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Di.000.\70'-~1. ot. sal.:i&;en:t:n cyct1c p~ospba~t~ as a 

b:iologicall;r C\C ti v~ mattlboitte . ot tr'i-Q.-crG syl -l~bosphate 
·. (1,2,3) . '. ; ' ' ' . ' . ' ' ' . . . 
(~QCP). · · .. ttas lmd ~o ttfe extensive studies 011 sYnthesis, 

,, . . . . . (4 5) 
chett1c;U. .and. biologioal .PllQP~r~.ies .. or many rQl~t~~d. compounds' • 

An.aJ.ogQUS :cyclic .P}losphol't+S. est~;;as ha~;e l'&'!<lln sYn,thot1el:lllY 
. . ' . ' ' . (6 7) 

pl1'~p&.red fal" e:c~int..lt~o~ of th~:it ... cha~i<:al lll!'o,p~gtl{a$ . ' ~d 
. (8,9) . . . 
'bioloeiolll.. aativit;ies · • · ~he biological act1v~A:.ies ~e not 

' . . . . . . . . . 

. alwoors coina.id~llt l1ir;h. tb.e· cliemic~: r~®t1yit:i~1$ 'and. appa~ to be 
' . . . . 

' . . 

.. 
phorus atdm41 

.. ·Among the sal:tg~nin Q·YC·~ic. pboaphQrus compounds, sal1ti-~1on 

( 2-~et!lo~..a~~:H~l,3rt e.oenzoq!l.~~s)?hoa.PllcWin-2 .... 0Ul;phi. d~ > ha~ been 

}.;lr.epared in..~ lat-f!e·. _qua.atttty and_ prac.tienlly u&ad aa lUl insooti .. 
. : . ' (l,.5) . . . . . :. • . 

e1$) in .J'aJ.~au . · .•. , 

. . 
~t~ta IWeview describes b.ow sal.itl'..ion has l"le!l .dis-

coveved and deval()pe.d as. praetic d itl~ootieiae Sn(i also. tho 

cootilicat, pes:C.ic:td:iill 'biologiea.l.. sud o:tllt~;ro pr,ope·vti$s ot: 
-; ( . 



2. ~lSCDVi~Hi 0? Slij;;:cllilltJli Aii!J RiBl~li~l~D COJ~OU1<JD;·h 
(II F "ftiSP ......... lliij: ll'!" ...... ~~~ 
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USA usra ·stricken t#. th til- fl<?..coid paralysis of the lower limbs 

nbou.t lO dA.vs aft~ t.111'1nlting .an a4ulteru.ted fluid, oxtt"uct: of' 
(11} . 

tl1n~9r · • This Vt:lS due to ·tne ph.osphato tl•i .. oster of ortll0-

Ql1asol1 so crU.lad ~OOP• a ooutamdnaut• l?rtt>sont il&. th~ ginge~ 

l959 (in J.brooco) ~om cooking otll. eontw.a.inated with th@ lu.brice,-
(12} . 

~11~1g oil Qf ·turbo ... j.ot airaJNli't; eugt1~ea ~ This ifas also due to 

o...c~(~ s:;l pb.ospbat~ (~OOP) poisoning.. The phosptmte tr:t-este~~j 

of cresql hava been \tidely Ut:J~d in :lndu.stl"ies as .Plasl't.iciZ(rrs, 

l.ubrieents, solVEUl~a, o:Ll ad<ttti·ves and tiz.*e .. re·cardatlts. 

:aocauss of V01 ... Y s~nsitive to tbe delayed UQW?Ot~>XiC 

action of org;f1.nt>phosphoru.s o~"iP01UldG1• hent'J b.ava been U!~ed for th.a 

<>a.smay of th<a lW'tll"'otord.ollt;i r»f! tviaey'l pb.ospb.~tte8 ll\.dl"id~e ~ld 
(13,1) . 

Damlas · · observtld ·tuat all nei\Woto!"'.J.c tr1aryl pbosph~tes 

exc~pt tr'i-p..atllyl phenyl phclsphnte h~e at leia$t one mlkYl ~oup 

. u~:t .. ying the £.. -hydrogen a'tOl!.t on tbe or-th.o position. This 

structure..neurotoxic.ity ll"el~t1()nsb.it> of' 1;ri!.~l I>hosphlll.tea 1m 

ul~il:.t.rl1 und.arstMt:iablo by the isolation an<i cllrc-nc·tm.'"!zation ot 
. (2 3) 

tt:aa ootive matabol1tios of' 2.0CP ' • ~b0 ~min active matal;o .. 



. .4~1.,3,2 benzoti\Olt!~l!ht>$P~~ol7J.n...~o:td. dt;t) •. It is e:-ttt-aul1di-. 

narlly ac;t:.1ve ill ~ll tb.~ biolpg#,~r.>l prope~ties !lhQW'l• by 

WOOP; th!Ls CO!n!~OUUd (M) ~s ·abQUt ·J.OO 't;.tmas 1U.Ql10 !>Otent ·t.Q 

causa ataxia in hens th~l $hJOJ?; UO potentiated the told.c!:ty 

of malathion lOD times by the dose of 20 mglkg in mioo, vbile 

~~OCP. 4 titllOS by ttta do sa l.OO tl).g;/k~t;; 00 is al.so ten million 

tifiUls uwre a.ctiva ~b.an ZOO? in th@ tA...Jei.~ in!d.b1t1oxa o:t 
(4~) . 

plasma cholinGstGra.se • 

~he conversion o£ :lt~CP into the cyeli<~ phospnai;e 
(14) ' ' . 

p).~op~eeds via twt> s'te!}:ti ~$ sho''{.n 1n Fig.· l ·~ \ i) th.e bydr"o::1W"' 
' ~ .. 

lation ot th~ methyl groou..l) of ~OCl,) by the ~~eQ..tunet~.on o~;tdases 

(t>tf'o) an~ ( ii) tn~ cycl12$ation by tn:tra..t~tolQCUla.I' transpho$phorv­

lat.ion at the 1ntet>mefliata1. fiL .. o-tolyl o-( oC. -hydroxy) tolyl 

phosphate;. leaving one mQleeul~ o-f Ct-$sol. ~h.a lataor :ueaction 

t;.ak.es l'l.oo~ slowly in spontan.aous rAtmtler et•d i.e u;r:filat.J.y acao10 ... 
(15) 

r~ted by thfl preme1me of .pi.asmrt ~bmain · · • · 



:~ .. 

~hue it is rational. to IWe~WAe that. tb.0 tl,.iaryl phQspbate$ having 

an a-alkyl gl"oup ~i tn the o<. -hydroge11 atom may be simil.~--lY 

.matGbolizod to give t.b:~ c.oJ:-J;"espondi'Jlg ac-tive cyclic este.t+s. 
I 
th~ cyclimat.1ou reactiml1 no alkyl ester ~OUiJ p02!tic1patoa as 

.Cl5) ·. . 
tb.e l6t-'\Ving group • lk':tually, no o.ryl. but alkyl. sal1ge.tiin 

cyclic phosphate is foJ1med &l,.ytv.a f'rotl ~kyl. di ... o .. tolyl phos­
(16) 

vna.tes • 

All al. .. fl. snl1g~nin cyclic phosphatetJ no.ve s.llowed nr~ 

insecticidal activity but ~anif'e$tad a hit;n dsl~()d neUJ,'"otmdc!ty 



,___,_'.., 

/ 

. ' 

estors < botb l2 = o ,rt.,nd. 1., = s canpounds) . ha.v:tng a s.1u~l :l!lk;rl 
. ' ' (2~8) 

group on pilospborus revealed high 1nsect.1oilir4 activity • 

~!is a ve:su:.t.t or the aforesaid l"esea.rob "Salitbiouu 

(3 .. matho:J:Y .. tl!l-l,.J1 2-'bt!?ll~)dioxa:z:;4ospborin .. 2-sulpbide), &'l 

ovganophosphorus z.tn:;ectic1® hzw•ing .a U.tl1t£UO cyclic este1• ftltruc-

co-.opel .. at:lou of ~oa-jjoya.ku Co. (now KUll3:!.atL Cb.e~ie~ Co.) and 

M.iJca5:a Onemio til. Co~ ot Japan. 



1 ~be cyclic. pb.osgllat~ and J~hospbon~tflt est~r·m of 

saligenin. w~~l.toadily $y.nthemimed bY condensa.ti® of sa.:41gon1n 

. an.d sttbsti·tu1~ed phQsphor.y-.tdichloridea in the J?rese.ru!$, or a 

·dohydrQf.lhlol~inat~s~ agen·t sucb as terti~'l?'ii' atiiin.(l in a d:!Jy 
' . (6) 

sGl vent. l.i~e elll.oroform Ol\" toluen~ ~t low · temparn:tu!"e • li1 

so~u oases wher~ th.~ ~eact.:Lou. ia Qf'fected d!f'f'ioUltlY by tt$1ng 

thG tel't:iary md.·ue., the :Jieact:J.on bas bf)on ml.lda to prooe.ecl by 

ben. t:tng tha trtix:tUJ."() tor l.O to 20 hours in tha pl~~~s@nce Gf 
(:!B) 

ani\Vr:reou.s pota$s1W:1 cewbt>.nate ·c.o~etbe.lf with coppQl? P9Wder 

. :J.nst~ad of tort11Jl•y ~ir.1.a. 

au~h ¢l~IiOUlldSt Wbicb. m.--o dif'f'icu:ltly prQduced. by 

. tbe: .~thod employing a to:.ttt:i~;r at~1na1 tn.cludo ",;he coraj;O'Wld& 

having * = s an<:t R1 = m~tb.ox;r Ul formUla (it) rmd :{ ~ s1 :al = H 

anfl a2 = alJcyl con'tainblg .raorG t.b~n on~P n~bon ato~ or R1 = a2 = 
~k¥l .in th.e forMula. ( I:t )·. 

X 

II 
~o,~.·-.a• 
.~0 

(I) (I!). 



'l?he ;proeaas using potassilua co.rbOlltllt#e is made to l>l .. ooe(~d by e. 

:r.mlct~ion between liquid and solid phases. · S?hGraf!'oro1 av~ll it 

gotnssilm carbonatG is qm,ploY·Ild as finely ill.vid,ed powder. tol!'Dl, 

it ot'tan cau.~s a rem.at-kable io~~r~ng ~'ld fluctuation of tho 
(18) . 

y-leld • Thus satith1on 'Iotas f'~st !l.t"epared uith inconsistent 

alldt O:i'~ent'. Vfill,Y' lGV! yi@lfl 'b,V ~11.9<.\ti,r~g { 90°0}' saligen:!l:t. and 1l);Gtb.yl 

pllo$pb.orodio blor1dotnionate· in toluonu fol'" a lonG l,lleriud \mo~e 

than 16 bom."'~) in the prast;lnce o.±" nnllY~ous !>ota.ss!UJil oUJ?bonata 
. . . (U) 
to1~athar with copper po'ttder as c~taly$t • 

'Ibis dtff'1culty1. has b@!m llowtlve:r,.· ovel"'Coao: l~tor 

by apply:tuw i~~l.a well-known Scbotteu ..... Bav.nlalll~ acylation pl!ocedure 

u.ail'lg .an aqueous ·aolu.tilon of' aod1Ul.ll hydro:tid.e O.•~ig •. 2) 



6.2 ga o~h.V<ll"o~ ba.'lZYl al.uohol WS$ diasolvod in 

30-..tl:O ml. 20 pat1>ca::2:t (by weigbt) sodiUI';l- ·iJZfch .. oxiti~ ~ueous s:;ol.u .. 

ttl. on. 

ohlorofoarm o.r tolu.enEt was added to the l."eaotion ~i~tu,_,o anti the: 

stil~.r·ing was c.outinued tor ad•:li:tiona.l ono hour. ~he Qrganic 

lfliYOOJ 1<'ias ,$eparoai#ed. and Wtlsl~ed w,itn 2.% sodium. hydra4tda.1 o.s (N) 

liGl an<~ wa-t~(}l'l1 and ~ied ova...., anhydrous mot\:lum au_lJ>bi@; ·th(~ sol­

ven.t l-Ias . ·then r~'Jed at. reduced l)re.ssure, and tb.(il st>l.ids thus 

sapara:t$d, wer:~ t-$Cllystall1~d f~om ~ethanol to give 6.5 - 7.6 &'4 " 

(yiald 60 - 70 percent) Pm?G crystnt.a or au~J .. 1thion, M.P. 52°4:. 

M~tbylth:tophospbo:rodichlorid~te oan b$. pxoeparl~d 1ly tba rel1,U~ion ot 
. · (20a, b). 

Cttatm and PSCL3 111. prresenca of' m ba.s~ · · • 

. . . . (2~~) 
(b) 2-alko:;(1-6-n.1t~o-4ll .. l;3,&.benzodiox~pllo:sphorin 2-$Ulpilide · ; 

..., r rT ..... - .................... ~~_..,..,....~..._ --• ••c•• -... 11' , ..... .,.._............,,.i"'Q;;IIJ~--1• seq •JII:- •aa 

Th~ se ctmpQtU1.d.s wa:u~ prepared by ad<iing ~ rAole 

6-tlitro sal,tglf)nill in ~Jried ~oto11a aropw.tsa to a mixttn--e ot allcyl .... 

thiophoaphoro<lichlori-ctfltt~ \ J. taolo) and atthy'u~uua l?c>tassi~1 



c~'borll\te (2 mQl.es) ln ·auatotw at ~fi> to ·~ :;oa With coilS11anc­

Vigorou.s stirr14g •. · -At"t;ul1' an n.dttiti,allal. s~irr!ng ;pariog ot 
~ - 3 bt.~mrs ~t ()Q ... soc, the 'sO. lids \l(~e til tel.1'ad oat of' tbtt roao-.. 

tioll mi~'Ur~a ruad the sol.Vtm~ was ll1et'lov-ed at t-!)001 temp~attwe. 'l'b.e 

~rsmidu..al solid ~as$ wam die;iJOllved ·111 ·0.tl:;Yl acat(,\i;.~ tmd wasba<i with. 

.!ue c~d wat~ containillg 5% oodi\W ctq.qrid$!J· 'lb.e ~tllYl acetate 

pllr.lse. Wt.lS lyoph:Ui$ed &&nfi t.he B.Qlvent vas rt)mQved ut v~duced 

pres:~UX"e.:. i<or r.aothoq compound a s~-sol.id de~p..b:t-QW pa~te 

''as o'btainad; aft-¢1" stmlding for- S$V&ral dtitY$1 tbe cru.d.Q mags wat; 

solidii'ieca, .ru1d tile solid, at·tep wa.sh.:tnu; s~ve.t.tal. tiuas, ~~s re:­
(21) 

OJ.-7st&11zed ·tro~ ·JU<athanol_. All otilar oo~apQunds were aol.ids 

dotbionllta;~s were s,ynthas:l.zod f't .. Qfil rsal~geuin 1\Uld ~~proprill.te 

PU~i'aphQramidio· diQhlor!ti~ by ·tile action of' p:r.opor dehydr'oobl.or1 ... 

triethylamine in eold <H>ndi'tion, Liqllcid di.ehl.or.1da was us~ally 

added ®o.Pwi sa tQ ~be ~i.z;tul'"e ot saligenin and the baa~ il~ 

• 



almt>st ~1 phQspholl'a.'1idQtUloll.te d1cblor1das.~ heat:i.Jlg the .mi.K~U:r!G 

ot ~eac~ru1ts in ·uolu~ne tu tl"lU ~U!s~nce of ~vilr'ous potasSiuo. 

<'Hl:S.~:bonat~ ·ant! copper p~del' '~a$ t4se..t~. · Typ~lc&l1.y1 2 ... motbyl.a­

mino-.:1l:t.l1J1&.benaodl.o:taphQ&phor~2-o:d . ..t1tt1 wall pl?ep~.reti 11:1 the 

fol] .. Ovillg .P,J?QUedl~l?e ';. -~0 i-4 mixt,W?a Qi"' $al.ig~tU!lt 9.2 gm, tr.ft.O­

~tb~atn,~ne., 15 g1l; ;-.en~. 90 .w •• , :abloi-of'o:Nnt;. v.m.!l· dro,pm$~ · adde<i 12 gtu 

r:aet~ylphosphoraa~_lil:tc. -d . .1oblQ.t"1uo with stirring cmd cooliP.g: in an 

w~s kept ov.~rnight at .l"or.rm tet:&!)~ature, ~ld thtm 'lrra.$lwd s¢iquen­

~iallU wit~ 1ua..:wt~t:ar, · cU:l. f.!Cl . t~id1 aq.. sodius b1ca~bon.at$ solu­

tion ~J.(! ice-water. T.hG solvont. 'tfas renaov.ed in .vaou.o ~~~P.' 

til1Yin~ OValJi oo.l"';t;Y~ir::!)tl$ soe.U.wa -sul,ph[!.'t-Q •. _ -~~U.d0 oqstels -'.Ye;ta 

. .voul!ystallisad fcom banZFJ+l"l to Ji.t1l~ p'll.re· crysltal.:iJ, n.p •. 817°C 

. (8 ,gQ)4J i?b0spbo~~1<UC: j~iit£ pllQ$,Ph.oremido.1}hipnic &cill~i~f:S were 
, . '(24) . 

pra.pared. ~aoz•<U.ng_ ~o .Mich~i' s ~thodlll 

(.d·:.) ~~., · · 'n· '" 11 ~· tit · · l -· • -. · · (25) 
~i~zun -~ycJ.~ .c-t~osp,aor.otl1!Qlates · -· ~· 

PF • _ .......... «mr ;iw....._.J...,.l- """W"Nl4Uiir{"JR~P~ -:&•• •IH~. IW I "liD. i ..... 

. gerd!:~. in th~ p~::~sauaa or .tiolvanti ~c!l. P:S:?.i~itt;~a oXA otbQr _t~:v·ti!tt"Y 

·,Mine, at ~oom t&-apel."~lt~ Q'P. at_ ~b~i.at 00°0._ 2b~ ilt"OdUc'tG tfere 

puri.f.ied by d1st::Lllt\tion tn.~~ or lteo'~":r'l'stel.l1z~t1on.. fyJ'li-
. . ' ' ' ' . ' . ' : . 

crdly, 2-r19-t•hylth~o-4H• 113,2 'b~zodiox~pb.Qspilt:n~in-? ... oxid~ (MrBO) 
' 'I ' ' • ' ' • ' ' 



·:"i- --

f)nd 9bl:oror~}~m · (lOa.· m.l.}. Wn$ added ~opwi.se- methYl 9}1o$l>hol,.o4icblo-
- ' -- , ' . -·. . . . ' 

~itiQtlli()l~t~ (8 gml w1tll st~11in3; t~:t.-2oo~. Jf\rt~ stu-rintJ f'o~ 

· tbiN~e hou)}ls.. tha li't!!~qt!~ :<lli~u)!.tJ .. Wli$ w.a$tlef! ~ S$qUWW:~ ~1 tb 

wtm-, .ul. ~l, ~ .. H;a. f1014 ~d W~ter, ~d dl.'i~d <r~all' 
-~OUS -~ootulu ·.$U].,pb~t~ •.. '. , ~he :SolVQ>nt. WS$. r-~ved · UndfW ~educed 

! : ' • • '~ • . . • ' . '' : • ' • ' • ,; ' ~ ' • • . • ' • I• ' ' ' ' • • :, j ' ' ', • ' ' .- : •'' ; 

l~:tesauue Wld the. ros1duo .was d1st:U-ltl4 in,_~ to ~ive ~ .. 2 gm of' 
' . -' - ' •.. ' '- ' . l ~~ . : ' 'l 

oU (.-,b •. p., 144- +4:tt'C (O.l ~ Hi> .. l·•· . ~be on solidified sl.ot~l!Y' 

at l.'oom tUT4p(tr~tuve :(m •. p •.. pf p\llle .-tii"'U ~°C)., 
. . . '' 

,· ' 

A m~~tm?e ot · .aat.·ltt4ou. _ (2.0. gr~,. o. 09'8 taol.e) •: got a;. 

, -~si~ iodide (3 ~~- 0~.018 in~lol1. !4D'th:Ti .lcdid(t (a ml, o.l4G ~ole) 
and dtin~1~hyl forauami~ (20. nat_)· va~ kept. at. tomp~at~~- ru;oc ro:v 
94 hQU:VS~t•. ~be,_ ~1XtUrG· Wail tben'· b~ful..l1 COOOelltlt'~ted t() $VOid 

comJ4ete deyne_sS! ~-~ dis~lv.ea in Qbloro£o~ (-5.-? m.t). 

Chl~:rerom :;o1ution waa. ·.w.--iahatt with 't:fat~l." ·(4 ·taea) anrk · dl1i~ over 

a:tUl1-~ou.a ·sodtum $Ul..pM.t:e.~ '· · ££tr;~,I'Ut~rlt1~-:~, __ the ... tUtt¥.t~te ·•t~aa 

· ·ov$~Or'&ted -at rad;1aecl pl'G!Silsu.~~ t'Q· .g~ .. ve MlBO (S~t9ti gm)_ ~ 45~ 

vteld.: !!'he ~esid:u.e: ·,va~- ·a.W.idi~~od on cooling• MrnO "f}!$$ ~eosr-jrs-

~al1iaa.d. tcom etb~ol at ... :U~9t:,.. · . ~ .. · 
' I ' 

~-si.ibsii! tt .. d;~<l~ ... l;_a, 2-ban~di~x~pnoa.t)n0l1'in .. 2. 

. sUlptlJ.<iGB inelUdUl{t metnaxy (an.i;ttld:on)t· tA~lWt~f>t al~lthlo arad 



.. 
. : ,•; 

. avyl.ttd~o rl~~ivat1vus were -~~'1ltb.~~.mtld 1Jl goqd y1$ld by ~b.~ appl1- . 

oatJ.on o:t Schotten-Baw;nBt:lll- acyl~tion reaction (p~ocedtur.e •a~ given 

-tlbove); tbi~ .msth.ad was ·tNtrcy us&ful fOl'J' th~ t?l"{lJ,P&"ation 9!: cyalic 

emt()rs whicb Wi.<tt-~ difficultly: plft~p~l'?-o~. by tl 't;ert4,a.t'-y &ilioo 
(27) . . . .-. . . ·_ . . . . 

tlUthod .o ButiJ· 6.~tro d.~1V-tit:t,ves_ OWl 'be best .r>~epnrmi by the 
. . ' (2l22) . ( . ' . 

prooed~e Y&l' a.ention~~ abo·i~ . -~ · · • · 

: ' ~ • !, ' • 

~he ca:r.eful. o'bs~Et»V~t.ion o£ lit'Srattwes 
(ls,l.9.2S,27,·oo,~,.aol · 

fur.nishi:)S · ·· ·. ~ _v~isty of stlligard.n· c-ycl.i~ 

pho$l>ho:tlus esters in good n~bet"EJ., which have ba~n prc~pa.r~d and 

ex~inetl for :tnsauti~:Ld.zii _activity as ''Gll as other hiolo~ic.nl 

oon;Jivo bat not a <!O®l.~t(ll li$t ot~ aa4igt>;ni.~ and .!l'ing anbstitu.tad 

.. saligk'!tl:l.n: cycliC pb.o$J}b.o~U.$ e$1le~s !s ~~ .. vm1 in T~b:te-t an4 

!fable .... Il .. 
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CgH~ 

· .. l~Catt., 
sec: .. c41g 
t-C4Ha .. 

c 

a . · Q . · -:- · (P) 110-solo .. .-os . 
' . : . 

u · ·. ~- ·a . ·. ,· . ~ · _': -(l?) l29-32o/o. oo · 
. . . ' 

0 · .. ·· (P)· 

·li S ... ·;: .• (.P) . 

.a $ .(l?) (3()0) 
.. 
: 

li a. (l?) (370) 

H 0 (9) Moolo.s· (~) 
·' 

lt 0 '·(~) 143~9o/o.a (25¢). 

u 0 (~)·. (800} 
-:: 

li Q c-r~): 1100/0.6 

a Q (~) (f:~) 

. ·' . 
. . 

·' 
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Oli ·ca elL, il- 0 (.IP) 155°/2.5 .., 

~~01 

ca . -a 
Ys 
1-Calf7 

CIL.:.aCl 

ocma 
oc2a6 

OCR a 
0Cgli5 . 

0-n,..eali? 
C6Us 
ImO!ia 

oca3 

OfJalis 
OOoHa 
OOlia 

OOalis 
o.n .. CaH? 

H 0 (P~ 

u Q (P) 

H s (i) 

u s (P) 

li s (P) 

a 8 (l?) 

e.m13 0 (?) 

o-cma 0 (P) 

7-tma 0 (l') 

7.CU$ 0 (P) 

7~01t3 - 0 (!?) 

7e.CH3 0 (k?) 

1-GH3 0 (1?) 

a.etla '() (j,~) 

s-~la 0 (ill) 

a-caa 0 (P) 

6-ta 0 (P) 

6-0l 0 (,ta) 

6-Cl 0 

.. ~ 

16oo/o.s (olO) 

J.3.g.l4l0/0.l 

1300/0.6 

:JJad'/0.6 

100°/o~s 

l46 .. J.G5/0.4 

139.140/0•3 

109/0 .• 05 

112-llB/o.os 

141-147/0.l. 

(~95) 

(145..3.46) 

ll8-l2c>/o.s 

165/0.6 

185-140/0.6 

l/15-152/0.B 

J.ij0/0.2 

l67 .. l69/t').l5 

. Oont~•••,•e• •• .. ·•. 
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I 

---~~-·=-ti ..... I~I::;1~~~~~~~(~;.-oi.-~ 
oc6115 e~ca o (.,p) .(aao> 

J.mcn. . a 
ocma 
002fi5 

O-n..Cali7 
~:t-ea&, 

O"aHs 
Wion3 
oca~ . '3 

~lis 

O-n-CaB? 

OOlia 

o...u..c:a~~ 

oOHa 
OGaUs 
·o.n-caa.., 

oca3 

OC~·-·. 0 

~-ca~ 

OL."1ia 

6-01 

a.Ol. 
S.Cl 

8-Cl 

a~01 

e .. CJ. 

a.,,_ 
e.~ia 

e ... cna. 
a-Clla 

7-cna 
?-Clia 

a..CHa 
~·CHa 

s.c113 
"-

6-CsHs 
6-"eli.s 

e-~~~5 
G.QWia 

·o 

0 

0 

0. 

0 

0 

c 
s 

a 
s 

a 
s 

\1?) (JAJlO) 

(~) l7() .. 3!7J/O.ll6 

(I) 
/' 

l6l/o.,J.8 
(P) 183/0.lB 

.(P)' Wlo.~G~ 

(.P) 208/0.·52 (MO) 

(P) (128-1290) 

(S) (34-350) 

(S) (71-72°) 

(S) llSS-160/0.2 . . 

(G) l.10..ll5!0.65 

(S) l.4()....1.42/0.65 

.(SJ aa-70/0.·15 

(S) 'lOS..l09/0.l5 

uo !2i:'Q4'~2.4/0·15 

(~) 01'Lil1~ 

(S) <l11.••. 

($) Oil.~· 

(S) Pa.ste•ll\1 

ocn3 6•0l s . < P) . 17<) ... 178/o. e . 
. ~~ .. -..... · ·,· "" • ..-.:;;;,;.;;:w -:-~~-· ..... ,,. ·s.·--.,.~:-.,a,-.;;..~~~u; •. ~;.;;..-~~t..;;}.t~:;~f-*hP~";.'~·.-.· .. -y ............. -:.-":~~;:;~....::;;·~'-=.;-.. ........... ..., ........... , ........... ~:;;.-::.~~.-=~--=.::--.:.~~:::-~~~ 

Contd ........ . 
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~~-=~=.:== .~::::;;-:-=·=·=-J=B2~1:~~!£~·--~~~~~~~~== 
~Olla 

SCiiia 

QCHa 
. rn1ca3 

acu3 

~m~a 

oelia 

o-.n-c3&, 

omt3 

. oogHa. 

!~Cl!a 

SCli3 

aO~ia 

s .. n,.Call? 

S..i-CaU7 

o-01 $ ( P) · .l.7S..JB0/0.'25 

16-Cl. s 
0..01 s 

·8-Cl .$ 

a~c1 a 
~-~~Oa a 

fJ.Cl ~ 
a 

8-C61i5Q s 

'1!1 fJ .s 
~ .. s 

a..c~sj a 
S..dl 

u tf s 
n " s 
6;8-Cl' a 

u s 
tl .s 
li tJ 

H B 

a· 8 

a s 

(P) 

(S). 

{t:t)· 

(S) 

(8) 

(S) 

.(a) 

(Iii). 

. (S.). 

(S) 

... (.S). 

(S) 

(6) 

(9) 

(S) 

(G) 

(S) 

(S) 

(S) 

160-170/0.2 

. <72-?30). 

. (~16-470) 

·ou·llb 
Paste•• 

l?aste~* 

Paste~~ 

(57 .. 580) 

ou•• 
Oil•* 

(69-70°)' 

145-147/0.2 

l!l5-lf:»>/O. 25 

3.40-143/0.·l 
. . 
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s-n-o~ ii B .(G) 3.60-367/0.25 
~: ' 

s-eaHa a s (S) (79.800) 

SC!ia li Q (P) 1~1~5/0.l 

sC2u5 . u 0 (,) 140-J:tlsio.oo 
---r-; s-n-o81~ u (l ('l 146-l.47/0.fl1 

S-1-~ati?. H 0 ·~P) ~rusato.l 

S-n-04lle 11 0 (.?.) 161-160/0.02 

s"~~s li' 0 (!') (88-~0) 

*~llidine (2) Ol' aqu.eoua sodium tw~od.U. solution UJ) was u.s~d as 
dqby~og$n. ohl.ql14,ti~ agon:'bt! · 

' 
*•lTnaae compounda were purUted tiu'ougb $1l.lo1~l acid col~ :ctwoma-

~ograpuv~, . · · . · 

( 

¥ 
/ 



I 

·~ 
~ 

~· 

.~ 

l 

' 

I 
;.' -. •.: 

ii,da--;;;r ~--~r~--~--x,;p;.;.;duw · ~p:-:,;-~fu -,;.p~··;;··-.. 
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Ll9 Clia U · 0 A {87) 

x..aa ~tt6 -11 o A (em) 
lt-4:1. 

lt.40 
1£..4!) 

.-Iii 

K-10 

K-20 

n-a3H7 
1-C3l£? 
n-04,lig 

CaHs 

CUa 

ft 

H 

H 

ii 

eua 

0 ' A 135-140/0 • .S 
0 ~A (84) 

0 A (46 .. 41) 

0 4 (:LaJ..l3a) 

Q A (121) 

K-23 0~15 Celis 
u 

0 :a 1~3..6/0. 5(44~) 

l\<.35 ca3 
~~ Calis· 
A-35 m13 

x.aa . egas 

·cu-3 

~no 

a 
a 
s 
s 

A 100-100/0.2 

:a UntU.stillad liquid 

il lJB .... l2P./O. 2 

1; no/o.a 
" ...... --·-·~--.--.:.--.·.·.-..-.......... i-···~--~~ ... &.}!-.. ~ .. ,... ·-·-~- ..... ~ ................. - ................ _...., .............. ---~-~ ... .., .......... ,.,..~ ...... ~ ... -~- •0: ·~ -·~ .~ .... - .................. ~ ..... .;. _,. ~ ....... ~ ... ·~- ... 1'-..... ,-~.-· ................ .-. ·#~ ~-- ~ .- • .. --~ ~-a..t_i_~i ~ ·\·i~)' or ··p~ot"~$~i~; -~-~baM~·;; -('iij' 'Vi~s '-u$;a ··a:s.. . .... . .. . .. 

· d.eb.ydi'osen c!llori.®· ag$Ut. 



Uere t-re concentr~te_ ou~ discussion to the impo~tan.t 
(6) 

properties of saL1th.1on :t"elati.ng to 1ts structure,_ chemical 

and biQlogicat prog(;)r-ti~'a!P 

r , • 

Pu:ue salitluon ia a .colourless cr~"f.'tall!ne powder: 

m.p. sell - oo.0c; p;uaetical.lY 1n$olu.ble in water out atWilY 

soluble in. acetont~ and ballleu.e, mode.ratel;y ~olubl.e in 

cyclobexamo,, toluer..e ~ld ~lGnei vapol.lV pr~s~ura i.G ~ 10~6 na 

Hg at 25003 U\i A £1:1% nm ( E ) 27..:!(860~,, 267(860). sa.:Lithion 

has ch~aeterist1c· .Ia band at 1000 cr11•l .tor P-0-Ci:ta ill th$ 

betero l1'ill~. Nl',Jll c5 (CS2) ppm ;, a.~l6 'au, ·dou,bl~t, JPU :: 14 Hz, 

~Ii3) 1 5.21 (2H1 doublet,. "lPH :: 15 Iw, Cl~), 6.S • 7.2 {t.lH, 

mttl.tipl~t, banzen.o 1"ing).. !t'h."' aimlal at upper .f"iel.d Qf' th~ 

<tour.>lot $t 5.21 ppUt $lightly apltts ft\:t."th.~~ (l.s liz). ~ilia 

bf)oomes ml.lcll $ign.U"io..t:U>.t nt ... aooo, $1l\ggeatinl{ t~ ~ethylene 

prt>ton.:.J {HA ., ~) .~U"e nt)t $-!.~ival.ent with encn otbeJ.'"_, but the 
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di~xapnesptlol-in .ring is conforllla.tiollally atobil.e in • .solution 

(lf i{g~ti 3) 

. 0 ------0 
~p~ 

Hs j 

(m) 

0 . 
~CH 

3 

{IV) 
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&.ray- cry$'tal.lot~~pilie analysis sh,olfs t.ilat the b.ete:i!'o r1n1 o-t 

salith!on is a hnlt. chail? torm in Wb:Wb the sulfide group is ill 

$quatol"ial ~s,.tion (Ill).; ~he st}'rain in the ring nppo@s 

lfittle; tbe <md.ooyclic ''-J.' ... o angle is :1.00°. 

.. 
Sal1 thion· gives a. enmractalti stic frn~e!ltation _pat.tern 

(a) . 
1n eass ~Jl~trometJrt ~ It. J.:iV~s an ~~llt~n.sa peak of 

+ 
f..-Dt - CHaJ · \m/e 201) by j3 ...Cl$aVago oceuring a~ ;che GXOCY'Clic 

~star group.: lanotb.$~ !V&.(9ll$nt~t1on pr:QC~$S 1a. t~h.a nia.•Got l.t>ss o:ti 

t~Ji foll~wed by th.a elif1iflat1on ot ror.matdehydo (f:>;l.g. ¢l). . . . 

8 It 
·OCJ'~ - OOli:~ I • . \ ~ I _-_;C:..:_H~-z,-----> 

,· 

y 

o:p-6=CH'2 
. ] . __ -_c_H=-<JP _ _,_ 

0 

m/O J.a3 

fJ 

()j 

0(1 

f~ig. 4t. i•l:'aglien.tat1oo of sa11tbicn in 
ma$1 apootroo.et11f. 
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ilal.1tb.ion is convfJl"'t;$d t<) its 04<)1) an!il.og ( salioxon) by tb.a ~tion · 

ot brom:Ute wa·i:;~··'· ·Since sal.io:mn (2-m.etbo:cy' .. 4lt..l,312 benoodioxa­

phospt~!n 2..,.oxitle) 1~ .soUl$ thaus~~Wi ttl.ntos more .. autiv~ in cholines .. 

terase 1uh1b1til.on th~m s&lithio:n, ·Em enzym~tic 14athQd &tti11J? the 
. . . ' . (~2) 

oxidation can be usad :fot>U tha r!lsid\te analf$1$ of' ~al.i't.hion • 

Snlithtton iB. C.<lll'bw.ted into S..al.kyl s~'lUge!Wt cycl:ic 

.PhO:$.Pb.01'0thiol3.tes . by beating W1 t.b. · a]JtYl iod~.d$ S \the ?istcbimuk-e 
(3~3) 

l."'aacti.('}n) · It- filis rtuit!tion 1JS accolerated in ar~h poltlV'. 

i~lle J1{·Hlct1<:>n. ~vb.Qn mQtb¥l iotlido is ~sed, 1flomer5.~ation oc~urs 
. (33 3tl) 

tQ gi v~ 2 ... ma'Ctl;rltbio~R..l., 3i 2-b~zodioX~lPho~p®rizt .. 2-o:ddo ( ntBO)' • 

Saligenin is dehletbyl&t('d. to torra t!~e zalt; of: saliganin cy«l:i.c 

?:'b.e ~~xl#er :t?eagent is ptW~t;i,aiJ.ltW'lY su':f,t~ble :f'<>.r the P1"ftparatiml of . 

MlBfJ by me~thyl~ting the obtained walt w1tb. me·~;hyl iodide.. Mr.BO !la 
. (5) -

a unique pb.os.Pho.t·¥J.;f:4til\g ~g$llt • T h.6 lteaeti·ons of !Salittd.on rare 

eslnru-pa:t"i'"'",ed in 1,•1!r,· 5 • .... ~ Q ..... 
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·---7' 

>--

- + 
(CH~~CS:lk 

Rl,A 

0 
I[ 

q ·ex:· 0'-J? - I 
0 

-sa 

t~itnion Ls. relatively 'WlStable in sttWage., Some $OCOildat:y 

8.Ulina$, $l~h as o~'"bazol.e $1d N .. pb.enyl o( -naphthulam1ne1 s'tnbi11~ 

- -- ,. - (36) zed the ~ormq,tat:Lon • In ~ :Phosphate l~utt"er (pli 7.7)1 

aaitbion is ilVdrolysad sloWlY t~ough qp0n!.t1g of tho h.etotto ring 



~--

-.: 
1 

(5) 
bi ttw 1?·0 (&-.yl..) 'bond cl.!¥~V~ ,. the byduolys1a r~;.te constant 

(2(~0) K t::t 2.4 X 10-4 wJ.ll~:t • tf·ne rates oK hydl"olysis Q:f t~ 

corresponding eycltc- mathylphos,Pho.nQte,, sQmettwl pbosphorothiolate 

(tha tb1:ol~te isOl'!!Gl" ot sali_tbt<>ll, MTnOl,. ttaetb;yl phospbata 

(sal1o;con) 1 and li.methyl pb.osphw.~sm.d~ta ~~~ :r~spe.ot1vt1ll¥ oo, eo, 
G and. Oo6 ·M;.m$s g11t-Jla-ter t!V.m tbnt ot salt1.tbion. Snlitbion ·is 

c~leteiy hy®olrzad. 'by baatme; at J.oooo Et!i11 § mmu.tas wi~h .lf/6 

SOciium by-ciro:d.da to yield .aml.ig¢Zliil• ~b.e hydfi'olya1S ot snJ .. li.tQ1oo 

ts sltown in t3 ige 69 

Salithion 
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S&.ti~hion is ~) wid.(~•$P$O.·~uza iusti!C{ticide f'or use in orcha.t"d$ &.nd 

"lagatablo gardens.· It is p~ticulat"lf ai't~ctive to cnmtrol 

lap1doptaPan la.Pvae1 ·melaybu.gs1 a1>hide and t:UtGs. It m&nit~sts 

tllG illsOOt!cid~ aut:ion 110'~ OlllY as contact end scomaoh poisons 
(37) 

but also as a fumigant • 

32 
Sal1tb1on P applied topict~ly to housef11~s 

~ap1dly abgorbs 1n.to tile. 'O!ldy (42% tlftor o.ua h~w.")• 2?Qa ~~or 

,part was degvaded in the 'body .and ~bout 4% or applie(l or 10% ot 

abs()rbad salithion remaitls ns aalitb.ion and £Jnliorm.n. for 24. hoU..i?s. 
32 

on tb.e otl:t9r hand, aalith1on .p ~~williat~re~ orally tCJ moe was 

tt-11r0d sa.lith1on was hydrolysed in the body. Attm: 3 hour, 56;.7~ 
(38) 

excreted and OlllY 2.4% l.'omaiuad in the. body • 

(89) 
Hihara et a1. 

9 tug/kg,. 721 82 end ;)J.% Qf tb$ radif)ootivitlf were exc~.$tQ.d reapoo-

tivoly aft«-3:t.- 12, .24 and 48 ho~s.. ~h& r.e;dionutogrn-"ls ot who).$ 

body showed a tr~ce of r-a.dio~ti v!ty l'P,.mained only in liver, kidney 

and lung af't\~1· 2'.1 hom!s. ~bo r.adioo.e.ll'bon 'lvas COl':iplately e;mraoted 

during one ti,Z~ek. ~bis W&1S also tile ca.sa, ellen thougb th~ dosage 

was inc~eased or repcaated sevarml. times. lfo l1'lldioMtive ea.rbon 

d1oz~1d.a was oxpiret!. 
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s;h$ m.~tabolic patbMQJS ot sali~blon ~rats Mii pl.rults 
. (l) '(5) '' 

· bav$ bat9U atudiod · · ·•· !base •e Bl~~mulri .. :zed lQ. i~tg.; 7. 

s 

cx:
~_-QCH3 
I . --~ 

0 

0 
. II · --- Q1-. OCH3 

S alithio1'1. 
.~· . . : ~ 

/ \ 
s 

~9~- ~ OCo'f-oH 
~or-oc __ o. 

/ 
0 

0:
~-:-.0H _ 

I. o· 

\ 
O:o~-oc 

OH ! 
1 

(J(
H . 

- f . 
O~(OH)2. cx:H 

0 ---
11. -

\ OP(OH)2. 

~o:OH 
/ 

</ ~ 
~O_H ~~~-O .. -H~-- Gt~c.ose.· 
~0~;'-D-~Iucose ~ 

(P) (P) 

~~g •. 1~~ l~tabollc · pathWaYtf of $ali.thton in ~~ts Wld ptants 
(i .. den.otes tile metabolite t9and in PlGnt OnlY')• 

OH 
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It vias shown tb.nt tb.a bi.Qt!et~adat:10!l ot n;a11tbion and sa:u.oxon pro­

ceeded througb d•etil:Aati()!A a.n.d ring-opening bJ( P-0-aryJ.. .. boUd 

,cleavage. Xt1.0 U~.etabolin ~14\th\fnys in plant$ onlY ditl'®ed from 

t~b.tl:se in· GLYcosicls conjugation. of' mall~G!lin. Abeu:t ·m% of satt .. 

tbion abrJq~bed ,.,as fotUld in th0 bean pl.ant tdlQ$0· !."'()Gts 1\t\d 'been 

sot~ed. in tlt~ tl.U.tl:l':t..~nt sQlut1on f® 10 Q.sys. ~nwn S{ll.ithion "tills 

aPl»lied on til~ l(J!&Vt)~ tlbout 10% wss a.'barm't'.,iii)ii into the tis~!lOa and 

slightly tl"a.nsloomt~d i.lltQ otbeJr loova$. tm~t ot aal.lthion 

~APPlied on the leaves 'fta~ vapo.t>itsed. Va~1~ation of" salitb1on 

!llho -ao.ut$ to~dc1:ty st.udlr of ,sal1tbion fo-g ~al$ vas 
(37} . . . . ' 

~EWtortAed by O$himQ._ il - Xoo. oral w00 tos." mtc() 1 s f~l • .a £lfVkg, 

to.Jt male :ro.t 82-325 tli.r/km1 tor teo~(l ~n.to 202-lBO mg/kg. ~he 

su.bcutaueoua .W5o f()l;" fla.l.e i"'~t ~s 142 ~g/itg and tor fdltatlle tta.t.1:: is 

152 mg/kt?:• $'n~ aeut~ o1•a1. f.tD50 fo11 b.en :i.a no tlt/h:g. 

(5) 
tQl.~med 

Stu.-tlit~s on the olw011.ic toxicity of sal1tb1on 'ttas per­

nate fed for 2Ai. !'lontbs ?ftith Jn PPM sal.!tbion shoved 

slight daoJJ>eat;O in cholin.GHJ'ti$~asa act:t·~it.ies.to lio ij~f'ect wa$ 

ob~rvad. in th0 ;r,<a't'H'- f"ed 't>Tith~ 3 pf~ salit!lioll. !io bistological 

l0s1orll was found ill any Ol'"ian.s of v~ts f'ed lf!th .lOa P!)EJ. In men 

enti W~f\ a'~1niatel"et.i orul.l;r 0.02 mg/kg/d~4' o:t salith.i.on. tor 2l 

Qa;ys folloi~ed by o.os ag/i>'.:tr/dny i!ov 14 d.aya1 no otfe~t \>tas found in 



~bQ ~etivity ot ()l?ytHtroc,~rta aoetyl~ellOlitlfltarbe.ra:$~ .No 0tf«::t "Was · 

ObSGrV6ld iU !ert1lit1 of :'f.ltS fOlt tbt-0e g~lWl'lltioU.$ f!S!d. witb 10 

pgm salitbion. Cmt'sinogeni.ci ty ~$ not ob~tved. 

~no catal~ic h;yat"oly$1$ of .salig@IM cy~ic p~$phol~S 
. . <=~b) 

~sters by phospba.tQi ion has bae:l ~e,ported •· fil:be ch001ieal. 

~aetitrity or tile c.Yel!W: pboaphatas with ~u.eleopbil:io ~fients ~hoUld 

.be influenced by thQ ~lectrbllic chru:-ac·te1"' Qt the mubst!tuont. The 

relative a.~iPaction 1-.:at~ ~a2.r b$ thao:ra:t1cfaLly pJ:'ied:lcted. The reac­

tiQn rtl"~e tor tn($ totlo•.4inn: d~iva:tf,.vas f'QUOW$ the mtdeil'! l 

" 

9hosphate buf'f~r to gi:va O..bydt'o;ey· benzYl !~vdl~o~~(ln .PbOSJl!lQnGit$s 
. (6) 

'tlb.ion gave cbl.oro:f'Qrm.-in$OlU.ble <l;V',ls witb. ~inQf-liltipyrina • :iibis 

tl.a a ch~ractG.tl'ie·t.:lo l."eaat.tQ!1 of cyelio phoapl\Orus ~st~e:u- o~ ®11ga­

n:tn., ~hQ ± .. it .. st ot":~iel?' hydrolysis constants. (ithyd) et•e- it1wn in 

!fabla .... III. ?b.ospbolll\c. ac:.id asteli'a aoo gt)llel?allY ~r~ unstable 

J.ihan pho$pllovic ooi·d ~stml:•s. Tu~ ratG coll$'tauts of alkyl phos... 

.Pl'Wl~ates ~s about lO 'tin$S lBW1~~~ tnau thea~ of" corJT~spond:Lng 



) 

~; 
I 

phosphonat~. ~b~ p~esanoo or unsatur&ti.on olt" cblol?ino Qakus tb.e 

eS~ters un.sta.bl.G. 

It is 1uteves.t1ng tbat1 tn tb.~ ser1os ·of aJJtyl der.1:va­

t;tv$s th&:t"a i~ a ~elationsbip batwaon ~ate <!Oll~$rm,t .&nci insecticidal 
' . . ' . 

a.otivi ty .( Y;JJ50). CJ:nblo - Ill tmd l?al~la .... i.\1' J~ · · The higheJJ' · 

tho raaetiv~ty is1 t.be st~{)llge;t thu 1n$60tioidal ao'ijivlty. liowevtr, 

the al'Yl derivativas do not follow tbia r~atiou.ship; they ~o more 

r~ootivo tt~ alkyl. derivatives, but {we a.tc:s.ost UOi:l-in$eot:ia1dat. 

:?he size of tne Bt&bs·tituetd~ ap~t\W$ to bi:l ~ora importtmt for. biolo­

gic:tll. activity than the e:teo,trollio px-o_pa.rt;y of' tb,e $\lbet.ituoo.t. 
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;-1~~-t~ ·--T~a min"l ]-~~ ------~ 
"'~ · . . _ .· J, · · . · ( j-Ag/feTJuil~· housefly) 
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0 o...n..c31~ a.79 ~ 10~ 7.·l 

0 ~n ... C4HEt 3e2SJ ~ :w-.4 10 (AQ'') ,f: -~·· 
'' 

t)' o .. ca~cn2CJ.. 200 . ' X io"l>a· Q.49 

0 O..%U,s 6.30 ~ 10'!103 10 (3) 

·o liP'Gl'' ··,f .. :na- .1.~~· .X l0; .. 4 0.05 

G N(t~sla :x~f) glig~:bl;Y stt.t\11 o • .r~o 

0 N.IJC6Htl 2.40 X ww4 l,f)c' (.S%) 

a,taxia tn bit;ber ania.als~ Ot~er"s tlq. 11ot :.1holt aucb. harmft«l ac-tivity 

bu.t flo havG b.1gtl · mae(ft1.cidr4 activit-y, t:r.tltanio- aui;ivity all.d 

fungicidal activity.- Th:e~ biolo£,ilcal activities include ~lso 

synersisra with orguno,p1tosl)b.orus :lns~ticides_. awmatoo~dal and 

a.ntifilat'ial. act.ivity.. ~~ $.QOOUic1ty ill bidl.ogict¢ ooti?it~i(~S 

may be a.tt&".i..buted to tll~ steX?;\<:t ~toot ot an exouycl1c- substitu.ant 

' ' 

~j-~ "'· ,,..,,.,liJ' .. 
~'lJ..~ ~~· , .,.. 

sal.1~enm ,lycl.-1€: piloapllr;f~tila t1it.:in1t~~st a iliib. del~~·ed nat.wo.to:C.eity 

'to oausa atma 111 h$ns and b1gh SYll~tp~1~t.1c ~ti!\'i.ty witn 



---

;j...__· 

(9,41) 
malutbion • 

/ 

l)iolog~e«L acti!,:tritiaa bu:~ l.esa i.~ tb(j ne.W?otoxic:t.ty. 011 the 

()ti'l~r, ~~be com~~sPQndinG oy(Jlieo emte~s h~Vin{! a stial.l alkVl r;ronp 

on PllQ$,h'!ho:rQi5t i.e!t 2...alk~l, 2=Q1:kQ-xy~. +md 2-Blk~l~o-4'11 .. 1,3,2 

-benzotiiox/lph.(!lspb.o~in P..-ord<ies•. did not cau~e ata'da in b~?.ns wt.tli 

rmy $Ublothtd dos$.S and Olll)" waakly potw'lt1~t6l(i tha tox1o:1ty. o1~ 
' <9) 

aru.athio.rl " 'irhe int.aroating reatura irs that, 'the alkyl 

de~1-~o"ativs3 revaBl b1gn :insootio1dal $.!tiv1ty._ wh~reas~ th$ 
(8) 

a):y! ;'lyeliu est:$2$ do Aut • 

~ba $POOi:f';;iai ty of' sr41genii~l cyclic ph¢»$.vhete s in 

thB bi.olt~~:tc:aJ+ ~mtivi.ty :t. .. ~latem to tlu~:U: seleoi~iv.1ty in ~:neyae 

iuh1b1, tio11. These pbo9pba,t~s i.tlb~bit VlWious sevins e~e by 
. . ' (14,4) 

phosph~ylation, producing probably salinyloxwphospb~lon~~as 

(VI:Hlf!gil>tn~~ ~bis involves by ogotung ot th!~ cyclic est~.r 

S~UCtU~0 ~t tbfit ·p..,Q )~'U~fl ·bond. liJhen the size of 1~h.~ GXOCYClio 

su.bs~it.u.eut R in (\f) ·irtcreases,, tb.o estet' bec<>mes a moroe 
. . (42) 

;electiv~ 1nb1bitor ot al.iast~aso. ~ Whet~a~st it b~oomos 

a notia selectiVe inhibitor of cholinestarase ~¥hen the $'\lbsti­

tue~t i$ small~~·· ThuJS ;t~ne ~l-tolyl cj&:r1 'f~t:t ve (M}, i"ol? ex5~ple, 

1s '130 tt.mes More s@l~ot:t~ tp ·inh.ibit aliestet"$~ tbal:l 
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0 
If 

CXO-.....;.r 
. ~ 

(V) 

~OH {) 

~4-ll!)t 
R 

Fig. a £~ae't1<>U of Ul41geniil cyclto. pbospbflt~~ wl tb 
0Btel"tt'l~ ,ll.Est) 

pb.~itte es:tat""$ is ~egal"ded ·as the ·S9looto.9h0l1~ ln tb.e b1olog1o& 

afJtii1ollSo 

fhe heterocycltc $'tl~tura ot ~ali.n;onin cycliAr 

pboaphG~u.s este11<s !.a iia~Gl¥ for the chetll!cal reoo1~ivtty of tbo 

pbtHJP®Ws attm tQittard$ nuclfl?Q,Phil.es !nelu.tU..n~ tb~ activo Site o:t. 

$at~asa .and is nevol? vaq,uil'~nt fol! the delaYed MUt-()to~eity. 

Jts f'or ex®ple. alth.ougil ~V'i-o-etb,Vl phenyl phospha1;a (TPEP) has . • (l:U .. . . . 
tb.e neurotonc1ty · , is unable to oo t.t"anatol1me<l into a o;yclic 

e~tnr structure.-

tj_~TJsues 'W'hicb is Sl?OOit.ical.l.y sen:arltiV'Q m_vJ,~ to ne'W!otonc 
(t1.3) 

O~{}aaopbt)sphol1'u.s e $ta-rs • 



lQ.tb.o:u.gh. ·t.ua stru.oture-new.'"Qto:><.:icitu fet)l.atlonship 

lls too complicated to 6ene!:'al1za,: th~ n~otoncity appem•a to be 

3! 4ibher cl_oealy related to the st:n:;.o•I"Al::t:•e of the- non leavint~ group 

tba.tl tlltat o.f;" the l61atr:tng group. 

~11th ·~hitJ twiof ba.ckgl?'OU.lld. of' the t'<~lation o:l!' che. 

ai~IU. stt'uet.u.ro to tho biolog;ieat aetivity of' sa:J.igellin cyclto 

pbosphoru.s estella, \.Ze) wiU now· discuss tha Gli~~ific.- ~tiviti~~a 

suoll as illsooticidal.tt synGJrg1atie • !l!t~tie~:f~ffiras<tl1 n(i'rz\atocidal., 

fungicidal. etc. 

7.· (a) Insec·t;ic:Ldal Ae.·c1v:l.ty (Xable VI ... XXV J: 
,,,. • Mi IQI,..l..,. .... P':ta' ttrt $ tt~..,-.. ~,...,,. ..... II: 'J!'PIII ........ ~---"!!~ 

esttWs appefll."s to r~lat£~ t:l.it.h th$ siza of the axoo:rclio substi­

tuent- on ttv~ l>UOS!~llOrus a too {!Jtabl,.o .... 'r~"l). 

~ba oycl_:lc: qster$ in ali:! scmttesc navin.H an aryl 

{il"r;~up am ru1 exQeycl!c su'bs.t-ituo.llt on the pbo.Sl:)bOl"US at:oo hsw 

me·~llYl darivat:.lves ars mu.c·b 3:a~e activo tbrul hi ghar alky-l ®riva­

tive,s, e:t..--cept. for pbO$l)b().nnte se:t"ias (.Tt~blo ... XI) in -wb.ioh c:~'thyl 



da~:tvat1Vo$ are rtu)l"e aotive ·than Eil~tbyt <!e21vatti. vacs. a,. lt.dialltyl 

pilol1tPh<>r-idates ta'lNEl PlUttb lems a.c·t1 ve. t.han aono-al.ky'1 der1 vat1 -ve.m 

( Table-X!U:l) •. ~bua s~.a11gG~nin cyclic metlw-1 ph.o$pb~t•~ (Ta,~le .. X), 

rnsl;;.hyl p,hos~horu·thi<Jna.tcj (!Cable-Dt),. ll .. ~othyl. phoaphoramidato, 

i~-mQthyl. ph.OS1)U<)l'~~\dotn1onate (.~mble~itili) ,. methyl. i>ho$pbono­

tllioluta and ~lMJYl llhOsl>~o.tb1olrnta (Ts.bla-:t..I) ~:lre ·pot'l'tn.t. 
y • ,- ' 

~?.sootioldasi\ It -is :intu:~."esttug ~o nota ~l~t th$ e=t~>CYcltie· su'b~ 

t!Ltu.ent of the mos.t ooti v~ cvcl.ic phosphorus $$teJJ. 1n ~au h. sooies 

( OClia 1 13003 , 1\lRClia 1 c:aaei~g) dit'f'e.t'*s fl"'ot~ each t>th~~r in ~lootro .. 

nie chr.u~!ilettWistios, but WQS~tlb1.E)Ia .tu mt~J?ic pro~n-~ty muab. ru1 thea 

distru1ee (about 2.9 ~) betW!.$1\ P.Mi:!1>horu$ and caJ!'bon atOOl in the 

P..-X..G fUnction, it. the 'bond angle ot divalent sultw:- is nemr 90° 

rath~r than :to9.5°. 

ii'al'thermOJru, the 1ntroda:tc:t1ol'l of ·~ typ~ ot sut;stl­

tuent at .any pom11;1on of tb~ benae~ ring and on the carbon: ~tom ¢>l 
(29) 

tho hetol"'Q ring det'!)!Gasf.ts tllO activity (Tff;'blo-l!ii). ilhus, tne 

s;ln.pl\!t$t l>llOS!)ilOl"Ot.b1onat:ll,1 salitbion1 is ·the nost. ~ff'ectivo .tnsoo .. 

tieide 1n. th.e wli.Ole series o1~ saligenin cyclic pboapb.oru.s ~ste.!'s. 

Au (.)Utstan~tln~ con~.~st !$ obs0r'i1~d iu tilrn ef'feot ot 

Plar~i-subst1tutiou l~$'GW$wll tb~ aalithion ae.a.~ios and t~arathiou. flGr.i.(JS. 

fabl~ (IJ;tii) sb.ows t.he atfeot or tile ~&lectl!'old.u ch.nt"Aetnt> Qf th'* 

au.bst:U~'IJ.@Int ill th$ par~p0$1tion. -of: tile phenotio osii~l.~ ~oup upon 

tbe :2.ns~t1oidal .oo:t.ivit1f.•· An'¥ $U.l;la·tttt~uants1 ait.l~r alQatron­

w!Lt.hdrr:;Jdng .gl?mA,p ()~ elec~von-.JrelQ~S.ing gl."o~.P dect-£$t;H~s the 



; . . 
insecti.c idal activity. . · .'I! able-VIII stunts that the 1nsectic1·dal 

activity of diethylph~~l pbosphoroth1onates (II) ·is progressively 
•' . ' "- ' ' 

increased by p-substitution of the_phe~l ring in the increasing 

- -oxader of the elef)tron '\dth.draviing· ability ot the substituent,· 

. t1hereas: n:either .. eleetron .. viithara~dng nor electr.on relea~l'lg group 

:tne:reqses the ac;t .. ivity ~~ ·'sal:!.tbio~· (V~II). . The P-.:0-C a.~-.yl· bond 

: of the )1etero_ ring of sa;Lfgenin <!Y'tllici ·phosphorus esters ap·pear 

' ',,' 

. ·'to :'b$. ac.tive ·'enough to phOsphorylate cholinesterase to kill 

insects without .. any 'elect.t>on,-.1iithd~att1ng group. · 

' • I ' ' 

p~osph9i'.am·idates . agair~st. rice s1ietn•bore~s' Sl-td green. rice :t.eaf-. 

hoppers.·on .rica pi:~t~: e.J/e·. observed ·(Table-Xl:II).. Methyl. phos­

'pbor~idate .is-'more ·active .·than :Schradan·but-less activ:e··than 

t1J.imet" ~~~n~t ·rice· leafhoppers.' ... ·· ·l\gaili$t ·riC~· :stem-bol,ers cyclic 

N~meteyi pbospb.orafaidot.hiollate is . superioiij ·-to _lindane and Diaz:lnon • 

. SalitJ~ioll ~so· shbws-more ~r less systelll;tC·· ~tivi.ty against army 
. ' ' 

WPfln:' Md mit~.,· ~o. -~ystemic ac~:i:vity ha.a been observed· in· other 
• • ~ • ' • ! ' ' ' I 

. ·,J f ) 

' .. . . ·, 
. . . ' 

... ·Som~ : -sa,l~g¢1un'. P,h~spb.onot.n~on.at~ s, phospborami-
j '·' • • • ' - • • ' • '. 

and· phosP~?-ami~o~~1onate s, show nematoe1,9,al. _activity. 
' ' ,· . '; ' ; '' ' ' . ' . ' ' ·,.'' . 

. Phosphoram~dates an,d ptJosphoram1dotn!o~ates· ·are very etf'ective to 
,' •. ' l • ' • • •. • . .• • ·• ' • • 

' '• ' '. ... ' 



, 
most anti ve in the sa.r.i~~s ot s&ligf;ni.u derivatives agaiLlst tbe 

. (23) 
non ... parus11.'t1c aorl.l. namatoda Jil~~S!.tj..a :susz>onded in wator • 

Orting to tho inl!t'fi;tl'b111ty in ·~acar9 too cyclic pht')sphatas a1~d 

phosphonat.es ar0 ~lm~st i..~tacti vs, but thf*ir. th:tono analogs IU"a 

··.,efi~oo'cive agni11st .Bb~W.s. (Tab~e XI, XII:o~ 

S.tllne snl1geu1u. (~ycl.ie nryl. phosphonothionatos are 

COl'~ ei~.ft!ci;ivH ~!1. n.e.l'latocidu:3 th.!i.rt t.h('l c~mlic N .. ot;~IHlYl ph(>sphor·n­

Plid;:;1to a1!;ainBt th~ l"io~ Hhit~ tip umnatodes, th.ou.gh t.h()y< have very 

low !as!lttticidul activity. .Gyc.lic phenyl .. an<~ p -tolYl-phosphon{)-. 

thionates Ul!t:: the aost ef':ftect1.va nematoc! des in t!-.~ Gf.'l"iGrh 'l'hesa 

• !t is inter ... 

$S'Cing to nota- th~~ tlles~ i-ll'Yl. phos.?honottdano:th~s oo:e PO.o.t" insec­

ticides; wh1.?l"aas t;bey at'€! O{)l"e pot~en.t to ·lcill U,qma"t;.odes tb~~ sal..i ... 

. thion, suggG$ting. t~JB Ghol1nf!l:SU0J."-~SO or .otb.er ~ritic~ turget of" 

· ·nar..:mtodt)3 may ditf"Qr. in .nnturo from. tila 1:r1::':eiCt chol1Uet,,tti'l?.tl$fia 

. ' 

:l?he c0l .. relatio1l l:let1,1f.!OO th0 atructuri~ and i;he nertla-

tocida~ act:t vit~· ·oft phospho~:::!Ulides and phosphmt~i!fl.i.dotiliorl.at,?:s rl!'a 

sim:tlw t() t!ul.t in the 1:tlsf.lc.tic1dal activity f:or houseflY'. 

S~littuon has no fung:tcid!ll activity. But sono salt 
' 

-gellin cyclic J)hosJ)Ilorot~iolatos have· .fungicidal. activity (Table ... 



' ,__.~...--. 

S-'beileyl 0Bter linkage, have activity ·t.o p~o·teet tlle lZ'ice 1>la.nt 

f~om rioe bl ~st <U.s ease c.a~s:~cl 'by· th~ !nJ?ooticn of .f!t!.('t:..-~1#-~ 
(
4&\ . 
.• t>J . ' 

~l"'lFJ!! q. Whe· pt-otoo .. t:li.v~ vatu~s ag~nst ~!'i.Cl!l,..~ Ql"YA1R. 

at tile cyclic. pi1Qsp,ho1"'0th1o1atas m.n.d rol~t~d. ~QElp~und~. ~£~ ~h~wu 
. ' . . '. ' . ' . . . 

' . ' 

· ill tile Table <xt'V ~ JW). Tfi<~ da.ttl of ~om~ (:OWI'lta~oial tungioido' 

1M.lUding .Qll orgfitclppbospbo:t?u$ ~~~pmmd1, !1in~on (O .... athyl ::31 S 

diphan.yJ... pbosphc>roditnio&1;ill) ere ·showil in the T.t;.ble · CXN). t~ 

· oon1pa~isont1 S:ne uet~hyl. ... ,. etb;rl-anti .u..butyl .. ;~ho$Pllorothioltt~es 

bfl<~.;a high tuntltO:!~!i..Oi1;y comp~able.· t:o other C~~Ol:i:ial~ fungiCides • 

. . ·!t:t.~ not'lmal ~d iESopl?opyl derivativett .are l~ss 9ff'ective.. Sld:l.genin 

OYci11c taetuitl PUO~l>tlat$ IL~d pll.Geph~otll~l~te . ( saltttdon,) u.re 

l;ltghlY. active as in,$ll0tic11ile· but at"O ·almost ;!nac.ti:v·e aa fuu~~io·id.G~ 
I • ' ' • 

In the. s<W'!,<~s ot di~!ttl. btail~"l. 't~tors nr t)llOtjpl~G· oo1tl.si- or.tty 

$-b~llZYl._t;hospnolNlthi·ol~te$ ara b.i,~hly. ~ct:tva as fWJ:gicido· out ·pbe 

ot~el;"s. e.g. pb.ospb~tes,- pbQsphorot~l;i{)ll(atas and pho:ir.l)hm:-oditbiqnntes 
. . (45) . 

~e 1n~t1ve , _. 

. . ' ' '. I ' ' ' 

lt is 3mpor1k~nt to W>ta thttt soratl\ eyc:tic phospboro .. 

· iHl.'toltttta€J · 'lv~vo bo1~b th.a ' h1gb . 1nsec~.idtd aa •1el1 as tungicldal 

. act.! vitYtt. with. Olll:f e1fCSI)tion in 'the. ·n~se of S-b$!lcyl..-0..:.0...;tU.ethyl 

·.pbosphorQtbiolate (Jtitazin) vldcb · ha$ we~' ina~ecti<!ii:l$l Pl"'<).~t-ty 

· but ·is a .fiOod run,~icide and oow u1~t.~d ·in practice f'ol:- ·the control 

·ott ·riug 'bl~st · disea.~~ · 



~be saligenin c,relic ;tlbosphoroth1ole:tem have bigh 

aet1 vity to alk:;late (std1ey-lat.e) mel.~aptatls and to ~bit 
' ,,' . . . , . (3l.) ', 

nsa..~nzymea.tt suob. ras yer.1.st alcobol daeycwogenas:e • 2llG aqt1 ... 

v:tty, seams· to be r~latsd to tungioidtil lJ~ope.rty but not with the 

insecticidal activity. 

150 vnJ,.ues £or alcohol dehydrogenase or s01'J!e 

saligerlin ,cyclic pito.sphoru.s ester era :Bb.oun :ln (}Za'bli$-XV). Cyclic 

methyl and ethyl !)hQ:J.phol."otbiclat.es fW'e mo$t ·an:titve. in th1s $er1Gth 

$ll t~ho otll0r band;. cyclic pbospbQte.s have '>14Y t'leek actiV'i'ties., 

t.bcn.i~h they ara pot~.nt 1nb1b!tors or estt<:lraaos. Salitbion t.e. • 

m.et}lyl phQsphorothiona.te which have high .i.u.secticidal.. propoJrty i~ 
' . ' ' " ' . . 

~ha i'at.e ot a}.kjrl~tion reaction bJt the eycllC estel!'B 

lobka par~lel ·with th~ hy\lrolrsis lN:t'tt3 of tba estar and th.Q atky­

l.a:t:lon. protH~ads with. a cJ!lllSidorabl~ time la~. ~b~a$ f'e.cts sugJ;est 

tuat. the. alkylation occurs after bydroly.eis~ ktuati;r1 tn~ pmt~iel 

bYdJN>lYsat(~ t>f saligenin c:r.elio e:stel'~ s reoot 1t;r.1e,.iitat.~ly W1. til 



-

' ·' ,. 

Snligtmin cyclic phosphoro.tirl.olut$S er~ partiallY 

b¥dt"olysad by opGning of the batwocyclic. P-0-C .. eyl bonc11. tnor'(~ 

tlas.Uy than pllosph~ata Gste~m. In F~g. o, tlte cy<:lie t!!at~.t' (V) it~ 

byc!tloly.eed by t!le ~ttaok of bydlrox!t!e ioll to yiald !Jal.icYl pho.e­

pht1tt-e ( .x.:L.. The t)l$Ct:JJ>Oll ralei'§;s!n.g .. oa f'WOU£1 · ot (lQ 1.'1illf conver-t 
. ' 

to a e~bortium ion (X!b') which tamJ ootu.alJ.~r reaa1~ \-1i'th. a SH gl!oup 

to .givo a tbioest•~ (XII)Iil 

Cy~lie mGthyl ~~ etll.ltl. pbospbQ1~QtbJ .. olates ~g much. 

mo.t,.a act:t,v~ in hYdrolysis, allcy'J.at1on and ttm inlu'b:teic;Jll ot uaH. 
(31) 

onzr;m" ·ooti vi't~~os thau the corresponding cynlio pho~pli;'ltam · • 



It .seams rea.sonabl~ to conolude tb.at the dt.1Craase of olectron dan-
. I 

st.ty on phosphorus atom ctauses the .high. rGaoti·v-ity o£ the phosphoro .. 

thiolates. 2h1s · !s ~upgorted by ~tn~ lower P = o frequency (1280 enr1 
or the phosP:horothiolates ill c~parison with that of the phosphates 

( l3l0 cm-l l. 

~'l.lt'tb.e.r illves·tigation !lbot.zs (!l!ablo-XV) that there is 

an interesting eor~lation arttong the alltylsting activity, tho inhi­

bitory activity against nsu .. eneymesu· and the antif~al activity ot 

bigbly aeti ve in all three tunc·tions. Cyclic .Phosphates haw ve:;.:ay 

weak activities but they EWG patent inh.iblfltors of esterases•· These 

faets sugg$st that high inhibitory at:tiv1t7 G.~iai.u.st "SU ... eneymes0 may 

be an important taotor foro tho fungicidal act1v1ty or the cyclic 

phoaphorothiolatea. 

'Xh~ Ji!elation of cbem.ical structure to. biological 

a.ctiv~ities iudicu•tes _thai{ the, siJeei.ficity· in biological activit;ies 

ot tbe s~ligenin c;yclic pb.o$phorus esters seam to be remarkably 

influenced by the steric cbarooter1st1ca or the e~ooycl:te sYbsti­

tuent on tb.g phospborus s.tQmlt :Chis is evident whan compared their 
.(1.1:2) . . 

spooiticities in fi)Jl.zyma inuibition :~ 

!i!h& mos't in.sactioid.al satige~n cycl~e metllYl phos­

pb.ate (a$lioxon) is tna strong~st inhibitor of insoot cholinas-



~--: 
I 

t~rasa., Hcvev:ur, t.be hi:;thly nal.Wotox1c_ aryl Llb.ospbate 1 a r.;. ~~ 

~flbib;Ltor or c!lo)..in.estera~,. but 1~ -~ v:~ speci.t'1tl inhibitor or 
(1,42) . . 

.ala,eateras:e •. The l.Gss neurotoxic arylphoapr,.on~te QOcupiea 

uooyel1c subst-itv,ent inor£HlS0$;. tha compOund becomes a moare selec­

tive 1nhib1tol'" or al.1estGr~;.se; in contrast, the cotnpound c~~ying a 

S!llal.l substituent is a more s.elootiva inbi'btltor of cholinerste.raso 

(~'11lble ... X*JI). tbry-l phosphon~t~a' are r.loro specif'!o !n.hib1t,i)!ls of 

pseu.do-cbol:1nest£>ra$o; al.lcyl pbo$pb.atas ar0 leas . mpQcific end aryl 

phosphates a:.\"e 1ntGrme diat~. 

/ 

Sal.t!genin qyelic :wyl phosphates and ph.oaphon~tes 

bGva sYnerg.tiltio ao·tiv!.t~ ,.;:!;tll miil~thion ~gainst l\nsti'Cts ant.l mites, 
. (46) 

part:lculattly t~eir ~esist®clt. etra1la .• · 

~b.a jQint. action ot the activity. of some saligeniu 

cyclic pllOsJ.)boram (Jsters t-:itb rtmlatbio.n has been e;;.:aoinGd by Eta ot 
(4:1) 

al and colilP.al!'ed wi'tb some pbosl.)borus estGrs whiob are known aa 

tile syneFglsts of malathion~ ~able-XVII snows ttlat th{., ar;rl.· det<i­

vatives of .sal.1gen1n cyclic estel"s mve syn~,rsi:stic 1..1ith. 1$Ula.tb:ton. 
' 

!i!hsy inc;;.'ease the toxicity oi fllalr;;itbion s.a to a.4 times !\lt a ltl 

W....'Ung rat1fi.,..,,: ~h~ activi:i;ies of tbt~. are f!Ol1e than !}ll'OP:rl para­

oxon 2 ... banwdi.oxapb.ospb.orifl...2-oi(ide, .and 7-metnul-2-phenyl ... 4.H-l13, 

2-bonzodiQxaplttWin-.2-oxid.e a.l?i~ tna most; . $YnGrg1st1o against 



dali"'ivativGs ot .mat1gen1n cyclic>· phospho71U.$ tlsters ara much las::rJ 

syMr~!stic or even antigon.!stio. 

nyoovg!sm of sal.ig'enin oyolio phosphorus oste!,1'f? 

with. roelntbion in il r.es1t!t.Mt st:t~~d.n o~ hmtse.fly htls been tabula-

s&ig~!11n cycl4c phospbot-us asters has remoo.~kably bean !ncren .. 

sa<i. l~wn the alkyl ~wi vat! v~a ac'b as aynar.gi st oft f1al$th1on. 

2hu.s all ,)r pre£J~nt cyclic @:sters al:'GI ao:ue aati vo than. tho oth<ll~ 

m~tbyl saligen:in ia tb.a il4!l:st effective syne~~l$tio: ng:~inst rests• 

't·ti1nt housany Mci inc:.:r.~e~sas ·tll~ toXicity of mat.ath1on 14 ttl.l.uea. 

I,Jyn~rgistltn eff~a·t. on sllsneptiole and resistant 
. . (4J.) 

s~ains or green r:tco l.eaf hopper bas bae.t)j obs@rved, and tabu .. 

l.ated in :Cable (XIX) • 2ile toxio:ity of £Jat~thiQ.l"l to the su~&p. 

t!'blo insec.ts becomes double by th~ addit.ionl of ttwee sali~onin 

cyclic phosphovus estors · atonJ:: with tuo o1;ht~ a~mlie estelrs .. 

Syne_r;gtst:ic eff'eat on resistan:e leaf h<JJ!,t)e~ also :tncreages by -

$al:tgerdn cyclic phospfAGl.~s Qsters bu.t tb.e valu.a$ we lower 'Chan 

tn the reaist?..nt hou.se£4". '!hey enbanc.t)d tho toxf~city of: mal~ 



,_)..-

boen obse31l.red tol" a area.t numb•n.. or Ol"'ganophosphovu..r~ cunpoun,ds that 

t,h$ synf.::ri~1Stl-· of fl.ltllai~hiU'tl in mica and the degree of inbibitiol). oZ 
. (9) 

al.i-esta.:coase .ill y_\.v~ atPe ~enera:U.y .uela1~ed • !~or !ill.seots1 bigb 

estera~ ®tivtt¥ byarol;rs:tng ura.atbioo is e'<lPllOsa<l to 'be ;partly 
- & . 

~re$90llaiblo !or aatathion-Jresistr~e in spme .atl"tt.ins of ~ot<luito, 
- (¢l:t). 

l:lou.sei'lf and g~.a11 :c.i:eo leaf hoppQl" - o 

(tl2) 
&o ~ bavil al»wn tb~t W1Yl d~ivatives ot 

saligenin oyclio phospb.oru.s ester.s 1W~ thQ select::t1.re inld.b1tors ot 
el1-ester~srs, wheronrJ sm.tt.ll al.l~yl dar-iVt\tives ~s oot so solecti.va 

to al1-e~te¥"a.$~ il::W..,i1J:ttiou. This a.r~pea~s tp ~ :tr()s.pon$ible f:or 

th~iv diff"erer.c~ 1n synert~iatic pll'O,pQF'ti~s. 
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