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D1SOt)VGrY of mal1g~1n cyclic pt",osapbate a.s a biologicallY 
' (l 2 3) ,- . 

active tuet~bolite af'"tr1 .. o-ul!'asyl p.~spnf!\ta (1'0CP) ' ' has led 

to tho axteons:tvo ~tudies on eyntbesis1. chemical and bioloa;ioQl 
c·~,~,.f;) 

Pi"'OPel!"ties at many t';\~latea OO~i>QWlcla • :lnalogeus cyclic 

phosph,:1"us $Stiers hG•.ta bElen synthetictd.l¥ Pl"f)P,Qred :tror o.x£1.Q1nation 
. .· · (~,7) . CB19) 

of their cha!ll:i.eml p.lloperties · and- biologic& activities • 

~be biological acctvi~1ws ~-$ not ml.~~~e C¢d.tX11dent 'dtb the che-

mio.al. reaotti.vitiGs and B.PJ>e$ $u be inf'J .. uence!i by> the size dt an 

e:too;velic BU.bstituent on tile ,Pl'lespboruftl atom. ~he ~OC1)-metab0l1te 

CH!!:UBes atf.Ud.a in nens bu.t llm.s no insecticidal activity, wbile its 

alltdogous c1c lie :EJ)ilOsphn~t~s -cl?l'l''Ying a. small alkyl gl.'l'OUP have 
. (lOJ 

, inseeticid~ activity . • Amon~ tbQ sa1.1ge1lin cyctlio phosphorus 

eompouncts1. slllithion \2-mtbo:my~lH-l,a.,2-'banz<>di~aPhosphol"i~2-sul­

pbid.e) bas 'beon pr~,Peved in a .large quanti t;y nnd P»'ll'..Ctict·ual.;r used 
' (~,5) 

as an ~tseat1ctde in Japan - • 

~his l'av:t~w d(:)SC~1bes how ael.itl'lion has been discmrered an,d 

developed acs .prf.i.Cticrd. i..."laectir.tide and also the cbelllie·al1 1)$sticid:al1 

biological and otb.~F prop~rtios of saligenin cyclic pbosphoru.s 

compounds h~W@ basen <!tlseussed. 



J:t vns tbf!l ;JOiJJ'Z 1930; when about l01Ck?O people in 
e. 

1JSA W0lJfi st~ikon nth t1 tlaoc id IJ-rd.ya1s ot ·the loWl)11' 
. " 

limbs about 10 dcq-s afteu drinkinm an adulto:vmb!ld f'lutd,. 
' ... ··. ·.' (ll) .,. '' '1' 

extract ot <~in~e:v .... l'Ms was Qua to tb~ phosphate tri-

estGr of ol1tho-~r~sol, sQ e$lled ~uc.P, a oo!lt.aminant pr~sent 

in. the. a;ing~~ Qli!troot. Atso a a1a1l.ar big outbreak ot para­

lysis took pl:aC0 iu 1959 (U MQVOOco) from cooking oll couta .. 

minatati wit.b. too lubr.!catint oU Qt tu:rb~jot ai~caraf't 
(JJn . 

eug~m •. ~his 1!1tila QJ~mo duo to o..cresyl phoapbat.i~ (~<JGl!i) 

poisoni~lg., Zbe gbaapb.at~ tr;:J..~stors of c:t-a~sol b::Ne b$00 

t<:idely tls.Gci in ind.ustl .. i~$ al!l .Pl$at1o1~ars,. J.nhricants, 
. -

solvents, oil addit1Vt!!S and fit•e..ret.ardantGJ. 

;~ 

Booausa ·-ot.. V¢irt $)ensit1 ve to the delayed neurot,ox:!c 
" 

, action of org~pbospn~us . eompoutirls1. hf~ns bavo 'bee!l usaci 

for tts assay or the J:~Gt.trotox:leit;v of tvi~Yl phosphate. 
(l.a,l) ' 

JUdridge and B1u-nes obsU1'J'wtl that all neu~otoxic 

triarul phospbatt~s e:«tept\ ·tr>i;..t,.,.~tbyl ph~.nyl pt»sPhG\t~ beve 

at le;.;u;t one lllkyl gt"oup c.arryitl'l1l tho c:< -hyd.t•ogen atom on 

too ortcw pamit1{>I~.. ~t'bis atrua~\.ll!~neuuotoxic1ty .t•elatlon-
1 

ship. ot tri~Ul phompbr~J~~s is clearly tmd&trstMdabla by the 
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isolation and c.·uaruater1i~ation ot the active metabolitiea 
(2 3) 

of ~OCP ' • the main autiv-f) metabolit.tl (M) ia ortbQ .. tolYl 

sal:lgetdn eye :tin pbost;)bate (2-ot'tbo-tol7lo~ -411....11.312 

benzodioxra~bosgllor.tn-2-oxitia). It is extl7~d1neu.-Uy activo 

1n all. tbe l::d.ol.otgietd ~~rogerties si1Qwi1.b,r' ~·OOP; tbis compound 

(M) is about 100 tbles mo.vo po·tant to Cati!ElG ~taxifl in hens than 

'l OC~: 00 · pot$nt.iatqd tbe to~ic tty at mml.a.tbion lOfJ t!mes by 

the ~'lS$ at 30 mtr/k& in !'dee, Wbile !ffJC:i? 4 time.s bJI' the dose 

100 mtr/kt;; {~J is Qlao ten td.ll!on times moro .acti v• than 
(4) 

~OOil :ill tile in vitl"o .:tnb1b1t:l.oll ot .Pla~a cb.olinostorase • 

~ba C<)UVttcsion of i"OCJ? into tb~ cyclic phoephatG:Pro .. 
(14) . .. ' . '. 

collids via two st.ops as sbot~ m .i.i"ig., 1 a \i) tna h~M.l!'OB1• 
.I 
i 

lat.ton ot the m&tbyl ~oup Qf' ~OOP 'by the aixo~.funot.ion . 
o:d.dases (mt"ol mtd ( 11) the eye lizmtion by !ntrn.moleo.ular 

trtm.spbospbo:rylation at tne inte~d!at(l!, di-o-to4rl 

o-( c<-~""droxy) ·tolyl pl~<lm~hate, lo~avinf§ Qne aol.ooulitt or cres<>l• 

Xhe l$to1• reaotiot~ taltom pla~:HJ &o-wly in sponttan'SOUa til~~~~ and 

is grtDatl:r acweleL'atfld 'by the prosanoe o£ Pla:.tmFJ ~bum1n • 

-: ... 



·--( 

(H) 

!nus it is rlltion.al t•> pr<~mwnm that ths triaryl phoepbotos 

no.ving an o-P.U.k.Yl group td.tb tile ~ -b.VdJ!!ogGn atom may be 

s1mllarly me~~bolized ~o give th9 eor~esponding Qet1ve 

cyclic ast~s. ln tha cyellzat1on reaction, no aLkyl eatm~ 
. (~) 

group part.ic~1PatllS as thG !Havins ~oup • hJtu.alJ .. y,_ no 

at•;Yl but $lkYl saligc-!nin cyclic phou;philte is formed JA.1.A"R 
' (lG} 

from alky~ d:L-o-tolyl ilhospbates •. _ :Sucb Eaat~bol1o 
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~etiva,tion ot 'i:OCP or its aJl&logs have been observe<! in 
(M) (~) (D) (~) 

rats it hens • cats and insoota • 

1U1 aryl. sal1geuin,O ctolic .tlb.osphates have showed no 

insoot1cidal ootiV'i'tV ·but mm.tltteetGd a h1gb delayod n.~t.aro­

toxicity to cause Qtm(ia in b~us; stWP~isingly the corr<~s­

pand1ng cyclic este1"~ (both P = 0 mld P = (S cg;>mpounds} ho.v1n.g 

a anaW.l alkyl ~roup on Phosphorus rGvealed higti insectic1dal. 
. (2,8} . 

aotiv~l'ty • · 

As a r.'a$tllt of' the aforesaid research rtSalithion•• 

(2 .... mGti1oNY -4.IL.l1312-'tulnao<tioJtagh.osph.o.t•1t~2-sulpb.ido) • an 

oJ?ganopboapborus :lx~aoot,;icide hQv;ing a unique cyelie estet~ 

structure was a1ooovGL,.el'i by the J)es't.1cida r~sor~ch. group of 
. . (:LO). 

i\yu0b.a Un1vers1ty in J.OOJ. SalitJ:J.:.tcn was developed into 

a comtUercial in:s~etic·1de in !1968 b;y St.i!ni'tomo Cbem:leml Co. 

~titn tb.e oo-oporat.ion of ~oa-Noyaltu Cr;. <now Kumiai Obet:Ucal 

Go.) ar1d i~1ita$a Cllemicol Co. ot"' J'aplllJl. 

s 
II 

OC
-....___p __ OClla 

l . 
. 0 

Salith1on 



~be cya.tltc PLAOsPhate and ,phospht)n.~te ester.s of' saligenin 

a11e ret:tdily fflflltilQsised by condenmat:ton of smligenin:i€· end 
' 

substitut~d phosphor~~di~hlorides in the prasence of a dehydro-

ehtor:lnating tal~\itnt soon as tertiary audni$ in a <ir1 solvent, lilte 
' (6). 

ohlorof'ol?tll .or toluon~ at low tel!lper n.t.uro • In some c :.uaos 

where the r{}ootion is affected dif.ficultly by us1n~ tho tertiary 

amine,· tllG rtJao.t1oll bas been made to tll'OOeod by heating the 

mixtl.U"e f'or ~0 to 20 ho111!'s in tne presenc.tll of anbydroua potassium 
(lEU · 

Car'bOOate ~Oi'£$t.pe:~ ~i tb CO,Pp&:l:' pt)W'der'. :1J1ste:ad ()f teJ.St.iavy ri ·: . 

amine. 

, SUch C<).trlpounds1 which at-e difficultly produced by tho 
0 

method emPloYinf1: a •-tiary tlllliae,. include the cQmgounds having 
\ 

X = a and a• = ttath.o:tY in f'orunll..~ (l) and X :: a, ai = U and iil 
= . alkJ"l eont'ainlP,g l'lU)r'e t1Wl. one carbon atottt or sl. = J:~ = alkYl 

1ri the· f'ormut~ (II). 

(I) (II) 

() 



-{· 

~~~a pr-oc$sS uttln,s l)otramslwa c~bollrat0 1s ~ade_ to prooee:d b;v 

a raactton b$tlfG~!'A~~li1Ui\t SAnd solid pbmst)s~~ ~beret~~t:r even 
' .1 •• 

if' P.Otusi:ur;a o~bQuattll1s emploY~{l as t!n.~ly d1v1ded PQlfd.er 

form, it otten caus:es 2 ~emarkable loWm?'1ng and tloo·tuatlon 
(19) 

- ot ths :;-told • frbU.~ ~1t.ll1on was; t1rst ·grepar$d with 
' - -

1119ollsisteilt al~d, of'tllft, V4n~v low yield bY h~ating (9000) 
- ' . 

sal1genil)~:f 'an.cr tfl()tbyl pb.ospborod1cblor!ttotb1onato in tolueno 

t:or 1.1 lQng PQlr1od (t~ore tntm 15 boura) in the p:voestmtlo of 
- -

:fhls d:Lt.ficulty, hn~ been htJwuv~'l"t overot)tae later 

'by applying tb<a Wllll..:.~tnf>wn ~i10tten.-Baumann ao,yl.~tim~ .lilll'O• 
' 

cedar$ u$111~ an tnQueoua solution or so<Uuna bydroxide (Fig. 2) 

s 

---?- " I ... \ce-_ "'.P -ncu .... 
~~ __Jol -
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Some t..;:rpP.cal e!JZtamtllas at?t3J given bolow• 

(a} ~!lj!hl;;m£.t.ilO?fl~}..J.3.1.~kel!.~~'!~o,!_!!P,¥.sgb.!t,.:.lp-E-

6.3 gm o-h.ydr'o:q benzyl alcohol was d1ssol ved in 3()..40 ml.• 

20 percent (by wiilligbt) sotU.Wll bydl"OJ£id8 aqueou~ solution. Met.nyl­

tbiopboepllorod1cblot~1d~~~o Uii.3 ..... J.1 gm) Wtls thon a.ddoo dro,pli~s9 

to the ab~ve (Wtur~ at about 10°·C vitb oo~~·tant \r$.g0i!ous stir­

ring. t4tar too adcU.tiont stiza.t~ing was coil.tinuad tor o11e ho\U't 

as a r~SUl t 1 c.t•ystllls Vel' a separ·at~d. flO £1\1 of' oblc:worox-:ra <>r 

toluene 1r1as addSJd to tb.o l"Gac.tion· !U:btture and the stirring was 
-

continued f'or nddit1onal one boUP. fha OV&t;tm1c layel' was, separa-

ted and wasl'lei:l witb 2.~' sad1U..'t bydroxide1 o.s (N)llCl flnd v~te:r, 

. and dri&d ovel"' $1bydrous fiod1W4 sulphate; the solven:t was then 

remoVGd at reduced presstme1 and tlaa sr>l.ids 'thus saprgated1 WtU-o 

.r'Ocrystall1z@d :er.om metb.ranol to givo 6.5 ... 7 .a ~ (y1old 60 - 70 

pGraent) pl..U"o cr~n~tals of' sal1thio!it li.t-.. 52°0. •lat~ltbiUll'!llos-

(b) 2-al~t;o.&tB!~aMo-c.Jlblta.~12,~bp~~~<tiJ>~aeh;os,ano,a:,i}\ !-
J!~Rf\&da : 

~base compounds were pep:u•ed by add!Dg: l l!lals 5-nitro 

saligenin 1n dried aoeton$ cU'opw.i.se to a mixtur$' of alkyl tbio­

phosphorod1chlQr1date (l lllOle) and anhydrous potaas1w.a 
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carbonate (2 moles) in .we'ton(ll. :~t -sO to +f!PC witb constant 

vig~ltous stirring~ After ·till addi:t.l.onal stirring p~riod ot 

l - a hours at cP - f:Pc,. the solids wmre filtered out of the 

reaction mixtw!e. and tiltZ~ .solvent was removed at :~.•oom tempera­

tura. ~he 1"-QS:lc!ual. solid mas~ WQ$ dissol Vati in ethy1. aCetttte 
. .- .... ,., ·. . . ; . . . u 
and waSJhe•i with ice cold water mmtaining 5~ sodium cbloride. 

~ne eb.tyl. acetntJa phase w~s l:rophilised and the solvoot was 

removed at .reduced pres9Ul1"(l• ~"ot• tiGtllOX'}I CO!aimUlld a S0041-

$0l1d deep..brt:>tm Pt.aGte was obtnrtnea; after at®t.!ing for several 

day a, thtt e 1 .. uda mass was solidlf1ed1. en<! tho aoltd, after t:IUhing 

soiiaral times,. wr1s recry$t~tal.lizod from ~thanol. All oth~r 
. (21) . . 

co.mpotmus were soli.da e 

Saliganill cycl1c pbosphora.midstas and pbospboramido.. -

thion:lt;os were. s;rnthes1Z0d fr{)U.l sal.igtmin and aPI?ropr1ate 

phosplloll"tlmid1o d1cbl.or1<i@ by tbe ~tion of proper dehydro­

cb.lorina~inei ament. tne r~ootion of' sf41gerdn witb rcoot1ve 

dicbloride as taono ... alit)f1 pbosphor~dic d1chlor1de ~d some 

otbors ~as prooeEa~ded b;y the aot1on of tort1er,v am1na sucb as 

gyr1d1ne or t:t,ietbyl:amine in cold. condition. L1qu1d d1ehl.o-

:rido was usuall~ added dropwisu to tbe. tnixture of sallsonin~;';and 
~ 

the base in cblorotovm~ 8ol1d dichloride l'1as howove~,d:lssolved 



1n cold cblorotorm 'd. th sml.1genin1 tb.t~n the am1n.e· was addQd 

dropwist! to the ehill.ed ~t1xture. When the d1cblor1de was 
. . 

le~$ TQ1.l*lt:tve a.s ~most all phospboramidotb1<mic· dichloride$, 

beating . the mi:ditlrQ Qf: ~~r.acte.llts ln toluene in the ~asencH~ of 

anbyc!Vous potsfJslwa eavbOll:ttt:a and copper powder \fQS usetut. 

~ypic all¥t 2-mtltb)rlaralu.o-'-U~l,a, S..liienzodioxapbospbortn-2-o:M:ido 

w~.a~ pl-•lPat"eil in tb.e tollow1n~ p.voeed\lr() ,c, ~o a tdxt\U"e. of 
' ' : .,. . . .· ': ~· . 

sa'Ligenin1. 9~2 ttm., $rletbyl.atA1ne., 15 · gtiai ·.ana 90 Ill. chlorotcwm) was 

dro};Wise added l.2 gra ~tbylpbospht#~tilc dicbl~ide \d. th stirring 

and cooling. ill an ice battll. 'Af'te~ thtl C9'l})let1on ot" ad.c~:ltion, 

the reaation lil~turG waEJ k~P' ovarntgnt at room teaperature,. and 

then ·llaslle<t saqu.ont:tallY with ic~-wo.te.v, d:U. HOl ~id1 aq. 

aodlua bic~bonato soluti~n o,ntl 1c:a-wmtol1"• 2be solvent was re­

movod in. vacuo at~e.v drying o'l/el." am:;vdr'otJ;a sodiwa suJ.Jhato. Crude 

crystals were rflerystal.lt~ed f'rorn benzene to 11e1t1 pur~ cl?ystru.s. 

nle.P• S'JOC (8 gm). Phosgho»amtd1o tmd pbospb.oramirlotbionic dlchl·o.;. 
. 'M) 

ridos wem) p:P$p~ed G.Ccol"'ding to M!tchl\el.:t' a ttU;tthod. 

. . - -- ("25) 
(d) Sali!entn;· Sl'O·l.1c Ph.oaphorotbioltltem :· 

t 11ft .__ T . ,.,_1 ;.D!$ iJ 1 P • '·. .1 lilt • ¢1. T f. 

:Pbospilo;t,.odichlor-1tlotll1o1lltas ~Gt¥rted witb saligellin 

in the .Pra~<~~~ of st)lven.t and P¥rid1ne or otb.GJ? tertiary 

®tina at rocim tE.Uaparatw.-o or at about 50°0. ~-he products 

war.4i pt.U~11"1ed ·b,y d1stUlation in, ~ oro roor.vatmllization. 



:f~pically, 2 .. i~\ilth.Ylthio-4U• 1;312 ben~odio:tapbospborin-2-

oltid& Ufi':BO) cum b$ .P»''i~P$rOd in tba following procedure: 

. To a tuuturo of' sril.imonm (6.2 gm)1. PJI'l"1d1uo <a gm) 

and chloroform (lOO Sl.)J was added dlrtlpwise ~atbl'l pboaplm~o­

dlcbloridotbiolate \8 lf3J 'lf1tb stircing at 20°0. ~'lrt<W 

stil•rin~ f'~ ~$3 houvs,. ·the rtiinetion. miXture was washed in 

sequ~ance · \flth uat~~. dU. al.kal.11, · iiii~-, ilea.. acid an.d water 

and dl"'ied over Qllbydr-ous 3)tiiwu IJUlpbate. ~he solve11t was 

remOtved under ttod.uced .l}l"Gttlmll~e and. t.be :ttesidue was distillud 

J,n.Jl®Jm t'l give a.a ~ ot oU Cb.p. l4.W-l45oo (O.l • Ug)J. 

'l?ha oU solidified sloWly at ~QOta tomporoaturo (m.p. of pure 

f4'lBO 4\40C).· 

A mixture of' mQlithion (20 gza1 o.092i) oole) 1 pota­

sttitml iodide (3 gta1 o.~lB mol~) 1 •:stfl1l iodide (9 t41 0.~45 

mole) and diM@teyl f*oruu.-1t!e (20 ml.) W:its kept at t$rGpe~ature 

26°C tor 24 hours. flle mixttn?'f~ WtaG thoo c&rof'UllY cogoentra .. 

. ted to ~avoid complete ttl.1'yooss ill..Xas:JAQ nnd dissolved in 

chloroform (5t) Ed). Chl01!'of4:ll'lll solution wns w.aslled ~tl th 

water (4 tlmea.l and dried ovoo:o anllYdrous sodium $U.lpbatt~. AtteJ1' 

filt-ratio.'11 the 1tilbt~te wan evaporoated at reduced pr<l>ssuue 

~o t~ivs n~J::ao (3.95 gm) in 4.5ib yiol{1. ~he resio:u.e was solidi­

fied on coolin~. MZ:eo was roo.l!'Ystall1~ed troa otha.not · .. ~t -.15°~. 



2-substitu*Gd-4U-It3,2-benzod1oxapbosphorin-2-sulph1des 
' 

including metho:;cy" (salith1on.),. Bl.kylamino1 nlkylthio and arylth1o 

de~i·vatives VOlJ'e &~Dtlui)stzed 1n good :v"144d by th& aPPlictt~ti<m of 

Schottrm-Daumann .acylation raootion (protHltiWJ$ 'a' given above); 

'this method wee; vwr~y usGi"'ul f'or the p:r(~praration of' O¥<:lic estHl"s 
. ' ' (27) 

wnieb Well'il tU.f'ticUltQ pr~pat"ed by m ttdtiary ·amine m~tllod • But, 

· 6-nitro dar1v~ilt.1ve.s C:!Ul ba best pJ!ep~ad blf tho procedutte 'b' 
' (21,22) 

mant1uned above • 

27,2s,aa,ao) -1 , • . ...... . 1 l ,.......... · 1n · · a Val."a.aty oi sal,.geu.w,. cycl c P•lOSJ>.a.&u.a,cU$ es-cers . 

good numbers, which bQV/l b.snn pt"~ipatled tm<l ex~ f'or insoot1o1del 

aotivity as W$l.l am otb.oc biolo~1ctAA. propart1es. $neu in.volve 

,phosphates,. phospilorothiol~tes, pbospno~atai.dateQ1 pllospbonates and 

tneb tb1ono-Malogs. f\ comprehensive but not a eomplett:~ list of 

sal1gan1n ~Jld l~:lng sub$titu.ted snl1ganin cynlic. phosphorus esters 

" ....... t,.. "" I ,!! ''"' '1"'1 I .. ,. ..., s gi van Ma :s.: f:lwle- anu ~ au · o. · ""• 
I 
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3 

H S. (8) 55-56°0 

ilc.t13 li 0 (P) llQ...., ~/0.05 

o-n-Cal~ li 0 (l?) 1~9-32°/o.oo 

O..ll-C4l'o 
.... 

·11 0 (P) 160-4P/o. 05 

oc2u5 
.u . .g (?) littUid (not <i1s1~illed) 

00685 H 3 (P) (a0°) 

C6ii5 u 8 (?) (37°} 

CH3 H 0 '?) llf10°/0.5 (35°) 

c.~ ' s u· 0 (P) 143-9°/0.3 ·(25°) 

1 .. c3~ li a ·(.J?j.' <aoo) 
Sae-C41ig a 0 \P) 110°/o.a 
t-C4lJ9 li 0 '?) (74°) 

cu = Cl.~ ll 0 (P) J.550/2.6 

CliaOl :u 0 (?) 160°/0.B (61°) 

Contd. ·" o •••• 



tabl$ - I ( Contd .• • .... ) 

ella ji $ (V) 130°/0.6 

~as li a (P) 1200/0.6 

-~ 1 ... c3u7 a s (l:t) 
: 

100°/0.6 

CHaCl . ·u s (P) 146-155/0 ... 1: 

OOH.3 a ... Gn3 {) (P) 139 .. 140/0.3 

0~115 6-0ll3 0 (P) 152 .. 156/o. a 

tlOH,a 7 .. cu3 0 (P) 109/0.05 

OOgH5 7-Cl!,a t) (P} 112-llB/.O. OS . 

o..n-Call7 *'1-CH3 0 ;, ( ].)) . 141-147/0.1 

%1i6 7-CH3 0 (f'} (93-95) 

i~HC!i3 ? ... t-,ua. 0 (1"') 'l4:f>-J.46) 

OOHa s .. ca3 0 (?) J.l..q..l.a0/0. 6 

oc2Ii5 a ... ca8 0 ,, 0) \ ... · :165/0.6' 

OC61\; 8-0li.J 0 (LJ) . 1~15-140/0.6 

OOU3 e ... CL {It (l;aJ --~~~2/:0.2 
-· 

oo2H5 6.-Cl Q ( j,;)) 160/0.2 
. 

O-n.-c3117 6-Cl 0 (ll') 167-169/0. J.5 

o..n- c.~..a9 6-Cl 0 (P) JB?/0.18 
CO¢ • 

oc6n5 6-Cl 0 (l)) (890) 

NliC»a 6-Cl 0 (P) (l4"i0 ) 

ooli3 8-Cl 0 (P) 17{l-l7JIO.l5 

O~li5 B-01 Q (t)) 151/0.1.6 

0-n-C;Ju.p a ... m. 0- (9) 183/0JB 
---·~_ .. _____ _,.,.,___... _________ ., _____ ~-..-.--..... -

' .. ------.... ~~ --· ... -... ...... - .... 4 .. "'--------.-.. ... --~-.--.--..__..,_...~ .. - ..... ~--.,_..,_........_.._...,., _____ 

4 -----.. ---·~ ·-· ... -~--.------
' . 

~..? 4 



1.~ .= .1 ( Contd ••••• ) 

a · • ·-·· · ·1-A'T""X 'l~ :;.,;,;;;~~~-.;- b~;.o~; Hg (a.p. Oc> 
·~---· -· -···.-:..•:t:::-!0.-.d__ _,.. _____ ._ ·~·-···· ... ~--, -----·~-·------~ 

o.:t.o3Ii7 9-01. () -(P) 137/tJ.04 

QCeHs 8-Cl 0 (P) 200/0.52 (540) 

tfHCiia 8-Cl 0 (1?) ' '' 0 \J.2B,.J.29 ) 

oau3 a.CH3 ~ '(S.) (31-35<») 

oc2a5 6 .. Clia s (S) (71-?2°) 

o..n-Cari7 6-Gli.a t; (S) l58-l60/0.2 

ooa ? .... Q.tia s (S) lt~~J.tl?ff/0.65 3 ': ~- ' -. 

0-11-Cs~ "1-CHa .s (5) l40..l.tl2/0.65 

OClia s-Ctla s (S) 68-70/0.15 

ac2u5 8-CR3 $ (S) J.OO-J.Ot)/O.J.S 

o-n .. oa~ a .... cu3 lS - (3} :LaO.J24/0. J.5 

NUClla'· s .. cu3 a (S) (aOO) 

OCH3 6-%~6 s un Oil** 

OCgll5 6-%115 u (l)) ou•• 
o..n-a31~ a .. c6u6 s ( {"J ~· .on•• 
OCU3 6 ... 00113 a (H) Prulte•i') 

OOH3 6-COOli;; s (H) Ptlsts•• 

oeH3 6-~;1 6 {J?) 170-178/0.2 

rifleR a 6-0l 6 (i?) 176-:W0/0.25 

Sella 6-Gl s (S) 160-170/0.2 
'-

. OCtla 8-0l s _,(\S,tt) (?2.73()) 

r'4liaH3 s-ol s (?) (46...470) 



1f\Qllf!.. .-••. & (Contd• ••••• ) 
....... _..I!; ~p T Q IE* '"' .,.,._ 

sca3 a.Cl 5 (S) 011~4 

oon3 6-liQa G (S) Paste•• 
· .. 

ocu3 6-Cl · s (t)) Pas~e•• 

a-~aBsl (-~ 

~J (8) 

~lL tt tl B (S) Past.eS• 5 

O..n-Cali7 
n tt a (S) Pasteiilt~ ... 

OCii3 s.c6H5 : s (S) ,l)aste~l!li· 

a .. Cl ~ 
Q 

0~115 fl " a (S) Ptlste•• 

--4: O..n-O;li7 · 
rt n iJ <n> Paste~* 

OCBa 6,~; .. m. 3 (I~) (57-00°) 

0~115 n 8 (S) Oil*tt 

UHCiia n s (G) ():U.if;$ 

SC1i3 il s (S) (69-70°) 

S~Ii5 J.i $ (rl} 
~' 145..147/0.2 

S.n-·C~,l~ li ·s (S) 145-160/0.25 

~ ' S-i·CaH7 li a (S) l40..14J/O.l . 

3-C2t,.li~c~ u "'' (SJ 31!0..147/0.3 ,., 
-·· ~ 

. ··~n-C. . .tfia ii $ (SJ 1.60-167/0.25 

S..C6li5 li s - ($) (~19-80°) 

SCHa J{1 0 (P) 144-145/0.l --- ~ ... ---~ ........ .:.-•• ,4< .... ·~·, -.,_.,,..,..,.,.. __ .. -, .......... _...,...._.__,_..., 
:I: • '" .. ,.-rp ... ., ---~---..,~.....-~-~·· 't il ... ·-·· lp .. ,__..----~~.___. 

---( 
Contd.-........ 



"~ 

T~r.tbl$ - I (,Cnnt<i •••• •) ..... _,.. 1 

sesn5 
B G (P) 140-145/0.04 

S..n-0~ Jl 0 (P) 145.14'1/0. 07 
• 1• I .· . ' 

~ 1 ." H ;:,.. ... ca 7 H 0 (P) J.5t)..l00/0.l 

!1- . "-'\• ;,..n.c.1 n9 li ;J (.P) 157-160/0.02 

sc6H0 a 0 (P) (88-89°) 

• Pyr-id.ine (l,:)) 01 .. aqueous sQd1um lllftlV"oxide solution {S) was usEid as 

doh;fdrogen chlor1d13 agant •. 

** ~oose oumpowld:s were ptW1t1ed th:fro\~gb aU1.u1o ;;t01d column cbrom~to .. 
. gll apb)". 
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K-19 

1(..35 

K-.37 

: . ! ',·, :.- r -· 

Cli3 

Oiis 
n-o3~ 

1-<J:lH? 

n-~1i9 
C6Ii5 

Clia 

02U5 

GHa 

c2au 

11 

11 

li 

li 

li 

H 

cu3 

¥u 
B 

a 

CU3 
Cglla 

0 

0 

0 

0 

0 

0 

(J 

0 

s 
a 

A 

A 

A 

A 

A 

A 

A 

B 

.A 

B 

(87) 

(68) 

J..'l6-J.40/0~ 5 

(S4} 

(46•47) 

,J.al-133) 

(JJ!l) 

133-6/0.5 (44) 

120..123/0.2 

Undistilled 
liquid 

llB-122/0.2 

110/0.2 

ifltarti:~y amine (A) or patesii~ <tal'bonate (B) Wail used as 
da~drogan chloride ageilt. 



6~. C:betni~l:al and Biological. 1~~opfl1.t"~i()a of Sal1th.ioxu 
I I I t• PMti fi4 l ..... U f .• 8 t ....,....,..,.......,... ... . I I ll"ll.l'WI •• 11 ...... 

lie'ra we conc~n~r ate our (tiscuasion to tile 1mpot~t.ant 
.(5/ 

p.ro,P@l"'ties ot ·suitb:lon relatinm :to· tt:; structure, chemical 

end b1ologiet1l'propert.ies. 

L~e ,s~ithit'n is a .eolourlGsG ery~talline pot.fdar: 

m.p. 55°-SGqOf wootd.etj~u.:r inmolublG 1D lfatel" b~t easily 

cclu.bl$ in ae etroll~ and berwantt,, L1Qder a.tely soluble in 

. cyclobexlri!.ltl, toluens and xylGno; v.apotm pr(.itSSUDe lQ 5 x 10-a n'l!!!1 

. Hg at 25°C;·. W .\..max ma( ~) 274(860) 1 2a7 (860). Gal.itbion has 

a ebaracter1at1e_ IB band ~t 10'20 cna'"'1 for P-O-t1IL~ 1n the · 

h~gt~ro ~ing.. lilt.tt 6(Cag) PPlil 5 3.76 · (311, ·doublet·, ·JPH = 14 Hz, 

Clia) 1 5.-21 (2H; dt)Ublet1 J~U = 15 Hz; CiJa) 1 6.8 - '1.2 (4li, 

mUltiplet, '13eU2anQ 1 .. 11~gJ. T'b@ rni@lml at uppt~r, ~1tild of' 'the 

doublet at 6.21 PI,m sl.igh.tly splits turthar (1.5 Hz)'.· ~his 

b~&.com~ rfiUC~ s1~tn.i:f1tJE.'nt .at !0Gao0 a• BUgmestin.g th~ nmthylenf' 

plJtotons UiA , li,u) at1t! not· ~quival.mt with .aacb otb.er1. but the 

/ 



-~ 

dioxapllosphorin ring is cmlformatioilall:Y mobile 1n a solution 

(F1a. a) 

( 11\) 

' . ' 

Fig. a Gonl:or£Uat1onal change ot sal1ttdon 
' '• 

hotero ~1ng. · 



Lray c:r:tstallogroapbic ®all' sis ab.o\tfm. tb~t the hotero · rina or 
,t:'t~itbion im a b:Uf' ch~:I.P form 1n \fbich tho IJuttide grou.p is 1n 

equator1191 1.ltJs1t1on (III).: !'b~ str11in 1n the lring appmars 

l1ttleJ. the andoc;unlic 0-P..-0 ~gla is 1()4~. 

Sa1ith1on gives a eh~·antaristic frngmantat1on pattern 
- ·-·- (31) . . . . . . . . . ' 

in mass st)aatt9omstry . • lt ;giv~s aP. intense peak or 
- + -: . . . -

CM - ~aJ (m/~ 001) by- (3 -cl.Gavago occuring at. tbe 

exocyclic oste:r er~'up. t~othtJli'W f'lr~l~!:,aentat1on prooegs 1s the 

direct~ loss of" ~~i! followed ~yo the $lim:1nr~tt1ou of . to~mal.deby~e 

(b"'ig. 4}~ 

Fig. 4. irragmentation of 
sa!i th.i.on 1i1 mass 
svoo trometry. 

s cd_: 



.-"'"~'. 

tlQlitilion is conv01'3tad to ita. oxon anmlog ( sal1oxon) 'by tho 

au·t.iou of brot!jine wratell',. Since salioxon (2.methoxy-4li-l13 12 

benzodioztmpllosphor1n. 2-o:d.doJ 1s soma tllousands timea mora 

wtivaJ in chol1nest,e.ll"raae inhibition than_ salithion, .an 

enzymatic mGttbod after ttl~ o=tid.ation ~mn be used t~ the 
(~~2) 

residua anal.Ysia of sr41tb1on • , · 

SQJ.itbion is convq_roted into S.a!kYl sal1gen1nr:· 

cyclic phosPhOll'otbiolu~tes by jlaating with alkYl iodides (the 
(33) 

Pistchimulta rtJ}ootion) • !eh!Ls l?<!laot:ioll 1m nccalersted 1n 

sucb polar compound as dlmethyt form-ide. l?ottassi~W 

ctt~.rbonate also assists 'tho reaction., Uben m<ttbtl iodide 

is usGci1 isoraarizati~'n occurs to t:tive 2-methyltbio-4H-l1 
(3334) 

3,2~bonzodio,uphospborin-2-o::tido (Jfi.B!)) 
1 

• Sfll.1gGnin 

is dam0tbylatf3l(~ to Corm the salt of saligenin cyclic .Phos .. 

phol. .. oth1on:tc ooid b)" tb.qr ,mct1on of certdn neucloophiles 
~5) . . 

sucb as cyclobexylamine ~d pot~ass1um di.."Jat.hyld!i.th'o.. 
~5,35) . J\. 

carbamate • 'l:he later %rf31afi:Gilt ie part1cul~lY sld.table 

for the prop~ation. ot J!C:BO by asti¢atintj t.ne obtaina(J salt 
(5) 

w1tb tn4)t.h:rl :i.odidG. ,.fl·lJO 1a. a uniq\t" ph.o"ph.ortlating agent • 

Tha r'(!laot1ons of' sal1thion @e summfat•ize(t in I"ig. s •. 



·~ 
/ 

a 

cd-OOHa 
Sat.:: O'n-

Rl 

. ' 

.a 

r/~­
v~ 
S~oxon. · 

- SR 

Balitb1on is relj~ti:V"elr unstable in storage. ibM~ sooou.dai"y 

emines, aucb aQ corba~ole rm.d lt.pbonyl c< -tlaptbylamine; 
(36) ' 

stabilized thG formula'tion . • In a pbospbate buf'!"er (pll 

?.?.),. sal1tb1QU. is tl)'Ut'olyseti slowly ttwough opitn1ng of the 
. (5) ·~ 

h.etero ring by tho £4-!J ( at"Yl) bond cleavage t tbe hydrolysis 



zt_r~ •i.MJ• 

rat$ constaat (20°) K = 2.4 % Io-4 m1n·1 • Tb\\'i rattlG ot 

bydl"oly.s:ls ot the c.~·eal)()Udillg cyclic mutbylphospbonate, 

S-methyl pbos!)hol"otW.ol~te ttile thiolate isomer oJ! sali-

. thion, ~;ao), methyl phosphate ( sal1o;(on),. and U-methyl 

pno $pbor :;anidate are,. rt~apoo ti VGlY' 901 eo, 6 and Oe~6 timss 

grea-ter ttlau ,th3t of aal'-th1on. t~~itbion is complotely 

bydr-olyied by haat!nt~ at 100°0 for 5 Jllinutes with li/6 sodium 

hydroxide to yiGld sc.digonin. The hydrolysis of sal.itbion. is 

shown·in Fig. 6. 

s 
ll 

0-----..l:l-

a~~ 
Salith1on 

s 
11 

a~g o~ - 'Xlt3 

~i 

a 
fl 

(U0)2 P - 00113 



Sat1tnlon :L:s av:tde-s11ac'tt'w'a insGot1oic!o for use in orcba~ds 

and ve~tlta'blo r:rn"dens. It. in lil«rticulnrlr. etf'ective to control 

lepidopteran lt.kt"J"ae, malqbugs, &ph:lds antl mites. It manifests 

the 1nseutic1d&l action not ont:r tl$ aonta.et BUd. stomooh poisona 
(a?) 

but also as a.tumig~t • 
32 

Salttb:ton· f -appl.!e~ topio.nllJ to ooueefl1es 

rap1dl1' absolrbm illto tone body. (42;~ st:.tal". ana hou~l. ZbG major 

part \filS dagt»aded in the body and about :4jt; of aPPlied ·Or. 10".l ot 

absoRbed sal:l.tb1on vemmms as ;~al.itbiotl an.d sa.l1oxon tor- M 
. . -' 32 

J hours. On. tbo otobel" h_and,. sali tbion l? adr.lini$t$:t.lfoa o.r$lly 

to mice was rapidl!r de.1iV.ad$d tmd ox.cr(bted. Af'tu::r one hour-1 

?S>' ot adtd.n1Btered sa.l1. tiuon was eyd.Uol.ysed in the body. Atte:f! 
(38) 

a boUJ.l', 00.7Jti oxc.retad. Qnd on11 a.~ remained ill tb.a be.~ • 
(al9) 

·M.ib&ll"a at al i.Qvesti~atGid tb.e l49t.;a'bolism of 
-. M 

salittlion 1n ~ats and pl~t$ using C.laboll.ad ootapou.ttd. 
. - - . H 

tvben rats W$l"e tr'eat$d oJPall, witil std1tilion-4- C at tho 

dosage of 9 tilVkg1 12, 00 and 91}~ ot"' tho rontlioact:ivity were 

' 

rad.ioautogrmas of wbol~~ body $o\.red a trooe ofr ra.aioeo.tivity 

r~dnod only .in l.iv~, kidney ~ld lung aftev 24 bows. ~-be 

radice illl*'bon wm,:y com.pl•toly exct1'etod dut"in~ Ol¥l Wa@k. !lbis was 

·also the case, even thOUfiih. the <!osage was increased or :repoeted 

· sev-e:Ptd times. No ~radioactive. c~'bon diox:tno. w,tts expired. 
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file aotabolic, pattwQJs of asl1til10l\ tn rats and plants 

. I . . . (1): . . i I . . .. ' .(G)·. . . : : . . ' . "' 
ft!lV~- bctGn studiild " •· . . '!ihese Ql!'Q $l.UIRI~1sed . : ~ ~ Fig.- . 7. . . : 

' .. 
) '. 

<;' • ' f • 

02
1[. 1-ocH3 . 

'· 
·. .. . . Sol;,~ 

f··~ .. 
: ~ S. 

OCM S . . , oc· o,pll: . 
. , II -OH-

OP~OC.H 6. · '· 
. . ' ' ' 3 . 

~ 1: .. 
,,.. i-' 

. ~· ·' t . 

, I 

0\-1- ' 

C(
\1 g . 

II 
oP(oH)2... 

•' .. . ' -; ; ~ ~ ·, .. 

: ;; ),'' •' :' ' ~- ' ' \ ' . , ~ • :,, ~ , , -' ' ' )• ~ • I ' .. ~~ 
I' 

OC
\t 

' () . 

. Q ~.(L>H)L 

~oH/ . 
. . · ·-. ~OH L---~=---J 

:_/ ~ 
.. ·-.~~H · ·· . · · ~0~(6-]) GkC6se 

: ::·~o-f)-.Da~~e 0~0/f . .. )-!·. ·: ' .' 
. ,.,!l 

(p)' (P) 

. : Fig. .7. tiw.tabol:ic p~tb.w33s 01* SAl.tt;.blon 2n r~ta and ~ants . 
(1?-ueuotes i;hiJ lQatabo11te found ~ ,Plr.&nt _onlJJ., . 

' ' 
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It was $boWn that tho biodegl .. mti~tion or salith1on and sal1o:<on 

prooeedati tbroagb d~st;l1ylot-.ton mad z·ing-openiu.g by J?-O..nryl­

bond C·laavage. ~he matahol.1c pathways in plants only dU"ferad 

. · f'~om those in glj'Coa1de cooju~a~io::& ¢>f saliftenin. Aboufj lO% 

... of' salith!lon absorbed wns found in. tbe b~nn ~la.nt \<.'h•.)se roots 

had be~n soaked ln th$ nutl'ient solution :f'Qr 10 days. When 

salrtthion Wl".ls ntPi!liod on the la~vos about lOi~ was t\\bsorbed into 

the tissues anrl sligh.tly tl"'nnsloomtmd into othal1' lti<nves. Most 

of' sal1thion applied em too leQvas Wt~s vapot~ised. Vt~porization 

of sal.1th1on f'~om a nutrient eolu.tion was al!Jo obse.rvot:l. ~his 

causes a fwn:lgrmt action to klll insects on tbe plants. 

~he) -acute "Coxic 1ty of salitbion rot.. JJarot:lal.s was por.f'ol't4ed 
(3"1) 

b;v Oshima • ~·ne orcl. w60 :t•or taice is 9~.3 ma/ltg,. for mala 

rat 82-:L~5 mg/ttg1 for fGmalo rat '102-J.aO ms/kg. ~b.o su'boutrmeous 

r..o50 fm" mula r~at is JtYJ. mg/kg ~d i"or tamale rat is l52 tag/kg. 

The ~u.te o~ :il. ltD so t011 h.on 1s 110 mg/kg. 

Studie!~ on the cbronie to:z;!ic i ty of nmli tb1on \1as 
(5) 

por.il'ol .. mad • itats fad. for 24 sonths . 'l!Jith 10 ppa su~1thion 

. shower! slight c!ec·reaaa 1n cbol1ne·sternsa act.lvit.it!lS· rlG ef':eeot 

was obsarv<ld in the rnt~S fad \1litb 3 ppm ealithiou. 1~o b:tsto-

1ogical lesion ltas f'our.&d 1n an:,r orga1l$ ot r~ts fad with 100 ppm. 

In m~n and \fOitlf~n admin1S~0rOd oPQllY o. 00 mvkg/ dflY of smli thion 

for ~~1 days followed by o.os mg/itg/day ~o:' l4 days, no ef'i'ect 

uas found in 1;h<J oo.tivity o£ qrythrooyto· ®etyloohol.inesterase. 



Ro effect was observod 1n :t"ertili.ty ot V/ftts tor t~bv.:~o- generations 

ted tfitb 10 ppm s~1tb1on. · C~s1nog~licit.y was not obsaroved. 

6. ChemiC lll ll:rdt'olys1s of' Sd.igan1n CycJ..:lc PhQsphorus Este~s. --QS;t& I¥ d :at P Y I I ... .,.,..J.~C, A ......... mlillla .... _.! ... :1. Dlft f I ... G!ps .aS1 .... »t•vt I l 

~l;le cmtalyt1o l;y~Olysis. i>f' salig- cycl~ phosphoruS '· 
•... . . (28b) 

astor s b:r poo:spb~te ion has bo&n · reported • ~be c bel.d.c at 
- . '<- ·, . . • . ' 

reactivit¥··of tha cyclic pb.Gs»hta~ea· with· nuc.laopbUic -agents 

should be intlumncc~u blf the QlfJC.tron1c, cbrnrllCte;r ot the substi-
. . 

tu$.nt. ~he ralativo ZS$ao;Cion rtit& UJBY be thao:uetic:ally predie-

teL1. 'l'be reaution rate tor :the foUoWing; <lev'ivntives :t"oll.owss 

the c»."de:r ; bu~.q <Propoxy <ethoX)' < .~:aetbo;q < pnu~noxy z phooyl. 

1.'\go.in in ano'ti.l~r series, 'tile rolative rr.;ac·tion rate is in the 

order s~ <una < Wi <a. ~flt)se nave been supported 
. . . (40,42,28&)' 

oxparimentall~r · • · 

pb.ospbata butfU' to t~1V$ O..byaro.w.y b$:tl3Vl hydrogen phospllonatEJs 
. (6) . 

which gave cbl()l!Of"ol!'m-.1nsolu~o dyes td..tb em1noant1pyr1ne • 

fb.is is a. ob~a.ct~r1stio raacttion of' cqcl1c pbosphor-us ester 

of· saligenin. ~be first order' nydrolysis const:mts (Khyd) aro 

given 1n ~ablo. ... II!. Pno.spllcm1c- acid e~t.ers w."e (~onerally more 

unst!i.tble than pllo$llll0l'l'1o acid 6ster:11. ~ilt!t rate ctmatants. ot 

alkyl phospbonates el'e about ~0 ~if.~Els largelt t.han. t~:s·a· o~ 
•.< •\ • ..... • • 

oorrespondlng pbospnatE!ls... . · !ll~,e is a sma1.10r ditterenoe 
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between aromatic derivatives. Ethyl phosphonate is mucb stable 

than methyl phospbon~te. ·Tile presence at unsaturat1on or chlo­

rine mal~()s the esters unstable. 

It is interesting that, 1n the sarias of alkyl 

deriVt:ltives th~re is a relationship between rate constant ·and 

insecticidal QCtivity (l:JJ50). [."'"'J:able -· III ~d Table .. IV J 
Tbe higher tna reactiVity 1s1 the stronger the insecticidal 

activity. However, the aryl del•ivatives do not follow this 

relationship; . they are more ranotive ~han alkyl <ierivativos, bu1; 
t . 

are almost non-insecticidal. ~ha size ot the s~bst1tuant appears 

to be mora 1mport!\'lnt for biological activity than the eloctronio 

property of the substituent• 



l~~~oll:til f,a;~t!.-C...<a'!l.!tJm.Aa •• qJ;: . .:'!q!l!S~ .• a .. 2l~Sfil1n -C?ZC!1<:;. J?.h2t!~hor!! · 
. esr~t]lJ'!!J. in _phosl'bm.to buffar (pli 7,.7) at 2soo • 

....,.._WIW1·2·1-,,.. • ... ,. ••• M ._,. ~ Jl'lrl....._. ....... •••a I Cadi .. 

CH3 9 22 lo-2 . , "'• . ~· X . OCUa 1.42 x 1o·3 

Calls 4.-25 X J.O""J OC~t: .. ~ 5.04 :>c 1o-t;L 
\ 

lo-2 
CH = OH:~ 1.39 X - -

_ C~Ol 2.00 'l 10-l - -
cu.2~c1 1.41 X 1o·2 OCUg~dOl 2.58 .:( 1o ... a 

'1>11s 1.28 X 10-2 fJC6Hs a.ao x lo-3 

.tlliC6ll5 2.40 X l0-4 OC3t'?(n) a.79 :& J.o-4· 

m1ca3 l.M 'X 10-#Ji OC4J:\'if'nl a.2e l.: l0-4 

r~ccua>2 Heglis1~lY suu.all. 

----.... ~~-...... ---.. ... q.-.4o.-•#-,. .... .._~A••._.. .. ...,.,'f,..4._~....,~~ ..... _...... __ .,...._,..., __ ....,,'"""'"~··------'-·- ..... - .. _..,. ___ <o I .. ·-- ao ••-

------... -·--·--· ... •~•!<•-••-··,.--·'lo .. --~---~-~.~---·~-----r .... -"'J--<'--Oo--r<re-.... -· -·--..-..._.,. 
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'I·,. 

' J 
--·-i...._...~_,.. __ , __ ., ..... ·-~~------ .. , . .., ________ _ 

x 1 a J ~a din·l . . ! LJ)so .. 
~-_j_'-----····· ._:___~-.~o,,uue bo"=ef'41') _ 

,,--._ .... ,.'1':~• ...... ~0.-.o:"-!"<f"'-..o""'o<--•-Ao<>•:r-·-~~-,.<t->0 ~t•-~·~...,.._,'/H-"f-"'i'U-•.;o)l~;,.,;.o.~~ ........... ..,..__..,...-7_,.,,...,11">'<«;~<;\""~o<-._.~.- ...... ~--J.""' .)o...-..-....-.. - .. "':"-•• .... ~iO---... - .. ,_,....,._ ... _ ... _ .... _...,., _,,.-.,\ ... .;...__...,_.., ...... 
. o atla 2.22 · x :t.o-2 o.l9 

ogit
6

. 0.17 

~ 1-0j~ - o.aa 
0 Soo-c4~· .. 7.0 

0 t .. 04Ea" - )J.O(o") 

0 ca ; 'Cl~ 1.a9 X 10-2 
0.68 

' 
2 

J.O""l. '(( 
(60~) 0 ·. Cli2C?. 2 4 -~10 

0. ca2Clfa0l .1.41 X lo-2 0.99 

0 %li l.2B·X :to·3 >lO 'lOiG) ).._, 5 
a OCUa 1.4~ X l.~a 0.035 

0 ~s 5.04 X 10"*3 0 33 .. ' ,;;, 



mable - IV (Contd•'• ••• ) 
~ ...... !t'?'t.ll I •• rill 
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x a ~d mtn•l . .1 Wso . . 
. . . · . · · l (_;«-g/te~aale h.ou.t;Sfly) 

.:;;:~:.:..."::::..::~.:::::::::.::::f.~c:~;;:.-:::::::::~::~::·-:::=:=:::::;;..;:==:.::=:.:. :..:.-...:::::::~::::~~=-.....:::=..-=~=-";;'...~~.:::;;:;;..,__.::::::.:=::.::.:.:: 
o o-n-~aJ~· · a. 79 ~- 1o·· 7.1 
iii · . · rJ-n-c

4
a

9 
4!29 JC 10•4 > 10 (40~) 

o ~·eagca2Gt 2.68 2 1~3 .. · · · · o.49 
0 o-oaHs 6.30 X 1o·3 >10 \3) 

0 WlCitJ 3..M :-: 1o·4 o.os 
0 lj'OUa)s negi,igibl9 am~ll ·0.40 

' :t.o-4 '0 NiiO ~ 2.40 ~ >10 (6/5) 6 
---~_._ .. _ __,...._""""_··-"!!"'"-..-....---·~""-~")'..., .. t_.......,"'~·.--~.,._,...,..... __ ~~- ........ :.w..---~~~------~---~~··~~.....-. 
-~._..,.,.....~~:...c.-'l"..,<,....,,.., .. r _ _._.,tl'li,._~.,""'+W""·~"I'~~Jioot~i"....,.~lioliof~-·-.._..,.,_~~-._~---... .. ~~~-~-........_-__..,_._.., .. .,_ l -

7 • »1olog1CQL Jw-t1V1111es anti 6-truct;~eil. lialationsb.ip~ 
6 ••*' •• ,,,.,~.,.J.......,,., ,. .., • ., waw .,. __ .. art •• - •.r• ,..- ..,_ •• ,._ ••• r r •., 

~he ei'.d1gen1n;;· o:rcl1o phosphate est~rs b.avo 1nte:vosting 

biologic~~ aett vi·tioa. · .. ~e ot thoa ~a nauroto:d.o, c auslng 

atUi.a in bigher rminlals. Oth.!l'l?'s do not ah.ow svnh baraful 

activity but do have high insett·t1cidal aot111ity, s;rstemic 

aei~.tvity and f'u.ngicldal activ1tg. 2b.eu biological acti.v-lties ... · . ' ... ' ' . ' 

1ncl.UiiG also synergism ·V1tb orgmnophospb.orns insect1~1dos1 

nematooidfll atid ant:.Uil#ial activity~ 7-httl GPoo-ificity in 
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biologit.Hd aet1v1~1es may. be attl11buted to t.b.a ateric eff<:lct 

of' an e~ooycl1o $U.bstit~en.t poup on tbo phosphorus atom as 

shown in Xable-V. gU.l ~ryl $~·1genin · cyc.liO -. pllos,PbQt&B 

manif'(:HJt :a h.ia;b delt~ed iJ.~tJroto.~ticity to caus,, a·ta•~1m in h~ns 
. . . - \9.41) 

and bigh synem~ist1c ac~ivity v11tb malathion - • . Tb(JY 

~YlPho.sPll®~Xt¢ t.uaW.og~~ _~Jhowec-4 ~d..m1, .. ai~; .b~ologic(,Jll ~·ctvititi!s 

but less t1 , ) n.t~urotoxiuitf,... 011 tbe '~tbar, tbe cor~aaponding 

e:r~l1c ~stars b.avillm a s.raal:J., al.lcyl group on phoapbons, i~·e. 

e ... alkyl t 2-al.koxY ... ,. and S .... filkylat;1no.-..4li ... J.,.:,_,2 .... benzotU.oxaphospbol!'1n 

2 ... o::d.des1 dit! not c e.use .atans in bens w:tt;ti\ eny subleth.ml d.osss 
. - - (9) 

:md only weakly .Potentiated tbe .toX<i.oity of ro&~t.bion • ~he 

intaz:•nstit~g t'iH!ture is thai~, the !l.UtYl dtevttFntives r't~VetlL1:f' high 
. (S) 

insc;c!ticidsl ~t!'ltity, wb.areras, too avyl cycl.ic. est0~s do not · • 

the· specificity or sal1goo1n cycl.ic pbospbatt~s in 

tne biological oot:ivity r.ttlat.t;~s ~o th(!lir selectivitY in enz;vrae 

inhibition. ~be~e pbosphata~ inid.bit various s~:r~inG mw~ by 
- (14,4} 

pbosphoryl.at1on1 produo1nm probably salioulo~phospb1nwlml~~~ 

(VI) (Fii£• 8). ~b1s involves l:>Y opening ot t£10 eyal1o e5t;er 

st:ruct~·a at ·thG .r .. o aryl. 'bolld. ~tboo t.be siza ot t:h$ GXOC:Jyelic 

au.bstitaent l.l in (V) inorf;$l~ses1 ·t;aa cstet~ b~comes a mox•e salec-
. . (~) 

t.1ve :lnb.ibitor of alieste,r&tile • 

sale-cti'V'~ inhib!ttol1' ot cbol..1neSJte~~se wbsn the subatituant is · 

small. ~bus t.be O...tol.Ul del"ivn:t:Lve UO, tor oxartJPle, 1$ 130 ' · -

times more &~elttmt1ve to .illbibit td.,ies't&l"t'liS& tl:ium. ohol1nesternse. 



~--

P.:ftecta or -tha axooycl:Lc aub3t1tu.~t (a} on 'biologic a1 
oot1v.tttes of ~ml~.~~nin cyclic _pho:tphate . (V) 
11 1 l. - ax $IIIII l I I J¥ I ......... P 

0 
11 

.,. 1 P tttiP;raJ a •,... n• ~--

0
()...__,- ll 

1. 
~ 

(V) 

---·---·--~--"-... ,.--~·---~.-·------ ..... ---·--·----·---~·~ . ·---..--·- ··-·· ... - -
L\ Delrq~d Syn.~rgi$!C id. tb. In~&.! t.icicial 

uam~oto;tici·t.y malathion coto~icity ootiv1ty 
. Mt.J)fl co-ef£1ciallt . Log

0 
. . Mi . I• f.ll b I 

----.. ·--~-__.)-·-·~·-------··~---~-=---.: :::'_::':~:_ es --L~-===::::::=== 
--~ o~~;:-%a~~---~----·-·;:;--·-·-.-~-~--·-~·~:;:-~- --· i o)4 __ _ 

C\)1t6o 1~0..2 a.s 9.2 (J)tl 

Calla 200 18.8 s.o (O)d 

c:tl5 
e 3.0 0.17 ti •. ~ .. 

c .. ,a o 
""5 - ... a.1 Oo;'a 

CHaO N.A.~ 3.7 4.7 0.,04 

·(CH3 )
2
Ii N e • t-l. '1.~ .. _/ o.ao 

a. ~lini.mum 1\?itQXi,Q d.o~se t .. Ol" t~ll.S W mg./kg. 
b. 1\ r~sistant strain. 
c. so>' l.etb~ dose by 'topical ~pp:.ticat1on. to bou.seflieg 

in _/Ltg/tl;y. ' 
d. Percentage rnortality li.t l01u.g/fly. 
e. No altfu;ia signs evident. with any fBUblethal. dosng:ese 



! •• 

(V) 
·, '• . 

(VJ) 

Fig. 8 ftea.ction of S!ll1gtmi.u. oycl1c ;pllOspn~tas 'td.tb 
est.er$sa (11-Gst) 

~lla~etOl"~, tbf~ Etxooyclie subs'ti t;u~nt ot .sW.igenin eye lie phos­

pllnte o:nt\'Jt»s is l~egat"dGd as tile 5~~l;actophore ill \be biologiual 

ections. 
' . ' 

the het!erooyclio structure ot $aligen1n ·oyelio phos-

phorllS flrsters t~ merel,- toP the cbemtcal reactivitY' or t-il$ 

phosphorus atora tow~ds nualeoph!l.as including too tletive 

site of' este;:-~$\) and is navor uequiremen\t tor the dt!lOUod 

neurotoxicity. Ar2 for e.&amt:tle. al thout~b j;r1-.t., .. et.h}rl phenyl 
• ::r (l3) 

.phosphate (S:PE.!?). bas the neurotoltlc!t;y . , is unable to be 

transformed into a. cvc~ic ostar structure. 

. . . 

whic!l is spacift1¢;;illy· ... sans1tive 1n ·vivo to neurotoxic. 
. {~"t:a) 

ort-xanopbosph.o)J"Us e~11t.,..L1o$ • ·~\be (;,atel"asa is unlike acetyl-

chol1neste.L"asa but s:I.milat" to ctb)"i3otrypsin and t~ypsin in the 
. (44} ' 

struc~ure-sctiv.1ty t·ti~lationsbtg at. ·inbtbitova ·• 



~Utllouab. tile t~tl:'uotlll"ewnet¢oto::dcity ral.Qt1onabip is too 

compl1catGd to gen~ral1~, the neUl"otoxioit;y appears to be :tatner 

closel;y relat(~<i to tile stl.•u.ot\U"' ot tbo non loaVing group than 

tbat ot• tbe lea.v1ng group. 

\41th tb1s br'io.t bliOkgrcu.nd .ot the r~lation ot chara1cal 

SQ'UCture to th0 biolog~~Ql . aQtivi.ty Of sal:igs.tlin 'Q:YCl1o phos­

phorUS e$t9r:::1 we l-1111 .nfi$ii e.U.saus1; the spocifio &tltiv·1tios such 

.. e.s insoot1c1dal,- synet"'g1st1e1 ·i-l!lt!esternse, "lle~»:~atoo1dal, :fungi­

cidal etc .• 

. Variou~ seri~;lJ of ll·f(!.l..ie ~St$1 .. $ or' ,sali&;wA1n -deri'*led .trom 

pentavd<;~ut ,pho$!l!i~s a.o!ds llav~ beon oxMlitt4:lld .for" insatttioidal 
. . '. ''. .· . ' ' . ' (19j ' (2J) 
activity. ~bey innl_ ude. pb()$J,'Il'lt4tas . • phosphoraaidatos , 

'. . ' ' {25) ' . (28) . . 
phosplwl:•othio~atas . ~- pb.l)spbon~tus. . and the11! tt\iono an!U.ogs 

(fable Vl.e.J.CtV). ~ne insaet1aid~ aot1v1t:r of' the e;;rtet·s am~:trs to 
' ' ' . 

relate v1itll thG siza ot. tha exocyc~ic *~b:stituent oo tbo pbost>ho­

rua atom (~abl~VI). 

IhfJ C¥Cli(!. estel.'"~ . iu un:r ser!~.H: haVing au ar)"l. ~®P as an 

exooycllc' subst_i~~ent en ~ba~ pbosp~ozus mtom ba'l:fo ·~:t.th.er · p.?ar or 

no 1nsoot1e1dal ootivitY~ In W.l 'th~ ·aer1es, m~thyl dorivnttives 

a11e n1ucll moro aot!ve .t:tutn bi~h~r tlllltYl· d~r1vat1ves1 ~xe.apt tor - . ' ' . 

phospllonata Stlr.ies (~abl<E& ... XIJ 1n wh1ob otlll'l der1:trat1ves are 

mora active tnrm il'lCthyl de~!v·ativ&m. I1 1 Ii-diallq'l pbo$pho~at:ni-
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dates are !UW!b less active than mono-alJql derivatives (tablB• 

;Q;II). ~bus sal.igcmin cyelic methyl phospbate (:l:~ble ~X) 1 ceteyl 

ph.ospho:rothion~te (~!!lblo-L\) 1 ILmethyl phosph.o~a.midate, H~matbYl 

phospboramidotid.onm.ta (~a'ble .. X:tlllt methyl phosphonoth1olat'l and 

ethyl phozspbonot.biola't$ (~ablo ... Xl:} ~e .PQt~t 1nsect!c1des. It 

1s in tart~ t~t:tng to n.Oto thr~t tne. exoo;rcltc substi'«ten~ · of' ths 

most ~.t,iv.$ c.ynlio. pho$.PbQ...~S oate:;r 1n ·e.ac.b a.c:~i6·~ (·~3 • Sella , 

. NliCll..J 1 Cli3~} dit.f'ors~~~b other 1n aiaetre:l'.a nha~.~~terist1ca1 
but rosombl.os 1n steric propGrty .su.a.b ~s tn~ d1st~e (about 2.9 
0 
A) between .Phosphorus ®d f.'taltb~ at~>m 1n thtl i?~'t .. a function, lf 

tbe bond aagl~ Qf div&.eynt sulfur 1s ne~ 90° rn.~bU>r than 109.6°. 

l11,1c~tb$!!iilor"e1 ~h~ introd~t1~ of' f.iliY ·ty~ or su.bstitu.en.t 

at ~ posit:tM of t;~t b~011~ ring anc.t on the (Hll"b® ~to~ of the 
. (2,9) 

hat£m.o r1ag dec)V@.amas tlto t~:rt.ivity (1'3ble .. \fll}. m'hua1• tbe-

siwpl~tt phosphorotb1Q.tMtte1 stal1tbion, 1s thG!. r~ost ot.t'"oottvo 

1nstY~Ct1c1de in tb$. tihol~ a~l".ios of'. saligenj.n. cvoli.o pbosPhOJ!Us 

esters. 

An outstau,d!ng contrmst is obse:rwd in the of'f'ect of 

parno.sUb$titution b$tw'Gecn the selith1on sa;rt1e-s ~n.-d ,ar.'ltbion 

. sari~f.!J• Table fff.IIl:) snuMs th~ ef'f~t of'· tbe electl'oo1o ohcwac­

ter of tbe su.b&titwnlt 1n tbe .Para .. JOs:Lt!on of' the pbt.mol1o 
I 

est~r g-~oup upon tho inseeticidal activity. Any subst1t.uents1 

e1t.ho~ elootron-uithd.vawing grouj oll' el.gctron-releasing group 

deer•~ases the 1nmectioid&l activ·tey. ~able-VIII ·snows thll:t the 
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lns~ticirla). activity oJ!' dilllthyl.Pheny,L ,ph.osphoro't#hionate~ (Il) is 

prot*~!3ss1vt~ly i!10r0a~;;ad by f~t:Jubst1tution of th.e phenyl :ring in 
. ' . . 

su.bstit\.l~nt,. vh.~l2r·eas ntd.:t.ht~l" ol@{tt~on wi't,hi:h'"awing not• O~(llc·tron 

reloesing groui.) iM~fJHJtses the ootiv!t;v of' 2~al.i.tid.on (Vlli). ~ho 
' . ' ' .. 

~iO..t,l aryl bon~t, or tha het9!'Q l"i..'lg oi" : ZJ~igeniua;. cycl1c ,pbosvhot•us 
• j ' ' . -

@Ste>.rs ai~(ph·a.t':. CQ, be nD:titr~ (l"ll;)tlgb. td ·'pnosphortlat~ cb.olinestoram~ 

to kill illSU(! ts v1t.ilQu.t fPJ.Y ~leo tx-~'fithdrawing group. 

· IJ!'h01 symt~ui~::: wtinty of· sqtJt~ EH~l., ... geum cyclic pho~ 

pbtw~idates agu.inst··l"ioa ~e~bore1•s and ~oen l1'i."!lll lHaf'hoppori; 

on :oice plat:&ts 61"~ obsorvB~d.. (~abl.e - Xlli). Meth!ll .PhoS!)b.~llQ1date 

:ls raore oot1i7e than ~3oln-adan but.l.~ata active t;.han tbit:let agU~lst 

rice lf;H~f'iloppt:;r.os,.. Agait1st rico $t~~bor~e <!1Clic N-mathy'l phos­

ph.ore.midothion.!ita~ ts rsupG:r.!or to lindane allfl D!mr&1non. 83l.1tb1on 

also shey,ts m.or+'ll or legs QYstP.tmP~c activity agm.n111t at•£1l7 '\form a.'ld 

m1tll~' J~o $';fata•:tc aot-.i"l1ty ha,; be.~n obs~l~Vfllu in otb.~r co~p-ourtds • 

.S(J~o · s~il.i~onin P.~sphcnt.:rtm1onat~m., phompbol? a.m1da.t($s 

and pht)spbor ~iiot.hl.onates show ne&ai.Ut®.1dtd. ao ttl. vi ty.. ~ospbor a­

I.F.U.de.tas and ~nospho.:&ASicitotW.o:ia~$ ar~· V<~cy ef:t .. eet;.)ivo to kill 
(S} . 

n~at.odes (i:a't·l$ ... ~Uli) .• u .• ~~t.tSV"l pbo,spntJ>rtltn1dt~t~ is most 

s.e·Civa in t.!le- a·~'"ies of 3aligeu11rt d~rivativc:; stgdnat tl~ n,on ... 
. (23) 

p~·&aitir,:. sail n~nta:tof.ilo !,br.tab~~tlti suspc~d.~d in wat~r •. 

cr.d.ng to tbe inst.:&btl.j.ty 1n Hetwr, . tho cyclie pb.ospbat.es a.11d 



pbospllonat(:!t6! .alNJ al.mo:st !naoei.va, but the!,- thio~ analogs eue 

eftec~1ve ag~d.nst iihabd~:tis (iabl~ JU1 Xl:Il). 

s~ $!i~igen!n. cyclic. ~;~.vl. pllos.tr,.hc.r:.othionsto$ ~~ 

aneMN;) ef'too t1ve Qs nento.tooi<ies tb$l tho a;vclic l'J .. mQtb.yl ·phosphor a-· 

m~dat.e a~~tlinat Mae- £"1q.a vb.it@ tip n•atoaas, tbougb .the7 have very 

low 1nseotie:l~::tcU. Getivity. Cyclic pb.enyl-. and P-~lyJ. .... pbospbono­

··tbiona~e~s .~:e t.l:te most ott.,.ee,tiw ne~aatootd.Ga .111 th.o se~Jies., 1:nese 

aryl. pb.otJPhonottli(}nata!S o~b~:t fd.so a. t~tth ~ t1v1ty against 
' ' (~)' ' 

f.il~1a. in cotton r~,ts ;( t.tt:;omoooides rJ rl!~illi1) • lt. 1s .!ntrlr ... 
• YbWtd t -·---~ ~"'~ . . 

~sting to note that th~!Set· ·al!tyl .pbosphonotbionratas are. poor- insoo­

tieide:Jt WhGrem.s t,t:u~y ~e tUOlre .pot~n~. t~ k1U. n&tll~\tQdes than 

sa11th1on, suggesting the ebolineatorase or othel!' critical tarogat 

ot nflmatodo$ m~ difi"er in natur~ rrom tba insect ehol1nastorase. 

cia~ activit-y or. ptmsphoro.UL1.4os .an~ .phospbo~f.faidothiona'l~as arfi 

simil.&t' to tbat ln. tb.G 'insoot1ciaal $t.ivil.ty for. ·house fly • . , 

1. \c} uUNt~IO:WrAr. aa.t:W:t~ :(7abl~ XIV and xu· ... Pnm:-e .. 89~:5). · · .._,._.me= i d I o,a..aa tt 8 1 II , . . N ~ ,-. 

. ' 

$a'J..itr.iQn. has U\J :t"ung!eidld $Ct1vit:r.· nut so~e sali­

genin cyclic ptA!>iiPhovott~l~tllirir b~V$ '.f!tmg1t:id.ul, -WJt~vity .(~able­

./~V). ~hose pbor&pbtl~ot¥hiola~ tttrlt<!'rSt p~t1cul~ll'lY h::tvb,lr; &n 

~1-baut:::;rt ~r:;t0or link:taga, nav·~ attttvi ty tQ ,prot~c t 't~e lJ1<!e plQ!lt 



. 
in the Zilble (.:UV & AV}. Zbl! dat~ or .sotilo commoo~o1al f\mgioides 

1nelud1ng an <>rgllnOphoaphorus comPt)untt, Hinson ( O.etbY! a, s 
- ' '· 

d1phenyl l)bosphQrood:ltll!oata) ~a sh.own 1n the ~able (AIV) for 

comparr!son. the matbyl...,atllyl-Wld n-butyl-phospbo~othiolatos 
I • 

bmve ~b f"~gi~ox1e1t:r comparable~ to otbor· coUMer.c.ial fUil<j"1·~de~·. 

~he normal ·anti ioopropy).. ci~rivatives are lefi!s ef'f"oot.1ve. Sa1.1ge-
< . ·-- ;. .~, . .• .· .: ; ~! ,., •• ' . • J. ::. •:. " • 

n1n eycl!e me-tb,.Vl pho.spbntto and pbospborothionate ( $Bl1tb.1on) are 

hi6bl.Y active ·as inaec~1o1dEJ 'bu.t avo alr.aost inactive as tung1. 

c1de. .In tha nteri~s ot diallQrl benzyl este)11s of phospboru~ 

acids, only &.benzyl PhoiSVhorothiolates sre highly- aot~ive as 

tungioid.e but tho otbers o.g. pbo$pbatos1 pboaphol•otbionates and 
. (45) . 

pbosphorodithi.onatas al"'G illt!Ctive • 

lt; 1s important t.o now that some cycliQ phosphorotllio­

latas b.&VG both the bigh 1u.secttcidt4 as well as f'ung1c1dat ect1-

v1ty, with onlv tl!XC.Et,Ption in tnu- cuSG of' S-banayl-0-0..dia:tb.Yl 

pnospnorotlliol.llO'll' (1titll2in) wb!ob bas we.~• inseotic:ldal propGrty 

but is a good ~"ungioide Qnd. now· usod iil. J.lraetiee for tho control 

of rice bl~st dls@.aae. 

~b.e sal..igooin cyclic gbospb.oroulliolates have bigh 

activity to ~lnte ( saliltylate) mereaptans and to 1nb1bit 
. . . (31) 

ttSH-en~ymos'' sncb as yeast alcohol dehydrouan.qse • !lho acti-

vity SOQlilSI to be related to fungicidal propa~ty but not with 'tllo 



tnssct1e1dal ac·t1viey. 

· I50 values· for· Qloohol ~$b.vdrogooase of' soma saligenin 

cyclic ph.osphOl'U.s aster. at'"a show in (~·al~le ... XV). G}fC lift methyl · 

and ethyl piaospbox-otll1ol~Jtes at"e most active 1n tbis series.· tAl. 

the othol." band, ONclic pllaa.Pbntas .have only weak activities• 
. . . 

thougll they. ar'e potent tnbtbitors 1t1t e$tG!\"tlsa~. ~hdithicm i.e., 

motbyl pbo'spborothionate tiJhicn bav~· n1gb.1ns(JCt~~idal propePty is 

dmost int10tivo tiolfQ.rd tbe ~nz;;met-. 

!ih0 rate of ~l;11t1on rrtlactioll by the cyclic· &tJters 

looks pall'al.lol wt·tn the hydrolysis rat~ of' tna ester and tho alky-

lt1tiou 9JlQCeeds with a constderabl~~ t.iae l.ag. 

tnat tlle aUeylation oeours fAtter U,ttrol.ysta. 
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Fii•· 9 A ~oposad mcchan:i.sm for al.lqlation or 
Marcaptana with Sal.igi.i!llin cye11c- phosphorus 
este~s. 



SallgeniD ouc~lio: phospborothiolat!iiis are parti.allV 

nyarol;'sed b.Y o,penSns ot tbe l»terocwclic J? .... o.o.alf:rl bond, 

more easlly tnrm pbospbat. $!3'Ct-}it'$. In Big. 91 :tne cyclic · 

ester (V) 1~ lllf~olyzed bJt ·tho atttJDk of ll1drox1de ·ion to V1E~ld 

salieyl. phosp!lato. (-X). ~hfj ~loc t:r~ t~oleasing .011 iJ1'009 o2 (X) . . 

· mt:O' conv~t to a COO?'bonium _ion (Xlb) vb!cb mrq actualllf :r'eoot 

with a Sli grQU9 to give a th10$atu (liX)'. ·, ' 

C7clic ttethyl QUi! etb1l ,&bospboro.tbiol~ttl$ tn-o ~h =~o 

aotive bl ~~ol.ysts, aliey1Qt1on Md the !.nb1b1t1on of "Hii-oneytlle» 
. . . (31) 

aetiv:tties than th& oow~apon'ling cyo11c· phospb$tos • It seema 

reasonable to conclude ~bat tb.$ denro~ase .e>f oleetrron dtms1ty on_ 

pnospho!'us atom o ausas the bigb reoo t1 Vity ot the pboepborotnio• 

l.ates. !IZb1$ is supported b.Y the l.O"Ael?' P = a ~~(tuenay- (1210 e~n-1> 
· of tbo .Pho$Ph®othio.latee; in coa,parison with. that qt the pboa­

pbatos (1310 o~-1) •. 

interesting cl#~elatlon $!lOng ttw alkylat1Dg autiv1tJ, tbe 

:tnld.bitosru activity agnd.nst, tts.tL.~eBrr and the anti.f'ugal _acti­

vity ot the cvclin esteirs.. Cycl!Q methyl and ethYl phosphoro­

thiolat$S at'e ld.gbly active ·m all three tu.nction$J" . Cyclic pbos­

phatGs have v~~~Y' ltoak oot1v1t1es bu.t they are potent 1nb1bitoll'a 

ot ester-ataes.. Zb.use f'®t$ sugges.t tb~t high tnb1b1tory entiv:l.ty 

agatn:'§t tt6H-eneymestt ma_y. be ~ important tao tol" tor the tung1c1 ... 

dal. activity ot the cyulio phoapllo~otbiol.ates. 



~ .. , 
·' 

Tbe r~lation ot ch.~io~ $tt'UetlU!"e to b!ologleal .t¥t't1v1-

t1os tneU.cBte$ tbat th~ s~itio1t;v· in biolog1cal. activ1t1as of' 
• ' •• • < ' • 

th9 saligenin c1c11c pbom,pbom.as osttWs soom ~ be !:"Otuat"k:ablN' 

influ.eneed by th1<l ete:rio' chn.~actr4'1f.llt10$ of the 9XOC.1Cl1o sUbS• 

t!l.t.uant on tho phos""t..-:11ua &t~. :i!b1a 1s evldau.t vben Of' • •p r¥•i1 ~· . (~}· . 

t.beir' spooit1c:1·t.a,::; s in enzyme inh1b1tton · · · ~ ~p cu-LeA .• 

!llo most ins~ticidal seligenin c;:reli~ .metb:/1 phosphate 

(stdloxon) is tnt; stro;u.gast. 1nid.b1to1J' Qt ina~oct eholinestGrase. 

However, th.e bilbl¥ oo\l.lfo.toxie -11 phosphate is a l)oor. 1nbibito1" 

ot chol£nestet-asu,. but .ls a vrr~:r s.PooUic 1nbib1tor ot tll.ies-
(1,42} . ·_ 

hrlis$ • W'ba leaB neuroto:d,c $Jrlphosphona't$ occupies 

an :1nt~rtUod1at$ position. In ·11¥&Y series, tlfb.on tb~ size ot the 

exoeyolic $\lbstituont :tru.u.•<Ju!ses•~ the eortpound becQtne$ a moro 

saleotive 1nh1bito.tt ot t41~atm-ase; tn aQlltrast, the compoamd 

earr11ng a smmll. aubst.t.ltueut is a moft selective inhibitor ot 

ch-olinest\lraso ('£el'.>le-411I). Aryl phospnon~tes tn11G llQI"G speo1t1e 

1nbib1toPs ot »soudo-cilolinest9rase; .a.l..kyl pbospbmte~SJ are leas 

specitlc and. zeoJYl phosphates -e 1nter¥11l~d1~te.-



Sal16e.t~ cyclic. aryl. pbospbates and pboaphonates ht.tve 

aynel"'gistlc oo~iV!ty \dtb m!llatb1on against insQC'Cs and a.a1~as1 . (46) 
p:n"ticUlsrlv thB& resisttmt stram • · 

· the joint action ot ttl\l ao.:t;:t.vity ot some ·sal1get'dn cyclic· 
> (41) 

pbospllol.'U$ est1~.r~ witb tlUllmtb1on hlis bean e.xamilled by Eto &t al 

&n<i oompar~d '4tb $Otna :Phosphorus estel"s wbinh cf(~known as tt-.e· 

sYn~rgitllts ot malatllion. ~~ble-.AVII sb.owt; that the aryl deriva-. 
tiv$s of' sal1g~nin oycl1c:t $tater$ are synGrgist1ti ll1tb malathion. 

, s;uey incfl"4:7Bse tba tood.c:lt:r c>t malatblon a.a to 3.4 times ·at :a lal 

m1x1i1g ~ntio. ~he .QCt1V1ti.e$ at tbO'ra .~e m®o than Pll'OWl PtlV'aoxon 

but less tl.hlll!A Di~oa and 1soPr<>PVl paroaoxon. 2-(0-to,vloq)-4H-l131 

2-benzod1ole&Pb.osphortn-2-ox1d\7tt and 7-metbyl.2-.pben¥l.-41i-l1312-

banzodio~aphc»r1n-2•o:d.de tWU tba most synergi stiu attainst au.scep. 

tible bousef'lJ among t~bQ tt!i.eted o;vclio o~tftll*so AlkYl de.T!1vat1vas 

ot :saligenin c.yclte pnospho»'ua asters ue EnUCb less synergistic 

, or even autigon1$~ic •.. 

S~g1S~U ot saligenin ~1clic phosphorus estt;rs with maLa­

thion 1n. a resist!illt staam o~ nouseny has baun t&'bUlmted in 

fable-it\TXII. In this Cflsca, the s:rnorgi.:Jtic. effect ot sr4.1genm 

cyclic pilo.sPllot-~:As CZJt®s has V0%14~kably been incre~sed. l$ven tho 

alkyl det-1vat1V$S oot as synergist or malathion. <£bus all ot 

present eyc:l1c est~rs .aJte ftaol.'e llt'Jtive tban too other tested 



orgnnopllospholms synel'!'.giats. tt'YcJ ... ~c. pb.enll'lpb.ospb.onate ot l'lethyl 

sa11gen1h is the taGtst eff~tivo syn.al!gistic against resistent 

oouseBv and tnoreames the to;dnity ot malatb1on 14 times'! 

· S)Qlargistia ef'f'ecrt on $Uel'Hapt1ble and ~es1atnu.t strains 
. . (41) . 

ot gel)ll rice leaf llopper b!Zi$ l'~n obsorva4 end tabulated 1n 

~Gble (:UX). 54'm tox:lotty of malathion to ·th.e suscu~pt1ble 

insects boc:omG; double by tb.e r addition :ot 'three saligenin C1Cl1C 

phosphorua est~ra along with two otb.er oyclic esters •. Syner­

gistic Gtfoot on .reststrmt loaf' hopper also 1Jl..c~uases bU .sa11 .... 

genin cyclic pllospllo:rrus esters but tho vrd.uea Ql'e lovor than 1n 

the l1'es1atant ilouset~. ~·ne1 eJlb:auced the to:.dci·ty ot lltal.athion 

2.2 to a.a timDs. 

~be sy'nerg1SIO QPpaars ~ result prialeril¥ t;rom f#hQ 

1nl11bit1on of deto:d.etltion or .m&latl'ti..on.. PhosPbFAta action or 

estarase action can detoxif'~ tha toxicity of malathion. It has 

been obse:rved for ra grorat num'b~ · of orm~nophospborus compounds 

that th& syner~1sm or malathion in moe and tho degree ot 1nb1-
(9) 

bition or a1.1-eatort!se J.D. ;y;1YQ nFO ganer:allY :r'olatod • For 

insac.ts, high oateraso activity bydrolY$1ng .malathion 1s suppo. 

sed to be J)llrtl.y · responmiblo !'or malath!on-rosistance 1n( some 
. 41) 

strains o!' mosquito, boasatly ·ana: ~een rice l~~ar hoppee • 



-'16-

(.43} 
Et:a et tal bave shown th~t gyl do»'1va~1vas of sa11ge.-

nin cyclic phQspht)x-us asttli:-m ~ tb.$ s"loot1vo inb1\)itors or ali­

esterase, \>~b.eruas armall alkyl der1va~ives Ql9e n.ot :JO selective to 

ali-estorrase ilmtb1~1<)n. !l:bis aPJ>GalJ'S to be responsible £oa- their 
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(VII) 

0.:13 o.a1 0.;04 o.os o.o9 o.JB o.os 
o.\17 o.1os 0.'33 o.ao 0.23 0.9 0.66 

o·asa .. o.·ooa 7.1 ... 2.34 2.2 1.50 

?.osb - (40) - 6.3<) 10 (64) 

(0) o.a (3) 2.0 2.2 (0) (5)' 

Figuroa in parenthasa~ aro percentage mortality at 
10 ru/£l'g • .. 

0.04 

0.48 

.. 
--
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4-0Ua 

6-eiLd 

~ .. caa 
~ .. a13oat1a 
(.3 -Cl 

tlll4 ••rr , 1tr1t "" •• = 

o.oa 
(Sal1thion) 

-· 
·0.23 

1.30 

lo75 

0.13 

o.ao 
a. as 

-

• !iii •• • 

o.oaa 
(Salio:rron) 

'3.35 

'0.1 

. 0.43 

2.0 

0.09 

·o,aa 
o.aa 
0.99 

2.07 



s 
1\ 

fi_ ~o'.,.VIII ... s .•... bl ... 

((

O,m....._ tlt'!i:L 
~ ~ ~~ ~ 

;;!:> - -

$Cli3 
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COGHa 
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(VIII) 

.. o.aoa 
-0.170 

o.ooo 
•o.ooa 
+0.226 

•0.87 

+1.2? 

n-Q 

(IX) 

9.2 

ae . -
100.0 

Ja.-8 

a.-o 
a.o 

'·- l.fl· 

a ~ ltGlmUett•s subatitu.~t constant 

0-1--•-
o.J.-

-
o.aa 
2.5 

100.;0-

'b = J?ercfl.tltau:o ot th~ moat active eoragound in e*lb series.: 
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Insoot1c1dal J¥tt1v1ty of' ll1ng-st~bat1tu.ted S.Ed.igon1n Cycl1e 
rnosP~\1;~ j~sters ( t_l~.m!.f!..~Oam,'!,Wldf!l ~ 

- ·. (. ~. i 
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ll 1 
(6) "(7) f (8) I . 

woo 
( /Ub.o\lsefly) . 

"a iaa a I 
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s CHa .a a ow ·a 2.0 

s ORa li· ll ~115 )lO 

8 ca 3 
li. li o..n-o.a&, >:to 

s u or~a 11 l 
·OOHa o.ea 

s H CH0 
·u at:2a5 a.o 

a ii CUa ii O.n-C:J~ 7.5 

a n li Cl~ OCHa L3 

s H 1i Oll :a OP2H:; a.o 
s H li C.Ua O..n-Oal'? ?.6 

a H li alia liliOlia 3.6 

s %11& R H OO}L,J 0.4 

s 061i5 ij a OCfslls 0.5 

s ca 65 H l1 u.n.c31'7 l.O ___ ..... .......,._..__ .. ,.._~ ........ •-w;..;.~ -____ .,._ 
•U 

.. _ 
-----._,.~_. .. _.,._._, ......... __._---·-·---:--~--·-..--"""- -...... ' ----~--~--_,..-,.. 

Cortd ••••••••• 
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( s/housofl.y) 

-- .... --.......- ... ....... _.ta:"~ _...,.._...._____ .,,... .. ____ _.,"! .. -~---WI~ 
-~.-.... ~ ... --.~~------·-

s oaa. ... ~ H li -~~#~\· 0.55 ~ 

8 .. • ooaa3 li a oca3 
. r .. a.a 

·"' 
s Cl a 1i OCH.d 1.75 
s Cl -a li lfuata· o.oo 
,$ OJ. li a swa .. 
~ li !1 01 ooa3 0•·13 t> :-

a a M Cl fill~ o.og 
~ Ii ii at SOl:ia ·g -
a Ol li c6a 

.6 ocn . a 1.2 

s Cl. ll CeHs OCaHs a.-o 
s 01.. n c6as O...n..Ct/~ >J.O 

s ~~ a "i ;-ll~ _.. ooa3 
a.o 

s ' aaas li en. OCltJ -
a. esaa H 01. oc2u6 ... 
s c6a5 li Cl 0-n-Oali? -
s 01. li "01 OOHa o.a 
s Cl li CJ.. atlJ:ls 4.0 

s /&1. B Cl Nil ell 3 a.o 

-====·-=-... =~-:,::·"'· ... =14ol.-....,.._ ........ ~~============== - ., .... .,. ,.,., __ ..__ • ..,.._ .. ........,.. __ ,~------~·~--- 4_<!,JIAOIIiilt~Wt . ... """ ..... t ....,_..__ ...... ~~ f ' .... _.. .... 

··'{ 
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·-·~ ····-:-~-· .. ..,...._._·---~- l ... ' ... ..-
X. it1 ~ l a3 ! , a 

(G) (7) 1 (8) I 

~~-!:!!J ....... !-<..! ::~ .• ~-. • =.:-t!%"-~t~!! .. .J=::~:J~ .. ,.,_~~~~=.;' • 
0 ORa li ll 001\) 

o aa3 u n oaeu6 
0· li 

0 

Q 

0 

0 

0 

0 

0 

caa 
01\J 
(:li3 

rMa 

CBa 
li 

a 
li 

11 

a 
a 
li 

l1 

n 
C:U.J 
CH 3 
OH3 
H 

ocn3 

OC2Hs 
O..n-03~ 

e6a6 
NaOHa 
OCii 3· 
OCalis 
oa6s

6 

OOifa 

LDso 
( ,~<-sl.housetly) 

0.1 
0.4 

o.4a 
0.70 

:;>10 

0~14 

2.() 

2•1 

)J.Q 

Contd •••••••• 



~~ - .& (.Ccntd •••••• ) 

0 Cl li B ·oc u . 2 5 . 0.13 

0 Cl a a ~C;}I? ·0.70 

0 Cl 11 li O..n-C4Ha 2.5 

0 Cl H li 006U5 >l.O 

·.o Ql H li Imoa3 
o •. og 

0 1i a 01. OCfia o.ro 
0 a H 01 :o~u6 0.15 

0 a li Cl o..n-ca''? o.ao 
0 a li 01. 0..1-0~ -
0 li H Gl oeeas )10 

0 H l:l Cl. wca . a .0.30 
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0 CaHs 0.17 26-50 

0 t-eal~ o.aa .. 
0 Se<:.et4~~ ?.!J -
() t-e411g )iO'O~) .. 
0 ali = ~ 0.68 )100 

' 

0 Cl~Ol - < l0(60;b) 25.50 

0 Cii~OLi.ac:.L 0.99 &,:) .. 75 

0 %Us / l.O(O;i) ... 
8 caa o.al 6-l.O 25 

s Caiio· o.os 6-10 25 

s ~-Oat~ 0.09 - ... 
s ·rJieOl. :1.14 25e.50 25 

s Cells fJ.-30 .. -
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CaHo 9 

n-a31~ 2.2 

1-C~ 5 

a3u5(.Ql~-ea = Cit) .a 1.7 

1l•04H9 10 

0s"6 )10(0$) 
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o rm~ o.oo 2.84 · : o.~· · 5."1.5 • · <lO · · 
o lilmt o.tSo 32.29 a.uo · 3o...,so 1o-2s 
·0 l'm-a-PD J..~O . 'lo,'J· aa.ao · · aa.o · > 5o 2s-so 
0 BH-i • .t=r 3.44 lW.a4 - .. )350 >sa 50-100 
0 Nf~n-Bu. <.lO{M;') ~g1~~ >.r.too · >so · · &s-6o 

0 Bli-Ph jlO{S;ii) ... - - -
0 N(Me)2 o.;~ 13.80 4.0 .. )200(10~) 
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