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The cor responding  2 ,2 ' - azobenz imidazo les  a r e  fo rmed by the oxidation of N-anions  of 2-  
aminobenzimidazole  and 1 -methy l -2 -aminobenz imidazo le  in liquid ammonia  by means  of 
po ta s s ium permangana te  and po tass ium persu l fa te ,  as  well as  by oxidation with iodine in 
e ther  and autooxidation. In the case of the dianion of 1 -me thy l -2 -aminobenz imidazo le ,  i t  
was demons t ra ted  that  the reac t ion  p roceeds  through a step involving the format ion  of a hy-  
drazo  der iva t ive .  Quanti tat ive yields  of the prev ious ly  unknown 2 ,2 ' -hydrazobenz imidazo les  
were  obtained by reduction of 1 ,1 ' -d ime thy l -  and 1 ,1 ' -d ipheny l -2 ,2 ' - azobenz imidazo les  with 
phenylhydrazine.  

I t  has  been demons t ra t ed  that  the polyanions of 2 -aminobenzimidazole  (I) readi ly  undergo autooxida-  
tion, and dianion II gives 2 ,2 ' -azobenz imidazo le ,  while t r ianion IlI gives 2-n i t robenz imidazole  [2]. The 
monoanions of I and 1 -me thy l -2 -aminobenz imidazo le  (IV) f o r m  only t r a c e s  of the azo der iva t ive  under the 
s ame  conditions. 

~'- '-~N KNH~ N 

I II III 

[ ' ~ N  KNH, ~ ~ ,, ,Na N 

IV V Vl VII 

The a im of the p re sen t  r e s e a r c h  was a study of the action of a number  of other  oxidizing agents  on 
N-anions II and V. I t  is  not yet  poss ib le  to inves t iga te  t r ianion ]/I in this plan, since, in liquid ammonia ,  
where  polyanions a re  generated,  i t  i s  a lways obtained along with a l a rge  amount of dianion II (_< 50%) be-  
cause of ammonolys i s  [2]. 

Dianion II  was obtained by the action of excess  po tass ium amide  (4 mole) on I in liquid ammonia .  
Under these  conditions, the concentrat ion of HI in the mix tu re  does not exceed 15% [2]. Monoanion V was 
obtained in liquid ammonia  by the action of 1-2 moles  of sodium amide on IV. 

An a t tempt  was a lso  made  to obtain dianion VI by reduct ive  c leavage of 1 -me thy l -2 - az idobenz imi -  
dazole (VII) with sodium in liquid ammonia  [3] and by debenzylation of 1 -me thy l -2 -benzy laminobenz imi -  
dazole (VIII). The N-anions were  oxidized in liquid ammonia  (by K1VInOt, K2S208, and air) ,  and, in some 
cases  (I2, a ir) ,  the d ry  res idue  remain ing  a f te r  evaporat ion of the ammonia  was subjected to oxidation. The 
oxidation of N-m~ions with iodine in liquid ammonia  leads to pronounced resinif icat ion.  

* See [1] for  communicat ion III. 
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TABLE 1. 

Starting 
compound 

I 

IV 

VII 

VIII  

Resul t s  of the Oxidation of Anions 1I and V 

Base I N-Anion 
formed 

KNH2 (4) ** 
KNH2 (4) 
KNH2 (4) 
NaNH2 (1) 
NaNH2 (2) 
NaNH2 (1) 
NaNH~ (2) 
NaNH2 (2) 
Na (3) 
Na (3) 
Na (3) 
Na (3) 

ii (+1~% 
II (+'1'5% 
II (+16% 

V 
V 
V 
V 
V 
V 
V 
VI$ 
VI 

III) 
IID 
III) 

Oxidizing 
agent* 

KMnO4 
K2S=O8 
Air 
KMnO4 
KMnQ 
K=S=O8 
[2 
Air 
KMnO4 
K=%O8 
Air 
12 

Yield of azo 
compound,% 

88 
52 
84~ 
21 
21 

7 
43 
1 

19 
7 

38 
7O 

* One mole  of oxidizing agent was usual ly  taken for 1 mole  of the 
s t a r t ing  compound. Inc rea s ing  the amount of oxidizing agent did 
not lead to an i n c r e a s e  in the y ie ld  of azo compound. 

2 -Ni t robenz imidazo le  (14%) i s  a l so  formed.  
$ Up to 50-60% of monoanion V i s  p robab ly  p r e s e n t  in the oxidized 
r e s idue .  
* * The amount (g ram-mole )  of base  taken pe r  g r a m - m o l e  of the 
s t a r t i ng  substance i s  ind ica ted  in pa ren these s .  

The r e su l t s  of expe r imen t s  on the oxidation of anions II and V, which a r e  p r e s e n t e d  in Table 1, en-  
able one to d raw the following conclusions .  

1. The best  r e s u l t s  a r e  obtained when po t a s s ium permangana te  i s  used.  

2. F r o m  a p r e p a r a t i v e  point of view, the oxidation of dianion II  with po ta s s ium pe rmangana te  does 
not have advantages  over  autooxidation,  while the y ie ld  of azo compound for  monoanion V i n c r e a s e s  sub-  
s t an t i a l ly  in th is  case ,  p a r t i c u l a r l y  for  oxidation with iodine in e the r  suspens ions .  

3. The same r e su l t s  of the oxidation of the N-anions  gene ra t ed  f rom IV and VII demons t r a t e  that 
dianion VI, which i s  fo rmed  in i t i a l ly  during reduct ion of the az ide ,  apparen t ly  undergoes  ammono lys i s  to 
monoanion V. This  conclusion i s  in a g r e e m e n t  with the conclusion drawn on the bas i s  of expe r imen t s  on 
the methyla t ion  of monoanion V, obtained by both methods [1]. 

4. The absence  of 2 -n i t r obenz imidazo l e  in the p roduc ts  of the oxidation of a mix tu re  of anions II and 
III with po t a s s ium pe rmangana te ,  po t a s s ium persu l fa te ,  and iodine i s  evidence that  i t  is  fo rmed  only as  a 
r e s u l t  of autooxidation of t r i an ion  HI. The format ion of 2 -n i t robenz imidazo le  apparen t ly  i s  not a s s o c i a t e d  
with the action of any i n t e r m e d i a t e l y  fo rmed  oxidizing agent on t r ian ion  III. One such poss ib l e  compound - 
sodium perox ide  - abso lu te ly  does not oxidize anions II (in mix tu re s  with l i d  and V. The l a t t e r  a r e  a l so  
i ne r t  to C a r o ' s  acid  and benzoyl peroxide .  

The concentra t ion  of dianion VI i s  main ta ined  at  a r a the r  high level  during the debenzylat ion of VIII 
with sodium in l iquid ammonia  (which will  be d i s cus sed  in detai l  in a subsequent  communication) up until 
comple te  evapora t ion  of the ammonia .  This  i s  expla ined by the fact  that,  because  of the s lowness  of the 
debenzylat ion of monoanion IX, the benzyl  anions fo rmed  in the p r o c e s s  go into solution uni formly  over  the 
cour se  of a long t ime .  As a v e r y  s t rong base,  the benzyl anion na tu ra l ly  inhibi ts  ammono lys i s  of dianion VI. 

Anion VI undergoes  autooxidation in the d ry  s ta te  r a t h e r  s lowly but with c ons i de r a b l y  more  ease  than 
the autooxidation of monoanion V. The y ie ld  of azo compound i s  40% a f t e r  24 h. 

I N Na 
~ v ~ , , ,  N,;~--N --C H 2 (:;~ I'1 s 

VIII Ix 

When the oxidation t ime  i s  i nc r ea sed ,  the y ie ld  of azo compound does not i n c r e a s e .  This  ind ica t e s  that the 
r e s idue  i s  appa ren t ly  the monoanion, which i s  fo rmed  during the ammono lys i s  of dianion VI during evapo-  
ra t ion of the ammonia .  
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In the case  of the autooxidation of VI, we found that  the corresponding hydrazo  compounds a r e  i n t e r -  
med ia t e s  in the format ion  of 2 ,2 ' - azobenz imidazo les .*  

The th in - l aye r  c h r o m a t o g r a m  of a sample  of the oxidized mix tu re  (A1203, chloroform)  contains a 
co lo r l e s s  zone surrounded by a red  colorat ion when it  is  exposed to iodine vapors .  The Rf value of this 
zone coincides exact ly  with the Rf of a known sample  of 1, l ' - d imef l ly l -2 ,2 ' -hyd razobenz imidazo le  (Xa). 
The reac t ion  p robab ly  p roceeds  via  the following scheme:  

The p rev ious ly  unknown 2 ,2 ' -hydrazobenz imidazo les  (X) were  obtained in high yields  by the r educ -  
tion of the cor responding  azo compounds with phenylhydrazine.  The reduction p roceeds  read i ly  at room 
t e m p e r a t u r e .  The 2 ,2 ' -hydrazobenz imidazo les  a r e  oxidized e x t r e m e l y  read i ly  in a i r  to azo compounds,  
and they were  t he re fo re  a lso  cha rac t e r i zed  as the N,N ' -d iace ty l  der iva t ives  (XI). We were  unable to ob- 
tain 2 ,2 ' -hydrazobenz imidazo le  (X, R =H) i tself ,  p robably  because of i t s  ex t r eme  instabil i ty.  

I I { I 
R r R R 

xa~ b x l a ,  b 

Xa Xl a R=EI~3; xb x ! b  R=C61t 5 

EXPERIMENTAL 

N-Anions (II, V). These were obtained by the introduction of the appropriate 2-aminobenzimidazole 
(0.01 mole) into a solution of freshly prepared potassium amide (0.04 g) or sodium amide (0.01-0.02 mole) 
in 50 ml of liquid ammonia. The mixture was stirred at-78~ h, after which the oxidizing agent 
(KMnO4, K2S208, or Na202) was added. Anion V was generated from azide VII by the gradual addition of 
small lumps of sodium metal (0.03 g-atom) to a suspension of the azide (0.01 mole) in 50 ml of liquid am- 
monia. 

Oxidation of the N-Anions. The N-anions were oxidized with KMnO4, K2S208, Na202, or benzoyl per- 
oxide by the addition of an equivalent amount of dry oxidizing agent to a solution of the N-anion in liquid 
ammonia. After this, the ammonia was gradually evaporated in a stream of dry ammonia (to avoid oxida- 
tion of the N-anions by air). The dry residue was treated with 40 ml of water, and the insoluble material 
was removed by filtration. The 2,2'-azobenzimidazole was precipitated by acidification of the filtrate with 
hydrochloric acid. l,l'-Dimethyl-2,2'-azobenzimidazole is insoluble in water and alkali. It was extracted 
with chloroform and purified by chromatography with a column packed with Al203 with elution by chloro- 
form. 

Air oxidation (autooxidation) was usually carried out by simple evaporation of the ammonia with sub- 
sequent storage of the dry residue in air for 24 h. Increasing the time of exposure to air did not affect the 
yield of azo compound. 

Iodine oxidation was carried out by the addition of 30 ml of an ether solution of iodine (0.01 mole) to 
the dry residue after evaporation of the ammonia (in a stream of dry NH3). The day after evaporation of 
the ether, the mixture was treated with 40 ml of water, and the azo compound was isolated in the usual 
manner .  

1 ,1 ' -D ime thy l -2 ,2 ' -hydrazobenz imidazo le  (Xa). A 0.3 g (1 mmole)  sample  of 1 ,1 ' -d ime thy l -2 ,2 , -  
azobenzimidazole  [5] was s t i r r e d  in a t e s t  tube with 6 ml  of f resh ly  dis t i l led phenylhydrazine.  The r e a c -  
tion began at r o o m  t e m p e r a t u r e ,  as evidenced by the evolution of ni t rogen and the change in the color f r o m  
red to light-yellow. As soon as gas evolution ceased, the test tube was sealed and allowed to stand for 24 h 

* An alternative mechanism might consist in the condensation of the intermediately formed nitroso com- 
pound and the N-anion [4]: 
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in a r e f r i g e r a t o r .  The resul t ing prec ip i ta te  was then r emoved  by f i l t rat ion,  washed thoroughly with e ther ,  
and dr ied in a des i cca to r  over  CaC12 under  nitrogen.  The yield of co lo r l e s s  c ry s t a l s  of the hydrazo c o m -  
pound with rap 205-207 ~ was quantitative. Found: C 65.5; H 5.5%. C16Hi6N s. Calculated: C 65.7; H 5.5%. 

N , N ' - D i a c e t y l - l , l ' - d i r a e t h y l - 2 , 2 ' - h y d r a z o b e n z i m i d a z o l e  (XIa). A 0.32 g (1 raraole) sample  of Xa 
was heated with 5 ral (40 ramole) of acet ic  anhydride on a wa te r  bath for  30 rain. The excess  acet ic  an-  
hydride was r em oved  by vacuum disti l lation, and the res idue  (0.41 g) was dissolved in ch loroform.  The 
ch lo ro form solution was f i l tered,  and pe t ro leum e ther  was added to p rec ip i ta te  a product  with rap 173-174 ~ 
Found: C 64.1; H 5.2; N 22.4%. C20H20N602. Calculated:  C 63.8; H 5.4; N 22.3%. 

1 ,1 ' -Dipheny l -2 ,2 ' -hydrazobenz imidazo le  (Xb). This  compound was obtained in 97% yield f rom 1 ,1 ' -  
d iphenyl -2 ,2 ' - azobenz imidazo le  [5] (in analogy with Xa) as  co lo r l e s s  c r y s t a l s  with rap 209-210 ~ T h e p r o d -  
uct was insoluble in benzene and acetone and sl ightly soluble in alcohol.  Found: C 74.6; H 5.0%. C2~H20N ~. 
Calculated: C 75.0; H 4.8%. 

N ,N '~Diac e t y l - l , l ' - d i pheny l -2 ,2 ' - hyd razobenz imidazo l e  (XIb). This  compound was obtained in 80% 
yield by a method s i m i l a r  to that  used to p r e p a r e  XIa by acylat ion of Xb and had rap 216-217 ~ ( f rom i s o -  
propyl alcohol). Found: C 71.6; H 5.0; N 16.9%. C30H~.4N~O 2. Calculated: C 72.0; H 4.8; N 16.8%. 
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