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According to X-ray analysis, the coordination of antimony atoms in I−IV 

varies from tetrahedral to octahedral. The nature of bonding with a ligand and 

intramolecular interactions depends on the acid’s structure.   

 
                                          I                                                        III 

 
                               II                                                       IV 

 

Fig. Molecular structures of compounds I−IV 
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Platinum(II) chloride complexes with 2-alkyl-tetrazol-5-ylacetic acids are of 

great importance because of their possible biological activity, which was 

manifested by similar structures against human cancer cells in vitro [1]. The 

investigation of geometry, electronic structure and 
1
H NMR-spectra of 

platinum(II) chloride complexes with 2-alkyl-tetrazol-5-ylacetic acids as well as 

process of their hydrolysis has been carried out using density functional theory 

approach.  

The geometry of all structures were optimized in gas phase using CAM-

B3LYP functional and 6-311+G(d) basis set for all atoms except Pt, for which 

Def2-TZVPPD basis set were applied. NMR-spectra were calculated in aqueous 
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solution by GIAO CAM-B3LYP/6-311++G(2df,pd) method. The solvation 

effects were considered in terms of PCM. 

To evaluate the reliability of the chosen method, the calculations of the 

geometry and 
1
H NMR-spectra of the isomeric platinum(II) chloride complexes 

with 2-methyl-tetrazol-5-ylacetic acid have been carried out and the results were 

compared with experimental data. The calculated geometric parameters of trans-

anti-form (Fig. a) are in a good agreement with X-ray crystallography data, 

which have previously proved that trans-isomer crystallizes as anti-form [1]. 

Our calculations show that in solution trans-isomer can exist in the form of sin- 

and anti-conformers (Fig. a and b), while for cis-isomer the only one stable 

form is observed (Fig. c). The calculated inversion barrier between sin- and 

anti-conformers appeared to be rather high, which determines sufficient mean 

lifetime and therefore the presence of individual signals of both conformers in 

the NMR-spectrum of the trans-isomeric complex. The presence of signals 

corresponding to only one conformer in the experimental 
1
H NMR-spectrum can 

be explained by much greater stability of anti-form and as the result its 

dominance in the solution (according  to our calculation,  the content  of  the 

anti-form  in solution  exceeds 90 %).  The calculated chemical shift of methyl 

group protons for anti-conformer of this complex is in a good agreement with 

experimental data, which proves that the anti-conformer dominates in the 

solution. Thus, it has been shown, that chosen level of theory enables to predict 

considered characteristics for such structures with high accuracy.  

The experimental study of hydrolysis of  cis- and trans-platinum(II) chloride 

complex with 2-iso-propyl-tetrazol-5-ylacetic acid shows that the formation of 

monoaqua complexes of both cis- and trans-isomers is accompanied by the 

appearance of characteristic splitted signals of the corresponding alkyl 

substituent (two doublets in case of iso-propyl substituent). Our calculations 

show that such splitting is associated with non-equivalence of iso-propyl groups 

in the hydrolysis product due to the reduction of symmetry from Ci (in the initial 

trans-anti-complex) or C2 (in cis-complex) to C1 (in monoaqua complex). The 

calculated chemical shifts of methyl group protons for trans-anti- and cis-

isomeric forms of dichloride and monoaqua complexes are in good agreement 

with experimental data. 

Thus, based on the carried out calculations and experimental 
1
H NMR-

spectra we have reliably established that monoaqua form of trans-platinum(II) 

chloride complex with 2-substituted-tetrazol-5-ylacetic acid as well as the initial 

dichloride exist in aqueous solution in the anti-form and explained the 

experimentally observed signal splitting in 
1
H NMR-spectrum of cis- and trans-

isomers during hydrolysis.  
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Fig. Structures of platinum(II) chloride complexes with 2-alkyl-2H-tetrazol-5-

ylacetic acid (R – alkyl substituent): a – trans-anti-form, b – trans-sin-form,  

c – cis-isomer  
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The methods for preparation of tetrazole-containing polymers and their 

thermochemical properties are relatively well researched, that is primarily due to 

the prospects of their use as components of high-energy special-purpose 

compositions [1, 2]. However, despite of the high complexing ability of the 

tetrazole ring, the methods for the preparation and thermolysis of metal-

containing polyvinyltetrazoles have scarcely been studied yet. It was found that 

the reaction between sodium salt of poly-5-vinyltetrazole (PVT) and copper(II) 

nitrate in aqueous solutions is a convenient way to obtain copper(II) poly-5-

vinyltetrazolate. 

To determine the structure of copper(II) poly-5-vinyltetrazolate as well as the 

products of its thermolysis we carried out density functional theory calculations 

of the IR-spectra of the corresponding model structures and the results of the 

calculations were compared with the experimental data.  

The geometry optimization and calculations of vibrational frequencies of the 

model structures has been carried out using B3LYP functional and 6-31G(d) 
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