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The dis t r ibut ions of the a and 7r charges  in benz imidazo le ,pe r imid ine ,  and 5H-dibenzo[d,f]-  
1 ,3-diazepine molecu les ,  as well  as s e v e r a l  o ther  cha r ac t e r i s t i c s  of these  compounds,  we re  
calcula ted by the SCF LCAO lV[O method with the inclusion of all  of the valence e lec t rons  
using the approx imat ion  of comple te  neglect  of different ial  over lap  (CNDO). In accordance  
with the calculat ions c a r r i e d  out using the ~ - e l e c t r o n  approximat ion ,  this method pred ic t s  
i nc rea sed  bas i c i ty  and nucleophilici ty in this s e r i e s  of compounds. I t  was demons t ra ted  that 
the m e c h a n i s m  for  the development  of a pos i t ive  charge  on the meso  carbon  a tom is sub-  
s tant ia l ly  different  for  these compounds. 

The amidine grouping in benzimidazole  (I), pe r imid ine  (II), and 5H-dibenzo[d , f ] - l ,3 -d iazepine  (III) is 
s t ruc tu ra l l y  included in the composi t ion of the f ive - ,  s i x - ,  and s e v e n - m e m b e r e d  r ings ,  r e spec t ive ly ,  and 
this leads to substant ia l  d i f ferences  in the e lec t ron  dis t r ibut ions and p rope r t i e s  of the compounds. We have 
p rev ious ly  studied [1-3] the e lec t ron ic  s t r u c t u r e s  of these  he te rocyc les  by means  of the P a r i s e r - P a r r -  
Pople  (PPP) and Htickel methods using the 7r-e lect ron approximat ion .  The p r e sen t  communica t ion  contains 
the r e su l t s  of calculat ions of the e lec t ronic  s t r u c t u r e s  of I - I I I  that were  p e r f o r m e d  by the SCF LCAO MO 
method with the inclusion of all of the valence  e lec t rons  using the CNDO (complete neglect  of different ial  
overlap)  approx imat ion  [4]. 

The calculat ions w e r e  p e r f o r m e d  with a B]~SM-6 compute r  f rom a somewhat  modif ied or iginal  p r o -  
g r a m  [5] using the p a r a m e t e r s  of Pople  and Segal [4]. The m o l e c u l a r  g e o m e t r i e s  of benz imidazole  and p e r -  
imidine w e r e  a s s u m e d  to be the s a m e  as in previous  calculat ions [3]. The calculat ion for  dibenzodiazepine 
lII was c a r r i e d  out for  the m o s t  s table  nonplanar  conformat ion,  in which, according  to our  calculat ions [2], 
the angle between the planes of the benzene r ing  is 40 ~ Several  pr inc ipa l  r esu l t s  of the calculat ions that 
m a k e  it poss ib le  to com pa re  the p r o p e r t i e s  of I - I I I  a r e  p re sen ted  in Tables  1 and 2. 

The m o s t  impor tan t  fea tu res  of the chemical  behav io r  of I - I I I  a re  a s soc ia ted  with reac t ions  that in-  
volve the amidine f r agm en t  of the i r  molecules .  The charge  sepa ra t ion  (Aq) in this he te rocyc l i c  grouping 
inc reases  apprec iab ly  f rom I to III,  although the overa l l  charge  does not va ry  significantly.  The i nc rea se  
in the e lec t ron  densi ty on the N(~) a tom,  which is the center  of protonat ion of the molecules  in acidic media ,  
leads  to an obse rvab le  inc rease  in the bas ic i ty  that is e spec ia l ly  s ignif icant  on pass ing  f rom per imid ines  to 
dibenzodiazepines [6, 7]. 

The noted po la r iza t ion  of the amidine group is a lso  mani fes ted  in an inc rease  in the posi t ive  charge  
on the m e s o  carbon  a tom in the o r d e r  I - I I I ;  this a tom (C(3)) acts  as the nucleophilic center .  The calculat ions,  
which take into account  the contributions of all of the valence e lec t rons ,  conf i rm the conclusion p rev ious ly  
drawn within the f r a m e w o r k  of the 7r-e lect ron approx imat ion  that  the nucleophilic p rope r t i e s  a r e  intensif ied 
in the s e r i e s  under s tudy [1-3]. However ,  the data obtained make  it poss ib le  to elucidate the m e c h a n i s m  of 
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TABLE 1. 
A t o m s  in M o l e c u l e s  of I - I I I  
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Compound 

Atom I II II1 

Aq 0" Aq ~ Aq Aq (J Aq ~ Aq Aq* 

N(I) 
N(2) 
C(a) 
C(4) 
C(5) 
Cts) 
C(?) 
C(8) 
C(9) 
C(io) 
C(n) 
C(12) 
C(t3) 
C(14) 
Co5) 
H(1) 
H(2) 
H(a) 
H(4) 
H(s) 
H(6) 
H(7) 
H(s) 
H(o) 
H(lo) 

-- 0,4577 
--0,0126 

0,1313 
0,1055 
0,0940 
0,0064 
0,0171 
0,0171 
0,0183 

0,3343 
--0,2038 

0,0354 
--0,0310 
--0,0166 
--0,0228 
--0,0263 
--0,0171 
- 0,0531 

-0,1234 
-0,2164 

0,1677 
0,0745 
0,0774 

--0,0164 
-0,0092 

0,0000 
-0,0348 

0,1090 
0,0009 

--0,0048 
-0,0079 
--0,0074 
--0,0101 

-0,4437 
0,0057 
0,0595 
0,0662 
0,0347 

--0,0150 
0,0357 
0,0125 
0,0232 

--0,07G6 
0,0468 
0,0954 
0,0071 

0,2909 
-0,2382 

0,1380 
0,0777 

--0,1077 
0,0524 

--0,0954 
0,0583 

--0,0919 
0,0473 

-0,1372 
0,0517 

--0,0449 

-0,1528 
-0,2325 

0,1975 
0,1439 

--0,0730 
0,0374 

--0,0607 
0,0708 

--0,0587 
0,0397 

--0,0904 
0,1471 

-0,0378 

0,1186 
02051 

-0,0040 
-0,0141 
-0,0098 
--0,0081 
-0,0118 
--0,0074 

-0,1915 
-0,2791 

0,2559 
0.0011 
0,0050 

-0,0092 
0,0132 

-0,0403 
0,1210 

-0,0239 
0,0072 

-0,0203 
0,0151 

--0,0415 
0,1432 
0,I199 

-02338 
-0,0021 
--0,0055 
-0,0050 
-0,0017 
--0,0100 
-0,0088 
-0,0090 

0,0001 

* D i v i s i o n  into r and v o r b i t a l s  is  c o m p l i c a t e d  b e c a u s e  of  the non-  
c o p l a n a r i t y  of compound  III. 

d e v e l o p m e n t  of p o s i t i v e  c h a r g e  on the m e s o  c a r b o n  a t o m  in  a novel  way .  The p o s i t i v e  c h a r g e  on the C(3 ) 
a t o m  in the  b e n z i m i d a z o l e  m o l e c u l e  is  a c h i e v e d  a l m o s t  e x c l u s i v e l y  t h rough  p o l a r i z a t i o n  of  the ~ f r a m e w o r k ,  
wh i l e  a sh i f t  of  the  v - e l e c t r o n  d e n s i t y  f r o m  the Pz a t o m i c  o r b i t a l  of the m e s o  c a r b o n  a tom p l a y s  the  m a j o r  
r o l e  in  the  p e r i m i d i n e  m o l e c u l e .  In the c a s e  of i m i d a z o l e  IV, c a l c u l a t i o n s  us ing  the CNDO a p p r o x i m a t i o n  
[8] i n d i c a t e  tha t  the  to ta l  c h a r g e  on the m e s o  c a r b o n  a t o m  is +0.031 and is m a d e  up of a p o s i t i v e  ~ c h a r g e  
(+0.145) and a nega t ive  v c h a r g e  ( -0 .114) .  I t  is  hence  c l e a r  why,  in c o n t r a s t  to the N - m e t h y l  d e r i v a t i v e s  
o f b e n z i m i d a z o l e  and p e r i m i d i n e ,  N - m e t h y l i m i d a z o l e  does  not  undergo  a m i n a t i o n  by  s o d i u m  a m i d e  [9, 10]. 
A s i m i l a r  d i v i s i o n  of  the  o v e r a l l  c h a r g e  on the C(3 ) a t o m  of  d i b e n z o d i a z e p i n e  III is  c o m p l i c a t e d  b e c a u s e  of  
the  m e r g i n g  of the (r and v o r b i t a l s  as  a c o n s e q u e n c e  of the n o n p l a n a r  s t r u c t u r e  of the m o l e c u l e .  H o w e v e r ,  
the m a x i m u m  p o s i t i v e  c h a r g e  on the m e s o  c a r b o n  a tom in the  I - I I I  s e r i e s  is  r e a c h e d  in th is  compound.  

Thus the r e l a t i v e  s u c c e s s  of the  v - e l e c t r o n  c a l c u l a t i o n s  in  p r e d i c t i n g  an  i n c r e a s e  in the  n u c l e o p h i l i c  
r e a c t i v i t y  in the  o r d e r  IV, I - I I I  is  e x p l a i n e d  b y  the f ac t  tha t  t h e s e  c a l c u l a t i o n s  c o r r e c t l y  d e s c r i b e  the t en -  
dency  f o r  a d e c r e a s e  in the  ~ : - e l e c t r o n  d e n s i t y  on the m e s o  c a r b o n  a t o m  in t h e s e  compounds .  Howeve r ,  
when  the (r, v i n t e r a c t i o n s  a r e  d i s r e g a r d e d ,  they  a r e  not  c a p a b l e  of p r e d i c t i n g  the  r o l e  of p o l a r i z a t i o n  of 
the  ~ f r a m e w o r k ,  which  l e a d s ,  in p a r t i c u l a r ,  to a n e g a t i v e  v c h a r g e  on the m e s o  c a r b o n  a tom of i m i d a z o l e .  

The s i g n i f i c a n t  i n c r e a s e  in the o v e r a l l  e l e c t r o n  d e n s i t y  on the  N0) a t o m  induces  a d e c r e a s e  in  the 
a c i d i t y  of  the  NH g roup  in the  o r d e r  I -HI ,  wh ich  is m a n i f e s t e d  in  i n c r e a s e d  d i f f i cu l ty  in c a r r y i n g  out  e x -  
change  r e a c t i o n s  a t  t h i s  g r o u p  in p e r i m i d i n e s  [11] and ( f rom o u r  o b s e r v a t i o n s )  in  d i b e n z o d i a z e p i n e s .  

In g e n e r a l  ou t l i ne ,  the d i s t r i b u t i o n  of  the to ta l  c h a r g e s  in the  a r e n e  p o r t i o n  of I - I I I  is  in a g r e e m e n t  
wi th  a p u r e l y  v - e l e c t r o n  d i s t r i b u t i o n  and l e a d s  to the s a m e  p r e d i c t i o n s  r e g a r d i n g  the o c c u r r e n c e  of e l e c t r o -  
ph i l io  s u b s t i t u t i o n  r e a c t i o n s  tha t  w e r e  p r e v i o u s l y  m a d e  in  [1-3].  A s u b s t a n t i a l l y  d i f f e r e n t  c h a r a c t e r i s t i c  
of  p e r i m i d i n e  is  the  d i s t i n c t  a l t e r n a t i o n  of c h a r g e s  (or +Tr and v)  on the  c a r b o n  a t o m s  of the  naph tha l ene  s y s -  
t em ,  wh ich  is  a s s o c i a t e d  wi th  the a l t e r n a n t  n a t u r e  of th is  h e t e r o c y c l e .  
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TABLE 2. Some Calculated and Experimental  Character is t ics  of 
I-III  

Property 

Ionization potential, eV 

Electron affinity, eV 

gn, D 

P'o, D 
~p, D 
~t,D 
rtexp. , , D 

Computational 
method 

CNDO 
PPP 
CNDO 
PPP 
CNDO 
PPP 
GNDO 
CNDO 
CNDO 

I 1,26 
9,64 

--3,28 
1,33 
3,36 
2,053 
1,56 
2,37 
4,03 
4,0414 

Compound 

8,79 
8,26 

- 2,35 
1,97 
4,21 
3,t43 
2,30 
2,08 
3,77 
3,181 

I l l  

10,09 
9,35 

-2,93 
2,24 

2,17 

1,47 
3,01 
2,67" 

* The dipole moment  for meso-phenyldibenzodiazepine [2] is p re -  
sented, since the dipole moment  of unsubstituted HI was not de- 
termined.  The la t ter  should range f rom 2.9 to 3.1 D, since the 
introduction of a phenyl substituent into the m e s o  posit ion of ben- 
zimidazole and perimidine lowers  their  dipole moments by 0.41 
and 0.15 D, respect ive ly  [2, 15]. 

Per imidine  also has the lowest  ionization potential (Table 2), which, as demonstrated by the calcula-  
tions, corresponds  to detachment of an e lectron f rom the ~ -molecu l a r  orbital.  This is evidence that pe r -  
imidine is the s t ronges t  ~r donor and the mos t  inclined to undergo oxidation of all of the compounds examined 
here.  In paramet r iza t ion  [4], the CNDO approximation usually leads to somewhat elevated ionization poten- 
tials [12], but the same order  of magnitudes of the ionization potentials is also retained in calculations by 
the P P P  method (with the coulombic integrals calculated by Mataga and Nishimoto [13]). The most  sub- 
stantial difference in the resul ts  of the calculations by the P P P  and SCF LCAO 1V[O methods with allowance 
for all of the valence electrons using the CNDO approximation consists in the predict ion of the different 
signs of the e lectron affinities. The absence of experimental  data hinders an analysis of this resul t ,  but 
preference  should apparently be given to the resul ts  obtained by the P P P  method. 

The dipole moments  calculated using the CNDO approximation (Table 2) are  in r a the r  good agreement  
with the experimental  values,  co r r ec t ly  ref lect ing the decrease  in the moments  in the o rde r  I-HI. This ef- 
fect  could not be reproduced in calculations by the P P P  method [3]; this is associa ted  with the fact  that the 
method for est imating the o- and hybridizat ion components of the total dipole moment  in the ~ -e l ec t ron  cal-  
culations is too inaccurate.  In the CNDO approximation, these components are  calculated in the explicit 
form 

P~v (x) = - 14,674 Z ZA-1 p (2SA, 2px. A) , 
a 

where P r '  ~o- ' and ~sp are  the ~, a, and hybridizat ion dipoles, respect ively;  z is the Slater exponent; 
and P is the o rde r  of the bond between the corresponding orbitals .  The data in Table 2 demonstrate  that the 
contributions of p ~ (and par t icu la r ly  P sp) may be ex t remely  grea t  and, what is of paramount  importance,  
different for different compounds, it is impossible to take these differences into account in the r - e l e c t r o n  
approximation. 
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