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REVIEW 0N  BALIVMION = M0  RELADED  COMPOUHDS

1-. .la.s. *1(,}&%){;‘?1‘}};, '

. Diacwew of %Iﬁ ganin eyvelie phothaw ny 8
mz&o&icalw aea:&w met:ahcliw 0f fri-o-cresyl phosphate
("‘Q(‘:B)é ’9”3) has ,.m o the ‘emem sive siudies on synthesi g,
chenical aad biola.giea}. propepilian of meny raisted eomnoun‘c:!g .
 Analogous eyelic phogphorus egbers have been SYﬂﬁh&uiﬂ&llj
preporad for exapinztion of theiv ehemieal groper_tmasc . 67 and
biloleglonl a@tiviﬁﬁ,esm,g;. © %he biologlesl ae%’ﬁtm:a are ot

| aziyays eoinaident %ﬁ?‘sﬂ the é_léamiea:g: m:xéiiwﬁ.izie_«..é and appesr to be
_m;;u@zxésﬁ }éy the size of an 'ex_éc’y’c:},ief séi}mi;wmiﬁ; on the phose
phorus atome The "EQC}?..mtaiteiiﬁe canses aﬁazia iz henp but has
no insceticldal écﬁ:"é.-vi tyy while its maiaafms aycls.e phosphates

| earryingi, 8 suall &'L’{.;Fl group hmm ingesticidal acmv:i‘ay( 0}.

Among the sa...igmm eyelic phosphorus co:aycunds, salithion
ia-ue*shmyaa‘iﬁ-l,d,Eubenwdig::a@msplmrﬁmﬁasul.gmtie} imq, beon
prapamt. 1m 2 .Lal'.'?é% qummiw and pracaiz,ally usod ag an ingectl
cma in J;zpa&(l'?)., . |

‘“‘h:‘m m‘av.iew deseribes how s&lifmon has l‘aem 35 G
covered and developed as pracuicﬁ ..x*sec .,e;!,ae, and also the
eb.ﬁa:mal., g:‘egjzie ;Lgizﬂ;_g bialmgm’sl, sad m;h@r s??omzjtﬁ;,m of



e
saligenin eyelie phosphorus cospounds have been discussed,

2o DISCOGHY OF SALITHION NiD RELAZBED COMPOTNDS:

It was the year 1830y when shout :Lf),ﬂ%ﬁ people in
US4 were gericken with a flsoceid paraiysig of the lower 2imbg

| about 10 deys after drimiing an adulterated fluld, extract of
L"}fmgez-(u), Thia was due So The phosphbalto riegster of ortlive
eragoly so called ZTOCF, a contaminent present in the ginger
exsracte ALsD & gimilar blp ocutbreaik of paralysis tock phkuce in
1888 (in Horsoccold £rom cooking oil condazinated with the Lubrice.
ting oll of turbne-jot alreralt augizmsilg}. " This wag also due to
‘owcresyl phosphate (TOCF) poisoning. The phosphnate trieosters
of ¢rasol have boen x%iriaw wped In industrien ns plasticlzaers,

Lubricants, solvenus, oll addivivos ang fire.petardaitg.

Bocause of very seasitive Lo the delayed zzawataxié
sedion of argzzmpmepm:«m onnpoundsg, hens have been used for the
agsay cﬁ‘_’_ the neuroboxlelty of vriwryl phosphate. Adridge and
Ezﬁmss‘: 151 ohesarvad that all neuroboxic riaryl pliosphstes
exaspt triepeothyl phenyl phosphate have at least one alkyl group
garrying the o -hydrogen atom on the ortho position. This
gtpucture-nourotoxicity relationghip of 'imﬁ;éz*yl phosphates s
elaarly understandable by the i;aolg;;gtx&on and charagierdisation of
- the agtive netsbolibles of E?i)ﬂ?(g'dj. The prin sobive petalioe

Lita {(H) i3 orbtho-tolyl asalipgenin cyclice phosphote (Seorthow
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- 4Bely3,2 bengodiownphosphorine2.ozldele IS i3 exivaordl.

navily setive in all the blologieal propsrbies ghown by

TOCP; thia compound (M) is sbout 100 times more posent Lo
canae ataxia in hens than TOCP: (M) pobentiated the toxleiby
of malashion 100 times by the dose of 20 mg/kg in alce, wiile
TOOR 4 times by the dose 100 mg/kgy (M) s aiso Sen millien
Limes more setive than ZOCP in the ig vilno mvzim'*ima of

(43
plasma eholinesboraze .

fg:m conversion of TOUP into the eyelic phogphnie
(122
propeeds via two steps as shown in Fige 3 ¢ (1) the hydrowys

 lation of the methyl group of TOCP by the mized-funetion oxidases

(ufo) and (1) the eye}.iaatisn by intra.melecular transphosphory.
Labion of the intermedlafe, di-0.Lolyl g-{ £ =hydroxy) tolyl
phosphatey leaving one molecule of cremol. The later peactlon
takes place slovly in sponbanesus mahser and is ;gmtw A0C0LAw

(157
rrabad by the pressoee of plasma slbumin »

—
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Fig, .!. Hotaholle agtivation of TOCP.

Thug it is rational to prese that the triaryl phogphates having
an p=alikyl group with the L <hydrogen atom may be sinilarly
metabollzed to give the corregponding schtlve coyelic esters, In
“agm eyceligation z-eaf;ﬁian, no eliyl ester group participabes as
the leaving gg,muﬁuﬁ). &‘#c*‘ual Lye no aryl but alkyl salipgendn -
cyoide gkmaphata iz formed AR vive f£roik GIKYL le0etolyl phioge
Qnatas( ‘Lg),. fuch melabolic activabion of TOCP or iUs ahslogs
have been observed in r&tsfl‘{w., hangué)-, a.aﬁs(l?) and is;_sactséwD.
ALl aryl saligenin ayelie phosphates hnve sghowed no
Ingeetieidsl setivity but manifested a high delayed nsurotoxieily
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o cauge ataxla in hensg; surprisingly the corresponding éyaiic
esters (hoth P = O énci P = § compounds)} . }mvmg a s;,l.v.:.fﬁl alkyd
greup on phasphorus reveaied high ingsectieddad ac-tivii;ym’s}.

As a resilt of the aforesald resesrch “Saldthion"
{ Butiathosxyeitilely Sy Rubenzodiozaphoaphorin-Sesulphide), an
@égampmmhorus ingecticlde having 2 unlgue ceyelic agber zbrice
ture wag dliscovered by the pesilelde zﬁege&mh group of Hyushu
'ffniwmiw(m; in 1863, alivhlon was é@velopsm into & connere
eial dngecticide in 1868 by Sumitomo Chemiecal Co. Witk Lhae
eowoperatlon of Tog-Noyaiu CGo. (now Kumiad Chemlenl €o.) and

Mikaza Chemlesl Co, of Japan.
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de HXNTHEQI %%Zs’“&ﬁﬁ CYCLIG PHOSPHOROS ESTERY:

;Toe eycma pim,:gmﬁe and Qhas*sz@uam agters of
| ?augenin are readily synthesized by condensation of saligenin
- and substituled phosphoryidichiorides in the pregence of a
daliydeochlorinating agent sueh as bertiary enine 4n o g&sf
golvent like eblorvoform op mwm at low ‘%%@az*sm;zizfem}. in
aore cases where the resetion iz Mz’:‘acmé d&fﬁcuﬁﬂy by uzing
the tertlary anine, the reagtion hes been made Lo procged by
heating the mixbure for 10 to 20 'haurs in the preseuce of |
anlydrous pobassiug carhmf@tie *ﬁ@g&ét}w with copper paw&ez'(wg

ingtead of tertiary saing,

. Huch ecompounds, whieh are Aifficulily produced by
the method employing a Ewﬁﬁwy antine, ineiude the compounds
mving A= 8 and R = pethoyy in formula (L) and X = 8y R Loy
and B2 = aliy) contalning more than one garbon atom or R+ = A2 =

aikyl in the formula {EX)

| /
Xy o - e

(&) [§4y)
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Lhe process using pgﬁassim carbonate is made to proceed by &
rogehion between liquid and solid phases. Zhorefore, even if
potossiun earbonabe is employnd as finely divided powder form,
it often causes a reamavicable lowering end fluctuation of Lhe
:»,";?.fa,.iw‘.r;b .-lé%). . Thus esslithion was first prapared with inconsglistent
andy ofteny: vary low yield by heating (002C) saligenin and methyl
phosphorodic m,aridommnate 4n wluma ﬁ’m‘ a long period (nore
Ghan 15 Emurss} in the presence of anhyd;gg}?? notassiun carkonate
togatl er wibh copper powder asg catalyst .

This diffieulty, has heen howevery overdeng Lator
by applying i vell-known Schobten.Bauvmann aeylation procedure

using an aguaocus solutlon of soGium hydrozide {Fige 2)

L. &
_(:_H \3:- /NaoH/HaO
C.Haogx./ \mcﬁa

Fige 2 Synthesis of Szlithlon.
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Some typleal exzanplus are given kelowi

fa) Salithion (Bemabhox witile .y 3y Bubengodi onaphospiorinefe

sulphide
6.2 ga o-hydrozy bensyl aleohol was dlssolved in

B3040 file | 20 percent (by welgbt) sodiun bydroxide sgusous solie
f;fwzi. E?Ireﬁtaym%;:i.oziho.sgzh(waéieh}.wiciam 63.,3 - 11 gm} weg then
added dropwise to tho sbove nixture sb about 10°C with constant
vigorous stireings  After the autdition, stirring wag continued
for one »%;isua, as a Pagulil, coysbalyg were s@w’a‘w& 90wk of
eliloraforn or toluens was added %Yo the resetion mixture and the
ghiirring was é.o}ﬁf;inu&& for additionnd one houre “he organde
layer was separabed and washed with 2% sodium hydroxide, 0.6 (N}
BGL and water, snd éried over anhydrous godium sulphide; the sol-
vent was then removed ab reduced pressure, and the solids thus
separated, Were recrystallized from mobthanol Lo give 6.6 - 7.6 g .
{yisdd 60 - 70 percent) pure crystals of galithion, MF, 520C,

ifﬁei;mr}.tmoghasp!wradiﬁmwida‘ce gan be prepared by the resetion of

N . {20a,h)
CilghH and PSCLy in presence of a bage * },.

o L , (21,22)
(b)) 2-alkony-C-nltro~dli.d,3,B.bensodionaphosphorin 2.sulphide ’ 4

Thege conpounds were prepared by adding 1 mole
B.nitro seligenin in dried acetone dropwiss to a mixbtuvre of alkyl

@iximmasphareéﬁ.emaric}am (1 wole) and anhydrous pobrssiun



carbonate (2 moles) in acetone at 5% to + 5% witbh constant
vigorous stirring. After an " a&@igmaﬁ;&l abirring period of
51 « 3 hours &% 0P = 500, the solide were filtered oub of the Yoage
tion mixture and the saivéﬁi: was removed ab roon temperaiure. The
rogldnal solid nass %aa,a dissolved in obhyl scetabe end washed with
iee ¢old watar containing 5% -s&ﬁiﬂm ghloride, The othyl svebate
phase was lyophilised und the solvent was romoved &% reduced
pragsures For nethoxy compound 2 sztiesolld deepebrown paste
wag obbalneds afber standing for geveral dmys, She crude mass was
solidifiedy and the solid, after washing several btimes, was Iow

{21}
geystallized fron mathanol,.  ALL olher conpounds were splids

| , | o EB3)
(e) B=-2lkyl anidowdtl. 1, 3, B-benzodioxaphosphor 2. gul phide/oxide &

Saligenin eyelic phosphoramidates and phosphorani-
dothilonates ware syatbesized from gsllgenin and sppropriate
phosphorasidie diehloride by the sotion of proper dehydeochlori-
nating sgents The resction of saligenin with reactive dishloride
a% nonc-2ikyl phosphoranidic <§fi¢ilem'ma and gomre obhors WwAS DPO
eéedaﬁ by the eotion of tertisvy anins suech ap pyridine or
triethylanine in eold condiition, Diquid dichloride iéas ugually
added dropwlise tﬁ the mizture @f saligenin aind the bage in
ohicrofora. Solid dichloride was hovaver, dissolved in enld
ahlovofors with gsaligenin, then ﬁm anlne was added dropwise to

the ehllliad pizture, When the $obhloride was leas reasptive ag
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almost el phosphoranidotiviouie dichlorides; heating the mixbure

of veaptants 4n toluens in the presonce of anhydrons potassiun

DR

carbouate and gopper gwdw mfa useiule Typleaily, Seaothylas:
BANCwtlied, ;3_,mmﬁm&ampmaahwmmamw Was pﬁsax:aarmv‘* in the
Poiloving p@mmﬁum Fa '%Zi*a a mixﬁwa 434 ﬂﬁllgee,niu, Te2 t,m, CPiCe
thylasine, 15 guy . ::znu 0 1::3.. ‘ol @mi‘am, was dropwise added IR gam
m&%hglp%msymmm;;é}m -ca.iemwim Wik "suil‘rinﬁ mdaoz}&mfg 4n an
iee bath.  After the cowplsiion of addition, the resction mlzmiure
wag kept avernight et room temporature, snd then vaghed soguon.
$iakly with losewnier, xﬁﬁ.. HCL apid, age Sodium blearbonaie solie.
tion and lce.water, The zolvont was removed in vacuo afber

- drying over anhydrous sodima alﬁ.gn aea. - Crude omyab ﬁé x-:*ai;l:a
posyysballised frrom benzene o yield pure erystals, ce.p. 8790

{8 gm)e Fhosphoranidic st phosphoranidothionic dehlorides wove

24.)
prepared ascording to Michasll's mebhods

e {ag
{4} Saiipendin Oyelie Pima@iwmtzzmlzamsg _t:-)‘

ngpiwmajiem;amdg:;ﬁhi@iaﬁes‘ rosehed with galie

~ gesin in the pregence of *alvsmt: and pyrldiue or other Lertdsry
‘nmine at room teBperALure o::? at sbout 50°C.  The gsmfiucus wera
purifisd by dis’{::llmtﬁ.rm W o racw%@lmuﬁmim. : wym..
cally, Bm%thyl"hic-%, Ap3p2 hmwﬁio&mhosabmrim%m&w (MEBO)

can be gm*«ga&re& ﬁn The mllmemw procedures
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To &, éiﬁ%ﬁm of aamf&enm (E;.:a gé), zé;ymf‘iﬂia‘ {8 g}
and eilorofora (100 m&} mm added dropwise maethyl 12119%?‘1@1?{!51"&10-
mcﬁommmm 48 gm) with stirring. at 209¢,  Alter stirping fov
"ﬁhmee imuzna, the msem@n mixbture was washed in AU S ‘s«a’r«im
mtes*, Al Ma}.i, dila. 3(51. aeid and vatar aud c!med over |
_~ w&yamua e;aéium %ﬁ.@nﬁt@a fl’he a@lvent was r»emveeﬁ wx der roduced
;mesaure m&d the, residue w&s ciistmm& ;;me 1;0 give 3.2 g of |
oLl £bep. 344 - M9 (0.1 mm Hg), 7. The ofd solidifiod slowly
va?s room. m:nmmtum (m.g. of ;mm "ﬁ‘fsﬁ éi%%’). '

mﬁog%ﬁ aisa 23:5 symiz@si zad from galitidon by Ghe

- following ;aroaedxm B

B A za.‘!xbw& @ﬁ* a&l ﬂ.%srs&@n {2@ @y {?. 0928 m,w}, pobaw
/asium iodide (a g'ca, 9.4’33;8 m@l@)! nath:;‘l iodide (gp m, @.‘Lf&& molel -
| axzéi Simeb hyk f@rmzmma (?ﬁ mﬁ; wag kapt at. tmpwatum uﬁ"&‘ Top
24 nourse  The mixtire was then. @mf‘uuzr coneentrated to avold
Lyaeun md aiassmre& in amaraﬁ'@m C&) olla

| Gkﬁmaﬁ"eﬂm solution was wished with vater (4 nﬁ.ms; and driad over
| m.h}'m?me sodiva sulphatio, . f8vey filtration, the _fili.xﬂeam_waa

- ovaporsted at reduged prossure %o glve HIBO (B.95 gm) in 457
é?ﬁ.aic%.  %he resldue %zas s@liﬂifiw @n emﬁiﬂg. MTBO waa‘éaeﬂys-s
talldzed from cthanol o ~16%C, < . ¢ - |

gemplate dryness §

_ N Eag‘xhstituta&.éﬁ.l,&,wbmaaﬁiaxapM@h@m-.g‘
gulphides 4ducl udmg: zzenha'iy éaali%zman}, ali:ylmﬁm, a:t.lmt;nﬁo atid



' aile

"aﬂ;;r}:.i;kiiﬁ fl@rivaﬁﬁvaé yare azmthwimﬂ in good yisld by 'is;im appli-
eation of :Sstw%’ézeﬁ—-ﬁammn‘ ylation reastion (procsdure 'a’ gl ven
ghove)s this methad was very useful for ‘t.*zea prepavation of vyczlic
asters wileh wore éit‘i‘icuiul:r preparad 'by 2 mrti ary anine

pethod .?)‘a Buty G-nilbro iemwmwsﬂ cuin be beat p?ermrm by ai‘zﬁ*

(Eiye2)
praogadule - '9' "*emw.%ci aba'*ea . , .

4o Uthep Baligendn Gyeiier';?ha's;mamss Egtara:

The careful obgervablon of lit@ramwes
fur mams{l&,iﬂ,w,z"?,ﬁg,ﬁg,e}m a variety of seiigenin e‘ye};ie:
phosphorus esgbers in good numberg, which have been nmpamd and
exsmined for insmtmid@l aobivity as well as other biologienl
properties, They involve phiosphates, phosphorotidelutes, phose
phoramidates, phosphonstes and their t{ﬁmgumalogs. A compric -
hsmsziva m., not n complate List of sailgenin and ring subgbituted
4 ,saligiazmn eyelic phosphorus esters 4s glven in Table.l and
Tablewil,
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5. Chemicsl and Eiglggie&l Properties af Ezalit'h_iom

llere we concentrate our discussion to tha important

L ¢
properties of sgiithion reiating to its structure, chemieal
and biologleal properties,

Pure salithion is a eolourless cryat.aliazx_e ';piowdem
mope 55° - B5°C; practically nsoluble in water but easily
solubie in scetony and bengeus, moderately soluble in
e¢yolohexanay toluens and xylenes vapour prossure 1.6 x 106 om
Hg as 26905 W0 5 .0 nm (€) B74(860), 267(860). Salithion
has cheraetorissic IR band ot 1020 em™d for Pa0uCly in the
hotero ring. MR O(USp) ppm 5 3.76 (3, doublet, Iy = 4 Ha,
fH3)e Be21 (2H, doublet, Jy; = 18 Hzy ClHy), 6.8 - 7.2 (45,
milviplet, banzfmé »ingle %Eha s:;ignal ab upper £isld of the
doubiet ab 5,21 pou _sii_gi‘xi;ly splits further (1.6 Hs)e Thia
becomes much signifficant at «3n°C, suggeatmg_ the unethylene

protong (Hy 4 Hy) sre not equivalent with each othery but the

AN
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dioxaphosphorin ring is emfwmaﬁimm}.ly woblie in a solubion

() - )

Fige 39 Conforaatlondd change of salithion helero ring.



we b Now

Zevay cryaﬁaliezg@’agmc analysig shows that the hetevro ring of
seidthion $3 a holf cheir form in which the milfide group iz in
equatorlsl, position (iﬁi’:&ii& o The gtrain in the rm;g- Bppesrs
Listles the endooyelie U-Pw0 angle is 104%

kN

Salithion *"ﬁﬁf@s & eharactarigtie fmgz.am sation gatz;@m
in nass avsa.ﬂremmwywu. It pives su inbenge peak of
L migj {mfo 201) by /3 -cleavage ovcuring at the exooyelde
agber groupe Apother fregmencatlon process s the dlract loss of

&% followed by the eliminatlon of formaldehyde (Fig. 4).

& — : %}
@Cj - {m% _-Chy 0\ - D
\
wfe 216 " /o 201
~SH i :
Y
O~ p : o}t
o pP—0O=CHg _ ‘ P
@Ql | — | @Q I
o 0
. wfe 183 '  w/e 183

Pige 4o Fragueniation of galithicon 4in
nags spectronetyy.
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Gajdishion is converted to ite omon analog (salioxen) by the action
of bromiue watorse Since sdllczon (2e-methoxy-di.1,3,2 benzodioxd
phosphorin Z2.oxide) ig 309 ﬁimumxms timas more setive in cholinese
terage inhibitlon than stlithlon, an enzymatic method m”ﬂfgzil?
oxldation can be used fow the residue analysis of galithion .
Bnl4l ﬁl.en is eunmr?*ad into S.allyl saligeniln cyolie
piwsphambhmlatm by heating with aikyl fedlden {(the Pistohinuke
raset i«*m}c ),., This regetion is gecolerabed in sueh poluy.
gonpound as d:m«sﬂ:«hyl Fornamlis, Ec}t‘;aessium garbosunate also aassisgis
the raactlon. When methyl lodide ds usedy, izomerizalbion gecurs
o give Zemethyliblo-4H.1,3 ,a.-.bzmmm szaphogphor UieR-nzide {még? y 30
Esaz‘g_emn iz demothylated to form Uas gallb of paligenin éyalic
phosphorothionie acid by the astion of certain neusleophlles sueh
as eyclohexylanine o and potagsiun dimethyldishion ar’banamgs’ 35}.
The later reapgent is pardlolarly suiﬁ-‘i'.&bm for the preparation of
MIBQ by methylabting the obiais ?& oLt with methyl ifodide. IIBO 4m

a wiigue phosphorylabing agent . Zhe resctions of salibhdon are

gumpmard zed in Fige &
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Fige & » Hosption of #Hulithiona
Galithion ig relabively unstable in storages Some gecmiéary
anines, such 2s corbazolé and Nephenyl o -naphthylanine, sHobili-

204 the farﬁml&tim(%) . in a phosphate hufler (ph 7,7),
salivhion is hydrolysed slowly bShrough opening of the hebero ring



weliden

by the P«U (aryl) bond clesvege o the hydrolysis rate constent

(260) £ = 2,4 x 10°% min~t . The rotes of hydrolysis of &he
carreégponding eycide nethylphosphonate, Beizethyl phosphorotiolate
(the thiolate Lsomer of selithion, MTBO), methyl phosphate

- {salioxon), and Nemebhyl phosphoramidabe arey Pospeobively 90, €D
G and 0.6 bimes preabey than that of salithlon. Salithion is
eonpletely hydrolyzed by hesting at 1009C for 5 minutes with N6
sodium hydroxids to yicld asdlipenin. The hy‘@ély@ia of salithion |
i shown in Fige 6.

. : OH
5 (g
- Q{gﬁa HeO ﬁggg@? — i}m‘ﬁa

(1] - T

Salisthion
\\‘bo
X,
. /‘l oH
AN ﬁilgﬁﬁ * gﬁ
CLRQ)pR e @Gﬁd
galigenin

Fige Be Hydrolyals of Salithion.
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.&aliﬁhi&n is & widé.mpeetran Insecticide for use in greherds snd
vogatable gardenss It is p&rﬁicﬁl&rly effective to control
lapidopieran lLarvae, meleybups, aphids snd pites. It manifests
Lho &né@ntieidal aetionrngﬁ only as conbant and sbomaeh polsons
but also as @ fwmiganth?Jp

32
Salithion B apg&iea topieally to houselfliss

rapldly sbzorbs into the body (425 oftor one howr)s. The najor
part wag dograded in the body and sbout 4% of applied or 104 of
absorbed sslithion remalns 8s ggz;mmn and salicxon for 24 hours.
On the otber hand, sgalishion  # adsinistered orally to wice was
rapldly degraded émﬁ exeroted, Afver one hour, 8% of adinis
tered sallthion was hydrelysed in the body. Afber 3 hour, 58.773

(32) - .
ezersted and only Z.4% remained in the body . i
{39)
HMihara e¥ al invaaﬁiﬁﬁteé the pebabolisn of
2 = E 3
galithion in rats and plants using G«la%ﬁlled coupound, lhen

rats Wwore brested oraliy with S&liﬁhﬁOﬂn&nﬁﬂg at the dosage of

2 ng/kay 72, BE end Q1% of Bhé radipsctivity were exoreted rESpPece
tively after 12, 24 agnd 48 howa. The redlonutogrong of whols
body showed a trace of radiosctivity remeined only in liver, kidney
and lung aftor 3¢ hours. Fhe radicesrbon was complebely emerated
during one woek. Zhis wes also the casey ovén though the dosage
wag ineoreasad or repeated several times. Ho radivectlive carbon

dioxdde was explired,.



%“he m@ﬁabalic pathways ois“ sa&:mai?n}m robe and glmwa
. {2) 5]
_hava bam studiod «  These ave swmarized  in Figs 7.
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Flge 7o Hatabolic pabhways of salithion in rats end plants
(ﬁ.aenatem me eaem’izoliw ﬁmmd in plsnt om.y).
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It was chown bhoat the hiaéagmdamcn of salithion and salioxon pro-
eeeded thwough demethylation end ringeopening by ?«Qnmm@bm&
oloavege. The metabolie pathways in plants only diffeved from
those 1n glycoside conjugation of maligemin.  About 10% of selia
thion absorbed wag found in the bemu plant whopd roots had been
soaed in the nutrient solubion for 3% dayne Hhen gelibhion was
applied on the Loaves about 107 vas absorbed into the tissues and
sllghtly transiocabed into otlisy leaves. Host of selithion
appliled on the lLoaves vas vaz;ﬂsizsé&. Vaporizabion of saiithion
from a nutrient solubtion was also é’ﬁss&rmd.e- This causes a

Lunigont setion €0 KA1l dnsects on the plantse

The soute toxieity study of salithlon for mannels vas
(37, , ’
parforaed hy Osghinma o- The oral Ly, Yor mioe iz 9l ngllks,
for male rob 82125 ng/ig, for femele rade 1024180 nefkg. “he

subeubaneous LWga for make vab is 48 nglhp and for femsle mﬁfa-;: im

152 mpfkge  The acube oral Llgy for hen 13 110 mefkg.

.. Hendlag on the chronie toxielby of selithion vas pere
f&’wxzz&dﬁﬁ}a Rabp fod Tor 24 nonths with 10 pom salithion showed
siight decronsd in cholinesterase aetivities, Ho éﬁ'fmt wag
obgerved in ‘izhé rabe fod with 3 ppa salithion. o hisgtologieal
losion waé found in any orgens of rats fef withh N0 ppn, In mmﬁ
and women adainistered orally 0,02 mg/hg/day of salithion for 21

days foliowed by ﬁ.ﬁ& ag/kg/doy Tor 14 daves o offopt was found in
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the aeti vﬁ.‘ty of erybhroeybe acetylacholinesterase. Ho effect was
obgerved in Lartilisy of rats for three gensrations fed with 10

ppn salithion. Cavsinogenieily was nob obgerved.

G« Chemical fiydeolysis of Ssiigenin Cyelle Phoaphorus Esters.

Zhe e@bal:ﬁ.ﬁ.e hydrolysia of r@hgmm eyclie phosphorug
agters by p%mspiwsca ion oy beol mmmed( ,@mq Zhe chemical
racesivity of the eyelic zﬁms‘phaﬁaa with nueleophiliic apgents Aaimum
be Influenced by the slectronic charseter of the pubgbituents. The
relative resehion rate may be theoretically predic%d. The reag-
tdon rate for the following depivatives fﬁ&&ws the ordar 3
butoxy < propoxy < ethoxy < wethoxy < phonexy £ phenyl. 4gain in
anobher gerles, Ghe rdlative resetion rate 1s in the order
- ‘ (40,42,288)
i, < BHR <OR <R. Thase have boen umsmted a*q;ﬂrmezmsslw .

Saligsnin gyelie phosphates wora hydrolyased in pi 7.9
g;%hmphaé& buffer to give Q.hydroxy Bengzyl hydrogen ,pimagsimmws
which gave chloroforneinsoiunbie dyes with z&mimammwrinagm. This
i3 8 charseteristie reactlon of cyelie phosphorug ester of sulipgse
nine The first order hydrolysis ﬂ%&s@@ﬁ%g ﬁﬁwa} are given in
Tableelll, Fhosphonie acid ezbers are ponerally nmore unsgtalile
Shan phogphoric asold estovss Zhe rén;a eaﬁstants of alkyl phos-
phonates are mboub 10 times larger than thone of corresponding
plnsphates, hupe 435 o smaller differonce belwean aromatic
depivativess Bthyl phosphonate is much stzble than methyl
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phogpbonate. The presence of ungaturation or chloring makes the

oghelrs wnstablce.

It is interesting shat, in the ceries of alkyl deriva-
tives thers is a relationship belween m*\:é congbans snd inseebicidal
aetivity (EDgp).  L¥sble - IIL and Table ~ IV 7, " Dhe mgixez.-“
the rosebivity iz, the stronger the ins:emsicidaﬁ. anbivity, However,
the aryl derivatives do not follow thig relationshipg they are more
rogotive than aikyl derivatives, bub ore almost mmmézzi:mﬁdm..
The size of the substituent appewrs %o b more Imporbant for bloloe
gleal aebivity than The olegtronis pmpa:éﬁy of the substituent.
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gggimlysis rate wnstmw of soms zallganin eyelis gm)sphama
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The relationship betvesn Pabeeconsbant and insecticldal activity

of goms asligonin eyelie phosphorus esterss

3

wd,
Kw& min |

Logo
(M g/ Tonale housefly)
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122 Pooon - ‘%’-eﬁ pined f@m .
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O OuneOyliy 3,79, % 307% 74l |
0 OeneCgily 3.20 7 W% 10 (408)
9 UeCHBpOHsCL 268 % :u;a*“’ ' | Oud®
0 0mGyli 6430 x 2073 10 (3)
0 WGy L84 x 10™% , .05
5 H(GHJg Hogligihbly snall 0020
0 NHGgHy 2,40 x 07% | 1 (o)

?s Blologlesl, ﬁﬁtiV1§£€3‘§ﬁﬁ,Bﬁ@us@&?&l Eélaxianshégy N

Tha ga?igenin\cyeli¢ phogphinte a&tama hava iniergsting
iolopiesl aativities. Some of them are neurotoxic, cmising
atazis in bigher aninals. haﬂa do not show guch haraful sotivity
bub do have hish insecticidal setivity, systenic astiviny aud
fuﬁgiﬁiﬁ&i activiitye Thelr biaiagieal achivities imelude slso
synerglem with organophosphorus insecticidds, tematocidel and
antifileriel activity. The specifieity in blologieal astivibies
nay be attribubed to Hhe steric effect of an exouyclls subsbituent
group on the phogphovus aton as shovn in Zable.V. AL anyl
saligenin eyelic phosphetos manifest a bigh delayed neuvoboziciby
Yo emsze atoxis in heng and high synergistie sctivity with



4m&lathi@n< Pl « “he uwwméym:me analoge showed similay
blologieal activitios bub less in the nourctoxicity. On the
.mthmr, “he cor*as&andzng cyclie asters having a3 ssall 20kyl proup
on phosphortsy i.es Doalkyl,; S-alkoxy., and Z.alhylaninoedi.l,s3, 2
-%anzedicx&phmsgﬁséin‘E-Qxi&aa,fﬁid nod cause abaxia in henz with
any suh;e?hgl 20893 éﬁd only weakly potentisted the toxiolby of
m&la%hiongg)o ?ﬁe intmreatiag f@ature.is’&hat,'the aikyl
derivatives revesl biah insooticidal aetzvit;, whersag, the

- aryl ayelic eshera aa n@ﬁga}.

The specifieily ﬁf'Sﬁlig@%iﬁ eyclic phonphetss i&l
the bilolagleal gotlvity ralates So their seleghl vity in engyme
inhibltlon, Thegse phosphates inhibit variocus serins enzyne by
phiogphorylation, producing probably saiiaylmryphasphznyLanéggagb
(VIN(Fig.2)a Thia involves by oponing of the eyelic egber
sbructure at the P-0 amyl bonde lhen the size of the sxoeyelic
gubativuent R in (V) inereases, the esgter becomes a more
selective inhibitor of aziestha59C423Q Wheraeas, 1% becones
a move selectlive inhibitor of cholinestorase whaﬁ the substie
tuent is ssails Thus the O«tolyl derivative (M}, for examwple,
ig 130 times more gelegtive Lo dnhibii aldesterase than

cholinastoranc,
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Figs & Beaptlon of Badigendsn ¢velle phosphabes with
agberase €h-»éa$*«)

Therofoproy the exopyelie subsbituent of saligenin cyelie phose
phste esbera is rogarded as the seloetophors ia the blologloal
28510

The heterseyeclic sbructure of satipenin eyelie
phoaphorug esberg la parely for the chenfesdl resotilvity of the
phosphoras abon towards nuclesphiles including the antive gifte of
epbarage and s never reguivensni for thuy delnyed nsuroboxziclity.
&8 for exanple, olthough Erle.oeothyl phonyl phosphote (TPEP) hes
 the nem*mvxiciﬁyﬁk }, is unable to be trensformed into 4 oyelie
erior akructura,

Johnson found “Qném*a"wm eptoragse’ in nervous
sigsues which is ﬂa\;?w&fwg;&w pengltive fnvive Lo neurctoxic
organophosphomis es%&?smw), Tihe ea@&éam is unlike acetyleholi.
nagtarsss but similay W ch}fmﬁxypsm and Leypsin in the siructure
~aotivity rolabionshly of mnﬂ.ﬁz&twa ) »



Apthough the siructurc.noaroboxicity relabionship
is oo complicated Lo generalize, the nsurobexieity appears to b
rabher closely rolated o the gtrustuve of the non leaving group

thaan thigt of the Leaving groud.

¥ith this brief wackground of Lhe relation of ¢how
aicel structure Lo the bioloplesi sotivity of saligenin cyclie
phogphotus esterg, We will nov dissuss the speellic aotivities
gueh as ingeeticidal, synergistic, anbiesterase, neastoeidal,

fungieldal etg.

7+ {a) Ingectieidsl Activity (¥able VI = KIV):

Varions goerdeg of ¢yeiie asters of suligenin

gerived fron pentavalent phoasphorus scids have bean exemined for

| , )
mgmm%‘irig«!. aotivity. They :mc?.mf&a phoasphate s (o} Phosphor e
?’38 . tn#\ﬁ % %
midaetes s bhosphorethiclates ¢ Phosphonates and Sledr

thiono analogs (Table VI « XiVi, The insecticidal activity of the
egtors appears to relake with the size ol the axoeyelic substie

tuent on the phogphorus aton (LablowVl).

“he evelie osters in ay seriles baving sn eryl
group as a2 exegyclie substltuent on the phosphorus aton heve
- either pobr or o inamﬁiéﬁ,rﬁa}._ activitiye En all the gerieny
gethyl derivatives ars nuch more active than highar alkyl deriva.

Lives, exeept for phosphonste geries (Table - XI) in whioh ethyl



w5

derivacives are more zobive than dothyl derivatives. Hy Hediallkyl
phosphoranidates are nuch less setive than none-aliyl derivativeg
{Table-ZLEl)e Thus paligenin eyelic mebthyl phogphate {TablewXl,
mothyl phosphorottlonste (Table.iX), Remethyl phosphoranidate,
Hemothyl phozphoranidothionate (Fabloe-Ailil), methyl phosphono.
tlilokuta and othy)l phospbonotilolate (Table-xXI) are pobent
dngeoticddes. It ds intepregiing o nete that the ézzm;rg};zﬁa.,@ BUD G
tmumis of the most aebive evelie phosphoras ester in g¢ach swi-as
(aCH, o GCHy o MECHG , Giglidp) differs fron sseh othup in sleebtrow
ale charseteristics, bub regenbles in sberic property such as the
digbanece {(about 2.9 %) betwesn phosphorus and ealbon aton in bhe
PuZ.C function, if the bond angle of dlvalent sulfur is near po®

‘pather Shan 108.5%

Furthermore, the inwoduction of any Sype of substile
tvuent ab any position of Lhe henzens xvigg and on the corbon aton of
the hetero riung decvesces tho m%?ﬂ.wc& ) {TablowVEi}s TZhus, the
sinplegt phosphorethionabe, saliilion, 19 the nost effective innegs

ticide in the whole series of saligenin cyelic phosphorus esters,

An oubstanding contrast is observed lu the effset of
prrde-gubsbiiubion hetwesn the maliithion series and parathlon gerieg.
Takle (VIIL) shows the effest of the electronle character of the
gubstibuent in the para.posibion of the phenolic egier group upon
Bhe img@ﬁﬁci@a}. aptivitys. ADY substibuents, eiiher eleeirani

withdrewing gioup or elechronereiensing group deoclossges Lhe
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insecticidal activity.  TableoVIII shows that the insecticidal
aetivity of diethylpheﬁyl phdsphérethicnatés {1II) is progressively
inereased by gnsubgtitution oP the phenyl ring in the increaoing
‘order of the electron wizhdrawing ability Qf the sub tituent,
fwhe”eas ns;ﬁher eleﬁﬁron withdrawing nor elee%ron releasing group
inereases the activiuy of e.llthmn (VIID), The P20.C aryl bond
af uhe henero ring of saligenln cjclic paoapharus eshers appear
;-5to be active enough to phosphorylate cholinssterase to kiil

inseets wzthout.any electfon~w1thdrawing‘group.‘

" The sysﬁematie aaﬁxvity of some saligenin cyclin
"phospnoramﬁdateg agalnst riee qtem-borers and green rice 1°a¢-
hupners on rie@ plants are Ohso ved (Table-XIII). | ﬂe%hyl phose
fl'ph@ram&date is mcre agtive than uahradan but- less aebive than
thimeu aba.nst rice lcafhoppers.A' Againvt rice stem-barsra cyclic |
A H;mennyl phospheramidcthmanate is superior to lindane and Diazinon.
'Salithion also ghoWS more or less SySuQMLC activity agsinst army
warm and miue. No gystumic ac lvity has been observed in OuhPP

;ﬁcaﬂpuunds.,

R

74 iifémétbc‘;idal Activity (TadiLe XTI and XUII, page-84 & 85)3

o . sz»ome saligenin phoﬂphonenhionateg, phosphoramz.--
dates and phosphoramidothionetes shiow nematocidal activmty.

.-Phosphoramidates and phnsnhoramidothionaﬁes are‘Very effecﬁzve to
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311l nemabodes (Yagble « XLIL) ﬁ&)a Nemebiyl phosphoranidate is
most sevive in the serieg of selligenin derlvatives ag_airmt__‘tme
non-parasiiic soll nematode Bhabditisg suspended in wa'i.:,erma) .
wiﬂ&' to the instability In ’sfatﬁll’;s the eyelic phogphage g and
phosphonates are ;zﬁmgsﬁ ingetive, but thelr thions analogs are
 effeetive agaiush Buahdlbls (Tsble XI, XLII).

Some saligenin cyelie aryl phosphonot 1iozmtés are
ma:ée, effentive ao nemabtoeldesz then ﬁ.‘:m- eyerie Nemethyl phosphors-
nidate agalnal tb'e'. riee vhite Lip nemabodes, though they have very
low inseetleldul activity. ~jSlﬁ.a phernyl « tnd p «tolylephosphong.
thionetes are the meat effertive nematoel ai;es' in the gseries. These
-2ryl phosphonothionntes exnibli alsc a hlgh eetivity agalinst
filaria in cobton rats (Libgnosoides gapintd) (5). - It is interw
esbing to note that these aryl phosphonobldoenotes ave poor insec
tieidesy whereas they are more potent to kill nwatodes than salis

 thlon, suggesting the cholinestorase or other critidecl target of

- nenabodes may differ in nature from the inseed cholinesterasi.

The correlabion between Che structurs and the nesa
toeidal activity of phosphoramides and phosphoremidotiionates ave

sinilar to thab in the inseciicidal activiiy for housefly.

7.{e) Fungleidnl dotivity (Table XIV and §V, Page 88.89):

Salithion has no fungicidal aetiviity, Bui sone sall

~genin cyclic phosphorothiclates bave funglcidal mctivity (Table



g it

A1V), These phosphorothiolate esters, partleularly having an

Sabonzyl ester linkage, have activity o probeet Lhe rice plank

fprom z*ia@}blast disease caused by the infeetion of Pirioul:
(48] ’

a Yhe protecbive velues ageinst 23

ot tixa @yaﬁ.ﬁa ghﬁamﬂw@mﬁ.@mwm and related ecmpau.ms are ghown
" in the Table (XEV & XV }, ’.I‘im cia'iza mi' gome commarglol fungicides
ineluding oo organophosphorus mmp:aunﬁ, Hingon {Usathyl S, 8
diphenyl . g;hw@mmmﬁmm@m{) are show in the Teble -is{_ﬁf?}; Pop
eonperison, Phe pebhyle, ethylesnd zza.m%:yl-.pkaospimmizmelmeg

have hieh ﬁ'm@ﬁmﬁﬂiﬁy wmparabm m@ other z*:mmm:a.ﬁ fmgi%wsa.

' The norms) snd img&mwl ﬁax*imt;we«g :mms m:m effacti Geldgenin

eyeiic mebhyl phowphate and phwphamuzmmt@ {aakithion) are
bdghly setive as wﬁ,s%%smi de bub are slmost inaetlve as fmﬁgiﬂ'i&f&q
In the serics of Aiatkyl bensyl easbors of phosphorus seilds; only

} | Sehenzyl phogphorothiolateg are highly sedive as fungleide but the
) i et:hm 5 Qeile gzgg?yim tasy- w!amp%mﬂ@mﬁomﬂes and phosphoradithionetes

- apre inaaﬁ‘ive .

It 4a i&?a&ﬂi&:ﬁiﬁ {'.d- m&e tha%i;. é&mé 'eyzsi-fm :xims;zizom.c
thiolabes have both the high inseeuiaici@l as well ms ﬁmr&cida&

_uiviwg, with :::w.:#' ameﬁmwﬁ in bhe cdzae @ﬁ’ S.b@nam-@ocsmﬁabhyl
’g;im:axaimmt‘;niomw ﬁff{imziu} wi‘iicb ha*s wesl ﬁ.naeetitmlf& gmiwi‘w
Bub is a good fungieide wnd now mwd sh pracilce Top the conbrol
of ‘Pien blass diseasy, | e o
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7.(d) Anti -~ SH Dnzyme Activity (Fable XV, Pago - 80):

The seligenin cyelie phosphorothiclates have high
activity to alkylate (sslicylate) mereaptans and to inhibit
”Sﬂ-eﬁzymaﬁ." mz@hl"’ ag veagh aléam&: dshyé_.mgamaawm. The actie
wity seans %o ba related i:é fungleidal property bub not with the
ingectloldal activity.

| %@' Vaiﬁ%' for slechol d&lw@r@g@zsés& of sons
saligenin eyelic phosphorus ester ars shown in (Fable-XV), Cvelic
methyl end ethyl phogphorethiclates are most active in this sorles.
On the other handy eyelisc phosgphstes have only wesk setivilties, .
though they are potent inhibitors of eaberases. Salithion d.e.,
nethyl phosphorothionabe whieh have high inseoticidal propesty i
alonst lnactive tw@a tha m@m. o

The rate of a},lesrimﬁeﬁ reaption by the eyelic aéters
Looks parsllel with tha hyzimltysies rate of tho egbor and the AlKYe
iation proceeds wish a considerable time lape. These Tacts suzszect
that the slkylation cccurs after hydrolysls.  Actusliy, the pavtiel

hydrolysabe of saligenin cyelie esterg roset Imzediaboly with



agrgaptens. The resction mechaniam 4s shoun in Flgd 9.

- K_\ l‘
' {ﬁ | ‘H2,0 ” 4”3
0 TN

_é (%) gt
(V) |

‘z orl
Xla R SH - le) '

’ . OH. '

‘ ‘©:6Ha.sr<’

: ('xn)
Pige 9

Saligenin éy&m@ gima@iﬁorétiﬁslaﬁ&s ara partially
kydrolysed by apening of the neﬁarwycme PalleluearyL mci, ROTe
easlly than pims@ﬁm:a gsters. In Fig. By t:sm eyelic saat@r (V) ig
hydrolyzed by the abfack of hydvoxmide fon t¢ yleld salieyl phose
phate (X). The alsctron r&%&ém Lo _i)i*-‘* group of (X) may onnvert
to & ecarbonium lsm (m; which may sctually resol with ..85 5 group
o give & thiosstar (XIX),

Cyolic &&aciizfl and obthyl ghryspimxsotmalama are much

more active in hydrolysis, alkylaGlon and the inhibition @f‘{ “és;x‘-
34
anzyme” aotivities than the correspondliy e eyelie phiosphaten .



Iﬁ‘aeéms reasonabie to econclude that the deerease of clectron dene
éi@y on phosphorus abom causes ths.high‘reaetivity‘af the phosphoro.
thiolatess Thig iz gupported by the lower P = Q.fr@quancy (1280 cﬁ4§
of the phosphorothiolates in comparison with that of the phosphates
(1310 en™ ).

Further investigation sbows (Lable.XV) that there is
an interesting correlation anong the alkylating setivity, the inhi-
bitery aetivity against "Sli-enzymes" and the antifugal activity of
the eyelie esterss Cyclie methyl snd ethyl phosphorothiolates arve
highly astive in all_threa funatians,. Cyclic phns&haﬁes have very
weak activities but they are potent inhibitors of esterases. These
fachs suggest that high inhibitory aetivity against "Sh-engzymes" may
" bo an importmnt factor for the fungleidnl setivibty of the cyclie
phosphorethiolates, o ” | |

- ?74e) gntlesterass Activiby éTablé.%VE, Page~20):

Zhe pelabion of ehemiqal'sbruetuﬂe to bioiogieal_
getivities indicataglﬁ at the gpeeifieity in biclogieal activities
of bhoe saligenin cyelic phogphorus esbers ssem to he remarkably
infinenced by the steric charasteristics of the exoceyelle sybsti-
ﬁuﬂnﬁ on the phogplhiorus atom, ih%ég%s evident whén ccmgargd thelir
specifleities in enzyme inhibitlen -

The most ingecticidal saligenin cyclde methyl phos-
pbate (salioxon) is the sbrongest inhibitor of insect cholines-



LI

Gerasd, However, the highly neurotoxic aryl phosphate iz a poor
lnhibitor of cholinesberagae, bub iy a very specifile inhibitor of
alfieatez«aﬁa(i'ém. The less neurobtoxie arylphosphonste ocouples
an intermediate position. In any seriesg, when the size of the
axoeyelic subgtitusnt 1%?5%&&@5,. the aémzzgmci beeones 2 BOre seleCm
tive inhibitor of allesbernses in contrast, the coupnund eareying a
small subghituent is a move seieativa inblbitor of eholinestorase
(Teble~dVI), Aryl phosphonates are nore specific inhibiboers of
psendo-cholinastorasas za}.ig:,rz.‘ phosphates are lesa specifie gnd aryl
phosphates are intermediata.

7e(£) Bynerglstie Aetivity (Table « AVIZ, JVIIL and XIX Page OL-94):

y
Seldgenin eyclle aryl phogphates and phosphonzies

have symergiatic activity wish nal.atiion against ingeebs and nites,
particulariy their resigbaut -atmmg%).

| The joint setion of the vacﬁiviﬁy-af some saligenin
ayé;}'.ic phosphorug agters with malathion hawg besn ezanined by Bto et
a}.{@} end conpared with some phosphorug esters witleh are known as
the synergists of malathion, Table«AVII shows that the apyl deprd- -
vatdves of saligenin qyelie asters sre synerglatic r.ésim ol etiion.
Shey inereass the toxlelty of faa}:é%bian 2.3 o 3.4 tlues av 2 il
mizing ra‘ci@@.ﬁ;—\ The activities of thew are more than propyl para-
4, ORONR E»benmriicmpsphorin-‘éa-mgme, and 7=nethylelephonyl-die1y3,
2ebenzodioxaphorin-S-oxide are the most gynerglsiie against |



it

sussepiible housefly efmong the bLesbed eyolic esters. Alkyl
- depivatives of mi‘:igezﬁn egyeiio phosphorug estersg ave much lesgs

synergistie or even antigonistic.

ﬁynmg’iam of saligenin eﬁr&sl&a phogphorus egteyrs
with malathion in a reslstant strain of hougefly hns been tabulae
taed in Table-XViIZ, In this cape, the synergistic effect of
saligonin cyelic phosphorus esters hag remarkably been incret-
god. iﬁi}*&?;ﬂ whe allyl (;ﬁaz*imtimsa geb ap synergliet of malabthion.
Yius all of present cyclie esteprs ave more aetive than the other
tested organophogphorus :éymmgists. {yelic phenylphosphonate of
- methyl saligenin is the msﬁ effestive synergiable spaingt reosige

bant nougefly mnd increages The toxleity of malathion 14 timeg.
Syngrgistic effect on suspeptible and resigtant
strains of green rice leafl hoppor has boen ci:sarva&wl} and tabis
lated in Toble (AIX)s The toxielity of malathion Lo She suseops
sible inscots becones double by the addition of three saligenin
eyeiie phogphorus asters akong t.éi’ish two obther cyelie esters,
Synerpistic effect on rasistant leaf hopper also increases by -
gsaligenin evelie phosphorus esters but the values nre lower than
in the resistent bousefly. Thoey enhanced the toxicity of molae

tﬁiﬂﬁ g.ﬁ to 3.6 ﬁiﬁ&a

The synergisa appesars o mswlt prinarily from

the inhibition of detoxieatlon of malathione Phosphrie gebion



i

or g¢sverase sobion con detoxify the toxicity ot amglavhlon, It bag
hoen oksenved for a great number of orpsnophozphorus eonpounds bhat
the synergisn of malathlon in nics and the ﬁggﬁa& of inhibition of

ali-egberase in vive ave generally zre.?;atmn‘zg i”.. for jusects, high
esterase aptivity hydrolysing nalathion 1s supbosed %o be parily

U . . ) . ; oL
Fegponsible. for malathlon.rasigbanee In sows phraing of mosquito,

| (al)
hougefly and green rice leal hopper o
e , L ~
Sto gh.al have ghown that apyl derivatives of

seligzonin oyelie phosphorus ssterg a.fi?.cﬂ the selective inlibitors of
aii.asterags, wvheross saell syl derivatives ere not so solective
to ali-enterasze inhibition, This appesrs e be regponaiile fox

Shedr difference in gvnerglatis progeriies.
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