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2D-QSAR and HQSAR Analysis on the Herbicidal Activity and Reactivity of New O,0O-dialkyl-1-phenoxy-
acetoxy-1-methylphosphonate Analogues.

Nack-Do Sung,* Seok-Chan Jang and Tae-Yeon Hwang(Division of Applied Biology & Chemistry, College of
Agriculture and Life Sciences, Chungnam National University, Daejeon 305-764, Korea.)

Abstract :Quantitative structure-activity relationships (QSARs) on the pre-emergency herbicidal activity and
reactivity of a series of new O,O-dialkyl-1-phenoxyacetoxy-1-methylphosphonates (S) analogues against seed
of cucumber (Cucumus Sativa) were discussed quantitatively using 2D-QSAR and HQSAR methods. The
statistical values of HQSAR model were better than that of 2D-QSAR model. From the frontier molecular
orbital (FMO) interaction between substrate molecule (S) and BH ion (I) in PDH enzyme, the electrophilic
reaction was superior in reactivity. From the effect of substituents, R;-groups in substrate molecule (S)
contributed to electrophilic reaction with carbonyl oxygen atom while X,Y-groups contributed to nucleophilic
reaction with carbonyl carbon atom. And the influence of X,Y-groups was more effective than that of
Ro-groups. As a results of 2D-QSAR model (I & II) and atomic contribution maps with HQSAR model, the
more length of X,Y-groups is longer, the more herbicidal activity tends to increased. And also, the optimal
eLUMO energy, (eLUMO)yp.=0479 (e.v.) of substrate molecule is important factor in determining the
herbicidal activity. It is predicted that the herbicidal activity proceeds through a nucleophilic reaction. From
the analytical results of 2D-QSAR and HQSAR model, it is suggested that the structural distinctions and
descriptors that contribute to herbicidal activities will be able to applied new herbicide design.

Key word : O O-dialkyl-1-phenoxyacetoxy-1-methylphosphonates, Reactivity, Herbicidal activity, 2D-QSAR &
HQSAR analysis
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Fig. 1. General structure of O,O-dialkyl-1-phenoxy
acetoxy-1-methylphos-phonate analogues.
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Table 1. Observed herbicidal activity (Obs.plsg) against Cucumber (Cucumis sativa) and predicted activity (Pred.plso)

by the optimized 2D-QSAR and HQSAR models

No. Substituents Obsilo 2D-QSAR HQSAR
X Y R R; Pred” Dev”  Pred®  Dev”
1 H 3-CF CH; 2-Clph 545 551 -0.06 568 023
2 H 3-CF; CH; 4-Clph 5.50 557 007 545 0.05
3 H 3-CF, CHs 4-Clph 536 586  -0.50 549 013
4 H 3-CF CH; 4-CHiph 5.39 554 0I5 528 011
5 H 3-CF, CH, 3,4-0CH,Oph 531 496 035 5.16 0.15
6 H 3-CF; CoHs 3,4-0CH,Oph 523 470 053 521 002
7 H 3F CH; CH; 395 3.90 005 397 0
8 3F 5-F CH; CH; 4.03 410 007 394 0.09
9 2-Cl 3-Cl CHs CHs 413 4.12 0.01 5429 -129
10 H 4-NO; CHs ph 3.65 399 034 374 009
11 2F 4-F CH; CH; 6.23 5.80 043 4119 212

12 2-Cl 4Cl CHs 2-Clph 132 734 00 72 010
13 2-C1 4Cl  Na, CH; H 6.50 6077 043 656  -0.06
14 2-Cl 4C1 K, CHs n-CsHy 538 6.84°  -146 538 0.00
15 H H CHs CH; 4.05 420 015 4.04 0.01

Ave(PRESS?) 0.21(1.02) 0.09(0.14)

Abbreviation: ph=phenyl, “predicted values by the 2D-QSAR model (I and HQSAR model (3), different between
observed value and predicted value, “outlier or test set compounds, d)ave:rage residual of training set, “predictive residual

sum of squares of the training set.
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Fig. 2. Frontier molecular orbital (FMO) interaction
between compound, 12 and methylammonium ion (-BH")
as model compound of PDH enzyme.
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Table 2. Substituent constants, ¢eHOMO and eL.UMO
energy of O,O-dialkyl-1-phenoxyacetoxy-1-methylphospho
nate analogues

Substituents o c

No. SoXY) S0l eLUMO”  ¢HOMO®
1 043 0.19 0.435 -9.739
2 043 022 0495 -9.768
3 043 022 0.451 9.678
4 043 0.07 0375 9.539
5 043 -1.16 0432 9263
6 043 -1.16 0384 9.188
7 0.34 9 0352 9.842
8 0.68 9 0634  -10.044
9" 0.57 9 0578  -10032
10 078 0.01 -1.727 9.850
11° 0.30 9 0.604 9.826
122 043 0.19 0.709 9.676
13? 043 9 0.551 9.812
14 043 9 -0.525 9.792
15 0.00 0 -0.108 9.842

Ortho substituents : “2-C1=0.20, ®2-F=0.24, %electron volt,
d)aliphatic group.
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Fig. 3. Relationships between substituent constants (=
eLUMO energy (-¢
n=15, $=0.2440,

0) of X, Y groups and
LUMO=-1.54020(X,Y)+0.114,
F=16.488, r’=0.560 & q’=-0.062).
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Fig. 4. Relationships between substituent constants

(¥0R;) of R, groups and eHOMO values (-¢

HOMO= -0370(X0R,)-9.661, n=8, s=0.098, F=36.803,

’=0.860 & ¢’=0.798).
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Fig. 5. Proposed plausible inhibition process of the pyruvate dehydrogenase (PDH) complex with
O,0-dialkyl-1-phenoxyacetoxy-1-methylphosphonates (S). R=4-amino-2-methyl pyrimidinyl group.
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Table 3. Summary of statistical results and weighting factors in development of 2D-QSAR Model (1)

No. Intercept SL SRI PSA S F r
1 -1.967 1.033 - - 3.354 3.72 0.253
2 -2.429 0.931 0.279 - 1.804 1.87 0272
3 2.808 - 0.835 -0.020 1.885 1.98 0.284
4 4 1

Abbreviations: s; mean square, F; fraction of explained versus unexplained variance., rz; adjust correlation coefficient.,
S.L; length, of XY group, PSA; polar surface area (A, SRI, Randic index of X,Y group, a)optimized model; n=13.

Table 4. Summary of statistical results and weighting factors in development of 2D-QSAR model (II)

No. Intercept SL eLUMO eLUMO’ s F £

1 -1.967 1.033 - - 3.354 372 0.253
2 3.324 - -5.551 -3.092 2.266 2.59 0.341
3 -9.227 2314 2.577 - 4914 14.25 0.740
4 -10.042 2312 - 5.870 0.884

Abbreviations: s; mean square, F=fraction of explained versus unexplained variance., r; adjust correlation coefficient,
eLUMO; lowest unoccupied molecular orbital energy, a)optimized model; optimal value, (ELUMO)q=-0.479 electron volt.
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Table 5. HQSAR analyses for the influence of various fragment sizes on the key statistical parameters

2

Models ~ Fragment size ~ Best length Fold) SE... ey, SEncv. NC
1 2~5 97 0611 0.798 0.951 0.284 3
2 3~6 59 0.652 0.754 0.938 0.317 3
3Y 4~7 83 0.637 0.823 0.989 0.143 4
4 5~8 53 0.609 0.854 0.992 0.125 4
5 6~9 83 0.312 1.134 0.988 0.151 4
6 7~10 71 0312 1.133 0.989 0.142 4

“The best of fragment size, training set; n=12, test set: n=3 (6, 7 & 11)., SE.: cross-validated standard error,

SEy.: non-cross-validated standard error, NC :number of component.

Table 6. HQSAR analyses for various fragment distinction on the key statistical parameters using fragment size default (4-7)

Models Fragment distinctions Best length o) SE,. Froy SErcy.
3-1 Atoms/bondsb) 199 0.532 0.935 0.989 0.142
3Y Connections 83 0.637 0.823 0.989 0.143
32 Hydrogen 83 0.447 0.896 0.855 0.459
33 Chirality 53 0.248 1.042 0.834 0.491

“The optimized HQSAR model, “In all case, the atoms and bonds fragment distinction are turned on., SEc.: cross-

validated standard error, SE,.: non-cross-validated standard error, number of component; 4.
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Fig. 6. Atomic contributions maps to the inhibition

activities (Obs.plsp) of O O-dialkyl-1-phenoxyacetoxy-1-
methylphosphonates (Up: 12=7.32 & Down: 10=3.65):
Green color denotes the greatest contribution to the
inhibition activity while red color signifies least contri-

bution and white color signifies average contribution.
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Fig. 7. Relationships between observed herbicidal activity
(Obs.plsp) and predicted activity (Pred.plsp) by HQSAR
model (3), (Pred.plsc=0.9830bs. plsp+0.087, n=13, s=0.119,
F=909.802, r’=0.989 & ¢’=0.984).
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Table 7. Observed inhibition activity (Obs.pls), predicted
activity (Predpls) by two optimized models and their
deviation for the outliers and test set
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