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The reac t ion  of 2 - am i nom e t hy l -  and 2 - a m i n 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 s  with n i t rous  
acid was invest igated.  The reac t ion  p roceeds  with ni t rogen evolution with excess  hydro -  
chlor ic  or  hydrobromic  acids to f o r m  2 - c h l o r o -  and 2 -b romomethy lbenz imidazo le s ,  while 
2 -benz imidazo ly lmethy ln i t ro l ic  acids and other  products  a re  obtained with excess  n i t rous  
acid. 

It  is well known that p r i m a r y  al iphatic  amines  containing e lec t rophi l ic  subst i tuents  (COOH, COOR) at 
the C l a tom reac t  with n i t rous  acid to f o r m  diazo compounds.  The l a t t e r ,  by evolving ni t rogen,  a re  con- 
v e t t e d  to carbonium ions which en te r  into subsequent t r an s fo rma t ions ,  one of the products  of which  is 
n i t rol ic  acid [2]. The cons iderable  e lec t rophi l ic i ty  of the benzimidazole  r ing makes  it poss ib le  to a s su me  
that  s i m i l a r  reac t ions  m a y  also  occur  in the 2 -aminomethy lbenz imidazo le  {Ia) s e r i e s .  

Compound Ia was obtained by reac t ion  of o-phenylenediamine with glycine [3, 4]. It could not be 
methyla ted  by the Roe method [5]. 2 -Am i no me thy l - l -me thy lbenz imidazo l e  (Ib) was synthesized in low 
yield f r o m  N-methy l -o -pheny lened iamine  [6]. Compound Ib was the re fo re  obtained by mel t ing 2 - a c e t a m i d o -  
methylbenzimidazole  with methyl  benzenesulfonate  and subsequent c leavage of the acetyl  group with hydro-  
chlor ic  acid. 

It was  p rev ious ly  r epo r t ed  [7] that  2 - ch lo ro -  and 2 -b romomethy lbenz imidazo le s  (IIa, b) a re  fo rmed  
in high yield by the action of n i t rous  acid on 2 -aminomethy lbenz imidazo le  (Ia) in a medium containing ex-  
cess  hydrochlor ic  or  hydrobromic  acids.  1 -Methy l -2 -aminomethy lbenz imidazo le  (Ib) r e a c t s  s imi l a r ly .  
When hydrof luor ic  acid is used,  Ia is conver ted  to 2-hydroxymethylbenz imidazole  (IIc). Compounds I Ia -d  
a re  identical  to the compounds obtained f r o m  o-phenylenediamine  and i ts  N-methyl  der iva t ive  by heating 
with monoch lo ro - ,  m o n o b r o m o - ,  and hydroxyacet ic  acids by the Phi l l ips  method [8]. 
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I a R=H,b R=CH3; I1 a R :H ,  X=CI; b R=H, X=Br; C R=H, X=OH; d R=CI|~, X=C| 

The reac t ion  in the p r e s e n c e  of excess  n i t rous  acid p roceeds  in a m o r e  complex manner  [7]. Ni t ro-  
gen is  evolved f r o m  the reac t ion  mix tu re  when acid salt  solutions of amines  Ia and Ib which contain 3 moles  
of acid a re  introduced into a sodium ni t r i te  solution (3 moles  p e r  mole of amine) .  Anorange,  c rys ta l l ine  
p rec ip i t a te  (Va) or ,  r e spec t ive ly ,  a l ight -ye l low,  c rys ta l l ine  p rec ip i ta te  (Vb) a re  fo rmed  as the ni t rogen 
evolves .  Both compounds a re  hard  to d isso lve  in the cold in wa te r  and in mos t  organic  solvents  but a re  
r ead i ly  soluble in dilute a lkal i s  with the fo rmat ion  of r edd i sh -o range  (Va) and orange (Vb) solutions.  Hea t -  
ing the alkaline solutions r e su l t s  in deeolorat ion with the fo rmat ion  of sodium ni t r i te .  Compounds Va and 
Vb gradual ly  decompose  on prolonged s torage  with evolution of n i t rogen oxides.  The decomposi t ion is ac -  
ce l e ra t ed  on ra i s ing  the t e m p e r a t u r e .  On the bas i s  of these  p r o p e r t i e s  the compounds obtained should be 
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ass igned  ni t rol ic  acid s t r u c t u r e s  since the IR spec t r a  indicate that they a re  identical  to the n i t rosa t ion  

p roduc t s  of the cor responding  oximes  [9]. 

The indicated t r an s fo rm a t i ons  apparent ly  occur  through the in te rmedia te  fo rmat ion  of carbonium ion 

m [101. 
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I la  R=H,b R=CH3; IV V,V! aR=H, bR=CH 3 

The filtrate after removal of Va was extracted with ether. After several hours pale-yellow needles 
of 1-nitroso-2-cbloromethylbenzimidazole (lle) precipitated from the extract. The eompound is identical 
to the product  of n i t rosa t ion  of 2 -ch loromethy lbenz imidazo le  [11]. 

In the case  of Ib, 1 -me thy l -2 -ch lo rome thy lbenz imidazo le  flId) was isolated f rom the e ther  solution 

instead of lie. 

The hydrochlor ide  of Va p rec ip i t a t e s  f r o m  the e ther  s eve ra l  hours  a f t e r  r emova l  of He. It should be 
noted that ni t rogen evolution does not occur  during fo rmat ion  of the p rec ip i t a t e s  of l ie and the hydroch lo-  
r ide  of Va. This  enables  one to conclude that  they a r e  obtained as the r e su l t  of secondary  p r o c e s s e s .  2-  
Chloromethylbenzimidazole ,  2 -n i t romethy lbenz imidazo le  (IV), and n i t rosy l  chlor ide apparent ly  p a s s  into the 
e ther ;  the l a t t e r  apparen t ly  n i t r o sa t e s  IIa  at the NH group and IV at the CH 2 group to f o r m  Vb and Va �9 HC1. 

2 -Hydroxymethy lbenz imidazo le  (Via) and 1 -me thy l -2 -hydroxymethy lbenz imidazo le  (VIb) were  i so-  
la ted and identified f r o m  the aqueous solutions a f t e r  evapora t ion  under  reduced p r e s s u r e .  

At tempts  to find 2 -n i t romethy lbenz imidazo les  (IV), which a re  the mos t  p robable  i n t e rmed ia t e s  in the 
fo rmat ion  of n i t ro l ic  ac ids  [2], in the reac t ion  products  were  unsuccessfu l .  

2 -Benz imidazo ly lmethy ln i t ro l i c  acids mani fes t  a capaci ty  for  nucleophil ic exchange of the ni t ro  
group,  as  a resu l t  of which they a re  of in teres t  for  the synthes is  of the as  yet unknown or  ha rd - t o -ob t a in  
compounds of the benzimidazole  s e r i e s ,  as will be shown in our next communicat ion .  

Our  r e su l t s  a t tes t  to the cons iderable  influence of the benzimidazole  r ing on the d i rec t ion  of the r e a c -  
tion under  invest igat ion.  In our case  we obse rved  an analogy to the influence of the carbonyl  group man i -  
fes ted  in the gtycine molecule  [2]. However ,  in con t ras t  to the l a t t e r ,  the 2 -aminomethy lbenz imidazo les  do 
not fo rm stable diazo compounds under  the influence of n i t rous  acid: n i t rogen evolution is obse rved  during 
the reac t ion  ( a t - 1 0  ~ [12]). 

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

2-Ace tamidomethy lbenz imidazo le .  Ammonium hydroxide (22%, 29 ml) was  added to a mix tu re  of 20 g 
of the dihydrochloride of Ia [3] and 15 ml  of wate r .  The c r y s t a l s  of base  which prec ip i ta ted  on cooling were  
f i l t e red ,  washed with wa te r ,  and suspended in 20 ml  of wa te r .  Acet ic  anhydride (9.5 ml) was  added to the 
suspension,  the mix tu re  was boiled fo r  s eve ra l  minutes and neut ra l ized ,  a f t e r  cooling, with ammonium 
hydroxide until c r y s t a l s  of 2 -ace tamidomethy lbenzamidazo le  began to fo rm.  Workup gave 15 g (79%) of 
product  with mp 208-209 ~ (water).  Found%: C 62.80; H 5.80; N 21.92. Ci0I-IllN30. Calculated %- C 63.47; 
H 5.83; N 22.20. vCO 1665 cm -1, VNH 3220 cm - i ,  

1 -Methy l -2 -ace tamidomethy lbenz imidazo le .  This  was  obtained by mel t ing a mix tu re  of 10 g of 2-  
ace tamidomethy lbenz imidazo le ,  8.85 g of methyl  benzenesulfonate ,  and 1.5 ml of alcohol with subsequent  
t r e a t m e n t  of the me l t  with aqueous alkali .  The product  [8.1 g (68%) ] had mp 158-160 ~ (absolute alcohol) [16]. 
It was  conver ted  quanti tat ively into the dihydrochloride of Ib by boiling in 10% hydrochlor ic  acid and evap-  
ora t ion  of the solution on a s t e am bath. 

2 -Chloromethy lbenz imidazo le  (IIa). A solution of 2.8 g (0.04 mole) of sodium ni t r i te  in 10 ml  of wa te r  
was added in 30 min with s t i r r ing  to a solution (cooled t o - 1 0  ~ of 8.8 g (0.04 mole) of the dihydrochlor ide 
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of Ia in 80 ml of 2 N hydrochlor ic  acid. When nitrogen evolutionceased,  the react ion mixture was carefully 
neutral ized with ammonium hydroxide,  and the result ing precipitate of lia was fi l tered,  washed with water ,  
and dried in a des icca tor  to give 5.4 g (81%) of product with mp 163-164 ~ (dioxane) [8]. When the ac id- to-  
amine ra t io  was 1 : 1 (from - 1 0  ~ to + 10 ~ a vi t reous product  was formed f rom which no individual compounds 

could be isolated. 

1-Methyl-2-chloromethylbenzimidazole  (lid). This was obtained in 60% yield by the method used to 
obtain lia and had mp 95-95.5 ~ (ether) [14]. 

2-Bromomethylbenzimidazole  (IIb). This was obtained in the same way as IIa f rom 2.95 g (0.01 mole) 
of the dibromide of Ia, 20 ml of 2 N hydrobromic  acid, 0.7 g (0.01 mole) of sodium nitr i te ,  and 5 ml of 
water .  The hydrobromide was fi l tered at the end of ni trogen evolution, and 1.53 g (90%) of the free base 
with nap 148-150 ~ (dioxane) [15] was isolated with aqueous sodium acetate.  

2-Hydroxymethylbenzimidazole  (IIc). This was obtained in 40% yield in a manner  s imi lar  to that 
used to obtain lI in hydrofluoric  acid, and had mp 170-171 ~ (water) [13]. 

1 -Ni t roso-2-chloromethylbenzimidazole  (He). A solution of 2 g of sodium nitri te in 3.7 ml of water  
was added to a solution of 3 g of 2-chloromethylbenzimidazole  [8] in 7 ml of glacial  acetic acid. After 24 h 
the result ing c rys ta l s  were f i l tered and washed with ice water  to give 2.8 g (79%) of product with mp 176 ~ 
(decomp., methanol). 

2-Benzimidazolylmethylni t rol ic  Acid (Va)._ A. A solution of 53 g (0.24 mole) of the dihydrochloride 
of Ia in 240 ml of 1 N hydrochlor ic  acid was added in small port ions in 20 min with vigorous s t i r r ing  to a 
solution of 50.5 g (0.73 mole) of sodium nitr i te in 1200 ml of water  (10-15~ After an additional 15 min the 
c rys ta l s  were  f i l tered,  washed with water ,  and dried in a des icca tor  over  sodium hydroxide to give 15.7 g 
(32%) of product with mp 108 ~ (decomp.). The fil trate was extracted with ether.  The aqueous layer  was 
distilled under reduced p r e s s u r e  to a volume of 150 ml which, on cooling, yielded 11.3 g (35%) of 2-hydroxy-  
methylbenzimidazole (Via) with nap 171-172 ~ (water) [13]. Compound lie [8 g (17%) with mp 178 ~ (decomp., 
f rom methanol)] [7] was isolated f rom the ether extract  af ter  2-3 h. After  several  days the fi l trate,  af ter  
removal  of lie, yielded 5.7 g (7%) of the hydrochloride of Va with mp 99 ~ (decomp.). The hydrochlor ide was 
converted to Va by t rea tment  with water .  

B. 2 -Formylbenz imidazo le  oxime [3.22 g (0.02 mole)] [17] was added to 30 ml of 70% n i t r i cac idand  
the mixture was heated to 70-80 ~ The result ing brown solution was cooled (during which a precipi tate  
formed),  diluted with 100 ml of water ,  and neutral ized with sodium bicarbonate.  The nitrolic acid was fi l-  
tered,  washed thoroughly with water ,  and dried in a des icca tor  to give 2.74 g (67%) of a product with mp 
107 ~ (decomp.). 

1-Methyl-2-benzimidazolylmethylni t ro l ic  Acid (Vb). A. This was obtained in the same way as Va 
f rom 23.4 g (0.1 mole) of the dihydrochloride of Ib, 90 ml of 1 N hydrochlor ic  acid, 21 g (0.3 mole) of sodi- 
um nitr i te ,  and 450 ml of water .  The reagents  were  s t i r red  for 5 rain and yielded 3.5 g (16%) of product 
with mp 99 ~ (decomp.). v NO 2 1340, 1565 cm - l ,  u C ~  N 1620 cm -1. The methyl es te r  was obtained by the 

action of an ether  solution of diazomethane on Vb and was insoluble in aqueous alkali. It formed a picrate  
with rap 193-194 ~ (decomp., f rom alcohol). Found %: C 41.81; H 2.97; N 20.93. C10H10N403 �9 CsH3N307. 
Calculated %: C 41.47; H 2.83; N 21.16. The precipi tate  f rom the ether  extract  was t rea ted  with aqueous 
sodium acetate to give 1.9 g (11%) of 1-methyl -2-chloromethylbenzimidazole  with mp 93-94 ~ (ether) [13]. 
Compound VIb [4.9 g (31%)] c rys ta l l ized  out f rom the aqueous layer  af ter  removal  of a large portion of 
water  and cooling. The react ion proceeded s imi lar ly  at - 1 0  ~ 

B. Compound Vb [3.95 g (62%)] with mp 99 ~ (decomp.) was obtained like Va f rom 5 g of 1 -methy l -2 -  
formylbenzimidazole  oxime [18] by the action of 15 ml of 70% nitr ic  acid. 
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