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Abstract—The reaction of 2-[bis(methylsulfanyl)methylidene]malononitrile with 1H-1,2,4-triazol-3-amine in 
N,N-dimethylformamide in the presence of anhydrous potassium carbonate led to the formation of 7 -imino-5-
(methylsulfanyl)-1,7-dihydro[1,2,4]triazolo[1,5-a]pyrimidine-6-carbonitrile. The latter was then reacted with 
some nitrogen and carbon nucleophiles such as substituted anilines and active methylene compounds to afford 
the corresponding 5-substituted derivatives. The structure of the synthesized compounds was confirmed by IR, 
NMR, and mass spectra and elemental analyses. Furthermore, their potential as antioxidant agents was evaluated 
using DPPH and hydroxyl radical scavenging assays.

Keywords: multicomponent reactions (MCR), 1,2,4-triazole, [1,2,4]triazolo[1,5-a]pyrimidine, 2-[bis(methyl-
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INTRODUCTION

Multicomponent reactions (MCRs) are classical 
examples of synthetic efficiency and reaction design 
for diversity-oriented synthesis in organic chemistry 
[1–3]. The simplest definition of MCR is that it is 
a one-pot reaction wherein two or more reactants rear-
range into a single complex structure with functional 
diversity, without adding any external reagents or 
changing reaction conditions throughout the progress 
of the reaction [4, 5]. For the past few decades, 
significant research has been devoted both at academic 

and industrial scale toward the development of new 
heterocyclic compounds in a one-pot synthetic protocol 
[4–7]. Usually, MCRs follow a one-pot multistep pro-
cess and a complex mechanistic pathway where all the 
steps are reversible and the last step is irreversible [8].

However, the major challenge in the commer-
cialization of novel MCRs and elementary heterocyclic 
synthesis is to master and gather expertise toward un-
common combinations and arrangements under similar 
reaction conditions [4–6, 8]. The most advantageous 
feature of MCRs is that it can be extended into various 
promising synthetic protocols which can further be 
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developed into novel targeted structural motifs [9]. 
These new lead molecules can be used as active agents 
for various applications, e.g., in the field of catalysis 
and medicinal and biological applications. MCRs have 
also been known to produce a wide range of structurally 
and stereochemically different heterocyclic compounds 
along with their polyheterocyclic derivatives, which 
have been further evaluated as potential biologically 
active compounds [9–11]. Without a doubt, most of 
these potential biologically active heterocyclic com-
pounds are used as scaffolds in the pharmaceutical and 
drug industries [9, 10, 12]. However, the development 
of new types of MCRs for the discovery of new pairs 
of functional groups to access new scaffolds is still 
in flourishing demand to produce new drug-like 
molecules. 

Over the years, it has been observed that triazolo-
[1,5-a]pyrimidinedione as a versatile compound holds 
a significant position in the field of synthetic and 
organic chemistry [13]. The fact that triazolo[1,5-a]-
pyrimidine can form stable coordination complexes 
and possesses a high binding capacity for metal ions 
has led to increased attention to the development of 
novel triazolo[1,5-a]pyrimidinedione derivatives 
[14–16]. In particular, due to their diverse agricultural, 
pharmacological, and biological properties, such com-
pounds have attracted attention of a large number of 
organic chemists [17]. Their biological properties 

include antitumor [13], analgesic [18], anticancer [19], 
antifungal [15], antibiotic [20], and antileishmanial 
activities [21]. Compounds based on the [1,2,4]tri-
azolo[1,5-a]pyrimidine core have recently been report-
ed as phosphodiesterase inhibitors [22] for the treat-
ment of Alzheimer’s disease [23, 24], antimalarial 
agents [25], CB2 cannabinoid receptor inverse agonists 
[26], and hypnotic agents [27]. Owing to their 
beneficial biological applications, the use of [1,2,4]tri-
azolo[1,5-a]pyrimidine in multicomponent reactions 
for the development of new heterocyclic compounds 
can definitely provide further opportunities. However, 
these compounds have not been tested for their anti-
oxidant activity.

In the present article we report the synthesis of 
7-imino-5-(methylsulfanyl)-1,7-dihydro[1,2,4]triazolo-
[1,5-a]pyrimidine-6-carbonitrile and its derivatives in 
a facile and cost efficient one-pot route and their anti-
oxidant activity.

RESULTS AND DISCUSSION

Initially, we focused on the synthesis of 7-imino-5-
(methylsulfanyl)-1,7-dihydro[1,2,4]triazolo[1,5-a]-
pyrimidine-6-carbonitrile (3) as the parent compound. 
It was prepared by reacting 2-{bis(methylsulfanyl)-
methylidene]malononitrile (1) and 1H-1,2,4-triazol-3-
amine (2) on heating in DMF in the presence of anhy-
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drous potassium carbonate (Scheme 1). The synthetic 
details are given in Experimental.

Molecule 3 possesses a replaceable methylsulfanyl 
group at the 5-position, which is activated due to elec-
tron-withdrawing effects of the N1 atom and cyano 
group on C6. Therefore, it can be presumed that com-
pound 3 is a potential precursor for the synthesis of 
5-substituted derivatives. In fact, 5-substituted deriva-
tives of 3 were obtained by reacting it with different 
nucleophiles such as active methylene compounds and 
substituted anilines. Accordingly, the reactions of 3 
with diethyl malonate, ethyl acetoacetate, ethyl cyano-
acetate, and malononitrile in dimethylformamide in the 
presence of anhydrous potassium carbonate afforded 
the corresponding 5-substituted derivatives 4a–4d as 
shown in Scheme 2.

Under similar experimental conditions, compound 3 
reacted with substituted anilines to produce 5-(R-anili-
no)-7-imino-1,7-dihydro[1,2,4]triazolo[1,5-a]pyrimi-
dine-6-carbonitriles 5a–5j (Scheme 3).

A tentative mechanism was proposed for the forma-
tion of parent compound 3 (Scheme 4). Initially, nu-
cleo philic addition of 1H-1,2,4-triazol-3-amine (2) to 
2-[bis(methylsulfanyl)methylidene]malononitrile (1) 
gives zwitterionic intermediate A [28] which is stabi-

lized via elimination of methanethiolate anion and 
depro tonation followed by proton migration to produce 
intermediates B and C, respectively. Finally, intra-
molecular Michael addition between the NH and C≡N 
groups of C leads to the formation of triazolopyrimidine 
3 [29]. In the next stage, nucleophilic substitution of 
the 5-methylsulfanyl group in molecule 3 yields final 
compounds 4 and 5.

Antioxidant activity. 1,1-Diphenyl-2-picrylhy-
drazyl (DPPH) radical scavenging assay. The antioxi-
dant properties of newly synthesized compounds 4a–
4d and 5a–5d were evaluated by the DPPH radical 
scavenging assay [17] using 1 mM ascorbic acid as the 
reference compound. Reaction mixtures were prepared 
by adding a solution of individual compound 4a–4d or 
5a–5d in absolute ethanol to an equal volume of 
a 0.1 mM solution of DPPH radical. The mixture was 
incubated at room temperature for 20 min, and the 
absorbance at λ 517 nm was measured with a UV-Vis 
spectrophotometer. Compounds 5c and 5b showed the 
weakest activities by scavenging 60.2 and 40.6% of 
DPPH, respectively (Table 1).

Hydroxyl radical scavenging assay. The well-
known Fenton reaction was used for measuring the OH 
radical scavenging activity [30]. In a typical Fenton 
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reaction, 60 μL of FeCl2 (1 mM), 90 μL of 1,10-phenan-
throline (1 mM), 2.4 mL of phosphate buffer (pH 7.8), 
and 150 μL of 0.17 M H2O2 were mixed together along 
with 1.5 mL of 1 mM solution of compound 3–5. After 
incubation at room temperature for 5 min, the absor-
bance at λ 560 nm was recorded. Ascorbic acid (1 mM) 
was used as reference compound. The results are 
shown in Table 1. Ascorbic acid as the reference com-
pound showed a scavenging activity of 89.5%. Com-
pound 3 showed OH radical scavenging activity of 
45.6%. Compounds 4a, 4b, 4d, 5a, 5c, and 5d showed 

good OH radical scavenging activities. The highest OH 
radical scavenging activity was observed for com-
pounds 4a and 4b, 84.0 and 82.2%, respectively. 
Compounds 4d and 5d were slightly less active 
(80.2 and 78.2%, respectively), and the activities of 4c, 
5a, and 5c were estimated at 62.9, 69.5, and 66.6%, 
respectively. The lowest OH radical scavenging activ-
ity was found for compound 5b (45.2%). Based on the 
performance results of both radical scavenging assays, 
it can be said that newly synthesized compounds 4a–
4d and 5a–5d showed significant antioxidant activity. 
It can also be said that quantitative difference in the 
antioxidant properties of the newly synthesized com-
pounds were influenced by the nature of substituents 
attached to the parent compound.

In summary, a new series of substituted 7-imino-
[1,2,4]triazolo[1,5-a]pyrimidine-6-carbonitrile deriva-
tives were synthesized using an efficient, green, and 
easy protocol. The products could be easily isolated by 
simple work-up techniques in a less time-consuming 
manner. Moreover, the proposed protocol is believed to 
be cost-economic, and it provided high yields under 
mild conditions. Most of the newly synthesized com-
pounds showed promising antioxidant potential in 
DPPH and OH radical scavenging assays.

EXPERIMENTAL

All chemicals  of reagent grade were supplied by 
Sigma–Aldrich (India) and were used without further 
purification. The melting points were determined using 

Scheme 4.
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Table 1. Antioxidant activity of compounds 3, 4a–4d, and 
5a–5d according to DPPH and OH radical scavenging assays

Compound no.
Radical scavenging activity, %

DPPH OH

3 48.7±1.23 45.6±1.06

4a 80.6±0.82 84.0±1.60

4b 78.2±1.84 82.2±1.06

4c 66.4±1.36 62.9±0.21

4d 85.4±0.30 80.2±1.25

5a 66.4±0.30 69.5±1.84

5b 40.6±0.82 45.2±1.06

5c 60.2±1.84 66.6±0.25

5d 80.4±1.36 78.2±1.28

Ascorbic acid 91.4±0.021 89.5±0.021
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open capillary tubes and are uncorrected. The IR 
spectra  were recorded in KBr on a Perkin Elmer FT-IR 
spectrometer. The mass spectra (electrospray ioniza-
tion) were run on a Shimadzu 2010EV LC/MS instru-
ment. The 1H and 13C NMR spectra were recorded at 
400 and 100 MHz, respectively, using CDCl3 as solvent 
and tetramethylsilane as an internal standard. The 
progress of reactions and the purity of the isolated 
compounds were monitored by TLC on UV-active 
silica gel plate (Merck).

7-Imino-5-(methylsulfanyl)-1,7-dihydro[1,2,4]-
triazolo[1,5-a]pyrimidine-6-carbonitrile (3). A mix-
ture of 1H-1,2,4-triazol-3-amine (2, 1.68 g, 20 mmol), 
2-[bis(methylsulfanyl)methylidene]malononitrile (1, 
3.40 g, 20 mmol), and anhydrous potassium carbonate 
(1.38 g, 1 equiv) in 30 mL of DMF was refluxed with 
continuous stirring for 4–5 h. After comple tion of the 
reaction (TLC), the mixture was cooled, and the solid 
product was collected by filtration, washed with water, 
and recrystallized from ethanol. Yield 3.26 g (80%), 
mp 203–205°C. IR spectrum, ν, cm–1: 3347 (NH), 2228 
(C≡N). 1H NMR spectrum, δ, ppm: 9.20 br.s (1H, NH), 
7.48 s (1H, CH), 4.08 br.s (1H, NH), 2.80 s (3H, 
SCH3). 13C NMR spectrum, δC, ppm: 164.8, 158.8, 
157.8, 146.9, 115.7, 81.6, 15.07. Mass spectrum: 
m/z 205 (Irel 100%) [M + 1]. Found, %: C 46.62; 
H 3.24; N 33.92; S 14.60. C7H6N6S. Calculated, %: 
C 40.77; H 2.93; N 40.75; S 15.55.

General procedure f or the synthesis of triazolo-
pyrimidines 4a–4d and 5a–5j. A mixture of 1 mmol 
of compound 3, 1 mmol of the corresponding CH acid 
or substituted aniline, and 1 equiv of anhydrous potas-
sium carbonate in DMF was heated with continuous 
stirring for 4–5.5 h. After completion of the reaction 
(TLC), the mixture was cooled, and the solid product 
was collected by filtration, washed with water, and 
recrystallized from ethanol. If necessary, the product 
was additionally purified using a short silica gel 
column. The IR, 1H and 13C NMR, and mass spectra of 
4a–4d and 5a–5j were in well agreement with the 
assigned structures and consistent with literature data 
for structurally re lated compounds [16, 31–43].

Diethyl 2-(6-cyano-7-imino-1,7-dihydro[1,2,4]tri-
azolo[1,5-a]pyrimidin-5-yl)malonate (4a). Yield 
0.238 g (74%), mp 185–187°C. IR spectrum, ν, cm–1: 
3341 (NH), 3137 (C=NH), 2223 (C≡N), 1721 (C=O), 
1154 (C-O); 1H NMR spectrum, δ, ppm: 9.24 br.s (1H, 
NH), 7.56 s (1H, 2-H), 4.13 m (4H, OCH2), 4.05 br.s 
(1H, NH), 3.84 s (1H, CH), 1.31 t (6H, CH3). 13C NMR 
spectrum, δC, ppm: 167.3, 166.0, 155.8, 146.7, 115.8, 
91.7, 61.4, 60.0, 14.1. Mass spectrum: m/z 318 

(Irel 100%) [M + 1]. Found, %: C 49.09; H 4.38; 
N 26.48. C13H14N6O4. Calculated, %: C 49.06; H 4.43; 
N 26.40.

Ethyl 2-(6-cyano-7-imino-1,7-dihydro[1,2,4]tri-
azolo[1,5-a]pyrimidin-5-yl)-3-oxobutanoate (4b). 
Yield 0.207 g (72%), mp 190–192°C. IR spectrum, ν, 
cm–1: 3352 (NH), 3124 (=N–H), 2218 (C≡N), 1725 
(C=O), 1143 (C–O). 1H NMR spectrum, δ, ppm: 
9.12 br.s (1H, NH), 7.50 s (1H, 2-H), 4.21 m (2H, 
OCH2), 4.17 br.s (1H, NH), 3.87 s (1H, CH), 2.18 s 
(3H, COCH3), 1.25 t (3H, CH3). 13C NMR spectrum, 
δC, ppm: 202.4, 167.5, 166.2, 158.8, 146.7, 115.8, 91.7, 
61.4, 57.8, 28.2, 14.1. Mass spectrum: m/z 288 
(Irel 100%) [M + 1]. Found, %: C 50.09; H 4.25; 
N 29.20. C12H12N6O3. Calculated, %: C 50.00; H 4.20; 
N 29.15 .

Ethyl 2-cyano-2-(6-cyano-7-imino-1,7-dihydro-
[1,2,4]triazolo[1,5-a]pyrimidin-5-yl)acetate (4c). 
Yield 0.205 g (76%), mp 186–188°C. IR spectrum, ν, 
cm–1: 3343 (NH), 3131 (=N–H), 2219 (C≡N), 1724 
(C=O), 1145 (C–O). 1H NMR spectrum, δ, ppm: 
9.04 br.s (1H, NH), 7.54 s (1H, 2-H), 4.18 m (2H, 
OCH2), 4.12 br.s (1H, NH), 4.01 s (1H, CH), 1.29 t 
(3H, CH3). 13C NMR spectrum, δC, ppm: 171.2, 167.3, 
158.9, 146.7, 115.8, 91.7, 63.8, 32.8, 14.1. Mass spec-
trum: m/z 271 (Irel 100%) [M + 1]. Found, %: C 48.65; 
H 3.32; N 36.24; O 11.77. C11H9N7O2. Calculated, %: 
C 48.71; H 3.34; N 36.15.

2-(6-Cyano-7-imino-1,7-dihydro[1,2,4]triazolo-
[1,5-a]pyrimidin-5-yl)malononitrile (4d). Yield 
0.174 g (78%), mp 180–182°C. IR spectrum, ν, cm–1: 
3335 (NH), 3118 (=N–H), 2226 (C≡N). 1H NMR spec-
trum, δ, ppm: 9.21 s (1H, NH), 7.50 d (1H, 2-H), 4.18 s 
(1H, CH), 4.15 br.s (1H, NH). 13C NMR spectrum, δC, 
ppm: 167.35, 158.9, 158.8, 146.8, 115.8, 114.9, 91.7, 
17.5. Mass spectrum: m/z 224 (Irel 100%) [M + 1]. 
Found, %: C 48.05; H 1.65; N 49.73. C9H4N8. Cal-
culated, %: C 48.22; H 1.80; N 49.98.

5-(4-Bromoanilino)-7-imino-1,7-dihydro[1,2,4]-
triazolo[1,5-a]pyrimidine-6-carbonitrile (5a). Yield 
0.246 g (75%), mp 208–210°C. IR spectrum, ν, cm–1: 
3326 (NH), 3114 (=N–H), 2219 (C≡N), 779 (C–Br). 
1H NMR spectrum, δ, ppm: 10.59 s (1H, NH), 9.07 s 
(1H, =NH), 7.58 s (1H, 2-H), 7.31 d (2H, Harom), 6.68 d 
(2H, Harom), 4.08 br.s (1H, NH). 13C NMR spectrum, 
δC, ppm: 174.7, 159.7, 158.3, 146.8, 138.1, 120.7, 
116.6, 69.7. Mass spectrum: m/z 329 (Irel 100%) 
[M + 1]. Found, %: C 43.60; H 2.47; Br 24.28; 
N 29.68. C12H8BrN7. Calculated, %: C 43.66; H 2.44; 
Br 24.20; N 29.70.
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7-Imino-5-(4-nitroanilino)-1,7-dihydro[1,2,4] tri-
azolo[1,5-a]pyrimidine-6-carbonitrile (5b). Yield 
0.230 g (78%), mp 210–212°C. IR spectrum, ν, cm–1: 
3318 (NH), 3104 (=N–H), 2220 (C≡N), 1328 (NO2), 
1158 (NO2). 1H NMR spectrum, δ, ppm: 10.50 s (1H, 
NH), 9.10 s (1H, =NH), 8.18–6.68 m (4H, Harom), 
4.01 br.s (1H, NH). 13C NMR spectrum, δC, ppm: 
174.2, 159.1, 158.5, 146.8, 137.9, 124.5, 114.6, 69.1. 
Mass spectrum: m/z 296 (Irel 100%) [M + 1]. Found, %: 
C 48.42; H 2.58; N 37.65. C12H8N8O2. Calculated, %: 
C 48.65; H 2.72; N 37.82.

7-Imino-5-(4-methoxyanilino)-1,7-dihydro-
[1,2,4]triazolo[1,5-a]pyrimidine-6-carbonitrile (5c). 
Yield 0.207 g (74%), mp 214–216°C. IR spectrum, ν, 
cm–1: 3337 (NH), 3121 (=N–H), 2215 (C≡N), 1178 
(C–O). 1H NMR spectrum, δC, ppm: 10.41 s (1H, NH), 
9.12 s (1H, =NH), 7.51 s (1H, 2-H), 6.71 d (2H, Harom), 
6.23 d (2H, Harom), 4.19 br.s (1H, NH), 3.83 s (3H, 
OMe). 13C NMR spectrum, δC, ppm: 174.2, 158.3, 
153.8, 146.2, 131.1, 127.3, 115.8, 115.2, 69.2, 55.6. 
Mass spectrum: m/z 281 (Irel 100%) [M + 1]. Found, %: 
C 55.47; H 3.93; N 34.82. C13H11N7O. Calculated, %: 
C 55.51; H 3.94; N 34.86.

5-(4-Chloroanilino)-7-imino-1,7-dihydro[1,2,4]-
triazolo[1,5-a]pyrimidine-6-carbonitrile (5d). Yield 
0.199 g (70%), mp 219–221°C. IR spectrum, ν, cm–1: 
3317 (NH), 3145 (=N–H), 2229 (C≡N), 812 (C–Cl). 
1H NMR spectrum, δ, ppm: 10.72 s (1H, NH), 9.13 s 
(1H, =NH), 7.43 s (1H, 2-H), 7.38 d (2H, Harom), 6.61 d 
(2H, Harom), 4.02 br.s (1H, NH). 13C NMR spectrum, 
δC, ppm: 174.1, 158.8, 146.6, 137.1, 129.4, 127.3, 
120.7, 115.6, 69.1. Mass spectrum: m/z 285 (Irel 100%) 
[M + 1]. Found, %: C 50.43; H 2.83; Cl 12.42; N 34.31. 
C12H8ClN7. Calculated, %: C 50.45; H 2.82; Cl 12.41; 
N 34.32.

5-(4-Fluoroanilino)-7-imino-1,7-dihydro[1,2,4]-
triazolo[1,5-a]pyrimidine-6-carbonitrile (5e). Yield 
0.201 g (75%), mp 218–220°C. IR spectrum, ν, cm–1: 
3310 (NH), 3142 (=N–H), 2227 (C≡N), 690 (C–F). 
1H NMR spectrum, δ, ppm: 10.61 s (1H, NH), 9.01 s 
(1H, =NH), 7.51 s (1H, 2-H), 6.93 d (2H, Harom), 6.48 d 
(2H, Harom), 4.17 br.s (1H, NH). 13C NMR spectrum, 
δC, ppm: 174.3, 158.4, 157.7, 146.2, 134.7, 120.8, 
116.3, 115.5, 69.7. Mass spectrum: m/z 269 (Irel 100%) 
[M + 1]. Found, %: C 53.57; H 2.97; F 7.08; N 36.42. 
C12H8FN7. Calculated, %: C 53.53; H 2.99; F 7.06; 
N 36.42.

7-Imino-5-(4-methylanilino)-1,7-dihydro[1,2,4]-
triazolo[1,5-a]pyrimidine-6-carbonitrile (5f). Yield 
0.190 g (72%), mp 224–226°C. IR spectrum, ν, cm–1: 

3317 (NH), 3132 (=N–H), 2987 (CH3), 2212 (C≡N). 
1H NMR spectrum, δ, ppm: 10.66 s (1H, NH), 9.07 s 
(1H, =NH), 7.52 s (1H, 2-H), 6.98 d (2H, Harom), 6.36 d 
(2H, Harom), 4.06 br.s (1H, NH), 1.24 s (3H, CH3). 
13C NMR spectrum, δC, ppm: 174.1, 158.3, 146.7, 
136.7, 131.5, 129.8, 116.4, 115.8, 69.7, 21.3. Mass 
spec  trum: m/z 265 (Irel 100%) [M + 1]. Found, %: 
C 58.82; H 4.17; N 36.97. C13H11N7. Calculated, %: 
C 58.86; H 4.18; N 36.96.

5-(2,4-Dichloroanilino)-7-imino-1,7-dihydro-
[1,2,4]triazolo[1,5-a]pyrimidine-6-carbonitrile (5g). 
Yield 0.223 g (70%), mp 214–216°C. IR spectrum, ν, 
cm–1: 3305 (NH), 3149 (=N–H), 2233 (C≡N), 809 
(C–Cl). 1H NMR spectrum, δC, ppm: 10.59 s (1H, NH), 
9.09 s (1H, =NH), 8.04 s (1H, Harom), 7.50 s (1H, 2-H), 
7.29–7.21 m (2H, Harom), 4.04 br.s (1H, NH). 13C NMR 
spectrum, δC, ppm: 174.3, 158.8, 146.7, 141.3, 131.2, 
125.7, 123.6, 122.6, 121.9, 115.8, 69.3. Mass spectrum: 
m/z 319 (Irel 100%) [M + 1]. Found, %: C 45.07; 
H 2.22; Cl 22.16; N 30.67. C12H7Cl2N7. Calculated, %: 
C 45.02; H 2.20; Cl 22.15; N 30.63.

7-Imino-5-(3-nitroanilino)-1,7-dihydro[1,2,4]-
triazolo[1,5-a]pyrimidine-6-carbonitrile (5h). Yield 
0.201 g (68%), mp 208–210°C. IR spectrum, ν, cm–1: 
3320 (NH), 3112 (=N–H), 2220 (C≡N), 1322 (NO2), 
1152 (NO2). 1H NMR spectrum, δ, ppm: 10.42 s (1H, 
NH), 9.14 s (1H, =NH), 7.62 d (1H, Harom), 7.56 s (1H, 
Harom), 7.50 s (1H, 2-H), 7.46 m (1H, Harom), 6.82 d 
(1H, Harom), 4.11 br.s (1H, NH). 13C NMR spectrum, 
δC, ppm: 174.4, 158.9, 148.5, 146.8, 145.3, 130.4, 
122.8, 115.6, 113.8, 109.2, 69.5. Mass spectrum: 
m/z 296 (Irel 100%) [M + 1]. Found, %: C 48.58; 
H 2.76; N 37.86. C12H8N8O2. Calculated, %: C 48.65; 
H 2.72; N 37.82.

5-(3-Bromoanilino)-7-imino-1,7-dihydro[1,2,4]-
triazolo[1,5-a]pyrimidine-6-carbonitrile (5i). Yield 
0.180 g (55%), mp 210–212°C. IR spectrum, ν, cm–1: 
3337 (NH), 3121 (=N–H), 2215 (C≡N), 772 (C–Br). 
1H NMR spectrum, δ, ppm: 10.61 s (1H, NH), 9.11 s 
(1H, =NH), 7.51 s (1H, 2-H), 6.96–6.91 m (2H, Harom), 
6.69 s (1H, Harom), 6.37 m (1H, Harom), 4.13 br.s (1H, 
NH). 13C NMR spectrum, δC, ppm: 174.2, 158.8, 
146.8, 130.1, 123.7, 121.7, 115.6, 69.2. Mass spectrum: 
m/z 329 (Irel 100%) [M + 1]. Found, %: C 43.63; 
H 2.47; Br 24.28; N 29.71. C12H8BrN7. Calculated, %: 
C 43.66; H 2.44; Br 24.20; N 29.70.

5-(3-Chloroanilino)-7-imino-1,7-dihydro[1,2,4]-
triazolo[1,5-a]pyrimidine-6-carbonitrile (5j). Yield 
0.176 g (62%), mp 219–221°C. IR spectrum, ν, cm–1: 
3328 (NH), 3132 (=N–H), 2228 (C≡N), 805 (C–Cl). 
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1H NMR spectrum, δ, ppm: 10.63 s (1H, NH), 9.21 s 
(1H, =NH), 7.51 s (1H, 2-H), 7.17 s (1H, Harom), 6.86–
6.79 m (2H, Harom), 6.31 s (1H, Harom), 4.08 br.s (1H, 
NH). 13C NMR spectrum, δC, ppm: 174.1, 158.7, 
146.2, 145.6, 135.2, 130.8, 122.8, 116.5, 115.4, 114.2, 
69.7. Mass spectrum: m/z 285 (Irel 100%) [M + 1]. 
Found, %: C 50.49; H 2.82; Cl 12.47; N 34.28. 
C12H8ClN7. Calculated, %: C 50.45; H 2.82; Cl 12.41; 
N 34.32.
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