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Fig. 1. The diagram of interaction related with cholinergic synapse,
acetylcholine receptor and acetylcholin esterase. (Pope et al., 2005)
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F AL S AR B > 22 TVE ] o EHT 2% AR B R 9IS i A o 20 I i i
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I8 B ft Fr(Heterocyclic N-substituents) > (=)~ [&] 7 A& > 2% ¥ [F](Different
types of pharmacophores) : 1+ =& Al f& 4 5] & 2-Chloro-1,3-thiazol-5-
yimethyl-(CTM) -~ 6-Chloro-pyrid-3-ylmethyl-(CPM) % ( = )-6-Tetrahydro-fur-
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(i) Ring systems (R'—R?, R'—Z—R2; Z = 0, NMe) or
m () noncyclic structures (R', R?)
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(ii) Heterocyclic N-substituents
i) TN B (Het—CHR—: R = H > akyl, e.g, GPM, CTM, and TFM

*‘q i)

(i) Different types of pharmacophores [—N—C(E)=X-Y]
8.., nitroenamines F-N—C(E)=CH—NO,] with E =S, N;

nitroguanidings [=N—C(N)=N—NQO,] with E = N; and

cyanoamidings [~N—C(E)=N—CN]with E = S, Me
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Fig. 2. Strutural segments for family of neonicotinoids. (Jeschke and
Nauen, 2005)
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(nitromethylenes) H™ CPM “)\I Me
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Nithiazine Nitenpyram (1987)2
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Cyanoamidines (E = S, Me) CPM~— m/5 CPM- e
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Thiacloprid (1986)2 Acetamiprid (1988)a

ayear of the first patent application (priority date) covering the insecticide.
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Fig. 3. Chemical structures of the first generation neonicotinoid nithiazine
and sequential commercialized neonicotinoids displaying the
different typesof pharmacophors. (Jeschke et al., 2002)
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Fig. 4. Insecticidal mode of action of (S)-nicotine and imidacloprid.
(Tomizawa, 2005)
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Fig. 5. Chemical structure of neonicotinoid insecticides such as
imidacloprid, clothianidin and thimethoxam  (Nauen et al., 2003)

ASCHERZER| EFEAFE - v BT ~ zmaEAT ~ TR K EY N-
methyl imidacloprid, N-desmethyl thiamethoxam([& 5.) > & 454 b 7T 853w
JB T SRR 2 > AEAREAR A TEH IR RAABLH £ - A A=
B AEAE - T 1R B 2 BA = FRK 454 (Nauen et al., 2003) -

F— R ELEERFZEEERREIFETEREZFTFEB & T HZE
TR FERzAR E AR 8% S P IR AR 5| N FA IR (Tobacco budworm) =%, 3% 7
FH 3 R k(Fall armyworm ) — #4 4h SR HCE- 4 NRFARFS 22 S S22 7] = A T8
Lo AEEF - 3 RAAFTEHE— T FBEZ SBT3 -

FERGR 1)FE ¢ 3 FEZE IR 7 3700 Bl S T R A B = — b 4
£ FERX I TR EIEE] JE T » FEREJE Sppm [ELE[fE 2 fEE S IET-F
AG 38 95% » FHIREFFHE L > w2 4% N-desmethyl thiamethoxam - Tj b 7Y
= AWM BERL S 5] A ] )BT = 1/5 K 1/25 (Nauen et al., 2003) -



xR 1. FEEEFER BT ~ 322 & N-desmethyl thiamethoxam3 F& 2% 75|
F R S A B TR AR S 3 S B S TRk — i 4 i = 223 R
Table 1. Efficacy of clothianidin (CLT), thiamethoxam (TMX), and N-

desmethyl thiamethoxam (ND-TMX) against 2nd instar larvae of
H. virescens and S. frugiperda in a leaf-dip bioassay (3days)

Conc. Spodoptera frugiperda Heliothis virescens
(mgL™) CLT TMX ND- CLT TMX ND-
TMX TMX
1000 100 100 100 100 100 100
200 100 100 95 100 100 100
40 100 85 o 100 78 20
8 100 15 o 95 2 o
Values represent percentage of mortality. (Nauen et al., 2003)

B B ERE DL SRR FE iR T 67 FEAS B TR e Er T A
eI K] 3 FbeE - PR AR T NPLET I SR(IEIEAY) - s BRERET A B R B R
JEAE ] 30 ERkEF kS - BRI = - AR 6 RARFIHH IR TR AL
H BT = 95%FFB I FE( LCos ) H ©

K 2AERBURF L ~ W] BT Kz iEE 3 FEZE AT = B My BE Sk
FEfEIF =[] - H LCOS /74 1.09~1.31 = R » 595l % 2 FE 9 G E4Y
N-Desmethyl thiamethoxam &2 N-Methyl imidacloprid = 25 & 5 {#(Nauen
etal., 2003) -

K2, TR IRImSTEFT I A T 2 A B T = ZE25(6 55

Table 2. Efficacy of different neonicotinoid insecticides against Myzus
persicae in leaf-dip bioassays (6 days after treatment)

LCos
Compound (mgL™")  95%FL? Slope+SD
Thiamethoxam 1.31 1.07-1.75 4.84+0.48
N-Desmethyl 31 19-140 3.6+0.40
thiamethoxam
Clothianidin 1.28 0.79-4.5 3.7+0.40
N-Methyl imidacloprid 5.93 4.51-8.59 2.740.26
Imidacloprid 1.09 0.83-1.57 2.84+0.26
29594 Fiducial limits. (Nauen et al., 2003)
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ATEE SR 224 5 FEZE TR\ TE SOMLTE S 4m AR % [*H]imidacloprid = #& 77t
(R 3) 0 AR o M rm-5000 nM - 557w ] Je T Kz FERZ
8,000 X 6,500 f&F - Iso 7=— 35BN KA 4 & L EBinding site) E 35— L
PHIAE = 25 ST PT 75 = E - ¥ Iso THATE o~ nAChR > 45477
ArEZ(Nauen et al., 2003) -

253, SOHETE 4 IR S = nAChRY% T~ [5] 3728 2. & T 75| P9[°H] imidacloprid
B E I

Table 3. Displacement of [?’H]imidacloprid by different neonicotinoids from
NnAChR preparation from housefly head membranes

Compound Iso (NM)
Thiamethoxam 5000
N-Desmethyl 8.0
thiamethoxam

Clothianidin 0.60
N-Methyl imidacloprid 1600
Imidacloprid 0.79

so - This represents the concentration needed to displace half of the radioligand from its
binding site.
[PHlimidacloprid : 1.406 GBqumol™
(Nauen et al., 2003)

55— 7 B LA AR T BRI s L E AL EL RE AL = EAL=E 0 TF
AL dispase YA B LIS AR AS BRSO B B AR AS T AR, - A 37°CRE SN
H 5 5 4EAHE OO BEREX S A Jusm = R - FJH FREER-70mV
5 HEA1E 4 A EE BE A 3R A PiT(Whole-cell voltage clamp technique) fix 15 A% £ A
> A TR R -

% S BE ST 4% ¥E 22 B N-Methyl imidacloprid Ty (b &4 74 2 FE 5 3%
100pM > ATy SR FETE A7 36 RME = AR M » &) JB T K i3 MR FEKZE 100nM
Bz 3uM BE 7 BF BE E 58 20 =~ @ AL 22 R E(E 6.) - i LA W MENE B ] 23R AE
22 ¥ nAChR = %56 77 +4-59(Nauen et al., 2003) -
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Fig. 6. Whole cell current responses (holding potential -70 mV) of neurons
isolated from the CNS of tobacco budworm, H. virescens after
application of neonicotinoid insecticides. (Nauren et al., 2003)
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#8100 ppm FFiH 22 TR FEAE ZARAG - 3 REBEDUERE EE /3 2E /&
) - AR Re AR MRS HT ) > > PRAR LIA AR VS TR ZE X ~ Bl L R EX_EJE
= R A% LL LC-MS/MS 4748 52 H k5 ©

FERPECNAEARTCEE B Loy gE a2 3 R A B iR A E BT - (B3
o TS EE 4 N-desmethyl thiamethoxam St ST 4E Y 2R([E 7.) - #BLES 3 {1
ZE T ALAR - AESRIGRECR ] BT 2 A Ak A SN - F] AR 2 £ R A TEAE RS T
BLEEAERTE] BT o B3R EEE B £ 4% PY ¥ (Nauen et al., 2003) -
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Fig. 7. True leaf (TL) concentration of thiamethoxam, N-desmrthyl
thiamethoxam , and clothianidin in cotton plants 3 days after
drench application of 100 ppm thiamethoxam.

(Nauen, R. et al., 2003)
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90% ; T HLARIUAE B & Spe B P > Far 22 (LI & FI(#E 8.) -
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100% O Clothianidin
O N-desmethyl T.
80% --- NN ---:---JR - --- bl . e . -..4 H Thiamethoxam
60% 1 -
40% - . - --f  bee-o-- -
20% - .-l b
OD/0 =]

1ug 4h  1pg 24h 5pg 4h  5pg 24h

8. FEIRZZ LA 2 FEA~ 6] A E AR R b BH S RO AE 4 B 24 NP IR BLES TR
4l &% 1] FEENETE 2 ~ N-desmirthyl thiamethoxam K &) JB. ] = &&= &

St
Fig. 8. Extraction of thiamethoxam, N-desmrthyl thiamethoxam, and
clothianidin from whole larvae of S. frugiperda, 4 and 24 h after

oral administration of different doses of thiamethoxam.
(Nauen et al., 2003)
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