
PAiff- I 

Introduction 



CIJAPTER -I 



1e1• li1DSJ?15111J I 
C... third of ~ i:O\al proc5uc'tion of woa-14 • a 8;J'icna1:t.ure ia 

loet. u a .nault of the acUvitJ.ea of h&aaful ozvan.t.- u .••• , iaaec~ 
mitea, fun.oi etc.). so, 'the uH of plant p~:GUCIUGft cbeldaala 1ft 

aor.tcultw:e hu become "IY eaMntJ.al in JIOdem aodcult.unl uchfto­

lo;y. The pea't and dJ.ae- a.ttuat.lon. an no't atat.ic•~Y keep ce 

cbang.tft9• RW phyaiological r.,.a evolw u a nault of mut.aUoaa 1n 

eatun. M&nJ' iftMcu ad fUDg.t ctewlop natatant atra.tn. when the •­

iftaect.J.oide end tungici&a 1a uMd yeu afMr year. so the exiaUng 

peaUcide, hacn'er efficieat may '-hey be can not. aolve ~ peat. 

problem puJNnentlJ'• HW peat.f.cidea m\Uit. be deYeloped ~ ccabat vuio\18 

nw aituaUODa. z• ahould be a conUDuoua .. azcb • a pzoeeaa of 

.IJU:.uiye ftMU'Cb• So dnelopment. ia YiW for fiftdiag peat.ic.tdea 

which will be ade.l', mon effeat.tw &DC! .. leot.tve, end e'boN all man 

economic 1ft t.M u. aeue ucl eaY.ii'Oft.ntally aocept.e'b.J.a. 

Modem peatJ.c.tdea Mlong t.o clf.ffennt. claaaea of chemical 

compoua48 ~ ayntdaeUo OJ:98n1C OOirpO\Dlde pnclCIUa&te .ceg t:t.le 

AIROft9 the PeatJA.t&ta of ayn1d\et.ic Ol'igin the org•oph .... OI:'U ccmpowadll 

an ~ of tM .... .tmponant 91"0UP8 of modem peaUc.i6ea (l ) • 'fba v.tae 

apreell UH of theM compo-.da ia due t.o tbei~: high J.aaect.tc.tdal, 

•uic.td&l, fungicidal ecUvJ.t.y aa4 otbe:r pi'OJ)elti.ea, tu•l' degJred .. 

U• 1a plaata, aoil and vaMr. Owia9 to \!be wi"- 41wnt•y .tn ta.tr 

peaUcidal •Uvitiea, t.heH ozv•ophoepboru C:OftFouadal haw wca 

epoeh-makiav populer.t.t.y for use in tield. u pot::enUel pe•t. con.tz'Oll.t.ng 
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'the &nelopraerrt of aew o.rganopbolpbOI'U ·~ wu fer • 

lcao u.. domina ad almost excl ua.tvelr b,r Olle ail'l9le 9\WUilV pd.no.tpl 

n-lY' t.be 1My1 RUle' of SGhl"adel"(l, 2,l,.) • The pea eiiY....._nt. U 

agr1oulturd practice, sc.tent1f1c Jcnowledte on the nnct.un-•U•iq 

Rlat.J.onahip and IIOde of ac:Uon of o.rvanophoepll_... peet.to.f.dea wen 

ac:b.t.-..4 by the di.MOW.IY of p&rathiGD bl' SChreder 1a 1944. PUathiCD 

ia exu..lr toa.to to m1maala u wll u 'to tnaecu. ~ le.. tcaJ.c 

peat.iotdea haft been syntbeataed by alJ.g~ atruetul'cal IIOdificat.t• o1 

peratbJ.<at for ex-.ple, cbloi"'th.t• Ua 1912), fenthica (.tn 1958) aa4 

fen.t VOthion (in 1959) were diaccwered (l). 

(,_C~HsO)J -0 -o ND.._ 

PU'athiOA 
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In 19&2. the Perkov nactJ.on wu diecoveze4, and ••Y u.,on.• 
vinyl phQ"Phate eaten have been 1at.roc1taoad u practical peatic:tctu. 

81Dce ~n ..,eral aw c~ouada b89e teen deftloped md u... 1ft 

Diacove.17 of aalJ.genJ.n cyclic phoapbd8 aa a biologic allJ' 

ac"w MtaboUte of vi-o-cz:eayl pnoaphat:e C'l'OCP) <1• 5• 1 ) hu led 

to extensive nudiea on aptbeaJ.a, et.mical •d biologicel proper­

tie• of many al&Ud caapourad8 (? • 8 ). Analogoue qclic pboapbona 

eaten heve beeD Q'Dt.het.1cally p.repazed for e:xaunatJ.on of t:he11' 

~cal properti .. (t,lO) an~ biological aativitJea(11•12>. T.be 

biological ectivitiea are not alwaya cotacident with the chemical 

react.tv.tdea and appear to ))e influenced ty the size of 8ft exoaycl.J.c 

subatJ.tuct. on t.M pboapborus alOin., !'he ~P •t.lbol1te cauaee ateda 

in beu but. hu no iaaec:Ucidal activity, while ita analogo• cycUa 
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pboephau CaftYin9 a .-11 alkyl 9J!'0\1P bae iaMCUOidd aetJ.Yitr'(lJ 

.Amoa9 the aaligen.f.n cyclic phoaphOJ:U compouada,. aaliWoa (2-meth~ 

..._,.,3,2-benllodiOKapho.phorift-2••ulpbide) baa been. pnpqe4 ia a 

lute quanUt.y an4 p.rect.t.cally 'f.lM4 u an f.uec:Ucide m .r..-a(l,l). 

A large outbreak of flaccid paralyaia took plaee in Moneoo 

(ltSt) (l.t) -.4 USA (19SO)(lS) Clue to adulteration of fluid extract. 

of 9~erucl cooking oil with TOCP. Al4ric19t and Bamea(l,lf) cibM~:n 
that all neuotox.tc: tr.taryl phosphate except tri~thrl phenyl 

pbo.-pbat.a h&'lle at leut. one alkyl gaooup canyin; tbe c< •hydrogen 

at.an on the orthopoaitiGD. 'l'hia atxuct.w:e aeUZ"Ot.ax.tcit.y relat.iCGahip 

of tr.tuyl phoaphaua !a clearly unde.ntaadele by ~ iaclaUon •• 

c:hu.ctarJ.aaUon of the active ~~et.aboliea of 'l'OCP(I,I). The maiD 

actiw MUbolite (t-1) 18 o-t.olyl aaligen.tn cyclic phOsphate (2-o­

t.olyl.CH-1, 3, 2-b&DtlodioxepheaphoJ:"ta-2-ad..dl). It. 11 ext.raord.tnu:Uy 

.ct.tw in all :biolog.tc:al propeniea shoe br 1'0CP. 'rh.f.a ocmpound (M) 

ia~out. 100 "1M• more potent t.o cause aaxia in heaa thara 1'CCP and 

alao •n llillion times mere actJ.ve than 'l'OCP in the Ja nyo J.nhibi Ut 

of pl .... cholineateraae(?). 

'I'bl coravera.ton of 'l'OCP in~ the cyclic pboephatse (a) pJ:OCeeda 

via two at:.epe u ahown in Fi9• 1.1 • UJ the hyd.r:C*ylat.ice of t.be 

-~yl gq~Up of 'l'OCP by the mixed fUDCt.ion oxidaaee (JitfO) .-4 U . .t) 

the aycU&at.ion 'by iftt.ramolecular traa.phoapborylat.ion of the inte~» 

mediae. 



--mfo 

Fig. 1.1 Metabolic activation of TOCP 

The triaryl phosphates having an o-alkyl oroup with the 

ot •hydrogen atom may be metabolized to give the corresponding active 

cyclic esters. In the cyclization reaction, no alkyl esur group 

participates as the leaving group (lS). Actually, no aql but alkyl 

saligenin cyclic phosphate is fo.me4 1:1!. vivo frcm alkyl di-o-tolyl 

phoapbat:ea (18 ) • such metabolic activation of TOCP or its analogues 

have been observed in rate(&), hens (6 }, cata (19 ) and insecta (lS )\• 
!\ 

\ 

\ 

All a.ry 1 saligenin eycl ic phosphates have shown no insec .. cidal 
r, 

activity but manifested a high delayed neurotoxicity to cause a~ia 
I 

in hens1 surprisingly the corresponding cyclic est.era (both p • ~ and 

P • s compounds) having a small alkyl grcup on phosphorus re'ftal~4 

high insecticidal activi~(6,1l). ' 

\ 

I 

\\ 
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A8 a n8Ult of t.he afonsaid naeanah •aalit.btc.a• (~tbC*JW 

411-11 3, 2-benaoti•apboapboria-2••ulphJ.ete), an o~•ophoapbona 

J.D-Ucide having a unique cyclic eater aU'uCRUN wu d.t.ac:ownd 

br t:.he PeaUC14e Raaeuch c;nup of xyuhu un.t:nraity 1a lta. Bali• 

th.lon wu dewloped 1Dto a co•wu:oial J.naecUcide in lNI JJy Swd~ 

Cbem1Cal CO. 

5 
0 \1 

(JCP-OC.H 
I ~ 

0 

SaliW.cra 

Hen we ;ive an account of sal.t.~on aad nlated ocapouad• 

u peaUc.t.de• u well u tlwir alwmiaay and biocheldftly. 

IDSINY al IIJ.4NHa SDIAS i!hSt!RbJDJ 9PR9PM• 
'1.'he cyclic pboapb&te &nd phoaphonat. •••n of aaligen1ft 

are ayntbeataect bJ' the nact.J.on of eal1gen1n ead aubaU tuud 

pboapbozyldichloridea in the pr:eMJ'1c• of • dehydi"09ttftCblor1aatJ.ag 

•tent aueh aa teniaq •J.ne in a dzy aol,_t l.UC. chloz'ofo•, 

tol•ae at. low telt'perauan (t). :rn aaae c-• .tnat:ead of teni&ZF 

.U.. J»>'Ua1• ou:boaate and fiaely diY.tc!ed Cloppll' pcMler •• Mgb 

wnp~l'a-...a cao) , an --'• rhe proc:eu ua.f.ag po"taaai\81 euboaate 

ia JUde to pi'OCM4 by a .nuact:.ion be.,_n liquid and '· • aol.td pb ... a. 

'lhe.r:afon, wen of potu•1• c~n. ia eapl.,..S u f.&MlJ' d.f.Yided 

powdered fOI'm, it often cauaea a r.a~.le loweriag aDd fluctuatJ.cn 

of the y1•14 ' 20 ). Tbua aal11m.lon wu fi.nt prep&nd with inoonaiat.eat 
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entl, oftea, very low yield by heat.J.a9 (90°C) aaltoen.t.a * •tb!'l• 

pboap)MWod1cblort4ot.hloaate in "tolune for a lo.n.o period (Mo.ze t:ha 

11 hou.ra) in the preMDCe of flfthydl'oUe poua•t• oadk.aau t-ogether 

with copper powder aa catalya•(2l). Thta 4ifficntl•J" bU beea awtftQ 

later bf' -wlyJ.ng the sc:hottea-8.__ acyla~ioa pl'OCNt4un utao aa 

aqueowa solution of acdi• hydraxide (Fig. 1. 2) 

s 
0 II 

0: 'P-OCH 
I ~ 

~() 

CU.ful obaerrat.1on of the 11t:e~un nveu.Cao,2l, 22 •23,241 

21,26• 27 > t.hat. • vuiet.J' of saligenin cyc:ltc phoQhona eaten h ... 

-.. prepared 8ftd examiaad for iuecUc1dal act.iv.t- .. well u 

o~ biological propert.J.aa. A cot~preheui,. bR ~ a caaplete 1181 

of tbeae t.ype of compot.ada ta gtwn 1D table 1.1 aa4 te1»1e 1.2. 

PDIIJ'.Mtl e« !t&&ep~a ~&I RhMabl .. Oomp9JEII 

''EllS&• iS lll&'b&91• 

Pure salt•hton is a eolourleaa er,rat.alliDe powder, m.p. 

51-56°CI prec:Ucally taaoluble 1n vatar but. eu.tl:r soluble in .ae~ 

an4 be._., IIOc!erat.ely aoluble in cyclobu-. J tol-- aDd. xyleae, 

vapov paa&\U'e 1. 5 x 10-' • H9 at. 21°c, w 'A .- • ( >E ) 27C (860) j 

267 (860 ). It hu character1at.to IR band at 1020 •-1 for p-~ 1a 

tlW batezo ring. RMR f) <cs2 )pp.t 3. 76 (3H, double._ -"p~~ • 14 a, ~, 



s •. 21 (2H, doublet, JpH • 15 ,., ~ h t.a-7. 2 (411, llft.ll~let., ••.,.. 

r.t.ag). Tbe aitftal at. upper field of ~ doublet a<t s. 21 ~ alighUJ' 

apliu funber (1.5 Ha >. 1'hia become• IIUOh ei;n1fic:aat. a't ·30°c, 

•U99Ct•Uft9 the met.hyleDe protoaa (HA' Ita) an not. equ.lY&leat. with 

each otbar, but. tbe dtaxaphoapbodft r1no 1• c~fozmaUGaally 110b1le 

tn a aolutian (Fig. 1.3). 

0"" /0 
P,= s 

.r o....._el-1:, .1I 
Fig. 1.3 Conform&Uonal change of Sal1t.h1on heterc r.1D9. 

:x;.ray cryatallographio ••lyaia ahowa that t'he Mte.ro r.t.av 

of aalithion ia a half chair fen in which \be 8\tlphJ.de group J.a 

in equatorial poatUca (%)• Tbe at.raiD 1ft 'tba r.tno appears ltttlel 

the endocyolic o-p.o •ole ia 104°. . 
Salithiort gJ.vea a character1a't1c: fr~tation pat.'tem iD 

mua epect.ro~Et.J.T(2&)• It. g1wa an ifttenae peak of ~)+ 

wa 201) by ~-cleayage occurring at. the exoc:yclJ.c •••r g.roup. 

Anot.bu' fraomentaUoa J)J:'OC:eae 1a t.he direct. loa• of .sH followec1 

by the el.tminatJ.on of fozmal&thyde (Fig. 1.4) 
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+ \ 
\ . 

5 s 0 \1 
"P- oc. H3 

o,u + 
-C..H.3 P-a 

f > I 
~ 0 

0 

"'M/z 201 

-·SH 

'h-\.fz 183 "'M}z 153 

Pit• 1.4 Fraa-ncauon of aaltthion in M- apecuaae~ 

Salithton zeect.a with bZ'Omine water to gift aal.J.CIItat (at). 

IU.aoe aaUc:occn (Z..~H-1 ~3, 2-bem&oC:U•aphoapbod.D-2-•J.de) 

ia aeveral t.hou•..a• t:.t.ea mon ac:tt'N in c:bolineatel'aae 1ah1b1U• 

than a ali~-~ a eftllymatic method after the ox14aUon c8D be ued 

for the na1CI• •alyaia of aal.tth.taa <29 ). It .t.a c:caw.r:ted .taw 

\ 
\ 

\ 

a-alkyl aall.vani.A cyclic J)boapboroth.t.olatea by heaUav with aJ.Jtrl 

iocU.dea (the Pietch.tlluJul Dtect.J.oa) ' 30•31 ). This reecUca ta .._lerated 

in polar aolvenu 8\l.Ch aa dimethylfomerd.de when •tnrl iodide .ta 

uaed~ .tacaeriaatJ.CD occura to g.t~ 2.,..t.bylthio-4H-1~3,2•benaod1•a­

:phoaphHift-2•0X16e (Mrso) ' 30• 31 >. Sal.t.oen.t.n ia de•thylated u foa 
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the salt of aal.tgenJD cyclJ.o pboap'boa'Otluoato acid 1JJ' i:be eauce of 

cena.tra aw:leophtlu. 8\Wh u eyclohexJ'l•lM (I) .ad poaaai• 

c&dcaatle (e,s2 ) • ':a. naaUone of aaltt;h.lora u:e a-ue4 ill 

5 0 0 II 
~ "-.p-oe H:J ~ 

0""-. \\ 
p-OQl 

1 B'!\.~ I 1-12.0 I ~ 
0 

R.r ~ 
0 1 """\ ;fl, \ '" 

... ~ 
'5o.l\oxoV'\ 

le~,)~~:$.1<' 

0 "-... 11 -t' 
0 

P~OK ~ 
0 \I 
~p-SR 

1 RT I I ~ () 

~ ~0 

M\130 (R:CH~) 

Sa1.t~1on is .nlac.tvaly VDstabla 1n au.r..-. ~ MCaadUT 

amine•• sudl u e&l:baaole and B-plleaJ'l o( -ae!'h~l-.taM, 8Ub1l.t.aed 

the fo.r.lat.t• (SJ) • :bl a phosphate b\sfle_. (pH 7. 7 ). aal.tth.tca .18 

slowly hydi'Olysec! tq the P-O (uyl) beD! cleay-(a), iiM ~JW1• 
r•• C«**._t. (21°C) It • 2.4 x 10-4 llda-1 1:M ratrlea of ~lyate 
of the cyolic ft8tbylpboephoaate, ~1~ (tbe 

t.htolate u .. r of Ml.t~ica. Hl'BO) • .._1 pb.MpllaM (BaUca•>• a 

..._thyl pboapboremidat.a axe, reepecttwlr to, 60, a ..a o.6 ,,_ 
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or:eaur tb• that. of aal11:hlon. 'l'he h'fC'r:olya.la of aal.lt.h.lc:e ia aheM~ 

ln. :rt;. 1.6. 

s 
0~11 

P-OC.H;, 

\ 
0 

1-hO 

OH 

So..\..\. d ~n l. n 

Fit• 1.6 Hy'de'olya.ta of Sal1~1oe. 

OH. 

s 
II 

0-P-OC..,H:, 
I 

s 
\I 

OH 

+ HO-P- OC..H3 
I 
OH 

Sali~.ion .ta a wide-apec:uua lraaectictcSe for _. iD ozcharda 

and ft98Uble gu&ma. It .ta pa.r:Ucululy effect.f.ft to c:oeti"'l 

lep14opuran la.r¥ae. •laybuga. apb1da and 111 tea. It maniteau the 

iaaeoUcidal act..ton raot only aa contact ara4 ataaech poiaoraa 'but. alao 

.. • tumt;ant.(34,3S). 

The metabolic pai:bwaya of aal.t~ora 1ft rau aa4 pl•u 

haft -.. aQadted (l). 'rhe8e an auaauLM4 (S) iD F.t;. 1. 7. 



s 
0 ll 

OCp-OC.\1 

I ' 0 

OCH s 
0- ~ -OC.H . 

I 3 
OH 

1'19• 1. 7 MeUbol.tc patiw.va of aal.t~bion in rata and planta 
(p. denotea tb8 •t.abol.tte, found in Pl•t. caly). 

12. 

t'be acu.t.e 'tc:Dcio.tt.y etudy of ealit.hion for ... ala vu 

perfoaec! b.r Ollbilta <34 >. 'l'he oral LD50 for mice .ta 93.3 819/ktJ for 

male rat. 82•125 mglk9, for f••l• ra~ 102•1H JR9/k9. The avbcnaneou 
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LDso f(W Hle ra't ta 142 mo/lct ~ fOZ" female rat ia 112 ftl91'Jcv. T:t. 

acute onl LD10 :for heft .ta 110 119/k9• 
sWcUea Oft the cbl'alio t.axic.tty of aalith.ton v• per.fOJ:.-4 (I) 

.Rat :fed fo.r 2f lllOfttha with 10 ppm aal.t'thion abowed alight deetn­

iD choliDeaur- actlv.ttiea. Ito effect wu obaezved in the rata fed 

with 3 ppm aal.ithion. No hiatolog.tcal leaion vu .fowad .ta .,- 01'98D8 

of rata fed wtt.h 1 oo ppm. In male and f•al• adminiatend oral IF 

o.o2 IICJiko/day of aal.J.t.hion for 21 68Y$followed by o.os mg/Jtg/d.ay fo 

1f daya, rao effec• wu fOUDd. in the ectivi tJ" of ·~ acetyl­

cholifteetar-. Ho ef:feat wu obaenred. in ferti11 qo of rau for t.tu:. 

geaez-aticaa fed with 10 ppa aalt~ca. CUCinooenicitv vu raot ob8eZ"l 

21'?11£5&11 ·" tlbV ttl1ft91D gxs;lJ.C RhMRbOIJ! SS!II?fJRl!l• 

la!lll&S&aJ. E~!il• 
~he taaectic1dal aetivit1ea of various saligenin cyclic 

phoapboru cc:apounae including phosphatee (ll' 21 ), phoephor~mtdatea (J, 

( ) ( ) (13,~ 
phoaphoi"Othtolatea 22 , phoaphonatea 2• •4 their 1:htono analoga 

haft been tabulated in Table 1.3. l'he aal1;en1Jl cyclic COJII)OUilda 1a 

any aeriea hft'ino an aryl oroup •• -.. exocycl1c: aubaUtuent 01'1 tbll 

pb•phorua at.0111 have either poor or no ineectJ.c1dal ect1vJ.~, but 

amell alkyl der.tvativea have high inaectic.tdal activity. Tlw inaec:U­

cidal ect1vity appeera to relate with the aU. of the exocyclic 

aubatituent. Oft the ~o.ru nca(lt). Methyl der.tvat.tvea an muah 

110re actJ.w th• highlr alkyl an4 qyl cSerivativea except for phoa­

pbOD~ionate Mriea in whiCh ethyl derivative ia mo.ce 8CUW than 

Mimyl derivative. N,N-dialkyl phoaphor.Udatea an liiUOb leea eetive 

than ml-&lkyl derivauvea. It ia intenat.ing u note that. the exocyol; 
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aubat.i t.u•t. of t.he 110at. ac:Uft CQilPOUftda in eac:h Mriu ( oc:a,, SC!'J, 
·~, ~~) differs eaah o~er in elect&"onic chuacuriat.ica, INt 

!a a1m1181" in atze and .reseml>lea in neric property tn:ah u tJae 

dia'taace (ebo\t't 2.9A0
) between P aft4 c at.au 1ft the P-x-c fUDCUon, 

if ~ boa.d •vl• of bivaleDt. s ia oear 90° rather idle 1ot.s0
• The 

pboaphoi'Otbtolot.hionatea an not enouota in iftHCUcidal er:Uvitr• 

The phoapbdea, phoaphoZ'Mb.tolatea and phoaphoaat.ea an too uaat.able 

to be uee4 practJ.cally aa inaect.tcidea. lnUoduettion of any avbatJ.• 

t\lent.a en the beft&erae riD;. the beta.ro r1Dg or the .XOCIJ'Ilic eaur 

9Z'O\JP 4ec.reuea the 1DMct.ic.t4al act.ivitr'• 

lJDi&cifM sssu&u• 
~alit.hion baa no fungicidal act.tviqo. But aaligen11l oyol.te 

phoephorotbiolat:ea poaMaa fuav.toidal acU.vJ.~(l > ('rule 1.4) 

Phoaphoroth1cnates and pho.phorothtolothionatea PQiiHU lew fun;J.c.t~ 

ac::Uviqo •• compa.red t:.o phnpbol"othiolatea (l). A recent repon (l?) 

hQNVer has 1nc1cated that pboaphorothionatea ca &leo be explozed 

for their fungicidal acttriqr. ~.mong the pboaphorot.hiolataa, o-et.bFl 

s, S-diphenylphoaphoro~olat.e•, CORIIIOillJ' lmown aa •ed1fenpbos•, l\811 

been coaaen1al1se4 (l) and widely ued for cootrollinv the blut:. 

di ..... of rice caused by rxr&n&m• om•· 
MW•S!EW E"'t&t&• 

The 1naect1c1cte saligenin cyclic -~yl phosphate (Sal.t••> 

is ft&y ecuw u an inbib.tt:.or of cholJ.DaatAur-. Hwever41 the bighl 

neurotoxic azyl phoaphate is a poor .tnhibi'-or ot cbolmeaur-, t.a1 

J.a a wry apeoific inhibi~ of alieater- (l,ll). 'l'be 1 .. • ;neurotco 
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uylphoaphoaau oocnap.ted an il'ltemed.tau poaiuon. 1ll aay Mrtea, 

whiiD 'the atae of the exoayl.to a\INtJ.tueftt. il'lcre-a, t!w cC'IIJI)0\1Ild 

beccaea a..,. HlecUve illhibttor of alteat.er_, 1a coauu~, t:.be 

compo\JQ<! c:anyil'lt a •all au))et.i tuent. ia a 110ft MlectJ.w tab~i~• 

of c::boliDaail:el'- (Table 1.5). AzYlphoephcaa-.a an aon apecif.to 

inhibiton of p•udocholiaeater_, alkyl phoaphatea ue leaa apeait 

and qyl phospbaua an J.Dteanediate • 

.wa-au 1818 E\&Y&U• 
'l'he aalJ.gen.f.ft cyclic phoaphorothiolatea hwe htoh ec:Uv.tty 

to alkylate (ealicylau) •zcapt.ana aDd -., iahi~t. •SH ... ,_ •• 

auch u yeut. alcohol dehydi'098ft- ' 28 ). 'l'be ect.t.vity •- to be 

nlaud. to hftgic.tdal J)Z'OJ)eny but. not. wt th the iuecUc.tdal Mtivtt 

The t 10 valuea for alaobol dehydl'ogel'l- Of •~ aalJ.genill 

cyol.tc phoephona eat;e.r an ahown in T_,le 1. s. Cyclic •t.hyl aad 

e~l photlphorothiolaua an moat. ect.tw 1ft t.h.la aeriea. ~ the otbl 

hand, ayoUo pboaphatea h.,. only weak act.ivit.tea, thou9b ~an 

potent ifthiltit.on of eaterue. sa11thion, i.e., -~yl phoaphozoo­

thtoraate which h.,. high iftaect.ictdal p.r:openy .ta a1Jion .t.Jaact.tw 

t.owu«<a the ftftiiYM• 

The rau of alkylation reect.ion by the cyolie .. ter loolut 

parallel with the hyd&'olyata rate of \be .. ur aDd the al.kyl.U• 

prooeecta vttb a conatdllr•l• t.iae lag. 'l'beM faeu auggeat. that. t.he 

alkyla't.t.on ocoun hydrolyata. ACtually, t.be part.ial hyUC>lyaate of 

aalifllftiD oycl.tc eaten react. 1 .. c11ately vit.h •napUaa. 'lhe n•t 

_.harliam ia ahown 1ft Fig. 1.1. 

10 7f) '") ') 
. ) 4 1-
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It 

o-p-y 
VI 

OH 

sali~nia cyclic ph08phorot.hiel.nea an paniallF hydroly..cl 

by opening of the t.terocyol.t.c P.O.C:: url ~nd, 110ft ••.t.ly thaD 

phosphate ••tar. Dl F.t.g. 1.1, tlw cyclic eat:el' (III) ia bydrolyaed 

by ~ a~k of hydz'oxidll ion to yield aalicyl pboaph- (IV). Tha 

eleou:.s releuJ.Dv •CH group of (IV) may coawn to a aadtcai• 

ion rn,) which ftlal' ctually nect with a SH group to g.t.w a tht.o 

eater (VI). 
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CycUc ..t.hyl and ethyl phoapbo.rothiolaqa an ....,h .on 

•Uw ill hydnlyata, alkyla~icn and the 1fthib1Uce of ·----~· 

acUYitJ.ea than the oorreapoading cyolic phoaphaua(ZI). It. •-

nuoaele " OOftClude that the deen ... of elecU'Oil denaitty on 

phoaphOS'Wt &tea oau.Ma t:be high nact.i.Yity of the phoaphO&"Rbiolatea. 

1'b1a ia aupporte4 ))y ~he lower "-0 frequency (1280 •-1) of the 

phoaphor:otbiolatea ill ccapariaoa with that of t.he pho.phatea 

(1310 --
1 >. 

J'urt.heJr 1aveat19&'Ucn ahowa (Table 1.1) that. then ia u 

iDtanating c:ornlatJ.on •oav alkylat.iag acuv.t.t.y, 1:he J.Dh.tlt.t.~ 

effect. .;uut. •SH-eaa,..a• ad 'the antifungal acUYJ.t.y Of i:he 

cyclic eneJra. Cyalio •thrl and et.hyl phoaphonthiolaua an highly 

act.ift iD aU iUane fullcUana. CyCliC phoephat.ea haw wry weu 

eoUvi Uea but they an potent. 1Dh1bi wn of eater-•. 'l'be.. fiiCt.a 

auweau thai:. high iDhibit:ozy ~~et.tvity agaiDst. •sH-ens~·· MJ' be 

• illport.ant. fiiOt. for the fta\gicidal ectiYity of 1:be cyol.t.o 

pha.pbocothtolatea. 

!Dtlllals&s MY!j\t• 
Saligenin cyclic: uyl pboapbat.ea and pboaphaaaCea bave 

ayneqiat.ia ecUvit.y with malathicn agaJ.aat. ineeota end •itea, 

panicnaluly t.heu naiat.ant. avata (ll). 

'1'be joint. ecuon of the activity of aQie aal1QIIII1a cya11.8 

Jbo.phOI"UUI eaten with •alUh.loa baa been exam.t.aecS- B'to Jlll (Jt) 

anct c~ with ac:e. pboaphona eaten which an kDowft u the 

aynezv.tata of IMlfthion. They incnue the toxicity of mala~• 
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2.3 ~o 3.• u.a at a 1a1 nd.Xino ratJ.o. The ectJ.v.ttJ.ea o.f 1:tae• 

CCiftPOUDda ue 110w than pzopyl paraoxon l>u~ leas than l>!br• _. 

iaopropyl p&raOKen. 

I't h .. been o1'HteJ:Yed that for • luge a\Dber of ozv•o­

phNphoru com,pouada tba ayne.I1Jl• of malathion 1ft mice •ct tbe 

degree of tnhibt UCD of alieat.er- .&a JtU an 91118&"ally nal.W (lZ). 

For .taaecu, h.f.gh eater- •UV1t.y hydzolyaiat llala~OD .f.a nppoMC! 

'to bl pu:Uy .naponai))le for malathioa-naiauaoe in eo.. aua.ta. of 

moaquito, houMfly 8lld onen rice led bopper(3t). 

Bt.o & ll (38) have ahowa that. uyl derivatJ.wa of. aaligenJa 

cyclic phoephorua eaura an the aelectiw 1Dhibtton of alieataruea, 

vnenu .,.11 alkyl derivative• •• not ao aelect.lve to al.teaMr­

inh.tbtU•• t'hta appears to be reapoaaible fOI" t.heu d.tffenace in 

ayaeS'fiaUc properttea. 

Cblm&c.tlt .!JUalDM • 
The c:atalytio hydrolya.ta of aalivanin oyoUo pboaphoroa 

eaten by phosphate ion haa 'been repon.d (t). 'l'be cblaical nacU•itr' 

of ~ cra11o phoaphaua vieh n.'UICleophilio av-u ahcu14 Ql illfl'*'Oid 

by the eleoti'Onic charact:er of t:be 8\JbaU'twnat. 

In the aeriea of 4ll.kyl clerivauwa then ia a nlaUonahip 

beween rate conat•t •4 iDMOUct.idal eoUvi_. (LD10) ('!able 1.1). 

The higher 'the nactJ.v1ty, the atroager 1:be inaecUcidel ecUv.ltr. 

HOWftler, the aryl Cler.t.vatJ:vea do not follow '-hia relaUonahipJ they 

an mon nacttw tb&D alkyl 4erivat..t.vea but an al1108t. a .. u...u­
oJ.dal. 'l'be au• of the aub&Ut••• appaara to be mon .tJiportet. fo.r 

biological acunt:.r the 1:be el•n:ronia property oe the a\1baut.-. 
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Tbl aal.t.genift ayalic: phoapbau eaten baye u-.enaUD9 

b.t.olovicfll ecUvitiea. some of them an MUI'Ot.oxic, c:aua.t.ag ataia 

1ft h19)\eZ" arWaala. Othen do not ahow auah hU'Idul •Uvi q- ~~Jut do 

hne high iaMCticidal. ect..t.vJ.t.y, ayatemio aot.J.v.tv aa4 fungtc:.tdal 

act.1Yit'Jr• 1'tleir b.toloqic:al act.tY1ttea J.nalude alao ayneq.t.• w.t~ 

orvenophoapho.nt.a .tn•cuc:.taea, -toc.t.dal and aUfilad.al ect.tv.t.tr. 

~M apeoU.teitJ' .f.ft biological Mti vi t.iea may be att.I'JlNtled to tM 

at.e.riO effeet. of an exoayclic aubat.ttueDt gzooup co the phoephona 

a'tan u anam 1ft 1'ule 1.1. 

All azyl aalit;enin eycl.tc phoaphat:ea manifeat a htgh Clela,.S 

nevot.CDCicicy co oaue at.aia in bella and high aynt;ea::g.t..Uc IIC'ti'ri't7 

w.t. th malathf.• <12• 3'). The uylpboapboaate •al.opea ebowed a.tnd.lu 

bioleg.t.cal. act1vit1ea ))ut leaa in t.be neurotaxtc1tJ'• OD the ot:bel' 

b..S., the con:eapondillo cyclic eaten havino a amall alkJ'l oi'OUP ca 

pboapbon.a, i.e., 2-al.kyl, 2-alkaxy and 2·al.kyl.t4 .. 4JI-1,3,2· 

benso41ca~o.r:i.D-2-oxidea, did not. e&uM "•'• in heaa w1~ 

•Y aublet:bal doaee and only weakly potent..tated the tca.tc.f.ty of 

malai:ht• (l2 ). The irltereat.tng featun 18 that the .tllyl derivat..twa 

meal h1;b irlaeet.t.c:idal acUYity, whe.nu, the uyl ayelJ.c eaten 

do not: ' 11 ) • 

'rbe apec1f1c:1'ty of aaligen.tn cy.tU. phoapbawa in the 

b1olog1aal ect.iYi\7 nlatea t.o t:heir aelecUvJ:t.y iD. ... ,_ 1Dht)).tU•• 

The• phoapbaua inhibit vari0\&8 aeriJae -~a by pbo.phoqla.t.CID, 

prod•tng prc:bably sal1cyclGKyphoaph1ny1._~. (VII%) (I,?) (J'i9• l.t). 
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J'ig. 1.9 Reaction of salioen1n cyclic phosphates vitb 
esterase (H-Eat). 
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This involves by opening of the cyclic eate~ structure at tbe 

P-O aryl bond. When the size of the exocyclic 8\tbstituGDt ~ ia 

(VII) increues. the ester beccmea a more selective inhibitor of 

alieates-ue <6• 7 ). Whereas, it becoawa a more selective inhibitor of 

chliaesterue when the aubst.itu•t is sanall. Tbua the o-t.olyl 

derivativea, for exaq,le, is 130 ttmea more selective to inhibit 

alieawrue than cholinesterase. 

Therefore, the exocyclic s\ibstJ.tuent of saligenin cyclic 

phosphate asters is regarded as the selact.ophore in the biological 

actions. 

'l'he heterocyclic a true ture of saligenin cyclic phospborua 

eaten is important au:ely for the ehend.cu reactivity of the 

phosphorus at.cm tc:Marda nucelophiles including the active site of 

esterase and is never required for the C'.ela.yed neurotoxicity. AS 

for example. although Tri-o;ethyl phenyl J;hospbate (T.Et>P) baa 

neurotoxic1:ty(l6 }, is unabl~ to be transformed into a cyclic eai:er 

atru.ct.un. 
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Jhonaon found "neurotoxic eaterue• iD nerve tissues which 

ia specifically sensitive !B Ii!l to neurotoxic organQPhoaphorua 

eaten (•o). The esterase is unlike acetylc:bolinesterue but aimilal 

t.o chymotxypain and trypsin in the structure activity relationship 

of inhibitora(411• 

Although the atruc:tw::e-neurotoxicity relationship ia too 

complicated to geft8ral.tze. the neurotcaicity appears to be rather 

cloaely related to the structure of the nm-leaving gi.'Oup thea that 

of 1:be leaving group. 

coacqyi2!! a 

~he high biological activities of saligenin cyclic pbo-.pho%\U 

compounda may be attributed to the het.ero ring involving enol and 

benzyl ester linkages. The alkylation reaction may be reapona.fl:>le 

for •SH-enz~· inhibition and fungicidal activity. The phoapbozyl ... 

tion xeaction is responsible for eater•• iahibitioo, aaiael toxici~ 

and inseeUci6al activity. An exocyclie substituent. g~ affect.a 

physical and biological properties by virtue of its electroaic a:od 

steric chara.cteristica. Tbua, methyl phoepborothioaat.e is uaeful as 

an insectic.taa, alkyl.Udatea have ayatemattc activity,. alkyl 

pboapborot.hiolatea have f\lllgicidal activity, phenyl phoaphoaates 

have antifilarial activity. an4 aryl pbosphat.ea are aeu.rotoxic and 

h~ aynergistic activit,r. 
~ 
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'l'&Jiu ~·~~ 
SIMSiaa1il.t !li,_a iDJ.&I -
l!'tD K&Ut llaUII RnPidHI• 

I X 
g 

0 "-II 
p2.-'f 
I 

6~ 03 

5" 4 

-:y A X *Procedw:e b.p. 
0CV. HI <••P• 0c> 

~ H 0 (p) 110.2°/0.0I 

o.n-c,a, H 0 (p) 129..12 •/o. OS 

o.a-c::,~~g H 0 (p) ~~·/0.01 

oc:a, H 8 (S) 55-5t0c 

O.:,Jts H s (p) Liquid (DO't d.iaUll.M.) 

CX:jJs H 8 (p) ao0 

ac, H 0 (})) 140°/0.5(31°) 

r;~~s H 0 (p) 143-9°/0.3 (25°) 

t-c,a, H 0 (p) 800 

.. ..c.-, H 0 (p) 110°/o.s 

-..c4Ht H 0 (p) ,.o 
CH• ~ H 0 (p) 155/2.5 

~C:l H 0 (p) 160°/o.a (11°) 

~CiiaCl H 0 (P) 139-141°/0.1 

Ql3 H s (P) 130°/0.6 

C2HS H a (p) 120°/0.6 

i.C,~ H s (p) 108°/0.6 

ccaw •• 
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.·y A X *PJ:'OOeduX. b.p. •c:rt- Ill •••• 0c) 

ctlls H s (P) 37' 

~Gl H I (p) 141-151/0.4 

CCHs 6-CHs 0 (p) 139-140/0.3 

~HI 6-CH, 0 (p) 152•116/0.3 

OCH3 a-c:Ha s (S) 34-35 

OC2H5 6-CH3 s (S) 71-72 

cc:s, '-cHs 0 (P) 109/D.OI 

CC2H5 '·eRa 0 (p) 112-111/0.0i 

o-n-c,a, 7-cHs 0 (p) lfl-147/0.1 

Cjls 7•CH3 0 (p) 93·95 

cc:s, 7.CH:a s (3) 110.115/0.61 

o.n-cls, 7-cHs s (S) 140.142/0.65 

oca, e-c:Ha 0 (P) 118·120/0.5 

~Hs e-~ 0 (p) 161/0.6 

oe,Hs e-cs, 0 (p) 125-1~/0.1 

cc:s, 6-CHs s (Si 68-70/0.11 

o;~~s a.c:Hs s (S) 108-109/0.11 

~ &-c,a, 8 (S) Oil** 

a:aas e-c,Ma s (S) Oil** 

o-a-c,.., &-cells s (8) 011** 

oca, 6-Cl 0 (P) 141-152/0.2 

Cc:at:d •• 
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.Y A X *PROecSun b.p. •cv- 111 C..p. 0c> 

~ .. 6-Cl 0 (p) 160/o.a 

o.a-c,a., e-el 0 (P) 167•169/0.15 

o.a-c.a. a-c:l 0 (p) 187/0.11 

oc ... -...el 0 (p) 89 

~ '-<:1 s (p) 170.118/0.2 

scm, t-cl s (p) 160-1'70/0.2 

oc2Hs 1-Cl 0 (P) 151/0.11 

o..a-c,a, 8-Cl 0 (p) 183/0.11 

O..t-c:,Kp a-c:l 0 (P) 137/0.04 

cc,~~s 1-Cl 0 (P) 203/o.sa cu·· > 

~ e-el 8 (S) ?2-73 

s~ 8-Cl 8 (S) Oil** 

~ 6-NOz 8 (S) PU'te** 

~ 6,8-Cl • (S) 57-58 

~lis 6,S.Cl s .(a) Oil** 

sea, H s (S) 69-70 

~Hs H s (8) 145-147/0.2 

s-~~t, H s (S) 145-150/0.25 

s-.t-c,a, H s (&) 14o-143/0.l 

s-n-e.~ H s (S) 160-167/0.25 

s-c,Hs H s (S) 79-80 

s-ea, H 0 (p) 144-145/0.1 

Ccatd.. 
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.y A X *PrcceduN b.p. OC/18 HI (a.p. OC) 

s-a-c, a, H 0 (P) lf0-1.1/0.01 

s-t-c,a, H 0 (p) 151-151/0.1 

s-a-c .... H 0 (p) 1S7•1U/0.02 

sc6H5 H 0 (P) 8-9' 

* PyricS.ine (P) 06 8q\180\18 aedium hydrcoc.t.cle solut1c:e (a) wu 
\UI8d u dehye~ra chloride aoen. 

** TheM eompouada wn P\ll"ified tbro\19h aillcia acid coluna 
chraaatogrephy. 



26 

l'ti)! i&i 
Sfl&•&a SJSl'S Rbt?!R.bH•&•~- - PhiiiME.a~a: 
WSUW 1&» mzus•l l£9.e!IYI!• 

coaa ao. X *Proced\ld l>.p. •cv- '\: 
(-.p. ) 

~1t CBs H 0 A 87 

1(.22 ~HI H 0 A • 
JC-41 ..C,&, H 0 A 131-140/0.5 ,.,.. i..C,&, H 0 A 84 

K-42 ..c,"t H 0 A ,._., 
K-10 c4H1 H 0 A lSl-133 

JC.-20 c~ a., 8 A 121 

Ji-2S ~Hs CzHs 0 a 131-6/0.5(44) 

..,.,. em, H 8 A 120.123/0.2 

x-37 ~lis cs, s 8 un41atille4 11qa14 

tc-36 at, ca, s B 118-122/0.2 

JC.-31 C2H5 C21ls s B 110/0.2 

* TeRJ.ay •tae (A) OS' Pot&8aium cadoaate (B) wu uecS u 
debydJ:ogea cblori&a agaat.. 



X 

0 

0 

0 

0 

0 

s 

s 

s 

s 
s 

s 

s 

s 

s 

s 

s 

8 

2.7 

TMII lei 

=m•~=xt ,ozsus .,..,.. ,wo-ae, 

y 

A If 

oc:a, (aalJ.soa) 

~lis 
o.e-c,a, 
o-n-c.a, 
cx:i!s 
oc:a, (sal1t.bt•) 

~Hs 
DCA 
cx:tt, 
CCzlls 
o.e-c,a, 
oc:a, 
a; a, 
o.e-c,a, 
~ 

~Its 
o-a-c,a, 

X 

0"' \l p-y 
1 

0 

R2 

H H 

H H 

H H 

H H 

H H 

H H 

H H 

H H 

CHs H 

~ H 

as, H 

H CBs 
H ac, 
H Cl'3 
H H 

H H 

H H 

., LDIO 
JAJifntt«lr 

H o.o35 

H 0.33 

H 7.1 

H lO(CC*) 

H 10 (3") 

H o.os 
H 0.3 

H 2.0 

H 2.0 

H 10 

H 10 

H 0.23 

H 3.0 

H 7.5 

CBs 1.3 

ca, 3.0 

CI'J 7.5 

CCiltd•• 
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X 1' LDIO 
}'1.1/HoueeflJ 

s ~ c,~~s H H o •• 
s «;Hs Cflls H H o.s 
s o.e-c,a., c,~~s H H 1.0 

s ~ ~ H H o.ss 
s ~ c~ H H 2.50 

s CCHs Cl H H 1.71 

s OCH, H 
) 

H C1 o.11 

s ~ Cl H c,H1 1.2 

s a:z~~s Cl H c, ... 3.0 

s o.a-c,a, Cl H CaHJ 10 

s ~ H~ H H 3.0 

s ~ Cl H Cl 0.3 

s ~"s Cl H Cl 4.0 

0 ~ at, H H 0.1 

0 ~lis ~ H H o •• 
0 cat, H c:a, H o.a 
0 oc;~~s H at, H 0.7 
0 o-n-e, a., H CBs H 7.2 

0 Ci's H CHs H 10 

0 ~ H H c:a, 2.0 

0 ~lis H K ca, 2.1 
0 a:,~~s H H Cl'J 10 

0 ~ Cl H H o.Ot 

Cc:atdee 



X r l.DIO 
jk-t/»loueflJ 

0 ~ .. Cl H H o.11 

0 o..ra-c,a, Cl H H o.1o 
0 o-a-c41ft Cl H H 2.1 

0 r:t:~. Cl H H 10 

0 ~ H H Cl o.23 

0 ~lis H H Cl 0.11 

0 o..ra-c,a., H H Cl o.so 
0 a:tfls H H C:l 10 

0 CI'J H H H o.1t 

0 <=t"s H H H 0.17 

0 t-c:,a, H B H o.33 

0 ... c-c:: • ., H H H 7.0 

0 ~.-a. H H H ,,,., 
0 ~ H H H o.• 
0 ~C:l H H H 10(6D) 

0 CI'JCHaCl H H H o.t• 
0 c,~~s H H H 10(<*) 

s ca, H H H o.Jl 

s ~ ... H H H o •• 
s i.C,S, H H H o.Ot 
s C~Cl H H H 1.14 

caata •• 



Table 1e3 (Ccetde • ) 

X y 

s c611s 
a sat3 
s st;H1 

"f, 

s ~.,.., 

s S.J.-.Ca&, 
s s-n-c.u, 
8 sc,as 

H H H 

H H H 

H H H 

H H H 

H H H 

H Jl H 

H H H 

1 

1 

1 

1 

1 

1 

30 1 

1 

1 

1 

1 

x.oiO 
~tr/HoueflJ' 

0.3 

o.1e 

' 2.2 

5 

10 

10(C*) 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 



Cit, (WBO) 

;H5 

n-e:,a, 
·~., 
n-e ... 

Cflll 
selt.n.toa 

edifeaphoa 

ta~t,a.t 

IIUMJMI& ESU&,! oc •ca -'.._tp 
SYI~&I R))gtpbM91bit&f .. 

Pro4bact:.iw •aJ.• ~} aga.tan 
PzR&ltal 011!. 
sa ·p• · ra·pp.~ ··- II PI-

100 100 100 •••• 
100 93.7 92.5 81.1 

100 57.1 34 -
... 68.7 34.4 -

100 91.7 93.3 75.6 

50.2 - - -
sa C•• - - -500 p~) 

100 - 86.2 -

31 

'llae.repnaU.C: 
val• C.) u , ... 

7.1 

100 

... 

-
97.6 

--
95.2 ., 

250 ... 
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32. 

'~*" ,,, 
D.8 M&'U4w 9C -•Itt a.M 11&111 114 111M 
·- ,.,.,._,. ·- •11&81111 .,.,,, • ., ... 

R 

R. HoueflJ' ~-blood Hone pl-
x (M)alo• ;s:)ato' J"(M). to' 21 1!111 11:51 A II Aa!U. 

~~-
H 7.6 ••• 1.8 17.0 280 620 oar, (sell••> 

~HI H 13.2 2.1 1.6 2S.O 210 -
o.a-c,a, H so.7 3.0 - - - -
OCa'fs H 155 . 1.4 o.s 12.0 120 120 

c,~~s H - - o.es n.o 180 470 

CtJ!s em, - - 1.6 68.0 230 -
QpJt-8-ais H - - 1.3 39.0 200 -



·x 

0 

0 

0 

0 

8 
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•. ,, .. 
Qafa&stle li ..... tl& JIIJ MM&JR!Ii '1\lt&s&tl SIC 
•• aallii!!H .ft!!'1 e..,. !!f! !biU !1!1:!1!!1• 

X 
~ 6""-11 
~ P-'( 

I 
~ 0 

y HJ'dzolyaia C,WteaiM 'so ..... Prot:ac:Uve 
(") naned ale:obol •aJ.• ecruan 

•> Z• om•OU de~-s 
(M • 10 ) 50 Ps- 500 pp 

sea, 86 55 ... 5 100 -
sc2H1 81 50 .... 93 -
cc,~~s 55 •s ••• - -
~ 17 10 62 - 65 

~ 5 5 100 - 52 



'~'ell le% 
ld&'&P'MI Mllllll fill IWitDI.Mt 1MIIMI&dt1 
E~&Y&B: .9' •• !~&ifn11 SDIH - 1111D 

y 

~ 
~Hs 

t-c,a, 
aee-c.a, 
t-e.a, 
~ 

~Cl 

~CJI:ICl 

c,Hs 
~ 
~as 

o-n-es"? 

o-n-e•"' 
~~Cl 

a:,us 
Na::u, 
R(~)2 

HHCa"s 

0 
0 II 
"'-p-y 

I 
0 

2.2 X 10-2 

4.2s x 1o•3 

... 

--
1.39. to•2 

2.oo x 10-1 

1.41 X 10•2 

1.28 X 10•2 

1.42 X 10-3 

5.04 X 10-3 

3.79. 10 .. 

3.29 X 10-4 

2.58 • 10-3 

6.30 X 10-3 

1.54 X 10-4 

Ne;UgiblJ' Rl&ll 

2.40 X 10-4 

10(0K) 

0.68 

10(6C*) 

o.tt 

10(1.) 

0.49 

10 ("') 

o.os 
0.40 

lO(IJC,) 
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§fft<:S ~ tbe M2SVC.Js&c !Jb•\&\\M\ . (B~ 9P b4o~Of1K~~ 
activitiea of eal12!f11n cz=lie pho!,Ehate. 

Delayed 

0 
II 0 ""--P-Y 
I 

a 

syne.rvi• vi t:.h •alathica '( 
neurotoxicity COiiUS&R S!M:f,lC&II!J; 
MAJ.) a Mice Housefli 

~-c:5s4o 2-5 16.7 7.8 

C:tf~sO 1.5-2 a. a 9.2 

C6H5 200 18.8 e.o 

~Hs N.A.e 3.0 -
c2H50 - - 3.1 

~0 N.A. e 3.1 4.7 

(CH..J )2N N.A.e 1.1 ... 

a.. Minimum ataxia dose for hena in mg/Jtg 

b. A resistant atraiD 

naaecUcidel 
a=tJ:fit,. 

LDso 
(O)d 

(3)d 

(O}d 

0.17 

0.33 

o.o.t 
0.30 

c. S. lethal dose by topical applical to housefliea .ta )J-9• 
d. Percentage mortality at 10 }VJ/fly 

•• No at•1• signs evident wi tb any Sllblet.hal dose a. 
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