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The condensat ion  of ure thane  and ethyl ace tohydrox imate  with 2 - c h l o r o m e t h y l - l - m e t h y l b e n z i m i d a z o l e  has 
given, r e s p e c t i v e l y ,  N - e t h o x y c a r b o n y l - O - ( 1 - m e t h y l b e n z i m i d a z o l - 2 - y l m e t h y l ) h y d r o x y l a m i n e  and ethyl 
N - ( 1 - m e t h y l b e n z i m i d a z o l - 2 - y l m e t h o x y ) a c e t i m i d a t e .  Acid hyd ro lys i s  of the l a t t e r  has given O-(1-  
me thy lbenz imidazo l -2 -y lme thy l )hyd roxy lamine .  The r eac t i ons  of i ts d e r i v a t i v e s  with HCI have been 
s tudied,  and it has been shown that  1 - m e t h y l b e n z i m i d a z o l e - 2 - a l d e h y d e  O - ( 1 - m e t h y l b e n z i m i d a z o l e - 2 -  
methy l )ox ime is formed.  The s t ruc tu r e  of the l a t t e r  has been shown by an ana lys i s  of i ts  PMR spec t r a .  

Continuing our s e a r c h  for  b io log ica l ly  act ive compounds among hydroxy lamine  d e r i v a t i v e s  [11, we have 
a t tempted  to syn thes ize  subs tance  I, which contains  a potent ia l  hydroxy lamine  grouping in a s i x - m e m b e r e d  r ing  l inked 
with benz imidazo le .  
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The condensat ion  of 2 - c h l o r o m e t h y l - l - m e t h y l b e n z i m i d a z o l e  with acetone oxime and hyd ro ly s i s  of the acetoxy 
de r iva t i ve  II was c a r r i e d  out as  d e s c r i b e d  p rev ious ly  121. However ,  when compound II was hydro lyzed  ins tead  of the 
hydroch lo r ide  of O - ( 1 - m e t h y l b e n z i m i d a z o l - 2 - y l m e t h y l ) h y d r o x y l a m i n e  (III) r e p o r t e d  by Schumann et  al. 121, a 
subs tande was obtained whose e l e m e n t a r y  ana lys i s  c o r r e sponde d  to the fo rmula  Cl~H17NsO. 2HC1.2H2Owhich , when 
t r e a t e d w i t h  a lkal i ,  gave the ba se  IV. I t w a s  a lso  i m p o s s i b l e  to obtain III v ia  N - e t h o x y c a r b o n y l - O - m e t h y l b e n z i m i d a z o l - 2 -  
y lme thy l )hydroxy lamine  (V), synthes ized  f rom 2 - c h l o r o m e t h y l - l - m e t h y l b e n z i m i d a z o l e  and urethane.  Under  the act ion 
o f  caus t ic  potash  in 75% ethanol both at room t e m p e r a t u r e  and with heat ing for  5 hr ,  subs tance  V was not hydro lyzed  
but only conver ted  into i ts  po t a s s ium sal t .  However ,  a t t empts  to hydrolyze  subs tance  V by boi l ing it with 20% HC1 led 
to the fo rma t ion  of the d ihydroeh lo r ide  of IV. 

The synthes i s  of III was effected by the condensat ion  of 2 - c h l o r o m e t h y l - l - m e t h y l b e n z i m i d a z o l e  with ethyl 
ace tohydrox ima te  in an ethanol ic  solut ion of sodium methoxide and subsequent  acid  hydro lys i s  under  mi ld  condit ions of 
ethyl  N- (1 -me thy lbenz imidazo l -2 -y lme thoxy )ace t im ida t e  (VI) which formed.  When VI was  boi led  with 20% hydroch lo r ic  
acid,  hyd ro ly s i s  led,  a s  in II and V, to fo rma t ion  of the d ihydrocb lo r ide  of IV. In the p r e p a r a t i o n  of u  2 -e thoxymethy l -  
1 -me thy lbenz imidazo le  was  also fo rmed ,  i t s  s t r u c t u r e  being conf i rmed  by syn thes i s  f rom 2 - c h l o r o m e t h y l - l - m e t h y l -  
benz imidazo le  and sodium ethoxide.  

The subs tance  III obtained by hydro lys i s  c r y s t a l l i z e d  f rom 95% ethanol in the fo rm of a monohydra te .  On 
prolonged dry ing  in vacuum over  P205 it  was conver ted  into the anhydrous compound. In this p r o c e s s  i t s  decompos i t ion  

*For  pa r t  II, see  I l l .  
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t e m p e r a t u r e  g radua l ly  r o s e  f rom 128 ~ C (monohydrate)  to 165 ~ C (anhydrous).  The s t ruc tu r e  of III was conf i rmed by 
p r e p a r i n g  ( 1 - m e t h y l b e n z i m i d a z o l - 2 - y l m e t h o x y ) u r e a  (VII) f rom it and sodium cyanate.  Compound III i s  s table  only at 
no rma l  t e m p e r a t u r e .  When it was heated with 20% HCI i t  was conver ted  into the  d ihydroch lo r ide  of IV, and under  the 
ac t ion of caus t ic  a lka l i ,  sod ium ca rbona te ,  o r  sodium ace ta te  i t  y i e lded  IV as  the f r ee  base .  At tempts  to  obtain a 
fo rmy l  de r iva t i ve  f rom III by the act ion of f o r m i c  acid  and sodium ace ta te  a l so  led  to IV. 

8,M 8 7,53 7,22 7 fi S,58 5 4 3,84 6, ppm 3 

8,~2 ~ 7,54 7,2S ) 6 ~,21 ~ 4 3,84 5, ppm! 

PMR s p e c t r a  (JNM 4H-100 ins t rument)  : 1) 1- 
m e t h y l b e n z i m i d a z o l e -  2- a ldehyde O-(1-  
m e t h y l b e n z i m i d a z o l - 2 - y l m e t h y l ) o x i m e  (IV) in 
d imethyl  sulfoxide,  2} 1 - m e t h y l - b e n z i m i d a z o l e -  
2 -a ldehyde  O-benzyloxime (VIII} in CHC13. 

On the b a s i s  of i t s  e l e m e n t a r y  ana lys i s  and PMR spec t rum,*  compound IV can apparent ly  be  ass igned  the 
s t r u c t u r e  of 1 - m e t h y l b e n z i m i d a z o l e - 2 - a l d e h y d e  O- (1 -me thy lbenz imidazo l -2 -y lme thy l )ox ime .  The PMR spec t rum of 
compound 1%" has  the following s igna ls  : sp l i t  peak  at 3.84 ppm cor re spond ing  to the p ro tons  of two methyl  groups  
a t tached to ni trogen;  s ingle t  of CH 2 p ro tons  at  5.58 ppm,  and s ingle t  of a CH=N proton  at 8.34 ppm. In addit ion,  the 
spec t rum has a complex mul t ip le t  at  7 .22-7 .53  ppm re la t ing  to the a r o m a t i c  pro tons  of the benz imidazo le  r ing.  We 
conf i rmed th is  a s s ignment  of the pro tons  by compar ing  the PMR s p e c t r a  of the ox imes  IV and VIII (figure) obtained 
f rom 1 - m e t h y l b e n z i m i d a z o l e - 2 - c a r b a l d e h y d e  and O-benzylhydroxylamine .  In the spec t rum of VIII, the  peak 
co r r e spond ing  to the pro tons  of the  methyl  group a t tached to the  n i t rogen  is not sp l i t ,  s ince  in th is  compound t h e r e  i s  
only one methyl  group.  

The fo rma t ion  of compound IV can be explained in the following manner .  When II, V, o r  VI is  hydro lyzed  under  
compara t i ve ly  s e v e r e  condi t ions ,  the  III which f o r m s  is c leaved with the l i be ra t i on  of ammonia  and the fo rma t ion  of 1- 
m e t h y l b e n z i m i d a z o l e - 2 - c a r b a l d e h y d e .  The l a t t e r  r e a c t s  with an unchanged molecu le  of III to fo rm  the oxime IV. A 
s i m i l a r  t r a n s f o r m a t i o n  of the hyd roch lo r ide s  of some O-a lky lhydroxy lamines  has  been  d e s c r i b e d  in the  l i t e r a t u r e  131. 
The f o r m a t i o n  of ox imes  f rom carbonyl  d e r i v a t i v e s  and O-a lky lhydroxy lamine  hyd roch lo r ides  is  a l so  known 14t. 

E X P E R I M E N T A L  

N - E t h o x y c a r b o n y l - O - ( 1 - m e t h y l b e n z l m i d a z o - 2 - y l m e t h y l ) h y d r o x y l a m i n e  (V). Urethane,  5.8 g (56 mM), was added 
to the alkoxide de r i ved  f rom 1.1 g (48 raM) of sod ium in 60 ml  of absolu te  ethanol ,  and the mix tu re  was s t i r r e d  fo r  30 
rain and then t r e a t e d  with 9 g (48 raM) of 2 - c h l o r o m e t h y l - l - m e t h y l b e n z i m i d a z o l e .  Af ter  6 hr  s t i r r i n g  at 20 ~ C, the 
p r e c i p i t a t e  was s e p a r a t e d  off and washed  with e thanol ,  wate r ,  and ethanol  again. The  y ie ld  of V was  8.6 g (78.4%), 
decomp 170-171 ~ C. It is  so luble  in hot ethanol and insoluble  in e the r ,  benzene,  and wa te r .  With an ethanol ic  solut ion 
of KOH it  gives  an e a s i l y - h y d r o l y z e d  p o t a s s i u m  sal t .  Found, %: C 57.7; H 5.9; N 16.4. Calculated for  C12H15N~Oa, %: 
C57.8 ;  H6.1 ;  N16.9 .  

Ethyl  N - ( 1 - m e t h y l b e n z i m i d a z o l - 2 - y l m e t h o x y ) a c e t i m i d a t e  (VD and 2 - e t h o x y m e t h y l - l - m e t h y l b e n z i m i d a z o l e .  Ethyl 
ace tohydrox imate ,  6 g (58 mM), was added to the  alkoxide de r ived  f rom 1.33 g (58 mM) of sodium in 40 ml of absolute  
ethanol ,  the mix ture  was s t i r r e d  for  20 min,  and 10.5 g (58 raM) of 2 - c h l o r o m e t h y l - l - m e t h y l b e n z i m i d a z o l e  in 40 ml of 

*The PMR s p e c t r a  were  taken  by  G. P. Syrova. 
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absolute ethanol was added. After 5 hr s t i r r ing ,  the reac t ion  mix ture  was poured into water ,  the oil was extracted 
with e ther ,  the ether was dr iven  off, and the res idue  was dis t i l led  in vacuo. The yield of 2-e thoxymethyl -1-  
methylbenzimidazole  was 5 g (45.4%), bp 127-131 ~ C (0.5 ram). After three  dis t i l la t ions  the substance crys ta l l ized ,  
mp 40 C (from ether and pe t ro leum ether). Found, %: C 69.1; H 7.3; N 14.7. Calculated for CllHltN20 , %: C 69.4; 
H 7.4; N 14.9. F r o m  the second fract ion,  boil ing at 142-153 ~ C (0.5 mm),  substance VI c rys ta l l i zed  on standing. Yield 
5 g (34.6%), mp 47--49  ~ C (petroleum ether). Found, %: C 62.8; H 6.8; N 17.0. Calculated for Cl~H17N302, %: C 63.1; 
H6.9;  N17.0. 

2 -Ethoxymethy l - l -methy lbenz imidazo le .  With s t i r r i ng ,  3.1 g (17 mM) of 2 -ch lo romethy l - l -me thy lbenz imidazo le  
in 10 ml of ethanol was added to the alkoxide derived f rom 0.4 g (17 raM) of sodium in 10 ml  of absolute ethanol, the 
mix ture  was s t i r r ed  for 1 hr ,  then f i l te red ,  and the f i l t ra te  was evaporated in vacuo. The res idue was t rea ted  with 
ether ,  the e thereal  solution was f i l tered,  then the ether  was evaporated,  and the res idue was dis t i l led in vacuo. Yield 
2.4 g (75%), bp 132--135 ~ C (0.5 mm),  mp 40-42  ~ C. The compound was identical  with that descr ibed  above. 

Dihydrochloride of O-(1-methylbenz imidazol -2-y lmethyl )hydroxylamine  (III). A solution of 7 g (28 raM) of VI in  
25 ml of absolute ether  was t rea ted with 0.5 g (28 mM) of water  and 40 ml  of 8% ethereal  HC1 unti l  the substance 
precipi ta ted completely. The oily res idue crys ta l l ized  after t r i tu ra t ion ,  and was washed with ether .  The yield of III 
was 4.5 g (60%), decomp, p. 128 ~ C. Found, %: C 40.5; H 5.8; N 15.2; C1 26.0; H20 7.0. Calculated for 
CgHllN30.2HC1. H20 , %: C 40.3; H 5.6; N 15.7; C1 26.4; H20 6.7. The same substance was obtained at 20 ~ C f rom 
4.7 g (19 raM) of VI and 0.34 g (19 mM) of water  in 30 ml of 10% ethanolic HC1. The yield of III was 3.2 g (62.7%). After 
drying for 2 weeks in a des icca tor  over P205, mp 165 ~ C (decomp). Found, %: C 43.2; H 4 . 9 ;  N 16.9. Calculated for 
CsHllN30.2HC1, %: C 43.2; H 5.2; N 16.8. The p ic ra te  was obtained f rom III and p ic r ic  acid with the addition of an 
equimolecular  amount of ethanolic alkali ,  deeomp, p. 217 ~ C. Found, %: C 44.9; H 3.7; N 20.5. Calculated for 
CgHtIN30.C6H3N3OT, %: C44.3;  H3.5;  N20.7.  

(1-Methylbenzimidazol -2-y lmethoxy)urea  (VID. A mixture  of 0.4 g (1.6 raM) of III, 0.2 g (4 mM) of sodium 
cynate,  and 3 ml  of water  was heated at 80 ~ C for 1 hr. The precipi ta te  was f i l tered off and washed with water.  The 
yield of VII was 0.2 g (57.1%), decomp, p. 173 ~ C (ethanol). Found, %: C 54.2; H 5.4; N 25.2. Calculated for 
C10H12N402, %: C 54.5; H 5.5; N 25,4. 

1-Methylbenzimidazole-2-a ldehyde O-(1-methylbenz imidazol -2-y lmethyl )oxime (IV). A) A mix ture  of 1 g (4 raM) 
of VI and 3 ml of 20~ HC1 was heated at 100 ~ C for 6 hr. The prec ip i ta te  that deposited on cooling was separa ted  off, 
c rys ta l l i zed  from 25% HC1, washed with ethanol and e ther ,  and dried in a vacuum desiccator .  The yield of the 
dihydrochloride of IVwas  0.3 g (17%), decomp, p. 156 ~ C. Found, %: C 50.3; H 5.2; N 16.4; C1 17.0. Calculated for 
C18HlzNsO. 2HC1.2H20 , % : C 50.5; H 5.4; N 16.3; C1 16.6. The free base IV had decomp, p. 198-200 ~ C. Found, %: 
C 67.5; H 5.5; N 22.0. Calculated for  C18H17NsO , %: C 67.7; H 5.4; N 21.9. l~e ra te  of IV, decomp, p. 232 ~ C. Found, 
%: C 46.1; H 3.0; N 20.3. Calculated for C18HlzN50.2C6H3N~OT, %: C 46.3; H 3.0; N 19.8. 

B) A mixture  of 0.5 g (2 mM) of V and 3 ml of 20% HC1 was boiled for 4 hr and evaporated in vacuo, and the solid 
res idue  was dissolved in water  and t rea ted  with bicarbonate .  The yield of IV was 0.15 g (23.5%), decomp, p. 
198-200 ~ C. 

C) A mixture  of 0.5 g (2 mM) of III, 20 ml of ethanol, and 2 ml of HC1 was boiled for 6 hr. Then 0.2 g (31.3%) of 
IV was isolated by the method descr ibed  above. 

D) A mixture  of 3.4 g (15 raM) of II and 22 ml of 6 N HC1 was t rea ted  with s team for 2 hr. The solut ion was 
evaporated and the res idue  was washed with ether. The yield of the dihydrochloride of IV was 3.7 g (55.2%), decomp, p. 
156 ~ C (ethanol). It yielded the free base  IV with decomp, p. 198-200 ~ C. 

E) An aqueous solution of 3.8 g of the dihydrochloride of IV was neut ra l ized  with b icarbonate ,  sa turated with 
sodium chloride solution,  and extracted severa l  t imes  with dichloroethane and benzene.  The combined ext rac ts  were 
evaporated in vacuo. The semisol id  res idue of IV (1.5 g), after the removal  by vacuum dis t i l la t ion  of a smal l  amount of 
a substance boil ing at 179-181 ~ C (0.9 ram), solidified to a product with decomp, p. 200 ~ C (ethanol). 

F. A mixture  of 1.5 g (6 raM) of III, 1.5 g of sodium acetate,  15 ml  of 80% formic  acid, and 10 ml of water  was 
heated in a boil ing water  bath for 3 hr. The excess acid was dis t i l led  off and the res idue  was poured into water  and 
neut ra l ized  with b icarbonate  to pH 7. The precipi ta te  was f i l tered off, washed with water ,  and dried in a vacuum 
desiccator .  The yield of IV was 1 g (53.4%). 
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1-Methylbenzimidazole-2-a ldehyde O-benzyloxime (VIII). A mixture  of 0.8 g (5 mM) of 1-methylbenzimidazole-  
2-carbaldehyde 15[, 5 ml of ethanol, and 0.6 g (raM) of O-benzylhydroxylamine was boiled with s t i r r i ng  for 1 hr 30 
min  and then poured into water. The oily deposit,  which solidified upon t r i tura t ion ,  was f i l tered off; mp 94 ~ C 
(ethanol). Found, %: C 72.1; H 5.2; N 15.5. Calculated for CI~H~N~O, %: C 72.4; H 5.7; N 15.8. 

REFERENCES 

1. Yu. V. Markova, N. G. Ostroumova, and M. N. Shchukina, ZhOrKh, 3, 1207, 1967. 
2. E. L. Schumann, R. V. Heinzelman,  M. E. Greig, and W. Veldkamp, J. Med. Chem., 7, 329, 1964. 
3. B. Y. R. Nicolaus, G. Pagani,  and E. Testa,  Helv. Chim. Acta, 45, 1381, 1962. 
4. L. W. Jones and R. T. Major, J. Am. Chem. Soc., 52, 669, 1930. 
5: H. S. Hensel,  Ber. ,  98, 1329, 1965. 

1 July 1968 

Ordzhonikidze All-Union Sc ien t i f ic -Research  Chemical and Pharmaceut ica l  Insti tute,  Moscow 

388 


