
 
Thematic Section: Quantum-Chemical Research. ______________________________________________ Full Paper 
Subsection: Organic Chemistry.                                                          Reference Object Identifier – ROI: jbc-02/19-57-3-51 

Kazan. The Republic of Tatarstan. Russia. __________ © Butlerov Communications. 2019. Vol.57. No.3. _________ 51 

Publication is available for discussion in the framework of the on-line Internet conference “Butlerov readings”. 
http://butlerov.com/readings  

Submitted on March 20, 2019. 
 

Quantum-chemical modeling of structure and  
properties of nitrogen derivatives of phloroglucinol 

 
© Dmitry S. Gusarov,2+ Mikhail A. Ryabov,1 Thi Ngok Anh Vu,1 and Olga V. Kovalchukova1,2* 

1 Depastment of General Chemistry. Peoples' Friendship University of Russia  
(PFUR University). Miklukho-Maklaya St., 6. Moscow, 117198. Russia. 

2 Department of Organic Chemistry. A.N. Kosygin Russian State University (Technology. Design. Art). 
Sadovnicheskaya St., 33. P.1. Moscow, 115035. Russia. E-mail: gusarovbusyman@gmail.com 

____________________________________  
*Supervising author; +Corresponding author  

Keywords: azo-derivatives, phloroglucinol, electronic absorption spectra, IR spectra, UV spectra, 
quantum-chemical modeling. 
 

Abstract 
The DFT/B3LYP quantum-chemical method has been used to simulate the structure of 2-((2-

hydroxyphenyl) diazonyl) benzene-1,3,5-triol (L1) and 2-((2-hydroxy-4-nitrophenyl) diazonyl) benzene-1,3,5-
triol (L2) molecules. The spatial and electronic structure of molecules in various tautomeric forms was 
determined. It was shown that the stability of these compounds is primarily due to the presence of strong 
intramolecular hydrogen bonds (IHB), which form six-membered cycles, and the isomerism of the molecule, 
which assume the formation of IHB. The structures where IHB form five-membered cycles, are less stable. In 
general, for the L1 and L2 molecules, azo-tautomers were found to be 4 and 3 kJ/mol more stable than the 
hydrazo-tautomers, respectively. Such a small difference in energy of molecules for the gas phase did not 
allow us to conclude about the form of existence of molecules in solutions or in the crystalline state. To assess 
the possibility of transition between tautomers, we used the DFT method to calculate the transition states (TS) 
between the azo and hydrazo tautomers of the L1 and L2 molecules. The barrier of the transition from the azo 
form to the hydrazo form was found to be 14 kJ/mol for the molecules L1 and L2, respectively. The 
interatomic distances, angles, charges on atoms, IR and electronic absorption spectra of tautomeric forms of 
L1 and L2 molecules were calculated. It has been established that the long-wave absorption band (LB) of the 
electronic absorption spectrum bathochromically shifts at transition from azo to hydrazo-tautomers by 41 nm 
for L1 and 40 nm for L2. The introduction of a nitro group also leads to a bathochromic shift of the LB by 22 
nm at transition from azo-tautomer L1 to hydrazo-L1 L2 and by 21nm at transition from azo-L2 to hydrazo-L2. 
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