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The e lec t ron ic  configurat ions and dipole moment s  of the ground and exci ted s ta tes  of p e r i m i d -  
ine, imidazole ,  and benzimidazole  were  calcula ted by means  of the se l f - cons i s t en t - f i e ld  m o l e c -  
u lar  orb i ta l  (SCF MO) method using the P a r i s e r - P a r r - P o p l e  (PPP) approximat ion.  The 
r eac t i v i t y  of pe r imid ine  is d i scussed .  The r e su l t s  of the calculat ions by the P P P  method are  
c o m p a r e d  with e a r l i e r  calculat ions based  on the s imple  MO method.  An in te rpre ta t ion  of the 
e lec t ron ic  s p e c t r u m  of per imidine  is given. 

In [1,2] we studied s eve ra l  pecu l ia r i t i es  of the s t r u c t u r e s  and p r o p e r t i e s  of per imid ine  (I) and some 
of i ts  de r iva t ives .  The data on the r eac t iv i t i e s ,  dipole moment s ,  and absorpt ion spec t r a  of I were  i n t e r -  
p r e t ed  by means  of the s imple  MO method [1]. In this communica t ion  we p resen t  the r e su l t s  of calculat ions 
c a r r i e d  out with the m o r e  r igorous  SCF MO P P P  approximat ion  [3]. The r e su l t s  a re  compa red  with the 
data fo r  analogs of I, viz. ,  imidazole  (l-I) and benzimidazole  (III) which, like I, have an NH-CH~-~--N amino 
grouping which, however ,  is included in a f i v e - m e m b e r e d  r ing r a t h e r  than in a s i x - m e m b e r e d  r ing.  

Dipole Moments .  The r - e l e c t r o n  configurat ions of I - I I I  in the ground s tate ,  the ~ components  of the 
dipole m o m e n t s ,  and the total  m om en t s  a re  p resen ted  in mo lecu l a r  d i ag rams  I a - I ~ a .  The exper imenta l  
va lues  of the dipole m om en t s  ~Uexp)* a re  also p resen ted  for  compar i son .  The ~ components  of the dipole 
momen t s  were  ca lcula ted  as the hybr id iza t ion  momen t s  of the sp 2 pa i r  of n i t rogen [4]. 

It  can be seen  that  the deviat ion between the expe r imen ta l  and theore t ica l  r e su l t s  is 0.2-0.5 D, while 
the momen t s  ca lcu la ted  by means  of the s imple  MO method exceed the exper imen ta l  values  of  the dipole 
m o m e n t s  of pe r imid ines  by 2-3 D [1]. Despi te  the sa t i s f ac to ry  ag reemen t  between the calcula ted momen t  
and the expe r imen ta l  value,  i t  st i l l  r e m a i n s  unc lea r  why both the s imple  MO theory  and the P P P  method 
p red ic t  h igher  m o m e n t s  for  pe r imid ines  than fo r  azoles  (]] and III), while the r e v e r s e  o rde r  in the momen t s  
is obse rved  expe r imen ta l ly .  To explain this  effect  we mus t  have a calcula t ion that  allows for  po lar iza t ion  
of the ~ f r a m e w o r k  of the molecule  (the method in [7], for  example) .  The calcula ted  dipole momen t s  of the 
exci ted  s t a t e s  of pe r imid ine  ~e)  are  given in Table  1. 

Reac t iv i t i e s .  The conclusions regard ing  the reac t iv i ty  of per imid ine  which follow f rom the r e su l t s  of 
ca lcula t ions  via the P P P  method (molecular  d i ag ram Ia) a re  in ag reemen t  with those prev ious ly  drawn on 
the bas i s  of Hiickel ca lcula t ions  [1]. Elec t rophi l ic  subst i tut ion in I should p roceed  at the 4- ,  9-,  6-,  and 7- 
posi t ions ,  and the 4 -  and 9-pos i t ions ,  which are  adjacent to the he t e roa toms ,  are  pa r t i cu l a r ly  r eac t ive .  The 
ca rbon  a tom in the amidine grouping of he t e rocyc l e s  I-I]]  has  a high posi t ive  charge ,  the magnitude of which 
i n c r e a s e s  in the o rde r  qII  < qlII  < qI" The s imple  MO theory  p red ic t s  the s ame  o rde r  [1]. Since N - m e t h y l -  
imidazole  is not aminated  by sodium amide,  while N-methy lbenz imidazo le  does undergo this nucleophilic 
subst i tut ion,  we pointed out in [1] that aminat ion of N-methy lpe r imid ine  should p roceed  with g r e a t e a s e .  In 
fact ,  the introduct ion of an amino group into the he te rocyc l ic  r ing of per imid ine  was recen t ly  accompl ished  
in [8]. 

* The # values  for  the N-methy l  de r iva t ives  of I - I I I  a re  p resen ted  in view of the s t rong associa t ion  of I - I I I  
in solut ions [1-5] and the a s soc ia t ed  inaccuracy  in the de terminat ion  of the or ienta t ion polar iza t ion  by e x -  
t rapola t ion  to infinite dilution. 
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T A B L E  1. T r a n s i t i o n  E n e r g i e s  and Other  C h a r a c t e r i s t i c s  of the 
Exc i t ed  Sta tes  of  P e r i m i d i n e  
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We e s t i m a t e d  the bas ic i t i e s  of I - I I I  f rom the equation e = q . ~  q~ where  ~ is  the e l ec t ros t a t i c  ene rgy  
r ~  n ' 

of the in te rac t ion  of the unshared  pa i r  of ni t rogen,  which fo rms  a bond with the proton in the conjugate acid; 
qn is  the cha rge  of this  pa i r ,  q~ is  the ~-e lec t ron  charge  of the ~- th  atom, and r~n is the dis tance between 
the # - th  a tom and the cent ro id  of the cha rge  of the p pa i r .  According to [12], the centroid  of the sp z pa i r  of 
n i t rogen is  0A/k  f r o m  the nucleus of ni t rogen along the line of the b i s ec to r  of the valence  angle. The r e -  
sul ts  of the ca lcula t ions  give s I = 16.4 eV, ~II = 12.1 eV, and ~III = 12.4 eV, values  which c o r r e c t l y  predic t  
the h igher  ba s i c i t y  of pe r imid ine  as com pa red  with azoles  II and III  (see [13]), but they do not explain the 
d i f fe rences  in the bas ic i t i e s  of II  and III  [14]. The ~ cha rges  mus t  apparent ly  be taken into account for  a 
m o r e  accura te  examina t ion .  

E lec t ron ic  Absorpt ion  Spec t ra .  The e lec t ron  absorpt ion spec t rum of per imid ine  is shown in Fig. 2. 
The only obse rvab le  absorpt ion band is the r e su l t  of super impos i t ion  of the bands of two e lec t ron  t r a n s i -  
t ions,  which were  exposed  graphica l ly  by the method in [9]. The longer -wave  band is the band c o r r e s p o n d -  
ing to charge  t r a n s f e r  f r o m  the naphthalene f ragment  of the molecule  to the he te ro  r ing.  The e lec t ronic  
conf igurat ion of the co r respond ing  exci ted s tate  is p resen ted  in mo lecu l a r  d i ag ram Ic {Fig. 3). The nature  
of the e l ec t ron  t r ans i t ion  re spons ib le  for  the second absorpt ion band can be a sce r t a ined  f rom a compar i son  
of the e lec t ron ic  conf igurat ions  of the ground ([a) and cor responding  exci ted (Id) s t a tes .  

The ene rg i e s  of the e lec t ron  t rans i t ions  were  ca lcula ted  as 

Si--,k = ek - ei - ] i k  + 2 K~l~, 
r i c h  = 8 k  - -  e l  - -  ] i l ~ ,  

where  S and T a re  symbols  for  the singlet  and t r ip le t  t r ans i t ions ,  e a re  the orbi ta l  ene rg ies ,  a n d J  and K 
a re  the coulombic  and exchange in tegra ls  for  the i and k MO, r e spec t ive ly .  The values obtained and some  
other  ca lcula ted  c h a r a c t e r i s t i c s  of the exci ted s ta tes  a re  p resen ted  in Table  1. Allowance for  the conf igura-  
t ional  in te rac t ions  has  v i r tua l ly  no effect  on the magni tudes of the t rans i t ion  ene rg ie s .  The following values 
were  obtained fo r  the energ ies  of t rans i t ions  to the t r ip le t  s ta tes :  ES0 _.. Tl = 2.14 eV and ES0 --, T2 = 2.83 
eV. 

Computat ional  Method. The ca lcula t ions  were  c a r r i e d  out with a Razdan compu te r  f rom a p r o g r a m  
composed  by E. N. Malysheva .  The p a r a m e t e r s  were  se lec ted  in accordance  with the data in [10]. The 
m a t r i x  of the coulombic  repuls ion  in t eg ra l s  was ca lcula ted  by the M a t a g a - N i s h i m o t o  method [11]. The 
lengths of all  of  the bonds were  taken as 1.39 A, the angles in the s i x - m e m b e r e d  r ings  were  a s sumed  to be 
120 ~ while those  in the f i v e - m e m b e r e d  r ings  were  taken as 108 ~ 
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