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Qle of tha most imi-mrtant classes or pesticides is tbe 

Orgmophost)llorus cOJ.lpountis~ ~bstruwes vitb a great v~iety \it 

pesticidal prop~'r\~iea ~e f'ound ®on.g tile · 'tJrganophosJ:lhorus ConJPQWltis 

with insecticidal• tl.e!lll"i~idal 1 nema:too·1.dal1 .. fungicidaL, hel•b1e1dal, 

an~elmintic,, insect sterilizing ana rodent1eidal pro~ties. The 

davelo~ent or organophosphorus :90sft1ciaes resulted rror& tha. researches 
(l.) .. - (2) 

ot P.rofessoP ;~br'ader- in German;, and Proi'essor saunders in &lgland, 
:' ·\ . 

saunders prepared some nerve poisons, inc·lud1ng :0, O-d11so;ropyl phos-

pb.orofluoridate (l~~P).. -In 1937,. Sebrader found a nont_ac:t .L~seetic.idal 

activity in sOiil<e O;Joga,nophosphorus compounds or ·the goner3l. formUla: 
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Wne>~e n1, a2 and a3 mre alk3l groups1 and nooylu is an 

inorganic, ox· ort~rulic acid l"tittical sucb as Cl1 ¥, ~H- nnd ou3coo. Since 



· th1a time, extoos1Vtl researeh in this field has resUlted in the 

discovery ot thouGands of" ccmpatulds with pest;icidal properties ot 

every d.escription. ~nus thf.:l;~\;1 are compounds with very short rasidtml 

action such as TE?? rmd .?llosdrin ()r uith prolonged activity such as 

Diaziuon and Gutbifln. Tller~ al'"e broad spectrum insecticides such as 

!Pa:vnthion ~and material mth hig!lly selective action suc:n as Behrado.n. 
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'j;ne u.niqu~ properties of c~pounds au.eh as S;ystox nave re.stutu4 in 

su.caessfu.l Plant syat;el'i.\10 i.nsooti<!id.@s, and 'this has been still i"urth.er 

l"Gi.iued in seed and soil tren;tments Witb compounds such a~ Phorate, 

s 
u 

(Ct tfg'O )e - p - SC-\tlS Cz. H; 

Phorabe (T~ime.~) 

Sali thion 

0 
n 

(i- c 3 H7o)e -P -F 

DFP 

f enil:.Yo thion 

s 
II 

(_cl ti 5 D)- p 0 C.Hl.C.K-e sc.2~ 5 



L" :. 

-· 

suob as &m11el ean 'be ted to eaztle #I k:U.l cattlo grubs living in tb.a 
-;:·:£: . 
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poison action but virtually no contact aetivi ty and at"4;1 Q:ppacia.tly 

U.S~af'ul in j)Oi.son bnits. K1t~zin bas fungicidal activity. f:I.~ az1r.1-

dina deriv$tivem or phosphoric accid are ,t:lctively studied f'or insect 
e 

eb~!!oste·ilrm.'t$ ( tppa, thiotepa). 
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~he great advanc~nt 1;1 agt-ieultural ,pPaetlee, :se1ent1f'ic knovl.o.dge on. 
t.ll8 s·~ ture.8C;t1VitJ' relatiolt~hiP,t ·au.1! modo or $Ct1on oi" {;j~rgano.Phos­

phot-us pestieidt!ts were- :aehievad by- th.~ di:scrov~1~ ot Farat.hi.on, dieth7l 
. . (3) 

p..nitropbeQfl phos[~1ho:t'otll!onate by .tcl'u1ader in J.g.q,l • Parathion is 

a-x~tmlaly :ta:d.c to ~:aaeals fls w~ll t~~ to insec~s. Mm:ay less to:d.c 

pastieid&,j; tifJVe 'b~n :3,Ynthes1zed b3 slight strouotural m~d1f1oa. tions o£ 

par.atb.ioa; tor exMPle, t7hl~~hion (ln. 1952) 1. Fenthip:n l1n l.96eU • and " 
. . (3),. . . 

i"~llitrothi.Olt {'in l959) were discovered. tiialatlli.on was dime overed in 

1950_1 and Demeton in l95:L., In 19521- tlm Pe~kow 1"eaet1® 1i-as discovered, 

and ~any :iap~tnnt "'J'i..llil phospnata &-sta-s have bean Lvatroduced QS 

pr~atical pa'St1cide$J $1nee theil sev,w.al new cOill.PQwtds Mv~ boon deve­

lope<~ and B.Pe in c01it"4En"~ial usG. Common or tr'ade nrw1es, cilemieat struc­

tures and other properties (,)£ SGVOJ:Q!: Ol1gallOl)haspborus pesticides have 

been given in appendix - 1 
' 

~h~ •oet ~rt~~ advantages of the organophosphorus 

eot$.PoutM~s aff. gestin1des are (i.J hi&h ·pestic1tiSll activity, (i:l) broad 

.sgoo trum o_£ ~ tion on pes·ts, (~U.) lov · persistence a..nd bt~eatdown to 
toxlc. 

f!>m produc-ta non to:dc or- !JligbtlN" to .man and: a.'lil!als., (.iv) S¥stamte 

action at· a number of Cotl!)O'tltlds, (V) bigbl7 selective $;TS~t'mliC inseet1t. 

e1dtil acto1v1t)', (vi) l~ dt:Jsetge of CUlllllflWld per Ull1t o:t area tre~ted,. 

(vi$) r~lpiu:t"ty ~,r ne~11m on pl~lt pest$, ( v1i.1) relat;!ve!..v ra~id raeta-

boli~ in vertellrn:tt;il$ ~nd absence of aCeluaulat1on in th$U bod-ies" and 

(lx} also c-~mpal'atiw}J' low e~onio' tonc1~lf,, etc. 

7:bs ~tJl"SaftO!lboaph~us pe;stiu.id:es owe their biOlogical 

ac.t&vity to inhibi'tion of enzyme ebollnastEtra$9,1 the role· ct" vhich 1s to 



hydrolyse choline esters, mor~~ proo1sely acetylcholine. S!nce this 

inhibitory action oft ensYlJle. ®tivity mainly rtl'?l.l~tes to the pesticidal 

p~opart:l.es of ~)rga...'"l.Ol)hosph.orus eompotutds1 the topic is dealt with, se­

para~ly 1 in the. :f"ollOWing cSOO'tiotH 

~her~ ~0 a variety ~· estera.ses which hydrolyse eal~boxy ... 

lie cs~::rs. 2hey tth'lJf be class:tt1ed into .three groups (11,15 and C est(lr­

ases or 1i-typa1 timaed arylestera.se (3.1./1.2) aro not iubib1te~. by o.rga-
. . 

il9Phosptwrt~s bu.t bytir~lyse tbem. ~·bey ;SGl'"V$ all import·~nt role in tho 

deto::d.c~tion ro.ech3..~ism or organophosPhorus pG:Jtitd.des. n esterasas are 
~~\';, : I 

readily inhibited by orgrultlpoospuata$t~~d involve earbo:qesteraso 
., .~. - : 

(3 •. 1.1.1.) or al1estel'~~a~ Wld clloli.nesterases. C asterases, or acety-

l.es~orases (3.1.1.6) 1 neither hydrQl.a'se orgnnopb.ospll.t'ltas nar are inhibi­

ted by tbem. 

lm.y nt tile several en21mas tl11at bydrol.yse choline. esters 

is called cholinesterase Wl.der class». 7ha enzyme that .~ticul.arly 

bydrolyses its natural mibstrate, acatyl choline, is eallCid acety.i.­

cholinestol"aso (AC!lW) Wlfl Plays an ~tm~t .t?olo in nezvou..s system. It 

oecurs mainly ira tile erythroc:yte of' most ma~lion nervous tissues cen­

tral uervous syster::11 ganglia and mo:utor end-pl.ate.1 and. electric organs •. 

J.:ox.le organophosphates and carbamates .inbibit this ermymo. l~5etylcbo­
lillosterase 1s also ca,lJ .. ed 11true cholinesterase'" to ·u1st1ng..t1sb it hom 

a simU~ em:ma, upS9U£io cholineaterflse'r (D-aCb.t£i,1 that. is found p!~tma­

rily- in ve:11tobr'ate bloud serum ,and SQi.lle- m__.gans., such ~s. the: pll11Creas1. 



heart and l1Ve.Jr. I~ do~!s ~o~ particit>at& in nerve f'unc·tious &ld 1 ts 

pby:s1ological_£uootion i.s still UQim.own. 

L~ eonooe-Uon tnJ.t;b tlle mt)de or aet:too nt organophosphorus 

iu~tioides, cholinesterases of insoots ~e mos~t inteY:Gstintt to under-

, . 
nates ot adult inssets are ge.~3l:Ly u.~ili.Zetl as enQ"i!le propar~tions. It 

may be etass1fi-$d as a.cety-lchol~ostet':£&se_; it p~:r$ acetYl. cbol.ine to 

au;r oth~r chol.ine esliars of: homologous bigf.tt}r acids as $ubstrata; the 

esterase aet1 vity 1s inh1bii;$d by bll.ib c~ncentration of acetYl chottni:> 

Uovet~er, the fl.yi1e-ad ehol.ina.stw."'&SO is distinctly different f'r'am m.amraa­

lian AGb!!: becaltse it byl'l;roly~~ butyl choline . at a:bout half the rate if 

acetylcholine, vhm:-e~s mamrara.iaa AC~ ,actiVit~ t.o bu"&yryl coolinf} is vary 

.1.~ low or llil. ilnoth$r inte~esting pro~rt;,r of' t.b.e inst;:~t cnolina'sterase is 

tt~uit 'it is ooti:'\fa:5Bt1 abO'u.t 60fo in t..~ t~resmln:G of 2 to 3;15 n-butanol Md 

_) 
,-

is prtJtooted by ·the ora~e oolvMt, fr'om J.nhibit1on b.V Ol"ganopnos.Pbates. 

Choltnestera$e ·ts distr-;Lbu.ted; maillrty m tile cootrat nertl'tms system o:r 

insec;ts, ~~tic:nlarl11n t;h.e ~;zne •. 

2(b) t~ectlanism til Actit.3U of leet;vl C-bolin~$te:ea.se. 
... I J • :Ill :II *.l_llt .. 8i P ~~~tt t l 1M I t .A ' .. ';It ttci;:l , d ~ - ........... ., 

ln oJui~ ~o Ul'l®r:~tand the tunction of' ae·otyJ.oholi.ne and 

c:llol;ln4:steli"~se, it .i.s uooe:ss~y to ~iseuss br";l.efly the pbysiologieal 

prooessos involved. · At m;r~neu~al Juriotians m r:aamtaal~ and in,_!nsec:.ts; -

the t~,11minal· porti.on iiif rln.scl~ tmd t.b.e nerve f'ibre are at a slightly 

neg~tive potential ';litli res.a>oot tn too. o~H:.::;:ide.- If this gradient :ls 
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altefi.ed_ ,~ tii16't the inddO ~®OS l.es~ negativei an::'ac tioD.:.lJOtent1al : 

aove~s:~:down, tbe.::nene; -,whein t~s-.potautial reacbtl$. too .r~ve mtding at 
. ' ~ . . 

' ,y .. - .. ~ 

t-!1$ myonauvtd jUl'letion• ae~ty.leholble is ~~ee~d and diffu-ses tnrQu.gh 

the ~~ · '!!~~~~: :~l~- n.~~ve ~ld tb.~ ·muscle (tile ~a_p- is. about lOt> i wid&) 

mtli is ilb$~J1'bQtj into the. S1.USC1EJ en,fU.ng. ~hi$ int~actlOn Ot tl~~~(llbhtl­

lilfle \f.itb. t~e receJttol" e."lti '0-t the rdJaele gives ris0 to ·an .action poten­

tial in ·ene tmool.e t~nt l"lJSPDllds b~· pert~g worJ4 that ist contt-at:.t-

. :ting. J.~~l"_ its ,PW."pose is •compllshed,,- tbe ace-tytehol1ne -l_s ~olt• 
. . ' 

sed by acatyleholinest~iSfl '(Choliliest®rasa) mtd tll.e mu;scls returns to 
- . ' - (6) 

it;s original. .state1 :t ... eady to r-eapunti. to.· tu.twre sthi1u11. · 

2he r<lootion batvoon acetyl choline t.Aali.)· and eholines­

~~ate ~) . takes -place 1n ~hr-ee s"~ages and oan be repx-esented by the 

f'ollowlng -sequence~: 

0 0 

'u .. 

' 

· - lkLii P!l ~~ ~ c~·'"'' .· Oliala--...:2""'40 - ·\Of ~ """a ... "'~n 
. . 

11 
I UOi~a '.1-· -_ t_, · P. ·"-.H-.'.. x"l ~ ~-- .u& 1>Jt"• .I~ _,.vua'3L'.;;r4u • ~ -~J...._.n 

At tbis stago . tile~e 1~ an eq;uU.ibrium 'between tbo enzpe 

and i.ts su'bsti~f!te on the on~ band ana tbe complox of: the two on the 

other~ 

+ 
(Cfta)aNC~ OR 

Choline 
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5Z.his eomp}.ex )"ields choline Qll.d a(totylat~d enzyme m ·the 

s~aond stage. !he f':lunl stage is tb6;l deoo.etnation reaction in which. 

t.b.m ooatylated enzyme 1s hydrolysed to g1v:e ·tho free onz!fme and .acetic 

a.cid • 

CB "~"" & . a .... V' •. 

· 2be act>ive center of acetyl.cholinesterase ( AC~) l$ 

structurall7 eomp].emeritary .·to its S"'tlbatrato acetylcbolin~. Acetyl 

choline eo.n.tul.ns·a tr~sth1l ~1um ,~:;np vith a po~ttive charge on. 
' ' 

N and an ester· l.ink:~g~. In. foot, the c·atatytic: action of acetYl. 

cholinustei•ase is dt&G ·to th~ st.rueture o1!' tbe enz-iflle_ protein itself'. 

!"olding the· p~otoin molQn~o, ·cer-tain $~duo acid residues at distnnt 

sites of the chain ~e bt'Olll'tilt clo)se to one another to .fora an aetive 
. . . 

zen~. Tl:lo active ZOlle contlains t'Wo active sitos •. ·o.ne bin,ls the tri-

matbyl at!mlonium. group and is con'Cern~d ch1e.f'l7 'With spee1f'icitJ (bin­

ding -site o,~; nanionie siteu) and the nther- one, uhich ctlta.lys:es the 

hydrolytic p:r'oc~as of tb~ substrate, is Pelatively •nanspecifi.c' 
. .\1) . 

(e:~t~ratic. ;;ito or catalytic S~iteJ. · · 

2(b).. ( i) Jid.nding site: 

X'he subst.;r~ta specificity of AC!\E· for tfster containing a 

cationic grt:m.p sugf;es~s tbe presence Qft ·an anionic· site in t.t.e active 

zone which at;r~c-tm, binds1 and orients ths ,substrata by electrostatic 



A ·-. 

torces, fatlllita.tia&g tbS~ attoolt of tho esteJ?tttic site. The metll1l 

groups of · ooetylclholine saay ~onsr1laute considerabl7 to the binding or 

th~. substrate' ·te the ~~ ~ota.in m t~s of f1¥dr'ophob1e for:ees 
~-·; ~~ ' 

· be:twen the a'lleyl gongs anf! tJ.Oa-pol~~ portions otl the pro·t~in mole-

cute.· lile ,no.tl.f.ol~ })()ctiollS ~~:e eV14ootly s.t t.he anienic site, so that 

'the anionic si u billds 'th~ cationic portion _. ot th'0 <l#l)'~~te by 
.. '' . • .. <:; (7) ·,,) ·,·o... • . 

electr'~$ta.tlo: nnd b,;r~phobic. :forces • A tte.ai( 1nteFact.1on ~tween 
. ' - . ' -. ;;;. ·t ~- ' 

·the ea.r11®11 group atld the ea~ti.c $ite may also pal.l'~ie4.pat~ 1ft too 
f1:xat1o."l ot tb.e submtroate:. 

Aeb!. al$0 eatalyses too h3"bolY$is of' some non-cationic 

e$tel"'St $U(dl 3$ phen.,Vl ~-et~te,; !ndoxyl aceta-te a.D.d indophOOJrl. acetate. 

·rt ·a.pp~~rs th.at ·thfl.S$ :l~bstf'nt~s ~isltl w!tll .;~bJ& at ·dttf'<~ntt site:~s trom 

th~t tot• ~e($t1].cholioo h!n.d;:tng~ For ~aple, .an alJeylati.n~ ~nt tiC~ 

(~btoro-li ... (Cbl.OJN) :etbyl) ... Lmetmyl.-2-p~l ethyl~) inhibits 

cOiaplet~l.Y. the ~t~-:tvit;3' f)t ~- .for aoot~:yl.chol:tne, probably nue to 

a:u,;ylat:ing -the ~ollie". attn b\~t, on t:nra eont¥!'ary, eni"W;nees t1te activit)" 
. (8) . -

tor.. ~tiqphenyl ac~tate · • !:bis alttylatiQu o.auses a ~~era.te inbtbition 

to:r." ~yl ae~ta'te and 1ndol1Q"l .ace~ta. ~base ef.f'oots are atl due to 

cdmngo~ in 'i'a tacy~(ition p.rocos$) ·w-& r.ot .f'a (f'omaU.on or enzymo­

sub$'tr~tG co~pl..ell),., O' Brifm ~oPQ~. d_, tb.eredl'o:reJ. ·three dUT~ent 
- . . (9 

binding sites !'or AC~i o( , p . cm.d ~ sites • :fhe _ o( ~site. 

corresponds to. t.~, anionic site and binds mtb. some a.Utrlati.ng agents . 

sunb as Mml as well tilS cationic snbstm~ces· sttctb QS aeotyl.choline, 
- . 

choline etc~~- fbese subsJ;BllUes are called *11 d... .agent$•'l ~ The {?>-site 

1 s rt~sponsi'bl:e 'rq'l! b1nding 1F,!.j~h orgooaphospi}.at~s, . carlilmaatess pbpnyl 

nca~~t~ D;nd Uldolcy'l acetate~ It is .a . nrar-ophollic· pO~id.t.:Yl,. tallJi the· 
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interaction with these inbibito~s and .substrates :1m waakaned by 

o(. •ngents. Xbe ~ -t'Jite combines with Uidopilenyl seetate1 aeat7l 

nuol"ide, etc. and is postuli'!ted to shi!'t in1;o the vicinity or the 

esteratic ®ite by the conf'igurat.ional change induced by tha act1on or 

t ' ~ 

•. 
shaped 1~ith a maximum at ··~pp~oximately pH 81 M.d indicate the r-equire-

ment of basic. and acidic- groups in tr~ catalytic site o.i t.he·se -anayaes 

because the charge o~· acetyl cboline does not change 1n tbis pli range. 

;f·ne decr-ease in U.Ct,ivit~ at. lover. pH ma:r be due ·to inac:tivation of' the 

basic gt"oup by _vrotoootion. X'ha a.u.tiv.t:ty ~op a.t the bt.gho.P pli ~.·ange, 

on the ~tllt::r !utnci1 is attributed 'to a.e deprotonation ot ·the acidic 

group~ According t<). A:rupka, two cat.QJ.ytic OO.l.y aetive basic grougs are 

illvolv~d in ACL'.t.U;. on!! b'asic gt--oup \~1) has a ~ val® Qf· about s.s and 

tne oth~ (:52 ) has a 9Ka or 6.3 (J.O) •. :£:be. c.~talytically active aeid1c 
H ··~ . (lO,ll) 

·group ( A:'l) bas a 9K(i value 1n the r~ge. of' 9 •. 2 and J.0•4 .. Be ... 

terring to the pK valu$s of t1tnctionat. groups involved: .in prot'Sin1 the 

imid~zole ~ou.p of' bistidi.n.e is most probable as ~h of' :the tV~o baste 
. ' 

grou.ps· !SJ. and 12.: As :t'egards 'th.t3 at~tucture ot .. the nctive site of' 

chol1nester~ses, more d~acti evidence on ehemieal enal)"sts or componfJnts 

of ·the pa enzyme protein bas been t"ound. i'lle method involves a. 

specific rcact1on of ttl~ aetive td te of ~l en~~ f'ollcn<ted by . the ana. 

lysis of tna· groU!ls. invol1ted. Chollnosteraaes, carboxvestera$ltS and oo 

called ~·~~tne proteJlses:f· such as ebymotrypsin and trypsin r~oot 
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stoichiometricallY with orgmloph.osl>horus est,sra such as tiisopropylphos-
. (12) 

pboronuoridato (Dt'~P) to f"ol"m an e~lzymatlcally inactive product .. 
.t"urth"OrJUors,. the Sllbstrato prGvents the inhibition,. iltdicHtting tb.at the 

reaction occurs on a cotrt"l""l'l ~tive site, tb~t 1g, an esteratic site. 
. ·. . . 

AU sucb e~l3lfmos inhibited by an o~~anopbosphat~ l.a~Ued with P .give 
. . D . (~,~) 

iJ-phosphorvl. serine liftt~r hi(h-olysis of tb.s prfJ!te~ • m hydro-

lases .st~"sitive to orogan,o:pboaiJbu:t!u.$ .tnhib:ttors have ~ dibasic amL"lo 

acid· (glu~am1c acid :in e,sterases and aspa!'n:t1e acid a pro teases) pre­

ceeding t .. h$ phosphory:Lizable serine, ~ich is followed by Qlanine (in 

ester:1se) or glycine (in m.•oteases). Zbesct i'illdings nugi;ast tb.f-\t tbe 

hydroxyl group of' seJ."ine in t;ne · amine acid n:&q,mmce tltu-~-tU.a ~J:" 

Asp..Ser-Gly lllaya ·tan inlportant p::uot in the eatal.ytic site or estcrases 

2(c) 'the anttllytic mec.t'ltmism •. 
I I I lit ._,., .......... n:t ' ........ a • ._... ......... ..., ..... 

. As fr~;~e $erina neit.ht~~ ca.tatysos tho hydrol;ysi.s of esters 

tto.t" :roaets 1!1itb organor.>tto.spbmtes,. tb.e bydroJql aroup must be activated 

by othGr wn.tno acid .groups in. too enzyme mol~_ul<!!.. UoveVt'?~, 1 t looks 

more probable that ·tbe imJ.dazole · gl!'oup o.f.' b.istidintl is respon:s1tfle for 

the activation ot serine-bydlro~l, i.f' its pOssible participation in 

catalysis is taken into co:tls~~deration. :!ita !"'ormation ot a hydrogen bond 

bet\-leen ttm doubly bonded n.~ .. ti'~'ogen or the unp:r,ootenatoo it'41dazule rllng 

and the by.tit'o:il;.Vl group of' sel"'ine residue frJ9Y crea.t;e a pnrtinl oog~tivs 

charge on -tb~ oxygen ot serine which ma1 attack nucleophilical.l,y the 
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ctU"bonyl ·or tho substrate (or tb.o phosphol"Yl. of' inbibitors). 

file aeyl~~t~d serirle thus t .. ormed should be ra9idly hydro­

lysed. KruP.ita sflo'-tred t.hat one or ~he two ac tivu basic ~oup$ 
' 

(B2,pK
4 

5 •. 5) in tllo eatru.ytin site _or aoatylcholinesterrase functions in 

acetylation of serine bydroxy'l. and is located within 5PP or the anionic 

site and ·anothe1:· basic group (B1· 1.· pl£0!1 6.3). tunctiona in deacet"'" ation 
'"" (lO) ..,. 

and is located at 9A0 f'rom tbt) anionic site • 'l:be hignar pi\. v~llue 

of B1 is p~obably dUe to the inter~:t,ion of carboxylic acid near tho_ 

ln~sc (~1tb1n 5!&0). ~bis imidazol~ group activates a water mor~leule to 

attack tho acetyl ser~~e by abstractitlg a proton in a similar way ns 

the activation or serine-tq-droxyl. in the step of' acetylation. The 

Pat"mit tlle joint attGCk of ~be aetive gr•lups1 which ~e not adjaeent 

like .1midazoles and serine hyt~roxyl. Accol!'tiing to the induced-fit 

theory proposed tu Kosblrutd1J. it is not a rigid template, but is flex­

ible and indUcible by the stlb:ttrate to align catalytic grou.ps propetij.> •. 

Tb.;e most probable m~chati1sm i$ pre!5lentad scbeme.ticallf after r-:rupka, 

a~ sbot-.'11 in the l'~ig,. J.. In this active acidie group /ill (pKa · ~1.2 -
I 

10.4,) ap1leat-s tQ be the ,phm.nolic hydroxyl grtlUP ot tyrosine. An 



'' 

intelNnolecutar c.ar'bo~~l;;};te ion in the ater;cally·p~f>~ position rela­

t.ivo to the este:r bon~ accelerates ti1e hydrolYsis by nucleopbil.ic attaclt 
' (J.-?) 

to tom .an inte:rmedial. ~nby~ltt0,. 1~hic~ is then rapidly b.ydrol.YsfHl · • 

0 0 
II II 
C- 0-C-: CH3 " 

:; . . 

OH 

Unl.ik~ ~ !l'(~'rvm•sible i.Wlibiti-nn by qlUlte.tmary e.mmonium 

comp_ounas. ~e inbibition. or acetylcb.Ol:lneste:t1oase by or.g~'\llOP~spha.te 

e,st&rs is irreversibl.e and baser4 on -pbospboryl.ation of the est~!lat:.ic 

site~ By an analogy oi" tne en~e substrate intoraetion, the morlel 

proposed by ~upka ~ })g ~i>Plia.d ·to illustrate scltet;intically ·tbe v~­

action of o:f'grutopbospltoz:"us inbibitoPs with ~hE (Fig. 2). In t.hifl 

sehome, S .ls the tm~tmic, site or the hydrophobic- l-iiinding site 

~be r-eootion 'basicatlv covresp~ds t.:) 'tho acetylation of' 

the site in tb.e num.al process ;fov. t.t"le enzyma&ie r~olysis of the true 

: substrai;e a.eetylahol.tne~ It ~ay be: shown by the following equation ~ · 
" 

~b.e :rate ~Q~tmt :it is given as 'beleli: 

',_ 
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Fig. 1. Schematic Mechanism of action of AChE, after Krupka. 
{l) Enzyme- substrate comp\e";( in AChE . 
(:n)Oeacetylation of acetyl- AChE. · 
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II 
(80) PX + liaill 

2 
(uo)

2 
P - om + lL'{ 

It = .-.!.. ln lOO 
t.t b 

Since tb.e concentration Qf' inhibit!>~ (I) is t'lllch higber 

thrm that of' the ana~ (e) in most ordinary expar1moats and oonse­

quently alraost col&strm:t over tna course of reaction, the bimolecular 

t'"eac'Clo.u. shows first-order 'Kinetics. 

1\1. tllougn the illhibito~y potency is more prol'>er~y ex­

pressed 1;y t;l~~ rate con.st.mt K, i·t. is often expressed by the 150 value, 

whiob is the molar concentrtltion or tlle inh1b1tol~ need~d to cause 50;i 

inhibition i,)t the enzl!!le activity at .a tixed time oi" inCubation and is 

given· by tbe tol1o\41ng ~"f:pression.; 

I = ..J?.693, 
50 t K 

Correl_atiou betweoo 'tha x-eactivity of a phosphorus ester 

and its inhibition or chol1na$terasa, borJ&ver, bas not alt<~ays been 
. {18) 

ideal, :md Hain introduced a lf1n.etic- treatm~nt tor the reaction that 

taites into aceount tne revm-sibility ot- tbe complex. ~his reversibU1ty 

11.1 d~pendent on the aftinity or the 1tlh~b1t1ng c®pound for the aetive 



sit·e of cl1.0linestarase as welJ. as on th.a rate of' phosphorylation (}"1g.2). 

Dy utilizing di£terant Kinetic me~bods tile values f:or Ki (a.f'tinity 

cons't.), iCg (phospbo~y>latir,}U CO'.ast: l, and Ke (bimolecUl.f.U' .inhibition 
(19,20,2~) 

consttmt) !lloq be determi.."led • Because or the high value of 

the pnuaphorylatio.."l con.statlt K
9 

and the rela-tively hi.gka value of the 

af'!"inity c011sttant r~ = K 1/'"' , tha amount of' complex: present at any 
... ... ''"l 

. given t.ime is extremely small, and this is vby t.he: reaction :tollovs 
' ' ' (19) 

r:trst-ordt:~~ ltinetics and is bimolecular. Fukuto bas hypothesized 

that staric factors also play :~ signi:fieant role in tbe inhibition of 

tha snZ1l'JlO ~.n.d possibly 1;b.& affinity <.H.)11St3!lt K1 ~m~ be af"feet$d by 

' 

lr the acetylcholinesterase is destroyed, is irreversibly 

bound, or forms u. complex from t'lhieb it is released llore slowly than 

un4~l" natural cond1t.1on91 its substrate, ~etylcholine, is not promptly 

reroJ)V'ed from t.ne recept.or su.rtJJ~ce of th.a muscle. 2his causes t.he muscle 

to remain dopol3.risad I.ong(!'!" 'tilan usu.Ql and gi:vas rise to sevo.ral action 

potentials passing through the tlllsela. l!be reSUlt is a twitching of the 

muscle leat!ing to tetanus and eventuallY paralysis of the muscle. Deilth 

in m&tmtal.s occurs as a rasat t of' aspbJ'xia c aut~ed by the paralysis ot 

respiratory m11seles. 

Sh'lco mo:1t Qr",atloPhosphorus msccticid~s hydr·olyse, th~ir 

persist~ce mnti/Qr' appelV."ane$ or hydroltsis produc.t.s raay be obtained 

from. Kinetic studiO~h llyd~·olxsis r~tes · C>f th.$SO ecmpOunds anti their 

matza.bol1~tes are or int:ere~t since cnea'Iiic·at hydrolysis determines 



_l .. 

whe'Chee or not toxic residUes will per'sist. 

~he r~action between an organophosphot'U$ esters (A) and 
(3) 

\'rat,~rt base or acid (D) obeys second-order kinetics • 

~ = ~ (a - X) (b - X) 
dt 

-
wha"'e .a and b are t.he initial C•tmcentration of reactants A and B 

riii!sp~etively1 and x is the decrease: in conc~ntrat1on after time t. 

In C'lUd.itions wh.e~e one reactant B is 1n large. excess or where the 

collC€!ntrutiQA ot b is h$ld constant, the !"·eac.tion mny be regarded as 

ps~udo first-order a:td the above equation reduces tor 

dx ;; KJ. (.a - x) -dt 

:t-= 
50 



. ' -
WbsthGr t~he P-O( il) or { ij) o.n bond is rupture.d dOiimlds upon the structure 

of the pas'tieide and the byelrolytie eaudi~1ons. Various mechanistic 

studies 1n d8 lricb vatDr navG snown th~t. .. in lll.kalin~ ~tu:tionp.- tho 
~ (:-~3) ... ., 

P.t)(~) band is bvoken and tnn oa• is usu.al.l;r replaced • Ill acidic 

byQlroJ.ysis, howe>rer, the .ruptur·e of' tb.a (S) o..a' bond appn~antly occur's 

as :.m in!t::t~ s~IJ• TttQ sect:>nd~.ry esters und~rao additional hydrolysis 

under acid cond:it.ions to prisar;v esters whieh usuallY does not oecur 

und~r alkaline eOtldit1o.ns. Geneiral1sed reactions mav be written for 

ao "--- o.{s) 
-.........__ II 

p ----
-oa 

ao O(s) 
~II 

I! 
RO/. 

-- on + It• on 
(S) 

a• on 



Some organophosphorus compounds, however, do not follow this general rule 

of acidic and basic bydrob-ais• Cleavaga of _the P.Q(S) or R'-O{S) bonds 

depend, in marq ea~es, upon. ~lao nature of the ;~• group. 

~O{S) 

JP--- - - o - a• 

~II 
110-- p -+~ .a• 0( 'S) 

BO~ 

(11) the reaction proc.eeds by a bilnoiecular moehan1sm, and 

(111) no sta'ble intermediate forms as th.e all- approachfls the molecule and 

-~- a'Ut.acks the P atom wb.icb has been aade eleetropbilic by tho illductive 

In a.U probab1l:lty1. il' 0{8)- is release!} simUltaneously as th.e -00 a~tacks. the Jil $,;om_~ Xhe l"eact1on depends upon the cl.ootron d.ef'f'1-
··. ' 

c1~3' of tile ghosph.Q~us a.toa1 whicb £DJ£3' be af'fectad by the oleotronie 

J_ ·9roperties ot ~a'bstit~ents on phosphorus. !f~us,: tbe bydrolyaability ot 



-4--
1. 

the asters is inc:r~sed by the presence, of eleetron-v1ithdt-rud,llg gl'OU.Ps 

and is deere~sad k~:f the presence of e:lectron.;.:.ril'leasin._~ ~oups. The 

electror:a-withdrawi."lg Pr'ope.t,.ty of' ooid.ic aubstitue.tlts ~ ordiliWY pbos-

.Pbol~us p~sticides ~e;Qses iJl the· order Oll'(t'Wh <&Ph <ct~(U).(~)g( F. 

Ito2;• a saries or diotb.yl substitut:ad ~n~ pbo~pbates, pt!F.:ao:mn anal-o-
. . . <•> 

gues1 a detililed invest1ga1#.1otl 'W<U: Cli:1ntiUetatl b;v lfuku·to and M€1tealf' • 

i:hey found a; linear rru.ation.sb1p bewean h:r~o:t.izabilit-y as lo~nritbms 

or hydrolysis co!1st1~t.s and I!a.~matt• s o constants ot substituent& on 

the pb.enYl ~ing. Tbts rt~ans th;.at thlll more Gle~rfa:mt-attractive tbe subs-

i;.i.tu.<mt is, th0. more reantive is too piW1lYl l~hoapb.ato. Elect.rq,n. relea­

s1ns substit.ueuts make 'tbe ester loss by~cylizable. '.t?hus, the p..nit;ro 
' . 

derivative, whose cr- const.rr.nt is + J..2?, 1s hydrolygu!l. 29 tit'fles taster 

than the 11011-substituted phenyl phospw~t~ ( o- = ·o), and l.4ft; times faster 

tnan the m-dim$'thytamino der:brativa ( <T =-o~2ll}. It similar relat1orl­

;;hip was also obsel!'ved w.tth dietb.vl-S..( p..su.bs·tituted) ,phenyl phospa">ro-
(26) 

thiolat.es • 

In gene~at, orgaoophosp!wll)u.s pesticides have bonds eonn&c .... 

t.ing p!lospb.<wus wl til hal;ero atot.'ls suc11. as oxyg~n, nitroge11, SUlphur, antl 

halogens, wbioil au possess too lone pau$ of elec·t~rons. Such. a lone 

p~ of elootrons cfl> .. ra be donat~Q into the vacant 3d o:r-ttitals or tile 

laondings are :fortified, the electron density ot phosphoru:s increases, 

and consequently, th{J phosphorus co..tl!p,otmds become less susceptible to 

too attack ot nu.claophlles~ Eleetron-with.drflwing groups mactro the bond 

def':te·ient in 7T ~electron$ ana tho com,t;tounds more reaetive~ 

Cert.-ain classes of org~ophusphorus compounds are much 

mor~ l"eaetive than expected from pl\ vt~.ues or electron at.trac.tiv6t-y of 



tt.'il ooidi.o ~~ot,J.ps.· ~hese incltMie .Phosphorotbiolates, pbos.Phor~iti~ltes, . 

enol. ,Phosphates, {;U;ld cyclic . PllO~Pil>:'ltes. St0ric faet{)rs, act.ivat1oo1 and 

oth<ll!'' f'.'!tetors shou.\d ru.so be eonside:r.wed. 

!he eydrolyzabili ty of phosphosphoru,.s estGrs is at so 

subject· t.o tile . in.fluenee or nottacidie gl,,.oups.- A\lkyl groups havfi an in­

ductive ef!'ect to release el®trons. Tho .effoot ()V~rllii:Ps with ·ttm 

P7l ... 

llighm:" alkyl estrriirs; d.®eton-s;..metbyl and, paratbion-matbyl are b,Jdroly .. 

sed 2 Sll(t ~ ti&.10s ft1uil_tOl't res~t!!i:.i~.raly, tb&'~n tbtll eorresponcU.ng ethyl 

bOt.'lQlOfttl~ So 

theit" tmion.s ean servo tai:t good le·GVil1B: ;c::roups11 ph.ospboru::.~ ~ster have 

alitYl1lting properties~ ~ba ;tmPQrt?..nt role of t.b.~ alkylation :reaction b;y 
. em> 

pl:tos!)h~t$ e~t:Yr may be roco~i;r~d in, tb€1 biogenesi$ ot 1som~arxo:lds • 

l.ciJith orgnuophospt:tOrr'US .P~st.ieides, til~ alkylAtiolt reaction is signU"!cant 
' " (28) 

ill ch}»raienl ~d biochemical d1$gJ.'atlations 

lysis, tbe met.b¥]. G:lt.t~~s o1't$U ;:ria~d dt)allt,3'lated products, l%:sides the 

normW. hydl"olys~s prodl;lct b)t tho cleavage or a bond eorutectad to the 

most ac1iii<: ~roup~ , 'Zhs dealky:l.rlltion reaction t&k~~s .P.luee l!lucb Iitore 

:readily in. a methyl es~~ bond iha11 1n .an ethyl osto:v 'bond. ~'4hen the 

reactiou t>~ns ~ar1•ied ou1; wi~~h equilnolar J.tf>li ( 0.025tl) ill 951: ethanol for 

20 tu""s.. at room temJl~:ll".dt"u:t•a, :p!ll"at!:d.ioll yif.~ldod l].;:; of tho d~!i~lated 

pr_otiuct, wb.ax·ea.s ~ much bit~iwr p~;,rca.il·tnrte · (•:ki.i") t;1t dOiP-"'e.datiQll at the 



--c· 
- - ' - - (29) 

a~1l. pbosgbsta boud was obsat""ved v~ tb parathioll-ooe~tbyl • When the 

conce-n~~tion o£ KaR is increased or the concentrnti«m ot ethmlo,l 1s 

deeJ:>~asod, nOll'mal _lty.~lya1s is more pr~val.Gt -than dealkylat!-on. . ~b.l.s 

sUgftGSt~f'tl:mt the b7SOX1de ion_ attacks pb.Osp~as to CWSG by'dt'olys1s1 
. ·'·{:,:"· . . 

· ...... 

extraordiru~;,y e_nhar:a.eef!ent of tbe reae·tivity due to the strain in tllQ t1ve-
(3l,J2) "' - - - - - - - - - -

membered ring • !i;'tlcmgn six-mema~oo ~l;YC:l1t: e$t~cs de.r1ved from 

alkmadiols ~e not $0 V-Gr;T r"ot1ve1 those do,rivea tr-0111 o-bydro.xrb4anzyl 

alcohol tS6,l1gen_:ln.) ar"e considm-ably roau-tive, and m~tbN'l. Saligenin eycl.:ic 

phospboroth10tiate {2-n:etho:y-4B-l..,312-oonzod1oxapb,osphorin-2-.sult>bi~) bas 

b~en: tletually utilized as an 1nsaeticride,- ~.amed ~~l1thi0:1l~ in J'a~l sine~ 
(:33) - - . - - -

Ja~i · • T~ ~~ol:ts!s rate of' ;sat,ithion-O~.malogu.e is much -fas'tar th&'l 

tnat oi' paraoxon • :fb~ a~1dity of i3Eal.1gerd.n- (pKtl. ~- 0.92) is ahlo$t the 

s•a. as tbf!t o~ phoml, and much uea~r th'"n thi\t or p..n1troph~'10l (pr~a = 
?.14). D.ietbyl pha.rql phosphate 1.s -onlY l/300 as raJ;,{r~iv• as tile p..nitro 

sabst;itu.ted ~l.O.gue, pwaoxon. ~nus, tb$ ~sh reactivity of the Saligenill 
. ' .. 

cyclic phospbatfl is Sl®b greater than expooted. Str-ain in the l:>in_g appeat'-9 

to be nQt $;,') mueh; t.b.$ ~n®cyel1~ O..P-u angle of lSit11thion {104°) is in 

tkle rang~ of the' ~gle or ac,-clle: pbo:sph~~te esters (~00° to 10.8\)) (3
). 

p-*j.ye.m,.!mbt~rad cyclic tllos-pbat,$s hava a ~trainett 0-P-O &~glo or 00° to 
($) . ' 

.99° ·~ .. :~b.e reaet.i,.vi~ of' ~allgen!n cyelitl phosphate 1$ also af:f't;cte~ 

· b:t the Qxoo;rclic ~11b_stit;~$Ut on phospi»rtls by vir-tue o£ t.bBir e..?.ec-tr-onie 

cha:t"acteristies.,· ;t!le. lrelati;ve- re:action ra.te dec-reas.ti!S in th(J: fell.oV:dng 

order .t as.~ Itt!> ~ -- o > :1 > aa · > NJ&~ > -~lm > u~ • 
.) 



' ' 

~he hydrolysis ot the cyclic. ea~r;ers proo<*ads by ope:rling 

oi: tO® b'~!ie:t"ooyclic P.o..c (ar.;rl) bond a't 'the first st~p and is followed 

by t.h>~- l:i.l1~.t·rit1oo or H6l.1ii£~n1n. C!!qn. (i) J 

0 

0 HO 

110 -P- 0- Cl\3 --b 
{,)I{ 

l 
~ RO-P--00 

HO 

·~ uo - Cl~----0 ------(1) 
fi 

\ 
Oli 

placa by nlkalirls b.ydrol)"-$1s11 thoa~h i.t .:ioG·s in dGalk}rla.ti,.,n.- Xhis is 

the case avon. in t:h.a d®ri·wativ.es Q'i: a stront-ter acid sunb1 as p..eyan.ophe-

0 0 

c:)~-- o-0-jjog~ l.i2l) (0"~- Q1i 
-.......o/ . 

.. ___ .. ___ , 11) 



0 ._{} 

If T 

H-f -O-C~OH2Clfaiilia 

0 .. ;--•' 
.J· 

-------(111) 

f.he first-ordar halt-lives ot some cowJa~n organopbospborus 
. ' . . . . (36} 

pesticid$s includiug su~e metal)Ol1"~s,~e listed 1n 7able-I • Very 
' .. i ' 

• 1• 

good discussions on choraical. structura tu.ld hy~ol!zabilit:r or v~ioas 
. - {3) . (36) 

organopbo.sl_lboros paJsticides are- given by !:to ·and Ilnust .. · 



HnJ.f.,.l.ives of ~)r;ae O:rgmlO:POOSi?bot··u.s !>a~tieide:s in Etb~1ol (~em. 70°0, 
Jir •• au._.., ... 4 • ••··~~ttG:F- •?w r t _ PfJ~:tM* •lfS' ._,. 1 • 1 ··a,,.,.,.~ .-a -.-o;:s; M _t•u &Jill Jel """'" ** t_ '* 

pU 6-.0 BuffGr SO'l.Ution. (lJ-:~) . . 
j 6 -S' ~l!fi !II !a'HP ta 11!1 ~~ 1 . 1!VIll .. 'f' ·q. l'll!l .... 

------------------~.-------,-·~-·--------------·~i~· ----------~--~~-------------------

Meotarbam 

I~Qlooxon 

D~.ae"tnn-~~-metb.Yl 

l•1alatbion 

1! en~t.d.or»hos 

slain.phosmethyl. 

!Sumitbion 

Thiometon 

1.71;) 

J.l.2 

].2.0: 

J.7..t:) 

1:1.1 

Xiliooozin 

Disu.ltoton 

Carb~Jphenothion 

il1uu~£ox 

----
:m.o 
18.4 

22 .. 4 

25.4 

21.6 

2B.O 

29.2 

32.0 

37.0 

Wl.S 

~3.0 

92.0 

93.0 

:LlO.O 

212.0 
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