
 
Thematic Section: Quantum-Chemical Research. ______________________________________________ Full Paper 
Subsection: Organic Chemistry.                                                     The Reference Object Identifier – ROI: jbc-01/20-62-5-107 

Kazan. The Republic of Tatarstan. Russia. _________ ©Butlerov Communications. 2020. Vol.62. No.5. _________ 107 

The Digital Object Identifier – DOI: 10.37952/ROI-jbc-01/20-62-5-107 
Submitted on May 9, 2020. 

 
Thematic course: Kinetics and mechanism of acyl transfer reactions. Part 17. 

Quantum-chemical study of mechanisms of sulfonation  
of benzoic and benzenesulfonic acids hydrazides in the gas phase 

 
© Ludmila B. Kochetova, Tatyana P. Kustova,*+ and Alyona A. Kruglyakova   

Department of Organic and Physical Chemistry. Ivanovo State University. 
Ermak St., 39. Ivanovo, 153025. Russia. Phone: +7 (84932) 37-37-03. E-mail: kustova_t@mail.ru 

___________________________________ 
*Supervising author; +Corresponding author 

Keywords: quantum chemical simulation, reaction mechanism, sulfonylation, benzhydrazide, 
benzenesulfohydrazide, 3-nitrobenzenesulfonyl chloride. 

 
Abstract 

Quantum-chemical simulation of the mechanisms of 3-nitrobenzenesulfonyl chloride interaction with 
benzhydrazide (RHF/6-31G(d)) and benzenesulfohydrazide (DFT//B3LYP/6-311G(d,p)) in the gas phase was 
carried out. Three-dimensional potential energy surfaces of these processes are calculated in the coordinates of 
the angle of attack of the nucleophile and the distance between the reacting molecules. It has been established 
that in the both cases considered, reactions can proceed in the gas phase along a single route, through a single 
saddle point corresponding to a single transition state; processes begin as an axial attack of nucleophile, which 
subsequently proceeds with a decrease in the attack angle as the reagents molecules approach each other. It 
was shown that the both studied processes proceed in accordance with the bimolecular concerted mechanism 
of nucleophilic substitution SN2, which involves the formation of a single transition state in a reaction pathway 
and the absence of intermediates on it. Scanning the internal coordinate of benzhydrazide reaction with           
3-nitrobenzenesulfonyl chloride made it possible to confirm the reaction route and mechanism of the process 
pointed out and to clarify the structure of its products and reagents. It was found that the geometric structure 
of the reaction center in the reactions transition states is medium between the trigonal-bipyramidal and 
tetragonal-pyramidal, which is due to the change in the nucleophilic attack angle when the reagents molecules 
approach each other. It was found that in reactions involving hydrazides a “synchronous” transition state is 
formed in which a new S-N bond is formed simultaneously with the loosening of the old S-Cl bond. The 
activation energies of the reactions are calculated; they amounted to 173 and 113 kJ/mol, respectively. The 
high values obtained are explained by the fact that the simulation was carried out for processes occurring in a 
gas hase. It was shown that the decrease in the activation energy of the reaction involving benzenesulfohydrazide as 
compared to the benzhydrazide reaction is due to a decrease in steric hindrances during nucleophilic attack 
created by the lone electron pair of the benzenesulfohydrazide secondary amino group as compared to the 
benzhydrazide molecule. The calculated values of charges on the nitrogen atoms of the –NH– groups in the 
hydrazides molecules indicate a weakening of the α-effect upon the transition from benzenesufohydrazide to 
benzhydrazide. 
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