CHAPTER -~ 1

GENERAL INTRCDUCTION ON ORGANOPHOSPHORUS PRSTICINIS
AND
RELATED COMPOUNDS



+ Sanamal’

une of the noat impertant slasses of pesticides is the
Srganonhosphorus compounds. substances with a grsat variety of
pestioldal properties are found smong She Jrganopbosphores
compaunde with insecticidsl, asarioidal, aeustooldsl, fungieidal,
herbicidal, anthelaintico, inseot sterilising saod rodentieids)
properties. The developnent of organophosphorus nestioldes

resultesd fron the researches of “ofeamoy anhndntu) il Geraany
and "vofesmor Wm(g) in sagiand, daunders srepared sone

nerve poisons, inclwiing O0,0-4iisopronyl phosshorefliuvoridatse
{DP). In 1937, Schrader found & contact inssctioidal activisy
in some Jrganophosihorus conpounds of the genaral formulas
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«here n‘, n’ and 83 are alkyl groups, and "soyl® is an
toorganio, or orgmnic acid redical such as Cl, 7, JOi and UH3000.
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dinoe this %iae, extensive Teseareh 1o this i1e0)d Bas eaul ted
in the discovery of thousands of eoapounds with pestieidal pro-
porties of overy description., ibus thare are oompounds with very
shors recidusl astion such as ViP? ond ‘hosirin or wish prolonged
aotivity suoh as Diasinen and vuthion, ihere are brosd mpestmua
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inssoticides such as ‘arsthion and saterials with highiy
selegtive astion swoh as Schywisn. The ualiqus properties of
conpounds such as ;ystox dMave resulted in suocossaful plest
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ayaterde ianceoticiden, und shis has been still further refined

in seed and aoil treatnents with compounds o:ch a8 ‘horate; shich
will protect nowly developed seedlings fron fmeeot s¥lasis Cone
gounds such as Romnsl osn bes fed %0 catile and will kill oatile
grubs living in the anizals' bodies, shile others sush as Dipterex
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have pronounced wtomach-poison aotion dus virtually ne costect
aotivity sl are espeeislly useful 1a poison baite. ‘itesia hes
fungieidnl adtivity, Many asiridine dsrivatsivws of phosphorio
nosd are setively studisd for incest chemssterilants {(Sep,
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™he greas sdvancemens in agricuitural precties, scientifie
knowledge on the strachure-sotivity relatiocaship, asd mode of
action of Jrgsnophosphorus pesticides were schisved by the dip~
coveyy of Paruthion, aiethyl p~aitrophenyl phosphoreothisnate Wy
sohraser 1o 1964537, aretiicn is extresely tozie %o nasmsls as
well am to ineedts. inoy loss toxie pesticldes have boen @nthe~
oloed by slight strusturel modificetions of parsshions for
exanple, chlorthion {in 1908), Feathion (im 1383), and fenitro~
thion (in 1989) were nwmw). iiplathion was discovared
in 1960, and Demeton in 1981, In 1958, the Perkow reaction was
digcovered, and many izportans viayl phospbate esters have besn
introduned as & practical pesticiden) sings then severul new
compoands have boen developed and ave in comnoreisl ues,

The nost important advantages of the organaphosphorus
compounds as pestioldes ared (1) high pestisidal sotivity, (11)
hroad apeotrun of action on pests, (111) low pereistence and
breakdosn $o form producta non toxis %0 zan and animals, (iv)
syotenio action of a nuaber of tiw sompounids, (v) Bighly seles
tive systemio inmeoticldal sotivity, (vi) low &osage of compsund
per uait of area treated, (vii) rapidity of action on plang
pentsy (viis) relatively repid setabolise in vertetwrates and
absenoe of aceumulation in thelr bdodles, and (ix) alse compare~
tively low chronie toxioity, ete,

The orm'phonphom mﬂema ove their blologlios)
activity to iahibition of eaxyme cholinesterass, the rle of



which 48 to lydrolyse oholine esters, more preoisely soetyl~
choline, 5ince this 1ahibitory action on eoayaze activily sainly
relates % the pesticlidal properties of waamwyhosphorus compounds,
the topio is dealt with, sevarately, in the fhllowing seotions



2(s) Senernls
Thexre are a variety of esterasss whioh lhydrolyss

cardoxyliic esters, They zay Le olassifisd into three groupe

{Ay B and C esternmes) on the basis of their reaction with
organyshosphates. The esterases of A-4ype, saned aryiesteranse
{Seiele2) are not inhibited Yy organophosphates dut hydroiyee
thom,. ‘Bay serve an inportant role ia the detozication aschanien
of organophosphorus pentioidss. B esterases are readily inhibited
by organophospBates and involve Carbozyesterase (3Jelelel) o
alienterase snd cholinestarasen: ¢ ssteraass, or acsetiyiastierases
{34116}y neither hydwolyse orgsanphosphates oor s¥e inhibited
dr thes.

Any of ths ssveral eannyzes that hyldrmlyme choline esters
is oalled cholinesterase under class Bs The eaayme that parti~
cularly hydrolyees its aaturel substrats, acetyl chliine, 1o
called aceiylcholinesternss (AChS) sad plays an faportent »ole
in nervous aystem. lt ocours maialy in the erythroayte of most
sansals narvous tissuss inoludiang ceatral nervous aystem, gaug~
14a and notor endwplate, and cloatyris argans. Texie organephos-
shates and carbanates fahibis this sasyme. Aeetylaholinesterasy
is also oalled "true cholinesterase® to distiaguish 1% fyon &
sintlar ensyme, “eendo cholinseterase (BuChs), that is fownd
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primarily in vertebrate 3lood seruz and scas orgens, sach an
the ’anereas, heart aad liver. It does not participate in aerve
functions and its physiologios)l funoction ia $ill unknows.

In sonnsotion with the mode of action of organopheaphorus
inssotiocides,; cholinasterusss of lnsects are mosts laterestiag %o
understand: The substrate spoeifiociticn of the eusynes have been
survaeyed, using orude hamsm'«:“’m. in sany aspocies of
inosots. Brain hosogenates of adult insects are gensrally
utilined as ensyms preparations. It may be olassified as soetyl~
cholinssterasst it prefors aostyl choline 0 sy other ololine
esntars of homologous hizher acids as substrats; the setarace
aotivity ie inhibited by high concentrations of soelyl mlllﬁ‘}.
Hovever, the flyhead cholinesterase is distinctly 4ifforent
fron mamsalian ACKE beoauss 1% hydroliyses bdutyl cloline st abous
half the rate of aostylcholises, whereas manmliss ACKE aokivisy
to butyricholine i very low or ail. Another interesting property
of the insses oholinesterase 1s that it is astivated about €04
in the presence of 2 %o 3> o~butanol and is protected ty the
organic solvent from inhibition by organoplosphates. “holinse~
terave is Aistriduted nalnly in the central servous wyetes of
insects, particulariy in the ssadeans.

2(») Yeohanims of As

in axder to maderstand the funotion of saetyicholine
and cholinsaterace, it ie neceasary to discuse briefiy the
rhysisolo:doal processes involwed, At myonsutral juactions in
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manugle and in incects, the teruinal portion of nuscle and the
narys £ibdye are at & alightly asgative potential with respeet
to the outside, If tnhis gradient is altered s that the ilhslde
becomes lesd neantive, an action potential soves down the nerves
when this potential resochies the nerve ending at the syonsuviral
Junotion, acetylcholins is relassed and 4iffuses through she aap
betwesn the nerve and the auscle {(the gap is shout 2008 wide)
and is alleorbod into the muscle ending. This iaterwstion of
asetyloholing with the regestor end of the nuscle gives rise W
an action potential in the zuscle shat Tesponis by seriorxiag
work, that 1.:.: contracking. After fts purposs is scoomplished,
the acetylcholine is hydrolyeed ly acetylcholinsstesase (Chold-
neeterase; nnd the muscle returne %o ite original state, resdy
to rospond to Luture :mmt“’.

The reaction betwsen acetyl choline (ACH) and cholines-
terate (HE) takes place in three stazes 5qd caa he repressuted

by the following mm-t
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At this stage there is an eguilidriun betwesa the eamyme
and 1ta subastrate on the one band and complex of she two on the

othay,

O
|
(CH3)5 NCp H40— C-— CHbﬁ E
. "
(CH3)3 N H4OH —+ CH3COE
Choline Acetylased sonyme

“hie complex yielde choline and acetylated ensyme in the
cecond otage. The final stage is the democetylation reaction iu
«hich the acetylated ensyme ie lydrolysed %o give the free susyme
and acetic acid.

CHy 00k Ts? > CHyCOOH I!E
k3

ihe avtive center of acetylcholinssterase (ACh:) ias
strusturally complemsutary to its substrate soetylcholine, Asetyl
choline contains & trimethyl amsoniwm group with o posiviwe
charge on i and an ester liakaas. Ia faot, the catalytio action
of mootyl cholinesteruse is due to the atructure of the saayse
protein itsslf, Polding the protein molecule, sertain osine asid
residuse at distant sites of the chain are brought close S0 one
amother to forr an aoctive sons. The active zone ocontains two
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active sites. One binds the trimethyl ammontus group avd is
concerned chiefly with specificity (binding site or “anionis
site™} and the othar ons, uhioh oatalyses the hydrolytie process
of the subsirate, is relatively ‘sonspeeifig' (esteratic site or
ontalytie suo)"’.

2(d}+ 1) Rinding addes
The substrate specifioity of Achi for esters coataining

a eationic group sugzests the aresence of an aalonic site An the
active sone whieh attemcia, binds, and oriets the substrase W
slectrontatie forces, facilitating the attask of the esteradis
sits, The nethyl zroups of soetyloholine may contridute oconsde
derably to the biundiag of the substyate to the endyne proteia
in terma of hydvophobie foreoes betwesn the alkyl Sroupe and non
volar portions of the prosein molesule. ihe nonpolar portions
are svidantly st the anioculs site, 8o that the antonie eite
binds the cationis porsion of the substrats by elestyostatio
and hydrophobic forou(” o 4 weak interaction botween the
carbonyl Zrour and the soteratic slte nay also rarticipate in
the {ixation of the ouvheirate,

AChE aleo catalyses the hydrolyalis of sone non~oationis
esters, such as phenyl acetato, indoxyl sootate and indophesyl
acetates I% appears that these subatrates bind with ACKS at
different sites Lron that for acetylacholine binding. for exmmple,
an alkylating agent {0y (2=chloro=i={Chloro ethyl)-lM=nethyl-le
phenyl othylaning) inhidits completely the activity of ACAE for
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acetyloholine, probably due %o alkylating the satonle site W8,

on the ocontrary, eadanoes the aosivity Lor iadophenyl m’h‘u‘a) *

This alkylation osuses & soderate inhibitioa for phmyl scetate
add indoxyl acetate, liese elfwats are all due %o changes ia Ky
(acylation prosess) bus sot K, (foruation of emyme~subsirate
conplex). O' Brien proposcd, thepefore, three different bdinding
sites for iChis oty G and Y al.tn(”u he o ~-site corresponds
to the anionic site and binds w:th some sixylating aseats suoh
amp CP am well as ¢stionic substamces such as aceatylcholine,
cholins ets, iheae substances are oalled “(-agents™s The [-aite
is respoanibls for bluding with organophnaphates, oATdanates,
phenyl acetate and indoxyl acotates It is & hydarophobis portion,
and the interaction with thess inhiditors and substrates is
wenkened by o(-agents. ihe ) ~site cosbines with iadopheryl
avcetate, acetyl fluoride, eto., and is postulated S0 ahlil% into
the vioinily of the esteratic aite &y the contigurationsl ohange
induced by ths action of < ~agents.

2(v)s 11) ustarasic aifs’

Tie pH-sctivity ourves for cholinesterases are dell-
shaped with & maxinum at aoproximately pH 8, md indicate the
reguirement of basic and aoidie groups in the casalytis sise of
thess ensymes hecauss the chargs of asocetyl cholins does Not
changs in this pH range. The Ssorvace in activity at lower pi
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nay bo Sus %0 ianctivation of the basiac group W protonation.
The achkivity 4vop ad the higher pH range, on She other hand, 1i»
attributable to shw deprotonation of the evidie gwoup. Aveomding
to Epupion, two catalytioally sctive basie groups are iavolved in
AChES one basis group (fy) has a piy, value of about 5.0 and the
other (Bg) has a pk, of 6,5'3°), The sstalysisally astive metdie
group (AH} has & pEy value in the range of 9.8 and ma(m’m.
Referring to the pk wvaluss of funoSionsl sroups involved ia
srotein, the imidesole grouy of histidiaoe is nost probadle as

each of the two basic groups By and Bge A8 regarde the strieture
of the aotive site of oholinoasterases, nore direst eviieuce |

on chenical analysis of coaponsats of the sanyase srotein haa

been found, The nethod inwolves a spscific reaction of the aotive
aite of an ensyme followed by the analysis oi the grouja inwvolvaed,
Cholinesternses, carboxyvestorases niud o called "eerise proteases’
such as chymoteyosin and $rypein reast stoichionetrically with
organovhosphorus esters auoh as dilsouropylobosphorolluoridate
(UF) to form ai onsynatiocally inactive wﬂuet( 18)‘ rurtheg
more, the substrate prevents the ifahibition, indicasiang that

the reastlion ocours on a comtion aotive site, that is, an
eateratioc site, 211 ouch snsymes ianhibited by an argensphoar-
shate labelled »ish °¢ give O-phosphoryl serias after hydrolysis
of the protein' %), .y hydyolases sensitive to orgauophos-
phorus ighiditors have a dibasic anino aoid {giutanic anid in
enterases snd asparatic acid ia protesses) pregeeding the
phosphorylisable serime, which is followed by alaaine (in



S 1. 9%

eptaruse; or glyoins (in proteasss). ‘hese Tindings suggess thad
the hyaroxyl gmoup of serine in the anine aoid sequance GluwSer~
Ala or Asp~Ser-Gly plays an important part in the catalytie site
of esteranes oF [roteases,

2(e) The Satalytie geshagiag.

4in free ssrine neither satalyses the hydrolysis of
ssters nor veacts with ovganophosphates, the lydvoxyli group must
be activated by other anino aoid groups in the snsyne moleoule,
Howewer, 1t looks more probable that the inidasole grouy of hiati-
dine is responsible for the activatioa of serise-hydroxyl, if
ite poeaidle participation {in catelysis is teken into considera~
tions The foruation of a hydrogen bond between the doubly bonded
uitrogen of the unproteasted inidasole riug and t)w Rydroayl
group of serins residie may oreate a partial nogative oharge
on the oxygen of aserins which may atteck aucleophiliocally the
oarbonyl of the cubstrate ior the shosphoryl of inhibitors).

/T CHy == TN
H—N Né+ H (I) ———— 3N N THZ
—_ g
\.a\/ﬁ]’ \/ \ e
O=C~ CH3 H\\
OR

g

i ,, 2 ;.2 s
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The acylated serine Sas formed should be rapidly
hydrolysed., ‘rupks showed that one of the two active btasio groups
(323 pEy 8.0} in the catalytio eite of acelylolwiinssternes
funotions in soetylation of serins hydroxyl and is looated within
5A% of the anionis site aad another basio group (B ol 6e3)
funesions in deacetylation and is located at 747 from the saionio
a1tet 1%, ine hisher pi value of By s probably due to the
internotion of carboxylic aoid near the base (within 5A%), This
inidaxole group activates & water moled.le o atSack the ascetyl
perine by sbatracting a »roton in s sianilar way sas the sotive-
tion of esrine-hydroxyl iu the atep of acotylation. The active
zone of the enzyme mast have & sultable steric ocoufigumsion to
permit the joint attack of the active graups, which are %
adjacent like imidasoles and serine hydmxyl, icoording to the
induoced-~£it theory nropcosed &y Koshland, it 1s mot & rigid
template, but is flexible and inducesdle by the substrate to
align oatalytie aroupe properiy' 8, the most probable mechaniss
is pressnted schematioca!ly after Xrupka, as shown in the Mg, 3.
Ta this aotive acidio group AH (pk’.‘ JeR « 10.4) appears so be
ths pheuolio hydroxyl group of tyrosine, aa intermolecular
oarboxylate 1oa in the steriocally proper position relative $o
the ester bond asosloerates the hydrolysis Wy nuoleophilis attack
to formn an interaedial anhydride, which ia then rapidly hydse~
1‘ﬂm‘( ")
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Fig. 1. Schematic Mechanism of action of AChE, after Krupke. :
(1) Enzyme ~ substrole complex in AChE.
{11)Deacetylation of acetyl- AChE.
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Fig. 2. Schematic wmechanism ¢f reaction of organophosphate with AChE.
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2(4) labikition ol Jaszms. sadivise®

Unlike the reversible inhibition W Juartemary amonium
sompounds, the MMhidition of avetylocholinsatorase by organg-
phosphate esters is irreversible and bdased on phosphonyliation
of the sateratio 2ite, Iy an asalogy of the enxyme substrate
Iuhtmtim. the model proposed by irupke aay bs applied %
illustrate schenatioally the resoction of argansplosphorus inhie
bitors with AChE (Fige B)s In this scheme, 5 fis the snionie
site or the hydrophobis binding site (0'Bwien's Sesite)s

The resotion basiocaily oorresponds to the acetyiation of
the site in the mm procese for the ensymatie Weu of
the trus substrate acotylcholine., It may do shown by the following



B

cquation and the rase coastant £ is given as belows

(RO)2 PX + HOE K ~ (RO), P "—~ £ + HE

K =— tn 100
tl b

Where K » bimolesular rate constant, t = tiae in ninuates,
I = molar inhibitor ecomcentration and b = perventage residwal
activity,

since the oconosatratioa of inhibitor (1) e nuch higher
than that or the ensyas (e) in most ordinary expsrimants and
ennge;ently alrmost aoastant over the course of reaction, the
bimolecular resotion showe Liret-order <inetios.

Although the inhibitory poteaay is more pronerly xpreased

Wy the rate sonstant X, it 1a often expressed W Sk Iso wmlae,
whioh is the anlar conosatration of the inhibitor sesded %o

oause 80» inhidition of the snsyme eastivity at a fized time
of incubation and is given Ny ths Lollowing expression’

Tpp = 00898
$ K



e U

Correlation batwesa the reactivity of s phosphorus ester
and its inhidition of cholinesternae, however, has Mt alvays
ween ddeal, and datn'’®) introdused & Kinetie trestmant for
the reaotion that takes ints sceownt the yreversidility of the
complexs This reversibility is depondent on the affinity of the
1ahibising conpound Lor the aotive site of oholinestaress as
well as on the rate of phosphorylation (7ig. 2). By utilisiag
217 ferent Kinetis methods the valwes for Ky (affiaity const.),

(phosphoﬂlgtiua gonst, ), and kg (bimplecular iahibition
mt-nt} ray be acmm“"”'m Because of the high
value of the shosphorylation conat, Bg and the relatively high
valus of the affinity constant &4 2 Xy 4 ¢ the ancunt of
complex present at any given tise is extreaely saall, and this
is why the reaction follows first-order iinotios and is bLimolo-
oular. fusato'l?’ has hypothesised that steric factors sleo
ploy a significant role 1a the iahibition of the ensyne and
possibly the affinity constant K, "o8y We affected Wy sterie
interastion betues: the phosphorTus ester and the ensyme®,

1f the acetylcholincaterase is destrayed, is irreversidhly
bound, or forms & complex from which 4t is reloased nore slowly
than undsr natural conditions, its substrate, acetylcholine,
is not prouptly removed from the recepter surfave of the muscle.
This ocausss the muscls to resaln depolarised loager thaa usual
and gives rise to several astion potentisls paweing through

the mwole. The result is & twitohing of the muscle lesding so



-G

tetanus and svantually paralysis of the muscle. Death in
namnals oocurs as a result of asphyxia oaused by the parslysia
of respiratory mscles,

;



sdnos moot argancphosphorus inseaticides hydrolyes,
their pereistence and/or hydrolysis products may be obtained
from Kinetio stuiies. Hydrolysis Fetes of these compounds end
their motabolites sre of interest since chenical Rydrolysis
detornines whether or not toxis residues will persist,

Ma) Kir

The reaction botween an organophosphorus esters (A) and
~ater, base or acid (B) obays second-order &mtmu‘a).

Reactante Products
The rate symiion may be represented ass

45 = kple-x){d-x)

a4
where a and b are the faitial concentrution of reactants 4 and
B vespeatively, and x is the desrease in concensration after
time t. Io conditions where one resstant B is 1in large exeess
or shere the soncentration of B is held dcnetantd, the resotion
may b regarded ans of paeudlo Lfirst-order and the above eyuation

reduoces ol
a. z Kela-x)
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The half-1ife “50;' —-value is gliven by the egquations

. ouee
o =

3(v) genmral livdzelusis’
?um‘u) stated that tertiary phoschate esters ave

ydrolysed readily $o ssoonfary estars,

<hether the v~0(3) or (35)0-R bond i» repsuazed depends upon e
strusture of the pesticide sud the hydrolytie condivions.
Various mechenistie stusies ia 023 rioh water have shown tist,
in alkaline solutions, the P~0(5) bond is Sroken and the OR' As
usually npluol(aa) + In aoidie Nydrolysis, Dowever, the rTupture
of tha (3) 0-R*' bond apprarently oceurs as an initial nSeps The
secondaryy estors undergy additional hydrolysis undoer eoid eondi-
tions to primary esters which usually doea a0t otour under

alka’ine oconditions. vensralised reactions may de wristen for
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these two conlditions of hydrolysis:

o(sh

Ro : =
>|F|>—'— oR__PH | RO~
RO ' (s) Hz2 0 RO
|
0 (8)

RO/ P-—O-—-I—- R HoO RO~

i

|

¥

0(s)

p —OH 4 FiOH

+
HyO

Primary esfer

|

H5p04

Some organophosphoras compounde, however, 4o unot follow Shis
Senaral rule of acidie and besic lydrolyeis. Uleavage of the
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P~0{8}) or R'-0{3) bonds Sepend, in many cases, upon the nature
of the R' growp.

«hepe lydrolyasis proceeds under catalysis Wy of , a
&g tyre of reaotion nom‘“’. That 10.!

{1} the msaction is a nueleophilis swhetisusion in

which the ON" substitutes for the R'~0 groupi

S- i}
RO &’ 0E) o /0(9)
p\ +OH ___“" HO-\--P—/-- - o-F
RO//’ °R *RW// i
RO _06)

/ —_
HO-— + g
RO/ R 0O(8)
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(11) the reacsion proceeds by s disolesular neshanisa,
snd (111) 20 stadble intermediate (orme as the JH™ approsches
the molsoule and attaciks the ¢ atom which has bosh nade e~
tyrophilic by the induotive effeats of the = O 0F = 3 atom amd
ths R' growp. '

In all prowadility, R'O(8)" is relessed sizultansously
as the OH attacks the ? aton, The Maction depeids wpon the
eleotyron deficlienay of the phoephorus atom, whish ey e affee-
tad by the sleotronio properties of substitucats on phosplorus,
Thus, the hydrolysability of the esters is inoreased Yy the
pressioe of slectron~withdrewing groups and Lo deoreased W
the nresencs of elestron~-releusing groupss ihe elestron~
withdrewing property of aoidies substituoants ia ordinaxy phos-
phorus pesticides lnocresses in the order OR (J2h (Wb (W(0)-
(OR)p < ¥+ Yor a series of dlethyl substisuted pheayl phosphates,
DANOOXOR adalogues, & detailed ifnvestigation was conduoted Wy
Pukuto and Netoalf'™, They fousd & linear relationship betweea
hydrolisablliity ss logarishns of hydrolysis constants and
Hammatt's o oonstants of substituents on she phsayl ring, This
msane that the more sleotyom~-attractive the substitusat is, the
more reactive she phesyl phosphate 48 Zleotron~releasing sud~
stituenta make the ester lese hydrolisable. Thus, e p-aitre
deTivative, whose ¢ constant is + 1.87, 1s hydrolysed 29 tines
faster than the non~substisuted phenyl phosphate (o's O)y and
148 times faster than the a-dimethylanino derivative (¢ = ~0.211).
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A #inilar relationship vas also obasrved uith AloShylei.(p-
substituted) phesyl phespherothiolates'®®.

in general, organophosphorus pesticides have bonds
conneoting phosphorus with hatero atoms such ss oxysss, Altregen,
sulphur, and halogens, whiah all ponsees the lone palr of elee~
tTonse Juch a loas pair of eleetrons can be donated into the
vacant 34 orbitals of the phosphorus atom. By virtue ¢f this
T - &7 contribution, the boadinze are fortified, ihs eleotavan.
density of phosphorus increases, and conssquently, the phospho-
s compounds becons loss eusceptible o ths attack of nusleo-
philes, nleotronewithdrawing groups nake the bond deficient in
7T wplegtrons and the compounds more reactive,

Cortain olaases of organapbosphorus conpsunds are Bwoh
moye reactive than expected ({rom pi valuse oF slegtron attrag-
tivisy of the acidic groups. Thaee inslude phosphorothiolstes,
shosphoranidates, aol phosphates, and ayclis phosphates. sterls
factors, activation, and other factors should also be ocasidered.

The hydrolyssbility of phosphosphborus esiers is alm
subject to the influence of noasoldie groupes Alkyl groups have
an induotive effect to relsase eleotrons. The effest ovariags
with the prr - 417 contribdution of lone pair slevtrons on She
oxyZen 0 ths ester group sad inereases iu the order s meWiyl(
ethyl< propyl. Thus nethyl esters are geaerally more unstadle
than corresponding othyl aad higher aliyli esters) deaetoni—



methyl and parathioa~methyl are hydrolyeed £ and 5 vimes fuster,
respectively, than the correspondiag etSigl heaoleguen

Hoveovsr, She noshyl seter group ia susveptible %o
dsalkylation reactions, Beoauss phosphorus acids are sueh styong
acids that their enlons can serve as good leaving grows, shoe-
pheras esters have aliylat ng propertiess The iaportent role
of the alkylation reansion Wy pshosphate ssters zay be recognised
in the diogensnis of Mpmu-‘”’. #4ith argancphosphorus
panticides, the alkylation reaction 1is sigaifteant in shenioml
and bigohemioal GtMtM‘m)a In the course of hydvrolysis,
the nsthyl esters often yield dealikylated products, deaides the
aornal hydrolysis product by thw oleavage of s hoid oonnested
$0 the rost acidio group, ihe dealiylation reaction taikes place
much moro readily in a methyl ester bond than in an othyl eater
bond, shen the reaction was carried out with eguimolar XKOH
(Cs028 %) in 96/ sthanol for 20 Arse a% Toou TeAPErature pare-
thion yiellded 115 of the dealkylated product, whereas a mush
highor percentsgs (46> of degradation at the aliyl phoeshate
bond was observed with parsthisa-sethyl'Z?’. uhen the consemtre-
tion of EOH 1is increased or the concsatration of sthmnol i
decreasnsd, norssl hydruolysis ie more prevalent than dealkylation.
This suggests that the hydroxide m aStatks phomphorus %0 eanse
hydrolysie, and aloohsl attacks the msethyl group srefershly %
canse Aasalkylssion.
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Mye-moztored cyolie phosphate neztral ssters a¥e toe
anstable to e utilised es vi»»»ﬁuﬂcv + Thin i aktribumbie
to the sxtmordinery eshanoszsat of the resctivitwy dus %o the
strain 1o the five-neabered ring' %, Zmough siweneberet
oyolis esters darived from alkanedisls are not 90 vely reactive,
those derived fron e-hydroxybensyl aloohol (saligeain) are
considerebly resctive, and methyl sSaligeain oyoiie phospbore~
thionate (Z2~methoxy-4li-1,3;2-bensodioxaphosphorin-S«sulphide)
bas been actually utilised ss an insectioide, named Salithion,

in Japan eince wmnwﬁmg- ihe hydrolysis rate of ualithiom=O-

analogus is muoh faster than that of wuuleﬁounus.. The soidity

of Seliganin (pig » 9+92) is almost the sams as that of phemsi,
and muoh weaker than thes of p-aitrophenol (pky @ Teld)s Diethyl
vheayl phosphate is only 1/300as reactive as the p=aiiro subsi-
tuted analogue, parecxon. Thus, ths high reactivity of the
Ssligenin oyelis phosnhate is auch greater thaun expested, itraia
in the ring sppears $o be ot o awchi the sudoayelie O-P-0
angle of salithion (104%) fs 1a the renge of the angle of sayolte
phosshate esters (108° to 106°)'%). Fve-neaberes ayeite phoe-
phates have & atralned 0-2-0 sagle of 9% to
vity of ieligenia cyolic phosphate is also affected by the sme~
cyolie substituent oa plospherus W virtue of sheir elestreaie
characteristion, ihe relative reaction rate 4deoreases in the

following orders HS=AP >AP O0) R ) RO ) MNAr ) WHR ) Nig e
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The hydrolysis of the oyolis aesters prosesds W opeatag
of the heterooyolic P=0«~C{ary) Vosd as the firet step and 1is
followed by the liberwtion of saligeaine Z sqn (1)_/

The oleavage of the axoeyolic ester boad does not VYaie
place Wy alkaline lydrolyois, though 1t does i dealkylation.
This 10 the oase even in the derivatives of & stronger acié suoh
ap p-ayanophenol (piy = 7+96), On the contPaxy, in the ethylens
oyciie shospbate of p~aityophencl, the hydrolysis of the sxsayelis
ester cocurs prefevably prior $o risg opsuing'™’. Lign (11).)



o o
N SN
~0~{ Y—Nop + Ho— | P—oOH+ HO—@-— NO,
o o

— = — = = (i1)

Cyolophosphanide is gredually hyarsclysed in water at both the
spdo-and exs=ayolis phosphoranids linkeges withont the oleavege
of the ester mw") o Cine(ea1)/

o)
(cl CHZCHa)aN—-iI;;/NH} o ayg (cJCHacHz)aN_-fl:l,_.cuac,aacuaNH3
o
o

-~ +

o
L (ClcHaCHR)pNH  + HO;P—-OCHaCH?_CH&NH3 ————— (@Ai1)
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