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2-Aminoimidazo les  in liquid ammonia  display the p r o p e r t i e s  of polybasic  NH acids ,  f o r m -  
ing mono- ,  di-,  and poss ib ly  t r ian ions  according to the condit ions.  The following methods 
have been developed for  the genera t ion of these  N anions: the action of bases  on 2 - a m i n o -  
imidazoles ;  debenzylat ion of the i r  N-benzyl  der iva t ives ;  and reduct ive  f iss ion of 2 - az ido imi -  
dazoles  by sodium in liquid ammonia .  The polyanions have been shown to be oxidized by 
a tmospher i c  oxygen to 2, 2 ' - a z o -  and 2-n i t ro imidazo les .  

The acidic p r o p e r t i e s  of the amino group have hardly  been invest igated.  Although both hydrogen a toms 
in a roma t i c  amides  a re  r ep laceab le  by alkal i  me t a l s  in aprot ic  solvents  [1], it is not c l ea r  at the p resen t  
t ime  whether  dianions of a roma t i c  amines  exis t  in liquid ammonia  [2]. Urea  and guanidine are  known to 
fo rm dianions with po ta s s ium amide in liquid ammonia ,  and eyanourea  gives the t r ianion [3]. 

N anions a re  apparent ly  fo rmed  during the unique oxidative conversion,  d i scovered  by us, of 1 -benzyl -  
2 -aminobenz imidazo le  (I), which may  fo rmal ly  be cons idered  as a cyclic  guanidine [4]. During our a t t empts  
to obtain 2 -aminobenz imidazo le  (II) by debenzylat ion of I with 2 g - a t o m s  of sodium in liquid ammonia ,  we 
obse rved  the fo rmat ion  of 2, 2 ' - azobenz imidazo le  (III, 32%) toge ther  with I I  (45%). 

~NH 2 ~ ~ /  -N ~ \NH 2 ~ " ~ N ~ N = N / \ N ' P X , ~  
I CH2CGH5 11 H H Il l  H 

IV H 

T r e a t m e n t  of I with 4 g - a t o m s  of sodium i n c r e a s e s  the yield of III  to 55%, 2-n i t robenz imidazole  (IV, 
43%) also being fo rmed .  The compounds l i s ted  in Table 1 r e a c t  s imi la r ly .  

8-Aminopur ine ,  2 -aminopyr id ine ,  and N-a lky l -2 -amino imidazo le s  afford at bes t  only t r a c e s  of the 
azo de r iva t ives .  

TABLE 1. Resul ts  of the React ion of N-Benzy l -2 - amino imidazo l e s  
with Sodium (4 g-a tom)  in Liquid Ammonia  

Compound 

l-Benzyl-2-am[nobenzimidazolr 
I-  Benzyl- 2- amino- 5-methylbenzimidazole [5] 
1-Benzyl-2-amino- 5-methoxybenzimidazole'[51 
1- Benz~l- 2-amino- 5,6-dimefhylbenzimidazole[6] 
I(3)- Benzyl-2-aminonaphth[ 1,2]imidazole [7] 
I- Benzyl- 2-amino-4, 5-diphenylimidazole [8] 
% Benzyl- 8-aminotheophyllin 

Yield, % 

Azo-compound I Nitro compound 

55 43 
61 35 
61 35 
81 17 
74,6 20,7 
90,4 
4,2 

Ros t e r -on -Don  State Univers i ty .  T rans la t ed  f r o m  Khimiya Getero ts ik l ieheskikh  Soedinenii, No. 9, 
pp. 1267-1272, September ,  1970. Original  a r t i c le  submit ted June 23, 1969. 

�9 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 1001}. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

1183 



The whole p r o c e s s  occu r s  under  mi ld  conditions, with quanti tat ive yields  of isola ted compounds.  It  
appea r s  that highly reac t ive  ions a r e  fo rmed  during the course  of the react ion,  and that these  a re  oxidized 
by a tmosphe r i c  oxygen. Under s t rongly bas ic  reac t ion  conditions, these  ions can only be N anions. In fact,  
if  the reac t ion  is  ca r r i ed  out in the absence  of air ,  and the reac t ion  mix tu re  af ter  addition of the sodium is  
t r ea t ed  with a source  of pro tons  (NH4C1 , C2H5OH , etc.), the sole reac t ion  product  is  the 2 -amino imidazo le .  
The f i r s t  s tage of the reac t ion  involves debenzylat ion of Ia to give the N anion (V) and the benzyl  anion 
(for the theory  of reduct ive  debenzylat ion with solutions of alkali  me t a l s  in liquid ammonia ,  see [9]): 

NaNH2 

R 
la,b 

][a R=C6H5CH2; b R=AIk 

C ]~--~"X N H2 
e 
v 

f 
I~ Vl 

+ s O 

The monoanions V and VI a re  oxidized ve ry  slowly by a i r .  S imi lar ly  iner t  towards  oxygen are  also 
the dianions VIIb, which are  fo rmed  by reac t ion  of 1 -a lky l -2 -az idobenz imidazo les  (Xb) with sodium in l i -  
quid ammonia  [10]. The expe r imen ta l  fac ts  may  be explained on the assumpt ion  that  2, 2 ' - a z o -  and 2 -n i t r o -  
imidazo les  a re  fo rmed  by oxidation of the di -  and t r ian ions  VIII and IX, which are  produced by the action 
of a s t rong base  B- on V: 

Bo  'li--N Bo 

. G 
VIII  IX 

Theoret ica l ly ,  sodium itself ,  the  benzyl  anion, and the amide ion fo rmed  by ammonolys i s  of the l a t t e r  
(the acidity constants  pK a of ammonia  and toluene a re  r e spec t ive ly  34 and 37 [3]) may  function as the base  
B- .  The ro les  of the sodium and the sodium (or po tass ium)  amide have not, however,  been elucidated.  In 
fact,  reac t ion  of 2 -aminobenz imidazo le  with 3 - 4 g - a t o m s  of sodium gives 2, 2 ' - a z o -  and 2 -n i t robenz imida -  
zole in yields  of only 18 and 10%, re spec t ive ly .  

I t  will be seen f r o m  Table 2 that the reac t ion  of II with po ta s s ium amide r e su l t s  in a lmos t  all the 
amine being conver ted  into the di -  and t r i ionized fo rms ,  but in this  case ,  also, the yield of 2 -n i t robenz i -  
midazole  is  much  lower  than the 40-45% obtained by debenzylat ion of I. S imi lar  behavior  is  obse rved  with 
8-aminotheophyll in  and 2 -amino-4 ,  5-diphenyl imidazole .  This indicates  that  the main contr ibutor  to the 
fo rmat ion  of the t r ianion IX is the benzyl  anion, the aminat ion of which in liquid ammonia  appea r s  to p r o -  
ceed slowly. The impor tan t  ro le  of the benzyl  anion was demons t ra ted  by our expe r imen t s  on the " c ro s s  
genera t ion"  of polyanions,  involving debenzylation of 1-benzylbenzimidazole  (a donor of benzyl  anions) with 
sodium (6 g-a tom)  in liquid ammonia ,  in the p r e s e n c e  of 2 -aminobenz imidazo le .  Standard yie lds  of the azo 
and nitro compounds were  obtained (52 and 44%, respec t ive ly) ,  as  in the debenzylat ion of I. 

The fo rmat ion  of both the azo and ni t ro compounds could, in pr inciple ,  r e su l t  f r o m  oxidation of the 
di -  and t r ianions .  

oiQ 2(VI I I )  2 ~ N H H N /-~O 2 2H(~ 2H �9 
�9 I11 N a ~  

--" IV * " Na ~ 
HN~a --NaOH --Na 20 "N~ 

VIII e Na@ 

The r e su l t s  given in Table 3, however,  show that i t  is  m o r e  probable  that  2, 2 ' - a zo imidazo l e s  a re  
fo rmed  f r o m  the dianion, and 2 -n i t ro imidazo les  f r o m  the t r ianion.  In fact,  the yield of IV i n c r e a s e s  when 
the quan t i ty  of alkal i  me ta l  is  inc reased  f r o m  2 to 4 g-a tom,  poss ib ly  as a resu l t  of an inc rease  in the con-  
centra t ion of the t r ianion in the react ion  mix tu re .  Debenzylation of I with 2 g - a t o m  of sodium can only r e -  
sult in the fo rmat ion  of the dianion, and accordingly 32% of III is  ob ta ined  with only t r a c e s  of IV. 
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TABLE 2. Results  of the 
Reaction of 2-Aminobenzimi-  
dazole with Potass ium Amide 
in Liquid Ammonia 

Molar ratio, 
II: KNH 2 

1 : 1  

I : 2  

1 : 3  

1 : 4  

Yield % 
III 

Trace 

36 

81 

84 

IV 

TABLE 3. Dependence of the Yields 
of 2, 2 ' - A z o -  (III) and 2-Ni t robenzimi-  
dazole (IV) on the Amount of Alkali 
Metal in the Debenzylation of 1- 
Benzyl-2-aminobenzimidazole  (I) 

Molar ratio, 
11- KNH 2 

I0 }:2 
i:3 

15 I:4 
1:6 

14 1:3 

Metal 

Na 
Na 
Na 

Yield, % 
III IV 

32 1--2 
61 35 
55 43 
52 35 
53 ~5 

The tr ianions X may be obtained by the method developed by us [10], involving reduction of 2-az ido-  
benzimidazole Xa and its 1-benzyl derivative Xc with sodium in liquid ammonia:  

4 Na.  N 25% N 

0 @ _N2 \ N ~  \N JV (1S-20%) N - - N ~ N  

X a - c  R vf l  R Ix O Q 

xa R=.; b R=AIk; C R=C6HsCH 2 

In this reaction, the yield of IV exceeds that of III, but the overal l  yield of both compounds is not high 
owing to the difficulty in convert ing the dianion VII into the tr ianion IX. It cannot be said with certainty in 
this case, whether the azobenzimidazole is formed f rom the trianion, or  f rom the dianion which resul t s  
f rom ammonolys is  of the tr ianion.  I r respec t ive  of this, experiments  with the 2-azidobenzimidazoles  Xa-c  
showed that the p re fe r r ed  source of 2-ni t robenzimidazole  is the trianion. The resul t s  support  the occu r -  
rence  of slow acid-base  conversion at highpKa values. This explains why anions of the type of IX, and p r o -  
bably benzyl  anions, can exist  in liquid ammonia  for prolonged periods without undergoing appreciable 
ammonolysis .  The rat io of the polyanions is apparently determined by the equilibrium VIII ~ IX. It may be 
assumed that e lectron-donat ing substituents will reduce the acidity of the NH group in 2-aminoimidazoles ,  
and will shift this equil ibrium to the left, in the direction of the dianion. The yield of 2-ni t ro  derivative 
should correspondingly be reduced.  This is fact  occur red  with 5-methyl,  5-methoxy, and 5, 6-d imethyl -2-  
aminobenzimidazole.  It is not ent irely c lear  why, in the case of the more  acidic 2-aminonaphthimidazoles,  
the yields of the 2-ni t ro  der ivat ives  are  r educed  while in the cases  of 8-aminotheophyllin and 8-amino-  
purine, the react ion proceeds  ei ther  poorly,  or  not at all. The probable reason is a reduction in the r e a c -  
t ivity of the N anions caused by the s t ronger  e lee t ron-accep tor  charac te r  of the naphthalene, and especial ly 
the pyrimidine,  r ings.  It appears  that the grea te r  the e lectron density at the exocyclic ni trogen atom, the 
more  readi ly  does the oxidation of the N anions take place. With 2-amino-4,  5-diphenylimidazole, even the 
monoanion, on oxidation under  the standard conditions, gives about 40% of of the azo compound. However, 
generation of N polyanions will become increasingly difficult with increas ing e lectron density in the imi-  
dazole ring. It is probably as a resul t  of this that the action of sodium or potassium amide in liquid a m m o -  
nia on 2-aminoimidazole  gives hardly any oxidation products  (starting mater ia l  being r ecovered  quantita- 
tively). In s imi la r  experiments ,  both 2-aminoimidazole-4 ,  5-dicarboxylic  acid (XIa) and its di-(N,N'-n-butyl)  
amide (XIb) were also recovered  unchanged, probably owing to the more  ready ionization of the carboxyl  
and amide groups as compared  with the amino group. In the case of the dimethyl es te r  of this acid (XIc), 
generation of N polyanions becomes possible,  and the formation of azo-compounds has been observed.  

EXPERIMENTAL 

Reaction of 1-Benzyl -2-aminobenzimidazole  (I) with Sodium. A, To liquid ammonia  (~50 ml) was 
added 2.23 g (0.01 mole) of I, and 0.5 g (0.02 g-atom) of sodium. A stable blue color  appeared. The res t  
of the exper iment  was ca r r i ed  out under standard conditions, as descr ibed below: the react ion mixture 
was s t i r red  for  1 h a t - 7 0  ~ to -80 ~ then for  a fur ther  h at -33 ~ The ammonia was allowed to evaporate,  
and the res idue was kept in air  to oxidize it for 15-20 h. An intense orange coloration appeared during the 
evaporation of the ammonia,  and this deepened on standing. To the dry, red  residue was added 50 ml of 
water,  and I (0.4-0.56 g; 18-25%) was f i l tered off. On shaking the f i l t rate with 10-15 ml of ethyl acetate, 
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the re  was obtained 32% (N0.4 g) of 2, 2 ' - azobenz imidazo le  (III) [4]; acidification of the solution with conc. 
HC1 or  acet ic  acid gave 1-2% of 2-n i t robenz imidazole  (IV) [4]. Ext rac t ion  of the neut ra l  solution with ethyl  
aceta te  afforded 2-aminobenz imidazo le  (II) a f t e r  r e m o v a l  of the solvent, washing the res idue  with ch lo ro-  
fo rm,  and drying (yield 0.53-0.65 g; 40-50%), mp 225.5-226.5 ~ [11] (from water ,  with act ivated charcoal) .  
If, in this  exper iment ,  the evapora t ion  of the ammonia  is c a r r i e d  out in a s t r e a m  of ammonia  or  nitrogen, 
and the res idue  is  t r ea t ed  immedia te ly  with water ,  the yie ld  of II r i s e s  to 80%, and no III o r  IV a re  formed,  
The s ame  r e su l t s  were  obtained if ammonium chloride (0.02 mole) was added on complet ion of the deben-  
zylation.  

B___.~. To a suspension of 4.46 g (0.02 mole)  of I in 50-70 ml  of liquid ammonia  was added in smal l  
p i eces  1.4 g (0.06 g-a tom)  of sodium. A stable blue colorat ion was produced a f te r  about 1 g (0.04 g-a tem)  
of sodium had been added. The reac t ion  was c a r r i e d  out under  the s tandard  conditions. To the dry res idue  
was added 30 ml  of water ,  f i l tered,  and water  added to 50 ml  in a ca l ib ra ted  f lask.  One ml  of this solution 
was taken for  spec t ropho tomet r i e  ana lys i s  (SF-4a spec t rophotomete r ) .  The ana lys i s  was c a r r i e d  out in all  
the expe r imen t s  in which s imul taneous  fo rmat ion  of III and IV was observed .  The r e su l t s  were  genera l ly  
in ag reement  with those obtained by p r e p a r a t i v e  separa t ion .  Ethyl aceta te  ex t rac ted  f r o m  the f i l t ra te  1.6 g 
(61%) of III, the t r e a t m e n t  with conc. HC1 gave 1.11 g (3470) of IV. 

7-Benzyl -8-aminotheophyl l in .  A solution of 2 g (0.04 mole) of sodium hydroxide, 3.9 g (0.02 mole)  of 
8-aminotheophyll in  [ 12], and 10 g (0.04 mole) of Leucot rone  "0" in 30 ml  of water  were boiled for  1 h, ~nd 
the dimethylani l ine was r e m o v e d  in a cur ren t  of s team.  The hot solution was sepa ra t ed  f r o m  the  oil, which 
was t r i tu ra ted  with acetone to give 0.7 g of co lo r l e s s  solid.  The solution on cooling gave a fu r the r  1.1 g of 
7-benzyl -8-aminotheophyl l in ,  overa l l  yield 31.5%, mp 235-236'  ( from alcohol). Found: C 58.9; H 5.5%; 
Ci4H15NsO2. Calculated: C 58.9; H 5.3%. 

React ions  of 2-Aminobenzimidazole  (II). A__,. 0.67 g (0.005 mole) of II  was reac ted  with 0.35 g (0.015 
g-a tom)  of sodium in liquid ammonia  at -70 to -80 ~ After  45-60 min, the blue color  d i sappeared .  The 
ammonia  was evaporated,  and the res idue  was kept  in a i r  for  15-20 h, and worked up by the method d e s -  
cr ibed above to give 0.12 g (18.2%) of III and 0.08 g (10%) of IV. Extract ion of the neut ra l  f i l t ra te  with ethyl 
aceta te  yielded 0.4 g (~60%) of II. Under s i m i l a r  conditions, us ing 2 g - a tom of sodium, only 2% of III  and 
1% of IV were  fo rmed .  

B. A solution of po tass ium amide was obtained f r o m  liquid ammonia  (~50 ml) and 0.78 g (0.02 
g-a tom)  of po tass ium in the p r e s e n c e  of f e r r i c  n i t ra te  and plat inum black, and to this solution was added 
rapidly  1.33 g (0.01 mole) of II. The conditions were  s tandard.  There  was obtained 0.48 g (36%) of II[ and 
0.17 g (10%) of IV. The res idua l  solution gave 0.68 g (51%) of II. 

C. To a suspension of 6.24 g (0.03 mole) of 1-benzylbenzimidazole  and 1.33 g (0.01 mole) of II  in 
50 ml  of liquid ammonia  was added 1.61 g (0.07 g-a tom)  of sodium. The reac t ion  was c a r r i e d  out under  the 
s tandard  conditions, giving 0.68 g (52%) of III  and 0.72 g (44.2%) of IV. These products  were  f reed  f rom 
accompanying benzimidazole  by washing with 5% hydrochlor ic  acid. 

2-Aminoimidazole ,  This was obtained by the sodium hydrosulf i te  reduct ion of 2 -p - su l fobenzene-  
azoimidazole  [14]. It was cha r ac t e r i z ed  as the p ic ra te ,  mp 236-237 ~ [15]. 

Dimethyl  2-Aminoimidazole-4 ,  5-d icarboxyla te  (Xc). To 30 m l  of methanol  which had been sa tura ted  
with dry  hydrogen chloride was added at -10 to 0 ~ 8.55 g (0.05 mole) of 2 -amino imidazo le -4 ,  5-d icarboxyl ic  
acid [15], and the suspension was boiled with s t i r r i ng  fo r  1 h. The mix tu re  was cooled, t r ea t ed  with a f u r -  
ther  30 ml  of sa tu ra ted  methanol ic  hydrogen chloride,  and boiled for  a fu r the r  hour. This p rocedure  was 
repea ted  once more ,  and the resu l t ing  t r a n s p a r e n t  solution was neut ra l ized  with sodium carbonate  solution 
On cooling, 6.4 g (64.3%) of Xc was f i l te red  off, c o l o r l e s s  needles,  mp 185 ~ (decomp., f rom methanol) .  
Found: C 42.0; H 4,7; N 21.0%. CTHgN3Oa. Calculated: C 42.2; H 4.6; N 21.1%. 

2-Aminoimidazole-4 ,  5-d icarboxyl ic  AcidDi- (N,N' -buty l )amide  (Xb). A mix tu re  of 5.97 g (0.03 
mole) of Xc and 4.38 g (0.06 mole)of  n -bu ty lamine  was heated in a g lycer ine  bath at 150 ~ for  1 h, whereupon 
the reac t ion  mix tu re  solidified. The m a s s  was t r i tu ra ted  with water  to give a quanti tat ive yield of Xb, 
co lo r l e s s  leaf le ts ,  mp 166-167 ~ (from ethanol). Found: C 56.0; H 8.3; N 24.4%. C13H2~N502. Calculated: 
C 55.5: H 8.2; N 24.9%. 
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TABLE 4. Azoimidazoles 

Compound 

2,2'-Azo-(5-methylben- 
zimidazole) * 

2,2'- Azo-(5-methoxybenzi- 
midazole 

2,2' - Azonaphth[1,2] - 
imidazole 

2,2'- Azo -(4,5- diphenyl- 
imidazole) 

2 2~-Az9(4 5-dimethoxy- 
c~rDonyliha'iaa zole 
8, 8'-Azotheophyllin 

*X (in 0. I  N NaOH) max 

Mp, "C 

277 (ethyl acetate) 

251,5 (dioxane) 

276--277 (aqueous 
acetone) 

340 (dimeSylforma- 
mine) 

3(XS"s (pyridine) 

199 (water) 

320 (precipitated 
from alkali 

Molecular Found, % 
formula 

C IH] N 

CI6HI4N~" 04,,~ 5,2[ 27,8 
I 

�9 l/2H~O 59,4 4,3126,0 CI6HI4N60 

CasHIsN6 /679 5,~ 26,1 

CnHI4N6 72,6 4,1 -- 

C3oH2~N6 4--2,7 -- -- 
CIaHI4N608 3,7 21,8 

Cl4HaaNloO4 [43,5 3,9 -- 
J 

475 nm, log e 4.49. 

Calculated, 
% 

c I.l  

64,2 5.1 28,1 

59,6i 4,4 26,1 

67,9 5,7 26,4 

72,9 l _  3,9__ __-- 

42,6/3,6 2i,3 
13,9513,7 -- 

J 

TABLE 5. 2-Ni t roimidazoles  

Compound 

2- Nitro - 5 - 
me~ylbenzimidazole * 
2-Nitro-5- 
methoxyben~imidazole 
2- Nitro- 5; 6-dimethyl- 
benzimidazole ] 
2- Nir~onaphth[l, 2] 
imidazole j- 

Mp, ~ 
idecomp.) 

235:--36 
'254 
213--I4 
17'0 

Method of 
purification 

Distill. (175 ~ 
3 ram) 

Distill. (P80-- 
,165~, 5 mm) 

Distill. ( 160-- 
165 ~ 1 ram) 

Precip. from 
ammoniacal 
solution 

Molecular 
formula 

Found, % Calculated,% 

CeHzN302 

CsHTN303 

CgHgN~O2 

CuHTN~O2 

5~t,3 4,01 23,3 54,2 I 4,0 

50,0 3,8 21,2 49,7 13,7 

56,6 4,7 22,0 56,5 I 4,8 

61,4 3,7 -- 61,913,3 

N 

23,7 

21,8. 

22,0, 

* kmax :  363 nm, log g 4.04 (in methanol); 380 nm, log g 4.07 (in 0.1 
N NaOH); UNO 2 1345; 1560 cm-1. 

Xmax: 400 nm, log g 3.56 (in methanol).  

Reaction of 2-Aminoimidazoles  with Potass ium Amide (3 moles) in Liquid Ammonia. The react ions 
were ca r r i ed  out under the s tandard conditions. A) F rom 2-amino-4,  5-diphenylimidazole [16], there  was 
obtained 93%of the azo compound [13]. B) Dimethyl 1-aminoimidazole-4 ,  5-dicarboxylate  (XIc) afforded 58% of 
the azo compound (see Table 4). F r o m  8-aminotheophyllin there was obtained only 7.45 of the azo compound 
(Table 4); other unidentified products  were isolated f rom the solution. 

Reaction of 2-Azidobenzimidazole (Xa) [17] with Sodium. 0.8 g (0.005 mole) of Xa was reac ted  with 
0.35 g (0.015 g-atom) of sodium in 50 ml  of liquid ammonia  under the standard conditions. There was ob- 
tained 0.04 g (6.1%) of III and 0.15 g (18.3%) of IV. Extract ion of the solution with ethyl acetate afforded 0.28 
g of a mixture  of II and Xa. 

Reaction of 1-Benzyl -2-Azidobenzimidazole  (Xc) with Sodium. 1.25 g (0.005 mole) of Xc was reacted  
with 0.46 g (0.02 g-atom) of sodium in 50 ml of liquid ammonia, under the standard conditions. After adding 
w a t e r  0.03 g of I was f i l tered off (part remained  in solution). There were also isolated 0.036 g (5.54%) of 
III and 0.135 g (16.7%) of IV. 
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