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In.tw•sive l*asearoh. 1rt the ~ield of plant protoo.tion 

and .PGst contt-ol llriis bsen going on throughout tb.e w~ld. As a 

ceauJ. t v~iou.s types of PGsticidt~ comp.Gunds ata being prepal:ed, 

and th.eil- pestioidt::i1.1 toxicologioal and ctb.el1; proPGllt1es aro l.'!Edne 

si~ad and examined as effective paaticides, owing to th.e:il" higb 

act~v1ty and bio-d$gra{lability1 th.eiv a.pplicaeion. b1l at~1cmltura1 

publ.ic health, and rel:ated fields bas l)Sfpn going rapltdlY• . Uoveral 

nav (lompounds of tbis group ara usad f.or in~tici(ial 1. 6Cta:'iti1idal, 

nematoc1dal, ant~hel~ntie, insoo:t stm:-iliaing1 fungic1dal 1 har'biei~ 

~!he development of new 

Jhosphoru!J compo1111ds YaB 1?Q~ a .long time dominated almost e:mlusi,rel~ 

by one single guiditng p:uinciple nmaely the n ~cmyl lmleu ot .. 
(1,2,3) . - . . . 

Sob.radar ... Thtz~ gr~!'at tldvanoement ill agriculturo.l praa·cioe, 

~-ientific knowle~ga of 'til(!! atruaturo activity relationship and mQ~ 
. 

of $Ction o£ orgar:aoph.ospllo»us pa~t!c1dss watt~ acb.ieved by thQ dts-

QOV'6lry of parathion l~y Sobt•adel"· in l1:Mi4lt, :l)Jarattlion is ax"'~remely 

toxic 'to m~als as ~.1all it!.S to in:1G(1ts~ t4ru-;.y l~as toxic posticides 

have been aYntil~a:lzad by alignt structwt.U. modification of parathion~ 

to~ example, ohlorthion (in 1952), fent1,1on (JJ:~ 111138) and 

.. 
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Malathion daraaton - 8 

In 19521 the Parkow .reac·tion was d1scoverod1 and m~ important 

vinyl phosplurce ostt)rs hnve 'baen introdttc$d n.s practio~ ·pestto1~es. 

Sine~ than several new oOOJPOUllds . ba.v~ bean developf.ld and ::we in 
(3) 

co.rn.norciat use· • 

The fi~st studies 1n. vhich tb.e microbiological 

actiou of organopilQephorus compounds was noted uere made at the 

bG"inning or tho l940• a_, but systema:tic· i11vest:tgmt~ions of thaiP 
(4-6) 

fungioicl:ll and ba.otUI:"io:ldal. propertie:J lre~e begun ~ch lator • 

It :ts only reuau.tly tbey have been glUniOg imJ>orta11ea in. th.e eon-
. . (2,3) . . . 

trol or pathogenic fungi • In compnt>ison to tb.~!l hoa.vy metal 

f'm1gic1<1os1 t.b.e organophosphorus c.om1>ounds are particralarly 
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tnioe.te. 

W11e fungicidal oot$~v1ty ot tri:4kyl pn<>sphorotetra.thioa-tes decreases 

w1tb 1ooreil$1ng ch\iin letlgth. o~ th~ alltyl group. ~.;baaa ooltt.Pounds 

~~.ra hi~h11 sJ.,lOOi$S selootiva in f'utlg:.i.cidal activity •. · Thus, tr:t-, 

m~tbyl phosphorothion.ata 1s. almost !.'lf:l>ftoo11~iw ngai:lst ~~,!;~, 
(7C} 

tua~1'!m' nud !.'?.'~A~sJJ:l~ • On the o'th~~x- h~nld, an t!tnol.ogoum 

c~nound, 01 O~diethyl S ... mnth.yl phom,boro(;U.thioa.te1 is a got)d f'..tnci~ 
.~ ~7~) . 

cide aga:ln$'t fdbi.L~J~op.!.f! ~J.;.&l:!t • ~ha f'ungioi.d.al activity ot' 

dit£'arant other compounds are gi van below::· 



Xbis 1$ a tungioid~ vii th spooitic action against 

!1£~,Uh.~ .Q!L~!! on ricG at 30 .. 50 g a. i./l. -vrataP uaL'"l.a; 

800 .. 1200 l/t-~; l. or 2 at:,J))lie at ions to \vet peddy in tbe n't.Wse:t"y, 

2 t)r 3 ~P.I)lication.s mi'ttiW txomtsplantin~ or in f'ie1tis of' 'br~~!ist 

IJ:b~ n-.p~opyl Md isopl"oPYl homolog$ bavu aloost tbe 

samB fun.v.;1c1dal a.ctlv:l,ty us the. ethyl a:~tev oci1t~nph.Qa• but the 
\ 

m@tltYl 3!1d butyl homologs a:f'e muc_b; lesm ro..ettLve than thUt lat~t"'. The 

illtrodu.ction of a cbl.orin a>tof1J. into 'tb.e benz~ne ring e~ses a 

r~~kable dt:Sereas$ in fw:gictdal oo,tiv.tty~ 
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tJ .. fJaneyl dieth,}~'l phos:pitoioth3~Qla~o 'ifas tii'at iutroduQed in 1965 

a~ tt fLtJli~1cida 'W.ld~r too trr:td{J ll~..nl0. Kit~1n, but ,,as r~placar~ in 

l9tS'l by thQ !aopropyl homolog Kitmein J? f'Ol" CHltm.!<leroialimatior& .. 

tb~.;r i-ll::'~ ef.fective aur~tivel;r ratb.e~. i;han prophylaat1q,~y,.; , 
! . . 

' ' 

I.n tba ho!l!Qlogoua sorieis o:r dial.kyl· ~~-bez1zy.l pho::;... 

pJ:lorothioJ;.atea, thAl ::s.~~J.J:aum '£u.ng~Q:td~l. e.ctiv:'l.t~r i~l ~bi;rdn~d ubt~n 

· tli.e number, or r!&J.'oon ·ator.ls irl the· alkYl r;tlrPUlJ .1. ~.; tb,l.~ea ol~ ~~our.: 

~b.t.t. dimethyl tao:t:ol.og has. pppt;• a.Qti vity. . · · In tn~ an&logoua . aro-ie s, 
' . . . ~ 

· .th.a ph.ospllol~otbtlolat~ · amt~l~~ ·ar~ .r.r.Wb· r;apr0 e!:'f'~~i.~· :t;lUm cc..w.nespon­

d1n.e ph.O$~horothi<:»l~to~· .:t~il{)$P.hoPo~td·olo.~t;rton~te; and ~~aphate 
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nft;J.i~o group o.n · tbtt benzene r1ng bas lltt1e eftect .·on the inereas~ 

. or tha twlgicidat.. act:tv1.ty~-

. ~ .· . · ..... ~ . . '. 
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... Pyra~opliOs .its ·a· :fW'sten1!c ·tunttic!de em1t~ol.l~g 

. -·: ··. ·,powdery td.ldelfs . on t~ :Wide ~oog6 ·or. cMo,P~ .tlt J.O · • 3() g ~.t,IUX> 11 
~: .;·;_~.:.,~·\');' .• ·: :·;:· . i :. ;' " ' .· '. / ; .. ~· ' ... , . 1 ' ., ''. 

. . . unci ~!l ~,r._a~a.-~fr .~QO r•/l:Op .'tVlUl_ii -,. ·Xt'·t~-~ J)o~fl-1\1t0Ven~~Ve: ~ld 
' . . · f}Ul1~t~ v~ acrtivttt·. a~atn~t: .' ~v~y ·lldl.·a.: t .. it 1m . tabSQ11'be·a by 

.. ·;. : . . . ' ·. ; ... , . 

tollage· amd. #san· st. •ii tran~®a.t'{lf~ ~~t~ t.ne· · tl~fl · ~oo 
' ~ ' • ' . ' ' ' ' •' • ' ' 1 • ' ' ' ' • . . ' ' " ' ' • r 

. $,ppl.iotl to t~ . 10~. Qlr . a. · $JJQd dresJ)ing · uptt:.te bY. ;ttoot.s ~$ .iftsu-
• ~' < • ' ' • ' ' ' ' ' I ' ', I ' t ' • ' ' ' • ' ' ' • ' ~ • ' ' ' ' ' ' ' 

·tf.icient tor ii!Y®t!v*iJ ·-.t"t:Ulgkid$1. ao.ti~ 'W1 tl~ til() p:l~t. _ : 

.. ~ '/ ' " . : : . •' \ 

' I ' ,· ' ~ 
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~itaJ~ill"~:to.s is ~ no;u.....s;rst~:nie foli~'" tun~ieidf.l1dtn 

P.l~oteetltalt and eu~11_nt,;t.v~ ~:tivi.t.-y •.. · It.-_!s -~-s~~d :to o.ontrQl J»~vdery 

.tnilf!mf on orn~~~n"Q.aJ;.® (l:':r;'tl~e;ri,ly ».Qses) m:r.d ';e~etable$ (cucv~b1ta) 

under glaag, as \fell. ~.itl3 uru!e~ · f"i~ld C'Oll'll~tio~lSt at ao ., 50 

g.· a.i./-l.oO·l; on XlPL>les (25 .. 00 g/.100 l) anu (H:l."~~~J..s {000 ~ 550 

The isopropYl llOiuol~:Jg of · Ditalimf'os bas iailtd.lav 

:fungio1dnl activity but is -about ttwoo times .mo~e to#d.Q. to 

tor the f'f.Ulg!eidal activity, but .~ SU.b$tittltion .on tbe rin.g 

OQU~eo .a rt1tVl~Wkr.ible docr~asa 1n fungicidal act:ivity. It is 1nt0r­

eating ·to nota that th~ .tung;icidal ae't.ivity of l~it.al.11zl!'os is lost 

by l!"eploo:ing tha ·t.biophoi3TJ>llO.tWl sul.f"ur at.i}l.Q wii;h ~n oxyq,ten t-\\tom • 



Fux-th0l?t:t~9i ,it, th~ pbth~1mide-N 1$ no:t dil'-ectly attached to the 

~nosphoru.s but tbJN)ugb ll!~ ~~a~ bJ?idga oJ.? an ozeygen ator.i!,, th~ 

pbosphoru.m eompou.ntis Sire not .f'u.ng1<:id.al 'but 1nnectic1dal •. 

~r1amit:>bQe ( ~1epsyn1 ~Y&J>rJ:ln.) t · 
..... \ - 4 ill - I a ~'I· 41: ..._...,A ............... ._:II!' ,u h~ II' ....... 

'I 

•. t; ',, . 
' ,, 'r, 

. · _..,_ ' 'X.ri~hOs is ·a'··fung1Qide' ror »olid.ery mi!dew :Qontrol 

and sh~ws some sy$t~P11e' ~tivit)rg · . ·~t· a:L$o· hati · s¥"st~t1c ·iil$~ct!o1 .. 
dat' ·oo.(7f 'aearictda;t. 'pl"oparti~s-~· · Hates tor; ·Pt>,.,d~PY 'tidltiaw· control 

indludo ~-. f:o"C apples ~5 e;.e.~~- (a$\ t.j~,p • .J/l()'J l every 10 d;·' tor 

t"~~es 25 ~.·n~.ia. ~tall wa:l~ef'-miscild,~)/lOO l.i .1\t these co~ontrm.tions, 
; i '• 

The, u- . am.lino .... S...atk'/1 mmt.pU;s of 1'-riat!liphQs are; also 

OO·~ive firlj .t~ngicidos. 
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Poospnonomycin. is a natm•aJ.ly ooou.riug pboslMlOllate an:cibiotie 

~!SUQ!ltly discovered by Herok l4 Co. Ine. It vas .iuJ.llated :ev~ 

.ferJlentation two·th.s on whieb Mt.EiW~ ~.W '..ra.s gl.N>wn. It;J 
. . . (S) - .. 

$tl7'ootut•a was dooa.nst~:t":lted ~ e-yn.th(])sis • Tlli$ net., Wl'tibiotic 

bas a bt"oa,d ·spootrvta of' oot.ivity . .aJld inhibits ir:eever.sibly pyruv~te-­

l:.U"idina diphospho-t~aaetyl.glucosamtne transferaao 1n a."ttl'oots of 
'J.' ' 

grm:a"'!'poai.tivo arld ~<lin-negative ~1c~~orga.n1sms~ 

£a.vc)tWr:.~t'blY witb tetrac;yc~ine ~d cbl.or~pb.enicol. 



\,: 

in.rs~titJidrd oo:tiVitt again;;st t'ifO bupl}or · spoo:i;e-s, Jie~to~~ . . ' . . . .. ' . ' 

' ' 

~- _,:. 



spu.1:1e garminatiou. Bein}~ Qbaorb~d :t'apidly by tht) plant, 1 t tb.u·s 

shvws .a good eurative ootiv!ty ± .... or:- many pl~?nts intectati· Wi til putho~ 

tw1gieidal ;J!etn.v:l.ty. Structur.as of' :;ome $(t!le~totl c Qapounds are 

given belo\U 

·~ 
(f\0)2 P:- SCCl3 

0 
n . 

(l\0)2 POCH2COl = ~ 
0 0 

11 I! 
(HO)~ L:) - S - N.i:!il . ~ 

s. . 
II n l?- l~ 

. \ N 
II 
s 

. . . ' . (7b191 J.O) 
!i!bere are certain t:oav1e'4ts on org~lQph.osP1lOrua £ungic.1des • 

. 1'-b.·~re is an. interesting correlatio.tl a'llong ·the alkylat::ing e.ctivi~cy, 
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the inbibitory acttl.vity agtUJ.l,.•rt •sin enzym9$1 , and _,~lae Wlt.1funttal 
. (U) 

ctctivity. ·ot· soma cyclic ()~ge.nol~hosphovu.s esdjj,el"s ; roan¥ tungi-
(12) 

c1das are lmow.n as t.b.e :itlhibitors ·of 'Sli enzyu4ls1 

It :ts · ·$ellt:m~l:tU ~eepted "aihJ!lt th.a organopho$pboru.a 

cmnpo\)...~ds fnl'e toxic 'boo e.tt- f~hay ph.osphor!rl.f!tte v1 t1U a.st~Stvases, thus 

forming ~o~.Pl~~Ojls that are $1 th~r lL!!1'1!e\~'001'aihle ov tlo n~t roadilU 
(3) 

r~*~asr1) th(! on.zy£4a!3 • . ~"Zlta l}}nmy:tr!~ m~d.nly t.;fl~ec:.tt~d itJ ~ot]p·t,ed ·to 

be (tholine-Btera.so, .an l'JM!'~ tilat .plays a, tt~.tat. !lola in hyti11'olysing 

anatyJ~cllA~iino.-: 2he rOcac:t1an batt<~eon t1t,1~t~rl ctmline \ AOb) and 

choi!.int~ste.r.as~ (C'bEH) tal'to~ plana !zf. three sta.gmu 

. . ' ' . 

At ~il.1.:J stage toor~ ts ,an· equilibriwn ~t-.ie®l the 

en~ymo and its su,bsiwafJ.o Qil tb& one tmi~d. attd a QQmplex of th~ two on 

Choli®' i'· ·GfrfaCo~10b. J\catylnt;ed 
en~; 

:!'he aomple~ y!Gilds choline and, auetylated enzyme i.n 

tb.e second stage. 



'£ha final sr;age is the <.teacetylation in ub:t.ch the acetylatad enzyme 

!s bych'olysac1 to givo t;.be ~Qe &Dey!ti$ and ooatio acid. 

'l!'ba native contra of acetylcholinesterase ( ilCllE) is 

etruetu.rnllY Co::Jill~entall'Y to its aubstra;te aaetylQholiile which 

eonta1ntJ a trimetl:tyl ~ntum group w.tth a posi·~ive oha'l:'ge on li 

negat.ivaly charged rulionw $ito, \1hicb 'td.nds 1#hei tt"imetilY'lOJ:tmlonium. 

group, and a rotatively nuo..-.....specif:te n esteJ.."atic aito, whicb e~ta-

thal"e are basic ( bistidinot 1midaaolc1 seri11e il;fd,t•oxyl) und acidic 

( ty»or.U.ne hydroxyl) srnu.ps (£i\1g.: 1). 'Zha :c(~ac1i1on batt.;aaia an 

Ol'ganophospho~s cumpound and .t..\Cllill 1s represented in Fig. 2. ilhen 

tbe t'>~o chemicals !nteract there is a illlcleophil:lc· ai~took or th.e 

sat•ina hydl:'o:eyl on th~ phospl'loru:; r=1toa that i$ aida<l by the aoidic 

nnd basic groups :pres\jnt in the emte~at!c sf te of the enzyme. Tb.is 

ra"''ults in the f'ot-..mation of' 9. '·trevex-s:t·blo" complex tba.t finally' 
. (1.:1) 

yields· phosphorylated eneyrga and .tlitrQ•$al1ganin. .r\ldridga in-

vas~igated the inhibition of cholinast;.art)se by parathion tllld related 

coopounds &l.d :tound that the comple.-1: did n()t show $1gni?.icant reva-

s1billity. 
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Schematic Mechanism of action of AChE, 
C1) Enzyme-. substrate complex in AChE • 
<n)Oeacetykltion of acetyl- AChE. 
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100 In , i, 

t = time ttl r.d.nutem,. 

l = mol.tlr !nbi'bitor concw,tvation,, 

b :::: l~GrCEillltQ&a r$$idual. ;;.oti v;Lty 

pbol'us compotUld and $-te chol.ineste:rase 1nhib:ttion1 llt>Ylev~~, h~s not 
(H) 

b$an 1deal1 Bald ?-!~ intl.-oduoed. a kinetic ·i~ll.tat:nE~nt for the l!'eac·-

tiQn tb.at takas int<) B<UHl"Unt. the ::1~Vtnl1'!)ibU1ty of the ooapJ.sL This 

l"eversibility 1s d~p@lld&nt on the aff:tnity of the inhibiting can­

pound fo~ ·t;b$ active $1t(ll. of cholin»stez.-a~ aa ~t()ll ~s on the :vato 

Qf phospbo~ylati()ll (fig. 2h· Ey u".;.Ui.a!nr$ diffeJ?ellt kzl,n~tic t;lethods 

tha vsltles for ~l (.Qft.:tnity conmtant.l1. It9 (Phosphoryl.ati(>n conatnnt), 
(12,15) and Ke (bimoleoul.;n• 1nh1bit!on co~~atant) may b~ ':tet~Ndll~d • 

If tb~ ae~l~J..cbol:inasteraee 1 s destroyed, i. a tr.Jrovor­

s1'ble bounds or fom11s a QQr.lplex from wbicb. ztt is r*lleaso.d mox.•s 

slowly thrul und!lr no1~uaal condit#ior&; itis SUlJstJ?ate, ace·ty1t:h.ol.inv1 

is not easily r'eilovad. &Qra 't~ reeeptQ:I7 sUrf'~ce of tbe rtlUrSP·l~; T'his 
' 

cau.sos tb.e muscle t.o ba de!~Olat>is{;)d J .. onger than usual and gives :rise 

.q~;cg0 
l); {,; l:l 'li ~) 

·~, AUG i983 
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£l$.rtilys:t.s of tha muacle$• .Death ttn mamro::als ooc'l.lt"s as a resUl·t;. of 

aspby;da CHU.i(.)Od 'by the part\tysis of: thG :t"GS,P1ratory l:nUOOlOSe 

Since most orgmwphospborus ·past.icidills bydlYoJ.yse thei~ 

PG~sista.nt and/or appearance ot by~olYtd .. ::a products ~3Y bo obta.inf3d 

f'll'om. k:Ult~tic studies.. 1¥yuroly.sis rates ·of these compounds and their 

- metabol:i'tes at,.e of interest since cllemcal bydr~>lYsis deteminvls 

trbeathe1 .. or n6t tone ro~duoe Vi.ll persist. . The. first-order half'­

l:ives of' ~;ol'!l9 cor.:mum orijanoplm$pborus pesticides 

!!! I'WILUii 
· · (lu) 

li:;ted in :fable - l • 

~~-1-.1!~ 9.r ... ~.2rJI~J!l~~!l'!¥.2r~ .P.e.~~~S!-~J!..!.~~tl~~&,l, 
(-coop •. 7000 914. 6. o, buff'(~~ SQlu:~i(>l~ ~44) 

·lA I 'I •it • - M; ··~~~('eo'..._. • lf11"ij' •• -~-.ct ,., II 1k . _ . IHI a. J , ..... 

~himet oxen 0.50 Demeton•S lB.O 
.Diohlorvoe 1.35 ~,~orphothi.on l8.4 
~hilaat 1.75 . ;aq;te~ 22e4 
·2:t.J'icbl.olrpbon a.2 V anridothioll 254t~ 

l~carbam 5.9 !1anazon 27.a 
l'ielao;con 7.0 l?Qr®ltOll 28o0 
~nleton-s..taethyl 7.6 :J?luonazin 2{~.2 

Malathion 7.6 I>i:mlfo~on 32.0 
'J>•u:tonaz:t:n-oxo.ll s.2 D1ez:J.non 87.0 

o••··~·· .... Contd 
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~&"atb.ion methyl 
Fenoblorphos 
.. -\s!uphos tlletb.yl 
Su.m:lth1on 
Dimetboata 

8.4 
10.4 
10 ... ~~: 
11.2 
12.0 

S:biometon 
Metllyl 

:!7.0 

Ox.y-dameton l7.l 

Et.hion 

l'aratllion 
PiAenkapton 
Chlort~vinphos 

CarbopbtmQthion 
Dim~tox 

37.5 
43'.0 

92.0 
93.0 

no.o 
212.0 

. ~he 11.YdrolY,s1s rate 1 a d@pen.dent upon the cb.e.cd.csl 

struottWe ru1d rnr...otlton condit1on$ aucb as pH, tGf4perat.ure. _the ltlt.nd 
<a> 

ot sol vent used, an.d tho e:d stence of' c.atrll.ytic :t·o~gont$ • In 

actuoous solution, batw$en · t*e pli l'Nm~a l to 5 m&JY' c>l1'garu>phoaphorus 
. (:1,17) . . 

pesticides oo:>G most stable · ,,. and in tll1$ range (pll J. to 5)1 tile 

VWJiation 1n pit of ~hu solution has practi<nt'Lly no ettoct on tho 

~droly:Jis z.-nte •. · But tna hydrolYsis rate 1noreaaas stEle-ply a.t pH 

b1gher than 7, an<-t all o:rganophosphorus pesticiden at"Q rau.ch 11.4~ra 

unatable under alkaline aonditions. Very good discussions on 

chomical .struotu~o Qnd bydl~olyzability ot various organr,pho~phorua 
. (3) . {16} . 

J.)QGticides are .gi VG!l by Bto &nd. f:'nust • 
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S. Cbr'istG~S~r~,. B.. G. t~ ~~ ~·· 
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"J?o·t;~tial. Ph.ospb.t'Wus .... Contaiutng 
!ntezn.nedi~tes for tbe. ~l$nth.esis of 
Pest:t<Jides"' given in .. t'Advtlnae$ in. 

.l?est!l.e:1dtt t~ience,. Ed•·. Oel~sbuhler, 
H •.. 1 .... PergflmOll Press, Part 21 Page 109 
(lbY/9).. f 

·1 A.l;;t. s.®0,.27J:t (l~O/looa). 
:o.A,s. J..O?a.~37 (1957/lOOO). 

Chemic· dar Fuu~izidat in C!h~ic dar 
P.t'l,anzen$llhut:wn.d S:chadl.ings .. 
b.elt-Ptunrn~tttoJ., Band 2, Weglet- 11., 
Ed.,. :$pr1ng@r .. V~~la.:.t, Ber-lin, 1970, 
46.. 

,ll'hosph.o:roaUl"ederi vat$ ~a Fm1gizide, 
t~cn.· }lflanzooschu-tzy 51 31 l009. 
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'Sbm Noyaku 'Soseino';1 ~<t. by 
a. Yam~ to S4'1.d ~." lloguc hi, · 
~ok;yo1. p. '1391 1005. 

\Wnvicwnmantal i.otters, aw, 
3.71 (1.")72) •. 

z lia.tW1f'orsen, 12b1 1.96 (1957). 




