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Abstract:  This article describes the synthesis and tautomerism of 2-(4,6-dioxo-1,3,5-triazinan-2-ylidene)
hydrazinecarboxyamide. The synthesized compound was investigated using elemental analysis methods, and quantum chemical
calculations performed in ChemCraft 1.8 and Gaussian programs. Composite methods of the Gaussian family (G4) and density
functional theory (DFT) methods (BLYP / 6-311 + G (d, p)) were used. The data obtained indicate that the BLYP / 6-311 + G
(d, p) well suited for describing such systems in order to save machine resources. Based on the calculated resistance series, it
was established that the main form is diketo-enolform.

Keywords: isocyanuric acid, semicarbazide, tautomerism, molecule, charge, structure, quantum chemical calculations.

Introduction

Triazine compounds are an important class of heterocyclic chemistry and are being intensively studied [1, 2].

Cyanuric acid is an inexpensive, commercially available reagent used to prepare a variety of s-triazine derivatives. The
ease of displacement of oxygen atoms in isocyanuric acid by various nucleophiles enhances the usefulness of this reagent for the
preparation of mono-, di-, and three substituted 1,3,5-triazine derivatives under controlled temperature conditions [3, 4].

Triazine frameworks served as the basis for the development of compounds with a wide range of properties useful in
medicinal and agricultural applications [5-7].

The reactivity of the functional groups of substituents attached to the 1,3,5-triazine ring system also have aroused
considerable interest. Recently, the reactivity of peripheral functional groups on aryl substituents added to the structural units of
the monomer type s-triazine AB; are used in the synthesis of hyperbranched polymers [10, 11]. Although some quantum-
chemical parameters of hydrazone and semicarbazone of isocyanuric acid have been studied and calculated at work [8,9], the
reactivity of its peripheral functional groups have not been studied.

Experimental part

Synthesis of isocyanuric acid semicarbazone.

To 0.446 g (0.004 mol) of hydrochloric semicarbazide in 50 ml of water, 0.516 g (0.004 mol) of isocyanuric acid in 100
ml of water was added dropwise with stirring, and then 0.41 g of sodium acetate was added. The reaction mixture was left for 3
days at room temperature. Precipitated polycrystalline precipitate 1.02 g (78%) 2-(4,6-dioxo-1,3,5-triazinan-2-
ylidene)hydrazinecarboxyamide (H,L%), melting point 177-183 °C, which was filtered out, washed with a small amount of
benzene and hexane [10-12]. Recrystallization of H,L* from a mixture of ethanol and benzene in a ratio of 1:1.5 gave brown
monoclinic crystals. Found,%: C, 25.81; H, 3.25; N, 45.15; O, 25.79. Calculated for C4HgNgO3,%: C 25.77; H 3.22; N 45.17; O

25.84 [9.15].
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Results and discussion

The organic ligands obtained by us studied the keto-enol (4 tautomeric forms) tautomerism of 2-(4,6-dioxo-1,3,5-
triazinan-2-ylidene) hydrazinecarboxyamide. The relative stability of tautomers calculated using by quantum-chemical methods
in view of condensed phase for the water and dimethyl sulfoxide (DMSO).

The method of quantum chemistry is used to study the photophysical properties of linear and angular semicarbazides and
thiosemicarbazides with conjugated external carbonyl compounds. Our theoretical approach is based on the concepts and
methods of quantum chemistry and the theory without radiative transitions in polyatomic organic molecules [13-16].
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Geometry optimization and conformational analysis of H,L, a representative of the group of effective carbonyl and
hydroxyl agents in the synthesis of semicarbazone or thiosemicarbazone ligands, were performed in the Chem3D Pro 12.0
program using an extended and modified version of the MM2 force field by the method of molecular mechanics [8,9,17,18].

For calculations by the method of molecular mechanics and molecular dynamics in Chem3D Pro 12.0, there is an MM2
item in the Calculations menu, in which there are the corresponding Minimize Energy items to optimize the geometry of the
molecular system and Molecular Dynamics to run the molecular dynamics algorithm. The calculation results are presented in the
form of table 1.

Table 1.
Analysis Results of Minimize Energy
Compound A ) C pl |

Stretch: 0.3065 0.4913 0.4343 0.4023
Bend: 5.4504 4.4746 4.2657 3.1684
Stretch-Bend: 0.0438 -0.0022 0.0291 0.0030
Torsion: 9.3529 4.9200 0.8400 0.0160
Non-1,4 VDW: -1.9163 -2.3810 -2.7916 -3.0005
1,4 VDW: -6.9144 1.4374 6.1543 9.3533

Dipole/Dipole: -20.7114 -6.0702 -4.5543 5.2488
Total energy: -17.3859 2.8699 4.3777 15.1912
kcal/mol kcal/mol kcal/mol kcal/mol

We calculated geometric parameters (bond lengths, bond and torsion angles) and conformational analysis for 2-(4,6-
dioxo-1,3,5-triazinan-2-ylidene) hydrazinecarboxyamide in the special application Chem3D Pro 12.0 of the software package
ChemOffice Ultra [14] using an extended and modified version of the MM2 force field by molecular mechanics.

Conclusion

In this way, a series of relative stability of the tautomers of 2-(4,6-dioxo-1,3,5-triazinan-2-ylidene)
hydrazinecarboxyamide was calculated taking into account nonspecific (water, DMSO) and specific solvation in water (six-
water cluster). It follows from quantum chemical calculations that the most stable tautomer of isocyanuric acid semicarbazone
in all calculation models is diketo-enolform.
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