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a b s t r a c t

Thirty-three 1,2,4-triazolo[1,5-a][1,3,5]triazin-5,7-dione and its 5-thioxo analogues were designed and
synthesized which contained different substituents at meta- and/or para-positions of 2-phenyl or
2-benzyl ring attached to the fused ring structure. The preliminary pharmacological evaluation
demonstrated that the 5-thioxo analogues of 1,2,4-triazolo[1,5-a][1,3,5]triazine exhibited a varying de-
gree of inhibitory activity towards thymidine phosphorylase, comparable or better than reference
compound, 7-Deazaxanthine (7-DX, 2) (IC50 value ¼ 42.63 mM). Moreover, compounds 5q and 6i dis-
played a mixed-type of inhibitory mechanism in the presence of variable concentrations of thymidine
(dThd). In addition, selected compounds were found to have a noticeable inhibitory effect on the
expression of angiogenesis markers, including VEGF and MMP-9 in MDA-MB-231 breast cancer cells.

� 2013 Elsevier Masson SAS. All rights reserved.
1. Introduction

Angiogenesis is the formation of new capillaries from pre-
existing blood vessels. Pioneering research has identified angio-
genesis as a key modulator in the process of cancer development
[1e3]. The lack of oxygen in the centre of tumour stimulates the
secretion of vascular endothelial growth factor (VEGF) which binds
to the receptors present on endothelial cells of existing blood
vessels [4]. Subsequently, it stimulates a cascade of events,
including the secretion of metalloproteases and other matrix-
degrading enzymes (MMPs), proliferation and migration of endo-
thelial cells to the tumour tissue, allowing for rapid formation of
long-lasting functional neo-vessels [5]. As it is a complex process,
there is a continued need for the development of novel angiogen-
esis inhibitors that would target multiple angiogenic molecules or
pathways to combat the spectrum of heterogeneous tumours
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occurring clinically [6]. Among several pro-angiogenic factors,
thymidine phosphorylase (TP) has been identified as an important
angiogenic protein. Several studies have demonstrated that TP has
the ability to induce tumour vascularization viamultiple pathways,
resulting in the promotion of tumour growth and metastasis [7,8].

Thymidine phosphorylase (TP, EC 2.4.2.4), which is synonymous
with platelet derived endothelial growth factor (PD-ECGF), is
overexpressed in the hypoxic regions of solid tumours. Moreover,
TP is involved in the catalysis of pyrimidine nucleotide salvage
pathway. It is reported that 2-deoxy-a-D-ribose, a product gener-
ated during the catalytic reaction, stimulates the secretion and/or
expression of angiogenic factors, including VEGF and MMPs. These
events eventually lead to angiogenesis and cancer metastasis [8,9].
Therefore, TP may be viewed as an important target for the
development of new anti-angiogenic therapy [10]. As a conse-
quence, extensive efforts have been devoted to generate numerous
TP inhibitors belonging to diverse chemical classes [11]. Among
them, 5-chloro-6-[1-(2-iminopyrrolidinyl)methyl] uracil hydro-
chloride (TPI, 1) (Fig. 1), the most potent inhibitor of human TP so
far, inhibited the migration and basement membrane invasion of
TP-overexpressing KB cells. Moreover, TPI was found to attenuate
TP-induced angiogenesis in the mouse dorsal air sac assay
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Fig. 1. Structures of known TP inhibitors.
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model [12]. It is also reported that 6-(2-aminoethyl)amino-5-
chlorouracil (AEAC), in combination with the VEGF-Trap, exhibi-
ted anti-angiogenic and anti-tumour activities [13]. The first purine
derivative, 7-deazaxanthine (7-DX, 2) (Fig. 1) was able to efficiently
suppress the neovascularization in the CAM assay [14]. In addition,
a series of phosphonate derivatives [15e17], N-phenyl homo-
phthalimide analogues [18], purine riboside derivative [19,20] and
prodrugs of known TP inhibitors [21,22] were designed, synthe-
sized and tested. These structurally diverse compounds displayed
TP inhibitory activity by different mechanisms and showed anti-
angiogenetic potential in various in vivo and in vitromodel systems.

1,2,4-Triazolo[1,5-a][1,3,5]triazine, a fused heterobicyclic sys-
tem, constitutes an important contribution in medicinal chemistry.
A wide variety of attractive pharmacological effects was attributed
to the derivatives of 1,2,4-triazolo[1,5-a][1,3,5]triazine [23]. How-
ever, to date, no studies have been conducted to examine the
inhibitory potency of this scaffold against TP. It is worthy to note
that 1,2,4-triazolo[1,5-a][1,3,5]triazin-5,7-dione may be considered
as a bioisoster of xanthine that has its carbon atom at C5 replaced
by nitrogen atom, henceforth it is known as 5-azaxanthine. It is
hypothesized that 5-azaxanthine and its thioxo analogues (Fig. 2)
would exhibit anti-TP and associated anti-angiogenic activities due
to their close structural resemblance to 7-deazaxanthine (7-DX, 2),
a leading TP inhibitor candidate. To test this hypothesis, a series of
1,2,4-triazolo[1,5-a][1,3,5]triazin-5,7-dione and its 5-thioxo ana-
logues (Fig. 2) were synthesized via a practical synthetic method
and their in vitro TP inhibitory potential was determined. To
elucidate the mechanism of enzyme inhibition, a brief kinetic study
was attempted. In addition, selected compounds endowed with
promising TP inhibitory activity, were tested to explore their anti-
angiogenic property by performing experiments that demonstrate
an inhibition of MMP-9 and VEGF expression in MDA-MB-231 cells.

2. Results and discussion

2.1. Chemistry

The synthesis of the title compounds (3, 4 and 5e5s, 6e6i) was
achieved via annulation of 1,3,5-triazine ring onto 3(5)-amino-
1,2,4-triazoles as illustrated in Scheme 1. The adopted synthetic
method is based on the chemistry developed by Bokaldere and co-
workers [24]. It allowed the construction of 1,2,4-triazolo[1,5-a]
[1,3,5]triazinederivativeswithvarying substitutions atmeta- and/or
Fig. 2. Structures of target compounds.
para-positions of 2-phenyl or 2-benzyl ring attached to the fused
ring system.

The reaction of 5-amino-1,2,4-triazoles (9) with ethyl iso-
cyanoformate or ethoxycarbonyl isothiocyanate in DMF afforded
the urea (11) and thiourea (12) derivatives which underwent
intramolecular heterocyclization in the presence of base, resulting
in the formation of target compounds (3, 4 and 5e5s, 6e6i
respectively) within 20 min. The obtained compounds were
recrystallized with suitable solvents and this process gave high
purity products (3, 4, 5 and 6) in 55e90% yield. Moreover, an effi-
cient and expeditious synthetic approach was utilized to produce
5-amino-1,2,4-triazoles (9) [25,26]. The two-step reaction involved
the synthesis of amidoguanidines (8) from readily available
substituted acid chlorides (10) or hydrazides (7), followed by
microwave-assisted cyclocondensation in water (Scheme 1). A
significant enhancement in yield of 1,2,4-triazoles (9) was observed
for the protocol, and the overall reaction time was shortened to 5e
8 min compared to several hours of the conventional heating
procedure.

All the synthesized compounds (3, 4 and 5e5s, 6e6i) were
characterized by melting points, and different spectroscopic tech-
niques (1H NMR, 13C NMR and MS). The purity of the compounds
was assessed by reverse phase HPLC method and elemental anal-
ysis. The structures of the target compounds were readily distin-
guished and confirmed by the use of 13C NMR spectroscopy. The 13C
peak of the thiocarbonyl (C]S) carbon of compounds 5 and 6
appeared at around 175.8 ppm; while the two signals of the
carbonyl (C]O) groups of compounds 3 and 4 appeared at about
152.5 and 162.2 ppm and 152.1 and 164.8 ppm respectively. The
purity of all compounds was satisfactory (above 95%).

Due to annular tautomerism, target compounds 3, 4, 5e5s and
6e6i existed in dynamic equilibrium of A) 4-, B) 3- and C) 1H-
forms. The prototropic interconversion between these tautomeric
forms resulted in broadening of the 4-N(H) signals in 1H NMR
spectra of compounds in DMSO. On heating, the broad signal dis-
appeared due to rapid exchange of the NH proton.

2.2. Biological activities

2.2.1. Evaluation of anti-thymidine phosphorylase (anti-TP) activity
Thirty three compounds (3e6) were evaluated for TP inhibitory

activity by a spectrophotometric assay that used recombinant hu-
man thymidine phosphorylase, expressed in Escherichia coli
(T2807-SigmaeAldrich) as the enzyme and thymidine as the sub-
strate. The original method developed by Krenitsky (Krenitsky
et al., 1979) [27] was modified and adopted. The results of the
enzyme inhibitory potency were expressed in terms of IC50
values and were compared with the positive control, 7-DX
(IC50 ¼ 42.63 mM) (Table 1). The inhibitory effect of compounds 3,
4, 5 and 6 suggested the following structureeactivity relationships:
(1) Introduction of the homophthalimide moiety led to the com-
plete loss of inhibitory activity. This result was not consistent with
the previous report, indicating that most TP inhibitors possessed a
homophthalimide moiety, assumed to be the most essential for the
binding interactions [11]. (2) Isosteric replacement of thiocarbonyl
moiety at C5 significantly enhanced the inhibition profile. (3)
Insertion of a methylene bridge into the structure of compound 5
(IC50 ¼ 39.56 mM) did not demonstrate substantial improvement in
binding interactions, as evident in compound 6 (IC50 ¼ 43.32 mM).

In an attempt to improve the inhibition profile of compounds 5
and 6, Craig plot directed structural optimization approach [28] was
employed. Various substituents scattered around all four Craig plot
quadrants, i.e., R ¼ F, Cl, Br, CF3 (þp, þs), R ¼ OCH3, OH (�p, �s),
R¼ CH3 (þp,�s), R¼ CN (�p,þs) were selected for this study. This
approach generated analogues of 5 and 6which displayed a varying



Scheme 1. Synthesis of target compounds (3, 4 and 5e5s, 6e6i). Reagents and conditions: (a) s-methylisothiourea sulphate, NaOH, r.t., 72 h; (b) water, MW irradiation, 180 �C, 5e
7 min; (c) aminoguanidine hydrochloride, fusion at 180 �C, 5 M NaOH, 20 min; (d) ethyl isocyano formate/ethoxycarbonyl isothiocyanate, DMF, r.t., 5 h; (e) NaOH, 80% ethanol (aq.),
100 �C, 20 min.
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degree of TP inhibitory activity with IC50 values ranged from 3.0 to
64.0 mM (Table 1). With few exceptions (5e, 5h and 6h), compounds
with substituents, no matter electron-withdrawing or electron-
donating, showed comparable or better activity than the parent
Table 1
Thymidine phosphorylase inhibitory activity of the synthesized compounds.

Entry Cpd R

1 3 e

2 4 e

3 5 H
4 6 H
5 5a 3
6 5b 3
7 5c 3
8 5d 3
9 5e 3
10 5f 3
11 5g 3
12 5h 3
13 5i 4
14 5j 4
15 5k 4
16 5l 4
17 5m 4
18 5n 4
19 5o 4
20 5p 4
21 5q (
22 5r (
23 5s 3
24 6a 4
25 6b 4
26 6c 4
27 6d 4
28 6e 4
29 6f 4
30 6g 4
31 6h 4
32 6i (
33 6j e

34 7-DX e

a Values are means of three experiments.
b Values are presented as means � SD.
compounds (5 and 6) and reference inhibitor (7-DX). Interestingly,
di-substituted analogues conferred significantly higher binding
affinity than the mono-substituted compounds. Compound 5q
(IC50 ¼ 10.84 mM) carrying chloro group in both meta and para
TP inhibition activitya IC50 (mM)b

>100
>100
39.56 � 1.77
43.32 � 5.03

-NO2 22.63 � 5.18
-CF3 22.14 � 3.32
-Cl 30.29 � 5.44
-Br 31.78 � 3.55
-F 48.24 � 9.50
-Me 34.42 � 3.21
-MeO 23.18 � 5.82
-CN 48.54 � 2.73
-NO2 36.56 � 3.75
-CF3 22.68 � 3.73
-Cl 25.98 � 4.34
-Br 22.06 � 4.41
-F 32.21 � 4.78
-Me 31.58 � 3.10
-MeO 21.91 � 2.26
-CN 33.06 � 1.71
3,4)-Cl2 10.84 � 2.82
3,4)-F2 21.90 � 7.33
-Me, 4-Bre 13.09 � 1.84
-CF3 9.92 � 2.96
-Cl 8.54 � 1.91
-Br 13.71 � 4.83
-F 22.43 � 2.69
-Me 19.80 � 6.05
-MeO 33.95 � 7.56
-OH 33.78 � 1.65
-CN 64.33 � 5.87
3,4)-Cl2 2.95 � 0.74

36.37 � 4.25
42.63 � 5.24
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Fig. 3. LineweavereBurk plots of TP inhibition by 5q (a) and 6i (b), in the presence of
variable concentrations of dThd demonstrating mixed-type enzyme inhibition. Results
are presented as means � SD; SD denoted by error bars (Experiments carried out in
triplicate).

Scheme 2. Enzyme kinetic model for mixed type inhibition.
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positions, was about 3.6 and 3.9-fold more potent than compound
5 and positive control, 7-DX respectively. Analogously, di-chloro
substituted analogue of 6, viz., compound 6i (IC50 ¼ 2.95 mM) was
observed to have best anti-TP activity among the four groups of
compounds evaluated in this study and it exhibited 14.7, 13.4 and
14.5-fold enhancement of inhibitory activity as compared to com-
pounds 6, 5 and 7-DX respectively.

In series 5, compounds which contained electron-donating
and -p hydrophobic substituents, implied an improvement in
activity compared to compounds bearing electron-donating
and þp hydrophobic groups. In other words, compounds 5g and
5o with a methoxy moiety presented better activity than com-
pounds 5f and 5n which possessed a methyl substituent in the
phenyl ring. In contrast, in series 6, methoxy substitution in the
phenyl ring was less favourable than methyl group. The methoxy
moiety may impart steric effect with the introduction of a
methylene bridge, resulting in a reduction of binding potential as
found in compound 6f. In addition, among the compounds having
(þp, þs) substituents, compounds 5b, 5j and 6a with a tri-
fluoromethyl moiety in the phenyl ring, displayed better binding
affinity. The higher lipophilicity of trifluoromethyl was believed to
be compatible with improved hydrophobic interactions into the
binding site, leading to an enhancement of inhibition profile of
compounds 5b, 5j and 6a. Encouraged by these results, we were
impelled to modify the structure of compound 6 by introducing
hydrophobic diphenyl motif that generated compound 6j. How-
ever, such effort did not demonstrate any substantial improve-
ment in activity. The unexpected lower inhibitory activity of
compound 6j may be due to the steric hindrance effects of
diphenyl ring.

2.2.2. Enzyme inhibition kinetic study of selected compound
Based on the results of TP inhibition analysis, we selected

compounds 5q (IC50 ¼ 10.84 mM) and 6i (IC50 ¼ 2.95 mM) from 5
and 6 series respectively and performed enzyme inhibition ki-
netic study. The data obtained were analysed and Lineweavere
Burk plots (Fig. 3) were constructed. The results demonstrated
that compounds 5q and 6i were mixed-type inhibitors with
respect to thymidine as a variable substrate, since the reciprocal
plots of these compounds showed straight lines that intersected
each other in the left panel. This was further confirmed by the fact
that increasing inhibitor concentration resulted in an increase of
Km values and a decrease of Vmax values. For the mixed-type in-
hibition, we adopted the model of Scheme 2. Thus, the inhibitors
may bind to the free enzyme (E) and to the enzymeesubstrate
complex (ES) by weak bonds at, near or inside the active site,
which inactivated the enzyme but did not affect the binding of
substrate. In addition, we calculated the values of Ki and aKi by re-
plotting the slopes and intercepts of the double reciprocal plot
against the inhibitor concentrations (Table 2). The values of in-
hibition constants (Ki and aKi) indicated that the inhibitors had
stronger affinity towards the free enzyme than enzymeesubstrate
complex (a > 1). Moreover, the enzymeeinhibitor complex
exhibited lower affinity for substrate compared to free enzyme
(a > 1) (Scheme 2). Due to structural modification of the core ring
structure, compounds 5q and 6i showed dissimilar interaction
mode compared to 7-DX which behaved as a competitive or
mixed-type inhibitor in the presence of variable concentrations of
thymine [29].

2.2.3. Evaluation of anti-angiogenic activity: inhibition of VEGF
expression

It is reported that TP and its metabolite overexpress the vascular
endothelial growth factor (VEGF) and play a crucial role in tumour
angiogenesis by inducing endothelial cell proliferation, migration
and survival [30]. An attempt was made to assess the ability of the
selected compounds to inhibit VEGF expression in MDA-MB-231
cells. The di-substituted compounds (5q, 5s and 6i) endowed
with attractive TP inhibition (IC50 values >15 mM) were chosen for
this assay. The expression level of VEGF protein in the conditioned
cell medium was measured using an enzyme-linked immunosor-
bent assay (ELISA) [31]. As depicted in Fig. 4, all compounds, at
doses ranging between 25 mM and 200 mM, markedly prevented
VEGF expression compared to vehicle control (p < 0.05). A large
number of studies reported that the expression of VEGF and TP in
solid tumours is significantly correlated as both pro-angiogenic
factors share the same transcription site [32,33].



Table 2
A summary of the kinetic parameters of 5q and 6i.

Cpd Substrate Ki value (mM)a,b a Type of inhibition

5q dThd 20.09 � 1.25 2.12 Mixed type
6i dThd 19.57 � 5.62 5.41 Mixed type

a Values are means of three experiments.
b Values are presented as means � SD.
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2.2.4. Evaluation of anti-angiogenic activity: inhibition of MMP-9
expression

The MMPs have been reported to play a pivotal role in the degra-
dation and remodelling of the basement membrane. Consequently,
they promote tumour cell invasion, migration and metastasis. The
expression of MMPs in tumour cells has been found to be up-
regulated by TP [34]. To explore the inhibitory effects of the selected
compounds (5q, 5s and 6i) on PMA-induced MMP-9 expression,
gelatine zymography [35] was conducted in MDA-MB-231 cells. The
cells were treatedwith increasing doses of compounds (50e200 mM)
in the presence of PMA (80 nM). Interestingly, a decrease in band
intensity compared tovehicle controlwasdetected for all compounds
at 200 mM. These results clearly implied that the selected compounds
inhibited theproteolytic activityofMMP-9 (band corresponded to the
MWof 92 kDa) at the 200 mM concentration (Fig. 5a).

Quantification of the band intensities in the zymograms using
Image Gauge 4.0 software revealed that compounds 5q and 5s at
100 and 200 mM had significantly (p < 0.05) inhibited the MMP-9
activity (Fig. 5b). However, compound 6i, being the most active
TP inhibitor (IC50 ¼ 2.95 mM), did not display considerable inhibi-
tion of MMP-9 secretion at the 50 and 100 mM concentrations. It
was assumed that compound 6i bearing methylene bridge may
interact in a slightly different orientation as compared to others (5q
and 5s), resulting in insufficient abrogation of MMP-9 expression.
The results also suggested that a PMA-induced elevation of MMP-9
expression was attenuated dose-dependently by all the tested
compounds (Fig. 5b).

3. Conclusion

We have synthesized a small library of 1,2,4-triazolo[1,5-a][1,3,5]
triazines via ring annelation reaction and evaluated these
compounds for their thymidinephosphorylase inhibitoryactivity. The
biological evaluation identifiedanumberof newTP inhibitorsbearing
5-thioxo-5,6-dihydro[1,2,4]triazolo[1,5-a][1,3,5]triazin-7(4H)-one
scaffold. Several compounds, in particular those that bear di-chloro
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Fig. 4. Effect of selected compounds (5q, 5s and 6i) on VEGF expression in MDA-MB-
231 cells after 24 h treatment. Results are presented as means � SD; SD denoted by
error bars (Experiments carried out in triplicate). *p < 0.05.
group on the phenyl ring, viz., compounds 5q and 6i exhibited most
promising activity as mixed type inhibitors of TP. Moreover, selected
TP inhibitors demonstrated anti-angiogenic potential as they atten-
uated the expression of angiogenesis markers, including MMP-9 and
VEGF inMDA-MB-231 cells. Thus, these compounds constitute a new
direction for design and synthesis of novel TP inhibitors with prom-
ising anti-angiogenic property.

4. Experimental

4.1. Chemistry

4.1.1. General procedures
All reagents were purchased from SigmaeAldrich or Alfa Aesar

and were used without further purification. Melting points were
determined on a Gallenkamp melting point apparatus and were
uncorrected. 1H NMR and 13C NMR spectra were recorded on a
Bruker DPX-300 spectrometer at 300MHz and 75MHz respectively
using DMSO-d6 as solvent and TMS as internal standard. Mass
spectra were obtained on a Finnigan MAT LCQ LC-MS mass spec-
trometer using the electrospray ionization (ESI) mode. Reactions
were monitored by TLC on silica gel (60 F254) coated aluminium
plate.

4.1.2. General procedure for the synthesis of 1,2,4-triazolo[1,5-a]
[1,3,5]triazin-5,7-dione and its 5-thioxo analogues (3, 4 and 5e5s,
6e6j)

Initially, amidoguanidines (8) were prepared through the reac-
tion of S-methylisothiourea sulphate (2.8 g, 10 mmol) and corre-
sponding hydrazides (7) (3.0 g, 20 mmol) in alkali medium as
described previously [25]. Alternatively, the intermediates (8) were
synthesized via the reaction of substituted benzoyl chloride or
phenyl acetyl chloride (10) (10 mmol) and aminoguanidine hy-
drochloride (20 mmol). The resulting amidoguanidines (8) were
then treated with microwave irradiation power (100 W) for 5e
8 min in water to obtain 5-amino-1,2,4-triazoles (9) [26]. In the
next step, the reaction between 5-amino-1,2,4-triazoles (9)
(3 mmol) and ethyl isocyano formate/ethoxycarbonyl isothiocya-
nate (3.3 mmol) in anhydrous DMF (4 ml) at room temperature
yielded corresponding urea (11) or thiourea (12) derivatives. Sub-
sequently, to a stirred solution of sodium hydroxide (9 mmol) in
ethanol (80%, 20 ml), urea (11) or thiourea (12) derivatives were
added and the reaction mixture was heated on a water bath for
20 min with continuous stirring. After cooling, the solvent was
evaporated under vacuum and the residue was suspended in water
(25 ml). The resulting suspension was acidified up to pH 1e3 using
2.5 M HCl. The precipitated product (3, 4 and 5e5s, 6e6j) was
filtered off, recrystallized with suitable solvents and dried under
vacuum.

4.1.3. 2-Phenyl-[1,2,4]triazolo[1,5-a][1,3,5]triazin-5,7(4H,6H)-dione (3)
The title compound was isolated as white powder (54%); mp

318e319 �C (EtOHewater), ESI-MS m/z 228.2 (M � 1)þ; purity
>95%; tR 2.31 min (B); 1H NMR (300 MHz, DMSO-d6): d 7.52e7.54
(m, 3H, H-30, H-40 and H-50), 8.03e8.05 (m, 2H, H-20 and H-60), 11.94
(s, 1H, NH), 12.90 (s, 1H, NH); 13C NMR (75 MHz, DMSO-d6): d 127.0
(C-20 and C-60), 129.4 (C-30 and C-50), 130.0 (C-40), 131.0 (C-10), 143.9
(C-2), 149.3 (C-9), 152.5 (C-5), 162.2 (C-7); Anal. calcd. for
C10H7N5O2: C, 52.40; H, 3.08; N, 30.56. Found: C, 51.88; H, 3.01; N,
29.89.

4.1.4. 2-Phenyl-5-thioxo-5,6-dihydro-[1,2,4]triazolo[1,5-a][1,3,5]
triazin-7(4H)-one (5)

The title compound was isolated as white powder (78%); mp
258e259 �C (EtOH); ESI-MS m/z 244.1 (M � 1)þ; purity >95%; tR



Fig. 5. Effect of selected synthesized compounds (5q, 5s and 6i) on PMA-induced MMP-9 expression in MDA-MB-231 cells: (a) suppressive effects of selected compounds on MMP-9
expression and their dose response; (b) densitometry analysis of MMP-9 expression. Results are presented as means � SD; SD denoted by error bars (Experiments carried out in
triplicate). *p < 0.05.
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2.16 min (B); 1H NMR (300 MHz, DMSO-d6): d 7.53e7.55 (m, 3H,
H-30, H-40 and H-50), 8.04e8.07 (m, 2H, H-20 and H-60), 13.12 (s, 1H,
NH), 14.31 (br. s, 1H, NH); 13C NMR (75 MHz, DMSO-d6): d 127.1 (C-
20 and C-60), 129.5 (C-30 and C-50), 129.7 (C-40), 131.3 (C-10), 141.7 (C-
2), 151.9 (C-9), 162.4 (C-7), 175.8 (C-5); Anal. calcd. for C10H7N5OS:
C, 48.97; H, 2.88; N, 28.55. Found: C, 48.28; H, 2.71; N, 28.20.

4.1.5. 2-(3-Nitrophenyl)-5-thioxo-5,6-dihydro-[1,2,4]triazolo[1,5-a]
[1,3,5]triazin-7(4H)-one (5a)

The title compound was isolated as off-white powder (80%); mp
246e248 �C (acetic acid), ESI-MSm/z 289.1 (M � 1)þ; purity >95%;
tR 2.13 min (B); 1H NMR (300 MHz, DMSO-d6): d 7.86 (t, 1H, H-50,
J ¼ 8.1 Hz), 8.39 (dd, 1H, H-40, J ¼ 8.1, 1.3 Hz), 8.47 (d, 1H, H-60,
J ¼ 7.5 Hz), 8.74 (s, 1H, H-20), 13.19 (s, 1H, NH), 14.51 (br. s, 1H, NH);
13C NMR (75 MHz, DMSO-d6): d 120.9 (C-20), 125.2 (C-40), 130.6 (C-
50), 130.9 (C-60), 132.4 (C-10), 141.0 (C-30), 148.1 (C-2), 151.7 (C-9),
160.0 (C-7), 175.3 (C-5); Anal. calcd. for C10H6N6O3S: C, 41.38; H,
2.08; N, 28.95. Found: C, 41.11; H, 2.01; N, 28.26.

4.1.6. 5-Thioxo-2-(3-(trifluoromethyl)phenyl)-5,6-dihydro-[1,2,4]
triazolo[1,5-a][1,3,5]triazin-7(4H)-one (5b)

The title compound was isolated as white powder (81%); mp
268e270 �C (EtOHewater); ESI-MS m/z 312.1 (M � 1)þ; purity
>95%; tR 2.15 min (B); 1H NMR (300 MHz, DMSO-d6): d 7.81 (t, 1H,
H-50, J ¼ 7.7 Hz), 7.93 (d, 1H, H-40, J ¼ 7.9 Hz), 8.27 (s, 1H, H-20), 8.35
(d, 1H, H-60, J ¼ 7.5 Hz), 13.18 (s, 1H, NH), 14.40 (br. s, 1H, NH); 13C
NMR (75 MHz, DMSO-d6): d 122.6 (q, CF3, J ¼ 4.1 Hz), 123.8 (q, C-20,
J ¼ 272.5 Hz), 127.2 (q, C-40, J ¼ 3.4 Hz), 129.7 (q, C-50, J ¼ 32.0 Hz),
130.2 (C-60), 130.3 (C-30), 130.5 (C-10), 141.1 (C-2), 151.6 (C-9), 160.5
(C-7), 175.3 (C-5); Anal. calcd. for C11H6F3N5OS: C, 42.18; H, 1.93; N,
22.36. Found: C, 41.85; H, 1.89; N, 22.12.

4.1.7. 2-(3-Chlorophenyl)-5-thioxo-5,6-dihydro-[1,2,4]triazolo[1,5-
a][1,3,5]triazin-7(4H)-one (5c)

The title compound was isolated as white powder (65%); mp
266e267 �C (acetic acid); ESI-MSm/z 278.0 (M � 1)þ; purity >95%;
tR 2.18 min (B); 1H NMR (300 MHz, DMSO-d6): d 7.55e7.63 (m, 2H,
H-40 and H-50), 8.00e8.02 (m, 2H, H-20 and H-60), 13.16 (s, 1H, NH),
14.26 (br. s, 1H, NH); 13C NMR (75 MHz, DMSO-d6): d 125.7 (C-60),
126.6 (C-20), 131.1 (C-50), 131.6 (C-40), 134.2 (C-30), 141.6 (C-10), 141.6
(C-2), 152.0 (C-9), 161.2 (C-7), 175.8 (C-5); Anal. calcd. for
C10H6ClN5OS: C, 42.94; H, 2.16; N, 25.04. Found: C, 41.97; H, 2.02; N,
24.88.
4.1.8. 2-(3-Bromophenyl)-5-thioxo-5,6-dihydro-[1,2,4]triazolo[1,5-
a][1,3,5]triazin-7(4H)-one (5d)

The title compound was isolated as white crystalline powder
(75%); mp 262e264 �C (acetic acid), ESI-MS m/z 324.0 (M � 1)þ;
purity >95%; tR 2.19 min (B); 1H NMR (300 MHz, DMSO-d6): d 7.52
(t, 1H, H-50, J¼ 7.9 Hz), 7.74 (d,1H, H-40, J¼ 7.9 Hz), 8.05 (d,1H, H-60,
J ¼ 7.9 Hz), 8.14 (s, 1H, H-20), 13.18 (s, 1H, NH), 14.22 (br. s, 1H, NH);
13C NMR (75 MHz, DMSO-d6): d 122.6 (C-30), 126.0 (C-60), 129.4 (C-
20), 131.9 (C-50), 131.9 (C-40), 133.9 (C-10), 141.6 (C-2), 152.0 (C-9),
161.0 (C-7), 175.8 (C-5); Anal. calcd. for C10H6BrN5OS: C, 37.05; H,
1.87; N, 21.60. Found: C, 36.89; H, 1.72; N, 20.96.

4.1.9. 2-(3-Fluorophenyl)-5-thioxo-5,6-dihydro-[1,2,4]triazolo[1,5-
a][1,3,5]triazin-7(4H)-one (5e)

The title compound was isolated as white powder (72%); mp
283e285 �C (acetic acid); ESI-MSm/z 262.3 (M � 1)þ; purity>95%;
tR 2.15 min (B); 1H NMR (300 MHz, DMSO-d6): d 7.39 (td, 1H, H-50,
J ¼ 8.5, 2.3 Hz), 7.60 (dd, 1H, H-40, J ¼ 7.9, 13.9 Hz), 7.75 (d, 1H, H-20,
J¼ 9.8 Hz), 7.90 (d,1H, H-60, J¼ 7.9 Hz),13.13 (s, 1H, NH),14.33 (br. s,
1H, NH); 13C NMR (75 MHz, DMSO-d6): d 114.1 (d, C-20, J¼ 23.3 Hz),
118.7 (d, C-40, J ¼ 21.1 Hz), 122.7 (d, C-60, J ¼ 1.5 Hz), 131.3 (d, C-50,
J¼ 8.0 Hz),131.5 (d, C-10, J¼ 8.0 Hz),141.1 (C-9),151.5 (C-7),160.7 (d,
C-2, J¼ 2.9 Hz), 162.2 (d, C-30, J¼ 244.1 Hz), 175.3 (C-5); Anal. calcd.
for C10H6FN5OS: C, 45.62; H, 2.30; N, 26.60. Found: C, 45.79; H, 2.22;
N, 26.16.

4.1.10. 2-(3-Methylphenyl)-5-thioxo-5,6-dihydro-[1,2,4]triazolo
[1,5-a][1,3,5]triazin-7(4H)-one (5f)

The title compound was isolated as white powder (80%); mp
259e261 �C (EtOHewater); ESI-MS m/z 258.1 (M � 1)þ; purity
>95%; tR 2.17 min (B); 1H NMR (300 MHz, DMSO-d6): d 2.40 (s, 3H,
Me), 7.34 (d, 1H, H-40, J¼ 7.5 Hz), 7.42 (t, 1H, H-50, J¼ 7.5 Hz), 7.84 (d,
1H, H-60, J ¼ 7.9 Hz), 7.88 (s, 1H, H-20), 13.09 (s, 1H, NH), 14.24 (br. s,
1H, NH); 13C NMR (75 MHz, DMSO-d6): d 20.9 (Me), 123.7 (C-60),
127.0 (C-20), 128.8 (C-50), 129.0 (C-40), 131.3 (C-10), 138.2 (C-30), 141.2
(C-2), 151.3 (C-9), 161.9 (C-7), 175.2 (C-5); Anal. calcd. for C11H9N5OS:
C, 50.95; H, 3.50; N, 27.01. Found: C, 50.77; H, 3.42; N, 26.96.

4.1.11. 2-(3-Methoxyphenyl)-5-thioxo-5,6-dihydro-[1,2,4]triazolo
[1,5-a][1,3,5]triazin-7(4H)-one (5g)

The title compound was isolated as white powder (90%); mp
260 �C (acetic acid), ESI-MS m/z 274.1 (M � 1)þ; purity >95%; tR
2.15 min (B); 1H NMR (300 MHz, DMSO-d6): d 276.6. 3.84 (s, 3H,
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OMe), 7.11 (dd, 1H, H-40, J ¼ 8.1, 2.1 Hz), 7.45 (t, 1H, H-50, J ¼ 7.9 Hz),
7.54 (s,1H, H-20), 7.64 (d,1H, H-60, J¼ 7.5 Hz),13.10 (s,1H, NH),14.32
(br. s, 1H, NH); 13C NMR (75 MHz, DMSO-d6): d 55.1 (OMe), 111.2
(C-20), 116.6 (C-40), 118.9 (C-60), 130.1 (C-50), 130.4 (C-10), 141.1 (C-30),
151.3 (C-2), 159.4 (C-9), 161.7 (C-7), 175.2 (C-5); Anal. calcd. for
C11H9N5O2S: C, 47.99; H, 3.30; N, 25.44. Found: C, 47.23; H, 3.21; N,
25.16.

4.1.12. 3-(7-Oxo-5-thioxo-4,5,6,7-tetrahydro-[1,2,4]triazolo[1,5-a]
[1,3,5]triazin-2-yl)benzonitrile (5h)

The title compound was isolated as white crystalline powder
(67%); mp >300 �C (acetic acid); ESI-MSm/z 287.0 (M � 1)þ; purity
>95%; tR 4.07 min (B); 1H NMR (300 MHz, DMSO-d6): d 7.48e8.57
(m, 4H, AreH), 13.10 (s, 1H, NH), 14.38 (br. s, 1H, NH). 13C NMR
(75 MHz, DMSO-d6): d 126.5 (C-30), 129.7 (CN), 129.8 (C-20), 130.0
(C-50), 130.1 (C-10), 135.6 (C-60), 141.9 (C-40), 152.2 (C-2), 162.1 (C-9),
168.1 (C-7), 176.0 (C-5); Anal. calcd. for C11H6N6OS: C, 48.88; H,
2.24; N, 31.09. Found: C, 48.12; H, 2.11; N, 30.15.

4.1.13. 2-(4-Nitrophenyl)-5-thioxo-5,6-dihydro-[1,2,4]triazolo[1,5-
a][1,3,5]triazin-7(4H)-one (5i)

The title compound was isolated as off-white powder (65%);
mp >300 �C (EtOHewater); ESI-MS m/z 289.1 (M � 1)þ; purity
>95%; tR 2.13 min (B); 1H NMR (300 MHz, DMSO-d6): d 8.29 (d, 2H,
H-30 and H-50, J ¼ 8.7 Hz), 8.39 (d, 2H, H-20 and H-60, J ¼ 9.0 Hz),
13.21 (s, 1H, NH), 14.28 (br. s, 1H, NH); 13C NMR (75 MHz, DMSO-
d6): d 124.3 (C20 and C-60), 127.7 (C-30 and C-50), 135.0 (C-40), 141.1
(C-10), 148.5 (C-2), 151.7 (C-9), 160.1 (C-7), 175.3 (C-5); Anal. calcd.
for C10H6N6O3S: C, 41.38; H, 2.08; N, 28.95. Found: C, 41.25; H,
2.05; N, 28.12.

4.1.14. 5-Thioxo-2-(4-(trifluoromethyl)phenyl)-5,6-dihydro-[1,2,4]
triazolo[1,5-a][1,3,5]triazin-7(4H)-one (5j)

The title compound was isolated as white powder (69%); mp
280 �C (EtOHewater); ESI-MS m/z 312.0 (M � 1)þ; purity >95%; tR
2.15 min (B); 1H NMR (300 MHz, DMSO-d6): d 7.91 (d, 2H, H-30 and
H-50, J ¼ 8.3), 8.26 (d, 2H, H-20 and H-60, J ¼ 8.3), 13.18 (s, 1H, NH),
14.36 (br. s, 1H, NH); 13C NMR (75 MHz, DMSO-d6): d 123.9 (q, CF3,
J ¼ 272.2 Hz), 125.9 (q, C-30 and C-50, J ¼ 3.4 Hz), 127.3 (C-20 and C-
60), 130.5 (q, C-40, J ¼ 32.0 Hz), 133.0 (C-10), 141.1 (C-2), 151.7 (C-9),
160.6 (C-7), 175.3 (C-5); Anal. calcd. for C11H6F3N5OS: C, 42.18; H,
1.93; N, 22.36. Found: C, 41.54; H, 1.82; N, 22.21.

4.1.15. 2-(4-Chlorophenyl)-5-thioxo-5,6-dihydro-[1,2,4]triazolo
[1,5-a][1,3,5]triazin-7(4H)-one (5k)

The title compound was isolated as white powder (66%); mp
281e282 �C (EtOHewater); ESI-MS m/z 278.0 (M � 1)þ; purity
>95%; tR 2.18 min (B); 1H NMR (300 MHz, DMSO-d6): d 7.61 (d, 2H,
H-30 and H-50, J ¼ 8.3), 8.05 (d, 2H, H-20 and H-60, J ¼ 8.3), 13.14 (s,
1H, NH), 14.31 (br. s, 1H, NH); 13C NMR (75 MHz, DMSO-d6):
d 128.01 (C-40), 128.26 (C20 and C-60), 129.08 (C-30 and C-50), 135.32
(C-10), 141.08 (C-2), 151.46 (C-9), 160.89 (C-7), 175.22 (C-5); Anal.
calcd. for C10H6ClN5OS: C, 42.94; H, 2.16; N, 25.04. Found: C, 41.26;
H, 2.11; N, 24.29.

4.1.16. 2-(4-Bromophenyl)-5-thioxo-5,6-dihydro-[1,2,4]triazolo
[1,5-a][1,3,5]triazin-7(4H)-one (5l)

The title compound was isolated as white powder (73%); mp
292e293 �C (acetic acid); ESI-MSm/z 324.0 (M � 1)þ; purity >95%;
tR 2.21min (B); 1H NMR (300MHz, DMSO-d6): d 7.75 (d, 2H, H-30 and
H-50, J ¼ 8.3), 7.98 (d, 2H, H-20 and H-60, J ¼ 8.3), 13.13 (s, 1H, NH),
14.35 (br. s, 1H, NH). 13C NMR (75 MHz, DMSO-d6): d 124.8 (C-40),
128.9 (C-10), 129.1 (C20 and C-60), 132.6 (C-30 and C-50), 141.7 (C-2),
152.0 (C-9), 161.6 (C-7), 175.8 (C-5); Anal. calcd. for C10H6BrN5OS: C,
37.05; H, 1.87; N, 21.60. Found: C, 36.54; H, 1.75; N, 20.82.
4.1.17. 2-(4-Fluorophenyl)-5-thioxo-5,6-dihydro-[1,2,4]triazolo[1,5-
a][1,3,5]triazin-7(4H)-one (5m)

The title compound was isolated as white powder (67%); mp
262 �C (EtOHewater); ESI-MS m/z 262.3 (M � 1)þ; purity >95%; tR
2.13min (B); 1H NMR (300MHz, DMSO-d6): d 7.37 (dd, 2H, H-30 and
H-50, J¼ 8.9, 8.9Hz), 8.09 (dd, 2H, H-20 andH-60, J¼ 8.7, 5.7Hz),13.12
(s, 1H, NH), 14.20 (br. s, 1H, NH); 13C NMR (75 MHz, DMSO-d6):
d 116.0 (d, C-30 and C-50, J¼ 21.8 Hz), 125.7 (d, C-10, J¼ 2.9 Hz), 128.9
(d, C-20 and C-60, J¼ 8.7 Hz),141.1 (C-2),151.4 (C-9),161.0 (C-7),163.5
(d, C-40, J ¼ 247.8 Hz), 175.2 (C-5); Anal. calcd. for C10H6FN5OS: C,
45.62; H, 2.30; N, 26.60. Found: C, 45.24; H, 2.14; N, 26.28.

4.1.18. 2-(4-Methylphenyl)-5-thioxo-5,6-dihydro-[1,2,4]triazolo
[1,5-a][1,3,5]triazin-7(4H)-one (5n)

The title compound was isolated as white powder (78%); mp
296e297 �C (EtOHewater); ESI-MS m/z 258.1 (M � 1)þ; purity
>95%; tR 2.19 min (B); 1H NMR (300 MHz, DMSO-d6): d 2.38 (s, 3H,
ArMe), 7.34 (d, 2H, H-30 and H-50, J¼ 7.9), 7.94 (d, 2H, H-20 and H-60,
J ¼ 7.9), 13.07 (s, 1H, NH), 14.26 (br. s, 1H, NH). 13C NMR (75 MHz,
DMSO-d6): d 20.95 (Me), 126.38 (C-40), 126.46 (C20 and C-60), 129.45
(C-30 and C-50), 140.44 (C-10), 141.11 (C-2), 151.22 (C-9), 161.86 (C-7),
175.14 (C-5); Anal. calcd. for C11H9N5OS: C, 50.95; H, 3.50; N, 27.01.
Found: C, 50.15; H, 3.24; N, 27.26.

4.1.19. 2-(4-Methoxyphenyl)-5-thioxo-5,6-dihydro-[1,2,4]triazolo
[1,5-a][1,3,5]triazin-7(4H)-one (5o)

The title compound was isolated as white crystalline powder
(63%); mp 270e271 �C (acetic acid); ESI-MS m/z 288.1 (M � 1)þ;
purity >95%; tR 2.15 min (B); 1H NMR (300 MHz, DMSO-d6): d 3.84
(s, 3H, OMe), 7.08 (d, 2H, H-30 and H-50, J¼ 8.7 Hz), 7.99 (d, 2H, H-20

and H-60, J¼ 9.0 Hz), 13.07 (s, 1H, NH), 14.11 (br. s, 1H, NH); 13C NMR
(75MHz, DMSO-d6): d 55.25 (MeO), 114.29 (C20 and C-60), 121.52 (C-
40), 128.17 (C-30 and C-50), 141.13 (C-10), 151.20 (C-2), 161.12 (C-9),
161.75 (C-7), 175.12 (C-5); Anal. calcd. for C11H9N5O2S: C, 47.99; H,
3.30; N, 25.44. Found: C, 47.56; H, 3.19; N, 25.02.

4.1.20. 4-(7-Oxo-5-thioxo-4,5,6,7-tetrahydro-[1,2,4]triazolo[1,5-a]
[1,3,5]triazin-2-yl)benzonitrile (5p)

The title compound was isolated as white powder (69%); mp
>300 �C (EtOHewater); ESI-MSm/z 287.0 (M� 1)þ; purity>95%; tR
4.06min (B); 1HNMR (300MHz,DMSO-d6): d8.02 (d, 2H,H-30 andH-
50, J¼ 8.4 Hz), 8.12 (d, 2H, H-20 and H-60, J¼ 8.4 Hz),13.11 (s,1H, NH),
14.44 (br. s, 1H, NH); 13C NMR (75 MHz, DMSO-d6): d 126.3 (C-30 and
C-50), 128.1 (C-20 and C-60), 131.6 (CN), 136.0 (C-40), 141.2 (C-10), 151.7
(C-2),161.2 (C-9),167.2 (C-5),175.4 (C-7); Anal. calcd. for C11H6N6OS:
C, 48.88; H, 2.24; N, 31.09. Found: C, 48.52; H, 2.08; N, 30.58.

4.1.21. 2-(3,4-Dichlorophenyl)-5-thioxo-5,6-dihydro-[1,2,4]triazolo
[1,5-a][1,3,5]triazin-7(4H)-one (5q)

The title compound was isolated as white powder (74%); mp
271e273 �C (acetic acid); ESI-MS m/z 314.0 (M � 1)þ; purity >95%;
tR 2.23 min (B); 1H NMR (300 MHz, DMSO-d6): d 7.82 (d, 1H, H-60,
J¼ 8.3 Hz), 8.01 (dd,1H, H-50, J¼ 8.3 Hz, J¼ 1.9 Hz), 8.16 (d,1H, H-20,
J¼ 1.9 Hz), 13.17 (s, 1H, NH), 14.35 (br. s, 1H, NH); 13C NMR (75MHz,
DMSO-d6): d 127.1 (C-60), 128.5 (C-20), 130.3 (C-50), 132.0 (C-40),
132.4 (C-30), 133.9 (C-10), 141.6 (C-2), 152.2 (C-9), 160.4 (C-7), 175.9
(C-5); Anal. calcd. for C10H5Cl2N5OS: C, 38.23; H, 1.60; N, 22.29.
Found: C, 38.02; H, 1.41; N, 21.95.

4.1.22. 2-(3,4-Difluorophenyl)-5-thioxo-5,6-dihydro-[1,2,4]triazolo
[1,5-a][1,3,5]triazin-7(4H)-one (5r)

The title compound was isolated as white powder (68%); mp
267e269 �C (acetic acid); ESI-MSm/z 280.3 (M � 1)þ; purity >95%;
tR 2.16 min (B); 1H NMR (300 MHz, DMSO-d6): d 7.57e7.66 (m, 1H,
H-50), 7.89e8.00 (m, 1H, H-20 and H-60), 13.17 (s, 1H, NH), 14.40 (br.
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s, 1H, NH); 13C NMR (75 MHz, DMSO-d6): d 115.5 (d, C-30,
J ¼ 18.9 Hz), 118.4 (d, C-50, J ¼ 17.4 Hz), 123.8 (dd, C-60, J ¼ 6.9,
3.3 Hz), 126.7 (dd, C-10, J ¼ 6.5, 3.6 Hz), 141.1 (C-2), 149.6 (dd, C-40,
J ¼ 246.7, 12.7 Hz), 150.9 (dd, C-30, J ¼ 250.0, 12.4 Hz), 151.6 (C-9),
160.1 (C-7), 175.3 (C-5); Anal. calcd. for C10H5F2N5OS: C, 42.71; H,
1.79; N, 24.90. Found: C, 42.08; H, 1.56; N, 24.12.

4.1.23. 2-(4-Bromo-3-methylphenyl)-5-thioxo-5,6-dihydro-[1,2,4]
triazolo[1,5-a][1,3,5]triazin-7(4H)-one (5s)

The title compound was isolated as white crystalline powder
(77%); mp 278e280 �C (acetic acid); ESI-MS m/z 338.0 (M � 1)þ;
purity >95%; tR 2.24 min (B); 1H NMR (300 MHz, DMSO-d6): d 2.44
(s, 3H, Me), 7.72e7.79 (m, 2H, H-50 and H-60), 8.00 (s,1H, H-20), 13.13
(s, 1H, NH), 14.30 (br. s, 1H, NH); 13C NMR (75 MHz, DMSO-d6):
d 22.9 (Me), 126.4 (C-40), 127.2 (C-60), 129.2 (C-20), 129.3 (C-50), 133.4
(C-10), 138.7 (C-30), 141.7 (C-20), 152.0 (C-9), 161.6 (C-7), 175.8 (C-5);
Anal. calcd. for C11H8BrN5OS: C, 39.07; H, 2.38; N, 20.71. Found: C,
38.88; H, 2.26; N, 20.21.

4.1.24. 2-Benzyl-[1,2,4]triazolo[1,5-a][1,3,5]triazine-5,7(4H,6H)-
dione (4)

The title compound was isolated as white powder (47%); mp
>300 �C (EtOHewater); ESI-MS m/z 242.3 (M � 1)þ; purity >95%;
tR 2.02 min (A); 1H NMR (300 MHz, DMSO-d6): d 4.00 (s, 2H,
PhCH2), 7.04e7.61 (m, 5H, AreH), 11.81 (s, 1H, NH), 12.69 (br. s, 1H,
NH); 13C NMR (75MHz, DMSO-d6): d 34.8 (CH2), 127.04 (C-40), 128.8
(C-20 and C-60), 129.5 (C-30 and C-50), 137.5 (C-10), 143.9 (C-2), 149.4
(C-9), 152.1 (C-7), 164.8 (C-5); Anal. calcd. for C11H9N5O2: C, 54.32;
H, 3.73; N, 28.79. Found: C, 54.02; H, 3.58; N, 27.88.

4.1.25. 2-Benzyl-5-thioxo-5,6-dihydro-[1,2,4]triazolo[1,5-a][1,3,5]
triazin-7(4H)-one (6)

The title compound was isolated as white powder (55%); mp
246 �C (EtOHewater); ESI-MS m/z 242.3 (M � 1)þ; purity >95%; tR
1.68 min (A); 1H NMR (300 MHz, DMSO-d6): d 4.01 (s, 2H, PhCH2),
7.23e7.29 (m, 5H, Ph), 12.99 (s, 1H, NH), 14.10 (br. s, 1H, NH); 13C
NMR (75 MHz, DMSO-d6): d 34.7 (CH2), 127.1 (C-40), 128.9 (C-20 and
C-60), 129.5 (C-30 and C-50), 137.4 (C-10), 141.6 (C-2), 151.5 (C-9),
165.0 (C-7), 175.8 (C-5); Anal. calcd. for C11H9N5OS: C, 50.95; H,
3.50; N, 27.01. Found: C, 51.53; H, 3.38; N, 28.32.

4.1.26. 5-Thioxo-2-(4-(trifluoromethyl)benzyl)-5,6-dihydro-[1,2,4]
triazolo[1,5-a][1,3,5]triazin-7(4H)-one (6a)

The title compound was isolated as white powder (67%); mp
280e281 �C (EtOHewater); ESI-MS m/z 326.1 (M � 1)þ; purity
>95%; tR 4.53 min (A); 1H NMR (300 MHz, DMSO-d6): d 4.15 (s, 2H,
PhCH2), 7.54 (d, 2H, H-30 and H-50, J ¼ 7.9 Hz), 7.69 (d, 2H, H-20 and
H-60, J ¼ 7.9 Hz), 13.03 (s, 1H, NH), 14.12 (br. s, 1H, NH); 13C NMR
(75 MHz, DMSO-d6): d 33.8 (CH2), 124.3 (q, CF3, J ¼ 271.9 Hz), 125.1
(q, C-30 and C-50, J ¼ 3.7 Hz), 127.4 (q, C-40, J ¼ 31.8 Hz), 129.8 (C-20

and C-60), 141.0 (C-10), 141.7 (C-2), 151.1 (C-9), 163.8 (C-7), 175.2 (C-
5); Anal. calcd. for C12H8F3N5OS: C, 44.04; H, 2.46; N, 21.40. Found:
C, 45.23; H, 2.29; N, 21.02.

4.1.27. 2-(4-Chlorobenzyl)-5-thioxo-5,6-dihydro-[1,2,4]triazolo
[1,5-a][1,3,5]triazin-7(4H)-one (6b)

The title compound was isolated as white powder (64%); mp
241e243 �C (EtOHewater); ESI-MS m/z 292.2 (M � 1)þ; purity
>95%; tR 1.95 min (A); 1H NMR (300 MHz, DMSO-d6): d 4.02 (s, 2H,
PhCH2), 7.32 (d, 2H, H-30 and H-50, J ¼ 8.6 Hz), 7.38 (d, 2H, H-20 and
H-60, J ¼ 8.5 Hz), 13.00 (s, 1H, NH), 14.14 (br. s, 1H, NH); 13C NMR
(75 MHz, DMSO-d6): d 33.9 (CH2), 128.7 (C-20 and C-60), 131.3 (C-30

and C-50), 131.8 (C-40), 136.4 (C-10), 141.6 (C-2), 151.6 (C-9), 164.6 (C-
7), 175.8 (C-5); Anal. calcd. for C11H8ClN5OS: C, 44.98; H, 2.75; N,
23.84. Found: C, 44.22; H, 2.69; N, 23.65.
4.1.28. 2-(4-Bromobenzyl)-5-thioxo-5,6-dihydro-[1,2,4]triazolo
[1,5-a][1,3,5]triazin-7(4H)-one (6c)

The title compound was isolated as white powder (65%); mp
238e240 �C (EtOHewater); ESI-MS m/z 338.0 (M � 1)þ; purity
>95%; tR 1.69 min (A); 1H NMR (300 MHz, DMSO-d6): d 4.00 (s, 2H,
PhCH2), 7.26 (d, 2H, H-30 and H-50, J ¼ 8.0 Hz), 7.51 (d, 2H, H-20 and
H-60, J ¼ 8.1 Hz), 12.98 (s, 1H, NH), 13.88 (br. s, 1H, NH); 13C NMR
(75 MHz, DMSO-d6): d 33.40 (CH2), 119.7 (C-40), 131.1 (C-20 and C-
60), 131.2 (C-30 and C-50), 136.2 (C-10), 141.0 (C-2), 151.1 (C-9), 164.0
(C-7), 175.2 (C-5); Anal. calcd. for C11H8BrN5OS: C, 39.07; H, 2.38; N,
20.71. Found: C, 40.25; H, 2.24; N, 20.12.

4.1.29. 2-(4-Fluorobenzyl)-5-thioxo-5,6-dihydro-[1,2,4]triazolo[1,5-
a][1,3,5]triazin-7(4H)-one (6d)

The title compoundwas isolated aswhite powder (72%);mp260e
262 �C (EtOHewater); ESI-MS m/z 276.1 (M � 1)þ; purity >95%; tR
1.68 min (A); 1H NMR (300 MHz, DMSO-d6): d 4.01 (s, 2H, PhCH2),
7.11e7.16 (m, 2H, H-30 and H-50), 7.32e7.35 (m, 2H, H-20 and H-60),
13.00 (s, 1H, NH),14.09 (br. s, 1H, NH); 13C NMR (75MHz, DMSO-d6):
d33.8 (CH2),115.6 (d, C-30 andC-50, J¼ 21.3Hz),131.3 (d, C-20 andC-60,
J¼8.1Hz),133.5 (d, C-10, J¼ 3.7Hz),141.6 (C-2),151.5 (C-9),161.6 (d, C-
40, J¼ 242.1 Hz),164.9 (C-7),175.8 (C-5); Anal. calcd. for C11H8FN5OS:
C, 47.65; H, 2.91; N, 25.26. Found: C, 47.23; H, 2.82; N, 25.05.

4.1.30. 2-(4-Methylbenzyl)-5-thioxo-5,6-dihydro-[1,2,4]triazolo
[1,5-a][1,3,5]triazin-7(4H)-one (6e)

The title compound was isolated as white powder (72%); mp
244e246 �C (EtOHewater); ESI-MS m/z 272.1 (M � 1)þ; purity
>95%; tR 1.68 min (A); 1H NMR (300 MHz, DMSO-d6): d 2.26 (s, 3H,
Me), 3.96 (s, 2H, PhCH2), 7.10 (d, 2H, H-30 and H-50, J ¼ 7.8 Hz), 7.17
(d, 2H, H-20 and H-60, J ¼ 8.0 Hz), 13.00 (s, 1H, NH), 14.03 (br. s, 1H,
NH); 13C NMR (75MHz, DMSO-d6): d 21.1 (Me), 34.3 (CH2), 129.3 (C-
20 and C-60), 129.4 (C-30 and C-50), 134.2 (C-40), 136.1 (C-10), 141.6 (C-
2), 151.5 (C-9), 165.2 (C-7), 175.8 (C-5); Anal. calcd. for C12H11N5OS:
C, 52.73; H, 4.06; N, 25.62. Found: C, 51.85; H, 4.12; N, 25.26.

4.1.31. 2-(4-Methoxybenzyl)-5-thioxo-5,6-dihydro-[1,2,4]triazolo
[1,5-a][1,3,5]triazin-7(4H)-one (6f)

The title compound was isolated as white crystalline powder
(78%); mp 243e244 �C (EtOHewater); ESI-MS m/z 288.1 (M � 1)þ;
purity >95%; tR 1.68 min (A); 1H NMR (300 MHz, DMSO-d6): d 3.72
(s, 3H, MeO), 3.93 (s, 2H, PhCH2), 6.86 (d, 2H, H-30 and H-50,
J ¼ 8.7 Hz), 7.21 (d, 2H, H-20 and H-60, J ¼ 8.7 Hz), 12.98 (s, 1H, NH),
14.09 (br. s, 1H, NH); 13C NMR (75 MHz, DMSO-d6): d 33.8 (CH2),
55.5 (MeO), 114.2 (C-20 and C-60), 129.2 (C-40), 130.5 (C-30 and C-50),
141.6 (C-10), 151.4 (C-2), 158.5 (C-9), 165.3 (C-7), 175.8 (C-5); Anal.
calcd. for C12H11N5O2S: C, 49.82; H, 3.83; N, 24.21. Found: C, 50.06;
H, 3.78; N, 24.38.

4.1.32. 2-(4-Hydroxybenzyl)-5-thioxo-5,6-dihydro-[1,2,4]triazolo
[1,5-a][1,3,5]triazin-7(4H)-one (6g)

The title compound was isolated as white powder (65%); mp
268e270 �C (EtOHewater); ESI-MS m/z 274.0 (M � 1)þ; purity
>95%; tR 1.75 min (A); 1H NMR (300 MHz, DMSO-d6): d 3.87 (s, 2H,
PhCH2), 6.69 (d, 2H, H-30 and H-50, J ¼ 8.2 Hz), 7.08 (d, 2H, H-20 and
H-60, J ¼ 8.2 Hz), 9.26 (s, 1H, OH), 12.98 (s, 1H, NH), 14.05 (br. s, 1H,
NH); 13C NMR (75 MHz, DMSO-d6): d 33.9 (CH2), 115.6 (C-20 and C-
60), 127.4 (C-40), 130.4 (C-30 and C-50), 141.6 (C-10), 151.4 (C-2), 156.5
(C-9), 165.5 (C-7), 175.8 (C-5); Anal. calcd. for C11H9N5O2S: C, 47.99;
H, 3.30; N, 25.44. Found: C, 47.45; H, 3.22; N, 24.78.

4.1.33. 4-((7-Oxo-5-thioxo-4,5,6,7-tetrahydro-[1,2,4]triazolo[1,5-a]
[1,3,5]triazin-2-yl)methyl)benzonitrile (6h)

The title compound was isolated as off-white powder (60%); mp
>300 �C (EtOHewater); ESI-MSm/z 302.1 (M� 1)þ; purity>95%; tR
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1.64 min (A); 1H NMR (300 MHz, DMSO-d6): d 4.10 (s, 2H, PhCH2),
7.42 (d, 2H, H-30 and H-50, J ¼ 8.2 Hz), 7.69 (d, 2H, H-20 and H-60,
J¼ 8.2 Hz),12.95 (s,1H, NH),13.71 (br. s, 1H, NH); 13C NMR (75MHz,
DMSO-d6): d 34.0 (CH2), 127.5 (C-40), 129.1 (C-20 and C-60), 129.3 (C-
30 and C-50), 141.1 (C-10), 142.0 (C-2), 163.9 (C-9), 167.0 (C-7), 175.4
(C-5); Anal. calcd. for C12H8N6OS: C, 50.70; H, 2.84; N, 29.56. Found:
C, 50.56; H, 2.72; N, 29.12.

4.1.34. 2-(3,4-Dichlorobenzyl)-5-thioxo-5,6-dihydro-[1,2,4]triazolo
[1,5-a][1,3,5]triazin-7(4H)-one (6i)

The title compound was isolated as white powder (57%); mp
265e267 �C (EtOHewater); ESI-MSm/z 326.1 (M� 1)þ; purity>95%;
tR 1.75 min (A); 1H NMR (300 MHz, DMSO-d6): d 4.07 (s, 2H, PhCH2),
7.30e7.33 (m,1H,H-20), 7.56e7.59 (m, 3H,H-50 andH-60),13.04 (s,1H,
NH), 14.15 (br. s, 1H, NH); 13C NMR (75MHz, DMSO-d6): d 33.5 (CH2),
129.8 (C-60), 130.0 (C-20),130.9 (50), 131.3 (C-40), 138.5 (C-10), 141.6 (C-
2), 151.6 (C-9), 164.1 (C-7), 175.8 (C-5); Anal. calcd. for C11H7Cl2N5OS:
C, 40.26; H, 2.15; N, 21.34. Found: C, 40.12; H, 2.12; N, 21.16.

4.1.35. 2-([1,10-Diphenyl]-4-ylmethyl)-5-thioxo-5,6-dihydro-[1,2,4]
triazolo[1,5-a][1,3,5]triazin-7(4H)-one (6j)

The title compound was isolated as white powder (63%); mp
210e212 �C (EtOHewater); ESI-MS m/z 334.1 (M � 1)þ; purity
>95%; tR 1.69 min (A); 1H NMR (300 MHz, DMSO-d6): d 5.62 (s, 2H,
PhCH2), 7.21e7.41 (m, 9H, AreH), 12.96 (s, 1H, NH), 13.78 (br. s, 1H,
NH); 13C NMR (75 MHz, DMSO-d6): d 50.5 (CH2), 127.2 (C-30 and C-
50), 128.8 (C-200, C-400and C-600), 128.9 (C-300 and C-500), 129.3 (C-10, C-
40 and C-100), 141.5 (C-20 and C-60), 141.7 (C-2), 151.6 (C-9), 166.8 (C-
7), 175.8 (C-5); Anal. calcd. for C17H13N5OS: C, 60.88; H, 3.91; N,
20.88. Found: C, 59.56; H, 4.02; N, 21.22.
4.2. Biological characterization

4.2.1. In vitro thymidine phosphorylase enzyme assay
A spectrophotometric assay method, originally developed by

Krenitsky (Krenitsky et al., 1979) [27], was adopted to evaluate
in vitroTP inhibitory activity of the synthesized compounds. Briefly,
thymidine (substrate) and recombinant thymidine phosphorylase,
expressed in E. coli (T2807-SigmaeAldrich) were used for this assay.
Absorbance at 290 nm was recorded on a Shimadzu UV Mini 1240
UVeVis Spectrophotometer. Theenzymatic reactionwas initiatedby
addition of substrate (200 ml, 5mM) into a cuvette containing 780 ml
of potassium phosphate buffer (pH 7.4), 10 ml of enzyme at concen-
tration of 1.5 U and 10 ml of test compounds dissolved in DMSO. The
decrease in absorbance due to conversion of thymidine to thymine
was followed after 4, 8, 12, 16 and 20 min and from the slope of the
change in absorbance, the initial reaction rate was determined. The
same experiments were performed using 10 ml of DMSO to calculate
slope of uninhibited enzyme. The initial rates of the change in
absorbance at different concentrations of inhibitors were converted
to % inhibition of enzyme and plotted against inhibitor concentra-
tions using Graphpad Prism vs 4.0 to give the IC50 at 50% inhibition.

The inhibitory activity of each compound was calculated by the
following formulae:

Activity ¼ Slope of inhibited enzyme
Slope of uninhibited enzyme

� 100%

Inhibition ¼ 100%� Activity

All the experiments were carried out in triplicate.

4.2.2. Enzyme inhibition kinetics study
The TP inhibitory activity of compounds was evaluated at

varying concentrations of thymidine (1000, 500, 300, 200, 100 mM).
The saturating concentration of inorganic phosphate was fixed at
25mM. The conversion of thymidine to thyminewasmonitored. All
the experiments were conducted in triplicate.

4.2.3. VEGF assay
To determine the ability of TP inhibitors to prevent VEGF

expression in MDA-MB-231 cells, a colorimetric enzyme-linked
immunosorbent assay (ELISA) was performed according to the
manufacturer’s instructions (Abfrontier) [31].

The cells were treated with different doses (10e200 mM) of
compounds or DMSO and incubated at 37 �C for 24 h. The cell su-
pernatant was then collected and it was subjected to centrifugation
(5000 g for 5 min) to remove cells and debris. Each sample was
diluted with dilution buffer to obtain a concentration suitable for
measurement. Subsequently, 0.1 ml of different VEGF standard
solutions and appropriately diluted samples were placed into the
precoated 96-well plate and incubated at 37 �C for 90 min. In the
next step, the contents from each platewere discarded and 0.1ml of
biotinylated anti-human VEGF antibody working solution was
added and incubated for another 60 min. The plates were thor-
oughly washed with 0.01 M TBS and 0.1 ml of AvidineBiotine
Peroxidase Complex working solution was introduced. After incu-
bation at 37 �C for 30 min, 90 ml of prepared TMB colour developing
solution was poured to each well and incubated at 37 �C for 20e
25min. Thereafter, 0.1 ml of prepared TMB stop solutionwas added
to each well, leading to a colour change from blue to yellow and
absorbance at 450 nm was measured.

4.2.4. Gelatine zymography
Gelatine zymography was preformed as described previously

with a slight modification (Liotta and Stetler-Stevenson 1990) [35].
MDA-MB-231 cells were seeded onto six-well plates in RPMI with
10% FBS and allowed to propagate up to 80% confluence. The cells
were then maintained in serum-free medium for at least 24 h prior
to designated treatments with compounds and PMA (80 nM). After
a 24-h incubation at 37 �C, the conditioned medium was collected
and centrifuged at 8000 g for 8 min at 4 �C to remove cells and
debris. The protein contents of the conditioned media were
determined and the volume of each sample having equal amount of
protein was adjusted by adding PBS. The resulting samples were
mixed with 3� loading buffer and subjected to electrophoresis on a
7.5% SDS-PAGE gel containing 0.1% (w/v) gelatine using 1� Tris-
Glycin SDS running buffer at 100 V for 90e120 min. Subse-
quently, the gels were washed in renaturing buffer (2.5% Triton X-
100) for 30 min to remove SDS and equilibrated in 1� zymogram
developing buffer (50 mM tris, 10 mM CaCl2, 0.15 M NaCl, pH-7.5)
for 30 min. The gels were then incubated in fresh developing
buffer at 37 �C for 24 h to allow gelatine digestion. The gelatinolytic
activity of MMP-9 was visualized by staining the gels with 1%
Coomassie blue R-250 and distained in 50% methanol, 10% acetic
acid, 40% water (v/v) until clear bands suggestive of gelatine
digestion were observed.

4.2.5. Densitometric and statistical analysis
The intensity of each bandwas quantified using Image Gauge 4.0

software. The numerical data were presented as means � SD of
replicates. Statistical significance between treatment and control
groups was analysed using ANOVA test. A value of p < 0.05 was
considered statistically significant.
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