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Comparative molecular similarity indice analysis (CoMSIA) models on the fungicidal activities of
N-phenyl substituents (X) in N-phenyl-O-phenylthionocarbamate derivatives against rice sheath
blight (Rhizoctonia solani: RS) and phytophthora blight (Phytophthora capsici: PC) were derived.
Also, the characterizations of H-bonds between substrates and [-tubulin were discussed quantita-
tively. It was revealed that, from the contour maps of CoMSIA models, the H-bond acceptor field
contributed the most highly to fungicidal activity for two fungi in common. It is predicted that the
selectivity in the fungicidal activity between two fungi is caused by results from the roles of H-bond
donor disfavor functional groups in RS and H-bond acceptor disfavor functional groups in PC
when these two groups induced at meta- and para-position on the N-phenyl ring. And also, if the
substituents (X) are steric disfavor group, negative charge favor groups are introduced at the meta-
position in RS and H-bond acceptor group is introduced at the para-position in PC, the antifungal
activity against two fungi will be likely able to be increased.

Key words: CoMSIA models, fungicidal activity, N-phenyl-O-phenylthionocarbamates, Phytophthora capsici (PC),
Rhizoctonia solani (RS)
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Table 1. Observed fungicidal activities (Obs.pls) against RS
models using different alignment
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PC, and predicted fungicidal activities (Pred.pls) by the optimized CoMSIA

Rhizoctonia solani (RS)

Phytophthora capsici (PC)

No.  Sub.(X)  Obs.pls AF FF Obs.plsy AF FF

Pred.® Dev.2 Pred. Dev.? Pred.” Dev.2 Pred. Dev.?

1 3-CH; 3.80 3.87 -0.07 3.87 -0.07 3.189 - - 3.64 -0.46
2 3-CF; 3.799 - - 3.87 -0.08 3.42 3.48 -0.06 3.65 -0.23
3 3-CN 4.18 4.14 0.04 4.13 0.05 3.97 4.06 -0.09 3.97 0.00
4 3-OH 4.61 4.60 0.01 4.60 0.01 4.12 4.04 0.08 4.14 -0.02
5 3-OCH; 3.93 3.87 0.06 3.87 0.06 3.84 3.85 -0.01 3.78 0.06
6 3-F 3.78 3.87 -0.10 3.87 -0.09 3.46 3.34 0.12 3.47 -0.01
7 3-Cl 4.01 3.87 0.14 3.87 0.14 3.51 348 0.03 3.56 -0.05
8 3-Br 3.99 3.87 0.12 3.87 0.12 3.93 3.92 0.01 3.57 0.36
9 3-NO, 3.89 391 -0.02 3.92 -0.03 4.15 4.08 0.07 4.12 0.03
10 4-H 3.789 - - 3.87 -0.09 3.31 342 -0.11 3.37 -0.06
11 4-CH; 3.849 - - 3.87 -0.03 3.24 3.21 0.03 3.22 0.02
12 4-CF; 3.77 3.87 -0.10 3.87 -0.10 3.21 3.23 -0.02 3.22 -0.01
13 4-CN 432 434 -0.02 4.34 -0.02 4.009 - - 3.34 0.66
14 4-COCH; 4.029 - - 3.74 0.28 4.03 4.04 -0.01 4.10 -0.07
15 4-OH 445 4.46 -0.01 4.46 -0.01 4129 - - 3.51 0.61
16 4-OCHj; 3.97 3.87 0.10 3.87 0.10 3.24 3.26 -0.02 3.22 0.02
17 4-F 3.74 3.87 -0.13 3.87 -0.13 3.23 3.33 -0.10 3.34 -0.11
18 4-Cl 3.80 3.87 -0.07 3.87 -0.07 3.33 324 0.09 3.30 0.03
19 4-Br 3.93 3.87 0.06 3.87 0.06 3.459 - - 3.29 0.16
20 4-NO, 3.92 3.89 0.03 3.89 0.03 4.05 4.08 -0.03 4.02 0.03

Aved (PRESS") 0.068(0.123) 0.068(0.120) 0.055(0.415) 0.069(0.472)

Ypredicted values by the optimized CoMSIAmodel (RA3), Ppredicted values by the optimized CoMSIAmodel (PA3), “difference between observed

(Obs.plyy) values and predicted (Pred.pls,) values,
training set.

Otest set compound, “average residual of training set, "Predictive residual sum of squares of the
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Table 2. Summary of statistical parameters against RS and PC from CoMSIA models with atom based fit alignment

N Fields PLS analyses N Fields PLS analyses
0. 0.

S E D A 2o Poe? SEE® S E H D A 2? Poe? SEE®
RA1 v 0.587 0.731 0.163 PAl v R 0.690 0.881 0.148
RA2 v v 0.544 0.655 0.169 PA2 S v 0.585 0.811 0.186
RA3% v v 0.678 0.900 0.100 PA3Y N A & 0.642 0.897 0.145
RA4 R R R 0.580 0.901 0.099 PA4 v N oA 0.637 0.884 0.153
RA6 v R v 0.559 0.682 0.155 PA5 N W N oA 0.507 0.897 0.144

Abbreviation: S = steric, E = electrostatic, H = hydrophobic, D =H-bond donor, A =H-bond acceptor, “cross-validated %, Pnon-cross-validated 1%,
9standard error estimate. “the optimized CoMSIA model against RS (grid: 3.0A)., the optimized CoMSIA model against PC (grid: 3.0A).
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Fig. 1. Relationships between observed fungicidal activities

(Obs.pls) against RS and predicted values (Pred.pls)) by the
optimized CoMSIA model (RA3). (Training set; Pred.pls=
0.9030bs.plsp+0.384, n=16, s=0.080, F=125.145, *=0.899 & ¢’
=0.860).
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Fig. 2. Variation of predictability q” upon changing the attenuation
factor (o) used in the distance dependence between the probe atom
and the atoms in the molecules in CoMSIA against PC. The
number on the points indicates the optimum number of components.
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Table 3. Contributions and their ratio (%) of the optimized
CoMSIA models

Models® Contribution RS PC
RA3Y H-bond acceptor 64.4 -
H-bond donor 35.6 -

Steric - 15.7

PA3Y Electrostatic - 25.6

H-bond acceptor - 58.7

INumber of molecules in training set; 16., number of molecules in test
set; 4. and number of component., ®the most optimized model; RS,
F=17.78,9PC, F = 17.10.

Table 4. Observed fungicidal activities (Obs.pls) against RS and
PC and predicted fungicidal activities (Pred.pls) for the test set
compounds by optimized models using atom based alignment
method

Atom based fit Field fit
Obs. Pred® Dev." Pred® Dev

2 3-CF; 3.79 387 -008 387 -0.08
10 4-H 3.78 387  -009 387 -0.09

Fungi No. Sub. (X)

RS 11 4-CH; 3.84 387 -003 387 -0.03
14 4-COCH; 4.02 3.73 029 3.74 0.28
Ave.” 0.12 0.12

1 3-CH; 3.18 3.64 -046 3.64 046

13 4-CN 4.00 3.34 0.66 3.34 0.06

pPC 15 4-OH 4.12 3.51 0.61 3.51 0.61
19 4-Br 3.45 3.29 0.16 3.29 0.16

Ave.” 0.47 0.47

9Pred. values were calculated according to the optimized models (RA3
& PA3) in Table 2., "difference between observed (Obs.) values and
predicted (Pred.) values., “average residual of test set.
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Fig. 3. H-bond acceptor and H-bond donor field maps from the
optimized CoMSIA model. The most active compounds (RS: 4 &
PC: 9) are shown in capped sticks.
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CoMSIA model. The most active compounds (PC: 9) are shown in
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