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The ionization constants in 50% aqueous ethanol at 20 ~ C and the 
rates of interaction with ethyl iodide in acetone at 50 ~ C of the 
N-methyl, N-benzyl, and N-phenyl derivatives of imidazole and 
benzimidazole have been measured. It has been shown that in 
N-phenylbenzimidazole, the phenyl group departs from the plane 
of the molecule by an angle of about 40 ~ . Because of this, the 
influence of the N-phenyl group on the reactivity of the imidazole 
ring is greater in the imidazole series than in the benzimidazole 
series. 

An interpretation of the e l e c t r o n i c  i n t e r ac t i on  of 
the phenyt and i m i d a z o l e  nucle i  in the N - p h e n y l i m i -  
dazoles  has been g iven  p r e v i o u s l y  on the bas i s  of 
ce r t a in  r e a c t i o n s  [1], phys ica l  c h a r a c t e r i s t i c s  [2,3] ,  
and the m o l e c u l a r  o rb i t a l  ca lcu la t ions  [4]. In the 
p r e s e n t  work,  to s tu@ this  ques t ion  fu r the r  we have  
m e a s u r e d  the ion iza t ion  constants  in 50% ethanol  at 
20 ~ C and the r a t e s  of the r e a c t i o n  with ethyl  iodide in 
acetone at 50 ~ C of a number  of N- subs t i t u t ed  i m i d a -  

zoles  and b e n z i m i d a z o l e s  (R = CH 3, C~HhCH 2, CGHh): 

CH)n•N ~ ti N/Cells ,N C2HsI (C~i - 

k I 
R R 

imidazo!es (n = 0) benzimidazoles (n = 4) 

As is wel l  known, the Menshutkin r e a c t i o n  belongs  
to the SE2 type and i ts  r a t e  is  p ropor t iona l  to the 
b a s i c i ~  of the t e r t i a r y  n i t rogen  atom. Consequent ly ,  

i m i d a z o l e s ,  as s t r o n g e r  b a s e s ,  r e a c t  2-4 t i m e s  f a s t e r  
than b e n z i m i d a z o l e s .  In both the i m i d a z o l e  and 

the r a t e s  of the r e a e t i o n  d i f fer  l i t t l e  f r o m  one another  

for  the N - m e t h y l  and N-benzy l  d e r i v a t i v e s ,  The 

s l ight ly  lower  v a l u e s  of the r a t e  cons tants  and pK a 
for  the l a t t e r  a r e  connec ted  with -I e f fec t  of the benzyl  
group.  However ,  the r a t e s  of the r e a c t i o n  and the 
pK a v a l u e s  for  the N - p h e n y l - s u b s t i t u t e d  d e r i v a t i v e s  
a re  cons ide rab ly  lower  in both r e a c t i o n  s e r i e s .  T h e s e  

r e s u l t s ,  in a g r e e m e n t  with the conc lus ions  drawn 
p r e v i o u s l y  [1-4],  show that  the phenyl  group in the 
N-pheny l i rn idazo tes  is  an e l e c t r o n  aecep to r  both in 
the s ta t ic  s ta te  and in the c o u r s e  of the r e a c t i o n  and 
t h e r e f o r e  does  not exhibi t  the +E effec t  that  is s o m e -  
t i m e s  c h a r a c t e r i s t i c  for  it  in e l e c t r o p h i l i c  r e a c t i o n s  
[6]. The inf luence  of the phenyl  group is cons ide rab ly  
g r e a t e r  in the i m i d a z o l e  s e r i e s  than in the b e n z i m i d a -  
zole  s e r i e s .  This  conc lus ion  fo l lows both f r o m  a c o m -  
pa r i son  of the r a t e  cons tan ts  and ion iza t ion  cons tants  

KCH 3 and Kph within  each r e a c t i o n  s e r i e s  and a lso  

f r o m  the fa l l  in the va lue  of K i m i d / K b z  m and ApK a 
on p a s s i n g  f r o m  the N - m e t h y l  to the N-phenyl  d e r i -  
va t i ve s  (Table 1)*. 

The phenomenon men t ioned  may be due to two 
f a c t o r s :  1) the acop lana r i ty  of the m o l e c u l e  of N-  
pheny lbenz imidazo le  [2] with the consequent  d e c r e a s e  

in r e s o n a n c e  i n t e r ac t i on  be tween  the N-phenyl  and 
the i m i d a z o l e  r i ngs ,  and 2) the h igher  conduct ion of 

the e l e c t r o n  ef fec ts  th rough the p y r r o l e  N atom of 
the i m i d a z o l e  as c o m p a r e d  with the b e n z i m i d a z o l e .  
T h e r e  a r e  grounds fo r  a s s u m i n g  that  the imidazo le  
r ing  in v a r i o u s  h e t e r o e y c l i c  s y s t e m s  is  c h a r a c t e r i z e d  
by approx imate ly  the s a m e  po l a r i zab i l i t y  (see,  for  
example  [7]). If this  is  so, the d i f f e r ence  found in 

the r e a c t i o n  r a t e  cons tants  be tween  the N - m e t h y l  
and N-phenyl  d e r i v a t i v e s  in the i m i d a z o l e  and b e n -  
z i m i d a z o l e  s e r i e s  can be u s e d  to eva lua te  the angle 
of ro t a t ion  of the phenyl  group of N -pheny lbenz imidazo l e  
r e l a t i v e  to the p lane  of the m o l e c u l e .  It i s  known [8] 
that  B r a u d e ' s  f o r m u l a  M = M 0 �9 cos 2 ~ app rox ima te ly  

connects  the fal l  in the m e s o m e r i c  ef fec t  with the 
angle  of ro ta t ion ,  e ,  of the conjugated  groups  r e l a t i v e  
to one another ,  whi le  v e r y  d i v e r s e  phys i ca l  p a r a -  
m e t e r s  may  act  as m e a s u r e s  of the m e s o m e r i c  ef fec t  

M (in a s t e r i c a l l y  h inde red  molecu le )  and M 0 (in a 
p lane  m o l e c u l e ,  M = 0 ~ C). Taking as M and M~ the 

*For part II, see [3]. *Ph = CGH 5, imid  = imidazo ly l ,  b z m  = b e n z i m i d a z o l y l .  

Table  1 

Ionizat ion Constants  and Rate  Constants  of the Reac t i on  with Ethyl  
Iodide of N-Subs t i tu ted  I m i d a z o l e s  and B e n z i m i d a z o l e s  

! K X105,1 *mole-1 osec-1 I- 
R imidazoles I benzirnid- azoles Kimid/Kbzm 

CHa 3.87 1,03 3.76 
CsHsCH~ 3.35 0.95 3.53 
C6H 5 1.57 0.76 2.1 

pK a (magnitude of Ka) 

ApKa 
imidazoles benzimidazoles 

6.56 (2.75 X I0 -7) 
6.09 (8.13 X I0 -7) 
5.10 (7.94• 10 -6) 

4.98(1.05X 10 -5 ) 
4.49 (3.24 X 10 -a} 
3.73 (1,85 X 10 -4) 

1,58 
1.60 
1.37 
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T a b l e  2 

A n g l e  of  R o t a t i o n ,  ~0, of  t h e  N - P h e n y I  G r o u p  in  N - P h e n y l b e n z i d a z o l e  
R e l a t i v e  t o  t h e  P l a n e  of  t h e  B e n z i m i d a z o l e  R i n g  

~ u a r t  m o d e l  ~ de r  Wa,~s l ~ p o ] e  too-  I o n i z a t i o a  ~ e c o n s t m d s o f  Mean 
model merits cons t an t s  M~ae~ion~kiJl 

r a t i o  K r , ~  / K v h  in  t h e  b e n z i m i d a z o l e  and  i m i d a z o l e  
~ L ~  3 ~ 

s e r i e s ,  r e s p e c t i v e l y ,  w e  f o u n d  r  42 ~ . 

An a n a l o g o u s  t r e a t m e n t  [ in  t h i s  c a s e ,  i n  o r d e r  t o  

s a t i s f y  t h e  c o n d i t i o n  M 0 > M, w e  m u s t  t a k e  t h e  r a t i o  

Ka (Ph ) /Ka (C H3)  ] of t h e  i o n i z a t i o n  c o n s t a n t s ,  K a ,  g i v e s  

a v a l u e  ~a = 39 ~ T h e s e  v a l u e s  of  t h e  a n g l e  of r o t a t i o n  

a g r e e  s a t i s f a c t o r i l y  w i t h  t h e  f i g u r e s  t h a t  w e  c a l c u l a t e d  

f r o m  t h e  d i p o l e  m o m e n t s  of  t h e  N - p h e n y l i m i d a z o l e s  

[2] a n d  a l s o  t h o s e  o b t a i n e d  f r o m  S t u a r t  a n d  v a n  d e r  

W a a l s  m o d e l s  of t h e  m o l e c u l e  ( T a b l e  2 )* .  Such a 

c l o s e  a g r e e m e n t  of  t h e  v a l u e s  of  t h e  a n g l e  ~p f o u n d  

f r o m  v e r y  d i f f e r e n t  d a t a  s h o w s  t h e  w e l l - f o u n d e d n e s s  

of t h e  a s s u m p t i o n  t h a t  w e  m a d e  of  t h e  a p p r o x i m a t e  

i d e n t i t y  of  t h e  p o l a r i z a b i l i t i e s  of t h e  p y r r o l e  N a t o m s  

in  i m i d a z o l e  a n d  b e n z i m i d a z o l e .  
T h e  d e p a r t - o r e  of  t h e  p h e n y l  g r o u p  f r o m  t h e  p l a n e  

of  t h e  m o l e c u l e  by  40 ~ ( m e a n  v a l u e )  d a m p s  t h e  m e s o -  

m e r i c  e f f e c t  by  a p p r o x i m a t e l y  25%. T h e  r e s i d u a l  

d i f f e r e n c e  in  t h e  r e a c t i v i t i e s  of t h e  1 - m e t h y l -  a n d  

1 - p h e n y l b e n z i m i d a z o l e s  m u s t  b e  m a i n l y  d u e  to  t h e  

75% f r a c t i o n  of t h e  m e s o m e r i c  i n t e r a c t i o n .  I t  i s  

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

and  i m i d a z o l e  r i n g s  i n  t h e  m o l e c u l e s  of  t h e  N - p h e n y -  

l i m i d a z o l e s  i s  e x t r e m e l y  s m a l l .  

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

The starting materials were obtained and purified by known 
methods [5]- The acetone and ethyl iodide were rendered absolute 
and were then twice redistilled. The ionization constants were 
measured on a LPD-01 pH-meter with glass electrodes and satu- 
rated silver chloride flow electrodes. In the pH measurements, 
a 0.001 M solution of the base was titrated with 0.01 M HC1. The 
ionization constants were calculated by means of Henderson's 
equation on the basis of 8-9 measurements. The maximum deviation 
did not exceed +0.05 PKa. 

* In  t h e  c a l c u l a t i o n  of r f r o m  d i p o l e  m o m e n t s ,  a s  

M a n d  M0 w e  t o o k  t h e  v a l u e s  of t h e  e x t r a  ~ - m o m e n t s  

in  t h e  b e n z i m i d a z o l e  a n d  i m i d a z o l e  s e r i e s  w h i c h  a r e ,  

r e s p e c t i v e l y ,  0 . 3 5 - 0 , 4 0  D and  0 . 6 5 - 0 . 7 0  D [2] .  On 

c o n s i d e r i n g  t h e  v a n  d e r  W a a l s  m o d e l  (cf .  [2]) ,  t h e  

r a d i u s  of  t h e  h y d r o g e n  a t o m  w a s  t a k e n  n o t  a s  1 . 0 7  
bu t  a s  1 . 0 1  A [9] .  

Fur the kinetic measurements, an N0.1 M solution of the base 
and ~ ~0.2 M solution of ethyl iodide in acetone were prepared. 
The cooled solutions of the reactants (2.5 ml each) were mixed 
in robes which were then sealed and placed in a thermostated vessel. 
The time when a temperature of 50 * 0.05" C had become established 
in the thermostated vessel was taken as the beginning of the reaction. 
From the results of an analysis of one mhe at this moment a currec~on 
was introduced fur the error connected with the occurrence of the 
reaction before the establishment of the desired temperature. Sub- 
sequenfly, the remaining mhes were opened at predetermined intervals 
of time and their contents were transferred into a separating funnel 
containing distilled water (60 ml) and petroleum ether (20 ml). The 
unchanged ethyl iodide passed into the ethereal layer and the imi- 
dazolium salt formed into the aqueous layer. The ethereal layer 
was washed twice more with water (30-ml purtiom) and the iodine 
produced, which was present in the wash-waters, was titrated poten- 
tiouretrically. The titrating agent used was an acidified 0.05 M 
solution of silver nitrate. The reaction was carried out m 35-70~ 
conversion. The rate comtants of thc reactions, proceeding by a 
seeond-urder law, were calculated from the equation: K = 2. 3[ 
/ [ (a-b)r ]  - [(a-x)bJ/[(b-x)a] (1 - mole -I �9 see-l).  The final rate 
constant was a~ived at by averaging the results of 5-7 measurements. 
The figures for the rate constants and ionization constants obtained 
are given in Table 1. 
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