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Among heterocyclic compounds, five-membered nitrogen ones 
are the most important as they represent a key structural part of 
many natural products and modern drugs.1–3 Triazole derivatives 
attract a lot of attention in the field of drug design,4–7 
agrochemistry8 and materials science.9–11 Many triazole derived 
drugs such as Fluconazole, Itraconazole, Posaconazole, 
Voriconasole, Ravuconazole (antifungal), Ribavirin (antiviral), 
Rizatriptan (migraine headaches), Trapidil (hypotensive), 
Trazodon, Etoperidone, Nefazodone (antidepressants), Vorozole, 
Anastrozole, Letrozole (antineoplastics), Rilmazafone (sedative, 
hypnotic), Etizolam (anticonvulsant) are currently on the market. 
Various products containing the 1,2,4-triazole nucleus, e.g., 
Tebuconazole, Epoxiconazole, Difenoconazole (fungicides), 
Diniconazole, Triazophose (pesticides), Amitrole, Epronaz, 
Flupoxam (herbicides) and Paclobutrazole, Diclobutrazole 
(plant growth regulators) find agricultural applications.

Numerous methods are available to obtain N-substituted 
1,2,4-triazoles.12–15 However, some of them have restrictions. 
For example, direct alkylation of 1,2,4-triazole usually affords a 
mixture of isomeric products. This difficulty can in principle be 
circumvented by introduction of an alkyl group before ring 
closure, however few convenient routes are known. Coupling of 
aryldiazonium salts with methyl isocyanoacetate16,17 or 
tosylmethyl isocyanide18 is an efficient approach to produce 
1-aryl-1,2,4-triazoles. However, the heterocyclization takes 
place only for electron rich diazonium salts, otherwise 
arenecarboxamides are formed.16 Recently flow modification to 

construct triazoles by the reaction of diazonium salts with 
isocyanoacetate19 as well as silver or copper catalyzed 
cycloadditions have been published.20 Meanwhile, no examples 
of participation of heterocyclic diazo compounds possessing 
specific reactivivty21 in such a cycloaddition can be found. 

In the present work, we investigated the reaction of ethyl 
isocyanoacetate 1 with 5-diazopyrazoles 2a–g (Scheme 1) and 
5-diazoimidazoles 3a–d (Scheme 2). It is well known that the 
coupling of 5-diazoazoles or relative diazonium salts with 
CH‑acids leads to the corresponding azol-5-ylhydrazones.22,23 
Depending on the nature of the reactants and on the medium 
pH value, these coupling products can either be isolated or be 
directly cyclized to azolo[5,1-c][1,2,4]triazine or azolo[5,1-c]-
[1,2,4]triazin-4-one derivatives.24,25

Coupling of ethyl isocyanoacetate 1 with 5-diazopyrazoles 
2a–e and 5-diazoimidazoles 3a–d was performed in acetonitrile or 
acetone in the presence of sodium acetate. To our delight, the 
expected triazoles 4a–e and 5a–d were isolated in up to 91% yield.† 

The structure of compounds 4a–e and 5a–d was confirmed 
unambiguously by spectral data. The 1H NMR spectra of triazole 
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Scheme  1  Reagents and conditions: i, acetonitrile, AcONa.

†	 General procedure for the synthesis of 4a–e and 5a–d. To a stirred 
mixture of ethyl isocyanoacetate 1 (60  ml, 0.55  mmol)26 and sodium 
acetate (45 mg, 0.55 mmol) in acetonitrile (3 ml) or acetone (3 ml), a cold 
solution of the corresponding 5-diazopyrazole 2a–e (0.5  mmol)27,28 in 
acetonitrile (3 ml) or 5-diazoimidazole 3a–d (0.5 mmol)29,30 in acetone 
(3 ml) was added dropwise at 0 °C for 5 min. The temperature of the 
mixture was raised to ambient, and the mixture was left until disappearing 
of the starting diazoazole (3–4 days, TLC control). Activated charcoal 
was added,  the mixture was stirred for 15 min and filtered. The filtrate
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Scheme  2  Reagents and conditions: i, acetone, AcONa.
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part of these compounds revealed signals for CO2Et fragment at 
d 1.41–1.46 and 4.38–4.49 ppm, respectively, as well as singlet 
of H(5) triazole ring at d 8.71–9.04 ppm. The 13C NMR spectra 
contain triazole signals at 142.3–148.6 ppm for C(5) and 154.2–
155.8 ppm for C(3).

However, the reaction has some restrictions. The use of 
5-diazoazoles 6a–d containing 4-positioned NH-amide 
groups  afforded products of alternative transformation, viz.,  
azolo[4,5-d][1,2,3]triazin-4(3H)-ones 7a–d‡ (Scheme 3).

In conclusion, it was demonstrated that the reaction of 
5-diazoazoles with ethyl isocyanoacetate is an efficient PASE 
approach to the corresponding 1-azolyl-1H-1,2,4-triazole 
derivatives. The reaction scope is rather broad. The prepared 
hybrid heterocyclic compounds look highly attractive as 
interesting ligands for coordination chemistry as well as 
precursors for metal-organic frameworks (MOF) synthesis.
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was concentrated under reduced pressure at a temperature below 40 °C. 
The residue was treated with diethyl ether or hexane, the precipitate 
formed was collected by filtration and purified by flash column 
chromatography on silica gel (eluting with EtOAc–CH2Cl2 mixture).
‡	 General procedure for the synthesis of 7a–d. To a stirred mixture of 
ethyl isocyanoacetate 1 (60 ml, 0.55 mmol) and sodium acetate (45 mg, 
0.55  mmol) in acetone (3 ml), a cold solution of the corresponding 
5-diazoazole 6a–d (0.5 mmol)28–30 in acetone (3 ml) was added dropwise 
at 0 °C for 5 min. The mixture was left until disappearing of the starting 
diazoazoles (TLC control). Activated charcoal was added, and the  
mixture was stirred for 15 min and filtered. The filtrate was concentrated 
under reduced pressure at a temperature below 40 °C. The residue was 
crystallized from EtOH as white solid. Yield 60 mg (88%) for 7a,31,32 
64 mg (85%) for 7b,32 57 mg (83%) for 7c,30,33 68 mg (90%) for 7d.30 
Physical and spectral characteristics of these compounds are identical to 
the reported ones.30–33
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Scheme  3  Reagents and conditions: i, acetone, AcONa.


