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1 - a  (or y ) - P y r i d y l -  and 1 - a  (or y ) -py r idy le thy lbenz imidazo le s  were  synthes ized,  and the i r  
behav io r  with r e s pec t  to methyl  iodide and sodium amide was studied.  The r e su l t s  a r e  d i s -  
cus sed  f r o m  the point of view of the bas ic i t i e s ,  magni tudes  of the dipole momen t s ,  i n t e r a c -  
tion of the he t e ro r ings ,  and the e lec t ron  densi ty  dis t r ibut ion in them,  ca lcula ted  by the 
Hfickel MO method or e s t ima ted  on the bas i s  of the re la t ive  posit ion of the chemica l  shif ts  
in the PMR s p e c t r a .  It  was es tab l i shed  that  the benzimidazole  s y s t e m  undergoes  the Chi-  
chibabin reac t ion  cons ide rab ly  m o r e  read i ly  than the pyridine s y s t e m .  On the bas i s  of the 
PMR spec t r a l  data  for  the pyr idine and benz imidazole  bases  and cat ions ,  it is a s sumed  that  
this is due to the g r e a t e r  po la r izab i l i ty  of the C ~ N bond of benzimidazole  as c o m p a r e d  
with the C -~-~N bond of pyridine during coordinat ion with NaNH 2 . 

In our previous  pape r s ,  we s ta ted the assumpt ion  that  sorpt ion fac to r s  [1] a re  of g rea t  s ignif icance 
for  the o c c u r r e n c e  of the Chichibabin reac t ion  under  he terogeneous  condit ions.  The p roce s s  apparent ly  
c o m m e n c e s  with sorp t ion  of the N - h e t e r o a r o m a t i c  compound on the su r face  of sodium amide due to coo rd i -  
n a t i m  of the pyridine N a tom with the Na + ion. This  explains the symbat ic  dependence of the ease  of a m i n a -  
tion of he te rocyc l i c  compounds on the magnitude of the i r  bas ic i t i e s  [2]. When other  cen te r s  capable  of e f -  
fect ive coordinat ion with the Na + ion a r e  p r e sen t  in the molecule ,  they compete  in this  r e s p e c t  with the 
pyr idine N a tom,  which h inders  the reac t ion  or even en t i r e ly  p reven t s  it. The behav ior  of he te rocyc l i c  
compounds that contain s e v e r a l  nonequivalent  N atoms of the pyr idine type with r e s p e c t  to sodium amide is 
of p a r t i c u l a r  i n t e r e s t .  In the ca se  of imidazole[4,5-f]quinol ine  de r iva t ives ,  it has  been shown that  the C 
a tom adjacent  to the m o s t  bas ic  N atom undergoes  aminat ion in these  ca se s  [3]. 
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Continuing our  r e s e a r c h  in this direct ion,  we turned to N-pyr idy lbenz imidazo les  (I and II) - compounds 
that  contain,  in the s ame  molecu le ,  he te rocyc l ic  r ings  for  which the Chichibabin react ion  has been pa r t i cu -  
l a r l y  thoroughly s tudied.  It  s eemed  of in te res t  to a sce r t a in  which of the two r ings ,  pyridine or benzimid-~ 
azole ,  would be aminated  m o r e  r ead i ly  by sodium amide .  To explain the behavior  of I and II with r e s p e c t  
to sodium amide,  i t  was n e c e s s a r y  to f i r s t  solve two p rob l ems :  1) which of the two a toms of the pyrldine 
type in them is m o r e  bas ic ,  and 2) what is the c h a r a c t e r  of the in teract ion of the pyridine and imidazole  
r i ngs .  
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TABLE 1. Bas ic i t ies  of I and II and Direct ion of The i r  React ion 
with Methyl Iodide 

pK a [water - alcohol (9 : 1), 
Compound 25 ~ 1~ Site of quaternization 

I a  
lb 

I I a  
I I c  

3,78 
5,39 (3,81)* 

4,09 
5,56 (4,28) * 

Imidazole ring 
Imidazole rin K 
Pyridine ring 
P~idine ring 

*The values in pa ren theses  a re  the second protonation cons tan ts .  

Determina t ion  of the Site of Protonat ion of I and II .  Because  of the p rox imi ty  of the bas ic i t i e s  of benz -  
imidazole  (pK a 5.53) and pyridine (PKa 5.21)* and the i r  d is tor t ion in Ia and I Ia  because  of the in teract ion of 
the he te ro r ings ,  the ionization constants  of the compounds obtained (Table 1) per  se cannot provide an answer  
to the question of the s i te  of protonat ion of the i r  molecu les .  We solved this p rob lem by means  of PMR s p e c -  
t r o scopy  in the case  of the methiodides  of I and II .  For  this ,  as is usual ly  a s sumed  in the c h e m i s t r y  of 
he te rocyc l i c  compounds,  i t  was p r e s um ed  that the s i tes  of protonation and quaternizat ion coincide.  

Only one signal at 3.8-4.4 ppm cor responded  to the protons of the CH 3 group in the PMR s p e c t r a  of 
all  of the methiodides ,  which a t tes ted  to the absence  of admix tu res  of the i somer i c  methiodide or  the b i s -  
methiodide;  i .e . ,  the reac t ion  proceeded  at p rac t i ca l ly  one cen te r .  In addition to the methiodides  of I and 
II, the PMR s p e c t r a  of the methiodides  of a number  of model  compounds - pyridine and N-subst i tu ted  benz -  
imidazoles  - were  m e a s u r e d .  Because  of the low solubil i t ies  of the qua te rnary  sa l t s ,  m e a s u r e m e n t s  with 
aqueous solutions could be made only in a few cases . r  Usually,  however ,  dimethyl  sulfoxide (DMSO) and 
t r i f luoroace t ic  acid were  used  as the so lvents .  The disadvantage of t r i f luoroace t ic  acid proved to be p r o -  
tonation by it of the second nonquaternized N atom, which reduced the d i f ference  in the chemica l  shif ts  of 
the protons of the imidazole  and pyridine r ings and s o m e t i m e s  hindered the in te rpre ta t ion  of the s p e c t r a .  

By and l a rge ,  with r a r e  exception (the 2-H proton in 1 -methy lbenz imidazo le  methiodide),  the proton 
s ignals  in the benz imidazo l ium and pyr idininm sa l t s  a re  shifted succes s ive ly  to the high-f ie ld  region on 
pass ing  f rom wa te r  to DMSO and then to CF3COOH. This  undoubtedly re f l ec t s  the degree  of specif ic  i n t e r -  
action between the he te rocyc l i c  cat ions and the negat ive ly  charged  poles in the CF3COO-, (CH3)2S+-O - ,  

5+ 5- 
and D 2 0  pa r t i c l e s .  The degree  of this so r t  of interact ion and, consequently,  the magnitude of shielding 
of the protons  in the he te rocyc l ic  r ings  will  apparent ly  be a min imum for  wa te r  and a m a x i m u m  for  CF3COOH. 

The es tab l i shment  of the s t ruc tu r e s  of the qua ternary  sa l t s  is m o s t  s imply  achieved by joint analysis  
of the magni tudes  of the chemica l  shif ts  of the protons  of the CH 3 group and the ~ protons  of both h e t e r o -  
cycl ic  r i ngs .  It  was found that  the posit ion of the signal  of the CH 3 group in methiodides  of N-subs t i tu ted  
benz imidazoles  depends ve ry  li t t le on the type of N-subs t i tuent  and ranges  f rom 3.78 to 3.91 ppm in 
CF3COOH (Table 2). The CH 3 signal  in the N-methy lpyr id in ium cation is  found at weaker  field (4.13 ppm).  
Although this d i f ference  is smal l ,  it can be used to es tab l i sh  the s t r u c t u r e s  of the methiodides  of Ia  and IIa.  
In the f i r s t  of them,  the 5CH- value in CF3COOH (3.96 ppm) co r r e sponds  to the s t ruc tu re  of the benz imid-  
azol ium sal t ,  while in the second (4.28 ppm), it co r r e sponds  to the s t ruc tu re  of the pyr id inium sal t .  How- 
eve r ,  this  c r i t e r ion  is not  sa t i s f ied  for  the methiodides  of 1-@ -pyr idy le thy l )benz imidazoles  fib and IIb), 
s ince the shielding effect  of the - C H 2 - C H  2 br idge  (it has a g r e a t e r  effect  on the pyridine ring) equal izes  
the 5 CH 3 values in the benz imidazol ium and pyr id inium ca t ions .  

In this case ,  the p rob lem of the di rect ion of quaternizat ion is solved unambiguously  f r o m  the c h a r a c -  
t e r i s t i c  d i f ference in the chemica l  shif ts  of the ~ protons of the pyr idine and benzimidazole  r ings .  In the 

*Here  and e l sewhere ,  the PKa values p resen ted  in the text,  except  where  o therwise  s ta ted,  were  d e t e r -  
mined in wa te r  at 25 ~ and bor rowed  f rom [4]. The pKa values de te rmined  in 10% alcohol (Table 1) a re  
usual ly  lower  by 0.1-0.15 as com pa red  with those in aqueous solutions,  while those de te rmined  in 50% a l -  
cohol a re  usual ly  lower  by 0.4-0.5.  

The m e a s u r e m e n t s  were  made with deu te r ium oxide solutions and were  not compl ica ted  by possible  d eu t e r -  
ation of the invest igated subs tances .  Apprec iab le  exchange of the 2-H proton by deu te r ium was obse rved  
only for  1 -methylbenz imidazole  methiodide in D20 under the exper imenta l  conditions (50~ The spec t ru m 
of this sa l t  was t he re fo re  m e a s u r e d  in ord inary  wa te r .  
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T A B L E  2. P a r a m e t e r s  of the  P M R  S p e c t r a  of the  M e t h i o d i d e s  

Melhiodide 

Fyridine 

1- Methylbenzimidazole 

1 - Phenylbenzimidazole 
1- (p - Methoxyphenyl)benzimidazole 
I - (p- Nitroph~enyl)l~enzimida zol,e 
t-(2-Pyriayl)Denzimiaazole (Ia) 

1-(4- Pyridyl)benzimidazole (IIa) 

. C he.ca1 shift, 6, ppm 
Solvent CI13 2-H* Hcct 

CF~COOH 4,13 8,45 
(CHa)2SO 4,37 8,98 
D20 4,96 9,11 
CF3COOH 3,78 
(CH3)2SO 4,10 
H20 4,19 
CF3COOH 3,91 
CF3COOH 3,85 
CF3COOH 3,86 
CF3COOH 3,96 
(CH3)2SO 4,13 

CF3COOH 4,28 
4,38 
3,81 
4,13 

4,01 
4,40 

H~t 

7,76 8,17 
8,17 8,58 
8,46 8.63 

834 
8,70 ICom dex 
8,97 8,r~? ip~t 
9,15 8,33 --  
8,36 7,88 8,26 
8,50 ICom ,lex 
8,33 71~ iplet 
8,40 7,47 -----~ 

H 

(CH3)2SO 
1 ~ (2- Pyridyl)ethylbenzimidazo} e CF3COOH 

(CH3)2,SO 

1- 8 - (4- Pyriflyl)elhylbenzirnidazole CF3COOH 
(IIb) D20 

* T h e  2-H s i g n a l  i s  r e l a t e d  to  the  b e n z i m i d a z o l e  r i n g ,  whi le  the  H a ,  
l i f t ,  and  Hy s i g n a l s  a r e  r e l a t e d  to the  p y r i d i n e  r i n g .  
t The  c e n t e r  of a d o u b l e t .  
$ The  N - C H  2 s i g n a l  a p p e a r s  at  4.69 ppm,  whi le  tha t  of  C - C H  2 a p -  
p e a r s  a t  3.38 p p m .  

T A B L E  3. D a t a  C h a r a c t e r i z i n g  the Ir I n t e r a c t i o n  of t he  I m i d a z o l e  
and P y r i d i n e  R i n g s  in N - P y r i d y l b e n z i m i d a z o l e s  

Compound g ~* E~n t gint ,  D 

0,35--0,40 H 1- Phenylbenzimidazole 
1 - (2- P~idyl)benzimid- 

azolr (la) 
q~=0 ~ 

=40 ~ 
I -  (4-~ridyl)benzimid- 

azom (IIa) 

22,771 

22,470 
23,367 
23,325 

0,086 

0.236 
0,134 
0,091 

Aqpy !Pexp,Dt pill, D 

-0,019 

- 0,060 
- 0,033 
- 0,023 

3,37 u 

5,14 
4,29 5,77 
1,13 1,94 

0,85 
1,48 
0,81 

*The  Elr and E ~ t  v a l u e s  a r e  g iven  in fl ~ u n i t s .  
? The  d ipo l e  m o m e n t s  w e r e  d e t e r m i n e d  in b e n z e n e  at  25~ 

P M R  s p e c t r a  of  p y r i d i n e s ,  t h e s e  p r o t o n s  a p p e a r  as  a w e l l - r e s o l v e d  double t  (each peak  of the  doub le t  i s  s p l i t  
s l i g h t l y  due to rne t a  c o m b i n a t i o n ) ,  wh i l e  t h e s e  p r o t o n s  a p p e a r  a s  a s i n g l e t  in the  P M R  s p e c t r a  of b e n z i m i d -  
a z o l e s .  The  s i g n a l s  of  the  a p r o t e n s  a r e  sh i f t ed  c o n s i d e r a b l y  to  the  w e a k - f i e l d  r e g i o n  ~oecause of the  
s h i e l d i n g  e f f ec t  of the  p y r i d i n e  N a tom)  as  c o m p a r e d  wi th  the  s i g n a l s  of the  o t h e r  p r o t o n s  and can  be  r e a d i l y  
d i s t i n g u i s h e d  f r o m  t h e m .  I t  i s  c u r i o u s  t ha t  whi l e  the  p y r i d i n e  a p r o t o n s  in the  b a s e s  a r e  d e s h i e l d e d  to a 
g r e a t e r  d e g r e e  (6 8.6 ppm,  CDC13 [5]) than the  b e n z i m i d a z o l e  p r o t o n s  (6 7.8 ppm,  CDC13 [6]), the  p a t t e r n  i s  
r e v e r s e d  in the  c a t i o n s .  A l though  t r a n s i t i o n  f r o m  the  b a s e s  to the c a t i o n s  fo r  both  c l a s s e s  of c o m p o u n d s  
i s  a c c o m p a n i e d  by  an o v e r a l l  sh i f t  of the  e n t i r e  s p e c t r u m  to weak  f i e ld ,  in b e n z i m i d a z o l i u m  s a l t s  t h i s  e f -  
f ec t  fo r  the  a p r o t o n  i s  e x p r e s s e d  m o r e  s t r o n g l y  in DMSO and D20 than in p y r i d i n i u m  s a l t s .  Thus ,  i f  the  
s i n g l e t  in the  P M R  s p e c t r a  of m e t h i o d i d e s  m e a s u r e d  in DMSO o r  w a t e r  is  found a t  w e a k e s t  f i e l d ,  the  s a l t  
ha s  the  i m i d a z o l i u m  c a t i a a  s t r u c t u r e ,  wh i l e  i f  the  doub le t  i s  found at  w e a k e s t  f i e ld ,  the  s a l t  ha s  the p y r i d i n i -  
u m  ca t i on  s t r u c t u r e .  On the  b a s i s  of t h i s ,  we found tha t  Ia  and Ib a r e  q u a t e r n i z e d  and,  a p p a r e n t l y ,  p r o t o n -  
a t ed  at  the  i r n i d a z o l e  r i n g ,  whi l e  I Ia  and IIb  a r e  q u a t e r n i z e d  at the  p y r i d i n e  r i n g .  

An i n d e p e n d e n t  c h e m i c a l  p r o o f  of the  s t r u c t u r e  of the  m e t h i o d i d e s  of Ia  and I Ia  was  t h e i r  b e h a v i o r  
wi th  r e s p e c t  to a m m o n i u m  h y d r o x i d e .  Whi le  the  p y r i d i n i u m  s a l t  (the m e t h i o d i d e  of IIa) was  r e s i s t a n t  to the 
ac t ion  of 22% a m m o n i u m  h y d r o x i d e ,  the  b e n z i m i d a z o l i u m  s a l t  (iII) r e a c t s  wi th  a m m o n i u m  h y d r o x i d e  to  g ive  
a p s e u d o  b a s e  tha t  e x i s t s  in a c y c l i c  f o r m  IV.  Th i s  b e h a v i o r  r e l a t i v e  to  a m m o n i u m  h y d r o x i d e  i s  a l so  t y p i -  
c a l  fo r  o t h e r  N - a r y l b e n z i m i d a z o l i u m  s a l t s  [7]. P y r i d i n i u m  s a l t s  do no t  f o r m  pseudo  b a s e s  on r e a c t i o n  wi th  
a m m o n i a  [8]. 
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C h a r a c t e r  of the In terac t ion  of the Imidazole  and Pyr id ine  Rings in N-Pyr idy lbenz imidazo le s .  In 
analogy with 1-phenylbenzimidazole  [9], one might have expected that  the ~ in teract ion of the imidazole  
r ing and the N-subs t i tuen t  in Ia and I Ia  would have a substant ia l  ef fect  on the i r  r eac t i v i t i e s .  To study this 
p rob lem,  we calcula ted  the total  ~ - e l e c t r o n  energ ies  of the ground s t a t e s  of N-pyr idy lbenz imidazo les  (E v) 
by the Hfickel MO method,  on the bas i s  of which we computed the v - e l e c t r o n  in teract ion ene rg ie s  of the 
pyridine and benzimidazole  r ings  (EWmt) f rom the fo rmula  

int -- ~ ~zm v:~- , 
where  E~z  m and E~yl a re  the 7r-electron energ ies  of the isola ted benzimidazole  and pyridine r ings ,  which 
are  equal,  r e spec t ive ly ,  to 14.685~ ~ and 8.549~ ~ In the calculat ion of the E ~ values for  1 -phenylbenz imid-  
azole and 1-pyr idy lbenz imidazo le ,  allowance was made for  the noncoplanar i ty  of the molecu les ,  and the 
angle of ro ta t ion  ~) of the N-subs t i tuen t  about the C - N  bond re la t ive  to the plane of the benzimidazole  p o r -  
tion was taken as 40 ~ [tO]. Fo r  Ia,  p lanar  conformat ion A (r = 0~ for  which calculat ions were  also p e r -  
fo rmed ,  is also poss ib le  in addition to nonplanar  conformat ion B. 

--0.023 

--0,022 J J  ~'"~'-T N - 0,307 
~ 11--0.015 I 

--0 02 t ~ . ~  ~ ~ ~.0,103 

--0,027 ~+0303  

--0,230 N ~  i~-0,033 

+ 0 , 0 7 8 ~  l t 0,049 

--0,027 
A (~=o) 

--0,023 

:00'0013] ~~0~ 9 0~:: ,0:3006 9 
--0,028 I 

-o,o2t f "-.~N -0.2t5 

][ I 
-I. 0,050 ~..~ ~ + 0,078 

--0,018 
B (~p=4O ~ 

--0,024 

-0,024 --0 016 - N'-O,310 

~0.028 

\t_o.o,. 
--0205 

~r-Electron cha rges  of N-pyr idy lbenz imidazole  molecu les  (ground state) 

A compar i son  of the Ein t and Aq (total negat ive  Ir charge  in the N-subst i tuent)  values  demons t r a t e s  
that  the pyridine r ing in Ia and I Ia  is a ~ aceeptor  that is somewhat  s t ronge r  than the N-phenyl  group.  

The conjugation of the two he te ro r ings  in Ia and IIa is re f lec ted  in the sha rp  d e c r e a s e  in the bas ic i ty  
of the imidazole  r ing (it is cons iderably  g r e a t e r  than in 1-phenylbenzimidazole ,  the pK a of which is 4.32 in 
5% alcohol) [12] and in the exaltat ion of the dipole momen t  va lues .  F r o m  a compar i son  of expe r imen ta l  
dipole moment  values  with the values  ca lcula ted  theore t ica l ly  via  the vec tor  scheme,  it follows that  an ad-  
dit ional ~r moment  (u int) , the vec to r  of which (in a direct ion f rom the posi t ive er~d of the dipole to the n e g a -  
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Fig.  1. PMR spec t ra  of 1- (2-pyr idyl ) -  
benzimidazole (Ia) and 1-  (4-pyridyl)-  
benzimidazole (iIa)in CDC13 (H a are 
the pyridine ring protons,  while 2-H 
are the imidazole ring protons).  

tive end) is directed along the N (1)-C bond toward the N-sub-  
stituent and is subtracted f rom the dipole moment  of the benz- 
imidazole ring (the lat ter  is directed at an angle of about 13 ~ 
to the b i sec tor  of the C - N ( I ) - C  angle) [9], a r i ses  during ~,lr 
conjugation of the imidazole and pyridine r ings  in Ia and IIa.  
Thus the # int~ value was es t imated approximately as the sca lar  
difference between the ~ exp and ~th values .* 

In agreement  with the resul ts  of quantum-mechanical  
calculat ions,  the moment of interaction in Ia and IIa is con-  
s iderably  l a rge r  than in 1-phenylbenzimidazole.  The ~ int 
value for 1-(2-pyridyl)benzimidazole is par t icu lar ly  large and 
can sca rce ly  be ascr ibed only to the difference in the e lec t ron-  
acceptor  cha rac te r  of the 2- and 4-pyr idyl  rad ica l s .  In our 
opinion, the major  reason for this consis ts  in the existence of 
Ia in the B form,  which is stabilized during conjugation by the 
formation of a hydrogen bond between the ortho N-atom of the 
pyridine ring and the # -hydrogen  atom of the imidazole ring (V). 

- - N  

V 

The format ion of an in t ramolecula r  hydrogen bond leads to the appearance of a part ial  positive charge 
on the N atom of the pyridine ring and through it to an increase  in the additional moment  of interaction of 
the two he te rocyc l ic  r ings .  The stabilization of s t ruc ture  V through a hydrogen bond can fully compensate  
for the smal l  (0.1fl ~ or  about -2  k c a l / m o l e ,  if it is assumed that ~ ~ = -20 k c a l / m o l e  [13]) loss in energy 
on passing f rom planar  conformation A to nonplanar conformation B. This also explains why Ia, in con-  
t r a s t  to IIa, is methylated in the imidazole ring, despite the high e lec t ron-accep tor  cha rac t e r  of the 2- 
pyridyl  group as compared  with the 4-pyr idyl  group.  

The part icipation of the hydrogen atom of the C - H  bond in the formation of a hydrogen bond in this 
case  is due to its considerable  acidity [14], which inc reases  even more  on closing of the hydrogen bridge.  
This is also conf i rmed by the !PMR spec t ra  (Fig. 1). 

The singlet f rom the hydrogen atom of the imidazole ring (5 8.50 ppm) in the PMR spec t rum of 1-(2- 
pyridyl)benzimidazole (Ia) is found at considerably  weaker field as compared  with IIa (6 8.22 ppm) and 1- 
alkylbenzimidazole (6 7.8 ppm) [6]. A par t icu lar ly  pronounced drift  of this signal to weak field appears in 
the methiodide of Ia (Table 2), which is cer ta in ly  caused by the fur ther  increase  in the acidity of the ~ - 
hydrogen atom as a resu l t  of quaternization of the imidazole ring and strengthening of the in t ramolecular  
hydrogen bond of the V type. The position of the a protons of the pyridine ring in the PMR s p e c t r u m  of Ia 
is also anomalous in compar ison  with the spec t rum of Fla. While the signals of the a protons (doublet, 
8.76 ppm) in the la t ter  are found at weaker  field than the 2-H signal of the imidazole ring, the pattern is 
r eve r sed  in the PMR spec t rum of Ia (Fig. 17. The shielding of the a protons of the pyridine ring in Ia is 
apparently a consequence of the g r ea t e r  (than in IIa) ~ ,~r conjugation of the two heteror ings ,  which is ac-  
companied by feeding of v electron density to the pyridine r ing.  

Behavior of I~-Pyridylbenzimidazoles  with Respect  to Sodium Amide.  If one takes into account the 
impor tance  of p r io r  coordination of the pyridine N atom with the Na + ion in sodium amide, in conformity  
with the relat ive basici t ies  of the he teror ings ,  Ia should have been aminated in the imidazole ring, while 
IIa should have been aminated in the pyridine ring.  However, their  absolute basic i t ies  lie below the limit 
n e c e s s a r y  for  successful  occur rence  of the Chichibabin react ion (for imidazoles,  this l imit was determined 
to be 4.2-4.3 pK a units) [12]. In fact,  1-(4-pyridyl)benzimidazole  {IIa) and (taken for comparison)  1-(p-  
ni trophenyl)benzimidazole {pK a 3.64, 50% alcohol) do not reac t  with sodium amide in dimethylaniline or  

*The true # ~mt values are  apparently somewhat higher than those presented in Table 3, since vector  addi- 
tion of the # exp and ~ th values would be more  accura te .  In this case ,  this sor t  of addition is impossible be-  
cause of the difficulty involved in est imating the angle (0) between the two vec tors .  
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TABLE 4. Results  of Aminatien of 1-Methylbenzimidazole and c~- 
Picoline with Sodium Amide 

Compound Solvent 
Amountof 
NaNH z, 
mole 

Bath Reaction 
temp., ~ time, h 

Yield of 
a m J l l e ,  

| 
1- Methylbenzimidazole ~imethyl- 

|aniline 
o'-Picoline pimethyl- 

laniline 
I- Methylbenzimidazole ~ylene 
a-Picoline ~ylene 

1.2 

4 

4 
2 

115 

160 

ll0--115 
145 

1 

4 

I 
3,5 

79 [2] 

42 

82 
56 

* The react ion does not proceed below the indicated t empera tu re s .  

xylene at t empera tures  up to 170 ~ and are  recovered  unchanged f rom the react ion mixture (only part ial  
resinif icat ion is observed).  

In this case ,  1-(2-pyridyl)benzimidazole {Ia) also behaves anomalously:  when it is heated with sodium 
amide in xylene it is converted (in 51% yield) to a compound, which, f rom the resul ts  of e lementary  analysis  
and the presence  of an N - H  band in the IR spec t rum at 3360 cm -1, we identified as 1 ,1 ' -d i (2-pyr idyl ) -2 ,3-  
d ihydro-2 ,2 ' -d ibenzimidazole  (VIII). When VIII is heated br ief ly in ni trobenzene,  it is aromat ized to a 
d imer  (IX), the s t ruc ture  of which was confirmed by PMR spect roscopy (absence of 2-H signals of the imid-  
azole r ing and presence  of a doublet at ~ 8.25 ppm f rom the ~ protons of pyridine rings).  The formation of 
a dimerizat ion product in such a high yield during the action of sodium amide on a N-he te roaromat ic  c o m -  
pound is an ext remely  r a r e  phenomenon [2]. The reason for this may be the above-noted elevated acidity 
of the C - H  bond in the imidazole ring of Ia  and the possibil i ty of react ion through complex VI. Both fac tors  
should facilitate the formation of an organosodium derivative (VII), which, by react ing with Ia, gives a 
d imer .  The low yield of VIII in dimethylaniline (10%) is apparently also associated with the fact that di-  
methylaniline, as a s t ronger  base (pK a 5.1) than Ia, solvates sodium amide, thereby hindering both coord i -  
nation via the mechanism for VII and subsequent metallat ion.  

,/-':: " . . . . . . .  N I .  I a 

i ,2  :,2o L l a  . . . . . . . .  , . ,  - - -  

N N H . / ' ~  

VI VII VIII I X  

The interaction of the pyridine and imidazole r ings in Ib and IIb is minimal ,  and the electronic factor  
should therefore  have no effect on their  behavior with respec t  to sodium amide, Their  basic i t ies  are suffi-  
ciently high for successful  amination. Nevertheless ,  an amino group cannot be introduced into Ib and Lib 
under the normal  Chichibabin conditions (xylene or dimethylaniline, 110-150 ~ 2 11), and they are recovered  
unchanged f rom the react ion mixtures .  Under more  severe  conditions (150-170 ~ 10 h), the molecules  of 
Ib and IIb decompose to give benzimidazole and res ins ,  probably as a resul t  of the following react ion:  

\N- - I~.+-.- benzimidazole f - 
N a N t t ~  

",,N/ \ N / _ ~  -NH3 

Since the experiments  descr ibed above did not provide a d i rec t  answer to the problem of the relat ive 
ease of ent ry  of the pyridine and benzimidazole sys tems into the Chichibabin react ion,  we ca r r i ed  out the 
competit ive amination of a mixture of pyridine and 1-methylbenzimidazole with sodium amide (present in 
insufficient amounts).  We found that 1-methylbenzimidazole is p r imar i ly  aminated in dimethylaniline 045 ~ 
and in xylene (135~ and we did not detect even t r aces  of 2-aminopyridine by means of gas-l iquid c h r o m a -  
tography (GLC). This indicates that the benzimidazole sys tem undergoes the Chichibabin reaction much 
more  readi ly than the pyridine sys tem.  One can a r r ive  at the same conclusion by comparing the conditions 
under which one usually c a r r i e s  out the amination of pyridines and benzimidazoles:  the react ion proceeds  
at higher t empera tures  and considerably more  slowly for pyridines [2]. 
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The re la t ive  reac t iv i t i e s  of pyr id ines  and benz imidazo les  with r e s p e c t  to sodium amide a re  not in 
a g r e e m e n t  with the effect ive  posi t ive  cha rges  on the i r  Ca  a toms .  According to the PM-R spec t roscop ic  
data ,  the ~ protons  of the pyridine ring a re  deshielded to a g r e a t e r  degree  than the 2-pro tons  in 1 - a lky l -  
benz imidazo les ,  and the posi t ive cha rge  on the C a a tom of pyridine thus should also be h igher  [15]. At 
f i r s t  glance,  the somewhat  e levated bas ic i t i es  (pK a 5.5-5.6),  as c o m p a r e d  with pyridine (pK a 5.21), favor  
the aminat ion of 1 -a lky lbenz imidazo les .  However ,  expe r imen t s  involving compet i t ive  amination of 1-  
methy lbenz imidazo les  and ~ -p ico l ine  refuted this assumpt ion .  We found that  the m o r e  bas ic  ~ -p ico l ine  
(PKa 5.97) is aminated  with g r e a t e r  difficulty in xylene and, pa r t i cu la r ly ,  in dimethylani l ine (Table 4). 

In our opinion, the e lec t ron ic  effects  in the pyr id ininm and benzimidazol inm cat ions fo rmed  during 
coordinat ion of the ba se s  with sodium amide*  a re  of dec is ive  s ignif icance in the re la t ive  reac t iv i t i e s  of 
both h e t e r o s y s t e m s  in the Chichibabin reac t ion .  The PMR s p e c t r a  demons t r a t e  (Table 2) that,  in con t r a s t  
to the ba se s ,  in the pyr id in ium and benz imidazol ium cat ions the ~ proton of the la t te r  is even m o r e  de -  
shielded:  

�9 
: + 
Na H 

X 

The CH 3 group in the N-methy lpyr id in ium cation is s imul taneous ly  assoc ia ted  with a m o r e  e l e c t r o -  
posi t ive  N a tom,  s ince the signal  of this group is found at weaker  field than the analogous signal  in the 1,3- 
dimethylbe~lzimidazo lium ca t ions .  

I I I } 
CH 3 CH a CH~ CH 3 

XI XI a X l l  XII a 

This is evidence that  the posi t ive  charge  in the pyr id inium cation is local ized to a cons iderab le  de-  
g r e e  on the N atom, i .e . ,  the contr ibution of ca rbon ium s t r u c t u r e  XIa to the ground s ta te  of the molecule  is 
less  than the contr ibution of s t ruc tu re  XIIa to the ground s ta te  of the benzimidazol inm cat ion.  In other  
words ,  the po l a r i z ab i l i t y  of the C = N  bond in the benz imidazol ium sa l t s  is higher  than in the pyr idininm 
cat ion,  and coordinat ion at the n i t rogen in the benz imidazo les  thus favors  nucleophil ic substi tution at the 2 
posit ion m o r e  than in pyridineo 

This  r e a son  apparen t ly  also d e t e r m i n e s  the inc reased  reac t iv i ty  of benzimidazole  as compa red  with 
pyridine in many  other  nucleophil ic  substitution reac t ions  that  p roceed  with the par t ic ipat ion of qua te rnary  
sa l t s  or  coordination of the bases  with aprot ic  Lewis acids:  reac t ion  with organometa l l ic  reagents  {benz- 
imidazo les  a re  me ta l l a t ed  in the 2 posit ion [16], while pyr id ines  add the organometa l l i c  r eagen t  at the 
C ~-N bond [1717, hydroxylat ion with alkal is  [2], and format ion  of pseudo bases  during the action of alkali  
on qua te rna ry  sa l t s .  

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

1- (2 -Pyr idy l )benz imidazo le  (In). A mix tu re  of 10.3 g (0.1 mole) of 2-chloropyr id ine ,  9.44 g (0.08 
mole) of benz imidazo le ,  13.8 g (0.1 mole) of anhydrous po tass ium carbonate ,  and 0.4 g of CuBr in 80 ml  of 
n i t robenzene  was ref luxed with s t i r r i ng  for  20 h. The n i t robeazene  was then r emoved  by s t eam dist i l lat ion,  
and the res idue  was ex t rac ted  with ch lo ro fo rm.  The ch lo ro fo rm ex t r ac t  was passed  through a column filled 
with A1203 with col lect ion of the f rac t ion  with Rf  0.5-0.6.  This  f rac t ion  was vacuum-dis t i l led  at 195-198 ~ 
(5 ram) to give 12.5 g (74%7 of c o l o r l e s s  needles  with mp 70 ~ (from pe t ro l eum e ther ,  bp 40-70~ which is in 
a g r e e m e n t  with the data in [18]. 

*It  is poss ib le  that  this so r t  of coordinat ion leads to the fo rmat ion  of a r e l a t ive ly  weak d o n o r - a c c e p t o r  
N --* NaNH 2 bond in adsorpt ion complex  X r a t h e r  than to the format ion  of a pyr idinium ion in the usual  unde r -  
standing of this t e r m .  However ,  this does not a l t e r  the proceedings  in the sense  of the appearance  on the 
N atom of a pa r t i a l  posi t ive  charge  and the resu l t ing  additional polar iza t ion  of the C ~ N  bond. 
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Compound IIa  was obtained in r e la t ive ly  low yield by ary la t ion  of benz imidazole  with 4 - c h l o r o p y r i -  
dine hydrochlor ide  inanalogy with Ia .  I t  was the re fo re  obtained in accordance  with the following scheme:  

C! 

NO2 RNH O2N"r/~'~"/NO~ O2N~/N{% O 2 N \ ' ~ N  H~N"'~"'~N 
2  L J-L j 

I I I t i 
No2 R R R R 

XIII XIV XV XVI 

R ~ 4-pyridyl 

N- (4-Pyr idy l ) -2 ,4 -d in i t roanf l ine  (XIH). A mix ture  of 7.52 g (0.08 mole) of 4 -aminopyr id ine  and 8.1 g 
(0.04 mole) of 2 ,4-d in i t rochlorobenzene  in 25 ml  of xylene was re  fluxed for  2 h. The mix tu re  was cooled, 
and the orange prec ip i ta te  was sepa ra t ed  f rom the res inous  product  that r ema ined  on the bot tom of the 
f lask and was washed with e ther  to give 2.9 g of product .  Ext rac t ic~  of the res inous  res idue  with hot xylene 
gave another  1.6 g of XIII.  The ove ra l l  yield of XIII was  4.5 g (50%). The orange needles  had mp  19T (from 
alcohol).  Found: C 50.6; H 3.3; N 21.7~/c. CiiHsN404. Calculated:  C 50.8; H 3.1; N 21.5%. 

2 -Amino-4 -n i t ro -N- (4 -pyr idy l ) an i l ine  (X1-V). A suspension of 2 . 6 g  (0.01 mole) of XIII in 15 ml  of 
alcohol was added care fu l ly  to a solution of 0.64 g (0.02 mole) of sulfur  and 4.8 g C0.02 mole) of Na~S �9 
9H20 in 15 ml  of water ,  and the mix tu re  was ref luxed with s t i r r ing  on a water  bath for 1.5 h. It was then 
cooled,  and the red  prec ip i ta te  was sepa ra t ed  and washed with hot wa te r  and alcohol to give 2 g (86%) of 
red p r i s m s  of XIV with mp 255 ~ (dec., f r om aqueous alcohol).  Found: C 57.1; H 3.7; N 24.2qc, CliH10N402. 
Calculated:  C 57.4; H 3.4; N 24.3%. 

5 -Ni t ro - l - (4 -py r idy l )benz imidazo le  (XV). A solution of 1.4 g (6 mmole)  of XIV in 10 ml  (0.26 mole) 
of 85% fo rmic  acid and 0.5 ml  of concent ra ted  HC1 was ref luxed for  2.5 h. Water  was then added, and the 
mix tu re  was decolor ized  by boiling with act ivated cha rcoa l .  The hot solution was f i l te red  and neu t ra l i zed  
with 22% ammonium hydroxide .  The orange prec ip i ta te  was sepa ra t ed  and washed with wa te r  to give 1.4 g 
(97~ of yellow c ry s t a l s  with mp 225 ~ (from d imethy l fo rmamide) .  Found: C 59.8; H 3.7; N 23.1~c. 
C12HsN402. Calculated:  C 60.0; H 3.4; N 23.3%. 

5 -Amino- I - (4 -py r idy l )benz imidazo te  {XVI). A 2.4-g (0.01 mole)  s ample  of XV was added in port ions 
to a w a r m  solution of 6.77 g (0.03 mole)  of SnC12 �9 2H20 in 30 ml  of concent ra ted  HC1 (a p rec ip i ta te  formed) ,  
and the mix tu re  was s t i r r e d  on a bo i l ing-water  bath for  2 h. It  was then cooled, and the prec ip i ta ted  tin 
complex  was separa ted ,  washed with 50 ml  of wate r ,  and decomposed  with excess  40% sodium hydroxide 
solution. The amine was ex t rac ted  with ch lo ro fo rm to give 1.8 g (87%) of r o s e - t i n t e d  needles  with mp 205 ~ 
(from water ) .  Found: C 68.7; H 5.0; N 26.8%. Ci2Hi01~ 4. Calculated:  C 68.6; H 4.8; N 26.~c.  

1 - (4 -Pyr idy l )benz imidazo le  (IIa). A. A solution of 1.03 g (15 mmole)  of sodium n i t r i t e  in 4 ml  of 
wa te r  was added in por t ions  to a cooled (to 0 ~ solution of 2.8 g (12.5 mmole)  of XVI in 35 ml  of 20% HC1, 
and 7 ml  of concent ra ted  HC1 was added. A solution of 7.6 g C0.06 mole) of po tass ium hypophosphite in 10 
ml  of wa te r  was then added gradual ly .  The mix tu re  was cooled and s t i r r e d  for  1 h and was then placed in 
a r e f r i g e r a t o r  for  20 h to comple te  the reac t ion .  It was then made alkaline with 22% ammonium hydroxide 
and ex t rac ted  with ch lo ro fo rm.  The ch lo ro fo rm ex t rac t  was pa s sed  through a column filled with A1203 to 
give 1.8 g (72%) of a f rac t ion  with R f  0.6. Recrys ta l t i za t ion  f r o m  b e n z e n e - p e t r o l e u m  e ther  gave co lo r l e s s  
p r i s m s  with mp 119-120 ~ which is in a g r e e m e n t  with the mel t ing point in [18]. 

B. A mix tu re  of 2.4 g (0.02 mole) of benzimidazole ,  3 g (22 mmoIe)  of 4 -ch loropyr id ine  hydrochlor ide ,  
5.5 g (0.04 mole) of anhydrous po tass ium carbona te ,  and 0.2 g of CuBr in 40 ml  of n i t robenzene  was r e -  
fluxed for 10 h. The n i t robenzene  was r emoved  by s t eam dist i l la t ion,  and the res idue  was ex t rac ted  with 
ch lo ro fo rm to give 1.6 g (41%) of a product  with mp 120~ 

1-/~ - (2 -Pyr idy l )e thy lbenz imidazo le  (Ib). A mix tu re  of 5.9 g (0.05 mole)  of benzimidazole ,  6 g (0.057 
mole) of 2-vinylpyridine,  and 0.3 g of g lac ia l  acet ic  acid was fused at 130 ~ for  5 h. The unchanged vinyl-  
pyridine was r emoved  by vacuum dist i l lat ion at 100 ~ and the res idue  was dissolved in 30 ml  of benzene and 
pas sed  through a colunm filled with A1203 (Rf 0.8) to give 6.5 g {55%) of co lo r l e s s  needles  with mp 68-69 ~ 
(from ether) ,  which is  in ag reemen t  with th6 data in [19]. 

1-/3 - (4 -Pyr idy l )e thy lbenz imidazo le  (IIb). A mix tu re  of 2.36 g (0.02 mole) of benzimidazole ,  2.3 g (21 
re_mole) of 4-vinylpyr id ine ,  and 0.3 g of g lac ia l  acet ic  acid was fused at 135 ~ for 7 h. Isolat ion and pur i f i ca -  
tion as in the p repa ra t ion  of Ib gave 4 g (85%) of co lo r l e s s  p r i s m s  with mp 101 ~ (from CC14), which is in 
a g r e e m e n t  with the data in [19]. 
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TABLE 5. Methiodides of N-Substituted Benzimidazoles 

Methiodide* mp, *C Empirical 
formula 

I - Phenylbenzimidazole 
1-(p- Meuhoxyphenyl)benzimid-, 

azole 
1- (p- Ni~ophenyl)benzimidaz. 
1- (~- Pyriayl)benzimiaazom 
1- (4- PyridyDbenzimidazole 

1 - B - (2- Pyridyl)ethylbenzimid- 
azole 

i- B - (4- PyHdyl)eahylbenzimid- 
azole 

23~9~39 

272 
202 
252 

(dec.). 
105--106 

208--209 

CI4HIalN2 
C,sH~dN20 

CI4HI2INaO,~ 
CIaHI.~INa 
CtaHI~INa 

C15t-I16IN3 

C lst-Ile INz 

Found, % Calc., % Yield, 

46,5 

49,2 

49,4 

- -  8,5 
8,0 

11,2 
12,7 

3,8 12,6 

4,7 11,5 

4,6 11,6 

i 

[6,3 
~6,3 3,6 

9,4 1,4 

39,4 ~,4 

8,3 ] 80 
7,7' 87 

83 

11 5198 

115 98 

* The methiodides of 1-(p-ni t rophenyl)-  and 1-(4-pyr idyl)benz-  
imidazoles  were  yellow compounds, while the remaining methiodides 
were  co lo r l e s s .  The 1 -~-pyr idy le thy l )benz imidazo le  methiodides 
were  r ec rys ta l l i zed  f rom alcohol, while the remaining methiodides 
were  r ec rys t a l l i zed  f rom water .  

General  Method for  the Preparat iori  of Methiodides (Table 5). A solution of 0.05 mole of the base 
and 0.05 mole of methyl  iodide in 10 ml of acetone was refluxed for 3 h. The mixture was cooled, and the 
precipi ta te  was separated,  washed with acetone, and rec rys ta l l i zed .  

N- (2 -Py r idy l ) -N ' -me thy l -N ' - fo rmy l -o -pheny lened i amine .  A solution of 0.5 g (15 mmole) of the 
methiodide of Ia in 15 ml of water  was t reated with 5 ml of 22% ammonium hydroxide, and the mixture was 
allowed to stand in a r e f r ige ra to r  for  48 h. The l iberated oil began to crys ta l l ize  in the course  of 4 days 
at room tempera tu re  to give 0.3 g (88%) of rose- t in ted  p r i sms  with mp 121-122 ~ (from water) .  Found: C 
68.9; H 5.7; N 18.4%. Ct3HI3N30. Calculated:  C 68.7; H 5.8; N 18.5%. 1R spectrum,  cm -1 (in chloroform):  
VCO 1685; VNH 3340, 3410, 3435 (dNaC1 0.6 ram; c 5.1 �9 10 -2 M). 

Action of Base on the Methiodide of IIa. This exper iment  was ca r r i ed  out in analogy with the p reced-  
Lug experiment ,  but the precipi ta te  obtained was the s tar t ing compound. The yield of product with mp 249- 
250 ~ (dec .) was 90%. Pronounced resinif icat ion occur red  during the action of 5% sodium hydroxide solution 
on the methiodides of Ib and lib at 25 ~ No individual compound could be isolated f rom the resul t ing r e s in -  
ous mass  (it was insoluble in chloroform).  

1 ,11-Di(2-pyr idyl) -2 ,3-dihydro-2 ,2 ' -d ibenzimidazole  (VIII). A mixture of 1.95 g (0.01 mole) of Ia and 
1.56 g (0.04 mole) of sodium amide in 10 ml of xylene was s t i r red  at 145 ~ for 1.5 h. It was then cooled, 10 
ml of water  was added, and the precipi tate  was separated and washed with water ,  benzene, and petroleum 
ether  to give 1.5 g of product .  The precipi ta te  dissolved in hot alcohol and precipi tated on cooling but was 
no longer soluble in it.  This method was used to isolate 1 g (51%) of co lor less  p r i sms  of VIII with mp 252- 
253 ~ (from dimethylformamide) .  Found: C 73.7; H 4.9; N 21.5%. C24HIsN s. Calculated: C 73.8; H 4.6; N 
21.5%. IR spectrum,  c m - l :  6NH 1678; UNH 3360. The yield of VIII was 10% when the experiment  was 
ca r r i ed  out in dimethylaniline at 140 ~ 

1 ,1 ' -Di - (2 -pyr idy l ) -2 ,2 ' -d ibenz imidazo le  (IX). A solution of 0.19 g of VIII in 3 ml of ni t robenzene 
was refluxed for  1 h, the ni t robenzene was removed by s team distillation, and the res idue  was extracted 
with ch lo ro fo rm.  The ch lo roform solution was passed through a column filled with AI203 to give 0.18 g 
(98%) of a fraction with R f  0.7. The pale yellow pr i sms  had mp 207-208 ~ (from b e n z e n e - p e t r o l e u m  ether).  
Found: C 74.1; H 4.2; N 21.8%. C24HI6N 6. Calculated: C 74.2; H 4.2; N 21.7%. 

Action of Sodium Amide:  a) On 1-(4-Pyr idyl)benzimidazole  (IIa). A mixture of 0.97 g (5 mmole) of 
IIa and 0.78 g (0.02 mole) of sodium amide in 10 ml of xylene was s t i r r ed  at 145 ~ for 2 h. No gas evolution 
was observed.  The mixture was cooled, 10 ml of water  was added, and the xylene solution was separated 
and evaporated to d ryness .  The res idual  brown oil was contaminated s tar t ing compound. The yield was 
0.8 g (85%). Recrys ta l l iza t ion f rom b e n z e n e - p e t r o l e u m  ether  gave a mater ia l  with mp 119 ~ that did not de-  
p ress  the melting point of an authentic sample .  A s imi lar  resul t  was obtained when the exper iment  was 
ca r r i ed  out in dimethylanil ine.  
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b) On 1-f i -  (2-Pyridyl)ethylbenzimidazole (Ib). The star t ing compound was recovered  in 80-85% yield 
f rom the react ion of a fourfold excess  of sodium amide with Ib in xylene at 135 ~ or in dimethylaniline at 
145 ~ for 2 h. After  prolonged heating (10 h) in xylene under nitrogen,  benzimidazole (80%) precipi tated 
f rom the aqueous layer  during neutralization after decomposition of the mixture with water .  A resinous 
product,  which dissolved in alcohol but was insoluble in other organic solvents,  was also formed.  

c) On 1-/~ -(4-Pyridyl)ethylbenzimidazole  (IIb). A mixture of 1.2 g (0.005 mole) of IIb and 0.78 g 
(0.02 mole) of sodium amide in 10 ml of xylene was s t i r red  under nitrogen for 10 h. It was then cooled, 10 
ml of water was added, and the resinous product was separated.  The aqueous layer  was separated and 
neutra l ized to pH 7-8 with concentrated HC1. The precipitated benzimidazole was removed by fil tration 
and washed with water  to give 0.5 g (83%) of color less  plates with mp 170-171 ~ (from water) .  No mel t ing-  
point depression was observed for a mixture of this product with an authentic sample.  The star t ing c o m -  
pound (85%) was isolated f rom the reac t ion  with sodium amide in xylene (140 ~ or dimethylaniline (145 ~ 
for 2 h .  

Competitive Amination. a) 1-Methylbenzimidazole and Pyr id ine .  A mixture of 1.32 g (0.01 mole) of 
1-methylbenzimidazole,  0.78 g (0.01 mole) of pyridine, and 0.39 g (8 mmole) of 80% sodium amide in 7 ml  
of dimethylaniline was s t i r r ed  at 140-145 ~ for 2 h. The mixture was cooled, 4 ml of water  was added, and 
the precipitated 1-methyl -2-aminobenzimidazole  was removed by fil tration and washed with water ,  benzene, 
and petroleum ether  to give 0.8 g (68% based on sodium amide) of co lor less  needles with mp 200 ~ which is 
in agreement  with the data in [20]. The dimethylaniline solution was t rea ted  with 50 ml of chloroform,  and 
the mixture was dried with sodium sulfate and subjected to GLC analysis,  on the basis  of which it was es tab-  
lished that about 100% of the pyridine and 30% of the 1-methylbenzimidazole remained in the react ion mix-  
ture .  

In another experiment ,  the same quantities of start ing compounds were s t i r r ed  at 130-135 ~ in 6 ml of 
xylene for 1.5 h. 1-Methyl-2-aminobenzimidazole  was isolated as above. The yield was 0.22 g (19%). 
About 100% of the pyridine and 71% of the 1-methylbenzimidazole remained in the react ion mixture .  

b) 1-Methylbenzimidazole and a -P i co l i ne .  A mixture of 1.32 g (0.01 mole) of 1-methylbenzimidazole ,  
0.93 g (0.01 mole) of a-picoline,  and 0.46 g (0.01 mole) of 80% sodium amide in 7 ml of xylene was s t i r r ed  
at 100-115 ~ for 1.5 h. The mixture was cooled, 10 ml of water  was added, and the precipi tated 1 -me thy l -2 -  
aminobenzimidazole was removed by fil tration and washed with water ,  benzene, and petroleum ether .  The 
yield was 0.9 g (63%). About 100% of the a-picoline and 25-30% of the 1-methylbenzimidazole  remained in 
the xylene solution. 

Equimolecular  amounts of a -p icol ine ,  1-methylbenzimidazole,  and sodium amide in 8 ml of dimethyl-  
aniline were s t i r red  at 125-130 ~ for 2 h. The reaction commenced very  vigorously at 125 ~ . The mixture 
was cooled, 5 ml of water  was added, and the precipitated 1-methyl -2-aminobenzimidazole  was separated 
and washed with water ,  benzene, and petroleum ether .  The yield was 48%. The dimethylaniline was r e -  
moved f rom the fi l trate by s team distillation, during which the a -p ico l ine  also distil led. 1-Methyl-  and 1- 
methyl-2-aminobenzimidazole  remained in the residue (according to chromatography) .  

Ionization Constants.  The ionization constants were measured  by potentiometric t i tration at 25 4- 1 o 
with an LPU-01 pH me te r .  The solvent was 10% (by volume) alcohol: a 0.001 M solution of the base was 
t i t ra ted with 0.01 N hydrochlor ic  acid. 

PMR Spectra .  The PMR spec t ra  at concentrat ions of 10-15% were recorded  with a PE-2305 spec t ro -  
photometer  with an operating frequency of 60 MHz at 50 ~ with hexamethyldisiloxane as the internal s tandard.  
The chemica l  shifts are given on the 6 scale and are  converted with respec t  to the signal of t e t ramethy l -  
si lane. 

Quantum-Mechanical  Calculations.  These calculations were ca r r i ed  out by the Hilckel MO method 
and the method in [10]. In the calculation of nonplanar conformation B, the integral  of the N - C  bond be-  
tween the pyridine and imidazole rings was taken as /3N_ C = 0.9fl~ 2 40 ~ = 0.7/~ ~ . The solution of the 
secular  determinants  was obtained with a Razdan computer .  

Dipole Moments.  The dipole moments  were determined according to the method in [21] with an IDM- 
2 dipole me te r  in benzene at 25 * 0.1 ~ for concentrat ions of 0.001-0.01 mole fract ion.  The theoret ical  
values of the dipole moments  of N-pyridylbenzimidazoles  were calculated f rom the formula  

/lth = (~t12+~22+2~tflz2 �9 cos 0)~/~, 
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where # 1 and # 2 are the dipole moments of the benzimidazole (4.03 D) and pyridine (2.21 D) [22] molecules, 
and 0 is the angle between the directions of the %* i and ~ 2 vectors .  

The IR spectra  were measured with a UR-20 spectrophotometer.  

The authors sincerely thank L. E.  Nivorozhkin and G. V. Gorshkova for their assistance in measur -  
ing the l~lViR spectra.  
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