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A number of N-aminomethyl and N-alkoxy(aroxy)methylbenzimi- 
dazoles are prepared. These compounds are decomposed in acid 
solution, giving benzimidazole. Sodamide reacts with them to give 
N-aminomethylbenzirfiidazele, and not the corresponding 2-amino 
derivative. The facility with which the compounds investigated de- 
compose decreases in the order N-aminomethyl > N-aroxymethyl > 
N-alkoxymethylbenzimidazoie. The mechanism of splitting is con- 
sidered. 

The Chichibabin  r e a c t i o n  m a k e s  i t  p o s s i b l e  to ob-  
ta in  v a r i o u s  N-a lky l ,  N - a r a l k y l ,  and N - a r y l  d e r i v a -  
t ives  of 2 - a m i n o b e n z i m i d a z o l e ,  but not 2 - a m i n o b e n z i -  
m i d a z o l e  i t s e l f  [1, 2]. The l a t t e r  i s  u s u a l l y  s y n t h e s i z e d  
by t r e a t i n g  o - p h e n y l e n e d i a m i n e  with the h ighly  toxic  
cyanogen b r o m i d e  [3]. However  a t h e o r e t i c a l l y  p o s s i -  
b le  rou te  to 2 - a m i n o b e n z i m i d a z o l e  ~s a l so  e l i m i n a t i o n  
of a N 1 s u b s t i t u e n t  f r o m  the p r o p e r  N d e r i v a t i v e  of 2-  
a m i n o b e n z i m i d a z o l e .  With a view to check ing  th i s  
idea ,  a s tudy  has  been made  of  the  b e h a v i o r  t oward  
s o d a m i d e  of  a s e r i e s  of  b e n z i m i d a z o l e s  with p o t e n t i a l -  
ly l ab i l e  g roups  at  pos i t i on  1. The ones  chosen  in the 
p r e s e n t  work  w e r e  a m i n o m e t h y l  and a l k o x y ( a r o x y ) -  
me thy l  g roups .  

The l i t e r a t u r e  d e s c r i b e s  N - d i e t h y l a m i n o m e t h y l -  
(I), N - p i p e r i d i n o m e t h y l - ( H a ) ,  and N - m o r p h o l i n o m e t h -  
y l b e n z i m i d a z o l e  ( I~)  [4 .5] .  It was  found that  t he se  
compounds  r e a d i l y  d e c o m p o s e  in ac id  solutior~ to give 
b e n z i m i d a z o l e :  IIa and IIb on hea t ing ,  I even when 
cold ,  The p i c r a t e s  of IIa and IIb, ob ta ined  without  
hea t ing ,  d e c o m p o s e ,  when an a t t emp t  is  made  to r e -  
c r y s t a l l i z e  them,  o r  when they a r e  hea ted ,  f o r m i n g  
b e n z i m i d a z o l e  p i c r a t e .  Compounds  I and II a r e  r a t h e r  
s t a b l e  in neu t r a l  and a lka l ine  so lu t ion  at  r o o m  t e m p e r -  
a tu r e ,  but  hot w a t e r  d e c o m p o s e s  them to b e n z i m i d a -  
zo le ,  f o r m a l d e h y d e ,  and the a p p r o p r i a t e  s e c o n d a r y  

a m i n e .  
T r e a t m e n t  of N - a m i n o m e t h y l b e n z i m i d a z o l e s  with 

s o d a m i d e  in l iquid a m m o n i a  o r  xy lene  does  not r e s u l t  
in hyd rogen  evo lu t ion  ( c h a r a c t e r i s t i c  of the Ch ich iba -  
bin r eac t i on ) .  A p r e c i p i t a t e  of sod ium compound is 
f o r m e d ,  and d e c o m p o s i t i o n  of th is  with w a t e r  g i v e s ,  
in the c a s e  of I b e n z i m i d a z o l e ,  in the c a s e  of II N- 
a m i n o m e t h y l b e n z i m i d a z o l e  (III). 

N N -NaN X N 

H~ H2 H 2 H., 
a X -CH~  

I tl III 

Like  o the r  d e r i v a t i v e s  of me thy lene  d i a mine  [6, 7], 
N - a m i n o m e t h y l b e n z i m i d a z o l e  i s  qui te  uns t ab l e .  Even 
on keeping,  i t  s lowly  d e c o m p o s e s  g iv ing  b e n z i m i d a -  
zo le .  Decompos i t i on  t akes  p l ace  r a p i d l y  in ac id  s o l u -  
t ion,  and on a t t emp t ing  vacuum d i s t i l l a t i on .  F u r t h e r -  
m o r e ,  in a lka l ine  m e d i u m  III i s  somewha t  m o r e  s t a -  
ble ,  as  i s  shown by i t s  f o r m a t i o n  in amina t ion ,  and 
by  i t s  s y n t h e s i s  f rom l - c h l o r o m e t h y l b e n z i m i d a z o l e  
and a m m o n i a .  The NH 2 group  in a f r e s h l y - p r e p a r e d  
s p e c i m e n  of III is  r e a d i l y  r e v e a l e d  by i t s  IR s p e c t r u m ,  
and by i t s  g iv ing  pos i t i ve  c a r b y l a m i n e  and n inhydr in  
r e a c t i o n s ,  m a l so  f o r m s  a p - n i t r o b e n z o a t e .  

D i ( N - b e n z i m i d a z o l y l ) m e t h a n e  (IV) s y n t h e s i z e d  
f rom b e n z i m i d a z o l e  and me thy lene  b r o m i d e  p roved  to 
be a s t ab l e  compound,  b e c a u s e  in th is  me thy l ene  d in-  
mine  d e r i v a t i v e  the  u n s h a r e d  e l e c t r o n s  of the  two 
n i t rogen  a t o m s  a r e  d rawn to the a r o m a t i c  s y s t e m  of 
the  i m i d a z o l e  r i n g s .  

1, 2 - D i ( N - b e n z i m i d a z o l y l ) e t h a n e  and IV [8] a r e  un-  
changed when t r e a t e d  with s o d a m i d e  in xy lene  of d i -  

m e t h y l a n i l i n e .  
N - a l k o x y m e t h y l b e n z i m i d a z o l e s  w e r e  p r e v i o u s l y  

unknown. * They have now been p r e p a r e d  by r e a c t i n g  
b e n z i m i d a z o l e  (2 mole)  wi th  1 mole  of the a p p r o p r i a t e  
a l k o x y m e t h y l c h l o r i d e  in bo i l ing  d ry  benzene  o r  xy lene  
(cf .  [10]). The y i e l d s  w e r e  64-92%.  N - p h e n o x y m e t h y l -  
b e n z i m i d a z o l e  (Vd) has  now 

Iv v 

R = a  CH~: b C2tl 5, c n-c~blo;d C6H 5 

been s y n t h e s i z e d  f rom 1 - c h l o r o m e t h y l b e n z i m i d a z o l e  
and sod ium phenoxide ,  All  the V compounds  w e r e  con-  
s i d e r a b l y  m o r e  s t ab l e  than the N - a m i n o - m e t h y l b e n z i -  
m i d a z o l e s  ( I -HI) ,  and the p a r e n t  N - h y d r o x y m e t h y l b e n -  
z i m i d a z o l e s  (V, R = H). Unlike the  l a t t e r ,  the p i c r a t e s  
and h y d r o c h l o r i d e s  of V a r e  qui te  s t ab l e .  When they  
a r e  bo i l ed  for  s e v e r a l  h o u r s  with 6 N h y d r o c h l o r i c  o r  
h y d r o b r o m i c  ac id ,  they a r e  g r a d u a l l y  h y d r o l y z e d  to 
b e n z i m i d a z o l e .  Desp i te  what is  s t a t ed  by Roe [10]. i t  

*Only two m e t h o x y m e t h y l  d e r i v a t i v e s  in the i m i d a -  

zo le  s e r i e s  have been  d e s c r i b e d  [9, 10]. 
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w a s  found  t h a t  t h i s  a l s o  h y d r o l y z e s  N - m e t h o x y m e t h y l -  
i m i d a z o l e  to  i m i d a z o l e .  

As  w i t h  II, t h e  a c t i o n  of  s o d a m i d e  ( 1 - 3  m o l e ,  3 - 7  
h r )  on N - a l k o x y m e t h y l b e n z i m i d a z o l e s  ( V a - e )  in  x y l e n e  
o r  d i m e t h y l a n i l i n e  l e a d s  to  C - - O  b o n d  s c i s s i o n ,  and  

f o r m a t i o n  of  1 - a m i n o m e t h y l b e n z i m i d a z o l e  i n  10-15~ 
y i e l d .  A l a r g e  p r o p o r t i o n  of t h e  s t a r t i n g  c o m p o u n d  r e -  
m a i n s  u n c h a n g e d .  Wi th  I u n d e r  s i m i l a r  c o n d i t i o n s  
t h e r e  w a s  43% r e a c t i o n  i n  x y l e n e  and  48% in  d i m e t h y l -  
a n i l i n e  ( the e x t e n t  of  r e a c t i o n  w a s  e s t a b l i s h e d  f r o m  

t h e  a m o u n t  of  p h e n o l  f o r m e d ,  a s  d e t e r m i n e d  i o d o m e -  
t r i c a l l y ) .  

It i s  to  b e  r e m e m b e r e d  t h a t  c o m p o u n d  V, l i k e  I - i i ,  

c a n  s p l i t  i n  t h r e e  w a y s  (VI, x ,  y,  z) .  In e a c h  a c t u a l  
c a s e  t h e  d i r e c t i o n  and  f a c i l i t y  of  s p l i t t i n g  m u s t  b e  
d e t e r m i n e d  by  t h e  r e l a t i v e  s t a b i l i t y  of  t h e  c o r r e s -  

p o n d i n g  t r a n s i t i o n  c o m p l e x  [11] .  It i s  l o g i c a l  to  a s -  

s u m e  t h a t  t h e  f i r s t  s t a g e  in  t he  r e a c t i o n  i s  a t t a c k  b y  
a s o d i u m  c a t i o n  ( a c t i o n  of  NaNH2) o r  p r o t o n  ( h y d r o l y -  

s i s )  of  o x y g e n  o r  n i t r o g e n  p e l e c t r o n s  to  g i v e  a t r a n s i -  

t i o n  c o m p l e x  of  t h e  VI I  t y p e ,  w h e r e  d i a g r a m  b r a c k e t  

s h o w s  t h e  p o s i t i v e  c h a r g e  d e l o c a l i z a t i o n  r e g i o n .  

Na + (Y)  ~ . ; "  
" ~ * " I l l  

- - . ,  - -  ( Z l  - -  - - N a  
I 

VI VII VIII  a VIII b 

O b v i o u s l y  t h e  d i r e c t i o n  o f  t h e  s e c o n d  s t a g e ,  s p l i t -  
t i n g  of  t h e  C - - O  b o n d  w i t h  s i m u l t a n e o u s  a d d i t i o n  of  a 

NH 2 a n i o n ,  w i l l  b e  d e t e r m i n e d  b y  w h i c h  g r o u p ,  w h e t h -  
e r  R o r  CH2 in  VII ,  c a r r i e s  t h e  l a r g e r  p o s i t i v e  c h a r g e .  

M e c h a n i s m  Y s e e m s  m o r e  p r o b a b l e ,  a s  i t  c a n  f a c i l i -  

t a t e  a d d i t i o n a l  r e s o n a n c e  s t a b i l i z a t i o n  of t h e  r e l e v a n t  

c a r b o n i u m  c a t i o n  ( V I I I a - V I I I b ) ,  and  t h e  e x p e r i m e n t s  

c o n f i r m e d  t h i s .  W i t h  R = C6H 5 (Vd) t h e  t r a n s i t i o n  c o m -  

p l e x  m u s t  b e  s t i l l  m o r e  s t a b l e ,  due  to  f u r t h e r  d e l o c a l -  

i z a t i o n  of  t h e  p o s i t i v e  c h a r g e ,  and  t h i s ,  a l o n g  w i t h  

t h e  e n h a n c e d  a c i d i t y  of  t h e  p h e n o l ,  w i l l  p r o m o t e  

s t r e n g t h e n i n g  of  t h e  t e n d e n c y  to  s p l i t t i n g  o f  t h e  C - - O  
b o n d  b y  m e c h a n i s m  Y, w h i c h  i s  w h a t  i s  a c t u a l l y  f o u n d .  

T h e  l o w e r  s t a b i l i t y  o f  N - a m i n o b e n z i m i d a z o l e s  in  t h e s e  

r e a c t i o n s  c a n  b e  e x p l a i n e d  b y  t h e  p e l e c t r o n s  of  t h e  

n i t r o g e n  b e i n g  m o r e  r e a c t i v e  t h a n  t h o s e  of  t h e  o x y g e n .  

S p l i t t i n g  of  c o m p o u n d s  II  and  V b y  m e c h a n i s m  X i s  

i m p e d e d ,  a s  t h e  a r o m a t i c  X1 a t o m  of  t h e  h e t e r o e y c l i c  

r i n g  c a r r i e s  a f o r m a l  p o s i t i v e  c h a r g e ,  and  s o  c a n n o t  

r e a d i l y  b e  s u b m i t t e d  to  t h e  a c t i o n  of  Na + o r  a p r o t o n .  
T h e  o n l y  e x c e p t i o n  i s  c o m p o u n d  I f o r  w h i c h ,  o b v i o u s l y .  

m e c h a n i s m  X i s  r e a l i z e d  a l l  t h e  s a m e ,  b e c a u s e  of  t h e  

s t e r i c  h i n d r a n c e  t h a t  two  e t h y l  g r o u p s  c r e a t e  f o r  t h e  

a p p r o a c h  of  t h e  e l e m e n t s  o f  s o d a m i d e  to  t h e  a l i p h a t i c  

N a t o m  (cf. [12]) .  

H o w e v e r  t h e  a b o v e  r e v i e w  d o e s  n o t  s h e d  l i g h t  on  

t h e  c a u s e  of t h e  u n e x p e c t e d  d e a c t i v a t i o n  of  t h e  i m i d a -  

z o l e  r i n g  in  c o m p o u n d s  I, II, and  V, t o w a r d s  s o d a -  

m i d e .  We i n t e n d  to  i n v e s t i g a t e  t h i s  q u e s t i o n ,  a n d  a l s o  

to s e a r c h  f o r  N s u b s t i t u t e d  b e n z i m i d a z o l e s ,  f r o m  w h i c h  
i t  w o u l d  b e  p o s s i b l e  to  p a s s  to  2 - a m i n o b e n z i m i d a z o l e .  

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

Compounds I and II were prepared by reacting benzimidazole with 
formaldehyde and the appropriate secondary amine [4, 5]. As the mp 
of our 1-ptperidinomethylbenzimidazole (80 ~ needles from hexane) 
was not that given in the literature (91.5-92.5~ it was analyzed. 
Found: C 72.59, 72.44; H 8.18, 8.18%, calculated for ClsHtrN~: 
C 72.52; H 7.96%. UV spectrum (SF-4, in MeOH) kma x, nm (lg e): 
244 (3.71); 250 (3.66); 266 (3.55); 272 (3.70); 279 (3.72). 

N-Amiaomethylbenzimidazole (III). a) 1.9 g 1-chloromethylbenz- 
imidazole hydrochloride [13] was heated 80 ~ for 7 hr with 20 ml 8 N 
ammonia in MeOH. To remove the ammonium chloride formed, the 
products were treated with ether. The solvent was removed from the 
filtrate under a water pump vacuum, leaving a pale yellow oil (0.9 g). 
When treated with CHCI$ and ether, the 1-aminomethylbenzimidazole 
dissolved, while a trace of benzimidazole remained in the precipitate. 
Rf 0.55 (on paper, BuOH : AcOH : water = 4 : 1 : 5). IR spectrum (IKS- 
14, vaseline mull); 1495 cm "I of the NHa group. * 

b) 4.3 g (0.02 mole) N-piperidinomethylbenzlmidazole, 1.95 (0.05 
mole) NaNH2, and 40 ml dry xylene were refluxed and stirred for 2-3  
hr. The precipitate (about 5 g) of the sodium derivative of N-amino- 
methylbenzimidazole was filtered off, washed with dry benzene, and 
dried in a vacuum desiccator over KOH. On decomposition with water 
it gave I-aminomethylbenzimidazole as a brown glassy mass, which 
was washed with water and dried over KOH. Yield 2.4 g (81.6%0). The 
compound was identical with that prepared by method (a). Since 1- 
aminomethylbenzimidazole is unstable, it was analyzed as its stable 
p-nitrobenzoate. 

N-(p-Nitrobenzoylaminomethyl)benzimidazole. A suspension of 
1.69 g Na derivative, prepared by reacting 1-piperidinomethylbenzimi- 
dazole with NaNH2 in 50 ml dry benzene, and 1.58 g p-nitrobenzoyl- 
chloride added to it. The mixture was stirred for 7 hr at room temper- 
ature; the precipitate was filtered off and carefully washed with water 
and hot benzene to remove accompanying N-(p-nitrobenzoyl)benzimi- 
dazole. It was then dissolved in dioxane and filtered on a funnel through 
a layer of alumina. The N-(p-nitrobenzoylaminomethyt)benzimidazole 
was precipitated from the solution with water. Pale yellow crystals mp 
261-262 ~ (ex dioxane-water). Found: C 60.88; H 3.90%, calculated 
for CIsH~2N403 : C 60.82; H 4.08%. The same product was obtained 
by Schotten-Saumann benzoylation of 1-aminomethylbenzimidazole 
prepared by method (a). 

N-(p-Nitrobenzoyl)methane (IV). Colorless plates, mp 200* (ex 
dioxane). Found: C 63.27; H 3.91; N 15.37%, calculated for C~4HgNsOa : 
C 62.95; H 3.40; N 15.72%. 

Di(N-benzimidazolyl)methane (IV). 11.8 g (0.1 mole) Benzimida- 
zole was dissolved in a solution of 7 g (0.1 mole) 80% KOH in 70 mI 
EtOH. 8.7 g (0.05 mole) dibromomethane was added dropwise, with 
stirring, to this solution. After all the dibromomethane had been added, 
the mixture was refluxed for 3 1/2 hr, the KBr filtered off with suction, 
and the filtrate evaporated to dryness under a water pump vacuum. The 
residue was treated with water (90 ml), filtered, washed with water and 
then with ether, yield 8.2 g (6,%5%), colorless needles mp 244.5-245.5 ~ 
(ex aqueous EtOH), soluble in EtOH, acetone, insoluble in ether and 
benzene. Found: C 72~ 4.97~t% calculated for ClsI-ltzN$ C 72.57; 
H 4.87%. 

1-Methoxymethylbenzimidazole. Colorless oil, readily soluble in 
most organic solvents, mp 147-148" (3 ram), n~ 1.5700. Found: 
C 136.25, 66.16; H 6.28, 6.20%0, calculated for CgHt0NzO: C 66.65; 
H (;.21%. UV spectrum (SF-4, in MeOH) Xma x flg e): 244 (3.85); 254 
(3.74); 266 (3.54); 274 (3.67); 280 (3.71). Picrate. Prisms (ex acetone), 

* T h i s  b a n d  w a s  a b s e n t  f r o m  t h e  IR s p e c t r u m  of  

b e n z i m i d a z o l e  a n d  c o m p o u n d s  rr. 
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mp 195% Found: N 17.51, 17.57%, calculated for C9HIoNzO �9 C61~N307: 
N 17.64%. Hydrochloride. Colorless crystals (ex absolute EtOH-ether), 
mp 145-146 ~ Found: C1 17.37%, calculated for CsHuC1NzO: 
c1 17.8~%. 

1-Ethoxyrnethylbenzimidazole. Colorless oil, bp 174-175"(10 
mm); 165~ mm), n~ ~ 1.5510. Found: N 16.20%, calculated for 
CIoHI2NzO: N 15.91%. Picrateo Mp 175-176 ~ (ex AeOH). Found: 
N 17.28, 17.09~ calculamd for C1oH1~NzO �9 CsHsN~Oz: N 17.28%. 

Hydrochloride. Mp 120-121" (ex EtOH-ether). Found: C1 16o59%, cal- 
culated for CIoH13C1N20:C1 16.67%. 

1-Butoxymethylbenzimidazole. Colorless oil bp 182-183 ~ (8 ram). 
n~ 1.5446. Found: C 71.06; H 8.179o, calculated for C12HIsN20: 
C 70.58; H 7.87~ Picratr Mp 165~ EtOH). Found: N 15.95%, 
calculated for Cl2HtsNzO �9 CsHsNsO?: N 16.25%. 

1-Phenoxymethylbenztmidazole. A solution of 2.03 g (0.Ol mole) 
1-chloromethylbenzimidazole hydrochloride, 1 g (0.025 mole) NaOH, 
and 0.94 g (0.01 mole) phenol in 30 ml EtOH were refluxed together 
for 1 hr. After cooling the NaC1 was filtered off, and the EtOH distilled 
off from the filtrate. The oily residue was crystallized from benzene- 
petrol ether, yield 1.5 g (65%). The compound formed colorless thom- 
bohedra (ex benzene), mp 128% bp 205" (5 mm). Found: C 74.87, 
74.73; H 5.48, 5.44%, calculated for C14HI2N~O: C 74.96; H 5.39~/o. 
UV spectrum (SF-4, in MeOH), kma x, nm (lg s): 219 (3.87); 244 
(3.88); 254 (3.78); 266 (3.61); 274 (3.68); 280 (3.65). Picrate. Mp 185" 
(ex EtOH). Found: N 15.70%, calculated for Ct4H, zNzO �9 CsHsN3Or: 

15.45%.. 
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