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- | Abstract } ~

QSARs (Quantitiative structure-activity relationships) between a series of new cyclohexanedione derivatives
(5-benzofuryl-2-[1-(alkoxyimino)-alkyl]-3-hydroxycyclohex-2-en-1-ones) and their herbicidal activity against
Rice plant (Oryza sativa L.) and Barnyard grass (Echinochloa crus-galli.) were discussed quantitatively using
2D-QSAR and holographic (H) QSAR methods. Generally, the HQSAR models have better predictability and
fitness than the 2D-QSAR models. The herbicidal activities against Barnyard grass with 2D-QSAR II model
were dependent upon Balaban indice (BI) of molecule and hydrophobicity of R, and R; group. And also, the
Rs=ethyl group, according to the information of the optimized HQSAR IV model, was more contribute to the
herbicidal activities against Rice plant, while the 5-(cyclohex-3-enyl)-2,3-dihydrobenzofuran ring part was not
contribute to the herbicidal activities against two plants.

Key words 2D-QSAR, HQSAR, Cyclohexanediones, 5-benzofuryl-2-[1-(alkoxyimino)alkyl]-3-hydroxycyclohex-
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Fig. 1. General structure of 5-benzofuryl-2-[1-(alkoxyimino)-
alkyl]-3-hydroxycyclohex-2-en-1-one derivatives as substrate
molecules.
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Table 1. Observed herbicidal activities (Obs.plso) of cyclohexanedione derivatives against rice plant (ORY) and barnyardgrass (ECH)

No. Substituents Obs.plso
R, R: Rs Ry Rs ORY ECH Aplsy”
1 CH,CH; CH; CH,CH;, CH; H 5.03 5.09 -0.06
2 CH,CHj CH,CH=CH, CH,CH; CH, H 5.06 5.34 -0.28
3 CH,CH; CH,CH=CH CH,CH; CHs H 436 5.08 -0.72
4 CH,CH; CH,C(C)=CH, CH,CHs CH; H 4.64 5.08 -0.44
5 CH,CH; CH,CH=CH(CI) CH,CH; CH; H 5.09 542 033
6 CH,CHs CH,-Cypr. CH,CH; CH; H 4.48 491 -0.43
7 CH,CH,CH; CH; CH,CH; CH; H 4.68” 4.89 021
8 CH,CH,CH; CH,CH; CH,CH; CH; H 4.54 5.06 -0.52
9 CH,CH,CH; CH,CH=CH, CH,CH; CH; H 4.48 4.93 045
10 CH;CH,CH; CH,C=CH CH,CHs CH; H 420 4.83 -0.63
11 CH,CH,CH; CH,C(C)=CH;, CH,CH; CH; H 3.97 515 -1.18
12 CH; CH; CH; CH; H 5.06 5.78 -0.72
13 CH; CH,CH=CH, CH; CH; H 532 6.00 -0.68
14 CH; CH,C(C1)=CH, CH; CH; H 533 6.03” 0.7
15 CH; CH,CH=CH(CI) CH; CH; H 5707 5.96 -0.26
16 CH,CH; CH,-Cypr. CH; CH; H 435 457 022
17 CH,CHs CH,Ph-4-Cl CH; CH; H 3.60 443 -0.83
18 CH,CH,CH; CH,CH,CH; CH; CH; H 3.68 451 -0.83
19 CH,CH,CH; CH,C=CH, CH; CH; H 3.75% 3.96Y 021
20 CH; CH; H CH; CH; 4.60 5.20 0.6
21 CH; CH,C(Cl=CH, H CH; CH; 414" 5.36 -122
22 CH,CHj CH,C=CH H CH; CH; 3.89 4,659 -0.76
23 CH,CH; CH,C(Cl)=CH, H CH; CH, 438 497 -0.59
24 CH,CH; CH,-Cypr. H CH; CH; 3.81 4.49 -0.68
25 CH,CH,CH; CH; H CH; CH; 3.83 4.79 -0.96
26 CH,CH,CH; CH,C=CH H CHs CH; 3.86 473 -0.87
27 CH,CH,CH; CH,C(Cl)=CH, H CH; CH; 3.84 4.40 -0.56
28 CH,CH,CH; CH,CH=CHCHj H CH; CH; 3.77 5.04” 127
29 CH,CH,CH; CH,-Cypr. H CH; CH; 4389 5.49Y -1.11

DTest set compound in HQSAR models., ®Difference value between Obs. and Pred. activity.
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Table 2. Observed herbicidal activity (Obs.plso) against rice plant and barnyard grass, and predicted activity (Predplsy) by optimized
models, and their deviation

Rice plant Barnyard grass
No 2D-QSAR HQSAR No 2D-QSAR HQSAR
Pred.” Dev.” Pred.” Dev.” Pred.” Dev.” Pred.? Dev.”
1 4.69 0.35 4.87 0.16 1 522 -0.13 5.19 -0.10
2 4.85 0.21 491 0.15 2 5.37 -0.03 5.26 0.08
3 4.70 -0.34 4.58 -0.22 3 5.25 -0.17 5.12 -0.04
4 4,70 -0.06 4.84 -0.20 4 5.38 -0.31 5.20 -0.12
5 5.10 -0.01 491 0.18 5 5.28 0.14 5.27 0.15
6 4.53 -0.04 4.52 -0.04 6 4.72 0.19 4.82 0.09
8 4,34 0.20 4.35 0.19 7 4.86 0.03 5.00 -0.11
9 4.50 -0.02 443 0.05 8 4.87 0.19 4.96 0.10
10 4.33 -0.13 4.12 0.08 9 4.92 0.01 5.06 -0.13
11 4.26 -0.29 4.36 -0.39 10 4.86 -0.03 4.94 -0.11
12 5.30 -0.24 5.16 -0.10 11 4.85 0.30 5.00 0.15
13 5.28 0.04 5.20 0.12 12 5.68 0.10 5.77 0.01
14 547 -0.14 5.16 0.17 13 553 . 0.47 5.84 0.16
16 3.98 0.37 4.22 0.13 15 5.98 -0.03 5.85 0.11
17 391 -0.31 3.61 -0.01 16 4.68 -0.11 4.75 -0.18
18 3.67 0.01 395 -0.27 17 4.38 0.05 438 0.05
20 4.41 0.20 4.87 -0.27 18 4.71 -0.20 4.65 -0.14
22 4.19 -0.30 4.00 -0.11 20 5.65° -0.45 5.45 -0.25
23 4.17 0.21 4.26 0.12 21 5.58 -0.22 5.46 -0.10
24 4.04 -0.23 3.94 -0.13 23 4.97 0.00 4.81 0.16
25 3.71 0.12 3.84 -0.01 24 4.61 -0.12 4.43 0.06
26 3.67 0.19 3.54 0.32 25 4.46 0.33 4.61 0.18
27 3.92 -0.08 3.77 0.07 26 4.63 0.10 4.55 0.18
28 3.77 0.00 3.78 -0.01 27 447 -0.07 4.61 -0.21
IN(DX 0.17%1.15)° 0.15%0.73)? 0.16%(1.22)? 0.12(0.44)°

“Predicted values were calculated according to the optimized models, “difference of observed activity (obs.) and predicted activity
(pred.), “outlier, “A: average residual of training set (Ave.), “P: predictive residual of squares (PRESS).
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Fig. 2. Relationships between observed values (Obs.plse) and
prediction values (Pred.plso) against Echinochloa crus-galli by the
optimized 2D-QSAR II model. (Pred.pls;=0.8930bs.plse+0.470,
n=27, s=0.173, F=184.672, r'=0.894, q’=0.872 & 1=0.945).
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Table 3. The herbicidal activities (plsp) against rice plant of cyclohexanedione derivatives using HQSAR analysis for the influence

of various fragment sizes

Best Length

PLS analysis

Models v - 5 > 3 > o 3

ragment size Hologram e (@) SE.,. I e, SExcv. NC

I 2-5 71 0.711 0.333 0.889 0.206 5

II 3-6 307 0.722 0.326 0.905 0.190 5
11 4-7 59 0.770 0.289 0.885 0.204 4
v 5-8 59 0.779 0.284 0.894 0.194 4
\'% 6-9 199 0.757 0.289 0.888 0.196 3
VI 7-10 199 0.767 0.283 0.888 0.196 3

Trainining set, n=24 & test set, n=5., %)
non-cross-validated (ncv), ©

standard error estimate in case of cross- validated (cv), g
optimum number of component, Ythe best of fragment size (bin).

standard error estimate in case of

Table 4. The herbicidal activities (plso) against rice plant of cyclohexanedione derivatives using HQSAR analysis for various fragment
distinction on the key statistical parameters using fragment size default (5~8)

Best Length

PLS analysis

Models T T 2 2 b) 5
distinction Hologram re. (90 SE.. ) SEpev. NC
V-1 Atoms/bonds®” 97 0.757 0.297 0.883 0.206 4
e Connections 59 0.779 0.284 0.894 0.194 4
v-2 Hydrogen (H) 71 0.710 0.343 0.909 0.192 6
v-3 Connections-H 71 0.736 0.328 0.914 0.186 6
v-4 Chirality” 71 0.753 0317 0.933 0.165 6
“Standard error estimate in case of cross-validated (¢v), "standard error estimate in case of non-cross-validated (ncv), c)optimum

number of component, Dthe optimized model, “the atoms and bonds flags are turned on, Dthis option is used by combining with
all fragment distinction.
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Table 5. The herbicidal activities (plso) against barnyard grass of cyclohexanedione derivatives using HQSAR analysis for the

influence of various fragment sizes

Best Length PLS analysis
Models : 2 2 2 2 b) c)

Fragment size Hologram o (@) SE.. ey SErev. NC
VI 2-5 59 0.709 0.271 0.898 0.160 5
VIII 3-6 307 0.751 0.250 0.905 0.155 5
X 4-7 53 0.773 0.233 0.885 0.166 4
X 5-8 59 0.778 0.225 3

T e e

X11 7-10 199 0.763 0.232

Trainining set, n=24 & test set, n=5., “standard error estimate in case of cross-validated (cv), Ystandard error estimate in case of
non-cross-validated (ncv), C)optimum number of component, “the best of fragment size (bin).

Table 6. The herbicidal activities (plso) against bamyard grass of cyclohexanedione derivatives using HQSAR analysis for various
fragment distinction on the key statistical parameters using fragment size default (6~9)

Best Length
Models

PLS analysis

distinction Hologram e () SE.,.” Py, SEper” NC?
XI-1 Atoms/bonds® 97 0.747 0.246 0.892 0.160 4
XI Connections 151 0.774 0.226 0.882 0.164 3
XI-2 Hydrogen (H) 71 0.756 0.248 0.893 0.164 5
X137 | Connections 1 s 0.756 0248 pdl. o T
XI-4 Chiralityﬂ 61 0.730 0.261 0911 0.150 4

“Standard error estimate in case of cross-validated (cv), Pstandard error estimate in case of non-cross-validated (ncv), c)optimum
number of component, “the optimized model, “the atoms and bonds flags are turned on, "this option is used by combining with

all fragment distinction.
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Fig. 3. Relationships between observed values (Obs.plsy) and
predicted values (Predplso) against Echinochloa crus-galli by the
optimozed HQSAR XI-3 model. (Pred.plsy= 0.9040bs.plsi+0.487,
n=24, s=0.134, F=205.326, '=0.903, ¢*=0.899 & 1=0.950).

Table 7. Observed herbicidal activity (Obs.plsy) against rice

plant and barnyardgrass and predicted activity (Pred.plso) by
HQSAR models for test set

Rice plant Barnyard grass
No. ~ ) No. ) b)
Pred. Dev. Pred. Dev.
7 443 0.25 14 5.78 0.25
15 5.20 0.50 19 487 -0.91
19 3.82 -0.07 22 4.73 -0.08
21 4.88 -0.74 28 4.65 0.39
29 3.50 0.88 29 4.24 1.25

A%P)? 0.329(1.32)Y 0.3379%(1.71)?

a‘)predic’ted values were calculated according to the optimized
models, Pdifference of observed activity (Obs.) and predicted
activity (Pred.), N average residual of training set (Ave.),
d)P: predictive residual of squares (PRESS).
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Fig. 4. Atomic contributions maps to herbicidal activity (plsp)
against rice plant (2) and barnyardgrass (15): Green color
denotes the greatest contribution to the herbicidal activity,
while red color signifies least contribution and white color
signifies average contribution.
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