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ABSTRACT: A new series of cinnamide-fluorinated derivatives has been synthesized and characterized by using different
spectroscopic and elemental microanalyses methods. All of the prepared p-fluorocinnamide derivatives were evaluated for their
cytotoxic activity against the HepG2 liver cancerous cell line. The imidazolone derivative 6, which bears N-(N-pyrimidin-2-
ylbenzenesulphamoyl) moiety, displayed antiproliferative activity against HepG2 liver cancerous cells with an IC50 value of 4.23 μM
as compared to staurosporin (STU) (IC50 = 5.59 μM). In addition, compound 6 experienced epidermal growth factor receptor
(EGFR) inhibitory activity comparable to palatinib. The cell cycle analysis by flow cytometry indicated that compound 6 arrested
the cellular cycle of HepG2 cells at the G1 phase. Additionally, as demonstrated by the fluorescence-activated cell sorting (FACS)
technique, compound 6 increased both early and late apoptotic ratios compared to control untreated HepG2 cells. Moreover,
imidazolone compound 6 induced apoptosis via the intrinsic apoptotic pathway by decreasing the level of mitochondrial membrane
polarization (MMP) compared to untreated HepG2 cells. Therefore, the new N-(N-pyrimidin-2-ylbenzenesulphamoyl)imidazolone
derivative 6 could be considered a potential platform for further optimizing an antitumor agent against hepatocellular carcinoma.

1. INTRODUCTION
Cancer has remained a critical health issue around the world
and is the second fatal cause after cardiovascular diseases.1,2

Protein phosphorylation is among the most abundant and
important cellular signaling post-translational modification in
the biological system.3 This reversible enzymatic reaction plays
a pivotal role in nearly all signal translational pathways and is
carried out by a special class of proteins called protein
kinases.4,5 The functional annotation of this phosphorylation
process in a growing number of human diseases and
physiological conditions underscores the relevance of protein
kinases in medicine.6,7 Protein kinases catalyze the phosphor-
ylation of target proteins by transferring the γ-phosphate group
of adenosine triphosphate (ATP) onto the side-chain alcohol
group of serine, threonine, and tyrosine amino acid residues.8

Misregulation of protein kinase signaling by kinase hyper-
activation or mutation commonly results in human diseases

including cancer.9 Therefore, protein kinases are important
pharmaceutical targets in cancer treatment.
Epidermal growth factor receptor (EGFR) was the first

receptor to be sequenced and discovered to possess tyrosine
kinase activity.10 EGFR has been shown to be aberrantly
expressed or activated in a number of tumors.11,12 The
downstream signaling effects of such aberration lead to
impaired apoptosis, enhanced proliferation, angiogenesis, and
metastatic spread.13,14 Therefore, the inhibition of the EGFR
signaling pathway has become a valuable approach in the
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treatment of cancer.15 One effective approach to inhibit EGFR-
mediated signaling is to compete with ATP for binding to the
tyrosine domain of EGFR utilizing small molecules of tyrosine

kinase inhibitors (TKIs).16 Gefitinib, erlotinib, and lapatinib
represent the most explored TKIs in the clinical setting for the
treatment of various types of cancers.17,18 In addition, there is

Figure 1. Design for the herein reported cinnamide-fluorinated derivatives 2a−7.

Scheme 1. General Synthesis of Compounds 2−7a

aCondition: (i) respective aryl amine, AcOH, reflux 3−5 h; (ii) respective substituted benzyl amine, EtOH, reflux 1−2 h; (iii); respective N-
arylidenehydrazine, EtOH, AcOH, reflux 4−5 h; (iv) N-(diphenylmethylene)hydrazine, NaOAc, AcOH, reflux 24 h; (v) sulfadiazine, NaOAc,
AcOH, reflux 8 h; (vi) phenyl hydrazine, EtOH, AcOH, reflux 6 h.
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an ongoing and persistent need to design new EGFR-TK
inhibitors to develop candidates with reduced toxicity and
enhanced tumor susceptibility to therapy.19−21

Cinnamide, also known as cinnamamide or cinnamic acid
amide, has a wide distribution and application in the fields of
natural products and medicinal chemistry with a wide range of
pharmacological activities.22,23 It is important to note that
cinnamide-based derivatives could be used as a promising
framework for the development of anticancer agents.24 Over
the past few years, the anticancer activities of numerous
cinnamide derivatives have been increasingly reported to show
potent anticancer activities on targets such as mitochondria,
tubulin polymerization, and so on.25,26 Cinnamide is also
frequently used as a potential pharmacological active fragment
in the design of EGFR tyrosine kinase inhibitors.27 In addition,
imidazolone and 1,2,4-triazinone derivatives were found to
have anticancer activity against several human cancer cell
lines.28,29

In parallel, organo-fluorine compounds have gained
important and valuable results in the construction and
development of biologically relevant fluorine-containing
drugs.30 The high electronegativity of the fluorine atom in
the aromatic part of these drug molecules plays an important
role in changing the physicochemical properties and, hence,
enhancing the biological potencies.31 In addition, it has been
reported that compounds containing a fluoro substituent were
highly active anticancer agents against different cancer cell
lines.32 Several studies reported phenyl moiety with a 4-fluoro
substituent as a key part of several potent EGFR-TK inhibitors
with pronounced cytotoxic activity on several cancer cell
lines.33−35

Continuing our investigations on the preparation of newer
bioactive compounds with active biological properties on
human cancerous cell lines,36−40 we have synthesized
cinnamide-fluorinated compounds 2a−7 in 60−76% yield
(Figure 1). The cytotoxic effects of these compounds on liver
cancer HepG2 cell line were evaluated. In addition, the
efficiency of the most active synthesized cinnamide derivatives
was assessed on a cellular cycle for 48 h. Additionally, the
EGFR-TK inhibition and staining assay of apoptotic impact
were also accomplished.

2. RESULTS AND DISCUSSION
2.1. Chemistry. Scheme 1 reports the synthetic strategy

utilized to obtain the target molecules 2−7 from the starting 4-
(4-fluorobenzylidene)-1,3-oxazol-5(4H)-one 1. The reaction
of 1 with a series of aryl amine resulted in N-aryl-4-
fluorocinnamide derivatives 2a−f. The 1H NMR spectrum of
N-(4-hydroxyphenyl)-4-fluorocinnamide 2d as a representative
example displayed three broad singlet peaks at δ 10.04, 9.92,
and 9.23 ppm corresponding to the two amidic NH and phenyl
OH protons, respectively. The 13C NMR spectrum of N-(4-
hydroxyphenyl)-4-fluorocinnamide 2d exhibited two signals at
δ 166.4 and 164.2 ppm assigned to the two carbonyl (C�O)
groups. In addition, the reaction of 4-(4-fluorobenzylidene)-
1,3-oxazol-5(4H)-one 1 with respective substituted benzyl
amine yielded the corresponding 3a−c. The 1H NMR
spectrum of N-(2-methoxybenzyl)-4-fluorocinnamide 3b, as
an example, displayed an upfield singlet at δ 3.79 ppm for the
methyl (CH3) group, in addition to a doublet peak at δ 4.36
ppm corresponding to methylene (CH2) protons. The 13C
NMR spectrum of 3b exhibited two new signals at δ 55.7 and
38.2 ppm for the methoxy and methylene carbons, respectively.

Additionally, the N-arylidene-4-fluorocinnamic acid hydra-
zides 4a−d were prepared from the reaction of 4-(4-
fluorobenzylidene)-1,3-oxazol-5(4H)-one 1 with respective
N-arylidenehydrazine derivatives in refluxing pure ethanol for
4−5 h. Structures of compounds 4a−d were elucidated from
their 1H NMR and 13C NMR spectral data. The 1H NMR
spectrum of N-(4-hydroxyphenyl)-4-fluorocinnamic acid hy-
drazide 4c, as an example, exhibited three broad signals at δ
11.50, 10.07, and 9.91 ppm assigned to amidic NH and phenyl
OH protons, respectively. In addition, signals of the two C�O
groups were recorded in the 13C NMR spectrum of compound
4c at δ 166.4 and 162.3 ppm. Moreover, the N-(diphenyl-
methylene)-4-fluorocinnamic acid hydrazide 5 was prepared by
the reaction of 1 with N-(diphenylmethylene)hydrazine in
refluxing glacial acetic acid in the presence of NaOAc for 24 h.
The 1H NMR spectrum of N-(diphenylmethylene)-4-fluoro-
cinnamic acid hydrazide 5 displayed the presence of two
singlet peaks at δ 10.04 and 9.39 ppm assigned to amidic NH
and hydrazinyl NH protons, respectively, in addition to
additional aromatic signals at δ 7.78−7.14 ppm due to the
newly generated two phenyl moieties. The carbon skeleton of
compound 5 was confirmed by the 13C NMR spectrum due to
the presence of new signals at δ 166.6 and 165.4 ppm assigned
to C�O, as well as additional carbon signals at the aromatic
region due to the presence of two phenyl groups of the newly
introduced benzophenone group.
Furthermore, the reaction of 1 with sulfadiazine in glacial

acetic in the presence of sodium acetate to promote the
react ion afforded the target N - (N -pyr imid in-2-
ylbenzenesulphamoyl)imidazolone 6. The 1H NMR spectrum
of 6 displayed a singlet peak at δ 12.04 ppm for the introduced
sulfamoyl NH proton, in addition to new aromatic signals in
the region at δ 8.52−7.09 ppm corresponding to the
introduced N-pyrimidin-2-ylbenzenesulphamoyl moiety. The
1 3 C NMR s p e c t r u m o f N - (N - p y r i m i d i n - 2 -
ylbenzenesulphamoyl)imidazolone 6 confirmed the carbon
skeleton due to the presence of additional aromatic signals
corresponding to the newly introduced N-pyrimidin-2-
ylbenzenesulphamoyl motif at δ 162.5−116.4 ppm. Finally,
triaryl-1,2,4-triazinone 7 was obtained from the reaction of 4-
(4-fluorobenzylidene)-1,3-oxazol-5(4H)-one 1 with phenyl
hydrazine in pure ethanol. 1H NMR spectrum showed the
presence of NH at δ 9.01 ppm. The 13C NMR spectrum of
compound 7 showed the presence of new signals of the newly
generated phenyl carbons in the region at δ 165.0−112.7 ppm.
2.2. Biology. 2.2.1. Cytotoxic Activity against HepG2

Liver Cancerous Cell Line. The antiproliferative properties of
the synthesized cinnamide derivatives 2a−7 were evaluated
against the HepG2 (liver) cancerous cell line by the standard
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) technique using staurosporin (STU) as a reference
standard. The results showed (Table 1) that the synthesized
target cinnamide derivatives showed variable antiproliferative
activity against the tested cell line. Regarding the activity of N-
aryl-4-fluorocinnamides 2a−f toward HepG2 cells, N-phenyl-
4-fluorocinnamides 2a revealed moderate cytotoxicity (IC50 =
53.20 μM), and it was the least active, suggesting that the
relative substitution on the phenyl ring seemed to be critical
for the antiproliferative activity of the N-aryl-4-fluorocinna-
mide derivatives 2a−f. In addition, the presence of an electron-
withdrawing group, e.g., chlorine group in compounds 2b and
2c, decreased the cytotoxic activity compared with the
electron-donating group, e.g., methyl group in compounds 2e
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and 2f. On the other hand, the N-(4-hydroxypheny)-4-
fluorocinnamide derivative 2d revealed good cytotoxicity
despite its electron-withdrawing character (IC50 = 7.81 μM),
which may be attributed to its ability to form hydrogen bond
with the target receptor. Additionally, N-(substiutedbenzyl)-4-
fluorocinnamides 3a−c (IC50 ranges: 22.43−34.58 μM) were
equipotent to the N-arylidene-4-fluorocinnamic acid hydra-
zides 4a−d (IC50 ranges: 19.57−38.12 μM). Moreover, the
increase in lipophilicity due to the presence of diphenyl-
methylene moiety in compound 5 showed a distinct decrease
in the cytotoxic activity (IC50 = 25.72 μM). Furthermore, the
N-(N-pyrimidin-2-ylbenzenesulphamoyl)imidazolone 6 ex-
erted impressive cytotoxic activity with an IC50 value of 4.23
μM. Finally, triaryl-1,2,4-triazinone derivative 7 displayed a
noticeable increase in cytotoxicity (IC50 = 5.59 μM).

2.2.2. EGFR-TK Enzyme Assay. EGFR-TK is an essential
kinase enzyme that is the cytocidal target for several
structurally disparate classes of antineoplastic agents.41 EGFR
has gained great interest in recent years because of its role in
tumor development and as a therapeutic target.42 To further
explore the antiproliferative effect of the prepared compounds,

additional mechanistic studies were conducted by investigating
the binding affinity of representative active N-(N-pyrimidin-2-
ylbenzenesulphamoyl)imidazolone 6 to EGFR using Palatinib
as a positive control. The results displayed a good IC50 value
(IC50 of 0.13 μM on EGFR) for the tested N-(N-pyrimidin-2-
ylbenzenesulphamoyl)imidazolone 6 compared to erlotinib
(IC50 = 0.07 μM on EGFR) (Figure 2). The observed results
indicated that the imidazolone derivative 6, which bears N-(N-
pyrimidin-2-ylbenzenesulphamoyl) moiety, is favorable for
EGFR-TK inhibition.

2.2.3. Cell Cycle Analysis Using Flow Cytometry. The
processes of new blood vessel formation and cellular divisions
require the timely execution of a series of events known as the
cellular cycle, during which a cell undergoes several discrete
cellular states referred to as the G1, S, G2, and M phases.43

The propensity of a cell to either progress through the cell
cycle or cease cell division and differentiate or enter quiescence
is governed by the influence of stimuli such as chemo-
therapeutic agents.44 To investigate the molecular mechanism
of cytotoxicity of compound 6, the effects of this compound at
the IC50 concentration (4.23 μM) on the cell cycle progression
of HepG2 cancer cells were evaluated by the fluorescence-
activated cell sorting (FACS) technique. Since cell cycle arrest
cause DNA fragmentation, the percentage of the pre-G1
apoptotic phase in cancer cells treated with compound 6 was
measured. As displayed in Figure 3A,C, the treatment of
HepG2 liver cancer cells with compound 6 for 48 h induced
cell cycle arrest at the G1 phase and increases the percentage of
cells from 50.7% in the control group to 64.2% in the cells
treated with compound 6 at the IC50 concentration. In
addition, the cells at the pre-G1 phase were increased from
2.5% in the control untreated cells to 55.5% in the cells treated
with compound 6, which indicated that the cells were
subjected to apoptosis (Figure 3B). The results confirmed
that compound 6 possibly displayed antiproliferative potency
through cell cycle arrest at the G1 phase and finally the
induction of cellular apoptosis.

2.2.4. Apoptosis Assay. Apoptosis induction is a host
defense mechanism against oncogenesis in that cells are
actively killed by the immune system in order to prevent the
propagation of the mutated, potentially malignant population
of cells.45 The commitment of a cell to an apoptotic program
can result from intracellular events by signals received from the
extracellular milieu.46 The ability of cells to inappropriately
evade or undergo programmed cellular death by using
chemotherapeutic agents has been identified as a key feature
of certain diseases such as cancer.47 Compound 6 was

Table 1. Cytotoxic Activity of p-Fluorocinnamide
Derivatives 2a−7 and STU against the HepG2 Liver Cancer
Cell Linea

IC50 (μM)

compound no HepG2

2a 53.20 ± 1.73
2b 23.67 ± 1.32
2c 18.12 ± 0.96
2d 7.81 ± 0.34
2e 16.51 ± 0.77
2f 15.93 ± 0.92
3a 34.58 ± 1.16
3b 41.30 ± 1.52
3c 22.43 ± 0.88
4a 38.12 ± 1.88
4b 27.33 ± 1.29
4c 19.57 ± 0.33
4d 31.60 ± 1.57
5 25.72 ± 1.04
6 4.23 ± 0.17
7 5.89 ± 0.19
STU 5.59 ± 0.27

aValues are the mean of three independent replicates ± standard error
(SE).

Figure 2. Graphical representation of the IC50 values (μM) of N-(N-pyrimidin-2-ylbenzenesulphamoyl)imidazolone 6 and lapatinib on EGFR-TK
enzyme.
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evaluated by the Annexin V-FITC/PI dual staining assay to
characterize the mode of cellular death induced by these
compounds. The assay can detect between live cells (Q1),
early apoptosis (Q2), late apoptosis (Q3), and necrotic cells
(Q4). In this study, HepG2 cells were treated with compound
6 for 48 h at the IC50 concentration (4.23 μM). The results
showed an accumulation of total apoptotic cells (early and late
apoptosis and necrosis) from 2.5% in the control untreated
cells to 55.5% in the IC50 concentration-treated cells (Figure
4). The findings indicated that compound 6 can induce cellular
apoptosis, and these results are in line with its antiproliferative
activity in the tested HepG2 cell line.

2.2.5. Mitochondrial Membrane Potential. As previously
verified for several cytotoxic molecules, mitochondria can
participate in the intrinsic apoptotic process by releasing
proapoptotic factors after mitochondrial membrane polar-
ization (MMP).48 In this regard, the effect of N-(N-pyrimidin-
2-ylbenzenesulphamoyl)imidazolone 6 on mitochondria was
studied by labeling whole cells with a green fluorescent dye.
The obtained results shown in Figure 5 demonstrate that
HepG2 cel l s incubated with N -(N -pyr imidin-2-
ylbenzenesulphamoyl)imidazolone 6 at the IC50 concentration
for 48 h underwent a notable decrease in mitochondrial
membrane depolarization with respect to the control. In

particular, the percentage of cells with depolarized mitochon-
drial membrane decreased by 2.84-fold compared with the
untreated sample (control HepG2) following incubation for 48
h in the presence of N-(N-pyrimidin-2-ylbenzenesulphamoyl)-
4-fluorocinnamide 6 at 4.23 μM; the IC50 concentration. In
conclusion, a significantly low MMP impact was observed in
accordance with the cytotoxic and cellular cycle data, as shown
in Table 1 and Figure 5.

2.2.6. Real-Time Polymerase Chain Reaction for Apop-
totic Markers. In order to investigate the apoptotic induction
pathway, the most active compound 6 was further screened for
its activity against p53, Bax, and Bcl2 using real-time
polymerase chain reaction (qRT-PCR). The data demon-
strated in Figure 6 shows that N-(N-pyrimidin-2-
ylbenzenesulphamoyl)imidazolone 6 increases the expression
levels of apoptotic markers (p53 and Bcl2) compared with no
treatment control cells. In this regard, N-(N-pyrimidin-2-
ylbenzenesulphamoyl)imidazolone 6 boosted the levels of p53
and Bax with fold change values 4.7- and 3.7-fold, respectively,
compared with no treatment control. On the other hand, the
antiapoptotic marker Bcl2 declined after the treatment with N-
(N-pyrimidin-2-ylbenzenesulphamoyl)imidazolone 6 with a
0.38-fold change value. In summary, compound 6 was able
to cause the G1 cell cycle arrest by increasing the levels of p53

Figure 3. (A) Quantitative analysis of the percentage of HepG2 cells in each cell cycle phase. (B) Quantitative analysis of the percentage of the pre-
G1 phase in HepG2 cells treated for 48 h with compound 6 at its IC50 concentration and compared with untreated HepG2 control. (C) Cell cycle
distribution by flow cytometry analysis in HepG2 cells treated for 48 h with compound 6 at its IC50 concentration and compared with untreated
HepG2 control.
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and Bax and decreasing the expression of antiapoptotic marker
Bcl-2.

3. CONCLUSIONS
In conclusion, a congeneric series of new p-fluorocinnamide
derivatives 2a−7 were designed, synthesized, and structurally
confirmed based on 1H NMR and 13C NMR spectroscopic
methods as well as elemental microanalyses. The in vitro
cytotoxic activity of the newly synthesized p-fluorocinnamide
derivatives 2a−7 was evaluated against the liver cancerous
HepG2 cell line. N-(N-Pyrimidin-2-ylbenzenesulphamoyl)-

imidazolone 6 displayed the most potent cytotoxic activity
with IC50 of 4.23 μM higher than that of STU as the reference
compound (IC50 = 5.59 μM). Imidazolone compound 6
demonstrated potential inhibitory activity against EGFR with
the IC50 value of 0.13 μM compared to palatinib (IC50 = 0.07
μM). Moreover, compound 6 was tested for its impact on the
cellular cycle progression and induction of apoptosis in the
HepG2 cell line. It induced cell cycle arrest at the G1 phase by
1.28-fold compared to untreated HepG2 control (from 50.7%
in the control group to 64.2% in the compound 5-treated
group). Also, compound 6 increased the ratio of both early and

Figure 4. Flow cytometric analysis of Annexin V-FITC/PI to quantify the apoptosis induced by compound 6 at a concentration equal to the IC50
value in the HepG2 cell line for 48 h.

Figure 5. Effect of N-(N-pyrimidin-2-ylbenzenesulphamoyl)imidazolone 6 on the mitochondrial membrane potential in HepG2 cancerous cells and
compared with the untreated HepG2 cells.
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late apoptosis from 0.7% in the control untreated cells to
44.8% in the IC50 concentration-treated cells. Additionally,
compound 6 decreased the level of MMP by 2.84-fold
compared the control untreated HepG2 cells. Moreover, N-
(N-pyrimidin-2-ylbenzenesulphamoyl)imidazolone 6 was
found to induce apoptosis in HepG2 cells through the
activation of p53 and Bax along with the downregulation of
Bcl2, indicating that the intrinsic pathway was activated. In
conclusion, N-(N-pyrimidin-2-ylbenzenesulphamoyl)-
imidazolone compound 6 showed potent cytotoxic activity in
HepG2 cells with a novel mechanism. These findings will
provide some valuable hints for further optimization to develop
small active molecules for hepatocellular carcinoma therapy.

4. EXPERIMENTAL SECTION
4.1. General. 4.2. Chemistry. 4.2.1. General Method of

the Synthesis of ((Z)-N-(3-Aryl)-1-(4-fluorophenyl)-3-oxo-
prop-1-en-2-yl)benzamides 2a−f. A mixture of 4-(4-
fluorobenzylidene)-1,3-oxazol-5(4H)-one (0.14 g, 0.50
mmol) and the appropriate aryl amine (0.50 mmol) in (20
mL) glacial acetic acid was heated to reflux for 3−5 h. The
solid separated on cooling was filtered off, dried, and
crystallized from dimethylformamide (DMF)/water (3:1) to
give pure 2a−f.

4 . 2 . 1 . 1 . ( Z ) -N - ( 1 - ( 4 - F l uo ropheny l ) - 3 - o xo - 3 -
(phenylamino)prop-1-en-2-yl)benzamide (2a). Yield: 67%,
mp 246−248 °C. Analysis: Calcd for C22H17FN2O2 (360.38):
C 73.32, H 4.75, N 7.77%, Found: C 73.39, H 4.81, N 7.68%.
1H NMR (400 MHz, DMSO-d6) δ: 10.20 (s, 1H, NH), 10.13
(s, 1H, NH), 8.04 (d, J = 7.5 Hz, 2H), 7.73 (d, J = 8.4 Hz, 2H,
Ar−H), 7.70 (d, J = 8.0 Hz, 2H, Ar−H), 7.61 (t, J = 7.0 Hz,
1H, Ar−H), 7.54 (t, J = 7.5 Hz, 2H, Ar−H), 7.33 (t, J = 7.7
Hz, 2H, Ar−H), 7.25 (t, J = 8.7 Hz, 2H, Ar−H), 7.16 (s, 1H,
olefinic CH), 7.08 (t, J = 7.3 Hz, 1H, Ar−H). 13C NMR
(DMSO, 101 MHz) δ: 166.5, 164.8, 163.6, 161.1, 139.8, 133.9,
132.3, 132.1, 132.0, 131.36, 129.0, 128.9, 128.4, 127.5, 123.9,
120.5, 116.1, 115.9 ppm.

4.2.1.2. (Z)-N-(3-(3-Chlorophenylamino)-1-(4-fluorophen-
yl)-3-oxoprop-1-en-2-yl)benzamide (2b). Yield: 65%, mp
205−207 °C. Analysis: Calcd for C22H16ClFN2O2 (394.83):
C 66.92, H 4.08, N 7.10%, Found: C 67.05, H 4.01, N 6.98%.
1H NMR (400 MHz, DMSO-d6) δ: 10.37 (s, 1H, NH), 10.16
(s, 1H, NH), 8.03 (d, J = 7.4 Hz, 2H, Ar−H), 7.92 (s, 1H, Ar−
H), 7.71 (dd, J = 8.7, 5.7 Hz, 2H, Ar−H), 7.67 (d, J = 8.3 Hz,

1H, Ar−H), 7.62 (t, J = 7.3 Hz, 1H, Ar−H), 7.54 (t, J = 7.5
Hz, 2H, Ar−H), 7.37 (t, J = 8.1 Hz, 1H, Ar−H), 7.26 (t, J =
8.9 Hz, 2H, Ar−H), 7.15 (s, 1H, olefinic CH), 7.13 (d, J = 1.4
Hz, 1H, Ar−H) ppm.

4.2.1.3. (Z)-N-(3-(4-Chlorophenylamino)-1-(4-fluorophen-
yl)-3-oxoprop-1-en-2-yl)benzamide (2c). Yield: 70%, mp
215−217 °C. Analysis: Calcd for C22H16ClFN2O2 (394.83):
C 66.92, H 4.08, N 7.10%, Found: C 67.09, H 4.17, N 7.03%.
1H NMR (400 MHz, DMSO-d6) δ: 10.33 (s, 1H, NH), 10.13
(s, 1H, NH), 8.03 (d, J = 7.4 Hz, 2H, Ar−H), 7.77 (d, J = 8.8
Hz, 2H, Ar−H), 7.70 (dd, J = 8.5, 5.7 Hz, 2H, Ar−H), 7.61 (t,
J = 7.2 Hz, 1H, Ar−H), 7.54 (t, J = 7.4 Hz, 2H, Ar−H), 7.39
(d, J = 8.8 Hz, 2H), 7.26 (t, J = 8.8 Hz, 2H, Ar−H), 7.15 (s,
1H, olefinic CH). 13C NMR (DMSO, 101 MHz) δ: 166.5,
164.9, 163.6, 161.2, 138.8, 133.7, 132.3, 132.2, 132.1, 131.2,
128.9, 128.9, 128.4, 127.6, 127.4, 122.0, 116.1, 115.9 ppm.

4.2.1.4. (Z)-N-(1-(4-Fluorophenyl)-3-(4-hydroxyphenyla-
mino)-3-oxoprop-1-en-2-yl)benzamide (2d). Yield: 74%, mp
236−238 °C. Analysis: Calcd for C22H17FN2O3 (376.38): C
70.20, H 4.55, N 7.44%, Found: C 70.33, H 4.41, N 7.60%. 1H
NMR (400 MHz, DMSO-d6) δ: 10.04 (s, 1H, NH), 9.92 (s,
1H, NH), 9.23 (s, 1H, OH), 8.02 (d, J = 7.6 Hz, 2H, Ar−H),
7.68 (dd, J = 8.1, 5.9 Hz, 2H, Ar−H), 7.64−7.58 (m, 1H, Ar−
H), 7.54 (d, J = 7.5 Hz, 2H, Ar−H), 7.51−7.44 (m, 2H, Ar−
H), 7.24 (t, J = 8.7 Hz, 2H, Ar−H), 7.15 (s, 1H, olefinic CH),
6.72 (d, J = 8.7 Hz, 2H, Ar−H). 13C NMR (DMSO, 101
MHz) δ: 166.4, 164.2, 163.5, 161.1, 154.0, 134.0, 132.2, 132.0,
131.9, 131.5, 131.3, 128.8, 128.4, 127.4, 122.4, 116.1, 115.8,
115.4 ppm.

4.2 .1 .5 . (Z)-N-(1-(4-F luorophenyl ) -3-oxo-3-(m-
tolylamino)prop-1-en-2-yl)benzamide (2e). Yield: 73%, mp
218−220 °C. Analysis: Calcd for C23H19FN2O2 (374.41): C
73.78, H 5.11, N 7.48%, Found: C 73.66, H 5.22, N 7.69%. 1H
NMR (400 MHz, DMSO-d6) δ: 10.09 (s, 2H, 2NH), 8.03 (d, J
= 7.6 Hz, 2H, Ar−H), 7.69 (dd, J = 8.5, 5.8 Hz, 2H, Ar−H),
7.61 (t, J = 7.2 Hz, 1H, Ar−H), 7.56 (s, 2H, Ar−H), 7.53 (d, J
= 7.6 Hz, 2H, Ar−H), 7.25 (t, J = 8.7 Hz, 2H, Ar−H), 7.20 (d,
J = 7.8 Hz, 1H, Ar−H), 7.15 (s, 1H, olefinic CH), 6.90 (d, J =
7.5 Hz, 1H, Ar−H), 2.30 (s, 3H, CH3). 13C NMR (DMSO,
101 MHz) δ: 166.5, 164.7, 163.6, 161.1, 139.6, 138.1, 133.9,
132.3, 132.1, 132.0, 131.3, 128.9, 128.8, 128.4, 127.5, 124.6,
121.1, 117.7, 116.1, 115.9, 21.7 (CH3) ppm.

4.2.1.6. (Z)-N-(1-(4-Fluorophenyl)-3-oxo-3-(p-tolylamino)-
prop-1-en-2-yl)benzamide (2f). Yield: 76%, mp 242−244 °C.
Analysis: Calcd for C23H19FN2O2 (374.41): C 73.78, H 5.11,
N 7.48%, Found: C 73.83, H 5.17, N 7.38%. 1H NMR (400
MHz, DMSO-d6) δ: 10.08 (s, 1H, NH), 10.08 (s, 1H, NH),
8.02 (d, J = 7.4 Hz, 2H, Ar−H), 7.69 (dd, J = 8.8, 5.7 Hz, 2H,
Ar−H), 7.64−7.58 (m, 3H, Ar−H), 7.53 (t, J = 7.4 Hz, 2H,
Ar−H), 7.24 (t, J = 8.9 Hz, 2H, Ar−H), 7.15 (s, 2H, Ar−H),
7.12 (s, 1H, olefinic CH), 2.28 (s, 3H, CH3). 13C NMR
(DMSO, 101 MHz) δ: 166.4, 164.6, 163.6, 161.1, 137.2, 133.9,
132.8, 132.3, 132.1, 132.0, 131.4, 129.4, 128.8, 128.4, 127.5,
120.6, 116.1, 115.9, 21.0 (CH3) ppm.

4.2.2. General Method of the Synthesis of (Z)-N-(1-(4-
Fluorophenyl)-3-(3-substitutedbenzylamino)-3-oxoprop-1-
en-2-yl)benzamides 3a−c. A mixture of 4-(4-fluorobenzyli-
dene)-1,3-oxazol-5(4H)-one (0.14 g, 0.50 mmol) and the
respective substituted benzyl amine (0.50 mmol) in (20 mL)
pure ethanol was heated to reflux for 1−2 h. The solid
separated on cooling the reaction mixture was filtered off,
dried, and crystallized from ethanol/water (3:1) to give pure
3a−c.

Figure 6. Effect of N-(N-pyrimidin-2-ylbenzenesulphamoyl)-
imidazolone 6 on p53, Bax, and Bcl2.
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4.2.2.1. (Z)-N-(1-(4-Fluorophenyl)-3-(3-methylbenzylami-
no)-3-oxoprop-1-en-2-yl)benzamide (3a). Yield: 64%, mp
144−146 °C. Analysis: Calcd for C24H21FN2O2 (388.43): C
74.21, H 5.45, N 7.21%, Found: C 74.08, H 5.56, N 7.34%. 1H
NMR (400 MHz, DMSO-d6) δ 9.97 (s, 1H, NH), 8.68 (t, J =
5.9 Hz, 1H, NH), 8.04 (d, J = 7.6 Hz, 2H, Ar−H), 7.64 (dd, J
= 8.4, 5.9 Hz, 2H, Ar−H), 7.59 (d, J = 7.0 Hz, 1H, Ar−H),
7.53 (t, J = 7.4 Hz, 2H, Ar−H), 7.31 (s, 1H, olefinic CH), 7.22
(d, J = 4.6 Hz, 1H, Ar−H), 7.21 (d, J = 2.9 Hz, 1H, Ar−H),
7.18 (s, 1H, Ar−H), 7.16 (s, 1H, Ar−H), 7.12 (d, J = 7.5 Hz,
1H, Ar−H), 7.04 (d, J = 7.3 Hz, 1H, Ar−H), 4.36 (d, J = 6.0
Hz, 2H, NCH2), 2.30 (s, 3H, CH3). 13C NMR (DMSO, 101
MHz) δ: 166.4, 165.4, 163.6, 161.1, 140.1, 137.6, 134.1, 132.2,
132.0, 131.9, 131.3, 130.4, 128.8, 128.5, 128.4, 128.2, 127.6,
124.7, 116.0, 115.8, 43.0 (NCH2), 21.5 (CH3).

4.2.2.2. (Z)-N-(1-(4-Fluorophenyl)-3-(3-methoxybenzyla-
mino)-3-oxoprop-1-en-2-yl)benzamide (3b). Yield: 61%, mp
178−180 °C. Analysis: Calcd for C24H21FN2O3 (404.43): C
71.27, H 5.23, N 6.93%, Found: C 71.17, H 5.14, N 7.04%. 1H
NMR (400 MHz, DMSO-d6) δ 9.99 (s, 1H, NH), 8.50 (t, J =
5.8 Hz, 1H, NH), 8.04 (d, J = 7.3 Hz, 2H, Ar−H), 7.65 (dd, J
= 8.5, 5.7 Hz, 2H, Ar−H), 7.60 (d, J = 7.2 Hz, 1H, Ar−H),
7.53 (t, J = 7.3 Hz, 2H, Ar−H), 7.34 (s, 1H, olefinic CH), 7.29
(d, J = 7.1 Hz, 1H, Ar−H), 7.27−7.12 (m, 3H, Ar−H), 6.97
(d, J = 8.1 Hz, 1H, Ar−H), 6.92 (t, J = 7.4 Hz, 1H, Ar−H),
4.36 (d, J = 5.8 Hz, 2H, NCH2), 3.79 (s, 3H, OCH3). 13C
NMR (DMSO, 101 MHz) δ: 166.5, 165.5, 163.6, 161.2, 156.8,
134.1, 132.2, 132.0, 131.9, 131.3, 130.3, 128.8, 128.4, 128.1,
127.7, 127.4, 120.5, 116.1, 115.9, 110.6, 55.7 (OCH3), 38.2
(NCH2).

4.2.2.3. (Z)-N-(3-(3,4-Dimethoxybenzylamino)-1-(4-fluo-
rophenyl)-3-oxoprop-1-en-2-yl)benzamide (3c). Yield: 68%,
mp 184−186 °C. Analysis: Calcd for C25H23FN2O4 (434.46):
C 69.11, H 5.34, N 6.45%, Found: C 69.19, H 5.22, N 6.54%.
1H NMR (400 MHz, DMSO-d6) δ: 9.99 (s, 1H, NH), 8.65 (t,
J = 5.9 Hz, 1H, NH), 8.02 (d, J = 7.3 Hz, 2H, Ar−H), 7.63
(dd, J = 8.7, 5.7 Hz, 2H, Ar−H), 7.59 (d, J = 7.2 Hz, 1H, Ar−
H), 7.53 (t, J = 7.4 Hz, 2H, Ar−H), 7.26 (s, 1H, olefinic CH),
7.21 (t, J = 8.9 Hz, 2H, Ar−H), 6.97 (s, 1H, Ar−H), 6.88 (d, J
= 8.2 Hz, 1H, Ar−H), 6.83 (d, J = 8.1 Hz, 1H, Ar−H), 4.33 (d,
J = 5.9 Hz, 2H, NCH2), 3.77 (s, 3H, OCH3), 3.72 (s, 3H,
OCH3). 13C NMR (DMSO, 101 MHz) δ: 166.5, 165.4, 161.1,
149.1, 148.0, 134.0, 132.7, 132.2, 132.0, 131.9, 131.3, 131.3,
130.7, 128.8, 128.4, 119.5, 116.1, 115.8, 112.1, 111.6, 56.1
(OCH3), 55.9 (OCH3), 42.7 (NCH2) ppm.

4.2.3. General Method of the Synthesis of N-(Z)-3-((E)-2-
(Arylhydrazinyl)-1-(4-Fluorophenyl)-3-oxoprop-1-en-2-yl)-
benzamides 4a−d. A suspension mixture of 4-(4-fluoroben-
zylidene)-1,3-oxazol-5(4H)-one (0.14 g, 0.50 mmol), the
respective N-arylidenehydrazine (0.50 mmol), and (2 mL)
glacial acetic acid in (20 mL) pure ethanol was heated to reflux
on a water bath for 4−5 h. After reaction accomplishment, the
mixture was cooled to room temperature and then poured
onto ice-cold water (15 mL). The solid formed was filtered off
and crystallized from DMF/water (3:1) to give pure N-
(arylidene)-4-fluorocinnamic acid hydrazide 4a−d.

4.2.3.1. N-((Z)-3-((E)-2-(4-Fluorobenzylidene)hydrazinyl)-
1-(4-fluorophenyl)-3-oxoprop-1-en-2-yl)benzamide (4a).
Yield: 61%, mp 227−229 °C. Analysis: Calcd for
C23H17F2N3O2 (405.40): C 68.14, H 4.23, N 10.37%,
Found: C 68.06, H 4.18, N 10.53%. 1H NMR (400 MHz,
DMSO-d6) δ: 11.74 (s, 1H, NH), 10.12 (s, 1H, NH), 8.42 (s,
1H, CH = N), 8.03 (d, J = 7.4 Hz, 2H, Ar−H), 7.82−7.74 (m,

2H, Ar−H), 7.69 (dd, J = 8.1, 5.9 Hz, 2H, Ar−H), 7.65−7.58
(m, 1H, Ar−H), 7.54 (t, J = 7.3 Hz, 2H, Ar−H), 7.35 (dd, J =
16.6, 7.8 Hz, 1H, Ar−H), 7.29 (d, J = 11.1 Hz, 2H, Ar−H),
7.25 (s, 1H, Ar−H), 7.16 (s, 1H, olefinic CH). 13C NMR
(DMSO, 101 MHz) δ: 166.4, 164.8, 163.6, 162.7, 160.9, 146.7,
133.8, 132.3, 132.1, 131.2, 130.0, 129.6, 128.9, 128.4, 128.0,
116.5, 116.3, 116.1, 115.9 ppm.

4.2 .3 .2 . N- ( (Z) -1- (4-F luorophenyl ) -3- ( (E ) -2- (2-
hydroxybenzylidene)hydrazinyl)-3-oxoprop-1-en-2-yl)-
benzamide (4b). Yield: 69%, mp 253−255 °C. Analysis: Calcd
for C23H18FN3O3 (403.41): C 68.48, H 4.50, N 10.42%,
Found: C 68.59, H 4.63, N 10.23%. 1H NMR (400 MHz,
DMSO-d6) δ: 11.96 (s, 1H, NH), 11.31 (s, 1H, OH), 10.15 (s,
1H, NH), 8.60 (s, 1H, CH = N), 8.04 (d, J = 7.4 Hz, 2H, Ar−
H), 7.70 (dd, J = 8.5, 5.8 Hz, 2H, Ar−H), 7.66−7.59 (m, 1H,
Ar−H), 7.55 (t, J = 7.5 Hz, 2H, Ar−H), 7.51 (d, J = 8.4 Hz,
1H, Ar−H), 7.35−7.27 (m, 2H, Ar−H), 7.26 (s, 1H, Ar−H),
7.23 (d, J = 2.4 Hz, 1H, Ar−H), 6.94 (d, J = 8.7 Hz, 2H, Ar−H
and olefinic CH) ppm.

4.2 .3 .3 . N- ( (Z) -1- (4-F luorophenyl ) -3- ( (E ) -2- (4-
hydroxybenzylidene)hydrazinyl)-3-oxoprop-1-en-2-yl)-
benzamide (4c). Yield: 73%, mp 277−279 °C. Analysis: Calcd
for C23H18FN3O3 (403.41): C 68.48, H 4.50, N 10.42%,
Found: C 68.53, H 4.42, N 10.51%. 1H NMR (400 MHz,
DMSO-d6) δ: 11.50 (s, 1H, NH), 10.07 (s, 1H, NH), 9.91 (s,
1H, OH), 8.31 (s, 1H, CH = N), 8.03 (d, J = 7.5 Hz, 2H, Ar−
H), 7.68 (dd, J = 8.2, 5.9 Hz, 2H, Ar−H), 7.64−7.59 (m, 1H,
Ar−H), 7.55 (s, 2H, Ar−H), 7.53 (s, 2H, Ar−H), 7.24 (t, J =
8.8 Hz, 2H, Ar−H), 7.15 (s, 1H, olefinic CH), 6.84 (d, J = 8.4
Hz, 2H, Ar−H). 13C NMR (DMSO, 101 MHz) δ: 166.4,
162.3, 161.1, 159.8, 148.2, 133.8, 132.3, 132.1, 132.0, 131.3,
130.2, 129.2, 128.9, 128.4, 127.8, 125.9, 116.2, 116.1, 115.9
ppm.

4.2 .3 .4 . N- ( (Z) -1- (4-F luorophenyl ) -3- ( (E ) -2- (4-
methylbenzylidene)hydrazinyl)-3-oxoprop-1-en-2-yl)-
benzamide (4d). Yield: 60%, mp 241−243 °C. Analysis: Calcd
for C24H20FN3O2 (401.43): C 71.81, H 5.02, N 10.47%,
Found: C 71.96, H 4.90, N 10.33%. 1H NMR (400 MHz,
DMSO-d6) δ: 8.66 (s, 1H, CH = N), 8.46 (dd, J = 8.7, 5.9 Hz,
1H, Ar−H), 8.23−8.15 (m, 1H, Ar−H), 7.77 (d, J = 8.1 Hz,
3H, Ar−H), 7.73 (d, J = 8.1 Hz, 1H, Ar−H), 7.70−7.54 (m,
2H, Ar−H), 7.45−7.35 (m, 2H, Ar−H), 7.32 (d, J = 7.6 Hz,
4H, Ar−H and olefinic CH), 2.38 (s, 3H, CH3). 13C NMR
(DMSO, 101 MHz) δ: 166.7, 162.5, 161.7, 158.3, 142.4, 141.8,
132.6, 131.7, 131.1, 130.2, 130.2, 130.0, 129.0, 128.8, 128.7,
128.4, 127.6, 116.7, 116.4, 21.6 (CH3) ppm.

4.2.4. General Method of the Synthesis of (Z)-N-(3-(2-
(Diphenylmethylene)hydrazinyl)-1-(4-fluorophenyl)-3-oxo-
prop-1-en-2-yl)benzamide (5). A suspension mixture of 4-(4-
fluorobenzylidene)-1,3-oxazol-5(4H)-one (0.14 g, 0.50 mmol),
N-(diphenylmethylene)hydrazine (0.10 g, 0.50 mmol), and
NaOAc (0.05 g, 0.55 mmol) in (20 mL) glacial acetic acid was
heated to reflux on an oil bath for 24 h. After reaction
accomplishment, the reaction mixture was concentrated to half
volume, then cooled, and left overnight. The formed
precipitate was filtered off, dried, and crystallized from
DMF/water (3:1) to give a pure 2-(diphenylmethylene)-4-
fluorocinnamic acid hydrazide molecule 5.
Yield: 66%, mp 107−109 °C. Analysis: Calcd for

C29H22FN3O2 (463.50): C 75.15, H 4.78, N 9.07%, Found:
C 75.00, H 4.91, N 9.24%. 1H NMR (400 MHz, DMSO-d6) δ:
10.04 (d, J = 27.6 Hz, 1H, NH), 9.39 (s, 1H, NH), 7.78−7.70
(m, 2H, Ar−H), 7.68−7.59 (m, 3H, Ar−H), 7.51 (dd, J = 21.3,
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7.5 Hz, 5H, Ar−H), 7.40 (d, J = 20.0 Hz, 4H, Ar−H), 7.30 (d,
J = 6.8 Hz, 1H, olefinic CH), 7.26−7.14 (m, 5H, Ar−H). 13C
NMR (DMSO, 101 MHz) δ: 166.6, 165.4, 161.5, 159.5, 137.9,
137.1, 135.6, 132.7, 132.4, 132.3, 131.5, 130.4, 129.9, 129.4,
129.3, 129.1, 128.9, 128.8, 128.6, 128.2, 127.8, 116.3, 116.1
ppm.

4.2.5. General Method of the Synthesis of (Z)-4-(4-(4-
Fluorobenzylidene)-5-oxo-2-phenyl-4,5-dihydro-1H-imida-
zol-1-yl)-N-(pyrimidin-2-yl)benzenesulfonamide (6). A sus-
pension mixture of 4-(4-fluorobenzylidene)-1,3-oxazol-5(4H)-
one (0.14 g, 0.50 mmol), sulfadiazine (0.13 g, 0.50 mmol), and
NaOAc (0.05 g, 0.55 mmol) in (20 mL) glacial acetic acid was
heated to reflux on an oil bath for 8 h. The formed solid on
cooling was filtered off and crystallized from DMF/water (3:1)
to give N-(N-pyrimidin-2-ylbenzenesulphamoyl)imidazolone
6.
Yield: 74%, mp 265−267 °C. Analysis: Calcd for

C26H20FN5O4S (517.53): C 60.34, H 3.90, N 13.53%,
Found: C 60.41, H 3.96, N 13.42%. 1H NMR (400 MHz,
DMSO-d6) δ: 12.04 (s, 1H, NH), 8.52 (d, J = 4.9 Hz, 2H, Ar−
H), 8.46 (dd, J = 8.8, 5.8 Hz, 2H, Ar−H), 8.04 (d, J = 8.6 Hz,
2H, Ar−H), 7.54−7.49 (m, 1H, Ar−H), 7.48 (d, J = 1.8 Hz,
1H, Ar−H), 7.47 (d, J = 1.8 Hz, 2H, Ar−H), 7.45 (d, J = 1.4
Hz, 1H, Ar−H), 7.39 (d, J = 3.7 Hz, 1H, Ar−H), 7.39−7.36
(m, 2H, Ar−H and olefinic CH), 7.35 (d, J = 2.3 Hz, 2H, Ar−
H), 7.09 (t, J = 4.9 Hz, 1H, Ar−H). 13C NMR (DMSO, 101
MHz) δ: 169.6, 165.0, 162.5, 160.8, 158.8, 157.3, 140.6, 138.4,
138.3, 135.4, 135.3, 132.1, 131.2, 131.2, 129.4, 129.0, 128.9,
128.7, 128.5, 127.4, 116.7, 116.4 ppm.

4.2.6. General Method of the Synthesis of (Z)-5-(4-
Fluorobenzylidene)-2,3-diphenyl-1,2-dihydro-1,2,4-triazin-
6(5H)-one (7). A suspension mixture of 4-(4-fluorobenzyli-
dene)-1,3-oxazol-5(4H)-one (0.14 g, 0.50 mmol), phenyl
hydrazine (0.06 g, 0.50 mmol), and (2 mL) glacial acetic
acid in (20 mL) pure ethanol was heated to reflux on a water
bath for 6 h. The solution mixture was cooled to room
temperature and then poured on ice-cold water (15 mL). The
solid formed was filtered off and crystallized from ethanol/
water (70%) to give a pure triaryl-1,2,4-triazine molecule 7.
Yield: 69%, mp 222−224 °C. Analysis: Calcd for

C22H16FN3O (357.38): C 73.94, H 4.51, N 11.76%, Found:
C 74.04, H 4.43, N 11.62%. 1H NMR (400 MHz, DMSO-d6)
δ: 9.01 (s, 1H, NH), 8.47 (dd, J = 8.6, 5.9 Hz, 2H, Ar−H),
8.16 (d, J = 7.3 Hz, 2H, Ar−H), 7.61 (t, J = 7.3 Hz, 1H, Ar−
H), 7.54 (t, J = 7.5 Hz, 2H, Ar−H), 7.39 (t, J = 8.9 Hz, 2H,
Ar−H), 7.30 (s, 1H, olefinic CH), 7.21 (t, J = 7.8 Hz, 2H, Ar−
H), 6.83 (t, J = 7.3 Hz, 1H, Ar−H), 6.72 (d, J = 7.9 Hz, 2H,
Ar−H). 13C NMR (DMSO, 101 MHz) δ: 169.6, 165.0, 162.5,
161.5, 146.9, 136.4, 135.6, 135.5, 132.8, 131.2, 129.8, 129.2,
129.1, 128.0, 127.3, 120.6, 116.7, 116.4, 112.7 ppm.
4.3. Biological Studies. The experimental details for the

performed biological assays, MTT assay, EGFR kinase, cell
cycle analysis, apoptosis assay, mitochondrial membrane
depolarization, and qRT-PCR for apoptotic markers are
mentioned in the Supporting Information.
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