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Quantum-mechanica l  calculat ions by the P a r i s e r - P a r r - P o p l e  (PPP) SCF MO and Hiickel MO 
methods explain the prev ious ly  obse rved  dependence of the reac t iv i t i e s  of imidazole de r iva -  
t ives  in reac t ions  at the meso  carbon atom on the nature  of the a romat ic  nuclei  and subst i tu-  
ents bonded to the imidazole r ing in the 4 and 5 posit ions.  

A difference in the behavior  of the imidazole r ing toward nucleophilic and e lec t rophi l ic  agents in 
benz(naphth)lmidazole and uncondensed imidazole s y s t e m s  [1-5] was obse rved  during a study of the r eac t iv -  
ity of the imidazole ring. 

In cont ras t  to imidazole,  benzimidazole  does not couple with diazonium sa l t s  [6]. Halogenation, hy-  
droxymethylat ion,  and a number  of other e!ect rophi l ic  substitution reac t ions  [1-3, 7] p roceed  differently 
in imidazole (at the carbon atoms) and benzimidazole  (at the ni t rogen a tom of the NH group). The labi l i t ies  
of the hydrogen a toms in Imidazole and in condensed imidazole s y s t e m s  [1-3, 8, 9] differ  substantial ly.  
Nueleophilic exchange of a toms and groups in the 2 posit ion of the imidazole ring, which is e x t r e m e l y  c h a r -  
ac te r i s t i c  for  benz(naphth) lmidazole der iva t ives  [3,10-15],  p roceeds  with much more  difficulty in the case  
of 2-subst i tu ted  lmidazole i t se l f  and its C- and N-alkyl  der iva t ives  [1-3, 16]. Replacement  of halogen by an 
amino group in 2 - b r o m o  der iva t ives  of 4 ,5-diphenyl imidazole  [17, 18] also occurs  under  re la t ive ly  seve re  
conditions. 

The mos t  detailed data on the p rob lem under considera t ion were  obtained as a resu l t  of a c o m p a r a -  
t ive study of d i rec t  aminat ion reac t ions  (the Chichibabin reaction) [3, 19, 20], opening of the cyc loammoninm 
sa l t s  of the lmidazol inm ion with alkaline agents [3, 21, 22], and azo coupling [3, 19, 20] of lmidazo le -con-  
taining sys t ems .  An analys is  of the facts  obtained in [3, 19-22] toge ther  wi thprev ious ly  knownfacts  [23-29] 
demons t ra ted  that  the Chichibabin react ion  p roceeds  only in the case of N-a lky l - subs t i tu ted  imidazole s y s -  
t e m s  that are condensed with a romat i c  r ings at the 4 and 5 posi t ions [3, 19, 20]. However ,  uncondensed 
irfiidazoles and the i r  der iva t ives  that contain a r ing with disrupted a romat ic i ty  in the 4 and 5 posi t ions 
(phenanthro [9, 10-d]imidazole and te t rahydrobenzimidazole)  do not undergo this convers ion  [3, 19, 20]. On 
the other hand, azo coupling is pecul ia r  only to imidazole i t se l f  and those of its der iva t ives  in which the 
lmidazole r ing is armelated with a r ing of the nonaromat ic  type [3, 19]. These observa t ions  made it poss ible  
to conclude that an a romat i c  r ing annelated in the4  and 5 posi t ions acts  as an e l e c t r o n - a c e e p t o r  s y s t e m  and 
c r e a t e s  on the meso  carbon a tom of the imidazole  r ing the definite c r i t i ca l  posi t ive charge that is n e c e s s a r y  
for  the successfu l  occur rence  of nucleophllic substi tution reac t ions  [3, 19, 20]. 

The a im of the p r e s en t  study was an explanation of the obse rved  exper imenta l  dependence of the r e a c -  
t iv i t ies  of imidazole der iva t ives  on the s t ruc tu re  by means  of quan tum-mechanica l  calculat ions.  The ca l -  
culations were  made by means  of H'dckel MO methods with S t re i twiese r  p a r a m e t e r s  [30] and the P a r i s e r -  
P a r r - P o p l e  (PPP) SCF MO method with the pa r ame t r i z a t i on  descr ibed  in [31, 32]. 
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TABLE 1. C o r r e l a t i o n  of Nucleophl l ic  Subs t i tu t ion  

i0~ 

, I 

lO 

Compound 

I 
CH a 

CH s 

1 
CH a 

�9 

Aq~ 

+ 0,094 
(0,0080) * 

-0,006 
(+0,070) 

+0,107 
(+O,lOl) 

+0,137 
(0,0969) 

+0,152 
(+O, lO4) 

+0,151 
(+O,lO5) 

+0,152 

+0,153 

L-(Bo) 

4 

Amiaation 
capacity 

SN 

result I literature 
/ 

5 6 [ 7 

19 

19 

19 

19 

20 

20 

Not studied 

37 

C2+0,150 1,9511 1,2024 + Not studied 
--C7+0,152 1,9503 1,2194 + Not studied 

+0,161 1,9146 1,276 + 38 

*The Aq2 v a l u e s  c a l c u l a t e d  by the P a r i s e r - P a r r - P o p l e  method  a re  
p r e s e n t e d  in p a r e n t h e s e s .  
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TABLE 1 (continued) 

l 2 ,3. 4 5 6 7 

I! 

12 

13 

14 

15 

16 

17 

18 

19 

CH 3 Cn a 

CH s 

t 
Clt~Call s 

% 
~ CH a 

+o,166 

+o,167 

+0,170 
(o,125) 

+0,186 
(+0,112) 

C~+0,158 

1,9342 

1,9335 

1,9308 

1,8378 

1,2611 

1,2782 

1,2626 

1,3654 

1,9274 1,2722 

Not studied 

Not studied 

38 

39 

40 
C6+0,092 2,2770 1,0688 + 40 

+0,256 
(o,169) 

+0,264 
(o,221) 

+s  
(+03OO) 

+0,170 
(+o,to3,) 

1,761 

1,705 

1,5250 

1,6686 

+ 41 

+ Not studied 

+ Not studied 

+ Not studied 

It was  shown that  al though the n u m e r i c a l  va lues  of the cha rges  in the meso  pos i t ion  of the imidazo le  
r ing  ca l cu l a t ed  by m e a n s  of the  ind ica ted  methods  differ  f r o m  one another ,  t h e i r  r e l a t i ve  o r d e r  as a func -  
t ion  of the m o l e c u l a r  s t r u c t u r e  is r e t a i n e d  (Table  1). Ca lcu la t ion  of the d i s t r i bu t ion  of the ~ c ha r ge s  by 
the DeI Re method  [33] a l so  d e m o n s t r a t e d  that ,  wi th in  the l i m i t s  of the amid ine  g roup ing  of the lmidazo le  
r ing ,  it i s  a l m o s t  irLdependent of the  s t r u c t u r e  of the  r e s t  of the molecu le .  Th i s  s e r v e s  as an addi t iona l  
b a s i s  for  the c o r r e l a t i o n  of the r e a c t i v i t y  on the b a s i s  of data  on the ~ - e l e c t r o n  d i s t r i b u t i o n .  The ca lcu la ted  
cha rges  in the m e s o  pos i t ions  of the imidazo le  r i ng  (Aq2), the an ionic  l oca l i za t ion  e n e r g i e s  ( ~ - ) ,  and the 
s u p e r d e l o c a l i z a b i l i t i e s  (S N) a r e  p r e s e n t e d  in Tab le  1. 

90 



TABLE 2. Pos i t ive  Charges  on the Meso Carbon Atom of 
Imidazol ium Cations 

Cation 

1-1 

H 

14 

(27'> N -  
Il 

H 

H 

Aq2 

+0,289 

+0,313 

PPP 

+0,268 

Ring 
opening Literature 

3,42 

+0,226 3,21,42 

+0,247 

+0,380 

+0,355 

+0,399 

+0,237 

+ 0,302 

+ 0,293 + 

3,42 

28,29 

22, 42 

+0,237 + Not studied 

D i r e c t  A m i n a t i o n  

The data p r e sen t ed  in Table  1 demons t ra t e  that  all of the nucleophllic reac t ion  indexes display a c l e a r  
propor t iona l  dependence: the anion local izat ion ene rgy  d e c r e a s e s  monotonical ly and the supe rde loca l i za -  
bi l i ty i n c r e a s e s  as the posi t ive  charge  on the meso  carbon a tom (Aq2) inc reases .  

Thus the nonc ross lng  rule  is sa t i s f ied  on examinat ion of nucleophilic substi tution at the meso  carbon 
a tom of the imidazole  ring; this means  a un i form effect  of the s t ruc ture  of the reac t ing  molecule on its 
capaci ty  for  aminat ion for  the different  no rma l ly  conceivable va r i an t s  of the s t ruc tu re  of the t rans i t ion  
state.  A compar i son  of the Aq2 values  (Table 1) c l ea r ly  a t tes t s  to a shift  of the e lec t ron  density f r o m  the 
meso  posi t ion of the lmidazole  r ing when the a roma t i c  r ing is annelated to it. Calculation of the e lec t ron  
s t ruc tu re  of benzimidazole  by the SCF MO LCAO method within the CNDO/2 (complete neglect  of d i f fe ren-  
t ia l  overlap) approximat ion  with inclusion of all of the valence e lec t rons  demons t ra ted  that the posi t ive 
charge  (+ 0.1677) on the meso  carbon a tom is achieved a lmos t  exc lus ive ly  through polar iza t ion  of the 
f r a m e w o r k  [34]. However ,  in the case  of imidazole ,  the overa l l  charge  on the meso  carbon a tom is +0.031 
(calculation within the CNDO/2 approximation)  [35] and is made up of the posi t ive ~ charge  (+0.145) and 
negat ive ~ charge  ( -0 .114) .  It hence becomes  unders tandable  why in con t ras t  to N-subs t i tu ted  benz imida-  
zole,  N-alkyl  de r iva t ives  of imidazole  do not r eac t  with sodium amide [5]. The c r i t i ca l  va lues  of Aq2 , 
~ -  (riO), and S N a re  apparent ly  found between IV and V, VI (Table 1). 

In fact,  while N-subs t i tu ted  naphtho[1,2-d]lmidazole is aminated  with sodium amide [5, 20], analogous 
der iva t ives  of phenanthro[9,10-d] imidazole  do not undergo this  t r ans fo rma t ion  [3, 5, 19]. 

Other examples  that  fundamental ly  conf i rm the c o r r e c t n e s s  of the indicated approach to the Chichi- 
babtn reac t ion  in a s e r i e s  of imidazole-conta in ing  and re la ted  s y s t e m s  can be found in [5]. 

In addition, as demons t r a t ed  by the r e s e a r c h  of A. F. Pozha r sk i i  and one of the authors  of the p r e s -  
ent paper ,  other  f ac to r s  that  affect the occur rence  of the Chichibabin reac t ion  bes ides  the posi t ive charge 
a re  the bas ic i ty  of the he te ror ing  [5] and the influence of speci f ic  effects  [36, 37]. 
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TABLE 3. Negative Charges  on the C 2 Atom of Imidazole Anions 
Htickel MO) 

Azo coupling 

Anion Aq2 Result Literature 

-0,458 a4 

--0,4300 

--0,4182 

0,4059 

0.3910 

+ 

1--4. 16, 19, 43 

19,43 

3, 19 

3,20 

3, 6, 20 

Calculation of the e lec t ronic  s t ruc tu re  indexes of angular  anthr imidazole  (XVIII, XIX) shows that  the 
accumulat ion of r ings  in a roma t i c  s y s t em s  annelated in the 4 and 5 posi t ions  of the imidazole r ing will lead 
to a dec rease  in Aq2. In this  connection, the p rob l em of the amination of l inea r  and angular  an thr imida-  
zoles,  acenaphtheno[4,5-d]imidazole,  chryseno[5,6-d] imidazole ,  and other  po lya romat ic  imidazo le -con ta in-  
lng compounds is of cons iderable  interest .  

O p e n i n g  o f  C y c l o a m m o n i u m  S a l t s  o f  t h e  I m i d a z o l e  S e r i e s  

The convers ion  of 1 ,3-disubst i tuted imidazol ium sa l t s  to npseudo bases ,  w which is a consequence of 
nucleophilic a t tack of the carbon a tom in the 2 posi t ion of the imidazole r ing by a hydroxyl  ion [3, 16], en -  
ables one to be pe r suaded  that  the effect  of an annelated a r o m a t i c  r ing is exe r t ed  on the reac t iv i ty  of the 
meso  carbon a tom not only in the f ree  base  (amination) but also in the Imidazol ium cations.  

It was  found that  1- (2 ,4-din i t rophenyl) -3-a lkyl  de r iva t ives  of benz-  [28, 29] and n a p h t h - l , 2 - d - i m t d a -  
zol ium sa l t s  [3, 21, 22, 42] a re  i r r e v e r s i b l y  conver ted  to 2 - a m i n o - 2 ' , 4 ' - d i n i t r o d i a r y l a m i n e  der iva t ives  even 
by the action of such weak bas i c  agents as aniline and pyridine.  At the same t ime,  the analogous 4 ,5 -d i -  
phenyl imidazol ium and 4 ,5 ,6 ,7- te t rahydrobenz lmidazol inm sa l t s  undergo this convers ion  under  much more  
s eve re  conditions - b y  heating with aqueous sodium carbonate  or  ammonia  solutions [21, 22]. These  re.- 
sui ts  a re  in complete  ag reement  with the + Aq2 values  ill the cations of imidazole-conta ining s y s t e m s  p r e -  
sented in Table 2. 

A z o  C o u p l i n g  

It has been exper imenta l ly  es tab l i shed  that  azo coupling, which p roceeds  at  the meso  carbon a tom of 
the imidazole  anion [1-4, 16], is cha rac t e r i s t i c  only for  uncondensed imidazole s y s t e m s  [3, 16, 20, 21, 43]. 

A compar i son  of the negative cha rges  on the meso  carbon a tom of the anions of va r ious  imidazole -  
containing s y s t e m s  (Table 3) explains this regqlar i ty :  the negat ive charge (-Aq2) for  anions of imidazoles  
with a romat i c  r ings  annelated at the 4 and 5 posi t ions  is lower  than for  uncondensed imidazoles .  As in the 
case  of amination,  the c r i t i ca l  --Aq2 value is s i tuated between that  of phenanthro [9,10-d]imidazole and that 
of naphtho[1,2-d] imidazole.  
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The unique case  of i n t r amolecu la r  azo coupling of the nonanionic f o r m  of the imidazole ring, which is 
obse rved  in the case  of dlazot ized N-(o-aminophenyl ) imidazoles  [45, 47], may be explained not only by the 
tendency for  the fo rmat ion  of a new a rom a t i c  s y s t e m  - imidazobenzot r iaz ine  [47] - but also by the cons id-  
e rab le  negative r charge  on the meso  carbon a tom of imidazole  [35]. If one takes  into account that the 
meso  carbon a tom of benzimldazole  b e a r s  a posi t ive  ~ charge [34], it becomes  unders tandable  why in t r a -  
mo lecu l a r  azo coupling does not p roceed  in the case  of diazot ized N-(o-aminophenyl )benzimidazole  [46, 47]. 
In ag reemen t  with the concepts  evolved above, i n t r amolecu la r  azo coupling is also c h a r a c t e r i s t i c  for  t e t r a -  
hydrobenzimidazole  [46]. 

Thus the d i f fe rence in  the behav ior  of the meso  carbon a tom of imidazole s y s t e m s  toward  e l e c t r o -  
philic and nucleophil ic  r eagen t s  is a s soc i a t ed  with the e l e c t r o n - a c c e p t o r  action of the a roma t i c  r ings an-  
ne la ted  at the 4 and 5 posi t ions  of the imidazole  ring. This action is sufficiently dist inct ly fixed by the 
reac t iv i ty  indexes and the exper imenta l  data in the neut ra l  bases  (amination), imidazol ium cations (opening 
of cyc loammonium sal ts) ,  and anions of imidazole-conta in ing  s y s t e m s  (azo coupling). 
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