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~ 1930 about 'ten thQ;tsatld people in U.,S.<ll. su.f'f'ered by a 

h~cid par3ly:sis of ~be l0\!1~ l~bs about lO dqs ~t~r drinking an 
. . . . (l) . 

adUl..terated .nu1d extract or .g:lnger'· (ginger jak.~) •. ~h1s ti'as due to 

tbe phospbate triester of o-oresol, S{) called. TQCP7 vhicb contaminated 

' t.h.e ging~r O):traet. ~he pbo$pbate t?ies~::rs ~!;'- C~es~llS haVQ beon 
1; J '.'. ' I , ' 

wid-ely use{i in lndustrios as Pl<ls·ticizer$1 l'.~bi"i~~t.s, s:>lvents, oil 

. ad\Utives atld t1r:u-r_etard.ants. ~he __ ou.tb~€Hnta of. stoc~, ..:'; P.oismling. 

have ocet.trt!'ed by the ort.llo isomers in ~lmical. products. In ~orocco 

a sitllil'tt.r bi"' outbreThk to-:tlt place iii 1959 · t~cn\ cooking ofl contaminated 
Q . (2) 

with lu.bricat.i.ng oil of' -ttm~j et nit" . erat·t on~ines • -

Hesu.l.ts on b0ns :sbav that ·neurotoxi~ triar)"'l phosphates, 

excel't trJ..,.p..ethyl phenyl phosphate, bave at .least one alkyl group 
. (3 4) 

ca,rryiug tho . o\ -hYdrogen atom on the ortho !Osition ' • This strue-

tu~e .. neurotoocicity r·f;llla.tionsbip of triaryl phosphates .becatn9 clearly 

tmJiGztstandablG by· the isol.a;tion and P.baracterisation of ti:te active 
. . (5 6) I ' • , . ' . 

metabol..itas ot' '.iN.lCP in J;96l ' • · ~he priJ~ipal metabolite (A} vas · 

o-toltl Sal1gEmin cyclic phosilbate '(~o-tolyloX.V...;4Hi..l1:~,2-bmizod1oxa-

gical pt"'OptJtrrt1<&S' snown by ~Ol'l!" : (A) was about 100 times more potent 

to cnuse atana in b<ms thml 'ZOOF; ·'(A) was terf million •lames sore 
. . . . . (7) 

ac:-:i:v~ t•nan ~OOP m· the in vitro inbib1tion o£ plasaa c·bolinasterase • 
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(6) 
the eonveralo.'l ot !itOOP into tho cyclic phosphate. ·via two st.~ps is 

sbOttm in l~if~· l.. St'be bydroxyl.atioo ot tho methyl group <ot :l'CGP 1s 

+ af.t$Ct~ by tbe micl:"asoraal ~nxygen..'1.~e and then c~el1~at1nn is 

;{., 
~-· 

f'oll<n~Gtl ·b:r intramolooul.,. t:rm:ts9ho.sptiorylat:1.t)n off the 1nter~~1a.te, 

di•o•tolyl, u-( o( -twdorX1') "ti~lfl-phosphate, ~liminating one molecule 
. ' . 

·of eresol. ·:Ot<~iinarill' the latter Jrilt~tion is. a slow QUe but greatly 
. (8) . 

accel@~~~t1 ·by the cprase.nce ot ·pla·S3a nl~,~-. · · .: 
··--.~ 

~bus it lodt<)d r.$ti.nufd to pre~4mu that the tr-1at7l pbos­

plmt$.S having an o-aUt:tl grcn:ap .With ·the o< .. tq"dl,•ogan-stom may be td.mi­

l.tml,J' m~bol12~d to giv~ ·t,ho eorrespancUng act;t~~~ cyel,~ est~s. In 

the eyc11zat1on raact1on1 110 alkyl emt~l' gt-oup ~arf;ic:t~;tes as ·the . 
(~ ' .. / . 

1.-vi~m UQllP • J:lt!t'Wllly no ~Jl ~t ·~ Gal.igemon cyclic phos-
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1\$ a :re$1lt ot t.ile ato.r~rs.aid r~se~eb SAI:kl'!Bloiil ;(<a.m~tno:gy .. 

4ll-l, .. J12-ban10tliou£~ilo$[)1l01i' in-2-sulphldel, an or:~l~WlOti9ho:rus insecti­

ci.:le haV.ill& a tmi'..ttte c;rclic e:3ta1r stl.~tura was d1seovared by- tb<l pe~tt ... 

c.ide r~erch - gr~up ot K:;ushu. univ,r.wsity(J.a) in l.96J. Sial1th1{)n 1r1as 

develo{led into ~ coromerc-1W. insOtltiei·~~e in .J!tlOO b)' ~~1lt;l.1itoiJ;o ob~1cal 
-

Co. ot J'aprua. 

s 
\\ 

f'i{d".f 
v"'-/0 

<V"U - ~cua 

Bal1thion 

~ilia review is ailaG~l a~ p:t.J•,egent,in~ $!li acc~nt ot iSalithion 

a..tld r~l~ted r.ompou.!luel am r)eatic:id~s ~a well ~s 'tbe.ir oll~iatry :an.d 

bioc.hem:tstry~ 

~'he eyelic pht-,sPbtlt"'~ and J~hoapoona;te a:st®?"m of Saligenin are 

readily syntlte:d..s•a 'by eondtJl'lsatioo of: iilalige~in m~d substl·tutBd phos-

pboryldic!llor.id&s in ·tho p.ll"esence of n dehjtth•og~oohlol .. lda ~ent such as 

teFti~Y ru,~lne in a dry sol V43'.nt like cblo~4)fort.:a 01" tol.u.eno ,at lov tem­
(13) 

Pat"'l?it~e 

by u1sing ·th$ t;~r.tia-ty aml~, tlba l"efli.Ct.i_oll is eff'.ect~d b.Y hoatiil_g the_ 

~aaetum &:~i;ctw;;,(t f'OJr 10 to 20 hr.nll"li ZUl th.t1 p];,.$$\lnce of' anhydrous P~*­
(:L~:h)-

ssiua cr»:"bon~t~ to!~e~llot" with eot~pru." pou~t~r inatread !f)t ·~ t~ll"t.:inry 

maine. 

I . 
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Such· ecmpouwis; vh~ch. a.J"e ditticultl.y pro{tuce:~ by the method 

elilpl.Qying 3 tertiary -~ne't !Mlude, ·tile qoapounds bf!V1ng memings Of 

1·. e 
X= S and R = a;:rtllOXJ' ill fot~Ula I ~t! lt =: $*' aJ.·::~ -a .and 1r = alkyl·· 

;-cont&J.niag ~a 'than ona c~bon a~ or. Rl = a2 = allQfl in the Forrntla 

II . .. 
;~ 

. II 

'((:r-al 

bJ' a r~ae~~.on between liquid iutd SQlid Pba$es. lfhe!!'etore,. even it 

i'otassium c~bona:te .is emplo,ed as :rtne17 divided Pt>w®r often. it· 
' . . . . ' ' - - (14) 

Cm1$es a t'eft#kable l~ing aDd tl.ncctua.tL.m of tbe !-Ultl • Thus 

8~1tb1on watS i"iv'st prep.ared 'With inconsi~tent and, often, very low 

yield by heating \96°a) a~l.igetdn rmd m-etbJ'l pb.osp~odichlor1dotbionatG 

1n toluene fa»:> a long pe;~iod (ao~e than 15 hours) in tn,e presence of. 
- (15} 

anhydl•ous Pot~ssilJ!l c.aVbonate toge~r with copp&l! powder as catalyst ·• 

~his ditfic-Ult.Ylias, however., ovesm~a later by ~PlJ'ing the woU ... known: 

Sqhot.ten-Baumatli."l. ~;yla-tion lt)J.l'®:edur& using an aqueous sol.u.tion of Soct1ut:t 

hYdroxide (~1-g. 2). 



~he present process is s~perior trJ :tho ~..now.a process in view 

of the .following considerations. 

-
a l®al~ temj;;erltiture and in a aborter ratactiou time pe;.~iod th.th"l. the known 

p.t~ocess. Also, it, ~ives .an objoot~ve i~roduot of bot1!ii~r ~i~ld haVing 

ilighor purit:T than the known process. S3litilion 'ias oh tainad s:noothly 

in a crystallina ro-,.•a (m.g. 49 .... 53°0) WliiGr mild cQlldit1o:tls (20°c, 2 hr s.) 
.. (16) 

w1tb a consistently high yield {70-SOJ') • This ~eth.Qf\ can be applied 

also to synthesise otller thiono an."ll.oga of' saligenin C7clic phosphorus 

esters from rel·stive!y less reactive dichl.orides such ·as dinl.lt'.yl pboM-

pboramid.od1cblo:ridotbionatos (FormUla II). 

11'tUtther, it is possible in trxe rkhotten-Datman.*l procedure to 

prod\fue cyclic d1 thio.Phospb.ate ~!stars such as S-alkyl cyclirt phospb.oro-

tbiolotbiontites of saligeilin 'i.e. X = s, al. ;: S-alley'~ in tor~ula-I) 

which crumof: ba produced at all by the knoml proctlss. 

iler.erring t'lilek ti:> J)ali thiOUt W0 pinpoint 0\.1.I" ·diSC!US$iOn tc 
. (l?) 

its important propert.les · rel.ating to its stl,.uctu.ra1 d?gradation, 

isomeriztr~1or~, etc • 

.t?ure sslitbion is;; a cololu;ol.ess crystaLline powder 1 m..p •• 

55-66°C; Pl"ac.rtic~l~ insolu'bl~ 1n wat~, easil1' soluble in acetoi~a and 

b$ll2el'ae, · lf!(>d$JN~tely 410lt..tble in cyclohoxru:w, toluene and xylene; vapour 

pressure 1.5 .;( ~o-6 ~~m. Zig :r..t 25°C; tf\f A, :X ( t: ) 274 (860), 267 
. , 

(860). Salitbion has a chqracti:i<l"'is~ .. 1c ::tn band at 1020 em-- tor 



cH3), 5.21. (2111 doublet, .r1ili = lJ5 u., efial-, 6.8 - 7.2 (·4U1 . multiplet, 

bnnzenii· rin~). 

sligbtly splits tu.rthar (1..5 ltz.)., ~bi~ becomes much signific~t at 

-!Jf!l•c, ~ug~~st1ng that the ~etbfl.ene p.r•oton$ 014, liB). a.we not eq~iva­

lsnt to· eahb othtS-r, but tsll~ dl~ptiQ·s}lhot-itl rin.a is c<,~lfowmationallT 

mobile in. a solution (Flg. .3) ~ :&.r.ai. cl11stallograpbio analysis shovs 

tba1; tb.e be-tero ring ~t saUtbioi-1 is 

F~g. 3 Contorm:a'tiotla.t eh;;nge of' sal1tbion 
· hitero-riq. · · ·· · 

a tJ.alf' -··t'fb~ f'Qlla in whic'h· the' et4phlde group. is .111 eqttatoriat posi­

tion (111) ~ !file strd.n in th~ .l»itlg appears little; til& endoeyc.lic 
0 

~~-·o an~e is 104 ~- . 

~· by a · ~ .. oleQvaga occw.-tng nt · ·ttw· ~ycliwl' ~ster poup •. ·. Ano~her 

eb.-actoristic .tragmentatlon'proo~ss is. the direct loss -ot Sli f'ollo'tfed 
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Fig.=, 4;. Fragmentation of 'iaJ.ithion 1n Mass 
spectrometry • 

Salit.bion is relatively unstable in sl'iorage.: Some secondnry a-mines, 

sueb as carbazole and N-pbenyl- d.. ... napthyl rutdne, atab.U.iae the f'umu-
{Ja) ' . . 

lation • ·In a phospMte bUtter (pH 7.7), salithion is hydrolysed 

)'. slowly through openinr; of the hetero ring by the ,P..;Ll-(aryl) bond cl&avage: 



3 .. )) -- , .. 
tile bydrolytd.S :t~ato C(!tXlSl~mlt (25°{) it :: 2.tJ: X 10-<t nlill-l• ~he bfdl'GlYSiS 

:rates ot the corresp{mding cyclic nethyl phosphQnata, s .. ~ethylphosphoro­
tniol~ts (t~ ·thiolat~ isilr¥1r of sali'thion,_ ti!£10), mothwl phospna:te 

O~rilioxon), l!lltl !i-ru:ethtl pnospno:r.ami~ta are, l"espootiveoJ..y, 90, 601 6 and 

O.G times Ilr)l'e than tllat ot sml1thion. iSalitbion. is comple-~ely hydroly~d 

by b~ating at :UXl°C tor 5 min. tfith lf/6 sodium hydroxide to yielrl ealige ... 

~ nin. ~his 1s a~vl.ied tor the colcrir:letric det.(rrmination o.f Gali'thion .Ua. 

:fomulations 'by allotd.ng the formed saligar:tin ~.l react,_ atfter adJusting 
' (19, 20) 

pli 8 1 with 4-nminoanti:Pt:t"ine 6Xld then with potassium fer.ricyanide 

On onda:t-ion b:t bromine 11.at~r ~nlithion is converttld to its 

oxon (s~lio;.«m). ~~i110e salioxon (2-metbo:r.y-4U-~1312-benzodioxapbospbor1n 

2-oxide) is some thou~and times more acti:·w-e in .cho11nesiSel"EtSf: ir1hibit1on 

than sal.1tbio.n, a!~ enzymatic aet,hocl mf'ter the ondatioti eau be used tor 
' (19) 

the residue anal.YGis of salithiull 

' 
~he ~ea{ttion is greatly accelerat-ed in ~.:ten a polar sol vent 1.1s dimetbp-1-

torm.attiide. J?otiassitW c~bonatG &so assistt~ 'tb.$ i"eact.ion.. WiteJ:l me-thyl 

iodi.de is t.£s<iH:l.1 isoa~tzatiou occur':s ·tu give 2-r!i.e:thyltf:!c..!o-4fi-l,3,2-benzo .... 
(2:1.,22). . . -

di()xauoosPilol"'in-2-o:rd.de U.~BO) · Salitbion is der'neth:rlated to torm 

_J the salt of' s;al.igenm QJrolic phosphorotbionic oo.id by the action ot cer-

• 

- . (1.7) 
tain nucleoph!ls such as cyclohe:ey-lamir~ trod potassi~ dimetbyl-dithio-

(17,~!). 
carbamate · ~ ~b.o latter ~a~on.t :Ls particul:-ll"l3' suita'bla tor the pre. 

paration of' :&if»O by ~thylatiag tbe obta,ined salt with ~'lethy:L iodide., 

Mrl30 is a unique pbosphz)ryltlting agent. 'Z''he reactions or 
)( salitbiori Wfe Stlr.lrn.irlSOd in tile following· oohom.e (~ig. 5): 
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~al.itllion is a wi.de-spectrum insecticide tor use in orcbasds 

and ve~teible ga.rdena. It is .particUlarly ortective to conwol lepioop .. 

tere.n larva$, mealybugs, apb1ds ,wld mteso It exhibits the insecticidal 
(17) 

action nat only as contact. anti stoo<aeb poisons but. also as a f'uaigent • 



Pseudaphyeus m~inus, could b9 used. co-;o,PelNit.ively tor the control or 
(8) 

.comstock ~ealybug • 

1~ut.G toxic-ity to ~mal$ is moderate. w50 in mice by. oral_ . ·.·· 

attninistJ1'nt1r>..tl ls 91.3 rag/kg; tor ma.le l"ats 82:-125 mgl~:g, tor Fent~e rats 
/ '32 . ,, 

102-JBO mg./kg;. for nans 110 mg/ltg. iJali tid on >"·H}il? ap1>1ied topicalJ .. y to 
. •.' I 

hou.s&f'l.ias -~~s t-apidly ab$Drt'let1 in too ·'body ·<42%~ ~after 1 br(j l ~ :i7he major 
' y 

• L • • • ~ • :· ~ ; ~ ' '\;I, 

part. was. :dei,Y.'"-ad.e.~ in ·tile body ar.td·· about 41& of applied or 10~ of' absorbed 

Sal1tb1on ·remained ·as SalitbicOn and Salio:xon t'oC" 2.tf hrs. On the other 
32 

band, S~lithion. P adminis~t;e:red orallJ' ·to mice was ~"tpidly degl!'aded ad 

Mtnr l hr. 9 78.% of tile administered SgJ.J.tbio:l tHis hydrolysed 

in th$ boclif. After 3 brs., 56.7% was e:.roroted and only- 21t4j~ remained 1n 
(38) 

the ~dy in chlorotoPttt S·t>lttble f'!lrm . ·~ 

&bouli 10~ or SaUtbion absoFbed ~a$ found 1n ·~he ben.n plant 

ullose voots bt1d bean soaek:ed in the nutt•ient solution containing tbs 

insecticide E:ar: 10 days. 'l~hon S:.Uit!licn W$S t'11)Plied on the leaves about 

~o;i vas ab$or.l1e~ into tbe tis::~ues and Ju.ightly transl:ocated into other 

leav$s. Most or Balitilion appl.ied on laaves or applied in s()lUtion 

form vitil nutrient vaporises. ~bis causes n f'undg~at action to kill 

insact.s on the Plante 

Whe mat.aboltc J}atbways or Salitili.cm in rats and pl.ants nave 
'(4:} . 

been studied • It. uas shown thaf# the biodegradation proceeds ~ 

througll de!tiOtllY~atiaia . .?..nd ring-op~.dng by J?-0-aryl-oond cleavage. 

/ 

mOlltns With l.O ppm Salithion shoved slight decrease in ch.ol.inesterase 



~-

Salith1on. 

with 100 pPQ. 

In men and woman adm1n1sterod ·oraU.:y 0.02 mg/kg/day or 

Salitbion tor 2l. days £nllowed ,by 0.00 mg/kg/da~.r f'or 14 days, no':-9f'£ect 
. . ' 

'\Jas found in the ac:tivity of erythl!ooyte acetyl ch?lin~sterase. Cf!rcino .... 
-::.. -~·· 

genicity w:as not obserwd. !io effeet. '~as obse:r.~tad in t'ertilits -ot"' rats 

for three gen.eratione fed with 10 ppm S#'l.!thion. 

4. Other Saligenin cyclic phosphorus esters: 
¢CIIF 1 '* t7'~~-- 4A I 1 II . tL g 1 f ill 4 . •• --.a 

' (J.4,15,,l6,24,25,26,27) 
~ survey of literatures furl1ishes a 

variety or -1$aliganin cyelic pnospho...'M.ls esters in. good number, which 

have been .tlt't?!l~ared and exam.iund: tor 1nsecticidt"d activity. They involve 

ph-~sph.a.tes, phosphorothiolatas, phospooJmmidates, pb..:>sphon.at.es and their 

tbion,o ... analags. ·A comprehensive but not a eo.r~Qlete list of S.~ligenL.'l 

. and ring- ;substituted Sa'lig~ cyclic phosphorus esters is ~~iven in 

~ 
8 ~ 

A-~/2'r-R 
. 431 
6 0 

5 
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lt -J$. 

4:..1.5 

"\ 

fJQ H 25 il 

oc6•t5 B 

cGHs li 

ca 3 l:1 

cH H '>5 w 

1 .. c3~ li 

t~ c ~ oec- ~ ... a 

t-~H 9 H 

cu = ~· li 

c~<a !i 

C~Cl~Cl H 

Clla '<-·.: --u 

C2dS fi 

i~OaJ~ . ll 

Cl!aCl H 

s 
8 

0 

0 

0 

. . Q 

. '0 

.. l) 

. 8 . 

·s 

s 
B 

~ .... -I,, 

(P) 

(?) 

{PJ .'. 

(.El) 

(J!) 

(.P) 
•' '•' 

{F) 

(P) 

. (P) 

(P) 

(P} 

(?). 

.(l?) 

.{P). 

(P) 

.(P) 

(l?) 

:: = 

Liquid (~ot dist1llei) 

.. (360) 

(370) 

i4o0/o.scas0 l 

.l43v' 9°/0.3(250) 

(90°) I 

· ~10°/o.s · 

(74.0) 

155°/2,.5 

J.G0/0.8 . (5~f:l) 

139 J:1J/Oo l 

130/0.6 

120/0.6 

100/0.6 

l.46 -155/0.4 
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: . Code No. l · 1~ _1. -A .J . Jt. ·,. '. :'J . Proced\lfe* , h.p •. oO/mt!t Ug(m.p. o ) 
~ ·-:-: ~-.ot!· . =--~·-=--=~=~~~===*==========*'======== 

.. ,.. 
_;.~!..i:"-;~· ...... -~-. ~- ~~~ 

·~ ·•v' 

~ . : - ~--- :- .. _ :-

~ "" . 

. :..' . 

_ ~~ ~?~Olia .. Q - (P). . 1~1-l.ft~/0~·1 
:g ' 

· .Im:1~ . _. ?-C1ia.. 0 

. a.;.eaa -· s-m~s :a 
\ ' 

00~&. 
.. 00s.wo 

00!1. · .. ~ 

- . OOalis . 
. . 

a-cna_, 
. S...Cl'J.a 

6-.Ql 

G-Cl. 

. ·Q.~o3u., &.·01 

O..n-~Hg 6-0l 

. 00oi16 

mtcn3 

OORa 
002Rs· . 
O..n-C..;~ 

0-1 .. c3~ 
mefi"s. 
mea J 

OOHa 

OO£lia 
·O.n-~ 

QQl!a 

6-Cl 

6-Cl. 

a .. m 
S~Cl 

8-Cl 

8-Cl 

8-Cl. 

G..Claa 

6-Cfla 

6-Cfia 

?~c~ 

·0 

0 

Q 
• : ~~ • ~; >- .- .... ; 

0 
0 ·!.- ' .. '· .. 

0 

0 

0 

0 

0 

0 

·0 

0 

0 

·., ~ -; 

I . 

(P}· ·? · ..• (.93 ~ 95) 

U?). 

_(Pl 

(~) 
. ~ ' . 

.(P) 

(.1?) 

(P) 

(P) 

(,) 

-. (P) 

.. (13) 

(P.) 

(i') 

(,P) 

(;P) 

(i?) 

(P_) 

(S) 

(S) 

(S) 

(S) 

'(145-146) 
' ~ l • 

. (118 ~ 120/0.·5) 
' 1;. ' ' -

-~0.6 

13_5- l.40/().6 ; ' 

lfl&- 152/0.2 

160/0.2 

167- 169/0.15 . ·._, . 

- lB?/0.18 
'-

\ 

(148°) 

J:'/0 :-l7JIO.l5 -, 

lSl/0.:18 

lS3/0.lS 

J:l'!/0.04 
• ;. 0 

003/0.52(64 ) 

.. (128 -129°) 

(34\- 350) 

(."'l- ~) 
1) 

us - 160/o.a 
·' 

110- l.l5/0.6S 

*Pyrid.i.U.Qi (f) or · aqU$0,U,S Souium nyaron~ ,solu.tio:u(fi) was used as dolqdro-
genebloride agt?'.nt., · -· · 

**J:be$$ com.t»und$ weawa lf!'tw:tfied tbr.ou~b a111c1o: Reid Coliwm ... Cbl:'maatogras;t~Y· 
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·-~ . X l, ·;;~~:;;~-:;··l";.p.~~~ ~~:Po °C) 

1:::::::;:: :: :•: ==:::•::: ::: : : : . = : :: !::i . ======== : . 
OC2li5 

0-n-.C,a~ 

OOH..l 

OC2% 
o-n-c3s, 
.tiHCII3 
oca3 

o .. n-Ca~ 
OCH3 
oea3 

oca3 

DiiCfia 

SCfia 

:,..:.,___ :: 

7 .. Clia 

7-GHa 

s-CH3 

s.,.,G:ffa 

s-CH3 
s-cn3 

s-colis 
6-c6.a5 
a.c6H5 

6-0CHa · 

6-cecHa 
6-Cl 

6-Cl 

OCH3 6-Cl 

!UiCfia 8.-Cl 

SCUa S...Cl 

S ( S) 125 - 130/0.66 , 

s (S) 140 - 142/0.65 \ 

- \ . 
s C") 00 70iO.l5 1 

IS .. . ... ' 
. ' 

s {S) ,; 100 ~ 109/0.., 15 
: 

s ( "' 6) '- 120- l?A/0.15 

s (S) (30°) 

3 (S) O.ll ~'* 

s ·(S) ou ~* 
s ( S) Oil ** 
s (3} Paste -
s (S) Paste .:!<$ 

s (P) 170- 178/0.2 

g (P) J.75 ~ J.S0/0.25 

s (S) 160 -170/0.2 

s (~,Pj 
' 0 
72-73 ) 

s (P) (46- 47°) 

s (S) Oil :~* 

·s (S) J?;~ste ¥14! 

s (S) Paste ** 

s (S) Paste.**· 

o-n-c.r n u S (S) Paste*~ 
,"&ll& •••• ~~-~-.. :Ill 7"lZ , ·---··-· -----·----~"'·---------------

*Pyridina {.t?) or aquoous SodiWll hydroxide Snlutim:r. (8) va.~ usod as 
dehydrogenuhlol:"ida agant •. 

**These co~pomlds were purifiad through Silicic acid Col~Chl"omatograpby~ 
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., ' r I 
. " .. -,. 

°C/mlll 0 a A l ~"t Prooedu,re$ ~- Jig. (m.p. C) 
I 

~w tt ~:~au ·--· f""" , "0" ····~~·~~»tre,t 

OOI'a {6-~115 s (f.)) Paste ** a .. 
002H5 ~-

,, 
~ ( "') ~- i-?a1~te II)'* 

o..n-Cai~ it tl ~s ( :S) ,VJaste·.e* 

OClia 6•3-Cl s {S) (57 -58~ 

oo2u5 
it -~ .(S) OU** 

1\U''CH .. a a ,, s US) Oil ** 
SCl-1~ a s (B) (69 - 70) 

~~ • 5 li s (S) 145 - 147/0.2 

s .. n.c3L~ .H s (S) :L46 -150/0.25 

S-i~C3~ 11 s ( ~ .. , 
0 l.40- 143/0.l 

s..c a 35 a s <s) 140 - i\47/0.3 

S.n-0 fi9 B a (S) 160- 167/0.25 4; . 

S.C6H5 J.i -~ i)) (S) (79- 80) 

SCfl3 H 0 ()?)- '1.44. ---- 5I O.l 

e<C H ~25 a 0 (P) 140"" 5/0.04 
. 

(;) (P) J.55 "'8/0.l ~~C#-7 H 

S-lli-CH .. 4 9 H 0 (P) lffl-- 60/0.02 

SC6H5 li G (P) (00. ........ 9 } 

* Pyridine (,P) or squ(ltOus SotiiW'! bydroxi<i~ .Solution (S.) lT#.i$ used as 
dohydrogenchloride agGnt. 

~* These e~potmds wera puri!"1ed. tbrougb Bil1c.ic aaid Column .. Cbromatogl."apby. 
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~able - I (Contd. •••••• ) 

----------~----------~ ~------~ 
·~=~~· j ___ ,_ --~~-_j___: J:--~- t; . .::-~~~<:*_1~~~- owvm_ ~~m. p. Oc> 

K-19 NOOfl;, u ~ (t-rie:t.llyltw1ne) (s..,O) 

ma~I5 H Q {~) (680) 

l-35 N11Cli3 
.a s (l?) '120 - 3/0.,2 

if.-37 NliCoH 11 a (l-'>ot:as19ium e:arbon~~te) undistilled 
e~ ~ l.iquid. 

/ 
CH3 

K-36 N l! 3 (Potassitm c aJ?bonate) 1J.8 ... 22/0 ~ ··.~ 
~ 

CILJ 

caas 
.,._ ~ a/ s {Potassi'Wtl c~b.onate) J.l0/0.2 .1\..... . 

""~t~u 

* Pyridine ( Pl or aqueQ\;;.s Sodium hydroxide Solution ( s) was used as 
dehydt!'ogencbl.oride ~il;ent. 

** !h{i!se e:r;r&llOUn .. is Wt'-.li't:: pm:tii"ied thl::-ough Silicic· acid Colt:win-Cb?.'>matography.. 
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-~ 

~be resuJ..ts of: ·the 1nvest1gaeion on tba· activity - structure 

relationsbip .suggest ~hat bio1ogical.l$ active !'lUbs~a.tl4~s may have two 
. '•. -· . ... 

impol."'tant sites in t.tte moleeul.e in olt'der to mani.fes·t biological a.ctirvi­

ties;. Qat;~ ~t~r~ots actually witb a ~argot ;md ailQ'tber dooid.(JS too sptsetifi-

city in h.tologiea\. activity. !r:J.Ell biologictU. acti:vit..~es or &aligoo.in eye-

lie.-. .Pbospilt.\.ti]S ea."e f)!'~ntly inf"l;!.fa}~W~d ·b'1 the $~ycli.c substituent on 

?hosvhorus t1tom ~s show in ~~ble 2. .,-\lryl ~3ftl1genin eyclic Phosphates 

L~lL;-3, 

~ft'® ... \. .. PJ:. ,t-n~· .. ~~J.J.9~~ ... :\~l!!WiJ1tt .. sm .. J~~Plr.P£.~<:!lil~t.it!q~ . .o.t 
· Sa:t.1geuinl.1' cvclic pilosplmte$ (I) 
...... Jm m I I IIUua ... tff.;.;..."'i t• ••n I TP' _... • ••• 

0 
II 

OC
o l? 

I 
--o 

CO 
--~·r~~~~~~--~~--~--

;~l~.~e.·d·. n.euroto::r· ,~W?ii~ ~ .. ~~c. otoxi- ll~soo.· tieidal 
. j: t;o;c1c1ty M.M>a J city Ca-ef'.f!e:tent ' we 

-====6i"=,== -·=-- l tUcf! ____ 1~1~~r..1.1rulb ; ~-=====-=-=· ·~-=-
R . 

a - s 16.7 7.s (old 

1.5 -2 s.s 
200 lS.8 

liaa. & 3.\) 

- .... 

n.a. e 3.7 
l.l 

--a. t~lininlum. ataxic ao- :for b.0ns in mg/kg. 
b. A resistant atr31n.l 

9.2 

a.o 

-
a.1 
4.7 

-

(3)d 

(u)d 

0.17 
o.as 
O.Oll 

c. 60;'G t:eth~l dQ~ bJY to.t:tiam. application to bou.sstl.1ea in _/A-g/t.'Ly. 
d. Percentag;e Mrt .. 11lit)~ at ~0 ~gin;,. · 
e. Iflo ata;Cia si.gne evi.dm~t. with an.v SUl~>l~tb.al dosagea. 



manifested a higbly delayed nouroto:deitJr to eaus& at~a in nens and 
' ' (5.28).. 

high synergistic acti'V'lty :tiitb malathion •~ 5!'b.e Bll"Yl pho£1{Phonate 

an8lo;{s shoued. similar b1ological 6.Ctivitios l;,t.tt less in the neuroto­

zicity. ·li\ sb~p cont:ua$t l:;?as, ho't4ewr, observ't!id in tho cor;responding 

cyc~ie , est~s having a st1nll alkyl gr'oup on. phosphorus,. 1. e. ~-alkyl-, 

2-&J.k6~-: and ~al!tyla.."llldo-4ll- 'l,~l52-benzodioxaph.?sr>horin-2-o:tides, did 
/ ' . . . 

not eau.se a.tarl.a. in bens vit.b any sublet.hru. doses and ·weald)r po~. ntiate 
' (~" •I· V~ \ 

·the toiicitry of' ra.alathion · ,.t, · Sur,prisingl;r tn~ alkYl. derivativ~s snowed 
. (~~9) 

higll inset~ticidal aetivit)', whelN~as 'the *.rYl e.s-ters di.d nt;;t • this 

finding ha$ impelled the inventO>rs of 8alitb1ol1 to exf~i.ue the s~iaenin 

cyclic phosphate $:;rtG~rs earJ>ytng a ~au exoozrclic ~lkyl substttu.ent on 
po+en:h:~ 

'!.~it~ ..?bosphOl"U.S ato1a as A in sec t..lc1dt1 c .rmdida~t!U13• 

~he speeif"1ci ty of SrU.igenin'ft cyclic Pbosphtttes :m ·tb.e 

biological a..a·tivity relates to their selecti"<J"ity in enzym~ lllili.bitiooo 

Zhese ·pb.os])hates inhibit varlrru~ serine en-zyma$5 prob:1:blY.1 du~ to tbs 
(6,7) ·. 

fo.I*.Ilatioll Qt Sal1c;Aoxu- phosPlililylen.zymes (II) Fig. 6 by pbospbory-

la.ting tile enzyz~.::: ar·t£;1" cpenine; il!" ths c,-elie ·~stl~r st~uetu:r~ ~t th-a 

'0 

II 

ocr 
(I) 

- ll · + H- ~st ---? 

(II) 

Fig. 6·: lteaction of' Sn.ligenin cyclic Pb.osphates with 
e~stfU,""ases (H.-l~st,.) .. 



(30) 
ihe ester becomes a more selective inhibitor ot aliesterase 

when the size of exoeye11c substituent (R in I) increases, whereas it 

becom&s a m~e selective iullibitor of' choLinesterase when 'the substituent 

is small. ~bus, the 0-totyl derivative (A), f'or eAariple, inhibits 

aliesterase J.30 times More than cholinest_erase. iJ;bereJ."ore, too oxoc:r-

cl1c substi tuant of Saligenin cyclie Phosphate esters is regarded as the -

s~ee:topbore 1n biologicutl. ac.tions. 

' 

~he heterocyclic structure of Saligenin cyc-lic phosphorus 
.>- • •'. ' 

esters is uone. to eontr1wte tolr.-~ds tile delayed neurote>xicity-1 but it 
..... ::-

merely ifi.du:ces t.be chemical rEW.et1v1tY-~-o.r the Phosphorus atoa fo~ ··.~~-,~ ·· .. ~ ... -·-. 

nucleopbll~~s including the active site of esterases. 

l'n nervous 'tissues, Jobll$M round "neurotoxic estera:sen 

whicll is sptJcifieallY' $ansitive i,Q .uva to neurptoxic· organophosphorus 
(31) ' 

esters • ~be esterase 11s unlike acotylch.olinesterase but similar to 

chymotrypsin and trypsin 11). structure &C·~i vi ty .relationship ot inhibL.. , ::· :::~ 
(32) 

tors .: i\lthQugb the structure-neurotoxicity ~elationship is too 
·, 

complicated to be gmullralized, the n.~urotoxicity appears to relate acre 

w:lth the stl.'*Uctu.ee of. nonleaving group tban t.h.at or the. leaving one.' 

Neurotoxic ost.erase is vemtll'"kably resiS:ltant to most of the methyl. 
(33) 

est~~rs ~ 

With tbia brief' background o£ struc~ure-biol·ogical activity 

!"el.ationship of saligenin cyclic: phosphorus esters, &l emphasis on ·their 

speci:tie fle·~ivities eJ!leh as 1nsec.~1c1dal.1 synergistic, antiesterase, 

nemat.ooldal. rungic·1dal, etc'.' will be laid in subsequent paragraphs.~ 



' • 

6. Insect.icidal activ;ttyt 
W*Mr711'£11$cmn ,,........ P¢11'1 t "IH"t. Jdl L i:t 

:tt bas alx•<:Hady ooen stated r.uat tile e~lie estcJ:i's in any 

particular $~1"1-&s haviug a st!.iall alkyl. grou1> nave high insecticidal 
· · (S) t•·~ l-..1f "") ·c~~ ·· l··n·r'll: • • - 11. ., i a.c.t.ivity ,:.aML.e-~ • twt~;.r.. r.lerl.\ .... a~.tJres ~a !ilUCd. moli'e ootl.ve t latl 

bighe.t .. alkyl and al'"Y'l deriva~1v{&) e:2tce,Pt for phosJ)batt) seilies in which 

'ltiJYl. d~:r.·ivfltiva ~s m~)ll'e active . t~mn the metllYl one. t~, l1....01alkyl 

Pbospbo:r&l'.lii!ates are mucb. less active than ttono~atkyl der1vat1v$s. Thus, 

Saligenin c.yclic methyl phosphate,. methyl pllosphorothionate, tL.methyl 

phos,phoram1date, lif-metllyl Phosphora.midothionate., methYl phosphoPothiolata 

and ethyl pbosl;bonotb1onate al"e potent insecticides.. · !t is interesting 

to note that the exooyclic sltbst1tuants o~ the most active cycl,.c phos­

phorus esters {OCUa t NIItiH3, ~Clla1 scn3) dti".f'ur from each oth:t?r in 

electronic cbaractaristic s, btt.t resembltlS in steric pFoport.y sueh as the 

dist~Jnea (abQu.'t 2. 9A0 ) between »hosphorus and c~l:JOn. atoms ill the P-X-C 

function, if supp.osillg t .. b.e bond lltlgle of divaleu.t sulphur 1$ tteair 00° 
. (17) 

ratb~:11r thrul 109. 5° · • 



&:"feet of' exoc,yc:lie sub:r:tituent (R) <Jll inssc.tieidal ac:tivity 
••• • .... I! 11 ;wilt..,.. .. u1 =• •nt .. ,."' . • .,..l!I(JIII>t ar- =••• 1 •u•»• r r or (III) (LD50 /'g/housef'~lf). · 

~ . '. ~ ··. . . 

a X , .... -· ... 
0 

Clia o .. 1.a 

cZis O.l7 

CH3o o.~ 

c2a5o 0.33 

-s 

o.a1 
o.os 
o .. oo 
o.ao 

(,III) 

- a 

B 

Ori3S 

C.;iisB 

waxm 
~11~11 

~ 

I X 

0 

0.09 

0.23 

Oo05 

o.oo· 

s 

0.18 

0.9 

o~·04 

0.48 

~....---- "'·=··= .. ·=· =•===== ====-=-=:=q===== ==r=·==-:i:=:.:..J"'~- .. ------=-:::.....~ -'='=·=·-=====· 
(16) 

!he phospborotbiolothio:nates have not enough insecrticid:ll ac,tivity • 
-~ Xhe phosphates, phospllorotll1olates and .Phosphonates appear too unstabbe to 

be used prac·t.io allY aa insoo:t.ic ides. i'he phospbora.-n1dates are several 

titi'ies as toxic to ra~s as the phosphot·othion.ates •. 

Fw:-tllemiolro1, tile intr()duc tion. or alJV substituo.'lts on tna 

benzene ring, the betiEJl"O ringl. or tile exoouulic aster group bring$ down 
<25,~4) 

the insecticidal a.ctivi'tyo (~able-4). Zhus Salitb.ion, tile simplest 



~ 

I 

~ ,-

phospb.orothionate, \'ras the most promising compound as insecticide 

amongst all the series of Saligenin cyclic phosphorus esters. 

Effect of substituent {R) on insecticidal activ:ity 
-~-·- ----·.,~---..--..~~~ 

(LD50 f<a/housen~). 
_..-,.;._.._......... • a& ~-

--'---

R X R X 
s 0 .S 

H ·o.o5 o.oas · ·s.cl J..75 
. ~ (Sal:tthion) ( ~B;lioxon) 

0 

o.og 

4..;CH3 ."!' 3.35 a ... c1 0.13 0.23 

6-CH3 2.;00 .o.J. (3-CH3 0 0 30 o.,aa 
I . 

7~CH3 0 23 .. . . . 0,43 fo .. cH3ocHo -. (-~ 
3.5.5 0.99 

a..:.CH3 1.36 2;0 ~.-Cl .. 2.07 

,~ outstanqing contrast in the effect .of para-substitution 

bet;.wee:p. Salithion series and parathion :i.s noteworthy~, The inseetiei.., 

·· .. dal. activ:l,ty of diethyl phenyl phosphorothionate (V) is progressively 

:\ncreased by ~substitQ.tiqn or .phenyl ring in the increasing order of 
' ·- ' ' . 

~he eJ,.ectron..;;\vitbdra\'ling activity of the substituent, 'tvhereas neither 
- ' ' ' ~ ' . 

electro~vithdrawing nor el~tron;..relea.sing group enhances the activity 
(17) . . 

of' Salithion (IV) (Table-S) • ;rt seems evident, therefore, that 

the P-0-C (aryl) bond of the hetero ring of 3alig~in cyclic phosphorus 

esters wiJGhout any substituent anywhere, neither in benzene I'ing nol' 



i 
1n betero cyclic ring,. a!)pe~s to be optimum tO'/!' tbe vef'..ct1vitV to phos­

plltlrylato cboline sterase to kill the insects. 

Ettect or p.suosti~ution on insecticidal activity o£ Salitnion 
__ ....__"*""" ....... .__ B I l 18Cl:M: a .. b , f 11 l 141111 ..... $a;QA¥ 11\11 ®IE'-IIJ:JZUQ# l ·-l· t~Wd .. l EJ J II ......... 

ooa3 
Clia 
li 

c~s 
C'l 

OOOfia 

NO 2 

(IV) .anti paratbiml (\f) series. 
I i If' :1!!11!148:W: ;:a ... L 1 i ;(tFIJf ' •• UOIIU!IIIt1ftllli!!lftl~ 

(I'/) 

-0~263 

-0.'170 

o.ooo 
+0.000 

+0.2~..6 

: ,. ; . ~ ~ .. ' 

9.2 

2.6 
J.OO .. Oi: 

12.8 

3.0 

a.i l~~~'s substJ;tuen.t constant. 

(V') 

O.l 

0.1 
0.>1 

-
0.33 

100.0 

b,., .Pereent-nge of the ~st active eomp6und m eaeb $Gries. 

_, 
' 



S:be reaetiri:ty of' too cycliC, phosphat.e est0cr oft Sal.ig~ is 

surp~1singly grt~n~~~r than "f~.Jhi'At ia expaet~d from too acidity consid~ra.tion 

of fl-:ali~enL"l# t.houp;h the hetel?'Q•l~ing i!'S ~ot £au.eb str~1iucd an.d the endo-_ 

eye l.ic J-P.,a Jail!~ of l38lith1on ( 104°) is in the r"&a"lgB of ant~ a o.r acylic 
i4" 

phospbtite es~3rs (lQI~ - loo0) J. Kauy five and six-m.utitl-ered c,vclie 

pbospborus esters nave bean prepared from 1,2 .. ~and. l 1 3-alkaned:iols \and 
. . . . - .. . - . . (35)'. 
exa.etmed !:ol.• antiest&t,.ase a"l.d ins~c:tio1dal: 'S,(ftivit.ie·s by F~uto and 

(36) 
Bdmoodson .. :Z:nese cyclic- >'nst•~.s sbowed i:Lt.gil Jre~1;..ivity but exhibited 

onlY !>oor an.tiehol:lnastet>ase at4d inaaeticridal acti'!Tities. Cyclic pbos­

pb.Ql-.othionates or CaiZoohol .inhibit plasma cholinesterase but st'-J.OW e.lmost . 
(31) 

no insootic,idal. actiV'iey • ~:llerefo.r<b, tile lligll act1vity o~ Saligenin 

cyclic pho-sphprus ester~; mQJr ba attribut,ed tf1~a spocial heterowring 

involving .Qll enol atld a ben~l a.ster ltnk:agi3 • 

Si)t]te known s;rstcrnic insnctlcid.es, such aB Scll:radan ( Octamethyt 

P".fl~opbosphoramidO) and ttli)af<>x (M,l~ • .... diisopl~opyl.-phosplw~odimnidio 

flu.ol"i<ie) • ilave poospb.oreside linkage. fin an.atogy _, 1t d(!;emad proi:~able 

tbat Saligen.in cyclic ph.osphortts esr:o0rs cml &s,o be endowed l11th systemic. 

insecticidal aetiviey by the introduction oi'' an alkyJ. ~ino gr{)up on tho 

:Phospllo:rus r::1tom. ActuallY 1. &sl1gailin cyclic !~mGt!¢ liillosphor&'11date and 

pb.ospboramidothion.ate (2-me;t~.Ylmt~ido-4.\I-~,3,2 l.llenzod~oxaphosphorin-2-

ox.ide and Slll.Ph1de) l?Gllead.ed ~ eonsidev~bla sYstemic .insoot.ic1dal acti:ttity-
, ($) 

against riee siie~borers and g~aan r•.iea l~Gf'hop_pers on :rice plants • 
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iie:f'erring ~0 the metabolism or trJ.-o-toyl ,Phospht:tte 
(6,11) 

~A v~vR i~ is reaso~'lble t1> stippose tna.t Saligenilt c~clio· Phosphorami­

dates might be produced .19 .YW .from di-o .. tolyl phospboramidates. On 

examinati~)n1. di-o-tolyl fJ-metbyl pllOsl)horamidate 'l;i!'as f'?~d to exhibit 

·systemic L'lsectieidal activity again.st rice stem-bor~r • It 1.1as 

metabolically tl"ansf'ormad i.nto the active cyclic est~ by the homogenate 
(9) . 

of' rice stflm-bo~s but not that or rice plants • S~lithion showed 

more Ol_9 lesB .s.rstemic ae:tivit.Y against afmywoN and mite. 

8 •• Synergistic activity:· 

$aligen.1Jl oyc lie ary~ phospbates and l)hospnonates have 
. . . (28,29) (39) 

sYnergistic activity ~aith Malathion agaiast insects and taites 

particularly agaiost their resistant st~ains (Xa~le-2) • 

At l.aast two esteJr.asas baving ttw tlbility to hydrolyse 

Halatb.ion or its phenoxy carbonyl homologue are detected 1n tile homoge­

nate of ~be resistant strain li. One q~lJ~ these is moro potent and specific 

esterase tor bydrQlysis o.t lila!atbion. Both the esterases are completely 
(40) 

inhibited by Saligenin cyclic phenyl pbospbll.te ~ For tbe resistant 

strains of' red citrus mit~s, l,anonychys eitr:l i4oGregor1 Saligenin cyclic 

pheeylphosphonate displayed a bigb synergistic action '\tith .rlalathion, by 

inhibiting t;.he degradation of' carbox,.vlic ester linkage in Malathion 
(4~) 

molecule ... 
is the mosi; active synergist agail'lst resistant housef'l1es and gr-een rice 

led-hoppers. 

9. ~\n1(~e~er:as,~ .!9:\i.vJ..J;:t::; 

Hef~rtJnc.e has already been madfil that the s~eificity in 
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J3iological aet!btities ot" Saligenin cyclic pbusphorus asters ~e re­

markably inSJ.u.enced by th£: ste1?ie characteri$tics of the exocyclic 

suh.s'l?.ituent on tile phospb.oru.s at~. ~~his ~ evident t~h~ ona compm:oes. 
(30) -

their speciti.ci1j1ee in mu;ym.G ir'Jtib!i.-tion t) Sal:igenin cyclic· pb.os-

phorus estel!s reacts 1\ii'th nool.oophUic agcn.ts.. 1nc.l.u.d.in}i as_teras@s, to 

~he ct.teEJical and biologieal atttlivitias ot 1~nroo ~~epresen ... 

tat1ve Sal.is;e.uin csctie as~rs, mer;byl, pllosphrrt'te,. phenyl phosphat~ a!ld 

0 

1\ 

o"-....p -Y 

0:0) 
(Vl) 

-...:~~~~-; ... - t -- r----, ----~-- ~ 

'I:T i Kbyd 1soCb.E I! IooAliE i C/ A I LDa • 1 i" -~i'** , _a+&~~:· 
.J. l .,,a l X :toB H X 108M I ,. 50 l ayner~ $fa !l ·YQA,.\.Q; 

' X ..J.V- I I . r . (lf'f} ( 1:') I l 
~ .mm·l. t v l .'-\\ ~ L j t 

:~-.;;::;;";.,.~"~f==;;;;:.;:;:::.::..,.~;::;:;::::--~.!::S"r:~=~~·~~~;;:::::~..::;;-:;."!"!:"':.:b.:::.=.~~~:-::_._..-;;::.;::;:~..l:=-:::::--..:~-...:!:':~!::~.!::!~~~~-= 
ocn3 l.!tl 7.6 f}."l O. 9 o. 04 0.6 n. a 

00
6

H
0 

6.3 1.55 1.4 119 J.0\3) 2.3 2 

. c6n5 12 .. 8 sa a. a 27.B . ~o(o) 2.s 200 
-~.-:;4?/notiseri:Yi--=~=---,""=-- ___ .. --- __ _, ___ ·**COt'O~ .... iti-~a;;:.eriie:tOO."t1"',.,~" ----- =~~,. 
*'** F.d.nirmlm at~..ic dose: in hens (mgkgJ; n,. a.. no ataxiae 



gnoapbata is v~~ry ootivo: .as an inn:tbitor of' ehol.ines~~seo HoveveL'", 

the highly natl.l"otoiltic' aryl pbospnata :is a poor inb.ibi:t.Gr or chol.ines­

t.et.•ase but is a l/{1J'J?if spec.if"ic iunibitor of' alie.ster~s&. Tho less 

l.O, Bematoe1dal "'~tivitt;,"'': 
IIP1 •• 1 44 l I d bt t tA !U • S. I .M 

A number of Sal.1gon.in cyc-lic phosphorus esters are effective 
(29) . 

to kill nems-atodea •. ii-!~ethylpho$Phoramidato is mos~ aetive but N,N-

dit!ethylpbosphor':dtlidmto is inaetiv~ against tOO. no.n...paras1titt soil 
(26) 

n®latode ·abe'bdit:.i.s suspended in wat~r · · .. · . ·Owing to 1nstabi11;t:y in 

water, the ~yelic phosphtltas and phosphonates ara practically inactive 
(M) 

but tb.eir thiono anilloa;®s ~1tre eon$iderl1blY active ag~inst fthB.bditis 

Some Seligquin cyclic aryl ,phosphonotbionates are more ei"!oot1ve 

~gainst th0 rice white tip n(}tnatode (Atlh.elencho1~ies oosseyi Cbr-1!;tie) 

than the cyclic lq_methyl phtH;:phor ara1dato5 tbougll th~ t ormo rs aret poor 
. (4.3) . 

.. 

in insecticidal il(lti.vity ,. ~hese nt".11PbosPbonoth1onates also show a 

high t~!rtivi.ty agail""lst f'Uar1a 111 cot.ton rats (Id:tomosoides Carinii) .• It 

is intef'{l!$ting to ;~:tote that tbese aryl.phospt~?thionrlt'tes are poor 

inseetitlides,. whereas t.hey at .. e more il<Jtent to kill nematodQs tha.n 

Salitbion1 auggestir112: the cb:olinesterase or other el"itie~d tal"'get of · 
(l7) 

nematodes raay differ in nature nora &be insect cholinestel~ase • 

. liooentl~ soma ph.?sphoroth1ol~J;e esta•s,. pi\ll!t~uln:tlT flavin£! 

,$-benzyl este;t--limt('~ga• have ber~n developed as i"ungic·ides. H-Beuzyl-01 



in ~actice tor control orr ice blast disaass,. S-~kyl Saligenin cyclic 

phospborotb1olate esters, which heve rio S..ben.eyl esw - linkage but 

iJ-benmyl anri S..alkYl e$~tn .. linklages, were exe.td.nad f'or fungicidal. act!-
(~,~) . . . . 

v1t1 • ~ley were found active not only as insec~ieides but also 

as f'ungi<rides. Some Qf them are aff'ooti1re to protect rice fJlants from 

·rice-blast disease caused by the intection of ~icularia prY:r.ae. !&tbyl 

Md n-bu_tyl esters are most promising as fungicides. . . '.' 

~he B-aUtYl cyclic. pbQsphorothiolates inhibit not only serine 

enzymes in.eluding cbolinesterase but also Sl:i-onzym.es such as Papain and 
(4-5,46) 

alcohol. dehydrogenase • ~he ae:tivity to inhibit SH-enzymes 

appears to r~lat.e to .fungicidal ac.tivity. The cyclic phosphorotbiolates 

(a) are highly reec~ive and rapidly S-alkyl O..Sal.icyl hydrogen ph.ospno­

rothiolates (b) wbiab. may reac.t readily with nucle.ophiles like aereaptan:• 

to alkylate them. 

0 
II 

(:(1-$~ 

l 
Q(

oH 0 
\I 

Ct\2-0 -P -sR 
\ 

DH 

Fig.?; Phosphorylation and alkylation reactions l)y Saligenili 
cyclic. phosphorotb.iola:tes. (fi' 011 ~ alcohol & serine 
eu.zyee; .61'~Ul = llle:r.eaptans nnd Sli-enzym.es). 



i 

~ 
\ 

lt is t-he open.-ringed 0-~dro:q benzyl ester- wldcn actually 

inbib1ts the alcobol debytirogenase instead of' Saligenin cy~lic hydrogen 
(8) . . ' 

phoz;pba'l~e .(ia.bl{l!-7) • Xhe ll¥-dr'oq gl"OUJ~ in the ortho position may . . ' 

promote the alkyls.t.ing prop&.rtY' of' benzyl ester• .giving a benzyl carbo-
(45) . . 

ftlum ion • . t 

·. !~' .... • < 

-r--------
:~ea~tio:• t~i th~· .Iso alcohol~ debydro-
~J'steine*. · genasa x lt'PM 

~.,.e::::::_ =-=·==-=~-=======!:!.-=-==-=•~• ~ .. -~•-~•-=r..._... "" ___ ..__.-. 

SCH3 

C H 
66 

oa 

+ 

s.o 
... 

*S-stibstituted cystaille was pJ?oduced (+) or not (-) at pll 7.6, 

25°C i:o:r 30 min. 
-4._ 

~* No inhibition occured at 6 x ~0 r.t. 

*** Cyclohe:ql~niwn salt was used. 



tw~n f"ungie.ida.l. S...baneyl .Pfiosgh:~l!oth1oi;a·~es and 1nte~d:iate parti.~l 
,\?/ . 

hydl"ol.y~ate ot sal:ig&nin cycl.ie PlM>sphorotbiola~s. · t1atabol1c bydlto-

;tJlation et t.he pm!"a or ortbo posit.i<lll o£ ~s-~enzyl i)bos;>bor.oMliolate 
.. 

'fne higb biologi.<:al aot1v1ti~s of ~aliganill cy_clia Pl'"&Os­

pb.orus eom~ounda may be att;ribu;ted to· the lwtex-o-rin1; invol v:L11g enol , 
--rz ~c..~~ ~ b.f r~~1'17vit.b4 ~..- s~ e."'3'a"..:. lit~ 

and benzyl @star linkag;e.s. ~he al,.k~i·lation,~~. an!l fungicidal ac t1vity. j 

l'hs phospbol!'ylation r-eaction is 1respousible for esterase ibllih1tion, 

and animal t.oxi<.-i.t:,r and in:seat.i<:'idal aet1ld.ty. 1\n exoo,yclic subGti­

tuent &;roup affects physical .eJl~~ biologittal proper't1es by '\Tirtue of its 

electronic:. :rind st~r!c ehar~t;eristics. 5:'hu.s5 methylpnosphol"othionat€:1 
' 

is useful as an !nsectioide,. aJ.r.rlam:tq.nrtes nave systemic activity, aUtY­

latttidopoospbol"'othiul..at.-as have :t'Ungicidal activity, phenYl pb.osphonates 

hRV~ ~t:t:fU~tr.·.ia.t flt}tivity11 and aryl ~pb.ospfl.!l~es ~e neurol.';oxic and have 

S:f-'i€'2 gil :~t:tc 00 t:t vi ty. 



~-

-~-

J.. Smith, 1~.1., aJ."ove, ;i;. end 
l1'!1'azier,· ~.f.li. · 

. . . 

4. '\i'b>A 11,.:.1. IA@.gei>IJc 
• . ·.ol.3l#vl '.& _. - -

: T~iochem.~ Pb.nrmaeol. 6 1 177-1881 
(1961). - . 

: ·Organophosphorus Pesticides: , 
organic and JSioobemical Chemistry. 
C~C Press, Cleveland, (1974). 

· t Biochem. Pllarraaeol, 12, 73..831 
(1963). . - . 

. : Pestic1d~ Cb.emistT,f Vol.-I,' Insecti .. 
cides • • s~. by X:ahOP.i, A.B. , Gordon 
a: :Br~ach. Sci:.ence l~b., l:tonilon, 311-
323 ( lSf/2). 

~o. 2aylo:r, J:4D,,.. an.d. mt~J~, H. s. . : lro:d.col. Appl. Pn1arraac:ol. JJ,, 529-
s:n, (1007}. 

l.l. Eto, M., ~atsu\l,. s. and· Oshima, == -Agr. J3iol. Gbem. ~~ 870-875, (l'di3) 
. I. . 

12. Eto, MQb 1tinoehita1 
T. and .· $bima.1 t. 

13. Eto 
' 

M. and Osh:ttaa, 

14. Oshima, x. and 
•;,_.,,. 

.wt¥-o,, 

15. Eto, 1-1., ,itinoshita, 
1:. and Oallhla,. Y. 

16. itobayashi, it. 1 Bito,, 
s. and. Osll:U~a, 

y .... 

Y., 

.X. 

M. 

X' •. , 

j.o> .. . .~., 

Kato.1 

Kato, 

liira11 

: liiature ~' i?l-172, (1963}. 

: A1~r. Bioi. Ghenl. £§,, 452-459, (1962). 

1 u.s. Patent a, 4781 133 (1969). 

; i\gr •. Biol. Chem. ,!Z11 789-794, (1963} •. 



_17. Eto, M. 

19. Bto,. H. and Miyamoto, · J. 

; aeview ot Plant P.rotect~on-Reseer.eh, 
~okYQ, Japan, VgJ.-91 l-201 (1976). 

: British Ptltent 11 2~1 l2J.; Cbem. 
Abst. 751, 34-1:93 (J.91l). 

:: •lnalytical l-2ethod for Pesticides 
and. Plant Grovth Regulntors, Vol. 
VII;: ~d. by Zweig,~ G.·; Academic 
:Pl"ess1 rlow York, J?-43l.440, (1973). 

20. Eto, l~•.t liagata, a.. and 0$himat.: 3. ~e\gr •. Cllem. Soo. .Japan, ai!t 311-
. ~;:. - ~ ' ,. ., '316,. (1965). . . 

- ,. •• ~ ·::· ..). • -. 'f • "- ·, -:: • 

21. Sasaki, 1-i., Ohkava, H. and Bto,: J. Fac. Agr .. , Y~srtQ. Um:¥ .. JZ, 173-
M. 180,. (1973). . 

22 ·t~~ u: <:•r.o ... "'··-= :..ll- · 'T-.1: M .;; ~,o-}o,.,.,..""eA"""'~"" Lstt:&'M<s d~, 4 ... ~3.-_. 4~~, - • 4;;,~01 &'4a t •)t;;o.S~•t ·~•-t ....._01 n• 1 ••>~"'• fLU ~'""·"'• """" ~ ~;;. ~ 
Bto, M.--;£. and I:Jhkava1 li. (197~). 

23. -Sas6dti,. H. ~d MWt~, K. . t Japan ~ka1 74 261. 290;. · Cneza., Abst • 
. BJ., aas. (1974) • 

24. Eta, M., l'1snimoto, K •. , : 
lflatSUfatUUi\_,. K! 1 Oh$h~ ta,_ tl. · 
and Osbima1 Y. · 

25. ~to, U: 1 ~bayasb1,. K., . 
oa,samot.U~ l:_._, Chon,~, a •• cl. 1_ 
Aik:rv1a1 1:. 1. Kume, . .t • and 
Oshima, Y. 

-~ 30 l.Sl-185. \1966) • -· "' 

.; Botyu..Kagaku1 ~~ 73-77, (1988). 

26.· ~to, _ _}J!., Kobr;yasbi1 K•tra!a.t~, : A{~. Biolo ·ahem. 29t 243-248 1 (l.C}65). 
. . ~- .. , -Koj ;una; K. and Osll . ,_ :!£. 

27. Koboyasb:l, u:. t ~to, 14. 1 Osllim.a, : jjQ'tyu-itagaku,. ~. · 165-169, (1969~ • 
X., Mirano,. T. 1 Hosoi• t. and 
\4ak:amori1 s. . 

28~ Bt.o1 M.,. Osllima1. X .• ,. Kittlkato,. :· Botyu.ltagaku1 :tL1 33-381 (1966). s.,. ~aun.ka,. F. ;)llt:1 .O.ojif:Ga,1K. 

-ao. ~to~ t!._~ llana.ua1. K~, Navaazu, 
X. and U$hima1 Y •. , 

'31 .. Jotmson,. H. 1{.,. 
/ 

' a1ocham.1 J. ~. 523-53li (1970) • 

: :6ioohem. Phalr.macol, ~' 791..S05t 
(1975). 



33.~ >r\ldridga1 1~.li. ood J'ohn.son., i>'i.Ko :: Bull. \ild. tilth .. Or"g. tie 259-
263, (1971) • 

. · 34. 1Cobayt:isll1, .Ka 1 lUran.~, !C., 
~alt~Qri,~. s .. , Et.o, !1..,. ~nd 

.. ~hima, :t. 

;}5. .atU FoJru·to• l: .. R •. and 14~tcat..f, 
a.t. . 

39. takaha.sil1, z., tiaito, T., Iyatomi,-' Botyu-Kagaku a:lt ~3-23, (::1972). 
K. and. 1'to1 I-1. · 

40. Ohkawa, !'1·, B~oJt 1-i. '.· Oshima, x., · : Botyu-i\.agah.,;L ~;. J..39-l4:61 (Jl:/68). 
tanaka, 1.~. ana umeua, K. 

41. Tak.ahashi, Y .• ~ Saito, ~., Iyatomi,: Botyu; .. Jttigak.u ~' 13.-..21, {19~.3.). 
1\.. and Eto, h. 

;. Biocb~r!tical. Toxicology ·of !nser~ti­
cides. · E'd. by O'BI'"ieu, R.D., and 
~an:v-moto,. ~.,. st~ad~!.c Press, £'few 
Yorlt, P-~ 93-J.041 (1970). 




