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On the b a s i s  of d e t e r m i n a t i o n s  of d ipo le  moments  and qua n tum-me c ha n i c a l  ca lcu la t ions  for  a s e r i e s  of N-  
( b e n z i m i d a z o l - 2 - y l ) a z e l e s ,  i t  has  been  concluded tha t  they  have a nonplanar  s t r u c t u r e .  The ca lcu la t ion  of 
the  to ta l  r - e l e c t r o n i c  c h a r g e s  on the individual  f r a g m e n t s  of the mo lecu le s  s tudied  has  shown that  the ben-  
z i m i d a z o l - 2 - y l  r a d i c a l  p o s s e s s e s  e l e c t r o n - a c c e p t i n g  p r o p e r t i e s  with r e s p e c t  to a N - h e t e r y l  r e s i d u e .  

It has  been  shown p r e v i o u s l y  [1] tha t  c o n s i d e r a b l e  induction and m e s o m e r i c  in te rac t ion  ex i s t s  be tween the h e t e r o -  
cyc l i c  nucle i  in the  mo lecu le s  of I -V.  

~ . ~  N ~  Het = I imidazo ly l ;  

- -  II b e n z i m i d a z o l y l ;  

I II! pyrazolyl; 
I-V R IV.V indazolyl; 

I-IV R =CH3; VR=H 

The p r e s e n t  communica t ion  is devoted to a d e t e r m i n a t i o n  of the  conjugat ion effect  in I-V and the e luc ida t ion  of the 
p r o b a b l e  spa t i a l  s t r u c t u r e  of the  compounds s tudied.  To so lve  these  ques t ions  we have m e a s u r e d  the dipole  moments  
and c a r r i e d  out  quantum mechan ica l  ca l cu la t ions  of the  mo lecu le s  by the LCAO MO methodT 

R E S U L T S  

Compounds I -V w e r e  syn thes i zed  and pu r i f i ed  by methods  d e s c r i b e d  p r e v i o u s l y  [1]. The dipole moments  were  
d e t e r m i n e d  in abso lu te  d ioxane a t  25 �9 0.1~ on a IDM-2 ins t rumen t  [5]. 

The ca lcu la t ions  by Hi icke l ' s  MO method were  p e r f o r m e d  on an M - 2 0 e l e c t r o n i c  compu te r  us ing the p r o g r a m  given 
by Os t roumov  [6]. 

The ca l cu l a t ed  va lues  of the r - e l e c t r o n i c  c h a r g e s  and of the bond o r d e r s  for  compounds I-IV on the a s sumpt ion  
tha t  they  have a p l a n a r  s t r u c t u r e ,  and a l so  t he  v a r i o u s  ang les  of ro ta t ion  ~ r e l a t i v e  to the C - N  bond between the h e t e r o -  
cyc l i c  mo ie t i e s  for  II and III a r e  given in F i g s .  1 and 2. In the ca lcu la t ions  of the nonplanar  conformat ion ,  the r e s o n a n c e  
in t eg ra l  of the  C - N  bond between the r i ngs  was taken  as  0.88 cos  ~02. The de loca l i za t i on  e n e r g i e s  AE r we re  ca lcu la t ed  
as  the d i f f e rence  be tween the to ta l  v - e l e c t r o n i c  ene rgy  of the b i s h e t e r o c y c l e  (Er) and the to ta l  u - e l e c t r o n i c  e n e r g i e s  of 
i t s  individual  m o i e t i e s  [4]. 

On the b a s i s  of the ca lcu la t ion  of the u - e l e c t r o n i c  c h a r g e s  and of the g e o m e t r y  of the molecu les  the r - e l e c t r o n i c  
moments  fo r  v a r i o u s  ang les  of ro ta t ion  ~0 were  ca lcu la ted .  In o r d e r  to s impl i fy  the ca lcu la t ions ,  the p y r a z o l e  and i m i d -  
azo le  r i n g s  we re  c o n s i d e r e d  as  t r ue  pentagons  and the lengths  of a l l  the bonds were  taken as  equal  to the length of the 
a r o m a t i c  C - C  bond. The ca lcu la t ion  of the a - componen t  of the  d ipole  moment  was c a r r i e d  out by a v e c t o r i a l  s cheme  
on the b a s i s  of g e n e r a l l y - a c c e p t e d  va lues  of the a - m o m e n t s  of the bonds [7]. The va lues  of the d ipole  moments  c a l -  
cu la ted  t h e o r e t i c a l l y  and found by e x p e r i m e n t  a r e  given in the tab le .  

D I S C U S S I O N  

Sta r t ing  f rom the fac t  tha t  in the  b i s h e t e r o c y c l i c  s y s t e m s  s tudied  a c o n s i d e r a b l e  s t e r i c  in te rac t ion  between the N-  
methyl  group of the  benz imidazo l e  mo ie t i e s  and the hydrogen  a t o m s  of the N - h e t e r y l  r e s i d u e s  is  p o s s i b l e ,  a nonplanar  

* F o r  p a r t  II, see  [1]. 

~The ca lcu la t ions  we re  c a r r i e d  out  with the va lues  of the p a r a m e t e r s  r e c o m m e n d e d  by S t r e i t w i e s e r  [2], which ensu re  
good a g r e e m e n t  of the  e x p e r i m e n t a l  and ca lcu la t ed  va lues  of the d ipole  moments  [3, 4]. 
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Fig.  1. ~ -E lec t ron i c  charges  and bond o r d e r s  of the 
molecules  of I-IV (c is- ,  form,  ~ = 0~ 

s t ruc tu re  of I-IV seemed more  l ikely.  In actual fact, b ipyr idyls  [8], b ipyrazoly ls  [9], and other bicycl ic  sys tems  [5, 10] 
of analogous s t ruc tu re  have nonplanar  forms  in solution.  A conf i rmat ion  of the noncoplanar  s t ruc tu re  of the compounds 
I-IV studied is the cons iderable  dec rease  in the exper imenta l  value of the dipole moment  of N- (benz imidazo l -2 -y l ) ind -  
azole (V) as compared  with the moment  of its N-methyl  der iva t ive  IV (1.41 and 2.77 D). This  is due to the flat tening of 
the molecule  of V e i ther  as the r e s u l t  of a dec rease  in s te r ic  in te rac t ion  or  through the format ion  of an i n t r amolecu l a r  

hydrogen bond of the type N--H ... N < s tabi l iz ing  the p l ana r  t r ans  form (~0 = 180~ 

The t empe ra tu r e  dependence of the dipole moment  of IV in the range f rom 20 to 70~ (20~ D; 25~  D; 
35~  D; 50~  D; 70~ D) re f lec t s  a dec rease  in the mean  value of the angle ~ and does not cor respond to 
a shift in the equ i l ib r ium between the p l ana r  eis and t r a n s  i somers .  

A compar i son  of the exper imenta l  and the theore t i ca l ly -ca lcu la t ed  values  of the dipole moments  ~)  for II and III 
enables  the angle ~ between the p lanes  of the he te rocyc les  to be evaluated.  Attent ion is a t t rac ted  by the fact that in II 
the exper imenta l  va lues  of/~ cor respond  to a cons iderab le  rota t ion (N 70 o) of the N-heterocycle  f rom the p lane  of the 
cis form. Converse ly ,  III is cha rac t e r i zed  by a s t ruc tu re  of the molecule  c lose r  to the coplanar  form.  The angle ~ in 
this  case is ~ 150 ~ which cor responds  to a rotat ion of 30 ~ f rom the plane of the t r a n s  form. The same si tuat ion mus t  
p robably  be expected in the case of the benz imidazo l -2 -y l  der iva t ives  of imidazole  I and of indazole IV. 

In an evaluat ion of the s t ruc tu r e s  of I-IV, it must  be borne  in mind that the i r  dipole moments  were de te rmined  in 
dioxane. Since for compounds of this  type the magnitude of the dioxane effect is 0.15-0.20 D [11], the values  of the angles 
given above must  be regarded  as 10-15 ~ too high. 

Thus,  it may be assumed that the higher degree  of conjugation in III and IV as compared with I and II that has been 
es tab l i shed  p rev ious ly  is connected with the above-ment ioned  di f ferences  in the t h r ee -d imens iona l  s t ruc tu re s  of these 
molecules .  
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Fig.  2. ~ -E lec t ron ic  charges  and bond o rder  of the molecules  
of II and HI with angles of rota t ion r = 30, 60, and 90~176 

The resu l t s  obtained p e r m i t  a hypothesis to be put forward on the cons iderable  influence of the e lec t ronic  s t ruc tu re  
of the hetero moie t ies  on the spat ial  configurat ion of the compounds studied. In actual  fact, while the sma l l e r  o rde r  of 
the C - N  bond between the he terocycles  in II as compared with III at angles of ~ close to the actual  values  (60 and 30 ~ 
is due to the s m a l l e r  degree of overlapping of the ~ -e lec t ron ic  orb i ta ls  in III, the re ten t ion  of the same si tuat ion for I 
and II and for III and IV when the hypothetical p l ana r  molecules  a re  cons idered  (Fig. 1) defini tely shows the g rea t e r  
poss ib i l i ty  of ~ - in t e rac t ion  in the he terocycles  III and IV. The la t te r  should lead to a g r e a t e r  s tabi l iza t ion of the p lanar  
s t r uc tu r e s  under  otherwise  s i m i l a r  (s ter ic  condit ions).  The lower degree of conjugation in I and II is obviously due to 
the g r ea t e r  a romat i c i ty  of the imidazoyl  and benzimidazolyl  r ad ica l s  as compared with the pyrazolyl  and indazolyl r ad -  
ica ls .  In view of this ,  the r eason  for the p rac t i ca l  coincidence of AE~ in I-HI for the p l ana r  models of the molecules  
r ema ins  obscure .  According to S t r e i t w i e s e r ' s  book [2] the energy of in terac t ion  in II and III at angles of, respec t ive ly ,  
60 and 30 ~ can be evaluated as 2.1 and 4 kca l /mole .  

A cons idera t ion  of the molecu la r  d iagrams  of compounds I-IV (Figs. 1 and 2) enables  the quest ion of the d i rec t ion  
of the mesomer i c  in te rac t ion  in these  compounds to be answered .  A calculat ion of the total  ~ -e lec t ron ic  charge on each 
hetero res idue  shows that the benz imidazo l -2 -y l  radical  exhibits e l ec t ron-accep t ing  p rope r t i e s  in compounds I-V. 
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Table  1. Dipole Moments  of the N - ( B e n z i m i d a z o l - 2 - y l ) a z o l e s  

I 

II 

III 

IV* 

V 

Name - ~ 5  D .  / ~ ,  o ~ 'Uexp ' 

N-( 1-Methylbenzimidazol--2-yl)imidazole 

N-( 1-Methylbenzimidazol-2-yl)benzimidazole 

N-( 1-Methylbenzimidazol-2-yl)pyrazole 

N-( 1 -Methylbenzimidazol-2-yl)indazole 

N-(Benzimidazol-2-yl)indazole 

0 4,76 
180 3,70 

0 3,79 
30 3,95 
60 4,21 
90 4,65 

120 4,66 
150 4,78 
180 4,70 

0 6,47 
30 6,18 
60 5,49 
90 4,51 

120 3,59 
150 2,79 
180 2,51 

18~ 7,21 0,86 

18~ 7,21 0,86 

4,45 

4,38 

2,86 

2,77 

1,41 

23,7964 0.2600 

29,6378 0,2682 

29,4760 0,1064 

23.7804 0,2660 

23,7130 0,1986 

29,3752 

*In addi t ion  to the quinoid s t r u c t u r e  shown in Fig .  1, compound IV 
may  be a s c r i b e d  the s t r u c t u r e  of a 1 - (benz imidazo l -2V-y l ) - subs t i tu t ed  
indazole  (benzenoid s t ruc tu re ) .  However ,  ca lcu la t ions  of the diPole 
momen t s  for  the benzenoid t r a n s  and c is  fo rms  (3.69 D and 6.10 D, 
r e spec t ive ly )  l ead  to the conclus ion  that  IV has a p l a n a r  s t r u c t u r e ,  
which c o n t r a d i c t s  the r e s u l t s  of UV s p e c t r o s c o p y  [1] and the d e c r e a s e  
in/~ on p a s s i n g  to V. 

It is  i n t e r e s t i ng  to note the ex i s t ence  of a con s ide r a b l e  pos i t ive  charge  in pos i t ion  2 of compounds [ and II. In 
a g r e e m e n t  with wel l -known fac ts  [12], it  is  to be expec ted  that  these  pos i t ions  wil l  be sub jec ted  to nucleophi l ic  a t tack  
f i r s t ,  for  example  in amina t ion  r e a c t i o n s .  The high negat ive  cha rges  on the n i t rogen  a toms  of the "pyr id ine  type"  in 
compounds I - IV makes  the use  of t he se  compounds as  b identa te  l igands  in c o m p l e x - f o r m i n g  r eac t i ons  p r o m i s i n g .  
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