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SUMMARY

L. Title:

Development of selective proinsecticides and low-input pesticide

mixtures.

II. Objectives

The overall objectives of this research are to develop selective

proinsecticides and low-input pesticide mixtures. The objective was

attained by:

D

2)

understanding the mechanism of action in pesticide selectivity.
On the basis of the information, derivatives of a proinsecticide,
N-dialkoxyphosphinothionyl  carbofuran were designed and
synthesized, and their insecticidal activities and mammalian
toxicities were determined.

understanding the interactive mechanism bewteen pesticides and
their detoxifying enzymes. Pesticides with synergistic action were

mixed and their biclogical activities were determined.



III. Content

1) Development of selective proinsecticides.
- Selection of selective insecticides and understanding of the
mechanism of action in the selectivity.
~ Molecular designing and synthesis of lead compounds.
~ Determination of biological activity of pesticide mixtures.

2) Development of pesticide mixtures.
- Inhibition of detoxifying enzymes by pesticides.
- Synergism of pesticides.
- Production of pesticide mixtures.
- Determination of biological activity of pesticide mixtures in

greenhouse and fields.

IV. Results

The mechanisms of action of proinsecticides, such as carbosulfan,
furathiocarb, and benfuracarb, were studied. Such non/low-~toxic pesticides
were metabolized in insects by mixed-function oxidases(MFO) and/or
glutathione-S~transferase(GST), and transformed to toxic ones. The
systemic action of proinsecticides in toxicity was applied in designing of
proinsecticides.

Two different approaches were made in designing and synthesizing of
proinsecticides, and selection of lead compound for the development of
proinsecticides. Firstly, derivatives of an experimental compound N-di-

alkoxyphosphinothionyl carbofuran(PSC), which has high mammalian toxicity



and low insecticidal activity, were synthesized. Some newly synthesized
compounds had much lower mammalian toxicity and similar insecticidal
activity. Secondly, derivatives of imidacloprid, which has high selectivity
and low mammalian toxicity, were designed on the basis of selectivity
and their biological toxicity was determined. Several compounds showed
high insecticidal activities against tobacco cutworm(Spodoptera litra
(Fabricius)) as well as high fungicidal activities.

Interactions between pesticides and their detoxifying enzymes, such as
mfo, GST, amidase, cytosolic esterases, and carboxylesterases were studied.
Inhibition mechanisms of 76 insecticides and 31 fungicides as well as six
specific inhibitors to detoxifying enzymes showed valuable information in
the selection of pesticide mixtures: pesticides were detoxified by detoxifying
enzymes, while the detoxifying enzymes were inhibited by pesticides.

On the basis of the results of interactions of pesticide-detoxifying
enzyme, pesticide mixtures(insecticide+insecticide and insecticide+fungicide)
were made and their biological activities were tested in a small pilot. Of
tested pesticide mixtures, the biological activity of a mixture of
phenthoate+benomyl (24 + 6 WP) was much higher than a commercial

pesticide.



V. Applications of Research Results in Future

1. Pesticide(s) and pesticide mixtures with high activity can be
patented in industrialized counties including Korea.

2. Information on the production of formulations in pesticide mixture
can be transferred to pesticide industry

3. Information on the biorational designing techniques of pesticides and
synthesis technigues can be transferred to pesticide industry.

4. Low-input pesticides mixture can be commercialized by cooperative
work with pesticide industry and help to reduce the number and
amount of pesticides usage.

5. A process for the development of low-input pesticide mixtures can

be applied to other studies or developments of pesticide mixtures.



CONTENTS

Chapter 1. INTRODUCTION oiireeererrtmienienmnniiensiraeseereonsensiseeresssnsssesseesssees
Section 1. Objective and INECESSILY «++ereerernrirrmimimnrieiiiiii s
Section 2. TechniCal SILUALION  -vrorerceecemmrmmemrnoniiieisireseosiesieestesssenseesse
Section 3. RESUIL e e
Section 4. Evaluation of the project and application of results .-.--
Chapter 2. Development of selective proinsecticide -« coreeeeinmnnnne
Section 1. INEFOAUCEHION  rerreirerrrrmmiuirrirteiiriesctreeceeesiessoresesssseesseesessensssnss
Section 2, Materials and methods e

1. Research for mode of action of proinsecticide . ooeevnninene

1) Synthesis of PSC and determination of chemicals

2) Determination of bimolecular inhibition rate

constant of ChE s

3) Bioactivation of AChE/mfo coupling system in vitro -
4) Bioactivation of mouse brain AChE in Uivo e
5) Analysis of tOXIC MELADOLLES «ierverereririrerrinreerseeeriereoresessissens

2. Research for development of selective proinsecticide «.c....-..
1) Synthesis of ProcarbamMAates - e ereemeveimiiiieisresereeeese
(1) Background for design of procarbamtes - .....oveeveuens

(2) Synthesis of N-phosphinothioyl
CaArbofuran deriVALIVES « - ieverrrrerireieiereiorieireerssseneserenseesons

@ Synthesis and synthetic methods for compounds

- 10 -



GRS S ¢ R B 50

® Analysis of '"H-NMR and GC/MS for compounds

......................................................................................................... 56
(3) Determination of insecticidal activities .oeerorsimenn 57
(D Preparation of treatment solutions v 58

@ Determination of insecticidal activity against brown
PlANt HOPPET «wrrveervesiemserriie st 58

@ Determination of insecticidal activities against
diamondback moth and tobacco cutworm ....oeeevee. 58

@ Determination of insecticidal activity against green

PEACh APhId «rererreeerrerssriisnn s 59

® Determination of insecticidal activity against
two—spotted SPIAEr MULE «wwerrmmmrrrmerierrereraereerenne 59
(4) Determination of mammalian toXicCities «.-c-weern: 60
2) Synthesis of NEONICONOIAS wrrrrerererermrermcssiiesririesieeseeereees 60
(1) Background for design of neonicotionids «-..eeeeernnne 60
(2) Synthesis of imidacloprid derivatives -, 61

@ Synthesis and synthetic methods for compounds

......................................................................................................... 61
@ Analysis of '"H-NMR and GC/MS for compounds

......................................................................................................... 76

(3) Determination of insecticidal activities «.cooevvenciennn 77
@ Preparation of treatment soIUtions v 78

@ Determination of insecticidal activity against brown

plant hopper < 78

- 11 -



@ Determination of insecticidal activities against
diamondback moth and tobacco cutworm «-eeoeeeeie 78
@ Determination of insecticidal activity against green
PEACh DRI «rerrererevereriereimeies et 79
® Determination of insecticidal activity against
two-spotted Spider mite - 79
(4) Determination of fungicidal activities ..o 80
@ Determination of fungicidal activity against Pyricularia
GEESEA vvvvivereriemies it e 80
@ Determination of fungicidal activity against Bortytis
CITBI@Q vvvrvvsvrmeecesrivaneresasssinissassiesasesssssesseseisensasssesscscssssesans 80
@ Determination of fungicidal activity against
Phytophthora infestans ... 81
@ Determination of fungicidal activity against Puccinia
FEEONCIEQ ovvvvevvrevereesseerissseseesssrieressies s seens s ssseseenen 81

® Determination of fungicidal activity against Erysiphe

araminis f. Sp. horder .o, 81
Section 3. ResUlfs et s eerennee 83
1. Research for mode of action of proinsecticide - veevverrnniennias 83

1) Synthesis of PSC and determination of
chemicals pUrity e, 83

2) Determination of bimolecular inhibition

rate constant of ChE oo ssiannn, 85
3) Bioactivation of AChE/mfo coupling system in vitro ... 88
(1) Bioactivation of BenfuracCarb .- e eeeererimrenesrereiceiannans 88

_12..



(2) Bioactivation of carbosulfan «ccveerreeriiiii 88

(3) Bioactivation Of PSC -rerererimcveinereemieirinsnesiessesssssseses 88
4) Bioactivation of mouse brain AChE in vivo - 89
(1) Bioactivation of DEnfUracarb - rreerissssesseesseennn. 89
(2) Bioactivation of carbOSUIFAN « weererrererecrmmnmeeriesimecsenenee 94
(3) Bioactication Of PSC -weererimcunrrincemmmivisrsesessessecssesenne 94
5) Analysis of toxic metabolites i 94

(1) Toxic metabolites of benfuracarb via

DIOACHVALION PIOCESS wrervevsverversessanresmesssmansmeesmmassscsirsesas 94
(2) Toxic metabolites of carbosulfan via

DIOACEIVALION PIOCESS +rvvvrrsrsrssmssnississssissssssnsisssisssssssseesas 9

(3) Toxic metabolites of PSC via bioactivation process

......................................................................................................... 102
2. Research for development of selective proinsecticide -« veeo. 108
1) Synthesis of novel procarbamates -, 108

(1) Chemical characteristics of N-phosphinothioyl carbofuran
QEIIVALIVES +rvreerssrsiemsestensiessissmssssessessissssesssesssssssssnesenssenssons 108

(2) Insecticidal activities of N-phosphinothioyl carBofuran
AETIVALIVES «rreeveeverererrsrsmssssiessssssssscasssesssssesssssesssssssssssessans 116

(3) Mammalian toxicities of N-phosphinothioyl carbofuran
AETIVALIVES +rrerrrererrererresmirernesresseessesneesstseesessssessssssseseeesssesens 128
2) Synthesis of novel NEONICOLINOIAS «w«creveererscrsimerimecsninenincnne 132
(1) Chemical characteristics of imidacloprid derivatives .- 132
(2) Insecticidal activities of imidacloprid derivatives ... 141

(3) Fungicidal activities of imidacloprid derivatives ..--.... 147

-13 -



Section 4. Conclusion s 163

SECHON 5. REFEFEIICES wrrverrerrmrrmessimssnissiresssssssistssssassssssssssssssssssssssessassses 164
Chapter 3. The Development of Low-input Mixture ..o 166
Section 1. TNEFOAUCLION wrrrverresresermrrsssnssssnsisessessessssssssissssessssserssssinssasssssens 167
Section 2. Materials and Methods e 171
1. PESHCIAES  covvreeersresssnnessonsssssssenssssesssssssssseesesssssassssosssssnssssnness 171

Dy RALS  eeeereererereenn st ettt enae st 171

3. INSECLS  eeereeereeecscnmermnnere ettt san e ee et st r et ree 171

4. PAthOENS  crerereeereemmemmsessecsnessssssssssessssssessssssstssssssensssssssenees 1

B, CRHEMUCALS  weeererrmsssemrsssssssssssssosssssssssasssssesssssns st enesssassssesssssnssenas 182

6. INSIIUMENE  cererreeeermrneremreinceratetniess st asessssssesssnsssesessssessesessasaees 183

7. BNZYINE ASSAY  orrevrorrerimresisiomsessessinesiomstessirssssecsossssssosessiesessecssrons 183

8. Selection of pesticide detoxified by detoxifying enzyme ... 188

O, BIOASSAY  eeeeerrereesssemsannrensssssmissns s ssssssss st s 189
10. Formulation and field test of mixtures .o 19
Section 3. RESUIES oot sere sttt s s s sssesanes 198
1. Lists of pesticide MIXLUIES - rrrrerersrisresmmesiscsnesneisensnnenes 198

1) Pesticide mixtures in KOrea e, 198

2) Pesticide mixtures in Japan oo, 207

2. Inhibition of detoxifying enzymes by pesticides -« vorerinn 212

1) Inhibition of detoxifying enzymes by specific inhibitors

............................................................................................................... 212
2) Inhibition of detoxifying enzymes by insecticides .-+ .. 213
3) Inhibition of detoxifying enzymes by fungicides «......coveue.. 213

-14 -



4) Relationships between inhibition of detoxifying enzymes

from rats and INSECLS v v 224
3. Selection of pesticide detoxified by detoxifying enzyme ..-... 237
4, BIOASSAY ettt s e s 242

1) Insecticidal activity of mixtures(1:1) to susceptible
population of diamondback MOth «rreerrersueercressiienianins 244
2) Fungicidal activity of mixtures(1:1) to various
PALROGEIS  crvvrrrrrrerserie st 253
3) Toxicity of mixtures combined various ratio
to susceptible population of diamondback moth - eoveeerne 258
4) Insecticidal activity of mixtures(1:1) to field(resistance)
population of diamondback MOth «wrvermssiniemmsinsiisencrinnas 260
5) Insecticidal activity of mixtures(1:1) to susceptible
population of COOn APHIA «-rrrrreeeerrrrireerreeieeesssssssneeenneeas 264

6) Field test of formulated mixtures to diamondback moth

............................................................................................................... 268

SECHON 4. CONCIUSION +vererssreressaressssnrsisssssssssssssunssssssssssmsessesesssnsssssnesssees 271
SECHON 5. RETEIEINCES rrvrverrrrreriomissssirssinrmssssiseesassssssessssesssasessasssssss st sissnns 273
Chapter 4. SUD=PIOJECE  crerrrerseereeemommeresesesssrssssssesessssreessmnssssmsssssesssssessessos 275

- {5 -



A I A B i e 21

A 18 AFALEY ER B WO oo 2
S LIy L L S 25
A BE ATETF oo 30
Al 44 GFNE GHE R BEYL 33
A 2% AEA Proinsecticidel A& A BOF corrrrieririeneinn 36
A 1B A A 37
A 28 ZE D M s 40
1. Proinsecticide A 2Z A8 ZLRA7IZ AT i 40
7h B AL FA R SEZYU 40
. ChEol % o] 82 AHEE FFK) FH v 40

t}. AChE/mfo coupling system& ©]-§3%t
BABE BTN DILFO) cooverersrereresssrsimsersessssssssssserssssssssssssssesessss 42
2. A7 brain AChES] W& SALE(in Divo) oo 43
ul, ARESS B8t AAE SA gAFES B 44
2. A=A proinsecticided] #Z&A9 ML AT i 46
7}. Procarbamated] B2 A A corvoormsimmenssseeesinesesoessn 46
1) BRG] B oo ssses e 46
2) N-Phosphinothioyl carbofuran %= &2 4 e 47
7H A D A 47
R I 56
3) AZBAAA i —— 57

- 16 -



I R 58

) W ol tiat AEBA AR e 58
oh wiEFust gAMb o @
B I I IR 58
2}) BE5olEIRlEd g 438 A o 59
ul) SR uto) L oo tig AFFA HAA i 59
4) FGEEEN A i ssassssa 60
1}, Neonicotinoid SE ALl BHAT worrrrrrrreeereeeererreesseresesessssesseesessenens 60
TR e S 60
2) ImidaclopridA FE=A 2 T4 61
T FEAH R B st ssr s 61
L) FrZT vsenennsssssessisssseses s ssssssssns e 76
3) AFE AT A e 77
ZH) A DY) R A et 78
) W) g A8 A 78
oh) i FEEF g FEl A E L] g
BN I B RN 78
2) BEgobEdulEgd e 4584 AA 79
n}) SRulo]Sofo] Wk A AHAA e, 79
N s Es I 80
7h WMEgduWde didt ATE8F A 80
) ol A FFo el g AF8F AA e 80
) EvfEg o] digh T8 AA 81
g) Wi o] tlok AFBA A oo, 81
) R FH o] A AFEA HAA 81

...17_



Al B B T} eSSBSt 83

1. Procarbamated] AZ A9 EAM A TFAT wovvrervenircrnsesiessnn 83
Zh FAIAY A R SEFH i, 83
t}, ChEd W& oA AdE&E Aak) S i 85
t}. AChE/mfo coupling system® o] & &

BABE FTH(R DILFO) -rerrerrrsserssssssmmesmmisseismsesiasessimmnasesnssessnas 88
1) Benfuracarb® BA E T worermmmrmrmrmsmsmseseensessssssssssssssssnn 88
2) Carbosulfan®] BAE T coovvveereriereeemmrecnsereemresesmsrerisenees 88
3) PSCE BABI v 88
2. AF brain AChEY Wt S L@ (n vivo) e 89
1) Benfuracarb®l 1§k SR E oo 89
2) Carbosulfan®] & EAHFE .ooveerrerieceirenermenneaniennes 94
3) PSCOll A8 EAELE v o4
ol ANES-E FEtd APE 54 HAEY Y 94
1) Benfuracarb® S tIAFE cocorrrecrerseceseseeserenssnessennes 94
2) Carbosulfan®] SA UAFE woorrreieremmmesesessecsressisseseees 96
3) PSCY EATWAFE ccrmererriirerenssseseressssecnenes —— 102

2. =4 proinsecticide & A 2] MY AT i 108

7}, M 2L Procarbamate?] AFE RS THE coveororrseceessernen 108
1) N-Phosphinothioyl carbofuran f%= 9] 4 %

T2 BFG) oo s 108

R T L T I 116

3) FEEEEA A oo 128

. NeonicotinoidZ] 22 A ] TN covvveeerrmereeererereerionesessnnes 132

1) ImidaclopridAl fr=# e} A7 72 & v 132

-18_



DR I O 141

3) AT BRI ZA A oottt 147

A 47 Z B i et ae sttt 163
Al B ZFTLEEG]L oo i ss st tena e s s s s 164
A 33 AN EGA AT BOF e 166
A 1A AL A oottt anis 167
A 28 B D U et 171
L. AL LFA] ettt ses sttt s traes 171

D BN B e st st s 171

B, A TEE ettt b s 171

A, BATZE (YT v sssessessssssssssssss st 171
B, ALQF e e 182

B. A7) 7] correereii ettt bt aaes 183

T BB HF oot 183
7F. Microsomed} cytosolic protein® A i 183

Ub, ] B BE ottt 186

R Es Fao NF $% B4 A A e, 186

B, 71ZF A Q] AA 188
0. MEZTA ZAA e 189
Zh AFZEBEA] 37 e 189

W AHF A DA sttt 190

10, A NS 2 EAAE st neaes 191
Th, A T Z e s 191

U, A A D EFAY AN e 192

b A AE AT H AU e 196

_19_



A B B TF e et 198
1, EFAY THLTF AFLE T covrerecnerrerrermsrieresisssesseseenns 198
b FW ARSFU AFEAE e EFA 198

U dEAA ALEFQ HEEAEE ZAE EFA 207

2. 253 Fad g 5o BAAH AY i 212
7h W #5535 A4d dig A9 AspA A . 212

U, FE235 gae] i@ AEAY A e 213

th =53 gde] g AFAL] A 213

g, 7o TFo2HH F&9 758 529 4 A v ... 224
A A X 2% E L 237

4, B BAZA oottt eceess 242
ZF AZ A A 244

1) AE T oot asssess s ssssss s ssenss 244

AT T OO O R PO PO 247

3) A B TIL covvremrrermererisereersseesecsiseessesss st sessesasesssemsecssanes 249

4) A IV oo 251

U AT EA A oo ssssssisssssssssissssssss o 953

ot} EFNE WE FAEAFY BB s 258

oy, v EFpde] okl AT Y THAS 84 AH . 260

ol AR A B A F s 264

v, AN A TFA FE A e 268

A 47 B B st 271
A 5 ZFITLE G oottt 273
Al AZF FEFTFR] o sssssss sttt sis st 275

- 920 -



M o1&

A

-21 -



A1E A7y 21 2 99

7b A7l 7

A Sl AFEEI e FHEL A T A 9
EE royaltyE A E3H FEHE AoE FUEY FguE Rgo] nje
A, EFSHEYIH} WTO AA EHez Ad AAAYe #70 &
gl mel ZWAFE Aol BrlEsd & 7€ ANEdn 3de
Absior steg FrtA e e wE FRINEYY s1Fe] fEdm, &
T FFEA AFAET J)ee dEEEe] Ful A o] $d
t}.

Ao 2Ry 7t 982 3 5ad dAried =0 E7)
FTAREE VIEAEE AAME T4 ALEE AT AANA A7 3o
O AEF AL nx9 54%F oJ8H FA4riedd V14 FXE B
st Jbs g, 84 Fule FANEE 548 oluART: #4e
of ARew oEst AT AYHT vk ASH, nddy Fof AW
€ H5H ERETE WA HEH AU fALE A7k, AFET FEA
€ 840l #E BAd EAdFo2N shEd, of& fste ok 47
Z, A" diabel /3 A7 ¥ EXAEA F9 77 BEA My
oo %t}

453 AR =90 me AEAE) 2 R FAAGo) 2BA
oz @issEz A YUSE FAAE AaA dold WP
& FUsoF e A71o Al Ak WA AA f459 FFINBL AE
FopAEol ZuYE B4, T3 WYFL BH2Y 5o BAHE A2

- 22 -



3t7] s W A7 MEdulE FARY M2 Fye wgu AP Ay
of Fgsta Atk 95 AgAAME AAE LU ATHE FY
MEF A Adol ot NAF die ALE BEWr 95t Ao
4 Ay Tl B AR o g FAS%n Ak T Fke &
A Ade AAsE ol WA, ASE 54, o8y J4d 5L 24
B BTG GARAMY 5 EPUNE V|Eoz s FA BAE B
L2 gy Jfge]l FE olFxn Ao EFA AL Vs AR wis}
AR Agddepsoln 7led g S0 Bz, Ao 1Fsmu 17
Aeo] TR 8 v e H{G Ak FdAFE oo},

Tk AREo R st WEFE Aggel = vid A9 A
&Fo] T7tElo] A EETH A BH e H AP EAY dFIn
ovf, HAE AT HYY FA Yo o EE A3 Uk X oA
'8 e Y, A 5 £8€H0R F43A HE AW ES3)
ol Fojdte Al 84S 23Y 4 A YT E4L F $&5H
FAL AFJorE A WHFE ERHoR DAY £ o] FALTH
A BAH, A FHANE o]Fe] St oA 7E A9 AYE
Mdstel okd P, AW, A¥AR, BAY, BAeY 2 55 A
o ZHol e AEE AAZ ALEGE, ole NEFE MEdE A
e Y8 & 7 A& Aok

FAAY L nme AEANF Jles g3t RSN 23 o)
R A E Gy Adolgte 54 Wi $5AdYo] TR LEAY

g 2 Agol AGE wofoloh

2

of ﬂll

2

o

o] A

&
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u AFug

B dA7e ZA 5 oA ArdHAs F45 Qed, 2 F sus
N9 AL $4¢ FAE A7 I EQBL HEST, ol T3
o ®& MeYA, 4EA Proinsecticided kAl M3 otk F WA
HAe] ATEEE oo TEI mid U ANSAL o83k i
AU ES o381, o8 S Hgo Ee EHAE ALsEd Aok
2 A7 AFEYE A 8Y AFE WA Y e AEY
ol wgor EAL YARNAY Ex o)2¢ vFoz FAEFL A=
o 84 HESE Relth o#d A7/t Fule FAATFAENA N2
& ok EE N2g EFAY ALL AT B4 A AAE A$E
i 9zsted $AANY ASAY 5% AAY ALe A% A2z ¥4E F
Q& Fol,

2 BAE FARE 219 ARTA ATUER WaE e 2o

1) ASY &FA A

o AgA AEA HAARY R FSALHINAAH(FR)
o Lead 31829 E4AA 2 ¥4, FREAEFH)
o AEBEHAA)

2) E3A A

o EA BAF WY EIREEZAHFH)
o AFH A9 FH3 LA AH(FH)
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o F53e] FaAEIAE(FH)
o EFAl AA, AY NAFFA/ A=)
o HETAH AW R LIS

A 2A S Tlee 8%

o

FEAe AEA, AxAds @8 FE5P0 4 s Feite) oy
EFEFEY dE S50 wof 15 v PS5 ERTd £ /54
o] & Alde Aot MY FAE AFFIHYHY Byl opzt AR
A, FEAPANE EZEAZ A2 FE Bol & & Ak 19503
of AMEA, AAFAH HFA thFEe Malathiono] 7|Ld o)lF &
MEad A7AES GHEE 458 ¢4 52 A4 ARFHAE A
kAl E NLatrl bl EH ERFEDY AU dALRE Y Aol E
ojgato] {EAE HAEI] AlAETE kA9 target siteo] whdk A H,
24k & 7 (blocking  effects) 5ol Wt &, HAo] dojus 712 Aoz #A
& Z3 AFE e, HTde AFH T4 MALg A% Aol
Eol At A7 FAll AFE 3tHA biorational methodZ
A A S AT o] FAAA HA

s
of
o

flo
off
2

I‘L

mio

¢ B 4
AR FAFRRA AR, v, AF, 29, 9, TFa 5e Ao
A 98 4TS £ AT Aaslol fom, SHo)E, BAUA,
$471%, B4AA TA1 FERE A9 BAHY FERAAL % F9H
%

of ek 9% A =Y AFLIAE Fz S4A87F QT

- 25 -~



(target A7, SALE, AL AYY A F)E TY8v, olF T3 €9
A o]8g utFo 2l lead SYESY HA, FHE IF ¥
gy FESE AT FAEAL AA = diF FoAA AFHA SAHETE
7122 dto AFAAT LA BHH e o]FoAv, QSAR, £2s} +
71ske] @A T e V2R B4 HHI}E R0

2o ALE AEFSAHol AFI FHE oFAl &%= Carbosulfan,
Benfuracarb, Alanycarb %¢| Procarbamate?] (University of California,
Riverside?] T. R. Fukuto?} 7/id =9, leadSdE WY, Hzx9
Procarbamate®F#1¢] Carbosulfan 7§%-v]= FMC, 9& Otsuka 33 %o
‘4% 3h9 Methamidophos®] U&54& A28 ZAAZ Acephate 59
Phosphoramide#l o] 1th. 2 i Imidacloprid 59 Neonicotinoid#l °f
A (¥ I Yamamotor = HAo|&, 2873 F-YE Nihon Bayer &
4, 3EHE € + e, o9 FAAR] Nitenpyram, Acetamiprid &
o] Ztz} ¥ Takedarl$} Nippon SodarbollAl 7Hdk, AHE3HE o] Algo)A
AL &2 Yot ¥ nF University of California, Berkeley® J. E.
Casida g AFANAME 3 FAHE NeonicotinoidAl HEANe Neg
A 24712 ATE binding study”1¥-& o]&3te] APsa glom, AT
Aol FHog Hol £d o MEE oA Ade] ylddrt EF o}
AEE7E olFAAE WA N2 targeteE HT wAE GABA
receptors FHs= €§9dt A9Ade] GABA receptor blocker?! bicyclic
phosphatedl %3] [Silyated 1-(4-ethynyl phenyl)-2,6,7-trioxabicyclo
[2,2,2] octanes]?t 9 A] J. E. Casida 7+4 oA binding study$} lead 33t
g P& B8t AeEe, o] AT targetd lead FFE Y dFE
EA3" Aoz 7|dEdtt. %3 formamidined 243 A 9 target site?)
adrenergic systemol ul§ blocking agent?] A= formamidined ¢ 5=

&
1}
=
32
£
=
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H2(02dY) olF AEA FFe v e, 53 dE FFUEY
Kuwanoi 4 A74E& T2 FE8A A7 18 Folvh. 25 MFA
a2l A target siteE FASE AMES] kAL, olv] LA target site
g FAste FALADE F(species)ite] 543 7] & (metabolism E§)E 9
Aolg o) &5 Mulygo] ZFxE AT APgoer WL Qv 82
g7 9 AZo g tHdHdLe dASA HEE wn Y. ddo M2
AZA hdel Ui Ave FAIIHA ASA, DAY FA Ade
2 gHs] dEEn vka ¥ 4 gl

FUl e FYNBATA, EADT4, 7IAATAEE T2 FESA
gAAT APl FriAA AFAQA KH-502¢ I¢tA AzxA|, shojer
AA ol MY FEHENCH, R FAER FFHE AT AR A
g TAd Aoz YA Y. F2 AxAE FHOE LA BLI
A Folw, ARojM A AZFAT AFFolrh. EF AL HF
B AAY LS HE A= APHA ez FUe wHATY AL
e &g Ay Ao Addn,

A FU AFAES AEF sidd el A sE2 e S
FAE R o, FAR NEAY EAAAS AT AAstd A7UEH
ANAE 2835 A998 vk o 2A8AE e F2 QSARY &
sk g, o) Walate] %4e]&, 2877, binding study, target &
N 347 Pz, A T U AFE AFPFojof gAY ATATI}
¥ Aoy wger

thete] Fobdtd AT HAME F43% QSAR 19 A-E71%, YAl T
B A7 bAoA gt &Aoo AYH glom, B 4Ejla, T
AR ArFAEe) o @Wol AYH Aoz ZidHEg B FAA AF
FYAFL d AR Fok, S8 A gAstRHe T SR
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o @ ATE Y o, HI & AFHAAE T ok HFH X
FE e AU 43 E B AYH SHLAE A2 ¢ de 249
ERY olH3 EXAEY ¥4, 848 #4 29 54E L= HALE
o & Fo UF AAAHY d7E FP3n AUrh

Q¥ Nihon-BayerAlel Al 7i#5o] 43#F3l¥ NeonicotinoidA 43 A <1
Imidaclopride 71&¢ FY§ target site® FZ3te UZ¥ AL Nereis
toxin #AGA et AdsE S5 SHVHE BHoln u. o] Ad9
dAlE V&Y B AFAANG] HEYE v ¥& FxE g2 AR A
&g Bon, 2 £ A& V=, §¥ A4 d=md JIdEe] duF
o] Nitenpyram, Acetamiprid 59 A ZAGAEL Ndsle AEF A
713 gl

329 & methamidophosd) acyl?|7} X#=o] F4dA 9 wjo] Mg
EAeo] %% #7124 Proinsecticide® ¥ &< Acephate?] FE3}5 o] o
o g He54d d7tiEFe odfisr] A A7t vse 22 A7
A AY=a gltk. Methamidophost 30 distd e 4gd AEgo) )
of F%F, AAHAS WA & kAot 2 o] YA AUE ¥
S AEFFHoR Qe o Ao AE wol g, o] AARA A
242 G acyl7| € F4 Al X@ste] HAG Acephate?] 29 4
9L 79 ade FAF 9, AEF5HL FANAA BRI E g4
3 Mg FEA He 54 A o3 F8F 547 o8
2 Proinsecticidef Al 9] A A 89 4% d& ZHsAol HE3d ol
oAl o] SAol wel gy dede] #d AT ARE aa o
AFAAE f5te] FHHAAL BALARA Ay AHES F 5o
242 ATE A HY Adyo) Y@ A2g A ML s
AE 58 02 Be d7FaEL #dsin Yo,

0

\
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EFAY ML S EF dAGAE By B, gHor e F
A Gotor &) wiiol ofAl Mo FAE s&olopRr}y. TFAY ML
FAlOl g WS WA & F o WAND, A5 =FY dR T
A8y Fde] &HE do wYdAdd @ R&e wdAAolt H2
d dedldl 2% oY FAE EFs addition&E S 7|ty Bk
B MR FE71E Fdda RaFHoAY EE MR FEE FFAE F
Q¥ synergismBAE 7| d F JAEE LS st Ao B3} 45
ol 9o Al A¥E Foho] AR o] B I F APl A
A EH3te dFe AVt g A 1A HoRE A ALHS F
ZhefokslaL, ol elg oA v BEA, BHLHEEA Fol FE F Ik
A Agoe FaYHE AT FAe FFZA EA A=A AFHE
FEer Agye 455 o adud F%E 753 AYE AR 8F
AU &Ao g4¢ Adfiste e FAS EFE F AE, F gAY 7
o MARFHE dE FA HNFHoR ALY Aol gl FA YEE
FAEo} o 7hx FAA, §BH, HAH olFE & + U dE
of %A FoFe vlxF ofAlQl Malathiono] Z#dls AFAH Hoz A3}
of AREAIEHE Wol gtedl, WE & 8-S st HdA Kitazin-P9be]
3 B8l GEASAENE Ao Malathion? &S FEsigo. 4#F
A Kitazin-P¥ 438 o]9 o X Malathiong FE3A7=d Fodsies
carboxylesterase & M} #3le] GSH/GSTS S Aslsle Ao 49 HAEY
Barxo] gy, AFAEL oegd AAE EFAY sEol2or $4E
Aojr}, o] Az I W HEAN AEEo FF3 dolr),

ool e 2b ofAdle] A HoAM e A ZAE Fol E¥A M
AEsta iz, FudldE AR Vx BEAES mdx g 3
7 EF, AAFE Az, gAY AYE AANUA LS A= 9
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ot ol @ e AFE AR vlE aga J¥e PHE 8TE &
€% "R E Wolth. EFA ALY olRAdE 87t A4EHA RIe
o237 HAE] A& A2z Budn ML IFdAM HITF EFAE
9 71ZxolEE WAA 24D o2AHE AEdL, ol T3} £
et sddEFd 2 FAEE AR S HES F AER &
A AL A= F UE Rk on FUY Y AFAdME AW
&4 E, cytochrome P450, esterases, glutathione/glutathione~S-transferase
(GSH/GST) 59 tiAle]l #ejstes 8480 did @ Q771 A=E"Hn
o], ol § 7)< carboxylesterase, amidases B 7}A &AEd @
849384 71HE Fed ZF gFAEY &a 9 (induction, inhibition)dl
i 5AE AYst, dA9 AFE ERIA I M2 EFA AL
W clEHA G MY 7beAe) e Ao JigEn.

A 3@ dAqEds

<Al 1 A¥ZA> ASA ProinsecticideA] A&A < 7w
D #&71%d7(F8)

Proinsecticidel #Z A9 S4%A7F A+e 1, 238 2 ATl
carbosulfan, furathiocarb, benfuracarb, PSC % %Ald] ulsle] A ol
AL 78 FdgAen, Y FAE] AW dALE T 5
HEdE $¥EE #FA4E o)At Proinsecticided] td o) # 3 A A3
A SALHAZFHAT dFde FlYd AL HuHe Ao, doz A
2E FEEY EAEAYN $8Y & A& Roloh
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2) ¥A(EFH) 2 YEFRHEH

2d A @7 F9EE WP MEL Proinsecticided AF A9 A
g A BAAA, lead HEES] MRS A F Bz FYA
RAME  ProcarbamateAl G 24 A HFA QY N-dialkoxy phosphinothioyl
carbofuran(PSC)9] %} & ReF NM2E TEEAM carbofuran?] AL YA
o GFd ANrIE ZHE ARE HFEESC ¥4, AA, FREAAHAC
L AZTEAELE HQ SEEo] Wol AIHew, FEFSE IFA
Carbosulfan®] #Adl &3l 58 FFE= 4F FAHAADT 53] 9
HEE AYg54E HFAN7 A 98 THFE SAHAGAA A
4, Aol ol A 1AFHA A7 & AAE AIHIATG. E
e A5, nAd9A<d imidacloprid 3EE9] FAHH ALE @A 540
& ugoz AdAE EA72Y AU H FHHo ¥ T2 33
BEol 4, 7 TAH AEEAEFA] FYHAL dF FFEANA
A s EFQ Gl AN Y g 848 BHed, ¥ AFEAE
UEtE A3 = Ayt

<Al 2 ARIFA> AFR5E EFA AL
1) FAe 53 24 A (FH)

AW F8 BE3Z 749  monooxygenase(MFO), glutathione-s-
transferase(GST), amidase, cytosolic esterase, carboxylesteraseol] thd “&<F
o ARAF A7 3d Aol A HFHez vy 21 X F
ol M g5 7hed AfAGF)E et &S A(T6F), AFAGL1F)Y
Z 107%9 SdUAEE EF AFstd 5% AR 0 AT ANEEF
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A& FF g8, A S AHEHL dE Fa FFEU07F)
o] FE3taA A W FEH AAEs 2 A 2ARFAA FYE T
3t dojl FRoF AFATo|Y. o] A FAHOE AF AEd FTF
A ATAREA dor FAEY ditasd did FA4E oy, o
€ vtEes % EFdAL MdHd= A E82 & A& Aol

2) EForA el AEEA(FH/AE)

Ao A7 A ojv Bud FAEY A F diFE o]EL Ht
gor EF FAE ALY, o5 Wi HEYEHAY AHAE AN
o ZBaAs 4¥AH4E wgog HAFA+AFA, HFAN+ATA EFEA
g AA, LAY RS £IT AT AdgA YREAAH 5% AR
#HE AU 53 AUAFE T3 HAdd gAY HHneAde
T3k EFuES AT, olF TAZ ERAY ANAE AYAF Y
AF2)E AT, Add E¥AY F  Phenthoate+Benomyl (24+6
WP) £3Ale] xZ4EANA ] Bde Zdeolgoz gd(zdAY HE
A du)ste 857 e (dE AFVIRA (F)BF FAATFLS @
o A3 Rer AdHU & AFAFAe dow Ful /IdEe] AR
Y BRI E ETFA MY AAAAN BEF 5 e TG ]BFH &

ANG Aeg Frlged,
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Al 44 AT S F 8L

b ATFAE EHe g4
1) A4%3t49 Proinsecticided] AZ Ao tigd SHTAY(ATE £7]
2de) AR HFAoy ATHASH, target enzymedd AChE E&
BuChE®] 3§t bimolecular inhibition rate constant(k), &3V F& o] &
3 mfo/AChE coupling system, 843344 24 & % 3 = AChE A3
AY, BEgahd A% AAEE T odstA FAHUT. S4TEVFE
ojglsly] Y AFAFAE dE2ow, A7 I¥L: A A7UA
3t ¢xRFA 1AHo] v H A
2) A=A Proinsecticided A&EA g BAAA, M, BA, +=
54, A28A T AL AFew, A carbofuran?] alkylalkoxyphos-
phinothioyl #%4 A3} chloronicotinyl A€ SFEE W dF7E A
t}. Procarbofuran|ge] 7Z$ AA, 49 AY EE IFEFAA F3%
A% B o] AFE Tkl oW FFTE *AUFTY & S
<

Holx ¥ Fo| AEE IFEES doY, 53 ETHTEN O =
A=A QL SMUFHIE o] g 83 B AEAgAY dAF F A4
B AU}, AdX chloronicotinylF]l B FEdME & 4TAHE B

of A M 7MsAde RolV|E Y.

3 U U5 7Me FdA 107Fe F%53 &4 (mfo, amidae,
esterase, carboxylesterase, glutathione-s-transferase)ol] tgt z}z;e] &4
AANEANS AAAAG. LA AFFAR e ARAT AT 94

FE grste, 2ddo) HX Wi £ A7E FAsAT. AFE
B A oM B AFAEC] AUE HY B2 & TV ¥
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Aoz {r7E 3 Qo

4) FE}EL FYANEAY B} A F53 AL 1YY
EFAE Mo, ol F39 AU, Pot, EFANHEE FYs5H B
< EFgAAA FRIY AsaAREgE BHYown, 5I TFAYPY AS
Phentoate+Benomyl(24+6 WP) EfAldA A5, &733038 EFA] A
2 shsAgdel A AE3 JheAdol wi ok EFAFY ANAF A
28 (F) 3% TYETE SHAALIZY Fg)oA FHoz Az
Fdrh

5) AEEHARL () ¥ TYAT4 (&% &7 P A=
HAz F2 FYtgen, FAHd o FGF)ES A ASEH A4
B84 S A3 oo @ 659 HE HAdTd ud eI
= Y3 A8718d 5718 FRAANZ A77F & Ao sy
AYANANYE Potdd, TFLE7A ArAYe &3t ¢2FA JPHA
o geA FEATFVIERY] AT9H ATFREYE A7 AH
WEste dad ATFE FPsA

oAbt Ao 248

D $od 338 £ A dads A5, AYEs] € &=
E3E Il £43%th

2) e oA} EFAAMLIE @A AFA A sleolAdd FF
g A=dT SU FFGALY FEATE FR89 FE F5F 7
¥ Know-how& IL# 3hch

3) 5483 ol&d BAMA, F2A §4 & Tl 4 ol
BEE e FA Mo &34, A AMLE A AYEES FYIL

L
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4) FAAA AA A, 483 AR AFFAEATd AFAHA
dE A7del FAZPAN GZEFC] FEH, VxFPolEg AF F2
o] FFAEAE wiFa 7T

5) E3A AW e & AFstn, EFAL FRFAEY ARE A
st BFE e A& R FFATE AF FAY 4XxF P AF
& BAANA A8} shestA Sk

6) d8H}E HIANE F8 EAT wiR3o 2wy EF¢AE
Melase 719 FaAsrt A o

7) FHE 54018 NLAPE T3 =2LRE T AENE
oA FMsle ch& oAl o] 43 EE )

8) Akt EAF ] MEHo FFEAX] AR W FES
Ayl FAgg Sl FFAAAN Ve, M2E EFAT AU w2 B
Mg BRY 4 Ae 71FE ATE.

AEA, AFEAL A9y Neeks #d4A8Y AR AEe ¢
fuel sofdatel wekdde A 7o gt
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K| 2& M=4 Proinsecticide| A& A 9

e =0f
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A 1E A ¢

UNH O 2 carbamate] FFAE #7194 FFARG ¥ EFTE
e Jehie oz d8id Joy HR carbamated] AFA, 4& &

(R

o

carbofuran, porpoxur, aminocarb, aldicarb, methomyl, oxamyl & & ¥
FE 54% Yehdo] Rt} ¢HAdE RS AFS Age] aFHAT

Zp3o] AAEL o)9} 2 carbamated] AEAEY THo dF 54
agE fAANIRAM EREE S-S AN A% 48 Axe AT E
A8stel & N-methylcarbamate ester?] DA 9Azto] & olg71& X&FAA
Hold Med g nole MEL 7ide] AANES ML) AFstHe oA &
FAEL 2 AARE AChES thd Ay glom, AV ey E=
Asteta Wsle] AAYS Fow Kol E AR ARE F 54 YEUR
719 ‘Procarbamate’ &} 3 & = A ct.

Procarbamate 2FA42] A Aol nitrogen-sulfur 2E-& 3] W@ o] F, aryl-

flo

sulfenyl %3  alkylsulfenyl, aminosulfenyl %< nitrogen-sulfur =&
nitrogen-sulfur-nitrogen 2¢¥-& 2 FAEo] v AEHAG AR A&
%315 procarbamate?] 2FAlE aminosulfenyl AlFo] tiFEolm, thx A <
A& furathiocarb, carbosulfan, benfuracarb, alanycarb %°] ith.

2o AFAEL ]2 ] procarbamate A7t oJwF fAIAAHE F 3}
of 33 EREEN A AdF 54E& JYeleAd dstd dFE 3
skeh, Aakalel AEAE 0843 carbosulfan®] WAFAHA  carbosulfan®]
=5 gAMEL w5 FEQ carbofuran, 3-OH-carbofuran, 3-keto-phenol %
phenol SolegtE AL W Won, carbosulfane] HANA 27kA19] dxrHQ) o
AR o8 AR tHE Aol RiuE Atk Carbosulfan sulfure] Absiuhg
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o 93] carbosulfan-sulfoneE AFE F wlx] o= sulfamided FA 3
253E0, & FWOZ nitrogen-sulfur o] BA carbofurano @ A
g9}, =EF carbosulfan®] pH 5 ulute] AN FAF A WE H:g
carbofuran®. 2 H#PE FU31, carbosulfand Fol AFHEAG F ¢
(stomach)oll A o] HAMES FAF A% F€ 83¥E°] carbofuran polysulfide
de #Fsen, in vitro®] AR wlEd in vive EAMAE
carbosulfan©] carbofuran®. 2 vl =] A A#E, carbofuran® = o] thAL&
BT 49 2 FEAG RuFe ok Hvele tialAM carbosufan]
YA E A3} nitrogen-sulfur Ago) #olx E3F}EQ carbofurano 2 A
geon BaEe] vk a2y oW Eaol siA dAlE =X dd |
TR AT AHorh

714 AT FFAXM mfodl ¥ desulfurations F3 F40] A
FFEZ AGEHTEAM QA 4x7t A dAA o TAHAL dE F Uvke
Rl A¢tsled, N-methylcarbamate®] AAYAto] {F7IAAE X$AZ N-
dialkoxyphosphinothioyl %3¢ §4de] A=A}, N-Dialkoxyphosphino-
thioyl f=x+ ChEd] t)§ A5 2o] 23}3E<2 N-methylcarbamates <k
ARk don 2F3 I{HFE JYFAe] ASe] ¥sAT. Phosphino-
thioyl 718 ze <Al9F mfoE A 83+ piperonyl butoxide® &34 2l8l5S
W AFHo] ASA AMEE #HAsULw, wetA phosphinothioyl 718
Zte  procarbamated] FAE mfool 3 &AH3E Aolgr AIHAUL.
N-Dialkylphosphinothioyl =&+ Z&AMWA = desulfuratione] dojd &
Abstel JhpRe) 249 wol carbofuranl 2 ABFH O B L W Em, T4
FEANWINNE F53 23-dihydro-2,2-dimethyl-7-benzofuranol(7-OH), 3-
hydroxycarbofuran phenol ® 3-keto-carbofuran phenol2 & Ho] FE3 5]
o, %3 IH5E AYS5AHE Udetdves Aol o8 AdFAEd o8 ¥
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Aot

g} o] 8%t procarbofuran®] AA YAl 2 gE o|EV)7t TEA WA
Adroz FoAEs AT FE71Fe daixe okA7AA TAHY TR
a7k e AA ol

B d3E FU $E5 9 A& procarbamateAd #FA T BEFLE
AAW  procarbofuran# ¢l carbosulfan, benfuracarb, furatiocarb %<
N-sulfenylated carbofuran® 382 Abshb¥-g ol &3t 2 &4 #A
o] dr AFH o)A carbofuran®] N-dimethoxyphosphinothiyl =& %
A3sle]  cytochrome Pao, GST/GSHel 23 A3 AAHELE T
procarbofuran® 54 2E 71&& XA

A AFE ulegt o & procarbamatesd 4% A Q! carbosulfan, furathio-
carb, benfuracarb %3 #7| carbofuran®] N-dialkoxyphosphinothioyl &%=
APSCYE FAHes H87184¢ HES L, o1& vF 22 PSCH akoxy?l
g v F4r2 PR oA 147 Alele] Ajke] &3 Al
AN GA BAXNES FET 3EES §43Ah 53] procarbamated] &
ZA o) MeAH 5A7)%, 55 A3 7 (bioactivation process)®] HE
Sa3tel AMRE FAo AAYG IS A=IIAY. BALAD ANz
procarbofuran7 ¢4l (lead 3}3E)9] {44 & FHstd dEAHY FFE
¢ gAs s, AEAA S FPAT

g QR AEEH AMEEHI e AZE FE71FE e A
imidacloprid®] =4 o] 8¢ 27489 imidacloprid®] amine”]& phosphoyl”]
2 @8 nAChRY active sitee]l A= AFAoI7t 59ART 3t
HEES dASYY. AAE AMEZE neonicotinoidAl 2 Al (lead 3}3HE) 9]
AuR-e gyste B FES Y8ty EARE FRUS

71

-

=t
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A 28 AR R W

1. Proinsecticided A& Ao SAHALHE72 4F
7b BAIGAY FA 2 exE

THELARAAHA LA BFEL carbofuran(76%), (F)BENA B
Y carbosulfan(86.8%), (F)EWeol1g2olA HIFPL  benfuracarb
(90.2%), (F)F % ggolA BFLL furathiocarbd AA MM A3k ch.
Al g kA9l N-dimethoxyphosphinothioyl carbofuran(PSC)e= 4l sle] AFE
dgen, e <ad 1>9 A2E AR $4E PSC: 'H-NMR(DPX
400, BRUKER, U.S.A.) spectrometer$} GC/MS spectrometer(MS-QP 1000A,
Shimadzu Co., Japan)& o] &3t F+x& #1U& e} Carbofurand 243
& AHE3Y T WA A& column chromatography 0.8 XA 40
o, AR A& HPLC(LCI0A, Shimadzu Co., Japan)& ) 83ld £:&
24t

1t ChEdl wig ol & Af&E 4 (k) 3
o2 AAEE FFE F487] A8 Elman(1961)9] 4

HE o] &3 At 5m AP HA A7)WMAe acetylcholinesterase(AChE,

electric eel, V-S type, 1,000 units/mg protein, Sigma Chemcal Co.,
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oH 0—C—Cl
© 1.5 COCL, / 1.5 Pyridine 0
toluene (room temp.) -

s S
CHso\‘l:l o M CHNH HOI CH.O.I

) “P—NHCH,
CH,0 2) BN CH,0
S
o  [.OCH;
noP
s O—C—N_ OCH,
CH,Oji 1) n-Buli 0 CH,
P—NHCH, -
CH,0

[¢] Cl

Z)Xiﬁ

Figure 1. Synthetic scheme of N-dimethoxyphosphinothioyl carbofuran(PSC).



U. S. A) B 9¥3# butyrylcholinesterase(BuChE, horse serum,
1,000 units/mg protein, Sigma Chemical Co., U. S. A.) 4 units¢}
carbofuran % procarbofuran(10”'~10"M) 544 & ¥ 0.IM sodium
phosphate buffer(pH 7.6)2 £ %3 3mE 3 oL 37Ce F24=x4
Al uEg AR, 71A QA 0.1M  acetylthiocholine iodine(ASChl, Sigma
Chem. Co., U. S. A)) ®& butyrylthiocholine iodine(BuSChl, Sigma
Chem. Co, U. S. A) €9 0Imes} 55'-dithio-bis-(2-nitrobenzoic
acid)(DTNB, Sigma Chem. Co., U. S. A)&49 [DTNB 0.38g, NaHCO3
0.15g, 0.IM sodium phosphate buffer(pH 7.6) 100m¢] 2.8m7F HA 3l
cuvetted] &AW d 01mE YW 28 FHLFE  UV-visible
spectrophotometer(U-3210, Hitachi Co., Japan)® 412nmelA &ZA A
& #3849 . Carbofuran ¥ procarbofuran®¢] AChE % BuChEe]
o) & kgt Aldridge(1950)¢] H#H¥l o2 A A3}

t}. AChE/mfo coupling system®& ©]&% &A43 &3(n vitro)

Cytochrome Pasooll 213 #43 A= cholinesterase (ChE)/
mixed function oxidase(mfo) coupling systeml* Ellman(1961) ¥ &
o] &3le] FAE AT Microsomal protein 0.lmg, cytochrome Puso¢l
cofactorg! B -nicotinamide adenine dinucleotide, reduced form
(NADPH, Sigma Chem. Co., U. S. A)) (+)(-) 67uM, cytochrome Pus02]
AMelxd A A<l piperonyl butoxide(PBO, Fluka Chem. Co,,
Switzerland) (+)(~) 100uM, AChE ¥ ¥ BuChE 4 units¥} acetoned]
2l carbosulfan, furathiocarb, benfuracarb, PSC(10""M~10°M) 5 & ¥
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i, 0.JM sodium phosphate buffer(pH7.6)2Z 3ml H3& HEUT
Carbofuran # 8 7+ 30¥, Carbosulfan %% PSC % Procarbofuran
FTE 10837 37CAAAM 77 wkgAlzl ¥, wbgd 1004E F 3o
Ellman(1961)¢] W#& o] &3 AChE £+ BuChE9 4% A3

o},

2, A2 brain AChE] W3 A& (in vivo)

G435 & %% Procarbofuran FAES HAEAL #F37] 93
o] propylene glycol(J. T. Baker, U. S. A)ol %< carbosulfan,
benfuracarb £¥ PSCE 0, 20, 50, 70, 100, 150, 180mg/kg®] FF o=
Ao B FAFS AT F HE A9 100mgT 0.1M
sodium phosphate buffer(pH7.6) Iml& Y32 #A9ad F 2000g0 A
158 F¢ gAestden, 45de 9¥d A F(Bradford, 1976)&
3 % 2mg9l soluble proteing % 3} Ellman(1961) WH 22 AChE9
g4¢ =489 Cytochrome Puo®l AMEFHE AHE7] 9 5o
PBOE 200mg/kgl 2 B7ZF o3t 1A3F F carbosulfan, benfuracarb
EE PSCE Al FQ@ F, H% 59 Yoz HE FE99
AChES] &4& FHsAH.
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o GAbESS B3t ANE SH dAEY B4

Procarbofurand A& A Q1 carbosulfan, benfuracarb A @ A¢) PSC
7} cytochrome Psy =¥ GST/GSHe) ¢)3le} R3E<Q carbofurano 2
HEso] 53& 2dse= RAoB A 8Y, procarbofuran®] in vitrod
microsomal oxidase system(MFQO system), glutathione-S-transferase
/glutathione system(GST/GSH system), MFO/GST/GSH combination
systemol] 23} carbofuran®.E HEHE A& HPLCE M3 44},

MFO systemd] $¢]3] carbofuran®.2 A8 =+ AL procarbofurans
(10'™, 1004)® 0.IM sodium phosphate buffer(pH 7.6)%& 2 Blank,
cytochrome Psod 731 microsomal protein 1.0mge 371§ Control,
cytochrome Psso®] cofactord! NADPH(5X 107°M, 100u)E 7} Oxidase
Ael 7, 283 PBOIX10'M, 1006)& 28 Oxidase+PBO A9 4
A AHRFR R 4¥e FYsden, HF ByE 0IM sodium
phosphate buffer(pH 7.6)& ©|&389 10m7} H=F 39l 99 2z X
TE 7CAM 308 F2wg Azl F o] £4L8 5omEJAFo A
CHCl 20mE @3 8 #&3}o), procarbofurans®t HEE carbofurane
CHLERZ o2 BwjA AT A& #45H3o n-hexane 10mZ 43
¥ HPLCZ &43gn.

GST/GSH  systemel  9]38] carbofurane.® H@FHE Age
procarbofurans 10"'M, cytocolic esterase protein 05mge& W3 0.1M
sodium phosphate buffer(pH 76)8&%o2 HEFEINE 10ml2 3=
GST(glutathione-S-transferase, 6X10°M) system¥ GST®] co-substrate
Al glycine, cysteine ¥ glutamic acid®] @7)17F A% = o] tripeptide® ¥ A
3l¥ GSH(glutatione)#& %<& GSH system, GST+GSH7} Adw
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combination system, GSH®¢| 2ZA¢l diethyl maleate® ]
GST+GSH+DM system< 7tz 37TCoA] 3087 82883 ¥ MFO
systemol Al AFE-§E 2 E o]§ FEIUY. FEFES Y553 10ml
¢] n-hexane® 2 ¥o]3 HPLCE EA s gr}

MFO/GST/GSH combination systemol] ]3] carbofuran2 HF= &=
A% & procarbofurans IO'IM, microsomal protein lmg, cytosolic esterase
protein 0.5mg$& ¥ 0.IM sodium phosphate buffer(pH 7.6)& %3
10ml2 & system, NADPH(X10°M)8 718 MFO system, PBO(1X
10'M)€ d7+8 MFO+PB system, NADPH th4l GST® co-substrated]
GSH(6X10°M)E H2l¢ MFO+GST+GSH system, GSH® 32
DM(1X10°M)& A& MFO+GST+GSH+DM system, GST/GSH system
7 MFO systeme =5 X33e MFO+GST+GSH+NADPH combination
system& 2z} 37ColA 3087 F24ge £ MFO systemol A AMg3
FEHE ol FEIAY FEEL FLFFS 10mlS n-hexanel
¥olil HPLCE &3t

Carbosulfan, benfuracarb, PSC @i carbofuran® HPLC &4
(LCI10A, Shimadzu Co., Japan)< 4% ¥ (uBondpack silicagel, US.A.)&
ALg-8te] 285nmeol Al Fetgict o] FA &ulE carbofuran®} carbosulfan,
benfuracarb £t PSCe HAEEE H3l9 hexane : ethylacetate?]
82(v/ )& 73(v/v) EXREWE ZAH ArREAvE AAE  carbossulfan,
benfuracarb, PSC =282 carbofuran® Z}Z} n-hexanel & 1, 3, 5, 10, 20
pe/ L2 A EA, FEFY F59 WAL VEs AFHE &

A F, NnE AFRASYG,

..45-



2. A=A proinsecticided] &A1 AL AT
7}. Procarbamate] A& A A4
1) BAEA 2A

EQE7)Z e AlFYFARY  N-dimethoxyphosphinothioy! car-
bofuran(PSC) ¥ A7 &9 EAHE Weslr] 938te, X %-7]Q] phosphorus
718 AW &48344E& Tt E&¥or g8dE F UAe EAE J4A
sk BaAMAe ZAE phosphorus@ Al alkoxy”l7F A& A$ wo
oxygeno] 8l alkyl”]7t 1€ W phosphorus YA © §'E ztow
(Fukuto et al, 1959. J.A.C.S., 81:372-377; Fukuto et al, 1959. ]J. Econ.
Entomol., 52:1121-1127), ©| A% mfoel €3t Ase oxon(P=0)¥ &} 7}
Hlad A AHAGSH ) st 7]&9 PSC B carbofuran &2
of Aol Bo] & Aoz oA FJYch TE K7IAA FFAY B oA
9} v}R7FA 2 alkoxyl”](phosphate)®] alkyl”](phosphonate)®=2] X &L X
FEEN HE ASHL 2gE fFAHE WA 230 9P 54 H94
oz F/HE Ao JdEHAL £ PSCY AP)E EH3E AE9
phosphinothioyl(P=S)7]1¥& PSCe %3 E{FFEe HEHS 28 &
AEEZE B AFAME adi2 FRAA)
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2) N-Phosphinothioy] carbofuran =9 4

Procarbamates] A% )¢l carbosulfan, furathiocarb, benfuracarb
231 ¥ carbofuran® N-dimethoxyphosphinothioyl f=A(PSC)E F4
o L7 HEST, o]8 ngoz PSCY akoxy’|E tE 247
2 updas Aadzeh A4A Alolo] Ajo] & AuelA A #AA
T2 §x87 98 A3t $M¥oz £YPH A Procarbamated &5 A
o) Aelx 54712, 53] &43k %A (bioactivation process)® 9)E &
3t Az Al dAL #FHel A=HUG BALAD AMRE
Proinsecticide Al %Al (lead 3151 %)e] {49 e st dEXY 3FE
£¢ #4953, 'H-NMR, 25847 5& AHg3te] ER7x2E $4, 4%

A4E FYssich

7h 4w 2 34

2,3-Dihydro-2,2-dimethyl-7-benzofuran-7-yl chloroforamte: =<
vk E kA 3 (500ml) o) touene 150mlet phosgene 0.15mole(14.84g)E E&

% toluene bHOmIE  2,3-dihydro-2,2-dimethyl-7-benzofuranol  0.1mole
(16.02¢)% pyridine 0.156mole(11.87g)8 7z+z} #3813 100ml dropping
funnele ol  W&E7lol sk A2eA 6A WHEANA
2,3-dihydro-2,2-dimethyl-7-benzofuran-7-yl chloroformate(carbofuran
chloroformate)& 48t ¥4 & carbofuran chloroformates <3
methylene chloride® ©) €3t saltd AA % F 30T A n-hexaned| =<
F -29CAA AEAs ohg wEel AME3AT.  Diphosgen %
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triphosgen ¥4 % 99 Wydl Tt FA&AL, vl dichloromethane
& AE3E Y. lH'NMR(@, CDCly/TMS) : 1.49(s, 6H), 3.05(s, 2H), 6.75~
7.08(m, 2H).

O
Cl)J\CI

o}
Phosgene B /lL\
0 . NZ (o] Ccl

N z o
Cl,co Cl o
Diphosgene

0

A

Cl,Cco OoccCl,
Triphosgene

Figure 2. A synthetic scheme of 2,3-dihydro-22-dimethyl-7-benzofuranyl

chloroformate.

Methylphosphonothionic  dichloride: %’EHPQ%E}—’:E(WOm])Oﬂ
dimethyl methylphosphonate 0.5mole(62.04g)& ¥& ¥ 0T(ice bath)& +
28+ Ao A 250ml dropping funnelg ©]-83}<] thionyl chloride 1.25mole
(14873g)% wrg-g7lol 7Hgct, 108 I F syringeE 0] &3k
N, N-dimethylformamide 0.005mole(0.37g)& ¥r8-&7]1e] 7}t ] F 200C
£ 28t 38A)A methylphosphonic dichloride® A3t F2uld
Zat23(100mDol #4 ¥ methylphosphonic dichloride 0.3mole(39.87g) %
phosphorus pentasulfide 0.06mole(13.34g)&- & F 50ColA 1Az}, 100T
oA 1Az 150CAAM 1AIZE, 200TelA 6AIE WESAIA
methylphosphonothionic ~ dichloride®  #Addth. o wgAo

s
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methylphosphonothionic dichloride® TAi3}7] 1% 71 $& 2oL
o, F743 LE& 27¥ polymerdHE AZJHE AL FAFHHUTH
'H-NMR( &, CDCl&/TMS) : 2.76~2.84(d, 3H).

0 s
CHso‘ﬁ on, —0% NI P _ ONL o
Pl - - 3
CHO ’ DME o T o’

Figure 3. A synthetic scheme of methylphosphonothionic dichloride.

Dimethylphophonothionic chloride : Condenser’} FX1® 27 Fulg
ZH236G0mDo)  4500.0mg(40mmole)®]  dimethylphosphinic  chloride$}
13.34g(0.06mole) ¢} phosphorus pentasulfideE ¥ F L 7122 234
ok A 3087 kg F, 50CAA 1A, 100CA 1417, 150CAlA
1A1ZY, 200Col A 6A17F 2utald e}, wkgo] F24d F vacuum distillation’d 3]
& o] &3}a] 48 dimethylphosphonothionic chloride® ¥ 3l th.

o) S
HC. ] | 0.2P,S, HCai

H.C room temp. — 200 °C = HSC’
3

Cl

Figure 4. A synthetic scheme of dimethylphosphonothionic chloride.
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N-Dimethoxyphosphinothioyl carbofuran: % &vl9E et =(250ml)
o} THF 120ml, dimethylchlorothiophosphate 0.1mole(16.1g), methylamine
hydrochloride 0.1mole(6.75g)& Y& ¥ w587 YR E AL=2 FH349
t} o] ¥ 0Cl(ice bath)& FAEHA triethylamine 0.2mole(20.24g)2 THF
50mlell -§3)3 F 100ml dropping funnel& ©] &3] A3 wg-&7]o 7
FH60drops/min). ©] F 1A HLA ¥ F F  0,0-dimethyl
N-methylphosphoamidothicate® #A43tAth. 5 2ugZet43(250ml)el
THF 120mi®} A ¥  0,0-dimethyl N-methyl-phosphoamidothioate
0.05mole(7.76g)& ¥& F ®&§7] WHEE FAE FHs o] & -7
8C(dry ice in acetone)® A 3HA syringe® ©] 43t n-Buli 0.05mole
(32g)& Wkg-&7ld 7t 48 AAF F, THF 50mlo) carbofuran
chloroformate 0.05mole(10.73g)€ §-3J38t%] 100ml dropping funnelg o] &

S&70e 7t o] F 6417 ALdA WIANA HF AHES A
k. 'H-NMR(é&, CDCl/TMS) : 146(s, 6H), 3.03(s, 2H), 3.26~3.31(d,
2H), 3.81~3.88(d, 6H), 6.74~7.02(m, 3H).

N-Alkoxymethylphosphinothioyl carbofuran :@ S2uwgZ#gAd
(250mDel] ®H-&8uigl THF 120mlE %<& % methylphosphonothionic
dichloride 0.1mole, methylamine hydrochloride 0.lmole& %<& % ul$4.7)
WEE A2z AP o] £ -78C(dry ice in acetone)E = 9
triethylamine 0.2mole& THF 70mlel] &3]3t 100ml dropping funnelg 9]
4 MAM3 wE&7)e ZFATH30drops/min). EEE FAATIH 2417 B
A F oAl A2eA 1A HE3glth w4716 FA s nAtsie A
#71e) FF) Wt sodium methoxide £ 299 WA 0.lmoled
2 F 4AZF wr-gAA alkoxymethyl N-methylphosphoamidothioate® 4

o
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sad, FEugEe2a(250mhel THF 120mlE 4$& ¥ 84

£ W

alkoxymethyl N-methylphosphoamidothioate 0.05moleS ¥ 3. HHg-£&7]
e ALZ AP} o) § -78C(dry ice in acetone)E FA 39
syringeE ©]&3& ¢ n-Buli 0.05moleg& ®E-&7]o 7138 48 AAS
THF 50mle] carbofuran chloroformate 0.05mole& £33k 100ml
dropping funnel& ©]& wWHg&7]e] 7}3ich, A2dA 6AEL W33y
N-alkoxymethylphosphinothioyl carbofurang @Attt ol L& ¥y

o

22 sodium methoxideS X &3l sodium ethoxide, sodium propoxide,
sodium butoxide, sodium thioethoxide, sodium thiobutoxide, dimethyl
amine, diethyl amine, dipropyl amine, dibutyl amine, morpholine $& %%

o] g Fx9 FFEEE FANAD<TE 5.

N-[(2-Bromoethoxy)methyllphosphinothioyl carbofuran : % Zu}l=
Zg223(25mhol THF 156mlE %2 $ (2-bromoethoxy)methyl N-
methylphosphoamidothioate 5mmole(1080.1mg)<& ¥ i €887 i s 2
A 89t} o] & -78C(dry ice in acetone)E A &HA syringeE
o]-8-3}o LDA 6mmole(2.0M in THF, Aldrich 36,179-8, USA)& %g87]
of 7}8) 48 #AAF F, THF Smlol carbofuran chloroformate 6mmole
(1335.96mg)g &&atd MA 3] wg&7]d 7Pt -18CE A3t 34]
FHEQE e F X3 YEEIZ Yol =(NHLDEY 20888 B8-S F8
3l Aeog YT ethyl acetated} T3 g4z 23 Buige: #7)801)
FE 7 vtodlee AFRAAST AFHse AGFEESAT 7]

A A& AAES column chromatography 2 A A 33 o},
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cH,0 R

4 3
CH,0

OH
© 1.5 COCl, / 1.5 Pyridine
toluene (room temp.)

1) 1.0 NH,CH; HCI
2) 2.0 EtN

® THF g
(-78 °C) H,C

ch§ R
2550C,,/001 DMF ONIT_ 02P,S, ~ CNIl
0oC—=200C ¢/ 3 room temp.—=200°C

3) 1.0 NaOR (or NHR)) RO\E N

P—CH, (1)

1]
o—C—ClI

, ° gIOR

1) 1.0 n-Buli (or LDA) 00N “cH

Mo 2 <o “CH,
“cH, THF (-78 °C)

Figure 5. Synthetic scheme for N-phosphinothiony! derivatives of carbofuran.



N-[(3-Bromo-1-propoxy)methyllphosphinothioyl carbofuran : ¥
A 9 wyel wgtow, ALE]E Al FHe AEFE g Zu
(2,2,2-Tribromoethoxy)methyl N-methylphosphoamidothioate 5mmole
(1230.6mg), LDA 6mmole(20M in THF), carbofuran chloroformate
6mmole(1335.96mg). '

o

N-[(2-Chloroethoxy)methyllphosphinothioyl carbofuran : %4
9ol Wyl wgtow, ALEF Ao FF AMEFS vgI Z.
(2-Chloroethoxy)methyl N-methylphosphoamidothioate 5mmole(938.2mg),
LDA 6mmole(20M in THF), carbofuran chloroformate 6mmole
(1335.96mg).

N-[(2,2-Dichloroethoxy)methyllphosphinothioyl carbofuran : %A
2 9o Wyl mgke™, AMEFR Al FHE AMEFS ohgI Zrh
(2,2-Dichloroethoxy)methy! N-methylphosphoamidothioate 5mmole
(11104mg), LDA 6mmole(20M in THF), carbofuran chloroformate
6mmole(1335.96mg).

N-[(2,2,2-Trichloroethoxy)methyllphosphinothioyl carbofuran : 3§
AL 9o WRle wugew, AMEE A% FF AMERFE dgd 2
(2,2,2-Trichloroethoxy)methyl N-methylphosphoamidothioate 5mmole
(1282.6mg), LDA 6mmole(20M in THF), carbofuran chloroformate

6mmole(1335.96mg).
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N-1(3-Chloro-1-propoxy)methyllphosphinothioyl carbofuran : %
42 929 R wgtom, AREE A% FFH AMEFS TSI Z
(3-Chloro-1-propoxy)methyl N-methylphosphoamidothioate S5mmole
(1008.3mg), LDA 6mmole(20M in THF), carbofuran chloroformate
6mmole(1335.96mg).

N—[(2,2,2—Trifluoroethoxy)methyl]phosphinothioyl carbofuran : &
e gle wel mgron, A8 Aokl FRY A4Fe b 2o
(2,2,2-Trifluoroethoxy)methyl N-methylphosphoamidothioate 5mmole
(1035.8mg), LDA 6mmole(20M in THF), -carbofuran chloroformate
6mmole(1335.96mg).

N-[(2,2,3,3-Tetrafluoro-1-propoxy)methyllphosphinothioyl
carbofuran : $4& #1¢ Wy “P%PJJ%, ALES Al FHRe AMEF
& 983 #Zr (223,3-Tetrafluoro-1-propoxy)methyl N-methylphospho~
amidothioate 5mmole(1195.9mg), LDA 6mmole(2.0M in THF), carbofuran
chloroformate 6mmole(1335.96mg).

N-[(2,2,3,3,3-Pentafluoro-1-propoxy)methyllphosphinothioyl
carbofuran : 342 92 W} wgom, ALSF Ak FFY AEFH
< oe#d Zd. (2,233 3-Pentafluoro-1-propoxy)methyl N-methylphos-
phoamidothicate  5mmole(1285.8mg), LDA 6mmole(20M in THF),

carbofuran chloroformate 6mmole(1335.96mg).
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N-Dimethylphosphinothioyl carbofuran @ SaZut=EZ8tA3(A, 50mi)dl
magnetic stirring bar® Y3 dimethyl N-methylphosphoamidothioate
Smmoleg ¥3 FH23 YHEE AAZ FXIHAC. o] EH23(A)) 15ml
o] FRol AA®Y THFE syringe(30mDE o)&3le] Qo] dimethyl
N-methylphosphoamidothioate® &3] A1Ft. ¢ ESA2IAE dry icesd
acetone®] EoJE -78C H& £7d E%xm, o ZFE2=(A)d LDA
S5mmole(2.0M in THF, Aldrich 36,179-8, U.S.A)& syringe(Sml)& o]&3lo]
1RES A7H & 3080 2ikstdnt. d%xE F4arl2E 3XY = U8 &
#2228, 25mbel 3131904 FAdE  1335.96mg(6mmole)2]  carbofuran
chloroformate® %< ¥ syringe(l0mDE ©]&3t4 10mle] F&o] AAL

HFE 7Hc), o] whg-dg FebAz(A)od syringe(I0ml)E o] &3l 587
H7bgk 3 -T8ToA 3AZE b wwkatth £33} NHCl €9 20822 w-§
< FuIUL, HEAE MM der &UF FEZYII(C, 250mDo) &
Atk o] Ewzdr)dl 150mle] NaCl 3897 50ml¢] ethylacetated 7}
g &, AdstA 42w 84 WAL EFH 7152 LA
o 298 F71%5 A44Ee2a20250mh)o @gten, $& £3& A 70ml
o] ethylacetate® 7}t & A#H3A &8 B3 {5z Esuth ¥
#gE 77158 A 28 f71F0 AL AAESgEI HE F 5g
o] Z magnesium sulfateE ¥ 2A13F BXse] 2SS AASFL) o)
glass filter(250mDE ©]-&3 4 #AFAHTT F, 4qFdd {7]EL vacuum
rotary evaporator(N-2N TRK, EYELA, Japan)Z& o]&3le] 7ehis&slict.
&y WeEZRE #azelEady[silica gel(240~400mesh), n-hexane:
ethylacetate 38w, do] 300mm, W4 30mmlE ol&3t9 &43% HF 3}
FES E3rh
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CH
1.2LDA ﬁ’ $
1.0 NH,CH, HCI P
s 2773 Carbofuran —C~N’ “CH
Hsc\g__m 2.2 EtN Hsc‘ﬁ_N,H chloroformate o “cH,
HC THF(78C) o' on, THF(78%)

Figure 6. A synthetic scheme of N-dimethylphosphinothioyl carbofuran.

W) +z234

'H-NMRT72 24¢& 938} 5mm O.D. NMR sample tube(NE-HL5-8,
New Era Enterprises, Inc, US.A)9l chloroform-d(TMS 003% %%) 1ml
T Y42 giEcl 10%7 HEE £3AU F, nuclear magnetic resonance
spectrometer(DPX 400, BRUKER, US.A)E o]43lo] NMR AHEYHE A
th. NMR 93 ztzhe] vlgz R @A 3389 7F2& U
3 4" FEEL 10ppmo] HEE  ethylacetated] ¢ gas-
chromatograph-mass spectrometer(MS-QP 1000A, Shimadzu Co., Japan)&
o] 48+ mass ~HEHE UAUTh Mass ~HERY o] Hazyy #A4
e TxE FAsAL 71719 EH2AL <X >F 2
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Table 1. Condition of gas chromatograph-mass spectrometer for analysis.

GC-Mass: MS-QP 1000A, Shimadzu Co. (Japan)
Column: DB~1, 30m X 0.250mm, 0.25micron
Temperature: Injector port 240°C

Column oven  220C

Interface 230°C
Carrier gas' He
Injection volume: 1uf

3) &4F8AAA

ofj

dae el AEF8EA HAAL  s#EF(brown plant hopper,
Nilaparvata lugens), ¥}3& ¥ (diamond back moth, Plutella xylostella), 5
Auko) ol (two-spotted spider mite, Tetranychus urticae), gH]A A w4
(tobacco cutworm, Spodoptera litura) 2 B%oF&A R E(green peach aphid,
Myzus persicae)oll Wit @ASNT. ZE 4584 AFLAFEL Ho=
AANEAch AFEA 2o HAS st IAREF R 7 F wAE 4
8l A®ZQ procarbofuran %A carbosulfan(Marshal®)3  benfuracarb
(Oncol™& A3, o kAl HET, WEE v, Fddo]gof, HujA
Auluy gl BgolSAnige did 4584 E AASAT 4 AgoAle] 4
8499 AARL GAl A 48A%e] AAF F AFEE FHHAT o
A#g Fao oA A8 JteAdE vBsn, FAe A42RL7%50%
A e AES b Al ExA-dA &8st
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7h A el 24

T4 H3FE 5mge 5mlel acetoned] 4 H<QA e, 45mle)
Triton X-100® solution(1000ppm in distilled water)& H7bstd HFE =7}
500ppme] HEZ 50mlE A 0] ZrZe] stock solutiono 2 3}
250, 125, 63, 32, 16, Sppme EASHTH

W) #E Tl g 4584 3A

2% 4~5cme] XM (Oryza sativa L. cv. Tongjin) 4B 622 &
BE gxyog #Aa, 277} oldE FIEE st 2mle] Eo] ©H AFH
(A7 3cm, ®o] 15cm)dl Fo] ¥ FE#oz X3 3% 4% 07 E
AEE el wAbete HEFESF F, AA@AEE 449 }kE, HAFAAY
1% acetone TH)& AFHE BHAAIIHEA AP 4F oz 33 FErt
He] F, AE9® 978 PR E FELE A9n FA% oS, ARSAGY
HE 60%, 26£2T) oA 4BAIZESE QAFHo] AT AFF &S RAMSHA
om 279 ¢ FAHEN(1% acetone TH)S AE3IHCH

th wlFESuaa g A A e g A28 AA
kvl 3= (Brassioca oleracea var. Capitata L) AH(7.5X75cm)& # g
o (A9 Zztel F3E, HFHa A 1% acetone )0l 303 G £

IAZEEG S8 g Fuls dUe A7 2d EeddA 47
(A7 80cm, E°] 45cm)9l ¥, 7t & o83 38 §FF 10vEE
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¢ F F4E 9o 5T 3erd nastach A 48X F AL =
AR, HETe B9 A N(1% acetone )L A¥E YT}

Zh EFolZARE A 4284 A

27 75cme] @9l (Nicotiana tabacum L.) ¥48 L& A A(FAHY &
zte] SgE, HFAHY 1% acetone FH)ol 3027 JAF F FASPC
Aeld #@el du S ARA7F 2d EgaE AEdUHA(FA 9em, ¥l 2cm)
o ¥, 7= & o834 4% 1078 & AFeYh AEIIHE A2
(BUiFE 60%, 25£2TC) WolA 48A7HESH AFHIANT F AMZSS 2
At e, dzTel e A A(1% acetone T)S AEIQTH

oh Fdselgolel e 4384 A7

Eohad HEYHA(FAZE 55cm, £ 2cm)d] gXEE 723 X
Hol g FAEZE E& AL ¥, A7 3ecm AB$F(Phaseolus vulgaris L.)
due Aol 4= 7HA &L uf, 7he BE olgdd 4% 3ovEE
AESAT H¥EVE AHAEAEE A4 398, AFAEY 1% acetone
e AXF F 6087 FA3A HEZUHAE ASAEAEE 60%, 25
T27T) WiolA 48N EQt AFW o)A F AL &S A, WETY
A9 EATN(1% acetone F-F)S Axslgdcl
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4) THEESAH AA

ICRA vl$2(6F%, 30~35g)& AH8-3te] 4F8go] 58 A4
¥REEC U AYEAD 2 FAAHAY 49E FPHAY. T/HFEN S
AAEY 2 AN AAE 9% dzofAZ ZFAQ carbofuran(Furadan®)
5} procarbofuran”l kA carbosulfan(Marshal®) & WA T, o FAS
EFEE E4E A0 AYEFIE DMSO 59 F 10mi/kg(AF) +
o2 AN AN FAFTEY 759 Nt FAUYL v
TFFA (zonde) & ©]83te Hulol) 189 3t FA| Fo3At FE F
F 1497 9it 5 F4E BEIAUL, AFE 4 dgeH, A A
& ZAMSHY LDso(HA A ) S A& AT

1}, Neonicotinoid %2 §4
1) BAAAe 24

&9 ANAA FEA48E nAChRoIA agonist® 2-£3l&
neonicotinoidAl A 9] EAHol8E ZAZ o MEELE BEXRFEE AHA
&5t} NeonicotinoidA A2 Al &3 <Al imidachlopridZ] <FA] <]
nAChR9| active site AFole] A(5.9A)S A7 U¥, agxn A9
FEE 9 223 A0 EHE HE FAAY Ex4A € A
& A =39t} Imidachloprid®] 32 <A AAYAE BE S35

Q1

AAZ g3t Jgds 43839 715e AA A
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2) Imidacloprid# =2 A4

I R A

0
> KO3, CHyl @ 1) LIAIM, / ether z
<l T OHLONONE X OCH, 2 > /CT\OH
oS OH  CHCNDMF o Ry 3 2)H0 SN
)

0

(40 <N—Br Ph3P /Ej—_\

o}

? or alkyllithium z 9 OR
I e R=Ch, CH;CHy,
THF/HMPA ¢ “orR CH,CH,CHs, etc.

N o4 BH; | TSy _CHeSO0C BN o~
THF, reflux L M. C reflux I °
o >y Cr cl #

N
Q OR
HP
THF, -78C

\

OR: bulyl
propy
@\B/OR SQCIy, reflux | S Q_OR
P
N base, HOR' N
o~ OR o OR

base: Ef4N, NaH
R'OH HOCH2CCly, HOCH,CF3...

Figure 7. Synthetic scheme of Imidachloprid derivatives (D).
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Methyl-6-chloro—3-pyridinecarboxylate : AX¥d FA722 FA%
500me  FZulgEeAA6  6-chloronicotinic  acid  5g(31.7mmole) 3
acetonitrile 300m¢, DMF 60mtE ¥ 3, ©& £9d¢) & uizpx mukstsivt
o] &9 potassium carbonate 877g(63mmloe) S ZF¥ ¥ thg & 14
+ B¢ mWrEl, syringe® ©] 83t methyl iodide 3.1mé(47mmole)E H
A3l Jhatih. ALoA oF 308 Wik B oil bathdlel A 24N 5
ot g7 ch Oil bathE AAT F &=& 42713 Wd tf A3},
o] d3g §4-& 500m F2uttEer2Ad &A #FS, FF3AAT 9714
de nAE 260m £d Awrie ¥, NaCl E£358 43 etherE ¥
EE U8, &Y AA §715& ¥dh 291 o] §71%E& NaCl £33
fdog 2~33 Mo F g, TF MgSOsE AEAZ F st ¢t
FE84T o] HAHNA d& HAug v TAE n-hexane2® MZAH
o] WA zAE A 'H-NMR(S, CDCl/TMS) : 393(s, 3H),
7.35-7.45(d, 1H), 8.15-8.25(d, 1H), 8.95(s, 1H).

2-Chloro-5-hydroxymethylpyridine : 250m¢ F2vlgd &g 23d) A2
g AL7tA2E $2% F  methyl-6-chloro-3-pyridinecarboxylate 4.94g
(29mmole) & etherdl o W3, €& 0C7F ¥ LiAlHs 0.88(23mmole)
& 23 93, ¥ AL B AR HEo] EY F FHTFE ¥
A PJowa wukste] Lio] WAL ABAIZL U, ether® 2~33] F&3}
il, NaCl 2358902 2~338 Aot #4949 & Hgn {7152
T4 MgSO:2 AZANY F o33t g FH3AT. o FFHES
column chromatography(ethyl acetate : n-hexane = 1:2)2 ¥ 3o F3
e 7184 EdE AUt 'H-NMR($, CDC/TMS) @ 260(s, 1H),
4.60(s, 2H), 7.25-7.35(d, 1H), 7.65-7.75(d, 1H), 8.30(s, 1H).
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2-Chloro~5-bromomethylpyridine : d%® AA72E 100m T2v}
gEgaad FEE FE & uWg, EgH23AUd A5 AL,
2-chloro-5-hydroxymethylpyridine  3.38g(23.5mmole)2 dichlormethane®l
=o] Wt 0C(ice bath)o) Al triphenylphosphine 6.16g(23.5mmole)& Z&
A @am of 1082 2wkdk b, NBS 4.19g(235mmole)S g4 Wi W
Hkslith o] §92 oil bathol A oF 12412t ¢ FF T g 100m 52
nlebE el &4 AY FFIAAT A7l AL AP EE column
chromatography(ethyl acetate : n-hexane = 1:3)2 &3t 'H-NMR
(6, CDCI/TMS) : 4.45(s, 2H), 7.30~-7.40(d, 1H), 7.65-7.80(d, 1H), 8.45(s,
1H).

Dimethyl (2-chloro-5-pyridyl)methylphosphonate : 294 Z& A
ZE 26m ST ESLIAE ANA ALt ddA AAE A3z, F
A 7t28 A% g, THF 10mi® diisopropylamine 0.5mf(3.3mmole)&
Wy gmubsldrl. 283l ~77C(dry ice in acetone)olA 1.05M n-BulLi3.14
wé(3.3mmole) & syringe® A3 & W&H Wi, of 208 F wuEg
t}. o} 7)o dimethylphosphite 0.3m¢(3.3mmole)E ¥ ¢ 158 T v+
O, 258 5C7H4 &¥W ¥ HMPA 057mé(33mmole)E 93 158 <t
akatgty. 2X%& 0C(ice bath)®  Wd & 2-chloro-5-bormo-
methylpyridine 0.68g(3.3mmole)& THFo] =<9 3 we® @i < 35A47
Bt wrkskd el wkgo] o XyHW 10% HCl £8§A4E ¥ o 108 F
Qb AREF thd, etherZ 2~33 AoAFATh o] #71F & MgSOE HAEA|
2 F oqasted A4 wEIAYG. A7dA 4L AHEES  column
chromatography (ethyl acetate : n-hexane = 9:1)2 A A3}, Mass m/z
235(M), 220, 205, 190m 169, 156, 126, m121, 91, 79, 63.
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Diethyl (2-chloro-5-pyridyl)methylphosphonate @ AF&3% A ¢Fe] &
ol ArgZe ve3  gY.  2-Chloro-5-bromomethylpyridine(0.46g,
2.23mmole),  diethylphophite(0.29g, 2.23mmioce), 20M  LDA(1.1me,
2.23mmole), HMPA(0.34m¢, 2.23mmole). Mass my/z 264(M), 250, 234, 207,
190, 153, 126, 91, 73.

Dipropyl (2-chloro-5-pyridyl)methylphosphonate : AM&3F A]2k9]
F59 Agge g3 #Zog,  2-Chloro-5-bromomethylphridine(0.2g,
0.96mmole), dipropylphosphite(0.13m¢, 0.96mmole), 1.09M n~butyllithium(0.8
m¢, 0.96mmole), diisopropylamine(0.135m¢, 0.96mmole), HMPA(0.16m¢,
096mmole). 'H-NMR(8, CDCl/TMS) : 0.85-1.00(t, 6H), 155-1.75(m,
4H), 3.05-3.20(d, 2H), 3.85-4.05(q, 4H), 7.25-7.35(d, 1H), 7.60-7.70(d,
1H), 8.28(s, 1H). Mass m/z 291(M), 276, 263, 250, 234, 220, 208, 190, 172,
126, 90, 73.

Methyl 1-butyl (2-chloro-5-pyridyl)methylphosphonate : A}-&3%t
Aleke) FF AMEFS thE# #oh. 2-Chloro-5- bromomethylpyridine
(0.68g, 3.3mmole),l 1.05M n-butyl-lithium(3.14m¢, 3.3mmole), diisopropyl-
amine(0.5m¢, 3.3mmole), HMPA(0.57m¢, 3.3mmole). Mass m/z 277(M), 262,
248, 235, 222, 203, 190, 168, 156, 126, 90, 57.

Dibutyl (2-chloro-5-pyridyl)methylphosphonate : AF&§ A] %9

259 A& FE &3 . 2-Chloro-5-bromomethylpyridine(0.4g,
19mmole),  dibutylphosphite(0.37m¢,  1.9mmole), 2.0M  LDA(0.96m,
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1.9mmole), HMPA(0.26m¢, 1.9mmole)., Mass m/z 320(M), 290, 264, 248,
234, 208, 190, 126, 90, 73, 57.

Di-2,2,2-trifluoroethyl (2-chloro-5-pyridyl)methylphosphonate
2om FEEtGESLAE 22A FEARE A AXAD G HAE
FHEA Aoz Ao Azxd FAE FH23d FAH OF,
bis-trifluoroethylphosphite 0.15m¢(0.97mmole)¢} THF 10mE ¥ i myH3l gl
t, 258 -77C(dry ice in acetone)Z}A Wi, 20M LDA 0.48m¢
(0.97mmole)& syringe® FH3I & & ¥, F 1AL B¢ WA
t}. o] 719} 2-chloro~5-bromomethylpyridine 0.2g(0.97 mmole)& THF] *
of 23 Wi, -77CHHA F AT A= A b Aol 18X A

wyrat gty whgo] FAHW 10% HCIE A3 93 108 59 ankst
thg, ether® 2~33) $%3 3, NaCl E35g4908 o2y Ao FYt}
o] §71%& MgSOu2 o 4AIZF AE A=A g AFsted Y w53

, 5% 8% column chromatography(ethyl actate : n-hexane = I:1)& A
A3k A k. Mass m/z 372(M), 352, 331, 283, 263, 251, 209, 169, 126, 99, 90,
73, 63.

Di-2~ethylhexyl (2-chloro-5-pyridyl)methylphosphonate : A}-&%
ANeFel FFHe AMEFE oS3 Zth 2-Chloro-5-bromomethylpyridine
(0.2g, 0.97mmole), bis~2-ethylhexylphosphite(0.9m¢, 0.97mmloe), 0.83M
tert~butyllithium(1.17m¢, 0.97mmole). Mass m/z 432(M), 396, 374, 346, 320,
284, 208, 190, 126.
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Diphenyl (2-chloro-5-pyridyl)methylphosphonate : 2-Chloro-5-
bromomethylphridine(0.2g, 0.96mmole), diphenylphosphite(0.19m¢,
0.96mmole), 1.30M tert-butyllithium(0.75m¢, 0.96mmole). Mass m/z 359(M),
324, 266, 248, 233, 201, 140, 126, 90, 77.

Dibenzyl (2-chloro-5-pyridyl)methylphosphonate : A%l ZF 9
AHE-FE g Zt}. 2-Chloro-5-bromomethylpyridine(0.3g, 1.45mmole),
dibenzylphosphite(0.32m¢,  1.45mmole), 1.30M tert-bytyllithium(1.12me,
1.45mmole). |

2-Chloro-5-hydroxymethylpyridine : Z&ul2& a2 3(500md)0)
6-chloronicotinic acid 5g(31.7mmole)€ ¥ 3 =% THF 200mE % %
IM borane-tetrahydrofuran complex 64mé(63.5mmole)& dropping funnel&
olgatel AeolM MAF B F RAVEG BRAAG. EF F wse
EE AR MM vz &8 A4S vw$-d boraned B A
o, SW(THF)E 40T ZAHAAAAN AAsAL. DHEL B
diethylether& Al83t FAHE HAFEL FEF F, diethyletherF &
fnagnesium sulfate® AZAF| 3L, q}5SHse Fyd =T dAEx
2 Ao 'H-NMR (&, CDCls/TMS): 2.81~3.0(s, 1H), 4.72(s, 1H), 7.3
1~7.34(d, 1H), 7.69~7.71(d, 1H), 8.33(s, 1H).

2-Chloro-5-chloromethylpyridine : 4322 52e d& =JAH4EH
456g(31.7 mmole)& FIHHEHAA(B0m) HL F, Az
dichloromethane 80m& %ol 83 %9 o8&, 97| triethylamine

8.03g(79.3mmole)# methanesulfonyl chloride 9.09g (79.3mmole)& ice bath
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sl A AAs] 7hstdch wkE 10% ¥ ice bathE AAs: 6A7 ¢ &
FAReH, SFNE F AUFXE o] 884 dichloromethaned AAF th
S, BHFEEL EI diethylether® AlE3le HAH" SFgEe F&31,
diethylether®$ magnesium sulfate® ZAZA1Z & 93 F3ld =34
o] dAAE Yk 'H-NMR (8, CDCl/TMS): 4.58(s, 2H), 7.34~7.37(d,
1H), 7.70~7.73(d, 1H), 8.41(s, 1H).

0,0-Dipropyl (2-chloro-5-pyridyl)methylphosphonate : £2ulg
F22A06m)E A27ta2 $3E o2 THF 5mE ¥, vhge71e 9
H&%7F -78C(acetone: dry ice=1:1)d ol 2.0M lithium diisopropylamide
(LDA) 21mé(41.1lmmole)& syringeE o]&3l9 HA7Fetvh. o7)9) dipro-
pylphosphite 6.71m(39.2mmole)E syringeZ o83 HH3] "ol = F,
E5E -T8CAA -40C7HA MA8l &£ o] &=z74A HMPA 7.02
e (392mmole)E  H7bekli, H7F 58 F A 222y A&
2-chloro-5-chloromethyl& THF 10mte] ¢ syringeg ©]&3ta] HH3)
Zbekaitt. REE A27AA AAE WA 4T ZHE ueAR F BS
10mA = 74ak, 68 A3 Fol &3 diethylether® AME-3te) ¥A49 8%
B FF39 201, diethylether®2 magnesium sulfate® AZ§ o1& o
3 y&st w@AAE AU 'H-NMR (8, CDClyTMS): 0.85~1.00(t,
6H), 1.556~1.75(m, 4H), 3.05~3.20(d, 2H), 3.85~4.05(q, 4H), 7.25~7.35(d,
1H), 7.60~7.70(d, 1H), 8.28(s, 1H).

0,0-Dibutyl (2-chloro-5-pyridyl)methylphosphonate : A}-&3 A<

o] FH AEFLE g Zk 20M LDA  16.4me(32.7mmol),
dibutylphosphite 6.61mé(32.7mmole), HMPA 5.86m¢(32.7mmole), 2-chloro-
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5-chloromethylpyridine 5.3g(32.7mmole). 'H-NMR (&, CDCly/TMS): 08
5~095(t, 6H), 1.20~1.45(m, 4H), 1.45~165(m, 4H), 3.00~3.20(d, 2H),
3.90~4.05(q, 4H), 7.25~7.30(d, 1H), 7.60~7.70(d, 1H), 8.25(s, 1H).

O-Butyl O-(4-nitrophenyl) (2-chloro-5-pyridyl)methylphospho-
nate SEntgdEel2a(25m)o  0,0-dibutyl  (2-chloro-5-pyridyl)
methylphosphonate 2.0g (6.25mmole)#} thionyl chloride 15mé& ¥ 3 5A)7F
A FFHAN F, AYE 73S thionyl choridest BEEE LS AASAD &
o2 50mee] FEutgEelA=a9] 4-nitrophenol 0.87g(6.25mmole)S Y 1
THF 10m¢E ¥ %< ¥ triethylamine 0.76g(7.50mmole)& ¥H-§-& 7] =)

1§ 0] 83t H e 7 108F -718Ce 2x=zA3dM AY4FF
F 92 AFEE THF omeo] =AU o3 o EFE AW 7pstgd.
LEE HAI7HA MM SEHA 447 ¥ IN NaOH$} diethylether
g o]g3ly MNP FFEELE F%3F1, dethylether®€ magnesium
sulfate® AZY F A7 FFs AL 2N EFES Flash Column
Chromatography(W1 7 2.0cm, Z°] 50cm)g 2.2 R A3 &5 98%0)
el 24 qAE AU

O-Butyl 0-(2,2,2-trichloroethyl) (2-chloro-5-pyridyl)methyl-
phosphonate : baseZ+& triethylamineti4l sodium hydrideE o]&3 %1,
AR AleFel FRE AMEHE g3 #t O,0-Dibutyl
(2-chloro-5-pyridyl)methylphosphonate  2.0g(6.25mmole), 2,2,2-trichloro-
ethanol 0.94g (6.256mmole), sodium hydride 0.19g(7.50mmole).

O-Butyl 0-(2,2,2-trifluoroethyl) (2-chloro-5-pyridyl)methyl-
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phosphonate : AM-&3 Aleke] FFo} AIRFHS tg 2ok 0,0-Dibutyl
(2-chloro-5-pyridyl)methylphosphonate 2.0g(6.25m mole), 2,2,2-trifluoro—-
ethanol 0.63g(6.256mmole), sodium hydride 0.19g(7.50 mmole).

O-Butyl O-(1-piperidineethyl) (2-chloro-5-pyridyl)methyl-
phosphonate : S$I9gEFa231(25m)dl  O,0-dibutyl  (2-chloro-5-
pyridyl)methylphosphonate 2.0g (6.25mmole)¥} thionyl chloride 15m¢& ¥
3 5AIZE Ft EHAN F A FFELA thionyl chloridedt BEES AA
sy, ® & 50me FIu"gEetaAd 1-piperidineethanol
0.81g(6.25mmole)& %Wi THF 10mE %ol 39UA F triethylamine
0.76g(7.50mmole) & ¥t-&&7]o FHAE& o83t 7F3ATh W 10% F,
ZAEF F Fe AFES THF 5meoll 520 o A3 HojHo, g
ANZF ¥ IN NaOH$} diethyletherE o]-&38t ¥A4H 3B F533,
diethylether®$& magnesium sulfate® 72 % & a5 23le & A9
E¥ES Flash Column Chromatography o2 ¥ AA S ¢& 98%0]
Aol 2 AAE AU

O-Butyl O-(tertahydropyran-2-methyl) (2-chloro-5-pyridyl)
methylphosphonate : AR&% Aokl FFeok AL&FES ohdd Zrh
0,0-Dibutyl (2-chloro-5-pyridyl)methyl- phosphonate 2.1g(6.56mmole),
tetrahydropyran-2-methanol 0.68g(6.56mmole), triethylamine  0.80g
(7.88mmole).

O-Butyl O-tetrahydrofurfuryl (2-chloro-5-pyridyl)methylphos-
phonate : AM&3 Alefe] FHY AMEFEFE o g Zth: 0,0-Dibutyl
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(2-chloro~5-pyridyl)methylphosphonate 2.0g(6.25 mmole), tetrahydrofur-
furyl alcohol 0.65g(6.25mmole), triethylamine 0.80g(7.88 mmole).

O-(4-Nitrophenyl) O-propyl (2-chloro-5-pyridyl)methylphospho-
nate @ A ¢S] FH} AHEFE b8 2o O,0-Dipropyl (2-chloro-5-
pyridyl)methylphosphonate 2.0g(6.86 mmole), 4-nitrophenol 0.95g(6.86mmole),
triethylamine 0.83g(8.23mmole).

O-Propyl 0O-(2,2,2-trichloroethyl) (2-chloro-5-pyridyl)methyl-
phosphonate : Al%e] ZF9 Ag%e og&d 2tk 0,0-Dipropyl
(2-chloro-5-pyridyl)methylphosphonate 2.0g(6.86 mmole), 2,2,2,—trichlloro—
ethanol 1.03g(6.86mmole), sodium hydride 0.21g(8.23 mmole).

O-Propyl 0-(2,2,2-trifluoroethyl) (2-chloro-5-pyridyl)methyl-
phosphonate : X %9 F7{Ho A&FL oL g 00-Dipropyl
(2-chloro-5-pyridyl)methylphosphonate 2.0g(6.86m mole), 2,2,2,-trifluoro-
ethanol 0.69g(6.86mmole), sodium hydride 0.21g(8.23 mmole).

O-(1-Piperidineethyl)  O-propyl (2-chloro-5-pyridyl)methyl-
phosphonate : AF&-$ Alofe] FH 9} ALEFHL &3 ol 0,0-Dipropyl
(2-chloro-5-pyridyl)methylphosphonate 2.0g(6.86m mole), 1-piperidine-
ethonol 0.90g(6.86mmole), triethylamine 0.83g(0.82mmole).

O-Propyl O-(tetrahydropyran-2-methyl) (2-chloro-5-pyridyl)
methylphosphonate : A}&3F AjoFe] F79 AEFE oS3 ok
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0,0-Dipropyl (2-chloro-5-pyridyl)methylphosph onate 2.0g(6.86mmole),
tetrahydropyran—-2- methanol 0.72g(6.86mmole), triethylamine 0.83g (8.23m

mole).

O-Propyl O-tetrahydrofurfuryl (2-chloro-5-pyridyl)methyl-
phosphonate : Al%f9] FH AHEEE 983 @tk O,0-Dipropyl
(2-chloro-5-pyridyl)methylphosphonate 2.0g(6.86mmole), tetrahydrofurfuryl
alcohol 0.72g(6.86mmole), triethylamine 0.83g(8.23 mmole).

B T = OH
| OH | B THF —— ]
P ico bath—e reflux =
N S
(N
D R D L L g
| P + C 1] 3 ice bath—e- reflux P
Cl N o] Ci N
+ H g'OR
- —
HOR P ice bath—sreflux \OR R = Et, n-Pr, iso-Pr, sec-Bu @
o
1 _OR
, N e f,OR DA HMPA, THF ' e
P + H—P_ —_—— P OR
Cl N OR cl N

?OR ,'A/OR
/
ct

oxcess

' OR Et3N THE B‘/OR
ok 2 ea ot

Figure 8. Synthetic scheme of imidacloprid derivatives(II).
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2-Chloro-5-hydroxymethylpyridine : S2ug&223(500me))
6-chloronicotinic acid 5.23g (0.03mole)& W AZAZl THF 200mE =<
% 1M borane-tetrahydrofuran complex 60m2(0.06mole)& dropping funnel
& 0] 239 ice bathdloll A 718t F 22413 < FFAAG. &7 F W3

LEE Ae7A MME W B¢ AHEEe uuhgd boraned £33
thg, §W(THF)E 40T FERZAAN AAS}ADL FFHES €% diethyl
ether& AHg3led ¥AE 3EEL 53 F, diethyl etherd & magnesium
sulfate® AZA 73, dESst] Y =349 44EAE AU 'H
NMR (CDCls, &) : 2.81~3.00(s, 1H), 4.72(s, 1H), 7.31~7.34(d, 1H), 7.69~
7.71(d, 1H), 8.33(s, 1H).

2-Chloro-5-chloromethylpyridine : $¢9 4dgdgeozn

2-chloro-5~hydroxymethylpyridine 4.25g(0.03mole)& %<& W& F&t
(250m)ell ¥& F H=ZAZ dichloro- methane 8omE ¥l FE3 =19
t}&, 7)ol triethylamine 7.59g(0.075mole)¥} methanesulfonyl chloride
8.59g(0.075mole)-& ice bathdlol A A3 7}stsvh w§ 108 ¥ ice bath
g AASL 6AREL BFAFHLH, FF F AE2EE A27A AAE
Wl g gAE o183 dichloromethaned AAE the, AFEL 3%
diethyl ether® A83l9] AP FdEE FE3t3a diethyl etherF&
magnesium sulfate® ZARAIZ tF AR{FF3e] @M JFELE &
Atk 'H NMR (CDCl;, 6) @ 459(s, 2H), 7.34~7.38(d, 1H), 7.70~7.74(q,
1H), 8.40(s, 1H).

E]

2
U rlo

r2
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Diethyl phosphite : Ethyl alcohol 461g(0.lmole)& T2 uleg e
A250m0)) W2 F  ice bathdldlA  phosphorus trichloride 4.53g
(0.033mole)E dropping funnel€ ©|&3t9 HH3] 7134tk ice bathg& A
A chgol AeA 3A FF HEFA. e F B3 diethyl etherE
ALg3te] FAHE 3FE-E %33 diethyl ether 2 magnesium sulfate
2 dzA0 g 435 Ede 3% 4 E3& 44U 'H NMR
(CDCl3, 8) : 1.35~1.40(t, 6H), 4.12~4.20(m, 4H), 5.97, 7.7(d, 1H).

Dipropyl phosphite : #1¢ Z& 4yog ggs9on, A3 A) %9
E59 % &3 Zr} propyl alcohol 48.24g(0.791 mole), phosphorus
trichloride 36.21g(0.264mole). 'H NMR (CDClz; &) : 095~1.01(t, 6H),
1.68~1.78(m, 4H), 4.00~4.09(q, 4H), 5.96, 7.70(d, 1H).

Di-iso-propyl phosphite : 9} #& WHoz FAsgon], A1L%
Aeofel FH9 Y& thgH #u} iso-propyl alcohol 7.0g(0.117 mole),
phosphorus trichloride 5.49g(0.039mole). 'H NMR (CDCls 8) : 127~
1.31(qg, 12H), 4.60~4.72(m, 2H), 5.95, 7.65(d, 1H).

Di-sec-butyl phosphite @ 99 #Z& Wyoz FAsAen, AL
Atk FH Fe thgH #l sec-butyl alcohol 135g(0.18 mole),
phosphorus trichloride 8.35g(0.06mole). 'H NMR (CDCl;, &) : 093~
0.99(t, 6H), 1.32~1.38(q, 6H), 1.54~1.76(m, 4H), 4.45~4.59(m, 2H), 6.05,
7.74(d, 1H).
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0, 0-Dialkyl(2-chloro-5-pyridyl)methylphosphonate : %&utgt =
gGaag davtzz 3¢ 98 $9i(THRE YW1, 8879 9gRaE
7t -78C(acetone : dry ice = L)Y w] 20M lithium diisopropyl-
amide(LDA) l.leq.& syringeE ©]&3t9 HsFetch 7]q] $le] Adq)
A A& dialkyl phosphite leq.(R : ethyl, propyl, iso-propyl, butyl,
sec-buty) € syringe® ©| &3 MM 7/1F £ &EZE -78CA -45C
A MM SR, o] 2EXAAM hexamethyl phosphoramide(HMPA)
lLleq8 #7t8dx, 2 F wgoA A& 2-chloro-5-chloromethy-
lpyridine& THFO| %o syringeg o83 HH3 7Asqd. 58 A
7R A8 EEAA 5AZE 7t WA F, B diethy! etherg ©] &3}
o F4e AFES FE81929, diethyl ether®E magnesium sulfate
Az I8 o7 w55 =AANE AN,

O-Alkyl O-(4-nitrophenyl) '(2—chloro—5—pyridyl)methylphospho—
nate @ FT8Y &2 A9 O,0-dialkyl(2-chloro-5-pyridyl)methylphospho-
nate leq.(R @ ethyl, propyl, iso-propyl, butyl, sec-butyl)& 21 3}z
thionyl chlorideg Wi 5AIZFES /A F, A4S F38lo  thionyl
chlorides} E¢&& AARNG. = o FIug Sgxaq
4-nitrophenol leq.& Wi THF& Yol %<9 #F triethylamine 1.2eq.8& W-$
&7l FAAE o) &3t HrteAch AU 10RF -78Ce 228 elA
AREFHER & ZIFEL THFA 59 949 e AQse sty
CEE AR AM EEYWA A WHEFe IN NaOH$} diethyl
ether& AM8-3te] A B}FEL F&3H 1 diethyl ether®& magnesium

sulfate® AXF F FH3o 3FEL AU
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© OCH,CH,CH,
HOCHCM,CH, + PCly Torbam=crefims M

"OCH,CH,CH,
N ocHCHEH
Y ﬁ,OCHzCHzCHs LDA, HMPA, THF pr T
X + H—P, ———— X "OCH,CH,CH,
OCH,CH,CH,
X : None, 2F, 3F, 4F, 2C), 3C), 4Cl, 2By, 3Br, 4Br
Y:ClorBr
[o] 9 H.
11 OCHCH,CH, ~j}-OCHCH,CH,
N T ——————— i Y
X ocHoncH, © SO refiux X c

o}

0 _ESN, THE. -
O oonanon+ v~ w0, S o (T,
X

Figure 9. Synthetic scheme of imidaclof)rid derivatives(III)

0,0-Dipropy] substituted benzyl methylphosphonate : 8% F
GAra8 Art2a2 238 o £6(THRHE ¥3, #3879 952
7} -78C(acetone : dry ice = L:1)Y¥ @l 20M lithium diisopropylamide
(LDA) 1.leq.& syringeE °ol&3te] H7tsiich 7)o ¢ AN A&
dipropyl phosphite leq.& syringeE ol&3td ANAM3] 7t F, =& -7
8CAA -45C7HA  AMAE & o] *EZRMA hexamethyl
phosphoramide(HMPA) lleq. 8 #7H8dx, 2 F B3 de
substituted benzyl chloride(bromide)(X : None, 2F, 3F, 4F, 2Cl, 3Cl, 4C},
9Br, 3Br, 4Br)& THF9| 39 syringe® ©|§3 #3343 7afdn. 28
A NAE LEAA 5AZ 7t wgA) ¥, B3 diethyl etherg ©]
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43l FAP AFEBE FEd9QYev, diethyl etherd € magnesium
sulfate®2 Ax3{ & Q3 F539 JFEL A

O-Propyl O-(4-nitrophenyl) (substituted benzyl)methylphospho-
nate S2ulgd a2 A4 O,0-dipropyl  substituted  benzyl
methylphosphonate leq.X : None, 2F, 3F, 4F, 2Cl, 3Cl, 4Cl, 2Br, 3Br, 4Br)
€ W3 #%9 thionyl chloride® ¥ 5A1F< /A F, F45Fat
o thionyl chioridest ¥4 8¢ AASYUTL. & e Fauhed Faad]
4-nitrophenol leq.& ¥ 31 THFE ¥ol %< ¥ triethylamine 1.2eq.& ¥+§
€719 AL o433t HrEAh A7 108F -78C9 2=z A
A4FHAR F AFES THFA 59 9 EFE 3H3 7h3tgdch
SEE HA271A AHA3 WA 5A w8-Fo IN NaOH$} diethyl
etherg& AM43t9 4 € 3FEL &332 diethyl ether® & magnesium
sulfate2 A2 F FF3o 3FES AU

W) +234

'H-NMRTZ £4¢ $8°] 5mm O.D. NMR sample tube(NE-HL5-8,

New Era Enterprises, Inc., US.A)ell chloroform-d(TMS 0.03% X3 1ml

% $A4E §rEe] 10%7F H=E 482417 &, nuclear magnetic resonance

spectrometer(DPX 400, BRUKER, U.S.A)E& ¢) 439 NMR 2¥HEHE A
o NMR &¥EY 24219l wazRe §A 3989 +2E s

=g, $4¥ FEL 10ppmol EHEE  ethylacetated] X gas-

chromatograph-mass spectrometer(MS-QP 10004, Shimadzu Co., Japan)&
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o] 4& o mass AYMEHE YA Mass 2HEY ztzhe] vwazRg ¢4
& F2E ASRAT. 71718 BAxAL <F 2>9 ¥t

Table 2. Condition of gas chromatograph-mass spectrometer for analysis.

GC-Mass: MS-QP 1000A, Shimadzu Co. (Japan)
Column: DB-1, 30m X 0.250mm, 0.25micron
Temperature: Injector port 240°C

Column oven  220C

Interface 230C
Carrier gas: He
Injection volume: 1L

3) AS¥AHHA

gAE  sgEe AEEA HAL W (brown plant hopper,
Nilaparvata lugens), W35 (diamond back moth, Plutella xylostella), 5
Hubo] -2 ol (two-spotted spider mite, Tetranychus urticae), B¥}A A =)t
(tobacco cutworm, Spodoptera litura) 2 8% °}E2X 58 (green peach aphid,
Myzus persicae)ell thated B3Rt RE A58 ARAYL 3B o=
AAEAT 438 a3 FAE A% ARER 2 BFRY SHAE ¥
8l A®%9 procarbofuranAl 24l carbosulfan(Marshal®)3}  benfuracarb
Oncol®& MAHAT, o] Aol wEdF, WEFd, FHuwolgd, TuA
A 8l BpolZ A Bl g A58 HAASA Z AlhgAe A
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2849 AAL A A® BN FAT F AFEE FAAUG. Bl
AHE 5o A9 HE3s tedg BAsm, FA LIRS
A g AESS T8 Ao #AMAN &3

7h Azl =l

44 SEgE 6mge 5ml94 acetonedl ZtZ =1 U, 45ml9)
Triton X-100® solution(1000ppm in distilled wate)& #H713le HZ¥ =7}
500ppmeo] HEEZ 50mig ZAsIAE o] A& F47He] stock solution® 2 3}
250, 125, 63, 32, 16, 8ppm< A3} o}

) BE Tl i 4384 1A

2% 4~5cme F38(Oryza sativa L. cv. Tongjin) FH 689 &
R gXdoz Au, 2571 ofd2 FIESF 3t 2mle] Eo] ©HI AIPH
(37 3cm, Eol 15cm)el Po] YATh FFvoz XY 38 4% ntE
APE dol WArete JFE F, AYARME 479 siekE, AFAEY
1% acetone #f)S AFAL AANTNBA AFH AFo R 335 FEIHPT
Mg ¥ AEE T AR E FPos A FAE S, AASHG
H#E 60%, 2542T) oA 48AEQt AFH]ANII L AEF &S ZAMSHA
o, fz7e A FAHHN(1% acetone FH)& FXIH

o) wiFE s geiAA ] dg degd 44

kvl 2 (Brassica oleracea var. Capitata L.) AH(75X75cm)& &)
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d (FAQ 4o 3FE, AFAY 1% acetone Tl 302 AT F
1IN SASAT Hegd i duE (A7 2 EEEd 8]
(47 80cm, &0 45cm)dl X, 7he ®& olg3t 33 %3 l0vilE A
F% ¥, B4 9o 5T 279 nasgh My B/AL F AFES 2
Ak, ETY A FAEN(1% acetone FH)S FE3AT

g EFolEAREd i 438 AR

A7 75cme] HWl(Nicotiana tabacum L) {HE& A H(FAHE &
zteo] 33HE, AFAY 1% acetone F)ol 3027 HAI] F FAYC
Ad gl g9 A7 29 Egad HEHUHA(FAA 9om, ¥l 2cm)
o ¥1, 7l RE& o83 A% 107t E HFAA AEHUAE A5
(FE 60%, 256+2T) oA 4BAIZLEST AFulAND F AE&S =
st on, diETte] A4 FAE (1% acetone )& AESATH

wh) Sutelgolol e 458A A4

oy HELUH(H7A 55cm, £0 2em)dl EXWE Zn €%
Ho| AL AEZ B8 AL F, A 3em9 HdF(Phaseolus vulgaris L.)
AHe RWel A= A LEFL Uy, te & o&std 4F ovEE
HEA Ax22 AH(FAE 4z 3F¢E, AFTAHYY 1% acetone
e HEF F 608D FAGA HEIHAE ASARUEE 60%, 25
+2C) WelA 482128t Aol AN F AMF&E AR, dxT¢
744 F-A2N(1% acetone T-F)S AE3ATH '
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4) 4T84 AA

%A ¥l imidachloprid ®AMNEL B E=IWIFRCB, Pyricularia
grisea), 2.°|AYRFFo|WH(CGB, Bortytis cinerea), EVE 9% #(TLB,
Phytophthora infestans), =W (WLR, Puccinia recondita), 5.2 37134
T(BPM, Erysiphe graminis f sp. hordei)d] o) A78AL HAAsA.
RE ATEAY HAALAYL Eog ANFHAUY 4 AF gAY ATFEHy
L FAMA TS kA A/ T HRA X102 EAFAT

7h MEgy T dd d7gd AA

A 39719 359 (Oryza sativa L. cv. Naktong)el A 24 (3HA4 €
338, 250ppm, Tween-20® 250ppm §4)¢ AE st 24A2F FAF
FUF(1X10° spores/ml] EAAG NS EEO FUA §& A==
FE3 78 HIFAUG FFTE HE F2YFHAUSE 95%, 25*
2T)o A 5947 HHAD thg, W AY &S 2AIYY. FAZTAE F
)2 9 (250ppm Tween-20° $H)¢ N7} Y& oz FxsA

) LolAW FFo|diF g 7Y AA
94 19719 20)(Cucumis sativus L)) AN (FAHE sFE,
250ppm, Tween-20® 250ppm ¥ §)& AXdle] AL EAE 3, YT

(1x10° spores/ml®] EX@E ) EEJ EFUA ¥ FET 223
ER3] A E3E 2ok FLYFANUFE 70%, 20:£2T)o)
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A 5AzZF A7 ohg, Wuk WSS ZABIAY. FAETAE FAEY
(250ppm Tween-20® $4)S Ha 7o S8 Poz AxaPl

th) EviEy el g 4@ A

B 2~39719 EuntE(Lycopersicon lycopersicum L.)ol A& %
(FA 8 2H§E, 250ppm, Tween-20° 250ppm )& AEste] 2443 F
A% F, WAT(1x10° sporangia/mD)E& EEC WA & A2 &
B3 BEsle AFsath AF3E EviEE F2IF5AEUSE 95%0]4,
20£2C)oll A 4UzE WA thd, #Huk WAL S FASIET. FAE T
E % e o(250ppm Tween-20® 6)¢ M T U Pydoz »xs
Xt

2h) Wy Ui 4aF8d A4
Al 19719 A (Triticum aestivum L))o A 4(FH4E P E,
250ppm, Tween-20° 250ppm ¥/ AXato 2447 FAF ¥, H47
067g/19] EAEEN)E FE FPUUA & A= 83 &739
FEaAch H5d 4L F2¥FHRUHEE 70%, 20£2T)olA 743 &
HAIZ o, Bw WSS ZASIET. FAITFAE 532 4 (250ppm
Tween-20° #4)¢ AT Y& PP ¥¥ayrl.

o) R@tFY Tl i Fudd HA

A 19719 R (Hordeum vulgare L) A A (FAH A 3EE,
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250ppm, Tween-20® 250ppm §#)¢ ¥E 3 HIAUNEHAF L A2
F AFY 2E FLYFACHAFE 50%, 2022C)e) A 7Y WA
Ue, W 9888 2ASYT A8 TolE 23 9 (250ppm Tween-20
® e AT FUW Yoz Ay
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A 34 4 U

1. ProcarbamateZ) A3FA9 S92 27

o B A7y WS 71EY Add FAE AT 1 540l d
HES olF ¥3lo w& e, A5 Proinsecticide} A& 7|alw,
a elgg FAse Rojth

©  Procarbamatedl A% A<l  carbosulfan, furathiocarb 183
benfuracarb §3¥ ¥7| carbofurang] N-dialkoxyphosphinothioyl %3
(PSC)E FHoZ 28738 HESI, akoxy?’lE e FAE7)2 upd
A AAAARS A AAE Aol o] Afte] &F AUAdA HA B ARE F=
e Ao 448 eAME FAG AN YA Qe AL
& T olgd e #E #AFE AA in vitro®t in vivo A7 TFE 0] 43}
of Aw B gk}

7hoEAeFA el A 2 ¢ EEY

349 N-dimethoxyphosphinothioyl carbofuran(PSC)¥ 'H-NMR
spectrometer®t GC/MS Spectrometer® o]&35¢d TFRE QU<
3> =g gAdE PSC ¥ FAYgAIE AdAY 2 column chromatography '
L2 BAGRRLHE 4>, FAE A4 FAE= HPLCEAS T3 &%
(98.0% °1°)E HUFAH<E 6>
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Table 3. 'H-NMR spectrum and GC/MS spectrum of N-dimethoxy
phosphinothioy] carbofuran (PSC).

Compound 'H-NMR(CDCls, 8/TMS) GC-Mass(m/z)
1.43(s, 6H), 2.95(s, 2H),
PSC 3.1~3.2(d, 2H), 3.6~3.7(d, 6H), 345(M"), 147, 125
6.6~6.9(m, 3H)

Table 4. Eluting solvent system for column chromatography.

- Compounds Eluting solvent system (v/v)

Carbofuran Recrystallization (n-hexane)
PSC benzene ' diethyl ether = 19 ! 1
Carbosulfan n-hexane : ethylacetate = 6 : 1
Benfuracarb n-hexane : ethylacetate = 3 : 1
Furathiocarb n-hexane : ethylacetate = 5 : 1

Table 5. Condition of HPLC for analysis.

HPLC : LC10A, Shimadzu Co. (Japan)
Column : zBondpack Ciz 3.0%X300mm
UV wavelength @ 254nm

Flow rate : 1.2ml/min

Attenuation @ 16

Eluting solvent : Ethanol/Water(7/3, v/v)
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Table 6. Purity of the purified carbofuran and procarbofurans.

Compounds Rt(min)" Purity(%)
Carbofuran 3.52 99
PSC 446 99
Carbosulfan 11.63 99
Benfuracarb 8.18 99
Furathiocarb 834 98

* Rt retention time(min).

1. ChEell Hid oj &2 A= 44 (k) 53

Carbofuran< kigtel 7.7x10°M™" - min'& target £4¢ AChEE
g 422 Adste A 5Aol ¥ ¥, procarbamateE & <10°~
1M min'eg ZHHo]l AARE target A2 AChES] oidt A&
o] gle RAoZ FAHIJG<E 7>, £33 BuChEdl o8] Carbofurang kg
o) 34x10M'-min'2 BuChEAl wa o}t ANAe myem
procarbamate®&  <10°~10°M " - min'2.2 ZH= o] AMZE BuChEel
3 Ao gle Ao FAHAYU<E 8>, 28U benfuracarbe 32X
1°M™" - min" o2 28§84 carbofuran® vt BuChES] AsiA 2o &4
o] &ttt walA ©]E procarbamateFAEL HA4-E A7 Aste] W
EA A ASAARE AR e Aer FFHAY

-85 -



- 98 -

Table 7. Bimolecular inhibition rate constants of Carbofuran and Procarbofurans as an inhibitor

of AChE™
Compounds Concentration(M)* (Slope)b™ r kM '+ min™)
Carbofuran 167 x 107 0.1290 0.84" 77 % 10°
PSC 167 x 10 0.2080 091° 12 x 10°
Carbosulfan 167 x 10°* 0.1552 0.92” 9.3 x 10°
Benfuracarb 167 x 10 0.1888 0.99™ 1.1 x 10°
Furathiocarb 6.60 x 107 0.2885 0.97"" << 10°

*1. Acetylcholinesterase obtained from electric eel.

*2. Concentration of inhibitor in incubation mixture.

*3. (Slope)b=In[Aol/In[A;]

x4, Correlation coefficient of slope(*, =#* =**x significant at P <0.05,
respectively).

P <0.01 and P <0.001,
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Table &. Bimolecular inhibition rate constants of Carbofurah and Procarbofurans as an inhibitor
of BuChE™

Compounds Concentration(M)™ (Slope)b™ r k(M ' - min ‘)
Carbofuran 167 X 10 0.0577 0.99" 34 x 10°
PSC 167 x 10° 0.1075 0.90™ 64 x 10°
Carbosulfan 167 x 10° 0.0646 0.94™ 40 x 10°
Benfuracarb 832 x 10° 0.2644 0.94™ 32 x 10¢°
Furathiocarb 660 x 10° 0.1194 0.96"" 71 x 10°

x1. Butyrylcholinesterase obtained from horse serum.

*2. Concentration of inhibitor in incubation mixture.

*3. (Slope)b=In[Aocl/In[A.]

*4. Correlation coefficient of slope(*, #**, #*** gignificant at P <0.05, P <{0.01 and P <0.001,
respectively).



). AChE/mfo coupling system2 ©] &% &43} & 3(in vitro)

1) Benfuracarb®] @A &7

NADPH>} 7} oxidase system9lA] benfuracarb®] AChE®] o
g A o] controlol B3 of 10MiFE F7HEA I, cytochrome Piso®)
Mg A A A PBO7L A8 @ oxidase+PB systemol A e AHAEE 3t
#4389 control®] A|FA Ho g olFg ATk Z AT 9 AChE
o ¥ I control, oxidase , oxidase+PB systemolA Z}Z} 558x107M,
611%10°M, 7.57x 10 Mol th< 23 10>.

2) Carbosulfan®] &4 &3

NADPH7} #7}€ oxidase systemolA PSCe AChEe] wh3l A &)
o] carbosulfandl] H]3le] ¢F 208] FE Z7FE Q1 cytochrome Pusod] A
g5 AsAQ PBO7 MY oxidase+PB systemo) A& controlo] H] &4
L3818 o #asAd. 4 Moo AChEY Wit carbosulfan?] Is
control, oxidase, oxidase+PB systemolA ztZ} 7.73x10°M, 8.41x10°M
3.18x10°MelAvk<2 ¥ 11>,

]

3) PSCe g4 &z

NADPH7} #7}4d oxidase systemolA¢] AChE®] w3l Asjde
controlo] ®3te] ¢F 800 AL Z7}5 Q11 cytochrome Paxod] A3 = 3)
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A ¢l piperonyl butoxide (PBO)E A &l3l& ™ oxidase systemo] B3}l
oxidase+PB systemollA 8] AMAHEE controld] AHFA HoE 333
o] & 3ttt Target £ BAFY 50%E AdMse FAlod 3= L2
H)Z 3} control, oxidase, oxidase+PB systemel A Z+z} 469%x107'M, 3.75
X10™™, 1.94x10°Mo|RTt<1 ¥ 12>

2}, A% brain AChE w3t 5443 (in vivo)

Procarbafurans& 0, 20, 50, 70, 100, 150, 180mg/kgE 2l +Fo8 B
A5 HE W ¥ 3 F(contro)F PBOM 2 Tl AF brain AChE A
AAZM e EHEHE BA3YU. o)E 559 procarbafurase] &4 3t
Aol Foddles mfof4a 2 4L in vivodlM 18tz 4t}

1) Benfuracarbel] ¢}% 443

#4385 A4 F miod L in vivodlA Lotr7] 98te], 43
o benfuracarb¥+-& 0, 25, 50, 75, 100mg/kg FT o2 BZF o3 oA A
79, cytochrome Pso?l A3AQ PBOE 2417 A AY§ Ae 78 vl
k. 2 A3 PBOE # ANYUd A9 FAnE A AFRo
brain AChE®] #/o] A uEsth o] W benfuracarbX e F¢ I
22.7mg/kg°]9\i£fﬁ, benfuracarb+PBO A3+ HAEs FHSA A7
Hol Y& 100mg/keFANANE e 78 & ARXTH<2Y 13>,
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Figure 10. Microsomal oxidative activation of benfuracarb as an inhibitor of electric eel AChE by

Ellman’s assay.
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Figure 11. Microsomal oxidative activation of carbosulfan as an inhibitor of electric eel AChE by

Ellman’s assay.
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Figure 12. Microsomal oxidative activation of PSC as an inhibitor of electric eel AChE by Ellman’s

assay.
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Figure 13. Inhibition of mouse brain AChE by benfuracarb.



2) Carbosulfan®l 2|3 SALd

Cytochrome P02l 93 A A< PBOE Ae3tAE W control
Rt} brain AChES #4¢) o EA udesth o @ PBOA PN
carbosulfan®] Iso& 162mg/kgol 13, controlol A9 I 14mg/kgol ATt
& 71228 B W PBOXN@ TN carbosulfan®] brain AChE 3] ¥ o]
2RE oA B} ¢ 128] A% @A JEIRT<IE 14>

3) PSColl 9% 54%3d

Cytochrome P8 A3 Asjzll PBOE A&3tS w control
Bt} brain AChE®] #Ao] EA uJesth o o PBOX T4 PSCe
& 5Tmg/kgel s, FAYTAMY Int 28mg/kgolARon, Ik 71EL
2 B o PBOAE T/t FHETFA HlEe PSCel ¢|§ 4# brain AChE
Aal o] o 2u) FAEJG<IE 15>,

ol AbEES-& E3le] AAE 54 dAIEe 4
1) Benfuracarb®] SAUALE
' - MFO systemol Al S4tALES] HAL control®] 43¢ Holle
benfuracarb®] %<& 81.0%, AAE carbofuran® %L 19% %29, mfo9

cofactorg! NADPH7F #7}® MFO systemolAM & benfuracarbe]l 11.5%,
carbofuran®] 58.2%7} A4 ¥ o] controlel ¥]3} 30M|AE &L carbofuran?
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AL Bygx, £3 mfort AP MFO+PBO systemol A& carbofuran©]
1.7%7F  AAEUT. o4l AFe|A  benfuracarb®] FA AR
carbofuran®@ & & 4 AN, o] EA5 FAA mfort #AFE HAY +
AAT<LH 16>

GST/GSH systemol A 2] SAAIES] FAHL GSTS inhibitor?
o] &A1& systemol A carbofuran® AL 01%°1H 2w ol GSTH
o 9% danosE EAUAES AHE F &S &tk =¥ cytosol
o T g Had oFd wA EAR BRI/t AEHANL, GSHS
inhibitor7t &A1 3l systemol M E 10%°1319] carbofurane] AU =2
#lvk GSTE ol A2l co-substrate?] GSH7F FAlol EA8t= systemol A&
carbofuran®] 80%7F WA EAI, GSHY 2z DML H7IgH GST+
GSH+DM # @] ol M carbofuran©] 71%7F A4 = At o) ZF=EE GST
+GSH systemX.th DMo] 2 ¥ systemol A carbofurane] 4ol 1.1% %
A% AL ¢ F doy 2 e FHIA gu<ad 17>

MFO/GST/GSH combination systemolA ] SAUAIE 442
microsome3} GST®Fo] A3} systemol| A carbofuran®] 7.9% 443U
i1, MFO+GST systemol| A& carbofuran®] 35.19, PlX]¢] &3 o] 465%7t
A=) cytosoldl o] ©hE FA7F AR #AdtE AE & 5 AU
3 o] &a7F FAAAE #IHUA R =Y PBOE AT AR
carbofurano. 2 A¥ HAAHA E3G o thF benfuracarbdt W=
EAE 9% ¢ dA. MFO+GST+GSH system3 MFO+GST+GSH+
DM systemoll M Z+zZF 80% 9} 36% 9] carbofurano] A3 ¥ ¢ carbofuran®]
AAel GSHe 9&e & A& FUArt. MFO+NADPH+GST+GSH
combination systemo| Al carbofuran®] Aol 97%=E 7+ ¥L A& Y

s}, o) Aol AE benfuracarbe] SAEAQ carbofurane.@ A EH7)
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A E MFO+NADPH+GST+GSHY] E 3§49 240 Hasdices A& A
Abgtti<ad 18>,

2) Carbosulfan®] A4 tjAlE

Carbosulfan?-& # & blankol A& carbosulfan®] 101.1%7} # &
¥ e, carbosulfan® cytochrome Pso%tS & & control systemoll A &
o} & carbosulfan®] ¥ 77.0%°l1oH, WA E carbofuran® %< 9.2%
o)At} EFF cytochrome P cofactord! NADPH7F 7M€ oxidase
system®] A= carbosulfane] 55.8%, carbofurane] 14.9%7} A=< control
of ujg} 154 e A& #H<Q ATk Cytochrome Paol HE2 A3 A
¢l PBO7F #7tE oxidasetPB systemel A 84 ¥ carbofuran® %42 peak
2 FAHA && AE AFo|RLeH, carbosulfand PBOY <3 AA4€
THARAERAR A3ty AFE & AAT<E .

Table 9. Production of metabolites of carbosulfan in oxidase system.

Production (%)
System
Carbosulfan Carbofuran Unknowns
blank 101.8 -
control 77.0 9.2 14.0
oxidase 55.8 149 29.3
oxidase+PB - trace -t

. Unable to be detected due to interference.
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% Inhibition of Mouse Brain AChE

100

[-carbosulfan
«Ccarbosulfan + P

50

Figure 14. Inhibition of mouse brain AChE by carbosulfan.
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Dose(ip, mg/kg) of carbosulfan
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% Inhibition of Mouse Brain ACh

100

30

60

40

20

[=PSC —PSC+PB |

} | |

- T

i }
0 50 100 150

Dose(ip, mg/kg) of PSC

Figure 15. Inhibition of mouse brain AChE by PSC.
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% of incubation metabolite

100.0 Benfuracarb
o @ Carbofuran
80.0 - 0 Unknown(s)
60.0 .
40.0
20.0 |
0.0 A

Control MFO MFO+PB

Figure 16. Incubation metabolites of benfuracarb in MFO system.
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% of inhibition metabolites

100+
90
804
704
60
504
40-
304
204
10

Figure

= Benfuracarb
@ Carbofuran
g Unknown(s)

GST GSH GST+GSH GST+GSH+DM

17. Incubation metabolites of benfuracarb in GST/GSH system.
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100,
904
80
70
60,
504
40

Benfuracarb
m Carbofuran

g Unknown(s)

% of inhibition metabolites

Figure 18. Incubation metabolites of benfuracarb in GST/GSH system. A: microsome+GST, B:
microsome+GST, C: MFO+GST+PB, D! microsome+ GST+GSH, E: microsome+GST+GSH+DM, F:
microsome+GST+GSH+ NADPH.



3) PSCe] SAdALE

Microsomal protein lmg & ¥%3& control¥ mfo? cofactor
¢l NADPHE %<& oxidase system& ©]£€3l9] PSCe 843 =& &Y
B2tk B Ao A control¥ oxidase system 3o A carbofurane. 2| A
42 #FY & Ak Ow RN E] 7T-OHZY B8-S 42 14, 19%
#FE F AUH<TH 19>,

GST/GSH, MFO/NADPH/GST/GSH systemollA &= PSCe] Z $-¢l
£ carbofuran @ A#HE A& #HQA @ £ ANeH, A systemol A
7-OHZE 17~20%, unknown(s) 10~13% 183 PSCAAZ 70%H L7} &
oldE HALE AFE AAU<Y 20, 21>.

Mfo9] 2t8-& mimicdte #7]48tAlE2 ¢8l%d m-chloroperoxy-
benzoic acid (MCPBA)E PSC& ub-g-3 A3 75%¢] carbofuran 44& #
28 £ AAT<E 22>, o]2A PSCY 438 HA AFA2<] mbo
Qo] TAFSE FHY + AN

ool A& FaiA procarbofuransE-> A AWl A mforl &S
e dARA S Bt SA4E Byls AS &< Procarbofurans
o e AW 54 TE7IRE <2y 23> =H3A.

L &
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Unknowns

(11%)
o I,OcH,
n P
O—C—N_ OCH,
o CH,
PSC
MFO/NADP/ (70%) X
OH
o}
7-OH
(19%)

Carbofuran

Figure 19. Formation of PSC metabolites via MFO/NADPH bioactivation process.
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Unknowns

(13%)
o IOCH,
i PAIEN
O—C—N_ OCH,
0 CH,
PSC
GST/GSH/ (70%) X
f
OH O—C—N_
(0] o) CHs
7-OH Carbofuran
(17%)

Figure 20. Formation of PSC metabolites via GST/GSH bioactivation process.
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Unknowns

(11%)
§ OCH,
i VLIRS
0—C—N_ "OCH,
(o] CH3
PSC
MFO/NADPH/GST/GSH/ (68%) K
o)
T
OH 0~C—N.
o 0O CH3
7-OH Carbofuran
(21%)

Figure 21. Formation of PSC metabolites via MFO/NADPH/GST/GSH bioactivation process.



- 901 ~

PSC
MCPV (5%) \MCPBA
0

n H
OH O—C—N_
O (o) CH,
+ Unknowns
7-OH Carbofuran

(30%) (55%)

Figure 22. Formation of PSC metabolites via MCPBA bioactivation process.



H,
g | CHICO00H, & 0 .0crs

- N: CH(CH,), C—N. “OCH,
o] 0. o CH,
Benfuracarb: Carbosulfan: PSC:
Poor inhibitor Poor inhibitor Poor inhibitor
mfolO, mfolQ, mfolO,
) { )2
ﬁ  CHCOCHs Q.ocH,
q s s N(C4Ha)z R
C-N CH(CH,)Z —C—N_ OCH,
o) o) o CH,
$(0),-Benfuracarb §(O)-Carbosulfan P(O)-PSC
Hy0 or Nu- M0 or Nur H,0 or Nur

H |°C|H 2 H

—.C—N: —.N\ C—JN\
: o ] CH, o CH, o CH

Carbofuran : Strong inhibitor

Figure 23. Suggested scheme for biocactivation of Procarbofurans
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2. A5 ProinsecticideA] &2&A)9 ML+
7}, M2 ProcarbamateZl & A9 /Mg (F44, ¢4, YEEA)

ARDA L] 54LP7NR AdHE 7122 3o MHAY carbofuran
=AES] $AHe MNEHHD. $HE HPEL 'H-NMR spectrometer
(DPX 400, Bruker, US.A)E AMR3lYq Fxg& HUIYu<E 10>
GC-Mass spectrometer(MS-QP 1000A, Shimadzu Co., Japan)& o]-&38l«
ZFY JHoB<KHE 11>, 659 T30 O YERHL ARAFHE ge<
E 13>3 Zo

1) N-Phosphinothioyl carbofuran %M ¢ &4 2 F3x 9l
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Table 10. '"H-NMR Spectra of N-phosphinothioy!l carbofuran derivatives.

o IR
N

i
0-C—N_ Ri

Compounds 'H-NMR (CDCls, 6 /TMS)
R Ro
_ocH, —ocH, 1.46(s, 6H), 3.03(s, 2H), 3.26~3.31(d, 2H), 3.81~3.88(d, 6H),
6.74~7.02(m, SH)
—ocH, 1.45~1.47(d, 6H), 2.21~2.29(d, 3H), 3.04(s, 2H), 3.28~3.43(d,
3H), 3.67~3.75(d, 3H), 6.76~7.04(m, 3H)
—OCH,CH, 1.28~1.33(t, 3H), 1.36~1.37(d, 6H), 2.21~2.29(d, 3H), 3.01(s,
~CH, 2H), 3.38~3.42(d, 3H), 3.98~4.26(m, 2H), 6.71~7.04(m, 3H)
0.92~0.99(t, 3H), 157(s, 6H), 1.62~1.76(m, 2H), 2.22~2.30(d,
—OCH,CH,CH; | 3H), 3.04(s, 2H), 3.38~3.42(d, 3H), 3.90~4.16(m, 2H),
6.72~17.29(m, 3H)

(Continued)
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Compounds

'H-NMR (CDClL;, 8/TMS)

R Re

0.86~0.96(t, 3H), 1.44(s, 6H), 1.59~1.69(m, 2H), 2.19~2.29(d,

—CH, —OCH,CH,CH,CH, | 3H), 258~2.72(m, 2H), 3.04(s, 2H), 3.38~3.42(d, 3H),
3.85~4.21(m, 2H), 6.76~7.06(m, 3H)

_@ _@ 1.45(s, 6H), 2.99(s, 2H), 3.46(d, 3H), 6.48~6.92(m, 3H),
7.45~750(m, 6H), 7.89~7.97(m, 4H)
. 42 ) ’ . 2 y ’ ? ’ . = 1

—CH, - @ 1.40(s, 6H), 2.42(d, 3H), 3.02(s, 2H), 3,28(d, 3H), 6.74~7.01(m
3H), 7.17~7.34(m, 5H)

—ocH _@ 1.42(d, 6H), 3.00(s, 2H), 3.47(d, 3H), 3.91(d, 3H), 6.67~6.97(m,

? | 3H), 7.43~7.47(m, 3H), 7.89~7.97(m, 2H)
_@_C' _@_Cl 1.44(s, 6H), 3.01(s, 2H), 3.46(d, 3H), 6.59~6.97(m, 3H),

7.41~7.43(2d, 4H), 7.80~7.88(2d, 4H)

—ocH, O o 1.39(s, 6H), 3.00(s, 2H), 3.49(d, 3H), 3.89(d, 3H), 663~6.98(m,

3H), 7.39~7.42(2d, 2H), 7.83~7.91(2d, 2H)

(Continued)
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Compounds

'H-NMR (CDCl;, 8 /TMS)

Ry Rz
_ 1.46(d, 6H), 2.32(d, 3H), 3.06(s, 2H), 5.03~5.23(m, 2H),
CH, "OCH;@
6.80~7.28(m, 3H), 7.34~7.47(m, 5H)
—cH, —SCH,CH, 1.35(t, 3H), 1.48(d, 6H), 2.50(d, 3H), 3.08(s, 2H), 2.99~3.10(m,
2H), 3.38(d, 3H), 6.78~7.04(m, 3H)
1.49(s, 6H), 3.07(s, 2H), 3.42(d, 3H), 3.61(d, 2H), 3.72(d, 3H),
—OCH, —CH;
6.74~7.04(m, 3H), 7.33~7.48(m, 5H)
~CH,CH, _ocH, 1.25~1.32(m, 3H), 1.48(d, 6H), 2.37~2.46(m, 1H), 2.59~2.67(m,
1H), 3.06(s, 2H), 3.41(d, 3H), 3.75(d, 3H), 6.78~7.05(m, 3H)
0.96(t, 3H), 1.43~1.50(m, 2H), 1.48(d, 6H), 1.60~1.68(m, 2H),
~SCH,CH,CH,CH; | 250(d, 3HO, 2.98~3.08(m, 2H), 3.07(s, 2H), 3.37(d, 3H),
—CH, 6.78~7.05(m, 3H)
“N(CH,) 1.49(s, 6H), 2.27(d, 3H), 2.79(d, 6H), 3.07(s, 2H), 3.33(d, 3H),
2

6.79~7.05(m, 3H)

(Continued)
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Compounds

'H-NMR (CDCl;, 6/TMS)

jeal R
“N(C,Hy 1.12(t, 6H), 1.46(s, 6H), 2.27(d, 3H), 3.04(s, 2H), 3.09~3.46(m,
2oz 41D, 332(d. 3H), 6.76~7.02(m, 3H)
0.89(t, 6H), 1.46~1.67(m, 4H), 1.48(s, 6H), 2.20(d, 3H),
-N(C;H,), 293~3.10(m, 2H), 3.04(s, 2H), 3.20~3.38(m, 2H), 3.35(d, 3H),
6.79~7.04(m, 3H)
0.94(t, 6H), 1.27~1.34(m, 4H), 1.36~1.59(m, 4H), 1.48(s, 6H),
~N(C,H,), 2.27(d, 3H), 2.97~3.11(m, 2H), 3.05(s, 2H), 3.34(d, 3H),
—CcH 3.24~3.40(m, 2H), 6.81 ~7.04(m, 3H)
3 7\ 1.49(d, 6H), 2.27(d, 3H), 3.07(s, 2H), 3.18~3.24(m, 2H),
-N o) 3.32~3.45(m, 2H), 3.35(d, 3H), 3.61 ~3.77(m, 4H), 6.79~7.05(m,
\_/
3H)
. o-C-N—cH, | 144(d, 12H), 257(d, 3H), 3.03(s, 4H), 3.33(d, 6H), 6.78~7.03(m,
6H)
147(6H, d), 2.26(3H, d), 3.05(2H, s), 3.38(3H, d), 3.55(2H, m), 4.1
-OCH2CH:Br
9~445(2H, m), 6.82(1H, t), 696(1H, d), 7.03(1H, d)

(Continued)
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Compounds

'H-NMR (CDCl;, &/TMS)

R Ry
o) 1476H, ), 2232H, m), 227(3H, d), 3.05(2H, s), 3.44(3H, d),
~O(CH):Br 355(2H, m), 4.056~428(2H, m), 6.82(1H, t), 7.03(1H, d)
148(6H, d), 2.29(3H, d), 3.05(2H, s), 340(3H, d), 3.72(2H, 1), 4.1
OCHCHCI ( ), 229(3H, d), 3.05(2H, s), 340(3H, d) )
9~4.33(2H, m), 681(1H, 1), 692(1H, d), 7.02(1H, d)
148(6H, d), 231(3H, d), 3.40(3H, d), 4.30~4.47(2H, m), 5.89(1H,
OCHLCHCL ( ), 2.31( ), 340(3H, d) (2H, m)
t), 681(1H, t), 692(1H, d), 7.04(1H, d)
~CH 1496H, d), 241G3H, @), 3.09(2H, s), 339(3H, d), 465(2H, m),
s OCHLCCL ( ) (3H, q), 3.09(2H, s), 3.393H, d) (2H, m)
6.84(1H, t), 696(1H, d), 7.02(1H, d)
148(6H, d). 212CH. m), 227(3H, d), 3.05(2H, s), 3.42(3H, d),
~O(CH2)«Cl 365(2H, m), 406~429(2H, m), 681(1H, t), 693(1H, d), 7.02(1H,
d)
146(6H, d), 2.35(3H, d), 306(2H, s), 3.38(3H, d), 4.43(2H, m),
-QCH.CF3
681(1H, t), 691(1H, d), 7.02(1H, d)

(Continued)
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Compounds

'H-NMR (CDCls, 8 /TMS)

Ry Rq

147(6H, d), 2.31(3H, q), 3.05(2H, d), 3.39CH, q), 428~4.48(2H, m),
~OCH:CF:CHF: > 231GH, ), $06( @ (2, m)

470~ 488(1H, m), 682(1H, q), 690(1H, d), 7.02(1H, ©)
e OCHCR.CE, | 466H &), 235(3H, &), 305(2H, 5), 333(3H, d), 435~461(H, m),

: ? * ] 680Q1H, 1), 691(1H, ), 7.02(H, d)
on 148(6H, d), 216(6H, d), 3.05(2H, s), 3493H, d), 681(1H, ¢),
? 6.94(1H, d), 7.02(1H, d)
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Table 11. GC/MS Spectra of N-phosphinothioy! carbofuran derivatives.

(0]
11

i

7N

R1

- Compounds & GC-Mass (m/z)

-OCH:CH.Br 421(M"), 343, 203, 164, 147
-O(CH2):Br 435(M"), 274, 217, 164, 147

-OCH:CH:Cl 377(M), 221, 214, 164, 157, 147
-OCH.CHCL 411(M"), 248, 191, 164, 147

—en, ~OCH.CCl3 445(M"), 298, 284, 226, 164, 147
~O(CHa),Cl 405(M"), 243, 215, 164, 147
~OCH:CF3 397(M"), 234, 177, 164, 147
-OCH.CF.CHF: | 429(M"), 266, 209, 164, 147
-~OCH:CF.CF; | 447(M"), 284, 227, 164, 147
~CH3 313(M"), 164, 150, 147, 93




2) 898 A

$#4d € procarbamated] JFEEQ 3~5F9 ZF U 43 ¥
HE& &AM et 47 7R sRE AEFAL YA AEFE
p_rocarbamateﬂ] A2 A ¢1 benfuracarb® carbosulfang Wz A= A As)
o NEA §4€ IFEE AT S8 H2E A
Benfuracarb® carfosulfan® wWjF&Fubdst w1 gty ¥
B4& HYPLP<E 13>, N2 FAHE FFBEAME F dix FAS v
£ FEAA WMEFUER HETo didte §Yo] FFHAJUE 12>,
BadA A 2P PSCY A9Ao X8E methoxy”] € methyl”] 2
AN@se FAHL B AN AFEYol FHEE U AHE ¥
o] EAolEE wg oz BAE HAGE Ao MEE AFAY AL
Z8% BHYE AFSAch TRHFE UE FU1HA SHLEE F3H
dngel AHW MZE AEA, ndHY FFA 9 754 & AL
2 gadr.
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Table 11. GC/MS Spectra of N-phosphinothioy! carbofuran derivatives.

o 7 R
O-C—N_ Rt
: 0 CH,
- Compounds & GC-Mass (m/z)
-OCH:CH.Br 421(M), 343, 203, 164, 147
-O(CHy)sBr 435(M"), 274, 217, 164, 147
~OCHCH.CI 377(M), 221, 214, 164, 157, 147
-OCH:CHCl 411(M"), 248, 191, 164, 147
—cH, ~OCH.CCl3 445(M'), 298, 284, 226, 164, 147
-O(CHa)Cl 405(M"), 243, 215, 164, 147
-OCH:CF; 397(M"), 234, 177, 164, 147
~OCH,CF.CHF: | 429(M"), 266, 209, 164, 147
-OCH:CF:.CFs | 447(M"), 284, 227, 164, 147
~-CHs 313(M"), 164, 150, 147, 93
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Table 13. Insecticidal activity (%) of N-phosphinothioyl carbofuran derivatives in five different pests.

S
R2
8 K
0—C—N_ 'R1
Compounds Conc. | Brown Plant Green Peach Diamondback Tobacco Two-Spotted
R R (ppm)| Hopper Aphid Moth Cutworm Spider Mite
~OCH, ~OCH, 500 60 40 100 - 0
500 95 100 100 - 0
250 70 40 100 30 -
125 - 0 100 - -
—OCH,
63 - 0 100 - -
31 - 0 80 - -
16 - 0 60 - -

(Continued)
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Compounds Conc. |Brown Plant Green Peach Diamondback Tobacco Two-Spotted
R R (ppm)| Hopper Aphid Moth Cutworm Spider Mite
500 9% 100 100 - 0
250 100 100 100 0 0
125 80 70 100 - -
—CH, —OCH,CH, 63 20 2 90 _ _
31 0 0 35 - -
16 0 0 p5) - -
8 0 0 - - -
—ch, ~OCH,CH,CH, | 500 95 60 100 - 0
~OCH,CH,CH,CH, | 500 70 0 100 - 0
‘@ ‘@ 250 0 0 80 0 0

(Continued)
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Compounds Conc. | Brown Plant Green Peach Diamondback Tobacco Two-Spotted

Ri Ry (ppm) Hopper Aphid Moth Cutworm Spider Mite
250 0 0 100 0 0
125 - - 50 - -
—CH, —o—@ 63 - - 50 - -
31 - - 15 - -
16 - - 15 - -
250 60 0 100 0 0
125 - - 100 - -
~OCH, ~ 63 - - 70 - -
31 - - 55 - -
16 - - 20 - -
—@—Cl —Q—CI 250 0 0 70 0 0
250 0 0 100 0 0
125 - - 70 - -
~OCH, ~©—cn 63 - - 10 - -
31 - - 5 - -
16 - - 5 - -

{Continued)
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Compounds Conc. { Brown Plant Green Peach Diamondback Tobacco Two—Spotted
R Rz (ppm) Hopper Aphid Moth Cutworm Spider Mite
250 0 0 100 0 0
—CH, —oc:Hz—@ 125 - - 90 - -
63 - - 75 - -
250 100 100 85(7) 0 0
125 75 80 60 - -
—CH, ~SCH,CH, | % 48 10 40 - i}
31 50 0 20 - -
16 35 5 - -
8 8 0 - -
250 15 100 100 60 0
125 - 0 95 - -
~OCH, —CH; 63 ) 0 3 ) )
31 - 0 0 - -
16 - 0 0 - -
B 8 - 0 0 - -

{Continued)
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Compounds Conc. |Brown Plant Green Peach Diamondback Tobacco Two-Spotted
Ri R2 (ppm) Hopper Aphid Moth Cutworm Spider Mite
250 100 40 100 90 -
125 73 - _ 100 75 -
~CH,CH, —ocH, 63 40 - 9% 45 -
31 43 = 75 10 -
16 0 - 55 5 -
8 0 - 35 0 -
250 90 0 100 70 0
125 0 - 80 - -
~SCH,CH,CH,CH,| 63 0 - 50 - -
31 0 - 45 - -
16 0 - 55 - -
~CH, 3 - - 60 - -
250 100 100 100 — 0
125 100 70 100 — —
~N(CHy), 63 98 10 70 — —
31 73 0 20 — —
16 30 0 5 — —
8 0 0 0 — —

(Continued)
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Compounds Conc. |Brown Plant Green Peach Diamondback Tobacco Two-Spotted
R Ry (ppm) Hopper Aphid Moth Cutworm Spider Mite

250 100 100 100 0 0

125 98 70 100 — —

~N(C,H,), 63 95 10 100 — -

31 83 0 100 — —

16 35 0 95 — —

8 5 _ 0 45 — —

250 100 0 100 70 0

125 60 - 100 — —

~CH, =N(C,H,), 63 % - 0 - -
31 0 - 90 — —

16 0 — 45 — —

8 0 — 20 — —

250 25 0 100 70 0

125 — — 85 — .=

~N(C,Hy), 63 — — 75 — —

31 — — 45 — —

16 — — 30 — —

8 — — 5 — =

(Continued)
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- Compounds Conc. |Brown Plant Green Peach Diamondback Tobacco Two~Spotted
Ry Ra (ppm)|{ Hopper Aphid Moth Cutworm Spider Mite

250 100 100 100 — 0

125 100 70 100 — —

-N/ \O 63 98 10 .70 — —

\ / 31 15 — 15 — —

16 30 0 5 — —_

8 0 0 0 — —

250 100 100 100 0 0

o 125 98 70 100 — —

~CH, o N 63 9% 10 100 — —

31 0 — 55 — —

16 35 0 95 — —

8 5 0 45 — —

250 100 0 90 — 70

125 — 0 50 — 60

63 — 0 20 — 5

OCH:CH:Br a1 . 0 0 . 0

16 — 0 0 — 0

8 — 0 0 — 0

(Continued)
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Chemical Ref. Conc. | Brown Plant Green Peach Diamondback Tobacco Two-Spotted
A R2 (ppm) Hopper Aphid Moth Cutworm Spider Mite

250 9% 60 1100 — 0
125 — — — —
63 — — — —
31 — — — —
16 —

-O(CH2)sBr

I
I
|

[}
l
l
I
|

250 78
125 —

63
—CH, -OCH:CH:Cl a1 B
16 —

250 85
125 —
63 —
31 —
16 —

-OCH2CHCL.

(el o B 2 =R = oo [ o B e B o B e S o B o B H e B oo B <o B o B e

0
OO O OO OO0 OO o O

(Continued)
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Compounds | Conc. |Brown Plant Green Peach Diamondback Tobacco Two-Spotted
Ri R» {(ppm) Hopper Aphid Moth Cutworm - Spider Mite
250 90 0 50 — 0
125 - 0 — — 0
-OCH-CClx 63 - 0 o - 0
31 — 0 — — 0
16 - 0 — — 0
3 — 0 — — 0
250 100 0 80 — 0
125 - 0 — — 0
e, | -ocHXC g? ‘ B g B - g
16 — 0 — — 0
8 - 0 — — 0
250 100 0 100 — 0
125 — 0 95 — 0
63 — 0 70 — 0
-OCH-CF3 31 . 0 0 . 0
16 — 0 0 — 0
8 — 0 0 — 0

(Continued)
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Compounds Conc. {Brown Plant Green Peach Diamondback Tobacco Two-Spotted
R R (ppm)| Hopper Aphid Moth Cutworm Spider Mite
250 60 50 100 — 0
125 — — — — 0
S 63 — — — — 0
-~OCH.CF+CHF2 a1 . o o i 0
16 — — — — 0
8 — — — — 0
250 %0 0 100 — 0
125 — 0 80 — 0
T s 63 — 0 15 — 0
OCH:CF.CF3 31 . 0 0 o 0
—CH;, 16 — 0 0 — 0
8 — 0 0 — 0
250 100 100 100 — 0
125 100 100 95 — 0
63 97 100 50 — 0
31 95 90 40 — 0
CH 16 82 10 15 — 0
8 75 - — —_ 0
4 30 —_ — — 0
2 10 — — — 0




3) ERFEEA A FHYSAHEA

Fol A FAHAEE AT A7 NELE HFEQ KP-CA-039
39 23}§EQ carbofuran?] WA AFF(LDso, rat, oral)$l 15.5mg/kg(F
d 144mg/kg)ol vlEtd 433 HAo] & 316.7mg/kgoE HAF T
E3, KP-CA-22(53.1mg/kg)¢l A$E carbofuran®th EHEE SA4o| 1/3
) AzERen, KP-CA-29(180.2mg/ke)®] A 4% carbofuran®th ¥#%
& 540 /114 A=A 53, A4 4EHs o] Qe carbosulfane] F
HEAQ 175me/kg(E8 250mg/kg) RTHE 1/28] 7lrto] R EHEEE
qe Bolx glo] Aol B AT AFAR AL sM5Adol 4D
L Aoz HuHAY £ A7FAe ERY ASA, 2AYGAY 454
ALE A o] HITL A% AR AFRE 2AV Ud&E 98 ¢
ANUTI<E 14, 15>,

- 128 -



- 621 -

Table 14. Mammalian toxicity of N-phosphinothioyl carbofuran derivatives, carbofuran, and carbosulfan.

Kn
Compounds Io)wn Dose ' Alive Dead ¢ LD
’ LD (mg/kg) ' ratio % (mg/kg)
(mg/kg)
9 H 3 6 6:0 0
0-C—-N _ .
0 \CHz o} 6 6:0 0
144 10 6 4:2 33 15.8
30 6 0:6 100
Carbofuran 100 3 0:3
Q S=NCH, 100 6 6:0 0
TN 150 6 3:3 33
(o] 3
250 200 6 2:4 78 175
300 6 0:6 100
Carbosulfan 1000 3 0:3
o IIS)LOCHZCHS 10 3 3:0
0-C—N’ CH, 100 6 6:0
o s - 200 6 6:0 0 3167
300 6 1:5 83
KP-CA-03 1000 6 06 100

{Continued)



- o€l -

Known

Compounds LDs (nl])go /skeg) Alive: Dead r;:ieoactl% (n?g?i{ug)
(mg/kg)
188 10 10: 0 0
: E,OCH2CH25r 375 10 9: 1 10
o NG ] 5 10 1:9 % ol
150 10 0:10 100
KP-CA-22 300 10 0:10 . 100
600 10 0:10 100
188 10 10: 0 0
o ’E:OCHzCFs 375 10 10: 0 0
150 10 6: 4 40
KP-CA-28 300 10 9 90
600 10 0: 10 100
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Table 15. Mammalian toxicities of carbofuran, procarbofuran, and

N-phosphinothioyl carbofuran

derivatives.
Compounds Purity (raIt{I::‘:Vlfl ri?/?:g) {mice oIrla]iSO mg/kg)
Carbofuran >99% 11" 158
Carbosulfan 88% 250" 175
KP-CA-03 >99% - 316.7
KP-CA-22 >99% - 53.1
KP-CA-28 >99% - 1802

P Kuhr, 1976; ? Drabek et al., 1985.



1}, NeonicotinoidAl 4+&#1¢] g (F4H, &4, AEEA)
1) Imidacloprid fX=#¢] ¥4 F2Eql

gdg v #3Y<aY 7, 8, 9> o] 6-Chloronicotinic acid(a)&
starting material® A}-§3}do, mgthylation, reduction, halogenation %
phosphorylation ¥H3-& o]&3lo 33709 N=$ 3FEL FAAY &4
chloronicotinyl frAtA  #%E¢] 'H-NMR spectrometer?} GC-Mass
spectrometer& ©|§¢ TRE ¥ en, 2dE tSH LU<E 16>
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Table 16. 'H-NMR Spectra of newly synthesized chloronicotinyl derivatives.

“/RZ
R1—P_
R3
Compounds
'H-NMR (CDCl;, 8/TMS)
Ry Ry Ry
~OCH, ~ocH, 2.95-3.15(d, 2H), 3.55-3.70(d, 6H), 7.15-7.25(d, 1H),
7.50~7.60(d, 1H), 820(s, 1H).
~OCH,CH, —OCH,CH, 1.25-1.35(t, 6H), 3.00-3.20(d, 2H), 4.00-4.15(m, 4H),
7.10-7.20(d, 1H), 7.25-7.35(d, 1H), 8.28(s, 1H).
_OCHCH.CH, | ~OCH,CH.CH, 1.25-1.35(t, 6H), 3.00-3.20(d, 2H), 4.00-4.15(m, 4H),
/E:(\ 7.10~7.20(d, 1H), 7.25-7.35(d, 1H), 8.28(s, 1H).
] 0.75-0.85(t, 3H), 1.15-1.4(m, 2H), 1.45-1.60(m, 2H),
-OCH, -OCH,CH,CH.CH, | 2 95-315(d, 2H), 3.55-3.70(d, 2H), 3.85-4.00(g, 2H),

7.15-7.25(d, 1H), 7.55-7.65(d, 1H), 8.25(s, 1H).

-OCH,CH,CH,CH,

-OCH,CH,CH,CH,

0.85-0.95(t, 6H), 1.20-1.45(m, 4H), 1.45-1.65(m, 4H),
3.30-3.20(d, 2H), 3.90-4.05(q, 4H), 7.25-7.30(d, 1H),
7.60-7.70(d, 1H). 8.25(s, 1H).

(Continued)
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Compounds

'H-NMR (CDCl;, 6 /TMS)

Ry R2 Rs
-~OCH,CF, -OCH,CF, 3.20-3.30(d, 2H), 4.25-4.45(q, 4H), 7.25-7.35(d, 1H),
7.65-7.75(d, 1H), 8.30(s, 1H).
0.80-0.95(m, 10H), 1.20-0.40(m, 20H), 1.45-1.55(d, 2H),
H,CH, CH,
OCH,CHCH,CH,CH,CH, OCHZC:CHZCH{;H:CHS 1.75-1.80(d, 2H), 3.85-3.95(t, 4H), 7.25-7.35(d, 1H),

AT

7.60-7.70(d. 1H), 8.25(s, 1H).

O

o)

3.35-3.55(d, 2H), 7.00-7.40(m, 11H), 7.70-7.80(d, 1H),
8.35(s, 1H).

—

oo )

2.95-3.15(d, 2H), 4.85-5.10(m, 4H), 7.10-7.35(m, 1H),
7.40-7.50(d, 1H), 8.10(s, 1H).

0.80~0.90(t, 6H), 1.27~1.32(q, 2H), 1.55~1.60(m, 2H),
3.32~3.40(d, 2H), 4.03~4.19(m, 2H), 7.28~7.35(d, 3H),
7.65~7.72(d, 1H), 8.20~8.25(d. 2H), 8.33(s, 1H)

-OC,H,

0.88~0.92(t, 3H), 1.30~1.38(qg, 2H), 1.60~1.70(m, 2H),

—OCH,CCl, | 3.23~3.30(d, 2H), 4.03~4.12(m, 2H), 4.48~4.52(m, 2H),
7.30~7.32(d, 1H), 7.65~7.69(d, 1H), 8.32(s, 1H)
0.80~0.85(t, 3H), 1.21~1.28(q, 2H), 1.49~1.55(m, 2H),

—OCHCF, | 3.08~3.17(d, 2H), 3.90~4.00(m, 2H), 4.19~4.30(m, 2H),

7.21~7.25(d, 1H), 7.53~7.58(d. 1H). 8.21(s, 1H)

{Continued)
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Compounds

Ry

R

Ra

'H-NMR (CDCls. 8 /TMS)

ST

—OCHN )

0.80~0.90(t, 3H), 1.21~1.40(m, 8H), 1.48~1.60(m, 8H),
3.00~3.08(d, 2H), 3.88~3.99(m, 4H), 7.21~7.25(d, 1H),
7.57~7.60(d. 1H), 8.20(s, 1H)

~0OC,H,

“OCHZ—O

(0]

0.80~0.85(t, 3H), 1.15~1.30(m, 3H), 1.40~1.54(m, 7H),
3.02~3.12(q, 2H), 3.30~3.48(m, 2H), 7.18~7.22(d, 1H),
7.56~7.64(t, 1H), 8.19~8.23(d, 1H)

0.87~0.92(t, 3H), 1.28~1.37(g, 2H), 1.50~1.61(m, 3H),
1.82~1.92(m, 5H), 3.10~3.21(m, 2H), 3.80~4.10(m, 8H),
7.23~7.30(d, 1H), 7.65~7.69(d, 1H), 8.29(s, 1H)

—OCH,

0.85~0.90(t, 3H), 1.60~1.65(qg, 2H), 3.29~3.36(d, 2H),
409~4.15(m, 2H), 7.25~7.34(m, 3H), 7.65~7.70(d, 1H),
8.18~8.25(d, 2H), 8.33(s, 1H)

~OCH,CCl,

0.87~0.92(t, 3H), 1.60~1.70(m, 2H), 3.21~3.30(d, 2H),
4.01~4.09(m, 2H), 7.29~7.32(d, 1H), 7.65~7.69(d, 1H), 8.32(s,
1H)

(Continued)
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Compounds

Ry

R

'H-NMR (CDCL, 6/TMS)

S

~OCH,CF,

0.88~0.92(t, 3H), 159~1.68(m, 2H), 3.15~3.25(d, 2H), 394~
4.16(m, 2H), 4.26~4.37(m, 2H), 7.29~7.35(d, 1H), 7.16~7.63(d,
1H), 8.30(s. 1H)

—OC;H,

—OCHN )

0.88~092(t, 3H), 1.15~1.22(m, 2H), 2.38~2.51(m, 4H), 291~
3.03(m, 4H), 3.15~3.23(d, 2H), 3.43~3.50(g, 2H), 3.80~3.88(m,
2H), 4.05~4.15(m, 2H), 7.29~7.32(d, 1H), 7.78~7.82(d, 1H),
8.31(s, 1H)

—OCHZ‘O

(o]

0.86~091(t, 3H), 1.19~1.29%(m, 2H), 145~159%(m, 4H), 1.60~
1.66(q, 2H), 3.12~321(q, 2H), 3.44~350(t, 1H), 3.90~4.12(m,
5H), 7.26~7.30(d, 1H), 7.68~7.72(d. 1H), 832(s. 1H)

0}
Na®

0.85~091(t, 3H), 1.18~1.26(m, 2H), 158~1.63(m, 2H), 3.10~
3.18(d, 2H), 3.77~4.03(m, 7H), 7.28~7.31(d, 1H), 7.68~7.71(d,
1H), 8.31(s, 1H)

~OCIH(CICIs

~QCIKCIICIEs

120~1.35(d, 12H), 3.00~3.10(d, 2H), 460~4.70(m, 2H), 7.26~
7.31(d, 1H), 764~7.68(m, 1H), 8.28(s, 1H)

(Continued)
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Compounds

R

Ry

Ry

'H-NMR (CDCl;, 8/TMS)

JO

-OCIKCIL)CILCH;

~OCIHCILICILCI T

0.87~0.94(t, 6H), 1.28~1.34(q, 6H), 1.47~164(m, 4H), 4.3
7~450(m, 2H), 7.23~7.28(d. 1H), 7.62~7.66(d, 1H), 8.29(s,
1H)

1.31~1.37(t, 3H), 4.05~4.17(m, 2H), 7.21~7.27(m, 3H),

~OCILCITs -0 O
OCTRCIE @N 1 760~7.64(d, 1H), 8.18~821(d, 2H), 8.26(s, 1H)
0.85~0.90(t, 3H), 1.60~1.65(q, 2H), 3.29~3.36(d, 2H), 4.0
~OCILCILCIL -O@NOZ 9~4.15(m, 2H), 7.25~7.34(m, 3H), 7.65~7.70(d, 1H), 8.1
8~8.25(d, 2H), 8.33(s, 1H)
0.80~0.90(t, 3H), 1.27~1.32(g, 2H), 1.55~1.60(m, 2H), 3.3
~OCILCIRCILCIEL | —O NO, | 2~3.40(d, 2H), 4.03~4.19(m, 2H), 7.28~7.35(d, 3H), 765~

7.72(d, 1H), 8.20~8.25(d, 2H), 8.33(s, 1H)

(Continued)



- €L ~

X
Compounds
et 'H-NMR (CDCl, 8/TMS)
X R Rz
0.88~0.92(t, 6H), 1.57~167(m, 4H), 3.13~3.20(d, 2H)
N “OCH.CHACH: | ~OCH:CHCH: ’
one g 2 * | 385~3.92(q, 41D, 7.32(s, 5H)
0.83~0.92(t, 6H), 1.58~1.65(m, 4H), 3.17~3.24(d, 2H),
2-F | ~OCHCH.CHy | ~OCH.CH:CHs | 390~395(q, 4H), 7.02~7.12(m, 2H), 7.19~7.26(m,
1H), 7.35~741(t, 1H)
| 0.88~093(t, 6H), 158~ 1.66(m, 4H), 3.11~3.19(d, 2H),
3-F | ~OCH.CH:CH: | -OCH.CH:CH; | 389~3.95(q, 4H), 692~6.99(t, 1H), 7.00~7.05(d, 1H),

7.06~7.10(d, 1H), 7.26(s, 1H)

(Continued)
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Compounds

‘H-NMR (CDCl;, 8/TMS)
X R Ru
0.87~092(t, 6H), 158~1.68(m, 4H), 3.09~3.15(d, 2H).
AF | ~OCHCH-CHs | ~OCH:CH-CHs t, 6iD, 158~168(m, 4H) (
3.88~3.04(q, 4H), 6.97~7.04(t, 2H), 7.23~7.29(m, 2H)
0.88~0.03(t, 6H), 1.58~168(m, 4H), 3.37~3.42(d, 2H),
2-Cl | “OCH:CH:CH3 | ~OCH-CH:CH; | 3.91~397(q, 4H), 7.16~7.25(m, 2H), 7.36~7.39(d, 1H),
7.44~747(m, 1H)
0.89~0.94(t, 6H), 1.58~1.68(m, 4H), 3.09~3.17(d, 2H),
3-C1 | -OCH.CH:CHs | ~OCH:CH:CH; | 3.89~396(q, 4H), 7.17~7.22(m, 2H), 7.24~7.25(d, 1H),
7.29(s, 1H)
0.89~093(t, 6H), 157~167(m, 4H), 3.09~3.15(d, 2H),
4-CI | ~-OCH.CH.CH; | ~OCH.CH:CH.
AT 2CHLCHs 3.88~394(q, 4H), 7.22~7.25(d, 2H), 7.26~7.30(d, 2H)

(Continued)
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Compounds

‘H-NMR (CDCl3, 6/TMS)

X oS R
0.87~092(t, 6H). 1.59~1.69(m, 4H), 3.38~3.45(d, 2H),
2-Br | ~OCH:CH:CHs | ~OCHCH.CHs | 3.90~396(q, 4H), 7.08~7.14(m, 1H), 7.25~7.30(t, 1H),
746~7.49(m, 1H), 7.54~7.58(d, 1H)
0.89~093(t, 6H), 1.59~168(m, 4H), 3.08~3.14(d, 2H),
3-Br | ~-OCH,CH,CH: | ~OCH.CH.CHs | 3.88~3.95(q, 4H), 7.16~7.21(t, 1H), 7.23~7.27(d, 1H),
7.36~7.41(d, 1H), 7.45(s, 1H)
B OCHCHLCH: | ~OCHCH,CH. 0.88~0.92(t, 6H), 1.58~166(m, 4H), 3.07~3.12(d, 2H),
— r — « M . — B N '
? * AAHZLEE g 0 _303(q, 4H), 7.16~7.20(d, 2H), 7.42~7.46(d, 2H)




2) Imidacloprid f=# 2 &34

A€ 17F9 N2 SAFEES WFF Y, FH GG, WE
TEo U AEF e 2AGT A AT HETAA vuF 5L 84
¢ JeEpIQa, 4% HgEdqME Huolgod diside uzRfAd
imidacloprid 2t} o £& AF384& vehule AL EATUKE 17, 18>
a8y BAE AgsE AN dFEe] F33 Aadte AYE B9 EA
AAC g AwEQ HE/} 92 Ao pasc. ¥4 F4A 5
EEo g AF8HL AAT A G4 ¥ =& g4l AAEHY 4T
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Table 17. Insecticidal activity of newly synthesized chloronicotiny! derivatives against five insect .

species at 500ppm.

Compounds Conc.| Mortality(%) after 24hrs Mortality(%) after 48hrs

Ri R: Ry (ppm)| DM”  TSSM”  BPH” DM TSSM BPH

o e 70.0 20.0 100 800 200 100

Nvo,  Imidacloprid

-OCH, | -OCH, 0.0 10.0 0.0 00 600 0.0

TOCH,CH, | —OCH,CH, | ) | 100 20.0 40.0 200 400 400

i /©/\ ~OCH,CH,CH, | ~OCH,CH,CH, 0.0 5.0 0.0 00 600 200
~OCH, | -ocncHcHeH, 0.0 20.0 80.0 00 600 900

-OCH,CH,CH.CH, | ~OCH.CH.CH.CH, 0.0 20.0 80.0 00 800 900

" BPH : Brown plant hopper, ® DM : Diamondback moth, 3) TSSM : Two-spotted spider mite.

(Continued)
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Compounds Conc. | Mortality(%) after 24hrs Mortality(%) after 48hrs
R R: Rs (ppm)| DM” TSSM? BPH” DM TSSM BPH
~OCHCF, -OCH,CF, 10.0 20.0 80.0 400 800  90.0
N Ot oo o, | OCH s o . 00 200 800 00 600 900
S
]
AL 500
-0 ) | o) 00 206 80 100 100 900
ocH{ ) | ocH ) 100 200 600 100 300 800

" BPH : Brown plant hopper, ¥ DM : Diamondback moth, 3) TSSM : Two-spotted spider mite.
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Table 18. Insecticidal activity of néwly synthesized chloronicotinyl derivatives against five insect

species at 250ppm.

R r2
R1—P_
R3
Compounds Conc. 48HAT" Mortality(%)
Ri Ry Rs (ppm) | BPH? GPAY DBM? TCW® TSsM®
» )
c,/(NT ”}?NH 100 100 100 0 0

Nno,  Imidacloprid

—0-@"\'02 0 0 0 0 0
250
-0B - ‘
QDA Y OCH,CCl, 0 0 0 0 0

~OCH,CF, 0 0 0 0 0

U HAT: Hour after treatment, ? BPH: Brown planthopper, ® GPA: Green peach aphid,
¥ DBM: Diamondback moth, » TCW: Tabacco cutworm, 8 TSSM: Two-spotted spider mite.
(Continued)
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Compounds Conc. A8HAT' Mortality(%)
Ri Rz R3 (ppm) BPH?  GgPA" DBMY TCW® TSsSMm”

-OCHzCHzN: > 0 0 0 0 0

000 | g )
-OCH; o 0 0 0 0 0
~oerL) o 0 o 0 o

250
Cl

”0‘@"N02 0 0 0 0 0
-OPr ‘OCHZCCi:5 0 0 O 0 0
~OCH,CF, 0 0 0 0 0

Y HAT: Hour after treatment, 2 BPH: Brown planthopper, ¥ GPA: Green peach aphid,

¥ DBM: Diamondback moth, » TCW: Tabacco cutworm, ° "TSSM: Two-spotted spider mite.

(Continued)
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Compounds Conc. 48HAT" Mortality(%)
Ri R» Rs (com) | BPH? GPAY DBM? TCW? TSSM”
-OCH,CH,N ) 0 0 0 0 0
c1/©/\ ~ocH—\ g 250 0 0 0 0 0
—OCHZ—[;) 0 0 0 0 0

" HAT: Hour after treatment, ? BPH: Brown planthopper, ® GPA: Green peach aphid,

* DBM: Diamondback moth, ® TCW: Tabacco cutworm, 8 "PSSM: Two-spotted spider mite.



3) Imidacloprid =9 4784

@49 imidacoprid FAASl ¥ 26F o AEWLT I 4F
gde AAT AF o) el Fa¥Ael #FHJT. F3I Riol
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Fee gEAQ AFAY tricyclazoled] BlEte] tha X o] @Wrle AT
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Table 19. Fungicidal activity of newly synthesized chloronicotinyl derivatives against six fungi species

at 250ppm.
Q R2
R1—P_
R3
Compounds Conc. Mortality (%)
Ri Ry Rs (ppm) | RCB” RSB? CcGM*Y TLBY WLR” BPM”
[
Ad 0 0 17 12 83 18
nno,  Imidacloprid
—o«j}No2 91 0 24 0 95 78
250 ;
/@A —OBu ~OCH,CCl, 0 0 27 0 80 36
Cl
—OCH,CF, 0 0 24 25 33 36

U RCB: Rice blast,  RSB: Rice sheath blight, ? CGM: Cucumber gray mold, “TLB: Tomato late
blight,  WLR: Wheat leaf rust, “BPM: Barley powdery mildew.

(Continued)
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Compounds Conc. Mortality (%)
R Ry R (ppm) | RCB” RSBY CcGMY TLBY WLR” BPM”
-OCH,CH,N ) 0 0 3 12 53 27
~OCH; 0 0 0 0 33 0
—OCHZ—Q 0 10 0 6 0 0
Q/\ 250
Ci
~OONOZ 100 30 36 20 9% 87
—OPr —OCH,CCl, 33 20 36 20 0 92
—OCH,CF, 0 15 20 20 0 25

" RCB: Rice blast, ? RSB: Rice sheath blight, #? CGM: Cucumber gray mold, “TLB: Tomato late
blight, ” WLR: Wheat leaf rust, “BPM: Barley powdery mildew.

(Continued)
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Compounds Conc. Mortality(96)
Ry R» R (ppm) | RCB' RSB” CGMY TLBY WLR” BPM"
~OCH,CH,N ) 0 25 36 33 0 80
- Jjj 0 10 20 6 0 25
JOY | -oer | TOCH 20
Ci
—OCHT[;) 0 0 36 0 0 37

" RCB: Rice blast, ? RSB: Rice sheath blight, ¥ CGM: Cucumber gray mold, 9TLB: Tomato late
blight, ® WLR: Wheat leaf rust, “BPM: Barley powdery mildew.
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Table 20. Fungicidal activity of newly synthesized chloronicotiny! derivatives against fungi species.

ﬁ R1
~ p\’
D™
Cl N
Compounds Conc. A R R R L(9%)
Ry Re (opm) ' Py Po Rs Rh Fm Pc Am Bd Gec Be
25
Control 0
125
25 19 75 583 91 0 0 0 0 185 333
STD1(IBP)
125 0 20 433 0 0] 0 0 0 111 167
25 74 80 100 576 0 257 286 24 444 80
STD2(Hinosan)
125 47 80 70 485 0 254 143 12 259 533
~OCHzCHz3 -OCH2CH3 o] A A (Sample® ¥ %)

Continued)
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Coinpounds

TAF AF AR &%)

Conc.

R Ry (opm)| py Po Rs Rh Fm Pc Am Bd Gec Bc
25 0 10 17 0 0 143 0 0 185 0

~OCH(CH:)CHs ~OCH(CH:)CH:
125 0 10 83 0 0 3.6 0 0 7.4 0
200 - 43 9 24 99 - 22 7 59 4

-QCH(CH;)CHCH;; -OCH(CH:)CH»CHs
50 - 14 7 47 -2 - 6 4 35 2
200 - 11 63 1718 0 - 63 19 87 7

-OCH:CH; —o<j>-No2
50 - 51 -11 31 39 - -9 10 77 1
200 0 10 216 182 O 143 0 0 259 10

~OCH:CH:CHs _OQNOZ
50 0 33 216 121 O 143 0 0 185 10
200 0 10 333 242 0O 171 19 0 185 333

~OCHCHCHCH: —O<j>‘No2
50 0 10 25 0 0 8.6 95 0 20 333

(Continued)
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A B AL (%)

Compounds Conec.
R Ry (ppm) Po Rs Pi Sf
25 85 80 60 50
Control
12.5 - - - -
25 50 30 0 0
STDI(IBP)
125 25 10 0 0
25 65 50 10 0
STD2(Hinosan)
125 30 35 0 0
25 0 0 0 0
-OCH(CH3)CHz3 ~QOCH(CHzs)CH3
12.5 0 0 0 0
25 15 10 0 0
-OCH.CH.CHz3 -0 NO,
12.5 0 0 0 0
25 0 15 0 0
~OCHCH»CH»CH3 -0 NO,
125 0 0 0 0

(Continued)
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i _R1
Po
o
X
Compounds Conc. A A A A 8(9%)

X Rl R2 (ppm)] Mg Rs Rh Fm Pc Am Bd Gec Be
50 0 0 0 0 0 0 0 0 0

None | -OCH.CH:CHs | ~OCH2CH2CHj
200 0 0 0 0 0 0 0 0 0
50 0 0 0 0 0 0 0 0 0

2-F | -OCH.CH:CHz | -OCH>CH:CHzs
200 0 0 0 0 0 0 0 0 0
50 0 0 0 0 0 0 0 0 0

3-F | ~-OCH,CH:CHz | ~OCHCH:2CH3
200 0 0 0 0 0 0 0 0 0
50 0 0 0 0 0 0 0 0 0

4-F | -OCH:CH:CH3 | -OCH>CH2CH3
200 0 0 0 0 0 0 0 0 0
50 0 0 0 0 0 0 0 0 0

2-Cl | -OCHuCH:CHz | ~OCH:CH2CHj3
200 | 71 372 50 249 43 50 0 38 11

(Continued)
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11

Compounds Conec.
X R1 R2 (ppm)| Mg Rs Rh Fm Pc Am Ge Be
20 0 0 0 0 0 0 0 0
3-Cl | ~OCH:CH.CHz | ~-OCH.CH.CH;3
200 | 72 824 o8 468 65 20 22 66
50 0 0 0 0 0 0 0 0
4-Cl | ~OCH.CH.,CHz | -OCH2CH.CHj5
200 | 73 988 69 596 72 62 54 66
20 0 0 0 0 0 0 0 0
2-Br | ~-OCH:CH.CHs; | ~OCH,CH.CHj
200 | 83 688 57 485 38 57 47 68
50 0 0 0 0 0 0 0 0
3-Br | ~-OCHCH.CH3 | ~-OCH.CH.CHs
200 { 84 875 66 H69 15 64 58 86
50 0 0 0 0 0 0 0 0
4-Br | ~OCH.CH.CH3 | ~-OCH,CH2CHs
200 | 76 984 T3 626 76 64 63 34
50 44 0 18 64 0 27 20 0
2-1 ~O(CH2).CH3 -O(CH>):CHj3
200 | 48 577 64 512 64 66 48 79
50 0 0 0 0 0 0 0 0
3-1 ~O(CH).CHz -O(CH.)CHj3
200 1 69 742 64 545 59 65 46 69

(Continued)
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AR A AR E(%)

Compounds Conc.
N RI R2 (ppm) Mg Rs Rh Fm Pc Am Bd Gc Be
50 0 0 0 0 0 0 0 0 0
1-CF3 | ~O(CH2)-CHs | ~O(CH>).CHj3
200 0 0 0 0 0 0 0 0 0
50 0 0 0 0 0 0 0 0 0
4-CH:O | ~-O(CH»):CHjy | -O(CH2»)-CH3
’ 200 0 0 0 0 0 0 0 0 0
50 0 0 0 0 0 0 0 0 0
3-CH;0 | ~O(CH»):CHy { -O(CH2).CH3
200 0 0 0 0 0 0 0 0 0
50 0 0 0 0 0 0 0 0 0
2-CH; | ~O(CH»)::CHs | ~O(CH.).CHs
200 0] 0 0 0 0 0 0 0 0
50 0 0 0 0 0 0 0 0 0
3-CH; | -O(CH:)CH; | ~O(CH>)2:CH3
200 0 0 0 0 0 0 0 0 0
50 0 0 0 0 0 0 0 0] 0
4-CHjz | -O(CH2)-CHz | -O(CH2)2CHz
200 0 0 0 0 0 0 0 0 0
50
4~CFs | -O(CH»):CHjy -OPNP 000 n A Al (sample ¥ %)

(Continued)
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oA A AR E(%)

Compounds Conc.
X R1 R2 (ppm)| Mg Rs Rh Fm Pc Am Bd Gc Be
30
3-CH:O | -O(CHz).CHs -OPNP 200 v A Al (sample & 7 %)
30 100 933 26 199 56 49 0 35 12
4-CH-0O | ~O(CH»).CHs -OPNP
200 | 100 100 100 100 100' 100 100 100 100
50 62 397 20 278 16 45 14 31 0
4-C] -0O(CH2).CHs -OPNP
200 | 100 692 59 35 48 68 448 64 35
20 0 0 0 0 0 0 0 0 0
2-Br | ~O(CH2),CHj -OPNP
200 7% 391 37 279 11 43 218 43 0
50 53 354 19 9.8 68 41 0 20 59
3-Br | ~O(CH,),CHjy -OPNP
200 78 426 36 215 11 46 111 34 0
50 44 57 42 32 16 47 0 40 64
2,3-Cl | ~O(CHz2)2CHz | -O(CH2)»CHj
200 8 941 179 653 3 84 702 70 &4
50 0 0 0 0 0 0 0 0 0
2,3-Cl | ~O(CHy):CHs -OPNP
200 0 0 0 0 0 0 0 0 0

{Continued)
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A A AAE(%)

Compounds Conc.

X R1 R2 ppm)| Mg Rs Rh Fm Pc Am Bd Gc Be
50 33 61 46 31 - 31 44 18 40

2-CH; | -O(CH»)3CHs | ~O(CH3)sCH3z
200 71 81 77 58 - 82 81 78 82
50 28 12 31 12 - 87 45 2.4 45

2-CH; | —~O(CH»):CHz -OPNP
200 50 23 46 27 - 28 40 25 59
50 44 64 49 34 - 30 51 34 12

3-CH; | ~-O(CH2):CHz | ~O(CH3):CH3
200 94 83 83 73 - 87 88 2] 83
50 - - - - - - - - -

3-CH: | ~O(CH»);CHz3 ~-OPNP
200 - - - - - - - - -
50 21 58 48 35 - 38 30 32 42

4-CH; | ~-O(CH2);CH3 | —~O(CH>»):CH3
1 200 56 82 8 4 - 86 82 77 83
50 - - - - - - - - -

4-CHs | ~O(CH2)sCHzx -OPNP
200 - - - - - - - - -
50 28 34 31 47 - 13 22 38 35

3-OCHz | -O(CH2)sCH3 | -~O(CH2)3:CHj3
200 69 8 65 48 - 61 66 47 81

(Continued)
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TA B A2 & (%)

Compounds Conc.
X Rl R2 (bpm)i Mg Rs Rh Fm Pc Am Bd Gc B
30 41 30 38 4.3 - 29 16 14 13
3-OCH: | —~O(CH2):CHj5 -OPNP
200 57 53 47 17 - 39 20 27 25
50 21 11 30 17 - 11 23 -6 31
4-OCHz | ~O(CH2)5CHs | ~O(CHz)sCHs
200 65 57 65 48 - 65 31 37 50
50 50 23 32 22 - 27 40 15 15
4-OCHs3 | ~O(CH»)3CHs -OPNP
200 7 34 54 36 - 42 63 33 24
50 26 61 41 27 - 24 24 16 32
4-F ~O(CH2):CH3 | ~O(CH2)3CHz
200 65 83 76 68 - 79 79 7 80
50 45 65 27 -10 - 36 29 11 17
4-F -O(CH2):CH;s -OPNP
200 76 72 54 35 - 57 61 44 49
50 32 81 44 39 - 45 32 35 60
2-Br | ~O(CH2)3CHs | —~O(CHz2)sCHs
200 64 86 71 57 - 73 73 70 65
50 34 48 31 24 - 17 13 12 14
2-Br | -O(CH2)3CHj3 -OPNP
200 54 5 40 22 - 28 18 21 24

(Continued)
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TA A A A E(%)

Compounds Conc.
X R1 R2 (bppm) | Mg Rs Rh Fm Pc Am Bd Gc Bc
50 26 72 49 38 - 46 29 39 48
3-Br | ~O(CHz):CH; | —~O(CH):CHz
200 46 86 72 54 - 71 41 57 76
50 28 16 26 99 - 10 17 15 18
3-Br | ~O(CH»)sCH; -OPNP
200 70 65 43 56 - 33 25 33 31
50 23 18 51 40 - 38 13 26 27
4-Br | ~O(CH2)sCH; | ~O(CH»)sCHa
200 46 66 73 55 - 68 21 71 45
50 30 13 27 20 - 18 15 22 19
4-Br { ~O(CH2):CHjs -OPNP
200 57 42 40 32 - 25 38 26 22
50 27 73 63 44 - 48 52 46 71
4-Cl | ~O(CH2)sCHs | —O{CH2)s:CHs
200 53 84 78 62 - % b 75 a3
50 37 80 28 21 - 23 42 28 71
4-Cl | ~O(CH2):CH3 -OPNP
200 100 & 58 35 - 61 59 51 75
50 34 24 44 44 - 46 45 30 51
2-1 | ~O(CH2):CHz | ~O(CH.):CHs
200 53 51 62 54 - 66 63 62 69

(Continued)
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AL AR AR 2(%)

Compounds Conc.
X R1 R2 (ppm) | Mg Rs Rh Fm Pc Am Bd Gec Be
50 | 30 30 30 69 - 18 23 66 13
2-1 ~O(CH2)sCHjy -OPNP
200 | 68 62 43 19 - 43 33 34 29
50 | 18 48 37 26 - 2 2% 28 51
4-CFy | -O(CH»):CH;3 -O(CH.)sCHj
200 | 41 & 56 40 - 57 61 62 66
50 |21 23 17 30 - -4 9 11 10
4-CF5 | ~O(CH2)sCHjy -OPNP
20 | 4 36 30 09 - 93 15 22 2
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Table 21. Fungicidal activity of newly synthesized chloronicotinyl derivatives against six fungi species.

c d Conc. Mortality (%)
ompoundas :
(ppm) | ReB”  RSB® CGM”  TLBY WLR”  BPM”
] N
ZN 10 100 - - _ _ B
@'\Nr————” Tricyclazole
CH, 05 | T8 - - - - _
ﬁﬁ/OBU 10 36 - - — 0 25
Cl N/ \O—< > N02 2 O _ _ ~ O O

Y RCB: Rice blast, 2 RSB: Rice

blight, > WLR: Wheat leaf rust,

6}

sheath blight, P CGM: Cucumber gray mold,

BPM: Barley powdery mildew.

9 TIB: Tomato late



Al 44 A 2

B 78 E&9 carbosulfan, PSC %59 procarbamatest #& 1 AHA|
2 target B4 % AChEY dd Aol glou, AdalA &43AA4E
235l Asigoe] Z3F carbofuranl® A&l HAL LAT F de A
o2 AU 2 o] FAHANM mfost GST/GSH7E 83 48&
sl Aoz #AHYTE 53] carbosulfand mfooll 9lsle] Akl a1, of 4k
8% carbosulfan sulfoxide(?)7} GST/GSH systemo] 3ty 34 & wo}
A& 717 gel=H AN AAE carbofurand] HA L dodle Ao HAH
t}. £3] mfoe A#HAol glE GSH AARLZE GSTY =&& ol
iz g o 't ojFAL JEFE B 5 YA

AEA FAEY AEA proinsecticided FE9 A2AAFATE dAd
2 oS ASEAHE AR Ao, AF4He) L sSFEY dYs4Y
g zAEY A8t EREEGEDA A 54E PAY 2R BRESA
(LDso, rat, oral, 316.7mgkg)2.2 Hrtelo] nAZA, A5 E5¢ A9
=3¢ Efsta e Re2 HuAHJY =S AFA FAHE neo-
nicotinoid#] 3E9 AENAANE dF FFEAA FFEES 7HAR
Ao, A FFEAME Hold HFFHE HHT Aoz FIHAT

o)Al A3 procarbofurandl B ES ZA471RE o, & F
ste] A)2& procarbofuranl 3 FEE A MR AEEAE AL
e Azd 2dg AA R
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Fdol o) woFel WRE FAEY FHFIIG FAFEA Z 94E€E
3 & Wt ojyg, FARA AL WA, YAH o] A3 F B WHSE T}
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A, delsZol=A FIFER A AW Foolet BeEe ITFAFZEA
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ZoA & 9w E Ak, EFAL o] &L ARAY LA AA
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S0 AY MR P& FFEY A gy HAS NGE g
2 2 F8 W5 ol 7E FAES o) E&F EFAY MNEE EVHY
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B 71E 2l AAgFET AQ He pgonE PAENE vEdE £ 9
ong EQFEAG BALLEGEAY o gudens uHHn vt EE,
Ay dEe £d AQ € FA Aol AAE ofF EFHA Al dof
g #BAe g F7stn ddh gael A(synergismoldts B AS
k)8t H gl Wol A FEEC 2F wet velve 4& xdsr] At
AEHAT, FEAY FEASES A AW AFEE FUtY F53 44
o z4, 444 s o A, YA FHAX Bo] ArHa N
on, ol AYH siFe ¢d Al € WA steHeR oo A7t A
Pz Yot of F Zejo) AFAY FERATA B AFAM M T
Al nEEE Ae 53 AA AsNE ol & A FFAFY. F
3t FAo)d BE AEol AN BEEI] fstd] Auld wg 2L 5
Edol B9 £& A$ HEAA Eie oo A, s,
conjugation #A-L AFN F EAFTZE HWIANA BIFERY 5440 F
& HFEE HEAU FEEE FT/HA AR wdEe £EE
e dde dAHAPE orlate Aol
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Pesticides
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(Monooxygenase
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A Amidase
Glutathione—S-transferase
Metabolites Ete.)

Nontoxic compounds

Figure 1. Detoxification pracess of pesticides by detoxifying enzymes
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Zne AZ F AFE BAAN AFHE U £ AL Rk
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Table 1. Inseticides tested to enzyme assay

Insecticide Chemical name Purity (%)
Acephate 0,S-dimethyl acetylphosphoramidothioate 960
Acetamiprid (E)-N1-L(6-chloro-3-pyridyl)methyl]-N2-cyano-N1-methylacetamidine 99.0
racemate comprising (S)- @ -cyano-3-phenoxybenzyl (1R,3R)-3-
_ . (2,2-dichlorovinyl)-2,2-dimethylcyclopropanecarboxylate and (R)- e«
Alpha-cyperamethrin -cyano-3-phenoxybenzyl(1S,3S)-3-(2,2-dichlorovinyl)-2,2-di-methyl-
cyclopropanecarboxylate
Amitraz N-methylbis(2,4-xylyliminomethyl)amine 935
S-(3,4-dihydro-4-oxob [d1-[1,2,3]-triazin-3-ylmethyl)O,0-di~
Azinphos-methyl ihydro ‘o ! enzold]-[ riazin-3-vlmethy i 90.0
methyl phosphorodithioate
Azocyclotin tri(cyclohexyl)-1H-1,2,4-triazol-1-yltin 974
ethyl N-{2,3-dihydro-2,2-dimethylbenzofuran—7-yloxycarbonyl(methyl)
Benfuracarb . . . . 90.0
aminothio]-N-isopropyl- 8 -alaninate
. . 2-methylbiphenyl-3-vimethyl (Z)-(1RS,3RS)-3-(2-chloro-3,3,3-tri-
Bifenthrin . 94
fluoroprop-1-enyl)-2,2-dimethylcyclo-propanecarboxylate
Bromopropylate isipropy!l 4,4’ -dibromobenzilate 935
Buprofezin 2-tert-butylimino—3-isopropyl-5-phenyl-1,3,5-thiadiazinan-4-one
Carbaryl 1-naphthyl methylcarbamate 970
Carbofuran 2,3-dihydro-2,2-dimethylbenzofuran-7-yl methylcarbamate 99.8

(continued)
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Insecticide Chemical name Purity (%)
2,3-dihydro-2,2-dimethylbenzofuran-7-yl(dibutylaminothio)methyl-

Carbosulfan 83
carbamate

Cartap S,8" -(2-dimethylaminotrimethylene) bis(thiocarbamate)

Chinomethionat 6-methyl-1,3-dithiolo[4,5-blquinoxalin-2-one 90.0
4-bromo-2-(4-chlorophenyl)~1-ethoxymethyl-5-trifluoromethylpyrrole

Chlorfenapyr o 96.3
-3-carbonitrile

Chlorfenson - 94.1

Chlorfluaziron 1—[3,5.—dichloro—4-(3~chloro-S—triﬂuoromethyl—2—pyridyloxy)phenyl]-3— 910
(2,6~difluorobenzoylurea

Chlorpyrifos 0,0-diethyl O-3,5,6-trichloro-2-pyridy! phosphorothioate 96.0

Clortentezine -

Cyfluthrin (BS)— a —f:yano-4—ﬂPoro-3—phenoxybenzyl (1RS,3RS;1RS,3SR)-3-(2,2 %0
-dichlorovinyl)-2,2-dimethylcyclopropanecarboxylate

. (RS)- ¢ -cyano-3-phenoxybenzyl (1RS,3RS;1RS,3SR)-3-(2,2-dichloro-

Cypermethrin . ) 91.2
vinyl)-2,2-dimethylcyclopropanecarboxylate

dichlorovos 2,2-dichloroviny! dimethyl phosphate

Demeton-S-methyl S-2-ethylthioethyl O,0-dimethyl phosphorothioate 50.0

(continued)
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Insecticide Chemical name Purity (%)
Deltamethrin Se);h;;z?:;;i;i};::;:;;;izl (1R,3R)-3-(2,2-dibromovinyl)-2,2~di- 980
Diazinon 0,0-diethyl O-2-isopropyl-6-methylpyrimidin-4-yl phosphorothioate 96.4
Dimethoate 0,0-dimethyl S—-methylcarbamoylmethyl phosphorodithioate 96.0
Dimethylvinphos  (Z)-2-chloro~1-(2,4-dichlorophenyl)vinyl dimethyl phosphate 95.0
Endosolfan (1,45,6,7,7-hexachloro-89,10-trinorborn-5-en-2,3-ylenebismethylene) sulfite 955
Etofenprox 2-(4~ethoxypheny!l)-2-methylpropyl 3-phenoxybenzyl ether 98.0
Ethoprophos O-ethyl S,S-dipropyl phosphorodithioate 92.3
Fenazaguin 4-tert-butylphenethyl quinazolin-4-yl ether 975
Fenbutatin oxide bis[tris(2-methyl-2-phenylpropyltinloxide 995
Fenitrothion 0,0-dimethyl O—-4-nitro-m~tolyl phosphorothioate 85.0
Fenobucarb 2-sec-butylphenyl methylcarbamate 84.0
Fenothiocarb S-4-phenoxybuty! dimethylthiocarbamate 99.1

(continued)
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Insecticide Chemical name Purity (%)

Fenoxycarb ethyl 2~(4~-phenoxyphenoxy)ethylcarbamate

Fenpropathrin (RS)- @ -cyano-3-phenoxybenzyl 2,23,3~tetramethyl-cyclopropane- 9.2
carboxylate

Fenpyroximate tert-butyl(E)- @ —(1,3-dimethyl-5-phenoxypyrazol-4-ylmethylene=amino 99.0
-oxy)-Dp-toluate

Fenvalerate (RS)- @ —cyano~3-phenoxybenzyl (RS)-2~(4-chlorophenyl)-3-methyl 95.0
butyrate

Finronil (RS)-5~amino~1-(2,6-dichloro- @, @, @ —trifluoro-p-tolyl)~4-trifluorome 910

P thylsulfinylpyrazole-3-carbonitrile )

Flucythrinate (RS)~ @ —~cyano-3-phenoxybenzyl (S)-2-(4-diflucromethoxyphenyl)-3- %.0
methylbutyrate

Flufenoxuron 1-[4-(2-chloro- e, @, a -trifluoro-p-tolyloxy)-2-fluorophenyl]l-3-(2,6~di 9.0
fluorobenzoyl)urea

Flupyrazophos Séi?j-dlethyl-o—(1—phenyl—3—tr1ﬂuoromethy1—5—pyrazoyl)thlophosphorc 96.4

Fonofos O-ethyl S-phenyl (RS)-ethylphosphonodithioate 97.0

Furathiocarb butyl ?,3—d1hydro—2,2-d1rnethylbenzofuran—7—y1 NN -dimethyl-N,N 95.0
~thiodicarbamate

Hexythiozox (4R'S.,5RS)—5—(4-chlqrophenyl)—N -cyclohexyl-4-methyl-2-oxo-=1,3-thia %6
zolidine-3-carboxamide

Imidacloprid 1-(6-chloro~3-pyridylmethyl)-N-nitroimidazolidin-2-ylideneamine 95.0

(continued)
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Insecticide

Chemical name

Purity(%)

Lambda~cyhalothrin

Malathion
Mecarbam

Monocrotophos
Methamidophos
Methidathion
Methomyl
Metolcarb
Omethoate
Parathion
Pirimicarb

Pirimiphos-methyl

reaction product comprising equal guantities of (S)-a-cyano-3-
phenoxy-benzyl (Z)-(1R,3R)-3-(2-chloro-3,3,3-triflucropropenyl)-2,2-
dimethylcyclopropanecarboxylate and (R)- ¢ —cyano-3-phenoxybenzyl
(Z2)-{18,35)-3~(2~chloro-3,3,3-trifluoropropenyl)-2,2-dimethylcycloprop
anecarboxylate

diethyl (dimethoxythiophosphorylthio)succinate
S-(N-ethoxycarbonyl-N-methylcarbamoylmethyl) O,0-diethyl
phosphorodithioate

dimethyl (E)-1-methyl-2~(methylcarbamoyl)vinyl phosphate

O,5-dimethyl phosphoramidothioate

4-methylthio-3,5-xylyl methylcarbamate

S-methyl N-{(methylcarbamoyloxy)thioacetimidate

m-tolyl methylcarbamate

0,0-dimethyl S—methylcarbamoylmethy]l phosphorothioate
O,0-diethyl O-4-nitropheny! phosphorothioate
2-dimethylamino—5,6—-dimethylpyrimidin~4-y1 dimethylcarbamate
0O-2-diethylamino-6~methylpyrimidin-4-yl O,0-dimethyl phosphorothioate

870

96.5

98.2

76.0
95.0
%5
98.0
97.0

98.4
3.0

{continued)
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Insecticide Chemical name Purity(96)
Phenthoate S- @ ~ethoxycarbonylbenzyl O,0-dimethyl phosphorodithioate 91.7
Phosmet 0,0-dimethyl S-phthalimidomethyl phosphorodithioate 96.0
Phosphamidon 2-chloro-2~diethylcarbamoyl-1-methylvinyl dimethy! phosphate 925
Profenofos O-4-bromo-2-chlorophenyl O-ethyl S-propy! phosphorothicate 96.0
Prothiofos 0-2,4-dichloropheny! O-ethy! S-propyl phosphorodithioate 81.0
Propargite 2-(4-tert-butylphenoxy)cyclohexyl prop-2-ynyl sulfite 915
Pyridaphenthion O-(l,6—d1hy§1ro—6—oxo—l—phenylpyndazm—S—yl) 0,0~diethyl 989
phosphorothioate
Pyridaben 2-tert-butyl-5-(4-tert-butylbenzylthio)-4-chloropyridazin—-3(2H)-one 980
Silafluofen (4~ethoxyphenyD[3-(4-fluoro-3-phenoxyphenyl)propyll{(dimethyl)silane 93.0
mixture of 50-95% of (2R,3aS,5aR,5bS,9S,135,14R,16aS,16bR)-2-(6-
deoxy-2,3,4-tri-O-methyl- ¢ ~-L-mannopyranosyloxy)-13-(4-dimethyla
mino-2,3,4,6-tetradeoxy- 8 -D-erythropyranosyloxy)-9-ethyl-2,3,3a,5a,5
b,6,7,9,10,11,12,13,14,15,16a,16b-hexadecahydro-14-methyl-1H-8-oxacycl
Spinosad ododecalblas-indacene~7,15-dione and 50-5% (2R,3aR,5aS,5bS, 9S, 90.3

135S, 14R, 16aS,16bR)-2~(6-deoxy-2,3,4-tri-O-methyl- ¢ -L-mannopyra-
nosyloxy)-13-(4-dimethylamino-2,3,4,6-tetradeoxy- £ -D-erythropyrano
syloxy)-9-ethyl-2,3,3a,5a,5b,6,7,9,10,11,12,13,14,15,16a,16b-hexadecahydro
-4,14-dimethyl-1H-8-oxacyclododecalblas-indacene-7,15-dione

(continued)
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Insecticide Chemical name Purity (%)
Tebluefenozide - 95.7
Teflubenzuron 1~(3,5-dichloro-2,4-difluorophenyl)-3-(2,6-difluorobenzoylurea 910
Tetradifon 4-chlorophenyl2,4,5~trichlorophenyl sulfone 985
Thiocyclam N,N-dimethyl-1,2,3~trithian-5-ylamine 876
Thiodicarh 3,7,9,13Ttetramethy.1—5,l1—dioxa—2,8,14-trithia-4,7,9,12—tetra~azapentadeca 950
-3,12-diene-6,10-dione
Triazophos 0,0-diethyl O-1-phenyl-1H-1,2,4-triazol-3-yl phosphorothioate
Triflumuron 1-(2-chlorobenzoyl)-3-(4—trifluoromethoxyphenyl)urea 90.0
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Table 2. Fungicides tested to enzyme assay

Fungicide Chemical name purity (%)

Benomyl methyl 1-(butylcarbamoyl)benzimidazol-2-ylcarbamate 20.0
1-(biphenyl-4-yl -3,3-dimethyl-1-(1H-1,2,4-triazol-1-yl)butan-2-

Bitertanol (bipheny . vloxy) ethy : azol-1-yDbu 970
ol (20:80 ratio of (1RS,2RS) and (1RS,2SR) isomers)

Carbendazim methyl benzimidazol-2-ylcarbamate 96.0

Copper hydroxide copper(Il) hydroxide 93.0
(2RS,3RS;2RS,3SR)~2~(4~chlorophenyl)-3-cyclopropyl-1-(1H-1,2,4-tri

Cyproconazole 95.6
azol-1-yDbutan-2-ol

Cyprodinil 4-cyclopropyl-6-methyl-N-phenylpyrimidin-2-amine 99.0

Dazomet 3,5-dimethyl-1,3,5-thiadiazinane-2~thione 95.7

Dithianon 5,10-dihydro-5,10-dioxonaphthol2,3-b]-1,4-dithi-in-2,3-dicarbonitrile 9%.7

- (E)-(RS)-1-(2,4-dichlorophenyl)-4,4-dimethyl-2-(1H-1,2,4-triazol~1-

Diniconazole 97.8

yDpent-1-en-3-ol
. (E,Z)~4-[3-(4-chlorophenyl)-3-(3,4-dimethoxyphenylacryloylJmorphol

Dimethomorph . 98.0
ine

Edifenphos O-ethyl S,S~diphenyl phosphorodithioate

Etridiazole ethyl 3-trichloromethyl-1,2,4-thiadiazol-5-y! ether 98.6

(continued)



- 08L -

Fungicide

Chemical name

Purity(%)

Fenbuconazole

Fenarimol
Fluazinam

Fludioxonil
Fosetyl-Al
Hexaconazole

Hymexazol
Imibenconazole

Probenazole

Procymidone

Pyrazophos

Tebuconazole

4~(4-chlorophenyl)-2-phenyl-2-(1H-1,2,4-triazol~1-ylmethyl)butyronitrile
(£)2,4" ~dichloro- @ —(pyrimidin-5~yl)benzhydryl alcohol
3-chloro~N~(3-chloro-5-trifluoromethyl-2-pyridyl)- @, @, @ -trifluoro-2
,6-dinitro-p-toluidine
4-(2,2-difluoro-1,3~benzodioxol-4-yl)pyrrole-3-carbonitrile

ethyl hydrogen phosphonate
(RS)-2-(2,4-dichlorophenyl)-1-(1H~1,2,4-triazol-1-yl)hexan-2-ol
5-methyllisoxazol-3-ol

4-chlorobenzyl =~ N-(2,4-dichlorophenyl)-2-(1H-1,24-triazol-1~yl)thio-
acetamidate

3-allyloxy-1,2-benzldlisothiazole 1,1-dioxide
N-(3,5-dichloropheny1)-1,2-dimethylcyclopropane-1,2-dicarboximide
O-6-ethoxycarbonyl-5-methylpyrazolo[1,5-alpyrimidin-2-yl
0,0-diethyl phosphorothioate
(RS)-1-p-chlorophenyl-4,4-dimethyl-3~(1H-1,2,4-triazol-1-ylmethyl)p
entan-3-o0l

96.5
98.4

95.0

96.1
95.0
88.0
95.0

975

96.5
98.7

60.0

98.0

(continued)
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Fungicide Chemical name Purity (%)
Thiram tetramethylthiuram disulfide 98.1
Tolclofos-methyl O-2,6-dichloro~p-tolyl O,0-dimethyl phosphorothioate 97.2
Tolylfluanide N-dichlorofluoromethylthio-N’ N’ -dimethyl-N-p-tolylsulfamide 97.0
Tricyclazole 5-methyl-1,2,4~triazolo[3,4-b][1,3]benzothiazole 96.0
Trifflumizole (E)-4—c.h%oro— @, a,a —trifluoro-N-(1-imidazol-1-yl-2-propoxyethylidene) 910
—-o-toluidine
Trifluazamide - 91.0
Triforine NN’ -{piperazine-1,4-diylbis[(trichloromethyl)methylene]}diformamide 91.0
Vinclozolin (RS)-3-(3,5-dichlorophenyl)-5-methyl-5~vinyl-1,3-oxazolidine-2,4-dione 91.0




1) Abg AR : Alternaria mali(Am)
2) Al HEHM 2 Botyosphaeria dothidea(Bd)
3) At @AY : Glomerella cingulata(Ge)

5. AleF

- Metyrapone : Fluka Chemical AG. (Switzerland)

- Diethyl maleate : Aldrich Chemical Co. (U.S.A.)
1-Chloro-2,4-dinitrobenzene (CDNB) : Sigma Chemical Co. (U.S.A.)

+ Dimethylaminocinamaldehyde : Sigma Chemical Co. (U.S.A.)

+ Glutathione (GSH, reduced form) : Sigma Chemical Co. (U.S.A.)

+ Lauryl sulfate sodium salt sigma ultra >99% @ Sigma Chemical
Co. (US.A)

- Triphenyl phosphate, 99+%: Aldrich Chemical Co. (U.S.A.)

- Piperonyl butoxide : Aldrich Chemical Co. (U.S.A.)

+ Eserine(physostigmin) : Sigma Chemical Co. (U.S.A.)
@ -Naphthyl acetate : Sigma Chemical Co. (U.S.A.)
o -Dianisidine, tetrazotized (fast blue salt BN) zinc chloride

complex dye content appox 20% : Sigma Chemical Co. (U.S.A.)
o ~Hydroxymercuribenzoic acid (sodium salt) H20 content
2mol/mol : Sigma Chemical Co. (U.S.A.)

- Disodium hydrogenphosphate 12-water : Showa Chemical
Inc. (Japan)

+ Sodium dihydrogen phosphate dihydrate : Showa Chemical
Inc. (Japan)

- Potassium chloride : Showa Chemical Inc. (Japan)
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- Acetone : Showa Chemical Inc. (Japan)

- Ethyl alcohol : Hyman Limited Co.,, GP3 (England)

- Chloroform : Hyman Limited Co., GP¥ (England)

+ Bovin Serum Albumine(BSA) : Sigma Chemical Co. (U.S.A.)

6. AM-4-7]7]
- Centrifuge : Beckman L8-700-M, ultracentrifuge (German)

Beckman J2-21, centrifuge (German)

- Homogenizer : Philip Harris Co. (England)

+ Ultraviolet/visible spectrophotometer :

Model V-320, Hitachi Co. (Japan)
UV-240, Shimadzu Co. (Japan)

+ Refrigerator : Model HM-1501V, Han-0O Co. (Korea)
- Water bath shaker : Personal-11, Taitec Co. (Japan)

7. AR

7}. Microsome®} cytosolic protein®] A

#o A% microsome R glutathione-S-transferase(GST)E &

AN FHo ARE FIAN F BEE ANEA & HEHAST DS
1.15% potassium chloride &9 22 9] FAE& A A t}& homogenizer
tubeol €70 %, 0.IM sodium phosphate buffer(pH7.4) bm¢Z homogenizer
(Philip Haris Co., England)® w2 Al o] FAvkdsiAnt. o] A8E
centrifuge(Beckman J2-21, Germany) 10,000g9l A 15837 44 £ 34
Aol g #% ¥ ultracentrifuge(Beckman L8-700M, Germany) 105,000g°l
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M 1A e 2AAEE S, 2 old A5 A 2R cytosol fraction
< dAot. F& pelletE 0.IM sodium phosphate buffer(pH 7.6) 5m¢& A
A2 F 105000g°0A 1A o 2AHEEEY £4F microsomal
pellet& At 9714 D& microsomed} cytosol fractione -74°C<] deep
freezeroll X #3}9]c},

L Rat J

{ Liver I

centrifuge 10,000g for 15min

|

I——Supernatant l I Pellet I

Ultracentrifuge 105,000g for 60min

l Supernatant l L Pellet I
(A)

0.1M phosphate buffer
(pH7.4) 10ml|

Ultracentrifuge105,000g for 60min

|

[_vSupernatant ] I Pellet I
(B)

Figure 2. A schematic diagram for the preparation of cytosolic protein
(Alamidase, csterases, carboxylesterase, glutathione-S-transferase)

and microsomal fraction(B: monooxygenase) from rat
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| Insects I

I Head removal 1

| Homogenization I

centrifuge 10,0009 for 15min

| I
I Supernatant j L Pellet I

Ultracentrifuge 105,000g for 60min

|

’ Supernatant J [ Pellet J
(A)

0.1M phosphate buffer
(pH7.4) 10ml

Ultracentrifuge105,000g for 60min

|

[ Supernatant { Pellet J
(8)

Figure 3. A schematic diagram for the preparation of cytosolic protein
(Aramidase, esterases, carboxylesterase, glutathione-S-transferase)

and microsomal {raction(B: monooxygenase) from insect
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o dd g
Lowery 52 Wd] #3849 bovin serum albumin(BSA)E& EFF o2

750nmAA FBFEE FHs @ AE FFRAG.

o #5388 add A Fge FE A A

) BE8d =4

Ztztel A gL YAE HAs 10me volumetric flaskel &7]3L §-3)
o] wal acetoneo)U Hx00 AFL3e 0.1M EFLEAL 2AF F 1x
10°M~1x10 "M7+2) 84 5te] Arg3FSAch,

2) &k glutathione-S-transferase &4 A 3l
Aol GST &4 A8 H S Habigel ¥ ko] AAstAct AP
o) 0.1M phosphate buffer(pH7.4), GSTE &3l cytosolic protein
02mg, SAWNE %A 30wE Wi 37CoA 583 incubationAlz]l ¥
15mM glutathione 3049 712 ¢l 1-chloro-2,4-nitrobenzene(CDNB)& # 7}
&3, ¥hg FHFRE 127 340nmoll A FFE9 WMEE S,

3) &<l amidase &4 A3

Amidase 84 A8 &AL Matsunaka?] Yol £3lo] AA s
Amidase B4 & §R3E cytosolic protein 1.5mg3 < 30 E wjY7)
(37C)oll A 587t incubationA] 71 &, 713 <] 0.IM propanil 30utE go] b
47l A 30%1E ¥H-&-A1Z Y} Trichloroacetic acid (10%) 2mE o] &8
FAANZ F 5000g0A4 1083 dAEeste] ddE dAldg AAsA

o} 719} 0.1% dimethy! aminocinnamaldehyde 1m¢E H718o] 5E 7 WA
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A F 540nmolM FBE=E FAHA

4) & <°F9) monooxygenase &4 # 3f

Monooxygenase 4 A& A4 Kuhrd W¥d 3o AAsQ)
Al# #ell microsomal protein 3mg, 0.1M phosphate buffer(pH7.4), %< 30
wE Wil 37ColM 5&37F incubationAlZl F, 0.53M p -nitroanisole 302,
NADPH generating system 0.5m¢ [20mM glucose-6-phosphate, 1.8 unit
glucose-6-phosphate dehydrogenase, 20mM NADP in phosphate buffer
(pH7.4)1& 7F8to] 37ToA 1587 #H§AZl ¥ IN-HCl 2R w&& F
AANZRT, g dE EAYG T &7 chloroforme 2 £33 5N-NaOH 5
m¢E 7}k WA g o -nitrophenoate iong FFE 400nmol A A8 ).

5) ¥ 92 esterases A A 3
kA 2] esterase B A FHL Van Asperin® Wo &3dld A3}
At cytosolic protein 2mg, & 10ulE @il 37Co A 587k incubation

A7l % 7139 a-naphthyl acetate(5mM) 1mlE& #H7}et: thA] 2087

&AM incubation AlZTE ¥ES FHFE wk2dl 06mlol)  diazoblue-
sodium laurylsulfate(5% sodium lauryl sulfate + 195 fast blue B.N. salt,
5:2(viv)) £ 08mlE #7Fsm F-&olA 1587 dAAlZl F 600nmel A

7l 82 E <l @ —naphthol®] §3E=& ZH3Ah

6) &9kl carboxylesterase &4 A 3l
oF#l 9] carboxylesterase 84 A& ¥ & Van Asperin® wWyo] F3lo
AAleklet. Alg kel 0.1M phosphate buffer(pH7.4), esterase® 3=

cytosolic protein 2mg, F<F 10utE ¥ 3 arylesterase$} cholinesterase?] =
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AE #13 p -hydromercuribenzoate 2048} eserine 20uE H7iste WHg
AMAHE 37CAA 583 incubationrlZl ¥, 71A<Q  a-naphthyl acetate
(6mM) 1mlE #7138t oA 2087 incubation AlZTh ¥HE HF wgof
0.6mlol diazoblue~sodium laurylsulfate(5% sodium lauryl sulfate + 19
fast blue B.N. salt, 5:2(viv)) €94 06mlE H71ste] ALolA 1587 &4
AR F, 600nmell A FFEE ST

D oAl RE ga AdHe A
okl Ao aAEAL £HTFY TABNTG vTHY A
T3, EAEAA S 50% Assle FEQ LittoE JERUATE

A-B

% Inhibition = X 100

A UiRT 5484,
B : FA Al o] Ao AAHA.

8 71EFA 14

ZfEdAe A28 AYA F58 Ax BHE Adse FAL EF
371 A HAZ FHERALE Fot] FAW AL @ oA EFA
A B3 1Y A, Ee AYAY Pl REZEL 4F AYo)
g8 FAE FHoZ ddsAn.
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9. HEFY HA

A e A

1) BEE8dxA
GAHYA gd FAEL 4AE At 500m¢ volumetric flaskoll
713 acetone 50mée} WHY(Triton X-100, 100ppm) 450mes) =l &
2 A43l9 500ppme] EFEEHE AT F M3 ALEEAT. EFA
BE 2F9 A A7 11 (VR EFEA AL

2) FAEZF A A W
AWARNYE o) 4ste APtk WiFAE A 5cmz AL F &
Moo 303t FASR FANN F, AFHA7F 29 petri dish(id. 9em)ol
& FEsAU. 1559 109ty 3t 39E APt 26+1C
NA 24X ZHE WA F T A2ES ZASIYE 2™ Finney probitAl Al
o8t} WAL FE (LCx)E A& AT

B

T FA

ofye

3) A% 44 (Synergism)9] Bl %7}t
Sun & Johnsong W& ol &8t E§ Mo aHE wlasy.

E&A 9 Actual Toxicity Index
T A9 Theoretical Toxicity Index

%100

Co-toxicity coefficient

AA 2 LDso
EgA9 LDs

x 100

1]

Actual Toxicity Index
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Theoretical Toxicity Index

AA 9 FPAF X EFAFTE AAY % 100
= X
BAle] 54AF X ERFAF BAY %

A A 4 (Toxicity Index)

714 ZA(A)2 LDs
= X 100
FAA 9] LDso

olu] co-toxicity coefficient A4+ 7} 1000] 7}7+$H similar action, 1008
t} BN AW synergistic action, 1008.t} 22 independent action, 100K
t} R oW antagonistic actione. 2 3 7}al ¥t}

o A28 23

HEASL HFAE THE A3 T RS G Lohny] Ashe] A
FEHE AU HEBY AHE (DAF FLATL AFA A4
AN 95 Ak

1) FAuixje] x4
A A2l potato dextrose agar(PDA)E ZAE F 56C AEZ 23
e dAFe g HUsle okAuiRE A REH )

2) WY HF
28Tl A 4947 vggt HAdwe FAGRZ22E 6mm cork corer
2 punchingdte] kv =jo] of 28} 447t wige F FF9 AASE Ao

ALl ARG AE I A AR &S Ae)
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3) ARG AA L ALY

TAHY G A A& (%)

(BATY] #F A7 Fd)-(AL+ 4% A4 Hd) 100
- X
(FA el #5337 FHT)

10, AY At 2 2ZHY
B2 AYS (3% T¢ 720 Agste AANHAUG

7t AT

AMAYEE ()3T YA TE THASH (25220)eA 793 FAx
E Q1) AASele W FE b8 (Plutella xylostella L)& FUlAHS 31 Aol
ol g3stglov, XFAYL wWiFF U did HEeH e AE} 93
o Adxbwriel wiFEgoA AP AAGALT, FAFL olg EFA
A4 wAske & o8t

Table 3. Insects tested and their rearing conditions in the laboratory and

the field

Species Tested places Host plants

Plutella xylostella Laboratory Cabbage leaf
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U A e g EFAY g

B Ao AFE-F diazinon+carbosulfan(24%+6%) A, chlorpyrifos
+carbofuran(12.5%+12.5%) <34l ZLE]l3 phenthoate+tbenomyl(24%+ 6%)
FRAE (F)4% FIATL AAATHENA AAsS AHEstoT,
AzHL olefo} ol

Aol AxYe BA AAS AVGEYA, RxA, FFA & A
23} 3, universal mixer(Dalton Co. Ltd)& °}43ld FnF EFI ¥
jet-o-mill(Altech Co. Ltd)& ©)-&38c BFUA molstz EH3o A=
sgom, S Az 94 44 S48 A} dAE &A=
$8N2 & ARNGRAE WAL stirer® o] §3te) EFst A=Y
. AYAFAMY FRxAE $H FFHFFO triton X-100€ H7Hehe
100ppm®) stock solution® F=H|3ATH. FAYAE chemical balance2 &
Akl 100ml AAEeG2zd Fo} &3AZ F triton X-100 stock
solution(100ppm)& A7}3ted 4R FEW YA E XA AHE3AL
W, A Ee Fgole Yubsge] AU wE A8TlEEER H4Y
sto] o] &3hgih
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A A By

iazinon + Carbosulfan (24+6) EC

A ukA
8= 3 3 3 (%)
4 A Diazinon 24.0
a4 A Carbosulfan .60
A& A 1 POE Tristyryl phenyl ether 55
AHGR A1 Calcium of dodecylbenzene sulfronate 45
£ Xylene Rest
Total 100.0

ANzEA

Ny, £ of ot mER-1] X &
LT 2um A% @z REx
2 M
‘Aai g -———
214 ABAI
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Chlorpyrifos + Carbosulf 125+125) WP

A A
4= F 9 g FH (%)
A A Chlorpyrifos 125
4 A Carbosulfan 125
ARG A 1 POE alkyl aryl sulfate 5.0
AR A A 1 Sodium lignosufonate 2.0
HZA White Carbon 17.0
Z 2k A) Kaoline Rest
Total 100.0
A ZEA
e, S | e | Miling REE
L) as AE 2um NEE
& At
48 | [———
a4 22 Al
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Phenthoate + Benomyl (24.0+6.0) WP

WA
£ 5 = 3 & F(%)
a4 A Phenthoate 24.0
a4 A Carbosulfan 6.0
AHEGA | POE alkyl aryl sulfate 8.0
BZA White Carbon 20.0
Z ok A Kaoline Rest
Total 100.0

AN ZFA

Heg, 5 EE Milling X &
R AAZ AR AR 2um PUPIES

=

224 23 Al

=N
45 |+
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o EFAS] 4FEI} FEEH

1) Auad

2 A9 AR WEE bt HASHE ol4% WwHe A9
el H2AAE AU HASHE WEE g 28 8EL ol 43
o 4Y¥e FYgoH, AAYNE FNFARNE 5em)e 2R FEW
sl o) 1023 ARAEY SAF AR 2 petri-dish(XE 9em)oll ¥
3,z AE $3¢ 3T 0vky FEAAHPADY). FANY 24,
48, 7247 ol AAESE RASIGOH, BE YL AUASEAY 2
£ 25%2TC, 4dl&E 50+£10%, FZA 16L : 8DXALE HA3lg. A
Ao B Roe Rolu Hoz 2AE FEAA $3Y e A
2 L Aoz dYt. EE Y 3Hos dgon A2LR §AF

F 1 A%E B4,

2) EFAS E8HIt
W EE el dd SAAMNEL AR AFA s 2R $EF
dA s@stgen, AudyY R FALEE TR BYAY F5H
Agel S vl AT 43A, 4aA R ARAE A FEFA o
NET R NP L Gy 3E oz wEg 20m’2 wAstgen, oA
T FAE ZAEA vE7 wjFEF e WErt 50mbe] ol HA AT ¥
of APstRrt. ZAYE dWHQ FFTEYUAFY ZAMTHA FA A
3,7, 1494 Fol WEF YFFE AR L, o] AAE AFLE 43
o FAAZA ol &3t
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3) SAEA
AEZYAZEYEY B¢ ZAE 455 E Finney(1971)9) probit'y 2
2 BA Aese EAlY %8 ZAASAUTh Duncan multiple range
test(Duncan 1955, SAS programZ ¥ A gsle] FoANE ARsgon,
NEE&R B4 F Excel program(Microsoft Co. ver 5.0)& ©]-& 3t 9|
ERE FIA
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Al 32 23

1 EBAY A2H AH4AF
7} FW A8EA FBHL e EYA

Table 4. Pesticide mixtures in korea

Insecticide-A Pesticide-B AE R WS

a -Cypermethrin Chlorpyrifos ZE JRE, AF A, b ARE, 7 AEA
vk, 313 ARE, wijF st

Bifenthrin Chorpyrifos Azl Huto]l Zof - AQE, wlF FulAAR
g, 2o AeZAE W

Bifenthrin Profenofos 1F EARAE - g

Bifenthrin Carbendazine Atz ARAE - A - S

Buprofezine BPMC B HET

Buprofezine Isoprocarb ¥ g

Buprofezine Matolcarb ¥ BHEF

Cabaryl Phosalone )3 whEghvie), o AMeiv . E 7

Carbofuran Isoprocarb ¥ B gy

{confinued)
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Insecticide-A

Pesticide-B

Carbofuran Probenazole %

Cartap Buprofezine 8 BgF . Egud EntE 2471F 0], @7 24X
ey, 23 20]FAHd, ZA old LS 3

Cartap Ethofenprox W ¥ Eul7r] - ol - g T

Chlorpyrifos Diflubenzuron At A EUYr g 2o 7 2R AU uE
stk 5 sdhopy o) gz o oy

Clofentezine Acrinathrin Atz ZHubo] §-of

Clofentezine Fenbutatin-oxide At eko] -of

Clofentezine Acrinathrin At g aho]g-of

Clofentezine Fenbutatin-oxide A} gubo] g-of

Cypermethrin chlorpyrifos ALt ALFERARE Bl F BESolZAYE

Cypermethrin Phosalone HaE ARE, Ay AQE

Celtamethrin Dichlorvos At AAER R B

Celtamethrin Phosalone TE JYE, #4 23, AR AREIYE,
AF BEoZAdE, oy efuiyds

(continued)
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Insecticide-A Pesticide-B Z4E 92 g

Deltamethrin Profenofos 13 EARE, WiF EFolSARE, 3 AQE,
o FGE, eI UF R gy

Deltamethrin Pyraclofos Bl Z BSolSARE

Diazinon BPMC ¥ g7

Diflubenzuron Furathiocarb At AtgrEndd, g A, i shihviby g7
ZEAGY, o] 2FYEIRE

Dimethylvinphos BPMC ¥ BjdF - Sy

Edifenphos BPMC W =gd - wEp

Esfenvalerate Fenithrothion At AR ZRAR/E, o e, e EUE
v E U

Esfenvalerate Malathion aF EZIRE, MF FE5oEIARE, 20 IQE,
S~ mIFEEVYY

Ethofenprox Diazinon A Bgobd v, g Fuju, Q0] 2471F
o], Mg Ihhwr # ZAFA G, Ao "F g

Ethofenprox Phenthoate 722 b, A I9E, o) ARE, WF Sehgd

Fenitrothion BPMC ¥ g

Fenitrothion Kasugamycin B ol - =gy

(continued)
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Insecticide-A Pesticide-B g 2 Al F
Fenpropathrin Fenitrothion g FLo - FSFU - ZRURIARE
Hexythiazox Machine-ail ZF F89, At AFg-of

Imidacloprid Pebufenozide ¥ BgE, 4g 2FUFIRE

Isoprocarb Pencycuron W JAFHuEY - g

Isoprothiolane BPMC H gy Exgy

Lambda cyhalothrine Phosalone Abd AQE A7 v

Lambda cyhalothrine Primicarb 1% ARE, wF BFolEARE, Av IRE

Lambda cyhalothrine

Primiphos-methyl

AT ARBEUE, 13 ARE, BHE ARE

Fenpropathrin Propargite At dubol gof - IQE

Fnpropathrin Tetradifon Abel Lof g ZEgof, vl Fubo] g, Fuk &of
Flufenoxuron Fenbutatin-oxide Avs AbabEube - o, w) Adho] Sl

Lambda cyhalothrine Tetradifon At SR F - ATy

Mecarbam Cypermethrine A AGE, g 22T

Phenthoate BPMC ¥ H{ET - U A

Pirimiphos methyl Cypermethrine Ag AQE 33 gy, w3 s3]

(continued)
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Insecticide-A Pesticide-B g 4 didss

Pyridaphenthion BPMC ¥ WE T - B Eulyy]

Pyridaphenthion Ethofenprox

Pyridaphenthion Metolcarb H oolggud, eeuF vy dEd

Tebufenozide BPMC B HBT - ol gyl

Tebufenpyrad Furathiocarb Hl ARQAE, Fut BIQARAE, 74d FLof, A7 S

Teflubenzuron B.T. At Bgobal A vt

Tetradifon Fenbutatin oxide A Sof, g 8l v Futo]gof

Tetradifon Primiphosmethyl A T goff, o AQRE, FEF Futol &l

Tetradifon Propargite Atz Hdbo] -§-of

Validamycin BPMC

Dichlorvos Phosalone At} AbE g, ZE 280

Diafenthiuron Furathiocarb A AREIARE, FE ZRUFIRE

Fenitrothion Fenvalerate Az AQRE, ZF U, T I¥HstEL, WF
o L}, 9.31 UE egusdds, 3 ZEA U

Benfuracarb Acephate Ars A

(continued)
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Insecticide~A Pesticide-B 42 R adEdF

buprofezin Bifenthrin 20] 247tF0]

Buprofezin Amitarz HEF 2UEAAEY, A 2LZAEH

Buprofezin Furathiocarb v Z-AdE, 2 oA olAAE Y, EBUIE - Q0]
42 7}HF ol

Fenitrothion Silafluofen ¥ ZRud, 3 gy

Cypermethrin Tebupirimfos 7=} drold g

Amitarz Bifenthrin Ab3h Ab3t-g-of - 3 ulo]g-of

Acetamiprd Diflubenzuron A3t AbzEu

Acetamiprid Bifenthrin W3 gl @ o] 247)F 0]

- Acetamiprid Etofenprox At JARE, o - g RFYFARE

Acetamiprid Chlorfenapyr T ko] gof

Acetamipridg Fipronil #E E=HEAEd

Indoxcarb Teflubenzuron A3 AbaE e

Hexythiazox Dichlorvos v Futo] Sofl - BT FIARAE

Chorpyrifos Acetamiprid At AQE

Chlorfenapyr Bifenthrin ek Fubolgof, wjF SulAA v, 23 de
Ade, AvE ARG, 1F 2015 A2

- e (continued)
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Insecticide-A Pesticide-B e 9 gl

a -Cypermethrin Cchlorfenapyr v i EFU

Chlorfenapyr Teflubenzuron Az AtzbE g, WS e Fohd

Chlorfenapyr Pyridaben At g-of

Tebufenpyrad Diafenthiuron Atd Sof, AF S, vl Hulol Gl

Tebupirimfos Tetradifon #E 8, AT S, v Huto]gof

Tebupirimfos Cyfluthrin Z7 dropd g - AAujvt, vlEs uzbE I,
W3 v Eddd, I FHoliF

Teflubenzuron o ~Cypermethrin w3 s

Triazamate a -Cypermethrin a1F JAGE

Triazamate Furathiocarb At AFHEZARE

Fenpropathrin Fenitrothion 72F 28 - 2RYFIARE

Fenpropathrin Benfuracarb I1F AYE, 727 2P UYFALE

Fenpyroximate Propargite Ard Soff - ARE

Phorate Diazinon ZA2 AAvj

Pyridaben Bifenthrin 7g Z289

{continued)
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Insecticide-A Pesticide-B AE 2 gt

Pyridaben Azocyclotin Atz Hdto]g-of

Pyridaben Primiphos—methyl Hj Zuho]g-of

Pyrimidifen Bifenthrin Atat g, vl gubo]g-of

Lambda-cyhalothrin Chlorpyrifos At Qlgre]uiul - Al F vt

Lambda-cyhalothrin Tetradifon AR g - AbE VR

Hexythiazox Bifenthrin At g-of

Difenoconazole Fenazaquin v dlo] g-off

Probenazole Carbofuran W Jsdy - wgdy

Imidaclorprid Carpropamid H AEgH - B Eun]

Carbosulfan Probenazole ¥ Adedd - B ExF

Carpropamid Imidacloprid B =gy .- ¥ EuFy

Carpropamid Imidacloprid H FAALE - J=EY
Fludioxonil 4

Tribasic copper Tebufenpyrad i Aulo]g-of

-sulfate

(continued)
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Insecticide-A Pesticide-B Zg 2 diadE

Alanycarb Fenpropathrin Q0] EIAIE

@ -Cypermethrin Flufenoxuron 3 guhgdl e F e EE U, e ExgFAgddE

Ethofenprox Fenitrothion At Bgol 4l A vt

Etofenprox Tebufenozide Zrt] AAA PG

Imidacloprid Methiocarb =3 Z2xHFAgE, 2E oA A2,
Q0] 20FAEY

Imidacloprid Mmethoxyfenozide ¥ {3 vy

Imidacloprid Chlorpyrifos Ag ARV, g 2RUTIHE

Indoxacarb Etofenprox At AbgrEhbd, ulF d v

Lambda-cyhalothrin Triadimefon W H2EFHY - JYE

Halosulfron-methyl Mefenhacet Z1AlolgB(oldr) 93 AR - pAAF =,

Carbosulfan ¥ Euh7 o]
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o EEA AL, A (L B)=A

Table 5. Pesticide mixtures in Japan

A A ]
Pesticide-A  _ Pesticide-B 51 Pesticide-C 25 2 gasiF
=3 AREF, RUF A=ASE, AW A
Allethrin PR CVMP oP Fo ARE SR sre e
=17
ZFUT AL, FUUE 4424, ¥
. o 2 ANER AQUT A LAF, Avg 2
Allethrin PR Machine o1 MO ARARe BEE AUEE, bt oA
otzAgd, Bri% $EuE VAEF,
Allethrin PR Malathion OP ZAGETF, Z9 AREF
=3 IQPEF, W3} AREF, 9T 03I E
Allethrin PR MEP OP NAC CB 44, &Y AQEFH, #v ZuSoddd3n
e
Cycloprothrin PR BPMC CB ¥ B Eul7u], 8 wddy, ¥ a7
EEujn &, d7F, 8 #HYdd, ¥ =5
Cycloprothrin PR Diazinon OP NAC cg | EEHTEE M ”T N
B
Cycloprothrin PR NAC CB B Eupyu] v B QEs,
Cycloprothrin PR PHC CB W ZEuulE 8 I35, ¥ 5ddd

(continued)
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Pesticide-A Pesticide-B A% Pesticide-C ; ZFE 4 didiF
FxEAF, 7 ESZAEY, 2E E2VE, 2
2 EZFAdd, w wjAdsud, 8 v,
Cyhalothrin PR Diflubenzuron BU Wl JAREF, A AAEhg, A AG9ER,
A A2 Uag Al ddoludti, X FH5t
s EEFAEE
. . u gl R, By BTURAAdy, ¥y FuFd
Diazinon OP Machine oil MO MY RUE By o]Bol b Ak AFTL o]
Diazinon OP Machine oil MO Malathion OP ¥ £oF, AbF ALzpSol, 3= Al=2of
g ARLZxdd, 33 FIRE, 2 $9F &
Ethion OP Machine oil MO Z olAgeolAAdd, #E HAAAE, W] FAF,
2URAAEE, A SR, A AREF
Btofenprox PR Bensultap NT ¥ EEAnE, ¥ =AAF, 31 B Zutpn], 8 8o
v o W), ¥ olsidF, ¥ v
Btofenprox PR BPMC B ¥ ZEunE o F3F, o sEulTe], 8 8

2

(continued)
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A ;
Pesticide-A 2 Pesticide-B 2 Pesticide-C | e 4 diadE
¥ ZEO0F, 8 =dA4F, 8 vWEIF, 4
N 975, 8 wWEulgu] o oy, ¥ uigl
Etofenprox PR Cartap T wa, W olHgu o 2AELAE, ¥ &3
Uk el wl3EUd, Se: ARER
Chlorpyrifos oo, 8 =dUAF 8§ 2FF 9 o
Etofenprox PR ~methyl OP gmg W oSy W Ty
Etofenprox PR dichlorovos CB Qo] AREF, EQAEol Gul7tF o]
h=] ig H , ) §;’ , B ==, H‘Hi
Etofenprox PR DEP OP T oA, AR AR, SAE AT
Zvin
Dimethyl ¥ ZEonE 8 =dqAF #H dFIF, o
Etofenprox PR oY OP W7E, 8 wo W wEd, W o8
~vinphos Wy, W ERu,
W ZEduE ¥ 2AAF 8 wFI0F, H
f PR MEP P
Btofenprox © 275, W dud, Holsyrhy
W 2ol o =dAF, ¥ AF0RF, H
Etofenprox PR MPP OpP B3 Wawd, ¥ o FIuR

(continued)
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] Pesticide-B

Pesticide-C

Pesticide-A 2 E 2 gQadsE
7 AEAY, 3 =d3AF, 7 2471872
Etofenprox PR PAP OoP APy, #F EEFAqEY, 28 AR
R
Etofenprox PR PHC CB ¥ EExuvE, o 27F, ¥ Hadd
Z EEFAEE, & SodF, FE 289,
g EEFAEH, il SAF, v IHLER,
Egol SolfF, EFol IAER, T894
Fenpropathrin PR Hexythiazox IT 5, A A]-J‘}% yuk, Az Apbggol, A
AAUdF, I BEFAEY, A g4
o] &-ofl, 2 ZtAS}HSol, & EEFAEH, A
Lyl =in &
W ZE5uulE, 8 =dAF o 77, H
Etofenprox PR Pyridaphenthion OP Eut3n, | wjgdd, ¥ olsEud, o
S L
Etofenprox PR Thiocyclam NT W B d, ¥ ody

(continued)
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Al ) A e
Pesticide-A = Pesticide-B = Pesticide-C = ZHE 2 dAdEE
Etofenprox PR Thiodicarb CcO AtgE$ Fdol,

Fenpropathrin PR dichlorovos

Ede
W2 ERARAE, WE 3w, & 53
CB o -
HE T

PR :
CB:
CO :
BU :

Pyrethroid insecticide,
Carbamate insecticide
Carbanoyloxime insecticide

Benzoylurea insecticide

OP : Organophosphorus insecticide,
MO : Machine oil,
NT : Nereistoxin-analogue insecticide

IT : Isothiazolidinone insecticide



2. 58 &xd d¢ sy FAPAN 49

b o FEE Rae Uid AEA AAe AHA

7t Aol F=3 A2 BAAH AP @A, A AEEY dAAEH
AN AFES Ha7|EE otdsy] 3o ojn] &zl F53 Aae HEF
A AE ol g3ty LB AHHFE FAHEAUDG. 1 2} FE AHAL
Zt 83 FE53 Aad dEY 2 ANYE JEIRAT. o AdFe
A9 dgE e F veie Ao,

Table 6. Inhibition of detoxifying enzyme by specific inhibitors.

Compound Specific inhibit Degree of
mpoun eci ibitors
po P inhibition(Is,”, M)
Ethacrynic acid Glutathione-S 401%x107°®
Diethyl maleate ~transferase inhibitor _b
IBP Amidase inhibitor 250% 1077
IBP 6.17x107°
Esterase inhibitor
Triphenyl phosphate(TPP) 257x107°
Tripheny!l phosphate(TPP)  Carboxylesterase 1.26%x10°
IBP inhibitor 2.45%107°
Metyrapone AMonooxygenase 1.00x10™
Piperonyl Butoxide(PB) inhibitor 1.00%107°

? I : Enzyme activity 50%& AL & Y= FAY 5
- >1.00x10°M
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U F53 mdel i@ AFAe g4As8)

@A BEHHA Je 77FY 4FAE d¥ 22 glutathione-S-trans-
ferase, amidase, monooxygenase, esterases, carboxylesterasec] wl§ &4
AAHE AT 23, AF AFAEC) HAAZ ALLE £ & AAYS
Ad Aoz FAHUT. drtH o2 {r]dA e FhuidoEA AFAe 71
FE3 &AA2 amidase®} esterases, carboxyesteraseo] Wdled =& AHH
€ UYET. GSTY #4& 2 Afsle ez Jeld 43AE
benfuracarb, furathiocarb, thiodicarb, thiocyclam, azinphos-methyl 5 ¢}
2, amidase?] 7% dimethylvinphos, profenofos, phosphamidono] & 7
A AEe Aoz U Monooxygenase acepphate®} chlorpyrifos,

profenofosoll 2}3l, esterases®} carboxylesterase ¥ &4 2% carbofuran,

DDVP, profenofos, pirimicarbel] 218] A5+ Ro] &AFY}.

o #5538 G g AdEAe] BAHA

F 2% AIAE HYes 5% F53 fho oY A AP
AARstAct. 1 A3 GSTE dithianon, edifenphos, tolyfluanided] 2]&}o,
amidase® edifenphosdl 9d AdHE RE #FA3 AUt benomyls
edifenphos, pyrazophost= esterases®& # A#lstEs Ao & by
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Table 7. Inhibition of detoxifying enzymes by insecticides

Degree of inhibition(Ise, M)

Insecticide
GST Amidase  Monooxygenase  Esterase Carboxylesterase

Acephate =P 210x10°° 1.31x10* - -
Acetamiprid - 7.25%10™ - - -
Alpha-cypermethrin - - - - -
Amitraz - - - - -
Azinphos-methyl 9.06x10°  142x10*° - 479%x107 550%10™*
Azocyclotin - - 292x10° - -
Benfuracarb 130x10*  460x10™ - 4.17x10°° 1.10x10™
Bifenthrin - - - - -
Bromopropylate - - - - _
Buprofezin - - - - _
Carbaryl - 1.26x107 - - -
Carbofuran - 1.48%x107° - 759%x10™ 794%10™
® Iy : Enzyme activity 50% & AT & Y= FA49 %
Y - S1.00%103M (continued)
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Degree of inhibition(Is®, M)

Insecticide
GST Amidase Monooxygenase Esterase Carboxylesterase

Carbosulfan 2.00%10° 200x107 - 3.98x10° 3.80% 107
Cartap - 7.64x10™ - - -
Chinomethionate - - - - -
Chlorfenapyr - - - - -
Chlorfenson - 3.81x10™ - - -
Chlorfluazuron - - - - -
Chlorpyrifos - 398x107° 1.26x10* 2.34x10™ 6.31x10™
Clortentezine - - . - -
Cyfluthrin - - - - -
Cypermethrin - - - _ _
dichlorovos - 792x107" 863x10™° 895%x107° 153x107°
Demeton-S~methy! - 3.16x10°® -~ 4.27%107° 8.24x10™

? Iy : Enzyme activity 50% 8 A& 4 Y& A9 3%

® o >1.00%10°M

(continued)
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Degree of inhibition(Is®, M)

Insecticide
GST Amidase Monooxygenase Esterase Carboxylesterase

Deltamethrin - - - - -
Diazinon - 251x107° 361x10* 391x10™ 541x10™
Dimethoate - 562x10 8.01x10™ 9.55x10™ 7.08x10™
Dimethylvinphos - 145%10° - 1.26x10™ 759x107
Endosulfan - 3.17x10™ - - -
Etofenprox - - - - -
Ethoprophos - 2.29%107° 1.04x107 - 9.42x10™
Fenazaquin - - - - -
Fenbutatin oxide - - - - -
Fenitrothion - 150x10™ 1.79%10° 251x10™ 741107
Fenobucarb - 6.31x10°° - 566%x107 864%x107°
Fenothiocarb - 2.10x10™ - - -

? I : Enzyme activity 50% 2 A 4 d= A9 5=

B - >100x10"°M

(continued)



AT

Insecticide

Degree of inhibition(Ic”, M)

GST

Amidase

Monooxygenase

Esterase

Carboxylesterase

Fenoxycarb
Fenpropathrin
Fenpyroximate
Fenvalerate
Fipronil
Flucythrinate
Flufenoxuron
Flupyrazophos
Fonofos
Furathiocarb
Hexythiozox
Imidacloprid

b

3.10x10°

7.70%10™

3.98x10°
2.82x10°®

230%10™

9.8x10™

2.82x107°

1.58x107°

955%x10™
7.29%x10™
347%x10™

6.97x10™

? Is : Enzyme activity 50%2 AAE 4 J= dAl9 &=

P - >1.00x10°M

(continued)
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Degree of inhibition(Ix®, M)

Insecticide
GST Amidase Monooxygenase Esterase Carboxylesterase

Lambda-cyhalothrin _ - - - -
Malathion - 251x107° 3.16x10™ - 5.37%10™
Mecarbam - 631%107° - 6.03x10° 831x10™
Monocrotophos - - - 1.07%x10™ 6.35%x107
Methamidophos - 5.75x107 - 468x10"° 355x10™
Methidathion - 1.27x107° - 5.25%x10™ 3.09%x107*
Methomyl - 126x107° - 5.89x10™° 7.76x107°
Metolcarb - 1.20x10° - 542x10™ 3.89%10°
Omethoate - 793x107° - 4.89%x10™* 873x10™
Parathion - 479%x107 - 501x10™ 5.25%x107°
Pirimicarb - 451x107 - 2.74%10°° 950%10°°
Pirimiphos-methyl - 400%107° - 7.76%x107 437x107

? I : Enzyme activity 50% S A& 5 & A9 &

P >1.00x10°M

(continued)
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Degree of inhibition(Is®, M)

Insecticide
GST Amidase Monooxygenase Esterase Carboxylesterase

Phenthoate - 147x10™ - 2.63x10™ 550x 10
Phosmet - 2.10%107 631x10™ 3.80x107 813%x107
Phosphamidon - 363x10° 541x107 2.09%107 3.16x10°°
Profenofos - 156%10° 121107 9.12x10” 457x107
Prothiofos - 7.21x10™ - 473%10™ 715% 10
Propargit - - - - _
Pyridaphenthion - 1.17x107° 7.94%x 107 3.16x10™ 537x10™
Pyridaben - - - - _
Silafluofen - - - - -
Spinosad - 897x107 - - _
Tebluefenozide - - - - -
Teflubenzuron - - - - -

? 15 : Enzyme activity 50%& AAE &+ A= A9 =

¥ _:>1.00%10°M

(continued)
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Degree of inhibition(Ix®, M)

Insecticide
GST Amidase Monooxygenase Esterase Carboxylesterase
Tetradifon =2 - - - -
Thiocyclam 7.40x10™ - - - -
Thiodicarb 1.87x10™ 5.02%107" - 1.35X10° 361x10™
* Triazophos - 398%107 - - -
Triflumuron - - - - _

¥ Iy : Enzyme activity 50%2 AT 5 AE FA9 5=

P >1.00x10°M
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Table 8. Inhibition of detoxifying enzymes by fungicides

Degree of inhibition(Is®, M)

Fungicide
GST Amidase Monooxygenase Esterases Carboxylesterase

Benomyl - 481x10° - 4.96x107 854x10°
Bitertanol - 5.73x10™ - - -
Carbendazim - - - - -
Copper hydroxide 49%5x10™ - 3.60x10™ - -
Cyproconazole - 6.69x10* 9.33x10™ - -
Cyprodinil ~ - - - -
Dazomet - - - - -
Dithianon 755% 107 463x10° - 5.75%10™ 6.39x10™
Diniconazole - 8.20x10 8.71x107° - -
Dimethomorph - 450%x107° - - -
Edifenphos 980x10°  121x10° 851x10%  331x10"  6.80x10™
Etridiazole - - - - -

? Iy : Enzyme activity 50% 8 A& 4 UE FAY 5=

P _:>1.00x<10 M

(continued)
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Degree of inhibition(Is®, M)

Fungicide
GST Amidase Monooxygenase Esterases Carboxylesterase

Fenbuconazole U 7.32x10° - - _
Fenarimole - - - - -
Fluazinam 1.45%10™ - - - -
Fludioxonil - 665%x10™ - - _
Fosetyl-Al - 325%x10™ - - _
Hexaconazole -» 3.25x10™ 295x10™ - -
Hymexazole - - - _ _
Imibenconazole - - - - -
Probenazole - - - - -
Procymidone - - - - _
Pyrazophos - 1.96x107 - 3.31x107 5.83%107
Tebuconazole - - 6.01x10™ - -

? I : Enzyme activity 50% & Asld ¢+ & A v =
¥ - >1.00x10°M

(continued)
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Degree of inhibition(Iss®, M)

Fungicide
GST Amidase Monooxygenase Esterases Carboxylesterase

Thiram 4.07x10™* 327x10™ 751%10™ - -
Tolclofos-methyl - 3.49%107 - - -
Tolylfluanide 866x10™ - 3.74x10™ - -
Tricyclazole - - 6.76x 10 - -
Triflumizole - 8.78x10™ 560x10™ - -
Trifluazamide - - - - -
Triforine - 7.72%107 2.26%10™ - -
Vinclozolin 434x10™ - - - -
? Iy : Enzyme activity 50% S A#E 4 = A9 5%

B >1.00%10°M



2 Fo FFLENE FER F5I Al 84 ) vla
AEAe A24AQA FHEUFLE TFoER IFo2RE YAELE d9
A& FYsloF st FAYRA Fol HlEte AdE = Uv dAELY ¢
AgAHolng tAtEALY Fo] FHE FE ol AP FASHAUL
Ot FAZEE AL ALE 0T AY AAE TFAE HEAE F U
AE &7 98, 4% 2F(BAYWY © Pseudaletia separata W., ©1 vt :
Periplaneia americana L., A%2] : Musaa domestica L., sH#% : Spodoptera
exigug H)S 28 E esterase®} carboxylesteraseE o] A8 kAl g
g4 A AEE S F, 2F3% 3 A9 AR JAAAE P
A8l AEg FoJdE #AsAH.

1) Fg 2Fo288 59 esterase?] 4 3 #A
% 39| &% (Pseudaletia separata W., Spodoptera exigua H.,
Periplaneta americana L)S 2 #% ¥ esterasesE rat 2HE F&3
esterases?t A AH Y-S way A ZE ALAA 1% olH9
FAE YEARAC
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Figure 5. Correlation between plso values of several pesticides

against cytosolic esterases from rats and Pseudaletia separata W

wrk 1 p<0.01
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Figure 6. Correlation between plsy values of several pesticides

against cytosolic esterases from rat and Spodoptera exigua H

xxx! p<0.01
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Figure 7. Correlation between plso values of several pesticides

against cytosolic esterases from rats and Periplaneta americana L

w*x 1 p<0.01
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2) Aot THFo2RE FFH carboxylesterased] @A As) #A

AzZREY FFE carboxylesterases

7 M (Pseudaletia  separata

WIe2RE F&d A" 1%, F3¥I(Spodoptera exigua H.)3 o] A vl
(Periplaneta americana L)SFE 5%l 2]l fA4xE Jeldi gl

Chlorpyrifos

Pl of carboxylesterase from
Pseudaletia separata W
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n
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Fenitrothion

2
Y=0.8633X+0.9159
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plg, of carboxylesterase from rats

Figure 8. Correlation between plso values of several pesticides

against carboxylesterase from rats and Pseudaletia separata W.

*xx.n<0.01
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ply, of carboxylesterase from rats

Figure 9. Correlation between plso values of several pesticdes

against carboxylestease from rats and Spodoptera exigua H.

#%:p<0,05
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Figure 10. Correlation between plso values of several pesticides

against carboxylesterase from rats and Periplaneta americana L

#x:p<0,05
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3) &} TFo2HE %9 monooxygenased B4 A& #A

FEHEY FZE2F monooxygenaset:

A (Pseudaletia  separata

W), H%el(Musca dometica L.), ©) A8} (Periplaneta americana L)Z%
H $£&d AP 1%ode F2428 Jeud.

6
g ) Piperonyl butoxide
L=
g 5 Acephate
28 4 P
:g:3 & Pirimiphos-methyl
n
8 ';;3 Edifenphos
g @ 0 Profenofos
ug 3 Chlorpyrifos
9
_a%l Y=1.2054X-1.3233
r2=0.9182"*"
0 ' -
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4 6

pls, of monooxygenase from rats

Figure 11. Correlation between pls values of several pesticides

against monooxygenase from rats and Pseudaletia separata W.

waokl 19<0,01
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Figure 12. Correlation between plss values of several pesticides

against monooxygenase from rats and Periplaneta americana 1.

wkx 1 p<0.01

- 232 -



Piperonyl butoxide

Pirimiphos-methyl

3 |
Edifenphos —~ \ Acephate

pl © of monooxygenase from
Musca domestica 1.

2t Chlorpyrifos —— Profenofos
1 Y=0.9782X-1.0321
r2=0.9749™
0 ' '
0 2 4 6

ply, of monooxygenase from rats

Figure 13. Correlation between plsp values of several pesticides
against monooxygenase from rats and Musca domestica L.

w1 p<0,01
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4) # ¢ FFo -tr’~ E] %% glutahtione-S-transferase(GST)¢] &4
A3 A
HARZEEH F&9 GSTE dU(Pseudaletia separata W.)3}+ o] A n}
(Periplaneta americana L)E2%¥H F&8 ARAFE 5%, FAHA(Musca
dometica L) 1%°lW 9l F2Ax& el AT
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] Ethacrynic acid
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Figure 14. Correlation between plso values of several pesticides

against glutathione-S-transferase (GST) from rats and Pseudaletia

separata W. ** : p<0.05
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Figure 15. Correlation between plso values of several pesticides

against glutathione-S-transferase(GST) from rats and

Periplaneta americana L. *

w1 p<0.01
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Figure 16. Correlation between plsy values of several pesticides

against glutathione-S-transferase(GST) from rats and

Musca domestica L. **. p<0,05
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3. & 71E%A ) 1A

F58 24 ANHY S T F55 Dol A Aol AL &
Aot EFAAHANE W dehte GEe YoEFAE BEEHY) A8 EEE
Z1EdAE dAsAT. AR ZIEdAE B8 S T8 ojv] ¥53 &
Aol A& &3, qAF 713l & €A AU, o2 AT AFAH AF9
Bazt Qe %A, £e &Y FeAld o8 Fxe Fool A FAE
FMo g MA A3, chlorpyrifos, phenthoate, malathion, diazinon, acephate,
carbarylo] 24 = it}

cl
C2Hs0, CHsO_}

e iO—QCI————————- 2 \15 /' Na
CoHs0” =, CHs0” =

Ci
MFO Esterase
H;0_ “
CaHs
H’— Cl — 7\ Ci
C2H50 Esterase — o
Trichloropyridole

Figure 17. Metabolic pathway for chlorpyrifos.

Chlorpyrifost R23}gEoly} MFOd 93] €439 oxond®Hle g
B % esterased] ol&] 4A &4 EF¢ d3g&z Add £ wjd g,
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CHO {i
NP_sH
CH,0

Figure 18. Metabolic pathway for malathion.

Malathion2 MFQel 2134 malaoxono.2 &A43E F 548 doy)|7]
% B}A| 9t esterase & carboxylesterased] 2@ EAo] fE acid HHEHE
A@E =, TFE5EA o] malathione] AgAHo 82 EAo] YL AL

AWl carboxylesterase?] g0 7at7] wjEolt},
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Phenthoate® 7% 2H-&7]Z ] 9lojA malathion® ¢ FAMStH, &
Aol o8 HEIEE AR 9A] malathion®} AT 2 g4 gt
%, AHs g4 A 9§ thione] F3YA7E AR X3 FAdo] ¢

Z 718715 3} A 9k, esterase?] W3O B succinic ester 919 ethylZ] 7} A

Agezd FE3 g gl e Aol
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Figure 19. Metabolic pathway of phenthoate.
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Figure 20. Oxidative metabolites of carbaryl.
i) N-hydroxymethylcarbaryl
ii) B~hydroxycarbaryl,
iii) 4-hydroxycarbaryl
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Figure 21. Hypothesis for the metabolic activation and detoxication

of acephate.

Acephate?] EHA7])ztel #§ AFoA  .acephate”l esterased] @&
methamidophos® ZH#¥ ¥ acetylcholinesterase(AChE)E A #j3te 24
& el E &A% esterase® FAl) A3i8led methamidophos® A&
9+ acephate®] ¥& #HAdHA L ®Bag vl il £§ methamidophos
£ WA 88 acephate® activation HHE A3 F acephated TiAMt
2E& FAS A3, O-demethyl -acephate (HO(CHsS)P(O)NHC(O)CHs),
demethylthio acephate (CHOMHOWP(O)NHC(O)CHs), deacetylamino acephate
(CH:O(CH;SIP(OYOH) Yttt &0l AEHA LW, o] F O-demethyl
acephate] %) acephate @5 HA Bt @A &A Frsdvn Bust
dr}, o) acephsted] WA} A glutathione-S-transferase’t B FE A
Al Aok
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Figure 22. Metabolic pathway of diazinon
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Table 9. Pesticides as potential inhibitor to detoxifying enzyme

Degree of

Detoxifying enzyme  Compound Sort inhibition (s®. M)
Acephate 3.10x10™
Monocoxygenase Chloropyrifos Insecticide 1.26x 107
Profenofos 121 %107
Carbofuran 759107
Dichlorovos .. 8.95x%10°®
Insecticide
Profenofos 9.12x107
Esterases Pirimicarb 2.74%x10°®
Benomyl 496107
Edifenphos Fungicide 331x107
Pyrazophos 331%x10°
Dichlorovos 153x10°°
Carbofuran Insecticide 3.80x10°®
Carboxylesterase Profenofos 895x 10
Pirimicarb 7.15% 10‘3
Edifenphos Fungicide 6.80x 1078
Dimethylvinphos 1.45%x107®
i Phosphamidon  Insecticide 3.63%x10°8
Amidase
Profenofos 156x10°
Edifenphos Fungicide 121x10°8
Benfuracarb 1.30x10™
Furathiocarb . . 6.00x10™
o Insecticide
Clutathi S Thiodicarb 1.87x10™
utathione— :
Thiocyclam -4
-transferase 7:40x10 p
Dithianon 755% 10"
Edifenphos Fungicide 980x10™
Tolylfluanide 866X 1078

¥ I : Enzyme activity 50%2 A 4 e dA9 55

- 243 -



7h 84 HA

AEGPYAYL v FZF N (Plutella xylostella 1L)& FANE02 319 »
SAol g SAAMAN 5HE EHT F, AAY EF AMA 2HE
72T FAY 542 HeAAEFD LCxpo 2 UEhlA L, Al of
gt 44 A3 co-toxicity coefficient® W] &3} T},

rn

DAYEI
7hH @A He '
vl Ul el diazinon¥} carbarylel A€ EFSFRE A
B4 958§ A%y A 94 74 dAE LCalppm)@tE A& A
o}

Table 10. Toxicity of pesticides to a susceptible population of
diamondback moth(Plutella xylostella 1..)

LCso(ppm)

Pesticides Insect

24hrs 48hrs
Diazinon 228.10 108.10
Benfuracarb 33.10 18.01
Furathiocarb 39.02 17.63
Acephate Diamondback moth 4.90 2782
Chlorpyrifos 221.20 130.30
Carbaryl 380.36 250.46
Edifenphos >1000 >1000
Profenofos 28.01 10.90
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Zb ofAlo] Wit LCaofk & A& AT ujFFubdel dislA 24A 7 R 484
%9 LCsgte diazinon, chlorpyrifos, carbaryle]l th& <ofAld H|dlo =
& ol 2AE %, benfuracarb, profenofoso] Y& LCsZte YERWTH
Edifenphos?] 79 A#AZ 2olx A& FAZ wFF el e LCao%t
& Aed 4 U

t}) Diazinon® E3AelA & ¥5aH HA

Diazinon®] 79 edifenphos®} £ A4 e 2§ GFENTEAAE
43 £ Aoy, diazinond benfuracarb-g& 1:112 EgA s 3¢ 244
ZF R 48N ZHF9] co-toxicity coefficient?t 982.3% T77.72, diazinon¥}
furathiocarb& EFA Al 50959 52342 FadsaA7l de Aoz
vERst T

Table 11. Toxicity of diazinon mixture against a susceptible strain of

diamondback moth(Plutella xylostella)

LCso(ppm) Co-toxicity coefficient®
Pesticides
24 hrs 48 hrs 24 hrs 48hrs
Diazinon 228.10 108.10 - -
+ Benfuracarb 5.87 397 982.30 777.73
+ Furathiocarb 13.08 5.76 509.47 523.38
+ Edifenfos 208.66 138.64 178.02 140.71

@ Co-toxicity coefficient significantly greater than 100 : synergistic action

Co-toxicity coefficient less than 100 : independent action
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o)) Carbaryl®t EFAA 48 Asad AA

Monooxygenase® 7Z38tA As|d A Q) acephate, profenofos,
chlorpyrifos®} PBO(monooxygenase inhibitor)& carbaryl®} 1:12 &E§3t
GENSEAAE HAY AH, acephates} PBOE ETF AL Afole
SaNsEAE #2Y £ Aoy, carbaryl® profenofosE& 1:18 EFA
3 A 24X 2 48A7F 2] co-toxicity coefficient7} 484,73 319.9%,
carbaryl® chlorpyrifos® E#&HNE % $ 34599 63742 Fad5an7}
AE Aoz vehygch

Table 12, Toxicity of carbaryl mixture against susceptible population of

diamondback moth(Plutella xylostelia).

LCso(ppm) Co-toxicity coefficient”
Pesticides
24 hrs 48 hrs 24 hrs 48hrs
Carbaryl 380.36 250.46 -~ -
+ Acephate 68.92 3765 116,56 133.11
+ Profenofos 10.77 6.53 484.47 319.92
+ Chlorpyrifos 80.85 26.89 34597 637.48
+ PBO 326.99 224.26 168.53 178.62

al Co-toxicity coefficient significantly greater than 100 @ synergistic action

Co-toxicity coefficient less than 100 : independent action
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2) 449 Il
7hH aA A= '3
A#ARL IBPS edifenphosol td LCsne 1000ppmeo] o] 1.o.v
malathiong #|¢§ BE A E2 LCs2 2ppm~14ppmo] At}

Table 12. Toxicity of pesticides to a susceptibie population of
diamondback moth(Plutella xylostella L.)

LCso(ppm)

Pesticides Insect

24hrs 48hrs
Diazinon 228.10 108.10
Benfuracarb 33.10 18.01
Furathiocarb 39.02 17.63

Diamondback moth

Acephate 44.90 27.82
Chlorpyrifos 221.20 130.30
Carbaryl 380.36 250.46

W) Chlorpyrifos¢t &3t 2A 45 a3 34

Esteraseol 9J3] 47 A== chlorpyrifos$} esterase® Z A 33}
£ edifenphos, profenofos, carbofuran, IBPE & a3 A5} 25 A<IE
#E Yepdidth
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Table 13. Toxicity of chlorpyrifos mixtures to a susceptible population of

diamondback moth(Plutella xylostella L.)

. LCso(ppm) Co-toxicity coefficient®
Pesticides
24 hrs 48 hrs 24 hrs 48hrs
Chlorpyrifos 742 6.08 - -
+ Profenofos 1.48 1.09 3195 302.3
+ Carbofuran 198 1.41 4920 580.8
+ Edifenfos 450 4,46 3273 271.0
+ IBP 4.49 3.97 328.1 304.4

® Co-toxicity coefficient significantly greater than 100 : synergistic action

Co-toxicity coefficient less than 100 : independent action

N e dE9 A4 chlorpyrifos® carbofurangd &334 o el

T, 24X 3 BAIT B3 F 47 5wl 6ule GRS FRFHA
o] 9] 9| &= chlorpyrifos& edifenphos, profenofos, IBP9} Zt2zt &gl oF
&b oF 3w FUtE & gUswh

o}) Malathion® E@X A %8 dsasd A4

Carboxylesterasecll 2|8} 44 lA}S]= malathion® carboxylesterase&
& A&)sl= edifenphos, profenofos, carbofuran, IBPE Z+zt Edxad 2
T} oF 2~3ule] 4E A FAsAY
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Table 14. Toxicity of malathion mixtures to a susceptible population of

diamondback moth(Plutella xylostella 1.)

LCso(ppm) Co-toxicity coefficient®

Pesticides

24 hrs 48 hrs 24 hrs 48hrs
Malathion 570.87 570.31 - -
+ Profenofos 2.86 2.16 2412 208.4
+ Carbofuran 12.26 10.08 22.7 243.6
+ Edifenfos 319.53 231.13 2275 314.3
+ IBP 357.67 249.19 203.2 291.5

al Co-toxicity coefficient significantly greater than 100 : synergistic action

Co-toxicity coefficient less than 100 : independent action

3) Ay 1
7h) @Al Ae A
71&9A14) acephater 188ppm(24hrs), 120ppm(48hrs)ol ¥t &
A %A 3 AFAQ thiccyclam& W23 £ EA4E Uiz ARy
%A % thiodicarb, A& Al9] thF-£L 1,000ppmel Al LCxE & EHE &
ARt
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Table 15. Toxicity of pesticides to a susceptible population of
diamondback moth(Plutella xylostella 1.)

LCso(ppm)
Pesticides Insect
24hrs 48hrs

Acephate 188.87 120.83
Thiodicarb >1000 772.590
Thiocyclam Diamondback moth 193.14 133.14
Dithianon >1000 >1000
Tolylfluanide >1000 >1000

1) Acephatedt EfA A %&E FEFS FH
Glutathion-S-transferase(GST)ell ¢l&l QA UYWA=+ acephates}
GSTEA AAEdEL F3td V48 AAEL EFAHYT 29, RE 2§
M A FTEAFNE AT + AU 53 AFAQ dithianond EF
A=Al co-toxicity coefficient”t 492(24hrs), 738(48hrs)2 714 ¥& A+ A
#H7F JeEltew, thiocyclam, tolylflanide®] EFAl 251~4450joH,
thiodicarb< 180(24hrs), 204(48hrs)& }eElwtc},
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Table 16. Toxicity of acephate mixtures to a susceptible population of

diamondback moth(Plutella xylostella L.)

LCso(ppm) Co-toxicity coefficient”
Compound

24hrs 48hrs 24hrs 48hrs
Acephate 188.87 120.83
+ Thiodicarb 175818 102.39 180.7 204.1
+ Thiocyclam 47.87 28.53 3989 445.3
+ Dithianon 55.66 29.02 4925 738.4
+ Tolylfluanide 75.99 52.69 2513 409.5

@ Co-toxicity coefficient significantly greater than 100 : synergistic action

Co-toxicity coefficient less than 100 : independent action

4 Ag 1V
7h @Al X &3}
#7121 A12) Pheathoate:x 6.3ppm, 52ppme LCsp &g VERES .0
carbamteZ] &% A% pirimicarb2 38L& Yelir] & vy AFA
A ptrazofost %7re] A5E4E YeEhU
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Table 17. Toxicity of pesticides to a susceptible population of

diamondback moth (Plutella xylostella 1.)

LCso(ppm)

Pesticides Insect

24hrs 48hrs
Phenthoate 6.27 5.16
Dchlorovos 74.08 59.18
Pirimicarb Diamondback moth >1000 >1000
Pyrazophos 89.60 67.94
Benomyl >1000 >1000

1}) phenthoate®} A ejAl & Asazd HAA

Esteraseol] ¢|#]l €A tiAl=+ phenthoate$} esterase®
GFAETN EFAHIYA FEASEANE FEIH

~ 252 -

2 A& Ee



Table 18. Toxicity of phenthoate mixtures to a susceptible population of
diamond back moth(Plutella xylostella L.)

LCso(ppm) Co-toxicity coefficient®

Pesticide

24hrs 48hrs 24hrs 48hrs
Phenthoate 6.28 5.16
+ Pirimicarb 1.88 157 663.6 653.9
+ Dichlorovos 0.77 0.52 1512.9 18774
+ Pyrazophos 1.63 1.10 7215 872.7
+ Benomyl 1.19 0.83 1047.2 1243.0

al Co-toxicity coefficient significantly greater than 100 : synergistic action

Co-toxicity coefficient less than 100 : independent action

7} e gFe A+e dichlorovos® EFSILE w vehgon
co-toxicity coefficient 2412t 48A1ZF A3 ¥ Z+7 15129} 187701t}
0] 9)o] & phenthoateE pirimicarb, pyrazophos, benomyl®} ztz} EgA g A)
co-toxicity coefficient 663~1243¢ & #<1&%ch

U ATgEy 1A

A8 AA AP dFEAE FeANY EF - AFA 2F
(acephate+dithianon, phenthoate+benomyl)®] o] d§ Y FL delrr] ¢
st AT YAHE A5 e
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Dithianon @)% & % Y (acephate+dithianon)& Ald HEHIGHEHY
(Alternaria mali, Am)9l A%& AIH oz AR Pen Fxd w A
A&ZFHE F7hste A2 vEgt. FAMEE AAELS 50ppmilA
dithianon @A|e] 7% 521%, EF N 629%= eI
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Figure 23. Growth inhibition of Alternaria mali by dithianon and

pesticide mixture(dithianon+acephate).

2) Benomyl#® phenthoated] 284
Benomyl® & 39 (benomyl+phenthoate)o] EHHoz A& A3
HAFE Al3H 29 (Botyosphaeria dothideaBd)# Alst €AY (Glomerella
cingulata,Ge)o1 9. benomyle 0.125ppmolAd F #HAdFd Wisg 7z
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w3 Ao FAAA AAL&L 025ppmolA el dEd 54.7%
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Figure 24. Growth inhibition of Botyosphaeria dothidea by benomyl and

pesticide mixture(benomyl+phenthoate).
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Figure 25. Growth inhibition of Glomerella cingulata by benomyl and

pesticide mixture(benomyl+phenthoate).
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Table 19. Growth inhibition of pathogens by acephate and phenthoate

% of growth inhibition

Pathogen Insecticides
Oppm 250ppm 500ppm 1000ppm
Alte . i Acephate 0 39 02 47
raria mqait.
Phenthoate 0 2.3 18.1 154
Acephate 0 -34 3.2 207
B haeria dothid
otyosphaeria dothidea Phenthoate 0 284 303 2%.1
Acephate 0 -11.3 -46 -05
Gl Jla ci lata
omereria cnguia Phenthoate 0 273 319 391




o} EfH g BE Fads s

g AFEAY FAE B3 11 EFRAE F MY EF ¥sEHAH F
Ud FAEE Fez AHe EHPHI LS ZAHNY] A VERHLH
A A}, Diazinon®} benfuracarb, furathiocarb, carbosulfang T g & H|
&2 EFL 24A3 H AFEEE AR

Table 20. Toxicity of diazinon and benfuracarb mixtures to susceptible

population of diamondback moth(Plutella xylostella 1.)

Disinon - Peturseary L2080 %5 ]

0 @ 10 18.02+152 -

2 8 10.94+1.13 1978
4 1 6 5.3710.42 504.0
5 1 5 4.461+0.39 692.0
6 : 4 6.11+051 589.7
8 2 14.84+1.33 364.5
10 - 0 108.14%+1.52 -

Diazinon® befuracarb £32 4% 1:19 ‘3]%°ﬂ’~1 o 7o) Ho Fsax
& 649 v &A= 69 71 FEI A AE FAI4
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Table 21. Toxicity of diazinon and furathiocarb mixtures to susceptible

population of diamondback moth(Plutella xylostella L.)

g[iz{ztil::; riatfl:l)lrathiocarb LCso(ppm) in %6 a.i (::(:)etfcf)i):i(:rtz

0 : 10 17.63+0.78 -

2 8 2.71+0.25 7835
4 6 4211041 6304
5 ¢ b 2.7910.32 1086.0
6 4 4.65+0.46 763.0
8 2 510+0.48 1044.8
10 0 108.14+1.52 -

Diazinon¥ furathiocarb &< 2% 1:1 ¥]-&3 82 H]&dA Z+Z} 104 o]
Aol Hu AsEAE el
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Table 22, Toxicity of diazinon and carbosulfan mixtures to susceptible

population of diamondback moth(Plutella xylostella L.)

Mixture ratio LCso(ppm) in % ai. co-toxicity
Diazinon : Carbosulfan coefficient
0 : 10 5421055 -
2 . 8 2.87+0.28 247.3
4 6 5.35+£0.50 163.5
5 : 5 5711054 180.8
6 ' 4 531+0.45 2372
8 : 2 5.09%0.55 4438
10 0 108.14+152 -

Diazinon#} carbosulfan &&2] A$ 82 vl &M < 4599 H H5E
g Vel

% i EF el ofg] AFe dF EFAlY BY HA

ZFEdol g EAY &4 AAE BN F AA A AP
S WMFFUEES ez EFFAEE AT & 49 Z4dse
AA FPHAReH HAFYL AT FYAFL FLE FHA
Al 4F 28 WiFAuAAA At APAAN 5~7Ad A F
Al AHESATE IXRE FFA AE 2 dAEY SFAANFEE TH
%, ok AT Hd Z AT WFANFEE TG AYPY LT
€ FA%AT. g5 EFAAWDESY kAT U AEAANFEE

- 260 -



Aaac 2P ARE ZTAZ co-toxicity coefficientE AALst &3
okAl o] okE A5 ANE AESFH

D oFAAZ WiFF 8 Ay wd

Table 23. Toxicity of pesticides to susceptible and field population of
diamondback moth(Plutella xylostella L.)

LCso(ppm) .

Compounds Suz(::iible Field strain RR
Benfuracarb 133 257.8 194

Carbofuran 9.4 136 14
dichlorovos 56 34.2 286

Diazinon 58 51.8 8.9

Insecticide  Furathiocarb 132 143 11
Phenthoat 16 44 2.8

Profenofos 1.0 39.2 39.2

Pirimicarb >1000.0 >1000.0 -

Thiocylam 53.0 500.0 94

Benomyl >1000.0 >1000.0 -

Dithianon >1000.0 >1000.0 -

Fungicide Edifenphos >1000.0 >1000.0 -
Pyrazophos 101.8 126.1 12
Tolylfluanide >1000.0 >1000.0 -

D A E9] 50%8 AAAAL § e %Ale FE(ppm).
Y Resistance ratio = LC50 of susceptible strain/LC30 of field strain

- 261 -



EFAA APHY 2 wEFFUEL s AFA disty HPAo] &
gx5o] A 53], #7104 &3%AQ dichlorovos®} profenofosel] o 3 4]
E 28ul, 39¢1e] %A AFEE et Phenthoated] talA e oF 3u)
o AFFEL delddew  sputdlo]EA AF AU carbofuran}
furathiocarboll sl A FAde] A9 weso QA Wkt

2) @A WEEU] Hid phenthoate EFA] FE FEEN A
APAo) waHo A ¥ 7440l thate] phenthoate EFAE A
o oE A4e Ve Eah

Table 24. Toxicity of phenthoate mixtures to susceptible population of

diamondback moth(Plutella xylostella 1.)

LCso(ppm) Co-toxicity coefficient”
Pesticides
24 hrs 48 hrs 24 hrs 48hrs
Phenthoate 16 06 - -
+ Profenofos 13 0.6 101.8 101.6
+ Carbofuran 27 18 105.3 60.9
+ Pirimicarb 1.7 0.9 188.6 139.7
+ Edifenphos 1.9 11 173.6 106.1
+ IBP 15 11 216.3 1105
+ Pyrazophos 0.9 09 364.0 1314
+ Benomyl 35 1.8 9.3 65.3

? ZNHE 50%E AL F U FAS 5 =(ppm).
o Co-toxicity coefficient significantly greater than 100 @ synergistic action

Co-toxicity coefficient less than 100 : independent action
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ojel ¢ Ay A AWM phenthoateo] thdt AR Aol g
A ol o 4eg BFHA G Ao 4y,

3) ok AIE wlFF o)l th¥ phenthoate EFAIS F& Y5 &
A4
Phenthoateoll tiate] ¢k 3uje] APH & zte ok AF A phenthoate
EXFAIE A8 s Phenthoate®] F ¥ WALE esterasesd] 93 ©]FA}
2 BaHo] e, esterasesE Al gFHE AL FAEL 4
E F A A R FEI AsE RE FAY F A}y

Table 2b. Toxicity of phenthoate mixtures to field population of diamond
back moth(Plutella xylostella 1.)

LCso(ppm) Co-toxicity coefficient®

Pesticides

24 hrs 48 hrs 24 hrs 48hrs
Phenthoate 44 2.1 - -
+ Profenofos 11 04 7485 797.3
+ Carbofuran 2.3 2.0 2924 170.4
+ Pirimicarh 4.1 2.3 2146 183.8
+ Edifenphos 40 16 2244 268.4
+ IBP 44 2.2 200.5 197.3
+ Pyrazophos 1.8 0b 401.7 515.0
+ Benomyl 2.1 0.6 498.0 803.2

Y FAAE 50%E AAANY F QA FA9 % E(ppm).
P Co-toxicity coefficient significantly greater than 100 : synergistic action

Co~toxicity coefficient less than 100 @ independent action
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Phenthoate® profenofos$t E& A& w 7~8ul 71 F&a7t Fr7h3ke A
o] #AENeH, benomylst EFIAE oA E 5~8u9 FF FFol #F
HAAch ol Ade Fom AFA FAFE Eoli, AYY wEE A
AAZ = Ae dijtel HEg sldc

uh Ag g gd 43

B8 QA B (Aphis gossypii Glover)& o2 A& di gu d¥L
TPt £ AFL JEY wFFUEE o] &% AYE T YEn
W o3 Gae] AsAFATE i FFol eRACHE {ASHA vdEhve
A elalr] sl 8315}, Esterases®t glutathione~S-transferaseol] £
3 £=3HE A2 Bl phenthoate$} pirimicarb, acephate®& A3}
o, esterases& A &3l benfuracarb, furathiocarb 53 GSTE A &)d=
benfuracarb, profenofos &9 %AI¢ EF3sle EAQNES gAoz A
e AASYD £ F=3 ZAE AdsE benomyl(ZTFA)F A
Ao g8t TE8HE Aoz By phenthoate 59 A Agte TF
AeEAE HAsA.

1) 5370 &o o§ pirimicarb EF A2 F& HsaT HA

Esterasesoll 913} jAlglvhi el pirimicarb® esterases ¥4 A 3
A& T8t A" FAEE EF Ay 2AH, RE oA Fa9
A& 98 4 ARk 3] pirimicarb3t benfuracarbg EF A &4
S o A ATAA gl FE FFol FUHAAT. EF pirimicarbe
FAFEHFE FFHRTD A dgtd o A e
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Table 26. Toxicity of pesticides to a susceptible and a resistant populations of cotton aphids
(Aphis gossypii Glover)

LCso(ppm)® RRY

Insecticides S strain R strain

24h 48h 24h 48h 24h 48h
Acephate 4.3 1.0 1915 1065 45.1 1120
Pirimicarb 06 0.2 3773 2894 659.6 13215
Chlorpyrifos 82 2.3 101.9 63.2 125 273
Dichlorvos 140 10.0 445 224 3.2 2.3
Cypermethrin 4.7 2.6 16.1 8.4 35 33
Profenofos 8.8 6.3 107.2 78.7 12.2 125
Carbaryl 7.1 3.7 34.0 105 4.8 28
Benfuracarb 2.0 0.7 15 0.3 0.8 05
Furathiocarb 1.7 0.2 21 0.7 13 35
Phenthoate 377 354 399 375 11 11
Benomy!l >1000.0 >1000.0 >1000.0 >1000.0 - -

2 FAHEY 0%S
» Resistance ratio

A 5 e kA9 FZ(ppm).

= LC50 of susceptible strain/LC50 of resistance strain



Table 27. Toxicity of pirimicarb mixtures to a susceptible and a resistant

populations of cotton aphids(Aphis gossypii Glover)

LCs (ppm)” Co-toxicity coefficient”

Insecticides S strain R strain S strain R strain

24hrs 48hrs 24hrs 48hrs 24hrs 48hrs 24hrs 48hrs

Pirimicarb 06 02 377.3 289.4 - - -
+Benfuracarb 0.2 0.1 04 01 3748 4774 8420 4550
+Furathiocarb 06 0.20 2.1 1.0 1534 1041 2072 126.0

D ZAEHNEY 50%E AL = Qe %A 3 E(ppm).
® Co-toxicity coefficient significantly greater than 100 : synergistic action

Co-toxicity coefficient less than 100 : independent action

2) B3R E] ) acepate EFAY GF FsEIY HF

Glutathione-S-transferased] ¢]38le] WAlE & acephate?} GSTE A 3|
e FAEH EFAYA dE dsads FFIAGL A 5L %9
%€ acephte®} profenofos& EFHHUE W YERLH, co-toxicity
coefficienty A8 AFANAM 242203 48A1F F 42 2803} 5780)%1 T}
AGAAEH B AT FE FSERE vus] 2 W AYY A
59 E3d9Ed ¥ £43YS ¥$UY + ATh
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Table 28. Toxicity of pesticide mixtures to a susceptible and a resistant

populations of cotton aphids(Aphis gossypii Glover)

LCso (ppm)” Co-toxicity coefficient
Insecticides S strain R strain S strain R strain
24hrs 48hrs 24hrs 48hrs 24hrs 48hrs  24hrs 48hrs
Acephate 43 1.0 1915 1065 - - -
+Benfuracarb 1.0 0.7 1.3 06 2684 1098 2366 1042
+Carbaryl 65 41 393 88 813 372 1471 2184

+Profenofos 88 33 492 157 647 501 2796 5784

D ZAAE 50%E AAND £ Y FAY ¥ E(ppm).
b Co-toxicity coefficient significantly greater than 100 : synergistic action

Co~toxicity coefficient less than 100 @ independent action

3) 3R] th§ phenthoate EF A *& F5EH A3

Esterasesol 2|3 Attt &R phenthoate®} esterases &4 &
A8 3HE benomyl(ATANE EF A3 W Fa Agol BIHA
=3
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Table 29. Toxicity of phenthoate mixtures to a susceptible and

a resistant populations of cotton aphids(Aphis gossypii Glover)

LCso (ppm)” Co-toxicity coefficient

Pesticides S strain R strain S strain R strain

24hrs 48hrs 24hrs 48hrs 24hrs 48hrs 24hrs 48hrs

Phenthoate 377 354 399 375 - - -
+Benomyl 199 123 308 214 365.0 5559 2489 3376

P FNHAE 50%E NAAND F Qe FA ¥ E(ppm).
p) Co-toxicity coefficient significantly greater than 100! synergistic action

Co-toxicity coefficient less than 100 : independent action

o, 2RARAN EdAS FE AA

A Agez wEoly EHAY TF YL AAHAYG W A=
= A AT $4oz wAE Y BAE fstd A4 s BA
g AdAs. 492, phenthoate$} benomyle] &3§to] ¢ Hojd 4
A7LE VEUAT 58 Btals wlistel ngte Wol o Hoju GaE
SN
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Table 30. Field test of mixture formulated to diamondback moth(Plutella xylostella)

Density before

3 days after application

3 ™ [s)
Compounds application(%)

2 3 AV 1 2 3 AV CV
Diazinon + Carbosulf
1azinon ™ Larbosuitan 60 55 577 948 917 909 925 120
(24+6) EC
Chlorpyrifos + Carbof
OrpyLios © Larboturan 0 56 637 923 929 982 945 101
(125 + 125) WP
Phenthoate + Benomyl

6 50 567 55 31 60 49 953
(24+6) WP
Bt WP 6 66 623 143 123 121 129 817
Control 60 60 587 1071 1033 1050 1051 -

(continued)



- 0le -

7 days after application

14 days after application

Compounds
1 2 3 AV CV 1 2 3 AV CV

Diazinon + C If

iazinon + Carbosulfan 862 833 873 856 808 776 767 818 787 294
(24+6) EC
Chlorpyrif furan

orpyrifos + Carbo 846 743 504 798 262 692 714 714 07 366
(125 + 12.5) WP

th ]
Fhenthoate + Benomy 18 15 00 11 990 00 15 00 05 996
(24+6) WP
Bt WP 143 77 106 109 89 107 62 106 92 917
Control 1161 1050 1033 1081 - 1161 1067 1117 1115 -




A 44 2 &

F 109% 9 HZAs HTAE ez F53 249 monooxygenase
9} amidase, glutathione-S-transferase, esterases, carboxylesteraseo] t]3gk
Al AP Az, dFGFAEERE A EHE FAF + YUh
Monooxygenase acephate, chlorpyrifos, profenofose] <& Asfg& &
A8 4 e amidaser dimethyl vinphos, phosphamidon, profenofos,
edifenphosoll  2&o  Z3lA  AsHJAT.  Glutathione-S-transferase
benfuracarb, furathiocarb, thiodicarb, thiocyclam, dithianon, edifenphos,
tolylfluanidedl] <J8le] A 3=l Carbofuran® dichlorovos, profenofos,
pirimicarb, benomyl, edifenfos, pyrazophosi esterase$} carboxylesterase?]
AAR 89 78S et o3 24284 As 49 248 E
g2 gdd s 112 &3¢ F wiFF v (diamondback moth)& o
o gL UAY A} T EY A FsEAAE FUE £ ANM
t}. £3] diazinon+benfuracarb, chlorpyrifos+carbofuran, acephate+dithianon,
phenthoate+benomyl, phenthoate+dichlorovos®] ZgolA+= ZzF 10w, 64,
74, 1040, 16¥1€] fEdsol FAHAT AFAG HFAE EFF AL
AdAE G508 AYUPE v 4F8AHL IR FX5s AR 93
Ak, o) AFAEL 71E9 FY4 AEFE Y F AT dLeH &
A FRE HAA FFe] AFEAl AFF AFEHE T Ad FFA A
g3 JIe Aolgtn dddEn. B3 EIIARES ez HEHY 4
¥ AN A, wWiFF: vt 485 vz g da dso) &
AHAEH G g fFo g FE HFol o]FolAc drin &
e, AEAd AYAHE UeEldEs okAEe Wi dE APAHE o]
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B EFAZ AYPe] ¢ dFe WA E&HLE ol8E JEAHE
B FAd. HFHoz Ay ¥ TZLYE B39 U AFA
phenthoate$t A7 benomyle] Z¥L 7|&o AE 5o 9= BtAET}
o Fojd 2748 Jehgon, dog e AP Aud HEHY §
e B3t AAl Frtel $4=HE g4

2 At EFA Add A FAAH - FEA $HE oy AAA
ol A WHE AANFLEN NI AFH x¥E FAAL F Yo
g Aledn. £%, 49E F39 ¢4 §e Age FF I FE
3, 3 ZF, AP e ol FHA EFA g ol &= 7ot
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A 4% A=A

AaAe] A7 HH3 Y8 zln Ade & BaMe A 233 A 3%
o 2EWEd EF E¥E ey & FdAe HAY A 14ARTA
M54 Proinsecticided] &% A9l d; 248 doix FA AHE U
AEE9(daA AFEY 2 ZAAEA} A 2ARTA TRANANY &
A Mg, 25 AdE YA, aen LE MY 4FEH(Ha
A ZTEAY 2R AA AFAE AT ARFAY EE Ui TPANAE
Aol B3Ag ygded HEeE nal¥ o FIdde BEL ATHE
#o HoE AX AT, EE & F AHATHAAY WE Ao
AN fEtd Tl BdY FEL (Ao EANASUDG. AdDA @
TUEs A a2 AP FAH ALY dg &l e R
YRR A, dshan@cckangwonackr, B 033-250-6441) & H&ATHY=}
(#84, ymyu@knco.cokr, & 054-776-0131)2 d& oz FAIH AAEA
@8 =g Agyrh
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