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a b s t r a c t 

A new series of quinoxaline derivatives synthesized and pharmacologically evaluated against (HepG-2, 

HCT-116, and MCF-7) cell lines. Seven compounds were found to possess the highest activities against 

the examined cell lines with IC 50 values ranging from (7.57 to 28.44 μM). To further analyze its apop- 

totic potential in MCF-7 cells, the most active 3a, 3b, 6, 7b, 7c, 7d , and 7f members have been selected. 

Interestingly, it found that the Bcl-2 level decreased by 1.95–3.99 folds, and the BAX level increased by 

7.2-10.6 folds relative to the control. They also increased the active Caspase-3 level by 5.77-10.69 folds 

compared to untreated cells. WI38 cells were treated with these compounds to estimate the cytotoxi- 

city level of those compounds in non-tumorigenic cells, and they displayed higher IC 50 values (142.21- 

335.03 μM), suggesting may less toxic effect on the normal ones. Further studies on the mechanism of the 

most promising compounds 3a, 6, 7b and 7d , revealed that it increases apoptotic cells and induced cell 

cycle arrest at pre-G1 and G2/M phases. Besides, both wild EGFR WT and mutant EGFR L858R-TK inhibitory 

activity for these derivatives showed that these derivatives had IC 50 values ranging from 0.075-1.547 μM 

versus wild EGFR WT and 63.70-87.34 nM versus the mutant type. Erlotinib was used as a standard refer- 

ence with IC 50 values of 0.0656 μM and 59.56 nM versus both types. Finally, the molecular docking study 

of most potent quinoxaline derivatives exhibited a good binding inside the active site of EGFR (1M17), 

with binding energy ranged between (-15.86 to -16.97) compared to Erlotinib (-17.84) kcal/mol. Also, by 

applying Lipinski’s parameters, it was found that these derivatives showed no violations and indicated 

promiscuity to formulate orally. 

© 2021 Elsevier B.V. All rights reserved. 

1

u

c

a

b

c

a

A

i

q

a

r

s

f

t

a

t

h

0

. Introduction 

As one of the most serious clinical conditions, cancer contin- 

es to endanger people’s health all over the world [1,2] . Cancer 

annot be identified as a single disease and can only represent 

 large group of malignant cells differentiated from healthy cells 

y uncontrolled growth due to a severe disorder of the cell cy- 

le’s regulatory system [3] . Cancer of the lung, stomach, breast, 

nd melanoma is the most prevalent in developed and develop- 
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ng countries. The application of chemotherapy has been a fre- 

uently preferred, effective way of treating cancer. Cytotoxic agents 

nd antihormonal drugs are the principal chemotherapeutics that 

educe malignant cell proliferation. On the other hand, significant 

ide effects such as nausea, vomiting, diarrhea, hair loss, severe in- 

ections, and tumor-cell population growth are frequently encoun- 

ered during chemotherapy [4–7] . Therefore, significant chemother- 

py progress would require new and useful antitumor agents 

o eradicate the entire range of cancer diseases worldwide with 

reater efficacy and lower side effects. DNA-damaging agents such 

s radiation and chemotherapy drugs may cause cell death (apop- 

osis) that is programmed. Studies have shown a strong link be- 

ween increased drug resistance to cancer and reduced apoptosis 
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Fig. 1. Molecular structure of the antineoplastic lead compounds XK469 and CQS. 
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apacity [8] . The susceptibility to apoptosis is thus a significant 

eterminant of the response to antineoplastic therapy [9] . There- 

ore, apoptosis inhibition will play a major role in the progres- 

ion of cancer during carcinogenesis. There are various types of 

olecular pathways used by cancer cells to inhibit apoptosis. They 

cquire apoptosis resistance by expressing anti-apoptotic proteins 

uch as Bcl-2 or by the down-regulation of various caspases and 

ro-apoptotic proteins such as BAX [10] . A significant determinant 

f cell survival is the relationship between the pro-apoptotic and 

nti-apoptotic levels [11] . 

Besides, the receptor of the Epidermal Growth Factor (EGFR) 

s a transmembrane glycoprotein tyrosine kinase receptor that is 

verexpressed in many cancer cells such as (breast, ovarian, and 

uman colon cancers) [12] . Over-expression of the EGFR family 

esults in autophosphorylation of several tyrosine residues within 

he receptor COOH-terminal tail, which initiates a certain cascade 

esulting in cell proliferation, differentiation, and anti-apoptosis. 

hus inhibition of the EGFR family has been identified as having 

n important role in developing targeted chemotherapeutic agents 

12] . Quinoxalines have been reported as candidates for treating 

ancer and disorders associated with angiogenesis functions [13–

8] . 

For example, 2-(4-(7-chloroquinoxalin-2-yl)phenoxy]propionic 

cid (XK469) ( A ) and chloroquinoxalinesulfonamide (CQS) ( B ) are 

nown as antineoplastic quinoxalines ( Fig. 1 ). There are also some 

aturally occurring bis -quinoxaline compounds known as antitu- 

or antibiotics. Triostin A, Azatriostin, and Echinomycin, which 

isplayed antitumor activity, are the leading examples of this anti- 

eoplastic group [19–25] . 

Also, dihydroquinoxalin-2-ones and their derivatives are an im- 

ortant structural motive for biologically active compounds discov- 

ry [26–29] . Quinoxaline-2-carboxylic acid is also a fragment of the 

chinomycin and Triostin antibiotics, a powerful active anticancer 

gent [30] . The quinoxaline-2-carboxylic acid chromophore moi- 

ty plays an important biogenetic role in antibiotic triostion syn- 

hesis [30] .Quinoxaline-2-carboxylic acid derivative (Quinacillin) is 

 Penicillin-related semi-synthetic antibiotic [30,31] . On the other 

and, hydrazide-hydrazones have been reported to have anticancer 

ctivity [32–35] and have been described as interesting privi- 

eged structures, being largely used in the design of new bioactive 

ompounds with distinct pharmacological profiles, such as anti- 

rypanosome [36–40] . Because of these facts, and as part of our 

ngoing interest in anticancer activity [41–45] . Herein, we report 

he synthesis of new quinoxaline derivatives incorporating various 

ster and hydrazide moieties and hoping to be exhibited a proper 

creening for their and anticancer activities. The reason for such 

 study stemmed from the great importance and synthetic acces- 

ibility of the quinoxaline ring in generating potential anticancer 

olecules. The newly synthesized compounds are structurally re- 

ated to certain biologically active molecules, besides multiple es- 

ers and hydrazide fragments bearing the quinoxaline moiety as 

ssential pharmacophores and varying lipophilicity degrees. Nowa- 

ays, the development of hybrid molecules is a trend that aims to 

ombine multiple pharmacophore fragments in the same structure 

ith different biological potentials [46–56] ( Fig. 2 ). 
2 
. Experimental 

.1. Chemistry 

All melting points were taken on Electrothermal LA 90 0 0 SERIS, 

igital Melting point Apparatus, and were uncorrected. IR Spectra 

ere determined using the KBr disc technique on Nikolet IR 200 

T IR Spectrophotometer at Pharmaceutical Analytical Unit, Fac- 

lty of Pharmacy, Al-Azhar University, and on Cary IR 630 FT IR 

pectrophotometer at Analytical Unit, Faculty of Science (boys), Al- 

zhar University and values are represented in cm 

−1 . The 1 H NMR 

nd 

13 C NMR spectra were recorded on Gemini Mercury 400 MHz 

MR spectrometer at the Main Chemical Warfare Laboratories, 

hemical Warfare Department, Ministry of Defense. DMSO- d 6 was 

sed as a solvent; chemical shifts were measured in δ ppm, rel- 

tive to TMS as an internal standard. Mass spectra were recorded 

t 70 ev on DI-50 unit of Schimadzu GC/ MS-QP5050A Spectrome- 

er at Regional Center for Mycology and Biotechnology, Al-Azhar 

niversity. Microanalysis was carried out at Regional Center for 

ycology and Biotechnology, Al-Azhar University. Anticancer ac- 

ivity was carried out in local strain identified in Regional Center 

or genetic engineering, faculty of Science (boys), Al-Azhar Univer- 

ity, and BAX, Bcl-2 and EGFR both wide and mutant were carried 

ut in (VACSERA), Cairo, Egypt. Progress of the reaction was moni- 

ored by using TLC sheets pre-coated with UV fluorescent silica gel 

erck 60F254 plates and were visualized using a UV lamp. Solvent 

or TLC: Hexane: Ethyl acetate in ratio 6:4 and 4:6. 

Methyl 2-(3-oxo-3,4-dihydroquinoxalin-2(1 H )-ylidene)acetate 

erivatives (2a-c) 

A mixture of O -phenylenediamine derivatives (1) (0.01 mol) and 

imethyl acetylene dicarboxylate (0.01mol) in ethanol (20 mL) was 

tirred for half an hour at room temperature, then the separated 

olid filtered and crystallized from ethanol. 

Methyl-2-(6-bromo-3-oxo-3,4-dihydroquinoxalin-2(1 H )- 

lidene)acetate (2a) 

Light brown powder; Yield: (89%); m.p.: 200-202 °C; IR (KBr, 

m 

−1 ) = 3218 (NH), 3068 (CH-arom), 2947, 2843 (CH-aliph), 1694 

C = O), 1652 (C = O; amide), 1627 (C = N); 1 H NMR (400 MHz,

MSO- d 6 ) δ/ppm 3.66 (s, 3H, OCH 3 ), 5.53 (s, 1H, CH-vinylic), 7.15

d, J = 8.4 Hz, 1H, Ar-H), 7.19 (dd, J = 8.8, 2.0 Hz, 1H, Ar-H),

.41 (d, J = 8.4 Hz, 1H, Ar-H), 10.99, 11.76 (2s, 2H, 2NH exchange- 

ble by D 2 O), 13 C NMR (100 MHz, DMSO- d 6 ) δ/ppm 51.24 (OCH 3 ),

4.85 (CH-vinylic), 113.94, 117.70, 118.37, 124.87, 126.24, 127.15, 

43.73 (C = N), 155.85, 169.60 (2C = O); MS (EI, 70 eV): m/z (%) =
99 [M 

+ 2 ] (21.82%), 297 [M 

. + ] (10.58%), 265 (100%); Anal. Calc. for 

 11 H 9 BrN 2 O 3 (297.11): C, 44.47; H, 3.05; N, 9.43. Found: C, 44.36;

, 3.10; N, 9.23. 

Methyl-2-(6-chloro-3-oxo-3,4-dihydroquinoxalin-2(1 H )- 

lidene)acetate (2b) 

Deep brown powder; Yield: (97%); m.p.: 220-222 °C; IR (KBr, 

m 

−1 ) = 3218 (NH), 3074 (CH-arom), 2948, 2860 (CH-aliph), 1693 

C = O-ester; hydrogen bond), 1652 (C = O-amide); 1 H NMR (400 

Hz, DMSO- d 6 ) δ/ppm 3.67 (s, 3H, OCH 3 ), 5.54 (s, 1H, CH-vinylic),

.08 (d, J = 8.4 Hz, 1H, Ar-H), 7.33 (dd, J = 8.8, 2.0 Hz, 1H, Ar-

), 7.75 (d, J = 8.8 Hz, 1H, Ar-H), 10.99, 11.77 (2s, 2H, 2NH ex-
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Fig. 2. Quinoxaline hybrids with ester and hydrazide moieties. 
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hangeable by D 2 O); 13 C NMR (100 MHz, DMSO- d 6 ) δ/ppm 51.23 

OCH 3 ), 84.75 (CH-vinylic), 114.90, 117.45, 123.44, 124.50, 126.84, 

30.49, 143.74 (C = N), 156.02, 169.83 (2C = O); MS (EI, 70 eV): m/z

%) = 254 [M 

+ 2 ] (35.16%), 252 [M 

. + ] (16.84%), 43 (100%); Anal. Calc.

or C 11 H 9 ClN 2 O 3 (252.65): C, 52.29; H, 3.59; N, 11.09; Found: C,

2.18; H, 3.49; N, 11.12. 

Methyl-2-(7-benzoyl-3-oxo-3,4-dihydroquinoxalin-2(1 H )- 

lidene)acetate (2c) 

Light yellow powder; Yield: (92%); m.p.: 185-187 °C; IR (KBr, 

m 

−1 ) = 3232 (NH), 3076 (CH-arom), 2946, 2840 (CH-aliph), 1698 

C = O-ester; hydrogen bond), 1658, (C = O), 1605 (C = N); 1 H NMR

400 MHz, CDCl 3 ) δ/ppm 3.78 (s, 3H, OCH 3 ), 5.88 (s, 1H, CH-

inylic), 6.70 (d, J = 8.0 Hz, 1H, Ar-H), 7.12 (d, J = 8.0 Hz, 1H,

r-H), 7.47 (t, J = 7.6 Hz, 2H, Ar-H), 7.51 (dd, J = 6.4, 1.6 Hz, 1H,

r-H), 7.63 (t, J = 7.4 Hz, 1H, Ar-H), 7.74 (d, J = 7.2 Hz, 1H, Ar-H),

.77 (d, J = 6.8 Hz, 1H, Ar-H), 11.16, 10.22 (s, 2H, 2NH exchange- 

ble by D 2 O); 13 C NMR (100 MHz, CDCl 3 ): δ 51.30 (OCH 3 ), 87.17

CH-vinylic), 114.41, 119.08, 124.88, 125.42, 127.99, 128.42, 129.57, 

29.77, 131.39, 132.48, 138.83, 140.77, 142.75 (C = N), 157.49, 170.71, 

94.96 (3C = O); MS (EI, 70 eV): m/z (%) = 322 [M 

+ ] (100 %); Anal.

alc. for C 18 H 14 N 2 O 4 (322.32): C, 67.08; H, 4.38; N, 8.69; Found: C,

6.80; H, 4.35; N, 8.65. 

2-(3-Oxo-3,4-dihydroquinoxalin-2-yl)acetohydrazide deriva- 

ives (3a- c) 

A mixture of the quinoxaline acetate ester 2a-c (0.01mol) and 

ydrazine hydrate (0.05mol) was heated under reflux condition in 

thanol (10 mL) for 6 h; the separated solid filtered off and crys- 

allized from benzene. 

2-(6-Bromo-3-oxo-3,4-dihydroquinoxalin-2(1 H )-ylidene) 

cetohydrazide (3a) 

Light brown powder; Yield: (88)%; m.p.: 280-282 °C; IR (KBr, 

m 

−1 ) = 3322, 3254 (br-NH 2 & NH), 3055 (CH-arom), 2942 (CH- 

liph), 1684 (C = O), 1603 (C = N); 1 H NMR (400 MHz, DMSO- d 6 )

/ppm 4.36 (s, 2H, NH exchangeable by D O), 5.62 (s, 1H, CH- 
2 2 

3 
inylic), 6.91 (d, J = 8.4 Hz, 1H, Ar-H), 7.11 (s, H, NH exchangeable 

y D 2 O) 7.44 (s, 1H, Ar-H), 7.64 (d, J = 8.4 Hz, 1H, Ar-H), 9.20, 11.62

2s, 2H, 2NH exchangeable by D 2 O); 13 C NMR (101 MHz, DMSO- 

 6 ) δ/ppm 115.16, 116.92, 122.52, 123.95, 126.32, 130.66, 134.77, 

54.42 (N-C = C), 161.32, 164.61(2C = O); MS (EI, 70 eV): m/z (%) =
99 [M 

+ 2 ] (26.85%), 297 [M 

. + ] (24.67%), 293 (100%); Anal. Calc. for 

 10 H 9 BrN 4 O 2 (297.11): C, 40.43; H, 3.05; N, 18.86; Found: C, 40.33;

, 3.02; N, 18.66. 

2-(6-Chloro-3-oxo-3,4-dihydroquinoxalin-2(1 H )-ylidene) 

cetohydrazide (3b) 

Black powder; Yield: (92) %; m.p.: > 300 °C; IR (KBr, cm 

−1 ) =
429, 3316, 3276 (NH 2 & NH), 3067 (CH-arom), 2921, 2852 (CH- 

liph), 1674 (br. C = O), 1609 (C = N); 1 H NMR (400 MHz, DMSO-

 6 ): δ/ppm 4.43 (s, 2H, NH 2 exchangeable by D 2 O), 5.60 (s, 1H, 

H-vinylic), 6.96 (d, J = 8.4 Hz, 1H, Ar-H), 6.98 (s, 1H, NH, ex- 

hangeable by D 2 O), 7.17 (d, J = 8.8 Hz, 1H, Ar-H), 7.29 (s, 1H,

r-H), 9.19, 11.61 (2s, 2H, 2NH exchangeable by D 2 O); 13 C NMR 

101 MHz, DMSO) δ 114.52, 117.42, 122.09, 126.14, 130.23, 131.23, 

32.22, 154.48 (N-C = C), 161.22, 165.65 (2C = O); MS (EI, 70 eV): 

/z (%) = 254 [M 

+ 2 ] (30.24%), 252 [M 

. + ] (79.31%), 220 (100%); Anal. 

alc. for C 10 H 9 ClN 4 O 2 (252.66): C, 47.54; H, 3.59; N, 22.18; Found: 

, 47.20; H, 3.47; N, 22.22. 

2-(7-Benzoyl-3-oxo-3,4-dihydroquinoxalin-2(1 H )-ylidene) 

cetohydrazide (3c) 

Light brown powder; Yield: (74) %; m.p.: 280-282 °C; IR (KBr, 

m 

−1 ) = 3288, 3200 (br. NH 2 & 2NH), 3054 (CH-arom), 2922, 2861 

CH-aliph), 1674 (br. C = O), 1609 (C = N); 1 H NMR (400 MHz, DMSO-

 6 ) δ/ppm 4.28 (s, 2H, NH 2 exchangeable by D 2 O), 5.56 (s, 1H, CH-

inylic), 6.92 (s, 1H, NH, exchangeable by D 2 O), 7.22 (t, J = 6.8 Hz,

H, Ar-H), 7.27 (d, J = 8.2 Hz, 2H, Ar-H), 7.36 (d, J = 7.2 Hz, 1H,

r-H), 7.50 (t, J = 7.2 Hz, 1H, Ar-H), 7.55 (d, J = 8.0 Hz, 1H, Ar-

), 7.59 (s, 1H, Ar-H), 9.13, 11.58 (2s, 2H, 2NH exchangeable by 

 2 O); 13 C NMR (101 MHz, DMSO) δ/ppm 106.98, 114.46, 117.76, 

19.58, 121.85, 128.59, 129.36, 129.47, 133.06, 133.96, 135.44, 
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37.27, 139.31, 157.01 (N-C = C), 162.13, 165.81, 184.05 (3C = O); MS 

EI, 70 eV): m/z (%) = 322 [M 

. + ] (31.44%), 52 (100%); Anal. Calc. for

 17 H 14 N 4 O 3 (322.32): C, 63.35; H, 4.38; N, 17.38; Found: C, 62.98;

, 4.27; N, 17.28. 

3-(3-Oxo-3,4-dihydroquinoxalin-2-yl)propanoic acid deriva- 

ives (4a-d) 

O-Phenylenediamines (0.01 mol), and α-ketoglutaric acid 

0.01mol) in acetic acid (20 mL) have stirred for 30 min., at room 

emperature, and then the solid that obtained was collected by fil- 

ration and recrystallized from methanol. 

3-(3-Oxo-3,4-dihydroquinoxalin-2-yl)propanoic acid (4a): 

.p: 255-258 °C [57] 

3-(6-Bromo-3-oxo-3,4-dihydroquinoxalin-2-yl)propanoic acid 

4b) 

Deep brown powder; Yield: (70%); m.p: > 300 °C; IR (KBr, 

m 

−1 ) = 3413(OH-carboxylic), 3150 (NH), 3064 (CH-arom), 2997, 

930, 2860 (CH-aliph), 1689, 1670 (2C = O), 1603 (C = N); 1 H NMR

400 MHz, DMSO- d 6 ) δ/ppm 2.68 (t, J = 7.0 Hz, 2H, CH 2 ), 2.98

t, J = 7.0 Hz, 2H, CH 2 ), 7.21 (d, J = 8.8 Hz, 1H, Ar-H), 7.40 (s,

H, Ar-H), 7.60 (d, J = 8.0 Hz, 1H, Ar-H), 12.36, 12.42 (2s, 2H, NH,

H exchangeable by D 2 O); 13 C NMR (100 MHz, DMSO- d 6 ) δ/ppm

8.12, 29.90 (2CH 2 ), 117.93, 122.32, 126.37, 130.34, 130.87, 133.41, 

54.71 (C = N), 161.45, 174.24 (2C = O); MS (EI, 70 eV): m/z (%) = 299

M 

+ 2 ] (3.78%), 297 [M 

. + ] (4.75%), 252 (100%); Anal. Calc. for C 11 H 9 

rN 2 O 3 (297.11): C, 44.47; H, 3.05; N, 9.43; Found: C, 44.23; H, 

.95; N, 9.31. 

3-(6-Chloro-3-oxo-3,4-dihydroquinoxalin-2-yl)propanoic acid 

4c) [58] 

Deep violet powder; Yield: (76%); m.p: 260-262 °C; IR (KBr, 

m 

−1 ) = 3425 (OH), 3156 (NH), 3068 (CH-arom), 2973, 2864 (CH- 

liph), 1690, 1665 (2C = O), 1606(C = N); 1 H NMR (400 MHz, DMSO-

 6 ) δ/ppm 2.70 (t, J = 7.0 Hz, 2H, CH 2 ), 2.99 (t, J = 6.8 Hz, 2H,

H 2 ), 7.27 (d, J = 8.8 Hz, 1H, Ar-H), 7.52 (dd, J = 8.4, 2.4 Hz, 1H,

r-H), 7.67 (d, J = 7.6 Hz, 1H, Ar-H), 12.38, 12.42 (2s, 2H, NH, OH

xchangeable by D 2 O); 13 C NMR (100 MHz, DMSO- d 6 ) δ/ppm 27.64, 

9.48 (2CH 2 ), 114.51, 123.13, 127.05, 129.73, 131.98, 133.41, 154.32 

C = N), 160.82, 173.81 (2C = O); MS (EI, 70 eV): m/z (%) = 254 [M 

+ 2 ]
33.19%), 252 [M 

+ ] (100%); Anal. Calc. for C 11 H 9 ClN 2 O 3 (252.65):

, 52.29; H, 3.59; N, 11.09; Found: C, 52.43; H, 3.68; N, 10.93. 

3-(7-Benzoyl-3-oxo-3,4-dihydroquinoxalin-2-yl)propanoic 

cid (4d) 

Light yellow powder; Yield: (80%); m.p: 230-232 °C; IR (KBr, 

m 

−1 ) = 3475 (br -OH), 3139 (NH), 3006 (CH-arom), 2916, 2850 

CH-aliph), 1693, 1657, (C = O), 1612 (C = N); 1 H NMR (400 MHz,

MSO- d 6 ) δ/ppm 2.71 (t, J = 7.0 Hz, 2H, CH 2 ), 3.03 (t, J = 7.0 Hz,

H, CH 2 ), 7.42 (d, J = 8.4 Hz, 1H, Ar-H), 7.59 (t, J = 7.6 Hz, 2H,

r-H), 7.69 (t, J = 7.4 Hz, 1H, Ar-H), 7.74 (d, J = 7.2 Hz, 2H, Ar-H),

.91 (dd, J = 8.4, 2.0 Hz, 1H, Ar-H), 7.95 (d, J = 8.0 Hz, 1H, Ar-H),

2.07, 12.65 (2s, 2H, NH, OH exchangeable by D 2 O); 13 C NMR (100 

Hz, DMSO- d 6 ) δ/ppm 28.29, 29.66 (2CH 2 ), 108.76, 114.86, 116.36, 

19.01, 122.45, 124.65, 127.70, 129.63, 131.28, 133.57, 134.47, 140.56, 

51.78 (C = N), 155.22, 179.53, 191.77 (3C = O); MS (EI, 70 eV): m/z

%) = 322 [M 

. + ] (100 %); Anal. Calc. for C 18 H 14 N 2 O 4 (322.32): C,

7.08; H, 4.38; N, 8.69; Found: C, 67.25; H, 4.70; N, 8.89. 

3,4-Dihydro-2 H -pyrano[2,3- b ]quinoxalin-2-one (6): 

To a solution of 3-(3-oxo-3,4-dihydroquinoxalin-2-yl)propanoic 

cid (4a) (0.01 mol) and excess SOCl 2 (5 mL) in dry benzene (10 

L) was heated under reflux for 4 h, with continuous stirring, then 

he reaction mixture cooled and the solid product collected and 

ecrystallized from ethanol. 

Deep green powder; Yield: (82%); m.p: 220-222 °C, IR (KBr, 

m 

−1 ) = 3050 (CH-arom), 2911, 2887, 2818 (CH-aliph), 1688 (C = O), 

605 (C = N); 1 H NMR (400 MHz, DMSO- d 6 ) δ/ppm 2.70 (t, J = 6.8

z, 2H, CH 2 ), 2.99 (t, J = 7.0 Hz, 2H, CH 2 ), 7.26 (t, J = 6.8 Hz, 1H,

r-H), 7.28 (d, J = 8.0 Hz, 1H, Ar-H), 7.47 (t, J = 7.2 Hz, 1H, Ar-

), 7.67 (d, J = 8.0 Hz, 1H, Ar-H); 13 C NMR (100 MHz, DMSO- d 6 )
4 
/ppm 28.08, 30.03 (2CH 2 ), 115.68, 123.50, 128.50, 129.87, 131.91, 

32.10, 155.00, 160.69 (2C = N), 174.31 (C = O); MS (EI, 70 eV): m/z

%) = 200 [M 

+ ] (10.74 %), 41 (100%); Anal. Calc. for C 11 H 8 N 2 O 2 

20 0.20): C, 66.0 0; H, 4.03; N, 13.99; Found: C, 6 6.0 6; H, 4.03; N,

3.97. 

Methyl or ethyl 3-(3-oxo-3,4-dihydroquinoxalin-2-yl)propa 

noate derivatives (7a-g) 

To a solution of 4 (0.01mol) in methanol or ethanol (10 mL), 

oncentrated sulfuric acid (1 mL) has added. The reaction mixture 

as heated under reflux for 3 h, then the solution was allowed to 

e cooled, then the ester products were collected by filtration. 

Ethyl 3-(3-oxo-3,4-dihydroquinoxalin-2-yl)propanoate (7a) 

59] 

Methyl 3-(6-bromo-3-oxo-3,4-dihydroquinoxalin-2-yl)propa 

oate (7b) [60] 

Black shiny crystals; Yield (56%); m.p: 200-202 °C; IR (KBr, 

m 

−1 ) = 3445 (NH), 30 6 6 (CH-arom), 2946, 2843 (CH-aliph), 1730 

C = O-ester), 16 6 6 (CO-amide), 160 6 (C = N); 1 H NMR (400 MHz,

MSO- d 6 ) δ/ppm 2.78 (t, J = 7.0 Hz, 2H, CH 2 ), 3.04 (t, J = 6.8 Hz,

H, CH 2 ), 3.59 (s, 3H, OCH 3 ), 7.41 (d, J = 8.4 Hz, 1H, Ar-H), 7.42(s,

H, Ar-H), 7.60 (d, J = 8.4 Hz, 1H, Ar-H), 12.39 (s, 1H, NH exchange-

ble by D 2 O); MS (EI, 70 eV): m/z (%) = 313 [M 

+ 2 ] (5.07%), 311 [M 

+ ]
3.32%), 277 (100%); Anal. Calc. for C 12 H 11 BrN 2 O 3 (311.14): C, 46.32; 

, 3.56; N, 9.00; Found: C, 46.70; H, 3.58; N, 8.87. 

Ethyl-3-(6-bromo-3-oxo-3,4-dihydroquinoxalin-2-yl)propa 

oate (7c) 

Dark green crystals; Yield: (87%); m.p: 170-172 °C; IR (KBr, 

m 

−1 ) = 3442 (NH), 3052 (CH-arom), 2941, 2856 (CH-aliph), 1725 

C = O-ester), 1662 (C = O-amide), 1605 (C = N); 1 H NMR (400 MHz,

MSO- d 6 ): δ/ppm 1.07 (t, J = 7.0 Hz, 3H, CH 2 - CH 3 ), 2.78 (t, J = 7.0

z, 2H, CH 2 ),), 3.05 (t, J = 6.8 Hz, 2H, CH 2 ), 4.12 (q, J = 7.6

z, 2H, CH 2 -CH 3 ), 7.27 (s, 1H, Ar-H), 7.30 (d, 1H, Ar-H), 7.68 (d, 

 = 8.0 Hz, 1H, Ar-H), 12.41 (s, 1H, NH exchangeable by D 2 O);
3 C NMR (100 MHz, DMSO- d 6 ) δ/ppm 15.42 (CH 3 ), 27.20, 29.37 

2CH 2 ), 61.39 (OCH 2 ), 112.57, 113.13, 119.50, 124.88, 130.08, 136.66, 

49.95 (C = N), 164.23, 173.28 (2C = O); MS (EI, 70 eV): m/z (%) =
27 [M 

+ 2 ] (5.82%), 325 [M 

. + ] (8.23%), 251 (100%); Anal. Calc. for 

 13 H 13 BrN 2 O 3 (325.16): C, 48.02; H, 4.03; N, 8.62; Found: C, 47.85;

, 3.67; N, 8.40. 

Methyl-3-(6-chloro-3-oxo-3,4-dihydroquinoxalin-2-yl)propa 

oate (7d) [58] 

Black shiny crystals; Yield: (50%); m.p.: 190-192 °C; IR (KBr, 

m 

−1 ) = 3453 (NH), 306 8 (CH-arom), 294 8, 2845 (CH-aliph), 1733 

C = O-ester), 1665 (CO-amide), 1612 (C = N); 1 H NMR (400 MHz, 

MSO- d 6 ) δ/ppm 2.95 (t, J = 7.0 Hz, 2H, CH 2 ), 3.21 (t, J = 6.8 Hz,

H, CH 2 ), 3.76 (s, 3H, OCH 3 ), 7.45 (d, J = 7.6 Hz, 1H, Ar-H), 7.68

s, 1H, Ar-H), 7.84 (d, J = 8.0 Hz, 1H, Ar-H), 12.58 (s, 1H, NH ex-

hangeable by D 2 O); MS (EI, 70 eV): m/z (%) = 268 [M 

+ 2 ] (33.64%),

66 [M 

+ ] (100%); Anal. Calc. for C 12 H 11 ClN 2 O 3 (266.68): C, 54.05;

, 4.16; N, 10.50; Found: C, 54.13; H, 4.02; N, 10.92. 

Ethyl 3-(6-chloro-3-oxo-3,4-dihydroquinoxalin-2-yl)propa 

oate (7e) 

Deep green crystals; Yield: (87%); m.p.: 160-162 °C; IR (KBr, 

m 

−1 ) = 3431 (NH), 3050 (CH-arom), 2987, 2867 (CH-aliph), 1735 

C = O-ester), 1664 (CO-amide), 1616 (C = N); 1 H NMR (400 MHz, 

MSO- d 6 ) δ/ppm 1.16 (t, J = 7.0 Hz, 3H, CH 2 - CH 3 ), 2.74 (t, J = 7.0

z, 2H, CH 2 ), 3.02 (t, J = 7.0 Hz, 2H, CH 2 ), 4.06 (q, J = 7.1 Hz,

H, CH 2 -CH 3 ), 7.29 d, J = 7.0 Hz, 1H, Ar-H), 7.26 (s, 1H, Ar-H), 7.65

d, J = 7.1 Hz, 1H, Ar-H), 12.39 (s, 1H, NH exchangeable by D 2 O);
3 C NMR (101 MHz, DMSO) δ/ppm 14.60 (CH 2 - CH 3 ), 28.12, 29.90 

2 CH 2 ), 60.73 ( CH 2 -CH 3 ), 117.93, 122.32, 126.37, 130.87, 132.45, 

33.41, 154.71 (C = N), 161.45, 174.24 (2C = O); MS (EI, 70 eV): m/z

%) = 282 [M 

+ 2 ] (2.87%), 280 [M 

. + ] (8.88%), 110 (100%); Anal. Calc. 

or C 13 H 13 ClN 2 O 3 (280.71): C, 55.62; H, 4.67; N, 9.98; Found: C, 

5.83; H, 5.03; N, 9.74. 
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Methyl-3-(7-benzoyl-3-oxo-3,4-dihydroquinoxalin-2-yl)propa 

oate (7f) 

Deep brown powder; Yield: (66%); m.p.: 110-112 °C; IR (KBr, 

m 

−1 ) = 3230 (NH), 3087 (CH-arom), 2967, 2927, 2885 (CH-aliph), 

735 (C = O-ester), 1678, 1655 (2C = O), 1608 (C = N); 1 H NMR (400

Hz, DMSO- d 6 ) δ/ppm 2.77 (t, J = 7.0 Hz, 2H), 3.04 (t, J = 7.0

z, 2H), 3.55 (s, 3H, OCH 3 ), 7.41 (d, J = 8.4 Hz, 1H, Ar-H), 7.57

t, J = 7.4 Hz, 2H, Ar-H), 7.68 (t, J = 6.8 Hz, 1H, Ar-H), 7.72 (d,

 = 8.0 Hz, 2H, Ar-H), 7.89 (d, J = 8.4 Hz, 1H, Ar-H), 7.90 (s, 1H,

r-H), 12.62 (s, 1H, NH exchangeable by D 2 O); 13 C NMR (100 MHz, 

MSO- d 6 ) δ/ppm 27.51, 29.32 (2CH 2 ), 51.24(OCH 3 ), 118.13, 124.44, 

27.01, 129.44, 129.68, 130.28, 133.77, 134.13, 138.33, 147.69, 155.35 

C = N), 160.61, 179.18, 194.28 (3C = O); MS (EI, 70 eV): m/z (%) = 336

M 

. + ] (16.64%), 304 (100%); Anal. Calc. for C 19 H 16 N 2 O 4 (336.35): C,

7.85; H, 4.80; N, 8.33; Found: C, 68.10; H, 4.62; N, 8.14. 

Ethyl 3-(7-benzoyl-3-oxo-3,4-dihydroquinoxalin-2-yl)propa 

oate (7g) 

Pale brown crystals; Yield: (85%); m.p.: 140-142 °C; IR (KBr, 

m 

−1 ) = 3228 (NH), 3065 (CH-arom), 2991, 2850 (CH-aliph), 1711 

C = O-ester), 1677, 1651 (2C = O), 1610 (C = N); 1 H NMR (400 MHz,

MSO- d 6 ) δ/ppm 1.12 (t, J = 7.2 Hz, 3H, CH 2 - CH 3 ), 2.74 (t, J = 6.8

z, 2H, CH 2 ), 3.06 (t, J = 6.8 Hz, 2H, CH 2 ), 4.04 (q, J = 7.2 Hz,

H, CH 2 -CH 3 ), 7.42 (d, J = 8.8 Hz, 1H, Ar-H), 7.58 (t, J = 7.4 Hz,

H, Ar-H), 7.69 (t, J = 7.4 Hz, 1H, Ar-H), 7.70 (d, 1H, Ar-H), 7.72

s, 1H, Ar-H), 7.91 (d, J = 7.2 Hz, 2H, Ar-H), 12.66 (s, 1H, NH ex-

hangeable by D 2 O), 13 C NMR (100 MHz, DMSO- d 6 ) δ/ppm 14.56 

CH 3 ), 28.08, 29.86 (2CH 2 ), 60.22 (OCH 2 ), 116.22, 129.01, 129.80, 

30.79, 131.99, 132.90, 135.68, 137.72, 155.06 (C = N), 161.87, 172.79, 

94.80 (3C = O); MS (EI, 70 eV): m/z (%) = 350 [M 

. + ] (78.16%), 277

100%); Anal. Calc. for C 20 H 18 N 2 O 4 (350.37): C, 68.56; H, 5.18; N,

.00; Found: C, 68.28; H, 4.89; N, 7.85. 

3-(3-Oxo-3,4-dihydroquinoxalin-2-yl)propanehydrazide 

erivatives (8a-d) 

To a solution of the ester derivatives (7) (0.01mol) in ethanol 

10 mL), hydrazine hydrate (0.02 mol) has added. The reaction 

ixture was stirred at room temp., for 1h, then heated for 3 h. The 

eparated acid hydrazide products were filtered and recrystallized 

rom ethanol. 

3-(3-Oxo-3,4-dihydroquinoxalin-2-yl)propanehydrazide (8a) 

61] 

3-(6-Bromo-3-oxo-3,4-dihydroquinoxalin-2-yl)propane 

ydrazide (8b) 

Light brown powder; Yield: (67%); m.p.: > 300 °C; IR (KBr, 

m 

−1 ) = 3429, 3203 (br-NH 2 & 2NH), 3018 (CH-arom), 2919, 2848 

CH-aliph), 1683, 1656 (2C = O), 1602(C = N); 1 H NMR (400 MHz, 

MSO- d 6 ) δ/ppm 2.72 (t, J = 7.0 Hz, 2H, CH 2 ), 3.05 (t, J = 7.0 Hz,

H, CH 2 ), 5.02 (s, 2H, NH 2 exchangeable by D 2 O), 7.14 (s, 1H, Ar-

), 7.42 (d, J = 8.8 Hz, 1H, Ar-H), 7.91 (d, J = 8.4 Hz, 1H, Ar-H),

0.79, 11.06 (2s, 2H, NH exchangeable by D 2 O); 13 C NMR (101 MHz, 

MSO) δ/ppm 29.02, 32.39 (2CH 2 ), 116.07, 122.39, 127.84, 129.00, 

36.92, 147.97, 150.35 (C = N), 160.50, 180.33 (2C = O); MS (EI, 70 

V): m/z (%) = 313 [M 

+ 2 ] (20.45%), 311 [M 

+ ] (10.82%), 278 (100%);

nal. Calc. for C 11 H 11 BrN 4 O 2 (311.14): C, 42.46; H, 3.56; N, 18.01;

ound: C, 42.74; H, 3.69; N, 18.39. 

3-(6-Chloro-3-oxo-3,4-dihydroquinoxalin-2-yl)propane 

ydrazide (8c) [58] 

Light violet powder; Yield: (98) %; m.p.: > 300 °C; IR (KBr, 

m 

−1 ) = 3286, 3160 (NH 2 & 2NH), 3065 (CH-arom), 2931, 2850 

CH-aliph), 1660 (br-2C = O), 1607 (C = N); 1 H NMR (400 MHz, 

MSO- d 6 ): δ/ppm 2.68 (t, J = 6.6 Hz, 2H, CH 2 ), 3.02 (t, J = 7.6

z, 2H, CH 2 ), 4.24 (s, 2H, NH exchangeable by D 2 O), 7.31(d, 1H,

r-H), 7.32 (s, 1H, Ar-H), 7.71 (d, J = 8.0 Hz, 1H, Ar-H), 9.04, 10.86

2s, 2H, NH exchangeable by D 2 O); MS (EI, 70 eV): m/z (%) = 268

M 

+ 2 ] (5.81%), 266 [M 

. + ] (15.97%), 235 (1005%); Anal. Calc. for 

 11 H 11 ClN 4 O 2 (266.69): C, 49.54; H, 4.16; N, 21.01; Found: C, 49.36;

, 4.33; N, 20.84. 
5 
3-(7-Benzoyl-3-oxo-3,4-dihydroquinoxalin-2-yl)propane 

ydrazide (8d) 

Yellow powder; Yield: (72) %; m.p.: 200-202 °C; IR (KBr, cm 

−1 ) = 

315, 3239, 3201(NH 2 & 2NH), 3055 (CH-arom), 2912,2860 (CH- 

liph), 1673, 1665 (br C = O), 1614 (C = N); 1 H NMR (400 MHz,

MSO- d 6 ): δ/ppm 2.45 (t, J = 7.6 Hz, 2H, CH 2 ), 3.03 (t, J = 7.0 Hz,

H, CH 2 ), 4.18 (s, 2H, NH exchangeable by D 2 O), 7.25 (d, J = 7.2

z, 1H, Ar-H), 7.31 (t, J = 6.8 Hz, 2H, Ar-H), 7.44 (d, J = 8.4 Hz,

H, Ar-H), 7.52 (d, J = 7.2 Hz, 1H, Ar-H), 7.58 (d, J = 7.6 Hz,

H, Ar-H), 7.78 (dd, J = 8.8, 2.0 Hz, 1H, Ar-H), 8.94, 9.01 (2s, 2H,

H exchangeable by D 2 O); 13 C NMR (101 MHz, DMSO) δ 25.95, 

9.97 (2CH 2 ), 118.13, 119.34, 121.22, 122.68, 124.44, 127.01, 129.44, 

29.68, 130.23, 133.77, 134.13, 138.33, 155.35 (C = N), 160.61, 179.18, 

94.28 (3C = O); MS (EI, 70 eV): m/z (%) = 336 [M 

. + ] (24.25%), 135

100%); Anal. Calc. for C 18 H 16 N 4 O 3 (336.35): C, 64.28; H, 4.79; N, 

6.66; Found: C, 64.03; H, 4.54; N, 16.95. 

N’ -(3-(3-Oxo-3,4-dihydroquinoxalin-2yl)propanoyl) 

enzohydrazides (9a, b) 

A solution of quinoxaline derivative 8a (2.32 g, 0.01 mol) and 

cid chlorides (0.01 mol) in DMF (10 mL) has heated under reflux 

or 4 h, the reaction mixture was cooled, and the product was col- 

ected and crystallized from ethanol. 

N’ -(3-(3-Oxo-3,4-dihydroquinoxalin-2yl)propanoyl) 

enzohydrazide (9a) 

Off white powder; Yield: (46%); m.p.: 190-192 °C; IR (KBr, 

m 

−1 ) = 3441- 3201 (br-NH), 3011 (CH-arom), 2973, 2900, 2850 

CH-aliph), 1686, 1664 (C = O), 1601 (C = N); 1 H NMR (400 MHz, 

MSO- d 6 ): δ/ppm 2.75 (t, J = 7.6 Hz, 2H, CH 2 ), 3.10 (t, J = 7.6 Hz,

H, CH 2 ), 7.32 (t, J = 6.2 Hz, 1H, Ar-H), 7.51 (t, J = 6.8 Hz, 2H, Ar-

), 7.55 (d, J = 8.0 Hz, 1H, Ar-H), 7.60 (t, J = 7.6 Hz, 1H, Ar-H), 7.89

t, J = 7.6 Hz, 1H, Ar-H), 7.95 (d, J = 7.2 Hz, 3H, Ar-H), 9.42, 10.11,

0.78 (3s, 3H, NH exchangeable by D 2 O); MS (EI, 70 eV): m/z (%) =
37 [M 

+ 1 ] (4.15%), 336 [M 

. + ] (9.08%), 124 (100%); Anal. Calc. for 

 18 H 16 N 4 O 3 (336.35): C, 64.28; H, 4.79; N, 16.66; Found: C, 64.18;

, 4.75; N, 16.59. 

4-Fluoro-N’-(3-(3-oxo-3,4-dihydroquinoxalin-2-yl)propa 

oyl)benzohydrazide (9b) 

Light green powder; Yield: (66%); m.p.: > 300 °C; IR (KBr, 

m 

−1 ) = 3443, 3321, 3222 (3NH), 3014 (CH-arom), 2903, 2851 (CH- 

liph.), 1667 (br-C = O), 1604 (C = N); 1 H NMR (400 MHz, DMSO- 

 6 ): δ/ppm 2.71 (t, J = 7.6 Hz, 2H, CH 2 ), 3.07 (t, J = 7.6 Hz,

H, CH 2 ), 7.29 (t, J = 7.4 Hz, 2H, Ar-H), 7.33 (d, J = 8.8 Hz, 2H,

r-H), 7.48 (d, J = 7.6 Hz, 1H, Ar-H), 7.73 (d, J = 7.6 Hz, 1H,

r-H), 7.93 (d, J = 8.8 Hz, 2H, Ar-H), 9.98, 10.33, 12.31 (3s, 3H, 

H exchangeable by D 2 O); 13 C NMR (100 MHz, DMSO- d 6 ) δ/ppm 

8.48, 29.78 (2CH 2 ), 115.65, 115.76, 115.98, 123.47, 128.59, 129.46, 

29.88, 130.51, 130.60, 131.95, 132.17, 155.01 (C = N), 160.91 (C = O of 

uinoxaline), 163.32 (C = O of benzoyl), 164.86 (C-F), 171.43 (C = O of 

ropionyl derivatives); MS (EI, 70 eV): m/z (%) = 354 [M 

. + ] (21.23%), 

3 (100); Anal. Calc. for C 18 H 15 FN 4 O 3 (354.34): C, 61.01; H, 4.27;

, 15.81; Found: C, 61.00; H, 4.37; N, 15.91. 

N’ -(Arylidene)-3-(3-oxo-3,4-dihydroquinoxalin-2-yl)propa 

ehydrazide (10a, b) 

A mixture of quinoxaline derivative 8a (2.32 g, 0.01 mol) and 

romatic aldehydes (0.01 mol) in ethanol (20 mL) containing few 

rops of DMF has heated under reflux for 3 h. The reaction mix- 

ure cooled, and the product was collected and recrystallized from 

enzene. 

N’ -(4-Methylbenzylidene)-3-(3-oxo-3,4-dihydroquinoxalin-2- 

l)propane-hydrazide (10a) 

Brick red powder; Yield: (56%); m.p.: 240-242 °C; IR (KBr, 

m 

−1 ) = 3443, 3206 (2NH), 3058 (CH-arom), 2906, 2852 (CH-aliph), 

660 (C = O), 1609 (C = N); 1 H NMR (400 MHz, DMSO- d 6 ) δ/ppm

.32 (s, 3H, CH 3 ), 2.78 (t, J = 7.8 Hz, 2H, CH 2 ), 3.12 (t, J = 7.4 Hz,

H, CH 2 ), 7.22 (d, J = 7.2 Hz, 1H, Ar-H), 7.26 (d, J = 6.0 Hz, 1H, Ar-

), 7.30 (d, J = 8.8 Hz, 1H, Ar-H), 7.47 (d, J = 7.2 Hz, 1H, Ar-H), 7.57
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a

t, J = 6.8 Hz, 2H, Ar-H), 7.69 (d, J = 7.2 Hz, 1H, Ar-H), 7.99 (d, 1H,

r-H), 8.14 (s, 1H, CH-methine), 11.20, 11.43 (2s, 2H, NH exchange- 

ble by D 2 O); 13 C NMR (100 MHz, DMSO- d 6 ) δ/ppm 21.43 (CH 3 ),

8.82, 31.20 (2CH 2 ), 115.63, 115.69, 123.42, 123.49, 127.05, 127.33, 

28.48, 129.80, 131.94, 132.07, 132.14, 142.98, 155.02, 162.73 (C = N), 

68.36, 173.93 (2C = O); MS (EI, 70 eV): m/z (%) = 334 [M 

+ ] (12.67%),

03 (100%); Anal. Calc. for C 19 H 18 N 4 O 2 (334.38): C, 68.25; H, 5.43;

, 16.76; Found: C, 68.14; H, 5.42; N, 16.66. 

N’ -(4-(Dimethylamino)benzylidene)-3-(3-oxo-3,4-dihydro 

uinoxalin-2-yl)propanehydrazide (10b) 

Deep yellow powder; Yield: (79%); m.p.: 270-272 °C; IR (KBr, 

m 

−1 ) = 3201 (br-NH), 3054 (CH-arom), 2968, 2896, 2850 (CH- 

liph), 1663 (2C = O), 1604 (C = N); 1 H NMR (400 MHz, DMSO- d 6 ):

/ppm 2.74 (t, J = 7.4 Hz, 2H, CH 2 ), 2.96 (s, 3H, -N-CH 3 ), 3.00 (s,

H, -N-CH 3 ), 3.11 (t, J = 7.2 Hz, 2H, CH 2 ), 6.73 (d, J = 8.8 Hz, 1H,

r-H), 6.78 (d, J = 8.8 Hz, 2H, Ar-H), 7.28 (t, J = 7.8 Hz, 1H, Ar-H),

.31 (t, J = 6.4 Hz, 1H, Ar-H), 7.48 (d, J = 8.8 Hz, 1H, Ar-H), 7.66

d, J = 8.8 Hz, 1H, Ar-H), 7.70 (d, J = 8.0 Hz, 1H, Ar-H), 8.51 (s, 1H,

H-methine), 10.98, 12.31 (2s, 2H, NH exchangeable by D 2 O); MS 

EI, 70 eV): m/z (%) = 363 [M 

+ ] (8.63%), 43 (100%); Anal. Calc. for

 20 H 21 N 5 O 2 (363.42): C, 66.10; H, 5.82; N, 19.27; Found: C, 66.18;

, 5.94; N, 19.17. 

3-(3-Oxo-3,4-dihydroquinoxalin-2-yl)- N’ -(1-arylethylidene) 

ropanehydrazide (11a, b) 

A mixture of quinoxaline derivative 8a (2.32 g, 0.01 mol), and 

cetophenone derivatives (0.01 mol) in ethanol (20 mL) containing 

ew drops of DMF was heated under reflux for 8h. The reaction 

ixture was cooled, and the solid product was collected and re- 

rystallized from ethanol. 

3-(3-Oxo-3,4-dihydroquinoxalin-2-yl)- N’ -(1-phenylethylidene) 

ropanehydr-azide (11a) 

White powder; Yield: (68%); m.p.: 250-252 °C. IR (KBr, cm 

−1 ) = 

185, 3103 (2NH), 3063 (CH-arom), 2971, 2902, 2849 (CH-aliph.), 

683, 1662 (2C = O), 1605 (C = N); 1 H NMR (400 MHz, DMSO- d 6 )

/ppm 2.25 (s, 3H, CH 3 ), 2.74 (t, 2H, CH 2 ), 3.11 (t, J = 7.0 Hz,

H, CH 2 ), 7.26 (t, J = 6.8 Hz, 1H, Ar-H), 7.38 (d, 1H, Ar-H), 7.46

t, J = 6.4 Hz, 3H, Ar-H), 7.68 (t, J = 8.8 Hz, 1H, Ar-H), 7.77 (d,

 = 6.8 Hz, 1H, Ar-H), 7.91 (d, J = 8.0 Hz, 1H, Ar-H), 7.93 (d, J = 8.8

z, 1H, Ar-H), 10.44, 12.41 (2s, 2H, NH exchangeable by D 2 O); MS 

EI, 70 eV): m/z (%) = 334 [M + 

. ] (10.95%), 90 (100%); Anal. Calc. for

 19 H 18 N 4 O 2 (334.38): C, 68.25; H, 5.43; N, 16.76; Found: C, 68.13;

, 5.55; N, 16.66. 

N’ -(1-(4-Chlorophenyl)ethylidene)-3-(3-oxo-3,4-dihydro 

uinoxalin-2-yl)propanehydrazide (11b) 

Yellow powder; Yield: (83%); m.p.: 240-242 °C; IR (KBr, cm 

−1 ) = 

244, 3184 (2NH), 3087 (CH-arom), 2966, 2896, 2847 (CH-aliph), 

668 (br-2C = O), 1624 (C = N); 1 H NMR (400 MHz, DMSO- d 6 ):

/ppm 2.27 (s, 3H, CH 3 ), 2.75 (t, 2H, CH 2 ), 3.10 (t, 2H, CH 2 ), 7.25 (d,

 = 8.4 Hz, 1H, Ar-H), 7.30 (d, J = 7.6 Hz, 1H, Ar-H), 7.47 (t, J = 7.6

z, 2H, Ar-H), 7.67 (d, J = 8.0 Hz, 1H, Ar-H), 7.80 (d, J = 8.4 Hz, 2H,

r-H), 7.97 (d, J = 7.2 Hz, 1H, Ar-H), 10.51, 12.20 (2s, 2H, NH ex-

hangeable by D 2 O); 13 C NMR (10 0 MHz, DMSO- d 6 ) δ/ppm 19.0 0

CH 3 ), 29.26, 31.26 (2CH 2 ), 115.58, 123.43, 128.10, 128.41, 128.50, 

28.77, 129.22, 129.77, 130.52, 131.92, 133.98, 137.52, 146.13, 155.06 

2C = N), 162.73, 174.90 (2C = O); MS (EI, 70 eV): m/z (%) = 370

M 

+ 2 ] (2.67%), 368 [M 

+ ] (6.25 %), 350 (100%); Anal. Calc. for 

 19 H 17 ClN 4 O 2 (368.82): C, 61.88; H, 4.65; N, 15.19; Found: C, 61.58;

, 4.42; N, 15.03. 

.2. Anticancer activity 

.2.1. Cytotoxicity screening 

The cells were cultured in RPMI-1640 medium with 10% fetal 

ovine serum. Antibiotics were added 100 units/mL penicillin and 

00 μg/mL streptomycin at 37 °C in a 5% CO 2 incubator. The cells 

ere seeded in a 96-well plate at a density of 1.0 ×10 4 cells/well 
6 
t 37 °C for 48 h under 5% CO 2 . After incubation, the cells were

reated with different concentrations of compounds and incubated 

or 24 h (three independent experiments were performed for each 

onc. of the tested compounds). Discard the medium. Fix with 10% 

richloroacetic acid (TCA) 150 μL/well for 1 h at 4 °C. Wash by 

ater 3 times (TCA reduces SRB protein binding). Wells will be 

tained by SRB 70 μL/well for 10 min at room temperature with 

.4%. 70 μL/well [keep in dark place]. Wash with acetic acid 1% 

o remove unbound dye (end-point: colorless drainage). The plates 

ill be air-dried for 24 h. The dye will be solubilized with 50 

L/well of 10 mMtris base (PH 7.4) for 5 min on a shaker at 1600

pm. The optical density (OD) of each well will be measured at 570 

m with an ELISA microplate reader (EXL 800 USA). The relative 

ell viability in percentage was calculated as (A570 of treated sam- 

les/A570 of the untreated sample) X 100, and The IC 50 values will 

e calculated using sigmoidal concentration response curve fitting 

odels (Sigmaplot software) [62–64] . 

.2.2. Caspase-3 activation 

Quantikine-Human active Caspase-3 Immunoassay ( R&D Sys- 

ems, Inc. Minneapolis, USA) was used to detect caspase-3 level; 

his was performed on MCF-7 cells according to the manufacturer 

rotocol by Adding 100 μL of the standard diluent Buffer to the 

ero standard wells. Then add 100 μL of standards and controls or 

iluted samples to the appropriate microtiter wells. Cover and in- 

ubate for 2 h at room temperature. Add 100 μL of Caspase-3 (Ac- 

ive) Detection Antibody solution into each well except the blank. 

ncubate for 1 h (twice experiments were performed for each con- 

entration), then add 100 μL Anti-Rabbit IgG HRP Working Solu- 

ion to each well except the chromogen blank and incubate for 

0 min. Add 100 μL of Stabilized Chromogen to each well. Finally, 

ead the absorbance of each well at 450 nm [65] . 

.2.3. Study on mitochondrial proteins BAX and Bcl-2 

Cells were obtained from American Type Culture Collection. 

ells were grown in RPMI 1640 containing 10% fetal bovine serum 

t 37 °C, stimulated with the compounds to be tested for BAX or 

cl-2 and lysed with Cell Extraction Buffer. This lysate was diluted 

n Standard Diluent Buffer over the assay range and measured for 

uman active BAX or Bcl-2 content. (cells are Plated in a density of 

.2-1.8 × 10,0 0 0 cells/well in a volume of 100 μL complete growth 

edium + 100 uL of the tested compound per well in a 96-well 

late for 24 h before measured for human active BAX or Bcl-2. 

.2.4. Cell cycle analysis 

MCF-7 cells were seeded in a 6-well plate at 1 × 10 5 cells per 

ell and incubated for 24 h. The cells were treated with vehicle 

0.1% DMSO) or 10 μM of the selected compounds for 24 h (each 

xperiment was repeated twice). Cells were harvested and fixed 

ith ice-cold 70% ethanol at 4 ºC for 12 h. Ethanol was removed, 

nd the cells were washed with cold PBS. Then cells were incu- 

ated in 0.5 mL of PBS containing 1 mg/mL Ranse for 30 min at 

7 ºC. Then the cells were stained with propidium iodide in the 

ark for 30 min. The DNA contents were then measured by a flow 

ytometer [66] . 

.2.5. Annexin-V assay 

MCF-7 cells were seeded in a 6-well plate (1 × 10 5 cells/well). 

fter incubation for 24 h, the cells were treated with vehicle (0.1% 

MSO) or 10 μM of the selected compound for 24h (each exper- 

ment were repeated twice). The cells were then harvested and 

ashed with PBS, then stained with annexin V-FITC and PI in bind- 

ng buffer (10 mM HEPES, 140 mM NaCl and 2.5 mM CaCl 2 at pH

.4) for 15 min at room temperature in the dark. The samples were 

nalyzed using the flow cytometer, as mentioned above [67] . 
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.2.6. EGFR assay 

Inhibitory activity of most promising compounds 3a, 6, 7b 

nd 7d on MCF-7 cells were performed against EGFR 

wt and EGFR 

858R-TK using the same instructions from the manufacturer pro- 

ocol and according to reported methods [35,64] . For EGFR 

wt in- 

ibition assay was performed on MCF-7 cells using cloud clone 

EA757Hu 96 Kit. The fraction of the EGFR was measured in the 

resence of the tested compounds using the equation: E (%) = E 

ax/(1 + [I]/ID 50 ), E max is the activity in the absence of the in-

ibitor, [I] is the inhibitor concentration, and ID 50 is the inhibitor 

oncentration when E (%) = 0.5 E max. The dose–response curve 

as plotted. The values represent a mean of two independent ex- 

eriments [68] . While Inhibitory activity against EGFR L858R-TK, 

erformed using HTRF (homogeneous time-resolved fluorescence) 

ssay method [69] , using BioAssay Systems’ EnzyChromTM Kinase 

ssay Kit. The specified kinase (EGFR L858R-TK) and its substrate 

ere incubated with the tested compounds 3a, 6, 7b , and 7d and 

eference drug for 5 min in a buffer solution to start the enzymatic 

eaction, then ATP added to the reaction mixture. They were main- 

ained for 30 min at room temperature. Stopping the reaction oc- 

urred by adding detection reagents containing EDTA for 1 h. then 

he IC50 values were determined by GraphPad Prism 5.0. 

.2.7. Molecular docking study 

X-ray crystallographic structure of the EGFR co-crystallized with 

-anilinoquinazoline inhibitor (Erlotinib) as a ligand obtained from 

rotein data bank (PDB ID:1M17) [70] . The docking process was 

erformed according to the standard protocol described in our pre- 

ious work [35,64,71] , where all minimizations performed with 

OE with MMFF94x force field and the partial charges were au- 

omatically calculated. Triangle Matcher placement method and 

ondon dG scoring function (strength of binding) selected in the 

ocking process. The validation process by re-docking of the co- 

rystallized ligand (L) (Erlotinib) performed to generate the ac- 

ive site, and the co-crystalized (Erlotinib) exhibited energy score 

S) = -17.84 kcal/mol, with RMSD of 1.10 °A with MMFF94x force 

eld. The quinoxaline derivatives that docked were prepared by 

rawn in ChemDraw 14, exported to MOE, protonated 3D, min- 

mized energy and render hydrogen was performed and finally 

aved as mdb file. 

. Results and Discussion 

.1. Chemistry 

The synthetic strategies adopted for the synthesis of the 

arget compounds are depicted in Scheme 1 to Scheme 3 . 

yclo-condensation of 1,2-diaminobenzene derivatives 1 with 

imethyl acetylene dicarboxylate in ethanol at room tem- 

erature furnished methyl 2-(3-oxo-3,4dihydroquinoxalin-2(1 H )- 

lidene)acetate derivatives (2a-c) [72] . The structure of compound 

b proved based on elemental and spectral data. The IR spectrum 

howed bands at 3218, 1693, and 1652 cm 

−1 for NH, C = O es-

er, and C = O amidic ( Scheme 1 ). The 1 H NMR spectrum of 2b in

MSO- d 6 showed two singlet signals at δ 3.67 and 5.54 ppm cor- 

esponding for methoxy ester and vinylic protons, besides two sin- 

let signals at δ 10.99, 11.77 ppm for 2NH exchangeable protons 

ith D 2 O. The subsequent reaction of methyl ester derivatives 2a-c 

ith hydrazine hydrate in ethanol under reflux condition afforded 

he corresponding acetohydrazide quinoxaline derivatives 3a-c . IR 

pectrum of 3c showed stretching absorption bands at 3288, 3200, 

nd 1674 cm 

−1 were attributed to NH, NH 2 , and carbonyl func- 

ional groups. Its 1 H NMR spectrum (DMSO- d 6 ) revealed a sig- 

al at δ 4.28 ppm related to an amino group that exchangeable 
7 
y deuterium. Furthermore, a signal at δ 5.56 ppm for CH-vinylic, 

ultiples aromatic protons between δ 7.22 to 7.59 ppm and three 

inglet signals at δ 6.92, 9.13, 11.58 ppm for three NH which ex- 

hangeable by D 2 O. 

Besides, condensation of 1,2-diaminobenzene or its 

hloro/bromo derivatives with α-ketoglutaric acid in acetic acid 

ielded 3-(3-oxo-3,4-dihydroquinoxalin-2-yl)propionic acid deriva- 

ives (4a-c) in good yields, where the chloro or bromo substituent 

as in the 6-position. Similarly, 4-benzoyl-1,2-phenylinediamine 

fforded 3-(7-benzoyl-3-hydroxyquinoxalin -2-yl)propanoic acid 

4d) not 6-benzoyl derivative that formed by a resonance effect 

f benzoyl moiety (electron-withdrawing group) where (-R) of the 

enzoyl moiety caused deactivation of the p -amino group, and the 

 -amino group initiated the reaction ( Scheme 2 ). The structure 

lucidation of the prepared compounds based on spectral data and 

lemental analyses. The IR spectrum of compound 4b revealed 

 band around 3413 cm 

−1 assignable to the hydroxyl group, in 

ddition to presence of bands at 3150, 1689, 1670, and 1603 cm 

−1 

orresponding for NH, two carbonyl (C = O), and C = N, respectively. 

lso, the 1 H NMR spectrum of compound 4b showed two triplets 

t δ 2.68 and 2.98 ppm for two CH 2 groups and two singlet signals 

or NH and OH protons, which appeared at δ 12.36, 12.42 ppm 

D 2 O exchangeable), confirming the formation of the compound. 

ts 13 C NMR spectrum displayed two signals at δ 28.12, and 29.90 

pm for 2CH 2 , besides two signals observed at δ 161.45 and 174.24 

pm due to two carbonyl groups. Its mass spectrum displayed a 

olecular ion peak at m/z = 297, corresponding to a molecular 

ormula C 11 H 9 BrN 2 O 3 with a base peak at m/z = 252. Moreover, 

he reaction of 3-(3-oxo-3,4-dihydroquinoxalin-2-yl)propanoic 

cid (4a) with thionyl chloride in dry benzene for obtaining the 

cid chloride (5) was unsuccessful. Therefore 3,4-dihydro-2 H - 

yrano[2,3- b ]quinoxalin-2-one (6) was obtained as the reaction 

roduct on the basis of its elemental analysis and spectral data. 

he IR revealed an absorption band at 1688 cm 

−1 corresponding 

o the (C = O) group. Its 1 H NMR spectrum showed two triplet 

ignals at δ 2.70 and 2.99 ppm corresponding for two CH 2 groups 

n addition to aromatic protons in the region δ 7.26-7.67 ppm. Its 
3 C NMR exhibited two signals at δ 28.08 and 30.03 ppm for the 

wo methylene groups and δ 174.31 ppm for the carbonyl group. 

Esterification of quinoxaline carboxylic acid derivatives 4 using 

he traditional method in the presence of sulfuric acid afforded the 

orresponding methyl or ethyl ester derivatives (7a-g) , as shown 

n scheme 3 . The assignment of the structures 7a-g based on an- 

lytical and spectroscopic data. Thus, the IR spectrum of quinox- 

line derivative 7c displayed absorption bands at 3442, 1725, and 

662 cm 

−1 assignable to NH and two C = O groups for the ester and

midic NH groups, respectively. Its 1 H NMR spectrum showed two 

inglet signals at δ 1.07 and 4.11 ppm for the ethyl group that ap- 

ears as a triplet and quartet, and two triplet signals displayed at 

2.78 and 3.05 ppm due to the two methylene groups. In contrast, 

he aromatic protons were observed between δ 7.27-7.68 ppm. The 

xchangeable singlet signal for the NH group appeared at δ 12.41 

pm. 

Hydrazinolysis for the ester derivatives 7a-g with hydrazine 

ydrate in ethanol afforded the hydrazide derivatives 8a-d . The 

hemical structures of compounds 8a-d are confirmed by elemen- 

al analysis and spectral data. The IR spectrum of compound 8b as 

 representative example showed the lake of ester band and new 

bsorption bands appear at 3429, 3203 cm 

−1 for NH 2 , NH groups, 

n addition to two bands at 1683, 1656 cm 

−1 for two carbonyl 

roups. Its 1 H NMR spectrum exhibited two triplet signals at δ 2.72 

nd 3.05 ppm for 2CH 2 protons. The NH 2 and two NH bands were 

bserved at δ 5.02, 10.79, and 11.06 ppm, respectively. The mass 

pectrum of 8b revealed a molecular ion peak at m/z = 311 corre- 

ponding to a molecular formula C 11 H 11 BrN 4 O 2 with a base peak 

t m/z = 278. 
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Scheme 1. The reaction of 1,2-diaminobenzene derivatives with dimethyl acetylene-dicarboxylate and α-ketoglutaric acid for synthetized quinoxaline derivatives. 

Scheme 2. Suggested mechanism illustrating the formation of benzoyl quinoxaline derivative 4d . 

Scheme 3. Quinoxaline compounds with ester and hydrazide moieties. 
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Furthermore, different hydrazide and hydrazone derivatives 9- 

1 synthesized, starting from quinoxaline derivative 8a . The reac- 

ion of compound 8a with acid chloride derivatives furnished the 

orresponding benzoyl hydrazide derivatives 9a, b . Analytical and 

pectral data confirmed the structure of the prepared compounds 

n scheme 4 . The IR spectrum of compound 9b revealed an ab- 
8 
orption band at 3443, 3321, 3222, and 1667 cm 

−1 due to three 

H as well as one carbonyl groups, while the 1 H NMR spectrum 

f the same compound in DMSO- d 6 showed three singlet signals 

t δ 9.98, 10.33, 12.31 ppm for 3NH protons which exchangeable 

ith deuterated water, besides eight aromatic protons at δ 7.29- 
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Scheme 4. The reaction of 8a with benzoyl chloride, benzaldehyde, and acetophenones derivatives. 
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.93 ppm. The 13 C NMR for compound 9b exhibited two signals 

t δ 28.48 and 29.78 ppm for the two methylene groups and δ
55.01 (C = N), 160.91 carbonyl of quinoxaline, δ 163.32 ppm for 

arbonyl group attached to the phenyl ring δ 164.86 (C-F), and fi- 

ally, δ 171.43 ppm for the carbonyl groups in the open chain. Also, 

ondensation of quinoxaline derivative 8a with aromatic aldehyde 

nd acetophenone derivatives furnished the corresponding hydra- 

one derivatives 10a, b and 11a, b . The structure of the synthesized 

ompounds agreed with analytical and spectral data. The 1 H NMR 

pectrum of 10a in DMSO- d 6 showed characteristic singlet signal 

t δ 8.14 ppm for CH = N protons and two singlet signals at δ 11.20,

1.43 ppm for 2NH protons, which are all exchangeable with D 2 O. 

ts 13 C NMR spectrum displayed a signal at δ 21.43 ppm for the 

H 3 group and two signals at δ 28.82, and 31.20 ppm for 2CH 2 

roups of propane as well as two singlet signals observed at δ
68.36, 173.93 ppm due to two carbonyl groups. While the 1 H NMR 

pectrum of compound 11b in DMSO- d 6 showed a singlet signal at 

2.27 ppm due to CH 3 protons and two singlet signals at δ 10.51, 

2.20 ppm for 2NH protons (exchangeable with D 2 O), in addition 

o the eight aromatic protons ranging from δ 7.25 to 7.97 ppm. Its 
3 C NMR spectrum of compound 11b displayed a signal at δ 19.00 

pm for the CH 3 group and two signals at δ 29.26, and 31.26 ppm 

or 2CH 2 , besides two signals were observed at δ 162.73 and 174.90 

pm due to two carbonyl groups. 

.2. Pharmacological evaluation 

.2.1. Cytotoxicity screening 

The cytotoxicity of all synthesized derivatives were assessed for 

hree cancer cell lines as human hepatocellular carcinoma (HepG- 

), human adenocarcinoma colorectal (HCT-116), and breast cancer 

MCF-7) using SRB methods as reported [73,74] . Table 1 shows the 

esults obtained. Compound 6 had the most potent effect against 

he tested three cell lines, with IC 50 10.05, 7.57 and 8.15 μM, re- 

pectively, compared with Doxorubicin as a reference standard. 

It was observed that, on HepG-2 cancer cells, compounds 2c, 

a , and 7b showed IC 50 values less than 20 μM (IC 50 range: 15.58-

8.57 μM). Besides, compounds 7b and 7f showed IC 50 values less 

han or nearly equal 15 μM on HCT-116 cancer cells (IC 50 nearly 

3 μM). Compound 3b also showed IC 50 values below or nearly 

qual 15 μM on MCF-7 cancer cells (IC 50 13.65 μM). Compounds 

a, 7b, and 7c showed a range of IC less than 20 μM on MCF-
50 

9 
 cancer cell line, their IC 50 range (16.86-18.52 μM). On the other 

and, the most active compound on these cancer cells was com- 

ound 6 , and its IC 50 values were less than (10 μM). Those posi-

ive findings inspired us to our new compounds’ mechanistic stud- 

es. The cytotoxic activity has also been studied on healthy, non- 

ancer cells (WI-38 cells) (known as the diploid human cell line 

onsisting of fibroblasts originating from the lung tissue of a 3- 

onth aborted female fetus) as described in ( Table 2 ). The tested 

erivatives revealed that the most promising compounds showed 

C 50 > 140 μM on human healthy, non-cancer cell lines (WI-38 

ells), especially compounds 2c, 3a, 6 , and 7b displayed IC 50 val- 

es of less than 20 μM on HepG-2. Also, compound 6 exhibited 

nti-proliferative activity against HCT-116 was higher than that of 

he Doxorubicin. Furthermore, 3b and 6 derivatives displayed IC 50 

alues less than 15 μM on MCF-7 cells. 

Finally, the effect of the promising new derivatives on non- 

ancer cells revealed that the synthesized compounds had higher 

ytotoxic values IC 50 = 142.21 μM. Such optimistic derivatives 

ere selected for further study because of their potential as active 

nticancer agents 3a, 3b, 6, 7b, 7c, 7d , and 7f . 

.2.2. Structure-activity relationship (SAR) 

We aimed to analyze the SAR for the newly synthesized quinox- 

line derivatives as possible cancer agents from all previous re- 

ults. The effect of substitution on the antitumor activities of the 

arget compounds at various locations has been investigated. We 

ynthesized two acrylate or propanoate pieces of the quinoxaline 

erivatives. Firstly, methyl acrylate quinoxaline showed moderate 

ntitumor activity, and chloride derivative observed good activity 

gainst three antitumor cell lines than bromide and benzoyl. Fur- 

her, the benzoyl derivatives exhibited the most potent of them 

gainst HepG-2 compared to ester and hydrazide derivates of acry- 

ate quinoxaline with IC 50 (15.85). Moreover, the activity of both 

romide and chloride give abroad anti-proliferative activity to all 

ested cell lines in this study HepG-2, HCT- 116, and MCF-7 (18.57, 

8.44, 16.86) and (22.75, 18.04, 13.65) for bromo and chloro deriva- 

ives respectively. 

Benzoyl derivatives 3c unexpected acetohydrazide displayed 

ow cytotoxic activity (compared to methyl acrylate derivative 2c ). 

t was noted that ring closure as in compound 6 , with a hy- 

rophobic moiety such as pyrano[2,3-b]quinoxalin-2-one, exhib- 

ted high inhibitory effect against all tested cells with IC less 
50 
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Table 1 

Cytotoxic activities IC 50 (μM) of the synthesized compounds 2-11 and Doxorubicin against (HepG-2, HCT-116, MCF-7 

and WI-38) cell lines. 

Compd. No. IC 50 
a (μM ± S. E) 

HepG-2 HCT- 116 MCF-7 WI-38 

2a 53.01 ± 0.86 47.15 ± 0.66 59.16 ± 1.05 284.23 ± 4.25 

2b 32.18 ± 0.33 36.51 ± 0.88 29.88 ± 0.74 258.26 ± 2.58 

2c 15.85 ± 0.28 51.34 ± 0.23 27.76 ± 0.89 274.41 ± 4.29 

3a 18.57 ± 0.11 28.44 ± 0.44 16.86 ± 0.55 227.35 ± 2.96 

3b 22.75 ± 0.22 18.04 ± 0.33 13.65 ± 0.46 335.03 ± 3.25 

3c 50.41 ± 0.98 44.95 ± 0.55 100.67 ± 1.45 194.68 ± 3.47 

4a 277.38 ± 5.12 245.32 ± 3.55 295.91 ± 2.53 ND 

4b 66.58 ± 0.89 43.92 ± 1.09 44.0 ± 0.94 253.91 ± 1.32 

4c 81.21 ± 1.54 28.18 ± 0.52 33.99 ± 0.67 258.14 ± 1.89 

4d 97.48 ± 1.58 116.28 ± 1.89 94.86 ± 2.98 183.45 ± 1.24 

6 10.05 ± 0.25 7.57 ± 0.15 8.15 ± 0.18 154.36 ±2.87 

7a 97.19 ± 2.11 108.05 ± 2.36 86.13 ± 0.96 ND 

7b 15.58 ± 0.25 13.75 ± 0.16 17.90 ± 0.73 142.21 ± 1.11 

7c 37.24 ± 0.74 34.16 ± 0. 25 18.52 ± 1.28 162.93 ± 0. 98 

7d 46.23 ± 1.02 31.57 ± 0.85 23.31 ± 0.65 242.08 ± 2.11 

7e 26.93 ± 0.88 24.54 ± 0.96 25.39 ± 0.46 262.72 ± 2.13 

7f 25.44 ± 0.95 13.61 ± 0.35 22.44 ± 1.03 226.49 ± 2.01 

7g 41.47 ± 1.22 37.81 ± 0.45 37.04 ± 0.87 240.14 ± 3.02 

8a 86.55 ± 1.98 82.45 ± 1.87 110.30 ± 0.98 ND 

8b 164.52 ± 3.45 64.53 ± 0.75 64.46 ± 1.89 159.25 ± 1.25 

8c 97.45 ± 0.95 99.17 ± 1.48 63.61 ± 0.47 234.54 ± 0.96 

8d 125.31 ± 2.96 119.99 ± 0.48 79.14 ± 1.33 223.13 ± 2.51 

9a 43.86 ± 1.08 37.14 ± 1.20 39.43 ± 2.80 ND 

9b 44.77 ± 1.25 48.78 ± 1.46 63.38 ± 1.31 ND 

10a 85.56 ± 2.63 70.29 ± 2.13 94.43 ± 1.55 ND 

10b 33.74 ± 1.30 30.88 ± 1.10 39.20 ± 1.41 ND 

11a 82.36 ± 2.17 56.13 ± 1.45 53.98 ± 1.81 ND 

11b 53.94 ± 1.81 44.23 ± 1.61 85.07 ± 1.24 ND 

Dox. 8.46 ± 0.12 8.24 ± 0.32 4.60 ± 0.02 ND 

a Data represent the mean values of three independent determinations.ND: Not determined. 

Table 2 

Effect of compounds 3a, 3b, 6, 7b, 7c, 7d and 7f on the gene’s expression of some 

apoptosis key markers at conc. 100 μL. 

Cpd. 

No. 

Caspase-3 (Folds) 

(ng/mL) 

BAX 

Pg/mL 

Bcl-2 

Pg/mL BAX/Bcl-2 ratio 

3a 413.10 (8.63) 420.66 1.401 300 

3b 320.20 (6.68) 279.25 2.551 109 

6 512.17 (10.69) 389.56 1.687 231 

7b 384.05 (8.02) 356.34 1.261 283 

7c 353.70 (7.38) 302.50 1.803 168 

7d 453.20 (9.46) 311.39 1.766 176 

7f 276.60 (5.77) 286.5 2.574 111 

MCF-7 47.88 (1.0) 38.74 5.027 7 
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han or nearly to doxorubicin drug. Next, we explored the effect of 

ropanoic and propanoate substituents. In general, propionate es- 

er typically offers wider and more active anti-proliferative deriva- 

ives than quinoxaline with propanoic acid or a propanoic hy- 

razide, in particular for MCF-7 cell lines. The methyl propionate 

f bromo quinoxaline derivatives 7b exhibited good results against 

ll tested cell lines with IC 50 values ranging between 13.75 μM 

o 17.90 μM. Based on the IC 50 values, the activity of quinoxa- 

ine propionate ester derivatives 7a-g decreased in the following 

rder 7b > 7c > 7f > 7d > 7e > 7g . However, the results are

ot as good as expected, compared to the ester or acid derivatives. 

e decided to investigate the substituents’ effect by reacting hy- 

razine derivatives with certain acid chloride derivatives to pro- 

uce hydrazide derivatives 9a, 9b , hopefully, to obtain higher and 

road anti-proliferative activity. The activity increased due to the 

resence of benzoyl more than 4-floro-benzoyl derivative. Further- 

ore, the presence of diethyl amine attached to benzaldehyde in 
10 
osition four in quinoxaline derivative 10b caused an enhancement 

n the activity towards all tested cell lines but still less active than 

he Doxorubicin. For 10b the IC 50 values are for HepG-2, HCT-116 

nd MCF-7 (33.74, 30.88, 39.20 μM), respectively. Our research has 

een expanded to react with acetophenone derivatives to substi- 

ute benzylidene protons in 10a,b with a methyl group of 11a,b , 

ut 10b is still observing more activity the later designed deriva- 

ives. 

.2.3. Apoptosis detection studies 

.2.3.1. Effect on the active Caspase 3 level. Caspases (Cysteinyl 

spartate-specific Proteases) are a family of intracellular enzymes 

trictly controlling the apoptotic pathway and are implicated in the 

evelopment of neurodegenerative disorders [75] . Caspases identi- 

ed as initiating (e.g., Caspases 8, 9, and 10) and executing cas- 

ases (e.g., Caspases 3, 6, and 7). There are two pathways known 

o initiate apoptosis, first one by a particular protein which binds 

o the death receptor (death receptor pathway) and the other one 

y damaging DNA and therefore mitochondrial induction of the cell 

eath program (mitochondrial pathway) [76] . 

In this work, some new derivatives that have shown promis- 

ng anti-proliferative activity evaluated their ability to increase the 

aspase-3 enzyme level, the obtained data summarized in Table 2 . 

ompounds 3a, 6, 7b, 7c and 7d showed the best Caspase 3 ac- 

ivity (353-512 ng/mL) on MCF-7 cells at concentration 100 μL for 

hree and half hours compared to untreated MCF-7 cells and there- 

ore increased in the level of caspase-3 by 8.6, 10.69, 8.02, 7.38 and 

.46 folds respectively. Compounds 3b, 7f were found to be weak 

aspase 3 activator (320.2 and 276.6 ng/mL) by 6.68 and 5.77 folds 

ore than control. Compounds 3a, 3b , and 7b showed anticancer 

ctivity against the MCF-7 cell line with an IC 50 value of less than 

0 μM. 
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Fig. 3. A diagram illustrated the effect of quinoxaline derivatives 3a, 3b, 6, 7b, 7c, 7d and 7f regarding apoptotic induction of Caspase-3 on MCF-7 at concentration 100 μL 

for three and half hours. 
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Table 3 

Results of cell cycle analysis in MCF-7 expressed by (%) cells in each phase when 

treated with compounds 3a, 6, 7b , and 7d by 10 μM for 24 h. 

Compd. 

No. 

Results 

%G0-G1 %S %G2-M %Sub-G1 

3a 46.33 16.14 37.53 13.39 

6 51.64 15.45 32.91 7.27 

7b 49.42 24.33 26.25 11.29 

7d 39.45 12.55 48 17.25 

MCF-7 55.81 29.98 14.21 2.16 

Table 4 

Percent of cell death induced by 10 μM for 24 h of 3a, 6, 7b , and 7d compounds 

on MCF-7 cells. 

Cpd. 

No. 

Total Apoptosis % Necrosis 

Early Late 

3a 13.39 3.81 7.3 2.28 

6 7.17 1.77 3.2 2.2 

7b 11.29 2.84 5.84 2.61 

7d 17.25 3.67 9.51 4.07 

MCF-7 2.16 0.38 0.22 1.56 
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Finally, pyrano[2,3- b ]quinoxalin-2-one compound 6 showed 

C 50 value less than or equal to 10 μM on all the tested cell lines,

s well as it has shown to be the best Caspase 3 activator in this

eries (10.69 folds) followed by quinoxaline derivatives 7d, 3a and 

b with (9.46, 8.63, and 8.02 folds) respectively. Fig. 3 . 

.2.3.2. Effect on mitochondrial apoptosis pathway proteins BAX and 

cl-2. Bcl-2 and BAX are two distinct members of a family of 

enes involved in regulating cellular apoptosis known as the Bcl- 

 family, which finely tunes the on/off mechanism of the apop- 

otic transition and is regarded as an important gatekeeper for the 

poptotic reaction. If the Bcl-2 protein is functionally characterized 

s an apoptosis suppressing factor, then the BAX protein is consid- 

red as an apoptosis-promoting factor. The intracellular BAX/Bcl-2 

atio significantly impacts the cell’s ability to respond to an apop- 

otic signal [77,78] . 

In this work, treatment of MCF-7 cells with the most promis- 

ng quinoxaline derivatives 3a, 3b, 6, 7b, 7c, 7d , and 7f at 100 μL

or 24 hs, resulted in substantial up-regulation of the expression 

evel of the pro-apoptotic BAX protein by 7.2-10.6 folds compared 

o the untreated control. Besides, the tested derivatives showed a 

onsiderable concomitant decrease in the anti-apoptotic Bcl-2 pro- 

ein expression level by approximately 1.95–3.99 folds compared 

o control ( Table 2 ). The highest result was seen in compounds 

a, 6, 7b , and 7d , respectively, which increase the BAX level by 

10.6, 10.9, 9.2 and 8.04 folds), besides the Bcl-2 level reduced by 

3.6, 3.0, 3.9, and 2.85 folds) compared with the control, respec- 

ively. These findings showed that the BAX / Bcl-2 ratio 109-300 

olds were substantially increased in comparison to control for all 

creened derivatives. 

.2.4. Cell cycle analysis 

Compounds 3a, 6, 7b , and 7d were further investigated through 

ell cycle analysis, which was performed on MCF-7 cancer cells, 

pon treating them with 10 μM for 24 hs, of these compounds. 

he representative cell cycle distribution histogram of the stained 

NA of the cancer cells is shown in Figs. 4 , 5 and Table 3 , when

reated with the most promising derivatives. 

The obtained results revealed the accumulation of MCF-7 cells 

fter treating with compounds 3a, 6, 7b , and 7d at the G0/G1 

hase with 46.3, 51.4, 49.4, and 39.4%, respectively, in compari- 

on to the untreated cells 55.81 % ( Table 3 ). However, compound 

 induced apoptosis at the S phase with 15.45%, while in Sub-G1 
11 
.27% ( Fig. 4 , 5 ). Compound 7d caused cell cycle arrest at the G2-M

hase by 48%, while 17.25, 12.55 % for Sub-G1, and S phases. All the 

romising compounds exhibited an increased cell cycle arrest in 

oth G2-M with percentage ranged between (26.25-48%) and Sub- 

1 between (7.27 to 17.25 %) compared to untreated cell (14.21 and 

.16 %), respectively, especially compound 7d . 

.2.5. Apoptosis induction 

For further evaluation of the cell death pathway induced with 

he tested compounds, Annexin V/propidium iodide (PI) double 

taining assay used to investigate and distinguish between necrotic 

ell death and apoptosis, induced MCF-7 cell death when treated 

ith the tested compounds 3a, 6, 7b and 7d , for 24 h with 10

M from each tested compound. The obtained results that rep- 

esented different percent of cell death are shown in Fig. 6 and 

able 4 . Compounds 3a, 7b, and 7d proved to induce apoptosis by 
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Fig. 4. Cell cycle analysis and apoptosis effect in MCF-7 cell line treated with compounds 3a, 6, 7b and 7d by 10 μM for 24 h. 

Table 5 

IC 50 of the representative anticancer active compounds on 

EGFR wide and mutant (L858R-TK) in MCF7 cells. 

Compd. 

No. 

Enzyme inhibitory activity IC 50 

EGFR WT (μM) EGFR L858R-TK (nM) 

3a 1.547 87.34 

6 0.075 63.70 

7b 0.957 75.42 

7d 1.34 82.76 

Erlotinib 0.0656 59.56 
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.81, 1.77, 2.84, and 3.67 %, respectively, at the early stage of apop- 

osis. Also, from Fig. 6 and Table 4 , we could conclude that the

reatment of MCF-7 cells increased total apoptosis percentage from 

.6% for MCF-7 cells to 13.18, 11.11, 8.68, 4.97% when treated with 

ompounds 7d, 3a, 7b, 6 , respectively. 

.2.6. EGFR inhibition assay 

The Epidermal Growth Factor (EGFR) is considered a desirable 

nd scientifically established target for cancer care drugs. The de- 

elopment and advancement of cancers such as cell proliferation, 

dhesion, migration, differentiation, and survival are important for 

arious biological processes. Two separate mechanisms can cause 

GFR dysregulation, one of which is high EGFR expression, and the 

ther involves ligand over-expression and hence EGR signaling ac- 

ivity, provided normal or low receptor expression rates [79,80] , 

nd therefore the EGFR may cause dysregulation. 

We have selected the most promising compounds for the MCF- 

, 3a, 6, 7b , and 7d EGFR enzyme activity tests. The EGFR 

WT find-

ngs for MCF-7 cancer cells were identified as half the average in- 

ibitory concentration of IC 50 ( μM) represented in ( Table 5 ). All 

he compounds tested showed less than 2 μM of the EGFR 

WT in- 

ibitory assay. The pyrano[2,3- b ]quinoxalin-2-one derivatives ( 6 ) 

ound to be the highest IC 50 value relative to the Erlotinib ref- 

rence level, followed by 7b, 7d , and 3a with IC 50 values (0.075, 

.957, 1.34 and 1.547) μM, respectively. 

Due to the importance of EGFR, the most promising compounds 

ere selected for further assessment of the action and selectivity 

n the in vitro mutant EGFR 

L858R-TK , expressed by IC 50 (nM), and all 

ested compounds exhibited good inhibitory activity and closed to 

rlotinib as a positive control (IC 50 = 59.56 nM). 

The quinoxaline derivatives 6 demonstrated the strongest of 

he compounds being tested with IC (63.70 nM) inhibitory ac- 
50 

12 
ivity of EGFR 

L858R-TK . When bromo-substitution is replaced by 

hloride as quinoxaline derivative 7b , the activity decreased to 

2.76 nM, which could be due to the difference in the electro- 

tatics between two atoms. Besides, methyl 3-(5-bromo-3-Oxo-3,4- 

ioquinoxaline-2-yl) propanoate ( 7b ) showed moderate activity by 

C 50 (75.42 nM). On the other hand, IC 50 values (87,34 nM) are 

dentified by the 2-(6-bromo-3-oxo-3,4-dihydroquinoxalin-2(1 H )- 

lidene)acetohydrazide ( 3a ). 

.3. In silico computational analysis studies 

.3.1. Physicochemical properties and Lipinski’s parameters 

Physicochemical properties of any molecule significantly affect 

ts bioavailability, absorption, kinetics, and levels of this molecule 

n different tissues, and all these factors will affect its pharmaco- 

ogical activity. Thus, the most potent anticancer derivatives 3a, 6, 

b , and 7d were selected to explore further its molecular proper- 

ies and Lipinski’s parameters ( Table 6 ) using SwissADME [81] . 

Topological polar surface area (TPSA), solubility, and Lipinski’s 

arameters ( Table 6 ) of the most promising compounds were cal- 

ulated using SwissADME [81] . PSA is a useful parameter in drug 

ptimization as molecules with a polar surface area value of more 

han 140 A 

2 won’t be able to pass through cell membranes [82] . All

he most promising compounds showed PSA less than 140 A 

2 , as 

hown in Table 6 . Lipinski’s rule of five (RO5) can help to expect 

he molecule’s oral bioavailability [83] . Our promising derivatives 

a, 6, 7b , and 7d showed no violations and all parameters agreed 

ith RO5 ( Table 5 ), and indicate the promiscuity of these deriva- 

ives to formulate orally. 

.3.2. Docking study analysis 

Our study extended to give a stimulate figure between the 

ewly promising designed compounds 3a, 6, 7b , and 7d depend- 

ng on the Caspases 3, BAX, Bcl-2 and EGFR results, cell cycle, 

poptosis inducer, and the selected enzyme. The X-ray structure 

f EGFR tyrosine kinase co-crystalized with 4-anilinoquinazoline 

nhibitor (Erlotinib) (PDB code: 1M17) [70,84] was obtained from 

rotein databank ( https://www.rcsb.org/ ). Molecular docking sim- 

lation performed by Molecular Operating Environment software 

0.2008 (MOE), Chemical Computing Group Inc., Montreal, Que- 

ec, Canada [85] . Docking procedure performed using the standard 

rotocol by generating active site with co-crystallized ligand (Er- 

otinib). The validation process occurs at the lowest energy to get 

etter results and the solvent molecules were removed according 

o reported methods [35,46,64] . The obtained data represented in 

igs. 7 a-f . 

https://www.rcsb.org/
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Fig. 5. Cell cycle analysis: A. Control MCF-7, B. Compound 3a, C . Compound 6, D . Compound 7b, E . Compound 7d , by flow cytometry using PI staining method using10 μM 

for 24 h. 

13 
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Fig. 5. Continued 

Table 6 

Solubility, topological surface area and Lipinski’s parameters for most promising compounds 3a, 6, 7b, 7d and Erlotinib . 

Cpd. 

No. Log S (Log moles /L) TPSA ( A 2 ) 

Lipinski ś parameters 

nHBA 

(NO) 

nHBD 

(OHNH) LogP M.Wt 

No. 

of viol. 

3a -2.23 103.77 3 4 0.61 297.11 0 

6 -2.39 52.08 4 0 1.46 200.19 0 

7b -2.63 72.05 4 1 2.64 3.11.13 0 

7d -2.32 72.05 4 1 1.50 266.68 0 

Erlotinib 4.11 74.73 6 1 1.89 393.44 0 

14 
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Fig. 6. Percent of cell death induced by compounds 3a, 6, 7b or 7d on MCF-7 cells. 

Fig. 7. (a) Superimposition 3D of the co-crystallized (red) and the docking pose (blue) of Erlotinib with RMSD of 1.10 °A in the active site of 1M17. (b) 2D & 3D interactions 

of original ligand Erlotinib in the active site of 1M17. (c) 2D & 3D interaction maps of compound 3a in the active site of 1M17. (d) 2D & 3D interaction maps of compound 

6 in the active site of 1M17. (e) 2D & 3D interaction maps of compound 7b in the active site of 1M17. (f). 2D & 3D interaction maps of compound 7d in the active site of 

1M17. 

Fig. 7. Continued 

15 
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Fig. 7. Continued 

Fig. 7. Continued 
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The validation process showed that the Erlotinib has an energy 

core (S) = -17.84 kcal/mol, and RMSD of 1.10 °A, with one H-bond 

cceptor through Met769 and nitrogen of quinazoline scaffold with 

ond length (3.04 °A) and strength 27% ( Fig. 7 a, b). Compound 

a was found to have docking score energy (S = -16.97 kcal/mol) 

ith two hydrogen bond acceptors from the side chain, between 

hr766 and carbonyl of quinoxaline and amino of hydrazide deriva- 

ive with bond length 2.71, 2.88 °A, and strength 41, 60% respec- 

ively. Asp831 and NH of quinoxaline form H -bond sidechain donor 

ith bond length 2.51 °A and strength 54% ( Fig. 7 c). Pyrano[2,3- 

 ]quinoxalin-2-one derivatives 6, displayed score energy (S) = - 

5.86 kcal/mol that can perform one side chain acceptors through 

arbonyl of pyran-2-one and Thr766 with bond length 2.93 °A 

trength 21 % ( Fig. 7 d). 

Compound 7b with a methyl ester group attached to 6-bromo- 

-oxo-3,4-dihydroquinoxalin derivative revealed energy score (S) = 
16 
16.95 kcal/mol, as well as one hydrogen bond side chain ac- 

eptor between Thr766 and carbonyl of the methyl ester with 

trength 40 % and bond length 2.58 °A. Furthermore, hydrogen 

ond backbone acceptor between Met769 and carbonyl of quinox- 

line derivative (as an original ligand that forms H-bond with the 

itrogen of quinazoline) through bond length 2.68 °A and 48% 

 Fig. 7 e). 

Finally, Compound 7d with methyl ester group attached to 

-chloro-3-oxo-3,4-dihydroquinoxalin derivative showed docking 

core energy (S = -15.88 kcal/mol), because it forms only one hy- 

rogen bond acceptor between Lys721 and the carbonyl of the 

ethyl ester with bond length 2.56 °A (41%) ( Fig. 7 f). Moreover, 

ll quinoxaline derivatives 3a, 6, 7b , and 7d revealed hydropho- 

ic interaction between amino acids inside the pocket and phenyl 

erivatives of quinoxaline moiety. 
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Fig. 7. Continued 

Fig. 7. Continued 
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. Conclusion 

A novel series of twenty-eight compounds based on quinox- 

line nucleus were designed and synthesized. The quinoxa- 

ine derivatives were prepared by Cyclo-condensation of 1,2- 

iaminobenzene derivatives with dimethyl-acetylenedicarboxylate 

nd α-ketoglutaric acid. The obtained quinoxaline derivatives were 

sterified and reacted with hydrazine to afforded hydrazide deriva- 

ives that reacted with an acid chloride, benzaldehyde, and ace- 

ophenones derivatives to design new quinoxaline with a new sub- 

tituent as a side chain. The cytotoxic activities against HepG- 

, HCT-116, and MCF-7cell lines were investigated through SRB 

creening. Most new derivatives exhibited moderate to good in 

itro anticancer activities, especially against the MCF-7 cell line. 

he best activities were observed in 3a, 3b, 6, 7b, 7c, 7d and 7f .

n order to evaluate their apoptotic ability, these compounds have 

een examined to the apoptosis and observed an increase in the 

evel of apoptosis inducer BAX, caspase-3 activator and a decrease 
17 
n the expression of the apoptosis suppressor Bcl-2. The cell cy- 

le analysis of the most potent compounds 3a, 6, 7b , and 7d re- 

ealed that the cell arrest at the G2/M phase ranged between 26.25 

 to 48%. The tested derivatives also demonstrated an increase in 

he amount of pre-G1 phase as a further indication of the apop- 

osis potential of these derivatives. Additionally, wild EGFR 

WT and 

utant EGFR 

L858R-TK inhibitory activity for 3a, 6, 7b , and 7d had 

C 50 values ranging from 0.075-1.547 μM versus 63.70-87.34 nM, 

espectively, and Erlotinib used as a reference standard. Finally, 

he obtained results are supported by Lipinski’s parameters. The 

romising compounds 3a, 6, 7b , and 7d showed no violations, and 

ll parameters agreed with RO5, which indicates promiscuity of 

hese derivatives to formulate orally. The molecular docking sim- 

lation showed the docked compounds bounded through different 

ydrogen bonds inside the active site of (PDB: 1M17), and observed 

core energy ranged between S (-15.86 to -16.97 kcal/mol) com- 

ared to Erlotinib (-17.84 kcal/mol). 
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