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Intensive research in tb.e field of plant prot~ction 

and pest control bas been going 011. throu~~out tb.e world• 1\s a 

resUlt various types ot pesticidal compounds are being prepared, 

and tpeir· pesticidal., toxicological and other properties are being 

studied everyday. or these t .organophosphorus compounds con~titute 

a class in wbieb. quitEl a large number of compounds b.ave been synthe-· 

sized and examined -as effective pesticides, owing to their higb 

activity and bio-degradability, their application in agriculture, 

public b.eal,th, and t>el.ated fields b.a.s been going rapidly. Several 

new compounds of this group are used for insecticidal; acaricidal,_ 

nematoe idal, anthelmint ie, insect ste:rllizing; tung1c idcil; harbi­

<.d.dal, rqdentic·idal. and other purposes. The development of new 

organophosphorus compounds was· for a long time: dominated almost 

exclusively by one single guiding princ,ipls namely the n Acyl_ Rule" 
(1,2,3) . 

of Schrader • The great advancement 1n agrieUl.tural praotie9, 

scientific knowledge or the structure activity relationship and 

mode of action or organoph.ospborus pesticides were acbieved by the 

d.iscovery o:r parathion by Schrader ln 1944. P~athi.on is extremely 

toxic to mammals as well as to insects. Many less toxic pesticide.s 

have been synt;flesized by slight structural modifica:tion of para­

thion; for example., ehlortnion (in, 1.952) ,. f_enthion (in 1958) and 



tl3n1t.rotb:1on (ia 1959} were discoverfM:i 
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Malathion was discovered in: 1950 and demeton in 1951•-

(Cila0)2 s - jeooegJls 

. CH2 cooe2 H5 

Malathion Demeton - S 

In 1952, the Perkow reaction was dise:overed, and many important 

vinyl phosphate esters nave been int_roduead as practical pesticides. 

Since then several new compounqs have been developed ~d are in 
(3) ' ' 

commercial use • 

2. ORGANOPHJJSPliORUS FUNGICIDES: 

The first studies in which tne mierobio~ogical 

action of .organophosphorus ~lompounds was noted were made at the 

beginning or the· ·J.94o• s, but systainatic investigations of the:tr 
' ' (4~6) 

fungicidal and bac'tericidal propert.i.es were begun mncb. later -.•. 
, 

It is only recently they have been gaining import~1ce 1n the con-
(2,3) . 

trol of pathogenic run·gi • In comparison to the heavy metal 

t"ung~cides, the organophosphorus compounds are pa:rticuJ.arly 

favourable as regards ·to residue problem. 

The simplest organophosphate is trimethyl phospboro-

th.ioate. 



It is an etf'ective, selective soil fungicide to control Pxthium. 
(7) 

Jl2 .• 

Trimethyl pb.osphorotetrathl.oate appear to be useful 
. (7b,c) 

tor the control ot fgthium .w!• .• 

The .tungici~al !l,cti:~ity of. t·rialkY,l phosphorotetrathioates 

decreases with inc~easin~ chain le~gth. of'. t.he al.~yl group.· These 

compounds are hi&hly sp_ecies s£tlecttve in i'ungieidal. activity. 

Xhus, trimethyl phosphorothionate is almost ineffeettive against 
· (7e} 
Bn!_..zoctoni;f!t. · Fusq,rium; and Verticillium_ • On th.e otber hand, 

an analogous compound, o,O-diethyl S..mathyl phospboroditbioate, is 
. . ' . . .. (?b) . ' . ·... . . 

a good fungicide against Rhizoctoni• ijolAQi • The fun~.icidal 

activity of different other compounds are given below: 

Edifenphos (Hinosan): 

' .. 

o-.s~/ 
. . p . . 

Q-s~~~ 
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!Chis· is a fungicide l-1ith spee.ific action against 

Pyricularia oryzae on rice at 30 - 50 g a.i./1 vater using 

soo _ ~ 1200 1/h~; i or 2 applications to wet paddy to>the nursery, 

2 or 3 ·applications after t.ransplanting o.r 1n fields o:f broadcast 

rice be.fore tillering has c~ased. 

Pellicplgria_ .s.asakf.i_ and ear J?llgb.t. and ·is well tolerated by rice 

varieties at effecti.ve fungicidal. rat.es. :tt should not be used 

within ~0 days beto~ or after an application of propanil. 

The n-propyl and isopropyl homologs have almost the 

same fungicidal_ ac_~i vity as the ethyl ester edifenphos, bu~. th~ 

methyl and butyl bomologs are mucb .less acti-ve: than t_he late~. The 

introduct-ion of a eblorine atom into the benzene r1_ng -causes ·a 
• ' • I' ' 

remarkable decr~as~ in fung_icidal a.ctJ.vity~ - .. 

:Ptgzin..: 
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(R0}2 PSCH2-

B = <e.Ha>2 ea 
-Kits.zin. 

S • Benzyl diethyl pbosphorothiolate was first intro<:\uced in 1965 

as a fungi<!ide under the trade name Kitazin, but was replaced in 

196?' by the isopropyl homolog Kitazin p .;• · for commercialization. 

It is a s1stemic fungiciqe used to control 

Plricularia grrzae in rica. It is applied at 400 - 600 g a~1. 
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(as e.c.) in 1000 l/ha as soon as the blast lesions appear. One or 

2 sprays may be nee9ed during _the h~a.d.sprouting s,eason. Kitaz1n 
- ' • ' • • ' " ~ - • ' • ' • • • • .r • . • - ~ • • ' 

aJ;lcl .Ki tazin Pr ~hi bit more strongly the ~9elial. growth and the 

spore_ formation of' Pyricularia oryzae than ~he spore germination. 
- - . . - . . .. ' . ' ' -

Thus, they are eff~ctive curatively rather than prophylactical~Y· 

Iil the 'homologous series o£ d'iaikyl. ~be~l phos .. :: 
. . 

phorothiolates, the ·maximum. fungicidSl activity is· obtamned when 
. ' ' . ' . 

the number of carbon atoms in the· alkyl. group is three or four. 

Tbe dimethyl 'homolog has poor activity. 

the phosphorothiolat~ esters .are much more ~tf'ective than corres­

ponding phosphorothionate, .phosphorot}liolotb.ionate., and_ phosphate . - . . - -. . . 

esters. ·Introduction or. substituents such as chlorine. atom or . . . . " ~ 

nitro group on the b~nzene ring ha~ little effect on the increase 

of the fungicidal activity. _ 

f.Y:r ~zophos ( Afugtm): 

s 
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Pyrazophos .is a systemic f'u,ngicide controlling 

powdery milde~s on_a wide range or ~rops at 10 .• 30 g a.i./lOO.L_,1;. 
. . ' ' . . ' . . 

and on cereals at 500 • ?00 g/ha. It has both preventive and 

curative ac.tivity against powdery mildews. It is ·absorbed by 

Y foliage an;d. green stems an.d transloeated within the- plant when· 



applied to tb.e soil or a seed dressing uptake by roots is insu­

.ff'1cient ror effective fungicidal action within the plant. 

Ditalimfos· .(DoW~o 199); 

- Ditaliintos· is a n~~-systemic foliar fungicide with 

protactant and cur~ti.,ve activity. It 1$ used ·to control powdery 
,': ' . '·. 

mildew on ornamentals (primarily roses) and vegetables_ (cucur'bits) 

under glass, as well as under· field conditions·, at 30 - 50 g. a.i. I 

100 l; on aP.Ples (25 • 50 g/100 1) and cereals (500 • 550 g/ha). It 

is also used agains~ Venturi·a inaggua1is on apples at 3!7,.5 .. 100 g/ 

100 1. lt is liable _to 1 rus.set' 

Golden Delicious. 

certr:l.n apple cultj_vers, particularly 

I 

The isopropyl homolog o:r' Ditalir!lfos has similar fungi-
- I '- . . , . . 

cidal activity but is about three times more toxic to mammals. The 

.methyl homolog :and th~ methylamide an~og are much less active in 
I . . . 

; fungic~dal action.· . The aromatic ring is necessary for the. f'ung1-
\ . . 

cidal. activity, bull· any s~bstitut:Lori.. on the ring causes a remarkable 

decrease in fungicidal act1·11ty. .It is inter.esting. to.:,note that 

the fungicidal activity or D:J.talimfos is lost by rep~acing the 

tbiophospb.oryl sulfur atom w~th an oxygen atom.· Furt.hemore, -if the 

phthalimide-N is not directly attached to the pl.losphorus but through 
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an S-Oii
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bridge or an oxygen a.1;om, the phosphorus eomPQunds are not 

fungic 1dal. but 1nseet1o :i<ial.. 

Trismipbos (Wepsyn, Weps~!!_,__ 

·o 
II 
P-

Triamphos is .a fungicide for powdery mlldaw control 
·. A 

" 
__),__ an4 shows some systemic activity; it also has systemic inseet1e1-

dal and acaricidal properties. Rates for powdery mildew control. 

include : tor ap91es 25 g.a.1_. (as w.p. )/100 1 every 10 d; for 

roses 25 g.a.i. (as water-miscible )/100 1. At these concantra-

tions, it is non-phytotoxic and presents no b.azard to wild lite. 

The 6 - anUino-3-alkyl analogs 3! Triamiphos are 

)_- also active as .fungicides .. 

Phosphonomy~ 
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Pbosphonomyc1n is ·a nat~allY occur!ng phosphonate antibiotic 
" .. - . ', t' 

recently discovel"ed by Merck & Co. Inc~ It was isolated from 

:termentatioo· broths on Which Streptorqyce§ tradiae was grown. Its 
. (8) -

strueture·was demonstrated by ~nthesis • This new antibiotic 

has a broad spectrum. of activity and inbl.bits irreversibly pyruvate­

uridine diphospho-N-aeetyJ:glucosamine transferase in extracts of 

gram-positive and gram-negative micro-organisms. 

favourably with tetracycline and chloramphenicol. 

Conan: 

It is a fungicide-to control rice blast.disease. 

Inezin: 

c: a ·o· - · 
25~0 

o----~- sc~ -0 

It ·compares 

It is a fungicide to control rice blast and rice sheath blight 
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cerezin,: 
; • .r-

C~rezin b.as a curative effect on rice blast disease. It has a1 so 

inseetici~al activity against two hopper species, Hephotettix 

sUWticepfl and. ~lPhacodes .§triatella., which transmit virus 

disease to rice plants • 

. Pb9 sbuty;l ; 

-0 
It is highly active against inyeelial cells, but not active agaillst 

spo.r~ ge~mination. _Being absrobed rapidly by the plant, it thus 

shows a good curative activity !"or many plants infected with patho-

genic rung1. 

Certain organophosphorus compounds are known to have 



fungicidal activity. Structures· of _some selected compounds are 

given below:-

0 
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(7b,9,l0) 
There are qertain review.s on organophosphorus fungicides • 

!I! here is an interesting correl.ati.on among the alkyla.ting activity, 

tJ:le inhibitory activity against • Sf! enzymes •., and the antifungal 
(l.J.) 

activity of some cyclic organophosphorus esters i many f~gi-
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(12) 
cides are known as the inhibitors of 'sa enzymes.' • 

It is generally accepted that the organophosphorus 

compounds are toxic because they pb.osphorilate ·vital esterases, thus 

forming complw.ilxes that are either irreversible o:r do not readilY 
(3) 

release tb.e ensymes • The enzyme mainly affected is aec·epted to 

·be cholinesterase, ail enzyme that plays a vital role 1n hydrolysing 

acetylcholine. The reaction between aeetyl choline ( ACh) anq, 

cholinesterase (ChEll) takes place in three stages:, 

!eetyl Choline Enzyme Complex 

At this stage there is an equilibrium· bettween the 

enzyme and its substrate on the one· hand and a complex of the two an 

~ the other • 

Choline + aa3CoECh (Acetylated enz.yme) 

:i.:he complex yields choline and acetylated enzyme in 
' ' 

the second stage. 



:Cb.e final st.age 1$ the deaeet1lat1on in wnic:n the ac.etylated enzyme 

1$ hydrolyzed to give the frei) euzya1e and acetie acid. 

tne aetive centre of acetylcbolinesterase {AChE) is 

struetUl'ally comple.~nentary to its substrate acatylcllol1ne wllieb. 

oQnt.ains a trimatt-.y~ ammonium. group wit.b a pQsitive charge on Ii 

and an, aster linkage. ~be enzyme's a¢ti ve eentre contains a 

negatively charg>3d. anionle site, which. binds the trimetnylammoniura 

group,. and a relatively "non•speoiticn esteratic site, which cata­

lyzes the bydrolysis of tb.e este.r liokage. In tbe estara.t1o sit·e 

· there are basio {histidine" imidazole, serine hydroxyl) and aeidic 

(t;,YrL"osiue hydroxyl) groups (Pig. ~). 1!w :•oaetion between an 

organopnosphorus compoUD.d and 1iCbB is repr·e;;sented in .Fig.. 2. rlhen 

the two chemicals int~raet there is a nucleophilic attaea: at the 

serine hydroxyl on the phosphor..1s atom tb.at is aided by tne acidic 

and basic groups present. in tbe esteratie site or the enzyme. This 

results in ttte formation o:f a "r~versible"· complex that finally 
. (13) 

yields pb.osphol'"Ylated enzyme aad n1tro-sal.igen1n. Aldridge in-

vestigateli the inhibition of eholintJstar~.se by parathion and related 

eompounds and .round tilat tile complex did not sbow significant reve ... 

rsibility. .In other words, the i.nh1bit1an -of cholinesterase in 

this case followed f'irst order Kinetics and was bimolecUlar, i.e.; 



~-··, 
·~ . ,. 

I. 
,Q.---~J_-f.,J·,~· .:;-· 'l. 

·k' \~f.;· 

f:l\1, t>c CNa Ola 
_c n!.. ' L -- '......-~·'1!: . t4Q:J 

' 0 'CK /, 'CN 
14 : • z \ a . \ 

It \ 

I eO-<: 
A. • • r, 

II 

Fig. t. Schematic Mechanism of action of ·AChE~ enter Krupka. 
{I) Enzyme- Sl.lbstrote compte)( In AChE . 

/· 
(n)Deac:etylatloo of gcetyf,... AChE. 

GroNOe 
RO~'p ~I 

.!''f) 
,' I 

(). . I 
..... I 

1;4 t\ j b l 6 
I 

• 
H«t~N02 

+ ,;v 
HO •. 

'?JI 

» 
M 

~ 1 
~.1' 

etta H .. " 

o-t----6 g 'n 

Fig. 2. Schematio mechanism of reaction of organophosphate with AChE. · 

;J,r; 

'·, 

a, 

·> 

/ 

:.. 



_)_ 

' .. 
, .... · 

1 
lt = -· .ti 

100 
ln~b-

wheret K = bimolecular rate constant 

t = time in minutes·, 

I = molar inhibitor eo.ncentration, 

and, b = percen·tage residual activity 

Correlation between the reactivity or an organo­

pho$phorus compou,nd and its .cholinesterase inhibition, however, 
- •(J.4) . 

kas ~ot been ideal, and Main i~troduced a kinetic treatment 

for the reaction that takes into account the reversibili·ty of the 

complex. This reversibility is dependent on the affinity of the 

inb.ibitii'lg compound for the active site of cholinesterase as well 

as on the rate of phosphorylation (Fig. 2). By utilizing different 

. kinetic methods t~ values ·for IS_ (affinity constant), KP (Eilhos­

.Phorylation constant), and 1\.e (bimolecular inhibition eonstaw.t) 
(12,15} 

m~! be determined • 

If the acetylcholin~sterase 1s destroyed, or U>re­

: versibly bound, or f'orms a complex from which it is released more 

·slowly than under normal condition, its substrate, aeetyleh.oline, 

· is not easily removed. from tb.e receptor surfa.c·s·· of the muscle• This 

causes the muscle to be dapolari·sed longer than usual and gives rise 

to several action potentials passing through th~ muscle. Tba re­

sult is a twitching of the muscle leading to tetanus and eventual 

paralysis of· the muscles. Death· in mammals occurs· as a resuLt ·of 
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asphyxia caused by the paralysis of the respiratory muscles~ 

Since most organophosphorus pesticides hydrolyse~ 

their persistant and/or appearance of hydrolysis products may be 

obtained rrom kinetic ·studies. Hydrolysis rates of· these com­

pounds and t~eir metabolites are of interest since chemical hy­

dr.olysis determines "tqheatb.er or not toxic residues wlll persist. 

The first-order half-lives of some common organophosphorus pes-
- . (16) 

tieides· including some metabolita·s are listed in Table - 1 

Table -.1 

Half-lives or som@ organo:gh.osa.horus pesticides in ethan.nl 
(temp. 7ooc pH 6.0, buffer Solution 1:4) 

_Compound ~lf-life Compound Half-life 
(hours) (hours) 

··.Thimet ():xon .. ·o.so pem~ton-S 18.0 
~P:ichlorvos 1.:35 Morphothion 18.4 
'Xhimet 1.75 Baytex 22.4 

· Tr~chlorphon 3.2 Vamidothion 25.4 

Mecarbarn. 5.9 Menazon 27 .. 6 
: ··Malaoxon 7.0 Paraoxon 28.0. 

Demeton-S-mtithyl 7.6 Ibionazin 29.,2 

l<lala.thion 7~8 Disul:foton 32.'0 

1: h:i.onazin-oxon 8.2 Diazinon 37.0 

·••• •• _Contd. 
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Compound Halt-life · CompQund Half-life 
(hours) (hours) 

Parathion methyl 8.4 Ethion 37.5 

Fenchlorphos 10.4 Parathion '43.0 

Azinpho(:methyl 10.4 Phenkapt~n 92.0 

.Sumithion U.2 Chlo1!'i'env1nphos 93.-0 

DiJn,etnoate 12.0 . C'.ar~ophenotbion '110.0 

Tb.1-ometon 17.0 ·Dime fox 212.0 

}1ethyl· oxy-demeton 17.1 

The hydrolys,is rate is dependent upon the chemical 

structure and reactiQn·conditions·su~h ·as:pH,. temper~tur(~)the ltind 

of' solvent used, and the existence or catalytic reagents • 1ri. . 

aqueous solution, 'between the pH range ·1 to ·5 many organophosphorus 
. . (D) . 

pe.sticides are most stabl~ · , and in t_~is range (~H 1_ to 5),. the 
' . . ., 

VB,I'i.at·ion in pH of the solution has practically no effect on the 
. ' 

hydro_lysis. rate. But the hydrolysis rate increases ste~ply at pH 

high~r tha.n 7, and all organophosPhorus· pesticides are, miicn more 

lln$table under alkaline conditions. Very good diseussions on 

chemic a1 structure and hy9-rolyzability· or various org~ophosphorus 
' (3) - (16) 

pesti'cddes are given by Eto and Faust· .. 

. : ... 
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