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In the last few decades, one of the main trends in the 
design of potential drugs with improved pharmacological 
properties is the formation of new structures based on the 
molecular hybridization of diverse heterocycles with 
known biological activity.1–5 Among them is the 1,2,4-
triazole nucleus and its derivatives which possess a broad 
spectrum of pharmacological activities, in particular 
antiviral (ribavirin, taribavirin),6,7 antifungal (fluconazole), 
and soporific (triazolam).8,9 Recently, 5-alkyl-3-amino-
1,2,4-triazoles were found to exhibit herbicidal activity10 
and showed positive results in clinical trials for the 
treatment of Alzheimer's disease.11 Some 3-amino-sub-
stituted 1,2,4-triazoles possess anti-inflammatory12 and 
analgesic13 effects in the human body. 

No less interesting are derivatives of 1,2,4-triazolo[1,5-a]-
pyrimidine. Thus, some 2-(3-alkyl)-5-methyl-1,2,4-triazolo-
[1,5-a]pyrimidines demonstrate antitumor activity,14 5,7-di-
substituted 1,2,4-triazolo[1,5-a]pyrimidines show superior 
in vitro cytotoxicity to the anticancer drug doxorubicin.15 
The organotin(IV) and platinum(II) complexes of 5,7-disub-
stituted 1,2,4-triazolo[1,5-a]pyrimidines exhibit dose-
dependent cytotoxic activity in multiple cancer cell 
lines.16,17 In addition, 5,7-disubstituted 1,2,4-triazolo[1,5-a]-
pyrimidines have shown promising inhibitory activities for 
cellular secretion of the hepatitis B virus surface antigen as 
potential treatment for HBV infections.18 

Relatively recently, an interest in 1,2,5-oxadiazole 
derivatives as biologically active substances has arisen,19 

and some representatives of this series have been found to 
exhibit a wide spectrum of biological properties such as 
antimicrobial, antituberculosis, spasmolytic, and muscle 
relaxant activity.20 In this context, a search for the new 
synthetic routes to the derivatives of 5,7-disubstituted 1,2,4-
triazolo[1,5-a]pyrimidines has received significant 
attention due to their practical relevance. 

Recently, we obtained a number of 3-amino-substituted 
1,2,4-triazoles 4a–d by addition of benzoyl cyanamide (1) 
to the amino group of Boc-protected amino acid hydrazides 
2a–d in the presence of Ni(acac)2 as a catalyst.21 This was 
the first reported use of Ni(acac)2 to promote the addition 
of nitriles to amino group. In the absence of Ni(acac)2 the 
reaction did not proceed. Further,22 3-aminotriazoles 4a–d 
were successfully used as convenient building blocks for 
the construction of 1,2,4-triazolo[1,5-a]pyrimidines. Triazole 
hydrochlorides 4a–d undergo condensation with 1,3-di-
electrophilic reagents, such as acetylacetone, in boiling 
AcOH in the presence of HCl providing high yields of 
2-aminoalkyl-1,2,4-triazolo[1,5-a]pyrimidine hydrochlorides 
5a–e (Scheme 1). 

In continuation of this work, new 1,2,4-triazole 
derivatives 8–10 were synthesized starting from benzoyl 
cyanamide (1) and 4-amino-1,2,5-oxadiazole-3-carbo-
hydrazide (6) (Scheme 2). Heating the mixture of 
compounds 1 and 6 in dioxane in the presence of 10 mol % 
Ni(acac)2 resulted in guanidine derivative 7 which, upon 
reflux in AcOH, cyclized into furazanyl-substituted triazole 8. 
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In fact, the above reaction of Boc-protected amino acid 
hydrazides 2a–d with benzoyl cyanamide (1) (Scheme 1) 
probably also proceeds via the formation of the cor-
responding intermediate guanidine derivatives, but unlike 
guanidine 7, we found no way to isolate them due to the 
rapid cyclization into triazoles 3a–d under the reaction 
conditions. Both guanidine 7 and benzoyl derivative 8 are 
white crystalline substances and are poorly soluble in most 
organic solvents while they are soluble in DMF and 
DMSO. Their mass spectra contain the molecular ion 
[M+H]+ peaks. 1H NMR spectra of compounds 7 and 8 
indicated the presence of furazan amino group protons and 
the protons of the phenyl group. Further removal of the 
benzoyl group of triazole 8 under the action of aqueous 
HCl gave the corresponding 4-(5-amino-4H-1,2,4-triazol-
3-yl)-1,2,5-oxadiazol-3-amine hydrochloride (9) according 
to the method developed by us earlier20 (Scheme 2). Salt 9 
is a white crystalline substance, poorly soluble in organic 
solvents, but very well soluble in H2O, MeOH, DMF, and 
DMSO. 

It should be noted that synthesis of free 4-(5-amino-4H-
1,2,4-triazol-3-yl)-1,2,5-oxadiazol-3-amine (9) has been 
reported in the literature, however toxic material, cyanogen 
bromide, was used for its preparation.23 Later, alternative 
routes for the synthesis of triazolylfurazan 9 from 3-amino-
4-carbmethoxyfurazan employing aminoguanidine hydro-
chloride and hydrazine hydrate (in 90% yield)24 or 
aminoguanidine sulfate (in 71% yield)25 were suggested, 
and the structure of triazolylfurazan 9 was proved by X-ray 
crystallography.25 Triazolylfurazan 9 was used as a starting 
compound for the synthesis of highly performant 
insensitive energetic materials.25 

Similar to hydrochlorides 4a–d,22 triazolylfurazan 
hydrochloride 9 undergoes condensation with 1,3-dielectro-
philic reagents, such as 1,1,3,3-tetramethoxypropane or 
acetylacetone, in boiling AcOH in the presence of HCl, 
providing 1,2,4-triazolo[1,5-a]pyrimidines 10a,b, respec-
tively (Scheme 2). Compounds 10a,b are white crystalline 
substances soluble in DMF and DMSO, but are poorly 

soluble in other organic solvents. Their mass spectra 
contain the molecular ion [M+H]+ peaks. In 1H NMR 
spectra of compounds 10a,b, the signals corresponding to 
furazan amino group protons and to pyrimidine protons are 
observed. The location of C-2 carbon signals in 13C NMR 
spectra is in the 150.1–158.8 ppm region, which confirms 
the structures of compounds 10a,b.26 

In conclusion, a convenient synthesis of triazole 
derivatives with 3-amino-1,2,5-oxadiazole substituent from 
available reagents has been developed. The obtained 
compounds may be attractive for the investigation of their 
biological activity. 

Experimental 

IR spectra were recorded on a Bruker Alpha spectro-
meter in KBr. 1H NMR spectra were recorded on a Bruker 
AM-300 spectrometer (300 MHz), 13C NMR spectra were 
recorded on a Bruker Avance 600 spectrometer (150 MHz) 
in DMSO-d6. Solvent residual signals were used as a 
standard (2.50 ppm for 1H nuclei and 39.5 ppm for 13C 
nuclei). Assignments in 13C NMR spectra were made based 
on the 13C NMR spectra of the analogs.26 High-resolution 
mass spectra were recorded on a Bruker micrOTOF II 
instrument (ESI). Measurements were carried out in the 
positive ranges (capillary voltage was 4500 V). The masses 
were scanned in the m/z 50–3000 Da range using external 
and internal calibration (Electrospray Calibrant Solution, 
Fluka). MeCN solution of compounds was injected with a 
syringe, flow rate 3 μl/min, nitrogen was used as a sprayer 
gas (4 l/min), interface temperature was 180°C. Elemental 
analysis was performed on a PerkinElmer Series II CHNS/O 
2400 analyzer. 

Starting benzoyl cyanamide (1)27 and 4-amino-1,2,5-oxa-
diazole-3-carbohydrazide (6)28 were synthesized according 
to the described procedures. Commercially available  
Ni(acac)2 and anhydrous dioxane were purchased from 
Sigma-Aldrich and used without additional purification. 

N-[{2-[(4-Amino-1,2,5-oxadiazol-3-yl)carbonyl]hydrazinyl}-
(imino)methyl]benzamide (7). A mixture of hydrazide 6 

Scheme 1 

Scheme 2 
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(1.43 g, 10 mmol), benzoyl cyanamide (1) (1.31 g, 10 mmol), 
and Ni(acac)2 (0.25g, 1 mmol) in anhydrous dioxane (20 ml) 
was refluxed with stirring for 6 h. The mixture was cooled, 
the precipitate formed was filtered off, washed with H2O, 
and dried in air. Yield 1.85 g (64%), white crystals, 
mp >350°С. IR spectrum, ν, cm–1: 3457, 3317 (NH, NH2); 
1710, 1685 (C=O). 1H NMR spectrum, δ, ppm (J, Hz): 6.35 
(2H, s, NH2); 7.40–7.70 (3H, m, H Ph); 8.05 (2H, d, 
J = 7.0, H Ph); 8.35 (2Н, br. s, 2NH); 11.10 (2Н, br. s, 
2NH). 13C NMR acceptable spectrum was not obtained: the 
signals of the quaternary carbon atoms could not be 
accumulated due to the fast migration of proton between 
N atoms and as a result the electron density delocalization. 
Found, m/z: 290.0992 [M+H]+. C11H12N7O3. Calculated, m/z: 
290.0996. 

N-[5-(4-Amino-1,2,5-oxadiazol-3-yl)-4H-1,2,4-triazol-
3-yl]benzamide (8). A solution of guanidine 7 (2.89 g, 
10 mmol) in AcOH (20 ml) was refluxed with stirring for 
8 h. After cooling, the solvent was removed under reduced 
pressure, the residue was washed with H2O and dried in 
air. Yield 1.87 g (69%), white crystals, mp >350°С. 
IR spectrum, ν, cm–1: 3454, 3340 (NH, NH2); 1676 (C=O). 
1H NMR spectrum, δ, ppm (J, Hz): 6.35 (2H, s, NH2); 7.40–
7.60 (3H, m, H Ph); 8.15 (2H, d, J = 7.0, H Ph); 12.35 (1Н, 
s, NH); 14.35 (1Н, s, NH). 13C NMR spectrum, δ, ppm: 
126.5, 129.6 (C-2,6 Ph, C-3,5 Ph); 131.6 (C-4 Ph); 139.3 
(C-4 oxadiazole); 147.3 (C-1 Ph); 152.2 (C-3 oxadiazole); 
155.6, 155.7, 156.8 (C-3 triazole, C-5 triazole, C=O). 
Found, m/z: 272.0887 [M+H]+. C11H10N7O2. Calculated, m/z: 
272.0890. 

4-(5-Amino-4H-1,2,4-triazol-3-yl)-1,2,5-oxadiazol-
3-amine hydrochloride (9). A solution of benzoyl deriva-
tive 8 (2.71 g, 10 mmol) in 18% aqueous HCl (50 ml) was 
refluxed with stirring for 5 h. After cooling, the reaction 
mixture was filtered, the filtrate was evaporated, and the 
residue was crystallized from Me2CO. The crystals were 
filtered off, washed with Me2CO, and dried in air. Yield 
1.06 g (52%), white crystals, mp > 350°С. IR spectrum, 
ν, cm–1: 3557 (NH2). 

1H NMR spectrum, δ, ppm: 6.76 (4H, 
br. s, 2NH2). 

13C NMR acceptable spectrum was not 
obtained: the signals of the quaternary carbon atoms could 
not be accumulated due to the fast migration of proton 
between N atoms and as a result the electron density 
delocalization. Found, m/z: 168.0626 [M+H]+. C4H6N7O. 
Calculated, m/z: 168.0628. Found, %: C 23.38; H 3.11; 
N 47.90; Cl 17.30. C4H6ClN7O. Calculated, %: C 23.60; 
H 2.97; N 48.16; Cl 17.41. 

Synthesis of compounds 10a,b (General method). 
A mixture of hydrochloride 9 (2.03 g, 10 mmol) and acetyl-
acetone or 1,1,3,3-tetramethoxypropane (12 mmol) in 
glacial AcOH (15 ml) was refluxed with stirring for 5 h. 
The precipitate formed was filtered off, washed with H2O, 
and dried in air. 

4-([1,2,4]Triazolo[1,5-a]pyrimidin-2-yl)-1,2,5-oxa-
diazol-3-amine (10a). Yield 1.30 g (64%), white crystals, 
mp >350°С. IR spectrum, ν, cm–1: 3461 (NH2), 3285–3008 
(CH). 1H NMR spectrum, δ, ppm (J, Hz): 6.58 (2H, s, 
NH2); 7.25 (1Н, t, J = 7.0, Н-6); 8.80 (1H, d, J = 7.0, H-5); 
9.21 (1H, d, J = 7.0, H-7). 13C NMR spectrum, δ, ppm: 

108.5 (С-6); 143.4 (C-4 oxadiazole); 145.1 (С-7); 150.1, 
154.3, 158.8 (С-3a, С-2, С-3 oxadiazole); 164.0 (С-5). 
Found, m/z: 204.0628 [M+H]+. C7H6N7O. Calculated, m/z: 
204.0623. 

4-(5,7-Dimethyl[1,2,4]triazolo[1,5-a]pyrimidin-2-yl)-
1,2,5-oxadiazol-3-amine (10b). Yield 1.22 g (53%), white 
solid, mp >350°С. IR spectrum, ν, cm–1: 3458 (NH2), 3293 
(CH). 1H NMR spectrum, δ, ppm: 2.63 (3H, s, CH3); 2.80 
(3Н, s, CH3); 6.62 (2H, s, NH2); 7.30 (1Н, s, СН). 
13C NMR spectrum, δ, ppm: 17.0 (CH3); 25.2 (CH3); 112.6 
(С-6); 139.9 (C-4 oxadiazole); 148.1 (С-7); 154.3, 155.2, 
156.2 (С-3a, С-2, С-3 oxadiazole); 166.6 (С-5). Found, m/z: 
232.0938 [M+H]+. C9H10N7O. Calculated, m/z: 232.0941. 

 
Supplementary information file, containing 1H and 13C 

NMR spectra of compounds 10a,b, is available at the 
journal website http://link.springer.com/journal/10593. 
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