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SUMMARY 

O p t i c a l l y  a c t i v e  0-p-cyanophenyl  0 - e t h y l  p h e n y l p h o s p h o n o -  

t h i o a t e  ( c y a n o f e n p h o s )  (l., and 0 - e t h y l  0-p-n i  t r o p h e n y l  p h e n y l -  

p h o s p h o n o t h i o a t e  (EPN) (21, o r g a n o p h o s p h o r u s  i n s e c t i c i d e s ,  w e r e  

l a b e l l e d  w i t h  carbon-14  a t  the p h e n y l  r i n g  o f  the p h e n y l p h o s p h o -  

nothioic a c i d  m o i e t y  f o r  u s e  i n  m e t a b o l i c  s t u d i e s .  The 

s y n t h e t i c  p r o c e d u r e s  w e r e  shown i n  F i g .  1 .  T r e a t m e n t  o f  

benzene-14C w i t h  p h o s p h o r u s  t r i c h l o r i d e  i n  the p r e s e n c e  o f  an-  

h y d r o u s  a luminum c h l o r i d e  f o l l o w e d  b y  s u l f u r i z a t i o n  w i t h  s u l f u r  

g a v e  p h e n y l -  C6-phosphonodichloridothioate (2). R e a c t i o n  o f  1 
w i t h  e t h a n o l  g a v e  0 - e t h y l  phenyl -14C6-phosphonchlor idoth i~ te  

(5). i i y d r o l y s i s  o f  2 g a v e  (i) - 0 - e t h y l  pheny~-14C6-phosphono-  

thioic a c i d  ( A ) .  O p t i c a l  r e s o l u t i o n  o f  2 w i t h  b r u c i n e  a f f o r d e d  

(-)- and (t) - e n a n t i o m e r s  (& and 2 1 ,  w h i c h  w e r e  c h l o r i n a t e d  

w i t h  o x a l y l  c h l o r i d e  t o  g i v e  (-)- and ( + ) - c h l o r i d o t h i o a t e s  (g 
and g), r e s p e c t i v e l y .  C o n d e n s a t i o n  o f  and w i t h  p-cyano-  

p h e n o l  y i e l d e d  (+)- and (-)-cyanofenphos-(phenyl- Cg) (la and 

- l b )  i n  the o v e r a l l  y i e l d s  o f  4.0 a n d  4.5%' r e s p e c t i v e l y .  

S i m i l a r l y ,  c o n d e n s a t i o n  o f  & and 2 w i t h  p - n i t r o p h e n o l  a f f o r d e d  

( + I -  and  ( - ) - E P ~ - ( p h e n y l - 1 4 C 6 )  (& and b) i n  the o v e r a l l  y i e l d s  

o f  4 . 2  a n d  5 . 5 % ,  r e s p e c t i v e l y .  
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INTRODUCTION 

0-p-Cyanophenyl 0 - e t h y l  phenylphosphonoth ioa te  ( cyanofenphos ) ( i )  and 0-  

e t h y l  0-p-n i t rophenyl  phenylphosphonoth ioa te  ( E P N ) ( )  have i n s e c t i c i d a l  
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a c t i v i t i e s  u s e f u l  f o r  t h e  c o n t r o l  of many i n s e c t  S ince  t h e s e  

compounds c o n t a i n  an asymmetric phosphorus atom i n  t h e  molecule,  o p t i c a l  

isomers are p o s s i b l e .  

phosphorus compounds show d i f f e r e n c e s  i n  t h e i r  b i o l o g i c a l  a c t i v i t i e s  and 

t o x i c i t i e s  due i n  p a r t  t o  t h e  d i f f e r e n t i a l  metabolism of  

t h e  metabolism of racemic, (+ ) -  and f-)-cyanofenphos,  t h e  enant iomers  l a b e l l e d  

with carbon-14 a t  t h e  cyano group were a l r e a d y  ~ y n t h e s i z e d ' ~ !  

g a t i o n s  by u s i n g  t h e  l a b e l l e d  compounds, i t  became appa ren t  t h a t  cyanofenphos 

I t  has  been known t h a t  t h e  enant iomers  o f  organo- 

To compare 

I n  t h e  i n v e s t i -  

was biodegradated i n  r e l a t i v e l y  e a r l y  s t a g e  t o  g i v e  cyanophenol r e s i d u e s  and 

phenylphosphonothioic a c i d  r e s i d u e s .  

r e s i d u e s ,  i t  was r e q u i r e d  t o  p r e p a r e  t h e  enant iomers  l a b e l l e d  wi th  carbon-1.1 a t  

t h e  a c i d  moiety.  

To c l a r i f y  t h e  me tabo l i c  fates of  t h e  ac id  

In  t h i s  pape r ,  w e  d e s c r i b e  t h e  s y n t h e t i c  methods f o r  t h e  p r e p a r a t i o n  o f  

14 o p t i c a l l y  a c t i v e  c y a n ~ f e n p h o s - ~ ~ C ~  and EPN- 

t he  a c i d  moiety.  

C6 l a b e l l e d  a t  t he  phenyl r i n g  o f  

DISCUSSION 

Figure 1 i l l u s t r a t e s  t h e  r e a c t i o n  sequences f o r  t h e  syn theses  o f  o p t i c a l l y  

a c t i v e  ~yanofenphos-(phenyl-~~C6) ( l a  - and g) and EPN- (phenyl-l4Cg) (g and - 2b).  

0-Ethyl  phenyl-14C6-phosphonothioic a c i d  ( 5 ) ,  - an important  i n t e r m e d i a t e  f o r  

t hese  compounds, was syn thes i zed  i n  t h e  fo l lowing  manner. 

r e a c t e d  with phosphorus t r i c h l o r i d e  i n  t h e  p re sence  of anhydrous aluminum 

chlor ide")  t o  y i e l d  a complex o f  dichlorophenyl-14C~-phosphine-aluminum c h l o r i d e .  

The complex was immediately s u l f u r i z e d  w i t h  powdered s u l f u r ,  and subsequent 

hydro lys i s  o f  t h e  r e s u l t i n g  p roduc t  with 5% h y d r o c h l o r i c  a c i d  gave phenyl- c6-  

phosphonodichlor idothioate  (5) i n  88% y i e l d ,  based on benzene- Cg. Ester i f i -  

c a t i o n  of 3 wi th  e t h a n o l  i n  t h e  p re sence  of  t r i e t h y l a m i n e  a f fo rded  0 - e t h y l  

phenyl-14C~-phosphonochloridothioate (4) i n  77% y i e l d .  

small amount o f  0 ,O-diethyl  phenyl-14C6-phosphonothioate was produced as a by- 

product  b u t  removed by column chromatography on s i l i c a  g e l  w i t h  hexane-benzene. 

Hydrolysis  o f  5 wi th  2 N  potassium hydroxide s o l u t i o n  a t  room temperati ire f o r  70 

Benzene-14C6 was 

14 

14 

In  t h i s  r e a c t i o n ,  a 
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(5a ) :  - ( - ) - an t ipode  (z) : (+)-ant ipode 

p-cyanophenol -> 
OC2H5 o r  p-ni t rophenol  

(s): ( - ) -ant ipode 
(e) : (+ ) -an t ipode  

( l a ) :  - X = C N ,  (+ ) -an t ipode  
(e): X=CN,  ( - ) - an t ipode  
(2a ) :  - X = N O z ,  (+ ) - an t ipode  
(2): X = N O z ,  ( - ) - an t ipode  

Fig.  1. The r e a c t i o n  sequences f o r  t h e  syn theses  o f  o p t i c a l l y  a c t i v e  

cyanofenphos- (pheny1-l4Cg) (la, - l b )  and EPN- (phenyl-l4Cg) (Za, 2b) 

h r  gave t h e  racemic a c i d  (5) - i n  a q u a n t i t a t i v e  y i e l d ,  

Ohkawa et al. r e p o r t e d  t h a t  u n i a b e l l e d  0 - e t h y l  phenylphosphonothioic a c i d  

r e a d i l y  formed c r y s t a l l i n e  b r u c i n e  sa l t s ,  which were used t o  effect  an o p t i c a l  

r e s o l u t i o n  o f  t h e  acid"! We s u c c e s s f u l l y  a p p l i e d  t h e  method f o r  t h i s  r ad io -  

a c t i v e  p r e p a r a t i o n .  Thus, t r ea tmen t  o f  t h e  racemic a c i d  (?) wi th  an  e q u i v a l e n t  

o f  b r u c i n e  i n  methanol gave t h e  d i a s t e r e o m e r i c  b r u c i n e  sa l t s .  R e c r y s t a l l i z a t i o n  

o f  t h e  salts from ace tone  gave t h e  s a l t  o f  ( - ) - an t ipode  as t h e  head c rop .  

r e s i d u e  ob ta ined  from t h e  mother l i q u i d  was then  r e c r y s t a l l i z e d  from methanol t o  

g ive  the  s a l t  o f  (+ ) -an t ipode .  Treatment o f  t h e  sa l t s  o f  ( - ) -  and (+ ) -an t ipodes  

wi th  1 N  hydroch lo r i c  a c i d  gave t h e  d e s i r e d  ( - ) -  and ( + ) - a c i d s  (2 and $) i n  17% 

and 21% y i e l d s ,  r e s p e c t i v e l y .  

4.76) f o r  2 and +11.l0 (c=5.68) f o r  s. 

The 

The [a];' va lues  i n  chloroform were -12.6' (c= 

Some i n t e r e s t i n g  o b s e r v a t i o n s  have 
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F ig .  2 .  E f f e c t  o f  c o n c e n t r a t i o n  on t h e  s p e c i f i c  r o t a t i o n  o f  

0 - e t h y l  phenylphosphonothioic  a c i d  i n  chloroform 

been made w i t h  r e s p e c t  t o  t h e  s p e c i f i c  r o t a t i o n  o f  t he  a c i d s  (5 and E), t h e  

r e s u l t s  of which are shown i n  F i g .  2 .  A s  can b e  seen  from Fig.  2 ,  t he  s p e c i f i c  

r o t a t i o n s  o f  t h e  ac ids  are a f f e c t e d  by t h e i r  own c o n c e n t r a t i o n s  i n  chloroform.  

For example, by i n c r e a s i n g  t h e  c o n c e n t r a t i o n s  o f  t h e  a c i d s ,  one o b t a i n s  l a r g e r  

a b s o l u t e  va lues  f o r  t h e  s p e c i f i c  r o t a t i o n s .  Aaron et a l .  r e p o r t e d  similar 

obse rva t ions  on t h e  s p e c i f i c  r o t a t i o n  o f  0 -e thy l  e thy lphosphono th io i c  a c i d ,  and 

suggested t h a t  it should be p o s s i b l e  t o  c o r r e l a t e  t h e  a c i d  d i s s o c i a t i o n  c o n s t a n t  

and t h e  observed r o t a t i o n  . (9) 

Attempts t o  o b t a i n  o p t i c a l l y  a c t i v e  0 -e thy l  phenyl-14C6-phosphonochlorido- 

t h i o a t e s  (5 and 2) by c h l o r i n a t i o n  o f  t h e  a c i d s  ( s a n d  z) wi th  commonly used 

phosphorus p e n t a ~ h l o r i d e ( ~ ’ ~ ~ )  a f fo rded  u n s a t i s f a c t o r y  r e s u l t s .  For example, 

hhen % w a s  t r e a t e d  with less than 1 . 5  e q u i v a l e n t s  o f  phosphorus p e n t a c h l o r i d e  

which was f r e s h l y  sublimed be fo re  use ,  t h e  d e s i r e d  p roduc t  (e) was ob ta ined  

on ly  below 30% y i e l d  a l though  i t s  s p e c i f i c  r o t a t i o n  was maintained as h igh  as 
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t h a t  o f  t h e  u n l a b e l l e d  a u t h e n t i c  sample.  

amount o f  t h e  c h l o r i n a t i n g  agent  was used ,  t h e  y i e l d  o f  

s p e c i f i c  r o t a t i o n  cons ide rab ly  dec reased  due t o  t h e  r acemiza t ion  t a k i n g  p l a c e  

du r ing  t h e  r e a c t i o n .  

be r e a d i l y  a c c e s s i b l e  i n  moderate y i e l d s  and h i g h e r  s p e c i f i c  r o t a t i o n s  by 

t r ea tmen t  o f  t h e  a c i d s  (2 and z) i n  halogenohydrocarbon medium wi th  o x a l y l  

c h l o r i d e .  C h l o r i n a t i o n  o f  and i n  ch loroform wi th  3 e q u i v a l e n t s  o f  f r e s h l y  

d i s t i l l e d  o x a l y l  c h l o r i d e  a t  room tempera ture  f o r  4 h r  gave 5 [[a]:' -80.6" ( c=  

4 .71 ) ]  and - 4b [ [ a ] i O  +77.4O (c=5.27)]  i n  86% and 87% y i e l d s ,  r e s p e c t i v e l y .  The 

[a], va lues  were h i g h e r  t han  t h o s e  d e s c r i b e d  i n  t h e  l i t e r a t ~ r e ' ~ !  

On t h e  o t h e r  hand, when a l a r g e  

i n c r e a s e d  b u t  i t s  

After  i n t e n s i v e  i n v e s t i g a t i o n s ,  4" and % w e r e  found t o  

Condensa t ion  o f  s a n d  2 wi th  p-cyanophenol i n  t h e  p re sence  o f  anhydrous 

14 potass ium carbonate") gave o p t i c a l l y  a c t i v e  cyanofenphos- (phenyl- 

[[a];' +39.Z0 (c=2.71) ]  and 5 [ [ a l to  -38.9" (c=3.21) ] ,  i n  t h e  o v e r a l l  y i e l d s  o f  

4 .0% and 4 .5% from benzene-14C6, r e s p e c t i v e l y .  

from hexane r e s u l t e d  i n  t h e  improvement o f  t h e i r  s p e c i f i c  r o t a t i o n s ;  [a],, 

(c=2.40) and -43.0' (c=2.84)  f o r  and &, r e s p e c t i v e l y .  S i m i l a r l y ,  r e c r y s t -  

a l l i z a t i o n  o f  t h e  u n l a b e l l e d  fi from hexane a l s o  improved i t s  [a],, v a l u e  o f  

- 3 2 . 2 '  (c=4.30) t o  -40.5' ( c=2 .52 ) .  

t h e  mother l i q u i d  was confirmed t o  be chemica l ly  pu re  by TLC and GC a n a l y s e s ,  and 

t o  be i d e n t i c a l  w i th  t h e  a u t h e n t i c  sample (L) i n  t h e  ana lyses  by I R  and NMR 

c 6 ) ,  la 

R e c r y s t a l l i z a t i o n  o f  2 and & 
20 +41.9' 

The r e s i d u e  ( [ a ] i O  -8.2') r ecove red  from 

s p e c t r a .  

- l b  by t h e  r e c r y s t a l l i z a t i o n  was r e s u l t e d  by a k ind  o f  spontaneous  reso lu t ion ' ' ' )  

o c c u r r i n g  i n  a s o l u t i o n  where e x i s t e d  a l a r g e  excess  o f  o p t i c a l l y  a c t i v e  compound 

a s  compared t o  t h e  cor responding  racemic  form. 

The f a c t s  i n d i c a t e  t h a t  t h e  improvement i n  t h e  o p t i c a l  p u r i t y  of @ o r  

Condensation of 4a and - 4b wi th  p -n i t ropheno l  i n  t h e  s i m i l a r  manner as - 
14 d e s c r i b e d  above gave o p t i c a l l y  a c t i v e  EPN-(phenyl- C6), 2" [[a]:' +36.6' (c= 

2 .81) ]  and - 2b [[a];' -36.2' ( c=3 .54) ]  i n  4 .2% and 5.5% y i e l d s  based on benzene- 

14C(,, r e s p e c t i v e l y .  

s o l v e n t s  was unsuccess fu l  because  o f  t h e i r  low me l t ing  p o i n t s .  

I n  t h e  c a s e s  o f  t h e s e  compounds, r e c r y s t a l l i z a t i o n  from any 
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EXPERIblENTAL 

Radiogaschromatography (RGC) was c a r r i e d  ou t  on Yanako G80 Chromato~ra]))l  

(Yanagimoto MFG C o . ,  Ltd. ,  Japan)  equipped wi th  a gas-f low type  of GM-counter. 

A g l a s s  column (2 m, 3 mm I .D.)  packed wi th  2 %  SE-30 on Chromosorb W was used 

f o r  phenylphosphonodichloridothioate (3) and 0 - e t h y l  pheny1phosphonochlorid~- 

t h i o a t e  (5 ) .  
TCD; count ing gas  propane (50 ml/min) ; o x i d a t i o n  t empera tu re  600". 

t imes:  6.2 min f o r  3, 9.7 min f o r  4. A g l a s s  column (2 m, 3 mm I .D. )  packed 

with 5% XE-60 on Chromosorb W was used f o r  cyanofenphos (L)  and EPN (5). 
Operat ing cond i t ion :  column temperature  250°, c a r r i e r  gas  He (40 rnl/min), 

d e t e c t o r  F I D  (HZ 45 ml/min). Re ten t ion  t imes :  8 . 8  min f o r  1, 11.0 min f o r  5. 
S p e c i f i c  r o t a t i o n s  were measured a t  20" i n  chloroform i n  a c e l l  (1  cm) on 

Perkin-Elmer 141 Spec t ropo la r ime te r .  

Column temperature  was 120'; c a r r i e r  gas  Ile (40  ml/min);  d e t e c t o r  

Re ten t ion  

Phenyl-14C6-ph~sphonodichloridothioate (3) - -  A mixture of benzene-14C6 (100 mCi, 

1.56 g,  20 mmol), phosphorus t r i c h l o r i d e  (5.36 m l ,  61 mmol) and anhydrous 

aluminum c h l o r i d e  (5.33 g ,  40 mmol) was heated under  s t i r r i n g  a t  80' f o r  3 h r .  

After coo l ing ,  powdered s u l f u r  (0.68 g ,  2 1  mmol) was added t o  t h e  mixture .  

The mixture  was heated under s t i r r i n g  a t  85' f o r  20 min, coo led ,  and then  added 

dropwise t o  5% hydroch lo r i c  a c i d  (10 m l )  a t  0 " .  After s t i r r i n g  f o r  50 min, t h e  

mixture was e x t r a c t e d  wi th  benzene, and t h e  e x t r a c t  washed with wa te r  and d r i e d  

ove r  sodium s u l f a t e .  Concentrat ion of t h e  e x t r a c t  under reduced p r e s s u r e  gave 

phenyl-14C~-phosphonodichloridothioate (A) (87 .9  mCi) ; t h e  radiochemical  p u r i t y  

being 92% on RGC and radiothinlayerchromatogram (RTLC)(si l ica  g e l ,  hexanel 

benzene=2/1 v/v,  Rf-value 0.50).  

without any p u r i f i c a t i o n ,  

The product  was used f o r  t h e  nex t  r e a c t i o n  

0-Ethyl  Phenyl-14C6-phosphonochloridothioate __-- (4) - - -  To a s t i r r e d  s o l u t i o n  o f  

phenyl-14C~-phosphonodichloridothioate (3) - (87.9 m C i ,  17  mmol) i n  benzene (10 m l )  

was added dropwise a mixture  of e thano l  (0.89 8 ,  19 nunol) and t r i e t h y l a m i n e  

( 2 . 1  g ,  20 mmol) below 30°. The mixture  was s t i r r e d  a t  room temperature  f o r  
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3 h r ,  a c i d i f i e d  wi th  5% hydroch lo r i c  a c i d  and e x t r a c t e d  wi th  benzene. 

e x t r a c t  was washed wi th  wa te r ,  d r i e d  ove r  sodium s u l f a t e  and evapora t ed  under 

reduced  p r e s s u r e  t o  l eave  an  o i l y  r e s i d u e .  Column chromatography o f  t h e  

r e s i d u e  on  s i l i c a  g e l ,  e l u t e d  wi th  hexane-benzene ( 2 : l  v / v ) ,  gave 0 - e t h y l  

phenyl-14C6-phosphonochloridothioate (2) (67.5 m C i ,  3.08 g ) ;  t h e  r ad iochemica l  

p u r i t y  be ing  97% on RGC and RTLC ( s i l i c a  g e l ,  hexane/benzene=2/1 v /v ,  Rf-value 

0.37);  NMR spec t rum ( 6 ,  CDC13): 1.40 (3H, t ,  3=6 Hz, -Ctl2CH_3), 3 .81-4 .73  (2H, m, 

O-CHzCHx), - 7.19-8.24 (SH, m ,  a roma t i c  H); IR spectrum (CHC13) be ing  i d e n t i c a l  

w i t h  t h a t  o f  t h e  u n l a b e l l e d  a u t h e n t i c  sample(7! 

The 

0 -E thy l  Phenyl-14C6-phosphonothioic Acid (L) - -  A mix tu re  o f  0 - e t h y l  phenyl -  14 Cg- 

phosphonochloridothioate (4) (67 .5  m C i ,  3.08 g ,  13  mmol) and 2 N  po tass ium hydro- 

x i d e  s o l u t i o n  (29 ml) was v i g o r o u s l y  s t i r r e d  a t  room tempera ture  f o r  70 h r .  

The mix tu re  was washed wi th  benzene, t h e n  a c i d i f i e d  w i t h  concen t r a t ed  hydro- 

c h l o r i c  a c i d ,  and e x t r a c t e d  wi th  e t h y l  a c e t a t e .  The e x t r a c t  was washed wi th  

water ,  d r i e d  o v e r  sodium s u l f a t e  and evapora t ed  under reduced p r e s s u r e  t o  g i v e  

0 - e t h y l  phenyl-14C6-phosphonothioic a c i d  (5) - (64.4 m C i ,  2.60 g )  ; t h e  r ad iochemica l  

p u r i t y  be ing  99% on RTLC ( s i l i c a  g e l ,  t o l u e n e / e t h y l  formate / formic  ac id=5 /7 /1  

v/v/v,  Rf-value 0 .34 ) ;  NMR spec t rum (6, CDC13): 1 .32  (3H, t ,  J = 6  Hz, -CH2Cg3), 

3.88-4.42 (2H, m ,  0-C&CH3), 7 .22-8 .15  (511, m, a romat i c  H), 7.78 (lH, s ,  05); IR 

spectrum (CHC13) be ing  i d e n t i c a l  w i th  t h a t  o f  t h e  u n l a b e l l e d  a u t h e n t i c  sample"! 

- (-) -  and (+ ) -0 -E thy l  Phenyl-14C6-phosphonothioic Acids (5a - and sb, - -  To a s o l u -  

t i o n  o f  racemic 0 - e t h y l  phenyl-14C6-phosphonothioic a c i d  (5) (64.4 m C i ,  2.60 g ,  

13  mmol) i n  methanol (100 ml) was added b r u c i n e  d i h y d r a t e  (5.76 g, 13 mmol) a t  

room t empera tu re ,  and t h e  mixture  s t i r r e d  a t  t h e  same tempera tu re  f o r  10  min. 

A f t e r  e v a p o r a t i n g  t h e  mixture  t o  d r y n e s s ,  a r e s i d u e  o b t a i n e d  was r e c r y s t a l l i z e d  

f o u r  times from a c e t o n e  (25-30 ml each)  t o  g i v e  a b r u c i n e  s a l t  o f  ( - ) - a n t i p o d e  

(1.56 g ) .  The s a l t  w a s  suspended i n  e t h y l  a c e t a t e  (10 m l ) ,  t r e a t e d  wi th  1 N  

h y d r o c h l o r i c  a c i d  (10 ml) and then  e x t r a c t e d  wi th  e t h y l  a c e t a t e .  The e x t r a c t  

was washed w i t h  wa te r ,  d r i e d  o v e r  sodium s u l f a t e  and evapora ted  t o  g i v e  ( - ) -0-  
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e t h y l  phenyl-'4Cg-phosphonothioic a c i d  (z) (10 .9  m C i ,  0.44 g ,  16 .9% y i e l d ) ;  

-12.6' (c=4,76), A r e s i d u e  r ecove red  from t h e  mother l i q u i d  was 

r e c r y s t a l l i z e d  from methanol (25-30 m l  e ach )  f o u r  times t o  g i v e  a b r u c i n e  s a l t  

of (+ ) -an t ipode  (2.27 g ) .  The s a l t  was worked up i n  t h e  same manner a s  

desc r ibed  above t o  g i v e  (+ ) -0 -e thy l  phenyl-l4C6-phosphonothioic a c i d  (s) (13.2 

m C i ,  0.53 g, 20.5% y i e l d ) ;  [cx]io +11.l0 ( c = 5 . 6 8 ) .  

t h e  rad iochemica l  p u r i t i e s  o f  99% on RTLC. 

Both o f  t h e  p roduc t s  had 

( - ) -  and (+) -0-Ethyl  Phenyl-14C6-phosphonochioridothioates (e and e) - -  TO a 

s t i r r e d  s o l u t i o n  of ( - ) - 0 - e t h y l  phenyl-14Cg-phosphonothioic a c i d  (s) (10.9 m C i ,  

0.44 g ,  2 . 2  mmol) i n  anhydrous ch loroform ( 2 0  ml) was added f r e s h l y  d i s t i l l e d  

o x a l y l  c h l o r i d e  (0.84 g ,  6.6 mmol) i n  one  p o r t i o n  a t  -15'. The mix tu re  was 

s t i r r e d  a t  0" f o r  30 min and then  a t  room t empera tu re  f o r  3 h r .  

was e x t r a c t e d  w i t h  ch loroform,  and t h e  e x t r a c t  washed w i t h  wa te r  and d r i e d  o v e r  

sodium s u l f a t e .  Removal o f  t h e  s o l v e n t  under reduced  p r e s s u r e  l e f t  an o i l y  

r e s i d u e ,  which was chromatographed on s i l i c a  g e l  w i th  benzene .  Evapora t ion  o f  

t he  main f r a c t i o n  gave ( - )  -0 -e thy l  phenyl-14C6-phosphonochloridothioate (s) 
(9.42 m C i ,  0 .42 g ) ;  [ C X ] , ~ ~  -80.6' ( c=4 .71) ;  t h e  r ad iochemica l  p u r i t y  be ing  98% 

on RGC and RTLC; t h e  s t r u c t u r e  be ing  confirmed by MIR and I R  s p e c t r a .  

(+) -0-Ethyl  phenyl-14C6-phosphonothioic a c i d  (s) (13.2 m C i ,  0 .53  g ,  2.6 mmol) 

was s i m i l a r l y  c h l o r i n a t e d  wi th  o x a l y l  c h l o r i d e  (1 .0  g, 7 . 9  mmol) t o  g i v e  ( + ) -  

0-e thy l  phenyl-14C6-phosphonochloridothioate (5) (11 .5  m C i ,  0 .51  g ) ;  

(c=5.27);  t h e  rad iochemica l  p u r i t y  be ing  98% on RGC and RTLC. 

The mixture  

+77.4' 

(+) - and (-)-0-p-Cyanophenyl 0 -E thy l  Phenyl-14C6-phosphonothioates (la and 5) -- 
A mix tu re  o f  ( - ) -0 -e thy l  phenyl-14C6-phosphonochloridotioate (4 .71  m C i ,  0 .21  g ,  

0.94 mmol), p-cyanophenol (0 .64  g, 5.4 mmol) and anhydrous potass ium ca rbona te  

(0.74 g ,  5 . 4  mmol) i n  anhydrous t o l u e n e  (8 ml) was r e f l u x e d  under s t i r r i n g  f o r  

3 h r .  A f t e r  coo l ing ,  t h e  p r e c i p i t a t e s  were f i l t e r e d  o f f ,  and t h e  f i l t r a t e  

evapora ted  under reduced p r e s s u r e  t o  g i v e  a n  o i l y  r e s i d u e .  

chromatographed on s i l i c a  ge l  and e l u t e d  wi th  hexane-benzene ( 1 : 2  v / v ) .  

The r e s i d u e  was 
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20 Evaporation of the main fraction gave a crystalline residue [4.46 mCi, [ a l D  

+39.2' (c=2.71)], which was recrystallized from hexane to give (+)-0-p-cyano- 

phenyl 0-ethyl phenyl-14C6-phosphonothioate (la) (3.97 mCi, 0.24 g, 5.01 

mCi/mmol); [a]:' +41 . g o  (c=2.40). 

phosphonochlor idothioate  (5) (5.77 mCi, 0.25 g, 1.2 mmol) there was obtained a 

crystalline product [4.98 mCi, [ a ] i o  -38.9' (c=3.21)], which on recrystallization 

from hexane gave (-)-0-p-cyanophenyl 0-ethyl phenyl-14C6-phosphonothioate (&) 

(4.48 mCi, 0.28 g, 4.98 mCi/mmol); [ a l t o  -43.0'. The purities of both products 

were radiochemically and chemically 99% on RGC and RTLC [(i) hexane/benzene=1/2 

v/v (Kf-value 0.23), (ii) toluene/acetic acid=7/1 v/v (Rf-value 0 .55) ,  (iii) 

ethyl acetate/ethanol/water=l0/2/1 v/v/v (Rf-value 0.78)]. 

mp 105-106° and showed similar spectra; IR spectrum (cm- , CHC13): 2250 (CN); 

NMR spectriim (6, CDC13): 1.33 (3H, t, J=6 Hz, -CH2C%), 4.01-4.60 (2H, m ,  -C&-), 

7.05-8.26 (9H, m, aromatic H). The products were identical in every respect 

with the unlabelled authentic sample('l), respectively. 

Similarly, from (+)-0-ethyl phenyl-l'c - 6 

Both products had 
1 

- (+) - and ( - )  -0-Ethyl 0-p-Nitrophenyl Phenyl-14C6-phosphonothioate (2 and 5) - -  

A mixture of ( - )  -0-ethyl phenyl-14C6-phosphonochloridothioate (4a) (4.71 mCi, 

0.21 g, 0.94 mmol), p-nitrophenol (0.75 g, 5.4 mmol) and anhydrous potassium 

carbonate (0.74 g, 5.4 mmol) in anhydrous toluene (10 ml) was refluxed under 

stirring for 7 hr. Working up in the similar manner described above, a residue 

obtained was chromatographed on silica gel with hexane-benzene (2:l v/v) to give 

(+)-0-ethyl 0-p-nitrophenyl phenyl-14C6-phosphonothioate (2) (4.22 mCi, 0.27 g, 

4.96 mCi/mmol); [ a l l 0  +36.6' (c=2.81). 

phosphonoch lo r ido th ioa te  (s) in the similar manner gave (-)-0-ethyl O-p-nitro- 

phenyl phenyl-14C6-phosphonothioate (b) (5.47 mCi, 0.35 g, 5 . 0 2  mCi/mmol, 94.8% 

yield); [ a ] i O  -36.2' (c=3.54). The radiochemical and chemical purities of both 

products were 99'0 on KGC and RTLC [ (i)  hexane/benzene=l/l v/v (Rf-value 0 .15) ,  

(ii) hexane/acetone=5/2 v/v (+value 0 . 4 5 ) ,  (iii) toluene/acetic acid=7/1 (Rf- 

value 0.64)]. 

1525 (N02); NMR spectrum (6, CDCl3): 1.37 (3H,t, J=6 Hz, -CH2CH3), 4.00-4.59 (211, 

Treatment of (+)-0-ethyl phenyl-14C - 6 

Both products showed similar spectra; IR spectrum (cm-l, C1iC13) : 

- 
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m ,  -C%-), 7.08-8.21 (9f1, m, aromatic  t i) .  

every r e s p e c t  w i th  t h e  u n l a b e l l e d  a u t h e n t i c  samples(7) ,  r e s p e c t i v e l y .  

Both p roduc t s  were i d e n t i c a l  ln 
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