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Abstract

In the present study, the various 28 hybrid molecules containing hydrazone and sulfonate moieties were synthesized and
characterized by FTIR, 'H-NMR, *C-NMR spectroscopy and LC-MS spectrometry, besides elemental analysis. The
compounds were evaluated for their antiproliferative effects against six cancer cell lines, namely A549 (non-small cell lung
cancer), MCF-7 (breast cancer), HT-29 (colorectal adenocarcinoma cancer), PC-3 (androgen-independent prostate
adenocarcinoma), Hep3B (hepatocellular carcinoma cancer), and HeLa (epitheloid cervix carcinoma cancer). Among all
the target compounds, compounds 4g and 4h exhibited more promising effects on MCF-7 cell lines (IC5q=17.8 uM and
21.2 uM, respectively) with high selectivity. Further mechanistic studies proposed that compounds 4g and 4h induced
apoptosis is mediated through the intrinsic apoptotic pathway with changes in mitochondrial membrane potential by finally
activating caspase-9 and caspase-3. The results have been encouraging enough to merit further investigation.
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Introduction

Hydrazone derivatives are known for their broad spectrum
of biological activities [1]. A variety of hydrazones have
been utilized as anticancer drugs. Representative members
of this class are zorubicin and bisantrene which are widely
used for treatment of different cancer types (Fig. 1).

As shown in Fig. 2, 2’.4’-difluoro-4-hydroxy-N’-(2-
pyridyl methylidene)biphenyl-3-carbohydrazide has been
reported as a hepatocellular carcinoma inhibitor [2]. Zhang
et al. [3] studied a series of sulfonylhydrazone-substituted
8-ethoxy-3-nitro-2H-chromenes which were active against
various cancer cell lines. Moreover, the tolmetin
hydrazide-hydrazone having 2,6-dichlorophenyl moiety
exhibited significant cytotoxicity and induction of apoptosis
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in the HT-29 cancer line [4]. A very recent report
deals with, the apoptosis-inducing effect and VEGFR-2
inhibition of (S)-2-(6-methoxynaphthalen-2-yl)-N’-{(E)-[2-
(trifluoromethoxy)phenyl]methylidene} propanehydrazide [5].

Sulfonates are widely used in medicine researches and
have significant pharmacological applications such as anti-
fungal [6], acaricidal [7] and antioxidant [8]. In particular,
there have been many reports on the anticancer properties of
compounds bearing aryl sulfonate moiety [9-11] (Fig. 2).
Sulfonate-based compounds have a great affinity for lipid
phases and can easily pass the membrane to attach to target
sites due to their physicochemical features [7]. Also, the
irreversible enzyme inhibitors usually possess reactive
functional groups such as nitrogen mustards, aldehydes,
alkenes and phenyl sulfonates [12]. These irreversible

NH “NH
O‘O‘ o OO
OH O
~NH, NH NHN/
o .’
7 'oH N
Zorubicin ) Bisantrene

Fig. 1 Chemical structures of known hydrazone linkage-based antic-
ancer drugs

IC50=0.47uM (K-562) [3]

OH \X/

IC50=10uM (Huh7) [2]

b\) NS
IC50=76uM (HT-29) [4] CI c

\/\N //Z)
LN

IC50=49nM (MCF-7) [10]

—0

Fig. 2 Rationale for the design of the new compounds

enzyme inhibitors may block certain enzymes that cancer
cells.

On a pharmaceutical target, combining two or more
effective pharmacophores of various potent bioactive agents
can lead to potent new compounds. Based on the afore-
mentioned compounds and in continuation of our work on
hydrazones we were interested in studying the reaction of
hydrazides with sulfonate aldehydes. Thus, we report here
on the synthesis, characterization and anticancer evaluation
of hydrazone derivatives with tosyl sulfonate moieties.

Results and discussion
Chemistry

The synthesis route of hydrazides (la-h and 1l-n) and
semicarbazide (1k) is shown in Scheme 1. First, acid hydra-
zides (la-h) were synthesized by refluxing corresponding
esters and hydrazine hydrate in ethanol according to the
reported method [4, 13-17]. The compounds (li-j) were
synthesized according to the previously reported procedure
starting from benzocaine [18]. Methyl [(5-propylsulfanyl-3H-
benzoimidazol-2-yl)amino]formate (0.01 mol) (Albendazole)
was refluxed hydrazine hydrate (80%, 0.2 mol) in methanol

OO NHN\\_Q
A %

IC50=22.42uM (MDA-MB-231) [5]

NH
NH/( HBr
NH,

Glg=0.52uM (PC3) [9]

o]
/
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Scheme 1 Synthetic route to
target compounds
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until the reaction was complete. After solvent evaporation and
crystallization, compound 1k was obtained [19]. Sulfonyl
hydrazides (1l-nm) were synthesized through the reaction
between corresponding sulfonyl chlorides and hydrazine
hydrate in THF [20].

Treatment of vanillin/p-hydroxybenzaldehyde with tosyl
chloride and triethylamine in dimethylformamide gave the
aldehyde derivatives (2a-b) [21]. In the final step of this
study, hydrazone linkage-based aryl sulfonate derivatives
were obtained by the reaction of compounds la-n with
related aldehydes (2a-b) in ethanol, as shown in Scheme 1.

The title compounds were characterized by FT-IR, 'H-
NMR, C-NMR and LC-MS spectroscopy, besides ele-
mental analysis and melting point. All of the spectral data
are listed in Supplementary Material.

The C=N and C=0 groups of the synthesized com-
pounds were confirmed by IR spectra. The IR spectral peaks
of compounds were recognized for C=0O of CONH from
1637 to 1703 cm™'; for C=N at 1583-1627 cm ™.

@ Springer

In the 'H-NMR spectra of compounds, characteristic
singlet signals in the range of 2.38-2.44 ppm are attribu-
table to the tosyl groups. In agreement with the literature
data, CH=N and CONH groups exhibited two separate
singlet signals in the 'H-NMR and '*C-NMR spectra of
compounds 3a, 3c—f, 3h, 4a, 4c—f, and 4h due to the
restricted rotation around the C—N bond [22]. In the cases of
aromatic aldehydes-condensed N-acylhydrazones, 'H-NMR
spectra in DMSO-d4 showed two peaks of the -CH,CO and
CH-CHj; groups that be attributed to the presence of two
possible syn-anti isomers of the amide bond or E-Z isomer.
For all the final compounds, the protons of azomethine and
amide resonated at the expected regions in the literature
[13-15, 23].

The '*C-NMR signals corresponding to the carbons from
the azomethine and amide groups appear in the range 145.5-
149.3 ppm and 160.6-184.8 ppm, respectively. MS spectra
of the compounds displayed [M+H]", [M+2H]", and/or
species exhibiting sodiated and potassiated adducts.
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Table 1 Percentage growth

inhibition (GI %) of various cell  Compounds - G1% ICs0(uM) (MCF-7)

lines at 10 uM for compounds NIH3T3 HT-29 MCF-7 HEP3B PC-3 HeLa A549

and 1Cs values (uM) for

compounds 4g and 4h for 24 h 3a 2718 1832  7.83 NA 26.11 1029 NA

against MCF-7 cancer cell line 3b 36.61 2163 2725 2671 4214 3473 NA
3¢ ~3.16 206 328 NA 3422 763 1.92
3d 0.11 791 NA NA 2821 1.54 NA
3e 960 NA 880 NA 31.04 858 NA
3t 2092 1621 1949 NA 3278 15.16 NA
3g 10.86 772 842 234 1198 1541  3.43
3h —6.09 NA 742 NA 18.79 NA 25.14
3i 3856 37.07 2218 1995  17.14 2398  33.93
3j 2466 3525 3097 1.88 3802 11.87 3226
3k 604 NA 3027 19.42 9.69 NA 4.17
31 —028 3113 NA NA NA NA 1.59
3m ~0.67 1929 NA 8.49 575 NA 8.63
3n 530 2399 415 NA 6.84 529  8.79
4a 581 2228  17.27 1.03 185 1174 581
4b 722 3897 3285 2062  19.63 1557  14.55
4c ~19.02  10.71 NA 1796  NA NA 9.57
4d ~18.17 NA NA 2343 NA NA 8.30
de ~19.97 NA NA 1943 NA NA 11.61
4f 2638 NA 2582 NA NA NA 14.06
4g ~1029 NA 50.37 NA NA NA 28.58 17.8
4h 221 NA 5398 NA 1606 270 3659 212
4i 2533  NA 2881 NA NA 342 11.04
4j —~1193 NA 38.57 1.75 3188 333 2895
4k ~1127 NA 2074 1606 NA NA NA
4 2304 1622 1832 920 NA NA 9.57
4m —-506 NA 1590 NA NA 10.17  11.90
4n —10.05 361 1578 NA 31.89 1039 34.30
Imatinib 1021 - - - 3452 30.63  26.10
Etoposide -26 364  —04 6.03 - - -

Bold entries represent the candidate

NA GI% < zero

Biological evaluation

The in vitro antiproliferative activity of the title compounds
was evaluated against A549 (non-small cell lung adeno-
carcinoma), MCF-7 (breast adenocarcinoma), HT-29 (col-
orectal adenocarcinoma), PC-3 (androgen-independent
prostate adenocarcinoma), Hep3B (hepatocellular carci-
noma), and HeLa (cervical carcinoma) cells by MTT
method. The anticancer screening results at 10 uM con-
centration are summarized in Table 1. Also, whether or not
compounds caused cytotoxic effects in noncancer mouse
embryonic fibroblast cell line (NIH3T3) was tested. Com-
pounds showed no cytotoxicity effect on NIH3T3 cells.
The structures of the compounds 3a—n and 4a-n differ from
each other due to substituent on phenyl ring (-20CH; or —H).

molecules with inhibition 250% and safe the noncancerogenic cells.

Compounds showed strong antiproliferative activity against
cancer cells. Compound 3b exerted cytotoxic activity with GI
more than 40% against prostate (PC-3) cell line. The com-
pounds 4g and 4h were found to be the best anticancer activity
against the MCF-7 cell line (50.37 and 53.98%, respectively)
with no effect on normal cell lines. Compound 3b was less
potent on normal cells compared to cancer cells. So, two
compounds (4g and 4h) were selected for further studies
because of their high anticancer activity and low toxicity to
normal cells. The cell growth-inhibitory potencies, expressed
as ICsy values of these compounds, are listed in Table 1.
Compounds 4g and 4h showed cytotoxicity with ICs, values
of 17.8 and 21.2 uM against MCF-7 cell line, respectively.
In this study, mitochondrial disfunction was determined
based on the mitochondria membrane potential (MMP)

@ Springer
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4g-10uM 4g-20uM 4g-50uM

MCF-7

4h-10uM

4h-50pM

Control

4h-20uM

Fig. 3 Mitochondrial membrane potential (A¥m) of MCF-7 cancer
cells after treated with compounds 4g and 4h was accessed via JC-1
staining assay

0,60

0,40 + - - -
0,20

0,00 - .

4g-20uM 4h-50uM

JC-1red/green fluorescence intensity

Control  4g-10uM 4g-S0pM  4h-10uM  4h-20uM

Fig. 4 Red/green fluorescence intensity for JC-1 staining of MCF-7
cells after treatment of compounds 4g and 4h at different concentra-
tions (10, 20, and 50 uM) for 24 h

index that was measured using JC-1 (5,5/,6,6'-tetrachloro-
1,1/,3,3/-tetracthylbenzimidazolylcarbocyanine iodide) dye
as a fluorescent probe. A loss of mitochondrial mass was
characterized by a decrease in red fluorescence and an
increase in the green fluorescent intensity [24]. As shown in
Fig. 3, before the treatment of compounds, the untreated
MCEF-7 cancer cells exhibited red fluorescence intensity
because of the JC-1 dye aggregation into the mitochondria.
Compounds 4g and 4h-treated cells displayed a reduction in
red emission intensity and an increase in green emission
intensity when compared to control cells.

The red/green fluorescence intensity ratio in the MCF-7
cells treated with different concentrations of compounds
(10, 20, and 50 uM) was displayed in Fig. 4. A clear
concentration-dependent decrease in the ratio can be
observed for both compounds. Therefore, one of the first
steps by which the studied compounds trigger apoptosis is
likely to be through changes in mitochondrial membrane
potential.

Annexin V is a fluorescent probe that binds to translo-
cated phosphatidylserine (PS) in apoptotic cells and is used
to indicate early apoptotic cells [25]. To determine whether
selected compounds undergo apoptosis, an annexin V assay

@ Springer

Annexin V binding (RFU)
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N B 0
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Fig. 5 Early apoptotic effects of compounds 4g and 4h on MCF-7 cells
at different concentrations

Caspase-3 and Caspase-9 activity
(fold increase)

Control 4g-10uM 4h-10uM  4h-20uM  4h-50uM

4g-20uM

4g-50uM

m Caspase-3 Caspase-9

Fig. 6 Caspase-3 and caspase-9 activities induced by compounds 4g
and 4h in MCF-7 cells

was also performed. As shown in Fig. 5, compounds initi-
ated early apoptotic processes in MCF-7 cells and were
dependent on dose, especially for the compound 4h.

Apoptosis can be an extrinsic pathway mediated via acti-
vation of death receptors or by an intrinsic mitochondria-
mediated pathway. In the intrinsic pathway, proapoptotic and
antiapoptotic proteins stabilize the outer membrane of the
mitochondria and activate caspase-9 and caspase-3. Caspase-3
is activated in both extrinsic and intrinsic apoptosis pathways,
the initiator caspase-9 protein is only activated via the intrinsic
pathway [26]. MMP depolarization results in the release of
cytochrome into the cytosol, which activates caspase 9 via the
formation of an apoptosome and the subsequent cleavage of
caspase 3/7 effectors [27].

To determine whether caspases were involved in the
apoptotic cell death induced by hybrid derivatives 4g and 4h
in MCF-7 cells, we examined the effect of these compounds
on caspase-3 and caspase-9 activation. It is important to
underline that compounds significantly suppressed caspase-3
and caspase-9 activation (Fig. 6). These caspases were highly
activated (~3.5—4-fold) with 50 uM concentrations of 4g and
4h in MCF-7 cells, showing that apoptotic cell death takes
place in a caspase-dependent pathway.



Medicinal Chemistry Research (2022) 31:368-379

373

Conclusions

In conclusion, we designed two series of hybrid molecules
(3a-n and 4a-n) based on the biological significance of
hydrazone and sulfonate moieties. All the derivatives were
characterized and evaluated for in vitro antiproliferative
activity. The numerous compounds displayed a wide variety
of cytotoxicity against multiple cancer cell lines. The
activity results showed that compounds 4g and 4h were
found to be most effective against MCF-7 cell assayed with
ICsq values of 17.8 and 21.2 uM, respectively, besides their
selectivity. Annexin V staining assay results showed that
the selected compounds were induced apoptosis. This result
is associated with depolarization of MMP and activation of
caspase-3 and caspase-9. These compounds look like pro-
mising leads for further modification for the design of the
new anticancer agents with high selectivity.

Materials and methods
Experimental

All chemical compounds were purchased from Merck and
Sigma Aldrich. Melting points were measured with a
Thermoscientific 9300 melting point apparatus and were
uncorrected. Infrared (IR) Spectra were recorded using
Shimadzu FTIR 8400S spectrophotometer. 'H-NMR and
BC-NMR experiments were carried out using BRUKER
NMR spectrometer, and chemical shifts (H) are reported
relative to TMS as the internal standard. Mass spectra were
recorded using Agilent LC/MSD and Xevo G2-XS QTof
spectrometer. All reagents and solvents were dried and
purified by the standard techniques. Chemical shift (8)
values of rotameric hydrogens whenever identified are
presented within parentheses by assigning an asterisk (*)
along with that of other forms [28]. Compounds 1a—n and
2a-b are already recorded in the literature [4, 13-21].
Compounds 1i, 3e, 3j and methyl 4-[(thiophene-2-carbonyl)
amino]benzoate have CAS Registry Numbers but no
reference, analytical, or spectral data.

Synthesis
Methyl 4-[(thiophene-2-carbonyl)aminolbenzoate

White cream solid; yield: 56%; m.p.185—-187 °C; FTIR vy«
(em™Y): 3360 (N-H), 1666 (C=0), 1593 (N-H bending);
'H-NMR (300 MHz), (DMSO-ds/TMS) & ppm: 1.32 (t, 3H,
CH,-CH3), 4.30 (q, 2H, CH,-CH3), 7.23-8.08 (m, 7H, Ar-
H), 10.52 (s, 1H, CONH); Anal. calcd. for C;4H;3NO5S.1/
2C,HsOH: C: 60.38, H: 5.41, N: 4.69, S: 10.75. Found: C:
60.51, H: 5.19, N: 4.87, S: 10.51.

N-[4-(hydrazinecarbonyl)phenyl]thiophene-2-carboxamide (1i)

White cream solid; yield: 76%; m.p. 230-231 °C; FTIR
vmax (cm~'): 3306 (N-H), 1633 (C=0), 1600 (N-H
bending); 'H-NMR (300 MHz), (DMSO-dg TMS) 6 ppm:
4.46 (s, 2H, CONHNH,); 7.23-8.06 (m, 7H, Ar-H); 9.69 (s,
1H, CONH); 10.41 (s, 1H, CONH); Anal. calcd. for
CpH{1N30,S.1/5H,0: C: 54.41, H: 4.34, N: 15.86, S:
12.10. Found: C: 54.85, H: 4.45, N: 15.71, S: 12.34.

General procedure for the synthesis of target compounds

The mixture of aldehydes 2a-b (1 mmol) and 1a-n deriva-
tives (1 mmol) was refluxed in ethanol (20 ml) in the pre-
sence of glacial acetic acid as the catalyst. After completion
of the reaction (checked by TLC, t:25°C, acetone/petroleum
ether 50:50 (v/v)), ethanol was evaporated, and the solid
compounds 3a-n and 4a-n were dried and recrystallized
with ethanol.

Synthetic route and chemical structures of compounds
3a-n and 4a-n are presented in Scheme 1.

4-((2-(2-(6-methoxynaphthalen-2-yl)propanoyl)hydrazinyli-
dene)methyl)phenyl  4-methylbenzenesulfonate (3a)
White cream solid; yield: 81%; m.p.155—-156 °C; FTIR v«
(em™"): 3185 (N-H), 1660 (C=0), 1600 (C=N),
1373&1174 (S=0); 'H-NMR (300 MHz), (DMSO-dy/
TMS) &6 ppm: 1.46 (t, 3H, J=7.2Hz, CH-CH3); 2.43
(2.41%, s, 3H, Ar-CH3); 3.85- 4.74 (m, 4H, OCH; & CH-
CH3); 7.28-7.95 (m, 14H, Ar-H); 8.16 (7.85*, s, 1H,
CH=N); 11.63 (11.34*, s, 1H, CONH); ‘C-NMR
(75 MHz), (DMSO-d4/TMS) & ppm: 18.9 (CH-CHj), 21.6
(Ar- CH3), 44.4 (CH-CHj3;), 55.6 (O-CHj3), 106.1, 119.0,
119.1, 122.9, 123.3, 1259, 126.1, 126.7, 127.1, 127.2,
127.3, 128.7, 128.8, 128.9, 129.4, 129.5, 130.7, 131.6,
131.7, 131.9, 133.5, 133.7, 133.9, 137.0, 137.5, 141.5,
145.5&146.3 (CH=N), 150.0&150.2 (C-0S0,),
157.4&157.5 (C-OCHs), 170.4&175.5 (C=0); Anal. calcd.
for C,gH,y6N>O5S.1/3H,0: C: 66.03, H: 5.85, N: 5.33, S:
6.52. Found: C: 66.12, H: 5.28, N: 5.51, S: 6.30; LCMS
(ES-API) m/z: 504 [M+H]", 527 [M+H+Na]".

4-((2-(2',4'-difluoro-4-hydroxy-[1,1’-biphenyl]-3-carbonyl)

hydrazinylidene)methyl)phenyl 4-methylbenzenesulfonate
(3b) White solid; yield: 79%; m.p. 218-219 °C; FTIR
Omax (cm™1): 3185 (N-H), 1637 (C=0), 1595 (C=N),
1373&1166 (S=0); 'H-NMR (300 MHz), (DMSO-d5/TMS)
o ppm: 2.42 (s, 3H, Ar-CHj3); 7.07-8.01 (m, 14H, Ar-H);
8.42 (s, IH, CH=N); 11.92 (s, 2H, Ar- OH&CO-NH); 13C-
NMR (75 MHz), (DMSO-d6/TMS) & ppm: 21.6 (Ar-CH3),
104.9,112.3,116.8,118.0, 123.1, 125.5, 128.7, 129.2, 129 4,
130.7, 131.6, 132.1, 133.7, 146.4, 147.7 (CH=N), 150.5 (C-
0S0y,), 158.9, 157.7&161.0 (C-F, J = 246 Hz), 160.2&163.5

@ Springer



374

Medicinal Chemistry Research (2022) 31:368-379

(C-F, J=252Hz), 164.8 (CONH); Anal. calcd. for
C,7Hy0FoN>05S.1/4 H,O: C: 61.53, H: 392, N: 5.32, S:
6.08. Found: C: 61.88, H: 4.06, N: 5.39, S: 6.17; LCMS
(ES-API) m/z: 523 [M+H]", 546 [M+H+Na]™.

4-((2-(2-(2-fluoro-[1,1’-biphenyl]-4-yl)propanoyl)hydrazinyli-
dene)methyl)phenyl  4-methylbenzenesulfonate  (3c)
White solid; yield: 87%; m.p. 146—147 °C; FTIR v« (em™):
3228 (N-H), 1651 (C=0), 1599 (C=N), 1345&1170 (S=0);
'H-NMR (300 MHz), (DMSO-dy/TMS) & ppm: 1.06
(CH3CH,OH, ethanol); 1.43 (1.40*, d, 3H, J= 6.9 Hz, CH-
CHjy); 2.42 (s, 3H, Ar-CH3); 3.46 (CH3CH,OH, ethanol);
4.36 (CH3;CH,OH, ethanol); 4.74 (3.77*%, q, 1H, J=6.9 Hz,
CH-CH3); 7.07-7.76 (m, 16H, Ar-H); 8.19 (7.92*, s, 1H,
CH=N); 11.65 (11.44%, s, IH, CO-NH); "“C-NMR
(150 MHz), (DMSO-ds/TMS) & ppm: 18.6 (CH;CH,OH),
18.7&19.0 (CH-CH3), 21.6 (Ar-CHy), 43.9 (CH-CH3), 56.5
(CH;CH,OH), 115.3, 1154, 115.5, 115.7, 122.9,123.0, 126.8,
126.9, 127.1, 127.2, 128.2, 128.2, 128.7, 128.7, 129.0, 129.0,
129.0, 129.1, 130.7, 131.08, 131.1, 131.1, 131.1, 131.6, 131.7,
133.8, 135.3, 142.0, 143.7, 143.8, 144.2, 144.2, 145.9,
146.3&146.4 (CH=N), 150.1&150.3 (C-0S0,),
158.5&160.1 (C-F, J=245Hz), 169.7&174.9 (CONH);
Anal. calcd. for C29H25FN204S.1/3 C2H5OHI C: 6698, H:
5.12, N: 5.27, S: 6.03. Found: C: 66.06, H: 4.86, N: 5.46, S:
6.18; LCMS (ES-API) m/z: 539 [M+Na]™.

4-((2-(2-(1-methyl-5-(4-methylbenzoyl)-1H-pyrrol-2-yl)
acetyl)hydrazinylidene)methyl)phenyl
4-methylbenzenesulfonate (3d) White solid; yield: 80%;
m.p. 183-184 °C; FTIR v,y (cm™'): 3352 (O-H), 3230 (N-
H), 1651 (C=0), 1599 (C=N), 1373&1170 (S=0);
"H-NMR (300 MHz), (DMSO-ds/TMS) & ppm: 2.39 (s, 3H,
ArCHa); 2.42 (s, 3H, ArCH3); 3.75-4.17 (m, SH, N-CHj; ve
CH,CO); 6.11 (d, 1H, J=3.9 Hz, CH,, pyrrole); 6.57 (d,
1H, J= 3.9 Hz, pyrrole); 7.07-7.76 (m, 12H, Ar-H); 8.19
(8.00%, s, 1H, -CH=N); 11.64 (s, 1H, - CONH); '*C-NMR
(150 MHz), (DMSO-dg/TMS) & ppm: 21.5 (Ar-CHj), 21.6
(Ar-CH3), 31.1 (N-CHj), 33.0&33.4 (CH,CO), 109.7,
110.0, 122.1, 122.2, 123.0, 128.7, 128.8, 129.0, 129.1,
129.4, 129.4, 130.7, 131.6, 131.7, 133.7, 133.8, 137.3,
137.4, 137.5, 137.7, 1419, 141.9, 1423, 1457,
146.4&146.4  (CH=N), 150.2&150.3 (C-0S0,),
165.2&170.8 (CONH), 184.7&184.8 (C=0); Anal. calcd.
for C,9H»7N305S.1/2 H,O: C: 64.67, H: 5.24, N: 7.80, S:
5.95. Found: C: 64.50, H: 5.33, N: 7.91, S: 6.22; LCMS
(ES-API) m/z: 553 [M+H+Na]™.

4-((2-(2-(4-isobutylphenyl)propanoyl)hydrazinylidene)

methyl)phenyl  4-methylbenzenesulfonate (3e) White
solid; yield: 82%; m.p. 99—-101 °C; FTIR v, (cmfl): 3230
(N-H), 1651 (C=0), 1599 (C=N), 1346,&1170 (S=0);
'H-NMR (300 MHz), (DMSO-dg/TMS) & ppm: 0.81 (m,
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6H, -CH(CH;3),); 1.36 (t, 3H, J=6.9Hz, -CHCH;);
1.72-1.83 (m, 1H, -CH(CH;),); 2.36-2.42 (m, 5H,
ArCH3&CH,CH(CHa),); 4.60 (3.64*, q, 1H, J=6.9 Hz,
CHCH;); 7.04-7.76 (m, 12H, Ar-H); 8.16 (7.87*, s, 1H,
-CH=N); 11.56 (11.04*, s, 1H, -CONH); '3C-NMR
(75 MHz), (DMSO-d,/TMS) & ppm: 18.8&18.9 (CHCHj3),
21.6 (Ar-CHy), 22.6 (CH(CH;)2), 30.0 (CH(CHs),), 44.0
(CH,CH(CH3),), 44.6 (CHCH;), 1229, 127.4, 127.7,
128.6, 128.7, 128.9, 129.3, 129.4, 130.7, 131.6, 131.7,
133.9, 139.1, 139.5, 139.6, 140.0, 141.5, 1455,
146.3&146.4 (CH=N), 150.0&150.2 (C-0S0,), 170.5&
175.6 (C=0); Anal. calcd. for Co7H30N,0,4S: C: 67.76, H:
6.32, N: 5.85, S: 6.70. Found: C: 68.15, H: 5.96, N: 5.99,
S: 6.73; LCMS (ES-API) m/z: 501 [M+Na]*.

4-((2-(2-(1,8-diethyl-1,3,4,9-tetrahydropyrano(3,4-b]
indol-1-yl)acetyl) hydrazinylidene)methyl)phenyl
4-methylbenzenesulfonate (3f) Dark yellow solid;
yield: 77%; m.p. 107-108 °C; FTIR v« (cm™Y): 3223
(N-H), 1651 (C=0), 1599 (C=N), 1346&1170 (S=0);
'"H-NMR (300 MHz), (DMSO-ds/TMS) & ppm: 0.65
(0.57*, t, 3H, J=17.2 Hz, -CH,-CHj3); 1.06 (t, ethanol);
1.24 (t, 3H, -CH,-CHj3); 2.03-2.15 (m, 2H, CH,-CH;);
2.42 (s, 3H, Ar-CHj3); 2.58-2.68 (m, 2H, -CH,-CH;);
2.78-2.98 (m, 4H, - CH,CONH & -CH,); 3.45 (m,
ethanol); 3.69-4.00 (m, 2H, -CH,); 4.36 (t, ethanol);
6.86-7.75 (m, 11H, Ar-H); 8.19 (7.94%, s, 1H, N=CH);
10.51 (10.49%, s, 1H, indole N-H); 11.37 (11.24*, s, 1H,
CO-NH); 13C-NMR (75MHz), (DMSO-d4/TMS) &
ppm: 8.3 (pyran CH,CH3), 14.9 (indole CH,CHj;), 21.6
(ArCHj), 24.2 (pyran -CH,CH,O-), 22.3 (indole
CH,CH3;), 31.2 (pyran CH,CHj3), 6.2&76.5 (- CH,OCH-
), 107.5, 107.7, 115.8, 119.1, 12.9, 126.5, 127.0, 128.6,
128.7, 128.9, 130.7, 131.7, 134.0, 134.9, 136.7, 137.0,
146.4 (CH=N), 150.0& 150.2 (C-0OSO0,), 166.1,&171.9
(C=0); Anal. calcd. for C3;H33N3055.3/2 C,HsOH: C:
65.78, H: 6.32, N: 7.12, S: 5.43. Found: C: 65.16, H:
5.67, N: 7.14, S: 5.54; LCMS (ES-API) m/z: 582 [M
+Na]™.

4-((2-(6-(2-(4-(tosyloxy)benylidene)hydrazine-1-carbo-

nyl)picolinoyl) hydrazinylidene)methyl)phenyl
4-methylbenzenesulfonate (3g) White solid; yield:
82%; m.p. 227-228 °C; FTIR Uy (cm™'): 3230, 3171
(N-H), 1668, 1651, 1599 (C=0 & C=N), 1344,1170
(S=0); 'H-NMR (300 MHz), (DMSO-d¢/TMS) & ppm:
2.44 (s, 6H, CH3), 7.16-7.84 (m, 16H, Ar- H), 8.26-8.38
(m, 3H, pyridine-H), 8.74 (s, 2H, CH=N), 12.37 (s, 2H,
CONH-N=); >*C-NMR (150 MHz), (DMSO-d¢/TMS) &
ppm: 21.6 (2Ar-CHj3), 123.1, 126.1, 128.7, 129.3, 130.7,
131.7, 133.7, 140.5, 146.4, 148.6 (pyridin 2C-N), 149.0
(2CH=N), 150.6 (2C-0S0,), 160.0 (2C=0); Anal.
calcd. for C35H,9N505S,.4H,0: C: 53.63, H: 4.76, N:
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8.93, S: 8.18. Found: C: 53.99, H: 4.37, N: 9.21, S:
8.54; LCMS (ES-API) m/z: 734 [M+Na]™.

4-((2-(2-(2-((2,6-dichlorophenyl)amino)phenyl)acetyl)hydra-
zinylidene)methyl)phenyl 4-methylbenzenesulfonate (3h)
White solid; yield: 88%; m.p. 228-229; FTIR v« (cm’l):
3317 (N-H), 1658 (C=0), 1614 (C=N), 1357&1178
(S=0); 'H-NMR (300 MHz), (DMSO-d¢/TMS) & ppm:
2.43 (s, 3H, CHs), 4.12 (3.70%, s, 2H, CH,CO), 6.27-8.04
(m, 16H, Ar-H& CH=N), 8.20 (s, 1H, NH), 11.89 (11.68*,
s, 1H, CONH-N=); 13C-NMR (150 MHz), (DMSO-d¢/
TMS) & ppm: 21.6&21.7 (Ar-CHy), 35.8&36.0 (CH,CO),
146.4&146.5 (CH=N), 150.2&150.4 (C-0S0O,), 168.3
(C=0); Anal. calcd. for C,3H,3CI,N304S,.1/2H,0: C:
58.24, H: 4.19, N: 7.28, S: 5.55. Found: C: 58.84, H: 4.29,
N: 7.42, S: 5.80; LCMS (Q-TOF) m/z: 568 [M+H]".

4-((2-(4-(thiophene-2-carboxamido)benzoyl)hydrazinyli-
dene)methyl)phenyl 4-methylbenzenesulfonate (3i) White
cream solid; yield: 76%; m.p. 281-283 °C; FTIR vy, (cm ™)
3354, 3292 (N-H), 1703, 1641 (C=0), 1599 (C=N),
1340&1172 (S=0); 'H-NMR (300 MHz), (DMSO-ds/TMS)
8 ppm: 2.43 (s, 3H, Ar-CHj3), 7.25-8.09 (m, 15H, Ar-H), 8.43
(s, 1H, CH=N), 10.49 (s,1H, thiophene-CONH), 11.87 (s,
1H, CONH); '*C-NMR (75 MHz), (DMSO-d¢/TMS) & ppm:
21.6 (Ar-CH3), 119.9, 123.0, 128.4, 128.6, 128.7, 129.0,
130.0, 130.7, 131.6, 132.9, 134.0, 140.0, 142.4, 146.3, 146.4
(C-0S0,),150.3 (CH=N), 160.6 (C=0), 163.0 (C=0); Anal.
calcd. for CygHy1N305S,: C: 60.10, H: 4.07, N: 8.09, S:
12.34. Found: C: 59.68, H: 4.16, N: 8.06, S: 12.91; LCMS
(Q-TOF) nv/z: 520 [M+H]".

4-((2-(4-benzamidobenzoyl)hydrazinylidene)methyl)phenyl
4-methylbenzenesulfonate (3j) White solid; yield: 70%;
m.p. 286 °C; FTIR vy, (cm™'): 3338, 3230 (N-H), 1668,
1651, 1599 (C=0 & C=N), 1373&1172 (S=0); 'H-NMR
(300 MHz), (DMSO-dg/TMS) & ppm: 2.43 (s, 3H, Ar-CHy),
7.53-8.00 (m, 17H, Ar-H), 8.43 (s, 1H, CH=N), 10.53 (s,
1H, amide-CONH), 11.87 (s, 1H, CONH); '*C-NMR
(75 MHz), (DMSO-dg¢/TMS) & ppm: 21.6 (Ar-CHy),
119.9, 123.0, 128.2, 128.7, 128.9, 130.7, 131.6, 132.3,
134.0, 135.0, 146.4 (CH=N), 150.2 (C-0SO,), 163.0
(C=0), 165.3 (C=0); Anal. calcd. for C,gH,3N305S.1/
2H,0: C: 64.35, H: 4.63, N: 8.04, S: 6.14. Found: C:
64.79, H: 4.13, N: 8.20, S: 6.11; LCMS (ES-API) m/z: 537
[M+H+Na] ™.

4-((2-((5-(propylthio)-2,3-dihydro-1H-benzimidazol-2-yl)carba-

moyl) hydrazinylidene)methyl)phenyl 4-methylbenzenesulfonate
(3k) White solid; yield: 79%; m.p. 228-230 °C; FTIR 0, (cm
~1): 3365, 3236 (N-H), 1699, 1626 (C=0 & C=N), 1367&1174
(S=0); 'H-NMR (300 MHz), (DMSO-dy/TMS) & ppm: 0.95 (t,
3H, J="7.2 Hz, propyl CHy); 1.48-1.60 (m, 2H, propyl CHy);

243 (s, 3H, Ar-CHy); 2.86 (t, 2H, J="7.2Hz, propyl CHy);
7.02-797 (m, 12H, Ar- H&CH=N), 1053 (s, 1H,
NHCONHN=); 11.28 (s, 1H, benzimidazole NH); 11.94 (s, 1H,
NHCONHN=); “C-NMR (150 MHz), (DMSO-d¢TMS) &
ppm: 13.5 (propyl CHj3), 21.6 (Ar- CH3), 22.5 (propyl CH,),
37.2 (propyl CHp), 122.7, 128.7, 129.2, 130.7, 131.7, 133.9,
141.5, 146.3 (CH=N), 150.0 (C-0OSO,), 159.1 (C=N, benzi-
midazole); Anal. calcd. for CysHpsNsO4S,: 57.34, H: 4.81, N:
13.37, S: 12.25. Found: C: 57.84, H: 5.03, N: 13.22, S: 12.69;
LCMS (ES-API) m/z: 525 [M+2H]".

4-((2-((4-bromophenyl)sulfonyl)hydrazinylidene)methyl)
phenyl 4-methylbenzenesulfonate (31) Dark yellow solid;
yield: 73%; m.p. 127-129 °C; FTIR v, (cm™1): 3234 (N-
H), 1599 (C=N), 1346&1177 (S=0); 'H-NMR (300 MHz),
(DMSO-ds/TMS) 6 ppm: 2.42 (s, 3H, CH3), 7.47-7.85 (m,
12H, Ar-H), 7.90 (s, 1H, CH=N), 11.72 (s, 1H, CONH-
N=); BC-NMR (150 MHz), (DMSO-dy/TMS) & ppm: 21.6
(Ar-CH3), 128.0, 123.1, 123.5, 128.2, 128.7, 128.9, 129.6,
130.8, 131.6, 131.9, 132.8, 133.1, 138.5, 146.4, 146.6
(CH=N), 1504 (C-0OSOy); Anal. caled. for
CyoH7BrN,05S,.1/2H,0: C: 46.34, H: 3.50, N: 5.40, S:
12.37. Found: C: 46.75, H: 3.95, N: 5.33, S: 12.77; LCMS
(ES-API) m/z: 546 [M+K]™.

4-((2-((4-chlorophenyl)sulfonyl)hydrazinylidene)methyl)
phenyl 4-methylbenzenesulfonate (3m) Dark yellow solid;
yield: 73%; m.p. 127-129 °C; FTIR 0y, (em™Y): 3223 (N-H),
1599 (C=N), 1346&1161 (S=0); 'H-NMR (300 MHz),
(DMSO-dg/TMS) & ppm: 2.41 (s, 3H, CH3), 7.47-7.91 (m,
12H, Ar-H), 8.66 (s, 1H, CH=N), 11.74 (s, IH, CONH-N=);
BC.NMR (150 MHz), (DMSO-ds/TMS) & ppm: 21.6 (Ar-
CH,), 123.0, 123.1, 127.9, 128.1, 128.7, 129.6, 129.9, 130.5,
130.7, 131.6, 133.1, 133.2, 138.1, 138.3, 138.5, 146.4, 146.5,
146.6 (CH=N), 1504 (C-0OSO,); Anal. calcd. for
CyoH7CIN,05S,. 1/2C,HsOH: C: 51.69, H: 4.13, N: 5.74, S:
13.14. Found: C: 51.02, H: 4.54, N: 5.79, S: 13.29; LCMS
(ES-API) m/z: 464 [M+2H]".

4-((2-((4-nitrophenyl)sulfonyl)hydrazinylidene)methyl)phe-
nyl 4-methylbenzenesulfonate (3n) White cream solid;
yield: 86%; m.p. 153-154 °C; FTIR v« (cm’l): 3185
(N-H), 1599 (C=N), 1348&1174 (S=0); 'H-NMR
(300 MHz), (DMSO-d4/TMS) & ppm: 2.42 (s, 3H, CHj3),
7.58-8.45 (m, 13H, Ar-H&CH=N), 11.98 (s, IH,
CONH-N=):3C-NMR (75 MHz), (DMSO-d/TMS) &
ppm: 21.6 (Ar-CHjy), 123.0, 125.1, 123.6, 129.0, 129.2,
130.7, 131.6, 132.9, 144.6, 146.4, 147.2 (CH=N), 150.4
(C-NOy), 150.5 (C-OSOy); Anal. caled. for
C,0H7N305S,.H,0: C: 48.67, H: 3.88, N: 8.51, S: 12.99.
Found: C: 48.82, H: 3.81, N: 8.06, S: 13.08; LCMS (ES-
API) m/z: 476 [M+-H]*t, 497 [M+Na]*.
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2-methoxy-4-((2-(2-(6-methoxynapthalen-2-yl)propanoyl)
hydrazinylidene)methyl)phenyl 4-methylbenzenesulfonate
(4a) Off-white solid; yield: 90%; m.p. 164-165 °C; FTIR
Omax (cm™h): 3176 (N-H), 1660 (C=0), 1604 (C=N),
1373&1169 (S=0); 'H-NMR (300 MHz), (DMSO-dy/
TMS) & ppm: 1.42-1.49 (m, 3H, CH-CH3); 2.43 (s, 3H, Ar-
CHj3); 3.51 (s, 3H, ArOCH3); 3.57-4.76 (m, 4H, OCH; &
CH-CH;); 7.25-7.79 (m, 13H, Ar-H); 8.15 (7.81%, s, 1H,
CH=N); 11.65 (11.39%, s, 1H, CONH); "C-NMR
(75MHz), (DMSO-dy/TMS) & ppm: 18.9&19.2 (CH-
CH;), 21.6 (Ar-CH3), 44.3 (CH-CH;3), 55.6 (O-CHj),
56.0&56.1 (ArOCHj3), 106.1, 110.6, 119.0, 119.1, 120.0,
120.6, 124.2, 1259, 126.7, 127.3, 128.7, 128.8, 128.9,
129.3, 129.5, 130.2, 130.4, 132.4, 132.4, 133.5, 133.7,
134.9, 136.3, 137.0, 137.8, 138.7, 139.0, 141.5, 145.9 (C-
0S0,), 146.0&146.1 (CH=N), 1519 (C-OCHjy),
157.4&157.5 (C-OCHy), 170.4&175.5 (C=0); Anal. calcd.
for CagHpgN>06S.1/2H,0: C: 64.31, H: 5.40, N: 5.17, S:
5.92. Found: C: 64.33, H: 5.62, N: 4.96, S: 6.10; LCMS
(ES-API) m/z: 555 [M+Na]™.

2-methoxy-4-((2-(2’,4’-difluoro-4-hydroxy-[1,1’-biphenyl]-3-
carbonyl)hydrazinylidene)methyl)phenyl
4-methylbenzenesulfonate (4b) White solid; yield: 72%;
m.p. 221-222°C; FTIR vy (cm™'): 3244 (N-H), 1643
(C=0), 1606 (C=N), 1354&1169 (S=0); 'H-NMR
(300 MHz), (DMSO-dg¢/TMS) & ppm: 2.43 (s, 3H, Ar-
CH3); 3.56 (s, 3H, ArOCH3); 7.29-8.00 (m, 13H, Ar-H);
8.41 (s, 1H, CH=N); 11.94 (s, 2H, CONH&Ar-OH;
BC-.NMR (75MHz), (DMSO-d/TMS) & ppm: 21.6 (Ar-
CH;), 56.1 (O-CH3;), 110.8, 117.0, 118.0, 121.0, 124.4,
125.5, 128.7, 129.5, 130.3, 132.4, 134.7, 139.3, 146.2 (C-
0S0,), 148.0 (CH=N), 157.6&161.0 (C-F, J=253 Hz),
158.8 (C-OH), 160.2&163.5 (C-F, J=243Hz). 164.7
(C=0) Anal. calcd. for CogH»,F,N,O4S: C: 60.86, H: 4.01,
N: 5.07, S: 5.80. Found: C: 60.59, H: 3.85, N: 5.09, S:
5.61; LCMS (ES-API) m/z: 574.9 [M+Na]".

2-methoxy-4-((2-(2-(2-fluoro-[1,1"-biphenyl]-4-yl)propanoyl)
hydrazinylidene)methyl)phenyl 4-methylbenzenesulfonate
(4c) White solid; yield: 86%; m.p. 150-151°C; FTIR
Vmax (cm™1): 3232 (N-H), 1651 (C=0), 1599 (C=N),
1373&1170 (S=0); 'H-NMR (300 MHz), (DMSO-d,/
TMS) & ppm: 1.45 (1.40%, d, 3H, J= 6.9 Hz, CH-CH3);
242 (2.38*% s, 3H, Ar-CHj); 3.57 (3.52%, s, 3H,
ArOCHy); 4.71 (3.77*, q, 1H, J=6.9 Hz, CH-CHj);
7.37-7.71 (m, 15H, Ar-H); 8.17 (7.86*, s, 1H, CH=N);
11.68 (11.48*, s, 1H, CO-NH); "*C-NMR (75 MHz),
(DMSO-dg/TMS) & ppm: 18.6&19.0 (CH-CHy),
21.5&21.6 (Ar-CHj), 43.9 (CH-CHj3), 56.0 (Ar-OCH3y),
110.5, 110.7, 115.5, 115.8, 120.2, 120.6, 124.2, 128.2,
128.7, 129.0, 129.0, 129.1, 130.2, 131.1, 132.4, 132.4,
134.9, 135.3, 138.8, 139.0, 142.0, 146.0 (ArOCHj;),
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146.1 (CH=N), 152.0 (C-0S0,), 157.6&160.9 (C-F, J =
252 Hz), 169.7&174.9 (CONH); Anal. calcd.for
C50H»7FN,05S: C: 65.92, H: 4.98, N: 5.12, S: 5.87.
Found: C: 65.23, H: 4.68, N: 5.07, S: 5.56; LCMS (ES-
API) m/z: 571 [M+H+Na]".

2-methoxy-4-((2-(2-(1-methyl-5-(4-methylbenzoyl)-1H-pyr-

rol-2-yl)acetyl) hydrazinylidene)methyl)phenyl
4-methylbenzenesulfonate (4d) White solid; yield: 83%;
m.p. 215-216°C; FTIR vy, (cm™'): 3190 (N-H), 1662
(C=0), 1620 (C=N), 1365&1170 (S=0); 'H-NMR
(300 MHz), (DMSO-d¢/TMS) & ppm: 2.38 (s, 3H,
ArCHj;); 2.42 (s, 3H, ArCHj3); 3.55 (s, 3H, ArOCH3); 3.86
(s, 3H, N-CH3), 4.18 (s, 2H, CH,CO); 6.12 (d, 1H, J=
3.9 Hz, CH,, pyrrole); 6.58 (d, 1H, J=3.9 Hz, C=0, pyr-
role); 7.16-7.72 (m, 11H, Ar-H); 8.17 (7.97*, s, 1H,
-CH=N); 11.66 (s, 1H, -CONH); "*C-NMR (75 MHz),
(DMSO-ds/TMS) & ppm: 21.5 (Ar-CHj), 21.6 (Ar-CHy),
31.2 (N-CHj3;), 33.4 (CH,CO), 56.1 (Ar-OCHj), 110.0,
111.2, 120.0, 122.2, 124.2, 124.3, 128.7, 129.1, 129.4,
130.3, 130.6, 132.4, 132.4, 134.8, 137.3, 137.5, 137.7,
138.9, 139.1, 141.9, 142.5 (C-OCHj3), 146.1 (CH=N),
152.0 (C-0S0,), 170.9 (CONH), 184.7 (C=0); Anal.
calcd. for C30H29N3O6S: C: 64.39, H: 5.22, N: 7.51, S:
5.73. Found: C: 64.34, H: 5.21, N: 7.52, S: 5.55; LCMS
(ES-API) m/z: 582 [M+Na]™.

4-((2-(2-(4-isobutylphenyl)propanoyl)hydrazinylidene)
methyl)-2-methoxyphenyl 4-methylbenzenesulfonate
(4e) White solid; yield: 76%; m.p. 125-127 °C; FTIR vy,
(em™Y): 3230 (N-H), 1668 (C=0), 1597 (C=N), 1375&1172
(S=0); 'H-NMR (300 MHz), (DMSO-dg/TMS) & ppm:
0.80-0.86 (m, 6H, -CH(CH3),); 1.36 (q, 3H, J=7.2Hz,
-CHCHy); 1.72-1.84 (m, 1H, -CH(CHs),); 2.36-2.43 (m, 5H,
ArCH3&CH,CH(CHjy),); 3.57 (3.52%, s, 3H, Ar-OCH3); 4.57
(3.65*%, q, 1H, J=6.9 Hz, CHCHjy); 7.04-7.72 (m, 11H, Ar-
H); 8.14 (7.82%, s, 1H, -CH=N); 11.58 (11.34*, s, IH,
-CONH); BC-NMR (75MHz), (DMSO-ds/TMS) & ppm:
18.8&19.2 (CHCH3), 21.6 (Ar-CHj), 22.6 (CH(CHs),),
30.0&30.0 (CH(CHj),), 44.0 (CH,CH(CH3),), 44.6
(CHCH3;), 56.0 (Ar-OCH3), 110.6, 120.6,. 1242, 127.4,
127.6, 128.7, 129.3, 130.2, 132.4, 132.5, 135.0, 138.7, 139.0,
139.1, 139.6, 139.8, 140.0, 1414, 1458 (C-OCHy),
146.0&146.1 (CH=N), 1519 (C-0SO,), 1704& 175.6
(C=0); Anal. calcd. for CogH3,N,05S.1/3 H,O: C: 65.35, H:
6.40, N: 5.44, S: 6.03. Found: C: 65.31, H: 6.06, N: 5.45, S:
6.11; LCMS (ES-API) m/z :509 [M+H]*, 531 [M+Na]*.

4-((2-(2-(1,8-diethyl-1,3,4,9-tetrahydropyrano[3,4-bJindol-1-
yl)acetyl) hydrazinylidene)methyl)-2-methoxyphenyl
4-methylbenzenesulfonate (4f) Off-white solid; yield:
78%; m.p. 175-176 °C; FTIR Vpa (cm™'): 3342 (O-H),
3223 (N-H), 1645 (C=0); 1599 (C=N); 1369&1175
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(S=0); 'H-NMR (300 MHz), (DMSO-d¢/TMS) & ppm:
0.66 (0.57*, t, 3H, J=17.2 Hz, -CH,-CHj3); 1.25 (t, 3H, J =
7.2 Hz, -CH,-CH3); 2.02-2.15 (m, 2H, CH,-CH3); 2.42 (s,
3H, Ar-CHy); 2.63-2.69 (m, 2H, -CH,-CH3); 2.79-3.01 (m,
4H, -CH,CONH & -CH,); 3.48-4.03 (m, 5H, -CH, &
-OCH;); 6.87-7.71 (m, 10H, Ar-H); 8.17 (7.93*, s, 1H,
N=CH); 10.51 (s, 1H, indole N-H); 11.43 (11.25%, s, 1H,
CO-NH); *C-NMR (75 MHz), (DMSO-ds/TMS) & ppm:
8.3 (pyran CH,CH3), 14.9 (indole CH,CHj3), 21.6 (ArCHj3),
24.2 (pyran -CH,CH,0O-), 22.3 (indole CH,CHj), 31.2
(pyran CH,CH3), 43.6 (CH,CO), 55.9&56.0 (ArOCHj;),
60.5&60.7 (pyran -CH2CH20-), 76.2&76.5 (-CH,OCH-),
107.5, 107.7, 115.8, 119.1, 12.9, 126.5, 127.0, 128.6,
128.7, 128.9, 130.7, 131.7, 134.0, 134.9, 136.7, 137.0,
146.4 (CH=N), 150.0& 150.2 (C-0S0O,), 166.1&171.9
(C=0); Anal. calcd. for C3,H35N304S.1/2H,0: C: 64.20,
H: 591, N: 7.05, S: 5.39. Found: C: 64.76, H: 6.06, N:
7.02, S: 5.36; LCMS (ES-API) m/z: 582 [M+Na]™.

4-((2-(6-(2-(3-methoxy-4-(tosyloxy)benzylidene)hydrazine-
1-carbonyl)picolinoyl) hydrazinylidene)methyl)-2-methoxy-
phenyl 4-methylbenzenesulfonate (4g) White solid;
yield: 88%; m.p. 263-264 °C; FTIR v« (cm’l): 3574
(O-H), 3379, 3244 (N-H), 1668, 1583 (C=0 & C=N),
1356&1165 (S=0); 'H-NMR (300 MHz), (DMSO-dy/
TMS) & ppm: 2.44 (s, 6H, CHj3), 3.61 (s, 6H, ArOCHj3),
7.23-7.76 (m, 14H, Ar-H), 8.27-8.39 (m, 3H, pyridine-
H), 8.75 (s, 2H, CH=N), 12.39 (s, 2H, CONH-N=);
BC-NMR (150 MHz), (DMSO-dg/TMS) & ppm: 21.6
(2Ar-CH3), 56.1 (2ArOCH;), 110.9, 121.0, 124.4, 126.1,
128.7, 130.3, 132.5, 134.8, 139.4, 140.5, 146.2 (pyridine
2C-N), 148.6 (2C-OCHj3), 149.3 (2CH=N), 152.1
(2C-0S0,), 160.0 (2C=0); Anal. caled. for
C37H33N50105,.4H,0: C: 52.66, H: 4.90, N:8.30, S:
7.60. Found: C: 52.98, H: 5.04, N: 8.54, S: 7.91; LCMS
(ES-API) m/z: 794 [M+Na]™.

4-((2-(2-(2-((2,6-dichlorophenyl)amino)phenyl)acetyl)hydra-
zinylidene)methyl)-2-methoxyphenyl
4-methylbenzenesulfonate (4h) White solid; yield: 83%; m.
p. 224-225 °C; FTIR 0 (cm™1): 3329 (N-H), 1660 (C=0),
1600 (C=N), 1369&1182 (S=0.); 'H-NMR (300 MHz),
(DMSO-dg/TMS) & ppm: 2.43 (s, 3H, CH3), 3.54 (s, 3H,
OCHy), 4.13 (3.71%, s, 2H, CH,CO), 6.27-8.19 (m, 16H, Ar-
H& NH& CH=N), 11.89 (11.74*, s, IH, CO-NH); *C-NMR
(150 MHz), (DMSO-dg/TMS) 6 ppm: 21.6&21.6 (Ar-CHj3),
35.8&36.0 (CH,CO), 56.0 (Ar- OCH3), 111.1, 111.3, 116.1,
120.0, 120.7, 121.0, 121.3, 124.3, 124.4, 125.1, 125.7, 126.0,
127.8, 127.9, 128.6, 129.7, 130.0, 130.9, 131.6, 132.5, 134.7,
137.4, 1389, 139.2, 143.1, 143.3, 143.5&146.1 (CH=N),
146.8, 152.0 (C-0S0,), 168.3, 173.6 (C=0). Anal. calcd. for
C29H25C12N305SI C: 5820, H: 4.21, N: 7.02, S: 5.36. Found:
C: 58.20, H: 4.59, N: 6.96, S: 5.39.

4-((2-(4-(thiophene-2-carboxamido)benzoyl)hydrazinyli-

dene)methyl)-2-methoxyphenyl 4-methylbenzenesulfonate
(4i) White solid; yield: 88%; m.p. 242-243 °C; FTIR vy,
(cm™"): 3315, 3234 (N-H), 1703, 1645 (C=0), 1608 (C=N),
1377&1174 (S=0); 'H-NMR (300 MHz), (DMSO-ds/TMS)
8 ppm: 243 (s, 3H, Ar-CHj3), 3.57 (s, 3H, Ar-OCH,3),
7.26-8.09 (m, 14H, Ar-H), 8.41 (s, 1H, CH=N), 10.49 (s, 1H,
thiophene-CONH), 11.89 (s, 1H, CONH); “C-NMR
(75MHz), (DMSO-dy/TMS) 6 ppm: 21.6 (Ar-CH3), 56.0
(ArOCH,3),110.6, 120.7, 124.3, 128.6, 129.0, 130.3, 132.9,
135.1, 139.0, 140.0, 142.5, 146.1, 146.6 (CH=N), 152.0 (C-
0S0,), 160.6, 163.0 (C=0); Anal. calcd. for Cy;H;3N306S,:
C: 59.00, H: 422, N: 7.65, S: 11.67. Found: C: 58.80, H:
4.26, N: 7.68, S: 11.94; LCMS (Q-TOF) m/z: 550 [M-+H]".

4-((2-(4-benzamidobenzoyl)hydrazinylidene)methyl)-2-
methoxyphenyl 4-methylbenzenesulfonate (4j) White
solid; yield: 79%; m.p. 276-278 °C; FTIR vy« (cm™ Y
3336, 3273 (N-H), 1647 (C=0), 1585 (C=N), 1352&1178
(S=0); 'H-NMR (300 MHz), (DMSO-d¢/TMS) & ppm:
2.43 (s, 3H, CHj3), 3.57 (s, 3H, Ar-OCH3;), 7.18-8.00 (m,
16H, Ar-H), 8.42 (s, 1H, CH=N), 10.53&11.88 (s, 2H,
CONH); *C-NMR (150 MHz), (DMSO-ds/TMS) & ppm:
21.6 (Ar-CHj), 56.1 (Ar-OCHj), 110.7, 120.0, 120.7,
124.3, 128.2, 128.4, 128.7, 128.9, 130.3, 132.3, 1324,
135.1, 135.1, 139.1, 1429, 146.1 (CH=N), 146.7 (C-
OCHj3;), 152.0 (C-0S0,), 163.1 (C=0), 166.3 (C=0);
Anal. calcd. for C,oH,5N306S. H,O: C: 62.02, H: 4.85, N:
7.48, S: 5.71. Found: C: 62.70, H: 4.67, N: 7.77, S: 5.97;
LCMS (ES-API) m/z: 567 [M+H+Na]™.

4-((2-((5-(propylthio)-2,3-dihydro-1H-benzo[d]imidazol-2-yl)
carbamoyl) hydrazinylidene)methyl)-2-methoxyphenyl
4-methylbenzenesulfonate (4k) White solid; yield: 72%;
m.p. 182-184°C; FTIR 0pa (cm™b): 3398, 3252 (N-H);
1703 (C=0), 1627 (C=N); 1354&1172 (S=0); 'H-NMR
(300 MHz), (DMSO-d¢/TMS) & ppm: 0.95 (t, 3H, J=
7.2Hz, CHy), 1.48-1.61 (m, 2H, CH,), 2.43 (s, 3H, Ar-
CH;), 2.86 (t, 2H, J=7.2 Hz, CH,), 3.60 (s, 3H, OCHj;),
7.09-7.75 (m, 10H, Ar-H); 7.96 (s, 1H, CH=N), 10.52 (s,
1H, NHCONHN=), 11.29 (s, 1H, benzimidazole NH),
1196 (s, 1H, NHCONHN=); "*C-NMR (75MHz),
(DMSO-d¢/TMS) & ppm: 13.5 (propyl -CH,-CH,-CHj3),
21.5 (Ar-CHy), 22.5 (propyl -CH,-CH,-CH3), 37.1 (propyl
-CH,-CH,-CHj3), 56.2 (OCH3),120.6, 123.9, 124.4, 128.7,
130.2, 132.4, 134.8, 138.7, 141.9, 146.0 (CH=N), 151.9
(C-0S0y); Anal. caled. for CogHy7N505S,: C: 56.40, H:
4.92, N: 12.65, S: 11.58. Found: C: 56.47, H: 5.01, N:
12.44, S: 11.76; LCMS (Q-TOF) m/z: 554 [M+H]".

4-((2-((4-bromophenyl)sulfonyl)hydrazinylidene)methyl)-2-

methoxyphenyl 4-methylbenzenesulfonate (4l) Yellow
solid; yield: 82%; m.p. 147-148 °C; FTIR vy« (cm™h:
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3234 (N-H), 1599 (C=N), 1346&1151 (SO,); 'H-NMR
(300 MHz), (DMSO-ds/TMS) & ppm: 2.42 (s, 3H, CHj3),
3.52 (s, 3H, Ar-OCHj3), 7.09-7.87 (m, 13H, Ar-
H&CH=N), 11.73 (s, 1H, CONH-N=); '3C-NMR
(150 MHz), (DMSO-dy/TMS) & ppm: 21.6 (Ar-CHs), 56.1
(Ar-OCH3), 111.5, 119.7, 127.6, 128.2, 128.7, 129.7,
130.3, 130.4, 132.4, 132.8, 134.1, 138.5, 139.1, 146.1
(CH=N), 146.8 (C-OCHj3), 151.9 (C-0SO,); Anal. calcd.
for CyH oBrN,OgS,: C: 46.76, H: 3.55, N: 5.19, S: 11.89.
Found: C: 46.81, H: 3.45, N: 4.65, S: 11.31; LCMS (Q-
TOF) m/z: 540 [M+2H]".

4-((2-((4-chlorophenyl)sulfonyl)hydrazinylidene)methyl)-2-
methoxyphenyl 4-methyl benzene sulfonate (4m) Dark
yellow solid; yield: 87%; m.p. 136137 °C; FTIR vy (cm ™)
3252 (N-H); 1583 (C=N); 1357&1172 (S=0); 'H-NMR
(300 MHz), (DMSO-dg/TMS) d ppm: 2.42 (s, 3H, CH3), 3.51
(s, 3H, Ar-OCHj;), 7.10-7.89 (m, 12H, Ar-H&CH=N), 11.74
(s, IH, CONH-N=); *C-NMR (75 MHz), (DMSO-d¢/TMS)
o ppm: 21.6 (Ar-CHj3); 56.0 (OCHj), 111.5, 119.6, 124.3,
128.1, 128.7, 129.6, 129.9, 130.3, 132.3, 134.1, 138.5, 139.0,
146.5,146.8 (CH=N), 151.9 (C-OSO,); Anal. calcd. for
Cy1H9CIN,OgS,: C: 5096, H: 3.84, N: 5.74, S: 11.91.
Found: C: 49.82, H: 3.87, N: 5.66, S: 12.96. LCMS (ES-API)
m/z: 495 [M+H]".

4-((2-((4-nitrophenyl)sulfonyl)hydrazinylidene)methyl)-2-
methoxyphenyl 4-methylbenzenesulfonate (4n) Yellow
solid; yield: 90%; m.p. 104—105 °C; FTIR vy, (cm™'): 3230
(N-H), 1668 (C=N), 1346&1170 (S=0); 'H-NMR
(300 MHz), (DMSO-d¢/TMS) & ppm: 2.42 (s, 3H, CHj),
3.53 (s, 3H, Ar-OCHj;), 7.09-8.46 (m, 12H, Ar-H&CH=N),
11.99 (s, 1H, CONH-N=); *C-NMR (75 MHz), (DMSO-dy/
TMS) & ppm: 21.6 (Ar-CHj3), 56.1 (Ar-OCHj3;), 111.6, 119.8,
124.3, 125.1, 128.6, 129.3, 130.3, 132.4, 133.9, 139.2, 144.5,
146.1 (C-OCHj3), 147.4 (CH=N), 150.4 (C-NO,), 152.0 (C-
OS()z); Anal. calcd. for C21H19N30852.2H203 C: 4657, H:
3.43, N:7.76, S: 11.84. Found: C: 46.90, H: 3.44, N: 7.56, S:
11.86; LCMS (ES-API) m/z: 528 [M+Na]*.

Biological assay
Cell culture studies

Human lung adenocarcinoma cell line (A549), human
breast cancer cell line (MCF-7), human colorectal ade-
nocarcinoma cell line (HT-29), human prostate cell line
(PC-3), human liver cancer cell line (Hep3B), human
cervical cancer cell (HeLa) and nontumorigenic mouse
embryonic fibroblast cell line (NIH 3T3) were purchased
from American Type Culture Collection (ATCC) (Man-
assas, VA, USA). Cells were cultured in Dulbecco’s
modified eagle medium (DMEM) (Gibco, Rockville, MD,
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USA) containing 10% fetal bovine serum (FBS) (Gibco,
Rockville, MD, USA) and maintained in a 37 °C, 5% CO,
incubator. Cell passage was conducted at 80-90%
confluence.

Cell viability assay

Cell viability was determined by the MTT assay as described
previously [29]. Briefly, cells were seeded into 96-well plates
at 10.000 cells and incubated overnight. Then, the cells were
treated with compounds (at 10 uM) for 48 h. After the incu-
bation period, MTT was added into each well to for the 4 h at
a final concentration of 0.5 mg/mL. The culture medium was
then removed and 100 uL of the SDS buffer was added to
solubilize the purple formazan product. The colour product of
the reaction was quantified by measuring absorbance at a 570
and 630 nm were measured by a microplate reader (Biotek,
Winooski, VT).

Apoptosis studies

Annexin V binding, caspase-3 and caspase-9 activation
measurement and detection of the loss of mitochondrial
membrane potential procedures have been previously
described in detail [30]. Following the treatment, cells were
centrifuged and resuspended in cold PBS afterwards. After
incubation of cells with annexin V for 15 min at room tem-
perature in the dark at room temperature, then centrifuged at
1000x g for Smin at room temperature. Fluorescence
intensity was measured using a fluorescence Elisa reader.
The activity of proteases caspases was detected using the
caspase colorimetric assay kits (Millipore, Billerica, MA,
USA). To detect caspase activity, cells were lysed in ice-cold
lysis buffer. Samples were centrifuged at 10,000 x g for
1 min. Subsequently, the supernatants were collected and the
protein concentrations were measured by the Bradford
method. Samples containing 200 ug protein were incubated
with Spl of the 4mM p-nitroanilide (pNA) substrates,
(DEVD-pNA for caspase-3 and LEHD-pNA for caspase-9)
for 2h at 37°C. pNA cleavage was observed spectro-
photometrically using an EPOCH microplate reader (Biotek,
Winooski, VT, USA) at 405 nm. Data are expressed as fold
increase in caspase activity.

Acknowledgements This work was supported financially by the Sci-
entific and Technological Research Council of Turkey (TUBITAK)
(Project Number: 1185840).

Compliance with ethical standards
Conflict of interest The authors declare no competing interests.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



Medicinal Chemistry Research (2022) 31:368-379

379

References

10.

11.

12.

13.

14.

15.

. Rollas S, Kiiciikgiizel SG. Biological activities of hydrazone

derivatives. Molecules. 2007;12:1910-39. https://doi.org/10.1016/
j-ejmech.2003.08.004.

. Senkardes S, Kaushik-Basu N, Durmaz I, Manvar D, Basu A,

Atalay R, et al. Synthesis of novel diflunisal hydrazide-hydrazones
as anti-hepatitis C virus agents and hepatocellular carcinoma
inhibitors. Eur J Med Chem. 2016;108:301-8. https://doi.org/10.
1016/j.ejmech.2015.10.041.

. Zhang D,Ma Y, Liu Y, Liu ZP. Synthesis of sulfonylhydrazone- and

acylhydrazone-substituted 8-ethoxy-3-nitro-2H-chromenes as potent
antiproliferative and apoptosis inducing agents. Arch Pharm.
2014;347:576-88. https://doi.org/10.1002/ardp.201400082.

. Kiiciikgiizel G, Kog D, Cikla-Siizgiin P, Ozsavci D, Bingél-

Ozakpinar O, Mega-Tiber P, et al. Synthesis of tolmetin
hydrazide-hydrazones and discovery of a potent apoptosis inducer
in colon cancer cells. Arch Pharm. 2015;348:730-42. https://doi.
org/10.1002/ardp.201500178.

. Han Mi, Atalay P, Tung CU, Unal G, Dayan S, Aydin 0, et al.

Design and synthesis of novel (S)-naproxen hydrazide-hydrazones
as potent VEGFR-2 inhibitors and their evaluation in vitro/in vivo
breast cancer models. Bioorg Med Chem. 2021;37:116097 https://
doi.org/10.1016/j.bmc.2021.116097.

. Nechepurenko IV, Shirokova ED, Khvostov MV, Frolova TS,

Sinitsyna OI, Maksimov AM, et al. Synthesis, hypolipidemic and
antifungal activity of tetrahydroberberrubine sulfonates. Russ Chem
Bull. 2019;68:1052-60. https://doi.org/10.1007/s11172-019-2519-y.

. Chen S, Zhang Y, Liu Y, Wang Q. Design, synthesis, acaricidal

activities, and structure-activity relationship studies of novel
oxazolines containing sulfonate moieties. J Agric Food Chem.
2019;67:13544-9. https://doi.org/10.1021/acs.jafc.9b05547.

. Bagul SD, Rajput JD, Patil MM, Bendre RS. Synthesis, character-

ization and antioxidant activity of carvacrol based sulfonates. Med
Chem. 2017;7:294-8. https://doi.org/10.4172/2161-0444.1000470.

. Grindrod S, Suy S, Fallen S, Eto M, Toretsky J, Brown ML.

Effects of a fluorescent myosin light chain phosphatase inhibitor
on prostate cancer cells. Front Oncol. 2011;1:1-17. https://doi.org/
10.3389/fonc.2011.00027.

Fortin S, Charest-Morin X, Turcotte V, Lauvaux C, Lacroix J, Coté
MF, et al. Activation of phenyl 4-(2-Oxo-3-Alkylimidazolidin-1-yl)
benzenesulfonates prodrugs by CYP1A1 as new antimitotics target-
ing breast cancer cells. ] Med Chem. 2017;60:4963-82. https://doi.
org/10.1021/acs.jmedchem.7b00343.

Krueger AB, Dehdashti SJ, Southall N, Marugan JJ, Ferrer M, Li X,
et al. Identification of a selective small-molecule inhibitor series
targeting the eyes absent 2 (Eya2) phosphatase activity. J Biomol
Screen. 2013;18:85-96. https://doi.org/10.1177/1087057112453936.
Dorababu A. Synthesis, pharmacological evaluation and structure-
activity relationship of recently discovered enzyme antagonist
azoles. Heliyon. 2020;6:¢03656. https://doi.org/10.1016/j.heliyon.
2020.e03656.

Han MI, Bek¢i H, Cumaoglu A, Kiiciikgiizel G. Synthesis and
characterization of 1,2,4-triazole containing hydrazide-hydrazones
derived from (S)-naproxen as anticancer agents. Marmara Pharm
J. 2018;22:559-69. https://doi.org/10.12991/jrp.2018.98.
Senkardes S, Tiire A, Ekrek S, Durak AT, Abbak M, Cevik 0,
et al. Novel 2,6-disubstituted pyridine hydrazones: Synthesis,
anticancer activity, docking studies and effects on caspase-3-
mediated apoptosis. J Mol Struct. 2021;1223:1-9. https://doi.org/
10.1016/j.molstruc.2020.128962.

Kiiciikgiizel SG, Mazi A, Sahin F, Oztiirk S, Stables J. Synthesis
and biological activities of diflunisal hydrazide-hydrazones. Eur J

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Med Chem. 2003;38:1005-13. https://doi.org/10.1016/j.ejmech.
2003.08.004.

Cikla P, Arora P, Basu A, Talele TT, Kaushik-Basu N, Kiiciik-
giizel SG. Etodolac thiosemicarbazides: a novel class of hepatitis
C virus NS5B polymerase inhibitors. Marmara Pharm J.
2013;17:138-46. https://doi.org/10.12991/201317382.

Amir M, Kumar S. Synthesis and anti-inflammatory, analgesic,
ulcerogenic and lipid peroxidation activities of 3,5-dimethyl pyr-
azoles, 3-methyl pyrazol-5-ones and 3,5-disubstituted pyrazolines.
Indian J Chem Sect B Org Med Chem. 2005;44:2532-7. https://
doi.org/10.1002/chin.200615110.

Karakus S, Rollas S. Synthesis and antimycobacterial activity of
some 2-(4-aminophenyl)-5-substituted amino-1,3,4-thiadiazole
derivatives and their coupling products. Marmara Pharm J.
2016;20:199-206. https://doi.org/10.12991/mpj.20162013533.
Khasawneh R, Kornreich R. Synthesis,characterization and anti-
inflammatory activity of 5- substituted phenyl-N-(6-(propylthio)-
1H-benzo[d]imidazol-2-yl) -1, 3, 4-oxadiazol-2-amines. Pharma-
cogenomics. 1809;3:781-91.

Senkardes S, Han MI, Kulabas N, Abbak M, Cevik O, Kiiciikgiizel 1,
et al. Synthesis, molecular docking and evaluation of novel sulfonyl
hydrazones as anticancer agents and COX-2 inhibitors. Mol Divers.
2020;24:673-89. https://doi.org/10.1007/s11030-019-09974-z.

Mao PCM, Mouscadet JF, Leh H, Auclair C, Hsu LY. Chemical
modification of coumarin dimer and HIV-1 integrase inhibitory
activity. Chem Pharm Bull. 2002;50:1634-7. https://doi.org/10.
1248/cpb.50.1634.

Samrin F, Sharma A, Khan IA, Puri S. Synthesis and antibacterial
activity of new diaryldiamines. J Heterocycl Chem.
2012;49:1391-7. https://doi.org/10.1002/jhet.1040.

Aydin S, Kaushik-Basu N, Arora P, Basu A, Nichols DB, Talele
TT. et al. Microwave assisted synthesis of some novel flurbiprofen
hydrazide hydrazones as anti-HCV NS5B and anticancer agents.
Marmara Pharm J. 2013;17:26-34. https://doi.org/10.12991/
201317389.

Nowak G. Protein kinase C-a and ERK1/2 mediate mitochondrial
dysfunction, decreases in active Na+ transport, and cisplatin-
induced apoptosis in renal cells. J Biol Chem.
2002;277:43377-88. https://doi.org/10.1074/jbc.M206373200.
Utsuro M. Neutron spin interference visibility in tunneling trans-
mission through magnetic resonators. Phys B Condens Matter.
2005;358:232-46. https://doi.org/10.1016/j.physb.2005.01.398.
Pistritto G, Triscivoglio D, Ceci C, Alessia G, D’Orazi G.
Apoptosis as anticancer mechanism: Function and dysfunction of
its modulators and targeted therapeutic strategies. Aging.
2016;8:603-19. https://doi.org/10.18632/aging.100934.

Kang MH, Reynolds CP. Bcl-2 Inhibitors: targeting mitochondrial
apoptotic pathways in cancer therapy. Clin Cancer Res.
2009;15:1126-32. https://doi.org/10.1158/1078-0432.CCR-08-0144.
Taskin Tok T, Ozasik O, Sarigdl D, Uzgoren Baran A. Synthesis
and molecular modeling studies of naproxen-based acyl hydra-
zone derivatives. Turkish J Chem. 2015;39:64-83. https://doi.org/
10.3906/kim-1401-91.

Kulabas N, Ozakpinar OB, Ozsaval D, Leyssen P, Neyts J,
Kiigiikgiizel 1. Synthesis, characterization and biological evalua-
tion of thioureas, acylthioureas and 4-thiazolidinones as anticancer
and antiviral agents. Marmara Pharm J. 2017;21:371-84. https://
doi.org/10.12991/marupj.300913.

Bingol Ozakpinar O, Tiire A, Kiiciikgiizel I. Molecular modeling
and assessment of cytotoxic and apoptotic potentials of imatinib
analogues featuring (Thio)urea motifs in human leukemia and
lymphoma cells. J Res Pharm. 2020;24:801-11. https://doi.org/10.
35333/jrp.2020.239.

@ Springer


https://doi.org/10.1016/j.ejmech.2003.08.004
https://doi.org/10.1016/j.ejmech.2003.08.004
https://doi.org/10.1016/j.ejmech.2015.10.041
https://doi.org/10.1016/j.ejmech.2015.10.041
https://doi.org/10.1002/ardp.201400082
https://doi.org/10.1002/ardp.201500178
https://doi.org/10.1002/ardp.201500178
https://doi.org/10.1016/j.bmc.2021.116097
https://doi.org/10.1016/j.bmc.2021.116097
https://doi.org/10.1007/s11172-019-2519-y
https://doi.org/10.1021/acs.jafc.9b05547
https://doi.org/10.4172/2161-0444.1000470
https://doi.org/10.3389/fonc.2011.00027
https://doi.org/10.3389/fonc.2011.00027
https://doi.org/10.1021/acs.jmedchem.7b00343
https://doi.org/10.1021/acs.jmedchem.7b00343
https://doi.org/10.1177/1087057112453936
https://doi.org/10.1016/j.heliyon.2020.e03656
https://doi.org/10.1016/j.heliyon.2020.e03656
https://doi.org/10.12991/jrp.2018.98
https://doi.org/10.1016/j.molstruc.2020.128962
https://doi.org/10.1016/j.molstruc.2020.128962
https://doi.org/10.1016/j.ejmech.2003.08.004
https://doi.org/10.1016/j.ejmech.2003.08.004
https://doi.org/10.12991/201317382
https://doi.org/10.1002/chin.200615110
https://doi.org/10.1002/chin.200615110
https://doi.org/10.12991/mpj.20162013533
https://doi.org/10.1007/s11030-019-09974-z
https://doi.org/10.1248/cpb.50.1634
https://doi.org/10.1248/cpb.50.1634
https://doi.org/10.1002/jhet.1040
https://doi.org/10.12991/201317389
https://doi.org/10.12991/201317389
https://doi.org/10.1074/jbc.M206373200
https://doi.org/10.1016/j.physb.2005.01.398
https://doi.org/10.18632/aging.100934
https://doi.org/10.1158/1078-0432.CCR-08-0144
https://doi.org/10.3906/kim-1401-91
https://doi.org/10.3906/kim-1401-91
https://doi.org/10.12991/marupj.300913
https://doi.org/10.12991/marupj.300913
https://doi.org/10.35333/jrp.2020.239
https://doi.org/10.35333/jrp.2020.239
https://www.researchgate.net/publication/357789567

	Synthesis and anticancer activity of novel hydrazone linkage-based aryl sulfonate derivatives as apoptosis inducers
	Abstract
	Introduction
	Results and discussion
	Chemistry
	Biological evaluation

	Conclusions
	Materials and methods
	Experimental
	Synthesis
	Methyl 4-[(thiophene-2-carbonyl)amino]benzoate
	N-[4-(hydrazinecarbonyl)phenyl]thiophene-2-carboxamide (1i)
	General procedure for the synthesis of target compounds
	4-((2-(2-(6-methoxynaphthalen-2-yl)propanoyl)hydrazinylidene)methyl)phenyl 4-nobreakmethylbenzenesulfonate (3a)
	4-((2-(2&#x02019;,4&#x02019;-difluoro-4-hydroxy-[1,1&#x02019;-biphenyl]-3-carbonyl)hydrazinylidene)methyl)phenyl 4-nobreakmethylbenzenesulfonate (3b)
	4-((2-(2-(2-fluoro-[1,1&#x02019;-biphenyl]-4-yl)propanoyl)hydrazinylidene)methyl)phenyl 4-nobreakmethylbenzenesulfonate (3c)
	4-((2-(2-(1-methyl-5-(4-methylbenzoyl)-1H-pyrrol-2-yl)acetyl)hydrazinylidene)methyl)phenyl 4-nobreakmethylbenzenesulfonate (3d)
	4-((2-(2-(4-isobutylphenyl)propanoyl)hydrazinylidene)methyl)phenyl 4-nobreakmethylbenzenesulfonate (3e)
	4-((2-(2-(1,8-diethyl-1,3,4,9-tetrahydropyrano[3,4-b]indol-1-yl)acetyl) hydrazinylidene)methyl)phenyl 4-nobreakmethylbenzenesulfonate (3f)
	4-((2-(6-(2-(4-(tosyloxy)benylidene)hydrazine-1-carbonyl)picolinoyl) hydrazinylidene)methyl)phenyl 4-nobreakmethylbenzenesulfonate (3g)
	4-((2-(2-(2-((2,6-dichlorophenyl)amino)phenyl)acetyl)hydrazinylidene)methyl)phenyl 4-nobreakmethylbenzenesulfonate (3h)
	4-((2-(4-(thiophene-2-carboxamido)benzoyl)hydrazinylidene)methyl)phenyl 4-nobreakmethylbenzenesulfonate (3i)
	4-((2-(4-benzamidobenzoyl)hydrazinylidene)methyl)phenyl 4-nobreakmethylbenzenesulfonate (3j)
	4-((2-((5-(propylthio)-2,3-dihydro-1H-benzimidazol-2-yl)carbamoyl) hydrazinylidene)methyl)phenyl 4-nobreakmethylbenzenesulfonate (3k)
	4-((2-((4-bromophenyl)sulfonyl)hydrazinylidene)methyl)phenyl 4-nobreakmethylbenzenesulfonate (3l)
	4-((2-((4-chlorophenyl)sulfonyl)hydrazinylidene)methyl)phenyl 4-nobreakmethylbenzenesulfonate (3m)
	4-((2-((4-nitrophenyl)sulfonyl)hydrazinylidene)methyl)phenyl 4-nobreakmethylbenzenesulfonate (3n)
	2-methoxy-4-((2-(2-(6-methoxynapthalen-2-yl)propanoyl)hydrazinylidene)methyl)phenyl 4-nobreakmethylbenzenesulfonate (4a)
	2-methoxy-4-((2-(2&#x02019;,4&#x02019;-difluoro-4-hydroxy-[1,1&#x02019;-biphenyl]-3-carbonyl)hydrazinylidene)methyl)phenyl 4-nobreakmethylbenzenesulfonate (4b)
	2-methoxy-4-((2-(2-(2-fluoro-[1,1&#x02019;-biphenyl]-4-yl)propanoyl)hydrazinylidene)methyl)phenyl 4-nobreakmethylbenzenesulfonate (4c)
	2-methoxy-4-((2-(2-(1-methyl-5-(4-methylbenzoyl)-1H-pyrrol-2-yl)acetyl) hydrazinylidene)methyl)phenyl 4-nobreakmethylbenzenesulfonate (4d)
	4-((2-(2-(4-isobutylphenyl)propanoyl)hydrazinylidene)methyl)-2-methoxyphenyl 4-nobreakmethylbenzenesulfonate (4e)
	4-((2-(2-(1,8-diethyl-1,3,4,9-tetrahydropyrano[3,4-b]indol-1-yl)acetyl) hydrazinylidene)methyl)-2-methoxyphenyl 4-nobreakmethylbenzenesulfonate (4f)
	4-((2-(6-(2-(3-methoxy-4-(tosyloxy)benzylidene)hydrazine-1-carbonyl)picolinoyl) hydrazinylidene)methyl)-2-methoxyphenyl 4-nobreakmethylbenzenesulfonate (4g)
	4-((2-(2-(2-((2,6-dichlorophenyl)amino)phenyl)acetyl)hydrazinylidene)methyl)-2-methoxyphenyl 4-nobreakmethylbenzenesulfonate (4h)
	4-((2-(4-(thiophene-2-carboxamido)benzoyl)hydrazinylidene)methyl)-2-methoxyphenyl 4-nobreakmethylbenzenesulfonate (4i)
	4-((2-(4-benzamidobenzoyl)hydrazinylidene)methyl)-2-methoxyphenyl 4-nobreakmethylbenzenesulfonate (4j)
	4-((2-((5-(propylthio)-2,3-dihydro-1H-benzo[d]imidazol-2-yl)carbamoyl) hydrazinylidene)methyl)-2-methoxyphenyl 4-nobreakmethylbenzenesulfonate (4k)
	4-((2-((4-bromophenyl)sulfonyl)hydrazinylidene)methyl)-2-methoxyphenyl 4-nobreakmethylbenzenesulfonate (4l)
	4-((2-((4-chlorophenyl)sulfonyl)hydrazinylidene)methyl)-2-methoxyphenyl 4-nobreakmethyl benzene sulfonate (4m)
	4-((2-((4-nitrophenyl)sulfonyl)hydrazinylidene)methyl)-2-methoxyphenyl 4-nobreakmethylbenzenesulfonate (4n)
	Biological assay
	Cell culture studies
	Cell viability assay
	Apoptosis studies
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




