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Comparative Molecular Field Analyses (CoMFA) Models and
Their Selectivity for the Herbicidal Activities of New Novel
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The comparative molecular field analyses (CoMFA) models for the herbicidal activities against
barnyardgrass (Echinochloa crus-galli) and rice plant (Orysa sativa L.) by the substituent (R) on
the hexahydroisoindol-1-one ring in a series of new 2-(4-chloro-5-(2-chloroallyloxy)-2-fluorophenyl)-
3-thioalkoxy-2,3,4,5,6,7-hexahydroisoindol-1-one derivatives were conducted and discussed for selec-
tivity between both plants. The statistical results of the two best models (B2 & R7) showed the best
predictability for the herbicidal activities based on the cross-validated value ¢ (cv. = 0.529~ 0.755)
and none cross-validated value (1%, = 0.937~0.945), respectively. Based on the findings, the predict-
ability and fitness of the model (B2) for barnyard grass was better than that of the model (R7)
for rice plant. From the two models and contour maps, it is revealed that the novel selective char-
acter for herbicidal activity between the two plants depend on the electrostatic field and steric field
for the substituent of ortho-positions on the S-phenyl group as R-substituent in hexahydroisoindol-
I-one ring.

Key words: Barnyardgrass (Echinochloa crus-galli), rice plant (Orysa sativa 1.), 2-(4-chloro-3-(2-chloroally-
=% loxy)-2-fluorophenyl)-3-thioalkoxy-2,3,4,5,6,7-hexahydroisoindol-1-ones,  selective  herbicidal  activity,

CoMFA model.
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Fig. 1. General structure of 2-(4-chloro-5-(2-chloroallyloxy)-2-
fluorophenyl)-3-thioalkoxy-2,3,4,5,6,7-hexahydroisoindol-1-one
derivatives: R=alkylthio (1-4) and phenylthio (5-18) substituents.
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Fig. 2. Alignment of the potential energy minimized substrate
structures according to a least-squares atom based fit.
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Table 1. Observed herbicidal activities (0bs.pl,,) aginst rice plant and barnyardgrass, and predicted herbicidal activities (pred.pl,,) by the

best CoMFA models

Rice Plant (RP) Barnyard grass (BG)
No. Substituents (R) AObs.®
Obs. Pred.? Dev.” Obs. Pred.” Dev.”
1 Hydroxy 433 4.32 0.01 4.08 4.13 -0.05 -0.25
2 Ethylthio 443 4.50 -0.07 4.69 4,529 0.179 0.26
3 Iso-propylthio 4.57 4.53 0.04 4.70 4.58 0.12 0.13
4 n-Hexylthio 4.48 451 -0.03 5.08 5.03 0.05 0.60
5 2-Methoxyphenylthio 4.50 447 0.03 4.61 4.60 0.01 0.11
6 3-Methoxyphenylthio 3.90 4.00 -0.10 494 4.86 0.08 1.04
7 2-Tolylthio 4.64 4.62 0.02 4.83 4.82 0.01 0.19
8 3-Tolylthio 4.49 4.48 0.01 5.68 5.54 0.14 1.19
9 4-Tolylthio 4.56 4.50 0.06 5.51 5.62 -0.11 0.95
10 3-Chlorophenylthio 5.53 5.499 0.04% 4.66 4.84 -0.18 -0.87
11 2-Fluorophenylthio 4.49 4.54 -0.05 4.67 4.78 -0.11 0.18
12 3-Fluorophenylthio 438 4.06" 0.329 4.84 4.619 0.23¢ 0.46
13 4-Fluorophenylthio 4.19 4.07 0.12 4.68 4.67 0.01 0.49
14 3-Trifluoromethylphenylthio 4.48 4.50 -0.02 4.53 4.43 0.10 0.05
15 4-Trifluoromethylphenylthio 4.53 4.55 -0.02 4.65 4.70 -0.05 0.12
16 4-(Benzyloxy)benzylthio 4.27 4.73% -0.469 4.62 4709 -0.089 0.35
17 2,6-Difluorobenzylthio 4.87 4.85 0.02 4.81 4.79 0.02 0.06
18 4-Benzylthio 4.62 4.62 0.00 4.84 4.85 -0.01 0.22
Ave.? 0.04 0.07

“Predicted value by the best models, (R7) & (B2)., “difference of observed activity and predicted activity, “difference of observed activity between two

plants. “test set compound, “average residual of training set.
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Fig. 3. Relationships between observed values (obs.) for the
herbicidal activities against barnyard grass and predicted values
(pred.) by CoMFA model. For training set: Pred.pl,,=0.946 obs.pl,
+0.241 (n=18, s=0.109, F=160.545, *=0.909 & q*=0.886).
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Table 2. Summary of the statistical results for CoMFA models
(Rice plant; R1-R8 & Barnyardgrass; B1-B8) with several different

Negative charge
field combinations at grid 3A using atom based fit alignment g

Pusitive charge

fasor favor

Model Fields PLS analyses

ode I H CN r, oo SEE o Sterie favor

R1? O 3 0.145 0.893 0.080

R2 O 4 0.101 0.958 0.052

R3 O 2 0.047 0.451 0.174 o

R4 O 4 0.432 0.893 0.084

RS O O 2 0066 0.523 0.162 I N

R6 O O 3 0.520 0.896 0.079 '

R7” O @) 4 0.529 0.937 0.064

RR O O O 3 0.446 0.894 0.080

o

E;w 0 © i gjzz 83461(5) gigi Fig. 4 The co.nt.our pl(?ts of 'the CoMFA field (stdev*coeff) for‘ the.
herbicidal activity against rice plant., Left: Model (R7) & Right:

B3 O 1 0.033 0.301 0.335 Model (R6)., The lowest active 3-methoxyphenylthio substituent (6) is

B4 O 1 0.106 0.330 0.328 shown in capped sticks.

BS @) O 5 0.634 0.937 0.121

B6 O O 4 0.428 0.864 0.168

B7 o o 1 0.051 0.357 0321 Sterie favar

B8 O O O 4 0.155 0.853 0.175

Pasitive charge = sterie disfavor

Field fit alignment and grid 24, Pbest model, “field fit alignment and
grid 1A, 1’ =cross-validated correlation coefficient; CN = optimum
number of components; r*,., = non-cross-validation correlation coefficient,
SEE =standard error of estimate, S =standard field, [=indicator field,
H = H-bond field.
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Table 3. Statistical parameters and contributions results for the optimised CoMFA models

Models” Statistical parameters Value Field contributions (%)
R7 Cross-validation 1, 0.529 Steric 88.4
Non-cross-validation r* 0.937 Hydrophobic (clogP) 11.6
Standard error of estimate, SEE 0.064
F-value” 37.371
Optimum number of components 4
B2 Cross-validation * 0.755 Steric 30.6
Non-cross-validation r° ., 0.945 Electrostatic 479
Standard error of estimate, SEE 0.107 Hydrophobic (clogP) 21.5
F-value? 42.721
Optimum number of components 4

“Number of molecules of training set were 15 and number of molecules of test set were 3., Yfraction of explained versus unexplained variance,



398 AU . D)

Table 4. Herbicidal activities (pl,) of predicted phenylthio
substituents by CoMFA models, R7 and B2

No. Sub.(R) = phS-. RPY BG” AObs.®
P1 p-CH,NH," 442 6.93 2.51
P2 p-Decyl 4.74 6.57 1.83
P3 m-Dodecyl 4.82 6.30 1.48
P4 m-Nonanyloxy 4.65 6.29 1.64

“Oryza sativa L. “Echinochloa crus-galli, “difference of observed
activity between two plants.
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