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ABSTRACT. A new series of hybrid 2-quinolinone derivatives were synthesized by using 7-hydroxy-4-methyl-
1-amino-quinolin-2-one (2) and cinnamic acid. Hybrid halogenated 2-quinolinone derivatives (3-(7-hydroxy-4-
methyl-3,6,8-tribromo-2-0x0-2H-quinolin-1-ylamino)-3-phenyl acrylic acid (4) and 3-(7-acetoxy-4-methyl-3,6,8-
tribromo-2-oxo-1 H-quinolin-1-ylamino)-3-phenyl acrylic acid (7)) were prepared via the halogenation of 3-(7-
hydroxy-4-methyl-2-0x0-2H-quinolin-1-ylamino)-3-phenyl acrylic acid (3) with bromine to give compound 4 with
acetic anhydride led to the formation of hydride halogenated 2-quinolinone derivative (7). All the synthesized hybrid
2-quinolinone and hybrid halogenated 2-quinolinone derivatives were tested for their cytotoxicity against MCF-7
cell line. DNA flow cytometric analysis of compounds 3 showed cell cycle arrest at G,/M phase with concomitant
increase of cells in apoptotic phase. Dual annexin-V/propidium iodide staining assay of compound 3 revealed that,
the selected molecule increases the apoptosis of MCF-7 cells more than control.
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INTRODUCTION

Several authors have reported that numerous quinolinone derivatives showed strong
antiproliferative activity and induce apoptosis in various cancer cell lines [1, 2]. Cliquinol is an
antibiotic with metal-binding properties which has been shown to have anticancer activity in
several experimental model system [3-6]. All these studies strongly support the potential
therapeutic application of quinolinone derivatives, making them attractive for their further
evaluation as novel therapeutic agents for cancer treatment. Some studies found that numerous
quinolinone derivatives display potent anticancer activity by targeting different cellular pathways,
including multidrug resistance, proliferation, and apoptosis [7-9]. Apoptosis is a programmed cell
death, an important control mechanism of normal cell physiology [10, 11]. Deficiency in
apoptosis is one of the key features of cancer cells [12].

Kemnitzer et al. [13] found a new series of apoptosis inducers, the 1-benzoyl-3-
cyanopyrrolo[1,2-a]quinolines (Formula I), among which the compound 1-(4-(1H-imidazol-1-
yl)benzoyl)-3-cyanopyrrolo| 1,2-a]quinolone (Formula IT) displayed high cytotoxic activity in
T47D human breast cancer, HCT-116 human colon cancer cells and SNU398 hepatocellular
carcinoma cells. 2-quinolone derivatives have been shown to have antitumor, antimalarial,
antiviral, antioxidant, antidepressant, cardiac stimulant, and anti-asthmatic biological activity [14-
24]. Quinoline is a scaffold with pharmacological value spread in a variety of synthetic and natural
compounds that are bioactive [25]. Throughout the twentieth century, quinoline chemistry has
been the subject of extensive study and various interesting biological activities such as
antibacterial, antifungal, inflammatory, anti-malarial and anti-cancer activities [26]. This anti-
cancer activity is very broad, as quinoline derivatives have been used against many types of
cancer, such as breast, prostate, gastrointestinal, colon and liver cancer [27]. Importantly, a few
anticancer drugs containing quinoline have also been used clinically, including camptothecin and
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its analogs (irinotecan and topotecan) [28, 29] and bosutinib. To discover new bioactive
compounds for medicinal purposes, in the present study, an attempt was made to prepare other
new structures nearing existing quinolone ones present in the marketed drugs, containing
cinnamic acid as natural product isolated from plants to achieve improved biological activities of
the parent compounds. Herein, we report the synthesis of a series from quinlinone derivatives
containing cinnamic acid as natural product from the reaction of 7-hydroxy-4-methyl-2-oxo-2H-
quinolin-amine with cinnamic acid to study their structure activity relationship and to screen as
anti-breast cancer drugs. The structure of synthesized 2-quinolinone derivatives is shown in
(Formula III).
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Table 1. Structures of the synthesized 2-quinolinone derivatives.
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(Formula IIT)
EXPERIMENTAL

"H-NMR spectra were recorded using Bruker 400 DRX-Avance NMR spectrometer. Chemical
shifts of "H-NMR spectra were reported relative to tetramethylsilane (TMS). *C-NMR spectra
were run using a Bruker DRX-Avance NMR spectrometer. The prepared compounds were
dissolved in deuterated dimethyl sulfoxide (DMSO) as solvent. Splitting patterns were reported
as s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br, broad. IR spectra were recorded
using a broker FT-8000 spectrometer and frequencies were expressed in cm™'. The molecular
weight of the prepared compounds was determined by electron ionization (EI) mass spectrometer
operating at 70 eV. Melting point of the synthesized compounds was measured with an
electrothermal melting point apparatus and has not been corrected. All the prepared compounds
give satisfactory elemental analyses within 0.04% of the theoretical values. The elemental
analyses were carried out on a Perkin-Elmer 2400 series CHN. Chemicals and solvents were
purchased from commercial sources in analytical grade purity.

Synthesis of 3-(7-hydroxy-4-methyl-2-oxo-2H-quinolin- 1-ylamino)-3-phenyl acrylic acid (3)

The synthesis of 7-hydroxy-4-methylcoumarin (1) and 7-hydroxy-4-methyl-1-amino-2-
quinolinone (2) were carried out according to literature procedure [30-32].

A mixture of 1-aminoquinolinone derivative 2 (0.01 mol), cinnamic acid (0.01 mol) and fused
sodium acetate (0.03 mol) in ethanol (50 mL) was heated under reflux for 6 h. The reaction
mixture was cooled and poured into water with stirring; the solid formed was filtered off, washed
with water, and dried. Finally, the product was crystallized from to give compound 3.

As pale-yellow crystals, yield 69%, m.p. 121-123 °C. IR (KBr) vmax: 3285 (NH), 3380-3050
(br. OH), 1711-1705 (C=0), 1605, 1583 (C=C), 1215, 1171, 1083 (C-O) cm’'."H-NMR (DMSO-
ds) 6: 2.36 (s, 3H, CH3), 6.13 (s, 1H, H-3 of quinolinone ring), 6.51-7.71 (m, 10 h, Ar-H, H-
olefinic and NH), 10.55 (s, 1H, OH) ppm. *C NMR (DMSO-dj) : 168.05 (C=0), 161.61, 160.79,
155.29, 154.08, 127.13, 113.33, 112.49, 110.71, 102.63 (C2, C7, C3, C6, C8, C5, C4, C9, C10 of
quinolinone ring), 144.43, 134.66, 130.71, 129.38, 128.68, 119.64 (C-aromatic and olefinic),
18.59 (CH3) ppm. MS: m/z (%)= 336 (M", 17.50). Anal. calcd. for C19H;sN2O4 (336): C, 67.86;
H, 4.76; N, 8.33. Found: C, 67.57; H, 4.41; N, 8.11.

Synthesis  of  3-(7-hydroxy-4-methyl-3,6,8-tribromo-2-oxo-2H-quinolin- 1-ylamino)-3-phenyl
acrylic acid (4)

In 30 mL of glacial acetic acid, compound 3 (0.01 mol) was dissolved, then 15 mL of bromine
(0.03 mol) in glacial acetic acid was added dropwise to compound 3 solutions with stirring at 60
°C. After 5-10 min the bromine color was discharged, and yellow solution remained. At this point,
0.5-1 mL of the bromine-AcOH solution was added with stirring at room temperature for 30-45
min. The reaction mixture was poured into water, and the resulting solid was filtered off, washed
with water, and dried. Finally, the product was crystallized from ethanol to give 4.
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As pale-yellow crystals, yield 81%, m.p. 149-151 °C. IR (KBr) vma: 3405-3015 (br. OH),
3287 (NH), 1725-1705 (C=0), 1612, 1592 (C=C), 1212, 1179, 1069 (C-O) cm. 'TH-NMR
(DMSO-dp) 8: 2.55 (s, 3H, CH3), 5.32 (d, 1H, H-olefinic), 5.54 (d, 1H, H-olefinic), 6.89-8.07 (m,
7H, ar-H and NH), 11.49 (s, 1H, OH) 11.57 (s, 1H, OH), 13.83 (br. s, 1H, OH) ppm.!*C NMR
(DMSO-ds) 6: 193.36 (C=0 of ketone), 168.06, 167.15 (C=0 of acid), 161.61, 161.46, 160.78,
160.59, 155.29, 155.09, 154.05, 153.87, 127.58, 127.11, 113.91, 113.38, 113.04, 112.48, 111.47,
110.71, 102.63, 102.06, (carbons of two isomers quinolinone ring), 145.03, 144.42, 139.25,
134.67, 134.44, 133.35, 130.98, 129.25, 128.67, 127.89, 126.91, 119.64, 118.25 (C-aromatic and
olefinic), 71.01 (CH,-0), 51.96 (CH-olefinic), 18.61, 18.58 (2 x CHs) ppm. MS: m/z (%) = 448
(M*, 6.70). Anal. calcd. for Co7H,;CIN,Os (488): C, 66.39; H, 4.30; N, 5.74. Found: C, 66.16; H,
4.18; N, 5.55.

Synthesis  of  3-(7-(B-hydrazino,  p-p-chlorophenyl-vinyloxy-4-methyl-2-oxo-1H-quinolin-1-
ylamino]-3-phenylacrylic acid hydrazide (9)

A mixture of equimolar of compound 9 (0.01 mol) and hydrazine hydrate (0.01 mol) in 30 mL
absolute ethanol was heated under reflux for 3-4 h. the solution was cooled, and the resulting solid
was filtered off, washed with water and dried. Finally, the product was crystallized from ethanol
to give 9.

As yellow crystals, yield 67%, m.p. 168-170 °C. IR (KBr) vmax: 3415, 3280, 3158 (NH,NH),
1705-1689 (C=0), 1612, 1587 (C=C), 1215, 1163, 1082 (C-C) cm™."H-NMR (DMSO-dy) §: 1.06
(d, 2h, nh2), 2.36 (s, 3h, ch3), 2.38 (s, 3h, ch3), 4.93 (s, 1h, h-olefinic), 5.16 (s, 1h, h-olefinic),
6.13-7.68 (m, 18H, h-quinolin, Ar-H, H-olefinic and NH) ppm. *C-NMR (DMSO-ds) 8: 161.76
(C=0), 161.62, 161.42, 160.78, 160.60, 155.29, 155.07, 154.06, 153.91, 127.12, 127.07, 113.86,
113.67,113.15,112.48,111.66, 110.71, 108.63, 102.12 (C-aromatic of two isomer of quinolinone
ring), 139.00, 137.35, 137.03, 133.48, 131.93, 131.72, 130.32, 129.48, 129.05, 128.84, 128.60,
126.89, 101.80 (carbons of two isomer O-CH>), 19.03, 18.59 (carbons of two isomer of methyl).
MS: m/z (%) =516 (M*, 17.31). Anal. calcd. for C27H,1CINGO; (516): C, 62.79; H, 4.84; N, 16.28.
Found: C, 62.52; H, 4.59; N, 16.06.

General procedure for the acetylation reaction

A solution of compounds 3, 4 and 9 (0.01 mol) in acetic anhydride (30 mL) was heated under
reflux 2 h, then cooled and poured into ice-water with stirring. The reaction mixture was left 24
h; the solid formed was filtered off, washed with water and dried. Finally, the solid product was
crystallized from ethanol to give 6, 7 and 10, respectively.

7-Acetoxy-4-methyl-2-oxo-1H-quinoline (6)

As colorless crystals, yield 63%, m.p. 144-146 °C. IR (KBr) vmax: 3255 (NH), 1771, 1679 (C=0),
1607, 1587 (C=C), 1117, 1093 (C-O) cm"."H-NMR (DMSO-dj) 6: 2.31 (s, 3H, CH3), 2.44 (s, 3H,
CH3), 6.04 (s, 1H, H-3 of quinolinone ring), 7.02 (d, 1H, H-6 of quinolinone ring), 7.28 (s, 1H,
H-8 of quinolinone ring), 7.83 (d, 1H, H-6 of quinolinone ring) ppm. *C-NMR (DMSO-ds) §:
169.31 (C=0), 160.12, 153.97, 153.47, 153.36, 126.90, 118.94, 117.98, 114.19, 110.60 (C2, C7,
C3, C6, C8, CS5, C4, C9, C10 of quinolinone ring, respectively), 21.35, 18.65 (2 x CHz) ppm. MS:
m/z (%) =217 (M*, 33.41), 175 (100). Anal. caled. for C;,H;;NO; (217): C, 66.36; H, 5.07; N,
6.45. Found: C, 66.13; H, 4.89; N, 6.22.

3-(7-Acetoxy-4-methyl-3,6,8-tribromo-2-oxo- 1 H-quinolin- 1-ylamino)-3-phenyl acrylic acid (7)

As pale-yellow crystals, yield 71%, m.p. 146-148 °C. IR (KBr) vmax: 3420-2450 (br. OH), 3215
(NH), 1776, 1705, 1681 (C=0), 1612, 1578 (C=C), 1183, 1081, 1043 (C-O) cm'.'"H-NMR
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(DMSO-dp) 6: 2.38 (s, 3H, COCH3), 2.47, 2.63 (s, 3H, two isomer for CH; for the quinolinone
ring), 7.36-8.27 (m, 7H, Ar-H and H-olefinic) ppm."*C-NMR (DMSO-dy) &: 168.47, 168.39 (C=0
of acetoxy), 167.42 (C=0 of acid), 156.14, 155.93, 155.60, 151.52, 151.41, 151.22, 150.89,
112.24, 106.70, 104.98 (carbon of two isomer of quinolinone ring), 148.98, 148.34, 130.13,
126.35, 120.52, 120.32, 119.56, 119.08, 112.86, 107.21, 103.22 (carbons of aromatic and
olefinic), 21.03, 20.70 (CHs), 20.17, 20.09 (carbons of COCH3) ppm. MS: m/z (%) = 608 (M,
1.30). Anal. calcd. for C21Hi1BrsN2Os (608): C, 41.45; H, 1.81; N, 4.61. Found: C, 41.25; H, 1.63;
N, 4.44.

2,2-(Diacetyl)- 1-[ p-(4-methyl-2-oxo-2H-quinolin-7-yloxy-f-(4-chlorophenyl)vinyl] -hydrazine
10)

As pale-yellow crystals, yield 62%, m.p. 178-180 °C. IR (KBr) vmax: 3222 (NH), 1715-1690 (br.
C=0), 1605, 1583 (C=C), 1172, 1070 (C-O) cm™."H-NMR (DMSO-d) &: 2.08 (s, 3H, COCH3),
2.15 (s, 3H, COCH3), 2.40 (s, 3H, CH3), 4.94 (d, 1H, H-olefinic), 5.20 (d, 1H, NH), 6.25 (s, 1H,
H-3 of quinolinone ring), 7.01-7.67 (m, 7H, Ar-H and quinolinone ring) ppm. *C-NMR (DMSO-
ds) 8: 167.12 (C=0 of acetyl group), 161.35, 160.55, 155.05, 153.79, 126.98, 114.28, 113.29,
112.06, 102.57 (C2, C7, C3, C6, C8, CS5, C4, C9, C10 of quinolinone ring), 135.28, 135.00,
129.12, 128.66, 99.60 (C-aromatic and olefinic), 67.59 (OCH-), 22.52, 18.62, 11.20 (3 x CH3)
ppm. MS: m/z (%) = 425 (M*, 16.30). Anal. calcd. for C,oH0CIN;O4 (425): C, 62.12; H, 4.71; N,
9.88. Found: C, 62.03; H, 4.51; N, 9.66.

Biological assay

In vitro cancer activity against breast cancer cell line (MCF-7). The cytotoxicity of the
synthesized tested compounds was tested using MTT assay. Cells were plated in 96- multiwall
plate (10* cells/well) for 24 h before treatment with the compounds to allow attachment of cell to
wall of the plate. Different Concentrations of the compound under test were added to the cell
monolayer. Six wells were prepared for each individual dose. Monolayer cells were incubated
with the compounds for 48 h at 37 °C and in atmosphere of 5% CO,. After 48 h cells were fixed,
washed, and stained with MTT stain. Excess stain was washed with isopropanol and attached stain
was recovered with Tris EDTA buffer. Color intensity was measured in an ELISA reader. The
relation between surviving fraction and drug conc. is plotted to get the survival curve of each
tumor cell line after the specified compound.

Cell cycle analysis. MCF-7 cells (2 x 10°/well) were treated with tested compounds at its ICso
values for 24 h. After treatment, cells were washed twice with ice-cold phosphate buffer saline
(PBS), collected by centrifugation, and fixed in ice-cold 70% (v/v) ethanol at 4 °C for 30 min,
washed with PBS at 37 °C for 30 min. Cells were collected by centrifugation at 2000 rpm for 5
min and stained with propidium iodide (PI) buffer, samples were mixed gently and incubated at
room temperature in the dark for 20 min. The DNA content was analyzed using BD FACS
CALIBER flow cytometer.

Apoptosis determination by Annexin-V-FITC/PI assay. The MCH-7 cells (2 x 10°/well) were
treated with compound 3 at its ICsy concentration value for 48 h. After treatment, cells were
harvested and washed twice (180 g, 10 min, 4 °C) with PBS. Each cell well was resuspended in
100 pL of binding buffer, and 5 pL Annexin V-FITC were added. After an incubation time of 10
min at room temperature, additional 400 pL of binding buffer were added for a final volume of
500 pL. Cells were stained with Pl immediately before measurement. Cells were the analyzed by
using FACSCalibur Flow cytometer (Becton and Dickinson, Heidelberg, Germany). Data thus
obtained were analyzed with Cell-Quest software (Becton and Dickinson, Heidelberg, Germany).
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RESULTS AND DISCUSSION
Chemistry

The synthetic pathway leading to the 3-(substituted-2-oxoquinolin-1-ylamine)-3-phenyl acrylic
acids (3-9) is outlined in (Scheme 1 and 2). The starting 4-hydroxy-4-methylcoumarin (1) was
prepared according to published procedure [30]. Treatment of compound 1 with hydrazine hydrate
in pyridine under reflux led to the formation of 7-hydroxy-4-methyl-2-oxo-1-aminoquinoline (2)
according to literature method [31], as a key starting material.

Reaction of 7-hydroxy-4-methyl-2-oxo-1-aminoquinoline (2) with cinnamic acid in the
presence of fused sodium acetate in ethanol under reflux gave the corresponding 3-(7-hydroxy-4-
methyl-2-oxo-2H-quinolin-1-ylamino)-3-phenyl acrylic acid (3).

Structure of compound 3 was confirmed via its transformation into 3-(7-hydroxy-4-methyl-
3,6,8-tribromo-2-oxoquinolin-1-ylamino)-3-phenyl acrylic acid (4) by bromination of compound
3 which contain free hydroxyl and methyl group in positions 3 and 7, led to the substitution
reaction in this compound (3) at position 3,6 and 8 with bromine.

Acetylation of compound 3 with acetic anhydride under reflux was expected to give structure
5, but only 7-acetoxy-4-methyl-2-o0xo-1H-quinoline (6, known) was yielded, via the elimination
of cinnamic acid molecule from compound 3. Compound 6 was prepared by Moustafa ef al. via
acetylation of 7-hydroxy-4-methyl-2H-quinolinone with acetic anhydride under reflux [32].
While the acetylation of compound 4 with acetic anhydride under boiling led to the expected
structure  of  3-(7-acetoxy-4-methyl-3,6,8-tribromo-2-oxo-2H-quinolin- 1-ylamino)-3-phenyl
acrylic acid (7) without elimination of cinnamic acid molecule from the compound 4. Alkylation
of 3-(7-hydroxy-4-methyl-2-oxo-2H-quinolin-1-ylamino)-3-phenyl acrylic acid (3) with p-
chlorophenacyl bromide in ethanol in the presence of anhydrous potassium carbonate under reflux
gave the corresponding 3-[7-(p-chlorophenacyloxy)-4-methyl-2-oxo0-2H-quinoline-1-ylamino]-
3-phenyl acrylic acid (8).

Treatment of compound 8 with hydrazine hydrate in ethanol under reflux led to the formation
of hydrazine derivative (9). Acetylation of hydrazine derivative with acetic anhydride under reflux
led to the formation of 2,2-(diacetyl)-1-[B-(4-methyl-2-oxo-2H-quinolin-7-yloxy-p-(4-
chlorophenyl)vinyl]-hydrazine (10).

NMR spectra investigation of some synthesized 2-quinolinone derivatives (3-10)

Chemical structure of 2-quinolinone and the numbering of 2-quinolinone ring as shown in
Formula IV.

5 4
6 X3
2
7
N

Formula IV. Structure and numbering of 2-quinolinone ring.

From the data of NMR spectrum for the compound 3 showed that the presented one isomer
only. 'H-NMR spectrum of compound 3 gave clear cut evidence three singlet signals at 10.55,
6.13 and 2.36 ppm due to the protons of hydroxyl group (OH), H-3 and methyl group (CH3) at
position -7, -3 and -4 in the quinolinone ring. Protons of the aromatic, olefinic and region at 6.51-
7.70 ppm and exhibited the expected integral values.

The 3C-NMR spectrum of compound 3 showed that the presented among total 17 carbon
signals. The carbon signals due to the 2-quinolinone ring at 161.10 (C-2), 160.79 (C-7), 155.29
(C-3), 154.08 (C-6), 127.13 (C-8), 113.33 (C-5), 112.49 (C-4), 110.71 (C-9), 102.63 (C-10) and
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18.59 ppm (CHj; at position 4). Also, *C-NMR spectrum of compound 3 revealed a characteristic
carbon signal at 168.05 (C=0 of carboxylic acid), 144.43 (N-C=), 134.66, 130.71, 129.38, 128.68,
119.64 ppm due to the carbons of cinnamic acid, among total 9 carbon signals. From study, the
NMR spectrum of halogenated compound 4 showed that the presented two isomers (cis and trans
isomers) as shown in Formula V.

Ho  PBr CHs
N Br | _OH
H
Ph H/N p CHg HO N” 0
| Br HN Ph
H ooy > |
H~ >COOH

Formula V. cis and trans isomers of compound 4.

"H-NMR spectrum of compound 4 showed that the presented two characteristic signals at
11.57 and 11.49 ppm refer to the protons of hydroxyl group at C-7 in the cis and trans isomers of
quinolinone ring, and at 2.57, 2.55 ppm attributed to the protons of methyl group at C-4 in cis and
trans isomers of quinolinone ring. In addition, 'H-NMR spectrum of compound 4 exhibited two
doublet signals at 5.32 and 5.54 ppm assigned to one proton of olefinic in cis and trans isomers
in the cinnamic acid. Finally, protons of the aromatic ring and hydroxyl group of carboxylic acid
(OH) were observed in the expected chemical shift in the region at 6.89-8.07 and 13.84 ppm,
respectively.

The *C-NMR spectrum of compound 4 displayed ten carbon signals for the cis isomer of
quinolinone ring at 158.77 (C-2), 156.68 (C-7), 156.21 (C-3), 152.40 (C-6), 151.45 (C-8), 114.78
(C-5), 110.19 (C-4), 108.64 (C-9), 99.82 (C-10), 19.87 (CHj3 in the position 4 of quinolinone ring)
and assigned to ten carbon signals for the #rans isomer of quinolinone ring at 157.89 (C-2), 156.55
(C-7), 151.72 (C-6), 150.47 (C-8), 113.40 (C-5), 109.08 (C-4), 108.22 (C-9), 97.24 (C-10), 19.87
(CHj3 in the position 4 of quinolinone ring). The *C-NMR spectrum of compound 4 confirmed
the cis and trans isomers, which appeared the two signals of olefinic carbon at 52.36 and 47.65
ppm. Also, the *C-NMR spectrum of compound 4 displayed new signal at 169.56 ppm due to the
carbonyl function of carboxylic acid.

From study, the 'H-NMR spectrum of compound 8 showed the structure of these compounds
in keto-enol tautomers as shown in Formula VI.

° m @A m
. _
O N (] 0 '}l 0
(@] HN \l/\”/OH
=

Ph O

Keto-form Enol-form

Formula VI. Keto-enol tautomers of compound 8.
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"H-NMR spectrum of compound 8 showed that the presented two characteristic singlet signals
at 10.55 ppm refer to the proton of hydroxyl group (OH) for the enol form, and 5.74 ppm attributed
to the protons of methylene group (-OCH>) for the keto form. This occurred when both structures
are in unequilibrium state. In addition, '"H-NMR spectrum of compound 8 exhibited three singlet
signals at 6.13, 3.72 and 2.36 ppm assigned to the protons of H-3 of quinolinone ring, CH olefinic
(enol form) and methyl group (CH3), respectively.

Finally, the "H-NMR spectrum of compound 8 displayed multiplet signals in the region at
6.22-8.06 ppm due to the aromatic, olefinic and amino (NH) protons.

The '3C-NMR spectrum of compound 8 showed the presence of two carbon signals at 193.36
(carbonyl of ketone) and 71.01 ppm (methylene group) refer to the methylene carbonyl (-CH»-
C=0) and supported that the presented keto form.

The 3C-NMR spectrum of compound 8 displayed new signal at 51.96 due to the carbon
olefinic (-OCH=C-OH), these signals further supported that the presented enol form. In addition,
the spectrum of compound 8 showed the carbon signals of two isomers at 161.61, 161.46, (C-2),
160.78, 160.59 (C-7), 155.29, 155.09 (C-3), 154.05, 153.87 (C-6), 127.58, 127.11 (C-8), 113.91,
113.32(C-5),113.04, 112.48 (C-4), 111.77, 110.71 (C-9), 102.63, 102.06 (C-10) and 18.61, 18.58
(2 x CHs) ppm. The *C-NMR spectrum of compound 8 showed two signals at 168.06 and 167.15
assigned to carbonyl of the carboxylic group (COOH). Finally, *C-NMR spectrum of compound
8 revealed a characteristic carbon signal in the region at 145.03-118.25 ppm due to the aromatic
and olefinic carbons.

The "H-NMR spectrum of compound 10 showed a sharp three signals at 2.081, 2.15 and 2.40
ppm due to the protons of three methyl groups and sharp singlet signal at 6.25 ppm due to the H-
3 of quinolinone ring.

The protons demonstrated two signals at 5.20 and 4.94 as doublet due to the NH and CH-
olefinic. Protons of the aromatic ring were observed within the expected chemical shift in the
region at 7.01-7.67 ppm.

The *C-NMR spectrum of compound 10 showed signal at 167.12, 22.52, 18.62 and 11.20
ppm assigned to carbonyl (C=0O) and three methyl groups. CH-olefinic displayed a signal at
161.35 (C-2), 160.55 (C-7), 155.05 (C-3), 153.79 (C-6), 126.98 (C-8), 114.28 (C-5), 113.29 (C-
4),112.06 (C-9), 102.57 (C-10) ppm. In addition, the spectrum of these compound showed signals
at 135.28, 135.00, 129.12, 128.66, 99.60 ppm refer to the aromatic and olefinic carbons for the p-
chlorophenyl group.

Biological investigation

Anti-tumor activity against breast carcinoma (MCF-7) cells. Hybrid 2-quinolinone 3, 4, 7, 9 and
10 were tested for their effect on the viability of breast carcinoma (MCF-7) cell line using MTT
assay. The cytotoxicity was assessed using Dox as positive control. Treatment of MCF-7 cell line
with different concentration of 2-quinolinonederivatives revealed that some of the tested
compounds showed promising cytotoxic activity against MCF-7 cells as concluded from their
ICso values as shown in Table 2. Structurally, 3-(7-hydroxy-4-methyl-2-ox0-2H-quinolin-1-
ylamino)-3-phenyl acrylic acid (3) showed the highest cytotoxic activity against MCF-7 cells. In
conclusion, 3 was the most potent antitumor compound over MCF-7 cell line which had ICs, value
of 3.02 uM which was comparable of 2.29 pM of Dox.

Cell cycle analysis of compound 3. To study the mechanism of anticancer activity of compound
3, cell cycle analysis was carried out using DNA flow cytometry analysis in MCF-7 cells. MCF-
7 cells were incubated with ICsy concentration of compound 3 for 24 h and then subjected to DNA
flow cytometry analysis. As shown in Figure 1, exposure of MCF-7 cells to compound 3 resulted
in interference of the normal cell distribution in the cell cycle profile of MCF-7 cells. Compound
3 could enhance the G2/M phase by 12.02% compared with the untreated control. This effect was
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accompanied by increase in cell percentage in pre-G; phase of the cell cycle. These results
suggested that compound 3 induce cancer cell death via G2/M phase arrest with apoptosis
inducing activity marked by the presence pre-G; peak in the cell cycle distribution profile of MCF-
7 cells.

Table 2. Calculated ICso (uM) for compounds 3, 4, 7, 9 and 10 against breast carcinoma (MCF-7)

cells.
Comp No. 1Cso (WM)/MCF-7
3 3.02+0.17
4 3.83+0.21
7 >100
9 36.32+0.31
10 63.39+0.28
Dox 2.29+0.09
CTRL Comp 3
8]
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Figure 1. Effect of compound3 on the cell cycle profile of MCF-7.
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1.28% 0.24%

PL PI

4.92%

0.21%
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Figure 2. Annexin-V FITC analysis of compound 3.

Annexin V-FITC/PI and detection of apoptosis of compound 3. To examine the anticancer activity
of the prepared compound, the effect of the synthesized compounds on the viability of MCF-7
cell line was measured using colorimetric MTT assay after 48 h of incubation. To determine the
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apoptosis inducing activity of compound 3. A biparametric cytofluorimetric analysis was
performed for compound 3 at its ICsy concentration, using AnnexinV/PI. As shown in (Figure 2),
the selected compound showed a sharp decrease in the cell survival percentage in comparison
with control. Also, compound 3 increase the percentage of early apoptotic cells by 23.42-fold
more than control. Moreover, compound 3 increase the percentage of late apoptotic cells by 36.33-
fold more than control. These results suggested that, compound 3 increase the apoptosis of MCF-
7 cells.

CONCLUSION

In conclusion, we have synthesized a new class of hybrid 2-quinolinone and hybrid halogenated
2-quinolinone derivatives containing cinnamic acid by using PB-hydroxy-4-methyl-1-amino-
quinolin-2-one (2) and cinnamic acid as starting materials. The structure of the prepared
compounds was proved using spectral and elemental analysis data. All the prepared 2-quinolinone
and hybrid halogenated 2-quinolinone derivatives were tested for their in vitro cytotoxicity against
MCEF-7 cell line and compound 3 was the most active one. DNA flow cytometric analysis of
compounds 3 showed cell cycle arrest at Go/M phase with concomitant increase of cells in
apoptotic phase. Dual annexin-V/propidium iodide staining assay of compound 3 revealed that,
the selected molecule increases the apoptosis of MCF-7 cells more than control.
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