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Study on Activation of Organothiophosphorus Insecticides

Toru M1vYAMOTO

Departmentof Agricultural Chemistry, Tokyo University of Agrvicultuve,
Setagaya-hu, Tokyo 156, Japan

Organophosphorus insecticides are one of the largest groups of pesticides and most of
them have one or two sulfur directly connected with phosphorus atom. Thiono or thiolo-
thiono types of organophosphorus insecticides exert their insecticidal activity by inhibiting
acetylcholinesterase (AChE) after activation. This activation is mediated by the mixed
function oxidase (mfo), and thus the reaction is regarded as one of the most important ones.
Studies on the origin of oxygen incorporated into the phosphinyl disulfide resulted from
peracid oxidation indicated that the occurrence of phosphinyl disulfide was direct evidence for
the phosphorus oxythionate intermediate as the initial oxidation product of phosphorothiolo-
thionate compounds. An analytical procedure was developed to derive the unstable phos-
phinyl disulfide into the stable S-thiomethyl phosphorothiolates. By using this technique,
the occurrence of the phosphorus oxythionate intermediate at mfo oxidation became evi-
denced. Phosphorothionate compounds are often isomerized to the thiolo isomers of higher
toxicity by heat or light. The occurrence of such isomerization by mfo system was first
indicated. S-Alkyl phosphorothiolates are insecticidal but do not inhibit AChE i wviiro.
The type of activation was shown to be the production of the unstable sulfoxide which in-
hibits AChE. Evidences were provided to indicate the involvement of another activated
form, the glutathione conjugate of the sulfoxide which inhibits AChE. From a S-alkyl
phosphorothiolothionate, the phosphinyl disulfide was obtained by peracid oxidation, which
gave the unstable sulfoxide, then its glutathione conjugate, both being the potential activated

forms.
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Parathion ® P-O-aryl ® = 2 7 v &S O BISL I3
FEHH D WITFFBRN B TR 52 &2, Knaak
BY, HEll& Dahm?®, Neal® iz & 0 #id Shic.
McBain 5% (2, FH#Y #3507 fonofos (U F BT
RiO=Et, R:=Et, Rs=CeHs) D5 NF 3270V —
LEREFERRIC L DT, BERBE 1 & ¥ RIS AL
5#7¢ phosphorus oxythionate &% KEL, Z i
IREAGEEALRIE LY. o—#EoWgEoh fono-
fos OB \TEB\WT, invitro (NE & BERED AR
¥10>1Z 712 phosphinyl disulfide {£&#5% 2R -0
oo BERZ, WRYETH D O FARLEHOEIEC
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1. AH#vY ¥ DEPD D8ER{L”

S-(4-Chlorophenyl) diethyl phosphorothiolothio-
nate (DEPD) ##{t » L > 3-chloroperbenzoic
acid (MCPBA) Tt L&z A, Fig. 11/R7XL5

iz, phosphinyl disulfide II % Fv > I X thioic
acid IIT, thiophenol IV & & dizf8%. HI & IV &
3R £ DEPD ok @ s L h b2y, EERIFR
fERETTOHRT & & BITAER LK. £ disulfide II
i3, II & IV % MCPBA Tt#g{tL T Bobhiz. —
75, DEPD % O Tz L=k (99.5 atom%) O
£ T T MCPBA B{tL7:&2 %, disulfide I D43
Wiz BO B A iz, Lasd INICE DA E 1D 0
DEIGIZ KOBRICE D ®eh, ZEOKFETTTI
o P(O) o®#EIT 100% Kiz B3R 3528, SKFEAHD
PEOKELET TR, PO) oBMHBIIKERTII/ID -
7z=. L7:2%- C, phosphinyl disulfide II o A RIZIE,
KOBET 5 EKDHEE LN 5D E2DRERL
WD EEZE LR o7z, Tidbb, DEPD &
III, IV X0 122/ >DEPD & II L %27 <
ik E LT, DEPD 2B & /D phosphorus
oxythionate D EENKIKE oo e, HE T HIL,
DEPD 0 :@EER (L T3, ¥ 3 REE 7 BUSH A phos-
phorus oxythionate ZMER S, Z D FHERICE
0, = 7KNEET I Ok R thioic acid &
thiophenol ® F#/{kiZ X - ¢, phosphinyl disulfide
MER, B A A ISR D FFY URERTHDTH
5.

2. Phosphinyl disulfide DEBREHEE ST/ X7

v RSP

F1Ro> ARz, phosphinyl disulfide D EFFEL
f& phosphorus oxythionate DL RTZ Lil785
WS ETHotz. UL, o disulfide {bEiid,
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Fig. 1
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Proposed metabolic pathway leading to the formation of various products on 3-

chloroperbenzoic acid oxidation of (EtO),P(S)SCsH,Cl.
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Fig. 2 Proposed mechanism for the reaction of (EtO),P(O)SSC¢H,Cl with CH;N;, and iso-
merization of phosphorothionate A into phosphorothiolate B by UV light.
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Fig. 3 Analytical procedure for DEPD metabolites.

1, DEPD; 2, (EtO),P(0)SCsH,Cl; 3a, (EtO);P(0)SSC¢H,CL; 3b, (EtO),P(S)OCH:SCeHCl;
3¢, (Et0):P(0)SCH,SCsH,Cl; 4, EtS(EtO)P(0)SC¢H,Cl; 5a, EtS(EtO)P(O)OH; 5b, EtS(EtO)-

P(0)OMe; 6a, HO(EtO)P(0)SCH,Cl; 6b, MeO(EtO)P(0)SCeH,CL.

fonofos ®° DEPD 7 LB TRWE & a2,
—BICIIREE CTRIGR TO AR HHIT % DX 8 Lo
E#2, Fig. 212/R”7 X5, phosphinyl di-
sulfide 227 V' x & V& FETRIE LT 2 2D ERY
AL BuEBx, REELERD A NERAK (254 nm)
BHhC X D ZERERY B il 40 TRER, 2 0 B
HERMCHEDZ RV L, RZLEX phosphinyl
disulfide %&bty BicFEAbL L TH R 7w b
7574 — (GO KV THZ E&TRBIC L.

3. Phosphinyl disulfide D4 FE R TOEE

EFEL, "CEECHARIFHRY vERF DAEPY £
PAP!® % H\v, phosphorus oxythionate FafE{&o B8
E% %% phosphinyl disulfide o Az g% # 5 L 7.

7.

MCPBA Z & ALK 6T, 2o disulfide 3R &
R, mOUT U AE U EABERTRIET BT ENEEY
nw NS5 T 4 —HCEDLRE. L, v TS
yuo— ABIEEERIC X B invitro B TR EY
BHHEI R, #I7 AR TORSEC < 2 FHEYER,
< 2 TORBSETIE, U7V 4 & VRO 2 RIT
WEyST LSS T4 - EDBRRELTE, ERD RS
% &% < DD ERYOPEHEZC LD, o0 disul-
fide L BEYIDARYIEET HZ LIXTERPo Tz, LT
TEZEW 3, DEPD%5 v MF$2avV—aTREL
ToOP A2 UERIGERE, 275 TAT5T 4
— (MF) 2 X b = o disulfide o4& RE#HE Lic. MF
12, BTV BRCTELHTA T RN FEBO 75 Y
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Table 1

In vitro metabolism of S-(4-chlorophenyl) diethyl phosphorothiolothionate (DEPD)

by rat liver microsome with or without NADPH at 3 kinds of pH conditions.

9%, of chemicals at pH

Chemicals 6.5 7.0 7.5
NADPH -+ + — + —
Residual DEPD (1) 43.6 79.3 34.3 73.6 33.9 71.5
(EtO),P(0O)SCeHLCI (2) 19.2 0.46 23.4 0.63 25.5 1.31
(EtO),P{O)SSCsH,C1 (3a) 0.08 trace 0.08 trace 0.10 trace
EtS(EtO)P(O)SCeH,Cl (4) 0.17 trace 0.12 trace 0.09 trace

A M F URBHT 0D, aTFEESTENTS GC
X DSERRE - BE L LB ERIET, EBOf
PEDHRIL LT EERRTOYE X ST OB UES T &A8
T%%. DEPD (3.1x10*mmol) K-z %/ -
(3:2) 1k 0.4ml % 20% S v I vV —4 20
ml, NADPH (2x 102mmol) ® 0.25 M > =2 AR
04ml, 1/15m v UBEERK 5.2ml OREEICINL
<, 37°CC3044 v %a~<— kL, Fig.3 0FIET
- SELTCGC-MEFC kb, 7 Ux2 v RIGE
‘¥ (3c), * %V v (2), KRGO DEPD (1) #4347 L
7=. Table 1 iIZ/7n7 X 51z, NADPH HMX T, &
RIEKICHBE LTSV v ERNE L BDLA, P
T phosphinyl disulfide (3a) % & CLEBMLA LR
Hi L7z. L L, phosphinyl disulfide (3a) i%, &HE
LV— b LB TR E T % & diethyl phosphoric
acid, 4-chlorothiophenol, bis(4-chlorophenyl) di-
sulfide ML TLES F, BIBDO T &L AEETH
5T EREE TR, H&RToO phosphinyl disulfide
DEBIZNR D DoicbD EBbD. ThbDERE
i, CFAEERY CRRFIOBRUBNE A 4 v RIGA
RZz7E 7 phosphorus oxythionate FRfH A% & CTHELs
LRI LD THD.

SERETTOF A/ -FAOERA

F o /KT, BRI X o THIET 2 F 4 vBLEY
CEBEL, F0H5 LDy AChE HEX/RT 2,
HEEREZET TR OB EDL LB DI TWILd
stz BEIW R, Tabl: 1R TL5K, DEPDD S
v NF s 70V —2a®BlbT S-7vF v BEEK 4) BN
SMEBERL, £ERRTFI/ -FARMNBILZ
LEFD TR L. ZoEHM41E, EHiITirnm
J— AR EZTS EARBICRE IR, (LAY 5a, 6a
%% ¢ 5% 7 (Table 2). 6a i NADPH % #&jn L /s
WEIFEAEBHE R e, 5a LT RBAD,

Table 2 In wvitro metabolism of S-(4-chloro-
phenyl) S-ethyl ethyl phosphorodithiolate (S-
ethyl isomer) by rat liver microsome with or with-
out NADPH at pH 7.5.

% of chemicals

Chemicals
NADPH -+ —
Residual
S-ethyl isomer (4) 2.5 74.2
EtS(EtO)P(O)OH (5a) 22.3 16.2
HO(EtO)P(O)SCsH,CI (6a) 26.2 trace

WEBCHRRD S-7rFVED A FIEFOBICLS
EHPEELDORBMPTH D Z Lhboic. Thb
DERND, FEMRGTIY ERTS S-7 v+ 8
YetkiZEiR phosphinyl disulfide & & &I BTERITE
BR#Y &0 S EEEERRL, BEF LEOMESRY
B L.

FAOREBREY VERRADONKBER

—RicF 4 o BERKY v FRAZ AChE » mJIEF
32 2%, 7ot methamidophos, profenofos, pyra-
clofos, prothiophos oxon @ X 512, AChE BHZI355
WIZ AL TROWVRENZET L0085 %. LE
51243, 1977 4, methamidophos % BEEE({T 5% &
AChE %< HET 5 LEER vk F v Feghh
HERT 52 ExWAHWAIBEREEIC X D #E, AR
RTLABOFEEENBI A EETRBL, ZOEOH
By Ao R IGEEBCHD CER L. Wing 51
i3, profenofos % 3 7 vV — o ®bT5 L, HHEMET
BHAIRLEERANFKF L FHET, (—)-profenofos [T
S-F o CVENBEE LA S AChE L& L, (+)-
profenofos 13 k482 & € phosphinyloxysulfe-
nate liCBEINALZ EX RV L. EmBLWI,
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pyraclofos @ @B © FEAERKYS phosphinyloxy- v 7 &Y T BHICE LR/, prothiophos oxon 73
sulfonate ¢, Zh Bk AChE #[HET 52, EET B2, A s NI L E SIS E o . IR
THESTS &, %412 AChE HERNX bz Kb », prothiophos i3 %3 prothiophcs oxon (2 Z{ k3
T ExME L. BHL, Bl = Nz OBRIZAER HERBBLRBN, 1V URREIARLAX 312 ACaE M
T EE) VR HEAF] prothiophos % BAWC Z D Ei# oD 12 KL, T S-Fardot 3y o RABBICE

B3 7. Moo, REINE, EEHE KD 4 Tzl L
1. Prothiophos @£ T/xT AChE FAEDIES T, prothiophos ®iE)» prothiophos oxon & 77 .u

Prothiophos o #&#iftk, BWZ#: 1 = xxic3 5% &2 @E»-7. ko T, prothiophos oxon & 7 F vk
LDs D i3 243 ¥ 3%, prothiophos oxon @ 12, S LIITHEERATHSHOFEMAA 2 C AChE %
AChE HEDZ, BEZEASA Sz H LU —BoF HETLIIOLHEEIhL BEtto—-FEHELT 5
FV MEBMITHEARTE LD TEL, Bl = v v MF I eV — sk By, 4RMER AChE A%
HLTEFA KD ThE ASTE -2 HEANKR B L7, NADPH @BENTCIIWIFhd HETRS
<, prothiophos @ #HRJ1% + F v ARk~ D FEHEL N, BT % & prothiophos oxon & 7'Fu{k
T TE /el o 72, %2 C, prothiophos oxon — DZNREEI 7. Zhnbd, IOBMEIEEKAD I 2
BIOS-7rxrtrxvy (FN, =FN, TFiu 0V — AREERRCLOEEMINDZ L2300,
%) ZaRL, BRYE, Bl oo s8R Had ERBEINA XV MEEYD S HTIOMEET
& AChE [HEE, BEB{L, Sy rMFIZ2n Jv—2n- BYIEEIHGELTWE. RICEEROEELRITS
NADPH %RCof4Rlmik AChE [HEELRHEL HE THT), BEMTEEREIRDZZ E2b, £TIh5
LAt D BRI E - 7. FEYURBEBBLLIEZ S, FOFFVrnbLH

Prothiophos ¥ X O° prothiophos oxon © LD fE =~ ¥E#®E®DIZA, Fig. 47" LA DEHP & Z hic i
DEERL B2, Bt N iICBFEHAL, 2 v 2 TEH7INH AR VBN FPD-GC It L 0 iis e
oo L-HREYED T in vivo AChE FiE% BlE Ui (Table 3). > 0, BLANT S-7 U F oV EM il L
FER, 36~58% DHEEENELN, HEABO¥EHN DITT, BEOTAIZIA A TRFLIBLLR V. &

DS, ThbFdAFvovesy MFi e V- aTRREL

Table 3 Oxidation of prothiophos oxon and S- 72& T %, Table4izR"3 &5z, NADPH iR D
alkyl homologs with 3-chloroperbenzoic acid. o fRExh, FREAWILIZY DEHP Th - 7o,

Zhiz AChE BHED I WBERHM THH. L2 AH
T, DEHP D4R, BEBBLTIE 25~29% &v®

9% of chemicals

/

Chemicals Alkeyl ROBE BIZTE Lo 7205, 28V — ABKLTE,
Me Et Pr Bu S FoUfE, TFUKT 63.7%, 62.8% THBH—,
Residual prothiophos oxon (Fu ¥ {k), TFEKTL BT
S-alkyl oxon  13.1 13.5 26.1 22.1 257% RE EBinote. Tuvrik, FFukT
RSO;H 27.7  49.2  38.0 26.4 DEHP 0 f s Aot o 7o B & LT, b phod Hfk
DEHP 29.0 27.3 25.2 26.7

RG~DFEENEZL bR, UEDERL BRELT,

Table 4 Metabolism of prothiophos oxon and S-alkyl homologs by rat liver microsome with
or without NADPH.

% of chemicals

Alkyl
Chemicals
Me Et Pr Bu
NADPH -+ — -+ — -+ — -+ —
Residual S-alkyl oxon 6.2 92.0 9.1 96.1 0.7 95.4 14.1 95.1
DEHP 63.7 ND 62.8 ND 25.7 ND 25.7 ND

ND: not detected.
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RS_ S
/P\
Et0” 0-CgH3Cl,
Thiolothionate!’
mfo (e}
B ACRES h o
- E
RS_ 0 mfo RS _ 0 B-AChE AChE, ,
N ’ PN /5N
Et0” 0-CeHsCl, Et0” 0-CgH;Cl, (Pr,Bu>Me,Et) Et0 0O-CgH;Cl,
Oxon Sulfoxide
Hydl. (Me,Et>Pr,Bu)
S-AChE | (Me,Et,Pr)
RS, O HO_ _O
) z h 4 RS(O)H —— RS(O)OH
Eto” “AChE Eto” 0-CgH;Cl,

DEHP

Fig. 4 Activation and detoxication of S-alkyl 2,4-dichlorophenyl ethyl phosphorothiolo-

thionate insecticides.
1) R: »-CsH;, prothiophos.
throcyte.

prothiophos DEM:A & e, M L EEMEBE% Fig.
4oL EwmLic. Thbb, © ©F A 8D prothio-
phos 2 s 7wV —sBbTAFV VITEL @ XF
Ny, TFI, To T S-AChE B ToHEE %
1. @ XV MAEBIIDBIR I e V- ABLT,
AREERTFEEERAVAEFL FERERTS. @ HED
ZizBBBAcLE b, HEEAIMKSREL T
DEHP & RS(OJH % 5%, ##i2Z bic RSOsH 12
BRI N DD, TEHERD AR & KB 7 v ¥ v EED
B2 HE 02T, @ EFRFAETTE, Avhdy
FRIE, X Fov, TFUVROEE, FITIKD RA 520
CTDEHP % 52 %0, Tubti, T7Fvikofed, £
fKERsy & O RIEDS B bicis b, DEHP O AR D,
AChE WEHETHIE IR ERIG L THET .

2. Prothiophos oxon DN Y FFH VA& &

AChE BHE®

&ZF FV vOBRBNIVEZE L BIER TRE W
E b, EENTIIRLRD 2 v+ v FHEE E FHED
AChE ZThZh &D FIGIEHE D Bb bz L2
mxhiz. Lal, ThAL—EDOPZIIT T in vitro
T DT, EERNTREIOREGEREEERIVANA
THERAYE L DARDCRIGT DI ENTFHETE L. &
Zi3, BEMRERBEORRDO—2L o TnaE IV a FF
v S-FI 2725 —¥ (GST) mHEO M KRICHH,
2oV F v R L v g 74 » (GSH) &0 FED
FER L UHERYO BRSO FEE G Lz, Prothio-
phos oxon BLUFIED S-7vF v FV &I w b
Hivay—2-44 v —VFRAT, @NADPH,

2) AChE from susceptible, resistant houseflies and bovine ery-

20
: @ oxon

[ : ® oxon + NADPH

16 Jlll : © oxon + NADPH + GSH

12

of dead flies

No.

6 12 18 24 30 36 42 48

Time( hour)

Fig. 5 Insecticidal activity of in vitro metab-
olites of S-methyl homolog by a mixture of rat
liver microsome and cytosol against susceptible
female houseflies.

GSH 7, ®NADPH & (RovhF v FAERS
), © NADPH, GSH #mo 3 & FT 37°C, 30

SREIGE 1. BRIGREYC L Nt < BETER
U, EZHEA = NI L CRRE T COREDREN
hts. FAFV UOPERE, KBBEFETLH>A XV v
DRI A TRBHRLFRET S E T DO
BIRAD 5 X 510 &Aoo LDs il JEUTMmRL
7o. 48 Bil % T BRARO PR E AL L, X F
WEDEE (Fig. 5), © Tt @ WEEIGED # 7
OB 12124 0b b3 ERFIXIUIA LT, &

NI | -El ectronic Library Service



Pestici de Science Society of Japan

Journal of Pesticide Science 17 (2), May 1992

S121

BRI, *FUERICLDREF TNV & REB L
oo - © T @ICH~N X FEOENIITRA LI b
b B TFHRELE VDL, @TEIPEERVAF Y
R2PERLTLOBLLT VS, ©TIEGSHIC X 5%
FERLICBBEMEYNRTETCHDZ EERELTWS.
F7z, Fig. 6 iR dTXk5i1, ©@ by 4 by — V&R
WRRTIRIERKRIRS L. fiox+v v ChEBED
EHra AR bR, 20z &%, Thb{eaYoRRGE
T, 3270V —a-NADPH RIC & 5 EERBEE 2 Lk
F o FEMmIC, GST-GSH %2535 Hi/- /e 5k
FEEKOEFESE TRE L T\ 5b. FED in vitro FZER
i, ARMmER AChE ML CRIGI®/eEl b, K

20

: @ oxon
[EE: @ oxon + NADPH
Hll: © oxon + NADPH + GSH

¥ -

—
{=2]

cytosol free of ©

—
[s%]

(o]

No. of dead flies

Time(hour)

Fig. 6 1Insecticidal activity of in vitro metab-
olites of S-methyl homolog by a mixture of rat
liver microsome and cytosol against susceptible
female houseflies.

: @ oxon

IHEEYD AChE HER, 7oV FvED BT
53 @ BEL, £ GSH 08N WE EFEho 7.
GST FEH:DHA Uiz 4 =N & BRHEA =3
L EERORIGEAEYE 52 12856, @TikigiilE1 =
NI DFETERITESZM A = NI HEANEWDITX L,
O©TIZEHME 4 = NTOFETBRITHEL /Y, BVEH
WWhit D@L DEWIEREA /R Lic, B2 =L T
Z@OMDEZHID % ChH - 7= (Fig. 7).

ETPC %D F & — b h — N 4 — MREEAD 13, =
Vs F L NICBR S W CEMEA(L LRRERI R A R 5 —
B, TDRNAF L FARRC GSHiICatkInb.
AKRED 2vAF FPHRBEE S EARED ST
GSH icfagfbshasbosE2bRA. LEDOKERN
D, ThbFF a8 tEMITIAREZEL A v+ F o FHE
fha 52, Zhi AChEx [H=EJ5%—%, GST-GSH
R L0, GSH wifs I hi-mEhEEgs 5%, 20
Db AChE #HE L TCREGRYETSH L0 KA
R Lie. BiEE, Bldic, EtOP(O)Cl: & 2,4-dichloro-
phenol & if{ x = L A CRIG S ¥, Z DEREZ GSH
DKEBF M) U ABRICERT CET, ZERIGL,
KEg#n SEP-PAK Cis 238 L C BRO#EEHKEY 21T
HHD 770 varykHEH, BEREIsIeT NS5 T-
HaEnthat (LC-MS) &~ DoELoHToE &
LIT, FE L/ 7 572 a v OBEYD D WITENY
WM S - 2% LC TR L TECEEREL 4 2
T BEZ TEORBGRLBEH LTS,

3. Prothiophos (DiBEEE{L B3R D phosphinyl di-

sulfide & AChE [BE!'®

Prothiophos % MCPBA ®{t4 5% &, Fig. 8 io/R
T L5, YT % phosphinyl disulfide (2) 234 %

[ : ® oxon + NADPH
Jll: © oxon + NADPH + GSH

20 2 .
(R) (S) ’
2 16 o 16
-~ -
) “
2 14 vS 12
s 5
2 4 2 4
lﬂl : |

§ 1z 18 24 30 36 42 48

Time( hour)

24 30 36 42 48

Time(hour)

6 12 18

Fig. 7 Insecticidal activity of in vitro metabolites of prothiophos oxon by a mixture of rat
liver microsome and cytosol against susceptible and resistant female houseflies.
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v (1) &EbicEbht. Disulfide 213 7o €
NS-SEEEMNMLTY VEFLHEELTEY, Th=
TD WD 5 B A L disulfide &P &R
th. ZoEYE BRETTC I3 REEENE (254 nm)
a5 &, BECZFuik (3) BERSH, 5z, &
fbxF1v o MCPBA Bt 35 &, o vEMNT
Thiz2o0ERM 4 &5 BLRc. BRIGIC BN
T, AF vy () oERSAR A~ b I A ETET
b bteh, TOREEHUZ VL. il b, LEY
412S-SEADA F VRTOBE & IKSFET X VAR
Lick ZBxbh, HER THIE, O B
AChE t#EGT2Z L HElIRD. o, =F &
() IBIEMLFEERBYTH L LTS ETLRL,
RN HOEEL prothiophes A EHidED BHRIZ L H3)
THHBEHO—2O2E L.

kS TFHAVADEREAMD

BHY) CREBFIE B, B oo iR
HPRCKENMIOETHE, © BRI (LDsx) X
% LAY 100 f5 2L E & K& 23, ACKE HES (Is)
Wk BEHEHA 10~20 f5 & XV, @ BEINCK
LHiEsEHIT I0BEEE CH B, AChE HENCLS
EhHidE 2 100 52l EE K&V, @ &HJy, AChEM
EINC LB\ E i 10 5EE, @ @ Tnk
T, BgMc s3T5 AChE HZEAM 1074~107M
D42 a3dbhs.

PAP = malathion &0 KD BHHEY o HFIE
OB L, —MCIENHEEIRICY LR REYR
5. Z e LT ~@ B FRIC b E3)A R
T EMD, ThbDOFEEMDOEERARERTHS.
Prothiophos 13 @IWZE L, AR Lok SRk &35

e DTEMADEEL Lo Tz, ZEREEERC LR
BHx AT 0z, BE& 2 vk + 2 B phosphinyl
disulfide D@ bE» GSH ic Al 3h b2 & THEB
TELML LKW, 73 FY U 2FUVRD pro-
petamphos $ RICET 572, HEHEEFERIC SRR E
RTHEBICOWTOBEIXITEA EW. FEIL, KE
#¥13 N-oxide 2: 5D GSH &K — 2D FEEETIE
TnhEHEBR LTS, @, LS TLERY VA
GBI BERAIRTWLEANE L, BIAOEEILE
AT LRI E D F D & b OB REENEET D H
L Litia.

—7, OCETHEAL, okepiEa LTHER
THZETEY, AROBRNAEEZRD Z LAA]H
ThDH. BEE®Z, vy RFYA vV =T, chal-
cone o F#(kK, 2-bromo- % 3-bromo-4’-phenyl-
chalcone »3 GSH % o, B-A83F15 b oD ZEHE G
ML < GSH nfagEixmL, Zhir#l GST o
EEAHEETA LA RH L. L, ik =Nz
i1z chalcone # U L GST EiEvHEEcE I,
O EREEH L diazinon F2 D THRHBEAE L
TRATES. £2 0, k4 = Nz OEEIC 2-,
3- H 5T 4-chloro-4’-phenylchalcone # FhZHh
5 pg LEE, 2 BEfE#%iC diazinon 5 mg & —HIEBTE L
7ol (RE 8.5cm) D EIZZIDA NI HH-T, 8
R o BhHEL R L& Z A, chalcone %L
BLANS 7oA TN HN, 2-7 0 V&AL NMEB LA
IANZOFRTEHREEII®EL 20, 47 v i
bix, AT GST »pEE X 1 diazinon O FHIIH
HETHZ &, &, #BA P 4, vU &
= VRRY VBT 2 7 OUHER BREA IBP 29RRE R
GSH & Ef LTAR L7z S-(2-hydroxybenzyl)gluta-

PrS\ //S MCPBA PrS\ //O
AN
Et0” “O-CeHsCl, Et0” |0-CgH;Cl,
Prothiophos (1)
MCPBA o) o)
A A
Prss_ 0O MCPBA | PrSS_ 0O Prss_ 0
RN /P\ + / N\
Et0” 0-CgH;Cl, Et0” 0-CgH,Cl, Et0” 0-CgH;Cl,
(2)
EtS\P//O HO\P//O HS_ 0
N /5N N
Et0” TO-CgH;Cl, Et0’ 0-CgH;Cl, Et0” "0-CgH;Cl,
(3) (4) (5)

Fig. 8 MCPBA oxidation and further transformation of prothiophos.
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Fig. 9 General scheme for the activation of organothiophosphorus insecticide.
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