


ORGANOPROS B0IUS POSTICILES & GREBAAL IBTRODOCILOR

1. INZROLUCELON 3

Ihe pesty dizease and weed gliuasion are not statle - they
keop on changing. ey pbhysiological races evolve as a result of
outations in nature, Hany dngects and fungil develop resistant
strainé vhen the aama’insentigi@e or fungicide ig wsed year after
year., Similurly, by the use of the sane herbieide, seagon alter
gaagol bhepe is often é»ﬁhifﬁ in the wead flora and a nuuber of
rezlistant gpecies bocons predominant. Even ehonge in eroping pattern

echange the post, dizease and veed situation - nauy pests, dlseases

- and weeds of winer lnporiance may assume major proportions. It has
been often notliced that pests and disesses, virtually unknown and
ignored guddenly beecose very alorudng with the introduction of now
crop verieties. Bueterial bilght, anngvoviyus, gall midie of paddy
and Phalaris winor in vheat are only n fow gxanplss from our

COURLIY .

ALY these definitely point out %hﬁé the existing pesiticides,
hiowever efficient thay may be oznuob solve the post problemp
pernansntly. Hew pasticidos must be developed to goubel varioug
new sivuationg, It shouid be a ecntinuous gearch « a progass of

intenzive ang sustained research snd developuont. Apart from



finding answare Yo nevw problems, regemreh and development are also
vital for linding pestleides whieh will be sefer, wore eoffective and
seleetive, ond above all more ceonomlc in the true sense and

anvironaentaily accepiabvle,

A partieularly laportent group of pesticidal substonces come
priges phosphiorus compounds, the laporiatice of which have been steadily
ineroasing in the recent past. Soveral new compounds of this group
sre used for ingoetleidsl, seariecidal, nematocidal, snthelaintie,
ingect sterilizing, fungicidsl, herbleidsl, rodentlcoidnal and otler
purposes. she develoguent of now phosphorus compounds was for a long
time doninated aluost exelusively by one single gudding principie
nzasly the YAeyd Auwie' of 3chrader(l’2'3). Rhe preat advancemenﬁ
din agrieultural practiqa,f&cieu@ific kﬁﬁwlﬁdge of the strueture.
activity relatlonship and node of action of ovganophos?horus pegtie
cidas wera achieved by the discovery of parathion by Schwrader in
1944,  Parathion is extreusly toxie to mgmasls R Wwell as Lo
insectz. Many less %oxie pesticides have been syathesized by siight
atructural modifieation of parathion; for oxanple, ehlorthion
'Cin.l@ﬁa),(§§euthian (in 1958) and fenitrothion (in 1959) were

/

dignovered .
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Helathion was dleegvered 3 2650 and deaelon dom 1661,
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In 1952, the Porkew resstion was discovared, and msny important
vinyl phosphste eaﬁe”& h&v& hamm introduced as precticsl peglicides.
Sinee then @uVarnx ol nompnun&s have been deveroped snd sre in
comasrelak mwe{3). %ommon or trade ﬁad&s, chemical gtructures and
other nropervi¢s of waveVul organephosphorus postleddey have been

givon in Appendizel.,

2, WLACELIUN WIVH CHOLINMSIORASHS

I 1 geﬁarali? aaaapied that the organophagphorus
conpounds aroe tamié bénamse Shoy phosphorylaie vitsl sgisrases,
thus formisg comploxes that are olther irvoversibie or do oot
raadily roleass ths @Hﬁﬁﬂ@@€a}» Yiw ensyme malmiy offected is
sooebbed Uo be cholinesterase, an enzyas that plays a vital role
in hydeolysing eostyleholine.  Zhe rezetion beotwsen ncsiylebsline
{Ach)} sud eholinogterage (Chiili} taltesm place in threoe stagess
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) B0 o & Cliy + Gl (Gt TiOyH,0 -6 0, /Chi
Aceﬁylamlisaé - ; Engyne conplex

At thig sbage there is on eguilibrium betweon the angyae
. and itg subsirate on the one hand mad a complex of the two on.

the other. .

+ -9 R : *
Gty gy @ =8 = Cily i B cauigy liogg0
| | | Chol ine
Eneyme complex . . oo, e
. Cl306,ECh

Agotylatad enzyne

. The complex yields choline and secetylabed enzyze in the second

atagg. .
g L
CH3C0,ECh — Ci,C00H  + ChEH

dpotylated enzyme - hAoebic mold enzyme



The finsl stage is the dostetylation resction in which the
acesylated enzyme is hydrolysed tp give the fyeo ensyme and
seotde aedd.

The active conter of stebtyloholinestorase (ACHE)
48 structursily ﬁ@ﬁg&éﬁénﬁégy to its substrate seetylcholine
whinsh coutains a tPimethyl ammonlus proul wiah~a‘§ﬁaitivﬁ‘eh&rge_
on ¥ and an estor Linkege, 'Qhﬂ engyme’ 8 ééﬁi?& genhor conbalns
5 negotively chopged solonle glte, which binde the trimeihyla.
aponius group, wnd o relatively “nonspeeific” estorstic site,
which estalyses the hydrolysls of the ester Linktages In the 2ke
esbaraile site there are basie (histldine,lmidazole], serine
Bydroxyl, aud esidic (Gyresine hydroxyl) groups (Fig. L), She
renoblon batyson peraszon snd ATHE 1o ragraaﬁﬁﬁed in ¥ig. 2, ‘hen
the two chemlesls inbteraet there iz a micleophilie atbtack of the
gering hydroxyi on the phosphorus aSom that is aided by the seidie
and bazie groups prosent 0 Hthe esberabio site of thy onayne. Thisg
fesulbs in She formation of a Yreversible! eomplex that finally
¥isids ph@:ﬁéﬁ@ﬂﬂ.aﬁ&d angyde g Miﬁxw@f fﬁ};ériﬁgax
investigebed the inhibition of ciiviinesterase by perathion and

related conpounds ond found that the eomplex did nod show signifi-
esnt roversibility. In other words, the inhibiﬁiun of eholinegw
terase in this cose Tollowed £1irst order kineties end wss
bluoleculaly Lede 3 o ,
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Fig. 1. Schematic Mechanism of action of AChE‘, after Krupka.
(1) Enzyme - subsirate complex in AChE.
(11) Deacelylation of acetyl- AChE. - '
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Fig.2. Schematic mechanism of reaction _61‘ organophosphale with AChE.




whnre K = blesleoular rate constant,
t = tiuo in nitutes,
I = molar inbibitor concentration,

and, b @ perosnbapge resldaskl sshivity.

"?ﬁ?i’%&?féim betweoh the am'*i"my 2 orgsnophos.

phesuy @ax&%m@; end ivs ehulm@st@maa iohibivion, however, hag

£y
 nwo% been idenl, and ééamg - dasroduced s kinetle treatment for

the rometion that Laken dnto secount the peversibility of the
aoaplen. *ila z-'wesrsibimﬁy is depondent on the :;ﬂ’finiﬁy of the
inhibisdng conpound Lfor the aeptive sgifte of cholinesterase as well
ag gn thowbe of phosphorylatlon (Fig. &) Iy ubillalng e}iffazjezit
kinatie mothoda the va?.tz@a for Ky (affinity constent), ks {phos.
shorylation eonstant), aud ik, (bluoleculsp inhibition congtant)
ey He ﬁmt@mima(d CJ,_

I the amoetyloholinegherase i destroyed; is Avrover.
sibly bousd, or forms a eomplex frem whieh 18 is relessed nors
slowly Shim wnder novmsl conditionsy 40s substrate, metyleholine,
ig no% %&s?ﬁ,g}‘ roaoves fxoe tha resspior surfaos of the musels, This
cuuses bthy musele to be depoleorined Longer than ususl wod giveg
rise to seVersl astion polentiale passing theough ms.e musele. Zhe
result is a mwitehing of bhe musele loading to tetobus and 0VoR.
fusl pamalysié of the musele, Ieath In momeels occurs ng g Yesult
of asphyais emized by the paralysis of rospiratory muscles.
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3. CHEMSGAL HEDROLYSIS:

By st srgpancphicsphorue pesticldaes hydrolyse, thely pale

-

slshence and/or ‘ammwa@}hymmmia products any be obtained from

- kinaevle gmm. ﬁydrélysis rates of these compounids. and thelr oetae

bali@)m aze of intarest slnee gsmmﬁ& !tzycimmgm doteraines whaether |

or not toxie reslduss will persiste The ’m abeorder helf-lives of some

COmOn ’aréain#yﬂasﬁimm& pesticides i:mmim gome mefebolites ore
Tdzted 4n Table - 1 Q’?};

eﬁ)&&“ N ;‘

lintrelives of gomo Cr senophosptiorus Foos :’i,es:: ci% in Ethonol (Yem,70°C,
I 6.0, Buifer Solutlon (1r g

e A et

wm;mm 9&%&» 14fe m;«rg g f:zmgmmeﬂ HelffoXife hour

— e e R N — T O P —
'Ix*mme% OXon 33.3@ ﬁwaamn-s: 18.0
diehlorvos C 1.36 Horphothlon 8.4
T hlmet 175 Baytex | 82,4
irichiorshon S 3.8 Vamidothion 25.4
Heo arban . B.9 | HanaZon 7.6
Halaoxon 7.0 Paragzon 25,0
DemnothneSemelihyl Te6 Thiongsin ' 20.2
Aglabblon N S Di g Poton 3.0
hienazineores Ba2 Dinazinon | C 87,0
Paprgilion neshyl Sat _ Bthian 37,6
Fencllorphos AQ.4 Parathlon : 43,0
hzinphosaethyl A0 Fhonktapton 9E0
Bumithion .2 - dhlosfenvinphos 93,0

- Bimethosie 2.0 . ‘ Carbophanathion 110.0

. Thicmeton S ¥ X ¢ - binefox 212,0

« x*i&‘!}&fl oxY=denpton 17.%

e 7 Bor Ao I 5 " e

i
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The hydrolysis rate 1o dopendent upon th& chenieal
structure snd resetion conditions such ag plH, teagarature, the
Eind of asolvent uscd, anﬁ the existenge of eatalytic raagenﬁa(f).

. Iu,aqueamg solution, betweon the ?A range 1 to 8 many organophas.
gha us pesticides spe mosh stable o and in this raugoe é@ﬁ 1 to
5)y the wardatlon dn pi of the solutlon hag practically no effect
-en‘ﬁﬁa,&jééaiyaim Poro.  But Lthe bw&raiyaié éaﬁé inercases steeply
gt pi highor than 7y and @l&‘arganaﬁhasynarus pagtileidos ave much
more unstable under amlksline conditions. Very good discussions on
eheaicsl sﬁrucuur@ and &J&W@l}&ﬁhﬁﬁy of various aﬂganoghosphorus
‘pesticides are given by L@egé) snd Faush ?).

e LI AMRED SPEUERA:

The IR gpepirae.sgivuehure eaﬁrélaﬁiang~oﬁ arganophogphorus
compountds have boen given by several waék@rsggﬁlésc The first sot
of orgmnophosphorte group froguency correlatiens were furnighad by
Moyrick and Ehg@maﬁigi and ﬁy ﬁoveﬁlo). Shege wore basod on relsge
tively Pew compounds. By 1964 Thomas =nd @nittenéanfll} wore able
‘to start publishing correlabtiong based on daba frem 2300 compounds
csnd by 187 these u@?keya(ma) werae able bto publish aﬁganaghesphopus
&r@up Lrequency corrolations bazed on dets Crom aver 4000 eounpounds,

hamasc 3} hag Peeently reviged skl the oxisting correlations in
the light of dats from S600 organophosphorus cowpounds. As a
Pogult of thisg Qhamaaela) has been sble to demonatrabe ﬁhat by
sya%e%ie applications of the ¢ ar@alaﬁ&oma, it im possible to deduce

a great denl of the atructure of on unitown orgsnophosphorus Cote
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pound -on f:!ze basis of the iﬁ apfe uz;nm. ?{é%&@ application of
. 43 :
the eorrelatlonsg given by Thomrs s Dan’ has bean able to

deduce the structures of 110 argmmpﬁespmas pogbinides, A full

1ist of correlations which have ‘baﬁn 1:?0@3@5&:% iz given in the

iable - Ii.

é"} %éﬂhﬁr&a—@gyg@m Linics:
1) P = 0 (free} _
# = 9 {hydrogen boaded)
1i) P.0.T (aldiphatie)

Polla0 {abhyl)

Paullul (mﬁhﬁ)
111) Pw0-0 (aromatie)

iv) Palei

b) Phogphorus.gulphur tankes
g =5 (L)
a & (X1)
¢l ?hass@hurug..wmoa uﬁ.wzm
J.:i.) P e amyl
P Gy
d} Phogphoruseiiziogen Linkos
P w CL
a) Phosphorus-ilitrogen Linktg:
Pall

13501260 euw~d (o)

. 12501110 en=+(v.g)
. 1080.990 ea™> (v.g.)

and near 1150 em~l

1082.1008 eu™> (v e 3y
and 1170.1180 en~ (w)

10601015 em‘l (Veg)
and 1180 £ 10 eq~d {w)

12402190 ea™t (s) and
995.850 en~ (s)

970800 ou™t

862674 on™
PA0E50 or™d

1850-1426 ea™t ()
Ho uzeful eorrelations.
19201280 ew™d

580=dg0 em”l (s}

oo

—y: o
g P iengnc S ittty vt e b it d R A aagidpon doip

1655870 o~
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It should be stated &b once that not all of these correlae
tions sre of equal value, sad Lhob, whilst mzay of Shem are based
upon She exzminations of i&z?ga nwzﬂ:zw of eamg;uun&a, otlisrs are
ouly very tentative correlations based o & fevw compouiids orf on
compounds of a limited type. The ‘msis of each of these corrolse

(13)
&ﬁ.mm has ‘iaecm well c’&iwﬂawd by Zhomas -

o. MR SPUGCERAS

The KMR ppectra-ghirusture correkations of argsmaphagmnoms
(18-18) (15
compound hava bc(agf)givm by zeversl wvorkers e linbad et al
ond Naeith et 22 roporied the H4E gpuetra of s0me or zanopho s
A,thte ingectieldes in CUCL;, Coupling eonaﬁmts and chemical shifts
cvf gome nethyl and ethyl subgbliuted orgevophoaphate ingecticides
are given in Table«ill and LTable.iV. For campounds,_
X
I ¥ ;

I
iy

(1)
wh@ma R1 and iig are both megl:syl. groupsy She wethyl pesk appoars
in the region 0= 3.9 to 3.7 ppm with JF(PeCly) = 11 o 16 Ua.
Orgenophosphates in which By and By are both sthyl show mebthyl

peaks al R sm:i. methylene pesiks in the region é = 4.2 T0 dede
In this casey the J{P«CHy) and J{P-Ulip) coupling eonstants are 0.8



wlle

and 10 Hz. The ehemleal shifts of methyl sad ethyl protons. ave
quite comparebley bewsmzz exyg;emnmammg organophosphate
eompounds znd thelr oulfur analogs, but the coupling eanstrmtm
are somebhing higher for compounds with a P = 5 hond then that
with a P =0 bond, | |

In many cases, & has beon observed A further splitting in
both the metlyl proton pesics as well as methylone pealcs, {%ablow
IIl & IV}, %hig has been oxplained by Keith eb aj.(mg on the
 basis of mapnetic mn'-mguwa&ewe of aethy. gmmus dus to hinde

sred rotation sround one or more bends of the phosphorus atom,

Zho ois-trans isonariga of oygmimﬁmsgmus compounds hns
slso becn detected by MR, Isomerisa is found vhen phogphorug is
_atiached, by oxygen or sulfur, %0 a carbohecerbon double bond. Fhe
eis and trang dgouers of phogdrin and Lts sulfur anslogs are rew
presented by the formula (2) and (3) and thedr cmm.mg constants
and chenfoal shifts ave shown in TableV.,



wlde

21
cwz0) P -
(cus0), P | P
o) pOCHs
N 4 ' (cuy0) P
~ oy Ne — -
=C
CH
CHy - :
& | (3

o ::’%éma Interesting resulbs have been reported fop
~ phosphorsaidute type compounds ia whieh ¥ 45 a nitrogen aton.
The MR ogpeetrwn In the pothyl reglong when two methyl
groups are abtached %o the nitrogen 'eﬁhi%i%s s pabttern
chursgteristie of hindored rotabion sround bthe partial carbone



Chenleal shifts and eoupling conztants for mashyl groups in verious organophosphates.

X
. - o
@ﬁa
{1)
Compound B, | & R, X | X o€ : J(P=Cly)
LR 3 | \ cﬁa o} o
Bldrin Ho Mo  H,H.dimethyl
' cigs-nrotonanide 0 ] 3,83 11.0
Ciodrin e Ho A w@ELIYI. benzyil -
, els-crotonabe 0 4 3.8 1i.0
DOVP  He  Me  2,2.dichlovovinyl o 0 3.86 | 11.0
Dicapthon Me Mo  Se.ciloro-d nitro 5 0 3,98 ' 14,0
» S phenyl
Diuethoate Ha Ho Hemothylearbaumoylusbhyl 8 3 3e& 15.0
Dimethoxon 5 Me  Hemebhylesrbamoylmethyd O 0§ . 3.83 12.5
Gathion = Me AuOitnly 2,3 bonzotrine .
zmcas'ﬁz),yz-mmm 8 3 3.76 15,0

g@ntdO.'.’-‘I'«‘.
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. . T&b}.a - 111 (@Olztd.. awe )

Compound | &y | - | .4 X' SCHy ! J{PaCha) -
RO 8y Ry By 1 i3 i : Hz 3
= M epa iy epzkoram: e S —*.-f:é,.m . oo s et
Guthion Ha He é.nm‘-l $o9S DenZotrize. 0 0 8 T 3,81 2.0
(Oxygen aualog) o zim-di-&ﬁz)-yl_ aethyl ‘ . o
Inldan e Hd Phtbalinldomethyl 8 5 3.77 - 15,0
Hal axon He He 142 dicarbethoxyethyl Q 8 3.&3 ‘ 13.0
fHislathion Me  He 1,2 dicurbotbozyethyl 8 8 3.81 15.5
Heta-Systox B He e  Ze{othyl smifisyl) 0O 8 3.82 13.0
: athyl | - |
Hethyl Farathion - He Hae - detiiiro phenyl 8 0 3.87 34.0
Hebhyl %rishlon Me  Me  Pecidoropheayl A ,
a chiouethyl | 5 B 3.72 - 15,0
Haled Mo - Mo | 1,2 dibronoe2yZe ) Q 3,92 12,0
~ ‘ dicm.ercaishyl , 3,91 |
Phogdrin e Ma S.carhomethoxy . 8] g 3,78 1.0
A l-methylviayl : , ‘ '
Phosphanidon  HMe' He  Z.chlore-2(H,l.die 0 0 . 3.88 2.0
: o . : aﬁhylearbamﬂl-in T 3.8 '
s~ D methylvinyl ) |
Honnel = ,%.? He e 2,*&,5 i:riem.omghewl & g - 3,9 . 14,0
e T ST I ot e TSR R SR
S iR Contidessscssss
5 ":’T}
@ s 22
v oo
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‘Eab};e - 112 (%nt’do seqe )

adks

§ o1 b 34 K - z - : é n o v
Coapound 31 de 33 X Y c:i3 | J {Pﬁgns) |
Ruelene o dets methyl 0 Wi 3.81 11.0
b bu‘&?l-»’é?- :
ehloro-
phenyl
Tiguvon Ha He Guiiebtnylthiowle 2 Q 3,81 14.0
tolylk ‘ :
Trlehlorofon Ho He L= iroxye= s - 3,93 11.G
ethyl
Zytron Ho 2,401 isopropyl $ %t 3.8 12.0
CLLoroe-
phenyl
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Chemlesl shifts and &oﬁmimg constanis for ethyl groups in various organophosphate (1)

X
If

8 |

%

By | x| ¥ By

l | F(P-Ch

L

3

| 5 g - J(PaClo
' % et

-a,
e

Biaz‘imm
Diazoxon

'Mmebtaioa

Bt o

e
i
<

it

Eu(2) Be(2)

B &g

2-02:3-2& hanzopy.. o . i
PaeTwiL :

2-15093'0931.4. 8 0 133
methyl .
Gepyridingl

z.uoampyl.«&. 0 0 1.39

2;~5~ﬁ~dioxema ‘ ﬁ(a) L a2y 1,36

0.8

%1

4e2 10.0
Ge34 ‘ 8.5
4,33 8.0

4,17 - 10.0

aonté-coocc ve
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Poble o I (CONGGesesee)
' Compound R | B 8 E £ S, | I(Palily) S ¢ J{Puliin)
onpe Bl % 3 | 5 | TeP-Glly &2 i
bisuifoton it 5t  2eethyl thiocs~ & 3 1.35 0.7 4,17 10.0
- ‘ syl | 4,15
BPE fanitro #%  Phenyl & - 1,36 05 4,27 10,0
phenyl . '
Ethion 2(2) B8(R) metbylene L #2) S(2)  l.as 0.8 4.2 10,0
Paraozon B& B  denitrophepyl 0 0 0 1.39 0.9 4.26 8.5
Parnihion g5 En Swnitrophenyl g 0 1,37 0.8 4,25 10,0
‘Phenespson - &% At methyl{245-di. - & 5 1.36 0.8 4,18 10.0
chloraphetylthio) 4,16
Phorate Bt HS methyl thioechyl 8 8 135 0.8 Ge18 10.0
4,17
Thicnnzin Bt it Sepyrazinyl 0 Lot 0.8 - 4035 9.0
Zrithion % E# 4echlorophenyle & 5 1,83 Oul 4,12 100
thicuethyl d 03 -




t‘:‘,hemicax ghifve and eoupling constanbs m phogdrin isomers
(2 and ) :

" Chemical shift, o

- . Coupling

Compeund & P ot et o conatant
 Hz

Cis Phosdrin 0 578  3uB6 . 3,70 2,42 10.4
traus Phogdrin - © B.30 3488  3.67 2,15 1L.2
Cis Thiono phose
drin | 8 B.68 3,88 3,70 2,37 14.8
trang Thionophose
drin 8 Ge36  3.82 3.6% 2,10 1446




vt ow
Table — VI
Longerange coupling constenss in phosphoramidabes 4u CDClg at
' Asblent tomperature,

L)

ao— b=’
AT T Ny
Eaﬁi ]
; .
Substituens ﬂg % By g'szt;%igf cfg{wtant
-iie s )]
&) E ~ Ha
i
oL | /CH 3 ..
- C!Ka \:/ CL uCH ~ GH .
3
cL ' ?% _ .
- Cﬁa Cy“CL ’ - z g Qﬁa - Q.g
'{4.
= Cﬂa ?\? L - GHE - ﬁﬂa 1.0
Cg /Ci-‘ig
- catis o L. - O 9.7
Tl
G
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' 31 1 .
nﬁtmg;en double bonds Zhe longerange ¥ - i coupling consbant

L3

J,;‘,{ P - Bi- CHgdy a}.cbmg:h logs than 1 ﬁz, is always obgervsble

(Table - VI).

The nass speetra m‘{’, 3

hava beeéen reporied by Danico s dOvE 2% 2L o Gillisz of al
3) :

end Eto .

a}. arggum;‘;haspkmrus peseicid?s l

A glgnificant rearrangouent of two hydrogoen atoms %o
phosphorus connectad oxygens with tma e}.:lsainaticn of an alkyl
group occui'g) ab the first gtep of the fmgmwﬁation of trialkyl
phosphiates « Yor exwapley triethyl phosphate decomposes with the
following emwgu@mm elinination of tvo ethylens molecules, giviag
£inally tvhe intense pesk of I’éii}ﬁ); (/e 99),

N -6 Lt 4
GH50)5P0] 2= (,150), Plow), —2H5 ¢, 10 P (1),
’m/e 182 ' ’hv/é 155 e 12F

+
PCOH}Z}':
/m/a 99



w2l

The fragment ion w/e 127 also decomposes in another way, stcompanicd

by the elimination of walery as ghova below: |

Lo - H’2_O ’ + - CZH *
% ‘ —_—— % 1% AW Y _‘_____,_,ﬁ———’} £ 1,
R iyl OPOC OF) oP(aH),,

o/e 127 n/s 109 S . w/e 81

As the 2 maiatylmf oomson organophogphorus pesticides shown below

is complex, the successive rearrongoment-frageentadion does not

, - %
alvays glve the finagl ion § (O} 4({n/e 99) or () Pell (/e 115).

The Lase pesk lon (wfo 127) for mevinphos snd phosphemidon
1s postulated to be formed by the doubla hydrogen resrrangement

mentioned abovo.



wiide

c‘?—

. ‘ y -

(i 2(0) = 0 = ¢ = CUEYLCIL, | (G0, P (ORy
CH3

nevinphos nfe 127

®he mass specitrum of paraczon is slmiliay So parathion, and
their bass peak ion (2/e 109) 4is probably formed by the resce

tion shown balGW‘

F

4

Q(m} e
] » y LW 144
(&.2&150)2 —0 ...@ b0, L Gylig0 PCO)

Par anzon 2 /e 109

Paraoton algo | 1vas ralauivelJ intunse peaka of rearrange-
ment fragmeat lons. ?ﬁﬁﬁ>@ {vife 99) and GPCGH)E (/e 8L)e
Another fragmeut ion, mfe 139 (na.ueu&ﬁab }y tany be Lformed
dus 50 o -cleavage of Ghe ma%ggular ion with hydrogen

Pearrangensnt,

Dimethyl phosphorothionatea such as parathione.methyl
and fenitrothlon also give a fraguent ion of /e 10W. Hore
over, these methyl esters, aluost without erxcsptlon, give
fragaent ions of mfe 125, H3, 79; 63 and 47,



L

Diagoxon forms a base pesk ion (wfe 137) which is found
probably dup to « -cleavage. Yhis type of Cragmentation is
most comaon with slmost all phomphorus esters, ineiuding
Uy Ymdinliyd phosphstes, phogphorothionates, phosphorothiolates,
phosphorodithivates, and also d=2ikyYl slkyiphosphonodithloates
such as fonofos. ‘ |

.(_H 0

L

(cgﬁso;., p — o«k /@ﬁ{ﬂl&a} s (Gylig0), B0

diazoxzon | w/a 137

Fonnfos | ' - m/e 110



w25
(22)
Cooks and Gerrard - observed that in case of szous phogphoroe
thionates z thicnoethiclo Pesrrangement may bo indvced by

slectron impaet before swy fission odourss

A R 1t

: 88 |°

\p/ N
N |

In orgenophosphorus pestieddas having o Pedwalkyl(Z)
bendy A ~0leavage ab the G.nallyl bond tekes plage very often
to forn a relatively intenge posk with thoe charge on the &
moiety. ‘She base pesks of mslathion (/e 173}, phosmet
(n/e 160), azinphoszeibyl .éa/e‘ 150} carbophenothion (/e
1567), aud kitazin (wfe 91) arce all due to the f3 =eluavage.
i i

& ¢

(e%é u) y’--a’ f.'i--fd/ ./j————>f§i oﬁ/
Py i \ | 2 \/

Phozmet ' N w/e 180

L=

:-G

L
o=



e

0 T |

Kigazin o /e 91

In gone compounds, tho ég-claawaga occurs atcompanied with
raarrangements The base pesk of disulfoton (/e 83) may Ve
dus to pugh a rearraggement forming Setrehydroihicfuran lon.

: ’ —'- ‘332 ciig
s |
ﬂﬂa ///}ﬁ%g

&8
disulfoton . , ~ nfa 88
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The @1 (chemlesl ionization) nmass gaectra}df soveral
o {83

organophosphorus pesticides were slso reported . The

determinasion of motastoble transisions in the mass spectrs
of Abate snd Dicapthon by direet anslysis of daughber lons was

: {8a)
algo reported .
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