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The structure of the perchlorates of 2,3, 4-trimethyl-, 1,2, 4-tri- 
methyl-, 1,2,3,4-tetramethyl-, and 1,4-dimethyl-2-phenylpyrrolo[1, 
2-a]benzimidazoles in trifluoroacetic acid has been studied by thePMR 
method. It has been estabIished that in nil cases on salt formation the 
proton adds to the carbon atom in position I. The molecular diagram 
of pyrrolo[1, 2-a]benzimidazole has been calculated by the MO LCAO 
method. 

In a p r e c e d i n g  p a p e r  we p r o p o s e d  a me thod  fo r  s y n -  
t h e s i z i n g  p y r r o l o [ 1 ,  2 - a ] b e n z i m i d a z o l e s - - d e r i v a t i v e s  
of a new h e t e r o c y c l i c  s y s t e m  be longing  to the  i s o e l e c -  
t r o n i c  ana logs  of i n d o l i z i n e - - a n d  s tud ied  s o m e  of t h e i r  
p r o p e r t i e s  [1]. 

Since the  m o l e c u l e s  of the  p y r r o l o [ 1 ,  2 - a ] b e n z i m i -  
d a z o l e s  (I) have two p o s i t i o n s  ac t i ve  with r e s p e c t  to 
e l e c t r o p h i l i c  r e a g e n t s  (1 and 3),  r e a c t i o n s  with t h e s e  
agen t s  m a y  g ive  compounds  subs t i t u t ed  in p o s i t i o n  1 
o r  3 o r  m i x t u r e s  of t h e m .  E l e c t r o p h i l i c  add i t ion  m a y  
t ake  p l a c e  a n a l o g o u s l y .  

The p r e s e n t  p a p e r  d e s c r i b e s  the  s i m p l e s t  e l e c t r o -  
ph t l ic  add i t ion  r e a c t i o n - - p r o t o n a t i o n - - o f  the  p y r r o l o [ 1 ,  
2 - a ] b e n z i m i d a z o l e s  I a - d .  T h e s e  compounds  a r e  b a s e s  
f o r m i n g  s t a b l e  c r y s t a l l i n e  s a l t s  with m i n e r a l  ac ids :  

c"3 ~:N3 C~h 
I ' H 

~. . /  - - N ~ \  R" 

la-d R"' I la -d  H/~R"'  l l la-d R"' 

R' R" R "  
a CH3 CH3 - -  
b -- CH~ CHa 
c CH3 C H 3  C H a  
d -- C6H5 CHa 

The cho ice  be tween  the  p o s s i b l e  s t r u c t u r e s  II  and 
III was  m a d e  on the  b a s i s  of p r o t o n  m a g n e t i c  r e s o n a n c e  
s p e c t r a  by s tudy ing  the  inf luence  on the  s i g n a l s  of sub -  

s t i tu t ion  in the  p y r r o l o [ 1 ,  2 - a ] b e n z i m i d a z o l i u m  ca t ion  
and b y  o b s e r v i n g  m u l t i p l i c i t y  in them p r o d u c e d  b y  sp in -  
sp in  coupl ing.  S i m i l a r  s t u d i e s  have  r e c e n t l y  been  c a r -  
r i e d  out in the  i ndo l i z ine  [2 -4 ]  and p y r r o l o [ 2 ,  1 -b ] th i -  
azo l e  [5] s e r i e s .  

As so lven t  we used  t r i f l u o r o a c e t i c  acid,  which 
r e a d i l y  d i s s o l v e s  the  s a l t s  c o n c e r n e d  and does  not g ive  
s i gna l s  in the  r e g i o n  of the  s p e c t r u m  s tud ied  ( 2 - 9 , ) . * *  

The PMR s p e c t r a  of p y r r o l o [ 1 ,  2 - a ] b e n z i m i d a z o -  
l i u m  s a l t s  have  no b r o a d  bands  o r  a t r i p l e t ,  which on-  

* F o r  p a r t  VI, s ee  [1]. 
**At high a m p l i f i c a t i o n ,  a weak t r i p l e t  with a c e n t e r  

at  about 4 . 5 ,  and a s p i n - s p i n  coupl ing  cons t an t  of 53 Hz 
due to the  p r e s e n c e  of d i f l u o r o a c e t i c  ac id  as  an i m -  
p u r i t y  was  o b s e r v e d .  

a b l e s  the  n i t r o g e n  a tom to be  exc luded  as  the  s i t e  of 
p r o t o n a t i o n .  P r o t o n a t i o n  of the  c a r b o n  a tom of the  p y r -  
r o l e  nuc leus  of b a s e  I l e a d s  to the  a p p e a r a n c e  of a 
m e t h y l e n e  o r  subs t i tu t ed  m e t h y l e n e  group ( fo rmu la s  
II o r  I I I ) �9  T h e r e  a r e  only i s o l a t e d  s i gna l s  in the  s p e c -  
t r u m  of the  s a l t  f r o m  b a s e  In, a p a r t  f r o m  the s igna l s  
in the  r e g i o n  of the  a r o m a t i c  p r o t o n s .  This  p e r m i t s  
the  deduc t ion  tha t  the  sa l t  has  s t r u c t u r e  IIa, i . e . ,  tha t  

p r o t o n a t i o n  t a k e s  p l a c e  in p o s i t i o n  1. The add i t ion  of 
a p r o t o n  in p o s i t i o n  3 should be  shown in the  f o r m  of 
the  sp l i t t i ng  of the  s igna l  of the  3 - m e t h y l  g roup  into a 
double t .  A s s i g n m e n t  of ind iv idua l  s igna l s  can  be  c a r -  
r i e d  out  be c o m p a r i s o n  with the  s p e c t r a  of o t h e r  s a l t s .  
The p e a k  at  5.3T (2 H) c o r r e s p o n d s  in i t s  p o s i t i o n  and 
in t ens i ty  to a m e t h y l e n e  g roup .  The s igna l  at 6.05T 
(3 H) is  r e p e a t e d  in the  s p e c t r u m  of a l l  four  s a l t s  ove r  
a n a r r o w  r a n g e  of va lue s  ( i0 .1)  and i s  i nd i spu tab ly  due 
to the  p r o t o n s  of the  N--CH 3 group .  The r e m a i n i n g  
two c l o s e l y  ad j acen t  p e a k s  (7.81 and 7.75T) c o r r e s p o n d  
to the  two me thy l  g r o u p s  in the  p y r r o l e  n u c l e u s .  The 
s t r o n g e r - f i e l d  s igna l  (7 .81 , )  m u s t  a p p a r e n t l y  be a s -  
c r i b e d  to the  me thy l  group in p o s i t i o n  3, which is  not 
con juga ted  with a q u a t e r n a r y  n i t r o g e n  a tom and, t h e r e -  
fo re ,  m u s t  be s c r e e n e d  to a g r e a t e r  ex ten t  than the  
me thy l  g roup  in p o s i t i o n  2. The a r o m a t i c  p r o t o n s  f o r m  
an ABCD s y s t e m  and g ive  a c omp le x  m u l t i p l e t  with a 
c e n t e r  at about 2 . 6 , .  

The s p e c t r u m  of the  i s o m e r i c  s a l t  f r o m  the  b a s e  I b  
has  a quadrup le t  with a c e n t e r  at  5.0T (1 H) and a dou-  
b le t  with a c e n t e r  at  8.40T (3 H) with the  s a m e  sp in -  
sp in  coupl ing  cons tan t  (7 .5  Hz) �9 This  p a t t e r n  a lso  c o r -  
r e s p o n d s  to  p r o t o n a t i o n  in p o s i t i o n  1, s ince  only in 
th i s  c a s e  does  a A3X sp in  s y s t e m  a r i s e  with the  s p l i t -  
t ing  of the  s i g n a l s  c o r r e s p o n d i n g  to i t .  On p ro tona t i on  
in p o s i t i o n  3, the  s p e c t r u m  would c o n s i s t  of i s o l a t e d  
s i g n a l s  ( d i s r e g a r d i n g  the  r e g i o n  of the  a r o m a t i c  p r o -  
tons)  as  in the  c a s e  of s a l t  I Ia .  At 6.15T t h e r e  is  a 
s h a r p  i so l a t ed  p e a k  c o r r e s p o n d i n g  to the  p r o t o n s  of the  
N--CH~ group .  The s igna l  of the  2 - m e t h y l  group (7 .78 , )  
i s  weak ly  sp l i t  (J2-CH3,H-~ = 1 Hz) b e c a u s e  of sp in -  
spin  coupl ing  with the  e thy len ic  p r o t o n .  The l a t t e r  ap -  
p e a r s  at 3 . 4 ,  in the  f o r m  of a not a b so lu t e ly  w e l l - d e -  
f ined q u a d r u p l e t .  In the  r e g i o n  of the  a r o m a t i c  p r o -  
tons ,  t h e r e  i s  a m u l t i p l e t  wi th  a c e n t e r  at  abou t2 .55- r .  

The s p e c t r u m  of the  sa l t  f r o m  the  b a s e  Ic r e s e m b l e s  
tha t  f r o m  the  p r e c e d i n g  compound,  bu t  i n s t e ad  of the  
s igna l  of the  e thy len ic  p ro ton ,  of c o u r s e ,  a p e a k  ap-  
p e a r s  c o r r e s p o n d i n g  to the  t h i r d  m e t h y l  group in the  
p y r r o l e  nuc l eus  and, in addi t ion ,  the  s igna l  of the  2 -  
me thy l  group i s  s p l i t .  The a r o m a t i c  p r o t o n s  f o r m  a 
c o m p l e x  m u l t i p l e t  with a c e n t e r  at about  2 .5T.  A quad-  
r u p l e t  ( 5 . 05 , )  and a double t  ( 8 . 3 2 , ) ,  a r i s i n g  f r o m  a 
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C h e m i c a l  Shifts  and Spin-Spin Coupl ing Constants  of the Sal ts  II 

I 
1-H I-I-3 I-Clt3 2-CH3 ' 3-CH~ 4-CI[~ 

5.28 
5.0 

5.05 
* 

3.4 

3.0** 

8-~0 
J {I-CH~, I-H) 7.5 

8.32 
J (1-CH3, l-H) 7.5 

8.10 (**); 8.40 
J (I-CHa, bH) 7.5 

7.75 
7.8 

3 (2-CH,, 3-H) 1,0 
7.69 

7.81 

7,81 

6.05 
6.15 

5.95 

6.17"* 

* S i g n a l  at  t h e  no i se  level  

* * S i g n a l  o f  t h e  b a s e  I 

A~X spin s y s t e m  (J = 7 .5  Hz) r e m a i n  in the s a m e  
r ange  of va lues  as in the  c a s e  of sa l t  IIb. Th is  fact ,  
and a l so  the  absence  of o the r  s ignals ,  shows that  in 

th i s  c a s e  p ro tona t ion  t akes  p l a c e  only in pos i t i on  1, 
i . e . ,  the  1 -H f o r m  (IIc) is  p r o d u c e d .  T h e m e t h y l  s igna l  

of the 3 - H  f o r m  should appea r  in a s t r o n g e r  f ield,  
s ince  the 3 - H  p ro ton  is  f u r t h e r  f r o m  the  q u a t e r n a r y  
n i t r ogen  a tom than the 1 -H p ro ton  and, t h e r e f o r e ,  mus t  

be m o r e  s t rong ly  s c r e e n e d .  We a s s u m e  that  the s igna l  

in the s t r o n g e r  f ie ld  (7.81T) be longs  to the 3 - m e t h y l  

group,  as in the  c a s e  of sa l t  IIa, s ince  the s igna l  in 
the w e a k e r  f ie ld  (7.69T) m u s t  be a s c r i b e d  to the 2- 

me thy l  g roup .  
The q u a t e r n a r y  sa l t  IId exhib i t s  a n u m b e r  of pecu -  

l i a r i t i e s .  In the s p e c t r u m  of i ts  so lu t ion  t h e r e  a r e  no 
s igna l s  in the r e g i o n  of m e t h y l e n e  o r  me thy l  p ro tons ,  
and it can  be shown that  we a r e  dea l ing  with the s p e c -  

t r u m  of the base  Id: in the f ie ld  of the a r o m a t i c  p r o -  
tons  t h e r e  a r e  two s e p a r a t e  m u l t i p l e t s  c o r r e s p o n d i n g  
(judging f r o m  t h e i r  i n t ens i t i e s )  to the four  p r o t o n s  of 
the  benzene  r ing  condensed  with the h e t e r o c y c l i c  s y s -  

t e m  (2 .3r)  and the f ive  p ro tons  of the 2-phenyl  group 

(2.6T); at 2.98T t h e r e  is a n a r r o w  s igna l  (1 H) of an 

e thy lene  proton,  at 6.17~- the  s ignal  of an N - - C H  3 
group,  and at 8 . 1 r  an i so la t ed  peak  c o r r e s p o n d i n g  to 

the  l - m e t h y l  g roup .  However ,  at 8 . 4 r  t h e r e  is a w e a k  
but d i s t inc t  doublet  with a sp l i t t ing  cons tan t  of 7 .5  Hz 
which can be f o r m e d  only as a r e s u l t  of the fac t  that  

in e q u i l i b r i u m  with the  b a s e  Id in so lu t ion  t h e r e  is  a l -  
so a s m a l l  amount  ( app rox ima te ly  20%, judging f r o m  
the r a t io  of the i n t e n s i t i e s  of the s igna l s  at 8 .1  and 
8.47)  of a sa l t  having the IId s t r u c t u r e .  The f o r m u l a  

of th is  sa l t  a lso  p r e s u p p o s e s  the p r e s e n c e  in the s p e c -  
t r u m  of a quadrup le t  f r o m  the I - H  proton,  but i n v i e w  
of i ts  low in tens i ty  it  ex i s t s  at the l e v e l  of the no i se  
and is,  t h e r e f o r e ,  not o b s e r v e d .  Thus,  the sal t  IId 

u n d e r g o e s  c o n s i d e r a b l e  s o l v o l y s i s  even  in such a 
s t rong  acid as t r i f l u o r o a c e t i c .  This  a g r e e s  with the 
fac t  that  the base  Id is f a r  w e a k e r  than the ba se s  I a - c  
(the sa l t  IId, unl ike  the  sa l t s  Ha-c ,  r e ad i l y  h y d r o l y z e s  
and cannot  be r e c r y s t a l l i z e d  f r o m  wa te r )  �9 

The va lues  of the c h e m i c a l  sh i f t s  and the s p i n - s p i n  
coupl ing cons tan t s  of the sa l t s  1I a r e  g iven  i n the  table .  

Thus, the p ro tona t ion  of al l  four  pya - ro lo [1 ,2 -a lbenz-  
i m i d a z o l e s  that  we have  s tudied takes  p l ace  in pos i t ion  
1. The p r e d o m i n a n t  p ro tona t ion  of the py r ro lo [1 ,  2- 
a ] b e n z i m i d a z o l e s  on ca rbon  a tom 1 is  in a g r e e m e n t  
with the ca l cu la t ed  va lues  of the e n e r g i e s  of e l e c t r o -  
ph i l ic  l o c a l i z a t i o n  of this  a tom [6]. Ca lcu la t ion  by the 
s i m p l e  m o l e c u l a r  o rb i t a l  method  with the  fo l lowing 

va lues  of the p a r a m e t e r s :  
_ _ _ o  aN =ao+  13o; l~cx- [3cc-j~,o, 

--.066 + , 3 4 0  

- - .029 .448 .424 

.639 --.038 .64-. 263 

- - . 0 5 8 . ~ N ~ . 3 8 9  .597 

--.034 . 4 7 6 6 ~ . 7 2 8  --.141 

- -  181 

M o l e c u l a r  d i a g r a m  of py r ro lo [1 ,  2 - a ] b e n z i m i d a z o l e .  

l eads  to an ene rgy  of the e l e e t r o p h i l i c  l oca l i za t i on  of 

the C-1 a tom of 1 .7195 (/30), f o r  the  C-3 a tom one of 
1. 7663 (/?0), and f o r  the  C-2 a tom one of 2.1658 (/30). 
In addit ion to this ,  the  ca l cu l a t i on  shows that  the e l e c -  

t r o n  dens i ty  in pos i t ion  3 is h ighe r  than in pos i t ion  1 
(see  f igure )  �9 Consequent ly ,  we r e f r a i n  f r o m  s ta t ing  
that  pos i t ion  q mus t  a lways be m o r e  r e a c t i v e .  I r r e -  

v e r s i b l e  r e a c t i o n s  with the p a r t i c i p a t i o n  of s t rong  

e l e e t r o p h i l e s  [7, 8] may  lead  to addi t ion o r  subs t i tu t ion  

in pos i t ion  3, as we l l .  

The  ca lcu la t ions  w e r e  c a r r i e d  out by the "ELA"  
p r o g r a m  [91 on a M-20 e l e c t r o n i c  c o m p u t e r .  

EXPERIMENTAL 

The bases la, b, and d, and their perchlorates have been described 
previously [I]. 

I, 2,3,4-Tetramethylpyrrolo[l, 2-a]benzimidazole (Ic) was syn- 
thesized by heating the quaternary salt IV, obtained from 2-ethyl-l- 

methylbenzimidazole 

I B r  
CH 

C H a /  \ CO--CH a 
IV 

and 3-bromo-2-butanone [I0], with sodium carbonate solution. Ten 
grams (62.5 raM) of 2-ethyl-l-methylbenzimidazole and i0.4 g 
(~68 raM) of 3-bromo-2-butanone were heated with 25 ml of propa- 
nol in the water bath for 3 hr. Ether (25 ml) was added to the mixture. 
The quaternary salt was carefully washed with ether and, without puri- 
fication (it does not crystallize), was converted into 1,2,3, 4-tetra- 
methylpyrrolo[i~ 2-a]benzimidazole. For this purpose, a solution of 
the product in 30 ml of water was treated with 3.2 g of anhydrous so- 
dium carbonate and 2. S g of anhydrous sodium sulfitein 20 ml of water. 
Then the solution was extracted twice with 30 ml of ether and the clear 
aqueous solution was heated at 100 ~ for 2.5 hr. The base formed (5g) 
was filtered off and converted into the hydroehloride by the addition 
of 10 ml of hydrochloric acid. The unpurified base rapidly changes in 
the air, but the hydrochloride is stable. The colorless crystals of the 
base become red in the air, mp 165--166 ~ (from ethanol). Found, %: 
N 12.99. 12.81. Calculated for CI~H10N2, %: N 13.20. 
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1,2,3,4-Tetramethylpyrrolo[1, ~-a]benzimidazolium perchlorate 
(IIc) was obtained by treating the base with perchloric acid. The pro- 
duct was crystallized from glacial acetic acid and then from ethanol 
to give colorless crystals, mp 194-195 ~ Found, %: N 8.62; 8.93. 
Calculated for C14HITC1N204, %: N 8.95. 

The PMR spectra were taken on an N-100 spectrometer (100 MHz) 
by Moscow University Instructor Yu. A. Ustynyuk, to whomthe authors 
express their gratitude. 
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