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Abstract

Quantum chemical calculations at the DFT/B3LYP, HF, and AM1 and PM3 semiempirical levels were employed to calculate a set of
molecular properties for 41 phenol compounds with antioxidant activity. The significant molecular descriptors related to the compounds
were the vertical ionization potentials (IPvs) and the charge on oxygen atom 7. The IPv has been calculated using Koopman’s theorem
IPv = —egomomrr)y IPV = —enomomr) and as the difference of energy calculations for the corresponding cation and for the neutral form IPv
(Ecation — Eneuwar) obtained with the DFT/B3LYP method. The best model obtained showed not only the statistical significance but also predictive

ability.
© 2006 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Antioxidants are of great interest because of their involve-
ment in important biological and industrial processes. In
general, compounds with antioxidant activity have been found
to possess anticancer, anti-cardiovascular, anti-inflammation
and many other activities [1—3].

Many authors have attempted to elucidate the quantitative
structure—activity relationships (QSARs) of antioxidants by
using different physicochemical parameters like the heat of
formation (Hy), the number of hydroxyl groups (OH) and
Hammet ¢ or Brown ¢, ionization potential (IP), bond disso-
ciation enthalpy (O—H BDE), etc. [4—9]. Recently, Lien et al.
[10] have reported on QSAR study of phenols with antioxidant
activity by employing descriptors calculated by the semiem-
pirical method AMI1. In this study four parameters, namely
Hy; (heat of formation of phenoxyl), Hy, (heat of formation
of parent phenols), OH (the number of hydroxyl groups),

* Corresponding author. Current address: Departament de Ciencies Experi-
mentals, Universitat Jaume I, 12071 Castellén Spain. Tel.: +55 3201 7363;
fax: +55 3201 1635.

E-mail address: nahum@ufpa.br (C.N. Alves).

0223-5234/$ - see front matter © 2006 Elsevier Masson SAS. All rights reserved.

doi:10.1016/j.ejmech.2006.11.008

and LUMO-r (the energy of the lowest unoccupied molecular
orbital of radical), were responsible for antioxidant activity.
Nevertheless, semiempirical methods approximate certain
properties up to a certain level, and it is obvious that variation
in LUMO energy values of various congeners is very small, so
an important error can be introduced if a low-level quantum
method is employed in the calculations.

Therefore, in the present work, four computational methods:
density functional (DF), HF (Hartree—Fock), and AM1 and
PM3 were employed to explore and determine various elec-
tronic descriptors, with better accuracy, to make the necessary
improvement in the QSAR models. Vertical ionization poten-
tials (IPvs), electron affinity (EA), electronegativity (y), hard-
ness (1), softness (S), electrophilic index (w), partition
coefficient (Log P), charges and other properties were obtained
for 41 phenolic compounds (see Table 1), which have antioxi-
dant activity [10—12]. The linear regression method [13] has
been employed with the aim to obtain a correlation between
these descriptors and the antioxidant activity of these com-
pounds. The data obtained will help us to verify which is the
best quantum method and which ones are the most adequate
properties to explain the antioxidant activity, as well as to ver-
ify the validity of Koopman’s theorem (IPv = —eyomo) [14].
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Table 1
Structural skeleton and experimental redox potential [11,12,30]

3

7
4/ OH
X \

5
Compound Substituent X E; (V)? Compound Substituent X E; (V)?
1 4-NO, 1.23 22 3-OH 0.81
2 3.5-Cl, 1.15 23 2-OCHj; 0.77
3 4-CF; 1.13 24 4-OCH; 0.73
4 3-NO, 1.13 25 3,4-(CH;0), 0.67
5 4-PhCO 1.12 26 3,4,5-(CH;0);3 0.66
6 3-CN 1.11 27 Sesamol 0.62
7 4-COOH 1.04 28 2-OH 4-COOH 0.60
8 3-CH;CO 0.98 29 2,6-(CH30), 0.58
9 4-H 0.97 30 2,3-(0OH), 0.58
10 4-Br 0.96 31 2,3-(OH), 5-COOCH3; 0.56
11 4-Cl 0.94 32 3,4-Dihydrocynnamic acid 0.54
12 4-F 0.93 33 2-OH 0.53
13 Tyrosine 0.89 34 2-OH 4-CHj; 0.52
14 3-OH 4-COCH; 0.89 35 4 OH 0.46
15 4-CH; 0.87 36 4-NH, 0.41
16 3,5-(CH;0), 0.85 37 4-CN 1.17
17 3-CH; 0.85 38 4-COCH; 1.06
18 3-OH 5-OCHj; 0.84 39 4-t-Bu 0.80
19 3,5-(CH3), 0.84 40 2.6-(CHs), 0.77
20 4-Ph 0.84 41 2-OCHj; 4-CHj3 0.68
21 2-CH; 0.82

% From Refs. [11,12,30].

2. Calculation
2.1. Calculated properties

Quantum chemical calculations at the DFT/RB3LYP/6-
31G* (restricted B3LYP) [15—17], RHF/6-31G* (restricted
Hartree—Fock) [18—20] and AM1 [21] and PM3 [22] semiem-
pirical theory levels, were employed for full optimization of
the selected neutral compounds. The geometrical structures
of the radicals studied were optimized independently from
the neutral molecules prior to the calculation of energies,
treated as open shell systems. All calculations were performed
by using the Gaussian 03 package of programs [23].

In this work, the more relevant electronic properties for phe-
nolic compounds such as vertical ionization potential (IPv),
electron affinities (EA), electronegativity (x), hardness (7),
softness (S ), electrophilic index (w) and charges (Mulliken’s
charges) on some key atoms were calculated. The calculated
vertical ionization potentials (IPvs) and electron affinity (EA)
were not corrected for zero-point energy, assuming a negligible
error and thus saving computer-time. The IPv was calculated as
the energy differences between a radical cation and the respec-
tive neutral molecule; IPV(E at0n — Eneutral) prT a0d Koopman’s
theorem (IPv = —eyomo)- The EA was computed as the energy
differences between a neutral form and the anion molecule;
EA = Ecutral — Eanion- The Log P (octanol/water partition coef-
ficients), MR (molar refractivity) and topology indices were
obtained by using the Chem-3D molecular package [24]. The

DFT-based reactivity descriptors were obtained from Egs.
(1)—(4) [25—28].

e Electronegativity (y):
w=—x=—(IP+EA)/2 (1)

e Hardness (7):
n=(IP—EA)/2 (2)

e Softness (S):

S§=1/(2n) 3)
e Electrophilic index (w):
w=u’/2n 4)

2.2. Statistical analysis

Of the 41 compounds studied here five of them were not in-
cluded in the model; those were used as test set to evaluate the
prediction power of the model (molecules 37—41). Therefore,
the regression models and matrix correlation presented in this
study were constructed with 36 molecules (compounds 1—36).
The remaining five molecules will be used to evaluate the pre-
diction power of the best model.

The matrix correlation uses the Pearson product moment cor-
relation coefficient to measure the degree of linear relationship
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between two variables. The correlation coefficient assumes
a value between —1 and +1. If one variable tends to increase
the other decreases, the correlation coefficient is negative. Con-
versely, if the two variables tend to increase together the corre-
lation coefficient is positive. We obtained the correlation matrix
between redox potential (E;) values and the respective calcu-
lated properties. We considered correlated variables those that
possess correlation coefficients above 0.70. The more relevant
regression models were selected following three criteria: the
correlation coefficient (R), the Fisher ratio values (F) and the
standard deviation (s). The MINITAB® Release 14 Software
[29] was used in our statistical analyses.

The best equation was also tested for their predictive power
using a cross-validation procedure. Cross-validation is a practi-
cal and reliable method for testing this significance. In princi-
ple, the so-called ‘leave-one-out” approach consists in
developing a number of models with one sample omitted at
the time. After developing each model, the omitted data is pre-
dicted and the differences between actual and predicted y (E7)
values are calculated. The sum of squares of these differences
is computed and finally the performance of the model (its pre-
dictive ability) can be given by the PRESS (Predictive Sum of
Squares) and Sprgss (standard deviation of cross-validation):

PRESS = (i —5)
i=1

v PRESS
n—k—1 ()

SPRESS =
where y is the experimental value, E5, y is the predicted value,
n is the number of samples used for model building and k is
the number of descriptors.

The predictive ability of the model was also quantified in
terms of the Q* which is defined as:

n ~1\2
i1\ — Vi _
0— % where ¥ = ynean (6)

Q2 =1.
Zi:l(yi —)’i)

2.3. Experimental data

Experimentally determined redox potential at pH 7 (E5) has
been commonly used as a direct measure of the antioxidant ac-
tivity by several authors [10—12,30]. The compounds used in
this study, as well as the experimental redox potential values
(E-) are shown in Table 1.

3. Results and discussion
3.1. Simple linear regression model

We obtained the correlation matrix between antioxidant ac-
tivity (E;) values and the respective calculated properties for 36
phenolic compounds. From Table 2 we can see that some vari-
ables are correlated to each other (we considered correlated
variables those that possess correlation coefficients above

Table 2

Correlation matrix between the selected variables

E;

Log P

I

O7ur)

IPV(ECalion - Eneutral)DFT 07(DFT)

—EHOMO(DFT)

—EHOMO(HF)

—EHOMO(PM3)

—EHOMO(AM1)

1.00
0.98
0.95
0.92
0.91

—EHOMO(AM1)
—EHOMO(PM3)

1.00
0.92
0.89
0.89

1.00
0.98
0.94

—EHOMO(HF)

1.00
0.95

—EHOMO(DFT)

1.00
0.47
0.41

IPV(Ecalion - Enculral)DFT

O7(DFT)

1.00
0.33

1.00
0.99
0.40

0.52
0.46
0.91

0.47
0.43

0.88

0.47
0.44
0.82
—0.28
0.31

0.41
0.37
0.85

O7 )

1.00
—0.67
0.68

0.84
—0.22
0.24

1.00
0.80
—-0.34

1.00
—0.99
—0.79

06
—0.07

0.01
—0.02
0.32
0.32
0.79

—0.31
0.33
0.81
0.03
0.85

—0.27
0.29

—0.31
0.33

1.00
—0.21
0.56

0.97
—0.13
—0.68

0.26
0.30
0.76

0.73
0.01
0.81

0.75 0.79
—0.05

—0.14

0.78
—0.16

1.00
0.31

0.35
—0.04

1.00

0.05

0.82

0.75

0.74
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Table 3

Values obtained for the vertical ionization potentials —egomo(AM1, PM3, HF and DFT), IPV(E aion — Eneurral)pFT @nd experimental redox potential at pH 7(E;)
Compound IPv = —¢nomo(ev) IPV(Ecation — Eneutra)DFT (ev) O7pFT) O7wur E; (V)

(AM1) (PM3) (HF) (DFT)

1 10.07 10.17 9.51 6.92 8.84 —0.63 —0.74 1.23
2 9.54 9.42 9.17 6.63 8.44 —0.63 —-0.75 1.15
3 9.79 9.84 9.08 6.52 8.44 —0.63 —0.75 1.13
4 9.95 9.96 9.30 6.78 8.72 —0.63 —-0.75 1.13
5 9.38 9.41 8.73 6.27 7.80 —0.63 —0.75 1.12
6 9.58 9.66 9.16 6.68 8.61 —0.64 —-0.75 1.11
7 9.61 9.59 8.91 6.42 8.30 —0.63 —-0.75 1.04
8 9.38 9.42 8.74 6.30 8.20 —0.64 -0.75 0.98
9 9.11 9.18 8.41 5.96 8.01 —0.64 —0.76 0.97
10 9.19 9.31 8.51 6.04 7.89 —0.64 -0.75 0.96
11 9.12 9.01 8.58 6.09 7.97 —0.64 —-0.75 0.94
12 9.09 9.27 8.51 5.94 7.95 —0.65 —0.76 0.93
13 9.20 9.25 8.48 6.00 7.46 —0.64 —0.76 0.89
14 9.43 9.45 8.66 6.17 7.95 —0.64 -0.75 0.89
15 8.88 8.95 8.14 5.73 7.67 —0.65 —0.76 0.87
16 8.96 9.01 8.14 5.55 7.29 —0.65 —-0.76 0.85
17 9.05 9.12 8.33 5.88 7.82 —0.65 —0.76 0.85
18 9.05 9.07 8.28 5.66 7.45 —0.65 —0.76 0.84
19 8.97 9.04 8.23 5.78 7.66 —0.65 —0.76 0.84
20 8.55 8.64 7.82 5.63 7.33 —0.64 —0.76 0.84
21 8.96 9.04 8.25 5.82 7.77 —0.64 —0.76 0.82
22 9.13 9.13 8.31 5.77 7.72 —0.65 —0.76 0.81
23 8.79 9.14 7.97 5.45 7.28 —0.63 —0.74 0.77
24 8.65 8.72 7.85 5.36 7.17 —0.65 —0.76 0.73
25 8.40 8.48 7.90 5.34 6.90 —0.65 —0.76 0.67
26 8.40 8.46 8.00 5.48 6.75 —0.65 —0.76 0.66
27 8.77 8.81 7.90 5.26 7.10 —0.65 —0.76 0.62
28 9.47 9.44 8.59 6.03 7.86 —0.67 —0.78 0.60
29 9.00 9.19 7.85 5.25 6.99 —0.65 —0.76 0.58
30 8.99 8.99 8.12 5.44 7.33 —0.68 —0.79 0.58
31 9.26 9.24 8.44 5.79 7.51 —0.68 —-0.79 0.56
32 9.09 9.06 8.20 5.86 7.48 —0.67 -0.79 0.54
33 8.80 8.83 8.17 5.62 7.59 —0.68 —0.79 0.53
34 8.66 8.70 8.02 5.51 7.38 —0.68 —-0.79 0.52
35 8.73 8.76 7.93 5.41 7.35 —0.65 —0.76 0.46
36 8.27 8.35 7.50 4.99 6.70 —0.65 —-0.77 0.41
37 9.51 9.56 9.08 6.60 8.50 —0.63 —0.74 1.17
38 9.43 9.45 8.78 6.35 8.17 —0.63 —0.75 1.06
39 8.90 9.00 8.14 5.75 7.54 —0.65 —0.76 0.80
40 8.89 8.96 8.15 5.71 7.59 —0.65 —-0.77 0.77
41 8.72 8.79 8.12 5.66 7.15 —0.64 —-0.75 0.68

0.70). Properties found to have significant correlation coeffi-
cients with E; are presented in Table 3. According to these re-
sults the energies of the highest occupied molecular orbital
(—epomo) calculated at AM1, PM3, HF/6-31G* and B3LYP/
6-31G* levels, respectively, the ionization potentials IPv(E,,.
tion — EncutraDET Calculated at B3LYP/6-31G* level and the
charge on oxygen atom 7 (O7) for neutral molecule are corre-
lated with the antioxidant activity (E;). The other calculated
properties presented low correlation with experimental redox
potential. This result indicates that the antioxidant compound
can give an electron to the free radical becoming itself a radical
cation. Using E; as dependent variable and these properties as
independent variables the following models were obtained:

E; = —2.67(£0.55) +0.40( £ 0.06) — exomo(am)
n=236, R*=0.54, s=0.15, F = 51.43, (7)
PRESS = 0.85, 0% = 0.50, Sprgss = 0.027

E; = —2.87(40.56) +0.40( £ 0.06) — exomo(pms)
n=136, R =0.56, s =0.13, F = 43.63, (8)
PRESS = 0.80, 0® = 0.55, Spress = 0.026

E; = —2.41(40.38) +0.38( £ 0.04) — egomoqmr)
n=136, R2=0.68, s=0.12, F = 70.54, 9)
PRESS = 0.59, 0® = 0.65, Spress = 0.022

E; = —1.51(40.25) 4 0.40( £ 0.04) — eyomo(orr)
n=136,R2=0.73, s=0.11, F = 89.69, (10)
PRESS = 0.50, 0% = 0.70, Spress = 0.021

Ey=—1.74(40.31) +0.33(40.04) — IPV(Ecaion — Encurrat) pr
n=136, R>=0.66, s=0.12, F = 66.02,
PRESS = 0.62, 0% = 0.63, Spress = 0.023

(11)
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where 7 is the number of compounds, R? is the square of cor-
relation coefficient, it is a measure of the fit of the regression
model, Q2 is the cross-validation correlation coefficient, F' the
Fisher test, reflects the ratio of the variance explained by the
model and variance due to the error in the model, high values
of the F-test indicate the significance of the equation, PRESS
(Predictive Sum of Squares) and Sprgss (standard deviation of
cross-validation).

In preViOllS equations —EHOMOAMI1)> —EHOMO(PM3)s
—égoMomF)y —€&nomomrT) are the values of the negative
energies of the highest occupied molecular orbital (HOMO)
calculated at AM1, PM3, HF/6-31G* and B3LYP/6-31G*
levels, respectively, and IPV(E at0n — Eneutral) DET 18 10nization
potentials calculated at B3LYP/6-31G* level (see Table 3).
The —EHOMO(AM1)> —€HOMO(PM3)s —€HOMO(HF)> —€HOMO(DFT)
and IPv represent the ease of electron donation of phenolic
compounds. From Table 3 we can observe that in general
electron-donating substituents at the ring decreased the IPv
which resulted in better antioxidant activity (£-), while electron-
withdrawing substituents increased the IPv which resulted in
decreased antioxidant activity. We can also observe that the
compound 36 presents the lowest value for IPv at both DFT
and HF levels of theory and consequently, this has the highest
antioxidant propriety. On the other hand, the molecule 1 pres-
ents the highest value for IPv, consequently, this has the lowest
antioxidant activity.

The analysis of the models above reveals that both PM3 and
AMI1 semiempirical methods do not present a good fit and pre-
dictive power. If we compare calculated values (Table 3) with
those of IPV(E. .i0n — Encutral)DFT» WE can see that PM3 and
AMI1 methods overestimate the ionization potential values.
The differences are in 0.98—2.20 eV and 0.97—2.01 eV range
for PM3 and AMI1 methods, respectively. Comparing HO-
MO’s energies calculated with several quantum models verify
that the results of semiempirical methods (AM1 and PM3) are
poor to describe the phenol’s antioxidant properties for these
compounds.

Of the five models presented above, Eq. (10) is the one that
presents the best quality statistics, or either, the highest values
for significance (F = 89.69) and previsibility (Q2 =0.70) and
the lowest value for error of prediction (Sprgss=0.021).
The fit of Eq. (10) is shown in Table 4 and we can see the
agreement between the observed and calculated values that
are satisfactory. It is interesting to mention that the HOMO’s
energy has been important in SAR studies of compounds
against tumor cells activity [31] and, recently, we have used
IPv in our QSAR and SAR studies for compounds with
anti-HIV activity [32,33].

We can also observe that the —eyomomr) energy overesti-
mates slightly the IPV(E aion — Eneura)pET Values, while the
—egomo(rT) energy underestimates by far these values.
It is interesting to note that in most cases the
IPV(E ation — Encutral)DET Value is located within the interval
defined by the KS (Kohn—Sham) and HF (Hartree—Fock)
methodologies, recently, Toro-Labbé and coworkers have sug-
gested that they can be used to identify the range in which the
IPV(E ation — Eneurral) DT Value is expected to be found [34].

Table 4
Observed, predict and residual values by using Egs. (10) and (12)
Compound  Observed  Eq. (10) Eq. (12)

Predicted  Residual  Predicted  Residual
1 1.23 1.23 0.00 1.26 —0.03
2 1.15 1.12 0.03 1.13 0.02
3 1.13 1.08 0.05 1.10 0.04
4 1.13 1.18 —0.05 1.17 —0.04
5 1.12 0.98 0.14 1.03 0.09
6 1.11 1.14 —0.03 1.12 —0.02
7 1.04 1.04 0.00 1.08 —0.04
8 0.98 0.99 —0.01 1.01 —0.03
9 0.97 0.85 0.12 0.88 0.09
10 0.96 0.88 0.08 0.93 0.03
11 0.94 0.90 0.04 0.94 0.00
12 0.93 0.84 0.09 0.86 0.07
13 0.89 0.87 0.02 0.90 —0.01
14 0.89 0.94 —0.05 0.98 —0.09
15 0.87 0.76 0.11 0.80 0.07
16 0.85 0.69 0.16 - -
17 0.85 0.82 0.03 0.84 0.01
18 0.84 0.73 0.11 0.76 0.08
19 0.84 0.78 0.06 0.80 0.04
20 0.84 0.72 0.12 0.80 0.05
21 0.82 0.80 0.02 0.84 —0.02
22 0.81 0.78 0.03 0.81 0.01
23 0.77 0.65 0.12 0.81 —0.04
24 0.73 0.61 0.12 0.66 0.07
25 0.67 0.61 0.06 0.65 0.02
26 0.66 0.66 0.00 0.70 —0.04
27 0.62 0.57 0.05 0.64 —0.02
28 0.60 0.88 —0.28 0.71 —0.11
29 0.58 0.57 0.01 0.66 —0.08
30 0.58 0.65 —0.07 0.47 0.11
31 0.56 0.79 —0.23 0.55 0.01
32 0.54 0.81 —0.27 0.66 —0.12
33 0.53 0.72 —0.19 0.53 0.00
34 0.52 0.67 —0.15 0.49 0.03
35 0.46 0.63 —0.17 - -
36 0.41 0.47 —0.06 0.54 —0.13

Koopman’s theorem (KT), which equates the IP to the neg-
ative value of the orbital energy, has traditionally been applied
to calculate IPv using the molecular orbital theory. KT is valid
only when there is no difference between the orbitals of parent
and ionized molecules, since this is never the case in reality,
molecular orbital theory provides us with just an approxima-
tion, and the results of this approximation are not quantita-
tively reliable because KT does not take into account
electron correlation and orbital relaxation effects [35]. In
Table 2 we can observe that —egomo calculated at both HF
and B3LYP theory levels are correlated with E;. Therefore,
there is a linear dependence between ones, E; = f(egomo)s
that permit to evaluate E; based on HOMO energy, these
results are in accordance with Koopman’s theorem.

3.2. Multiple linear regression model

A number of models can be obtained using £ as dependent
variable and calculated properties as independent variables.
Therefore, the stepwise multiple regression procedure, based
on the forward-selection and backward-elimination methods,
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was used for variable selection with the purpose to obtain the
best regression model (in such a way that variables that swal-
low little increment are redundant in the explanation of the de-
pendent variable (E;) which were not included). In order to
avoid overfitting or difficulties in interpretation of the resulting
models, pairs of variables with r > 0.7 were classified as inter-
correlated ones, and only one of the variables was included in
the model.

In a preliminary analysis two properties were important, the
—& gomort) and the charges on oxygen atom 7. However,
the results indicated compounds 16 and 35 to be an outlier
for the best model. The standardized residual associated with
molecules 16 and 35 were the highest and greater than two;
values of standardized residual above two are characteristics
of outlier. It is common practice in QSAR studies to omit out-
liers in the spirit of exploratory data analysis. Hence, the com-
pounds 16 and 35 were excluded from the model with the
remaining 34 molecules. After these considerations, the fol-
lowing model was obtained:

E; =3.81(+0.63) +0.27(£0.02)
—EHOMO(DFT) T 7.09( + 0.82) o7
n=34, R*=0.92, s =0.062, F = 183.09,
PRESS = 0.150, Q*> = 0.91, Spgess = 0.011 (12)

The evaluation of statistical quality of Eq. (12) is very good
and accounts for 92% of the variance in E;, 91% of the predic-
tive capability and high significance. This model shows that
O7 has very important role in the variation of E;. The Eq.
(12) shows that, for the set of compounds studied in this
work, low values of IPvgomomrr) combined with negative
charges on atom O7 lead to an increase in the antioxidant
activity.

From Table 4 and Fig. 1 we can see that the agreement be-
tween the observed and calculated values are satisfactory. In
order to verify the prediction power of the model we used
Eq. (12) for remaining five phenols compounds (37—41) to ob-
tain their antioxidant properties. Table 5 shows the prediction
values obtained for the test set with Eq. (12). We can observe
that this model presented good prediction power. Here, it is in-
teresting to mention that the variables —egomomrr) and

1.3 1
1.2 A
1.1
1.0 4 °
0.9 ° °

0.8 1

E7 Observed

0.7
0.6
0.5 °
0.4 - .

04 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3
E7 Predict

Fig. 1. Observed vs. predict values by using Eq (12).
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Table 5

Observed and predicted values for test set by using Eq. (12)

Compound Observed Predicted Residual
37 1.17 1.15 0.02
38 1.06 1.06 0.00
39 0.80 0.80 0.00
40 0.77 0.78 —0.01
41 0.68 0.79 —0.11

atomic charge of O7 are electronic descriptors, what it rein-
forces is that electronic effects have a very important role in
mechanism by which an antioxidant can deactivate a free rad-
ical by electron transfer.

4. Conclusions

Descriptors (variables) of physical and electronic properties
of potential relevant to the antioxidant activity have been ex-
amined for 41 phenolic compounds using quantum mechanical
calculations at the AM1, PM3, Hartree—Fock and B3LYP
levels of theory. We observed that electron-donating substitu-
ents at the ring decreased the IPv resulted in better antioxidant
activity, while electron-withdrawing substituents increased the
IPv lead to a decreased in ones. The regression equations ob-
tained were based on the following descriptors: energies of the
highest occupied molecular orbital (—egomo) calculated at
both HF and DFT/B3LYP levels, respectively, the ionization
potentials calculated at DFT/B3LYP level and charge on oxy-
gen atom of the neutral molecule obtained with both HF and
DFT/B3LYP levels. The best regression obtained showed not
only statistical significance but also predictive ability and re-
vealed that low values of IPvyomomrr) combined with nega-
tive charges on atom O7 lead to an increase in the antioxidant
activity. Here, it is interesting to mention that the variables
IPvomomrT) and atomic charge O7 are electronic descriptors,
what it reinforces that electronic effects have a very important
role mechanism by which an antioxidant can deactivate a free
radical by electron transfer.
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