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ABSTRACT

 A multivariate analysis of the quantitative relationship of antioxidant structure and activity of 
a series of benzoic acid derivatives based on computational chemical properties was calculated. The 
parameters were obtained from the optimized structure of ionization pKa and hydrophobic ClogP 
while the compound activity was obtained from the literature. Analysis of the relationship between 
antioxidant activity and chemical properties of the compound was performed with the SPSS 21 
program. The analysis result gives the best equation model as follows: Log 1 / IC50 = –1.514 + 0,516 
log P + 0.087 pKa (n = 10 r = 0,962 SE = 0,301 Fcalc./Ftable = 1,422). 
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INTRODUCTION 

 Phenolic compounds are secondary 
metabolites in plants with a common aromatic 
ring bearing one or more hydroxyl groups. More 
than 8000 natural phenolic compounds have been 
identified to date. These phenolic compounds are 
known to exhibit potent anti-cancer activities as 
well as combat various diseases associated with 
oxidative stress. Prior studies have demonstrated 

that the health beneficial effects of dietary phenols 
are due to their ability to exhibit antioxidant,  
anti-inflammatory activities. Phenolic compounds 
have been highlighted for plant growth regulation 
and antioxidative effect. Benzoic acid derivatives 
(e.g. syringic acid, salicylic acid, juglone, and 
salicylaldehyde) have been studied for plant growth 
promotion and inhibition effects due to abundance 
of various natural resources. In addition, benzoic 
acid class is currently used as herbicide since it 
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possesses hormone-like activity1, 2. For example, 
salicylic acid is known as a root growth regulator 
on Arabidopsis and its allelopathy mechanism 
was considered as the ROS-mediated pathway3. 
Although benzoic acid class is well studied about 
their antioxidant activity with structure-activity 
relationship (SAR)4, studies like biological activity 
relationships between structure and antioxidative 
property are rarely reported.

 Quantitative structure–activity relationship 
(QSAR), originally evolved from physical organic 
chemistry, has now evolved as a well-recognized 
tool for application in chemistry when a biological 
activity or property or toxicity is the end point of the 
study for a series of chemicals of certain degree of 
structural similarity and predictors5,6. The predictors 
including net atomic charge, bipolar moment, and 
octanol/water partition coefficient (log P)7. In the 
Hansch analysis, the parameter parameters are 
treated as independent variables (predictors) to 
explain the value of biological activity. Multilinear 
regression analysis is widely used in deriving model 
coefficients. Hansch8 studied compounds that 
already had skeletons with limited structural variation 
on functional groups on specific sides. This approach 
has been applied in predicting the influence of 
substituents in a large number of biological tests9.

Table 1: Simple Benzoic compounds

Compounds R1 R2 R3 R4

       1 H H H H
       2 OH H H H
       3 OH OCH3 H H
       4 OH NH2 H H
       5 OH H OCH3 H
       6 H H OH H
       7 OCH3 OCH3 H H
       8 OH H H OCH3

       9 NH2 H H OH
      10 H NH2 OH H
      11 OCH3 OCH3 OCH3 H
      12 OH OH OH H
      13 H OCH3 OCH3 H
      14 H OCH3 H OCH3

      15 OH H H NH2

      16 OH H NH2 H
      17 Cl H Cl H
      18 NH2 H H H

Fig. 1. Simple Benzoic compounds

 METHODS

Preparation of compounds 
 The structure of phenolic compounds 
we used based on activity of core molecule. The 
structure of molecule based on simple benzoic acid 
are summarized in Table 1. 

 To obtain the QSAR equation, the data 
is presented in Table 2 covering each antioxidant 
activity (in IC50 exp. and IC50 theory) as the dependent 
variable pKa and ClogP the value of QSAR properties 
as the independent variable calculated by ACD Labs 
software. 

QSAR Analysis
 The parameter correlation was calculated 
by compound activity based on linear regression 
analysis using SPSS for Windows backward program 
on 21 data which have separated. The calculation 
results are used to indicate the order of important 
free variables that serve as descriptors. Variations 
of several independent variables form several 
alternative models of equations. For equation model 
can be calculated to some statistical parameters 
such as r, r2, SD and F. In addition to the statistical 
parameters, the calculation results also obtained 
the coefficient value of each independent variable 
involved in the model equation. The value of 
the obtained coefficient is used to calculate the 
theoretical activity.  The data of theoretical activity is 
compared with the compound experimental activity. 
The final equation was obtained by linear regression 
analysis on 18 compounds with SPSS program. 

RESULTS AND DISCUSSION

 The existence of substitution of one atom 
induces partial charge of each atom that is from C1 
to C6 on ring A (aromatic ring). At atom C number 
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undergoes changes in net charge of atoms which 
differ greatly from the net charge of other atoms that 
net charge of atom number influence to electronic 
and hydrophobic of compounds. That pKa and log 
P on compounds as independent variable. From 
Table 1 shows that each independent variable has a 
relatively small effect on IC50. The highest coefficient 
value is owned by Clog P that is equal to 2.2351. But 

the closeness of the relationship between variable 
with activity cannot be used to declare that variable 
influential to activity. So further study is needed to 
see the existence of other factors that affect the 
significance of data. This is done by regression 
analysis to determine the best equation model with 
the most significant data.

Table 2 : Parameter electronic, hydrophobic and IC50 of simple benzoic compounds

Compounds Electronic Hydrophobic MW IC50 exp. IC50 Theory ∆G exp. ∆G Theory
 pKa CLog P     

       1 4.249 1.885 122.04 1.066863 1.154 -0.2821 -3.7354
       2 2.983 2.1872 138.03 0.791857 0.278 -1.01728 -5.7539
       3 2.799 1.9851 168.15 0.645257 0.378 -1.9097 -6.363
       4 2.901 1.0562 153.04 0.211709 0.485 -6.7675 -7.0811
       5 2.986 2.2351 168.04 0.733754 0.121 -1.3494 -4.9179
       6 4.109 1.5572 138.03 0.782439 0.363 -1.0694 -4.9856
       7 3.413 1.2346 182.06 0.667912 -0.147 -1.75929 -3.765
       8 1.716 2.252 154.03 0.667402 -0.229 -1.7627 -3.4649
       9 3.696 0.6562 153.04 0.185572 0.542 -7.3419 -7.4931
      10 4.027 0.7962 153.04 0.185572 0.525 -7.438 -7.3685
      11 3.886 1.2574 212.07 0.498892 -0.340 -3.0311 -3.1032
      12 3.691 0.4254 170.02 0.067051 0.551 -11.7793 -7.5656
      13 4.069 1.6646 182.06 0.617379 -0.295 -2.10223 -3.2438
      14 3.883 2.0146 182.06 0.70691 -0.340 -1.51193 -3.1034
      15 2.941 1.0562 153.04 0.173157 0.393 -7.6437 -6.4572
      16 3.904 1.208 137.05 0.328347 0.374 -4.8545 -6.3342
      17 2.986 2.2351 168.04 0.721852 0.002 -1.4207 -4.36
      18 2.8 2.2351 168.04 0.615925 0.022 -2.1125 -4.456

 Based on research showed Table 2, 
benzoic acid with different chemical properties 
was effect as antioxidant by induces oxidation 
of enzyme peroxidase. The biological effect of 

oxygen-reactive species controlled by antioxidant 
mechanisms are exerted on the basis of antioxidant 
enzymes and substrates. From the benzoic acid 
group (compounds 3, 4, 5, 8, 9, 10, 12, 16, 17 and 
18) were the strongest antioxidant activity in each 
group. Thus, benzaldehyde group was considered 
as an important new structure module to be induced 
oxidation. C2-functionalized benzaldehydes including 
salicylaldehyde, 2,3-dihydroxybenzaldehyde, and 2,4,5-
trihydroxybenzaldehyde showed stronger inhibition 
activity than the others. The hydroxylation of aromatic 
structure is generally involved with antioxidative activity 
like radical scavenging activity10.
 
 Figure 2 showed that partition coefficient 
log P have correlation with IC50 in the equation model 
also has an effect because has R value 0.9175. From 
regression linear that Clog P most effect on drug 
molecules, the penetration of cell membranes is 

Fig. 2. Correlation of partition coefficient Clog P with IC50
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Table 3 : Statistical result for logP and pKa equation 
Coefficientsa

Model  Unstandardized  Standardized  T Sig.                 Correlations  
  Coefficients  Coefficients
 B Std.Error  Beta    Zero-order Partial Part

1(Constant)  -1.515 .301    -5.030 .001   
LogP  .516 .063  1.082  8.252 .000 .962 .946 .729
pKa .087 .070  .163  1.240 .250 -.637 .402 .110

related to the solubility of the drug in fat. A high log P 
value indicates that the compound is more distributed 
into nonpolar octanols, such as fat, rather than non-
polar distributed water. The QSAR equation is very 
supportive in the early stage of the new drug-making 

process that is antioxidant from another derivative of 
simple phenolic acid in the form of new compound 
model with better activity estimate. Increasing the 
value of this activity can be done by varying the 
substituent groups on the influential C atom

 In statistical test, r2 is used because r2 is 
greater accuracy than r. The best equation model 
is obtained when the value of r2 approaches 1. If 
r2 approaches 1 then the correlation between the 
independent variable and the independent variable 
is perfect. In model has the highest r2 value of 
0.962. For the lowest r2 value with a value of 0.946. 
However, the parameter r2 is only one linearity 
measure with the equation model. Another statistical 
analysis is to review the SE value. The smaller the 
value of the SE the more accurate the data. A small 
SE value indicates that the data being analyzed is 
closer to the true value. The value of SE owned by 
models is 0.098. Therefore need to be reviewed 
other parameters that are parameter Fcalc./Ftable. 
The greater the value of Fcalc/Ftable then the 
data will be significant. The lowest Fcalc/Ftable is 
owned by model that is 60.71. Statistically model is 
unacceptable because the large SE value indicates 
that the model has a large error rate. A small Fcalc/
Ftable value also signifies a significantly low level.

 The value of antioxidant activity of simple 
benzoic acid compounds has a quantitative 
association with various chemical properties of the 
compound and is expressed in terms of the following 
QSAR equation: 

Log 1 / IC50 = –1.514 + 0,516 log P + 0.087 pKa 
…..(1) with n = 10 r = 0,962 SE = 0,301 Fcalc./
Ftable = 1,422 

 The results of the SAR equation show that 
benzaldehyde such as 2,3-dihydroxybenzaldehyde 
and 4-hydroxy-3-nitrobenzaldehyde as an active 

antioxidant induces oxidation processes in peroxidase 
enzymes, and chemical manual applications should 
be studied further as an antioxidant active.

 The predicted value of antioxidant activity 
by inducing oxidation of enzyme peroxidase is listed 
in Table 2, so it can be compared with experimental 
activity. Predictive graphs are presented in Fig 3. In 
this figure, we get the equation of the straight line 
between the ∆ Gprediction to ∆ Gexperimental with 
slope value close to 1 that is 0.809.

 In these models, R is the correlation 
coefficient and R2 is the square correlation coefficient. 
These correlation coefficients describe the relative 
measure of the quality of fit by the regression 
equations. R-value explains the variation in the 
observed data (experimental) and its values vary 
from -1 to +1. The closer the R values to 1, better 
the fit of the regression equation. R2 values of the 
training set models are > 0.809 (R ≥  0.8) in MLR 

Fig. 3. Correlation ∆ Gtheory to ∆ Gexperimental 
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analysis. The regression analysis regressions also 
give the R2 values  0.809 with the same descriptors 
as the normal MLR11.

 To estimate the predictive power of a QSAR 
model, Golbraikh and Tropsha recommended use 
of the following statistical characteristics of the 
test set12: (i) correlation coefficient R between the 
predicted and observed activities; (ii) coefficients of 
determination (R2). (iii) slopes R2 of the regression 
lines through the origin. 

CONCLUSION

 Conclusions on the relationship between 
physicochemical proper ties (hydrophobicity, 

steric property, and electronic property) and 
antioxidant activity. That benzaldehyde such 
as 2,3-dihydroxybenzaldehyde and 2,4,5-
trihydroxybenzaldehyde as an active antioxidant 
with induces oxidation processes in peroxidase 
enzymes.
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