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Three-dimensional quantitative structure-activity relationships (3D-QSARs) for the herbicidal activ-
ities against pre-emergence barnyard grass (Echinochloa crus-galli) by new 2-(4-(6-chloro-2-benzox-
azolyloxy)phenoxy)-N-phenylpropion amide derivatives were stedied quantitatively using comparative
molecular field analysis (CoMFA) and comparative molecular similarity indices analysis (CoMSIA)
methodologies. The best CoMFA model (AI-2) and CoMSIA model (AIl-4) were derived from an
atom based fit alignment and a combination of CoMFA fields. The herbicidal activities from
CoMFA and CoMSIA contour maps showed that the activity will be able to be increased according
to the substituents variation on the N-phenyl ring.

herbicidal activity, pre-emergence

Key words: 2-(4-(6-chloro-2-benzoxazolyloxy)phenoxy)-N-phenylpropionamides,
Fmmmmmm—— barnyard grass, COMFA & CoMSIA model.
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Fig. 1. General structure of 2-(4-(6-chloro-2-benzoxazolyloxy) phenoxy)-
N-phenylpropionamide derivatives.
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Fig. 2. The superimpose of the potential energy minimized
substrate structure using atom based fit alignment method.
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Table 1. Observed herbicidal activities (obs.pl,;) against pre-emergence barnyard grass and predicted activities (pred.pl,,) by the two models

N Subst CoMFA CoMSIA
& bstituents (R) obspla pred.? - Dev.” pred.” Dev.?
1 2-n-Propyl 4.51 4.69 -0.18 458 -0.07
29 2-Fluoro 493 5.18 -0.25 5.13 -0.20
3 2-Chloro 5.35 5.03 0.32 4.96 0.39
4 2-Methyl ) 533 5.18 0.15 5.16 0.17
5 2-Methoxy 5.35 5.34 0.01 5.22 0.13
6 2-Acetyl 4.69 4.86 -0.17 4.71 -0.02
79 3-Methoxy 535 5.12 0.23 5.04 0.31
8 3-Hydroxyl 4.84 5.12 -0.28 4.99 _ -0.15
9 4-Methyl 492 4.91 0.01 5.24 -0.32
10 4-Methoxy 5.00 4.87 0.13 5.13 -0.13
1 4-Phenyl 4.26 430 -0.04 4.07 0.19
12 4-Cyano 4.86 488 -0.02 4.87 -0.01
13 4-Cyanomethyl 4.84 4.73 0.11 4.89 -0.05
149 4-Acetoxy 4.60 3.80 0.80 4.11 0.49
15 - 4-Ethoxycarbonylmethyl 4.50 445 0.05 4.46 0.04
16 4-Methoxycarbonylmethyl 449 4.48 0.01 452 -0.03
17 2-Methyl,4-Methoxy 4.86 4.83 0.03 4.85 0.01
18 2,4-Dimethyl 494 4.93 0.0t 493 0.01
19 2-Methyl,4-Hydroxy 4.73 5.16 -0.43 4.87 -0.14
20 2-Methyl,4-Ethoxycarbonylmethoxy 497 4.90 0.07 4.93 0.04
219 2-Methyl,4-Buthoxy 429 3.92 0.37 3.89 0.40
22 2-Methyl,4-Carboxyl 455 4.38 0.17 4.59 -0.04
23 2,6-Difluoro 491 4.77 0.14 4.88 0.03
24 2,6-Diethyl 2.83 2.84 -0.01 2.76 0.07
25 2,4,5-Trifluoro 4.89 4.96 -0.07 491 -0.02
26 2-Methyl,4-Carboxymethoxy 398 3.92 0.06 3.98 0.00
27 2-Methyl4-Acethoxy - 4.15 3.84 0.31 3.76 0.39
28 2-Chloro,4-Acethoxy 343 3.64 -0.21 3.59 -0.16
29 2-Chloro,4-Ethoxycarbonyl 2.82 2.86 -0.04 3.04 -0.22
30 2-Chloro,4-Ethoxycarbonylmethoxy 3.40 3.41 -0.01 341 -0.01
31 2,6-Dichloro,3-Methyl 329 3.40 -0.11 3.37 -0.08
Ave? 0.117 0.108
Test.Ave.” 0.413 0.350

“Predicted values by the best COMFA model (AI-2) and CoMSIA model (All-4)., Ydifference of observed (obs.ply,) values and predicted (pred.ply,)
values, “test set compound, Yaverage residual of training set, Yaverage residual of test set.
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Table 2. Summary of statistical parameters from various CoMFA models with two alignment methods

Alignment Atom based fit Field fit

Models No. Al-1 AL-2¥ Al-3 Al-4 Al-5 FI-1 FI-2 FI-3 FI-4 FI-5
Fields S SI SH H SIH S SI SH H STH
Grid (A) 2.0 2.0 1.0 2.0 2.0 2.0 2.0 2.0 2.0 20
Component 4 4 4 4 4 4 4 4 4 4
() 0.630 0.705 0.518 0.614 0.649 0.628 0.699 0.592 0.632 0.668
.0 0.924 0.949 0.949 0.929 0.934 0.924 0.946 0.921 0.932 0.941
SEE,..? 0.217 0.179 0.178 0.211 0.203 0.218 0.183 0.222 0.207 0.192
Fo 67.143 101.557 103.399 71.442 77.704 66.603 96.557 64.174 74.878 87.970
Steric 0.596 0.773 0.527 0.913 0.789 0.593 0.769 0.709 0.901 0.796
Electrostatic 0.357 0.190 0.405 0.011 0.154 0.359 0.200 0.208 0.018 0.144
ClogP 0.047 0.037 0.068 0.076 0.057 0.048 0.031 0.083 0.081 0.060

Abbreviation: S=standard field, I=indicator field, H=H-bond field, ®The best model, Pcross-validated >, “none cross-validated 1, Ystandard error

estimate, fraction of explained versus unexplained variance.

Table 3. Summary of statistical parameters from various CoMSIA models with two alignhment methods

Alignment Atom based fit Field fit

Models No. All-1 All-2 All-3 All-4a) All-5 FII-1 FII-2 FII-3 FlI-4 FII-5
Fields S SE SD SEH SHD S SE SD SEH SHD
Grid (A) 1.0 25 2.0 25 3.0 1.0 2.5 1.0 2.5 3.0
Component 5 5 5 5 5 5 5 5 5 5
Atte. (o) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
() 0.552 0.554 0.619 0.515 0.518 0.508 0.568 0.587 0.530 0.516
Y 0.944 0.939 0.906 0.953 0.895 0.940 0.933 0.890 0.945 0.882
SEE,_.° 0.191 0.199 0.248 0.176 0.262 0.198 0.210 0.268 0.190 0.277
F? 70.744 65.156 40.576 84.798 35.945 70.744 58.097 34.102 71.825 31.469
Steric 1.000 0.392 0.723 0.258 0.412 1.000 0.447 0.700 0.283 0.419
Electrostatic - 0.608 - 0472 - - 0.553 - 0.407 -
Hydrophobic - - - 0.270 0.351 - - - 0.310 0.336
HD® - - 0.277 - 0.237 - - 0.300 - 0.245

Abbreviation: S=steric field, H=hydrophobic field, E=electrostatic ficld, D=H-bond donor field, *The best model, ®Attenuation factor, “cross-validated
r, “non-cross-validated r?, standard error estimate, Mraction of explained versus unexplained variance, ®hydrogen bond donor.
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Fig. 3. Relationships between observed values (obs.pl,) and
predicted values (pred.pl,) by the best CoOMFA model AI-2. For
data set: pred.pl;,=0.9480bs.pl,+0.196 (n=31, s=0228, F=254.14,
q’=0.897 & r=10.947).
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Fig. 4. CoMFA contour map for steric and electrostatic field
(stdev*coeff) on the herbicidal activity against pre-emergence
barnyard grass. The most active compound 2-methoxy substituent
(5) is shown in capped sticks.
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Fig. 5. CoMSIA contour maps for steric, electrostatic and
hydrophobic field (stdev*coeff) on the herbicidal activity against
pre-emergence barnyard grass. The most active compound 2-
methoxy substituent (5) is shown in capped sticks.

Table 4. Herbicidal activities (pred.pL,) of predicted compounds”
by the best CoOMFA and CoMSIA models

“No. Sub. (R) CoMFA CoMSIA Aver?
Pl 0-NO, 5.61 738 6.50
) 0-S0;, 5.63 7.22 643
P3 0N, 5.83 6.76 6.30
P4 0-SO,CH, 5.36 6.35 5.86
P5 m-CH,NMe,* 6.04 5.56 5.80

“Confirmed by optimizing gsar'® method., b)Average value of two
predicted values.
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