ORGANOPHOSPHORUS PESTICIDES : GENERAL INTRODUCTION

1, INZRODUCEZION:

Intensive research in the fisld of plant protection
and pest control has been going on throughout the worlde As a
result various types of pesticidal compounds are being prepared,
and their pesticidal, toxicological and other properties are being
studied everydaye. Of these, organophosphorus compounds consbtitute
a class in which quite a large number of compounds have been synihe
sized and examined as effective ziéstieides,, owing to their high
activity and bioc-degradability, their application in agriculture,
public health, and related fields hé.s been going rapidliy. Seversl
new compounds of this group are used for ingecticidal,; acarieidal,
nematoeidal, anthelmintic, inseet sterilizing, fungieidal, harbi-
cidal, rodentiecidal and other purposes. The development of new
organophosphorus compounds was for a3 long time dominated almost
exclusively ifz?g? single guiding principle namely yhe Tieyl Bule®
of Sehrader '» The great advancement in agriculbural prac-tieg y
sclentific knowledge of the structure a'cti‘viihy relationship and ’
mode of actmn of organophosphorus pesticides were aéhieved by the
discovery of parathion by Schrader in 1944, Parathion is exbtreumely |
toxie to mammals as well as to imsects. Many less toxie pestiéide,s
have been synbtheslzed by glight structural modification of para-
thion; for example, ehlorthion (in 1952), fenthion (im 1958) and
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fenitrotihion (in 1959) were digcovered .
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HMalathion was discovered im 1950 and éemetén in 19561.
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In 1952, the Perkow reaction was discovered, and many important
vinyl phosphate esters have been introdueced as practieal pesticides.
Sinee then sev?§§1 new compounds have been developed and are in

comuercial use .

2. ORGANOPHOSPHORUS FUNHGICIDES:

The firgt studies in which the mierobilologiecal
aetion of organophosphorus compounds was noted were made at the
begluning of the 1940's, but systematic investigations of thelr
fungicidal and bactericldsl properties were begun mich 1atg§,§).-
It is only recently thsy(%ag@ bean galning importanqe in the con-
trol of pathogenic fungl = . In comparison to the heavy metal
fungicides, the organophosphorus compounds are parbicularly |

favourable as regards to residue problem.

The simplest organophosphate is trimethyl phosphoro-
thioate.
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It is an effective, selective soll fungicide to control gxthi
(7)

2 .
Trimethyl phosp?ggot%ﬁrathioate appear to be useful
4€

for the conirol of Sythium Spe . e

(CiyS); PS

The fungleidal activity of trialkyl phosphorotetrathioates
deqreaseshvith.ingxqasing gnain lengbh of, the alkyl group. These
compounds are highly species selective in fungieldal activity.
Eﬁus, trimethyl phosphorothionate is almost ineffective against
Bhizoctonia, - Fu um, and Vertici;;ium(7c).‘ On the other handg,
an analogous compeund, O a.diethyl S-methyl phospbo:qq;tkioate, is
a good fungicide against Rhizggtgnig gglggi(?b). . The fungieldal

activity of different other compounds are given below:

Bdlfenphos (Hinosan):
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Thig- is a ‘fungicide with speeifie action agalinst
Pyricularia oryzae on rice at 30 - 50 g a.i./1 water using
800 - 1200 1/haj 1 or 2 applications to wet paddy in the aursery,
2 or 3 applicaticas after transplanting or in fields of broadeast

rice before tillering has ceaged. . It is also effective agalnst
Pellicularia sasekil end ear Ylight and is well tolerated by rice
varieties at effective fungicidal rates. It should not be used
within 10 days before ar agfter an application of propanil.

The n.propyl and 1sopropy1 homologs have almost the
same fungic:ldal aetivity as the ethyl ester edifenphosg, but the
methyl and butyl homologs are much less active than the later. The
introduction of a ﬁhlqr ine atom into the benzens ring causes a

remericable decrease in fungleidal asetivity.

its :
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R = (cy), CH Kitazin Py
R = CpHy Kitazin.

S « Bonzyl diethyl phosphorothlolate was first introduced in 1965
as a fungieide under the trade name Kitazin, but was replaced in

1967 by the isopropyl homolog Kitazin P for commereializations

It is a systemie fungicide used to control
Pyricularia oryzase in rice. It is applied abt 400 « 600 g 2.i.
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(as es«c.) in 1000 J/ha\as soon as the blast lesions appear. Oane or
2 sprays may belgeedgdldnringﬁthe headesprouting season. Kitazin
and Kitazin Pr inhibit more strongly the mycelial growth and the

spore formation of Pyricularia oryzae than the spore germination.

Thus, they are effeetive curatively rather than prophylagtiqallyq :

In the homologous sé:ieé of diaikyl‘S;benéyl phbs;
phérothiolates, thé3maximum f&ngicidal’acti#ity-is'dﬁtéﬁned Qhen.
the number of carbon atoms inlthe:alkyl group is three or fours
The dimethyl homolog has poor activity. In the analogous series;
the phbsphprothiolate esters are much more effective than corres-
ponding phosphorothionate, pnosphbrothiolothionate,_andzphosphate
estérs. 'Int:qduction‘oflsubstituenﬁs suchés cblo:ine.atom or
nitro group on the benzene ring hag little effect on the incréase

of the fungieidal setivity.

Pyrazophos (Afugan):
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Ryrazopnos is a systemic fAngieide conxrolling
powdery mildews on a wide range of crops at lQ e 30 g a.i.llool,?T
and on cereals at 500 - 700 g/ha. It has both preventive and
curative activity against powdery mildews. It is absorbed by

foliage and green stems and translocated within the. plant when
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applied to the soil or a seed dressing uptake by roots is insu-
fficient for effective fungleidel action within the plant.

Ditalimfos (Doweco 199):
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'Ditai;ﬁfdg'is a non.systemic foliar fungicide with
provectant and éurgtive aciivity. It is usedwto cantrpl powdery
mildew on ornamentals Cprimarily roses) and ﬁegetables_(cucurbits)
under glass, as well as under field conditioné, at 30 e 50 ge @eie /
100 1; on spples (25 -« 50 g/100 1) and cereals (500 « 550 g/ha). It
is also used againsh Venturia;;gggggéng on apples at 37.5 - 100 g/
100 1. It is liable to 'russet"certginuappLe eultivérs, particularly

|

Golden Delicious. o

~ The isopropyl homolog of Ditalimfos has similar fungi-
" cidal activity but is about three times more toxic to memmals. The
-methyl homolog and the methylamide ah?log are mich less active in
- fungieidal action.- The aromatie rin%'is neceéééry for the fungle
eidal aetivity, but - any substitutioﬁign the ring causes a remarkable
decrease in fungicidal activity. It is interesting to'mote that
the fungicidal activit& of Ditalimfos is last by replacing the
_thiophOSphoryl sulfur atom with an oxygen atom.  Furthermore, if the
.bhthalimide-ﬁ is not directly attached to the phosphorus but through
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an S-0d, bridge or an oxygen abom, the phosphorus compounds are not
fungieldsl but insecticidal. o ' :

Trianiphos (Wepsyn, Wepsin):
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?riaéphos is a fungiciée for pawdery ﬁildew control
and sbows sameisyStemic acﬁivit&; it also has systemie inseebici-
dal and acsrieidal properties. Rates for powdery mildew conbtrol.
1ge1ude ¢ for apples 28 g.a;i. (2s weDe )/100 1 every 10 43 for
roses 25 ge8.i., (as water-mizeible)/100 1. A ﬁheée eaneentrép
tions, it is non-phytotoxie and presents no hazard to wild life,

The 8 - anilino-3-alkyl analogs of Iriamiphos are

also active as fungicides.

Phosphonomyeins:
HO- o
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Phosphonomycin‘is;a,natu?al}y oeeﬁfing phosphonate antibiotie
recently discoversd by Mereck & Co. Inc. It was igolated from
férmentatibn‘broths on whiehfstgegtggxceg fradige was grown. Its
structuée'was demonstrated by synthesis(g). This new antiblotic
has a broad spectrum of activity and inhibits irreversibly pyruvate
uridine diphospbo-m;acetylgluéosamina transferase in extracts of
gramepositive and gram-negative micro-organisms. It compares

favourably with tetracycline and ehloramphenicol.
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1% ig a fungiecide bo contrdl rice blast disease.
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it is a fungicide to control rice blast and riee sheath blight
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Cerezin has a curative effeet on rice blast disease. It has also
inseetic;dal activity against twe hopper speeles, Heghgtettig

cingticeps and ;@Lg_ggg__ﬁ gtriatella, vhich transmit virus
digeage to rice plants.

Phosbutyl s
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It ig highly active agalanst mycelial cellg, but not active against
Bspore germinazion. Being absrobed rapidiy by the plant, it thus

shows a good curative acsivity for many plants infected with pabthoe
genic fungi.

Certain organophosphorus compounds are known to have
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fungleidal activiiy. Structures of some selected compounds are

given below:
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There are gertain revieuws on organophosphorus fungicides .

There 1s an interesting correlation among the alkylating activity,
the inhibitory activity agsinst 'SH enzymes', a?glghe antifungal

activity of some cyclic organophosphorus esters 3 many fungia
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cldeg are known as the inhibitors of '8 enzymes' .

3., BEACTION WIIH CHOLINESIERASE:

It is generally accepted that the organophosphorus
eempdunds are toxle because they phosphorylate vital eglerases, thus
forming eomplexes thal are either irreversible or do nol readily
release the engymes(a?‘ The enzyme mainly affected is accepted to
be cholinesterase, an enzyme that plays a vital role in hydrolysing
acetylecholine. The reaction between acetyl choline (ACh) and

cholinestesrase (ChBH) tzkes place in three stages:.

0
Q K
- | o e
(Ciig)g NCoHAD = C o= CHy + ChBE=————(Cil3)gNCyH,0 = € ~ Cig / ChsR
£a
Acetyl Choline Enzyme Complex

At this stage there is an equilibrium between the
enzyme and its substrate on the one hand and a complex of the two en
the other. |

Q0

(CHy)g NCH/O « C - CHy/ChEH——>(CHy)g NCoH, OH

Enzyme Complex Choline + CH3zCoECh (Acetylated enzyme)

Ihe cqmﬁlex yi@ldé'ehaliné and acetylabed enzyme in

the second stage.
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CH, (0. 5Ch >~ CiHgCOUH + ChEH

Aestylated gnzyma-———————e»%§§§12+eﬂ3¥me-iﬂ§§
. iqa. '

The final stage is the desestylatice ib which the acetylated enzyme

is hydrolyzed Lo give the free enzyme and acsiie acld.

fhe active centre of scetyleholinestersse (AChE) is
structurally compléaﬁatary to its substrate acetylcholine which
containg a trimethyl ammopium group wilh a positive charge on H
and an-ester linkage. The engyme's active centre containg a
negatively chargaed anlonle site, whiebh binds ths trimethylammonium
group, and a relatively "nonespscific® esteratic site, which catse
lyzes the hydrolysis of the ester linkage. JIn the esteratic site
- there are basgic (histidina, imidazole, seriné bydroxyl) and acidic
{(tyrosine aydroxyl) groups (Fig. 1)« The regeclion between an
organophosphorus compound and AChE 1z represented in Fige 2. when
the two chemicals interaect Sihere is a nucleophilie atiack of the
serine hydroxyl on the puosphorus 2tom thabt is alded by the aseidic
and basie groups present in the estupratic site of the enzyms. This
results in the formazion of a "reversible™ complex that finelly
yields phaspherylaﬁed angzgyme and nitro-séligenine .élﬁridge(183 in-
vestizgated the inhikition of cholinesizrsse by parsthion and related
gompounds and found that the complex did not show significant revae
rsibility. In other words, the inhivition of cholinesterase in

this case followed first order kineties and wzs bimolsecular, l.2.;



Fig. 1. Schematic Mechanism of aciion of ‘AChE, ofter Krupha.
(1) Enzyme~ substrale complex in AChE .
- (i5)Deacelylation of acefyl— AChE.

/ .
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where, K = bimolecular rate constant
t = time in minutes,
I = molar ichibitor concentration,

andy b = pereenbage residual activity

ﬁﬁfrelation between the peaetivity of an organoc-
phosphorus compound and its cholinesterase limhibition, however,
has not been ideal, and Méiﬁ(%é) introduced a kinetic treatment
for the reaction taat takes into aecount the reversibility of the.
complex. This reversibility is dependent on the aff;nity of the
inhibiting compound for the active site of cholinesterase as well
as on the rate of phosphorylation (Fige 2J)» By utilizing diffeﬁent
.kinetic me%hods‘tae values fei_Kl gaffinity cohstanﬁ)2 Kp {Phos-
phorylation constanﬁ), and K, (bimolecular inhibition constaat)
may. be determined(léilsj. | |

If the acetylcholinesberase is destroyed, or irre-
‘versibly bound, or forms a complex from which it is released more
_'slowlj than under normal condition, its substrate, acetylcholine,
-is not eaglly removed from the receptor surfacc-of the muscley This
causes the muscle €0 be depolarised longer than usual Bnd gives rise
to several action potentials passing through the muscle. The re-
sult is a twitching of the musele leading to tetanus and eventual

paralysis of the musclese Death in mammals oceurs as a result of
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asphyxia caused by the paralysis of the respiratory musclese.
4, CHEMICAL HYDROLYSIS:

Since mosb orgahophosphorué pesticides hydrolyss,
their persistant and/or appearance of aydrolysis products may be
ebtained from kinectic studies. dydrolysis rates of these come
pounds and their metabolites arve éf interest since chemical hy-
drolysis determines wheather or not toxlc residues will persist.
Thevfirstnorder half-lives of some comumon organopbosghorus(ggi-

ticideé‘including some mebsbolites are listed in Table - 1 .
Table e 1

-ﬂa1f-live§ of some organophogsphorus pe gbicides in ethanol
{temp. 70°C pH 6.0, buffer Solution 1:4)

Compound  Half-life ~ Half-life
B l, (hours) Compound l (hours)

e e e S o s e e b e e

“Thimet oxon T 0.80 pemetones 18.0
.Dichlorvos 1.35 Morphothion 13.4
‘Thinet © 1.75 Baytex 22.4
" ITricnlorphon Se2 Vamidothion 26.4
 Mecarban 5,9 Menazon 27.6
" 'Malaoxon ‘ 73 Paraoxon 23.0
Demeton«S-mathyl = 7.6 Thionazin : . 29.2
Malathion = 7.8 Disulfoton 32.0
Thi, onaZin-oxon 8.2 Diazinon 37.0 -
eeseelontd, '
Tyt TORGSN
89851 LT

Hm I

YL OJUN 19g8
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 Table = 1 (Contde)

Compouud Half.1life

(hours)

Parathion methyl Bed Evhion L 3?.5‘

anéhlorphos 10.4 | ~ Parathion '."'. " 43.0
Azinphomethyl 104 Phenkapton  92.0
Sumithion 1.2 Chlorfenvinphos  93.0
Dimsthoats 2.0 .Carbeyhenothion 1110.0
Thibmeton . ';7.5  Dimefox 212.0

Metﬁjl'bxyudemeton. 17.1

———— —— vt
— — i —

—r — —— e bt
—— e =

The“hydrolysis rate ;g dependent upen the chemical
sﬁ#ucbure and reaetiqn-conditions-s&gh-as:pﬁ,’temperaxur?é)the xind
of solvent used, and the exigtence of catalytic reagents « In.
adieous solution, between the pH range 1l to 5 many organophosphorus
pesticides are mosh Sbable(l7), and in this range (P 1 to 5), the
varlatlon in pH of the soTuLion has praculcal 1y no effeet on the
hydrq1351s‘rate. Bub the hydrolysis rate inereases steeply at pid
higher than.?, and all organophosphorus-pesticides aﬁé=mﬂch more
unstable under alkaline conditions. Very good aiscussions on
chemical structure and hydr?lgzability of various crganophosphorus

(18)
pestieides are given by Bbto ~and Faust- .
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