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I  N T R O D U C T  I O N

P la n t p r o te c t io n  ch e m ica ls  p la y  an im p o rtan t r o l e  

to w ard s ach iev in g  s e l f - s u f f i c i e n c y  in  th e  p ro d u ctio n  of food# 

fo d d e r and f i b r e .  P e s t i c id e s  w ith  t h e i r  h ig h e r  c o s t - b e n e f i t  

r a t i o  th an  th a t  o f  f e r t i l i z e r s  have become one o f  th e  e s s e n t i a l  

in p u ts  in  modem a g ricu lt\ a re  and so  th e  q u a l i ty  o f  p e s t i c id e s  

i s  o f  utm ost im portance f o r  n o t o n ly  ensxiring b e t t e r  e f f i c a c y  

b u t a ls o  assxxring s a f e t y  t o  th e  xjsers and environm ent* As a  

r e s u l t  v a rio u s  tyxses o f p e s t i c id e s  a r e  b ein g  p rep ared , and 

t h e i r  p e s t i c i d a l ,  t o x i c o l o g i c a l  and o th e r  p r o p e r t ie s  a re  being  

s tu d ie d  ev ery d ay . Of th e s e , organophosphorus compounds i s  a  

c l a s s  in  which q u ite  a  la r g e  number o f  compounds h«ve been 

s iT ith e s iz e d  and exam ined as e f f e c t i v e  p e s t i c i d e s  ( 1 ) .  Owing 

t o  th e  wide d i v e r s i t y  in  t h e i r  p e s t i c i d a l  a c t i v i t i e s ,  th e s e  

organophosphorxjs compounds have won epoch-m aXing p o p u la r ity  fo r  

u s e  in  f i e l d  as p o t e n t i a l  p e s t  c o n t r o l l i n g  a g e n ts . D isco v e ry  

o f  S a lig e n in  c y c l i c  ph osph ate as a  b i o l o g i c a l l y  a c t i v e  m e ta b o lite  

o f  t r i - o - t o l y l  phosphate ( 2 ,3 )  has le d  t o  e x te n s iv e  s tu d ie s  on 

s y n th e s is  and ch em ical, b io ch e m ica l and b i o l o g i c a l  p r o p e r t ie s  

o f  many r e la te d  compoiands ( 4 , 5 ) .  Of them S a l i th io n  (2-m eth oxy— 

4H -1, 3# 2 -b e n z o d io x a p h o sp h o rin -2 -su lp h id e ) h as been produced in  

a l a r g e  q u a n tity  and p r a c t i c a l l y  used as an i n s e c t i c i d e  in  

Ja p a n  (1« 5) .



Vario\is c a s e s  o f  p o iso n in g  due t o  0 - c r e s y i  

I^ o sp h a te  (TOCP) led  t o  an in te n s iv e  r e s e a rc h  in  t h i s  

f i e l d  ( 6 , 7 ) .  The phosphate t r i e s t e r s  o f  c r e s o l s  have been  

w id e ly  \3Sed in  in d x js trie s  as p X a s tic iz e rs #  lu b r ic a n ts , s o lv e n ts ,  

o i l  a d d itiv e s  e t c .  L a te r ,  A ld rid g e  and B am es observed  t h a t  a l l  

n e u ro to x ic  a r y l  phosphate, e x c e p t  tr i-E > -e th y  1 -p h en yl phosphate, 

had a t  l e a s t  one a lk y a l group c a r r y in g  th e  cL -hydrogen atom on 

t h e  o rth o  p o s it io n  ( 6) • T h is s t r u c t u r e - n e u r o t o x i c i t y  r e la t io n s h ip  

o f  t r i a r y l  phosphate became c l e a r l y  u n d e rs ta b le  by th e  i s o l a t i o n  

and c h a r a c t e r i z a t i o n  o f  th e  a c t i v e  m e ta b o lite  (M) was 0- t o c y l  

s a l ig e n in  c y c l i c  p h o s j^ a te . T h is ccxnpoxind (M) was about 100  

tim e s  by th e  dose o f  20 mg/kg in  m ice* T(X:p p o te n tia te d  th e  

t o x i c i t y  o f M alathion 4 tim es by th e  dose 100 m g/kg; (M) was 

te n  m illio n  tim es more a c t i v e  th an  TCXJP in  th e  ^  v i t r o  

i n h ib i t io n  o f  plasm a C h o iin e s ^ te ra s e  (4 ) .  The c o n v e rs io n  o f  

TOCP in to  a c t iv e  m e ta b o lite  (M) p ro ceed s in  two s t e p s ;  th e  f i r s t  

s t e p ,  which i s  c a ta ly s e d  by m ix e d -ftin c tio n  o x id a se s  (m fo), 

in v o lv e s  th e  h y d ro x y la tio n  o f  a  r in g  m eth yl group; th e  second  

s t e p  in v o lv e s  th e  c y c l i z a t i o n  o f  t h i s  in te rm e d ia te  p ro d u ct to  

(M) through in tra m o le c u la r  tra n s p h o s p h o ry la tio n ; th e  l a t t e r  

r e a c t i o n  i s  c a ta ly z e d  by plasm a album in (7 )•  o
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In  th e  c y c l i s a t i o n  r e a c t io n , no a lk y l  e s t e r  group p a r t i c i p a t e d  

as th e  le a v in g  group (4) • A c tu a lly  a lk y l  n o t a r y l  s a l ig e n in  

c y c l i c  phosphate was formed ^  v i t r o  from a lk y l  d i - o - t o l y l  

phosphate (8) • Such m e ta b o lic  co n v e rs io n  o f  TOCP o r  i t s  

an alo g s was observed in  hens ( 3 ) ,  r a t s  ( 3 ) ,  c a t s  (10)# and 

i n s e c t s  (9 ) .

A ry l s a l ig e n in  c y c l i c  phosphates have shown no 

i n s e c t i c i d a l  a c t i v i t y  bu t m a n ife ste d  a high delayed  n e u r o to x ic i ty  

t o  ca\jse a t a x i a  in  h e n s ; s u r p r is in g ly  th e  co rre sp o n d in g  c y c l i c  

e s t e r s  (b oth  P=0 and P==S compounds) having a sm all a lk y l  group  

on phosphorus re v e a le d  h ig h  i n s e c t i c i d a l  a c t i v i t y  ( 2 , 1 0 ) .  As 

a r e s u l t  o f  t h i s  r e s e a rc h  s a l i t h i o n  was d isco v e re d  by th e  

p e s t i c i d e  re s e a rc h  group o f  Kyushu U n iv e rs i ty  in  Jap an  in  1963  

and was developed in to  a com m ercial i n s e c t i c i d e  in  1968  by 

Sumitomo C hem ical Co*

The c y c l i c  phosphate and phosphonate e s t e r s  o f  

s a l ig e n in  a re  r e a d i ly  s y n th e s iz e d  by co n d e n sa tio n  o f  s a l ig e n in  

and s u b s t i tu te d  p h o sp h o ry ld ich lo rid e s  in  th e  p re se n ce  o f  a  

d e h y d ro ch lo rin a tin g  ag en t su ch  as t e r t i a r y  amine in  a  d ry  

s o lv e n t  l ik e  ch lo ro fo rm  o r  to lu e n e  a t  low te m p e ra tu re  ( 10 )•

In  some c a s e s  where th e  r e a c t i o n  i s  a f f e c t e d  d i f f i c t i l t y  by 

xising t e r t i a r y  amine, th e  r e a c t i o n  h as been made t o  p ro ce e d  

by h e a tin g  th e  m ix tu re  f o r  10 t o  20 h ou rs in  th e  p re se n c e



o f  anhydrous potassixain c a rb o n a te  to g e th e r  w ith  co p p er  

powder ( 12) in s te a d  o f  t e r t i a r y  am ine.

Such compomds which a r e  prodiaced by th e  method

em ploying a t e r t i a r j ’̂ amine/ in c lu d e  th e  compomds h avin g X=6

1 I  2and R = methoxy in  form ula (I )  anc X = £i, R = H and R = a lk y l

c o n ta in in g  more th an  one carb on  atom o r  R^ = R^^= a lk y l  in  th e

form u la ( I I ) ,

I  I
The p ro ce ss  u sin g  p otassiu m  c a rb o n a te  i s  made t o  p ro ceed  by a 

r e a c t i o n  between liq u id  and s o l id  p h a s e s . T h e re fo re , even i f  

p o ta s s i i^ . ca rb o n a te  i s  employed as f i n e l y  d iv id ed  pow cer foriJV 

i t  o f te n  ca u se s  a rem arkab le lo w erin g  and f lu c tu a t io n  o f  th e  

y i e l d  (12) • Thvis S a l i th io n  was f i r s t  p rep ared  w ith  in c o n s is te n t ,  

and o fte n , v e ry  low y i e ld  by h e a tin g  ( 9 0 ^ 0  s a l ig e n in  and m ethyl 

p h o sp h o ro d ic h lo rid o th io n a te  in  to lu e n e  f o r  a long p e rio d  (more 

th a n  15  hours) in  th e  p re se n ce  o f  anhydroias potassiu m  c a rb o n a te  

t o g e t h e r  w ith  cop p er poweieT as c a t a l y s t  (13) •

T h is d i f f ic u l ty ^  v;as, overcom e l a t e r  by ap p lyin g  

th e  w ell-know n Schotten-Batam ann a c y l  a t  io n  p roced u re u sin g  

an aqueous s o lu t io n  o f  sodium h y d ro x id e  ( F i g . 2) •
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A c a r e f i i l  o b se rv a tio n  o f  l i t e r a t u r e s  fiirn ish es  

( 1 2 ,1 3 ,1 4 ,1 5 ,1 7 ,1 8 / 1 9 )  a  v a r i e t y  o f  S a lig e n in  c y c l i c  phosjdiorus 

e s t e r s  in  good nuiabers, w hich have been p rep ared  anc examined 

f o r  i n s e c t i c i d a l  a c t i v i t y  as w e ll as o th e r  b i o l o g i c a l  p r o p e r t ie s .  

They in v o lv e  phosphates, p h o s p h o ro th io la te s , phosphoram idates, 

p hosphonates and t h e i r  th io n o an alo g s#  A com prehensive but n o t  

a co m p le te  l i s t  o f  s i .l ig e n in  and r in g  s u b s t i tu te d  s a l ig e n in  

c y c l i c  phosphorus e s t e r s  i s  g iv en  in  T ab le  1 ,

I n s e c t i c i d a l  A c t iv i ty  :  The i n s e c t i c i d a l  a c t i v i t i e s  o f  v a rio u s

s a l i g e n i n  c y c l i c  phosphoriiis compotmds in c lu d in g  phosphates (15 , 13) 

phosphor am idates ( 20) ,  p h o s p h o ro th io la te s  ( 1 8 ) ,  phosphonates ( 21 ) 

and t h e i r  th io n o  an alogs ( 1 6 ,1 4 ) ,  have been ta b u la te d  (Table I ) ,  

The s a l ig e n in  c y c l i c  compounds in  any s e r i e s  h av in g  an a ry l  

g ro u p  as an e x o c y c l ic  s u b s t i tu e n t  on th e  E^osphorxas atom have  

e i t h e r  poor o r  no i n s e c t i c i d a l  a c t i v i t y ,  b u t sm a ll a lk y l  

d e r i v a t i v e s  have high i n s e c t i c i d a l  a c t i v i t y .  The i n s e c t i c i d a l  

a c t i v i t y  appears t o  r e l a t e  w ith  th e  s i z e  o f  th e  e x o c y c l ic  

s u b s t i t u e n t  on th e  phosphorus atcxn. M ethyl d e r i v a t i v e s  a re  

much more a c t iv e  than  h ig h e r  a lk y l  and a r y l  d e r i v a t i v e s ,  e x c e p t  

f o r  phosjdnonothionate s e r i e s  in  w hich e th y l  d e r i v a t i v e  i s  more



a c t i v e  th an  methyl d e r i v a t i v e .  N ,N -d ia lk y l phosphoram idates a re  

m\jch l e s s  a c t iv e  th a n  N H -alkyl d e r i v a t i v e s .  I t  i s  i n t e r e s t i n g  

t o  n o te  th a t  th e  e x o c y c l i c  s i ib s ti tu e n t  o f  th e  most a c t iv e  

compound in  each s e r i e s  (OCH^ SCHy NHCHy CH2CH2) d i f f e r s  

from  each  o th e r  in  e l e c t r o n i c  c h a r a c t e r i s t i c s ,  b u t i s  s i m i la r  

in  s i z e  and resem bles in  s t e r i c  p ro p e r ty  su ch  as th e  d is ta n c e  

(a b o u t 2 ,9  A®) between P and C atoms in  th e  P-X-C function#  

i f  th e  bond angle o f  b i v a le n t  S i s  n e a r  90*^rather th an  109.5*^.

The p h o sp h o ro th io n o th io n ates  a re  n o t enough in  i n s e c t i c i d a l  

a c t i v i t y  (T ab le I) • The p h osp h ates, p h o s p h o ro th io la te s , and 

phosphonates a re  to o  u n s ta b le  t o  be used p r a c t i c a l l y  as i n s e c t i c i ­

d e s .  The phosphoram idates a r e  s e v e r a l  tim es more t o x i c  to  

mammals than p h o sp h o ro th io n a te s . I n tro d u c tio n  o f  any 

s u b s t i tu e n ts  on th e  benzene r in g , th e  h e te r o  r in g  o r  th e  e x o c y c l i c  

e s t e r  group d e cre a se s  th e  i n s e c t i c i d a l  a c t i v i t y  (T ab le  I) • Thus, 

th e  s im p le s t  p h o sp h o ro th io n ate , S a l i th io n , was th e  m ost u s e fu l  

compound as th e  whole s e r i e s  o f  s a l ig e n in  c y c l i c  phosphorus 

compoxinds* S a l i th io n  i s  a  broad spectrum  i n s e c t i c i d e  f o r  \xse 

in  o rc h a rd s  and v e g e ta b le  g a rd e n s . I t  i s  p a r t i c u l a r l y  e f f e c t i v e  

f o r  c o n t r o l l in g  aphids, m ite s , mealybugs and le p id o p te rs n  l a r v a e .  

I t  m a n ife s ts  th e  i n s e c t i c i d a l  a c t io n  n o t o n ly  as c o n t a c t  and 

stom ach  poisons but a ls o  as a  fu m ig an t.

The sy s te m ic  a c t i v i t y  o f scane s a l ig e n in  c y c l i c  

phosph oram id ates a g a in s t  r i c e  s te m -b o re rs  and g reen  r i c e



le a fh o p p e rs  on r i c e  p la n ts  a re  o b serv ed * M ethylphosphoram idate  

i s  more a c t iv e  than Schradan lout, l e s s  a c t i v e  th an  Thim et a g a in s t  

r i c e  le a fh o p p e rs . A g a in st r i c e  stem -lao rers  c y c l i c  

N -raethylphosphoram idothionate i s  s u p e r io r  t o  Lindane and 

D iazin o n * S a l i th io n  a ls o  showed more o r  l e s s  sy ste m ic  a c t i v i t y  

a g a in s t  armyworm and m ite*  No sy s te m ic  a c t i v i t y  was ob served  

in  o t h e r  compounds*

N em atocjd al i^ s tiv itv  : Some s a l ig e n in  c y c l i c  phosphoram idates

and phosphoram idothioiiates a re  v e ry  e f f e c t i v e  in  k i l l i n g  

nem atodes (Table l l )  ,  N -m ethylphosphoram idate i s  most a c t iv e ,

£>ut IM, N-dimethyl-phospnoraniidate i s  in a c tiv e  again st Rhabditis  

sp * suspended in  water* H iosphates and j±iosphonates a re  alm ost 

inactive^  bu t th e ir  thiono analogs a r e  e ff e c tiv e *  S a lig e n in  

cycJLic phenyl jAiosphonothionate e x h ib it high a c t i v i t y .

F x in q ic id a l A c t i v i t y  : S a l i th io n  h as no f u n g ic id a l  a c t i v i t y

(T a b le  I I I )  .  Some o f them a re  e f f e c t i v e  t o  p r o t e c t  r i c e  p la n ts  

from  r i c e  b l a s t  d is e a s e  (due t o  i n f e c t i o n  by P y r i c u l a r i a  o rv z a e ) • 

E th y l  and n -b u ty l p S io sp h o ro th io lates a r e  m ost prcanising as 

f u n g i c i d e s .

S y n e r g i s t i c  A c t i v i t y  : S a lig e n in  c y c l i c  a r y l  ph osph ates

and j^ o sp h o ra te s  have s y n e r g i s t i c  a c t i v i t y  w ith  M alath io n  a g a in s t  

i n s e c t s  and m ite s , p a r t i c u l a r l y  t h e i r  r e s i s t a n t  s t r a i n  (2 4 ) .  

7 -m e th y l-2 -p h e n y l-4 H -l , 3, 2 , b en zo d io xap h o sp h o rin -2  o x id e  i s  th e
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m ost a c t iv e  s y n e r g is t  a g a in s t  r e s i s t a n t  h o u s e f l ie s  and g reen  

r i c e  le a fh o p p e rs . F o r  th e  r e s i s t a n t  s t r a i n s  o f red  c i t r u s  

m ite , Panonychys c i tw i  (M cG regor), s a l ig e n in  c y c l i c  

phenylphosphonate showed good s y n e r g i s t i c  a c t io n  w ith  M alath io n . 

S a lig e n in  c y c l i c  a lk y l  phosphates and p h o sp h o ro th io n ates a re  

o n ly  a c t i v e  as s y n e r g is ts  o f  m alath io n  a g a in s t  h o xaseflies and 

g re e n  r i c e  leafh o p p ers*

A n t ie s te r a s e  a c t i v i t y  : The i n s e c t i c i d a l  s a l ig e n in  c y c l i c

m eth yl phosphate (S a lix o n ) i s  v e ry  a c t i v e  as an inhiJD itor 

o f  c h o l i n e s t e r a s e .  However, th e  h ig h ly  n e u ro to x ic  a r y l  

p h o sp h ate  i s  a poor i n h i b i t o r  o f  c h o l i n e s t e r a s e ,  b u t i s  a 

v e r y  s p e c i f i c  in h ib i to r  o f  a l i e s t e r a s e  ( 1 , 2 2 ) ,  The le s s  

n em otoxic a ry lp h o sp h a ra te  o ccu p ied  an in te rm e d ia te  p o s i t io n .

In  any s e r i e s ,  when th e  s i z e  o f th e  e x o c y c l i c  s u b s t i tu e n t  

i n c r e a s e s ,  th e  compound becomes a more s e l e c t i v e  i n h ib i to r  o f  

a l i e s t e r a s e ;  in  c o n t r a s t ,  th e  compoxind c a r r y in g  a sm all  

s x ib s t i tu e n t  i s  a more s e l e c t i v e  i n h i b i t o r  o f  c h o l in e s te r a s e  

(T a b le  IV )• A rylphosphonates a re  more s p e c i f i c  in h ib i to r s  o f  

p s e u d o c h o lin e s te r a s e ; a lk y l  ph osph ates a re  l e s s  s p e c i f i c  and 

a r y l  phosphates a re  in te rm e d ia te *

A nti-S H  Enzyme A c t i v i t y  i The s a l ig e n in  c y c l i c  p h o sp h o ro th io la te s  

(T a b le  I) have high a c t i v i t y  t o  s a l i c y l a t e  (a lk y la te )  m ercap tan s  

and t o  i n h ib i t  "SH enzymes" such as a lc o h o l  d eh yd rogen ase(1 2 , 19) •
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The a c t i v i t i e s  seem to  be r e la te d  w ith  fia n g ic id a l p ro p e rty  

b u t n o t w ith  i n s e c t i c i d a l  a c t i v i t y ,  S a lig e n in  c y c l i c  j^ o sp h o ro -  

t h i o l a t e s  a re  p a r t i a l l y  h y d ro ly zed  by opening o f th e  h e t e r o c y c l i c  

POC (a r y l )  bond# more e a s i l y  th an  phosphate e s t e r s .  I t  was ^  

d em o n strated  th a t  th e  h y d ro ly s a te  o f  s a l ig e n in  c y c l i c  m ethyl 

p h o sp h o ro th io la te  i , e ,  0-o rth o -h y d ro x y  b en zy l s -m e th y l hydrogen  

p h o sp h o ro th io la te , re a c te d  w ith  m ercaptans t o  g iv e  s a l i c y l  

t h i o e t h e r s  (19)•  These o b se rv a tio n s  in d ic a t e  t h a t  th e  s a l ig e n in  

c y c l i c  p h o sp h o ro th io la te s  may r e a c t  w ith  c h o l i n e s t e r a s e  to  

p h o sp h o ry la te  i t s  s e r in e  h y d ro xy l group and may, on th e  o th e r  hand, 

be h y d ro ly zed  to  th e  0-h y d roxyb en zyl e s t e r s  w hich r e a c t  w ith  

” SH enzymes’* to  a lk y la te  t h e i r  t h i o l  grou p , '*SH enzymes'* may be 

e s s e n t i a l  f o r  th e  l i f e  o f  fxingi.

The high b i o l o g i c a l  a c t i v i t i e s  o f  s a l ig e n in  c y c l i c  

phosphoriis compounds may be a t t r ib u t e d  t o  th e  h e te r o r in g  in v o lv in g  

e r o l  and benzyl e s t e r  l in k a g e s *  The a lk y la t io n  r e a c t io n  may be 

r e s p o n s ib le  f o r  “SH-enzyme** in h ib it io n  and fv m g ic id a l a c t i v i t y .

The p h o sp h o ry la tio n  r e a c t i o n  i s  r e s p o n s ib le  f o r  e s t e r a s e  in h ib itio n *  

and i n s e c t i c i d a l  a c t i v i t y  and anim al t o x i c i t y .  An e x o c y c l ic  

s u b s t i t u e n t  group a f f e c t s  p h y s ic a l  and b i o l o g i c a l  p r o p e r t ie s  

by v i r t u e  o f  i t s  e l e c t r o n i c  and s t e r i c  c h a r a c t e r i s t i c s .  Thus, 

m eth y l p h o sp h o ro th io n ate  i s  u s e fu l as an i n s e c t i c i d e ,  a lk y lam id ates  

h a v e  sy s te m ic  a c t i v i t y ,  a lk y l  j^ o s p h o ro th io la te s  have fx m g icid a l  

a c t i v i t y ,  phenyl f^ o sp h o n ates have a n t i f i l a r i a l  a c t i v i t y ,  and 

a r y l  ph osph ates a re  nem otoxic and have s y n e r g i s t i c  a c t i v i t y *
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T ab le  1

S x ib stitu te d  S a liq e n in  C y c l ic  R iosphorus E s te r s  w ith  
R iy s ic a l  P ro p e r tie s  and I n s e c t i c i d a l  A c t i v i t y .  ̂ _

R X P ro ced u re b .p ,  C/inm 
H g(m ,p .°C )

LD^q( jx g /h o u se fly )

0CH3 H S (S) 55-56°C 0 .0 5

H 0 (p) 1 1 0 - 2 ° / 0 .0 5 0 .0 3 5

0-n -G 3H^ H 0 (P) 1 2 9 - 3 2 ° /0 .0 5 7 ,1

0-n-C^Hg H 0 (P) 1 5 0 - 4 ° / 0 .0 5 10(40J4)

H s (p) LlquidC not d i s t i l l e d ) -
0 .3 3

H s (p) (36°C ) 2.0

CH5 H s (P) (3 7 ° ) -

CH3 H 0 (P) 1 4 0 ° / 0 ,5  (3 5 °) -

^ 2^ 5 H 0 CP) 1 4 3 - 9 ° / 0 .3 ( 2 5 ° ) 0 .1 7

i ^ 3 H 7 H 0 (P) (8 0 ° ) 0 .3 3

Sec^^Hg H 0 (p) 1 1 0 ° / 0 .5 7 .0

CH-CH^ H 0 (p) (7 4 ° ) -

CH-CH2 H 0 (P) 1 5 5 ° / 2 .5 0.68

CH C I2 H 0 (P) 1 6 0 ° /0 .S ( 5 1 ° ) 10 ( 60}4)

CH^CH^Cl H 0 (P) 1 3 9 - 1 4 1 ° / 0 .1 0 .9 9

CH3 H 0 (P) 1 3 0 ° / 0 .6 0 .3 1

^ 2 « 5 H s (P) 120° / 0.6 0 .0 8

i^sHv H s (P) 1 0 8 ° / 0 .6 0 .0 9

C Hf l H s (p) 1 4 6 - 1 5 5 / 0 .4 1 .1 4
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R A X P roced u re b.p*°C /r«n
HgCm.p,°C)

^ 5 0 ^  A

OCĤ 6-CH3 0 (P) 1 3 9 - 1 4 0 /0 .3 0 .1

“ 2«5 6-CH3 0 (P) 1 5 2 - 1 5 6 /0 .3 0 .4

OCH^ 7-CH3 0 (P) 1 0 9 /0 .0 5 0 .4 3

7-CH3 0 (P) 1 4 1 - 1 4 7 / .0 1 7 .2

T^H a 0 (P) C 9 3 -9 5 ) 10.0

NHCĤ 7-CH3 0 (P) C 145-146) 0 .1 4

OCH3 8-CH3 0 (P) 1 1 8 - 1 2 0 /0 .5 2.0

8-CH3 0 (P) 1 6 5 / 0 .6 2 .1

°^ 6 « 5 8-CH3 0 (P) 1 3 5 - 1 4 0 /0 .6 10.0

CX̂ Hg 6-CL 0 iP) 1 4 5 - 1 5 2 / 0 .2 0 .0 9

6-CL 0 (P) 1 6 0 /0 .2 0 .1 3

0*~n»“C rj 6-CL 0 (P) 1 6 7 - 1 6 9 /0 .1 5 0 .7 0

O-n-C^Hg 6-CL 0 (P) 1 8 7 /0 .1 8 2 .5

6-CL 0 (P) C890) 10.0

NHCĤ 6-CL 0 CP) Cl 48°) 0 .0 9

(XHs 8-CL 0 (P) 1 7 0 - 1 7 1 /0 .1 5 0 .2 3

° ^ 2 « 5 8-GL 0 (P) 1 5 1 /0 .1 8 0 .1 5

O-n-C^^^ 8-CL 0 (P) 1 8 3 /0 .1 8 0 .3 0

0- i - C 3H^ 8—CL 0 (P) 1 3 7 /0 .0 4 -

^ 6 « 5 8-CL 0 CP) 2 0 3 / 0 . 5 2 C540) 10.0

NHCH3 8-CL 0 CP) C 128-1290) 0 .3 0

OCH3 6-CH3 s CS) C 3 4 -3 5 ° ) 2.0
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R X * P roced u re  b.p.^C/mm LD^q ( ju g /h o u sefly )
Hg(m.p,®C)

6-CH3 S (S) (7 1 -7 2 ° ) 10.0

0-n -C 3H^ 6-CH3 s (S) 1 5 8 - 1 6 0 /0 .2 10.0

OCH3 7-CH3 s (S) 1 1 0 - 1 1 5 /0 .5 5 0 .2 3

0—n-C ^ 7-CH3 s (S) 1 4 0 - 1 4 2 /0 .6 5 7 .5

OCH3 8-CH3 s (S) 6 8 - 7 0 / 0 .1 5 1 .3

8-̂ Ĥ s (S) 1 0 8 - 1 0 9 /0 .1 5 3 .0

0-n-C3H^ 8-CH3 s (S) 1 2 0 - 1 2 4 /0 .1 5 7 .5

NHCH3 8-CH3 s (S) (3 0 °) 3 .6

OCĤ 6-CgHs s (S) O il ** 0 .4

S-CgHs s (S) O il ** 0 .5

0-n -C 3H^ s (S) O il ** 1 .0

OCH3 6-OCH s (S) P a s te * * 0 .5 5

OCH3 6-CCX:H3 s (£) P a s te * 2 .5 0

OCH3 6-CL s (p) 1 7 0 - 1 7 8 / 0 .2 1 .7 5

NHCH3 6-CL s (P) 1 7 5 - 1 8 0 /0 .2 5 0 .0 6

SCH3 6-CL 8 (P) 1 6 0 - 1 7 0 / 0 .2 -

OCH3 8-CL s (s) (7 2 -7 3 0 ) 0 .1 3

NHCH3 8—CL s (P) ( 4 6 -4 7 ° ) 0 .0 9

SCH3 H s (S) ( 6 9 -7 0 ° ) 0 .1 8

H s (S) 1 4 5 - 1 4 7 / 0 .2 9 .0

S -n -C 3H^ H s (S) 1 4 5 - 1 5 0 /0 .2 5 2.2

S - i - C 3H7 H s (S) 1 4 0 - 1 4 3 /0 .1 5 .0
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R X * P ro ced u re  b .p .  C/rnm
Hg(m .p,^C)

LDgQ ( ^  g /h o u se fly )

H S (S) 1 4 0 - 1 4 7 /0 .3 1 .7

£-n-C^Hg H S (S) 1 6 0 - 1 6 7 /0 .2 5 10 .0

H S (S) (7 9 -8 0 ° ) lO(OJi)

s c h ^Cmtbo) H 0 (P) 1 4 4 - 1 4 5 /0 .1 ( 4 4 ) 3 .0

^ = 2«5 H 0 (P) 1 4 0 - 1 4 5 /0 .0 4 1 1 .2 1

S -n -C 3H^ H 0 (P) 1 4 5 - 1 4 7 /0 .0 7 9 4 ,5 0

S - i - C 3H^ H 0 (P) 1 5 5 - 1 5 8 /0 .1 1 7 .2 3

S-n-C^Hg H 0 (P) 1 5 7 - 1 6 0 /0 .0 2 2 11 .8

SCgHs H 0 (P) (8 8 -8 9 0 ) 7 3 .6 1



T ab le  I I

S a l ic :e n in  C y c l ic  R iosphoram idates and Phosphoram idothionol 
I n s e c t i c i d a l  A c t i v i t y  t o x i c i t y  and n em ato cid al a c t i v i t y .

14

X N
LD50

( ^g/gpn) (R ic e  
stem  b o re r)

LD^q mg/kg
g reen  r i c e -  Mouse 

l e a f  hopper

Miniraian 
C one ( ppm) 
to  k i l l  
100 *̂
nehatocles*
R h a b d itis

0 NHMe 2 .8 4 0 .4 5 . 0 - 7 . 5 10

0 NHEt 2 2 .2 9 3 .5 3 0 -5 0 1 0 -2 5
0 m n P r 3 3 .6 0 3 3 .0 50 2 0 -5 0
0 i\!H±Pr 1 0 3 .3 4 .3 5 0 50 5 0 -1 0 0
0 NhnBu 214 400 50 2 5 -5 0

0 N (Mo) 2 1 3 -8 0 4 .0 - 200 (la^ )
0 N (E t) 2 1 6 7 .5 1 3 4 .1 50 1 0 0 -1 5 0
s NHMe 4 .8 4 4 .1 2 0 .3 0 25-50

s NHiEt L iq u id
(u n c is  t i l l  able)

3 6 .2 5 - —

s N(Me) 2 - - - 5 0 -1 0 0

s N (E t) 2 - - - 200(30^4)

s OMe
(S a l ith io n )

1 .1 3 3 0 .6 88 -

0 DMe
(S a lio x o n )

2 .1 6 1 .8 52 -

P a ra th io n 3 .4 3 3 .6 5 -7 -

M alath ion - 0.8 347 -

D-D m ix tu re - - - 800(85TO

(M ixtu re  o f  1# 3 
d ic h lo ro  propene
and 1-2  d ich lo ro p ra n e )
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T ab le  I I I  

S a lia e n in  C y c lic  F h o s p h o ro th io la te s F u n g ic id a l  a c t i v i t y '

R P r o t e c t i v e  v a lu e (%) 
a g a in s t  P .o rv zo e

T h e ra p e u tic  
V alu e (%) to  
P . o r ’/zoe

250 ppm 100 ppm 50 ppm 25 ppm a t  200 pjsn

CHj(MTBO) 100 100 100 8 4 .3 7 .1

= 2»5 100 9 3 .7 9 2 .5 8 1 .5 100

n - C j H y 100 5 7 .1 34 - -

i - = 3 “ 7 - 6 8 .7 3 4 .4 - -

n - O ^ H g 100 9 1 .7 9 3 .3 7 5 .6 9 7 .6

= 6 « 5 5 0 .2 - - - mm

S a l i t h i o n 52 ( a t  
500 ppm)

- — - -

H inosan 100 - 86.2 9 5 .2 ( a t  250

B l a s t i c i d i n e - S 9 8 .5 - 8 6 .3 - 9 7 .6

P e n ta c h lo r o - N- 9 8 .8 9 3 .5 0
b e n z y l a lc o h o l

103931
, n * *

t t
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T a b le  IV

The In h ib itio n  o f  Hoviseflv, Human Blood# Hogae» 
Seirum«-Esterases by some S a liq e n in  C y c l ic  
ghosphorus Compounds.

•̂ 2

H o u se -fly
I 3q(i>0X1 O®

ChE A li  E

Human
I 5q(M)

p-ChE

Blood  
X 10®

t-C h E

H orse
I50(M )

A li  E

plasm a 
X 10®

M alath ion ase

OCHj H (S alio xo n ) 7 .6 8 . 4 1 .8 1 7 .0 280 620

OC2H5 H 1 3 .2 2 .1 1 .6 2 5 .0 240 -

H 5 0 .7 3 .0 - - - -

0-n -C 4Hg H 3 7 .5 2 .3 - - -

H 155 1 .4 0 .5 12 .0 120 120

= 6 « 5 H - - 0 .6 5 7 2 .0 180 470

= 6«5 ™ 3 - - 1 . 6 68.0 230 -

O H l-2-CH j H - - 1 .3 3 9 .0 200 -
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