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SUMMARY 

0,s-Dimethyl phoephorocmriabthioate has been synthssiaed with 
% and tJith 14C i n  the methow and the Smethyl group. 
Phosphorus t r i chbr ide  w e  reacted with sulfur giving phosphor 
ru8 thiochloride. The la t t e r  was reacted with methanol i n  the 
presence of acridine and calcium o& yielding Omethyl phos- 
phomdichloridothioate. Isomerication a t  100°C gave Smethyt 
phosphorodichtoridothioate. 
anmonk gave 0,s-dimethyl phosphoroamidothioate. 32P-labelted 
phosphorue trichloride and 1 4 C - m e t W l  were appropriately 
introduced t o  yield the desired compound. 

F i ~ l l y ,  tmatment with methanol and 

The intennediatea and final pmduct wre chamcteriaed by NMR, 

mas8 spectra and TLC. 
t ion IS-methyl labelled) and a n i a  exchange chmniutogmphg 
( 3 2 ~ l & l k d l .  Radiochemical p u r i t y  was detemrined by TLC. 

L i q u i d  Scinti l lation counting w e  used to  determine specif ic 
act iv i t ies .  

of 
speci f ic  ac t i v i t i e s  of 86 and 68 PCi/mM respectively. 

Pmducts -re purified by solvent parti- 

The 32p-labetled compound had a specif ic act iv i ty  
163 irCi/mM white the 14C-thoq and S-methyt compounds had 

INTRODUCTION 

0.S-Dimethyl Phosphoroamidothioate is a relatively new insecticide of 

systemic activity sold under the brand names Monitor (Chevron Chemical Co. 

U. S. A.) and Tamaron (Bayer Chemical Co., Germany). In an effort to scudy 

0 1974 by John Wiley & Sons, Ltd .  
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t h e  mode of decomposi t ion and f a t e  of r e s i d u e s  on s o i l s  and tomato p l a n t s  i t  

was necessa ry  t o  s y n t h e s i z e  t h e  phosphoroamidothioate  l a b e l l e d  w i t h  14C i n  t h e  

methoxy as w e l l  as i n  t h e  S-methyl  group. S ince  t h e  phosphoroamidothioate  is  a 

r e l a t i v e l y  s imple  molecule  i t s  decomposi t ion s t u d i e s  a l s o  r e q u i r e d  t h a t  i t  

should b e  s y n t h e s i z e d  w i t h  32P. 

pub l i shed  procedure f o r  t h e  s y n t h e s i s  of t h e  phosphoroamidothioate  l a b e l l e d  

wi th  "C. Khasawinah") has  s y n t h e s i z e d  t h e  phosphoroamidothioate  w i t h  32P 

u s i n g  r e a c t i o n s  d i f f e r e n t  from t h o s e  used i n  t h e  p r e s e n t  work and which produce 

a low y i e l d  and a low s p e c i f i c  a c t i v i t y .  

s t a r t i n g  material no t  r e a d i l y  a v a i l a b l e .  

A thorough review of t h e  l i t e r a t u r e  shows no 

Furthermore,  i t  used a l a b e l l e d  

The approach chosen i n  t h i s  work w a s  t o  s ta r t  w i t h  a r e a d i l y  a v a i l a b l e  

32P-label led material such as phosphorus t r i c h l o r i d e .  

chosen i n  t h i s  work which a r e  shown i n  F igu re  1 a r e  advantageous i n  t h e  f a c t  

t h a t  t hey  g i v e  few undes i r ed  s i d e  r e a c t i o n s  and t h e y  can b e  e a s i l y  adapted t o  

t h e  s y n t h e s i s  of a r a d i o l a b e l l e d  m a t e r i a l .  

t r i c h l o r i d e  wi th  s u l f u r ,  i n  t h e  p re sence  o f  aluminium c h l o r i d e ,  y i e l d s  phospho- 

rus  t h i o c h l o r i d e ( 2 ) .  

The s y n t h e t i c s  s t e p s  

The r e a c t i o n  of phosphorous 

P e t e r ~ o n ' ~ )  r epor t ed  y i e l d s  of  0-methyl phosphoro- 

2 100°C fl 
CH3O-PCC, - CH3S-P:;: 

(/I /)  

P NH3 CH30,p-NH2 P 
CH3 S' CH3S- P<E\ t C H 3 0 H  - 

1/11) 

''ipure 1 Scheme for the Synthesis of 0,s- Dimethyl Phosphoroamidothrwte 
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d i c h l o r i d o t h i o a t e  (11) of 95% i f  a c r i d i n e  and CaO are used as c a t a l y s t s  i n  t h e  

r e a c t i o n  of phosphorus t h i o c h l o r i d e  w i t h  methanol.  H i l g e t a g ( 4 )  e t  at. showed 

t h a t  h e a t i n g  (11) a t  100°C w i l l .  a f t e r  f i v e  hour s ,  a f f o r d  S-methyl phosphoro- 

d i c h l o r i d o t h i o a t e  (111) i n  y i e l d s  of about  79%. The f i n a l  r e a c t i o n  s t e p  con- 

sists of a methoxy s u b s t i t u t i o n  as w e l l  as an amidat ion r e a c t i o n  y i e l d i n g  

0 , s -d ime thy l  phosphoroamidothioate  (IV) as r e p o r t e d  by C6lln") who ob ta ined  

y i e l d s  of 75%. 

This work p r e s e n t s  t h e  s y n t h e s i s  of 0 ,s-dimethvl  phosphoroamidothioate  

l a b e l l e d  i n d i v i d u a l l y  wi th  1 4 C  i n  e i t h e r  carbon as w e l l  as wi th  32P. 

EXPERIMENTAL 

Phosphorus T h i o c h l ~ r i d e - ~ ~ P  ( I )  

Phosphorus t r i c h l o r i d e  (250 mg, 1.82 my, 11.2 mCi) w a s  d i l u t e d  wi th  non- 

l a b e l l e d  phosphorus t r i c h l o r i d e  (6.45 g ,  47.0  mM). Then, s u l f u r  (1.80 g ,  

5 6 . 2  mM) and anhydrous aluminum c h l o r i d e  (200 mg, 1 .5  my) were added and t h e  

r e a c t i o n  mix tu re  was hea ted  a t  100°C i n  a sand ba th  and al lowed t o  r e f l u x  for 

f i f t e e n  minutes .  The product  was d i s t i l l e d  a t  60'C (90 rmn Hg) y i e l d i n g  5.8 g 

(72%) of I .  

O-~ le thy l -Phosphorod ich lo r ido th ioa te -32P  (11) 

Phosphorus t h i o c h l ~ r i d e - ~ ~ P  (5.8 g ,  34.2 mu) and non-label led t h i o c h l o r i d e  

(600 mg, 3 . 5  d?) were d i s s o l v e d  i n  30 m l  o f  benzene. Then, a c r i d i n e  ( 0 . 4 0 0  g, 

2.2 mu) and calcium ox ide  (4.5 g, 80.2 mu) were added wh i l e  t h e  e n t i r e  mix tu re  

w a s  kept  a t  15°C. Methanol (1.74 g, 54.4 mu) was added d u r i n e  a pe r iod  of one 

hour wh i l e  t h e  mixture  was thoroughly s t i r r e d .  A f t e r  an a d d i t i o n a l  s t i r r i n g  

pe r iod  of 3 hours ,  t h e  s o l i d s  were f i l t e r e d  o u t  of t h e  r e a c t i o n  mix tu re  and 

washed r e p e a t e d l y  w i t h  benzene which removed t r a c e s  of e n t r a i n e d  11. 

was removed by washing t h e  benzene phase tw ice  w i t h  2% H C 1  cooled t o  2°C. 

benzene w a s  evapora t ed  and t h e  compound w a s  s u b j e c t e d  t o  t h e  i s o m e r i z a t i o n  

Acr id ine  

The 
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react ion. 

0- C-Methyl-Phosphorodichloridothioate (11) 14 

By using 14C-methanol in step 2 the labelled methoxy group is introduced in 

the molecule and thus after isomerization the 14C-activity will be i n  the 

S-methyl group. 

diluted with non-labelled methanol (1.74 g, 54.4 mM) was added to phosphorus 

thiochloride (6.4 g, 37.8 mM) using the same procedure and amounts of other 

reagents as described previously for the 32P-labelled material. Compound I1 

was also synthesized with non-labelled material in order to characterize the 

intermediate and also to produce sufficient S-methyl phosphorodichloridothioate 

(111) as starting material f o r  the synthesis of (IV) labelled in the methoxy 

position. By using 0.5 mol of phosphorus thiochloride, 1 mol of CaO, 1 . 0  mN of 

acridine. 0.75 mol of methanol and by using the procedure previously described, 

67.5 g (82%) of I1 were obtained after distilling the reaction product at 60°C 

and 55 m Hg. However, in the synthesis of labelled 11. the distillation was 

obviated so as to minimize losses. A NMR spectrum taken with a Varian XL-100 

MHZ high resolution spectrometer yielded a doublet centered at 6 4.00 ppm 

(d, 3H, cH3O-P. J = 19 Hz, solvent CDC1,). 

14C-methanol (specific activity 59 mCi/mM, 1.6 mg, 0.051 mM) 

The reaction product containing I1 was placed in a round bottom flask and 

heated in a sand bath at 100°C f o r  a period of five hours. 

stopped and the reaction product distilled (75.5"C. 10 uun Hg). The NMR 

spectrum of this compound showed a doublet centered at 6 2.65 ppm (d, 3H. 

CHsS-P, J - 21 H z ,  solvent CDC1,). 

The heating was 

14C-labelled Compound 

The same procedure as described above in the phosphorus synthesis was ap- 



32P and 14C-tabel led 0, S-Dimethyl Phosphcromidothioate FG3 

p l i e d  h e r e  and 2.0 g of compound I11 were obtained.  

Non-Labelled Compound 

Compound I1 (60 g, 0.36 mol) was heated a s  descr ibed f o r  the  32P-labelled 

m a t e r i a l .  Al iquots  of  the  r e a c t i o n  mixture were removed and NMR s p e c t r a  were 

obtained.  D i s t i l l a t i o n  y ie lded  46.8 g (78.0%) of compound 111. 

0-Methyl-S-Methyl Phosphoroamidothioate 

14C-Methoxy-Labelled Compound 

To a three-necked f l a s k ,  I11 (2.76 g,*16.7 mM) was mixed with 150 ml of 

methylene ch lor ide .  The s o l u t i o n  w a s  cont inuos ly  s t i r r e d  and kept i n  an ice 

ba th  a t  -8'C. 

0.051 mM) d i l u t e d  wi th  non-labelled methanol (0.793 g ,  24.7 mM) w a s  added. 

Af te r  f i v e  minutes the  s o l u t i o n  w a s  s a t u r a t e d  with dry ammonia gas and the  

r e a c t i o n  mixture w a s  f i l t e r e d  t o  e l imina te  NHbC1.  

removed i n  a r o t a r y  vacuum evaporator  and the  remaining s l i g h t l y  colored and 

hygroscopic  o i l  was lyophi l ized  t o  remove water  g iv ing  I V  as a white  s o l i d  

(1.35 g, 57.2% based on 111). 

Subsequently 14C-methanol ( s p e c i f i c  a c t i v i t y  59 mCi/mM, 1.6 m g ,  

The methylene ch lor ide  was 

S-14C-Methyl Compound 

Compound 'I11 l a b e l l e d  with 14C (1.95 g ,  11.8 mM), was d isso lved  i n  100 m l  

of CHzC12 and methanol (0.510 g ,  15.9 mM) w a s  added. A f t e r  completing t h e  

procedure descr ibed abave. 1.30 g (77% y i e l d )  of I V  :,as obtained.  

P-Labelled Compound 3 L  

32P-labelled I11 (3.0 g ,  18.2 mM) and methanol (0.793 g. 24.7 mM) were re- 

ac ted  i n  similar manner as descr ibed previously.  I V  w a s  obtained (2.05 g, 77%). 

The NMR s p e c t r a  of a l l  t h r e e  l a b e l l e d  compounds were taken and found t o  be 

i d e n t i c a l  to t h a t  obtained with non-labelled phosphoroamidothioate synthesized 
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by t h e  Bayer Chemical Co. The NMR spectrum y i e l d s  two double ts  f o r  each methyl 

group due t o  t h e  proton-phosphorus i n t e r a c t i o n .  

doublet  centered a t  6 3.69 ppm (d,  3H, CH30-P, J = 12 Hz, so lvent  CDC13) while  

t h e  S-methyl protons y i e l d  a doublet  cen tered  a t  6 2.32 ppm (d, 3H, CH3S-P, 

J = 14 Hz, so lvent  CDC13). These va lues  a r e  s i m i l a r  t o  those  previously re- 

ported by Fahmy6 et al. which showed a doublet  cen tered  a t  6 2.2 ppm (d,  3H, 

CHsS-P, J = 11 Hz) and a t  6 3.7 ppm (d, 3H, CH30-P, J = 12 Hz). The mass 

spectrum of 11' l a b e l l e d  i n  t h e  methoxy and S-methyl group was found t o  be 

i d e n t i c a l  t o  t h e  one obtained from a s tandard non-label led sample (Bayer 

Chemical Co., Germany). The s p e c t r a  showed a molecular ion  a t  m/e  141 a s  w e l l  

as ions a t  m / e  126 [02P(SC&) (NHz)], 111 CM-(CH2=0)], 110 CM-(CH30)], 

95 [M-(S=CHz)], 94 [M-(SCH3).1, 

64 [ M- (SCH 3+CH20) 3. 

The 0-methyl protons show a 

80 [M-(S=CHz+CH3)J, 79 CM-(SCH3+CH,)I, 

Radiochemical P u r i t y  and Spec i€ ic  A c t i v i t y  

The p u r i t y  of t h e  synthe t ized  phosphoroamidothioate w a s  s tud ied  by TLC a s  

shown in Table 1. 

provided wi th  a 2li p ropor t iona l  counter .  

through a Dowex 1 x 8 anion exchange column i n  t h e  hydroxide form. 

chemical p u r i t y  increased  from 84.3% t o  98.0%. 

f o r  t h e  phosphoroamidothioate are i d e n t i c a l  t o  t h e  ones obtained f o r  t h e  non- 

l a b e l l e d  s tandard  material chromatographed under i d e n t i c a l  condi t ions  but  made 

v i s i b l e  by hea t ing  t h e  p l a t e  a f t e r  spraying with a 1% s o l u t i o n  i n  hexane of 2,6- 

Dibromoquinone-4-chloroamide. 

c i f i c  a c t i v i t y  of 163 pCi/mM f o r  t h e  p u r i f i e d  compound a t  t h e  end of t h e  syn- 

t h e s i s .  

The p l a t e s  were scanned wi th  a Berthold Thin-Layer Scanner 

The 32P-label led compound was passed 

The radio-  

The Rf values  shown i n  Table 1 

Liquid s c i n t i l l a t i o n  count ing y ie lded  a spe- 

14 
The S- C-methyl phosphoroamidothioate synthes ized  w a s  d i so lved  i n  1 m l  of 

H20 and shaken wi th  2 m l  of benzene. 

aqueous l a y e r  was evaporated in vacuo and subsequent ly  d r i e d  by lyophi l iza t ion .  

The benzene l a y e r  was removed and t h e  
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The radiochemical purity increased from 91.3% to 99.0%. 

gave by liquid scintillation counting a specific activity of 67.2-uCilmM. 

The 14C-methoxy labelled phoephoroamidothioate had after synthesis a 

The purified product 

radiochemical purity of 96.2%. Further purification was found unnecessary. The 

specific activity obtained by liquid scintillation counting was 82.6 uCi/mM. 

T A B L E  1 

TLC Studies of the Labelled 0,s-Dimethyl Phosphoroamidothioate 

Rf Rf Purification Radiochemical 
Labelling Phosphoro- Impurities Method Purity 

amidothioate 

32p- 

*‘CHIS- 

0.76 a 

0.14 

Anion 
Exchange 

Benzene 
Partition 

0.58 

0.35 

98.0 

99.0 

~‘CH,O 0.60 0.00 d 96.2 

a Cellulose/95:5 Ethanol-Ammonia 

b Silica gel/Toluene 

c Neutral Aluminrim Oxide/2-Methoxyethanol 

d Purification found unnecessary 

Specificity of Labelling of the “C-Labelled Compounds 

Fahm~‘~) has shown that the alkaline hydrolysis in water and in 50% aqueous 

acetone yield; the following products: 

0 0 0 

CHIS\II a s 0  II 
/P-m,z + OH- - >P-NH2 + 

30 -0 CH3S 

IV V VI 

The reaction produces two volatile products: CH3OH and (CH3)zS. In aqueous 
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a lka l ine  hydrolysia. 82% of V I  and 18% of V a r e  produced while i f  the hydro- 

l isis  is carried out i n  50% acetone the yields a re  17% of V I  and 83% of V. 

The two products can be separated by TLC(l). 

as  the solvent. an Rf of 0.12 and an Rf of 0.37 are  obtained f o r  V and V I  

respectively by using 2.6 -Dibromoquinone-4-cloroamide i n  order t o  visualize 

the spots.  

using as  s t a r t i ng  compound I V  labelled i n  the methoxy posit ion,  the  spot at  

Rf - 0.37 had no ac t iv i ty  while the  spot having Rf of 0.12 was active.  

Hydrolyzing I V .  labelled i n  the  methoxy pos i t ion  but u t i l i z i n g  a8 solvent 50% 

acetone, y ie lds  a spot having an Rf 0.12 which has ac t iv i ty  but the  spot 

having an Rf of 0.37 again shows no ac t iv i ty .  However, i f  both types of 

hydrolysis a re  carried out with I V  labelled i n  the  S-methyl group, the spot 

having an Rf of 0.12 does not present ac t iv i ty ,  while the spot at  Rf - 0.37 
always presented ac t iv i ty .  

l abe l l ing  i n  the case of I V  labelled with 14C. 

Using Si l icape l  and 95% ethanol 

When chromatographing I V ,  hydrolyzed i n  aqueous conditions and 

This conclusively shows the spec i f i c i ty  of the 
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