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The influences on antioxidant activities of the substituents (R;-R;) on benzo ring in 4-Methyl-2H-
benzopyran-2-one analogues (1-23) were discussed quantitatively using three dimensional quantita-
tive structure-activity relationships (3D-QSARs: Comparative molecular field analyses (CoMFA)
and Comparative molecular similarity indice analyses (CoMSIA)) methods. The statistical qualities
of CoMSIA models were better than those of CoMFA models and the CoMSIA 2 model was opti-
mized model (q°=0.700 & r’=0.979). Also, the contribution ratios (%) of the optimized CoMSIA 2
model were H-bond donor field 43.5%, electrostatic field 41.8% and steric field 14.7% so that the
antioxidant activity exhibited a strong correlation with H-bond donor and electrostatic factor of
molecules. From the analytical results of the CoMSIA contour maps, if the positive charge favor
group and H-bond donor disfavor group were placed in the R;-R, positions on the benzo ring, it
was predicted that the groups would raised the antioxidant activity.
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Fig. 1. Alignment of the potential energy minimized 4-methyl- 2H-
benzopyran-2-one structures according to a least-squares atom
based fit.
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Fig. 2. Variation of q” upon changing the attenuation factor, o, used
in the distance dependence between the probe atom and the atoms
of the molecules in the optimized CoMSIA 2 model. (the number on
top of the point indicates the optimum number of components).
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Table 1. Antioxidant activity of 4-methyl-2H-benzopyran-2-one analogues and training set of 3D-QSAR models

R4 CHs
R
2 AN
Ry o o)
R4
N Substituents (R) Antioxidant activity (pls,)
0.
R, R, R; R, Obs.? Pred.” AY
1 H H H H 3.22 3.35 -0.13
2 H CH; H H 3.35 3.44 -0.09
3 H H CH; H 3.31 3.41 -0.10
4 H OCH; H H 4.14 4.13 0.01
5 H H OCH; H 4.11 3.94 0.17
6 H OH H H 448 4.64 -0.16
7 H H OH H 437 441 -0.04
8 CH; H OH H 442 4.18 0.24
10 H OH CH; H 4.90 5.02 -0.12
11 H H OH OH 7.28 7.32 -0.04
12 H OCOCH; H H 5.00 4.76 0.24
13 H OCOCH; CH; H 4.79 4.81 -0.01
14 CH; H OCOCH; H 3.48 3.64 -0.16
16 H OCOCH; CH; H 4.18 4.17 0.01
18 H OCOCgHs H H 4.05 3.99 0.06
20 CH; H OCOC4Hs H 3.78 3.70 0.08
21 H H OCOCH; CH; 3.89 3.72 0.17
22 H OCOC4H; CH; H 4.04 4.16 -0.12

J0bserved antioxidant activity, ®predicted activity by the optimized CoMSIA 2 model, “different between observed activty and predicted activity.

Table 2. Summary of the statistical parameters of 3D-QSAR models with two alignments

) PLS Analyses
Models No. Alignments ~ -
Grid (A) Components P Prey” SEpe® F
CoMFA 1 AF 1.5 4 0.215 0.955 0.223 69.246
CoMFA 2 FF 1.5 4 0.860 0.961 0.207 80.458
CoMSIA 1 AF (a=0.3) 3.0 3 0.614 0.980 0.145 223212
CoMSIA 29 FF (0=0.3) 3.0 3 0.700 0.979 0.147 217.170

5

Notes: F: fraction of explained versus unexplained variance; attenuation factor: o; “cross- validated r% ®non-cross-validated r%; 9standard error estimate;

Yoptimized model.
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53 »doldtt &, CoMSIA 1 Rde Aijo] Zgkor}
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Fig. 3. Relationships between observed activitiy (Obs.pls,) and H-bond donor disfavor

predicted activity (Pred.pls;) by the optimized CoMSIA 2 model.
(Training set; Pred.pls;=0.980, Obs.pls=0.086, n=18, s=0.136, F=
745.728, ’=0.979 & q°=0.973).

HAsAI U 53], HAY FAEE A7133 A 5
SHE:HD-1:1) B1&2 813 HZAT FAS dadat oF 3:1
o] ¥gE HAY FAFe] B diEo] dAaksEAdel
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Fig. 4. CoMSIA contour maps displayed with compound 11. (A)

AFAE g T E Fig. 4ol YERH AT}, wx > AHA Steric and electrostatic field distribution and (B) H-bond donor field
A3} A7) sk S ‘:(A)Oﬂ A RAAI= AP oz distribution. (Left: Front view & Right: Side view).
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Table 3. Summary of field contribution ratio (%) by 3D-QSAR models, Ave., and PRESS of training and test sets

Contribution ratio (%) Training set Test set
Model No.
S E Hy HD Ave. PRESS Ave. PRESS
CoMFA 1 58.6 40.7 1.2 - 0.17 0.64 0.48 2.35
CoMFA 2 57.1 42.7 0.2 - 0.14 0.56 0.40 1.95
CoMSIA 1 12.6 37.4 83 41.8 0.11 0.29 0.34 0.83
CoMSIA 27 14.7 41.8 - 43.5 0.11 0.30 0.26 0.66

Notes: S: steric, E: electrostatic, Hy: hydrophobic, HD: H-bond donor, HA: H-bond donor acceptor, Ave.: average residual, PRESS: predictive residual
sum of squares, Yoptimized model.

Table 4. Antioxidant activity of 4-methyl-2H-benzopyran-2-one analogues and test set of 3D-QSAR models

N Substituents (R) Antioxidant activity (plsp)
0.
R, R, R; R, Obs.” Pred.” A9
9 H H OH CH; 443 444 -0.01
15 H H OCOCH; CH; 3.56 4.05 -0.49
17 H H OCOCH; OCOCH; 5.38 4.76 0.63
19 H H OCOCH; H 3.94 3.93 0.01
23 H H OCOCH; OCOCHs 427 4.45 -0.18

90bserved antioxidant activity, Ppredicted activity by the optimized CoMSIA 2 model, “different between observed and predicted activity.
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H-AS FA3o] dAksie gl 7P & 92 mix= 840]
At} CoMSIA 3% XA}, benzo JLE)idol] b A
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Key words: 313184, 4-Methyl-2H-benzopyran-2-one -
EA), 3D-QSARs (CoMFA & CoMSIA)
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