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The antioxidant activity for a series of chromone compounds, evaluated by DPPH free radical scavenging
assay, were subjected to 3D-QSAR studies using comparative molecular field analysis (CoMFA) and com-
parative molecular similarity indices analysis (CoMSIA). All 48 chromone derivatives were geometry opti-
mized by AM1 and HF/6-31G  calculations. The COMFA and CoMSIA results were compared between
different alignment strategies. The best COMFA model obtained from HF/6-31G’ optimization with field
fit alignment gave cross-validated r* (q?)=0.821, noncross-validated *=0.987, S=0.095, and
F=388.255. The best COMSIA model derived from AM1 optimized structures and superimposition align-
ment gave g = 0.876, noncross-validated r?=0.976, S =0.129, and F=208.073, including electrostatic,
hydrophobic, hydrogen bond donor and acceptor fields. The contour maps provide the fruitful struc-
ture-radical scavenging activity relationships which are useful for designing new compounds with higher
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1. Introduction

Flavonoids are natural phenyl substituted chromones which
show many biological and pharmacological activities [1] such as
anti-inflammatory [2,3], anti-allergic [3], antimicrobial [2], estro-
genic [2,4], anti-HIV [5,6] and anticancer activities [7,8]. Recent
interests in natural antioxidants have been stimulated by potential
health benefits arising from the antioxidant activity of flavonoids
[9-11]. Flavonoids like many other polyphenols are very effective
radical scavengers (chain-breaking antioxidants) because they are
highly reactive hydrogen or electron donors [12-14]. Structure-
activity relationship (SAR) studies of flavonoids have indicated
the importance of the number and location of the phenolic OH
groups for effective radical scavenging activity [15-17].

In the previous study, we have designed and synthesized a ser-
ies of chromone derivatives and evaluated for their radical scav-
enging activity using 1,1-diphenyl-2-picrylhydrazyl (DPPH) free
radical scavenging activity (Table 1). 7,8-Dihydroxy-2-(3'-trifluo-
romethylphenyl)-3-(3”-trifluoromethylbenzoyl) chromone, 32,
was found to be the most active antioxidant with the
IC50=4.95+0.02 uM [18]. Chromone 32 was more potent than
the known antioxidant flavonoids, quercetin (ICso= 10.89 uM),
luteolin (ICso=11.0 uM) and fisetin (ICso=14.06 uM) [19]. To
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explore the relationships between the structures of these com-
pounds and their antioxidant activity, a three-dimensional quanti-
tative structure-activity relationship (3D-QSAR) study using
comparative molecular field analysis (CoOMFA) and comparative
molecular similarity indices analysis (CoMSIA) were performed in
this study. In the absence of information regarding the biological
target, indirect ligand-based approaches 3D-QSAR such as COMFA
and CoMSIA can assist in clarifying the SARs.

CoMFA is a versatile and powerful tool in rational drug design
and related applications. COMFA samples the steric (Lennard-
Jones) and electrostatic (Coulombic) fields surrounding a set of li-
gands and constructs a 3D-QSAR model by correlating these 3D
steric and electrostatic fields with the corresponding observed
activities. Partial least squares (PLS) analysis, with a cross valida-
tion procedure, is employed to select relevant components from
the large set of COMFA data to build up the best QSAR equation
[20]. CoMSIA is an extension of the COMFA methodology and dif-
fers only in the implementation of the fields [21,22]. In COMSIA ap-
proach, hydrophobic, hydrogen bond donor and hydrogen bond
acceptor similarity fields are calculated in addition to the steric
and electrostatic fields, which provides a better interpretation of
the correlations between the 3D structures of the studied mole-
cules and their activities. The fields are evaluated by a PLS analysis
similar to COMFA. The obtained CoOMFA and CoMSIA contour maps
results are used as visual guides for design of the new and more
potent radical scavenging compounds.
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Table 1

Structures and the radical scavenging activity of the studied chromone derivatives.
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Compd Ry R3 Rs Rs R; Rs 1Cs0 (LM)

1 Phenyl H H H H OH 371.78 £1.87

2 CH; H H H OH OH 17.50 £ 0.41

3 Benzyl H H H OH OH 5.93 +0.07

4 Phenyl H H H OH OH 13.62+1.23

5 CH; H H H OH H 199.15+0.97

6 Benzyl H H H OH H 77.15+£0.77

7 Benzyl CH3 H H OH H 911.92+8.36

8 Phenyl H H H OH H 1518.51£11.31

9 Phenyl CH3 H H OH H 1202.82 £12.16
10 4'-(NO,)-Phenyl H H H OH H 1103.52 + 13.00
11 3'-(CF3)-Phenyl H H H OH H 381.01+3.56
12 4'-(F)-Phenyl H H H OH H 696.20 +3.90
13 3',5’-(diNO,)-Phenyl H H H OH H 1145.89 + 13.09
14 3'-(Cl)-Phenyl H H H OH H 697.51+£9.30
15 3',4'-(diCl)-Phenyl H H H OH H 518.49 £8.30
16 4'~(t-butyl)-Phenyl H H H OH H 517.12+7.99
17 3'-(CF3)-Phenyl H OH H OH H 993.04 £ 14.11
18 4'-(F)-Phenyl H OH H OH H 481.64 £ 6.21
19 3',4'~(diF)-Phenyl H OH H OH H 340.16 £4.49
20 4'-(t-butyl)-Phenyl H OH H OH H 353.09 £5.74
21 4-(NO,)-Phenyl H OH H OH H 491.74 +8.04
22 3,5'~(diNO3)-Phenyl H OH H OH H 409.66 +2.29
23 3'-(Cl)-Phenyl H OH H OH H 550.50 +7.73
24 3',4'~(diCl)-Phenyl H OH H OH H 742.82 £10.75
25 4'-(OCH3)-Phenyl H OH H OH H 516.47 £516.47
26 3'-(0OCH3)-Phenyl H OH H OH H 678.67 +28.26
27 3'-(0OCH3)-Phenyl H H OH H H 1106.21 £ 4.59
28 '~(Cl)-Phenyl H H OH H H 1112.54+£27.15
29 /-(F)-Phenyl H H OH H H 981.07 £11.36
30 3'~(CF3)-Phenyl H H OH H H 935.71 + 26.59
31 4'-(t-butyl)-Phenyl H H OH H H 2476.91 + 24.63
32 '-(CF3)-Phenyl 3”-(CF3)-benzoyl H H OH OH 4.95 +0.02
33 3'-(Cl)-Phenyl 3”-(Cl)-benzoyl H H OH OH 11.82+0.04
34 '-(OCH3)-Phenyl 3”-(0CHj;)-benzoyl H H OH OH 10.24+0.15
35 4'~(F)-Phenyl 4"-(F)-benzoyl H H OH OH 13.95£0.03
36 4'-(NO,)-Phenyl 4"-(NO,)-benzoyl H H OH OH 11.49+0.17
37 4'-(OCH3)-Phenyl 4"-(0CHj;)-benzoyl H H OH OH 12.15+0.07
38 3',4'~(diF)-Phenyl 3”,4"-(diF)-benzoyl H H OH H 553.95+1.70
39 3’ -(CF3)-Phenyl 3”-(CF3)-benzoyl H H OH H 405.32+4.45
40 3'~(Cl)-Phenyl 3”-(Cl)-benzoyl H H OH H 523.11+4.42
41 3'-(0OCH3)-Phenyl 3”-(0CHj;)-benzoyl H H OH H 597.11 £0.85
42 4'-(F)-Phenyl 4"-(F)-benzoyl H H OH H 572.53£5.42
43 4'-(NO,)-Phenyl 4"-(NO,)-benzoyl H H OH H 362.25+6.26
44 4'-(0OCH3)-Phenyl 4"-(0CHj;)-benzoyl H H OH H 559.49 + 4.68
45 4'~(t-butyl)-Phenyl 4"-(t-butyl)-benzoyl H H OH H 408.18 £4.97
46 3'-(0OCH3)-Phenyl 3”-(0OCH3)-benzoyl OH H OH H 531.59 +4.28
47 4'-(NO)-Phenyl 4"-(NO,)-benzoyl OH H OH H 353.40+11.37
48 4'-(t-butyl)-Phenyl 4"-(t-butyl)-benzoyl H OH H H 1217.90 £ 27.79

2. Materials and methods

2.1. Biological activity data of chromone derivatives

The radical scavenging activity of chromone derivatives was
determined by DPPH assay [18]. The ICso values (uM) from DPPH
assay (Table 1) were expressed as plCsg (—logICsg). The total of
48 molecules was divided into a training set and a test set (38 mol-
ecules in training set and 10 molecules in the test set). The training
and test set compounds were chosen manually such that low, mod-
erate, and high activity compounds were present in approximately
equal proportions in both sets. The test set was used to evaluate
the predictive power of the COMFA and CoMSIA models.

2.2. Generating the 3D structures

The 3D structures of all studied compounds were modeled with
SYBYL 8.1 molecular modeling program (Tripos Associates, Saint
Louis, MO) on Indigo Elan workstation (Silicon Graphics Inc.,
Mountain View, CA) using sketch approach. The fragment libraries
in SYBYL database containing of small molecules were used as
building blocks for the construction of larger ones. Each structure
was first energy minimized using the standard Tripos force field
with a distance-dependent dielectric function and the Powell con-
jugate gradient algorithm. Convergence criteria of 0.01 kcal/
(mol A) was used for energy minimization. The partial atomic
charges were calculated using the Gasteiger-Hiickel method.



Table 2

CoMFA result (grid space 2.0 A, column filtering 2.0 kcal/mol and energy cut off

30.0 kcal/mol).
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2.3. Geometry optimization

11

The minimized structures were geometry optimized by semi-

AM1 HF/6- empirical AM1 using MOPAC 6.0 or by ab initio HF/6-31G" using
— : 316G Gaussian 03W program package. The fully geometrical optimized
Superimposition Field fit  Field fit . . .
structures were used in the following 3D QSAR studies.
Cross-validation ~ Optimal 6 5 6
;gmponents 0817 0671 0821 2.4. Structural alignment
S 0.356 0.469 0.352
NOD-CLOSS 2 0.949 0958 0.987 Structural alignment is the most crucial step in the CoMFA
validation s 0.188 0.167 0.095 study. The AM1 optimized molecules were aligned by superimpo-
F 95.809 147.199 388.255 sition and field fit functions in SYBYL 8.1 and the HF/6-31G" opti-
Contribution Steric 0.468 0.431 0.450 mized structures were aligned by field fit function.
Electrostatic 0.532 0.569 0.550 The superimposition of molecules was based on trying to min-
imize root-mean-squares (rms) differences in the fitting of selected
Table 3
The experimental, calculated activities, and the residuals of CoOMFA.
Compd. pICso
Experimental AM1 HF/6-31G
Superimposition Field fit Field fit
Calculated Residual Calculated Residual Calculated Residual
Training set
1 3.429 4,017 -0.588 3.854 —0.425 3.649 —-0.220
2 4761 5.030 —0.269 4.819 —0.058 4.687 0.074
3 5.226 5.229 —0.003 5.218 0.008 5.220 0.006
4 4.868 4.586 0.282 4.663 0.205 4.668 0.200
6 4110 4.022 0.088 3.833 0.277 4.043 0.067
7 3.040 3.142 —-0.102 3.155 —-0.115 3.014 0.026
9 2919 2.806 0.113 2.993 —-0.075 2.941 -0.023
11 3.420 3.553 -0.133 3.348 0.072 3.404 0.016
12 3.157 3.250 —0.093 3.255 —0.098 3.211 —0.054
13 2.942 3.067 —-0.125 2.974 —0.032 3.046 ~0.104
14 3.156 3.120 0.036 3.209 —0.053 3.247 —0.091
15 3.286 3.166 0.120 3.273 0.013 3.266 0.020
16 3.288 3.281 0.006 3.246 0.041 3.321 ~0.034
18 3.318 3.453 —-0.135 3.335 —-0.017 3.182 0.136
19 3.465 3.398 0.067 3.374 0.091 3.464 0.001
20 3.451 3.393 0.058 3.526 —0.075 3.457 —0.006
21 3.310 3.324 —-0.014 3.493 —-0.183 3.331 —0.021
22 3.388 3.182 0.206 3.009 0.379 3.443 -0.055
23 3.260 3.310 —0.050 3.501 —-0.241 3.270 —0.010
24 3.128 3.287 ~0.160 3.242 —~0.115 3.201 -0.074
25 3.288 3.231 0.057 3.266 0.022 3.364 -0.076
26 3.162 2.946 0.216 3.116 0.046 3.232 —0.070
28 2.937 2.810 0.127 2.716 0.221 2.848 0.089
29 3.005 2.668 0.337 2.764 0.241 2.963 0.042
30 3.023 2.965 0.058 3.028 —0.005 3.031 —0.008
31 2.606 2.699 —0.093 2,671 —0.065 2.491 0.115
32 5.308 5.040 0.268 5.162 0.146 5.280 0.028
33 4,927 4.842 0.085 4.822 0.105 5.005 —-0.078
34 4,988 4.792 0.196 4.825 0.163 4,975 0.013
36 4.940 4.979 —-0.039 5.095 —~0.155 4.970 -0.030
37 4916 4.805 0.111 4.956 —0.040 4.953 -0.037
39 3.391 3.560 —0.169 3.598 —0.207 3.494 —0.103
40 3.284 3.356 —0.072 3.405 —0.121 3.362 —0.078
42 3.243 3.250 —0.093 3.255 —0.098 3.141 0.102
43 3.442 3.500 —0.058 3.405 0.037 3.298 0.144
44 3.251 3.325 —0.074 3.358 —0.107 3.169 0.082
45 3.388 3.539 —~0.152 3.317 0.070 3.255 0.133
46 3.271 3.408 -0.137 3.248 0.023 3.394 -0.123
Test set
5 3.697 3.586 0.111 3.889 —0.192 3.359 0.338
8 2.819 3.050 —-0.231 3.524 —0.705 3.267 —0.448
10 2.958 3.215 —-0.257 3.413 —0.455 3.281 —-0.323
17 3.004 3.659 —0.655 3.508 —0.504 3.553 —0.549
27 2.940 2774 0.166 2.570 0.370 2.609 0.331
35 4.857 4,693 0.164 4.861 —0.004 4.866 —0.009
38 3.256 3.302 —0.046 3.385 —~0.129 3.255 0.001
41 3.223 3.307 —0.084 3.535 -0.312 3.201 0.022
47 3.451 3.605 —0.154 3.633 —0.182 3.644 —-0.193
48 2918 2.964 —0.046 2.478 0.440 2.505 0.413
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atoms with those of a template molecule. The most active chro-
mone 32 was used as a template molecule. All atoms of the benz-
opyran-4-one nucleus were selected for superimposition. The
conformations that exhibited minimum rms after superimposition
procedure were selected and stored in the database for the next
step.

The field fit procedure was used as another alignment criteria to
increase field similarity within a series of studied molecules. The
rms differences in the sum of steric and electrostatic interaction
energies averaged across all (possibly weighted) lattice points, be-
tween the studied molecule and the template was minimized to
find the best fit. Chromone 32 was also used as the template mol-
ecule in field fit alignment.

2.5. CoMFA and CoMSIA setup

CoMFA and CoMSIA were performed using the QSAR option in
SYBYL 8.1. In CoMFA, the cubic grid space was generated around
molecules in the training set based on the molecular volume of
the structures. A sp>-carbon atom was probed with a +1.0 unit
charge, 2.0 A grid spacing, and the default 30 kcal/mol energy cut-
off for steric and electrostatic fields.

CoMSIA was performed using five physicochemical properties,
i.e., steric, electrostatic, hydrophobic, hydrogen bond donor and
hydrogen bond acceptor. These parameters were evaluated using
common probe atom with 1 A radius, charge +1.0, hydrophobicity
+1.0, hydrogen bond donor and acceptor properties +1.0. Similarity
indices were calculated using Gaussian-type distance dependence
between the probe and the atoms of the molecules of the data
set. This functional form required no arbitrary definition of cutoff
limits, and similarity indices were calculated at all grid points in-
side and outside the molecule. The value of the attenuation factor
o was set to 0.3.

PLS methodology was used for all 3D-QSAR analyses. The grid
had a resolution of 2.0A and extended beyond the molecular
dimensions by 4.0 A in all directions. Column filtering was set to
2.0 kcal/mol. CoMFA and CoMSIA models were developed using
the conventional stepwise procedure. The optimum number of
components used to derive the non-validated model was defined
as the number of components leading to the highest cross-vali-
dated r? (q°) and the lowest standard error of prediction (SEP).
The g° values were derived after “leave-one-out” cross-validation.
The noncross-validated models were assessed by the explained
variance 2, standard error of estimate (S) and F ratio. The non-
cross-validated analyses were used to make predictions of plICsg
of the chromone derivatives from the test set and to display the
coefficient contour maps. The actual versus predicted pICsq were
fitted by linear regression, and the “predictive” %, S, and F ratio
were determined.

3. Results and discussions
3.1. CoMFA study

CoMFA was carried out to evaluate the steric and electrostatic
properties associated with the radical scavenging activity of the
studied chromone derivatives. Table 2 summarizes the statistical
results of the CoMFA models from different alignment methods.
The cross-validated correlation coefficient, g° defines the goodness
of prediction whereas the conventional (noncross-validated) corre-
lation coefficient, r? indicates goodness of fit of a QSAR model. The
q? derived from the HF/6-31G" optimized structures and field fit
alignment was higher than those from AM1 optimized geometry
with superimposition and field fit alignments. The best CoMFA
model gave ¢7 = 0.821 with optimum number of components =6,
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Fig. 1. Experimental versus calculated pICs, for the training set (#) and the test set
(a) (a) COMFA model, HF/6-31G" optimization and field fit alignment. (b) CoMSIA
model, AM1 optimization and superimposition alignment.

Table 4
CoMSIA statistic results.
AM1 HF/6-
31G
Superimposition Field fit Field fit
Cross-validation ~ Optimal 6 6 6
components
'd 0.876 0.775 0.670
S 0.290 0312 0.329
Non-cross I 0.976 0.963 0.959
validation S 0.129 0.160 0.168
F 208.073 133.792  120.741
Steric - 0.151 0.406
Electrostatic 0.295 0.533 0.594
Contributions Hydrophobic 0.206 - -
H-donor 0.342 - -
H-acceptor 0.157 0.316 -

a noncross-validated r?=0.987, standard error of estimation
(S)=0.095, and F = 388.255. The steric and electrostatic fields con-
tributed to the QSAR equation by 45.0%, and 55.0%, respectively.

The experimental), the calculated plCsg and the residuals (the
differences between the experimental and the calculated values)
of the predictions from the best COMFA model are shown in Table 3.
The scattered plots of the actual and predicted pICsy of compounds
in the training set and test set are depicted in Fig. 1a.

3.2. CoMSIA study

The CoMSIA study was performed using the same PLS protocol
and stepwise procedure as in the CoMFA study. The best CoMSIA
model was obtained from AM1 optimized structures with superim-
position alignment criteria (Table 4). This CoMSIA model gave
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¢? = 0.876 with optimum number of component =6, a noncross-
validated r? = 0.976, S=0.129, and F = 208.073, including electro-
static, hydrophobic, hydrogen bond donor and acceptor fields. In
this model, electrostatic, hydrophobic, hydrogen bond donor, and
hydrogen bond acceptor fields contributed to the QSAR equation
by 29.5%, 20.6%, 34.2%, and 15.7%, respectively. The experimental,
calculated pICsg, and the residuals of the predictions are shown
in Table 5. The scattered plots of the actual and predicted pICsg
of compounds in the training set and test set from the best CoMSIA
model are illustrated in Fig. 1b. The statistical outcomes and the
linearity of the scattered plots indicate the high fitting and predic-
tive abilities of both CoOMFA and CoMSIA models.

3.3. CoMFA and CoMSIA contour maps

The QSARs produced by CoMFA and CoMSIA models are usually
represented as 3D coefficient contour maps and these contour
maps are useful for exploring SARs. Fig. 2a and b illustrate the
CoMFA contour maps from the HF/6-31G" optimization and field
fit alignment. The molecular structure of chromone 32 was dis-
played inside the field as the reference structure. The green con-
tours represent the regions of favorable steric substituents, and
yellow contours represent regions of disfavorable steric substitu-
ents. As shown in Fig. 2a, the steric group is preferred at C-8. Elec-
tronegative substituent (the red contours) should be located

Table 5
The experimental, calculated activities, and the residuals of CoMSIA.
Compd. PICso
Experimental AM1 HF/6-31G
Superimposition Field fit Field fit
Calculated Residual Calculated Residual Calculated Residual
Training set
1 3.429 3.557 -0.128 3.797 -0.368 3.940 -0.511
2 4.761 4.985 -0.224 4.819 —0.058 4771 -0.010
3 5.226 5.389 -0.163 5.411 —-0.185 5.171 0.055
4 4.868 4.561 0.307 4.764 0.104 4.645 0.223
6 4.110 3.960 0.150 3.723 0.387 4.122 -0.012
7 3.040 3.058 -0.018 3.026 0.014 3.017 0.023
9 2919 2.957 —0.039 2.887 0.031 3.002 —-0.083
11 3.420 3.458 —0.038 3.373 0.047 3.421 —0.001
12 3.157 3.246 —0.089 3.183 —-0.026 3.341 -0.184
13 2.942 3.112 -0.170 3.146 -0.204 3.012 -0.070
14 3.156 3.121 0.035 3.145 0.011 3.144 0.012
15 3.286 3.173 0.113 3.159 0.127 3.313 -0.027
16 3.288 3.270 0.017 3.147 0.140 3.432 —-0.145
18 3.318 3.363 —0.045 3.416 —0.098 3.046 0.272
19 3.465 3.456 0.009 3.410 0.055 3.375 0.090
20 3.451 3.444 0.007 3.453 —0.002 3.462 —-0.011
21 3.310 3.222 0.088 3.185 0.125 3.295 0.015
22 3.388 3.212 0.176 3334 0.054 3.310 0.078
23 3.260 3.303 —0.043 3.402 —0.142 3.293 —0.033
24 3.128 3.283 —0.156 3.335 -0.208 3.153 -0.026
25 3.288 3.223 0.065 3.418 —-0.130 3.393 -0.105
26 3.162 3.146 0.016 3.120 0.042 3.277 -0.115
28 2.937 2.818 0.119 2.858 0.079 2.657 0.280
29 3.005 2.826 0.179 2.760 0.245 2.898 0.107
30 3.023 3.033 —-0.010 3.079 —0.056 3.062 —0.039
31 2.606 2.847 —0.241 2.605 0.001 2.567 0.039
32 5.308 5.485 -0.177 5.203 0.105 5.218 0.090
33 4.927 4917 0.010 4.826 0.101 4.893 0.034
34 4,988 4.836 0.152 4,727 0.261 4.828 0.160
36 4.940 5.037 —0.097 4.933 0.007 4.755 0.185
37 4916 4911 0.005 4.936 —-0.020 5.082 -0.166
39 3.391 3.539 —0.148 3.666 -0.275 3.723 -0.332
40 3.284 3.266 0.018 3.266 0.018 3.471 —0.187
42 3.243 3.246 —0.089 3.183 —0.026 3.229 0.014
43 3.442 3.391 0.051 3.385 0.057 3.321 0.121
44 3.251 3.262 -0.011 3.326 -0.075 3.192 0.059
45 3.388 3.349 0.038 3.482 —0.095 3.179 0.209
46 3.271 3.297 —0.026 3.376 -0.105 3.378 -0.107
Test set
5 3.697 3.340 0.357 3.636 0.061 3.686 0.011
8 2.819 3.073 -0.254 3.200 -0.381 3.577 —0.758
10 2.958 3.115 -0.157 3.074 -0.116 3.386 —0.428
17 3.004 3.565 —0.561 3.577 -0.573 3.468 —0.464
27 2.940 2.719 0.221 2.563 0.377 2.536 0.404
35 4.857 4.930 -0.073 4.866 —0.009 4.683 0.174
38 3.256 3.485 -0.229 3.485 -0.229 3.307 —0.051
41 3.223 3.187 0.036 3.264 —-0.041 3.464 -0.241
47 3.451 3.498 —0.047 3.534 —-0.083 3.539 —0.088
48 2918 2.923 —0.005 3.203 -0.285 2.326 0.592
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(e)

(f)

Fig. 2. CoMFA steric contour map (a) and electrostatic contour map (b). The green contour refers to sterically favored region; the yellow contours indicate disfavored areas.
The blue contour indicates region where electropositive substituent is favored and red contour refers to region where electronegative substituent is favored. CoMSIA
electrostatic contour map (c). CoMSIA hydrophobic contour map (d), green and white contours indicate regions where hydrophobic group favored and disfavored the activity,
respectively. COMSIA hydrogen bond donor contour map (e), cyan contours represent areas where hydrogen bond donor group favored. CoMSIA hydrogen bond acceptor
contour map (f), magenta and red contours indicate regions where hydrogen bond acceptor group favored and disfavored, respectively. (For interpretation of the references to

color in this figure legend, the reader is referred to the web version of this article.)

around C-7 and C-8 of ring A and electropositive substituent (the
blue contours) around O-1 of ring C and C-6' of ring B (Fig. 2b).
The contour maps of the CoMSIA model derived from AM1 opti-
mization with superimposition alignment are shown in Fig. 2c-f.
The electrostatic contour maps (Fig. 2c) were corresponding to
those of CoMFA. The hydrophobic contour map (Fig. 2d) shows that
the hydrophobic substituents (green contours) at C-2 and C-3 of
chromone nucleus and hydrophilic group (white contours) at C-

3” and C-4” of ring D might increase activity. The hydrogen bond
donor and acceptor fields gave more contribution (49.9%) to the
QSAR equation than the other fields. The hydrogen bond donor
and acceptor contour maps (Fig. 2e and f) indicate that hydrogen
bond donor group should be located at C-7 and C-8 and hydrogen
bond acceptor group around C-3/, C-4' and C-5' in ring B. The
underlying of the presence of OH groups at C-7 and C-8 leading
to increased activity could be explained by the ease of H atom
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Fig. 3. Proposed mechanism of radical stabilization.

abstraction due to the radical stabilization (Fig. 3). The initial H
atom abstraction occurs on the 7-OH group. The generated free
radical is stabilized via the resonance of an unpaired electron.
The semiquinone type radical is more reactive than the original
phenol molecule, therefore second H atom liberation from the 8-
OH group proceeds rapidly, leading to a quinone structure. These
results support the SAR previously reported that effect of antioxi-
dants on DPPH assay was thought to be due to their hydrogen
donating ability [23,24].

These 3D-QSAR results provide structure-radical scavenging
activity relationships: (i) an ortho-dihydroxy substitution (the
presence of a catechol group) located at C-7 and C-8 of chromone
nucleus is important for high activity, and (ii) the presence of
hydrophobic substituents at C-2 and C-3 contribute to the higher
activity. As shown in Table 1, compounds with 7,8-dihydroxy
and C-2, C-3 substituents, i.e., chromones 32-37 exhibited strong
activity (ICso = 4.95-12.15 uM).

4. Conclusion

In this study, the ligand-based 3D-QSAR, CoMFA and CoMSIA
have been successfully applied to a set of novel chromone series.
Statistical parameters illustrate the established CoMFA and CoM-
SIA models are reliable. The contour maps provide significant rela-
tionships between structural features and radical scavenging
activity. The catechol part (ring A) of chromones was essential fea-
ture which contributed to a greater stability of the formed aryloxy
radicals via resonance stabilization. Moreover, the presence of
hydrophobic groups at C-2 and C-3 were favored for enhanced
activity. Consequently, the present study also gives the meaningful
structural insights into possible modifications of chromone deriva-
tives which could improve radical scavenging activity for the fu-
ture work.
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