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A number of N-aminoethyl-, N-hydroxyethyl-, and N-mercapto- 
ethylbenzimidazoles have been synthesized, and their behavior toward 
sodamide investigated. The influence of the basicity of the benzim- 
idazoles on the course of the Chichibabin reaction is discussed. 

It has been shown previous ly  [1] that N-amino-  
methy lbenz imidazo les  (I) do not undergo the Chichi-  
babin react ion,  but a re  smoothly cleaved by sodamide 
at the CH2---NR 2 bond. The CH2--OR bond is cIeaved 
s imi l a r ly ,  but to a mueh s m a l l e r  extent, in N-alkoxy- 
(and a ry loxy)methylbenz imidazoles  (III), the g r e a t e r  
par t  of these compounds r ema in ing  unchanged under  
the act ion of sodamide.  This resu l t  is not obvious 
f rom the na ture  of the Chichibabin react ion.  On the 
other  hand, it would seem logical that the s t rongly 
e lec t ronegat ive  CH2--OR group [2] should reduee the 
e lec t ron  densi ty at the 2 -ca rbon  atom of the imidazole  
ring, and consequent ly  faci l i ta te  aminat ion.  

(CH2ln--Nk /• (CH~)aOR (CH~}nSR 

l--II Ill--IV V-VI 

I n= l ,  a X-CH~, b X=O nl  n=l ,  a R-CH3, bR=C~H s V n ; I ,  I~-C6H 5 

tl n -2 ,  a X=CH2,b X - O  IV n--2, a R--C61t 5 vl  n=2,  R--p-C4H 9 

There is, at the p resen t  t ime,  more  than one view 
concern ing  the m e c h a n i s m  of the Chichibabin react ion.  
It has been suggested that the reac t ion  proceeds  e i ther  
by a d i rec t  at tack by the amide ion NH Z onthe e l ec t ro -  
phil ie cen te r  [3] (mechan i sm A), or  by addition of the 
e lements  of sodamide to the C=N bond, followed by 
a romat iza t ion  of the adduct VII (mechan i sm B) [4, 51 
(the m e c h a n i s m  involving the in t e rmed ia te  format ion 
of a rynes  [6, 7] was la ter  repudiated [8]. The aryne  
mechan i sm would obviously be imposs ib le  in the ben-  
z imidazole  se r ies . )  

�9 N 0 .  "~: - i t  _ H ~ _  NaNtt2 

Nit2 t'5"N \H B 

Na 
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It is improbable  that, under  the usual  condit ions of 
the Chichibabin reac t ion  in ine r t  solvents  (a romat ic  

*For  par t  II, see [20]. 

hydrocarbons ,  paraff in,  d ia lkylani l ines) ,  the sodamide 
would undergo dissociat ion.  Under these conditions,  
mechan i sm B would appear to be operative.  Also, 
under  the condit ions of the Bergs t rom method in liquid 
ammonia  [9], when the sodamide is p resen t  in solution 
in the d issocia ted  form [10], the react ion proceeds 
most  rapidly by mechan i sm A. It thus becomes  appar-  
ent why the 7 - a m i n a t i o n  of quinoline is observed only 
under  B e r g s t r o m ' s  condit ions [91. Assuming  meeha-  
n i sm B, as most  worke r s  have done, we have e a r l i e r  
put forward the hypothesis  that the p rog re s s  of the 
Chiehibabin reac t ion  depends not only on the e l ec t ro -  
phil ici ty of the carbon atom of the C=N bond, but also 
on the basici ty  of the n i t rogen atom [111. In other words, 
aminat ion  mus t  be reIated to the opt imum combinat ion 
of posi t ive charge on the 2 -ca rbon  atom, and negative 
charge on the pyr id ine  ni t rogen.  This theory has r e -  
cently been given a theore t ica l  bas i s  in the molecu la r  
orbi ta l  method [121. It also explains why, hitherto,  
no c lear  case of the aminat ion  of he te rocyc les  of low 
basic i ty  (pK a < 3 -4 )  in an iner t  solvent  has yet been 
recorded.  

The applicat ion of this hypothesis  to benz imidazo les  
made it n e c e s s a r y  to m e a s u r e  the bas ic i ty  constants  
of a number  of benz imidazo les  ( including III and IV), 
and to a t tempt  to co r re la t e  the i r  pK a values wi th the i r  
behavior  toward sodamide.  

Table 1 shows that the nonaminated 1-rnethoxy- 
methyl -  and l -phenoxymethy lbenz imidazo les ,  as well 
as 1 -e thy I -5 -n i t robenz imidazo le  [13], a re  much less  
basic  than the 1 -a lky l -  and 1 -a ra lky lbenz imidazo les ,  
which undergo amination.  The somewhat more  bas ic  1- 
phenylbenzimidazote  is aminated only inxylene  solution, 
and in ths  case s i de - r eac t i ons  also occur [14]. The lower 
l imi t  of bas ic i ty  at which the Chichibabin reac t ion  
will occur is apparent ly  pK a 4.3. Unfortunately,  ben-  
z imidazoles  with bas i c i t i e s  in the region pK a 4 .3 -5 .0  
usual ly  contain more  or l ess  reae t ive  groups. The 
reac t ion  with sodamide,  therefore ,  leads e i ther  to 
complex side reac t ions  (for example,  with 5-halo-  
benz imidazo les  [131), or to aminat ion  accompanied 
by the la t ter .  These e i r c u m s t a n c e s  make it ex t remely  
diffieult  to isolate  any amine  which is formed (see 
[14]). In this paper  we desc r ibe  the synthesis ,  and 
reac t ion  with sodamide in xylene solution, of N-/2- 
aminoethyl -  (II), N-/3-phenoxyethyl- (IV), and N-f?- 
mercap toe thy l -  (and -me thy l - )  de r iva t ives  (V, VI) (the 
la t ter  are  descr ibed  in [20]) of benzimidazole .  The 
pK a vaIues of these compounds suggest  that they should 
undergo aminat ion.  We did not m e a s u r e  the bas ic i ty  
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Table i 

Ionization Constants (in 5% Aqueous Ethanol) and Behavior Toward 
Sodamide of Some Benzimidazoles  

pra 
Compound (25 -+ I a) Behavior toward sodamide 

Benzimidazole 
1-Methylbenzimidazole 
1 -Beuzylbenzimidazoie 
1-Phenylbenzimidazole 

l-Methoxymethylbenzimidazole 
1 -Phenoxy methylbenzimidazole 

I -Phenoxyeth ylbenzimidazole 
l-Butylthioethylbenzimidazole 
1 -Phenylthiomet hylbenzimidazole 

1 -Ethyl- 5-bromo benzimidazole 
1 -Ethyl-5-nitrobenzimidazole 

5.41 
5.44 
5.05 
4.32 

4.17 
4.06 

4.92 
4.99 
4.45 

4.78 
228* 

Unchanged 
Aminated 
Aminated 
Aminated, undergoes side reactions 

Unchanged 
Not aminated, undergoes side reactions 

Aminated, but amine not isolated 
Aminated, but amine not isolated 
Not amJnated, t.~l:dergoe$ side reactions 

Not aminated, undergoes side reactions 
Not amioated, undergoes side reactions 

*In 50% aqueous ethanol. 

Table 2 

Properties  of the Compounds Prepared 

! 

5 

r o 
Bp, OC 

Molecular 
formula 

Found, % Calculated, % 

C H N C H N 
Derivative, 

mp, ~ 

IIa 156"-57 b] 209/7mm 73.51' 8.14118.38 73.32 
IIb 80--82 b 1207--210/5mm C~'2r 67.401 7.26 17,84 67.5G 

IV 96 a 225--22612mm CxsHI4N20 75.88 6.06 - -  75.61 

89 b - -  59.83 4.91 15.44 59,85 1X I C~HsC1Ne 

Villa 176 c ,I C~4H2oN4 68.85[8 48122' 96168 82 
VIIib 190 a I ~ ClaHIaN~O 63.68 7137122178!63139 

8.35!18.85! Dipicrate, 226 
7.41118.t7! Dihydrochlo- 
5.92 - -  ride, 201 

Picrate. 193 
Hydrochlo- 

5.02 15.52 ride, 162-163 Picrate, 214 
i~ydrochlo- 

87125 2~:9~ ride, 147-148 Dipicrate. 248 

*Solvent for recrystallization: aBenzene; bLight petroleum; CAqueous alcohol. 

78 
70 

82 

95 

50 
40 
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of II, s i n c e  t he  N - a t o m  of the  p - a m i n o e t h y l  g r o u p  

m u s t  be  p r o t o n a t e d  f i r s t .  The  pK a v a l u e  of t he  p y r i d i n e  

n i t r o g e n  m u s t  no t  l i e  be low 5. In p r a c t i c e ,  h y d r o g e n  

w a s  e v o l v e d  v i g o r o u s l y  in a l l  c a s e s  (a  s u r e  i n d i c a t i o n  
t h a t  t h e  C h i c h i b a b i n  r e a c t i o n  i s  o c c u r r i n g ) ,  bu t  onIy  
in the  c a s e  of II w a s  the  a m i n e  i s o l a t e d  in t he  p u r e  
s t a t e .  

n NaN Pla @NH2 
CH2EH2 O 

VIII a X~CPIz; b X ~ O  

In c o n t r a s t  to Ia  and Ib, t h e  e thy l  a n a l o g s  (II) a r e  
no t  h y d r o l y z e d  by  b o i l i n g  6 N h y d r o c h l o r i c  ac id ,  and  
t h e y  g ive  s t a b l e  p i c r a t e s  and  d i h y d r o c h l o r i d e s .  T h e r e -  

f o r e ,  we w e r e  u n a b l e  to  c a r r y  out  t he  p l a n n e d  c o n -  
v e r s i o n  of VIII i n to  the  u n s u b s t i t u t e d  2 - a m i n o b e n z i m -  

i d a z o l e  [11. 
C o m p o u n d  IV s h o w e d  t h e  s a m e  s t a b i l i t y  in ac id  

m e d i a .  H o w e v e r ,  t r e a t m e n t  w i t h  s o d a m i d e  r e s u l t e d  

in f i s s i o n  of t h e  CH2--OR bond ,  w i t h l i b e r a t i o n  of h y d r o -  
gen.  The  f o r m e r  p r o c e s s  m a y  c o n v e n i e n t l y  be  f o l l o w e d  
by e s t i m a t i n g  the  a m o u n t  of p h e n o l  f o r m e d  (by i o d o m -  
e t r y ) .  The  o t h e r  p r o d u c t ,  N - f l - a m i n o e t h y l b e n z i m i d a z o l e  
(IX), w a s  no t  i s o l a t e d  f r o m  the  r e a c t i o n  m i x t u r e ,  bu t  
i t s  p r e s e n c e  w a s  d e m o n s t r a t e d  by c h r o m a t o g r a p h y ,  

by  c o m p a r i s o n  w i t h  an  a u t h e n t i c  s a m p l e .  In a d d i t i o n ,  
t he  u s e  of a l a r g e  e x c e s s  of s o d a m i d e  l ed  to t h e  r e -  
c o v e r y  of a b o u t  2 0 - 2 5 %  of u n c h a n g e d  s t a r t i n g  m a t e -  
r i a l .  The  o v e r - a l l  b a l a n c e  of t h e s e  r e a c t i o n s  m a y  be  
r e p r e s e n t e d  by: 

+ + 1%' 
- -  NH2 20~2S?o 
-RONa �9 ~H2CH~OR CH2C/'/2 h/R~ 

30-S0% 30-35% 

The a c t i o n  of s o d a m i d e  on V g i v e s ,  in a d d i t i o n  to 
l i b e r a t i o n  of h y d r o g e n ,  s u b s t a n t i a l  a m o u n t s  of t h i o -  

p h e n o l  ( f o r m e d  by f i s s i o n  of the  CHz---SR bond) .  We 
s u c c e e d e d  in i s o l a t i n g  f r o m  t he  r e a c t i o n  m i x t u r e ,  
w h i c h  c o n t a i n e d  a n u m b e r  of u n i d e n t i f i e d  s u b s t a n c e s ,  
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 ,  w h i c h  w a s  a l s o  ob -  
t a i n e d  f r o m  I and  III  [1]. 

8 o d a m i d e  r e a e t e d  w i t h  VI w i t h  e v o l u t i o n  of h y d r o g e n ,  
bu t  no  m e r c a p t a n  w a s  f o r m e d ,  w h i c h  i n d i c a t e s  t he  
s t a b i l i t y  of  the  (CHa)2--SR bond.  In t h i s  c a s e ,  h o w e v e r ,  
no p u r e  c o m p o u n d  cou ld  be  i s o l a t e d  f r o m  t he  r e a c t i o n  
m i x t u r e .  

EXPERIMENTAL 

The physical constants, yields, and elementary analyses of all the 
compounds prepared are given in Table 2. 

1-(~-N-Piperidinoethyl)benzimidazole (Ita), and 1-(t3-N-mor- 
pholinoethyl)benzimidazole (IIb). These were obtained in a similar 
way to N-g-diethylaminoethylbeazimidazole [15], by reaction of 
benzimidazole with the corresponding ~3-chloroethylamine hydrochlo- 
ride (1 mole) in alcoholic solution in presence of caustic alkali (2 
moles). The properties of the compounds differ substantially from 
those given in [16]. 

1-(/~-Phenoxyethyl)benzimidazole (IVb). This was obtained by 
boiling equivalent amounts of benzimidazole, 2-bromoethyl phenyl 

ether, and caustic alkali in alcohol for 2 hr. UV spectrum (SF-4A, 
methanol): kmax, nm; 248, 264, 264, 274, 281; lgs 3.89; 3.87; 
3.74; 3.77; 3.72. 

1-(~-Chloroethyl)benzimidazole (IX). A mixture of 6.5 g of 
1-(B-hydroxyethyl)benzimidazole [17] and 55 ml of thionyl chloride 
was boiled under reflux for 1 hr. Removal of excess thionyl chloride 
by distillation left 8.5 g of the hydrochloride of IX as a viscous yellow 
oil which crystallized on prolonged standing at -10 ~ C. Mp 147- 
148 ~ C. Found, %: N 12.77. Calculated for CgHgN2C1.HC1, %: N12.90. 
The base may be obtained from the hydrochloride by trituration with 
concentrated aqueous ammonia. The chlorine is extremely inert, and 
is not replaced by the amino group even on heating in a sealed tube 
with saturated alcoholic ammonia (cf [18]). 

Attempts to obtain 1-(~-methoxyethyl)benzimidazole from the 
hydrochloride of IX by treatment with sodium methoxide resulted in 
the isolation of l-vinylbenzimidazole only, in about 60% yield. 

2-Amino-i-(~-piperidinoethyI)benzimidazole (VIIIa). To a sus- 
pension of 0.51 g (0.013 mole) of sodamide in 10 ml of dry xylene 
was added 2.29 g (0,01 mole) of IIa, and the mixture boiled with 
stirring for 2.b hr, until evolution of hydrogen had ceased. After cool- 
ing, 2 ml of water was added. The amine which separated was filtered 
off on the following day, washed with water and light petroleum, and 
recrystallized. 

2-Amino-l-(B-morpholinoethyl)benzimidazole (VIIIb). Obtained 
similarly to IIb, but isolated by decantation of the xylene from the 
precipitate of the sodio derivative of the amine under a stream of 
nitrogen. Without interrupting the nitrogen flow, water was added, 
and the mixture was kept at -10 ~ C for 2 days. The crystals of the 
amino compound which separated were filtered off, washed with water, 
benzene, and light petroleum, and recrystaIlized. 

Ionization constants. These were measured on a LPU-01 pH meter 
at 25 �9 :t ~ The solvent used was a 95 : 5 mixture of water and alcohol 
[19]; an 0.001 molar solution of the base was titrated with an 0.i 
molar soIutton of HC1. The pK a values were calculated using the 
Henderson equation, from 7-8 measurements. The scatter did not 
exceed • pKa. 
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