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Abstract: Hydrazones are regarded as a distinctive category of organic compounds because of their
tremendous characteristics and potential uses in analytical, chemical, and medicinal chemistry. In the
present study, a new series of Hydrazone Derivatives bearing cis-(4-chlorostyryl) amide moiety
were designed and synthesized. In vitro cytotoxicity screening showed that compounds 3i, 31, 3m,
and 3n revealed potent anticancer activity against MCF-7 cancer cell line with ICs( values between
2.19-4.37 uM compared with Staurosporin as a reference compound. The antiproliferative activity
of these compounds appears to be correlated well with their ability to inhibit the VEGFR-2 kinase
enzyme. Activation of the damage response pathway leads to cellular cycle arrest at the G1 phase.
Fluorochrome Annexin V/PI staining indicated that cell death proceeds through the apoptotic
pathway mechanism. The mechanistic pathway was confirmed by a significant increase in the level
of active caspase 9 compared with control untreated MCF-7 cells.

Keywords: hydrazone derivatives; cis-4-chlorostyryl amide; synthesis; cytotoxicity; VEGFR-2; cell
cycle analysis; annexin V; caspase

1. Introduction

Cancer has remained one of the most difficult and potentially fatal illnesses to cure [1].
Cancer has been revealed to remain the second largest source of demise worldwide af-
ter cardiovascular disorders (CVD) [2,3]. Reported studies confirm that so far, around
22.5 million people have received a cancer diagnosis [4]. Additionally, resistance to the
present treatment and adverse effects linked to conventional non-selective chemother-
apeutic treatments promote the development of innovative anticancer medicines [5,6].
The protein tyrosine kinases can regulate the cell cycle progression, migration, survival,
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differentiation, and proliferation [7]. Tyrosine kinases are able to phosphorylate tyrosine
residues in proteins [8]. The function of the proteins is changed as a result of phosphory-
lation [9]. Tyrosine kinases become continuously active as a result of mutations and/or
dysregulation, which eventually lead to the development of cancer [10,11]. Part of the
tyrosine kinase is the vascular endothelium growth factor receptor (VEGFR-2) kinase which
is recognized to be the primary signal transducer of VEGF-dependent angiogenesis [12].
The accessibility, survivability, and proliferation of the vascular endothelial cells are reg-
ulated via the VEGFR-2 signaling pathway [13]. VEGFR-2 is upregulated in a plethora
of cancers, which include breast cancer [14]. This is desirable because VEGFR-2 is only
tenuously expressed in healthy tissue [15]. As a result, it is thought that blocking the
VEGF/VEGER signaling pathway may be an effective therapeutic target for preventing
tumorigenesis besides consequent cancer development [16].

Hydrazones represent an important motif for many bioactive molecules and drugs
that possesses a wide range of pharmacological activities [17,18]. A lot of research has been
done on hydrazone function because of their many different characteristics and potential
uses in analytical, chemical, and medicinal chemistry [19-22]. Hydrazones are regarded as
a distinctive category of organic compounds. They played an important role as a building
unit for several anticancer agents due to the presence of hydrogen bond donors and
acceptors in addition to their flexible skeleton [23,24]. (S)-Naproxen hydrazone molecule
I showed potent anticancer activity against two different human cancer cell lines (MDA-
MB-231 and MCEF-7) with good selectivity (IC5p = 22.42 and 59.81 uM, respectively) [25].
In addition, SAR studies prove that the antiproliferative activity of PAC-1, I is dependent
on the presence of hydrazone moiety, which can chelate zinc that allows procaspases 3 to
process itself to active form [26]. Furthermore, hydrazone-based aryl sulphonate molecule
III induced apoptosis in MCF-7 cells at its IC5y dose value (IC59p = 17.8 uM) mediated
through the intrinsic apoptotic pathway by activating caspase 3 and caspase 9 [27]. Further,
the cytotoxic effect of hydrazone molecule IV was associated with VEGFR-2 inhibition
with an ICsj value of 0.05 uM as compared with Sorafenib (ICsy = 0.10 uM) as a reference
drug [28] (Figure 1).
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Figure 1. Chemical structures of some reported hydrazone linkage-based anticancer agents (I-1V)
and some potent styryl-containing compounds as anticancer drugs (V,VI).
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The styryl functionality is widely represented in pharmaceutically active molecules,
including bioactive molecules and drugs [29-31]. The cis combretastatin A-4 (CA-4) V,
a cis-stilbenoid natural product, displayed potent anticancer activity over various cancer
cells [32]. In addition, Belinostat VI is an FDA-approved styryl hydroxamide molecule that
is used to treat cancer [33] (Figure 1).

In this context, our goal was to create a brand-new collection of hydrazone derivatives
with a cis-(4-chlorostyryl) amide moiety (Figure 2). In an effort to find prospective anticancer
agents, the generated hydrazone compounds were evaluated for their in vitro cytotoxic
activity against the MCF-7 cancer cell line in comparison with Staurosporin (STU), which
served as the reference anticancer molecule. To examine the molecular pathways of the
antiproliferative activity of the synthesized hydrazone compounds, additional studies such
as the VEGFR-2 inhibitory activity, cell cycle analysis, and apoptosis-related tests were
carried out on the most powerful cytotoxic compounds.
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Figure 2. Design strategy of the target hydrazone derivatives containing cis-(4-chlorostyryl) amide
moiety 3a-n and 4.

2. Results and Discussion
2.1. Chemistry

The designed hydrazone-based compounds were synthesized as outlined in Scheme 1.
(Z)-N-(1-(4-chlorophenyl)-3-hydrazinyl-3-oxoprop-1-en-2-yl)-3,4-dimethoxybenzamide (2)
the key intermediate for the synthesis of the title hydrazone molecules 3a—n and 4 was pre-
pared by hydrazinolysis of (Z)-ethyl 3-(4-chlorophenyl)-2-(3,4-dimethoxybenzamido)acrylate
(1) in pure ethanol as reported earlier [34]. Treatment of the acid hydrazide (Z)-2 with
a respective aromatic aldehyde in pure ethanol containing a few drops of glacial acetic
acid afforded the desired hydrazone derivatives 3a—-n. All structures of novel hydrazone
derivatives were substantiated by 'H-NMR and '*C-NMR spectra, along with elemental mi-
croanalyses data. The 'H-NMR spectrum of 4-methylbenzylidene hydrazinyl derivative 3g,
as a representative example, displayed signals at 4 11.68 and 9.99 ppm assigned to two NH
protons, in addition to singlet signal at 4 8.38 ppm due to proton attached to imine (CH=N)
carbon. A Z-configuration of the olefinic (C=C) bond in the 4-chlorostyryl moiety was
confirmed by the signal of olefinic (CH=) proton, which resonated at higher chemical shift
at 0 7.06 ppm as a singlet signal. Further, compound 3g showed the presence of extra signals
related to 4-methylphenyl protons together with other signals assigned to 4-chlorostyryl
and 3,4-dimethoxyphenyl moieties. The '*C-NMR spectrum of 4-methylbenzylidene hy-
drazinyl derivative 3g was compatible with the proposed structure. Thus, in the 3C-NMR
spectrum of 4-methylbenzylidene hydrazinyl 3g, two characteristic signals at 6 165.85
and 162.66 ppm related to hydrazinyl and aromatic amide carbonyl carbons, respectively.
Further, the 3C-NMR spectrum of methylbenzylidene hydrazinyl 3g displayed a signal at
5 147.86 ppm assigned to azomethine (C=IN) carbon and signals related to two methoxy
(20CH3) and methyl (CH3) groups at 6 56.17, 56.08 and 21.50 ppm, subsequently. Addition-
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ally, the 13C-NMR spectrum of 4-methylbenzylidene hydrazinyl 3g elicited extra aromatic
carbon signals of the introduced 4-methylphenyl moiety that appeared in the region of 6
152.33-111.45 ppm. 3-Phenylallylidene hydrazinyl molecule 4 was obtained by reacting the
key acid hydrazide intermediate (Z)-2 with cinnamaldehyde in glacial acetic acid. Thus,
in the 'H-NMR spectrum of 3-phenylallylidene hydrazinyl 4, NH protons appear as two
singlet signals at 6 11.65 and 9.97 ppm, respectively as well as characteristic doublet signal
at & 8.20 ppm assignable to azomethine (-N=CH-) proton. Further, 3-phenylallylidene
hydrazinyl 4 indicated the presence of two triplet and doublet signals at 6 7.34 and
7.10 ppm, respectively, assigned to two allylic protons of phenylallylidene moiety. In addi-
tion, the 'H-NMR spectrum of 3-phenylallylidene hydrazinyl 4 displayed extra aromatic
signals in the region of 6 7.74-7.40 ppm corresponding to phenyl protons of the phenylal-
lylidene moiety. The '3C-NMR spectrum of 3-phenylallylidene hydrazinyl 4 revealed the
presence of signals for hydrazinyl and amide carbonyl (C=0) at 6 165.83 and 162.60 ppm,
in addition to two methoxy carbons at 6 56.17 and 56.09 ppm. Further, 3-phenylallylidene
hydrazinyl 4 showed additional carbon signals in the region of 6 152.34-111.45 ppm due to
the carbons of the 4-phenylallylidene moiety.
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Scheme 1. Synthesis of the target hydrazone compounds 3a—n and 4. Reagents and reaction condition:
(i) Hydrazine hydrate, ethanol, reflux 2 h, 84%; (ii) appropriate aromatic aldehyde, ethanol, reflux 5-6
h, 58-79%; (iii) cinnamaldehyde, glacial acetic acid, reflux 4 h, 82%.
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2.2. Biology
2.2.1. In Vitro Cytotoxic Activity against MCF-7 Breast Cancer Cell Line

To assess the cytotoxic activity of the prepared hydrazone derivatives 3a-n and
4, the breast adenocarcinoma (MCF-7) cell line was involved in the cytotoxicity study,
and MTT stain was used to assess cell viability. Staurosporin (STU) was included as a
reference anticancer compound in the current study. STU displayed an ICsy value of
4.19 uM against MCF-7. The in vitro cytotoxicity results showed that all hydrazone deriva-
tives displayed cytotoxic activity against the MCF-7 cell line with varying ICsg values of
2.19-86.44 uM. The most potent aryl hydrazinyl compounds were 3i, 31, 3m, and 3n and
exhibited ICs values of 4.37, 2.19, 2.88, and 3.51 uM, subsequently (Table 1). All other
derivatives were less cytotoxic, with ICsq values from 6.19-86.44 uM. Interestingly, 4-
hydroxy-3-methoxybenzylidene hydrazinyl molecule 31 possessed the highest promising
cytotoxic effect as concluded from its ICs value (ICsq value of 2.19 pM) against test MCF-7
cells compared with the value of 4.19 uM for STU. It could be concluded that substitution on
the phenyl ring of arylidene hydrazinyl moiety with electron-donating groups contributed
to the cytotoxic activity. Further, the replacement of phenyl ethylidene moiety with phenyl
allylidene moiety leads to a reduction of the cytotoxic activity against the MCF-7 cell line.

Table 1. Cytotoxic screening of the tested hydrazone molecules 3a—n and 4 against MCF-7 breast
cancer cell line. Data expressed as mean =+ SD.

IC5y Value (uM)

Comp. No.

MCEF-7
3a 11.43 £1.02
3b 35.72 £1.57
3¢ 86.44 + 1.67
3d 57.09 +1.49
3e 17.05 £ 0.83
3f 9.02 £0.37
3g 10.74 £ 0.48
3h 10.09 + 0.42
3i 437 £0.20
3j 21.16 £ 0.51
3k 6.19 £0.27
3l 219 £0.12
3m 2.88 +0.18
3n 3.51£0.16
4 31.78 £1.27

STU 4194017

2.2.2. In Vitro VEGFR-2 Inhibition Assay

VEGFR-2 plays a pivotal role in promoting cancer angiogenesis [35]. VEGFR-2 block-
ade can exert a direct anticancer impact against cancerous cell lines that express VEGFR-2 re-
ceptors on their surface [36]. To elucidate the growth inhibition activity declared by the syn-
thesized hydrazone molecules, VEGFR-2 was evaluated in MCF-7 cells after treatment with
5 uM of the most potent cytotoxic 4-hydroxy-3-methoxybenzylidene hydrazinyl molecule
31 using ELISA analysis. Sorafenib was used as a positive control in the current study.
The inhibitory activity in this assay is given as the percentage inhibition. The obtained
results showed good VEGFR-2 inhibition elicited by 4-hydroxy-3-methoxybenzylidene hy-
drazinyl molecule 31 compared with Sorafenib (Figure 3). 4-Hydroxy-3-methoxybenzylidene
hydrazinyl molecule 31 showed 80.06% inhibition compared with 88.69% VEGFR-2 inhi-
bition for Sorafenib. Such results concluded that 4-hydroxy-3-methoxybenzylidene hy-
drazinyl derivative 31 exerted its anti-proliferative activity through inhibition of VEGFR-2.
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Figure 3. Graphical representation of the in vitro VEGFR-2 kinase inhibition activity (%) in MCF-7
cells treated with 4-hydroxy-3-methoxybenzylidene hydrazinyl molecule 31 and Sorafenib at 5 uM.

2.2.3. Cell Cycle Analysis

The most active hydrazinyl molecule, 31, was selected to be further investigated
regarding its impact on cellular cycle progression in the MCF-7 cell line. Exposure of MCF-7
cells to 4-hydroxy-3-methoxybenzylidene hydrazinyl 31 at a concentration equal to its ICsq
value (ICsg = 2.19 pM) for 48 and its impact on cell cycle stages were analyzed. The results
demonstrated that exposure of MCF-7 cells to 4-hydroxy-3-methoxybenzylidene hydrazinyl
31 resulted in interference with the normal cellular distribution of the tested cell line.
In addition, 4-Hydroxy-3-methoxybenzylidene hydrazinyl 31 induced a significant increase
in the percentage of cells at the G1 phase. It is worth mentioning that the percentage of cells
accumulated at the G1 phase induced by 4-hydroxy-3-methoxybenzylidene hydrazinyl
31 was increased by 1.3-fold compared with untreated MCF-7 cells (Figure 4). The results
suggested that cellular cycle arrest at the G1 phase might explain the VEGFR-2 inhibitory
activity exhibited by 4-hydroxy-3-methoxybenzylidene hydrazinyl 31.
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Figure 4. Graphical representation of the effect of 4-hydroxy-3-methoxybenzylidene hydrazinyl 31 on
DNA ploidy flow cytometric analysis of MCE-7 cancer cells after 48 h.
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2.2.4. Apoptosis Staining Assay

Modulation of apoptosis provides a protective mechanism against breast carcinoma [37].
To ensure the ability of the synthesized 4-hydroxy-3-methoxybenzylidene hydrazinyl
molecule 31 to induce apoptosis in MCF-7 cells, an apoptosis staining assay was carried
out using FACS analysis. Apoptosis staining assay is used to differentiate between live
cells, early apoptotic cells, late apoptotic cells, and necrotic cells. After 48 h of treatment
with 4-hydroxy-3-methoxybenzylidene hydrazinyl 31 at a concentration equal to its ICs
values (IC5p = 2.19 uM), an increase in the percentage of early apoptotic cells (61.6-fold
more than control untreated cells). In addition, some treated MCF-7 cells were in a late
apoptotic stage (54.2-fold more than control untreated cells) (Figure 5). It can be con-
cluded that the increased percentage of both early and late apoptosis induced by treatment
with 4-hydroxy-3-methoxybenzylidene hydrazinyl 31 provides indirect evidence that this
hydrazinyl molecule can arrest cell growth or stimulate apoptosis.

(B)

CTRL MCF-7 Comp 31/ MCF-7
E Early apoptosis
[ Late apoptosis
25+ B Necrosis
p—
~ 20+
&\°’
2 15+
w
8
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o
o
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Annexin VY-FITC Annexin ¥-FITC o &Q
00

Figure 5. (A) Graphical representation of the early and late apoptotic cells percentage after treatment
with 4-hydroxy-3-methoxybenzylidene hydrazinyl 31 compared with untreated MCF-7 cells. (B)
Representative dot plots of the early and late apoptotic cells percentage of MCF-7 cells treated with
4-hydroxy-3-methoxybenzylidene hydrazinyl 31 and analyzed by FACS analysis after staining with
Annexin V/FITC and PI for 48 h.

2.2.5. Caspase 9 Assay

Apoptosis is well mediated by a subfamily of cysteine proteases known as caspases [38].
Caspase 9 is an initiator caspase known to play a major role in mediating mitochondria-
induced apoptotic pathways [39]. In the present assay, the level of active caspase 9 was
determined in MCF-7 breast cancer cells. As shown in Figure 6, treatment of MCF-7 cells
with 4-hydroxy-3-methoxybenzylidene hydrazinyl molecule 31 at a concentration equal to
its ICs value (IC5p = 2.19 uM) for 48 h produced a significant increase in the level of active
caspase 9 relative to control untreated MCF-7 cells. It is worth mentioning that hydrazinyl
molecule 31 was 8.38-fold more than control untreated cells. Such results suggested that
4-hydroxy-3-methoxybenzylidene hydrazinyl 31 induced mitochondrial apoptotic pathway.
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Caspase 9 Conc
(ng/mL)
8

Figure 6. ELISA analysis of active caspase 9 in MCF-7 cells treated with 4-hydroxy-3-methoxybenzylidene
hydrazinyl 31 at its ICsy concentration (uM) after 48 h.

3. Conclusions

In conclusion, a series of novel hydrazone derivatives bearing cis-(4-chlorostyryl)
amide moiety were synthesized and characterized by 'H-NMR, 3C-NMR, and elemental
analysis data. They were screened for their cytotoxic activity against the MCF-7 breast
cancer cell line. Hydrazinyl molecules 3i, 31, 3m, and 3n exhibited potent cytotoxic activity
against the test cell line with ICsg values of 4.37, 2.19, 2.88, and 3.51 uM, subsequently
as compared with STU as reference compound (ICsp = 4.19 uM). The cytotoxic activity
of the most potent cytotoxic hydrazinyl molecule 31 appeared to correlate well with its
ability to inhibit the VEGFR-2 enzyme. Hydrazinyl molecule 31 showed 80.06% inhibition
against VEGFR-2 at 5 uM compared with Sorafenib (88.69% inhibition at 5 tM). Moreover,
activation of the death response pathway induced by hydrazinyl compound 31 leads to
cell cycle arrest at the G1 phase (1.3-fold more than untreated control), and fluorochrome
Annexin V/FITC staining assay declared cellular death response proceed through the
apoptotic mechanistic pathway. Compound 31 showed a significant increase in the level of
active caspase 9. It is worth mentioning that the level of active caspase 9 was increased by
8.38-fold compared with control untreated MCF-7 cells. The molecules reported in this
study represent important candidates that could help to develop more effective antiprolif-
erative agents against breast cancer.

4. Experimental
4.1. Chemistry

Melting points, IH-NMR, 13C-NMR, as well as elemental microanalyses were per-
formed to elucidate the chemical structure of the prepared hydrazone molecules. See
Section 4.1.1 in supplementary data.

4.1.1. General Procedure for the Synthesis of N-((Z)-3-((E)-2-Arylidenehydrazinyl)-1-
(4-chlorophenyl)-3-oxoprop-1-en-2-yl)-3,4-dimethoxybenzamides 3a—n

A mixture of the hydrazinyl derivative 2 (375 mg, 1 mmol) and the respective aromatic
aldehyde (1 mmol) in pure ethanol (20 mL) and a few drops of glacial acetic acid (10 drops)
was heated to reflux for 5-6 h. After completion of the reaction, the reaction mixture was
cooled. After cooling, the separated solid residue was filtered, dried, and crystallized from
ethanol (70%) to give the title compound 3a—n.
N-((2)-3-((E)-2-Benzylidenehydrazinyl)-1-(4-chlorophenyl)-3-oxoprop-1-en-2-yl)-3,4-
dimethoxybenzamide (3a)

White powder (353 mg, 76%), m.p. 248-250 °C. 'H-NMR (400 MHz, DMSO-d,
b ppm): 3.83 (s, 3H, OCH3), 3.85 (s, 3H, OCHs), 7.07 (s, 1H, olefinic CH), 7.10 (d, | = 8.5 Hz,
1H, arom.CH), 7.43-7.47 (m, 3H, arom.CH), 7.48 (s, 2H, arom.CH), 7.61 (s, 1H, arom.CH),
7.63 (s, 1H, arom.CH), 7.67 (d, ] = 11.4 Hz, 2H, arom.CH), 7.72 (d, | = 6.5 Hz, 2H, arom.CH)),
8.42 (s, 1H, CH=N), 10.00 (s, 1H, NH), 11.76 (s, 1H, NH). 3C-NMR (100 MHz, DMSO-
ds,  ppm): 56.09 (OCH3), 56.17 (OCH3), 111.45 (C-aromatic), 111.65 (C-aromatic), 121.95
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(C-olefinic), 125.91 (C-aromatic), 126.78 (C-olefinic), 127.46 (C-aromatic), 129.07 (C-aromatic),
129.31 (C-aromatic), 130.45 (C-aromatic), 131.31 (C-aromatic), 131.57 (C-aromatic), 133.46
(C-aromatic), 133.71 (C-aromatic), 134.90 (C-aromatic), 147.81 (C=N), 148.76 (C-0O), 152.35
(C-0), 162.75 (C=0), 165.87 (C=0). Anal. Calcd. for Cy5Hy;CIN3O4 (463.91): C, 64.72;
H, 4.78; N, 9.06. Found: C, 64.61; H, 4.04; N, 7.97.
N-((2)-3-((E)-2-(4-Chlorobenzylidene)hydrazinyl)-1-(4-chlorophenyl)-3-oxoprop-1-en-2-
yl)-3,4-dimethoxybenzamide (3b)

White powder (344 mg, 69%), m.p. 241-243 °C. IH-NMR (400 MHz, DMSO-dg,
5 ppm): 3.83 (s, 3H, OCH3s), 3.85 (s, 3H, OCH3), 7.07 (s, 1H, olefinic CH), 7.10 (d,
J = 8.5 Hz, 1H, arom.CH), 7.47 (d, | = 8.6 Hz, 2H, arom.CH), 7.53 (d, ] = 8.3 Hz, 2H,
arom.CH), 7.60 (s, 1H, arom.CH), 7.64 (d, | = 8.7 Hz, 3H, arom.CH), 7.74 (d, ] = 8.4 Hz, 2H,
arom.CH), 8.41 (s, 1H, CH=N), 10.02 (s, 1H, NH), 11.83 (s, 1H, NH). 3C-NMR (100 MHz,
DMSO-dg, 6 ppm): 56.09 (OCH3), 56.17 (OCH3), 111.45 (C-aromatic), 111.65 (C-aromatic),
121.95 (C-olefinic), 125.88 (C-aromatic), 126.86 (C-olefinic), 129.08 (C-aromatic), 129.41
(C-aromatic), 131.26 (C-aromatic), 131.38 (C-aromatic), 131.58 (C-aromatic), 133.49 (C-
aromatic), 133.68 (C-aromatic), 133.86 (C-aromatic), 134.87 (C-aromatic), 146.45 (C=N),
148.76 (C-0O), 152.35 (C-0O), 162.82 (C=0), 165.88 (C=0). Anal. Calcd. for Cp5H;1Cl;N304
(498.36): C, 60.25; H, 4.25; N, 8.43. Found: C, 60.17; H, 4.32; N, 8.53.
N-((Z)-1-(4-Chlorophenyl)-3-((E)-2-(2-nitrobenzylidene)hydrazinyl)-3-oxoprop-1-en-2-yl)-
3,4-dimethoxybenzamide (3c)

Pale yellow powder (326 mg, 64%), m.p. 235-237 °C. H-NMR (400 MHz, DMSO-
ds, 5 ppm): 3.83 (s, 3H, OCH3), 3.85 (s, 3H, OCH3), 7.10 (d, ] = 7.7 Hz, 2H, olefinic and
arom.CH), 7.48 (d, | = 8.6 Hz, 2H, arom.CH), 7.60 (s, 1H, arom.CH), 7.73-7.63 (m, 4H,
arom.CH), 7.83 (t, ] = 7.5 Hz, 1H, arom.CH), 8.12 (td, | = 15.1, 14.4, 7.6 Hz, 2H, arom.CH)),
8.82 (s, 1H, CH=N), 10.04 (s, 1H, NH), 12.12 (s, 1H, NH). 3C-NMR (100 MHz, DMSO-
ds, d ppm): 56.09 (OCH3), 56.17 (OCH3), 111.47 (C-aromatic), 111.63 (C-aromatic), 121.95
(C-olefinic), 124.78 (C-aromatic), 125.11 (C-aromatic), 125.82 (C-olefinic), 128.34 (C-aromatic),
129.09 (C-aromatic), 129.30 (C-aromatic), 131.06 (C-aromatic), 131.62 (C-aromatic), 133.61
(C-aromatic), 134.19 (C-aromatic), 134.64 (C-aromatic), 134.72 (C-aromatic), 142.80 (C=N),
148.69 (C-NOy), 148.79 (C-0), 152.38 (C-0), 163.03 (C=0), 165.90 (C=0). Anal. Calcd. for
Cy5H»1CINL4Og (508.91): C, 59.00; H, 4.16; N, 11.01. Found: C, 59.09; H, 4.06; N, 10.88.
N-((Z2)-1-(4-Chlorophenyl)-3-((E)-2-(4-nitrobenzylidene)hydrazinyl)-3-oxoprop-1-en-2-yl)-
3,4-dimethoxybenzamide (3d)

Pale yellow powder (377 mg, 74%), m.p. 243-245 °C. 'H-NMR (400 MHz, DMSO-
ds, 5 ppm): 3.83 (s, 3H, OCH3), 3.85 (s, 3H, OCH3), 7.10 (d, ] = 9.1 Hz, 2H, olefinic and
arom.CH), 7.49 (d, | = 8.5 Hz, 2H, arom.CH), 7.60 (s, 1H, arom.CH), 7.67 (t, ] = 7.5 Hz,
3H, arom.CH), 7.98 (d, | = 8.0 Hz, 2H, arom.CH), 8.31 (d, | = 8.2 Hz, 2H, arom.CH),
8.52 (s, 1H, CH=N), 10.07 (s, 1H, NH), 12.08 (s, 1H, NH). *C-NMR (100 MHz, DMSO-
ds, & ppm): 56.09 (OCH3), 56.17 (OCH3), 111.46 (C-aromatic), 111.64 (C-aromatic), 121.97
(C-olefinic), 124.56 (C-aromatic), 124.75 (C-aromatic), 125.79 (C-olefinic), 127.07 (C-aromatic),
127.14 (C-aromatic), 128.36 (C-aromatic), 129.11 (C-aromatic), 131.11 (C-aromatic), 131.63
(C-aromatic), 133.58 (C-aromatic), 141.23 (C-NO,), 145.24 (C=N), 148.78 (C-O), 152.39 (C-0O),
163.07 (C=0), 165.91 (C=0). Anal. Calcd. for Cp5H;1CIN4Og (508.91): C, 59.00; H, 4.16; N,
11.01. Found: C, 59.12; H, 4.23; N, 10.91.
N-((Z)-1-(4-Chlorophenyl)-3-((E)-2-(2-hydroxybenzylidene)hydrazinyl)-3-oxoprop-1-en-
2-yl)-3,4-dimethoxybenzamide (3e)

White powder (312 mg, 65%), m.p. 242-244 °C. 'H-NMR (400 MHz, DMSO-dg,
5 ppm): 3.83 (s, 3H, OCH3), 3.85 (s, 3H, OCH3), 6.92 (d, | = 8.5 Hz, 1H, arom.CH), 6.95
(s, 1H, arom.CH), 7.11 (d, ] = 8.5 Hz, 1H, arom.CH), 7.13 (s, 1H, olefinic CH), 7.27-7.34
(m, 1H, arom.CH), 7.48 (d, | = 8.6 Hz, 2H, arom.CH), 7.51 (d, ] = 7.7 Hz, 1H, arom.CH), 7.61
(s, 1H, arom.CH), 7.65 (d, | = 8.6 Hz, 2H, arom.CH), 7.68 (d, ] = 8.5 Hz, 1H, arom.CH), 8.60
(s, 1H, CH=N), 10.04 (s, 1H, NH), 11.31 (s, 1H, OH), 12.00 (s, 1H, NH). 3C-NMR (100 MHz,
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DMSO-dg, 6 ppm): 56.09 (OCH3), 56.18 (OCH3), 111.46 (C-aromatic), 111.67 (C-aromatic),
116.88 (C-aromatic), 119.16 (C-aromatic), 119.80 (C-aromatic), 121.97 (C-olefinic), 125.86
(C-olefinic), 127.34 (C-aromatic), 127.93 (C-aromatic), 129.10 (C-aromatic), 130.00 (C-aromatic),
130.78 (C-aromatic), 131.61 (C-aromatic), 131.76 (C-aromatic), 133.60 (C-aromatic), 148.53
(C=N), 148.78 (C-0), 152.38 (C-0O), 157.92 (C-OH), 162.51 (C=0), 165.93 (C=0). Anal. Calcd.
for Co5HpCIN;3O5 (479.91): C, 62.57; H, 4.62; N, 8.76. Found: C, 62.72; H, 4.55; N, 8.63.
N-((2)-1-(4-Chlorophenyl)-3-((E)-2-(4-hydroxybenzylidene)hydrazinyl)-3-oxoprop-1-en-
2-yl)-3,4-dimethoxybenzamide (3f)

White powder (341 mg, 71%), m.p. 252-254 °C. IH-NMR (400 MHz, DMSO-dg,
b ppm): 3.83 (s, 3H, OCH3), 3.85 (s, 3H, OCH3), 6.84 (d, | = 8.5 Hz, 2H, arom.CH), 7.05
(s, 1H, olefinic CH), 7.09 (d, ] = 8.5 Hz, 1H, arom.CH), 7.46 (d, | = 8.6 Hz, 2H, arom.CH)),
7.54 (d, ] = 8.5 Hz, 2H, arom.CH), 7.60 (s, 1H, arom.CH), 7.63 (d, ] = 8.6 Hz, 2H, arom.CH)),
7.68 (d, ] = 2.6 Hz, 1H, arom.CH), 8.30 (s, 1H, CH=N), 9.96 (s, 2H, NH and OH), 11.53
(s, 1H, NH). 3C-NMR (100 MHz, DMSO-dg, § ppm): 56.08 (OCH3), 56.16 (OCH3), 111.44
(C-aromatic), 111.66 (C-aromatic), 116.18 (C-aromatic), 121.93 (C-olefinic), 125.87 (C-aromatic),
125.99 (C-aromatic), 126.60 (C-olefinic), 129.03 (C-aromatic), 129.21 (C-aromatic), 130.55
(C-aromatic), 131.53 (C-aromatic), 133.37 (C-aromatic), 133.80 (C-aromatic), 148.17 (C=N),
148.75 (C-0), 152.31 (C-0O), 159.83 (C-OH), 162.43 (C=0), 165.82 (C=0). Anal. Calcd. for
Cy5HpCIN3O5 (479.91): C, 62.57; H, 4.62; N, 8.76. Found: C, 62.70; H, 4.48; N, 8.58.
N-((2)-1-(4-Chlorophenyl)-3-((E)-2-(4-methylbenzylidene)hydrazinyl)-3-oxoprop-1-en-2-
yl)-3,4-dimethoxybenzamide (3g)

White powder (377 mg, 79%), m.p. 213-215 °C. 'H-NMR (400 MHz, DMSO-d, & ppm):
2.35 (s, 3H, CH3), 3.83 (s, 3H, OCH3), 3.85 (s, 3H, OCH3), 7.06 (s, 1H, olefinic CH), 7.10
(d, ] = 85 Hz, 1H, arom.CH), 7.28 (d, | = 7.9 Hz, 2H, arom.CH), 7.47 (d, | = 8.6 Hz,
2H, arom.CH), 7.60 (s, 2H), 7.62 (d, | = 4.8 Hz, 2H, arom.CH), 7.66 (d, ] = 11.3 Hz, 2H,
arom.CH), 8.38 (s, 1H, CH=N), 9.99 (s, 1H, NH), 11.68 (s, 1H, NH). '3 C-NMR (100 MHz,
DMSO-d;,  ppm): 21.50 (CH3), 56.08 (OCH3), 56.17 (OCH3), 111.45 (C-aromatic), 111.65
(C-aromatic), 121.94 (C-olefinic), 125.93 (C-aromatic), 126.68 (C-olefinic), 127.44 (C-aromatic),
129.06 (C-aromatic), 129.92 (C-aromatic), 131.36 (C-aromatic), 131.55 (C-aromatic), 132.19
(C-aromatic), 133.43 (C-aromatic), 133.74 (C-aromatic), 140.27 (C-aromatic), 147.86 (C=N),
148.76 (C-0), 152.33 (C-0O), 162.66 (C=0), 165.85 (C=0). Anal. Calcd. for CygHy4CIN3O4
(477.94): C, 65.34; H, 5.06; N, 8.79. Found: C, 65.18; H, 4.93; N, 8.88.
N-((Z)-1-(4-Chlorophenyl)-3-((E)-2-(4-methoxybenzylidene)hydrazinyl)-3-oxoprop-1-en-
2-y1)-3,4-dimethoxybenzamide (3h)

White powder (331 mg, 67%), m.p. 219-221 °C. 'H-NMR (400 MHz, DMSO-d;, &
ppm): 3.81 (s, 3H, OCHas), 3.83 (s, 3H, OCH3), 3.85 (s, 3H, OCHj3), 7.04 (s, 1H, olefinic
CH), 7.05 (s, 2H, arom.CH), 7.07 (s, 2H, arom.CH), 7.46 (d, ] = 8.6 Hz, 2H, arom.CH), 7.65
(s, 2H, arom.CH), 7.82 (d, ] = 8.8 Hz, 3H, arom.CH), 8.35 (s, 1H, CH=N), 9.98 (s, 1H,
NH), 11.61 (s, 1H, NH). 3C-NMR (100 MHz, DMSO-d;, § ppm): 55.76 (OCH3), 56.08
(OCH3), 56.16 (OCH3), 111.44 (C-aromatic), 111.66 (C-aromatic), 114.82 (C-aromatic), 121.93
(C-olefinic), 125.96 (C-aromatic), 126.62 (C-olefinic), 127.04 (C-aromatic), 127.45 (C-aromatic),
129.05 (C-aromatic), 130.44 (C-aromatic), 131.54 (C-aromatic), 133.40 (C-aromatic), 133.76
(C-aromatic), 147.72 (C=N), 148.76 (C-0O), 152.33 (C-0O), 162.14 (C-O), 162.55 (C=0), 165.85
(C=0). Anal. Calcd. for CyHp4CIN3Os5 (493.94): C, 63.22; H, 4.90; N, 8.51. Found: C, 63.10;
H, 5.02; N, 8.69.
N-((Z)-1-(4-Chlorophenyl)-3-((E)-2-(3,5-dibromo-4-hydroxybenzylidene)hydrazinyl)-3-
oxoprop-1-en-2-yl)-3,4-dimethoxybenzamide (3i)

Yellow powder (402 mg, 63%), m.p. 246-248 °C. 'H-NMR (400 MHz, DMSO-dj, &
ppm): 3.83 (s, 3H, OCH3), 3.85 (s, 3H, OCHs), 7.04 (s, 1H, olefinic CH), 7.10 (d, ] =8.5 Hz, 1H,
arom.CH), 7.47 (d, ] = 8.4 Hz, 2H, arom.CH), 7.59 (s, 1H, arom.CH), 7.63 (s, 1H, arom.CH)),
7.66 (d, ] =10.1 Hz, 2H, arom.CH), 7.89 (s, 2H, arom.CH), 8.26 (s, 1H, CH=N), 9.99 (s, 1H,
NH), 10.44 (s, 1H, OH), 11.85 (s, 1H, NH). '*C-NMR (100 MHz, DMSO-d;, § ppm): 56.08
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(OCH3y), 56.17 (OCH3), 111.45 (C-aromatic), 111.64 (C-aromatic), 112.69 (C-aromatic), 121.92
(C-olefinic), 125.88 (C-olefinic), 126.71 (C-olefinic), 129.06 (C-aromatic), 129.52 (C-aromatic),
130.99 (C-aromatic), 131.22 (C-aromatic), 131.58 (C-aromatic), 133.46 (C-aromatic), 133.68
(C-aromatic), 148.76 (C=N), 152.34 (C-0O), 152.53 (C-0O), 157.87 (C-OH), 162.81 (C=0), 165.87
(C=0). Anal. Calcd. for Cy5H,¢Br,CIN3Os5 (637.70): C, 47.09; H, 3.16; N, 6.59. Found: C,
46.93; H, 3.24; N, 6.74.
N-((2)-1-(4-Chlorophenyl)-3-((E)-2-(4-(dimethylamino)benzylidene)hydrazinyl)-3-
oxoprop-1-en-2-yl)-3,4-dimethoxybenzamide (3j)

Dark yellow powder (335 mg, 66%), m.p. 249-251 °C. 'H-NMR (400 MHz, DMSO-dg,
b ppm): 2.98 (s, 6H, 2CH3), 3.83 (s, 3H, OCH3), 3.85 (s, 3H, OCH3), 6.76 (d, | = 8.6 Hz, 2H,
arom.CH), 7.05 (s, 1H, olefinic CH), 7.10 (d, | = 8.5 Hz, 1H, arom.CH), 7.46 (d, ] = 8.4 Hz,
2H, arom.CH), 7.52 (d, | = 8.6 Hz, 2H, arom.CH), 7.61 (d, | = 5.6 Hz, 2H, arom.CH), 7.64
(s, 1H, arom.CH), 7.67 (d, ] = 8.6 Hz, 1H, arom.CH), 8.27 (s, 1H, CH=N), 9.96 (s, 1H,
NH), 11.44 (s, 1H, NH). 3C-NMR (100 MHz, DMSO-ds, § ppm): 40.42 (2CH3), 56.08
(OCH3y), 56.17 (OCH3), 111.44 (C-aromatic), 111.67 (C-aromatic), 112.30 (C-aromatic), 121.92
(C-olefinic), 122.19 (C-aromatic), 126.04 (C-aromatic), 126.44 (C-olefinic), 128.79 (C-aromatic),
129.02 (C-aromatic), 131.51 (C-aromatic), 131.55 (C-aromatic), 133.32 (C-aromatic), 133.85
(C-aromatic), 148.69 (C=N), 148.75 (C-N), 151.94 (C-O), 152.30 (C-0), 162.24 (C=0), 165.81
(C=0). Anal. Calcd. for Cy7yHy7CIN4Oy4 (506.98): C, 63.96; H, 5.37; N, 11.05. Found: C, 64.08;
H, 5.44; N, 10.96.
N-((Z)-1-(4-Chlorophenyl)-3-((E)-2-(2-hydroxy-3-methoxybenzylidene)hydrazinyl)-3-
oxoprop-1-en-2-yl)-3,4-dimethoxybenzamide (3k)

Yellow powder (296 mg, 58%), m.p. 250-252 °C. H-NMR (400 MHz, DMSO-d;, &
ppm): 3.82 (s, 3H, OCH3), 3.83 (s, 3H, OCHs3), 3.85 (s, 3H, OCH3), 6.87 (t, ] = 7.8 Hz,
1H, arom.CH), 7.04 (d, | = 7.7 Hz, 1H, arom.CH), 7.11 (dd, | = 9.3, 4.6 Hz, 3H, olefinic
and arom.CH), 7.48 (d, | = 8.4 Hz, 2H, arom.CH), 7.61 (s, 1H, arom.CH), 7.62-7.72 (m,
3H, arom.CH), 8.61 (s, 1H, CH=N), 10.03 (s, 1H, NH), 11.02 (s, 1H, OH), 11.97 (s, 1H,
NH). 3C-NMR (100 MHz, DMSO-d;, 8 ppm): 56.09 (OCH3), 56.17 (OCH3), 56.27 (OCH3),
111.46 (C-aromatic), 111.67 (C-aromatic), 114.24 (C-aromatic), 119.39 (C-aromatic), 119.47
(C-aromatic), 121.33 (C-olefinic), 121.96 (C-aromatic), 125.86 (C-olefinic), 127.32 (C-aromatic),
128.35 (C-aromatic), 129.10 (C-aromatic), 130.80 (C-aromatic), 131.60 (C-aromatic), 133.61
(C-aromatic), 147.63 (C=N), 148.39 (C-O), 148.42 (C-OH), 148.78 (C-0O), 152.38 (C-O), 162.47
(C=0), 165.92 (C=0). Anal. Calcd. for CpsHp4CIN3Og¢ (509.94): C, 61.24; H, 4.74; N, 8.24.
Found: C, 61.35; H, 4.70; N, 8.13.
N-((Z)-1-(4-Chlorophenyl)-3-((E)-2-(4-hydroxy-3-methoxybenzylidene)hydrazinyl)-3-
oxoprop-1-en-2-yl)-3,4-dimethoxybenzamide (31)

White powder (311 mg, 61%), m.p. 226228 °C. H-NMR (400 MHz, DMSO-d;, 5
ppm): 3.81 (s, 3H, OCH3), 3.83 (s, 3H, OCH3), 3.85 (s, 3H, OCH3), 6.98 (d, | = 8.4 Hz, 1H,
arom.CH), 7.00-7.04 (m, 1H, arom.CH), 7.05 (s, 1H, olefinic.CH), 7.10 (d, ] = 8.5 Hz, 1H,
arom.CH), 7.26 (s, 1H, arom.CH), 7.46 (d, ] = 8.6 Hz, 2H, arom.CH), 7.60 (s, 1H, arom.CH),
7.62 (s, 1H, arom.CH), 7.63-7.70 (m, 2H), 8.26 (s, 1H, CH=N), 9.31 (s, 1H, OH), 9.97 (s,
1H, NH), 11.56 (s, 1H, NH). '*C-NMR (100 MHz, DMSO-dg, 8 ppm): 56.04 (OCHj3), 56.09
(OCH3), 56.17 (OCH3), 111.44 (C-aromatic), 111.66 (C-aromatic), 112.35 (C-aromatic), 112.69
(C-aromatic), 120.63 (C-aromatic), 121.93 (C-olefinic), 125.97 (C-aromatic), 126.63 (C-olefinic),
127.74 (C-aromatic), 129.04 (C-aromatic), 131.40 (C-aromatic), 131.53 (C-aromatic), 133.39
(C-aromatic), 133.78 (C-aromatic), 147.34 (C=N), 148.05 (C-O), 148.75 (C-OH), 150.19 (C-O),
152.32 (C-0), 162.47 (C=0), 165.83 (C=0). Anal. Calcd. for CpsHp4CIN3Oq4 (509.94): C, 61.24;
H, 4.74; N, 8.24. Found: C, 61.11; H, 4.84; N, 8.32.
N-((Z)-1-(4-Chlorophenyl)-3-((E)-2-(3,5-dimethoxybenzylidene)hydrazinyl)-3-oxoprop-1-
en-2-yl)-3,4-dimethoxybenzamide (3m)

White powder (382 mg, 73%), m.p. 200-202 °C. "H-NMR (400 MHz, DMSO-dg, § ppm):
3.80 (s, 6H, 20CH3), 3.83 (s, 3H, OCH3), 3.85 (s, 3H, OCH3), 6.58 (s, 1H, arom.CH), 6.86
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(d, ] =1.8 Hz, 2H, arom.CH), 7.04 (s, 1H, olefinic CH), 7.10 (d, ] = 8.5 Hz, 1H, arom.CH),
747 (d, | = 8.6 Hz, 2H, arom.CH), 7.60 (s, 1H, arom.CH), 7.63 (s, 1H, arom.CH), 7.67
(d, ] =9.0 Hz, 2H, arom.CH), 8.34 (s, 1H, CH=N), 10.02 (s, 1H, NH), 11.78 (s, 1H, NH).
13C-NMR (100 MHz, DMSO-dg, § ppm): 55.80 (OCH3), 56.08 (OCH3), 56.17 (OCH3), 56.49
(OCH3), 102.68 (C-aromatic), 105.22 (C-aromatic), 111.45 (C-aromatic), 111.65 (C-aromatic),
121.93 (C-olefinic), 125.90 (C-aromatic), 126.68 (C-olefinic), 129.07 (C-aromatic), 131.33
(C-aromatic), 131.58 (C-aromatic), 133.46 (C-aromatic), 133.69 (C-aromatic), 136.93 (C-
aromatic), 147.72 (C=N), 148.76 (C-0O), 152.35 (C-0), 161.15 (2C-0), 162.80 (C=0), 165.89
(C=0). Anal. Calcd. for Co7Hy¢CIN3Oq (523.96): C, 61.89; H, 5.00; N, 8.02. Found: C, 62.03;
H, 5.09; N, 7.92.
N-((2)-1-(4-Chlorophenyl)-3-oxo-3-((E)-2-(3,4,5-trimethoxybenzylidene)hydrazinyl)prop-
1-en-2-yl)-3,4-dimethoxybenzamide (3n)

White powder (371 mg, 67%), m.p. 197-199 °C. 'H-NMR (400 MHz, DMSO-d;, § ppm):
3.72 (s, 3H, OCHa3), 3.83 (s, 3H, OCHs3), 3.84 (s, 9H, 30CH3), 7.01 (s, 2H, arom.CH), 7.03
(s, 1H, olefinic CH), 7.10 (d, ] = 8.4 Hz, 1H, arom.CH), 7.47 (d, ] = 8.5 Hz, 2H, arom.CH),
7.60 (s, 1H, arom.CH), 7.63 (s, 1H, arom.CH), 7.67 (d, ] = 9.1 Hz, 2H, arom.CH), 8.34 (s,
1H, CH=N), 10.02 (s, 1H, NH), 11.76 (s, 1H, NH). 3C-NMR (100 MHz, DMSO-d;, § ppm):
56.08 (OCH3), 56.17 (OCH3), 56.41 (20CH3), 60.58 (OCH3), 104.68 (C-aromatic), 111.45
(C-aromatic), 111.64 (C-aromatic), 121.94 (C-olefinic), 125.90 (C-aromatic), 126.55 (C-olefinic),
129.07 (C-aromatic), 130.40 (C-aromatic), 131.41 (C-aromatic), 131.57 (C-aromatic), 133.44
(C-aromatic), 133.70 (C-aromatic), 139.61 (C-O), 147.86 (C=N), 148.76 (C-0O), 152.35 (C-O),
153.66 (2C-0O), 162.73 (C=0), 165.91 (C=0). Anal. Calcd. for CygHsCIN3O7 (553.99): C,
60.70; H, 5.09; N, 7.58. Found: C, 60.84; H, 4.98; N, 7.47.

4.1.2. General Procedure for the Synthesis of N-((Z)-1-(4-Chlorophenyl)-3-oxo-3-((E)-2-((E)-
3-phenylallylidene)hydrazinyl)prop-1-en-2-yl)-3,4-dimethoxybenzamide (4)

A mixture of the hydrazinyl derivative 2 (375 mg, 1 mmol) and cinnamaldehyde
(132 mg, 1 mmol) in glacial acetic acid (20 mL) was heated to reflux for 4 h. After completion
of the reaction, the reaction mixture was cooled. After cooling, the reaction mixture was
poured into ice-cold water, and the separated solid was filtered, dried, and crystallized
from ethanol (70%) to afford pure compound 4.

White powder (402 mg, 82%), m.p. 226-228 °C. 'H-NMR (400 MHz, DMSO-d, & ppm):
3.83 (s, 3H, OCH3), 3.85 (s, 3H, OCH3), 7.05 (d, | = 7.4 Hz, 3H, olefinic and arom.CH), 7.10
(d, ] =8.5Hz, 1H, olefinic CH), 7.34 (d, | = 7.2 Hz, 1H, olefinic CH), 7.40 (t, ] = 7.4 Hz, 2H,
arom.CH), 7.46 (d, | = 8.6 Hz, 2H, arom.CH), 7.61 (d, | = 8.5 Hz, 3H, arom.CH), 7.63-7.74
(m, 3H, arom.CH), 8.20 (d, ] = 7.5 Hz, 1H, CH=N), 9.97 (s, 1H, NH), 11.65 (s, 1H, NH).
13C-NMR (100 MHz, DMSO-dg, & ppm): 56.09 (OCH3), 56.17 (OCH3), 111.45 (C-aromatic),
111.66 (C-aromatic), 121.95 (C-olefinic), 125.94 (C-aromatic), 126.21 (C-olefinic), 126.85
(C-olefinic), 127.54 (C-aromatic), 129.05 (C-aromatic), 129.29 (C-aromatic), 131.26 (C-aromatic),
131.55 (C-aromatic), 133.44 (C-aromatic), 133.75 (C-aromatic), 136.41 (C-olefinic), 139.23
(C-aromatic), 148.76 (C=N), 149.91 (C-O), 152.34 (C-0), 162.60 (C=0), 165.83 (C=0). Anal.
Calcd. for CyyH4CIN3Oy4 (489.95): C, 66.19; H, 4.94; N, 8.58. Found: C, 66.27; H, 5.02;
N, 8.46.

4.2. Biological Study
4.2.1. MTT Assay against MCF-7 Breast Cancer Cell Line
MTT assay was carried out to investigate the cytotoxic effect of the newly synthesized

hydrazone molecules 3a-n and 4 on the breast adenocarcinoma (MCF-7) cell line. See
Section 4.2.1 in the supplementary material.

4.2.2. VEGFR-2 Inhibition Assay

VEGEFR-2 inhibition assay was performed utilizing ELISA analysis for 4-hydroxy-3-
methoxybenzylidene hydrazinyl molecule 31 compared with Sorafenib. See Section 4.2.2 in
the supplementary material.
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4.2.3. Cell Cycle Analysis

Cell cycle analysis in MCF-7 cells for 4-hydroxy-3-methoxybenzylidene hydrazinyl
molecule 31 by FACS analysis was performed. See Section 4.2.3 in the supplementary material.

4.2.4. Annexin V/FITC Staining Assay

Annexin V-FITC/PI double staining assay in MCE-7 cells for 4-hydroxy-3-methoxybenzylidene
hydrazinyl molecule 31 by FACS analysis was performed according to the manufacturer’s
directions. See Section 4.2.4 in the supplementary material.

4.2.5. Caspase 9 Assay

Caspase 9 was measured for 4-hydroxy-3-methoxybenzylidene hydrazinyl molecule
31 by ELISA analysis in MCE-7 cells according to the manufacturer’s directions. See
Section 4.2.5 in the supplementary material.
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