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X.* NITRATION OF 2,9-DISUBSTITUTED IMIDAZOLE[1,2-a] 

BENZIMIDAZOLES 

V. A.  A n i s i m o v a  a n d  A. M. S i m o n o v  UDC 547.785:5:542.958.1 

Depending on the nature of the substituent in the 2 position of the heteror ing,  imidazo[1,2-a] 
benzimidazole der ivat ives  undergo ei ther  mononitrat ion in the 3 position or  form dinitro de-  
r ivatives.  In the lat ter  case ,  one nitro group en te rs  the phenyl group in the 2 position, and 
the other  en te rs  the benzimidazole f ragment  of the molecule.  

It has been shown that 3 -bromo-9-methyl -2-phenyl imidazole [1 ,2-a ]benz imidazole  readily exchanges a 
bromine atom for a nitro group in dimethylformamide (DMFA) [2]. This react ion cannot be extended to 3-  
b romo-2-methy l - subs t i tu ted  imidiazo[1,2-albenzimidazoles ,  inasmuch as the bromine atom in them has low 
lability. We therefore  studied the possibi l i ty of d i rec t  nitration of imidazo[1,2-a]benzimidazole.  

A nitro group cannot be introduced into the ring by the action of fuming nitr ic  acid on 2 ,9-dimethyl i -  
midazo[1,2-a]benzimidazole (I) in acetic acid: only the ni trate (IT) of the s tar t ing base is formed. The ni-  
trate can also be obtained by the action of nitric acid (sp. gr.  1.32) on a solution of imidazo[1,2-a]benzimi-  
dazole in an organic solvent (acetone, dioxane). Mononitro compound III is formed in good yield when salt TI 
is added to concentrated sulfuric acid at - 5  to - 1 0  ~ C. An identical product was also obtained by nitration 
of I with an equivalent amount of potassium nitrate in concentrated sulfuric acid. 
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Asymmet r i ca l  (Uas 1526 cm -1) and symmet r i ca l  (u s 1345 cm -t) s tretching vibrat ions of the NO z group 
appear distinctly in the IR spect rum of mononitro compound ITI in the region charac te r i s t i c  for aromat ic  
nitro groups [3]. On the basis of the t ransformat ions  of the amine [4] obtained by reduction of III, the 3-  
nitro s t ructure  was assigned to the synthesized nitro compound. 

The action of an equivalent amount of potass ium nitrate on a solution of 9-methyl-2-phenyl imidazo[1,  
2-a]benzimidazole (IV) in concentra ted sulfuric acid even under very  mild conditions (from - 1 0  to - 1 2  ~ 
gives a mixture of a dinitro derivative (V, 47 % yield) and unchanged star t ing compounds. When the amount 
of nitrating agent is increased  to 2 equivalents the yield of dinitro derivative V is ra ised  to 90:7c. It seemed 
that a mononitro product  should have been formed when the ni trate of the s tar t ing base was added to sulfuric 
acid, but in this case a mixture of a dinitro derivative of the imidazo[1,2-a]benzimidazole and start ing IV 
was obtained. Inasmuch as the mononitrat ion of 2-(p-nitrophenyl) derivative Via gives the same dinitro corn- 
compound, it might be supposed that one of the nitro groups enters  the para  position of the phenyl ring. 

*See [1] for communicat ion IX. 
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This is in agreement  with the ni t rat ion of a ry l imidazoles ,  which also p roceeds  p r imar i ly  in the para  
position of the aryl  group [5]. Resul ts  of this sor t  a re  also charac te r i s t i c  for many polycyclic sys tems  con-  
taining an imidazole o r  pyrrole-condensed r ing that contains a phenyl substituent [6-9]. It has been shown 
[6, 10] that the imidazole r ing in such sys tems  becomes  a ~-surplus  ring; therefore ,  if the para  position in 
the phenyl ring is substituted, the nitro group en te rs  the imidazole ring in the position adjacent to the bridge 
nitrogen atom. The single instance of entry of a nitro group in the meta position of the phenyl ring when the 
para  position was occupied was observed  for imidazo[2, 1-b][1,3,4]thidiazole [6]. 

We obtained p-ni t robenzoie  acid by oxidation of the dinitro compounds that we obtained with potassium 
permanganate .  Consequently, the second nitro group enters  the heterocycl ic  ring. However, 9 -me thy l -3 -  
n i t ro -2 -  (p-nitrophenyl) imidazo [1 ,2-a]-benzimidazole  (VIIIa), which was obtained by alternative synthe sis [by 
rep lacement  of the bromine in 3 -bromo-2- (p-n i t rophenyl )  derivative VIIa] proved to be different f rom the 
product of d i rec t  dinitration. The para  position of the phenyl r ing is probably ni t ra ted initially. The resu l t -  
ing p-ni t rophenyl  grouping by means  of its e l ec t ron -accep to r  effect  deact ivates  the 3 position of the imi -  
dazole ring, and the second nitro group therefore  en te r s  the benzimidazole f ragment  of the molecule,  e s -  
pecial ly since benzimidazole i tself  and its der ivat ives  are  usually ni t ra ted under r a the r  mild conditions 
[11, 12]. The position of the second ni tro group cannot be more  accura te ly  established. 

The unsuccessful  at tempt to isolate a mononitro compound in the nitration of 2-phenyl derivat ive IV 
indicates the g r e a t e r  ease of ent ry  of the second nitro group into the molecule thm~ in the case  of the f i rs t  
ni tro group. This  effect  on the course  of the reac t ion  is cha rac te r i s t i c  only for  the nitrophenyl group. If  
there is a bromine atom presen t  as  a para  substituent in the phenyl ring, IX undergoes  mononitrat ion in the 
3 position of the cycl ic  system. The s t ruc ture  of this mononitro derivat ive was proved by alternative syn-  
thesis:  

[ " ~ ' F ~  n ~  ~ '~- - - -n  ~-~'~1 n~ ~ n  /at 

CH.~ CH a ~H a 

IX VIII ~: V i l e  

The nitrat ion of 6 ,7-d imethyl -2-phenyl -9-e thyl imidazo[1 ,2-a]benzimidazote ,  even a t - 1 0  to - 1 5  ~ is 
accompanied by side redox p roces ses .  3-Ni t ro  (VIIId), 2-(p-nitrophenyt)  (Xd), and 3-n i t roso  der ivat ives ,  
the s t ruc tu res  of which were proved by al ternat ive syntheses,  and a number  of other  compounds of unknow~ 
s t ruc ture  were  isolated from the react ion mixture.  

EXPERIMENTAL 

2,9-Dimethylimidazo[l,2-a]benzimidazole Nitrate (If). A 0.3-g sample of nitric acid (sp. gr. 1.32, 

20 % excess) was added with stirring to a solution of 0.92 g (5 mmole) of I in I0 ml of acetone. After lh, the 
precipitated nitrate was removed by filtration and washed with ether to give 1 g (81%) of snow-white plates 
with mp 254 ~ (from alcohol). Found: C 53.2; H 5.1; N 22.4%. CIIHIIN3oHNO3. Calculated:C 53.2; H 4.9;N 22o6%. 

97Methyl-2-phenylimidazo[l,2-a]benzimidazole Nitrate. This compound was obtained as snow-white 
needles with mp 213 ~ (dec., aqueous alcohol) in 98 ~ yield by the action of nitric acid on a solution of IV in 
acetic acid. Found: C 62.2; H 4.7; N 18.2%. C16HmN3-HNO 3. Calculated: C 61.9; H 4.6; N 18.1%. 

3-Nitro-2,9-dimethylimidazo[l,2-a]benzimidazole (Ill). A) A 0.8-g sample of salt II was added in 
small portions with vigorous stirring to a cooled (to -5 to -I0 ~ concentrated H~SO 4 (sp. gr. 1.82, 8 ml), and 
the mixture was held at this temperature for 1 h, after which it was poured over ice. The aqueous mixture 
was carefully made alkaline with concentrated ammonium hydroxide. The resulting precipitate was removed 
by filtration and dried in a desiccator. It was then treated with dry chloroform, the chloroform solution was 
filtered to remove inorganic salts, and the filtrate was chromatographed with a column filled with aluminum 
oxide to give 0.65 g (88%) of bright-yellow needles with mp 248 ~ (from DMFA). Found: N 24.3%. C11Hi0N402. 
Calculated: N 24.3 % 

B) A solution of 0.3 g (3 mmole) of potassium nitrate in 5 ml of acid was added dropwise with stirring 
to a cooled (to - 8  to - 1 0  ~ solution obtained by careful  dissolving of 0.55 g (3 mmole) of 2 ,9-dimethyl imi-  
dazo[1,2-a]benzimidazote  in t0 ml of concentra ted  H2SOr af ter  which the resul t ing solution was held at a 
low tempera tu re  for 1 h. I t  was then worked up as in exper iment  A to give 0.52 g (70 %) of product. Some-  
t imes III c rys ta l l i zed  f rom aqueous alcohol with one molecule of water  to give a product with mp 221 ~ l 
Found: C 53.5; H 4.7; N 22.8%. CllHi0N402"H20. Calculated: C 53.2; H 4.9; H 22.6 7c. 
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Nitro compound III had a v e r y  low basic i ty .  It  ~ormed qua te rnary  sa l t s  with difficulty, and the qua te r -  
na ry  sa l t s  were  e x t r e m e l y  unstable ;  on t r ea tmen t  with dilute alkali  in the cold they spli t  out alkyl halide to 
give the s t a r t ing  ni t ro compound. 

1 -Alky l -3 -n i t rophenacy l -2 - iminobenz imidazo l ines  (Xa-d). React ion  of 1 - a l k y l - 2 - a m i n o b e n z i m i d a -  
zoles  with ni t rophenacyl  b r o m i d e s  in alcohol at r oom t e m p e r a t u r e  gave 1 - a l k y l - 3 - n i t r o p h e n a e y l - 2 - i m i n o -  
benzimidazol ine  hyd rob romides  (X-HBr) ,  t r ea tmen t  of which with 22 )~ ammonium hydroxide o r  sa tura ted  
sodium bicarbonate  solution gave b a s e s  Xa-d  (Table 1). 

9 -Alky l -2 -n i t ropheny l imidazo[1 ,2 -a ]benz imidazo les  (Via-d, Table  1). These  compounds were  obtained 
by cycl iza t ion of imines  Xa-d  by means  of the following cycl iz ing agents  (the react ion  t imes  a re  indicated in 
parentheses}:  concent ra ted  HC1 in the p re sence  of a smal l  amount of ]?OC13 (8 h) for Xa, concent ra ted  HC1 
(2 h) for Xb, and POC13 (12 h and 4 h, respec t ive ly)  for  Xc and Xd. 

9 - A l k y l - 2 - a r y l - 3 - b r o m o i m i d a z o [ ! , 2 - a ] b e n z i m i d a z o l e s  (VIIa, d, e). Brominat ion  of 9 - a l k y l - 2 - a r y l i -  
midazo[1 ,2 -a ]benz imidazo les  with an equivalent  amount  of b romine  in dry  c h l o r o f o r m  by the method in [2] 
gave VII (Table 2). 

2 - (p -Bromo pheny l ) -9 -m e t hy l -3 -n i t r o i midazo [1 , 2 - a ]benz imidazo l e  (VIIIe). This  compound was obtained 
by ni trat ion of IX [2] with an equivalent  amount of po ta s s ium ni t ra te  in concentra ted  H~SO 4 a t - 1 0  to - 1 2  ~ 
(86.5 % yield) o r  by ref luxing b romo der iva t ive  Vtle in DMFA with e x c e s s  po t a s s ium ni t r i te  (65 % yield). The 
l emon-ye l low needles  obtained were  insoluble in alcohol,  wa te r ,  ch lo ro fo rm,  and acetone.  

9 -Methy l -3 -n i t r0 -2 - (p -n i t ropheny l ) imidazo [1 ,2 -a ]benz imidazo le  (VIIIa). This  compound was  i so la ted  
as  g reen i sh -ye l low needles  by the exchange of the bromine  a tom in VIIa by a ni t ro group, as  in the method 
desc r ibed  above. 

Ni t ropheny l -9 -me thy l -2 - (p -n i t ropheny l ) imidazo[1 ,2 -a ]benz imidazo le  (V). This  compound was  ob-  
tained in 90 {c yield by ni trat ion of IV with 2 equivalents  of po tass ium ni t ra te  in sulfuric  acid at - 5  to - 1 0  ~ 
or  by ni t ra t ion under  the s ame  conditions of 2 - (p-n i t rophenyl ) - subs t i tu ted  Via with an equivalent  amount of 
po tass ium ni t ra te .  The yield in the l a t t e r  case  was quanti tat ive.  The shiny da rk -o range  needles  had mp 
297-298 o (dec., f r om DMFA) and were  only sl ightly soluble in mos t  organic  solvents .  Found: C 57.2; H 3.2; 
N 21.0 %. C16HlIN504. Calculated:  C 57.0; H 3.3; N 20.8'~. 
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