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Stable p r i m a r y  N-ni t rosamines  of the benzimidazole se r ies  were obtained by the action of 
sodium amide and isoamyl nitri te on 1-substi tuted 2-aminobenzimidazoles  and subsequent 
acidification of the resul t ing benzimidazole-2-d iazota tes .  The effect of the acidity of the 
solution on the activity of the benzimidazole-2-diazonium salts formed f rom the n i t rosa-  
mines was t raced.  

Although p r i m a r y  N-ni t rosamines  of azoles have been known for  a long t ime (see [1] for the l i te ra ture  
data), the study of the s t ruc ture  and p roper t i e s  of diazo compounds of azoles with three or more  hetero-  
a toms in the ring was begun only recent ly  [2-7]: they were unknown in the imidazole ser ies .  

Considering the ease of convers ion of the various forms of diazo compounds of azoles to ni t rosamines  
[8], we synthesized their  n i t roso derivat ives (III) f rom 2-amino- l - subs t i tu ted  benzimidazoles  {I) through 
the intermediate  diazotates (II).* We were able to synthesize diazotates II by the Bamberger  method [9] by 
the react ion of excess  isoamyl nitr i te with the Na derivat ives of amines I. In contras t  to the diazotates of 
the benzene ser ies ,  which are  converted to diazo anhydrides at pH 5.5-7.5 [10], benzimidazolediazotates II 
under these conditions give N-ni t rosamines  III, which are  yellow crysta l l ine  substances that are  only slight- 
ly soluble in organic solvents and burs t  into f lames on heating (see Table 1). Nitrosamines III a re  ampho- 
t e r i c  and readi ly  soluble in dilute acids and alkalis, ammonium hydroxide, and alcohol solutions of alk- 
oxides. When they are  added to concentrated sulfuric acid they cause an intense blue coloration: this may 
be used as a qualitative react ion.  

The s t ruc ture  of III~ was confirmed by reduction of some of them to substituted hydrazines V, which 
were  identified as the benzylidene derivatives (VI). 

2. CsHHONO 
I 
R' 

l[ 

W " / ~ " ' ~ / \ N / ~ ' N = N O N a  R ' ' / ~  \ N  / \N H--NO 
E I 

R' R' 
II Ill[ 

"1 

NH--NH 2 

V 

Rrr N 

R ' / ~ " ~ / ~  ~ N /  N H--N=CH--C6 5 
I 
R' 

VI 
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* Direct  nitrosation, which was successful  for the prepara t ion  of 2 - (N-me thy l -N-n i t ro samino) - l -me thy l -  
benzimidazole  IV, did not give posit ive resu l t s  in the remaining cases .  

? Most of these compounds were analyzed for  their  ni t rogen content only, inasmuch as they explode during 
at tempts to determine C and H. 
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The use  of IR spec t roscopy  to p r o v e  the s t r u c t u r e  of HI 
p roved  to be  difficult because  of the absence  of informat ion  on 
the absorp t ion  of p r i m a r y  n i t ro samines  and because  of the i r  
poor  solubil i ty in organic  solvents .  Only the intense band at 
3250 cm -I ,  which is  absent  in the s p e c t r a  of amines  I and n i t r o s -  
amine  IV, can be cons idered  to be sufficiently cha r ac t e r i s t i c  for  
n i t ro samines  Ill .  In analogy with the cor responding  band of 
secondary  amides  [11], it can be ass igned  to the absorpt ion of a 
bonded NH group, although this band m a y  also be due to the v i -  
b ra t ion  of the NH group of the imidazol ine  ring of the t au tomer ic  
imino f o r m  [12]. The second assumpt ion  is also conf i rmed by 
the s i m i l a r i t y  between the UV spec t r a  of III and 2 -N-n i t ro s imino -  
1 ,3-dimethylbenzimidazol Ine  (VII) [13], which is a compound 
with a fixed imino s t ruc tu re .  

The s tabi l i ty  of p r i m a r y  n i t ro samines  Ill  p roved  to be 
quite high: they a r e  s table  on prolonged s to rage  in the dark  at  
20~ (see [1]). Bases  of the die thylamine type do not induce 
deni t rosa t ion  of these  compounds- the addition of amines  I even 
p r o m o t e s  s tabi l izat ion of Ill. Rapid deni t rosa t ion  is observed  
during the action of concent ra ted  hydrochlor ic  acid. In addition 
to amine  I, smal l  amounts  of the 2 -ch lo ro  der iva t ive  and the 
cor responding  benzimidazolone a r e  f o r m e d  in this ease .  

Concentra ted  sulfur ic  acid has  a different  effect  on III. 
Pa r t i a l  deni t rosa t ion  is  apparent ly  a lso  obse rved  in this case ;  
the resu l t ing  amine  I then undergoes  diazo coupling with the 
s imul taneous ly  genera ted  diazonium salt ,  and a mix tu re  of i so -  
m e r i c  5- and 6-azobenzimidazoles  (of the VIII type) is obtained. 
The l a t t e r  a lso  give the above-ment ioned  blue colora t ion in con- 
cen t ra ted  sulfur ic  acid. 

I l ia  
cone. H2SO 4 

CH 3 
V I I I  

Azo compounds VIII were  i so la ted  f r o m  n i t rosamine  Il ia 
in 73% yield and p roved  to be ident ical  to the products  of " se l f -  
coupling" of amine  la  p rev ious ly  obtained in [15]. The yields of 
azo  compounds VIII fal l  when the sul fur ic  acid is diluted (50 and 
42% for  75 and 50% acid. respec t ive ly ,  and only t r a c e s  of p r o -  

i i  ducts in 25% acid solution). P roduc t s  VIII a r e  apparen t ly  fo rmed  
only at acid concentra t ions  adequate for  the genera t ion of the 

o ac t ive  benz imidazo le -2 -d iazon ium salt ,  which contains a p ro to -  
o nated imidazole  r ing [16]. The n i t ro samines  a r e  not conver ted  

to azo compounds VIII in acet ic  acid, but diazo coupling with 
ac t ive  azo components  is poss ib le .  Thus IIIa  and IIIc r eac t  with ~d 
B-naphthol to give the cor responding  benzimidazoleazonaphthols  
(IXa, b). while the fo rmat ion  of azo compounds with mes i ty lene  
can be  detected only by chromatography .  In the absence  of acids,  
n i t ro samines  IV do not undergo diazo coupling. Compounds IV 
a r e  apparent ly  conver ted  to diazouium sa l t s  with an unprotonated 
imidazo le  r ing in acids with a low protonat ing capaci ty .  The ac -  
t ivi ty  of these  sa l t s  should not be  anomalous ly  high, as a lso  in 
the ea se  of th iazo le -2-d iazon ium sa l t s  [17]. 
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E X P E R I M E N T A L  

The IR s p e c t r a  we re  m e a s u r e d  with a UR-20 s p e c t r o m e t e r .  The samples  were  p r e p a r e d  as.  1) 
m i n e r a l  oil p a s t e s  (3700-3800 cm-~).  2) hexaf luorobutadiene pa s t e s  (1400-1500 cm "t  and 2000-3600 c m  - I )  
fo r  III. 3) c h l o r o f o r m  solut ions (complete spec t rum)  fo r  IV. 

2 -Benz imidazo len i t ro samines  (III). A mix tu re  of 10 m m o l e  of amine  I [18] and 12 mmole  (0.47 g) of 
ground sodium amide  in 30 ml  of absolute  diethyl e ther  was ref luxed and s t i r r e d  v igorous ly  for  1 h, a f te r  
which 80 m m o l e  (12.4 ml) of f r e s h l y  dis t i l led i soamyl  n i t r i te  in 10 ml  of absolute  e ther  was added, and the 
mix tu re  was ref luxed for  2-3 h. The p rec ip i t a ted  sodium diazotate  (II) was r emoved  by fi l tration, washed 
with ether ,  dr ied in vacuo, and dissolved with cooling in the min imum amount of water .  The solution was 
acidif ied to pH 6-7 with dilute ace t ic  acid, and the p rec ip i t a t ed  n i t rosamine  (HI) was r emoved  by fi l trat ion,  
washed with ice  water ,  dried, and c rys t a l l i zed  f r o m  acetone  or  alcohol (see Table  1). 

Reduction of Ni t rosamines .  A 10-ml  sample  of 15% acet ic  acid was added to a mix tu re  of 10 mmole  
of n i t rosamine  III and 20 m m o l e  (1.3 g) of zinc powder  at  r oom t e m p e r a t u r e .  Af ter  30 rain, 13 m m o l e  (1.4 g) 
of benzaldehyde was added, and the mix tu re  was shaken at 30-35 ~ for  another  30 rain. It  was then f i l tered,  
and the f i l t ra te  was made alkaline with a m m o n i a  until  i t  was weakly alkaline.  The ye l low-green  c ry s t a l s  of 
hydrazone  VI were  r em oved  by f i l t rat ion,  washed with water ,  and r e c r y s t a l l i z e d  (see Table  1). 

Behav ior  of  N i t rosamine  III with Respec t  to Sulfuric Acid Solutions. A 0.18-g sample  of n i t rosamine  
I I Ia  was added in por t ions ,  respec t ive ly ,  to 12.5, 25. 50, and 98% sulfur ic  acid solutions,  cooled to 0 ~ Af ter  
the m i x t u r e s  had been allowed to stand at room t e m p e r a t u r e  for  24 h. they were  diluted with a s:nall  amount 
of water  and t r e a t ed  with sodium carbonate  until they were  weakly alkaline.  They were  then t r ea t ed  with 
t h r ee  10 -15-ml  por t ions  of ch loroform,  and the ch lo ro fo rm ex t r ac t s  we re  evapora ted .  The res idue  was 
s e p a r a t e d  with a column fil led with A1203. A br igh t -ye l low f rac t ion  was eluted with chloroform,  a f t e r  which 
azo  compound VIII and amine  Ia  we re  ex t rac ted  by ref luxing the A1203 in alcohol.  The alcohol was r emoved  
by dist i l lat ion,  and the res idue  was t r e a t ed  with two 5-ml  por t ions  of hot H20, f r o m  which amine Ia c r y s -  
ta l l ized  out on cooling. The res idue  contained a mix tu re  of i s o m e r i c  azo compounds VIII. The yields  of the 
azo  compounds a r e  p r e sen t ed  in the theore t i ca l  p a r t  of this paper .  

2 - (N-Methy ln i t rosamino)benz imidazo le  (IV). A 0.35-g (5 mmole)  s ample  of NaNO 2 was added with 
s t i r r i ng  at 40-50 ~ in the cou r s e  of 30-40 rain to a solution of 0.2 g (1 mmole)  of 2 -N-methy laminobenz imid-  
azole  hydrochlor ide  in 10 ml  of wa te r  acidif ied with two drops  of acet ic  acid. Af te r  10 rain, the t e m p e r a t u r e  
was  r a i s ed  to 60 ~ and then cooled immedia te ly .  The product  was ex t rac ted  with e ther .  Ni t rosamine  IV was 
obtained as l ight -ye l low c r y s t a l s  with mp 88-89 ~ (from p e t r o l e u m  ether) .  The yield was 0.17 g (89~c). 
Found %: C 56.5: H 5.3: N 29.4. CgHIoN40. Calculated %: C 56.8. H 5.3: N 29.5. 

2- (2 ' -Hydroxynaph thy lazo) - l -me thy lbenz imidazo le  (IXa). A 1.7-g (10 mmole)  s ample  of n i t rosamine  
IVa was added to a cooled (to 10 ~ solution of 1.4 g (10 mmole)  of ~-naphthol  in 10 ml  of glacial  CH3COOH. 
Af te r  24 h, the mix tu re  was diluted to twice its volume with water ,  made  alkaline with ammonia ,  and f i l te red  
to r e m o v e  azo compound Xa. The p roduc t  was pur i f ied  by ch roma tog raphy  with a column fil led with A1203 
and subsequent  ex t rac t ion  f r o m  the A1203 with alcohol. The yield of product  with mp 197-198 ~ (from butanol) 
was  2.5 g (79%). Found %: C 71.3: H 4.9, N 18.3. C18HI4N40. Calculated %s C 71.5~ H 4.7. N 18.5. 

2 - (2 ' -Hydroxynaph thy lazo) - l ,  5 .6 - t r imethy lbenz imidazo le  (iXb). This compound, with mp 201-203 ~ 
(from butanol), was obtained in 76~c yield by the method used to p r e p a r e  IXa. Found %: 
17.1. C20H18N40. Calculated %: C 72.7, H 5.5; N 17.0. 

C 72.7: H 5.5: N 
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