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a b s t r a c t

Some triazinone derivatives are designed and synthesized as potential antitumor agents. Triazinone
derivatives 4c, 5e and 7c show potent anticancer activity over MCF-7 breast cancer cells higher than
podophyllotoxin (podo) by approximate 6-fold. DNA flow cytometry analysis for the compounds 3c, 4c,
5e, 6c and 7c show a potent inhibitory activity of cell proliferation and cell cycle arrest at G2/M phase.
Compounds 4c, 5e and 7c exhibit low to moderate b-tubulin polymerization inhibition percentage.
Meanwhile, compound 6c displayed excellent b-tubulin percentage of polymerization inhibition equiv-
alent to that exhibited by podo. In addition, compounds 4c, 5e and 7c show strong topoisomerase (topo)
II inhibitory activity in nano-molar concentration, compared to known topo inhibitor as etoposide.
Finally, apoptotic inducing activity over MCF-7 of compounds 4c, 5e, 6c and 7c is due to up-regulation of
p53, increased Bax/Bcl-2 ratio and caspase3/7 levels 2-fold higher than podo.

Published by Elsevier Masson SAS.
1. Introduction

Breast cancer cells are rapidly growing cells and are over-
expressed in topoisomerase (topo) enzymes [1]. In addition,
breast cancer cells have high mitotic rate due to excessive
microtubule synthesis [2]. Therefore, DNA interfering agents,
such as doxorubicin, and tubulin polymerization inhibitors, such
as taxol, are frequently used combined, for breast cancer treat-
ment to obtain synergistic cytotoxic effect [3]. Resistance of
cancer cells to apoptosis induction by chemotherapy is one of the
major barriers facing successful treatment of breast cancer [4].
The resistance usually occurs due to down regulation of p53 and
pro-apoptotic proteins as Bax and up-regulation of anti-apoptotic
protein, such as Bcl-2 protein, that prevents activation of termi-
nal caspase 3/7 [5]. The therapeutic tactic to overcome this
therapy obstacle is to use combination chemotherapy. Thus, lots
of research were directed to discover cytotoxic agents with
bdelhameid).
multimode mode of cytotoxic action [6]. Until now, nature has
been the major source of cancer remedies [7]. Podophyllotoxin
(podo) (Fig. 1) is a natural product that exhibits good in vitro
cytotoxicity profile and is an apoptosis inducer against different
types of cancer cells, however, the toxicity and side effects limit
its use [8]. Podo and etoposide (Fig. 1) are two structurally
related antitumor agents, having two different anti-proliferative
mechanisms of action [9]. Podo exhibits a strong b-tubulin
polymerization inhibition activity, leading to antimitotic effect,
while etopsoide shows topo enzyme inhibition that prevents
DNA synthesis [10,11]. Structure investigation of podo and
etopsoide shows similar pharmacophoric fragments in their
skeletons, as 3,4,5-trimethoxy phenyl (TMP) moiety and
orthogonal tetrahydrofuronaphthodioxolone ring system. Both
features are key pharmacophoric points responsible for interac-
tion with colchicine binding site, leading to b-tubulin polymeri-
zation inhibition [12]. Moreover, etopsoide has a large structural
skeleton allowing to act as topo interactive agents [13]. Tri-
azinone ring may be used as an isostere for tetrahydrofur-
onaphthodioxolone ring system present in podo, as the nitrogen
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Fig. 1. Chemical structure of podophyllotoxin, etopsoide, colchicine and some lead triazinone derivatives 1e5. Common methoxylatedphenyl moieties are shown in red colour. (For
interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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atoms have the ability to form hydrogen bond with the molecular
receptor and anchor DNA by complex formation [14]. For
example, triazinone 1 exhibits good cytotoxicity against breast
cancer due to DNA damage (Fig. 1) [15]. Furthermore, some aryl
triazinone derivatives 2 and 3 exhibit promising cytotoxic ac-
tivity via good b-tubulin polymerization inhibition (Fig. 1) [16].
Based on foregoing findings, a mimic antitumor model is
designed based on triazinone core ring. The model has the
following structural outline, a diaryl ring system connected
through a core moiety. One of the aryl rings attached to the core
is composed of three aryl groups, including TMP, 3, 4-Dimethoxy
phenyl (DMP) and phenyl group. The other aryl part is 3,5-
dibromophenyl acetate and is isosteric to lactone ring (cyclic
ester) in podo. Dibromo-substitution pattern maintains b-tubulin
polymerization, as compounds 4 and 5display antitumor activity,
due to b-tubulin polymerization inhibition [17,18]. The difference
in structure between the synthesized compounds is summarized
in the following modifications, starting with the free-rotatable
hydrazine carbothioamide derivatives 3a-c; they are cyclized
into rigid triazinone derivatives 4a-c. Rigid forms are subjected
to substitution with phenylthiazole group at N-2 position, as
derivatives 5a-c or monocylic ring 4a-c extended to triazolo-
triazinone 6a-c. Furthermore, C-3 position of the core ring con-
tains different aryl groups (Fig. 2). illustrates the design strategy
for the synthesis of compounds and the structural variations
between target compounds.

2. Results and discussion

2.1. Chemistry

The reaction sequences leading to the synthesis of titled com-
pounds are outlined in Scheme 1 and 2. The starting compounds
1a-c are synthesized according to published procedure [19]. The
key intermediates 2a-c are prepared in one-step by Perkin
condensation of N-benzoyl glycines, 3, 5-dibromosalicylaldehyde
and acetic anhydride in the presence of anhydrous pyridine. IR
spectra of compounds 2b and 2c reveal the presence of absorption
band at 1803e1805 cm�1,characteristic of carbonyl group of
lactone ring. In addition, thenovel hydrazine carbothioamides3a-c
are synthesized by reaction of thiosemicarbazide with key in-
termediates 2a-c, via heating in glacial acetic acid for 1 h, under
reflux. The structure of novel thioamides 3a-c is established using
IR, NMR and Mass spectroscopy, in IR spectra, they show a char-
acteristic band at 1643-1662 cm�1 corresponding to carbonyl
group, while 1H NMR reveal the presence of signals of NH2 and NH
at 8.33e8.53 and 10.06e10.25 ppm. Furthermore, the novel N-
thiocarbamoyl-1,2,4-triazine derivatives 4a-c are synthesized,



Fig. 2. Diagram represents the design strategy and the structural variation between the synthesized compounds. C-3 aryl showed in red colour, N-2 aryl groups showed in blue
colour and Core part in black colour. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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either from compounds 2a-c,via heating equimolar amounts of
thiosemicarbazide and corresponding oxazolones in aacetic acid
for 8 h,or from compounds 3a-c,via heating hydrazine carbo-
thioamides 3a-c at 120oCin pyridine for 4 h (Scheme 1). Moreover,
the aforementioned N-thiocarbamoyl 1, 2,4-triazines 4a-c are
cyclized to 5a-f through their reactionwith phenacyl bromide and
sodium acetate via heating under reflux in ethanol for 3 h (Scheme
2). Compounds 6a-c are obtained by heating compounds 4a-cwith
acetic anhydride in acetonitrile (Scheme 2). IR spectra of com-
pounds 6a-c show the disappearance of absorption bands for NH
and NH2 groups, with strong absorption bands appearing at
1696 cm�1, due to carbonyl group. In addition, 1H NMR reveal
absence of peaks of NH2 and NH of 1, 2, 4-triazinone. Finally, the
novel N-phenyl 1,2,4-triazine derivatives 7a-c are prepared by
cyclization of oxazolones2a-c with phenyl hydrazine by heating
under reflux in ethanol for 5 h, the structures are confirmed by
disappearance of C¼O of lactone ring with presence of C¼O of
triazinone at 1635-1639 cm�1, in addition to NH signal at
9.01e9.08 ppm. (Scheme1).
2.2. In vitro biological studies

2.2.1. In vitro anti-proliferative activity
Using MTT assay, the final compounds 3a-c, 4a-c, 5a-f, 6a-c and

7a-c are screened in vitro for their cytotoxic activity against MCF-7
breast cancer cells. Podo is used as a positive control. Results are
listed in (Table 1), and presented graphically in (Fig. 3). The most
cytotoxic compounds 3c, 4c, 5e, 6c and 7c are further tested for
their cytotoxic activity against normal breast cancer (Hs371. T cells),
compared with podo. The obtained data over Hs371. T cells show a
safe profile IC50, compared with podo. In addition, the results over
MCF-7 cells show that the three compounds 4c, 5e and 7c are more
potent than podo, by 6-fold and exhibit IC50 in sub-micromolar
concentration in the range of (0.35e0.41 mM). Moreover, the three
compounds 5d, 5f and 6c are equipotent to the standard. Mean-
while, compounds 3b, 3c, 5b, 5c, 6b and 7b exhibit moderate
cytotoxic activity with IC50 concentration less than (10 mM). Finally,
compounds 3a, 4a, 4b, 5a, 6a and 7a exhibit weak cytotoxic activity.
Structurally, the compounds contain three structural variations,



Scheme 1. Synthesis of starting materials 1a-c and 2a-c, of hydrazine carbothioamides 3a-c, triazinone derivatives 4a-c and 7a-c.
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including different substitutions at C-3 and N-2 of triazinone ring
and the change in the core size. The results show that compounds
containing C-3 TMP moiety, such as compounds 4c, 5e and 7c
exhibit the highest cytotoxic activity. The presence of phenyl group
at C-3 position of triazinone ring instead of DMP or TMP groups
leads to dramatic loss in cytotoxic activity. The order of cytotoxic
activity according to aryl groups at C-3 position will be
TMP>DMP> phenyl. As compounds 4c, 5e and 7c are nearly
equipotent in cytotoxicity suggesting that thiocarbamoyl, phenyl
thiazole and phenyl groups contribute equally to activity. Further-
more, the data of compounds 3c, 4c and 6c indicate that rigid tri-
azinone analogue 4c is higher than both rotatable hydrazine
carbothioamide derivative 3c and the extended triazolotriazinone
derivative 6c. As a conclusion, the results refer that compounds



Scheme 2. Synthesis of thiazolyl triazine 5a-f and triazolotriazine 6a-c.
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containing triazinone core ring substituted with TMP moiety at C-3
position exhibit promising cytotoxic activity on MCF-7 cells.

2.2.2. In vitro cell cycle analysis
2.2.2.1. In vitro DNA-flow cytometry. To explore the effect of the
promising cytotoxic compounds 3c, 4c, 5e, 6c and 7c on cell pro-
liferation of MCF-7 cells, we analyzed cell cycle distribution using
flow cytometry assay compared with podo. Our data show that
compound 7c, containing triazinone core ring with C-3 TMPmoiety
and N-2 phenyl group, exhibits the potent pro-apoptotic activity by
increasing the percentage of cells population at G0 higher than
podo by 1.4- fold, while compound 4c and 5e increase G0cells by
equal percentages to podo. On the other hand, compounds 3c and
6c display lower anti-proliferative activity within the tested com-
pounds. The data suggest that the three compounds 4c, 5e and 7c
have a potent anti-proliferative effect and an apoptosis inducing
activity on MCF-7 cells by increasing percentage of cells G0 phase,
decreasing the same in G1 phase and cell cycle arrest at G2/M phase,
as shown in (Figs. 4 and 5).

2.2.2.2. In vitro annexin V-FITC staining. Apoptosis rate in MCF-
7 cells is assessed by flow cytometry, using Annexin V-FITC/PI
double staining assay after treatment of MCF-7 cells with com-
pounds 3c, 4c, 5e, 6c, 7c and podo at their IC50 concentrations,
compared with untreated control cells. An increase in the per-
centage of Annexin-V positive cells more than that of untreated
controls was reported, indicating an apoptosis induction as shown
in (Figs. 6 and 7). In conclusion, data indicate that compounds 4c
and 7c can enhance apoptosis higher than podo by 1.25-and 1.5-
fold, while compounds 5e and 6c are equal to podo, respectively
and compound 3c is less than podo.

2.2.3. In vitro inhibition percentage assay of b�tubulin
polymerization

Fig. 8 and Table 2 show results of compounds 3c, 4c, 5e, 6c, 7c
and podo, subjected to measurement of b�tubulin polymeriza-
tion inhibition in MCF-7 cells, at their IC50 for 24 h. The results
show that compound 6c displays good percentage of b-tubulin
polymerization inhibition (88%), compared with strong antimi-
totic agent drug, such as podo (94%). While, other compounds 3c,
4c, 5e and 7c show low to good percentage of b-tubulin poly-
merization inhibition (33e55%). These results indicate that
tested compounds have another mode of anti-proliferative ac-
tivity. Rotatable derivative 3c shows better percentage of poly-
merization Inhibition than rigid derivative 4c. The difference in
inhibition percentages between compounds 5e (55%) and 7c
(33%) relies on the nature of the groups present at N-2 position of
the core ring. The phenyl thiazole group in compound 5e gives



Table 1
IC50 (uM) values ± SEM of the new compounds against MCF-7 cell line.

CompNo. R1 R2 R3 R4 MCF-7a Hs371.Tb

IC50(uM)

3a H H H e 16.83± 1.13 NT
3b OCH3 OCH3 H e 8.97± 0.72 NT
3c OCH3 OCH3 OCH3 e 2.85± 0.13 NT
4a H H H e 28.54± 1.56 80.11± 6.42
4b OCH3 OCH3 H e 13.4± 1.04 NT
4c OCH3 OCH3 OCH3 e 0.36± 0.023 61.32± 5.46
5a H H H H 38.34± 2.14 NT
5b H H H Br 9.49± 0.61 NT
5c OCH3 OCH3 H H 4.33± 0.16 NT
5d OCH3 OCH3 H Br 3.28± 0.13 NT
5e OCH3 OCH3 OCH3 H 0.41± 0.02 77.43± 6.68
5f OCH3 OCH3 OCH3 Br 3.16± 0.11 NT
6a H H H e >100 NT
6b OCH3 OCH3 H e 6.84± 0.28 NT
6c OCH3 OCH3 OCH3 e 3.07± 0.13 58.72± 4.54
7a H H H e 19.42± 1.2 NT
7b OCH3 OCH3 H e 5.39± 0.24 NT
7c OCH3 OCH3 OCH3 e 0.35± 0.017 44.32± 3.11
Podo e e e e 2.21± 0.08 22.44± 1.83

All the values are expressed as Mean± SEM of three independent experiments.MCF7.
NT - Not tested.

a Human breast cell lines.
b Hs371. T,normal breast cell lines
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higher tubulin polymerization inhibition than phenyl ring in
compound 7c.

2.2.4. In vitro topoisomerase IIb-inhibition assay
Several studies highlighted the role of DNA topo II-b enzyme,

as a key inhibitor in the transcription of mammalian genes and
proteins transcription [20]. In the present study, DNA topo II-b
enzyme inhibition assay is assessed in compounds 3c, 4c, 5e, 6c,
7c, and etopsoide as a potent topo II-b inhibitor. The assay data
are summarized in (Fig. 8 and Table 2). The compounds 4c, 5e
and 7c exhibit potent inhibitory activity on topo II-b in nano-
molar concentration (IC50:6.85e31.68 nM). Compounds 4c, 5e
and 7c are more potent than etopsoide (2.2, 10.2 and 5.3-fold,
respectively). Meanwhile, compounds 3c and 6c show weaker
topo II-b inhibitory activity than etopsoide. The rigid triazinone
derivatives 4c, 5e and 7c are more potent topo II-b inhibitors
than rotatable derivatives 3c and structurally extended tri-
azolotriazinone 6c. Rigid N-2 thiocabamoyl triazinone derivative
4c is 2-fold more potent than rotatable hydrazine carbothioa-
mide derivative 3c. N-Aryl triazinone derivatives 5e and 7c



Fig. 3. IC50 (uM) of target compounds 3c, 4c, 5e, 6c and 7c against MCF-7 cell lines compared to podo. Data are expressed as the Mean ± SEM from the dose response curves of at
least three experiments.

Fig. 4. DNA flow cytomertic analysis of compounds 3c, 4c, 5e, 6c,7c and podo on MCF-7 cells for 24 h at their IC50 (uM). Blue color represents G0 phase percentage, orange colour
represents G1 phase percentage and red color represents G2/M phase percentage. (For interpretation of the references to colour in this figure legend, the reader is referred to the
Web version of this article.)
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exhibit higher activity than N-2 thiocabamoyl triazinone deriv-
ative 4c, suggesting a possible role of aryl group in the activity.
These results indicate that cytotoxicity of compounds 4c, 5e and
7c related mainly to good topo II-b than b-tubulin polymerization
inhibition. On the other hand, compound 6c is mainly a b-tubulin
polymerization rather than topo II-b inhibitor.
2.2.5. In vitro measurement of the concentration of p53, Bax and
Bcl-2 protein

P53 (tumor suppressor gene)is an important regulator of cell
cycle checkpoint at G1 phase, DNA repair and apoptotic pathway
induced by various stimuli via control of the level of Bax and Bcl-
2 protein [21]. The levels of p53, Bax and Bcl-2 are measured
after treatment of MCF-7 cells with compounds 3c, 4c, 5e, 6c and
7c at their IC50for 24 h, compared with podo. It is observed that
p53 level is increased, in case of compounds 3c, 4c, 5e, 6c and 7c
by 4.2-, 8.1-, 9.2-, 5.1- and 11.9-fold, respectively, more than in
case of untreated control. In parallel, Compounds 4c, 5e and 7c
increase p53 level by 1.7-,1.75- and 2.1-fold, respectively more
than by podo. Compound 3c increases p53 level less than podo,
while compound 6c increases p53 conc. as podo. The results
indicate that the rigid triazinone derivatives 4c, 5e and 7c in-
crease p53 concentration higher than other derivatives. In the
same time, compounds 3c, 4c, 5e, 6c and 7c increase Bax level by
2.2-,3.2-, 3.4-, 0.9 and 3.9- fold, respectively, more than by un-
treated control. On the other hand, the level of Bcl-2 on MCF-
7 cells is decreased, compared with of untreated cells, after
treatment with compounds 3c, 4c, 5e, 6c and 7c. Compounds 3c,
4c and 5e have nearly equal Bax/Bcl-2 ratio to podo, and com-
pound 7c has higher Bax/Bcl-2 ratio than podo. These results
suggest the involvement of p53, Bax and Bcl-2 proteins, media-
tors of the intrinsic apoptosis pathway in the apoptotic action of
compounds 3c, 4c, 5e, 6c and 7c, as seen in (Fig. 9).
2.2.6. In vitro caspase-3/7 green flow cytometry assay
Apoptosis can be initiated through one of two pathways



Fig. 5. Statistical cell cyle analysis of compounds 3c, 4c, 5e, 6c,7c and podo on MCF-7 cells for 24 h at their IC50 (uM).

Fig. 6. Representative dot plots of MCF-7 cells treated with compounds 3c, 4c, 5e, 6c, 7c and podo at their IC50 (uM) for 24 h analyzed by flow cytometry after double staining of the
cells with annexin-V FITC and PI. The blue color represents the stained Annexin V cells. (For interpretation of the references to colour in this figure legend, the reader is referred to
the Web version of this article.)
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(extrinsic or intrinsic). In the intrinsic pathway the cell kills itself by
p53 activation, while in the extrinsic pathway the cell kills itself
because of signals from other cells [22]. Both pathways induce cell
death by activating caspases, which are proteases, or enzymes that
degrade proteins. The both pathways activate initiator caspases,
which then activate executioner caspases 3,6 and 7, which then kill
the cell by degrading proteins indiscriminately [22].

Compounds 3c, 4c, 5e, 6c, 7c and podo increase caspase-3/7
level in MCF-7 cells more than in untreated control cells by 14.0-,
24.1-, 21.6-, 15.6-, 31.3- and 18-fold, respectively, as seen in (Figs. 10



Fig. 7. Statistical analysis of Annexin V-FITC staining of compounds 3c, 4c, 5e, 6c, 7c and podo on MCF-7 cells for 24 h at their IC50 (uM).

Fig. 8. A) In vitro b-tubulin inhibition percentage for compounds 3c, 4c, 5e, 6c, 7c and podo at their IC50 (uM). B) In vitro 4 dose (nM) response curve for the determination of IC50 of
topII- b for compounds 3c, 4c, 5e, 6c, 7c and etopsoide. C) Graphical presentation for comparison of topo IC50 (nM) of the compounds 3c, 4c, 5e, 6c, 7c and etoposide.
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Table 2
IC50(nM) values against Topo II-b, Tubulin polymerization inhibition percentage and IC50(uM) over MCF-7 cells for the compounds 3c, 4c, 5e, 6c, 7c compared with podo
and etopsoide.

Comp. No. IC50Topo IIba (nM) Tubulin polymerization inhibition % MCF-7b (uM)

3c 81.42± 7.43 62.32± 5.11 2.85± 0.13
4c 31.68± 3.16 44.41± 3.3 0.36± 0.023
5e 6.85± 0.83 55.22± 4.12 041± 0.02
6c 110.45± 8.19 88.25± 3.16 3.07± 0.13
7c 12.60± 2.13 33.43± 2.11 0.35± 0.17
Podo ND 96.32± 5.51 2.21± 0.08
Etopsoide .69.80 ND ND

All the values are expressed as Mean± SEM of three independent experiments. Topo IIb.
a Topoisomerase II- enzyme, MCF7.
b Human breast cell lines,; and ND - Not determined.

Fig. 9. A) Effect of compounds 3c, 4c, 5e, 6c, 7c and podo on the expression of p53,Bax,Bcl-2 at their IC50 (uM) on MCF-7 cells. A) Effect of tested compounds on P53, Effect of tested
compounds on Bax. C) Effect of tested compounds on the expression of Bcl-2. D) Bax/Bcl-2 ratio of tested compounds 3c, 4c, 5e, 6c 7c and podo.
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Fig. 10. Green flow cytomertic assay of caspases 3/7% of the tested compounds related to apoptosis after 24 h. Data represented as Mean± SD of three independent trials. L ¼ live
cells (blue), A ¼ apoptotic cells (green), N ¼ necrotic cells (red), D ¼ dead cells. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web
version of this article.)

Fig. 11. Graphical representation for active caspases3/7 assay of compounds 3c, 4c, 5e,
6c and 7c compared to podo at their IC50.
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and 11). Inspection of the data obtained from caspase-3/7 analysis
is consistent with the previous cytotoxicity results and structural
analysis.

As a final explanation of apoptosis biomarkers assay, DNA syn-
thesis inhibitors are the best apoptosis inducer [23]. The results
show that compounds 4c, 5e and 7c that possess higher topo II
inhibition activity increase the level of apoptosis biomarker, as p53,
Bax/Bcl-2 ratio and caspase-3/7, higher than compounds 3c, 6c and
podo, which have higher tubulin polymerization inhibition.
3. Conclusion

A series of novel 1,2,4-triazinone derivatives are designed and
synthesized as potential antitumor agents. The synthetic protocol
includes the following synthetic steps: hydrazine carbothioamides
3a-c, triazinone derivatives 4aec and 7a-c are synthesized from
their oxazolone precursor's 2a-c with thiosemicarbazide and
phenyl hydrazine, respectively. Furthermore, thioamide group in
1,2,4-triazinone derivatives 4a-c is cyclized using either phenacyl
bromide or acetic anhydride to afford thiazolyltriazine 5a-f and
triazolotriazine 6a-c, respectively in good yields. The results of
cytotoxicity screening over MCF-7 cells show that three com-
pounds 4c, 5e and 7c emerged as most active compounds (withIC50
in sub-micromolar concentration:0.35e0.41 mM). The compounds
are more potent than podo by 5e6-fold, while compound 6c is
nearly equipotent with podo, as standard drug. In addition, the
results of DNA flow cytometry analysis display that compounds 3c,
4c, 5e, 6c and 7c cause cell cycle arrest at G2/M phase of MCF-
7 cells. Moreover, they are stronger apoptotic inducers than podo,
as demonstrated by the results of Annexin V assay. The cytotoxicity
of compound 6c is correlated to tubulin polymerization inhibition,
as it has an excellent b-tubulin polymerization inhibition percent-
age on MCF-7 cells (88%), nearly equal to podo. Meanwhile, com-
pounds 4c, 5e and 7c are potent DNA topo II b-enzyme inhibitors,
and are higher than etopsoide by 2.2-, 10.2- and 5.3-fold, respec-
tively. The results of the effect of compounds 3c, 4c, 5e, 6c and 7c on
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p53 and apoptosis induction biomarkers, such as Bax, Bcl-2 and
caspase-3/7, show significant increase in p53 concentration, with
subsequent increase in Bax/Bcl-2 ratio and caspase-3/7. Com-
pounds 3c and 6c are similar to podo in IC50 results over MCF-
7 cells and b-tubulin polymerization inhibition percentage and
apoptotic markers. Finally, compounds 4c, 5e and 7c represent
promising antitumor agents.

4. Experimental

4.1. Apparatus and methods

Melting points were determined on a Gallen kamp melting
point apparatus and are not corrected. IR spectra (KBr, cm�1) were
recorded on a Bruker FT 8000 spectrometer. 1H NMR and 13C NMR
spectra were measured in DMSO‑d6 on a Burker- Avance spec-
trometer at 400MHz and 100MHz, respectively. Chemical shifts
are reported in ppm. Mass spectra (MS) were obtained on a gas
chromatograph/mass spectrometer Schimadzu GCMS-QP2010 plus
operating at 70 eV. Elemental analyses were performed using her-
aeus and vario EL-III (Elementar), CHNS analyzer (Germany) at
micro analytical center, Faculty of science, Al-Azhar University. EA
1108 Elemental Analyzer (Fison Instruments). Reactions were
monitored by thin layer chromatography (TLC) on a glass plate
coated with silica gel with fluorescent indicator (GF254). Column
chromatography was performed on silica gel (200e300) mesh.

4.2. Chemistry

4.2.1. 2,4-Dibromo-6-((5-oxo-2-aryloxazol-4(5H)-ylidene)methyl)
phenyl acetate 2a-c
4.2.1.1. General procedure. A mixture of N-benzoyl glycines
(0.05mol), 3,5-dibromo salicylaldehyde (10.05 g, 0.05mol), acetic
anhydride (15.3mL, 0.15mol) and anhydrous pyridine (4.80mL,
0.06mol) was heated at 80 �C for 10minwith constant stirring. The
reaction mixture was transferred to oil bath and heated for extra
8 h at 80 �C. After cooling to room temperature, the mixture was
allowed to stand at 0 �C overnight. The precipitate formed was
filtered and washed three times with ice-cooled ethanol (15mL).
The crude product was crystallized from appropriate solvent.

4.2.1.1.1. 2,4-Dibromo-6-((5-oxo-2-phenyloxazol-4(5H)-ylidene)
methyl)phenyl acetate 2a. White crystals, yield: 77%, mp:
177e179 �C; crystallized from ethanol. IR nmax: 3078 (arom.CH),
2914 (aliph.CH), 1805 (C¼O of lactone ring), 1766 (C¼O), 1654
(C¼N), 1558 (C¼C), 1165 (C-O) cm�1. 1HNMR (DMSO‑d6,D2O) d: 2.44
(s, 3H, CH3CO), 7.35 (s, 1H, arom. CH), 7.66e7.70 (t, 2H, arom. CH),
7.75e7.77 (t, 1H, arom. CH), 8.10e8.12 (d, 2H, arom. CH), 8.67 (s, 2H,
arom. CH and olefenic. CH) ppm. 13CNMR (DMSO‑d6) d: 20.68
(CH3CO), 118.11 (C olefenic), 125.25 (C2 dibromphenyl), 126.41 (C4
dibromphenyl), 128.66 (C6 dibromphenyl), 129.98 (C1 benzene),
134.68 (C2,6 benzene), 134.98 (C3,5 benzene), 135.68 (C4 benzene),
135.73 (C3,5 dibromphenyl), 147.24 (C1 dibromphenyl), 135.71 (C4
oxazole), 164.89 (C2 oxazole), 166.76 (C¼O acetyl), 167.60 (C5
oxazole) ppm. Anal. Calc. for C18H11Br2NO4 (465.09); Calculated: C,
46.48; H, 2.38; N, 3.01. Found: C, 46.73; H, 2.57; N, 2.71.

4.2.1.1.2. 2,4-Dibromo-6-((2-(3,4-dimethoxyphenyl)-5-
oxooxazol-4(5H)ylidene) methyl)phenyl acetate 2 b. Pale yellow
crystals, yield: 71%, mp: 183e185 �C; crystallized from dioxane/H2O
(5:1). IR nmax: 3066 (arom.CH), 2931 (aliph.CH), 1804 (C¼O of
lactone ring), 1735 (C¼O),1654 (C¼N),1593 (C¼C), 1165 (C-O) cm�1.
1H NMR (DMSO‑d6,D2O) d:2.43 (s, 3H, CH3CO), 3.88 (s, 3H, OCH3),
3.89 (s, 3H, OCH3), 7.22 (s, 1H, arom. CH), 7.25 (s, 1H, arom. CH),
7.52e7.53 (d,1H, arom. CH), 7.72e7.74 (d,1H, arom. CH), 8.64 (s, 2H,
arom. CHand olefenic. CH) ppm. 13CNMR (DMSO‑d6) d: 20.67
(CH3CO), 55.99 (OCH3), 56.42 (OCH3),110.50 (C5 dimethoxyphenyl)
112.56 (C olefenic), 117.02 (C2 dibromphenyl), 118.01 (C4,6
dibromphenyl), 123.32 (C6 dimethoxyphenyl), 124.74 (C2 dime-
thoxyphenyl),135.08 (C1 dimethoxyphenyl),135.54 (C4oxazole and
C5 dibromphenyl), 135.79 (C3dibromphenyl), 146.94 (C1dibrom-
phenyl), 149.48 (C3dimethoxyphenyl), 154.53 (C4 dimethox-
yphenyl), 164.63 (C2 oxazole), 166.87 (C¼O acetyl), 167.62 (C5
oxazole) ppm. MS (m/z, %): 525.19 (Mþ, 15.26), 471.66 (100). Anal.
Calc. for C20H15Br2NO6 (525.14); Calculated: C, 45.74; H, 2.88; N,
2.67. Found: C, 45.51; H, 2.62; N, 2.87.

4.2.1.1.3. 2,4-Dibromo-6-((5-oxo-2-(3,4,5-trimethoxyphenyl)oxa-
zol-4(5H)-ylidene) methyl) phenyl acetate 2c. Orange crystals, yield:
73%, mp: 194e196 �C; crystallized from ethanol/H2O (1:3). IR nmax:
3078 (arom.CH), 2924 (aliph.CH), 1803 (C¼O of lactone ring), 1747
(C¼O), 1643 (C¼N), 1585 (C¼C), 1083 (C-O) cm�1. 1HNMR
(DMSO‑d6, D2O) d: 2.41 (s, 3H, CH3CO), 3.81 (s, 3H, OCH3), 3.89 (s,
6H, 2OCH3), 7.25 (s, 1H, arom. CH), 7.32 (s, 2H, arom. CH), 8.62 (s,
2H, arom. CH and olefenic. CH) ppm. 13CNMR (DMSO‑d6) d: 20.66
(CH3CO), 56.48 (2OCH3), 60,87 (OCH3), 105.84 (C2,6 trimethox-
yphenyl), 118.04 (C olefenic and C2 dibromphenyl), 119.93 (C4
dibromphenyl), 125.88 (C1 trimethoxyphenyl), 134.85 (C6
dibromphenyl), 135.52 (C5 dibromphenyl), 135.71 (C3 dibrom-
phenyl and C4 oxazole), 143.23 (C4 trimethoxyphenyl), 147.15 (C1
dibromphenyl), 153.69 (C3,5 trimethoxyphenyl), 164.42 (C2 oxa-
zole), 166.68 (C¼O acetyl), 167.57 (C5 oxazole) ppm. MS (m/z, %):
555.80 (Mþ, 15.26), 96.39 (100). Anal. Calc. for C21H17Br2NO7

(555.17); Calculated: C, 45.43; H, 3.09; N, 2.52. Found: C, 45.73; H,
2.94; N, 2.76.

4.2.2. 3-(2-Carbamothioylhydrazinyl)-2-(2-substitutedbenzamido–
3-oxoprop-1-en-1-yl)-4,6-dibromophenyl acetate 3a-c
4.2.2.1. General procedure. A mixture of compounds 2a-c
(0.01mol), thiosemicarbazide (0.01mol) and anhydrous sodium
acetate (0.015mol) in glacial acetic acid (30mL) was heated under
reflux for 1 h. After refluxing time, the reaction mixture it was
cooled and poured over crushed ice, the solid obtained was filtered
off, dried and purified on silica gel using methylene chloride as
eluent to give the pure compounds 3a-c.

4.2.2.1.1. 2-(2-Benzamido-3-(2-carbamothioylhydrazinyl)-3-
oxoprop-1-en-1-yl)-4,6-dibromophenyl acetate 3a. White crystals,
yield: 43%, mp: 183e185 �C; . IR nmax: 3455, 3309, 3201, 3191 (NH),
3066 (arom.CH), 2978 (aliph.CH), 1759 (C¼O), 1651 (C¼O), 1624
(C¼N), 1508 (C¼C), 1396 (C¼S), 1134 (C-O) cm�1. 1HNMR
(DMSO‑d6,D2O) d:2.39 (s, 3H,CH3CO),7.09 (s, 1H,arom.CH),7.16 (s,
1H, NH, D2O exchange), 7.54e7.57 (t, 2H, arom. CH), 7.62e7.65 (t,
1H, arom. CH), 7.94.7.95 (m, 4H, 3 arom. CH and olefenic. CH),8.11 (s,
1H, NH, D2O exchange), 9.51 (s, 1H, NH, D2O exchange), 10.42, 10.46
(s, 2H, NH2, D2O exchange) ppm. 13CNMR (DMSO‑d6) d: 20.64
(CH3CO), 117.59 (C2,4 dibromophenyl), 125.20 (C olefenic), 128.39
(C6 dibromphenyl and C olefenic-N), 128.88 (C2,6 benzene and C5
dibromophenyl), 131.12 (C3 benzene), 132.69 (C5 benzene), 133.53
(C1,4 benzene), 135.52 (C3 dibromophenyl), 145.67 (C1 dibromo-
phenyl), 164.28(C¼O benzamide), 167.49 (C¼O hydrazino), 167.66
(C¼O acetyl), 182.52 (C¼S) ppm. MS (m/z, %): 556.84 (Mþ, 10.13),
436.73 (100). Anal. Calc. for C19H16Br2N4O4S (556.23). Calculated: C,
41.03; H, 2.90; N, 10.07. Found: C, 40.71; H, 3.17; N, 10.22.

4.2.2.1.2. 2,4-Dibromo-6-(3-(2-carbamothioylhydrazinyl)-2-(3,4-
dimethoxybenzamido)-3-oxoprop-1-en-1-yl)phenyl acetate 3 b.
Pale yellow crystals, Yield: 41%, mp: 190e192 �C; . IR nmax: 3455,
3309, 3201, 3191 (NH), 3066 (arom.CH), 2978 (aliph.CH), 1759
(C¼O), 1651 (C¼O), 1624 (C¼N), 1508 (C¼C), 1396 (C¼S), 1134 (C-O)
cm�1. 1HNMR (DMSO‑d6, D2O) d: 1.91 (s, 3H,CH3CO),3.83 (s, 3H,
OCH3), 3.85 (s, 3H, OCH3), 7.02 (s, 1H, NH,D2O exchange), 7.11e7.13
(d, 2H, arom. CH), 7.56e7.60 (s, 2H, arom. CH), 7.96 (s, 2H, arom. CH
and olefenic. CH), 8.09 (s, 1H, NH, D2O exchange), 9.50 (s, 1H, NH,
D2O exchange), 10.31, 10.45 (s, 2H, NH2, D2Oexchange) ppm.
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13CNMR (DMSO‑d6) d: 20.64 (CH3CO),56.19 (OCH3),56.34
(OCH3),111.58 (C4 dimethoxyphenyl), 117.61 (C2 dibromophenyl),
119.39 (C2 dimethoxyphenyl), 122.12 (C4 dimethoxyphenyl), 122.88
(C6 dimethoxyphenyl), 124.44 (C olefenic), 131.52 (C1 dimethox-
yphenyl), 133.58 (C6 dibromophenyl), 135.81 (C olefenic), 138.56
(C5 dibromophenyl), 145.64 (C3 dibromophenyl), 148.97 (C1
dibromophenyl), 152.62 (C3 dimethoxyphenyl), 153.30(C4 dime-
thoxyphenyl), 167.03(C¼O benzamide), 167.52 (C¼O hydrazino),
168.52 (C¼O acetyl), 182.35 (C¼S) ppm. MS (m/z, %): 616.07 (Mþ,
20.78), 369.07 (100). Anal. Calc. for C21H20Br2N4O6S (616.28)
Calculated: C, 40.93; H, 3.27; N, 9.09. Found: C, 41.05; H, 3.06; N,
9.41.

4.2.2.1.3. 2,4-Dibromo-6-(3-(2-carbamothioylhydrazinyl)-3-oxo-
2-(3,4,5-trimethoxy benzamido)prop-1-en-1-yl)phenyl acetate 3c.
Orange crystals, yield: 49%, mp: 200e202 �C; IR nmax: 3468, 3312,
3210, 3194 (NH), 3082 (arom.CH), 2939 (aliph.CH), 1766 (C¼O),
1693 (C¼O), 1639 (C¼N), 1585 (C¼C), 1411 (C¼S), 1095 (C-O) cm�1.
1HNMR (DMSO‑d6, D2O) d: 2.40 (s, 3H,CH3CO),3.75 (s, 3H, OCH3),
3.87 (s, 6H, 2OCH3), 7.06 (s, 1H, NH,D2O exchange), 7.13 (s, 1H, arom.
CH), 7.30e7.32 (s, 2H, arom. CH), 7.98 (s, 2H, arom. CH and olefenic.
CH), 8.08 (s, 1H, NH, D2O exchange), 9.52 (s, 1H, NH, D2O exchange),
10.39, 10.45 (s, 2H, NH2, D2O exchange) ppm. 13CNMR (DMSO‑d6) d:
20.64 (CH3CO),56.61 (2OCH3),60,67 (OCH3),106.02 (C2,6 trime-
thoxyphenyl), 117.66 (C2,4 dibromophenyl), 124.84 (C olefenic),
128.53 (C6 dibromophenyl), 131.30 (C olefenic-N), 133.63 (C3,5
dibromophenyl), 135.40 (C1trimethoxyphenyl), 141.32 (C4 trime-
thoxyphenyl), 145.74 (C1 dibromophenyl), 153.12 (C3,5 trimethox-
yphenyl), 164.40 (C¼O benzamide), 166.98 (C¼O hydrazino), 167.68
(C¼O acetyl), 182.55 (C¼S) ppm. MS (m/z, %): 645.83 (Mþ, 10.03),
482.69 (100). Anal. Calc. for C22H22Br2N4O7S (646.31) Calculated: C,
40.88; H, 3.43; N, 8.67. Found: C, 41.18; H, 3.29; N, 8.90.

4.2.3. 2,4-Dibromo-6-((2-carbamothioyl-6-oxo-3-aryl-1,6-
dihydro-1,2,4-triazin-5(2H)- ylidene)methyl)phenyl acetate 4a-c
4.2.3.1. General procedure

4.2.3.1.1. Method A. A mixture of compounds 2aec (0.01mol),
thiosemicarbazide (0.01mol) and anhydrous sodium acetate
(0.015mol) in glacial acetic acid (30mL) was heated under reflux
for 8 h, Then, the reaction mixturewas poured over crushed ice and
the obtained solid was filtered and dried. The resulting solid was
subjected to column chromatography using ethyl acetate/light pe-
troleum (20%) as mixed solvent to obtain the pure compounds 4a-c.

4.2.3.1.2. Method B. A mixture of compounds 3a-c (0.001mol)
and anhydrous pyridine (10mL) is heated on an oil bath at 120 �C
for 4 h. After cooling to room temperature, the solution is poured
over crushed ice and left to stand at room temperature for further
1 h. The formed precipitate is filtered off and washes with water
(80mL). The crude product is subjected to column chromatography
using ethyl acetate/light petroleum (20%) as mixed solvent to
obtain the pure compounds 4a-c.

4.2.3.1.2.1. 2,4-Dibromo-6-((2-carbamothioyl-6-oxo-3-phenyl-
1,6-dihydro-1,2,4-triazin-5(2H)-ylidene)methyl)phenyl acetate 4a

White crystals, yield: 53%, mp: 248e250 �C; IR nmax: 3417, 3309,
3201 (NH), 3078 (arom.CH), 2924 (aliph.CH), 1732 (C¼O), 1643
(C¼O), 1620 (C¼N), 1527 (C¼C), 1354 (C¼S), 1172 (C-O) cm�1.
1HNMR (DMSO‑d6, D2O) d: 2.43 (s, 3H, CH3CO), 7.28 (s, 1H, arom.
CH), 7.62e7.70 (m, 3H, arom. CH), 7.93e7.95 (d, 2H, arom. CH),
8.36,8.46 (s, 2H, NH2, D2O exchange), 8.73 (s, 2H, arom. CH and
olefenic. CH), 10.06 (s, 1H, NH, D2O exchange) ppm. 13CNMR
(DMSO‑d6) d: 20.69 (CH3CO), 117.97 (C olefenic), 123.82 (C2 dibro-
mophenyl), 127.53 (C4 dibromophenyl), 128.72 (C2,6 benzene),
128.94 (C6 dibromophenyl), 129.18 (C3,5 benzene), 133.26 (C5
dibromophenyl), 135.54 (C4 benzene), 135.93 (C3 dibromophenyl
and C1 benzene), 138.38 (C5 triazine), 146.82 (C1 dibromophenyl),
161.07 (C3 triazine), 167.66 (C6 triazine), 168.36 (C¼O acetyl),
182.43 (C¼S) ppm. MS (m/z, %): 538.75 (Mþ, 49.79), 399 (100). Anal.
Calc. for C19H14Br2N4O3S (538.21) Calculated: C, 42.40; H, 2.62; N,
10.41. Found: C, 42.53; H, 2.90; N, 10.12.

4.2 .3 .1.2 .2 . 2 ,4-Dibromo-6-((2-carbamothioyl-3-(3 ,4-
dimethoxyphenyl)-6-oxo-1,6-dihydro- 1,2,4-triazin-5(2H)-ylidene)
methyl)phenyl acetate 4 b

Pale yellow crystals, yield: 47%, mp: 259e261 �C; IR nmax: 3437,
3332, 3224 (NH), 3062 (arom.CH), 2924 (aliph.CH), 1770 (C¼O),
1662 (C¼O), 1631 (C¼N), 1597 (C¼C), 1419 (C¼S), 1153 (C-O)
cm�1.1HNMR (DMSO‑d6, D2O) d: 2.43 (s, 3H, CH3CO),3.88 (s, 3H,
OCH3), 3.89 (s, 3H, OCH3), 7.17 (s, 1H, arom. CH), 7.23e7.25 (d, 1H,
arom. CH),7.61 (s, 1H, arom. CH), 7.66e7.68 (d, 1H, arom. CH),
8.33e8.48 (s, 2H, NH2,D2O exchange), 8.76 (s, 2H, arom. CH and
olefenic. CH), 10.18 (s, 1H,NH, D2O exchange) ppm. 13CNMR
(DMSO‑d6) d: 20.69 (CH3,CH3CO),55,87 (OCH3), 56.34 (OCH3),111.16
(C olefenic), 112.42 (C2 dimethoxyphenyl), 117.87 (C2,4 dibromo-
phenyl), 119.39 (C5 dimethoxyphenyl), 122.12 (C1 dimethox-
yphenyl), 122.87 (C6 dimethoxyphenyl), 135.85 (C3,6
dibromophenyl), 138.55 (C5 dibromophenyl andC5 triazine), 146.50
(C1 dibromophenyl), 148.96 (C3 dimethoxyphenyl), 153.30 (C4
dimethoxyphenyl), 159.95(C3 triazine), 167.69 (C6 triazine), 168.52
(C¼O acetyl), 182.35 (C¼S) ppm. MS (m/z, %): 598.07 (Mþ, 30.87),
383.86 (100). Anal. Calc. for C21H18Br2N4O5S (598.26) Calculated: C,
42.16; H, 3.03; N, 9.36. Found: C, 41.97; H, 3.19; N, 9.08.

4.2.3.1.2.3. 2,4-Dibromo-6-((2-carbamothioyl-6-oxo-3-(3,4,5-
trimethoxyphenyl)-1,6-dihydro-1,2,4-triazin-5(2H)-ylidene)methyl)
phenyl acetate 4c

Yellow crystals, yield: 51%, mp: 272e274 �C; IR nmax: 3421, 3309,
3190 (NH), 3082 (arom.CH), 2939 (aliph.CH), 1747 (C¼O), 1648
(C¼O), 1612 (C¼N), 1585 (C¼C), 1419 (C¼S), 1126 (C-O) cm�1.
1HNMR (400MHz, DMSO‑d6) d: 2.43 (s, 3H, CH3CO),3.78 (s, 3H,
OCH3),3.90 (s, 6H, 2OCH3), 7.23 (s, 1H, arom. CH), 7.36 (s, 2H, arom.
CH), 8.36e8.53 (s, 2H, NH2, D2O exchange), 8.77 (s, 2H, arom. CH
and olefenic. CH), 10.25 (s, 1H, NH, D2O exchange) ppm.13CNMR
(DMSO‑d6) d: 20.69 (CH3CO), 56.45 (2OCH3), 60.82 (OCH3), 106.16
(C2,6 trimethoxyphenyl), 117.89 (C olefenic and C2 dibromophenyl),
122.21 (C4 dibromophenyl), 123.16 (C6 dibromophenyl), 135.67 (C1
trimethoxyphenyl), 136.01 (C5 dibromophenyl and C5 triazine),
138.35 (C3 dibromophenyl), 141.97 (C4 trimethoxyphenyl), 146.70
(C3 triazine), 153.35 (C3,5 trimethoxyphenyl), 159.78 (C1 dibro-
mophenyl), 167.68 (C6 triazine), 168.43 (C¼O acetyl), 182.36 (C¼S)
ppm. MS (m/z, %): 628.18 (Mþ, 6.47), 511.86 (100). Anal. Calc. for
C22H20Br2N4O6S (628.29) Calculated: C, 42.06; H, 3.21; N, 8.92.
Found: C, 42.23; H, 2.96; N, 8.70.

4.2.4. 2,4-Dibromo-6-((6-oxo-3-aryl-2-(5-(4-substitutedphenyl)
thiazol-2-yl)-1,6-dihydro-1,2,4-triazin-5(2H)-ylidene)methyl)
phenyl acetate 5a-f
4.2.4.1. General procedure. To a suspension of compounds 4a-c
(0.01mol) and anhydrous sodium acetate (0.015mol) in ethanol
(20mL), appropriate phenacyl bromide (0.01mol) was added and
the reaction mixture was heated under reflux for 3 h. After
refluxing time,the reaction mixture is cooled and the formed pre-
cipitate was, filtered and recrystallized from proper solvent.

4.2.4.1.1. 2,4-Dibromo-6-((6-oxo-3-phenyl-2-(5-phenylthiazol-2-
yl)-1,6-dihydro-1,2,4-triazin-5(2H)-ylidene)methyl)phenyl acetate
5a. Pale brown solid, yield: 59%, mp: 213e215 �C; 9 ethanol/H2O
(1:3)). IR nmax: 3317 (NH), 3011 (arom.CH), 2944 (aliph.CH), 1743
(C¼O), 1635 (C¼O), 1527 (C¼N), 1513 (C¼C), 1188(C-O) cm�1.1H
NMR (400MHz, DMSO‑d6): 2.44 (s, 3H, CH3CO), 7.21 (s, 1H, thiazole.
CH), 7.27e7.29 (t, 1H, arom. CH),7.35e7.39 (t, 2H, arom. CH),
7.56e7.61 (t, 3H, arom. CH), 7.74e7.75 (d, 2H, arom. CH), 7.95 (s, 1H,
arom. CH), 8.06e8.08 (d, 2H, arom. CH), 8.58e8.60 (s, 2H, arom. CH
and olefenic. CH), 10.74 (s, 1H, NH, D2O exchange) ppm. 13CNMR
(DMSO‑d6) d: 20.69 (CH3CO), 118.15 (C olefenic), 125.79 (C2
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dibromophenyl), 127.24 (C4 dibromophenyl), 128.02 (C5 thiazole),
128.65 (C2,4,6 benzene-thiazole), 129.27 (C6 dibromophenyl),
129.87 (C2,6 benzene-triazine), 133.54 (C1,3,5 benzene-triazine),
133.64 (C3,5 benzene-thiazole), 135.04 (C5 dibromophenyl),
136.40 (C4 benzene-triazine), 137.05 (C1 benzene-thiazole), 147.39
(C3 dibromophenyl and C5 triazine), 148.48 (C4 thiazole), 147.39
(C1 dibromophenyl),156.04 (C3 triazine), 161.00 (C6 triazine),
167.62 (C2 thiazole), 168.57 (C¼O acetyl) ppm. MS (m/z, %): 637.79
(Mþ, 10.81), 419.67 (100). Anal. Calc. for C27H18Br2N4O3S (638.33)
Calculated: C, 50.80; H, 2.84; N, 8.78. Found: C, 50.59; H, 3.05; N,
8.98.

4.2.4.1.2. 2,4-Dibromo-6-((2-(5-(4-bromophenyl)thiazol-2-yl)-6-
oxo-3-phenyl-1,6-dihydro-1,2,4-triazin-5(2H)-ylidene)methyl)phenyl
acetate 5 b. Brown crystals, yield: 67%, mp: 222e224 �C; crystal-
lized (dioxane/H2O (1:2)). IR nmax: 3317 (NH), 3011 (arom.CH), 2944
(aliph.CH), 1743 (C¼O), 1635 (C¼O), 1527 (C¼N), 1513 (C¼C),
1188(C-O) cm�1.1HNMR (400MHz, DMSO‑d6) d:2.44 (s, 3H, CH3CO),
7.33 (s, 1H, thiazole. CH), 7.48 (s, 1H, arom. CH), 7.55e7.69 (m, 7H,
arom. CH), 8.09e8.11 (d, 2H, arom. CH), 8.77 (s, 2H, arom. CH and
olefenic. CH), 10.82 (s, 1H, NH, D2O exchange) ppm. 13CNMR
(DMSO‑d6) d: 20.68 (CH3CO),106.56 (C2,4 dibromophenyl), 117.99(C
olefenic), 121.37 (C5 thiazole), 124.82 (C4 benzene-thiazole), 127.49
(C6 dibromophenyl), 128.05 (C2,6 benzene and C2,6 benzene-
thiazole), 128.93 (C1,3,5 benzene), 132.07 (C4 benzene and C5
dibromophenyl), 133.31 (C3,5 benzene-thiazole), 133.56 (C1
benzene-thiazole),135.31 (C3 dibromophenyl),136.22 (C5 triazine),
137.80 (C4 thiazole), 147.04 (C1 dibromophenyl), 162.19 (C3
triazine), 167.66 (C6 triazine), 168.08 (C2 thiazole), 168.66 (C¼O
acetyl) ppm. MS (m/z, %): 717.50 (Mþ, 13.94), 429.95 (100). Anal.
Calc. for C27H17Br3N4O3S (717.23) Calculated: C, 45.21; H, 2.39; N,
7.81. Found: C, 45.41; H, 2.57; N, 7.77.

4.2.4.1.3. 2,4-Dibromo-6-((3-(3,4-dimethoxyphenyl)-6-oxo-2-(5-
phenylthiazol-2-yl)-1,6-dihydro-1,2,4-triazin-5(2H)-ylidene)methyl)
phenyl acetate 5c. Orange crystals, yield: 64%, mp: 217e219 �C;
(ethanol/H2O (1:3)). IR nmax: 3309 (NH), 3062 (arom.CH), 2935
(aliph.CH), 1739 (C¼O), 1635 (C¼O), 1585 (C¼N), 1496 (C¼C),
1126(C-O) cm�1.1HNMR (400MHz,DMSO‑d6) d:2.44 (s, 3H,
CH3CO),3.78 (s, 3H, OCH3),3.84 (s, 3H, OCH3),7.17e7.19 (d, 1H, arom.
CH), 7.25 (s, 1H, thiazole. CH), 7.48 (s, 1H, arom. CH), 7.55e7.57 (d,
2H, arom. CH),7.68e7.70 (d, 2H, arom. CH), 7.76 (s, 1H, arom. CH),
7.83e7.85 (d, 2H, arom. CH), 8.80 (s, 2H, arom. CH and olefenic. CH),
10.86 (s, 1H, NH, D2O exchange) ppm. 13CNMR (DMSO‑d6): d: 20.69
(CH3CO),55.77 (OCH3),56,27 (OCH3), 111.51(C olefenic), 112.31 (C2
dimethoxyphenyl), 117.89 (C3,4 dibromophenyl and C4 dimethox-
yphenyl), 119.83 (C5 thiazole), 121.37 (C1 dimethoxyphenyl), 123.02
(C6 dimethoxyphenyl), 123.15 (C6 dibromophenyl), 128.08 (C2,4,6
benzene-thiazole), 132.08 (C5 dibromophenyl and C3,5 benzene-
thiazole), 135.63 (C1 benzene-thiazole and C3 dibromophenyl),
136.13 (C5 triazine and C4 thiazole), 137.91 (C1 dibromophenyl),
146.74 (C3 dimethoxyphenyl), 149.02 (C4 dimethoxyphenyl),
153.44 (C3 triazine), 160.97 (C6 triazine), 167.66 (C2 thiazole),
168.73 (C¼O acetyl) ppm. MS (m/z, %): 698.84 (Mþ, 4.36), 421.77
(100). Anal. Calc. for C29H22Br2N4O5S (698.38) Calculated: C, 49.87;
H, 3.18; N, 8.02. Found: C, 49.91; H, 2.89; N, 7.70.

4.2.4.1.4. 2,4-Dibromo-6-((2-(5-(4-bromophenyl)thiazol-2-yl)-3-
(3,4-dimethoxyphenyl)-6-oxo-1,6-dihydro-1,2,4-triazin-5(2H)-yli-
dene)methyl)phenyl acetate 5 d. Pale yellow crystals, Pale yellow
crystals, yield: 61%, mp: 214e216 �C; (ethanol/H2O (1:3)). IR nmax:
3244 (NH), 3054 (arom.CH), 2900 (aliph.CH), 1773 (C¼O),
1643(C¼O), 1585 (C¼N), 1496 (C¼C), 1168 (C-O) cm-1.1HNMR
(DMSO‑d6, D2O) d: 2.44 (s, 3H, CH3),3.78 (s, 3H, OCH3),3.84 (s,
3H, OCH3),7.17 (s,1H, arom. CH), 7.25 (s,1H, thiazole. CH), 7.35e7.40
(m, 3H, arom. CH),7.73e7.85 (m, 3H, arom. CH), 7.87 (s, 1H, arom.
CH), 8.80 (s, 2H, arom. CH and olefenic. CH), 10.84 (s, 1H, NH, D2O
exchange) ppm. 13CNMR (DMSO‑d6) d: 20.70 (CH3,CH3CO),55.78
(OCH3),56.27 (OCH3), 111.53(C olefenic), 112.31 (C2,5 dimethox-
yphenyl), 117.89 (C3,4 dibromophenyl,C1 dimethoxyphenyl and C5
thiazole), 119.41 (C4benzene-thiazole), 123.05 (C6 dimethox-
yphenyl and C6 dibromophenyl), 126.08 (C2,6 benzene-thiazole),
128.33 (C5 dibromophenyl), 129.13 (C3,5benzene-thiazole), 135.65
(C1 benzene-thiazole), 136.13 (C3 dibromophenyl and C5 triazine),
137.95 (C4 thiazole), 146.73 (C1 dibromophenyl), 149.73
(C3,4dimethoxyphenyl), 153.44 (C3 triazine), 161.06 (C6 triazine
and C2 thiazole), 167.67(C¼O acetyl) ppm. MS (m/z, %): 777.31 (Mþ,
13.56), 565.29(100). Anal. Calc. for C29H21Br3N4O5S (777.28)
Calculated: C, 44.81; H, 2.72; N, 7.21. Found: C, 44.98; H, 2.90; N,
7.18.

4.2.4.1.5. 5 -(3,5-Dibromo-2-(2-oxopropyl)benzylidene)-2-(5-
phenylthiazol-2-yl)-3-(3,4,5-trimethoxyphenyl)-1,2-dihydro-1,2,4-
triazin-6(5H)-one 5e. Pale yellow crystals, yield: 65%, mp:
218e219 �C; (dioxane/H2O (1:2)). IR nmax: 3321 (NH), 3046
(arom.CH), 2924 (aliph.CH), 1774 (C¼O), 1639 (C¼O), 1597 (C¼N),
1543 (C¼C), 1107(C-O) cm�1.1HNMR (400MHz,DMSO‑d6) d:2.44 (s,
3H, CH3CO),3.75 (s, 3H, OCH3),3.77 (s, 6H, 2OCH3),7.28e7.30 (m, 5H,
4 arom. CH and 1H thiazole. CH), 7.51 (s, 2H, arom. CH),7.73e7.75 (d,
2H, arom. CH), 8.81 (s, 2H, arom. CH and olefenic. CH), 10.84 (s, 1H,
NH, D2O exchange) ppm. 13CNMR (DMSO‑d6) d: 20.70 (CH3CO),
56.35 (2OCH3),60,76 (OCH3),106.53 (C2,6 trimethoxyphenyl),117.92
(C olefenic), 118.00 (C2 dibromophenyl), 123.36 (C4 dibromo-
phenyl), 123.21 (C5 thiazole), 125.05 (C1 trimethoxyphenyl), 126.08
(C6 dibromophenyl and C2,6 benzene-thiazole), 128.34 (C4
benzene-thiazole), 129.14 (C3,5 benzene-thiazole and C5 dibro-
mophenyl), 135.47 (C1 benzene-thiazole), 136.30 (C5 triazine and
C3 dibromophenyl), 137.11 (C4 thiazole), 142.04(C4 trimethox-
yphenyl), 143.21 (C1 dibromophenyl), 146.92 (C3,5 trimethox-
yphenyl), 153.30 (C3,6 triazine), 161.37 (C2 thiazole), 167.66 (C¼O
acetyl) ppm. MS (m/z, %): 728.81 (Mþ, 3.28), 113.53 (100). Anal. Calc.
for C30H24Br2N4O6S (728.41) Calculated: C, 49.47; H, 3.32; N, 7.69.
Found: C, 49.24; H, 3.54; N, 7.43.

4.2.4.1.6. 2,4-Dibromo-6-((2-(5-(4-bromophenyl)thiazol-2-yl)-6-
oxo-3-(3,4,5-trimethoxyphenyl)-1,6-dihydro-1,2,4-triazin-5(2H)-yli-
dene)methyl)phenyl acetate 5f. Orange crystals, Orange crystals,
yield: 69%, mp: 222e224 �C; (dioxane/H2O (1:2)). IR nmax: 3221
(NH), 3082 (arom.CH), 2958 (aliph.CH), 1770 (C¼O), 1635 (C¼O),
1585 (C¼C), 1543 (C¼N), 1103(C-O) cm-1. 1HNMR (DMSO‑d6, D2O)
d:2.44 (s, 3H, CH3),3.75 (s, 3H, OCH3),3.76 (s, 6H, 2OCH3),7.31 (s,
1H, arom. CH),7.49 (s, 3H, 2arom.CH and 1H, thiazole. CH),
7.55e7.57 (m, 2H, arom. CH),7.68e7.70 (m, 2H, arom. CH), 8.81 (s,
2H, arom. CH and olefenic. CH), 10.86 (s, 1H, NH, D2O exchange)
ppm. 13CNMR (DMSO‑d6) d: 20.66 (CH3CO), 56.33 (2OCH3),60,77
(OCH3), 106.46 (C2,6 trimethoxyphenyl), 117.91 (C olefenic), 121.40
(C2 dibromophenl), 122.31 (C4 dibromophenyl), 124.20 (C5 thia-
zole), 128.06 (C1 trimethoxyphenyl and C4 benzene-thiazole),
132.08 (C6 dibromophenyl and C2,6 benzene-thiazole), 133.49 (C5
dibromophenyl), 135.41 (C3,5 benzene-thiazole), 136.27 (C1
benzene-thiazole), 137.72 (C5 triazine and C3 dibromophenyl),
141.99 (C4 thiazole), 146.9 (C4 trimethoxyphenyl), 153.29 (C1
dibromophenyl and C3,5 trimethoxyphenyl), 161.25 (C3,6 triazine),
167.71 (C2 thiazole), 168.59 (C¼O acetyl) ppm. MS (m/z, %): 807.77
(Mþ, 10.53), 75.63(100). Anal. Calc. for C31H23Br3N4O6S (807.30):
Calculated: C, 44.63; H, 2.87; N, 6.94. Found: C, 44.76; H, 3.15; N,
6.65.

4.2.5. 2,4-Dibromo-6-((1-methyl-8-oxo-5-aryl-3-thioxo-3H-[1,2,4]
triazolo[1,2-a][1,2,4]triazin-7(8H)-ylidene)methyl)phenyl acetate
6a-c
4.2.5.1. General procedure. A suspension of compounds 4a-c
(0.01mol) in acetonitrile (30mL), acetic anhydride (0.02mol) is
added. The reaction mixture is heated under reflux for 7e8 h, After
the reaction mixture is cooled to room temperature and the formed
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precipitate is filtered off, washed several times with light petro-
leum ether, dried and then recrystallized from dioxane/H2O (5:1).

4.2.5.1.2. 2,4-Dibromo-6-((1-methyl-8-oxo-5-phenyl-3-thioxo-
3H- [1,2,4]triazolo [1,2-a] [1,2,4]triazin-7(8H)-ylidene)methyl)phenyl
acetate 6a. Brown crystals, yield: 47%, mp: 171e173 �C; IR nmax:
3070 (arom.CH), 2935 (aliph.CH), 1739 (C¼O), 1643 (C¼O), 1631
(C¼N), 1580 (C¼C), 1365 (C¼S), 1172 (C-O) cm�1. 1HNMR (DMSO‑d6)
d: 1.91 (s, 3H, CH3), 2.39 (s, 3H, CH3CO), 7.33 (s, 1H, arom. CH),
7.69e7.74 (m, 2H, arom. CH), 7.78 (s, 1H, arom. CH), 8.05e8.09 (m,
2H, arom. CH), 8.65 (s, 2H, arom. CH and olefenic. CH) ppm. 13CNMR
(DMSO‑d6) d: 16.01 (CH3), 20.69 (CH3CO), 118.10 (C olefenic), 125.23
(C2 dibromphenyl), 126.42 (C4 benzene), 128.64 (C4,6 dibrom-
phenyl), 129.88 (C2,6 benzene), 129.96 (C3,5 benzene), 134.03 (C1
benzene), 135.47 (C5 dibromophenyl), 135.62 (C3 dibromophenyl),
135.72 (C7 triazine), 136.55 (C1 triazole), 147.24 (C1 dibromphenyl),
164.86 (C5 triazine), 166.74 (C8 triazine), 167.59 (C¼O acetyl),
172.47 (C¼S) ppm. MS (m/z, %): 562.85 (Mþ, 2.70), 436.81 (100).
Anal. Calc. for C21H14Br2N4O3S (562.23) Calculated: C, 44.86; H,
2.51; N, 9.97. Found: C, 44.63; H, 2.73; N, 9.75.

4.2.5.1.2. 2,4-Dibromo-6-((5-(3,4-dimethoxyphenyl)-1-methyl-8-
oxo-3-thioxo-3H- [1,2,4]triazolo [1,2-a] [1,2,4]triazin-7(8H)-ylidene)
methyl)phenyl acetate 6 b. Yellow crystals, yield: 51%, mp:
177e178 �C; IR nmax: 3066 (arom.CH), 2931 (aliph.CH), 1774 (C¼O),
1654 (C¼O), 1593 (C¼N), 1558, 1504 (C¼C), 1432 (C¼S), 1153 (C-O)
cm�1. 1HNMR (DMSO‑d6) d: 2.43 (s, 3H, CH3), 2.51 (s, 3H, CH3CO),
3.88 (s, 3H, OCH3), 3.90 (s, 3H, OCH3),7.17 (s, 1H, arom. CH), 7.23 (s,
1H, arom. CH), 7.53 (s, 1H, arom. CH), 7.73 (s, 1H, arom. CH), 8.53 (s,
2H, arom. CH and olefenic. CH) ppm. 13CNMR (DMSO‑d6) d: 18.93
(CH3), 20.65 (CH3CO), 56.06 (OCH3), 56.15 (OCH3), 112.02 (C.
olefinic), 112.25 (C2 dimethoxyphenyl), 112.31 (C5 dimethox-
yphenyl), 120.68 (C2 dibromophenyl), 124.96 (C6 dimethox-
yphenyl), 128.91 (C6 dibromophenyl), 129.38 (C4 dibromophenyl),
131.38 (C1 dimethoxyphenyl), 135.72 (C5 dibromophenyl), 136.39
(C3 dibromophenyl), 138.33 (C7 triazine), 140.60 (C1 triazole),
146.65 (C1 dibromophenyl), 149.34 (C3 dimethoxyphenyl), 153.02
(C4 dimethoxyphenyl), 161.44 (C5 triazine), 163.18 (C8 triazine),
167.76 (C¼O acetyl), 170.18 (C¼S) ppm. MS (m/z, %): 622.42 (Mþ,
16.73), 157.03 (100). Anal. Calc. for C23H18Br2N4O5S (622.29).
Calculated: C, 44.39; H, 2.92; N, 9.00. Found: C, 44.56; H, 3.04; N,
8.97.

4.2.5.1.3. 2,4-Dibromo-6-((1-methyl-8-oxo-3-thioxo-5-(3,4,5-
trimethoxyphenyl)-3H- [1,2,4]triazolo [1,2-a] [1,2,4]triazin-7(8H)-
ylidene)methyl)phenyl acetate 6c. Red crystals, yield: 53%, mp:
177e179 �C; IR nmax: 3074 (arom.CH), 2943 (aliph.CH), 1774 (C¼O),
1655 (C¼O), 1585 (C¼N), 1543 (C¼C), 1369 (C¼S), 1132 (C-O) cm�1.
1HNMR (DMSO‑d6) d: 2.37 (s, 3H, CH3), 2.42 (s, 3H, CH3CO), 3.81 (s,
3H, OCH3), 3.90 (s, 6H, 2OCH3),7.31e7.35 (m, 2H, arom. CH), 7.44 (s,
1H, arom. CH), 8.61 (s, 2H, arom. CH and olefenic. CH) ppm. 13CNMR
(DMSO‑d6) d: 20.66 (CH3), 21.02 (CH3CO), 56.48 (2OCH3),60.85
(OCH3), 105.85 (C2,6 trimethoxyphenyl), 116.57 (C olefenic), 118.04
(C2 dibromphenyl), 119.94 (C4,6dibromphenyl), 120.19 (C1 trime-
thoxyphenyl), 125.88 (C5 dibromphenyl), 132.98 (C7 triazine and
C3dibromphenyl), 133.58 (C4 trimethoxyphenyl), 135.53 (C1 tri-
azole), 147.15 (C1, dibromphenyl), 153.72 (C3,5 trimethoxyphenyl),
164.43 (C5 triazine), 166.69 (C8 triazine), 167.58 (C¼O acetyl),
168.63 (C¼S) ppm. MS (m/z, %): 562.85 (Mþ, 2.70), 436.81 (100). MS
(m/z, %): 651.85 (Mþ, 6.38), 479.67 (100). Anal. Calc. for
C24H20Br2N4O6S (652.31) Calculated: C, 44.19; H, 3.09; N, 8.59.
Found: C, 44.34; H, 2.87; N, 8.93.

4.2.6. 2,4-Dibromo-6-((6-oxo-3-aryl-2-phenyl-1,6-dihydro-1,2,4-
triazin-5(2H)-ylidene)methyl)phenyl acetate 7a-c
4.2.6.1. General procedure. To a suspension of compounds 2a-c
(0.01mol) in ethanol, phenyl hydrazine (0.01mol) is added. The
reaction mixture is heated under reflux for 5 h and then
concentrated to half amount. After cooling, the obtained solid
product is filtered and recrystallized from proper solvent.

4.2.6.1.1. 2,4-Dibromo-6-((6-oxo-2,3-diphenyl-1,6-dihydro-1,2,4-
triazin-5(2H)-ylidene) methyl)phenyl acetate 7a. Orange crystals,
yield: 56%, mp: 202e204 �C; (ethanol/H2O (3:1)). IR nmax: 3275
(NH), 3074 (arom.CH), 2924 (aliph.CH), 1766 (C¼O), 1639 (C¼O),
1604 (C¼N),1535 (C¼C),1180 (C-O) cm�1.1HNMR (DMSO‑d6) d: 2.44
(s, 3H, CH3CO), 6.73e6.75 (d, 2H, arom. CH), 6.82e6.85 (t, 1H, arom.
CH), 7.19e7.23 (t,2H, arom. CH),7.26 (s, 1H, arom. CH),7.54e7.58 (t,
2H, arom. CH),7.61e7.63 (s, 1H, arom. CH), 8.12e8.14 (d, 2H, arom.
CH), 8.77 (s, 2H, arom. CH and olefenic. CH),9.01 (s, 1H, NH, D2O
exchange) ppm. 13CNMR (DMSO‑d6) d: 20.69 (CH3CO), 112.75 (C
olefenic), 117.93 (C2,4 dibromphenyl), 126.41 (C2,6N-phenyl),
128.15 (C6dibromphenyl), 129.29 (C2,3,5,6 benzene and C4 N-
phenyl), 129.83 (C3,5 N-phenyl and C5 dibromphenyl), 133.20 (C1
benzene), 135.56 (C4 benzene), 136.13 (C3dibromphenyl and C5
triazine), 138.38 (C1 N-phenyl), 146.77 (C1 dibromphenyl), 163.10
(C3 triazine), 167.64 (C6 triazine), 169.43 (C¼O acetyl) ppm. MS (m/
z, %): 555.70 (Mþ, 6.82), 512.73 (100). Anal.Calc. forC24H17Br2N3O3
(555.22); Calculated: C, 51.92; H, 3.09; N, 7.57. Found: C, 51.77; H,
3.05; N, 3.79.

4.2.6.1.2. 2,4-Dibromo-6-((3-(3,4-dimethoxyphenyl)-6-oxo-2-
phenyl-1,6-dihydro-1,2,4-triazin-5(2H)-ylidene)methyl)phenyl ace-
tate 7 b. Orange crystals, yield: 51%, mp: 212e214 �C; (dioxane/
DMF (5:1)). IR nmax: 3298 (NH), 3082 (arom.CH), 2935 (aliph.CH),
1759 (C¼O), 1635 (C¼O), 1600 (C¼N), 1543 (C¼C), 1172 (C-O) cm�1.
1HNMR (DMSO‑d6,D2O) d: 2.43 (s, 3H, CH3CO),3.71 (s, 3H, OCH3),
3.83 (s, 3H, OCH3), 6.72e6.74 (d, 2H, arom. CH), 6.82e6,84 (t, 1H,
arom. CH), 7.15e7.18 (d, 2H, arom. CH),7.20e7.24 (m, 2H, arom.
CH),7.79 (s, 1H, arom. CH),7.89e7.91 (t, 1H, arom. CH), 8.80 (s, 2H,
arom. CH and olefenic. CH),9.08 (s, 1H, NH, D2O exchange) ppm.
13CNMR (DMSO‑d6) d: 20.69 (CH3CO),55.59 (OCH3),56.24
(OCH3),111.78 (C olefenic),112.17 (C2 dimethoxyphenyl), 112.66 (C5
dimethoxyphenyl), 117.82 (C2,4 dibromophenyl), 119.93 (C1 dime-
thoxyphenyl and C4 N-phenyl), 120.64 (C2 N-phenyl), 122.31
(C6dimethoxyphenyl), 123.23 (C6 N-phenyl), 129.85 (C5,6 dibro-
mophenyl), 135.87 (C3,4 N-phenyl), 136.02 (C3 dibromophenyl),
138.50 (C5 triazine), 146.53 (C1 N-phenyl), 146.74 (C1 dibrom-
phenyl),148.85 (C3 dimethoxyphenyl), 153.36 (C4 dimethox-
yphenyl), 161.87 (C3 triazine), 167.68 (C6 triazine), 169.59 (C¼O
acetyl) ppm.MS (m/z, %): 615.67 (Mþ, 6.97), 572.70 (100). Anal. Calc.
for C26H21Br2N3O5 (615.27); Calculated: C, 50.75; H, 3.44; N, 6.83.
Found: C, 50.50; H, 3.17; N, 6.66.

4 .2 .6 .1.3 . 2 ,4-Dibromo-6-( (6-oxo-2-phenyl-3-(3 ,4 ,5-
trimethoxyphenyl)-1,6-dihydro-1,2,4-triazin-5(2H)-ylidene)methyl)
phenyl acetate 7c. Red crystals, yield: 55%, mp: 220e222 �C; (DMF/
H2O (1:1)). IR nmax: 3329, (NH), 3074 (arom.CH), 2935 (aliph.CH),
1770 (C¼O), 1643 (C¼O), 1604 (C¼N), 1585 (C¼C), 1130 (C-O) cm�1.
1HNMR (DMSO‑d6,D2O) d: 2.43 (s, 3H, CH3CO), 3.68 (s, 6H, 2OCH3),
3.75 (s, 3H, OCH3), 6.74e6.76 (d, 2H, arom. CH), 6.82e6.86 (t, 1H,
arom. CH), 7.22e7.25 (m, 3H, arom. CH), 7.52 (s, 2H, arom. CH), 8.81
(s, 2H, arom. CHandolefenic.CH),9.11 (s, 1H, NH, D2O exchange)
ppm.13CNMR (DMSO‑d6) d: 20.69 (CH3CO), 56.14 (2OCH3), 60.75
(OCH3), 106.78 (C2,6 trimethoxyphenyl), 112.52 (C olefenic),117.85
(C2,4 dibromophenyl), 120.62 (C1 trimethoxyphenyl), 122.41 (C4 N-
phenyl), 123.39 (C2 N-phenyl), 129.89 (C6 dibromophenyl and C6
N-phenyl), 135.70 (C3 N-phenyl), 136.21 (C5 N-phenyl and C5
dibromophenyl), 138.29 (C3 dibromophenyl), 141.99 (C5 triazine),
146.61 (C1 N-phenyl and C1dibromphenyl),146.82 (C4 trimethox-
yphenyl), 153.14 (C3,C5 trimethoxyphenyl), 161.87 (C3 triazine),
167.68 (C6 triazine), 169.59 (C¼O acetyl) ppm. MS (m/z, %): 645.74
(Mþ, 58.40), 421.67 (100). Anal. Calc. for C27H23Br2N3O6 (645.30);
Calculated: C, 50.25; H, 3.59; N, 6.51. Found: C, 50.53; H, 3.78; N,
6.19.
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4.3. Biological studies

4.3.1. In vitro antiproliferative activity

4.3.1.1. Cell culture. The human breast cancer cell line, MCF-7, used
in the current study, were purchased from American Type Culture
Collection (Rockville, MD, USA). The cells were maintained in RPMI
medium (Invitrogen/Life Technologies) supplemented with 10%
fetal bovine serum (FBS), 10 mg/mL of insulin (Sigma/Aldrich, USA)
and 1% penicillin-streptomycin at 37 �C in humidified 5% CO2
incubator (Thermo Scientific USA). All of the other chemicals and
reagents were from Sigma/Aldrich (USA). Furthermore, the com-
pounds 3c, 4c, 5e, 6c,7c and podo were evaluated for their toxic
effect on normal breast (Hs. 371. T) cell line using MTT assay.

4.3.1.2. Cell viability assay. The cytotoxic effect of the new de-
rivatives 3a-c,4a-c,5a-f,6a-c and 7a-c on MCF-7 cells was assessed
using the MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide assay according to the manufacturer's proto-
col. Briefly, Cells were plated onto a flat bottom 96-well plates
(5� 103/well) corresponding to 75% confluence for 24 h and were
exposed to various concentrations of the compounds dissolved in
DMSO (final concentration of �0.1%) in medium for another 48 h at
37 �C. Control cells were exposed to DMSO alone at a concentration
equal to that used in the treated cells. After treatment, the cells
were incubated with40 mL of MTT solution (5 mg/mL of MTT in 0.9%
NaCl) for an additional 4 h, then, the supernatants were removed
from the wells, and the reduced 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl-2H-tetrazolium bromide dye was dissolved in 200 mL/
well DMSO. The absorbance was recorded on a microplate reader
(Tecan Sunrise, Austria) at a wavelength of 570 nm. Data were
expressed as the percentage of relative viability compared with the
untreated cells compared with the vehicle control, with cytotox-
icity indicated by <100% relative viability. Percentage of relative
viability was calculated using the following equation: [absorbance
of treated cells/absorbance of control cells] �100. Then the half
maximal inhibitory concentration (IC50) was calculated from the
equation of the dose-response curve. The assay was repeated in
triplicate.

4.3.2. In vitro cell cycle analysis

4.3.2.1. In vitro DNA-flow cytometry. MCF-7 cells (2� 105/well)
were treated with compounds 3c, 4c, 5e, 6c and 7c at their IC50
concentrations for 24 h. After treatment, cells were washed twice
with ice-cold phosphate buffer saline (PBS), collected by centrifu-
gation, and fixed in ice-cold 70% (v/v) ethanol at 4 �C for 30min,
washed with PBS at 37 �C for 30min. Cells were collected by
centrifugation at 2000 rpm for 5min and stained with propidium
iodide (PI) buffer, samples were mixed gently and incubated at
room temperature in the dark for 20min. The DNA content was
analyzed using BD FACS CALIBER flow cytometer. All experiments
were done in duplicates.

4.3.2.2. In vitro measurement of apoptosis using annexin-V-FITC
apoptosis. MCF-7 cells (4� 106/well), untreated and treated with
compounds 3c, 4c, 5e, 6c, and 7c at their IC50 for 24 h were pre-
pared for apoptosis assay using Annexin V-FITC/PI(fluorescein
isothiocyanate/propidium iodide) Apoptosis Detection Kit
[ab#139418] (Bio Vision Research Products, Linda Vista Avenue,
USA) according to the manufacturer's instruction. Cells were
washed with ice-cold PBS at least three times, re-suspended in PBS
and stained with 5 mL Annexin V-FITC and 5 mL PI binding buffer for
15min at room temperature in the dark, then analyzed using BD
FACS CALIBER flow cytometer. All experiments were done in
duplicates.
4.3.3. In vitro measurement of b-tubulin inhibition percentage
assay

MCF-7 cell line was cultured using DMEM (Invitrogen/Life
Technologies) supplemented with 10% FBS (Hyclone), 10 mg/mL of
insulin (Sigma), and 1% penicillin-streptomycin. Plate cells in a
volume of 100 mL complete growth medium and 100 mL of the
tested compound per well in a96-well plate for 18e24 h before the
enzyme assay for Tubulin. The microtiter plate provided in this kit
has been pre-coated with antibody specific to TUBb. Standards or
samples are then added to the appropriate microtiter plate wells
with a biotin-conjugated antibody specific to TUBb. Next, Avidin
conjugated to Horseradish Peroxidase (HRP) is added to each
microplate well and incubated. After TMB substrate solution is
added, only those wells that contain TUBb, biotin-conjugated
antibody and enzyme-conjugated Avidin will exhibit a change in
colour. The enzyme-substrate reaction is terminated by the addi-
tion of sulphuric acid solution and the colour change is measured
spectrophotometrically at a wavelength of450 nm± 10 nm. The
concentration of TUBb in the samples is then determined by
comparing the O.D. of the samples to the standard curve. All ex-
periments were done in duplicates.

4.3.4. In vitro topoisomerase IIb enzyme inhibitory assay
Compounds 3c, 4c, 5e, 6c and 7c were selected to be evaluated

against topo II [MBS#942146] using human DNA topoisomerase II-b
(TOPII-b) ELISA kit according to manufacturer's instructions. Pre-
pare all reagents, working standards, and samples. Add 100 mL of
standard and sample per well and incubate for 2 h at 37 �C.Remove
the liquid of each well. Add 120 mL of biotin-antibody to each well
and incubate for 1 h at 37 �C.Aspirate each well and wash three
times. Add 100 mL of horseradish Peroxidase (HRP-avidin) to each
well and incubate for 1 h at 37 �C. Repeat the aspiration/wash
process for five times. Add 90 mL of 3,30,5,50-Tetramethylbenzidine
(TMB) substrate to each well and incubate for 15e30min at 37 �C,
protect from light. Add 50 mL of stop solution to each well and
determine the optical density of each well within 5min, using a
ROBONEK P2000 ELISA reader to 450 nm. The values of % activity
versus a series of compound concentrations (2.5 mM, 5 mM, 10 mM,
15 mM) were then plotted using non-linear regression analysis of
sigmoidal dose-response curve. The IC50 values for compounds 3c,
4c, 5e, 6c and 7c against topo II-b was determined by the concen-
tration causing a half-maximal percent activity and the data were
compared with podo as standard. All experiments were done in
triplicates.

4.3.5. In vitro measurement for the concentration of p53, Bax and
Bcl-2 protein

The levels of the tumor suppressor gene p53, apoptotic markers
Bax as well as the anti-apoptotic marker Bcl-2 were assessed using
p53 ELISA kit, Human Bax ELISA kit and Bcl-2 Elisa kit. The pro-
cedure of the used kits was done according to the manufacturer's
instructions. Briefly, Cell lysates were prepared from control and
MCF-7 cells (2.5� 105/mL) treated with IC50 concentration of
compounds 3c, 4c, 5e, 6c and 7c. Then equal amounts of cell lysates
were loaded then probed with specific antibodies. The samples
were measured at 450 nm in ROBONEK P2000 ELISA reader. Anal-
ysis was confirmed with three different sets of extracts. All exper-
iments were done in triplicates.

4.3.6. In vitro caspase 3/7 green flow cytometry assay
The enzymatic activities of caspase 3/7 were assayed in cell ly-

sates (100 mg protein in 50 mL lysis buffer) using caspase 3/7 green
flow cytometry assay kit as per the manufacturer's instructions.
Briefly, control and compounds 3c, 4c, 5e, 6c and 7c treated MCF-
7 cells (2.5� 105/mL) were washed with ice cold PBS, cell lysates
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were prepared and subsequently protein concentration was esti-
mated. Lysates were combined with reaction buffer and incubated
with specific colorimetric substrates (Caspase 3/7 Detection Re-
agent) at 37 �C for 6 h. The samples weremeasured at 488 nm in BD
FACS Calibur flow cytometer. All experiments were done in
triplicates.
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