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Abstract

In trying to develop new anticancer agents, a series of sulfonylhydrazones were synthesized. All synthesized compounds
were checked for identity and purity using elemental analysis, TLC and HPLC and were characterized by their melting
points, FT-IR and NMR spectral data. All synthesized compounds were evaluated for their cytotoxic activity against prostate
cancer (PC3), breast cancer (MCF-7) and 1929 mouse fibroblast cell lines. Among them, N'-[(2-chloro-3-methoxyphenyl)
methylidene]-4-methylbenzenesulfonohydrazide (3k) showed the most potent anticancer activity against both cancer cells
with good selectivity (IC5,=1.38 pM on PC3 with SI=432.30 and IC5,=46.09 pM on MCF-7 with SI=12.94). Further
investigation confirmed that 3k displayed morphological alterations in PC3 and MCF-7 cells and promoted apoptosis through
down-regulation of the Bcl-2 and upregulation of Bax expression. Additionally, compound 3k was identified as the most
potent COX-2 inhibitor (91% inhibition) beside lower COX-1 inhibition. Molecular docking of the tested compounds repre-
sented important binding modes which may be responsible for their anticancer activity via inhibition of the COX-2 enzyme.
Overall, the lead compound 3k deserves further development as a potential anticancer agent.

The research was partly presented at the 6th International
Bahcesehir University (BAU) Drug Design Congress on 13—15
December 2018, Istanbul, Turkey.

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s11030-019-09974-z) contains
supplementary material, which is available to authorized users.

P< Sevil Senkardes
sevil.aydin @marmara.edu.tr

Department of Pharmaceutical Chemistry, Faculty
of Pharmacy, Marmara University, Haydarpasa,
34668 Istanbul, Turkey

Department of Pharmaceutical Chemistry, Faculty
of Pharmacy, Erciyes University, Kayseri, Turkey

Scientific Technology Research and Application Centre,
Adnan Menderes University, Aydin, Turkey

Department of Biochemistry, School of Medicine, Adnan
Menderes University, Aydin, Turkey

Published online: 13 July 2019 @ Springer


https://orcid.org/0000-0002-0523-459X
https://orcid.org/0000-0001-5610-0869
https://orcid.org/0000-0003-2273-5094
https://orcid.org/0000-0002-7188-1859
https://orcid.org/0000-0001-9405-8905
http://crossmark.crossref.org/dialog/?doi=10.1007/s11030-019-09974-z&domain=pdf
https://doi.org/10.1007/s11030-019-09974-z

Molecular Diversity

Graphic abstract

Sulfonylhydrazones was synthesized and N'-[(2-chloro-3-methoxyphenyl)methylidene]-4-methylbenzenesulfonohydrazide
(3k) was identified as the most potent anticancer agent and COX-2inhibitor. In addition, this compound docked inside the

active site of COX-2 succesfully.
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Introduction

Cancer is a major leading cause of death all over the world
since the beginning of the twenty-first century, and the eco-
nomic effect of this disease is important and increasing. Dis-
ease can develop various organs and systems of body at any
age with no certain etiopathology. Among the anticancer
therapies, chemotherapy receives much attention due to its
effects on tumor cells. However, many anticancer drugs dis-
play serious adverse effects and toxicity; there is an urgent
need to identify new compounds to fight against the fatal
disease [1].

Apoptosis, or programmed cell death, is an important
process crucial for elimination of unnecessary or unwanted
cells. The feature of cancer is the ability of malignant cells
to escape from apoptosis [2]. Many compounds that have
been found to be a potential source of novel anticancer drugs
show their antitumor activity by inducing apoptosis. Apop-
tosis induction occurs via extrinsic and intrinsic pathways
[3]. The extrinsic pathway contains the binding of ligands to
cell surface “death receptors” [4]. In the intrinsic pathway,
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anti-apoptotic Bcl-2 and proapoptotic Bax genes expression
are key regulators at the mitochondria. As long as a drug
alters the expression of apoptotic proteins, it might induce
the apoptosis in cancer cells [5].

Carcinogenesis mostly breaks through multistep pro-
cesses containing various somatic gene alterations. In
particular, prostate and breast cancers have been charac-
terized by alterations of genes and proteins involved in
proinflammatory pathways [6, 7]. Cyclooxygenase is a key
enzyme in prostanoid biosynthesis including prostaglan-
dins that are also involved in inflammation. Cyclooxyge-
nase-2 isoform (COX-2), which is an important enzyme
in prostaglandin synthesis, is induced in many cells by
inflammatory mediators and plays important roles in the
“inflammogenesis of cancer” [8]. Several studies have
shown that COX-2 is overexpressed in solid malignan-
cies including breast [9], prostate [10] and colon [11]
cancers. Recently, studies have shown a notable correla-
tion between the expression of COX-2 and inhibition of
apoptosis, so COX-2 is an emerging drug target for cancer
treatment [12].
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In drug design strategy, small organic molecules play
a critical role and act as extremely bioactive scaffolds.
Hydrazone group, a prominent moiety present richly in
medicinal molecules, has played a significant role in the
development of different therapeutic agents. On the other
hand, various biological [13] and chemotherapeutic activ-
ities of hydrazones [14-18] suggest them as an important
pharmacophoric character. In particular, sulfonylhydra-
zones have been recognized as potential antimicrobial
[19], antifungal [20], antiurease [21] and MAO inhibi-
tory [22] activities, and as illustrated in Fig. 1, numer-
ous sulfonylhydrazones have been recognized as poten-
tial anticancer agents such as compounds I and II which
showed a significant anticancer activity against melanoma
and liver cancer cell lines [23, 24], compounds III exhib-
ited displayed high anticancer activities against HCT116
colon cancer and A549 lung cancer cell lines [25], and
compound IV bearing benzotriazole ring was powerfully
effective against DAN-G pancreas cancer cell line [26]
(Fig. 1).

On the basis of aforementioned findings, herein some
new sulfonylhydrazones have been synthesized and evalu-
ated for their potential anticancer, apoptosis-inducing and
COX enzyme activities. Also, the designed compounds were
docked into COX-1 and COX-2 enzymes in order to exam-
ine the COX-1/2 selectivity and probable binding modes of
derivatives inside the active site.

Results and discussion
Chemistry

The synthesis of sulfonylhydrazones (3a—o0) followed the
general pathway outlined in Scheme 1. In the initial step,
p-toluenesulfonyl hydrazide (2) was synthesized via the
reaction of tosyl chloride (1) and hydrazine hydrate in THF.
The reaction of p-toluenesulfonyl hydrazide (2) with substi-
tuted aldehydes afforded 4-methyl-N'-(arylmethylidene)ben-
zenesulfonyl hydrazides (3a—0). The IR, '"H-NMR and '*C-
NMR data were in agreement with the proposed structures
of compounds. Among the newly synthesized compounds,
compounds 3i and 3n have been reported previously [27,
28] and compound 3g has got only a CAS number (CAS No:
461716-16-5) with no spectroscopic data. So, we presented
full structural characterization not reported in the above-
mentioned literature, including melting point, NMR data and
elemental analysis.

The HMBC spectra of 3g chosen as a prototype were
very useful for locating the tertiary and quaternary carbons
by identifying the various protons interacting with them
through two-bond, three-bond and occasionally four-bond
couplings as displayed in Fig. 2. Based on the HMBC spec-
trum, the correlations between H-1 (6H=2.36) and C-2
(6C =144.03), the correlations between H-3 (dH=7.41)
and C-1, C-2, [6C=21.43 (C-1), 144.03 (C-2), the correla-
tions between H-4 (H=7.76) and C-2 (6C =144.03), the
correlations between H-6 (dH=7.92) and C-7, C-8, C-12
[6C=126.78 (C-7), 123.56 (C-8), 132.61 (C-12)], the
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Scheme 1 The synthetic route O
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3e 2-chloro-3-(trifluoromethyl)phenyl 3m 6-bromopyridin-2-yl
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Fig.2 HMBC spectrum and (H to C) interactions in compound 3g

correlations between H-8 (6H=8.04) and C-6, C-9, C-10, (8H=7.85) and C-8, C-10 [6C =123.56 (C-8), 153.45
C-12 [6C=145.19 (C-6), 139.72 (C-9), 153.45 (C-10), (C-10)] and the correlations between H-13 (6H =3.94) and
132.61 (C-12)], the correlations between H-11 (6H=7.39) C-10 (8C=153.45) indicated the structure of 3g should be
and C-10 (8C =153.45), the correlations between H-12 as shown in Fig. 2.
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Table 1 In vitro cytotoxic effect of compounds 3a—o against human
cancer cell lines and a normal cell line

Table 2 The in vitro COX inhibition percentages and docking results
of the active compounds

Compound  ICy, (uM)
PC3 MCF-7 L1929  SI*(PC3) SI* (MCF-7)

2 99.20  176.18 154.57 1.55 0.87
3a 70.65  66.23 164.30 2.32 2.48
3b 66.20  140.29 240.68 3.63 1.71
3¢ 713.59 2989  331.50 0.46 11.09
3d 173.63 529.80 ND ND ND
3e 4377 28777 749 0.17 0.02
3f 341.61 2831 155.10 045 5.48
3g 188.05 360.43 ND ND ND
3h 138.09 405.18 1020  0.07 0.025
3i 2377  181.34 324.60 13.66 1.78
3j 28.33 28325 31490 11.12 1,11
3k 1.38 46.09  596.58 432.30 12.94
31 143.17 167.95 920.03 6.42 5.47
3m 189.06 204.69 ND ND ND
3n 31440 11430 0.99 0.003 0.006
3o 3539 10409 ND ND ND
Celecoxib  150.00 128.01 523 3.4 4.08

Cisplatin  3.3* 22.2%

ND not determined, *Lit: [31]
SI: 1Cs, for L929 cell line/ICs,, for PC3 and MCF-7 cell line

Anticancer activity

The anticancer activity of the synthesized compounds was
evaluated on two human cancer cell lines, namely human
breast adenocarcinoma cell line (MCF-7), prostate cell line
(PC-3) and mouse normal fibroblasts (L929) using MTT
assay.

The four compounds 3i-k and 30 demonstrated potent
antiproliferative activity against PC3 cell line, and com-
pounds 3c, 3f and 3k demonstrated potent antiproliferative
activity against MCF-7 cell line. The starting compound
2 did not show promising anticancer activity against both
cancer cells.

Moreover, compound 3k showed the most promis-
ing effects for both tumor cell lines with lower ICs, val-
ues (IC5y=1.38 uM against PC3 cell and IC5,=46.09 uM
against MCF-7 cell). The ideal anticancer drug candidate
should be cytotoxic to cancer cells and be harmless for nor-
mal cells. The toxicity profiles of compounds were deter-
mined against L929 cells indicating a considerable safety
profile. The IC, and selectivity index (SI) results of the
compounds are presented in Table 1. Strikingly, the results
propose that active derivatives clearly are more cytotoxic to
cancer cells than the tested normal cell L929 according to
the selectivity index values. The most selective compound

Compound COX-1 COX-2
Inhibition = Binding affin- Inhibition = Binding
% (50 pM) ity AG (kcal/ % (50 pM)  affinity AG
mol) (kcal/mol)
2 26 n.t. 25 n.t.
3a 13 n.d. 41 -73
3b 29 -6.2 20 -6.7
3c 49 -8.1 75 -7.6
3d 76 -85 14 -6.9
3e 43 -7.1 11 -7.1
3f 56 -79 80 -8.0
3g 69 -85 19 -6.7
3h 82 -8.7 13 -72
3i 28 -6.8 82 -8.0
3j 64 -8.1 73 -17.8
3k 48 -17.7 91 -8.6
31 63 -8.0 64 -7.0
3m 56 -75 88 -84
3n 16 n.d. 22 -72
3o 32 -74 64 -7.0
Celecoxib 92 -10.5 100 -12.0

n.d. not determined, n.z. not tested

3k has SI yielding 432.30 for PC3, and 12.94 for MCF-7
cell line.

Celecoxib was used as a positive control because its selec-
tive COX-2 inhibition correlated with induction of apopto-
sis in several cancer models, anticancer properties [29, 30],
and it is the bound ligand of COX-2 enzyme used in our
molecular modeling studies. Cisplatin has been one of the
most widely used chemotherapeutic drugs and has been used
in clinics for the treatment of various cancers. Altaf et al.
reported the cytotoxicity values of cisplatin against PC3
and MCEF-7 cell lines with ICs, values of 3.3 and 22.2 pM,
respectively [31]. Compared with data, the lead compound
3k showed potent anticancer activity superior to those of
celecoxib and cisplatin.

In vitro COX-1/2 inhibitory activities

It is well known that COX-2 plays a critical role in a num-
ber of solid tumors. Therefore, this enzyme is taken as a
target for anticancer drug development. The results of the
COX-1/2 inhibition studies of the compounds are listed
in Table 2. Celecoxib, which was used as a positive con-
trol, provided 100% inhibition at 50 pM. In the present
series, compounds 3¢, 3f, 3i, 3j, 3k and 3m showed high
COX-2 inhibition (73-91%) at a concentration of 50 pM
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while the least active compounds like 3d and 3h with weak
cyclooxygenase-2 inhibition potency. Conversely, 3d and
3h showed the highest COX-1 inhibitory activity (76% and
82%, respectively) with high selectivity and no anticancer
effect. All synthesized compounds were less potent COX
inhibitors than celecoxib.

Compound 3k bearing 2-chloro-3-methoxyphenyl moi-
ety is the most active derivative as COX-2 inhibitor by
91% inhibition (with a binding energy of -8.6 kcal/mol),
while compound 3e with 2-chloro-3-trifluoromethylphenyl
moiety is the least active compound (11% inhibition with
binding energy of -7.1 kcal/mol). These data indicated that
the methoxy substituent at the meta-position of the phenyl
rings is essential for their inhibitory activity. Moreover,
compound 3d bearing 4-fluoro-3-phenoxy showed 14%
COX-2 enzyme inhibition while replacing the phenoxy
group by methoxy on the phenyl ring increases the inhibi-
tion as seen in the compound 3f displayed 80% inhibition.

According to the acquired data, there was a generally
relationship between COX-2 enzyme inhibition and anti-
cancer activity results. Compounds 3k and 3i that showed
the highest COX-2 inhibition appeared as the most active
anticancer agents, while the weak inhibitors 3h and 3d
showed the lowest anticancer activity. Although celecoxib
was the strongest COX-2 inhibitor in this study, it showed
weak cytotoxicity against MCF-7 and PC-3 cell lines.
This is because the inhibitory effect of celecoxib on the
proliferation of breast and prostate cancer cells in vitro
was observed in a dose- and time-dependent manner [30,
32]. For celecoxib, 4 days was required to achieve 37%
cell growth inhibition against PC3 cell line at 5 pM [33].
The exact mechanisms for its anticancer activity are not
clear yet, and Grosch et al. showed that celecoxib showed
antiproliferative effect through COX-independent mecha-
nisms [34].

While anticancer effect of COX-2 inhibitors depends on
dose and time, this effect cannot be associated with COX-2
enzyme inhibition alone because COX-2 inhibitors show
anticancer effects via COX-2-dependent and COX-2-inde-
pendent pathways [35]. Among them, COX-2 inhibitors
trigger apoptosis in cancer cell as a result of a decreased
level of Bcl-2 protein. SC-58125, which is a derivative of
celecoxib, induced apoptosis by down-regulation of Bcl-2
like lead compound 3k [36], whereas celecoxib induced
apoptosis independent of Bcl-2 down-regulation in vari-
ous cancer cells [30]. The induction of apoptosis in can-
cer cells by COX-2 inhibitors is a unique process, and the
increased COX-1/COX-2 selectivity may not display a cor-
related anticancer effect [30, 37]. As shown in Tables 1 and
2, compound 3m, selective COX-2 inhibitor, did not show
any significant anticancer activity in both cancer cell lines.
Moreover, compound 3j, which is less selective than 3m,
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displayed notable cytotoxicity against PC3 cell line with an
ICs, value of 28.33 pM.

Compound 3k inhibits cell proliferation and induced
morphological changes

Herein, compound 3k was chosen for further studies on
the possible mechanism of its anticancer activity. MTT
assay was performed to assess the effect of 3k on PC3
and MCF-7 cell proliferation. When PC3 and MCF-7 cells
were incubated with 3k at ICs values for 12, 24 and 48 h,
the collected data suggested that compound 3k decreased
the viability of PC3 and MCF-7 cells in a time-dependent
manner (Fig. 3). In addition, PC3 and MCF-7 cells treated
with 3k at ICy, value for 24 h were stained with crys-
tal violet and cell growth inhibition and morphological
changes were observed under inverted microscope. While
both cell lines clearly exhibited an increase in cell number
(Fig. 3, DMSO only control), treatment with compound 3k
gave rise to a marked decrease in cellular confluency such
as reduction of cell population, reduction of cell volume,
cell shrinkage and loss of cellular architecture.

Compound 3k induces apoptosis
through mitochondrial pathway

To reveal the possible mechanisms responsible for the
apoptotic effects of compound 3k, we evaluated its effects
on the expression level of a series of proteins related to
mitochondrial apoptosis. Therefore, PC3 and MCF-7 cells
were blotted for Bax and Bcl-2, following treatment with
compound 3k (Figs. 4a and 5a) and quantified (Figs. 4b—d
and 5b—d). As expected, the proapoptotic Bax levels were
increased in PC3 cells, and the level of increase in Bax
expression was similar in response to MCF-7 cells. On the
other hand, the decrease in Bcl-2 levels varied between the
cells. While there was little to no change in Bcl-2 expres-
sion following compound 3k treatment in cell lines, Bax/
Bcl-2 ratio of cells treated with compound 3k, expres-
sion levels were significantly increased in PC3 and MCF-7
cells.

In silico docking studies

Clinical studies have shown that COX-2 levels are increased
in a number of human cancers and COX-2 isoenzyme
released in cancer cells is an ideal drug target to inhibit car-
cinogenesis [38]. Computer-assisted molecular modeling
techniques have been used to estimate the possible inhibitory
activities and mechanism of binding to COX enzymes of the
synthesized compounds. Trans-isomers of compounds 3a-o
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Fig.3 Effect of compound 3k on cell survival in human prostate
cancer cells PC3 and human breast cancer cells MCF-7. a Effect of
compound 3k (46 uM) on cell growth of MCF-7 cells for 24 h. Mor-
phological changes with bright light (up) and stained with crystal vio-
let (down). b Percentage of cell growth in MCF-7 cells treated with
3k (46 uM) for 12 h, 24 h, 48 h (++p<0.01, +++p<0.001 com-
pared to control in MCF-7 cells). ¢ Effect of compound 3k (1.4 uM)

were evaluated since they have more appropriate poses than
cis-isomers in COX active site. Binding energy obtained
from the docking studies of the compounds 3a—o as well
as celecoxib as reference ligand with COX-1 and COX-2 by
using Autodock Vina is presented in Table 2.

The in silico studies were in agreement with the in vitro
results where docking of hydrazone derivatives showed a
relative selectivity of these derivatives to COX-II active
site. Results of both in vitro enzyme inhibition assay and
molecular modeling studies have shown that compounds
3k and 3m are the best COX-2 inhibitors among the syn-
thesized compounds. When binding poses of both synthe-
sized compounds and celecoxib were compared in active
site, we detected highly similar orientations of compounds
3k, 3m and celecoxib (Fig. 6a). In addition, binding poses
of compounds 3b and 3g with minimum binding affinity

MCF7
DControl
T s SN
m3k
+
+H+
12h 24h 48h
Time dependent incubation of 3k (46 uM)
PC3
oControl
s e . T
+ m3k
++
++
12h 24h 48h

Time dependent incubation of 3k (1.4 pM)

on cell growth of PC3 cells for 24 h. Morphological changes with
bright light (up) and stained with crystal violet (down). d Percentage
of cell growth in PC3 cells treated with 3k (1.4 uM) for 12 h, 24 h,
48 h (+4p<0.01, ++4+p<0.001 compared to control in PC3 cells)
(+p<0.05, ++p<0.01, +++p<0.001 compared to control in PC3
cells)

were compared with celecoxib in active site, and it was
detected that these compounds have not appropriate ori-
entation in binding pocket. The reason for the weak inhibi-
tion of these compounds was that they did not overlap with
the ligand as shown in Fig. 6b.

When the interactions of compound 3k with active
site of COX-2 enzyme were examined, hydrogen bonds
between sulfonyl group with side chains of both Tyr341
and Ser339 were detected. Moreover, we observed that
while sulfonylhydrazone group formed backbone hydrogen
bond with Val509, the methoxy group formed hydrogen
bond with the side chain of Ser516, too. Also, contribution
of pi-alkyl interaction of among methyl group and Val509
besides alkyl-alkyl weak interaction of between this group
and Ala502 was observed. Finally, pi-alkyl hydrophobic
interactions between phenyl ring which is substituted with
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Fig.4 Effects of 3k on apoptotic proteins in breast cancer cells. a
Effects of compound 3k (46 uM) compound treatment at 24 h on the
Bcl-2 and Bax proteins in MCF-7 cells, representatively. b—d West-
ern blot densitometry analysis of expression levels of Bcl-2 and Bax

sulfonyl group and the side chains of Ser339 and Val509
are thought to contribute to the activity (Fig. 7).

As a result of these interactions, by holding constant the
sulfonyl hydrazone core, substitution of electron-withdraw-
ing groups on both phenyl rings may increase the H-bond
interaction with Ser339, Leu338, Tyr341 and Ser516 as
similar to celecoxib.

Molecular modeling studies have shown that compounds
3d and 3h are the best COX-1 inhibitors among the synthe-
sized compounds as in the in vitro enzyme inhibition assay.
Besides, no interaction could be detected between COX-1
active site and compounds showing below 20% inhibition
during biological studies. Furthermore, for COX-2 selective
compounds 3¢, 3f, 3i, 3k and 3m, in vitro enzyme inhibition
assay and molecular modeling studies results were found to
be correlated with each other.

In silico prediction of potential pharmacokinetic
and toxicological properties

The in silico toxicity risks obtained by OSIRIS Data War-

rior software (http://www.openmolecules.org/datawarrio
r/) and ADME properties calculated using SwissADME

@ Springer

(b) MCF7

1,2

044 —

Bcl-2/GAPDH

Control 3k

(d)

MCF7
3,5

2,5

1,5 1

Ratio of Bax/Bcl-2

054 -

Control 3k

proteins ¢ Ratio of Bax/Bcl-2 expression in MCF-7 cells (++p <0.01,
+++p<0.001 compared to control in MCF-7 cells). Each protein
band was normalized to the intensity of GAPDH used

(http://www.swissadme.ch/) online tools are given in
Table 3. Regarding in silico toxicity results for mutagenic-
ity, tumorigenicity, irritant and reproductive effects, almost
all synthesized compounds were predicted to be safe. The
clogP is an important data indicating the lipophilicity and
according to Lipinski’s rule of five, the clogP value of <5
is necessity for a compound to be a drug candidate. Our
results showed that cLogP values for the target compounds
were well within the acceptable criteria. Polar surface area
(PSA) values of the drug candidates have been shown to
correlate very well with the human intestinal absorption,
Caco-2 monolayer’s permeability, and blood—brain bar-
rier penetration and values of 140 or more are expected
to exhibit poor intestinal absorption. The results show
that all the compounds have optimal TPSA values. The
aqueous solubility of a compound significantly affects its
absorption and distribution characteristics. Typically, a
low solubility means a bad absorption and suitable values
for logS > 4 were observed for the hydrazones that were
synthesized herein. The title compounds do not violate
the Lipinski rule, and they fall well in the range (Table 3).
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densitometry analysis of expression levels of Bcl-2 and Bax pro-

Fig.6 The comparison of a
orientations of most active
compounds 3Kk (cyan) and 3m
(green) b orientations of least
active compounds 3b (brown)
and 3g (black) with celecoxib
(red) in COX-2 active site.
(Color figure online)

Estimated intestinal absorption (%ABS) was calculated  bioavailable region of property space with respect to wlog
by: %ABS =109 —[0.345 X topological polar surface area P and TPSA [yellow: well penetrated within the brain with
(TPSA)] according to the method of Zhao et al. [39]. good intestinal absorption; white: intestinal absorption;

Swissadme server was also used to obtain compara-  gray: poor intestinal absorption]. This provides a simple
tive information derived from poorly and highly absorbed  visual cue for profiling new compounds in terms of their
drugs to model human passive intestinal absorption. It  potential to be orally absorbed [40]. Inside yellow circle
works by calculating the lipophilicity and polarity of the  depicts BBB—blood brain barrier; two of the compounds
molecules. The graphical prediction of intestinal absorp-  are in this region. The white region which is outer to yel-
tion and blood-brain barrier permeation of the synthesized  low depicts the human intestinal absorption. Almost all
compounds is shown in Fig. 8. Boiled egg plot denotes =~ compounds lie in this white area. None of the compounds

@ Springer



Molecular Diversity

Fig.7 Interaction of compound
3k with COX-2 active site

are lying outside [gray area] which indicates poor intestinal
absorption. The blue dots indicate that compound 3g could
be a substrate for P-glycoprotein, reducing its absorption and
penetration within brain. Hence, these compounds may be
said to exhibit good bioavailability. In particular, compound
3k, the most promising agent, can be absorbed very easily by
the gastrointestinal tract with no potential BBB permeability.

Conclusions

In recent years, selective and nonselective COX inhibitors
have been evaluated for their effects on cancer treatment
and prevention, but COX-2 selective inhibitors have become
rather popular because of their lower side effects. Otherwise,
the combination of COX-2 inhibitors with radiation or drug
therapies may decrease their side effects in future cancer
prevention and treatment.

In the current work, we described the synthesis of new
sulfonylhydrazones which were investigated for their
cytotoxic and apoptotic effects on PC3 and MCF-7 cell

@ Springer

lines besides COXs activities. Compound 3k was identi-
fied as the most potent anticancer agent in the series with
1C5, values of 1.38 pM and 46.09 pM on PC3 and MCF-7
cell lines, respectively, and showed the highest selectiv-
ity index values. Curiously, the potent anticancer com-
pounds showed high COX-2 inhibition percentages (up to
64%) at one dose comparable to celecoxib used as a posi-
tive control. After analysis of the results, we can deduce
that a remarkable relationship exists between MTT assay
results and COX-2 inhibitory activity of our compounds.
The docking study showed that compound 3k fitted well
into COX-2 enzyme active site with good selectivity. Com-
pound 3k also induced apoptosis via the mitochondrial
pathway accompanied by upregulation of Bax and down-
regulation of Bcl-2 protein expression. The morphological
alterations of PC3 and MCF-7 cells affected by 3k can be
directly recognized by inverted microscopy. Our data dem-
onstrate that compound 3k may be a potential anticancer
agent for further investigation in our future research. Other
pathways may a possible mechanism for our molecules
as anticancer agents beside COX-2 inhibition. Therefore,
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Table 3 Predicted drug-likeness properties of all compounds according to OSIRIS property explorer tools

Toxicity risks” ADME properties”
HA’< MRP %Abs-  TPSA®
Comp. M T IR RE MWwWs< CLP'< logs> RB® HD’< 10 40-130 <140
500 5 4 <10 5 A
3a | | | | s 43  —s07 4 | 7 81.68 7955 8537
3b | ( | I 321 a0 4 1 3 81.05 7617  95.15
. | B B OB o 45 —436 s X 3 9879 7617 9515
q N [ | | s a2 g s | 510195 8273 76.14
3e | ( [ [— 407 —377 5 | 6 8549 8616 6691
i 1N [ | | 52 265 —9se s | 5 8193 8273 7614
| | [ | 6 90.79 6692  121.96
3g 349 163 —274 6 1
| | [ | 4 93.06 7602 9559
3h - ’ : 340 2.26 — 261 5 2

s W [ | 33 328 —sq s X 4 89.67 8273 7614
3i I ( [ | 0 357 —s3s s | 7 80.44 8616 6691
l l l l 339 3.16 — 301 5 1 4 86.98 82.73 76.14

3k
g l I | M ., .5 —33 s 1 3 8545 8616 6691
| | I | 34 250 —209 4 X 4 8097 8147 7980

3m
l l J l l 277 1.53 — 097 4 1 3 74.73 84.21 71.84

3n

0

l: not toxic; |: slightly toxic; _: highly toxic

M mutagenic, T tumorigenic, IR irritant, RE reproductive effective, MW molecular weight, CLP cLogP, S solubility

RB: Number of rotatable bonds; HD: Number of hydrogen donors; HA: Number of hydrogen acceptors; MR: Molar refractivity;
TPSA:Topological polar surface area

“Parameters calculated using OSIRIS Data Warrior (http://www.openmolecules.org/datawarrior/)

°Parameters calculated using SwissADME (http://www.swissadme.ch/ ).

additional mechanistic studies are also needed to under-
stand the underlying.

the Electrothermal IA9300 apparatus and are uncorrected.
FT-IR spectra were recorded on a Schimadzu FT-IR-8400S
spectrometer. 'H and '3C-NMR spectra were recorded on
Bruker 300 MHz Ultrashield TM spectrometer. Elemental

Experimental analyses were determined by CHNS-932 (LECO). The lig-
uid chromatographic system consists of an Agilent Tech-
Chemistry nologies 1100 series instrument equipped with a quater-
nary solvent delivery system and a model Agilent series
General G1315 A photodiode array detector. The chromatographic

All materials used were obtained from Sigma-Aldrich
(Saint Lewis, USA). Melting points were determined using

data were collected and processed using Agilent Chem-
station Plus software. Chromatographic separation was
performed at ambient temperature using a reverse phase

@ Springer
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Fig.8 Graphical distribution of
compounds according to chemi-
cal classes using the boiled egg 7
predictive model
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Zorbax C8 (4.0 x 250 mm) column. All experiments were
performed using acetonitrile-water (v/v, 70/30) mobile
phase with UV detection at 254 nm.

General procedure for the synthesis of p-toluenesulfonyl
hydrazide (2)

A mixture of p-toluenesulfonyl chloride (1) (26 mmol) and
hydrazine hydrate (66 mmol, 99%) was stirred at 0-5 °C
for 1-2 h in tetrahydrofuran (THF) (20 mL). The reaction
progress and completion were monitored using TLC. After
completion of the reaction, excess THF was distilled off.
The product was subsequently washed with water, dried and
recrystallized from ethanol [41, 42].

General procedure for the synthesis
4-methyl-N'-(arylmethylidene)benzensulfonohydrazide
(3a-0)

A solution of p-toluenesulfonohydrazide (2) (25 mmol) was
mixed with a solution of substituted aldehydes (25 mmol)
in ethanol and refluxed for 3—4 h to obtain a precipitate of
hydrazone which was then filtered, dried and recrystallized
from ethanol [41, 42].

@ Springer

N'-[(2,2-difluoro-1,3-benzodioxol-5-yl)
methylidene]-4-methylbenzenesulfonohydrazide (3a)

Yield 88%; m.p. 123-125 °C; HPLC t; (min.): 5.04;
FT-IR: v/em™!: 3203 (NH), 1639 (C=N), 1369, 1161
(S0,); '"H NMR (300 MHz), (DMSO-d¢/TMS) & ppm:
2.36 (s, 3H, Ar-CHj); 7.41 (d, 4H, J=9 Hz, ArH); 7.58
(s, 1H, Ar-H); 7.75 (d, 2H, J=9 Hz, Ar—H); 7.91 (s,1H,
CH=N-); 11.54 (s,1H, SO,NH-N=); 13C NMR (75 MHz)
(DMSO-dg/TMS) & ppm: 21.42 (CH;), 107.63 (CH),
110.81 (CH), 124.73 (CH), 125.96 (C), 127.72 (2CH),
128.54 (C), 130.14 (2CH), 131.24 (C), 131.56 (C), 136.46
(N=CH), 143.97 (C-F, J=20 Hz), 145.93 (C); Anal. calcd
for CsH,,F,N,0,S.1/3H,0 (360.331): C, 50.00; H, 3.54;
N, 7.77; S, 8.90 Found: C, 49.87; H, 3.37; N, 7.56; S, 9.14.

N’-[(4-bromothiophen-2-yl)
methylidene]-4-methylbenzenesulfonohydrazide (3b)

Yield 82%; m.p. 163 °C; HPLC tg (min.): 4.71; FT-IR:
viem™': 3203 (NH), 1597 (C=N), 1321, 1157 (SO,); 'H
NMR (300 MHz), (DMSO-d,/TMS) & ppm: 2.37 (s, 3H,
Ar-CH,); 7.39-7.73 (m, 6H, Ar—H); 8.03 (s, 1H, CH=N-);
11.56 (s, 1H, SO,NH-N=); 13C NMR (75 MHz) (DMSO-
dg/TMS) & ppm: 21.46 (CH;), 109.61 (C), 125.97 (CH),
126.41 (2CH), 127.64 (2CH), 132.59 (C), 136.32 (CH),
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140.18 (C), 141.08 (N=CH), 144.11 (C); Anal. calcd for
C,,H,,B1N,0,S, (359.262): C, 40.12; H, 3.09; N, 7.80; S,
17.85 Found: C, 40.45; H, 3.08; N, 7.59; S, 17.76.

4-methyl-N'-[(4-phenylthiophen-2-yl)methylidene]
benzenesulfonohydrazide (3c)

Yield 84%; m.p. 185-186 °C; HPLC tg (min.): 4.68; FT-IR:
v/icm™': 3186 (NH), 1610 (C=N), 1340, 1165 (SO,);
'H NMR (300 MHz), (DMSO-d,/TMS) & ppm: 2.36 (s,
3H, Ar-CH;); 7.27-7.92 (m, 11H, Ar-H); 8.12 (s, 1H,
CH=N-); 11.46 (s, 1H, SO,NH-N=); 3C NMR (75 MHz)
(DMSO-dg/TMS) & ppm: 21.46 (CH,), 123.85 (CH), 126.32
(2CH), 127.67 (2CH), 127.93 (CH), 129.40 (2CH), 129.80
(CH), 130.14 (2CH), 134.83 (C), 136.44 (C), 139.51 (C),
142.08 (N=CH), 142.43 (C), 144.03 (C); Anal. calcd for
C,sH,(N,0,S, (356.462): C, 60.65; H, 4.52; N, 7.86; S,
17.99 Found: C, 60.57; H, 4.51; N, 7.71; S, 17.96.

N’-[(4-fluoro-3-phenoxyphenyl)
methylidene]-4-methylbenzenesulfonohydrazide (3d)

Yield 84%; m.p. 159-161 °C; HPLC tg (min.): 5.74; FT-IR:
viem™!: 3240 (NH), 1610 (C=N), 1357, 1153 (SO,); 'H
NMR (300 MHz), (DMSO-ds/TMS) 6 ppm: 2.36 (s, 3H,
Ar-CHy); 7.03 (d, 2H, J=9 Hz, Ar-H); 7.18-7.45 (m, 8H,
Ar-H); 7.66 (d, 2H, J=9 Hz, Ar—-H); 7.84 (s,1H, CH=N-);
11.48 (s, 1H, SO,NH-N=); 1*C NMR (75 MHz) (DMSO-
dg/TMS) & ppm: 21.45 (CH,), 118.04 (2CH), 118.23 (CH),
118.42 (CH), 119.12 (CH), 124.34 (C), 127.65 (2CH),
130.09 (2CH), 130.62 (2CH), 131.72 (CH), 136.36 (C),
141.00 (C), 144.17 (N=CH), 145.70 (C), 153.03&156.35
(CF, J=249 Hz), 156.69 (C); Anal. calcd for C,,H,,FN,0,S
(384.424): C, 62.49; H, 4.46; N, 7.29; S, 8.34 Found: C,
62.08; H, 4.49; N, 6.67; S, 8.11.

N’'-{[2-chloro-3-(trifluoromethyl)phenyl]
methylidene}-4-methylbenzenesulfonohydrazide (3e)

Yield 87%; m.p. 153-155 °C; HPLC tg (min.): 5.76; FT-IR:
viem™!: 3147 (NH), 1595 (C=N), 1361, 1157 (SO,); 'H
NMR (300 MHz), (DMSO-d/TMS) & ppm: 2.33 (s, 3H,
Ar-CH,); 7.40 (d, 2H, J=8.1 Hz, Ar-H); 7.54 (t, 1H,
Ar-H), 7.77 (d, 2H, J=8.1 Hz, Ar-H); 7.83 (dd, 1H,
J,=7.8 Hz, J,=0.9 Hz, Ar-H), 7.99 (dd, 1H, J,=7.8 Hz,
J,=0.9 Hz, Ar-H), 8.33 (s, 1H, CH=N-); 11.96 (s, 1H,
SO,NH-N=); 3C NMR (75 MHz) (DMSO-d/TMS) & ppm:
21.42 (CH;), 124.92 (CF;, J=278 Hz), 125.95 (CH), 127.64
(2CH), 127.94 (CH), 129.43 (C), 130.27 (2CH), 130.63
(CH), 131.05 (C), 133.80 (C), 136.30 (C), 141.98 (N=CH),
144.26 (C); Anal. caled for C,sH,,CIF;N,0,S.1/2C,H;OH
(399.811): C, 48.06; H, 3.78; N, 7.01; S, 8.02 Found: C,
48.34; H, 3.38; N, 7.34; S, 8.92.

N’-[(4-fluoro-3-methoxyphenyl)
methylidene]-4-methylbenzenesulfonohydrazide (3f)

Yield 77%; m.p. 123-125 °C; HPLC tg (min.): 4.25; FT-IR:
viem™': 3155 (NH), 1595 (C=N), 1361, 1155 (SO,); 'H
NMR (300 MHz), (DMSO-d¢/TMS) 6 ppm: 2.36 (s, 3H,
Ar-CHj;); 3.85 (s, 3H, Ar-OCHj); 7.11-7.33 (m, 3H, Ar-H);
7.41 (d, 2H, J=9 Hz, Ar—H); 7.77 (d, 2H, /=9 Hz, Ar-H);
7.87 (s,1H, CH=N-); 11.46 (s,1H, SO,NH-N=); '3C NMR
(75 MHz) (DMSO-dg/TMS) 8 ppm: 21.43 (CH;), 58.38
(OCH,;), 111.80 (CH), 116.56 (CH), 120.31 (CH), 127.73
(2CH), 130.11 (2CH), 131.10 (C), 136.50 (C), 143.97
(C), 146.51 (N=CH), 147.77 (C), 151.35&154.64 (CF,
J=247 Hz); Anal. calcd for C;sH;sFN,0,S (322.354): C,
55.89; H, 4.69; N, 8.69; S, 9.95 Found: C, 55.64; H, 5.25;
N, 8.11; S, 9.28.

N’-[(4-methoxy-3-nitrophenyl)
methylidene]-4-methylbenzenesulfonohydrazide (3g) (CAS
No:461716-16-5)

Yield 87%; m.p. 172-173 °C; HPLC tg (min.): 3.97; FT-IR:
viem™!: 3147 (NH), 1620 (C=N), 1359, 1157 (SO,); 'H
NMR (300 MHz), (DMSO-d,/TMS) 6 ppm: 2.36 (s, 3H,
Ar-CH,); 3.94 (s, 3H, Ar-OCHj,); 7.39 (d, 1H, J=8.7 Hz,
Ar-H); 7.41 (d, 2H, J=8.1 Hz, Ar-H); 7.76 (d, 2H,
J=8.1 Hz, Ar-H); 7.85 (dd, 1H, J,=8.7 Hz, J,=2.1 Hz,
Ar-H); 7.92 (s, 1H, CH=N-); 8.04 (d, 1H, J=2.1 Hz,
Ar-H); 11.56 (s, 1H, SO,NH-N=); '*C NMR (75 MHz)
(DMSO-dg/TMS) & ppm: 21.43 (CH,); 57.38 (OCH,);
115.25 (CH); 123.56 (CH); 126.78 (C); 127.67 (2CH);
130.16 (2CH); 132.61 (CH); 136.48 (C); 139.72 (CH);
144.03 (C); 145.19 (-N=CH); 153.45 (C); Anal. calcd for
C,sH,sN;05S (349.362): C, 51.57; H, 4.33; N, 12.03; S, 9.18
Found: C, 51.17; H, 4.31; N, 11.62; S, 9.55.

4-methyl-N'-[(3-phenyl-1H-pyrazol-4-yl)methylidene]
benzenesulfonohydrazide (3h)

Yield 85%; m.p. 90 °C; HPLC t; (min.): 3.67; FT-IR: v/
cm™!: 3188 (NH), 1620 (C=N), 1321, 1157 (SOy,); '"H NMR
(300 MHz), (DMSO-dy/TMS) & ppm: 1.09 (t, CH; ethanol);
2.36 (s, 3H, Ar-CH3); 2.51 (m, CH, ethanol); 3.65 (bs, OH
ethanol); 7.37-7.52 (m, 8H, Ar-H, CH=N, pyrazole NH),
7.72 (d, 2H, J=9 Hz, Ar-H); 7.93 (d, 2H, /=9 Hz, Ar—H);
11.01 (s,1H, SO,NH-N=); 3C NMR (75 MHz) (DMSO-d,/
TMS) & ppm: 21.24 (ethanol CHy), 21.45 (CH;), 65.39 (eth-
anol CH,), 113.71 (C), 125.97 (CH), 127.73 (2CH), 128.61
(2CH), 129.19 (C), 129.64 (2CH), 130.03 (2CH), 130.86
(CH), 136.65 (C), 141.96 (C), 143.74 (N=CH), 145.90 (C);
Anal. caled for C;H,(N,O,S. C,Hs;OH (386.467): C, 59.05;
H, 5.74; N, 14.50; S, 8.30 Found: C, 58.97; H, 5.44; N,
14.53; S, 8.81.
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N’-[(5-bromo-2-methoxyphenyl)
methylidene]-4-methylbenzenesulfonohydrazide (3i) (CAS
No: 200625-38-3)

Yield 78%; m.p. 164-166 °C; HPLC ty (min.): 5.27;
FT-IR: v/cm™!: 3159 (NH), 1595 (C=N), 1354, 1165
(SO,); '"H NMR (300 MHz), (DMSO-d(/TMS) & ppm:
2.36 (s, 3H, Ar-CHj,); 3.79 (s, 3H, Ar-OCH3); 7.05 (d,
1H, J=9 Hz, Ar-H); 7.42 (d, 2H, J=9 Hz, Ar-H); 7.52
(d, 1H, J=2.7 Hz, Ar-H); 7.61 (dd, 1H, J,=8.7 Hz,
J,=2.7 Hz, Ar-H); 7.73 (d, 2H, J=9 Hz, Ar-H); 8.12
(s, IH, CH=N-); 11.56 (s,1H, SO,NH-N=); 13C NMR
(75 MHz) (DMSO-dy/TMS) & ppm: 21.45 (CH;), 56.51
(O-CH3;), 112.81 (C), 114.83 (CH), 124.20 (C), 127.50
(CH), 127.59 (2CH), 130.21 (2CH), 134.21 (CH), 136.52
(C), 141.22 (N=CH), 144.05 (C), 157.01 (C); Anal. calcd
for C,sH,sBrN,0,S (383.260): C, 47.01; H, 3.94; N, 7.31;
S, 8.37 Found: C, 47.25; H, 4.08; N, 7.04; S, 8.45.

N'-{4-fluoro-2-(trifluoromethyl)phenyl]
methylidene}-4-methylbenzenesulfonohydrazide (3j)

Yield 82%; m.p. 165-166 °C; HPLC ty (min.): 6.14;
FT-IR: v/em~': 3211 (NH), 1597 (C=N), 1319, 1155
(SO,); '"H NMR (300 MHz), (DMSO-d/TMS) & ppm:
2.37 (s, 3H, Ar-CHj3); 7.42 (d, 2H, J=9 Hz, Ar-H); 7.59
(t, 1H, Ar-H); 7.67 (dd, 1H, J, =9 Hz, J,=2.7 Hz, Ar-H);
7.77 (d, 2H, J=9 Hz, Ar-H); 7.97 (dd, 1H, J,=9 Hz,
J,=2.7 Hz, Ar-H); 8.16 (s, 1H, CH=N-); 11.88 (s,1H,
SO,NH-N=); '*C NMR (75 MHz) (DMSO-dy/TMS) &
ppm: 21.38 (CH;), 144.24 (CH), 120.52&121.58 (CH,
J=21Hz), 123.4 (CF;, J =273 Hz), 127.55 (2CH), 128.17
(C), 129.01 (C), 129.78 (CH), 130.22 (2CH), 136.33
(C), 141.18 (C), 144.14 (N=CH), 160.90 &164.22 (C-F,
J=249 Hz); Anal. calcd for C;sH;,F,N,0,S (360.326): C,
50.00; H, 3.36; N, 7.77; S, 8.90 Found: C, 49.74; H, 3.67;
N, 7.70; S, 9.23.

N’-[(2-chloro-3-methoxyphenyl)
methylidene]-4-methylbenzenesulfonohydrazide (3k)

Yield 80%; m.p. 161-163 °C; HPLC ty (min.): 4.68;
FT-IR: v/em™': 3157 (NH), 1597 (C=N), 1354, 1157
(SO,); 'H NMR (300 MHz), (DMSO-d¢/TMS) & ppm:
2.97 (s, 3H, Ar-CHj,); 3.85 (s, 3H, Ar-OCHj); 7.149-7.345
(m, 3H, Ar-H); 7.42 (d, 2H, J=9 Hz, Ar-H); 7.75 (d,
2H, J=9 Hz, Ar-H); 8.27 (s,1H, CH=N-); 11.75 (s, 1H,
SO,NH-N=); 3C NMR (75 MHz) (DMSO-d,/TMS) &
ppm: 21.45 (CH;), 58.76 (OCH;), 114.08 (CH), 118.34
(CH), 121.73 (CH), 127.64 (2CH), 128.34 (CH), 130.23
(2CH), 132.43 (C), 138.45 (C), 143.37 (C), 144.11
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(N=CH), 156.32 (C); Anal. calcd for C,5H,5CIN,0;S
(338.809): C, 53.17; H, 4.46; N, 8.27; S, 9.46 Found: C,
53.28; H, 4.48; N, 8.09; S, 9.80.

N'-[(2-chloro-6-methylphenyl)
methylidene]-4-methylbenzenesulfonohydrazide (3I)

Yield 76%; m.p. 175-176 °C; HPLC tg (min.): 5.42; FT-IR:
viem™': 3201 (NH), 1589 (C=N), 1373, 1161 (SO,); 'H
NMR (300 MHz), (DMSO-d¢/TMS) 6 ppm: 2.18 (s, 3H,
Ar-CH,); 2.37 (s, 3H, Ar-CHy); 7.17-7.33 (m, 3H, Ar-H);
7.41(d, 2H, J=9 Hz, Ar—H); 7.75 (d, 2H, /=9 Hz, Ar—H);
8.25 (s, 1H, CH=N-); 11.70 (s, 1H, SO,NH-N=); 3C NMR
(75 MHz) (DMSO-dg/TMS) 8 ppm: 21.46 (CH;), 21.86
(CH,), 127.76 (CH), 127.80 (2CH), 128.53 (CH), 129.93
(CH), 130.14 (2CH), 130.64 (C), 131.23 (C), 136.47 (C),
139.63 (C), 144.07 (C), 145.13 (N=CH); Anal. calcd for
C,5H,5CIN,0O,S (322.809): C, 55.81; H, 4.68; N, 8.68; S,
9.93 Found: C, 55.25; H, 4.79; N, 8.35; S, 9.28.

N'-[(6-bromopyridin-2-yl)
methylidene]-4-methylbenzenesulfonohydrazide (3m)

Yield 88%; m.p. 117-119 °C; HPLC tg (min.): 4.17; FT-IR:
viem™!: 3203 (NH), 1597 (C=N), 1361, 1159 (SO,); 'H
NMR (300 MHz), (DMSO-d/TMS) & ppm: 2.36 (s, 3H,
Ar-CHy); 7.10-7.80 (m, 7H, Ar—H); 7.82 (s, 1H, CH=N-);
11.98 (s, 1H, SO,NH-N=); 1*C NMR (75 MHz) (DMSO-
dg/TMS) & ppm: 21.47 (CH5), 119.46 (CH), 127.63 (2CH),
129.05 (CH), 130.29 (2CH), 136.34 (CH), 140.69 (C),
141.40 (C), 144.24 (N=CH), 145.145 (C), 154.04 (C); Anal.
calcd for C,3H,,BrN;0,S (354.222): C, 44.08; H, 3.41; N,
10.86; S, 9.05 Found: C, 44.40; H, 3.57; N, 10.73; S, 8.34.

N'-[(1-methyl-1H-pyrrol-2-yl)
methylidene]-4-methylbenzenesulfonohydrazide (3n) (CAS
No: 113334-34-2)

Yield 68%; m.p. 124 °C; HPLC t (min.): 3.95; FT-IR:
viem™": 3157 (NH), 1618 (C=N), 1350, 1165 (SO,); 'H
NMR (300 MHz), (DMSO-dg/TMS) & ppm: 2.36 (s, 3H,
Ar-CHy); 3.64 (s, 3H, N-CHjy); 6.00-6.87 (m, 3H, Ar-H);
7.40 (d, 2H, J=8.1 Hz, Ar-H); 7.72(d, 2H, J=8.4 Hz,
Ar-H); 7.78 (s, IH, CH=N-); 10.92 (s, 1H, SO,NH-N=);
13C NMR (75 MHz) (DMSO-d¢/TMS) & ppm: 21.40 (CH;),
36.58 (CH,), 108.48 (CH), 115.60 (CH), 126.71 (CH),
127.76 (2CH), 128.56 (C), 129.35 (2CH), 136.40 (C),
141.37 (N=CH), 143.74 (C); Anal. calcd for C;3H;5N;0,S
(277.342): C, 56.30; H, 5.45; N, 15.15; S, 11.56 Found: C,
56.40; H, 5.18; N, 14.68; S, 11.36
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N'-{[2-(trifluoromethoxy)phenyl]
methylidene}-4-methylbenzenesulfonohydrazide (30)

Yield 74%; m.p. 139-140 °C; HPLC tg (min.): 5.41; FT-IR:
viem™': 3142 (NH), 1606 (C=N), 1361, 1157 (SO,); 'H
NMR (300 MHz), (DMSO-d¢/TMS) 6 ppm: 2.36 (s, 3H,
Ar-CHy); 7.41-7.81 (m, 8H, Ar-H); 8.12 (s, 1H, CH=N-);
11.74 (s, 1H, SO,NH-N=); 13C NMR (75 MHz) (DMSO-
dg/TMS) 6 ppm: 21.43 (CH;), 118.73 (CH), 122.19 (CH),
125.96 (CH), 126.90 (C), 127.04 (CH), 127.62 (2CH),
128.51 (C), 130.21 (2CH), 132.21 (C), 136.44 (N=CH),
142.30 (CF;), 146.85 (C); Anal. calcd for C;sH,3N,05S
(358.335): C, 50.28; H, 3.66; N, 7.82; S, 8.95 Found: C,
50.02; H, 3.67; N, 7.52; S, 9.21

Molecular modeling studies
Preparation of ligands

The synthesized compounds 3a—o0 and reference ligand
(celecoxib) were drawn with the Spartan 04 software
(SPARTAN 04, Wavefunction, Inc., Irvine, USA) and opti-
mized for each compound by using the semi-empirical PM3
method. For each compound, the most stable conformation
was utilized in docking calculation and The AutoDock Tools
program was used to generate the docking input files [43].

Preparation of COXs structures for docking studies

The structures of COX-1 (PDB code: 3KK6, resolution:
2.75 A) COX-2 (PDB code: 3LNI1, resolution: 2.4 A) were
obtained from the protein databank [44, 45]. Water mol-
ecules and co-crystallized inhibitor celecoxib were deleted
together with N-acetyl-D-glucosamine and p-octylglucoside
in the structure; at the same time, the charge of the Fe atom
was set to 4+ 2 manually. This structure was protonated using
the AutoDock Tools program, and thereafter the obtained
structure was energy-minimized.

Docking studies

AutoDock Vina software was used for the synthesized
compounds 3a-o into the COX-1 and COX-2 structures
docking calculations [46]. The size of binding pocket
was detected 40 x40 x 40 points for both enzymes. For
COX-2 enzyme, x (30.518), y (—21.298) and z (— 16.69)
dimensions were built, while x (—31.867), y (42.146)
and z (—5.089) dimensions were used in COX-1 enzyme
docking studies, appropriate to the position of celecoxib in
these structures. The Vina parameter “exhaustiveness” was
set to the value of 10; besides a grid spacing of 0.375 A
was employed for the calculation of the energetic map for

both docking studies. The molecular docking protocol
was validated by re-docking of the co-crystallized inhibi-
tor celecoxib back into respective enzymes COX-1 and
COX-2 with 0.8 A and 0.7 A root mean square deviation
(RMSD) values. During study of validations as well as
our docking of ligands was used flexible ligand in rigid
protein. The results files were analyzed using Accelrys
Discovery Studio Visualizer 4.0 program and PyMOL
Molecular Graphics System.

Biological assays
Cell culture and cell viability assay

Cell lines were purchased from the American Type Culture
Collection (ATCC, Manassas, VA, USA). Human breast
cancer cell line MCF-7, human prostate cancer cell line
PC3, and mouse fibroblast cell line L.929 cells were main-
tained in Dulbecco’s modified Eagle’s medium (DMEM,
Invitrogen) or RPMI-1640 supplemented with 10% FBS,
2mM I-glutamine, 100 U/mL penicillin, and 100 pg/mL
streptomycin and kept in a humidified atmosphere at 37 °C
incubator with 5% CO, in air. To determine the cell viabil-
ity, cells were plated onto 96-well plates (1 x 10* cells/
well). The cells were treated with different concentrations
(0, 0.1, 1, 10, 100 and 1000 pM) of synthesized compound
(3a—o0) incubated for 24 h. After the incubation, cells were
washed with PBS and added to 100 pL DMEM/RPMI-
1640. A total of 10 pL of the MTT (3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide) (Vybrant,
Invitrogen) labeling reagent was added to each well and
incubated for 4 h in humidified atmosphere at 37 °C incu-
bator with 5% CO, in air. After the incubation, 100 pL of
the SDS buffer was added into each well for solubilization
of formazan precipitate. Then, absorbance was measured
by microplate reader at 570 nm and was carried out in trip-
licate of each assay [47].

Cell growth assays

In order to investigate the effects of compound 3k on cell
survival of PC3 and MCF-7 cancer cell lines, cells were
seeded in 24-well plates and incubated with compounds at
a final concentration of ICs, in growth medium (without
antibiotics) for 12 h, 24 h and 48 h. After the incubation,
methylene blue staining was used for cell survivals. The cells
were extracted with 1% SDS in PBS solution and stained
with 0.01% methylene blue solutions. The absorbance was
measured at 600 nm with microplate reader. Each experi-
ment was repeated three times.

@ Springer
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Western blot analysis for protein expression

Cells were treated with final concentration of ICs, of syn-
thesized compound 3k in 6 well plates and incubated for
24 h. Cells were lysed using RIPA cell lysis buffer (89900,
Thermo), and the protein concentrations were determined
by the BCA protein assay (Thermo Scientific). Samples
were denaturated with Laemli buffer, and 25 pg protein
was loaded to each well. The samples were resolved by
4-12% sodium dodecyl sulfate—polyacrylamide gel elec-
trophoresis and were transferred to polyvinylidene fluoride
membrane, which was then blocked with 3% BSA (Cap-
ricorn Scientific, BSA-1T) in Tris buffered saline (TBS).
The membrane was washed twice in TBS containing
Tween-20 (0.1%) and incubated overnight with primary
antibodies (1:500 dilution anti-Bax sc-7480, anti-Bcl2
sc-492, anti-GAPDH sc-25778, Santa Cruz Biotechnol-
ogy, Heidelberg, Germany) and washed with TBS con-
taining Tween-20 (0.1%). The membrane was washed and
then incubated with horseradish peroxidase conjugated
secondary antibody (anti-mouse; sc-2060 or anti-rabbit;
sc-2004, Santa Cruz Biotechnology) for 2 h. The blots
were developed with chemiluminescence reagents (sc2048,
Santa Cruz Biotechnology, Texas, USA) and analyzed with
chemiluminescent imaging systems (Syngene, Cambridge,
UK). Data were analyzed using “Image J Programme Opti-
cal Density Analysis Software” (NIH) by measuring each
band three times for quantification. Signals were normal-
ized with respect to GAPDH.

In vitro COX inhibition assay

In order to determine the COX activity, inhibitors were dis-
solved in DMSO. Using a commercial COX (ovine/human)
inhibitor screening assay kit (Cayman 560131, USA) and
following the manufacturer’s instructions, compounds was
used for measuring COX inhibition assay. Celecoxib was
used as the reference drug for comparison of activity.
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