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Fig. 1. General structures of 1-(5-methyl-3-phenylisoxazolin-5-yl)
methoxy-2-chloro-4-fluorobenzene derivatives and A~C substituents.

HQSAR-PLS?) Ait. 2x} =279 A
of £x 2RI ZolE w3t Ao REE AleinzA
Qojxith. PLS #4192 BEGA i3t AwlA MSFE(E
A, E2IRF binEe AR FEF #AE FAG
wdg gAshed EE¥th e PLSAGORRE AR
(component)?] A gk 7F HEE]y] st g2y Zolg

E
rlo
o

Off
W

o
&

o] AA5e dEe 7MY 22 BE 9| dFEe] o
o &8-S leave-one out(LOO) cross validation #7gol ¢]3}ed
q Ftol AAE). 2 ool HAge FAAE] 5 AREE
cross-validation3}A] @7 =S 24l sl 2 PLS ¥
Mg At 7t B2 27kpel 23 FRe 7|ERoR
H 922} 7]2-X (chirality)?] A<lE A& atom, bond 2

connectionsE ] E2aWS AAst=dl AMEET 2
PRESS7H-S squared prediction error®] 322 test setd] &5
w3 odEak Ale] AFHERLe] e sl grolnk. AAHL
2 training set2%E ¥ ZUEL training setollA] A€
SleES(test setyl] oJ3te] mHle] BAo] oS arjEe
A#}HoZ QSAR EYe H(quality)> <5/d(q°>050=
preditive ability)?} €493}9] A444(0.90 > = goodness of fit)
o olsl] ZAAE: wE HQSAR A¥h= HFE PLS ¥4
AL ofste] MZAE 453t E 7|9 % (contribution map)E
A ET) A7) E 7 & 4 (obsply,=5.03) EA
B = 3-chloro-4,5,6,7-tetrahydro-2H-indazolyl X184 (36)2] 523t
P S 7o =R vERIIT

27 % ng
Bale] 7o} 4. AMEL cyclic imide”] FEE 1-(5-
methyl-3-phenylisoxazolin-5-yl)methoxy-2-chloro-4-flucrobenzene
(Fig. 1)2] C-phenyl 228l R-X18t719} O-phenyl F2]ol] X-A|
2712 A1 A =34,56-tetrahydrophthalimino, B = 3-chloro-4,5,6,7-
tetrahydro-2H-indazolyl ¥ C = 34-dimethylmaleimino-X]%7] 7}
A%rE  N-[4-chloro-2-fluoro-5-(5-methyl-3-phenylisoxalinyl)
methoxyphenyl]-3.4,5,6-tetrahydrophthal imides(A:1~20), 3-ch-
loro-2-{4-chloro-5-(3-phenyl-5-methylisoxazolin-5-yl)methoxy-2-
fluorophenyl]-4,5,6,7-tetrahydro-2H-indazoles(B: 21~43) =
N-[4-chloro-2-fluoro-5-(5-methyl-3-phenylisoxa-lin-5-yl)
methoxyphenyl]-3 4-dimethylmale imides(C: 44~54) ==l
ogt F 2] Fojd AZE(Obs) AE2EA FEL Table 1
o Aelaisich. 53], woMe CcAF] 28 =94dXE B-
2E717F =YE XA Bl 7 2 @S Uehlle] A
2 B2C>A9 ¢07 4284e wglon viHn =3 o
st tha & AR 84S vehlle ZFeldd. wEk
HQSAR "oz apse] 3249 543 4284 Aol
o] FAE BXNE] 95l FE #H2AS(PLS; partial least
square)H o2 Al4ksle] HQSAR Y-S R531%T}. Training
set9} test setol] EFE F FFo] FoE A5E Az S4%
(Obs) 23 714 4& 3% HQSAR Rd& A4eh o=k
(Cale.y?} F 3ol 2bo|(Dev.) Fh(plyES Table 19 F2J3lsivt.
HE53kobspLll AT ¥t 23] £719 AxBAL vER
AS BHov) Hele] Aol Aol e eigkor o
A2 Hroh =g disle] thd AlxgAo] & A vehd
ATk
£9] @ HQSAR Rd. =39 &79 dx&4 g
HQSAR 24 f=x42e o33 Zon 2D ¢ tisfed]
fragment size®} fragment distinction®] B FAFSIS Table
20 At o A3}, best length’t 719 74-%o RS
7} 4019021 cross-vaidated r, &, ¢~ 0915 123 non
cross-validated > 09552 7P £ oS3 49dE v
ehiel oleld ZZ(fragment size: 6~ A fragment
distinction® A3 i, connectivity”} onlE Aol THE
B2 A3 S vels 2Es Ak of A3E Ht



HQSAR "gol| W2 Phenylisoxazolin F-=A5¢] Protox A3 4o #3} ol3) 353

Table 1. Observed values (Obs.), calculated values (Cale.) by HQSAR models and deviations (Dev.) for training set and test set in herbicidal
activities (pl;) against shoot and root of rice plant (ORY.) and barnyardgrass (ECH.)

No Sub(R) ORY. shoot ORY. root ECH. shoot ECH. root
’ ) Obs. Calc®  Dev? Obs. Calc®  Dev.” Obs. Calc®  Dev” Obs. Calc”  Dev.”
01 H 427 4.24 0.03 4.45 445 0.00 441 4.39 0.02 437 4.36 0.01
02 2-F 4.19 4279 -0.08° 425 4.44 -0.19 441 434 0.07 437 4.507 -0.13%
03 2-Cl 4.19 4.13 0.06 448 445 0.03 4.38 436 0.02 4.40 435 0.05
04  2-OCH, 422 4.20 0.02 447 449 -0.02 441 435 0.06 442 4.01° 041°
05 2-CN 3.95 3.90 0.05 441 433 0.08 436 437 -0.01 425 4.32 -0.07
06 2-NO, 4.02 4.26% -0.24° 439 429 0.10 437 4.38 -0.01 4.26 428 -0.02
07 3-F 412 4.16 -0.04 440 4.58 -0.18 4.39 440 -0.01 435 440 -0.05
08 3-Br 4.07 4.06 -0.01 448 443 0.05 4.26 431 -0.05 429 437 -0.08
09 3-C1 4.02 4.05 -0.03 442 444 -0.02 431 431 0.00 433 4.35 -0.02
10 3-CN 4.05 4.06 -0.01 444 446 -0.02 4.33 435 -0.02 4.28 4.30 -0.02
11 3-OCH, 432 4.30 0.02 4.49 446 0.03 4.43 433 0.10 4.37 423 0.14
12 4-F 422 422 0.00 4.40 4.44 -0.04 4.46 4.38 0.08 447 437 0.10
13 4-Cl 4.14 4.09 0.05 4.45 4.45 0.00 4.19 4.26° -0.07° 429 430 -0.01
14 4-Br 4.08 4.12 -0.04 4.49 4.44 0.05 4.34 4735 -0.01 4.32 429 0.03
15 4-OCH, 4.20 422 -0.02 448 445 0.03 443 4339 0.10° 439 434 0.05
16 4-CN 4.15 4.19 -0.04 448 441 0.07 4.40 4.39 0.01 433 431 0.02
17 2,4-Cl, 3.98 3.92 0.06 444 4.45° -0.01° 4.10 420 -0.10 436 4.30 0.06
18 3,5<(CHy), 420 4.19 0.01 425 4.20 0.05 4.38 442 -0.04 426 431 -0.05
19 4-CF, 3.85 3.959 -0.10° 4.19 429 -0.10 411 4.11 0.00 415 412 0.03
20 3,4-Cl, 3.80 3.88 -0.08 4.68 4.409 0.289 4.10 4.16 -0.06 424 431 -0.07
21 H 475 4.65 0.10 492 475 0.17 495 493 0.02 497 4.96 0.01
22 2-F 4.69 4.68 0.01 482 473 0.09 491 4.88 0.03 5.06 5.10 -0.04
23 2-C1 451 4.55 0.04 477 475 0.02 495 491 0.04 497 495 0.02
24 2-OCH, 456 4.61 -0.05 4.85 479 0.06 483 4.89 -0.06 498 4.62° 0.36%
25 2-CN 430 4.31 -0.01 4.57 4.63 -0.06 4.90 491 -0.01 493 492 0.01
26 2-NO, 477 4.68 0.09 4.58 4.59 -0.01 4.90 493 -0.03 4,88 4.88 0.00
27 3-F 4.50 457 -0.07 4.70 475 -0.05 491 495 -0.04 5.00 5.00 0.00
28 3-Br 434 4.47 0.13 4.68 473 -0.05 485 4.86 -0.01 495 497 -0.02
29 3-Cl 4.60 4.50 0.10 4774 475 -0.01 4.83 4.81 0.02 493 491 0.02
30 3-CN 4.34 447 0.13 449 4759 -0.26% 493 4.907 0.039 492 491 0.01
31 3-OCH, 4.67 471 -0.04 479 4.76 0.03 4.79 4.88 0.09 4.89 4.84 0.05
32 3-NO, 453 451 0.02 4.69 4.68 0.01 495 493 0.02 491 4.90 0.01
33 4-C1 457 4.50 0.07 4.86 4.75 0.11 4.89 481 0.08 490 491° -0.01°
34 4-Br 430 4.54° -0.249 4.69 4.74 -0.05 4.87 489 -0.02 4.85 4.90 -0.05
35 4-OCH, 4.43 4.649 -0.21° 477 4.75 0.02 478 4.88 -0.10 497 495 0.02
36 4-NO, 4.56 448 0.08 4.60 471 -0.11 5.03 5.01 0.02 492 4.88 0.04
37 4-CN 4.65 4.60 0.05 4.58 471 -0.13 491 493 -0.02 491 491 0.00
38 2,6-Cl, 448 442 0.06 4.83 476 0.07 483 4.85 -0.02 491 4.94 -0.03
39 24-Cl, 4.24 433 -0.09 476 475 0.01 482 475 0.07 4.80 4.90 -0.10
40 24-(CH,), 459 4.349 0.25° 4.88 4.60° 0.289 492 492 0.00 4.96 491 0.05
41 3,5-(CH,), 4.9 4.61 -0.02 482 4507 0.329 497 4.96 0.01 5.00 492 0.08
4?2 4-CF, 4.66 436 0.309 4.60 459 0.01 472 4.65 0.07 475 472 0.03
43 3,4-Cl, 437 429 0.08 4.67 473 -0.06 4.83 471 0.12 4.95 491 0.04
44 2-F 491 494 -0.03 493 4.84 -0.09 4.85 4.61° 0.24° 4.82 477 0.05
45 2-Cl 4.85 4.81 0.04 470 4.85 -0.15 4.65 4.63 0.02 4.67 4.62 0.05
46 2-OMe 4.89 487 0.02 4.85 490 -0.05 4.83 4.620 0.219 427 428 -0.01
47 2-CN 4.86 4.579 0.29° 478 474 0.04 477 4.649 0.139 475 4.599 0.16°
48 2-NO, 491 4.94 -0.03 471 4.70 0.01 4.72 4.65 0.07 4.51 4.54 -0.03
49 3-F 484 4.83 0.01 439 4.86 -047° 4.70 4.68 0.02 472 4.67 0.05
50 3-CN 4.88 473 0.15 488 4.86 0.02 436 4.62° 0.26° 431 4.579 -0.269
51 3-OMe 4.90 497 -0.07 4.85 487 -0.02 4.66 4.60 0.06 4.38 4.50 -0.12
52 4-NO, 4.68 4.74 -0.06 492 4.82 0.10 4.65 4.73% -0.08° 4.61 4.54 0.07
53 4-Cl 477 4.76 0.01 454 4.86° -0.329 435 453 -0.18 427 4579 -0.307
54 2,4-(Me), 4.63 4.60 0.03 422 4719 -0.499 472 4.65 0.07 4.64 4589 0.08?
Ave 9 0.05 0.06 0.04 0.01
Test. Ave? 0.21 0.30 0.14 0.21

“Predicted value, Pdifference of observed values and predicted values, “test set compound, ®Average residual of training set., ®Average residual of test
set.
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Table 2. HQSAR analyses for various fragment distinctions on the key statistical parameters using fragment size default (69); In case of

herbicidal activities (pL;,) against shoot of barnyardgrass (ECH)

o Statistical parameters
Fragment distinctions Best length
rzﬂ.(qz) SECVa) lll'lc\’. SEI‘ICV.a) Ncb)
Atom/bond? 61 0911 0.086 0.954 0.062 4
Connectivity? 71 0.915 0.084 0.955 0.061 4
Hydrogen (H) 71 0.907 0.089 0.956 0.062 5
Connectivity-H 71 0.902 0.094 0.962 0.059 7
Chirality® 71 0.905 0.001 0.959 0.060 6

IStandard error estimate: in case of cross-validated (cv) and non cross validated (ncv), Poptimum number of component., “In all case, the atoms and
bonds flags are turned on., The best model, “This option is used by combinig with connectivity-hydrogen (H).

Table 3. The HQSAR analyses for the influence of various fragment sizes on the key statistical parameters using the best fragment
distinction (atoms, bonds & connectivity); In case of herbicidal activities (pL,,) against shoot of barnyardgrass (ECH)

. Statistical parameters
Fragment size Best length
(P SE_.? o SE,..” NC?
25 199 0915 0.084 0.950 0.064 4
36 199 0919 0.081 0.949 0.064 3
47 199 0.916 0.082 0.951 0.063 3
58 151 0913 0.085 0957 0.060 4
69° 71 0.915 0.084 0.955 0.061 4
710 353 0.911 0.086 0.957 0.060 4

¥Standard error estimate: in case of cross-validated (cv) and non cross validated (ncv), Poptimum number of component. “The best fragment size
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Table 4. Summary of analyses results from the best models using
HQSAR methodology

Statisticals & ORY ECH

distinctions shoot root shoot root
Optimum NC? 4 4 4 4
2, (@ 0.908 0.760 0915 0.924
S 0.960 0.868 0.955 0.970
SEE,_.° 0.064 0.075 0.061 0.054
Fragments® 69 710 69 69
Best length 61 61 71 59
Atom/bond on on on on
Connectivity on on on on
Hydrogen (H) off on off on
Connectivity-H off on off on
Chirality off on off off
PRESS? 0.168 0.261 0.151 0.123
Residual® 0.049 0.058 0.043 0.041
Test. residual™ 0213 0.303 0.140 0.213

JOptimum number of component, Pcross-validated q°, “non-cross-
validated r°, “standard error estimate, “molecular fragment, ®predictive-
residual sum of squares of the training set, Paverage residual of traning
set, Maverage residual of test set.
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Understanding the Protox Inhibition Activity of Novel 1-(5-methyl-3-phenylisoxazolin-5-ylymethoxy-2-chloro-4-
fluorobenzene Derivatives Using Holographic Quantitative Structure-Activity Relationship (HQSAR) Methodology
Nack-Do Sung*, Jong-Hwan Song' and Kyeng-Yong Park (Division of Applied Biologies and Chemistry, College of
Agriculture and Life Science, Chungnam National University, Daejeon 305-784, Korea; 'Cytosine Laboratory, Korea
Research Institute of Chemical Technology, P.O. Box 107, Yusong, Daejeon 305-606, Korea)

Abstract: Holographic quantitative structure activity relationships (HQSAR) as 2D QSAR between the herbicidal
activities against root and shoot of rice plant (Orysa sativa L.) and bamyardgrass (Echinochloa crus-galli), and structures
of A=34.5,6-tetra-hydrophthalimino, B = 3-chloro-4,5,6,7-tetrahydro-2H-indazolyl and C = 34-dimethylmaleimino
substituents in 1-(5-methyl-3-phenylisoxazolin-5-yl)methoxy-2-chloro-4-fluorobenzene derivatives were studied and
discussed. The statistical results of four HQSAR models for the herbicidal activities against root and shoot of the
two plants showed the best predictability of the herbicidal activities based on the cross-validated 7%, (¢°=0.760~ -
0.924), non cross-validated conventional coefficient (7,,=0.868~0.970) and PRESS values (0.123~0.261). The
results indicated that the qualities of HQSAR models for barnyardgrass were slightly higher than that of rice plant.
And also, the predictability of HQSAR models were higher (q°= HQSAR >CoMFA) than CoMFA but the
conventional coefficients of HQSAR models lower (**=HQSAR <CoMFA) than CoMFA. Moreover, from the
contribution maps, it was founded that the selectivity between the two plants depends upon the 2-fluoro-4-chloro-5-
alkoxyanilino and R, substituent on the C-phenyl ring. These features suggest where to modify a molecular structure
in order to improve its sclective of herbicidal activities against barnyardgrass.

Key words: holographic QSAR, 1-(5-methyl-3-phenylisoxazolin-5-yl)methoxy-2-chloro-4-fluorobenzenes,
herbicidal activity, rice plant (Orysa sativa L.), barnyardgrass (Echinochloa crus-galli)
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