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A B S T R A C T

As restricted CA-4 analogues, a novel series of [1,2,4]triazolo[1,5-a]pyrimidines possessing 3,4,5-trimethox-
ylphenyl groups has been achieved successfully via an efficient one-pot three-component reaction of 3-(3,4,5-
trimethoxyphenyl)-1H-1,2,4-triazol-5-amine, 1,3-dicarbonyl compounds and aldehydes. Initial biological eva-
luation demonstrated some of target compounds displayed potent antitumor activity in vitro against three cancer
cell lines. Among them, the most highly active analogue 26 inhibited the growth of HeLa, and A549 cell lines
with IC50 values at 0.75, and 1.02 μM, respectively, indicating excellent selectivity over non-tumoural cell line
HEK-293 (IC50= 29.94 μM) which suggested that the target compounds might possess a high safety index.
Moreover, cell cycle analysis illustrated that the analogue 26 significantly induced HeLa cells arrest in G2/M
phase, meanwhile the compound could dramatically affect cell morphology and microtubule networks. In ad-
dition, compound 28 exhibited potent anti-tubulin activity with IC50 values of 9.90 μM, and molecular docking
studies revealed the analogue occupied the colchicine-binding site of tubulin. These observations suggest that
[1,2,4]triazolo[1,5-a]pyrimidines represent a new class of tubulin polymerization inhibitors and well worth
further investigation aiming to generate potential anticancer agents.

1. Introduction

Tubulin is a well-verified therapeutic target for the discovery of
highly efficient antitumor drugs due to their crucial roles in cell pro-
liferation, trafficking, signaling and migration in eukaryotic cells [1,2].
To date, tubulin-targeting agents have attracted considerable research
interest in anti-cancer therapy [3–5]. Among them, combretastatin A-4
(CA-4, Fig. 1) is the most well-known antitubulin agents, which po-
tently binds to the colchicine binding site leading to significant anti-
proliferative against multiple human cancer cell lines [6–10], and its
water-soluble phosphate prodrug (CA-4P) has been investigated in the
ongoing phase II/III clinical trial for the treatment of various cancers,
including non-small-cell lung cancer, prostate adenocarcinoma and
platinum-resistant ovarian cancer [11–13]. However, the potential
clinical applications have so far been halted by the significant toxicities,
and cis-trans isomerization which results to a sharp reduction in anti-
tumor activity [14]. Recently, fixing cis-configuration by replacing the
cis double-bond with a heterocyclic moiety including fused ring (com-
pounds 3–6, Fig. 1) has proved to be an effective strategy to overcome

the isomerization [15–18]. This intrigued us with an ideal to design a
series of heterocycle-based conformationally restricted CA-4 analogues.

On the other hand, [1,2,4]triazolo[1,5-a]pyrimidines are an im-
portant class of bicyclic N-heteroarenes, which have aroused remark-
able research attention in very diverse areas ranging from che-
motherapy to agriculture due to their diverse biological activities, such
as anticancer [19–21], antimicrobial [22], antiviral [23], antibacterial
[24], herbicidal [25–28], and fungicidal activities [29]. The diverse
bioactivities and the structural similarity with some naturally occurring
compounds such as purine make [1,2,4]triazolo[1,5-a]pyrimidines
promising bicyclic scaffolds to develop new agents for the treatment of
different diseases. Inspired by aforementioned findings and following
our previous work on the discovery of novel bioactive heterocycles with
antitumor potentials [28–33], we herein report a one-pot multi-
component synthesis of a series of new [1,2,4]triazolo[1,5-a]pyr-
imidine derivatives 7–30 (Fig. 1) containing a 3,4,5-trimethoxyphenyl
fragment as restricted CA-4 analogues, their preliminary anti-
proliferative and tubulin polymerization inhibitory activities.

https://doi.org/10.1016/j.bioorg.2019.103260
Received 19 April 2019; Received in revised form 27 August 2019; Accepted 5 September 2019

⁎ Corresponding authors.
E-mail addresses: maweifeng919@163.com (W.-F. Ma), plzhao@smu.edu.cn (P.-L. Zhao).

1 These authors contributed equally to this work.

Bioorganic Chemistry 92 (2019) 103260

Available online 10 September 2019
0045-2068/ © 2019 Elsevier Inc. All rights reserved.

T

http://www.sciencedirect.com/science/journal/00452068
https://www.elsevier.com/locate/bioorg
https://doi.org/10.1016/j.bioorg.2019.103260
https://doi.org/10.1016/j.bioorg.2019.103260
mailto:maweifeng919@163.com
mailto:plzhao@smu.edu.cn
https://doi.org/10.1016/j.bioorg.2019.103260
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bioorg.2019.103260&domain=pdf


2. Chemistry

The designed [1,2,4]triazolo[1,5-a]pyrimidine derivatives 7–30
were prepared in good yields as shown in Scheme 1 via a one-pot
multicomponent synthesis from 3-(3,4,5-trimethoxyphenyl)-1H-1,2,4-
triazol-5-amine, 1,3-dicarbonyl compounds and various aldehydes. To
optimize the reaction conditions, a model reaction of 3-(3,4,5-tri-
methoxyphenyl)-1H-1,2,4-triazol-5-amine (0.3mmol), cyclohexane-
1,3-dione (0.3mmol) and 4-methylbenzaldehyde (0.3mmol) was in-
itially investigated in the presence of various catalysts, and solvents
under different temperatures. The results are depicted in Table 1 (en-
tries 1–16). It was observed that the efficiency and the yield of the
reaction using p-toluenesulfonic acid and DMF at 90 °C (Table 1, entry
6) was higher than those obtained in other catalysts, such as acetic acid,
sulfamic acid, hydrochloric acid, and ferric chloride (Table 1, entries
1–5) and other solvents like THF, EtOH, dioxane, DCM and toluene
(Table 1, entries 7–10). In addition, amount of catalyst was subse-
quently examined and it was revealed that a considerable increase or a
sharp decrease in amount of catalyst resulted in a reduced yield
(Table 1, entries 11–12). Furthermore, we investigated the reaction at
different temperatures and reaction times (Table 1, entry 13–16). The
procedure in entry 15 was achieved as the best conditions for an effi-
cient one-pot reaction. Having the optimized conditions in hand, we
explored the scope of benzaldehydes and 1,3-dicarbonyl compounds
(Table 2). All the substrates decorated with electron-withdrawing or
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Fig. 1. The structures of CA-4, representative CA-4 analogues with potent anti-tubulin activity and the general structure of target compounds 7–30.
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Scheme 1. Synthesis of the target compounds 7–30.

Table 1
Optimization of reaction conditions.a

Entry Catalyst Mol (%) solvent Temperature (℃) Time (h) Yield b

(%)

1 CH3COOH 5% DMF 90 10 71
2 NH2SO3H 5% DMF 90 10 49
3 HCI 5% DMF 90 10 47
4 FeCl3 5% DMF 90 10 Trace
5 TsOH 5% DMF 90 10 77
6 TsOH 5% THF 90 10 75
7 TsOH 5% Dioxane 90 10 28
8 TsOH 5% EtOH 90 10 73
9 TsOH 5% DCM 90 10 60
10 TsOH 5% Toluene 90 10 54
11 TsOH 10% DMF 90 10 67
12 TsOH 1% DMF 90 10 52
13 TsOH 5% DMF 80 10 30
14 TsOH 5% DMF 100 10 76
15 TsOH 5% DMF 90 12 79
16 TsOH 5% DMF 90 14 78

a Reagents and conditions: 3-(3,4,5-trimethoxyphenyl)-1H-1,2,4-triazol-5-
amine (0.3mmol), 4-methyl benzaldehyde (0.3 mmol), cyclohexane-1,3-dione
(0.3 mmol), and solvent (5mL).

b Isolated yield.
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electron-donating groups on the aromatic ring of aryl benzaldehyde
smoothly gave a diverse range of [1,2,4]triazolo[1,5-a]pyrimidine de-
rivatives 7–30 in good yields (53–95%).

The chemical structures of all the synthesized compounds 7–30
were characterized with spectroscopic techniques including 1H NMR,
13C NMR, and HRMS, and the spectral data for all the compounds were
in full agreement with the proposed structures (see Experimental
Section and Supporting Information). The structure of representative
compound 7 was confirmed further by single crystal X-ray diffraction.
As shown in Fig. 2, the crystal structure showed that the molecular 7

had a characteristic T-shaped conformer, while the planes of the tria-
zole and pyrimidine rings were nearly parallel, with a dihedral angle of
13.29°. In addition, the six-membered cyclohexane ring adopts a chair
conformation.

3. Results and discussion

3.1. In vitro antiproliferative activity

Antiproliferative activities of all synthesized [1,2,4]triazolo[1,5-a]
pyrimidines 7–30 in vitro was investigated through MTT (3-(4,5-
Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay against
A549 (human alveolar epithelial cells), HeLa (human cervical cancer
cells), and HCT116 (human colon cancer cell lines). The results ex-
pressed as the half-maximal inhibitory concentration (IC50) were sum-
marized in Table 2 and one of the most potent anticancer agents, CA-4,
was used as a control to compare with the potency of the synthesized
[1,2,4]triazolo[1,5-a]pyrimidine derivatives. Moreove five selected
compounds were evaluated their cytotoxic activity against a re-
presentative non-tumoural cell line HEK-293 (human embryonic kidney
cells).

For the convenience of structure-activity relationship analysis,
compounds 7–24 and 25–30 were defined as tricyclic and bicyclic
triazolopyrimidine derivatives, respectively. As illustrated in Table 2, in
general, most of the tested compounds exhibited moderate to strong
antiproliferative activities to the A549 and HeLa cell lines, however, for
HCT116, most compounds were ineffective (IC50 > 100 μM). Note-
worthy, the data clearly demonstrated that bicyclic analogues may be

Table 2
Antiproliferative activities of compounds 7–30 against a panel of human cancer cell lines and their cytotoxic effects on the non-tumoural cell line HEK-

293.

Comp. R IC50(μM)a

A549 HeLa HCT116 HEK293b

7 4-CH3 53.14 ± 3.06 62.22 ± 2.19 > 100 NTc

8 4-F 92.59 ± 2.80 >100 98.46 ± 7.48 NT
9 4-NO2 50.57 ± 2.84 54.87 ± 3.31 86.89 ± 7.77 NT
10 3-F,4-CH3 94.83 ± 7.47 74.87 ± 4.54 > 100 NT
11 3-F,4-OCH3 85.64 ± 2.01 63.56 ± 3.75 > 100 NT
12 3,5-Br2 52.46 ± 7.97 62.36 ± 6.53 97.31 ± 3.45 NT
13 3,4-Cl2 26.67 ± 0.70 12.20 ± 1.19 28.04 ± 0.66 13.32 ± 2.06
14 2,4-(OCH3)2 > 100 >100 >100 NT
15 4-OCH3 >100 59.43 ± 9.33 > 100 >100
16 3-NO2,4-OCH3 94.47 ± 7.57 61.95 ± 3.73 99.04 ± 5.74 NT
17 3,4,5-(OCH3)3 > 100 72.47 ± 8.54 > 100 NT
18 4-Br 21.33 ± 1.80 36.03 ± 2.85 34.68 ± 1.92 >100
19 4-CF3 55.73 ± 4.11 68.92 ± 9.29 93.69 ± 8.16 NT
20 4-CH2CH3 65.21 ± 1.04 55.27 ± 2.96 > 100 NT
21 4-CN 95.67 ± 3.80 84.56 ± 0.62 > 100 NT
22 3,4-(OCH3)2 > 100 79.06 ± 0.89 85.73 ± 7.30 NT
23 3-F 45.82 ± 3.42 17.48 ± 0.74 60.46 ± 9.11 NT
24 3-NO2 73.93 ± 3.53 78.03 ± 4.18 > 100 NT
25 4-F 5.63 ± 0.28 31.27 ± 0.03 57.33 ± 14.09 >100
26 4-NO2 1.02 ± 0.12 0.75 ± 0.02 10.91 ± 0.09 29.94 ± 0.69
27 3-F,4-CH3 95.86 ± 9.06 >100 >100 NT
28 3-NO2,4-OCH3 16.08 ± 0.94 9.96 ± 0.05 61.09 ± 10.32 >100
29 3,5-Br2 28.28 ± 5.92 37.17 ± 0.64 60.84 ± 1.74 >100
30 3,4-Cl2 70.27 ± 3.52 28.67 ± 0.86 > 100 NT
CA-4 0.013 ± 0.006 0.21 ± 0.02 6.10 ± 0.14 NT

a 50% inhibitory concentration and mean ± SD of three independent experiments performed in duplicate.
b Non-tumoural human embryonic kidney (HEK-293) cell lines.
c NT: not tested.

Fig. 2. Molecular structure of compound 7.
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more preferred for increasing the antiproliferative effect than the cor-
responding tricyclic derivatives, as shown by comparisons between
compounds 25 and 8, 26 and 9, 28 and 16, and 29 and 12. While the
most active compound identified in this study was bicyclic analogue 26,
inhibiting the growth of HeLa, A549, and HCT116 cancer cell lines with
IC50 values at 0.75, 1.02, and 10.91 μM, respectively, which is still re-
markably less active than CA-4.

Within the tricyclic triazolopyrimidine series, different anti-
proliferative activities were observed when various substituents R
groups were introduced into the phenyl ring. After the careful analysis
of antiproliferative results, it could be observed that analogues (9, 12,
13, 18, 23) bearing electron-withdrawing groups such as 4-nitro, 3,5-
dibromo, 3,4-dichloro, 4-bromo, and 3-fluoro on R, exhibited com-
paratively better inhibition than the corresponding derivatives (14–17,
20, 22) substituted with electron-donating groups exampled by 2,4-
dimethoxy, 4-dimethoxy, 3,4,5-trimethoxy, 4-ethyl, and 3,4-dimethoxy
moieties. In bicyclic triazolopyrimidines, of particular note was that
this series of compounds exhibited improved potency against tested
human cancer lines and excellent selectivity over non-tumoural cell line

HEK-293, which indicated that the target compounds might possess a
high safety index.

In order to study the mechanism of action of the series of analogues
against cancer cells, the highly active compound 26 was selected to
evaluate for the effects on the cell cycle progression by flow cytometry.
In present work, HeLa cells were treated with 0.75, 1.50 and 3.00 μM
concentrations of analogue 26 for 24 h. As depicted in Fig. 3, compound
26 demonstrated 15.03% (0.75 μM), 20.04% (1.50 μM), and 33.47%
(3.00 μM) of cell accumulation in G2/M phase, respectively, never-
theless13.72% of G2/M phase for control (untreated cells) was de-
tected. These findings clearly demonstrated that analogue 26 induced a
significant G2/M cell cycle arrest, compared with untreated cells.

To confirm the mechanism of action of these compounds, im-
munofluorescent assay was carried out to investigate the effect of the
most active compound 26 on microtubule networks. As shown in Fig. 4,
vehicle treated HeLa cells displayed normal filamentous microtubules
arrays. However, the microtubule networks in cytosol were obviously
disrupted after treated with 26 at two different concentrations (1.0 and
2.0 μM) for 6 h. These results reveal that 26 acts as an antitubulin

A                               B

C                               D

G0/G1: 54.45%
S: 30.52%
G2/M: 15.03%

G0/G1: 62.12%
S: 24.16%
G2/M: 13.27%

G0/G1: 30.07%
S: 49.90%
G2/M: 20.04%

G0/G1: 41.54%
S: 25.00%
G2/M: 33.47%

Fig. 3. Effect of compound 26 on cell cycle and apoptosis in HeLa cells. Flow cytometry analysis of HeLa cells treated with 26 for 24 h. (A) Control; (B) 26, 0.75 μM;
(C) 26, 1.50 μM; (D) 26, 3.00 μM.
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inhibitor by inducing a dose-dependent collapse of the microtubule
networks.

3.2. Effect of compounds on tubulin polymerization

It has been well reported that tubulin inhibitors preferentially block
cell cycle at the G2/M phase [34], so we continued to explore whether
microtubule system could be a potential target of these derivatives. Five
representative active compounds were then selected for the evaluation
of their direct inhibitory effects on tubulin polymerization in vitro at
10 μM concentration, and CA-4 was also employed as a positive control.
The results were summarized in Table 3. Among them, compound 28
was found to display the best inhibition activity (56%), while CA-4
exhibited a 79% inhibition effect at the tested concentration. Hence,
analogue 28 was evaluated for their antitubulin activities relative to
that of CA-4 at a 1.5 μM concentration, and the compound inhibited
tubulin polymerization in a dose-dependent manner (Fig. 5). Further
evaluation manifested that the most potent compound 28 displayed
anti-tubulin activity with an IC50 value of 9.9 μM, which was in the
same range as the reference compound CA-4 (IC50= 4.2 μM).

Because analogue 28, CA-4, and colchicine possess similar effects on
tubulin polymerization, an examination to verify whether these com-
pounds occupy the same binding site on tubulin was carried out. A
fluorescence based assay was then performed following previously

reported method [35]. And the results (Fig. 6) indicate that 28 com-
petitively inhibits colchicine binding to tubulin and, therefore, that 28
binds to tubulin at the colchicine binding site.

3.3. Molecular studies

To investigate the possible binding mode for this series of com-
pounds, the most active compound 28 was selected to the molecular
docking studies with tubulin crystal structure (PDB: 1SA0). As given in
Fig. 7, the 3-nitro, 4-methoxyphenyl ring of the analogue was located
deeply into the β-subunit of tubulin. The triazolopyrimidine group and
3,4,5-trimethoxyphenyl ring extend toward the α/β-tubulin interface
and derivative 28 forms three important hydrogen bond interactions
with amino acids of tubulin. The oxygen of 3-nitro, 4-methoxyphenyl
ring established a hydrogen bond with βCys241 (2.6 Å), and one ni-
trogen atom of triazoloe ring forms a hydrogen bond with βAsn258
(2.7 Å). Furthermore, the residue of αThr178 forms a hydrogen bond
with the oxygen of the trimethoxy group (3.3 Å). These molecular
docking results further supported the above biological assay data and
suggested that analogue 28 may be a potential tubulin inhibitor.

4. Conclusion

In summary, a simple and facile synthesis of a series of novel [1,2,4]
triazolo[1,5-a]pyrimidines possessing 3,4,5-trimethoxylphenyl groups
as restricted CA-4 analogues has been achieved successfully through a
one-pot three-component reaction. These new compounds were eval-
uated for their in vitro antiproliferative and tubulin polymerization in-
hibitory activities. Some of them demonstrated potent antiproliferative
activity against employed three human cancer cell lines in this study.
Particularly, the most active compound 26 was found to display sig-
nifcantly high antiproliferative activity toward HeLa, A549, and
HCT116 cell lines with IC50 values at 0.75, 1.02, and 10.91 μM, re-
spectively, and to possess the ability to arrest HeLa cells in G2/M phase
of the cell cycle. Interestingly, most selected compounds exhibited ex-
cellent selectivity over non-tumoural cell line HEK-293, which revealed
that these analogues might possess a high safety index. In addition,
anti-tubulin investigations displayed that compound 28 exhibited po-
tent anti-tubulin activity. The observations made in this work suggest

Fig. 4. Effect of compound 26 on tubulin expresion in HeLa cell. Cells were seeded on glass coverslips, incubated with compound 26 (1.0 μM, 2.0 μM) for 6 h, then
fixed and processed for confocal microscopy.

Table 3
Tubulin polymerization inhibitory activities of representative selected com-
pounds.

Comp. R Tubulin polymerization

% inhibitiona IC50(μM)

13 3,4-Cl2 32 –b

16 3-NO2,4-OCH3 8 –
25 4-F 33 –
26 4-NO2 42 –
28 3-NO2,4-OCH3 56 9.90
CA-4 79 4.22

a Compounds were tested at a final concentration of 10 μM.
b –:Not tested.
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that [1,2,4]triazolo[1,5-a]pyrimidines represent a new class of tubu-
lin polymerization inhibitors and may have potential for clinical de-
velopment as anticancer agents.

5. Experimental protocols

5.1. Chemistry

All reagents and solvents were acquired from commercially avail-
able sources and were used without further purification. 1H NMR and
13C NMR spectra were recorded on a Mercury-Plus 400 spectrometer in
CDCl3 or DMSO‑d6 solution and chemical shifts (δ) were recorded in
parts per million (ppm) with TMS as the internal reference. High-re-
solution mass spectra (HRMS) carried out on an Agilent
QTOF 6540 mass spectrometer. Melting points (mp) were taken on a
Buchi B-545 melting point apparatus and are uncorrected.

5.2. General procedure for the preparation of [1,2,4]triazolo[1,5-a]
pyrimidine derivatives 7–30

To a mixture of aldehyde (0.3mmol), cyclohexane-1,3-dione or
pentane-2,4-dione (0.3mmol), 3-(3,4,5-trimethoxyphenyl)-1H-1,2,4-
triazol-5-amine (0.3 mmol), p-toluenesulfonic acid (0.015mmol), and
DMF (5mL) was added. The resulting solution was stirred at 90 °C for
12 h, and was then treated with saturated sodium bicarbonate solution
(15mL) and extracted with EtOAc (3×15mL). The combined organic
layers was then dried over anhydrous MgSO4 and evaporated in vacuo.
The crude residue was purified by silica gel column chromatography
using a mixture of petroleum ether and acetone as an eluent to give the
pure solid compounds 7–30 in yields of 53–95%.

Fig. 5. Effects of 28 on tubulin polymerization in vitro. Tubulin in reaction buffer was incubated at 37 °C in the presence of the control (DMSO), compound 28 (1.5,
3.0, 6.0, 12.5 μM) and CA-4 (1.5 μM). The microtubule assembly was measured by spectrophotometry. The experiments were performed three times.

Fig. 6. Plot of fluorescence intensity of formation of the tubulin-colchicine -
complex by various concentrations of compound 28. Tubulin- compound 28
complex was formed by incubating 4 μM tubulin with compound 28 (30 or 150
μM) for 45 min at 37°C. To the solution of this complex was added 4 μM
colchicine get tubulin-colchicine complex, and fluorescence spectra were
recorded (excitation at 358 nm, emission at 430 nm) after 45 min at 37 °C
using a Tecan Spark multimode reader. Spectra comprised of multiple scans
from which blank values (buffer alone) were subtracted.

Fig. 7. Proposed binding mode of compound 28 (pink stick) in colchicine binding site of tubulin. The main interacting residues are shown and labeled. The black
dashed lines are the potential H-bond between Cys241 (2.6 Å), Ser178 (3.3 Å), Asn258 (2.7 Å). Final figure for docking pose was generated by PyMOL.
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5.2.1. p-Tolyl-2-(3,4,5-trimethoxy-phenyl)-5,6,7,9-tetrahydro-1H-[1,2,4]
triazolo[5,1-b]quinazolin-8-one (7)

Yield, 79%; mp: 242.2–243.0 °C; 1H NMR (400MHz, DMSO‑d6) δ:
1.24–1.34 (m, 2H, CH2), 1.87–2.00 (m, 2H, CH2), 2 0.23 (s, 3H, CH3),
2.66 (s, 2H, CH2), 3.67 (s, 3H, CH3O), 3.80 (s, 6H, 2×CH3O), 6.24 (s,
1H, CH), 7.08–7.14 (m, 4H, ArH), 11.25 (s, 1H, NH). 13C NMR
(100MHz, CDCl3) δ: 193.87, 159.76, 153.33, 149.88, 147.82, 139.34,
137.83, 129.19, 126.88, 125.98, 109.67, 103.76, 60.91, 57.99, 56.21,
36.61, 27.35, 21.10, 20.87. HRMS (ESI) m/z: calcd for C25H26N4O4 (M
+H+) 447.1954 found 447.2025

5.2.2. 9-(4-Fluoro-phenyl)-2-(3,4,5-trimethoxy-phenyl)-5,6,7,9-
tetrahydro-1H-[1,2,4]triazolo[5,1-b] quinazolin-8-one (8)

Yield, 77%; mp: 256.1–257.4 °C; 1H NMR (400MHz, CDCl3) δ:
1.94–2.02 (m, 2H, CH2), 2.37–2.43 (m, 2H, CH2), 2.47 (t,
J=5.8 Hz, 2H, CH2), 3.89 (s, 3H, CH3O), 3.91 (s, 6H, 2×CH3O),
6.52 (s, 1H, CH), 6.99 (t, J=8.6 Hz, 2H, ArH), 7.22 (s, 2H, ArH),
7.33 (dd, J1=5.6 Hz, J2=8.8 Hz, 2H, ArH), 10.12 (s, 1H, NH). 13C
NMR (100MHz, CDCl3) δ: 193.93, 159.92, 153.38, 150.18, 147.73,
139.48, 136.50, 128.81, 128.73, 125.79, 115.52, 115.30, 109.25,
103.82, 60.92, 57.65, 56.23, 36.57, 27.32, 20.87. HRMS (ESI) m/
z: calcd for C24H23FN4O4 (M+H+) 451.1703 found 451.1769.

5.2.3. 5.1.3 9-(4-Nitro-phenyl)-2-(3,4,5-trimethoxy-phenyl)-5,6,7,9-
tetrahydro-1H-[1,2,4]triazolo[5,1-b] quinazolin-8-one (9)

Yield, 91%; mp: 228.5–229.7 °C; 1H NMR (400MHz, CDCl3) δ:
1.98–2.08 (m, 2H, CH2), 2.40–2.43 (m, 2H, CH2), 2.57 (s, 2H, CH2),
3.89 (s, 3H, CH3O), 3.91 (s, 6H, 2×CH3O), 6.55 (s, 1H, CH), 7.21 (s,
2H, ArH), 7.45 (d, J=8.0 Hz, 2H, ArH), 7.62 (d, J=7.6 Hz, 2H, ArH),
9.32 (s, 1H, NH). 13C NMR (100MHz, CDCl3) δ: 193.77, 160.43,
153.39, 150.42, 147.60, 147.41, 147.19, 139.58, 128.16, 125.51,
123.83, 108.49, 103.69, 60.91, 57.85, 56.24, 36.45, 27.52, 20.79.
HRMS (ESI) m/z: calcd for C24H23N5O6 (M−H+) 476.1648 found
476.1572.

5.2.4. 9-(3-Fluoro-4-methyl-phenyl)-2-(3,4,5-trimethoxy-phenyl)-5,6,7,9-
tetrahydro-1H-[1,2,4] triazolo[5,1-b]quinazolin-8-one (10)

Yield, 86%; mp: 255.6–256.4 °C; 1H NMR (400MHz, CDCl3) δ:
1.92–2.02 (m, 2H, CH2), 2.23 (s, 3H, CH3), 2.37–2.42 (m, 2H, CH2),
2.46 (t, J=6Hz, 2H, CH2), 3.89 (s, 3H, CH3O), 3.91 (s, 6H, 2×CH3O),
6.49 (s, 1H, CH), 6.96 (d, J=9.2 Hz, 1H, ArH), 7.09 (dd, J1=1.2 HZ,
J2=7.6 Hz, 1H, ArH), 7.13 (t, J=7.6 Hz, 1H, ArH) 7.24 (s, 2H, ArH),
10.19 (s, 1H, NH).13C NMR (100MHz, CDCl3) δ: 193.86, 159.93,
153.38, 150.16, 147.73, 140.26, 140.20, 139.45, 131.47, 131.42,
125.83, 124.97, 124.80, 122.58, 113.62, 113.39, 109.20, 103.78,
60.92, 57.62, 56.23, 36.57, 27.35, 20.86, 14.25. HRMS (ESI) m/
z: calcd for C25H25FN4O4 (M+H+) 465.1860 found 465.1932.

5.2.5. 9-(3-Fluoro-4-methoxy-phenyl)-2-(3,4,5-trimethoxy-phenyl)-
5,6,7,9-tetrahydro-1H-[1,2,4] triazolo[5,1-b]quinazolin-8-one (11)

Yield, 77%; mp: 234.1–235.8 °C; 1H NMR (400MHz, DMSO‑d6) δ:
1.91–2.02 (m, 2H, CH2), 2.26–2.31 (m, 2H, CH2), 2.64–2.68 (m, 2H,
CH2), 3.68 (s, 3H, CH3O), 3.79 (s, 3H, CH3O), 3.81 (s, 6H, 2×CH3O),
6.25 (s, 1H, CH), 7.01 (d, J=8.4 Hz, 1H, ArH), 7.07 (d, J=8Hz, 1H,
ArH), 7.10 (s, 1H, ArH), 7.15 (s, 2H, ArH), 11.27 (s, 1H, NH). 13C NMR
(100MHz, DMSO‑d6) δ: 193.70, 159.52, 153.43, 152.63, 148.03,
138.86, 134.99, 126.55, 123.67, 115.10, 114.04, 107.19, 103.15,
60.50, 57.46, 56.38, 56.21, 36.71, 26.87, 21.05. HRMS (ESI) m/
z: calcd for C25H25FN4O5 (M+H+) 481.1809 found 481.1863.

5.2.6. 9-(3,5-Dibromo-phenyl)-2-(3,4,5-trimethoxy-phenyl)-5,6,7,9-
tetrahydro-1H-[1,2,4]triazolo [5,1-b]quinazolin-8-one (12)

Yield, 94%; mp: 261.7–263.6 °C; 1H NMR (400MHz, DMSO‑d6) δ:
1.90–2.01 (m, 2H, CH2), 2.25–2.34 (m, 2H, CH2), 2.62–2.75 (m, 2H,
CH2), 3.69 (s, 3H, CH3O), 3.81 (s, 6H, 2×CH3O), 6.32 (s, 1H, CH), 7.16

(s, 2H, ArH), 7.46 (s, 2H, ArH), 7.73 (s, 1H, ArH), 11.38 (s, 1H, NH).
13C NMR (100MHz, DMSO‑d6) δ: 193.77, 159.83, 153.47, 148.05,
146.36, 139.02, 133.32, 129.66, 126.33, 122.83, 106.35, 103.27,
60.50, 57.64, 56.24, 36.63, 26.96, 21.00. HRMS (ESI) m/z: calcd for
C24H22Br2N4O4 (M+H+) 589.0008 found 589.0064.

5.2.7. 9-(3,4-Dichloro-phenyl)-2-(3,4,5-trimethoxy-phenyl)-5,6,7,9-
tetrahydro-1H-[1,2,4]triazolo [5,1-b]quinazolin-8-one (13)

Yield, 70%; mp: 261.4–262.6 °C; 1H NMR (400MHz, CDCl3) δ:
1.94–2.04 (m, 2H, CH2), 2.38–2.45 (m, 2H, CH2), 2.50 (s, 2H, CH2),
3.89 (s, 3H, CH3O), 3.92 (s, 6H, 2×CH3O), 6.45 (s, 1H, CH), 7.22 (s,
2H, ArH), 7.26 (d, J=8.4 Hz, 1H, ArH), 7.39 (d, J=1.6 Hz, 1H, ArH),
7.41 (s, 1H, ArH), 10.14 (s, 1H, NH). 13C NMR (100MHz, CDCl3) δ:
193.87, 160.14, 153.41, 150.51, 147.57, 140.69, 139.58, 132.68,
132.37, 130.49, 128.96, 126.86, 125.58, 108.55, 103.81, 60.93, 57.51,
56.26, 36.50, 27.36, 20.84. HRMS (ESI) m/z: calcd for C24H22Cl2N4O4

(M−H+) 499.1018 found 499.1591.

5.2.8. 9-(2,4-Dimethoxy-phenyl)-2-(3,4,5-trimethoxy-phenyl)-5,6,7,9-
tetrahydro-1H-[1,2,4]triazolo [5,1-b]quinazolin-8-one (14)

Yield, 65%; mp: 227.1–228.8 °C; 1H NMR (400MHz, CDCl3) δ:
1.95–2.02 (m, 2H, CH2), 2.32–2.38 (m, 2H, CH2), 2.53 (t, J=5.6 Hz,
2H, CH2), 3.70 (s, 3H, CH3O), 3.78 (s, 3H, CH3O), 3.87 (s, 3H, CH3O),
3.91 (s, 6H, 2×CH3O), 6.40 (s, 1H, CH), 6.49 (d, J=8.4 Hz, 1H, ArH),
6.54 (s, 1H, ArH), 7.23 (s, 2H, ArH), 7.46 (d, J=8.4 Hz, 1H, ArH), 9.11
(s, 1H, NH). 13C NMR (100MHz, CDCl3) δ: 193.93, 160.85, 158.70,
153.24, 139.11, 131.40, 120.75, 108.50, 104.15, 103.58, 99.26, 60.87,
56.31, 56.20, 55.62, 55.23, 36.68, 27.47, 21.01. HRMS (ESI) m/
z: calcd for C26H28N4O6 (M−H+) 491.2009 found 491.1930.

5.2.9. 9-(4-Methoxy-phenyl)-2-(3,4,5-trimethoxy-phenyl)-5,6,7,9-
tetrahydro-1H-[1,2,4]triazolo [5,1-b]quinazolin-8-one (15)

Yield, 75%; mp: 248.5–249.4 °C; 1H NMR (400MHz, DMSO‑d6) δ:
1.89–2.02 (m, 2H, CH2), 2.25–2.31 (m, 2H, CH2), 2.67 (d, J=4Hz, 2H,
CH2), 3.68 (s, 3H, CH3O), 3.70 (s, 3H, CH3O), 3.81 (s, 6H, 2×CH3O),
6.24 (s, 1H, CH), 6.85 (d, J=8.8 Hz, 2H, ArH), 7.15 (s, 2H, ArH), 7.17
(d, J=8.4 Hz, 2H, ArH), 11.22 (s, 1H, NH). 13C NMR (100MHz,
DMSO‑d6) δ:193.61, 159.38, 159.14, 153.42, 152.23, 148.11, 138.81,
134.41, 128.58, 126.64, 114.09, 107.78, 103.12, 60.49, 57.71, 56.20,
55.46, 36.75, 26.85, 21.09. HRMS (ESI) m/z: calcd for C25H26N4O5

(M−H+) 461.1903 found 461.1825.

5.2.10. 9-(4-Methoxy-3-nitro-phenyl)-2-(3,4,5-trimethoxy-phenyl)-
5,6,7,9-tetrahydro-1H-[1,2,4] triazolo[5,1-b]quinazolin-8-one (16)

Yield, 86%; mp: 233.5–235.0 °C; 1H NMR (400MHz, DMSO‑d6) δ:
1.92–1.98 (m, 2H, CH2), 2.23–2.31 (m, 2H, CH2), 2.69 (s, 2H, CH2),
3.68 (s, 3H, CH3O), 3.81 (s, 6H, 2×CH3O), 3.88 (s, 3H, CH3O), 6.35 (s,
1H, CH), 7.15 (s, 2H, ArH), 7.29 (d, J=8.8 Hz, 1H, ArH), 7.53 (d,
J=8Hz, 1H, ArH), 7.79 (s, 1H, ArH), 11.35 (s, 1H, NH). 13C NMR
(100MHz, DMSO‑d6)δ: 193.76, 159.70, 153.45, 151.86, 148.01,
139.25, 138.93, 134.51, 133.38, 126.45, 123.86, 114.71, 106.70,
103.20, 60.50, 57.34, 57.11, 56.22, 36.69, 26.93, 21.04. HRMS (ESI)
m/z: calcd for C25H25N5O7 (M−H+) 506.1754 found 506.1670.

5.2.11. 2,9-Bis-(3,4,5-trimethoxy-phenyl)-5,6,7,9-tetrahydro-1H-[1,2,4]
triazolo[5,1-b]quinazolin-8- one (17)

Yield, 63%; mp: 275.5–276.5 °C; 1H NMR (400MHz, CDCl3) δ:
2.03–2.06 (m, 2H, CH2), 2.40–2.49 (m, 2H, CH2), 2.53 (t, J1=5.2 Hz,
J2=11.6 Hz , 2H, CH2), 3.82 (s, 3H, CH3O), 3.84 (s, 6H, 2×CH3O),
3.89 (s, 3H, CH3O), 3.93 (s, 6H, 2×CH3O), 6.49 (s, 1H, CH), 6.56 (s,
2H, ArH), 7.26 (s, 2H, ArH), 8.91 (s, 1H, NH). 13C NMR (100MHz,
CDCl3) δ: 193.87, 153.37, 153.23, 149.77, 147.56, 139.44, 138.04,
136.05, 125.92, 109.44, 104.54, 103.74, 60.91, 60.67, 58.16, 56.24,
56.21, 36.61, 29.64, 20.92. HRMS (ESI) m/z: calcd for C27H30N4O7

(M−H+) 521.2115 found 521.2029.
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5.2.12. 9-(4-Bromo-phenyl)-2-(3,4,5-trimethoxy-phenyl)-5,6,7,9-
tetrahydro-1H-[1,2,4]triazolo [5,1-b]quinazolin-8-one (18)

Yield, 87%; mp: 259.5–261.1 °C; 1H NMR (400MHz, CDCl3) δ:
1.94–2.06 (m, 2H, CH2), 2.38–2.43 (m, 2H, CH2), 2.49–2.51 (m, 2H,
CH2), 3.89 (s, 3H, CH3O), 3.92 (s, 6H, 2×CH3O), 6.49 (s, 1H, CH), 7.22
(s, 2H, ArH), 7.23 (d, J=5.6 Hz, 2H, ArH), 7.44 (d, J=8Hz, 2H, ArH),
9.53 (s, 1H, NH). 13C NMR (100MHz, CDCl3) δ: 193.81, 160.08,
153.38, 149.99, 147.58, 139.61, 131.65, 128.78, 125.76, 122.19,
109.11, 103.75, 60.92, 57.80, 56.24, 36.54, 27.42, 20.84. HRMS (ESI)
m/z: calcd for C24H23BrN4O4 (M+H+) 511.0903 found 511.0968.

5.2.13. 9-(4-Trifluoromethyl-phenyl)-2-(3,4,5-trimethoxy-phenyl)-
5,6,7,9-tetrahydro-1H-[1,2,4] triazolo[5,1-b]quinazolin-8-one (19)

Yield, 77%; mp: 247.3–248.2 °C; 1H NMR (400MHz, CDCl3) δ:
1.97–2.08 (m, 2H, CH2), 2.40–2.47 (m, 2H, CH2), 2.55 (t, J=5.8 Hz,
2H, CH2), 3.89 (s, 3H, CH3O), 3.92 (s, 6H, 2×CH3O), 6.58 (s, 1H, CH),
7.22 (s, 2H, ArH), 7.46 (d, J=8Hz, 2H, ArH), 7.58 (d, J=8.4 Hz, 2H,
ArH), 9.25 (s, 1H, NH). 13C NMR (100MHz, CDCl3) δ: 193.80, 160.25,
153.38, 150.19, 147.55, 144.27, 139.50, 127.46, 125.70, 125.56,
125.53, 108.94, 103.70, 99.93, 60.90, 57.90, 56.23, 36.50, 27.47,
20.80. HRMS (ESI) m/z: calcd for C25H23F3N4O5 (M+H+) 501.1671
found 501.1740.

5.2.14. 9-(4-Ethyl-phenyl)-2-(3,4,5-trimethoxy-phenyl)-5,6,7,9-
tetrahydro-1H-[1,2,4]triazolo[5,1-b] quinazolin-8-one (20)

Yield, 53%; mp: 248.3–249.8 °C; 1H NMR (400MHz, CDCl3) δ: 1.21
(t, J=7.4 Hz, 3H, CH3), 1.97 (s, 2H, CH2), 2.32–2.42 (m, 2H, CH2),
2.45 (s, 2H, CH2), 2.61 (dd, J1=7.2 Hz, J2=14.4 Hz, 2H, CH2), 3.89
(s, 3H, CH3O), 3.90 (s, 6H, 2×CH3O), 6.53 (s, 1H, CH), 7.14 (d, J=8
HZ, 2H, ArH), 7.24 (s, 2H, ArH), 7.28 (d, J=5.2 HZ, 2H, ArH), 10.05
(s, 1H, NH). 13C NMR (100MHz, CDCl3) δ: 193.88, 159.77, 153.34,
149.89, 147.87, 139.34, 137.98, 127.99, 126.85, 126.01, 109.72,
103.75, 60.91, 57.93, 56.22, 36.62, 28.44, 27.36, 20.86, 15.23. HRMS
(ESI) m/z: calcd for C26H28N4O4 (M+H+) 461.2111 found 461.2179.

5.2.15. 4-[8-Oxo-2-(3,4,5-trimethoxy-phenyl)-1,5,6,7,8,9-hexahydro-
[1,2,4]triazolo[5,1-b] quinazolin-9-yl]-benzonitrile (21)

Yield, 93%; mp: 245.5–246.8 °C; 1H NMR (400MHz, CDCl3) δ:
1.99–2.09 (m, 2H, CH2), 2.42 (t, J=8 HZ, 2H, CH2), 2.62 (s, 2H, CH2),
3.88 (s, 3H, CH3O), 3.91 (s, 6H, 2×CH3O), 6.54 (s, 1H, CH), 7.20 (s,
2H, ArH), 7.44 (d, J=8Hz, 2H, ArH), 7.61 (d, J=8Hz, 2H, ArH),
9.23 (s, 1H, NH). 13C NMR (100MHz, CDCl3) δ: 193.78, 160.37,
153.40, 150.44, 147.52, 145.39, 139.58, 132.39, 127.93, 125.58,
118.45, 112.03, 108.52, 103.71, 60.91, 58.02, 56.24, 36.47, 27.48,
20.79. HRMS (ESI) m/z: calcd for C25H23N5O4 (M+H+) 458.1750
found 458.1814.

5.2.16. 9-(3,4-Dimethoxy-phenyl)-2-(3,4,5-trimethoxy-phenyl)-
4a,5,6,7,8a,9-hexahydro-1H-[1,2,4] triazolo[5,1-b]quinazolin-8-one (22)

Yield, 62%; mp: 234.1–235.8 °C; 1H NMR (400MHz, CDCl3) δ:
1.95–2.05 (m, 2H, CH2), 2.34–2.38 (m, 2H, CH2), 2.52 (d, J=5.6 Hz,
2H, CH2), 3.70 (s,3H, CH3O), 3.78 (s, 3H, CH3O), 3.87 (s, 3H, CH3O),
3.91 (s, 6H, 2×CH3O), 6.40 (s, 1H, CH), 6.49 (d, J=8.4 Hz, 1H, ArH),
6.54 (s, 1H, ArH), 7.23 (s, 1H, ArH), 7.46 (d, J=8.4 Hz, 1H, CH), 9.11
(s, 1H, NH). 13C NMR (100MHz, DMSO‑d6) δ: 193.36, 160.68, 158.94,
158.73, 153.39, 152.58, 148.53, 138.66, 131.09, 126.87, 122.21,
106.69, 105.09, 103.02, 99.64, 60.48, 56.26, 56.17, 55.56, 36.87,
26.88, 21.20. HRMS (ESI) m/z: calcd for C26H28N4O6 (M−H+)
491.2009 found 491.1928.

5.2.17. 9-(3-Fluoro-phenyl)-2-(3,4,5-trimethoxy-phenyl)-5,6,7,9-
tetrahydro-1H-[1,2,4]triazolo [5,1-b]quinazolin-8-one (23)

Yield, 85%; mp: 248.9–249.6 °C; 1H NMR (400MHz, DMSO‑d6) δ:
1.91–2.02 (m, 2H, CH2), 2.28–2.32 (m, 2H, CH2), 2.62–2.74 (m, 2H,
CH2), 3.68 (s, 3H, CH3O), 3.81 (s, 6H, 2×CH3O), 6.32 (s, 1H, CH), 7.09
(t, J=8Hz, 3H, ArH), 7.16 (s, 2H, ArH), 7.35 (dd, J1=7.6 Hz,

J2=14.4 Hz, 1H, ArH), 11.32 (s, 1H, NH). 13C NMR (100MHz,
DMSO‑d6) δ: 193.70, 163.62, 161.20, 159.64, 153.45, 152.88, 148.11,
144.71, 138.94, 130.84, 130.75, 126.48, 123.48, 115.14, 114.93,
114.50, 114.29, 107.02, 103.22, 60.50, 57.83, 56.22, 36.68, 26.88,
21.01. HRMS (ESI) m/z: calcd for C24H23FN4O4 (M+H+) 451.1703
found 451.1769.

5.2.18. 9-(3-Nitro-phenyl)-2-(3,4,5-trimethoxy-phenyl)-5,6,7,9-
tetrahydro-1H-[1,2,4]triazolo[5,1-b] quinazolin-8-one (24)

Yield, 93%; mp: 249.9–250.5 °C; 1H NMR (400MHz, DMSO‑d6) δ:
1.91–1.99 (m, 2H, CH2), 2.23–2.32 (m, 2H, CH2), 2.70 (s, 2H, CH2),
3.68 (s, 3H, CH3O), 3.80 (s, 6H, 2×CH3O), 6.49 (s, 1H, CH), 7.15 (s,
2H, ArH), 7.63 (d, J=7.2 Hz, 1H, ArH), 7.71 (d, J=7.2 Hz, 1H, ArH),
8.12 (d, J=7.2 Hz, 2H, ArH), 11.44 (s, 1H, NH). 13C NMR (100MHz,
DMSO‑d6) δ: 193.78, 159.85, 153.45, 153.20, 148.12, 144.01, 138.97,
134.13, 130.52, 126.35, 123.26, 122.23, 106.65, 103.21, 60.49, 57.87,
56.21, 36.63, 26.93, 21.02. HRMS (ESI) m/z: calcd for C24H23N5O6 (M
+H+) 478.1648 found 478.1720.

5.2.19. 1-[7-(4-Fluoro-phenyl)-5-methyl-2-(3,4,5-trimethoxy-phenyl)-1,7-
dihydro-[1,2,4]triazolo [1,5-a]pyrimidin-6-yl]-ethanone (25)

Yield, 82%; mp: 232.8–233.4 °C; 1H NMR (400MHz, CDCl3) δ: 2.20
(s, 3H, CH3), 2.42 (s, 3H, CH3), 3.89 (s, 3H, CH3O), 3.93 (s, 6H,
2×CH3O), 6.55 (s, 1H, CH), 7.04 (t, J=8.6 Hz, 2H, ArH), 7.22 (s, 2H,
ArH), 7.40–7.43 (m, 2H, ArH), 8.75 (s, 1H, NH). 13C NMR (100MHz,
CDCl3) δ: 195.21, 160.26, 153.31, 146.94, 143.96, 139.30, 135.98,
129.32, 129.24, 125.92, 115.91, 115.69, 108.91, 103.44, 60.88, 59.67,
56.16, 30.29, 20.73. HRMS (ESI) m/z: calcd for C23H23FN4O4 (M+H+)
439.1703 found 439.1773.

5.2.20. 1-[5-Methyl-7-(4-nitro-phenyl)-2-(3,4,5-trimethoxy-phenyl)-1,7-
dihydro-[1,2,4]triazolo [1,5-a]pyrimidin-6-yl]-ethanone (26)

Yield, 92%; mp: 249.5–251.2 °C; 1H NMR (400MHz, CDCl3) δ: 2.29
(s, 3H, CH3), 2.52 (s, 3H, CH3), 3.89 (s, 3H, CH3O), 3.92 (s, 6H,
2×CH3O), 6.65 (s, 1H, CH), 7.21 (s, 2H, ArH), 7.58 (d, J=8.4 Hz, 2H,
ArH), 8.21 (d, J=8.4 Hz, 2H, ArH), 8.31 (s, 1H, NH). 13C NMR
(100MHz, CDCl3) δ: 194.32, 160.59, 153.35, 147.78, 147.24, 147.14,
144.61, 128.37, 124.01, 109.38, 103.53, 99.92, 60.89, 59.46, 56.18,
30.98, 20.93. HRMS (ESI) m/z: calcd for C23H23N5O6 (M−H+)
464.1648 found 464.1575.

5.2.21. 1-[7-(3-Fluoro-4-methyl-phenyl)-5-methyl-2-(3,4,5-trimethoxy-
phenyl)-1,7-dihydro-[1,2,4] triazolo[1,5-a]pyrimidin-6-yl]-ethanone (27)

Yield, 88%; mp: 223.0–225.3 °C; 1H NMR (400MHz, CDCl3) δ: 2.21
(s, 3H, CH3), 2.25 (s, 3H, CH3), 2.47 (s, 3H, CH3), 3.89 (s, 3H, CH3O),
3.93 (s, 6H, 2×CH3O), 6.50 (s, 1H, CH), 7.06 (d, J=10.0 Hz, 1H,
ArH), 7.14 (dd, J1=7.6 Hz, J2=12.8 Hz, 2H, ArH), 7.23 (s, 2H, ArH),
8.25 (s, 1H, NH). 13C NMR (100MHz, CDCl3) δ: 195.15, 160.24,
153.31, 146.97, 144.13, 139.70, 139.64, 139.26, 131.78, 125.92,
122.84, 114.19, 113.95, 108.69, 103.40, 60.88, 59.71, 56.15, 30.28,
20.77, 14.26. HRMS (ESI) m/z: calcd for C24H25FN4O4 (M+H+)
453.1860 found 453.1926.

5.2.22. 1-[7-(4-Methoxy-3-nitro-phenyl)-5-methyl-2-(3,4,5-trimethoxy-
phenyl)-1,7-dihydro-[1,2,4] triazolo[1,5-a]pyrimidin-6-yl]-ethanone (28)

Yield, 89%; mp: 249.5–251.2 °C; 1H NMR (400MHz, DMSO‑d6) δ:
2.22 (s, 3H, CH3), 2.47 (s, 3H, CH3), 3.69 (s, 3H, CH3O), 3.80 (s, 6H,
2×CH3O), 3.89 (s, 3H, CH3O), 6.56 (s, 1H, CH), 7.17 (s, 2H, ArH), 7.33
(d, J=8.8 Hz, 1H, ArH), 7.60 (dd, J1=2.4 Hz, J2=8.8 Hz, 1H, ArH),
7.83 (d, J=2Hz, 1H, ArH), 11.03 (s, 1H, NH). 13C NMR (100MHz,
DMSO‑d6) δ: 194.75, 159.83, 153.44, 152.06, 148.02, 139.32, 138.90,
134.65, 133.54, 126.50, 123.86, 115.05, 108.12, 103.17, 60.50, 58.60,
57.14, 56.20, 31.23, 20.22. HRMS (ESI) m/z: calcd for C22H24N5O7

(M−H+) 494.1754 found 494.1766.
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5.2.23. 1-[7-(3,5-Dibromo-phenyl)-5-methyl-2-(3,4,5-trimethoxy-phenyl)-
1,7-dihydro-[1,2,4]triazolo [1,5-a]pyrimidin-6-yl]-ethanone (29)

Yield, 95%; mp: 241.3–242.5 °C; 1H NMR (400MHz, DMSO‑d6) δ:
2.25 (s, 3H, CH3), 2.49 (s, 3H, CH3), 3.69 (s, 3H, CH3O), 3.81 (s, 6H,
2×CH3O), 6.49 (s, 1H, CH), 7.16 (s, 2H, ArH), 7.50 (s, 2H, ArH), 7.76
(s, 1H, ArH), 11.07 (s, 1H, NH). 13C NMR (100MHz, DMSO‑d6) δ:
194.61, 159.97, 153.46, 148.02, 147.29, 146.60, 138.97, 133.56,
129.61, 126.36, 123.06, 108.12, 103.23, 60.50, 58.86, 56.21, 31.43,
20.31. HRMS (ESI) m/z: calcd for C23H22Br2N4O4 (M+H+) 577.0008
found 577.0063.

5.2.24. 1-[7-(3,4-Dichloro-phenyl)-5-methyl-2-(3,4,5-trimethoxy-phenyl)-
1,7-dihydro-[1,2,4]triazolo [1,5-a]pyrimidin-6-yl]-ethanone (30)

Yield, 73%; mp: 233–236.4 °C; 1H NMR (400MHz, DMSO‑d6) δ:
2.23 (s, 3H, CH3), 2.47 (s, 3H, CH3), 3.68 (s, 3H, CH3O), 3.80 (s, 6H,
2×CH3O), 6.52 (s, 1H, CH), 7.14 (s, 2H, ArH), 7.28 (dd, J1=2.0 Hz,
J2=8.4 Hz, 1H, ArH), 7.61 (d, J1=8.4 Hz, 2H, ArH), 11.07 (s, 1H,
NH). 13C NMR (100MHz, CDCl3) δ: 194.52, 160.28, 153.37, 147.39,
144.82, 140.51, 139.42, 132.99, 132.83, 130.75, 129.18, 126.99,
125.55, 108.95, 103.55, 60.95, 59.24, 56.18, 30.84, 20.79. HRMS (ESI)
m/z: calcd for C23H22Cl2N4O4 (M−H+) 487.1018 found 487.0931.

5.3. Biological evaluation

5.3.1. Antiproliferative activity
The anticancer potency of analogues 7–30 were evaluated in vitro

against a panel of three different human cancer cell lines, A549, HeLa,
and HCT116 by the standard MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay. The above cell lines were cultured
in RPMI-1640 medium supplemented with 10% FBS. Determined
compounds were dissolved in dimethyl sulfoxide (DMSO) at 100mM
and diluted into a series of concentrations with the medium.
Exponentially growing cells were plated in 96-well plates (2× 103

cells/well) and incubated for 48 h at 37 °C for attachment. The culture
medium was then changed, and cells grew in medium with the tested
compounds. DMSO (0.1%) and CA-4 were used as negative and positive
control, respectively. Cells were incubated at 37 °C for 48 h. After the
treatment period, 10 μL of MTT solution (5mg/mL) was added to each
well, and the plates were incubated for 4 h at 37 °C. The medium was
then aspirated and formazan crystals were dissolved in DMSO (150 μL)
for about 10 mins. The absorbance at 570 nm (Abs) of the suspension
was measured by a microplate reader (Bio-Rad laboratories, USA). The
inhibition percentage was obtained by using the following formula: %
inhibition = (Abscontrol-Abscompound)/Abscontrol× 100%. IC50 values of
the tested compounds and CA-4 were amounted through treating cells
with drugs of various concentrations and calculated using the prism
statistical package (GraphPad Software, San Diego, CA, U.S.A.).

5.3.2. Flow-activating cell sorting (FACS) analysis
The effect of analogue 26 on cell cycle phase distribution of human

cervical cancer cell lines (HeLa) was investigated by the flow cyto-
metric analysis. When the cells grew to about 70–80% confluence in
60mm dishs over night, they were incubated with compound 26 at
0.75, 1.50, and 3.00 μM concentrations for 24 h. Subsequently, control
and treated cells were harvested, washed with PBS, and fixed in 75%
ice-cold ethanol at 4 °C overnight. They were then washed with PBS,
incubated with 50 μg/mL of RNase for 30min at 37 °C, stained with
50 μg/mL of propidium iodide, and subjected to flow cytometry
(Beckman Coulter).

5.3.3. Immunofluorenscence assay
Immunofluorenscence assay studies were performed following our

previously reported method [30].

5.3.4. In vitro tubulin polymerization assay
The tubulin polymerization activity in vitro was carried out

according to our previously described method [33].

5.3.5. Molecular modeling
Molecular docking studies were performed using the Surflex module

of Sybyl 7.3 package [36], and the tubulin structure (code: 1SA0) was
obtained from the PDB data bank (http://www.rcsb.org/-PDB) [37].
The studied molecule was initially prepared in Sybyl 7.3, and energy
minimization was carried out by using the Tripos force field with a
distance–dependent dielectric and powell gradient algorithm with a
convergence criterion of 0.001 kcal/mol Å. In addition, partial atomic
charges were analyzed using Gasteiger–Hückel method, and all the
other parameters were assigned default values throughout the docking
process. The top 20 conformations with different scores were acquired,
and the best ranking pose was visualized with Pymol [38].
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