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It is shown that  in NH-unsubst i tu ted a s y m m e t r i c a l  imidazole  s y s t e m s  the predominant  tauto-  
m e r i c  f o r m s  a r e  those  with the proton at tached to the he t e roa tom which is mos t  suscept ib le  
to the effect  of e l ec t ron -accep t ing  subst i tuents  o r  l ea s t  suscept ib le  to the effect  of e l ec t ron -  
donating subst i tuents .  

The effect  of subst i tuents  on the t a u t o m e r i s m  of imidazole  and benz imidazole  de r iva t ives  was examined 
in a n u m b e r  of pape r s  [1-6] in which the authors  usual ly  proceeded f r o m  a presupposi t ion that,  up to now, 
has  not  r a i s ed  any doubts,  viz. ,  that  the t au tomer ic  f o r m  with the proton at tached to the ni t rogen a tom that  
is subject  to the m a x i m u m  effect  of an e lec t ron-donat ing  subst i tuent  o r  to the min imum effect  of an e l ec t ron -  
accept ing subst i tuent  should p redomina te  [4-7]. However,  the exper imenta l  data on the t a u t o m e r i s m  of 
4(5) -n i t ro imidazole  [2] indicate  a shif t  of the  equi l ibr ium to favor  f o r m  I, while the pK a values  of N-me thy l -  
ated 5(6) -n i t robenzimidazoles  indicate the higher  concentrat ion of t a u t o m e r  III. The pK a values  of other  
i s o m e r i c  pa i r s  (Table i ,  i 0  and i i ,  
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14 and 15, etc.) ,  as  well as the change in the bas ic i ty  during N-methyla t ion*  convincingly indicate that  the 
prevai l ing  t au tomer ic  f o r m s  a r e  those  with the proton a t tached to the h e t e r o a t o m  conjugated with the e l ec -  
t ron -accep t ing  subst i tuents ;  if, however ,  the subst i tuents  a r e  e lec t ron  donors ,  the predominant  t au tomer ic  
f o r m s  a r e  those with the proton on the unconjugated ni t rogen.  

In accordance  with the higher  concentrat ion of f o r m  I, it was a s sumed  that  the conjugation effect  is 
not an impor tan t  f ac to r  in es tabl ishing t au tomer ic  equi l ibr ium.  In the opinion of Ridd, Smith et al.  [4,7], 
the inductive effect  plays the dec is ive  role .  However ,  this assumpt ion  cont rad ic t s  the h igher  bas ic i ty  of 
1 -me thy l -4 -n i t r obenz i m i dazo l e  as c o m p a r e d  with the 3 - m e t h y l - 4 - n i t r o  i s o m e r  and is not in a g r e e m e n t  with 
the chemica l  p rope r t i e s  of the imidazo le  s y s t e m s .  F o r  example ,  in the brominat ion  of i somer i c  compounds 
V and VI, only VI r e a c t s  to f o r m  a 2 -b romo  der iva t ive  [8]. 

IEH 
O 2 N ~ f N \  + Br2 ~ H3C ~\~-Br+lIBr~NI 

113C/~"N - 
v VI CH3 CH3 

*See [7] fo r  the method of ana lys i s  of t au tomer ic  equi l ibr ia  f r o m  pK a data.  
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TABLE 1. pK a Values  of N-Alky la ted  De r iva t i ve s  of Imidazo le  Sys tems  

Sys tems  in Aqueous Solutions* at  25 deg'f 

No. Compound pK,~ Literature 

I 
2 
3 
4 
5 
6 
7 
8 
9 

I0 
II 
12 
13 
14 
15 
16 
17 

Imidazole 
4-Nitro - 
N(1) -Methyl 
N(3)-Methyl 
Befizimidazole 
4-Nitro 
N(, ~ -Methyl 
N~:-Methyl 
5-Nitro 
N(1)-Methyl 
NO) - Methyl 
5 -Amino 
Nh) -Dimethyl- 
1,5 - Di methyl 
1,6-Dimethyl- 
1,2,5- Trimethyl 
1.2,6- Trimethyl- 

6,95 
-o,o5/ 
-o,53~ 

2,13.1 
5,53 
3,33 i 
3,s61 
325~ 
3,48 / 
3,40 / 
3,67) 
6All 
6,37 I 
522 I 
5,17 l 
6,07 / 
5,451 

26 

5 

27 

28 

*Compounds 10-17 were  inves t iga ted  in 50% aqueous ethanol.  
$Compound 5 was inves t iga ted  at  20~ 

In addi t ion,  as  shown in [9], the r e su l t s  of cyanoethyla t ion of t au tomer i c  n i t r o b e n z i m i d a z o l e s  III and 
IV can be expla ined only if conjugation is taken into account.  Thus the shif t  in the equ i l ib r ium to favor  
f o r m s  I and III is  due to f a c to r s  o ther  than the absence  of conjugation.  It should a l so  be noted that  the p r e -  
dominance  of t a u t o m e r s  I and HI can by no means  s e r v e  as  an a rgument  in favor  of the ins igni f icant  ro l e  
of conjugat ion.  Re in fo rcemen t  of the po la r i za t ion  of the NH bond under  the influence of an e l e c t r o n - a c c e p t -  
ing subs t i tuen t  cannot unambiguously  d e t e r m i n e  the d i rec t ion  of the shif t  in the t a u t om e r i c  equ i l ib r ium,  
s ince  the common method of evaluat ing the effect  of subs t i tuents  on the equ i l ib r ium s ta t e  is a c om pa r i son  
of the r e l a t i v e  s t ab i l i t i e s  of both f o r m s  [10]. The i m por t a nc e  of p r e c i s e l y  this s o r t  of approach  to the 
ana lys i s  of t au tomer i c  equ i l ib r ium was s a t i s f a c t o r i l y  d e m o n s t r a t e d  in the c a s e  of f i -d icarbonyl  compounds 
[11-13]. 

Ana lys i s  of the effect  of e l ec t ron -dona t ing  and e l e c t r o n - a c c e p t i n g  subs t i tuents  on the s ta te  of the 
imidazo le  grouping ind ica tes  that  the e n e r g e t i c a l l y  m o r e  s t ab le  t a u t o m e r s  should be those  with the proton 
a t tached to the n i t rogen  a tom subjec t  to the min imum effect  of an e l ec t ron -dona t ing  subs t i tuent  o r  to the 
m a x i m u m  effect  of an e l e c t r o n - a c c e p t i n g  subs t i tuent .  

Let  us  c o m p a r e  t a u t o m e r i c  fo rms  I and II. If one p r o c e e d s  f rom conjugation concepts ,  the effect  of 
the n i t ro  g roup  in t a u t o m e r  I is  p r i m a r i l y  extended to the p y r r o l e  n i t rogen a tom.  Also  evidence  in f avor  
of this  a s sumpt ion  is  the high bond o r d e r  between the C 4 and C 5 a toms of the imidazo le  r ing [14,15]. The 
NH group  i n t e r r u p t s  the conjugation chain,  and th is  effect  is  extended to a l e s s e r  d e g r e e  to the pyr id ine  
n i t rogen  atom. In cons ide r ing  the r e a s o n s  for  the h ighe r  s tab i l i ty  (and, consequent ly ,  the lower  ac id i ty)  of 
t a u t o m e r  I, one should f i r s t  of a l l  c o m p a r e  the s t a t e s  of the pyr id ine  n i t rogen  a toms  of s t r u c t u r e s  I and II. 
The n i t rogen a tom in the f i r s t  of these  is a t tached to a l e s s  e l e c t r o n - a c c e p t i n g  carbon a tom,  and i t  t h e r e -  
fo re  has l e s s  p c h a r a c t e r  in th is  o rb i t a l ,  which, acco rd ing  to Bent ' s  ru le  [16], should p romote  g r e a t e r  p 
c h a r a c t e r  of i t s  o r b i t a l s  in the N = C bond and, consequent ly ,  i ts  high ene rge t i c  s t ab i l i t y .  S i m i l a r l y ,  in 
s t r u c t u r e  II the bond between the pyr id ine  n i t rogen  a tom and the m o r e  e l e c t r o n - a c c e p t i n g  carbon of the 
= C - N  = group  has l e s s  s c h a r a c t e r ,  and the p c h a r a c t e r  of i t s  double bond t h e r e f o r e  d e c r e a s e s .  One can 
a r r i v e  at  the s ame  conclusion by means  of somewhat  d i f fe ren t  reasoning .  It is  well  k n o ~  that  the e l e c t r o -  
nega t iv i ty  of an a tom that  is  oppos i te  a mul t ip le  bond i n c r e a s e s  and is s t r o n g e r ,  the h igher  the bond m u l t i -  
p l ic i ty  [17]. One can hence a s s u m e  the p r e s e n c e  of an i n v e r s e  in t e rac t ion ;  the bond mul t ip l i c i ty  of an a tom 
will  d e c r e a s e  with i n c r e a s i n g  e l ec t ronega t iv i ty  of a subs t i tuent  bonded to this  a tom by means  of a s ingle  
bond. In addit ion,  i ts  ene rge t i c  s tab i l i ty  should a l so  d e c r e a s e .  Thus, the s t a t e  of the pyr id ine  h e t e r o a t o m s  
is one of the r e a s o n s  for  the high energy s t ab i l i ty  of s t r u c t u r e  I. 

In addi t ion,  because  of the high e l ec t ronega t iv i ty  of the G bonds of the pyr id ine  n i t rogen a tom as c o m -  
p a r e d  with the p y r r o l e  n i t rogen  a tom [25.74 (4.13) and 24.63 (3.94)* [18]), the O 2 N - C =  C H - N H -  grouping of 

*The f i r s t n u m b e r  is the va lues  in the Mulliken sca le ,  while those  in p a r e n t h e s e s  a r e  va lues  in the Pauling 

sca le .  
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Fig. 1. v -E lec t ron  densit ies and bond o rde r s  in the 4(5)-nitroimid- 
azole molecule.  

tau tomer  I should be more  stable than the O 2 N - - C  = C H - N  = grouping of s t ruc ture  II in which two electron 
acceptors  (the ni t ro  group and the pyridine ni trogen atom) a re  conjugated. 

The difference in the interaction of an e lec t ron-accept ing  substituent with pyr ro le  and pyridine n i t ro -  
gen atoms is sa t is factor i ly  i l lustrated by resonance  s t ruc tu res  VII and VIII. The lower weight of the la t ter  
under  hybridization conditions does not ra i se  any doubts~ 

0 0 tl H 

YIl H Vlll IX X H 

Thus if one proceeds  f rom the assumption that the effect of the ni t ro  group is t ransmi t ted  along the 
sy s t em of conjugated bonds, s t ruc ture  I should be more  energetical ly stable. 

Similarly,  if there  is an e lectron-donat ing substituent in the 4(5) position of the imidazole ring, tauto- 

1 
m e r  IX should be more  energet ical ly  stable. The H21~-C = C H - N  = grouping in it is energetical ly more  

J 
favorable than the H2N-C = C H - ~ H - g r o u p i n g  in which two donor groups (amino and pyrrole)  are  conjuga- 
ted. In addition, conjugation of the pyridine nitrogen atom with the amino group in s t ruc ture  IX should pro-  
mote an inc rease  in the multiplicity of the - N = C H -  bond and in its energy stability. 

The proposed explanation for the t au tomer i sm can also be applied to derivat ives  of more  complex 
imidazole sys tems .  For  example, the unexpected dec rease  in the dipole moment  of naphth [1,2-d]imidazole 
when it is methylated in the 3-position [19] at tests  to a high concentration of tau tomer  XII, according to the 
old concepts [4-7], one should have expected a high concentrat ion of XI in view of the high basici ty of ~- 
aminonaphthalene as compared  with the ~ i somer .  

Xl| X! 

The point of view set  forth in this paper is confirmed by MO calculations of 4(5}-nitroimidazole [20] 
(Fig. 1). They indicate that: a) the hydrogen atom in the mos t  stable tautomeric  fo rm of 4(5)-ni t roimidaz-  
ole is bonded to the atom with the lower electron density as compared  with the nitrogen atom of the tauto- 
me r  which is present  in lower  concentra t ions;  b) the v -e lec t ron  density of the pyridine nitrogen atom ad- 
jacent  to the ni t ro  group is g r ea t e r  than that of the ni t rogen atom removed f rom it; c) the o rde r  of the bond 
of the pyridine nitrogen atom with the a - c a r b o n  atom of the imidazole ring is higher in the predominant  tau- 
tomer ;  d) the NH group in the stable tau tomer  is situated at the most  e lec t ron-accept ing  carbon atom. 

This representa t ion  of the predominance (in solutions) of the tautomeric  forms with thepro ton  attached 
to the ni t rogen atom with the lower electron density also agrees  with the difference in the resul ts  of alkyla- 
tion [21-25] in neutra l  and alkaline media.* Alkylation of 5(6)-nitrobenzimidazoles in the absence of alkali 

*See [3] for  data on the kinetics and mechanism of alkylation of 4(5)-nitroimidazole.  
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leads to the formation of primari ly 1,6-disubstituted isomers [23,24], while 1,5-disubstituted isomers  are 
the major products in alkaline media [25]. The increase in the yields of 1,2-dimethyl-5-nitrobenzimidaz- 
ole and 1-methyl-5-nitrobenzimidazole on alkylation in alkaline media [4] also attests to the predominance 
of tautomeric forms of the III type. 

The results  of [6] on the benzylation of benzimidazoles, which deviate from the usual principles of 
orientation in N-substitution, should, one would think, be interpreted with allowance for  the fact that the 
reaction was carr ied  out in benzene in the presence of fused sodium acetate, which is an alkaline reagent. 
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