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ihe vork enbodied in this disgersation is related %o %ﬁe
dnvestigatlon of some nitroesaligenin cyelie amidophosphorothioe
aates with reference to thelr chemical, biocehemleal, inscctieidal,
Pungicidal and othar toxicologlesi properities besides struetural
slueidations by chemicnl analyrmes and spoeiroscopic nethods.

A% the outget, in Part - I of this 'dissermtim, a
general introduction ineluding anticholinesterase sctivities,
nmﬁical hycimwzaia, MRty IR, and Hasn spectra of snme organophose
phiorus ;;;:_@s%iciﬂms hag Se@n pressnted. Common or trndo naMes,
chaenlosl structures and okhoy properties »f zome of them haove been .
given in 4ppondix « &

Part - IT of thiz theasis has beon devobed to a shorb
reviow deseribing the chemlesl, bio-ehenicel, ingectieidal, fungle
cidal and obher soxicological propurties of saligenin eyclic phose
phorus compounds with speolal enphasls on anbithion {Zusethoxyediis
1,8y 2nbanzodiozaphosphior ine2-sul phide) distovered in 1863 by Prof,
Bioey Frofs Ushima and their co-workers. Investlgations have ro.
vesiad that the biologleal neotivities of thege compounds sre groatly
influenced by the axoeyelic subsztilueniz on the phosphiors aton, and
also by tho substituents in benzene ring and/or in heteroweyelic
r.'mg; _

It was reported by Frof, fto and hils coeworkers that 2.

nethoryeBenitrowiiiely 3, 2-bonzodi oxaphosphiorine2-sulphide (HD.B) wag



(i1)

obtained az a paste after purdfication through silielc acid column
ehromatography and found to have zhoul sixly times less iageeticie
del setivisy compared to salithien, Howaver, 1% has heen obgerved
in this Lsboratory that the methoxy coapound {(Bhe8) iz o solid

(m.pe 84°C), ond has about 1.5 - 2 times greatsr cral insseticidal
agtivity %o Yeriplaneisa smoricaens than sa;ighiou. ﬁaﬁ&eva§; introe
duetion of an amiﬁa‘ group la place of an aikyi'eg%@r group often
gives organophosphorus egters fuawmeidzl, nematocidal and obh@r
biologieal Aetivities. knar@'ara ﬁany exaaglea in lia@rature whiek
. show thab some yhaagha@amidu&hian&ﬁea, phosphoramiéas or PhosSpRONte
mides in which the phosphorus aton isg attached direetiy Lo Sthe
aitrogen atam ax an amﬁg? or a §R§S€ﬁ23§?éighgoupauud sgaﬁfgs
phthalonide, “1nﬁﬁazole ﬂba@??ﬁtﬁﬁﬁ@ promphed ug to undertake a
syasenasic Work on somo nltroegaligenin eyelie siitylanldophosphoroe
thionates. The work embodied in Port ~ 111 of this dimssrtation

is related to the ilavestigniion of sm0 ZedllylanidoeCeniteoedil.ly3,
dnhauzadiuxaphasyhavinsznadﬁphidea having the general atrueiure (A)

n R

R
34 O

O N

2

whiore -HRRY = cyclohexylanmido, morpholiao, diethylamido, dimothylaw
mido, isopropylamido, byrrwlid&aa, plperidinog or nonylanildo group.
Part « 111 deals with uhe work ralated L the sfntbeqis

and strueture deternisation of these compounds have basn established



(144)

by chemionl analyses, ﬁ?, iRy Hass and ;ﬁ, &3 G dl? - 4R speetral
data, ALl compounds show ecoamon IR Eands for P-l.C (alkyl),
P-0-C (aryl) snd for nitro group. They show comson parent molecular
ion in nass speeciraj all compounds show an ilon cue o ( 4 - ﬁﬁ)+.
From the study of thoe PHR @pectral data of same Zualioxy/ phenoxy/ .

E-niho~ 441,32~ bwgoatwm@%wwzm&w
alkyinmido it is fairly eviﬂana that the chenical shift difference
of the protons H; and by, Leresses in going from S.alkoxy to
Zanlitylamido eoﬂyaunds,'mnﬂ'@hax thﬂ-aosubétituanﬁ at% the same Glme
inoreases in bulk, and probably spends more $ime in the eonformas
tion with the least sterile interactions. The strueture IL appears
ﬁalexplain, te a r@asanabia'extﬁnﬁ, she reversal of the expected
" proton chemienl shift order for the quasi-axial and quasi-equatordal
protonsy dué toA%he position of the magnevically anigotropie Pw §

bond relative to the «Cigo. group in the ddoxaphosphorin ring.

NG,

W R0
1) ~
\
/N\\ /
R R
13 al. .. . A .
C and P {8 gpectral data of some of those CoRw

pounds, the teuperature depsndant of ;ﬁ MR speetra of the
methoxy compound (i.8) have besn prosented. It has bean observed

thet as the tomporatsure ig varled, the rateg of.lﬁtwyuconversidns



{iv)

of the conformers and their pelative populstions are also varied.
Ihis supggests that the peshyleone protons &E & »ﬁ%ﬁp are nob

. aguivelent %o cach other, and the d&axaphomphorin ring 13 conforaa.
tionally anbile in selublon. ' »

411 the compounds shiow good fungiedldal netivity against
Holminthoaporing spde 5' the isopropylanidophosphorothionate is t&a
most offective compound, and its inhdbitory effvet is groater than
that of Hinosan. AlL compounds have less oral inseeticidal setivity
than galithion agalinst EB. agericanas. They are less toxie Lo male

rats vhan salithion, and ore not phytotoxie, For all coapounds the
HPAChS - howsefly is more inhibited than the CHE - blood,

The rate of glkaldl hydrolyais is inereasé& a3 the pil
ﬁiﬁ;ue increasos fvom 7.7 Lo 11.853 the cemgauncs conbaining the

ﬁisubsﬁituhed amide groups are extronely resistent to hydrolysis
ccmpared o other compounds having the monosubstituted amido groups.

“hw blological zerdivisies and othey data justity further
exsuination of shese phosphorothionntes as potential pesticides.



Page
PARY w I {Insrodueslon)
1. fGenersl Introduction s 1
2. Keaction with cholinesterase . 4
3, Chenical well'glyﬁiﬂ ‘»e 8
4. Infro.rgd speotia e 9
Se iR = gpecora _ : oo 11
6. 4a3s spa‘etl’a ) .e 21
7. Heferencosn ; .a 28
PARS » II  (Review on salipgenin cyelic
———— phogphorus cogtora having
pesticidal activity)
1. Introduction . .o 30
2, blscovery of salithion and ,
related eoupounds ae 31
3, Bvathesls of saligenin cyezic
phosphorus esters ) .o 35
4, Other =saligenin cyolie phospho
rug essers . ne 41
8¢ Chomleal aud biological Propelea
ties of salithion : P 48
6. Chenienl bydrolysis of sallgenin '
eyelic phosphorus esiers ae &7

7. Biologieal activities and giruce
tursl relabionship .e 61



(i)

7. {a) Ingcoticidal sotivity
(b) Hemstoeidel mobivid ’
(e} Fungicidel asuivity
{4) Anti - B ensymo netivity
{e) dnti asternss aetivity
£5) éﬂusrgigﬁic' ac SAVALY
Tableg

fiaferonces

PARET o 13T

Ains and objoets of the pmsant
invastigation |

As HUaterials and sethodss

1., Purification of solvents and other
ghexgicals - ,

2. Opectrogscopic methods

3. Froparasion of ﬁmmﬂmapimfﬁ;
ehlaride \

%o ireparation of S.nitre-saligesin
{ 2uhiy droxy=Se-nisro-banzyl alm.zou

{4} Freparatinn of Sehydroxyee
nitrobsngyl chlordde ,

Rii) Hydrolysiz of Behydromgyeie
nltrobenzyl ohiloride .

S, Preparation of phesphm»midaﬁmmw
dieblorides

95

300
106

205
106

108

106

108

108

136



ger
(11)
(1i1)

Liv)

(vit)

chlahexyl&midopha&ghara,
diehloridothionnate

ﬁcvghe&inephnaphdfé&iahioridauf

thio ‘
ﬁ,N«ﬂiebhglmm&daph@mﬂhsro&&calarzg

dothionate

e ﬂaﬁimeuhylamxdaphasghoradiehlan

‘ ridothiouae@

{v)

{vil}

£ampragylaﬁadmpngsphawadwahlariw

dodhionate
PFyprolidinephosphorodichloridos

thionata

{viil) Honylanmidophosphorodichloridos

. tlhidonate -

€. Preparation, chemical anelysis and
some properroles 0f CeslikylanldCete
niurouéﬂal,s,wabanzod303agasspharin.
a.sulphlﬁe ,

Ge (ﬂ}“
{b) Preparation and propmrt los 05 B0

&eu&ral'grcoeduwa

individusl a&kvlamidophagphuroa

thionates

(1)

(1)
(i3i5

{iv)

2uCyelohaxyl il doet=nilroeilis
i, g Ezbenaaaiuxﬁnhggpboriunzu
“‘U. B & d@

é-ﬂenpholino-b-nitrooﬁunl 3 iy
benmaéiowaﬁpamsphawia»a-auiphida

aaniazhyzamida»ﬁanimrg.éﬂ.l 3,'
benzadioxaphospnarinma-sul&ﬁide

Leiiuethylanido«teil tToedial,, 3
b@nzed;oxqgaasphnrﬁnhﬂasulmuide

LR 2

e

..

LR

Page

19

113

13

114

1z

117



(wiid)

Pago
(v) R-Ksaprogylamiddus-ni«ro-ﬁu. :
- ly342ebansodioxaphosphoritieg. .. -
sulphide e 120
(vi) 2..mx~oa.1ds.aa.mnmm.zm..1 3yBe |
X hmw&i@mzﬂmwmrhma-aul;ahma we 123
Avil) 2ePiperidinO«BenitroediinlydyBe »
%:mzwiamphwr;hwin.ﬁ.. ulpfzma se 122
7. Orsl ingeesicidal acﬁiviny o QOCKIO»
ﬁciﬁ}s . . 'Y 124
8. Antifungal antivity - .e , A26
9, Zcwute oral toxielty tesSs on rass - . lBs
' 10. Anticholinesterase aeﬁivﬁ,ty o ee 126
{a} &atichalinastarase astiVfo in :
hoigefly head homogenate e : 126
31, Anticholinesternse aenivity in goat : .
whaole blaond . S )
iz, Pwmﬁoxmiﬁy‘ ‘Gtmts |  ea 133
13, Chemical hydrolysis : os - 1381
Bs Resultg and BPigeusgion
1. Syuthesis o Y 184
2+ Spectral propertieg = we L34

3, Bpeetrsl data | e | 137

(1) 2-Cyolohozyl anlioeGenliroetiie
1y 3y Z-benzpdioxaphosplorineds. -
sulphlde ' e . 137



4
5s
6s
7
8.
9,
10
11.
12.

(iz)

€ 14) zuziar ;;hulim-ﬁ-m W Oeiddile
Z=bonzodiozsphiosphor i
2— szﬁ. phide

A1) PeDicthyl amidoeteni it owdiie
1,3,&memﬁiwxaghosmmrin-2_
sl phidde

{iv) 2~I)imothy1amido-6-zaiwo.«dm
1y3g2ahonzodioxnaphoaphor in-de
su}, phma
(v) 2eIsopropylanldouSenitroettis
1,3, Bebonzodiozapnoaphorin.fe
sulpb.ifaea

{vi) B.Pyrrolidind=Genlitowli=l,d, 2o
benzodioxnephosphorinedesul p!lg.dea

(valL) Q.Plpez’idim-ﬁaniarmx{wl,d,

: bongodlmraphosphor 1 2e il w
phide .

(viil) 2-HonyLanldoeGonititoudiielydye
bmzadimawmsmmmmz..m-
phide

mmussimibn IR speatra
Diseugslon on Hags spoeivs
Digeussion on WA spectra
Ingse ticidel acsivity
Anfifungsl eotivity
fhytotoxle propordies
Agube orazl toxlelty on puis
Anticholineasterase activiby
Gimmical mrﬁrolysm

tanoral emm mginn and ronuyss

Page

139
141
143

46

347

151

156
158
168
169
w1
72
174
179
182



Pago
Zables _ | ... 17?7
{8) Meetylcholinesterase inhibition
in hougefly head homogenzle o
{(iifAchE) . . | ne C AR7«191
{b) Mcetyleholinezterase iabibision :
in goal whole tlood oe 198. 1836
{2) Chemical hydrolysis » ew 197214
Rofarencus , . Bl5.217

Appondiz -« 1: Couneg or trade nsnes,
: Chenical aguruefure and
other properiies of soue
@rganophosphorus conponnda,

BUEIBED & wEgbg B o






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,

3 | ]

il
(Ciigo)p ¥ = B « Tzﬁ.aaaazﬁ& wﬁ;wg L. OULH, B H,
mal athion demebon « 9

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



: 0
) 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 ,

g, 400
a2

. 1
K 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
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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
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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
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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.
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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
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(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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Prose, pe 113 (1974), ‘







ASVEEY O SAULGLELE CYCLIC  PADSPHORUS LSEEAS
HAVLEG  PuSiICEDAL ACEIVINY,

L. LERHODUCEION:

&is@nvnry of saliponin ey&li@ phosﬁhaua as a biologleally
actlve matahalits @f’trinnaayasgl pn@gghate (mQGQ)QI’E'S) has led
to the extenslve studies on syn:%aai?&'gﬁemieﬁl.anﬁ viclogienl
properiies of many rolated compeunds —  ,  Anslogous cyelie
phospherus eaﬁar¢ have been syathetliealiy prepared for oxamlnabion
of thelr aﬁamlem_ p&c@arti@s(s’73 an@ biologleal ant&vitres(as&).
Zhe blologicsl metivities sre nobt always eoliwident with Lﬁe chfw
afeal poactivities and appesy Lo be &nfluencam by tho gize of an
axocyclie subsiibuent on the @hasgharua atoms Fhe T0CPemetabolite
eatizes abamla in hens but has no dangecticlidel setivity, while its
anglogous eyelie phosphates carrying a small alkyl group have
. insscticldsl ﬁetiviﬁy(lgé. Amonp the saligenin eycliie phosphorus
conpounday saLitiion (Zenethoxyeidlielylydebonzodionaphosphior iiele sule
philda) haz beoh prepared in aiiavg@ quanticy éﬁﬂ pragtically vzed
ag gn ingeoticide in Jagaa(ljé}.

This roview deseribes how salithion has been discovered and
developed as pragiicsl inseaﬁieidé antd also the ehenieal, pestieidal,
bioclogloal znd other propsrbties of galigenin eyelie phogphorus

eonpounds have baen diseussad.



It was She yesr 1930, when asbout 10,000 people in
'Saﬁ.war@'strigan'wiﬁa a flaocid parslysls of the lowe
timbs about 10 days after deinking ﬁﬁﬂ%@“l?@”%ﬁﬁﬁ fiuddy .
axtraeﬁhéf éiﬁgaxillﬁ, This wan due i&nﬁﬁw phogphnte trie
egtor of Qrtkoseraaal, 50 exilod TOUPy a contaninant present
in the ginger extraci. Also s sindisr big oubtbresik of parne
lysis toolt plage in 1869 (4n Moroouo) from coocking oil coubge
minated with the Lubricating oll of turboejet gﬁr@&afe
ﬂnginagiég). Zhig wéé aima due Lo owcresyl phosphabte (TU0R)
podsoning, The phosphate triesters of cresol have baen
widely usod in iﬂﬁﬂ&%ﬁiﬁ§ 2 ﬁlaa&%cizara,‘ lulricants,

golvents, oil additives and fireerotardanta.

s
-
-

N -

'Eecauﬂﬁﬂsf‘veﬁyusaagitiva'te the delayed aourotoxde
. agtion of @ygaﬁmg&ﬁspﬁaéus eompoundss hens havo boen usad
Por bthe asaay of ﬁh%lggggaﬁaxiaiﬁﬁ of trisryl phosphate,
Aldridge and Barpes observed that all nourotozie
¢rlaryl phosphatuos oxeept tri-peothyl phenyd phosphate have
at least one alkyl group carrying theo < ehydrogen atom on
the ortho position. This gﬁrac&ureumeuvotaxﬂciﬂy relatinie

| .
ship of trisryl phosphates 1g clesrly understandsble by the
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igolatlon and cherecterization of the metive metsbolities '
of %é)@?ig’éj.. The main petive metsbolise (M) is orthowtolyl
galigenin eyelie phosphate (2wortho-Ltolyloxy -.éﬁ’ni,&,ﬁ o
’nwzadiamgﬁaa@mmn-&@me},._ it lg extrasedinarily aui:ﬁ;m
in all Sthe biologdecsd properties shown by TO0P; this coupound
()} 4is gbout 100 times moro potent Lo csise ztaxdia in heng than
TaePs ()  potentlatod the t:-ozf‘witsf of melabthdon 1@3 Lines by
the dose of 20 mpfig in alce, while TOUP 4 times by sthe dose
100 wgfkss (M) 4s also ten million times more astive z:?gg;
U6 in the In vitro intlbitlon of plasms cholinosborase .
Rhe ex:nvwm%ggb off WOUP inks the eyelie ,?hm;gihaté szg
codds via tvo steps as ghown in Fig, 1 t (1) the hydroxy.
| 1@%&0& of the asthyl group of ‘20{}’;9 by the mixedefumption
oxidases (afol and (11) the eyciﬂ.ﬁ:af‘aﬁ:an by dntra.polecular
Sranaphosphorylation of the intermediate, di-o-tolyl
o=l L-hydroxy} tolyl phasphabe, mavmg; one moieculs of cregsol.
The lgter | reaetion taltes ploge slowly in gﬁ}@ﬁﬁ:mmim mm;ggg @ami
ig preatly seeeloratsd by the pragsnes of plasma aibumin .



Pig. I Hotabolie setivation of TICP,

Thug 1% is fat&o&al ﬁQ gregumé thiat the ériéryl phoaphates
hoving sn c-allkyl group with the X «~hydrogen ator usy be
simiiarly motabolized o glive the corresponding aeﬁiva
cyéi&c egtarg. In the cycllzation veactios, no alkyl estor
group partielpates as %ﬁa~léavimg graup(aﬁ}. Aptuallyy RO
aryl bub alkyl saligenin cyelie phosphate is Tformed in vivo

: UG
from sikyl di-c-Solyl phogphabtes . . Sush metsbolie



o S

activation sﬁﬁ‘ S0CP or its anslogs have bhesn obgerved in
{i4) {14} (17) {18)
rats y hebs y Cabs and insecty .

ALy eryl sal’igea‘ing' eyelie phosphates have showed no
ingeetleddnl mebivity but manifested a high delayed neuroe
toxlelty %o causge ataxla in hensy surprisingly She corrose
ponding eyelie esterg (both P = D and P = & ca:mmund@ having
a snall alkyl group on phogphorug revesled high inseeticidsl
aem%fi’byw’m_

As n result of the aforesaild regesrch "Salithion®
(Z=nothoxy=ilis1y3y2«bonzodioxaphosphorin.2=-gulphide}, an
organophosphorug ingectleide having a uniguwe cyelle ester
s*e‘;rmﬁuré ﬁag d#scz?;gsireﬂ by tha @mmemé ragesreh. group of
Kyushu University  im 1863. &alithion was developed into
a comsercisl insecticodde in 1968 by Sunitono Chemiecal C:).{
With the co-operation of Loa-loyaku fl@. {now Kumial Chenical

Go. } and Hikasza Chenical Co. of Japan.

‘ -'a

O\? L m;s -

Salithion



The cyolic phosphate and pﬁospnanatm esters of maligenin
ate reoadily synthesised by condensation of salig@ni&g,an&
'anbsﬁituﬁeﬁ éh@sphmryxﬁiehlariﬁés in the prezence of a dehydroe
chlorinating agent such ag tertiasry aﬁine in a dry solvent like
chilorofora or toluene ab lov temperature 63; in some cases
where the resetion is affected ¢iffieuitly by using the te?tﬁéry
anine, the reaction has been nade éc'gree@aé by heating the
mixtuﬂ@'far 10 to 20 hours ia the progeneo of anhydrous potassium
carbonate together with copper pauﬂer‘lg} imstea& of tertiary n
. gaine, o | |

Buch eonpounds, which ar@ d1fTicultly produced by the
method umpla;iﬁg a Gertimy amina, include the cempounds having
ie8 and R' = pothoxy ia farmala (L) and X = B, gl = o ana ¥

= alkyl gont awnﬁn& mpre than obe carbon atom or G = I = alkyl
14 the formula (1Z). ‘

R

£ : | A
cax\g Rt , @\\ﬂ S -
X - | SO -
ﬂ::;;[;\«/g - ~J Y ;/E o

$9) | o €i1)
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"ﬁ?i;z‘@ process using potassium carbonate is made to proceed by

| a reaction betwepniligaid ané solid phasys. Shersfore,, even
if potansiuva osrbonate s enployed ss finsly divided mé%dw
form, % oﬁsﬁégaums a vemsrkable Lowerding and fluctusblon

- of the yield o Thus sl ishion wag first prepared with
dnsonslsbent and, often, very Low yiem by heating (909C)
galigeniny and mothyl phosphorodichloridoshionste in tolueno
 for a long peried {aore LThan li% h@xmsé in the pragunee of
enhydrous pobtassivn earbonalbe togebtlier with copper powder

, (a3
as catalyst ®

This difficulty, has hesn howsver, overcome later

by appiying the wallsiknown %im‘i‘s‘aéa-ﬁawaam m,yii.z;ﬁian [0
cedure uging an mgueous solution of sodium hydroxide (Fig., 2)

(1] g \ 8

| \ P = _—ﬂ'ﬁdﬁ? e O
, , 7 .

@3./ \%ﬁa | A

Pige € Synthesig of Salithion,
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Some Lypleal examples are glven bolows

(a) Balishion (Z.moiioxyedii.l,d,2-bhenzodioxaphosphorines.
Rt ey e

6.2 gm o=-hydroxy benzyl alcohol was dissclved in 3040 aml.
20 percent (by weizht) sodiun hydroxide agueous solubtilon, Nebhyle
‘ahiapmsyhﬂrmicm«wid@w (8.3 » 11 gm; was then added dropwise
50 the above mixture abt about 10°C with constant vigorous stire
ring. 4&fter the additiony atdrring was coitinued Tor one hour,
- ag ,a( rosully erystals vera separatod. 70 mb nf ehloroforn or
toluene wvas added to the resction mixture and the atirring vas
eontinued for additional one hour, ‘i‘“}z.é organic layer vas separss
ted and washed with 2 sodium hydroxide, 0.5 (N)HCL and water,
and drlad over snhydrous fSodiun sulphatiey the solvent was then
removed ab reducad pressurc, ami the zolids thus geparsted, were
reerystallized from methanol to give 6.5 « 7.8 gn (ylold 60 - 70
pereent) pure crystals of galdthion, H.P. 52%C, Methylthiophose
zahorodicm.oridate can be preparad by the reaction of chaai and
PSCLy Aim presence of a bu&emoa'b}.

. /

(b) 2 kog-%—-n%gwm.h&,a»bemoéioxapmzaghnrin 2
gulphide $

inese coupoundg were prepared by addihyy 1 wole Senitro
saligenin in driad acelons dropwilse Lo a Bixture of mlkylthios
phosphorodichinridate (3 mole) and anhydrous potagsiua



carbonate (2 moles) in setons &t -5° to +5°C with eonstant
vigorous sﬁiwmg;g Aser an addiblonal stirring éamiod of

1 - 3 hours ot 0° - 6%C, Ghe solids were filtered out of the
regetion mizbure and the solvent was removed ab room Senperae
ture. The rosicual solid mass was dissolved in ethyl atetate
“éh&'wémﬂéd with ice cold wa%&r'amntainiﬁg 5/ soddun ehloride.
The ehtyl wcetabe phagse was Lyophilised and the solvent was
removed at reduced pressure, For mothozy compound 2 sesie
golid deep-brovn poste was obbtained; afbter standing for gaverasl
daya, the ¢ rude nass was solidified, and the solid, after washing
sezeral uimes,.w&s reerystalllzed from methanol. ALL other

(21)
compoundg Wwere solids e

4 Saligenin eyulie-phgsghar&ﬁiﬁéﬁés an&vghasphorami&au .
thionates were synthesized £rom seligenin and appropriate
phosgphoramidic dicidoride by the abtioa of proper dohydroe
ehlorinating agent. %The roaction of saligenin with reactive
dlchloride as monowsliyl phosphoramidie dichloride and soue
others was proeecded by the action of ﬁartiaéy aaine such a3
yyridine»or triethylamine in eold condition. Liquid dichloe
rido was usually added dyéywisa to the mixture of salig@ﬁinfgnd
the base in chloroform. Solid dichloride was however , d1 ssolved
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in cold cilorofora with saligenin, then the anineg wes added
dropwise to the ehilled mizture. Yhen the dichloride was

lass reactive as olmost all phosphorauidotionie dichlorides,
heating the mixture of aaaoténﬁa in toluene in the presetioe of
anhydeous potassiua carbonstae and copper powder was useful.
Typiesily, é.miiﬁhjlmim-f&%{ai,éﬁ,&%;anzﬁdmxaphospwm&amiﬁa

. Waa2 ﬁr@gara& ia the Lollowing grae&dura ¥ 9 a mixture of _
saligenin, 9.2 ga, tricthylaaine, 15 g, ﬁmi 80 ml. chlemfc}m,waa
dropwize added 12 gn methylphosphoranidie dichlori&e with stirring
snd ¢ooling in on lce bath, Af%er the completion of addaition,

the reaction mlziure was kepb overnight at room Hemperature, and
then washed soquentially with iceewnter, ﬁil; ﬁQl aridy afde

sodiua blearbonate solutlon and iceewators The solvent was re-
@avad in vaouo efGer drying over anhyéroﬁs sodiun gulphate. Crude
erystals wore rserysﬁallize& from benzene Lo yield pure arystals,
ReDe B77C (8 gn). Phosphoramidie and phosphoramidothionie diehloe
rides were prepared according to Michaeli‘s‘g@) method,

_ g 25)
{a} Saziggnin; Cyelle Pnaaghornﬁhiozatasq 3

Phosphorodichlorldothiol stes reacted with saligenin
in the presceune of sa1?9n$ and  pyridine or othor tertisey
a@ing sk PoSm LEUPArabUre oF &t about 50°C.  The products
vaere purified by distillabion ju vegug or recrystollization.
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Typloally, 2-Habhylthioedil, 1,3,2 henzodloxaphosphorinefe
oxide (MIBY) can bo prapared in the Lfollowing procedure:

. To o mixture of smligeain (6.2 gn), pyridine (8 gm)
and ehlorofora {100 @l),was added dropwise methyl phosphoro-
dichloridothiolata (8 ga) with gtirring at 20°C. After
seirring for three hours, the resction mixture was washed in
sacmam-m' with wabory dile alkali, ‘i, HEL acild @é water
and dried over anhydrous godiua sulphate. The solvent was
removed undier reduced pressure and the reésidue was distilied
dnveeus to give 3.2 ga of odl Z b.p. 144-145°C (0.1 ua Eig)_?-
The of)l solidified slowly ad room Seaperature {m.pe of purae
HEBO 44°C).

M50 ean also be synthesized from salithion by the
following QDM&&W&cm‘}:’

A :ézixﬁm*e of zalithlon (20 gn, U.0985 uole), potow
ssiua lodide (3 gmy 0.018 mole), wethyl ilodide (9 wl, 0.145
mole) and dimethyl formamide (20 mk) was kept at teaperature
269C for 24 hours. She mixzture was then carsfully eogean‘céa-
ted to ;aizom complete dvynoess N . Wscug oand disgolved in
chlioroform (50 mij. Uhlorofora solution was waghed with
water (4 tlues) and dried over aﬁnmraua sodium sulphate. After
filiration, the filtrate vas evaporated at reduced prossure
to glve HIBO (8.95 gm) in 484 yield. +*he residue was solidie

Lied on cooling. HILO was reerystallized from cothonol at «15%G.
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Bu b ati tubadedlia 1,3, 2= benzodioxaphosphorin.2. sul phides
1neluding amebhoxy (a:amﬁhim},, alkylaaino, al&zyitﬁio and arylthio
derivatives vore gynthesized in good yleld by the application of
SQ-i'mttan-Eamm my}.ai:im rosetion (procedure 'a’ given ahove);
this nethod war very uzeiful for Lhe proparabion of ayelic esturs

_ . L (273
which were $ifficulty proparad by s fertlary amine mobthod o But,

. Genadtro darivatives ean boe best prepared by the procedure 'ht
. (21,22} _
mantioned above .

The careful obhservation of iLiteratures furnisheg

87,598, 96 |
?' #8989930) a variety of saligendn eyciic phogphorus eogters in

good numb@rs,' wvhieh bave beon prepared snd exsmlned for insacticidal
wﬁiﬁiw as Wwell an obher Eﬁ.olzagiam& proporties. %hoy involve
phosphatog, phaspﬁarotmalaws, phegphorsiaidates, phoasphonates and
their thiomne-analogs. 4 comprehengive btud not o complete lish of
saligenin and ping subghitubted saligenin cyalle phosphorus esters
15 given in Unbisl and ".Cab},a.(x’l. '



Substituted Sali

Px’oper&ie Se

pug Soters with Physioal

| X
P i
| 7 i P - i
A I
AN ¢ #0
5
R A | X |*Procedure |  b.pe OC/mm Hgw.p. %0)
aci, B & (8 55.560¢
0CH,, H o (#) 110w 29/0.085
DulieCalis i 9 (2) 120.32%/0,. 06
S i 9 (¥) . 150-49/0.06
OCpHg K S (£} Tigquid (not distilled)
az:z,ﬁs A 3 (®) {30°) |
Gyl i B (2 (37%)
CH, i 0 (B) 1a0%/0.5 (35%)
oy i e () 143-9%0.3 (85°)
i=Cyi, i 0 2y (809)
Soe-Ugily H 0 {P) 3109/0.5
GeCyliy i 0 (2 (74°)
CH = Ciy i o () 156972, 6
CH,4CL ¥ 0 (= 160%/0.8 (519)

fasey

Gontde soeeas
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?ﬂb}.@ -~ 1 U}i}u‘tﬁ.n -n)

AB3/QB

8 A | A *Ppogedurs Bepe 0&3’/&5} iigg(ie.fﬁ. 9¢)
mngm o TR 139141070,
Gl i 8 (#) 130°9/0.6
Gty K8 () 120%/0,6
1-Cgih, B B (#) 1089/0.6
CigtL SR 8 (8 146186/0.4
0CHg 6-Cify 0 () 139.340/0. 3
0Cli, 6-Clily 0 (2 1522156/0,3
OCH; ity O (P) 109/0.05
OB H; T-Clly 0 (?) © 112.128/0,05
Oentulighiy  PmCHg 0O AP} - 143147/0. 1
Cgllg ey 9 (P} (93.96)
Rifcliy Tl @ {8 (145-148)
OCi, 8-Cily 0 (P) 113-120/0.5
Olglig . BeCHy O () 165/0.6 .
WCgily iy O () 135-140/0.6
otk gul O (2) - M»ﬁalba!ﬁ.e
00, Gucl  © ) 160/0.2
0-R~Coflp 6L O () 167-169/0, 16
O-naCylly  6-CL O (®) 187/0,18
0tghs 6-CL 0 (2 (889) .
NHGH,, 6-CL = 0 () (148%)

OClH,y Bl () 170-270/00 16
Gl B-CL G () 151/0.18
. O (23



alille '
?Eﬁia = ; (ﬁ@ﬂt@.nn-i)

R | A | x| *frocedure | beD®g/mm Hg (m.p. °C)
0niGg, 8L O o . ww/0.04
0G4 Hg B-CL O (P  soyo.sz (549)
BliCigy R - S (») (178.229°)
et o . GaCHz 8 {8} {3359
00yl 6uCH; 3 (3) (71.72%)
Qi Ciyhicy - GaCH; 8 (s) 163.160/0.2
O, 7-Chy S (3) 1R 115/0.65
Omtim Ciglhp P-CHy 5 () 140.142/0,65
oCHz 8agily 8 "(8) 68.70/04 15
QChig 8-Cy 8 §8) 108-108/0. 15
Qutin 517 8-Cly & (5) 180.124/0,15
wac; ~ BaUiy B (5) o aey
OCH 8-Cilly & €6) AL
Aoy G-Cglly # sy - Oipe*
Omtim Gliey 6-Cgily S (8) og1ee
OCHg ' G-0CHy 3 &) Pagbaes
'Geﬁa : 6-C0GH, 3 {8 Pagta**
ot; . 6CL 8 (P 170-178/0,2
HHCH, =0k 8 (2) 176180/, 25
sy 0 @aCL 8 () 160.170/0,2
ooy 8-CL & Ay B9) (72-730)
HiGHy 8oCL & (&  (46479)

v e&ﬁﬁ&o@a;!odl-'



ol {ran

z‘ a -Ezig @ ; (Gﬁﬂgdbﬁ seyce )

R A g X *Ppopedure | bep, 00/ ma g (m.f. %C)
Srom : ‘:;imwwmmmh S R e e e e e e

8CH, Bull 3 (5) 041 2%

oot G=lily 5 (5) Pagtees

ﬂcﬁ.’?& G0l & | &8 £i3) Paghe®®

| @‘.%"?sg oW

0l L 3 {3) Pastele

OnBeGilly " 0 8 8y Paglet#

Géﬁa_ ‘ ﬁ-qusg 38 (3) Poaste®®

Bl

@ﬂgﬂs a  n e . gg ) P&Rsﬁé’*?*

OepaGgli, ° @ 3 (8) Pagte™*

0CH, Gylimll 8 (3) (567-580)

ey " 8 {3) ailes

HECH, " 3 - £8B) Q4L e

8Ci,, # 8 (8) (68-70)
UM M 8 {5) 115-147/0.2
BentnClig 1 B8 (3) 146.150/0,25
B Ll i (8} 140343/0,1 .
ﬁ-c_@ﬁg H B (&) 140.147/C8 3
BeneCgli, W & £8) 160-187/0.26
s.aéﬁ& i 8 {3 (79-80°)
Se, Ity g (P) 144.145/0, 1

Conbdonsness



?gﬁbé@ - 4 ﬁ,@‘f?nﬁdo sees )

R A “X #@paa ndurs ﬁ.p. Q0 ﬁgv(m.p. bﬁ)
561, . H o () 140-145/0.04
| SeneCgi, i 9 (P) - 145 147/0, 07
5.1,533?“ ””g Q $) o 351587041
Senelgly U o W 157-160/0, 02
8Cglg | H 0 ) (88.89%)

* pyridine (F) or aquesus godlun hydroxids solution (3) was usdd as
dehydrogen chloride agoent.

*# Thoge coupounds were purified through sitiefs aedd eslumn chromato-
Braplye ' '
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Saligenin Cyelie Phosphorsmidates snd Mhosphorsmidothionates
C With fJhysicoasl Properties.

od _a
= I { S~ Ry
Code Ho. B.l { Ha? | X i *Frovedurs | Do B Qc/;fsm Hg
: i {mepa ©C)
K19 o, & 0 A (87)
ko2 Gy o 3 A (68)
Kedl — n-Cyllp i 0 A 13614070, 5
K40 1w Gyt A ) A (84)
Kmd2 n-Gyliy i 9 i (46.47)
£e10 - Ggls H 0 A (151.133)
Ke20 ©  Ciy Clig Q A (1z1)
K233 Calig Gil; 0 B 1336/0.5 (44)
Kwi35 Gl ; 3 A 120-123/0.2 |
K37 Colig 8 B Undistilled
iiquiqd
K36 Gy ci, 8 118=122/0.2 .
EedB Gyl ol B B 110/0.2

#Leptisry amine (4) or potasgiug éarbanaf;e (B) was used as
dehydrogen chiloride agont.



= g, L

6. Chenlend and Blologiesl Proporties of Ssiithions

Hore wWe eona%gﬁra%e our distugsion to the laportant
KRGS

properties of ‘zsalithlon relating to 4%s structure, chemical

and blological' properties. I

, Pur@:amliﬁhimm ig g eclowrlegs orysgtelline povdor:
Bepe 55%-867C; practieally inmoluble in water but easily
soluble in apsionce and benszenwe, acderately soluble In
 eyclohoxasae, boluene snd xylencs vapour prozgude 1.6 x 10“6 nm
g At 05 UV D\, ma(e) 274(860), 267 (860). Balithion has
s choracteristic IR band ot 1020 en™  for P-0-CR, in the
hatero ring. WA S(e3y) pon 3 3.-.?61{323, ‘doublet, T = 14 Hzy
Cigly B.21 (2H, doublety Jyy = 15 Hzy Ulp)y 6.8 ~ 7.2 (4,
multiplot, Wenzanoe ringl. The sigual at upper fluld of the
doublet at 6.2) ppm slightly splits further (1.6 Hz). Ihisg
buconesmuch significsnt at «30%C, suggesting the methylene

protons (Hy 5 Hy) are not squivaelent with osch otber, but the



wlhDon

dlozaphosphorin ring is conformationally mobile in a solution
(Flgs 3)

| Fig, 3 Gonforastionsl chonge of salithion
: " hetero ring. '
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Xaray erystallographic annlysis shows that the hotero ring of
grlithion 19 a hslf chalr form in ’.ﬂﬁeb ﬁh@ gulfide group 1s in
equatu'&$£ aaaiﬁieﬁ (Ii1}s ZThe strain in the ring ayg@ags
1i5tle; the endosyclie 0-P~0 angle is 104°,

Balithion givaa a charaoheristic fragm&nhation pattarn
ﬁn nass s@asmramanry dl?, it gives an iﬁtanse ?@ak of
£ GﬂgJ? (m/a 201) by [ -clomvage Qﬂ?ugiﬁg at the
exaeyelic egter groups Another frageentation process is the
'Iﬁirecﬁ 1@&5 ol 81 f@ligwéﬁ by the eliamlustion of formaldehyde
Fige 4). | | | |

H "
' ETEES ' s

, T—Q=CH, - — CHK,0 L AN
g\/é S P

- /e 183 T ofe 153
Fig. 4. Fragmantatian of
salithion in mass
speetronelrv,
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Salivhion iz comwrarted to itz oxon analog (salioxon) by the
setion of browmine waﬁéw.- Sinpe saglioxon (Se-nethoxyetiielyd,&
benzodioxaphogphorin 2-oxide) is sowe Lhousands times more

~ aetive in cholinestersse inhibition than salithion, an
enzynatic mothod after the omggg%ion een be used Lfor the
rogsidue anglysia of galithlon .

Salithion is éanvey%ed into Seallkyl saldgening
eyelie phosphorothiobates by heating with alkyl dedides (the
Piatehimnica r@mctian)(dJl. This reaction g sgeclerated in
auch polar compound as dimethyl formziide. Potagsium
carbonate also asslsts the resction. VWhen methyl lodide
is used, isomerization ogours o give E-ggtyylﬁmiu¢4ﬁ.i,
3,2-benzodloxaphosphorin-2-oxido (BN T ", Ssligenin
13 demethylated to Lfora the sali of saligonin eyelic shose
phorethionic aeid by %h? an&ian of certaln neunleoghilﬂu
such s cggfgg?xylamime | snd potassiuvg dimeuhylditho-
¢ aPbasuate . Th@ later reagent iz particulsrly suitable
for the preparation ofaﬁ?éﬂ hy oethylating the chitalned sall
with mothyl dedide, HIBO 1a. a3 uniquo phosphorylating mgenﬁcs).
The reaotiona of salithlon are sumasrized in Fig. e
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Salithion is relatively unstable in atorage. Sowe secondary
suines, such as carbagole %}i’k@hﬁﬂﬁ < ~napthylamine,
ptabiiized the formulation .« In a phosplate buffer (pi
7.7}y salltiion ig hydrolysed slowly through opening of the
hetero ring by the =t (aryl) bond cle avag@(5)§ the hyciro&_t}sis
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rate congtant (26%) K = 2.4 z 10~% min™t , The rates of
hydrolysls of the corresponding cyolic mu %Wlphmz;hmate,
Semethyl p&mﬁgﬁhm*oth;.elaw (the thiolate imouer of salie

" i:.-n:iéu, MIBO), methyl phosphate (salioxen), 'and Hemathyl
phosphioranidate arey respectively 90, 60y & and 0.6 times
grsatar. thes that of salithion. Szlithion is conpletely
hydrolyzed by heating at 100°C for 5 minutes with /6 godium
hydroxida to yleld saligenin. The hydrolysls of salithion 1s
shown In Fig. 6.
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aaufam@' i3 p wide-.gpocotrum ingsoticlde for uae in orehuards

and vegotsble gordens, It ig particwlerly effective to control
Lepidopteran Larvae, ualaybugs, aphlds and mites. It manifests
she inseeticidal aci’:imf_mt only as contset and stomach poisons
put mlac as a fumﬁ.gmﬁwﬂ.

. 32 L . o
Salizhion P . appiied topleally Yo houseflilas

rapldiy absorbs into the body (425 sfter one hour). $ha major
part was degraded in the body and about 4/ of epplied ér 10F of
abaox»’ésé& aal:it«mg;z remsing as aa&:_&%mgg and salloxon for 24

- hourge U0 the other hond, salithion ? adninisbored orgily
to miee was rapldly degraded and excreted, After one hour,
78/ of adninistersd salifhlon was hydrolysed in the body. After
3 hour, 58,74 sxereted snd only B.45 reusined in the imﬁng .

§39) '
Hihars oft ol investigated the wetmbolisn of

salithion in am%; and plLants using M&-lzahelmti ooupoutids

When rats vwers troated oPslly wisth sal%hzmn-&-mc ab the
donage of 9 mpfkg, 72y 82 and 1% of the radiosctivity vere
wxemiEd  exerebaed rogpectively after 12, 24 and 48 hours, The
radiomutograns of whole body étiwad a troee of r'aﬁiaaémviw
rensined only in liver, kidney snd Lung after 24 iaaﬁz:»s. e
radiée apbol way eompletely exereted during one weolts This was
‘also tho case, even Liough the dosgage was inereased or repeated

‘paveral times., o rediosctive esvbon dioxide was expired,
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' §1g. 7. tetsbolic pathways of salithion in Pats and pLants |
(P=denates tha metahaliﬁe found in plant osaly
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It wag shown that the bilodegradation of sa&iﬁthim and selioxon
proeecdad through desmethylation and ringe-opening by ?..-D.arys.-‘
bond clenvage. %“he metabolle pathways in plants only differed
from those in glycoslde vonjugasion of saligenin. About 106
Sof galithdon absorbed was found im the bean plant whose roots
had beon soaied in the nutrient solution for 10 days. When
galithion was appliod on the loaves about 10# was sbsorbed i;:to
the tigsues and slig!ztly transloocabed into other lenves, Most
of salithion applied on thw leaves was vaporised, Vaporigation
of salithion frog a uu‘é.riem; solution wag also th@rved. This
eauses a fualgnng scﬁion"tao kill ingects on the plantse

Zho apute toxicisy of salithion for namala was porformed
by Gshmam?; « Yhe orel &by, fLor nice is 9L.3 mg/ltg,: for maleo
rat 82.125 ag/ikg, for female rat 102.180 mg/kg. The subeubanecous
.wﬁﬁ for male rat is M2 mg/hg and for female rat s 152 mglkg.
The acute oral Ligy for hen is 110 mg/Kge

Studies on the chronle toslcity of salithion was
per.ﬁ'mﬂma;:iw). fKats fod for 24 months .m‘ah 10 ppy zaldshion
~ sha#ead ‘:augm; decrease in cholinestorase seitlvitiesg. o ef‘i‘eci:-
wae observed in the rats fod with 3 ppm salithion. o hisﬁo-
lozical lesion was found in muy organs of rats fod with 100 ponm.
In mon and women adninistered orally O;QB mgg/itg/déy of salithion
for 21 days followed by Q.00 ag/hkg/day for 14 days, no offect
was found in the sotdvity of erythrocyte agetylocholingsterase,
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Bo offset was observed in fv@r&ﬂiﬁy of 'r&}am for t;h;»ree germmrationg
fod with 10 ppu selithion. Carsinogenicity was not observed.

e chamiéal lydrolysis of Saligenin Cycljia 'r.»msptmrus E:at;ei»a.

| Th@ mi.alytm zxyﬁrolysis of aal.&genm eye}.:la phospharus
egtors by ishaspmte ;Lm. has been mgor&ma‘ Bb).l Zhe chemical
m&ctﬁvﬁ.ﬁy of the cyclﬁa ;ah@sphsatieas with aueleophilic agezzts
' ghould be infiuenced by the cldetrenic character of the subati-
buent, ‘ The relative resction rate may be theoratie&liy predics
ted., Zhe resetion raﬁe for the following derivatives follows
the ordse 3 butoxmy (provoxy Jethoxy  methoxy  phnnoxy £ phonyl.
Again in anotber series, the relative fecaction rate is in the
order iy <A <0% <A  Those have becn supported

| {40y424285) -»

oxparimentaliy .

Saligzenin cyeidce phosphatas ware hydrolysed in gdi 7..7
phiosphate bul'fer to give Quhydroxy bensyl hydrogen gshospixé;ﬁata_s
which gave chloroformeingoluthe dyes with amineamigynine(s).
Thig s = charscteristle recation of eyclié phosphorus aster
of saligenin, %he first order marclyms congtonts (Khyd} are
givon in Table~ilI, Phogphonie scid esiers are gonerally more
ungtabie than fahusblzm?ie aeld esters. The rate constanSs of
alikyl phogphonintes are aboul 10 timeg Larger than tpc e of

corresponding phosphates,. . &hezm is a smaller aﬁtax’ema
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hetween aromabie derivatives. #thyl phosphonate is much stable
than methyl phosphonate, The pressnce of unsaburaslon or chloe

rine nalges the asters unstable.

1% is interesting that, in the series of slkyl
derivatives there is a relationship between rate constant and
insectleidal sesivity (iDgg). [ Wable = 1II and Table-IV 7
The higher the reactivity 1s, the stronger the ingecticidal

sivity. However, the aryl derivatives do not follow this
relationghip; they are more reactive than alkyl derivativeg, bus
are almost n9n~insectiéiﬂal. The size of the suhszituenﬁ appears
to be mora importsat for blologleal activiby than the electronie
property of the substituent,
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Hydrolysls rate congtanta of some sslizenin eyelle phosphorus
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Lo v ﬂaﬁwmi Between Jl‘ate.mmamnt }mi &naec_ uinicial aebivity
Qﬁ’ Sane &&l%ﬁﬁ%ﬁn} gyelln g .

X
‘ I
NS i
T T 1 T
| « -i Lﬂg/i’“mmle: it}zmaef‘ly)
@ e,y a2 1078 0,19
0 Gl 4,26 x 1072 T oaw
0 £ Uity - ' 0.3
8 Gyl o -  510(0%)
0 oo L9 x cw? 0.68
o apm szt %30 (69%)
0. CH,, Gl L 1,41 = 1077 . D99
0 Cg i  3.28 x 1578 10 {10%)
o aciE, | 1042 = 1073 0,085
0 UyHg 6,04 x 2072 0,33
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Taﬁlﬂ - Iv (%ﬂﬁﬁb’nq..}

X R | Kypq A107Y ; z&m
S S S WY L
0 GuneCyfly 3.79 x 107% 7.1 |
5 BeneCyR 2,20 x 20*% . 510 (40H)
0 GelCHpCH,OL 2,08 x 1070 0,49
0 0uCyls 6.30 x 1078 >10 (3)
D HOE, 1.54 x 1072 0405
O H(Clyg | nedigibly omall 0u20
o HEGH 2,40 x 207 >10 {65)

7. Blologledl Activisies and Structural Helationship.

el ga&igeninﬁfeynlie phosphate egters bave intercgting
biologlesl activities. . Some of them are neurotoxic, causing
atazia in higher auimals; Others do not show sveh harmful
petivity but do have,high'insea@ieiéal spbivityy systemic
activity and fungleidal sctivity. Thelr biologieszl activities
;1nciu@a also symerglsm with orgmophosphorus insectivides,
hamaﬁaeiﬁélkauﬁ antifilarial aotivity. The specifilcliy iu
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biologlosl activities say be aﬁtnibubad to the 3%&3&6 gffoet

of an eéexoeyelie aubsuitu@nt group on the 9&9«3&92&3 At as

shown in Yable<V. ALL aryl szligoenin c;olic phaa@h&ﬁﬁa

mnifegh E high §elmya& peurotoxicliy to caua?9§2%§ia in hens

and high symergistie astivity with molathion " fﬁm A
arylghoa@hﬁﬁatw analogs showed zimi%gp~’,0£n&ics& aﬁaiviﬁiw@

but less SEESEy nourotoxieity.. Ua the gther, the gorresponding
¢yelic asbers ha?iag.a @maim alkyl group on pnesphérﬁs, i,a,
Bealityly Swalkoxy~, mnd Euélkylaminaméﬂnis3,?«banzo&iaxaﬁhgsph@rin
2woxides, 414 not csuse aboxia in hens wish eny aulleigah Joses
snd onLy ueakly potentioted the %ﬁzﬁeity of malathion « The
intersating fepture is ﬂh&ﬁ, Bl aikyi derdvasives revealsy hich
iasecﬁiei&al aetdvity, whereas, the aryl eyelie estars do natcg}.
o ﬁhé-sgmeifieiﬁy of saligenin eyolie phosphates in

the bPiologlical setivity relabes to thelr zeleotivity in ensyme
inhibition. Zhous phosphates inhibit various serdne engyse by
phosphorylation, producing probably aalioy*oxyphosp%irylanayé&g &)
(VI)(Fig. 8). This involves by opening of the eyelie ester
'sﬁrueﬁuxmiat aﬁe P00 avyl bond. Vhen the size of the exopyelic

~ substituent R in V) iﬁﬁr@a&@?, %ﬁe astor becomes m mOre selece
tive inhibitor of aliesterage . Wnereag, 1t becomes a more -
seleciive inhibitor of cholinesterase when the subatity ;ﬁ'ia;:
small. Thus the Outelyl derivetive (M), fLor example, iz 130

times nore selective o inhibift silesterase thoan cholinesteranse.
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Larle i

Bffects of the exoeyelie substituent (R) on biclogleal
aetlvities of asligenin eyclie phosphate (V)

3
= i O\;‘xl” m R
N
Wy
R Balayad Synerglsn with Ingecticidal
newrotoxicity aszlathion cotoxicity mtivs.w
HADR e&ufzei‘fiaimzt - Wsa
Hice | ' HougefllegP
Ol - Gglgd B3 W7 T O
Gtizd 162 B8 9,2 (@4
Cell 260 18.8 8,0 (0?
: . .
02135 - H.a 30 - Q.17
Caliz0 - . 3.1 8033
CH30 Ho4.2 3.7 447 0,04
3, -2 @ ! . ' ’ 215
'(miaggii lia A 1.1 v 0,30

L et
PRSP TN A I PSP I A et oy a~Ye R IR et whpeagey At -

s»iin‘imu:a aﬂaxia zimse for hens in mg/ifg.

b. A reai;stant gitralri.

c. 504 lLetihszl dose by topleal applicatlon te houseflies
in _ug/fiy.

de Percentsge mort;aut;y gt 30 uwg/f1y.

o, lio ntaxia signs evident with any sublethol dosegese
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Fige 8 Reacidon of feliganin cyclie phogphatioes with
egterage (Hekst)
Therelore, Lhs exoeyelde subsiivuent of saligenin eyoliie phoa-
phate esters i3 regarded ss the selectophore in the bilologieal

acbions.

The heterocyclis strueture of saligenin ayeliec phc;s-
phorus agters s aerely for the chenleal resptiviiy of the
phoaphorus atow towards nucleophiles Ineluding the active
glte of esterage and iz pever sequirenent Loy the delnyed
naurctoxicity. As for examble, :almmuggl&z ﬁ;gi»k”.eﬁh}& phenyl
phosphate {(TFEP) haz the neurotoxicity 3 is unable to be
transformed into a eyclie ester structure. -

Johason found "nsurctoxic estersse™ :12: nerveus tissues
whie!z iz specifile: 111; sonpltive m vivo Lo neurotoxice
orgenuhiospnoYus emtwa(‘m}. Whe cmmram is unlike acetyl-
eholingsterass bub bimilar' to cﬁwoarypsin andﬁrmsm in the

strucsure-getivity relatloaship of inhibltors .
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Ashough. the s&ructurenh@uroﬁcadcity ralationship is too
camplicated to generalige, tie neurotoxicily appears Lo be rather
cloaely.relaned £o the structure of tTho non leaving group then
that of the lsaving group. | | |

With thig rief background of the relstion of ehemical
structure %o the @iclagival'amtivﬁty of ﬁéiigenin‘nydlig.yhus-
. phorus egé&%s, we w1l mow discuss Yhs gpoeifile sotivities sueh
. a8 insaﬁ%ﬁei&ai; synerg&stﬁa,'an%iast&résﬁ,'nemaﬂﬂci@al, fungie
eidal ete. | : |

7.{a) Insecticidsl Activity ‘”able VI w KIV)s

1 - Varions séki&s cﬁ,éy@li& asters of  ssligenin derived from

| panbavalant phas@&mrua naelds have beon exandined fov wnsan»iei&al
actiwi%y. They ingiu?a nb@gynatasilg(, ghesphoraaid&t@@{ },
ghaspharaﬁhiolates S gnaapbona%ns . and thelr thiono anslogs
(wable vzuxrv). mhu ingeetiolidal activitj of the wsztors appaears to

relata with the siza of the e&oeyalin substituent on the phospho-
rua akon (SubloeVI)e

?ha eyelis,mstsxg‘ié asy'sﬁr;es haviag an aryl groud as an
exocyelle substistuont on the pﬁamgha*ua‘atam bave sither poor or
no iﬁs@ﬁ%&ei&ﬁl retivity. In wll the sories, methyl dorivatives
ape wueh nore astlve than higher aﬂkyl deriva*ivesg wxoapt for
phosphonate gerdes (Ysblo « XI) in which othyl derivatives are
more aptive Chan sethyl de?iﬁativeﬂ. Hy Hediolkyl ghosphoyami-
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dabes ave much less active than m&na-a&kyl dorivatives (Tablew
X(Il)e 2hus galigenin eyelic methyl phosphate (¥able -X), nethyl
,phesphbrathianata (TabloexIl), ﬁdmathgl phosphoramldata, Hemethyl
phosphoranidotiionats (Table-X1ll), methyl phosphonothlolate and
ethyl phoaphanothiolaﬁe {Tablo«fl) are potent ingscticides. It
is intar&ating to uote thai Lhﬂ exooyelie subatituens of the

moat antive eyaiio phoap&mrum ga%er 1o -ezeh sordes (OCHy 4 8Clig ,‘
BHECH, o GlyCHp) diffmre§eaeh e&h@? in electrunic shavacteristics,
buﬁ resoubles in sterie proporty such as the uisﬁaﬁﬂe {about Z,9
A) betwsen phasphorus and earbon abom in the Pelel function, Af
‘tha bond sngle of divalant sulfur is near 807 rather than 1@9.5°.

Farcheriore, the dutrodwetlon of iy type of substituent
at any pozition of 2 heaseng ?ing and on She cerbon mtom of She
hetors ring daereamas Lie astzwitygagécfahleuViii. Thug, the
slmplest phosphorothicnate, salithion, is the most offoctive
ingecticlde in th@'wh@lé sevios of sallgenin eyelic phosphorus

aglters.

An ousstanding contrast is observed in the offect of
parassubgtitution hetween the salithion sories =nd narathion
geries., Taoble (TILL) shows the offect of the eleptronic chorsce
ter of the subshituent in the para-position of the phenoide
esher group upon vhe insecticidal eetivity. Any substituents,
aithor electron-withdirawing grou§ or alzoliron-releasing group

decreaszes the ingseeilotdsl sebivity. Table«VILX shows that the
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:lnscctia iriﬂl activity of ﬁiaathylphenyl pms};hormhiomtm (ZI) is
&51'@{%?6851?@13 duoroased "::vy P.aubatmm.ion c;i’ thae phﬁnﬂ. rmg in
the Inareasing order of £ the elen‘aﬁon wix:izd.mwim, a:x‘in.lity tna
subgtibuent, whereas nalbier abwmran wi&mﬁ'wﬁ.mr nor elem‘amn
ralemvsing group Anereases the zacﬁiv‘iw uf zmlinhm WILI}. The
PiQuC a.:'s'}. henu ef: the hewm r:mg:,, of szﬁ.wemn" c,yanc phosphorug
gsbers appenr to be &m:im @nngh Lo phnaghor;lam ch@lmea‘cm’a
o kiil insecus withau» axy slee %wn-wimdrwmg ZENLPe

Thd sysbonmele zsmﬁ.i&_%y of sone saligenin gyclle phogs
phorsmidates aguinst ries abemeborers and green rice lLealhoppors
on rice pianbs are obasrved (¥able - AXIi). Hethyl phosphoranildato
ig wora active umn 'ﬁamracﬁm butb. x@sﬁ active than thinet against
riece lealhopperss. A&Mnm’. riee nai;za;awborem ezrolic Hwmal h;;l, pPho g~
@harammﬁmionmm ia mapmvﬁm' Yo Livdane and Diaglaon. mummn
alse showWs kole o wss sys fﬁmam mtwiﬁy agaim#; auay wm’a and

Rite, fo %’y%mﬂ:’.fz acu:ivi‘!:y has becn obporved :Lu @ﬂsey eomg:omu
7.(b) BEMAZOCIDAL ACTIVIZY (Table A1 end XILI, page-84 & 88).

Sowe sphilgenin phosphonothlonates, phosphoranidates
and posphoranicothlonates sitow neaaborldal antiviity., fhosphorae
mldades and .‘:hw&pho» amid?g%imsmw are very sffessive %o kill
ReLALOAeS (Table » SLIX) .« Hezmethyl phosphoramidste is most
seilve o She surdes of sallgendn darivatives agalnst zgi)mo
Aa&*mgitiz, soil nematode Bl odlils su@pcmdaci in waler .
Qedng %o She dnstabllity in wat @r, tho cyelis pbossphates and
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phosﬁueuates»ana almost inaetive, but thedr thiono analogs are
effective against Ahabditis (Table Aiy RILX),

- Some gedigenin eyelle avyl phesphiouothiongtes are

gewve offective as nematoeldes than the ayciié'ﬁ.mﬁthyl~phaapﬁarm-'
uldatec agninst bhe riee vhlte tip n&mat@éeé, thwough shey have vory
low ingectlcidal sctlvily. Gyalie phenyle and P-%olylephosphono-
thionates sre the gost effective nenatocldes in the series. Zhese
aryl . phogphonotuionatas exhibit alev a Bigh 20Tivity ageinst
Filaria In eotion ratsy ﬁi&ﬁamasai&és ggvinii}ca). It is intorw

‘lwgaing to pote LHhat ﬁh@sewgmyl,phosphaaoﬁhiqnmtes aro. poo? ingete
. tielides, vwherens they are more potent to kill nematodes than
galishion, suggesting %ha’ahalinesﬁarage{gr obher eritieal targed

of nematodes mey giffer in naturs from the insecct eholinesterase.

The corroladion heitween the sirusture and the nemaloe
eldal activity of phosphoramldes and phesphormldothionatag aré
similar So that in the ingecticldel aeliviey for house fly.

7. {e) PUBGICIDAL AGEIVIRYE ";(}-;’ame XIV and ¥, Poge - BBgsd).

\ Sedithion bag uo funglelidel seiivity. But sone galie
, @sn&ﬁ'éyclie @h@ﬁph@?&%ﬁiﬁl@é&@ have funglelidal ggﬁivityvéfable-
2I¥3e These @haapharuﬁh&alm%ﬁ'ﬂgﬁﬁrs, ﬁarﬁi&uiarly haﬁ&ng o

S-benzyl ester linkage, have acSivity o protect the riee pleat

from rice blasht diseage omused by the dnfantion of Pirleularia

8D : ' .
oTyaas e The probestlve values sgainet Pirdoulsria oryzae
Sunma . )
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of the eyelde phospborotiilolates and relatod compounds are gshown
in the Takle (»&IY & V). Zhe data of some eommerclal fungiloides
including an organophosphorus compound, Hinson {Owethyl By 8
diphenyl phogphorodithioats) are shown in the Rable (AIV) for
eLIBParison. ?}w methyl -,ﬁthyluami n-butyl-phosphorothiol ates
have high mﬁgl"aomeity empamble to other comasreial fungia:ldea.
The normal am*. isopropyl derivatives are _;qgag cffettive. Salige-
nin eimlic methyl phosphate and phosphorothionate (saldithicn) are
highly aetive as inscesicide bub are zlmost inective as i:-’tingi.
cide. In the pories of dinlkyl benzyl asters of phosphorua
acids, only Sebenszyl phogphorothiolztes are highly sctive as
funglelde bus the others c.g. phogphatos, phoaphorothionates and
phosphorodithionatos are inset r..ive‘_rhb)-. |
‘ Ir 1z dmportani @ ndte that some cyclie phos@ﬁgré&h:io,
lateg bave bolh the high ﬁam‘éﬁiﬁiﬂxﬂ as Well as fdiagie_idél oetia
vity, withx onky fsmégum in the ¢age of Sebanzylet-O-diethyl
phosphorothiolate (Kitagin) which has wesk inseeticddal propersy
but is a good fungielde and now used in practice for the control
of ries blast disease,

7.(8) ML - SH UM ACTIVIZY (Table XV, Page =895).

The ssligenin eyolic 9110313&01*0&2&1&&8@5; have high
actlvity to elkylate (salicylate) mereaptans and to inhibit
"SHeengymes" such as ye ast elechol dahjdrogamase‘ ). The actile
vity soeas to be x*sl;swd t;v:: fungiei&al properey but ast with the
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ingocticidal activity.

I valuas ‘for mleohol d;étwdrogemasa of' soms saligenin
sycliic phosphorus aster are shown-%ﬂ (TatlewlV)., Cyelic methyl.
and ethyl phosphorothiolases are most active in this series. On
the othar'ﬁand, ayelie phssyhétaanﬁave nniy vork nctivities,
Shough ﬁ&ﬁyA&Pﬂ 3@&@&& inhibitors of @aﬁmvaéﬁs. Salithion 4.2.,
methyl pﬁaspﬁcreﬁhianate whieﬁ have high fnpectieldal property is
slmnst incotive toward the ensyse, |

She rale of aliylatlon resction by the eyclic easters
looks psrallel with the hydrolysis rase of the ester snd the alitye

' latlon proceeds with a é@ﬁ&i&era&l@ time Lage Qn@se fuets auggesqff
ﬁﬁa& the alitylation ocsours after hy&rnxyéis. dotually, the partiéi
Iydrolysate of galigenin eyelic ms&eré react immediately with
mercaptans. whe roacdion mwhzmig_m is shown in Pig. Y. -



w7l

+
o — L

Sy \_/Lz‘ﬂ
Lxla) ) QX‘b)

Fige 9 A proposed mschenisa for slitylaiion of
Marcaptanas with 3aligenin eyelic phosphorus
agrers,
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Saligenin eyclie phoaphorothiolates are partially
hyaroiysed by opening of the haterccyeiis i?.&:i;ﬂaawl bondy
more easlly tinn phospliate egloig. ia‘m.g. 9y the eyelde }'
aster (V) iié hydrolyzed by the abtack of hydroxide don to yleld
salicyl phosphats (X). The eleoiron releasing -OH group of (%)
- mey eonvert Lo a xzm‘bmmm don (AIB) which may metuslly resct |
with o BH grmz;é to glve a thigestey (LI}, -

Cyolic wethyl and ebhyl phosphorothiclntes are much more
setlve in hydvolysis, akiylation and the inhibition of "SHeonzyne®
activities than the corvesponding eyeliv fzmeszahawswl) « 1% gecms
reagonable o econclude that the decrease of plectron density on
phoaphorus atom eauses the high resstivity of the phosphorothio.
1&%3. Lhis 1s supportet by the Lower P = O frequency (1280 em"lJ
- of tha phosphorothiolates in comparison with that of the phoge
phates (1310 eza‘”l);..

Furthoer mwaatig@im ghows (Zable-AV) thet Shere ;@3& an
interesting correlation smong the alkylating activity, the
mibimw agtivivy againgt "Sleonzymee" and the sntifugel asotie
vity of the eyclie egters. Cyolic methyl and ethyl phosphoroe
thiolates are highly astive in sl three funetiong,  Cyellc phoge
i:hamﬂ have very weak aotivitieg but they are povtent mhibitom
of esterases. Thess Paota mugges that high inhibitory sctivity
- agalnst "ﬁé&mz&yms‘" mw-bg o). ﬁmmmanﬁ factor Lfor the fungicie
dal eetivity of the cyelie phosphorothiolates.
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Te(0) ANTIESTIRAGE SCTIVIZY (Toblawidl, PagenQM»

The relatlon of chemical strueture to bilological setivie
ties indleates that the speeificity in bicloglcal eetivitias of
the soligenin oyclie phogphorus osters seem %o be reasrkably
influenced by tho aterie charseterdstics ai’ the exoeyelie subse

T

tituent on tho phosphorns atom. This is gg%ﬁszw wisen o
shelr gpeciffcitics in engyme Anhibitlon ~ ane Companed,
The most Inssctleldal asaﬁgmﬁ.n eyclie methyl phosphate
{saliozon) is the sirongest inhibitor of inceet eholinesterase,
However, the highly neurotoxic aryl phosphsbe is a poor inhibitor
of ch@%gifggfgeram, but is a very s?aeif:la inhibitor of nliesw
$orase e ihe lLegs neurntoxie arylphosphonate accupies
an Intsrmaediabe maiéim. in any series, wkzea:zh the size ef the
exoeyolie subsgtituent incraemses, the compound becomss a more
galective inhibitor of allesberase; in contrast, the compound
earrying a small substituent ip si mo¥s selective inhibitor of
cholinestorase (Yeble.ilVl}. Aryl phogphonates are mors specific
inhibitors of pseude-ciclinesterase; dlkyl phosphates are leas
specific and aryl phosphates ave intermediate.
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7.48) GIRBRGLSZ IC! ACIIVIRY (Ynble iV Ii, WIIL andg KIX P&g@uﬁﬁeﬂﬁ).

Saligenin c;m}.ﬁc aryl phosphatog and phosphonates have
aymx*gisu:le ackivity with m&.athian(gg?ms% ingee s and mitaog,
pwﬁi&m&aﬂy thedr resistent strain .

- She joint sevion of '@:hfs mﬁivity of gome saligenin c.ml%g‘l}
phosphorus sabters with malathion hag bosn exanined by Eto et al
and compared with some phogphorug asters whieh mﬂknm as the
gynergists of malathion. Yable-dVIi ghows that the aryl derivoe.
tives of saligenin cycz.ié agters are eynm*géi:sﬁie’ with malathion,.
fﬁey imm%ase the toxicity of anlathion 2,3 %0 34 times ot a izl
‘mixing ratios The aotivities of them are more then propyl palacxon
but legs than Pibroa and 1s0propyl parzoxon. '2-.{ OmCOFLOXY Jutilinly3,
& benzodioxaphosphorin.f-onides; and 7enethyleephenylediiel,d,%
benzodioxaphorine2.oxide are the most synergistin agninst suscepe
tible bousefly saong the tested oyelic esbors. Alky)l derivatives
of . aaligenm gyelie zz&és@%@rus éaﬁm’_@ are mueh iess synerglstie
- or even antigonistie,. | -

Synergisza of geligenin eyelic phosphorug estors with mplae
¢hien in a resistant steain of housefly has besn tsbulated in
Table-X¥IXi. In this ¢nge, the ssmszz'gi‘sﬁ;ieﬂ. effeot of saligenin
eyelie phosphorus esters has remsrkably been iﬁﬂréﬂaad. Bven the
alkyl derivatives act as .synérgisﬁ of malathion. Zhus all of
pregent eyelie esSers are more nebive than the other tested



T

organophosphorus synergista. Cyeliie phenylphosphonate of methyl
saligenin is the wmost effective gynerpglstie against resistant
housefdy and inercases the Loxleity of malathlon 14 times.

- Synergistic effget on gugonptible and regiabant straing |
of gresn rice Leaf hopper has ﬁ@au @bssrvaéCél) and babulated in
'Eaﬁle'éﬁixo. ‘pe voxicdsy of malathion to the suscoptible
ingoets Lecomas double by the addition of three salipenin eyolie
phosphorus esters along with tws other oyelic astors,. Synoere
gigtie offect on resigtmt Loaf happer'mlso inerosses by aslile
genin eyelis phosphorus 9sters but tho velues are lower than in
vhe reglatant hougefly. Zhey enhmneed the toxicity of amalathion
2.2 to 3.8 Liueg.

the gynergism appesrs to result primerily from the

inhbibition of detozlcation oﬁ'malaﬂhinn. Phosphate actlon or
anterage swtlion cen detoxify the btoxieity of malathion. It hag
hoen observed for a preat number of urgmnbphoa@hcrus compounds
that the gynergisn of malathion in mice and the degree of inhi.
bition of ali-esterase juyiva are generally rnlateﬁ(92. For
ingsectay high osterase setivity hydrolysing malatbion iz suppoe
zad to bé paptly responsible for malathion-resistaence in goma

' (41)
gtraing of mosquito, housefly and green rice lLeal hopper o

3
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(42)
Eto et sl have ghown that aryl dorivatives of gelige

ain eyelic phosgphorus esters are the aqleef;ﬁ.m inhibitors of alie
eztarase, wieruas saall alltyl derivatives sre not so gelective to
slieestorage inhibition. This appesrs to be responsible for thelr
ciﬁ.fi‘@rezﬁeé :’m ,synwgmtm woﬁwumé; o



Relation of gtrueture to insectieidal setivity (I, /g/house~
: fiy) of (Vil) |

677-'

Table = VI

i
O~ P v ¥
' l
¢
(Vil}
-z = T
X - ,

x a9 8 1) 81 Q 810 S
02“5 0,27 008 0,33 0,30 023 .2 Q.66 0.48
neClly  0,33%  0,08% 7.1 « 2.3 22 1.6 .
neCyly  7.08" - (40 - 6,30 10 (88
Celly (0) 0.3 (3) 2,0 2.2 (O (8 -

a = isopropyl,

b = Secebubyl.

Flgurea in parantihaepes ore percentage moriality at

0 wg/Sly. .
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Effset of auhatiﬁueaé (R) on insecticidal ackivity

(g #@/housofly)
X
& o) ” ‘ .
7 TSP - UG
6 4 A0
5
q X
& N
B . 0,06 | 0,035
{Salithion} (Salloxzon)
a.qily | - , - - 3,35
70l . - 0,23 | ' 0.43
BaCily . | 1.30 20
6-CL o 175 0,09
Bl 013 0,23
b =Gl 0,30 0,33
B =CiigUCHy . 3,56 | 0,99
B «GL = : - ' ' 2,07
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iffect of Pegubstitution on ingseticldel activity of

8&1:1.#&1@21 Wul; zod perpthion (LX) seriss.

a = Hagmmettts subsilibuent congisnt

b= E’ax*u.mﬁaga of ths moat spbive comnpound in oach series.

" 8
i R |
Op w UG, R N N LR
! — ol
v B
(VEI1) (15}
A " Relative mseevammﬂz activity®
| - 0 wm) » (1%)
Gl +0, 000 2.8 | -
m._ "Qﬁ@% 3.@ 9033
GOCH;, +0.B7 2.0 o 2.5
Boy 1,27 T 1000
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Ingeoticidal setivity of Ring.substituted Saligenin Cyolle
. Phogphorua esters (thiono.compounds):

LI g
{6) D | {8) ( 4g/bousefly).
5 cﬂ& B # %Hs >10
8 Gil.d R B -G'.on..ﬂaﬂ? - >0
% - [ \ acy Do B4
N S 0ci, 0.23
s B ey U L 3.0
S8 i C}E{s i Q-sn-(.’::sl'i? . | 2.5
8 H B il ool 3.0
-3 b+ # C’ﬁ‘s ' f)-n-(}ah? 7.8
8 8 i CH,y HHCH, 3.6
8 Cglig B B 00H, | O
8 Cglig B H | Ayl 0.5
5 Caﬁs i i aan.c:ali.; 1.0

md...IICCCO )
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wBle

R

Ldgg
{ g&/housefly)

& B W
g asmEgpe

o BB &G o n

B & oW

G w o

L

wy,

GoHs
Gl

Calig

== R < < S

EEEREREEE R W

2 or oM o=

HHGHG

Sm:ia

QCi.,

ﬁ-n-udﬁ?

0GH,
My

BHCH,

0. 85

- 2B
1.76
- 0.0
013
0,00

L 4

1.2
3,0
510
3.0
0.3
4e0)
3.0°
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Imeaﬁmidnl s sivisy of mng.-auhsm‘mmd saligenm eyelie p!ma-
pharus ogter g icxnnmeaupoumda). ’

e
R —~* .

; . *

( Py ) i ;
o . TR T 4 | Dso

{6) ) 3 {8) l ¢ /ag/im\zse"ly)

0 Qﬁs i ] 533123 : : 0.1
o @iy 4 i gl Dt
o u cd;  H 0CHy | 0.4
0O H o, DCpii o070
o H ity i - Oenatylip 1.2
o d CHy & BacHy 0ul4
o i i Ciig Otplis 21
0 B i ity High, 510
0 a i H 0k 0,09

’ Contdaceovoas



Loble = X (Contdecesss)
% | B R 23 R LD,
@ (D | @) ( Ag/housefdy).

4] 1 8 H H ngﬂs 013
°.ooa 4 . Ourin i, 0,70
oA . 5 0-n=Cyily 2.5
8 G H i 005, 510
R GL B i B50H,, 0,00
o H H @ o, 0.2
o & B a 0Cpliy 0,15
o a o a OunieCgily 0,30
9 & M [+ 0. 1Cf, -
° 8 . @ OCgHs 10
o H i c HicH,y 0,30

!ﬁ‘
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Talile - A1

Baligenin cyclie phogphonatos and phagphanazhianatﬁg 3
toxiodty, inseeticldel ond nomatocidel aptivity.

l A

&

Il :
CONE e B

]

4]

~

D50 ) D100 PPB
ngtiy | melke (nematodege.
YHousefLy) | (Mouse orar) | Rhebditis)

R W

R kst i 23 oI A, Bt ot B 75 (-] POTEN it [ ek G SR PSSy G 7 S ¢ s i AT SRR 501 A 0P uS R It p St v e e s

2 & O O € o v e

7 g <2

Cli, 0.19 2580

Cpliy 0,17 26a50

4Gl 0,433 -

Heomlghy . 7.0 -

£-Gylly SI08) -

g = Ch, 0,68 100
i < 304805 2550

| Ty Uligl 0,98 5075

ey > 1C0H4) -

Cidy D81 5el0 25
Bolig- 0,08 Bel0 28

1.Cslisy 0.09 o -
CHpCL .34  BBaB0 85
Gl 080 - . -
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Pabla » XL

Ingecsicidal setivity of Saligenin Cyelde

Phosphorodithionatoes,
- 1 .
ONP  we 2R
@/W
R Wgo
{ M & ELY)

Cﬁa 0,18
Gl . 9
1-63137 5
cgﬂﬁgeﬁa.ER = Ciky) 1.7
n-Q&39 ' i0

Gglls ~10(05)
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ZTable » KLIL

£al 1genin C}’ﬁ iz pﬂosgharmwatas and phozphorasidethionates 3 Insestle m;ﬁ. amzivity,

toxieity and nepstooidal
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e
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p-4 R, L P EDgny 75 D iﬁm.mraeamc. {m)m)
e &'?0 R ﬁgfg | to ki1l 1004 nematodes.
A&, {ug/Tenale |B/ER glgm £ |Bbshaitis
T2 fouse fiy) {Rice sfsﬁzabamr} |”(Green vice  |(Mouge) |=—————==
. ‘ [ lef.ixzygg;ar) :
0 HiMe)y  GuB E 15,80 4.0 - 7 2004195)
0 .aea‘;tzg - >m(éf§) : 167,61 34.10 >80 100-180
8 ame . | 0.044 4,84 4,1 . 2030 . 25.50
s EEEs 7 0,48 36,25 - - -
8 E’i{i’*}t}g . 062 L - o - e 200(30%)
8 Qe 0,05 Tel13 30,6 88 - -
| {Salithion) - L | .
5] 53‘39 ] ' ’ 9..@35_ @.lﬁ . ) 1.8 - i 52 -
{5alloxon) s T -, ‘
Maifammn © 0,080 - 0.8 347 -
(mixtuma af‘ la3=githloropropats -
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Ins@%ﬁc&dal and fungmcmaz. ap ivity @f :amligmz:in cyclin
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HE L ' Pmtmaim vaiue é &%&aab ’iiarapautﬂ.a
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Chomionl,
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Taﬁl«a_ - AzV

saligend
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! R fﬁmrpwéiéy rimamim ' I&Q yaast By oc@emfm value
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 %he Innibition of Housefly, suman Blood and lorse Serum-
Bgtorases. by some Soligenin Cyelle Phosphorus Cousounda,

3;‘31 . hauseﬁ.y‘ﬁ _ Husaan b&.@gﬁ | Horge iﬂiasg&
i Igp 2 307 . | Igp =120 Lon & F
o 8 ~50 CM)‘L{ , ESG CM) 80 ()
ChE  ALdE PuChE t=Chis | ALIE Halathiow
i T X . _ hase

14

ocity H 7.8 8.4 1.8 17,0 280 620
( 8alloxon) | |
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0C4HR 155 A 8.5 120 120 120
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Je:lnt actlon of some seldgenin eyelie phogphorus estors ami

$oHiG GL0er DUDBIROTIC oghars with mal amamn againgt auwaza-

tible auusa Emﬁaa.

A

X
: 5 l
_ I \zla - H
~ G
| tsffiy Gotoxieisy
2 KZ!. R i / : . co-aTicient,
' m.@na wmh
@slathion
_ | , d:d

Halathlon Y
9 H iie 0,08 . 0.06 0.6
0 e o 0,15 0. 24 1.7
5 i e 0.1 0.2 0.8
G 5 o¥h ©100308) 0,88 2.8
o H Geo-Tol €. 20{408) 0.2 3.4
9 H Fh e.10(80H) © Q.38 2.5
9 He i ¢, 10(70/4) 0. 26 e
THLP >3O . 0.90 1,0
Dibrem 0,03 . 0,008 7.1
Propyl parazon 0,10 0011 1.8
Isnpropyl psbaoxon. 2,82 - Qe 08 49
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Synergistic effert of ssligiin cyelle phosphorus esters with
EBLACIAON aseliist PesASLANG 110US0 L1108 AN COBPEPLSOD Gith
ather phosphate syasorgist§s 000

e Lo

| .
_ 0'”.' 
NSO

X 50/@! ym —_— GCotoxioity
along & with -} Cowsffieient
l malavidon '

X By

4 L En et A TR 10
T O e TN

| .
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) i Qg 0040 022 3.1
8 B Gkt . 0.20 0,20 346
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zoce | S10108)  Besd S -
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Synergistic ei’fmt of salitgfmin cyelie phosphorus estdrg with Bzlathion against s

sugeapiible

wnc‘i Teglstant green rice leaf‘hmapez’.
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g I °
. Ql _ O-P o X
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0 |
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X | Ay R marmmpmv) | Comefficiont §§g§g Bs leofw |Cowefficient
alone | with @nlothion ; ,
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SIUBDLEs OF SOME ORGANOPHOSPHORUS COMPUOUNRDE 3 SPECTRAL
PROPERILIES, BIOLUGICAL ACEIVIZIAS MHD HEDRQIXYTIC PROPERTLIES.

(g-alkylmni-do-eorﬁtséoéﬁi. 1ydgZabrnzodiozadhosphorine2-gulphidej.

[' Syntheslsy spectral properdies ( lﬁ - ,3.3‘3 - and
Ly L iR, UVy I8, snd mass specival), blological
ac¢tivitios (ingecticidal, fungicidaly and Soxicolow-
gical activivies including antichiilinesterase prow
perties), and hydrolysvde properiles of some Zealitylae
B100=C=nl troeii.l, 3, Z.benzodiozaphosphorineS. sul mities‘_-f .
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AIMS AND OBJECIS: OF THE PREoiNE  IWWESTIGATIoN:

As stated ;;rexrimsly Cin PAE . m sawamm t&mthow-
éfa.l,u,&mu@amaxa?hasgmmmmm} wWas, :iiwemea in 1963

i the mbamswy of Pesticide Chemigfery, Syushu Ei’niverfsity,
Jﬁ?aﬁ‘ ), and davamyad into comzeroislization in 3.%& b,,r Sunii tomo
Chenical éoﬁz@aw, meny relaced colapounds have been syﬁmasim;%
study thelr chemical, biocchomical, hydrolytic and blological pros
perties ineluding pestieidsl activities. Tho unlque stmieture of
salithion ecomes from the setive metsbolite of trisortho-tolyl
phoaphate §£§ﬁ?)€3\}; In spite of high nourotoxicisy of the TO0P.
metabolite, salithion causes uo sueh toxiciiy. %he introduction
of any trpe of substituent at sy yg;?u@zi of the benzene rin; 23
deerenses the inscetieddal setivity .« It bas beer Peported
that the ZenothonyeGesnitrosdliol, 3, 2-benzationaphosphorin-g.
sulphide (BD-B) is obtained as a paste in tho resetion of Benitre-
saligenin with aethyldichloridophosphorothionate after purification
through siideic ac‘id coluumn ehromatography; and, this methoxy
eompound hasz ‘aazm g:;xey times Less dngeetlcidal av‘.’;igi?:r L Ol
bared to salithlon o dowever, 3% has been o’bswmd in this
compound. (BD-8)ip 0. white Ovystallime
laboratory thab the :aethawA golid (R.p. 84°C), and bag about L.5.2

times grester orel insecticidal setivivy Lo covkrosches,
Periplanets smepdeang (ddnn) ecompared %o salithion.
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U A
Y ‘/O\:{ - O, = - g,
> =
5elithion - BD o 8 {m.pe=84?0)

Horeovary introduction of an amide group in place of an
alkyl ester group often affords orgencpbogphorus esters with
fungieddal a.etivmy( R oxaEple, although the inscetiedde
dinethoate(l) £ 1., dluethyl S-(iemethylearbanoylaethyl) phosphcroe
thiolothicnate / has no fungicldsl activity, 1ts dlalikylphosphoe
ragldabe analogsy such as compound Ii, show soze fungleidal as well

ag agaricidal sctivity .

a8 g a g

(Giiy0)g P - HCligeC «» 1 CHy (Calig), B ‘? - G Cllpe Gl G
i OClEy
| ' Compound.,— 11

There are several other exauples in 1Literature rom whieh it ean
be found vhal soume phosphoranidothicnates, phosphoramldothiclo-

thionates, phosphoramides or phosphonanides dn which the
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phogphorus aten is attached Sirecily o the nitrogen atom of an

amine or a neterdgeyelic compound sueh ag m?mm? imidazole or

Da 7982

triazele have very good fungleldel setivity e
Thege obpervations prompied us o undortske a systonatie

work on soms Z-olkylonldo-Genitroediel, 3, 2-bengodloraphosphorifi=2-

sulphides having general structure (4),

42&-5-

where, aliyleaaido is eyg-;}gamwz.amida,; morpioling, dluethylamido,

disthylanido, pyrroliding, piperidine, isopropylemido or nonyla-
2ido. The vork embodied in this dissertation is polated ta the
invaessipation of ths above mentisned compoundes wibh reforcuce %o
thelr ehismical, maaﬁici&al and Loxicological propertins besidexn
ghructural elueidations by specetvoscopie methods.

Aptual Works:

(1) Synthbesds of soume organophosphiorus compounds having

general strucburs (4) senbtioned above, are pregented,
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. i '
{1i) Spectral’ zgmpasrtww UV, IR, Mass snd H HMR spectral
13
dma of these colipounds hve been we&wm&- G and

-"‘J’_lé" RuR- s@@aﬁ%& @x. afﬁ.y g::frrolmam and plperiding ool

poutds ag well as low tomperaturs H MR spoofiral duta of
the methozy ooupound (BDW8) have hden givon.

(113) Biologledd Setlvities + Insectieidsl, entifungal,

anticholinesterase Sodivisies and phytotoxic properties
have becn studliedy founte oral wxwiw dsta o rats have

210 mez; @”@smﬁaﬁ.

(iv) Hydrolytic Propursies: Chemicsk hydrolysis 2t slkaiine

pi kave been givei.

] F & & B 8 ¢ & B
me:wm

+ Hature, 200, 172 {1863
5&0' -&; 5%13*3 ﬂslii@ﬁ, E«n. i %‘13 + . )

2" E‘Eﬁi '%“? mﬁﬁ‘daﬁ ;'i’E’ and : s ﬁmﬁﬁﬁi. Sﬁéﬂ?iﬁ&ﬁfﬁuq 3-1’
oy 20 ' S BT €§. =734 D

S Ei‘o@’ f’iﬁz; fb@bw asﬂi, iiio, b4 Egz:vu, - E{&‘?&} e e :
izmwm, “oy Cheng, Hiile, e Gy g5, TA(1968)
Mﬁgﬁ’ag + g S{rﬁiﬂﬁ’ fia, and

“ia \’ahi%g 4{5

‘:&.(r’i} 133533 Badty * Eg@%tiﬁﬁ.&@ﬁ’ :i.-‘l ;ﬁé 1581 «

Deiiee Thesglsy Cajoubts
Undvergityy 2 281}«
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%
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fuss. Chem, Heve, 42(9),
776 (1973).

Rhim - Sel'sk. Khoz., 6y 107
(1ves) -
L Chem, Abst., 6By 2087(1968).7

Urganopliosphorus Pesticidess
Organie and Blological Chemise
vy, CHC PPess, Cleveland,
Ohioy 1974, pp. 320324,

Zhe Chemistry of Organophos.
phorus pesticides, #pringer-

Hature, 211 (5048}, 522 (1966)
Science, 153, 85(1267).
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A, MADERLALS  AND _ MIZBODS

le mﬁwmﬁzw oF ;mwm{g;s A ORI CHEMICALSS

Ruraughput ttm ymwmﬁm and othes part oil the work,
the ﬂf'gaﬁﬁ.e solvents and other cheslesl g uned were @wifiacﬁ and
drisd apcppding %o Vugealué.f._ ALY other chenicals and solvents
geeasionslly uged {iixx’mgf‘ the work w@é of shandard comnnsrelal
',pz:miue S8 m’ hig;h quai.iw (Z@iﬁ, ﬁmi i;i% zmd,lor Fluka xguamty).

',“ L

| 2, BFM@&?%@@?&G MELHI0E 3

N . Infraped speoira Were recorded on Beckmamn IR.20 Spectro.
Cpholo
\ mebesr in aujoX mull. 1‘& R gpsetrs warae aﬁt&&iﬂ@ff wii;h erim model

A-w, wﬁa&%, Fila804y and e 270 instrugents in 533431;3/ écmizama ~ ds

13
m}.vem using '.‘i’m as an internal reference; © BHR spectra vers

&

racorded in tho SAne 2804 instrument at 20 MU 23 fnfe mm gpec Lie
weve obtalned wim FI 804 instrunent at 322 Hii,, mc R apec tra
of niiro aaiigmﬁ?. hasz been @man on WHe270 msr.mmnt 2t 67,89 K3 F
lov temporature I R &gmm’a of the mothoxy eampoumi were takon
| on Wil.270 instrument st 270 Mil,, UV spooten were obtained with

| Bec%m:mn a2 spectrophotometer in absolube athanol, Mass spoctra

ware vecorded on Varian godel EH-600 and MB.30 ingtruament.

3, z:z‘ﬁw«-ﬁmfﬁ@a 47 YHIDPHOSRHORLL CHLURIDE (PSCL3)e

. Thibghmspimmrl ahloride wag prepared zmenmmg to
ﬁml&w m: at al.
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4, PRUPARKELOH OF BefIlR0SALLGENIE (SoHiUROAYBeHITROLBEIML
ALCOE0L) 3 ' ' o L

The Zenyirosv-senibro benzyl sloohol as ohe of the ghore
ting mnterisls for the grnbthesis of pitroszaligenin eyvolie alkyldecclo
. chosphorothionntes way prepared in the following uanners:

s
R

, ‘ S \
Preparation of tho sleohol was done in tuo stages:

(1) preparacion of the Z-hydroxy-Senitro Lonzyl ebloride,
uxd

{11} the hydwolysis of fue sald chloride.

4e(1) Ereparavion of Zehydromy-Senitro-bonayl chloride. -

Zhe 2ehydrozy-S-nitro-boengyl chlorids wag gr?g?r@d
"
agcording o the method described in Organis Syasthesils « Zhe

reschion invoilved is3

{34 : - H,B0, cH
Nty ‘ By

The penibrophencl melving at above 118%C (Reidel, wm.p. 11@03} vag
used for the preparatlon. ZThe other ingradient methylal was

gynthosized afresh Lo every bateh of prepepation ng follwwss
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760 =i, methanol was atded to 400 gm anbiydrous ecaleium
a'hla's,*‘:me ina 3 'I;%;; round botiomed fissk equlpped with 3 refiux
pondensery 0.2 ml. Cone. bydrochloric acid wasz addedy then with
cooling and consbant stirring, 400 g of 37-40/4 Pormsldehyde was
slowiy dropped in through g dropoing funnel. It took a‘izmuz g
bours for couplebte addiblon bf Lormnldehyde {(the mmmm'w%
strongly exothermic). When all the formeldehyde hed beon added,
the mixture was mﬁma for n fov mimutes uniil the Liquid boiled
v;igmmusly. *he methylal come up guickly on Sthe upper layer, and
after an overnight standlog wes frectionsiiy distillods The 42«
%59 mmzmﬁ was eolleetod snd shovred in 5 mymly stoppored
bottle in vold éi“rmmm?) before it wag usod,

- Inm @nculi%;m, throseneoked routd botliomed lacK eguiw
poad with & mechanlesl a?siﬁmn, a ghors reflux condengery and a
bent giass tube reaching sufficiently below, wore placed 5O gm
(0,36 mole) p- nitrophencl, €50 @l Cone. (L, 5 @i Cone. HaBO4
and 76 go (L mole) methylal,. "-'i‘m ranetinn mixture was stirred

mantained. af am asound. 70+2°% for 4-Fhrs by

while the terperature wap means of @ water bath. Durdng this
time HOY, é:ass wos bubbled into thie resetion mixbure through the
bent glags tube. The Behydnozye-t.nitrsbenszyl ochloride beogan to
separate s3 a s0Lid aftnr aboub one to ono aud helf houre AL the
ﬁaﬁﬁi of the i*e:aa%im, the mlxture was cooled in s ice<path for a
poriod of 1.3 hour whan more erystals separated. The solid
materislis, aftor filtration, was ailrdrisd for several hours to

regove waters and then washed with benzenc, The yilold was about



=GB
| 4045 goe 8 o white produtty @epe 189.130°0,

4o (i1) B

RO

Tho sald chlordide wag Salten as suspension in water and
heated gslowiy; the erywisha would go 1nEo smlu%:zim; while the
impurities fora & deep brows olly layer at the boStom of the
contriner,. The mixture wag then bollod gently to ensure eomplets
hydrolysice ‘1‘&3@ golusion was quiekly filsored while hot, Zhe
1ighd yeliow eryatals of S<hydroxye-t.nitrobenzyl sicohol geparated
as the £iltrate got cooled; the product (Me. 127176900 thus
obtained was recrystaliised froa hot watery the erystals Wre
filtered, washed with aold dloxen s benzene (L:b) mixSure, and
gried in vacuum, |

{4)
M Pe 1&30@ {lit&:‘a%‘uy@ BeDe 12&-1‘23903) 3

Re P4 (in uothanol).

Anelysisgs

Found 3§ Cy 49,080 § Hy 4,125 3 liy 8.2580
Cole. for t:,,zz?%e § Cy 40475 3 Hyds 1dibg
' iy 8.88%
| BLOK , .
U¥ (fig. 1) 3 A = 230 na {7008)y 31B(3387), and
LS

430 (5R26) neay



OPTICAL DENSITY

601
NO CH,0H
‘50 ) -5
CoNnc.= 5-425 X10 M
ETOH
= 230 (7005)
maox
40k -
= 318 (8387)
= 410 (3226
-301
-20F
‘10
0 1 1 Y J 1 1 1 A X 1
200 240 280 320 360 400 440 460
WAVELENSTH (NM ) ——p
Fig- UV- Visible Spectrum of 5- Nitro saligenin in Ethano!l.
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e PHEPARAELON OF PRUSPHONSIIONZHIOLS DICHLURINES:

EhNly * PSCLy Riftia P B) 0L, o+ RiGL 0L

(2 m«m} {3 nole)

Erlethylasine

or - REH, + PSCL, ., RHH,PUEI0L, * teiesbylanine
' & 3 1 saole - 8
1 mole L mole - =bydrochloride

_ - ' onasmole uuintomd
Une mole P3CLg and iwo moles auwine {or one mols triethylow

mine) were allowed to paaet 8t 206% 4o -5%C in bensensfohlorofora
as solvent. She awine soludtion was added dropwige very slowly with
\cmmgfmnt vigorous ahlrring. After an additions) stirrdng perlod,
the goldd particles (if pragent) smﬁ'»:; 3:;""’3.‘.&’5{91’6%13 off the resetion
aizbure and washed .x*aggmwﬁ?w wibki @mamw/&hiwaﬁi%jgfﬂymm
2k oold ﬁédrwhlmvié apgldy thon with cold saturated solution @f
sodium ehlovide. %he bs-mzwa/a&iwwfﬁrm i phage was then dried Qiﬁh
aphydrous sodium sulphate and filtered; evaporation in ¥pous gave
the desired phosphoranidethisie dichioride; thils diehloride was

unged gz sueh for the subseguent raciion.

Zhe different gahasp%?maiﬁa&hiai& diehlorddeg were prepared

&8s faﬁ;ﬁ;eﬁm

5. (1) Cyelo hiém&aﬁié@gmmmmdmhlorici@ﬁmana%e (14)s

Thiophosphoryl chloride {16.9 gm; Q.1 mole) in 100 ml
benzene was sllowsd to reseh éi%h_ cynlohexylanine (19.8gg 0.2 mele)
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in 20 ol benzenc at <27 o §9%C; the amine solubion was added AROp~ |
wise very slowly with congbant vigorous stirsing., AfSer an addie
tionsl stirring pericd of Lwo howrsy the oyelobexylaaine hydro.
chloride was flltered off, and the solution was wasghed witﬁxaﬁ
colid hydroehioric acld saturased with sodium ehiwriﬁe, and Gitan
with ¢old a&tu?mt@d soluticn of s@ﬁiam ehloride, Ehe benzene

phage wag Shen lyophiliszed with anbydrous soddum sulphate and
filtereds; evaporation ja.lacus zave the eyclohexylamidophosplioroe
dichioridoviiionste. 18 g (704 yleld) whibe crystalline golid

{mepe 83.6870) wzs thus obuained i
Analysis: ‘ |
Found 3 €y 31,048 5 Hy 8.208 § Hy 6,023 3 (Cgll, CLHPE)

Cale. Fors €, 31.085 ;5 B, 5.21% 3 ¥, 6.037,

Ge. {il) Horpholinophosphorodiehloridothionate (IB):

A golution of morpholine (8.7 gug 0.1 mole) in 80 ml
way added deropwise 1o & Stisoted Solution of -thio phosphoryl o
benzene,chlodide (8.45 gmg 0.05 mole) in 50 ml benzens al «b6° to
»52C¢, The mixture was stirred st 8°C for 3 hr. and abf Yool tode
peraviure Lor 16 bre %he mixture wag worked up as in (I4). A
clear vigeouns liouid which sclldified after stending several days
was abtalned 7.0 grag ey vieldg ) itePe 30u31?¢3;
Analysig: )
Found 3 Cy 3,834 § Hy 3,04 § Hy 6.854 3 (C iy Cloliorns

Gales Lor: €, 23,840 L, 3.956 3 Hy 6.86H.



nl' let;.ﬂ

84(443) ﬁg i - biethylanidophosphorpdiehiorddothionste (10)¢

Diethylanine was oxtracbed in benzene Lrom 1%z aguecus
golution by partition uebhod, and 1tz congentration wes delermined
by volunstiie methods before estinstion of the anine the bonzeno

phage was drled with anbiydrous sodium guiphate,

7.3 g (0.1 mole, 80,12 nk., bonzene extract solution cons.
D 21466 g/mL ) dﬁ&%ﬁylaminm was allowed %o reazat wi%h t&ié?h@sgharyl
ehicwida (8.45 guy 0,05 moie) in 50 ml. benzens ab -5 to +6%C and
" the mixture was worked up as in (I4). 8.0 ga (758 yicid) iiguis

possazing cauphor-like odour was thus obtalnad.

Beliv) Hy H - Dimethylasmidophosphorodiebioridothionate (ID)s

iy § - DigetbylLanide was extrseted in ohlovoform from ita
aguesus golubion by partibion mothod and ity conpentration was
determined by volumetric metindy before esblastlon of tho anlue,

tha chloroform phase wasz deled with anhydrous sodiwa sulphsbe,

Thiophosphoryd ebloride (B.456 ga § 0u0S5 mole) in 60 ml
ehloroiform waz alloved Lo roset wibh 4.8 gm (0.1 maie,'SQ‘% 2k -
ehloroforn extraet solubion, vone. 0.1160 ga/ml) dlacthylamine -
and the mixiwe was vorked up as in (TA)s 7.5 pgn (B4Y yield "‘ ,
1liguid which =olidified on sbanding ag_crysﬁmls 1418 1 32.33°70) wéa'

thus obbained., Yaks compound hés cauphor - Like pddburs’
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fnnlysies

Founds €, 13.46% § Hy 3.308 § H, 7.804 ;
Cale.fors GoHCLoiiPS § €y 13,504 § Hy 5,405 § iy 2.875,

Se ¥} ZCs@i;:.'ai)y}.ami@@mmmshmmdic2‘11@31?345‘!@&55.@&@3& {I8)s

%ﬁiaphasgh@yyi ehi@riﬁé €a;%ﬁ g2 5 0,06 mqla}win 80 w1,
chimr@furg'wés ?eé@éa& with 5.9 ga (0.1 wolo, 24.8 é& ehloreforn
extract soluslon, conc. 0.2379 g/ml) isopropyiamine, and the mixe
Sure was worked up az dn (IR ). 8.0 gz (835 yisld) vhite oryse

 Galiine solld (mepe S5.36%C) was thug obbalned,

-

anelysiss

Pound ¢ Uy I8.T4R § My 4385 5 §, 7275 4
Coles for ¢ CgligCL i ¢ Gy 18,76/ 5 Hy 4.206 § Hy7.29%.

Se {vl} Pyrrolidinophosphoredichloridothionate (iF):

Lhiophosphoryl chloride (B.46 gm, 006 mole) in 80 sl
ehioroform wag rescbed with 7.l Za (0% ;«:n@lté} prrrolidine in 20 mi
enlorofonm, and the aizture was worked up as in (IA), 8.5 g proe

duet was shiaineda .

§. (vil). Piperidinophosphorodichleridotiionate LIG)s
%mgptms;moxyl eliloride (B.45 gm, 0,00 ascle) in 50 =5
chloroforn wvas allowed Yo resot with 8.5 gao (0.1 wmolel piperidine

in 20 al chiorolorm. 2.9 gg preduct was obdalied.
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Sefwidd) ﬁaqg;&midagﬁas@u@m@diahlériéczhianate (Iﬁ):

This compound ves prepared by toking ?uﬁls (4.1 paj, briethy
.l&miﬁa (ﬁ-éb gay 0,0R42 mﬂza}, o nenonylanine (3,47 ga, 0,0042
mole) in 100 o, chlopoloping the nonylasmine in &0 ml. chlorofora
was added dropwisej after additlonal stirring for 3 hws. the resc-
tion alxiure waé washed twige with cold saturated sodium ehloride
soluticin. ¥he chlorclorm phase was then dried with anhydrous 2o

Aium sulphate znd £iltereds ﬂvagarasxon in *ﬁpua gave 6.2 ga Liquiad
mmyj.aa.mapimsphﬁrcﬁici&ormﬂmima%.

6o PREPAXIION OF 2 = ALKE&&%IﬁQbGnﬂ Gl Ly 39 2 o BRHAODIOKAAI
BRI Bk Riuh. o

it
/
w8 _
~ &'
ow
L "
- £ Primary and Sscondary aaineg.
BN

Ge (@) GHEBAAL PRUCEDURE s

2ealikylanidoetanllty *n.&ixz-3,,-3,B.Bemumiomgnad@harm—-d«&ul-
phides were arepam& by adaﬁm@, a solutlon of Lebydroiy-Seniitro

benzyl alcohel CJ» nisroe saaliganﬂz, 1 mole) in dry acolone o
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1 aple of élkylami&@@&asﬁh@rgdichlari&ctﬂiana%@ with cooling in an
fie@aéaﬁh. The anbydrous potassium carbonate (2 asle) was then
added by lngtsluments, with congtant stirrlng. In sd@e casesy grod
regult was found by using € moles of pyridine or E‘leeg of trice
Shylamine in cllovolorm soludlon inéﬁﬁaé of aubydrous pohasziunm
earbonata, “he %amﬁayaﬁura of tha réacﬁian niziwra wag strictly
malntnined below 5“5'@&?3&@ the adsitlon of ?aﬁass&&m carbonate/
pyridine/tricthylenine. Zhe condensation was nccomplished by
gtirring at the tomperaiure 5.279C for an’a&ﬁihiénal tine of 17
16 hrs. ?ﬁeA@@IE& p@t%ial&ﬁg,&ar@ £ilsared @utigf.@na roaction
mixture and the golvent was resgoved undey reduced grespure at rocm
Semperature. in gome oases the erude product was directly ﬁévrysu
tallized from methanol to give Giw pure compoundy while in othors
an additional chlorefora extraction was negessary prior %o the
recrystalifsation.  In the Latter case, the erude produe s was exe
sracted with ehlorofora and washed with 15 dil HCGL (l06 - goolad)
and wiﬁn'adld wabary r&ﬁaaﬁa&ly éﬁhreg tlues). This was theh
dreiod with snbydrous ﬁéﬂiﬂﬁ sulphate and the chilorofora was subgoe
quencly regovesd undsr raduced pressurds. Lhe pure coapounds were

then obinined by recrystallization from methanol.
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o, CH,0H oL’ ~ g/
!(2_605/ Acelone
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Pavadm/ cHU,
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47&@&3}&%,&@ / CHUB

ngw/

The different sliylamidophosphiorothionates were propavred ag

followss
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6. {b) PREPAGAIION AND PROPESZIES F SGME DHDIVIDUAL ALKYLAKIDG.
PHOBPILORORELANATES ¢

Heltdng points are wncorrected. Miero gnalys®s wore carried

out by ALfred Bernhardi, WHest Gesumany.

6+({b)(1) Ealycloheiylanldo=G-nitro=ili.l,d,2~benzodioxaphssphorine2«
Bulphide (13D.10): c |

g
Il

| SOP e Y /--~p,>
l “\,.,
- D
Gy N d

This compound {BB.10} wac prepared by condensation of Senliro
saligenin (1.62 gaj 0.01 avle) and Cyclohexylazidophosphorodie
ehloridothionate (2,32 guy 0.0 mole) in presence of KpCOy (276
ga 3 D.02 mole) in 75 ul acetone az solvent j L0z was added by
ingtalments o the stirred solution at O° ) 5%. Afver an addi-
tional ssirring (R-3 hras. at 07 to 59C, and then 12,16 hes. at
roonr temperature), the solids veres Liliered offy and the solvent
was romoved. The crude product was washed with sethanol saturated
with neheptane, and then the compound was recrystalliszed from bhot
methanol. 2.8 ga (765 yield) compound was obtaingd. BR-10 1s a
white crystalline solidy .. 126°¢, practically inscluble in

water, highly soluble in methanol, ethancl and benszoue.



Analysigs
Found .. & U, 47.54% ; H, 5,195 5 N, 8.52% 3

Calee for Oy Hio0, PS5 ¢ Gy 47.56% § H,5.18% 3
» ﬁ’ Baﬁﬁfﬁ.

Holecular Welght : 328,

A better yicld (953} was obtained by using pyridine

(chloroform as solvent) ingtead of KpCly as dehydrogen chloride
33@3‘5@ . ; .

6. ( b) (ii)e 2-lgrpholinoe=t=ni t.rMEs-l, &, &benzodioxapha s@h&l‘in-—?.
Sﬂyhié‘;a (EDw11) 2

! ﬁmﬂ
8 VAR

N, _

Seliltro-Saligenin (1.69 ga, 0.0L mala}, marghalimph@smmm-—

dichloridothionate (2.2 ga, 0.0 moLely and Kgﬁ'ﬁa (2.76 gay 0.02

sﬁcle} in 50 mL acotone gave 3 gau i@ﬁ;ﬁ‘ yialg) erude produety this wasg

then disselved in chicrofora and washed with cold dilute HCL and -
wa%@r; afLer drying witti anhydrous sodium g&lph&%a the solvent vas

removed under reduced pressupe. The solid nass was then Pecrystu.

ilised from hot methenol. 2.0 g (6&@ yisld) BPw1l vas fﬁm a’bi:ainad;

- 8 3 ) » 4 o 7 Ty
Bbh 11 iz a m‘hiﬁ& &r}f%ﬁ‘ii ine 501..‘1(3’ e D 149 C: higiﬁ. : soluble



in acetone sad chloroform, moderately soluble lun methanol, ethanol
and benzene.

Analysis:s
Found t Cp 4755 3 iy 4108 5 Hy 98483
Cale. for ' 4

Cpaliys05HyP3 & 5 GLT7H 5 M, 4,118 5
ﬁ’ ‘3'2?%0

Holepoular velzht ;3 316.

6{b) (iill). 2- Llethylomido=b-nitrgeiii.l,d,2-bengodioxaphosphorin.
S-Sulphide (Bh.13):

S .
I Cplig
. ONE e N
. l .

No,

S-liltro - Baligenin (1.89 gm, 0,01 mole), diethylamldophos
-phorodichloridothionate (2,06 gm, 0.01 mole), and K2ﬂ03€2.?6 &y
0,02 mole) in 50 ml acetone gave BDal2 (R.8 gm, 905 yieid) as whike
crystals (sfior working up 8s in B.10J), @.p. 1059¢.

Analysigs:
Found i ©y 43,685 3 Hy 4.94% 3 By 2.25%;
Cale. for p CqqliqgUgiinl8 ¢ €y 43.708 35 Hy4.96/ ;
Hy 9.27Ha

Holecular welght & S02.
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Gelb}liv). ngimewﬁ?l&ﬂib@*bOﬁiﬁwaﬁﬁwlg3,2*b@ﬁﬂ§diﬂ?&ﬁhﬁ$?uﬂrin~
Bulpnide (BD~13)s

. xg @ia'
. O\g’ I;?“/
= -~ B
\ ok

NG,

- Sellitro - Satigenin (1.62 gm, 0.01 mole),dinethylanido-
phosphorodichloridothionate (1.78 gu, 0.01 nole), Kaoly (2,76 gay
0,02 mole) In 850 ml scetone gave .xm.:l.;ﬁ‘ (2.0 gmy 754 yield) as white
erystals (after working up as in BD.10), m.p. 1289¢, .

Analysias
Found s Cy 39,408 3 H, 4,008 5 N, 10,1053
‘Cale.Lor 3 (,anmo d}g;ggﬁ_g § Cp 304415 3 Hy 4eOLbs
ﬂ,;apﬁlﬁ.

Holeculap waigh%~a 2?&.-

G.ibi(7}a 2.Iqograpylamido-ﬁnninranad.l,s,uab&nzodiuxaphgsghorinmz-
ulpnide ﬁmﬁ..l@) 3

o Cii,
o\z: — M- CH,

Suliitromaiigenin (1u69 gay 9,00 mole) isopropylamildophose
phorodichloridethionate (1.92 gy 0.0L mole), RpCly (2.76 em, 0.02
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moke) in 80 oL agetone gave ﬁmalé €£ 0 gy 7O yield) as white .
erystalsy Qepe 98%¢.

analysigs
S R M e

Found 3 €y 41.64% 3 B, 4.508 § Hy 9,709
Galew for % Oyglly 0,0,P8 & @ 41664 5 H, 4,015

- I\" 2@.7:4 A.
Moleculay weight : 288,

6.‘b)gvt}. S Pyr2ol Adinp«tend rﬂn%ﬁwl,u’uﬂh@ﬂgﬂé103d§heSah@rinwgo
BSulphide (Bb.lu) 3

' 3
I q
/‘\/ .
No,

Saliitre - Gudigenin (2,90 g, 0.016 mole), pyrrolidince
phosphiorodiehiloridothicnate (3.45 gm, 0,016 mole), K0, (4.6 ga,
0,032 mole) in £0 wl seotone gave EDL1S { 4 g, 8&;@ yield) as
white erystals, mep. 134°C,

Apnalysigs

Foung ¢ Uy 23,835 3 Hy 4.875 3 Ny 9,285

Cales for ¢ GyqaHya0 8aF8 1 Cy 43,915 5 Hy 4.428 5
Ky 9,335,

Holeecular welpght 3 300.6,
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- @sf h)é?hﬁ.) 5 2»919“4'1&1&@4&»@5 ﬁmﬁmw ﬁﬁﬁ’.»h.zzms.iumm@&,ﬁ.wm.@-
| B‘aﬂgﬁme ﬁbL ..ﬁ)‘ .

o &-mtsma&fﬁigmm {d.& By 0. 02 aom), pipwidincpmsphara- _
Vdmhlerﬁ.ﬁwhmmm (b, 55 gm, 008 m:le)’ E{atms s;z;.s; e é.% RO2E)
:’.xi 50 @l acetone gam Blalfi (Se5 gm, B ymm} as wsx:l..ra crystals,
. B wo"a.

| &naig sigy
Found | N ﬁ&‘mﬁ 8 &i, t&.'?l/} t H 3-3uﬂg
o galo, .’fm‘-’ o 4 amﬁwg@% -3 C, 4%&:.73% § ﬁ, ‘3:.??@ g

By B.90k
Zﬂmneum? maig’z?: 2 &1&.6



-y
"—l.wsd-v

Enﬁﬂﬁylﬁﬂ$uﬂ»bwh$b?ﬁwqﬂ-isJ,uwﬁtﬁ”@ﬁ AnXauhosphorite

Hefmlatlde (BUwl?)3

i

| t[}

Baill ”}*wfanm.‘i‘ : {1.7 L‘fﬁ’
ahorodiehloridetlilonate E
Q,0216 wole) dn 60 wl ’getone gave

erysiilay e Pe G40,

analysisg:
ot R iy Tl - T ek
Found v 0y BleiBH g
Gale, Lop 3 E}Lﬁ i 4#;}4;1,,}‘ w3
i‘; , ?w 'L,“-ip ’.

Hplaculary 372,

Q. U3 mole
2 prasi I e ld 15 Eﬂi}lﬂ)’ &s;}

Blwel? (3a0

Dl e !‘%{C.zi f..u },‘, C.r‘

2onYL anidopho e
!. Lt 3 2 t:m’

ity cm: ¥lsld) as

iy 669 § Ny 75053

;G Bl.BLe 7 Hy G725 g
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7, RAL IHSBETICIUAL ACTIVIFG s.hi CxJG‘ﬁ”Q&CkﬁBLN

Ingeeticldal tests were performed on the Amerieen

Eockroach, Periplanets ameriesua (Linn) according bo Bugvine wim
ninoy godlific aeimmé 3}. Adults of Pe auericsns weig,hmg mmm; 1 gm
o l.2 gu were collected in the month of Hay « Juney 1980 from ong-
particulazr Lacaﬁmn of tha Horth Bengal Undversivy Campus. In 'fs’imf
fisld Shey w&re never axposad to any organophosphoris dngecticides, |
For preliminapry expeploenty ten rosches in esch pot were sxpoged to
different dosases of the compounds n @y sugar halt and after 48
hours the moriallisy wiis detarainsd, and approxiaazte 100 4 uaz?mlity

(&y0) value range § }ug/gm basis) vas found out.

Yo Getormine more procise Llyny value of each compound,
one cochroreh of known weight in cach po% was exposed Lo known quane
tity of the slkylamidophosphorothionates progressively ineressing its
concentration by 1 hg for the dlmethyl anide eompound (range 1520
Jrg/zm) snid for the other compourds the concentration was incroaced
by 2fug/gny for salithion and the methoxy compound (BD-8) the cone
centration was ingreased by 1 /ug/gg{aa Zach exporiuent was triplie
eated and the average LCiny value was found out by using tho siaple
" spithactloal gracedum' « Bef'ore gonducting tho experiuenis on
thom, tha cookroaches were Kept starved Eaor 2& hoursz. lovever, the
verying suseeptibiiity of male and female roaches Lo Aifferent ©Ot

pounda wers ignoyed durdng the oxpurizent.



liefuinthosporiug & &pg. was amp&oya& for %h§ test of
T ,
antifungal aetivisy by usiug polsoned Pood technique . Apetous

golution of sultable gquantliy of the alkylamid@bhaayhorethiana&@s
in aterile watcr containing 0.2 por eont Iriton.i wvas incorporated
ingo melted mald agar u0 &3 talgat the camnenﬁtaﬁioa 5 =« 130 ppm
for the lavpropylamido compound iﬁmwm%)Aahd 50 « 500 ppr for the
othay compounds in the media. 3The test medium was poured into |
starile pabtridighes and after golidification She 7 mm 8 days old
oulbture dise was placed ascepilieally at the centre of the petvridigh.
Tares roplications o ezeh test wilbh appropriste conirel under same
- eondistions were saintained. Zhese petridishes weore iucubseted at
2¢ + 170 for 48 howrs ond then the observasions on the diamcter of
the ¢colony were rocorded. Fercant inblbiticn over control was cale

ul&vaﬁ zal&ewing she equa&i&n given by Vinaanté )

fa. ACCUT HAL r;m.mr‘fx .»,Lﬁifb ki rmm

Ural Soxiclty testing was condueted on €.12 months old
male white albine rats, welghing 140.200 g@,‘each bouged in separate
conpartuenss of aféawm. M1 snicels had free access to food and

ater. Different dosazes 0& & compound were mixed with bolled £ish
'and given ﬁa The animala at their hxbitualcy) feoding time. fh@
marta-ity wiuhin é@ hourg were roeorded nl mng with the Soxie sympe

tonse Acubo cral toxie dozage was found out by varying the azouny

of Compound. Pacportionatly. The mgbau,u aanowrt
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of compound wasied by the anlanl during dieting was roughly escounted
for in determining the dosags.

10, ANTICHODINESIERASE ACZIVIVY:

The organophosphorus compounds have a common PharnstGe
Logical propsvly whieh 1o the abilisy to inhibit the activity of a
group of enzyieg, @5@@0i&¢3y aeesyl nhalinesﬁegaae ﬁﬁﬁhﬂ), involved
in the hydrolyasils of esters ol choline. Ulige these enzymes present
widely in insects and mammalsy the organsphosphorus compounds, used
as ingeetleddes éis@‘eghihit nﬁgh msmrelian Soxicity.

Shere are Qour major methods for agsaying eholinesterw
sse activity and offect of inhibitors, Chose wethods are pobtontioe

metric, titrimetric, asnometrie and coloriamatirle.

10, (a) AHZICKULIRESILNAGE ACK LY LY lxi BLUEER LY LI AL ii&i&&bmﬁﬂi‘;!

The sewstyl cholinesterase inkibition of housefiy head
brie (UFACKE) has been metgured by colorimetric method of Kramer
and Gamsan(lg’ll), walng ihdgphmnglvace%ﬁte az an internal subzirate
- indicasor in 0.05 M phosphate buller of pi B.0. Zhe enzymntic

rogetion Lo inﬁogh@nyl acetate L2 ag follows:

@ ’o i~ s g@i—ﬁ——% 0:.: —@*O “’C”—CH

pit 30
blue (% 6?.5%1'9
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ihe reaction mixture wmaimd y #f buffep e‘antaiamg E'zmaéﬂy head
brad (1 ml of this sclutfon contained Afiy-hend) and 0,15 mi L indop.
mnﬁ. poeiate (Sossl volume = 5,15 ai, Cone. of indophenyl zmetate

~ 10"91), The seadings for control sod :aamgles were taken at 625 na

afcer exagtly 30 m*mums incubation,

1. Butfor solutlons (0,05 i potessius dibydrogen phosphate) s
Ciark and Lubs bulter of i 8,0 |

6.8 gm KiigPOy dissolved in 60D ml of waSer was mixed
with 475 ol of 0.1 ¥ HaGH solubion end dilubed %o 1 Litre after fhe

Pl wasn adjusted Lo 8.0

2. lndophenyl atetate ¢ Horking solutions

0.008 ga of indophenyl acelate when dissolved in 10
mk of sbsolute ethyl aleohol gava- % .3 X 10_"3 H soluzlon so that
the final concendtrabicit of the Andophonyl seetate in the raetion
vogsel was slwsys 9.6 x 1070 i, |

3. Glycercl solutlons

10 mh of lz},yeeml WaS ii:llum& to 100 =1 uith

abxso}.utm mle oliole.

4. Saline solutlon 3 D.9%

>

9 gm of HnCl wns digselved im 1 Litre distilled

vaters
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G 8231t solutions

g 2,08 pm ol & ‘*ismgmzmm enlaride and 2,15 &m of HactL
verae eiissawad in 280 mL of waler.

6. ;*z.’eapara ion of vorking solution of aeeuyl,cmlimasmms@
?’(mm Boliset Ly-leadns |

' About 50O hougeflies (liison dowesties) closed in a
glass vossol Were &topdd in o deap freeza for 1.2 hours, They vore
thon transforred in a contalner vith finely broken dry fce, vouoved
individuslly from the combainer, decapitated with a shaving blade
and Poroeps. 400 heuda warae emmu@d with 2 L of seld solusion and
2 gos of waghed sand in a prochillied gize iig. 1 mortare Yhe heads
we:r@- slowly ground, then trensferred to 50 ol plastie eentrifuge
tube with one 4 @ aliquots df;" eold sallne golution mnd two 5 ml
alizguots of buifer golution. The hesd fragments were ronoved by
centrifugstion for 10 minutos &t 10,000 T.p.ii. in superspecd eantele
fuge at 4%¢, The suparnatant liquid was decanved into a graduated
eylinder and the fragasated heads were mixed with 10 sl of buffer
solution and centrifuged agein at 10,000 rePote ZLhig em.&a:f::ian
procedurs wis repeated Wwice. Yhe supernatant soluSions Wore cofe
bined and the volume wos adjusted to B0 mb with the bufier solution
| a0 that eaech ol wag equivaients to 8 i’l}f»h@tis. Thils solusion was
si‘mm:éé frozen in deep freeze. ne ml of this solution was diluted
to 6wl with buffer solution so that easch ml of the diluted solu.

tion eonteined single fly-head and used Sor vseh set of the
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experimente
10.(83€41) METHOD:

A serdes of 165 ml pyvex boskers (nunbsred 14243 o4e
secesvasectte,) contalnlng different aucunts of inhibitor (¥ig.,
. BPe1/ID.11/at0,. ) in acetone aloag with one marked ‘control! withe
out inhibitoras wers arranged. ﬁ.b mL of gly‘éerg},, golution was
poured in each bosker ineluding the controil. ZThe acetone (4in

baskor 1,243, ebtc.) was removed LY blowlug eold air.

To the ‘conwrel' 5 mi of working enzyme-buffer solue
tion was added and simud taneonsly the stope.wateh was stnrted. AL
she interval of wxaptly 2 nimutes, & ml of Stha enzymeebulier solue

Sion was added to esch of the reotining besiiors.

After emaptly a0 za..,xmms, 0 15 ml af the indophenyl
agatate solution {&.3 x 1079 H) was sdded to the boaker marked
‘eontrol! and . subsequently to azmh Loalesr of the gerles a% the inter.
val of 2 minutes and then kept to be incubated ab 8@"‘("3.‘ Al ter
ineubriion for exacily 30 ainutes the absrobaness of ‘emtml' and
mmaining solutions were gugcessively noted in the gpeotrophotometer
(Garl-zm.sa Specoly. 4V) at 625 nm with reference to mxzme-mri or
(magens blank) solutlon.

:éleulaﬁi@m , ' _
A g NP e {ontro - 3 . 1" \
4 Ianibition = bsorffance (Gontrol) baarbmme(uafglgéo
Abgorbance { Coniral )
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1l ARZICHOLIREBIERAGE ACYIVINI 14 UdiS.Huihi BLOUD:

5
i

The rethod cuployed to deteduine the inhibltion of
the mecivity of acetyl chelinesterasge in gost whole Dlood by OrE8e
nophosghorus conpounds was by colorinoiric wsthod of Xramer and
&mnsenﬂm’m) ¢ Qzing indophenyl aeotaie ag an internal subalratie
indicavor in 0.00 ¥ phosphate bulfer of pi B.0. %The reaction mize
ture contained 5 al of enzyne bullap sa&uﬁi«:m" léliz.a wl phosphate
rufier solubion along with 0.2 ml goat whole biood) mnd 0,156 mb
indophonyl aeetate (Lotal volume = 5,15 wly concentration of 1uidoe
- phenyl acobate (Sobalwoluws 25y 155 goonesntration of
asetase in Pthe resehion alsbure~U 105 H)e %he resdings of

Toontrol' and 'sample'! were taken at 625 nm, after emactly 30
minutes incubation,

150 mL £resh blood was collscbed
froa gort and mized with 15 gg ssoonivm oxglaie Eam:‘iem;gﬂmﬁmé
agent) in a 260 ml gtandard Joint bostle and was shakon woll. The
bottlic conbaining bloud was then kept in the frooszer ad o%c,

2he other roagents o.g. (b) indophenyl scetate {e) phosphate
bulfer ﬂ@intian aud ‘&;53 glyecrol solutlon were propared just as the
same as mentioned in 10{al. o



Tue Mnticholinesterase Activity in umm wmm blood
wag determined by the same method as déseribed in 10(a). The omdy
gxeeptlon wag that the contents of the beoker was filsnered thooush
a 4,85 emn Whabman No. 1 £81%er | *“ar afser exactly 29 minutes ine
cubabion and the absorbance of the fﬁlﬁraﬁa wag noted in apeotroe
photometer at 628 na with reference to the filtrave of the ensyme.
puffer solution and » i{nizimmcn was ealenld ﬂtm in the same way as
doseribed 4n {al.

13, J[TOTOuiCITY LHedy

15 Fhyiotnzieity ﬁv@*ﬁui%g was eondueted secording to Bho
mg ; }, Aeetone golutdon of the conpounds nized with fixed
amowns of weter conbaining 'i;‘.in, Bpe  Eviton-£ was prodared.d mz. ‘of this
agueous suspension eonbalning 608, 280 or 10O ppe of the cn@gﬁimﬁs
was poured insto & petridish bolicl covered with absorbent eotion.
Ten geeds of wheat (Zpiligun,. Hp. 9 2&22 variety supeided by Hae
tipnal deed dorgoration of Indial wape planed on tha gotion and Xept
ab Toon Lenperaburs (PR.Z70G) far Pive days. ocasionally 2.4 mi
watolr was added in Bagh Q@%?iuix} go what the geods romeined i
moiat epndition, u&f;b segh wae ¥ imieated. Humbor of gaminai;ﬁ.@m
wag go-zsi:;i’aééd aftey & dayae ‘

13,

CUSMLGAR HLDROLYBLS

inae whe aitroe s:ﬁ.&ggmﬁ}a eyelin alkylaoidophogihoro.
i3
thrionates are ansiogous Lo splithinn 4 1% is anvisaged Sto proceed



«l@g-

w&th She dnisial fiaaiua of aryl ester bond in &iuxaphosﬁhar&ﬁ ring
followed by the lihmra*ian of nitro galigenin.

g

- . R °
e e — O
) o K - OPMN\ /
» U R

- Ok
o
O H I ‘/'R
O —+  HoP—N '
NO 5 . OH

Moreover, the resetivity of nitro sakilgenin oyclie ghés@harothio-
attes is not only effected by exoeyelfe substituents on the phose
phorus atom bubt also it ig aignificsntly fnfivensed by the presencs
of nitro group a2t the para posltion to phienolie U group in thae

benzene ring.
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The cheémieal hydrolysis studles wero performed in 0.0095 M
Badl solution in 80 per cent ethanod of pli 11,85 at Q0°C, Uno ml
of evincl golusion of the gompounds wag added with 2 ml of A
CD.0005 M el s@iu%imn ia@§a1 volume 10 mil. She rote of hydroe
lysis was goalbored by following Lie fovmaltion of altrec-saligenin
andon ab 400, 410, 420 mod 430 pm in & Curl Zeiss Speckol &
s@&ggroghot@maﬁer, uv sgéctﬁgﬂgf wha aikflamidap&aagharatﬁianntes
and hyéfﬁly%ig'gra&usta wore azanined prior to Kinesde ssudies tal
show 3&&%‘OV&RI&§ in relevant absoprption punks wore n&ﬁlgraaent.
The congentrarion of the hydrolytic produrt was deteralnd from
the extinetion cu-cffleient value of Genitro zaligenin ion the
gang 0.,00556 M ﬁaﬁﬁ'@aiutiﬁn at the seld wave lonpgithse <he @a@udé
£irst order pato eﬂﬁamaﬁts gxﬁydi wore dotersined by the Loast

square rogression anfilysls.



DLECUSATON



w Lt

B, RESULTS AlD DISCUESLON:

1. Yﬁmm:ﬁi& bd

Oniy four a&%ig@niu cyclie phogphoranidothionatos
a4y _
have zo Far baen reoporied » Zhe physicual properties and per

cent yield of these coupounds are glven bolov.

3 S
I P!

| By
Amido Group § | @mia YieLa Boge CC7ma Hg,
Hethylomldo K - 35 20 120 - 123/0.2
Bthylanido £ - a7 - Undistillable 1iquid.
Dimothylamido & » 36 o7 218 - 122/0,2.
Diethylenido K &% 13 f 119/@.“

prorersy

. BLL of thom are 1&qu&as, and per eent yislds are Low (15.??ﬁ)(1})
The methylonido compound (Ke35) hag been propared aob -49C using
pyridine ag dehydrogen - chloride agent in chloroform solutiony

the other thres compoulids (Ked7, Ke36, #.38) have beon preparad ot
a&avaﬁad tomperatures (60.80°C) using anhydrous KnCls as dehydrogen
-chiéride agent and coppuer ﬁawﬂ@ﬁ an cavalyst in Tolueno with low
Finld.
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Wa,y however, guccesded to prepars the nliroe.gallgenin
eyolie phosphoramidothionates (Be10 to BD1?7) in solid crystaliine
Porm with high yields (Vable, given below):

s . B ;_
Zn O&f - ¥ iy - °
NO,
Amido Group ¥ield () mepe (2C)
' Gyelohexylauids C%.90  ws
o 1l Horgholino 60 - 80 49
Uh - 12 Diethylamido - 80 - 80 106
BD & 13 DimethylLamido 75 = 80 . i28
BD « 34  IsopropyLemidp .70 - 80 88
BD « 18  Pyrroiidine 8D - 80 R X3
BE - 18 Pliperiding B0 w» S0 130
80 - 17 lonylamido 80 - 90 e

The met&m@ﬁ i) due o Hto gb.al W employing KkoC0,; and copper
powiser b elevated tempsrature in benzene wag twied for the prepalte
tioa of tha fﬁzsetiwiamiﬁe compound (Be13}3 in thalt chse, a pasty
mabordal was obtained froa whieh 46 was difflcult to geb ﬁm pure
eom*gaux;ﬁ.

| Attenpts had nluo been made several times to prepare the
z-amthylmi&o-@-nii;zm-iﬁiul,.a,ﬁubem@(ﬁ@mgmssﬁ‘xzarm*z%-su}.mmga, and



i%s ethylanide analogs unfortunately, in eash case a viscous
yelloviah liquld was obtalied. THC of these Liquids gave several
~ apots indleating the presence of & muaber of mmzzémds; ths pure
. amidophosphorothionatos could net be isolated froa these 1iquid
sixturos. | | |

T 18)
fremiyn and Akhtar  bad roporied uhat cm nor;: sma-

iinophosphorodichloridoshionste 13 a i1iquid (D.p. 200=103/1.5 ma)g
fusoo smci l:éarmlm( 16) haz alao reported the sane (b.pe 107.110/2 =
na)e We couldy however, succecd to obialn the morpholinophosphorow
dichloridothlonate in the form of white erystalline golid (M.pe
d0-31%¢), |

2. BPECLIAL PROFESTLING

The structures of the ality'lmtdnpmsmmm*himat@a
have bmm d@nwmiﬁad by chemleal enalysis and UV, IR, mass and
MR gpectrm. The mmlyme.al deta adlong wibh m@ physicol charag.

teriatice have beon progenbed g;z’wime};.f {Mcti&n AJ,

The spectral data for different alkylaaldophosphoroe

thionatas ave piven bLelows
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3, BRECIRAL DAZAs

prox st L

(1) L’-tayclamxyxxamﬁ,ﬂa-ﬁnniwwé:ﬁ-l,a,ﬂ*.banmdimmpmsthin-ﬂu
SGLDhAGE (Bl

o

B (g 405 ) =200 na (og € = 4.061)
» g ’ W

IR (Fig. 5)s

1020 Cu™t (o) o PeUu€ (alicyl)s

1240 €q L (vs) and 880.920 "L (3), P.0uC (aryl):
1515 0ot (=), asym. str. of nitro groupy

1340 G+ (a)y syme stre of ﬁ:mro £POup;

800 Ca*t (s}, ¥ =8 (I)g

650 ™t (m), P = § (IL)g

3300 Gn™d (m), W - ¥ str. g

1620 ™ (w) and 1585 Om~ )y two componsnis of

the substituted benzone ring “quadrant gtrotsa
eizi-.ng" C =g w;wr(at:m g3

1480 Co™ (m) and 1480 Co™ {1}, two componznts of the
substitused benzsne ring "semlcirele stretohing’
¢ = G vibrationss

40 e () 4 ¥« i 5. (akso arvomniie C=i=0
bendingl.
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Hags (Fige 6)3

-mn

328 (%) 34.5
206 | 43,5
295 (bage peait) 100
\ 279 | 45,0
249 33,0
230 85,0
198 54e5
152 69,0

i dna ) (QUCLy) pam (Flg. 7D

1.25

LeG .

Je 2
3.8
5.45

Tel

8405

Ge2

(8liy multiplet, -Clip -group at 4 position of
the eyclohexylaminels;

(@, mulviplet, LWO =Clige Zroups at 3y3°
position of the cyélo&mmlmim};

(asiy mulviplet, two -Cj'ié- groups av 2,2' posie
tion of the cyclohe:q:lamm}{a)

(i, mlsiplet -G8 groupls.

(1, multiplet ~FPeiflile groupls

(2ily, Gctet, ~Clip- group in dioxaphosphorin
ringly '

(Ui, doublet, J = 8,5 Hz, one aromatic hydrogen.
weta Lo nitro groupl;

(1, doublet, one arcmablc hydrogen ortho to

both nitro group and Cige group of dioxaphose -
phorin ring);

- (1, multiplet, rsaaining sne aromsatie hydrogen)
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- 80t
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279

* Relalive infensily
3
i

20

NO, ' : ‘ - - S o o . e

900

BDyo :
162

i

/]
[
(=]

196

. |
& -
Anrsusquy omporoy - o

249 230-

(N [
. 300 280

o-‘l lv»lJllg Ll

il lllm‘llll

260 240 220 200 180

.mfe

l }l] | /f-d O '
160 .

.Fig. 6. Mass specira of -2- Cyclohexylamido - 6- nitro 4H- 1,3.2 'benaodioxaphosphdrin—a— sulphide .



4000Hz
2000
1000
800
6o
0, 2 i

1 lq\‘ﬁm——cu >¢

6 5 29 .

NO, ¥ 1257 (e)

B Mg

—H>

10.0 Q.0 [ 7.0 6.0 S0 Y0 2.0 26 t0

FT-80A SPECTRUM No. Z730/ ..
OPERATOR ... JHS._. DATES/PI_
NUCLEUS._'H..... FREQUENCY.19:S___
SYNTHESIZER SETTING _........
EXPERIMENT NAME .o
FILE Name . BD-10

sAMPLE ___BD-le

LOCK  QINTERNAL  CJEXTERNAL
LOCK SIGNAL..L Dol

SPIN RATE. ZA_rps,  TEMR.IZ.°C
INSERT___ .S ___._mm 'H

ACQUISITION -

SPECTRAL WIDTH (SW)__ 7200 _ Hz
NO. OF TRANSIENTS (NT)_looQ. .
ACQUISITION TIME (AT)._2-0.__ _sec.
PULSE WIDTH (PW)____ 20 /Y usec.
PULSE DELAY (PD).. o 5EC,
DATA POINTS (OP) .. LEXC .

TRANSMITTER OFFSET (TO).4.3.
HIGH FIELD......._...LOW FIELD,
RECEIVER GAIN(RG) D

DECOUPLER MODE (DM)._.—
DECOUPLER OFFSET (DO)

NOISE BANDWIDTH (NB).. e kHZ
ACQUISITION MODE (AM)... .

DISPLAY +.o

SENS. ENHANCEMENT (SELE0&__ sec.
WIDTH OF PLOT (WP)...... 795 Hz
END OF PLOT (EP). .. @ __Hr
WIDTH OF CHART (WC).._ 223 __Hz
END OF CHART (EC). . @_____H2

VERTICAL SCALE (vs) {38 .
REFERENCE LINE (RL) (-4X) TMS_

£-Der (gpheerion..

128. 7 ﬂH NMR AP@.G“’Y"W of 9 - Cﬁdoﬂ\ﬂ,x o — 6~ o —
~4H-13, 2- b@wg/o oL'voxa/P.ﬂws?ng'w - 2~ /JMQF?VLcYa,
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(i1} .4 'ﬁhmilﬂo~6~nitfa~4ﬁﬁl,3,E»banzamiutapheaghgranmﬁ»
aulphide C(BD.11):

Bo0i ,
UV (Pig. 8)s ;X\ = 274 nm (log € = 4,908)

s max

Ia ggigeg)ﬁ ‘

1020 cw™* (s) and 980 Ca™ (vs), Peiled {a&kyl};
1260 Ca™* (ve) and 886 Ga™t (a)y Pu0aC {(arwll;
1520 o=t (s), asym. str. of nitro groups

1320 Ca™r (va)y syime str. of RLLro group;
820 ﬁﬂ“l (8)y 2 = ﬁ'€23;‘ |
650 Ca™t (u), P o= 8 (1D
7@@-@@'1 (@)g © w H stra
1620 oot (w) and 1685 CoE {m), benzenz ring “guadrent
ﬁtﬁuueﬁlﬂﬁn vitrationg.

#aps (Fig, 10)s

afe #BL

316 (45 43,0
o84 60.0
283 {(base poak) : 00
198 70,0

158 46 a4



optical Density —-

1"4

ie

o

®

s o ,
{ N-¢7
A AN n P X
ocHg N0z

i BD 4y

Conc = 1'58 X10 °M

A max= 274 nm (logé 4'908)
i .

] g - [} 1 1 L S ER 3

200 220 . 240 260 260 300 320 340 350

Wzo.oe lenglh, om ———s-
Fig. 9 UY spectrum of 80y, in ethanol
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o0 f” 100

Relative (nlensily

5
1 N\
7 0\?——N 0
N o —
NO,
80t BD 41 - 80
198
60 = 284 ' ~ 60
230
+ i52
316 (M )
40} 4 40
200~ l - 20
1 m l L lll“{J’ e
0 T L T T ) ” B ) i T { ) 7 /L'
320 300 280 260 240 220 200 180 160 Y

mfe
Fig. 10, Mass specira of 2- Morpholino-6- nitro 48-1,3.2 benzodioxaphosphorin-2 sulphide .



b et éﬁ_ﬂﬁﬂl@) pp@m (Fige 11):
/M%q
- 3B (i, oultiploty « & group of the morpholine
. s ULS | ~ gt * - ringly
3.8 (41, oultiplob, 9 group of the morpholine
\ S CHgw .
| g ring)s

5,458 {24, Uetefy o Clye group in dloxaphosphorin ringly

7.1 (1, doublet, oue sronrtic hydrogen meta %o nltro groupls

8,08 {(lii, doublet, one arometic hydrogen orthe to both nitro
group and «Clqwe group of dloxaphosphorin ringl;

Be2 (1, mulbtipled, remaining one aromelie hydrogenl.
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(1il) 2a8,H « DiethylaniiomGenitro=di.l,3,2-benzodiogaphos-

phorine2esulphide (BD.12):

BEOH
UY (Fige 12)s ;\ = 206 nm  (log € =0.979)

nax

1i iif?ié;ow} 4

1030 Cu™t (ve), Pe0-C (alhyk);

1235 o=l (vg) and 880 G~ (valy Pelel (aryl);
1515 omel {3)g asym, str. of pitro groups

1345 cn~t (23)y syu. stre. of nitro group;

as0 en~d (a), P = 8 (I);

840 Ca™t (m), ¢ = 8 (Ll);

785 Gt (al,

AB20 G (w) snd 1585 gt {sJy benzene ring “guadrent

stretehing" vibration.

L5 ¥ r

a9 AL
302 (4%) : - 25
269 {(bage poak) o 0
198 483

182 : 10.



Oplical Dénslfy —

.17 v -
s : )V
‘14 F CuH
i emg
N ‘
Cg”  TOcH3 Ko,
12F ‘ '
BDyp .
Conc = 1'656%10 ~ M
-1 P .
Amax = 295 nm (log€ ,3°979)
08
.°6 b
‘04
‘e2p
[+] 1 1 el o - L s Lo 1 .
200 220 240 260 2860 - 300 320 340 369 380 409

. - Wave Ienglh,-nm-;—* E
"Fig. 12. UV spectrum of BD,; in ethanol - .
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Relative Intensity

. s~ :
O

S0 269 . O, CHzCH3
‘ ' BDy2 _
20 - 100
eo}- 4 &0
40 . o ' . -1 60
202 (Né) 198 . - .
20} ' : : ' - 40
ol il o} o . =
200 Ly L L L | W i B b
270 ] aloo O s o Y : ll].lr ;4;‘1_0
. . . . . . . . - 150 4
Flgj iuh m/e ' :

M . - - - » . ! .
ass spectra of 2-diethyl amido-6-nitro 4n—1, 3,2 benzodioxaphosphorin-2- sulphide .
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A = Oy (BLat )
= Colig (BDad)
= finliatly (BDa3)
@ DeCylig (Bn8)
2 $eCtn (EDe5)
= delyily {BDe7)
& Cgil, 0CHy (BiW1)
= Gaﬁ&ﬁ@ﬁi{*, (Lia2)
2 Glly  (BDa9)

Rho Vi MR signal at & ®5.4 ppin A0 Hbwl, BDeZ, BDa9 and ED.10
{end also in other aliylanidophosphorothionntes) is different from
that of other compoundse Hipge 34 im the 11% FAR speetrun of B8,
¥igs 386 1a the lﬁ R gpectrun of B2 and Fig. 7 13 that of Bhe
10. If we study the three charts (Figs. 34,35 @ ?7) in the given
order, it is fairly evident that the chemical shift difference of
the probons 1;1@,_‘& & liiw is Inepossing in going from B8 to delD.
Alsn, the Zesubstituent is at the gemetime inoreasing in bulk, and
probably speading more tige in the conforaabion with the least ‘
gtoric intersotions. In D10 (aleo in other aligylauidophosphiorce
thionataeal, this may be malnly in one cenformatliong while in BB
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{also in BD.d, 5P.3, BHD-6 ote.) it sppears shat both the chesiesl

- shift difforences and the difference beivween 3y ang
\ " Pallelly 4

By o ére guite sasll. ZPhiz suggests that the acleouls exlsts
as an sverage of bthe two conformations with rapid 131@@1*@;&%&!&19:1
botwesn thewm. In tho case of BBy 46 seems that an invermsediade
agituation provails,. slailar to Bl and Hhe2,.

in ei.ﬁh@z' of the conformations & & II

-. 3 3
one af the couplings, PainCulig or J PaleCall gy will ve large

and other one will be small, siuge the PU.U.H, dihedral angle for
ofie of them s cloge to 18O and for the other it iz close to 60°%,
%he plot-oxpansion of the 8.0 = 5.8 ppm reglon in BLLLO (Fig, 38)
shows couplings of 0sGy 1.0y ﬁ.a,ilﬁ.?aaﬂé 25,6 Nz, Since the 16.7
iz goupling is certainly the goeminal Jg 53“352@ eoupllng constant,
this then leaves 6.3 and 25.6 Ha as the two Jp_g.o.u  coupling
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VERTICAL SCALE (v8)__ 100 . __°
REFERENCE LINE (RL)

varian
PRINTED IN ULSA

Hzo\' Q,XFWA/JA/U‘PV 05 m -—-CH - axw?(wv P.;D"lO)

50— 5% ppm

llﬂ—a VoTY .



wlffle

congients, Conseguently we can conclude that DUl i1z probably
mainly in one conformation. WA She otiher haid, the pabtlern found
in 0.8 e¢an oniy be wxplained by nearly egual (bubt not emactly)
coupling congtants and s s3all chemical shift diffémme in i) and
Hyy which requires rapid inueremmrsion to glve sb average of the
coupling conatants and chamienl shifts. B9 geoms o be an intere
medlate case, similar to BU.1 and B2,

The small couplings seon in Fig. 36 avise frem coupling .
to the zromatic ring protons Hﬁ y o and HB" The conflormation II
seens less hindered for bulky substitusnt groups such as those 4in
Bla® and egpecislly in Bl-lD. Shoraefore 1ot us azsuue that 1n Bl-10
contforuation II predominates, i that case the dihedral angls of
" 180°% beloungs %o Hy , and we can ldentify 1t as the upfield group of
lims‘ showing squal coupling of 0.6 iz to the three avomatie protons
Hge by and Hge froton Hy 1is more atrongly coupled to iig and iy
vith J = 1,0 42, bubt not %o H.. %his can be confirmed by spine
decoupling experiments shown in Fig. 37 and Fig., 38. In Fig, 37,
aromatie protons 1?15 and EL, werse arr.admwﬂ a% Bel ppm and the triplel
éwuctum of Hy dissppeareds {;iw'quartai: structure of Hy also
covlapsed due to irrpadiabtion of 155 and H,;._ viiieh premoved the affects
of their sping, but Sthe resldual line width magdisg the remalning
swall coupling to U,, However, in Fig. 38, in vhich only Hp was
irradiated, we can see that the quartels have hecoms f;rs.plaﬁzs ns
expected, '
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The plot expansion af the ammﬁc wgﬁ.an (Fige 30 fm»
- BDa10) }ahaies the bagle ABA mt:"rsmm with fhe additional long range

| goupiingg 'i‘;d Eb and V}LI, -»m :‘mm&mwa blon of m:‘;r spaetral reglon
4ia faeilii;atm %3:;' ammi zin{g a‘igg. 0 m whiel ﬁm nﬂﬁ?» group in zhe
d&axa@huagphorm mug was ﬁmmm@m in Fige 404 H7 appears as an
eigh® line paticrn, ir: :l e &9, mmh Line of **‘as.ﬁ pam:exm iz splic
by Whe z:x'o»ans R{w and H«%&B into Lriplets wi«h Q.ﬁ ﬁf’ spdoing. Thig
| 13 tha wa'@rage of the &ca&ua& eouplings 4 Jh? - Hyy = L0 ¥z 3

Jﬁ,’ - = 0uG liz)y due %o tho .ma& »ixm‘; Hy mﬁ :ia are gtrm:gl.r

g2
cu.zp}.@d { Jh i - = a,&.,?;m,l Az;zv.c%__ -aa,gawaw& by a small ahmﬁm&l

)
shis.'

. o 1*‘1:3. 4l and Pige 42 ave téa«a"'gblaﬁ exsvm;iama of iDa1H
and BUa16 reapec savely. " Zhe ~(ig= protons in the di.ozaphosphorin
‘rmL are nan-mguiml@ns and have chemleal c:hifts in both compounds
' 'af b.a ppm and 5.85 ppm.  “he ecupling to the 33'9 nucleus is 25 liz
| for one %;im ~Clize protong and 6.5 g Cor the other, & Emmmg
podol of the moleculas s@mus 5o émwa o stable conformation in whieh

.m‘atan hﬁ iz qzami.@qua&m'ial ami oroton H, A iz mna&-»ami&
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The assignhment of the protons Hy snd Hy 4n the speetrum is based
on the eouplling conatants to Hhe 3"‘? NUCLOLN. Lhe Pulwl.il dihedral
. angle is 180° for the guasie-equaborisl proton "iB, and eloge to 60°

for the quna:ln&xm& proLon m o Zhus HB is ﬂswli,zwd Lo vhe G.2

gopsa waﬁcn ( J oo

provon’ { °s, Palulaliy & 6.5 Ha), This rem&m in the quasl-cquatorial

B @ 28 AE} ami akk is assigmed o the H,85 ppm

proon having the sasller chomieal shift,Aand the qmasi»axial
having the larper one, which is contrary to expectations based on
,awomakia ring current effectg. 'Hawaver, the P = é bond also can
'exert the snisobtrople paghetie offsets and these nighi easily ree
vepse the order of the ehemical shifbs. It 15 easier Lo Live with
this than with a vioﬁﬁtﬁwn of the Aerplus-typs rolationship for

spin-couplings which geswms generglly wvalid.

Peoton iie 1s ddentilied &1:;,7.66' ppn by 4%a 9 Hz coupa
ling aonstant Yo proton s oat 8,14 ppm.. This leaves proton x«is at
8,0 ppm. . Lrrasiation of Eis and Eg,_r.e:;ulmd in éleappsursnee of the
‘long ronge couplings which spli% ¥y dovo quartels and U, into
triplets. Thus, Hy 1s coupled equally to all three aroumatic pro-
tons with coupling constants of about 0.7 Hz, while H, 13 coupled
i;a- wwo of the '&iir@a aroustie provoan With equal coupling constanta
of approximately 1.0 Hz, Hines the sz@sieamial and dquaglsequatorial
protona H, and H}S in‘caraet gifferansiy with Cne glzas and i
elsctrons of the aromatie ring syotem, mgso aif'forencesy 1IN COUDe

AL MOF AUTPTiamg . In pakicai, The bonger  cowp
ling Tor the quasiesxlsl proten sesns in Accord with the idea that



o 1G5k

the bonding elsctron density for #ﬁ is distributed glong &xes moro
or loss perpendicular to tho plane of the sromatic rinyg and thab

: ﬁhis gllows more overlap with the ping pleslectron syabtem whose
maxium probablity funetion also lies above and below the phene of

the ring.

Fig; 270 end Pige. aia ghow the proton nolseedacoupled
136 spectra of Blal8 and wm.ms a% aa.ﬂ_ﬂué. . The saturated carbons
2 and 3 bondg frcm'thé phogphorus show eplitting due 5o 13y 81y
spin coupling. @neﬁé couplings are slightly different in BUe15
- pnd BD<18. §ﬁe coupling o bthe Cﬁﬁ carbon cqa) in the dioxaphose
priordn ring echanges oaly fron 5.53 Hz in BhelS o 5,75 Hz in Bl6,
Thisg probably maaﬁs that the conformalion ls xbmost the same, snd -
this is in accord with the small difference in laﬁ chenieal shifa%ﬁ
€6e11l and 65,82 ppnle Lhe change in 6(130} 1s only Q.85 ppig for this
carbon (Cy), and since 13@ chicmical shifts are ofSen guito sensie

wive to conformation, 1% supperis she similarity of the structures.

The Cily's next to She nitrogen are coupled with
7 evalues of 5.83 nnd 3487 Ha respeetively In HDW15 and BD.16.
The Gll's 5 to the nitrogen have 7T -valucs of 9,87 and 3.63 Hz,
These large differaﬁces are due to the differences in the Pali.C
bond angies for the . and G- membored rings. Fig. 276 and Fig.
31% show the piot expansiocns of the aliphatic reglons of 13,
spectrum in BU-15 and BU-16, clearly revealiag the doukling of the

ilines due Lo Lhe gpin of the 319 nucleuga



Fige 27c 1s = plot expansion of the aromatic region of
the 3"5':3 speetrun of BR-iH. Four of the ring carbong shov measurable

coupling Lo the ‘ﬂﬁ’ nuelouse These couplings are:s

Carbon ' Coupling constant (iz)
(38 - | 8. :w \
Cﬁm o 12,38
€, | 7030
¢, | ofza.a

fhe ‘commmid BD-16 shows emaller shifus for the carbona Cg and Gy,
eompared So those in Bl-1H wiieh asgadn support g very minor diff.

erence in the conformations. Fige. 31b showa $hat the carbon Y %o
the ring nitrogen in BD.18 is coupled Ho the phosphorus with a 1.2

Ha coupling congtont.

Fige 43 1s the 32,2 HWiz 3‘-‘% brosd-hand decoupled 319
MR gpectra of .15 and IDelG. Hoth cospounds gave a sharp 31&?
resonance line, There ls a displavement of 3.63 ppm in the chomie
eal chiit for the zaimspmmé botweon tho two coupounds. Svlootive
dﬁeoummg (¥ig. 4%, Tor BD«16) of the protons adjacaent Lo the
nim»ogen {arrows) navroved the otherwise broad line and showed that
the 33‘? is ém‘gmg}.y coupled to provons Hy snd Hy (abisched to
Cyle “he e—onplm;m are reduced in this spectrum bhacouse the irrge
diea*&im at 3,35 g:m partially collapses 'f;he; couplings o the Proe

tong at 5,2 snd 5.65 ppme Howevay, Lie ratio of the couplings is
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SYNTHESIZER SETTING ..22:951
EXPERIMENT NAME . .
FILE NAME
sampLe. BD.-1b ,/ Bp-IS

3IP

Decowpled
Cl\tmu}»\ SLrﬂ‘ A:f(etapd-

LOCK I INTERNAL O EXTERNAL

LOCK SIGNAL (DL
SPIN RATE R rps. TEMB2D_ °C
INSERT .S ___mm

ACQUISITION :
SPECTRAL WIDTH (SW)__1000 _ _Hz
NO. OF TRANSIENTS (NT).\___
ACQUISITION TIME (AT)__4:D______sec.
PULSE WIDTH (PW)._____ Y. usec.
PULSE DELAY (PD)——— _~______sec.
DATAPOINTS (DP)_____IWW

TRANSMITTER OFFSET (T0).233§)
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RECEIVER GAIN (RG)_._ ¥

DECOUPLER MODE OM)__} '
DECOUPLER OFFSET (DO)..§2._
NOISE BANDWIDTH (NB)._=Ye._.___kHz
ACQUISITION MODE (AM)_.©

DISPLAY -
SENS. ENHANCEMENT (SEL_0:D ___sec.
WIDTH OF PLOT (WP)____{0UR __ Hz

END OF PLOT (EP).. 0 _ Hz
WIDTH OF CHART (WC)___L¥ve___ Hz
END OF CHART (EC) . B . Hz 1

VERTICAL SCALE (VS).__...1 00
REFERENCE LINE (RL)__._=.

varian
PRINTED IN USA.

<j H bﬁ”oa‘oﬂr
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NUCLEuernsquzncvlm_

SYNTHESIZER SETTING _29:36) . .
EXPERIMENT NAME :
FILE NAME
‘sAMPLE BR-16

B\P o

Seledtie &umg‘;ﬂg

_P/,s ¢

jgeye

~— -] ~
o, F)
LOCK  JINTERNAL
LOCK SIGNAL__ 0Ll

SPIN RATE_38 rps.
INSERT. g

ACQUISITION
SPECTRAL WIDTH (SW).__1000___Hz
NO. OF TRANSIENTS (NT)_—..__

O EXTERNAL

TEMEZ0._.°C
mm

Lo ui/al-v .

ACQUISITION TIME (AT) sec.
PULSE WIDTH (PW) LSEC.
PULSE DELAY (PD) _sec.
DATA POINTS (DP) -
TRANSMITTE}? OFFSET (T0)29:95) .
HIGH FiELD:

LOW FIELD. ..
RECEIVER GAIN(RG)_ ¥

DECOUPLER MODE (DM)__L*.I:
DECOUPLER OFFSET (DO)_b_ (4299,

NOISE BANDWIDTH (NB).__ Q. kHz
ACQUISITION MODE (AM).. @

DISPLAY
SENS. ENHANCEMENT (SEliﬂ_Lsec
WIDTH OF PLOT (WP)_. »_Hz
END OF PLOT (EP)___.____.__ Hz
WIDTH OF CHART (WC)..... . Hz
END OF CHART (EC). Hz |
VERTICAL SCALE (VS)__S0. !
REFERENCE LINE (RL).. =

Tl"I]]*[*JI[l[x]'I']rLﬁi' LI L A L
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still the swie which 1z agbout 4il. 5@1@@'&1\:’& decoupling of the

protons Tor other compounds ks not yet heen perforsed.

Fig. 456 i3 a plot sxpangion of .9 [46(4) is the
a_yécﬁrum of the aromatic protona decoupled with Clipe groupy 45(3)
iz the spectral reglon of «Cipe group decouplod with i and Yo 74
~ this spectrum (Fige 45) shows that the same eouwpling patierns proe
vail in this molecule as found in BD-10, ED.15 snd BD-16. The
. gmaller separation off the Lines in the Gl":’lg pattern of Ble.9 counparad
o BD.10 indiestes that the quasie-equatorinl position of the 2.
phenoxy éiibﬁstituemz is only za}.igémly favoured over the inverted

LOrse

Fige 46 shows that B8 also displayn the long raige
_e_m;ﬁings to the arcmasie .;;raf:c:ha QF-&E. 47 shows tho Gxﬁq group and
the @-@33}... By irrmidating the aromatle protons Hg and liny shown in
Fige 48y the CH, group can be sesn %o be the AB part of the ABX
pattorn that ari ges fvon 'ti;é Cﬂg and the phosphorus. Zhe geminal,
Al coupling is 14.5 Hz., Yhe éguﬁlmﬁs | 33::.@.@.5{& ana

339”@;&% mist b qulte meall. This is consistent with nesrly
equal populations of the two conformasiongs

-~ The Semperature dependant M e spoetra at 870 Mz in
the temperature range -70°C to +50°¢ (203% o 322°%) of the methoxy
‘eempound %iﬁn.ﬁ) have been given in Flg. 49 «w7h . 1% 13 obrious

from the charts thet as Lhe tomperature is varded, the rabag of
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.2T0OMHz PMR spectrum of BD-8 at 293°Ks only expanéion of endocyélic -CHz group region; i
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intereconversions of She conformers snd their relative populatlons
are also varied. IS has aleo beon observed that the signal at

lower Lield of the doullet ab ?5;3 ppts gpiives further, ZThisz bocones
much significant a% 4098 (2339%K}; Purthor s@lﬁiﬁzmgg is obgerved at
~709C (203%). This sugzests that the methylene provons Clgy & Hyy)
are not equivalent o e&éﬁ‘athar, and the dlozaphosphorin éing is
| conlormationally mebile in golution.

iha 1H HMR gpeetra of Blel0y, and the lgﬁg 31? anad Zﬁ

iR spectra of BU-1S and BD-16 seem to be in genersl accord with the
structure Il although Shey do not preclude mmobher conformuation
{i.0sy 10s inverited form, where oxygen and phosphorus lie below the
Jm.l@m' of bhe aromastic ringle Further studies including Ke.ray cryge
ek sm*uévmm detemgination oPe in progpess, Howevar, it may be
pointed out thai she structure II appesrs to explain, to & reassnablo
gxtant, the reversesl of the expecled proton chemical shif't ordsy for
the @uaai-mﬁaz. and cussi-equatordsl profons, due to the position of
the magnetically salsotrople P = 5 bond relabive to the »ﬁ%&a-. group
in the dloxaphosphordn ring. |
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7. IHBECEICIDAL AQRIVITX:

| The oral ingecticldsl activity data of the compounds
against Cockroaches, L. W {Lion), are 1isted in Tahloml,

and the pogults have heen comparaed wilth that of selithion and the |
Bt thOKY «Balt 1 0T Qwilinly 34 Z-benzodionaphogphor in-Seaul phide (Bled ).

Ingeeticidal activity agalnst Usckroaghes, Fe znecicans

ﬁ R
870
0 Sy
o,N /I\ ’
: B , | Cone. ahwmg 1005 @ortae
Axido grou Code S EEEL '
U JUR S, W /4 )

, Cycl.eha.wlamma 80,30 80 » 80
Horpholino BDw11 30fe 40
biethylanido BDw182 30 - 40
Piseshylanido Bhedid 15 « 20
igo~propylamido - Bl 60 « 75
Fyrrolidine Blw18 , >6
Piperidino Ble18 , >76
Hauylamido BDeX? >TH
E -

@ .

Salithion ‘ ' - o 8 o 13
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Zhe data @?Q@enﬁmd in Tobliowl rwvw&&ﬁfﬁha%_ 2ll aliylonile
da@hosghgrﬁ%ﬁiengﬁag have less oral insecticidal activity than the
wethoxy compound (Bb.8) and galithion; BU-B has @raaﬁﬁr insecticidal
aebivity than salithion. Dimethylemido compound has oﬁl}' 15 %o
2 tlmes less ingeetleldsl setivity conpared to salithion; morpholino &
and dlethylanido compounds show 3 %o 4 Sines less Insceticldel actie |
vl%y compared to sallthion, Yhe other cemy@unés are oinost noninsete
tieidal. IiIn whole geries of ziitsw saligenin wxflic -alkyl/ phienyl/asido
phogphorathionstes prepared in owr Laboratory, ohly %h@ metnuxy 2 Olfien
pound {(5lw8J has grester dngeetioidal activiiy than ﬂalit&iﬂn. The
dimeshylanido compound has & bines groatey insee tieldal aawivity QO
pared to diothylamido ncm@aﬁnﬁ. Lo g&_ﬁ& () observesdd the szane in |
cese of Zedlmethylatilio —y and Zediethylomidgedi.l,d,2-benzodloxs.
phogphorin-2.sulphides, Among the alkylaumidophosphorothionates
(BDL10 « BDL17) the dimethylomido compound hars hig&a&% orsl insete
tiedidal activity to romches. |

8, ANTIFURGAL ACLIVLE

TLable«2 shows the antifungal =etivity data of these coRe

pounds (IDel0 « HUL13) againat Heliminﬁhoayﬁrium Spe 3 the data Lor

ﬂinaaan {0 = athyl 8,8 - diphenylephosphorodithionte) nave alse been

presvntod.
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AL compounds (BD.10 to BlDel4) are Legs touxle than salithdon. Eﬁ.iﬁ,
BDe13 and BU-B have greater Soxieibty Lo rats conparcd to aﬁnariﬁﬁbmb
saligenin eyclle phosphorsasidothionates. Before death the rats were
found to suffer rom scubte raapivaﬁa#y %ynubla. in gome casesy &
finid with bPlood-sbaln sozod ma of nostrils and eyes of bhe anie
mals. In 8ll cases, She deeroase of ppontaneous motor sctivisy
occwrred a?ﬁarvgﬂﬂ hours. Saldvabion aa;ﬁ@rﬂgyulak waspir&aion
were pbgerved. In raze of norpbolins coapound the eolour of the
rats become yellow aftar 20.30 hoursj the yellew colour disappasred
after 3.5 days. Ho othaer eompounds showed this sympiom.

The Lb_, wvaluas given here are only aftsyr preliminary

&0
-axpariment and this roguires further work Yor Acurato Lbeny velue
datarmination.  Bowover, the &ﬁﬁﬂ ‘values given are apprecisbly
falr to enable one %o Judge the relative toxicity of the sompounds

to wale white albiuo rals.

1. ANTICHOLINBSTERAGE ACKIVIIYY

Yhae acaﬁyleholinﬁétar&sa inhibi%ion dats for bouselly.
head homogenate {(IIPACHE) and goad wholﬁ blood (blood « Ohi) are
1isted in Toblo~SA « 85 {gp 137-19/) and Enble » B4 = 6k (op 192 —l%)
respaectively; the mala? Ign values caleulaueﬁ by Lonst gquare

progragme are given below (Lable~B)e The data for only five come

k]

pounds have so for becn talton.
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Iable - B
Ang isholilesterase aenivihy on hougefly hand hamaganaﬁe angd gont
Wml@ blmﬁ. ' )
R iy cz;{”;m& | Laa(H) 3 10%
&0 a0
Ggﬂ@ - dufdo  Group (i AChiE) ; {Ghi)
On g % up i
hougefly ¢ goaw whoie blood
miizgmef;me“*ngmfm&ﬂ e '73.‘ .,.. 'i e »ifmm* A
BD » 10 Cyelobexyl | |
BD - Al Horphol lno 5,43 1,04
BD « 12 Diethylasido B8.26 | )
B &« 13 ﬁim@gbﬁf‘lmd@ 280 . oG8
BY » 3% Isopropylomtds LB 4,73

16 has been observed that for any phosphoramidothicnate (ED10 to
BD.14), he LFACHE 15 mora inbibited than the ChE-blood. For the

LR ACHE, the Iﬁg

BW13 < BDald < BDW30 < DDell < BEDWS

value incroegses in she ordeprs

ieey the antlaceiylcholinoglorase activity of the dimethylamido.
phosphorothionate is highest, and that of the dlethylamido anslog
is doast. For the Chieblood, she {50 value lereases in the order:

BDe1l < Biel2 < BRe10 < Beld < BDald

lew. Sho anticholinesterage antivity of the sorpholine compound ia
Bost and that of the isopropylazido conpound is loast.
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From the aboveAr@gulta is may be concluded that the dinge
thylanido compound has gond insecte-2eaetylcholinestorase inhibitory
activity, but the isopropylanido compouﬁd has Lezgt toxie offeet on
naanstisn bloodecholinesteorase. Previougly 1t has been observed
that the dimethylanldo compound hns slso Insceticidal notlvity
(azong the @ighv alityl amidophosphiorothionasos 1t has highest
ingecticldal ac%ﬁvity},'%ut the dsopropylamido compound has highess
antifungsl ansivity.

L 2

(27)
. Han?ah)ana Beutsoh analysed the data obtalned by
:;8
Fuituto v 8l from & series of nethyl 2,448 « trichlorophenylelie

- alityl phosphoramidates  in order to olorify the effeet of the

Gl 40 - g* -— 0‘..@... oL

u- ﬂi
ks

ﬁ.alkyl group on uh@ 1nnib1ﬁery aetiviby forr the HPAChE. Zhey obe
sarved that the logarithm of the bimolecular inhibition conatent is

_ eorrelated axcglianﬁiy with Taft'g sterie conatant Es and polar

conssant 3— of the substltuenss tha tulky lsopropyi and terte
butyl groups deerecase inhibition rates hy aterie interference, On
the other hand, the ring subgiituents of methyl phenyl Hemethyl

phosphoranidates dircetly affect the antimcetyleholinestuorase
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getivity (HFACRE) by wvirtue of the slectronic mnd hydrophobie pre-
'pe?giesfﬁﬁ) Rowever, in a ssries of ethyl ﬁ.{aubsﬁiﬁu%@dégghenyl
phoaphoramidothiolates, no corrolasion was observed botween the
rates of chollnesterase inhihiﬁim§ and any of the free energy
parametery for ring sﬁbs@iﬁ&&&%aiaﬁ); moreover, the anticholines.
Lerase activiﬁy (LB ACUE) a?.ghasphorémidaﬁhicla@as 13 not alvays

ecrrezatad with uhair &nﬂa@aicidnl &etivﬁty.

In ease af nitreaaaaigaain oyelie phssphor&m&ﬁotbionaﬁes
antiaeatylc&alines%ar we aetivity s not correlated with thelr
ingeaticidsl activity. Atong the £ive compounds (EDa10 to FET R Y
only dimethylamidn compound (BDe13) shows highest inssesicidsi
getlvity, and aleo highest antia&etyleha&inasﬁenaa& agtivi&y.
&liuougn antiacetylecholinestorase activity of bovh dimethylamido
end 1ﬁcpré@y1am1da gompounda &ra:camgarahle c:so iz 1.80 = 1Q?5ﬁ
and 1.86 x 105 respectively, Tahle-5, Column-3), the inseotleidal

- Betlvity of the dlumethylamido compound is higheat (LG,  =18.20 g/g

100
and that of the lsopropylamido compound is lerst (5008075  g/2h
When the data for other nitro-saliganim eyelic phosphoramidothic-
nabes Will be available we will try %o find oul the correlation
betyeon anslsestyleholinasterase aetivity and By & es well as
?%“ Palues of alkylsnido groupm. Frevicus atudies‘al) in this
laboratory coneernliy the bickogical aptlvities of 098 BetlioXy
Gennliroedilely 3,2 henzadiexaphsspﬁarin—ﬁ-aalghides, a gond eorres
lation, as shown in Lhe foklaiung equatiosa, has heen obitnined
betwaeen the aﬁﬁiuaChE actwivigy ﬁhgus@ﬁl?),un& 6 ,Rg ap well
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g8a 7T valuess

=log I}jg = &y BOG? Q—jﬁ‘ * ?03703 scaenesnee (1)
8 =8 7= 0,842 , 8= 0,3413

= 0.8766 H + 17,1550 cossnenses  2)
nss'- 1’30.37’1&%, g = 03413 )

:.*...{).673‘?,71‘ W ?.7313 [ XXX EEY TN R X} (3)

L o= 5’ P = 3.9351, g = Q3413

= 1,7082 & + 0,0086 E ~0.4781 7 + 7,6913...(4)

G = 6’ » = 0-956@9 . g 2 0.8%13

where;‘ n. is the nuaber of data pointsz used in the regression,

* 4s the eorrelation co-efficienty and s 41s the standard
deviation. Eguation 4 giveg the best £t to the experimsnial

- data, However, equation 3 slgzo gives good £it as judged by Q0=
rreiation co-efflciont velue. Zhege equatilong (3 & 4) show the
great importance of the relative hyderophoble binding consiaznt

{ 7T wvalue) of the exovcyelic alkyl groups. By using equation 4
we have ealculated the value of ";log ISO ¢ and the results have

been presented in the following table:
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.‘3
[
. (
o,N 0
R 16§ LgnlCalenlated) ~10g 150 (observed)
Cit,y 74427 ' 7.53¢
Cpll w0220 6.863)

Gl | 6SMEZ o 6.787
iwCyHe 65985 | 6.756
n=Cyliy ° B k67 | B4 572

T T T O o T T T B T T T o T L T D Ty Sy S L T I Uy i s e D Iy T T I i s o

Ag montioned earlier whon Lhe data {or other eyclic amidophozphorow
thionates will be avallsble we will ry %o find ocut the correlation
between LFAChE and Es’ ‘ Gg well aa .

2z,

The alkaline hydrolysis for sone alkylamidophosphoroe
thionates have been earried out in 0.0095 i HaOH (in 60/ ethanol)
at 20°C. %he ii:fdrely aig data for each compound av different wave
lengths {( A =400, 410, 420 and 430 ng) are listed in the tables 7A
to 11 B (pp Iq*f— 214 }g the valuos of bydrolysis congbant have

bosn calculabed by least square rogression programme, %he hyiro
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lygis data have been sumsarised below (Toble )
..amm....i
Hydrolysis of nltro-ssiigenin eyelle amidophosphorothlonates)ph 11.88

(504 Bthanol), Temperature = 20°¢

Uifnges | Anmido A Kyoa twerage .

Ho™ -} Group in gz (man™>) Bpya ‘e
(min=1)

N 2 3 4 8 6 |
~ s L & Vet e B e G £ ® B @ A 43T T S e VO MU TR I RSN LR Y 5'”7232“' FARF AT S AR S P £ ES _}xs:a.:;r.:'x::z:';:::::;;::::;:::;::::.—:.:-“z_;;.
EDe10 Cyulahemla—

400 10.824 x 10™° |
o0 12' 5 10.85¢ x 107 67 min
N - . x L . .
430 9,903 x 1079
BD.1l Horpholino 400  6.1413 x m"g
| 410 6,141 x 10° B s
20 .10 x o8 OeWdS = 10T 1Eee.6
430 6.3413 x 1077 -
BD.13 Dimethylae 400 2,687 » 1079
 @ido. . o3
. 420 a.m x 1072 M
430 3,07 x 10°°
BD-17 Honylamido 400 20.266 x 10°°
410 20,266 % 2072 39,4025 x 1078 3572
420  19.46 x 1070 v
430 17,733 x 103
BD.16 Fyrrolidino 400  1.7835 x 10-0 o
‘zgg i"rggj ® ig'_ 1.7632 x 107° 38500
. ® 1413
430 | 1,7456 x 1079
BD.16 Piperidine 400  1,0852 z 2072
~ 410  1.2120 x 10°° 1 169 x 1078 43312
420  1.18541 x 2070 win.
480 1085 21070 I
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Iho average hydrolysls congbants recorded in Table - 7 (Colum-5)
ghow that the nature of the nalde group in the exoeyelic side ehain
influenwen the stabiiity of the comppunds to slkaline hdyrolysisz. The
ﬁyya increagses in the orders |

Bl <BhelH < Bheld3 < Bhell < Be10 < BD.17

dece the piperidinoe eompouna (BD.16) 1 most suable, and the nonylie
nido compound (BDel7) ig icast stoble to alksiine hydrolysis. Zhe
eyelide phoaphoranidothilonntes containlag the ﬁisuhshiﬁuted anmldo
groups (plporidino, extrenely reslistant to hydrolysis ccmpared to the
other compounds having the monosubstisuted smido groups {nonylamido
sné cyclohaxylamidg)g_@yokabiy the gtorice-interferences of the
eyelohexylanido and nonylsanide groups are 1&53 compared to that of
the pyrrelidinu, piperiding, disethylamido and norpholino greupé.

The hydrolysis of the salipenin eyelle esturs procesds with
the initlal Fflssion of the ondoe-eyelile ester bond, and the eleavage
of the gxacyclie e&ner bong ﬁuas néﬁ talte plaece by aleIQne By arce
Lygﬁg(ld}g In our casty we could nobt deteod any fres anine in
alkeline medium, and henee thers is no cleavage in the P « § bond.
Followlng the work of Ito (itof. 13, p » M,y Hquntion.34) it may be
propoged that the following resetion is taking plece in course of
altaline hydrolysis: |
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Consrary to alkeli hydrolysis in 0,0008 H Haol ﬁhﬁﬁﬁ
phosphoranidothilonates show &4 good aeal of resistance Lo the hydro-
lysis at pi ?.7‘ in phosgphate buffer. for oxauple, loe deteotsble
huﬂroiyﬁia occurs even afier 36 hours in case of sorpholingg dine
thylanido, pyrrolidine and piporidinc compounds. Hovever, tho
nonylamido snd cyuloiwxylmﬂ.do conpounds show sligh® hydrolysis ab
pH 7.7 dn phosphate bubBfer; the rate of hydrolysis (at pH 7,7 s
l6ss than that ¢ at pH 11.85, Therefore, 1t may be concluded that
the rate of alkall hydrolysis is inercased as the p’i'i veluo increases
Trom 7.7 %o 11.86. | |

Smlioxon, salithion and nitro.sslithion (ID.8) whieh have
been found as high inseeticids) compounds in the series of asslige-
ain eyclie phosphorus esiers are rather unstable. 2he cyelie phoge

. phoranidoilionates presented here aroe nore stablea.

Y

13, GBUBAML CONCLUSIUNS AND NEMAN:

- (1) Zhe dinebhylamido compound (Bla13) shows groaber
ingeevicidal activity than other compounds So roachesy howevelly
it has 1.5 to 8 tines loss :u;xsmtsic’:mgl agtivity compared o pilile
thion. %he other compounds are nou-inseciicidal.

$31) &) eom.z;iounds: show antifungal activity againegy

Helninthosporium spp. However, the isopropylanmido compound (BD.14)

is the most effective compoundsy its Anhibidtory effect is gronter
than that of linosane
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(111) Hawopt the eyelohexylamldo (BD-10) and the morpho-
ling (BD.1l) compoundss noﬁw of the compounds are phytotoxie to
Tpitioun 333.' upto the comgentration 500 ppm (tha hizhest concenw
tration ngedp,

(iv) Al conmpoundn (BPe10 to Bb.l4) are less toxle to rats
than  galithlon. '

{v) Froa anticholinéstorase sctivity studiss it has been |
observed that for any phosphorsnidothionate (D10 to Bl.l4), the
| @FACHD (housefly) is more lahibited than the ChE = bloods For the
U ACh, the sedivisy of the dimethyiamldophosphorothionate is
highest, and that of the dlethylamido ahslog is leaste For the
Ch -« blood, zhe anticholinesterazs aetsivity of the morpholino
compound is most, and that of the isopropylamido compound is leasts
1t pay be coucluded bthab the disethylasido compound han good inseot.
aéezylchnlinesﬁa?asa inhibitory aotividty (it has also good insectie
cidal ac@ivity),’but the dacpropyiamido compound has least toxie
effaot on mamsalian Llood - chdlinesterase (1% haa good fungleldal
activity). |

(vi) From the ohenical hydrolysis studiesg 1% has been
obzerved thet the aampoun&a convalnlng the digubstistuted amido groups
are aztreuely registant to hydrelysis compared So other compounds

having the nonc-subsgtiltutad amido groups.
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(vii) A1l compounds show comzon IR bands qua 1o Pelul
Caliiyl), P-0uC {aryl), P=g, Nd, groups ete. Although FeH absorp-
tion shows conglderatle f{requency shifiny the Heil atba-‘aeﬁing

®lbrations seeur in the normal frequency regions

(viil) AL compounds show parent m};ae ulay :i.mm. Frage
'\ mntsstmn by logs of 8K radicel s imm*&mtg a2ll compounds show
an ion due Lo (parent moleoule - JSH)® and it 4s the base peak in
'apac sra of eyclohexylamide, morpholing, diethylamido, pyrrolidino,
' piperidino, and noaylemido ecompounds; bub /6 198 is the base peak
for both dinetihylamido mxci imwowlmmo eompounds.

(iz) i«ram tha 3'&5 FER T ;apaetml gtudios of the Zealkoxy/
aligylenido eamauunds 1% 4s falrly evident thet the chenienl shift‘
dﬂi‘mﬁﬁma of the two gesminal protous fiyy and ﬁéﬁ (two protons
of Ghe Chp group in the dicaphosphorin ring) is increasing 121

goling from the meshoxy -(,ifzﬁ..m Lo The ¢yelohexylanido (BDe10)
| compoundse fﬁlm Gha -rﬁumsituanw 1z ag the same tige Lwressing
in bulk, and prohably w@waing more Line in ‘m.e amxfamamm wiﬁh
the least sterie inseractions. In BDL10 (alao m other phosphora.-
-pidothionates), thisg nay be paluly in one conﬁ’omaﬁ on {conlorane
tion Iiy p- 160 ), while in El.83 1t appesrs that both the chenie

: 3
cal shift difference and thw difforence between J g_@.e_‘ﬁ%and'

%,

| wnall, Th sgosta that the wolecule
P 0uCeblyp, are quite =malle Thig susgesta that the molecule
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oxists ag an average of the two conforuations with »apid intercone.
version betwesn thems In case of B8, it sesns that an intermge
diage situatibn prevails., In ense of HU=10, several plot expansiong
'and decoupling experi&ants sugegost that the quasl equatordal proton
Hgp 18 assigndd %o she 522 ppin protaﬂ ( § = 86,6 lz) and the qussle
axlal grotankﬁgﬁAis'assigneﬁ to the 5.6 poms Droton (J = 8.3 lzjy
the geminal coupling eonstent is 14.7 Hz. It has also been observed
that the proton Hyp 45 coupled equully to tho thres aromatic protons
lizgy Hy and Hy with J = 0,6, Hz; the groton ligy 1s more strongly
ecoupled Lo H5 ana'ﬁT with = 1,0 Hzy but not Lo HB’

From the Lemparature dépam&en@ 1& iR spectrel study at
2%0 Mix in the z@mparatuwalranga‘a?aoc to +59°0 of éhe nethoxy oot
pound (BL.8), 1t is fairly evident that the methylens protons of the
hetero ring are not equivslent to esch other, and the diazaphos—

phorin ring is conformationally mobile 18 sclution,

Peon the .nae R spectirnl study of the pyrrolidinoe and
piperidine conpounds (BD-15 and Lle18) 4t has been observed that
the eoupling (due to 3p) to the Ciiy carbon (Cy) in the dioxaphos;
phorin rmg changesd only fron 6,83 iz in BOWLS to 5,95 Hz in B.1s,
This probably mesns that the conformation is almost the gaie, and
Shis s in accord wAbh tho mall difference in *°C chemical shifts,
66011 and 65.52 ppm. “he change fn O (15¢) 4s only 0.5 pom for
the carbon (Gg;, and gince 13& chomical shilts ave éften quite
senaivive to conformnllon, 1t supporta the sinilarity of the



ghaustures,

From % s gpectral studdes it is falvly evident shat
the compoutida (Bl and =16} ave stable in oue conformation
(structure Ii).

Further studles :lm&nding Koy m‘ysbal ghrueiurae detore

mna iam arve m m'agmm.

{x) The blological sotiviiics sad other data jJughily
further examlartion of these phospharothlonates and other related
conpounds as potendisl peaticides,
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i

Acetylcholinesteragze Inhibltion in Hmuserw-'h@ad homganata

(HEACHhI)  at  30°C m* P00,

(Phosphate buffer, pi 8.05 totel volume = 5,15 ml/5 fly head,
A= 6263 dnoubation time 30 min.)

| y t
Seta Ionibitor® | G0y | A 0D, | fInhibition| I, (M)
Conce { /wa,i g '(3‘-)
Control - 0,57 0 -
GO 0.25 0.33 58413
o 50 0,28 0.29 . 50.87
3 40 0,32 0.25 . 43.85 2.8611 x 10~
X* = log [ Couc. of the inhiblsor in wg ./
Hogresgion consiants: Y =ax +0
O T odd,5645
m= 58,1474
r = JDUG3
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Table . 5B _

_ &‘iceuyleholineswmam Inhibition m xiausarg,l-mad houogenate
HTAChiEy At 3900 of Dhwdd

N

Gats | mmmt&m@' C GbDe | AQD ;ﬁm;%%%mm L. 4:9)

GGﬂGa€ i’} % »

{ad
e
b

Fres 7 e re PRt

Control (=) 0,520 Q .-
1. 80 0,310 0,800 33,21
2 40 0.0 0070 38,35
3 30 0,070 OO0 204G S
4 20 0,416 0,008 18,60
5 10 0.480 0,080 5,88

T S T T O TR s T T e S e

X 2 log [."G&ndg of the inhibdlor in &f

Hegrossion Consiantas B i =pg+e
G = - 43,0763
5 = 47,3083
P = PGPS
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Zabla.50

&eegmhc’k.mfaswms;a dnhd] zmzm .43. Hongoflyehead huizmgamw

UFAChE) &t 30°C of Bl

(#hosphats buffer, pi 8.0 tousl w}.ma@ 5,18 ab/ § £y hes dg

)\ #6283 Jmum sion tinme 30 mm.l

et |Inhititlen* | QD | A0.D, | #shibicion
| o

Tgo (M)

AN i ,
E . v X
Cotwel 273 |
serrmages . facma e rrrrasey L e i g T L L e e S Y T S e I S STt e e -

Control (=) 1.06 O ~
E i ) 00 . @aﬁ? ' - ‘3048 450?1
80 - C.BB . 0,48 43,82
- £.2601 = 10
& 40 Da7d Qedd 32:38
8 20 0,20 o256 23,81
L] 10 0,92 (.13 12.88

i* = log imi:mm. of the inhibitor in M8 -.;’?

Reppassion conghanss @ K e mz + a8
- G = w20,8648
‘@ = 33,6095
P w JO0RG

e e e ns
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_ﬁable w 8D

Asetylehal ine aterase Inu&bimm in Iousaﬂ;r head homogenata

W @ AW

tiwwnﬂa a"" 3090 gf’ Bn.m

(Phosphate buffer, pH B,0§ totsol volume H5.18 /8 £1y nendy
A =6264 incubation time 30 min.)

, SV OU——
Setg ‘ Inhibition®| 0D, | 20D, | #Inhibition ; I (9
, G:i'«fmf(/u,l ; % {Y)* i
-'Qomml i-'Jf 1.{35 0 -" |
1 100 G.EL - 08¢ BO.OD
8 80 D27 078 76,23 -
3 60 0 33 0,72 sg.a oo R0
4 40 Qo4 s.éaes | G050
5 20 Q.68 Bend -&%.76
¥ = log 4"(‘::3134: of the inhibiter in g ,./
Regreaplon constansa 2 ¥ = ae+o
= 20,0333
- m oW 49,8320
T o= 0.D097



(Phosphate buffer, pii 8.0 Sotal volume 5,18 mL/5 fiy head;
A =628; incubation time 30 min.)

Betg gixﬁzibiti@n" I 5% 5 A sy P, { Aluhibition 0 {4
: 3 . . : L+
gGum. { /éug) i : : {¥)
Gonurol () 1,06 o - |
l 5{3 A Qnél 0.6&' 6&.95
2 40 0446 0,59 56,18
3 20 D51 0u54 81,42 '
| RN o 1.8642 z 1078
4 20 9,50 0446 43,81
5 10 G 7h 0,36 32,38

Ay - A

»
5 et Bt L anie w8 o

P v ey

R e log [f(?gm;.' of the :_ﬂ.ﬂhibiﬁ@l‘ 4n /‘«@ -?

Reproegsion constunts &

¢ @ B,5563
1 = 40,6143
» = 0,9993



&cewl.enmme sterase mmmuion m goa‘s-whnle bload of D10 at
.3&063.

(Phosphate buffer, pli = 8,05 total volume = 5,16 m/0,2 m)
tloods 2\ = 625 naj incubation time 30 mine) :

Sots | Inhibltors | O | A9 i FInhabition T ()
Cong. /Lgi | f ()
Gamml (o '0.5@3 - | T
1 30 0,63 0,08  8.69
2 49 0.0 0,09 18,04
3 &0 086 0.3 18.84
4 30 . 0,516  0.176 25,36 1.810 x 1072
5 190 0,48 0,21 30,43
6 120 . 0.d6 0,23 33,33

B BERas 4 A Bty el

i* = log /£ Conne of the inhibiver in “g/

Bagression congdantal : Y¥=2umx+o
¢ = - 53,8102
@ = 41.7679
r = 0.9959



Table ~ 6B

Acotyleholinesterase Inhibision in goat whole blood of BD-1l at
30°0C,

(Phosphate buffer, pH = 3.0; total volume = 5,15 mi/0.2 mL blood;
A= 625 nm; incubatlon time 30 min,) .

Inbibitor® | 0.D.

(¥)

Control - D80 -
1 30 3059 9,11 13,75
2 40 | 0,65 0,156 18,75
3 60 058 0,22 27,50
& a0 0y54 0,26 22,50  1.0426 x 1072
5 100 G492 0,31 33,75
6 120 0,45 0,35 43,75

Xt = log / Cone, of the inhibitor in «g/

mX + ¢

Regression constants: | X =n
¢ = '9590 8146

r = 0,9968
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Ta.blg - 60

Ace—tylé holinesberase Inkibition in goas whole blLood of BD.12 at 30°¢,

(Phosphate buffer, pH = 8, 0, total volume = 5,15 mz./G.

mil wlood;
A= 625 nm3 incubation tim@ 30 min.)
8sts Inhib itor" QoD A QoD Ainhibition I,..,., (M)
Cone .« ( /kbﬁ i D 2t
Contral. S« 7 0,85 -
1. a0 04 59 0. 06 9.23
2 60 0,53 0,2 18,46
a . 50 0,048 0,7 26,15 4
4 100 O4H 0,20 30678
5 120 Q.42 0,23 35

X* = Log / Conc, of the inhibitor in «g 7

Regression consbantst - Vo= mx e
¢ = «78.8637
m o= 54,9811

* = 0,9995

1
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g, tg@ E ﬁ'ﬂ" .

Acotyleholinesteragy Im‘iibi;ﬁion in goat wholaeblood of Bﬁ.‘lﬁ ad

30°¢.

. (Phosphate buffor, pil = 8,05 total volume B.16 mL/0.2 mi blood;

M= 626 nmy inoubation time 30 min.)

N e

Sets  |lnhibitor® | OB.| A 0Wb. | flnidbition)  Igy ()
Cone. { “g) (X)

Control - - .69 -

1 30 De 65 0404 G+ 15

2 40 0.62 007 10,76
-3 60 0. 68 0,11 165, 94

4 80 0u 55 0o 16 20:28 4.6664 x 207
- 100 053 0, 16 23418

€ 120 0, 51 0,28 26.08 |

X = dog [ Cone. of the inhibitor in ug 7

Regression Constontgs

E=pr+e
¢ @ 41,7889
m = 32,5768
P o= 02,9906
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Table 5 g

ﬁeeuylchalinm»amse Inhibition in gaas wh@m blood uf‘ Bv.:m au

{Phosphase bulffop, pi =

39%

8403 total valum 5 5,15 m:./e.a mt blood;
A =625 amg dncubstion tlme 353 ain.g : :

Bets  |Inhibitor® | Oub.] A0D. | Ainhibision I, (0
cﬁntrﬂl ] eu 85 L
i 80 Ded? 0,08 154
2 100 0,48 Dol 23,63
3 150 0o 30 0e 16 20,00  4.7805 x 10°%
4 200 0,37 0,18 32,72
5 250 0,38 0.20 36,38
X% = log £ Conc. of the inhibitor in «g/
iegression gonstantsy Y=nx+o
@ w 30,8911

r = Q.%%
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£obhe - 75

Ghemical hydroly:aﬁ.a of zw..m ’s )\ﬁ&ﬂﬁ s PH 11.532::, 0, 0095 M

‘&:lmag ’c,amz.o E R
(ﬁ?) b § QD w08 W 5 ??12‘1)
6 0,08 0.20953  0,0814
10 0,07  0,35668 040566
15 0,092 0,48193 © 0.,0760
20 0,120  0.62860 0, 1021
o | - 10.824 = 1072
2B 0,142 0.74384 001237
30 0,163 0,85385 0,456
A% 0.184  0.56386 0. 1683
ADsS 0,207 L,0B43 001948
45 - 0.823 - 1.1683 0.2142
50.25 0,244 1.2782 0,241
§4.75 0,269 1.3567  0.2614
60 0,276  1.4458 - 0,2856
Regrﬂsaién constantad y @@ o
¢ = 0.0085
m = 0.0047

= 0,8509
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l‘ra. ‘7

mx,emical i:w&rolmis of Bﬁalﬁ at A = 410 no phi 11.3&1_ 3, 0096 i

PO B R —
‘iﬁ)g 0, D, ‘ qc- o 105 f’ ‘\hyd
8 E 1 () ; (min~1)

5,8 0,047 e.ms'm
10.8  0.077  0.38328
155.5 00?1()3 Qn 5326’23
20,6 0,127  0,63218

86,6 0,150  0.7466¢ 0. 1245 10,364 x 1079
30,5 0,173  0,86112 D 1468
36.5 0,195  0,97053 0. 1698
41,25 _ 0.216  1.0762 0. 1927
45,75 0,236 L 1747 0,215
53485 0,267  1.3280 = . 0.,2541
55426 0. 273 1.3689 02680
60,5 0,202  1.4535 0,287
Regreasion constants 1 y=nx+e
e = 0,0006
a = Q0045

& 0,9997
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Chenical hydrolysis of BP-10 ab X =420 nn pli 11,88, 0,0085 i
NaQH (in 50% Edhanol) ¢ =18180, Initisl conceniration
Gy = 3.0 2 10°° teuperature 209C,

. - 5 , .
iy | 0% | m e = ; o
0 | | o (;)% 2 (min™™)
. st e A TN ! rrmazcmoan
6  0.047 0.26853 0, 0391
11 0.072 0030604 0.0615
16425 0,096 0,52808 0e 0341
21 0.7 0,64356 0a 2049
26 0,187 0.75088 - 0.12856 -
Bl 0,157 0.86069 0,1474 10.364 x 1070
36 0,177 0,973650 0. 1704
41,75 0,157 1.0836 0,146
48,5 0,214 LW 0, 2164,
51,75 0.236 L0871 0e 2434
86 . 0.248 le3641 0,264
61 0.264 1,4621 00,2874
Regrasslon econgtantgs , yEmi+o
¢ = 0,0104
s 0.0045

' r = 0,9597
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Ghemical hydeolysis of BUwl0 8% X\ =430 nn pil 11,88, 0.0006 Y

Babl (in 504 bBthanol) € =l4460, Inigial comenwammi,

Cp = 30 x 207 =5y tem,g;amwm 200,
tine — E
’ 3 | 5 ! "
(min) | o, | Gg %30 i tog Saya L
| » N . e,
2= - . “* odsineats Z=% "p"'“'*—*i ISE) e e e,
725 0,082 . 0.28066 0, 0243
11,78 0.06 0.41522 0. 0647
18,75 0,077 D B53287 (. 0840
21,75 0,094  0,65058 9,106
26,5 Da108  0.,24740 Oy 1284
31,5 0,125  0.86606  0.1477 .
* ‘ 2.903 x 10 "'3
36,8 0,139  0,56194 0, 1679
42,5 0155  1.0727 [0s31922
47,25 0,168  L.1626 0.2150
52,75 0,185  1.2800 0. 23427
56e 85 0,103  1.3366 D, 2669,
Regregsion conziante: yeEpxre
¢ = 00,0126
m = 00043

r = 0),0897
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WEDLE w B&

Chemdcesl Dbydrolysis of HD.11 at A =400 nm phi 131,88, 00,0006 4

Anitial cong wentration, ,
€ = ?.06 x 1@" . f:em;;aramm ﬁ@“ce

HaQli (in 505 i:.tnmm}.) € _=19000,

o xlﬁ"’-

» = 00535

tine &
- | d
0 1 i ° )y ®
8 @.@m : -0.&1336 0, 0328
27,76 0,308 L5872 0, 2108
X 423 2216 . 16 ;
52,6 0,423 2158 0. 2626 6.5 x 10°6
75,33 0,46 2,4086 0.1513 |
1266 0,86  2.9338 0, 2332
Regression constants yEmzte
e = 0.0844
m = 0,0016
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2able - 8
Chemical hydrolysis of Bb.1l a%t A=¢l0 nm pH 11.85, 0.0005 H

Nadi (in 504 Bthenol) ¢ = 20090, Inltlal concentration,
Gy = 7406 x 1075 Ny temperature 20°C,.

im0 ~ ¢, xw0> p

(ara) | G.b. | 1 log - (4 o
(X B (4] bo = %%
(% {4} 1 o @

Soya _y
(minhy

P R —
27,76 0,816 1.6729 | 041005
62,5 046  2.8160 0,165
75,33 . 0,48 244300 0,181
126,6 0.6 2.9866 02388

R

6.1413 % 107°

= R ko
= 0.0526
= 0,0016

Regression constants 3

B2 B O w

L A R S Sy AR
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Table « 8¢

Chemical hydrolysis of BD-1l at A =420 nm pi 1L.85, 0,0085 ¥

BaoH {in 504

Ghanei) €
Go = P08 X 10™

=18130, Iniviel concentration,
M, temperabure 20°C,

] 5 of
tine €. = 10 c K. a
(hra) DeDs e 108 e i -,
(M) R (in~1)
(D o B
B 0,008 0.5L166 10,0327
87,75 0,284  L.5682 0. 2086
B2a 5 Aozl 2‘0 0 ; I_ 36202 ) .
2.5 0.5 - 8002 G262 6.1423 x 207°
5.33  0.45 2, 4752 0. 1876 ‘
124.6 034 2. 9703 0.2371
flogression conztantas y= mx-é c
e = 0,0527
* m = 0.0016

r = 0,0580



A
3

Chomical hydrolysis of

=11

2k A =30 nm

I?ﬁ llnaaat @.D@@o .

Bagi (in 505 Bthanol)

€ =lanba,

Indtial cam eanm~at§.on,

g & 7«06 & 1070 My

' temmratum Qé@.

gima | . |
i

{hez)| 0.0,

0y R €mﬁ& -1
A , Sy s
5 a.a?% | @.51211 0.0327
27,75 0,220  1.5886 0,308
5%-5 * (e 31B 2, 3.‘7&59 D 183‘3’- 8 .gm;ug P 1@"5
P5.33 U868  2.4887 0, 1857 N
124.6 a.«.&zs £,9619 0,252
;gézémsmﬁ @dns‘%;mxwfé y = + e‘ .
g = 0.0511 .
@@ 00018
= {35 %.3‘3 |
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K Takle - O3

Chemilesl hydrolysls of BUL13 ab A =400 ms pH 11,85,

0.,0095 ¥ HegE (in 508 xﬁ*f‘b&ﬁ@l} € =19080, Initimk
conpantration, €, = 7,3 x 10~ ¥y temperature 20%

5 5 i ) ) j
tdwe | - C. x 10 P oa ¢ "
(hl-'&) ‘651‘5. 1 N » } ;ﬁg venere % ’ ' K}Wé
B (M) | e, - G (Y
(L) : ; | {¥)
T f‘-‘w:‘--: e =
B 0.082  0.15783 o.0201
28 0,138  0.72239 0,053
53,75 0.£03 - 1.063% " 0.0084  8.687 % 1077
?5.26 0.24 Lo BH72 T p.omE1
184,75 0,253  1.5343 | 0,1026
Begragsion é;ensai;m%s: - ¥yomx ¥o

s DLOLeH
o = 05,0007
o 0.9056



£2hle=3b

Chomical hydrolyeis of Bl.l3 at A =¢l0am pH 1l.85,
0,0005 M Hadil (in 505 Lthanol) |

¢ =20080, Initial

eongentrationy Uy = Ta3 x 1079, semperatura 2090,

tino | b ¢ z 30°

Cars) | 0D, |0 o 108 veeO_ Ky

X el % A4

6 0,034  0.169%4 0,0102

28 0, 143 0.71180" 0.0446 2.6087 x 107°
82,76 0.210 1.0453 00671

75,25 0.265  1.2693 0.0830
12,76 0,305  1.5182 0, 1013

Regression constmnbal

yo@x ve
¢ = 0,083
m= 0.‘3‘)0’?
» = 0,055
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Zable - So

Chemienl hydrolysls of BUW13 ab  Awi20 nm pH 14,85, 0,0095 i
Ha0d (iu 604 Sthenokd € =18380, Isitisl concentratlon,
C@ = 7.4 x 1079 Ky temperaburg 2090,

-.»\.1%‘

1

(‘.ﬁ | “hyd“
ﬁ'g‘;  {min

AT
{hes)
{5

c. 5 i _
g ® 10 Log
(M) Oy

Oubs

- 1
@

P S

}_

i.

{

:

i
6 0,023 0,18408  0,0083
23 0,129 B.70967 . 0.0444
58#?;5 . D0 103 . 3.818 _ . 3. OefE
75,85 - 0.23 L2681 . 0.0887
124,78 0428 145402 00 1028

3,07 x 1078

i e el i DOV SRS R Y SR TRE-Ep 4 S AR TSP AR M YL SRR R D PR RS T DR - aetieb ietir e g Sy SR RO Ay &

e i X . i gL vt ' gt
g och Lo oo e Lbwlr et > ot ey Sbtryeras e

Regregnion eonabantsd ‘ o= iax ¢
| e = 0,117
®m = 0,0008
P 3 0,9600

e rarg g B so i



Chenical hydrolysis of Biedd as M = 430 nm ol 11,85, 0,005 K

Nagii (in 6504 Ethanol)

wmsq:l Anitial aoxxcentr ﬁ:a:m

Cp = o3 2 1075 4,

wmp wrature 209¢,

Ge% | o, | GE2® | mg"?;g“:‘“af“ I e
(X) () z LA (man™)
- 5 0. 022 0.15225 0.0092
28 0e 100 069204 0.0433 -5
62,76 0,147  1.0173 0. 0652 207 x 10
75426 0,18 Le2467 10,0813
184,75 B.221 1,524 0,1081,
fliegression congiantas yopxepo
¢ = 0,0110
@ 2 0,0008

2 = 0,09548
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Tahle - 105

Qmmlcal ggﬁmw«aig of mal? at_ Mzam i) gjx n.ﬂﬁj_ 00008 M

1

. c T d. 1% % 1070 Eé, tempsammw %"L

e

i T S | |
*Ei’?i; Dolde - Gy @ 40 teg e L Sya
¥ A R 439 G = O | »A(min"a"} »
i) | A : ) ;

g, S,

4.6 0.0 037718 0, 0556
8,08 OO 067622 0.0030
10 0,130 0.68083 . 0.1068
12 0,186 0.78575 0, 1251
16 0,280  0,04263 0,155
20 0,220  1.1624 0. 1986
23 0,240 1.2672 0,221
26 0.262  1.9724 0,2406
29 0,282  L.4772 - 0.2761
a8 0,326  1.6563 Qw3253
40 0,342  L.7915 . 0.8871
457 0,868 1.9277 - 0,413

20,265 x 1™

et : T 2 et T A T I s i R R T TR
Repreasgion constenbg: ¥y o oarde

¢ = 0,014
'@ = 6,088
r = 0,0097



«210-
Tahie=10 .
'c&mmaz. bydrolysls of BD=17 at =410 ng pﬁ 11.95. @. 0085 H

Q‘ = 6.3!3: % m‘" %%, "ﬁamges'zamw é&“ «

tiue ' 5 , o
(min) g Q1. Gﬁ’- x 10 log Qﬁ c Kw&_
8

(K3 m’ G - Gy

CPPON-NAL PO PP 4 pntancy

8,25 ---'@.m f@.aﬁzma 0,081
8 0,077  0,83383 - 0.0860
10 0,187  0.83216 0876
16 0JI77  0.88104 0.1430
20 o827~ J.OBS . ﬂw@z ' T 20,266 x 1079
26 0,266 8181 . O.zse2

30 0,899 14783 . 0.5784

35 0u333  L.6G57S On 3259

40 0.355  1,7670 0, 3503

45 - 0,378 L8815 0,397

Rogression constantss = ox o
‘B (uN0BA
= 0.0088

= 0,991,

4 8 O %
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Chmical hydrolysis of Bia17 at =420 nm  ph 11,85, 0,0095 U
BaQll (in 806 dthanol) ¢ = 1B180, Ainitial congentration,
G, = 314 x 105, temperature 20°C, |

tdne T T —
i(q’, ) Oele ‘QE xﬁlgﬁ A lg@ fgb ¢ yiimrd
- o | R Am -1y

o - aae gy mRee N . 199 2
e ; ISR IR RSN EAR S L S TR AR I AR s R

A L ¢+
1 0.2 0.66857 . 0.1035
% 0,168 . 0.92409 . 0,151
21 0,206 - 1.3276 . 0,1932
26 0,237 - 1.8036 - 0,2330 10,345 x 1077
ai 0270 .4851 - 0.278% | |
3% 0,205 16474 L 0.3230
41 0,220 1,9602 . 0.3671
48 0,348 - L8812 . 0.5070

eheshin

span: 2 i

I T S S T S R T

R@ggrrzssim constantas ¥y =mx v e
| ¢ = 0.0L53
B = 0.0084
r

L@ Q, PR



A}

Chemicsl hydrolysis of HDe17 at A «dd0 nm ph  11.88, 0.,0095 4

a0l (in 60p chanol) ¢ = 14450, initial conoentration,
g, = . iiﬁ X 1079,  COHpOrature S0 Gs | |

tiume | o UUT S B .
(min) | g.p, |“®*W top o Kovd
¢ T  (aind
| | Ty
2. o-oeg_" ‘ﬁ.@:&é@ﬁ" '_"0.0;64;9 |
12 o100  0.68200 0.3081
17 00130 'a;a@saa& ':"'@,mssg L
2 oleo 11073 0,889 v.z33 00
27 © o-lgs  1.2878 ‘ 02201
a2 07208 ledkidBd ’ Q. 2663
37 o 22g LeB779  De3032
42 0 onc  Lle6OSH 0e 3572
47 0.0co L7993 0, 3626
Rogreasion cohgtantgld ¥y = pR¥o
| = 0,0165
m = 0,0077

r = 0,289D



w21

- Pable » la*

Chemical hydrolysis of BDW15  pif 11.85, 0,0005 H NadH (in 503
Ethanol), Initial cancentmzioa, Cp = 2,12 % i0~5 H, Somporstura

20°C,

REPRCRr

, , A . % o e € : ;

» >Y t:’wm Conge D e . ey r

(rm) | (o) | OB ¢, x 10° | log .0 L Kigg

@ T G- G| W

400 160 0,06 - 0.31430 00687 1.7835 x 1070
410 160 0,063  0,31358 13, 0696 1.7784 1 100
420 160 0,056  0.30803 0.00682 1.,7452 x 107
430 150 0,085  0.31142 G 0850 1.,7466 x 1079

* This compound (BD.16)was eztremely resistent to hyirolysis
at pil 11,85 omiy after 150 hours readings wore taken
at X\ =400, 410, 420 and 430 nm and Kpyq was caleulinted from
these readings with the help of lst order rate aquation
£ o gy S

o™ %
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Zable - 11

Cheumical hydrolypis of Bl. 16 pi. 11,85, 0.0005 M Hali (in 50%
Bthanol)y, Indtisl comentrabiony G = 1,67 x 102 i, temperoture

20Y¢,

Y time | - o o _a‘, , "
() | SBFS) HO.D. O x 207 &e&z...:ﬁg...... Rpa
G O ¥+ () | G = % cmin b,
| ’ | W -

S oy Bsa et vt o b yas o e e Do e o8 ML Bty Ay S » Lo
AR e £ St e i P T Bt <O e Ao 00 S e 0 pheeat o Toeer oy ke o i

et sty :

400 10 0,088 0.,39906  0.0428 10962 x 107°
410 160 0,044 0.21001 0,0474 1.2120 x 107°
420 150 0,038 © ©.E0008  0,0451 1.1541 % 107°

- 4aD 150 0,081 . 0,21468  0.0463 1.1866 x 107°

gt :; i 5 X Pttty et vs e vh e s

*Ihis compound (Bl=18) also laz extremely resistont to bhydrolyals

at pii 1l.88; only afSer 180 hours readings were baken ab  x =400,

410y 420 and 430 no and K. wan calculated from these readings
4 - 3 jng A » £ ’,” "i i ; in g ‘ X .3 : B4 . " L

wich she kelp of ls¥ oridsr rate amm;iam i = _%“ in ﬂg ’
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Appendlx - 1

COI0N OR YRADS NAMISS, CHEMICAL SuAUCEURSS AHD ORHER PHOPL.QINS

OF SUiME OXGANOPROSPHOKUS _PRoCICIDES,

Common or trade name,

Chemlenl nage and

+ Cheiiesdl ghructure,

Physieal and biologleal
properticg.

A,

1.

PLROSEIATES

Biehlorves, DiVE,
. (B '
Vapona 4 dluvan

{(Bnell 1 Coaul

(Cil50), P(0)-9CH = 0Ly

0y Uedimeshyl
O{2,8 dichlorovinyl)

phoaphata,.

2

(4)
Dibrom 4 Baled

_{California Spray

Chonlcal Corporabilon,l9to)

(CHi30) P 0)wOCH Bp, ClrCly
0, Owdimeshyl Oe(l,2~ dibromo-

242udichloro athyl) phosphate,

Lguld; non-systenle, contaeh
and stomach ingeoticide with

funigmnt aesion and low residual

aetivityy has also scarleddal

and anthelnintic properiys
ww, 80 ng/kg.

Ziquid (m.p. of pure compountl
ig %00;7; lion.gyastenic ingectie
gide and searicldes

Dge 430 mE/ig.



do

dq

Se

(Contd.)
Porostanon
D

I '
(GpligMy # « }G‘:CC:LL
Qi G, 01

Ghler?agvinphoa,

(R)
y Birlane

Supona

o a

SR g

GiicL

0y 0etdiothyl Ue £ 2~ ohiloroels

(21 yatwdichlorophenyl) vinyl 7

phosphiat o

(R
Ietrachlorvinphos, Gardona ),
- (R) '
Habon  (Shell Pevelopment Co.
1966) |

Dy Qudimethyl Dol Do
ehloroele{2% 44,5
trichlorophenyl ) vinle?
phoaphite,

Ingecticiday LDy,
710 mg/ kia

Liguids nan-s&a%emic Ingat-
ticidey used in 5011 and
gead trestmonts moderately
peraistent:

Eﬁﬁa, 10640 ng/kg.

SoLidy Beps 62°C ( < ~igomer)
28°C ( f~isomer) nonegyste.
aia, brief persistence
selective inseeticide, used
to contPol diptera, lepi-
dopiara and coleopters and

other pests; gy

4,000 mp/kg.



‘ mﬁdo )

» £R)
Ge Bomyl

{Allied Chenleal COYp,
Cote Hp. GCe3707, 1959)

-0 .
RS ” K FEEn
{Cig0), 2 ~0-C = Giou,CiE,

| C,‘ﬁaﬁ@g@ﬁa

1,3 dil{nmethozy carbonyljels
propaei-Sayl dluethyl
phosphnto,

. -
748) Kayag&osg 3, Propaphos
(Hippon Kayaku CUo. 1968)

Q

o
(gaﬁ?mg \_;:- ..t) ‘—-®—ng3

Di-nepropyl pemsethyl
thiophenyl phosphate.

Zolb} GL.EH06

R T
& u ) % Py

Dimethyl homolog of
'Pregah@s: |

| Liguidy uzed for conbaote

regidual Lreatment of
ingects and mitosy
Dgge 32 ma/leg (8)e

Liquidg seloetive gontaet
ingecticide fop rice sbome
borers and greenrice leafs
hiopparys synerglstg of
ather organophospliornas
ingecticides |

naﬁg, 70 mgfﬁg,

Ingectieide and acaricids
for uge in colbiong &@56’
T ng/hg. '
Diethyl homolog is most
toxie to ma am 2l 3



(Gontdl,)
: {2)
8. Crotoxyphos, Cledrin
(Shell Pevelopmeat Co.
1882}

9
\ "
(Cg0g 2= 0 . s
v C=C
i, c
3 9$H
Ch,

Digethyl olselenethylege

{i-phonyloethoxy carbonyl)
vinyl phosphato.

9, Soroxon
{Copper Technipal
Bureaa 1981).

0
.. I 0~_.0
(Colign)g P = 0~
NN

. ' CH,
Diethyl 3.ohlordwd. :
meshyloounarin.? yl

phosphato,.

&aqn&dg ingeatieide with no
3ystemia pesivity, ¢EVactive
azaingt ecboparasites on
liveastoek by spray (for the
eontrol of flles, lice, mites
and tlcks on cattle and
pigs by aprey)

LDgo , 125 mg/ke

&)}.iiﬁ, ie Da ?gﬂg! aninal
ayetemie ingenticides



10,

{Contd. )
ﬁélezmu

{Copper Technical

Buretu, 1962)

(4

o N
(CLClig G0y B = B~
‘ A
CHs

Bis(2eahlororthyl) e
ehlorsedemathyl

| counarinefeylaphogphabao,.

| Ry (R)
Mgretin , Amaetin

Hapthslimide
{Bayer AG.)

9
i ‘

E.Qdianhqupno$§h1ﬁﬁiﬁﬂviw
L
nagthal Laide.

@‘ml\ié, Py e ﬁgﬂﬂ’ hﬂ& Mg’l’s
anthelalntie properticg
but has o useful lngendiie
cidal propertiesy

Tt 30 o

Solidy m.p. 1969C,

“har anthelnintie and

inseoticidel proportiesy



iz,

13,

 {Contid,)

{H)
Phosphamidon, bimeeron

N L |
Dicron {(Ciba Litda)

0
o CL
(oiPlg PO . 7
'Be >{3 = g
it ™\ 0, 16 ol

cis (P isomer

R ¢
i) uihy e 3y
N .
N
Clin L
trans ( < )} isonmer

Oy Oeimothyl OefleiiohiyleSw
ehlorow2-diothyle arbamoyle-

| vinyll} pho aphsaﬁe. :

(1) A
Phogdrin 5 Hevinphog.

{Bhell Development Co.
19563)

L=

’ v .
(e 0g Pe0-C =aiCOG

&ma&-iiaz'y CarlonyLede
wothylvinyl dimesbyl phosphatc.

Liquid; systomdtic ingeotie
elde and soarlcide wvith a
11520 contae® action,
ugeful against éx&é—?mﬁiﬁg
and Yeafeeabing inseoto,
particulerly aphlds, bugs,
cnterpillars (not Hoetuldae),
Thrips, rice stem borers etey
iBgny 15.28 ng/ltg.

“he Gig -lsoner is more
hialmgicmy active than

LI e gel50met.

ilquidy a contact and syse

i;émi{z dngecticide and scari.
clde of short porsistenca, |
effeetive aga@zmﬁ sueking
and chewing inseets and sty
mibusg o |
WD 4u? g/,



(Gcn%d,)

B, PHOBPHOROSHIONATES

4.

| ()
Parathion, Folidol oy

(Bayor AG 1944)

oo o D N .
(CgfgMy P = 0 = N Oy
Oy Oedlsthyl. Owparanitrophenyl
phosphorothionate,

18, ﬁesh;l parsthion.

(Bayer au 1848}

a,ﬂ-dimetayl Qepavanitrophenyl

phosphorothionase.

(R}
Chlorothion

0, e:!aamewyl Bk L OL O
nitrophenyl) phoasphorobblonate,

Liguidy wilde spectrum

ineseticidey LD Doy 7 np/¥s.e

DLiquidy broadsspectrimg
iDgpe 2550 ng/kg.

Crystelline powders for
control of bentloa, aﬁhidé,
enterpiliarg

Ly BBO g/ Kg. |



((‘20333‘3.0 )

(R}

1?. Di-emp@an g Dicapibon

(&marigan Cyanmmic Co. 1964)

(Cig? ) d.0 ....,.,.. Ho,

0, Gedimothyl Oa{ BrchLorgade

nltrophenyl) ﬂnompharaﬁhioﬂatu.
(i) . (8

Sumithion 4 Folichfion

Fenitrothion.

(Sumitomo Chenmissl Co. 1959)

B

-
cen 0 Y ol N HO

CH.

Q,ﬂ-ﬁimaﬁuyi Qaéafmsﬁﬁyl;
denisrephenyl} Fhosphoroe
thionata.

Crystalline powvder)

for controlling household

insecbs, aphlids and boll
wouvilse |

Eiquids broadespestrunm

{2s methyl parathion),
apaelially for rico.ston
borera, flies and mosytie
toes in public heakth

. me.
prograng;

Dy 250-500 mg/kg.



i9, Cyanox

20.

(Contde)

4 3 o
y Uyanophog, CEAP
{Sumitomo Chenieal Co. 1966)

S
ﬂ

0y Uedimethyl Geparacysivie
phenyl phosphorothionate,

- . £{8)
bromophos,y Hexlon

- Brofane

{Bochringsr Sohn md Cela
Landwirsschaftliche Chung

Gerasny; 1261)

(CHz0)g B o O onl/ Duu B
- 3 ‘

0y Uwdinetiyl f}-(é_.braruam,

Se3iehlopophenyi) phmaphem.

'mmmate.

Z&iquiég useful for sontrolis
ing of ricce.sten hovers and

giaﬁ:%s of vagetables, f‘ﬁuata

and ornanensels,

Crysballine solldg @.p. 649C

n@n-:sy’satﬁmc pers sletent ine

Bee u:&eiéa and marﬁ.sme,

parﬁiuuim'lv affeeaiva
amstz uiptem' @emgam-

site c:oxxm’al :m liveastonic;

LD o8 5750 to 6100 mgf ke



{Contd. )

21, Bromophos ethyl.

22,

(CH.,0)., § P/
ACH )y P e D o ) em L

8 - ch
N Y
(Glighly F = 0 ~{ ;.n By
el

Qg Deitothyl Os{debromo-2,
Sedichiorophenyl) phospheroe
thionate,

(i)
Isdoﬁ@nghag, ALfacron

. (R} |
Huvanol ¥ 4 #lseril
(Cibm Ltd., 1866)

B , cl
i

CcL

Oy adlingtiyl Jol(tdeiodo.2,

Sedichlorophenyl)
P&OS?%orok%Lonaié

ingecticlide and acoricides

LDy 808 mg/igs

Colourless erystaliine
golidg [epe 767C; none
svatenic contagt and
shomsch ingscticide and
acarieide ‘e!i‘f‘ec‘é’:;im agsingt
a wi&e.rangw of Lingeet
pustgy

s L@ -
S SO’ 100 mg/ kg



23, Baytex

( Contde )

(R) )
9 g)@tﬁﬁym id %

| {Baysr AG, 19%) '

3
i -
- VR 4
(Cigoly B 0 e e soly
. v : '\\CH;j

. Oy Oudimathyl -@»(E.za&ﬁawi.&;

getayithiophenyl) phosphoro.

© thionate.

24,

(1)
Abate

(R)
Biothion

{samericen Cyanemid Co.

- 1985)

0y 0307 3 W bobramathyl

- 0y 0'=Ghlodiep.phenylens

phosphorothlionsta,

Ldquid; general purpose
inseclhicide with systemie
aetlong partdeularly Lor
£iy aud mogquitos

an-O, 215 ng/kg (Male R)
815 mp/ky (Famale 1)

.éhi% sokids BaPa B Qaiﬁs
control of mosguilto Larvaa

ADgne 20004000 mg/llcg.



| | (Contd, }
(R (W
25, Alamos 4 Slaa
Azothoate
(Soc. Hontoeatini,
Ioalyy 1964).

Zxperimentsl ingeetielde and
acoricide, porticularly
nontoxic to mammals,

8 ) |
o TN a
(Gﬁaﬂ)a A )= ’3\5 = "@*m -

0y 0ntlaethyl Ou £ PufPeghloro.
-ghényiaag} phenylg7‘phamphero~

thionabto.
(&)

26. Mcton
{ Shell Lavelopument Co.)

= L

T
(CH.Q)y P we O ....c.
25672 Il d)

SHEL CHeL

0y Untiothyl Oef Sechioroe
1-{2*,5'=dichlorophenyl )
v&ny}.] phogphorothlonata.

Ergwu Liguidg aoﬁ»ayste&ie
insoeticide, offcctive
particularly for soll
ingects such as lawn

chingh bugé; IDgns 146 ne/kg.

The methyl homolog and

CB',4',5' trichloro analog

of Alcton swo effective aa
houselly larvicids.



27,

28,

2.

{Contd, )

Y I
Pobanan (1@4‘7)‘

| (cghﬁma P ° _((\f

0y Dafllobhyl Gu{demathy
T-cunarinyl) gpmagharm
thionate, o
Burahanﬁaa, Chloropyrifos

(Dow Chemiesl Co. 1968)

1/\ L
(Gt 5@)£ 9 -0

ﬂ,ﬂnﬁieﬁhyl ﬁuﬂa,ﬁ,é-
telohlordeBapyridyk)

phogzphoroshilonate.

(%..p..@rj

X = § Doweo 214
£ & 0 Doweo 2817

Colowrleas crystalline
s011d, m.p. 28°C; stomach
insecticide with wesk
_controt se tivityy pariticu.
laviy effsotive aguinagt
colaorado pobato beutiesg

“”5gt€§3&%£kﬁp

dWhite erystalline solld,
M. pe 43°C, moderately per-

 sdgtent ingectlcide, effec-

tive for controlling Hos-
quito and L1y larvae, sueking
and chewing plant pests and
gold pente, tloks on livee
shoeky

Llgy y 163 wp/iKg.

- \ (B
ZTho methyl homolog (Doweo :

214) ds wmore offsotive
agalnst adult mosquitoes bul -
lesgs effem;ma ag&iﬁs& Lthe
larvae then shlorepyrifos;
12'.3 Epe 13 2,800 mg/lg.



30y

3l.

{ Contid.)

{5)

Diazinon, basadin

(B) .
Sroloy £1958)

» H 3
) i 7N
(caﬁﬁf:})g P oam 04 \

Oy Gwiiiathyl JefBe-Lsopropyle
Gemethylpyrinidin.s yi)

stiosphorothlonato,

frimiphog - ethyl
{Imperlal Cheolcal
Industries, 1972)°

CH 3

ﬁ | /\N
(Coligly £ = 0 = N

0, 0e@iothyl UefRedinotiyla
aninostene thylpyrinldin.-yl
phogpheoratiionata,

N7 Ch(Chy),

NCCHs),

Zlquid; it hag long resldusl
action and offective against
anlle fruit, 1nwg§§seﬁiixa and
riloe«-ilincot )
kDgae 108-250 mp/kg.

the Depropyl isouer
of dilazinon .iiiyurezz;ﬁzaxafx)\
is glzo effective ag an
insecticlde; .wsa,
261 mg/ie.

Lﬁriamiphas-aﬁhyl is & Liguid
with broad ingeeticidsl
apsatrum, particulariy
effective against diptera
and coleoptora, 1t hags also
fungieidal aotivitys LDgas

140,200 mp/kg.



33, Primiphosenetliyl Ch .

33s

(Canitdie

» : k
s AN
R 0 ] ‘*"O - \

(Gigllg € PLN)\NCCHQL

Oy Cudimothyl O Zedinothyie
anliigedenetbyloyrinldin. .
E=yl) phospherstbilenste,

Pyridafenthion,
Ry
Ufnaek ACa1R, SO3

(Mitsuleioatau Chenleals,

1973} .

S
oy U . ’/"’"“,.,__—.
(Colighy 2 o= G = B“:O
N-— 1}\1
Cohs

D9 Gudlathyl Geldec?0nde
phenyi-til-pyridazin-6 yi)

phosphorothionate;

PFrimiphos-nothyl is ﬁai
Liquidy 1t 4s on iasechicide
and aporicids wish consect
mfivfuwiggm&'Maiwity; iv iz
aksn toed Tor stored productg
and for gmbl—iﬁx beal the: |

It ig used for the canlred

of rice sten borara,



(Contids)

#)

34. Quinaiphos, Bayrusil .

35,

N

Divthguinaiphion
{Bayor Al, 189685)

SI;l | ,//N AN

- Qytediethyl %ﬁ‘zmiuinemﬁsfl)

phasph wro’k:mcnmm.

(ay
Hostathion

Triczophos, HOk £060;

{Parbuerite Loschsd 1867)
G 3033 »
@gawd &ﬁ‘wl Q«(Jnf}hiﬂ"y}.u

1,8¢6=rinzcl-8yL) phogs

phorothicnata.

' ﬁhﬁ;a eryatalline powder,

e o' 36&33 namtact and
$ﬁomanh ao“ivi tYy efﬂ&ewiva
agaaaaﬁ boan biting aﬁd
amaning pastm, w@y&?ially
agaln@u aiamand»b&aw math-
far control of mosyulioes sud
zesy |
oy 88 B G

Riquids a rmmeysﬁaxaie
acting as & contaed and
phomadh poisong

:wsm 822 mapkg,



36

37

{Conbde)
(i)
ony Aarphos

Isoxatnl
5

| o N
R e W

Oy DudLOLHFY OnfBmPhonyLeie
isoxazolyl) phosphorow
thdonata,

| {5}
Dinex

waﬁmg-m..a.[ \-—/_

0y Omdimatiyl Cu{fephenyie
2eisoxazolyl) phosphore .
Ghionaba,

. {3)
FPhoxim, Bayithlon
€it)

Valexon

- (Bayor AG. 1866)

%

o3

L 1l :
(%Hﬁa}ﬂ & o= Q e 4 13 @i —@

C =4

{Disthoxy phosphinothioylow
xyimine) phenylasebonisirils,

Liguilds a broad gpeetrum
ingeeticide égm;uﬂing
seale inseets and goll
ingsotag L., 112 myg/kg.

it is less toxic than

the diethyl ﬁcmlo%;

wﬁﬂ" 583.897 agfieg (M.

hlguidy broad apectrum,
gontact and sbomach
poisons sost useluld
agninst soll inseets and
shored products pests;



{Consda)

39, Hallthion
{ Sunitomo Chemiledl Coe
1568)

515
1 rawy s
%\\‘/ O~P wue @J’U&ﬂa

b

xnphosphorineS=gulphide,

40, Bay 83408

. g 7
T <

\\\g//QL;Jy
b
Hefdlothoxyphosphinge
thio}floxy)-napiﬁhalimida

¥hite erystalline powder,
mepe 56%C, a short iived
fngeeticide for protegw

tdon of fruits and vegste

ablaas

ey 102 mg/kg.

. Bolid insectielde,

effective agalngt medi.
torranean £rult flloes;

'&1)50, 500 ng/kg.



¥-) I
Asunwg }, Hugtatox

9&)&%&. ) .

(),
(i)

| {tiontecatinl, 19G6)

1l ‘
(Gyiigdiy 7 = 0 = O OO

CHS

Diethyl 3 chlorgedemothyl-

eonnarit.v-yl phosphoroe

’ %ﬁi@n&tﬂa

42,

Coumithicate, Uition

(R}

{Monsacatini 1966)

§

g

s .
S o
lz0)p P e U .‘%)

NN —

Oy Gwiothyl Oe{lydetotras

asthylene="=¢ouwnarinyl)

phosphurothionate,

St;}.izi,_ fepe 3570, insec
tiolde, useful %o econtrol
eetoparasites on cabile, |
géazﬁs em.' by i’fami or
aprays aleo effsctive
againgt Afiica;s, rosguito
1&1‘?&%;( émé:m sgaingt
gzas%;rosinwgtinﬂ 080
todag and hes synergistie
activity with the mﬁhel;?
mintic agent {memthiau o
zine;

55350, 90 to 110 ag/ke.

Bplld, mepe 88-89%;'
ingeeticide and miticide,
ugofful for livesiock past
L n@al and Lo vgu%:alie
healths

wﬁg,_‘ 150 op/kg.



43. Hounsl, Trolens

Contd, )

(8}

| (i)
fenchlorphos, Heanlor
(R)

Korlan
&

| R
(00, P o O _{}a

clL
Q@ Qn@iﬁﬂ%?ﬁl \3'0{ ta,‘@,iﬂﬁ

trichlorophenyl) phosphoroe

thionate,.

. 44y Srichloractaphos3

C,ougsR)

gdig |
L

e

C’_L/.

25 o
\4__,9-.</}ca |
ag ” -

. Mm. Gui byl Ol Byt y5m
trioh}.waphenyl) ptmsphara-

nhi()ﬂ&ﬁ@.

S0Lidy Dep. 40.42°Cy
animgl syatemic ingectie
cide, effoetive Lo cone |
trol eabtile grub, lice,
hornfly, sere-Yora -and
tleka on mvase.mk by
Ql‘&l aﬁmiﬁistmmm;

E‘ féﬁ’ lud@ - 1759 mg]’k&; '

Liguid, insecticide,

 effwetive o control

warble flics on catile;
useful against sucking
ingecis, vm:';tas and midge

Larvaey



€¢an$d.)

(R)
46, Proban . 4 Cythlomts Solddy @by 43.42%¢; useful
5 for the controel of tlcksy

47,

i

s b o TN e WByqy 160 mgficgs
(G0l P e O /\:>... aoglity Mot 7 |

Uy OmdAmothyl Ow{fesulf amoe
fiyl) phenyl phosphorothinate.

. SRy .

Famophos , Pamphur Solid, Mep. 55%¢3 oystenic

(Amm*icén Gyana;mm %.-) ingeeticide for catile
e 3 | EPubag |

/ Lgge 36 mplkge
(CH, 0}2 P -0={_7 \ — HOH(GHy)g B

0y 0-dimethyl 0=/ P~{dimethyl
gulfamoyl) phenyl./ phosphoroe

thionate.

‘ (R) a ‘ A L

Emi:)q’i}_‘ - Ldqulds inaecticlde effective
% againgt sheop blowfly Larvao;

(il 9)3 P oo Qo] By IDgge 26 %0 100 nghkg.

CHs

| Oy O-dicthyl G/ demethylete

methylthiophenyl./ shoaphoro-
thtionate.



{Contd, )

48, Buy 37342

ey TN .

- figmacide

(Clig0)g £ = 0 Hem 0
| CHs

Bg Vedtmotiyl Ga{dy5adinetiyle

densthylibiopnenys) Phozphoros

thlonate,

s Sichiefenthion,

ve.13 |
{Virginle-Caroling Chem,
CorDe )

L

Oy Ouddotiyl Oe{2ydw
dieblorophenyl) phosphoros

ﬁqui«i;; andnel gysteaie
inseoticlde for bhe control
of shesp botfly. o
UDgny 1000 mg/gg;' -

Liguidy systomic, perolse

tont nematocide and zoil

insseticdidey
Ly 270 mgfitg.

50"



(Cbxz‘b@.)

(2

60, Daganilt ™ Liguldy aystemie, porais.
&

| Pengulfothion, Terracur ¥ tence nematoclidé and soil

3 0 linaeeé&ieié% 4% has also

1 S/
(cgﬁﬁg}g E’ - ‘B - / —\ — g;.(;‘&{& meg&et m‘g“i‘vigy ;

0y 0oty Oml PurtathyLm
gulfinylphenyl) phosphoro-
thionaie.

(&) T
30}.5{@’ BePe 68 = G c;

{¥ippon Kayaltn So. 1966) persistence nezetoclde and

goll ingecticidas

8l. DuPg Kaya - 2ce

(Gzﬂﬁmg\i’ e (3 e - @@aﬁﬁgﬁs)g 509 _ Be

OyUediathy), Oe(Peilusthyle
sulfamoylphanyl) phoaphoro-

tixionate.



{Contd.)

(&)
52. ﬁhimaz‘in? ,.inmahaa »
{R) (i)
Nemafos o Cynen
(Amsrdcan Cysnamid Co.

1268)

i"‘

(6,800 3.... a-(
. N/

0y Qwdiethyl Oe(PyrazineZe

‘y:!..) ?hosptzwo‘ahipnam.»

blquids aystenie soild
mé&c ticide and nematocilde;
perslsss shout 4 weoks in
aoily |

gy 18 mgf&go-



(Conbde )

C. PHOSPHORAMLNES

5;3 'y

@ s ’ (R)
Amidothioate, Witenmate

fiddpoon Kayain Co. 1585}

Gﬁaéﬁ\ g
R
P oo 0wt/ N 50

Gl . ct

Qe thYY Ol Bechloroaeds
nethylthiophenyl) Heothyle

phogphoranidothlonaia.

Dow ET=-15

(Dow Cheme Coel

Hol J3

QﬁaQ

b st 7

phenyl phosphoranidotihionate,

Yaliow oilj nmiticide,
Long residusl activity
and can be mized with
Lordean mimauge; kiila

voih egzg and aseihive

. nisong

m}f{)g, 33 m&%’iﬁﬁ iw) .

dngecticide;

Loy 710 me/kge



{ Contile )

(8) . |
56. Gptunal 4 isocarbophos.

Bffentive for colorado

 potato beetle and cotion

WL .
™ IR/
Hoih -~ —
: - 0=COCH(CHz),

Qe{igopropoxy carbonyl)
phenyl methyl phosphoramido=

thionata.

Compound 577 (Sandozy 1972)

.

ingectss shows systemlie
aotivity againgt aphids
and leal roliers;

BDgoy 50-200 mp/icge

fxperimensel ingecticldes
Srang dsomer is sore Coxie
than glo-iz0mner.

QL0 . , o
3. 5. ki 2t T ie i 4 RO
N i WDgge 122 mp/itg (Cla
e O . pd igomer}.
) 5 - Vi Sl

l.Is0propoxy carbonylels -
prOpeneZeyl menhyl i

ethyl phosphoramidothionate.



(Contds)

& (&)

573 Hondtor Zomaron

Hothanidophos.

(Bayer AG. 19645 Chevron

ﬁiﬁifig e Fa ﬁ&-ﬁoﬂg
acarieide am} broad
gpeetrun inseeticide

e gonroh ‘-&“0. 12633 with cm‘émﬁ and
@yaﬁ@ﬂm peetiong

G50

Dl
C}iaﬂ,

O S-dinothyl phosphoranidow.

thiolato.

(i)

55, Crufomnte, Auslens Golldy mepe 60°C; naaful

{Uow Chems Cp. 1958) for the control of
‘ intestinal worns and

w warblo {idepn.

P @ a...é N ca%m Ugge 770 Ta 1000 ng/kg.

Ca..m@my}. G.(f:mmxm @.,s:;,,
uwtm?m y&gﬁmﬁ} i T Tt e
pho séshmm&mea



. (D (i)
69. Narlene 5 Yowco 102

(Dow Chem. Co. 1958)

.
i —
'ii> P o @ ..%i_:y
Clt I

Unma byl (el Zechi3on 0wt

Lorg-butyiphenyl) He-nethyle

phosphoranidothionale.

(83
60, Bomapuwr » Fhensmiphos

(Bayer. A0}

méa“//\:(

@byl Oeldenothyletde
methyl thicphenyl) Ne

igopropylphosphoranl dulte.

ST
e H3

B8014ds; effentdve Lo
gontrol catile grubs and
botfiles on Livestoek
and also 85 an

“anbhelnintic.

LD 1000 teg/itn.

Bolid, meDe 45705 ayste.

mic nematoeide, sifecilive
againat plmoat »ll namae

tode spocies below S ppm

in s0il for g long Line
(3 to 4 montha)

Wgay 1643 = 19e4. @p/ig.



61,

6,

&3,

(:Gﬁilgdn 3

PCs 13,

&% S e
P 50U, CH
-7 TS ik
(CHg) Ul L 3

Geethy)l BwlHemethony-lenesiyl
carbanoyinethyl) Hedsopropyl

phoaphoranidothiolatc.

&
ellicte s Powen 169
(ilow Chem. Co)

-9
. i /——\
iy . D /2R
(CH )G P e O -~ Y

G-Fhenyl H, R'-&im@thyi
phoaphorodiagidata,.

FPhoshutyL

(]

aﬂ

N s N\
AR
Qgﬂgﬂﬁ ‘

32“30

Veothyl Sephonyl Hebuiyle

phogphorsnldothidolothlonales

Henatooldae,

 Holidy mupe. 105.1069C;

systemic nemakoclide,
specifleally effootive
agalnss Pood-knot
nematode larvas

Wy 250 ng/k.

Liquidy fungicide,
effective agalnst
wyeellal eell Dornae

‘tion, but nob wetive

against spore gorniinfe

- tlong



{Contda )

{ik)y
€4y wrlamiphos, ﬁ@psvn
‘ (i)
"Yiepsin
=g /<~_:Q&' |
[ C
;..,,33mzﬂ p -
Ne = #
|
i,

Butpingele £ bige
(dimushylamine) phozphinyl /e
Faphayle L, 2ydubrazole,

: (8}
G0, IiPA, dytron

{Dow Chens Co, 196%)

G0

i ~

N

£ Cﬁﬁé) ggﬁ FaH

Tt 11

Ow-mothyl Q.(244 dichloroe
phenyl} Kalszopropylphose
., phoramidothionate,

ct

ﬁm&i&,\m.yn 167 = 18870
ingeotiodce and Tungleide,
effective agalngd powdery
wlidatt on Spp s.¢a~> and
Toaesy wgeful ag o
avpiricide with syatenic
properiis s,

Dsg » 20 ag/kg.

HoLid, MeDe 51°¢, pre-
BRGrEons e s&la&%iﬁa NOr-
blcdde Lor coutrol of
crabgran i turfl

2‘5419‘}, 270 ngfhgy i%
ghowa delayed nourelos

xodty.



(Con%d, )

€6. Cremart, J-284G , - Liouildy @ré-»emrgmxce

{Bumitoms Chen, Co) . herbiolde, uaad in

corenly hoane, cothong,

exrrob oty

AR @
P> S /C,Ha |
AN B a7 N y W TR0 mylig.
; / | >:/ fmale rab)
ity GHLL N0, o
Ciiy

Dbyl QuldenethyleCe
nitrashenyl) §w§9ﬁ BB L

ghoaphoranidothionate.

67, Aniprophos : Herbicides
{Bibon Yokushu Soyaln | LD, 720 ngfig.

Cals0 . @
) I
I T
o7
(Ly ) ClE, 1 NO,

Seatbyl Ual2enibro-denothyl)

Helsopropyl=phosphoranldothionage,



¢Contd, )

{R)
Bolidy Bepe 104-106°Cs

. 68, Gophacide
(Bayer AdG) | rodentiotdes
| : . td}fﬁﬁ, 78 mgy’ kf{’,.
8. Ui - _
Il

Y I
G}. Q®WQ B o Wl e C o Tl
. 2. :

(g Omdim{ Puchilorophonyl)

detinainidophosphoranidoe

69, Doveo 159 50143y Bape BI.84°C;
zﬁ fungicide, effective
: ﬁ e ¢ // @ control powdery
(ColigQ)g ¥ e ﬁ\\\ :il;iﬂ nildews shows curative
g

g ' and protective setiong
Lgae 59880 me/ Kie

4y Codlethyl phibalinido-

Phogphonothlionaba.



(Contitia)

D, PHESPHOSYEHIONARED

70, BN
{0a Pont, 1848)

Ethyl Papitrophenyl
9!'sm~f ghosmaoauzhimaﬁa.

_ (/)
?le fﬁiﬁ}é %ﬁrﬁﬁ“i’f?ﬁ ’

%ﬁw@w ﬁhemmml G‘m. 3.“*%50)

c?..»a @icﬁa&ww&w& mmrl
, ?hwlpﬁaaghmtmmm,

‘ , , (8)
73, Cysnofenphon, CiP, Sureclde

-4 Swndomn ft-..“hmiaa& Coe 1866)

o

%‘a" ’rf :

FoCpanaphenyl abliyi
 phenylphosphonothlonates -

Rdahils zml’i.ms Qi fﬁﬁ&ﬁiﬁe

sodddy %D, 369¢y insecds
o408 and aeariolldey pobele
tiates the toxigity of

'- mslabitions kKhows delayoed

neuroboxledbyy
gne 40 ny'ky (ule rat)

12 ap/kg (fonsic yab)

Edanidy zoll inscetields

{onion mrgzipetls Ligos

&94, mpfhg (i)

¥gohyl enter homolog is

moPe Soxic Ghaik EPBP

white erystakline powder,

. e 83‘.’95 é.naczutz%.e‘géa rice

atan borar, coiion buw.‘

worn ate; UWgas 80 mg/kg.



{Consd,)

| (8)
T3, Fhoavel

VCS - 566

Mpft?@ ?m Ba

(Valsicol Cheminal Crope

1985)

‘ s

- Cn'o\ “ y ﬂC'L .
~ U e

4-~brone-8,Sedichlorophenyl

. meinyl phenylrphosphonsthlonnta,

: - RRY
T4 CQLQP

(Vionsanito Go. mes:z) ,

CH
3\ - U -~® awi:l ,:‘
- /O

-~ |
Fheayl Penilirophenyl
me bhyl phosphonothilonada,

White soldid, m.pe 70.2°¢;
ingectlelde; controlling
1.sﬁi@g§t'srm such ag -

tobaceco bud vorms, cctiton
lenf’ wormsy rice aten

bararsy has also fmpici.
dal offaots igpy 90 me/ke.

It has oo mitagenic or

terntogunie. propertins.

Insseticide.



75,

{Contd. )

(i)
Trichloronate, Mgritox
() (3)
Agrigil .y PhySosol
Liayer AU 1980)
I - P .
/ Poe Oacl Nam
%ﬁﬁa : clL

(LN

Sy

Ethyl 2,448 « trichlorophenyl
othylphosphonetiionate,

Bay 30811
m& &:’L

—

N byl \ or
/ — .
] Cl

Hothyl 2,4 « dlehlorephenyl
methylphosphonothionate.

Ligquidg nongystemis,
persistent goil insec-
vicdde (root magpots and

Vire - vorns)s

{1&503 ﬁ@ mg{fﬁgn

Systomic and contact
ingecticide with neaato-
cidnol awtivisys;

mﬁa, 140 g/,



b

{Contd, )

gy 80833

Hathyl 3,t-dichiorophenyl

. methylphosshonothionatse,

75,

T

Jhaulfer § 3004

o8 8
5 ~ Vi
) B o O -,K.Q..«@;g
Cotls0 (L |
BLbyL ggfgzu&i@moﬁr Qi‘?hﬂﬂl‘f 1

othylphosphongthionata.

CELA Kodl

Colly g
& oW \ cL
I ¢
% P oo 0w/ N\
cﬁaa ‘ cL

deipoing ¥y Se.ddohloropbanyd

gietiyl othylphosphonothianidis,

i s
3
[
\xv.-af\”&z

Bodl insceticilde,

inpecticlda;
Lﬁ&m, 6 ﬁﬁf ke,

ingacbticlde and acaricids,
¥ times move sctive than
trichlors analogy

Wgsea 80 mgf&g.



80, Stauffer B.10341 Ingecticlds, effective to

| : rogistant gtrain
QH3 & '

/S »

Ggﬁsa

W=

hiougeflies,

Behyl decyanophoenyl
methyliphosphonothionatn,

8le B&ﬁﬁiﬁs fcariedde; can be used
(Bayer AGj . ; Lo pondrol ticks on
| Livestocisy g
17 B0 mplke
thiﬁﬂ \ 3 | - .o
il
NP om0 ..Q
N ! N
N4

Quertlyl, Ow{oninol in-t=yl)

phenylphosphenobhlonato,



{Contde)

e FPHOSPAOROCHLOLOIILONATES .

82..%&1&&&&6&, Gy%niunség, 5 Ldgudds gafé géﬁeral DUiles j
 Karbophos, | | | pose inaméic;i{.&e wiﬁﬁ- iow ;/'
ia@mwm.an Cyanamid i.’?a,, m@m | | mmﬁg;iaia toxiedlys | r
" 8 - a Liloy 1376 mp/lgy

83,

o 1 R
mu&ayg P oom § woalll ee COGI . contac® and stomach podaon.

!

G ity |
Q
0y Ouddaethyl Gw 3{“3.,2«&&!2 ethoxyesvbonyl)
wthyl_7 phosphorsthiolothionate,
(R) o
Phaenthoate, Cldidl Liguldy brsad spootvus
dimepheniionte, ) | ' dnseetiodde and avaricide;
(1) (i . . .
Papthion o Slsan ' Liggs 49700 np/kg.
{Sou. Hontecabinl, Italy 1064).
8 G

Il

“ . A . s ] amsn
G0 P o 8 e G O GO0

P

2y Yeiimethyl R

anchbonyl)} bmz;ij pho éspham«

sizdcl.othionnte.
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(Contde )

Avathion
I A 0

I _ ‘ Il .
| (Qgﬁaﬂ}g P woe 3 woom ﬁﬁ@ wor £ e ﬂ@aﬁgh

B8,

- Srichion , Gerrsthion

0y Qmiiiathyl &f"ﬁ‘émw 2arbony e
woehyl / phosphorethiclothionate.

Celorasphos
(Hurphy Chemieal Co.
1968) .

8
ii .
6@2%@33 P oo ﬁﬁhgﬂl

Oy Sedlethyl Sechiorouethyl
phogpliorothiclothionabo.

(R)
Carbophenotihdon, Akarithion
{Svauffer Chemloal Co. 1855)
, g
1

(Cgligtly P w8 mm Gl wee B el St

0y QudAOLRYL el FaghLOPOupREDYLe
thiomethyl) pPhosphorobhilolow
thionate.

Liguid; selective insstw
tleldey Lilgoy 1100 mpfkas
1t iz not uszed practicsllye

Liguid; non systomiec soil
dngecticide, particuiarly
for contiol of Lavvas of
coloopbera (Wire worns);

 Liquid; insecticide

and seariclde with
Long fesidual acilong
ugaed Wﬁf‘m*» 'vsmkmg; plLant

mgﬁa. partieularly

 miten; uzeful 4z a dip

for cagsle tioky LDggy
30 me/Ke. "



(Contde ).

| {1 ‘ :

87. Methyl trithion , metihyl Liquidy for control of
errbophenothion . vardety of insects and
(Stauffer Cheme Co. 1858) . ‘ mitasg particularly eotton

boll ue@vilgu

& :

o 1l o _ /7
' ﬁ@kﬁ‘gﬁjg P e & cien C:iia U . -@-Cf}.

Uy &-&img;?yl homolog of
»ii-

srichion
(B) '
a8. Phenktapton, Phencapton iguids nongystamle,
{Goigy AU, 1958) o gseleetive scaricide with
8 ~ L projonged setion and
Il

. - efifgotive againgt all
(Ggligi)g B wm 8 we Gl we 8 ...//_\} = o2 ing a;.
CL> development gtages intlue.

Qy Dmdiothyl Se(3,8.dichlorophonylihic- ding eggs i
- wevhyl}) phospheorothdolothionate, Ligny 200 m@fkg.



{(Contd, )

89, Azothion ingectleide and searieide;

(Farbwerke Loschat, 1957) wﬁg, 150 ap/ite.
a8 8

I - |
wah 5{))3 P oo B0HHB v € e W(CH,

Oy Vmdt byl Uo(H,ledluethyl
oo Mba:gbyl thionethyl) ’

phosphorothiclothlonate.

o0, Ethion, i'uala?;-siﬁ} | biguidy for conwrol of
(Food Hachinery and aphids, scales and mites;
Chenioal Crope _‘3.956) , By "‘Cﬁ ng/ g

i i Tutramethyl homolog is

wzii&mg Paba fligd - a;:mag;ﬁ}g affentive to besmiaai‘-

5y S'emothylone bls
{ phosphorothiclothionate),



{Contdl.

(R)
gz_mamzm?% beluav Liquids non gysseale
Havadel  (Hercules scaricide and insecticide
Incorpornbod, 1984) with o long residual effect
and partieularly useful to
] ) .
0 I control nltes on cothon -
N BPOCHE Do
and fruits and ticks, lice
ﬂ//-‘?ﬁﬁﬂzﬂsjﬁ' ' and hornfly on caﬁ%&a; the
| ? | glg~isomer is more toxic %o
1’4 ﬁi@ﬁﬁﬂnﬁ, Geylidene ‘ botly ingects and mamaasls than
bls (U, 0-¢lethyl phosphoros e krans isomer;
gy B8-240 ng/kg

o thiolobthionate ).

(pdxpure of els & tranal.

' Zhe methyl ester homolog hag

- bdgh inseeticidal sevivity but

e

Low mampallan toxlelity
(b, 200 mg/ig).

?matcaxw}v Wealt coninet inseeticlde,
(Food HMachinery and Chemicul - but a hipghly effectiva
Corp. 1854) . mitielde with a good

B 5 0CH, ovicidal avtivity;
§Oolin0)g Q - - ;1:]»/ L 2,600 mg/Kie

OTH( Cly)

Biathoxy phosphinothionyl ethoxy
Lanpropoxyphosphinothionyl disulpblide.



93, Phosmet, Imidan

{Contd. )
(i)

| | (&)
phihalophosy Prolate

{Stauffer Chemlcal Co.

1966) 4
8
S

(Cii.,9) k fﬁ/

(Clhg0)y B = 8 = Gy = U
3L a2 \G
i
3

g Dedimpthyl Se({phthalie.
midomethyl) phosphoro.

thiolothionatc,

(R)

Dialifer, Yorak
(Hopcules Insorporabed,
1985) '

Q
I

=W

CiglL

0y U Giathyd f(Rm0iLOROwde

phthalinidoethyl) phospﬁoro;
thiglotilonata.

(Colizl)o @ = 5 w G = i R
( th )g . ,‘ \3
| 9

White crystalline solid,
Mepe 72°C, scaricids and
broad spectrum ingecti
cide for sueking and
chewing insects;

,ﬁgﬁo, 230 mpflcg,

Crystaliine solid HeDe
67 - 6070, iuseosicide
and acaricide; Lbgyy

H-97 mr/ly (depending |

on speelsas and sex)



95, (a) éamgbosmaﬁhyz.,i

(Contds)

N R
Guthion , Gusathion

(b) Azinphoseihyl, Aﬁ*)
Kthyl guthdon, Gusathion A
(Bayer A% 1963)

: o .
3 | 1

i - -
(RO)p P = § = Clly w z{a/j@
' . N
N‘,\\N

(a) & = O, asinphosnethyl
{b) R g Cilly azinphosethyl

(a) Asinphosmethyls
0y Dedimethyl Se(te
m&aoﬁabmm o -
£71,2,3 7 triszines yi
methyl) phosphorothiclow
thionatao.

Asiphosmethyl: widte
orystalline solid mep.e .
737400y Lligny 15 ng/ig.

Asiphozethyl s
Colourless noadios,
Bepe 83°C5 Lilggy 1745

ag/lige

Both e annesygbtonio
ingerticide and agaricide
with long residusl acti.

yvity under neutral contle

Hdnn.



%“. chonea

' {a) B = Cliy sa&mmahmm ]

Uy Bediathyl

' )
3 Hethidathlon, f:s’»ugmmid@;

Ygiracide

{Contd. )

(R)
y Fhossiong

{ RhonewPoulene, France
1961

8

o= ~0

| I _ E
(Celg0lp P = 8 -~ Glip "?ﬁ

B GO NELOT e ew

DzObenRNAZOL AN~ deyLinathyL )
‘phosphorotiiiolothionaia,

(%)

(Gedgy AL, 1883).
.

1[

l
NS

OR
{b) & = Cr;ﬂa lythidathion
Hethidathion:

Hy GnGAMELHYL Bu/ i iastert.

Gwite Lizz%f.‘...axoul, Sy dmtliladiaaole
a.y:s.J phcsgammmiowmmm

I:’s‘:;almg He ﬁi«t @"e; broad
SPeo trum, noneaystenie |
ineseslodde and acaricide;
sap-feeding posiag

Wgaw 1‘2@ mglkg.

f,k’) Hesiiidathilons

Golidy DD s@.@e H

nan. gretenie ingsodicide
and acaricide with g wide
apeo trung fm* countrolliing
&z,’"«lii&, lepidopterous lLarvae
{codling moth) and spales
[+341 fruit‘ trees snd eexﬁﬁm;
igay 2048 mg/kg. |
£h) Bvhozy Ah@%m“idg :
(1ythidnthion), Wy 268~
443 mg,’zgg,;;} iz uaefful spee

ederly against Leplidoptar

ous and diptercus Larvae

and orthoptora.



98, Zgkuthion | S zporimental ingecticide,
offeesive tn conirol
Colizo g mulbery moalybug, smaller
% .o _/5:3‘- a ten torsrix, caterpillars
cgagﬁaaﬁzg// el | otey less toxie than the
~ corresponding phosphorow
- whionata, |
Qezthyl Bepropyl Oe(Zy4
“dlehlorophenyl)} phosphoroe
thiglothionase.
Qﬁ.lﬁ@thyi Fhonkapton fearinide and inzecticidey
(Geigy AG) 1Dgay 375 mgfig.
2

ct
1l <
(CHz0)g P w & = Cliy w 5 -?-/{_\/
CL
Oy Un 106 UDYL Bul2ybm
dichlorophenylithiomethyl)

phosphorothiociothiviinis,



(Contds)

190.‘§niometen, Ekaain(ai,

R4l ) cﬁ)
blehiomesasystox
(Bongoz Ltde)
n B ! !
o f l Lo
(Clig0ip PuliaQliySCaly

05 OndlmethyL Bul2wathylthiom
ethyl),phoaﬁh&ra&hi&lmth&n&&t@.

101. Disulioton, thiodemeton,
ﬁ&sys%on‘ﬁb, DithiosysSoxn
(Bayer A, 18956)

is

R SO
(G:ghﬁﬁéa PSEﬂE‘Q} gﬁ@éxﬁ

0y Gedlethyi DofZ2-0thylthios

ethyl) &ﬁue&h&raﬁ&i&l@tﬁioﬂaﬁag

Ligquid;y a systenio ingetw

gicide and agaricide with

contect aetiony offeotive

againagt aphlds, anwillies,

70120 mgfiz.

Miquid; 8 srstemie insece

ticide and scaricide, used

aatuly for soll pést; seed

dragslung or gramales o

protect gpedlingsy effctw

tive agalingh sohids on
vagzotableg and frulis and
ecarrot £y, iaafuhayﬁera
on riéa, vogslables,
cosion ond for soma other

PUsuSe




103, lgotnioale, Hosdon

ﬁﬂanﬁd. )

162, Tetrathion

(in Czechoslovairin)

CGamiothyl Qeoihyl Se(le
ethylihioethyl) phosphorom
thiolothionats,

(K}

fiihon Hoyaikw Do. 1072)

S
I
{0 0]y PRGHTE,BCU(OH,),

Uy Gedianthyl Se(2eis0propyle .

shiocetbyl) phosphorothioloe
thilonate.

Liguidy a systenic ingetw
tiedde and acaricide,
used salnly for soll
pegtss éhma&mﬂ. and

| inseoticidal ;mozmrt‘i@s

are glailar to thiomston

and Digulfotons

'{1:@5@’ 1.2 w 282,33 Iﬂg/kg

{varicus aoiaals)

Liguids & systanie ingecs
tlelde and aanricide,
affortive apningd sucking
pl.,m’r’; pasbn By eoll
troatment or foliage
sprayy

Lllge o {3% ug/age



(1)
104, Phorate, Thimet

s4mot { Aericsn Cyonamid Goa

1664)

3‘
: i
| {.E‘gﬁaﬁia Hﬁ%%ﬁs

105, 4me Cye 12008
{Aucrican Gyesnaald Co.
1084 |

S

o
(Cpliz0), PSCHLECH (Cg),

Qy Gediathyl Be(isopronyli-
-thiomethyl) phosphorsihio=

iothionata,.

blguidy = [aei’si.smnt

-sygtemie lasscilolds,
-

uged for the g;?aﬁ@-tian of
@eé&@g«;a from sops
f@a«:ﬁiﬂg and soil insestss
i l'ms al.so some conkaet
snd fumlgant agtlong

LDgo 3 B4 mz/kis

Liquid; systomlc insoce
i:icfme» with some concact
aptivitys

gy 4 to 16 ag/itg (M),



. (Contd. )

106. Aphidan, IPGE, P5P-204
(Hoklko Chemical Coe.. 1964)

s
[‘ 353") 2@5@% 9 i""aaﬂgﬁ ’:‘3“‘15

Uy @i Lopropyl Sw
fethylgulfloyloethyl)
phoesphorothiolothionate,

107, Oxydisulfoton,
. ({8
Rigyston-3 4
| (])
Dinyaton.fulfoxide

(Bayor AG, 1888)

B

& .

| I
(Colic0), PRCHC,SUH,

Oy Quitinthyl Se(s
ethyloulfinyleshyl)
phosphorethiclothlonate.

Liquids a systemie
inseotielide, appliéd in
30ils to protect the
prant from the attaeck of
aphid; potabtoos csn be
prm;fm?-ae& frcm aphid |
veetor of virus diseases
by treating Sthe ssed
pohatices.

Liguids a perslstent

- systenie ingesticidde and

goariolde, partioularly
auitable for ssed tPoale
ment against varlous
veohor {sapegucking
insecbs) s

LDgyg 3e5 m‘s_z/kg;



( Gonﬁci.i

108, lienazon, azidith&on,i ' | Crysballine z0lid, med.
;mwz.-l.zanm) y Sayfos ) : | 166°C systoemie apmuide,
(HLant Protection Lbds uzed by Polise qggay,

CLBSY) , - soil tmamant, seed

dressing and rmﬁ dip,

ﬁ , N LD 0, 200 o :L,w& mzﬁtg-

: N— . 8
R Y 78 N
ﬂ’bi“}sx})g Piciy ._.< ) D e \
#3, Omtdmothyl Se{4,6w
diaming 1,3;6«triazineeyle-

mathyl) phosphorothiolo~

thionate. , o
{4
109, Dimethoats, Hogor | Soidd, m.pe 51-529C
. c;’ygcsm{ ﬂ, - aystemic and contacd
. | broaderange ingccticide
'?l - ﬁ ~ | and acmrici«’ia, g
{Ciighig #e & - %_- G - NG 600 nglkg {pure compds)

L0300 g/ h;, (Ltsahn:lcal

Oy Cmdimpthyl Se(Hensthylearbt- protuct)

moyihasthyl) Qhaap‘iieirqmio}.aﬁﬁ;&mam.



(Contds)

110, Bthoate - methyl, . . Solld, mp, 67-68°C;
jFiﬁioé B/?77 ~; ' insecticide and acaricide
 (Bombrini Parodi- " with contact action,

| _‘ﬁélfino; Italy); I | - f: particularly effective

‘ 3 ' 0 against fruit.fly;
‘ SR LDgqy 340 mg/ke.

| o S =
' (CH30)2 Peae3S - <Cﬁz-’ C NH.Czﬁs ,
0,0-dimethyl S~(N-
‘ethylearbamoylmethyl)

' phosphorothiolothionates

111, Prothoate, FosﬁionfR?,"'- " Crystalline solid, m,p,
.Fac ZQSR) o | . 28,69C, searicide and
* (Soc., Montecatini, 1956) . insecticide with systemic
o s 0 ' aetion, used mainly against

(Czﬁs°>2-g - 8« CHy - gmn,cﬂ(cﬁa)z phytophagoug mites and’
- S S " some sap-sucking insects;
0y0-diethyl S={N- : olive fly, cherry maggot;
isqpropwlacarbamoylmethyl) 5 LD.,, 10 mg/ke.

phosphorothiolothionate,

t



112,

113,

(Contd.)

 (R)

Morphothion, Ekatin M. &)

R)
Ekatin F( s Morphotox
(Sandoz Ltd. 1956)

S , 0
\

i /S \\
(CH.O) PewS8wCo wCaaNlN ’
FeTe s 2 N

6,0-dimethyl S~(mofghilino
carbon&lmethyl) phosphoro=
thiolothionate. |
Amidothion, Thiocron
Medithionate.

(Ciba Ltd. 1963)

|

=

)

0, O-dimethyl Se{N-Methoxy-
ethylcarbamoylmethyl)

phosphorothiolothionate,:

Crystalline solid, m.p.
63-649C; a systemic and
contact insecticide;
LD5g, 190 mg/kg.

- Solid, m.p. 46°C;
insecticide, sucking
pests on cherries and

vegetables; LD50 N
600-660 mg/kg.



/

115, Mecarbamz

(Contd.)

(R)

114, Formothion, Anthio ,

A (R)
AfLix

(Sandoz Ltd. 1963)

i I

///
™~

Clilo
0y O=dimothyl S-(H-Lormyle
N-ngthylearbamoylaethyl)
phosphorothiolothionate,

(R)
(&)

Pestan
i)
Murfotox 4 Afos
(Murghy Chemieal Ltd.

1961)
g o 0
» I ‘ I Al
(02215@)2 P - Si - cuab c - il} - Qaﬁglis

-

(3}:.3

0y Judiethyl Se(i. |
ethoxyesrbonylele mothylearbia-
moyluethyl) phosphorothiolothlonate.

Liquid; econtnet and a&s-
temie aéarieiﬂe and’ insec~
tlclde, eiffeptive agalnst
both sucking and chewing
pests; Wyn I76-535 mpllg.

biguldy contzce insectl-
clde an& écarieida with
alight 5ys§emic actlong
peraists 1n soil for
geveral weelkss uéeful
for control of aﬁéking
and chewlng pests and
root maggots of vageta-‘
blen; Lbggy 36 ma/lg.



1164

117,

N
.c&a/ |

{Contde}

Bay 19606

oo
{ Caﬁ 53} 2 E"S%&Gﬁﬂfﬁ%gﬁ&

fedgsmethyl homolog of

- Hecarbanm

Mecarphos, Mecarphon

{Hurphy Chenleal IBd.)

CHA0 .
N ANE- N T
PSCHLC - H w Celithy

City

g“ﬁ-(ﬁ-mﬁhaxyc RPDONY L lie
methyle arbanoylaethyl 2'..7
nethyl methylmhosphorothioe

Lothislate,

Ingastieldey efleciive
against the crientsd
fruit £1y and the melole
i

Bystennie insectioides
L 509 57 ap/iEg.



 {Contide)
) (i&)
13.8. u&ta?, fmiphos
(iﬁippnn Spda Co,. 1@6&)

< .

0 .
o h h
(Cig0)g PBCHCHHHC = Clky

Dinethyl &-(anaeamamwun :
athyl) phospharaimiula- o

thionate.

BoLidy 1D 22.239C;
systamic scaricdde and
ingeeticlde, useful to
control sucking peats |
on frnitxs, vegcésmbles,
ami cmma&nnala.

Do AU we/ig.

gag AL
perie?
oY \,\ﬂﬁ‘&'ﬂw'

ﬁ@ﬂm.
‘g:UHUB‘)U .

: Uﬂ; \"Jﬁ?
pald 227





