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A B S T R A C T   

As an extension for our earlier effort in the field of discovery of anticancer agents acting on DNA and Topo II, 
eighteen quinoxaline derivatives were designed and synthesized. Such members were designed to possess the 
main essential pharmacophoric features of DNA intercalators. The cytotoxic potential of the synthesized com-
pounds was assessed against a group of human cancer cell lines (HCT-116, HepG2, and MCF-7). Doxorubicin as 
potential intercalative Topo II inhibitor, was used as a positive reference. In general, compounds 12, 15, 19, 21, 
and 22 showed promising anti-proliferative activities against the three cell lines with IC50 values ranging from 
2.81 to 10.23 µM. The cytotoxicities of the most active compounds against normal human cells (WI-38) were 
evaluated, and the results revealed that these compounds have low toxicity. Further examination for the most 
active anti-proliferative members as Topo II inhibitors was also performed, showing a narrow range of the 
inhibitory activities (from 0.45 to 1.06 µM). In addition, DNA/methyl green assay was carried out to evaluate 
DNA-binding potential of such compounds. The results indicated that these compounds have strong to moderate 
DNA-binding affinities ranging from 33.48 to 51.23 µM. Further studies exhibited the capability of compound 22 
to induce apoptosis in HepG2 cells and can arrest growth of such cells at G2/M phase. Also, compound 22 
produced a significant increase in the level of caspase- 3 (10 folds) and caspase-9 (7 folds) compared to the 
control cells. Molecular docking studies were also conducted to investigate possible binding interactions be-
tween the target compounds and the DNA-Topo II complex.   

1. Introduction 

Most anticancer drugs are pronounced to cause many adverse ef-
fects [1]. Now, there an urgent need to develop anticancer agents with 
enhanced therapeutic index. Several anticancer drugs exhibit their 
clinical efficacy by causing DNA damage. These drugs can consequently 
push cancer cells into apoptosis [2]. DNA intercalating agents are 
considered as one of the most well-known group of DNA damage [3]. 
Also, the class of topoisomerase II inhibitors is one of the most famous 
DNA damaging agents [4]. Additionally, DNA intercalators and topoi-
somerase II inhibitors are renowned apoptosis inducers [5]. Therefore, 
targeting DNA via DNA intercalators and topoisomerase II inhibitors 
has the potential for more effective therapies to improve cancer patient 
survival [6]. 

DNA intercalators are planar aromatic compounds that can insert 

themselves between DNA base pairs without replacing the original ni-
trogenous bases [7]. At the site of intercalation, the hydrogen bonds 
between the nitrogenous bases remain unbroken [8]. DNA intercalators 
can stabilize themselves at the site of insertion via π-stacking between 
the aromatic part of the intercalator and the nitrogenous bases [9]. 
Additionally, there are many types of chemical bonds which facilitate 
intercalation process such as hydrophobic, van der Waals, electrostatic, 
and entropic interactions [10]. The ability of DNA intercalators to in-
teract with DNA generates their potential therapeutic applications as 
anticancer agents [5]. 

Topoisomerase II is a crucial cellular enzyme that modifies DNA 
topology. This enzyme is involved in several metabolic processes such 
as chromosome replication, recombination, transcription, and segre-
gation. It works by breaking the double stranded-DNA and then re-
sealing the breaks that have been produced [11]. 
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Topo II targeting anticancer agents comprise intercalating drugs 
that interfere with cleavage and rejoining abilities of the enzyme. Such 
interference takes place through trapping the cleavable complex and 
thus increasing the half-life of the transient DNA breaks catalyzed by 
Topo II. This category of drugs is called Topo II poisons as they trans-
form the Topo II into a DNA-damaging factor [6,12]. Due to their 
promising antitumor activities, the intercalative Topo II poisons have 
attracted particular attention [7]. Many intercalative Topo II poisons 
are either already used as an anticancer drug or still under clinical trials 
(e.g., doxorubicin I [13], mitoxantrone II [14], amsacrine III [15], and 
ellipticine IV [16]. Additionally, for several years, our research team 
introduced promising some intercalative Topo II poisons as compounds 
V, VI, VII, and VIII. Some of these compounds were reported to induce 
apoptosis [4,17] (Fig. 1). 

Depending on the fore mentioned reports, and in continuation of 
our team previous works in the field of design and synthesis of new 
anticancer agents [18–22], in particular DNA intercalators and Topo II 
inhibitors [4,17,23,24], we reported the design and synthesis of new 
intercalative Topo II poisons. The designed compounds are quinoxaline 
derivatives having the main pharmacophoric features of DNA inter-
calators. 

1.1. The rationale of molecular design 

Studying the reported structure-activity relationship of DNA inter-
calators, it was found that they have three essential pharmacophoric 
features, i) chromophore moiety which is a planar polyaromatic 
structure with higher priority for three or four fused aromatic system  
[25]. ii) A cationic center, which can interact with the negatively 
charged phosphate moiety of DNA. The cationic centers are basic amino 
atoms which can undergo protonation in physiological pH [16], iii) 
Groove binding side chain, which occupies the DNA minor groove, 
increasing stability of binding [26–28] (Fig. 2). 

The our previously synthesized compounds VII and VIII were re-
ported to have promising antiproliferative and Topo II inhibitory ac-
tivities. Compound VII is a classical DNA-intercalator, while compound 
VIII is a threading DNA-intercalator (Fig. 1) [17]. In the current work, 
these compounds were selected to be lead structures in the synthesis of 
new derivatives. The rationale of our molecular design depended on the 
lead modification of such compounds to get two scaffolds of new 
classical DNA-intercalators. The first scaffold is [1,2,4]triazolo[4,3-a] 
quinoxalin-4(5H)-one, which consists of three fused aromatic system. 
Depending on the ring opening strategy of drug design, the second 

Fig. 1. Some reported DNA intercalators and their basic pharmacophoric features.  
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scaffold (quinoxalin-2(1H)-one) was obtained, consisting of two fused 
aromatic system. In each scaffold, many chemical substituents with 
variant hydrophobic, electronic, and bulky effects were used to study 
the structure-activity relationship (Fig. 3). 

2. Result and discussion 

2.1. Chemistry 

As a continuation of our research efforts towards the development 
of simple and efficient synthetic methodologies for synthesis of new 
heterocyclic compounds with anticipated pharmaceutical activities  
[24,29–32]. Herein, a green approach was applied for constructing 
some quinoxaline derivatives which in turn was evaluated as plausible 
anticancer agents. Initially, the quinoxaline-2,3-dione 3 was synthe-
sized by reflux of o-phenylenediamine with oxalic acid in 4N HCl [24]. 
Reaction of compound 3 with hydrazine hydrate gave 3-hy-
drazinoquinoxaline-2(1H)-one 4 as a key compound for further syn-
thetic pathways [33]. 

Depending on both conventional and microwave conditions, com-
pound 4 was treated with different carbonyl compounds namely, 2- 
acetylthiophene, 2-acetylfuran, 4-acetylbiphenyl, 4-methylacetophe-
none, 6-chloro-4-oxo-4H-chromene-3-carbaldehyde, 1,3-diphenyl-1H- 
pyrazole-4-carbaldehyde, 1-indanone, and cyclohexanone in ethanol to 
furnish the corresponding hydrazone derivatives 5–12, respectively 
(Scheme 1). 

The IR spectra of compounds 5–12 demonstrated stretching bands 
at a range of 1662–1698 cm−1 attributed to C]O groups. In addition, 
all Schiff bases 5–12 showed the disappearance of NH2 band of the 
hydrazinyl group presented in compound 4. Further support for their 
assigned structures was gained from their 1H NMR spectra, which re-
vealed D2O exchangeable singlet signals in a range of δ 9.30–11.59 ppm 
attributed to NH groups. The values for NH, integration values for 
methyl group protons and aromatic protons of compounds 5–8 showed 
the existence of the E/Z mixture with a ratio of 54: 46. The methine 
proton (CH]N) in both compounds 9 and 10 are shown at δ 
8.6–9.04 ppm range which ascertained their structures. Additionally,  
1H NMR of compound 11 showed triplet bands at range of δ 
2.98–3.05 ppm corresponding to two methylene groups in indanone 
moiety. 

Cyclocondensation of the hydrazinyl derivative 4 with different 
electrophilic species such as formic acid, acetic acid and carbon 

disulphide was carried out under conventional, microwave and ultra-
sonic conditions afford the corresponding triazole derivatives 13–15 
(Scheme 2). It was observed that the non-classical conditions enhanced 
the yield of the target products with shorter time than conventional 
condition as shown in the comparative study depicted in Table 1. 

The IR spectra of compounds 13–15 showed the disappearance of 
NH2 band of hydrazinyl moiety of compound 4 and the appearance of 
stretching bands at a range of 1673–1700 cm−1 corresponding to C]O 
groups. 1H NMR of compounds 13–15 showed exchangeable singlet 
signals at range of δ 11.98–12.01 ppm corresponding to NH group of 
quinoxaline ring, singlet signal at δ 9.86 ppm due to CH of triazole ring 
of compound 13, singlet signals at δ 2.97 ppm corresponding to CH3 of 
compound 14 and an exchangeable singlet signal at δ 14.63 ppm at-
tributed to SH group of quinoxaline derivative 15. 

Reactions of 15 with different halide derivatives namely, ethyl 
chloroacetate, chloroacetic acid, chloroacetone, chloroacetyl chloride, 
2-chloro-N-(p-tolyl) acetamide, and furoyl chloride in DMF under basic 
condition using few drops of triethyl amine in both conventional and 
green conditions to afford the final compounds 14–20 (Scheme 3). As 
shown in Table 1, the modified condition provided better yield and 
shorter time than conventional method. 

The spectral data were fit with the assigned structures of compounds 
16–22. For compound 16, the IR spectrum demonstrated a stretching 
band at 1733 cm−1 corresponding to C]O of the ester. Moreover, 1H 
NMR spectrum revealed the appearance of new signals at δ 1.15, 4.09 
and 4.37 ppm corresponding to CH2-CH3 and CH2 groups, respectively. 
In case of compound 17, the IR spectrum showed stretching bands at 
3438, 3137 cm−1 corresponding to OH and NH groups, respectively. Its  
1H NMR spectrum showed a singlet signal at δ 4.10 ppm corresponding 
to CH2 group. IR spectrum of compound 18 exhibited a band at 
1711 cm−1 attributed to C]O group while its 1H NMR showed the 
appearance of singlet signals at δ 2.30, 4.56 ppm attributed to CH3, CH2 

respectively. The IR spectrum of compound 19 showed the appearance 
of a stretching band at 1671 cm−1 corresponding to C]O of acetyl 
group. In addition, its 1H NMR spectrum showed a singlet signal at δ 
4.32 ppm corresponding to CH2 group. For compound 20, the IR 
spectrum showed stretching bands at 1677, 1685 cm−1 corresponding 
to mechanical coupling of two C]O of acetyl acetone moiety while 1H 
NMR spectrum showed singlet signals at δ 2.37, 4.56 ppm corre-
sponding to CH3, CH respectively. For compound 21, the IR spectrum 
exhibited a stretching band 1674 cm−1 corresponding to C]O, 1H 
NMR showed a singlet signals at δ 2.24 and 4.45 ppm corresponding to 
CH3 and CH2, respectively and an exchangeable singlet signal at 
12.05 ppm corresponding to NH. Finally, the IR spectrum of compound 
22 showed a stretching band at 1688 cm−1 corresponding to C]O. 

2.2. Biological evaluation 

2.2.1. In vitro anti-proliferative activity 
In vitro cytotoxic activity of the synthesized compounds were eval-

uated against colorectal carcinoma (HCT-116), hepatocellular carci-
noma (HepG2), and breast cancer (MCF-7). A standard MTT assay  
[34–36] was performed, utilizing doxorubicin as a positive control. For 
each compound, the growth inhibitory concentration (IC50) values were 
determined and reported in Table 2. 

The synthesized compounds showed different grades of anti-pro-
liferative potency, ranging from very strong, strong, moderate to weak. 

In general, compounds 15, 19, and 22 showed very strong anti- 
proliferative activities against the three cell lines with IC50 values 
ranging from 2.81 to 10.23 µM. Doxorubicin showed IC50 values of 
4.50, 4.17 and 5.23 µM against HCT-116, HepG2, and MCF-7, respec-
tively. 

For compound 15, it showed IC50 values of 7.70, 5.98 and 6.35 µM 
against HCT-116, HepG2, and MCF-7, respectively. While compound 
19, exhibited IC50 values of 9.61, 3.48 and 5.16 µM against HCT-116, 
HepG2, and MCF-7, respectively. Also, compound 22, showed IC50 

Fig. 2. Schematic representation of classical and threading DNA intercalation 
(based on Ref. [17]). 
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values of 10.23, 2.81 and 7.28 µM against HCT-116, HepG2, and MCF- 
7, respectively. It is noteworthy that the inhibitory activity of com-
pounds 19, and 22 were higher than that of the reference drug against 
HepG2 cell with IC50 values of 3.48 and 2.81 µM, respectively. 
Compound 12 showed very strong anti-proliferative activities against 
only HepG2 and MCF-7 cells with IC50 values of 4.67 to 9.17 µM, re-
spectively. Compounds 6 and 21 showed very strong anti-proliferative 
activities against only HepG2 cells with IC50 values of 9.85 to 8.07 µM, 
respectively. 

Additionally, many compounds as 5, 6, 8, 12, 20, and 21 demon-
strated strong anti-proliferative activities against at least one cell line 
with IC50 values ranging from 12.86 to 20.39 µM. Compounds 5, 7, 8, 
10, 11, 18, and 20 displayed moderate anti-proliferative activities 
against at least two cell lines with IC50 values ranging from 21.12 to 
48.76 µM. 

On the other hand, compounds 9, 13, 14, 16, and 17 displayed 
weak anti-proliferative activities against at least two cell lines with IC50 

values ranging from 51.92 to 91.46 µM. Finally, compound 14 showed 
no activity against MCF-7 cell line. 

2.2.2. In vitro cytotoxicity against human normal cell 
The cytotoxicities of the most active compounds (12, 15, 19, 21, 

and 22) against WI-38 cell line (normal human lung fibroblasts) were 
evaluated in vitro. The results revealed that the tested compounds have 
low toxicity against WI-38 with IC50 values ranging from 38.92 to 
81.20 μM. The cytotoxicity of the tested compounds against the cancer 
cell lines was from 2.81 to 15.86 μM. 

Compounds 12, 15, 19, 21, and 22 are respectively, 17.39, 10.75, 
16.42, 4.82, and 15.21 fold times more toxic in hepatocellular carci-
noma (HepG2, the most sensitive cells) than in WI-38 cells. 

2.2.3. Topoisomerase II inhibitory activity 
The most active cytotoxic members (12, 15, 19, 21, and 22) were 

further evaluated for their effect as Topo II inhibitors. The catalytic 
inhibition of Topo II was performed using the reported procedure de-
signated by Patra et al. [37]. Camptothecin as a potent Topo II in-
hibitor, was utilized as a positive control in such teste. The results of 
Topo II inhibition were reported in Table 3 as IC50 values calculated 
from the concentration-inhibition response curve. 

As presented in Table 3, all the examined members could inhibit the 
Topo II activity. These compounds showed a narrow range of the 

Fig. 3. Rationale of molecular design of new DNA-intercalators.  
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inhibitory activities (from 0.45 to 1.06 µM). These activities are ranging 
from excellent, good to moderate comparing to the reference drug 
(IC50 = 0.44 µM). Compounds 21 and 22 showed excellent inhibitory 
activities with IC50 values of 0.45 and 0.52 µM, respectively. Ad-
ditionally, compounds 12 and 19 exhibited good inhibitory activities 
with IC50 values of 0.89 and 0.62 µM, respectively), Moreover, com-
pound 15 exhibited moderate inhibitory activity, with IC50 value of 
1.06 µM. 

2.2.4. DNA intercalation assay (DNA/methyl green assay) 
The most promising derivatives (12, 15, 19, 21, and 22) were 

subjected to DNA/methyl green assay to evaluate their DNA-binding 
affinities. The reported method described by Burre et al. [38] was uti-
lized in this test, using doxorubicin as a positive control. The results of 
DNA-binding affinities were reported in Table 3 as IC50 values calcu-
lated from the concentration-inhibition response curve. 

The results indicated that the tested compounds showed strong to 
moderate DNA-binding affinities, comparing to doxorubicin 

Scheme 1. Synthesis of the target compounds 3–12.  

Scheme 2. Synthesis of the target compounds 13–15.  
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(IC50 = 31.22 µM). The range of DNA-binding affinities is from 33.48 
to 51.23 µM. 

Compounds 15 and 19 exhibited IC50 values of 37.06 and 33.48 µM, 
respectively. These compounds are 0.84 and 0.93 times as active as 
doxorubicin, respectively. Compounds 12, 21, and 22 showed 

Table 1 
Reaction time and yield of conventional, ultrasonic, and microwave assisted 
synthesis of the synthesized compounds.         

Comp. Time (min) Yield (%) 

MWa USa Ca MWa USa Ca  

5 30 – 240 85 – 72 
6 30 – 240 83 – 73 
7 30 – 240 82 – 67 
8 30 – 240 89 – 70 
9 30 – 240 93 – 78 
10 30 – 240 92 – 76 
11 30 – 240 90 – 74 
12 30 – 240 91 – 77 
13 3 30 60 93 84 88 
14 3 30 60 90 80 85 
15 – 30 120 – 82 87 
16 4 60 180 85 74 78 
17 4 60 140 89 82 84 
18 4 60 180 88 77 80 
19 4 60 180 87 75 81 
20 4 60 180 89 82 84 
21 4 60 180 90 85 85 
22 4 60 180 86 80 81 

a C: conventional, US: ultrasonic, MW: microwave.  

Scheme 3. Synthesis of the target compounds 16–22.  

Table 2 
In vitro anti-proliferative activities of the tested compounds.       

Comp. IC50 (µM)a 

HCT-116 HepG2 MCF-7 WI-38  

5 28.35  ±  2.2 15.31  ±  1.4 30.48  ±  2.1 NTa 

6 20.39  ±  1.6 9.85  ±  0.8 17.08  ±  1.4 NTa 

7 39.02  ±  2.7 24.69  ±  1.9 44.14  ±  2.8 NTa 

8 25.71  ±  1.9 13.14  ±  1.2 21.12  ±  1.8 NTa 

9 66.27  ±  3.7 57.04  ±  3.4 74.60  ±  4.1 NTa 

10 42.87  ±  3.2 48.76  ±  3.0 58.31  ±  3.6 NTa 

11 32.38  ±  2.4 21.53  ±  1.9 38.27  ±  2.4 NTa 

12 15.10  ±  1.3 4.67  ±  0.3 9.17  ±  0.8 81.20  ±  4.1 
13 84.55  ±  4.6 65.25  ±  3.6 81.72  ±  4.5 NTb 

14 91.46  ±  4.9 76.54  ±  4.1 NAc NTb 

15 7.70  ±  0.5 5.98  ±  0.3 6.35  ±  0.5 64.28  ±  3.7 
16 72.17  ±  4.0 43.40  ±  2.7 51.92  ±  3.5 NTb 

17 61.42  ±  3.6 52.30  ±  3.3 68.04  ±  3.8 NTb 

18 69.20  ±  3.9 34.18  ±  2.3 47.50  ±  3.2 NTb 

19 9.61  ±  0.8 3.48  ±  0.2 5.16  ±  0.4 57.13  ±  3.5 
20 36.78  ±  2.7 18.32  ±  1.7 31.39  ±  2.2 NTb 

21 12.86  ±  1.2 8.07  ±  0.6 15.86  ±  1.2 38.92  ±  2.8 
22 10.23  ±  1.0 2.81  ±  0.2 7.28  ±  0.7 42.74  ±  3.0 
Doxorubicin 4.50  ±  0.2 4.17  ±  0.2 5.23  ±  0.3 NTb 

a IC50 values are the mean  ±  S.D. of three separate experiments. IC50 (µM): 
1–10 (very strong); 11–20 (strong); 21–50 (moderate); 51–100 (weak); > 100 
(non-cytotoxic). 

b NT: Compounds not tested for their cytotoxicity against human normal cell 
(WI-38). 

c NA: Compounds having IC50 value  >  100 µM.  
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moderateIC50 values of 45.92, 51.23, and 42.15 µM, respectively. 

2.2.5. Cell cycle analysis 
In order to conserve tissue homeostasis, the balance between cell 

proliferation and death must be controlled. Through controlling a 
shared set of factors, some sort of regulation may be accomplished by 
coupling the process of cell cycle progression and programmed cell 
death. Accordingly, there is a link between the cell cycle and apoptosis 
arises from the accumulated evidence that manipulation of the cell 
cycle may either prevent or induce an apoptotic response [39–41]. 

In order to get an additional comprehension about the effect of 
compound 22 on the inhibition of cancer cell growth, its effect on cell 
cycle distribution and apoptosis induction was analyzed in HepG2 cells. 
In this work, HepG2 cell line was treated with compound 22 at a 
concentration 2.81 µM (the IC50 value of compound 22) against un-
treated HepG2 cell for 24 h. 

The results revealed that the percentage of HepG2 cells decreased at 
the G1 and S phases. For G1 phase, it decreased from 58.28% to 
32.83%. At the S phase, it decreased from 27.11% to 13.68%. On the 
other hand, the percentage of HepG2 cells increased at G2/M and Sub- 
G1 phases. For G2/M phase, it increased from 12.83% to 51.33%. These 
results indicate that compound 22 could arrest the cell growth at G2/M 
phase (Table 4 and Fig. 4). Such findings were matched with the re-
ported results which confirmed that the Topo II inhibitors can arrest the 
cell growth at G2/M phase [42]. 

2.2.6. Apoptosis analysis 
Further investigation for apoptotic effect of compound 22 in HepG2 

cells was carried out using Annexin V and PI double staining assay. In 
such procedure, HepG2 cells were treated with compound 22 at con-
centration of 2.81 µM, and allowed for incubation for 24 h. 

Treatment of HepG2 cells with compound 22 resulted in an apop-
totic effect by five time more than the untreated HepG2 cells. In details, 
compound 22 induced programmed cell death by 32.41% (early 
apoptosis = 32.23% & late apoptosis = 0.18%), compared to the 
control cells (6.35%) (Table 5 & Fig. 5). 

2.2.7. Caspase-3 and caspase-9 determination 
Caspases are crucial mediators of programmed cell death 

(apoptosis) [43–45]. Among them, caspase-3 is a frequently activated 
death protease, catalyzing the specific cleavage of many key cellular 
proteins [46]. Active caspase-9 works as an initiator for other caspases 
and then, activating downstream executioner caspases, initiating 
apoptosis [47]. Once activated, caspase-9 goes on to cleave caspase-3, 
-6, and -7, initiating the caspase cascade as they cleave several other 
cellular targets [48]. 

In order to examine the impact of compound 22 on the levels of 
both caspase-3 and caspase-9. HepG2 cells were treated with compound 
22 at a concentration of 2.81 µM for 24 h. The results revealed that it 
produced a marked increase in the level of caspase-3 (405.21 pg/mL, 10 
folds) compared to the control cells (40.76 pg/mL). In addition, the 
compound 22 exhibited a significant increase in the level of caspase-9 
(35.71 ng/mL, 7 folds) compared to the control cells (4.86 ng/mL) 
(Table 6 & Fig. 6). 

2.3. Docking studies 

In this work, docking study was carried out for the designed com-
pounds. Doxorubicin as a DNA intercalator was used as a reference ligand. 
The main aim of this study is to obtain additional comprehension about the 
binding modes of the designed compounds against the prospective target 
(DNA-topoisomerase II complex (PDB ID: 4G0U)). Table 7 illustrates the 
binding free energies (ΔG) of the docked compound. The reported key 
binding site of DNA-topoisomerase II complex involves Arg503, Asp479, 
Met782, Gln778, Ade12, Cyt8, Cyt11, Thy9, and Gua13 [49]. 

The binding mode of doxorubicin exhibited binding energy of − 
55.15 kcal/ mol. Fig. 7 illustrates the different binding interactions in 
the active site, where the planar aromatic system formed twelve pi-pi 
interactions with Cyt8 Thy9, Ade12, Gua13, and Ala521. Doxorubicin 
formed five hydrogen bonds with Gua13, Arg503 and Lys505, with the 
lengths of 1.9, 2.4, 2.0, 1.8, and 2.2, °A. The sugar moiety was oriented 
into the minor groove of DNA. The obtained data were is in accordance 
with the reported results [24]. 

The results of docking study revealed that the docked compound 
have similar binding mode of doxorubicin. The binding energies of the 
docked compounds is ranging from −29.41 to −51.78 kcal/mol 
(Table 7). 

Compound 10 showed a binding energy of − 51.78 kcal/mol. The 
planar aromatic system (quinoxalin-2(1H)-one) formed twelve 
hydrophobic interactions with Gua13, Cyt8, Ade12, and Thy9. 
Moreover, the terminal 2-((1,3-diphenyl-1H-pyrazol-4-yl)methylene) 
hydrazine moiety was oriented at the minor groove of DNA, forming 
three hydrophobic interactions with Ala521and Ile454 (Fig. 8). 

Compound 12 exhibited a binding energy of − 41.01 kcal/mol. The 
planar aromatic system (quinoxalin-2(1H)-one) formed nine pi-pi in-
teractions with Ade12, Gua13, Cyt8 and Thy9. The 2-cyclohex-
ylidenehydrazineside chain was oriented at the minor groove of DNA, 
forming one hydrophobic interaction with Ala521 (Fig. 9). 

Compound 22 exhibited a binding energy of − 37.33 kcal/mol. The 
planar aromatic system (quinoxalin-2(1H)-one) formed fifteen pi-pi 
interactions with Ade12, Gua13, Cyt8 and Thy9. The furan-2-car-
bothioate side chain was oriented at the minor groove of DNA (Fig. 10). 
The binding mode of compound 15 and 19 were presented in  
Supplementary data. 

Table 3 
In vitro Topo II inhibitory activity and DNA intercalating affinity of the most 
active compounds.     

Comp. Topo II inhibition 
IC50 (µM)a 

DNA intercalation 
IC50 (µM)a  

12 0.89  ±  0.1 45.92  ±  2.4 
15 1.06  ±  0.1 37.06  ±  1.9 
19 0.62  ±  0.1 33.48  ±  1.8 
21 0.45  ±  0.1 51.23  ±  2.7 
22 0.52  ±  0.1 42.15  ±  2.1 
Camptothecin 0.44  ±  0.1 NTb 

Doxorubicin NTb 31.22  ±  2.1 

a IC50 values are the mean  ±  S.D. of three separate experiments 
b NT: Compounds not tested  

Table 4 
Effect of compound 22 on cell cycle progression in HepG2 cells after 24 h treatment.       

Sample Cell cycle distribution (%)a 

%Sub-G1 %G1 %S % G2/M  

HepG2 1.77  ±  0.10 58.28  ±  2.38 27.11  ±  2.72 12.83  ±  1.25 
Compound22 /HepG2 2.14  ±  0.21 32.83  ±  2.25** 13.68  ±  1.27* 51.33  ±  3.64*** 

a Values are given as mean  ±  SEM of three independent experiments. *p  <  0.05, **p  <  0.01, and ***p  <  0.001 indicate statistically significant differences 
from the corresponding control (HepG2) group in unpaired t-tests.  
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2.4. Structure-Activity Relationship (SAR) 

In order to understand the trend of cytotoxic activities of the syn-
thesized compounds against the tested cell lines, we correlated the 
different cytotoxicities to each other (Fig. 11). The blue line represents 
IC50 values against HCT-116, the green line represents the IC50 values 
against HepG2 cells, and red line represents IC50 values against MCF-7 
cells. By investigation the three lines, it can be observed that the trends 
for all of them are similar for some extent. This indicated that the 
sensitivities of the tested cells are almost the same. So that, the SAR can 
be built on the total results of cytotoxicity. 

In general, studying the cytotoxic activities of the synthesized 
compounds against HCT-116, HepG2, and MCF-7 cells, revealed that 
the derivatives of scaffold-1 consisted of three fused aromatic system 
([1,2,4]triazolo[4,3-a]quinoxalin-4(5H)-one) were more active than 

that of scaffold-2 consisted of two fused aromatic system (quinoxalin- 
2(1H)-one). 

With regard to scaffold-1, it was found that 1- mercapto derivative 
15 was more active than 1-methyl derivative 14, which was more ac-
tive than the unsubstituted derivative 13. Substitution on SH group of 
scaffold-1 produced less active derivatives except compound 19. Then, 
we explored the impact of substitution on the thiol group of scaffold-1 
by different moieties. It was found that aromatic substituted derivatives 
as compounds 21 and 22 more active than that with aliphatic sub-
stitution as compounds 16–20. For aromatic derivatives, it was found 
that heterocyclic derivative 22 was more active than the non-hetero 
aromatic one 21. With regard to aliphatic derivatives, it was found that 
the activities decreased in the order of chloroacetyl 19  >  acetyl 
acetone 20  >  acetone 18  >  acetic acid 17  >  ethyl acetate 16. 

For scsffold-2, we explored the activities of different hydrazone 

Fig. 4. Flow cytometric analysis of cell cycle phases post the compound 22 treatment. HepG2 Cells were treated with 2.81 µM (IC50 value) of compound 22 for 24 h. 
Then, the cells were harvested, stained with propidium iodide, and analyzed for cell distribution during the various phases of the cell cycle using Flowing software. 
(A) The representative histograms show the cell cycle distribution of control (HepG2), and cells treated with compound 22. (B) Column graphs show the percentage 
of cells in each phase of the cell cycle. Values are given as mean  ±  SEM of three independent experiments. *p  <  0.05, **p  <  0.01, and ***p  <  0.001 indicate 
statistically significant differences from the untreated control (HepG2) group in unpaired t-tests. 

Table 5 
Effect of compound 22 on stages of the cell death process in HepG2 cells after 24 h treatment.       

Sample Viablea 

(Left Bottom) 
Apoptosisa Necrosisa 

(Left Top) 
Early 
(Right Bottom) 

Late 
(Right Top)  

HepG2 93.54  ±  0.61 6.22  ±  0.61 0.13  ±  0.01 0.14  ±  0.01 
Compound22 /HepG2 67.28  ±  3.48 32.23  ±  3.24** 0.18  ±  0.03 0.27  ±  0.11 

a Values are given as mean  ±  SEM of three independent experiments. **p  <  0.01 indicates statistically significant difference from the corresponding control 
(HepG2) group in unpaired t-tests.  

E.M. Abbass, et al.   Bioorganic Chemistry 104 (2020) 104255

8



derivatives. It was found that the activities decreased in the order of 
cyclohexanone 12  >  2-acetylfuran 6  >  4-methylacetophenone 
8  >  2-acetylthiophene 5  >  4-acetylbiphenyl 7  >  1-indanone 
11  >  1,3-diphenyl-1H-pyrazole-4-carbaldehyde 10  >  6-chloro-4- 
oxo-4H-chromene-3-carbaldehyde 9. 

3. Conclusion 

In summary, eighteen new quinoxaline derivatives were designed 
and eco-friendly synthesized. Three methods of synthesis were used 
including conventional, ultrasound irradiation and microwave-assisted. 
The structures of the new derivatives were confirmed via spectral and 

analytical analyses. The synthesized compounds were tested in vitro for 
their anti-proliferative effects against HCT-116, HepG2, and MCF-7 
using MTT assay. Compounds 12, 15, 19, 21, and 22 exhibited good 
anti-proliferative activities against the tested cells with IC50 values 
ranging from 2.81 to 10.23 µM. Additional examinations were carried 
out for the most active members including toxicity test, Topo II in-
hibition, and DNA-binding assay. These compounds showed low toxi-
city against normal human cells (WI-38), good Topo II inhibitory ac-
tivities with IC50 ranging from 0.45 to 1.06 µM, and DNA-binding 
affinities with IC50 ranging from 33.48 to 51.23 µM. Structure-activity 
relationship revealed that the derivatives of scaffold-1 consisted of 
three fused aromatic system ([1,2,4]triazolo[4,3-a]quinoxalin-4(5H)- 
one) were more active than that of scaffold-2 consisted of two fused 
aromatic system (quinoxalin-2(1H)-one). Moreover, compound 22 ar-
rested the cell cycle of HepG2 cells at G2/M phase. The apoptotic effect 
of compound 22 (32.41%) was five times greater than that in control 
cells (6.35%). Additionally, compound 22 produced a significant in-
crease in the level of caspase-3 (405.21 pg/mL, 10 folds) compared to 
the control cells (40.76 pg/mL), and caused an increase in the level of 
caspase-9 (35.71 ng/mL, 7 folds) compared to the control cells 
(4.86 ng/mL). The results of docking studies revealed that the docked 
compound have similar binding mode of doxorubicin with binding 
energies ranging from − 29.41 to − 46.03 kcal/mol. 

Fig. 5. Flow cytometric analysis of apoptosis in HepG2 cells exposed to compound 22. HepG2 cells were treated with compound 22 (2.81 µM) for 24 h, harvested, 
stained with Annexin-V/propidium iodide (PI), and analyzed for apoptosis using Flowing Software. (A) The representative flow cytometric charts for control (HepG2) 
and the cells treated with compound 22. For each dot plot chart, the quadrant regions represent the cells in each sub-population; lower left quadrant (Viable cells), 
lower right quadrant (Early apoptosis), upper right quadrant (Late apoptosis), and upper left quadrant (Necrosis). (B) Quantification of apoptosis from HepG2 cells 
treated with or without compound 22. Values are given as mean  ±  SEM of three independent experiments. **p  <  0.01 indicates statistically significant difference 
from the untreated control (HepG2) group in unpaired t-tests. 

Table 6 
Effect of compound 22 on active caspase-3 and caspase-9 in HepG2 cells after 
24 h treatment.     

Sample Caspase-3 (pg/mL)a Caspase-9 (ng/mL)a  

HepG2 40.76  ±  1.74 4.86  ±  0.53 
Compound22 /HepG2 405.21  ±  29.87 *** 35.71  ±  2.25 *** 

a Values are given as mean  ±  SEM of three independent experiments. 
***p  <  0.001 indicates statistically significant difference from the corre-
sponding control (HepG2) group in unpaired t-tests.  
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4. Experimental 

4.1. Chemistry 

4.1.1. General 
All melting points were measured on a Gallen Kamp melting point 

apparatus (Sanyo Gallen Kamp, UK) and were uncorrected. The 
Microwave reactions were done by Microsynth instrument type MA143 
(Micro wave flux). The ultrasound-assisted reactions were performed in 

Digital Ultrasonic Cleaner CD-4830 (35 KHz, 310 W). The IR spectra 
were recorded on a Pye-Unicam SP-3–300 infrared spectrophotometer 
and expressed in wave number (cm−1). 1H NMR spectra were run at 
400 MHz, Bruker Avance III NMR spectrometer. TMS was used as an 
internal standard in deuterated dimethylsulphoxide (DMSO‑d6). 
Chemical shifts (δ) are quoted in ppm. All coupling constant (J) values 
are given in hertz. Elemental analyses were performed on CHN analyzer 
and all compounds were within ± 0.4 of the theoretical values. The 
reactions were monitored by thin-layer chromatography (TLC) using 
TLC sheets coated with UV fluorescent silica gel Merck 60 F254 plates 
and were visualized using UV lamp and different solvents as mobile 
phases. All reagents and solvents were purified and dried by standard 
techniques. Compound 3, 4, and 12 were synthesized according to the 
reported procedures [50,51]. 

4.1.2. General procedure for synthesis of compounds 5–12   

a. Conventional Method 

A mixture of compound 4 (10 mmol, 1.76 g) and carbonyl deriva-
tives (10 mmol) namely, 2-acetylthiophene, 2-Acetylfuran, 4-acet-
ylbiphenyl, 4-methylacetophenone, 6-chloro-4-oxo-4H-chromene-3- 
carbaldehyde, 1,3-diphenyl-1H-pyrazole-4-carbaldehyde, 1-indanone, 
and cyclohexanone was refluxed for 4 h in ethanol (20 mL). The formed 

Fig. 6. Graphical representation for active caspase- 
3 and caspase-9 assay of compounds 22. HepG2 
cells were incubated with the compound 22 
(2.81 µM) for 24 h. Cells were then collected for the 
quantification of caspase-3 (A) and caspase-9 (B). 
The data are present as the mean  ±  S.E.M. from 
three independent experiments. ***p  <  0.001 in-
dicates statistically significant difference from the 
corresponding control (HepG2) group in unpaired t- 
tests. 

Table 7 
The docking binding free energies (ΔG) of the synthesized compounds with 
DNA-topoisomerase II complex.      

Comp. ΔG (kcal/mol) Comp. ΔG (kcal/mol)  

5 −39.44 15 −30.69 
6 −42.21 16 −46.03 
7 −46.50 17 −33.07 
8 −42.51 18 −41.38 
9 −44.81 19 −39.86 
10 −51.78 20 −44.85 
11 −42.55 21 −49.71 
12 −41.01 22 −37.33 
13 −29.41 Doxorubicin − 55.15 
14 −31.96   

Fig. 7. Binding of doxorubicin with DNA-Topo II complex, the hydrogen bonds are represented in green dashed lines and the pi interactions are represented in orange 
dashed lines. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 
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precipitate was filtered, washed several times with ethanol, dried and 
crystallized to give the target compounds 5–12, respectively.  

b. Under Microwave method 

A mixture of 4 (10 mmol, 1.76 g) and carbonyl derivatives 
(10 mmol) namely, 2-2-acetylthiophene, 2-Acetylfuran, 4-acet-
ylbiphenyl, 4-methylacetophenone, 6-chloro-4-oxo-4H-chromene-3- 
carbaldehyde, 1,3-diphenyl-1H-pyrazole-4-carbaldehyde, 1-indanone, 
and cyclohexanone, in ethanol (20 mL) was added to the reaction vessel 
placed into the microwave reactor. The mixture was allowed to react 
under microwave irradiation of 200–400 W at 120 °C for 30 min. with 
continuous stirring via the automatic mode. The reaction was mon-
itored using TLC. After completion of the reaction and cooling, the 
product was obtained and crystallized from the proper solvent to give 
the corresponding final compounds 5–12, respectively. 

4.1.2.1. 3-(2-(1-(Thiophen-2-yl)ethylidene)hydrazineyl)quinoxalin- 

2(1H)-one 5. Brown crystals; m.p. 300 <  °C; IR (KBr, cm−1): 3316 
(NH), 3062 (CH aromatic), 2889 (CH aliphatic), 1698 (CO); 1H NMR 
(400 MHz, DMSO‑d6) δ (ppm): 2.40 (s, 3H, CH3, for Z isomer), 2.41 (s, 
3H, CH3, for E isomer) 6.91–7.66 (m, 14H, Ar-H), 9.61 (s, 1H, NH, D2O 
exchangeable, for E isomer), 9.92 (s, 1H, NH, D2O exchangeable, for Z 
isomer), 11.54 (s, 1H, NH, D2O exchangeable, for E isomer), 12.47 (s, 
1H, NH, D2O exchangeable, for Z isomer); Anal. Calcd for: C14H12N4OS 
(284.34): C, 59.14; H, 4.25; N, 19.70; Found: C, 58.92; H, 4.18; N, 
19.61%. 

4.1.2.2. 3-(2-(1-(Furan-2-yl) ethylidene)hydrazineyl)quinoxalin-2(1H)- 
one 6. Yellow crystals; m.p. 300 <  °C; IR (KBr, cm−1): 3339 (NH), 
3063 (CH aromatic), 2845 (CH aliphatic), 1682 (CO); 1H NMR 
(400 MHz, DMSO‑d6) δ (ppm): 2.30 (s, 3H, CH3, for Z isomer), 2.31 
(s, 3H, CH3, for E isomer), 6.61–8.09 (m, 14H, Ar-H), 9.55 (s, 1H, NH, 
D2O exchangeable, for E isomer), 10.11 (s, 1H, NH, D2O exchangeable, 
for Z isomer), 11.55 (s, 1H, NH, D2O exchangeable, for E isomer), 12.49 
(s, 1H, NH, D2O exchangeable, for Z isomer); Anal. Calcd for: 

Fig. 8. Binding of compound 10 with DNA-Topo II complex, the hydrogen bonds are represented in green dashed lines and the pi interactions are represented in 
orange dashed lines. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 

Fig. 9. Binding of compound 12 with DNA-Topo II complex, the hydrogen bonds are represented in green dashed lines and the pi interactions are represented in 
orange dashed lines. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 
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C14H12N4O2 (268.28): C, 62.68; H, 4.51; N, 20.88; Found: C, 62.51; H, 
4.44; N, 20.79%. 

4.1.2.3. 3-(2-(1-((1,1′-Biphenyl)-4-yl)ethylidene)hydrazineyl)quinoxalin- 
2(1H)-one 7. Buff crystals; m.p. 300 <  °C; IR (KBr, cm−1): 3343 (NH), 
3032 (CH aromatic), 2848 (CH aliphatic), 1663 (CO); 1H NMR 
(400 MHz, DMSO‑d6) δ (ppm): 2.31 (s, 3H, CH3, for Z isomer), 2.32 
(s, 3H, CH3, for E isomer), 6.94–8.16 (m, 26H, Ar-H), 9.66 (s, 1H, NH, 
D2O exchangeable, for Z isomer), 10.20 (s, 1H, NH, D2O exchangeable, 
for E isomer), 11.55 (s, 1H, NH, D2O exchangeable, for E isomer), 12.51 
(s, 1H, NH, D2O exchangeable, for Z isomer); Anal. Calcd for: 
C22H18N4O (354.15): C, 74.56; H, 5.12; N, 15.81; Found: C, 74.29; H, 
5.03; N, 15.63%. 

4.1.2.4. 3-(2-(1-(p-Tolyl)ethylidene)hydrazineyl)quinoxalin-2(1H)-one 
8. Yellow crystals; m.p. 222–224 °C; IR (KBr, cm−1): 3353 (NH), 3037 
(CH aromatic), 2846 (CH aliphatic), 1668 (CO); 1H NMR (400 MHz, 
DMSO‑d6) δ (ppm): 2.31 (s, 3H, CH3 CH3, for Z isomer), 2.35 (s, 3H, 
CH3, for E isomer), 2.38 (s, 3H, CH3, for Z isomer), 2.41 (s, 3H, CH3, for 
E isomer), 6.90–7.98 (m, 16H, Ar-H), 9.59 (s, 1H, NH, D2O 
exchangeable, for Z isomer), 11.53 (s, 1H, NH, D2O exchangeable, for 
E isomer), 12.48 (s, 1H, NH, D2O exchangeable, for E isomer), 11.53 (s, 
1H, NH, D2O exchangeable, for Z isomer); Anal. Calcd for: C17H16N4O 

(292.34): C, 69.85; H, 5.52; N, 19.17; Found: C, 69.72; H, 5.47; N, 
19.02%. 

4.1.2.5. 3-(2-((6-Chloro-4-oxo-4H-chromen-3-yl) methylene)hydrazineyl) 
quinoxalin-2(1H)-one 9. Yellow crystals; m.p 280–283 °C; IR (KBr, 
cm−1): 3160 (NH), 3049 (CH aromatic), 1684 (CO); 1H NMR 
(400 MHz, DMSO‑d6) δ (ppm): 7.01 (d, 1H, Ar-H, J = 7.6), 7.35 (dd, 
1H, Ar-H), 7.44 (s, 1H, Ar-H), 7.46 (dd, 1H, Ar-H), 7.56 (d, 1H, Ar-H, 
J = 8.4), 7.59 (d, 1H, Ar-H, J = 8.4), 7.79 (d, 1H, Ar-H, J = 8), 8.22 (s, 
1H, Ar-H), 9.26 (s, 1H, olefinic H), 10.58 (s, 1H, NH, D2O 
exchangeable), 13.02 (s, 1H, NH, D2O exchangeable); Anal. Calcd for: 
C18H11ClN4O3 (366.76): C, 58.95; H, 3.02; N, 15.28; Found: C, 58.82; 
H, 2.94; N, 15.15%. 

4.1.2.6. 3-(2-((1,3-Diphenyl-1H-pyrazol-4-yl)methylene)hydrazineyl) 
quinoxalin-2(1H)-one 10. Orange crystals; m.p. 300 <  °C; IR (KBr, 
cm−1): 3179 (NH), 3056 (CH aromatic), 1695 (CO); 1H NMR 
(400 MHz, DMSO‑d6) δ (ppm): 7.05 (d, 1H, Ar-H, J = 8 Hz), 7.20 (d, 
2H, Ar-H, J = 8), 7.34 (dd, 1H, Ar-H), 7.44 (dd, 1H, Ar-H), 7.44 (dd, 
1H, Ar-H), 7.53 (d, 2H, Ar-H, J = 8), 7.54 (dd, 1H, Ar-H), 7.65 (d, 2H, 
Ar-H, J = 8), 7.76 (d, 2H, Ar-H, J = 8), 7.81 (d, 1H, Ar-H, J = 8), 8.76 
(s, 1H, Ar-H, CH of pyrazole), 8.99 (s, 1H, olefinic H), 9.57 (s, 1H, NH, 
D2O exchangeable), 11.25 (s, 1H, NH, D2O exchangeable); Anal. Calcd 
for: C24H18N6O (406.15): C, 70.92; H, 4.46; N, 20.68; Found: C, 70.79; 
H, 4.37; N, 20.55%. 

4.1.2.7. 3-(2-(2,3-Dihydro-1H-inden-1-ylidene)hydrazineyl)quinoxalin- 
2(1H)-one 11. Brown crystals; m.p. 292–294 °C; IR (KBr, cm−1): 3339 
(NH), 3046 (CH aromatic), 1690 (CO); 1H NMR (400 MHz, DMSO‑d6) δ 
(ppm): 2.98 (t, 2H, CH2), 3.05 (t, 2H, CH2), 6.93 (d, 1H, Ar-H, J = 8), 
7.11 (dd, 1H, Ar-H), 7.19 (dd, 1H, Ar-H), 7.33 (dd, 1H, Ar-H), 7.35 (dd, 
1H, Ar-H), 7.51 (d, 1H, Ar-H, J = 7.4), 7.75 (d, 1H, Ar-H, J = 7.6), 8.08 
(d, 1H, Ar-H, J = 7.2), 9.34 (s, 1H, NH, D2O exchangeable), 11.53 (s, 
1H, NH, D2O exchangeable); Anal. Calcd for: C17H14N4O (290.33): C, 
70.33; H, 4.86; N, 19.30; Found: C, 70.20; H, 4.78; N, 19.18%. 

4.1.3. General procedure for synthesis of compounds 13 and 14   

a. Conventional Method 

A mixture of 4 (10 mmol, 1.76 g) and carboxylic acid derivatives 
(10 mmol) namely, formic acid and acetic acid was refluxed for 1 h. The 
formed precipitate was filtered, dried and crystallized from ethanol to 

Fig. 10. Binding of compound 22 with DNA-Topo II complex, the hydrogen bonds are represented in green dashed lines and the pi interactions are represented in 
orange dashed lines. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 

Fig. 11. Correlation of cytotoxic activities of the synthesized compounds 
against HCT-116, HepG2, and MCF-7 cells. 
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afford the corresponding compounds 13 and 14, respectively.  

b. Under Microwave method 

A mixture of 4 (10 mmol, 1.76 g) and carboxylic acid derivatives 
(10 mL) namely, formic acid and acetic acid was added to the reaction 
vessel placed into the microwave reactor. The mixture was allowed to 
react under microwave irradiation of 200–400 W at 120 °C for 3 min. 
with continuous stirring via the automatic mode. The reaction was 
monitored using TLC. After completion of the reaction and cooling, the 
product was obtained and crystallized from the proper solvent to give 
the corresponding target compounds 13 and 14, respectively.  

c. Under Sonication method 

A mixture of 4 (10 mmol, 1.76 g) and carboxylic acid derivatives 
(10 mL) namely, formic acid and acetic acid, was placed in Erlenmyer 
flask (50 mL) and subjected to ultrasound waves at room temperature 
for 30 min. The formed precipitate was filtered, dried, and crystallized 
from the appropriate solvent to afford the target compounds 13 and 14, 
respectively. 

4.1.3.1. [1,2,4] Triazolo[4,3-a]quinoxalin-4(5H)-one 13. Yellow 
crystals; m.p. 300 <  °C; IR (KBr, cm−1): 3105 (NH), 3010 (CH 
aromatic), 1693 (CO); 1H NMR (400 MHz, DMSO‑d6) δ (ppm): 7.29 
(dd, 1H, Ar-H, H-8 of quinoxaline), 7.37 (d, 1H, Ar-H, J = 8, H-7 of 
quinoxaline), 7.42 (dd, 1H, Ar-H, H-6 of quinoxaline), 8.14 (d, 1H, Ar- 
H, J = 8.2, H-9 of quinoxaline), 9.86 (s, 1H, Ar-H, N-CH = N), 12.01 (s, 
1H, NH, D2O exchangeable); Anal. Calcd for: C9H6N4O (186.17): C, 
58.06; H, 3.25; N, 30.09; Found: C, 57.90; H, 3.18; N, 29.05%. 

4.1.3.2. 1-Methyl-[1,2,4]triazolo[4,3-a]quinoxalin-4(5H)-one 
14. Orange crystals; m.p. 300 <  °C; IR (KBr, cm−1): 3145 (NH), 3035 
(CH aromatic), 2855 (CH aliphatic) 1673 (CO); 1H NMR (400 MHz, 
DMSO‑d6) δ (ppm): 2.97 (s, 3H, CH3), 6.94 (dd, 1H, Ar-H, H-8 of 
quinoxaline), 7.30 (dd, 1H, Ar-H, H-7 of quinoxaline), 7.43 (d, 1H, Ar- 
H, J = 8 Hz, H-6 of quinoxaline), 8.04 (d, 1H, Ar-H, J = 8 Hz, H-9 of 
quinoxaline), 11.98 (s, 1H, NH, D2O exchangeable); Anal. Calcd for: 
C10H8N4O (200.20): C, 59.99; H, 4.03; N, 27.99; Found: C, 59.85; H, 
3.94; N, 27.87%. 

4.1.4. General procedure for synthesis of compound 15   

a. Conventional Method 

Method (a) 
A mixture of 4 (10 mmol, 1.76 g) and CS2 (10 mmol, 0.76 mL, 

0.76 g) in pyridine (20 mL) was refluxed for 4 h. The reaction mixture 
was poured on to ice water and acidified using dil. HCl. The formed 
precipitate was filtered, washed several times with water, dried and 
crystallized to give compound 15. 

Method (b) 
A mixture of 4 (10 mmol, 1.76 g), CS2 (10 mmol, 0.76 mL, 0.76 g) 

and potassium hydroxide (10 mmol, 0.56 g), was refluxed in absolute 
ethanol (20 mL) for 5 h. The mixture was cooled to room temperature 
and poured onto 1 N HCl (20 mL). The yellow precipitated product was 
filtered, washed with water, filtered, dried, and crystallized from 
ethanol to afford compound 15.  

b. Under Sonication method 

A mixture of 4 (10 mmol, 1.76 g), CS2 (10 mmol, 0.76 mL, 0.76 g) 
and potassium hydroxide (10 mmol, 0.56 g) in absolute ethanol (20 mL) 
was placed in Erlenmyer flask (50 mL) and subjected to ultrasound 
waves at room temperature for 60 min. The yellow precipitated product 
was filtered, washed with water, dried and crystallized from ethanol to 

afford compound 15. 

4.1.4.1. 1-Mercapto-[1,2,4]triazolo[4,3-a]quinoxalin-4(5H)-one 
15. Yellow crystals; m.p. 300 <  °C; IR (KBr, cm−1): 3373 (NH), 3073 
(CH aromatic), 1700 (CO).1H NMR (400 MHz, DMSO‑d6) δ (ppm): 7.22 
(dd, 1H, Ar-H, H-8 of quinoxaline), 7.28 (d, 1H, Ar-H, J = 8 Hz, H-7 of 
quinoxaline), 7.36 (dd, 1H, Ar-H, H-6 of quinoxaline), 10.09 (d, 1H, Ar- 
H, J = 7.6 Hz, H-9 of quinoxaline), 12.00 (s, 1H, NH, D2O 
exchangeable), 14.63 (s, 1H, SH, D2O exchangeable); Anal. Calcd for: 
C9H6N4OS (218.23): C, 49.53; H, 2.77; N, 25.67; Found: C, 49.42; H, 
2.69; N, 25.54%. 

4.1.5. General procedure for synthesis of compounds 16–22   

a. Conventional Method 

A mixture of 15 (10 mmol, 2.18 g) and different halide derivatives 
(10 mmol) namely, ethyl chloroacetate, chloroacetic acid, chlor-
oacetone, chloroacetyl chloride, 2-chloro-N-(p-tolyl) acetamide, and 
furoyl chloride was refluxed in DMF (20 mL) for 3 h in the presence of 
few drops of piperidine. The mixture was cooled and the formed solid 
products were filtered, dried and crystallized from ethanol to afford the 
corresponding compounds 16–22 respectively.  

b. Under Microwave method 

A mixture of 15 (10 mmol, 2.18 g) and different halide derivatives 
(10 mmol) namely, ethyl chloroacetate, chloroacetic acid, chlor-
oacetone, chloroacetyl chloride, 2-chloro-N-(p-tolyl) acetamide, and 
furoyl chloride, in DMF (20 mL) and few drops of piperidine was added 
to the reaction vessel placed into the microwave reactor. The mixture 
was allowed to react under microwave irradiation of 200–400 W at 
120 °C for 4 min. with continuous stirring via the automatic mode. After 
completion of the reaction and cooling, the products were obtained and 
crystallized from the proper solvent to give the corresponding final 
compounds 16–22, respectively.  

c. Under Sonication method 

A mixture of 15 (10 mmol, 2.18 g) and different halide derivatives 
(10 mmol) namely, ethyl chloroacetate, chloroacetic acid, chlor-
oacetone, chloroacetyl chloride, 2-chloro-N-(p-tolyl) acetamide, and 
furoyl chloride, in DMF (20 mL) and few drops of piperidine was placed 
in Erlenmyer flask (50 mL) and subjected to ultrasound waves at room 
temperature for 60 min. The formed precipitates were filtered, dried, 
and crystallized from the appropriate solvent to afford the target 
compounds 16–22, respectively. 

4.1.5.1. Ethyl 2-((4-oxo-4,5-dihydro-[1,2,4]triazolo[4,3-a]quinoxalin-1- 
yl)thio)acetate 16. Yellow crystals; m.p.250–252 °C; IR (KBr, cm−1): 
3194 (NH), 3032 (CH aromatic), 2869 (CH aliphatic), 1733 (CO) and 
1690 (CO); 1H NMR (400 MHz, DMSO‑d6) δ (ppm): 1.15 (t, 3H, CH3), 
4.08 (q, 2H, CH2 CH3), 4.38 (s, 2H, CH2-S), 7.25 (dd, 1H, Ar-H, H-8 of 
quinoxaline), 7.31 (dd, 1H, Ar-H, H-7 of quinoxaline), 7.45 (d, 1H, Ar- 
H, J = 8 Hz, H-6 of quinoxaline), 8.25 (d, 1H, Ar-H, J = 8 Hz, H-9 of 
quinoxaline), 12.00 (s, 1H, NH, D2O exchangeable); Anal. Calcd for: 
C13H12N4O3S (304.32): C, 51.31; H, 3.97; N, 18.41; Found: C, 51.17; H, 
3.89; N, 18.27%. 

4.1.5.2. 2-((4-Oxo-4,5-dihydro-[1,2,4]triazolo[4,3-a]quinoxalin-1-yl) 
thio)acetic acid 17. Pale yellow crystals; m.p.216–218 °C; IR (KBr, 
cm−1): 3438 (OH), 3137 (NH), 3030 (CH aromatic), 2847 (CH 
aliphatic), 1694 (CO); 1H NMR (400 MHz, DMSO‑d6) δ (ppm): 4.1 (s, 
2H, CH2), 7.32–7.46 (m, 3H, Ar-H), 8.33 (d, 1H, Ar-H, J = 8), 11.97 (s, 
1H, NH, D2O exchangeable); Anal. Calcd for: C11H8N4O3S (276.27): C, 
47.82; H, 2.92; N, 20.28; Found: C, 47.68; H, 2.87; N, 20.13%. 
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4.1.5.3. 1-((2-Oxopropyl)thio)-[1,2,4]triazolo[4,3-a]quinoxalin-4(5H)- 
one 18. White crystals; m.p.280–282 °C; IR (KBr, cm−1: 3215 (NH), 
3057 (CH aromatic), 2858 (CH aliphatic), 1711 (CO), 1692 (CO); 1H 
NMR (400 MHz, DMSO‑d6) δ (ppm): 2.30 (s, 3H, CH3), 4.56 (s, 2H, 
CH2), 7.36 (dd, 1H, Ar-H, H-8 of quinoxaline), 7.40 (dd, 1H, Ar-H, H-7 
of quinoxaline), 7.44 (d, 1H, Ar-H, J = 8 Hz, H-6 of quinoxaline), 8.25 
(d, 1H, Ar-H, J = 8 Hz, H-9 of quinoxaline), 12.03 (s, 1H, NH, D2O 
exchangeable); Anal. Calcd for: C12H10N4O2S (274.30): C, 52.55; H, 
3.67; N, 20.43; Found: C, 52.42; H, 3.61; N, 20.31%. 

4.1.5.4. 4-Oxo-4,5-dihydro-[1,2,4]triazolo[4,3-a]quinoxalin-1-yl-2- 
chloroethanethioate 19. Pale yellow crystals; m.p.272–274 °C; IR (KBr, 
cm−1): 3384 (NH), 3016 (CH aromatic), 2850 (CH aliphatic), 1688 
(CO), 1671 (CO); 1H NMR (400 MHz, DMSO‑d6) δ (ppm): 4.32 (s, 2H, 
CH2), 7.22 (dd, 1H, Ar-H, H-8 of quinoxaline), 7.33 (dd, 1H, Ar-H, H-7 
of quinoxaline), 7.40 (d, 1H, Ar-H, J = 8 Hz, H-6 of quinoxaline), 8.22 
(d, 1H, Ar-H, J = 8 Hz, H-9 of quinoxaline), 12.01 (s, 1H, NH, D2O 
exchangeable); Anal. Calcd for: C11H7ClN4O2S (294.71): C, 44.83; H, 
2.39; N, 19.01; Found: C, 44.69; H, 2.31; N, 19.11%. 

4.1.5.5. 3-((4-Oxo-4,5-dihydro-[1,2,4]triazolo[4,3-a]quinoxalin-1-yl) 
thio)pentane-2,4-dione 20. Buff crystals; m.p.260–262 °C; IR (KBr, 
cm−1): 3189 (NH), 3052 (CH aromatic), 2875 (CH aliphatic), 1685 
(CO), 1677 (CO); 1H NMR (400 MHz, DMSO‑d6) δ (ppm): 2.37 (s, 6H, 
2CH3), 4.56 (s, 1H, CH), 7.34 (dd, 1H, Ar-H, H-8 of quinoxaline), 7.37 
(dd, 1H, Ar-H, H-7 of quinoxaline), 7.45 (d, 1H, Ar-H, J = 8 Hz, H-6 of 
quinoxaline), 8.25 (d, 1H, Ar-H, J = 8 Hz, H-9 of quinoxaline), 12.03 
(s, 1H, NH, D2O exchangeable); Anal. Calcd for: C14H12N4O3S (316.34): 
C, 53.16; H, 3.82; N, 17.71; Found: C, 53.02; H, 3.76; N, 17.61%. 

4.1.5.6. 2- ((4-Oxo-4,5-dihydro-[1,2,4]triazolo[4,3-a]quinoxalin-1-yl) 
thio)-N-(p-tolyl) acetamide 21. Yellow crystals; m.p.292–294 °C; IR 
(KBr, cm−1): 3195 (NH), 3057 (CH aromatic), 2870 (CH aliphatic), 
1689 (CO), 1674 (CO), 1H NMR (400 MHz, DMSO‑d6) δ (ppm): 2.23 (s, 
3H, CH3), 4.45 (s, 2H, CH2), 7.09 (d, 2H, Ar-H, H-3 and H-5 of phenyl), 
7.24 (d, 2H, Ar-H, H-2 and H-6 of phenyl), 7.28 (dd, 1H, Ar-H, H-8 of 
quinoxaline), 7.37 (dd, 1H, Ar-H, H-7 of quinoxaline), 7.45 (d, 1H, Ar- 
H, J = 8 Hz, H-6 of quinoxaline), 8.34 (d, 1H, Ar-H, J = 8 Hz, H-9 of 
quinoxaline), 12.01 (s, 1H, NH, D2O exchangeable), 12.05 (s, 1H, NH, 
D2O exchangeable); Anal. Calcd for: C18H15N5O2S (365.41): C, 59.17; 
H, 4.14; N, 19.17; Found: C, 59.08; H, 4.07; N, 19.02%. 

4.1.5.7. 4-Oxo-4,5-dihydro-[1,2,4]triazolo[4,3-a]quinoxalin-1-yl-furan- 
2-carbothioate 22. Buff crystals; m.p.288–290 °C; IR (KBr, cm−1): 3120 
(NH), 3040 (CH aromatic), 2878 (CH aliphatic), 1698 (CO), 1688 (CO);  
1H NMR (400 MHz, DMSO‑d6) δ (ppm): 7.23 (dd, 1H, Ar-H, H-4 of 
furan), 7.25 (d, 1H, Ar-H, H-3 of furan), 7.27 (dd, 1H, Ar-H, H-8 of 
quinoxaline), 7.31 (dd, 1H, Ar-H, H-7 of quinoxaline), 7.40 (d, 1H, Ar- 
H, J = 8 Hz, H-6 of quinoxaline), 8.43 (d, 1H, Ar-H, J = 8 Hz, H-9 of 
quinoxaline), 8.36 (d, 1H, Ar-H, J = 8, H-5 of furan), 12.01 (s, 1H, NH, 
D2O exchangeable); Anal. Calcd for: C14H8N4O3S (312.30): C, 53.84; H, 
2.58; N, 17.94; Found: C, 53.72; H, 2.51; N, 17.82%. 

4.2. Biological evaluation 

4.2.1. In vitro cytotoxic activity 
The anti-proliferative activity of the synthesized compounds was 

assessed using MTT assay protocol [34,35,52]. A panel of human cancer 
cell lines namely; colorectal carcinoma (HCT-116), hepatocellular car-
cinoma (HepG2) and breast cancer (MCF-7) was used in this test. As we 
targeted the DNA and Topo II, doxorubicin as a potential intercalative 
Topo II inhibitor was used as a positive control. The cell lines were got 
from ATCC (American Type Culture Collection) via the Holding com-
pany for biological products and vaccines (VACSERA, Cairo, Egypt). 
The anti-proliferative activities of the tested compounds were de-
termined quantitatively as follows: 

At first, the cells were cultured into a medium of RPMI-1640 with 
10% fetal bovine serum. Then, two different antibiotics were added at 
37 °C in a 5% CO2 incubator: penicillin (100 units/mL) and strepto-
mycin (100 µg/mL). Next, we seeded the cells in a 96-well plate by a 
density of 1.0 × 104 cells / well at 37 °C for 48 h under 5% CO2. The 
synthesized compounds with different concentrations were applied into 
the cell lines and incubated for 24 h. After 24 h, 20 µl of MTT solution 
(5 mg/mL) was added and incubated for 4 h. Then, DMSO (100 µl) was 
added into each well to dissolve the formed purple formazan. After that, 
a colorimetric assay was measured and recorded at absorbance of 
570 nm using a plate reader (EXL 800, USA). The relative cell viability 
in percentage was calculated as (A570 of treated samples/A570 of 
untreated sample) × 100. Results for IC50values of the active com-
pounds were summarized in Table 2. 

4.2.2. Measurement of topoisomerase II activity 
The most active anti-proliferative members (12, 15, 19, 21, and 22) 

were analyzed for their Topo II inhibitory activities. The reported 
method described by Patra et al. [53] was applied using Topo II drug 
screening kit (TopoGEN, Inc., Columbus). Doxorubicin was used as a 
positive control. 

A typical enzyme reaction was structured to determine Topo II ac-
tivity. The reaction mixture included Topo II (2 µl), substrate super 
coiled pHot1 DNA (0.25 µg), 50 µg/ml test compound (2 µl), and assay 
buffer (4 µl). To start the reaction, the mixture was allowed to incubate 
in 37 °C for 30 min. To terminate the reaction, a mixture of 10% sodium 
dodecylsulphate (2 µl) and proteinase K (50 µg/mL) was added at 37 °C 
for 15 min. then incubated for 15 min at 37 °C. After that, the DNA was 
run on 1% agarose gel in BioRad gel electrophoresis system for 1–2 h 
followed by staining with GelRedTM stain for 2 h and destained for 
15 min with TAE buffer. The gel was imaged via BioRad’s Gel DocTMEZ 
system. Both supercoiled and linear strands DNA were incorporated in 
the gel as markers for DNA-Topo II intercalators. The results of IC50 

values were calculated using the GraphPad Prism version 7. Each re-
action was performed in duplicate, and at least three independent de-
terminations of each IC50 were made. 

4.2.3. DNA/Methyl green assay 
The most active anti-proliferative members (12, 15, 19, 21, and 22) 

were evaluated for their DNA-binding affinities, using doxorubicin as a 
positive control according to methyl green dye method described by 
Burres et al. [38]. Activated Calf Thymus DNA (Merk, Germany) was 
treated with methyl green (Merk, Germany), then the synthesized 
compounds were applied to displace the methyl green dye, producing 
equivalent color. The results were reported as a 50% inhibition con-
centration values (IC50) calculated by linear regression of data plotted 
on a semi-log scale and summarized in Table 3. 

4.2.4. Flow cytometry analysis for cell cycle 
To determine the role of the synthesized compounds in cell cycle 

distribution, cell cycle analysis was performed using propidium iodide 
(PI) staining and flow cytometry analysis for compound 22. Flow 
Cytometry Kit for Cell Cycle Analysis (ab139418_Propidium Iodide 
Flow Cytometry Kit/BD) was used in this test. HepG2 cells were treated 
with compound 22 (2.81 µM) for 24 h. Then, the cells were fixed in 
70% ethanol at 4 °C for 12 h. After that, the cells were washed with cold 
PBS, incubated with 100 μl RNase A at 37 °C for 30 min, and stained 
with 400 μl PI in the dark at room temperature for further 30 min. The 
stained cells were measured using Epics XL-MCL™ Flow Cytometer 
(Beckman Coulter), and the data were analyzed using Flowing software 
(version 2.5.1, Turku Centre for Biotechnology, Turku, Finland) [54]. 

4.2.5. Flow cytometry analysis for apoptosis 
Flow cytometry cell apoptosis analysis was used to investigate the 

apoptotic effect of the synthesized compounds. HepG2 cells were 
treated with compound 22 (2.81 µM) for 24 h, collected by trypsin, 
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centrifuged, washed two successive times with PBS, suspended in 500 μl 
binding buffer, and double stained with 5 μl Annexin V-FITC and 5 μl PI 
in the dark at room temperature for 15 min. The stained cells were 
measured using Epics XL-MCL™ Flow Cytometer and analyzed using 
Flowing software [54]. 

4.2.6. Caspase-3 and caspase-9 activation assay 
The percentage of caspase-3 and caspase-9 activation was de-

termined using the Caspase- Invitrogen Caspase-3 ELISA Kit (KHO1091) 
and Invitrogen Caspase 9 Human ELISA Kit (BMS2025) following the 
manufacturer's instructions [55,56]. 

4.2.7. Statistical analyses 
All data obtained from the biological evaluation studies are pre-

sented as mean  ±  SEM values and analyzed with unpaired student's t- 
test using GraphPad Prism version 7 (GraphPad Software, San Diego, 
CA), with p  <  0.05 was considered statistically significant. 

4.3. Docking studies 

Docking studies were carried out utilizing discovery studio 4.0. The 
3D crystal structure of the target macromolecule (DNA-topoisomerase II 
complex) was obtained from the protein databank (PDB ID: 4G0U, re-
solution: 2.7 Å). 

At first, the co-crystallized ligand and water molecules were deleted 
from the DNA-topoisomerase II complex, leaving protein and DNA. 
Then, Valence monitor option was applied to correct any incorrect 
valence. Next, the energy of the complex was minimized by applying 
CHARMM and MMFF94 force fields [57–60]. After that, the active 
binding site was defined and prepared for docking. The structures of the 
synthesized compounds and doxorubicin were sketched using Chem-
BioDraw Ultra 14.0 and saved in MDL-SD file format. Next, the MDL-SD 
file was opened, 3D structures were protonated and the energy mini-
mized by applying CHARMM and MMFF94 force fields then prepared 
for docking. 

CDOCKER protocol was used for carrying out the docking studies. A 
maximum of 10 conformers was considered for each molecule in the 
docking analysis. Finally, the most ideal pose was selected according to 
its binding free energy with DNA–Topo II as well as its binding mode 
with the target molecule. 
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