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 QAGAMIOPHOSPHORUS  PEATICIDES @

Ceneral __Introduetion.

1.! Intreduckions

Sne of the most important classes of pesticides is the
Qrgenophosphorus compounds. Substanees with a great vafiety of
pestleidnl properties are found asong the 9rganophosphorus cospounds
with insscticidal, acordcidal, nemstocidal,. fungleidal, berbicidal,
wmﬁm‘ti@, insecd gteriiizing and reodenticldal proper tiaﬁ. ‘i?im-
davaiogxaen‘a of organophosphorus pesticides resulied from the researches
of Profeszor :;?Pradexfm) in Gernany and Frofespsor savn&erscz) in #Zngland,
Saunders prepared soug nerve poisong, ineluding O,0-diigopropyl phose
phorofluoridate (DFP). -In 1937, Schrader found a contaet insecticidal

activity in soue ppanophosphorus compounds of the general formulas
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Hhere ﬂl, e and ?33 are alikyl groups, and “geyl” is an

inorganic, or organic acld radical such ag CL, ¥, 5CK and CHaCUO, Since
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‘thia Sime, extensive reseasreh In this fleld hass resulied in the
digeovery of Lhouszsands of compounds with gesﬁiciﬁal propaeriias of
every description. Thus thers are compounds with very short rosidual
eetion such az TEP? and Phosdrin or with prolonged asctivity such as
Diazinon snd Guthion. There ave broad speetrum inseedicides such as

Poravhiou and materlal with highly selective aetion such as Schradan,
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The unique properties of compounds such as Systox have resulted in
- successful plant systemic insecsicldes, and this hag besn still furiher

refined in seed and soll btreatments with compounds sueh as Phorate,
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wilve
whieh proteets newly doveloped seadlings fron inseeﬁ’gfét@mg. Coapounds

suehh asz Ronnel can ba fed 'i;e easile k& kill scastile grubg 1iving in the

animals® bodles, vhile osh&rs sueh as ﬁeptrex: have pronouncad shomnach.
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poison action but virtaslly no contaect aebivity and sre aespeeliaily
vgaful in polson bulis. Hitesin hes funglcidel setividy. Hany asici.
dine derivatives of phosphorie meld are seiively studied or ingect
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'i*‘%w groat advmnicenent i';( agriculiursl gz'a&%iﬁ@, seientific knowledge on
the structure-activisy raiws:immhiz;:, ad pode of setion of Greanophoge
phorus poesticides were achieved by m@ %ii%@?"ﬁ’}? of Fgwaz.ilitm, dletbyl -
genitrophanyl @hassmamtmanwm by Sphrnder in ‘;‘L%;is( }, Parathion 1s
egxironely %oxie to nassmals as well as o iﬁagaﬁs. Hany Xess toxle
pesticides have bean ,“tx‘ﬁkmsimd by slipghd gmmml modifications of
parathions for exampke, chlorthion (in 1%5‘?,}, ?&nzhiasz {in 1968), and
fenitroshion (in 1959) were szimmram&.( 2 Hatathion was digeovered in
1950, and Demeton In 1961. In 1952, tbho Perkow reactlon wap discovered,
and wany important vinyl phosphate esters have beon introduced ss
praciical pos ﬂﬁi{?&%; gince then several new compounds hive bosn devs
loped and arp in commercial use. Common or trade names, chemical struece
wurss and other pmmrﬁi&s of soveral organophogphorus pesticides have
| beenr given in Appendix -1 |

:‘fna most important aﬁmﬁages of the orgauophosphorus
coipounds ag gaaauniﬂas are (1) high pesticidal setivity, (i1) broad
speetPun of aetion on pests, (114) low persistence and breskdown to
fora protucts non Stoxie or g};igg&zﬁyioég mar: and anlmal s, {i*e') systendie
action of s number of coupsunds, {v) nighly selective systemic insectis
eidal activity, (vi) low dosage of compound per unli of area treated,
(vii) rapldity of actlon on plant pests, (viil) relad sively rapid meta~
polise in vertebrates sad abgence of accumulation in Shelr hediesz, and

{3z} also comparafively low chronle Souleity, etc.

The srganophosphorus pesticides owe their biologicel
setivity %o inhibition of enzyme cholinesterase, the role of which is to
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- hydrolysz choline esters, more proclssly acetyleholine, Since this
inhibitory action ofl enzyue sctivity mainly reletes to the pestieidsl
avoperties :of drganophosphorus conpounds, the Sopic is deslt with, sa.
paratsly, in the following ssctlons |

2. Znbilegterase activity of Urganophosphorus Compounds:

o a(a) Generals

There wre a variety of ssberases vwhich hydrolyse carboxy-
Lic estars. They may be classifisd into thres groups (4,5 and C estora
ases of S-uype, named arylestorase (3.1.1.2) ai?@ no% :Imﬂhitef; by oPgaw
nephosphates bub hydrslyse them., Thay SBPVO an important ‘mlés in theo
detorication wechonism of orgenophosphorus pesticides. B esterases are
resdily dshvibiged oy a?gasmpmsz_ﬁmmsgma involve carboxyestersse
(3.101.3.) or aliesterasze and e«&mlméaéamsas. ¢ esterases, or acabye
lesterases (3.1.1.6) » Neither hydrolyse orgmnophosphates tor are inhibi-

ted by thel.

any of the several senzymes that hydrolyse choline esters
is eallied cholinesterase under ;’ziass #B. ZThe euzynme that parbicularly
hydraiyses 4ts naburgl su‘bstmte,. scatyl choline, is eplled acetylh-
cholinesterase (ACh¥) and plays an imporiont role in nervous system. 1t
occurs mainly in the srythrooyte of nost maznslilon nervous bissues ¢cele
wral wervous gystem, gangiia and morior snd-plate, and eleetéie Organs,.
lpzic organophosphates and carbanates ihihibiﬁ this enzymo. éﬁétylche-
linocsterase ls alsgo osilied "wrue cizqiingsﬁ&r:asa“ to distinguizh it from
& ginllar enzyne, "psoudso cholinesterase™ (.Eai;‘h%fi; y Shat is found prima.
#ily in veriobrats blood serum and some organs, such as the poicreas, |
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heart and liver, It dows nob participate in nerve functions and its
physiolopgiesl funmetion 4s stlll unimoun. |

In conovetion with the zs;z;«:is af sebion of @rgmghaéght;rﬁs
jasecticides, cholinesterases of ingects are tost interessing to undore
stand, The guﬁ.s%%&% s%;gfgicaﬁies of the enzyme have been surveyed,

- using ersde homoghuntes s in meny speeles of ingects. Erain hogoges
nates of adult insscts are generally ubilized as enzyme propargtions. It
} mzr be clagsified ay scetylcholinesterase; 1t @mg&rs acetyl choline o
any other choline estors of homologous hizhor aelds as suﬁs%?at;ag tm” ‘
esterase sebiviiy is inhibited by hiizh cgﬁcem*&m%ign of acotyl eimlingf}
However, the flyhead cholinesterase ié distinetly different from momuo.
1ian ACh% beeause it mfimly%% bukyl echoline ab about helf the rate 6F
acetylchioline, wheress macaalian ﬁé}ﬁﬁl m?;ivﬁ.y &t ?snty;ryl choline is very
lovw or nil, ,ﬁéﬁﬁ@szz '@%ﬁé&sﬁmg gsmgéaﬁty of the insect cholinegterase is
that 1t is setivabed about 804 in the presencc of £ to 34 nebutanol aad
is protected by the orgsnic solvent from inhibition by orgenophosphates.
simim@si:@ra%e ‘is distributed mainly In he contral nervous sysbem of

ingeets, particulsrly in She aembbane.

2(b} Hecianisa of éﬁti@rﬁ of feabyl Cholinesterase,

In order to understand the functisn of acetylcholine and
cholinesterase, it is necessary %o discuss Wriefly the physiologlcal
ggméggas ﬁm"amezi._ ' &% myoneuBral 5@&@@1@&3 in momials and ?ia_;_mseﬁﬁg,‘ ‘
the hermingl pordion of muzole mnd the nerve {ibre are at a slightly
negetive potenblial z%iﬁh msﬁwm? jim the @zz?;sii%@.' If shis gradient is

2.
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sltered so that the inside bevomes Less negative, ericae 400, potentlal :
moves:down bhe nervej whin Uhls potentisl reaches the nerve ending ab |

vhe myoueutwal juhietion, 2coWleholine is relessed and diffuses through
 the gap hoaivwesn ?“;i*ﬁ% nepve ad The muscle (the gap 1s about 100 2 wide)
.@3‘:& is abgorked into the musele endlug. | Thiz interaction of ﬁ#@:ﬁ@h@.
hdne with S rm%w and of the mﬁ«mie glves rise ¥ sa zction potone
| baal dn She msele that rasponds by perforulng work, that is, contrace

‘ting. After itg purpose is accouplished, the ascetylcholine is hydroly-
oo by aésggxgﬁégm storase (Cholinesterase} mnd the éﬁ?é%ﬁ returns %o
itz origiunl state, roady Yo respond fo Pubwre stimull.

Zhe %@%m batween scetyl choline (ACK) and eholines.
torake (45) vakes place in three stages and can be represented by she
fallowing ssguence: - | .
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At this sntage . ﬁhém is an equilibriun between thoe enzyme
and i%s substrate on the one hand and the complex of the two on the
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Phis esmmex yields c%wline and agetylated enzyme in the
azeond stage. She finel stage is the deacetylation Feaction in which -
the acotylabed enzyme 1s hydrolysed to give the fres enzyme and acetic
acide |

HaO |
CHyG0.% L Gt v
3

The active center of aeatzfleholinesmmsﬁ (4ChE) 1s -
s»z*uct.wal}.g' campl«zﬂen :a.z'y o dts -mbs"' atie mzet;lehnlina. Agetyl
ahol.ma cenaaing a triaet&zfl manmm gng with a ga&iﬁiva gharge on

B and an ester linimge. -In foot, Ghe calalytic action of acetyl
| ehm}.imwwase is due to the aﬁrue"m'e of She enzyme. protein itgelf,
folding the j prot ein tﬁ@l&ﬁ&lﬁ, eermm amino aeid resldues at dlstent
siues of Lhe cha:m are hrought closze to zms-:; another Lo form nn sctive
zonz. The aetive zone contalnms Ywo active sites. ‘One binds the trie
nothyl asmonium group and is cmeamad chiefly with gpecificity (bin.
ding site or "anionle site’ ’,3 and *z.m other ong, whiech caialyses the
ayﬁmly‘sie ;;racasa of the smhstm‘z;ez?;}s relatively ‘nomspecific!

(esberatic site or eatalybic sitel.

2(ble (1) Binding sites

The substrate specificity of AChE for ester contzining a
eationiec group suggests the presence of an anlenle site in the agtive

zone which ativacts, 'b‘mﬁs, and orients btho subsWrate by elecirogtebic
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foreog, fﬁﬁaligﬁﬁiiig the astapl of the estorafic site. The methyl
groups of meetyleholine may contribute consideratly %o the binding of
Lhe. %ﬁhs&?ﬁ% 5 the mymza protein in terms of hydrophobie fémes
.' §é§@é@£’i the iyl groups and non Solay g@;};i@as of the pro®ein moléw
e:uaz,@.‘ the nospolar porilons wre evidently at the anionde site, so thai
shie anlonic sito binds the catlonie gartion fxk of the. substrate by

electrostatic and hydrophobic foress . A& wesk iﬁﬁe?aﬁaiaﬁ tetween
“the carbonyl groupg aud %hﬁ- .%mﬁe gite aiy siso m f*?-:;izzxy.ﬁi’asa in the

fization of the subsirato.

AChE sigo e@%mﬁes the hyémiygis of same mn-catieaie
ssm::*s, such as phenyl svobete, indowyl scetase and indophenyl acelste.
1t appenrs that Shese substrates bind with Chl ot different sites froms
étm%: for aevtylcholine ’amtiiag,’ For cxample, 20 alkylabting agent MCP
(2-@&},5?&-%’»{@&1@3{3 akhyl J-Nemethyl-B-phenyl eﬁiayl&%? inhlbiss
nE for apetyleholine, probaily duse to

e@fﬁgﬁetﬁiy the aptl vﬁ.ﬁg of A
aligylabting the aaiaaie{ g%ﬁﬁ vk, on The &aﬂﬁi‘ary, snhencog the actiﬂ?.y
for indophenyl agetase .« This Allylation causes a moderate inhihi’smn
Lo gbmy}. sgetate and indoxyl seetste. These offscis are all due So
changes in iz (zeylation proness) bub sot i, (formasion of enzyme
substrate compiem). O Brien propoged, tnwsafaggg shree different
binding sites for ACHE: . s and 3 sites . The o -gite
cwras?mﬁs o the anlonic s;it& and binds with some alkylating agents |
such &s MCR. &3 well as eationic substences such as acetyleholine,
choline 9&6. Thege substences are uama?i *%( ~agém:s“ Zhe ﬁasiﬁe
is wsmaqﬂ.bla for bim‘i‘aﬁg xﬁ'ﬁi} om,mz:iaﬁs?imws, earbamates, phpnyl
acabute 5;3& indoxyl a&eﬁaue. It is a bydrophobic poriion, ond the
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interaction with these Inhibitors and subsirades is weskoned by

X =2gentse Lhe ?-ﬁﬁ.’iﬁa combines with indophenyl scetale, acetyl
| fluoride, cfe. and is postulated o shift into the vieinity of the
esteratie aite by the confipurstional chmige induced by the sefion of

0( -ag@ﬂﬁ.?- ‘

2(bj. {ii) Usteratic sites

The pl.notivity curves Lo chéaliémsﬁamé@s sre bolle
shuped with a maxinum at Téi’?@oﬂmaﬁ@y pH B8y and indicate the renuiree-
ment of basie and acldle groups in $he catalyhic site of these enzypes
tecause the charge of acetyl eholine #does nob ehange in thig pli range.
Zhe decrease in aetivity at lower ph may be due %o lnactivation of the
bagle group by protonation. The setivity drop o the higher pii range,
on the gther bandy lz atiributed to $he deprotonatlon of the acldle
groude According 9. ;i-m;ﬂm, twoe em&lyam ally active bBasic groups are

involved in AChis one vasic group (By) has a pify value of about 5.5 and

, . 10; - ) . ;
the other ,{Eﬁg} has 8 ,gi{m of 6.3( '{2., ihe. ca&eﬂ;y@ically‘mﬁiva acidic
10411)

group (&H) has a pRg value in the range of 9.2 and 10,4 . Ree

' fareing to the pK values of functional groups involved in protein, the
inidazole greup of histidine is most probable as each of the tvo basle
gma,és'l?l and 3_32.,' &g regards the stauciure of the active si*;a Aaf‘
cholinegterases, more dirset evidence on @iﬁemiml enalysts of components
of the xExxz enzyme probtein has beezi Pound. The method lnvolves a
specific resction of the setive site of an enmme followed by She anae
lysis of the groups involved. -Cholinosterases, carboxyesterases and so
eallsd “’:'séﬂrma proteages” such as chymotrypsin and trypsin reseb
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sﬁci&higmagrical&y with organophozphorus esters such as aiisa§r?§glpncs~
pharcflugri&ata (IFP) to form an cnzymebically insehive produet }.
Fupthermsre, bthe substrabto grevents the iahibition, indieating that the
zéac%ian accurs on s counon setive gite, ﬁhat ié, an esteratic site.
AlL éuch eazymas inhibiéeé by an @rgaaayhgspnaﬁa &a%g%%gé)witﬁ?gp,giwe
Gephosphoryl serine after hydrolysis of the protein + ALl hyidro-
lases ssnsibive to organophosphorus inhibitors heve a dibasie amino
acié»(gluﬁamic acid in esterases and agpsratic neld iﬂ-yrotams&s) 1) of s
ceading the phosphorylizabie sering, which iﬁ_fellpwﬁﬁ by alanine (in
egherase) or glyeine (in proteasses). Azﬁes@ findings suggest that the
hydroxyl group of gerine in the suino seid soquence Glue-Ser-Ala or
ﬁgg.ﬂeruﬁly mays an important part in the calalytic site of esterases

or proteases.

2{c} Zhe Catalytic mechanism,..

As fres serine neither éatalyses the hydrolysis of esters
nor veacts with oryanophosphabes, the hydroxyl group must be sctivated
by other atino seid groups in the ensyme molecule. However, 1t looks
mors probable that %ﬁ@ imidezole greup of histildine is responsible for
ﬁh@.&etiva%i@n of serline.hydroxyl, if its possible participation in
cabalysies i Uaken into consideration. The foraation of a hydrogen bond
betveen Gthoe d@#hiy %@ﬁ&e&.ﬁiﬁﬁagen-ﬂf the unprotenated imidszole rdng

- sad the hydroxyl group of serine rasiéue-may eronte a partisl nezaiive

eharge on the bzygan of sevine which may abtzok nueleophilically the
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curbonyl of tho substrste (or the gﬁﬂS?&aryl of inhibkisors).

b Oy é S NN \
f 2 ) : x| 0
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Zhe acylated serine thus formed should be papldly hydro-
lysed. EKrugica showed that one of the two solive basie groups
(Bg,pﬁa 5.,8) in she caﬁalyﬁic aita_nf\age%yleha&inesﬁerase functions in
acetylation of serine hydroxyl and g 1003%@@ within 587 of the anionic
site and another basic group (B, , §K3l6.3)€§g?utions in deescetylation
and iz located at 24° from the anionic slte . %he higher pK value
of Bl is prabably duae to Sthe intersgilon of carboxylic acid near the.
base (within 54%). This imldazole group setivates a water mecleule o
attack the goeltyl serine by abstracting a proton in a simi&ér way asg
the setivation of serine-hydroxyl in the step of scetylation., The
active zone of She easzyne nust have a sultable steric coafiguration to
perals the Joint atlaek ol the active groups, wileh @ra not adjscent
1ike imidazoles and seripne hydroxyl. JAceording ¢o the induced.fit
%heary,gyaéosa& by Hoghland, it iz no% a rigid template, tut is flexe
ible and inducible by the substrate to align catalytie groups propebly’,
The wost probable mechatism is prezented schemstieslly after Krupka,
" as shown in She Fige 1. In thisz active acidic group AH (pk, 9.2 -
10.4) appears $o be the phenolie hydroxyl proup of %yrosina. An



mfw@ﬁa}.mﬁar caritoxylste donr in the @%&ﬂ@&myi@m{a@ apsition rels.

Bive Yo the fas;%m bond spcclerates the hydrolysis by nucleophilie atimek

. €17}
to form =sn intornedisl amw@&zi@, which is then msiély hydrolyged .

C CH3 ~OH
-+ CHBC‘OOH
OH .

2(a) Inhibltion of wnzyme activiiys

-

Unlike she revergible inhibvitlon by guaternary omaonium
‘eozpounds, the inhivition of acetylchnlinestersse by organophosphate
esters is .i.x*reve»:z-s:i;b};a .azzﬁ baged on iﬂmsm:ﬁ.aﬁen of the esterazie
site. By an mmslogy of the onzyme subgtrate intoraction, the model
proposed by Zrupke smay be applied o illustrate schenatically the e
action of orgenophnaphorus ilnhibifors with 4ChE (Fig. 2). In this
sehome, 8 i1g the émﬁanic site or the hydrophobic binding sibe
(G bpien's /3,~siﬁ€§)'.

“he resetion ?éisé?;sicai;izft corresponds to the zeetylation of
the site im the notmal process for the ensymatie hsrﬁzrﬁlysié of the true
- substrate amﬁyleholm. I% may be shown by the following equation and
bhe rabe ﬁt}ﬁ?%ﬁﬂ*‘ £ 4z plven as helows - )

‘ ng
_Mmféw



Fig. 1.

Fig. 2.

Schemctic Mechanism of action of AChE, affer Krupka.
(1) Enzyme - subsirate complex in AChE .

(11) Deacetlylation of acatyl- AChE .

Schemctic mechanism oi reaclion of organophcsphate with AChL.
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() px + HE (20), P~ om »H

L b .

Whare K = bimoleculsy raie constanty ¢ = time in minutes,

= polzr inhibltor concenization and b = percentage Pesldual activisy.

Since the concentration of inhibitor (I) is much higher
than thet of the enzyme (@) in most ordinery experiments and fonste
quently alnost constant over the course of reaction, the bimoleeunlar

refotion shows Tirste-order Kilnetics.

élthsugh the inhibltory polency is more properly oxe
pragsed by~zﬁ& rate congbant ¥, it is @ften expresssd by the iﬁﬂ value,
whtich is the molar concentPaiion of the inhibitor mesded to cause 504
1nhibition of the auzynme aeﬁigi%y at » fixed tine of incnbatkan and is

given by the Lolloving expression:

&0 T K

Correlation beitweea the reasetivity of a phosphorus ester
and itz inhlbition of cholinesterasey bowever, has ol zlways been
i&é&k, and ﬁ&iﬂélﬁ}intrsﬁuc&d a2 Kinetle treatment for the resction that
takas inte account the reversibiliby of $he complex. Yhis reversibility

ia dependent on the affinity of the inhibiting compound for the active
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gite of cholinestarase as well as on the rade of phosphorylation (Fig.2).
By uvilizing different Kinetic mevhods the vaelues for €; (aerinity
congtaly a Ephos@harylati}? c?ig?é}, and i, ihima&eeuiar inhibition
congtant) nay be determined « Bogauge of the hipgh value of

the phosphorylation constand hy and she relatively high value of the

af finlty congtant X3 = %;lfﬁl y She smount of complex present al any
cglven time is exiremely smll, and this is why the resction fallows
firste-ordor Kinetles and is Eimalecwla?; ?ukuﬁg(ls)'has hypoﬁh@sizeﬁ
thaot sterle Tactors alay play a sigqi Ticant role in the inhibltion of
the enzyme asnd possibly the alfinity conatant £y "may be affected by

steric inseraction botwenn the phosphorus ester and the enzyme,”

I? the ascetyleholinesterase is destroyed, is irrsversibly
bound, or forms a complex from whieh it is releazed Rore slswiy tuan
under nstural condisions, its substrate, acetylcholine, is not promptly
removed from ths receptor surface of the musele. &his causes the musele
zc rasaln depolardsed longoer bthan usukl and glves rise to gseveral action
pat@atials passing throuzh the muzele. The result 13 a twitening of the
msele leading to Setanus and eventually paralysis of the muszele. beath
in mammals ogoura as a rssulﬁ of asphyxia cauced by vhe paralysis of

reaspiratory nuscles,

3, Chemieal Hydrolysls of Orpanephosphorus Pestileidess:

Since most argaaophgsphnrus ingecticldeg hydrolyse, thelr
garsisteae@ and/or appesrance of hydrolysis products may be ob%ained
from Kinebie stndles. ilydrolyesis rates of Shese compounds and their

metabolites are of interest since chemfeal hydrolysis detormines
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whethep or not tozie residues will persist.

3(a) Kinetic Equation for Hydrolysis:

The rosctlion between an organophosphorus estersg (4) and

| (3)
vatery bage or acid (B) obeys second.order kinsties .

a4 + B S c + P

Regetants Produects

The rate equalion npay be represenied ass:

(4]

gt
where a and b are the initial concentration of resctants A send B
regpentively, and x  is the deereage in concentratlon after btime €.
in ¢omdisions where one resctant B is in lsrge excess or whers the
concendratldn of b 1s bheld constant, the reaction may be regarded 2s
pseud¢ Pirateorder mnd the above equation reduces to:

dx = Kli,aaxi‘
dg

The half-life (tgo)= value i3 given by the equation:

- 3(b) Ganoral Hydrolygis:

3 g '2) .
Puato stabed that tertiary phosphaie egtars are
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hydrolysed readily So sscondary esierse

59 50
M
P

{83
Ao :
wia;eﬁiwr the P=U(3) or (3)l.B bond is r.i{gmmé deponds upon the structure
of the zéasmeieia aug the hydrolytie ecandidions. Varisug mc?mmis*éie

studles in &® rich waser have shown that, in Mﬁxgﬁé %%ﬁ&iaﬁs, she

P.9{3) bond is broken end she OR' is usually replaced « in acidle
hydrolysis, howewary She rupture of the {(3) G-R' bond apporently occurs
- as an initisd suep. Lbe seeundaPy esters undergo additionsl hydrolysis
nitder acid conditions %o prinary esters which uvsually does ot oceunr
under silialine comditliocus. Genoralised regctions may ba written for

these o e_msﬁiiaims of hydrolysis:

RO 0() a- 5@\?@)
~_ Y qr P o & B Gl
2 an . -
el (3 iy 0 —— (3
Ko %8 19 ﬁ( ?
543 ” ‘+0 B i ‘
\ P 4 a ;ig ¢ T~ e @ o+ R O
80 —~ RO —
’ >
sy i}
Hy

Prinary esiey

H

5"
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Same organophosphorus compounds, however, do not follew this general rule
of acidic and basie hydrokyasls. Cleavage of the P-0(5) or 2'-9(3) bonds
depend, in msny cas6s, upon the nature of the A' group.

Whare hydrolysis procecds under eatalysis by o , sH® type

of reaction occurs « Zhat isms

- {1) the reaction 1z a nucleophilie substitution in wihich the

A" substisuten for Ghe R’ « O group:

TR -

RO | A5 F?x& ‘ Q( 8)
| \ rd . o — |0 \ =
/ :

®Q

o> p £ R'a(5)
po —

{ii) the reasetilon proceeds by a bimoleculer mechanism, and
(111} no stable intermediate forms as %he 07 approsches the wolecule and
atiacks the P atom which has been made eleetrophilic by the inductive

effects of the = O or = 3 atom aad the i' group.

in &ll probebllity, zi' 9(8)~ 4s released simulbtaneousiy as the
0" atvacks the # atoms The vesotlon depends upon the electron deffi-
cieney of the phosphiorus atom, waich may be affected by the electrouic
properbies of éﬁasﬁ'itumﬁs on phosphorug. Thus, .%ﬁé hydmlyzabili‘ty of
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the esters is increased by the presence, of elestron-withdrawing groups
ézz& is decressed by Lbs ;ﬁmagaﬁﬁ& of aﬁ.ﬁetm}n—;mlﬁaéi@g EPOUDS. LhO
electron.withdrawing property of acidie substituents in ordinary phose
phorus pesticides Increasses ia the order OR 0Pk <8Ph <§§}3Ciﬁ§-&&f§)2< Fe
For a geries of diothyl substiltuted phengl phosphates, prsoxcn aﬁa}g-
guas, & detalled investigation was conducted by Fukudo snd iﬁzmﬂf{gﬁ) .
Lhey found 2 linesr relationship belween hydeollizsbility as logaritnss
of hydrolysis constants and Hapeeti's 6 cougtants of substituents on
the phenyl ring. This gz@&ﬂé thnt the more glepiron-~ativactive the subse
vituent is, the more Poseilve is the phenyl phosphate, Hlecirof. relea.
siug substiinents malte the egter less hydrolizable. Thus, the p-nitre
derivative, ﬂims& G eonstant is + 1.27; is hydrolysed 22 times faster
- than the nonesubstituted phenyl phosphase ( 6 = U), and 342 tinmes faster
than the medizethylamino derivative ( O ==0.211}. 4 similar relation-
ship was also observed with diethyleS-{ p.substitused) phenyl phosphoroe
%hﬁ.éﬁi’éﬁé%(gﬁ} . |

In general, ovrgsnophosphorus pesticides have bonds connece
ting phosphorus with heters aboms such 23 oxygou, nitrogen, sulphurs andg
halogens, which all possess the loae palr of elesirong. Such a lone
palr of ¢lectrons catk be donated iabn tne vacant 3d orbitals of ¢l
phogphorns atom, Iy virdtus of sidls P -  d contribution, the
bondings are fortilied, the sleciron densify of phosphorus increases,
and eéﬁs\eﬁmﬁﬁly, the phosphorug conpounds becomne Less susceptible So
tho atéack »f nuclecphileg. Eléﬁ%?ﬂf‘mﬁiﬁhéi?aﬁiﬁg goups nglte the bond

deficient in 7T -elscirous and the compounds morve resetlve,

Certaln classes of orpsnophosphorus compounds are much
more resctive than expected from pil veluss or eleciron atirseilively of
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the ecidic groups. These inglude ghasﬁha?aﬁhiakaﬁés, phogphoramidates,
enol phosphates, mnd eyelie phosphates. Sterde foelors; setivation, and

gther Tzetorg should nleso e conzldered,

Zhe hydrolyzabillity of phosphospborus ssters is also
subject to she inTiusnce of nonaeidie groups. Alkyl groups havé an in.
duetive effect to release eloctrons. ZThe effect overlups with the
B - Camr contribution of lone pair electrons on the oxygen to the
ester group and fneresses in the order 3 methyl <feﬁh31‘<§fapyl.: Tiuas
pebhyl ésaars A g&ﬁ@@aliy gore ungtable than ¢orresponding ebhyl and
higher slkyl esSers; denelon.demethyl ond parathlon.methyl sre hydroly-
gad 2 and & btimes fagbor, respectivaly, thea the earfaa@anﬁing athyl

Honelogues,

Horeover, the methyl ester zroup As susceptible to dealkyw
lation Peactions. Pocause phosphorus acids are sueh strong selds that
thelr anlong can serve as good lLeaving  roups, phogphorug ester have
aliylating propsriies. The important role of the alkylation Tesction by
phosphate sator msy be recogalzed iﬂ;?ﬁa blogeneais of igngr&nciﬁscg?),
With orgruophogphivrus gwgﬁi&i?&s, Lhe al%glaaian reaction is significant
in chonleal and biocchenical é@graaa%isns» 8}, in the coarge @f aydroe
lygls, the m&ﬁﬁyi enters olften §181ﬂ denllikylated products, begides the
norgel bhydrolysls product by The cleavapge of 2 bond comneched Lo the
most selidie group. The dealkylation reaction takes place much more
readily in a sebhyl osler boud than In an obhyl esber bond. wéan the
reaction wis swried oub with eguimolar KO (0.025H) in 954 ethanol for
20 hwrs. ab roon Lemperralula, par@ﬁﬁigﬁ vieided 115 of the éwaﬁ&y&aﬁé&

produect, whareas a much hilgher percentage (465 of d@grgéaﬁign ab the
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alkyl ?ﬂas@ip&% bond was cbssrved with paraihion.zebhyl . When the

consentration of KGi is ineressed or the concentration of ethanol is
ders easaci, mmal izym’izrsis is mnra prevalent Lthan c%ea}‘kxlatim. ‘hls
sugmata @me the E&ﬂ%&:’&x&é@ ion a% ack*& ;;shras?&x@rus o eauss hydrolysis,
and alaahal attacks the mub:fl Zroup ;arefaz*ab&i Lo eauw &eamylatmn.

Five membered eyelie phosphabe noutral esters sre foo vk

table to ba wkilised as @&sﬁaﬁidﬂﬁg 3&3' This is a:.trih’:zﬁa‘i‘?}.a £o the
&xwawsﬁmmy enhancesent of the reactwﬁsv due to the strain :m the five
menbered ring {32y 0}, Though siz-membored cyelle esters derived from
sikanoediols are not go very i’@&&"&lﬁl‘%, shoge derived from c-hysroxybenszyl
aloohol (s.%}.ig@ainb are consldersbly mq;:tive, and methyl Saligenin oyelie
phosphorothionate {Z-metlinxy=4f.l,3,2-benzodioxaghosphorin.2-smiphide) has
been actualiy utliized as an insecticide, samed Salithien, in Japan siuce
- 1ges 33 - The ;(’zgggaiysiza rase of ;m,iﬁhiam&»imalaﬁm is much fagier thaon
that of parsoxon e she aeldity of Saligenin {pis = 9,92} ig almost the
sang &s. £hat of @ﬁeml, and much weaker then that of p;zzitraphrmol iz:i’i
7.14). Dietiyl ghamrl yhssghme is only /300 as resctive as i;lza p-nitrs
subs ﬂi‘%‘uﬁ:&& amlegue, EoT) e » Zhmgy %The high mactivi%y ef the Ballgenin
cygi-:ig zahasgimta is mueh greai:ér Zhan expecied. Strain in the ring appesfy
Lo bo nob s::ahmueh; the endocyells @»?;iiz ang}.& of Salithion (104”) is in
the rangs of ¢ the angle of aeyelic phosphs %o esbels (102° to 108'%) w}.
Fﬁimﬁgz;ﬁmma afyc?i.:}xz phos-phates have a strafned 0-P-0 angie of 98° to
9% o The reast ivi&;r m? Baligenin c;c}.ie phosphate lg alsa affmted
by %m exoeyclie Wbsﬁiﬁ’iﬁ@ﬁm on phosphorus by virtue of thelir el eotronie
ebaraeteristies. The relative resction rate decreascs in the following
order s R3= Ar)> Ar -~ O )R )RO D WiAr > HiR > PN
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The hydrolysis of the eyelic esiers progueds by opening
of tiw heisroeyelic PueC (arvl} bond at the first siep and is followed

by the Liberation of sSeiigenin. £ dgn. (1) _/

-0 %, 9 | | HO
N - ~
gy — 7 + 3&$ —_— Ry —F — O — G%a
‘ & - .
) . 61 '
| ﬁ?’ H0 | '
— RO —p— O * HG-——-Gﬁd————————;Z:> PRI . | |

\ | e

The elaavagé of he axwﬁyﬁlié sator bond dots not tHake
placs by sikaline hydrolysis, though i% doag in ﬁ&aiky&atign.- This i3
the ¢ase sven in the derivaiives of a stronger meid such’ag gneyaangﬁéu
nol {pil, = 2.95). On the contrary, in the ethylene oyelic phosphata
of penlirophoencl, the hydrolysis of $ﬁ§ exooyelie osbeélr poouyrs pro-

., . ; " i {;jij’} o s .
fepably prior to ring opening . . /4 dane (4107

Q . : o
f | I
0 s e b ONp . . .
(0>~? o -sioge 1 C oF T ‘m;f@—— Wo,,

Cyeclophosphanide 1z gradually hydrolysed in walaer at boih the endo-and
exo-aycliic phosgphoranide Linkagds without the clesavsge of the ester
(31D

vond . /L Bame (Lii) _7
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Lhe firgt.order half-lives of some common org?nophosptmma
38)
yesmeiziaa ineluding some m»&lwlimsa.;am I.isued in inble«l . Yery

good »discussimﬂs on chemical structure and hm%*olﬂ:zabilit;z of various
organophogphorus pesticides are given by Ebo ‘end Faush .
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Hnif-lives of some Urganophosphorus Pesticides in Etbanol (Tem,70%C,
pil 6,0 Zuffer dolusion (li4) | '

Compnund #Hakfmlife howrs Compound é-iiaz.fa&if’e nours
Thimet oxon 250 Deneton-s 18,0
Heblorgos 1.36 Horphothion 12.4
Thimet 1.75 © - Bayhex 22.4
Zrichlorphon 3.2 Vami@uéhim 25.4
Hegarbsa 5.9 Henazon 27«6
Halaoxon 7.0 Paraoxon | 28,0
Dexeton-S-19e 5yl 7.8 Thionasin 28,2
Hzlathion TeB Himuligton 32,0
Thionazlneoxon Be2 Diazinon 37.0
Parathion iathyl B4k | fnhion 37.5
Fencilorphos 1044 Parasiion 43,0
ﬁzinﬁ;ha&@ﬁh&i : 10.4 Phanltapton 82,0
Sumithion 1.2 Chlorfenvinphos. 93,0
Dimathonie 12.0 , Carbophenotition 110.0
Thiometon 17,9 Dimefox Z12.0

Mothyl oky-demebon 17,1
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