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The herbicidal activities against the pre-emergence of rice plant (Oryza sativa L.) and barnyard
grass (Echinochloa crus-gall) with changing substituents (R,-R,) of new 5-benzofuryl-2-[1-(alkoxy-
imino)alkyl]-3-hydroxycyclohex-2-en-1-one derivatives as substrate molecules were studied quantita-
tively using comparative molecular field analyses (CoMFA). The optimized CoMFA models (rice
plant: AS & barnyard grass: B3) were derived from atom based fit alignment and a combination
of CoMFA fields. The two models for herbicidal activity against two plants showed the best pre-
dictability and fitness (q*> 0.6 & 1, > 0.94) for the herbicidal activities. Also, COMFA-HINT con-
tour maps showed that the selective herbicidal activity between rice plant and barnyard grass
depends on the hydrophobicity of R, and R, groups in molecule. Therefore, it is expected that the
herbicidal activity against barnyard grass will be improved by the introduction of the steric bulk
small and hydrophobic group.
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Fig. 1. General structure of 5-benzofuryl-2-[1-(alkoxyimino)alkyl|-
3-hydroxycyclo- hex-2-en-1-one derivatives (R,-R,).
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Table 1. Observed herbicidal activities (Obs.ply,) against Oryza sativa L. (A), Echinochloa crus-galli (B), and predicted activities (Pred.ply) by the CoMFA

models
Substituents A B
No. AObs.?
R, R, R, R, Obs. Pred.” Dev.? Obs. Pred.? Dev.”
1 Et Me Et H 5.03 4.98 0.05 5.09 5.11 -0.02 0.06
2 Et CH,CH=CH, Et H 5.06 5.15 -0.09 534 5.29 0.05 0.28
3 Et CH,C=CH Et H 4.36 4.29 0.07 5.08 5.16 -0.08 0.44
4 Et CH,C(Cl=CH, Et H 4.64 4.65 -0.01 5.08 5.01 0.07 0.44
5 Et CH,-Cypr. Et H 4.48 4.69 -0.21 491 497 -0.06 043
6 n-Pr Me Et H 4.68 447 0.21 4.89 497 -0.08 0.21
7 n-Pr Et Et H 4.549 - - 5.06 4.90 0.16 0.52
8 n-Pr CH,CH=CH, Et H 4.48 437 0.11 493 4.99 -0.06 045
9 n-Pr CH,C=CH Et H 4209 - - 4839 - - 0.63
10 n-Pr CH,C(C)=CH, Et H 3.97 4.05 -0.08 5.15 5.13 0.02 1.18
11 Me Me Me H 5.06 5.21 -0.15 5.78 5.62 0.16 0.72
12 Me CH,CH=CH, Me H 5329 - - 6.009 - - 0.68
13 Me CH,C(CI)=CH, Me H 5.33 532 0.01 6.03 6.04 -0.01 0.70
14 Me CH,CH=CH(CI) Me H 5.70 5.55 0.25 5.96 6.05 -0.09 0.26
15  Et CH,-Cypr. Me H 435 437 0.02 457 4.66 -0.09 022
16 Me Me H Me 4.60 4.64 -0.04 5209 - - 0.60
17 Me CH,C(CI)=CH, H Me 4.14 421 -0.07 5.36 542 -0.06 1.22
18 Et CH,C=CH H Me 3.899 - - 4.65 4.78 -0.13 0.76
19 Et CH,C(Cl)=CH, H Me 4.38 4.25 0.13 4.97 4.71 0.26 0.59
20 Et CH,-Cypr. H Me 3.81 3.72 0.09 4.49 4.55 -0.06 0.68
21 n-Pr Me H Me 3.83 3.85 -0.02 4.79 4.73 0.06 0.96
22 n-Pr CH,C=CH H Me 3.86 3.89 -0.03 4.73 4.64 0.09 0.87
23 n-Pr CH,C(Cl)=CH, H Me 3.84 3.88 -0.04 4.40 4.56 -0.16 0.56
24 n-Pr CH,CH=CHCH, H Me 3.77 3.85 -0.08 5.049 - - 1.27
Sethoxydim 3.93 4.93
Ave I(PRESS?) 0.083(0.209) 0.089(0.225)

PPredicted values by the optimized CoMFA models (A5 & B3), "difference of observed (Obs. pISO) values and predicted (Pred.ply,) values,
Odifference of observed valus between two plants.,“test set compound, ®average residual of training set, “predictive residual sum of squares of the

training set.

Table 2. Observed herbicidal activities (Obs.pl,,) against Oryza sativa L.
(A), Echinochloa crus-galli (B) and predicted activities (Pred.pl,) for
the test set compounds

A B

No. No.
Obs. Pred® Dev. Obs. Pred® Dev?
-0.09

7 454 450 0.04 9 4.83 4.92
9 420 453  -033 12 6.00 5.52 0.48
12 532 555  -023 16 5.20 530  -0.10
18 3.89 422 -033 24 5.04 4.86 0.18
Ave.® 0.23 0.21
YPredicted values by the optimized CoMFA models (A5 & B3),

difference of observed (Obs.ply) and predicted (Predply) values,
9average residual.
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Fig. 2. Relationships between observed values (Obs.pl,) and
predicted values (Pred.pl,,) by the best COMFA model (B3) against
Echinochloa crus-galli. (For data set: Pred.pl,,=0.8630bs.pL,,+
0.680, n =24, s =0.136, F=192.942, ¢’=0.879 & r=0.947).

& a540] 258 ol F7MHE BAY HESL 77t 9

njgich. RADNE A5 SHo] Z7SE B4o] 2k
£ REoR 230 AU 7ldalR] ke BRI, w
2 R, ReASH] HEe vlo] tial 24 r2lz w3



CyclohexanedioneAl 3}5E2] A|2E/del| #ek vial BA

e

= 241

Table 3. Statistical parameters and field combination of CoMFA models on the herbicidal activities (Obs.ply) against Orpza sativa L. (A) and
Echinochloa crus-galli (B)

5 CoMFA Fields PLS analyses
Models S 5
S I H Grid (A) NCP = P -k F
Al v 15 4 0.513 0.908 0.190 36.960
A2 v v 15 4 0516 0.961 0.123 92.772
A3 Vs v 1.0 4 0.693 0.898 0.199 33.181
A4 v v 1.0 4 0.719 0912 0.185 38.893
Bl v 15 3 0572 0.863 0.182 33716
B2 v v 1.0 0.195 230
B4 v 2.0 4 0.682 0.943 0.122 61.852
BS v v v 25 3 0.665 0.909 0.149 53.043

Abbreviation: Field; S = standard field, 1= ndlcator field, H=H-bond field, F; fraction of explained versus unexplained Vanance Yatomn based fit
alignment, n: 20 & compound of test set: 4., “number of optimum component: 5, “non-cross-validated standard error estimate, Pthe optxmxzed model:

field contribution (%), steric.; 61, electrostauc, 26.9 & Hydrophobic; 12.1., “the optimized model: field contribution (%), steric.; 56.5, electrostatic; 35
& Hydrophobic; 8.5.
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