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Reactions of oxiranes (epoxides) with proton-donating nucleophiles (carboxylic acids, phenols, alcohols, etc.) are 

widely used in the synthesis of epoxy resins, composite materials, plasticizers, and pharmaceutical substances. 

Asymmetric oxiranes, which are synthons in the aimed synthesis of various products, are of the greatest practical 

interest. In the practice of organic synthesis, the reaction of 2-chloromethyloxirane (ECH) with carboxylic acids, in 

particular aromatic acids, which give composites higher thermal and heat stability, is widely used. 

The aim of the present work is the investigation of structure’s effect of benzoic acids in the reaction series “2-

chloromethyloxirane – benzoic acids – tetrabutylammonium iodide”. The reaction proceeds according to the scheme: 
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R = С6H5, 3-СН3С6Н4, 2-СН3С6Н4 

It has been selected benzoic acids (benzoic, 3-methylbenzoic, 2-methylbenzoic acids) as the proton-donating 

nucleophilic reagent, tetrabutylammonium iodide as the catalyst of reaction. ECH is taken in significant excess and is 

both a substrate and a solvent at the same time. The study was carried out at 60 °C in a binary solvent epichlorohydrin: 

tetrahydrofuran (1:1, vol.%). Tetrahydrofuran is inert to the reactant system and reduces the polarity of the solvent. The 

progress of the reactions was monitored by measuring the concentration of carboxylic acid by potentiometric acid-base 

titration. The purity of the reagents and the structure of the products were determined by IR and 1H NMR spectroscopy. 

The order of reaction for acid was determined experimentally and by mathematical modeling. Processing of 

experimental data was carried out by methods of mathematical statistics and correlation analysis. 

 The order of reaction with respect to the acid reagent 

was determined from the plots of benzoic acid concentration 

(a − x) versus time (t) (fig.). It was found that acid reagent 

consumption is linear, which corresponds to a zeroth order of 

reaction with respect to benzoic acid.  This made it possible to 

calculate the observed rate constants (table). Using the KINET 

program, the calculated reaction rate constants (kobs opt) 

corresponding to the first order of the reaction and the zeroth 

order of the reaction with respect to acid were estimated by 

mathematical modeling of the reaction order (table). The 

difference between the optimized and observed rate constants 

is insignificant.  

 Comparative evaluation of the reactivity of benzoic 

acids with 2-chloromethyloxirane in the presence of 

tetrabutylammonium iodide was carried out according to the 

Brønsted equation (1) based on the acidic (pKa) properties of 

the reagent and according to the Hammett equation (2) based 

on the influence of the substituent (σ).  

Table. The rate constants of catalyzed reactions of benzoic acids 

with 2-chloromethyloxirane in the presence of tetrabutylammonium 

iodide (mol / L) at 60° C 
 

R в R-С6H4СООН pKa σ kobs · 106, s-1 kobs opt·106, s-1 

3-СН3 4,27 -0,069 3,75±0,31 3,28 

H  4,18 0 4,76±0,22 4,34 

2-СН3  3,92 -0,17 5,45±0,19 5,34 

 

lgkcat = (2,9±0,7) + (-0,5±0,5)pKa                 (1) 

(r=0,947; N=3)  

lgkcat = lgko +ρ σ –unsatisfactory correlation (2) 

Comparison of the obtained data and the results of previous studies allowed to prove that benzoic acids with the 

highest steric factor have the highest reactivity, although the reaction has a rather low sensitivity to the acid structure.  

The increase in the acidic properties of the reagent is a favorable factor for the path of the reaction. 

 
Fig. Time dependence of the concentration of 

benzoic acid (a – x) (mol / L) (RC6H4COOH, 

R: ● – 2-CH3,▲ – H, ■ – 3-CH3.) for its 

reaction with 2-(chloromethyl)oxirane 

catalyzed by tetrabutylammonium iodide (b = 

0.005 mol / L) at 60° C 

 


