idncovery of asliigecin cyolic phosphate o8 a blolagloally
aotive metabolite of tri-o~telyl @Wg}m%ii*ﬁ} had lead %o
the extouaive stulles oo gsyuthsais aad checioal, blochesical
and biole. ical properties of many reluated m;}wig"&}» af
thon salithion (2ensthoxy=dlie1,342-bonzodiozarhos horis~i-
aulshide) has been produced iu a large qusabity msd nractiocslly
used a8 as luscotigide in Jagm“’g) « ~hie rovios doscrplibes
how salithlon was Jiecovered eud develoaped luis >ractiond

iusaotiol '@ na’ nlso tho chetilcal, noatioldal, biochsloal snd

athar srosertlies »f salisonin oye 30 2bhogphorus CoRsOURARs

in 1930 about teu thousand 80216 40 veusede wore suliared
by flaceld paralysis ol the loser 1iabs abrut tea daye alter
driniing an adulternted fiuld extract ol g;iag;ar“}
due to the nhosvhate triester of O-oressl, a ¢ :uilaninant

» hig wen

presant in the zinger extrast. In smeoe a sinilar big out-
bresk ol sarmalysis took »lace in 13469 froa coonizlas oll conta=
aianted vith ludbricating o1l of turbo-jet airernft wgimin .
This was aleso due to O-oresyl shoashate (£).7) noisouings -he
shesphate triester of oressls have boen widely uscd im iaduse
trioe a8 [ laptiolsereg, lubriocants, M}.vmw, oil additives oto.
attar, (14ridse and Darnee observed that all sowrstogio aryl
shoshnte, orzoent triep-etiylphesyl obhosshate, had at least
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one alkyl grup earyrving the « -hydrogen atra sa the orthe

nosi Mi 8}. Jhis siructure -ceurotszicity relustisuehin of
triavyl »hosphate bocome olearly uaderstaandable hy the 13*91&»
tion and charsoterization of the metive metabolites of G ,&;‘
he nalo sctive metabolite (1) was o=tolyl saligealan cyeile
~hasshetes This onmpound () was about 400 tines nore potent

ta cnuoe atoxis in heas thas 2007, aad potoutigted the toxieity
of malathion 10C tinmes by the dose of 20 ag/ks in uice, while
TX 4 times by the ose 100U ng/kg, ! w88 toa ailllon times
nore notive than I)C fu the L4 yiigg inhibition of slasaa
ohvlinesteorase. he cxaversiou of 2 iato active setabolite

. prooseda via tuwo otepsi the Uiret ste,, «hich 18 entalysed

by olxsd-function osxidoses uafo) iaviives the hy mozylation

of a riug netiyl groups shoe secxad stes favolves the cyclisation
af $his intarnedinte sroduct %o ° theywush iatrmaooilcoular trace~
ahoavhorylations the lattor reaction ie eatalyosed by olaosaa

atbunin’® 4 Yoy . VS W4

Cly ﬂ
O-—P-—-O@ﬂL—} - Plasmg, albumin ;
l NADPH*OZ 7nd st
O n S ep
CH3 Ist step

@/CH3 @_
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I the oyclisation resoction, no alkyl ester group sartieipates
23 the leavin; muzzw}' aotually no aryl but alkyl saligzeain
ayolic shospbate was rwﬂa& w {roa aliyl di-o-tolyl
gammu‘w}. “aoh M&sﬁal&e Wmim af 100 or 1te analogs
vas observed 1u homn'>'s rute'>’, cats'l?) sad tuseste'i?l.

511 aryl sall e.in cyo.ic ohosjhates have shovwed ao
insectioidal netivity but maud fested a high delayoed asurotoxli-
olty to caunve otdxis ia hensi surprisiagly the corressoading
ayeiic sptere (both " w O aad 2 gz J coovounds) haviag a asal}
alkyl oup sa chosphorus revesled high iascotlcidal, wi%l?j.

L8 a reocult of thie researeh seililhlon «as discaoversd by the

»o8t loide research [Foup of . yushu .alversity in Janan in 1363
aud a0 developsd into a commercial iaseeticlde ia 19638 by
sumitono hesical Uoe

“he oalieain oyelie shoashorus csters cau be prepered
b the reaotion shouan wlwiw) v Ledg-2]

X
~O0H CcL S
R \p//( Base, KLO, . 4
3 N Pyridine NaOH u.cR =~ l | ™R,
?HOHCL R 7Y \ro
R, R,
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i here, 31 = Hy OR, Gy #HR, aBR (8 x aliyl)s
;lef‘ 3 aﬁg#gﬁag ul,s.}gate; bmuor i

several saliseain #g ol ic phosphorus estars bave boen nresured
by the abave ronctisne ihe ghewical, sesticlial, biolasleal
ané other properties o ihese ooapounds have bsen discussed
below {iable I-¥Iil).

“ure saliihion 18 o colourless orystalliioe jowder
fe e 5&-—56% sractically iasoluble ia water, casily soluble
in neetone nud bonsene, wderately soluble iu cyclohexaus,
toluene and xylenaj vasour pressure, 1.6 x 15~ Hg at
6% uv AN 0. (€) 274 (360), 267(360). salithion has a
oharacteristie Il band at UG m":' for r=ieJhy, in hetern
PInGs Helled O (Udg) Doms 3476 (5, doublety . = 14 Mg,
Olg)e Bel1 (2il, doublot, Jd.g = 156 Hyy CHgly Ged-Te2 (4,
mitiocled, beusend ring).

“alithion glves a characteristic fra;mceatation pattem
in naos opootrometyy. It zives au iatouse neak of (d-Ulig)
(n/e 201) Wy a /3 -cleavags ocourrias at the exoayclic ester
groupes uother characioristic fragmoniation srocess is the
direet loss of GH followd by the oliniiatiosa »f Loromldenyde.
~alithion ie relatively unotable ia stora e. <970 secoadury
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anxinen, sush a8 carbdazole and l=-ohagyl-< -aapshthy laniae,
stabili.e the fmxﬁa%m{a) o in a shoschute buller (pl 7.7),
salithion is lydralysed sliowly thrush opeudag of ths hetsro
ring by the "-O=(aryl) bond cleavage: the hydlrolysis rate
coastant (26%) . : 2.4 x 107% paa™?
of the correspauding quelic metlyl phos:hoaate, w-nethylshos ho-

rothioclate (the thiolate isomer of sa ithioa, 132}, aethgl

« ihe hysrolysie rates

nhosphate (salioxon), aod Se-nethyl shosphorsnidante are, res-
ssotivelyy ¥y 62y 6 nal 006 times more thau that of salithion.
“aldthion 1s completely hydrolysed by heating at 100°s for

8§ mine +1th H/6 sodius hydrozise Lo yiecld enil euin. ‘his is
annlisd for the colorimetric detercluntioa of so.itvidon ia
Lorauistions By allowing the formed salijeala %o react, aiter
adlusting b8y aith 4=anlocaniisyriac aud then «ith potassiun
forrieyantae' 130500,

41 oxidatisa by bromiue water aclithiosn L8 cpvured to
1t oxon (salioxon). ;iace aalioxon d=inthoxy —ilie1e38,2-
bansodioxaphosphorin Zesxide) 1o some thousand ¢imee more acltive
ia oholinsaterase inhibitisn thaun anlithlioan, an essynastie
method alter the oxidatisn cau be used iar the ranmiljue analysis
of sallthisa‘®),

~alithion s laonmericed iuto Je=nlkyl oo ioeain avellie
stmashorothislates by hosting with aliyl i0dlies (the slatohi-
auka reactiasn) (33}. ‘he reaction is _reat’'y nccolorated ia oueh
a polar solvent s dimethyl foraamide. . otasoiuz carbinate alse
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assists the reastisn. chon methyl fodide is used, lsomerization
pocurs to sive Z-nethylthio-diiel,d,2-beazodloxashosphorin.g-
oxide L.i189) 399 Laifthion is desethylated o Soru the
salt o salizeuln eyeile @hmg;tzamthMa acid by tho aotion
»f certain auclesphile sush as oyclohexylamine’ ®) ans
notaseiga dlaethyledithisthioonrbas et 0938 ne latter
azent 18 sarticularly suitable for the preparation of .ilBy
by sethylating the obstaianeddalt with aethyl iodide.

B3 is 2 uniue shsaphyrylatia; agent. vhe reaction
of salithiasn are suazsriasd ia the fHllowing achome (715 Jit

s
I

ZI:H i 10 oy (HO),P~ OCH,

H0-R-OCHs HOH

o
IHZO
I I
!

<Eii\£>-ocﬂ3 Bo/H0 > OCH,4

Salioxon

h g

NE 3 Ol

MTBO (R:CHy)

Py

Age 3¢ Chenioal eaotion o8 valithiinge
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The iaseoticidal activities ol varisus sallgeala
arolic »hosshorus conoounds includiag g}m;;ﬁawiz"w}; |
M&mmiﬁaﬁaiw}e @MWhhlawiza}, g}&aa;;wfatuiml
and their thisns smaloge' 0" %%3%) 1 ve boes tabulated (rable
I-VII}e “he saiige.in aroilo oompounds 1a suy series baviag
an aryl Jeous ag ag exoeve io subetituest oa the slwshpras
aten have oither poor or a5 inseotiocidsl aetwiti t&fg“t %%:mz
alkyl derivatives have high iacecticidel anotivityssthe olae
Vel jethgl
derivatives are nuch pre sotive than hisber alsyl soed agwl
derivatives, szcest for shosphonothlonate series ia wixieh

athyl derivative fa 'ore gotive theou aethyl derivative. i,

af the esogyolio substitusat oa Lhe phosysborys atud

S=dialkyl phosshoranidstes are zueh less aotive than wb-aligyl
derivativen, it is luatereatiag to mote thai the sxogyelie
subatituent of the oot active compound 14 caeh surice \ sy,
SOllge BilvHgy CHgellly) differs each other im clecimale
sharastoristica, but id i flar ia sise and recenbles in sterio
property such as the distance (zbamt .9 g} batween  and <
atong la the ‘=i~0 function, 1f tho bond angle of bivaleat J

is nsar X” rathor thaa 103,8°. ihe phosphorothiolothioastes
are not snough la insootleidal sotivity (iable-Vilj. ihe shnaw-
hintes, shosphorothlolates, aad phos honates are (oo uastable
t> be used oractically a0 lnszotioldes. he shasphorsaidates
e several (imes ocore toxle to mamaals thac shosphorothisantes,
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Intyofuotion of agy substituents osa the bansene ring, the
hetern riaz or the exoeyclis ester group deoroases ithe inseoti-
oidal aotivity ilsble-I, II, III). ihus, the simplost phosphovo-
thioante, salithion, was the mosat wseful eoummuad a8 the whole
series of salijenin grolic shosphorus oOBPUMASG.
3f. jomatacital

<nne sall wain erelic ~hosshoranidates aud  wephova~

nidothionates are very &ffective %5 kill asmntodes {.able.V),.
d-nothyl phognboraaidate ia tpat notive, Lot upu=didothy le

; suspended
in water. ‘hos hates aad shosphonstes are almosi laacbive, but
their thiono annless are effsotives. Jaligeain oye iec Hhanyl-
shosnhomthionate exhibit high activity.

shosohorenidate s lonotive sgnlast Jmbiltis g

sglithion has ao fun;loidsl activity. Sut saligenin
ayvelie shosshnrothiolates have funglcidal activity (able-Vi)e
«gae of then are effcstive to sroteet rise :lonts Lyom rice
blast diseanse {due o iufeotion by L. KL4@R)e sthyl

sallenin orelic aryl »hosohotes cac w8 bousntes have

aynerglietic aotivity with malathion against icsoots and mites,
nardicularly their resistant atmm(m3 o T=ietly Lei-nheuyl-4b.
1¢3¢2=-bonzrdioxashos s horin=~i-ozide 1o tho @ost active aynergist
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asainot resistant housefiies sud green rice lealhoppers. Jor

the resiotant etraios of red clirus alle, SaOUIGIRS
{Zoiregor) saligeain cyeiic phenylphosphanate showed Jood
synergistic aetion with malathion. Jaligenin oyalic alkyl
ohaephates and nhosphorothlonatssd are aot, or ouly poorly
active as syaergiste of amalathion asainest housefliof and Sreen
rice lesfhoopers.

“he fassctleldal ealizeain gyciin mathyl lwmaphate
salioxag, 18 very active a3 an iakibitor of ciwnligosterase.
Howagvers s highly asurotoxic axyl dwe-hate 1 o noor labibi-
tor of chollnesterase, but it s a vorr ajeeillic ifanibitor of
z;,i..imtmmw’gg} o “he lods seurtozie awxyl hoephoaate soousice
an intermedinte noaltisa. In any serdes, uho. the sise of the
axyayeiic anbetituent iooreases, iLhe congound bBooiomes 2 Dore
sgloctlive inhibitor »f aliestornoe; in caatrasi, the exmpound
carrsing & sngll substitucns is 2 nore soliective iahibiter of
shnlinesterase (iabla-VIIl). .zylohosphonates are more sseeifie
inhibitors of sseudo-cholinesterase, alkyl lwophotes are less
aseaific and axyl phoabates sre intercediasteo.

The sa ' ieuin oyclic shosnhorothilolates (Jable-VII)
huve high aotlvity to salicylate .alkylate, urcsstsas asd te

inhibit “.h ensynes” sueh as aleohol Sely Sroouas 3“‘5’%} =« Zhe
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astivitics aeea to be mMolated with fuagliclidal arapoerty bt Dot
with inseeticidal notivity. -alisenin oyolic  bnsghorothioclates
are partially lydrolysed by oseningol the hotersoyelie U
{aryl) bond, nore eanily than phosshate cstors. it was desons-
- trated that the hyivolysate of sa.igenis oyoiioc mothyl ohoa-
phorothiolate, i.e. O-ortho~hydroxyboeasyl. --aothyl hyiTogen
nheschavothiclate, reagted with mereaptens 1o zive paligrl
t;i):am%b&rni%}‘ hese observationg iludleante thet tho salijsuia

ayelie shoszbprothislates agy resct wiotn olsliuseterase to

nhotshoryliste ite serine Rydrozyl oroup and nay, ou the other
hrurdy be hyimolyced, to the ~hydroxybonasl eaters shich react
CAth TUH snoymes” o alaylate thelr thisl groune 7oibeeas nes”

"

mny be esosatial for the 1ife of fuagle

he Algh diologleal activiviess Ol sail euiu grolle
shogphorus ocompauads nay be attrisuted o the hatero riag
tavalvias onnl =ud beasyl ewter liokajes, e aliyistion reaotion
nay be ressonsible for ".heensyme ' lablblilioa .ol luacleldsl
activity. e shosohorrlation reacstion is rvepousiblie for
esterome lahibition cad iamsecticldal actlivity a:d animal toxie
ocity. S0 oxogyciic substituan: ouy afiects Myeioal snd
biological prepertices by virtue of 1ts sleciriaic aald asterie

charaoctariatiocss Jhuw, sethyl ghusshoretblonaie i wsalul as
aa lnseotivl ey alylaxidates have syssenic aevivily, alkyl
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ashasphorothiolates heve funsicidal activity, phonyl shnephonates
have antifilarial aotivity, zad aryl shosohntes are asurotoxie
and have asynorgietioco astivity.
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