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~be p(~st, di~e~j).:rtO and weGd. G~itu.ation ar~ .not. sta1;ic ..., they 

lteGp on changing. l~ew 'pllysiological ~aces ~volvo aa a l~&sUlt of 

mutations in natll.'P_e. ~~any insects and t~ungi develop resis-tant 

st:rainLi: vhen tha SGm~ · 1ns~ctic1r1~ o.t• ftlngicido is uood year af·ter 
' 

ya~.. Simil:Qrly, by t;h~ll u ~~3 of th~ ~amG barbic ida1 ~ea$0n after 

season thc!.tto~ is <>ftffSl f.! .l~b.iJ:"'t in thG W~t3d 1 .. lora o.nd a numbcP. of' 

ve~istant sp~c ie~ l)ecoRHl prrjflom:.tntaut~. Bven ·chango in cr:oping p~ttern 

ami weeds of .minor iti'lportf.UWe may assuma m~jor proportions. I·t;. has 

tH&en ortn!l noticed that .l)C!~ts and di~ensos1 virtuall¥ Ull.i{no~;u :illd 

1gtlore:d suddenly -becoltle very al ~£!ling with th.e ir~t:aroduc·tion or new 

crop V$r1eti~Us. :EkcteJ:•iml blight, tungrmril: .. uE:1 gall midge o:t• paddy 

and :flnat·ar:ts minor in wr;l$t!.!.t r.U'"e onlY n. t<:v ~xampl~s i"o~.•om ou.v 

country._ 

J\J.l. those defillitely poillt out tn~t the existing pesticides, 

howeri/Gr af'licien~ t;hay may be can~1ot:. sol~l/'a tho post pzobJ..ef!ts 

perL1anent.lY'. Ne\1 pemticides must be dqvalOl3ed to coubat V3r1oas 

new situat:.iot:ts. 11~ sllould. be a cout!nuoua s;aar.cb - a P.Pooass of 



--}-
' 

t inding auS\Iar$ to :new problot«a, rasEH~cn and develo~nt are also 

V'it;al f'or finding pest1oidaa~ wbicb wil.l be saf~r, mor-e afi"eetive ;_and 

salootive, and abova all motNa ·economic in tbe t~ua senae an~i 

enviPownenttni.ly accaptablo. 

A PGil~ticUlarly 1mptn•1iant g»oup of' pes't~icidal substnncea com­

prises phosphmn.~s compounds, th.a 1\Gport~ltW() ot i·1bicb brave bQen steadily 

illfUtoas1ng . in the t'ooent p~st. Sever.~ uew Ootli.P::>Ullds of' this group 

ere usod for 1nsect1<!1dal1 OOt1.1r1c1dalt nomatocidal1 nntheldnt1c, 

1nseot stter.Ui:d.ng, f'tmgicidnl• herbicidal,. ~odentioidnl. and otmr 

pm-poses. Z'b~ devolopment ot" naw phospho1•ua aomPQWlds uas for a long 

time do!Jlina.ted almtlst exclusively by <bne single g~liding princ1plo 
· (l a 3) 

nGJnaly the • ;,\cyl .du:t.u• oi' Salm~dur ' ' • !rba g.t•ont advancement 

in agriculturcU. prf¥!ticu, · sctentifiu lu&f,wledge of tb.e $tl?U.Ctlwo- ·' 

activity relat1onsh.ip .ant~ mod.e of ao'tion {)f organophospborus pesti­

cides wero acbievad by the ui~overv 00: llal!athion b;y SChrader in 

1nsoots. H~any less toxic peaticides have boan. synthasizeQ by slight 

structural t:noditicat1on of Pl#~th1on; for t.)Xa.fllple, chlortll1on 

(in l9f)2)1 ~entb1on (in 19f:t..q) and f'enitrotbion (fu 1959) were 
(.a> 

di:Jtto"ored • 
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In 1952, tL1e l?arkow W'$aet.ion was d1$CQVtn•ad1: an.d m~ i~povt~1mt 

Vir&Jl phoopbmtG eat.e~S ba.VG bt!t~U introd®ed !'!S J;l.r'E".C't!eal pastiaidas. 
' ' 

Sinne then $l•·var ml n~v co~npou.nds lll'.lVe been. dev~~loped rmd $G in 
{3} 

comutercial u.~e • GofiJllon o11' tra.do n~.rtes1 eh.e!:!ic Gil s~uctures and 

ot:.b.er propert~1as qf' swe:ral O.'!.."c;tmopboapho~a.s .w-.'l'~t:i(!ide$ hnve been 

giv~n in Appe!ldi4-I. 

I~ 1s t~.ene»'all.ZI ~cept<td ~bat the ot'ganopb.o$pbo:r:-ull 

comgou.nds #() to.~ic booat.tsa th$J pnosplloryl.ate. vital 'if.ste:>;""ssel'1 

thus f'ormir.t.£!: uompletX\J'S tna.t ~e <d.th.er ir.tr()VGJ.l'si'blo t»~ do oot 
(3} 

r'~mdily rel0~ge ·t~.lt~j er~~alSG • ~t'flS enzyme Qainl.y aff"ee:toti is 

ac~.q,pt$d tcy bQ uholin@lst~!'lse, Q.U ~~ that plays a vital ~ole 

in by~ol;v-sing l?t~o$tylehol.1na. ~he lN3too.t1on 'bewenn ~styl.Chcline 

( r~ll) fi!Ud <thQlinastarase (G~li} takes pj..ace in th.t'ao stageS~: 
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At this stamo tber~e is OlQ ~uU1btiu.m between tho oozyme 

ll!ld its subst-rate. on the !)Ue hand ~a a complo:rc. of the ·two on· 
'• . ' , ' ' •I ' • ! 

+ . 0. . . . . 

. <Ma>a J:i~u4 o .. & ..: cuaj Cbi.11U .-!~-~ . (att8>3 ·. :Cal~oa: 
Choline 

... 
oo.3co.ECb 

0 

The compl~x.y:1elds choline and· ncetyl~ted e113yma in tbo ooooud 

st~"P$ •. 
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~be :ti:ru4 stBga 1s the ·~leoo~t.Yllltion reaction 1n vbtch th\'J 

acet6yl~ted enZ"J~• 1m b¥&-olrsad to ~ive tbo f~oe ensymG' ttnd 

ooetie acid. 

film mctiV'e cant-er of ~etylcholinernt-ernse (aChE) 

is stl."'uc'li\lr~.ll.y coiaplt~en~~y to. its subs~u.te aeot11ar~lin.~ 

w!Ucb con"tain$ m tr~~tbyl. tltGmMiwa gl"O\tl) wit~b ·a '£l0a1tiva c!w,rgo 

l.i n$gmti v~I].Jf ~f.lS1'·~&~t1 ~~~"' $1ta~r t>fhich bincls th~ t~lfl~tbyl.~ 

tamonlum .grou111 ,md tl\ relt~t11.tr~ly unGnetpecif1o" ~steratiu ~tQ), 

w~1;Jb <Hi\'Ca.\.~~Ga ·t.na bydrol;tal$ of :tb.~ ~$f'Wl-" 11rt~aee. In the ~ 

~~.;terat1{: $1t:;Ii tt~~w w.~e bQaie \b.i$1;1dti.nG,UU.dazole;!;·t serine 

il;td.J!o.eyl)~ ·a.U.fJ! ~;i.d;i.c (tyros~.nu b,v~cn¢) #OUtls (lrtg. l). l:'ha 

1*¢r:£ot1on ~et11eon p~ao-xou ~(~ !t.CllW it.J t"'t:}l,)r0S9rtted 1n !!·tg. 2. iiben 

th-a two ob.emicals lntar&o·t thel"e is a n-.wleopb.ilic attack of' too 

s~rin~ hY<~(>~l on tbe 9bos~U$ ~tom tht)~ irJ alti(ld by tbG &e idic 

a:fl(l btt.:-d.e gr:oups r'vo:J'f;nt .tn t~ o.starati(l site or tht>J enay;.aa{l< 'fhis 

:f"~stlltg in i;he i?()r~ti.tlou of a ~*.t>{llV~sib, .. ott oomplcl( that f'!nsllY 
- ~ {IJt), 

yields pllo:sP.W:»:•ylateui e~a tmd 1!-nitl?oJM. t.\l4ridge 

u;,v~Gt1gat~~.l th.& inb.lbi·!;iMa of' cb.olinast~aao by ,pw:~:i'tbion and 

· r"(3'l.~ted compouncla r;mrl to'I.Ulti tr~lt ~be conlplmt did not snow I;i;~nifi,;.. 

czr.nt ~aversibility. In oth(~r WOV'ti~1 ·the inn1t.,.it1on of cbolines­

t~vtWe 1n t~e C{atJQ folltJWE~~l :f':irs" orde.it k:ltt~itic..!S mld wtl.s 

b:imoleoUl~~ 1.(}. * 
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Fig. 1. Schematic Mechanism of action of AChE, after l~rupka. 
(I} Enzyme- substrate complex in AChE . 
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(II)Deacetylation of acetyl- AChE. 
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Fig. 2. Schematic mechanism of reaction _of organophosphate with AChE. 
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t =::: t=ua9 in milmtas1 

. I ~ oolat" 1nld.'b1toV' concootrtat1on, 

b t:~J. ,PGJ."Cirtntage r;aad.(;'U~l ~l.ei~i vi t'J. 

~~91~~1~ htt\\!f~$!1 . ttw i."eac~i~i'tl' ot .~ o~~3'JlOP!loe­

ph@l"t~~ -e~poun.d and 1ts cholineste:raae 1nbibit1on.1 b.oWtbY*Wt bas 
-~· . . 
\~} 

not been it;lQralt; 1attd M!l1n tn.trorl\med a 11::1n0t1c tr~tltmont f'or 

too rt,~ttt.ou thflt takes into oooount the .revel1sib1lity of the 

(H)r.lple:l. tl:t&!a. roevorsib:Llity is der»ntiettt on the aff'1tl1ty of' the 

in.bibit.in.,~ c<~out.td f."or tl:le 1i.Ct~.vo sit'e Q'f ~h:oltnester-ase as well 

fl~ ~)ll thtlit>ati!l o!t t,~bosphoJ:IyJ.~'tioll u~lo;. &). by utlU.iain~ d1f'ferent 

kinetiu ~·l}h~ds tho values for K1 (~tinity conrJttllit;J 9 kp (phQ.s-. 

f)bot"yJ.~·t:.io4'~ C!'9nstant), P,iQd k9 (biMOle.etU.r~ inll1b1ti.on constmtt) 
· (5 G) 

1'4.~ ba det(frrflined 1 
· • · 

X:t .. 't® aoatrtll}bol~;·stc~aso 1::~ d0$tl'v16ti.~ !a i.ln·•ev~r .. 

aibly ~i.W.;;:11 o'!! f'orm:'Ji a ect~J;llti~X tro~n ~;hich .!t. ia a-ulm~snd. Mre 

fllo~111Y tu~f.tll \t'l:ld~,~ 1\t.").lnnQL cont!tt,.o~~s:, 'ita sul:H~tltato •. ~$'tylcbolin&, 

o a'll~es tb41 muscle to b~ d~901f?.:?1$ed longer than \\SUf?.l il!ld gi veu 

r1$~ to ~:tleral ~tion potentil':il$ .Passini ttW"ou..a;l~ tb6l auscl:.o. Too 

r;a.SUlt 1!l a Wite'llin~ of v~ha musel~ lea.dtng to tet~.1s Qnd O'if()n­

tual par"lal.ys1s ot thtl muscle. D9atb 1n J!Q.'llmal s oocurs 11s a restd t 

at aspnylda urau:~;Gd by thil m~~al.Ysi~ of rospil'atot~y muscles. 



SirAO"fi ;.e~~1t ~z:t:~»hat~u~~t>u.e .w~stiot,tlEH~ byrl'tt•olyse_, ttt~U Jper'• 
. . 4 ·. . 

. sist~~ and!~ aPPt1l~ance ny~ol:re1s products aq be Q'bt.nined from 
..... 

. k1n.tVt1c stu~ies. !iY@(;lYsis :t?ates of these com!lQWlds. M.<i tbeh'- raeta-

bol1tes a~s of !J1te:r<~st tr.1nue ehe!11et4 l;qdlrolYS1$ dGterf!in~s whoth.er 
. J 

or ftt)t toxte l".a:1*1dtl~m will PGrrnifJt;;. 'it~• first--ora~ bmlf'-lives vf somo 

lllll.£-livas of sotae G-'l',f;ltllOll,l<)sW}U.trus W~utw,.dU:s !41 l~thasnol (:e·em.7o0c, 
~~_..~ ... •• t- ........ _ ....... l(IIIT~....-a% J41tMUI ... w;::ace¢ ·-- li&.'M.,-Aflllflli!'... ·sal!!U.Fatflli d JIFJt]A: J ..... Ad 

. · ;,~;PJi,,iG.o,. ~uffer SolutioJ1• (1~ ... ~} 
'""":v-. •• ·~•J31••~•TI'?t'"*"''!itZWJ ••·•o••~"efnti"Jifi 

~td.u.set oxon o.so D~t.on-s l8.0 
~· IJicW.ol.~vos 1.3.5 liorpM~;r.dtfJ~n l'a.4: 

. ·, 

~b2.la~t 1.75 il!l}"tex 22.4 

~r!crJ,orpbtlt'~ a. a. V~idothion 25.4 
Hecarbam 5.9 MfJnas:ou 9'( 6 ...... 
Mal.aoxon ?.o ~at~ao1..:on aa.!lo 
Dem&~"l--~fitb;rl 7.6 ~bion~itl 29.2 

~&atbion ?.a JJ!~.llfoton ~.o 
., .. hi "' -:. .. onn~ .... nuo~tm 8 C') aoa> ~):tazinon :n.o 
Pa.t' ,w.thion tfttii t~ h;il 5."1 Eth!~n 37"'5 
~"emL'llor.pho$ 10.4 P~~athion 43 .• 0 
Azit\!Phosmatl~i. 10.4 .Pbonkapton oo.o. 
Sum1Uuon lJ,.2 Cbl.or!7env1£1Di~~ 93.0 
DiGte~thcmte leoO O~boPbenotb.ion :J.lO.O 

~hiometon J:1.0 Dit:aofoit 212.0 
I 

' Met.b;tl oxy.dem@'ton 17.1 
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~tte b,1tmolys1s rate is d()poodent upon th.tJ onmdcal 

s~uc:t;ure ana rtitaetion conditions sucll as p!l1 ttm,pm?atl.U"o1 tn~ 
. . ' (3) 

kind of' ool vent user<!, $d too oJd.!ltence ot oatW.utic. reagents • 
In 11quaous solution,,· betwon tlta pH rang~ 1 to 5 many orgM()~os-

. UJ) ·-· 
phorus pest.ic.id.ea d4J m.o~t. l'lltnble 1. and 111 this vengo (;pU 1 to 

o)• -~ne variat-ion 1n pH ot the solution h~::~ P~"~Wticall;v no effect 
_ :., · . '";'· ~~···,r~-~··· . c .. ; ·t ........ I ••• , 

on. t!lo. -h¥t1rolysis r11tc.. But tile bJdrolY$1$ rate too,.oases .steeply 

~at pH h1gll&l" ·tban 71 au{! ~1 orgmnopb.osphorus p~stio.ides ar-o .aaucb 

UIQJ."e unatl!ble under alk:U.tne cont.:U.tions-. Vory good diooussiorls on 
' ( 

cbemical str·u.o·ture mnrl b:rd:rol:iaabby Qt various organopbospborus 
. J (3) (7) 
pe$t1c.idea &l!o gi'len bll Eto an\i Faust • 

\ 

fh<t' :til B.Pec:tt"a-struc-ture oort"Gl atio.n.s · ot or gfl1l0Pbotpb.orus 
_ . · (9wl4) 

~.omtroands bave boen given by sev~rat tfork~ll's • ~be first sot 

ot o~gGO.oJho:sphot"tla mvot11) tr~quency correlations vera furnished by 
~. (U) , (10) ~· . . 

M0yrick end ~hammon· · and blf Gore • -~he sa WQl~~ basad on rela-
. (ll) 

t1 vely i?(J)lf OOlUPOWids. By 1964 ~bor..11as ant! Cbittendan were able 

-to sttn"'t gubl1sbing ctorr"elations based on dmtt4 from 2000 compounds (m> . . 
. and by 1910 tfl3so w-orkws W01."$ ~l'ble t.Q pu.bl1sb ortlrulOPh.oapilo.vus 

... 
fSI"OUP trequt~n.cy cor.t:"elat.ion.s based on datlil. f'Jrora- owr 4000 compounds. 

(.l3) 
~·hom(!ls · bas r'OC$U.tly r~viaed .all. th.u o~ist1ng co:tt'relat1on.B in 

the ligbt of datt~ CrOQ 0000 organophospbQrum cOIOpounds. As a 
~13} 

r~sul..t ot tbist ~howas bas been able to deVlOnst:t"ate tb~t by 
at- .. 

s'rstemie ga"nJ..ic at1on:. of ·iine cOJn·el.~tlon.s, it 1s J»ss1blo to deduce II' A VJY 



'' 

poi.uad:·- on the 'b~~sis of tile 111 s:poot.Jrwn. lli!l 'tb.a aPJ)lictAtion ot 
' ' . (13_) (14) 
tba Cor'l"Olat.!tons given b,v ~homil!s 1 Das , bas been able to 

deduce tb.a stru.ot.ur~s of' 110 orgnnophosphorul.l pestit!1das. A fUll 
. ' 

list or c:orrela'tions wbicb h.sv.e beal'l& pro_posed is giv~n in tne 

.-t···"' ;· • 

·-~ ........ ,.,.._.-~ I. -.-....~~_..."1 .... 11: .. ,,..,.__\!WW . lloo.illlf'Jo..,_,... • 1 .. 11' ..... - • - l IIIU.65 ............ ~...--~ ... ,, _____ ...,... __ ..... __...._~ ............... _ .. ______ ~~~~.,._~-·1.-""'.-...i!.....__ __ ~----.. -~ ..... ...,... ... ~........___....,.._ . 
. ' -· -. 

a) .Pbosphoru.s-Oltygoo i;,1nlcs~ 

1) It = o (fro$)· 

f! = 0 (hydrogen bonded) 

U) P.Q...O ( at1pbat1c) 

ivJ J?.O.f 

b l Phosphorua-ilu.lpbu.r Links i 
f1 ::: G (l) 

PaS (.II) 

o) !lb.osphorus-Gmvbon !AJlk:s: 
. 1} it .... pllenyl 
U) .P .... al!ttl 

P- aia 

d) .i?hospb.oru~Ualogaa ~su 

L::J • 01 

J.a00-3250 ·cm-1 (fl) 

Ja50.lll0 crl.( v. s) 
, 1050-990 cra""1 ( '"'• s.) 
and neat' 1150 <url · 

1.000..1008 cm•1 ( v1s. ) 
l.!lld 1170 .... 1150 Cl!l.... (W) 

' '' 1 1060...1015 em· ( v. s. ) 
mld 1100 ~ 10 cra·l 'cwl 

J.2.t!~U90 f.u.a•1 ( s) QDd 
995..860 c..na-1 (s) 

910-900 cm-1 

862-674 cm•1 

730 ... 550 ca·l 

1450 ... 1426- cm·l (m) 

Zio usefUl ecw.relations. 
J.32o-l2SO cm.·l. 



It shoUld be stat~-s:d at onc<a tbt.iit not aU of these cor.rela­

tiotls ar"f~ of aqulll V1U.ua, mna t.hmt, \'lilUst m~ or th~ are basod 

upon '\:illa ex~nat.ions or large llUt.QbeV' ot eompounds1 otuars ar'e 
. . 

onLy very ttmt.ativa co~relatiori.s basad on a few compaunds or on 

compo'Wlds of a littti'teti t.ype. !rho basis or each of' tb.ose co~r~la­
(NJ 

ttons bas ba.,n well di~usrs~ed by ~homas • 

flw lliB speot:ra-stl!'uctU11'e c~Paiations of org;mophosphorus . 
' (16-lS} ' . (15) 
corQpound htliJ'O bean givan by e:evePal wo~koros ·• Dabad et al 

(~) . 

and ll:aitb et al re~~ed tbs l~l spact~a oir S(J::lS or.gauoz)hos-

pbate insactic!d.es in Ol)Ola• Coupl.!lng aons~~~ts and ehemieal sb.itts 

of some matt11l ·and etbyl. aubst1tuted orgunophospbate :lnsecticidos 

ara given 1n ~~bla-III and ~:ablo ... IV. For cQmpounds, 

. (l.) 

_whaie .~·and l~ are botb mathyl aroups1 the r~tl~Yl. peak &P.tlO~a 

1n the rcegil·on ~ = 3.9 to 3.7 Pi>Di Witb J\f .. CHa) := ll \A> lQ. llz. 
' 

Qrg~opbospb:ataa in 'fbicb s1 tmd ~ ave 'botb atbN1 show met~l 

peaks at ~ = 1.4 s.nd. nu:.rtbylene !leaks 1n t.bo region 6 = 4.2 to 4.~1. 

In tbis c~s"• the J(J?-CHa> Qlld J(l?-Olig) coupling constants are o.s 
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and 10 11s. ~he cberl11ttel. Gll1fts or matbyl Bnd ~ti\Vl twotons. are 

quite comp:n-Qble1 bet\¥u6n oqgen-eont.ainiJ.lg o.rganopbospbate 
•. . 

compounds and theil~ sutfw.~ tilltllo.{£$, but tbe cou.pling cunstmnts 

arQ S{)i'l.U~thlntJ htgber fGr eofQpounda \t'1tb a P = S bond tlt~ th~t 

vitb. a P = · Q bond. 

In m~ ctA~tflSt lt bas ba~ observed - t®tbe·l1 splitt-ing 1n 

bath the m&tbyl pzroton ,pa&.ks as Well as ltltltbyl~ne p~atts. (<ttlble-
, (JD) 

III & IV)~ ~bis has bean explaiu~dt by Keitll et at. on tho 

. basis o't r4&guet1c non.cttulvatenoe ot naetbyl proto~ due to hind-

*3rod rot~t!otl ~o~d one w more) bondD of the PllOspborus atom • 

. , 
~be ois-t.l;,.anm isot!Qlrism of orgaiM>I»rmsphorus compounds bas 

also b$tm detected. bi" l~ta. laomer'isr& 1a f'ountt when pltoapnoru.s is 
-

:atcacbea, by oxyg$n o~ ill14f'~, to a ·carbon-oarbon double bond. ~h~ · 

e1s and ~ana isomers of phosd.r1tl and 1'ha sulfur analogs are :re­

,presented by tbe lrOl!mul.a (2l and (a) and ·tb~ir coupling const:m.ts 

end ebemic al shUts ~e a11'0\m 1n 'l ~ble-V. 
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(?-) '(3) 

- Some !nterestin~ resUlts b.QVe been veporte-d to'l! 

pbospbo~~~ld$te type c~gounds in ~n11cb ~ is a nitrogen atom. 

'£ oo Ut4a GJpectPum ~~ the matll¥1 x-egion;. wben two matbyl 

g~oups ~t::l' ~ttoohed to the n!trQgen Gldilbits a p~tttern 
' ' 

obtm~tePistie of l'd.n.d~d rotation around tho p~.rtial carbtm-

.,_ 
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(:laemic~ shif't.s and e()upling constants tor metbyl groups m. veri.ous or8anoPbosphetes. 

X 
,< ' !! 

lliG- P- a:. ·--R3 I 
Oll 

2 

(l} 

-,/_·.: 

~-~]··; l -~. t·:.: ~~)- -~-~ 
·--· - -- ~-....l..----------·-----·=-·---=·- - - - -

B1drin Me lie ti,Ldil.'lettatl 
els-erf;)tonrua!da 0 0 3.83 l.l.O. 

C1our1n Me M<J o<. -L1eti$ btl.'nmyl 
c:1s-erotonat0 0 0 a. a 11.0 

DDV'l? . tie l-ie 2 12-diebl..orovinyl 0 0 3.86 11o0 

Dica;pthc.n Me 
' 

tfG 2...c:thl.OFo-4 nitro 
pllel)Jrl 

s 0 3a92 14.0. 

Dime'thoate Mo ii~ ltL.metbJle alfb~ylm@tbyl g :s a. a 15.0 

Dimetho~on Me Me Lmetby'lcarb~oylm~tbyl· 0 s 3.83 12.5 
Gutblon t-Ie otl-.om-1~.2,.3 booZot.ria-

.zln-3(41).-yl-met.byl ~ s 3.76 15.0 g, 

< ...... .._~.__..__ ... .....,. __ .__,___~--..-----···-~--------..... ...----

----~---~-'"'" .. ---- , ____ . 
; Contd ••••••••.•• 
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.:table- III (Con.td ••••• ) 

·-·-- ' - ·-- . --·~1--. . ·--- r--· -·- ' .... <. - ·- ' ' ~--~~ __ b .. L~ _ _ ~.J _ -=J~--~ Joc,_,:_L~~~(~Clla) --
Gut:nlton 
(Oxygen analog) 

Imid:m 

!ilalaxon 

~lial at.hieil 

Heta-Systox a 

Mo 

He 

t!e 

Me 

lie 

Methyl. ~ar athiru.l . lie 

Matby.i ~i tilio11 ~a 

lialed 

l'hosdl?:h,_ 

Me 

!iii 

Me 

Mo 

~~ 

i-IG 

4-oxo-1,2,.3 benzotria­
zi~(4Hl-tl~m~thy~ 

Jtl.b.thalimidtwletbyl 

l.,2 diamt"lmt.llOX¥et.tl11 

' ' . 
1 1.2 die !urbetho:eys-t.byl 

2-(eteyl sulfin,rl) 
etb,rl 

4-Uitro pbenyl 

0 

s 
0 

a 

0 

a 

s 
a 

0 

0 

·s 3.81 12.0 

s 3.77 15.0 

s a.sa 13.0 
3.82 

s a.al 15.5 
a.s 

s 3.82 13.0 

0 3.87 l .. l.O 

8 ·a 72 . - 16.0 

0 a.oo 12·.0 
3.91 

0 3.75 11.0 

0 a.as 12.0 
3.8 
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X ablt) - lil ( Contd ••.• ,,. ) 

__ .....,.. ~~--t ..... :... ------,_........~ _ _.1_........,. .... ,__--...; i --- c • ·-·---+--
Compound a1 ~ a3· x l f l ~Cft3 j J\?-Cila) 

l iiz · 
"- ·~·--4 .,. __ ~~,...-:-:-:~ ... ~ ... --l;~===--:---:::=:::=:.:t..-:::::: _____ ~=-- _ ... -~-===~:::::...~..:.::~---.-:. ... _::::.:::._. ___ ,,.. __ ,~·.;..- .. ._--=-:::::::. ..... -.. -· . -- --. 

Ittelene 

:i!igUlTQll 

.Tricblorofon 

Zytron 

1._, 4-t- metbyl 
bu.ttl-2-
cbloro .. 
phenyl 

i-ia He 4-metl\,vl tb1o-m­
tolyl 

~~ Me 1-b;dr,oxy.;.. 
3 .• 2,2-:tricblorQ­
etb,tl 

i{e 2,4-di isopropyl 
chloru-
ph.an,yl 

0 :tili 

s 0 

0 -

s NJi 

3.81 

3.8l. 

a.9J. 
a.9 

3.8 

11.0 

l!!.O 

11.0 

14.0 

•co•·----------....... ___ _..,__..,,. __ c ____ ...... .,. ~... --··---·----..,....-..---...••-•••·•--•-·-----·-_..,..._....,.,,_ .. --. .,_,. __ .. _ ~----------,...------~ .. ~----.. ,.. __ ... _~..._ __ ...__.....__-.,... __ _._ .. _,..._..,,.~___.. .. -.._.._.._.._~..,..~•·---- ....... .,.__ .............. ~""'''"' ........... -- ..... ~-- .... , ............. ~~--·---·--·.-..-.. ..... _ --·--· ... -~ ........... --................ ~ ., ........... -~··· --..-- ........ ~··-~ ..... -,-~ .. -........ -...... ..,..__... -~ ........... --:----·-------~ ~ 
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C~ierd std.tts ana coupling constants for etbt.L gr-oups 1n varoiou:s organophosphate (1) 

'· 

X 
II 

lilO-r~I-23 
~ 
;(:l) 
~ i 

. --~ - ' - - .•. . j . J • 
---~ .. _ __._ ... I - .:.-.--. .. ·. 

-J"):, 
\ / 

Com~}Ulci. . I . Ba.~· .;i\.· . Sa '·J· .X : ~ X .s_ eRa I J(i'-Oiia) r· [, CU2 ·J(PizCIJ:!) 
. I ,. " '. _· ' . I ' ·t. iJa ' . ' ' 

·'· .. ·.=~==:':!=:::~= . _.........__~_.;,.:...--..,_.._._,___ -----·=··====·· =·£-::·'· ========:;::::: ~---.....--.-....,....,._...._ • ~-.......--... ~ .... ~-------- .. ---··------· .............. 4.. ..... --·--~-----·-..---..__ .. _ 

eo.aw. 

Dia~inon 

Diazo.xon 

Diozatb1oa 

1St 

Et 

l&t 

i'St 

$lt 

li'l"" 
"""" 

a..ohl.oro-4 ta$tbyl- · s 
2-.oZD-211 bOUOP.V• 

Q 1.4 

:rnm,-7-:Jl. . · 

2-isoJ;lt'om-4. 
matb¥1 
e-~1d1nyl 

2-.i~oPrQPJ'1•4'-
aet}Vl. · · 
6-pyridlnyl 

S' '0 l.a8 

' 0 0 1.39 

. . 

&t(2) Bt(~) 2.t:3-P.diOXa.uB S(2l ·~3(2) 1.36 ··~· · 

Cl.S 4.2 ·10.0. 
. ' 

o.s 4.34 . 9.5 

1.2 4.33 a.o 

- 4.1? . 10.0 

~------------,_-.. ~--- ....... _____ _...._..:__....:..=.. ... ·-···· .... -=~ ; . ~-:::;._...:..,.:::....._~...._=~ -~ 

Contd •••••••• ' 
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''~ .... 1.'!: ( Contd •••••• ) 

~· ~~~~---~ r ~. r=~~~_rr~ :~~-Q~-;~~} ... , T ~ ' JVHaCHg) 
.... .... ..... -£' .. ___ ... ,.. .. ....._ _ _....... ·-----~-------.~-·-- .. __._.--. .... -..-..._--...-----=--· ~ ___ ,_,__~~----_... ......... _~ ... ·--·--

.OisUl.f'oton jl~t Et 2-etby:L tb1oa- 5 s 1.35 o •. 7 4.17 10.0 
tbyl 4.15 

13:.?~ ~-nitro Itt Pben,yl !j - 2.36· 0.5 4.27 10.0 
pbunyl 

Ettlion ~t(2) Et(2) . meti~l$!le 1$(2). 8(2) l.JG o.s 4.2 10.0 
4.18 

~araoxon ll!t Et 4-ni tropbeayl 0 0 ]..39 0.9- 4.26 8.5 

.iJ~a:.n!o:n Et fh~ ~.t-Jlit.rophanyl s 0 1.37 o.s 4.25 10.0 

.. P.hellC tipton · · , i&t ~t metbyl.(2.1S..di- . 8. s 1.36 o.a 4.~B 10.0 
cbloropnenvlthio) 4.16 

Phorat~ Et Bt; methyl :~hioe.t.byl l~ a 1.36 o.s 4.18. 10.0 
4.11 

- ""'hi in Et l~t 2-l~azin.yl 3 0 l<''l 0.8. 4.35 9.0 .t . 011!.'13 •. :t 

~ri~bion ;lliC jgt 4-cbl.oropuooyl- s s l.aJ o.s 4.12 10-0 
tbiometby:l 4.09 

_ .. , _________ .. _.,.. ___ ,._ _ __.._ .. _~.......___-.... ----~t'"--~ . ..-.-..--.-.--......___._ .. _~ .. ---·~--·--- -. .._..._._.,. ______ •_•'"':""'-.---.-..,...,.,.._...,.;q;--~_... ..... _.......,.,. ___ ..... _.,_.._...~._...._._ .. ___ ._.._.,.._~-f"eroo..-o"•-.;--.- .. - ....... _1...,,.<Ao.r,w ___ . _____ ,..IOC... - ··-



Cb.oaicsl ab1t"ts and coupliJ:lg oo.ustan.ts in pbosc.i.P:ln isomers 
(2 ad a) 

a.se . a.?o 

a.as . a.a1 

J.·70 

trans 'rh10llOPbtH'Jo 
drill s 3.6fl 

.. 

Coupling 
oonstant 
J(003.0P) 

lb 
., '"' 

14.6 

. .:..-:::=..~--=-- ..... ..,. ....... ~:::::::::==::==~-=~-=- ... ~l!...--!-o.IW~~~::...~~:;::: .. _~-=-==·~-==== 

· ... ~, .· 
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LQng .. raDgG coupling cons1~~~s in pbosphcw'aa~itdat~s in CDoia at 
~4b1~nt ~omp&rat.ure. 

_____ _,.. ________ ---:~--....o.-~---~ ..... :.-r-··----·~-_... ..... _ .. -

SUbstituen.t 

al 

i 
i a 3 

Cougling conatant 
J(.P-N-C.C-U) 

· Hz I --:::::::====::=:::===:::=:;========--""- - ........... J ....... _ __.......,._.__~=~ ,_ ____,__._ ... ""'""""' _____ .__'!""'*""__.,__ __ ... ___ -~-~~--:-- _ ... _________ ... _...._. - - .. - .. .._...~---~--.-·· 

Ct. 

-b-et 
/cn3 

··CU . 
~cu3 

0.7 

o.s 

1.0 

0.7 

l.O 



31 l. 
n'$tl"ogen double bond. 1:ne long.,r~go P - H oout>ling c:onstrmt 
.. 31 

J.;~ P - ti • Cli3), al.t.hot~gb lflss tb.an 1 llz, is aJ..v..,s observable 

(Table -. V:t). 

A a:l.g.n1t'1ccmt .raarrt:u~nt or two bydl .. Qg·m atoms to 

pbosphorua cormec tad ozyg~ls uith tbtJ el.im1nl!ltion of an alkyl 

group occur a at tba f'iltrst. ·tJtap of tb.e tragmantat1on cf' trialk;rl 
(3) 

phospbataa • b»»OP e.M:amPl,e, triatbyl phos.Pbatf:l doo()mposes t;,'!ith the 

t"olloving <fonsenuitive 0lia1aiation or two 9'tbylene molec.utea, givin{~ 
+ 

f1ilallY t,ba intense p~ak ot lj\tili)4 (m/o 09} ... 

. \ 

(c,woo)3P~t 
mje_ 1g2 -'1')-yj.e_ 12. 1 

J-'-2~ 
+ 
P(ol+)4 , 

"'mje 99 



·~ 
'· 

!i:oo fragment ion rtJ/o 127 also decomposes in a'notber vay, accompanied 

by the e11m1tlation. ot water• ms snow belowa . 

+ - H-2-0 + -C2-1+4 + 
C
2

1i
0 

OP( OU} 
3 

Cg1i0QPO(OH) -7> OP(OH) 2 

we 121 m/e 109 m/o Bl 

B\) 

~ S(O) 

~'~ -0 
- /4 

/ (S) 

ao/ 

is comf].ex, tile successive :t"earrangement-rragroaut.ation cloas 110t 
+ + 

al.:ways g1v$ tb.e final ion P (OH)4 (ro/e 9tJ) or (W>)aPSH (a/o J.l5). 

Tbeo base peak !on. (m/o 127) tor wev1nphos Md phosphamidon. 

ts postulated ~o be formed by tlle doubla hydrogen reQrrangement 

mentioned abovu •. 



{ca3 o)2 P( o) ... o- 9 = cuco
2
cu3 

C-14.; 

·' 

;--. + 
~---'7 (CH30)g i (Oll)2 

m/e 121 

2be (Sass spetrtlttlm of J/t\l:'OO~on 1s . simU~ to paratbiol:t1 and 

~illiU. bas~ pa!tl.lt ion (m/e 109) is probrn.'bly fforme'd by the reac-

tion shown belov ~· 

+ 
-----3»- ~u5o P\O}Oii 

.-2/e 109 

Ptn"ao:tou also g;1vas rcla.tiv~ly int,znso p@f.lks or l·aarx:ariga­
- + 

ment fragment ions.J?(.mi)4 (tt/e 99) rm.d OP(OlU; (rve Bl). · 
., ." ' + . 

,A\nottiar fragment ion• role 139 (lio.c6n4I~i~ _>, raay bH fovi'aGd 

clue to o< -cl<~avage of' the- mo1&tul.f4..t- 1on w1tb hy&.-ugen 
'·'•'{ I 

·~~ .\ 

Dimethyl pilosplwrothionates such as· parathion-methyl 

a11<1 fen11trothion also give a fragmemt; ion of we lO~~. l-lore. 

ov~~~ tbesa m<~tbyl @stars, almost without eJt'CGption, give 

rr flittUG.llt ions or m/ e 1251 1)31 791 63 and 47. 



I 

-~ .._. 

·:~_ 

prol;oably dua to o( -cleavmge., ~his typ& or fragmo-.n'tat1on is 

most cont>ton w:Ltb almost all phoG{)b.®u.a t:Jster.s, incl'J.Ud1ng 

o, 0-dialkyl pbosl,'lllat!'Js, pb.o$Phoroth1onatetJ, pboa.Phor.othi4Jlmtos, 

plaospbot·oditbio4ltes1 Bn!l al.so tl.alkyl alk]rlpb.osphonoditldoat£llS 

such a!S tonafos. 

+ 

diazoxon 

+ • 

. } : ' 

I. 

f!J/o llO 

+ 
(¢gU5o)2 PO 



--{ 
' 

(22) 
Cooks and Gf!!rr~d . obse~Ved that 1n CI.M>& of' sow$ phosphol?o-

thionatea a tb1ono-thiolo ~e~_t-ran~Gtwmt ma1 'bo indu.uad by 

electron i."'P.aet betore GUY f1tSs1on ocours; 

In or'IZ:nllOPbosphol.,Us past.1c1dos having a P-a-alkyl(Zl 

bond, (;> ..cleavage at tho s-alk:yl boud taH;es olaca very etten 

to form a rolativ&lY' intense .!)Galt with tho charga on tha ~ 

moiety. ~be base paQks of malathion (m/e 173)1 .tmoamet 

(rfi/e 160), az:tnpho~~tbltl (wo 160} carbophenotbion (m/e 

lffl), atld k1tamiu (m/e 91) ~0 all dUO to tbo (3 •Clt'UlVQg~. 

m/G 160 



-.~ 

1t 

m/e 91 
' ' . 

Iu some compolJJlds, ·tna p -oleavage oocu11s accompanied witb 

X"eia:tl'angement. ~ba base ;P$a\t of' disulfoton (m/o 88) may 1'e 

clue to suub a :uearraug~ment forming tetrabydrothiofw.•® ion. 

·.-r-. 

d:tsuJ.foton rVO 8B 



The OJ: (chem:1t.lrd .ionization) mass spectra ot severW. 
. .. ' 0~3} 

organopbos,pb.o:rJus .Pesticides WeJJ'<it ~leo report<~d .• 'ibe 

de·termin~tion· of'· ;;;a·tastabla tranm1tions in the mass spectt•a 

~t Abate and l~ic apthon by dit"oot analysis o:t daugbter ions was 
. ' (ft4) 
als.~ report0d • 

,1 •• ,~., • ::· ••• , '. 
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