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In our study, it was shown that 2-pytz did not react with RuCl3 under relatively mild conditions, i. e. under 
reflux in methanol or ethanol solutions. This may be due to spatial inability of 2-pytz to form stable chelate 
cycle with the central Ru ion via the most basic N4 atom of the tetrazole ring [16] as it is possible for 2,5-func-
tionalised tetrazole derivatives (fig. 2). 

Interaction of RuCl3 with 2-pytz under harsher conditions, i. e. under reflux in DMF in the presence of LiCl, 
led to formation of a bright-yellow crystalline powder insoluble in DMF, DMSO, acetonitrile and chlorinated 
solvents, partially soluble in water and hot ethanol. The isolated product was characterised by elemental ana-
lysis, ESI(+/−)-MS, IR and 1H NMR spectroscopy, and thermal analysis. The results of 1H NMR spectroscopy 
point out to the decomposition of the tetrazole cycle and the presence of two non-equivalent methyl groups 
in the structure of the product. Based on the overall data, the following molecular formula was proposed 
Li[RuIII(Py — N —— C — NMe2)2Cl2] for the obtained complex (see fig. 1), that is lithium salt of the anionic Ru(III) 
complex containing two C-deprotonated N, N-dimethyl-N ′-(pyridin-2-yl)formimidamide moieties as bidentate 
C,N-chelating ligands and two chlorido ligands in the ruthenium inner coordination sphere. 

As depicted in fig. 3, the plausible mechanism of N, N-dimethyl-N ′-(pyridin-2-yl)formimidamide formation 
includes three steps. In the first step, thermal decomposition of the 1-substituted tetrazole with formation of  
N-(pyridin-2-yl)cyanamide proceeds. Thermal decomposition of 1-substituted tetrazoles with formation  
of cyanamides under reflux in DMF solution in the presence of metal salts and also in their absence have 
been described earlier in the literature [17; 18]. At the second stage, cyanamide is hydrolysed with formation 
of 2-aminopyridine. Hydrolysis of cyanamides usually proceeds in the presence of water in acidic media  
[19; 20]. In our case, this process is possible due to the presence of trace amounts of water from RuCl3 ⋅ H2O 
and most probably is Ru-catalysed. The last step includes Ru-assisted condensation of 2-aminopyridine and 
DMF molecule to give coordinated N ′-(pyridin-2-yl)formimidamide. The similar transformation has recently 
been reported for the 2-aminopyrazine derivative under heating in DMF in the sealed tube in the presence of 
CuI as a catalyst [21].

The attributed formula is consistent with the data of elemental analysis, 1H NMR spectroscopy and ESI-MS. 
In the 1H spectrum of the compound, the two singlets were observed at 3.23 and 2.71 ppm and assigned to the 
non-equivalent N-bound CH3 groups, that appeared noticeably shifted in comparison with the spectrum of free 
N, N-dimethyl-N ′-(pyridin-2-yl)formimidamide in D2O (3.02 and 2.91 ppm, respectively [22]). The absence in 
the spectrum of the complex of any noticeable signal attributable to azomethine CH proton (observed in the 
spectrum of the free formimidamide at 7.94 ppm [22]) testifies to the deprotonation of formimidamide moiety 
upon coordination with formation of the anionic Ru(III) species. 

The latter conclusion was also consistent with the ESI(+/–)-MS of the complex. Thus, the signal at m/z = 468.00 
was observed in the ESI(−)-MS and assigned to [M − Li+]− anion (fig. 4, a), while the signals at m/z = 440.09 and 
481.09 detected in the ESI(+)-MS of the complex were attributed to [M − Cl−]+ and [M − Cl− + CH3CN]+ ions (cal-
culated m/z = 440.06 and m/z = 481.09, respectively). The signal at m/z = 433.00 in the ESI(−)-MS was assigned 
to the Ru(II) species [RuII(Py — N —— C — NMe2)2Cl]− (fig. 4, b) that can be explained either by the presence of 
Ru(II)-coordinated complex Li2[RuII(Py — N —— C — NMe2)2Cl2] as a minor impurity in the main Ru(III)-based 

Fig. 2. The structure of the chelate cycle for 2-pytz (a)  
and 2-(2-R-tetrazol-5-yl)pyridines (b)

Fig. 3. The proposed mechanism of N, N-dimethyl-N ′-(pyridin-2-yl)formimidamide formation


