yield 40%. IR cm™': 1693 (C=0),
1608 (C=N), 742 (C-S). 'H-NMR (300 MHz, DMSO
dy): 6 0.76 (3H, t, J=7.20 and 6.90 Hz, CH,CH,), 0.83
(6H, d, J=6.60 Hz, CH(CHy;),), 1.58 (3H, d, /J=7.20 Hz,
CH(CH;)), 1.72-1.85 (1H, m, CH(CH;),), 2.40 (2H, d,

J=1.20 Hz, CH(CH,)), 2.51 (CD,HSOCD), 3.35 (DMSO
ds H,0), 3.61-3.73 3.80-3.92 (2H, 2 m, NCH,), 4.30 (1H,
q, J=7.10 Hz, CH(CHy)), 4.88 (2H, ABq, Ad,5=0.041,
J=17.10 Hz, SCH,C=0), 7.11 (4H, s, C¢H,), 7.52-7.66
(2H, m, C¢H,), 7.78-7.82 (1H, m, Hz C¢H,), 7.85-7.88 (1H,
m, C¢H,). LC-MS (EI™) (m/z): calculated for C,,H,gFN;OS
(M—H)™ 424, found 424. Anal. Calcd. For C,,H,,FN;0S: C,
67.74; H, 6.63; N, 9.87; S, 7.53. Found: C, 67.58; H, 6.64;
N, 10.00; S, 7.56.

1-(4-Fluorophenyl)-2-({4-methyl-5-[1-(4-isobutylphenyl)
ethyl]-4H-1,2,4-triazole-3-yl}sulphanyl)ethane-1-one (21)

It was obtained as white solid, recrystallized from diethyl-
ether initially, and 80% ethanol latterly, HPLC t; (min): 5.03,
Mp: 122 °C, yield 60%. IR cm™: 1681 (C=0), 1622 (C=N),
713 (C-S). '"H-NMR (300 MHz, DMSO d,): § 0.84 (6H, d,
J=6.60 Hz, CH(CHy;),), 1.57 (3H, d, /=6.90 Hz, CH(CH,)),
1.73-1.86 (1H, m, CH(CHj;),), 2.40 (2H, d, /=7.20 Hz,
CH(CH,)), 2.50 (CD,HSOCD3), 3.24 (3H, s, NCH,), 3.34
(DMSO d¢4 H,0), 4.29 (1H, q, J=7.00 Hz, CH(CH,)), 4.79
(2H, ABq, Ad,5=0.033, J=16.50 Hz, SCH,C=0), 7.07
and 7.11 (4H, 2d, J=8.70 Hz, C¢H,), 7.37 (2H, t, /=8.70
and 9.00 Hz, C¢H,), 8.04-9.11 (2H, m, CiH,). LC-MS (EI")
(m/z): calculated for Cp3H,cFN;OS (M—H)™ 410, found 410.
Anal. Calcd. For C,;H,,FN;0S.1/3H,0: C, 66.16; H, 6.44;
N, 10.06; S, 7.68. Found: C, 66.28; H, 5.89; N, 10.28; S,
7.71.
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1-(4-Fluorophenyl)-2-({4-ethyl-5-[1-(4-isobutylphenyl)
ethyl]-4H-1,2,4-triazole-3-yl} sulphanyl)ethane-1-one (22)

It was obtained as white solid, recrystallized from diethyl-
ether initially, and 80% ethanol latterly, HPLC t; (min): 5.55,
Mp: 134 °C, yield 55%. IR cm™': 1691 (C=0), 1620 (C=N),
758 (C-S). 'H-NMR (300 MHz, DMSO dy): § 0.75 (3H, t,
J=17.20 Hz, CH,CH,), 0.82 (6H, d, /=6.60 Hz, CH(CH,),),
1.58 (3H, d, /=6.90 Hz, CH(CH;)), 1.72-1.85 (1H, m,
CH(CH,;),), 2.40 (2H, d, J=7.20 Hz, CH(CH,)), 2.51
(CD,HSOCD3), 3.36 (DMSO d4 H,0), 3.61-3.73 3.80-3.92
(2H, 2 m, NCH,), 4.31 (1H, q, J=7.00 Hz, CH(CHy)), 4.88
(2H, ABq, Ad,5=0.035, J=16.80 Hz, SCH,C=0), 7.11
(4H, s, C¢Hy), 7.39 (2H, t, J=8.70 and 9.00 Hz, CcH,),
8.06-8.12 (2H, m, C¢H,). LC-MS (EI") (m/z): calculated
for C,,H,sFN;OS (M—H)™ 424, found 424. Anal. Calcd. For
C, H,sFN;OS: C, 67.74; H, 6.63; N, 9.87; S, 7.53. Found:
C, 67.83; H, 6.39; N, 9.94; S, 7.07.

1-(2,4-Difluorophenyl)-2-({4-methyl-5-[1-(4-isobutylphenyl)
ethyl]-4H-1,2,4-triazole-3-yl}sulphanyl)ethane-1-one (23)

It was obtained as white solid, recrystallized from diethy-
lether initially, and 80% ethanol latterly, HPLC t; (min):
5.12, Mp: 108 °C, yield 50%. IR cm™': 1693 (C=0), 1681,
(C=N), 758 (C-S). '"H-NMR (300 MHz, DMSO dy): 5 0.84
(6H, d, /=6.60 Hz, CH(CH3),), 1.57 (3H, d, J=6.90 Hz,
CH(CH,)), 1.73-1.86 (1H, m, CH(CH3),), 2.40 (2H, d,
J=17.20 Hz, CH(CH,)), 2.51 (CD,HSOCD;), 3.24 (3H, s,
NCHs,), 3.35 (DMSO d4 H,0), 4.29 (1H, q, /=7.00 Hz,
CH(CHy)), 4.63-4.75 (2H, m, SCH,C=0), 7.06-7.13 (4H,
m, C¢Hy), 7.23-7.29 (1H, m, C¢H;), 7.43-7.51 (1H, m,
C¢Hy), 7.92-8.00 (1H, m, C¢H;). LC-MS (EI") (m/z): cal-
culated for C,;H,sF,N;0S (M—H)™ 428, found 428. Anal.
Calcd. For C53H,sF,N;0S: C, 64.31; H, 6.63; N, 9.87; S,
7.53. Found: C, 64.37; H, 5.68; N, 9.85; S, 7.65.

1-(2,4-Difluorophenyl)-2-({4-ethyl-5-[1-(4-isobutylphenyl)
ethyl]-4H-1,2,4-triazole-3-yl}sulphanyl)ethane-1-one (24)

It was obtained as white solid, recrystallized from diethy-
lether initially, and 80% ethanol latterly, HPLC t; (min):
5.62, Mp: 92 °C, yield 50%. IR cm™!: 1697 (C=0), 1610
(C=N), 761 (C-S). '"H-NMR (300 MHz, DMSO dy): § 0.75
(3H, t, J=7.20 Hz, CH,CH,), 0.82 (6H, d, /=6.60 Hz,
CH(CHy;),), 1.58 (3H, d, /=6.90 Hz, CH(CHy;)), 1.72-1.85
(1H, m, CH(CH,),), 2.40 (2H, d, /=7.20 Hz, CH(CH,)),
2.51 (CD,HSOCD3), 3.35 (DMSO d4 H,0), 3.60-3.72
3.79-3.91 (2H, 2 m, NCH,), 4.31 (1H, q, J=7.00 Hz,
CH(CHy)), 4.71-4.83 (2H, m, SCH,C=0), 7.11 (4H, s,
Ce¢Hy), 7.24-7.30 (1H, m, Hz C¢Hy), 7.44-7.52 (1H, m,
C¢H3), 7.93-8.01 (1H, m, CiH;3). LC-MS (EI") (m/z): cal-
culated for C,,H,,F,N;0S (M—H)™ 442, found 442. Anal.
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Calcd. For Cy,H,,F,N,0S.1/2H,0: C, 63.69; H, 6.24; N,
9.28; S, 7.09. Found: C, 63.78; H, 5.58; N, 9.64; S, 7.12.

1-(2,5-Dimethoxyphenyl)-2-({4-methyl-5-[1-(4-isobutylphe-
nyl)ethyl]-4H-1,2,4- triazole-3-yl}sulphanyl)ethane-1-one
(25)

It was obtained as white solid, recrystallized from diethyl-
ether initially, and 80% ethanol latterly, HPLC t, (min): 5.78,
Mp: 107 °C, yield 50%. IR cm™ ! 1647 (C=0), 1608 (C=N),
709 (C-S). '"H-NMR (300 MHz, DMSO d,): § 0.84 (6H, d,
J=6.60 Hz, CH(CH,),), 1.58 (3H, d, /=7.20 Hz, CH(CH,)),
1.73-1.86 (1H, m, CH(CH,;),), 2.40 (2H, d, J=7.20 Hz,
CH(CH,)), 2.51 (CD,HSOCD), 3.22 (3H, s, NCH;), 3.35

(DMSO d4 H,0), 3.73 (3H, s, OCHy), 3.85 (3H, s, OCHy),
4.29 (1H, q, J=7.10 Hz, CH(CH,)), 4.62 (2H, ABq,
Ad,5=0.022,/=16.80 Hz SCH,C=0), 7.07 and 7.11 (4H,
2d, J=8.70 Hz, CH,), 7.14-7.22 (3H, m, C¢H;). LC-MS
(EI™) (m/z): calculated for C,5H;N;05;S (M—H)™ 452, found
452. Anal. Caled. For C,5H;,N;05S.1/3H,0: C, 65.33; H,
6.94; N, 9.14; S, 6.98. Found: C, 65.22; H, 6.29; N, 9.32;
S, 6.98.

1-(2,5-Dimethoxyphenyl)-2-({4-ethyl-5-[1-(4-isobuthylphe-
nyl)ethyl]-4H-1,2,4-triazole-3-yl}sulphanyl)ethane-1-one
(26)

It was obtained as white solid, recrystallized from diethy-
lether initially, and 80% ethanol latterly, HPLC t (min):
5.62, Mp: 83 °C, yield 40%. IR cm™': 1647 (C=0), 1608
(C=N), 756 (C-S). '"H-NMR (300 MHz, DMSO d,): &
0.74 (3H, t, J=7.20 and 6.90 Hz CH,CH;), 0.82 (6H,
d, J=6.60 Hz, CH(CH;),), 1.58 (3H, d, /=6.90 Hz,
CH(CHy)), 1.72-1.85 (1H, m, CH(CHs),), 2.40 (2H, d,
J=17.20 Hz, CH(CH,)), 2.51 (CD,HSOCD), 3.35 (DMSO
ds H,0), 3.58-3.70 3.77-3.90 (2H, 2 m, NCH,), 3.74 (3H,
s, OCHy), 3.87 (3H, s, OCH,;), 4.30 (1H, q, J=7.00 Hz,
CH(CH,)), 4.71 (2H, ABq, Ad,5=0.022, J=17.10 Hz,
SCH,C=0), 7.10 (4H, s, C4Hy), 7.14-7.22 (3H, m,
CeHj). LC-MS (EI") (m/z): calculated for C,cH33N305S
(M—H)™ 466, found 466. Anal. Calcd. For C,cH;;N;0,S:
C, 66.78; H, 7.11; N, 8.99; S, 6.86. Found: C, 66.31; H,
6.96; N, 9.13; S, 6.82.

1-(4-Bromophenyl)-2-({4-methyl-5-[1-(4-isobutylphenyl)
ethyl]-4H-1,2,4-triazole-3-yl}sulphanyl)ethane-1-one (27)

It was obtained as white solid, recrystallized from diethy-
lether initially, and 80% ethanol latterly, HPLC t; (min):
5.83, Mp: 146 °C, yield 45%. IR cm™': 1674 (C=0), 1645
(C=N), 729 (C-S). '"H-NMR (300 MHz, DMSO d,): & 0.84
(6H, d, J=6.60 Hz, CH(CH,;),), 1.57 (3H, d, /=6.90 Hz,

CH(CHy)), 1.72-1.86 (1H, m, CH(CH;),), 2.40 (2H, d,
J=17.20 Hz, CH(CH,)), 2.51 (CD,HSOCD), 3.24 (3H, s,
NCH,), 3.42 (DMSO d4 H,0), 4.28 (1H, q, /=7.00 Hz,
CH(CH;)), 4.76 (2H, ABq, Ad,3=0.033, J=16.50 Hz,
SCH,C=0), 7.05-7.12 (4H, m, C¢H,), 7.75 and 7.91 (4H,
2d, J=8.70 Hz C¢H,). LC-MS (EI") (m/z): calculated for
Cy3H,¢BrN;OS (M—H)™ 470, found 470. Anal. Calcd. For
C3H,6BrN;OS: C, 58.47; H, 5.55; N, 8.89; S, 6.79. Found:
C, 58.20; H, 5.20; N, 8.90; S, 6.54.

1-(4-Bromophenyl)-2-({4-ethyl-5-[1-(4-isobutylphenyl)
ethyl]-4H-1,2,4-triazole-3-yl}sulphanyl)ethane-1-one (28)

It was obtained as white solid, recrystallized from diethyl-
ether initially, and 80% ethanol latterly, HPLC t; (min): 6.43,
Mp: 126 °C, yield 50%. IR cm™: 1674 (C=0), 1645 (C=N),
763 (C-S). '"H-NMR (300 MHz, DMSO dy): 8 0.75 (3H, t,
J=17.20 Hz, CH,CH,), 0.82 (6H, d, /=6.60 Hz, CH(CH,),),
1.57 (3H, d, /J=6.90 Hz, CH(CH,)), 1.71-1.85 (1H, m,
CH(CH;),), 2.39 (2H, d, /=7.20 Hz, CH(CH,)), 2.51
(CD,HSOCD3), 3.42 (DMSO d4 H,0), 3.60-3.72 3.79-3.91
(2H, 2 m, NCH,), 4.29 (1H, q, J=7.00 Hz, CH(CHy)), 4.85
(2H, ABq, Ad,5=0.033, /=17.12 Hz, SCH,C=0), 7.10
(4H, s, C¢H,), 7.76 and 7.93 (4H, 2d, J=8.40 and 8.70 Hz,
CgH,). LC-MS (EI") (m/z): calculated for C,,H,sBrN;0S
(M+H)* 485, found 485. Anal. Calcd. For C,,H,¢BrN;0S:
C,59.26; H, 5.80; N, 8.64; S, 6.59. Found: C, 58.94; H, 5.52;
N, 8.58; S, 6.17.

Synthesis of N-{(12)-2-[(5-benzyl-4-alkyl-4H-1,2,4
-triazol-3-yl)sulphanyl]-1-phenylethylidene}hydrox-
ylamine derivatives (29-46)

Compounds 11-28 (2 mmol), hydroxylamine hydrochloride
(6 mmol), and pyridine (6 mmol) were placed in a flask. The
mixture was dissolved in 25 ml of ethanol and refluxed for
18 h. The solvent was evaporated to dryness under reduced
pressure. The precipitate was washed twice with distilled
water and crystallized from 80% ethanol.

N-{(1Z)-1-Phenyl-2-[(5-benzyl-4-methyl-4H-1,2,4-tria-
zole-3-yl)sulphanyl]-1-ethylidene}hydroxylamine (29)

It was obtained as white solid, recrystallized from 80%
ethanol, HPLC t, (min): 4.11, Mp: 187 °C, yield 40%. IR
cm™!: 3140 (oxime -OH), 1668 (oxime C=N), 1600 (C=N),
952 (oxime N-0), 731 (C-S). '"H-NMR (300 MHz) (DMSO
de): 6 2.51 (CD,HSOCD3), 3.23 and 3.29 (3H, 2 s, NCH,),
3.35 (DMSO ds H,0), 4.12 (2H, s, ArCH,), 4.21 and 4.30
(2H, 2 s, SCH,C=0), 7.16-7.33 (SH, m, CHs), 7.35-7.41
(3H, m, C¢Hy), 7.60-7.63 (2H, m, C¢Hs), 11.17 and 11.75
(1H, 2 s, C=N-OH). HRMS (EI*) (m/z): calculated for
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C,H,gN,0S M* 338.1196, found 338.1246. Anal. Calcd.
For C,¢H,¢N,0S.1/4H,0: C, 63.04; H, 5.44; N, 16.34; S,
9.35. Found: C, 63.34; H, 5.39; N, 16.66; S, 9.42.

N-{(1Z)-1-Phenyl-2-[(5-benzyl-4-ethyl-4H-1,2,4-tria-
zole-3-yl)sulphanyl]-1-ethylidene} hydroxylamine (30)

It was obtained as white solid, recrystallized from 80%
ethanol, HPLC t, (min): 4.67, Mp: 169 °C, yield %40. IR
cm™!': 3105 (oxime -OH, hydrogen bonded), 1681 (oxime
C=N), 1604 (C=N), 950 (oxime N-0), 729 (C-S). 'H-
NMR (300 MHz) (DMSO dg): 6 0.85 (3H, t, J=7.20 Hz
NCH,CH,), 2.51 (CD,HSOCD), 3.35 (DMSO d4 H,0),
3.76 (2H, q, J=7.20 Hz, NCH,CHy;), 4.15 (2H, s, ArCH,),
4.39 (2H, s, SCH,C=0), 7.20-7.33 (5H, m, C¢Hy),
7.34-7.39 (3H, m, C¢Hs), 7.62-7.65 (2H, m, C¢Hy), 11.81
(1H, s, C=N-OH). HRMS (EI") (m/z): calculated for
C,oH,N,OS M* 352.1358, found 352.1339. Anal. Calcd.
For C,oH,(N,OS: C, 64.75; H, 5.72; N, 15.90; S, 9.10.
Found: C, 64.24; H, 5.38; N, 15.95; S, 9.08.

N-[(1Z)-1-Phenyl-2-({4-methyl-5-[1-(4-isobutylphenyl)
ethyl]-4H-1,2,4-triazole-3-yl} sulphanyl)ethylidene]
hydroxylamine (31)

It was obtained as white solid, recrystallized from 80%
ethanol, HPLC t, (min): 3.86, Mp: 164 °C, yield %40. IR
cm™': 3103 (oxime -OH, hydrogen bonded), 1689 (oxime
C=N), 1614 (C=N), 958 (oxime N-0), 729 (C-S). 'H-
NMR (300 MHz) (DMSO dy): 8 0.83 (6H, d, J=6.60 Hz,
CH(CH,),), 1.57 (3H, d, /=6.90 Hz, CH(CH,)), 1.72-1.86
(1H, m, CH(CH,),), 2.39 (2H, d, /=7.20 Hz, CH(CH,)),
2.51 (CD,HSOCDy), 3.12 (3H, s, NCHj3), 3.40 (DMSO
ds H,0), 4.22 (1H, q, /J=7.10 Hz, CH(CH;)), 4.29 (2H, s,
SCH,C=NOH), 7.05 and 7.09 (4H, 2d, J=8.40 Hz, C;H,),
7.30-7.38 (3H, m, C¢H,), 7.57-7.60 (2H, m, CiH,), 11.76
(1H, s, C=NOH). ppm; '*C NMR (75.47 MHz, DMSO d,):
5 20.90, 22.13, 26.13, 29.56, 29.88, 35.64, 44.15, 125.72,
126.84, 128.38, 128.98, 129.29, 134.23, 139.27, 139.56,
148.65, 152.16, 158.15. HRMS (EI") (m/z): calculated for
C,;H,4N,0S M* 408.1978, found 408.1993. Anal. Calcd.
For C,3H,4N,OS: C, 67.61; H, 6.91; N, 13.71; S, 7.85.
Found: C, 67.13; H, 6.55; N, 13.71; S, 7.75.

N-[(1Z)-1-Phenyl-2-({4-ethyl-5-[1-(4-isobutylphenyl)
ethyl]-4H-1,2,4-triazole-3-yl} sulphanyl)ethylidene]
hydroxylamine (32)

It was obtained as white solid, recrystallized from 80%
ethanol, HPLC t, (min): 4.20, Mp: 128 °C, yield %45. IR
cm™': 3109 (oxime -OH, hydrogen bonded), 1681 (oxime
C=N), 1645 (C=N), 960 (oxime N-0), 759 (C-S). 'H-
NMR (300 MHz) (DMSO dy): & 0.64 (3H, t, J=7.20 Hz,
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CH,CH,), 0.81 (6H, d, J=6.60 Hz, CH(CH,),), 1.59 (3H,
d, /=6.90 Hz, CH(CH,)), 1.70-1.83 (1H, m, CH(CHy),),
2.38 (2H, d, J=7.20 Hz, CH(CH,)), 2.51 (CD,HSOCD),
3.41 (DMSO d4 H,0), 3.49-3.61 3.66-3.78 (2H, 2 m,
CH,CH,), 4.24 (1H, q, J=7.00 Hz, CH(CHy)), 4.39 (2H
s, SCH,C=NOH)), 7.09 (4H, s, C¢H,), 7.32-7.36 (3H, m,
C¢Hy), 7.60-7.63 (2H, m, C¢H,), 11.84 (1H, s, C=N-OH).
ppm; 13C NMR (75.47 MHz, DMSO dg): 8 14.22, 21.35,
22.03, 26.26, 29.57, 35.57, 38.20, 44.11, 125.74, 126.86,
128.41, 129.01, 129.29, 134.25, 139.62, 139.99, 148.50,
152.30, 157.56. HRMS (EI") (m/z): calculated for
Cy4H;)N,OS M* 422.2134, found 422.2120. Anal. Calcd.
For C,,H;,N,OS: C, 66.79; H, 7.24; N, 12.98; S, 7.43.
Found: C, 66.45; H, 6.75; N, 13.03; S, 7.47.

N-[(1Z)-1-(3—-Chlorophenyl)-2-({4-methyl-5-[1-(4-isobutyl-
phenyl)ethyl]-4H-1,2,4-triazole-3-yl}sulphanyl)ethylidene]
hydroxylamine (33)

It was obtained as white solid, recrystallized from 80% ethanol,
HPLC t, (min): 4.63, Mp: 126 °C, yield %45. IR cm™": 3097
(oxime —OH, hydrogen bonded), 1689 (oxime C=N), 1614
(C=N), 970 (oxime N-0), 705 (C-S). 'H-NMR (300 MHz)
(DMSO dy): 8 0.84 (6H, d, /=6.60 Hz CH(CH,),), 1.57 (3H,
d,J=6.90 Hz, CH(CHy)), 1.72-1.86 (1H, m, CH(CH,),), 2.40
(2H, d, J=7.20 Hz, CH(CH,)), 2.50 (CD,HSOCD), 3.34
(DMSO ds H,0), 3.15 (3H, s, NCH3), 4.23 (1H, g, J=7.00 Hz,
CHCH,;), 4.27 (2H, ABq, Ad,5=0.028, /=13.20 Hz,
SCH,C=0), 7.04 and 7.09 (4H, 2d, CiH,, J=28.10 and
8.40 Hz), 7.37 (1H, t, J=7.80 Hz, CiH,), 7.42-7.46 (1H, m,
C¢H,), 7.53-7.57 (1H, m, CiH,), 7.64 (1H, t, J=1.80 and
1.50 Hz, C¢H,), 11.32 and 11.90 (2 s, 1H, C=N-OH). LC-MS
(EI") (m/z): calculated for C3H,,CIN,OS (M—H)™ 441, found
441. Anal. Calcd. For C,;H,,CIN,OS: C, 62.36; H, 6.14; N,
12.65; S, 7.24. Found: C, 62.31; H, 6.34; N, 12.89; S, 7.41.

N-[(1Z)-1-(3—Chlorophenyl)-2-({4-ethyl-5-[1-(4-isobutyl-
phenyl)ethyl]-4H-1,2,4-triazole-3-yl}sulphanyl)ethylidene]
hydroxylamine (34)

It was obtained as white solid, recrystallized from 80%
ethanol, HPLC t; (min): 5.17, Mp: 101 °C, yield %30. IR
cm™!: 3093 (oxime —OH, hydrogen bonded), 1693 (oxime
C=N), 1614 (C=N), 976 (oxime N-0), 680 (C-S). 'H-NMR
(300 MHz) (DMSO dg): 6 0.64 (3H, t, J=7.20 and 6.90 Hz,
CH,CHy), 0.82 (6H, d, J=6.60 Hz CH(CHy),), 1.59 (3H, d,
J=17.20 Hz, CH(CH,)), 1.71-1.85 (1H, m, CH(CHj3),), 2.39
(2H, d, J=7.20 Hz, CH(CH,)), 2.51 (CD,HSOCD), 3.35
(DMSO d4 H,0), 3.50-3.62 3.69-3.81 (2H, 2 m, CH,CHy),
4.25 (1H, q, J=7.00 Hz, CHCH,), 4.36 (2H, s, SCH,C=0),
7.08 (4H, s, C¢Hy), 7.39 (1H, t, J=7.80 Hz, C¢H,), 7.43-7.47
(1H, m, C¢H,), 7.55-7.58 (1H, m, C¢H,), 7.64 (1H, t, J=1.80
and 1.50 Hz, CiH,), 11.99 (1H, s, C=N-OH). LC-MS (EI")
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(mm/z): calculated for C,,H,oCIN,OS (M—H)™ 455, found 455.
Anal. Calcd. For C,,H,4CIN,0S.1/3H,0: C, 62.25; H, 6.46;
N, 12.10; S, 6.92. Found: C, 62.00; H, 6.28; N, 12.47; S, 6.90.

N-[(12)-1-(4-Chlorophenyl)-2-({4-methyl-5-[1-(4-isobutyl-
phenyl)ethyl]-4H-1,2,4-triazole-3-yl}sulphanyl)ethylidene]
hydroxylamine (35)

It was obtained as white solid, recrystallized from 80%
ethanol, HPLC t, (min): 4.65, Mp: 156 °C, yield %35. IR
cm™!: 3095 (oxime —OH, hydrogen bonded), 1693 (oxime
C=N), 1612 (C=N), 960 (oxime N-0), 707(C-S). 'H-
NMR (300 MHz) (DMSO dy): 6 0.83 (6H, d, /J=6.60 Hz
CH(CH;),), 1.57 (3H, d, J=7.20 Hz, CHCH,;), 1.72-1.86
(1H, m, CH(CHj;),), 2.39 (2H, d, /=6.90 Hz, CH(CH,)),
2.51 (CD,HSOCD;3), 3.14 (3H, s, NCH;)), 3.42 (DMSO
ds H,0), 4.21 (1H, g, J=6.90 Hz, CHCH,)), 4.25 (2H,
s, SCH,C=NOH), 7.04 and 7.09 (4H, 2d, J=28.40 Hz,
CeHy), 7.39 and 7.59 (4H, 2d, J=8.70 Hz C¢H,), 11.86
(1H, s, C=N-OH). LC-MS (EI") (m/z): calculated for
C,3;H,;,CIN,OS (M—H)™ 441, found 441. Anal. Calcd. For
C,;H,,CIN,OS: C, 62.36; H, 6.14; N, 12.65; S, 7.24. Found:
C, 62.15; H, 6.09; N, 12.84; S, 7.30.

N-[(1Z)-1-(4—-Chlorophenyl)-2-({4-ethyl-5-[1-(4-isobutyl-
phenyl)ethyl]-4H-1,2,4-triazole-3-yl}sulphanyl)ethylidene]
hydroxylamine (36)

It was obtained as white solid, recrystallized from 80%
ethanol, HPLC t; (min): 5.11, Mp: 96 °C, yield %30. IR
cm™!: 3107 (oxime —OH, hydrogen bonded), 1681 (oxime
C=N), 1626, 1608 (C=N), 960 (oxime N-O), 702 (C-S).
"H-NMR (300 MHz) (DMSO dy): 60.62 (3H, t, J=7.20 Hz,
CH,CH,;), 0.81 (6H, d, J=6.60 Hz, CH(CHj;),), 1.58 (3H,
d, /J=6.90 Hz, CH(CH,)), 1.71-1.84 (1H, m, CH(CH,),),
2.39 (2H, d, J=7.20 Hz, CH(CH,)), 2.51 (CD,HSOCD),
3.42 (DMSO d4 H,0), 3.52-3.61 3.67-3.79 (2H, 2 m,
NCH,CH,), 4.23 (1H, q, J=6.90 Hz, CH(CHy;)), 4.35 (2H,
s, SCH,C=NOH), 7.08 (4H, s, C¢H,), 7.40 and 7.60 (4H, 2d,
J=8.70Hz, C(H,), 11.93 (1H, s, C=N-OH). LC-MS (EI")
(m/z): calculated for C,,H,oCIN,OS (M—H)~ 455, found
455. Anal. Calcd. For C,,H,,CIN,0S.1/4H,0: C, 62.46; H,
6.44; N, 12.14; S, 6.95. Found: C, 62.58; H, 5.96; N, 12.08;
S, 6.52.

N-[(1Z)-1-(3-Fluorophenyl)-2-({4-ethyl-5-[1-(4-isobutyl-
phenyl)ethyl]-4H-1,2,4-triazole-3-yl}sulphanyl)ethylidene]
hydroxylamine (37)

It was obtained as white solid, recrystallized from 80%
ethanol, HPLC t; (min): 4.28, Mp: 150 °C, yield %40.
IR cm~!: 3095 (oxime —OH, hydrogen bonded), 1691
(oxime C=N), 1616 (C=N), 979 (oxime N-0O), 729 (C-S).

"H-NMR (300 MHz) (DMSO dy): 60.84 (6H, d, J=6.60 Hz
CH(CHy,),), 1.57 (3H, d, J=6.90 Hz, CH(CH,), 1.73-1.86
(1H, m, CH(CHj;),), 2.40 (2H, d, J=7.20 Hz, CH(CH,)),
2.51 (CD,HSOCD;,), 3.15 (3H, s, NCH,), 3.38 (DMSO d,
H,0), 4.23 (1H, q, J=7.00 Hz, CHCH,), 4.27 (2H, ABq,
Ad,5=0.022, /=13.20 Hz, SCH,C=0), 7.05 and 7.09 (4H,
2d, J=8.40 Hz, CiH,), 7.18-7.25 (1H, m, C¢H,), 7.35-7.45
(3H, m, CiH,), 11.90 (1H, s, C=N-OH). LC-MS (EI")
(m/z): calculated for C,3;H,,FN,OS (M—H)~ 425, found
425. Anal. Calcd. For C,3H,,FN,0S.1/3H,0: C, 63.86; H,
6.45; N, 12.95; S, 7.41. Found: C, 63.96; H, 6.01; N, 13.23;
S, 7.48.

N-[(1Z)-1-(3-Fluorophenyl)-2-({4-ethyl-5-[1-(4-isobutyl-
phenyl)ethyl]-4H-1,2,4-triazole-3-yl}sulphanyl)ethylidene]
hydroxylamine (38)

It was obtained as white solid, recrystallized from 80%
ethanol, HPLC t, (min): 4.67, Mp: 143 °C, yield %30. IR
cm™': 3082 (oxime —OH, hydrogen bonded), 1681 (oxime
C=N), 1614 (C=N), 979 (oxime N-0), 746 (C-S). 'H-
NMR (300 MHz) (DMSO dy): 8 0.64 (3H, t, J=7.20 Hz,
CH,CH,), 0.82 (6H, d, J=6.60 Hz CH(CHy;),), 1.59 (3H, d,
J=6.90 Hz, CH(CH,), 1.71-1.85 (1H, m, CH(CH,),), 2.39
(2H, d, J=7.20 Hz, CH(CH,), 2.51 (CD,HSOCD3), 3.35
(DMSO d4 H,0), 3.50-3.62 3.69-3.81 (2H, 2 m, CH,CH,),
4.25 (1H, q, J=7.00 Hz, CHCH,), 4.37 (2H, s, SCH,C=0),
7.08 (4H, s, C¢H,), 7.19-7.26 (1H, m, C¢H,), 7.35-7.47 (3H,
m, C¢H,), 11.36 and 11.98 (1H, 2 s, C=N-OH). LC-MS
(EI") (m/z): calculated for C,,H,,FN,OS (M—H)™ 439,
found 439. Anal. Calcd. For C,,H,,FN,0S.1/3H,0: C,
64.55; H, 6.70; N, 12.55; S, 7.18. Found: C, 64.05; H, 6.27,
N, 12.82; S, 7.20.

N-[(1Z)-1-(4-Fluorophenyl)-2-({4-methyl-5-[1-(4-isobutyl-
phenyl)ethyl]-4H-1,2,4-triazole-3-yl}sulphanyl)ethylidene]
hydroxylamine (39)

It was obtained as white solid, recrystallized from 80%
ethanol, HPLC tg (min): 4.21, Mp: 149 °C, yield %30. IR
cm™': 3109 (oxime —OH, hydrogen bonded), 1681 (oxime
C=N), 1600 (C=N), 962 (oxime N-0), 709 (C-S). 'H-
NMR (300 MHz) (DMSO dy): & 0.84 (6H, d, J=6.60 Hz,
CH(CH,),), 1.57 (3H, d, J=7.20 Hz, CH(CH,)), 1.73-1.86
(1H, m, CH(CHj;),), 2.40 (2H, d, /=7.20 Hz, CHCH,),
2.50 (CD,HSOCDy), 3.14 (3H, s, NCHj3), 3.34 (DMSO
ds H,0), 4.23 (1H, q, J=7.00 Hz, CHCH;), 4.27 (2H, s,
SCH,C=NOH), 7.05 and 7.10 (4H, 2d, J=8.40 Hz, C¢H,),
7.17 (2H, t, J=9.00 and 8.70 Hz, C¢H,), 7.64 (2H, dd,
J=9.00 and 5.40 Hz, CcH,), 11.23 and 11.74 (1H, 2 s,
C=NOH). LC-MS (EI") (n/z): calculated for C,;H,,FN,OS
(M—H)™ 425, found 425. Anal. Caled. For C,;H,,FN,OS: C,
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64.76; H, 6.38; N, 13.13; S, 7.52. Found: C, 64.46; H, 6.48;
N, 13.14; S, 7.57.

N-[(1Z)-1-(4-Fluorophenyl)-2-({4-ethyl-5-[1-(4-isobutyl-
phenyl)ethyl]-4H-1,2,4-triazole-3-yl}sulphanyl)ethylidene]
hydroxylamine (40)

It was obtained as white solid, recrystallized from 80%
ethanol, HPLC t, (min): 4.57, Mp: 130 °C, yield %40. IR
cm™': 3078 (oxime —OH, hydrogen bonded), 1660 (oxime
C=N), 1610 (C=N), 966 (oxime N-0), 732 (C-S). '"H-NMR
(300 MHz) (DMSO dg): 6 0.63 (3H, t, J=7.20 and 6.90 Hz,
CH,CH,), 0.81 (6H, d, J=6.30 Hz, CH(CH,),), 1.58 (3H,
d, /=7.20 Hz, CH(CH,)), 1.71-1.84 (1H, m, CH(CHy),),
2.39 (2H, d, J=7.20 Hz, CH(CH,)), 2.51 (CD,HSOCD),
3.38 (DMSO d4 H,0), 3.49-3.61 3.67-3.79 (2H, 2 m,
NCH,CHs), 4.25 (1H, q, J=7.00 Hz, CH(CHy)), 4.36 (2H s,
SCH,C=NOH), 7.08 (4H, s, CcH,), 7.18 (2H, t, J=9.00 and
8.70 Hz, C¢Hy), 7.64 (2H, dd, /=9.00 and 5.70 Hz C¢H),
11.28 and 11.82 (1H, 2 s, C=N-OH). LC-MS (EI") (m/z):
calculated for C,,H,oFN,OS (M—H)™ 439, found 439. Anal.
Calcd. For C,,H,,FN,OS: C, 65.43; H, 6.63; N, 12.72; S,
7.28. Found: C, 65.23; H, 6.12; N, 12.77; S, 7.04.

N-[(12)-1-(2,4-Difluorophenyl)-2-({4-methyl-5-[1-(4-i
sobutylphenyl)ethyl]-4H-1,2,4-triazole-3-yl}sulphanyl)
ethylidene] hydroxylamine (41)

It was obtained as white solid, recrystallized from 80%
ethanol, HPLC tg (min): 4.20, Mp: 103 °C, yield %30.
IR cm™": 3311 (oxime —OH), 1681 (oxime C=N), 1612
(C=N), 972 (oxime N-0), 715 (C-S). 'H-NMR (300 MHz)
(DMSO dy): 6 0.84 (6H, d, J=6.60 Hz, CH(CH,),), 1.56,
1.57 (3H, 2d, J=6.90 and 6.90 Hz, CH(CH,)), 1.73-1.87
(1H, m, CH(CH,),), 2.40 (2H, d, /=7.20 Hz, CH(CH,)),
2.51 (CD,HSOCD3.), 3.11 and 3.14 (3H, 2 s, NCH,),
3.35 (DMSO d4 H,0), 4.18-4.30 (3H, m, CH(CHy), and
SCH,C=NOH), 6.97-7.12 (5H, m, C¢H;, and C¢H,,),
7.20-7.29 (1H, m, CiH;), 7.38-7.47 (1H, m, C¢H,;), 11.35
and 11.94 (1H, 2 s, C=NOH). LC-MS (EI'") (m/z): calcu-
lated for C,3H,cF,N,OS (M+H)* 445, found 445. Anal.
Calcd. For C,;H,,F,N,0S.3/2H,0: C, 58.58; H, 6.20; N,
11.88; S, 6.80. Found: C, 58.60; H, 5.75; N, 12.30; S, 6.88.

N-[(12)-1-(2,4-Difluorophenyl)-2-({4-ethyl-5-[1-(4-isobutyl-
phenyl)ethyl]-4H-1,2,4-triazole-3-yl}sulphanyl)ethylidene]
hydroxylamine (42)

It was obtained as white solid, recrystallized from 80%
ethanol, HPLC t, (min): 4.58, Mp: 142 °C, yield %40.
IR cm™': 3122 (oxime —OH, hydrogen bonded), 1643
(oxime C=N), 1612 (C=N), 972 (oxime N-0O), 759 (C-S).
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"H-NMR (300 MHz) (DMSO d,): 8 0.60 (3H, t, J=7.20 Hz,
CH,CH,;), 0.82 (6H, d, J=6.60 Hz, CH(CH,),), 1.56 (3H,
d, /=6.90 Hz, CH(CH,)), 1.72-1.85 (1H, m, CH(CHy;),),
2.40 (2H, d, /=6.90 Hz, CH(CH,)), 2.51 (CD,HSOCD3),
3.35 (DMSO d4 H,0), 3.44-3.57 3.63-3.76 (2H, 2 m,
NCH,CH,), 4.19-4.40 (3H, m, CH(CH;) and SCH,C=0),
6.99-7.12 (SH, m, C¢H; and C4H,), 7.20-7.29 (1H,
m, C¢Hs,), 7.37-7.45 (1H, m, C¢H;,), 11.38 and 11.98
(1H, 2 s, C=N-OH). LC-MS (EI'*) (mm/z): calculated for
Cy,Hy3F,N,0S (M+H)™ 459, found 459. Anal. Calcd. For
C,,H,sF,N,0S: C, 62.86; H, 6.15; N, 12.22; S, 6.99. Found:
C, 62.56; H, 5.61; N, 12.33; S, 6.86.

N-[(1Z)-1-(2,5-Dimethoxyphenyl)-2-({4-methyl-5-[1-(4-i
sobutylphenyl)ethyl]-4H- 1,2,4-triazole-3-yl}sulphanyl)
ethylidene] hydroxylamine (43)

It was obtained as white solid, recrystallized from 80%
ethanol, HPLC tg (min): 4.15, Mp: 150 °C, yield %50. IR
cm™!: 3122 (oxime —OH, hydrogen bonded), 1681 (oxime
C=N), 1612 (C=N), 976 (oxime N-0), 705 (C-S). 'H-
NMR (300 MHz) (DMSO dy): 8 0.84 (6H, d, /J=6.60 Hz,
CH(CH,),), 1.56 (3H, d, /=7.20 Hz, CH(CH,)), 1.72-1.86
(1H, m, CH(CH,),), 2.40 (2H, d, /=7.20 Hz, CH(CH,)),
2.51 (CD,HSOCDs), 3.10 (3H, s, NCH,;), 3.38 (DMSO d,
H,0), 3.66 (3H, s, OCH,), 3.69 (3H, s, OCHy), 4.16-4.24
(1H, m, CH(CH,)), 4.22 (2H, ABq, Ad,5=0.017,
J=13.20 Hz, SCH,C=NOH), 6.73-6.77 (1H, m, C¢H,),

6.83-6.94 (2H, m, C¢H;), 7.04 and 7.09 (4H, 2d, J=8.10 Hz,
CeH,), 10.94 and 11.57 (1H, 2 s, C=NOH). LC-MS (ET")
(m/z): calculated for C,5H;,N,05S (M+H)* 469, found 469.
Anal. Calcd. For C,sH5,N,0;S: C, 64.08; H, 6.88; N, 11.96;
S, 6.84. Found: C, 63.54; H, 6.54; N, 12.17; S, 6.80.

N-[(1Z)-1-(2,5-Dimethoxyphenyl)-2-({4-ethyl-5-[1-(4-i
sobutylphenyl)ethyl]-4H-1,2,4-triazole-3-yl}sulphanyl)
ethylidene] hydroxylamine (44)

It was obtained as white solid, recrystallized from 80%
ethanol, HPLC t, (min): 4.67, Mp: 126 °C, yield %40. IR
cm™': 3120 (oxime —OH, hydrogen bonded), 1683 (oxime
C=N), 1631 (C=N), 970 (oxime N-0), 723 (C-S). 'H-
NMR (300 MHz) (DMSO dy): 8 0.61 (3H, t, J=7.20 Hz,
CH,CH,), 0.82 (6H, d, J=6.60 Hz, CH(CHy;),), 1.57 (3H, d,
J=6.90 Hz, CH(CH,)), 1.71-1.85 (1H, m, CH(CHj;),), 2.39
(2H, d, J=7.20 Hz, CH(CH,)), 2.51 (CD,HSOCD;), 3.35
(DMSO dg4 H,0), 3.42-3.55 3.62-3.75 (2H, 2 m, NCH,),
3.68 (6H, s, OCH;), 4.21 (1H, g, J=7.00 Hz, CH(CHy;)),
4.31 (2H s, SCH,C=NOH)), 6.72-6.73 (1H, m, C¢H,),
6.88-6.95 (2H, m, C¢H,;), 7.08 (4H, s, C4H,), 10.97 and
11.61 (1H, 2 s, C=N-OH). LC-MS (EI*) (m/z): calculated
for C,gH;,N,05S (M+H)™ 483, found 483. Anal. Calcd. For
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C,6H3,N,0,S.1H,0: C, 62.37; H, 7.25; N, 11.19; S, 6.40.
Found: C, 62.69; H, 7.55; N, 11.66; S, 6.58.

N-[(1Z)-1-(4-Bromophenyl)-2-({4-methyl-5-[1-(4-isobutyl-
phenyl)ethyl]-4H-1,2,4-triazole-3-yl}sulphanyl)ethylidene]
hydroxylamine (45)

It was obtained as white solid, recrystallized from 80%
ethanol, HPLC t, (min): 4.78, Mp: 160 °C, yield %33. IR
cm™': 3095 (oxime —OH, hydrogen bonded), 1681 (oxime
C=N), 1612 (C=N), 960 (oxime N-0), 707 (C-S). 'H-
NMR (300 MHz) (DMSO dy): 6 0.84 (6H, d, J=6.60 Hz,
CH(CHy,),), 1.57 (3H, d, J=7.20 Hz, CH(CH,)), 1.73-1.86
(1H, m, CH(CHj;),), 2.40 (2H, d, J=6.90 Hz, CH(CH,)),
2.51 (CD,HSOCD), 3.14 (3H, s, NCH,;), 3.37 (DMSO
ds H,0), 4.19-4.25 (1H, m, CH(CHy)), 4.26 (2H, s,
SCH,C=NOH), 7.03-7.11 (4H, m, C¢H,), 7.53 (4H, s,
CeH,), 11.30 and 11.86 (1H, 2 s, C=NOH). LC-MS (ET")
(mlz): calculated for C,3H,,BrN,OS (M+H)* 487, found
487. Anal. Calcd. For C,3H,,BrN,OS: C, 56.67; H, 5.58; N,
11.49; S, 6.58. Found: C, 56.41; H, 5.03; N, 11.40; S, 6.22.

N-[(1Z)-1-(4-Bromophenil)-2-({4-ethyl-5-[1-(4-isobutyl-
phenyl)ethyl]-4H-1,2,4-triazole-3-yl}sulphanyl)ethylidene]
hydroxylamine (46)

It was obtained as white solid, recrystallized from 80%
ethanol, HPLC tg (min): 5.26, Mp: 153 °C, yield %50. IR
cm™': 3084 (oxime —OH, hydrogen bonded), 1681 (oxime
C=N), 1606 (C=N), 968 (oxime N-0), 738 (C-S). 'H-
NMR (300 MHz) (DMSO d): 6 0.62 (3H, t, J=7.20 Hz,
CH,CH,), 0.81 (6H, d, J=6.60 Hz, CH(CHj),), 1.58 (3H,
d, J=7.20 Hz, CH(CH,)), 1.71-1.84 (1H, m, CH(CH,),),
2.39 (2H, d, /=7.20 Hz, CH(CH,)), 2.51 (CD,HSOCD3),
3.38 (DMSO d4 H,0), 3.50-3.61 3.67-3.79 (2H, 2 m,
NCH,CH,), 4.24 (1H, q, J=6.90 Hz, CH(CHy)), 4.34 (2H
s, SCH,C=NOH), 7.08 (4H, s, C{H,), 7.54 (4H, s, CiH,),
11.34 and 11.94 (1H, 2 s, C=N-OH). LC-MS (EI") (m/z):
calculated for C,,H,oBrN,S (M—H)™ 499, found 499. Anal.
Calcd. For C,,H,oBrN,S: C, 57.48; H, 5.83; N, 11.17; S,
6.39. Found: C, 57.63; H, 5.46; N, 11.16; S, 6.22.

Biological methods
Cell culture

In this study, human breast cancer (MCF-7), human lung
cancer (A549), human prostate cancer (PC-3), human cer-
vix cancer (HeLa), human chronic myelogenous leukemia
(K562), and mouse embryonic fibroblast (NIH/3T3) cells
were used. Cells were cultured in Dulbecco’s modified eagle
medium (DMEM) (Gibco, Rockville, MD, USA) containing

10% fetal bovine serum (FBS) (Gibco, Rockville, MD, USA)
and maintained in a 37 °C, 5% CO2 incubator. Cell passage
was conducted at 80-90% confluence.

Cell viability assay

Cell viability was determined by the 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Briefly,
the cells (1 x 104 cells/well) were seeded onto 96-well plates
and incubated overnight. Then, the cells were treated with
different concentrations (1-50 pM) of compounds for 48 h.
After the incubation period, MTT was added into each well
to a final concentration of 0.5 mg/mL and incubated for 4 h.
The culture medium was then removed, and 100pL of the
SDS buffer was added to solubilize the purple formazan
product. A microplate reader measured absorption at wave-
lengths of 570 and 630 nm (Biotek, Winooski, VT, USA).

Annexin V binding

After treatment, the cells were pre-incubated on ice for
30 min. Then, cells were centrifuged and resuspended in
cold PBS. After incubation with annexin V for 30 min at
room temperature, the cells were washed and fixed in PFA.
The fluorescence intensity was measured using a fluorospec-
trophotometer [75, 76].

Caspase enzymes activity

The caspase colorimetric assay kits measured Caspase-3,
8, and 9 activities following the procedure provided by the
manufacturer (Millipore, USA). Briefly, treated (50 and
100 pM) and untreated cells were collected after 24 h and
resuspended in a chilled lysis buffer for 15 min. Next, cen-
trifugation with high speed was performed, and the superna-
tants were collected and used for caspase activation assays.
Before samples were incubated at 37 °C for 2 h, reaction
buffer, DTT and DEVD-p-NA, Ac-IETD-p-NA, and Ac-
LEHD-p-NA substrates for caspase-3, 8, and 9, respectively,
were added. The principle was that caspase-3 derived from
cellular lysate recognizes the sequence Asp-Glu-Val-Asp
(DEVD). The assay is based on spectrophotometric detec-
tion of the chromophore p-nitroaniline (p-NA) after cleavage
from the labeled substrate (DEVD-p-NA). The p-NA light
emission can be quantified using a microtiter plate reader
at 405 nm. Comparison of the absorbance of p-NA from an
apoptotic sample with an untreated control sample allows
determination of the fold increase in caspase-3, 8, and 9
activities [75-77].
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Determination of mitochondrial membrane poten-
tial (MMP)

The loss of MMP was detected by the JC-1 mitochondrial
membrane potential (MMP) kit (MitoPT JC-1, Immuno-
Chemistry Technologies, LLC). The lipophilic cation JC-1
is widely used in apoptosis studies to monitor mitochondrial
health. The membrane-permeant JC-1 dye exhibits poten-
tial-dependent accumulation in mitochondria, indicated by
a fluorescence emission shift from green (~529 nm) to red
(~590 nm). Depending on MMP, JC-1 forms J-aggregates
associated with a significant shift in emission (590 nm).
Color dye changes reversibly from orange to green as mito-
chondrial membranes become depolarized. For JC-1 stain-
ing, after the incubation of compounds, cell suspensions
were adjusted to a density of 0.5 % 106 cells/ml and incu-
bated in an assay buffer with JC-1 (10 pg/ml) for 15 min at
37° Cin the dark. The cells were collected by centrifugation
at 1000 rpm for 10 min. A fluorescence Elisa reader read
the plate at 510 and 585 nm wavelengths. Finally, 585/510
values were calculated to determine the changes in MMP.

Wound healing assay

The effects of Compound 45 on migration and motility of
cancer cells were examined using a wound healing assay.
Cells were seeded in six-well dishes to achieve approxi-
mately 90% confluence. Using a sterile 200-pL pipette tip,
a straight scratch simulating a wound in a monolayer was
made. After scratching, wells were gently washed with PBS
to remove the detached cells, and a fresh serum-free medium
was added. MCF-7 and A549 cells were treated with the
vehicle (untreated cells), 20 uM and 50 uM Compound 45.
Then, the plates were incubated at 37 °C, and the speed of
cell movement across the gap was observed. Digital docu-
mentation at the same position was made after scratching
at time zero (TO) and 24 h and captured by a computer-
imaging system (Leica DC300F camera). The effects on cell
migration and motility were estimated using ImageJ soft-
ware (National Institutes of Health, Bethesda, MD, USA).
The area of the remaining wound was determined as the
ratio between the residual area at a given time point and the
original wound area (T0) x 100.

Microsomal PGES-1 and COX-1/2 enzyme inhibition
assays

Preparation of mPGES-1 enzymes

The cloning of mPGES-1 enzyme and the preparation of pro-

tein followed the same protocols as described in our previous
reports [88]. Briefly, FreeStyle Max Expression system was
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used to express wild-type human mPGES-1 enzymes. Free-
Style 293-F cells were cultured following manufacturer’s
manual in FreeStyle 293 expression medium on orbit rotate
shaker in 8% CO2 incubator at 37 °C. Cells were transfected
with 1.5 ug/mL of mPGES-1/pcDNA3 construct using Free-
Style Max reagent at a cell density of 1x 106 for two days.
Transfected cells were collected, washed, and sonicated in
TSES buffer (15 mM Tris—HCI, pH 8.0 plus 0.25 M sucrose,
0.1 mM EDTA and 1 mM DTT) on ice. The broken cells
were first centrifuged at 12.500 pg for 10 min. The super-
natant was further centrifuged at 105,000 pg for 1 h at 4 °C.
The residual pellet was washed and homogenized in PBS
buffer. The crude microsomal mPGES-1 was aliquoted and
stored at — 80 °C before use [27].

Activity assay using a recombinant mPGES-1

The enzyme activity assay was performed using the same
protocol as described in our previous reports [27, 78, 89-91].
Briefly, the mPGES-1-Catalyzed reaction was performed in
1.5 mL microcentrifuge tubes with reaction mixture of 0.2
Na,HPO,/NaH,PO,, pH 7.2 (10 pL); 2.5 mM GSH (2.5 pL),
diluted microsomal human mPGES-1 enzyme (80 pg/mL, 1
pL), inhibitor in DMSO solution (1 pL); 0.31 mM PGH, in
DMF (5 pL), and distilled deionized water in a final volume
of 100 pL. An inhibitor was incubated with the enzyme for
15 min at ambient temperature followed by the addition of
substrate PGH, (stored in dry ice). The enzymatic reaction
was started immediately upon the addition of PGH,. After
1 min of reaction, solution (40 mg/mL SnCl, in absolute
ethanol, 10 pL) was added to cease the reaction by con-
verting excess PGH, to PGF,,. The produced PGE, from
the enzymatic reaction was quantified by the PGE, enzyme
immunoassay as described earlier [92].

COX-1/2 enzyme activity assay

The inhibitory potential of all synthesized compounds on
COX-1 and COX-2 enzymes was evaluated using a colori-
metric COX Inhibitor Screening Kit (Cayman Chemical,
Ann Arbor, MI, USA). The samples and control were dis-
solved in the DMSO and diluted with the reaction buffer to
their final concentrations. DMSO served as a negative con-
trol for 100% initial activity. We have also tested for inhibi-
tor interference by adding the inhibitor to a boiled enzyme
sample as a control. The assay was conducted in duplicate.

Tube formation assay
Matrigel was thawed at 4 °C the night before the experiment.

48-well plates were coated with matrigel and let it polym-
erize at 37 °C for 1 h. Cells were seeded onto the wells at
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a density of 250 x 103/well in culture media consisting of
two different compounds (7 and 13) in each and incubated
at normal culturing conditions for 10 h. Images for each
compound well were captured under an inverted microscope
and analyzed.

Mutagenicity studies
Chemicals

Sodium azide (SA), 4-nitro-o-phenylenediamine (NPD),
mitomycin C (MMC), 2-aminoanthracene (2-AA), biotin,
histidine, nicotinamide adenine dinucleotide phosphate
(NADP), glucose-6-phosphate, ampicillin trihydrate, agar,
and dimethyl sulfoxide (DMSO) were supplied from Sigma
Chemical Company (St Louis, Missouri, USA). The nutrient
broth was supplied from HiMedia Laboratories Ltd (Mum-
bai, Maharashtra, India). The post-mitochondrial fraction
(S9) and bacteria were purchased from the Moltox molecular
toxicology, Inc (North Carolina, USA).

Mutagenicity assay

The tester strains employed were Salmonella typhimurium
TA98, TA100 and TA102. TA98 detects frameshift and
TA100 detects base pair mutagens. TA102 detects a variety
of oxidants and other agents as mutagens, which are not
detected by the other tester strains. Compounds 7 and 13
were dissolved in DMSO and different concentrations up
to 1000 pg/plate (1, 10, 100, and 1000 pg/plate) were used
for mutagenicity assay. The solubility in the final treatment
mixture was used for determining the highest concentration
of test substances according to OECD guideline [93].

Briefly, for each plate to be treated in the absence of
metabolic activation, a 2.0 mL of top agar was added to a
sterile glass 13 mm culture tube; 0.05 mL aliquot of nega-
tive, positive, or test chemical solution; 0.50 mL of phos-
phate buffer (0.2 M, pH 7.4); and finally, 0.10 mL of the
appropriate bacterial culture were added to each tube. To
evaluate the impact of test samples metabolites, instead of
phosphate buffer, 0.50 mL of S9 mix was added immediately
prior to the addition of bacterial culture in the experiment
with metabolic activation. The tube contents were immedi-
ately vortex mixed and then transferred to the surface of the
minimal glucose agar plates, inverted, and placed at 37 °C
for 48 h in dark and revertant colonies were counted after
incubation [94].

Statistical analysis

In mutagenicity assay, results were expressed as the mean
of triplicates + standard deviation. Dunnett’s multiple

comparison test was carried out for data in the Salmonella
assay. The value of p <0.05 was considered statistically
significant.

In silico methods
Molecular modeling methods

The structures of 40 experimentally determined molecules
and two reference molecules (MK-886 and 4b [1]) were
modeled using the Biovia Discovery Studio 4.5 (DS) (Das-
sault Systemes BIOVIA, 2017) program and optimized
with using DS ligand preparation tool. The enzymes used in
molecular docking studies are, respectively, mPGES-1 (PDB
ID: 5KOI, resolution: 1.30 A) [95], COX-1 (PDB ID: 5WBE,
resolution: 2.75 A) [96] and COX-2 (PDB ID: 3NT1, resolu-
tion: 1.73 A) [97] retrieved from Protein Data Bank (https://
www.rcsb.org), an online protein database. Proteins were
cleared of co—Crystallized inhibitors, non-interacting ions,
and water molecules. All missing residues and hydrogens
were added. Proteins were prepared with BIOVIA "Prepare
Macromolecule" toolkit. The prepared ligand and enzyme
structures were used as input files in docking studies. Auto-
Dock 4.2.6 docking program (http://autodock.scripps.edu)
[98] was used for all docking experiments. The studies were
arranged to make the proteins rigid and all ligands flexi-
ble. The grid center coordinates of the mPGES-1 enzyme
were, respectively, 9.697, 15.296, and 27.28 (x, y, z); the
grid center coordinates of the COX-1 enzyme were 37.205,
163.297, and 27.409 (x, y, z); and the grid center coordinates
of the COX-2 enzyme were formed as — 54.506, — 55.797,
and — 11.193 (x, y, z). An energy grid box of 50 x50 50 A
was chosen in all studies. Ten independent runs were ran-
domly performed for each ligand. Autodock 4.2's Lamarck-
ian Genetic Algorithm [99] was used with a 20,000,000
energy rating. Visualization was performed using the BIO-
VIA program to process interactions between ligands and
active sites of protein complexes.

Determination of predicted ADMET profile

In this study, water solubility and molecular descriptors
(molecular weight, LogP, number of hydrogen bond donors/
acceptors, topological polar surface area, number of rotat-
able bonds, %ABS ...) of compounds 7-46 were evaluated,
besides Lipinski’s Rule of 5 and Veber’s rules. All of these
data were obtained from the online web server SwissADME
[100], while estimated intestinal absorption (%ABS) was
calculated as follows: %ABS =109 — (0.345 x TPSA) accord-
ing to the method of Zhao et al. [101]. In addition, graphi-
cal distribution of lipophilicity and polarity of compounds
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7-46 were prepared using the boiled egg predictive model
from the online web server SwissADME [86]. Finally, the
predicted toxicity risk profiles (mutagenicity, tumorigenic-
ity, irritant, and reproductive effects) of compounds 11-46
were evaluated using OSIRIS DataWarrior software [102].
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