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Table 1 Insecticidal activity of compounds related to Table 3 Insecticidal activity of acetamiprid derivatives.
acetamiprid. C'jg\,m
Ci N NeR
7 2
I | b
Ny N\rrNH NCN
X LCso (ppm)
R4 R2 a) i b)
>LCy, (ppm) Excitation® P. xylostella A. gossypii
X Lo
P. separata® A. gossypii®  (Injection) H CHs 346 0.05
CHs H >500 0.2
BN . 0.12 N CHs CHa 19 0.056
=NNO, ; 0.3 " CHs CHaCH 100 0.14
=NCN >125 0.5 ++ CHs (CH3)2CH >500 0.2
 Leaf dipping method, second instar larvae. ® Spraying 8:BCH CH3(CH2)3 >500 0.82
method, first instar nymph. *Blattella germanica. aLH2 CHs 437 0.07
CH3(CH2)2 CHs >500 14
FCHz CHs 73 0.058
Table 2 Insecticidal activity of acetamiprid deriva- CICH2 CHs >500 1.5
tives. CHa CHF2 >500 14
O CHs >500  »125

Clm?HS
Ny NTCHS
X

X 2LCy, (ppm) Excitation*
P. separata® A. gossypii® (Injection)

=CHNO, 125 8 +
=NNO, >125 0.5 -
=NCN 8 0.12 ++

® Leaf dipping method, second instar larvae. ™ Spraying
method, first instar nymph. *Blattella germanica.
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DND)ELED N DHENTIATT, TTBRMCEHRIN
=btuaXFrv g4 7AW, BRI h -
2B, ZDEIUIATTHLEEERT I L Sh 72,
ZORBEIRHIN ThH o2k, A3V ) URIA
TDLT /ETERSNALEWI S BEER LD L
NI2Zedb, KILTTDOLT /A3 KDEKRE R,
BAHERTHLT7I P 7L EEEIED LN,
(Table 1,2) & & ichidfb® AL 72 ARBH T, Table3
R LA TR, Ry DENC & 2 iM% i+
5 &, aFHITH LTI RS, ReEbar & 4 2 F L EafL
AR LEN, TAXNVEI RS- ThH, k-7
LEWRET L2, 797 77 L0003 T AR VEELSE
WIEAITEM T C RBE 3 UL RIc 70 B L ERIZET L,
Tz 2 NVETEPENE 72, XEFCOoWwTUL, 7=
IWVETIRERIES, CV P BRUOFTY—ALBICBW
TREEED LN, B PV RTE3INERIRED S
EWET, 200h 53 A BERTIIEEYE - 2. 612,
IPE ) PR ED 66 7 o NEAERRL 2L AW,
BERKICHNaFY, TIT 77 L0 NDWERIZE]L »
EEZE2/RL 7 (Table 4),

AEEWIIBBAEF & L, (REEEERNIZIZRRART

@ Leaf dipping method, second instar larvae. ® Spray-
ing method, first instar nymph.

Table 4 Insecticidal activity of acetamiprid

derivatives.
X \/EHa CHs
X LCso (pPm)
P. xylostella®  A. gossypii”
L >500 44
QL >500 81
O >500 0.62
g >500 5.5
ReY 19 0.056
QL >500 0.76
QL 298 20
o AN 35 0.34

@ Leaf dipping method, second instar larvae.
® Spraying method, first instar nymph.

GRED B o720, RBEERPGEENTH-22 L s, &
—DFZ—7y P EEZ TSR ERTRREIZDOH LN
feZldrh, RELWEEE2MOTWEEEZ, XLIZE
MMEDT2HDEREDMEEIT- 12, FOR, AMta&hr
TZI7)FELTHRET LI EATELSN0,

RERE LUK

— it &: 7+tF 37 F (acetamiprid, ISO)

P dh f EAE 7% (Mospilan®)

it % %&: (E)-N-[(6-7ma-3-t ¥ L) £ F 1] -N>-2
T/-N'-2FNTRPTITY

NI | -El ectronic Library Service



Pestici de Science Society of Japan

Journal of Pesticide Science 23 (2) May 1998 195

4 F R C,H, CIN,

4 T 22268

LA - =ik T

B 5:101.0~103.3C

¥* & FE: <1.0X10-¢Pa (25°C)

OB K, 4250mg/l, Teby, P/, Y70
vA¥y, 7unkibs, Teb=FIUN, THFE X2
SiE

S EARE: log P, 0.80

7717 FOERK
Ty I 7Y KR, AV ZATUIYT/TIFER
R ENETHEEINLN-VT /A4 37— 2T
VI ENEBEAKENDG, 2, N T /AT -k
BT I oL BLNBET IV ETAXMET A LI
LoTh, BRI OENETHRT 5 LTS B
(Fig. 1),

7E9 17 FOEWEELER

BRHARI L

Ty I7) R, AA=aF A FR{EWH—RIC
BEMERRTT 77608, 2+ 738, #4776
¥ POEBEERRTY I vHERNAL LT, #8
HEMICOENLEEZHT 52 & 25T 5.
BEEHERTH 2B 2F #IhHI2IE LCyf# 4.4 ppm T,
ALYV IA, BERLY IAHDINI L THRLCfEl
3.1ppm, 28 ppm #/;RY. FOM, L uTVIicLENLE
PERT. £, IUANFICNT AEREISLVDLK
MR THS (Table 5),

{EFR4SHE & BHBR IR

EHRNRBICBWT, TNFNOERCHELET 2REER
WE L, EREABSICT A LI, BESHICBILE
RIS % B OMENIC Rt 2o BIEEICEET

bHb.

33, SR ERTH LA FHIINT N2 EHE A
F—Y Rl BT B &, | Bt HIziE LCyf#ia* 4.4 ppm T,
38, 4L I HANEIEE 2R T, I iiuc b S
W BT, BRI L iEETH S (Table 6),

T2, TE2I7) FRBEGEREAICIERENTREZEL 72
AFHRT T T LN ORI & KED G WiEtEER
T2 EIHRAINTWS (Table 7).,

Kz, ¥ eV HOMEEAREICEL, EHTH2S
1R I KT B BTS2 Iz A Table 8 TH B
75, T2 37 Fo) LCyf#lZ 0.73 ppm (24 KRR E) &
KBETEEESTRT. 7774000087 28EEEIIS 6
ICIKBETHEDH LN S (Table 9),

Table 5 Insecticidal spectrum.

Species Stage® LCs, (ppm)

Hemiptera

Aphis craccivola Mix 0.19

Aphis gossypii N1 0.056

Aphis spiraecola N1 0.17

Mpyzus persicae N1 0.21

Brevicoryne brassicae N1 0.039

Ropalosiphum padi Mix 0.032

Bemisia tabaci E 4.8

Planococcus citri N1 1.8
Lepidoptera

Carposina niponensis E 2.8

Grapholita molesta E 3.1

Mamestra brassicae L2 13

Plutella xylostella L1 44

Spodoptera litura Ll 9.6
Thysanoptera

Thrips palmi A 34
Isoptera

Reticulitermes speratus A 0.16
Hymenoptera

Apis mellifera A >200

@ E: egg, N: nymph, L: larva, A: adult.
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NCN
Fig. 1 Synthesis of acetamiprid.
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Table 6 Susceptibility of P. xylostella to acetamiprid at various
developmental stages.

LCs, (ppm)
Compound Larval instar®
Egg® Pupa®  Adult®
Ist  2nd 3rd 4th
Acetamiprid 17 44 19 35 32 > 500 52
Acephate > 500 11 29 28 43 > 500 110

Benfuracarb 24 20 23 24 21 > 500 —

® Dipping method. ® Cabbage leaf dipping method. © Spraying method.

Table 7 Activity of acetamiprid against resistant aphids.

Myzus persicae  LC;, (ppm)

Compound - :
Kochi Wakayama Tokushima Odawara (S)

Acetamiprid 0.29 1.1 39 0.2t
Acephate 140 190 76 16
Pirimicarb >500 >500 > 500 8.7
Cypermethrin 81 >500 35 0.47

Aphis gossypii  LCy, (ppm)
Compound -

Shizuoka Odawara (S)
Acetamiprid 0.069 0.056
Malathion 22 2.0
Methomyl 22 0.64
Cypermethrin >500 0.21

Table 8 Systemic activity of acetamiprid

3.1ppm THAE T HEIZI121T1T 100%0Fx R E L T

against P. xylostella by root dipping method. VB, ZOBSEEMC &) 8L T &T T AR AR
LCs, (ppm)® L, BOWNIICHER T 2BERNERIC LMD EIFEE N
Compound
24 hr 72 hr 5.
Acetamiprid 0.73 0.31 Fig. 313, ®v MEZ ¥ v~V IcEREARIBEENICK
Acephate 6.2 1.8 EL, BRI >N VELGVIY, 357 2@4hic
Benfuracarb 43 1.8

® Determined from the mortality on the third HTSANERELLLOTH LA, 7537 Fik,
day after release of the insect at the indicated 200 ppm Tcfy 21 Hi% % T, 100 ppm T4 HcAi 14 H i %
day. THFULNABIBEELZIRY, 79T 7762 i2dh, 50ppm
THAT 14~21 B3 THRIZRT 2 L HRENTEY,
TS IT) FRBEELERMNEAET 2 LM N,
LREDBE AT by, MERIREE & I BRI E & iR

Table 9 Systemic activity of acetamiprid against aphids by
root dipping method.

LC,, (ppm) LR, EEHTRT 77482+, THa

Compound  Cucumber Eggplant Radish PREDBBEERICLEMTH D Z LG o2, 2

A. gossypii M. persicae M. persicae FH, TALYTE, TvF 7Y s Sish

Acetamiprid 0.019 0.031 0.023 BARYZ LY, BEBARENFECZ b, WFULT

Aoephate 2 o 2 BI itk o TL ) EROB MBS L B 1 2 k2
Benfuracarb 0.5 0.86 1.6

TEY, KANIERSL EEBOMEICEAEI NI (T
LRORBHED LD EER L. REF TR T 75408,

Fig. 213Ky MEZ D10 EH X v RV DERKDAIZE
MR ROERICFETLIEXET AT 7740008647
SRNERELRZLNTH B, T+ 17 FAERK T,

IFTTIMEEDBAER, TH I v HER|CER)
ERTIEPNTEL, TZ2I7Y) FadmL-BHTY
IYNRNFRDNNTNFDEADTRETH B 2 & AF D

‘
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Fig. 2 Translaminar activity in cabbage leaf against M. persicae (1992).
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Fig. 3 Residual activity by foliar application against the
third instar larvae of P. xylostella (Cabbage, Greenhouse).
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EH, BEEENDLZ Eh, EEL V74, UL
ARV IAREN 74 LV, XvEVRYA, A
UNET ) EONET ) TRICEMERT I &2 Rk
L7z, a4 776 Batho L LA 77 65
LERAMSEC, ArXvnT=ey7h X ) izimiic
A EBILRE I, T, BRE (KR ksE
&) LT 5.

KERTE, Fr/¥{uTHiv=e Fx/IF)E
A ANz, BEESAEHERNF + / KV FIZE
FMD BT LS E 7 - 72 (Table 10),

fF B #®& fF

A ZNRIEESD = aF T £ F L) LT I—IC
MY 5PH]la- 7> 7 b X v OMAMERRT, T+
37 Fid Kifli32X10°M%RL 72 (Fig. 4).

Table 10 Applicable insect pests of acetami-
prid.

Crops Insects

Aphis gossypii

Aulacorthum solani

Mpyzus persicae

Bemisia tabaci

Trialeurodes vaporariorum
Plutella xylostella

Pieris rapae

Thrips palmi

Frankliniella occidentalis
Epilachna vigintioctopunctata

Fruits Aphis citricola
Toxoptera citricidus
Hyalopterus pruni
Nippolachnus piri
Planococcus citri
Pseudococcus comstocki
Arboridia apicalis
Carposina niponensis
Grapholita molesta
Stathmopoda masinissa
Phyllonorycter ringoniella
Lyonetia prunifoliella
Phyllocnistis citrella
Anoplophora malasiaca
Oxycetonia jucunda
Scirtothrips dorsalis
Ponticulothrips diospyrosi

Tea Empoasca onukii
Caloptilia theivora
Scirtothrips dorsalis

Vegetables

7Ey X7 OERMEEE W EAREERE T,
T I7Y)FD 10 MILEEF 7% (, A8 758U
(BN, ZOBBRBEHIHLT 2, 22 TERMHE S
2hE, VFTAMEEIR Ty 73 NTW 5D, BIRIGE
TRIEELRIGE R Z L0900 5.

FERBER LEOBRIN TSI PR, 4357
u7) FEOLEg=aF o FTeF L) LTI —
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100
-@- acetamiprid
Ki=3.2x10% M
L -} nicotine
s Ki=9.4x10 "M
- A o-BGTX
= Ki=6.7x10"°M
3 50
a1}
0\0
25
o LL l I |

-10 -8 -6 -4 -2
Log conc. (M)

Fig. 4 Inhibition of [*H]@-BGTX binding to housefly
head membrane preparation.
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Development of a New Insecticide, Acetamiprid

INTRODUCTION

Acetamiprid, (E)-N!-[(6-chloro-3-pyridyl)methyl]-
N?-cyano-N'-methylacetamidine, is a novel insecticide
developed by Nippon Soda Co., Ltd. Although the
compound is a neonicotinoid, it possesses characteristic
insecticidal properties different from others in the same
category of chemical structure. Acetamiprid exhibits a
broad insecticidal spectrum, and it is applicable for
controlling pests of vegetables, fruit trees, tea tree and so
on. For developing a new insecticide, we attempted to
find out the compound having excellent efficacy against
insect pests which were difficult to be controlled, being
environmentally benign and having no cross-resistance to
conventional insecticides.

This report describes a short history of discovery and
development of acetamiprid.

Cl
N GH,
N N_ CH,
NCN
acetamiprid

DISCOVERY OF ACETAMIPRID

In looking for a lead compound for finding out a-new
insecticide, nithiazine” attracted attention as the com-
pound possessing the mode of action different from most
of the conventional insecticides. Nithiazine showed a
good activity, but the insufficient lasting activity has not
been improved by the analogue.? Afterward, the pat-
ents of Nihon Bayer compound that seemed to be in the
same category of the chemical structure was disclosed.”
These compounds aroused our-interest as possessing an
excellent systemic activity as well as a high activity
against Hemiptera such as aphids, planthoppers and
leafhoppers. We recognized that these compounds
showed rather a weak activity against Lepidoptera
comparing with that against Hemiptera, and we started
our research aimed at the compound possessing a high
activity against Lepidoptera. In screening tests, it
seemed noteworthy that cyanoimino compound exhibited
severer excitation against the German cockroach by injec-
tion than the symptom judged from the mortality of
armyworm or cotton aphid. From the compounds
synthesized afterward for optimization, we had finally
found acetamiprid.*®

Acetamiprid was synthesized in 1989 and registered by
the trade name Mospilan® in 1995 in Japan.

CHEMICAL AND PHYSICAL PROPERTIES

Common name: acetamiprid

Trade name: Mospilan®

Chemical name: N!-[(6-chloro-3-pyridyl)methyl]-N?-
cyano-/N!-methylacetamidine

Molecular formula: C,,H,;CIN,

Appearance: White crystals

Molecular weight: 222.68

Melting point; 101.0-103.3°C

Vapor pressure: <1.0X107¢ Pa (25°C)

Solubility (25°C): Water 4250 mg//. Soluble in aceton,
methanol, acetonitrile, tetrahydrofuran

Partition coefficient: log P,,: 0.80

BIOLOGICAL ACTIVITIES

For the search of applicable insect pests in practical
field properly and efficiently, it appears to be very impor-
tant to elucidate the insecticidal action of the compound
and find out its characteristics.

In laboratory tests, acetamiprid showed a excellent
activity against Hemiptera and Thysanoptera as other
neonicotinoid compounds, and it exhibited a good activ-
ity against Lepidoptera as well. Acetamiprid exhibited
an excellent activity also against termite. In the activity
against various stages of the diamondback moth (Plutella
xylostella), acetamiprid showed the highest activity
against the first instar of the insect, and the LCy, value
was 4.4 ppm, while less active against the third and the
fourth instar ones. It possesses an excellent ovicidal
activity against the insect and the peach fruit moth (Car-
posina niponensis). The LC;, value of acetamiprid
against the egg of the peach fruit moth was 2.8 ppm.
The most profitable action of acetamiprid is its systemic
activity, and the LC;, value of the compound in systemic
activity, which was conducted by root dipping method
using cabbage seedling and the first instar larvae of the
diamondback moth, was 0.73 ppm. Acetamiprid also
possesses an excellent translaminar activity. It is advan-
tageous for the compound possessing the activity in
ununiform spraying and in controlling the insect pests
inhabiting inside the leaf. The compound shows a
moderate lasting activity against the diamondback moth
and the cotton aphid.

From above mentioned insecticidal spectrum and in-
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Table 1 Insecticidal spectrum of acetamiprid. insects, ovicidal and translaminar activities are required.
The compound also showed an excellent activity against
Insect Efficacy? .
scales and longicorn beetles. The compound possesses a
Hemiptera killing activity and an adult-feeding suppressing activity
Aphis gossyput © against the whitespotted longicorn beetle (Anoplophora
Myzus persicae © malasiaca).
Bemisia tabaci © .. .
. , In tea tree pests control, acetamiprid was very practi-
Trialeurodes vaporariorum O .
Planococcus citri © cable against the tea green leafhopper (Empoasca onu-
Unaspis yanonensis O kii), the yellow tea thrips (Scirtothrips dorsalis), and the
Pseudaulacaspis prunicola A tea leafroller (Caloptilia theivora) (Table 1).
Empoasca onukii ©
Arboridia apicalis © MODE OF ACTION
Lepidoptera In receptor binding assay using nicotinic acetylcholine
Plutella xylostella
- receptor prepared from housefly head and «-
Young larvae © . . .o 6
O1d larvae A bungalotoxin, Ki value of acetamiprid was 3.2 X 107¢ M.
Pieris rapae And in the electrophysiological study using a central
Young larvae ® nerve cord of the American cockroach, burst was ob-
Old larvae A served immediately after the acetamiprid application. A
Carposina niponensis © few minutes later the burst ceased and in this condition
Grapholita molesta o synaptic transmission was completely blocked and
Kakivoria flavofasciata O axonal conduction was not affected.
Phyllonorycter ringoniella © . g
: - From the receptor binding assay and the electro-
Lyonetia prunifoliella © . . . .
Phyllocnistis citrella o physiological study, and symptom observation, it was
Caloptilia theivora ® considered that acetamiprid acted on the nicotinic acetyl-
Adoxophyes sp. X choline receptor in insect central nervous system as an
Coleoptera agonist.?
Anoplophora malasiaca ©
Rhynchites heros © TOXICOLOGICAL STUDY
Epilachna vigintioctopunctata @ From the acute toxicity studies using rat and mouse,
Phyllotreta striolata D .. . o .
Thysanoptera active ingredient of acetamiprid was regarded as deleteri-
Thrips palmi @ ous substance, and 20% SP was also as deleterious one,
Scirtothrips dorsalis ® and 2% granule as ordinary substance. Acetamiprid
Frankliniella occidentalis O was not irritant to eyes and skin. Acetamiprid is con-

2 ©, excellent efficacy; O, good efficacy; A,
slight efficacy; X, no efficacy.

secticidal action of acetamiprid, applicable insect pests
was investigated. In crusifers, the diamondback moth is
the most attractive insect for acetamiprid, and its practi-
cability was enhanced by granular application.5” It
was helpful for acetamiprid to formulate controlled-
release granule. In controlling the insect pests on vege-
table, it is remarkable feature for acetamiprid that it
showed little adverse effect against honeybee and bum-
blebee, in addition that acetamiprid shows an excellent
activity against aphids, whiteflys and thrips.

In fruit tree insect pests, the chemical showed an excel-
lent activity against fruit moths such as the oriental fruit
moth ( Grapholita molesta) and the peach fruit moth, and
leaf miners such as the apple leaf miner (Phyllonorycter
ringoniella) and citrus leaf miner. For controlling these

cidered to be safe from the results of subacute and
chronical toxicity studies.
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