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MI=AM 3-Phenyl-5-(3,7-dichloro-8-quinolinyl)-1,2,4-oxadiazole
TEAS2 A MojgtMol 2§ Hlm 2XI& 2M(CoMFA)Z} 2K}

208 FZ-2HHEZA(HQSAR)

Myyzr - ols’ - s - Ag'

2
C

Jg(l

Fedsta FgAgAst AT, AT Agostd

2 o A2F quincloracA] AzA F3E-& GAslr] $)sle] 7)1 33EZE 3-phenyl-5-(3,7-dichloro-8
quinolinyl)-1,2,4-oxadiazole F=AE2] #(Ory)2} =5](Ech) Z7] 2 Felo] 3t A2 AsfgAlol A v
A £ (CoMFA)Z #2 E2a% F2-ZRAMHQSARE B3I el. 7 252 749 H A% A
ZAJo| W7} PLS Alatel mE w3} §18 o 54(¢)3} Pearson AFAASC)E ¥ 2 v, HQSAR 2Hle]
CoMFA melnch k53 AoE vehigcth Exjo] o3 Ay 4L YAFe2 2 37] 24 phenyl
aejae] ofatdE AAEe A BAZE Z9lElelel & Ao gdElon 26-dichloro, US ¥ 24,6-
trichloro- 2| 3+ 4|, U6(Aplss=CoMFA: 1.18 & HQSAR: 1.82) 52 T ZZo| tisle] Ay s3tKo] o &=
© BFEEolqich(2003d 19 13 A4, 2003 64 20 5+2))

Key words: 3-phenyl-5-(3,7-dichioro-8-quinolinyl)-1,2,4-oxadiazoles, CoMFA, HQSAR, growth inhibition activity,
rice plant & barnyard grass.

M E (CoMSIA)T} W)= #2144 (CoMFA) (4 5, 2002)
2 A FEIHQSAR 7IHE 43 A5

Auxin®] A ZA|+= phenoxyalkanoic acid, benzoic acid, HE 3 glet
pyridine “12)37 auxined 31§t aromatic carboxymethyl £ dFelAs A2 awxin AlGe] AlzgAge] )
2 2ol 4:70% quinoline carboxylic acidA] S 57} dEl EAPAAICME, 1996)F 913t quinclorac] 343}
A EAEE BRYY o5 BT oA3E i ¢! 3-phenyl-S-(B,7—dich10ro—8-quinolinyl}=71;~2;4aofxadiazole, e

D

=
caboxyl 717} BAe] "4AQ Aow QamEy ¢  FEACH D F RAIIS] Wshd mas
th 223 auxines} o) =& 2A1AF whula (Oryza sativa L)+ =3)(Echinochloa crus-galli)2] &7)
(auxine-binding protein)o] K143+ ojvlolA] auxine-2ogAle} o FElel HEd AR M@ #d 2D QSAREH
= 75 A= I(Loler £, 1985) Si71=E s}k ANE ZANR 5 200202 ¥|3L EAPE £44(CoMFA)
Quinoline carboxylic acid 3 (Grossmann 5, 2000)2] (Cramer 5, 1993)7 #2} F2a3 23434

A ZA 24 quinclorac (BASF, 1986)& 9ldl| 4ol o (HQSAR)(Heritage 5, 1999)% ¥A43tx o4& Z3AE

=

¥ g AREAGE 5, 193)9 Fgo g of A=

d TS AAAFIEE Q7 ARHLE F,

1992) gl.om] = 2|4 O-quinolinylamidoxime §-% ME ¢ ghy

AEe] AxdAdel disted(F 5, 1999) Q75 0} gl

ch. Fefell= 3D QSAR 7|®H(A, 2003b)ell 28k ¥z} 9d#¢] quincloracH] $}3h&<]l 3-X]%h-phenyl-5-(3,7-

A7 whdoe] TlEwA vlEEAl SAA A SRA dichloro-8-quinolinyl)-1,2,4-oxadiazole -FE=A|-Sol <3t
W(Oryza sativa L., X2} &%) +=3|(Echinochloa

"= A crus-gall)®) Z719} %2 5, ¥y A% As)2A

108



Quinolinyloxadiazole 7% A £ 9]

o) AEA 5, 200229 ZH(E DS
o} gela 2E Fap 2dE)(CMC, 1996)3 CoMFA
2 HQSAR #A4-& gt FE#2 A4(PLS) Axk
Sybyl(Ver. 6.8) 2 7%(Tripos)S AF&3}o] O, Work-
station 8.2 AlAFa}si T

°]-8-3k%

21| SdEfet 2

Phenyl 328]Abol] w] 28 ¥ 7|A 33HE 1(2¥ 1)
& Wb Aagel nF AL 0|3 34

o] A=) ¢lor} simulated annealing WHH(Kerr 5,
109622 913 S} A48 D AR 4T o
]S =Aslgiv)t &S Heat molecule: 800K/1000fs
2 Amneal molecule: 300k/1000fs2) =7 2.2 cut off=
80cA] 10W9] cycles Alsfsle] 7} & 243
o q=] S 7HAA 1A A 7E 7 2 (minimi-
zation energy: 14.554 Kcal/mol, potential energy: 38.143
Kcal/mol % kinetic energy: 17.725 Kcal/mol) <SFA3F
el 2 ghaslgdn)h 7k 3Ele-5o] s ok e
£ flexible field fit2} atom by atom fit ¥}% o 2 3214
F2bdol AYaky Akl dlekel o2 e e
5}, atom by atom fit HFle)| 2]3F Ar} o3 ahe]
o 2 A& A 7] t}Go] CoMFA AlARE A As}

s‘.&iru}i

Fig. 1. Numbering scheme of heavy atomes of

substrates, (1)

CoMFA Jiibt
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A2 18X20X202A FAL) 33431 Azl 27 )
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probe atom O R Ag3le] TE A} z
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B AL
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Waals) field = AJAFS}a PLS (partial least square) %}
woz BAsleithKlebe 1993). olu} Bxjuj Yzt
¥ ke 7 714 HeEel distel Gastger
Huckel chargeE 7| AF3}o](Gasteriger 5, 1980) A}-£-3}
93t} CoMFA field A7 ¢lx}= CoMFA standard B}
(Tripos) 2.2 Astx EApAre] #-3 steric, electro-
static, both(steric 2! electrostatic)¢} A E&Ade] oI3FS
o2 4A%5A)S CLOGP module® A4HE logP ZHE
Ahaslein) 28] stericy} electrostatic 25 cut off
o1 =]E 300 kecal/molZ 3} PLS tableE 2HA]3}od
PLS #H4+& Alsi(Tong %, 1998)3}4ic}

HQSARS] At
Bz Zz19 (H) QSAR(Lowis, 1997) 7|2 2D
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Q5 Heel AHA 2 7]%3 50 A4l &
3
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[o3
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A g e ¥k 2
Zole] Eab 2o “‘ﬂEHE A=+ bind CRC
(cyclic redundancy check) 14F =2of &J3le] 7j& +
A9 HefA el Eajoll E HHE 7533 ok A
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3y 2ol g FEA 27 44T E2a
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22 HANTPLS) HAt

CoMFA 71¥2] #4 218& EdE& CoMFAL
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9] 42 A}-438}e] leave-one-out cross-validation®} 7-g-
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(predictivity)= o} &Adell FHg Zro]m(Malinowski
1980) r'(goodness of fiy 2% LAk} A4z
3%k Alele] Pearson AbRtA|grolct

. 2
cross-validated '3

o0
kY
g



110 HIE - o4E - 558 P

dot ¥ g

714 31gHEEel g W(Ory)e =3 (Ech)? &
7ieb #eld o AR AHBHE DS B
plso=5.20~6.132.2 W xrie =3)o ulsje] ozt
=& Azfolglon dF EAZRE A43F quinclolrac
< w By} =7 diste] AYHe|n UF3] =&
A 258 2 =3 4.000% e sichA
5, 2002a). =3, 71A FE] 54 (logh)
431~649 W2l e vehlzg AzxAEY ¥
Zn|go] 1A =L 250~4.60 H$|(Tanaka 5
1995)el] ®jdte] & 4~FAS Hole IFEE
ch w3l F 2350 89 8 AR AL &
2D QSAR (A %, 2002a)el| |3} 3-phenyl
gl el Aoz 2 XF7|7 ZelElojof &Alo]

A 9 AYe AR g

o
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SR

Table 1. Observed (Obs.) growth inhibition activites {plsp)

for the root and shoot of the two plants

Ory. Ech.

No. Sub.(R) logP

Shoot Root  Shoot Root
1 H 486 521 544 577 551
2 2-CH 575 533 484 559 555
3 2Cl, 6F 547 484 500 562 6.64
4 3-OH 445 526 419 538 5.02
5 3-CH; 536 512 517 562 553
6 3-OCH, 490 536 493 551 557
7 3-0C:H; 596 529 5.10 543 557
8 3-0OCHs 649 541 534 543 554
9 3-COCH; 437 536 5.81 555 5.65
10 3-Cl 558 540 551 578 625
11 3-CF; 575 530 537 546 553
12 3-NO, 461 531 5.11 539 571
13 3-NO;, 4-Br 527 533 542 588 6.04
14 4-CH; 536 514 531 552 553
15 4-COCH; 437 535 538 577 555
16 4-Br 573 528 572 5.63 5.61
17 4-NO, 461 538 555 5.66 6.07

Quinclolrac” 2.58 4.00

Abbreviation; Ory.: Rice plant, Ech.: Barnyard grass,
¥Compared substance (Upland & Premergence).

r=0994 227 e

=

ol ]3}‘54 é SR ekl °M"Jr A AW Az
Ae) oFe AzAe) F4, ol % wixe] fEHol
r;].. .E’T%L auxm7:1] ;(.“ ;(A]]oﬂ EHz,-]. 9,]:140] 1:11 M].uqol

Nge) AT A9 Aol auin 44 9
A % Zelaebag Aelz dsle waisine
(Katekar =, 1979; 1983) A& A<l auxin F8-AH2} 7]

A 33HERe) A3 SAe] #E olsrt o3l

AN 71 EApel BT AuVE B2 9
202 ligand-based approach W}jo 2 1 oldlE E
5317) $lslke] 3281 FRAAe] AR} F 2F
22 H AR AsBA e vixe /1A BAFEETH
FRAE A AR DA AReE TR
) 7} QEe AT 2 Addl 93 YES 5
3 =(contour map) HAe] FA=E FIle CoMFA
#ae AR

718 xS b AT Hele  simulated
annealing B (Kerr 5, 1994)0.2 ZAAIsigic}t. 2AE
Hu AR %, 2002) HelE 33 ZZHA el atom fit
yloz Hydsty CoMFARS - 2| 4AlSHPLS)
oz BAsle) 1 AAE X 20 AelEck F
zxZo] 39 W AR M@l g PLS AAHA
A A7) 3HE(outlier) Gz ZE Aol 2780l %ic
a2l3 FEghobs)¥ CoMFA Edle] 23 53k

>

O

(pred)@2] x}o)gh(Deviation)o| 4] & 4= gl5o] Apo|gk
(T 4)°] Hoz2 CoMFAX o] F 2% ¥4 4

AR A el A Avstn 9\)‘.3__3:
w3} #elZH)F} Pearson AFIALE)E
Wuch =99 A4st o Jzsigen 7 A9
PLS ¥4 A= o3 2t

Wz, B £7]9) A$E ¢=0380 Y r’=0.865 L
2lz mal= ¢=0215 2 r2—0.921°]9dl:}. o] PLS 7
A A2 RE 45 ARl A Flpl dSA4R
o} AA7E 2 g Ae] A mHlglS AE L
olck. =y, e gloiM E7E q=0600 %
79 ¢*= 0375 Y *=0.906
ol & A deomax 53], WA Al =99
270 dste] wl$- 33 2L ek
g o2 a3 20 vehd =5 E7]9 AR AL
o th3t ol&zk(pred. plso)= HZZh(obs.pls) o] F3
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Cale. pl g,

Obs. pl

Fig. 2. Plot (r=0.992) of CoMFA predicted (atom by
atom fit) versus observed plso (Ech. shoot)

values for the training set compounds.
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Table 2. CoMFA analyses for growth inhibiting activi-
ties (plso) against the root & shoot of rice

plant and bamyard grass

s 2o thdk CoMFAS} HQSAR 11

2
w
2
]
o
f
)
i
g_,:
Es
X
£
e
gL
=)
=3
&
1o
_)I.I_v’
alu
=5

33 ASAF A S YRl

Zzad9 AME $ste] EAEZ(fragment) FE
A o F2UAE EAvHon) XA o2
(offy A3 Tz Aol7t 2 A3~} 2
ZA4(151~401)2 W7o} 7 AAbsied Eull(Seel F,
1999) HQSARe| olale] AAlEl mell2 Zgodl 2

Table 3. HQSAR analyses for growth inhibiting activi-
ties (plsy) against the root & shoot of rice

plant and barnyard grass.

Statistic & Ory. Ech. o Ory. Ech.
RCY(%) Shoot Root  Shoot Root Statistic Shoot  Root Shoot  Root
No. of compds 17 17 17 17 CN 17 17 17 17
Outlier” 2 2 2 2 Outlier” 2 2 2 1
Component 5 5 8 6 Component 3 7 3 6
q 0380 0215 0601 0375 q 0626 0408 0440 0.526
r 0.865 0921  0.99% 0906 r 0977 0989 0855 0985
Steric 392 408 506 327 Fragment 4~9  4~7 4~7  4~7
Electro. 56.8 47.1 490 650 Best length 307 257 199 97
logP 4.0 120 04 23 H Atom on off off off

“Relative contribution, "Ory. shoot: 3, 9; Ech. shoot:
2, 11; Ory root: 4, 9; Ech. toot: 2, 8.

“Ory. shoot: 3, 10; Ech. shoot: 9, 12; Ory root: 3,
11; Ech. root: 7.
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Table 4. Predicted growth inhibition activites and deviation for the root and shoot of the two plants using CoMFA
and HQSAR methodology.

CoMFA HQSAR

Prediction (plso) Deviation (plso) Prediction” (plso) Deviation” (plso)
o Ory. Ech. Ory. Ech. Ory. Ech. Ory. Ech.

s R §$ R S R S R S R S R S R S R
1 522 544 577 546 001 000 000 005 523 540 566 549 -002 004 011 0
2 531 485 593" 653 002 -001 - - 534 483 559 556 -001 -001 000 -001
3 535 498 563 663 - 002 001 001 529”556 566 663 - - 004 001
4 527 540' 537 503 001 - 001 001 526 420 548 513 000 001 -0.10 -0.11
5 509 518 562 546 003 -001 000 007 511 520 562 548  -001 -003 000 005
6 536 495 551 564 000 -002 000 -007 534 487 544 549 062 006 007 008
7 528 510 543 554 001 000 000 003 529 520 542 559 000 -010 001 -
8 542 531 544 593 001 003 -001 - 542 530 541 559 001 004 002 005
9 519" 491" 555 559 - - 000 006 534 584 578° 566 002 003 - -001
10 535 556 574 605 005 -005 004 020 526” 548 572 628 - 003 006 -0.03
11 533 540 584" 552 003 003 - 001 530 511° 545 553 000 - 001 000
12 531 510 539 572 000 001 000 -001 533 516 580" 570 002 005 - 001
13 535 538 588 619 002 004 000 -015 535 542 584 602 -002 000 004 002
14 523 548 552 573 009 -017 000 -020 514 533 560 552 000 002 008 001
15 536 544 579 570 001 -006 002 -015 534 537 580 551 001 001 003 004
16 528 563 565 568 000 009 002 -007 527 572 570 561 001 000 -007 0.00

17 534 541 565 35.385 004 014 001 022 537 551 567 6.12 001 04 -001 -0.05
Abbreviation: S: Shoot, R: Root., *Excluded compound (outlier)., YObs.-Prediction.

Table 5. The predicted growth inhibition activities (plso) against rice “plant (Ory) and barnyard grass (Ech) of unknown
compounds using the two methodology.

CoMFA HQSAR
No. Sub.(R) Shoot Root Shoot Root

Ech. Ory. Dev” Ech. Ory. Dev’ Ech. Ory. Dev® Ech. Ory. Dev’
Ul 3-CHs, 4-Br 597 518 0.79 566 528 038
U2 3-CyHs, 4-CF; 6.15 516 099 542 535 007
U3 CF:CH,"- 591 555 036 571 525 046
U4 CeHiiCH,'- 580 536 053 618 550 068 569 58 019 568 548 020
U5 2,6-(Cl), 641 523 118 701 547 154
U6 2,4,6-(Cl) 656 538 118 754 572 182
U7 2-Cl, 3-NO, 627 516 111 657 506 151

“Substituent on the C13 atom of 1,2,4-oxadiazole ring., b)Dev=Ech.-Ory.
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Fig. 3. Steric and electrostatic contour map from CoMFA 1nodel for growth inhibitions against shoot of O. sariva L.

(Ory.) and L. crus-galli (Ech)
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Fie. 4 Sieric wwd clectmostatic contour map from CoMFA 1adel for growth inhibitions against root of O. sariva L.

(Ory) and L crus-ealli (Ech).
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Comparative molecular field analysis (COMFA) and holographic quantitative structure-activity relationship
(HQSAR) on the growth inhibition activity of the herbicidal 3-phenyl-5-(3,7-dichloro-8-quinolinyl)-1,2,4-
oxadiazole derivatives

Nack-Do Sung*, Sang-Ho Lee', Jong-Hwan Song' and Hyoung-Rae Kim' (Division of Applied Biology &
Chemistry, College of Agricultural & Life Sciences, Research Center for Transgenic Cloned Pigs, Chung-nam
National University, Daejon 305-764, Korea*., Korea Research Institute of Chemical Technology, P. O. Box 107,
Yusong, Daejon 305-606, Korea')

Abstract : A series of new quinclorac family, herbicidal 3-phenyl-5-(3,7-dichloro-8- quinolinyl)-1,2,4-oxadiazole
derivatives as subsirate were synthesized and their growth inhibition activity (plso) against root and shoot of rice
plant (Oryza sativa L) and bamyard grass (Echinochloa crus-gall) were determined. And then comparative
molecular field analysis (CoMFA) and molecular holographic quantitative structure- activity relationship (HQSAR)
were compared in terms of their potential for predictiability. The statistical results were suggested that HQSAR
based model had better predictability than CoMFA model. The selective factors to remove bamyard grass take
electron withdrawing groups which can be created positive charge and steric bulky on the pheny! ring, Results
revealed that the unknown 2,6-dichloro-substituent, U5 and 2,4,6-trichloro-substituent, U6(Aplse=CoMFA: 1.18 &
HQSAR: 1.82) were predicted as compound with higher activity and selectivity.

*Corresponding author (Fax : +82-42-825-3306, E-mail : ndsung@cnu.ac.kr)



