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S U I ~ I ~ A R Y  

N,N-dialkyl-carbarnic a c i d - t r i m e  t h y l s i l  y l - e s t e r s  were 

s y n t h e s i z e d  s t a r t i n g  w i t h  14C02. The new s y n t h e s i s  route is 

s i m p l e  and p r o v i d e s  good r a d i o c h e m i c a l  y i e l d .  S i ly l - ca rba rn i -  

n a t e s  d i r e c t l y  o r  thorough carbarnoyl-halogenides  may be used  

f o r  p r e p a r a t i o n  o f  l a b e l l e d  h e r b i c i d e s :  c a r b a m a t e s ,  t h i o c a r -  

bamates  and u r e a s .  
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used in modern agricultural practice.lYL The detailed knowledge 

of their metabolism, mode of action and environmental fate is 

of considerable importance. In order to facilitate related s t u -  

dies of' representatives of these herbicides we needed the com- 

pounds labelled with radionuclidesin various positions of the 

molecule. EPTC (S-ethyl-N,N-di-n.propy1-thiocarbamate; IV b) 

arid diuron (1~-3,4-dichlorophenyl-N :N'-dimethyl-urea; IV a) have 

been labelled with ''lC in the carbonyl moiety by new synthetic 

method. 

2 Strongly basic primary and secondary amines absorb CO 

producing stoichiometric amounts of N-mono- or di-substituted 

amine salts of carbamic acid. "Carbaminate salts" may be si- 

lylated by using trimethylchlorosilane. N-alkyl-carbamic 

acid-trirnethylsilyl-esters3 are produced almost 100 % yield, 

therefore starting from carrier free 14C02 it is possible to 

prepare high specific activity labelled compounds. Mhen chemi- 

cally pure trimethylsilyl compounds are produced certain loss 

in yield may be observed. This loss is caused by not suffici- 

ently dry vessels and atmosphere and because of  the volatility 

of the products. Labelled N,N-dimethyl-carbamic acid-trimethyl- 

silyl-ester 

aniline producing diur~n-carbonyl-~~C (IV a) with 78 % yield. 

The by-product was hexamethyldisiloxane. Carbamoyl-chlorides 

may be produced with good yield by the reaction o f  substituted 

carbamic acid-sil $esters and PCI 

3,4Dichloroaniline may be acyl ated by N,N-diinethyl-carba- 

(I1 a)was condensed with 3,4-dichloro-N-silyl- 

4 
5' 

moyl-chloride, but the separation of anilieand diuron is 

difficult. When thocarbarnate type EPTC are produced it is 
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a d v i s a b l e  t o  u s e  l e a d  mercap t ide  i n s t e a d  of a l k a l i  m e r c a p t i d e  

for exchanging c h l o r i n e  t o  s u l p h u r  i n  N,N-di-n.propyl-carbamoyl- 

~ h l o r i d e - c a r b o n y l - ~ ~ C  (111 b) . The c r u d e  p r o d u c t  w a s  p u r i f i e d  

by m o l e c u l a r  d i s t i l l a t i o n .  

EXPEH IMEIVTAL 

idle1 t i n g  and b o i l i n g  p o i n t s  are uricorrec t e d .  Hadioac t i v i  t y  

measurements were c a r r i e d  o u t  by l i q u i d  s c i n t i l l a t i o n  c o u n t i n g  

i n  a Packard TRI-CARB sys t em.  Radiochemical  p u r i t y  w a s  d e t c r m i -  

ned w i t h  t h i n  l a y e r  chromatography on K i e s e l g e l  GO/Kieselgur 

F254 DC A l u f o l i e n  Merck . The deve loped  radiochromatograms were 

de te rmined  by B e r t h o l d  t h i n  l a y e r  s c a n n e r .  

Chemical p u r i t y  of  EPTC was checked by g a s  l i q u i d  chromato- 

g raphy  on a Packard 9800 GC i n s t r u m e n t  w i t h  2 m l ong  g l a s s  

column pacKed w i t h  5 % SE-30 on Chromosorb W ,  at 160 O C  column 

t e m p e r a t u r e .  The p u r i t y  of  d i u r o n  w a s  checked on Pacitard 8000 

l iqu idchromatograph  w i t h  Whatman P a r t i s i l  PXL 1 0 / 2 5  O D S  column 

u s i n g  methanol :water=80:20 s o l v e n t  and UV d e t e c t o r .  

The chemica l  and r ad iochemica l  p u r i t y  of  t h e  l a b e l l e d  

compounds i s  b e t t e r  t han  99.8 %. 

N ,N-dimethyl-carbarnic a c i d - t r i m e t h y l s i l y l - e s t e r - c a r b o n ~ l . . ( I I a )  

1 2  mrnol I n  a s o l u t i o n  of  540 mg dimethylamine'  i n  4 m l  

a D s .  d i ch lo romethane  2 mmol 14C025 t h e r e a f t e r  5 m m o l  u n l a b e l i e d  

CO, w a s  abso rbed  a t  -80 O C .  The t empera tu re  of m i x t u r e  w a s  
2 

+ Dime thylaminewas p a s s e d  thorough a d r y i n g  column packed w i t h  

K O H .  A f t e r  c o n d e n s a t i o n  i t  w a s  d r i e d  o v e r  KOH p e l l e t s  f o r  24 

h o u r s ,  t hen  d i s  t i 1  l e d .  
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allowed to increase to -40 OC and under dry argon atmosphere 

652 mg (6 mmol, 0.81 ml) trimethylchlorosilane in 1 ml dichloro- 
methane was added dropwise over a period of 30 minutes with 

continuous stirring. White crystalsprecipitated. The reaction 

mixture was stirred for one hour and the solvent was removed 

by reduced pressure disti Llation. 10-15 ml petroleum ether was 

added and the amine.HC1 was filtered O f f  and washed with few 

ml of petroleum ether. The solvent was evaporatedat atmospheric 

pressure at 120-130 OC temperature. The almost colourless residue 

was distilled in vacuo into a trap keptat -80 OC. Yield 680 mg 

(4.2 mmol, 70 6) 

N.N-di-n .propyl-carbamic acid-trimethylsilyl-es ter-~arbonyl-~~C (IIb) . 
b.p. : 56-57 OC (12-13 torr) . 

This compound was prepared according to the method described 

formdly using 1210 mg (12 mmol, 1.62 ml) di-n.propylamine 

Yield 851 mg ( 3.9 mmol, 66 6 ) b.p. : 92-92 OC 

Diur~n-carbonyl-~~C ( IVa ). 

(13 t o r r  ) . 

A mixture of 680 mg (4.2 mmol ) labelled N,N-dimethyl- 

carbamic acid-trimethylsilyl-ester and 950 mg (4.1 mmol ) 3,4- 

dichloro-N-trimethylsilyl aniline' was kept in pressure bomb at 

180 OC for 16 hours. Over fawn-coloured solid product colour- 

less liquid of hexamethyldisiloxane was accumulated. The dry 

product was filtered and washed with 5 ml o r  petroleum ether. 

160 mg crude product was collected.After recrystallization 

+ To a solution of  3,4-dichloroaniline in CH C12 equivalent 

amount of trimethylchlorosilane was added dropwise while dry NH 

is flushing thorough the reaction mixture. After filtration and 

evaporation of solvent the 3,4-dichloro-trimethylsilylaniline 

was distilled in vacuo b.p.:143-144' C, ( 1 2  torr) . 

2 

3 

0 
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from 4 ml ethanol the yield was 516 rng 6 . 2  rnmol)  m.p.: 156-157OC 

Radiochemical yield approximately : 566 ivIBq, l.lOG.GBq/g, 38 % . 

Diuron. 

1130 m g  (7 mmol) 3,4-dichloroaniline in 3 ml dichloro- 

methane was placed into the reaction flask. 365 m g  (3.3 mmol) 

N,N-dimethyl-carbamoyl-chloride dissolved in 1 ml dichloro- 

methane was added dropwise thorough 30 minutes while the tem- 

perature was kept at0 C. Next day the solvent was removed by 

distillation and the solid residue was macerated with saturated 

solution of Na2C0 

then filtered: 800 m g  fawn-coloured arnorphQUs product was col- 

lected. Recrystallization from ethanol gave 440 mg,m. p.: 153- 

156 OC. TLC : Rf 0.5, in solvent hexane:acetone = 1:l 

N,N-dimethyl-carbamoyl-chloride (IIIa) . 

0 

(pH: 10) and 3 X 15-20 ml petroleum ether 

644 mg (4 mmol) N,N-dimethyl-carbamic acid-trimethylsilyl- 

ester in 1 m l  chloroform was added to a slurry of 840 rng 

(4 mmol) PC15 in 1 ml abs. chloroform at 0 'C. The reaction 

mixture was stirred under dry argon f o r  30 minutes. After 1 

hour standingat room temperature reaction mixture turned to a 

clear solution. The solvent and the by-product P0Cl3 were 

evaporated at atmospheric pressure pax. temperature 130 OC). 

The faint yellow coloured residue was distilled in vacuo. 

Yield 360 rng (3.3 mmol) colourlcss o i l ,  b.p.: 54-56 OC 

(13 torr). 

N,N-di-n.propyl-carba~noyl-chloride-carbonyl-~~C (IIIb). 

The labelled compound was prepared according to the above 

described method, using 851 mg (3.9 mmol) labciled N,I\I-di- 

n.propy1-carbamic acid-trimethyl~il~l-ester. Yield 435 mg 

(2.6 mmol, 66 "/o),b.p.: 95-97 OC (12-13 torr). 
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E F T C - ~ a r b o n y l - ~ ~ C  (IVb). 

500 mg (1.5 rnmol) Pb(SC2H5)2 was added to  a s o l u t i o n  o f  

435 rng (2 .b mmol) l a b e l l e d  d i -n .p ropy1  ca rbamoyl -ch lo r ide  i n  

2 m l  ch lo robenzene  and unde r  a r g o n  a tmosphe re ,  a t  140-150 O C  

was s t i r r e d  f o r  3 h o u r s ;  t h e  i n i t i a l l y  y e l l o w  m e r c a p t i d e  faded. 

A f t e r  c o o l i n g  t h e  r e a c t i o n  m i x t u r e  w a s  f i l t e r e d ,  washed w i t h  

pe t ro l eum e t h e r ,  t hen  t h e  s o l v e n t  w a s  e v a p o r a t e d .  The p a l e  ye l low 

r e s i d u e  w a s  d i s t i l l e d  i n  vacuo.  Y i e l d  36.1 mg (1.9 mmo1)b.p.: 53- 

56 OC (1 t o r r )  . Radiochemical  y i e l d  a p p r o x i m a t e l y  : 388.5 MBq, 

1 . 0 1  GBq/g,2b %. TLC: R f  0 .15 i n  hexane:benzene = 3 0 : 2 ,  Hf 0 . 8  

i r :  h exane :e thano l  = 3 0 : 2 .  
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2 “\NH + 14c02 
R2’ 

T 

1 (CH3j3SiC1 

R1\ IV -14C - 0 - Si (CH3 )3 
II 

R2’ 0 

11. 

‘N L’C - C 1 w 
II / / 

R 2  0 0 
111. 

IV l 4 c  -x 1\ 
n 

R2’ 0 

IV: 
M :  X :  product: 

R ,  = IH Na - O Q  carbamate 
R 2  = alkyl 

R1 
R2 = R1 1 sec.arnine 
R2 f R1 

K - SQ thiocarbama te 

Pb - N’ urea 
z 

‘ 2 2  

z 1  = z 2  ; z1 f z* 

Q : alkyl, a r y l  
2 : H, alkyl,aralkyl,aryl 

IVa. IVb. 


