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A novel series of halogenated f-enaminonitriles (4a-m), linked 9-bromo-1H-benzo[f]-hromene moieties, were
synthesized via microwave irradiation and were predestined for their cytotoxic activity versus three cancer cell
lines, namely: MCF-7, HCT-116, and HepG-2. Several of the tested compounds showed high growth inhibitory
activities versus the tumor cell lines. Particularly, compounds 4c, 4d, 4f, 4h, 4j, 41, and 4m demonstrated
superior antitumor activities against the aforementioned cell lines. Moreover, the apoptosis process in all the
tested cells was induced by compounds 4c, 4d, 4h, 41, and 4m, as observed by the Annexin V/PI double staining

flow cytometric assay. The DNA flow, cytometric analysis revealed that these compounds prompted cell cycle
arrest at the G2/M phases. Furthermore, the topoisomerase catalytic activity assays indicated that these com-
pounds inhibited both the topoisomerase I and II enzymes.

1. Introduction

Microwave heating through dielectric losses has been utilized in
synthetic organic chemistry, as it allows the transformations to proceed
faster, safer, and with a lower energy input, which in turn speeds or-
ganic reactions, develops product pureness, and facilitates the work-up
[1-7]. Multicomponent reactions are assisting steps for initiating new
organic materials in good yields [8-13]. A variety of natural and syn-
thesized 4H-chromenes and 4H-benzochromenes are used as effective
reagents against asthma, anti-trypanosomal, arthritis, depression, an-
xiety, loss of appetite, Alzheimer’s, Schizophrenia disorder, and other
disorders of the central nervous system, diabetic complications and
changes in blood pressure [14-19]. However, the substituted 4H-benzo
[h]lchromenes are biologically remarkable compounds that possess an
assortment of pharmacological activities. For instance, 2-amino-4-(4-
chloro/2- or 4-nitrophenyl)-4H-benzo[h]chromene-2-carbonitriles (A),
have effective cytotoxic and apoptotic behaviors against different cell
lines: MCF-7,MDA-MB-231, HepG-2, T-47D, SK-N-MC, KB, and PC3
[20]; 2-amino-4-aryl-6-chloro/methoxy-4H-benzo[h]chromene-3-car-
bonitriles (B), has been reported as active cytotoxic agents against
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breast adenocarcinoma (MCF-7), human colon carcinoma (HCT-116)
and hepatocellular carcinoma (HepG-2) [21,22]. 2-Amino-5,6-dihydro-
8-methoxy-4-phenyl-4H-benzo[h]chromene-3-carbonitriles (C) re-
ported as active cytotoxic agents against human glioblastoma cells [23]
while, 2-amino-4-aryl-4H-benzo[h]chromene-2-carbonitriles (D) ex-
hibits antiproliferative activities and c-Src kinase inhibitor [24,25].
Moreover, 4-phenyl-2-(N-succinimido)-4H-benzo[h]chromene-3-carbo-
nitriles (E) displays anti-rheumatic activity and 4-aryl-2,7-diamino-4H-
benzo[h]chromene-3-carbonitriles (F) has been reported as an active
antitumor agent [26,27], Fig. 1.

Furthermore, a range of studies has revealed the potential of 1H-
benzo[f]chromene derivatives. As an example, 3-amino-8-bromo-1-(4-
chlorophenyl)-1H-benzo[f]chromene-2-carbonitrile and 3-amino-1-
aryl-1H-benzo[f]chromene-2-carbonitriles (G) exhibits c-Src kinase in-
hibitory and antiproliferative activities [13,24]; 1H-benzo[f]chromene
derivatives (H) demonstrates a high potency for the hAChE inhibitors
[28]. The 1H-benzo[flchromene derivatives (I) operates as a blood-
brain barrier with low toxicity [28] whereas, the 1-aryl-2-(1H-tetrazol-
5-yl)-1H-benzo[f]chromene-3-amines (J) perform as an anticancer
agent [29]. The 3,5-diamino-1-phenyl-1H-benzo[f]chromene-2-
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Fig. 1. Structure of some 4H-benzo[h]lchromene derivatives (Green highlighted) with cytotoxic and apoptotic effects. (For interpretation of the references to colour in

this figure legend, the reader is referred to the web version of this article.)
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Fig. 2. Structure of some 1H-benzo[flchromene derivatives (blue highlighted) with cytotoxic and apoptotic effects. (For interpretation of the references to colour in

this figure legend, the reader is referred to the web version of this article.)

carbonitriles (K) acts as an antitumor agent [26], and 3-amino-1-(4-
chloro/bromophenyl)-1H-benzo[f]chromene-2-carbonitriles (L) has
been reported as an active cytotoxic and apoptotic effect against a
variety of cell types [20], as presented in Fig. 2.

Additionally, a number of chemotherapeutic factors that generate
chemotherapeutic action through their aptitude to inhibit nuclear DNA
topoisomerases (Topos) have been the mainstay of cancer treatment
[30]. Topos is evolutionarily protected nuclear enzymes, which are
vital for DNA metabolism, and are embroiled in creating the indis-
pensable topological state of DNA during replication, transcription,
recombination, and chromatin remodeling [31,32].

Considering the great potential of the biological activities of the 2-
aminobenzochromenes [20-29], we, herein, are reporting the synth-
esis, cytotoxic activity, and structural activity relationship (SAR) of the
novel series of halogenated f-enaminonitriles. Further studies were
incorporated for the most potent synthesized derivatives, discussing
their mechanism of action, ability to cause cell cycle arrest, and ability

to induce apoptosis in tumor cells against MCF-7, HCT-116, and HepG-2
cell lines. The inhibitory influence of these effective compounds on the
catalytic activity of the topoisomerase enzymes I and II will be in-
vestigated.

2. Results and discussion
2.1. Chemistry

This work exploits the highly efficient one-pot, three-component
synthetic methodology to generate a variety of halogenated 3-amino-9-
bromo-1-aryl-1H-benzo[f]chromene-2-carbonitrile (4a-m) by the reac-
tion of 7-bromo-2-naphthol (1) with a diversity of aromatic aldehydes
(2a-m) and malononitrile (3) in an ethanolic/piperidine solution under
microwave irradiation conditions for 2 min at 140 °C, as presented in
Scheme 1. The maximum power of the microwave irradiation was op-
timized by repeating the reaction at different watt powers and time.
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Scheme 1. Synthesis of halogenated 1H-benzo[f]chromene derivatives (4a-m).

The microwave radiations at 400 W and a reaction time of 2 min gave
the highest yield.

Both the spectroscopic data and the elemental analyses were con-
sistent with the structures. The IR spectra of compounds 4a-m disclosed
absorption bands around v 3479-3439, 3337-3319, 3290-3204 cm !
for NH, in addition to the absorption bands of the cyano groups in the
region v 2202-1995 cm ™', On the other hand, the 'H NMR spectra of
4a-m divulged the signals of the methine proton in the range of &
6.10-5.34 ppm and the methoxy group at § 3.77 for compound 4 m.
Moreover, the 'H NMR spectra revealed the presence of the D,O ex-
changeable NH, protons in the range of § 7.20-7.00 ppm. The '*C NMR
spectra of 4a-m showed signals resonating in the range of §
39.03-27.94 ppm, attributed to the CH carbons, and at § 61.89 ppm,
ascribed to the CHj carbon for compound 4m. In addition, the MS
spectra of 4a-m, the >C NMR-DEPT spectra at 45°, 90°, 135°, and the
13C NMR-APT spectra of compound 4g, 4j, 41, and 4 m delivered the
absolute confirmation for their structures (see supplementary mate-
rials).

2.2. Biological activity

2.2.1. In vitro cytotoxic activity

In this research, newly synthesized compounds, 3-amino-9-bromo-
1-aryl-1H-benzo[f]chromene-2-carbonitriles (4a-m) were subjected to
cytotoxic evaluation against the selected human cancer cell lines, spe-
cifically: mammary gland breast cancer (MCF-7), human colon cancer
(HCT-116), and human hepatocellular carcinoma (HepG-2) with
Vinblastine and Doxorubicin as a reference drug using the MTT assay
[33-35]. The in-vitro cytotoxicity evaluation was achieved under dif-
ferent concentrations (50 pg/mL, 25 pg/mL, 12.5 pg/mL, 6.25 ug/mL,
3.125 pg/mL, 1.56 ug/mL and O pug/mL) at Al-Azhar University. The
results were expressed as growth inhibitory concentration (ICso) values
that represent the necessitated concentrations of the compounds to
produce a 50% inhibition of cell growth after 24 h of incubation, in
comparison to the untreated controls and are summarized in Fig. 3 and
Table 1.

Table 1 explains that most of the targeted compounds are labeled
with excellent, strong, or modest growth inhibitory activities against
the assessed cancer cell lines. Examinations of the cytotoxicity versus
different cell lines denoted that HepG-2 was the most sensitive cell line
to the influence of the novel derivatives. Compounds 4h and 4f
(ICso = 0.49 = 0.21 and 1.52 = 0.11 ug/m proved to be the most
potent derivatives above all the tested compounds against the MCF-7
cell line when evaluated against Vinblastine and Doxorubicin
(ICs0 = 3.28 = 0.03 and 0.39 * 0.01 ug/mL) while compounds 4m,
4h, 4d, and 4c (ICso = 0.58 = 0.15, 0.64 = 0.1, 0.8 = 0.12 and
1.36 + 0.4 ug/mL, respectively) were more potent and efficacious than
Vinblastine and Doxorubicin (IC50 = 14.03 = 0.08 and

2.15 = 0.15pg/mL) against the HCT-116 tumor line. Additionally, the
cytotoxicity evaluation of the HepG-2 cell line revealed that compound
41 (IC50 = 0.47 = 0.01 ng/mL) was the most potent derivative from all
the tested compounds and the standard drug Doxorubicin
(ICs0 = 0.62 = 0.04 ng/mL) whereas compounds 41, 4m, 4c, 4g, 4j,
4a, 4d, and 4f (ICs50 = 0.47 = 0.01, 0.71 = 0.6, 0.77 + 0.14,
0.9 = 0.2, 1.07 = 0.3, 1.26 *= 0.03, 1.67 = 0.23 and
2.51 + 0.7 ug/mlL, respectively) were more active than Vinblastine
(ICso = 2.58 + 0.01 pug/mL).

2.2.2. G2/M phase cell cycle arrest in treating cancer cells

Normal cell growth and cell divisions are under the manipulation of
four cell cycle stages (G1, S, G2, and M). However, most cancer cells
undergo unscheduled cell divisions by the down regulation of the cell
cycle. Therefore, the development of anti-cancer therapeutic agents,
targeting specific steps of the cell cycle, represents an important ther-
apeutic intervention in treating proliferative diseases like cancer
[36,37]. In order to elucidate the effect of the most potent newly syn-
thesized compounds (4c, 4d, 4h, 41, 4m) against the sundry tumor cell
lines, DNA content was analyzed by the flow cytometry, exploiting the
FACS Calibers (Becton Dickinson). The distribution of cells along the G1
(2n), G2/M (4n), and S (2n to 4n) phases of the cycle was exhibited in
the representative cell cycle distribution histogram of the stained DNA
in Fig. 4a. The MCF-7, HCT-116, and HepG-2 cancer cells were re-
medied with each derivative at its ICso values for 24 h, a controlled
experiment with no treatment done. The outcomes on regulating cell
cycle progression demonstrated that all the tested compounds have
expressed a significant increased percentage (50%) of cells at the G2/M
phase in comparison to the 15% in control cells. In addition, these re-
sults were accompanied by a considerable decrease in percentage at the
G1 and S phases compared to the untreated control cells (Fig. 4b). The
cell cycle evaluation presented that the tested derivatives significantly
arrested the cells’ progression by restricting the G2/M phases.

2.2.3. Apoptosis induction in treating cancer cells

Many anticancer compounds exerted their effects by blocking the
cell cycle progression, by inducing apoptosis, or the combined effect of
both. To further assess the pivotal relationship of the cell cycle arrest
and apoptosis to the newly synthesized tumor suppression compounds,
the Phosphatidylserine (PS) translocation to the cell membrane as a
marker for apoptosis was measured by the means of the Annexin V/PI
double staining flow cytometric assay [38]. The representative dot plots
of the double stained cells (MCF-7, HCT-116, and HepG-2), after
treatment with the diverse examined compounds as displayed in
Fig. 5a. Unlike necrosis, which was not observed in all the results, all of
the treated cells illustrated up to 20% in total apoptosis in evaluation
against the 2% of the untreated cells. Moreover, all the tested com-
pounds showed early (Annexin V positive, PI negative) as well as late
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Fig. 3. ICs, values are expressed in (ug/ml) of 3-amino-9-bromo-1-aryl-1H-benzo[f]chromene-2-carbonitrile (4a-m) against MCF-7, HCT-116, and HepG-2 tumor

cells.

(Annexin V positive, PI positive) apoptosis in, of all the treated cells
(Fig. 5b). In other studies, it was established that the Annexin V single
positive cells appeared after treatment with early anticancer drugs such
as Etoposide and Cytarabine, but not with late anticancer drugs such as
Doxorubicin and Methotrexate [39,40]. Our results proposed that the
induction of cytotoxicity occurs through mechanisms associated with
apoptosis.

2.2.4. Dual inhibitory effects on topoisomerase I and II

Many DNA-binding derivatives exhibit their major pharmacological
effect through the interference with the activity of Topoisomerases
[41]. As an instance, the delayed onset of mitosis (G2 block) is regularly
observed in cells that have been exposed to the Topo blockers [42]. The
effects of the synthesized compounds on the topoisomerases I and II
enzymes were measured to investigate whether the derivatives that
exhibited cytotoxic behavior are Topos catalytic inhibitors. The influ-
ence of our compounds on the catalytic activity of Topo I was tested,
employing the relaxation assay, while the decatenation assay was ex-
ercised for Topo II, which was utilized based on the conversion of the
catenated DNA to its decatenated form, as demonstrated in the method.

Table 1

All of the analyzed compounds with the exploitation of the c-MET re-
ference drug has presented the inhibitory DNA relaxation activity of
Topo 1 and II in a dose-dependent manner, judged by a decrease in the
relaxed DNA and a decrease in the decatenation of KDNA, respectively
(Fig. 6a & b). Additionally, compounds 4c and 41 have shown the
highest inhibitory effect on Topo I and II, respectively. However, the
calculated ICs for Topo I was more or less the same for Topo II for each
of the tested compounds (Fig. 6¢). Taken together, this data indicated
that the newly produced derivatives inhibit both the Topo I and Topo II
in vitro activities. The reactivity of the synthesized compounds, ex-
hibiting dual inhibitors that target both topoisomerase I and II, is at-
tributed to the structural motifs present on both enzymes or their
binding to an intercalate DNA.

2.3. SAR studies

The SAR studies the effect of the different substituents (halogen
atoms or methoxy group), on the phenyl group (Ar, Scheme 1) at the 1-
position of the 1H-benzo[f]lchromene moiety, on the antitumor activ-
ities. In comparison to the cytotoxic activities of the three series: the

Cytotoxic activity of the target compounds against MCF-7, HCT-116, and HepG-2 cell lines.

Compound ICso (ug/mL)"

MCF-7 HCT-116 HepG-2
4a 4-FCeHy4 35.98 + 0.12 29.14 + 0.11 1.26 = 0.03
4b 2-CIC¢Hy4 26.55 * 0.5 43.09 = 0.16 7.79 = 0.35
4c 3-CICeH4 45.77 £ 0.2 1.36 + 0.4 0.77 = 0.14
4d 4-CICHy4 9.63 * 0.11 0.8 £ 0.12 1.67 £ 0.23
4e 4-BrCeH, 3.63 £ 0.14 49.93 + 0.35 3.6 £ 0.02
4f 2,4-F,CeH3 1.52 + 0.11 19.83 + 0.2 2,51 + 0.7
4g 2,6-F>CeH3 451 * 0.12 19.92 + 0.1 09 = 0.2
4h 2,3-Cl,CeH3 0.49 * 0.21 0.64 + 0.1 7.59 = 0.17
4i 2,4-Cl,CeH3 4.04 * 0.02 30.09 * 0.14 10.66 * 0.15
4j 2,5-Cl,CeH3 4.05 * 0.1 12.88 + 0.2 1.07 £ 0.3
4k 2,6-Cl,CeH3 151 = 0.17 17.15 + 0.18 3.31 £ 0.16
41 3,4-Cl,CeH3 7.61 = 0.3 25 += 0.02 0.47 = 0.01
4m 3,5-Br,-2-OMeCgH> 3.67 * 0.13 0.58 * 0.15 0.71 = 0.6
Vinblastine - 3.28 £ 0.03 14.03 = 0.08 2.58 + 0.01
Doxorubicin - 0.39 = 0.01 2.15 = 0.15 0.62 = 0.04

2 ICsp values are expressed in pg/mL as the mean values of triplicate wells from at least three experiments and are reported as the mean =+ standard error.
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value) for 24 h. The data are expressed as the mean *+ SD of three independent experiments in triplicate.
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mono-, di-, and tri-substituents (4a-e, 4f-1, and 4m), against MCF-7, it
was found that the halogenated disubstituents (second series), like 2,3-
Cl, and 2,4-F,, on the phenyl ring of compounds 4h and 4f
(ICso = 0.49 *= 0.21 and 1.52 + 0.11 ug/mL) had a much more sig-
nificant impact on the activities than the first series (4a-e) and the third
series (4m). However, when a comparison is drawn between Vinblas-
tine and Doxorubicin (ICso = 3.28 = 0.03 and 0.39 + 0.01 pg/mL)
with the MCF-7 cell line, the cytotoxicity was decreased in the order of
2,3-Cl, > 2,4-F,, suggesting that the bulky size of the lipophilic elec-
tron-withdrawing disubstituents generates more activity than the other
monosubstituents and trisubstituent, respectively. Concerning activity
against the HCT-116 cell line, the derivatives 4m, 4h, 4d, and 4c
(ICs0 = 0.58 = 0.15,0.64 + 0.1,0.8 = 0.12and 1.36 *+ 0.4 ug/mlL,
respectively) were the most active analogs through this study in eva-
luation against Vinblastine and Doxorubicin (ICso, = 14.03 = 0.08 and
2.15 + 0.15 pg/mL), hinting that the bulky size of both the lipophilic
electron-donating as well as the lipophilic electron-withdrawing sub-
stituents (third series, 3,5-Br2-2-OMe) is more beneficial than that of
the di- and monosubstituents (2,3-Cl,, 4-Cl and 3-Cl), respectively.
Furthermore, compounds 41, 4m, 4c, 4g, 4j, 4a, 4d, and 4f
(ICso = 0.47 = 0.01, 0.71 * 0.6, 0.77 = 0.14, 0.9 = 0.2,
1.07 = 0.3, 1.26 = 0.03, 1.67 = 0.23 and 2.51 * 0.7 pg/mlL, re-
spectively) displayed excellent activities against the HepG-2 cell line in
comparison with Vinblastine and Doxorubicin (ICso = 2.58 = 0.01 pg/
mL and 0.62 * 0.01 pg/mL), and the activities were decreased in the
order of 3,4-Cl, > 3,5-Br,-2-OMe > 3-Cl > 2,6-F, > 2,5-Cl, > 4-
F > 4-Cl > 2,4-F,, noting that the di-, tri-, and mono-substituents
with 3,4-Cl,, 2,6-F5, 3,5-Bry-2-OMe, and 3-Cl have enhanced the ac-
tivity. Finally, we can deduce that the substitution pattern on the
phenyl moiety is a crucial element of the antitumor activity. The in-
corporation of electron-donating as the methoxy group with electron-
withdrawing as the bromine, or with electron-withdrawing chlorine or
fluorine at certain position has greatly enriched the activity with the
remaining substituents not favorable for this activity.

3. Conclusion

In summary, we have designed and synthesized thirteen novel ha-
logenated f-enaminonitrile-based derivatives (4a-m), incorporating 9-
bromo-1H-benzo[flchromene moieties via microwave irradiation con-
ditions, and evaluated their cytotoxicity against three tumor cell lines
(MCF-7, HCT-116, and HepG-2). Of these derivatives, compounds 4c,
4d, 4f, 4h, 4j, 41, and 4m demonstrated superior antitumor activities
against the aforementioned cell lines. In particular, compounds 4h and
4f displayed the highest activity against MCF-7 cancer cell line with
ICso = 0.49 + 0.21 and 1.52 + 0.11 pg/m, while compounds 4m, 4h,
4d, and 4c displayed excellent growth inhibitory activity against HCT-
116 with ICs, values ranging from 0.58 to 1.36 pg/mL and compounds
41, 4m, 4c, 4g, 4j, 4a, 4d, and 4f were found the most potent against
HepG-2 with ICso = 0.47 to 2.51 * 0.7 ug/mL as compared with the
standard drugs Vinblastine and Doxorubicin. Furthermore, Compounds
4c, 4d, 4h, 41, and 4m afforded the ability to prompt cell cycle arrest at
the G2/M phases and incite apoptosis due to the dual inhibitory effect
on the catalytic activity of topoisomerase I and II.

4. Experimental section
4.1. Materials and Equipment’s

All chemicals were purchased from Sigma-Aldrich Chemical Co.
(Sigma-Aldrich Corp., St. Louis, MO, USA). All melting points were
measured with a Stuart Scientific Co. Ltd apparatus, which are un-
corrected. The IR spectra were recorded on a KBr disc on a Jasco FT/IR
460 plus spectrophotometer. The 'H/*3C NMR (500,125 MHz) spectra
were measured on a BRUKER AV 500 MHz spectrometer in a DMSO-dg
solvent, using tetramethylsilane (TMS) as an internal standard. The 3¢
NMR spectra were obtained, using the distortion-free enhancement by
the polarization transfer (DEPT) and the attached proton test (APT).
Chemical shifts (§) are expressed in parts per million (ppm). The
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Cont.

4c

4d

4h

4

4m

Fig. 5. Apoptosis of MCF-7, HCT-116, and HepG-2 cells treated with compounds 4c, 4d, 4h, 41, and 4m. (a) The dot plot of the Annexin V/PI stained cells, treated
with the indicated drugs. (b) The apoptosis percentage of MCF-7, HCT-116, and HepG-2 cells after incubation with compounds 4c¢, 4d, 4h, 41, and 4m (ICs, value) for
24 h. The data are expressed as the mean *+ SD of three independent experiments in triplicate.
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Fig. 5. (continued)

Microwave apparatus used is Milestone Srl, Microsynth. The mass
spectra were determined on a Shimadzu GC/MS-QP5050A spectro-
meter. The elemental analysis was carried out at the Regional Centre for
Mycology and Biotechnology (RCMP), Al-Azhar University, Cairo,
Egypt; the results were within = 0.25%. The reaction courses and the
product mixtures were routinely monitored by a thin layer chromato-
graphy (TLC) on silica gel precoated F»s4 Merck plates.

4.2. General procedure for synthesis of 1H-benzo[f]chromene derivatives
(4a-m)

The reaction mixture of 7-bromo-2-naphthol (1) (2.23 g, 0.01 mol),
different aromatic aldehydes (2a-m) (1.24, 1.4, 1.85, 1.42,1.75,2.93 g,
0.01 mol), malononitrile (3) (0.01 mol), and piperidine (0.5 ml) in ab-
solute ethanol (30 ml) was heated under microwave irradiation condi-
tions for 2min at 140°C. After the completion of the reaction, the
mixture of the reaction was cooled to room temperature. The pre-
cipitated solid was filtered off, washed with methanol, and re-
crystallized from ethanol or ethanol/benzene. The physical and spectral
data of compounds 4a-m are as follows:

4.2.1. 3-Amino-9-bromo-1-(4-fluorophenyD-1H-benzo[f]chromene-2-
carbonitrile (4a)

Yellow crystals from ethanol; yield 91%; m.p. 265-266 °C; IR (KBr)
v (cm™b): 3451, 3332, 3200 (NH,), 2200 (CN); 'H NMR §: 8.19-7.42
(m, 9H, aromatic), 7.17 (bs, 2H, NH,), 5.63 (s, 1H, H-1); 13C NMR §&:
159.78 (C-3), 147.75 (C-4a), 131.37 (C-10a), 130.12 (C-7), 129.43 (C-
6a), 128.22 (C-6), 128.15 (C-8), 125.59 (C-10), 124.20 (C-10b), 121.16
(C-9), 119.82 (C-5), 117.54 (CN), 56.65 (C-2), 37.13 (C-1), 152.63,
146.32, 130.75, 113.99 (aromatic); MS m/z (%): 396 (M* +2, 18.20),

394 (M*, 19.17) with a base peak at 215 (100); Anal. Caled for
C,0H;,BrFN,0: C, 60.78; H, 3.06; N, 7.09. Found: C, 60.71; H, 2.99; N,
7.02%.

4.2.2. 3-Amino-9-bromo-1-(2-chorophenyl)-1H-benzo[f]chromene-2-
carbonitrile (4b)

Yellow crystals from ethanol; yield 94%; m.p. 275-276 °C; IR (KBr)
v (cm™1): 3448, 3330, 3204 (NH,), 2199 (CN); 'H NMR §: 7.99-7.04
(m, 9H, aromatic), 7.08 (bs, 2H, NH,), 5.65 (s, 1H, H-1); *C NMR §:
159.58 (C-3), 147.79 (C-4a), 130.81 (C-10a), 130.18 (C-7), 129.56 (C-
6a), 128.73 (C-6), 128.00 (C-8), 125.14 (C-10), 121.03 (C-10b), 119.58
(C-9), 117.47 (C-5), 114.19 (CN), 56.72 (C-2), 35.07 (C-1), 142.24,
131.42, 131.00, 129.93, 129.26, 128.27 (aromatic); MS m/z (%): 414
M* +4, 27.07), 412 (M™ +2, 100.00), 410 (M*, 70.97) with a base
peak at 412 (100); Anal. Caled for Co0H;,BrCIN,O: C, 58.35; H, 2.94; N,
6.80. Found: C, 58.28; H, 2.86; N, 6.72%.

4.2.3. 3-Amino-9-bromo-1-(3-chorophenyl)-1H-benzo[f]chromene-2-
carbonitrile (4c)

Yellow crystals from ethanol; yield 91%; m.p. 298-299 °C; IR (KBr)
v (cm™1): 3445, 3331, 3205 (NH,), 2201 (CN); 'H NMR §&: 8.00-7.05
(m, 9H, aromatic), 7.08 (bs, 2H, NH,), 5.67 (s, 1H, H-1); *C NMR §:
159.58 (C-3), 147.80 (C-4a), 131.00 (C-10a), 130.19 (C-7), 129.94 (C-
6a), 128.74 (C-6), 128.28 (C-8), 125.15 (C-10), 121.03 (C-10b), 119.59
(C-9), 117.48 (C-5), 114.20 (CN), 56.24 (C-2), 35.08 (C-1), 142.24,
131.43, 130.83, 129.56, 129.27, 128.01 (aromatic); MS m/z (%): 414
M™* +4, 27.74), 412 (M* +2, 100.00), 410 (M*, 82.66) with a base
peak at 412 (100); Anal. Caled for Co0H;,BrCIN,O: C, 58.35; H, 2.94; N,
6.80. Found: C, 58.43; H, 3.02; N, 6.89%.
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4.2.4. 3-Amino-9-bromo-1-(4-chorophenyl)-1H-benzo[f]chromene-2-
carbonitrile (4d)

Yellow crystals from ethanol/benzene; yield 93%; m.p. 300-301 °C;
IR (KBr) v (cm™'): 3444, 3333, 3206 (NH,), 2202 (CN); 'H NMR §&:
8.02-7.21 (m, 9H, aromatic), 7.05 (bs, 2H, NH,), 5.42 (s, 1H, H-1); *3C
NMR §: 159.53 (C-3), 147.61 (C-4a), 131.32 (C-10a), 130.69 (C-7),
129.40 (C-6a), 128.77 (C-6), 128.07 (C-8), 125.75 (C-10), 120.96 (C-
10b), 120.04 (C-9), 117.48 (C-5), 114.65 (CN), 57.46 (C-2), 39.03 (C-
1), 144.40, 131.43, 129.78, 128.78 (aromatic); MS m/z (%): 414
(M™* +4, 13.87), 412 (M* +2, 58.63), 410 (M™*, 44.63) with a base
peak at 260 (100); Anal. Calcd for CooH;,BrCIN,O: C, 58.35; H, 2.94; N,
6.80. Found: C, 58.44; H, 3.03; N, 6.90%.

100 S0 25 12.
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Fig. 6. Dual inhibition of topoisome-
rase I and II by compounds 4c, 4d, 4h,
41, and 4m. (a) Topoisomerase I (Topo
I) catalytic activity using supercoiled
(Form 1) plasmid substrate. (b)
Topoisomerase II (Topo II) catalytic
activity using kineotoplast DNA
(kDNA) substrate. Supercoiled plasmid
DNA was incubated at 37 °C for 30 min
with Topo I enzyme (a) or Topo II (b)
in the presence of various concentra-
tions of indicated compounds. DNA
samples were separated by electro-
phoresis on a 1% agarose gel, stained
with ethidium bromide, and visualized
by UV light. (—) Substrate DNA alone;
(+) Substrate DNA plus 1 unit en-
zymes. (c¢) ICso values expressed in

100 S0

Catenated KDNA
Decatenated KDNA

(ug/ml) for the inhibition of
4m Topoisomerase I and II by compounds
25 12.5 6.3 100 S0 25 12.5 6.3 (4c, 4d, 4h, 41, 4m).
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4.2.5. 3-Amino-9-bromo-1-(4-bromophenyl)-1H-benzo[f]chromene-2-
carbonitrile (4e)

Colorless crystals from ethanol; yield 92%; m.p. 250-251 °C; IR
(KBr) v (cm™'): 3441, 3330, 3210 (NH,), 2203 (CN); 'H NMR §&:
8.02-7.16 (m, 9H, aromatic), 7.00 (bs, 2H, NH,), 5.34 (s, 1H, H-1); *°C
NMR §: 159.47 (C-3), 147.61 (C-4a), 130.62 (C-10a), 129.38 (C-7),
128.78 (C-6a), 127.96 (C-6), 126.91 (C-8), 126.74 (C-10), 125.85 (C-
10b), 120.21 (C-9), 117.46 (C-5), 115.12 (CN), 57.95 (C-2), 37.68 (C-
1), 145.41, 131.54, 129.57, 120.82 (aromatic); MS m/z (%): 458
(M* +4, 45.04), 456 (M™ +2, 100.00), 454 (M*, 49.63) with a base
peak at 456 (100); Anal. Calcd for Co0H;,BroN,O: C, 52.66; H, 2.65; N,
6.14. Found: C, 52.53; H, 2.54; N, 6.03%.



A.M. Fouda, et al.

4.2.6. 3-Amino-9-bromo-1-(2,4-difluorophenyl)-1H-benzo[f]chromene-2-
carbonitrile (4f)

Colorless crystals from ethanol; yield 86%; m.p. 300-301 °C; IR
(KBr) » (ecm™'): 3479, 3337, 3290 (NH,), 2200 (CN); 'H NMR §&:
8.64-7.06 (m, 8H, aromatic), 7.15 (bs, 2H, NH,), 5.79 (s, 1H, H-1); *3C
NMR §: 161.33 (C-3), 159.53 (C-4a), 147.07 (C-10a), 129.71 (C-6a),
130.85 (C-7), 130.72 (C-6), 129.91 (C-8), 129.45 (C-10), 128.56 (C-
10b), 123.35 (C-5), 119.83 (C-9), 119.66 (CN), 53.69 (C-2), 28.56 (C-
1),160.13, 159.07, 131.07, 119.58, 117.21, 112.06 (aromatic); MS m/z
(%): 414 (M™ +2, 98.75), 412 (M™*, 100.00) with a base peak at 412
(100); Anal. Calcd for C,oH;1BrFoN,O: C, 58.13; H, 2.68; N, 6.78.
Found: C, 58.20; H, 2.74; N, 6.83%.

4.2.7. 3-Amino-9-bromo-1-(2,6-difluorophenyl)-1H-benzo[f]chromene-2-
carbonitrile (4g)

Pale yellow crystals from ethanol; yield 81%; m.p. 296-297 °C; IR
(KBr) v (cm™1): 3451, 3336, 3222 (NH,), 2192 (CN); 'H NMR §:
8.00-7.07 (m, 8H, aromatic), 7.16 (bs, 2H, NH,), 5.63 (s, 1H, H-1); 1*C
NMR §: 161.15 (C-3), 159.12 (C-4a), 147.92 (C-10a), 131.37 (C-6a),
130.91 (C-7), 129.06 (C-6), 127.86 (C-8), 124.21 (C-10), 121.07 (C-
10b), 119.59 (C-9), 119.46 (CN), 117.31 (C-5), 53.63 (C-2), 27.94 (C-
1), 160.31, 160.09, 129.98, 119.33, 112.25, 112.09 (aromatic); 3C
NMR-DEPT spectrum at 135°CH, CHj [positive (up)], CH, [negative
(down)], revealed the following signals at §: 130.91 (C-7 1), 129.98
(aromatic 1), 129.06 (C-6 1), 127.86 (C-8 1), 124.21 (C-10 1), 117.31
(C-5 1), 112.25 (aromatic 1), 112.09 (aromatic 1), 27.94 (C-1 1). In the
DEPT spectrum at 90° only CH signals are positive (up) and showed &:
130.91 (C-7 1), 129.98 (aromatic 1), 129.06 (C-6 1), 127.86 (C-8 1),
124.21 (C-10 1), 117.31 (C-5 1), 112.25 (aromatic 1), 112.09 (aromatic
1M, 27.94 (C-1 1). In the DEPT spectrum at 45° (CH, CH, and CHj; po-
sitive) revealed signals at §: 130.91 (C-7 1), 129.98 (aromatic 1), 129.06
(C61),127.86 (C-8 1), 124.21 (C-10 1), 117.31 (C-5 1), 112.25 (aro-
matic 1), 112.09 (aromatic 1), 27.94 (C-1 1); >*CNMR-APT spectrum
CH, CHj [positive (up)], CH,, Cq [negative (down)], revealed the fol-
lowing signals at §: 161.15 (C-3 |), 160.31 (aromatic |), 160.09 (aro-
matic }), 159.12 (C-4a }), 147.92 (C-10a }), 131.37 (C-6a |), 130.91 (C-
7 1), 129.98 (aromatic 1), 129.06 (C-6 1), 127.86 (C-8 1), 124.21 (C-10
M, 121.07 (C-10b |}), 119.59 (C-9 |), 119.46 (CN |), 119.33 (aromatic
1), 117.31 (C-5 1), 112.25 (aromatic 1), 112.09 (aromatic 1), 53.63 (C-2
1), 27.94 (C-1 1); MS m/z (%): 414 (M™* +2, 59.86), 412 (M™*, 62.93)
with a base peak at 392 (100); Anal. Calcd for CyoH;p;BrFoN,O: C,
58.13; H, 2.68; N, 6.78. Found: C, 58.08; H, 2.63; N, 6.72%.

4.2.8. 3-Amino-9-bromo-1-(2,3-dichlorophenyl)-1H-benzo[f]chromene-2-
carbonitrile (4h)

Colorless crystals from ethanol; yield 89%; m.p. 295-296 °C; IR
(KBr) v (ecm™%): 3444, 3327, 3212 (NH,), 2195 (CN); 'H NMR §&:
8.01-7.05 (m, 8H, aromatic), 7.15 (bs, 2H, NH,), 5.75 (s, 1H, H-1); *3C
NMR §: 159.70 (C-3), 147.82 (C-4a), 131.35 (C-10a), 130.88 (C-7),
130.15 (C-6a), 129.04 (C-6), 128.08 (C-8), 125.03 (C-10), 121.13 (C-
10b), 119.47 (C-9), 117.49 (C-5), 113.72 (CN), 55.72 (C-2), 36.17 (C-
1), 144.79, 132.10, 129.28, 129.22, 128.89 (aromatic); MS m/z (%):
450 (M* +6, 6.27), 448 (M* +4, 45.34), 446 (M* +2, 100.00), 444
(M*, 61.51) with a base peak at 446 (100); Anal. Caled for
CaoH,1BrCLN,0: C, 53.84; H, 2.49; N, 6.28. Found: C, 53.91; H, 2.61;
N, 6.40%.

4.2.9. 3-Amino-9-bromo-1-(2,4-dichlorophenyl)-1H-benzo[f]chromene-2-
carbonitrile (4i)

Yellow crystals from ethanol; yield 87%; m.p. 290-291 °C; IR (KBr)
v (cm™1): 3441, 3324, 3211 (NH,), 2196 (CN); 'H NMR §: 8.01-7.06
(m, 8H, aromatic), 7.14 (bs, 2H, NH,), 5.66 (s, 1H, H-1); 13C NMR §&:
159.60 (C-3), 147.82 (C-4a), 131.59 (C-10a), 130.14 (C-7), 129.28 (C-
6a), 128.91 (C-6), 128.09 (C-8), 125.00 (C-10), 121.13 (C-10b), 119.45
(C-9), 117.49 (C-5), 113.60 (CN), 55.78 (C-2), 34.77 (C-1), 141.36,
132.31, 131.89 131.31, 130.89, 128.58 (aromatic); MS m/z (%): 450
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M™* +6, 3.37), 448 (M" +4, 25.22), 446 (M" +2, 55.24), 444 (M ™,
33.89) with a base peak at 350 (100); Anal. Calcd for C5oH;1BrCI,N,0:
C, 53.84; H, 2.49; N, 6.28. Found: C, 53.91; H, 2.54; N, 6.36%.

4.2.10. 3-Amino-9-bromo-1-(2,5-dichlorophenyl)-1H-benzo[f]chromene-
2-carbonitrile (4j)

Colorless crystals from ethanol; yield 86%; m.p. 310-311 °C; IR
(KBr) v (cm_l): 3440, 3323, 3210 (NH,), 2197 (CN); 1H NMR §:
8.02-7.08 (m, 8H, aromatic), 7.18 (bs, 2H, NH,), 5.67 (s, 1H, H-1); *3C
NMR §: 159.65 (C-3), 147.84 (C-4a), 131.28 (C-10a), 130.27 (C-7),
129.96 (C-6a), 128.88 (C-6), 128.12 (C-8), 125.04 (C-10), 121.18 (C-
10b), 119.39 (C-9), 117.53 (C-5), 113.18 (CN), 55.56 (C-2), 35.39 (C-
1), 144.21, 132.57, 131.53, 130.91, 129.57, 129.28 (aromatic); 3¢
NMR-DEPT spectrum at 135°CH, CHj [positive (up)], CH, [negative
(down)], revealed the following signals at &: 131.53 (aromatic 1),
130.91 (aromatic 1), 130.27 (C-7 1), 129.57 (aromatic 1), 128.88 (C-6
1M, 128.12 (C-8 1), 125.04 (C-10 1), 117.53 (C-5 1), 35.39 (C-1 7). In the
DEPT spectrum at 90° only CH signals are positive (up) and showed &:
131.53 (aromatic 1), 130.91 (aromatic 1), 130.27 (C-7 1), 129.57
(aromatic 1), 128.88 (C-6 1), 128.12 (C-8 1), 125.04 (C-10 1), 117.53
(C-51), 35.39 (C-1 M. In the DEPT spectrum at 45° (CH, CH, and CHj3
positive) revealed signals at §: 131.53 (aromatic 1), 130.91 (aromatic
M, 130.27 (C-7 1), 129.57 (aromatic 1), 128.88 (C-6 1), 128.12 (C-8 1),
125.04 (C-10 1), 117.53 (C-5 1), 35.39 (C-1 1); 13CNMR-APT spectrum
CH, CHj [positive (up)], CH,, Cq [negative (down)], revealed the fol-
lowing signals at §: 159.65 (C-3 |), 147.84 (C-4a |), 144.21 (aromatic
|), 132.57 (aromatic |),131.53 (aromatic 1), 131.28 (C-10a |),
130.91(aromatic 1), 130.27 (C-7 1), 129.96 (C-6a |), 129.57 (aromatic
1), 129.28 (aromatic |), 128.88 (C-6 1), 128.12 (C-8 1), 125.04 (C-10 1),
121.18 (C-10b |), 119.39 (C-9 |), 117.53 (C-5 1), 113.18 (CN |), 55.56
(C-2 |), 35.39 (C-1 1); MS m/z (%): 450 (M™* +6, 7.88), 448 (M ™" + 4,
47.57), 446 (M* +2, 100.00), 444 (M™*, 67.59) with a base peak at 446
(100); Anal. Caled for Cy0H;1BrCloN,O: C, 53.84; H, 2.49; N, 6.28.
Found: C, 53.78; H, 2.41; N, 6.19%.

4.2.11. 3-Amino-9-bromo-1-(2,6-dichlorophenyl)-1H-benzo[f]chromene-
2-carbonitrile (4k)

Yellow crystals from ethanol/benzene; yield 85%; m.p. 319-320 °C;
IR (KBr) v (cm™1): 3440, 3321, 3210 (NH,), 2197 (CN); 'H NMR §:
8.00-7.28 (m, 8H, aromatic), 7.13 (bs, 2H, NH,), 6.10 (s, 1H, H-1); *°C
NMR §: 160.14 (C-3), 136.96 (C-4a), 131.51 (C-10a), 131.14 (C-7),
130.93 (C-6a), 129.91 (C-6), 127.75 (C-8), 124.96 (C-10), 120.95 (C-
10b), 119.27 (C-9), 117.15 (C-5), 111.74 (CN), 52.71 (C-2), 35.08 (C-
1), 148.62, 135.09, 134.35, 130.20, 129.12, 128.85 (aromatic); MS m/z
(%): 450 (M™* +6, 4.93), 448 (M* +4, 47.32), 446 (M™* +2, 100.00),
444 (M™", 62.47) with a base peak at 446 (100); Anal. Caled for
CyoH;1BrCI,N,0: C, 53.84; H, 2.49; N, 6.28. Found: C, 53.90; H, 2.53;
N, 6.35%.

4.2.12. 3-Amino-9-bromo-1-(3,4-dichlorophenyl)-1H-benzo[f]chromene-
2-carbonitrile (41)

Colorless crystals from ethanol; yield 84%; m.p. 245-246 °C; IR
(KBr) v (cm™1): 3439, 3320, 3211 (NH,), 2198 (CN); 'H NMR §:
8.06-7.12 (m, 8H, aromatic), 7.14 (bs, 2H, NH,), 5.50 (s, 1H, H-1); °C
NMR §: 159.72 (C-3), 147.67 (C-4a), 131.22 (C-10a), 131.17 (C-7),
129.41 (C-6a), 128.78 (C-6), 127.27 (C-8), 125.64 (C-10), 121.16 (C-
10b), 119.89 (C-9), 117.53 (C-5), 114.04 (CN), 56.92 (C-2), 36.48 (C-
1), 146.43, 131.33, 130.74, 130.03, 129.44, 128.20 (aromatic); 3C
NMR-DEPT spectrum at 135°CH, CHj [positive (up)], CH, [negative
(down)], revealed the following signals at §: 131.17 (C-7 1), 130.74
(aromatic 1), 130.03 (aromatic 1), 128.78 (C-6 1), 128.20 (aromatic 1),
127.27 (C-8 1), 125.64 (C-10 1), 117.53 (C-5 1), 36.48 (C-1 1). In the
DEPT spectrum at 90° only CH signals are positive (up) and showed &:
131.17 (C-7 1), 130.74 (aromatic 1), 130.03 (aromatic 1), 128.78 (C-6
1), 128.20 (aromatic 1), 127.27 (C-8 1), 125.64 (C-10 1), 117.53 (C-5 1),
36.48 (C-1 1). In the DEPT spectrum at 45° (CH, CH, and CH3 positive)



A.M. Fouda, et al.

revealed signals at &: 131.17 (C-7 1), 130.74 (aromatic 1), 130.03
(aromatic 1), 128.78 (C-6 1), 128.20 (aromatic 1), 127.27 (C-8 1),
125.64 (C-10 1), 117.53 (C-5 1), 36.48 (C-1 1); 13CNMR-APT spectrum
CH, CHj [positive (up)], CH,, Cq [negative (down)], revealed the fol-
lowing signals at §: 159.72 (C-3 |), 147.67 (C-4a |), 146.43 (aromatic
), 131.33 (aromatic |), 131.22 (C-10a |), 131.17 (C-7 1), 130.74
(aromatic 1), 130.03 (aromatic 1), 129.44 (aromatic |), 129.41 (C-6a |),
128.78 (C-6 1), 128.20 (aromatic 1), 127.27 (C-8 1), 125.64 (C-10 1),
121.16 (C-10b |), 119.89 (C-9 |), 117.53 (C-5 1), 114.04 (CN |), 56.92
(C-2 ), 36.48 (C-1 1), MS m/z (%): 450 (M " +6, 0.43), 448 (M* + 4,
2.94), 446 (M™ +2, 6.43), 444 (M™", 3.95) with a base peak at 303
(100); Anal. Caled for C,oH,;BrCI,N,O: C, 53.84; H, 2.49; N, 6.28.
Found: C, 53.78; H, 2.42; N, 6.20%.

4.2.13. 3-Amino-9-bromo-1-(3,5-dibromo-2-methoxyphenyD-1H-benzo[f]
chromene-2-carbonitrile (4m)

Colorless crystals from ethanol; yield 83%; m.p. 285-286 °C; IR
(KBr) v (cm™Y): 3442, 3319, 3210 (NH,), 2202 (CN); 'H NMR §:
8.10-7.33 (m, 7H, aromatic), 7.20 (bs, 2H, NH,), 5.52 (s, 1H, H-1), 3.77
(s, 3H, OCH3); '*C NMR §: 160.15 (C-3), 147.40 (C-4a), 142.21 (C-10a),
131.44 (C-6a), 130.75 (C-7), 129.94 (C-6), 128.11 (C-8), 125.29 (C-10),
121.19 (C-10b), 118.24 (C-9), 117.58 (C-5), 114.29 (CN), 61.89 (CH3),
56.04 (C-2), 33.59 (C-1), 153.26, 134.46, 131.74, 129.18, 120.33,
117.03 (aromatic); *C NMR-DEPT spectrum at 135°CH, CHj [positive
(up)]l, CH, [negative (down)], revealed the following signals at &:
134.46 (aromatic 1), 131.74 (aromatic 1), 130.75 (C-7 1), 129.94 (C-6
1M, 128.11 (C-8 1), 125.29 (C-10 1), 117.58 (C-5 1), 61.89 (CH3 1),
33.59 (C-1 1). In the DEPT spectrum at 90° only CH signals are positive
(up) and showed 6: 134.46 (aromatic 1), 131.74 (aromatic 1), 130.75
(C-7 1),129.94 (C-6 1), 128.11 (C-8 1), 125.29 (C-10 1), 117.58 (C-5 1),
33.59 (C-1). In the DEPT spectrum at 45° (CH, CH, and CH; positive)
revealed signals at §: 134.46 (aromatic 1), 131.74 (aromatic 1), 130.75
(C-7 1),129.94 (C-6 1), 128.11 (C-8 1), 125.29 (C-10 1), 117.58 (C-5 1),
61.89 (CH; 1), 33.59 (C-1 1); > CNMR-APT spectrum CH, CHj [positive
(up)], CH,, Cq [negative (down)], revealed the following signals at &:
160.15 (C-3 |), 159.72 (C-3 |), 153.26 (aromatic |), 147.67 (C-4a |),
147.40 (C-4a |), 146.43 (aromatic |), 142.21 (C-10a |), 134.46 (aro-
matic 1), 131.74 (aromatic 1), 131.44 (C-6a |), 130.75 (C-7 1), 129.94
(C-6 1), 129.18 (aromatic |), 128.11 (C-8 1), 125.29 (C-10 1), 121.19
(C-10b |), 120.33 (aromatic |), 118.24 (C-9 |), 117.58 (C-5 1), 117.03
(aromatic |), 114.29 (CN }), 61.89 (CH3 1), 56.04 (C-2 |), 33.59 (C-1 1);
MS m/z (%): 450 (M* +6, 5.33), 566 (M* +4, 16.37), 564 (M* +2,
16.61), 562 (M ™", 5.75) with a base peak at 532 (100); Anal. Calcd for
Cy1H13BrsN,0,: C, 44.64; H, 2.32; N, 4.96. Found: C, 44.73; H, 2.42; N,
5.07%.

4.3. Biological screening

4.3.1. Cell culture

The tumor cell lines breast adenocarcinoma (MCF-7), human colon
carcinoma (HCT-116), and hepatocellular carcinoma (HepG-2) were
obtained from the American Type Culture Collection (ATCC, Rockville,
MD). The cells were grown on RPMI-1640 medium supplemented with
10% inactivated fetal calf serum and 50 pg/ml gentamycin. The cells
were maintained at 37 °C in a humidified atmosphere with 5% CO, and
were subculture two to three times a week.

4.3.2. Cytotoxicity evaluation using viability assay

The tumor cell lines were suspended in a medium at concentration
5 x 104 cells/well in Corning® 96-well tissue culture plates and then
incubated for 24 h. The tested compounds with concentrations ranging
from 0 to 50 ug/ml were then added into 96-well plates (six replicates)
to achieve different concentration for each compound. Six vehicle
controls with media or 0.5% DMSO were run for each 96 well plate as a
control. After incubating for 24h, the numbers of viable cells were
determined by the MTT test. Briefly, the media was removed from the
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96 well plates and replaced with 100 ul of fresh culture RPMI 1640
medium without phenol red then 10 pl of the 12mM MTT stock solu-
tion (5 mg of MTT in 1 ml of PBS) to each well including the untreated
controls. The 96-well plates were then incubated at 37 °C and 5% CO,
for 4 h. An 85-pl aliquot of the media was removed from the wells, and
50 ul of DMSO was added to each well and mixed thoroughly with the
pipette and incubated at 37 °C for 10 min. Then, the optical density was
measured at 590 nm with the microplate reader (Sunrise, TECAN, Inc,
USA) to determine the number of viable cells and the percentage of
viability was calculated as [1 — (ODt/ODc)] x 100% where ODt is the
mean optical density of wells treated with the tested sample and ODc is
the mean optical density of untreated cells. The relation between sur-
viving cells and drug concentration is plotted to get the survival curve
of each tumor cell line after treatment with the specified compound.
The 50% inhibitory concentration (ICsp), the concentration required to
cause toxic effects in 50% of intact cells, was estimated from graphic
plots of the dose response curve for each concentration [33-35].

4.3.3. Cell cycle assays

Cell cycle arrest and distribution were done using Propidium Iodide
Flow Cytometry Kit (ab139418, Abcam) as previously described [43].
Human cancer cell lines (MCF-7, HCT-116, and HepG-2) at 1 X 10*
cells were cultured in 60-mm dishes in the presence of various tested
compounds with a concentration equal to the ICsq value for 24 h. Cells
were collected and washed with PBS, fixed with precooled 70% ethanol
at 4 °C. Staining went along in PBS containing 40 pg/ml RNase A and
10 pg/ml propidium iodide in the dark for 15 min. The DNA content in
each cell nucleus was determined by a FACS Calibur flow cytometer
(BD Biosciences, Franklin Lakes, NJ, USA). Finally, Cell cycle phase
distribution was analyzed using Cell Quest Pro software (BD Bios-
ciences) showing collected propidium iodide fluorescence intensity on
FL2.

4.3.4. Annexin V-FITC apoptosis detection

Apoptosis assay was performed with an Annexin V-FITC/PI double
staining apoptosis detection kit (K101, Biovison) using a flow cytometer
[44]. Human Cells treated with different newly synthesized compounds
(IC50 value) were harvested by trypsinization, washed twice with 4 °C
PBS, and re-suspended in binding buffer. Annexin V-FITC and Propi-
dium iodide (PI) solutions was then added to stain the cells before
analysis by flow cytometry A minimum of 10,000 cells per sample were
acquired. Annexin V-FITC binding (FL1) and PI (FL2) were analyzed
using Cell Quest Pro software (BD Biosciences).

4.3.5. Topoisomerase I relaxation assay

Topoisomerase I catalytic activity was done using supercoiled (Form
I) plasmid substrate according to the protocol provided by
Topoisomerase I Assay Kit (TG1015-1A, TopoGEN, Inc., Florida, USA)
[45,46]. Briefly, 1 unit of purified human topoisomerase I was added to
the substrate with decreasing concentrations of c-MET reference drug
and the different tested compounds (100, 50, 25, 12.5, and 6.3 ug/ml)
for 30 min at 37 °C, the reaction was then stopped by addition stop
buffer. The reaction mixture was analyzed on 1% agarose gel by elec-
trophoresis prior to photo documentation.

4.3.6. KDNA decatenation activity of topoisomerase II

Topoisomerase II catalytic activity was done using kinetoplast DNA
(kDNA) substrate according to the protocol provided by Topoisomerase
IT Assay Kit (TG1001-1A, TopoGEN, Inc., Florida, USA) [47,48]. Briefly,
200ng of KDNA plus decreasing concentrations of c-MET reference
drug and the different tested compounds (100, 50, 25, 12.5, and 6.3 pg/
ml)was added to one unit of the human recombinant topoisomerase II
at 37°C for 30 min, then the reaction was stopped by addition stop
buffer. The reaction mixture was analyzed on 1% agarose gel by elec-
trophoresis prior to photo documentation.
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4.3.7. Statistics

All data were expressed as the means * standard deviation (SD),
from at least three independent experiments with similar results.
Statistical analysis and figures were performed by Graph Pad Prism
5.01 (Graph Pad Software, San Diego, CA. USA).
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