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3D-QSAR Analysis on the Fungicidal Activity of N-phenyl-O-phenylthionocarbamate Analogues
against Gray Mold (Botrytis cinerea)

Nack-Do Sung,* Kee-Han Park!, Seok-Chan Jang and Min-Kyu Soungz(Division of Applied Biology
and Chemistry, College of Agriculture and Life Sciences, Chungnam National University, Daejeon
305-764. Korea, IBayer CropScience Ltd. Human resourses, Yeoksamdong, Seoul 135-080, Korea.,
ZPeptron Inc. Reasearch Institute, Doryondong, Daejeon 305-340, Korea.)

Abstract Three dimensional quantitative structure-activity relationships (3D-QSARs) on the
fungicidal activity of N-phenyl-O-phenylthionocarbamate analogues against resistant and sensitive
gray mold (Botrytis cinerea) (RBC & SBC) were studied quantitatively using CoMFA and
CoMSIA methods. The correlation coefficient and predict- ability of optimized CoMFA model
with the atom based fit alignment were better (1’2 & q2=C0MFA>>C0MSIA) than that of
CoMSIA model. And statistical values of the models on the fungicidal activity against SBC were
showed higher (r2=SBC>>RBC) than that of RBC. In CoMFA models, steric field on the activity
was more influnced than electrostatic field. And in case of CoMSIA models, the influence of
CoMSIA field on the activity against RBC and SBC was
influence of H-bond donor field was same to the two fungi.
factor with CoMFA model on the fungicidal activity between
difference of steric field. Therefore, it is predicted that the

differ from each other but the
It is revealed that the selectivity
the two fungi was caused on the
large steric field with meta- and
para-substituents on the N-phenyl ring will be improved to the fungicidal activity with SBC.
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Fig. 1. General structure of N-phenyl-O-phenylthiono-
carbamate derivatives as substrate molecule.
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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 fungicidal activity (Obs.plso) against RBC & SBC and predicted fungicidal activity (Pred.plss) by
the optimized CoMFA and CoMSIA models using atom based fit alignment

SBC
No. Sub(X) Obsply,  CoMFA CoMSIA CoMSIA
; Pred” Dev.” Pred” Dev.”
1 3CH 480Y - - 370 371 -001
2 3CR 4.19 416 003 383" - -
3 3CN 4.16 423 007 415 419 004
4 3-0H 444 447 003 442 422 020
5  3-OCH; 4.15 415 000 3.63 - -
6 3F 4.09” - - 378 371 007
7 3 431 421 010 3.64 372 008
8 3Br 4.06 418 012 39 372 018
9 3NO 4.70 472 002 39 400 006
10 4H 4.66 445 021 3.79° - -
11 4CH; 477 478  -001 371 371 0.00
12 4CR 4219 - - 3.67 371 004
13 4CN 476 468 008 4.08 418 -0.10
14 4COCH, 473 472 001 4.15 418 003
15 4OH 432 - - 4.10 414 004
16  4-OCH; 471 478 007 367 370 003
17 4F 433 45 017 375 371 004
18 4q 471 460 011 3.78 371 007
19 4Br 457 463 006 387 371 016
20 4NO; 409" - - 4.06 401 005
Ave.(PRESS) 0.13(0.74) 0.07(0.14)

Abbreviation: Ave.; average rcmdual of trammg set, PRESS; Predictive rcmdual sum of squares of the training set.,
“predicted values by the optimized COMFA models (R3 & S4), “predicted values by the optimized CoMSIA models
(R9 & S10), difference of observed (obs.plsp) values and predicted (pred.plso) values, Diest set compound.
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Table 2. Summary of statistical parameters against two fungi from CoMFA models with atom based fit alignment

_ CoMFA Fields” PLS Analyses
Fungi Models - 7 o 2 9 e)
I H Grid(A) NC ro? T’  SEw P
RBC R1 25 4 0683 0819  0.131 11.291
R2 v 15 1 0733  0.139 35.664

R4 v v 15 8 0.985 0.048 49.498

RS v v v L5 5 0.948 0.074 33.088
SBC S1 v 1.0 1 0.614 0.154 20.698

52 v v 25 1 0.695 0.136 29.688

S3 v v 20 2 869 0.093

S5 v v v 20 2 0.548 0897 0.083 52.018

“The optimized CoMFA models against RBC & SBC, "S: standard field, I indicator field, H: H-bond field,

[

cross-validated 1°, “non-cross-validated *, “standard error estimate, “fraction of explained versus unexplained variance.

Table 3. Summary of statistical parameters against two fungi from CoMSIA models with atom based fit alignment

Fung Modes CoMSIA Fields PLS Analyses
Hf E A D  GidA) NC r Tw® SE’ F
RBC  R6 20 5 0375 0765 0157 5872
R7 v 1.5 4 0584 0829 0127 12140
RS v 2.0 6 0523 0880 0119 9742

R10 v v v 3 0.654 0.802 14.887
SBC S6 v 2 0271  0.207 1.563
S7 v 1 -0.140 0.058 0.806
S8 v 1 0.034 0.119 1.755
S9 v 4 85.683

“The optimized CoMSIA models against RBC & SBC, S: steric field, E: electrostatic field, Hy: hydrophobic field,

A: H-bond acceptor field, D: H-bond donor field,, “cross-validated r’, “non-cross-validated 1, “standard error estimate,

Dfraction of explained versus unexplained variance.
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Fig. 3. Relationships between observed values (Obs.plso)

and predicted values (Pred.plsp) by the optimized CoMFA

model, (S-IV) against SBC. (For SBC training set;

Pred pls;=0.9480bs plso+0.184, n=17, s=0.097, F=75.896,

r'=0.835 & q°=0.780).

Table 4. Contributions and their ratio (%) of the opti-
mized 3D-QSAR models

Contribution RBC SBC
Steric” R3 83.6 S4 683
Electrostatic” R3 16.4 S4 317
Steric” R9 35.8 - -
Electrostatic” R9 30.4 - -
H-bond donor” R9 338 S10 508
Hydrophobic” - - S10 310
H-bond acceptor” - - S10 182
YCoMFA, "CoMSIA.
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probe atom and the atoms of the molecules in CoMSIA
against SBC. The number on the points indicates the

optimum number of components.



64 e astivg

=

(predplso) Atole] HIF|THAIE 1Y 3ol YeRlI2Ach

ag)=e] 134 AAEFE(CoMFA:  Predpls=
0.9480bs.plsp+0.184,  s=0097, F=75.896, 1*=0.835,
q'=0.780 = CoMSIA; Predplsy= 0.9050bs.plsy+0.353,
s=0.091, F=78.484, 1"=0.840, ¢’= 0.809) oj|=Jo] T
2 53kl 3k, CoMFA 2 CoMSIA 5 2el¢]
training sete]] gk it QAE Wwd AINE 1),
SBCe| dist =o] RBCo| w3l AR} U453l
(Ave.(PRESS)=SBC <RBC) Rdl9l-ez Ml 9ok
BESh ®do] o548 AAEh] 915k test setol]
g #AEUA S5 HAKE 5 training seto]] T
Sk Ao} Al Th

Table 5. Observed fungicidal activity (Obsplsy) against
RBC and SBC and predicted fungicidal activity (Pred.plso)

for the test set compounds

. CoMFA CoMSIA

Fungi  No. > 5 ) o
Pred. Dev. Pred” Dev.”

RBC 1 4.16 0.64 4.16 0.64

6 449 040 436 027
12 474 053 480 059
15 473 041 475 043
30 490 081 454 045
Ave. 0.56 048
SBC 2 357 026 372 01l
5 391 028 370 -0.07
10 389 010 371 0.08
Ave. 0.21 - 0.09

“Pred. values were calculated according to the opti-
mized models in Table 2 and 3., difference between

observed (Obs.) values and predicted (Pred.) values.
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