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M e t h y l - l - b u t y l c a r b a m o y l - 2 - b e n z i m i d a z o l y l c a r b a m a t e  with a rad ioac t ive  label  in the imi -  
dazole  r ing o r  methoxy group  was  obtained by s u c c e s s i v e  r eac t ion  of ba r ium C14-cyanamide 
with me thy l  C14-ehloroformate ,  o -phenylenediamine ,  and butyl i socyanate .  

Fungic ides  effect ive  in the fight aga ins t  d i s ea se s  of ag r i cu l tu ra l  plants  w e r e  recen t ly  found among 
benz imidazo le  de r iva t ives  [1-3]. M e t h y l - l - b u t y l e a r b a m o y l - 2 - b e n z i m i d a z o l y l e a r b a m a t e  is the m o s t  p r o m i s -  
ing of these  fungicides [4]. 

We synthes ized  this fungicide with rad ioac t ive  labels  in o r d e r  to study the local iza t ion and pathways 
of metabol ic  t r a n s f o r m a t i o n  of it in plants  and fungi. 

The synthes is  was accompl i shed  in two pr inc ipa l  s teps  - p r epa ra t i on  of the in te rmedia te  benz imi -  
d a z o l y l c a r b a m a t e  with a rad ioac t ive  label  in the 2 posi t ion (I) o r  in the methoxy group  (II) and subsequent  
conve r s ion  of it to the f inal  product .  

The rad ioac t ive  label  was  introduced into the imidazole  r ing by means  of rad ioac t ive  ba r i um cyana-  
mide  via the following scheme:  
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In o r d e r  to introduce a label  into the methoxy group (II), we used rad ioac t ive  methanol  as the in te r -  
media te  in acco rdance  with the s chem e  p resen ted  below: 
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The f inal  p roducts  w e r e  obtained by condensat ion of I and It with excess  butyl i soeyanate .  
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The m a s s  spec t r a  of I and II contain peaks  of rad ioac t ive  m o l e c u l a r  ions with m / e  193, which cons t i -  
tute  20 and 5%, respec t ive ly ,  of the nonradioac t ive  mo lecu l a r  ions with m / e  191. 

The UV spec t r a  of III and IV a r e  identical  to the spec t r a  of nonradioact ive  s amp le s  [5] and have ab-  
sorp t ion  max ima  at  244, 288, and 297 nm. 

Compounds III and IV proved to be l e s s  s table  than the i r  nonradioact ive  analogs on s to rage  and under -  
went  30-40% decomposi t ion  a f t e r  one month to give I and II. 

EXPERIME N'TAL 

The starting Cl4-methanol and barium Cl4'eyanamide were obtained from the All-Union "Isotop,' 
As soc iation and were used without additional purification. 

The activity was measured with an SL-20 liquid scintillation counter (France). 

The mass spectra were recorded with an LKB-9000 spectrometer, and the UV spectra were recorded 
with a Perkin-Elmer 402 spectrophotometer. 

The radioehemieal purity was determined by thin-layer chromatography (TLC) on a Silufol UV-254 
plate with elution by b u t a n o l - c h l o r o f o r m  (1 ..1). 

Me thy l -2 -C14-benz imidazo ly l -2 -y l ea rbamate  (I). A 0.047-g (0.5 mmole)  sample  of methyl  cMoro-  
f o r m a t e  was added w i t h  s t i r r ing  at  0.5 ~ to a suspens ion  of 0.089 g (0.5 mmole)  of b a r i u m  Cl4-cyanamide 
with a speci f ic  ac t iv i ty  of 56.1 m C i / g i n  1.5 ml  of wate r .  St i r r ing was continued at  30-40 ~ fo r  1 h, a f te r  
which the mix tu re  was  cooled to 0 ~ and the resul t ing  prec ip i ta te  was r emoved  by f i l t ra t ion.  The f i l t ra te  
was added dropwise  to heated (to 90-100 ~ o -pheny lened iamine  [0.054 g (0.5 mmole) ]  while ma in -  
raining the pH at 4-5 by the addition of hydrochlor ic  acid.  The mix tu re  was  s t i r r e d  under  the s a m e  condi-  
t ions for  30 min, and the prec ip i ta te  was  sepa ra t ed  by f i l t ra t ion  of the hot mix tu re  and washed success fu l ly  
on the f i l t e r  with 1 ml  of hot wa te r  and 1 ml  of acetone .  The yie ld  of product  with mp  290-300 ~ (dec.) was  
64.0%. Its specif ic  ac t iv i ty  was 53.4 m C i / g .  One rad ioac t ive  spot with R f  0.49, which is equivalent to the 
R f  value of a spot f r o m  a nonradioact ive  sample  developed in UV light, was  obse rved  during c h r o m a -  
tography.  

C14-Methy l -2 -benz imidazo ly lca rbamate  (II). A 0 .5 -ml  (0.012 mmole)  s ample  of Ct4-methanol  with a 
spec i f ic  act ivi ty  of 12.7 m C i / g  was added at  0-5 ~ to 3.57 g (0.036 mmole)  of phosgene containing one d rop  
(15-20 mg) of methyl  ch lo ro fo rma te ,  and the mix tu re  was main ta ined  under  the s ame  conditions fo r  1 h and 
at  r o o m  t e m p e r a t u r e  fo r  3 h with s imul taneous  r e m o v a l  of the excess  phosgene.  The C14-methyl ch loro-  
' f o rma te  obtained [0.05.2 g (0.55 mmole)]  was subjected to r eac t ion  under  thecond i t ions  of the preceding 
example  with 0.097 (0.55 mmole)  of b a r i u m  cyanamide  and  0.059 g (0,55 mmole)  of o-phenylenediamine .  
The yield of p roduc t  with R f  0.49 was 14.6%. Its r ad iochemica l  pur i ty  was 100%. T h e  specif ic  ac t iv i ty  
was  6.6 m C i / g .  

M e t h y l - l - b u t y l c a r b a m o y l - 2 - C l 4 - b e n z i m i d a z o l y l - 2 - y l c a r b a m a t e  (III). A mix tu re  of 0.23 g (0.12 
mmole)  of I and 0.023 g (0.24 mmole)  of butyl i socyanate  in 1 ml  of d ry  dioxane was heated with s t i r r i ng  a t  
40-60 ~ until the p rec ip i t a te  had dissolved.  The dioxane was  then r e m o v e d  by vacuum dist i l lat ion,  and the 
r e s idue  was  washed  with th ree  2 - m l  por t ions  of hexane and d isso lved  in benzene.  The benzene solution 
was  ch roma tog raphed  with a column fi l led with s i l i ca  ge l  [ b e n z e n e - a c e t o n e  (9 : 1)]. The f rac t ions  contain-  
ing HI (Rf  0.87) we re  evapora ted .  The yield was up to 60%, and the specif ic  ac t iv i ty  was 35 m C i / g .  

C i 4 - M e t h y l - l - b u t y l c a r b a m o y l - 2 - b e n z i m i d a z o l y l c a r b a m a t e  (IV). This  compotmd was obtained in 68% 
yield under  the conditions of the preceding  example  f r o m  0.153 g (0.8 mmole)  of II and 0.158 g (1.6 mmole)  
of butyl i socyanate .  The speci f ic  ac t iv i ty  was 4.27 m C i / g .  

1. 
2. 
3. 
4. 
5. 

LITERATURE CITED 

D. J. W. Burde, Proceedings of the Fifth Conference on Insecticides and Fungicides (1969), p. 675. 
French Patent No. 2048150 (1971); Ref. Zh. Khim., 7N599P (1972). 
H. L. Klopping, US Patent No. 3541213 (1970); Ref. Zh. Khim., 17N690P (1971). 
S. S. Kukalenko and I~. A. Dvoiehenkova, Khimiya v Sel'sk. Khoz., ii, 836 (1970). 
Y. Soeda, S. Koska, and T. Noguehi, Agr. Biol. Chem., 36, 819 (1972). 

1361 


