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Abstract. For evaluation of scavenging potency of 2,4-, 2,5-, and 3,5-

dihydroxybenzoic acids (DHBAs) the M05-2X/6-311++G(d,p) model was 

applied. Three potential antioxidant mechanisms were examined. For all of 

these scavenging mechanisms reaction enthalpies were calculated in two 

solvent, water and benzene, which simulated polar and non polar enviroment. 

Hydrogen atom transfer is a possible reaction pathway in benzene, while 

sequential proton loss electron transfer is a predominant reaction pathway in 

polar solvent, water, for all  three examined dihydroxybenzoic acids.  
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1 Introduction 

Phenolic compounds are plant secondary metabolites commonly 

found in herbs and fruits. The term phenolics encompasses more than 

several thousands of naturally occurring compounds. The common 

structural feature of all phenolics is an aromatic ring bearing one or 

more hydroxyl substituent. Phenolic acids are phenols posessing one 

carboxylic acid functionality. Naturally occurring phenolic acids, with 

common basic skeleton, are devided in hydroxycinnamic and 

hydroxybenzoic structures [1, 2]. Phenolic acids exist in almost all 

vegetables, fruits, and grains. They are sometimes found in free state  

but most commonly they occur in plant materials as linked through 

ester, ether, or acetal bonds or as structural components of the 

cellulose, proteins and lignin [3-5].  

The in vivo role of phenolic acids is still unknown but there is some 

evidence indicating their multiple roles and functions including protein 
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synthesis, nutrient uptake, enzyme activity, photosynthesis, structural 

components, and allelopathy [6-8]. As everyday part of a human diet 

they are involved in appreciation of good food quality, sensory 

qualities, color, nutritional and antioxidant properties of foods. The 

consumption of fruits and vegetables have a preventive role, due to a 

variety of constituents, including minerals, vitamins, fiber and 

numerous phytochemicals among phenolics (flavonoids and phenolic 

acids) [9]. The possible association between the consumption of foods 

containing phenolics and a reduced risk of developing several 

disorders, including cancer and cardiovascular diseases, has been 

evaluated in several epidemiological investigations [10-13].  

The human body constantly generates free radicals and other 

reactive species. The imbalance between the production of reactive 

oxygen and a biological system's ability to readily detoxify reactive 

intermediates or easily repair the resulting damage results in oxidative 

stress. It is considered that this oxidative stress plays an crucial role in 

the pathogenesis of many diseases such as: inflammation, cancer, 

hypertension, diabetes mellitus, atherosclerosis, ischemia/reperfusion 

injury, neurodegenerative disorders, rheumatoid arthritis, and ageing 

[14-18]. To counteract the damaging effect of free radicals, the 

organisms have developed a variety of the internal defense mechanisms 

that include endogenous enzymes (such as superoxide dismutase and 

catalase), copper and iron transport proteins, water-soluble and lipid-

soluble antioxidants. There are also some external factors including 

dietary substances, such as flavonoids, phenolic acids, vitamins C and 

E, hydroquinones and various sulfhydryl compounds which help in 

preventing free radical damage. All these substances constitute 

complex antioxidant defense systems. 

Scavenging properties of phenolic acids are related to their ability to 

transfer a hydrogen atom to a free radical species. There is an 

assuredness that antioxidant ability of phenolic acids is greatly 

influenced by the number and relative position of the OH groups in the 

ring. In the radical scavenging mechanisms reactive radical species are 

inactivated by accepting a hydrogen atom from a hydroxyl group of the 

phenolic acid. This transfer can be visualized through at least three 

mechanisms characteristic to all phenolic compounds generally: 

hydrogen atom transfer (HAT, Eq. 1), sequential proton loss electron 

transfer (SPLET, Eq. 2), and single electron transfer followed by proton 

transfer (SET-PT, Eq. 3) [19].  

 
PhOH + R → PhO + RH                                                             (1) 

PhOH → PhO + H+                                                             (2.1) 

PhO + R → PhO + R                                                             (2.2) 

PhOH + R → PhOH+ + R                                                (3.1) 

PhOH+ + R → PhO + RH                                                (3.2) 

 



These mechanisms are described by thermodynamic parameters: 

bond dissociation enthalpy (BDE) related to Eq. (1), proton affinity 

(PA) related to Eq. (2.1), electron transfer enthalpy (ETE), ionization 

potential (IP) related to Eq. (3.1), proton dissociation enthalpy (PDE) 

related to Eq. (3.2), and these can be determined from the total 

enthalpies of the individual species: 

 

          BDE = H(Ph−O•) + H(H•) − H(Ph−OH)        (4) 

          IP = H(Ph−OH•+) + H(e−) − H(Ph−OH)                     (5.1) 

          PDE = H(Ph−O•) + H(H+) − H(Ph−OH•+)                                     (5.2) 

          PA = H(Ph−O−) + H(H+) − H(Ph−OH)        (6.1) 

          ETE = H(Ph−O•) + H(e−) − H(Ph−O−)        (6.2) 

 

Preferred mechanism of antioxidant activity of phenols can be 

estimated from the BDE, IP, and PA values. The lowest of these three 

values shows which mechanism is thermodynamically more favorable 

and which antioxidant mechanism is the most probable patway for 

scavenging of free radicals.  

In the present paper are given some results from which can be 

estimated the antioxidant capacity of  folowing dihydroxybenzoic acids 

(DHBA): 2,4-, 2,5- and 3,5- DHBAs (Fig. 1).  

 

 
 

Fig. 1. The most stable structures of investigated dihydroxybenzoic 

acids 

2   Methodology section 

The equilibrium geometries of investigated DHBAs and 

corresponding radicals, radical cations, and anions were fully optimized. 

For this, the hybrid density functional method (M05-2X) was used, 

developed by the Truhlar group [20] and 6-311++G(d,p) basis set, which 

are implemented in the Gaussian 09 package. Vibrational frequencies 

were computed: no imaginary frequencies were obtained. The influence 

of water and benzene as solvents, which mimic polar and nonpolar 



solutions was estimated using the SMD solvation model. The SMD is 

continuum solvation model based on the quantum mechanical charge 

density of a solute molecule interacting with a continuum description of 

the solvent. “D” in the model name stands for “density” and denotes that 

full solute electron density is used without defining partial atomic 

charges. 

 

3 Results and discussion    

 

All of three examined DHBAs are planar molecules. Two of three 

investigated compounds form internal hydrogen bonds with oxygen 

from carboxyl group (2,4-, 2,5- DHBA). It is notable from Fig.1 that 

molecule of 3,5-DHBA is symmetrical. In Table 1 are presented the 

thermodynamic data for all three DHBAs in two solvents, water and 

benzene. 

 
Table 1: M052X/6-311++G(d,p) calculated parameters of antioxidant 

mechanisms for DHBAs in kJ mol-1 in water and benzene 

 

 WATER BENZENE 

HAT SET-PT SPLET HAT SET-PT SPLET 

BDE IP PDE PA ETE BDE IP PDE PA ETE 

D
H

B
A

s 

  551     
694 

   

2O. 408  39 146 443 420  135 455 374 

4O. 401  31 129 453 392  107 404 397 

  505     
649 

   

2O. 373  49 153 401 389  149 464 334 

5O. 358  34 153 386 350  110 447 312 

  537     
688 

   

3O. 383  27 144 420 375  96 431 353 

5O. 382  26 143 420 374  95 430 353 

On the basis of the thermodynamic data (Table 1), it is clear that the 

IP values are high for all DHBAs in both solvents. It means that SET-PT 

is not a believable mechanism under these conditions. On the other hand, 

in water the PAs of the OH groups of DHBAs are significantly lower 

than the corresponding BDE values. This fact indicates that SPLET 

mechanism represents the most probable reaction pathway in polar 

solvent. In benzene, the provided BDE values of DHBAs are lower than 

the corresponding PA values. That indicates that HAT mechanism is a 

probable reaction path in nonpolar solvent.  



Further analysis of thermodynamic values in Table 1 imply that, 

based on the values of  BDE and PA, 2,4-DHBA is stronger antioxidant 

in comparison with other two DHBAs in water, but in benzene we can 

say that for 2,5-DHBA.  

4 CONCLUSION 

Antioxidant activity of 2,4-, 2,5- and 3,5- dihydroxybenzoic acids 

was examined by analysing the thermodynamic properties of the parent 

molecules, the corresponding radicals, radical cations and anions. From 

the obtained results it can be concluded that HAT mechanism is 

favorable in non-polar solvent while SPLET mechanism is suitable 

reaction pathway in polar solvent. It should be pointed out that 

according to the obtained results 2,4–DHBA and 2,5-DHBA shows 

better radical scavenging activities and that they are probably better 

antioxidants than 3,5- DHBA. 
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