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- &mmz 9l SALIGENIN GYCLIC PHOSPHONUS COMPOUDS.

1. Discovery of Smiithjons

In i@é@ about Gen thoussnd pesple An U.8.0. suffered Ly a
£laceid pardlysis of the lower limbs about 10 days after drisking an
" adulterated fiuid extract of glager (ginger 3&%:@'){1).  This was due o
the gﬂ.’zﬁsgs{{aﬁe irigster of a—cresfs}.‘, o called TUCP, whiech contaminated
$he ginger extract. Yhe phesuiza‘i;e ux-i@smrg of :,.re gols have been
widely used in indugtrics as glas&ieizars, lubric&nts, golventsy oil
additives and firs.robardants. The oubbresks of wcg;, “: polsoning
have occcurred by the ortho lsomerg in techuleal products. In Horoeco
s sinilze big outbresk took pléce 45 1959 fron cmkin% 0il contaminated
wibth lubrleating oil of "aﬂaa-;}et zir craﬁ:‘t ong m@w .

#egults on hens ﬁlmig that -n@uramxig tr-iary’l Q&asﬁ}h&ﬁes,
exeent tril-p-ethyl phenyl phosphabte, have a** leas® one alkyl group

(3,4,
cgrrying tha £ ..hy&mgen aton on Lthe oriho m}s:wimn * « ZThis struce

'a.ure-nmumﬁsmzicity m}.asiaﬂsﬁip T briaryl phosphabes becsme elearly
understandsble by the isolation and ei;amuzwiaatica of She active
mababolibes of 2UEP in 3961( » }. . The pringipal rmotabolite (A) was
o-tolyl Seligenin eyelie phosphabe (2-0-tolyloxy-dilal,3,R-bonzodloxa-
phosphorin Z-gxide). It 13 extra-ordinarily scbive 4 all she biolo-
gieai progevilies shown by ZUCP : (A) wags gboul 100 times more potent
Lo cnuse asaxis in hens than TOCP; {A) was (e mitldion Gimes more

(7}
active Lhsn IOCP in the in vikro inhibitisn of z;j.asmz ¢holinagterase .



Pig. 1 : Metabolie aetivation of TOCP.

( _ , (e}
Thoe conversion of TUCP Into the eyelie shosphate via two stepg is

shown in i*ig, 1. ZThe hydroxylastion of the methyl gﬂmg; of TOCP is
affanted hﬁ" the microsonal mxx@m@% end %hen cyelization ig
followed by imtramoleculsr transphospborylation of She interasdiate,
ﬁi—a-lmlﬂ g={ X «hydorzy) ﬁm:ﬁ. @maph@w, slininating one molocule
of viesol. drdinspily the lmaer rwﬁe Llon i a slov one bm; g;?eatly
accawzm’izaﬂ by Gise g;maem@ of plasna aimin (3}

Thus it Losited ﬁ{;ﬁi{}ﬂ%’ﬂ. %;g i:z*a’sma that the trisryl phose
phates having an o-alkyl group with the o(-hﬁé;%gw-aﬁsm may bo simi-
Larly mssabolized to give she éarz* sponding a#%iw eyelic estorg. Im
the eﬁciizatigg}rmmm, no alkyl estar group g&zﬁieifm tes ag the
lenving groud e ﬁe&ﬂﬁ?‘lg m; aryi ’ém‘i: sikyd migem eyelie phose
phate was Pormed m from alkyl :ii-s-%aiyl sahesmmes. m%ﬁi
nmetsbolic aﬁ%iva sion of TUCP or its onalogs was observed in azaﬁs N
h@m}&}, ents  ond m%gm(n!. |
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ds & rogult of Lire aforesald ragaﬁreh'ﬁﬁﬁféﬁiaﬁgéﬁamatﬁaxy-
4ilel, 3y S=biongodioxaphiosphor liteZesulphide), an oPganophosshorua inzestie
eide having 2 unigus eyelie ester strueture was Glscovered by the pestl-
cide rsseaveh « 2Zroup of Kyushu ﬁmiv&vsiﬁpglgg in 1883, Sslitbhion wes
deveioged %o a comumereinl inscoticide in 1968 by Sunitomo chemiesl
Goe of Japan.
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Yhis revigw is almed a% presenting an account of Salithion

and relaved coapounis dg pestisides as well us thelr chepiabry and
bigchemistery.

8, dyntheazis of Jeligenin cyolic phosphorus egterg:
. . ~

The eyelie phosphate and phosphonste esters of Seiigenin are
rebdily synthesizad by condenastion of Saliigonin and substltutesd phose
phoryidichiorides in the pressnee of n delijdrogenchloride agent such as
tertisry amine in a dry solvent 1ike ehlorofors or Loluong 2% loy tene
@@f@ﬁuragiﬁs. In gome cages, where the resebion is offected &iﬁficuﬁ%%
by usipng the Lertlspy amlae, Ghe resction 1s effected by heating the
regetion mixzture for 10 bo 20 houwrs in the prassnee of sahydrous polse
ssiue enrbonate %ggaﬁhaf with copuey @aﬁ%ﬁ&ri&%)iaatéa& of & Lertiary

auine,



Such c@m?mmm, which are ;%ifﬁ‘ieﬁltﬁzf @B@éﬁmmﬁ by }‘:h& mes:hmi
employing a fertlary smine, includs the compounds iaaﬁring mentsings of
=8 ond & = methoxy i formula I ang X = 3, @l =W ang £ = alkyl "
“¢ontalning wore than one cavbon atom of K- = i = alkyl in the Formula
Il. '
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- The process employing potassiun carhonate is made o proceed
by & roaction between liagnild and sa}wié phases. ITherefore, even if
Potnsgium earhonate is employed ag finely divided powder often it
caugeés a rensrkable lowerdng and fluctusiion of the s;fiéz;x%_ﬁ@. Thus
Salithion was first prepared with inconsistent and, offen, very low
yield by hesting @@"ﬁ} Briigenin and maethyl zﬁwsﬁhnmmhiwidgﬁhien@e
in toluene for a long fp@iﬁ:{% (more than 15 hours) in the presence afilﬁ}
anhydrous Pobtassium carkonate together with copper powder az easalyst .
This @ifficulty was, however, overcome later by applying the welloknown.
Schotien-Eaumann acylation gwmesiﬁre usging an aqm?ms solubion of Sodiun
bydroxide (Fiz. 2). ‘
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Figy 2 : Bynthesis of Salithion.



ibe pregent proeess 1z superior Lo the Enown process in view

of the following congldergbions.

Fhe improved procesgs is carried out in an agueous solution at
a-iaagr temperature and in a shorter resetion tinme perlod than the known
process, Alap, it glves an objective product of better yield having
higher purity than the known process. Salithion was ohtained smoobhly
in & erystalline fork (R.D. 22.53°0) under mild conditions (20“@, 2 hrs.)
with a conslstently high yleld (7a.aa£}€16). IThis method ean be applied
also %o syntheslge other thiono annlogs of saligenin Cyclice phosphorus
esters from relatively less reactive dichlorides such sy dlalkyl phose

phorsnidodicnloridothionates (Formuda II). -

?nrﬁher, it is pomzsible in the Schotten.Baumann procedure Lo
produce cyclie dithiophosphate esters such as 8-8lkyl eyelie phosphoroe
thiclothlonates of saligeain (l.e. 4 = 5, ﬁl F Segsiiltyl in foriulael)

whieh ecannot be producaed ab all by the known process.

3. Properties of dalithions

Baferring hac%lg? Saillthion, we plupoint cur discusslon tc
its importont properties  relatdng To its structure, degradation,

isomerization, elt.

fure gslithion is & colowrless crystalline powder 3 maDey
56.56°C; praeticslly insoluble In waber, easily soluble in acetone and
benzene, moderately soluble in eyclohexane, ftoluene and xylenej vapour
prossure l.d = lﬁ'e amiﬁg as 25%C: W ”>\:;Zx ( ¢ ) 874 (860), 267
(860). Salithion has a eharactsristie IR band 2% 1020 en™— for



~35m

PeuChy in hetero ring. i‘i*‘i % (G383 ppas 3.'&”8 {"‘“ doublety J,q = 14 iz,
Ciyiy B.21 (20, doublet, J, gy = A8 Hzy Ginly 6.8 « 7.2 (4il, multiples,

benzene #ingl.

The signal at the upper Lield of %:m mzzhlat at 8.21 ppm
slightly splits further (1.8 Hz). ZThis bewoussg m}zeiz ai@;ﬁe ant ab
- 'ﬂ”i?' sugmsizmg iﬁé‘;f& the gﬂ%k@lﬁn@ protons ﬁi&, Hgg are not equivae
ient o eaem othe r, bub the tmzxag&asgmorm ring is wm@ma Lionally
mame in @ solution (¥ 12. 3)e Keray ei’?&-«:&ilﬁ@&ghi@ analysiz shows
me*s bﬁ’lﬁ h&&e&*a rmg: of sam&hﬁmx is

| Fig. 3 %nmmaéﬁmm ehange of ﬁalé.%ﬁimx
hamrmriﬁgo

a half - chair form in which the sulphide group is in equatorisl posi~
tion (Iil}., The sirein in the ring apoesrs lim}.ab the andaeyclic
Uui'=0 angle is l@% 'S

%zzliﬁhim% glves o -&&safae%@iétm fragmentation patisrn in
émé SpeetrametEy. it gives an intense peak of (M -":@:1,334. (fe 201}
’ by & ks-cz‘%@avsaga emmai.ng ot the mzfcﬁé sater EFOUD.  Another
charecteristie Cramentation process is the direct loss of SH followed
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by the elimination of formaldehyde (Fige 4).
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Fig. 431 Pragmentation of Sallthion in Mass
speetronetry.
3alithlon i reia%iv&l.y unstable in storage. Oone secondary amines,
such as carbezole and Hephenyle o -napthyl anine, stabilize the foroue
latian<m3. ina phas;h&té puffer {pHl 7.7)¢ salithion iz hydrolysed
slowly through opening of the hetero ring by the i’-@l—(aryi) bond claavage:s



P

the hydrolysils rate coastont (25% K = 2.4 x 104 t&‘ﬁ;fl. The hydrolysis
ratas of the carr@sasmﬁﬁzag eyclic meihyl yhaséh@n%@, mz:;et%zylgﬁﬁmghora.
lolate (Lhe thiolate isumsr of s&lwﬁi@d, HIBG), methyl phosphnte
ii&:aiztmm_),' and feuethyl phosphoramidate are, respectively, 9D, 60, 6 and
0.8 times unre Than thet of ssiithion. Salisthion is complelely hydvolysad
by heating b 100°C for 5 min., with H/6 sodium hydroxide to yield salige-
nin. %©his is agplied for She colorimetriec determination of salithion im
formulations by allowing the formed saligenin to react, after adjusting
pi 8, with d-anincantipyrine and then with potassiuvm fewicyaniéei 19, 203 .
On oxldation by bromine water salithion is converted fo its
oxen (malioxon). Since salioxon (S-methozyedilel,3,2-benzodioxaphosphorin
Zeoxide) is some thousand times more active in cholinesiorase inhibitlon
shan aslishion, an angyaatic methiod after the ouxidation cant be used for

N {18
¥ols of salitmm >

Lhe rogidue angl

Sullthion is isomerized into S-2lkyl saligenin eyelie zshsgg’;i%-
rotilokates by heatlng with alkyl iodides {(the Plstehimuka renction) .
Zhe resetion iz grenily ageelerated in guch a noker sssi,véaﬁ a3 dinethyl.
formamide. Potagsius e:;sz’iﬁw;a%@ aﬁi-sz@ agsighs the roseilon. When methyl
lodide iz used, isomerization @cc,w«; 0 give 2-meihylihloedliel,3,2-bonzo-

22
diozxaphosphorin.S.oxide (MLBG) (2 Bailithion iz denethylated %o form

the

C17)
wain mmia‘ggnfég? suell az eyelohexylanine and potaszium dimethyledithio.
o ’
carbamabe e Zhe Labtor sgent is partienlsrly suiiasbls for the pre-

%

ai% of %ﬁig&ﬁm eyelic phosphorothionie seld by the scilon of cer.

paration of HIBD by sethylatimg the obbained salt with methyl lodide.

HIBD 1a & unicue phosphorylabting agent. The reactioas of

salithion are sunmarised in the following ssheme (Fig. 6)3
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Fige 5 3 Heaction of Salithion.

Salithlon is a wide-gpectrum insecticlde for use in orchards
and vexetable gardens. 4t is particularliy effeetive Lo control lLepidope
teran larvae, neslybugs, aphids and mites. It exhibits the insectici§§%
aetion aot only &s cpalact and swomaeh polsons bt also sz n funigsnd o

Zhe residusl toxieisy of Salithion is sb small that 2 naturel enemy,



3P

Pgeuwdaphyeus malinus, could be used co=operatively for the Qﬂﬁﬁrﬂl of

{8)
oonstock meglybug .

deute toxicity Lo momusls is moderate. 1D Q in mice b;;rk oral
aummistrzatmﬁ is 9.3 mpliz; for & am rats 82.125 mgfhg, Tor f@zaa_e ratg
192«189 ia;&/ kgs for hens 110 mgfkg. Salithion &%’ applied topie al.’&y Lo
‘after 1 hreldy me major

housefligs was repidly absorbed in the body (&?ﬁ
part was degraded in the body and abous 4% of applied or 105 of bsorhazi
Salithion remained se Salithjon and Salioxon for 24 hrs. On the other

hand, galiﬁnm‘nag? adninistersd orally Lo mice was rapidly degraded &had

exereseds

After 1 hr., 78 of the administored Sslithien was hydrolysed
in the body. After 3 hrs., 56.7% was exoreted and only 2,47 remained in
the kody in chloroform soluble farzs—zg%{.

~ &bour 104 of Salithion absorbed was found In the bsan plant
whiose mé%s had bean_l soacked in the alktrilent soluiion condaining the
inzecticide for la'éayzs. When Salithicon was applied on bhe lesves about
105 was absorbed into the tigsues and slipghtly translocated into other
leaves. Hoat of Sailithdon applied on Leaves or applied in solufion
form with nutzrient vaporises. ZLhis causes a fumigant astilon to kill

insects on the plant.

ﬁfhﬁ metabolic pathways of Salithion in rats and ploants have
_ £ %7 o A
been stwdied . It was shown Sha® the blodegradetion procecds kehmx

%ﬁféugb dmethylati@ and ring-opening by Felealyi-bond cleavage.

| (317
- Ghronde toxicibty wgﬁs( )mw;ale& that the rats fed for 24
Iéaﬁmms with 10 ppm Salithion showed siight decresse ia cholinesierase



R 4
activizies. Ko offect was however, observaed in rabts fed with 3 ppn
Sellthion. Ho histolopiesl lesion was Tound in sny orgsng of rats fed

with 100 ppri.

, In men and women aduinistered orally 0,02 ng/kg/day of
salithion for 21 days followed by 0.05 mg/ka/day for 14 days, no.effect
was found in the ac:mvi%y' of erythrocyie acabyl ché;;iaeesterase. Garcinoa

geniciﬁy Aw»as 1ot observed. Ho effect was absewaci:ﬁin faprtilivy of »ats

for three gensrations fed with 10 ppm S21ithinn,

4. Other 3siigenin cyelie phogphorus esters:

’ {1‘@, 15’16’2‘}5, gﬁ’% 'f%?}
A4 survaey of Literatures furnishes a

varieby of Gsligenin eyelic p&us;?iéams esters in :{;ﬁmi nwaber, wiich

have been prepared and exanined for insecticldal setivity. Zhey involve
phosphates, phosphorotitiolates, phosphoranidates, phosphonates and tholr
thionpeanalogs. & comprehensive bub not . coaplete 1ish of Saligenin
cand ring - substliubed Saligenin eyelic phosphorus esters is given in

Zable - 1.

'e/!:f— <

Qe

8. .
A‘—{T ['38
- 4
6
)
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Table = I
Code lio. | B A X L Procedure® | b.p.®C/un Hglap °C)
K-7 oo 4 ﬂ (P) 110 29/5,05
K =13 GeneCall, B o (£1 - 129- 329/0.05
K18 OenaCyliy H 8 () 150-4°/0.05
K«8 . b0H, 8 3 (F)  biowid (pot distilied)
K18  WCghg B g e £362)
Ka15 Gy - H .8 @y (37%)
GH, i 0 () 140%/0, 5(35%)
¢ Hy TR ) 143-9°/0.3(259)
1.Gaf, i 9 o (20”)
Sea-Cgly H O (® 10705
teCyly  H o (P) (74%)
Cif = Cily, H .9 {P) - 185%2,5
CHL ~ H o (P 160/0.8 (51°)
CHCi,CL 8 D S 45 N 132 141/0.1
N CHy ... H 8. 2] 130/0.6
Coity ~ H -~ 8 £P) - 120/0.6
-Gy, & S ). 108/0.6
QL1 H B (2) 146 - 155/0.4
O0H, 6-CHy 0 (6] 130 —140/0.3
gfly  6eGiy . O ())  152. 156/0.3
H, %cz% 0 P 100/0,05
N L {8y 112 118/0.05

*2yridine () or aqueous Sodium ixsﬁéraxi&ie %lutian (a} was used as
&ehyﬂrwemhlwwe %ea"a.



| (maﬁ&c- ey .9---}

i, - By 161-147/0,1

(Pj. . (93 85)

(B (145- 16)
{®) (118 120/0.6)
€F). . 185/0.6

() 136-1a0/0.6
51 148 ~ 162/0.2
(F)  160/0.2

(®) - 167 169/0.16
(7) ~ 187/0.18
® (@™
L P) (14e%)

(®  170-171/0.15
@)  151/0.18

(»  183/0.18

(®  13%/0.04

(p)  203/0.52(54%)
(5 . (es—129%
(34 - 387

56:&5 B 7-Cily
TR X
ey 8aCig
Xy -Gy
oemiy;  Gel
gy oG
OuneGylly GeGL
Qen=Gglly 6-CL
(ocgiy 6.1
WiCH, 601
oy BaGL
ocpHy 8L
D-n‘-ﬁaii.? 8.1
0-1-Gyfi, B-CL
agglls 8L
WiCH,  BeCL
oclly;  ©-Cly |
OCgily  GaCily (@ (7729
VanimGplly  B-CH, B {3) i58 - 160/0.2
oul, o 8 @ 11@ - 115/0,65

‘ ‘ . A
cCC oo O OGO OO0 0T e s G 6 o ok

773
~

*?yrimiaa (¥ or agueous Souium hydraxidﬁ salnziaﬁ(ﬁo was uged as dehydrce
genchloride agenite

**Thesa compounds were purified through %iliciﬁ aeid ﬂc&umnuﬂhynmatagra?hysA



3o

‘:fab;g - 3 (Qf}ﬂﬁd- ene o - -}

e IO s

R . A " X | Ppocedures b.g.%/m Bg(m.p. %
0C,,, 7-Cli, 8 (3 - 185 - 130/0.65 - -,:
OatinlgHa 7-Cliy 3 (8 180 - 142/0.65
ocHy 8Cig 5 (9 - €8 - 20/0.15 |

: : v t
9CoHg Bnlilig 3 (8 20B-309/0.15 |
OennUsly  8eCiy s 8) 120~ 124/0.18
RHCHy 8Cily 8 (®  (30%
oGy 6=Cgly 3 (8) 013, =
QCH, © 8=0CHy 8 (33 Paste %

OCH,, - G-U8CH, 8 (D Pagte *#

0CH,, 6=C1. 3 (P 170 - 178/0,.2
HHCH, 6-CL 3 (P 175~ 180/0.25
SCH, GaCl 3 () 180 —170/0.2
QG 801 5 (8,P) (72 - 723%)
RHGH 8.CL 3 (2 (46 - 479}
8Cidy . 8eCL 3 (3 041 =

QCHg G5l - (8) Pagte **

GGH; {e-cl 3 {3) Paghe **

= 8-Cgll |
0ol o 8 | (8) Paste %
a-n.géh7 w6 . 8 (3) Paste =%

*¥2gpidine (P) or aquaeus Sodium hydroxide Saluaian (8) was us&d as
dehydrogenahiloride agont. ,

*##7hege compoundg were purified through S8iilicie scid Column.Chromatography,



'?’aigzg - i {00t tacenend

R A % Progedure® | bo. OWun Hg. (m.p.%0)
OCH, {g:ggﬁﬁ 8 {3) Pagte *+
cx,aﬁs o ww 8 {8 Pante #%
Jenialypll, ™" 3 $3) Pagte *%
OCHy - 6,801 8 ¢s) (57 - 83%
SgHg . " 8 {83 D41
HECH, * 8 {) g1, e
BCHy # 3 {8) (69 - 70) i
3Cpl R 8 (&) 145 — 147/0.2
BenmCyti, M 3 {3) 146 — 150/0.25
SwieCgll, & 3 () 140 - 143/0. 1
8-C gl i 3 (5) 140 - B47/0.3
Sy,  H 3 (8 160 167/0:25
8Lty H 3 (3 K78 - BO)
BCH H 6 (. 144 -~ 5/0.1
SColl, H a8 (2 140 5/0.04
SeliaCghl, H 0 (P 155 ~B/0a 1
S.n.Cod, B o (P) 187- 60/0,02
S0, H 0 () {839 )

* Pyridine {s’) or a@zmm Sodium bydvoxide Solution (3) was used as
dehydrogenchloride agent.

*2 These compounds were purified through 3ilicie acld Columi-Chromatosraphy.
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Code lo. ] 8 | X | Procedure® | b.pe 0/mn Bg. (m.p. 9%)
Kl HECH, H D (triethylanine) (879
k22 . N 8009 (2 " (689
- i |
Ka20 i # 0 (triethylsaine (1219)
N en
i xéig
- Boll
K23 =8 o o |
it H 0 (Pobassium carbonate) 133 6/0.8
NG
= 5
| B35 HHCH, B8 (P 120 - 3/0.2
K37 AHC,H, ¥ 8 (Pobngsive carbonnte) undistilled
; ' = - fdquide.
y CH,, |
K36 B H 8 {(Potazsiun carbonate) 118 22/0.8
N
GH,
/ﬂgﬁs |
Ke38 | H @ (Potassiup esrbonste) 11070.2

eyl

% Pyridine (¥) or agueoss Sodium hydroxide Solutdon (8) was used as
dehydrogenchlordde agent.

#%* These csapounds vere pupilled through Silicic acid Column-Uhromabography.
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5. Biructure and Specificity ip Biologicsl jfotivitics:

fhe rasulis of the inve.;;t;i gabion on the 2etivilty - structure

K‘él&ai&ﬁﬁhiﬁ) saggest that biolioplesily zﬁaw:we mbvt.ama:—z may have two

mpaﬁmnt sites in the noletule in GM@? S0 mmifeesﬁ biologieal azztivi—

tlesy Une reccls sotually with a fergel and another decldes the specifi-

clity in biolegicsk setlvity. Yhe biclogical setivities of Buligenin ¢yce-

lie ghospiten sre greally influecpeed by the exopeyelic subzbituent on

Phosphorus aton ag shown in Table 2, Aryl Ssligeniu eyelic Phogphates

Bffect of the ewgeve g;igw&zghr*aitm% ,g%_ ,.ogzn;;iea;l_, agtivities of
aali%ﬁillg cyelie ;;mspimﬁe

¥
|
0 \&]?- o B
Q/\/@
(L |
| Delayed neurclo- | Synerglss with Cotoxl. Xﬁsae tieidal activity
i j‘ée&iﬁi‘i‘;{ Han® % ¢ity Coeafficient b ERtrd o
— i@q_mwmmm -
0uCliglelisd = 2= 5 16.7 7.8 o
CsilgD . LS5z 8.8 9.2 (3
s I _ _ e -
Cglis 200 18.8 B0 ()
Colis Bo e 3.0 - 0. 17
Calis0 - | - 3.1 0,33
CHy0 f.8.° 3.7 4.7 004
: e . . -
éb}{‘sié &Qaq 3“1 - , @ad _
T a. z&ini:mm %m&c doge Tor h&np iﬁ mg/&zg.
Da & rmistmt atraing
c. 505 Lethel dofze by topleal appiication to houseflies in /Lgfz‘}.y.
da fez*cmta&,m mortality at 10 uwg/Tiy.
@. Ho ataxis signe evident %gi?ﬁz gny sublethal dosages.



menifested s highly deleyed nourctoxzieisy %o csuse ataxia in hens and
nigh syaerﬁistic aetividy with m&iaﬁh&an<5,gﬁy& e aryl %hgaghanate
analozs ﬂhuuaé siailﬁy bloleglenl setivitiesn but less in She neurcio
zigdty. 4 sharp conbrast was, novwevnr, th@?#ﬁ@ in the corregponding
evclie ssters ﬂavang z snall slkyl group on @hoswagﬂuq, {e2s Dmitlikyley
?oalgéxy-, and zwalhylamidouéﬁ» 143y 2~benzodioxaphosphorin-2.oxides, did
not nauqe abaxis in heng with any sublethil doses and weakly ﬁa%entidne

(5
the tcxic; 2y of asiathien G 3urprisingly the alkyl uariVﬂtiveﬂ showed

high 1&38&%&91&31 netivity, wherens the aryl esters did ngbggg;. This
Tinding hes impelled the inventors of Salithion td exenine the zaligenin
cyelle phosphate esters caerying a sasll exocyelic zlkyl subgstituent on
tive Phosphorug alou QQTZ§§§§$131ae candidatoge

The specifieddty of Saligening cyelic phosphates in the
biological aotiviiy relates to their gelectivily in snzyse Inhibiting,
Zhese phosphates inhibit varisws serine enzymes, probably,; due to the
formation of Ssiicyloxy shosphinylenzymes (II) Bs7 Fig. 6 by phosphory
lating vhe enzyne afbsr a@@niﬁg s the eyelic oster structure 2% the

Paw e a2yl bond

. ﬁ . ’ ' :

I " ‘ - o# o
Eil;/f s § "+ H oo Mgt —— Chy—0—P — Est
L0 \

' ' R

$3 f (1)

Flgs 63 Resctlon of aaligenin,eyelle Phosphateg with
gotarssas {IWL gk, ) ™
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. : : (30)
The ester becomes a more sslective inkibitor of aliesterase

when the size of exoeyelic substituent (R in I) incresses, whereas it
becomes a more selective inhibitor of cholinesterase when the substituent
15 small, Yhus, the O-totyl derivative (A), for example, inhibits
aliesterage 130 times\mcra shan cholinesterase. Therefore, the exocy-
clic substitusnt of Saligeain cyelie Phosphate esters 1s regarded as the
selectophore in blological setions.

- The heterocyclic structure of Seligenin eyelic phosphorus
esters 1s uone to contribute towsrds the delayed neurotoxicity, but it
vmaraly lgduces the ehemicai raac@;viaywaf the Phosphorus atom for -~ -~
nucleophiles dneluding the asetive silte of esterases.

In nervous tissues, Johnson found “neurotoxic estérage”
which 1= specifically sensitive in vive to neurotoxie argandphospharus
esﬁars‘gl). The esterase 1s ualike aecebylcholinssterass hﬁh éimilar to
chymotrypsin and teypsin in structure activity relationship of inhibi. ::
%033(32)‘ Athough the struelure-neurotoxicity relatlonship is too
complicaced Yo be gen@ralizad; the neurotoxiceiby appears to relate more
with the strueture of nonlesving group than that of the leaving oney
ﬁeﬁr@ﬁoxic ogterase is remarkably resistant $o most of the méthyl

(33)
egters o

With Ghis brief baekground of strugturee.biological activity
relationship of 3a8ligenin cyclle phosphorus esters, an emphasis on their
specifie activicies such as inseeticldal, synergistie, antiesterase,

nematoeldal, fungieddsl, ete., will be lald in subsequent paragraphsg,
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Ge lnsecticlidal activivys

i’ﬂ, has glroady bgen stasted that bthe eyelie @s@rg in any
g:zri:s&cu}.a? rsmiés" having & soall alkyl group &a;v’e bigh insecticidsl
ae’%iwityig) (fable=3). Hothyl derivabives are much more active ‘i‘;izaﬁ
higher alkg’}. and aryl deriv mﬁ;v?gé ) @;ﬁg@% Tor phosphate series in which
ethyl derdvaiive is more aetive  than the methyl one. §, HeDialkyl
Pimg@hoé&mix‘iaﬁes are mich legs setive tﬁm ﬁ&a&—.&kyl derivatives. Thug,
Baligenin cyelic methyl phosphate, methyl phosphorothisnate, Hemethyl
phogphoranidate, Hemethyl Phosphorsmidothionate, wethyl phosphorothiolsate
and ethyl phogphonothionate are potent insecticides, - It 1s interesting
$o note that the exooyelie substituents of the most setive eyelic phoge
ghérszs esters (0CHz , HiEClg, CH,CHyy BCH3) differ from eaeh other in
eleotronic characterigiies, but resembles in sterle property such as the
distance {(about 2.94%) between phosphorus and carbon atoms in the PeX-
funetion, it supposing the bond angle of divalesnt sulphur ig noar 30°

: (17)
rather than 100,5° .
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Bfffect of exoeyclic subgtituent (B) on 1ns@¢tiaiéml astiviﬁy
of (111) (uﬁag g/ housefly).

%

4 Oful
NN
(11
| %

i 8 - ' a 8
- X - ot 2 -ig e e 1y LTI
Cliy 0,13 0431 CligS 0,09 0.18
3330 GO% ' 0.@5 Gﬁaﬁﬁ {39 335 Gnm
Coifsd 0333 0,30 Cp it 0466 0.48

.
=
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Zhe phosphorotbiclotinilonates have not enough ingeetilcldal activity .

The phosphateg, phozphorothlolates and phogphonabes appear too unsisbbe to
be used praetically asz insecticides, Ihe phosphoranidates are several
times as toxic Lo mapmels as the phosphorothionateg..

Furtherdore, the iﬁ&raé&atien of any substituents on the
benzane ring, the heisre ringé or the exocyclie esfer group brings down
the insectleidel mebivity (Toblewd)s Shus Selithion, the simplest
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phosphorovthionate,'was the most promising compound as insecticide

amongst'allihé series of Saiigenin eyelic phosphorus esters,
Xablae w4

Effeet of substituent (R) on inseeticidal activity
({-ﬂDso /‘{’f/housefly) I

"R sus—'gunm_ R ' : __é —
s 0 .8 0
H 0,05 0,035 - 64CL 1,75 - Ce 09
‘ -~ {Salithion) (Salioxon) _ | ' '
4-CHy w3435 8sCL 0,13 0,23
6-CHy 2400 = 0,1 . ﬁg.?cﬁs 0430 : 0e33
7§CH3A' 0,22 - 0u3 p=CH30CHy 3455 - 0,99
8-CH; 1430 2,0 p=CL - 2,07

|

An outstanding céntrast‘ in the effect of para-substitution

between Salithion series and parathion is nobteworthys YThe insscticie

- dal activity of diethyl phenyl phosphorothionste (V) is progressively

inereased by pesubstitution of phenyl ring in the inereasing order of

- the electron<withdrawing actlvity of the subatiouen ¥y Whereas nelther
electron-withdrawing nor electron-releasing group enhances the sctivity

of Salithion (IV) (Table-S)(l7). It seens evident, therefore, that

the P.0-C (aryl) bond of the hetereo ring of Saligé%l*in eyelic phosphorus

esters without any substituent anywhere, neither in benzene ring nor




Ol

in hetero cyeile ring, sppears to be optimum for the resctlvity o phos-

phorylate chiokinesterase to kill the insects.

Iohle = 5

Effeet of pesubstitution on ingeeticidal aetivity of Sslithilon

(I¥) and parathion (V) gseries.

5 8
[ o
@0\? — QG i ..H@m. 0 — P (EgHhs,
. A A .
(my \ W
A a Helative ingecticldal aovivity®
: 5 - — , . .
oCH, -0, 263 o 9,2 0.l
i, «0,170 2.6 ' 0.1
H  0.000 100,00 0.1
Cglis 3,009 12.8 -
CL +(,286 3.0 D33
COCH, +0.87 2.0 2.5
0 *1,27 1.7 100.0

as Hamneti's substituent constant. '
b Fercentage of the most setive compound in edeh series.
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The reecbivity of the cycelic phosphsbe eglor of Salipening is
gurprisingly greater than what is as&gﬁaé@& fron the acidisy considerabion
of Saligening thoughk the hetergering iz not much strained and the endow
eyelle O-Peld magle of Ssiitidon (104%) is in Ghe range of angle of aeylic
phogphnte esters (1082 - 108%) fa) o itany Pive and sixpembered eyclie

_phosphorus esters have been prepared from lyZeand lyd-alianediols and

examined fop antiesiterase gnd inséedieldsl ‘sptivities by Fukuto and

Eﬁ@uﬁﬁssﬂ(%{ *hese cycliic asters showed Bigh regetivity bul exhibited
ouly poor anticholinegterase and ingenbicidal setivities. Cyelic pliog-
phorothionates of Catechol inhibit plogss cholinesterase but show slmost
no ingecticidsl mﬁixfifayw?} « ZTherefore, the high sotivity of Saligenin
eyelic phosphorus esters may ba abiribubed t?I%za spenial iae'%;@aé;:a-ring

involving an enol and 2 bengyl oster 1inkage .

7, Acrivity as systemie ingeetieldess

Jome huown systenle ingeeticides, sueh ag Sehrsdan {(Uctazmethyl
E‘E,rmg‘zimsymmmﬁ&} agd Hipafox (HyH *«diisopropyl-phosphorodianidic
fivoride), have ghosphorsmide linktage. Un analopy, it deemed probable
that Balipeuin coyciie phosghorus astors cad also be endovWed with systemie
inseetividal aetivity by the introduction of an alkyl anldo group on the
phosphorus atom. Actuslly, Saligenin eyciie Hemothyl phosphorasmidate a,.:ad

phosphoranidothionate (S-methylanido~4iie1,3,2 benzodioxaphosphorite2-
oxide gnd sulphide) revesled 2 eongldepable gystenie iﬁs@e@iawﬁ acgggvﬁ;ﬁy

. _ %}
apzinst rice steleborers and greon rice lesfhoppers on rice plants .
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Referring %o the metabolism of tri-oc-toyl ghosph-&-ga(ﬁ'n}
dn vivoe it is reasonaible o s&p§05a that Salizenin cyclie phaa?hurémi-
dates might be producsed in vivo from di-o-Solyl pﬁoammmmda%:es. On |
exanlnasi: oty dleo=-tolyl Hemethyl mzospharmidaa@ s f?zmci to exhibit
gystemic ingsecticidal aeuivity azaingd rice steme.borer ., 1% was
metabolically transformed into tiw. active cyelic estar by the homogenate
of’ rice sten-borers but not that of rice plants g « BSalithlon shoved

nore or leSsa systenic activity against afayworn and mite.

B. Synergigtic setivitys

Saligenin oyclie aryl bhosphates and phosphonstes have
{28,29) (39)
synergistie sctivity with salathion agalost inseets and nites

particularly against thelr resistant straing -(T.able-z’) -

At least Lwo esiterasss having the ability to hydrolyse
Malathion or its phetoxy earbonyl homologue are detected in Lhe honogee
n}z«.m' éf.‘ the resistant strain G, One of these is more potent and specific
esterase i’;;r hydrelysis of lalathion., Both m?&g)szerzi:ses are completely
inhibised by 52ligenin cyelic phenyl phosphate « For the resistant
straing of red citrus mites, Panonychys eitrl Melregor, Saligenin eyelic

phenylphosphonate displayed s hizh synergistic aetisn with Aslathion, by
inE:ibiEing the degmdai:im of earboxylie eshor linkage in Malathion
molecummm. Fetiothyl-2ephenyledie1, 3y 2-benzodioxaphosphorin.2-oxide
is the most aen:l_ve synerglst against resistant houseflles ami/ greenrice
1leaf.bioppers.

9. Antiestorase Activibys
Reference has already been made that the speeificity in



@O

biolozical aectivities of Sxligenin eyeliic phogphorus asters 800 Pe
markably inWiusnced by the steric chorseferdstics of the exoeyolic

subgtituent on the phosphorus atom. Yhis 19 evident when one compares.

& (30)
their gpeeificities in snzyme inhibibtion o Saiigenin cyeliie phose

phorus asters reacts wish nucleophilic apentg, including agberases, to
phcspﬁaz-;,,}.@me by w@nm@ of Lhe e_rehm o3 er siructude at Pe0e0 (aryl)

o, KBeB0,48).
@Gﬁé ‘tigo ﬁ’) .

Lhe echealeasl sod biolog :'w%l activitiss of thres represcie
Lative ml&ﬂﬂid eyelic asbera, @i;.%;ay:i, phosphstbe, phenyil phosphate and
phenyl phosphonste are coupared in Table-8. %The inseeticidazl methyl

affees on substituents on ehenlesl snd bioloplesh
aeliviiies of (V1)

)
|
ONP  wwmn T
\
q
(Vi)
— ¥ *_ ) v i ) —
T P I m;a, I ALIE | Cf8 | in.® | % | bl
o hyd ? ?3 . g ka3, P %y o 1o ,
Lo @ o L |
&Iia 1.4 7.6 B o oo T 06 hea
gty 643 ; 1ot 118 10(3) 2,3 2
Cgily  12.8 89 3.2 278 10(®) 2.5 200
* .gfhousefly; @@= ==02020 0 ** Cotoxdelty Coeefficients

*#% Kinlmum abazie dose in hens (mgfkg); nese 0o ataxis.
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phogphate ig very sptive as an inhibitor of cholinesterase. However,
the highly neurotoxie azryl phosphate in a poor inhibitor of cholinese
terase but is a very speeific ishibitor oi‘giiesﬁe?asa. The less

neurotlxie aryl phosphonaSe ocouples an intermediate position.

10, fematoecddel Aetlivitys

4 number of éaiig@nin eyﬁéié‘gﬁéggﬁurug asters are effective
to kill namaﬁodesigg)., Refothylphosphoranidate is most setive but Ny«
dimethylphogphoramidate is inactive sgainst the non-parasilic soil
nemnatode Rhebditis suspended in wa%@?§gﬁ); Owing to insbsability in
water, the eyelic gﬁasghaﬁas‘aﬁd phosphonates ars practieally ingetive
but thelr thilono analog@s are considerably actlve agsinst ﬁh&bﬁiﬁiéﬁﬁ?.
Some Salipgenin eyclic aryl phospbhonothionates are more effeetive
sgainst the rice white Gip nemabode (4phelencholdes boesseyi Chrigtie)
than the eyelie E;methyliggsﬁgharamiéate, though the Lformers are poor
in lnscebieldsl asevivity « Zhese arylphosphonothionates slso show =
high setivity against £ilarias in cotiton rats (Litomosoldes Carinii). It
is interoesbing to nobe that these aryiphosphonsthionateg are poor
insectleldes, whereas Lhey are more potent Lo kill nematodes than
Salithion, supgzesting the ﬁn@liﬁasﬁera$§ or other criticsl target of

) . _ , (A7)
nemabodes ey differ in nature from the inserd cholinesterase o

1ie Fungleddal Activdey:
Recently some phosphorothlolste esters, partleularly having
Sebenzyl esser-iinkage, have been developed as fungicldes. SeBenzyleU,

Uediethyl phosphorothiolate (Kitazin) 1s a typicsl funglelde now used
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in practice for control of  ice blast diseass. BSB-Alkyl Saligenin cyclie
phosphorothiol ate ssters, which have no S-benzyl ester - linkage but
ﬂube?zyl ax;d Smalkyl sguspe linkages, vers exaxined for fungicidsl acitie

vity « ZFBey were found active not only as insecticides but also
ag fungicides. Some of them are effective to probeet rice plants from

- plee-blast disense caused by the infection of Byricularia oryzse, Bthyl

Band n-butyl esters are most pronlsing as fungleides.

The 3ealkyl eyelie phosphorothlolates inhibit not only serine
enzymes including che%ég; gﬁt?rasef but also BHeenzymes such as Papain and
aleohol deliydrogenase e zhe peiivi %y to inhibit Sh-snzymes
appears to relate to fungicidal setivity. | The eyelie phosphorothioclates
(a) are highly resctive and rapidly Se-slkyl Q.3glieyl hydrogen phospho-
rothiolabes (b) which may resct resdily with nueleophiles like mercaptsns

to slkylate itnem.

0

1l :
O~p—sR 44 of o R s 2~ Ot
R

CHy0 —P —sR SCH; SR

l ' o

SR

ok o\\ /
Q. "
CH,0 Now !

R

Pig.7: Phosphorylation snd slkylation resetions by Saligenin
eyclic phosphorothilolates. (B'OH = alcohol & gerine
enzyme; HAYSH = mercaptans nnd SHeenzymes).
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It is the ospeneringed O-hydroxy bané}rl agter which actually
inhibits the alcobol ueh;imegenage ingtend of Saligendn cyelie hyéro;:,en
phosphate (Eable-7) @ +« Zhe hydroxy gz'imp in the ortho position may
promote the alkylating property of benzyl ester, giving & benzyl ¢arboe

(43)
fitus don - & e ' .

v

o
Heaction with : ng alcohol dehydro-
b 4 . Cystelne*, » genase x 1094

Dt oyt iernog n-cpin s o Doty o 2
ity e et w4

goarrm e >3 00 S

0 80H & 4 f 5‘
o\" ‘( 3 , " .
0 ¢ B o :
o 6 S i A'i' ) 590
| Qid - =
O
QL
| e
s oo O H » * 10
;;aa ﬁ....]. cﬁ s
Wi

eonbiismpazy

it

*5=gubistituted cysiai&e was produced (+) or not (=) at pi 7484
26°C for 30 min.

#¢ Ho iphibition cecured 2t 5 x 1{3'43.

5% Cyclohexylapnonium s31% was used,



1t is Inters sting to motice the similerity in structure be-
tween fungleidal S.bhenzyl gim E:Lamthmlan@s and intergediate partial
hydrolyzate of salipenin eyelie pmspmarmmialm»@a.- HMatdbolie hydroe
ﬁa’aim at the pare or ortho position sf .::-haﬁzyl mm;;imrm,m@.afse

fangicides aay be assumed to occour iR vivo.

12, @Qﬁﬂlﬁﬁiaaﬁ

The hizh bilological aodivities of saligen cy:;li, phoze

phorus sompounds may be attributed %o the hetero-ring involving enol
gz achien be Teeponidole fov SH engyne (&

and benzyl ester linkages. ¥he alkylation and fungleidal setivity.

udk

The phosphorylation resction 1s responsible for estorase inhbdbision,
and aninel hoxieity and inseciicidel activity. An exoegelic substia |
Huent &rﬁap affeots physical and biological properiles by virtus of its
electronic nd gieric charseieristics. ?hz;s, methyl phogohorothionate
s useful a3 an ingzesticide, alitylamidates have systemiec setivity, alky-
1&&1@@9&@@&&1@3&1&:}.&?&@5 have fung gleidal acbivity, phenyl phosphonates
have entifilariad antivity, and aryl phosphates are a;gu:mw}:ic and have

- sysergestic aetivity,



e

Sa

Ge

e

8.

13,

1.

i3.
.
15.

16.

. Bmithy Hole.y Hlvove, L. and
Frazier, W.H. I

- Smith, H.V, snd Spaiding, J.HK,

Aldridge, W.H. and Barnegyd.i.

: .E‘Zﬁﬁ, H, 55

Cagida, JeH., Baron, Hele,
#toy He and éﬁgﬁl@. dolez

%i;e, M.y Casida, J.He and Hto,
fGito, He

%o, He

Eto, M., Oshiza, Y.

and Cazida
3‘ .E" ‘ - . ,

ﬁ&f&@r, Jabé st %tm?r’ ﬁ;o He .

Boo, M., Hatguo, S, and Oshima,

Kinoshita,
ghiima, ¥,

Bte, He ond Ushima, ¥.

Te and

dshina, Y. apd Etoy H. .

Te and dghima, X.

i‘:@"b&y&sili, K. 1

Eﬁﬂ;
8. znd Ushiza, ¥

B
-9

Heg Hirai,

" 4o

N )

&

o

.6

L)

L)

o

4%

U.8. Fub. Heallh fep. 48, 2509
C 2524, (1930) 4 o

Ee&riegt 2y 1018.1021, {1959).
Biochen, Pharnacol.
(1981).
" Organophosphorus Pestieidess:
Organic and Bicchemiceal Chemlstey.
- GAC Press, Clevelandy (1974).

Biochem, Pharmscocl, 12, 7383,
(1963, -

Ipids L1, 387.352 (1262).

gﬁaﬂido J%@V. g@, 337—-‘3‘3@, (1969).
Pogticlde Chemighry Vol.-i,'lnsecti.
cldes's Bd. by Dshori, 4.8., Gordon
& Sreach Sclence Pub., London, 31le
3az3 (1e72).

Biochet. Pharmacole, 16, 295303,
(1967;.

Zoxicol. 4ppl. Pheraacol. Jl, 529
537, (1967).

Agr. Biol. Ghem. 27, 870876, (1363)
Hasure 200, 171-172, (1963).

Apra

Ua 3,

Biol. Chem, 28, 452-459,(1962).
Pagent 3, 478, 133 (1969).

fgre Biol. Ches. 27, 783794, (1863).

JeAgr, Cheme Soc. Japan 40, 315317
(15686) . N



17,

18.

20.

2l.

22,

25,

26 -

28.
23,
30,

‘a1,
32,

oble

Eto, H. - S

-

Sumitomo Chemlegl Go.

Bto, M. and Miyamoto, J. 3

%?Ql H.y Hagata, H. and Oshiuma,:

gy R .
R 3

Saaa’::i,- Hey Ohltawn, He and 5oz

igtﬁ, 4&. s)&S:’i}z,i ﬁ.’ IiQ' i“io’ 3

- Bto, ﬁ.-ﬁ. and Qm{awa, H.

Seseki, M. and Hukal, €. 3

Revlew of Plani Protection Reseerch,
‘Ea&zyo, Japan, ,_g},__@, 1-20,(19?6}.

Eritish Pmt&ut 1, 288, 3,21*- Chen,
Abst. T8y 34493 (1971},

Analybical Method Por Pesticides
and Pland Growth Eegulators, Vol.,
Vily Ld, by Zwelg, G.3 Academie
?ress, How York, P-é;élot%@ (1973).

J é’&gl.‘. C&BE. Uﬁ'ﬂ. 3&9&1’1, é;_’ 311
3ls, (1965).

J. ?tn L J if\@’
180, (1973).

Tetrahedron @tt@rs 48, 4283-4266,
(1071).

Japan Kokal 74 28, 25%{3, Chem, Abst.

lhmﬁ?m U’ni‘!. ;,Z" 173~

8l, 388, (1974).

*”

Bto, M.y E&isnmata Koy
Habtswauray Key i)hsh‘ii’;a, He
and Gsh:lsmx, X.

ut{?, H. ’ fxnh&yashi, 29 &
;&iz'awa .;. y Kume, 7. ané

Etoy He, Hobayashi, i., Kabo, °*
Ts ,’fuﬁjgﬂ&, K. and ﬂshiaa '

Kobayashl, K.y Gto, 36., Ushina, s
E. ﬁﬁ&&n&, :‘-', ﬁﬁst)i, @ » md
wa}ramori, 3o

Btoy May ﬂshﬁma L,4 Litakato,
&Q’ an&ka, e aﬁ!} &Oim&,i{.

L

*e

Lsg, M.s ;égzgzda, K.y Hanazu,
-- ] --,

)

Johngony He Key
p)
Jomsgn, Ei.&l

[ L3

g

30, 181~185,(1966).

Botyu~Kageltu, 33, 73-77, (1988).

Agr. Blol. Chem. 28, 243.248,(1965).
Botyu-Kagain, 24, 166.169, (1969).
Agr. Biol. Chem, 28, 630-634, (1962)

Bioe mem. .@izm’maaol, 24,

T97-305,
(1375).



33 9

‘3.

wGZu

&

Aldridge, W.H. and Johnsony HaKe 3

L2

K:;h&yaam h, }m&ﬁ Tay
m}m&ﬁri% Boy u*rm,, Fri and

 Oshluma,

. ‘350

3.

C 37

m ?mm«{), g RD %'j E’l?iaﬁﬁl

éi. lig
Gdnundsniny . Rasa and fawf}aia, Aeds

Tichy, "!. &.tu@y
and ¥ gz&em;imm, .’T.

Ohitava, H., Gbo, Hy and Oshina,
¥,

.5 JW, Jo 4»

- Botyu-Kageiu 34,

aJ ..aa,.mﬂ. %lig} 199?, gi

Bull. :m%. Hith. Org. 44, 2659~
263, (1971).

66-69, (1969)

‘Jn ’31(3&: Gé’@fﬁ, ﬁ, ? 3‘3, (&965)0

. (1966} o
Chem, Zuesti Jl, 398, ilm’?).

Jﬁﬁo Jo 133@@31- ﬂ—‘ﬂtc @*’ﬁo ﬁ, 131-
194, (1970).

mtahasni, Y., dalto, Tay I;azmi,z Bobyu-fagaiu 32, 13-23, (1972).

K. and Kto, H.

i}hmw&, ?S. BLo,
&@M’C&g 1 ] aﬁz’i

Tahkahashi, ¥
K. and Bto, M.

%‘&a’ 0%&1@3&, X-gl
m@"%ﬂ, K-

Bro, He and Oshilma, 4. !

Mihara, K. and Stog M t

m«‘ibo’ 1‘393 (;!ilk'm”&, }-&l’ &ﬂb&i}f&&hl,
Ko and Hosol, T.

L

$&

Joigunn, e BRG 500, e

Eto, #. and Oulcaws, W,

3 Dotyu-Ragaim 23, 139148,

a9

(1868},

s Saito, ., Iyatoml,: Lavgu..z{sgm 28, 13-21, (1932).

»Lg;:‘e Biol. Chem, 26 8.3@:-;8..1
(1963) » v ?
Sel.e Bull. Fac. Agr. Rvushu Univ.
30, 308.108, (1975},

E‘%égifx@ia Chom, 38,

Agre bBlol. Chemy g3, 443481,
\1%!;3 @ .

10651053,

- Biochsaieal Toxicology of Insestie-

cildes. Bd, by u‘briea, ReDy and
Lamamobo, I., Academie Press, dew
Yorit, p. 93-104, (1970).





