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The u -e l ec t ron  s t ruc tu res  and spec t ra  corresponding to s ing le t - s ing le t  v-Tr * transi t ions 
of neutral  and protonated pyr idyl -  and quinolylamine molecules  were calculated by the MO 
LCAO method within the semiempir ica l  P a r i s e r -  P a r r -  laople approximation with allow- 
ance for configuration interact ion.  It is shown that the v -e l ec t ron  density distribution ex-  
plains the different direct ions of nucleophilic and electrophilic substitution react ions in the 
neutral  and protonated heterocycle  molecules .  It is concluded that the charac te r  of protona-  
tion of amino-subst i tuted quinolines is dist inct.  

The peculiar i t ies  of the chemical  proper t ies  of 2- and 4-aminopyridines  and of 2- and 4-aminoquino- 
lines fo rmer lycompe l l ed  one to assume the existence of amine- imine t au tomer i sm in these compounds. 
However, attempts to prove the existence of tau tomers  by various physical methods have demonstrated that 
all of these compounds are  the ord inary  amino derivat ives and that their  imine tautomers  do not exist [1]. 

We have undertaken a theoret ical  investigation of the electronic s t ruc tures  of these compounds and 
their  protonated cat ions.  The calculations were per formed by the MO LCAO method within the s emiem-  
pir ical  approximation of the se l f -cons is ten t - f ie ld  method using MN, P P P - 2 ,  and CI-1 p rograms  [2]. The 
calculations were made with an M-220 computer .  The empir ica l  pa ramete r s  for the calculations were 
taken from [3-5]. The interaction of 25 singly excited configurations was taken into account in the calcula-  
tion of the energies  of the excited s ta tes .  The molecular  d iagrams of the aminopyridine molecules  and 
their  protonated cations are presented in Fig. 1. Similar  d iagrams for aminoquinolines are  presented in 
Fig.  2. The calculated and experimental  positions of the maxima in the electronic spec t ra  of the compounds, 
which are caused by s i ng l e t - s i ng l e t  t ransi t ions ,  are  presented in Tables 1 and 2. The squares of the dipole 
moments  (M2), which are  d i rec t ly  proport ional  to the integrals of the band intensities,  and the rat ios of the 
moments  of the t ransi t ions in two mutually perpendicular  directions (tan a) ,  which charac te r i ze  the polar i -  
zation of the bands, are  also presented.  

A compar ison  of the calculated and experimental  positions of the maxima of the bands of the neutral  
molecules  demonst ra tes  their  sa t i s fac tory  agreement .  This again conf i rms the absence of t au tomer i sm 
and the existence of neutral  molecules  in the amine form.  The electronic spec t ra  of the aminopyridine that 
we calculated are  in sa t i s fac tory  agreement  with the resul ts  in [6]. In the case of aminoquinolines, except 
for 2- and 4-der iva t ives ,  the calculated positions of the longest-wave maxima differ f rom the experimental  
values by 20-25 nm.  

Certain difficulties are encountered in the explanation of the position of the bands in the electronic 
spec t ra  of the cations of the protonated aminopyridine and aminoquinoline molecules .  As we demons t r a t ed  
in [5], protonation of the nitrogen he terocycles  is complex in nature .  In some cases  in acidic media, a p ro-  
ton adds to the nitrogen atom, which is in conformity with the usual concepts .  In this case,  the proton that 
has added to the nitrogen atom of the he terocycle  is s t rongly bonded to this atom and interacts  only weakly 
with the medium (type II). In other cases ,  the nitrogen atom of the heterocycle  forms only s trong hydrogen 
bonds in acidic media (type I). This type of protonation can also be charac te r i zed  by the fact that the p ro -  
ton that has added to the ni trogen atom of the he terocycle  retains  a strong interaction with the media mole -  
cules .  For  example, protonation of the heterocycle  can be considered to be not only addition of a proton 
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TABLE I .  Electronic  Spectra of Neutral and Protonated Pyridine 
and Aminopyridine Molecules  

Compound 

Pyridine 

2-A rninopyridine 

3-A minopyridine 

4-A minopyridine 

1__ Base  
! k t h ,  I , Xexp ,  M! 

n m  i n m  /W, 

0,t4 
0,02 

0,33 
0,80 
0,76 

0,28 
0,7[ 
0,89 

0,004 
0,80 
1,20 

tg a 

Protonated base 

252 251 
198 
276 2871~ 
224 23,1 
187 188 
280 2921~ 
231 232 
194 !194 
262 1260 t~ 
233 2,33 
197 199 

0,004 
44,5 

0,16 
1,02 
0,83 

0,44 
0,67 
6,89 

340,02 

0,0I 

a m  n m  

262 2~50 
204 - -  

29.9 3009 
26'1 - -  
291 --  
335 317 ~2 
258 ( 250 
220 - -  

277 2639 
263 --  
22:3 

1 

Xth, Xexp' M ~, ~_o 

0,42 
0,003 

1,03 
0,18 
1,4'5 
0,53 
0,16 

, 1,80 
1,27 
0,04 
0,92 

t g  a 

0,004 
16,00 
0,11 
1,90 
2,53 
0,5,8 
0,61 
0,81 
20~6 
0,0I 
0,081 

T A B L E  2 .  E l e c t r o n i c  S p e c t r a  of N e u t r a l  a n d  P r o t o n a t e d  Q u i n -  

o l i n e  a n d  A m i n o q u i n o l i n e  M o l e c u l e s  

Compound 

Quinoline 

2-A minoquinoline 

3-Aminoquinoline 

4-Aminoquinoline 

'/-AminoquinoHne 

5-A minoquinoline 

6 -A minoquinoline 

8-A minoquinoline 

Xfla,  

n m  

Base 

' Xex  W I~ iV ' 
m m  i M2' 

Protonamd base 

301 
255 
223 
215 

318 

267 
232 
227 
217 
323 
27I 
238 
23,3 
3,09 
275 
232 
225 

320 
2i72 
239 
220 

315 
289 
245 
224 
318 
277 
238 
22'2 
320 
2,9.'5 
248 
225 

313 
270 
225 

310 

338 

295 

2?? 

350 
28,5 
245 

335 

2~50 

357 
280 
245 

336 

1,01 
0,09 
2,00 
1,53 
0,35 

0,47 
2,14 
1,01 
1,42 
0,25 
0,38 
1,55 
2,ll 
0,01 
0,5,5 
0,90 
1,43 

0,19 
0,28 
1 ,(}7 
2,20 

0,02 
0, i.l i(; 
1,82 
0,7 ] 
0,20 
0 ,~ 1 
1,72 
1,49 
0,0l 
0,26 
0,8,5 
0,31 

X t h  X ; exp 
t f f a  

n m  t i m  

0,01 
1,44 
01~2 
2,9t 
0,22 

0,33 
0,49 
5,74 
0,32 

0,54 
0.18 
IA9 
0,03 
0,10 
1,78 
t,56 
0,72 

0,52 
0,10 
0,58 
0,19 

315 343 
282 
237 ~-3 
221 - -  
3.48 3L ; 
329 
269 26-0 
250 - -  

396 375 
332 312 
286 %0 
242 - -  
340 315 
314 300 
281 
~ ~o 
24O 
409 3.95 
330 
287 290 
257 250 
2.39 

0,41 
8,0'0 
0,07 
2,9 
0,60 
0,06 
0,70 
0,69 
0,61 
2,45 
0.04 
4,00 

M 2, A 2 t g a  

0,42 
0,02 
1,63 
0,65 
0,91 

0,31 
1,98 
0,60 

0,61 
0,10 
0,62 
0,33 
0,48 
0,I0 
1,02 
1,58 
0,58 
0,89 
0,10 
1,91 
0,42 
0,42 

0,08 
5,50 
0,04 

16,49 
0,44 

0,12 
0,15 
2,56 

1,01 
33,06 
0=18 
1,47 
7,05 
1,0,8 
0,70 
0,10 

0,19 
0,99 
0,57 
0j~ 
1,42 

i t s e l f  b u t  a l s o  a s  a d d i t i o n  of  a h y d r o n i u m  c a t i o n .  F r o m  t h e  p o i n t  of  v i e w  of  t h e  s e m i e m p i r i c a l  c o m p u t a t i o n -  

a l  m e t h o d  t h a t  we  u s e d ,  t h e s e  t w o  c a s e s  r e q u i r e  t h e  u s e  o f  d i f f e r e n t  e m p i r i c a l  p a r a m e t e r s .  W h i l e  t h e  p o s i -  

t i o n  of  t h e  b a n d s  in  t h e  e l e c t r o n i c  s p e c t r a  of t h e  p y r i d i n i u m  a n d  q u i n o l i n i u m  c a t i o n s  c a n  b e  s a t i s f a c t o r i l y  

e x p l a i n e d  b y  t y p e - I  p r o t o n a t i o n  of  q u i n o l i n e  a n d  p y r i d i n e ,  a n u m b e r  o f  m o l e c u l e s  of  t h e  a m i n o - s u b s t i t u t e d  

d e r i v a t i v e s ,  on  t h e  o t h e r  h a n d ,  i n t e r a c t  v i a  t h e  I I  t y p e  of p r o c e s s .  A l l  of  t h e  a m i n o p y r i d i n e s  a n d  2 - ,  3 - ,  4 - ,  

a n d  7 - a m i n o q u i n o l i n e s  a r e  p r o t o n a t e d  v i a  t h e  II  t y p e  of  p r o c e s s .  

A m i n o  g r o u p s  i n  t h e  2 a n d  4 p o s i t i o n s  in  p y r i d i n e  a n d  in  t h e  2, 4 ,  a n d  7 p o s i t i o n s  in  q u i n o l i n e ,  i . e . ,  

e x a c t l y  in  t h o s e  i s o m e r s  w h e r e  a m i n e - i m i n e  t a u t o m e r i s m  i s  p o s s i b l e ,  h a v e  t h e  g r e a t e s t  e f f e c t  on  t h e  b a s i c -  

i t y  of  t h e  h e t e r o c y c l e .  T h e  s h a r p I y  i n c r e a s e d  b a s i c i t y  o f  t h e s e  i s o m e r s  e x p l a i n s  t h e i r  t y p e - I I  p r o t o n a t i o n  
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in con t ras t  to pyridine and quinoline t hemse lves .  However,  the fact  that the 3-amino  der iva t ives  of both 
pyridine and quino!ine a re  also protonated by a type-II p roces s  r ema ins  unc lear .  We have prev ious ly  shown 
[5] that acr idine ,  in con t r a s t  to pyridine and quinoline, is protonated by a type-II  p roce s s ,  which cannot be 
explained by its bas ic i ty .  In the case  of acr idine ahd the 3-amino der iva t ives  of pyridine and quinoline, 
protonation of the II  type is  caused  by  solvat ion effects  that s tabi l ize  the protonated molecu les .  5- ,  6-,  and 
8-Aminoquinolines a re  protonated via  a type-I  p r o c e s s .  

The calculated u - e l e c t r o n  densi ty  distr ibution in the molecules  of the pyridine and quinoline d e r i v a -  
t ives  sa t i s fac to r i ly  explains the i r  chemica l  p rope r t i e s .  For  example ,  the major i ty  of the e lec t rophi l ic  sub-  
stitution p r o c e s s e s  in quinoline [7, 8] that proceed  in acidic media ,  occur  in the benzene r ing.  A mix ture  
of 5-  and 8-nitroquinolines is fo rmed  in the ni t ra t ion of quinoline, while the 5-ni t ro  der iva t ive  is fo rmed  in 
the ni t rat ion of ethylquinolinium n i t r a t e .  This  direct ion of the e lec t rophi l ic  substi tution reac t ions  is in c o m -  
plete ag reemen t  with the e lec t ron-dens i ty  distr ibution in the quinolinium cation but not in the quinoline m o l e -  
cule (Fig. 2). 

A different  orientat ion of the subst i tuents  is observed  inthe case  of substi tution reac t ions  that p roceed  
in neu t ra l  or alkaline media .  In this case ,  the e lectrophi l ic  subst i tuents  go p r i m a r i l y  into the he te ror ing  in 
the 3 posi t ion.  Subsequent substitution occurs  in the 6 and 8 posi t ions .  In the case  of nucleophilic subs t i -  
tution, the 2 position (followed by the 4 position) is the mos t  ac t ive .  These  so r t s  of d i rec t ions  of subs t i tu -  
tion reac t ions  in neu t ra l  quinoline molecules  a re  in good agreement  with the u - e l e c t r o n  density distr ibution 
and do not r equ i re  additional assumpt ions  regard ing  the in te rmedia te  format ion  of 1,2-dihydroquinoline 
der iva t ives  [7, 13]. Thus,  in con t r a s t  to the s imple  MO LCAO method [7], calculat ions within the P a r i s e r -  
P a r r - P o p l e  var ian t  of the se l f -cons i s t en t - f i e ld  approximation give e lec t ron  densi t ies  on the a toms,  the 
t rends  of which for  the neut ra l  quinoline molecule  and the protonated cation d i f fer .  This  co r r e sponds  to the 
different  d i rect ions  of substi tution reac t ions  in acidic and neu t ra l  solut ions.  

It  is known [7] that many  reac t ions  of quinoline and i ts  subst i tuted der iva t ives  a r e  in comple te  a g r e e -  
ment  with the concept of a fixed, conjugated, diene sy s t em of double bonds in the benzene r ing.  This i n t e r -  
pretat ion of the s t ruc tu re  of quinoline, which is based  on exper imenta l  data,  is also in complete  accord  with 
the calcula ted e lec t ron-dens i ty  distr ibution in the quinoline and aminoquinoline molecu les .  In all  c a ses ,  the 
e lec t ron  density in the vicini ty of the bonds of t h e 5 - 6  and 7 - 8  a toms is a lmos t  twice that for  other pa i r s  of 
a toms of the benzene r ing.  
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