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In the course of studies on 3(2H)-pyridazinone derivatives, the authors found that some
compounds substituted with phenyl group at 2-position showed distinct JH-like activity
(metamorphosis-inhibiting activity) on the green rice leafhopper, Nephotettix cincticeps.
Following elaborate investigations of structure-activity relationships among the related
compounds, NC-170 [4-chloro-5-(6-chloro-3-pyridylmethoxy)-2-(3,4-dichlorophenyl)-pyridazin-
3(2H)-one] was discovered as the most potent candidate, which strongly inhibited the meta-
morphosis in leafhoppers and planthoppers, but not in any other insects at all. Further
studies showed that the substituent at the 2-position on the pyridazinone ring played an
important role on this strict selectivity and that the introduction of halogenated alkyl groups
into the position drastically expanded the biological spectrum. NC-184 [4-chloro-2-(2-chloro-
2-methylpropyl)-5- {(6-iodo-3-pyridyl)methoxy} -pyridazin-3(2H)-one], one of the most potent
compounds among 2-halogenated alkyl derivatives, exhibited JH-like activity not only in
hoppers but in various species over 11 orders. In the field trials against the brown plant-
hopper, Nilaparvata lugens, a single treatment of NC-184 in late-July suppressed the popula-
tion growth during summer and prevented the ‘hopper-burn’ in autumn. The results sug-
gested that these novel JH mimics are promising agents for future hopper-control programs
in paddy fields.
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Fig. 1 Development of pyridazinone derivatives
in JH-like activity.
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Fig. 2 Mode of metamorphosis-inhibiting activity by (1) in the green rice leathopper.
A; untreated control, B; treated with 500 ppm.
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Table 1
ing activity in 2-phenylpyridazinone derivatives
against hoppers.

Structure and metamorphosis-inhibit-

GLH, green rice leathopper; BPH, brown plant-
hopper.

0
/ \ Cl
/_ I:I I R2
R! Na —>
OCH =\ 7
Lpd D57
ICs (ppm)
R! R2
GLH BPH
3,4-Cl; 4-Cl 0.06 =100
4-Cl (compd. 1) 4-Cl 0.36 >100
4-Cl 2-F, 4-Cl 25.4 2.8
4-Cl 2-Cl, 4-C1 >100 0.14

Lry=Lrtly
S=Surface area

Fig. 3 Schematic representation of the steric parameters.
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n=39(4 groups) Nmi=3(0) Rs=0.941

—brown planthopper ~—

BR = -2.38Lr2+36.7Lr+0,266Ly-0.589WDr+2.17Wy+3.21Lx-1 1.10y-157
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Fig. 4 The best discriminant function calculated
by adaptive least-squares method and receptor
map of 2-phenylpyridazinone derivatives ex-
hibited JH-like activity.
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Fig. 5 Molecular electrostatic

pyridazinone derivatives by CNDOQO/2.

potentials of

Table 2 Structure and metamorphosis-inhibit-
ing activity in 5-pyridylmethoxypyridazinone
derivatives against hoppers.

0

a N ' Cl
Na
cl oCH,— AT
ICso (ppm)
Ar
GLH BPH

6-Cl-3-pyridyl (NC-170) 0.08 0.07
4,6-Cl,-3-pyridyl > 100 7.8
5-Cl-2-pyridyl 1.8 >100
4-pyridyl > 100 > 100
5-Cl-2-thienyl >100 > 100

GLH, green rice leafhopper; BPH, brown plant-
hopper.
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Table 3 Metamorphosis-inhibiting activities of NC-170, NC-184, methoprene and fenoxycarb.
NC-170 NC-184 Methoprene Fenoxycarb

GLH 0.08 0.98 > 100 >100
BPH 0.07 0.0013 >100 8.98
GPA >100 0.96 >100 71.9
AM >100 0.002 1.3 0.01
DBM >100 0.0072 0.38 0.039
TT >100 0.023 0.052 0.037
RFB >100 0.02 0.18 0.03
MW >100 4.8 47.7 0.78
HM >100 0.92 0.1 0.0082
HF > 100 > 100 17.8 5.12
GC > 100 0.0032 0.4 0.0085

GLH, green rice leathopper; BPH, brown planthopper; GPA, green peach aphid; AM, almond moth;
DBM, diamond-back moth; TT, tea tortricid; RFB, red flour beetle; MW, maize weevil; HM, house
mosquito (ppm); HF, house fly; GC, german cockroach (mg/3.5 cm diameter filter paper).

A LBECBS T, von, 2axLTHFIRL
B JH 8IS EERT % 2 &2V b o (NC-170).
Fi, 2-¥ ) OVEEERCIREESAKIBCETTAZ &
L0, ERFERFOMENEHRICRS SEBETL LR
TR hic.

ZZTC, Y CBERD BESTAANICLE D
A, L&Y 2) oBE ERES, A VIl EREFO
BFREIZRIC LD IEDCEMSHEH RO (Fig. 3).
T, 7T AEERERE, BRESOIK
BAR 7S TlE7ed, &5 LBENSRC LT
LENTWRAREERE . —75, NC-170 © B &R
SOMEE, &% 1) OBFERUL, = a1 HCY
THEEREBRICE LD THBH B,

NC-170 o FHE2 =2 b5 o 2 REH 7 JHM TH
HBAVT Vo BI T/ F o —TEEHEBEE LA
(Table 3). F#R, NC-170ixv >h, =TI NAH
HL, EHDTEY JHEFEE AR TIC bbb
2, FofioBHREICH LTURFEEN L, 2 v vy
LIFE Bioo Ay b akHETHRRN JHM T
BTz

EZAT, NC-170i2, —R LTV TLrHdHN
KD JH Eh TR fEEBEEZ B LT D L5’
bhd. FoTcifke sy v X2 Bvc, NC-170 & »
VIV UDZERITTEED T, TOBE, B
AT d NC-1701%, AV TV HFo ekl EX
BLOEMSM 2 MBENLE- T WA Z & HB L
(Fig. 6).

EHIZZDEEL, NCI170 Bldo ey 24o 7 U5
BERDKET, 2V TV D LD RIEART FI A

methoprene

Fig. 6 Comparison of molecular shapes of NC-
170 and metoprene in their stable conformations
calculated by Chemlab-II.

JHM WEETHAREEAZ TRB T30 THLH ELEX
bLhre.

NC-184 O %R

PUEDERZLLICLT, BlEHKEEY S0 VERD
2 (B LS MBS EEEEROERA TNV, EER
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5, 2410 BEELHET Lo THEESEREBLR

o+

QD Ny BT 2 v EY AT TR VETE
BLioba®m )12, et oy T EEYE
LoDRASTEI AL FETIZ R ME FFROEEY
R~ L7: (Table 4). ZDOUEHDEREIZFH D TH-
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(e (4), Table 4). '
SHiT, Table, 6 IR LACLHIC R* BLOAro
BEREOBFEA LR T, NC-170 LIZHBIIC X HHT
KA b5 e JH BiEERY E 35 NC-184 23185
e, REZo0WCiR, veraom ang kg, 4+
WETE O EESRE  REBDO I - TEENMET
THEASBD O, E, HIEWNBEBRECIIAIE

IMEHETA R Shic. Ar ofEEEEER BRCE
WCRID2, LR rEA gy s Tl Ar 7220
EOFHEIEEYRST, hoRREIIHBHTH-
oo Fio, -7 F 7o vED BRWIEERRL,
NC-170 % 4 7D {EYE & OBEFEERBO &V IR
BWahtz. NC-184 o iFE#Ez~<» 5 4% Table 3 ic
AL%H, NC-18412, wow, zanqt w25
WEMERTR TG T, thoRBHRBEICH LT 2V T
VR T2/ %0 -7 ERASUED BEHEFHLTH
B,

NE TV E VIEADEEN, [AHAEL AN FT A

Table 4 Structure and metamorphosis-inhibiting activity in 2-halogenated alkyl derivatives.

(o}

S G
OCH, \ #—C1
N

ICs (ppm)
R3
GLH BPH GPA AM RFP HM
3,4-Cl,-phenyl (NC-170) 0.08 0.07 >100 > 100 > 100 > 100
3-Br-propyl (compd. 3) >100 94.6 >100 3.2 54.0 > 100
4-Br-butyl > 100 >100 >100 61.3 > 100 > 100
3-C1-2-Me-propyl 65.0 2.8 =100 ~100 >100 ~100
2,3-Cly-2-Me-propyl 0.85 0.03 7.0 0.10 0.08 24.6

(compd. 4)

GLH, green rice leafhopper; BPH, brown planthopper; GPA, green peach aphid; AM, almond moth;

RFP, red flour beetle; HM, house mosquito (ppb).

Table 5 Optimization of 2-halogenated alkyl groups.

0
Ra
c1>(\’?Jj\r
Me N =
OCH2—<\_—>—C1
N
Re 1Cs (ppm)
GLH BPH GPA AM RFB HM
Me 2.8 0.04 0.72 0.018 0.05 0.6
Et 5.6 12.1 85.7 0.73 0.04 27.5
n-Pr 96.0 4.1 6.6 0.42 0.03 0.6
-Pr > 100 > 100 >100 8.8 2.6 > 100
n-Bu > 100 > 100 > 100 3.6 1.5 > 100
{-Bu > 100 > 100 > 100 > 100 49.5 > 100
CICH, 0.85 0.33 7.0 0.10 0.08 24.6
CICH,;CH. 3.9 57.0 81.2 0.83 0.11 66.3
CICH,CH,CH, > 100 > 100 > 100 > 100 0.63 50.0

GLH, green rice leathopper; BPH, brown planthopper; GPA, green peach aphid; AM, almond moth;

RFP, red flour beetle; HM, house mosquito (ppb).
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Table 6 Optimization of the substituent at 5-position on pyridazinone ring.
0]
Me Cl
X
Me NS~Nocu,—Ar
ICso (ppm)
Ar
GLH BPH GPA AM RFP HM
4-Cl-Ph 0.44 > 100 5.2 0.60 0.15 0.04
4-1-Ph 0.16 >100 1.9 0.49 0.006 0.025
4-Et-Ph 2.5 > 100 3.3 0.081 0.042 0.048
4-nPr-Ph 46.0 >100 >100 >100 0.60 0.12
6-Cl-pyridyl 2.8 0.04 0.72 0.018 0.05 0.35
6-Br-pyridyl 7.6 0.051 1.36 0.044 0.12 1.50
6-I-pyridyl (NC-184) 0.98 0.0013 0.96 0.002 0.02 0.92
6-Et-pyridyl 1.61 0.52 0.54 0.39 0.023 4.6

GLH, green rice leafthopper; BPH, brown planthopper; GPA, green peach aphid; AM, almond moth;

RFP, red flour beetle; HM, house mosquito (ppb).
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NC-184 D bEA O D Y AIIKT HERM
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THD. LicdisT, ABrbo JHM o #5122 5
L2 DBEICBWTFD NS v RABBETSE 2 L0
FHRI DM, EFRONRBE CLOBEIMFIZIRCE
ELEET2012, FEMEEASIORIMEATHA
5. LTI TNC-184#RFELT, PEABY UHIZ
A ERA AR L.

JHM o5& 2 TREEEEMCE, —BI/ERD
BEAUINEETS. ThizHh-Fd L REA~D
‘commitment OZE# T OEHIE—F L, AELEREE
RIZBW TR BEORERSEBRIETHSH . NC-184
O NFBT AR A R BN T 3 2, BREREHDOK
HOBRBERICS 2 5B EBHEOBREYANTCRD
L, RIEBZLCETFOEIRONE OD, FOEA
i h&kalift 8hr 735 48hr £ CORTH
D, Z ORI commitment DL 5T D
orfagehs (Fig. 7). LicdisT, THLRIOHEE
Z2F—=CD AT A LT NC-184 % ET
REZOERBIR HES R, flE, 445 2HS8HR
W35 HEMIRETD ICs i 0.0013 ppm THw
7o,

4th molt
tarsus N
frons structure \
wing
genitalia N\\
larval pore \\ N
-12 0 12 24 36 48
hr after 4th molt
TFig. 7 ‘Critical period,” of the metamorphosis-

inhibiting activity by brown planthopper. The
sensitivity on each criteria was lost during the
period represented by shaded column.
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PREX NG, ZhiTEE LTHRTFRAEDHEENT L 585
R Lo TSRS NDIEATH %'

Bz ¥, PESRE#: O % NC-184 o TRET
% &, AKEEIN 4~5 HEWCR Z 5 HTF 0 REEENE
EXh, ERAFENETETREKNCHMET S I L
ST A, BEEBES S NC-184 o M 2 21} 7o
EHTh, RICEBCRENRI - 20T, 3EAED
BAEEAINRBIAZ L, T, REKTHEDINC
LT, NC-184 132 DM RIC »hvds b ik a R
LU &, A EMD, NC-184 o BIrEmIL, KT
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Fig. 8 Relationships between ovicidal activity by NC-184 and the egg stage in the brown

planthopper.

(METAMORPHOSIS-INHIBITING ACTIVITY)
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*-- 100 " N s ) > 2
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S 204  eeeaee- . X
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O - N + -2 2 7
° 20 40 ° o THD TRBIAEE L L TETHD. D
(OVICIDAL ACTIVITY)
100 Ny
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2 : v @ NC-1840.3%DL *
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2609 %N i o 1000— *
= AU Y 5 Qe HB
= \ K |
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c X \ T /
= \ . \ o spray ’
< 201 AN S 500 - *
T hY kY S o . °
\ LY . . : °
0 e . 2 KM
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Days after treatment
Fig. 9 Residual activity of NC-184 against the July | Aug. | Sept. | ot
brown planthopper. G-t e
6-2 F—t——1+—+
E L A
DREEEERCL2 b0 TtHB L EL DS (Fig. 6-3 ———t—H
E L A
8).
- . e . L io. : NC- jon growth
—, TR OISR RE: R & O BN o B i Fig. 10 Effects of NC-184 on population grow

AR 2 Fig. 9 1R Lie. flxiE, 100 ppm o
S EMU LD EREHER
Pk LU 3 BEOBRIBEEIHEI TV,

B B LE L s B e T,

of the brown planthopper in the field trial in

1990.

HB, hopper burn; G-1, first generation; G-2,
second generation; G-3, third generation; E, egg

stage; L, larval stage; A, adult stage.
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T, EEENEL, BAEKRO 2 - oRRBMER 0¥ Li, BREHEN, W SRERRRICEH

LTk, 2EHENEDZINE L WEENEETH
BIERED HERBTRYE, ZONEA Y B
JHM &5 BB RAIC L - ¢, BIBERS
— T bD—DTHBEELLNS.

Fig. 1013, 19904, BERBERBESTICHWTITk
o> IR RBBROBERA R LD THD. FED b
Aoy hoRKZTAEACERO - 2050,
ZOBRMAICR LS R BEY & T 10 A A
HBIMROBENELLEZ D TR 2N¥E L.
5 Licleh T, NC-184 oKz \»wTix, # 3
ROFE LA BSOS R, THhOBELLLIED
bLhighoic. ZOFRIZ, —RCEE O EXETH
WETHD EIh T HETHRICE L, NC-184 Tix
7T AT EO—HEETE T BRET SRR LED T &M
TRETHDH I EEHRB LTS, LhL—KT, H21
T4 % NC-184 o HEIMHIZHFE X HL, 4% 5
CED e RO R E AR tEA S 0BHL LS
H, BEETML T RBERHD L Bbhb.

 » b I

BE, Z+HFECHES JHM g X b, BEEL
) TD JTHMOVERACE LTS K DERMBE SN
ShTi, Lrl, AFchbd~xcisie, JHM D
b & T oBIRE L oM7) r— e EEBER
WEIET 50, ZOBRUYEAXTELTWS A H = LA
BLTIIFEAERBTHD®, &5 2 RRCH
RERY IV b —-UT5 I ENBPEINRDSSBROR
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