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- % Abstract
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To predict and design of new potent insecticidal compounds, the two dimensional quantitative structure-activity
relationships (2D-QSARSs) and molecular hologram quantitative structure-activity relationships (HQSARs)
between the various physicochemical parameters as descripters of N-phenyl-N-methylformamidine analogues
(1-22) and their insecticidal activity against the two spotted spider mite {Tetranychus urticae) were discussed
quantitatively. From 2D-QSAR models (1 & 3), the width (B,) of Rs-group as sterically factor and optimal
total dipole moment (TDM=2.025D) of Rs-group were mainly influenced to increase the activity. Therefore,
the activities were depend upon the R;- and Ry-groups. Particularly, it is predicted that the activity of newly
designed potent compound (P1; ECs=0.516 ppm) by 2D-QSAR models (3) and HQSAR model F2 was about
343 fold higher than that of the commercialized insecticide, Amitraz (ECse=17.7 ppm).
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I AAA 2 octapamine receptorol] Zh43}o] ArxEA L
Lieto] Sofifet AWE {FE AR YAdH: B4
Ui Evans®} Gee, 1980). Chlordimeform X z& 7
¥ FormamidineZ] A3A 24 Wy BAE S5t A
£o] FA|EIYTHAzizet Knowles, 1973; Holiingworth, 1976).
J2Eu @A, Amitraze 5 U} Skl e o] 81 9l
Y| SABAE U-40481 = BTS-272710|8 1 B
AL e = 3 BIpHER] A 2R g3 ti(Harrison
5, 1972). Octopaminee 2 F3A44 U4 244
(arousal system)2} #210] 9] oo} 357 (behavioral arousal)
& 245 4802 T2 ARZAGE 488 B o
ZHLund F, 1979), 487 Agste] A2 Hg(second
messenger)%l cAMP(cyclic adenosine monophosphate) 2]
FEE woFe A0R g8A vk Murdock F, 1980).

74|, Chlordimeform¥} Amitraz 2] formamidine?)
AZA|E octopamine 4~gHJo B3t octopamined} A
402 2] octopamine®] BAE AT} Ho| o]

, octopamine¥} FAFSHA A &H ol v A A&
4.2 71t (octopamine agonism)(Hollingworth £, 1979).
2B R formamidine”] AEA0] F5H LFFE ALo]
Ao Fol FAU, Tustel v B4 vBe s
E Hao] FpHQl Ae|zgo] mato] Yohupr|w gk
£ o] IES £8A4T} 2-3F 54 FEYE Ve
5 S AEgel digt A8de AL Y AeE
Z LA lth(Booth, 1988). E3, 2ol £5EF A
formamidine®] FTHAl QHA ol et A= HuEgdct
(Divito %, 2007).

=&, A5 Imidacloprid -F-=49] AH5/do] B QSAR
(Sung %, 2006; 1996; Soung % 2007) ¥ 19| 7[5 o
71 &(Sung 5, 1997), 3-benzylidenemyosmine =4 2]
A3/dol #3 HQSAR E4(Jang 5, 2007) & #iSZvhy
(Plutella xylostella, L)) tJ3} 2-(n-octyl)pseudothiourea &
=A4|9] 45E/d(Soung 5, 2009) ol #HAT 3D-QSAR £
AdnE Zagt vt gl £ @54+ Octopamine agonist
2 43 formamidine” 31882 A U8 9] N-phenyl-N-
methylformamidine --=4)(1-22) 2, AE7(R-Ra)7} HE}
ol B 5 Aeto] Fol(Tetranychus urticae)e] AFEA
off T3 2244 ¢l A F2- B TA(2D-QSAR)(Hanch,
1976)9} B2} E2 1Al F34 72-Z4TA(HQSAR)
(Heritage 5, 1999)°] 3t 3 H3te BYS Fmdto] 43
Ao miAls A2 LAES BASlL 52 438 R

ole Mg FET d43A SRES A8t BAsiqch

ASEMa gEext

= Adto] Lof(Tetranychus urticae)ol] 43t N-phenyl-N-
methylformamidine F-=4)(1-22)9] 45842 FHZH(Lee,
2007)0] 7)Z3815k olF AFEAE 24 U 4BATE Fofl &
7t 249 2 A4524(%)S Graph Z213(GraphPad;
Ver. 4.0)0] 28519 50% 488 & thdol = 49 ¥
T3 plogt o8 Agste] S5 H5EAFH(Obs.pls) &
2 Asloich. B2EAR formamidineZ) 4342l Amitraz
(6)9] AR ZFBIGT. 2D-QSAR EA42 9131 TR0l
A 7138 BA 2 A N-phenyl-N-methylformamidine =4
9| gel-gtet Q] AYAle BE 35508 B dAet A
grlof djgt grog Zkzk pRaiglon gehA, 7]skekA,
714 o FASFHAQ] fPo R Ao glck o,
STERIMOL w}etulEl(A)el 7+ X #7I(Ri-Re)9] Zol(L:
K)o} ZB,~Bs: &%), Bt Ag719] Hoj(v: &%), B4 &
AAMSA: A%), BAHMS: amu)S §iA5te] 2578
£ logP), £44 EHEAM), B2 FHEMR: cm’/mol),
W3} 5-&(DM: Debye) ¥ £A24 EWHPSA: A) 5,
E2|8}8} webu|e &L Accelrys(Ver. 3.3) TEIF(TSAR,
2000).2.2 AAl3te} 2D-QSAR EH| {0 o] &3t3T.

2D-QSAR RHe| R

718 $EA Y AE7|(Ri-Ry) W3] wp2= BAH AT
AR5 BEH AFRH(Obs,plso) o] +2-F4 87
(SAR)E £-43}17] Slste] th53l94] Feo] 2D-QSAR &
g€ TSAR(Ver. 3.3) Z2 17} SAS B4 ZZ73(Ver.
9.2; SAS 2002)2 Adste] 45319} Data set(n=22)0]
AR 7] B Aol 2 ndE FEd] o] A
oA Hojul= 3RHE(outlier; n=5)2 A A}7| 1 HHA|
35l training set, n=17)2 J4 2.2 Hansch &4)(Fujita,
1995)9] 2D-QSAR RYES HE3813T 9 AdS ol
As7) ste] AEAARA EA4 Y HEE 3 oJUE A
stk 299 AR %, 12 ARAS, e fO40l L,
TE 34, Fe A8gold 18l st #28xE 247 Y
Epdl Aeojrh

- HQSAR 29| Rk

HQSAR®] 418 2 PLS(Partial least square) £4-2
Sybyl(Ver. 8.1) Z213(Tripos Inc.)& AMEslo] 4584
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£ ¥9lth 223 optimized QSAR HHH 2 2(Cycle; 600
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|7158 2R =qiste] B4 IFES At &
Azt zdg —% S Pred.plso) 257 53]
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PLS AlAt

HOSAR 292 %23l7] gt PLS AAKStahle2t Wold,
1988)2 7148 A40] 27} 50 2410 ERg Lol Al
sto] AAjstATH Heritage &, 1999). HQSAR 249 o2
A(q)L leave-one-out(LOO) WA1EHl T o & AASI T
AR FAE £2 odte ZAERIEHA] o1 SEEE
2o tjgh AP ) S G} mAEe AT}, JAs
+ squared prediction error®] PRESS(predictive residual
sum of squares) FH> 242 TH9] o) 240] Okﬁoh:}g_
grisin o 2A440] q %x (r . )70.50 o]Aro] il ArgAdo] £ S
0.90 olg e ol A4 HAskd 2R gk E3k
273} 9 HQSAR Hdlo] 4Aal 9l 2ok H5A
W Bl A2E YEEE JloEe A e 24Eg
o} of7loll A G 7]odmd, BAb 24 EAF ekl
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2 HQSAR 28 F29f I3t ol &gH(Pred.plso) 18]l o
% s APol9] ZPOIFN(A)E Table 1] AFistgrt. &
2 AU FFEoFe] AU Fash g
A od A Az AR 2712 45
ARE A3, olesh Ak 9l At A7ieh wRlg #
< 713K Sung, 2002). 17|04 ClogPzte] 7H4 & 3
2155 9.97) 7P A2 ERhE(22; 1.54) Afo]9] z}Ol
w9 F(AClogP=8.43) Ho|Qlr}. e} A%A 152 &
Z oF 5395 AL88= acetyl choline As|AHE 4 85%/’}
Uil &4 aedde FEUAT loghP=0.0-5.50 ¢
2(Sung, 2003) FUTTHH 7oA & ﬁ}ﬂ“«! o
A A7)e WA pFolgt woEd. B, wE3 AF
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QFo(3.17) 7L Aol AObs.plsi= 1550101\4 QSAR £
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ohE SRHEEY ASEA Hol7t AXgE HolojA A#7)
Hite $eA R ol 53], 483k formamidine ]
AEA Amitraz(6; 4.22) 20 & B HEdE 89
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2D-QSAR TH
7|EALe] A2H|(Ri-Rs) HS}o] wp2 H5EA T} A
Zpoke] A 25 E §5H 2D-QSAR Wd(1)of oFte] AE
g 3714 AHURHMSA, V ¥ B)E9 correlation matrix
EHE HSE AR SHAolglon t (1)40] FAX R
71 kEsiglek 22 (DA HhEes w2 RS vEhi:
L Obs.plsy=0.068(£0.014)SEI-0.426(+0.036)MV.Subs+
8.210(x£1.030)B,.5ub.2-3.025(£0. 768) (=17, R*=0. 885, F=
33.190 2 s=0.678) 0|2tk ©] A2 (1)A1% MSA AH:
Alof] 4% E2}2] Shape Flexibility index(SFI) TH& 2§86}
il gtk

Obs.plse=3.420x10°MSA(£6.435x10™)-0.383V.Sub.3
(+0.055)+7.340B,.Sub.5(1.006)-2.801(:0.724),
(n=17, F=37.85, s=0.688, 1*=0.896 I r=0.947) (1)

(2] o2 4384 7]ofsh= Athgt 27] <Al Rs-
2|871(Sub.3)) Z(B)H £3(V) E EALe] THZ(MSA)
0] 0 1j(B, > VIMSA) ALZEA 9] oF 90%S A vE5}i19)
ot 3 MSA 2 VY 7lof= g Agtott Rs-2|247]¢]
E(By)o| T4 7Hg 2 4TS ARGl £39], R3]
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Table 1. Hydrophobicity of N'-phenyl-N-methylformamidine analogues and their observed insecticidal activity (Obs.plso) against two
spotted spider mite (Tetranychus wurticae), and predicted activity (Pred.plso) in training set of optimized QSAR models

T |
N\/N\R4
R Ry
No Substituents (R) ClogP Obs. HQSAR 2D-QSAR
1 2 3 4 Pred.” AY Pred.” A

1 H CH; CH;  SN(CiH), 6.09 3.88 - - 3.86 0.02

2 H F F SN(C4Hy)z 5.38 3.83 3.94 0.11 378 -0.05

3 F F F SN(C4Hy): 552 397 377 020 - -

4 H F CH;  SN(CiHy), 574 4.64 4.62 -0.02 - -

6” H CH; CH;  CH=N-24-xylyl 5.50 4.22 4.10 0.12 438 0.16

7 H F CH;  SN(G:Hy) 4.68 472 4.60 -0.12 4.56 0.16

8 H F CH;  SN(CsHu) 6.80 4.06 - - 4.12 0.06

9 F F F SN(C3Hy), 447 3.50 3.75 025 3.65 0.15
10 F F F SN(CsHi)z 6.58 3.68 3.72 0.04 3.80 0.12
11 H CH; F H 2.40 3.17 321 0.04 322 0.05
12 F F F CiHo 3.46 3.46 3.44 0.02 348 0.02
13 H F CH;  SNCH;CiHy 4.15 3.84 - - 4.01 0.17
14 H F CH;  SN(GsHi) 4.15 4.50 4.60 0.10 - -
15 F F F SNCH;C4Ho 9.97 3.70 3.61 -0.09 3.62 0.08
16 H CH, F SN(C4Ho)z 3.94 3.98 3.82 0.16 3.82 0.16
17 H F CH: Gl 5.74 3.79 3.81 0.02 3.62 0.17
18 OCH; F H SN(CsHo) 3.57 4.19 4.23 0.04 4.12 0.07
19 H F CH; GHN 5.30 3.59 3.73 0.14 343 -0.16
20 H F CH;  CH,CH=CH, 1.80 4.00 393 -0.07 - -
21 H F CH;  CH,.C=CH 2.84 358 3.68 0.10 357 -0.01
22 H CH; F CH,C=CH 1.54 326 3.14 0.12 3.39 0.13

Ave.” (PRESS)

1.70 (0.23) 1.74 (0.23)

“predicted activity by model F2., Pdifference between observed and predicted activity, “predicted activity by (1) model,, 9 Amitraz,

“average residual.

Pred. Nso

a0 385 48 45 50
Obs. plsg

Fig. 1. Relationships between observed insecticidal activity
{Obs.plso) of N-phenyl-N-methylformamidine analogues against
two spot mite and predicted insecticidal activity (Pred.plse} by
2D-QSAR model (1). (For training set: Pred.plsy=0.8960bs plsg+
0.395; n=17, "=0.898, s=0.118 & F=131.544).

9] Hujl= 21 B,&9] Fo] §&eE B4 71oqghe Al
IR R 8 9] ¥kl vt 9E AR Fig. 1]
£ B2 ZAFHO0bs.plsp) 2t 2D-QSAR (DR 5H
A7 (Pred.plso) Aro]9] BjasHA|4)(Pred.plse=0.8960bs.
plsH0.395; n=17, '=0.898, s=0.118 % F=131.544)0 25
] oJF F ghAlo]9] Aol gaghe & Asia ot
(1)4)o]) oo] 2214 0 &= Re-2|87|(Sub.g)oll gt (2)4]€]
2 AW Blow 1 27412 (3)4 3} o] #7)8rh

Obs.plsy=0.226TDMSub.4(0.038)+0.915TDM.Sub 4=0.161)
+0.405DMY.Sub.o(£0.091)+3.158(0.144),
(n=17, s=0.890, F=14.540 ¥ ’=0.792)  (2)
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Obs.plsg=-0.226(TDM.Sub.4-2.025+0.405DMY.Sub.4 229} Sum=0bs.plse-0.405DMY.Sub.48}0] ZEA HAE
-0.940 3) ERfiolch o225 E 7|2 EA: Re-2|27]9 TDMAF2] 4

Aol a e ] AZE0] (TDM)o=2.025 DT 2|tjzko 2 tj2F Obs.pls=
QPRI SFRRE RAWE YE AL A g oh e BTS2, o 4% 45

J

0 ‘ ‘ , HQSAR 2
i A fEAEY 23] U3l whE AS5EA T} w2y
40 27) g E4Ao]9) T TAIE dobily] 9)8te] HQSAR

|

S &(Heritage %5, 1999)2] PLS £4 AW-ES Table 29 A

2 3 (TOM), .72 6250 gtk 7MY S5 FARLS 7HAe BY Fe 2R
’ / 2717} 7~10 89Jo] a1 o]= 199 bing] FZe|H 4]
¢ \ 47} 40]9tt. Table 3olA =el Fof 7]&8lod 84} 27k]
32

EAZ AAZ AN HAE FFE 2d F2(q’=0.719 L
’=0.930)& d9ch Fig 3ol %28 SA47HObs.plso) 2

28 0 " 2 ; . 5 HQSAR 28l F252HE o235 BA7H(Predpls)d TS
TOM (DYsub 4 UreR|Qle). | 8 34 A)(Pred.plsy=0.9590bs.plsi+0.013,
Fig. 2. Relationships between total dipole moment (TDM) of n=15, §=0.082, F=320.212, r 20961 4 9 g 20, 947)0 22 ¢

Ry-substituent and SUM by the 2D-QSAR model (3). (SUM= . T
Obs.plse-0.405DMY. Sub.s). 2d F29] AbkAdo] okFghe ARSIt 2D-QSAR(T) 2

Table 2. HQSAR analyses for the influence of various fragment sizes on the key statistical parameters

Best length PLS analyses
Model No. - - > > p

Fragment size Hologram (bin) o (@) SE... v, SEccs. NC
A 2-5 151 0.633 0.309 0.874 0.181 4
B 3-6 151 0.672 0.292 0.878 0.178 4
C 4-7 53 0.687 0.285 0.894 0.166 4
D 3-8 71 0.712 0.254 0.812 0.206 2
E 6-9 53 0.751 0.245 0.879 0.171 3
F 7-10 199 0.719 0.270 0.930 0.134 4

Notes: SE., cross-validated stadard error., SE,..., non-cross validated standard error, NC., number of component, “The best of
fragment size.

Table 3. HQSAR analyses for various fragment distinction on the key statistical parameters using fragment size default (7-10)

Best length PLS analyses
Model No Sa— ~ 5 5

Fragment distinctions Hologram (bin) e (@) SE.. ey, SErev. NC
F1 Atom/bond 257 0.693 0.282 0.916 0.147 4
F2 Connectivity 199 0.719 0.270 0.930 0.134 4
F3 Hydrogen atom (H) 83 0413 0.391 0.859 0.192 4
F4 Connectivity-H 307 0.457 0.375 0.881 0.176 4
F5 Chirality 307 0.464 0.373 0.882 0.175 4

Notes: SE., cross-validated stadard error., SE,.., non-cross validated standard error, NC., number of component, The optimized
HOSAR meodel.
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Obs.p1,,

Fig. 3. Relationships between observed inhibition activitiy
{Obs.plso) and predicted inhibition activity (Pred.plss) by optimized
HQSAR model. (For training set: Pred.pls;=0.9590bs.plse+
0.013; n=15, s=0.082, F=320.212, ¥*=0.961 & ’=0.947).

Table 4. Predicted activity (Pred.plso), difference between
observed and predicted activity, and error (Ave.” & PRESS”)
for test set of optimized QSAR models

HQSAR 2D-QSAR
No
Pred.” N Pred.” N
1 439 0.51 - -
3 . . 3.74 -0.23
4 - y 3.96 -0.68
50 4.43 1.10 3.85 0.52
8 4.57 0.51 - -
13 4.44 0.60 - -
14 . - 4.84 0.34
20 - . 3.83 0.17
2.73% 2117 2.94° 0.93"

®Average residual, “predicted activity by model F2, “difference
between the two activity, “predicted activity by (1) model, "Ry=H,
Ro=F, Rs=CH3, R4=SN(C;Hs),, ClogP=3.62 & Obs.plss=3.33.

ru
o
ki
o8
ao)
o
s}
A
ox
4L
H1

HQSAR 24 F2& {23l=d] ©|83 training set(Table
DI ALEAE &4 59 test set(Table 4)o] gt &
Ave. 1 PRESS)2HE & 2el RS} u|adh Agos
test seto]] 7|23 SR Aol & Edo|glth

o8y st Al

HQSAR =4 F29} 2D-QSAR(1-3)2€19] % Hoj wehA
Table 5ol Amitraz(6)E $IAI3t A9 BAFE(PI-PA)E
o] TDM A9t A4/d4a 9 d &8 A584J3H(Pred plso)
& A 23 MY 52 840 dFHe ke Pl

. (Pred,pls;=5.90)0] 2tk E3}, Amitraz % Re-X/317]9] TDM

A4x6; TDM.=2.11D) ut opje}, AAE s§HE9] TDM
A7} 2D-QSAR ZE()E 78 A ZHTDM)o.=2.025D)
off 2% FE(=141-2.11D)y& Uehfigla a4 AeE
E o 249 AR 22 WS (logP=0.0-5.50) ¢to]
Z3tE o] ¢k £3], 47" 3FE, PIEC5=0.516 ppm)
2 Amitraz(ECs=17.70 ppm)o] v}3to] oF 34,34 Z Ak
A4S yehd A0 q2591 HAstE HQSAR =Y
F29] A (F0e.=0.930)0] ZABL0] o]2H 07 o]t A
Q) AEEA 0 AZEEL 93%0] o]SH R JithETh

3, Fig. 4olle 43840 uj2le F24 A871d &
144& AlztE oz A3l $lste] thFoldl SHE FollA
Y 25542 Amitraz(6)e} HA1E HES P w2
FA4L 2ol IFHEPL) Tt 7|oEE M7= TR}
UeRYgitt. N-phenyl-N-methylforamidine $E4(1-22) &
o]A 2D-QSAR ZYZRE YAH Ao Je& IA 1|
A AEIRs ¥ R)E HAISHe] | X187|(Ri-Ry)
REEL B% 3AE vehfo] F1A =9 4584 7o
I N 919t AEEE Re-A 3] E S-A8A7} 52 &
A velfiE 497t wotth 53], Amitraz(6)9] Re-A 3

<

Table 5. Predicted insecticidal activity and hydrophobicity of designed N'-phenyl-N-methylformamide analogues by the optimized

HQSAR model, and total dipole moment (TDM)

Substituents (R)

Activity (plso)

No.? TOM”  ClogP :
1 2 3 4 Pred. ECs”  Rel?
P1 NH-Me NO»  i-Pr  S-N(G-Bu)h 2.11 6.152 590 0516 343
P2 NH-Me  NO,  i-Pr  S-(14-dimethyl-piperidinyl) - 1.41 5.125 574 0665 266
P3 N-diMe OCH; Me  S-piperidinyl 1.41 4.495 519 2173 8.1
P4 Me OH Me  S-N(i-Bu) 2.11 6.166 499 3454 5.1
Amitraz H Me Me  CH=N-2,4-xylyl 2.04 5.502 422 1770 1.0

a}Entry number with order of relative activity, value of Re-substituent, “convert plso values into ECsy (ppm), Irelative insecticidal

activity ratio to Amitraz (ECse=17.7 ppm).
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Fig. 4. HQSAR contribution maps displayed with Amitraz (Left;
6) and designed compound (Right; P1). (Contribution colors;
Green: greatest, cyan: great, yellow: moderate, gray: average).
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