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SUMMARY 

N-see-Butyl 0-ethyl 0-(5-methyl-2-nitrophenyl) phosphoramido- 

t h i o a t e  (Cremart) ( I ) ,  an  organophosphorus h e r b i c i d e ,  was l a b e l l e d  

w i t h  carbon-14 a t  the a r y l  methy l  group f o r  metabolic s t u d i e s .  

The s y n t h e t i c  procedures  a r e  shown i n  F ig .  1. 1-MethOXy-3- 

methyl-14C-benzene was n i t r a t e d  w i t h  fuming ni tr ic  a c i d - a c e t i c  

anhydr ide  to  g i v e  2-metho~y-4-methyl-~~C-l-nitrobenzene which o n  

O-demethy la t ion  w i t h  boron t r i b r a n i d e  gave 5-methyl-14C-2-nitro- 

phenol .  Condensation of the l a t t e r  w i t h  N-sec-butyl 0 - e t h y l  

phosphoramidochloridothioate i n  the presence  o f  potass ium carbo- 
n a t e  a f f o r d e d  Cremart-(aryl methyl-14C) ( I )  i n  the o v e r a l l  y i e l d  

o f  9.2% f rom ~nethanol-’~C, which had a s p e c i f i c  a c t i v i t y  of 

5.96 mCi/mole. 
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INTRODUCTION 

N-sec-Butyl 0-ethyl O-(S-rnethyl-Z-nitrophenyl) phosphoramidothioate 

(CremarR (I), synthesized and developed in our laboratories(”*), has been 

evaluated especially as a pre-emergence herbicide cmtroling a broad spectrum of 

weeds. 

mode of decomposition on soils and plants, it has been required to prepare 

radioactive Cremart. 

3H or 32P(3). 

carbon-14 at the aryl methyl group. 

0 1977 by John Wiley & Sons, Ltd. 

In the efforts to investigate the metabolic fate in mammals and the 

We have already achieved labelling of this agent with 

This report deals with the synthesis of Cremart labelled with 
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DISCUSSION 

Figure 1 i l l u s t r a t e s  t h e  o v e r a l l  approach t o  t h e  p r e p a r a t i o n  of Cremart- 

14 ( a r y l  methyl- C ) ( I ) .  On t h e  b a s i s  o f  earl ier works, we considered t h a t  1- 

methoxy-3-methyl- C-benzene (11) was b e s t  s u i t e d  f o r  t h e  s t a r t i n g  material. 

This  compound was r e a d i l y  obtained i n  t h e  o v e r a l l  y i e l d  o f  70% from methanol- 14 C 

by t h e  method desc r ibed  i n  t h e  preceeding pape r (4 ) ;  involving iod ina t ion  of 

methanol- 

i ng  methyl-14C iod ide  with 3-methoxyphenylmagnesium bromide. 

14 

14 C w i th  57% hydr iod ic  a c i d  followed by Grignard r e a c t i o n  of  t h e  r e s u l t -  

C H O  

)P-0 
sec-CqHgNH 

OH 'PSC1 
sec-CqHgNH' 

KZC03 *CH3 

(VI) (1) 

F ig .1 .  The r e a c t i o n  sequence f o r  t h e  s y n t h e s i s  

14 of Cremart - ( a r y l  methyl - C) 

14 Attempts t o  e l a b o r a t e  s p e c i f i c a l l y  2-methoxy-4-methyl- C-1-nitrobenzene by 

n i t r a t i o n  of 11, a f t e r  p ro t ec t ed  by s u l f o n y l  group o r  halogen a t  C-4 p o s i t i o n ,  

followed by removal of t h e  p r o t e c t i n g  group, were unpromising. Therefore ,  w e  

employed t h e  d i r e c t  n i t r a t i o n  of  11, s i n c e  it is  well known t h a t  n i t r a t i o n  o f  

a n i s o l e  o r  phenol with some n i t r a t i n g  r eagen t s  ('-'I g ives  rise t o  h ighe r  pro-  

po r t ions  of o r tho -n i t ro i somers .  After i n t e n s i v e  i n v e s t i g a t i o n s ,  i t  was found 

t h a t  t r ea tmen t  of I1 wi th  fuming n i t r i c  a c i d  and a c e t i c  anhydride a t  - S o - O o  f o r  

2 h r  fu rn i shed  a mixture  of  p roduc t s  i n  t h e  t o t a l  radiochemical  y i e l d  of 92%. 

On t he  examination by radio-gaschromatography, t h e  mixture  was found t o  c o n s i s t  

14 of 2-methoxy-3-methyl- C-1-nitrobenzene [III), t h e  n i t ro i somer  (IV) and V 

t o g e t h e r  with t h e  s t a r t i n g  material (11); t h e  r a t i o  of each product  i s  shown i n  

Table  1. Chromatography of t h e  mixture  on s i l i c a  g e l  with hexane-ether  (1O:l 
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Table  1. The r a t i o s  o f  n i t r a t i o n  p roduc t s  and t h e i r  

r e t e n t i o n  times (RT) i n  gas  chromatography 

product  r a t i o  (%) RT (min) 

2-methoxy-4-methyl -14C -1 -n i  t robenzene (111) 28.6 9.5 

l-metho~y-3-methyl-~~C-2-nitrobenzene (IV) 16.9 6 . 6  

4-methoxy- 2-methyl - 14C- 1 -ni t robenzene (V) 21.3 8 .5  
1 -methoxy- 3 -me thy1 -' 4C -ben zene ( I  I )  25.6 1 .8  

v/v) gave t h e  d e s i r e d  product  (111) i n  28% y i e l d  from 11. Other f r a c t i o n s  gave 

s e p a r a t l y  the  s t a r t i n g  m a t e r i a l  (11) and a mixture  o f  t h e  n i t ro i somers  (IV and V) 

i n  the  y i e l d s  o f  24 and 37% r e s p e c t i v e l y .  

y i e l d  of 1 1 1 ,  t h e  r e s u l t  seemed s a t i s f a c t o r y  i n  ou r  p r e s e n t  requirement s i n c e  

not  only t h e  s t a r t i n g  material ( 1 1 )  b u t  a l s o  t h e  n i t ro i somer  (V) could b e  used 

f o r  t h e  s y n t h e s i s  o f  0,O-dimethyl 0-(3-methyl- 

(Sumi th ion9  (4). 

In  s p i t e  o f  t h e  r e l a t i v e l y  lower 

14 C-4-nitrophenyl) phosphorothioate  

14 2-Methoxy-4-methyl- C-1  - n i  trobenzene gave 5-methyl - 14C- 2-ni t rophenol  (VI) 

i n  n e a r l y  q u a n t i t a t i v e  y i e l d  when t r e a t e d  with boron t r ib romide  a t  -5"-0' f o r  

1 h r ,  and s i m i l a r l y  t h e  n i t ro i somer  (IV) was r e a d i l y  converted t o  t h e  correspond- 

i n g  n i t r o p h e n o l .  In c o n t r a s t ,  t h e  n i t ro i somer  (V) could no t  be  0-demethylated 

wi th  t h i s  r eagen t  even under more d r a s t i c  cond i t ions ,  and only py r id ine  hydro- 

chloride") was e f f e c t i v e  t o  g ive  3-methyl -14C-4-nitrophenol i n  92% y i e l d .  

Condensation of 5-methyl -14C-2-nitrophenol w i th  N-see-butyl 0 -e thy l  phosph- 

o ramidoch lo r ido th ioa te  i n  t h e  presence of  potassium carbonate  gave a crude 

product  which was chromatographed on s i l i c a  ge l  with benzene t o  a f f o r d  Cremart- 

( a r y l  methyl-14C) ( I )  i n  50% y i e l d .  

EXPERIMENTAL 

Radio-gaschromatography was c a r r i e d  o u t  on a Yanako G-80 Chromatograph 

(Yanagimoto MFG Co., Ltd. ,  Japan) f i t t e d  with a thermal conduc t iv i ty  d e t e c t o r  

and a gasphase coun te r  (count ing gas :  propane) as a r a d i o d e t e c t o r .  A g l a s s  

column (1.5 m, 3 mm I.D.) packed wi th  s i l i c o n e  OV-17 (3%) on Chromosorb W (60-80 
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mesh) was used. 

25 ml/min, oxidation temperature (with copper oxide) 350°, propane flow rate 50 

ml/min. 

Operating conditions: column temperature 130°, N2 flow rate 

Retention times of the refered materials are shown in Table 1. 

I-Metho~y-3-methyl-~~C-benzene - -  l-Metho~y-3-methyl-’~C-benzene was prepared in 

70.0% yield (81.2 mCi) from methan~l-’~C (116 mCi, 7.15 mmol) by the method 

described in the preceeding paper 

radio-gaschromatography was radiochemically 99% and chemically 71%; containing 

methoxybenzene as the main inactive by-product. The product was used for the 

following reaction without any purification. 

(4 1 . The purity of the product as examined by 

2-Metho~y-4-methyl-~~C-l-nitrobenzene - -  A mixture of fuming nitric acid (950 mg, 

15 mmol) and acetic anhydride (3.06 g, 30 mmol) was added dropwise with stirring 

at -S0-Oo during 0.5 hr to l - m e t h o ~ y - 3 - r n e t h y l - ~ ~ C - b e n z e n e  (81.2 mCi, 5.01 mmol, 

16.2 mCi/mmol) and the mixture allowed to react at the same temperature f o r  2 hr. 

To the mixture was added ice-water and the slurry extracted with ether. The 

extract was washed with 10% sodium carbonate solution and then water, dried over 

sodium sulfate, and evaporated under atomospheric pressure to give an oily 

residue. The residue, diluted with inactive 2-methoxy-4-methyl-1-nitrobenzene 

(300 mg, 1.8 mmol), was chromatographed on silica gel and eluted with hexane- 

ether (1O:l v/v). 

(II)(19.3 mCi, 23.8%). 

(30.1 mCi) of l-metho~y-3-methyl-~~C-2-nitrobenzene and 4-methoxy-2-methyl- 

I-nitrobenzene: each ratio as determined by radio-gaschromatography was 42 and 

58% respectively. 

1-nitrobenzene (22.6 mCi, 530 mg, 7.13 mCi/mmol, 27.8%) as yellow needles; the 

radiochemical purity was 99%; NMR spectrum (6) in CDC13: 2.19 (3H, singlet, aryl 

inethyl), 3.94 (3H, singlet, methoxy), 6.80 (lH, quartet, J =8 Hz, JBc=3 Hz, C-5 

proton), 6.88 (lH, doublet, J 

Hz, C-6 proton); its IR spectrum was identical with that of the authentic sample. 

Evaporation of the first eluate gave the starting material 

The second eluate was evaporated to give an oily mixture 
14 C- 

Evaporation of the third eluate gave 2-methoxy-4-methyl-14C- 

AB 
=3 Hz, C-3 proton) and 7.75 (lH, doublet, JA8=8 BC 

14 5-Methyl- C-2-nitrophenol - -  To a solution of 2-metho~y-4-methyl-~~C-I-nitro- 
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benzene (22.6 m C i ,  530 mg, 3.25 mmol) and un labe l l ed  2-methoxy-4-methyl-1-nitro- 

benzene (160 mg, 1.0 mmol) i n  anhydrous dichloromethane (5 ml) was added boron 

t r ib romide  (250 mg, 10 mmol) a t  -5" under s t i r r i n g .  The mixture was s t i r r e d  a t  

0' f o r  1 h r  and t o  t h e  mixture  added ice-water. The mixture was e x t r a c t e d  with 

e t h e r .  The e x t r a c t  was washed with water and r e - e x t r a c t e d  with 10% sodium 

hydroxide s o l u t i o n .  

c h l o r i c  a c i d  and e x t r a c t e d  with e t h e r .  The e t h e r e a l  e x t r a c t  was washed with 

water ,  d r i e d  over sodium s u l f a t e  and evaporated t o  g ive  5-methyl-14C-2-nitro- 

phenol (22.0 m C i ,  600 mg, 97.3%) as yellow needles;  i t s  radiochemical p u r i t y  was 

95%; NMR spectrum (6)  CDC13: 2.44 (3H, s i n g l e t ,  a r y l  methyl) ,  6 .83 (lH, q u a r t e t ,  

J 

(lH, doub le t ,  JAB=&? Hz, C-3 proton)  and 10.3 (lH, broad s i n g l e t ,  OH); i t s  I R  

spectrum was i d e n t i c a l  w i th  t h a t  of t h e  un labe l l ed  a u t h e n t i c  sample. 

The b a s i c  s o l u t i o n  was a c i d i f i e d  with concentrated hydro- 

=8 Hz, JBc=3 Hz, C-4 p ro ton ) ,  6.96(1H, doub le t ,  J 
AB BC 

=3 H z ,  C-6.proton) ,  8.00 

14 N-sec-Butyl 0-Ethyl 0-(5-Methyl- C-2-ni t rophenyl)  Phosphoramidothioate ( I )  - -  

To a s t i r r e d  s o l u t i o n  of 5-methyl-14C-2-nitrophenol (22.0 m C i ,  600 mg, 3.92 

mmol) i n  methyl i sobu ty l  ketone (10 ml) was added potassium carbonate  (360 mg, 

2.6 mmol) and t h e  mixture heated a t  30° f o r  8 h r .  After a d d i t i o n  of y -p ico l ine  

(400 mg, 4 . 3  mmol) a t  room temperature ,  t h e  mixture  was cooled i n  an i ce -ba th  t o  

-5' and t o  t h e  mixture added dropwise N-sec-butyl 0 -e thy l  phosphoramidochlorido- 

t h i o a t e  (930 mg, 4.3 mmol). 

a t  60° f o r  6 h r .  

mixture  was s t i r r e d  a t  60° f o r  1 h r .  

ice-water  and e x t r a c t e d  with benzene. The extract  was washed with 5% sodium 

hydroxide s o l u t i o n ,  10% hydroch lo r i c  a c i d  and water success ive ly .  The d r i e d  

e x t r a c t  was evaporated t o  g ive  an o i l y  r e s i d u e  which was chromatographed on a 

column of  s i l i c a  g e l  and e l u t e d  with benzene. 

gave N-sec-butyl 0 -e thy l  0- (5-methyl- 14 C-2-nitrophenyl) phosphoramidothioate ( I )  

(10.8 m C i ,  601 mg, 5.96 mCi/mmol, 49.1%); i t s  p u r i t y  was 98% both radiochemical ly  

and chemical ly .  

un labe l l ed  a u t h e n t i c  sample. 

The mixture was s t i r r e d  a t  30° f o r  1 h r  and then 

After f u r t h e r  a d d i t i o n  of t he  r eagen t  (210 mg, 1 . 0  mmol), t he  

After coo l ing ,  t h e  mixture was poured i n t o  

Evaporation of t h e  main f r a c t i o n s  

The l a b e l l e d  compound was i d e n t i c a l  i n  every r e s p e c t  with t h e  



338 A .  Yoshitake, F. Shono, T. Kamrrda and I. Nakatsuka 

14 
3-Methyl- 

benzene and l-metho~y-3-methyl-~~C-2-nitrobenzene ( t o t a l  24.0 m C i ,  t he  former 

58%) was taken up i n  anhydrous benzene and t h e  s o l v e n t  was removed a z e o t r o p i -  

c a l l y  under atomospheric p r e s s u r e  t o  remove t h e  moisture .  

was added p y r i d i n e  hydrochlor ide (2.0 g) ,  and t h e  mixture  hea ted  i n  an o i l  b a t h  

t o  220° and s t i r r e d  f o r  20 min. 

water and e x t r a c t e d  with e t h e r .  The e x t r a c t  was washed with water, d r i e d  over 

C-4-nitrophenol - - A mixture  of 4-methoxy-2 -methyl - 14C-  l - n i t r o -  

To t h e  d r i e d  mixture  

After  coo l ing ,  t h e  mixture  was d i l u t e d  with 

sodium s u l f a t e  and evaporated under reduced p r e s s u r e  t o  g i v e  an o i l y  r e s idue .  

Chromatography o f  t h e  r e s i d u e  on s i l i c a  g e l  with hexane-ether  (9 /1  v /v )  gave 

3-methyl- 

i n  a l l  r e s p e c t  with t h e  a u t h e n t i c  sample. 

14C-2-nitrophenol (9 .61 m C i ,  243 mg) was ob ta ined .  

14 C-4-nitrophenol (10.3 m C i ,  262 mg, 6.00 mCi/mmol) which was i d e n t i c a l  

From t h e  former f r a c t i o n s  3-methyl- 
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