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Abstract: Exploring the pharmacologically important pyrazolo[1,5-a][1,3,5]triazin-7(6H)-one scaffold
for the construction of new bioactive compounds, we developed a synthesis of 4-phenethylthio-2-
phenylpyrazolo[1,5-a][1,3,5]triazin-7(6H)-one (4) via S-alkylation of 2-phenyl-4-thioxopyrazolo
[1,5-a][1,3,5]triazine-7(6H)-one (3), prepared by the double ring closure of pyrazole and triazine rings
upon the treatment of 1-cyanoacetyl-4-benzoylthiosemicarbazide (2) with alkali. The antiproliferative
activity of 4 against human lung cancer (A549) and human breast cancer (MDA-MB231) cell lines
was investigated. Compound 4 was found to be more active against lung cancer cells than breast
cancer cells.
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1. Introduction

The pyrazolo[1,5-a][1,3,5]triazine ring is an isostere of the purine heterocyclic system, which is the
most functional N-heterocycle in nature. Among purine isosteres, pyrazolo[1,5-a][1,3,5]triazines occupy
chemical space of compounds with diverse biological activities. Considering 1,3,5-triazine-based
purine isosteres, pyrazolo[1,5-a][1,3,5]triazine is well recognized as the most promising scaffold
for the construction of potential therapeutic agents [1]. Numerous effective methods have been
developed for the synthesis of pyrazolo[1,5-a][1,3,5]triazine [2] and have been applied for the
preparation of new bioactive agents. The interest in applications of this heterocyclic scaffold for
drug design has been growing, particularly due to its recent successful applications in the area
of kinase inhibitor developments [3–10]. Therapeutically valuable agents aimed at diverse targets
have been identified among pyrazolo[1,5-a][1,3,5]triazin-7(6H)-ones, more specifically, S-substituted
2-aryl-4-thiopyrazolo[1,5-a][1,3,5]triazin-7(6H)-ones (Figure 1). Thus, P5SA-4 was found to be a potent
activator of protein phosphatase 5 [11], while 1882L04 demonstrated prominent inhibitory activity
against bacterial glycosyl transferases [12]. SB-H02 was identified as an effective viral entry inhibitor
targeting HIVgp41 [13,14].

Our group has been actively working on the development of new efficient methods for the
synthesis of pyrazolo[1,5-a][1,3,5]triazines as potential bioactive agents [15–23]. Herein, we describe
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the synthesis of hitherto unreported 4-phenethylthio-2-phenylpyrazolo[1,5-a][1,3,5]triazin-7(6H)-one
(4) and the results of its antiproliferative testing against cancer cells.
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S-alkylation of 3 with 2-phenylethylbromide was successfully achieved in the presence of base at 
ambient temperature. The signal at 30.6 ppm, observed in the 13C-NMR spectrum (see 
Supplementary Materials) of 4, suggested that the alkylation occurred at the thiocarbonyl group of 3. 
In general, the proposed synthetic approach was rather efficient, and compound 4 was prepared 
from benzoyl chloride in an overall yield of 50%.  
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on cell viability at a 100 µM concentration revealed that the lung cancer cells were more sensitive to 
treatment with 4. The cell viability was 24 ± 4% and 69 ± 6% for the A549 and MDA-MB231 cells, 
respectively. Further experiments, which were carried out with 4, estimated the IC50 value for 
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It should be noted that the phenethyl group is critical for the antiproliferative effect against 
A549. Thus, no significant difference from the control was observed when A549 cells were treated 
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Floxuridine, used in this study as the reference anticancer drug, was also more active against 
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Figure 1. Bioactive S-substituted 2-aryl-4-thiopyrazolo[1,5-a][1,3,5]triazin-7(6H)-ones.

2. Results and Discussion

The addition of cyanoacetohydrazide to benzoyl isothiocyanate (1) prepared in situ from benzoyl
chloride and ammonium thiocyanate produced thiosemicarbazide (2) (Scheme 1). The treatment of 2
with aqueous alkali resulted in its intramolecular cyclization with sequential formation of pyrazole
and triazine rings affording pyrazolo[1,5-a][1,3,5]triazine (3). The selective S-alkylation of 3 with
2-phenylethylbromide was successfully achieved in the presence of base at ambient temperature. The
signal at 30.6 ppm, observed in the 13C-NMR spectrum (see Supplementary Materials) of 4, suggested
that the alkylation occurred at the thiocarbonyl group of 3. In general, the proposed synthetic approach
was rather efficient, and compound 4 was prepared from benzoyl chloride in an overall yield of 50%.
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Scheme 1. Synthesis of 4-phenethylthio-2-phenylpyrazolo[1,5-a][1,3,5]triazin-7(6H)-one (4).

The antiproliferative activity of 4 against human lung cancer (A549) and human breast cancer
(MDA-MB231) cell lines was tested using the MTT assay [24]. The initial evaluation of the effect of
4 on cell viability at a 100 µM concentration revealed that the lung cancer cells were more sensitive
to treatment with 4. The cell viability was 24 ± 4% and 69 ± 6% for the A549 and MDA-MB231
cells, respectively. Further experiments, which were carried out with 4, estimated the IC50 value for
antiproliferative activity of this compound against A549 cells to be 53 ± 3 µM.

It should be noted that the phenethyl group is critical for the antiproliferative effect against A549.
Thus, no significant difference from the control was observed when A549 cells were treated with
compound 3 at a concentration of 100 µM (cell viability 95 ± 7%).

Floxuridine, used in this study as the reference anticancer drug, was also more active against
A549 cells (IC50 = 5.8 ± 1.3 µM) than MDA-MB231 cells (IC50 = 38 ± 9 µM).
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3. Experimental

Melting points (uncorrected) were determined on a Gallenkamp melting point apparatus. 1H and
13C-NMR spectra were recorded on a DPX-300 spectrometer (Bruker, Fällanden, Switzerland) at
300 MHz and 75 MHz respectively, using DMSO-d6 as a solvent and TMS as an internal reference.

3.1. Cyanoacetyl-4-benzoylthiosemicarbazide (2)

A solution of N-benzoylisothiocyanate (1), prepared by mixing benzoyl chloride (2.32 mL,
20 mmol) and ammonium thiocyanate (1.44 g, 20 mmol) in acetone (20 mL), was added to the
suspension of cyanoacetohydrazide (1.58 g, 16 mmol) in acetone (10 mL) and the reaction mixture was
heated under reflux for 3 h. The solvent was evaporated under vacuum, the residue was triturated
with cold water (40 mL), and the precipitated product was filtered and recrystallized from methanol.
Yield: 68%, m.p. 198 ◦C [lit. [25] m.p. 198 ◦C]. 1H-NNR (300 MHz, DMSO-d6): δ 3.88 (2H, s, CH2),
7.54–7.96 (5H, m, Ph), 11.00 (1H, s, NH), 11.77 (1H, s, NH), 12.53 (1H, s, NH) ppm.

3.2. Phenyl-4-thioxopyrazolo[1,5-a][1,3,5]triazine-7(6H)-one (3)

Compound 2 (1.3 g, 5 mmol) was treated with 5% aqueous KOH (12 mL) and the solution obtained
was heated under reflux for 3 h. After cooling to room temperature, the reaction mixture was diluted
with water (30 mL) and acidified with 3% hydrochloric acid to pH 2. The white precipitate formed was
collected by filtration, washed with cold water, and recrystallized from methanol. Yield: 92%, m.p.
300–301 ◦C [lit. [25] m.p. 302 ◦C]. 1H-NNR (300 MHz, DMSO-d6): δ 6.04 (1H, s, H-8), 7.55–8.01 (5H, m,
Ph), 11.82 (1H, brs, H-6), 13.66 (1H, brs, H-3) ppm. 13C-NNR (75 MHz, DMSO-d6): δ 86.2 (C-8), 128.3,
128.5, 130.8, 131.9 (Ph), 145.1 (C-8a), 149.9 (C-2), 167.0 (C-4), 167.7 (C-7) ppm.

3.3. Phenethylthio-2-phenylpyrazolo[1,5-a][1,3,5]triazin-7(6H)-one (4)

To the solution of compound 3 (0.5 g, 2 mmol) in 1 M aqueous NaOH (2 mL) and ethanol (10 mL),
2-phenylethyl bromide (0.3 mL, 2.2 mmol) was added, and the reaction mixture was stirred at room
temperature for 3 days. The precipitate formed was collected by filtration, well washed with water,
and recrystallized from acetonitrile. Yield: 80%, m.p. > 250 ◦C. 1H-NNR (300 MHz, DMSO-d6): δ 3.15
(2H, t, 3J = 7.7 Hz, CH2), 3.69 (2H, t, 3J = 7.7 Hz, CH2), 5.99 (1H, s, H-8), 7.20–7.41 (5H, m, Ph), 7.50–8.50
(5H, m, Ph), 11.74 (1H, brs, H-6) ppm. 13C-NNR (75 MHz, DMSO-d6): δ 30.6 (CH2S), 34.8 (PhCH2),
81.9 (C-8), 126.5, 128.0, 128.4, 128.6, 131.3, 135.8, 139.6 (PhC(2) & PhCH2), 148.3 (C-8a), 155.6 (C-2),
158.2 (C-4), 167.5 (C-7) ppm. Anal. Calcd. for C19H16N4OS: 65.50; H, 4.63; N, 16.08. Found: C, 65.38; H,
4.72; N, 15.93.

3.4. Antiproliferative Assay

The effect of compounds on cell viability was estimated using a standard MTT assay [24].
Floxuridine was used as a positive control. Briefly, an MTT solution (1 mg/mL, 50.0 µL/well) was
added after cells were treated with compounds dissolved in DMSO and incubated for 72 h. In order to
ensure that the solvent per se had no effect on the cell growth, negative control tests were performed
using DMSO at the same concentration. The cells were incubated for another 4 h at 37 ◦C. The purple
formazan crystals that formed were dissolved with DMSO (150.0 µL/well) and the absorbance was
measured with a Tecan Genios spectrophotometer at λ = 570 nm. The concentration required for
50% inhibition of cell viability (IC50) was estimated using the median effect plot [26], which was the
transformation of sigmoidal dose–response curve into the corresponding linear form: log[fa/(1 − fa)],
where fa was the fraction affected or percent viability/100 and (1 − fa) was the fraction unaffected,
was plotted against log(compound concentration). The IC50 value was calculated as antilog of the
log(compound concentration) intercept, where fa/(1 − fa) = 1 [or log[fa/(1 − fa)] = 0. The results were
an average value of three independent experiments.
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4. Conclusions

We found that S-alkylation of 2-phenyl-4-thioxopyrazolo[1,5-a][1,3,5]triazine-7(6H)-one (3) with
2-phenylethyl bromide under basic conditions proceeded selectively and resulted in the formation
of 4-phenethylthio-2-phenylpyrazolo[1,5-a][1,3,5]triazin-7(6H)-one (4) possessing antiproliferative
activity against the A549 human lung cancer cell line.

Supplementary Materials: The following are available online www.mdpi.com/1422-8599/2017/4/M970.
Figure S1: 1H-NMR spectrum of compound 4; Figure S2: 13C-NMR spectrum of compound 4; Figure S3: DEPT135
spectrum of compound 4.
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