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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.
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'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
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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.
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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). ‘
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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
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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. '
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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
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?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.
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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
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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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Flg. § - Heaction of Salishdon.

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

Jaﬂntfgn;-- LR XN ]
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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. -
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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
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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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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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ez mpngi

O oo oo ool

e
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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 - -
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Binlogdcal and Anbi.:
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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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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
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e Lo

| .
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NSO

X 50/@! ym —_— GCotoxioity
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X By

4 L En et A TR 10
T O e TN

| .
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) i Qg 0040 022 3.1
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Synergistic ei’fmt of salitgfmin cyelie phosphorus estdrg with Bzlathion against s
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